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The rate of dehydroaromat iza t ion  of N-acyldihydropyridines  under the influence of the 2,2,6,6- 
t e t r ame thyI - l -oxop ipe r id in ium cation increases  in the case of e l ec t ron-donor  substituents and 
dec reases  in the ease of e l ec t ron -aecep to r  substituents in the acyl  residue or  in the c~ (7) pos i -  
tions of the pyridine ring. The presence  of an annelated benzene ring also dec reases  the rate 
of a romat iza t ion  of dihydropyridines.  

Substituted N-acyldihydropyridines  (DHP) are  converted to an a romat ic  sy s t em under  the influence of 
var ious aromat iz ing  agents via three pathways: as a resul t  of detachment of hydrogen (1), a substituent (2), or  
an N-acyl  group (3) [1-4]. 
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The mechanisms of dehydroaromatization reactions (pathway 1) have recently become the subject of exten- 
sive discussion; however, the l i terature contains no information regarding the mechanisms of aromatizat ion 
reactions v ia pathways 2 and 3 with cleavage of the C - N  or C - C  bonds or regarding the reasons for the ambi- 
dent cha rac t e r  of DHP and the factors  that affect the select ion of the pathway of these reactions.  On the basis 
of the available data [1-4] we suppose that it is expedient to use the concept of cha rge -  and orbi ta l -control led  
react ions [5] to predict  the pathway of aromat iza t ion of 1,2-disubsti tuted d ihydroaromat ic  sys tems.  In orbi ta l -  
controlled a romat iza t ion  react ions the aromat iz ing  agents interact  with the upper  occupied molecular  orbital  of 
the DHP to give 7r complexes with the subsequent detachment of one electron,  i.e., in these react ions the 
a romat iz ing  agents act essent ia l ly  as oxidizing agents. Using the principle of hard and soft acids and bases 
[5, 6] one may assume that all "soft" e lect rophi les  such as quinones, t r ini t robenzene,  etc.,  which have redox 
potentials that exceed the oxidation potentials of DHP, will be aromat iz ing agents of this type. In this case the 
in termedia te ly  formed DHP cation radicals  are a romat ized  with the loss of a proton or  an N-acy l  cation and yet 
another  e lec t ron and the formation of cations via scheme 1 or  3 [1]. In charge-cont ro l led  aromat iza t ion  react ions 
"hard" e lectrophi les  such as acetylium, t r iphenylmethylcarbenium,  etc. cations evidently direct ly  attack the sp 3 
carbon atom with heterolyt ic  cleavage of the C - C  bond and detachment of a substituent via a mechanism involv- 
ing b imolecular  e lect rophi l ic  substitution. In these react ions DHP cation radicals  are  evidently not formed, 
for if they were, as demonst ra ted  in [1], the i r  f ragmentat ion would lead to the format ion of cations via pathways 
1 and 3 ra ther  than via pathway 2. 

In the present  r e s e a r c h  we studied the chemical  a romat iza t ion  of var ious DHP by means of 2 ,2 ,6 ,6- te t ra -  
me thy l - l -oxop iper td in ium perchlora te ,  which is a "soft" electrophile  with a higher  redox potential (E1/2=0.62 V) 
than DHP [1]. 

* See [1] for Communication 3. 
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TABLE 1. Rate Cons tan t s  for  the A r o m a t i z a t i o n  of I - IV by the 
2 , 2 , 6 , 6 - T e t r a m e t h y l - l - o x o p i p e r i d i n i u m  Cation in A ce ton i t r i l e  in  Ai r  
at 25~ 

Initial DHP Iminoxyl radi- 
Corn- concn.,[I-IV]0, eal conch., 
pound 103 moles/ [VII]0 �9 103 I K" 10asec -1 

[liter [ moles/liter [ 

K.  10 s l i t e r s /  Elr]9 , I  ~ V [1] 
mole-sec 

I 
II 

III 

iv~ 
IVb 

IVc 

IVd 

IVe 

0,3 

0,4 
0,4 
0,5 
0,5 

0,3 
0,3 
0,3 
0,3 
2 
2 
1 
2 
2 
1 

20 

2 
3 
5 

10 

1 
3 
5 
5 

20 
40 
60 
40 
60 
80 

200 

10 
2,7 
2,16 
3,36 
4,95 

11,50 
2,62 
3,07 
9,33 

12,80 
15,05 

0,27-+0,01 
0,56-+0,02 
0,76 • 0,0.3 
0,37-+0,01 
0,50 • 0,02 
0,73 -+ 0,02 

1000 
0,27 

I08 
112 
99 

l l 5  
0,52 

3O7 
31I 
32O 
301 

1,34 -+0,05 
1,41 -+ 0~,05 
1,26-+0,05 
0,92-+0,03 
0,83-+0,03 
0,92• 

1,05 
�9 1,15 

1,13 

1,12 

1,07 

1,16 

1,22 

1,40 

We a l so  s i m u l t a n e o u s l y  made a quan t i t a t ive  s tudy  of the effect  of the na tu re  of R and R' and the n u m b e r  
and pos i t i on  of anne la t ed  benzene  r ings  in  the DHP on the ra te  of this  r eac t ion :  
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IV a R=CeHs, R'=In; b R=p-C6H4--OCHs, R'=In; c R=p-NO2 C6H4, R'=In; 
d R=C6H~, R'=CH~COC6Hs; e R=C6Hs; R'=--CH--.COOC6Hs; In = 3-indolyl 
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The k ine t ics  of a r o m a t i z a t i o n  of I-IV were  s tud ied  u n d e r  s t a n d a r d  condi t ions ,  v iz . ,  in a i r  in  s p e c t r a l l y  
pure  and d ry  a c e t o n i t r i l e ,  in  which the s t a r t i n g  r e a g e n t s  and the r e a c t i o n  products  a re  s table .  As we have p r e -  
v ious ly  shown [4], 3 moles  of 2 , 2 , 6 , 6 - t e t r a m e t h y l - l - o x o p i p e r i d i n i u m  ca t ion  V, of which 2 moles  a re  r educed  to 
p ipe r id ine  oxyl r a d i c a l  VII and 1 mole  is  r educ e d  to ca t ion  VIII, a re  consumed  pe r  2 moles  of conver ted  DHP. 
U n d e r  these  condi t ions  the a r o m a t i z a t i o n  of I - IV t akes  p lace  only via  s cheme  1 with f o r m a l  de t achmen t  of a 
hydr ide  ion and the f o r m a t i o n  of N - a c y l  h e t e r o a r o m a t i c  ca t ions  of the VI type [4]: 
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In c o n f o r m i t y  with the r e a c t i o n  equat ion,  the ra te  was d e t e r m i n e d  f r o m  the a c c u m u l a t i o n  of p ipe r id ine  oxyl 
r ad i ca l  VII, the c o n c e n t r a t i o n  of which was m e a s u r e d  by EPR spec t ro scopy ,  while the i n s t a n t a n e o u s  c o n c e n t r a -  
t ions  of the r e a g e n t s  were  ca l cu la t ed  with a l lowance  for  the s t o i c h i o m e t r y  of r e a c t i o n  4 f r o m  the d i f f e rence  in  
the i n i t i a l  c o n c e n t r a t i o n s  of the r e a g e n t s  and the i n s t a n t a n e o u s  c o n c e n t r a t i o n s  of the r e a c t i o n  products .  

As in  the case  tha t  we p r e v i o u s l y  d e s c r i b e d  in  [3], we found that  in  the p r e s e n c e  of a l a rge  e x c e s s  of one 
of the r eagen t s  the r e a c t i o n  p roceeds  in  a c c o r d a n c e  with p s e u d o - f i r s t - o r d e r  equa t ions ,  and the p s e u d o m o l e e u l a r  
ra te  cons t an t s  K are  d i r e c t l y  p r o p o r t i o n a l  to the c o n c e n t r a t i o n s  of the r eagen t  taken in  e x c e s s  amounts .  B i -  
m o l e c u l a r  ra te  c o n s t a n t s K  1 = k / [ = ~ =  O[ 0 = ~k / [DHP]  0 do not  depend on the s t o i c h i o m e t r y  of the r e a c t i o n  and the 
i n i t i a l  c o n c e n t r a t i o n s  of the r e a g e n t s  (Table 1). 

It is  a p p a r e n t  f r o m  Table  1 that  the pos i t ion  and n u m b e r  of anne la t ed  benzene  r ings  have a s u b s t a n t i a l  e f -  
fect on the ra t e  of a r o m a t i z a t i o n  of I-IV.  Thus  the r a t e s  of d e h y d r o a r o m a t i z a t i o n  drop  sha r p l y  in  the o r d e r  d i -  
h y d r o p y r i d i n e  I to d i h y d r o b e n z o p y r i d i n e s  II, III, and IV, which have i de n t i c a l  subs t i t uen t s .  The R' s u b s t i t u e n t s  
bonded,  a long with a hyd rogen  atom,  to the g e m i n a l  node in  the DHP have an even  g r e a t e r  effect  on the ra te  of 
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d e h y d r o g e n a t i o n .  On p a s s i n g  f r o m  IVa to  IVd the r e a c t i o n  r a t e  c o n s t a n t  d e c r e a s e s  s h a r p l y  as  a c o n s e q u e n c e  of 
r e p l a c e m e n t  of e l e c t r o n - d o n o r  indo le  r e s i d u e  R'  by an e l e e t r o n - a e e e p t o r  p h e n a e y l  subs t i t uen t .  

A r o m a t i z a t i o n  does  not o c c u r  at a l i  when an e v e n  s t r o n g e r  e l e c t r o n - a e e e p t o r  subs t i t uen t ,  v i z . ,  an e thy l  
e y a n o a e e t a t e  r e s i d u e  fiVe), i s  i n t r o d u c e d ;  the  s t a r t i n g  r e a g e n t s  w e r e  i s o l a t e d  f r o m  the r e a c t i o n  m i x t u r e  in un -  
changed  f o r m ,  and an  E P R  s i g n a l  was  not  o b s e r v e d  at  25 to  75 ~ C. 

The e f f ec t  of R s u b s t i t u e n t s  in  the  N - a e y l  r e s i d u e s  was  s i m i l a r l y  m a n i f e s t e d :  E l e c t r o n - d o n o r s u b s t i t u e n t s  
i n c r e a s e d  the  r a t e  of  a r o m a t i z a t i o n  of d i h y d r o i s o q u i n o l i n e s  I V a - c ,  whi le  e l e e t r o n - a c c e p t o r  s u b s t i t u e n t s  d e -  
c r e a s e d  it.  Thus  the  r a t e  c o n s t a n t  d e c r e a s e d  by a p p r o x i m a t e l y  two o r d e r s  of magni tude  when the me thoxy  
g r o u p  in I v b  was  r e p l a c e d  by a n i t r o  g r o u p  (IVc) (Table  1). 

The r a t e  c o n s t a n t s  f o r  a r o m a t i z a t i o n  of I - IV  ob ta ined  in t h i s  r e s e a r c h  c o r r e l a t e  s a t i s f a e to r i - l y  with the  ox i -  
da t ion  p o t e n t i a l s  of t h e s e  compounds  ob ta ined  d u r i n g  e l e c t r o c h e m i c a l  ox ida t ion  [1]; t h i s  may  cons t i tu t e  e v i d e n c e  
in  f a v o r  of the  c o m m o n  c h a r a c t e r  of the m e c h a n i s m s  of e l e c t r o c h e m i c a l  and c h e m i c a l  d e h y d r o a r o m a t i z a t i o n  of 

t h e s e  s u b s t a n c e s  u n d e r  the  in f luence  of c a t i o n  V. 

E X P E R I M E N T A  L 

The s t a r t i n g  N - a c y l d i h y d r o p y r i d i n e s  (I-IV) w e r e  ob ta ined  by the me thods  in  [7] and we re  r e c r y s t a I l i z e d  
twice  f r o m  n -bu t ano l .  O x o p i p e r i d i n i u m  s a l t  V was  ob ta ined  by  the method  in [8] and was  c r y s t a l l i z e d  f r o m  
ace+tonitr i le .  The p e r c e n t a g e  of the  2 , 2 , 6 , 6 - t e t r a m e t h y l - l - o x o p i p e r i d i n i u m  ca t i on  in the  p e r c h l o r a t e  s a m p l e s  
( [ = N = O ] )  u s e d  fo r  the k ine t i c  m e a s u r e m e n t s  was  99.5 • 0.3%, a c c o r d i n g  to the {esu l t s  of i o d o m e t r i c  t i t r a t i o n .  
The IR s p e c t r a  of  m i n e r a l  o i l  s u s p e n s i o n s  of the compounds  w e r e  r e c o r d e d  with an RE-1306  r a d i o s p e c t r o m e t e r .  
Solu t ions  of the  r e a g e n t s  in  s p e c t r a l l y  pu re  and d r y  a c e t o n i t r i l e  w e r e  mixed  at 20~C (the t e m p e r a t u r e  of the 
e x p e r i m e n t s  was  m a i n t a i n e d  w i t h a n  a c c u r a c y  of =L0.5~ and t r a n s f e r r e d  to  a m p u l s  fo r  EPR m e a s u r e m e n t s .  
The  c o n c e n t r a t i o n  of  p i p e r i d i n e  oxyl  VII in the  r e a c t i o n  m i x t u r e  was  d e t e r m i n e d  f r o m  the r a t i o  of the i n t e n s i t i e s  
of the E P R  s i g n a l s  of the r e a c t i o n  m i x t u r e  and a s o l u t i o n  of r a d i c a l  VII in the s a m e  so lve n t  with a known c o n c e n -  
t r a t i o n .  The s o l u t i o n s  to  be a n a l y z e d  and the s t a n d a r d  s o l u t i o n s  w e r e  p l a c e d  in the  s a m e  a m p u l  with an i n n e r  
d i a m e t e r  of 8 ram, and the  EPR s p e c t r a  w e r e  r e c o r d e d  u n d e r  i d e n t i c a l  cond i t ions .  A l i n e a r  de pe nde nce  of I on 

+ + 
t - - N - O ]  was  s t r i c t l y  o b s e r v e d  o v e r  the  c o n c e n t r a t i o n  r a n g e  5- 10 -4 > t - - N - O ]  >> 10 -5 m o l e / l i . t e r  and a t  the  t thf-  
e n e r g y  and h i g h - f r e q u e n c y  m o d u l a t i o n  l e v e l s  used .  The  a c c u r a c y  in the  d e t e r m i n a t i o n  of [ = 2 - 0 ]  was  ~ 3.5%. 

T y p i c a l  Method fo r  the  R e a c t i o n  of I - IV  wi th  2 , 2 , 6 , 6 - T e t r a m e t h y l - l - o x o p i p e r i d i n i u m  P e r c h l o r a t e .  A 2-  
mmole sample of dihydrobenzopyridines I-IV was added in portions at 25~ in the course of i0 rain to a solution 
of 3 mmole of perchlorate V in 15 ml of MeCN, after which the mixture was maintained at 20~ for 60 rain. 
Dry ether (150 ml) was then added, and the precipitated crystals were separated and dried. Perchlorates of the 
VI type were obtained in 90-95% yields. This method was used to obtain the following compounds, a) 1-Benzoyl- 
2-(3-indolyl)benzo[f]quinolinium perchlorate, with mp 320-322~ was obtained in 93% yield. IR spectrum: vCO 
1760 cm -I. Found: C 67.6; H 3,7; N 5.7%. C28HIgCIN205. Calculated: C 67.4; H 3.8; N 5.6%; b) 2-(p-nitroben- 
zoyl)-l-(3-indolyl)isoquinolinium perchlorate, with mp 248-249~ was obtained in 85% yield. II~ spectrum: 
PCO 1835 cm -i. Found: C 58.7; H 3.3; N 8.5%. C24HI6CIN3OT. c) 2-(o-Methoxybenzoyl)-l-(3-indolyl)isoquino- 
linium perchlorate, with mp 251-253~ was obtained in 88.8% yield. IR spectrum: uCO 1740 cm -i. Found: 
C 62.9; H 4.0; N 5.6%. C25HIgCIN206. Calculated: C 62.7; H 3.9; N 5.9%. 

The ether filtrate was evaporated, and the residual resin was extracted with pentane. The pentane was 
evaporated to give 1.9 mmole (95%) of piperidine oxyl, which was identical to a genuine sample with respect to 
its IR spectrum and melting point. The remaining N-acyl salts of the VIII type obtained in these reactions were 
described in [3]. 
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