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The principal  pathway in the fragmentat ion of the cation radicals  of N-acy l -a  (T)-substituted 
1,4-dihydropyridines and 1,2-dihydroisoquinolines,  as well as 1 ,2-dihydroimidazoles  and 1,2- 
dihydrobenzimidazoles ,  that are formed in the e lec t rochemica l  oxidation of the indicated N- 
acy ld ihydro -N-he te roa romat i c  sys tems is the loss of a proton and the subsequent loss of 
another e lec t ron or detachment of an N-acyl  residue in the form of a cation and subsequent de-  
tachment of an e lec t ron to give the corresponding ~ (a )-substi tuted he te roa romat ic  cations. 

The "aromatization" of cyclic or heterocyclic dihydro derivatives is usually understood to mean their 
conversion to aromatic compounds with the loss of hydrogen, i.e., essentially "dehydroaromatization." More- 
over, in the case of substituted N-acyl-l,2-dihydrobenzopyridines (DHP) it has been shown [1-3] that aromatiza- 
tion may occur not only as a result of dehydrogenation but also as a result of splitting out of geminal substituents 
f rom the ~ (or ~/) position of the heteroeycl ic  ring (a react ion that is the r eve r se  of hetarylat ion [4]). 

There  are  two al ternat ive points of view regarding the mechanism of dehydroaromatizat ion,  which may be 
a stepwise p rocess  with the detachment of two elect rons  and a proton f rom the DHP in various sequences [5-9] 
or  may be a one-step p rocess  with heterolyt ic  cleavage of the C - H  bond and splitting out of a hydride ion [1, 10]. 
Similar  mechanisms are  also evidently r ea l i zed  in react ions involving the aromat izat ion of DHP with the de-  
tachment  of a substituent. These mechanisms have been the subject of a great  deal of published studies and con- 
tinuous discussion;  however,  none of them explains the reasons  for the different pathways in the aromat izat ion 
of DHP, which depend on many factors ,  chief among which are  the nature of the aromat iz ing agent, the magnitude 
of the e lec t ron  density on the sp 3 carbon atom in the DHP, and the nature of the leaving group. 

In o rder  to exclude the effect of the nature of the aromat iz ing  agent on the direct ion of aromat izat ion we 
car r ied  out the e lec t rochemica l  oxidation of a ser ies  of DHP (Ia-VIIIa, Table 1) and established the s t ruc tures  
of the result ing compounds. 

Despite the fact that studies devoted to the e lec t rochemica l  dehydrogenation of heterocyel ic  compounds 
have been recent ly  published [5, 7, 8, 11], very  little study has been devoted to the behavior  of substituted N-acyl  
der ivat ives  of dihydropyridines [12]. In addition, it seemed of in teres t  to ascer ta in  how replacement  of the N- 
alkyl group in the d ihydroheterocycl ic  compound [5, 7, 8] by an N-acyl  group and the presence  of an ~ (~/) sub- 
stituent affect the cha rac t e r  of the fragmentat ion of the cation radicals  of the s tar t ing compounds, which are  
formed in the f i rs t  step of the e lec t rochemica l  oxidation. 

P r i o r  e lec t ro ly t ic  oxidation of Ia-VIIIa in acetonitr i le  showed that this p rocess  is accompanied by adsorp-  
tion of the react ion products on the electrode,  which gives r ise  to blocking of the electrode surface,  as a result  
of which the limiting currents  of the oxidation waves are  decreased  and in individual cases  are  not observed at 
all when the oxidation wave is r e - r eco rded .  

* See [1] for  Communication 2. 
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T A B L E  1. R e s u l t s  of  t h e  E l e c t r o c h e m i c a l  O x i d a t i o n  o f  N - A e y l  

D e r i v a t i v e s  of  D i h y d r o p y r i d i n e s  and O t h e r  M o d e l  S y s t e m s  ( Ia-  

VI I Ia )  on a R o t a t i n g  P l a t i n u m  D i s k  E l e c t r o d e  w i t h  a R i n g  in  D i -  

m e t h y l f o r m a m i d e  (DMF) 
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T A B L E  2. E l e c t r o c h e m i c a l  

R e d u c t i o n  P o t e n t i a l s  of  t h e  

C a t i o n s  on a R o t a t i n g  P l a t i -  
n u m  E l e c t r o d e  
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T A B L E  3. C h a r a c t e r i s t i c s  of  1 , 2 - D i h y d r o i s o q u i n o l i n e s  I I Ia  a n d V a  

and the  C o r r e s p o n d i n g  P e r c h l o r a t e s  IIIb,  IVb,  and IIIc,  V e  
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Va 169--171 0,47 1620 73,2 4,1 i 110,5 C24HITN302 72,9 4,3 110,6 

IVb 130--133 c - 1745 55,9 4,0 I 3,91 CI7HI4C1NO 6 56,1 3,9] 3,9 I 
Vb 201--203 c 1765 60,6 3,4 8,7 C16HIIC1NaO7 60,3 3,5 8,8 

IIIc  235--236c 1737 62,7 3,7 62 C~HmCIN~O~ 62,7 3,9 59 
Vc 248--249 e 1755 58,7 3,3 815 C24HmCINaO7 58,4 3,2 8:5 
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Fig .  1. E l e c t r o n i c  s p e c t r a  of p e r c h l o r a t e  VIc o b -  
t a i n e d  by e l e c t r o c h e m i c a l  (1) and c h e m i c a l  (2) o x i d a -  
t ion  of  d i h y d r o i s o q u i n o l i n e  Via .  
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In a n a l o g y  with r e a c t i o n s  invo lv ing  the c h e m i c a l  a r o m a t i z a t i o n  of  I a - V I I I a  [1, 3] one migh t  have  e x p e c t e d  
tha t  the  f ina l  p r o d u c t s  of the  f r a g m e n t a t i o n  of  the  c a t i o n  r a d i c a l s  of t h e s e  c o m p o u n d s  would be the  fo l lowing  

ca t i ons :  

c O R  COR COR 

b c d 

To iden t i fy  the  ca t ions  f o r m e d  on the  d i s k  wi th  a r i n g  we s t u d i e d  t h e i r  e l e c t r o c h e m i c a l  r e d u c t i o n  and found 
t ha t  in D M F  s o m e  of  t h e m  a r e  u n s t a b l e ,  w h e r e a s  t h e y  a r e  qu i te  s t a b l e  in a c e t o n i t r i l e  [3]. In  a d d i t i o n  to  DMF,  
we t h e r e f o r e  u sed  a c e t o n i t r i l e  a s  the  s o l v e n t  fo r  t h e s e  c a t i ons  (Table  2)* 

It fo l lows  f r o m  T a b l e  1 tha t  a l l  of  the  d i h y d r o h e t e r o c y c l i c  compounds  ( Ia-VII Ia)  tha t  we i n v e s t i g a t e d  a r e  
o x i d i z e d  f o r m a l l y  in  one t w o - e l e c t r o n  s t ep ,  a s  e v i d e n c e d  by  the l i m i t i n g  d i f fu s ion  c u r r e n t  (ill  m) on the  d i sk .  To 
e s t i m a t e  the s t a b i l i t i e s  o f  the r e s u l t i n g  ca t i on  r a d i c a l s  we r e c o r d e d  the v o l t - a m p e r e  g r a p h s  on a r i n g  with  a 
c o n s t a n t  p o t e n t i a l  of  the  r i n g  equa l  to  the  p o t e n t i a l  of  the  foot  of  the  o x i d a t i o n  wave  on the  d i s k ;  the  r e d u c t i o n  
w a v e s  of  the  ca t ion  r a d i c a l s  w e r e  o b s e r v e d  in  t h i s  ca se .  The  low v a l u e s  of the  l i m i t i n g  c u r r e n t s  of  t h e s e  waves  
cons t i t u t e  e v i d e n c e  f o r  the  low s t a b i l i t y  of  the  l a t t e r  (Table  1). (The r a t e  c o n s t a n t s  f o r m o n o m o l e c u l a r  f r a g m e n t a  -~ 
t ion  e s t i m a t e d  by  the  me thod  in [14] a r e  g r e a t e r  t han  2000 sec -1 . )  It i s  c h a r a c t e r i s t i c  tha t  r e p l a c e m e n t  of the  

* The r e d u c t i o n  p o t e n t i a l  of  only  one p r o t i c  s a l t  (IId) i s  p r e s e n t e d  in  T a b l e  2, s i n c e  i t  i s  known [13] tha t  N - p r o t i c  
s a l t s  of  h e t e r o c y c l i c  compounds  a r e  r e d u c e d  on p l a t i n u m  with  c a t a l y t i c  l i b e r a t i o n  of  h y d r o g e n  at  the  s a m e  p o t e n -  
t i a l ,  The r e d u c t i o n  p o t e n t i a l s  of  ca t ions  VIIb,  c and VIIIb,  c w e r e  not  m e a s u r e d ,  s i n c e  we w e r e  unab le  to  obta in  
t h e m  in the  i n d i v i d u a l  s t a t e ;  a d i f f i c u l t - t o - s e p a r a t e  m i x t u r e  of c a t i o n s  VIIb,  e o r  VIIIb,  c was  ob ta ined  in the  
a r o m a t i z a t i o n  of  i m i d a z o l i n e s  VIIa  and VII Ia  u n d e r  the  in f luence  of  t r i p h e n y l m e t h y l  p e r c h l o r a t e .  
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N-methy l  group in s i m i l a r  compounds [5, 7, 8] by an N-acy l  group leads to a sha rp  i nc rea se  in the oxidation 
potent ia l  of DHP and to a significant  d e c r e a s e  in the s tabi l i ty  of t he i r  cation radica ls .  

In o r d e r  to identifsr the products  fo rmed  f r o m  the cation rad ica l s  a f t e r  they have gone into solution we 
r eco rded  the volt  - a r ~ p e r e  g raphs  with potent ia l  scanning on a r ing e l ec t rode ;  in this case  the potent ia l  of the 
disk e iec t rode  was p r e s e t  at a constant  value equaI  to the s t a r t  of the p la teau  of the l imit ing cu r r en t  for  oxida-  
tion of the cor responding  DHP. An overa l l  approx ima te ly  two-e l ec t ron  wave was observed  for  Va and Via be-  
cause of acc ident ia l  coincidence of the reduct ion potent ia ls  of N-aeyl  cations Ve a M  IVc and the protons (-0.47 
V, accord ing  to the data in [15t). In the case  of Ia- IVa,  in addit ion to the reduct ion wave of protons ,  we r eco rded  
another  wave cor responding  to the reduct ion of cations Id-lYd (compare  Tables  1 and 2). Since, as we have 
a l ready  noted, we were  unable to obtain the cor responding  cations synthet ical ly  in the case  of imidazol ines  VIIa 
and VIIIa, it may  be a s sumed  that  the f i r s t  wave on the v o l t - a m p e r e  g raphs  c o r r e s p o n d s  to the reduct ion of the 
proton,  whereas  the second wave co r r e sponds  to reduct ion of the N-acy l  cations that  r e t a in  the subst i tuent  in the 
2 posi t ion (Tables 1 and 2). 

The data  obtained in this study show that, depending on the s t ruc tu re  of the s t a r t ing  dihydro compound, 
e l e c t r o c h e m i c a l  oxidation may lead to di f ferent  products .  
ceeds via the following scheme:  

COIl COR 
V-VIII 3. 

The dehydroa romat i za t ion  of Va-VII Ia  p robab ly  p r o -  

i i . COR COR 
V-VIIIc 

i.e., through the successive detachment of an electron, a proton, and an electron. The results obtained in the 
micropreparative electrolysis of dihydroisoquinoline Via may serve as additional evidence for this scheme. It 
is apparent from Fig. 1 that the electronic spectrum of the reaction solution coincides completely- with the spec- 
trum of N-benzoyl-l-phenacylisoquinolinium perchlorate (Vlc). 

In the case of la-IV, splitting out of an acyl group via one of the schemes presented below occurs along 
with dehydroa romatizati on: 

l ' ~ H  R' 

COR 
l-IV a 

-e -ll---ff"~,-RCO + ~ - e ~ ~ H  ~ 

coR - - - . .  -Rc<j  j "  ,-.Jvd 

These schemes differ in that in the first scheme the acyl group is split out in the form of a cation, whereas 
in the second it is split out in the form of a radical. Overall, the first process corresponds to the transfer of 
two electrons, while the second corresponds to the transfer of one electron. Since a two-electron wave is ex- 
perimentally observed for Ia-IVa (Table I), the first scheme is the most likely process. 

Thus a study of the electrochemical oxidation of N-acyl derivatives of dihydropyridines has shown that 
parallel processes involving the splitting out of a proton and an acyl group, as a result of which the correspond- 
ing substituted N-acyl (c) and N-protic (d) salts are formed and the formation ofunsubstituted salts (b)by detach- 
ment of the c~ (~/) s~ubstituent is not observed in a single case, are characteristic for the conversion of the cation 
radicals formed in the first step. 

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

The method used to purify the DMF, the construction and characteristics of the rotating platinum electrode 
with a ring, the method used to record the volt-ampere curves, and the calculation of the number of electrons 
transferred were described in [16], Pure-grade acetonitrile was purified immediately prior to preparation of 
the solutions as in [17]. Prior electrolysis was realized in DMF by the method in [18]. A saturated calomel 
electrode served as the reference electrode in all cases. The number of electrons transferred on the disk elec- 
trode was calculated starting from the assumption that the coefficients of diffusion of the depolarizers are in- 
versely proportional to the square root of the molecular mass. The concentrations of the compounds were 5 �9 
10 -4 M in the recording of the voR-ampere curves and 10 -5 M in the case of prior electrolysis. The concentra- 
tion of the inert electrolyte was 0.I M in all cases. 

The electronic spectra of solutions of the compounds in DMF were recorded with a Hitachi EPS-3T spec- 
trophotometer. The IR spectra of KBr pellets of the compounds were obtained with a Perkin-Elmer spectrom- 
eter. Chromatography was realized in a loose thin layer of activity II aluminum oxide by elution with chloro- 
form-benzene-hexane (30 : 6 : I) and development with iodine vapors. 
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The N-acyt  der iva t ives  (Ia-IIIa, VIa-VIIIa) of d ihydro -N-he te roa roma t i e  compounds were obtained by 
he tary la t ion  [4]; pe rch lo ra t e s  Ib-d-VIb-d were  obtained by the methods in [3]. 

N-o-Methoxybenzoyl - l - (3 - indoly l ) - l ,2 -d ihydro isoquino l ine  (IVa): An 8.5-g (0.05 raoie) sample of o- 
methoxybenzoyI chloride was added dropwise with vigorous s t i r r ing  to a soIution of 12.9 g (0.1 mole) of d ry  
isoquinoline and 5.85 g (0.05 mole) of indole in 20 ml of d ry  benzene, the react ion mixture  was refluxed for 2 h, 
and 50 ml of wa te r  and 50 mI of hexane were  added. The precipi ta te  was removed by filtration, washed with 
methanol, and r ee rys t a l l i z ed  f rom n-butanol to give 10.9 g (73%) of a product  with mp 208-210~C and Rf 0.36. 
IR spect rum:  1600 cm -1 (C =O). Found: C 78.5; H 5.3; N 7.8%. C25H20N202. Calculated: C 78.9; H 5.3; N7.7%. 

Compounds IIIa and Va were  s imi la r ly  obtained (Table 3). 

N-o-  MethoxybenzoyI-1- (3-indolyl)isoquinolinium Pe reh lo ra t e  (I~Tc). This compound was obtained by the 
method in [1] by the reac t ion  of 0.02 mole of IVa and 0.03 mole of 2,2, 6, 6 - t e t r ame thy l - l -oxop ipe r id in ium pe r -  
chlorate  in d ry  acetoni t r i le .  The product ,  with mp 251-253~ (from acetoni t r i le)  was obtained in 88%yield. IR 
spect rum:  174 cm -1 [sic]. Found: C 62.9; H 4.0; N 5.6%. C25H~gC1N20 G. Calculated: C 62,7; H 3.9; N 5.9%. 

Pe rch Io ra t e s  IItc and Ve (Table 3) were obtained under  s imi l a r  conditions. 

N-o-Methoxybenzoyl isoquinol inium PerchIora te  (IVb). This compound was obtained by the method in [3] 
by the reac t ion  of equ imola r  amounts of IVa and t r iphenylmethyl  pe rch lora te  in d ry  aeetoni t r i le .  The principaI  
cha rac t e r i s t i c s  of pe rch lo ra te  tVb and the similarly" obtained pe rch lo ra t e  Vb are  p resen ted  in Table 3. 
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