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It was found that compounds of the 3 ,5-d icarbonyl - l ,4 -d ihydropyr id ine  ser ies  are  oxidized 
on a rotat ing plat inum microe lec t rode  in acetonitr i le at potentials that are  access ible  for 
e lec t rochemica l  investigation (from 0.8 to 1.4 V relative to a saturated calomel  electrode).  
The e lec t rochemica l  oxidation potentials of 41 compounds were  determined,  and the influ- 
ence of e lectronic  effects of substituents introduced into various positions of the d ihydro-  
pyridtne ring on Ep and El/2 was revealed.  The potentials obtained were compared with 
the pecul iar i t ies  of the chemical  and enzymatic  oxidation of the corresponding compounds. 

3 ,5 -Dicarbonyl - l ,4 -d ihydropyr id ines  (DHP) are  derivatives and analogs of ex t remely  important 
biologically active compounds (dihydronieotinamide, NADN, and NADPN). The DHP have c lear ly  ex-  
pressed  e lec t ron-donor  and hydrogen-donor  proper t ies  in chemical  reactions [1-4], undergo reactions with 
free radicals  [5], and are  biologically active [6-9]. While the l i te ra ture  does not contain information 
regarding the e lec t rochemica l  behavior  of DHP, while the electrooxidation (EO) potentials of var ious  r e p r e -  
sentatives of the DHP class  may serve  as a qualitative charac te r i s t i c  of the react ivi t ies  of these de r iva -  
t ives as e lectrons donors .  The present  investigation was undertaken to ascer ta in  the numer ica l  values of 
the anode potentials and to establish their  interrelat ionship with the molecular  s t ruc tu res .  

Distinct v o l t - a m p e r e  curves ,  caused by electrooxidation of the DHP molecules on an anode-pola r -  
ized platinum elec t rode,  were  obtained for most  of the investigated compounds.  

An examination of the Ep values (Tables 1 and 2) revealed a number of principles that touch upon 
the sequence of the posit ion of the EO potentials of individual representa t ives  of the DHP as a function of 
the introduction of various substituents into different positions of the molecule (cg-, ~- ,  and T-substi tut ion 
in the DHP ring). 

Thus the introduction of methyl groups into the oe position in the 3 ,5-d iace ty l - l ,4 -d ihydropyr id ine  
molecule (compound 2) causes  a pronounced shift (of ~ 200 mV) in Ep for oxidation to less positive poten- 
tials.  

For fi-substitution in sys tems  of the I-IV type, the EO potentials are arranged in the following order  
of increase  in the Ep anode values:  

COC6Hs~COCHa, COOR <COC6H4 (o~) <COCH2C (CHa) 2CH2 (a) ~<CN. 

Lengtheningthe carbon chain in the f l-carbalkoxy group or  the introduction of alkoxy or  aryl  subst i -  
tuents into the/5"-carbalkoxy group does not induce substantial  changes in the Ep values,  
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T A B L E  1. P o t e n t i a l s  o f  t he  P e a k s  and H a l f  W a v e s  of  t h e  E l e c t r o -  

o x i d a t i o n  of  M o n o n u c l e a r  D H P  of t he  I T y p e  

Syn- 
Corn- g = R a R 4 I1 ittietic Fp, V e,/=. 
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* T h e  s y n t h e s i s  w i l l  be  p u b l i s h e d  s e p a r a t e l y .  

TABLE 2. Potentials of the Peaks and Half Waves of the Electro- 

oxidation of Polynuclear DHP of the If-IV Type 

Corn- R~ R' ]Synthetic Ep, V e,/= V 
pound method 
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0,98 
1,I1 
1,16 
1,15 
t,13 
1,23 
1,26 
1,23 
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I,I3 
1,20 

0,91 
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* T h e  s y n t h e s i s  w i l l  be  p u b l i s h e d  s e p a r a t e l y .  

f C o m p o u n d  III .  

~ C o m p o u n d  IV.  

T h e  i n t r o d u c t i o n  o f  m e t h y l ,  p h e n y l ,  2 - f u r y l ,  and c a r b o x y l  g r o u p s  in to  the  T p o s i t i o n  i n d u c e s  a sh i f t  

in  Ep  to  m o r e  a n o d i e  p o t e n t i a l s  by  60,  200,  250,  and 300 m V ,  r e s p e e t i v e l y o  T h i s  s o r t  of  d i r e c t e d  e f f e c t  o f  
t h e  f u n c t i o n a l  g r o u p s  ( e x c e p t  f o r  t he  m e t h y l  g roup)  is  in  good a g r e e m e n t  w i t h  t he  p r e v i o u s l y  e s t a b l i s h e d  e f -  

f e c t  of  t h e s e  s u b s t i ~ e n t s  on  t h e  E O  p o t e n t i a l s  of  a n i l i n e  d e r i v a t i v e s  [10]. W e  no te  t h a t  the  u n e x p e c t e d  e f -  

f e c t  of  the  CH a s u b s t i t u e n t  w a s  a l s o  o b s e r v e d  in a s t u d y  of  t h e  U V  s p e c t r a  o f  D H P  [12], w h i c h  is  p o s s i b l y  

due  to  the  s t e r i c  e f f e c t  of  t h e  s u b s t i t u e n t .  

T h e  i n t r o d u c t i o n  of  s u b s t i t u e n t s  in to  the  T - c a r b o x y l  and y - p h e n y l  g r o u p s  a l s o  a f f e c t s  the  o x i d a t i o n  
p o t e n t i a l s :  t he  E O  p o t e n t i a l  o f  t h e  m o r p h o t i d e  i s  s h i f t e d  t o  l e s s  p o s i t i v e  p o t e n t i a l s ,  w h i l e  t he  E O  p o t e n t i a l  

o f  the  m e t h y l  e s t e r ,  on  the  o t h e r  hand, i s  s h i f t e d  to  m o r e  p o s i t i v e  Ep  values a s  c o m p a r e d  w i t h  the  potential 
o f  a c o m p o u n d  tha t  c o n t a i n s  a c a r b o x y l  g r o u p  ( c o m p o u n d  XXVII I ) .  E x c e p t  f o r  t he  p - N O  2 g r o u p ,  s u b s t i t u e n t s  
in  the  p h e n y l  r i n g  ( c o m p o u n d  XX-XXV)  do no t  h a v e  a c o n s i d e r a b l e  e f f e c t  on t h e  Ep  v a l u e s  of  t he  d e r i v a t i v e s  
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studied in this r e sea r ch .  In this case ,  the f i rs t  of the two oxidation waves on the v o l t - a m p e r e  curve of 
compound XXIV can apparent ly  be ascr ibed to the oxidation of the dimethylaniline residue.  

It should be noted that the effect of the examined functional groups on the EO potentials of DHP sub- 
stituted in various positions is,  in most cases ,  in qualitative agreement  with the effect of the same groups 
on chemical  and enzymatic  oxidation. In par t icular ,  the decrease  in the Ep values is in good agreement  
with the increase  in the ease of oxidation of ~, /?-unsaturated carbonyl compounds [4] and the increase in 
the rate of enzymatic  oxidation of the peroxidase-H202 sys tem [13]. The f irs t  of these reactions probably 
proceeds  by way of a hydride shift, while the second probably proceeds through one-e lec t ron  oxidation. 
The cha rac te r i s t i c  e l ec t ron -donor  effect of the s - m e t h y l  group shows up dist inctly in all cases .  In the 
case of the chemical  oxidation of/~-substituted DHP by chloranil  [4], the same sequence of the position of 
substituents in the ser ies  with respect  to their  e lectronic effect is retained. However,  when other oxidiz- 
ing agents are  used,  the above-establ ished sequence of the effect of the substituents is disrupted; in this 
case ,  the introduction of a benzoylene group usually increases  the react ivi ty of DHP very  markedly.  The 
introduction of a methyl group in the 7 position of the DHP ring has a substantially g rea te r  effect in the 
case of chemica l  and enzymat ic  oxidation than during electrooxidation [4, 13]. 

All of the compounds examined above also have e lec t ron-donor  proper t ies  in aqueous alcohol media,  
and their  EO potentials in these media are less positive (by ~ 200-300 mV) than in acetonitr i le .* 

The mechanism of the electrooxidation of compounds of the I-IV type is current ly  being studied, and 
the resul ts  will be published in subsequent communicat ions .  

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

The EO potentials were determined by the method described in [10]. The v o l t - a m p e r e  curves were  
recorded with an LP-60 recording polarograph under integral (polarograph sensi t ivi ty of 1/50) and dif-  
ferential  (sensitivity of 1/2) recording conditions. The exper imental ly  found Ep and El/2 values,  mea-  
sured relat ive to a saturated calomel  electrode (SCE) with an accuracy  of :~20-40 mV, are  presented in 
Tables 1 and 2. The peak potentials (Ep) were  used as the more  reliable values for the compar ison  of the 
var ious  representa t ives  of the ser ies  during the discussion of the resul ts .  

The polar iz ing electrode was a rotating platinum microanode (the d iameter  was 1 mm, the angular  
rate of rotat ion was 1400 rpm,  and the rate of polar izat ion was 400 mV/min) ,  which was cleaned thoroughly 
with a fine emory  cloth af ter  each experiment .  An aqueous SCE connected to the solution to be po la ro-  
graphed through an a g a r - a g a r  bridge in LiC104 was used as the compar i son  e lect rode.  The medium for 
ca r ry ing  out the polarographic  exper iments  was acetoni tr i le ,  purified by the method in [11], on a 1 M 
LiC104 background, the decomposit ion potential of which was 1.9-2.1 V. 

We investigated DHP with s t ruc tures  I-IV.  All of the compounds were  studied under  the same exper -  
imental conditions [at the same depolar izing concentrat ions (10 -4 M) on the same platinum electrode at 
constant e lect rode pa ramete r s ] .  The compounds were  synthesized by the methods indicated in Tables 1 
and 2. 

R2-'~'N JJ-'R~ H H H3 H3 C / ' ~ / ' ~ ' N / V \ C H 3  H 

I II I|1 IV 

Acetonitri le was selected as the medium for the vo l t - amperomet r i c  measurements  because of the 
possibi l i ty of the study of all of the DHP in their  nonionized form, since neither protonation nor deproton a -  
tion of the nitrogen atom in the DHP ring are possible under these conditions (except for compound XXVIII). 
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