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If.* ELECTRONIC AND STERIC EFFECTS IN THE ELECTROOXIDATION 

OF 4-SUBSTITUTED 1,4-DIHYDROPYRIDINES 
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Thir ty-nine  y-substi tuted 1,4-dihydropyridine derivatives were subjected to e lectro-  
chemical  oxidation on a rotating platinum microe lec t rode  in acetonitrite,  and the Ep 
(El/2) values were measured .  A sa t i s fac tory  l inear corre la t ion  between the Ep and 
Taft r * constants of the substituents in the ~/ position was observed.  A l inear  c o r r e -  
lation of the Ep values with the a ~ (r- and ~- constants also exists.  

In a preceding paper  [1] we descr ibed the e lectrochemical  oxidation (EO) of 1,4-dihydropyridine 
derivatives on a platinum microanode and studied the effect of substituents in the various positions of the 
dihydropyridine ring on the change in the EO po ten t i a l s .  

In the present  r e sea rch  we have studied the EO anode curves  of 1,4-dihydropyridines with various 
substituents in the 3' position, i.e., I-XXXIX. 

H R" 0 

C"3--%N.Y--C. ~ 
H 

I-XXXIX 

(See Tables I and 2 for the R, R', and R" substituents) 

A number  of regular i t ies  a re  exposed when the experimental  resul ts  are  examined. 

A change in the s t ruc ture  of the alkoxy group in the fl-carbalkoxy group has little effect on the oxida- 
tion potentials:  the EO potentials of the methyl, ethyl, alkoxyethyl, isopropyl, and benzyl es ters  are  p r ac -  
t ically the same.  

Replacement of one fi-ethoxycarbonyl group of 2 ,6-dimethyl-4-phenyl-3 ,5-die thoxycarbonyl-1 ,4-di -  
hydropyridine [1] by a benzoyl group 0CXXI) shifts Ep to the cathode side by 30 mV, while replacement of 
both groups (XXXII) gives r ise  to an even g rea te r  shift in the potential {Table 2). This is in agreement 
with data [1] that fi-benzoyl derivatives of 1,4-dihydropyridine are  oxidized more  readily than fi-etho• 
carbonyl derivat ives.  

When weaker  e lec t ron-accep tor  fi substituents are  present ,  the 1,4-dihydropyridines are  oxidized 
more  easily.  Replacement  of the p-ethoxycarbonyl  groups by amide groups apparently markedly facili tates 
EO. 3,5-Diphenylcarbamoyl derivatives of 1,4-dihydropyridine (XXXIII-XXXVIII) are  oxidized considerably 
more  easily (by ~ 200 mV) than the corresponding 3,5-diethoxycarbonyl derivatives [1]. Our p re l iminary  
observation [1] that y-unsubsti tuted dihydropyridines are  oxidized more  easily than T-substituted dihydro- 
pyridtnes (and among the lat ter ,  the T-methyl derivatives are  oxidized more  easily than the 7-phenyl de- 
r ivatives) is once more  confirmed in this ser ies  of compounds. The introduction in the 7 position of any 

*See [1] for communication I. 
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Compound 

T A B L E  1. Peak (Ep) and H a l f - W a v e  (El/2) P o t e n t i a l s  in  the  E l e c -  
t r o c h e m i c a l  Ox ida t ion  of 4 - S u b s t i t u t e d  E s t e r s  of 2 , 6 - D i m e t h y l y  
1 , 4 - d i h y d r o p y r i d i n e -  3, 5 - d i c a r b o x y l i c  Ac id  

Synthetic 
R=R ' R" method Ep, V ~'/~. V 

I 
I1 

III 
IV 
V 

VI 
VII 

VIII 
IX 
X 

XI 
XII 

Xlll 
XIV 
XV 

XVI 
XVII 

XVIII 

XIX 
XX 

XXI 
XXII 

XXIII 
XXIV 
XXV 

OCaHr-i 
OCaHz-i 
OCH2C~H~ 
OC2Hs 
OC~H~ 
OC~Hs 
OC~H~ 
OC~H~ 
OC~Hs 
OC~H~ 
OC~H~ 
OC~H~ 
OC~H~ 
OC~H6 
OCHa 
OCHs 
OCHa 

OC=Hs 

OC~H4OC:H~ 
OC~H4OC~Hs 
OC~H4OC~Hs 
OC2H4OC2H6 
OC~H4OC2Hs 
OCzH~OC~H~ 
OC~H4OC~H~ 

CHs * 
C6Hs * 
CHs * 
C6H4F-m 
C6H~F-p 
C~H4CI-o 
C6H~CI-m 
C6H4Br-m 
C6H4Br-p 
CsH4J-m 
C6H4J-p 
C6H4NO2-o 
C~H4NOvp 
C6H4NO2-m 
C6H4NO2-o 
C~H4NO2-p 
CsH4N(CHa)2-p 

C6H4OH-p 

C6Hs 
CaH~OCHa-p 
CsH4CI-p 
C~H4NO~-m 
C~H4NO~-p 
C~H~NO~-m 
C~H4NO2-p 

*The  s y n t h e s i s  wi l l  be  p u b l i s h e d  s e p a r a t e l y .  
t S e e  the  e x p e r i m e n t a l  s e c t i o n  fo r  the  s y n t h e s i s .  
$ The  va lue  g iven  in [1] i s  i n a c c u r a t e .  

0,98 
1,07 
0,97 
1,14 
1,12 
1,07 
1,1O 
1,14 
1,11 
1,16 
1,14 
l,ll 
1,22:1: 
1.2l 
1,16 
1,18 
0,65 
1,18 
1,07 
1.30 
l,lt 
1,08 
1,13 
1,18 
1,20 
1,20 
1,20 

0,92 
1,02 
0,89 
1,10 
1,07 
1,03 
1,06 
1,08 
1,05 
1,09 
1 ;07 
1,06 
1.17 
1,13 
1,08 
1,12 
0,60 
1,t3 
1,01 
1,22 
1,06 
0,q9 
1,05 
1,t3 
1,10 
1,t4 
1,14 

T A B L E  2. P e a k  (Ep) and H a l f ' W a v e  (El/2) P o t e n t i a l s  in the  E l e c -  
t r o c h e m i c a l  Oxida t ion  of 3, 5- D i c a r b o n y l - 2 ,  6 - d i m e t h y l -  1 , 4 - d i h y d r o -  
p y r i d i n e  D e r i v a t i v e s  

Compound ] R 

XXVI CHa 
XXVII CHs 

XXVIII CHa 
XXIX OC~H5 

XXX C6H5 
XXXI C6Hs 

XXXII C~H~ 
XXXIII NHCsH5 
XXXIV NHC6H5 
XXXV NHC6H5 

XXXVI NHC6H5 
XXXVII NHCsH~ 

XXXVIII NHC6H5 
XXXIX CH3 

R' 

CHa 
CHa 
CHs 
OC2Hs 

CHa 
OC2Hs 
CaH5 
NHC6H5 
NHC6H5 
NHC6Hs 
NHC6H5 
NHC6Hs 
NHC6H5 
CHa 

R" 

COOH 
COONH4 
CON (CH2CH2) 20 
COONH4 

C~Hs 
C~H5 
C6Hs 
H 
CHa 
C6Hs 
C61-hC12-2,4 
C~H4NO2-m 
C6H4CI-p 
CsH4NO2-rn 

Synthetic Ep, V 
method 

t0 0,63 
t0 0,63 
11 1,08 
10 0,72 

1,30 
12 1,03 
12 1,04 
12 * 0,99 
13 0,66 
141" 0,77 
13 0,85 
13 0,86 
I3 0,95 
13 0.88 
15 1,15 

ET:" V 

0,60 
0.60 
0,88 
0.65 
1,22 
0,98 
0,98 
0,92 
0,62 
0,70 
0,76 
0,81 
0,88 
0,82 
1,08 

*The  PMR s p e c t r a  did  not  c o n f i r m  the  p r e v i o u s l y  p r o p o s e d  12] 
s t r u c t u r e  ( 3 - a c e t y l - 5 - b e n z o y l -  2 , 4 - d i p h e n y l -  6 - m e t h y l -  1 , 4 - d i h y d r o l  

p y r i d i n e )  fo r  th i s  compound .  
~This  compound  was  ob ta ined  f r o m  f l - a m i n o c r o t o n i c  ac id  a n i l i de  

and had mp 219-222 ~ (dec.) .  

(even an e l e c t r o n - d o n o r  subs t i t uen t ,  excep t  fo r  a d i s s o c i a t e d  c a r b o x y l  group)  h i n d e r s  the  ox ida t ion  of the  
1 , 4 - d i h y d r o p y r i d i n e .  I t  i s  p o s s i b l e  tha t  t h i s  i s  a s s o c i a t e d  with  the  ef fec t  of s t e r i c  f a c t o r s .  The  a p p a r e n t  
f a c i l i t a t i o n  of  the  ox ida t ion  o f - / - ( p - d i m e t h y l a m i n o p h e n y l ) - s u b s t i t u t e d  d i h y d r o p y r i d i n e s  ~;VII; a l s o  s e e  [1]) 
i s  e v i d e n t l y  exp l a ined  by  p r i o r  EO of the  d i m e t h y l a m i n o  g r o u p .  The  p r e s e n c e  of a s econd  EO wave  (Ep 
1.18 V), t he  n u m e r i c a l  va lue  of the  p o t e n t i a l  of which  c o r r e s p o n d s  to  t he  Ep va lue s  of d i h y d r o p y r i d i n e s  wi th  
a s t r o n g  e l e c t r o n - a c c e p t o r  s u b s t i t u e n t  in  the  y pos i t i on ,  c o n s t i t u t e s  e v i d e n c e  in f a v o r  of t h i s  a s s u m p t i o n .  

On c o m p a r i s o n  of the  Ep v a l u e s  of T - c a r b o x y l  d e r i v a t i v e s  of 2 , 6 - d i m e t h y l - 3 , 5 - d i a c e t y l - l , 4 - d i h y d r o -  
p y r i d i n e  (XXVD and 2 , 6 - d i m e t h y l - 3 , 5 - d i e t h o x y c a r b o n y l - l , 4 - d i h y d r o p y r i d i n e  [1] and t h e i r  a m m o n i u m  s a l t s  
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T A B L E  3. P a r a m e t e r s  of the C o r r e l a t i o n  of the Ep Values  with the 
cr Constants  of y Subst i tuents  R" for  Reac t ion  Ser ies  in Which R =  

R' = OC2H 5 o r  NHC6H 5 

p in  c. Correlation' 
No. R = R' " equation 

:7 
15 

I a OC2H5 
Ib 

2a OC2H5 
2b 

3a OC2H5 
3b 

4a OC2H~ 
4b 

5 OC~H5 

6 NHC6H5 

AEp=O* .~r* 

hEp=p-cr ~ 

hEp=p.o 

h E p  = p.  (r-  

AEp=p.cr+ 

AEp= p*.~* 

p.V r 

0 t3 0,95 
0 15 0,98 

0,15 0,91 
0,16 0,95 

0,13 I 0,89 
0,13 ] 0,95 

0,09 I 0,93 0,09 0,97 

0,08 I 0,83 

0,13 ] 0,97 

As Notes 

0,006 The ~,-unsubstituted com- 
0,004 pound is not included in the 

linear correlation. 
0,006 The o-phenyl-substituted 
0,005 compounds are not in- 
0,006] cludcd in the correlation. 

The o-phenyl-substituted 
0,005 compounds are not in- 

cluded in the correlation. 
0,007 Only the p-phenyl-substi- 

correlated, 
Only the p-phenyl-substi- 

tuted compounds are 
I correlated. 

-- The y-unsubstituted com- 
pound isnot included in the 
correlation. 

*The  Ep values  w e r e  taken f r o m  Tab les  1 and 2 and an e a r l i e r p a p e r  
[1]. All of the inves t iga ted  compounds  fo r  which the a p p r o p r i a t e  a 
cons tan t s  a r e  avai lable  [4] a r e  included in c o r r e l a t i o n  s e r i e s  "a ."  

fXXVII and XXIX) with the Ep va lues  of 2 , 6 - d i m e t h y l - 3 , 5 - d i a c e t y l - l , 4 - d i h y d r o p y r i d i n e  (Ep = 0.90 V [1] and 
2 , 6 - d i m e t h y l - 3 , 5 - d i e t h o x y c a r b o n y l - l , 4 - d i h y d r o p y r i d i n e  (Ep = 0.93 V [1]) and t h e i r  4 - m e t h y l  and 4-phenyl  
de r iva t ives  (Ep =0.97;  1.13 and 1 .00and  1.07 V, r e s p e c t i v e l y  [1]), the fac i le  oxidat ion of 2 , 6 - d i m e t h y l - 3 , 5 -  
d i a c e t y l - l , 4 - d i h y d r o i s o n i c o t i n i c  acid (XXVI, Ep =0.63 V) m a y  appea r  unexpected .  However ,  this  phenom-  
enon is explained by the fact  that  XXVI, in c o n t r a s t  to  the c o r r e s p o n d i n g  f l -e thoxycarbonyl  de r iva t ive  (Ep = 
1.24 V [1]) unde rgoes  e l ec t ro ly t i c  d i s soc ia t ion  unde r  the expe r imen ta l  condi t ions  and is consequent ly  oxi-  
dized on the e l ec t rode  in the  f o r m  of the c a r b o x y l a t e  anion. The  a m m o n i u m  sal t  of this  acid (XXVII), l ike 
the sa l t  of  2 , 6 - d i m e t h y l - 3 , 5 - d i e t h o x y c a r b o n y l - l , 4 - d i h y d r o i s o n i c o t i n i c  acid (XXIX), is oxidized v e r y  eas i ly  
(Ep =0.63 and 0.73 V, r e spec t ive ly ) .  However ,  the second  wave (Ep = 1.30 V) on the EO v o l t a m p e r e  cu rve  
of XXIX evident ly  c o r r e s p o n d s  to the  EO potent ia l  of the und issoc ia ted  ac id .  The morpho l i de s  of both acids 
a r e  oxidized with g r e a t e r  diff icul ty than the d i s soc i a t ed  acids  (Ep = 1.08 and 1.11 V [1]). 

As we have a l r e a d y  s ta ted  above,  the in t roduc t ion  of  an e l e c t r o n - a c e e p t o r  group in the  T posi t ion  of  
1 ,4 -d ihydropyr id ine  shif ts  the Ep value to m o r e  anodic po ten t ia l s .  In an  examina t ion  of the  effect  of sub- 
s t i tuents  in the phenyl  r ing  in the ~/posi t ion of 1 ,4 -d ihydropyr id ine  (IV-XXV and XXXV-XXXVIII) it was 
found that  a p -  o r  m - n i t r o  g roup  h inders  EO on the  a v e r a g e  by an Ep value  of 0.12 V as c o m p a r e d  with 
unsubs t i tu ted  T-phenyl  de r i va t i ve s ,  o -Subs t i tu ted  compounds  (XII and XV) a r e  oxidized m o r e  eas i ly  than 
p -  and m - s u b s t i t u t e d  compounds  as  a consequence  of the poss ib i l i ty  of the f o r m a t i o n  of an i n t r a m o l e c u l a r  
bond. The  we l l -known i n t r a m o l e e u l a r  pho tochemica l  d i sp ropor t i ona t ion  of these  compounds  to give 3/- 
n i t rosopheny l  de r iva t i ve s  of  the c o r r e s p o n d i n g  pyr id ines  [2] cons t i tu tes  ev idence  in f avo r  of this .  The 
in t roduct ion  of a halogen in the  phenyl  r ing  (IV-XI, XXI, XXX-VI, and XXXVIII) h inders  oxidation but to a 
l e s s e r  extent  than the in t roduc t ion  of a n i t ro  g roup .  

The a p p e a r a n c e  of a second  wave (Ep = 1.30 V) on the EO v o l t a m p e r e  c u r v e s  of XVIII can evident ly  
be  explained by oxidat ion of the  p -hyd roxypheny l  subst i tuent  [3]. 

The effect  of 3' subs t i tuen ts  on the  EO potent ia ls  of 2 , 6 - d i m e t h y l - 3 , 5 - d i e t h o x y c a r b o n y l - l , 4 - d i h y d r o -  
pyr id ine  de r iva t i ve s  was  s tudied by c o r r e l a t i o n - s t a t i s t i c a l  a n a l y s i s .  The  oxidat ion potent ia ls  (Ep) w e r e  
c o r r e l a t e d  with va r i ous  types  of a cons tan t s  [4] (Table 3). It  was  found that  the  Ep values  g ive  tl~e bes t  
l i n e a r  c o r r e l a t i o n  with the  Taft  a* cons t an t s .  The  Ep va lues  of 15 r e p r e s e n t a t i v e s  of this  s e r i e s  l ie  on a 
c o r r e l a t i o n  l ine having the  following p a r a m e t e r s :  p* =0.15 V, r = 0 . 9 8 ,  and As =0.004 (Fig. 1). A s a t i s -  
f a c t o r y  l i nea r  c o r r e l a t i o n  of the Ep va lues  of the p -pheny l  subst i tu ted  compounds  with the a -  cons tan t s  is 
a l so  obse rved ,  but the  l i nea r i t y  of  the c o r r e l a t i o n  with the  c r+ cons tan t s  is e x t r e m e l y  doubtful.  This  c i r -  
c u m s t a n c e  p r o b a b l y  cons t i tu tes  ev idence  for  the i r r e v e r s i b i l i t y  of the EO of 1 ,4 -d ihydropyr id ines ,  as a 
consequence  of which the i n t e r m e d i a t e  s ta te  of the mo lecu l e  undergoing  oxidat ion (p resumably  a ca t ion 
radica l )  does not  af fec t  the ease  of de t achmen t  of the f i r s t  e l ec t ron .  

The r e g u l a r i t i e s  uncove red  in this  s tudy  m a d e  it pos s ib l e  to a s s u m e  that  a s i m i l a r  c o r r e l a t i o n  exis t s  
be tween the  Ep and Taft  a*  cons tan t s  of the y subs t i tuen ts  a l so  in the case  of a n u m b e r  of  1 ,4 -d ihydro -  
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Ep, V 

1,3, ~g.S.': la 
14 12 , ~  �9 ~ 2 9 "  o28 ~ 

b2.. s ", o,O .~.r-----~ 
1~1. Zlm 20 ~ 078 

I~0- 

0,9. 
' 2 36 

0,8, 

0~7. 

Fig. 1. Correla t ion of the Ep values with the a* constant 
of the substi tuents:  Ia) 2 ,6-dimethyl-3 ,5-die thoxycarbonyl-  
1,4-dihydropyridine derivat ives;  Ib) the same without allow- 
ance for VII and XXVIII*; VI) 2,6-dimethyl-3,5-di(phenyl-  
ca rbamoyl ) - l ,4 -d ihydropyr id ine  der ivat ives  (the Ep values 
for  the compounds whose numbers  bear  an as te r i sk  were  
taken f rom [1]). 

TABLE 4. Charac te r i s t ics  of 4 -Ary l -2 ,6-d imethyl -3 ,5-d ie thoxycar -  
bonyl-  1,4-dihydropyridines (R = R' = OC2H 5) 

IV 

V 

VIII 

IX 

X 

XI 

R"  

C~H4F-r 

C6H4F-/ 

C~H4Br- 

C6H4Br- 

C6H4J-n 

g~H4J-p 

mp, *C 
Empirical 
formula 

Found, % 

cl.l  
talc., % 

C H t N  

126--128 C,~H22FNO4 65,7 

t49--151 CIgH22FNO4 65,8 

t18--120 CtgH~BrNO4 55,7 

158--1601CIgH22BrNO4 55,4 

117--118 [Ci6t122JNO~ 50,1 

154--1561C~gH2~JNO4 149,7 

6,4 t 4,01 65,7 

6,514,1165,7 
5,3[ 3,8[ 55,9 

5,5 t 3,355,9 

5,113,050,1 

5,013,0150,1 

UV spectrum, 
)'max, nm (log e) 

1 
6,4/4,0207 (4,16); 237 (4,28); 

359 (3,86) 
6,414,0 t 208367 (3.85)(4'17): 237 (4,23); 

5'413'41362204 (3,92)(4'39); 237 (4.37); 

5,4 t 3,413602~ (3,s5)(4'3I); 24I (4,30); 
4,9] 3,i 1205362 227 (4,30); 
4,9[ 3'11363204 (3,81)(4'30); 231 (4,29) 

~S 

52 

48 

96 

64 

79 

87 

pyridines with other  fl substi tuents.  Thus, for  example, the Ep values of 3,5-di(phenylcarbamoyl)derivat ives 
XXXIV-XXXVIII give a cor re la t ion  line with an approximately equal slope (Fig. 1). 

The y-unsubsti tuted compounds a re  c lea r ly  not included in the l inear  cor re la t ion  in all of the inves- 
tigated cases .  All of the y-subst i tuted 1,4-dihydropyridines,  because  of the passivating s ter ic  effect of the 
y substituent, apparently form an individual se r ies  that differs f rom that of the y-unsubsti tuted dihydro- 
pyridines .  

E X P  E R I M E  NTA L 

The EO potentials were  determined by a previously  descr ibed method with an LP-60 automatic polaro-  
graph in acetoni t r i le  with an 1 M LiC104 background e lec t ro ly te  with a rotating platinum mic roe lec t rode  
[1]. The exper imental ly  found Ep and El/2 values, which were  measured  re la t ive  to a saturated calomel 
e lec t rode,  a re  presented  in Tables 1 and 2. The compounds were  synthesized by well-known methods (vari- 
ations of the Hantzsch synthesis) indicates in Tables 1 and 2. The synthetic methods and physieochemical  
charac te r i s t i c s  for  the previously undescribed compounds a re  presented  below. The UV spect ra  of ethanol 
solutions of the compounds were recorded  with a Specord UV-Vis recording spec t rophotometer  (Table 4). 

1. 

2=  

3. 
4. 
5. 
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V O L T A M P E R O M E T R Y  O F  1 , 4 - D I H Y D R O P Y R I D I N E  D E R I V A T I V E S  

III .*  E F F E C T  OF ESTER GROUPINGS IN THE 3 and 5 POSITIONS 

OF T-UNSUBSTITUTED 1,4-DIHYDROPYRIDINES 

ON THEIR ELECTROOXIDATION POTENTIALS 

Y a .  P .  S t r a d y n ' ,  G.  Y a .  D u b u r ,  
Y u .  I .  B e l l E s ,  Y a .  R .  U l d r i k i s ,  
A .  t~. S a u s i n ' ,  a n d  B.  S. C h e k a v i c h u s  

UDC 547.827:543.258 

Twenty- two alkyl,  alkoxyethyl,  and a ry l  e s t e r s  of 2 ,6 -d ime thy l - l , 4 -d ihydropyr id ine -3 ,5 -  
d icarboxyl ic  acid were  subjected to e l ec t rochemica l  oxidation on a rotat ing pla t inum m i c r o -  
e lec t rode  in ace toni t r i le .  It  was es tab l i shed  that  the effect of a change in the e s t e r  group 
on the Ep (El/2) value is insignificant .  It is a s sumed  that  the T-carbon  a tom is the poss ib le  
cen te r  of p r i m a r y  detachment  of an e lec t ron .  

ContEnuing our  invest igat ion of the e l ec t rochemica l  oxidation (EO) of 1 ,4-dihydropyridines  [1, 2], we 
have studied a num ber  of 4-unsubst i tuted e s t e r s  of 2 ,6 -d ime thy l - l , 4 -d ihydropyr id ine -3 ,5 -d i ca rboxy l i c  
acid (DPDA ~sters)  of the genera l  fo rmula  

tt H 

ROOC-~/~'~-COOF 
CH~--~N~P--C H 3 

H 

Alky] [3], alkoxyethyl [3], and aryl [4] esters were investigated (Table 1). 

This group of 1,4-dihydropyridines is of special interest, inasmuch as electron-donor and hydrogen- 
donor properties are expressed more strongly by them than their T-substituted analogs. These compounds 
a re  [nhibitors of f r e e - r a d i c a l  reac t ions  [5] and r ep re sen t  a new group of antioxidants [6]. 

Studies of a l a rge  group of DPDA e s t e r s  [3, 4] have shown that these  compounds differ  f rom one an- 
other  not only with r e spec t  to the i r  physical  p r o p e r t i e s  (melting points,  l ipophilicity,  etc.) but also with 
r e spec t  to the i r  chemica l  p rope r t i e s ,  fo r  example,  t he i r  s tabi l i ty  on s to rage  [3]. The methyl,  ethyl, propyl,  

*See [2] for communica t ion  II. 
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