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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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TABLE 1. Peak (Ep) and Half-Wave (E1/2) Potentials 
in the Electrooxidat[ on of 2,6- Dimethyl- 1,4-dihydro- 
pyr idine-3,5-dicarboxyl ic  Acid Esters  (DPDA esters)  

Compound R Ep, V E~2, V 

I 
1[ 

Ill 
IV 
v 

VI 
vii 

viii 
IX 
x 

Xl 
Xtl 

XIIl 
XlV 
xv 

xvf 
xvII 

xvIIl 
xIx 
xx 

xxI 
xxII 

CaHv-n 
CaHT-i 
C4Hg-n 
C4H9-i 
C,Hg-t 
C6H,a-n 
Cyclohexyl 
C.H~s-n " 
CsHtv-n 
CioH2,-n 
C2H4OCHa 
C~H4OC4Hg-n 
C2H4OC6HIa-n 
C~H4OC6Hs 
CH2COOC2Hs 
CH.~CI-I=CHC~H5 
CsH~ 
C~H4CHa-p 
C6H4OCHa-p 
CaH4OH-p 
C6H4CI'p 
C6H4NHCOCHa-p 

O,87 
0,88 
0,88 
0,90 
0,88 
0,85 
0,86 
0,86 
0,87 
0,86 
0,90 
0,90 
0,89 
0,90 
0,99 
0,90 
0,96 
0,97 
1,00 
0,95 
0,96 
&98 

0 s 
0,82 
0,81 
0,84 
0,82 
0,78 
0,79 
0,81 
0,78 
0,82 
0,85 
0,84 
0,84 
0,84 
0,94 
0,83 
0,89 
0,90 
0,92 
0,88 
if91 
0,90 

undecyl, dodecyl, and other es te rs  change slowly (undergoing oxidation to the corresponding pyridine de- 
rivatives) even under the prolonged influence of a ir  oxygen, while some other DPDA es ters  such as, for  
example, the pentyl, isopentyl, hexyl (VI), and methoxyethyl (XI) es te rs  change very rapidly. Considerable 
sensitivity to oxygen, which is Sharply intensified under the influence of light, is charac te r i s t ic  for the 
lat ter  compounds. This sor t  of difference might have been explained by the fact that the par t ic les  of the 
more  stable DPDA es ters  are  covered by a film of their  oxidized form and their  fur ther  oxidation is the re -  
fore retarded,  whereas the less  stable compounds, which have low-melting oxidized forms,  are  converted 
to liquids during oxidation, and this probably even promotes  fur ther  oxidation. However, the different 
sensitivities of the DPDA es ters  to light and kinetic measurements  of their  react ivi t ies  on react ion with 
diphenylpicylhydrazyl [7] c lear ly  speak  in favor of the accelerat ing effect of a change in the length ofalkyl 
group R. Consequently, despite the fact that the EO data on T-substituted 1,4-dihydropyridines attest to 
the insubstantial effect of the es te r  group on the Ep values [2], we subjected T-unsubstituted compounds of 
the DPDA es te r  ser ies  to EO. 

Distinct vol tampere curves with sufficiently sat isfactor i ly  reproducible peak potentials (Ep) and half- 
wave potentials (El/2) were obtained in most  cases (Table 1). We were unable to uncover a c lear  depen- 
dence of the Ep values on the length and branched charac te r  of the alkyl chain of the es ter  grouping by com- 
par ison 0f the oxidation potentials of the alkyl es te r s  (I-X): in all cases  the Ep values ranged f rom 0.85 
to 0.90 V.* 

Because of the - I  effect of the unconjugated phenoxy and alkoxy groups, the phenoxyethyl and alkoxy- 
ether es ters  (XI-XIV) are  oxidized with somewhat more  difficulty than the alkyl es te rs  (Ep ~ 0.90 V), but 
the substituent effect lies almost  within the limits of the experimental  e r r o r ,  Replacement in the methyl 
es te r  [1] of one hydrogen atom by a s tyryl  group (XVt) also has pract ical ly  no effect on the Ep value, but 
the introduction of an ethoxyearbonyl group (X-V), in view of the s t ronger  e lec t ron-accep tor  effect, which 
is t ransmit ted  through the methylene group, brings about a genuine increase  in the EO potential (Ep = 0.99 V). 

The aryl  es ters  (XVII-XXII) a re  oxidized with g rea t e r  difficulty (by ~ 0.1 V) than the alkyl e s t e r s .  
The - I  effect of the unconjugated (with the carbonyl group) phenyl ring is apparently manifested in this 
case.  However, no effect of the substituent in the phenyl ring on the EO potentials was detected. 

Thus a change in the fl~ester groups of the DPDA es ters  has pract ica l ly  no effect on the EO potential. 
The EO potentials a re  probably not a sufficiently sensit ive indicator for the detection of the slight effect 
of the nature of the R group, especial ly since the EO potentials on solid electrodes depend not only on the 
electronic and s ter ic  effects of the substituents but also on the adsorbabili ty and orientation of the e lec t ro-  
active molecules on the electrode surface.  

*Some of the Ep and El/2 values presented in [1] are  somewhat too high; for example, Ep =0.90 V and El/2 = 
0.85 V for  the ethyl es te r  (R = C2H5). 
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On the bas i s  of the ava i l ab le  data  on the s t r u c t u r e  of 1 ,4 -d ihydropyr id ines  and the EO data obtained 
in this  study, some  assumpt ions  r ega rd ing  the EO p r o c e s s  can be s ta ted .  The molecu le  of the compound 
undergoing oxidat ion should approach  the anode with i ts  mos t  negat ive ly  charged  cen te r .  Po la r i zed  f l - ca r -  
bonyl groups  a r e  c en t e r s  of this  type in the inves t iga ted  1 ,4 -d ihydropyr id ines .  The p r e s e n c e  of a subst i tuent  
in the 2/ pos i t ion  may give r i s e  to s t e r i c  h indrance,  and this  should affect the Ep value.  However,  this  does 
n3t cla~'i~y the quest ion as to which s i t e  in the 1 ,4 -d ihydropyr id ine  molecule  is  the EO reac t ion  cen te r  - t h e  
conjugated aminoviny lcarbonyl  s y s t e m  (AVCS) or  the carbon atom in the 2/posi t ion.  The abi l i ty  of the di-  
hydropyr id ines  to spl i t  out a hydr ide  ion p rov ides  evidence in favor  of the l a t t e r  [8]. 

Some assumpt ions  r ega rd ing  the r eac t i on  cen te r  can be s ta ted  on the b a s i s  of the EO potent ia ls  ob- 
tained in the p r e s e n t  r e s e a r c h  and in e a r l i e r  r e s e a r c h  [1, 2] and t h e i r  c o r r e l a t i o n  with the a constants .  It 
is known that  when the r ep roduc ib i l i t y  cons tants  (p) in r eac t ion  s e r i e s  with an ident ica l  reac t ion  cen te r  and 
an ident ica l  reagent  (in this  case  the " reagen t"  is  the p la t inum anode) a r e  compared ,  the absolute value of 
p is lower ,  the more  r emo te  the subs t i tuents  (identical subs t i tuents  in both s e r i e s )  f rom the reac t ion  center .  
In this  case ,  OB;PA = r '  under  ident ical  r eac t ion  condit ions,  i .e . ,  t r a n s m i s s i o n  f ac to r  ~' is introduced [9]. 

Thus in the EO of d ihydropyr id ines ,  one can compare  the Ep values  obtained during the oxidation of 
two s e r i e s  of compounds - t h e  2 / -a ry l - subs t i tu ted  compounds [1, 2] and the ~ -a ry loxyca rbony l  de r iva t ives  
(xVII-XXI). In the f i r s t  case ,  a d i s t inc t  l i n e a r  c o r r e l a t i o n  of the Ep values  with the a constants  is observed 

~ = 0.13) [2], whereas  in the second case ,  because  of the subtle  d i f fe rence  in the Ep values ,  the p value in 
e co r r e l a t i on ,  if such a c o r r e l a t i o n  were  to exis t ,  would be c lose  to ze ro .  If it is a ssumed  that the r e -  

act ion cen te r  is the AVCS, the t r a n s m i s s i o n  fac tor  (yr,) is  0.61 for  /3 subs t i tuents  at tached to the oxygen 
atom of the e s t e r  grouping (the effect  of a subst i tuent  through the oxygen atom, whereas  r '  = 0.48 - the effect 
through the carbon  atom in the 2/posi t ion - for  the co r respond ing  2/ subst i tuent) ,  i .e. ,  the p values for  two 
comple te ly  d i f ferent  s e r i e s  should d i f fer  l i t t l e  f rom one another .  However,  it was ac tual ly  e s t ab l i shed tha t  
the effect of the a ry l  subst i tuent  in the ~/posi t ion is mani fes ted  cons ide rab ly  m o r e  marked ly .  However, if 
it is  a s sumed  that  the reac t ion  cen te r  is  the ca rbon  atom in the 2/ posi t ion,  the effect  of subst i tuents  in the 
e s t e r  group (/3 posi t ion)  would be c h a r a c t e r i z e d  by a t r a n s m i s s i o n  fac to r  of 0 .61 ,0 .43"  0.67 = 0.18(tke effect 

of subs t i tuents  t h r o u g h - - O - - ,  /N C=O and the fl carbon),  while the effect of a subst i tuent  in the 3/ pos i t ion  

in this  c a se  would be d i r ec t  (yr, = 1). Consequently,  it may  be supposed that  in this  case  the effect of a 3/- 
subst i tuent  wil l  be approx imate ly  f ive t imes  s t r o n g e r  than the effect of a subst i tuent  in the/3 posi t ion.  As 
we have a l r e a d y  s ta ted  above, this  is  in a g r e e m e n t  with the exper imenta l  data.  Thus co r r e l a t i on  c~tlcu- 
la t ions  on the b a s i s  of EO expe r imen ta l  data lend g r e a t e r  subs tant ia t ion  to the assumpt ion  that  the r eac t ion  
cen te r  dur ing the EO of DPDA e s t e r s  in the 2/-carbon a tom.  The e x t r e m e l y  fac i le  oxidation of 2 / -carboxyla te-  
subs t i tu ted  compounds [2] is a l so  in ag reemen t  with th is  assumpt ion .  

EXPERIMENTAL 

The EO potentials were determined by a previously described method [I] with an LP-60 automatic 
polarograph. A rotating platinum microanode (with a diameter of 1 ram, a rotational rate of 1400 rpm, and 
a polarization rete of 400 mV/min) served as the polarized electrode. Acetonitrile with an 1 M LiCIO 4 
base electrolyte, the decomposition potential of which was 1.9-2.1 V, served as the experimental medium. 
The experimentally found Ep and El/2 values, which were measured relative to a saturated calomel elec- 
trode with an accuracy of +40 mV, are presented in Table I. The compounds were synthesized by themeth- 
ods in [3, 4]. 

1. 

2. 

3. 

4. 
5. 
6. 
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C O M P L E X E S  OF  2 - A M I N O P Y R I D I N E  AND I T S  S U B S T I T U T E D  

D E R I V A T I V E S  W I T H  I O D I N E  

N. O.  S a l d a b o l  UDC 547.822.7 : 541.49 

Depending on the amount of halogen used, 2-aminopyridine and its r ing-substi tuted der iva-  
tives form complexes with 1 or  2 moles of iodine. In the p resence  of hydriodic acid, one 
equivalent of acid is included in the complex. 2-Amino-3,5-dibromopyridine  forms a com- 
plex with 1 mole of iodine even in the presence  of excess  iodine or  in the presence  of HI. 
According to the IR spectra,  the iodine in the complexes is coordinated with the ring ni t ro-  
gen atom. 

A la rge  amount of r e sea rch  has been devoted to the study of complexes of pyridine and its a lkyl-sub-  
stituted derivatives {I) with iodine; however, information on complexes of 2-aminopyridine {IIa) is extremely 
limited. According to [1], base IIa forms a complex of the IIa" 12 type on react ion with a solution of KI 3 or  
of hydrogen peroxide in a solution of hydriodic acid. The UV spect rum of this complex is presented in [2]. 
Complexes of base IIa with IC1 [3] and Pt 2+ [4.6], Ag +, and Cu 2+ [7] salts have also been described.  

We have found that IIa and its r ing-substi tuted derivat ives fIIb-f) react  with iodine to give complexes 
of several  types, which are  shown in the scheme in Table 1. The complexes were obtained by the action 
of KI 3 on base II in water  (method A) or  in hydriodic acid (method B) and also by the action of hydrogen 
peroxide on solutions of the bases  in hydriodic acid (method C). 

The composit ion of the complex depends on the amount of iodine used in the reaction, the ring sub- 
stituents, and the charac te r  of the medium. Complexes of the general  type II" 12 a r e  formed in all cases  
in the react ion of an equimolar amount of iodine by method A, whereas excess iodine leads to I I .  2I 2 com-  
plexes. However, in the case of 2-amino-3,5-dibromopyridine  {IIe) the IIe "I 2 complex is obtained even 
when 3 moles of iodine are  used. 

In hydriodic or  hydrochloric  acid solutions base IIa reacts  with KI 3 solution to give IIa- 12 �9 HI. H20 
or  IIa �9 2I 2 �9 HI complexes depending on the amount of iodine used, monohalo-substi tuted IIc and IId form 
complexes only of the I I .  12 �9 HI" H20 type even in the presence  of excess iodine, and dibromo substituted 
He forms a IIe" 12 complex. 

R ~ N H ~  

i I  a-f 

II.i 2 l l . l l  2 II, 12.HI.H20 11-212- HI II a. ICI. ItCI 

II a R=H;  b R=3-CH3; c R - 5 - I ;  d R=5-CI; e R=3,S-Br2; f R=S-NH 2 
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