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VOLTAMPEROMETRY OF 1,4-DIHYDROPYRIDINE DERIVATIVES
III,* EFFECT OF ESTER GROUPINGS IN THE 3 and 5 POSITIONS

OF ')/—UNSUBSTITUTED 1,4-DIHYDROPYRIDINES

ON THEIR ELECTROOXIDATION POTENTIALS

Ya. P. Stradyn', G. Ya. Dubur, UDC 547.827: 543,258
Yu. I. Beilis, Ya. R. Uldrikis,
A. E. Sausin’, and B. S. Chekavichus

Twenty-two alkyl, alkoxyethyl, and aryl esters of 2,6-dimethyl-1,4-dihydropyridine-3,5-
dicarboxylic acid were subjected to electrochemical oxidation on a rotating platinum micro-
electrode in acetonitrile, It was established that the effect of a change in the ester group
on the Ep (Ey/,) value is insignificant. It is assumed that the y-carbon atom is the possible
center of primary detachment of an electron.

Continuing our investigation of the electrochemical oxidation (EO) of 1,4~dihydropyridines [1, 2], we
have studied a number of 4-unsubstituted esters of 2,6-dimethyl-1,4-dihydropyridine-3,5-dicarboxylic
acid (DPDA szsters) of the general formula

H H
7
ROOC 1 COOf
CH, ‘ N Ci
H
Alkyl [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 y-substituted analogs. These compounds
are inhibitors of free-radical reactions [5] and represent a new group of antioxidants [6].

Studies of a large group of DPDA esters [3, 4] have shown that these compounds differ from one an-
other not only with respect to their physical properties (melting points, lipophilicity, etc.) but also with
respect to their chemical properties, for example, their stability on storage [3]. The methyl, ethyl, propyl,

*See [2] for communication II.
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TABLE 1. Peak (Ep) and Half-Wave (Ey/,) Potentials
in the Electrooxidation of 2,6-Dimethyl-1,4-dihydro-
pyridine-3,5-dicarboxylic Acid Esters (DPDA esters)

Compound R~ ] Ep, v I Eyje V
1 CaHyn 0,87 0.82

1 { C3H7~i 0,88 0,82

1 C4Ho-n 0,88 0,81
v CsHe-i 0,90 0.84

\% CyHot 0,88 0,82
1% CeHyp-n2 0,85 0,78
VIl 'CyCIOhEXyl 0.86 0,79
VIHI C;Hisn 0.86 0,81
X CSHH n 0,87 0,78

X le’lgrll 0,86 0,82

X1 C.H.OCH;, 0,90 0,85
XI11 C.H,OCHg-n 0,90 0,84
X111 C2H40C5H13'n . 0,89 0,84
XIv CoHsOCeH;s 0,90 0,84
) 8% CH,COOC,Hs 0,99 0,94
Xvi CH,CH=CHCzHs 0,90 0,83
XVII CeHs 0,96 0,89
XVIII C;H,CHj-p 097 0,90
XIX CgH4OCH;-p 1.00 0,92
XX C:H.OH-p 0,95 0,88
XX1 CgHCl-p 0,96 0.91
XXII CsHWNHCOCH,-p 0.98 0.90

undecyl, dodecyl, and other esters change slowly (undergoing oxidation to the corresponding pyridine de-
rivatives) even under the prolonged influence of air oxygen, while some other DPDA esters such as, for
example, the pentyl, isopentyl, hexyl (VI), and methoxyethyl (XI) esters change very rapidly. Considerable
sensitivity to oxygen, which is sharply intensified under the influence of light, is characteristic for the
latter compounds. This sort of difference might have been explained by the fact that the particles of the
more stable DPDA esters are covered by a film of their oxidized form and their further oxidation is there~
fore retarded, whereas the less stable compounds, which have low-melting oxidized forms, are converted
to liquids during oxidation, and this probably even promotes further oxidation, However, the different
sensitivities of the DPDA esters to light and kinetic measurements of their reactivities on reaction with
diphenylpicylhydrazyl [7] clearly speak in favor of the accelerating effect of a change in the length of alkyl
group R. Consequently, despite the fact that the EO data on y-substituted 1,4-dihydropyridines attest to
the insubstantial effect of the ester group on the Ep values [2], we subjected y-unsubstituted compounds of
the DPDA ester series to EO.

Distinct voltampere curves with sufficiently sat1sfactor11y reproducible peak potentials (E )} and half-
wave potentials (E, /2) were obtained in most cases (Table 1). We were unable to uncover a clear depen-
dence of‘ the Ep values on the length and branched character of the alkyl chain of the ester grouping by com-~
parison of the oxidation potentials of the alkyl esters (I-X): in all cases the Ep values ranged from 0.85
to 0.90 V_*

Because of the =1 effect of the unconjugated phenoxy and alkoxy groups, the phenoxyethyl and alkoxy-
ether esters (XI-XIV) are oxidized with somewhat more difficulty than the alkyl esters (Ep~ 0.90 V), but
the substituent effect lies almost within the limits of the experimental error. Replacement in the methyl
ester [1] of one hydrogen atom by a styryl group (XVI) also has practically no effect on the Ep value, but
the introduction of an ethoxycarbonyl group (XV), in view of the stronger electron-acceptor effect, which
is transmitted through the methylene group, brings about a genuine increase in the EO potential (Ep =0.99V).

The aryl esters (XVII-XXII) are oxidized with greater difficulty (by ~ 0.1 V) than the alkyl esters.
The —1 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 B~ester groups of the DPDA esters has practically no effect on the EO potential.
The EO potentials are probably not a sufficiently sensitive indicator for the detection of the slight effect
of the nature of the R group, especially since the EO potentials on solid electrodes depend not only on the
electronic and steric effects of the substituents but also on the adsorbability and orientation of the electro-
active molecules on the electrode surface.

*Some of the Ep and E, /s values presented in [1] are somewhat too high; for example, Ep=0.90 V and E; /2=
0.85 V for the ethyl ester (R=C,H;).
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On the basis of the available data on the structure of 1,4~dihydropyridines and the EO data obtained
in this study, some assumptions regarding the EO process can be stated. The molecule of the compound
undergoing oxidation should approach the anode with its most negatively charged center. Polarized g-car-
bonyl groups are centers of this type in the investigated 1,4~dihydropyridines. The presence of a substituent
in the y position may give rise to steric hindrance, and this should affect the Ey value. However, this does
not clarify the question as to which site in the 1,4-dihydropyridine molecule is the EO reaction center —the
conjugated aminovinylcarbonyl system (AVCS) or the carbon atom in the y position, The ability of the di-
hydropyridines to split out a hydride ion provides evidence in favor of the latter [8].

Some assumptions regarding the reaction center can be stated on the basis of the EO potentials ob-
tained in the present research and in earlier research {1, 2] and their correlation with the o constants, It
is known that when the reproducibility constants (o) in reaction series with an identical reaction center and
an identical reagent (in this case the "reagent" is the platinum anode) are compared, the absolute value of
p is lower, the more remote the substituents (identical substituents in both series) from the reaction center.
In this case, pp:pA =7' under identical reaction conditions, i.e., transmission factor 7' is introduced [9].

Thus in the EO of dihydropyridines, one can compare the Ep values obtained during the oxidation of
two series of compounds — the y-aryl~substituted compounds [1, 2] and the g-aryloxycarbonyl derivatives
(XVII-XXTI), In the first case, a distinct linear correlation of the Ep values with the o constants is observed
{o=0.13) [2], whereas in the second case, because of the subtle difference in the values, the p value in
the correlation, if such a correlation were to exist, would be close to zero. If it is assumed that the re-
action center is the AVCS, the transmission factor (') is 0.61 for S substituents attached to the oxygen
atom of the ester grouping (the effect of a substituent through the oxygen atom, whereas r'=0,48 — the effect
through the carbon atom in the y position — for the corresponding v substituent), i.e., the p values for two
completely different series should differ little from one another. However, it was actually establishedthat
the effect of the aryl substituent in the v position is manifested considerably more markedly. However, if
it is assumed that the reaction center is the carbon atom in the y position, the effect of substituents in the
ester group (B position) would be characterized by a transmission factor of 0.61¢0.43+0.67=0.18(the effect

of substituents through —0O—, > C=0 and the 8 carbon), while the effect of a substituent in the v position

in this case would be direct (' =1). Consequently, it may be supposed that in this case the effect of a y-
substituent will be approximately five times stronger than the effect of a substituent in the 8 position. As

we have already stated above, this is in agreement with the experimental data. Thus correlation calcu-
lations on the basis of EO experimental data lend greater substantiation to the assumption that the reaction
center during the EO of DPDA esters in the y-carbon atom. The extremely facile oxidation of y-carboxylate-
substituted compounds [2] is also in agreement with this assumption.

EXPERIMENTAL

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

N, O. Saldabol UDC 547,822,7:541.49

Depending on the amount of halogen used, 2-aminopyridine and its ring-substituted deriva-
tives form complexes with 1 or 2 moles of iodine. In the presence 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 nitro-
gen atom.

A large amount of research has been devoted to the study of complexes of pyridine and its alkyl-sub-
stituted derivatives (I) with iodine; however, information on complexes of 2-aminopyridine (IIa) is extremely
limited. According to [1], base Ila forms a complex of the IIa *I, type on reaction with a solution of KI; or
of hydrogen peroxide in a solution of hydriodic acid. The UV spectrum of this complex is presented in [2],
Complexes of base IIa with IC1 [3] and pt2t [4.6], Ag+, and Cu?* [7] salts have also been described.

We have found that Ila and its ring-substituted derivatives (IIb~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; on base II in water (method A) or in hydriodic acid (method B) and also by the actlon of hydrogen
peroxide on solutions of the bases in hydriodic acid (method C).

The composition of the complex depends on the amount of iodine used in the reaction, the ring sub-
stituents, and the character of the medium. Complexes of the general type II°I, are formed in all cases
in the reaction of an equimolar amount of iodine by method A, whereas excess iodine leads to 1I- 21, com-
plexes. However, in the case of 2~amino-3,5-dibromopyridine (Ile) the Ile -1, complex is obtained even
when 3 moles of iodine are used.

In hydriodic or hydrochloric acid solutions base Ila reacts with KI; solution to give Ia- I, HI- H,O
or IIa - 21, HI complexes depending on the amount of iodine used, monohalo-substituted IIc and IId form
complexes only of the I1-1, - HI - H,O type even in the presence of excess iodine, and dibromo substituted
Ile forms a Ile *I, complex.

Wa-f
g8la
) - :N
NG >4
o i
=3
e,  Me21,  MHEHO  He2LeHT W aciCh-HCl

HaR=H; b R=3-CHj; ¢ R=5-1; d R=5-Ck & R=35-Br,; { R=g-NM,

Institute of Organic Synthesis, Academy of Sciences of the Latvian SSR, Riga. Translatedfrom Khimiya
Geterotsiklichsikh Soedinenii, No. 11, pp. 1534-1538, November, 1975. Original article submitted December
26, 1974,

©1976 Plenum Publishing Corporation, 227 West 17th Street, New York, N.Y. 10011. No part of this publication may be reproduced,
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming,
recording or otherwise, without written permission of the publisher. A copy of this article is available from the publisher for $15.00.

1306



