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Abstract

Electroreduction of pyridinedicarboxylic acid derivatives in methanol using a divided cell brought about highly
selective hydrogenation to give efficiently the corresponding dihydropyridines in good yields. From the electrolysis
of dimethyl 2,3- and 2,5-pyridinedicarboxylates, 1,2-dihydropyridine derivatives were obtained while that of 2,6-,
3,4- and 2,4-disubstituted pyridines afforded the corresponding 1,4-dihydropyridines selectively in good yields.
© 1999 Elsevier Science Ltd. All rights reserved.
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Dihydro- and tetrahydropyridine skeletons may possess high potentiality and much usefulness for syn-
thesis of nitrogen-containing biologically active substances.! Many of hitherto known methods for syn-
thesis of these important skeletons have, however, focused to 3,5-disubstituted-1,4-dihydropyridine deri-
vatives by base-catalyzed condensation of 1,3-dicarbonyl compounds with amines including ammonia,?
reduction of pyridinium salt*> or photochemical cycloaddition.® Although direct hydrogenation of
various ring-substituted pyridine derivatives has also been extensively studied,” most of these methods
had suffered from some disadvantages, particularly lack of generality, unsatisfactory yield and/or for-
mation of mixtures of regioisomers.* 8 On the other hand, we have shown that electroreduction of ring-
substituted phthalic acid derivatives in aqueous acidic solvent brought about regioselective and efficient
hydrogenation to the corresponding 1,2-dihydrophthalic acid derivatives.!

In this study, we wish to present selective and facile direct hydrogenation of a variety of pyridinecar-
boxylic acid derivatives 1 by electroreduction in methanol using a divided cell to give the corresponding
dihydropyridine derivatives 2 in good to excellent yields (Scheme 1).

* Corresponding author. Fax: +81-258-47-9300; e-mail: nishiiku@ vos.nagaokaut.ac.jp

t Eisner et al. reported® that reduction of dimethyl and diethyl 3,5-pyridinedicarboxylates with sodium cyanoborohydride
afforded the corresponding 1,4-dihydro-isomers selectively in 77% yields, while the catalytic hydrogenation or diborane-
reduction of these compounds gave the 1,4-dihydro-isomers (containing 78-79%) mainly in 54-35% yields.

0040-4039/99/$ - see front matter © 1999 Elsevier Science Ltd. All rights reserved.
P11: S0040-4039(99)01789-X



8588

P‘()C(*) H
ﬁioz"e _Divided celf Ci Me C;i Me
MeOH
x
oMe EUNOTS 05Me 0,Me

NH,CI
1
Scheme 1.

The electroreductive hydrogenation of 1 (5 mmol) was always carried out in methanol (40 ml)
containing Et4NOTs (2.0 g) as the supporting electrolyte and NH4C1 (0.25 g) as the pH buffer at 5-10°C
under the constant current conditions (current density; 15-20 mA/cm?) using a divided cell equipped
with a Pt plate (12 cm?) as the cathode and a carbon rod as the anode, and a ceramic cylinder as the
diaphragm until 7 F/mol of electricity passed through the reaction system. After the electrolysis, usual
work-up followed by column chromatographic treatment of the reaction mixture gave the dihydropyridine
derivatives 2¥ exclusively as the almost sole products.

It was found that reaction temperature and pH of the reaction medium had large influences on yield
and selectivity of the preduct 2. Thus, from the electroreduction of dimethyl 2,3-pyridinedicarboxylate
(1a) without any additives, at room temperature (20-25°C) and 5-10°C, dimethyl 1,2-dihydro-2,3-
pyridinedicarboxylate (2a) was obtained as the main product in 36 and 48% yields, respectively. It
was noteworthy that the addition of a weak acid such as NH4Cl or acetic acid into the reaction
system brought about a remarkable increase in the yield of 2a, which was improved to 83-89%. This
remarkable improvement may be elucidated by the fact that the weakly acidic conditions inhibited easy
decomposition of the product 2a, which was unstable under the basic conditions, possibly caused by
electrogenerated bases.

Table 1 shows the results of the present electroreductive hydrogenation of various ring-substituted
dimethy! pyridinedicarboxylates (1a—1e) under the same conditions. From the electrolysis of dimethyl
2,3- and 2,5-pyridinedicarboxylates (1a,1b), 1,2-dihydro dicarboxylates (2a,2b) were obtained in 83
and 77% yields, respectively, while that of dimethyl 2,6-, 3,4- and 2,4-pyridinedicarboxylates (1c-1e)
afforded the corresponding dimethyl 1,4-dihydropyridine dicarboxylates (2c—2e). It may be interesting
to note that the nitrogen atoms of all the products (2a—-2e) were protonated. Pyridinium salts such as
N-methyl (1f) and N-benzyl pyridinium salt (1g) were also efficiently subjected to electroreductive
hydrogenation to give the corresponding 1,4-dihydro products.$

Furthermore, some of the obtained dimethyl dihydropyridinedicarboxylates and the acetylated de-
rivatives were selectively transformed to the corresponding tetrahydro derivatives 4. Thus, reduction
of 3a, prepared from the usual N-acetylation of 2a in 60% yield, using NaBH4 in THF afforded
the stereoisomeric mixture (cis:trans=3:2) of dimethyl 1,2,3,4-tetrahydropyrdinedicarboxylate (4a) in
81% yield (Eq. 1). Further electroreduction of dimethy! 1,4-dihydropyridine-2,6-dicarboxylate (2¢) in
a mixed solvent of DMF and MeOH (volume ratio; 9:1) using a divided cell gave dimethyl 1,4,5,6-
tetrahydropyridine-2,6-dicarboxylate (4c) in 43% yield (Eq. 2).

* Satisfactory spectroscopic spectra and chromatographic behavior were obtained for all the products 2a~2g.

5 Any clear-cut explanation for selective formation of 1,2- and 1,4-dihydro-isomers depending upon the position of carboxylate
groups is not available at the present stage, although the position of the most electron-deficient carbons on the pyridine ring
and/or thermodynamic stability of the formed dihydro-products may take important roles for the selectivity.
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Table 1
Electrochemical reduction of various pyridinecarboxylic acid derivatives
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Further study on the reaction mechanism of the electroreduction and synthetic application of the
products 2a—2g is in progress.
Acknowledgements

This work was supported by a Grant-in-Aid for Scientific Research on Priority Area No. 10208205
from the Ministry of Education, Science and Culture, Japan.



8590

References

[

. For example, see: Larsen, R. D. In Progress in Heterocyclic Chemistry, Vol. 10; Gribble, G. W.; Gilchrist, T. L., Eds.;
Elsevier Science: Oxford, 1998; pp. 216-250, and other references cited therein.

. Bossert, F.; Meyer, H.; Wehinger, E. Angew. Chem. 1981, 20, 762-769.

. Burnett, J. N.; Underwood, A. L. J. Org. Chem. 1965, 30, 1154-1158.

. Wenkert, E.; Dave, K. G.; Stevens, R. V. J. Am. Chem. Soc. 1968, 23, 6177-6182.

. Genisson, Y.; Marazano, C.; Das, B. C. J. Org. Chem. 1993, 58, 2052-2057.

. Tietze, L. F.; Bergmann, A.; Bruggemann, K. Tetrahedron Lett. 1983, 24, 3579-3582.

. Eisner, U.; Kuthan, J. Chem. Rev. 1972, 72, 1-42.

. Eisner, U. J. Chem. Soc. D 1969, 1348-1349.

. Booker, E.; Eisner, U. J. Chem. Soc., Perkin Trans. 1 1975, 929-931.

. Ohno, T.; Ozaki, M.; Inagaki, A.; Hirashima, T.; Nishiguchi, . Tetrahedron Lett. 1993, 34, 2629-2632.

OO oA WLWN

—



