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REDUCTION OF 1-SUBSTITUTED 3-OXIDOPYRIDINIUMS
William R, Ashcroft and John A, Jou]e*

Chemistry Department, University of Manchester, Manchester M13 9PL, England

Abstract 1-Substituted 3-oxidopyridiniums are smoothly reduced by sodium
borohydride in ethanol to give T-substituted 3-hydroxypiperidines but much
less efficiently by lithium aluminium hydride in hot tetrahydrofuran to give

mainiy, 1-substituted 5-hydroxypiperid-3-eines.

The reduction of pyridinium salts is well documented1, however despite the considerable, recent

5tructura12a and chemica12b interest in 1-substituted 3-oxidopyridiniums, in particular work2b

by Katritzky and co-workers on cycloaddition reactions of such species, very little has been
reported3 on their reduction.

3a

3a,b over platinum™ or

Simple 1-substituted 3-oxidopyridiniums have been catalytically reduced

rhodiumsb, to hexahydro derivatives, under some circumstances3a with concomitant hydrogenolysis

of the 3-oxygen-substituent., Formic acid reduces3C 1-pheny1-3-oxidopyridinium to its hexahydro

derivative, A study3d of electrolytic reduction of 3-oxidopyridiniums showed this to be

complex, ring-fission as well as ring-contraction products being produced in addition to

3e,f

hexahydro derivatives. In two reports of complex metal hydride reductions the heterocyclic

mojety was embedded in a polycyclic framework: in each case borohydride reduction was reported

3e

to give a tetrahydro-product in which the residual double bond was either” part of an adjoining

3f

benzenoid ring or”™ conjugated with an aromatic ring.

4 of the partial reduction (addition of one hydride equivalent) by

In the 1ight of reports
complex metal hydride of meso-ionic species, to which the six-membered 1-substituted 3-
oxidopyridiniums are closely analogous, and in the hope of effecting comparable partial
reduction and thereby producing species, such as 1, with potential as synthon.s5 for alkaloid
synthesis, we undertook an examination of the complex metal hydride reduction of some simple

representative 1-aryl- and 1-alkyl-3-oxidopyridiniums.

Sodium borohydride treatment of the 3-oxidopyridiniums (2a-d) in ethanel at room temperature

gave, cleanly, hexahydro derivatives® (3a-d) in high yield. The use of sodium borodeuteride
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in ethanol on 2c gave a trideuterio-3c in which the positions of the labelled atoms were
estainshed7 as shown on 4 by (i} the absence of an ]H n.m.r. signal at t 4.8 for a C-3
proton, {ii) a reduction by two in the integrated intensity of signals in the region

T 7.2-7.6, corresponding to hydrogen on -2 and C-6, and {iii} an increase of only one in the

+
major spectral fragment ion at m/e 43, corresponding to MeN+:CH2 {+ MeN:CHD).

R: a) Pn ; b) indol-3-ylethyl; c) Me; d) pyrid-d-yi.

This labelling pattern and the facility of the borohydride reductions of 3-oxidopyridiniums,
species which are overall neutral, are open to interpretation by several mechanistic sequences,
varying only in detail, but certainly involving initial O-protonation and then, for example,

intermediates {5-9).
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Lithium aluminium hydride treatment of the 3-oxidopyridiniums (2a-c) yielded considerably more

complex product mixtures and disappointingly did not lead to the desired addition of only one
hydride equivalent and formation, after protonation, of species of the form 1. HNo reaction
occurred in ether at room temperature or at reflux and prolonged reflux in tetrahydrofuran was

necessary to achieve consumption of starting material.

In each case the major product was at a tetrahydro-oxidation-level, thus 2a and 2b gave 10a
and 10b8 respectively. From 2¢ a dimer (11} was obtained, the formation of which can be
interpreted as involving strong base (LiA1H4) catalysed 1somerisation]0 of allylamine to enamine

and proton-catalysed dimerisation during aqueous work-up.
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R: a) Ph; b) indol-3-ylethyl
Labelling studies were carried out for the reduction of 2a, thus work-up of the hydride
reduction with 020 ted to no incorporation of deuterium on carbon in product (10a). Conversely
the use of Tithium aluminium deuteride gave cleanly a trideuteric-10a in which the positions of
the labelled atoms were established as shown on 12 by (i) the absence of a ]H n.m.r, signat
at v 5.75 for a C-5-proton, (ii) the presence of signals for twe olefinic protons, (iii) an
increase of one in the mass spectral fragment ion at m/e 106, corresponding to PhN+H:CH2
(arPhN+H:CHD), and {iv) dintegration for "half" a proton in each case for the signaIs]] for
axial and equatorial protons at both C-2 and C-6. A rationalisation for this result is given

by a sequence involving intermediates (13-17). y
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Although sodium cyanoborohydride was without effect on 2b, prolonged exposure (7 days) to a

12

mixture © of potassium cyanide and sodium borohydride in water/methanol/ether gave the cyano-

alcoho! (18a) as major product together with its regio-isomer (18b). These cyano-alcohols could

be utilised!2Ps13

for the generation of immonium species and thereby of indolo-quinolizidines
by treatment with 50 % aqueous acetic acid at room temperature; 18a gave 19a as major sterecisomer

and 18b comparably produced 19b, again together with a minor amount of the stereoisomer.

(18) R g% a9y R R
a OH H a g-0OH H
b H o OH b Ho -0
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