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This study showed some decrease in stereoselectivity in
electroreductive intramolecular cyclization of nitrogen-contain-
ing non-conjugated enones in comparison with high stereose-
lectivity for the corresponding enones possessing an all-carbon-
chain or a sulfur-containing chain. This phenomenonmayprovide
some actual experimental supports for the remarkable stereo-
chemical features of the electroreductive cyclization.

It was reported that electroreductive intramolecular coupling
of non-conjugated enones brought about stereoselective 5-exo- or
6-exo-cyclization to give cis-1,2-dialkylcycloalkanols exclu-
sively in good to excellent yields (Scheme 1).1 Although this
electrochemical intramolecular cyclization may be quite inter-
esting and useful in organic synthesis because of excellent yield,
high regio- and stereoselectivity, and mild conditions, and many
applications have been accomplished,2{4 high cis-dialkyl stereo-
chemistry has been elucidated only by a speculated hypothesis
without any experimental supports.1b

In this study, we wish to report the effects of a heteroatom
such as a nitrogen or a sulfur atom on the stereoselectivity in
electroreductive cyclization of non-conjugated enones containing
the heteroatom between an olefinic moiety and a carbonyl group,
providing some actual experimental supports for the high
stereoselectivity. Thus, electroreduction of 3-(allylthio) ketones
(1), 2-(N-allylamino) ketones (2), and 3-(N-allylamino) ketones
(3) led to selective intramolecular cyclization to give the
corresponding heteroatom-containing cyclic alcohols, 4-hydro-
xytetrahydrothiopyrans (4), 3-hydroxypyrrolidines (5), 4-hydro-
xypiperidine (6), as the main products, respectively, in moderate
to excellent yields, which may be expected to be useful as

synthetic intermediates of a variety of biologically active
compounds,5 as shown in Scheme 1.

Electroreduction of a series of heteroatom-containing non-
conjugated unsaturated ketones (1)–(3) was generally carried out
in a mixed solvent of methanol and 1,4-dioxane (or tetrahy-
drofuran) containing tetraethylammonium p-toluenesulfonate
(Et4NOTs) as a supporting electrolyte at ambient temperature
(15–30 �C) under constant-current conditions (current density:
10mA/cm2) using an undivided cell equipped with aluminum
plates6 as the anode and the cathode after 10 F/mole of electricity
passed through the system.

Electroreduction of sulfur-containing non-conjugated en-
ones, 3-allylthio ketones (1), brought about intramolecular
cyclization to give the corresponding cis-3,4-dialkylthiacycloal-
kan-4-ols (4)7 exclusively in 57–40% yields (Table 1).

This electroreductive intramolecular cyclization is also
applicable to non-conjugated enones, 2-(N-allylamino) ketones
(2) and 3-(N-allylamino) ketones (3), that contain an amino
nitrogen atom in the main chain between the carbonyl group and
the olefinic moiety, giving the corresponding pyrrolidine (5)7 and
piperidine derivatives (6)7 as the main products in moderate
yields. However, the stereoselectivity of this intramolecular
cyclization decreased to some extent in comparison with the case
of carbon and sulfur analogues (Table 2).

Introduction of a variety of substituents on the nitrogen atom
of N-containing non-conjugated enones provided interesting
information for some decrease in stereoselectivity in the
electroreduction of 2 and 3. As shown in Table 3, sterically
bulky groups did not give any difference in stereoselectivity while
introduction of electron-withdrawing groups such as acetyl and
benzyloxycarboxy groups brought about distinctive effect in
stereoselectivity of the electroreductive cyclization (Table 3).

In the previously proposed mechanism,1b the first electron
transfer from cathode to the carbonyl group of the substrates
generated the corresponding anion radical species, which
subsequently interacted with the olefinic moiety. In the cyclized
intermediate, which was formed by the interaction of the anion
radical with the inner carbon atom of the C–C double bond
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Table 1. Electroreduction of Sulfur-Containing Non-conjugated Enones
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through a radical-type of cyclization, both the oxygen atom and
the terminal carbon atom of the C–C double bond possessed some
negative charges, which kept bothmoieties away from each other.
As the result, the stereochemistry of two alkyl groups on the ring
was formed with cis configuration selectively. However, the
stereoselectivity of the present electroreductive cyclization
leading to the pyrrolidine and piperidine derivatives decreased
to 52–80% vs 48–20% for cis vs trans configuration (Scheme 2).

The following explanation may figure out why nitrogen-
containing non-conjugated enones give the less stereoselectivity.
We propose that the lone pair electron of the nitrogen atom of the
nitrogen-containing non-conjugated enones may make some
disturbance of the electronic repulsion between the oxygen atom
and the terminal carbon atom of the C–C double bond to result in
some decrease in the stereoselectivity. As the strong support of
this hypothesis, the introduction of an electron-withdrawing
group on the nitrogen atom such as an acetyl group or a
benzyloxycarbonyl group brings about some increase in stereo-

selectivity because it may decrease the electron density of a lone
pair of the nitrogen atom to provide some decrease in the
electronic disturbance (Scheme 3).

Electroreductive cyclization of the sulfur-containing non-
conjugated enones gives the higher stereoselectivity in contrast
with the lower stereoselectivity in that of the nitrogen analogues.
This difference may be explained by bond length between the
carbon atom and the heteroatom. That is, the bond length between
the carbon atom and sulfur atom is 1.81–1.83 �A and that between
the carbon atom and nitrogen atom is 1.45–1.46 �A.8 This means
that a lone pair electron of sulfur is much more remote to the
cyclized center than that of nitrogen, giving little electronic
disturbance.

As a conclusion, the decrease in stereoselectivity caused by
the presence of a nitrogen atom in amain chain of non-conjugated
enones may be also a strong support for our initial proposal
concerning high stereoselectivity in their electroreductive
cyclization.
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Table 3. Effect of Substituents on the Nitrogen Atom of N-Containng
Enones
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