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It has been reported in our previous papers that the
electroreduction of aliphatic ester (1) with Mg electrode
gave the primary alcohol (3) or 1,2-diketone (4)
depending on the reaction conditions (Scheme 1).
Namely, the electroreduction of 1 in the presence of a
proton donor such as +-BuOH gave 3? and that of 1
under anhydrous conditions afforded 4.>4 In these reac-
tions, an anion radical (2) formed by one-electron reduc-
tion of 1 seemed the key intermediate leading to the
formation of 3 or 4. Since the time that the formation
of 2 from 1 was first proposed as the essential inter-
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mediate in these reactions, the reactivity of 2 was almost
unknown.*

In our continuing studies on the electroreduction of
aliphatic esters, it has recently been found that the
electroreduction of olefinic esters (5) with Mg electrode
leads to the formation of cyclic products (8) through
intramolecular cyclization of radical intermediates 6 or
7 (Scheme 2).> The use of an Mg electrode was the
crucial factor for the formation of 8, since the electro-
reduction of 5 with other types of electrode such as C,
Pt, Cu, Ni, Cu, and Pb did not give 8, and 5 was
recovered unchanged.

The electroreduction of 5 to 8 was carried out as
follows. Into an undivided electrolysis cell equipped with
a Mg (99.9% pure, Rare Metallic Co., Ltd.) cathode and
anode (rod, diameter = 1 cm; length =4 cm) were placed
anhydrous LiClO, (10 mmol), molecular sieves 5 A
(1.5g), and anhydrous THF (20ml, dried over
Na-benzophenol ester (5) (3mmol) and -BuOH
(7.5 mmol) were added to the mixture after it had been
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Table 1. Electroreductive cyclization of olefinic esters.

Run Ester Product Yield (%)%° trans/cis?
o OH
1 A~~Home Me 64 83/17
O OH
2 A~ HKone Me\@@"* 76 79/21
Me Me Me
[e] OH
3 - oMe M AH 77 e
H Et Et
COOMe o Me
4 OO~ OC( 80 82/18
o]
5 \/\/\/U\OMe \/\/\/\OH 71
o
6 \/\/\)J\ SNAN0nH 75

OMe

3Isolated. °5 F mol ™" of electricity based on 5 was passed. °All products gave satisfactory spectroscopic values for the
assigned structure. See Ref. 14. Ratio of isomers was determined by GLC. °The product was a mixture of stereo isomers.

stirred overnight under an Ar atmosphere in order to
remove the residual water. The constant current (0.05 A)
electrolysis was performed at a cathode potential of ca.
—2.7V vs. SCE. The cathode and anode were alternated
at the intervals of 15s during the reaction. After
5 F mol ™! of electricity (based on 5) had passed through
the cell, the products 8a—8d were isolated by silica gel
column  chromatography (hexane-AcOEt=20:1).
Typical results are shown in Table 1. The electroreduction
of 5a-5d (runs 1-4) gave the corresponding cyclic prod-
ucts in reasonable yields, whereas methyl 2-heptenoate
(9) (run 5) the methy! 1-heptenoate (10) (run 6) did not
give cyclic products. The exclusive formation of a five-
membered ring rather than a six-membered ring in the
cathodic cyclization of 5 (5a-5d) may be explained by a
usual intramolecular coupling reaction between a radical
and a double bond.!* The products 8a-8d gave satisfact-
ory spectroscopic values for the assigned structures.!*
In this cathodic cyclization, the formation of a trans-
isomer of 8 rather than a cis-isomer may be explained
by the intermediate formation of a cyclic ketone (11)
from 7 followed by the electroreduction of 11 to 8
(Scheme 3), since the electroreduction of 2-methyl-
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cyclopentanone (11a) with an Mg electrode in the pres-
ence of -BuOH, for example, gave frans-8a as the main
product (Scheme 4) and the rrans/cis ratio was very
similar to that obtained in the electroreductive cyclization
of 5a to 8a (Table 1, run 1)."7
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Scheme 4.

This cyclization reaction was found to be useful for
the synthesis of (4)-muscone (17) (Scheme 5) and as
shown in Scheme 5, the transformation of 12 into 17 was
successfully accomplished by using the cathodic cycliza-
tion of 13 to 14 as the key reaction.'®
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Scheme 5. (a) Allyl bromide-Zn-DMF; (b) TMSCI-1m-DMF; (c) tBuOH +e; Mg electrode; (d) TsCI-Py; (e) 2 M HCl aq-THF;

(f} t-BuOK-t-BuOH; (g) H,-Raney Ni.
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