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Abstract

The nickel(II) complex catalyzed electroreduction of thioacetates attached to epoxides provided five- to seven-
membered cyclic sulfides in good to high yields by regioselective ring opening of epoxides followed by thiohete-
rocyclization. © 2000 Elsevier Science Ltd. All rights reserved.
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The chemistry of saturated cyclic sulfides has been developing intensively. They serve as useful
intermediates for the synthesis of chemicals, and polyfunctional biologically active compounds.1 A
number of methods have been used for the synthesis of these systems.2 Of the useful methods, the
regiospecific opening of epoxy functions by a nucleophile followed with the expected cyclization could
be taken as a reliable stereocontrolled synthesis of substituted five- and six-membered heterocycles.
However, this approach has been centered on Brønsted or Lewis acid-catalyzed ring opening with oxygen
nucleophiles.3 Few examples of sulfur nucleophile participating an intramolecular displacement have
been reported so far.3d,4 This might be partly attributed to the reason that the choice of an appropriate
procedure which could undergo efficient deprotection of the thiol group without being accompanied by
ring opening of the epoxy group is usually not easy.

In connection with our study on the thioheterocyclization by the ring closure of electroreductively
generated thiols to the suitably placed multiple bond,5 we obtained the electrochemical result indica-
ting that a thioacetate group linked to an epoxy group could be selectively subject to the catalytic
electroreduction.6 We now report the synthesis of cyclic sulfides by the thioheterocyclization initiated
by intramolecular ring opening of the epoxides having a thioacetate group making use of the nickel
complex catalyzed electroreduction (Scheme 1).
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Scheme 1.

The nickel complex, Ni(bae) catalyzed electroreduction of the thioacetates bearing an epoxy group7

was conducted by the almost same procedure used in the previous report.5 The results are summarized in
Table 1.

Table 1
Intramolecular ring opening reactions of epoxides initiated by nickel complex catalyzed electroreduc-

tion of thioacetate groupa

Upon the catalytic electroreduction of1a, a thiolan2awas provided in a high yield along with a small
amount of a thian3a. The ring opening/cyclization of the homologues1b–d and1g to the corresponding
thianes2 also turned out to proceed smoothly. The selective formations of2a–d and2g indicate that 5-
or 6-exo-ring closure of the thiolate took place selectively (Scheme 2). The yields of the products derived
from endo-cyclization3a, 3b and4f seem to reflect the ratios of a diastereoisomer which have a hydrogen
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as R1 in the corresponding substrate. Consequently, the substrates which have a substituent R1 other than
a hydrogen are shown to be strongly favorable for theexo-ring opening.

Scheme 2.

The stereochemistry of3a and a thiepane3b was found to betransby NOE analysis. All products2,
3 and4f exhibited13C and1H NMR which were consistent with assigned structures. Spectral data for
selected products and the postulated structure of4f0 are shown in Fig. 1.

Fig. 1.

The diastereomeric ratios (d/r) of products2a, 2b and 2c indicate that the stereochemistries of C-
1 and C-2 of the substrates were retained. In case of the electrolysis of1f, an 1,4-oxathiane2f was
formed in 52% yield along with 30% of 5-phenyl-2,3-dihydro-7H-1,4-oxathiepin4f (entry 7, Fig. 1).
The expected alcohol,trans6-hydroxy-5-phenyl-1,4-oxathiepane was not obtained. The formation of4f
was tentatively considered to be brought about by isomerization of an originally formed probably less
stable isomer 5-phenyl-2,3-dihydro-1,4-oxathiepin4f0 (Fig. 1), sincesyn-dehydration of the postulated
original trans-alcohol to give4f would proceed in the rate considerably slower than that for formation of
4f0. The study on the mechanism for formation of4f is now underway.

In summary, the regioselective synthesis of the five-, six-, and seven-membered cyclic sulfides was
achieved by intramolecular ring opening reactions of epoxides by the thiolate which had been generated
by the selective catalytic electroreduction of the thioacetate group in the substrate1. The present approach
is very mild and convenient, and is expected to find useful applications in synthesis ofS-heterocycles.
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