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Abstract

Only catalytic amounts of chiral selenium reagents are necessary to achieve a sequence of methoxyselenenylation
and oxidativeβ-hydride elimination of alkenes. Performing this reaction with peroxodisulfates and various metal
salts led to enantiomeric excesses of up to 75%. © 1998 Elsevier Science Ltd. All rights reserved.

1. Introduction

Very efficient and advanced methods have been established for some synthetic transformations to
highly enriched stereoisomers. But only a few useful methods are known for the stereoselective function-
alization of unactivated C_C double bonds. With alkenes as substrates, stoichiometric as well as catalytic
reactions to optically active products remain to be investigated. Recently we developed a variety of
chiral selenium compounds which can be used as efficient stoichiometric reagents for the stereoselective
functionalization of alkenes.1 Herein we report an asymmetric oxyselenenylation–elimination sequence
using only catalytic amounts of these chiral selenium compounds.

In the stoichiometric addition reactions mentioned above, the electrophilic selenium triflates are
generated from the corresponding diselenides. Because these reaction conditions are incompatible with
a subsequent elimination, we used peroxodisulfates for the generation of the selenium electrophiles.2 An
excess of these strong oxidizing reagents is then responsible for the subsequent oxidative elimination
reaction.

Electrochemical oxyselenenylation–elimination reactions have also been reported with diphenyl
diselenide.3 Furthermore it is possible to use diselenides with nitrogen-containing substituents in the
catalytic conversion of alkenes to allylic ethers.4 Very recently chiral diselenides have been investigated
in catalytic oxyselenenylation–elimination sequences leading to optically active allylic ethers.5
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2. Results and discussion

The selenium electrophiles are formed from the corresponding diselenides1 by reaction with per-
oxodisulfates. This process can be initiated by an electron-transfer or an SN2 process generating the
selenenylsulfates as electrophilic species.2a It is likely that in the presence of metal ions the electron-
transfer process occurs, as the metal-catalyzed decomposition to the sulfate radical anion and its
subsequent chemistry has been investigated intensively.6

After formation of the selenenyl sulfate2 and methoxyselenenylation of the alkene3, the selenide4
is oxidized by the peroxodisulfate (or by the sulfate radical anion derived therefrom). The chiral allylic
ether5 is obtained and the selenenyl sulfate2 is cleaved off which then can undergo the next addition
reaction.

Chiral nitrogen-containing diselenides have been described as useful ligands in various transformations
such as the diethylzinc additions to aldehydes7 and asymmetric hydrosilylation reactions,8 as well as
transfer hydrogenations.9 We are using chiral diselenides of type1 for the catalytic oxyselenenyl-
ation–elimination reaction withtrans-β-methylstyrene3 as alkene.10 First we employed the reaction
conditions reported by Tomoda et al.4a using the various diselenides1 in the catalytic reaction. Table 1
shows that diselenide1a yields the product5 with the highest enantioselectivity (up to 56%).11 The
configuration of the main enantiomer of5 is alwaysR and was confirmed by independent synthesis.12

Potassium peroxodisulfate seems to be superior to sodium peroxodisulfate as well as ammonium
peroxodisulfate.13

Table 1
Addition–elimination using diselenides114

Nitrogen-containing selenium compounds of type1 and2 can serve as ligands to metals.7–9 Further-
more it is known that metal ions can accelerate the decomposition of peroxodisulfates.6 a Therefore we
varied the metal salt added to the reaction and found a strong influence on the stereoselectivity. We
additionally found that there is no time-dependence of the enantiomeric excess of5 during the catalytic
reaction. Because of the long reaction times, even in the presence of metal salts, the reactions summarized
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Table 2
Addition–elimination sequence with catalytic amounts (10 mol %) of diselenide1aa

a 1 mmol3, 1 mmol K2S2O8, 3 ml MeOH, 200 mg molecular sieve 3 Å, r.t., 7 days.

Table 3
Addition–elimination sequence with diselenides1 in MeOH:H2O (10:1)16

in Table 2 have been stopped after formation of some product and no yields are given in Table 2. Among
the various metal salts investigated we found that nickel nitrate (entry 10) has the strongest influence
upon the stereoselectivity, yielding product5 in 71%ee.

Independent preparation of the methoxyselenenylated product4 and treatment with potassium per-
oxodisulfate under the reaction conditions showed clearly that the oxidative elimination is very slow.
This is probably due to the very bad solubility of peroxodisulfates in organic solvents. After dissolving
the peroxodisulfate partially by addition of a small amount of water to the methanolic solution, the
elimination reaction was complete within one day.

As can be seen from Table 3, the enantiomeric excess of the product5 in water-containing catalytic
reactions decreases. Using diselenide1a the enantiomeric excess drops from 71%ee (Table 2, entry
10) to 58%ee (Table 3, entry 1). The reasons for this are not clear at present, but with the derivative
1f the stereoselectivity was improved to 63%ee(Table 3, entry 3). Catalytic reaction under anhydrous
conditions, however, yielded the product5 in 75%ee(Table 3, entry 4). Although the turnover numbers
in the catalytic reaction described are still low, this is to our knowledge the highest enantiomeric
excess reported to date for a catalytic asymmetric oxyselenenylation–elimination reaction. The additional
methoxy group in the secondortho-position to selenium in1f may stabilize the selenium cations. After
tosylation of the chiral alcohol615 and subsequent treatment with dimethylamine, the diselenide synthesis
of 1f via theortho-lithiation route was achieved.

Depending on the reaction conditions, side products can be formed which were identified to be
benzaldehyde and benzaldehyde dimethyl acetal. It is known that peroxodisulfates can cleave alkenes
to aldehydes probably via the 1,2-diols.17
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Other alkenes can also be used in the catalytic addition–elimination sequence. Whiletrans-β-
ethylstyrene18 gave comparable results, the stereoselectivity with indene is lower (24%ee) in the catalytic
reaction. We already established the stoichiometric selenenylation reaction to be a useful transformation
for natural product synthesis.19 Currently we are synthesizing modified diselenides and investigating
applications of the catalytic alkoxyselenenylation–elimination sequence in total synthesis.
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