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Generation of Cation Radicals from Enamines and Their Reactions with Olefins
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Cation radicals of enamines, generated by the oxidation with Ce!V compounds,
react with electron-rich olefins to give the addition products. The formal o-alkylation of
formylacetate is realized by the reaction of 3—(1-pyrrolidinyl)propenoate and olefins by

the use of tetrabutylammonium cerium(IV) nitrate as an oxidant.

Enamines are widely used in organic synthesis as nucleophilic reagents for the carbon-carbon bond forming
reactions.!) On the other hand, cation radicals of enamines generated by electrolysis react with anions of B-keto
esters as electrophiles,?) but their reactions have not been studied extensively.3) For the purpose to use nitrogen
cation radicals for the construction of carbon frameworks, we investigated the generation of cation radicals of
enamines and their addition reactions to olefins by the use of metallic oxidants.

The reaction of a pinacolone enamine 1 and a-(z-butyldimethylsiloxy)styrene (2a) was examined in the
presence of 2 mole equivalents of various metallic oxidants such as Mnl!I, Agll, Felll, and CelV compounds.
Among these oxidants examined, the use of ammonium cerium(IV) nitrate (CAN)¥ gave the addition product 3 in
63% yield (Eq. 1).
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The reaction is supposed to proceed via the enamine cation radical 4. That is, the enamine is oxidized to the
cation radical 4 with CAN, which adds to the silyl enol ether 2a. The resulting a-siloxy radical § is further
oxidized with CAN to the cation 6, and the 1,4-diketone 3 is formed eventually with the elimination of the silyl
cation (Scheme 1).

Then, this method was applied for the formal a-alkylation of 3-oxopropanoate (formylacetate). Although
formylacetate seems to be an interesting synthetic reagent, this has been scarcely used in organic synthesis
because formylacetate is unstable and the alkylation gives an O-alkylated product.>) The enamine of formyl-
acetate, 3-aminopropenoate, is easily prepared and stable enough to be purified by chromatographic separation
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Scheme 1.

with alumina gel.®) The cation radical of 3-aminopropenoate was expected to react with olefinic compounds to
give C-alkylated products. In fact, treatment of a mixture of methyl 3-(1-pyrrolidinyl)propenoate (7) and a silyl
enol ether 2b with CAN gave the corresponding addition product 8 but in only 19% yield (Eq. 2).
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It was considered that the enamine-type adduct 8 is formed by deprotonation of the rather acidic proton of
the intermediate iminium salt 9 with the aid of the enamine 7. Since the enamine ester 7 was thus consumed as a

proton acceptor, the product 8 was yielded in such a low yield (Scheme 2).
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To prevent the loss of the enamine ester 7, the reaction was examined in the presence of various bases and
CelV compounds. When a mixture of 7 and 2b was treated with 2 mole equivalents of tetrabutylammonium
cerium(IV) nitrate (TBACN)7) in the presence of K»COj3 at -45 °C, the corresponding addition product 8%) was
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obtained in 78% yield (Eq. 3).9) The use of CAN or triethylammonium cerium(IV) nitrate (CTAN)10) in place of
TBACN afforded 8 in lower yield, probably because CAN and CTAN were partially consumed for the oxidation
of amines which are generated from CAN and CTAN by the neutralization with KoCO3.
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Table 1. The Reactions of 3-(1-Pyrrolidinyl)propenocate (7) with Various Olefins
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The reactions of the enamine 7 and various electron-rich olefins 2a and 2c¢-g were illustrated in Table 1. In
addition to B-unsubstituted silyl enol ethers 2a and 2b, B-substituted silyl enol ethers 2¢ and 2d and a ketene silyl
acetal 2e reacted with 7 and the corresponding addition products were obtained in good yields. The reactions of
7 with conjugated and non-conjugated olefins 2f and 2g also proceeded, giving the lactones in moderate yield.

The alkylation of B-amino propenoate with alkyl bromide is known to give the C-alkylated product in only
low to modest yield, because N- and O-alkylations and double alkylation occurred simultaneously.1l) On the
other hand, by the present radical reaction, various substituents are successfully introduced formally into 3-
aminopropenoate.

The typical experimental procedure is as follows: To a propionitrile (12.0 ml) solution of TBACN (4.20 g,
4.21 mmol) and K2CO3 (1.50 g, 10.9 mmol) was added a propionitrile (12.0 ml) solution of 2b (0.866 g, 4.33
mmol) and 7 (0.311 g, 2.00 mmol) at -45 °C under an argon atmosphere. After stirring for 0.5 h, triethylamine
(1.0 ml) was added to quench the reaction mixture. Usual work-up and purification by column chromatography
(basic alumina) gave the corresponding product 8 (0.372 g, 78%).
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