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Generation of Alkyl Radicals from 1-Oxidoalkylidenechromium(0) Complexes by Oxidation with
Manganese(I1I) 2-Pyridinecarboxylate and Their Reactions with Olefins
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Tetramethylammonium pentacarbonyl(1-oxidoalkylidene)chromium(0) complexes,
prepared from the corresponding carbanion and hexacarbonylchromium(0), are oxidized
with manganese(III) 2-pyridinecarboxylate to generate carbon-centered radicals which

react with various olefins giving the intermolecular addition products.

Reductive generation of alkyl radicals has been widely studied using tin hydride, low-valent metallic com-
pounds etc. as reducing reagents, and the radicals thus generated are applied frequently to construction of carbon
skeletons, particularly by the intramolecular reactions.!) Although one-electron oxidation of carbanions has been
considered to be one of the representative methods for generation of alkyl radicals since the discovery of the
Kolbe electrolysis,2) this method has found serious limitation on the substrates.3) By using manganese(III) 2-
pyridinecarboxylate (Mn(pic)3) as an oxidant, our laboratory reported a method for generation of a-keto and B-
keto radicals from B-keto carboxylic acids (Eq. 1) and cyclopropanols (Eq. 2)3-7) respectively and their
intermolecular and intramolecular reactions with various olefins. In these reactions, the oxygen-centered radicals
initially generated are converted to the carbon-centered radicals by fragmentation reactions.
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Here we report a new method for oxidative generation of alkyl radicals from the corresponding carbanions
via pentacarbonyl(1-oxidoalkylidene)chromium(0) complexes 1. The chromium(0) complexes 1 are easily
prepared from hexacarbonylchromium(0) and carbanions such as alkyllithium8) and are supposed to be oxidized
with Mn(pic)3, giving carbon-centered radicals by the elimination of chromium component (Eq. 3).
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The possibility of this hypothesis was firstly examined by the oxidation of tetramethylammonium penta-
carbonyl(1-oxido-4-phenylbutylidene)chromium(0) (1a)%) with Mn(pic)3 in the presence of o-(z-butyldimethyl-
siloxy)styrene (2a) as a radical acceptor. When 1a and 3 molar amounts of 2a in DMF were treated with 2.5
molar amounts of Mn(pic)3, the reaction proceeded smoothly (0 °C, 1 h) and the addition product 3a was obtained
in good yield (74%) without any formation of the self-coupling products.10) This reaction is considered to
proceed in the pathway shown in Scheme 1. The chromium complex 1a is oxidized by Mn(pic)3 to generate the
oxygen-centered radical 4, which cleaves into 3-phenylpropyl radical 5 and Cr(CO)g. The resulting alkyl radical
5 reacts with the silyl enol ether 2a to give a radical intermediate 6, which is further oxidized with Mn(pic)3 to
afford the addition product 3a.
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Scheme 1.

This method exhibits a wide generality for the generation of alkyl radicals and for the reaction with
electron rich olefins as shown in Table 1. The 4-phenylbutylidene complex 1a could react with some other
electron rich olefins such as 2b, 2¢, and 2d, and 3-phenylpropyl group is introduced to these olefinic
compounds, giving the adducts such as 3b, 3¢, and 3d in moderate yield. Furthermore, a secondary and a
tertiary alkyl radicals could be generated from 1c and 1d in addition to the primary alkyl radicals from 1a and 1b.

By considering the nucleophilic character of alkyl radicals, the radicals generated from these chromium
complexes 1 was supposed to react with electron deficient olefins as well as electron rich olefins. In the reaction
with electron deficient olefins, the radical intermediates 6 formed by the addition of alkyl radicals to electron
deficient olefins seemed difficult to be oxidized to the cations due to an electron withdrawing group on the radical
carbon (Scheme 2).%) Accordingly, the reaction of 1a with acrylonitrile 2d was tried in the presence of various
radical trapping reagents as shown in Table 2, and tributylstannane was found to be most suitable. These reaction
conditions were available for the reaction of 1a with other electron deficient olefins such as 2e, 2f, and 2g to
afford the addition products 3i, 3j, and 3k (Table 2).10)
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Table 1. The Reactions of Various Chromate(0) Complex with Electron Rich Olefins!®
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Direct oxidation of carbanions has been hardly employed for the generation of alkyl radicals partly

because of the difficulty to control the intermolecular addition reaction. In fact, treatment of butyllithium directly
with Mn(pic)s in the presence of the silyl enol ether 2a in THF afforded the addition product 3e in only 2% yield.

Use of the chromium complex 1, on the other hand, can realize such an efficient control toward the intermolecular

addition reaction.

Furthermore, this oxidation system expands the utility of tetramethylammonium

pentacarbonyl(1-oxidoalkylidene)chromium(0) complexes 1 in organic synthesis, which has been considered only

as precursors of Fischer carbene complexes although they are stable and readily prepared.!!)
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Table 2. The Reactions of Chromate Complex 1a with Electron Deficient Olefins in the Presence of
Radical Trapping Reagent'®)

O NMe,” =\ 2.5 Mn(pic)s, 3 trapping reagent
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Olefin Trapping reagent Product Yield / %
~CN LID ™" 24
2d 3h

2d (TMS)3SiH 3h 28
2d Bu,;SnH 3h 68
~ CO,Me BusSnH P N"N"co,Me 77
2e 3i

~ “CHO BuzSnH P N""CHO 48
2f 3j

~ “COMe Bu,SnH PR N"N"coMe 47
2g 3k
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