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Abstract: A three component free radical coupling reaction that produces vicinal dialkylawd
ketones and esters has been investigated. The products possess versatile functionality that is
easily manipulated into a variety of other functional groups.

A three component free radical coupling reaction is a potentially powerful synthetic strategy, particularly
when the products produced contain functionality well suited for further elaboration into a variety of other
functional groups. There are several precedents for such a reaction. A reaction has been reported in the literamre
that achieved this goal, but was limited to acyclic olefinic substrates that contained two strongly electron-
withdrawing groups such as carboethoxy and cyano.! More recently, Toru er. al. demonstrated a radical
mediated vicinal dialkylation of a,8-unsaturated cyclic ketones with alkyl halides and allylplumbanes.2

We have undertaken the investigation of a one-pot vicinal dialkylation of a variety of o,B-unsaturated
carbonyl compounds with allylstannane and dimethoxy(phenylthio)methane3 via free radicals (Eq. 1). Froma
mechanistic point of view, this case appeared especially promising since the initially formed electron rich
dimethoxymethyl radical* should react much more rapidly with an electron deficient olefin than with the relatively
nucleophilic allylstannane. The electron deficient a-carbonyl radical so produced, conversely, should react

readily with allylstannane.
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The results are shown in Table 1.56 In a typical experiment, a 0.3 to 0.5 M degassed benzene solution of
2-cyclopenten-1-one, 0.05 equiv. of hexabutylditin, 3 equiv. of allylstannane and 6 equiv. of
dimethoxy(phenylthio)methane was irradiated with a sun lamp for 12 h. The resultant solution was concentrated
and subjected to flash chromatography on silica to give a 69% yield of 2-allyl-3-dimethoxymethyl-1-
cyclopentanone (Entry 1). As indicated in the table, both a.8-unsaturated ketones and ester substrates produced
the desired products (Entries 1-4, 5-6). With the cyclic enones, the 5-membered ring cases gave higher yields
than the corresponding 6-membered ring substrate (Entry 1, 4). When the substrates have additional substitution
on the olefin, a substituent « to the carbonyl is better tolerated than one B (Entry 2, 3). This seems reasonable as
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the initial attack occurs at the B-position which would suggest that steric hindrance would be more detrimental at
this position. When the solvent is changed from benzene to toluene there is essentially no change in the yield of
the reaction (Entry 1 vs. 7) However, if a 450W Hanovia UV lamp is used for the irradiation instead of a sun
lamp the yield is lowered significantly (Entry 1 vs. 8). Also, the presence of hexabutylditin appears to mediate
the reaction as the yield drops slightly when it is absent (Entry 4 vs. 9).

Table 1. Vicinal Dialkylation of a,f-Unsaturated Ketones and Esters

Entry o,p-Unsaturated Compound Yield® Isomer | Method4
Ratiob:¢
1 2-cyclopenten-1-one 69 % 8:1b A
2 2-methyl-2-cyclopenten-1-one 51% 3:1¢ A
3 3-methyl-2-cyclopenten-1-one 28 % 31 A
4 2-cyclohexen-1-one 33 % 4:1b A
5 methy] acrylate 42 % n.a. A
6 methyl crotonate 46 % 2:1¢ A
7 2-cyclopenten-1-one 67 % B
8 2-cyclopenten-1-one 55 % C
9 2-cyclohexen-1-one 11 % D

a: isolated yields b: determined by GC c: determined by NMR d: A=standard conditions as described in the text B= 0.3 M toluene C=
450 W Hanovia UV lamp D= no hexabutylditin

In all cases where there was a possibility for the formation of diastereoisomers, a mixture was indeed
obtained. With 2-cyclopenten-1-one (Entry 1) and 2-cyclohexen-1-one (Entry 4) the predominant isomer was
frans in agreement with literature precedent.2

The yields of the reaction are moderate. However the yields when the percentage conversion of starting
material is considered are higher. For example, the reaction with the substrate 3-methyl-2-cyclopenten-1-one
(Entry 3) produces a 28% isolated yield, but the yield based on recovered starting material is 58%, a substantial
increase. We are currently working on this yield and conversion problem by reevaluating our choice of acetal
free radical precursor. These results will be reported in due course.”
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