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Radical allylations are most frequently used intermolec-

ular radical carbon-carbon bond forming reactions and

provide an easy access to introduce allyl groups into organic

molecules under mild conditions.1 Allylating agents normal-

ly utilize simple allyl and 2-substituted allyl stannanes2

along with the corresponding sulfides3 and sulfones.4

Contrary to the radical allylations, radical-mediated aldol

reactions have not been well developed due to the very high

π-bond strength of C=O bonds. Thus, several indirect

approaches for aldol-type products have been reported to

date.5-7 We studied the possibility of indirect radical-

mediated aldol reactions using α-acetoxy alkyl radicals

along with reagent equivalents of the α-ketone acceptor

synthon. In this regard, 2-acetoxy and 2-benzoyloxy sub-

stituted allyl sulfones seemed to be promising for our

purpose.8 The combination of these new allylating agents

together with the α-acetoxy alkyl radical precursors would

provide α,β-unsaturated ketones after hydrolysis of the

acetates and the following dehydration. 

Among several α-alkoxy alkyl radical precursors, α-

bromoalkyl acetate 1 seemed to be most attractive and

promising to introduce an acetate group at the β-position of

an alkenyl bond.9 Previously, radical allylation of 1 with allyl

stannane was known to give a homoallyl acetate.10 Further-

more, chiral α-alkoxy alkyl radicals were generated from

decarboxylation of α-alkoxy substituted Barton esters.5 The

α-bromoalkyl acetate 1 was readily prepared by the addition

of acetyl bromide to an aldehyde in the presence of zinc

chloride in methylene chloride at 0 oC (eq. 1).11

(1)

Since α-bromoacetates were unstable to aqueous workup,

the crude α-bromoacetate 1 was used for the radical

allylation reactions without purification. Irradiation of a

solution of 1 and 2-acetoxyallyl phenyl sulfone (2a) in

benzene at 300 nm for 9 h afforded the desired allylation

product 3a in 76% yield (eq. 2). A similar result was

obtained with 2b, yielding 3b in 64% yield under the same

condition.

In order to achieve tin-free radical allylation,12 we initially

attempted to prepare allyl sulfone 4 by the reaction of 1 with

sodium salt of allyl mercaptan and the subsequent oxidation

to 4.13 However, when 1 was treated with sodium salt of allyl

mercaptan in DMF at room temperature, the corresponding

aldehyde was obtained, indicating that the allyl mercaptan

anion reacted with the acetate group. Thus, our next

attention was given to the xanthate precursor.14 Treatment of

1 with potassium O-ethyl xanthate in acetone at room

temperature to afford α-acetoxy xanthates 5 in good yields.

The xanthates 5 were thermally and hydrolytically very

stable. Furthermore, 2-acetoxy and 2-benzoyloxy allyl ethyl

sulfone (9a and 9b) were prepared by treatment of propargyl

ethyl sulfone with acetic acid and benzoic acid, respec-

tively.8a

We initially studied tin-free allylation using a xanthate

precursor and an allyl ethyl sulfone acceptor (Scheme 1).

Reaction of xanthate 5 with ethyl allyl sulfone 6a using

lauroyl peroxide as initiator in dichloroethane at 90 oC for 6

h afforded homoallyl acetate 7a in 83% yield. Hydrolysis of

7a with 0.1 N NaOH in acetonitrile for 9 h afforded 8a in

Scheme 1. Preparation of homoallylic alcohol 8 from 5 and 6.

(2)
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92% yield (Scheme 1). A similar result was obtained with

6b. When the reaction was carried out with 2-acetoxy allyl

ethyl sulfone (9a) under the same condition, the desired

product 10a was isolated in 74% yield (Scheme 2). Further

experimental results are listed in Table 1 and illustrate the

synthetic utility of the present approach. Secondary and

tertiary alkyl substituted xanthates worked well, yielding β-

acetoxy vinyl acetates and vinyl benzoates in good yields.

Hydrolysis of enol acetate 3a with 1 N NaOH (1 equiv) in

acetonitrile at room temperature for 9 h gave a mixture of 10

and 11 along with the starting material 3a (eq. 3). The use of

an excess amount of NaOH (5 eq) gave α,β-unsaturated

ketone 11 in 82% yield without yielding β-hydroxy ketone

12.

(3)

In conclusion, we have developed new tin-free radical

allylation approaches to α,β-unsaturated ketones using α-

acetoxy alkyl xanthates 5 as radical precursors and 2-

acetoxy and 2-benzoyloxy allyl ethyl sulfone as radical

acceptors. 
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Scheme 2. Preparation of α,β-unsaturated ketone 11 from 5 and 9.

Table 1. Tin-free Allylation of 5 with Allyl Sulfone 9 and
Hydrolysis of 3 to 11

a

xanthate 5 allylation product 3 enone 11

a1 equiv of lauroyl peroxide in dichloroethane, 90 oC, 6 h


