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Direct Free-Radical Substitutions on Allyl and Vinyl Halides
Using Alkyl Halides/Hexabutylditin
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Abstract: Allyl and vinyl halides are excellent acceptors for tin-mediated substitutions by alkyl radicals generated
from alky] halides.

Free-radical mediated allylations and vinylations are powerful tools for the selective introduction of
carbon-carbon bonds under mild conditions.] These reactions have been accomplished by reacting alkyl halides
with allyl and vinyl tin derivatives,2 allylsilanes,3 or allyl sulfides/hexabutylditin; thiohydroxamic esters with
allyl tin and chalcogen derivatives;S and alkylmercurials with a variety of allyl and vinyl derivatives,5 including
allylic and vinylic halides. Because allyl and vinyl tins, silanes, and sulfides are usually generated from allyl
and viny! halides, direct substitutions on allyl and vinyl halides using alkyl halides as the radical source would
provide the simplest possible methodology for synthetic chemists. We report here that such reactions are readily
achieved.

Based on Keck's success with allyl phenyl sulfides and the assumption that halide atoms would react
rapidly with hexabutylditin (eq 1), we envisioned chain reactions consisting of eqs 1,2, and 3 or 1, 2, and 4.
Both chains depend on the tributylstanny] radical selectively reacting with the alkyl halide (eq 2) rather than the
allyl or vinyl halide. With the known atom abstracting selectivities of stannyl radicals in mind,? we chose to
study the substitutions of alkyl bromides with allyl chlorides (eq 5) or activated vinylic bromides (eq 6).

Xe + BusSnSnBuz — BuzSnX + BugSne (1) Re + /\/X —_— R\/\ + X (3)

BusSne + RX' ——= BusSnX' + Re @ R+ X F — Rz +X (9

RBr + /\/CI + Bu3zSnSnBu, —_— R\/\ + BuySnBr + BuySnCl (5)

Me Me
RBr+ BT | BuSnSnBuy —— RN + 2 BugSnBr ()
CN CN

As shown in Table 1, the reaction of various alkyl bromides with allyl chlorides or 3-bromo-2-
methylacrylonitrile in the presence of bistributyltin proceeded cleanly to yield the corresponding allylated and
vinylated products in good to excellent yields.3 The reactions are effective for nucleophilic, electrophilic, and
1°, 2°, and 3° radicals. The successful reaction with 3-chloro-1-butene indicates that isomerization of the allyl
chloride is slower than the desired addition and that the reaction is not proceeding via an intermediate allyl
stannane. Such efficient crotyl-group transfers were previously only possible with allyl sulfides. The highly
efficient reactions with 3-bromo-2-methylacrylonitrile are particularly pleasing, since our experience is that both
the synthesis and radical reactions of activated vinyltin derivatives can be tricky. It is notable that all the reagents
employed are commercially available materials.

In summary, we have introduced a convenient alternative for free-radical allylations and vinylations for
which many diverse applications should be possible.9
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Table 1. Representative Free-Radical Mediated Substitutions.2

substrate reagent product yieldb (isomer ratio)
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®In a typical procedure, 179.5 mg (0.71 mmol) of N-(2-bromoethyl)phthalimide, 167.7 mg (1.9 mmol) of

methallylchloride, 455 pL (0.9 mmol) of bistributyltin, and 1 mL of CgDg were placed in a standard NMR tube and sealed
with a septum. After bubbling N2 through the solution for 20 min, the mixture was irradiated for 2 d in a Rayonet reactor (9-
300nm lamps). The crude mixture was treated with I2/DBU to remove tin byproducts,? filtered through a plug of silica gel,
and concentrated. Purification by flash chromatography (0 % then 10 % EtOAc in 30 - 60 °C petroleum ether) afforded 79.1
mg (49 %) of the methallylation product. PYields refer to isolated materials.
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