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Abstract - Alkenes are oxidatively dichlorinated by stirring with manganese(II)
chloride-lithium methoxide under oxygen atmosphere, followed by treatment with
conc. hydrochloric acid. This di-functionalization of alkenes can be applied to the
chiorolactonization of lithium 4-pentenoates.

Onxidation is the essential subject in organic synthesis especially as the functionalization of molecules. In
the course of our investigation on manganese ate complexes,! we incidentally found the oxidative
dichlorination of alkenes? using a manganese(IT) salt>-5 under oxygen atmosphere (Scheme 1). Here we
wish to report the reaction and its application to the synthesis of y-lactones.
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A representative procedure for the dichlorination of allylbenzene is as follows. To a flask containing 5 mL
of methanol, a solution of butyllithium in hexane (1.64 M, 4.9 mL, 8§ mmol) was added under argon, and
then MnCl; (252 mg, 2 mmol) was added under flashing argon. After the flask was purged with oxygen,
the brown mixture was stirred for 2 h at room temperature. Allylbenzene (118 mg, 1 mmol) was
introduced and the mixture was stirred for 1 day at room temperature. To the mixture, conc. HCl was
added. The resultant mixture was passed through a short column (silica gel) with Etz0O as an eluent. After
evaporation of solvents, a crude product was obtained. This material was further purified by column
chromatography on silica gel, and pure 1,2-dichloro-3-phenylpropane was obtained (126 mg, 0.67 mmol,
67%). Selected examples of the oxidation are listed in Table 1. As can be seen in the Table, the present
reaction is quite general. For reactions of internal olefins, the yields were marginal, but in the cases, trans-
dichlorination proceeded selectively (Entries 26 and 38). Ether-function tolerated under the reaction
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conditions (Entry 3) and, more interestingly, even hydroxy-compounds could be adapted to this reaction,
where an intramolecular hydroxy group, to some extent, seemed to enhance the reactivity (Entries 4 and 5),

Table 1. Dichlorination of Alkenes®
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9Reaction was carried out using an alkene (1 mmol), MnCl, (2 mmeol), and LiOMe
(8 mmol) in MeOH (5 mL) at rt for t day under oxygen (1 atm). ®Isolated yield by
column chromatography on silica gel. “Only an anti-isomer was detected. See,
ref. 6. dAlkenc (18%) was recovered. See, ref. 8. ‘A mixture of diastereomers
was oblained in the ratio of 53/47.

This oxidative difunctionalization of alkenes can be applied to the chlorolactonization of lithium 4-
pentenoates (Scheme 2).9
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Although it is premature to discuss active species and the mechanism of reactions presented here, higher
valent manganese chloride seems to be an actual chlorinating agent. Control experiments showed the final
addition of HCl is essential.10 Therefore a manganese(II) ate complex coordinated by the methoxide may
be possibly oxidized to the corresponding high-valent manganese(II or IV) complex under oxygen, which
subsequently reacts with HCI to form manganese chloride of higher valency as a dichlorination and
oxychlorination agent.

Finally, the present oxidative chlerination using MnCl; is interesting in comparison with previously
reported the frans-dichlorination of alkenes with high-valent manganese chloride generated in situ from
manganese(I11, IV, and VII) salts such as [Mn3O(0OAc)sHOACc]3, MnO;¢ and KMnO4.5 The scope and
limitation of the reaction and further applications to organic synthesis are now under active investigations.
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