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ISOPROPENYLATION OF OLEFINS VIA THE REACTION OF IODINE WITH LITHIUM

TRIALKYLISOPROPENYLBGRATES OBTAINABLE FROM TRIALKYLBORANES

*
Norio MIYAURA, Hiroyasu TAGAMI, Mitsuomi ITOH, and Akira SUZUKI

Faculty of Engineering, Hokkaido University, Sapporo 060

Lithium trialkylisopropenylborates readily available from trialkylboranes
and isopropenyllithium give the corresponding isopropenylalkanes in good
yields by treatment with iodine., This procedure was applied to synthesize

monoterpene derivatives such as limonene, diprene and an isomeric dihydrolinalool.

We previously reported that treatment of lithium 1-alkynyltriorganoborates with
iodine produces internal alkynes in essentially quantitative yields,l) and the reaction
is applicable to a wide variety of alkyl- and arylacetylenes and organoboranes., It was
also reported that such ate-complexes give the corresponding alkenes by protonolysis
with propionic acid.z) Recently, in addition to our work described above, many reports
have appeared dealing with new applications of alkali metal trialkyl-l-alkynylborates
to the synthesis of various kinds of organic compounds.z) On the other hand, there are
a few reports on organic synthesis using l-alkenyltriorganoborates obtained by the
reaction of organoboranes with l-alkenyllithium compounds.4)

We wish to report here on the isopropenylation of olefins via the reaction of
iodine with lithium trialkylisopropenylborates. This procedure seems to be useful
for the synthesis of natural products with isopropenyl group. In order to explore
the possibility of utilizing the reaction, we first attempted to introduce the
isopropenyl group into cyclohexane ring. It was found that addition of a solution of
iodine in tetrahydrofuran (THF) to a solution of the ate-complex obtained from tri-
cyclohexylborane and isopropenyllithium in ether at -78°C resulted in the immediate
disappearance of the iodine color. After gradual warming the reaction mixture to room
temperature, glpc analysis revealed the formation of isopropenylcyclohexane in a yield
of 81% (eq. 1), The complex formed from tricyclopentylborane and isopropenyllithium
also produced the expected isopropenylcyclopentane in a 77% yield (eq. 2). There ap-

pears to be no difficulty in introducing an isopropenyl group into aryl nuclei (eq. 3).
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Although it was found that the present reaction provides a convenient new pro-
cedure for introducing the isopropenyl group, the reactionutilized only one of the alkyl
groups in the trialkylborane molecule,‘as observed in many of the new reactions of
organoboranes.s) We next examined the reaction using B-alkyl-9-borabicyclo[3.3.1]-
nonane, available by hydroboration of olefin with 9—BBN,6) because the use of such
a B-R-9-BBN derivative was known to solve the problem; namely only the 9-R group
participates in organoborane reactions.

When a solution of the complex synthesized from B-cyclohexyl-9-BBN and isopropenyl
lithium in ether was treated with iodine under the same reaction conditions mentioned

above, the expected isopropenylcyclohexane Wwas obtained quantitatively (eq. 4).
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The following procedure for the preparation of isopropenylcyclohexane is represen-
tative, A dry 100 ml-flask, fittedwithan inlet with a rubber septum cap, a magnetic
stirring bar and a condenser, was flushed with nitrogen., Cyclohexene (1.52 ml, 15 mmol)
was hydroborated with 20 ml (15 mmol) of 9-BBN in THF at 0°C for 1 hr., Then, 15 mmol
(14 m1 of 1,07M solution in ether) of isopropenyllithium was added at 0°C, and the
reaction mixture was stirred for 2 hr at the same temperature, After cooling to -78°C,

3.8g (15 mmol) of iodine in THF was added to the solution under efficient stirring.
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The mixture was allowed to warm to room temperature, and finally was oxidized with 4
ml of 3N-NaOH and 4 ml of 30% hydrogen peroxide under the usual conditions. Analysis
of the organic layer by glpc revealed that isopropenylcyclohexane had been formed in
a yield of 100%.

The reaction may be rationalized in terms of (a) electrophilic addition of iodine
to form a cyclic iodonium ion species, (b) alkyl group migration from boron to the

adjacent carbon, and (c) elimination of iodine and the boron moiety (eq. 5).
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Next, we applied the reaction to the synthesis of some kinds of terpene deriva-
tives. 1-Methylcyclohexa-1,4-diene, obtained by Birch's reduction of toluene,7) was
hydroborated with 9-BBN, followed by treatment with iodine, in situ, A mixture of
limonene (I) and diprene (II) was obtained in a 63% yield in a ratio of 43:57 (eq. 6).
An isomeric dihydrolinalool (III) was also prepared by the same procedure. 3-Methyl-5-
hexen-3-o0l was hydroborated with two moles of 9-BBN, one mole of which was employed
for the reaction with the hydroxyl group, and the mixture was then treated with iodine

in the same manner. The expected 3,7-dimethyl-7-octen-3-o0l (III) was produced in a

yield of 73% (eq. 7).
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