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THE NICKEL-CATALYZED ISOMERIZATION OF METHYLENECYCLOPROPANE TO BUTADIENEl
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Methylenecyclopropane under the influence of nickel
catalysts dimerizes to give 2-vinylmethylenecyclopentane.
The intervention of butadiene intermediate has been
determined on the basis of the isotope incorporation into

the product and the asymmetric transformation.

The course of the transition metal catalyzed reaction of strained molecules
profoundly depends not only on the type of metal, but also the coordinated ligands
and the oxidation state.2 Methylenecyclopropane (I) is known to cycloadd to
electron-deficient olefins in the presence of bis(acrylonitrile)nickel(0) leading
to the [02 + Tr2]—type adducts II and III (Z = electron-withdrawing group).3 Upon
treatment with bis(1l,5-cyclooctadiene)nickel(0) I undergoes dimerization to afford
the spiro-fused hydrocarbons IV and V.4 With the aid of triphenylphosphine (1.1

equiv to the nickel complex), I cycloadds to norbornadiene to produce selectively

the [ﬂz + Tr2]—type adduct VI.5 This paper describes a new, clean skeletal change
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of I in the presence of nickel catalysts.
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Utilization of the catalyst system developed by Furukawa and his coworkers6
led to the selective conversion of I to 2-vinylmethylenecyclopentane (VII). When
I (4.0 mmol) was mixed in a sealed tube with the nickel catalyst prepared from
bis(tri-n-butylphosphine)nickel (II) dibromide (0.2 mmol), n-butyllithium in n-
hexane7 (0.2 mmol), and methanol (5 mmol) in benzene (3 ml), and heated at 60°C
for 48 hr under nitrogen atmosphere, a single dimer VII was obtained in 91%

yield. No other dimers were detected.

Because the present catalytic conditions are those adopted for the facile
dimerization of butadiene (VIII) to VII,6 a reasonable reaction path for such a
conversion was considered to involve the intervention of VIII as intermediate.
Monitoring the reaction by glpc analysis could in fact detect VIII in the mixture,
but only in varying amounts, since its dimerization to VII competed considerably
with the isomerization I — VIII. The following experiments, however, revealed
the operation of a single mechanism, that is, the dimerization of I occurs only
by way of butadiene intermediate.

Firstly, when methanol-0-d was used in place of methanol, deuterated VII (5%
d3- 0
analysis indicated that the deuterium was located mainly in the allylic <-5

12% gz, 45% gl, and 38% d. by mass spectral analysis) was obtained. Nmr
position. Dimerization of VIII under similar isotopic conditions has been report-
ed to induce deuterium incorporation at the same position.6

The second evidence rests on the observation of a novel type of asymmetric
reaction caused by a nickel catalyst containing chiral tertiary phosphine ligands.
Treatment of I with the catalyst derived from bis[(-)-methylphenyl-n-propyl-

phosphine]lnickel (II) dibromide8 at 60°C for 72 hr afforded the dimer VII (30%

25
D

the absolute configuration and the optical purity of the product remain unknown,

yield) in an optically active form, [a] +0.51° (¢ 2.8, ethanol). At this point

because the authentic, optically pure substance is not readily available. By

comparison, under the same chiral conditions, VIII gave VII (35% yield) with
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optical rotation [a]g5 +0.50° (c 2.4, ethanol).9

Thus the intermediacy of VIII in the conversion of I to the dimer VII was
definitely confirmed by the similarities in the reactions of both C4 hydrocarbons
I and VIII, i.e., the product, the position of deuterium incorporation, and the
extent of asymmetric induction. The most reasonable pathway of producing VIII
from I would consist of (1) addition of nickel hydride species to double bond of
I,lo (2) conformational change, (3) cyclopropylcarbinyl—allylcarbinyl rearrange-
ment, and (4) elimination of the nickel hydride catalyst, as outlined in Scheme
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