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THE TRANSITION METAL COMPLEX PROMOTED
ISOMERIZATION OF ¢rans-BICYCLO[4.1.0]HEPT-3-ENE
TO ¢is-BICYCLO[4.1.0]JHEPT-3-ENE
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Summary: An unprecedented isomerization of a trans-1,2-disubstituted cyclo-
propane to a cis-1,2-disubstituted cyclopropane has been achieved with both
rhodium(I) and platinum(II) catalysts.

Although the interconversion of cis and trans olefins by transition metal
catalysts is well established in the literature,l and although there are nu-
merous examples of the isomerization of highly strained polycyclic cyclopro-
pane derivatives to olefins in the presence of transition metal complexes,® we
are unaware of any related cis-trans isomerization of cyclopropanes in the
presence of transition metal complexes.3 We now report a unique example of
such isomerization.

Recently, we reported the synthesis of trans-bicyclo[4.1.0]hept-3-ene (L

and its facile thermal isomerization to eis-bicyclo[4.1.0]hept-3-ene 2. We
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were interested in studying the possible related thermal isomerization of
trans-bicyclo[4.1.0]heptane (3) to cie-bieyclo[4.1.0]heptane (4) and, as a
result, were concerned about the possible catalytic reduction of 1l to 3. Being
cognizant of the sensitivity of highly strained polycyclic hydrocarbons to
activated catalytic species,” we first examined whether 1 would be stable to
the conditions normally used for the catalytic reduction of carbon-carbon dou-
ble bonds. We found that ]l was rapidly isomerized to 2 by activated (prere-
duced) platinum oxide catalyst.

When 5 mg of platinum oxide in 1.5 mL of ethanol was activated with hy-
drogen and 100 mg of 1 was added followed by immediate workup, 95 mg of 2 was
recovered.s Similarly, when ] was exposed to catalytic amounts (10 mol %) of
di-u-chlorotetracarbonyldirhodium, a 65% yield of 2 was obtained in what ap-
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peared to be an instantaneous reaction at room temperature.
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In contrast, treatment of 1 with 2.4 mol % of di-u-chloro(di-1,5-cyclo-
octadiene)dirhodium at room temperature gave 51% of 2, 43% of 5, and trace
amounts of 6. The structure of 5 was established by comparison with an authen-
tic sample prepared according to the method of Benkeser,9 which involved a
Birch reduction of toluene. An authentic sample of Qlo was prepared by the
reaction of 4-hydroxymethyleyclohexene with o-nitrophenyl selenocyanate and
tri-n-butylphosphine in tetrahydrofuran, followed by treatment of the rigult—

The

products obtained from | were identical in all respects to the independently

ant 4-[(2-nitropheny1)selenomethyl]cyclohexene12 with sodium periodate.

synthesized samples. The formation of both p and § have precedent in the ir-
idium(I) and rhodium(I) promoted rearrangements of cis-bicyclo[4.1.0lheptane

(4) to l—methylcyclohexene8 and methylenecyclohexane,2 respectively, at ele-
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vated temperatures. It was demonstrated that 3 and 6 were derived directly
from ] and not from a secondary reaction of 2, since 2 was stable to the reac-
tion conditions.

The details of the mechanism, whereby k was converted into % in a transi-
tion metal complex promoted rearrangement, are not established at this time.
However, it seems unlikely that a one-step "'oxidative addition' process such
as has been postulated for other systems,14 would be involved in this case.
Such an oxidative addition process would require the formation of a metallocy-
clobutane such as Z or %. Since '"reductive elimination' should, in most in-
stances, be the microscopic reverse of oxidative addition, the reversal of the

15

addition process should produce starting material. This suggests that 2 or

. . . . 1
%Q, or the corresponding radical species, may be involved as intermediates 61

the rhodium(I) promoted isomerization.
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We are continuing to study the details of this facile rearrangement.
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The reaction mixture and product were maintained below 25°C throughout
this procedure.

In addition to 2, a yellow-orange powder was obtained: mp 147-149°C
(dec.); IR (CDCI3) 3030, 2910, 2840, 2045, 1745, 1730, 1645, 1605, 1435,
1380, 1195, 1155, 1135, 1110, 1070, 995, 955, 815, and 780 cm-l. This
spectral data can be compared to the starting rhodium complex which showed
sharp bonds at 2100, 2090, and 2030 cm~ L. Because of the analogy of the
carbonyl bonds to those exhibited by the adduct formed from di-up- chloro-
tetracarbonyldirhodium and quadricyclane (2070, 2010 and 1735 cm-1),
seemed possible that the insoluble material may be an adduct formed from
and the rhodium complex. In addition, McQuillin and Powell® have demon-
strated that e<s-bicyclo[4.1.0]heptane (4) reacts with di-u-chlorotetra-
carbonyldirhodium to produce a dimeric 1%1 adduct which has carbonyl ab-
sorptions at 2050, 1755 and 1735 em-1l.
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This assumes that oxidative addition and reductive elimination, to and
from strained carbon-carbon sigma bonds, respectively, are concerted proc-
esses. If a stepwise process involving discrete intermediates, such as

or 10, is involved, transient metallocyclobutane type intermediates coul
be generated.

This refers to the initially generated species only. Cyclization of such
intermediate carbocations (or radicals) must be considered as a possibility.

(Received in USA 2 May 1983)



