Tetrahedron Letters No. 8, pp 711 - 714. 0040-4039/79/0215-071102.00/0
© Pergamon Press Ltd, 1979. Printed in Great Britain.

P

CYCLOPROPYLALLENES III: STEREOSELECTIVE [1,5] HYDROGEN
MIGRATIONS IN cis-1,2,4-CYCLODECATRIENE AND ciS-BICYCLO[7 .1. O]DECA-Z ,3-DIENE
*
David E. Minter
Division of Earth and Physical Science

The University of Texas at San Antonio
San Antonio, Texas 78285

and

G. J. Fonken and Frank T. Cook
Department of Chemistry, The University of Texas at Austin
Austin, Texas 78712

In the course of an ongoing study of the chemistry of substituted cyclopropylidenes, the
reactions of gem-dibromocyclopropanes with methyllithium have been used recently in our labora-
tories to generate a variety of highly strained cyclic allenes.! We report here the syntheses
and thermal rearrangements of two particularly interesting examples, each of which is capable
of undergoing structural reorganization via [1,5] nydrogen migration. To our knowledge, 1 is

the first cyclic, conjugated ene-allene to be isolated and characterized.
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Allene 1 was prepared as shown from eis, cis-1,3-cyclononadiene.2 The reaction of 2 with
methyllithium at -78° gave a single product, which was purified by vacuum transfer (0.0l mm).
Pyrolysis of 1 in hexane (sealed tube, 100°, 3 hours) gave trans—bicyclo[4.4.0]deca—2,4-diene 3
in gquantitative yield.3 Alternatively, this conversion could be effected by standard prepara-
tive vpc injection/collection techniques.“ We interpret the overall reaction as a two-step
process involving the intermediacy of trans, cis, cis-1,3,5-cyclodecatriene 4, which undergoes
electrocyclic closure.® 1In contrast to results reported for similar [1,5] nydrogen migrations

in acyclic systems, as discussed below, the transformation 1 + 4 appears to be completely

stereoselective.
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In acyclic ene-allenes of the type 5, dienyl [1,5] hydrogen migration may proceed by
suprafacial transfer of either Ha or Hb depending on conformation. For the preferred conform-
ers where R' is directed away from the allene 7 system (cf. 5a), migration of Ha gives the

eis-1, eis-3, trans-5 triene (designated cet); and migration of Hb gives the tet product. Two

m

other geometric isomers— tce and cce—arise from 5b and 5c respectively. Thus four distinct
modes of hydrogen transfer are possible, each of which simultaneously fixes stereochemistry at
both lateral double bonds. Although the preference for a single transfer mode in acyclic sys-
tems has been observed when R and R' are large, bulky groups,6 none of these approach the
degree of stereoselectivity that we have observed in the case of 1. Molecular models indicate
clearly that for cyclic allene 1, conformations corresponding to 5a cannot be accommodated.
Conformer 5c is unfavorable since a ring methylene group must be forced into the allene mw sys-
tem when R,R' = (CH2)4. In effect, rearrangement of 1 is limited to one of four stereochemical
pathways (5b -+ tee) due to the geometrical restrictions imposed by incorporating the conjugated
ene-allene moiety into a ring.

In connection with the study of thermal isomerization in 1, we have also investigated a
closely related compound—the cyclopropylallene 6. On the basis of our previous work concern-
ing the stereochemistry of cyclopropylallene rearrangements,7r8 homodienyl [1,5] hydrogen
migration in 6 must give an isomer-pure triene 10. If 10 is capable of subsequent isomeriza-
tion to 11, then thermolysis of 6 would ultimately give cis-bicyclo[4.4.0]deca—2,4-diene 8 and
thus complement the behavior of 1. However, examination of molecular models suggests that ring
strain might prevent 10 from assuming an appropriate conformation for [1,5] hydrogen migration.
In fact, the observed product from pyrolysis of 6 was not the diene 8, but rather the tricyclic

hydrocarbon 9.
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Allene 6 was prepared9 as an equimolar mixture of diastereomers, only one of which (6a)
can undergo homodienyl [1,5] hydrogen migration. 1In 6b, the cyclopropane ring is held rigidly
in a conformation which does not allow concerted hydrogen migration.8 Thermolysis of 6 in a

flow system at 250° (argon carrier, 45 seconds contact time) gave a pyrolysate which contained
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two components in egqual amounts.l? One of these was an allene whose infrared spectrum was
virtually identical with that of the mixture 6. This compound must be the pure diastereomer
6b. The remaining component was a vinylcyclopropane assigned the tricyclic structure 9 from
spectral evidence and chemical degradation.11 Final assignment of the cyclopropane stereo-

chemistry follows from the accepted mechanism for [4 + 2] cycloadditions and the fact that one
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and only one geometric isomer of the 1,3,6-triene 10 is possible from 6a. The intramolecular
Diels-Alder reaction is certainly a geasonable pathway for relief of strain energy in ;9.12
That 9 appears to be a single diastereomer exemplifies again the highly stereoselective nature
of unimolecular rearrangements in these conformationally rigid substrates.

In conclusion, the reactions described here are unusually facile when compared with known
acyclic cases. Furthermore, the behavior of 1 and 6 may be unique within their respective
homologous series. We anticipate that decreased reactivity and perhaps loss of stereochemical
control will accompany increased ring size and the inherent increase in ring flexibility. As
a case in boint, it is interesting to note our preliminary data which show that eis-bicyclo-
[8.1.0]undeca-2,3—diene is quite stable at conditions described above for quantitative
rearrangement of 6a.
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The reaction of 9 with one equivalent of aqueous potassium permanganate (25°) followed by
drastic oxidation of the resulting mixture with chromic acid under acidic conditions gave
trans-1, 2-cyclopentanedicarboxylic acid as major product (30%).
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