Thermal Isomerization of

cis,anti,cis -Tricyclo[6.3.0.0 #"Jundec-3-ene
to endo-Tricyclo[5.2.2.0 2%Jundec-8-ene

ORGANIC
LETTERS

2005
Vol. 7, No. 23
5195-5197

John E. Baldwin, T Andrew R. Bogdan, * Phyllis A. Leber,* * and David C. Powers *

Department of Chemistry, Syracuse thanisity, Syracuse, New York 13244, and

Department of Chemistry, Franklin and Marshall College,
Lancaster, Pennsyania 17604

phyllis.leber@fandm.edu

Received August 18, 2005

ABSTRACT
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The gas-phase thermal isomerization of
cleanly through a symmetry-forbidden [1,3] suprafacial,retention (

cis,anti,cis-tricyclo[6.3.0.0 27]undec-

3-ene (1) to endo-tricyclo[5.2.2.0 26undec-8-ene (2) at 315 °C occurs

sr) pathway.

Woodward and Hoffmann’s 1965 seminal communication
on sigmatropic rearrangements dealt primarily with hydrogen
shifts; [1,3] carbon migrations were mentioned only tangen-
tially in a footnote! A more detailed consideration of
sigmatropic rearrangements including carbon shifts was
provided in 1969:2 Despite the fact that Frey had already
formulated a mechanistically attractive analysis of the
vinylcyclobutane-to-cyclohexene isomerization as a diradical-
mediated process, Woodward and Hoffmann’s paradigm,
when applied to [1,3] carbon sigmatropic migratidds,
proved appealing to many. Serious debate over the impor-
tance of orbital symmetry control in such thermal isomer-
izations has continued into the present century.

An isomerization of a bicyclic vinylcyclobutane, the
conversion of Sexamethylbicyclo[2.1.1]hex-2-ene to &xo
methylbicyclo[3.1.0]hex-2-ene reported in 19§Fable 1,
entry 1), contributed prominently to an almost universal

T Syracuse University.

Table 1. Stereochemistry of [1,3] Shifts for Bicyclic and
Tricyclic Vinylcyclobutanes

compound  t(°C) si(%) sn%) si/sr ref.
Hsczg P 995 05 200 6
HSC\@ 25(?0‘ 87 13 68 10
HSC\@ 23715; 71 29 24 12
% 315, 0 100 0 Vv(‘)'fk

* Franklin and Marshall College.
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acceptance of the WoodwatrtHoffmann interpretation of

vinylcyclobutane-to-cyclohexene conversions as concerted
[1,3] sigmatropic rearrangements, for the strongly favored
product corresponded to the allowed suprafacial inversion

(6) Roth, W. R.; Friedrich, ATetrahedron Lett1969 31, 2607-2610.



(si) reaction stereochemistry.édeAcetoxybicyclo[3.2.0]-
hept-2-enes labeled with @xodeuterium or anexemethyf

substituent at the migrating carbon C7 similarly showed that

[1,3] carbon shift products were formed with more inversion
than retention: the reportesi/sr values were>19 for the
exodeuterium-labeled reactant and 9.3 for #emethyl
substraté. A recent investigation of Bxomethylbicyclo-
[3.2.0]hept-2-ene found that it isomerized withsifsr ratio
of 6.81° (Table 1, entry 2).

Only one prior investigation of the thermal chemistry of

a bicyclo[4.2.0]oct-2-ene has appeared in the literature. In

1973, Berson and Holder reported thaemdeacetoxy-8-
examethylbicyclo[4.2.0]oct-2-ene isomerized to substituted
bicyclo[2.2.2]octenes with only modest selectivity favoring
the symmetry-allowedi pathway 6i/sr = 2.2)* We have
recently confirmeé? that 8examethylbicyclo[4.2.0]oct-2-
ene gives isomeric [1,3] carbon shift products reflecting a
similar si/sr ratio, 2.4 (Table 1, entry 3).

Thus, bicyclic vinylcyclobutane systems isomerize through
[1,3] carbon shifts to give two products reflectisgandsr
reaction stereochemistry, with tiseoutcome strongly or at
least modestly favored (Table 1, entries3), a preference
interpreted by Carpenter in terms of dynamic rotational
effects!® In these systems, antarafacial pathwagsaf ai)
are geometrically inaccessible for they would lead to
thermochemically disadvantaged products.

The present work involved designing, making, and study-
ing the thermal chemistry of a tricyclic vinylcyclobutade
for which three of the four canonical [1,3] pathways would
be geometrically prohibited. According to AM1 calculations,
asi pathway froml to trans-5,6-trimethylenebicyclo[2.2.2]-
oct-2-ené* would be endothermic by 12.2 kcal/mol while
an sr reaction leading t® would be exothermic by 10.2
kcal/mol. Ansr shift would not be inevitablel might prove
thermally stable, or it might decompose only through
fragmentation.

The cyclopentane substructure witHinvould restrict the
[1,3] shift possibilities, and it would tend to make thermal
cleavage of the C1C2 bond to afford an alkyl, allylic
diradical intermediate more difficult through restricting
rotation about the C1C8 bond. Thus, reduction of the rate
constant for thermal decomposition bfmight be expected,
compared with the fragmentation and [1,3] isomerizations
observed in some model systems, such es@nethylbicyclo-
[4.2.0]oct-2-eneky = 2.0 x 107* s7* at 315°C"?).

Entry to the tricyclic system in compouridvas achieved
by photochemical cycloaddition of cyclopentene and 2-cy-
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clohexenon®16 with a 450-W medium-pressure mercury
lamp (Scheme 1). The reaction was allowed to proceed to
at least 75% conversion. The photochemical cycloadduct
isolated had spectral data matching those reported for this
known structuré? Chromatographic purification of the cyclo-
adduct facilitated formation of the tosylhydrazone derivative;
its relatively narrow melting point range (13034 °C)
signified a fairly high degree of purity. The Shapiro mod-
ification'® of the Bamford-Stevens reaction gave compound
1, and the structure was confirmed by*3 NMR DEPT
pulse sequenced 131.3 &CH), 126.8 €CH), 46.0 (CH),
40.5 (CH), 35.8 (CH), 35.2 (CH), 32.9 (GH 32.6 (CH),
25.6 (CH), 25.0 (CH), 21.4 (CH). Further characterization

of compoundl was achieved by catalytic reduction dis,-
anti,cistricyclo[6.3.0.¢Jundecaneg), which yielded a3C
NMR spectrum with only six peaks) 43.2, 35.2, 32.2, 26.6,
26.3, 20.7. While the GH1g saturated tricyclic hydrocarbon

is not a known compound, theis,anti,cis and cis,syncis
analogues with 10 and 12 carbons and tH&rNMR spectra
(recorded for CCl solutions) have been reported in the
literature!® A simple 3C NMR additivity model predict®
41.4, 33.8, 32.7, 26.6, 24.5, 22.6 for tbis,anti,cisisomer

of tricyclo[6.3.0.GJundecane, in reasonable agreement with
the experimental values. In additional support of this
structural assignment df the reaction sequence of Scheme
1 starting with the cycloaddition of cyclohexene with
cyclohexenone led to the knowveis,anti,cistricyclo[6.4.0.G-7-
dodecané?

The precursor of compound was accessed by Diets
Alder cycloaddition of 1,3-cyclohexadiene and 2-cyclopen-
tenone using aluminum trichloride as a catalySubsequent
reduction of ketoneés?° to compound2 was accomplished
via the following three-step sequeretreatment with
LiAIH 4, conversion of the resultant alcohols to mesylate
derivatives, and further reduction with L§BH. Substitution
of LiEtsBH for LiAIH 4 was necessitated by the observation
of both substitution and elimination products with LiAJH
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loss of 1) = (ki + k) = 4.4 x 10°°% s, ks (for the
isomerizationl— 2) = 1.4 x 10¢s™%, andk; = 3.0 x 10°®
s (Scheme 3). Thé/ks ratio is 2.1.

Scheme 3
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This sequence of reactions (Scheme 2) gave the endo isome

of compound?, a known compouné? Catalytic hydrogena-
tion of 2 converted it to another known compour@ ith
six nonequivalent carbonsd 41.1, 30.0, 28.1, 27.2, 26.6,
20.3. Thesé*C NMR chemical shifts match those reported
in the literature?324

The thermal reactions dfwere followed at 318C using
pentane as a bath gas and a gas-phase static réactor.

Reaction time versus relative concentration data were secured’

through capillary GC analyses; the internal standard cyclo-
decane, produc?, and reactani were well resolved and
eluted in that order (Figure 1). Product mixtures were
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Figure 1. Capillary GC analysis of gas-phase thermal reaction
mixture from1 after 19 h at 315C: from left to right, internal
standard cyclodecang, and 1.

exceptionally clean; minor side products were not seen. Data

from six kinetic runs gave rate constamkis(for first-order
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The simplest mechanistic explanation for the thermal
Behavior ofl is homolytic cleavage of the CiC2 bond to
generate an alkyl, allylic diradical intermediate that partitions
itself between potential reformation af formation of the
[1,3] srisomerization produ@, and fragmentation. The [1,3]
shift in compoundL is more competitive with fragmentation
than in 8examethylbicyclo[4.2.0]oct-2-ene (Table 1, entry
3), which at 315°C affords predominantly fragmentation
ith lesser amounts of the [1,3] shift products and epimer-
Ization in a ratio of 74:15:11, respectively; thg(kss + Ksi)
ratio is 4.9%2

In summary, the tricyclic vinylcyclobutang undergoes
thermal isomerization exclusively through an pathway;
the si/sr value is 0 (Table 1, entry 4). Notably, this is the
first such example of a vinylcyclobutane labeled witheao
alkyl substituent on the migrating carbon that proceeds
without any contribution from thesi pathway. The geo-
metrical constraints irl force a symmetry-forbidden su-
prafacial, retention outcome without greater fragmentation
or lesser [1,3] carbon-shift contributions.

The conversion ofl to 2 provides another example of a
vinylcyclobutane-to-cyclohexene isomerization taking place
through a short-lived diradical intermediate giving products
in proportions influenced by geometrical constraints and
dynamic factors, rather than by more or less control by orbital
symmetry influence®®
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