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In 1963, soon after the thermal conversion of vinylcyclopropane
(1) to cyclopentene3) was first reported,it was recognized that
homolysis of a C+C2 bond in1 might lead to both E)- and
(2)-2-pentene-1,5-diyl diradical€¢2, Z-2).2 The former could
not proceed readily to cyclopentene, while the latter, the “fruitful”
alternative, might be only slightly higher in energy, and then
require but little further energy to give the [1,3] carbon shift
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Four years later the thermal equilibration of cis and trans
isomers of 1-vinyl-2d-cyclopropaned-1-d, t-1-d) was uncovered
and found to be faster than the structural isomerizatidgrhile
the diradicaE-2-d could have served conveniently to rationalize
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with cyclopentené.Yet four stereochemically distinct products
are formed in kinetically controlled process€EsA 1-vinyl-2,2'-
d,-cyclopropane may give four stereoisomers of &4yclo-
pentene through passages through four distinct versions of that
single transition structure, all isomeftigbut for the labels), two
pairs of diastereomeric enantiomers (when the deuterium labels
are considered).Conformational flexibility available to a 1,5-
dy-labeledz-2 diradical permits one starting material to reach all
four transition structures in the transition region without the
intervention of intermediate:

Recent direct dynamic quasi-classical trajectory calculations
for rearrangement of the parent system based on these under-
standings have provided an account of overall stereochemistry
in striking agreement with experimental resiits? The experi-
mental relative rate constants were found tdkie= 40%, ks, =
23%, kar = 13%, andky, = 24%, with estimated experimental
uncertainties oft:2 to 3%, at 300C;? the relative percent yields
calculated from trajectories initiated at three saddle points were
Si=45+ 4,sr=284+ 3,ar = 12+ 3, andai = 24 + 32

Just how stereomutations fit in this picture remains only partly
clarified. The latest theoretical work has found a transition
structure for aZ-2 conformer corresponding to a one-center
epimerization at C2, and another, an extende? form (Z-2-
eX), that could accommodate epimerization at C1, both lower in
energy than the transition structure leading to cycloperftehe.
Thus access t&-2 diradicals might not be required for stereo-
mutations. Vinylcyclopropanes limited to gauche conformational
forms and toZ-2 diradical conformational options might still
exhibit facile stereomutatioris.
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this facile stereomutation, the question as to whether stereomu-

tation and the slower [1,3] carbon migration might occur through

2-Methylene-3-spirocyclopropanebicyclo[2.2.1]heptahevas

one common or two separate reaction manifolds could only be Selécted as a suitable substrate to test this inference. Thermal

noted, not resolvedl.
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Stereomutations of substituted vinylcyclopropanes are typically

much faster than structural isomerizations, a fact complicating

stereochemical studies of the [1,3] carbon migratith¥et

information on the stereochemical course of vinylcyclopropane-

isomerization of4 would be expected to give tricyclo[5.2.29
dec-2(6)-enef) as a reactive intermediate, which through a retro
Diels—Alder reaction would provide the known tetrahydropen-
taleness and7.*? The geometrically limited vinylcyclopropare

was readily prepared from 3-methylenenorbornanone, through
Simmons-Smitk and then Wittig reactions. At 30%C in a gas-
phase static reactor with pentane as a bath gas it isomerized and
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to-cyclopentene rearrangements has been secured for a numbeto8. (d) Houk, K. NAcc. Chem. Re4.995 28, 81-90. (e) Davidson, E. R.;

of monocyclic systems: they isomerize with some preference for

suprafacial,inversionsf) stereochemistry but with substantial
contributions from suprafacial,retenticsr), antarafacial,inversion
(ai), and antarafacial,retentioar) paths as well#°

Theoretical investigations of the parent rearrangement have

located only a single transition structure linking vinylcyclopropane
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gave rise to the bicyclic dienésand7, with rate constank(d)
= 2.26 x 10°¢s71 (5 kinetic points, GC analyseB? = 0.989).
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A sample of4-d, (exo-4-d, (deuterium at 0.49 and 0.79):
endo4-d, (6 at 0.65 and 0.69= 86.7:13.3, by?H NMR
spectroscopy at 92.1 MHz) was obtained through the same
sequence, using GD in place of CHI; in the first step. The
rate constant for the structural isomerizations converéixg4-
d> andendo4-d; to 5-d, (and on to6-d, and7-d,) at 309°C was
slightly slower for the labeled reactari(d,) = 1.8 x 1065113
Thermal stereomutations interconvertiexp-4-d, andendo4-d,
were followed by?H NMR spectroscopy: the percent diastere-
omeric excess100Exo-4-d, — endo4-d,)/(exo-4-d, + endo4-
d>)—as a function of time (73.4, 47.4, 23.2, 12.2, and 3.0, after
0,1, 3,5, and 20 h) showed that stereomutations were much faster
The functionendo4-dx(t) — endo4-dx(20 h) was well-modeled
through a simple exponential function, giving{+ Ksm) = 1.18
x 1074 st (R = 0.999).
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After 20 h (more than 12 half-livesgxo-4-d,:endo4-d, was
found to be 51.5:48.5, so th&, = 5.7 x 10° st andKs, =
6.1 x 1075 s7L The slightksmK'sm inequality might be taken as
indicative of some preference for E&(exo) versus C3C(endo)
bond cleavage and normal secondary deuterium kinetic isotope
effects, but the calculated difference is small: if there is any
preference at all, it is very minor.

Forexo4-d, and4 ks k(dp) is ~25, a ratio similar to one found
for vinylcyclopropanesc-1-d and 1: the stereomutation rate
constantk, = k(cis-to-trans) forc-1-d is 2.5 x 104 s* at 309
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°C 2 k(1—3) at this temperature is 7.¥ 106 s 1,15 and the ratio
ke k(1—3) is ~32.

The geometrical constraints imposed on the vinylcyclopropane
sub-system irexo-4-d, do not impede the stereomutation process
governed byks, to any significant extent, demonstrating that
access tde-2 diradicals is not required for such epimerizations.
Extended diradical transition structures analogous-®ex such
as8a and8b—structures that are unlikely to have any mutually
stabilizing interactions between the two radical entittesem
thoroughly satisfactory alternatives. They appear to be readily
accessible frord-d, and to be of substantially lower energy than
the diradicaloid transition structures involved in [1,3] shift
reactions leading t6-d,, just as implied by theory for the parent
systenfef

The kinetic results found in the present work answer the
question posed by Wilcott and Cargle in 1963tereomutations
shown by vinylcyclopropanes may occur through bzt and
E-2 reaction manifolds. The diradical transition structures im-
plicated in these stereomutations would be devoid of special
radical-radical stabilizing effects. Our results are in complete
harmony with the most recent theory based on CASSCF/6-31G*
and CASSCF(4,4)/6-31G* calculations, which find-2-ex some
2.7—-3.2 kcal/mol below the transition structure for rearrangement
to cyclopentene (FS13'%¢ or “[1a,3s]TS the transition state for
the si shift”®"). Whatever “energy of concert” may be associated
with the transition structure for the vinylcyclopropane rearrange-
ment it seems more than overshadowed by other geometrically
and electronically dictated energy-costly influences.
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