JIAIC[S

COMMUNICATIONS

Published on Web 04/07/2006

Thermal Isomerizations of 2- d-1-(E)-Propenylcyclobutanes to
4-d-3-Methylcyclohexenes

John E. Baldwin* and Jean-Marie Fedé
Department of Chemistry, Syracuse arisity, Syracuse, New York 13244

Received January 3, 2006; E-mail: jbaldwin@syr.edu

Thermal stereomutations of isotopically labeled cyclopropanes, Scheme 1

structural isomerizations of 2,3;8s-labeled vinylcyclopropanes to D D
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3,4,5ds-labeled cyclopentenes, and degenerate isomerizations of i cH
4- and 6d-bicyclo[3.1.0]hex-2-enes have been probed in great detail HaC™ 3% 1t CH, P
through kinetif: and stergochemical investigatibﬁs;ompgtatior.]al k, (SH%MHW) Ksrha)
efforts to define potential energy surfacde$,and quasiclassical b

dynamic trajectory simulations? In all three cases, fair agreements

between experimentally defined reaction stereochemistry and ster- HsC 3
eochemical inferences from the trajectory simulations have been

attained. The mechanistic model for all three of these families of related work starting with @®,2R)-2-d-1-(E)-propenylcyclobutane
reactions features short-lived diradical intermediates. Inertial effects and (R 2R)-2-d-1-(2-(E)-d-ethenyl)cyclobutane. The experimental
are reflected in product ratios, to some degree, for completely challenges posed by such systems are substantially more daunting
random stereochemical outcomes are not obséARdring passage  than those encountered with the 2-methyE)~oropenylcyclopro-

from entry onto a nearly flat energy plateau, a caldéta,one of panes, for neither capillary GC nor “chiral” GC, analytical mainstays
several possible exit channels leading to stereochemically distinctin the earlier work? can serve similar functions. All determinations
products, conformational changes of diradical intermediates are of diastereomeric and enantiomeric relationships in starting materials
dictated by distributions of energy among various vibrational modes and [1,3] carbon shift products would need to be secured spectro-
and their phase relationships. Initial conditions in individual scopically. Only one complete stereochemical study of [1,3] carbon
molecules as they enter a transition region may give different shifts in vinylcycloalkaneshas uncovered stereochemical outcomes
stereochemical outcomes; observable outcomes may be matchegvhen the migrating carbon was substituted with one H and one
by the statistical composite of many hundred or thousand compu- D15
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tationally followed individual trajectories. When trans-2-d-1-(E)-propenylcyclobutane1¢t) is heated, it
The stereochemical characteristics of thermal isomerizations interconverts with its cis forml(c); both diastereomers giveis-

shown by two sets ofis- andtrans-2-substituted-1&)-propenyl- and trans-4-d-3-methylcyclohexenes andis- and trans6-d-3-

cyclobutanes have recently been determitiéd.In all four methylcyclohexenes (Scheme 1), as well as various fragmentation

instances, all four possible stereochemically distinct [1,3] carbon products. Reliable analytical data for the time evolution of isomeric
shift products were formed under kinetic control. Balances between racemic 2d-1-(E)-propenylcyclobutanes and d#3-methylcyclo-
isomeric 4-substituted-3-methylcyclohexene products advantagedhexenes could be used to deconvolute the data to secure rate
the more thermochemically stable trans diastereomers in every caseconstantsk(tc) = k(ct), k(si + ar), and k(sr + ai). These rate
When “allowed” &i + ar) products were trans, they were favored; constants involve reactions initiated by €€C2 bond cleavages;
when 6i + ar) paths led to cis products, the “forbidderst (+ ai) when C1C4 is broken and-t and 3-c are eventually formed,
outcomes, affording trans products, were domida#tRationaliza- K (ar + ai) andk'(sr + si) reflect the product ratio.
tions based on orbital symmetry theory and concerted reaction The synthetic prerequisites posed by this projected investigation
profiles cannot account for these experimental findings, nor are have been addressed successfully through a reaction sequence
these mechanistic assumptions consistent with the best theorystarting with racemidrans-1,2-cyclobutanedicarboxylic acid. Its
currently available for stationary point structures and energies on monoethyl estéf acid chloridé’” was reduced using-BusSnD and
the potential energy surface for vinylcyclobutane thermal reac- (PhP),Pd)28 the deuterioaldehyde formed was decarbonyldted
tions4 to give ethyltrans-2-d-cyclobutanecarboxylate. Utilizing a stereo-
Before experimentally based stereochemical findings, a calcu- chemically controlled HornerWittig protocol2° thed-labeled ester
lationally defined and analytically expressed potential energy was converted to a 1:1 mixture of crystalline diastereomsyie
surface, and quasiclassical dynamic trajectory simulations may be 2-diphenylphosphinoyl-1-cyclobutylpropane-1-dld NMR ¢ 1.89
brought to bear on vinylcyclobutane-to-cyclohexene isomerizations, and 1.66). A hydride-promoted elimination of diphenylphosphinic
much needs to be done. A system without an intrinsic thermo- acid at 50°C afforded 1, together with somel-c (1-t:1-c ~
chemical bias for some products needs to be prepared and its88:12)2:
thermal stereochemistry uncovered. For such a system, the sym- Gas-phase kinetic runs at 276Q with methylcyclohexane as
metry characteristics of the high-energy plateau on the potential an internal standard and pentane as a bath gas were followed by
energy surface, the caldera, would lead to a relatively simple capillary GC. They provided mol % concentration versus time
analytical definition of the surface and more tractable dynamics profiles for (l-t + 1-c) and all d-labeled 3-methylcyclohexene
calculations. products. The rate constant for disappearance of starting material,
We have initiated stereochemical studies on the thermal reactionsk(f) + k(1,3), was 1.03x 10-° s71. Herek(f) is the rate constant
of racemic 2d-1-(E)-propenylcyclobutanes and are preparing for for fragmentation to ethylenes and 1,3-pentadiekék3) isk(si
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3-Methylcyclohexenes at 276 °¢c
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Figure 1. Formation of 8-c + 3-), 2-t, and2-c from 1-t (t) and1-c (t).

+ ar + sr + ai) + K(si + ar + sr + ai), the sum of all rate
constants for [1,3] carbon shifts shown in Scheme 1. The value for
k(1,3) was 3.36x 10°¢s71, and thusk(f) = 6.9 x 106 s7L,

The thermal reaction product mixtures were separated by
preparative GC, anéH NMR spectra were obtained. T3t and
3-cisomers could not be distinguishetl 1.945), but the other pairs
of diastereomers were readily quantifiedt( 6 2.08;1-c, 6 1.82;
2+, 0 1.78;2-c, 6 1.18). The first-order decay of the difference in
mol % concentrations of-t and 1-c, corresponding to Ktc) +
k(f) + k(1,3), was 1.8% 10°s7%, and hencd(tc) = 0.42x 107>
s~1. The time-dependent mol % concentrationd-vfaind1-c depend
on the rate constantgf) + k(1,3) and &(tc) + k(f) + k(1,3), and
on the initial concentrations of-t and 1-c, 88.35 and 11.65,
respectively. The integrated solutions of the pair of differential
equations appropriate to the kinetic situation dre (t)] = 38.35
exp(=44t) + 50 expEAat) and [L-c (t)] = —38.35 exp{-Ajt) + 50
exp(Aa,t), whered; = 1.87x 10°standi, = 1.03x 10°s™1,

A detailed understanding of the fundamental determinants of
reaction stereochemistry for the isomerizations ofl-2P-E)-
propenylcyclobutanes to d-3-methylcyclohexenes must await a
full stereochemical dissection of the [1,3] shift outcomes, and
theoretical work, including dynamics calculations, to model reaction
trajectories across the caldera. The work required will be demand-
ing, but it is surely feasible.
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