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Mechanistic analysis of the thermal reactions of polyatomic

molecules is generally predicated on the assumption that any

reactive intermediates will have lifetimes that can reasonably
be described by statistical models of kinetics such as Transition
State Theory (TST)or RRKM theory? The quasiclassical

dynamics simulations described in the present work suggest that

this assumption may not always be justified. They indicate that
a thermally generated intermediate can exhibit a distinctly
bimodal distribution of lifetimes, with the short-lived population

reacting orders of magnitude faster than the statistical kinetic
models would predict. It is possible that such nonstatistical
behavior may be at the root of some of the “stepwise vs
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Figure 1. Enthalpy profiles for the interconversion @fand 3 via
intermediate 2, computed using semiempirical molecular orbital
methods with the AM1 and PM3 hamiltonians.

semble T = 300 °C) of vibrational states was prepared in the

concerted” mechanistic disputes that have plagued mechanisticicinity of the transition structure linking and3. Rotations

chemistry in recent yeafs.

The reaction being simulated in the present work is the
thermal interconversion of bicyclo[3.2.0]hept-2-erk, and
bicyclo[2.2.1]hept-2-ene, by way of the singlet-state biradical
2. The potential energy surfatfr this reaction was computed
with both AM1®> and PM3 semiempirical molecular orbital
methods), using the minimal configuration interaction necessary
for reasonable description of a singlet-state biradical within the
molecular orbital frameworR. As shown in the enthalpy profile
in Figure 1, the two models agree that intermedi&gecurs as
a distinct local minimum, but disagree about the depth. This

of the initial structures were not energized. Each trajectory was
allowed to evolve for at least 500 fs. Each of the semiempirical
surfaces was explored with 100 trajectoriessufficiently small
number that only qualitative conclusions can be drawn from
the results.

Within the first 150-250 fs, each of the trajectories ap-
proached a geometry that was quite close to the transition
structure linking the biradic& and compound. Some of them
passed through this region and on to the minimum corresponding
to compoundl in a total time of about 256350 fs. Others
failed to take the exit, instead appearing to remain trapped in

difference in the two models was exploited in order t0 the region of the biradical for considerably londér.The
investigate the dependence of the dynamics on the details ofagssumption was made that those trajectories failing to escape

the potential energy surfaée.
Classical trajectories were run on both surfaces using the
direct dynamics procedufé. A quasiclassical canonical en-
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Figure 2. Lifetime distributions for intermediat2 from quasiclassical
trajectory calculations and RRKM calculations on the AM1 and PM3
energy surfaces. See footnote 12 for further information.

“wide” exit channels that are more likely to be traversed by the
direct trajectories. Since the best thermochemical estiffates
indicate that the barrier to closure of the biradical is only 1.3
kcal/mol, smaller even than that suggested by AM1, it also
seems likely that the proportion of direct trajectories in the real
system would be higher than seen in either simulation.

The two populations of intermediates revealed by this
simulation differed not only in their lifetime but also in their
likely selection of exit channels. The formation of the new©
bond in1 can occur with two possible stereochemistries that
are distinguishable by isotopic labeling of the hydrog¥rs,

Communications to the Editor

Using a statistical kinetic model, the only way to explain the
experimental results implied by the present simulation would
be to assign two competing mechanisms to the reaction. Given
the disparate lifetimes and stereochemical selectivities of the
two populations, one might well believe that the direct
trajectories corresponded to a “concerted” mechanism, involving
no intermediate, while the others corresponded to a “stepwise”
mechanism in which an intermediate was involved. However,
in the usual language of chemistry, different mechanisms for a
reaction imply different potential energy surfaces. The present
simulation reveals the existence of two dynamic populations
on the same potential energy surface.

The distinction is more than semantic. One can think of
influencing the fraction of intermediates belonging to one
dynamic population or the other (for example by imposing an
isotope effect on the entrance channel, or by changing the
collision frequency of the reacting molecule with others in the
system) with results that would be hard to explain in the
competing-mechanism model. Furthermore, the selection of exit
channel by the direct trajectories is a phenomenon of dynamic
origin in one model, but must be explicable in terms of static
bonding effect¥ in the other.

There is no obvious reason why the particular surfaces
explored in the present simulation should be unique; it seems
possible that the occurrence of bimodal lifetime distributions

but are degenerate for the unsubstituted molecules. These twacould be quite common for reactive intermediaféslechanistic

channels correspond to inversion and retention of configuration
at C6. The degeneracy implies that biradicals exhibiting
statistical behavior (the longer-lived population) should choose
the exit channels with equal probability. By contrast, all of
the trajectories corresponding to nonstatistical dynamics (the
four on the PM3 surface and ten on the AM1 surface) formed
compoundl with inversion of configuration. The experimental
fact is that inversion of configuration is favored in this
reaction!415

An apparent failure of the TST and RRKM statistical
approximation is indicated by the existence of the direct

analyses that assumed statistical kinetic behavior in such cases
would generally be incorrect.
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trajectories in the present simulation. These intermediates are

formed with a distribution of internal energy that is very close
to that required for exit from the biradical local minimum.
However, this is possible only if the dynamics for entrance to
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