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WHY? - Background

HOW? - Methodology
Geometry optimisations were carried out at the B3LYP/6-31G(d,p) level as implemented in Gaussian09. Transition states (TSs) were
connected to their respective reactant and product structures by means of the Intrinsic Reaction Coordinate (IRC). Energies and
electron densities from intermediate structures along the reaction path were computed for their topological analysis along the IRC,
characterising Bond Critical Points (BCPs), Ring Critical Points (RCPs) and computing four-centre delocalisation indices.
Multicentre Delocalisation Indices4 (MCIs) provide a measurement of the electron delocalisation and thus, aromaticity, based on
the n-electron density and performed in the framework of the Mulliken partition.

Back in 1969 R.B. Woodward and R. Hoffman defined
pericyclic reactions in their renowned work, The
Conservation of Orbital Symmetry2 as “reactions in which
all first-order changes in bonding relationships take place
in concert on a closed curve”. Furthermore, and by means
of MO theory, they provided selection rules for all
pericyclic reactions based on the involved number of
electrons.
Surely after, a series of reactions that “could not be orbital
symmetry forbidden” were discovered and labelled by D.
M. Lemal as pseudopericyclic. They were defined by the
same author as “a concerted transformation whose
primary changes in bonding compass a cyclic array of
atoms, at one (or more) of which nonbonding and
bonding atomic orbitals interchange roles3.”
Ever since, a number of experimental and computational
studies have been devoted to the study of
pseudopericyclic processes due to the versatility
conferred by their small or non-existing reaction barriers.
Herein, a series of [1,3] sigmatropic rearrangements are
explored, where the introduction of some atomic
modifications lead to the transition from one sort of
mechanism to the other.

MCIs prove a simple quantum chemical tool which benefit
from invariance under MO transformations, a non-local
nature and the need not to introduce σ/π partitions,
unfeasible in non-planar systems.

Results1
Energy Barrier and MCIs
Energy profiles and four-centre MCIs (4) along the IRC for the previously optimised structures are remarkably
correlated. By substituting a series of heteroatoms in positions X-Y-Z-Q a great decrease in both the four-centre indices
and the energy profile is observed. Notice how the energy profile of D is associated with a very flat profile of 4.
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Substituent Effects
Weak electron-donating groups like methyl result in a slight decrease in
reaction barriers (-4.1 kcal/mol) and 4. Both strong activating and
deactivating groups like the amine and nitrile groups lead to a remarkable
decrease in both magnitudes, -14.7 kcal/mol and -8.6 kcal/mol
respectively, with signs of a change in the reaction’s mechanism. The
donor group lowers the energy barrier to a greater extent and a
maximum (in absolute value) in 4 can no longer be found for the TS. This
implies that the ring adduct that is still formed during the rearrangement
of the amino-functionalised molecules does not rule the energy barrier of
the process.
The formation and collapse
of the RCP with the Z-Q and
X-Y BCPs validates what is
shown by the 4-centre
MCIs. Also, it can be seen
how the topological analysis
reflects the deviation of the
maximum of 4 towards the
product structure in system
H, as the RCP is only formed
pass the TS.
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Conclusions
A very good correlation has been found
between reaction barriers (an experimental
observable) and cyclic electron delocalisation
measured by the MCIs.

Excellent correlation is found between the variation of
four-centre delocalisation index between the transition
state and the reagent and the energy barrier for all
atomic substitutions.

The effects of atom substitution and group
functionalisation have been assessed. Strong
electron-donors and the introduction of
heteroatoms on the alkene chain shift the
reaction
mechanism
to
a
more
pseudopericyclic character.

Even
the
most
“prototypically”
pseudopericyclic systems show some degree of
cyclic electron delocalisation, revealing how
the definition of this type of reactions, as well
as their pericyclic counterparts, are limited by
the concepts that define them.

Their simplicity and advantages over other
quantum chemical tools speak in favour of the
use of the MCIs as an aromaticity descriptor.
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