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A comprehensive B3LYP/6-31G** study of various thermal cheletropic decarbonylations was
conducted. The complete pathway for each reaction was determined, and changes in magnetic
susceptibility and its anisotropy were monitored with a view to estimating the aromatization
associated to each process. This information, together with the energy and structural results, allowed
us to clarify cases that are not clearly pseudopericyclic or pericyclic from previous work. Also, our
results reveal that pericyclic reactions involve no disconnection in the cyclic array of overlapping
orbitals. Therefore, a pseudopericyclic reaction involves at least one such disconnection. In any
case, pseudopericyclic reactions involving two disconnections exhibit much clearer features, which

facilitates their classification.

Introduction

According to the original definition of Lemal a pseudo-
pericyclic reaction is a concerted transformation whose
primary changes in bonding encompass a cyclic array of
atoms, at one (or more) of which nonbonding and bonding
atomic orbitals interchange roles.! The role interchange
means a “disconnection” in the cyclic array of overlapping
orbitals because the atomic orbitals switching functions
are mutually orthogonal. Hence, pseudopericyclic reac-
tions cannot be orbital symmetry forbidden.

Following this definition by Lemal, pseudopericyclic
reactions fell into oblivion until Birney?>® first and
several other authors® 13 later revived interest in them
by showing that a number of organic syntheses involve
this type of process. Although Lemal’s definition is
seemingly quite clear, there is some ambiguity in it as
the orbital description is not unique; thus, any unit
transformation of canonical molecular orbitals can be
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used to reproduce molecular properties. Also, most of the
studies on the topic have so far focused virtually exclu-
sively on the properties of the transition state when it
would have been more advisable to monitor the whole
reaction.

Therefore, no universally accepted clear-cut, absolute
criterion exists for distinguishing a pseudopericyclic
reaction from a normal pericyclic reaction. This has
raised some controversy in classifying some reactions.'4~17
In addition to using structural criteria and natural
bonding orbitals (NBOs),®~2° we examined magnetic pro-
perties with a view to assessing aromatization during the
processes. This relies on the fact that the cyclic loop of a
pericyclic reaction yields an aromatic transition state,?!
as quantitatively confirmed for various reactions.??~2°
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Thus, Herges et al. showed that, in the vicinity of the
transition state in the Diels—Alder reaction, the magnetic
susceptibility (y) and its anisotropy (yanis) €xhibit well-
defined minima with respect to the reactant and prod-
uct.?? On the other hand, the typical disconnection of
pseudopericyclic reactions would have prevented this
aromatization, as shown by our group for the unequivo-
cally pseudopericyclic cyclization of 5-0x0-2,4-pentadienal
to pyran-2-one.r” This reaction involves the in-plane
attack of the lone electron pair on the carbonyl oxygen
to the electrophilic allene carbon. The way y and,
especially, yanis Change along the reaction coordinate
reveals that the process involves no appreciable aroma-
tization. This clearly departs from the typical aromati-
zation of pericyclic processes.

Another method that uses the magnetic properties is
ACID (anisotropy of the current-induced density), devel-
oped recently by Herges and Geunich.?® It has been
proved that this method is very useful for the quantita-
tive study of delocalization in molecules. Also it has been
used to study several pericyclic reactions and to distin-
guish a coarctate reaction from a pseudocoarctate reac-
tion.?”28 This fact seems to indicate that this method
could be useful for the study of pseudopericyclic reactions.
Nevertheless, its systematic application to a substantial
number of pseudopericyclic reactions is still necessary to
confirm its general validity in this research field.

In one paper about pseudopericyclic reactions, Birney
et al.# raised the following question: how many and what
types of disconnections in the loop of interacting orbitals
are necessary to obtain the energy benefits of a pseudo-
pericyclic reaction pathway? To provide an answer, these
authors examined various thermal cheletropic decarbo-
nylations and concluded that two orbital disconnections
suffice to allow a reaction to be pseudopericyclic and to
have a roughly planar transition structure. Orbital
disconnections can occur both at cumulene carbons and
at atoms bearing lone electron pairs. According to Birney
et al., a single disconnection may, but will not always,
lead to a pseudopericyclic transition structure. However,
this conclusion is in open conflict with Lemal’s original
definition, on the basis of which a single disconnection
is enough to produce a pseudopericyclic reaction. Specif-
ically, Birney et al. classified the thermal cheletropic
reactions of Figure 1 as follows: reaction A is the
prototype of a pericyclic reaction (cyclic orbital overlap);
reactions B and E are pseudopericyclic with two orbital
disconnections; and reactions C and D both involve a
single disconnection, but the former is pericyclic whereas
the latter is pseudopericyclic. This last conclusion is in
clear contradiction with Lemal’s original definition.

On the basis of the foregoing, in this work we con-
ducted a comprehensive DFT study of the reactions of
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FIGURE 1. Reaction scheme for the decarbonylations studied.

Figure 1. The reaction F is analogous with reaction C
and had never previously been examined. In reaction F,
the substitution of the oxygen atom by the nitrogen
leaves an electron lone pair that is still properly oriented
for the disconnection to occur; however, this reaction has
the advantage that it introduces a hydrogen atom the
spatial changes in which during the reaction provide
valuable clues that facilitate its study. In addition, the
C—F analogy is an appropriate complement to the B—E
analogy. The pathways for the six reactions were eluci-
dated, and the variation of magnetic susceptibility and
its anisotropy along each were examined with a view to
assessing the suitability of this aromaticity criterion for
discriminating between pericyclic and pseudopericyclic
processes. Only the reaction pathways leading to an E
configuration of the imine were studied in reactions E
and F as the Z configuration required an orientation of
the lone pair in the heteroatom that ruled out its effective
involvement in a possible disconnection.

Computational Details

The geometry of each stationary point was fully optimized
using the Gaussian98 software package?® with the 6-31G**
basis set and the density functional theory (specifically, the
Becke3LYP functional).®%3! All points were characterized as
minima or transition structures by calculating the harmonic
vibrational frequencies, using analytical second derivatives.
Also, the pathway for each reaction was obtained by using the
intrinsic reaction coordinate (IRC) with mass-weighted coordin-
ates.32734 Although the evaluation of the absolute aromaticity
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TABLE 1. Selected Geometrical Parameters of Transition Structures2

TSa

TS

X1-C5

C4-C5
X1-C5-06
C4—-C5-06
C5—X1-C2-C3
C5—-C4-C3-C2
06—-C5—X1-C2
06—C5—-C4—-C3
C5—-C3C407°

2.128 (2.127)
2.128 (2.127)
132.9 (132.5)
132.9 (132.5)
—40.1 (—40.9)
40.1 (40.9)
95.8 (92.9)
—95.8 (—92.9)

2.090 (2.108)
2.046 (1.947)
113.3 (114.6)
156.4 (153.3)
0.0 (0.0)

0.0 (0.0)

180.0 (180.0)
180.0 (180.0)
180.0 (180.0)

TSc TSp TSe TSk
2.319 (2.261) 2.526 (2.449) 2.099 (2.134) 2.163
1.768 (1.769) 1.846 (1.868) 2.140 (1.988) 1.928
116.4 (120.7) 128.0 (129.5) 116.1 (118.7) 123.9
139.8 (135.6) 143.4 (140.8) 155.4 (150.9) 137.7
—31.5 (—34.3) —44.7 (—46.5) 0.0 (0.0) -38.1
50.2 (49.1) 19.7 (20.8) 0.0 (0.0) 43.2
91.2 (85.7) 121.8 (116.3) 180.0 (180.0) 91.3
—67.3 (~71.3) —126.6 (—122.0) 180.0 (180.0) -80.6

174.7 (175.9)

180.0 (180.0)

a MP2/6-31G* values obtained by Birney et al. are in brackets.# Bond lengths are in A and angles are in deg. ® Deviation of the C5

atom with respect to the plane formed by atoms C3, C4, and O7.

of a compound remains a controversial, relatively obscure
issue,®> we were primarily interested in its variation during
the reaction, and the evaluation of magnetic properties can
be a useful tool for this purpose. Changes in magnetic
properties along the IRC were monitored at different points
for which the magnetic susceptibility (y) and its anisotropy
(xanis) Were calculated. Magnetic susceptibility values were
calculated by computing the NMR shielding tensors at the
B3LYP/6-311+G(2d,p) level using the IGAIM (individual
gauges for atoms in molecules) method,3¢3” which is a slight
variation of the CSGT (continuous set of gauge transforma-
tions) method.367%8 Some processes were also monitored by
applying the NBO (natural bond orbital) method!®-2° along the
IRC, using the B3LYP/6-31G** electron densities. Also we
have carried out some ACID calculations (anisotropy of the
current-induced density) with the program supplied by Herg-
es.?6 These calculations were performed with the same basis
set as the other magnetic properties.

Results and Discussion

It should be noted that the need to determine the whole
IRC for each reaction precluded the use of a high
computational level. In any case, our results suggest that
the chosen level (B3LYP/6-31G**) was more than accept-
able. Thus, the activation energy obtained for the pro-
totypical reaction A, zero point energy (ZPE) include, was
48.9 kcal/mol, which is virtually identical with the 49.0
kcal/mol provided by the computationally much more
costly MP4(SDTQ)/D95**//MP2/6-31G*+ZPE level* and
very close to the experimental value (51.3 + 0.2 kcal/
mol).®® The activation energies for the other reactions
were as follows: 21.6 (B), 50.1 (C), 37.4 (D), 36.4 (E), and
60.3 kcal/mol (F). These values are also very similar to
those obtained by Birney et al. using the MP4(SDTQ)
level.# Such excellent consistency had also previously
been obtained in DFT calculations for other pericyclic
reactions.*® As can be seen from Table 1, which shows
the values of selected geometric parameters, there was
a high similarity between DFT and MP2/6-31G* geom-
etries.

Figure 2 shows the energy profiles obtained from the
IRC calculations. The whole reaction pathway to the
reactants was determined in all cases; that to the
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FIGURE 2. Energy profile for the reactions.

products could not be obtained in its entirety as the IRC
computations were stopped before the expected complex
was reached. In any case, the extent of reaction develop-
ment examined sufficed for the two molecular fragments
to become substantially independent.

Pseudopericyclic reactions are known to exhibit low
activation energies.?~8 This conclusion should be inter-
preted in a relative rather than absolute manner as, in
fact, pseudopericyclic reactions possess low activation
energies with respect to analogous pericyclic reactions.
When the activation energy of the pericyclic prototype is
low, the corresponding pseudopericyclic reaction may
even be subject to no activation energy; such is the case
with the electrocyclization of 5-0xo0-2,4-pentadienal.'” In
the reactions examined in this work, the pericyclic
prototype (A) has a high activation energy (48.9 kcal/mol),
so the pseudopericyclic reaction can only reach an
intermediate activation energy. This is indeed the case
with reaction B, unequivocally pseudopericyclic, which

J. Org. Chem, Vol. 68, No. 23, 2003 8825
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is subject to a substantial energy barrier (21.6 kcal/mol)
that is much lower than that of reaction A in any case.
The height of the energy barrier and the shape of the
energy profile allow one to draw the conclusions that
follow. Thus, reactions C and F behave very similarly to
A, which is consistent with a pericyclic nature. The
energy barrier of reaction E is not so low as that of B;
however, the energy profile of the former is seemingly
consistent with a pseudopericyclic nature. Reaction D is
the most difficult to interpret: a substantial decrease of
the barrier is observed, but also an energy profile that is
more similar to those of pericyclic reactions.

In the reactions with the most apparent pseudoperi-
cyclic nature (B and E), the pathway between the
reactant and the transition state is very short; by
contrast, pericyclic reactions involve a much longer
pathway and an energy profile that exhibits a more
gentle rise at the beginning of the reaction. Based on the
calculated geometries, this initial segment of the reaction
pathway involves a spatial change but no marked progress
in the rupture of the two ¢ bonds. Thus, the C1-C5
distance in reaction A takes a value of 1.539 A and
remains virtually constant between the reactant (r.c. =
—13.01 amu'?bohr) and quite a advanced reaction stage
(—5.71 amubohr). Throughout this interval, which
encompasses more than half of the pathway to the
transition state, the energy rises to only 14% of the
barrier. Beyond this point, the energy increases substan-
tially, and so does the C1—C5 distance, which reaches
2.128 A in the transition state. The pseudopericyclic
reactions B and E behave rather differently from the
previous one; both the energy and the X1—C5 and C4—
C5 distances increase from the start. This can be sum-
marized as follows: whereas pseudopericyclic reactions
are “ready” to start, pericyclic reactions require the prior
spatial accommodation of the reactants in order to
facilitate the bond ruptures involved. Such accommoda-
tion essentially involves the migration of the CO group
from the molecular plane to a position normal to it. As
can be seen in Figure 3, which includes the normal
vibrational frequency corresponding to each imaginary
frequency, such a migration has been completed by the
time the transition state is reached; in fact, at TSy, the
CO group is virtually normal to the remainder of the
molecule and the hydrogen atoms bonded to C1 and C4
undergo the disrotatory movement typical of a linear
suprafacial reaction (see Figure 4a). As can also be seen
from Figure 3 (and Table 1), the situation of C and F is
very similar to that of A as regards both the position of
the CO group and atom movements; however, the lack
of one (F) or two hydrogen atoms (C) precludes the
confirmation of the disrotatory movement. Figure 3 also
shows that the transition states of reactions B and E are
completely planar: the CO group departs from the
remainder of the molecule but continues to be absolutely
coplanar. All of this is consistent with a pseudopericyclic
reaction with two disconnections: one at the heteroatom
X1 that involves a lone electron pair and the other at C4
that involves the outer 7(4—7) bond (see Figure 4b). As
with the energy profiles, reaction D is the most difficult
to interpret as its transition state has the CO group
virtually halfway between a coplanar and a normal
position. The O6C5X1C2 and O6C5C4C3 dihedrals (Table
1) reflect the position of the leaving CO group: they are
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FIGURE 3. Transition structures and normal mode eigen-
vectors for the coordinate frequency.

close to 90° for TSa, TSc, and TSk, exactly 180° for TSg
and TSg, and intermediate (in the region of 125°) for TSp.
However, a closer look at the geometry of TSp reveals
that the atom arrangement around C4 is very similar to
those in the pseudopericyclic reactions B and E. Thus,
C5 departs from C4 and adopts a nearly planar config-
uration: the angle between C5 and the C3C407 plane
is ca. 175° (see Table 1). Such a planarity around C4 can
also be evaluated from the degree of pyramidalization; a
simple way of quantifying it is by defining the planarity
defect at C4 as 360° minus the summation of angles
around this atom. This yields a value of only 0.12° (0.07°
with MP2/6-31G*), which represents nearly absolute
planarity. However, as expected, the arrangement around
Cl in TSp is very similar to that in the pericyclic
reactions: the C5C1C2C3 dihedral angle is —44.7°, which
is very similar to the —40.1° in TSa. In summary, the
transition state of reaction D seemingly exhibits a
disconnection at C4. On the other hand, the transition
states of C and F are very similar to that of A and the
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Butadiene orbital )
LUMO disconnection

TSB
orbital ]
8/8_8\8 disconnection
a b

linear suprafacial
(disrotatory on butadiene)

FIGURE 4. (a) Orbital interactions in the pericyclic decar-
bonylation A. The CO is under the butadiene plane. There is
a cyclic orbital overlap around the ring of interacting atoms.
(b) Orbital interactions in the pseudopericyclic decarbonilation
B. All of the atoms are coplanar. There are orbital disconnec-
tions where the out-of-plane and in-plane sets of orbitals meet
at a single atom. In both figures, the departing CO is drawn
hybridized as carbon monoxide, with the carbon lone pair and
one z* orbital shown.

C5X1C2C3 dihedrals in the former (—31.5° for TSc and
—38.1° for TSg) are very similar to that in TSp (—40.1°).
Because this dihedral angle somehow reflects a possible
disconnection at X1 (the angle is 0° in pseudopericyclic
reactions), the occurrence of such a disconnection in TSc
and TSk is more dubious.

Figures 5 and 6 show the variation of the magnetic
properties studied during the reactions. The prototypical
pericyclic reaction A is consistent with the expected
pattern: marked aromatization near the transition state
that reflects in the presence of well-defined minima in
the curve for both magnetic susceptibility (y) and its
anisotropy (yanis)- The curves for reactions C and F are
highly consistent with this pattern, particularly as
regards yanis- The behavior of reactions B and E is typical
of definitely pseudopericyclic reactions, i.e., processes
involving no aromatization near the transition state.
Thus, the magnetic susceptibility decreases steadily from
reactant to products, and its anisotropy exhibits a small
maximum near the transition state. In addition, the
curves for B and E are virtually identical, which suggests
that the presence of an oxygen or nitrogen atom at
position 1 is insubstantial. As with the structural pa-
rameters, reaction D is the most difficult to interpret.
The curves for this reaction are obviously not so clearly
pseudopericyclic as those for B and E; however, they
clearly depart from a pericyclic pattern (the decarbonyl-
ation appears to involve no aromatization). Consequently,
on the basis of Figures 5 and 6, reaction D should be
classified as pseudopericyclic, which is consistent with
the above-described planarity around C4 in the transition
state. To support this conclusion, we performed an
additional computation involving the obtainment of a
forced pseudopericyclic transition state for reaction D;
to this end, we used a restricted optimization in which
all atoms in the molecule except C1 and its two hydrogen
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FIGURE 5. Variation of magnetic susceptibility realtive to
the reactant.
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FIGURE 6. Variation of anisotropy of the magnetic suscep-
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atoms were forced to remain in the plane. The result was
a structure essentially similar to the true TSp with an
energy only 2.8 kcal/mol higher; the activation energy
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FIGURE 7. (a) Change of the C3—C2—X1—H dihedral angle
along the A and F reactions. For reaction A, hydrogen atom
refers to the outer one on C1. (b) Change of the C3—C2—-X1-Y
dihedral angle along the A and F reactions. Y denotes the lone
pair of N1 in reaction F and the inner hydrogen atom of C1 in
reaction A.

thus rose from 37.4 to 40.2 kcal/mol, which was still much
lower than the value for the prototypical pericyclic
reaction.

A global analysis of our results leads to the following
conclusions: reactions A, C, and F are definitely pericy-
clic; reactions B and E are pseudopericyclic and involve
two disconnections; and reaction D is also pseudopericy-
clic but involves a single disconnection. So far, everything
is consistent with the assignations of Birney et al.
However, there is one clear discrepancy as these authors
state that reaction C is essentially pericyclic even though
it exhibits a disconnection at O1. We believe such a
disconnection does not occur; in fact, one must not confuse
a possible disconnection with an actual disconnection.
Thus, although the oxygen atom possesses lone electron
pairs that might give rise to such a disconnection, our
results suggest that this is not the case, so the reaction
is essentially a normal pericyclic one. This situation was
previously observed in the electrocyclization of (22)-2,4,5-
hexatrienal and (22)-2,4,5-hexatrien-1-imine, where the
participation of the lone pair oriented toward the inside
of the ring and hence involved in the cyclization does not
seem to suffice to suppress the essential features of a
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FIGURE 8. Electrostatic isopotential surfaces (—0.05 au) at
various points along the F reaction pathway.

pericyclic reaction.’” The occurrence of a disconnection
at O1 would preclude rotation about the C201 bond. The
problem here is that the oxygen atom has no bonded
hydrogen atoms enabling to study the rotation. This
problem can be partly circumvented by examining the
isoelectronic reaction F, where the nitrogen atom pos-
sesses a properly (inward) oriented lone pair in addition
to a hydrogen atom the position of which along the
reaction pathway can be monitored. In Figure 7 the
rotation of the C2X1 bond is analyzed for reactions A and
F. For this purpose Figure 7a compares the variation of
the C3C2X1H dihedral (based on the outer hydrogen
atom for reaction A) and Figure 7b compares the varia-
tion of the C3C2X1Y dihedral (Y denotes the lone pair of
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FIGURE 9. ACID plots for the transition states of reactions B and C. The current density vectors (green arrows with red tips)
are plotted onto the isosurface of value 0.025. In TSc these vectors exhibit a closed circle in the five-membered ring and no
disconnection. In TSg the topology of delocalized electrons exhibits two clear disconnections.

N1 in reaction F and the inner hydrogen atom of C1 in
reaction A). The directionality of the lone pair is mea-
sured with the NBO calculation. Figure 7 shows that
reactions A and F behave very similarly. Only at the very
beginning of the reaction, up to a reaction coordinate
value of ca. —7 amu'?bohr, is there a clear disparity. This
difference is easily attributable to the different structure
of reactant: in A the C1 is bonded with sp® hybridization
and in F the N1 is bonded with sp? hybridization (the
hydrogen atom is coplanar, whereas the lone pair is
normal to the plane and forms a hybrid of virtually pure
p. character). Therefore, the rotation about the C2X1
bond behaves very similarly in reactions A and F. In our
opinion, this indicates the absence of disconnection at N1
in reaction F since it is at this position that the typical
rotation of pericyclic processes (disrotation with respect
to C4) takes place. Figure 7b may be challenged on the
grounds that we used the NBO method throughout the
IRC on a “nonclassical” chemical species (one with half-
broken bonds). The NBO procedure is intended to provide
a description of the electronic structure in terms of
localized bonds and lone pairs, corresponding to a single
classical Lewis formula, but this is obviously problematic
for a species that is not a minimum. Because the NBO
procedure involves a compromise, the chemical signifi-
cance of the results of this analysis should not be
overrated. For this reason, to confirm the rotation of N1
in reaction F, we performed calculations with a view to
obtaining an unambiguously defined quantum mechan-

ical quantity, namely, the molecular electrostatic poten-
tial (MEP). Figure 8 shows the isopotential surfaces
(—0.05 au) at various points along the reaction pathway.
As can be seen, the zones with a negative potential are
clearly related to the presence of the lone pairs in the
heteroatoms (N and O). As the reaction develops, the zone
with the most negative electrostatic potential shifts from
06 to N1, in fact, the zone for O6 in the figure only
appears when the reaction coordinate is —5.34 amu'?bohr,
while that for N1 increases in size. As can clearly be seen,
the N1 zone rotates from a position normal to the
molecule to one absolutely coplanar with the 2-propen-
1-imine fragment. This rotation is completely identical
with that observed in the localization of the lone pair
provided by the NBO calculations. We thus believe NBO
and MEP calculations show that the rotation of N1 in
reaction F is comparable to that of C1 in the unequivo-
cally pericyclic reaction A. Also, on the basis of the similar
behavior of the structural and magnetic properties of F
and C, the latter reaction must also be a normal pericyclic
reaction involving absolutely no disconnection.

To corroborate the inexistence of disconnections in the
reaction C we have also applied the ACID method.?6-28
This method is an efficient tool for the investigation and
visualization of delocalization and conjugation. A cyclic
topology in an ACID plot indicates a pericyclic reaction.
Disconnections that are characteristic for pseudopericy-
clic systems are immediately visible by a disconnection
in the contiguous system of the ACID boundary surface.
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Figure 9 presents the ACID isosurface of the transition
structures for the reactions B and C. TS does not exhibit
any disconnection. Moreover, the current density vectors
plotted onto the isosurface show the pericyclic nature of
the delocalized system: the diatropic ring current forms
a loop around the five-membered ring as expected for an
aromatic system. The extent of conjugation can be
quantified by giving the critical isosurface value, CIV,
at which the topology of the ACID boundary surface
changes. Although the values for the two breaking bonds
are not very large (0.037 and 0.044), they show a
substantial conjugation. To show the clear difference,
Figure 9 also contains the plot corresponding to a reaction
unequivocally pseudopericyclic. In contrast to TSc, TSg
shows two clear disconnections for the two breaking
bonds.

In summary, we agree with Lemal’s original statement
that a single disconnection suffices to induce a pseudo-
pericyclic process,! though in some cases these are not
easily defined. In any case, the occurrence of two discon-
nections gives rise to processes that are easier to classify
as unequivocally pseudopericyclic.

Conclusions

We used the variation of energy, structural, and
magnetic parameters along the reaction pathway with a
view to examining various thermal cheletropic decarbo-
nylations. On the basis of the results, reactions C and F
behave identically with the prototypical pericyclic reac-
tion A. These three reactions share the following essential
features: high activation energies, transition structures
with a CO group normal to the remainder of the molecule,
and marked aromatization near the transition state. On
the other hand, reactions B and E behave like pseudo-
pericyclic processes; thus, they exhibit lower activation
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energies, fully planar transition structures, and no aro-
matization. Reaction D is the most difficult to classify
as it lies between the previous two extremes. In any case,
a careful study of its characteristics allows it to be
classified as pseudopericyclic as it exhibits no appreciable
aromatization and involves a likely disconnection at C4
due to the participation of the outer 7 bond. This
classification is consistent with that previously reported
by Birney et al.* However, there is a serious discrepancy
in the assignation of the number of disconnections. Thus,
while these authors claim that a pericyclic reaction (C)
may involve a disconnection, our results suggests that it
does not. Therefore, consistent with Lemal’s original
definition, we believe that a pseudopericyclic reaction
involves one or more disconnections, whereas a pericyclic
reaction involves none. Hence the possibility of a discon-
nection does not necessarily imply its occurrence or that
of a pseudopericyclic reaction as a result.

As confirmed by the results, the variation of magnetic
properties (viz. magnetic susceptibility and its anisotro-
py) along the reaction pathway is a useful tool for
discriminating between pericyclic and pseudopericyclic
reactions. Thus, the former, unlike the latter, exhibit
well-defined minima near the transition state.
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