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ABSTRACT: Computational investigation of the potential energy surfaces of
dehydro[10]- and dehydro[14]annulenes revealed that mechanisms involving
Hiickel and Mobius z-bond shifting can explain the observed or proposed
configuration change reactions. Unlike the case of annulenes, in which bond-
shift midpoints correspond to transition states, for transformations of
dehydroannulenes with Atrans = 0, “hidden” Hiickel bond shifts occur on
the side of an energy hill, on the way to a cumulenic, purely conformational
transition state. For example, interconversion between CTCCTC-
dehydro[14]annulene (1a) and CCTCTC-dehydro[14]annulene (2a) has a
CCSD(T)/cc-pVDZ//BHLYP/6-31G* barrier of 18.7 kcal/mol, consistent
with experimental observations, and proceeds via a conformational transition
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state, with Hiickel 7-bond shifts occurring both before and after the transition state. However, when Atrans = 1, a true Mobius 7-
bond shift transition state was located. The isomerization of CCTC-dehydro[10]annulene (10) to CCCC-dehydro[10]annulene
(11) occurs by an initial “hidden” Hiickel bond shift, followed by passage through a Mébius bond-shift transition state to 11, with
an overall barrier of 29.8 kcal/mol at the CASPT2(12,12)/cc-pVDZ//(U)BHLYP/6-31G* level of theory. This is the lowest
energy pathway between 10 and 11, in contrast to a cyclization/ring-opening route via a bicyclic allene described in previous

reports.

B INTRODUCTION

The Mobius—Hiickel concept as developed by Zimmerman
provides a useful tool for qualitatively determining whether a
pericyclic reaction pathway is “allowed” or “forbidden”.' In
short, reactions involving 4n+2 electrons are allowed if the
relevant orbital basis comprises a Hiickel array (0 or an even
number of sign inversions) and forbidden if the orbital basis
comprises a Mdbius array (odd number of sign inversions).
Conversely, for reactions involving 4n electrons, allowed
pathways are characterized by a Mobius array and forbidden
routes by a Hiickel array. Whereas such topological analysis
enables one to assess allowed and forbidden pathways, there
exist cases for which only a forbidden route will connect
reactants to products. Configuration changes in certain
annulenes and dehydroannulenes fall into this category, but
consideration of Hiickel and Mobius topology still proves
critical in thinking about the mechanism.>”

Several known examples of thermal cis—trans isomerization
in annulenes™ have been explained by 7z-bond shifting, in
particular via Mébius conformations.”® The 7-bond shift rule
enables one to determine the topology required to effect a
given transformation.” With an even higher carbon to hydrogen
ratio than in annulenes, dehydroannulenes are of interest as
potential precursors to carbon-rich materials.® Following our
recent computational study of the structures, energetics, and
interconversions of dehydro[12]annulene isomers,” we here
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report density functional, coupled cluster, and CASPT2
calculations on known and proposed configuration change
reactions in two [4n+2] systems—dehydro[14]- and
dehydro[10]annulenes.

B BACKGROUND

Despite their position between annulenes and systems with
much higher carbon to hydrogen ratios, medium-sized
monodehydroannulenes (C,H,_, with n = 10, 12, 14, 16)
have proven difficult to synthesize and characterize.** Although
substituted monodehydro[10]annulenes have been invoked as
possible intermediates in dehydro Diels—Alder reactions'®
(vide infra), the synthesis of the parent system has yet to be
realized. More recently, Christl and Hopf showed that
dehydro[12]annulene isomers have not been prepared,'!
despite prior reports to the contrary.'> There are no reports
for the synthesis of monodehydro[16]annulene. Thus, the work
of Sondhemier et al. on dehydro[14]annulene stands out as the
sole successful synthesis of a monodehydro medium-sized
annulene.®'> A more complete understanding of the reactivity
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of these elusive species may help in their future identification as
well as help in predicting the reactivity of substituted analogues.

Sondheimer and co-workers described the configurational
isomerism of monodehydro[14]annulene.*"® Two different
isomers were observed by NMR—a “stable” and an “unstable”
isomer—Dboth with a 5:1 ratio of outer to inner hydrogens. The
unstable isomer converted to the stable configuration on
standing in ether solution at room temperature for 24 h.'?
Whereas the two isomers were ultimately assigned to structures
1 and 2 (Scheme 1),® Sondheimer et al. could not confidently
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state which was the more stable.'* No mechanism was

proposed for the interconversion of 1 and 2. This observed
reaction thus represents an excellent opportunity to test the
scope of the 7-bond shift rule in dehydro[4n+2]annulenes and
to determine whether cumulenes act as intermediates or
transition states in such processes.

More recently, configuration changes in dehydro[10]-
annulene derivatives have been invoked to explain the
observation of rearranged products of dehydro Diels—Alder
reactions.”” For example, Sai and co-workers found that
phenylpropiolamides 3 afford products 4 (expected) and §
(unexpected), and Echavarren et al. reported that arylpropi-
nones 6 yield the corresponding benzo[b]fluorenones 7
(e}%ected) and benzo[a]fluorenones 8 (unexpected) (Scheme
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The reactions in Scheme 2 proceed by initial formation of a
cyclic allene (specifically a 1,2,4-cyclohexatriene), which can
undergo ring opening to give a dehydro[l0]annulene.
Subsequent cis—trans isomerization of the dehydro[10]-
annulene, followed by electrocyclization, y1e1ds the rearranged
skeleton. The groups of Saa'** and Schreiner'® have reported
relevant calculations—Saa on the reaction of 3 to give 4 and §

5
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and Navarro-Vazquez and Schreiner on possible processes in
the C;;Hg core. In an attempt to explain the formation of
observed products 4 and 5 (Scheme 1), Sai computed a one-
step mechanism for the key isomerization of 12 to 13 (R' =
CH3,10R2 = H), with a B3LYP/6-31G* barrier of 18—20 kcal/
mol.

9 — Q =
D — D
R2 R2
12 13

Navarro-Vazquez and Schreiner computationally located a
similar one-step mechanism for the C,,Hg core reaction 10 —
10’ (Scheme 3) with a 13.5 kcal/mol barrier (CCSD(T)/cc-
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pVDZ//B3LYP/6-31G*) and a cumulenic transition state. In
addition, they considered the intriguing possibility that an all-
cis (CCCC) dehydro[10]annulene (11) might be involved,'®
as originally suggested by Echavarren for the reaction of 6, foa
and computed a variety of mechanisms connecting 10 and 11.
At the CCSD(T) level, a cyclization/ring-opening pathway via
cyclic allene 9 (Scheme 3) was predicted to have a somewhat
lower barrier (E, & 37 kcal/mol) than an intriguing but high-
energy one-step route via a delocalized M&bius transition state
(E, ~ 46 kcal/mol)."¢ Using multiconfigurational perturbation
theory, the Mdbius transition state was computed to be ca. 37
kcal/mol higher than 10. Although Navarro-Vazquez and
Schreiner presented a detailed picture of the C,;Hg PES,
multiconfigurational results were presented only for selected
species, making it difficult to compare the different possible
mechanistic pathways. Revisiting the dehydro[10]annulene
hypersurface with multiconfigurational methods, to compare
closed-shell and singlet-diradical pathways on an equal footing,
seems warranted. In addition, at the time of the Navarro-
Vazquez and Schreiner study, the bond-shift rule had not yet
been developed, which might have aided in locating likely
transition states. This rule states that annulene configuration
change reactions with Atrans = 0, 2 can occur by Hiickel-
topology m-bond shifting, whereas reactions with Atrans = 1
require a Mobius 7-bond shifting step.”> The bond-shift rule
emerges from the fact that Mdbius-topology annulenes have an
odd number of transoid units (CCCC units with dihedral angle
o such that 90° < lwl < 180°), whereas Hiickel topology is
characterized by an even number of transoid units.
Dehydro[10]annulenes lie at the heart of likely mechanisms
connecting the isomeric isonaphthalenes 9 and 9’. Given that
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alkynes (relative to cumulenes) are generally the more stable
forms of dehydroannulenes, elucidation of bond-shifting
pathways for cis/trans isomerization in these systems requires
first the recognition that two bond-shift steps are needed to get
from one alkyne isomer to another—one z-bond shift to
produce a cumulene and a second 7-bond shift to regenerate an
alkyne. Even though two 7-bond shifts would be necessary, the
overall Atrans value for the process will determine if one of
those 7z-bond shifts needs to be Mobius. For example, previous
work on the conversion of CTCTC- to CCTCC-dehydro[12]-
annulene showed that, because Atrans = 1, one of the two
bond-shift steps must proceed with Mobius topology and the
other bond-shift step must go with Hiickel topology (Scheme
4). Thus, the bond-shift rule provides a useful tool for analyzing
conversions in dehydroannulenes as well as annulenes.

Scheme 4
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Here we report computational results on z-bond-shifting
mechanisms for configuration changes in both dehydro[14]-
and dehydro[10]annulenes. These results reveal not only that
such mechanisms are viable for cis/trans isomerization in
dehydro[14]annulene but also that the computed barrier for
interconversion of dehydro[10]annulenes 10 and 11 is much
lower than that predicted by previous calculations.

B COMPUTATIONAL METHODS

Geometry optimizations and vibrational analyses were performed
using the BHandHLYP method (here abbreviated BHLYP)," in
conjunction with the 6-31G* basis set. This method has been shown
to afford geometries that reasonably reflect the degree of delocalization
in annulenes.'® Systems with diradical character, such as the
delocalized M&bius dehydro[10]annulenes, were computed with a
broken spin symmetry, unrestricted wave function. Transition states
were verified by the presence of exactly one imaginary vibrational
frequency. Zero-point energies (ZPEs) were obtained from the
unscaled vibrational frequencies. Intrinsic reaction coordinate (IRC)
calculations were performed on key transition states at the
(U)BHLYP/6-31G* level using force constants obtained from the
preceding vibrational analyses.

To account for dynamic electron correlation, single-point energies
for all C,,Hg species were computed at the CASPT2(12,12)/cc-pVDZ
level'® at the (U)BHLYP/6-31G* geometries. All C,oHj species were
computed using a 12-electron, 12-orbital active space. For
dehydro[10]annulene isomers 10 and 11, the active space consisted
of all 7 and 7* MOs, including the “in-plane” 7 MOs of the acetylene
moiety. For the bicyclic allene and associated transition states, the
active space included the 6/¢* pair for the bridging bond, plus 10 7/
7* MOs. An IPEA (ionization potential—electron affinity) shift of 0.25
was used for all CASPT2 calculations. Single-point energies for all
C,4H,, species were computed at the CCSD(T)/cc-pVDZ level on the
BHLYP geometries. Relative energies are corrected for differences in
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the (U)BHLYP/6-31G* ZPEs. Nucleus-independent chemical shifts
(NICS)*® were computed at ring centers of selected species at the
GIAO-B3LYP/6-31G* level using the BHLYP geometries.

Density functional and coupled cluster calculations were performed
with Gaussian 03 and Gaussian 09.>) CASPT2 calculations were
performed with MOLPRO.>* Vibrations and molecular orbitals were
visualized using Molden.>®

B RESULTS AND DISCUSSION

Dehydro[14]lannulene. The BHLYP/6-31G* optimized
structures of the two lowest energy conformers of 1 and 2 are
shown in Figure 1. Additional conformers of these and other

1a (Cy) 1b (Cy)

CTCCTC

2a (Cy)
CCTCTC

2b (Cy)
CCTCTC

Figure 1. BHLYP/6-31G* optimized structures and edge views of
low-energy conformers of CTCCTC- and CCTCTC-dehydro[14]-
annulenes 1 and 2. Selected C—C distances (A) and CCCC dihedral
angles centered on single bonds (deg) are shown.

configurations™* can be found in the Supporting Information.
The C—C bond lengths indicate that, at the BHLYP level, all
the conformers located are alkynes rather than cumulenes
(1,2,3-butatrienes). All attempts to find cumulene minima (i.e.,
by choice of initial bond lengths) resulted in structures
optimizing to alkynes. All structures show significant bond-
length alternation, 1b more than the others.?® It is worth noting
that conformer 1b has Mdbius topology, by virtue of its
possessing an odd number of transoid units. Several other
conformers of 1 and 2 have Mibius topology, and their
structures are provided in the Supporting Information.

The relative energies of dehydro[14]annulene isomers are
provided in Table 1. Each configuration has one conformation
that is much more stable than the others; 1a is 6.4 kcal/mol
lower than the next most stable conformer of 1 (1b), and 2a is
5.4 kcal/mol more stable than the next lowest conformer of 2
(2b). (See the Supporting Information for structures of other
conformers.) In addition, la is computed to be 1.0 kcal/mol
more stable than 2a. The energies of la and 2a support
Sondheimer’s experimental results, though the barrier to their
interconversion is lacking.

Applying the bond-shift rule to the interconversion of la
(CTCCTC) and 2a (CCTCTC), with Atrans = 0, gives the
conclusion that the two bond shifts required either must both
have Hiickel topology or must both have M&bius topology. A
reasonable mechanism would involve a planar #-bond shift
from alkyne la to a corresponding cumulene (with CTCTC
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Table 1. Relative Energies (kcal/mol) of
Dehydro[14]annulene Stationary Points

rel E
compd config” sym topolb NI° BHLYP? CCSD(T)®
la CTCCTC C, Hiickel 0 0.0 0.0
1b CTCCTC C, Mbobius 0 10.7 6.4
1c CTCCTC C, Hiickel 0 8.7 7.3
1d CTCCTC C, Hiickel 0 13.7 8.3
le CTCCTC C, Mbobius 0 15.4 10.1
1f CTCCTC C, Mobius 0 159 11.0
2a CCTCTC C, Hiickel 0 1.5 1.0
2b CCTCTC C, Hiickel 0 6.8 6.4
2c CCTCTC C, Mbobius 0 134 8.8
2d CCTCTC C, Mobius 0 16.1 11.0
2e CCTCTC C, Hiickel 0 159 12.2
2f CCTCTC C, Hiickel 0 15.8 14.6
TS1 CTCTC C, Mobius 1 219 18.7

“Cis—trans configuration: C, cis; T, trans. Six letters indicate an
alkyne. Five letters indicate a cumulene. bTopology: even number of
transoid units, Hiickel; odd number of transoid units, Mdbius.
“Number of imaginary frequencies. “BHLYP/6-31G*. “CCSD(T)/cc-
pVDZ//BHLYP/6-31G*.

configuration), then a conformation change, and a second

planar = planar
n-bond 21 n-bond
sy cTeTC cTeTe w
1a 2a
CTCCTC CCTCTC

With this hypothesis in mind, exploration of the potential
surface revealed a single transition state, TS1, connecting la
and 2a. The structure of TS1 is shown in Figure 2. Transition

Figure 2. BHLYP/6-31G* optimized structure and edge view of
transition state TS1, which connects dehydro[14]annulene minima la
and 2a. With three transoid units, TS1 has nominal M&bius topology.
Selected C—C distances (A) and CCCC dihedral angles centered on
single bonds (deg) are shown.

state TS1 has a cumulenic structure and nominal Mdbius
topology. One of the trans C=C bonds (C6—C7) is rotated
such that the 7 overlap with the rest of the ring is poor.
Figure 3 shows the results of BHLYP/6-31G* intrinsic
reaction coordinate (IRC) analysis for the one-step mechanism
between la and 2a. The two bond-shift midpoints, indicated by
dotted lines, are sharply defined, as evidenced by the tight
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Figure 3. BHLYP/6-31G* intrinsic reaction coordinate analysis from
TS1 to CCTCTC-dehydro[14]annulene (2a, left side) and
CTCCTC-dehydro[14]annulene (la, right side), depicting relative
energies and selected C—C bond lengths. The atom numbering is as in
Scheme 1. Dotted lines correspond to midpoints of bond shifting, with
corresponding structures and edge views shown below. In either
direction, the reaction consists of a Hiickel z-bond shift, then
conformation change, followed by a second Hiickel 7-bond shift.

intersection of the bond-length curves, and they occur well
away from the transition state. From 2a, the bond-shift
midpoint occurs at a point 10.2 kcal/mol above 2a and 8.7
kcal/mol below TS1. The other bond-shift midpoint lies 7.8
kcal/mol above 1a and 12.6 kcal/mol below TS1. The bond-
shift midpoints flanking TS1 occur relatively high up on the
energy curve. Despite this, the geometries at the bond-shift
midpoints possess even numbers of transoid units and therefore
have Hiickel topology. Thus, the sequence of Hiickel z-bond
shift, conformation change, and Hiickel 7-bond shift connects
1a and 2a via a single transition state.

Dehydro[10]lannulene. Figure 4 depicts the BHLYP/6-
31G* optimized geometries of the two primary isomers of
dehydro[10]annulene, 10 and 11, and Table 2 shows their
relative energies. These geometries are very similar to those
previously reported by Schreiner at different levels of theory."®
The CCTC isomer 10 is nearly planar, with one hydrogen
pointing into the center of the ring, whereas the CCCC isomer
11 is much less planar. At the BHLYP level, 11, with only one
transoid unit (C5—C6—C7—C8 dihedral angle of 116°), has
Mobius topology.

In agreement with Navarro-Vazquez and Schreiner,'® we find
that automerization of 10 can occur via the transition state TS2,
which has a pronounced cumulenic structure and nominal
Mébius topology (Figure 4). Because of our interest in also
computing the barrier for 10 — 11 (Atrans = 1, open shell)
and comparing all energies at a single level of theory, it was
important to choose a method that could reliably compute both
open- and closed-shell species. At the CASPT?2 level, the barrier
for automerization of 10 is 14.7 kcal/mol (Table 2), in
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Figure 4. (U)BHLYP/6-31G* optimized structures of dehydro[10]annulene minima and transition states. Edge views also shown. C—C distances
(A) and selected CCCC dihedral angles centered on single bonds (deg) are shown.

Table 2. Relative Energies (kcal/mol) of C,,H; Stationary
Points

rel E
compd  config? sym topol® NI  BHLYP? CASPT2¢
9 G 0 104 11
10 CCTC C, Hiickel 0 0.0 0.0
11 CCCC C, Mobius 0 11.1 10.6
TS2 CTC C, Mobius 1 16.2 14.7
TS3 C Mébius 1 324 39.0
TS4 C,  Mobius 1 24.0° 298
TSS C, 1 24.8 14.7
TS6 c 1 459 36.1

“Cis—trans configuration. Four letters indicate an alkyne. Three letters
indicate a cumulene. bTopology: even number of transoid units,
Hiickel; odd number of transoid units, M&bius. “Number of imaginary
frequencies. 4(U)BHLYP/6-31G*. Unrestricted calculations were
used for TS3 and TS4. “CASPT2(12,12)/cc-pVDZ//(U)BHLYP/6-
31G*, using an IPEA shift of 0.25.7(8?) = 1.30. §(S?) = 1.33.

reasonable accord with Navarro-Vazquez and Schreiner’s
CCSD(T) value of 13.5 kcal/mol.'® This mechanism is also
consistent with that found computationally by Saa et al. for the
reaction of 12 to 13.'®

Automerization of 10 has Atrans = 0 and therefore should
involve two Hiickel-topology bond shifts. Indeed, analogous to
the case of dehydro[14]annulene described above, BHLYP/6-
31G* IRC analysis confirms that the overall automerization
pathway thus consists of a Hiickel-topology bond shift to a
cumulenic structure, followed by conformation change
(rotation of the trans C=C bond) passing through the
transition state TS2, and finally a second Hiickel-topology bond
shift. In accord with the bond-shift rule for a transformation
with Atrans = 0, neither bond shift has Mobius topology. The
bond-shift midpoints are only 2.2 kcal/mol above 10 in energy.

More intriguing is the process connecting the CCTC and
CCCC isomers of dehydro[10]annulene, 10 and 11. In
contrast to the “hidden” bond shifts in the automerization
described above, the conversion of CCTC- to CCCC-
dehydro[10]annulene can occur via a true bond-shift transition
state. For this overall process, Atrans = 1; thus, one of the two
required 7-bond shifts must have Mdbius topology. Navarro-
Vazquez and Schreiner indeed located an unsymmetrical
Mobius bond-shift transition state (TS3, Figure 4) linking 10
and 11. However, the C, symmetry of 11, along with the C,
symmetry and M&bius topology of the cumulenic transition
state TS2, suggests that a different Mobius bond-shift transition
state might also connect 10 and 11. Specifically, TS2 could
serve as a starting point for locating a Mobius 7-bond shift
toward 11. Indeed, at the UBHLYP/6-31G* level, the C,-
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symmetric structure TS4 was located and found to perform this
role. TS4 is computed to be significantly more delocalized than
TS3 (Ar = 0.028 A for TS4 vs 0.060 A for TS3),%° due to
generally smaller torsional angles in TS4 (Figure 4).

The energetics for the different routes connecting 10 and 11
are summarized in Figure S and Table 2. At the CASPT?2 level,

TS3
///390 ‘}\\\\
A TS6
)
w g
ok
£

Figure 5. CASPT2(12,12)/cc-pVDZ//(U)BHLYP/6-31G* energy
diagram (kcal/mol) showing the automerization and interconversion
of dehydro[10]annulene isomers. Conversion of 10 to 11 does not
have to pass through TS2. The structures of 9, TSS, and TS6 are given
in the Supporting Information.

the barrier for 10 — 11 via TS4 is computed to be 29.8 kcal/
mol. At the same level of theory, this route is predicted to be
fully 9 kcal/mol lower in activation energy than that via TS3
and 6.3 kcal/mol lower than the cyclization/ring-opening
pathway via bicyclic allene 9 (the lowest energy pathway found
by Navarro-Vazquez and Schreiner). Thus, the M&bius bond-
shifting mechanism through TS4 is the lowest energy path
between 10 and 11.

The degree of diradical character in TS4 is perhaps not as
large as one would expect for a delocalized Mébius [10]-
annulene. Of the two nonbonding MOs depicted in Figure 6,
the b orbital has an occupation of 1.42e, and the a orbital an
occupation of 0.58e, from CASSCF calculations.

The lowest-energy route for 10 — 11 is somewhat analogous
to bond shifting in cyclooctatetraene (COT), in which ring
inversion occurs via a D, symmetric transition state and 7z-
bond shifting via a Dy, transition state.”” Isomer 10 rises first in
the direction of the conformational transition state TS2, but
without necessarily passing through TS2 the molecule then
ascends along a different coordinate to the C,-symmetric bond-
shift transition state TS4. No intermediate occurs on this
pathway connecting 10 and 11.

The results of IRC calculations and bond-length analysis
similar to that described for the dehydro[14]annulene are
shown in Figure 7. From the bond-shift transition state TS4,
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Figure 6. The two nonbonding MOs (NBMOs) of Mébius bond-shift
transition state TS4. Occupation numbers are from CASSCF(12,12)/
cc-pVDZ calculations on the UBHLYP/6-31G* geometry.
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Figure 7. UBHLYP/6-31G* intrinsic reaction coordinate analysis
from TS4 to dehydro[10]annulene isomers 10 and 11, depicting
relative energy (kcal/mol) and selected C—C bond lengths. The attom
numbering is as in Scheme 3. Dotted lines correspond to approximate
midpoints of bond shifting. The structure of the Hiickel-topology
bond-shift midpoint closest to 10 is shown below the plot, with C—C
distances (A) and selected CCCC dihedral angles (deg) given.

moving to the right represents a steep descent directly to the
strongly bond-alternating alkyne structure 11. Moving left from
TS4, the system quickly achieves a cumulenic structure, as
evident from the large difference between long and short C—C
bonds and the fact that the C3—C4 and C9—C10 bonds are
long at that point. Rather than passing directly through TS2,
the system must reach a valley ridge inflection point,”® ie. a
bifurcation on the potential energy surface, where the molecule
changes from C, to C; symmetry and descends the rest of the
way—including a hidden bond shift—to one of the
enantiomers of 10.

B CONCLUSIONS

Just as it does for annulenes, z-bond shifting provides
mechanistic pathways for thermal configuration change in
dehydroannulenes. The preference for alkyne forms of
dehydroannulenes necessitates two bond-shift steps. In analogy
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with bond shifting in cyclooctatetraene, the Mdbius bond-shift
transition state TS4 in dehydro[10]annulene (CCTC to
CCCC conversion, Atrans = 1), which has singlet diradical
character, is the bond-equalized form of the cumulenic
transition state TS2 for bond-shift automerization of the
CCTC isomer (Atrans 0). With CASPT2(12,12)/cc-
pVDZ//(U)BHLYP/6-31G* the barrier for 10 to 11 via TS4
is 29.8 kcal/mol, which is ca. 6 kcal/mol lower than a previously
suggested mechanism connecting these two isomers and
involving a bicyclic allene intermediate.

A one-step mechanism for configuration change in
dehydro[14]annulene (CTCCTC 1a to CCTCTC 2a, Atrans
= 0) was located, with a 18.7 kcal/mol barrier (CCSD(T)/cc-
pVDZ//BHLYP/6-31G*) consistent with Sondheimer’s ob-
servation that la and 2a interconvert at room temperature in
solution. Hidden Hiickel #-bond shifts occur both before and
after a cumulenic conformational transition state. Though
cumulenes play a role in these reactions, they are not
intermediates but rather act as transition states, specifically as
conformational transition states. The hidden z-bond shifts are
perhaps analogous to recently studied concerted carbocation
rearrangements, in which o-bond shifts occur at points along a
reaction coordinate distant from the transition state.””

The pattern that emerges in dehydro[4n+2]annulenes is that
“allowed” 7-bond shifts can often be hidden, i.e. can occur on
the side of an energy hill (adjacent to a cumulenic transition
state), whereas “forbidden” z-bond shifts must pass through a
true bond-shift transition state. While the #-bond shift rule
allows one to determine the necessary topology for a given
transformation, it is Zimmerman’s Mobius—Hiickel concept
that enables one to decide whether the necessary bond shifts
are “allowed” or “forbidden”. In Zimmerman transition states,
which involved both 7 and ¢ bonds, the allowed pathway was
always favored due to its closed-shell nature. Configuration
changes in annulenes and dehydroannulenes are unique in that
only 7 electrons are involved in bond shifting. For these
systems both “allowed” and “forbidden” pathways are feasible.
Nonetheless, understanding whether a reaction is allowed or
forbidden enables one to determine if closed-shell or open-shell
methods are appropriate.
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