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Normal Modes of Stationary Points

In the introduction of the manuscript we discuss the Dy and Cy, stationary points of the al-
lene and spiropentadiene radical cations. In Table S1 and S2 we list the first 5 normal modes
of the frequency analysis computed with the wB97X-D functional and the def2-TZVP basis
in Gaussianl6. In both systems the D, structures are the global minima with no imagi-
nary frequencies. In allene, the Cs, stationary point is a 1st order saddle point with where
the torsion mode is an imaginary frequency, see also the in-depth work of Schulenberg and
Merkt.*5 In spiropentadiene, the Cs, stationary point is a 2nd order saddle point with two
imaginary vibrational modes. The Cs, stationary point failed to optimize to fully meet the
tight optimization criteria; the mazimum displacement criteria only reaches 0.000184 with
the tight threshold being 0.000060, but is within the standard threshold of 0.001800. The
torsion mode is at -218 cm ™!, and a bending mode around the central spiro carbon is at -169

cm™ !,

Table S1: First 5 normal modes of D, and (), structures of allene cation.

D, Cay
v 323 cm ! -1167 cm™!
V9 342 cm ! 327 ecm™!
V3 784 cm ™1 333 cm™!
V4 805 cm ™! 763 cm ™!
Us 922 cm ! 891 cm~!

Table S2: First 5 normal modes of D, and (5, structures of spiropentadiene
cation.

Doy Cay
v 305 cm ! -218 cm~!
V9 360 cm ! -169 cm ™!
U3 380 cm~! 364 cm !
U4 570 cm 1 381 cm !
U5 589 cm ™! 654 cm !
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CASPT2 Computations

Allene and spiropentadiene radical cations are optimized with Dy and Cs5, symmetry con-
straint using CASPT2 with cc-pVDZ as implemented in OpenMolcas.%” State-averaged

CASSCEF is used to optimize the wavefunctions that are used in the CASPT2 computation.
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Figure S1: Active spaces (CASSCF MOs) for Cy, and D allene and spiropentadiene radical
cations.
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Shown in the left half of Figure S1, (7,8) active spaces were chosen for the two allene cation
structures to cover their m-spaces, as well as the hydrogen s-orbitals that hyperconjugate into
the m-system. The Cs, ground-state is 94% SCF doublet state with singly-occupied 2b,. The
Dy ground-state is 94% SCF doublet state with singly-occupied 2bs.

Shown in the right half of Figure S1, (11,12) active spaces were chosen for the two
spiropentadiene cation structures to cover their m-spaces. The active space further covers
o-orbitals on the spiro-carbon and double-bonds, which can mix into the m-system when the
symmetry is reduced. The Csy, ground-state is 88% SCF doublet state with singly-occupied

2b;. The Dy ground-state is 88% SCF doublet state with singly-occupied 2bs.
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Tolane, Diboracumulenes and Borynes

We find few issues for the simple mnemonic which relates the number of 7 electrons to the
structure of linear molecules also accounts for. A challenge arises in systems where there is no
intuitive way to segment the molecule into a separate linear component. In diphenylacetylene
(tolane) the torsion barrier is 0.6 kcal/mol and the energy difference between the co-planar
and perpendicular conformation is thus negligible.®® How does one segment tolane? We can
put 6 m-electrons into the linear part, leaving 5 in each phenyl ring; this correctly predicts
the co-planar structure. Or we envision 6 m-electrons localized in each phenyl ring, which
leaves 4 m-electrons in the linear segment that gives a perpendicular orientation of the rings.
The co-planar arrangement turns out to be the slightly more stable one.®?

The disputed cases of chemical bonding in diboracumulenes and borynes, which were
reported by Braunschweig and co-workers, are also well-accounted for. %13 Structurally they
are similar to diaminoacetylene in the sense that the number of 7-electrons differs from the
equivalent all-carbon systems due to heteroatoms.!# In the electron-deficient bora-systems
the heteroatoms are in the center of the linear chain. Both diboracumulenic and borynic
molecules have perpendicular end-groups. The diboracumulenic structure is understood
in terms of the usual m-bonding picture. The borynic structure can be understood as the
terminal N-heterocyclic carbene rings having 6 m-electrons. This allows the carbene lone-pair
to form a dative bond into the boryne moeity. >

The difference between diboracumulene and boryne is also straightforward to derive from
the frontier MOs, %1120 which are shown in rectilinear and helical representations in Figure
S2a. In dibora[3|cumulene the HOMO and HOMO—1 have bonding character across each
of the C-B double-bonds. In the boryne these switch place energetically with the LUMO
and LUMO+1, so that the HOMO and HOMO-—1 instead have bonding character across
the B-B bond. The helical and rectilinear representations of the MOs are no different in this

regard, but it may be visually clearer from the rectilinear MOs when a 3D-rotable picture is

not available.
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Figure S2: a) Optimized structures and HOMO-1 to LUMO-+1 in both their two symmetry-
adapted versions of Dyy bora|3|cumulene and boryne. b) Schematic overview of number of
m-electrons in the linear segments of dibora|3|cumulene and boryne.

The change in bonding from the bora|3]cumulene to the boryne in Figure S2a has notable
effect on the molecular structure. The C-B bond lengths change from 1.49 A to 1.39 A, and
the B-B bond length from 1.45 A to 1.59 A. Despite the quite different bonding motifs and
change of occupation in the frontier MOs, the end-groups remain perpendicular in both
systems. When we draw up the coarctate orbital bases in Figure S2b, we may realize that
in both cases there are 4 m-electrons in the linear segments of the molecules. Because the
m-electron count does not change, the molecules have similar geometries. Both adopt a

perpendicular structure to achieve Mobius topology.
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Frontier MOs During Torsion

The frontier MOs of Dy, and Cs, Allene and spiropentadiene radical cations are shown at
different dihedral angles in Figure S3. The corresponding eigenvalue and energy profiles are
shown in Figure 9 in the manuscript. While the D5 structures have helical MOs at both 60°

and 90°, the (5, structure have rectilinear 7-MOs at 90° and helical MOs at 60°.

Allene Spiropentadiene
Torsion of Cy,-constrained Torsion of optimized Torsion of Coy-constrained  Torsion of optimized (D-)
radical cation (Do) radical cation radical cation radical cation
60° 90° 60° 90° 60°

Figure S3: Frontier MOs of allene and spiropentadiene radical cations computed at different
torsion angles starting from the optimized D, and constrained Cs, structures. The SOMO
and doubly-occupied HOMO are shown at 60° and 90° torsion angle.
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