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In response to a lecture by Prof. Sheridan,1 we recently raised
the question of the possible existence of 2.2.2-propellatriene
(Figure 1). We have now verified that this propellene molecule
has at least a theoretical existence.
Calculations have been done using a 6-31G* basis set2 and

a 2 electron/2 orbital CASSCF wave function.3 This gives a
two-configuration description of a singlet biradical and a ROHF
description of a triplet state. Geometry optimization with this
wave function andD3h symmetry constraints was followed by
single point MRMP2 calculations and CASSCF frequency
calculations. The active orbitals had a1′ and a2′′ symmetry so
the lowest energy states were of1A1′ and3A2′′ symmetry.
The calculations showed that this propellene should have a

singlet ground state. The computed singlet energy is below the
triplet energy by 0.7 kcal/mol at the CASSCF level4 of theory
and 1.6 kcal/mol with MRMP2.5 The MRMP2 wave function
had much less biradical and more ionic character than the
CASSCF. The inter-bridgehead distance is 2.324 Å for the
singlet state and 2.390 Å for the triplet. These results indicate
a weak inter-bridgehead bonding interaction. The molecule is
fairly rigid with the lowest vibrational frequency about 439 cm-1

for the singlet and 456 cm-1 for the triplet. The rigidity
indicates that there may be an appreciable barrier to rearrange-
ment.
Our original interest in this molecule was caused by the

observation that it could, in principle, be reached by folding

the tetraradical :HC-C6H4-CH: and joining the terminal
carbons with a double bond. This latter molecule is computed
to have a high-spin (quintet) character associated with two
carbenes attached to a phenyl ring. The high-spin form is lower
in energy than singlet propellene, but the singlet dicarbene
(whose structure is more like a quinone•HCdC6H4dCH•) is
higher in energy than propellene. Another possible product of
ring opening is singlet•C6H4-CHdCH•, which is computed to
be 3.7 kcal/mol lower in energy than this propellene. Complete
fragmentation to C2H2 and •C6H4

• is uphill in energy by only
5.0 kcal/mol.
For comparison, 2.2.2-propellane was computed at this same

CASSCF level of theory. This gave two minimum energy
structures for the singlet state: one with an inter-bridgehead
bond length of 1.542 Å and one with a bond length of 2.514 Å.
By comparison, the triplet gave a single minimum with a bond
length of 2.436 Å. The longer bond singlet minima was
computed to be 5.1 kcal/mol below the shorter bond form and
2.3 kcal/mol below the triplet. The lowest vibrational frequency
was only 123 cm-1, indicative of a much more flexible
molecule. These results are quite similar to those we reported
earlier.6 In the previous publication, we were unable to find a
stable 2.2.2-propellane molecule with any higher level of theory
because the calculation found no barrier to ring opening to
CH2dC6H8dCH2. This ring-opening mechanism seems less
likely for 2.2.2-propellatriene because it requires breaking a
double bond rather than a single bond.
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Figure 1. CASSCF computed structure of singlet 2.2.2-propellatriene.
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