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Ab initio calculations at SCF, MCSCF, and ACPF level were
performed on a series of the phosphenium- and nitrenium-
cation family. These show that they possess an allylic n-system
with 4 electrons, which is distorted from planarity when the
terminal groups of the allylic system are PR, (R = H) frag-
ments. The distortion is such as to adopt C, symmetry, and is

the consequence of Jahn-Teller distortion via mixing of the
energy highest n; orbital with an energetically low lying o*
orbital. The latter interaction is only operative if a symmetry
breaking from C,, to C, symmetry occurs. The importance of
Jahn-Teller distortion on the biradical character in these sys-
tems is investigated by correlation calculations.

Phosphenium ions 1 were originally formulated as inter-
mediate species™?, but can be stabilized by amino groups
to give isolable compounds?. Both cyclic® and acyclic? sta-
ble phosphenium cations are known®.

Here we report ab initio calculations on the electronic
structures of the series 1—4. It will be shown that the di-
phosphinonitrenium cation” (4) and the diphosphinophos-
phenium cation (2) reveal unusual bonding properties, in
contrast to 1 and 3.

All of the investigated structures were determined by ab
initio calculations utilizing Huzinaga bases® of double-{
quality. The bonding parameters resulting from geometry
optimization®!® of 1—4 at SCF level are summarized in
Scheme 1.

Scheme 1. Cations 1—4 with structural parameters; bond lengths
are in Angstroems, bond angles in degrees
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For structures 1 and 3 a planar delocalized allylic system
with 4rn electrons results. As expected, the valence angle at
the central atom in 1 is smallest, since the phosphorus atom
is surrounded by the (more) electronegative amino groups.
The bond lengths are slightly longer than in corresponding
double-bond systems!'?.
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Unusual structures are obtained for 2 and 4. Rather than
adopting C,, symmetry, the phosphino groups are twisted
around the P—N bond axis, such as to adopt C, symmetry.
In 4 the atoms P, N, P are also linear, and the resulting
angle deformation potential (at the central atom) is ex-
tremely flat''. The latter effect is similar to disilyl ethers*®
and is the consequence of an electronegative central atom
(N) surrounded by electropositive (P) ligands. Furthermore
the electronegative central atom induces pyramidalization
at the terminal PH, groups'?®. The energy difference be-
tween planar (C,,) and symmetry-distorted (C,) geometries
is considerable; e. g., according to correlation calculations at
ACPF level 1% for 2 a difference of 71 (68) kJ per mole for
the singlet (triplet) states results. A qualitative explanation
for symmetry lowering from C,, to C, symmetry can be
deduced from the MO scheme for planar 2 (4) [Figure 1].

2 consists of an allylic © system (r, — =) and an energet-
ically low lying o* orbital. The close proximity of n, and
o* is the consequence of different extension in space of the
3s and 3p orbitals at the phosphorus atom. This fact as well
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Figure 1. Molecular (frontier) orbituls of 2
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as its structural consequence can be predicted qualitatively
with our recently developed model for orbital non-
hybridization'®. Consequently the formation of an energet-
ically low lying o* orbital becomes facilitated. Interaction
between 7, and o* results in the singlet state as the conse-
quence of Jahn-Teller distortion from higher to lower sym-
metry (C,, — C,). Within C,, symmetry it corresponds to
an a, vibration'¥ according to equation (1).

I, ®IF=a®a =a 1

The change in symmetry for 2 and 4 is accompanied by
pyramidalization at the terminal phosphorus atoms. Instead
of a planar system the frontier orbitals are now combina-
tions of lone pairs at the phosphorus atoms, either sym-
metric (n,) or antisymmetric (n,) with respect to the C, axis.

Scheme 2

Y.

__@/@
QO
@/""\@
Y
w/O
Q

4 /.
This gives rise to the important Slater determinants (2) to

(4).

1“1’1 - | B A l (2)
1\|11[ = I nbflb | (3)
Wi = | mafiy |+ |y | @

i refers to the singlet wavefunction and results from
optimization at SCF level.

In order to quantify the model we performed CI calcu-
lations with the averaged coupled pair functional method
(ACPF)/10b/ with a 2 x 2 MCSCF/10a/ [consisting of a
linear combination of equations (2) and (3)] or a RHF-triplet
wavefunction as reference. For all cases the geometries re-
sulting from optimization at HF level of the closed shell
singlet state were used. The results of the investigations are
collected in Table 1.

The magnitude of the biradical character in 1—4 emerges
from the coefficients for J; and Y, in the 2 x 2 MCSCF
calculation and the energy differences between singlet and
triplet states. Thus, "\ contributes most significantly only
to the wavefunction of 4. Multireference CI calculations with
the ACPF method assigns a singlet ground state for all
cations 1—4, but yield the smallest energy difference be-
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Table 1. ACPF energy differences (in kJ per mole) between singlet
and triplet, and CI coefficients for the 2X2 MCSCF (singlet refer-
ence) wavefunction

Structure AE (S — T)¥ C, C,
1 —450.9 0.993 —-0.116
2 —185.5 0.989 —0.153
3 —4449 0.987 —0.159
4 —136.6 0.937 —0.349

2 Vertical energy differences between singlet ('4) and triplet (*B)
[C; symmetry].

tween singlet and triplet for 4. Consequently the latter pos-
sesses the strongest biradical character.

To summarize, the quantum chemical calculations for the
isovalence electronic cation family 1—4 reveal unusual
bonding properties for 2 and 4, i.e. Jahn-Teller distorted
geometries. The verification of this prediction remains a
challenge for experimental synthetic chemists.
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