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The square planar structure for polynitrogen [5.5.5.5}-sila- and phospho-fenestrenes has been predicted computationally at

ab initio HF /3-21G(*) level.

In 1970, Hoffmann, Alder and Wilcox suggested that planar
tetracoordinate carbon arrangements might be achieved in
unsaturated fenestrane systems with an appropriate annulene
perimeter.’ Subsequent semiempirical MO calculations did not
support this idea: the distortion energy away from planarity
(e.g. for 1)>* is much too large.** However, MNDO compu-
tations predicted that planar silicon tetracoordination, while
still unfavourable, should be inherently easier to achieve (e.g. in
2 and 3).**

Planar tetrasubstituted carbon and silicon favour basically
different electronic structures: the latter has a -HOMO with a
vacant Si p-orbital and can be stabilized by electronegative,
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w-donor substituents.>>® Nevertheless, our 1981 MNDO
results indicated that neither square planar 2 nor 3 survived
reoptimization with reduced symmetry constraints.> Prompted
by the increasing interest in planar tetracoordination involving
main group elements,*’ we have now reexamined 2 and 3 at the
HF/3-21G(*) ab initio level® (this split valence basis set is
augmented by d-functions on the third period atoms). We have
explored a number of analogous systems (e.g. 4-9) similarly.
The geometries of 2-9 were fully optimized® (with planar
constraints) and analytical frequencies calculated at
HF/3-21G(*) (bond lengths, valence angles, number of imagin-
ary frequencies, NBO charges, and overlap populations are
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Fig. 1
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given in Figs. 1 and 2). The optimized planar structure of 2 has
D,,, symmetry. However, structures 3 and 4 prefer D,,, symme-
try and the 'A, electronic configuration: (1a,,)* (le,)* (1b,.)?
(Ib)” (26.)° (22),) (12,7 (3e.)* (32, (2by,)? (2by)* (de,)?
(5e,)* (12:,)° (42,)° (22,)° (3bs,)? (le)* (66,)* (1by,)? (3by)
(1b,,)* (2ep)* (2a,,)* (1a,,)°. Square planar structure 2 has four
fewer electrons than 3 and 4; hence, the degenerate 2e,-MO in
the singlet state would be occupied by only two electrons and is
not stable towards Jahn-Teller distortion to D,, symmetry.
While the optimized Si—C bond length in 2 (1.896 A) is quite
close to that in MeSiH, [1.883 A at HF/3-21G(*)°], 2is a saddle
point (one imaginary frequency v(b,;) —509 cm™'). According
to the vectors of the imaginary frequency, the Si atom remains
in the plane but the four carbon neighbours point in opposite,
i.e. tetrahedral directions.

Compound 3, in which the four silicon neighbours are
nitrogen atoms, is a minimum (no imaginary frequencies).
Moreover, the vectors of the lowest frequency [v(a,,) 109 cm™']
describe a pyramidal, rather than a tetrahedral, vibration: the
Si and all N atoms move in the same direction out-of-plane.
The large HOMO — LUMO energy difference, 11.5 eV, indi-
cates that this structure should be stable towards second-order
Jahn-Teller distortion.

Isoelectronic substitution of Si in 3 first by P* and then by
Al leads to structures 4 and 5. The R(Al—N) 1.806 A separa-
tion in 5 is too long for Al to “fit” optimally® in the fenestrene
‘cavity’ (note the distances to the central atomsin 3and 4). Asa
consequence, 5 is a saddle point [one imaginary frequency
v(a,,) 142icm™']. The vectors of the imaginary frequency
correspond to a pyramidical distortion (the central Al atom
and all the N atoms move in the same direction). As the energy
of the HOMO is negative, this anion should be stable towards
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loss of an electron.

The P—N bond length in 4 (1.665 A) is quite close to that in
PH,NH, [1.653 A, also at HF/3-21G(*); the experimental
value is 1.650 A in NH,PF,']. Hence, a P atom can be
accommodated comfortably, and 4 is a minimum [lowest
frequency v(a,,) 160 cm™'].

An X-ray structure of phthalocyanine with a planar tetra-
coordinated Si atom has been reported.!' However, the experi-
mental Si—N separation, R(Si—N) 1.93 A, is much longer than
that in 3 and in SiH,NH, (see above). Furthermore, the formal
silicon valence in the phthalocyanine is two rather than four.

When the Si in 3 is substituted by C (to give structure 6) the
square planar geometry is unstable towards in-plane distortion.
This is caused by the relatively large size of the central cavity
(see Figs. 1 and 2). Structure 7, with all the nitrogens substi-
tuted by boron atoms, is not a minimum either. We have
explored planar tetracoordinated carbon candidates based on
3. The four carbon neighbours in 6 were replaced by P atoms
(structure 8) and by Al atoms (structure 9). However, neither
structures 8 nor 9 are minima.

We hope that our predictions of D,, symmetry for 3 and 4
will stimulate the synthesis of molecules of this type with
unusual planar tetracoordinate geometries.
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