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Density functional theory [B3LYP/6-311G(2df)] calculations predict stable planar structures of the nonclassical compounds XB8
(X = Si, P+) containing central octacoordinated silicon and phosphorus atoms, and a fluxional structure of CB8 with effective octa-
coordination of the carbon atom.

Studies of novel stable structures with non-standard geometries
formed by hypercoordinated main-group elements are among the
most important tasks of contemporary structural chemistry.1–4

The conditions for stabilization of planar tetracoordinated carbon
centres5 have been realised in a variety of organoelement com-
pounds.6,7 Novel stable systems 1–3 containing planar hexaco-
ordinated carbon2,4 and boron8 centres were recently described
using ab initio calculations.

The multicentre bonding type found in 1–3 is also expected
to be observed in other planar structures with octacoordinated
main-group element centres.

Here, we report on density functional theory [B3LYP/6-
311G(2df)] calculations of compounds 4 (X = Si, P+), which
contain octacoordinated planar silicon and phosphorus centres,
and also of their carbon analogue 4 (X = C), which possesses a
fluxional structure with effective octacoordination of the planar
carbon atom.

According to the DFT calculations,† compounds 4 (X = Si,
P+) possess highly symmetrical D8h planar structures and cor-
respond to the minima (l = 0; hereafter, l designates the number
of hessian negative eigenvalues at a given stationary point) on
the corresponding potential energy surfaces (PES), whereas the
D8h structure of 4 (X = C) corresponds to the hilltop (l = 2) on
the CB8 PES. Table 1 and Figure 1 demonstrate their geometry
and energy characteristics.

The energy minimum (l = 0) for the cyclic structure of CB8
is represented by the C2v form of 5 with the pentacoordinated
central carbon. The lengths of the B–C bonds formed by the cen-
tral carbon with the peripheral borons in 5 are equal to 1.590,
1.627 and 1.753 Å and are in the range of experimental lengths
for a single B–C bond in carboranes.10 The lengths of the peri-
pheral B–B bonds, which are in the range 1.512–1.548 Å, are
shorter than those observed for double B–B bonds (~1.63 Å).11,12 

The structure of 5 is highly fluxional and undergoes rapid
topomerization according to the scheme 5a 6a 5b 6b

5c ..., where the structures of 6 with C2v symmetry cor-
respond to saddle points (l = 1) on the CB8 PES and serve as
true transition states for the low-energy barrier (1.3 kcal mol–1)
process in which internal C–B bonds switch sequentially within
the cycle. With the account taken for zero point energy, this
barrier decreases to 0.9 kcal mol–1. For the more accurate esti-
mation of relative energies of the structures of 4 (X = C), 5 and
6, we performed single point CCSD(fc)/6-311G(2d) calculations
of these structures at the B3LYP/6-311G(2df) geometries. As
can be seen in Table 1, the relative energies obtained by DFT

† DFT calculations have been performed with B3LYP functional and
with 6-311G(2df) basis sets using the Gaussian-98 program package.9
Geometry optimization was carried out with a ‘tight’ key-word. Total
energies of the structures of 4 (X = C), 5 and 6 were finally calculated by
the CCSD/6-311G(2d) method at the B3LYP/6-311G(2df) geometry.
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Figure 1 Geometry parameters of the structures of 4–6 calculated by the
DFT method. The bond lengths are indicated in angström units.

Table 1 Data of DFT and CCSD calculations for compounds 4–6.a 

aEtot (in a.u.) is the total energy (1 a.u. = 627.5095 kcal mol–1); l is the
number of the negative hessian eigenvalues; ∆E and ∆EZPE (in kcal mol–1)
are relative energies without and with accounting ZPE; w1/iw (in cm–1) is
the smallest or imaginary harmonic vibration frequency.

Structure, 
symmetry Method Etot l ∆E ∆EZPE w1/iw

4 (X = C) 
D8h

B3LYP/6-311G(2df)
CCSD(fc)/6-311G(2d)

–236.578192
–235.766545

2
–

17.61
18.00

14.79
—

i513(e)
—

4 (X = Si) 
D8h

B3LYP/6-311G(2df) –488.132109 0 — — 146

4 (X = P+) 
D8h

B3LYP/6-311G(2df) –539.671526 0 — — 184

5
C2v

B3LYP/6-311G(2df)
CCSD(fc)/6-311G(2d)

–236.606253
–235.795224

0
–

0
0

0
—

87.4
—

6
C2v

B3LYP/6-311G(2df)
CCSD(fc)/6-311G(2d)

–236.604204
–235.791954

1
–

1.29
2.05

0.93
—

i149
—
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and CCSD(fc)/6-311G(2d) methods agree well. A very small
value of the energy barrier for the rearrangement 5a 6a

5b 6b 5c ... allows one to consider the fluxional
system of 5 as that with the effective octacoordination of the
central carbon.

In compounds 4 (X = Si, P+) with octacoordinated central
silicon and phosphorus centres, the lengths of the BSi and BP
bonds were calculated to be 2.038 and 2.041 Å. These values
exceed slightly the sum of the covalent radii of boron and silicon
(1.98 Å) or boron and phosphorus (1.91 Å), which may be ex-
plained as a consequence of the multicentre bonding of the cen-
tral atoms with the surrounding ligating boron atoms.

All compounds 4–6 are aromatic 6π-electron systems with
three occupied π-orbitals (see Figure 2). According to MO analy-
sis, the π-electron system of 4 contains only 6π electrons, four
of which furnishing by boron atoms and the other two by the
central atom X. 

In conclusion, our DFT calculations showed that the systems
of 4 (X = Si, P+) are the first theoretically predicted examples of
stable compounds containing octacoordinated planar silicon and
phosphorus atoms. The fluxional structure of 4 (X = C) may be
considered as that with an effectively octacoordinated planar
carbon centre. 

This work was supported by the Russian Foundation for Basic
Research (grant nos. 01-03-32546 and 00-15-97320).
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Figure 2 Occupation and shape of π-orbitals in compound 4. Received: 6th July 2001; Com. 01/1822
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