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A hydrocarbon dication with nonplanar hexacoordinated carbon

Ruslan M. Minyaev,* Vladimir I. Minkin, Tatyana N. Gribanova and Andrey G. Starikov

Institute of Physical and Organic Chemistry, Rostov State University, Southern Scientific Centre of the Russian Academy of Sciences,
344090 Rostov-on-Don, Russian Federation. Fax: +7 8632 43 4667; e-mail: minyaev@ipoc.rsu.ru

10.1070/MC2004v014n02ABEH001905

Ab initio [MP2(fu)/6-311G**] and DFT (B3LYP/6-311G**) calculations predict a stable hydrocarbon dication containing non-

planar hexacoordinated carbon.

The bonding capabilities of the carbon atoms are of great
interest to theoretical chemistry.! It was computationally found
that the coordination of carbon can be raised to seven and eight
by placing it inside an appropriate framework of boron atoms2—4
and formally eight-coordinated carbon centres are present in
some nickel and cobalt clusters.> The boron and metal atom
environments provide for the formation of multicentre bonds
of carbon and its nonclassical stereochemistry. Attention was
focused on compounds containing hexacoordinated carbon centres
such as exemplified by carboranes 1-3¢ isoelectronic with the
icosahedric borane B,,H%;, carbide clusters 457 and the hexa-
aurated dication C(AuPPhg)z*.8
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The ab initio calculation performed at different levels of
approximation predicts the stability of other molecules and
ions with hexacoordinated carbon centres: CLif (n =0, 2+),°
CHZ*,10 cation carbene 5!! and dication 6, which was the only
experlmentally observed species with a hexacoordinated carbon
atom.!2 Recently, a structural type of organoboron compounds
7 with planar hexacoordinated carbon was extensively studied
using ab initio and DFT calculations.!4.13.14
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Here we report on a computational finding of stable hydro-
carbon dication 8 exemplifying a structural type of compounds
containing hexacoordinated carbon atoms. Calculations per-
formed with the aid of ab initio MP2(fu)/6-311G** (MP2) and
DFT B3LYP/6-311G**(DFT) methods!> predict that dication 8
corresponds to an energy minimum on the potentional energy
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surface (PES). The geometry of 8 found by calculations and
that for the electrically neutral cage system 9 into which the
central carbon atom is immersed are shown in Figure 1. The
energy characteristics are summarised in Table 1.

The central carbon atom forms six ordinary bonds with
peripheral carbon atoms with the bond lengths typical of usual
ahphatlc hydrocarbons. The C—C bond lengths in the six-mem-
bered rmgs (~1.6 A) are only slightly elongated as compared to
those in cyclohexane. The cage system of 9 formed by two
cyclohexane-like chairs bonded to each other by three double
C-C bonds (~1.35-1.36 A) has considerably shorter C-C dis-
tances (~1.54-1.55 A) The hexacoordinated carbon atom in
dication 8 accumulates a negative Mulliken charge of —0.156 e
(DFT) or -0.336 ¢ (MP2), which allows us to consider 8 as
the charge-transfer complex of cage system 9 with C2*. The
intrusion of C2+ into the centre of 9 leads to the elongation of
all C—C bonds in the two six-membered cycles, particularly
double C-C bonds. However, the significant strain of thus
formed system 8 is compensated by the formation of six multi-
centre C—C bonds so that the reaction
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is exothermic. The energy effect is estimated at 460.1 (DFT)
or 458.7 kcal mol-! (MP2), respectively. Our preliminary cal-
culations showed that any structural distortions followed the
vibration mode directions led to significant increases in energy.

The six multicentre C—C bonds of the hexacoordinated carbon
in 8 are formed as a result of the interaction of s and p valence
orbitals of the central carbon atom with © and ©* molecular
orbitals (MOs) of three double bonds of the cage structure of 9.
The orbital interaction diagram is schematically illustrated in
Figure 2.

In contrast with the diprotonated methane (CH)%+ in which
the hexacoordinated carbon forms two 2c-2e and two 3c-2e
bonds,!2 all six CC bonds in 8 are fully equivalent. As can be
seen in the diagram, the principal contribution to stabilization
of 8 is brought by the 1nteract10n of e’ MO of 9 with p,,p, AOs
of C2+ and unoccupied a;,' MO with P; AO, Wthh leads to the
formation of two bondlng MOs of e' and a; symmetries. As
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Figure 1 Geometry parameters of compounds 8 and 9 calculated by DFT
(B3LYP/6-311G**) and ab initio [MP2(full)/6-311G**] methods. The
bond lengths and angles are indicated in angstrom units and degrees,
respectively.
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Table 1 Ab initio [MP2(fu)/6-311G**] and DFT (B3LYP/6-311G**) data
for compounds 8, 9 and C2+.2

Structure,
symmetry Method  E,, E,+ZPE AE AE,pp o,
8, Dy, DFT -501.630105 -501.422278 460.1 458.8 359

MP2 —500.438754 -500.229551 458.7 464.0 270

9, Dy, DFT —464.384413 —464.178651 0 0 373
MP2 —463.243484 —463.035837 0 0 361
C2+ DFT -36.512510 -36.512510 0O 0o —
MP2 -36.464256 -36.464256 0 0o —

“E, (a.u.) is the total energy (1 a.u. = 627.5095 kcal mol-!); ZPE (a.u.) is
the harmonic zero-point correction; AE (kcal mol-!) is the relative energy;
AE,p (kcal mol-1) is the relative energy including a harmonic zero-point
correction; w; (cm!) is the smallest harmonic vibration frequency. No
imaginary frequencies were found for structures 8 and 9.

can be seen in Figure 2, the LUMO of 8 has the antibonding
character for the central carbon and filling it with electrons

corresponded to a top of a hill (two negative force constants) on
the PES.

Note that the results of DFT (B3LYP/6-311G**) calculations
are in excellent agreement with those obtained using ab initio
[MP2(fu)/6-311G**] calculations.

In conclusion, the calculations performed demonstrate that
dication 8 presents a new structural type for a stable hydro-
carbon system containing a hexacoordinated carbon atom linked
to six peripheral carbons by multicentre bonds.
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Figure 2 Schematic correlation diagram of the interaction of s and p
valence orbitals of the carbon atom with © and ©* molecular orbitals of
three double bonds of the cage structure of 9. Splitting of the carbon s and p
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