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How stable actually is the planar ‘triangular’ benzene dication?
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Abstract—Quantum chemical calculations indicate that the kinetic stability of an earlier proposed elegant planar ‘triangular’ benz-
ene dication 1a is very low. The kinetic stability of its methylated derivative 2a is even lower.

© 2007 Elsevier Ltd. All rights reserved.

Species with unusual, nonclassical structures are wide-
spread in carbocation chemistry.! Among these is the
especially exciting ‘triangular’ carbodication CsH**
(1a) recently described by Priakumar and Sastry as a
‘viable’ structure.> An important feature of this dication
is the presence of planar tetracoordinated carbons. Ab
initio (MP2) and density functional theory (B3LYP) cal-
culations indicated that carbodication 1a was at a mini-
mum on the potential energy surface.’
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With our rather a wide experience in preparing stable
carbocations,? it was very tempting for us to consider
generating carbodication 1a as a long-lived species. At
first, we decided to estimate the kinetic stability of this
dication using quantum chemical methods. We selected
the DFT method implemented in the PrRIRODA pro-
gram* (PBE potential, 3z basis) based on its fast algo-
rithm and our previously favorable results, consistent
with experimental data. As was shown in our recent
paper,’ the energy barrier values for carbocation rear-
rangements calculated with the use of this program were
very close to the experimentally determined values. In
addition, the kinetic stability of dication la was esti-
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mated by using B3LYP/6-311+G™ and MP2/6-
311+G™ methods (GAMESSs program®).

As shown by the data presented in Table 1, the kinetic
stability of carbodication 1a is rather low: the energy
barrier (AE + ZPE) of its transformation into the iso-
meric fulvene dication 1e (Fig. 1) is about 10 kcal/mol,
which corresponds to an estimated half-lifetime of
approximately 10 min at —130 °C.

It is well known that the kinetic stability of methylated
carbocations is usually much higher than that of the par-
ent, unsubstituted analogues. For example, while the
heptamethylbenzenium ion is stable in CF;COOH even
at +70 °C,” the unsubstituted benzenium cation can
only be prepared as a long-lived species in a superacid
medium at low temperature.® Similarly the pyramidal
dication 2d (Fig. 2) is stable at +100 °C,° whereas, to
the best of our knowledge, its unsubstituted analog 1f
(Fig. 1) has not yet been prepared.

Surprisingly, our calculations indicated that the poly-
methylated carbodication 2a is even less stable than its
unsubstituted analog 1a. The energy barrier of its rear-
rangement into 2c¢ (Fig. 2) is 1.2 kcal/mol (Table 2,
AE + ZPE). The lower kinetic stability of dication 2a
compared to that of dication 1a apparently results from
location of the methyl groups at negatively charged car-
bons in the ground state of the dication and the stabiliz-
ing effect of these groups in the transition state of the
rearrangement, where charges on these carbons become
positive.

From the data obtained, it follows that experimental
detection of the ‘viable’ carbodications la and 2a as
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Table 1. Calculated relative energies AE (kcal/mol) of intermediates and transition states for the rearrangement of dication 1a

PBE/3z B3LYP/6-311+G™ MP2/6-311+G™
AE AE+ ZPE AE AE+ ZPE AE AE+ ZPE
1a 0.0 0.0 0.0 0.0 0.0 0.0
TS 1a—1b 8.5 6.8 8.4 8.3 12.3 10.3
1b 6.0 43 6.0 5.4 10.1 8.1
TS 1b—1c 11.1 9.1 9.2 8.3 133 11.2
1c 0.7 -1.0 —6.9 —5.6 3.9 2.2
TS 1c—1d 7.7 5.3 29 2.5 8.6 6.5
1d —37.2 -37.2 —47.5 —46.4 —38.3 —38.0
TS 1d—1le —17.5 —19.5 —24.7 —25.5 —16.0 -17.9
le =79.1 —77.8 -97.7 —95.7 —82.4 —81.9
1f —94.2 —90.9 -99.7 -95.6 —109.6 —106.6

AE, kcal/mol
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Figure 1. Energy profile obtained from IRC calculations (PBE/3z).

Table 2. Calculated (PBE/3z) relative energy AE (kcal/mol) of
isomeric dications and transition states for the rearrangement of
dication 2a

AE AE+ ZPE Charge on atoms c+se
2a 0.0 0.0 —0.085
TS 2a—2b 1.9 1.2 +0.219
TS 2b —21.1 -239 +1.349
2c —111.6 —111.9 +1.571
2d —121.1 —119.6

persistent species is hardly possible, and may remain one
of the elusive goals in carbocation chemistry.

Computational methods

Exploration of PES and searching for the rearrangement
pathways were carried out using the PrRirobpa DFT

program.* The exchange correlation functional by Per-
dew, Burke, and Ernzerhof'® (PBE) was employed.
The orbital basis sets of size {3,1,1/1} for H and
{6,1,1,1,1,1/4,1,1/1,1} for C were used (3z basis). All
stationary points were characterized by analysis of the
Hessian matrices. The intrinsic reaction coordinate
(IRC) calculations were carried out to describe the reac-
tion paths. In addition, MP2 and B3LYP calculations
(the geometry optimization and analysis of the Hessian
matrices) were carried out for the stationary points
using the GamEss program® with the basis sets 6-
311+G™ ({3,1,1/1} for H and {6,3,1,1,1/3,1,1,1/1} for
C). Charges on carbons C**° of the dications CsMe,**
(Table 2) were calculated by the NBO method'! at the
HF/6-311+G™" level of theory.

An animation (created with the MOLDEN program'?) is
available via the Internet at http://limorl.nioch.nsc.ru/
quant/dication.
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Figure 2. Energy profile obtained from IRC calculations (PBE/3z). Methyl group hydrogens are not shown.
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