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Coronene (1) has been proposed to be “superaromatic”, but energetic, geometric, and magnetic criteria
of global and local aromaticity fail to support this proposal, and indeed, the calculated current-density
map shows opposition of currents: diatropic on the 18-carbon rim and paratropic on the 6-carbon hub.
However, [7,5,7,5,7,5]-isocoronene (2) ([7,5,7,5,7,5:6]-circulene, or isocoronene, for short), which is a
valence isomer in which alternate pentagons and heptagons replace the hexagons surrounding the central
ring, is predicted to have a single, unopposed, intense diatropic perimeter current arising from its fourπ
HOMO electrons, such as in the ipsocentric description of classically aromatic [4n + 2]-annulenes, hence,
qualifying 2 as superaromatic on the magnetic criterion. This conclusion is in excellent agreement with
anisotropy of magnetic susceptibility (359 cgs-ppm for isocoronene vs 247 cgs-ppm for coronene) and
exaltation of magnetic susceptibility (isocoronene exceeds coronene by 51.4 cgs-ppm). Central and
perimeter bond lengths suggest an increased aromaticity of isocoronene. In contrast, the energetic criterion
shows that isocoronene is destabilized with respect to coronene by ca. 105 kcal/mol of which only ca. 30
kcal/mol can be attributed to differential strain.

Introduction

Coronene (1) (see Chart 1) is an important benzenoid
hydrocarbon, with applications in materials science.1 This highly
symmetric molecule may be viewed as a centrosymmetric model
substructure of graphite2 with distinguishable rim and hub
circuits of atoms. Molecular motifs3 recently have been explored
by several groups4 in work on the magnetic properties of

graphite flakes and their convergence to those of graphite. An
intriguing problem, which has attracted much theoretical
interest,5-9 is the possibility of an anticipated enhanced aro-
maticity (superaromaticity)10 of coronene’s “ring of rings”.6
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From the formal point of view, this system may be represented
by 20 Kekuléstructures or by a set of three mobile Clar sextets,
as shown in Figure 1a.10b

An aromatic sextet is defined by a set of sixπ-electrons
localized in a single benzene-like ring separated from adjacent
rings by formal C-C single bonds. According to Clar’s rule,10b

the Kekuléstructure with the largest number of disjoint aromatic
π-sextets will be the most important for the description of the
properties of a given polycyclic hydrocarbon. In the case of
coronene, symmetrically equivalent combinations ofπ-sextets
can be written.11 Coronene is not a totally resonant hydrocar-
bon,12 however, because any one Kekule´ structure leaves some
carbon atoms outside sextet rings. However, Clar proposed10

that if the three sextets of coronene can migrate into the
neighboring rings (as shown by arrows in Figure 1a), an extra
ring current will be formed. In this way, he evoked the concept
of superaromaticity10b originating from a molecular sextet-
migration current.

Additional support for this concept came from Hosoya and
Yamaguchi13 who introduced generalized Clar structures. These
are defined as valence formulas (resonance structures) of a
benzenoid hydrocarbon in which one or more aromaticπ-sextets
are inscribed in nonadjacent benzene rings, so that after deletion
of these benzene rings with sextets, the remaining part of the
structure has a Kekule´ structure.12 The number of generalized
Clar structures matches the number of Kekule´ valence structures
for simple benzenoid hydrocarbons but not for coronene.13,14

For coronene, equality of the counts can be maintained if an
additional Clar-like structure including the 18-membered cycle
around the perimeter15 is taken into account (see Figure 1b).
Even though the presence of such a large conjugated circuit
makes little contribution to molecular resonance energy (RE),12

coronene depicted as an [18]annulene circumscribing a central
benzene ring has been believed to be superaromatic.10b

Results and Discussion

Coronene has enhanced aromatic character compared to some
other polycyclic hydrocarbons (e.g., naphthalene and anthra-
cene).6 Early estimates of the RE based on a topological
approach16 and a more recent estimate based on simple
isodesmic reactions17 indicate that the RE perπ-electron (REPE)
is somewhat higher for coronene than for benzene (4.2 vs 3.6
kcal/mol):

It should be noted that factors such as unbalanced strain,
changes of hybridization, and other effects that do not originate
from cyclic π-electron delocalization may all be sources of a
substantial error in this case.17,18 The isodesmic reaction
presented above should be treated with caution, because a similar
reaction for pyrene gives an REPE) 3.7 kcal/mol, and pyrene
is not usually considered to be more aromatic than benzene.

Although RE considerations could be taken to indicate some
enhanced aromaticity for coronene, an analysis based on
geometry and magnetic properties appears to rule this out. The
bond lengths in the [18]annulene perimeter show significant
alternation (1.377 and 1.421 Å at the MP2/6-31G* level)
resulting in an appreciably smaller value of the geometry-based
harmonic oscillator model of aromaticity (HOMA) descriptor
of cyclic π-electron delocalization for this cycle (0.800 vs 1.0
for benzene),19 while the hub bond lengths are significantly
elongated (1.424 Å) implying even lower aromaticity of this
fragment (HOMA) 0.662).

This difference in local aromaticity20 is consistent with the
conventional interpretation of NICS21 values. These may be
calculated at a height of 1 Å above the centers of outer and

(9) (a) Aihara, J.-I.Chem. Phys. Lett.2002, 365, 34-39. (b) Aihara,
J.-I. Chem. Phys. Lett.2004, 393, 7-11. (c) Aihara, J.-I.Chem. Phys. Lett.
2003, 381, 147-153. (d) Yoshida, M.; Osawa, E.; Aihara, J.-I.J. Chem.
Soc., Faraday Trans.1995, 91, 1563-1565. (e) Aihara, J.-I.J. Phys. Chem.
A 2003, 107, 11553-11557. (f) Aihara, J.-I.; Tamaribuchi, T.J. Math. Chem.
1996, 19, 231-239. (g) Aihara, J.-I.J. Phys. Chem.1994, 98, 9772-9776.
(h) Aihara, J.-I.J. Am. Chem. Soc.1992, 114, 865-868.
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CHART 1

FIGURE 1. (a) Clar π-electron sextets in coronene. The arrows
indicate sextet-migration. (b) Coronene seen as [18]annulene circum-
scribing a central benzene ring.

coronene+ 24 H2CdCH2 ) 18 H2CdCH-CHdCH2

RE ) 99.9 kcal/mol (1)

benzene+ 3 H2CdCH2 ) 3 H2CdCH-CHdCH2

RE ) 21.5 kcal/mol (2)
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central rings (NICS(1)) -13.9 and-5.4 ppm, respectively,
(Figure 2a)), in the plane (NICS(0)), or taken as components
of NICS(1) in the direction of the magnetic field (NICS(1)zz);
all are listed in Figure 2 and all give essentially the same type
of information.

However, the more-detailed information available from a full
current-density map, which is calculated in the ipsocentric
approach, shows the danger in interpreting NICS values literally
as indicators of local circulation. While the (still diatropic)-5.4
ppm plausibly might be taken to indicate a paratropic or reduced
diatropic local ring current, the outer ring value of-13.9 ppm
is not signaling a local circulation at all; it arises essentially
from the strong flow through the outside portion of each ring
(Figure 2b). Counter circulation of “rim and hub” currents is
characteristic of the [n]circulenes. It follows from their char-
acteristic frontier-orbital structure5 and depends on the strength
of coupling between inner and outer circuits.22 It is always safer
to have access to the map itself. Full sets of current-density
maps can always be integrated to yield NICS and total
susceptibility values, but retrieval of the rich detail of the map
from the integrated properties is fraught with difficulty in all
but the simplest cases.23

The rim and hub currents calculated in the ipsocentric
approach clearly contradict the predictions based on the so-

called “[n]annulene-within-an-[m]annulene” model.24 In ac-
cordance to this model, coronene can be represented by two
decoupled monocyclic [4n + 2] π-electron annulenes. Clearly,
coronene cannot be considered to be superaromatic. Before
dismissing the superaromaticity concept, one important question
should be considered: if it is possible to modify the ring of
rings to make theπ-electron structure more efficiently (super)
delocalized.

Isocoronene (2) ([7,5,7,5,7,5]-isocoronene or [7,5,7,5,7,5:6]-
circulene) is a valence isomer of coronene with the central
benzene ring surrounded by three azulenes instead of naphtha-
lenes. This molecule has only four Kekule´ structures, and all
have fixed formal single bonds isolating the perimeter 18-
membered super-ring from the central six-membered unit
(Figure 3). Although isocoronene is significantly less stable (by
ca. 105 kcal/mol at the MP2/6-31G* level) than the parent
coronene, this system is not chemically unrealistic, and its
carbon skeleton recently has been considered as a possible native
defect in carbon nanotubes.25 Moreover, this geometrical
arrangement corresponds to a local minimum on the potential
energy surface.

Strongπ-electron delocalization in2 is documented by the
magnetic-field-induced current-density map (Figure 4b), cal-
culated within the ipsocentric approach.26 The pattern of
π-electron currents in isocoronene is simpler than in coronene.
Isocoronene shows a clear diatropic circulation on the perimeter
reinforced by a weak central circulation in the same sense
instead of the paratropic central circulation of coronene. The
perimeter current in2 is more intense than in1. An estimate of
current strength isjmax, which is the maximum magnitude of
the current-density per unit inducing magnetic field taken over
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FIGURE 2. (a) Bond lengths and the aromaticity descriptors: HOMA, NICS, NICS(1) (calculated 1 Å above the molecular plane), and NICS(1)zz

(the component of NICS(1) corresponding to the principal axis perpendicular to the ring plane) for fragments of coronene. (b) Map ofπ-current-
density in coronene. Diatropic and paratropic circulations are shown anticlockwise and clockwise, respectively.

FIGURE 3. The four Kekuléstructures of isocoronene.

Ciesielski et al.

6842 J. Org. Chem., Vol. 71, No. 18, 2006



the plotting plane. For a plane 1 bohr above the nuclei, the value
of jmax calculated for benzene in the standard 6-31G** basis is
0.08 au. In the same approach,jmax for coronene is 0.11 au,
andjmax for isocoronene is 0.16 au or twice the standard benzene
value.

If taken literally, calculated NICS(1) values indicate a high
degree of local aromaticity for both inner 6- and outer 5- and
7-rings of isocoronene, although as discussed earlier, the implied
local circulation does not actually exist in the current-density
map, and the aromatic NICS values for 5- and 7-rings arise
from the perimeter flow past rather than around the ring center.
HOMA values for the perimeter 18- and central 6- circuits are
compatible with theπ-delocalization pathways indicated by the
current-density map. For the 18-membered outer ring, the
HOMA value is 0.864, while for the inner ring, it indicates
almost the same extent ofπ-electron delocalization (HOMA)
0.982) as in the case of benzene. The low values of the local
HOMA indices for the 5- and 7-rings are caused by the near
single-bond character of the spoke bonds connecting the rim
and hub of isocoronene (these bonds are of almost the same
length as the central bond in 1,3-butadiene27).

An advantage of the ipsocentric approach to the calculation
of current-density is that the total response of the molecule has
a ready partition into physically nonredundant contributions from
individual molecular orbitals.28 Each contribution arises from
a virtual excitation from an occupied to an unoccupied orbital
and obeys symmetry selection rules: diatropic currents arise
from translationally allowed node-increasing excitations and
paratropic currents from rotationally allowed node-conserving
excitations. Within this framework, just four HOMO electrons
out of the 24π-electrons of coronene give rise to the overall
pattern of current-density with the E2u f E1g HOMO-LUMO
excitations giving rise to the diatropic perimeter current and
the E2u f E2u HOMO-LUMO + 1 excitations giving the
weaker paratropic current (Figure 5a). The HOMO-LUMO
excitation corresponds to an increase from four to five angular
nodes on the perimeter, and the HOMO-LUMO + 1 excitations
preserves the node count of2 in the inner 6-ring. In isocoronene,
the current map is similarly dominated by the four HOMO
electrons. The HOMO-LUMO excitation is E′′ f E′′ (Figure
5b) and, therefore, formally both translationally and rotationally
allowed. Examination of the nodal patterns shows that both
HOMO and LUMO are concentrated on the perimeter of2,
which is where the excitation increases the angular-node count

from four to five. Thus, the perimeter current in2 has essentially
the same origin as in1 but is more intense (in line with the
smaller gap) and is unopposed (in line with the lack of a suitable
paratropic contribution on the central ring).

The enhancedπ-electron delocalization of isocoronene is
supported by other magnetism-based quantitative descriptors of
aromaticity. Anisotropy of magnetic susceptibility,∆ø, has been
proposed as a criterion of aromaticity;29 isocoronene has a much
greater∆ø (359 cgs-ppm) than coronene (247 cgs-ppm). A more

(27) Kveseth, K.; Seip, R.; Kohl, D. A.Acta Chem. Scand. 1980, A34,
31-42.

(28) Steiner, E.; Fowler, P. W.J. Phys. Chem.2001, 105, 9553-9562.

FIGURE 4. (a) Bond lengths and the aromaticity descriptors: HOMA, NICS, NICS(1), and NICS(1)zz for isocoronene. (b) Map ofπ-current-
density in isocoronene. The NICS descriptors follow the notation used in Figure 2.

FIGURE 5. Schematic frontier-orbital energy level diagram for (a)
coronene and (b) isocoronene that shows the HOMO, LUMO, and
LUMO+1 levels of theπ system and the corresponding orbitals and
illustrates the translationally (T) and rotationally (R) allowed virtual
excitations between occupied and empty orbitals. The scale is orbital
energies (marked in atomic units).
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widely used magnetic criterion of aromaticity is exaltation of
diamagnetic susceptibility,Λ, defined by the difference between
the mean magnetic susceptibility and a model value calculated
from a scheme of local group increments. Coronene has an
exaltationΛ of 103 cgs-ppm.8,30 The mean susceptibility of
isocoronene (-348 cgs-ppm) is significantly larger in absolute
value than that of coronene (-276 cgs-ppm). An estimate of
the exaltation of diamagnetic susceptibility of isocorene may
be derived from eq 3 using the magnetic susceptibilities of
naphthalene and azulene (-96.5 and-99.0 cgs-ppm, respec-
tively) and the corresponding exaltations (34.6 and 30.1 cgs-
ppm, respectively, see eqs 4-5). As the local group increments
cancel out in the balanced equation, the exaltation of isocoronene
is found to exceed that of coronene by 51.4 ppm.

These equations also are used to deduce the difference in
stabilization energies due to cyclicπ-electron delocalization of
coronene and isocoronene. Equation 3 balances strain between
the coronene isomers by referring them to three units of azulene
and naphthalene. This equation meets all homodesmotic reaction
criteria,18 but unlike eq 1, it does not give explicit information
on the aromatic stabilization energies (ASE) of coronene or
isocoronene. The isomerization evaluation method,31 which is
based on the difference energy between cyclically delocalized
and acyclic conjugated isomers (see eqs 4-5), enables the
estimation of the stabilization energies of the methylated
reference molecules in eq 3, which have practically the same
ASE as the respective parent systems (naphthalene and azulene).
Note that the correction for syn/anti diene mismatch is not taken
into account because their number is essentially the same in
both reactions. From an energetic perspective, theπ-electron
delocalization in naphthalene is more efficient (ASE) 52.6
kcal/mol) than that in azulene (ASE) 26.4 kcal/mol). The
stabilization of 3.1 kcal/mol deduced from eq 3 is dominated
by this difference and surprisingly reveals that the ASE of
isocoronene is lower by ca. 75.5 kcal/mol than the ASE of

coronene. This also is consistent with the values of REPE
estimated within the Hess and Schaad approach32 based on HMO
calculations, which for coronene and isocoronene are equal to
0.049 and 0.012â, respectively. The remaining part of the 105
kcal/mol difference in the total energies between the coronene
isomers (i.e., 29.5 kcal/mol) can be attributed to differential
strain between the molecules. In contrast to the magnetic (and
geometric) picture, the super-delocalization in isocoronene that
produces the conrotary diamagnetic ring current circulation in
the two cycles does not result also in an enhanced aromatic
stability, and thus, the energetic criterion gives no indication
of superaromaticity for isocoronene.

How do the electron (de)localization pathways change when
coronene and isocoronene are perturbed? The perimeter can be
perturbed by methylene groups, such as in theC2h andC2V -
symmetric model structures (3) and (4) (see Figure 6), and these
double-bonded substituents lead to efficient localization of the
π-electronic structure.18 As might be expected from simple
topological considerations, the bond-fixing perturbations in
coronene induce an anthracene subunit, which can be clearly
distinguished by its diamagnetic ring current on the current-
density map (Figure 6b). The anthracene unit supports a current
that is slightly stronger than in benzene (jmax ) 0.09 au, cf.jmax

) 0.08 au for benzene). NICS and HOMA parameters for this
fragment are comparable to those of anthracene,33 although the
NICS values are swapped between outer and central rings.

In the case of isocoronene, the localization of double bonds
induced by the perturbing methylene groups destroys the
diatropic perimeter current and leads instead to a diatropic
current on the central 6-ring (∼80% of the current in benzene
itself) and paratropic circulation in the three heptagonal rings
(see Figure 6e). Analysis in terms of orbital contributions shows
that the heptagonal currents arise from the B1 π HOMO (Figure
6d), while the central benzenoid ring current is a superposition
of contributions from the full set ofπ MOs. The positive
NICS(1) values for the 7-rings are derived from their paratropic
local currents, whereas the negative values for the 5-rings are
not connected to any consistent local circulation. Interestingly,
NICS(1) for the central ring is only half that for the same ring
in isocoronene itself, even though the current is more intense.
HOMA measures are not helpful in this system because of the
complex pattern of bond lengths.

Computational Details

Geometries were initially computed at the B3LYP/6-31G* level
of theory.34 All species corresponded to minima at the B3LYP/6-
31G* level with no imaginary frequencies. The systems were
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reoptimized at the MP2(fc)/6-31G* level of theory. CSGT calcula-
tions employed MP2(fc)/6-31G* optimized geometries, and the HF/
6-311G** basis set was selected for the calculation of the exaltation
of magnetic susceptibility. The GIAO/HF/6-311G** method was
used for the NICS calculations. The HOMA values were based on
molecular geometries optimized at the MP2(fc)/6-31G* level. All
current-density maps were calculated at the ipsocentric 6-31G**/
CTOCD-DZ level using the SYSMO35 package.
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FIGURE 6. (a) Bond lengths and the aromaticity descriptors: HOMA, NICS, NICS(1), and NICS(1)zz for fragments of dimethylene-substituted
coronene. (b) Map ofπ-current-density in the coronene derivative3. (c) Bond lengths and the aromaticity descriptors: HOMA, NICS, NICS(1),
and NICS(1)zz for fragments of a dimethylene-substituted isocoronene4. Maps ofπ-current-density in the isocoronene derivative: (d) contribution
from the B1 HOMO; (e) sum of contributions from all orbitals ofπ symmetry.
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