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THEORETICAL EVALUATION OF THE AROMATIC
CHARACTER OF AZA-PHOSPHA-CORONENES

RALUCA POP?, MIRCEA DIUDEA", MIHAI MEDELEANU®,
MIHAIELA ANDONJ?

ABSTRACT. Three aza-phospha-compounds, derivatives of coronenes
with N and P atoms in ortho, meta and para positions, were proposed.
Their possible aromatic character was evaluated by means of local and
global aromaticity indices like HOMA, NICS, PDI and HOMO-LUMO gap.
The influence of the heteroatom has been discussed, all the results being
compared to the ones obtained for coronene. Graphical representations of
the Laplacian of electron density outline the influence of the heteroatoms
on the aromaticity of the investigated compounds.
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INTRODUCTION

During the last years, the design of new nanomaterials has known
an increased interest. The demand for materials with new or improved
properties resulted also in the studies regarding their precursors [1-3]. Most
of them are compounds within the class of polycyclic aromatic compounds,
most prominent examples being corranulene, coronene and sumanene.
There are various studies that reported new nanomaterials based on the
above-mentioned compounds [4,5].

Another area of interest within this domain is represented by the
researches regarding the properties of hetero-aromatic compounds, most
of them dealing with properties like aromaticity, conductivity or stability of
the new compounds. There are known heterofullerenes with N and O atoms;
recently, have published results regarding the design of new nanomaterials
with O and S [6,7].
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In this regard, based on our previous studies of aromaticity of various
flowers of type [n:(p1,p2)] [8], we propose the evaluation of the aromatic
character of some substituted coronene derivatives with N and P atoms.
The structures are presented in Figure 1 below:

1,2-Aza-phospha- 1,3-Aza-phospha- 1,4-Aza-phospha-
coronene coronene coronene

Figure 1. Structures 1-3 investigated during the present study

The differences among the three substitution types will be discussed.
Due to the fact that there is no universal definition of aromaticity [9-11] , the
geometric, magnetic and energetic properties of heterocompounds will be
evaluated. In this regard, NICS(0) index [12] will be computed at the center
of each 6-membered ring. Large negative values are the proof of a strong
aromatic character. Also, HOMO-LUMO gap is a good measure of a stability
of the compounds [14]. Highest differences between the energies of frontier
HOMO and LUMO orbitals suggest an increased stability (and, thus, aromatic
character). Bond length equalization [13], another characteristic of the aromatic
compounds, will be evaluated. Electron density maps are presented for
each of the investigated compounds.

RESULTS AND DISCUSSIONS

In order to evaluate the aromatic character of the aza-phospha-
coronenes, various indices —NICS(0), HOMO-LUMO gap— have been computed.
The results were compared to the ones obtained for coronene, which is
considered a super-aromatic compound.

Bond length equalization deviation was calculated for each outer
ring of the investigated compounds; results are presented in Table 1:
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Table 1. Bond length equalization deviation (computed at HF/6-311+G)

Bond length equalization deviation

Compounds Outer rings
1,2 55.5%
1,3 58.8%
1,4 58.3%
Coronene 0.71%

The computations show that the presence of the N and P atoms
lead to large differences between coronene and heterosubstituted
derivatives. Among the three substitution types, the values are very close,
so it is difficult to predict a hierarchy of local aromaticity of the outer cycles.
NICS (Nucleus-Independent Chemical Shift) index, that quantifies the
absolute magnetic shielding at the center of a cyclic compound, has
become one of the widely used descriptors of aromaticity. NICS values
have been obtained using the GIAO approach [15] implemented in
Gaussian 09 package [16] and are depicted in Table below:

Table 2. Values of NICS(0) index (computed at HF/6-311+G)
NICS(0) index

Compounds Inner ring Outer rings
1,2 0.611 -1.110
1,3 2.565 -4.054
1,4 9.714 -1.440
Coronene -0.009 -10.406

According to these results, all the central rings of the coronene and
its heteroderivatives are non-aromatic; the outer rings of the 1,3-aza-phospha-
coronene can be considered aromatic (but much weaker than the ones
corresponding to coronene). It appears that the 1,3-substitution type leads
to compounds with more pronounced aromatic character than 1,2- and 1,4-
substitutions, respectively.

Another local index of aromaticity is the Para-Delocalization Index
(PDI). PDI [17] is an electronic index of aromaticity computed within the
“atoms-in-molecules” theory, which is employed for the evaluation of the
aromatic character of 6-membered rings. It is computed as the average of
the atoms situated in para positions within a benzenoid ring. Larger PDI
values means a more pronounced aromatic character.
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Table 3. Results of PDI index (computed at HF/6-311+G)

PDI index
Compounds Inner ring Outer rings
1,2 0.027 0.047
1,3 0.025 0.052
1,4 0.014 0.045
Coronene 0.024 0.056

The results presented in Table 3 outline the more pronounced
aromaticity of the “petals” of heterocoronenes (also, as predicted by NICS
values, the 1,3-substitution type is favored). The low value obtained for the
inner cycle of the 1,4-aza-phospha-coronene can be attributed to the
presence of the three N atoms.

In order to evaluate the stability of the structures 1-3, HOMO-LUMO
gaps have been computed. The results are closed to the ones obtained for
coronene, showing that all the proposed heteroderivatives are stable
(especially the compound where the N and P atoms are in ortho positions).
Although there are no large differences among the HL values, it must be
outlined that these results predict a different hierarchy of aromaticity (compared
to the situations where local indices of aromaticity —NICS, HOMA, PDI-
have been employed).

Table 4. HL gap (computed at HF/6-311+G)

Compounds HOMO-LUMO gap (eV) Symmetry
1,2 8.20 C4
1,3 7.63 C4
1,4 7.37 Cq
Coronene 8.95 Den

Another important parameter that characterizes the aromaticity is
the electron density. We propose to estimate what is the influence of the N
and P atoms on the electronic density of the vicinal C atoms. The results
were compared to the ones obtained for coronene. The numbering of the C
atoms is depicted in Figure 2:
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Figure 2. Carbon atoms numbering for the computations of electronic density
in a specific point of the cyclic compounds

Table 5. Electron density computed for the outer C atoms (HF/6-311+G)

Electron density (a.u.) X y z
1,2 - 0.1196-10° 0.1196-10°
1,3 0.1197-10° - 0.1197-10°
1,4 - 0.1196-10° 0.1196-10°
Coronene 0.1195-10° 0.1195-10° 0.1195-10°

The results outline that there is no significant difference on the electron
density of the C atoms due to the presence of N and P. Also, the results
cannot predict a differentiation among the three substitution types.

Another possibility for evaluating the aromatic character of compounds
1-3 is the analysis of the Laplacian of electron density [18]. The maps for
each compound (and coronene) are depicted in Figure 3 and clearly show
the influence of the heteroatoms. It can be observed that the presence of
the N and P atoms disrupt the electron delocalization within the coronene
derivatives.
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Figure 3. Graphical representation of Laplacian of electron density, V? p(r), for the
aza-phospha-coronenes and coronene, respectively.

CONCLUSIONS

Three aza-phospha-coronenes (with heteroatoms in ortho, meta and
para positions, respectively) have been proposed. Their aromatic character
was evaluated by means of magnetic, energetic and geometric criteria,
using both local and global descriptors of aromaticity. All the structures are
believed to be stable, taking into the account the values of HOMO-LUMO
gap, close to the one corresponding for coronene. In this regard, and also
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when taking into account the values of electronic descriptors like PDI, it can
be said that the heteroatoms don’t have a significant contribution. Instead,
values of local indices like NICS and bond length equalization deviation
clearly show a decrease of the aromatic character together with the presence
of heteroatoms. Among the studied compounds, the 1,3-substitution type
appears to be favored (according to NICS and PDI values). Graphical
representation of the Laplacian of electron density outlines the influence of
the heteroatoms on the aromatic behavior of the compounds.

COMPUTATIONAL DETAILS

All the computations have been performed at HF/6-311+G level of
theory. All the structures have been optimized, no imaginary frequencies
being obtained. The geometries of all the aza-phospha-coronenes are non-
planar. All the computations have been performed with the Gaussian 09W
program; exceptions are the electron density calculations and the graphical
representation of the Laplacian of electron density, which have been
obtained by means of Multiwfn 3.3.4 software [19].
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