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Abstract

Substitution of two or four carbon atoms by nitrogen in the
corannulene molecule as a carbon nanostructure was done and the
obtained structures were optimized at MP2/6-31G(d) level of theory.
Calculations of the nucleus-independent chemical shift (NICS) were
performed to analyze the aromaticity of the corannulene rings and its
derivatives upon doping with N at B3LYP/6-31G(d) level of theory.
Results showed NICS values in six-membered and five-membered
rings of two and four N atoms doped corannulene are different and
very dependent to number and position of the N atoms. The values
of the mean NICS of all N-doped structures are more positive than
intact corannulene that show insertion of N atom to the structures
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causes to decreasing aromaticity of them.

2014 JNS All rights reserved

1. Introduction

In recent years, understanding of the origin of
aromaticity has been enormously interested [1].
Aromaticity has not precise quantitative definition
and is not directly measurable experimentally. In
other words, aromaticity is a virtual quantity, rather
than a physical observable [2, 3]. Aromaticity is a
manifestation of electron delocalization in closed
circuits, either in two or in three dimensions that
causes to energy lowering and a variety of other
unusual chemical and physical properties. Since

aromaticity is related to induced ring currents,
magnetic properties are particularly important for
its detection and evaluation. The imprecise nature
of the aromaticity concept has stimulated the
search for a quantitative definition and the
development of numerous aromaticity criteria and
indices [4, 5]. Since aromaticity is not a directly
measurable quantity, its magnitude is now
generally evaluated in terms of structural,
energetic, and magnetic criteria. However,
magnetic properties are the most closely related to
aromaticity, they depend directly on the induced
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ring currents associated with cyclic electron
delocalization [6, 7]. The most appropriate index of
the aromaticity that has been seen in the literature
is the magnetic criterion which is defined in terms
of the ring currents induced when an
aromatic/antiaromatic compound is placed in an
external magnetic field [8, 9].

NICS is defined as the negative value of the
absolute shielding computed at the ring center of a
molecule (NICS(0)) or at some other point, usually
at 1 A (NICS(1)) [10]. Negative NICS values in
the center of the ring exhibit the presence of
induced diatropic ring currents (aromaticity),
whereas positive NICS values at the same points
show paratropic ring currents (antiaromaticity) and
NICS values close to zero belong to nonaromatic
Species.

Corannulene is a polycyclic
hydrocarbon composed of five perifused aromatic

aromatic

ring around a central five-membered ring.
Corannulene is one of the simplest curved carbon
structures and can be represented as one third of a
C60 fullerene molecule with hydrogen termination.
Corannulene was first synthesized by Lawton and
Barth in 1966 [11]. However, C20H10 remained
silent until the discovery of Buckminsterfullerene
by Kroto et al. in 1985

To our knowledge, aromaticity of the individual
rings in corannulene N-doped derivatives that we
have considered them in this study has not
previously been investigated. Rogachev et al.
through calculations of NICS values showed that
the alkyl attachment at the hub-position does not
change the aromaticity of six-membered rings
(except increasing the aromaticity of one) but
replaces the interior anti-aromatic five-membered
ring in the neutral corannulene with the slightly
aromatic one of a partially negatively charged
cyclopentadienyl ring. But, the aromatic systems in
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spoke- and rim- isomers are mostly eliminated
upon the electrophilic attack at these positions
[12]. Frash et al. showed that protonation of
corannulene at a hub carbon, according to the
NICS analysis, makes the central ring aromatic,
and enhances aromaticity of the peripheral rings.
But, protonation at a rim carbon or a bridgehead
rim carbon enhances antiaromaticity of the central
ring, and reduces the average aromaticity of the
peripheral rings [13]. Denis calculated the values
of the NICS(0) for corannulene and two nitrogen
disubstituted corannulene isomers and concluded
that aromatic character of them is strongly
dependent on the position of the nitrogen atoms.
The results indicated that the aromaticity of an
isomer diminished from that observed in
corannulene and it has small aromatic character in
the central pentagon and two hexagons; the
antiaromatic character was seen for the remaining
3 hexagons. The later results are in contrast with
the observed for corannulene, which has aromatic
character in the hexagons and antiaromatic on the
pentagon [14]. In this work, we used NICS
criterion to describe the aromaticity of corannulene
and its N-doped derivatives. We investigated the
effect of N-doping on the aromaticity of the
corannulene molecule.

2. Computational methods

In this study, the first considered model was the
intact corannulene molecule and the other models
resulted from the substitution of two (22 structures)
and four (7 structures) carbon atoms by nitrogen
atoms in the corannulene molecule. The geometry
optimizations were performed using the second-
order Moller—Plesset perturbation theory (MP2)
with the 6-31G(d) basis set and vibrational
frequency calculations were carried out at the same
level of theory. No imaginary frequency was seen
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that confirmed them as a true minimum on the
potential energy surface. The computational
calculations were performed using the Gaussian 03
package [15] and the results were displayed using
GaussView 5 software [16]. The gauge-
independent atomic orbital (GIAO) NMR [17]
calculations were calculated at B3LYP/6-31G(d)
level of theory and then NICS values (in ppm)
were computed from the magnetic shielding tensor
that was calculated for ghost atoms located at the
geometrical center of the rings to evaluate
aromaticity, antiaromaticity and nonaromaticity.
Negative, positive and nearly zero values of the
NICS denote aromaticity, antiaromaticity and
nonaromaticity, respectively [5, 18]

3. Results and Discussion

We calculated the NICS(0) values in all rings
center of corannulene and its N-doped derivatives
at the GIAO-B3LYP/6-31G(d) level of theory. In
this study, we have focused on the NICS values for
different rings of the two and four N atoms doped
corannulene (CygN;Hio and CiN4H10) compared
with intact CxHi. The aromaticity of the
corannulene was previously studied to reveal that
the six-membered rings are aromatic while the
interior five-membered ring is antiaromatic [12-
14]. Our NICS calculations for the intact
corannulene yielded values +9.51 ppm for the five
membered ring and almost —7.20 ppm for the six-
membered rings that are in good agreement with
literature. The computed NICS values in the center
of rings of corannulene molecule have been shown
in Fig. 1. Antiaromaticity character of the five-
membered ring and aromaticity character of the

six-membered rings were concluded from these
values. The NICS values of the six-membered and
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five-membered rings are negative and positive that
indicates their aromatic and antiaromatic character,
respectively. Aromatic character of the intact
corannulene will be concluded from mean value of
the NICS that [ equal to
—4.48.

Fig. 1. NICS(0) values in the all rings of intact
corannulene at the GIAO-B3LYP/6-31G(d) level of
theory.

For evaluation of the effect of N-doping on
aromaticity and antiaromaticity character of the
corannulene derivatives, we substituted two or four
C atoms in corannulene with N atoms. Determined
NICS at rings center, NICS(0), for 2 N atoms
doped corannulene (Structures 1-22) and for 4 N
atoms doped corannulene (Structures 23-29) have
been shown in Figs. 2 and 3, respectively. As
shown in Figs. 2 and 3, NICS values in six-
membered and five-membered rings of two and
four N atoms doped corannulene are different and
very dependent to number and position of the N
atoms .

Average NICS values and relative energies of
corannulene and its 2 and 4 N atoms doped
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Fig. 2. NICS values in the all rings of structures 1-22 at the GIAO-B3LYP/6-31G(d) level of theory.
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Fig 3. NICS values in the all rings of structures 23-29 at
the GIAO-B3LYP/6-31G(d) level of theory.

derivatives was been collected in Tables 1 and
2, respectively. Several structures (3, 6, 13-15,
18-20, 24, 25 and 27) have a plane of
symmetry and their NICS(0) values on both
sides of this plane must be almost identical.
The values of NICS of all N-doped structures
are more positive than intact corannulene that
show insertion of N atom to the structures
causes to decreasing aromaticity of them.
Results show for two N atom doped
corannulene, structures 9 and 21 with two
adjacent N atoms are more aromatic structures,
also existence of two N atoms in hub position
cause to antiaromatic character so structure 3 is
very antiaromatic. Though structure 19 has two
adjacent N atoms and must be aromatic, but

existence of two N atoms in hub position cause to
be antiaromatic.
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Table 1. Relative energies (kcal/mol) and Mean NICS
(ppm) of the C1gN,Hyq investigated isomers.

Relative energy Mean NICS
Isomer
(kcal/mol) (ppm)
CaoHio - -4.48
1 0.00 0.34
2 8.43 6.98
3 28.46 506.45
4 8.02 8.05
5 10.55 9.78
6 12.50 -1.25
7 15.49 13.29
8 22.99 30.20
9 16.96 -3.63
10 18.47 0.14
11 19.01 0.36
12 19.75 0.97
13 22.32 -0.52
14 25.27 0.24
15 36.38 20.49
16 28.08 4.52
17 28.32 -1.13
18 31.43 0.50
19 38.64 18.18
20 33.94 6.99
21 45.53 -3.49
22 31.67 31.96

Table 2. Relative energies (kcal/mol) and Mean NICS
(ppm) of the C16N4H;o investigated isomers.

Relative energy Mean NICS
Isomer

(kcal/mol) (ppm)
23 19.41 -2.38
24 83.29 3.45
25 25.11 27.1
26 22.37 -3.70
27 0.00 -2.57
28 6.88 -0.25
29 38.88 7.13
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4. Conclusion

Calculated NICS values at rings center of 2 and
4 N atoms doped corannulene in six-membered and
five-membered rings of them are different and very
dependent to number and position of the N atoms.
The values of NICS of all N-doped structures are
more positive than intact corannulene that show
insertion of N atom to the structures causes to
decreasing aromaticity of them. Results show that
structures with two adjacent N atoms doped
corannulene are more aromatic structures, but
existence of two N atoms in hub position cause to
increasing of the antiaromatic character.
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