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Bicycloaromaticity and Baird-type bicycloaromaticity
of dithienothiophene-bridged [34]octaphyrins†
Rashid R. Valiev,a,b Heike Flieglc , Dage Sundholm*a,d

Aromatic properties of two recently synthesized dithienothiophene-bridged (DTT) [34]octaphyrins
have been investigated by calculating magnetically induced current densities and vertical excitation energies. These intriguing molecules have been proposed to be the first synthesized neutral
bicycloaromatic compounds. The triplet state of their dications was even suggested to be Bairdtype bicycloaromatic rendering them very interesting as a new prototype of molecules possessing
simultaneously the two rare types of aromaticity. Here, we investigate computationally the aromatic properties of the neutral as well as the singly and doubly charged DTT-bridged [34]octaphyrins. Our study provides unambiguous information about changes in the aromatic properties
of the DTT-bridged [34]octaphyrins upon oxidation. The calculations identify two independent
diatropic ring currents in the neutral DTT-bridged [34]octaphyrins, showing that they are indeed
bicycloaromatic. The current-density flow of the two independent ring currents of the bicycloaromatic compounds are visualized and individual aromatic pathways are quantified by performing
numerical integration. The calculations show that two independent diatropic ring currents can
indeed be sustained by molecules consisting of two aromatic rings that share a common set of
π electrons. The current density calculations on the singly charge DTT-bridged [34]octaphyrins
show that they are weakly antiaromatic, which does not agree with the suggested aromatic character deduced from spectroscopical studies. The triplet state of the two DTT-bridged [34]octaphyrin
cations with very similar molecular structures have unexpectedly different aromatic character. One
of them is Baird-type bicycloaromatic, whereas the triplet state of the other dication has one aromatic and one nonaromatic ring, which could not be resolved from available spectroscopical data.
Calculations of excitation energies reveal that a simple model cannot be employed for interpreting
the electronic excitation spectra of the present molecules, because more than 20 excited states
contribute to the spectra above 2.5 eV (500 nm) showing the importance of computations. The
present work illustrates how detailed information about molecular aromaticity can nowadays be
obtained by scrutinizing calculated current densities.

Introduction
The aromaticity concept of planar conjugated molecules fulfilling
the [4n + 2] π-electron count rule is well known. 1,2 Even though
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aromaticity is still not completely understood, it is an important
concept in chemistry. It has constantly been a topic of debate
and thoroughly investigated using different kinds of experimental and computational approaches. 3,4 Various theoretical methods have been employed in order to develop reliable aromaticity indices for comparisons of the degree of molecular aromaticity. 3 We recently showed that the degree of aromaticity obtained
using the magnetic ring-current and the energetic criteria have
a linear correlation. 5 Thus, the magnetic ring-current criterion
can be used for assessing the degree of aromaticity in a broader
sense. Ring-current strengths are indirectly explored in the popular nucleus independent chemical shift (NICS) 6–8 method and
in calculations of the anisotropy of the induced current density
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(ACID). 9–11 However, the NICS and ACID approaches are not
able in all cases to accurately predict the aromatic character for
complicated molecular ring systems. 11–18 Instead calculations of
magnetically induced current densities provide an unambiguous
picture of the current flow. Integration of the current strength
passing selected planes yields ring-current strengths and current
pathways in the molecule. Interpretation of the huge amount of
the current-density information is though challenging especially
when aiming at a very detailed understanding of the aromatic
properties. 14,19,20 Combination of numerical integration of the
current flow and advanced visualization methods provide an accurate picture of the magnetically induced current density in complicated molecules.
Expanded porphyrins are well suited for combined experimental and theoretical studies of molecular aromaticity, because many
different kinds of expanded porphyrins have been synthesized
and systematically modified for investigating different aspects
of aromaticity. 4,21–24 It is even possible to synthesize nonplanar
Möbius twisted porphyrinoid structures, whose aromatic properties have been studied experimentally and computationally. 25–32
Studies show that porphyrins with [4n + 1] π electrons can be
stable similar to aromatic molecules with [4n+2] π electrons. 33–38
Aromaticity rules have been extended to molecules in triplet
state. Baird’s aromaticity rule states that molecules in triplet state
are aromatic when they have [4n] π-electrons, while those with
[4n + 2] π electrons are antiaromatic. 39 Baird-type aromaticity is
presently an active research topic, because it provides important
information about excited-state aromaticity that is of importance
for photophysical processes of molecules. 29,40–44
Bicycloaromaticity is an aromaticity concept that was originally
suggested by Goldstein and Hoffmann. 45,46 The underlying idea
is that in nonplanar molecules two aromatic π-electron circuits
can exist independently of each other. Two connected molecular
rings with a common conjugation pathway in one part of them
share π electrons that sustain independent ring currents. The
basic bicycloaromaticity idea was proposed in 1967, whereas it
lasted 50 years until the first neutral bicycloaromatic molecules
were synthesized. 33,47,48 Cha et al. recently reported synthesis and spectroscopic characterization of two dithienothiophene
(DTT)-bridged [34]octaphyrins. Measurements of nuclear magnetic resonance (NMR) chemical shifts suggested that the synthesized molecules are bicycloaromatic with two connected conjugation loops with 26 and 34 π electrons that sustain two independent ring currents. They proposed that two electron oxidation of the bicycloaromatic molecules leads to a triplet state
with [4n + 1] π electrons in each loop. The studies suggested
that the DTT-bridged [34]octaphyrins are the first example of
neutral bicycloaromatic molecules and that the dications are the
first example of molecules with Baird-type bicycloaromaticity. 33
They also proposed that one electron oxidation leads to different
aromatic properties for the cations of the two synthesized DTTbridged [34]octaphyrins. It was also suggested that in one case
the oxidation resulted in a globally aromatic cation, where half of
an electron was removed from both loops, whereas for the other
molecule one electron was removed from the larger loop and the
smaller ring has the same number of π electrons as the corre-
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sponding neutral molecule. 33
Cha et al. investigated the aromatic properties of the neutral molecules spectroscopically using 1 H NMR spectroscopy and
ultraviolet-visible (UV-VIS)-near-infrared (NIR) absorption spectroscopy, whereas for the charged molecules they did not report
any 1 H NMR chemical shifts. Thus, the aromatic character of the
charged molecules is based only on changes in the UV-VIS-NIR
spectra upon oxidation. 33 The spin state of the charged species
was determined by measuring the electron paramagnetic resonance (EPR) spectra. The spectroscopical characterization was
supported by calculations of nucleus independent chemical shifts
(NICS) 8 and anisotropy of the induced current density (ACID)
plots. 49
Here, we investigate the aromatic properties of the DTTbridged [34]octaphyrins by calculating magnetically induced current densities using our gauge including magnetically induced
current (GIMIC) method. 19,50–52 The pathways of the magnetically induced ring currents have been obtained by integrating the
current flow passing selected chemical bonds of the molecular
rings. The ring-current strengths are used for determining the degree of aromaticity, whereas the direction of the ring current i.e.,
the tropicity shows whether the rings are aromatic or antiaromatic. The UV-VIS-NIR spectra have been calculated at the expanded multi-configurational quasi-degenerate perturbation theory level.

Computational methods
The molecular structures of all the studied molecules were optimized at the density functional theory (DFT) level using the
B3LYP functional and the def2-TZVP basis set with Turbomole version 7.2. 53–57 The molecular structure of the triplet state of 1a2+
was also optimized using the M06-2X functional. 58 Nuclear magnetic resonance (NMR) shielding constants were calculated at the
DFT level with the B3LYP, BHLYP and M06-2X functionals 53,54,59
and def2-TZVP basis set 60 using the mpshift 61,62 module of Turbomole for the closed-shell molecules and Gaussian09 63 for the
open-shell species.
Gauge-including atomic orbitals (GIAO) were used in the NMR
shielding calculations. 64,65 Magnetically induced current densities were obtained using the gauge including magnetically induced current method (GIMIC). 19,50–52 GIMIC is interfaced to
Turbomole and Gaussian 09. 50,66 GIMIC uses basis set information, the atomic orbital density matrix and the perturbed atomic
orbital density matrices as input data, which are obtained by performing NMR shielding calculations. In the current-density calculations, the nonplanar molecules were oriented largely in the
xy plane with the magnetic field in z direction. The BHLYP functional 59 with 50% Hartree-Fock (HF) exchange has been found
to be a better choice than B3LYP for calculating magnetically induced current densities of antiaromatic molecules, because BHLYP calculations yield similar current densities as obtained at the
second-order Møller-Plesset perturbation theory (MP2) level. 24
The B3LYP functional tends to overestimate the paratropic ringcurrent strengths of strongly antiaromatic molecules. 67 However,
the B3LYP functional yields accurate ring-current strengths for
aromatic molecules that are dominated by diatropic current den-

for the cations, and 50 states for the dications. The oscillator
strengths were also calculated at the XMC-QDPT2 level. The excitation energies and oscillator strengths were calculated with the
Firefly software. 73

(1a)

(1b)

(2a)

(a)

(b)

(c)

(d)

(2b)

Fig. 1 The molecular structures of the investigated DTT-bridged
[34]octaphyrins 1a and 2a, and their [26]hexaphyrin like building blocks
1b and 2b.

sities. The magnetically induced current density for the triplet
state of 1a2+ was also calculated with a new version of the mpshift program using the M06-2X functional, which has 54% HF
exchange, and the molecular structure optimized at the M06-2X
level. 58,62 The differences between the molecular structures optimized at the B3LYP and M06-2X levels are very small, which does
not support the notion that the B3LYP functional has difficulties
to describe the electronic structure of porphyrinoids. 68 Current
density calculations show that aromatic porphyrinoids are well
described at the DFT level using common functionals, whereas
the strength of the paratropic ring current of porphyrinoids decreases when increasing the amount of HF exchange. 24,67 Functionals with about 50% HF exchange yield ring-current strengths
of about the same strength as obtained at the MP2 level. 24
A recent overview of current density studies on porphyrinoids
is given in Ref. 20. For the visualization of the streamlines of the
three-dimensional current density, the corresponding Paraview
plugin has been employed using a radius of 0.4 bohr for the inspection sphere. 69 The molecular structures have been visualized
with VMD 70 and ChemCraft. 71
Excitation energies with the same spin state as the ground
state were calculated at the expanded multi-configurational
quasi-degenerate perturbation theory (XMC-QDPT2) level using
the def2-TZVP basis sets. 60,72 The complete active space selfconsistent field (CASSCF) calculations considered 6 electrons in
6 molecular orbitals. We performed state-average CASSCF (SACASSCF) calculations on the 1a and 2a species using 21 states
for the neutral form, 26 states for the cation, and 28 states for the
dication. In the XMC-QDPT2 calculations, the effective Hamiltonian comprised 35 states for the neutral molecules, 45 states

Fig. 2 The magnetically induced ring currents of the two rings of 1a are
shown in (a) and (b). Figures (c) and (d) show the corresponding ring
currents of 2a. The visualization has been done with the 3D streamline
visualization plugin of ParaView using a sphere radius of 0.4 bohr. For
streamlines depicted in blue, the inspection sphere was place 1 bohr
above the fusing carbon atom at the DDT bridge, while for the red
streamlines the sphere was place 1 bohr below the neighboring carbon
atom to the left of the junction.

Results and discussion
Molecular structures
The molecular structures of the DTT-bridged [34]octaphyrins 1a
and 2a as well as their planar [26]hexaphyrin-like building blocks
1b and 2b are shown in Figure 1. We use the same notation
as introduced by Cha et al. 33 The structural difference between
1a and 2a is that in 1a, the two thiophene rings are connected
by one bond, whereas in 2a the thiophene rings are annelated
via an additional sulfur bridge. Molecules 1b and 2b have the
same structural differences as the smaller molecular ring in 1a
and 2a. The DTT-bridged [34]octaphyrins are slightly nonplanar.
The Cartesian coordinates of the molecular structures are given
in the electronic supplementary information (ESI).
Current pathways in 1a and 2a
The 3D streamline visualization of the current densities of 1a and
2a in Figure 2 shows that the molecules sustain two spatially independent ring currents. The blue streamlines were obtained by
placing the inspection sphere of the plotting algorithm 1 bohr
above the carbon atom fusing both rings and the red one was
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obtained with the sphere placed 1 bohr below the carbon atom.
The two current-density flows are almost planar. The plane of the
ring current of the small ring shown in blue is slightly tilted with
respect to the plane of the ring current of the large loop shown in
red. The streamline plots suggest that molecules 1a and 2a are
indeed bicycloaromatic, which was also found experimentally by
Cha et al. 33
Numerical integration of the current strengths passing selected
chemical bonds shows that molecules 1a and 2a sustain similar
current pathways and current strengths. The current strengths of
1a are followed by the ones for 2a within parenthesis. The small
loop in 1a sustains a ring current of 10.5 nA/T (10.0 nA/T). The
current strength of the large loop is 22.0 nA/T (23.3 nA/T) and
10.5 nA/T (10.0 nA/T) passes the bridge. The calculated current
pathways and current strengths are shown in Figure 3. A detailed
description of the current pathways and their current strengths is
given in the ESI.

(a)

(b)

(c)

(1a)

(2a)

Fig. 3 The strengths (in nA/T) of the current pathways of 1a and 2a
calculated at the B3LYP/def2-TZVP level of theory.

Current pathways in the triplet state of 1a2+ and 2a2+
Calculation of the spin α and spin β contributions to the current density of 1a2+ shows that the spin β contribution to the
current density is paratropic in the large molecular ring and that
the spin α contribution to the current density is diatropic in both
molecular rings leading to a nonaromatic character of the large
molecular ring and an aromatic character for the small molecular
ring. Since the number of β electrons is two fewer that the number of α electrons, the oxidation removed two electrons from the
large molecular ring according to the present calculations. The
3D streamline visualization of the current density and the spincurrent densities of 1a2+ are shown in Figure 4. Modulus plots
of the spin current densities of the studied molecular systems are
given in the ESI.
Calculation of the spin α and spin β contributions to the current density for 2a2+ shows that both spin currents are diatropic
in the two molecular rings leading to the Baird-type bicycloaromatic character of the triplet state of 2a2+ . The current density
calculation suggests that one electron is removed from the large
molecular ring and one from the small one when doubly oxidizing
2a. Thus, the oxidation does not lead to any significant changes
in the aromatic character in this case. The 3D streamline visualization of the current density and the spin-current densities of
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Fig. 4 Calculated current density represented as 3D streamlines for (a)
the total current density, (b) the α contribution and (c) β contribution to
the total current density of 1a2+ . For streamlines depicted in blue, the
inspection sphere was place 1 bohr above the fusing carbon atom at the
DDT bridge, while for the red streamlines the sphere was place 1 bohr
below the neighboring carbon atom to the left of the junction.

2a2+ are shown in Figure 5.
The current strength and current pathways of the triplet state of
1a2+ differ significantly from those of 1a. The large loop sustains
a very weak ring current of 3.2 nA/T as compared to 22.0 nA/T
for 1a. The current strength of the small loop is 29.0 nA/T for
1a2+ , which is almost three times stronger than for 1a. Thus,
the small loop is strongly aromatic, whereas the large loop of
the doubly charge 1a2+ is practically nonaromatic with aromatic
thiophene rings. The pyrrolic rings of the large loop are almost
nonaromatic.
Calculations of the current density at the M06-2X level yielded
practically the same current pathway and current strengths for
the large loop as obtained in the B3LYP calculation. At the M062X level, the current strength of the small loop is 9 nA/T weaker
than the one obtained in the B3LYP calculation. However, the current pathways are qualitatively the same at both levels of theory
showing that the small loop of the triplet state of 1a2+ is aromatic
and the large loop is almost nonaromatic.
The current strengths of 2a2+ followed by the ones for neutral
2a within parenthesis. The current pathways of the triplet state
of the doubly charged 2a2+ are similar to those of the neutral 2a.
The small loop in 2a2+ sustains a ring current of 15.8 nA/T (10.0
nA/T) and for the large loop is it is 19.0 nA/T (23.3 nA/T). The
calculated current strengths along the different pathways for the
triplet state of 1a2+ and 2a2+ are shown in Figure 6. The current
pathways and their current strengths are discussed in detail in the

(a)

(b)

(1a2+ )

(2a2+ )

Fig. 6 The strengths (in nA/T) of the current pathways of the triplet state
of the 1a2+ and 2a2+ dications calculated at the B3LYP/def2-TZVP level
of theory.

(c)

Fig. 5 The 3D streamlines for (a) the total current density, (b) the α
contribution and (c) β contribution to the total current density of 2a2+ .
The streamlines depicted in blue was obtained with the inspection
sphere 1 bohr above the fusing carbon atom at the DDT bridge, while for
the red streamlines the sphere was place 1 bohr below the neighboring
carbon atom to the left of the junction.

ESI.
Current density calculations on the triplet state of 1a2+ show
that the small loop is aromatic, whereas the large loop sustains
a weak diatropic ring current. The triplet state of 2a2+ has a
completely different aromatic character, as its large and the small
loops sustain strong diatropic ring currents. Thus, the triplet state
of 2a2+ is Baird-type bicycloaromatic, whereas the triplet state of
1a2+ has only one aromatic macro ring. Cha et al. suggested that
the triplet state of both 1a2+ and 2a2+ are Baird-type bicycloaromatic, 33 which does not agree with the results obtained in the
present computational study.
Current pathways in the doublet state of 1a1+ and 2a1+
Calculations of the spin α and spin β contributions to the current density for 1a1+ and 2a1+ show that the spin β contribution
to the current density is paratropic in the two molecular rings
whereas the spin α contribution is diatropic but weaker than the
paratropic current density contribution of the β electrons leading
to a weakly antiaromatic character of the doublet state of 1a1+
and 2a1+ . The two ring currents and the spin contributions to
the ring currents are visualized in Figure 7.
The doublet state of the 1a1+ and 2a1+ cations are globally antiaromatic sustaining very similar current pathways and current
strengths. The current strengths of 1a1+ are followed by the ones
for 2a1+ within parenthesis. The small loop of 1a1+ sustains a
paratropic ring current of -8.0 nA/T (-11.0 nA/T). The current

strength of the large loop is -2.4 nA/T (-5.2 nA/T) and -5.9 nA/T
(-5.8 nA/T) passes the bridge.
A similar current pathway pattern is obtained for the bridges of
1a1+ and 2a1+ and for the three thiophene rings of the common
part of the two loops of molecule 2a1+ . The global paratropic
ring current passes on the inside of the three thiophene rings. The
calculated current pathways and current strengths for 1a1+ and
2a1+ are shown in Figure 8. The current pathways are discussed
more thoroughly in the ESI.
The aromatic properties for the 1a1+ and 2a1+ cations differ
completely from those suggested in the experimental work by Cha
et al. 33 In the experimental characterization they suggested that
1a1+ is globally aromatic with one electron missing in the large
loop and that the aromatic properties of the small loop is the same
as for the corresponding neutral molecule. For 2a1+ , they suggested that the global aromaticity is weakened, because half an
electron is removed from both loops. The conclusions were drawn
based on changes in the measured UV-VIS-NIR spectra upon oxidation. 33 The present calculations suggest on the other hand that
the large loop of 1a1+ is very weakly antiaromatic and 2a1+ sustains a somewhat stronger paratropic ring current in the large
loop. The current pathways and current strengths for the rest of
the two cations are similar. The main conclusion of the present
calculations is that paratropic current densities dominate in 1a1+
and 2a1+ , which is not in agreement with the conclusion drawn
in the experimental study by Cha et al. 33
Current pathways of the 1b and 2b species
The singlet states of the neutral 1b and 2b rings are aromatic
sustaining a ring current strength of 34.7 nA/T and 34.0 nA/T,
respectively. Thus, 1b and 2b are strongly aromatic as also obtained in the experimental study. 33 The current pathways and
current strengths of 1b and 2b discussed in the ESI are also practically the same.
The triplet states of the 1b2+ and 2b2+ dications are aromatic
sustaining a ring current strength of 31.2 nA/T and 33.7 nA/T,
respectively. The triplet state of 1b2+ and 2b2+ are Baird-type
aromatic, as they also sustain very strong diatropic ring currents
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with formally 60 π electrons are aromatic, because the two connected conjugation pathways with 26 and 34 π electrons, respectively, sustain independent aromatic pathways fulfilling the
Hückel rule for aromaticity. 33 The present calculations of the
ring-current strengths and ring-current pathways support the experimental results for neutral 1a and 2a. Thus, our computational study confirms that the synthesized molecules are neutral
bicycloaromatic molecules.

(a)

(b)

(c)

Fig. 7 Calculated current density represented as 3D streamlines for (a)
the total current density, (b) the α contribution and (c) the β contribution
to the current density of 1a+ . For streamlines depicted in blue the
inspection sphere was place 1 bohr above the fusing carbon atom at the
DDT bridge, while for the red streamlines the sphere was place 1 bohr
below the neighboring carbon atom to the left of the junction.

that are of the same strength as for neutral 1b and 2b. The current strengths and pathways are more thoroughly discussed in the
ESI.
The singlet state of the 1b2+ dication is strongly antiaromatic
sustaining a net paratropic ring current of -78.4 nA/T at the
B3LYP level. However, the B3LYP functional has a tendency to
overestimate the degree of antiaromaticity for strongly antiaromatic molecules, 24,67 whereas for aromatic porphyrinoids about
the same ring-current strengths are obtained at the MP2 level
and at the DFT level using different functionals. 67 The current
strengths calculated at the B3LYP level for strongly antiaromatic
porphyrinoids were found to be about a factor of 2-3 larger than
the current strengths obtained at the MP2 level, whereas the BHLYP functional yielded ring-current strengths that agreed well
with the MP2 ones. 67 The ring-current strength for the singlet
state of the 1b2+ dication calculated using the BHLYP functional
is -41.0 nA/T. The strengths of the current pathways calculated
at the B3LYP and BHLYP levels are compared in the ESI. The ringcurrent strength calculations show that the singlet state of 1b2+
is indeed strongly antiaromatic and also suggested in the experimental work. 33

Comparison of experimental and theoretical
results
Characterization of the recently synthesized dithienothiophenebridged [34]octaphyrins (1a and 2a) showed that the molecules
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(1a1+ )

(2a1+ )

Fig. 8 The strengths (in nA/T) of the current pathways of 1a1+ and 2a1+
calculated at the B3LYP/def2-TZVP level of theory.

Experimental characterization of the aromatic properties of the
corresponding charged molecules is less straightforward, because
1 H NMR spectra have not been recorded for them. However, measurements of the UV-Vis-NIR spectra suggested that the oxidation
of 1a leads to an electronic structure with 4n + 1 π-electrons in
the large loop, whereas the number of π electrons in small loop
is the same as for neutral 1a. The spectroscopical studies suggested that further oxidation of 1a1+ leads to a triplet ground
state of 1a2+ with 33 and 25 π electrons in the large and the
small loop, respectively. 33 However, the conclusions drawn from
the spectroscopical studies are not supported by the present calculations. The UV-Vis-NIR spectra calculated at the XMC-QDPT2
level are compared in Figure 9. The XMC-QDPT2 calculations of
the UV-Vis-NIR spectra showed that the studied molecules have
more than 20 excited states above 2.5 eV (500 nm), implying
that a simple model cannot be used for interpreting the spectra.

The current-density calculations show that the small loop of
1a1+ is weakly antiaromatic and that the large loop is very weakly
antiaromatic or almost nonaromatic. For 1a2+ we find that the
small loop is aromatic and the large one is practically nonaromatic sustaining a very weak diatropic ring current. The present
computational study does not support the notion that 1a2+ is a
Baird-type bicycloaromatic molecule.

Table 1 Comparison of the calculated net current strengths circling
around the large ring, passing the common part of the large and the
small ring, and the current strengths passing the bridge. All values are
reported in nA/T.

Molecule
1a
2a
1a1+
2a1+
1a2+
2a2+

(a)

Large ring
22.0
23.3
-2.4
-5.2
3.2
19.0

Common part
31.1
32.3
-8.0
-11.0
32.0
35.4

Bridge
9.1
9.1
-5.6
-5.8
28.8
16.4

present case, the conclusions from the computational and experimental studies agree completely for the neutral molecules that
could be thoroughly characterized experimentally using 1 H NMR
spectroscopy and other spectroscopical techniques, whereas for
the charged species with lacking experimental 1 H NMR data, the
experimental interpretation had to rely on other advanced spectroscopies that are apparently not able to reliable assess the degree of molecular aromaticity, illustrating the importance of the
interplay between experimental and theoretical investigations.

Summary

(b)

Fig. 9 Comparison of the UV-Vis-NIR spectra of (a) 1a, 1a1+ , 1a2+ , and
(b) 2a, 2a1+ , 2a2+ calculated at the XMC-QDPT2 level.

The experimental UV-Vis-NIR spectra for singly oxidized 2a1+
suggested that both loops are affected when removing an electron
from 2a. 33 Cha et al. suggested that the two loops have 25.5 and
33.5 π electrons, respectively. 33 Further oxidation of 2a1+ yields
2a2+ in the triplet state with 33 and 25 π electrons in the two
loops. Thus, the aromatic properties for 2a2+ that were deduced
from the experimental studies were very similar to those of 1a2+ .
Current density calculations on 2a1+ yielded very similar ringcurrent strengths and current pathways as for 1a1+ . Thus, the
small loop of 2a1+ is weakly antiaromatic and the large one is
very weakly antiaromatic or practically nonaromatic.
Current density calculations on 2a2+ show that the small and
large rings are aromatic sustaining strong ring currents of 15.8
nA/T and 19.0 nA/T. The present calculations suggest that 2a2+
is indeed a Baird-type bicycloaromatic molecule.
The present study shows that it is very challenging to experimentally estimate the aromatic character of large molecules with
multiple rings without having access to 1 H NMR spectra. In the

Magnetically induced current densities have been calculated and
analyzed for two recently synthesized dithienothiophene-bridged
[34]octaphyrins (1a and 2a) and for the corresponding singly
and doubly oxidized cations as well as for their hexaphyrin-type
building blocks. Our computational study comprises detailed investigations of magnetically induced ring-current strengths and
current-density pathways of the neutral and charged molecules.
The calculations show that the two macrorings sustain strong diatropic ring currents indicating that the neutral molecules are bicycloaromatic molecules as recently suggested based on spectroscopical studies. 33
We have also investigated how the current density flow changes
when oxidizing the molecules. The doublet state of the singly
charged cations were found to sustain paratropic ring currents indicating that 1a1+ and 2a1+ are weakly antiaromatic or almost
nonaromatic, which is not in agreement with the conclusions
drawn in the experimental study. 33
The current density calculations show that the triplet state of
1a2+ and 2a2+ have different aromatic characters. The small
molecular ring is aromatic in 1a2+ , whereas the large loop is practically nonaromatic. The triplet state of 2a2+ sustaining diatropic
ring currents in both the large and the small loop is on the other
hand a Baird-type bicycloaromatic molecule. The calculated net
current strength susceptibilities of the main rings are summarized
in Table 1.
Current density calculations on the hexaphyrin building blocks
show that the neutral molecules are aromatic. The doubly
charged cation in the singlet state is antiaromatic and the triplet
state of the doubly charged cations is aromatic. Thus, the hexaphyrin rings of 2a and 2a2+ fulfil the Hückel and Baird rules for
aromaticity, respectively.
The studied molecules show very interesting aromatic properJ
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ties that are difficult to determine experimentally when 1 H NMR
spectroscopical measurements are not available. Aromatic properties deduced from experimental UV-VIS-NIR spectroscopy cannot be trusted because the studied molecules have more than 20
excited states in the NIR-Vis part of the spectrum implying that
simple empirical rules can not be used for interpreting the optical
spectra.
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