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ABSTRACT: In the current work, the impact of the orientation of the BN
units in some proposed isomers of iminobora-benzene (B4CoN¢Hy) is
analyzed. The analysis is oriented toward determining whether the
orientation plays an important role in electronic delocalization (aromaticity).
The alternation of the BN units generates several isomers, which were built
arbitrarily and systematically with the main goal of measuring their respective
electronic delocalization. For the analysis of aromaticity, multiple method-
ologies (AANDP, AV124S, AVmin, ELF, LOL, MICD, and B"¥) were
employed, all of which produced consistent trends. Moreover, the alternation
of the BN units affects not only electronic delocalization but also relative
stability, with relative energy values of up to 85 kcal/mol observed among the
isomers. Interestingly, the most aromatic isomer is the least stable isomer,
while the most stable isomer is, with some methodologies, the least aromatic.

1. INTRODUCTION studied. In particular, Baranac-Stojanovic reported the
aromatic behavior of 1,2, 1,3-, and 1,4-azaborines, concluding
that the most aromatic isomer is also the least stable one.” In
2015, Srivastava and Misra proposed carborazine, an

Carbomers are defined by Chauvin as extended molecules,
which are obtained by the inclusion of C=C (or C,) unit in
each bond of any other molecule.' > The simplest example is

acetylene, which could be considered as the carbomer of isoelectronic analogue to benzene. Carborazine is generated
molecular hydrogen. For cycles, the inclusion of C, units by substituting three adjacent carbon atoms (CCC) with BCN
generated larger cycles. For example, the carbomer of benzene units, resulting in the chemical formula B,C,N,H. These
(CHg Dgp,) is named carbo-benzene (CisHg, Dgp), and both compounds are slightly more aromatic than borazine.'® Years
molecules preserve the symmetry and some characteristics, later, in 2020, Anstoter, Gibson, and Fowler modeled the
such as electronic delocalization. The same procedure could be aromatization of (BN),H, azabora-annulenes. In particular,
applied to borazine (B;N3H, Dy;) and, after the inclusion of six they found that “borazocine”, [B,N,Hg]*", has a diatropic
C, units, the ring carbo-borazine (B;C,,N;3H, Dy,) is obtained. character (comparable with benzene), and it could form
In a work published in 2014, Jalife et al. replaced the C, units coordinated compounds such as sandwich complexes."’ An
of the carbo-borazine by iminobora (BN) units, both chemical analysis of the nature of the chemical bond in borazine was
entities with eight valence electrons, and proposed a new conducted by Kalemos. In that work, the authors analyzed the
inorganic compound, which was labeled as iminobora- excited states of the BH and NH fragments to form the ground
borazine.” Finally, the aromaticity of carbo-benzene, carbo- state of borazine. The author also analyzed boraxine and
borazine, and iminobora-borazine was analyzed, and it was carborazine using the same methodology.lz Wu et al
observed that the electronegativity difference between boron established that the aromaticity difference between ByCNj
and nitrogen aﬁectedsthe electronic delocalization.” In this léne, and ByN,, isoelectronic species of cyclo[18]carbon (C,g), is
the carbo-aromaticity” of other systems, such as carbo-cages’ or due to the insertion of C atoms in B4C¢Ny showing a slight

carbo-metallabenzenes” was studied. The inclusion of BN units
in carbon rings is not a new target in computational chemistry.
For example, the structural changes and electronic effects
following the isoelectronic monosubstitution of carbon atoms
with B and N atoms have been studied in cyclo[18]carbon (a
large carbon ring).® Cheng et al. reported that when analyzing
the BNC,; isomers, the most stable isomer is the least aromatic
species. To the best of our knowledge, the systems described
above contain B, C, and N atoms, where aromaticity is not
related to stability.” Additionally, azaborine rings have been

negative charge in C atoms, which regulates the electronic
structure of the ring. Comparing B4C4N4 with two other
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Figure 1. Black numbers represent the bond lengths of the isomers proposed for iminobora-benzene, and they are expressed in A. Blue numbers
represent the natural charges of the carbon atoms, and they are in lel. Blue, pink, dark-gray, and white spheres represent nitrogen, boron, carbon,
and hydrogen atoms, respectively. Relative energies are expressed in kcal/mol.

isomers, which do not have an alternating structure of B, C,
and N, their relative energies of the isomers are lower by 280.0
and 250.2 kcal/mol."* The authors reported that B4C¢Ny is
aromatic while the other two isomers present nonaromaticity
like BoN,. Also, they provided a conclusion that the B4CNg
molecule has a double aromaticity similar to that of Cip'” a
concept provided by Fowler'® for all-carbon rings and
previously used by Chandrasekhar, Jemmis, and Schleyer'”
for the molecule 3, S-dehydrophenyl cation (C4H;").

This interest in boron—nitrogen isoelectronic molecules
related to aromatic carbon rings originated with Stock and
Pohland’s discovery of borazine in 1926'® and its subsequent
comparison with benzene, which led Wiberg to label borazine
with the pseudonym of “inorganic benzene” due to its 6 7-
electrons and hexagonal planar geometry (Dy,)."” The
reactivity of borazine differs from that observed in benzene.
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Borazine prefers addition reactions over substitution reactions,
although Chiavarino reported electrophilic reactions.'®"?
Borazine is classified as a weak 7-aromatic compound,” and
the inclusion of a metallic center in borazine, following the
isolobal analogy,21 has created rings named metallaborazines,
in which the low-aromatic character is not affected by the
inclusion of metallic centers.” Energy-based calculations
determine that borazine exhibits 50% of the aromatic character
of benzene.”> However, the current consensus is that borazine
is weakly aromatic, which has been experimentally supported
by charge density analysis conducted by Merino-Garcia et al. in
2022.%*

In the current work, some isostructural isomers of
iminobora-benzene were analyzed with the goal of measuring
the impact of the orientation of the BN units on their
electronic delocalization. It is known that the electronegativity

https://doi.org/10.1021/acsomega.4c09769
ACS Omega 2025, 10, 5900—5908


https://pubs.acs.org/doi/10.1021/acsomega.4c09769?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.4c09769?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.4c09769?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.4c09769?fig=fig1&ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.4c09769?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as

ACS Omega http://pubs.acs.org/journal/acsodf
; “ VQ "Q Q “
v ° ¥ . 6 x 3c-2¢ B-N-C
HOMO HOMO HOMO 1 HOMO-G ON=1.99]e|
1 v
HOMO 7 HOMO 7’ HOMO-10 HOM0-10’ HOMO-11 3 x 18c-2e
ON=2.00 |e|
° ° HOMO HOMO’ HOpO-1 Hogqo-s 6 x 3c-2e B-N-C
€2y €2u ON=1.96|e|
5
(Csn, 'Ag)
HOMO-7 HOMO.7 HOMO-& Homo—a' Homo-9 3x 18c2e
ON=2.00 |e|

Figure 2. Canonical molecular orbitals of the 18 7 electrons (CMOs) on the left and the AANDP bond pattern on the right for the 7-bonds on the

z-axis of isomers 1 and S at PBE0-D3/def2-TZVP level.

difference between nitrogen and boron atoms plays a
significative role in the electronic delocalization of borazine.”’

2. COMPUTATIONAL DETAILS

The isomers were designed arbitrarily, proposing the
orientation of the BN units. Several isomers were initially
proposed, but some of them turned out to be the same
molecule. Therefore, only five unique isomers were studied,
and their geometries were optimized and characterized
considering the functional PBE0*>™*" and the def2-TZVP*
basis set employing the Gaussian 16 software.”” The stability of
the wave function was confirmed through the algorithm®”*
included in Gaussian 16. Topological analysis over all critical
points was done with the same level of theory by means of the
AIMALL package 19.19.12.> Natural charge analysis was
performed in terms of natural population analysis (NPA)**
using the NBO 6.0 program.”* Adaptive natural density
partitioning (AANDP), developed by Zubarev and Boldyr-
ev,”*® was used to recover the Lewis electron pair concept,
locating 2-electron bonds with n centers (nc-2e) through
Multiwfn program,”” where the molecular structure and
orbitals were visualized using VMD 1.9.3.%% Also, with the
Multiwfn program, AV1245°” and AVmin*’ were calculated at
the PBE0/def2-TZVP level of theory, considering Grimme
dispersion. For electronic localization function (ELF) and
localized orbital locator (LOL), the wave functions employed
were computed at PBE0/def2-TZVP generated by Gaussian
16. Maps of the ELF were plotted directly with the Multiwfn
program, and the isosurfaces of LOL-7 were made with the
VMD 1.9.3 program employing the cube files generated by
Multiwfn. The magnetically induced current density (MICD)
was calculated using the linear response function'' and the
perturbing operator for the magnetic field. The MICD was
plotted in the streamline representation of the current density
using PyNGL"” and computed via DIRAC 17* at the DFT
level of theory with the PBEO functional. The four-component
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Dirac—Coulomb Hamiltonian was used alongside the unre-
stricted kinetic balance.”> The cc-pVDZ basis set was
employed for all atoms."* Furthermore, the MICD was
integrated through the two-dimensional Gauss—Lobatto
quadrature in a 2D plane (XY) extended from the molecular
center to 15a,. The integration is plane-dependent; therefore,
other 2 planes were selected (+120°), bisecting the triple
bond. The shielding tensors employed for the calculation of
the induced magnetic field, i.e., B™,* were computed with the
PBEO/def2-TZVP level in Gaussian 16. The z- component of
the B, called B™ (which is equivalent to NICS_*°), was
reported in the current work.

3. RESULTS AND DISCUSSION

3.1. Structural Analysis. The optimized geometries are
depicted in Figure 1 and are ordered by their relative energies,
with the most stable isomer labeled as 1 and the least stable as
S. This last isomer was previously reported by Soncini et al.,
who concluded that the isomer exhibited aromatic character.*’
There is no significant difference in the bond lengths of the
isomers; therefore, the alteration in the orientation of the BN
units does not impact their structures. Furthermore, QTAIM
shows that all bond critical points (BCP) exist between CN,
CB, and BN units. While all of them are symmetrical in the
carbomer system, the displacement of BCP follows the atomic
radii pattern, i.e., the BCP is closer to C in CN units, closer to
B in CB units, and closer to B in BN units. This does not
provide meaningful insight into its structural stability or any
relation to their relative energy and aromatic character.
Additionally, the ring critical point (RCP) is also analyzed,
and all the parameters remain virtually the same among all
systems, including the stress tensor and its eigenvalues. Only
two parameters show a significant change: (i) the RCP changes
its position. While the carbomer’s RCP is located at (0,0,0), §
is slightly deviated from this position, followed by 3 and 1. The
highest displacements belong to 2 (0.1 A) and § (0.2 A) along
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the z-axis. (ii) The RCP electrostatic potential (ESP, see Table
S1 from ESI) shows a positive correlation between the isomer’s
relative energy and its ESP value. Thus, the ratio between the
most stable isomer 1 (ESP = —0.0123 au) and the least stable
isomer § (ESP = —0.0092 au) is 1.34. This positive correlation
could be related to the relative energy stability and its
aromaticity (vide infra).

In Figure 1, the natural charges of the carbon atoms are
presented, with the electronegativity of the nearest-neighbor
carbon atoms playing a significant role. In the case of NCN
bonds, the higher electronegativity of the nitrogen atoms
induces a positive charge on the carbon atom. However, in the
other two cases (NCB and BCB), the charges on the carbon
atoms remain negative. Consequently, 1 has three carbon
atoms with positive charges, while 5 has all its carbon atoms
with negative charges. This difference in charge distribution
could be related to the stability based on relative energy, where
all negatively charged carbon atoms are found in the less stable
5 (84.5 kcal/mol) in comparison to 1.

Analysis of the molecular orbitals revealed that all of the
isoelectronic structures contain 78 electrons distributed in 39
canonical molecular orbitals (CMOs). Of these, 18 z-electrons
occupy 9 of the 7-CMOs, which are delocalized along the ring
(see Figures S1—SS from ESI). Figure 2 shows the 7-CMO
values of 1 and S. In particular, § is notable for its uniform
delocalization with a homogeneous z-CMO (HOMO-9),
which extends over the peripheral atoms of the ring; a similar
pattern is observed in carbo-benzene (see HOMO—9 in Figure
S6 from ESI). In contrast, 1 shows an z-CMO (HOMO-11)
composed of three delocalized 7 orbitals, but they are
“interrupted” by three carbon atoms that do not participate
in the total ring delocalization. Similar behavior was observed
in iminobora-borazine, where the delocalization is interrupted
by three boron atoms (see HOMO-11 in Figure S7 from
ESI). On the other hand, AANDP analysis shows that (i) all
systems form 2c—2e o-bonds at the perimeter of the ring and
(ii) present six in-plane 2c—2e 7-bonds, originated from the
lateral overlap of the p-orbitals in the B and N atoms (see
Figures S8—S12 from ESI). However, each structure is
distinguished by the presence of nine 7-bonds perpendicularly
delocalized with respect to the plane, which are distributed
into six 3c—2e bonds and three 18c—2e bonds. Although the
vast majority of structures tend to form 3c—2e BNC
overlapping 7-bonds that connect at the C atom, Figure 2
shows the ADNDP bonding scheme for 1 and §, highlighting
the following: (i) in 1, the largest number of 3c—2e BNC
overlapping 7-bonds with a high occupancy number (ON)
were identified, similar to iminobora-borazine, although with
the difference that the overlapping bonds are connected to the
B atoms (see Figure S13 from ESI); and (ii) in 5, no
overlapping bonds are formed, but a continuous and uniform
distribution of the six 3c—2e BNC z-bonds and the three 18c—
2e 7-bonds that are delocalized along the entire ring, similar to
carbo-benzene, is observed (see Figure S14 from ESI).

Although, the AINDP analysis indicates that all structures
comply with Hiickel’s rule (4n + 2 r-electrons), which is
consistent with CMO analysis, it is important to highlight that
the distribution of z-bonds, closely related to the alternating
orientation of the BN units, qualitatively suggests a higher
aromatic character in .

3.2. Aromaticity. The ELF*®* and LOL’" are functions
used to illustrate the degree of electron delocalization in
chemical systems, facilitating covalent bonding analysis by
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revealing regions of molecular space where the probability of
finding an electron pair is higher. Lepetit et al. performed the
ELF analysis of carbo [N] annulenes, including carbo-benzene,
and reported a double aromaticity for some systems.”' In
Figure 3, the color code employed for ELF is blue for regions

Figure 3. Color-filled map of ELF of the isomers proposed for
iminobora-benzenes and carbo-benzene.

poor in electrons and red for rich-electron regions. For carbo-
benzene and iminobora-benzene, shown in Figure 3, hydrogen
atoms are located in red regions, indicating the electron
deficiency characteristic of protons. In contrast, boron, carbon,
and nitrogen atoms are surrounded by blue regions, signifying
the presence of electron density. The ELF map also depicts
chemical bonds (C—H, C—B, C—N, and B—N) colored
between red and orange. Additionally, the electron pairs
around nitrogen atoms appear as orange regions. In these
isomers, there is a relationship between energy values and the
electron pairs of adjacent nitrogen atoms (indicated by red
ellipses in Figure 3). For 1 (the lowest energy isomer), three
ellipses are depicted; two ellipses are observed in 2 and 5,
while only one ellipse appears in 4. Notably, 5 has no ellipses
and exhibits the highest relative energy. For comparison, the
ELF of carbo-benzene is also shown in Figure 3, where no
ellipses are observed in the organic ring, similar to what is seen
in §.

In Figure 4, the isosurfaces of the LOL based solely on 7-
MOs, labeled as LOL-7,">°>°? are depicted. This methodology
is a widely used real-space function that reveals the
delocalization of m-electron conjugated molecular units. The
LOL-7 isosurfaces for carbo-benzene (above and below the
molecular plane) are continuous and homogeneous. For 1 and
S, the difference in electronegativity between the nitrogen and
boron atoms results in discontinuous isosurfaces of their
respective LOL-7. These findings are consistent, with the BCP
of AIM analysis, as well as the recently reported behavior of
benzene, carborazine, and borazine.> Additionally, in Figure 4,
the LOL-x isosurfaces for 1 and S, show that § has more
homogeneous isosurfaces than those observed in 1, indicating
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carbo-benzene

Figure S. 3D MICD for carbo-benzene, isomers $ and 1. Counterclockwise represents a diatropic response.
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Figure 6. MICD plotted at 2 Bohr over the molecular planes of carbo-benzene, § and 1. Hydrogens were omitted for clearness and cyan, red, and
blue circles refer to carbon, boron, and nitrogen atoms, respectively. Diatropic (aromatic) response is counterclockwise.

more effective electronic delocalization in S (suggesting it is
more aromatic).

For the confirmation of the electronic delocalization in the
rings, MICD was calculated. 3D plots of the MICD for carbo-
benzene, as well as for isomers 1 and S, are presented in Figure
S. The counterclockwise direction follows the diatropic
behavior, which is clearly shown for carbo-benzene and §,
while it is not clear for 1. The volume slices in the molecular
plane, la, and 2a, above it, were taken for clearness. Therefore,
MICD isolines were plotted for each system, where counter-
clockwise refers to the diatropic current density. The 3D plots
of the MICD for the rest of the isomers, as well as for
iminobora-borazine, are provided in Figure S15 of the ESL

None of the systems exhibit a clear diatropic response over
the molecular plane; however, if the plane is moved 1 to 2
Bohr above the molecular plane, all systems, except iminobora-
borazine, exhibit a diatropic current ring. MICD plots for
carbo-benzene and iminobora-borazine, in the molecular plane
and at 1 and 2 Bohr, are given in Figure S16 of the ESL In
Figure 6, and the maps of MICD computed for carbo-benzene
and isomers 1 and 5, are depicted, clearly illustrating the
similarity of § to carbo-benzene aromatic character. Remark-
ably, 1 presents the least spatially extended diatropic isolines
(see Figure S17 for complete MICD plots of all of the
proposed isomers). This diatropic current is associated with an
aromatic response when an external magnetic field is applied.
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Further analysis of the strength of the current density has
been realized. The integral of the MICD was calculated for
three different planes. YZ plane, +120, and —120° from the YZ
plane, bisecting the triple bond in the original carbomer.
Results are collected in Table 1 and suggest that the lowest

Table 1. Integration of the Strength of the Current Density
in Three Different Planes and Their Respective Mean”

system YZ +120° —120° mean
Carbo—benzene 21.2 29.0 28.9 26.4
Iminobora-benzene 1.10 —-1.21 2.40 0.80
1 1.40 5.30 0.90 2.50
2 9.20 19.3 19.3 159
3 11.7 22.9 23.2 19.3
4 15.6 214 13.8 16.9
S 20.5 19.1 27.9 22.5

“All Data in nA/T.

strength current density belongs to iminobora-borazine (less
than 1.0 nA/T), which is labeled as nonaromatic based on its
current density and its strength. This is followed by 1 with an
average of 2.5 nA/T, despite its weakness in the current
density, it is still present as a clear diatropic response (Figure
6); therefore, it could be considered aromatic. The non-
aromatic classification for iminobora-borazine as well as the low
strength current density over isomer 1 are completely reliable
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Figure 8. Isolines of the B™ computed only in isomers 1 and 5. Plotted maps are the xy planes at Z = 0 (molecular plane) and Z = 1 (1 A above the
molecular plane). White, gray, blue, and pink spheres represent hydrogen, carbon, nitrogen, and boron atoms, respectively.

in comparison with the B™ analysis (vide infra). Figure S16
displays the MICD slices of carbo-benzene and iminobora-
borazine at distances of 0, 1, and 2 Bohrs from the molecular
plane. A pronounced diatropic response is evident for carbo-
benzene, whereas it is absent for iminobora-borazine. Similarly,
Figure S17 presents the MICD slices for all isomers under
consideration, revealing a distinct diatropic response at 2 Bohrs

from the molecular plane.
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For completeness, induced magnetic field calculations were
performed. For better reference, the magnetic responses of
carbo-benzene and iminobora-borazine were also computed and
reported. With this methodology, 1 can be catalogued as the
least diatropic (aromatic) compound; its magnetic response
may even be categorized as nonaromatic due to its low
diatropic character. Its shape is similar to the profile computed
for inorganic iminobora-borazine (see Figure 6). In contrast, §
can be considered the most aromatic isomer, as its diatropic
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response is comparable to the magnetic response of the
aromatic carbo-benzene.

In Figure 7, only the B isoline maps of the most and the
least diatropic isomers (1 and §) are analyzed. Their respective
maps show an intense diatropic region generated at the center
of compound 5. Additionally, a homogeneous distribution of
the diatropic response is observed along its molecular skeleton.
At 1 A above the molecular plane, the isolines show high
diatropic regions distributed over the ring’s inner zone and
around the positions of the atoms. In contrast, a different
situation is observed in isomer 1, where the diatropic regions
are clearly localized around the nitrogen atoms, avoiding the
boron atoms. The same response is observed at 1 A over the
ring. The consistency between B and MICD remains evident
across all other isomers. It consistently shows that carbo-
benzene presents the highest strength and is therefore the most
diatropic system (see Figure 8).

Finally, the AV1245 and AVmin electronic aromaticity
indices were used to complement the analysis of aromaticity.
The AV124S index quantifies the aromaticity of large rings by
averaging the 4c-ESI (4-center electron sharing index) values
along the ring of more than six members that maintain a 1, 2,
4, and S positional relationships, calculated from the density
matrix and the overlap matrix.”” The AVmin index corresponds
to the minimum absolute value of all 4c-ESI values involved in
AV124S, quantifying the lowest conjugation pathway of
delocalization. A high value of AV124S and AVmin (AV1245
= 14, for benzene) indicates that the molecule is aromatic,
while low values indicate a nonaromatic or antiaromatic
character.

Table 2 shows that S exhibits the highest degree of
electronic delocalization, which is consistent with the analysis

Table 2. Values of Different Methodologies Employed for
the Study of Aromaticity

molecule B™ (1)/ppm AV1245 AVmin
1 -29 3.26 0.67
2 —24.7 3.50 0.60
3 -30.9 3.19 0.70
4 —-27.8 4.52 0.25
S -39.3 5.36 2.79
carbo-benzene —48.4 5.58 5.33
iminobora-borazine 2.8 1.43 0.30

of the magnetic field induced in B™, with values comparable to
those of carbo-benzene. These results indicate that isomer §
presents a higher aromatic character compared to the rest of
the isomers due to the continuous distribution of B and N
atoms in the ring, generating a highly delocalized structure.
According to the AV124S$ index, 3 might show less aromaticity
because the distribution of B and N atoms is in opposite
positions on all sides of the ring. However, 4 probably has the
least aromatic character according to the AVmin index, since
one of the vertices forms BCB bonds, while the opposite vertex
forms NCN bonds. This result does not agree with B, which
indicates that 1 is the least aromatic. Although these indices of
aromaticity agree in predicting the molecule with the highest
aromatic character, the noncontinuous distribution of the B
and N atoms of the BN units in the ring influences the
electronic delocalization in 1, 2, 3, and 4.

This apparent discrepancy between magnetic indices
(MICD—-B™) and electronic indices (AV1245) could be
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explained by their nature. It is important to recall that magnetic
indices are sensitive to the measuring position, e.g.,
incorporating diatropic local responses into the total response.
Therefore, the aromatic response in this set shifts the ordering
between compounds 3 and 4. As observed in Figure S17,
isomer 4 exhibits more diatropic local regions than 3,
increasing its total diatropic response. While magnetic indices
show slight variations: 3 ppm for B and 2.4 nAT™' for
MICD. They correlate well with other aromatic rankings. On
the other hand, AV1245 shows an apparent and subtle
discrepancy with other aromatic indices, yet it perfectly agrees
with the position of RCP (Table S1). Thus, AV124S values are
a result of how the electrons are shared among multiple
centers. It makes it inherently related to the electron density
distribution and the critical points of a system. This highlights
the importance of analyzing aromaticity from different vertices
such as electronic, geometric, magnetic, and energetic. As
demonstrated in this work, each one provided unique insights
and, at times, they reveal discrepancies or counterintuitive
results among the different indices or even in the same index.

4. CONCLUSIONS

The orientation of the BN units has an impact on the
electronic delocalization of the iminobora-benzenes but does
not affect their structural parameters, such as planarity and
bond lengths. Also, the relative energy of the isomers is
strongly dependent on the orientation of the B and N atoms.
With AANDP, MICD, B™ AV1245, and AVmin, $ was
identified as the most aromatic isomer. Interestingly, this
isomer is also the least stable in terms of the relative energy.
Some possible explanations could be attributed to the high
relative energy of S, e.g., to the presence of six carbon atoms
with negative charges. In contrast, 1 is the most stable isomer
in terms of relative energy; however, some of the indices
(MICD, B™) used in this study classify it as nearly
nonaromatic. This counterintuitive situation has also been
recently published by Cheng et al.* It cannot be attributed to
either structural stress or any other topological parameter
except the ESP over the isomers, which shows a positive
correlation with the relative energy. These results may provide
insights into the importance of the orientation of highly
polarized chemical entities such as BN units in molecules with
electronic delocalization. Besides, it potentially could tune
some properties, based on its aromatic character. It is known
that borazine prefers addition reactions over substation
reactions. Fine tuning the aromaticity in these extended rings
could provide specific reaction pathways or even different

8,19

. - . 1
reactions, such as electrophilic reactions; or even more,

paving the way to new stable sandwich-like system for catalysis.
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