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To clarify the origin of the NICS reduction in stacked rings,
we have chosen benzemexylene, the benzene dimer, and [2.2]-
paracyclophane (see Scheme 1) optimized at the MP216531
(d,p) level. For these systems, we have calculated the NICS
values at different points along tlzeaxis of these compounds
at the B3LYP/6-3%+G(d,p) level of theory with the GIAO
method® The perpendicular component to the ring plane of
NICS (NICS;) has also been reported, as it has recently been

considered to better represent the effect of the induced magneticg

field.1° Moreover, at the same points where NICS have been
measured, values of the electron density, at the MP2/631
(d,p) level, have been calculated. Geometry optimizations and
NICS calculations have been carried out by means of Gaussi-
an03! and electron density values have been obtained with
the AIMPAC packagé?13

Figure 1 shows the evolution of NICS when moving along
the z-axis of the four systems under stu@®/= 0 corresponds
to the center of the ring and will be referred as NICS(0), whereas
positive values ofR correspond to the inner region between
aromatic rings (NICS(in)) and negative R correspond to the outer
region (NICS(out)). It is seen how dimerization of benzene
causes a decrease of NICS along the wholaxis, more
pronounced in the inner region between the two phenyl rings
(positiveR values). This decrease is expected from the empirical
model of shielding for benzene determined by Johnson and
Bovey using a current loop mod¥| Stacking of the two rings
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FIGURE 1. Evolution of NICS along the-axis of benzeng-xylene
and benzene dimer, and [2.2]paracycloph&epresents the distance
from the center of the ring; positivie values correspond to NICS(in)
and negativeR values correspond to NICS(out).
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FIGURE 2. Evolution of NICS; along thez-axis of benzengy-xylene
and benzene dimer, and [2.2]paracycloph&epresents the distance
from the center of the ring; positivie values correspond to NICS(in)
and negativeR values correspond to NICS(out).

to give [2.2]paracyclophane causes an additional decrease of
NICS in the inner region; however, in the outer region NICS
unexpectedly increases. This increase of NICS in the outer
region of [2.2]paracyclophane is likely due to the not completely
parallel disposition of the two benzene units in this compound
(vide supra). Figure 2 represents the corresponding values of
NICS,;, which should better describe the ring current due to
thes-electrons as being the out of plane component of NIES.
In this case, it is seen how NICS values follow basically the
same trend as NIGS It should be pointed out that the particular
behavior of NICS and NICSin [2.2]paracyclophane could be
caused by the benzene rings not being completely planar. This
might bias the in- and out-plane components of NICS, thus
reducing the meaning of NIGS'® In this sense, it is worth
mentioning that electron current densities contain more informa-
tion than the simple NICS measure that can be obtained from
the electron current densities by integration. For this reason,
they are more useful to discuss aromaticity than the NICS value
itself 15

NICS values have been widely commented on in the paper
by CGL? and thus no further comment will be done in the
present work. Nevertheless, it is worth mentioning that for
benzene dimer we have used the fully optimized geometry
(distance between rings 3.8 A), whereas CGL constrained

(15) Lazzeretti, PPhys. Chem. Chem. Phy004,6, 217.
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) ] ) benzenep-xylene and benzene dimmers, and [2.2]paracycloptRne.
FIGURE 3. Evolution of NICS(0), NICS(1) (inner region), and NICS-  represents the distance from the center of the ring; posiRve
(=1) (outer region) for the benzene dimer when increasing the corresponds to the inner region between the rings and neggtive
separation between the two phenyl rings frém= 3 to 5 A. corresponds to the outer region.

the phenyl rings at the same distance as for [2.2]paracyclophane ) o o

(~ 3.1 A). The result of this difference is that for our benzene Superimposed aromatic rin§4> Thus, it is not only that the
dimer geometry the NICS(1) (NICS calculated at 1 A above NIC$ |nd|pator of groma.tlglty can potentially incorporate some
the center of one benzene ring toward the inner region betweenSPurious information arising from the electron flow perpen-
the two benzene rings) is lower than NIGS() (NICS calculated dlc_ular to the_ molgcular plaﬁé16 and/or that ring currents of

at 1 A below the center of one benzene ring toward the outer N€ighboring rings in polycyclic compounds can produce a large
region of the dimer), the opposite to what CGL have obtained. effect on the NICS values of a given ridgbut also that the
This can be better seen by means of Figure 3 in which NICS- NICS values of the studied ring can be largely affected by
(0), NICS(1), and NICS{1) are calculated for the benzene —Paratropic (ordla}tr_oplc) ring currents of rings located above or
dimer at different distances between the phenyl rings (from 3 Pelow. In our opinion, this proves that, for some systems, the
to 5 A). This figure clearly shows that the NICS of a certain assessment of Ipcal aromaticities baged on NICS values only
ring is largely affected by the presence of another ring above must t_)e made with great care. Indeed, it he_ls been recently shown
and that this effect depends on the distance at which it is that ring current analyses are more reliable than integrated
locatec® It is clearly seen also that ® ~ 3.2 A there is a  Properties such as NICS, magnetizability measuresor
crossing in the values between NICS(1) and NIESY that magnetic sh_|eld|ngs f_or planar conjugated hydrocarbons, as these
explains the differences in the benzene dimer NICS values !ast properties are biased by other paraileing currents®*?
reported by CGL and us. The large reduction of NICS(0) and Nevertheless, it must be also s_tresse_d that NICS works properly
NICS(1) for distances between the benzene rings smaller thanfor many other systems and is easier to compute and to deal
3.2 A may be likely due to the influence of the overlap between With than other magnetic criteria.

the st orbitals of the two benzene units.
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