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In a recent paper, Seal and Chakrabarti claim that the origin
of the nonplanarity of tetrafluoro cyclobutadier {s aroma-
ticity and a second-order Jahiieller effect!
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The claims for aromaticity rest on NICS(0) and NICS{1)
values? However, it had been shown that a single NICS value
may fail in assigning aromaticity, and the NICS-scan method
was introduced.This was demonstrated specifically for deriva-

tives of cyclopentadiene that were erroneously characterized as

being aromatic or antiaromatic on the basis of single NICS
values? These investigations further revealed that simple NICS

parameters may indicate diatropic and paratropic ring currents,

but they do not necessarily signalize aromaticity or antiaroma-
ticity, as evidently there are systems that show diatropic ring
currents but are not aromatic.

Aromaticity is one of the most useful concepts in chemistry
even though it is not well defined and difficult to quantify.
However, it is widely agreed that aromatic systems should
exhibit diamagnetic ring currents (although their minimal
strength is not well defined) and should be stable relative to

nonaromatic reference systems. Reversely, antiaromatic system§

exhibit paramagnetic ring currents and a destabilization relative
to nonaromatic reference systems. Ddemdeed exhibit the
properties that allow its assignment as aromatic?

A NICS-scan of1 (at GIAO-HF/6-311G*//B3LYP/6-
311++G**), 5 which is shown in Figure 1, clearly proves that
the ring current is paratropic, and thdscannot be aromatic.
The out-of-plane component is less positive than in unsubstitute
cyclobutadiené, suggesting a smaller paratropic ring current
but certainly not a diatropic current, which an aromatic system
should exhibit. The less positive values of the out-of-plane
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Figure 1. NICS values (ppm) as a function of distance (A) from the
molecular plane of tetrafluoro cyclobutadier®, out-of-plane com-
ponent.®, in-plane componenta, isotropic.

tion of the lone pairs of the fluorine atoms (see below), but the
cyclic conjugatedr electrons show a NICS-scan shape which
is typical for paratropic ring current.

Aromaticity should also be manifested in stability. The
isodesmic and homodesmic equations4lmeasure the stabil-
ity of 1 relatively to cyclobutadiene through different nonaro-
matic reference systemRegardless of the reference system,
1 does not show a special stability relative to cyclobutadiene.
The bond separation energy equation, 5, even suggests desta-
bilization relative to difluoro cyclobutadienes, which are
certainly not aromatic.

Finally, it should be noted that the energy difference between
planar and nonplandris only 2.05 kcal mot! (ZPE-corrected
B3LYP/6-31H-+G** energies), where the planar form is a
transition state (i.e., one imaginary frequency) between the two
nonplanar structures. Certainly, this amount of energy is too
small to claim that the antiaromatic plarfabecomes aromatic
upon deplanarization.

The ACID (anisotropy of the induced current density) scalar
field is a measure of the density of delocalized electfofise
ACID plots of cyclobutadiene and its tetrafluoro derivative
(Figure 2) indicate that the density of the delocalizeelectrons
in cyclobutadiene is considerably larger than that in its tet-
afluoro derivativel. The current density vectors plotted on top
of the ACID isosurface of cyclobutadiene define, as expected,
a strong paratropic ring current (anticlockwise in Figure 3a)
and, thus, prove its strong antiaromaticity Il§Figure 2b), the
ring current is weaker than that in the parent compound but
still paratropic. Thereforel is antiaromatic but less so than
the parent cyclobutadiene. An examination of the ring currents

gthat are induced by an in-plane magnetic field reveals why the

isotropic NICS value ol is slightly negative. There are diatropic
ring currents in cyclobutadiene, as well as Inwhich are
orthogonal to ther ring current, as can be observed in the in-

component and the negative isotropic values at short distanced’l2ne component of the NICS-scan (Figure 1). The shielding

from the molecular plane result from the diamagnetic contribu-

effect of this diatropic current is overcompensated by the
paratropicot current in cyclobutadiene; however, it is large
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in the tetrafluoro derivative.
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Figure 2. ACID isosurface of cyclobutadieri®,, (a) and tetrafluoro cyclobutadierdeCsy (b). The isosurface values are 0.05, the current density
vectors are plotted onto the isosurfaces, the length of the green arrows is proportional to the absolute value of the current density at the origin of
the arrow, and the magnetic field vectors are orthogonal with respect to the molecular plane in (a) and orthogonal with respect to the plane defined
by the four fluorine atoms in (b). The ring currents in (a) as well as in (b) are paratropic (anticlockwise); hence, both species are antiaromatic. The
density of delocalizedr electrons and the ring currents are larger in cyclobutadiene (a) as compared to those in the tetrafluoro derivative (b).
Nevertheless, both structures areantiaromatic.

F Fou H H WL . NICS. However, the reverse statement is not necessarily true.

jﬂ( . >:< . )E( R >=< W 22(422) A negative NICS value can also be induced by local currents.

; . M H y y ¢ F Hence, the use of smglg NICS values as a proof for aromaticity
may lead to wrong assignments.

F Foy H H . . What is, then, the reason for the nonplanarity of the title

)E( +2 >.:<4 — jﬂ( ‘2 >:< @ 39001 cpmpound? First, it should be noted that, due to the small energy

- . M H y L H difference between planar and nonplardafsee above), the
effects must either be subtle or they are the result of a delicate

balance between opposing factors. Nonetheless, a°Niza6ed

F F H H F F
F F ; ;
explanation is offered here.
2 )E( * l:' — 2 )E( + (®) -32.0(22.3) P i ] ) _
. . y L F E Fluorine, being an electronegative substituent, decreases bond
F F

curvatures?thus forcing a stronger rehybridization on the bound
£ F H H carbon. Indeed, in cyclobutadiene, the lobes which form the

short bonds are 5 hybridized, whereas in the planay the
jﬂ( tOH jﬂ( * R @ 276 (:23.9) hybridization is sp3L In the optimizedl, this hybridization is
F F H H sp-%2 The electronegativity of a carbon atom depends on its

hybridization so that the less p character it has, the more
F F H H H F electronegative it is. The hybrids of carbon in the Ebonds

jﬂ( + )E(—— 2 )E( (58) -6.9(:2.0) are also different, $¥°and sg"*in the planar and optimized

1, respectively. This means that in the nonplanar form, the
F FoH H H F fluorine atom can attract more electron density from the carbon
and reduce the destabilizing interaction between the two double

- ’ bonds. Indeed, the NBO charges on the fluorine atoms are
— 2 )E( ) -122(:7.3) —0.299 and-0.304 in the planar and optimizdgrespectively.
H H Thus, the reason behind the nonplanarity of the title compound
has to do with the rehybridization that is caused by the
" F electronegative substituents. Note that NBO analysis also shows
— 2 )ﬂ( 50) 184 ¢134) other and much larger effects, such as the better interaction
£ " between ther bonds as donors and the-€ bonds and F atoms

as acceptors in the nonplanar form, but these are completely

The conclusion that can be drawn from the above analysis is cancelled by the interactions of the lone pairs as donors and

straightforward and more general; aromaticity always gives rise the G=C =" species as acceptors, which are stronger by the
to a diatropic ring current, which usually gives rise to a negative same amount in the planar form.



5118 J. Phys. Chem. A, Vol. 111, No. 23, 2007 Comments

In summary, energetic considerations, NICS-scans, and ACID Jaramillo, J.; Gomperts, R.; Stratmann, R. E.; Yazyev, O.; Austin, A. J.;

; ; i i ; Cammi, R.; Pomelli, C.; Ochterski, J. W.; Ayala, P. Y.; Morokuma, K.;
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