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When the nucleus independent chemical shifts, NIGS(19r a set of aromatic and antiaromatic
hydrocarbons are summed, they show an excellent linear relationship with the magnetic susceptibility
exaltation, A, for neutral, cationic, and monoanionic species. Aromatic and antiaromatic dianions
show a similar relationship but with a different slope. However, when Botind the summation of
NICS(1), are divided by the area of the ring squared, the vast majority of the aromatic and antiaromatic
species fall on the same line, indicating that both NICS andre affected by the size of the ring.

The species that deviate slightly from the line are a few of the anionic compounds, which may be a
result of the difficulties of calculating magnetic properties of anions. This is the first report of the
relationship of NICS to ring area. In addition, the excellent correlation betweand the summation of
NICS(1), demonstrates that summation of NICS{Malues for individual ring systems of polycyclic

ring systems to give a measure of the aromaticity of the entire system is justified. By extension, the
excellent correlation also serves to demonstrate that the NIG8&l)es for individual ring systems are
reliable measures of local aromaticity/antiaromaticity. Finally, the excellent correlation between
experimental shifts and tHéC NMR shifts calculated with density functional theory, B3LYP/6-31t

(d,p), serves as an indirect validation of the accuracy of the NIGSfdlculated by the same method

and basis set.

Introduction of bond length alternation. One approach toward the evalu-
ation of such structural properties is the harmonic oscillator
measure of aromaticity (HOMA) which examines the deviation
of individual bond lengths from the average bond length
of the aromatic/antiaromatic specs. Magnetic properties
result from the presence of a ring current when the species

There is currently a controversy about the nature of aroma-
ticity and, by extension, antiaromaticity, based on the manner
in which aromaticity is manifested. That is, when the properties
described below are used to quantify aromaticity/antiaromaticity,
the magnitude of the aromaticity/antiaromaticity may vary
according.to the me.thod used. There.a.re three general categories (1) Schleyer, P. v. R.; Puehlhofer, Brg. Lett. 2002 4, 2873-2876.
of properties associated with aromaticignergetic structural (2) Kruszewski, J.; Krygowski, T. MTetrahedron Lett1972 3839-
andmagnetic Energetic properties examine the stability of the 3842. , _
species, often in comparison to a localized reference system,, 4%) Krygowski, T. M.; Cyranski, M. KChem. Re. 2001, 101, 1385~

as in aromatic stabilization energy calculatidnStructural (4) Krygowski, T. M.; Cyranski, M. K Tetrahedron1996 52, 10255
properties reflect the fact that benzene is planar with a lack 10264.
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SCHEME 1. NICS(1),, for Each Ring System of a Set of Aromatic and Antiaromatic Neutral Molecules and Cations
Group 1. Species for which experimental NMR shifts have been obtained
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is placed in a magnetic field. The ring current causes a shift  The magnetic criterion is the most commonly used measure
of the proton resonances on the aromatic ring in the NMR of aromaticity/antiaromaticifyand has been suggested as the
spectrun®, a change in the magnetic susceptibility of the most appropriate measure of aromatiéityH chemical shifts
species, magnetic susceptibility exaltatidn®—° and a differ- are the traditional magnetic measure of aromaticity, but because
ence in the chemical shift for a dummy atom in the center the H shift is affected by factors other than ring current, its
of the ring system, called the nucleus independent chemicaluse has been recently questioAeét Magnetic susceptibility
shift, NICS10 which is opposite in direction to the change exaltation,A, reflects the additional magnetic susceptibilis;,

in the shift seen in théH NMR spectrum. In general, all  of an aromatic/antiaromatic species because of the presence of
three categories very often assign a species as aromatica ring current and is determined by the difference betwsen
nonaromatic, or antiaromatic, but they may disagree in the of the species of interest and the summation >ffrom
degree of this aromaticity/antiaromaticityThe disagreement  increments for the species in which the bonds are localized.
suggests that the properties may not be measuring the samé3ecause the exaltation is determined in comparison to an
phenomenon. Because the concept of aromaticity is “a corner-artificial nonaromatic reference system, the choice of reference
stone of organic chemistry® it is crucial to resolve these  system can be controversial.

discrepancies. For many of these reasons, NICS has emerged recently as
the most frequently used property in the magnetic criterion. It
is inexpensive and easy to compute, is implemented in many

(5) Mitchell, R. H.Chem. Re. 2001 101, 1301-1316.
(6) Dauben, H. J. J.; Wilson, D. J.; Laity, J. L. Am. Chem. S0d968

90, 811-813. qguantum mechanical programs, is not limited to planar mol-
(7) Gayoso, J.; Ouamerali, (Rev. Roum. Chim.1981, 26, 1035~ ecules, and does not require a reference compétiddwever,
1040. ‘ it has important limitations. The magnitude of NICS is affected

(8) Haberditzl, W.Angew. Chem., Int. Ed. Engl966 5, 288-298.
(9) Schmalz, T. G.; Norris, C. L.; Flygare, W. H. Am. Chem. Soc.
1973 95, 7961-7967. (13) Chen, Z.; Wannere, C. S.; Corminboeuf, C.; Puchta, R.; Schleyer,
(10) Schleyer, P. v. R.; Maerker, C.; Dransfeld, A.; Jiao, H.; Hommes, P.v. R.Chem. Re. 2005 105 3842-3888.
N. J. v. E.J. Am. Chem. S0d.996 118 6317-6318. (14) Schleyer, P. v. R.; Jiao, Fure Appl. Chem1996 68, 209-218.
(11) Cyranski, M. K.; Krygowski, T. M.; Katritzky, A. R.; Schleyer, P. (15) Faglioni, F.; Ligabue, A.; Pelloni, S.; Soncini, A.; Viglione, R. G.;
v. R.J. Org. Chem2002 67, 1333-1338. Ferraro, M. B.; Zanasi, R.; Lazzeretti, Org. Lett.2005 7, 3457-3460.
(12) Balaban, A. T.; Oniciu, D.; Katritzky, A. RChem. Re. 2004 104, (16) Wannere, C. S.; Corminboeuf, C.; Allen, W. D.; Schaefer, H. F.,
2777-2812. IIl; Schleyer, P. v. ROrg. Lett.2005 7, 1457-1460.
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by the electrons of the-system, requiring that the dummy atom antiaromaticity has been established using various energetic and
used for the calculation of chemical shift be positioned above magnetic measures, but NICS are of particular value because
the ring under examination, usually 1 A8 The original they allow us to understand subtle differences in the individual
suggestion for the calculation of NItSused the average of  ring systems caused by changes in R. However, these conclu-
the three components of the tensors of the chemical shift, thesions require that the magnitude of each NICS be meaningful.
isotropic value. Because the component of the tensor mostThat is, are NICS affected by adjacent ring systems to a
closely related to the-system is the one perpendicular to the significant extent? If there is a good correlation between the
plane of the ring, the isotropic value understates its effect. NICS summation of NICS and a measure of aromaticity/antiaroma-
have recently been refined as NICS{lijh which only the ticity for the entire system, this would suggest that double-
magnitude of the tensor perpendicular to the plane of the ring counting of the magnetic character is not occurring. Because it
is used920 is not clear that magnetic, energetic, and structural measures of

It is not immediately obvious that there is a useful physical aromaticity/antiaromaticity are related for all species, it seemed
reality for NICS. NICS are a measure of local aromaticity, Prudentto consider a magnetic measure of aromaticity/antiaro-
because magnetic shielding is proportional to the inverse third maticity, A. This study reports on the relationship between the
power of the distance of the electrons from the probe. Thus, it Summation of NICS perpendicular to the plane of the ring
is unable to reflect the behavior of electrons in distant regions system PNICS(1), and A. In addition, we examine the
of the system. For NICS to accurately describe a ring current, relationship of calculated and experimeriéa shifts as support
some local circulation associated with the ring probed by each for the validity of calculated chemical shifts, including NICS.
NICS value is required. This appears to be the case for a number
of polycyclic aromatic hydrocarbons because current density
map$122show localized electron circuits as well as circulation O O O
around the perimeter of the molecule. An additional concern is @ @
that NICS for a specific ring system may include contributions
from adjacent ring systeni$24 If NICS is to be used as a
measure of aromaticity for polycyclic systems through sum-
mation of NICS for the individual ring system3there is the Results and Discussion

potential for “double-counting” the magnetic character of ) ) ) ) )
separate ring systems. This could limit the ability of NICS to ~ Choice of the Species for StudyWhile our primary interest
be compared to measures of aromaticity suchhasr ASE was in understanding the behavior of NICSliand2 and their

which are necessary measures of an entire system. Finally, NICSPility to reliably predict antiaromaticity, we included in our
has been considered as :rtual property because it is study neutral molequles Whose aromaticity is not in d|§pute as
nonmeasurabl® 3He NMR chemical shifts of endohedral Well as neutral antiaromatic molecules. Scheme 1 gives the
helium—fullerene complexéd?” demonstrate the same sort of NICS(1)- values calculated at the B3LYP/6-3£4(d,p) level
relationship as NICS, but the small number of compounds for for €ach ring system of a variety of line&86) and nonlinear
which this relationship can be tested limits this test of the quality (7—9, 11, 15) neutral PAHs, aromatic and antiaromatic neutral
of NICS. The validity of NICS has also been supported by the hydrocarbons with seven- and/or five-membered riigs12,
experimental measures of aromaticity in dimethyldihydropyrene 23, 27), and aromatic and antiaromatic mono- and dicationic

derivatives?® but again, the number of appropriate species is hydrocarbonsi3, 14, 16-22, 24-26), including those related
limited. to 1 and2. The compounds were chosen to represent a group
of aromatic and antiaromatic hydrocarbons that were very
diverse in terms of molecular geometry, charge type, and
aromaticity/antiaromaticity. The summation of NICS{ifpr
each system, its magnetic susceptibiliff, and magnetic
Ma(ljl;i?as%ﬂeg%r’Elan.CRH;(egria()s’okjié)\sl).?Ei{'QOTZmG%%—T.Zé.?g.; Malkin, V. G.;  susceptibility exaltationA, are given in Table 1.
(18) S’ch.ley.er-, P. V. R.; Manohara;\, M.’; Wang, Z.-X.;.Kiran, B.; Jiao, Correlation between >NICS and A. The relat_|0n§h|ps
H.; Puchta, R.; Hommes, N. J. R. v. ©rg. Lett.2001, 3, 2465-2468. between theé NICS(1),; and A for 3—27 are shown in Figure
(19) Corminboeuf, C.; Heine, T.; Seifert, G.; Schleyer, P. v. R.; Weber, 1 and demonstrate an excellent agreement bety®H#a S and

J. Phys. Chem. Chem. Phy&Z004 6, 273-276. ; 2 — ; ; ;
(20) Fallah-Bagher-Shaidaei, H.; Wannere, C. S.; Corminboeuf, C.; A, with r 0.995. The correlation is slightly poorer when

Puchta, R.; Schleyer, P. v. Rirg. Lett.2006 8, 863—-866.
(21) Fowler, P. W.; Steiner, E.; Havenith, R. W. A.; Jenneskens, L. W. (31) Mills, N. S.; Burns, E. E.; Hodges, J.; Gibbs, J.; Esparza, E.;

R®"R R'®R
1 2

We have come to this issue from our experience in preparing
a series of antiaromatic dications suchlaand 2.2°-4% Their

Magn. Reson. Chen2004 42, S68-S78. Malandra, J. L.; Koch, JJ. Org. Chem1998 63, 3017-3022.
(22) Havenith, R. W. A.; Jenneskens, L. W.; Fowler, P. W.; Steiner, E. (32) Mills, N. S.; Malinky, T.; Malandra, J. L.; Burns, E. E.; Crossno,
Phys. Chem. Chem. Phy2004 6, 2033-2039. P.J. Org. Chem1999 64, 511-517.
(23) Bultinck, P.; Fias, S.; Ponec, Rhem—Eur. J. 2006 12, 8813~ (33) Mills, N. S.J. Am. Chem. S0d.999 121, 11696-11696.
8818. (34) Mills, N. S.; Benish, M. M.; Ybarra, CJ. Org. Chem2002 67,
(24) Stanger, AJ. Org. Chem200§ 71, 883-893. 2003-2012.
(25) Schleyer, P. v. R.; Manoharan, M.; Jiao, H.; StahlOFg. Lett. (35) Mills, N. S.J. Org. Chem2002 67, 7029-7036.
2001, 3, 3643-3646. (36) Levy, A.; Rakowitz, A.; Mills, N. SJ. Org. Chem2003 68, 3990-
(26) Lazzeretti, PPhys. Chem. Chem. Phy&)04 6, 217-223. 3998.
(27) Bihl, M.; Hirsch, H.Chem. Re. 2001, 101, 1153-1184. (37) Mills, N. S.; Levy, A.; Plummer, B. FJ. Org. Chem2004 69,
(28) Williams, R. V.; Armantrout, J. R.; Twamley, B.; Mitchell, R. H.; 6623-6633.
Ward, T. R.; Bandyopadhyay, S. Am. Chem. So@002 124, 13495~ (38) Mills, N. S.; Tirla, C.; Benish, M. A.; Rakowitz, A. J.; Bebell, L.
13505. M.; Hurd, C. M. M,; Bria, A. L. M. J. Org. Chem 2005 70, 10709~
(29) Malandra, J. L.; Mills, N. S.; Kadlecek, D. E.; Lowery, J. A. 10716.
Am. Chem. Sod 994 116, 11622-11624. (39) Mills, N. S.; Benish, M. AJ. Org. Chem200§ 71, 2207-2213.
(30) Mills, N. S.; Malandra, J. L.; Burns, E. E.; Green, A.; Unruh, K. (40) Mills, N. S.; LLagostero, K. B.; Tirla, C.; Gordon, S.; Carpenetti,
E.; Kadlecek, D. E.; Lowery, J. Al. Org. Chem1997, 62, 9318-9322. D. J. Org. Chem2006 71, 7940-7946.
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TABLE 1. Summation of NICS(1),2 X,? and AP for 3—27

SNICS(1), X, in ppm cgs A, in ppm ccgs
3 —29.18 (-29.08) —52.90 (-46.07) —10.47 (-10.22)
4  —58.02 57.90) —88.99 (-79.96) —20.98 (21.97)
5 —86.80 (-86.46) —125.46 (-114.66) —32.49(-34.87)
6 —116.28(115.59) —163.09 (-150.55) —45.16 (-48.96)
7 —101.45¢102.50) —156.88(143.38) —37.72(41.11)
8 —102.23(102.30) —156.38(¢143.19) —37.84(-41.26)
9 —87.76 (-89.13) —150.52 (-136.94) —31.37 (-34.67)
10 —60.00 (-58.62) —128.87 (-115.67) —24.47 (-25.69)
11 —78.14 (78.47) —121.82 ¢110.56) —28.24 (-30.43)
12 —70.76 ¢71.01) —90.58 (-80.74) —23.19 (-23.09)
13 264.90 (274.24) —62.05 (-36.25) 92.19 (93.59)
14  —163.11¢163.28) —247.75(218.69) —65.23 (-64.94)
15 —104.41¢104.07) —148.22(150.55) —44.09 (-60.57)
16 128.57 (132.14) —40.94 (-23.53) 46.79 (49.41)
17  25.18 (27.26) —164.32(-137.36)  4.06 (4.44)
18  71.27 (74.46) —50.61 (-34.58) 24.20 (27.09)
19 —26.44(26.22) —54.92 (-45.53) —13.81 (11.83)
20 103.69 (87.80) —42.69 (-29.25) 35.42 (36.78)
21  78.62(81.08) —25.19 (-13.53) 23.43 (25.65)
22 146.78 (154.12) —6.70 (3.52) 45.83 (47.41)
23 118.50(126.10) —18.66 (-11.43) 34.59 (34.27)
24 144.39 (154.60) —31.17 (-19.01) 47.04 (48.49)
25  336.76 (356.64) —15.06 (11.46) 113.61 (119.16)
26  235.22(243.38) —25.67 (-7.06) 77.43 (78.50)
27  48.50 (53.42) —135.58 (-110.37)  7.23(9.29)

a Calculated with the GIAO method at B3LYP/6-3td(d,p). Values
calculated at B3LYP/6-31g(d) are shown in parentheses; all geometries were_,
optimized at B3LYP/6-31g(df Calculated with the CSGT method at
B3LYP/6-311+g(d,p). Values calculated at B3LYP/6-31g(d) are shown in

parentheses; all geometries were optimized at B3LYP/6-31g(d).
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for 3—27, calculated with the GIAO method, B3LYP/6-3ti(d,p)

on geometries optimized at B3LYP/6-31g(d); magnetic susceptibility
exaltation,A, determined from magnetic susceptibilities calculated with
the CSGT method, B3LYP/6-3#ig(d,p) on geometries optimized at
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B3LYP/6-31g(d); see Supporting Information for details.

calculated without diffuse functions (B3LYP/6-31g(d)f, =
0.990 (see Supporting Information). Magnetic susceptibility antiaromatic41 results in it being larger than the symmetrical
exaltation is known to be dependent upon ring area, specifically, 28. The effect of bond length alternation is much smalle2n

the square of the ring aréaso the good correlation supports
the suggestion that NICS is related to ring area (vide infra).
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FIGURE 2. Relationship betweef NICS(1),, and A. NICS(1), for
3—39, anionic species are shown by open circles, neutral and cationic
species by closed circles.
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FIGURE 3. Relationship between the summation of NIC${ding
ared and A/ring ared for 3—39, calculated as in Figure 1. Anionic
species are shown by open circles, neutrals and cations by closed circles.

Anions are known to be larger than the corresponding cations
(see Supporting Information for the areas 339). While
cations are also larger than the neutral species, for the
compounds included in this study, the dications are ap-
proximately 0.4% larger than the neutral species while the
dianions are approximately 2% larger (Supporting Information).
Monoanion28, 29, and39fall on the same line as the neutrals
and dications. Monoaniord and39 are only 0.7% larger than
the corresponding cations (Supporting Information). Aromatic
monoanion28 is actually smaller than the corresponding, and
antiaromatic, catiod1 (vide infra). While anions are normally
larger than cations, in this case, the bond alternation shown for

and 39 because benzannulation restricts it. It is not surprising
that the neutrals, cationic, and monoanionic species show the

Because we have begun to prepare antiaromatic dianions, wesame relationship, which is different for dianionic species.

were interested in extending this examination to include the

As mentioned previously, magnetic susceptibility exaltation

anionic species shown in Scheme 2 and Table 2. However, asis known to be related to the square of the ring area. Dividing
Figure 2 demonstrates, there is indeed a linear relationship inA and Y NICS(1),, for each species by the square of its area

anionic species betweerNICS(1),,;andA, but it is a different

would serve to correct each species for the larger size of the

relationship than that shown for neutral and cationic species. anions. Figure 3 shows the relationship that resulted, with the

9166 J. Org. Chem.Vol. 72, No. 24, 2007
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SCHEME 2. NICS(1),, for Each Ring System of a Set of Aromatic and Antiaromatic Anions
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TABLE 2. Summation of NICS(1),* X,? and AP for 28—39 are for the cyclopentadienyl anion and cyclooctatetraene dianion,
NICS(L), X, in ppm cgs A, in ppm ccgs sugg_e_sting that anio_ns with greater charge d_ensity may be more
28 3367 5203 1495 sensitive to calcu_lauonal level. These species woulo! have the
29 —66.12 —85.31 —2265 greatest charge/rlng area. As noted by qﬁ?ensd prewously
30 —172.42 —233.95 —42.14 noted in this study, calculation of magnetic properties of anions
31 93.32 —88.48 117.47 is particularly susceptible to the basis set. Partial support of
32 131.44 —43.10 137.28 this premise comes from the improvement of the correlation
33 —122.69 —160.16 —19.50 fici > for th S hen th
34 14881 -197.23 ~31.00 coefficient, r%, to 0.990 for the species in Figure 4a when the
35 361.60 52.41 258.36 calculations are done at the B3LYP/6-31d(3df,2p) level (see
36 128.56 9.62 87.73 Supporting Information).
37 64.31 —21.59 58.59 Experimental Validation of the Calculation of NICS. As
38 246.70 78.53 167.47

discussed in the beginning of this paper, other thasHieeNMR
39 —89.84 —118.42 —30.19 ; . !
2 Calculated with the GIAG hod at BALYP/6-3ta(d.p). Al studies of endohedral heliuniullerene complexé and the
alculated with the method at - ,P). H H H H H
geometries were optimized at B3LYP/6-31g(@iCalculated with the CSGT dimethyl dihydropyrene derivatives of Mitchéfithere are no

method at B3LYP/6-311g(d,p). All geometries were optimized at B3LYP/ experimental probes of _aromfatiCity that .prOVide a probe near
6-31g(d). the center of an aromatic/antiaromatic ring system. However,

it is possible to document that the method, including basis set,
for the calculation of NICS accurately calculates the chemical
shifts for the species under examination. The comparison of
calculated and experimentsdC NMR shifts for the species in
Scheme 1 shows a very good correlation, with- 0.989, when
calculated using the GIAO method with B3LYP/6-31d(d,p)
(see Supporting Information). The relationship was poarer,
= 0.958, with B3LYP/6-31g(d). We explored this correlation
only for neutral and cationic species because it is known that
anionic species show a much stronger dependence on counte-
'On_43,44

Summary. A diverse set of aromatic and antiaromatic neutral
and charged hydrocarbons shows a linear relationship between
the summation of NICS(1)/aréand A/ared. Because it is
known thatA is related to the square of the ring area, the
good agreement suggests that NICg(&)so is related to the
square of the ring area, the first time this empirical relation-
ship has been reported. There are several additional conse-
quences of this relationship that deserve comment. If the
summation of NICS(L) correlates well withA for a wide
variety of compounds, this would suggest that NICg(1)
can be summed as a measure of aromaticity/antiaromaticity of
a polycyclic species. In addition, the excellent correlation
between Yy NICS(1),, and A suggests that the magnitudes
'of the NICS values have meaning, that NICS${13 an ac-

anions showing basically the same relationship as the neutral
and cationic species. While the relationship is not quite as good
for Alared andy NICS(1),/ared, the value of?is respectable.
Close inspection of Figure 3 reveals that there are two distinct
relationships. The neutral and cationic species have a linear
relationship,r2 = 0.994, which is slightly different from that

of the anionic species? = 0.976. We believe that the anionic
species are more sensitive to the level of the calculation than
cations and neutrals (vide infra). The good correlation for a
diverse group of species also demonstrates that NICS are related
to the square of the ring area. While the dependence of NICS
on ring area has been suggestet the best of our knowledge,
this is the first result that shows the empirical relationship to
the square of the ring area.

While the agreement is satisfying, the relationship needs to
be documented for monocyclic aromatic and antiaromatic
hydrocarbons in which the local aromaticity/antiaromaticity
evaluated through NICS values for the individual ring system
is of necessity the same as the aromaticity/antiaromaticity of
the entire system. That relationship is shown in Figure 4a for
the species in Scheme 3, with the valuesXgrA, and NICS-
(1),z in Table 3. When specie8—39 are included with the
monocyclic compounds, the relationship is basically the same
as shown in Figure 4b.

The relationship between NICS{Iare& and A/ared for (42) Treitel, N.; Shenhar, R.; Aprahamian, |.; Sheradsky, T.; Rabinovitz,
monocyclic species deserves comment. The points that showM. Phys. Chem. Chem. Phy2004 6, 1113-1121.
the poorest agreement with the linear relationship in Figure 4b 94(()43) Eliasson, B.; Edlund, UW. Chem. Soc., Perkin Trans1886 937-

(44) Eliasson, B.; Johnels, D.; Sethson, I.; Edlund, JUChem. Soc.,
(41) Buhl, M. Chem—Eur. J. 1998 4, 734-739. Perkin Trans. 2199Q 897—900.
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FIGURE 4. (a) Relationship betweelNICS(1),andA as a function of ring aréaMonocyclic species3, 19, 28, 40—43. (b) Monocyclic species
and3—39, calculated as in Figure 1. Monocyclic species shown as open circles.

SCHEME 3 311+g(d,p) on geometries optimized at the B3LYP/6-31g(d) level.
2+ 2 Geometries for hydrocarbons calculated with density functional
theory at this level have been shown to agree well with experimental
m O Q|0 O 9 ;
0 Mo 28 3 ® '
19

42 43 Magnetic susceptibility exaltatior, is the difference between
the calculated magnetic susceptibili¥, for the molecule of interest
and that of a reference system. The reference system is formed by

TABLE 3. NICS(1).- X, and A for 3, 19, 28, and 46-43 the summation oK for increments representing the bonds of the

NICS(1)2 Xb AP ring area localized species. Details of the calculations can be found in the
3 —290.18 —52.90 —10.47 5067 Supporting Information. In Table 1 are listed the values for the
19 —26.49 —54.92 —13.81 7.111 summation of NICS(1), X, and A for the species in Scheme 1.
28 —33.67 —52.03 —21.25 3.441 For some of the species\ had been calculated using other
40 59.88 —11.09 17.20 2.106 methodslo50.51\While the absolute values f@x were not identical,
41 204.93 33.88 60.84 3.530 presumably because of differences in the calculation method or basis
ig :gg:gi :ngil :ég:?g 3:%2 set used, a plot oA from Table 1 versus\ calculated by other

methods showed good linearity, in general (see Supporting Infor-
mation), thus giving some support to the quality of our calculations.
In addition, A for pyrene, calculated with CSGT-B3LYP/6-31g-
(d)/B3LYP/6-31g(d) level but using a comparison of methyl-
substituted isomers, gave good agreement with our results with the
same basis set and metheeh7.7 ppm cg¥ compared to our value
curate reflection of local aromaticity. Maps of induced current of —60.57 ppm cgs.

density show local as well as global patterns of delocaliza-

tion for aromatic and antiaromatic species and have shown acknowledgment. We thank the Welch Foundation (Grant
qualitative agreement with NICS valugs>#>4®and the  \W-794) and the National Science Foundation (Grants CHE-
relationship discussed here shows that the agreement is quantitag242227, CHE-0553589, CHE -0552292, and CHE-0138640)
tive. for their support of this research.

aCalculated with the GIAO method at B3LYP/6-3td(d,p). All
geometries were optimized at B3LYP/6-31g(@Talculated with the CSGT
method at B3LYP/6-311g(d,p). All geometries were optimized at B3LYP/
6-31g(d).

Experimental Section Supporting Information Available: Details of the calculations;

increment system for calculation @; plot of A from Table 1

Calculation of NICS(1),,and A. NICS(1),,was calculated using versusA calculated by other methods: plot of NICS{JersusA

the component of the magnetic shift tensor in thelirection,
perpendicular to the plane of the ring, for a dummynatbA above

the plane of the ring® The recent work by Stangérshows a
minimum for NICS(1), at 1 A above the plane of the ring for
aromatic species, indicating the maximum amount of aromaticity
and giving some support for this location. We have calculated
NICS(1),, using two basis sets, B3LYP/6-31g(d) and B3LYP/6-
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for 3—27, calculated at the B3LYP/6-31g(d) level; ring areas for shifts, calculated at two levels; B3LYP/6-31g(d) and B3LYP/6-
3—39, ratio of ring areas by charge type; plot of NICS{1) 311+g(d,p); plot of calculated versus experimerit@l NMR shifts
ring ared versusA/ring ared for 3, 19, 28, and40—43, calculated ~ at two levels; calculated total energies, arg,f] coordinates for

at B3LYP/6-311-g(3df,4p); table of able of NICS(%) X, and 3—43. This material is available free of charge via the Internet at
A for 3, 18, 28, and40—43, calculated at the B3LYP/6-3%g- ~ NttP://pubs.acs.org.

(3df,2p) level; calculated versus experiment&iC NMR JO7013609
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