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Abstract: Energetic and magnetic criteria of aromaticity are different in nature and sometimes make different
predictions as to the aromaticity of a polycyclic w-system. Thus, some charged polycyclic z-systems are
aromatic but paratropic. We derived the individual circuit contributions to aromaticity from the magnetic
response of a polycyclic 7-system and named them circuit resonance energies (CREs). Each CRE has
the same sign and essentially the same magnitude as the corresponding cyclic conjugation energy (CCE)
defined by Bosanac and Gutman. Such CREs were found to play a crucial role in associating the energetic
criteria for determining the degree of aromaticity with the magnetic ones. We can now interpret both energetic
and magnetic criteria of aromaticity consistently in terms of CREs. Ring-current diamagnetism proved to
be the tendency of a cyclic w-system to retain aromatic stabilization energy (ASE) at the level of individual
circuits.

1. Introduction In fact, m-electron currents and related magnetic properties
are highly dependent on molecular geométry?’ whereas
aromaticity itself represents primarily a state of enefgy’ As
dproperly pointed out by Heine et &F,the term ‘aromatic’
describes molecules that benefit energetically from the delo-
calization of mobile electrons in closed circuits. Therefore,
predictions based on magnetic criteria of aromaticity often
deviate appreciably from those based on energetic ones. For
example, molecular dianions of anthracene and pyrene are
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Diatropicity and ring-current diamagnetism have been used
widely as conventional measures of aromatié#y here indeed
is a complicated relationship between these quantities an
aromatic stabilization energy (ASE)®> Only for aromatic
annulenes, the ring current intensity divided by the ring area
was found to be proportional to the ASEIn 1996, Schleyer
et al. proposed a new magnetic descriptor of aromaticity: a
nucleus-independent chemical shift (NIGSY which is defined
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Table 1. Ring-Current Diamagnetic Susceptibilities for Typical

PAHs

xelxo
species this work PPP-MO?
benzendl) 1.000 1.00
naphthalen¢2) 2.185 2.17
anthraceng3) 3.448 3.41
phenanthrené4) 3.248 3.22
naphthacenés) 4.747 4.69
chryseng6) 4.440 4.41
triphenyleng(7) 4.076 4.06
pyrene(8) 4.580 4.57
peryleng(9) 4.120 4.36
coroneng10) 9.794 9.53
aref 47.

Krygowski et al. recommended the use of NICS as an index of
local aromaticity but not as that of global aromaticity.

To what extent can aromaticity be defined uniquely? This is
the question asked by Cyranski, Krygowski, Katritzky, and
Schleyer*® We recently found that our graph-theoretical ap-
proach is very promising for consistently interpreting typical
energetic and magnetic indicators of aromaticity for polycyclic
m-systems? A key quantity that connects energetic and
magnetic criteria of aromaticity may be what is called circuit

resonance energy (CRE), which is defined as a contribution of

each cyclic path in a polycyclig-system to the ASE. As will

be seen, both energetic and magnetic criteria can be formulatetherexO
consistently in terms of CREs. Essentially, the same quantity

has been proposed by Bosanac and Gutffi§. Their idea of
cyclic conjugation energy (CCE) gave us an important clue to
the critical evaluation of our CRE concept. In this paper, we

cuit in a closed-shell polycyclict-systemG is defined as
follows:?2

occ PG—ri(xj)

T Pe(X)

whereG—r; is the subsystem of G, obtained by deleting from
G all carbon atoms that constitute thh circuit; Pg(X) and
Pc—r(X) are the characteristic polynomials f@& and G—r;,
respectively; and; is thejth largest root of the equatidps(X)

= 0; andj runs over all occupiedr orbitals. If degenerate
orbitals are occupied, this formula must be replaced by
others>2224The A value for a single circuit in benzer{g) is
1/4.5.A values for all nonidentical circuits in the ten PAHs are
listed as CREs in Table 2.

Ring-current magnetic susceptibility is defined as the second
derivative of totalr-electron energy with respect to the intensity
of the magnetic field and at the limit of zero magnetic field.
When an external magnetic fieldl, is oriented perpendicular
to the plane ofG, the ring-current magnetic susceptibility is
expressed in the form??

A=4 (1)

2

G
1= 4503 Al 2)

is the ring-current susceptibility of benzergsand S

are the areas af and the benzene ring, respectively. Positive
and negative values represent diamagnetic and paramagnetic
contributions, respectivelyyc agrees exactly with the value
calculated using conventional lkel-London theory*” Table

def|n|te_ly_ demonlstralte tTat gnergetlk(]: aﬂd magn(_afnﬁ criteria O_f 1 and Figure 2 show that is highly correlative with the value
aromatﬁltylgre cosey rec?te_ rt10 each other even It the _magnetr'lccalculated with semiempirical ParisePar—Pople molecular
ones should not be used without reservations to estimate theg i, (PPP-MO) method&:% For typical PAHs e is also

aromaticity of polycyclicz-systems.
2. Theory and Discussion

We have long been developing a graph theory of aromaticity
and diatropicity. Our graph-theoretical varia#t27 of Hiickel—
London theory®1® is utilized to calculate the ring-current
magnetic susceptibilities and related quantities of polycyclic
aromatic hydrocarbons (PAHSs). kel molecular orbital (HMO)
theory is used throughout this paper. For simplicity, ideal
molecular structures are adopted in which all carboarbon

bond lengths are equal to those in benzene. All calculations

were performed on 10 typical PAHSs listed in Table 1.
Ring-Current Magnetic Susceptibility. According to our
graph theory, ring-current magnetic susceptibility for a poly-
cyclic w-system can be partitioned exactly among the circuits.
Here, circuits stand for all possible cyclic paths that can be
chosen from a cyclia-system. For example, two six-membered

highly correlative with diamagnetic susceptibility exaltation
(A).**%0These excellent correlations justify the use of HMO
theory in predicting magnetic properties of PAH molecules.

One should emphasize that eq 2 is an exact expression for
ring-current susceptibility within the framework of "ekel—
London theory22 This expression has no terms containing the
areas of two or more circuits. Thus, at the limit of a vanishingly
small magnetic field, ring-current susceptibility can be evaluated
additively with respect to individual circuits. This indicates that
a m-electron current induced in a polycyclic system can be
partitioned among all possible circuits in it. On this theoretical
basis, we can naturally formulate the contribution of ttie
circuit to yg a$??

S

1= 45 (g)) 3)

circuits and one ten-membered one can be chosen from the  jrcyit Current . The ring-current magnetic susceptibility of

naphthalener-systen® In this contexty; denotes a set of carbon
atoms that constitute thHéh circuit ¢;. All nonidentical circuits
in the 10 PAHs are presented in Figure 1.

Before presenting the graph-theoretical formula for ring-
current magnetic susceptibility, the quantiyfor theith cir-

(43) Cyranski, M. K.; Krygowski, T. M.; Katritzky, A. R.; Schleyer, P. v. R.
Org. Chem 2002 67, 1333.

(44) Bosanac, S.; Gutman,Z. Naturforsch 1977, 32a, 10.

(45) Gutman, |.; Bosanac, Setrahedron1977, 33, 1809.

(46) Gutman, I.Monatsh. Chem2005 136, 1055.
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a polycyclic m-system arises because of currents circulating
along the circuits as a result of the application of an external
magnetic field. According to electromagnetism, the magnetiza-
tion, M, due to a loop current, induced by a magnetic field,

(47
(48
(49

(50

Lazzeretti, P.; Taddei, B. Chem. SacFaraday Trans. 21972 68, 1825.
Long, E. R., Jr.; Memory, J. ). Chem. Physl976 65, 2918.
Dauben, H. J., Jr.; Wilson, J. D.; Laity, J. L.Am. Chem. Sod 968 90,
811.

Dauben, H. J., Jr.; Wilson, J. D.; Laity, J.L.Am. Chem. S0d 969 91,
1991.
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Figure 1. Nonidentical circuits in 10 PAHSs.

H, is given bylS, whereSis the area enclosed by the lotlp.
SinceM = yH, | must be equal formally tgpH/S, the ith circuit-
current susceptibilityyi, must correspond to the induction of a
m-electron current in théth circuit the intensity of which is
given by25-27

S

h=45ﬁ§ 4)

wherely is the intensity of ar-electron current induced in the
benzene ring, respectively. Positive and negatlyevalues

DUES B

10e

10l 10m

Sob

10r

m-electron current with respect to all possible circuits. Current
density patterns thus obtained for PAHs are shown in Figure 3,
in which counterclockwise currents indicate diatropicity. These
patterns are exactly the same as those obtained using conven-
tional Hickel-London method8?-5° so that there must be no
problem in the above derivation of current intensities.
Although PAHSs are well-known to exhibit diatropic overall
currents, circuit-current analyses revealed that some of the
circuits are paratropic. As far as neutral PAH molecules are
concerned, calculated circuit currents are consistent with the
extended Huakel rule proposed by Hosoya et®8f7 For such

indicate diatropic and paratropic currents, respectively. A current -systems|; values are positive and negative in sign for all

density map forG can be obtained by superposing all such

(4n+2)- and 4-membered circuits, respectively:25-27 This

circuit currents because the ring-current susceptibility can be indicates that (4+2)- and 4-membered circuits are diatropic

obtained additively with respect to individual circuits. This does
not imply that all circuit currents flow independently; their
intensities are indeed interdependent through the values.for
Such a graph-theoretical formulation of ekel-London theory

is the only one that can prove explicitly the additivity of a

(51) Pople, J. A; Untch, K. GJ. Am. Chem. Sod 966 88, 4811.

and paratropic, respectively. This aspect of circuit currents is
fully consistent with the chemistry of annulefesd justifies

(52) Maddox, I. J.; McWeeny, Rl. Chem. Physl962 36, 2353.

(53) Jonathan, N.; Gordon, S.; Dailey, B. P.Chem. Physl962 36, 2443.
(54) Memory, J. DJ. Chem. Physl1963 38, 1341.

(55) Haigh, C. W.; Mallion, R. BJ. Chem. Phys1982 76, 4063.

(56) Hosoya, H.; Hosoi, K.; Gutman, Theor. Chim. Actdl975 38, 37.
(57) Hosoya, HMonatsh. Chem2005 136, 1037.
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Table 2. Two Types of Circuit Resonance Energies for All
Nonidentical Circuits in Typical PAHs

no. of

species circuit? identical circuits CRE/|B| CCE/|B|
benzendl) la 1 0.2222 0.2726
naphthalené2) 2a 2 0.1120 0.1211
2b 1 0.0654 0.0709
anthracen€3) 3a 2 0.0902 0.0951
3b 1 0.0628 0.0652
3c 2 0.0354 0.0369
3d 1 0.0267 0.0279
phenanthrené4) 4a 2 0.1414 0.1586
4b 1 0.0520 0.0534
4c 2 0.0267 0.0275
4d 1 0.0193 0.0198
naphthacenés) 5a 2 0.0857 0.0900
5b 2 0.0520 0.0535
5¢c 2 0.0268 0.0275
5d 1 0.0201 0.0206
5e 2 0.0154 0.0158
5f 1 0.0130 0.0134
chryseng6) 6a 2 0.1324 0.1464
6b 2 0.0662 0.0689
6¢c 2 0.0371 0.0387
6d 1 0.0117 0.0118
6e 2 0.0080 0.0081
6f 1 0.0064 0.0064
triphenyleng(7) 7a 3 0.1648 0.1909
7b 1 0.0240 0.0242
7c 3 0.0101 0.0102
7d 3 0.0067 0.0068
7e 1 0.0053 0.0053
pyrene(8) 8a 2 0.0988 0.1063
8b 2 0.0514 0.0528
8c 4 0.0194 0.0198
8d 1 0.0056 0.0056
8e* 2 —0.0023 —0.0023
8f 2 0.0125 0.0128
8¢ 1 0.0125 0.0128
perylene(9) 9a 4 0.1015 0.1093
9b* 1 0.0216 0.0218
9c 2 0.0543 0.0586
9d* 4 0.0043 0.0044
9e* 2 —0.0018 —0.0018
of* 2 0.0013 0.0013
9g* 2 0.0013 0.0013
9h* 4 —0.0006  —0.0006
9i* 1 0.0003 0.0003
coroneng10) 10a 6 0.0674 0.0703
10b 1 0.0295 0.0298
10c 6 0.0154 0.0156
10d 6 0.0046 0.0047
10e* 6 —0.0009 —0.0009
10f 6 0.0051 0.0051
109 6 0.0017 0.0017
10h* 3 0.0007 0.0007
10i 6 0.0017 0.0017
105* 12 —0.0002 —0.0002
10k* 6 —0.0004 —0.0004
10l 6 0.0011 0.0011
10m 2 0.0010 0.0010
10n 6 0.0010 0.0010
100* 3 0.0001 0.0001
10p 6 0.0011 0.0011
10q 1 0.0039 0.0039
10r 6 0.0009 0.0009

aNonconjugated circuits are denoted by asterisks.

the partition of an overalir-electron current in the form of eq

4. The Hickel-like rule of superaromaticity for charged para-
cyclophane® and the counter-rotating rim and hub currents in
coronené’ can be rationalized successfully in terms of circuit

100

/o (PPP-MO)

O 1 1 1 1 L
0 2 4 6 8 10

xalXo (this work)

Figure 2. Correlation betweeng/yo(this work) andyc/yo (PPP-MO) for
10 PAHSs.

Seow
OO

5
=)
9
10

Figure 3. Current density maps of 10 PAHs. All currents are given in
units of that in benzene. Counterclockwise currents indicate diatropicity.

@
8

0.000 @

currents. An apparently paratropic current induced in the central
benzene ring of coronen@0) turned out to arise from the
superposition of many diatropic circuit curreAtsThese facts
also support our derivation or definition of circuit currents.

It may be mentioned in passing that there has been the idea
of breaking down the overall ring-current effect in a polycyclic
sr-system into contributions attributable to each of its constituent
rings>® For example, coronen@0) consists of seven benzene
rings. Figure 4 illustrates the formal partition of an overall
m-electron current inl0 among the seven rings. One may see
from this figure that a diamagnetic current may also be induced

(58) Aihara, J.Chem. Phys. Let2003 381, 147.
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(59) Aihara, JJ. Phys. Chem. 2003 107, 11553.
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Figure 4. Formal partion of the overalf-electron currents in coronene s oi5f 0 .
(10) among the constituent rings. Counterclockwise currents indicate ®
diatropicity. 2 o
S ool © .
in the central benzene ring even if the current density pattern o~ &
in Figure 3 indicates that a paramagnetic current is apparently % ©
induced along the inner benzene ring. However, suichaway of & 45| & |
partitioningsr-electron currents cannot be rationalized theoreti- ©
cally, because ring-current susceptibility is never additive with f
respect to constituent rings. 0.00 |- .
Circuit Resonance Energy.We have seen that the plus . . . . .
and minus signs of thé; values represent diatropicity and 000 005 010 015 020 025
paratropicity, respectively. The numerical valuesApin Table Circuit Resonance Energy / ||

2 further support this wemcata—Condensgd hydroc‘?rbqns’ such Figure 5. Correlation between CREs and CCEs for all nonidentical circuits
as 1-7, have (4+2)-membered conjugated circuits only, in 10 PAHSs.

whereasperi-condensed hydrocarbons such8asl0 have not

only conjugated but also nonconjugated circuits. These PAHSs for all circuits in 10 PAHs and presented them in Table 2 and
have no #-membered conjugated circuits. For all PAHsjs Figure 5. It is very impressive that CRE and CCE have not
positive in sign for all (4+2)-membered circuits and negative  only the same sign but also essentially the same magnitude for
for all 4n-membered ones. Conjugated circuits exhibit much all circuits investigated. Such an excellent correlation must never
largerA; values than nonconjugated ones of similar size. Smaller be a coincidence but a necessity, which can be shown math-
conjugated circuits exhibit largé values than larger conjugated ~ ematically in the following manner. If a numerical value of
ones. These aspects Af values are fully consistent with the  2Pc—(X) in eq 5 is sufficiently small, thith root of the equation
Herndon-Randicconjugated circuit theor§?-34 They neglected ~ Pc-c(X) = 0 can be approximated using Newton’s method as
nonconjugated circuits in their theory because they were

supposed to contribute little to aromaticity. Therefore, we might N ZPGfri(Xi) 6
presume tha#\; represents well the circuit contribution to the i Pa(X) (6)
ASE of the entirer-system. We proposed to call te value

the ith circuit resonance energy (CRE? whereX; and X" are thejth roots of the equationBg(X) = 0

We next show definite evidence for the reasonableness of 5 Ps_c(X) = 0, respectively. Therefore, the following
the CRE values. In 1977 Bosanac and Gutman proposed a approximation generally holds:
definition of a kind of CRE for polycyclicr-systemg*46 First,
a new characteristic polynomidbs_¢(X) is defined for a occ
hypotheticalz-systemG—c;. Here,G—c; has the same topology CCE/|B| = ZZ(X]- — Xi*) ~ A, = CRE/|B| @)
asG but is assumed to have it circuit (i.e., no cyclic motion ]
of m-electrons around théth circuit). In other words, we
enumerate the coefficients B¢ (X) using the Sachs theorem,
neglecting the contribution of théh circuit to the coeffi-
cients80:61 By definition, Pe—¢(X) has the same order Bg(X),
being identical with the following expression:

Numerical agreement between CCE and CRE clearly show that
eq 7 holds for all or most circuits in PAHs. In this context, we
noted in 1981 that\ can be interpreted as an approximate
contribution of theith circuit to the TRE!
The NICS value at the center of a monocyetisystem must
Pe—c(X) = Pa(X) + 2Pg_, (X) (5) be proportional to the intensity of the current induced in the
sole circuit if the circuit area remains almost unchanged. In this
The roots of the equatid®s—r,(X) = O are supposed to represent case, the current intensity is proportional to ASE. There indeed
the r-orbital energies of5—c;. Bosanac and Gutman defined is an excellent correlation between NICS and ASE for a range

the cyclic conjugation energy (CCE) arising from fktecircuit of five-membered heterocycl€4? Schleyer et al. employed
as the difference in totak-electron energy betwee@ and energies of homodesmotic reactions as ASt+addon and

G—c.44%8 This energy difference is attributable to the energy we have shown that for p#2]Jannulenes the ring current
gain or loss due to cyclic conjugation along fiie circuit. intensity divided by the ring area is proportional to the ASE.

Therefore, there is a large possibility that CCE is comparable Thus, for a set of monocycliz-systems with similar ring areas,
in magnitude to our CRE. We then calculated CREs and CCEsthe NICS value is roughly proportional to ASE. Therefore, we
might safely say that at least for monocychesystems, the

Eg% g(r);g\)//:é,HAT;hg%rt'n?ahrrnl'.;A‘l?rt%a%g‘t\%? e vie. T Theor. Chim. Acta  CUITeNt intensity is proportional to the sole CRE multiplied by
1972 26, 67. the area enclosed by the ring. Equation 4 definitely shows that

J. AM. CHEM. SOC. = VOL. 128, NO. 9, 2006 2877
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Table 3. Two Type of Aromatic Stabilization Energies for Typical 0.8 . ; - - .
PAHs
species TRE/| MRE/
P Bl ] 0s L 7 100 |
benzendl) 0.273 0.222
naphthalené?) 0.389 0.289 — 60 9
anthracengd) 0.475 0.341 = 4
phenanthrenés) 0.546 0.407 m %4r ©%g 1
naphthacen¢s) 0.553 0.393 o > 0o 5
chrysend6) 0.688 0.505 = ; o 3
triphenyleng(7) 0.739 0.574 02k (e} ]
pyrene(8) 0.598 0.417
peryleng(9) 0.740 0.553
coroneng10) 0.947 0.628 0.0 . ) . . )
0.0 0.2 0.4 0.6 08 1.0
the same idea can be applied to all circuits in polycyclic TRE/ 181

m-systems. The intensity of each circuit current is proportional Figure 6. Correlation between TREs and MREs for 10 PAHs.
not only to the circuit area but also to the CRE concerned.

We must here note that neither the CRE nor CCE concept is Thus, CRE and MRE are very realistic quantities as compared
perfect. CRE cannot be evaluated for mono- and poly-cyclic to these ASEs. MRE has a further advantage in that it can be
m-systems with incompletely filled degenerate HOMOs, such evaluated additively with respect to individual circuits. Although
as molecular dianions of benzeifg), triphenylene(5), and nonadditive terms that may contribute to TRE are truncated in
coroneng(10). However, this does not seem to be a serious the present approach, there are essentially no problems in

problem because such open-shell species are always reactiv@nalyzing the topological relationship between TRE and the
and unstable. On the other hand, CCE may have an imaginarygeometry of thez-system.

part for some charged-systems because zeroesRy-,(X) Ring-Current Magnetic Susceptibility Again. In general,

are not always real. This is also a minor problem because thean aromatic molecule is thermodynamically stable, in the sense

imaginary part, if any, is very small. that an external magnetic field destabilizes it energetiéafly.
Magnetic Resonance EnergyWe have seen that tte value Therefore, an aromatie-system is diamagnetic and enjoys the

can be interpreted reasonably as GRE., the contribution of  |owest energy when there is no magnetic field. As pointed out

the ith circuit to global aromaticity. Therefore, the sumAf  in 19793 any magnetic field diminishes the contribution of

values over all circuits must represent the approximate TRE. cyclic conjugation to TRE in rather a complicated way. The
The sum is here considered not as approximate TRE but aspresent study clarified that ring-current diamagnetism is opera-
(exact) magnetic resonance energy (MRE), which means a TRE-tive at the level of individual circuits. Circuit-current suscep-
like quantity derived from the magnetic response of the tibility, i.e., the tendency of a given circuit to escape from the
-Systent:26263 magnetic field, is proportional to the CRE multiplied by the
G circuit area. In other words, the sum of all CREs is equal to
MRE/|8| = ZAi MRE or close to TRE. Thus, ASE is fully responsible for ring-
| current diamagnetism. An external magnetic field decreases the
totalr-electron energy and TRE of an aromatisystem. This
G is the origin of circuit currents and ring-current diamagnetism.
= ZCRE/|ﬁ| (8) Ring-current diamagnetism represents the tendency of the
! m-system to retain aromatic stabilization energy at the level of
. . . individual circuits.
wherei runs over all circuits irG. Like TRE and other ASEs, As has been seen, magnetic criteria of aromaticity are more
MRE depends on molecular topology but not on molecular or less obscure due to their geometry dependencies. This can

gfeometry. As pan'be seen from Table 3 and Figure 6, MRE is be readily seen by comparing egs 3, 4, and 8. MRE, a kind of
highly correlative in magnitude with TRE although the former ASE, is obtained simply by adding up tie values over all

i i t@FGZ,G?, i N | R .
is always slightly smaller than the latt®¥>%This fact supports ;e jits In contrast, the current density pattern and ring-current

the vlilew that :VIRE can really be used as al kind of ASEh' susceptibility are obtained by adding up tie value with
Excellent correlation between TRE and MRE also supports the weights of the area and the area squared, respectively. These

Leasonablenzsz (,)f CRE asa C"_?;'érﬁfonance energy. T%’;’E‘Nﬁleights impair the reliability of these magnetic quantities as
ave succeeded In extracting a -like energy quantity, ' criteria of aromaticity. In general, larger circuits contribute less

from _the magnet_lc response (.)f thesystem. L to MRE but much more to magnetic properties because of their
Being based directly on cyclie-electron delocalization, CRE large areas. It is for this reason thgf decreases in the order

and MRE can be regarded as absolute measures of aromati%aphthaceneeS) > chrysene(6) > triphenylene(7) although

stabilization, in the sense of not requiring reference standardsTRE_ or MRE-based aromaticity order of these tetracyclic PAHs
for their qualification. Note that hypothetical polyene references is7 > 6 > 5. It is for the same reason that some charged
are necessary to evaluate Hess-Schaad and topological resonan%%lycyclic n-s&/stems are paratropic but aromdfic

energieg829.3637We do not need to construct a matching (or
reference) polynomial or the like to calculate CRE and MRE. Concluding Remarks

(62) Aihara, J.; Kanno, HJ. Phys. Chem. 005 109, 3717. Enefg_e_tlc and magnetic crlterl_a of aromancny are o!n‘ferent
(63) Aihara, J.; Kanno, H.; Ishida, T. Am. Chem. So@005 127, 13324. by definition. Therefore, they might possibly make different
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predictions as to the aromaticity of a givemsystem. In this patterns by Fowler et &768 and Heine et al® The latter
study, we unveiled the graph-theoretical features that underlie research group critically compared these two stugfiécheir
inducedr-electron currents and then firmly established the CRE/ methodologies and our graph-theoretical one yield quite different
MRE concept, which proved to be very useful for linking types of information onz-electron currents, which must be
energetic criteria of aromaticity with magnetic ones. In this complimentary to each other. In aromatic chemistry, discussion
sense, MRE is an excellent indicator of aromaticity that reflects is often focused on possible relationships between ring structure
both energetic and magnetic criteria of aromaticity. Note that and energy (or magnetism). Ring-current magnetic susceptibility,
MRE is a kind of energetic criterion of aromaticity derived from z-electron currents, and MRE can all be partitioned not only
a magnetic criterion of aromaticity. among the circuits but also among the occupieélectron

In 2000, JuSkus and Sundholm predicted the existence of molecular orbitals. We believe that our approach is very useful
two or more aromatic pathways in porphine and magnesium in these senses.
porphyrins4.85 They claimed that the total aromatic pathway
of these species must be considered as a superposition of several Acknowledgment. We thank Prof. P. W. Fowler (University
pathways. These aromatic pathways in principle must be Of Sheffield) and Prof. T. M. Krygowski (University of Warsaw)
identical with aromatic circuits as defined in this study. Steiner for reading an earlier draft of this paper. This work was
and Fowler analyzed the current density pattern in porphyrin supported by a Grant-in-Aid for Scientific Research (No.
and presumed that, in addition to a current along the porphyrin 16550011) from the Japan Society for the Promotion of Science.
macrocycle, local circulation of-electrons is induced within ~ Computation was carried out at the Information Processing
each pyrrole ring® Bifurcation of current flow in polycyclic ~ Center, Shizuoka University, and the Research Center for
7-systems can anyways be accounted for in terms of circuit Computational Science, Okazaki National Research Institutes.
currents. , , o JA056430C

Other recent studies of magnetic properties include analyses
of individual molecular orbital contributions to current density

(66) Steiner, E.; Fowler, P. WOrg. Biomol. Chem2003 1, 1785.

(67) Fowler, P. W.; Steiner, El. Phys. Chem. 2001, 105 9553.

(64) Juséus, J.; Sundholm, DPhys. Chem. Chem. Phy&00Q 2, 2145. (68) Fowler, P. W.; Steiner, E.; Havenith, R. W. A.; Jenneskens, LMAagn.
(65) Juseus, J.; Sundholm, DJ. Org. Chem?200Q 65, 5233. Reson. ChenR004 42, S68.
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