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Local and Global Paratropic and Diatropic Ring Currents in Pyrene and Its
Cyclopenta-Fused Congeners
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An ab initio distributed-origin coupled Hartree−Fock method
has been used to compute the σ-, π- and total (σ+π)-current
density maps of a family of polycyclic aromatic hydrocarbons
comprising pyrene (1) and its externally cyclopenta-fused
congeners 2−8. The number and the distribution of penta-
gons strongly affect the local patterns of induced currents,
and global aromaticity is reduced as more pentagons are ad-
ded to the pyrene perimeter. The pentagons in 2 and 3 have
only minor effects on the pyrene core and contain cyclopen-

Introduction

Although ring currents are not directly observable, their
existence has been inferred from magnetic measurements
such as 1H NMR chemical shifts [δ(1H)], magnetic aniso-
tropy (∆ξ) and exaltation of isotropic magnetic susceptibil-
ity (Λ).[1] These properties, which are determined by integ-
ration of the induced current density, are of considerable
practical and theoretical interest. They are intimately linked
with the concept of (anti-)aromaticity 2 the ability to sus-
tain (para-) diatropic ring currents. In the case, however, of
π-conjugated polycyclic compounds consisting of a mixture
of annulated odd- and even-membered rings, interpretation
of the global, molecular magnetic properties in terms of
local diatropic and paratropic contributions of distinct rings
is not always straightforward.[2]

Some years ago, Schleyer and co-workers introduced the
isotropic Nucleus-Independent Chemical Shift (NICS) tech-
nique as a probe for these local ring-current contribu-
tions.[3] The mean absolute nuclear shielding (σav) in the
geometric centre of a ring is computed and converted into
a shift by reversing its sign. A negative sign thus reflects
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teno double bonds. In the case of the other species 4−8, in
marked contrast, intense paratropic currents in the penta-
gons result in stepwise destruction of the 14π pyrene peri-
meter motif and the breaking up of the currents into single-
ring contributions. The visualisation adds detail to the inter-
pretation of Nucleus-Independent Chemical Shift (NICS)
values, and the pattern of paratropic contributions can in
fact, with the exception of 6 and 7, be explained qualitatively
by simple Hückel−London π-electron theory.

local diatropic ring current contributions, whilst a positive
sign indicates local paratropic ring current contributions.
The strength of the NICS criterion is that it reduces the
characterisation of a ring to the evaluation of a single nu-
merical quantity, although this simplicity can also be a
weakness in that a single number may mask cancellation or
anisotropy between contributions. Several expedients can
be envisaged: NICS can be decomposed into in-plane and
out-of-plane tensor components,[4] or can be computed at
various out-of-plane positions and its dependence on the
distance from the ring centre taken to reflect the balance of
local in- and out-of-plane components.[5]

A different approach, which provides information at a
finer level of detail, is by visualisation and analysis of the
all-electron [σ-, π-, and total (σ1π)-] current density maps
themselves. Direct computation and inspection of these
maps allows diatropicity and paratropicity to be assessed
on global (molecular) and local (ring and bond) scales. Ab
initio all-electron distributed-origin methods using continu-
ous transformation of origin of current density (CTOCD)[6]

have been successfully applied to several conjugated π-sys-
tem families.[7,8] The reliability of the computed maps is
demonstrated by the agreement of the integrated properties
with experimental data.

The maps also give new insights that contribute to long-
standing chemical debates. For example, the ‘‘annulene-
within-an-annulene’’ model[9] for corannulene and co-
ronene[8a] and for kekulene[8b] can now be decisively re-
jected on the basis of all-electron distributed-origin calcula-
tions, which show counterrotating rim and hub currents, in



E. Steiner, P. W. Fowler, L. W. Jenneskens, R. W. A. HavenithFULL PAPER
contrast to the conrotating diatropic circulations expected
from the annulene model.

In this paper we report and discuss the computed current
density maps of a family of polycyclic aromatic hydrocar-
bons (PAH) comprising pyrene (1) and its known cyclo-
penta-fused congeners cyclopenta[cd]pyrene (2),[10] the iso-
meric dicyclopenta[cd,mn]- (3), dicyclopenta[cd,jk]- (4) and
dicyclopenta[cd,fg]pyrene (5),[11] tricyclopenta[cd,fg,mn]pyr-
ene (6)[12] and the elusive tetracyclopenta[cd,fg,jk,mn]pyrene
(7/8,[13] see Computational Section) (Scheme 1).

Scheme 1. Molecules under study; the values reported in the dis-
tinct rings IGLO-III//RHF/6-31G NICS (0.0 Å) are taken from
ref.[19]

This family is not without its chemical and physical fea-
tures of interest. Compounds 125 are abundant combus-
tion effluents, and the cyclopenta-fused congeners 225 pose
a potential biohazard because of their genotoxic proper-
ties.[14] In addition, 128 represent topological substructures
of the fullerenes.[15] Furthermore, the nonalternant charac-
ter of 228 can produce unusual physicochemical properties
such as high electron affinities[13] and characteristic upfield-
shifted 1H NMR chemical shifts,[2,11,12] together with
photophysical properties such as UV/Vis spectra that are
strongly modulated by the number and distribution of
cyclopenta moieties,[11,12] and anomalous fluorescence.[16]

In the case of 126, experimental and theoretical evidence
indicates that the cyclopenta moieties have marked effects
on the global aromaticity. The average 1H NMR chemical
shift values of the six- and the five-membered ring protons
[δ(6)av 5 8.14 (1)[17] and δ(6)av/δ(5)av: 8.18/7.32 (2),[10] 8.32/
7.36 (3),[11] 7.55/6.66 (4),[11] 7.58/6.90 (5)[11] and 7.44/6.74
(6)[12]] show that, in comparison with 123, 426 possess re-
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duced aromatic character. These observations are supported
by computation of the integrated global magnetic proper-
ties of 128 (χtot, Λ, 1H NMR chemical shifts) at the ab
initio GIAO and IGLO-III levels of theory,[18] in which the
reduced global aromatic character of 426 is indicated by
falling computed χtot and Λ values, despite the simultan-
eous increase in size of the conjugated π-systems. The com-
puted NICS values for the distinct six- and five-membered
rings in 128 (Scheme 1) also indicate that the global effects
are accompanied by significant local changes (see also
refs.[18,19]); it is these changes in local magnetic response
that are explored in detail in the present calculations.

Results and Discussion

σ-, π- and Total (σ1π)-Current Density Maps

For the planar molecules 127 the current densities in-
duced by a unit magnetic field perpendicular to the molecu-
lar plane are shown in Figures 123. In a field pointing out
of the page, an induced anticlockwise circulation of elec-
trons is diamagnetic whilst a paramagnetic circulation is
clockwise. The current densities were computed in a plane
parallel to and at a distance of 1 a0 (1 a0 5 0.5292 Å) from

Figure 1. Computed CTOCD current density maps for 123: (a) π
and (b) total (σ1π) (d carbon, ( hydrogen; nuclear positions
projected in the plotting plane)
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Figure 2. Computed CTOCD current density maps for 426: (a) π
and (b) total (σ1π) (d carbon, ( hydrogen; nuclear positions
projected in the plotting plane)

the plane of the nuclei, chosen so as to lie close to the max-
ima of both π-current and π-electron density. At this height
the flow is essentially parallel to the molecular plane. The
plotting area is a square of side 24 a0. The contours show
the modulus of the complete current density, with values
0.001 3 4n a.u., for n 5 0,1,2, ... The vector arrows are
centred on points of a 36 3 36 grid, and show the magni-
tude and the direction of the in-plane projection of current.
The current-density maps shown are for (a) π- and (b) total
(σ1π)-electron distributions in the chosen plane.

At this distance from the molecular plane, the details of
the σ-current density near the nuclei are lost, but σ-maps
generally demonstrate distributions of current that are char-
acteristic of covalent bonds,[7a] in which each σ-bond acts
as a centre of local diamagnetic circulation. The cumulative
effect of these local circulations in each ring is a character-
istic paramagnetic σ-circulation over the centre of the ring,
which can be seen here in the total (σ1π)-maps.

Map 1a in Figure 1 shows the π-current density distribu-
tion in the parent compound pyrene (1). Its most striking
feature is a classical diatropic circulation around the 14π-
pyrene perimeter, which subsumes local benzene-like cur-
rents in the two hexagons (A and B) of the biphenyl-like
subunit. In the central rings C and D, some bifurcated flow
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Figure 3. Computed CTOCD current density maps for 7: (a) π
and (b) total (σ1π), and for 8: (b) total (σ1π; the plotting plane
is 0.85 a0 above the median plane, see text); in all maps: d carbon,
( hydrogen; nuclear positions projected in the plotting plane

of the ring current is discernible in the π-map.[18,20] These
features are present in an accentuated form in the total
(σ1π)-current density map (map 1b, Figure 1).

Fusion of a single cyclopenta moiety onto 1 to give 2
produces no essential change in the circulations within the
pyrene subunit [π- and total (σ1π)-maps, 2a and 2b, Fig-
ure 1 and Scheme 1]. The added pentagon E contains a
localised cyclopenteno double bond, which makes little
contribution to the π-currents;[19] the pentagonal ring also
supports the usual weak central σ paramagnetic current
that arises from local bond currents.

Fusion of a second cyclopenta moiety to 2 gives three
isomeric possibilities: compounds 325 (Schemes 1 and 2).
When the pentagons are positioned as in 3 (E and F) 2 that
is, when they are separated by two carbon2carbon bonds 2
they again contain localised double bonds and cause little
perturbation to the diatropic 14π-pyrene perimeter ring cur-
rent [π- and total (σ1π)-maps, 3a and 3b, Figure 1].

Scheme 2. Generalised carbon atom numbering and local ring iden-
tification Scheme for pyrene (1) and its cyclopenta-fused con-
geners 228
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In marked contrast, the isomers 4 and 5, in which the

pentagon pairs are linked by an odd number of
carbon2carbon bonds (4: E and G, three bonds; 5: F and
G, one bond; Scheme 1), show new features [π- and total
(σ1π)-maps, 4a to 5b, Figure 2 and Scheme 2]. The penta-
gons now exhibit paramagnetic π-ring currents, which are
reinforced by the central σ-circulations in the total (σ1π)-
current maps. As a consequence, the total (σ1π)-current
maps for 4 and 5 no longer show a clearly separated pyrene-
perimeter motif. The main features are the local benzene-
like currents in the hexagons A and B, and the paratropic
currents in the five-membered rings.

At the next stage, in which a third pentagon G is added
to give the unique pyrene congener with three cyclopenta
moieties 6 (E, F and G), the weakening of the 14π-pyrene
perimeter pattern proceeds a step further (Schemes 1 and
2). Although the π-distribution still shows the two original
diamagnetic hexagons A and B, three paramagnetic penta-
gons E, F and G, of which ring G is connected by an odd
number of carbon2carbon bonds to both of the other
pentagons, carry a significantly stronger paramagnetic ring
current (Scheme 2). Moreover, the original diatropic pyrene
perimeter current is now attenuated by incipient localisation
in the C(5)2C(6) [C(12)2C(13)] bond [π- and total (σ1π)-
maps 6a and 6b, Figure 2].

Addition of a fourth pentagon gives the as yet unsyn-
thesised tetracyclopenta[cd,fg,jk,mn]pyrene (8; Scheme 1).
Calculations[18,19] indicate that 8 should have a bowl-shaped
ground-state structure [RHF/6-31G; 8 (C2v): bowl depth ca.
0.90 Å, similar to that in corannulene[8a,21]] in which a rigid
σ/π separation can no longer be applied. We therefore start
with an analysis of its planar analogue 7 (D2h), which rep-
resents the transition state for bowl-to-bowl interconversion
[RHF/6-31G: ∆E(8 R 7) 5 3.8 kcal mol21; see Computa-
tional Section and Scheme 1]. The π-current map of 7
shows that, upon addition of the fourth pentagon, the
breaking up of the 14π-pyrene perimeter motif is com-
pleted. The π-current map splits into two halves in which
the diamagnetic ring currents of the biphenyl-like hexagons
A and B survive unscathed between two strongly paramag-
netic circulations in the neighbouring pentagons E2H [π-
and total (σ1π)-maps 7a and 7b, Figure 3 and Scheme 2].
These qualitative features are reinforced in the total (σ1π)-
map of planar 7. As a curved structure, 8 no longer sup-
ports a rigid σ/π-separation, and the concept of a near-
planar ring current is not appropriate. Nevertheless, the to-
tal (σ1π)-map for the bowl (map 8b, Figure 3; plotting
plane at 0.85 a0 above the median plane, ‘‘looking into the
bowl’’) still shows all the features of planar 7: the paramag-
netic circulations in the pentagons, diamagnetic circulations
in the (now more distant) hexagons and the destruction of
the pyrene-perimeter motif.

Comparison with Nucleus-Independent Chemical Shifts

Scheme 1 shows the NICS (0.0 Å) values for all distinct
local rings of 128; the values are derived from IGLO-III//
RHF/6-31G calculations at the ring centres.[19] Comparison
of these values with the local patterns of current in the
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maps of Figures 1 and 3 shows complete qualitative agree-
ment. The local diamagnetic ring currents of the maps
correspond to large negative NICS values in rings A and B
of all the structures. The hexagons C and D, which display
bifurcated flows in the maps, have small NICS values, which
may be of either sign in particular cases. The pentagons
E2H change from having small positive NICS values for
those cases in which the maps show that the cyclopenteno
double bonds are localised (2, 3) to large positive NICS
values in 427, in which the maps show significant paramag-
netic currents for these rings. The maps therefore provide a
direct visualisation of the changing patterns of induced cur-
rent density that underlie the original NICS analysis,[3] but
they are also capable of supplying more detail than the bare
average NICS values.

Table 1 lists the nuclear shieldings (σ) for all distinct ring
centres in 128, obtained by the appropriate integration of
the CTOCD-PZ2 current densities. The averages σav are
equivalent to NICS values, apart from the change of sign in
the definition.[7,8] With allowance for basis set and method
differences, they are essentially in agreement with those

Table 1. Computed nuclear shielding constants at the ring centres
of 128 (in ppm); σ(out) is the component of the out-of-plane nuc-
lear shielding constants of the ring, σ(in) is the mean shielding in-
plane, and σav the overall mean value

Compound[a] Ring[a] σ(out) σ(in) σav
[a]

1 A 23.7 12.5 16.2
C 23.7 15.2 8.9

2 A 18.7 15.3 16.4
B 20.8 12.3 15.1
C 26.1 13.9 7.2
D 24.7 14.6 8.1
E 235.9 13.1 23.2

3 A 12.7 13.5 13.2
B 16.1 13.9 15.3
C 26.1 13.8 7.2
E 236.1 12.9 23.4

4 A 13.3 15.6 14.8
C 215.2 13.9 4.2
E 248.2 13.0 27.4

5 A 13.8 15.4 14.8
C 214.3 14.3 4.8
D 214.4 14.7 5.0
F 248.1 12.4 27.7

6 A 7.3 13.9 11.7
B 9.4 15.1 13.2
C 222.0 13.8 1.9
D 220.8 14.2 2.5
E 244.0 13.1 26.0
F 243.2 12.6 26.0
G 257.8 12.3 211.1

7 A 3.1 13.8 10.2
C 232.5 14.2 21.4
E 249.8 12.4 28.3

8[b] A 2 2 10.7
C 2 2 20.6
E 2 2 27.8

[a] See Scheme 2. For a comparison of σav values with IGLO-III//
RHF/6-31G NICS(0.0 Å) values[19] see Scheme 1. [b] For bowl-
shaped 8 only σav was calculated.
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shown in Scheme 1. Whereas for the hexagons A2D the σav

values are similar for 122, they become less positive on
going from 3 to 8, upon addition of an increasing number
of (abutting) pentagons. For the pentagons E2H the op-
posite behaviour is found. Their small negative σav-values,
which are only slightly negative in the case of 223, become
considerably more negative for 428.

Decomposition of these σav values into out-of-plane
[σ(out)] and average in-plane [σ(in)] components gives more
information. It can be seen that the out-of-plane compon-
ent is sensitive to changes in the ring currents of the distinct
rings of these polycyclic π-conjugated systems. The σ(out)
component picks out the jumps in pentagon paramagnet-
ism between 2, 3 and 4, 5, and distinguishes the two types
of pentagons in 6. The σ(in) component, on the other hand,
is relatively constant, so that the averaging over three com-
ponents inherent in the NICS computation results in some
loss of sensitivity.

Magnetisability Anisotropy ∆ξ and Nuclear Chemical Shifts

Magnetisability anisotropy [∆ξ5 ξ(out) 2 ξ(in)], com-
puted by integration of the CTOCD-PZ2 current density, is
one indicator of global aromaticity. The ∆ξ values obtained
by the present approach are 255.9 (1), 259.3 (2), 262.5
(3), 251.0 (4), 252.1 (5), 248.0 (6), 239.0 (7) a.u. (e2a0

2/
me), and can be interpreted as indicative of similar global
aromaticities in 123, with a fall-off in 428 as the propor-
tion of local paramagnetism increases (Table 2). Decom-
position of ξav into out-of-plane [ξ(out)] and average in-
plane [ξ(in)] components shows that the changes of ∆ξ stem
from considerable changes in ξ(out), whilst ξ(in) changes
only moderately in line with the increase in size of the π-
system. In view of the known correlation of calculated mag-
netisability anisotropy (∆ξ) with empirical isotropic exalta-
tion of diamagnetic susceptibility (Λ),[8a] this suggests a
concomitant fall in Λ along the series. By the same compu-
tational approach, the anisotropies ∆ξ (a.u.) 5 216.5 (ben-
zene), 230.5 (naphthalene), 245.1 (fluoranthene), 255.9
[pyrene (1)] can be compared with the diamagnetic exalta-

Table 2. Computed molecular magnetisabilities of 128 (in a.u.)[a];
ξ(out) is the component of the absolute out-of-plane shielding of
the molecule, ξ(in) is the mean in-plane shielding, ξav the overall
mean value, and ∆ξ 5 ξ(out) 2 ξ(in) is the anisotropy

Compound ξ(out) ξ(in) ξav ∆ξ

1 267.6 211.7 230.4 255.9[b]

2 271.9 212.6 232.4 259.3
3 276.1 213.6 234.4 262.5
4 264.7 213.7 230.7 251.0
5 265.9 213.8 231.2 252.1
6 262.5 214.5 230.5 248.0
7 254.6 215.6 228.6 239.0
8[c] 2 2 230.6 2

[a] Magnetisabilities are given in atomic units: 1 a.u. 5 e2a0
2/me 5

7.89104 3 10229 J T22. [b] Isotropic exaltation of diamagnetic sus-
ceptibility of 1 57 3 1026 cm3 mol21 (see text).[1c,8a] Unfortunately,
no Λ values are available for 228. [c] For bowl-shaped 8 only ξav

was calculated.
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tions Λ (1026 cm3 mol21) 5 13.7, 30.5, 42, 57, respect-
ively.[1c]

The changes in local environment shown in the series of
maps (Figures 123) have their counterparts in the com-
puted nuclear chemical shifts. The calculated CTOCD-PZ2
1H NMR chemical shifts (Table 3) are generally shifted up-
field by up to 0.6 ppm from the corresponding available
experimental values, but the general features and trends
found experimentally for 126 both within a compound and
between related compounds are qualitatively reproduced.
For example, the 1H NMR chemical shift of H(2), con-
nected to hexagon A and positioned exo to the pentagons
(Scheme 2), reflects the steady increase in paratropicity
throughout the series, from δ 5 8.0 in 1 to δ 5 6.0 in 8
(Table 3). Other indicators such as the computed ring-aver-
aged 1H NMR chemical shifts of the six- and five-mem-
bered rings [δ(6)av/δ(5)av] produce the same conclusion [exp.
(calcd.): δ(6)av 5 8.14 (7.8) (1); δ(6)av/δ(5)av 5 8.18/7.32[10]

(7.8/7.1) (2), 8.32/7.36[11] (7.9/7.2) (3), 7.55/6.66[11] (7.4/6.7)
(4), 7.58/6.90[11] (7.4/6.8) (5), 7.44/6.74[12] (7.1/6.6) (6)]. In-
terestingly, for the as yet unsynthesized bowl-shaped con-
gener 8, CTOCD-PZ2 predicts the most strongly upfield-
shifted δ(1H) values, in line with the total (σ1π)-map (map
8b, Figure 3 and Table 3).

Hückel2London π-Electron plots

The ab initio results show dominance by paramagnetic
pentagons in the current densities in 428. Could these cur-
rents have been expected on the basis of an intuitive chem-
ical model? One simple approach is to use Hückel π-elec-
tron theory in conjunction with the London model.[22224]

Sets of π-bond currents computed according to a finite-per-
turbation, matrix-diagonalisation procedure for planar 127
are shown in Figure 4. The calculations used the 6-31G ab
initio geometries scaled to an average bond length of 1.4 Å
for calibration against a notional benzene π-bond current.
It is impressive that these simple idealisations exhibit all the
main features of the ab initio maps in most cases, even if
they exaggerate the relative strength of the paratropic cur-
rents and thus, in the case of 6 and 7, give a qualitatively
incorrect picture. Nonetheless, at this Hückel2London
level of theory the importance of the paratropic pentagon
as a motor for the total pattern is apparent from this purely
graph-based theoretical model.

Magnetic versus Energy Criteria for Aromaticity; Isomers
325

Despite the increase in area of the π-electron system with
increasing number of pentagons in series 128, the fall in
CTOCD-PZ2 ∆ξ values (Table 2), which was also found
when using either GIAO or IGLOIII,[18,19] shows that the
global aromatic character decreases throughout the whole
series. For isomers 325, a comparison of their relative
stabilities [∆Etot(5 , 4 , 3) 5 0.0 , 1.9 , 4.3 kcal mol21,
see Computational Section] and their computed |∆ξ| values
[3 . 5 . 4: 62.5 . 52.1 . 51.0 a.u.; Table 2] indicates that
325 possess a different order of aromaticity according to
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Table 3. Computed absolute hydrogen nuclear shielding constants
(in ppm) of 128; σ(out) is the component of the out-of-plane hy-
drogen nuclear shielding constants of the ring, σ(in) is the mean in-
plane shielding, and σav the overall mean value; the corresponding δ
values (in ppm) were obtained by using δ 5 30.8 2 σav 3 106 [8a,8b]

Compound Nucleus[a] σ(out) σ(in) σav δcalcd. δexp

1 H(2) 18.2 25.1 22.8 8.0 8.0
H(3) 17.1 25.8 22.9 7.9 8.2
H(5) 17.6 26.0 23.2 7.6 8.1

2 H(1) 16.9 25.8 22.9 7.9 8.1
H(2) 17.5 25.7 23.0 7.8 8.1
H(6) 16.8 26.3 23.1 7.7 8.4
H(8) 17.0 25.5 22.7 8.1 8.4
H(9) 18.2 25.1 22.8 8.0 8.0
H(10) 17.4 25.6 22.9 7.9 8.3
H(12) 17.9 25.9 23.2 7.6 8.1
H(13) 17.7 25.8 23.1 7.7 8.0
H(17) 20.9 25.0 23.6 7.2 7.4
H(18) 21.0 25.2 23.8 7.0 7.2

3 H(2) 17.0 26.3 23.2 7.6 8.1
H(6) 16.9 26.2 23.1 7.7 8.3
H(8) 17.2 25.3 22.6 8.2 8.4
H(9) 18.2 25.1 22.8 8.0 8.0
H(17) 20.7 24.8 23.5 7.3 7.5
H(18) 21.0 25.2 23.8 7.0 7.2

4 H(1) 18.3 25.5 23.1 7.7 7.7
H(2) 18.9 25.7 23.5 7.3 7.4
H(13) 18.8 26.2 23.7 7.1 7.5
H(17) 22.4 25.0 24.1 6.7 6.6
H(18) 22.6 25.0 24.2 6.6 6.7

5 H(1) 18.4 25.6 23.2 7.6 7.7
H(2) 18.8 25.7 23.4 7.4 7.6
H(13) 19.3 25.8 23.6 7.2 7.4
H(17) 22.0 24.9 23.9 6.9 7.0
H(18) 21.7 25.4 24.2 6.6 6.8

6 H(2) 19.1 26.3 23.9 6.9 7.4
H(6) 19.7 26.1 24.0 6.8 7.4
H(8) 19.3 25.3 23.3 7.5 7.7
H(9) 19.7 25.8 23.7 7.1 7.3
H(17) 22.4 24.9 24.0 6.8 6.8
H(18) 22.8 25.1 24.3 6.5 6.7
H(19) 22.1 24.7 23.9 6.9 7.1
H(20) 22.2 25.5 24.4 6.4 6.6
H(21) 22.8 25.3 24.5 6.3 6.5
H(22) 23.1 24.8 24.2 6.6 6.7

7[b] H(2) 20.6 26.3 24.4 6.4 2
H(17) 23.4 24.7 24.3 6.5 2
H(18) 23.4 25.3 24.7 6.1 2

8[c] H(2) 2 2 24.8 6.0 2
H(17) 2 2 24.5 6.3 2
H(18) 2 2 24.8 6.0 2

[a] See Scheme 2. [b] Planar 7 is the transition state for bowl-to-bowl
interconversion of 8 (see Computational Section and text). [c] For
bowl-shaped 8 only σav was calculated.

these two criteria.[25] This apparent anomaly has been inter-
preted by a computational analysis, which found that,
whereas the relative stability order (∆Etot) of 325 is domin-
ated by σ-strain imposed on the pyrene skeleton by the di-
cyclopenta fusion, these isomers possess nearly identical π-
electron delocalisation energies (see refs.[18,19] for details).
Hence, the isomers 325 represent examples of nonalternant
CP-PAH in which the most stable representative need not
be the most aromatic according to the magnetic cri-
teria.[25,26]
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Figure 4. Schematic Hückel2London π-current density maps in
planar 127

Conclusions

Computed π- and total (σ1π)-current density maps of
a family of pyrene (1) and its externally cyclopenta-fused
congeners 228 using an ab initio distributed-origin coupled
Hartree2Fock method show that the number and distribu-
tion of pentagons strongly affects the local patterns of in-
duced currents, and that global aromaticity is reduced as
more pentagons are added.

The cyclopenta moieties in 2 and 3 possess localised cyclo-
penteno double bonds,[18,19] and have only minor effects on
the diatropic ring current of the 14π-pyrene perimeter core.
For all other species 428, intense paratropic currents in the
pentagons result in stepwise destruction of the diatropic 14π-
pyrene perimeter motif, resulting in the breaking up of the
currents into single-ring contributions. Visualisation of the
current density maps has added detail to the interpretation
of Nucleus-Independent Chemical Shift (NICS) values. In
fact, with the exception of compounds 6 and 7, the main
features of the pattern of paratropic contributions are ex-
plained by simple Hückel2London π-electron theory.

Computational Section

The magnetic properties of 128 were computed by using
the CTOCD distributed-origin method at the ab initio
coupled Hartree2Fock level of theory. In line with our pre-
vious work,[7,8] the maps were computed by using the DZ
(diamagnetic zero) formulation and the integrated proper-
ties using the PZ2 (paramagnetic zero) variant, all with the
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6-31G** basis using the Exeter version of SYSMO.[27] The
molecular geometries were optimised at the RHF level in
the 6-31G basis (RHF/6-31G)[19] using the GAMESS-UK
program.[28] The optimised geometries of 128 at the RHF/
6-31G, RHF/6-31G* and B3LYP/6-31G* levels of theory
are practically identical and details of the energetics, such
as the isomer stability order for 325, as well as the height
of the inversion barrier for 728, are similarly insensitive to
the choice of basis and level {6-31G**//RHF/6-31G total
energies: 2611.7857 (1), 2687.5025 (2), 2763.2090 (3),
2763.2136 (4), 2763.2167 (5), 2838.9168 (6), 2914.6119
(7) and 2914.6179 a.u. (8) [∆Etot(5 , 4 , 3) 5 0.0 , 1.9
, 4.3 kcal mol21 and ∆E(8 R 7) 5 3.8 kcal mol21]}.[18,19]

All compounds have computed planar ground states except
for tetracyclopenta[cd,fg,jk,mn] pyrene, the ground state of
which is bowl-shaped with C2v symmetry. This molecule
also has a D2h planar geometry corresponding to the trans-
ition state (one imaginary frequency) for bowl-to-bowl in-
version. Compound 7 refers to the planar geometry of
tetracyclopenta[cd,fg,jk,mn]pyrene and 8 to the nonplanar,
bowl-shaped global minimum. Scheme 2 shows a gen-
eralised carbon atom numbering Scheme and local ring
identification Scheme for 1 and its cyclopenta-fused con-
geners 228.
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