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Abstract: According to the recently discovered PCP-rule, the (stabilizing) ener-
gy-effect of the cyclic conjugation in the 5-membered ring of acenaphthylene-
and fluoranthene-type polycyclic conjugated hydrocarbons increases with the
number of phenyl—cyclopentadienyl (PCP) fragments present in the molecule.
It is now shown that the validity of the PCP-ruleis also supported by the 5-cen-
ter bond indices, an independent quantitative theoretical measure of cyclic con-
jugation in 5-membered rings.

Keywords. acenaphthylene-type hydrocarbons; fluoranthene-type hydrocarbons;
PCP-rule; multicenter bond index; cyclic conjugation.

INTRODUCTION

The theory of benzenoid hydrocarbons!-2 is nowadays one of the best deve-
loped areas of theoretical organic chemistry. Motivated by recent progressin this
field (see the papers3—7 and the references quoted therein), a systematic study8-10
of a class of polycyclic conjugated systems closely related to benzenoid hydro-
carbons, the acenaphthylenes and fluoranthenes, was undertaken. These differ from
“true” benzenoids by possessing a five-membered ring; for examples see Fig. 1.
A more formal definition of acenaphthylenes and fluoranthenes can be found in
the literature.8

The PCP-rule

According to classical theories of benzenoid and similar polycyclic conju-
gated molecules,12 there is no cyclic conjugation in the 5-membered ring of
acenaphthylenes and fluoranthenes. Investigating the energy-effect of cyclic con-
jugation using the method described in detail in a review!! and elsewhere37 it
was found that a weak cyclic conjugation exists in the 5-membered ring of acena
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Fig. 1. Acenaphthylene (1) and some of its congeners (2—4), and fluoranthene (5) and some of
its congeners (6-14). Data on the cyclic conjugation in the 5-membered ring of these

TABLE I. The number of PCP fragments (#PCP), the five-center bond index (5-CBI) of the
five-membered rings and the energy-effect (ef, in funits) of the same rings of the acenaph-
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compounds are given in Tablel.

thylenes and fluoranthenes depicted in Fig. 1

Compound #PCP 5-CBI ef

1 0 0.5250 0.0026
2 1 0.6124 0.0206
3 1 0.639%4 0.0255
4 2 0.7281 0.0390
5 0 0.2685 0.0031
6 1 0.3062 0.0054
7 1 0.3096 0.0043
8 2 0.3566 0.0105
9 2 0.3559 0.0079
10 2 0.3558 0.0080
11 2 0.3457 0.0056
12 3 0.4181 0.0159
13 3 0.3994 0.0105
14 4 0.4716 0.0211
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PCP-RULE VERIFIED BY FIVE-CENTER BOND INDICES 551

phthylenes and fluoranthenes. In addition, it was established0 that this (weak)
cyclic conjugation effect is amplified by the presence of 6-membered rings con-
nected to the 5-membered ring by a single carbon—carbon bond. This effect was
named the PCP-rule, where PCP is the abbreviation for “Phenyl-CycloPentadi-
enyl”. According to the PCP-rule, the extent of the energy-effect due to cyclic
conjugation in the 5-membered ring is proportional to the number of PCP frag-
ments present in the respective acenaphthylene and fluoranthene. These PCP fra-
gments are indicated for two selected examplesin Fig. 2.

oo 2o

&, & &

Fig. 2. The compounds 4 and 13 from Fig. 1 have two and three PCP fragments, respectively;
these are indicated by thick lines.

A simple example illustrating the validity of the PCP-rule is provided by the
two isomeric acenaphthylenes 3 and 4. Whereas 3 has one PCP fragment, its iso-
mer 4 has two PCP fragments. The energy-effects of their 5-membered rings are
0.0255 and 0.0390 Aunits, respectively. Further examples are found in Table . It
should be noted that until now not a single violation of the PCP-rule has been
observed.10

In view of the fact that the PCP-rule was established by studying the energy-
-effects of the 5-membered rings, it was thought purposeful to check it by other
measures of cyclic conjugation. In this paper, the PCP-rule was tested by means
of multicenter bond indices.

Multicenter bond indices

Multicenter bond indices are quantities specifically designed to detect and
guantify the presence of delocalized multicenter bonding in molecules such as
non-classical carbocations, electron deficient boranes, lithiated hydrocarbons,
etc. The respective theory was developed in the 1990s!2-18 and was then suc-
cessfully applied to avariety of types of molecules.1%-23 In view of the capability
of these indices to describe non-classical three-center bonding, the idea of the
multicenter bond index was recently generalized so as to be aso applicable for
the description of cyclically conjugated bonding extended over any number of
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centers. In the general case of k-center bonding, the corresponding index was
defined as the permutati on-unique k-center term resulting from the partitioning of
the total number (N) of electrons:

Tr(PS)k Kk K Kk Kk
N = —(Zk—)l EDWANEED WUV EED W SRR YAk«
A A<B A<B<C A<B<C<--<K

where P is the charge/bond-order matrix and S the overlap matrix. In this work,
the 5-center bonding index (5-CBI), pertaining to the five carbon atoms (labeled
by A,B,C,D and E) of the 5-membered ring in the acenaphthylene and fluoran-
thene species, was employed. This index, characterizing the extent of the cyclic
conjugation within the particular 5-membered ring, is defined as:

5
5CBI = 24A%L e =

=2 X X X 2 ZI(PS),,(PS),;(PS) . (PS)(PS)g,]
ue AveB AeC xeD feE i

where i, v, 4, K,f refer to the basic functions and 7”is the permutation operator
that takes into account all possible (= 5') permutations of the atomic labels. For
the sake of straightforward comparability with ef-values, which are calculated
using a generalized version of the Coulson formulall at the level of the simple
HMO theory, the calculation of 5-center bond indices was also performed at the
same level. Within such an approach, the overlap matrix is a unit matrix and the
formula reduces to:

5
5CBI =24ARQ) e =

PIEDINDINDINDY zri[PﬂVPVﬂP/ilrplrfPfﬂ]

Hue AveB 1eC xeD £eE i

NUMERICAL WORK

The 5-CBI-values were computed for the 5-membered rings of al acenaph-
thylenes and fluoranthenes depicted in Fig. 1. These data, together with the (ear-
lier studied19) energy-effects, are given in Table 1.

An inspection of the 5-CBI-data from Table | reveals that these perfectly
agree with the PCP-rule. For understandable reasons, the acenaphthylenes have
to be considered separately from the fluoranthenes. Within each of these two
classes, when the counts of PCP fragments are equal, then the respective 5-CBI-
-values are nearly the same. When a molecule X has greater number of PCP
fragments than another molecule Y, then, without a single exception, 5-CBI(X) >
> 5-CBI(Y). For instance, for the isomers 3 and 4 (possessing, respectively, one
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and two PCP fragments), 5-CBI(3) = 0.64 and 5-CBI(4) = 0.73. Among the fluor-
anthenes shown in Fig. 1, the minimum and maximum 5-CBI have, respectively,
fluoranthene (5, no PCP fragment) and tetrabenzofluoranthene (25, four PCP
fragments); 5-CBI(5) = 0.27, 5-CBI(25) = 0.47. For more examples of this kind,
see Tablel.

CONCLUSIONS

The PCP-rule is a peculiar property of acenaphthylenes and fluoranthenes,
having no counterpart in the classical theory of polycyclic conjugated molecules.
It was discovered by studying the energy-effects of the 5-membered rings con-
tained in these molecules.10 The obvious question that emerged at this point was
whether the PCP-rule is an artifact of the graph-theory-based method used for
computing the energy-effects or if the PCP-rule reflects some real feature of the
n-electron distribution in the respective molecules. The analysis performed by
employing a completely independent approach, based on multicenter bond in-
dices, clearly indicates that the latter might be the case.

A reasonably good linear correlation between the five-center indices and the
energy-effects of the five-membered rings exists, as seen in Fig. 3. Of course, the
data-points for acenaphthylenes and fluoranthenes lie on two different lines. This
implies that not only is the PCP-rule convincingly corroborated by multicenter
bond indices, but also so is the molecular-structure dependence of the extent of
cyclic conjugation, predicted by two different methods, in quantitative agreement.

0.81
0.71
0.61

0.51

5-CBI

0.41 Y

0.31

0 0.01 0.02 0.03 0.04 0.05
ef

Fig. 3. The five-center bond indices (5-CBlI) vs. the energy-effects (ef) for the acenaphthylenes
(triangles) and fluoranthenes (circles) depicted in Fig. 1.

The guantum-chemical origin of the PCP-rule remains obscure, but the real
existence of such arule seemsto be now additionally verified.
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U3BO/
IMTPOBEPA PCP-ITIPABUJIA IIOMORY IHETOLEHTPUYHUX NHJIEKCA BE3E

JEJIEHA BYPBEBURY, UBAH I'YTMAH! 1 ROBERT PONEC?

YIpupodno—waiiemaimiuuku axyaiieins Yuusepsuisieia y Kpazyjesyy u 2Institute of Chemical Process
Fundamentals, Czech Academy of Sciences, Prague 6, Suchdol, 165 02, Czech Republic

Ha ocHoBy HemaBHO oTkpuBeHor PCP-mpaBuia, (crabuimsyjyhin) eHeprercku eexar LUK-
JIMYHE KOHjyralyje y MeTOWIAHOM IPCTEHY MONUIUKINYHUX KOHjYrOBaHMX YIJbOBOJOHHKA alie-
HadTHICHCKOT U (pIyopaHTeHCKOTr THma pacte ca Opojem (enun-muknonentaauenmnaux (PCP)
(parMeHara cagpkaHuX y MOJISKylly. Y paiy mokasyjemo na je Baxkeme PCP-mpaBuina notspheHo
u nomohy TETOLEHTPUYHMUX HHJIEKCAa Be3e, KOjU Cy jeJHO HE3aBHCHO TEOPH]CKO KBAaHTHTATHBHO
MEpHJIO HUKJIMYHE KOWbYTaltje y NeTOYIaHHM IIPCTCHOBUMA.

(TTpumsbero 21. HoBemGpa 2008)
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