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Abstract Considerations based on the energetics of

cyclic conjugation in individual rings indicate that benzo-

cyclobutadieno-annelation has the opposite effect on local

aromaticity in benzenoid hydrocarbons to benzo-annela-

tion. This finding is now tested and corroborated by density

functional theory (DFT) calculations of the geometry of all

benzo- and benzocyclobutadieno-annelated congeners of

anthracene. The harmonic oscillator model of aromaticity

(HOMA) and some similar (geometry-based) indices of

local aromaticity are found to have the same dependence

on the modes of annelation as the molecular-graph-based

energy effects.
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Introduction

The effect of benzo-annelation on local aromaticity in

benzenoid hydrocarbons was recently studied in detail (see

[1, 2] and the references cited therein). The main quantity by

which local aromaticity was assessed in these works was the

effect of cyclic conjugation in the considered six-membered

ring on total p-electron energy. This energy effect (ef) was

calculated by a technique developed within chemical graph

theory, whose details are reviewed elsewhere [3]. In spite of

the fact that in all previously examined cases the ef approach

gave consistent and chemically sound results, because of its

theoretical simplicity it was purposeful to check its predic-

tions by means of more advanced quantum chemical

methods (see, e.g., [4]).

In the case of benzenoid hydrocarbons, we examined the

effect of benzo-annelation on the six-membered ring,

marked X in species 1–3 in Fig. 1.

The two main general rules discovered by means of the

ef approach are the following [1, 2]:

Rule 1. Linear benzo-annelation (cf. 2 in Fig. 1)

decreases the intensity of cyclic conjugation in the ring X,

relative to its value in the non-annelated parent species 1.

In particular, ef(X,2) \ ef(X,1).

Rule 2. Angular benzo-annelation (cf. 3 in Fig. 1)

increases the intensity of cyclic conjugation in the ring X,

relative to its value in the non-annelated parent species 1.

In particular, ef(X,3) [ ef(X,1).

As before [1–3], the ef values are expressed in the units

of the Hückel molecular orbital (HMO) carbon–carbon

resonance integral b, whose value for thermochemical

purposes is around -137 kJ mol-1 [5].

We have recently started the examination of the effect

on cyclic conjugation of another type of annelation, which

we refer to as benzocyclobutadieno- or BCBD-annelation

[6], see 4 and 5 in Fig. 1, as well as the examples depicted

in Fig. 3. Surprisingly, we found that the effect of BCBD-

annelation is opposite to that of benzo-annelation. Thus,

instead of rules 1 and 2, the following rules seem to hold

generally:
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