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ABSTRACT. Cyclic conjugation (assessed by its energy effecgtudied in benzo- and
naphthaleno-annelated ovalenes, in which annelaiorin positionsd and o. These
benzenoid species possess a large number of Qlaradic sextet formulas, making the
application of Clar theory difficult and ambiguo®me predictions based on Clar formulas
are not in agreement with the calculated energgcedf This indicates that Clar theory is not

universally applicable, even in the case of fuliyjcigated benzenoid molecules.

1. Introduction

Benzenoid hydrocarbons form a class of conjugatetectron systems whose theory is
elaborated in due detail [1-7]. Cyclic conjugationbenzenoid hydrocarbons was especially
much studied, see the papf8sl4] and the references cited therein. Erich '€l&aromatic
sextet theory” [1,3] provides the simplest and ndbstct way by which one can get an insight
into the dominant modes of cyclic conjugation dfesnzenoid molecule. In Clar theory, so-called
“Clar formulas” are constructed by placing “aromatextets” into some rings of a benzenoid
molecule, obeying certain formal rulg15] (cf. Figs. 1-3). Rings in which “aromaticxsets”
are located are predicted to have a high interwdityyclic conjugation. The original version of
Clar's method is qualitative and has no direct ftation in quantum theory. Eventually, much
effort has been done to provide a quantitative thedretically founded re-formulation of Clar’s
model (see the recent workss-24] and the references cited therein). In ocamier studies

[13,14,24-27], examples of benzenoid hydrocarboaseiound in which the predictions of Clar
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theory were violated. However, the benzenoid systenthese examples contained fixed single
and double carbon-carbon bonds, and thus it coaldrgued that Clar theory was not strictly
applicable to them. We have now detected a clasllgfconjugated benzenoid molecules (i.e.,
molecules without fixed single and double carboriboas bonds), in which the modes of cyclic
conjugation are not in full agreement with the Claodel. These are the benzo- and
naphthaleno-derivatives of ovalene, in which arieas in positiord ando, see Fig. 1.

A quantitative measure of cyclic conjugation relectron systems, especially in
benzenoid hydrocarbons, is achieved by the endfggtef the respective cycles. Details of this
method have been earlier described several timgs,ie the article§8-10] and in the review
[11]. Thus,ef = ef(2) is the energy-effect caused by cyclic conjugatbn-electrons along the
cycleZ in the underlying conjugated molecule. As usualyhat follows,ef will be expressed in
the units of the carbon-carbon resonance inteyralherep~-137 kJ mof. Note that sinc is
negative-valued, large (positivef-values mean a large stabilizing energy-effect eduly
conjugation in the cycl&, providing an energetic measure of the intenditgyalic conjugation
in Z

The ef-values of all six-membered rings of ovaledg dnd its annelated congene?st

see Fig. 1) are collected in Table 1.

Fig. 1 — Ovalenel), its unique Clar formulal@), its benzo- and naphthaleno-annelated derivatives
studied in this work, and the labelling of theirgs.
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comp. 1 2 3 4 8 9 10 A A’ B B’
1 0.0567| 0.0575 0.056f¢ 0.0760 0.0760 0.0836 0.0336
0.0549| 0.0562 0.0699 0.0344 0.0771 0.0845 0.0309588.
0.0546| 0.0557 0.0738 0.0276 0.0775 0.0348 0.030880Q. 0.1052
0.0676| 0.0551 0.0676 0.0350 0.0350 0.0816 0.0316564. 0,1567
0.0670| 0.0547 0.0713 0.0280 0.0352 0.0818 0.031579@.| 0.1047| 0.1561
0.0706| 0.0544 0.070p 0.0281 0.0281 0.0817 0.0310790.| 0.1046| 0.0791 0.1046
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Table 1 — Energy effects (frunits, p~-137 kJ moll) of the rings of ovalend) and its annelated
derivatives2-6, see Fig. 1. The labeling of the rings is alsadatbd in Fig. 1.
The energy-effects of the rings 5, 6, and 7 ardtechbecause, by symmetry, these are always egual t
theef-values of the rings 3, 2, and 1, respectively.

2. Agreements with Clar theory: Ovalene, benzalovalene,
naphthaleno[djovalene

Ovalene has a unique Clar formula, depicted in Eid\ccording to it, the most intense
cyclic conjugation is to be expected in the ringd,%, and 8. Indeeéf(2) =€f(6) = 0.0575 is
somewhat greater thaf(1) = €ef(3) = €ef(5) =€f(7) = 0.0567, although the difference is slight. As
expected, the rings 4 and 8 have the greatesteabéhe “empty” rings 9 and 10 the smalkést
value.

The situation with benzd]ovalene and naphthalerppvalene is much less simple.
Namely, benzafJovalene @) has 6, whereas naphthalediojvalene 8) has 11 Clar formulas.

The Clar formulas of benzdjovalene are shown in Fig. 2.
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Fig. 2 — The six Clar aromatic sextet formulas efizofd]ovalene. In formula 2f an aromatic sextet is
located in ring 9, whereas no one of these formindessan aromatic sextet in ring 10. This fact igand
agreement with the increasefvalue of ring 9 and decreasefdvalue of ring 10, relative to ovalene (cf.

Table 1).
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Already the fact tha and 3 have so many different aromatic sextet formulaglies
that the application of the Clar model to thesezbenid hydrocarbons is neither simple nor
unambiguous. The assumption [18,19,21] that allr Gtamulas are equally important is
evidently an oversimplification. For instance, actog to theef-method, cyclic conjugation in
the ring A of2 is almost five times stronger than in the ring #efefore, the Clar formul2aa
provides a much poorer description of cyclic coafuan than the formula2b-2f. Consequently,
the weight by which formul2a is taken into consideration should be much smahan the
weight of the remaining five Clar formulas. Howeveo matter how we choose such a “weight”,
one Clar formula, namel@f, implies an increased intensity of cyclic conjugatin the ring 9,
but not in the ring 10. In harmony with this quatiive prediction i%f(9) = 0.0345 ana@f(10) =
0.0309, which should be compared wef(P) =ef(10) = 0.0336 for ovalend)

An identical conclusion holds also for naphthalelfmvanele 8), for which ef(9) =
0.0348 andf(10) = 0.0308.

3. Disagreements with Clar theory: §il,0]-diannelated ovalenes

The ovalene derivatives annelated in both posittbasdo, namely the compounds 5,
and6 (cf. Fig. 1), possess a remarkably large numb&laif formulas: 20 fod, 34 for5, and 57
for 6. Lacking a procedure for ranking these formulasddgvance, it is hard to give any sound
prediction (based on Clar theory) for the modegyadic conjugation ir4, 5, and6. Yet, one
conclusion is doubtless. All the three benzenogteans4, 5, and6 have Clar formulas in which
an aromatic sextet is located in the rings 9 or Tlese formulas are depicted in Fig. 3. No
matter what is the relevance of these formulagivel&o other Clar formulas, they imply that the
magnitude of cyclic conjugation in the rings 9 &Ml should be greater than in the respective
rings of the non-annelated ovalerig. (In all the three benzenoid systess, and6, the ef-
values of the rings 9 and 10 are between 0.0319d818 (see Table 1). On the other hand, in
ovalene gf(9)=€f(10)=0.0336, which contradicts the prediction ciiGheory.
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Fig. 3 —4aand4b are two of the 20 Clar formulas of dibendo]ovalene §); 5a, 5b, and5c are three of
the 34 Clar formulas of benagjpaphthalenaflovalene 5); 6a, 6b, 6¢, and6d are four of the 57 Clar
formulas of dinaphthalendjo]ovalene 6). These are the Clar formulas in which an aronssidet is
located in the rings 9 or 10, implying that the mitigde of cyclic conjugation in these rings is geea
than in ovalenel). This prediction of Clar theory is erroneous {[d@ble 1).

4. Discussion and concluding remarks

Several examples documenting disagreements betiveattuak-electron structure of
benzenoid hydrocarbons, and what is predicted emasis of the Clar aromatic sextet theory,
have been reported in the past [13,14,24-27]. Blsesstudied in this work offer a further
indication of such disagreements. Clar theory tsquantitative in nature, and therefore it is not
easy to recognize it possible flaws. The studyycfic conjugation in the central rings 9 and 10
provides an example ofqualitative disagreemeninstead of an increase of the magnitude of

cyclic conjugation (as forecasted by Clar theovglencounter a decrease.
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The effect observed and discussed in this notasively weak, around 5%. We expect
that much more pronounced violations of Clar- amttdé-structure based theories would be
found at the benzo- and naphthaleno-annelatedatems of the higher members of the
coronene/ovalene homologous series. Research @ilesg lines is intended to be done in the

future.
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