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Abstract: Coulombic repulsion in four membered ring dications and dianions is more important

than Hlckel aromaticity and leads to a preference for Y-delocalized isomers with
more favorable m charge distributions.

The most significant advances in the history of organic chemistry include the concept of
cyclic aromaticit_y1 and the development of Htickel m molecular orbital theory.2 This simple one-
electron treatment is remarkably successful in predicting the relative stabilities of different
types of n-systems,3 and is still used, despite the availability of more sophisticated MO
methods, e.g., to evaluate the stabilisation energies of conjugated po1yanions.4 One prediction
of Hlckel theory which long defied experimental verification is the aromatic nature of the 6 w
cyciobutadiene dianion.5 The difficulties in obtaining this species are remarkable in view of
the ease of formation of the C4 6 trimethy]enemethaneG’7 and butadiene8 dianions. The
situation is reversed for the corresponding dications. While substituted cyclobutadiene dications
are known9 in solution (but may be non-planar and have relatively low resonance energies)lo, no
trimethylenemethane dication derivatives appear to have been reported.

These anomalies led us to investigate small dications and dianions with MNDO SCF-molecular
orbital theory.11 A11 geometries were fully optimised within symmetry constraints given.
Variations in m-effects are emphasised by comparing the energies of isomers with common sigma
skeletons but with different delocalized m-systems: linear, Y or cyclic. The calculated heats of
formation (MNDO) indicate that the Hickel stability predictions (based on B-values) do not apply
to highly charged small ring systems. Y-delocalization, the advantages of which have been

pointed out by Gund,8 often is the most favorable of the three alternatives.
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The neutral species, 4-6, do follow the predictions of Hiickel theory: the linearly conju-

~

gated system, 5, is more stable than the two antiaromatic isomers, 4 and §.

doubly charged aromatic species, 1 and 7, are calculated to be the least stable forms of the

However, the

three isomers considered. Even the linearly conjugated species (2 and 8), which have the
Towest Hlckel resonance energies in each set, are found to be more stable. The Y-delocalized
dianion (3) and dication (9) are the most favorable isomers.

Coulomb repulsion, enhanced when atoms on which m charge is located are directly bonded to
each other, is responsible for the relative instability of the cyclic species (1 and 7). This
can be demonstrated in two ways. The neutral diboron compounds, 10-12 (the most stable isomers
for their conjugation types), are isoelectronic with dications, 7-9, but are not subject to
the effect of charge repulsion. Their stability order is that expected from Hlickel theory: the

cyclic aromatic isomer 10 is the most stab]e.12

CH, BH,
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AH; (kcal/mol) 15.0 35.9 18.9
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Charge repulsion is reduced in the monoanions, 13-15, as well as in the eight-membered
ring dianions, 16-18, and dications, 19-21. These ions all prefer the Hlickel aromatic
structures:
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CH3 ‘ _~CH, 2 \~-CH,
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AH; (kcal/mol) 5.4
16, €
AH; (kcal/mol) 112.8
19, C1
AH; {kcal/mol) 530.1

Small ring doubly charged ions are thus exceptional. Due to Coulombic repulsion, the cyclic
Hlickel aromatic forms are less favorable than their Y-delocalized counterparts, in which the
nt charge is largely delocalized to the peripheral atoms, or even their linearly conjugated
isomers. This conclusion is supported by the observed chemistry of d1‘an1‘ons.4'7 Qur calcula-
tions also suggest that derivatives of the trimethylenemethane dication should be easy to
observe, especially as the tetramethylcyclobutadiene dication is known.9

Total energies of chemical species, rather than resonance energies, are of greater
significance. While Hlickel theory can still provide some insights and useful predictions,1
chemists are now better served by SCF treatments which are capable of reproducing
experimental energy trends.
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