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The perturbation of bensene (II) to (3,1,0)-bicyclohexatriene (I) is a direct analogy 

to the perturbation of napthalene to atulene. This latter perturbation 

/ 0 \ I 
II 

produces a strong red shift in the lLt/ A transition of napthaleoe at 320 IQ to 680 II+J in 

asulene. 
1 

In addition azulene is a mildly dipolar as predicted from semi-empirical cal- 

culations. 
2 

Asulene is also one of the few non-alternate hydrocarbons which displays 

honestly aromatic characteristics. Although attempts to synthesize the bicyclohexatriene I 

have proved unsuccessful3 we were nevertheless curious as to the effect on the t, c1A 

transition in benzene of perturbing IL to I. The only previous calculation on I used on the 

Ruckel method.4 

The electronic structure of I was estimated using the Parieer-Parr-Pople SCP-CI 

U-electron approximation. Although not theoretically justifiable, all carbon valence state 

ionieation potentials were assigned a value of 11.22 ev. A value of -2.40 ev was assigned 

for all C-C bonds. Geometry was computed by assuming all bonds were 1.40 A. The one- 

centered electron repulsion integral was assigned a value of 10.53 ev and all two-centered - 
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integrals were computed by the approximation of Parr5 using a Slater 2 value of 3.25. 

gxcited state energies and wave functions were computed using 7 configurations resulting 

from the single excitation of electrons from occupied orbital6 1, 2, or 3 to unoccupied 

orbital8 l', 2' or 3', these being number such that the highest occupied orbital in the 

ground state is 1 and the lowest unoccupied is 1'. Of the 8 possible configurations the 

transition 3+3' was not included. 

The results of the configuration interaction calculations are shown in Table 1 for the 

5 lowest caeputed transitions. The lowest energy transition (3.42 ev) is lLb- 'A ($1~'Al). 

The 'LaelA lies at 5.36 ev. A much stronger transition lies at 6.74 ev. The corresponding 

transitions in beneeue are computed to lie at 4.60, 5.89 and 6.60 ev and are to be compared 

with the experimental values of 4.7, 6.0 and 7.0 ev. 6 The first two of these transitions 

In benxeee (the Lb and La> are forbidden and have zero computed oscillator strength before 

the inclusion of vibronic coupling. Correspondingly the Lb and La transitions in I are 

computed to have weak intensities. This coxes from a breakdown of the pairing rule' 

resulting from the inclusion of the bond between starred atoms. Therefore I is predicted 

to have a Lb transition at 350 a& strongly shifted from the corresponding transition in 

beneene at 250 w with a mild increase in intensity. An additional interesting feature 

of this calculation is that configuration interaction plays no importance In lowering 

the calculated SCP excitation energy (Ml') of 3.52 ev to the 3.42 ev value. The 3.42 ev 

state is over 97% l+l' character. 

The qualitative or semi-quantitative reasons for the predicted strong red shift of 

the Lb transition of II on being perturbed to I is found in perturbation theory. Although 

beneene is computed to have sero TI bond order between atoms 2-6 in the ground state the 

lLb 
and 'La excited states have computed bond orders of 0.33 and 0.167, respectively. 

Prom the viewpoint of first order perturbation theory these excited states will be stablized 

by the product of the bond order and the resonance integral or, using a value of -2.40 ev 

for latter quantity, -0.79 and -0.40 ev, respectively. From the viewpoint of Moffit', 

the 2-6 bond represents an even perturbation of the free electron wavefunctions causing a 

strong red shift in the Lb transition. 
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ALthough traditionally less reliable (especially in the case of this highly strained 

molecule), the calculations of the ground state properties of I are interesting. As 

expected the molecule is predicted to have a dipole moment (2.7 D, the corresponding 

lkckel moment is 4.7 D) and the electron density and bond orders shown below. The 

expectation that the three member ring would have a net positive charge and the five 

member ring a net negative charge is fulfilled. 

Electron Densities Bond Orders 

The electron densities in the 
lLb 

and 'La excited states are also given in Table 2. 

The total U- energy for I, as computed by the Pople approximation', is -81.9463 ev. 

The corresponding value for benzene is -81.2208 ev, using the same parameters as with I 

with the exception that the two centered integral between atoms l-4 is 4.7850 ev. The 

computed higher n-electron stability of I over II is primarily due to the extra bond. 

The computed product, 
2 cpclv q.lv* 

contributes about -19.20 ev and -20.0 ev to the 

WJ 

U-electron energies of II and I, respectively. Conversely, the computed ionieation energy 

of II is 1.10 ev lower than benzene. 

This investigation was supported by Public Health Service Fellowship No. 

l-F2-G&30-752-01. 
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