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Abstract: 
1 
H NMR chentioal shifts of antiaromatic species reveal an enhanced paratropic 

disptacement. The high-field shifts exhibited by doubly charged benzenoid poZycycZes 

were shown to be strongly related to the LVMO-HOMO energy gaps in these antiaromatic 

systems. As the gap decreases, a larger paratropic shift was observed. 

It has been shown that the sign and magnitude of ring currents, estimated for cyclic 

conjugated systems, are sensitive to the energy gap between the lowest-vacant (LUMO) and 

highest-occupied (HOMO) molecular orbitals.’ The magnitude of this energy splitting was 

also used to predict the extent of antiaromatic character of perturbed [Xl] annulenes 132 , 

such as the pyracylene molecule. We wish to report the existence of a direct, unequivocal 

correlation between the extent of paratropic 1 H NMR chemical shift of charged, antiaromatic 

systems and the corresponding LlJMO-HOMO gap, as estimated by wf3 calculations. 
3 

Doubly charged molecules, obtained by two-fold oxidation or reduction processes of 

polycyclic benzenoid hydrocarbons, are assumed to acquire an antiaromatic character. The 

assumption is based on Platt’s Theory4 - the cyclic charged systems being planar or nearly 

so and having 4nn electrons in the path of conjugation. 1 
H NMR spectra of such 4nw species 

reveal a substantial paratropic, high field shift. 5 

The reduction of five polycyclic catacondensed benzenoid hydrocarbons (l-5) was performed -- 

by exposing tetrahydrofuran solutions of the neutral systems to lithium or sodium metals. 
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1. Table 
1 
H NMR patterns and LUMO-HOMO energy gaps of catacondensed doubly charged systems 1-5. -- 

Doubly charged Calc. center of gravity" s. center of gravitya A LDMO-HOMO 
systems of NMR spectrum of NMR spectrum Calc.-Exptl. energy gaps' -- 

Tetracene (i)= 6.68 4.13 2.55 0.414 

Anthracene (z)= 5.99 3.06 2.93 0.310 

Chrysene (ZJ= 6.48 2.42 4.06 0.272 

Dibenzanthracene (4J= 6.96 1.78 5.18 0.250 

Phenanthrene (5)= 6.13 0.80 5.33 0.232 - 

Tetracene (l)++ 9.28 8.61 0.67 0.414 

Anthracene (2)++ 9.82 a.39 1.43 0.310 

Dibenzanthracene (4)++ 9.19 6.51 2.68 0.250 

appm down from SiMe4. 

b 
Excluding paramagnetic factors. For details, see text. 

'B units, as furnished by the w$ method. 
3 

Three catacondensed polybenzenoid systems (1, La 5) were oxidized to the corresponding 

dications with SbF5 in S02ClF as solvent (oxidation of 3 and s results in radical cations'). - 

The I3 C NMR spectra revealed the expected low-field diatropic shifts which are due to 

deshielding by two positive charges. As for the 'H NMR patterns, they are determined by two 

factors which operate in opposite directions: deshielding due to positive charge density, and 

shielding caused by the paramagnetic ring current. The net contribution of the paramagnetic 

effect was calaulated as in the dianions - the average effect of charge density was added to 

the center of gravity of the 'H WMR chemical shifts in the neutral molecule. A correlation 

between the value of LUMO-HOMO energy splittings and paratropic shift caused by ring current, 

analogous to the correlation indicated in the dianions - is obtained (Table 1). 

We have studied the extent of paratropic shift in the doubly-charged pericondensed pyrene (6) - 

dianion and perylene (I) dianion. The response of the high-field shift to the LDMO-HOMO 

energy splitting is found to be even more pronounced than in the catacondensed systems. 
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13 C NMR spectra, obtained after four to six days of exposure to the metal, revealed a total 

high field shift relative to the chemical shifts of the neutral hydrocarbons. The substantial 

paratropic displacement of the 
13 C NMR absorptions clearly indicates the formation of dianion 

species. 6 The ‘H NMR spectra of the doubly charged systems also exhibited a high field shift 

with respect to the neutral molecules. Yet, in contrast with 13 C WMR spectra, in which charge 

densities contribute the main cause of the paramagnetic shifts, proton chemical shifts 

reflect the contribution of two different mechanisms: 

(il 

(ii) 

The shielding due to electron density at the carbon atoms to which the protons are 

attached. The ‘H WMR chemical shifts in conjugated systems were found to relate 

linearly with the corresponding *-electron density, with a correlation constant of 

10.7 ppm.’ 

Ring currents which are induced by external magnetic fields. While aromatic systems 

reveal a diamagnetic ring current, antiaromatic species sustain a paramagnetic current 

which causes an increased shielding of the protons outside the ring. 598 

We turned to wB semiempirical calculations as a means to assess the portion of chemical 

shift that is due to the charge-density factor, and isolate thereby the contribution of the 

paramagnetic ring current. In each of the charged species, the theoretical charges on 

hydrogen-bearing carbon atoms were summed and the sum was multiplied by the shift-charge 

correlation constant’ (10.7 ppm). The product was then divided by the number of protons and 

this average subtracted from the center of gravity of the 1 H NMR chemical shifts exhibited 

by the neutral polycyclic hydrocarbon. An estimate is thus derived of the displacement in 

center of gravity that is due to shielding by the negative charges. An observed high-field 

deviation from this estimate is taken as the contribution of the antiaromatic, paramagnetic 

ring current. 

When ‘H NMR chemical shifts of the doubly charged systems 1-5 were processed as described, -- 

the paratropic deviations were found to vary over a large range of values (A values in table 

1). While species such as phenanthrene and dibenzanthracene dianions revealed a large high- 

field shift beyond the values expected by charge density considerations, the shift in tetracene 

dianion was much smaller. We found that the extra paratropic shift correlates with the 

calculated energy gap between the lowest unoccupied and the highest occupied molecular orbitals 

of the dianion. Thus, when a large LUMO-HOMO splitting is predicted, a relatively small 

paratropic shift is estimated, and conversely. 
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A relatively small change in the gap (as on going from pyrene to perylene dications) corresponds 

to a large difference in the magnitude of the paratropic shift (Table 2). 

’ Table 2. H NMR patterns and LUMO-HOMO energy gaps of pericondensed doubly charged systems. 

Doubly charged Calc. center of gravitya Ex tl. center of gravitya 
+i 

A LUMO-HOMO 
systems ofe NMR spectrum of t e NMR spectrum Calc.-s. energy gapsC 

Pyrene (k)= 6.18 0.82d 5.36 0.354 

Pyrene (5) ++ 9.92 5.95 3.97 0.354 

Perylene (I) ++ 9.23 8.59 0.64 0.446 

appm down from SiMe4. 

b Excluding paramagnetic factors. For details, see text. 

‘6 units, as furnished by the o$ method.3 

d 
see ref. 11. 

By using the London theory, Pople et al., 8a amd Longuet-Higgins, 8b showed that the 

paramagnetic contribution to the magnetic susceptibility of 4n* conjugated systems has to do 

with the narrowness of the LUMO-HOMO energy gap. The narrow gap enhances the probability of 

transitions from the ground to the excited state, the excited orbital making a large positive 

contribution to the overall magnetic susceptibility. 
10 

On the basis of our findings we suggest 

that the calculated LUMO-HOMO gaps in 4nn systems be used for a direct prediction of their 

1 H NMR patterns. Moreover, we believe that the correlation, once examined in a large number 

of systems, and by methods more sophisticated than wB , might serve as a quantitative 

criterion for antiaromaticity and therefore deepen our understanding of this phenomenon. 
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