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Photolysis of &,a'-dilithio-&,a'-bis(trimethylsily1)-o-xylene leads to an ESR spectrum assigned to  the 
&,a'-bis(trimethyIsily1)-o-quinodimethane radical anion, the first representative of this class of radical anions to have 
been observed in solution. 

The 8n-electron o-quinodimethane system is a well known 
intermediate in organic chemistry,lJ but the 9n-electron 
quinodimethane radical anion and its derivatives have 
remained elusive. Although resonance-energy calculations3 
suggest that the o-quinodimethane radical anion 1 should be 
well stabilised, it has eluded unequivocal experimental obser- 
vation.2.4.s Michl et af.2 speculated on the possible detection of 
1 in a low temperature matrix. Bauld et al.4 have implicated 
derivatives of 1 in reductive ring-openings of benzocyclo- 
butenes, but a species reported5 to be 1 was later shown677 to 
be a benzocyclobutene radical anion in which ion-pairing 
effects gave rise to the unsymmetrical ESR spectrum. We now 
report the ESR spectrum of the bis-trimethylsilyl2 derivative 
of 1 in solution at low temperature. As far as we are aware, 

this is the first direct experimental observation of an o-quino- 
dimethane radical anion. 

The most promising method for producing radical anions of 
antiaromatic neutral precursors is one-electron oxidation of 
the corresponding dianion.8 We were, for instance, able to 
observe the ESR spectrum of the pentalene radical anion by 
photolysing the dilithium salt of the dianion.8 o-Quinodi- 
methane dianions are readily accessible from the double de- 
protonation of o-xylenes,g and the X-ray structures of some 
derivatives are available. 10,11 We chose the bis-trimethylsilyl 
derivative 3a10 as a suitable precursor to 2. Photolysis of 3a in 
2-methyltetrahydrofuran (2-MTHF) at - 120 "C with a high- 
pressure mercury lamp (500 W) led to a strong ESR signal (g = 
2.0029) that showed hyperfine splittings of 0.698 mT (2H) and 
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Fig. 1 ESR spectrum obtained by irradiating 3a in 2-MTHF at - 120 "C 

0.192 mT (4H) (Fig. 1). The signal could be observed after 
covering the light source without any apparent loss of 
intensity. The same spectrum was observable at -70°C, but 
with considerably reduced intensity. 

In order to confirm the assignment of the spectrum to the 
a,a'-bis(trimethylsily1)-o-quinodimethane radical anion 2, we 
irradiated the dideuterio-derivative 3b under the same condi- 
tions. The resulting spectrum showed splittings of 0.193 mT 
(4H) and 0.101 mT (2D), confirming that the two equivalent 
protons are those in the a-positions and that the two sets of 
ring protons are accidentally equivalent. 

AM1 12 semiempirical MO calculations were used to investi- 
gate the electronic structure of 2. Unrestricted Hartree-Fock 
(UHF) calculations are severely spin-cofitaminated so that 
predictions of coupling constants cannot be expected to be 
reliable. Half-electron-restricted Hartree-Fock (RHF) calcu- 
lations, however, give similar coefficients for the meta- and 
para-ring carbon atoms in the singly occupied MO (SOMO, 
shown schematically in Fig. 2), suggesting that the coupling 
constants for the hydrogens bonded to these carbons should be 
nearly equal. 

Irradiation of 3c under the same conditions as for 3a led to 
an intense spectrum ( g  = 2.0030) with splittings [0.728 mT 
(2H), 0.140 mT (4H)l similar to those found for 2. We assign 
this spectrum to the para-radical anion 4, which presumably 
exists as a mixture of cis- and trans-conformations with similar 
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Fig. 2 Coefficients of the SOMO of 1 calculated with AMl-RHF 
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Fig. 3 Correlation diagrams of the MOs calculated for the ring- 
opening of the benzocyclobutene to the o-quinodimethane radical 
anion 

ESR spectra. Since ring-closure cannot occur in 4, the 
similarity of the spectra of 2 and 4 supports the interpretation 
that 2 is an authentic o-quinodimethane radical anion. 

The reverse reaction, the ring-opening of the benzocyclo- 
butene radical anion to give 1, was predicted by Bauld et a1.4 to 
be allowed in the conrotatory and forbidden in the disrotatory 
mode on the basis of orbital correlation diagrams. We have 
reanalysed this reaction with more modern theoretical 
methods and come to different conclusions. The benzocyclo- 
butene-o-quinodimethane radical anion interconversion was 
investigated by calculating the enthalpy of formation as a 
function of the distance d between the exocyclic carbon atoms 
with the AM1-UHF method. The conrotatory mode is 
confirmed4 to be more favourable energetically. The UHF 
reaction profile was corroborated using configuration interac- 
tion (CI) including all single and double excitations involving 
eight electrons in seven MOs. Both UHF and C1 AM1 
computations predict an activation energy of 27 kcal mol-1 
for the ring-opening (1 cal = 4.184 J). Analysis of the CI 
results shows the typical avoided crossing found for Wood- 
ward-Hoffmann-forbidden processes. This contrasts with 
Bauld et aZ.'s4 INDO reaction path barrier of only 0.5 
kcal mol-1 for the conrotatory mode. As Haselbach has 
pointed out13 that electrocyclic reactions of radicals are 
generally Woodward-Hoffmann-forbidden, Bauld et al.'s 
analysis is not to be expected. However, AM1 gives a different 
symmetry for the singly occupied molecular orbital (SOMO) 
of benzocyclobutene radical anion than INDO. Hence, we 
find the ring-opening to be forbidden, as shown by the 
correlation diagrams in Fig. 3. These differ decisively from 
those given earlier.4 The AM1 calculations, therefore, support 
the experimental observation6 that the benzocyclobutene-o- 
quinodimethane radical anion rearrangement is not feasible at 
low temperatures. 
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