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Contact Time { t, sec ) 
Figure 1. Plot of the data in Table I according to the rate law for a uni-
molecular reversible reaction with Keq = \(k = (l/2f)ln (0.5/0.5 -
/3)).15 

eq 3; however, the experimental data do not yet justify such a 
conclusion. Intermediates other than azulene, e.g., 2 or 3, could 
equally well account for the observed scrambling of a and /3 
carbon atoms (but not 7) in naphthalene. The highly strained 
prismane (2) can presumably be excluded on energetic 
grounds, for it must certainly lie more than 86 kcal/mol above 
naphthalene,17 but the benzvalene (3) appears no more 
strained than the isomeric bicyclobutane 1. At present, we see 
no reason to favor intermediate 1 in preference to 3 except that 
conservation of orbital symmetry5 forbids concerted valence 
isomerization of naphthalene to the latter in the ground state.18 

Suitable double-labeling experiments could distinguish be­
tween these two possibilities. 

Even if naphthalene does automerize via azulene, as sug­
gested by the agreement between A(7*predicted and AG*expt|, 
the mechanism for interconversion of those two aromatic hy­
drocarbons still remains open to speculation. We are currently 
studying the thermal isomerization of azulene-' 3C to test the 
mechanistic hypothesis in eq 2. 
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Dibenzo[g/i,op|nonalenide Dianion. 
A Novel Aromatic System Derived from Nonalene 

Sir: 
Fused conjugated systems containing An IT electrons, simi­

larly to the monocyclic cyclooctatetraene,1 may acquire aro­
matic character either by oxidation to the corresponding di-
cation, or by formation of the dianion. These ions behave like 
peripheral aromatic systems containing (An + 2) -K electrons.2 

Only the heptalenide dianion3 and the pentalenide dianion4 

are known in this series.5 Benzannelated derivatives, e.g., the 
dibenzofc^.g/r] pentalenide dianion, have been prepared and 
exhibit aromatic character.6 We wish to report the synthesis 
and properties of the dibenzo[g/i,op]nonalenide dianion (1), 
the first derivative of the hitherto unknown nonalenide dianion 

(19) 
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2 (and the corresponding nonalene), which manifests aromatic 
character. 

A bis-Wittig reaction7 was carried out between biphenyl-
2,2':6,6'-tetracarboxaldehyde8 and l,3-bis(triphenylphos-
phonium)propane dibromide in the presence of 1,5-diazabi-
cyclo[4.3.0]non-5-ene affording 7/J-dibenzo[a,c] cyclono-
nene-l,13-dicarboxaldehyde (3,9 12% yield): mp 30 0C; m/e 
274 (M, 19%); ̂ f ' 1700 cm"1 (C=O stretching); 1H NMR 
5 (CDCl3)

10 2.67 (U, 2 H, J1 = 6.0, J2 = 1.5 Hz, H7, H7), 5.60 
(td, 2 H, 7, = 12.0, J2 = 7.0 Hz, H6, H8), 6.16 (td, 2 H, J1 = 
12.0, J2 = 1.5 Hz, H5, H9), 7.45 (m, 4 H, H3, H4, H10, H n ) , 
7.85 (dd, 2 H, J1 = 6.0, J2 = 2.0 Hz, H2, H12), 9.56 ppm (s, 
2 H, formyl). Under similar conditions, the consecutive Wittig 
reaction of 3 with the same phosphonium salt yielded 6,14-
dihydrodibenzo[g/i,op]nonalene (4, 7% yield)9: mp 112 °C, 
m/e 283 (M + 1), 282 (M, 70%), 281,268, 254, 240 (100%), 
202; A S 1 2 224 (e 12 000), 260 (8000), 272 (sh) nm (6500); 
1H NMR 5 (CDCl3)

10 2.76 (tt, 4 H, Ji =6.0, J2= 1.0Hz1H6, 
H6-, H14, H,4/), 5.53 (td, 4 H, Z1 = 12.0, J2 = 6.0 Hz, H5, H7, 
H13, H15), 6.17 (td, 4 H, J1 = 12.0, J2= 1.0 Hz, H4, H8, H12, 
H16), 6.85-7.20 ppm (m, 6 H aromatic). Irradiation at 2.76 
ppm rendered the vinylic spectrum into a simple AB pattern. 
The NMR spectrum confirms a cis configuration for the 
double bonds {J = 12.0 Hz). It should be noted that the pattern 
of both the vinylic protons and of H6, H6-, H14, and Hi4' are 
very similar to that of dibenzo[a,c]cyclononatetraene." Even 
a tenfold excess of the phosphonium salt and base did not en­
able the direct synthesis of 4 from biphenyl-2,2':6,6'-tetra-
carboxaldehyde,7 Treatment of 4 with «-BuLi in THF-^8 
produced a deep red solution with the following 1H NMR 
spectrum;10 6 2.92 (t, 2 H, J = 7.0 Hz, H6, H14), 4.62 (d, 4 H, 
J = 12 Hz, H4, H8, H12, H]6), 5.86 (t, 4 H, Jx = J2 = 7.0 Hz, 
H5, H7, Hi3, Hi5), 6.80 (m, 2 H, aromatic), 7.08 ppm (m, 4 
H, aromatic). We attribute this spectrum to a nonplanar, 
partially delocalized structure, 5. A similar phenomenon has 
been observed upon deprotonation of dibenzo[a,c]cyclono-
natetraene.lla After some time at room temperature, the 1H 
NMR spectrum of 5 disappeared; a new spectrum was con­
comitantly observed (the half life time of 5 is ca. 5 h). The 
following 1H NMR spectrum was observed:10 5 6.35 (t, 2 H, 
J = 4.0 Hz, H6, Hi4), 6.67 (d, 4 H, J = 5.0 Hz, H4, H8, H,2, 

H16), 7.01 (t, 4 H, J = 5.0 Hz, H5, H7, H n , H15), 7.20 (t, 2 H, 
J = 8.0 Hz, H2, H10), 8.35 ppm (d, 4 H, J = 8.0 Hz, H1, H3, 
H9, H11). This spectrum is assigned to the planar delocalized 
anion 1. In spite of the formation of two negative charges, a 
downfield shift is observed in 1 relative to 5. The chemical shift 
difference A55-*l is 3.4, 2.0, and 1.25 ppm for H6, H)4; H5, 
H7, H13, H15; and H4, H8, H12, H6, respectively. This down-
field shift is attributed to the formation of a planar delocalized 
system. The absorption at 8.35 ppm is due to the proximity of 
H4, H8, H12, and H i6 of the planar nine-membered-ring system 
to the benzene moiety. The vicinal (ortho) coupling constants 
in 1 (J = 5.0 and 4.0 Hz) in contrast to the corresponding 
coupling constants of the partially delocalized dianion 5(J = 
12.0 and 6.0 Hz) indicates the formation of a planar aromatic 
dianion. Quenching of 1 or 5 produces a mixture of 4 and other 
allyl isomers.12 

From all the above, it may be concluded that dibenzo-
[g/!,op]nonalenide dianion (1) is a planar, delocalized diatropic 
dianion with a peripheral diamagnetic ring current. It is the 
first system to have been derived from the hitherto unknown 
nonalene skeleton. 
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Studies of Individual Methine Aromatic Carbon 
Sites of Proteins by Natural-Abundance Carbon-13 
Nuclear Magnetic Resonance Spectroscopy at 
High Magnetic Field Strengths 

Sir: 

Natural-abundance 13C Fourier transform NMR spectra 
of small globular proteins have yielded numerous narrow in­
dividual-carbon1 resonances of nonprotonated aromatic car­
bons (Figure 1), even at magnetic field strengths as low as 14 
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