energy as compared to 9,!! whereas the pericyclic transition
state 8 maintains the cyclopropene level of ring strain.

In the preceding paper? we have shown that a prismane
intermediate is unlikely to occur in photochemically in-
duced bicyclopropenyl — benzene rearrangements. Al-
though we cannot at present exclude an alternative involv-
ing initial retrocarbene fission of one cyclopropene ring,!? it
is tempting to consider intermediates of type 10 as common
intermediates for both Cope rearrangement (corresponding
to fission of one peripheral cyclobutane bond) and aromati-
zation (corresponding to electrocyclic collapse of the inner
cyclobutane bonds) to yield ortho x,y-substituted benzene
derivatives. If this latter process is a stepwise one then as a
further local energy minimum down the bicyclopropenyl —
benzene energy cascade ‘“‘pre-fulvene” intermediates will
have to be considered with their possibility of ortho-meta
scrambling of x,y-substituents.!3

We feel that this possibility may well form a basis for un-
derstanding the photochemical behavior of 1b and are pres-
ently elaborating on this point. Our further research is
aimed at mechanistic details of the photo-Cope process and
at the implications of the thermal counterpart for the mech-
anism of thermal bicyclopropenyl — benzene rearrange-
ments.'4
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Helium(I) Photoelectron Spectrum of p-Quinodimethane

Sir:

We wish to report our observation of the He(I) photo-
electron spectrum of p-quinodimethane! (2) formed from
the flash vacuum pyrolysis? of [2.2]paracyclophane (1), and
our analysis of the first three ionic states in terms of ‘the
structure representation (SR)? method. The spectra were
obtained using a modified Perkin-Elmer PS-18 photoelec-
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tron spectrometer. The basic modifications include the in-
sertion of a pyrolysis tube between the He(I) light source
and the target chamber as described previously.* The sam-
ple was introduced from a sublimation chamber, directly at-
tached to the furnace base, which was heated by a separate
induction coil. The experimental spectra of the [2.2]paracy-
clophane (1) precursor® and the transient (2) are shown as
Figure .

Chemical evidence that the observed transient species is 2
is the fact that a film of its polymer was isolated from the
liquid nitrogen trap after warming to room temperature,
Previous investigations® of the PMR, ir, and uv spectra of 2,
obtained by a similar pyrolysis and collection at low tem-
perature, indicate clean formation of 2 in the pyrolysis. The
present PES spectrum (Figure 1) is like the PMR, ir, and
uv spectra in that its appearance is entirely consistent with
formation of essentially pure 2.

The position of the second band maximum in the ob-
served spectrum of 2 (9.7 eV) is strikingly close to that ob-
served’ for the related 1,4-cyclohexadiene, 1,4-dihydropyri-
dine, and N-methyl-1,4-dihydropyridine. This result is pre-
dicted by the SR analysis, offered for interpretation of the
spectra of the latter three compounds, if this band is the an-
tisymmetric combination of the ionic structures derived
from the two endocyclic double bonds (2Bjg, 1/+v2(¥ | —
V¥v), Figure 2) with inductive effects being ignored. The
position of this band is thus entirely determined by the di-
rect interaction across the ring (S| 4 = 0.74 eV).7

The same method predicts the first band should be as-
signed to the mixed symmetric combination of the endocy-
clic and exocyclic ion structures (2B3,¢™), N (¥, + ¥;) —
N:(¥y + ¥,v), Figure 2) and should be observed near
7.98 (obsd 7.87 eV). This band position is mainly deter-
mined by the interaction constant between the ionic struc-
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tures of the conjugated diene units (S| 3 =~ 1.44 eV). The
observed positions of the first two bands in the spectrum of
2 are therefore in excellent agreement with the predictions
of the simple SR method.

The zero-order SR method also predicts the position of
the third II band in the spectrum of 2 (?Bag, 1/v2(¥; —
¥ ), Figure 2) at 10.2-10.5 eV. The value depends on the
magnitude of the direct interaction between the ionic struc-
tures derived from the exocyclic ene units, which should be
less than 0.3 eV. The observed spectrum shows no clear
band maximum in this region although the measured total
area under the second peak is greater (1.2:1) than that
under the first. This observed second band could thus possi-
bly arise from the unresolved superposition of the zero-
order 2B,g and ?B 4 stationary states.

We believe that a more likely explanation for both the
low energetic position (band maximum less than 10.2 eV)
and low apparent intensity of the third Il band is mixing of
the zero-order by, structure (b2g? 1/2V2(¥) — ¥)))) with
the antisymmetric combination of the two ionic structures
(¥v, ¥y, Figure 2) derived from the singlet diradical (3,
Figure 2). The latter combination (1/+v2(¥y — ¥yp)) cor-
responds to an optically excited (PES “forbidden”)® struc-
ture of the radical cation which is also of by, symmetry
(b2g').8* The stationary state giving rise to the lowest bo,
PES band must be a linear combination of the two by ionic
structures (W2p,p* = a¥ Wy, 0% & b* ¥y 1.%). The energy
of the first 2By, stationary state will be lowered by this
“through structure interaction”. The ratio of intensity of
transition to the mixed 2B, state over that to a relatively
unmixed state (°B)g say) can be approximated® as

Y
e _ <\p1‘°‘1gw252g > =[a*]? 1)

LEVO <‘I’1A1g! ‘I’zsig )

I 2
141,78y

The intensity contribution of the lowest szg II band should
be somewhat low unless [a*]? &~ 1 (no mixing).

These qualitative considerations lead us to suggest that
the lowest szg band maximum is fortuitously near that for
the 2B, band (9.7 eV) and that the former contributes only
a fractional intensity increment to the superposition. This

assignment requires the byg! diradical ionic basis structure
to be fairly close, in energy, to the bzgo structure so that
mixing is strong in the ionic states.'® The assignments of
the first two bands are more straightforward and indicate
that the ground state structure of p-quinodimethane is that
of a polyene as indicated by 2 though diradicals with life-
times less than 1073 sec (4,4’-dimethylylbibenzyl),!! which
intervene between 1 and 2, would not be detected.
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Acidities of Carbon Acids. V. Correlation of
Acidities in Dimethyl Sulfoxide with
Gas-Phase Acidities

Sir:

The degree of dissociation of an acid in solution, relative
to the gas phase, is enormous because solvation enthalpies
of ions are exothermic to the extent of 50~90 kcal/mol. It is
not surprising, then, to find that substituent effects on solu-
tion acidities are greatly attenuated compared to those ob-
served in the gas phase. For example, the Hammett p for
acidities of meta- and para-substituted benzoic acids is
about 2.5 in dimethyl sulfoxide (DMSO)! as compared to
about 10 in the gas phase.? In contrast to these results, we
now report two examples where substituent effects on acidi-
ties in solution (DMSO) not only parallel those found in the
gas phase,® but also approach them in magnitude (Table I,
Figure 1).

These results suggest that the substituent effects on solu-
tion acidities in DMSO for these molecules correspond to a
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