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The Bicyclopropenyl Cope Rearrangement1'2 

Sir: 

So far there have been no reports of Cope rearrange
ments involving cyclopropene moieties. In this communica
tion we wish to report the first examples, both photochemi
cal and thermal, of bicyclopropenyl -* bicyclopropenyl 
rearrangements which, apart from adding new mechanistic 
and structural facets to the Cope rearrangement, also allow 
some insight into bicyclopropenyl -* benzene rearrange
ment pathways. 

Direct 320-nm irradiation of la3 (see Scheme I) in 3:1 
C H 3 O H - C 6 H 6 (Graentzel reactor 400, 600 W, substrate 
concentration ~ 1 0 - 3 mol/1., irradiation time 7 hr) gave two 
new products, 2 (95%) and 3 (5%), which after total conver
sion of la could be separated by fractional crystallization. 
The structure of 3 (mp 230°) follows from spectral compar
ison with an authentic sample.4 The structural assignment 
of 2 (mp 173°) as a bicyclopropenyl isomeric with la is 
based on the following data: ir (KBr) 1845 cm - 1 (v 
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Ir and UV characteristics of 2 are completely analogous 
to the spectra of bicyclopropenyl 4 synthesized by Breslow 
via reductive coupling of the ethyldiphenylcyclopropenium 
ion.5 

2 is photostable under 320-nm irradiation because the 
transformation la -*• 2 is connected with a pronounced blue 
shift in the longest wavelength absorption (331 —• 270 nm). 

Similarly, under the same irradiation conditions, photoly
sis of lb gave a mixture of 5 (65%), 6 (30%), and 7 (5%).2 5 
was isolated by low-temperature fractional crystallization 
from ether and had the following: mp 128-130°; ir (KBr) 
1845, 1755 cm"1 (v > C = C < ) ; uv (CH2Cl2) Xmax 269 nm 
(e 21,400); N M R (CDCl3) r 7.58 (3 H, s); MS 396 (M + ) , 
205, 191. Typically, the two cylopropene > C = C < absorp
tions in the ir spectrum of 5 reflect the different substitution 
patterns of the two double bonds. Like 2, 5 is fairly photos
table at 320 nm (and for the same reasons). 

While the interconversions la —• 2 and lb —*• 5 constitute 
the first examples of photochemically induced Cope rear
rangements in the bicyclopropenyl series, the thermal coun-
terpiece was discovered in the thermolysis of 2 and 5 (see 
Scheme I). 

It was found that both 2 and 5 under rather mild condi
tions were reconverted exclusively6 to the starting bicyclo
propenyl systems, this reaction being accompanied by for
mation of benzene derivatives (2 T I / 2

1 5 0 ° (o-dichloroben-
zene) 15 min with product composition, la (50%), 3 (50%); 
5 T\/280° (benzene) 30 min with product composition, 1 
(85%), 6 (10%), 7 (5%). 

The driving force of these thermal Cope rearrangements 
is probably provided by restoration of conjugation between 
the phenyl substituents. Evidently the photo-Cope rear
rangements furnish the more endothermic of the two equi
librium partners—a feature which it shares with some of 
the few known photo-Cope rearrangements in the open-
chain series.7 This fact allows the conclusion8 that in all 
probability 2 and 5 are formed in a true photoreaction and 
not in a hot ground state reaction. 

Our observations immediately provoke some mechanistic 
comments. (1) As concerns stereochemistry our results 
strongly suggest that both 2 and 5 arise via a chair transi
tion state (and hence in the case of 2 should possess d,l 
rather than mesoconfiguration). This follows from the ob
served mutually stereospecific l a — 2 ( lb =̂5 5) interrela
tionships which imply that either both thermal and photo
chemical Cope rearrangements proceed via a boat or both 
via a chair transition state.9 As it is totally unreasonable in 
view of the rotational flexibility and the mild reaction con
ditions that the thermal Cope rearrangement should exclu
sively proceed via a boat transition state, the above conclu
sion concerning the photochemical case follows. (2) Pericy-
clic vs. two-step process. In view of the continuing discus
sion of whether open-chain Cope rearrangements proceed 
as a pericyclic or as a two-step process,10 we wish to point 
out that a two-step process in the case of 9 should be inher
ently more favorable. This arises because the introduction 
of a single bond between the two cyclopropene moieties to 
yield the anr/-l,4-tricyclohexylene (biradicaloid10) interme
diate 10 is connected with some 25 kcal relief of total strain 
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energy as compared to 9,1' whereas the pericyclic transition 
state 8 maintains the cyclopropene level of ring strain. 

In the preceding paper2 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,12 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.13 

We feel that this possibility may well form a basis for un
derstanding the photochemical behavior of lb 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.14 
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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-quinodimethane1 (2) formed from 
the flash vacuum pyrolysis2 of [2.2]paracyclophane (1), and 
our analysis of the first three ionic states in terms of'the 
structure representation (SR)3 method. The spectra were 
obtained using a modified Perkin-Elmer PS-18 photoelec-

Figure 1. 
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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.4 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) precursor5 and the transient (2) are shown as 
Figure 1. 

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 investigations6 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
served7 for the related 1,4-cyclohexadiene, 1,4-dihydropyri-
dine, and A-methyl-l,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 (2B)g, l / v ^ ^ i n — 
*iv), Figure 2) with inductive effects being ignored. The 
position of this band is thus entirely determined by the di
rect interaction across the ring (S14 = 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 (2B3U

(_), A](^i + ^n) — 
A2(^m + ^iv), 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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