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Gas-phase experiments1,2 and solid-state ESR studies3 have 
provided evidence that the radical cation derived from ethylene 
oxide (oxirane) is the ring-opened isomer CH2OCH2

+', a con
clusion further supported by high-level ab initio calculations4"6 

and by measurements on the electronic absorption spectra of 
substituted oxirane cations.7 In contrast, we find that the 
1,1,2,2-tetramethylcyclopropane (TMCP) radical cation is stable 
in the ring-closed form at 77 K but rearranges to the ring-opened 
form above 110 K in the CF2ClCFCl2 matrix. As far as we are 
aware, this is the first study in which both the ring-closed and 
the ring-opened forms of a radical cation have been characterized 
by ESR spectroscopy. 

As shown in the upper half of Figure 1, the low-temperature 
ESR spectrum of the TMCP cation generated by radiolysis in the 
CF2ClCFCl2 matrix8 consists of 15 almost evenly spaced com
ponents with a superimposed fine structure on at least 11 of these 
lines. It is noticeable, however, that this fine structure, which 
appears as a symmetric triplet on the center line, becomes in
creasingly distorted in the progression out toward the wings of 
the spectrum, the outside line in each of these distorted (and 
therefore apparent) triplets always gaining strength relative to 
the center component while the inside line loses strength corre
spondingly. Just such a pattern would be expected for a 13-line 
binomial set of lines further split into 1:2:1 triplets when the triplet 
splitting slightly exceeds that of the multiplet. The analysis is 
confirmed (Figure 1) by the excellent fit of the experimental 
spectrum to the spectrum simulated with the parameters a(2 H) 
= 18.7 G and a(12 H) = 14.9 G. 

These hyperfine interactions and coupling constants can be 
confidently assigned to the 2A1 state of the ring-closed (C2J TMCP 
radical cation, the character of the SOMO being shown in 1. This 

^ J ^ 
14.9 G 

a, orbital is bonding between the two gem-dimethyl substituted 
carbon atoms, and so the C(l)-C(2) bond between these two 
atoms is expected to weaken and elongate in the radical cation,9 
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Figure 1. Observed (upper spectrum) and computer-simulated (lower 
spectrum) first-derivative ESR spectra of the ring-closed form of the 
radical cation of 1,1,2,2-tetrametnylcyclopropane in CF2ClCFCl2. The 
upper spectrum was recorded at 109 K after 7-irradiation of a 0.8 mol 
% solution of the parent compound in this matrix at 77 K for a dose of 
0.4 Mrad. The lower spectrum was simulated by using the ESR pa
rameters in Table I and a Lorentzian line width of 2.5 G. 

Table I. ESR Parameters for the Ring-Closed (2) and Ring-Opened 
(3) Forms of the 1,1,2,2-Tetramethylcyclopropane Radical Cation 

radical 
cation matrix 

CFCl3 

2 CF3CCl3" 
CF2ClCFCl2 

3 CF2ClCFCl2 

T/K 

145 
145 
109 
117 

hyperfine couplings/G 

18.7 (2H) , 15.0 (12 H) 
18.1 (2H) , 14.7 (12H) 
18.7 (2 H), 14.9 (12 H) 
23.3 (6H) , 11.7 (2H) 

g 
2.0033 
2.0034 
2.0032 
2.0029 

"The spectrum of 2 was not as well resolved in CF3CCl3 as in the 
other two matrices. 

as depicted in 2. As in the case of the parent cyclopropane radical 
cation, which undergoes a Jahn-Teller distortion to the same C21, 
symmetry,10 INDO calculations predict that most of the spin 
density lies in the in-plane p orbitals of these two equivalent ring 
carbons. The coupling to the 12 equivalent methyl protons can 
therefore be considered as a /3-proton hyperfine interaction ori
ginating from a carbon spin density of ca. 0.5, and its magnitude 
(14.9 G) is consistent with the results for simple alkyl radicals." 
Also, the coupling of 18.7 G to the two equivalent methylene 
protons is in reasonable agreement with the value of 21 G reported 
for the corresponding protons in the C2„-distorted cyclopropane 
cation.10 Experiments in two other Freon matrices (CFCl3 and 
CF3CCl3) gave similar ESR spectra and parameters for 2 (Table 

I)-
The ring-closed cation (2) is unstable above about 110 K in 

the CF2ClCFCl2 matrix,12 and Figure 2 shows the ESR spectrum 
which grows in irreversibly within 2 min at 120 K. This spectrum 
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Figure 2. Observed (upper spectrum) and computer-simulated (lower 
spectrum) first-derivative ESR spectra of the ring opened form of the 
radical cation of 1,1,2,2-tetramethylcylopropane in CF2ClCFCl2. The 
upper spectrum was recorded at 117 K after a y-irradiated 0.8 mol % 
solution of the parent compound in this matrix was thermally annealed 
above 110 K. Irradiation was carried out at 77 K for a dose of 0.4 Mrad. 
The lower spectrum was simulated by using the ESR parameters in Table 
I and a Lorentzian line width of 2.5 G. 

consists of 15 evenly spaced lines with an apparent splitting of 
11.7 G but the intensity ratios do not correspond to a binomial 
distribution. A clue to the analysis is provided by the relative 
intensity of the two outermost components in each wing, and the 
spectrum is satisfactorily simulated by the hyperfine parameters 
a(6 H) = 23.3 G and a(2 H ) = 11.7 G, as shown in the lower 
half of Figure 2. The 23.3-G coupling to six equivalent hydrogens 
is characteristic of a simple a,a-dimethyl-substituted alkyl radical, 
and we assign the ESR parameters to structure 3. All the 

interacting protons are in 0 positions and both sets of couplings 
are in exact agreement with the cos2 8 angular dependence.13 

Moreover, since the positively charged Me 2 C + group should be 
similar in many respects to the electron-withdrawing CCl3 group, 
the assignment is strongly supported by the fact that the hyperfine 
parameters are virtually identical with those of the CCl3CH2CMe2-
radical (o(6 H) = 23.52 G and a(2 H) = 11.61 G), which also 
possesses an eclipsed conformation at the radical center.14 Ev
idently the thermal reacton described here is a simple isomeri-
zation,15,16 a monorotatory ring opening at the weakened C-
(1)-C(2) bond of 2 giving rise to the orthogonal structure 3.17 
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The intramolecular Diels-Alder reaction has become an ex
ceedingly powerful tool in the total synthesis of natural products.1 

Limited methods exist for the synthesis of the requisite substrate; 
olefination reactions constitute the most important. Recent de
velopments in controlling regioselectivity in allylic alkylations by 
variation of the metal templates2"4 offer a versatile strategy to 
conjugated polyenes and consequently substrates for intramolecular 
Diels-Alder reactions. We wish to report a convergent approach 
in which the dienophile and diene fragments are joined using 
alkylations mediated by transition metals and the flexibility offered 
by the ability to manipulate the regioselectivity of alkylation. 

The simplicity of this approach derives, in part, from the ready 
availability of the allylic carboxylates. For example, addition of 
vinylmagnesium bromide to an a,,3-unsaturated aldehyde such 
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