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THE REARRANGEMENT OF A TRICYCLIC C8H,,+ ALKYL CARROCATION 

INTO A PRIMARY CYCLOPROPYLCARBINYL CATION 

Lawrence ft. Schmitz and Ted S. Sorensen* 
Department of Chemistry, University of Calgary 

Calgary, Alberta, T2N lN4. Canada 

Smary : The first unambiguous observation of a "bisected" primary cycZopropyZcarbinyI cation 
is reported. This cation was formed by ring contraction of a Cg tricyclic framework. Although 
totally unexpected from a bond energy-steric strain standpoint, this observation underlines the 
large resonance stability associated with "bisected" cycZopropyZcurbiny2 cations. 

Previously reported solvolysis studies involving the symmetrical tricyclic hydrocarbon, 

bisnoradamantane (tricyclo[3.3.0.03,7]octane) l_, C8H12, have invariably led to the rearranged 

skeleton 2 (I). As this paper details, this is not the end of cationic rearragements in this 

system. 
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‘The rearranged skeleton 2 is a 2-norbornyl structure with the 3- and 5- carbon atoms held 

together by a one carbon bridge. We were consequently interested in preparing and characterizing 

the corresponding secondary cation 2, since it appeared probable that 2 could not be symmetric- 

ally bridged (2). Addition of the chloride 2 (Y=Cl) (la. 3) to Sb5 - SO2ClF - SO2F2 at the lowest 

possible temperature of -130°C led to immediate ionization. Both ‘H and ‘3C NMR spectra of the 

resulting solution, taken at this same temperature, were extremely clean but neither spectrum 

could be remotely interpreted in terms of cation 4. 

The decoupled ‘3C NMR spectrum showed only six peaks, 6 191.2, 113.1, 112.6 (2C), 39.8 (2C), - 

36.5 and 31.0 p.p.m. The ‘H spectrum (200 MHz) showed seven separate peaks, two low field peaks 

at 6 7.61 and 7.83 (1H each), one peak at 5.95 (2H), 2.62 (IH), an AB quartet with chemical shifts 

of 1.91 and 1.82, J : 14 Hz (4H), and 1.63 (2H). Perhaps the most unusual observation was the 

fact that the low field carbon was a triplet in the coupled 13C spectrum, J I 171 Hz, implying a 

primary cation centre for what was expected to be the formal C+ carbon. Specific ‘H decoupling of 

tne 13C spectrum confirmed that the two low field protons were joined to the low field carbon. 

tjased on the required symmetry showing two sets of equivalent carbons (four out of the total - 
eight) and the presence of the -CH2+ centre, one is led uniquely to the “primary” cyclopropyl- 

carbinyl cat ion >* tricyclo~2.2.1.02~6]heptane-l-methyl cation, which when written in the 

“bisected” conformation 5a shows a C, symmetry plane (4). The ‘H and ‘3C chemical shift and - 

1191 



1192 

coupling constant assignments are shown ‘in structure 5a and were consistent with specific ‘H - 
decoupling experiments. Finally, cation 2, identical in all respects, was produced in an inde- 
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1.91, 1.82 5a ’ H assignment (140) 
- 

(14) (J. brackets) Sa 13C assignments (J,3 - , in brackets) 
C- H 

pendent, unambiguous way from the known alcohol 2 (5). Cation 2 solutions are stable to nearly 

O°C. whereupon general decomposition sets in. Up to this temperature, from NMR measurements at a 

series of temperatures, there are no signs of any degenerate rearrangement processes occuring. 

Cation 2 is the first, and thus far only, bisected, primary cyclopropylcarbinyl cation to be 

unambiguously characterized (6). A reasonable mechanism for 2 45 is the following (Equation 1). - - 

Eq.l io;z [bH] A [&]: &+ 
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The presumed intermediate 1 appears to be a highly strained bridgehead cation and indeed the 

C+ centre would have to be nonplanar. One might therefore question the Eq. 1 sequence. However, 

fully geometry-optimized MNDO calculations (7) give AHf values of 233.0, 249.4 and 233.0 kcal/mol 

for 2, 7 and 2 cd). Based on the observation of “immediate” rearrangement of 2 to 2 at -13O’C. 

the overall transition-state barrier (A or B or both in Eq. 1) is experimentally 4 10 kcal/mol 

(9). While the calculated difference of 16 kcal/mol between 2 and 1 is too high, the number is 

not too unreasonable given the uncertainty in the calculations, i.e. 1 is not an impossibly 

strained species. 

The radically different behavior of the methyl-substituted system 2 on ionization can also be 

rationalized from the Eq. 1 mechanism. Solvolysis studies of 8 (10) are also reported to lead to 

skeletal rearrangement giving 2, i.e. 



Ionization of g (XZOH) in 1:4 SbF5 - FSO3H/S02ClF (11) gave neither 10 nor “, nor the ion - 

related to 2, but the 3-methylbicyclo[3.2.llhept-3-en-2-yl cation 12. uniquely characterized by - 

l3C and ‘H NMR spectroscopy (12) as a symmetrical ally1 cation and closely related to the known 

parent system 13 (13). - Since 1,2-hydrogen shifts are almost always faster than equivalent 

1,2-methyl shifts, cation 11 apparently - suffers a competitive B-cleavage which would eventually 

lead to 12. - 

i, H 
12 R = CH. - 3 

7 
13 R q H - 

The CgHll+ Structural tiraph 

The observation of cation 2 and the implied intermediacy of both 4 and 7 represent one small _ - 

interconvertible manifold of the complex CgH11+ structural graph. Interestingly, Olah et. al. -- 

(13b) have prepared another closely related series of CgHll+ cations, the secondary cyclopropyl- 

carbinyl cation 14, for which - in addition the cyclobutyl cation 15 is a probable intermediate in 

explaining the degenerate rearrangement of 14 (13b). 

extensive solvolysis studies involving 14 and 15. - - 

connection between 15 and 7 since experimentally 14 and - - - 

Grob et. al. (14) have also carried out -- 

There does not appear to be a low energy 

2 are not interconverted (15). 
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This is consistent, however, with recent results of Staral and Roberts (16) showing that a 

1,2-hydrogen shift in cyclobutyl cations requires a relatively high energy. 
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