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There has been substantial recent interest, both theoretical and experimental, 

In the structure of simple carbonium ions, in particular, the ethyl cation. Whereas semi- 

empirical INDOl and NDDO* calculations predict a hydrogen-bridged structure for cation, I, 

ab initio calculations 9 * 234 as well as extended Huckel calculations 6 -- , predict a structure 

more similar to the open cation, II. The experimental evidence on the structure of the 

I iI 
ethyl cation has, likewise, been somewhat inconclusive. Roberts and Yancey6, who gener- 

ated the Cl4 labelled cation by action of I-IN02 on the ethylamine observed only 2% rearrsnge- 

ment, while Myhre and Evans ', who generated the 1,1-dideuteroethyl cation by action of 

fluorosulfuric acid on ethylosylate, observed 42% rearrangement. The large difference in 

the experimental observations might well be attributed to interaction of the cation with 

the different media. Since ethyl cation is a particularly unstable species, one might ex- 

pect it to be exceedingly sensitive to change in medium. 

The 2-butyl cation is intrlnslcally more stable than the ethylzation and affords 

the possibility of forming a synaeetrically bridged species. N.m.r. studies in SbFS-HSOSF B 

and S02ClF-SbFS ' suggest that the 2-butyl cation exists as a rapidly equilibrating mix- 

ture of its two degenerate non-bridged structures in these media. Also, acetolysis of Cl4 

labeled 2-butyl tosylate afforded only 9% rearranged product". Nevertheless, the recent 

reports of solvolyses in the extremely non-nucleophilic solvent, trifluoroacetic icld12, 

prompted us to investigate the trifluoroacetolysis of a suitably labeled 2-butyl tosylate, 

III, in the hope of observing a hydrogen-bridged intermediate. 1,1,1,2-tetradeutero- 

2-butyl tosylate, III, was chosen for this purpose,as the bridged cation, IV, should form 

a 1:l mixture of products V and VI, whereas rapidly equilibrating 2-butyl cations should 

form a mixture of V.VI, VII, and VIII. If the cation neither bridges nor equilibrates, 

only V should be formed. Products V-VIII are easily distinguishable in the n.m.r. by 

the methyl resonances of the protons on the 1 and 4 positions. In unlabeled 2-butyl de- 

rivatives, the proton resonances on carbon 1 appear as a doublet and those on carbon 4 as 

a triplet at somewhat higher field. In, V, the doublet from position 1 should be lacking 

while in VI the triplet from position 4 should be lacking. In VII the resonance cor- 

responding to the triplet at position 4 in the unlabeled derivative should appear as a 

doublet, while in VIII resonance corresponding to the doublet at position 1 should appear 

as a singlet. 
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Figure 1: N.m.r. spectrum (60 MHz) of the methyl region of the trffluoroacetolysis 
product of unlabeled 2-butyl tosylate. 

Figure 2: N.m.r. spectra (220 MHz) of the upfield portion of the trifluoroacetolysis 
products of III. The small peaks between the doublet and triplet in the 
expanded scale spectrum (right) are spinning side bands, as can be seen 
from the condensed scale spectrum (left). The sharp singlet in the left 
hand spectrum (methyl group of TQH) has been cut to ca. l/3 its height to 
conserve space. 
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The spectra of figure 2 Illustrate the results of the trifluoroacetylsis of 

III. The product mixture has the triplet and the doublet in a 1.08:1 ratio indicating 

equal formation of V and VI. If the ratio of V to VI be the result of equilibration 

of the open carbonium ions, IX-XII, the carbonium ion must live several hydrogen-transfer 

half-lives. TheP -deuterium isotope effect, k k H/ D for hydride transfer In the ethyl 

cation is 2.4'. If the same isotope effect is applicable to the 2-butyl cation, only 

slightly mOre than 1 half-life would be necessary for the formation of 5% VII. Integration 

of the spectra using a DuPont Model 310 curve resolver indicates little singlet (2flX) 

between the doublet peaks and little doublet (4flXI) between the peaks of the triplet, 

thus demonstrating the relative absence of VII,and VIII. Careful integtation of the 220 MHZ 

spectra of the solvolysis products of III indicated no loss of deuterium. 

To test the possibility that the bulk of the trifluoroacetolysis proceeds via 

an elimination-addition mechanism, 2-butyl tosylate (0.5M) was solvolyzed in CF3COOD(96%D). 

A similar elimination-addition mechanism was reported for the H2SO4 solvnlysfs of n-propyl 

tosylate". The trifluoroacetolysis of 2-butyl tosylate, however, yielded only 24%(n.m.r.) 

CH3CH2CHCH3 + 
I 

CF,CDOD CH3CH2CHCH3 

f 
CH37DCHCH3 

Y-trifluoroacetate 

OTs 
Y 

XIII 

of the deuterated trifluoroacetate, XIII. This result cannot be explained by preferential 

addition of the 4% CF3COOH to 2-butene as the kinetic isotope effect kCF3CoOB/kCF3CQOD 

for this addition has been observed to be 4.4.15 Elimination-addition, therefore cannot be 

the major reaction path. 
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The evidence, therefore.leads us to conclude that a significant amount of the 

cationic intermediate in the trifluoroacetolysis of 2-butyl tosylate is hydrogen-bridged 

as depicted in IV. A study of the potential energy surface of the 2-butyl cation using 

the INDO method yields results in accord with these experiments. l4 These calculations 

are somewhat questionable in the light of the recent demonstration that the CNDO method 

favors small ring systems.15 

The tosylate, III was preparedby action of ethyl magnesium bromide upon per- 

deuteroacetaldehyde, followed by treatment of the intermediate tetradeutero-2-butanol 

with toluenesulfonyl chloride in pyridine. The structures of the tetradeutero-2-butanol 

and tosylate were verified by n.m.r. The trifluoroacetolysis were performed at 37' in 

the n.m.r. probe. 

The authors are indebted to Professor W.A. Gibbons and Mr. P. Zeigler of 

Rockefeller University for the 220 MBsn.m.r. spectra and to Dr. C. Angel1 of Union 

Carbide for use of the Curve resolver. 
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