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The direct observation (and solvolyses studiesl) of symmetrically 1,2-disubstituted

norbornyl cations has attracted obvious attention because of the clearcut structural distinction
which can, in theory, be made between a symmetrical structure A and equilibrating structure B.

Previous workersz’3 have shown that where R = p-anisyl or methoxy, the n.m.r. evidence clearly

shows B, since k can be made slow on the n.m.r. exchange time scale by choosing a suitable
temperature. With R = methyl, this is not the case; even at -1300, only one methyl peak (6H)

is observed.4’5

Olah et al* have used C!3, H! n.m.r. and Raman spectroscopy to obtain evidence
favouring B but the procedures used are subject to controversy (i.e. comparisons of observed
chemical shifts to those expected of various "models'). This communication reports an
alternative procedure which shows unequivocally that the B situation exists.

The addition of two further geminal methyls to A or B at C3/C7 is extremely unlikely to

change the basic cation structure and in agreement, we have not been able to "freeze out'" in

the n.m.r. spectrum the individual isomers I and II (assuming their existence) at -130°.  The
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evidence for equilibrating structures is based on: (1) the structures I and II are now non-
degenerate and happen not to be isoenergetic (AG ¥ 0, K # 1), so that the averaged a and b
methyl peaks from I and II have different chemical shifts; and (2) these averaged chemical
shifts, befitting an equilibrium situation, are temperature dependent.

Thus, addition of the alkene IV or the cyclopropane V6 to FSO3H-SO0,CIF (1:4) at -130°
results in a colourless solution whose partial n.m.r. spectrum at -122.5% is shown schematically

in Fig. 1. The noteworthy feature is the presence of four separate methyl peaks, labelled

CHy
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Fig. 1 - Schematic spectrum of I-II at -122.5°
showing only the four methyl peaks

W, X, Y and Z, from low to high field. The protonation of IV or V leads logically to I and/or
II and various aspects of the n.m.r. spectrum are consistent with this.7 Since methyl groups
closest to the positive charge are most deshielded, a and b (structures I and II) = W and X

{or X and W). Since b should experience residual coupling with C3 protons,8 given a reasonable
population of I, we have assigned the marginally wider of the two, W, to b. This assignment
means isomer I is dominant9 but the opposite assignment would in no way affect the basic

conclusions.

Numerical Evaluation of K and AG for II T I (assuming AS = 0, AG v AH)

The assumptions necessary in this evaluation do not affect the basic conclusions, stated

earlier, regarding the evidence that an equilibrium is present. The separation wa (Fig. 1)

was directly measured at 16 temperatures from -46.6 to -122.S°.10

In addition, the chemical
shifts of W and X were measured relative to internal tetramethylammonium cation reference. A
plot of the temperature dependence of both peaks is shown in Fig. 2.

Certain complications11 account for'the sharp break in the symmetrical convergence of W
and X and even though wa steadily decreases over the complete temperature range, one cannot
use the GWX data above -90°. In applying the equation I/II = e :%9, it is necessary to have
an understanding of the chemical shifts of the individual cations I and II. In this work, the

chemical shifts expected in I or II are set up to generate a variable parameter w (Fig. 3) and
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PFig. 2 - Convergence Behaviour of W and X

this was then varied by computer in the distribution equation in an attempt to obtain a best

fit.ls Two fitness criteria can be used: (a) the least squares correlation coefficient R can
b’ 'Q,
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be maximised for w variation, and (b) the intercept of 1n g%g-vs. 1/T should be zero. In

practice, the two did not coincide, although R does not vary greatly, and we have chosen the
zero intercept data as a more ''real" criterion. From three separate results, AG = 335 % 100
calories/mole (K ca. 1.7 at 25°, 3.1 at -123°) and & = 0.9 - 1.2 p.p.m. Other evidence supports
an w value of this magni.t‘.u,de]'4 and lends self-consistency to the results. Thus, we feel that

the presence of equilibrating structures is unequivocally established.
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