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THE ENERGY SURFACE OF [(CH)3(CH2)]+ CATIONS

Kazuhiko MORIO and Satoru MASAMUNE
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Potential curves calculated for the [(CH)3(CH2)]+ system show that
the cyclopropenylcarbinyl, planar cyclobutenyl, and bicyclobutyl cations,
are all surrounded with relatively low energy barriers, if at all, and
that they would readily collapse to the most stable conformer, puckered

homocyclopropenyl cation 2b.

Our interest in the [(CH)n(CHZ)m]+ speciesl has been extended to [(CH)3<CH2)]+
cations. Included in this group are cyclopropenylcarbinyl (}), cyclobutenyl (g),
and bicyclobutyl (§), and the entire system has now been theoretically examined.
While we were being involved in sophisticated and extremely difficult experiments to
seek for evidence, there appeared recently a note, analyzing the conversion of § to
its degenerate isomer.3 This has prompted us to summarize our extensive study on

this system and to comment on the experimental feasibility of testing the theoretical

prediction.
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Adopting MINDO/2, we have first examined potential surfaces in the neighbor-
hood of cations 1, 2, 3, vertically generated from the corresponding precursors.
Application of the OPTMO program5 has automatically created the geometry corres-

ponding to an energy minimum. For those conformers which are not minima, the most

likely arrangement of nuclei has been assumed in order to remove undue strain.
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Cyclopropenylcarbinyl (1). There are two conformers (bisected) la and (eclipsed)

}E conceivable for this species. The former is a local minimum, surrounded with
energy walls, as is shown by changing dihedral angle o defined in A. The inter-
action of the empty p-orbital of C(l) with an asymmetrical (0 plane) orbital of the
cyclopropenyl moiety is significant, resulting in shortening of both the C(3)-C(4)
double bond (1.25 Z) and C(1)-C(2) single bond (1l.35 Z), and elongation of the
C(2)-C(3) single bond (1.57 Z) as well as in the development of the positive charge
at C(3) and C(4). In contrast, }P represents an energy maximum and leads to }S and
}g with an increase and decrease of angle o0, respectively. Apparently the inter-
action of the p-orbital [C(1l)] with the cyclopropene is insignificant in }P, com-
pared with that observed in }3 (vide supra).
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Cyclobutenyl (2). This cation is formally the homocyclopropenyl cation discussed

by Winstein.7 In its planar form (CZV)(gg), the energy of the system is not minimal
and the type of electron delocalization is allylic rather than homoaromatic. Thus,
carbons 1 and 3 are 1.89 2 apart and the charge densities at carbons 1 and 2 are
+0.29 and -0.03, respectively. As one bends this system as shown below, it reaches
an energy minimum with angle B = 142° (conformer EP). The bond length between car-
bons 1 and 3 is now shortened to 1.65 Z and the system is assumed to be homoaromatic
in nature. The C(l)-C(3) bicentric energies8 of gg and 2b are -0.5 and -4.94 eV,

respectively. The energy difference (16 kcal/mole) between the two conformers can

be taken as an inversion barrier for this bent cyclobutenyl cation.
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Bicyclobutyl (3). A potential minimum corresponding to this system has not been

found. Therefore, a most likely geometry9 is assumed to have an angle, Y = 120°.
The energy of this system is very sensitive to the geometry of the hydrogen in-
dicated in 25, gP, and gs. Thus conformer gP with the hydrogen atom in the plane
of carbons 1, 2, 3 is stable with respect to §§ and §S. As one expands angle Y
from 120°, all three conformers lead to cyclobutenyl cation gP, while the decrease

converts 3c to 1lc.
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As described above, 1, 2, and 3 are interrelated as a function of angle o or

Y, and the entire energy diagram with the relative energy of each representative con-
former is shown in Figure 1. Curves to connect two conformers are somewhat arbit-
rarily chosen and pafhways that are not shown here are of course conceivable. For

3,10 ([1,2])sigmatropic

example, if degenerate isomerization of g proceeds through },
isomerization), then the preferred reaction would involve }f rather than }B, the
former being some 20 kcal/mol more stable than the latter (vide supra). Stereo-
chemically, this would bring about a rearrangement with inversion at the migrating

. . . 11
center, a process that violates formally the orbital symmetry selection rule.

Experiments to test this prediction are difficult to devise, due to the anticipated
collapse of gf:s into EP. Thus we feel that any [(CH)3(CH2)]+ cations once generated,
would undergo facile rearrangement to provide EE’ which would be the only carbo-
cation observable under currently feasible experimental conditions. The inversion .
barrier for ZP appears to be within a range measurable by n.m.r. spectroscopy.
Diphenylcyclopropenylcarbinyl tosylate solvolyzes only three times faster than
diphenylcyclopropylcarbinyl tosylate and eleven times faster than anisylphenylcyclo-
propenylcarbinyl tosylate.13 Thus the effect of the cyclopropenyl double bond and
methoxy group on the rate is negligible. This fact is consistent with the above
result that a cation similar to }g rather than }P is involved in the reaction and

the stability of la arises from a type of interaction analogous to that now well-

accepted for the cyclopropylcarbinyl cation.
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FIGURE 2. OPTIMIZED STRUCTURES OF la, lc, AND Zb.
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Table 1. Charge Distributions of la, 1lc, and 2b.

Carbon Hydrogen
Compounds Atoms Charge Atoms Charge
Cc(1) +0.202 Ha(l) +0.086
}3 Hb(l) +0.054
Cc(2) +0.038 H(2) +0.054
c(3) +0.141 H(3) +0.141
c(1) +0.067 H(1) +0.097
1lc c(2) +0.077 H(2) +0.121
C(3) +0.150 H(3) +0.121
c(1) +0.168 H(1l) +0.094
Cc(2) +0.116 H(2) +0.125

2b

C(4) +0.079 H(a)equat. +0.070
H(4)axial +0.087
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