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The C3H7+ system is currently under active investigation, both experimental-
ly and theoretically, The present state of affairs has been well surveyed in a
paper by Lee and Kruger (1), There seems to be strong evidence for protonated
cyclopropane as an intermediate for which structures I to III have been dis~
cussed, Calculations by Hoffman (2) using extended Hiickel theory (EHT) and an
ab initio calculation by Petke and Whitten (3) favor edge-protonated (I) over
face-~protonated (III) cyclopropane. However, a disadvantage of both these cal-
culations is that the results depend on assumptions made for the geometry of
these species- for which no experimental data are available, We have recently
shown (4) that the INDO method (5) can be used to predict geometries of organic
molecules with reasonable accuracy. Using the INDO method and a modified CNDO
method (to be described below) we were able to characterize all the transition
states and intermediates in the 03H7+ series with respect to their geometry and
their energy, This was accomplished by a complete minimization of the total
energy as a function of the nuclear coordinates, The C~C and C~H bondlengths
thus obtained with modified CNDO deviate in general less than 2% from experi-

mental values,

*) This work was initiated while the authors were at Carnegie~Mellon University

Pittsburgh, Pa,
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The results of our calculations may be summarized as follows:

1) The most stable C I-I7+ species is an edge~protonated cyclopropane (I) where

3
two C~C bonds have the same length as in ecyclopropane while the third is con-
siderably longer, The distance of the "proton" from the two equivalent carbon
atoms is 1,29 X. The stretching force constant calculated for each of the non-
classical bonds of the proton at the edge is 4,2 (6,7 in INDO) mdyne/R as
against 8,6 (11,9 in INDO) mdyne/ﬁ for the other C-H bonds. The energy gained
on protonation of cyclopropane (V) amounts to 235 (321 in INDO) kcal/mole com—
pared with 155 kcal/mole calculated by Petke and Whitten without complete mini-

mization of the energy.

2) The methyl-bridged ethylene ion (III) which our calculations indicate to
correspond to a local energy minimum is 10 kcal/mole higher in energy than
edge~protonated cyclopropane (I) (22 kcal/mole in INDO), The "ethylene bond"
in IIT has a length of 1,44 X and the distance between the pseudo~methyl group
and the carbon atoms of the "ethylene unit" is 1,63 &, The C-H bondlengths in
the pseudo-methyl group are not all equal, The stretching force constant for
the nonclassical C-C bonds is 4.9 (11.0 in INDO) mdyne/ﬁ and for the "ethylene
bond" 10,2 (17,5 in INDO) mdyne/& compared with a C~C stretching force constant
of 8,4 (15,2 in INDO) mdyne/ﬁ calculated for cyclopropane, The stabilization
energy of III with respect to CH3+ and ethylene amounts to 108 (416 in INDO)

+

kcal/mole, The EHT method predicts (2) III to be unstable with respect to CH,4

and ethylene,

3) C~protonated cyclopropane (IV) in which one carbon atom has a configuration
similar to a trigonal bipyramid is a transition state between two edge-proto~
nated species if the proton is forced to remain in the plane of the ring. The

energy of IV is 43 kcal/mole higher than that of I (90 kcal/mole in INDO),

4) Face-protonated cyclopropane (II) does not correspond to an energy minimum
in the C3H7+ system, The lowest energy found for a species having C3v symmetry
was 76 (120 in INDO) kcal/mole relative to the energy of I, Klopman (6) calcul-

ated 50 kcal/mole for this energy difference,

5) No energy minimum was found for n~propyl cation which (in the gas phase)
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should collapse to the edge-protonated form I without activation energy, This
may not necessarily be true in solution since it is to be expected that solvent
molecules will stabilize an open chain n-propyl cation (1), The isopropyl cation

will be discussed in a forthcoming paper,

6) The barrier between III and I was found to be lower than 1 kcal/mole. This
difference is obviously too small to be of chemical significance. In view of the
high energies of structures II and IV the interconversion of two (identical)
edge—~protonated species must pass through III and this process can be thought of
as a rotation of the pseudo-methyl group in I through an angle of 60° with a
barrier of 10 kecal/mole. The description as a rotation.is of course an over-
simplification since there are considerable C-C and C-H bondlength changes in-
volved in the rotation, Our calculations thus support the mechanism suggested

by Lee and Gruber (7) for the solvolysis of cyclopropane,

*) Erel = total energy in kcal/mole relative to I; distances AB in X; angles

in degrees,
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The modified CNDO method we propose was found to give better energies and
bond lengths as will be shown elsewhere (8), It is identical with the original
CNDO method (9) except for a different evaluation of the core matrix elements

H,, for which we write:

Huws= Tu = (Z, = 1)e y,, = v

Lo = Tpe A AA ;gA AB e
R TR T REANON s

Vg = ZB'[°'78'7AB + 0,220, / (V1 s 9MARAB)2)]

The following empirical parameters were found to give the best fit for hydro-~

carbons: IZS(C) = ~20,00, IZp(C) = -~10,00, Iis(H) = -13,605 eV; B, = 0,987,

c
By = 0.594; uy = Z' = 1.16, ug = zc'/z = 1,625, Thus V,, is assigned a value
somewhere in between the values proposed in CNDO/1i (9) and CNDO/2 (10) respec—
tively, In addition, the invariance of the theory with respect to hybridization
is given up,
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