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Summary: The linear relationship between flap angle, 6, and bridging
bond Iength, r,,, in bicyclobutanes, found empirically by Irngartinger
through x-ray analysis, is reproduced by ab initio STO-3G calculations.
Additional distortions of the bicyclobutane geometry which are synchron-
ized with flap angle variations are predicted.

The extraordinary C,C; bond of bicyclobutane, 1, has stimulated fascinating experi-

mental  and theoretical'3 studies. Calculations3b’ 3¢ indicate that the C,C; bond is formed

1

The negative G, -C, coupling constant observed in derivatives
of bicyclobutane 1_4 supports this conclusion. The experimental geometry2d of 1, shown

3

of nearly pure p orbitals.

above,5 reveals that C; and C, are inverted; the four internuclear bond vectors from
C; and Cj3 lie in a single hemisphere. 2d

Irngartinger and Lukas recently discovered a linear relationship between the flap
angle, 6, and the C,Cj; bond-length, r13,6 in which r,; decreases as 0 decreases., This

result seems counterintuitive; increasing strain in 1 might have been expected to weaken

4799



4800

the C,~-C3 bond and increase r;3. Ab initio calculations we have performed on distorted
bicyclobutanes and various tricyclic derivatives using the STO-3G basis set,7’8 indicate
the origin of this relationship and predict other geometrical variations that will be syn-

chronized with variations in the flap angle.

Shown below is a plot of the calculated CC bond lengths, r,, and r;, and the C,C;H
angles, @, obtained when the flap angle, 0, is fixed at different values and all other
parameters are optimized.g A 30° decrease in 8 is accompanied by a 0.0612 decrease
of r,, identical to the experimentally observed change.5 At the same time each peri-
pheral CC bond length (r,,) increases by about half this amount, and @ increases by 10°.
As 9 increases beyond the equilibrium value, the opposite trends are observed. For
comparison, experimental values of these geometrical parameters for bicyclobutane and

five derivatives are shown on the same graph (Q=ry;, [O=1,, and A=g). 1o
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These changes may be understood if we consider the C,-C; bond to result from the
overlap of the p orbitals of two radicals centered at C, and Cji. At the equilibrium bi-
cyclobutane geometry, where 6 = 118°, the angles C,C,Cy = C3C3Cy are 96°. The formal
radical carbons, C, and C,;, have only a slight tendency to pyramidalize at this geometry,
and the C;-C, bonding may be represented as in 23, below. Outward bending of the CH
bonds (as in 2b) increases C;-Cj; bonding due to admixture of s character, but only at the
expense of destabilization due to increased pyramidalization. Inward bending (20) is un-
favorable since the resulting C, and C, orbitals overlap poorly. Upon a decrease in 8,
there is a strong tendency for the formal radical centers to be come pyramidal, as there
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is for the methyl radical when one HCH angle is contracted.!!  The direction of pyramidal-
ization (2b rather than 2¢) maximizes C;-C; bonding, by increasing the s character of the
hybrids pointing toward each other. The result is a strengthening of the C -C, bond and a
concomitant contraction of ry;. Decreasing ¢ as in 2¢, should lead to a weakening of the
C,-C, bond, Calculations indicate that a decrease of @ is accompanied by a lengthening
of r;, and vice versa. An extreme example of the effect of decreasing ¢ is provided by

calculations on [1.1.1]propellane which predict the central bond to be very long (1.600 ;\).30

The lengthening of the peripheral CC side bonds (r;,, etc.) i 1 upon decreasing 6 is
a result of increasing p character of C; and C; in these bonds. We find that the methine
CH bonds are also slightly shortened as 8 decreases, as calculated by Jemmis et al. %’ for

one CH bond in the methyl radical when the angle between the other two CH bonds is contracted.

Opening the flap angle, 8, to 130° will not, in itself, cause pyramidalization at C; and C,,
since when 8 is 130°, the angle C,C;C, is 103°; the methyl radical remains nearly planar

10 As 6 is increased above 130°, bicyclobutane begins to under-

at an analogous geometry.
go a ground state orbital symmetry forbidden reaction, the conversion of ] into cyclobutane-
1, 3-diyl, for which 6 is near 180°. The forbiddenness of this reaction arises from the
overlap of the methylene "WCHZ” orbitals with the developing radical p lobes, which ultimately
causes the A? (1-3 antibonding) configuration to be lower in energy than the $% (1-3 bonding).
For 6 > 115°, the bridgehead CH bonds rotate inward ( @ decreases), in order to reduce the
antibonding overlap between developing radical orbitals and "CH, orbitals. This motion leads

to a weakening of the C,-C, bond, and an increase in r,,.

Additional synchronized distortions and structures of tricyclic derivatives of bicyclobutane

will be discussed in a forthcoming paper.
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