Electronic Structure of [2.2.2]Propellane
Sir:
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family of tricyclics whose three rings are fused to a
common carbon-carbon bond and which therefore
exhibit a number of new bonding possibilities. For
example, tricyclo[3.2.1.0%%]octane or [3.2.1]propellane
(ID) is thermally unreactive, although it may well have
its four bridgehead carbon-carbon bonds within a
hemisphere.2 In a recent theoretical study we have
shown? that (hypothetical) tricyclo[1.1.1.0!3]pentane
or [1.1.1]propellane would contain bridgehead carbons
separated by only 1.60 A, although by all traditional
electronic criteria for bondmg these atoms should be
considered slightly antibonding. The closely related
system, [l.1.0]bicyclobutane, has been shown?*® to
contain a central carbon-carbon bond formed from
almost pure p hybrids (sp?*). It was, in fact, this
latter result which led us to anticipate a similar bonding
scheme in [2.2.2]propellane (III), a system which has
now been studied and is reported on here.

That [2.2.2]propellane is an important molecule in
its own right follows from the fact that the bridgehead
carbon atoms, when separated by a normal CC single
bond distance, would be characterized by nominal
trigonal-pyramidal geometry, thus providing possible
models for the geometries attending SNI transition
states. If, in addition, one of the external lobes behind
the central bond in III were capable of supporting a
fifth ligand (e.g., a Lewis acid), the resulting pentavalent
carbon might be a viable model for the SN2 transition
state. A final point of interest is the suggestion by
Stohrer and Hoffmann® that [2.2.2]propellane should
exhibit, by dint of interplay between through-bond
coupling and direct bridgehead interactions, a double-
well potential along the C;—C. or R coordinate. The
present study’ validates this conjecture and estimates
both the positions of the minima and the position and
height of the intervening barrier.

Assumption of a D, framework,? with CC side-bond
lengths and HCH angles taken from cyclobutane?
and bicyclooctane, ' led to a minimum SCF energy for a
C—C, separation of 1.52 A. At this geometry, the
highest occupied SCF orbital is symmetric (hereafter
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Figure 1. Total SCF energies (Eys: and Ey,:) and CI energies
(Eyc1) are plotted as a function of the central CC bond length (R)
of III, with other bond lengths frozen. Energies on the ordinate
are given in kilocalories per mole relative to the minimum CI
energy.

denoted ¢s) with respect to the mirror plane M, (I1I).
Thus to a good approximation, I1I is the formal fusion
of three planar® cyclobutane rings, which in turn sug-
gests a total strain energy of 3(25 & ~4) = 87 kcal/mol
(25 keal is the cyclobutane strain energy, and the dis-
tortion effect attending fusion is estimated to contribute
~4 kcal per ring). Alternatively, from the calcu-
lated AH of the hypothetical reaction, III + 2 ethanes
= 3 cyclobutanes, and the known heats of formation of
ethane and cyclobutane, we estimate a strain energy of
90 kcal/mol (at 298 °K).

Near its inner equilibrium R value, 111, unlike [1.1.1]-
propellane, has a relatively strong central bond whose
overlap population (0.64 €) is comparable with those in
the C,—C; (0.68 e) and Cy-C; (0.70 ) side bonds. The
relatively high p character in the bridgehead hybrids
forming the central bond can be seen from the INDO!!
localized molecular orbitals, which give sp? (909 p
character) hybrids for III [¢f. the sp!® hybrids (959 p
character) in bicyclobutane].

Further interest in III stems from its behavior upon
stretching of the C,—C, bond (maintaining Dj, sym-
metry and fixed side bond lengths). Figure | reveals
that the energy of the SCF configuration (¥s:) with ¢s
doubly occupied rises monotonically beyond 1.52 A
and is crossed at ~2.30 A by the energy of the SCF
configuration (ya:) whose highest doubly filled MO is
antisymmetric (¢4) with respect to the mirror plane
M; and whose energy has a minimum at ~2.60
It is interesting to note that the s and 4. total SCF
energies cross almost precisely at the point where the
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corresponding one-electron energies of their highest
filled orbitals intersect (inset, Figure 1).

Since ys: and 4. are both overall totally symmetric,
the noncrossing rule dictates that they mix in a manner
represented by the configuration interaction function
Y = css: + cada.. Denoting the bonding hybrids
on carbons C; and C; by 4, and 44, respectively, we have
¢s=h®+ hS4+ . andos = h* — A+ .., which
are analogous to the g and u combinations of Iss and
Isg in H.. The dotted terms indicate the smaller con-
tributions to ¢s and ¢4 from other centers in the mole-
cule. We recall that variations in the CI coefficients as
a function of R serve to alter the relative amounts of
covalent and ionic character. In the limiting case
where hybrids in ¢s and ¢4 are identical and their overlap
is neglected, the ratio of covalent and ionic contribu-
tions is given explicitly by (Cs: — Ca2)/(Cs: + Cav),
and we shall employ this quantity as a rough measure
of bonding character in the discussion of actual cases
which follows.

Ideally, one could simultaneously obtain the orbitals
for Ys. and ¢a4., as well as the coefficients Cs: and Ca.,
in a unified self-consistent procedure (multiconfigura-
tion SCF). We have, however, taken the following,
simpler approach. For small values of R (L£1.648
A) where the SCF energies are well separated Yss
is taken as the SCF solution, and 4. is constructed
from the 58-clectron core of ¥s. and its virtual ¢a.
At larger R values (>1.948 A), where the ¥s: and Ya.
SCF energies become closer, we have carried out two
alternative CI calculations: first with ¢s. (SCF) and
Ya: (virtual) and then with ¢ 4: (SCF) and ¢s. (virtual).
The validity of this essentially two-electron approach
is indicated by the fact that similar CI energies (con-
stant to within +~3 kcal; see Figure 1) and coefficients
are obtained from either choice for Ys. and 4212

Figure 1 plots the CI energy as a function of R and
clearly shows the persistence of an inner (1.54 A) and
outer minimum (2.51 A) of similar depth with a sep-
arating barrier at ~1.95 A, whose helght is ~29 kcal/
mol above the inner minimum. The inner well cor-
responds to the valence-bond structure III, in which
there is 57:43 covalent to ionic bonding. The outer
minimum at 2.54 A corresponds to 979 covalent
character and is best represented in valence bond terms
as the diradical

@

i.e., analogous to the case of H; at large separation, we
find that CI gives proper dissociation into two weakly
interacting electrons, insofar as a two particle descrip-
tion is valid.

The sizable barrier between roughly symmetric
wells of ~29 kcal/mol suggests that III could be ex-
pected to have a lifetime of several hours at room
temperature within the inner well.!®* Since our calcu-
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(13) The least-energy path must cross the singlet barrier, since the
triplet energy is >1 eV above the singletat R ~ 1,95 A. Atthe crossmg
point, which occurs for a substantially greater value of R (~2.3 A),

lated barrier must be considered uncertain by at least
a few kilocalories per mole, a precise estimate of the
lifetime is not possible. At any rate, the barrier
seems rather low for a process which is symmetry
forbidden in the orbital sense,® thus demonstrating
how useful quantitative calculations can be in com-
plementing predictions based on orbital symmetry.
The stability of the inner minimum species is important,
since the interconversion of the outer minimum dirad-
ical to dimethylenecyclohexane symmetry is symmetry-
allowed, and, though the barrier for this process is of
unknown magnitude, most synthetic attempts at [2.2.2]-
propellane do, in fact, give this latter Grob fragmenta-
tion product.?
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A Flexible and Directed Synthesis of Azoxyalkanes!
Sir:

Azoxyalkanes are currently of great interest. Four
naturally occurring examples, macrozamin,? cycasin,?
elaiomycin,* and LL-BH8724,5 exhibit potent biological
properties; the initial three are carcinogenic,® the
latter possesses antifungal qualities.>” Recently,
studies of the photolytic closure of azoxyalkanes to
oxadiaziridines have appeared,®® and photoisomeriza-
tion now makes acyclic cis-azoxyalkanes available.® 10
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