Tetrahedron Letters Nos. 1, pp 33 - 36, 1978. Pergamon Press. Printed in Great Britain.

POP0 Interactions in Organic Molecules 1.
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Highly reactive chemical species can be spectroscopically observed for extended periods

1 Thus the method of matrix isolation has been

of time by trapping them in an inert matrix.
used to study cyclobutadiene which otherwise forms isomeric dimers or undergoes chemical re-
action. Typically, a suitable precursor molecule is trapped in a matrix and photolyzed so
that cyclobutadiene is generated in situ. Accompanying CqHgq, though, are several
by-products (depending on starting material) which are extruded into the same matrix cavity
as cyclobutadiene. Until recently, these compounds have been ignored but several papers have
suggested that the assignment of vibrational bands in CqHq has been obscured by these waste
materials.?

Corey's lactone, (1), which serves as a convenient progenitor to cyclobutadiene, ex-
trudes COy and presumably forms a complex (2a). Likewise, Masamune has shown that (3) pro-

duces cyclobutadiene and phthalic anhydride which could give rise to a species like (2b).

N hv

G, -
0 0 8a X =
1 2b x = K::Z[:::b 3

In this communication we ask whether a pi complex between cyclobutadiene and carbon di-
oxide is feasible and if so what the intermolecular geometry looks like. To begin with, per-
turbation theory suggests the possibility of net stabilization between C4Hg and COp (figure
1). There are several distinct geometries for interaction but we will focus our attention on
only those where x approaches cyclobntadiene from the pi face. Three geometries considered
are shown in figure 1. Geometry a has the CO2 bond axis parallel to the hydrocarbon plane
and parallel to the long axis of Doh cyclobutadiene. Geometry b is identical except that
the CO; axis is parallel to the short axis of cyclobutadiene. Geometry c has the €02 bond
axis perpendicular to the hydrocarbon plane. In all three cases the C02 carbon is on the z
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is questionable.

To investigate whether a

Figure 1 - Qualitative interaction of CgHg and 0y

semiempirical calculations were performed on the three geometries for each complex.

net stabilization exists or not,

CNDO/23

total energies plotted against intermolecular distances show distinct minima (figure 2), and in

most instances the magnitudes of these minima are unusually large, indicating an unreliable cal-

culation.? Indeed, it has been documented that CNDO and INDO closed shell restricted Hartree

Fock methods are unable to account for certain nonbonded interactions.sa’b

Though other semiempirical cal-
culations may provide better resuTts,Sb’
we felt it necessary to take into
account all interactions and proceed-
ed with ab initio calculations. A flex-
ible basis is desirable but due to the
large number of integrals to evaluate,
calculations were done using the min-
imal STO-3G basis set. Becuase of its
use of molecular symmetry properties via
the Elder formalism, the ab initio
program Phantom’ was used. Figure 3
presents the change in total energy:as

a function of intermolecular separation.
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o:f In all three geometries there exists a
y repulsive interaction at approximately
).(._.._.._.. 3.20 R; however, the degree of desta-
704 o bilization depends upon the geometry of
\\ 2 approach. Apparently the most stable
S0 \\ créfo arrangement of rectangular cyclobutadi-
50 \\ 41?_31 ene and carbon dioxide is the geometry
. \\ X in which the COz bond axis is perpendicu-
- T H \ T lar to the cyclobutadiene plane.
EE. 30+ ¢ \‘\ : Majer first suggested that the 653
ég . \\ g em™ ! absorption observed from photolysis
u 20—+ \.\ &» of 1 not be assigned to cyclobutadiene
]O-WL b N X Y but rather to C02 functioning as a
0 - :t”jt?;T::-,\:\; ;' ’ ligand.22 That is to say, either there
are two different environments for COp

i ! | i ]
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(intimate pair or host separated pailr')2b
o or the degeneracy of the asymmetric COj
intermolecular distance (A)

Figure 3 - Total ab initio energy as a
function of intermolecular distance. of cyc]obutadiene.za’b

bending mode is lifted by the presence

If this latter explanation holds, we suggest that the geometry of the complex in the
argon cavity be a minimum energy complex and represented by the structure where COp is parallel
to the C4Hy plane and perpendicular to the Tong axis of rectangular cyclobutadiene (approach b)
depicted by Krantz.8 At large intermolecular distances, the distinction between parallel and
perpendicular alignments are insignificant, viz. 4 kcal difference in total energy at 2.80 /°-\
At very close distances, conceivable in a rigid matrix, there becomes a very significant dif-
ference between the parallel and perpendicular geometries, viz. 21 kcal difference in total
energy at 2.40 f\ One may expect that if the splitting arises from the Tifting of degeneracy
by neighboring cyclobutadiene it is a function of the size and rigidity of the matrix cavity.
Cyclobutadiene interactions with carbon monoxide, hydrogen cyanide and benzene are currently

under investigation and will be reported elsewhere.
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In view of the results shown in figure 3, we suggest that carbon dioxide not be consid-
ered a ligand as proposed by Maier (ref 2a) and that Krantz is correct in suggesting

the C0p splitting could result from a repulsion rather than an attraction between cyclo-
butadiene and carbon dioxide (footnote 10, ref 2b).
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