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Synopsis. The MINDO/3 CI potential energy sur-
faces of the vinylketene~cyclobutenone system suggest that
the cyclization of vinylketene occurs from the 7n—>n* state
via the zwitterion, in which the negative charge is located
on the 90°-twisted methylene carbon atom, while the reverse
reaction proceeds via a diradical structure.

It was shown in previous papers!) that the photo-
chemical electrocyclic reaction mechanism of hetero-
atom-conjugated systems is very different from that
of the corresponding all-hydrocarbon conjugated sys-
tems; there is no distinction between conrotatory and
disrotatory modes in the former systems. In the photo-
cyclization of hetero-atom-conjugated systems, the ro-
tation of the terminal methylene group occurs from
the z—zn* excited state to give the twisted structure,
and the ring closing occurs from the Z, zwitterion,

Z,
H A c/o H 0
W ™ — jE/( @)
Hj<u/ :% H H.H
1 2 3

in which the positive charge is located on the carbon
atom of the twisted methylene group. The vinyl-
ketene-cyclobutenone isomerization is another exam-
ple in which the conrotatory/disrotatory dichotomy
is meaningless, and its mechanistic examination is
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Fig. 1. Potential energy curves of lower four singlet

states (solid lines) and two triplet states (broken
lines) along the step-by-step path.

of much interest.?)

Figure 1 shows the MINDO/33-CI potential energy
curves? along the step-by-step path of the vinylketene—
cyclobutenone system, (2), in which the rotation of
the methylene group and the ring closing occur inde-
pendently. The lower singlet electronic states of the
twisted structure, 2, are the D, ., Z_, and D,r states.?)
The lowest singlet state is the diradical one in which
the ¢(CH,) and =* orbitals are occupied by unpaired

electrons. The Z_ excited state has a pair of electrons
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in the o(CH,) orbital, and it is a polarized zwitterion;
the negative charge on the terminal carbon atom
was calculated to be —0.70. As may be seen from
Fig. 1, the excited Z_ state correlates directly with
the ground state of cyclobutenone, and it can be gen-
erated from the m—n* excited state of vinylketene.
Thus, the following reaction path appears to exist in
the 13 photocyclization: The rotation of the terminal
methylene group occurs in the z—n* excited state
of vinylketene to give the Z_ zwitterion, after which
this zwitterion undergoes cyclization without any acti-
vation energy to form cyclobutenone.

The electrocyclic reaction of vinylketene has been
shown to proceed via the Z_ zwitterion. This is an
interesting contrast with Reaction 1, which proceeds
via the Z, zwitterion. In the hetero-atom-conjugated
system, the in-plane lone-pair electrons of the ter-
minal hetero atom are consumed in the new ¢ bond
formation, while in the case of the ketene conjugated
system, the anti-bonding z* orbital of the carbonyl
group receives an clectron from the terminal carbon
atom to form the new ¢ bond. This is the reason
why the Z_ zwitterion is involved in the 1-3 photo-
chemical process.

The D, . twisted diradical correlates with the ground
state of vinylketene, and it is derived easily from the
n—z* excited state of cyclobutenone (Fig. 1). Thus,
the ring opening of cyclobutenone is expected to pro-
ceed from the singlet (or triplet) n—>n* excited state
of cyclobutenone via the D,, diradical.®

Figure 2 shows the two-dimensional potential energy
surfaces of three lower singlet states. The symbols
W and H indicate the potential minimum and maxi-
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Fig. 2. Two-dimensional potential energy surfaces for three singlet states.®
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potential curves are energies(eV) relative to the ground state structure of the vinylketene.

mum points respectively. The W; and W, regions
correspond to the C, and C, crossing regions respec-
tively, shown in Fig. 1. The W; well is a pin hole
which can be a leakage channel from the S; state
to the S, state. As may be seen from Fig. 2-b, the
n—>z* state of cyclobutenone undergoes bond-breaking
with a small activation energy, forming the S, vinyl-
ketene via the W, pin hole. The rotation of the meth-
ylene group of the n—=* vinylketene requires an
appreciable activation energy (Fig. 2-b), while it occurs
very easily on the S, surface (Fig. 2-c). The W,
well on the S, surface interacts strongly with the po-
tential height, H;, on the S, surface. Thus, the two
dimensional potential energy surfaces also support the
reaction paths described above.
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