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Evidence for the Existence of the Dianion of Cyclobutadiene

By J. S. McKennis, Lazaro BRENER, J. R. SCHWEIGER, and R. PETTIT*
(Department of Chemistry, University of Texas at Austin, Austin, Texas 78712)

Summary Evidence is presented for the generation of
cyclobutadiene dianion, a Hiickel aromatic, from cis-
dichlorocyclobutene and sodium naphthalide; although
highly reactive, the dianion can be deuteriated to afford
3,4-dideuteriocyclobutene.

As with cyclo-octatetraene, the dianion of which is known,
the presence of a vacant low-energy molecular orbital in
cyclobutadiene opens the possibility that the dianion of
cyclobutadiene, in which all the carbon atoms would have
equivalent electron densities, might also be thermo-
dynamically stable.

However, especially because of ring strain and electron
repulsion forces it could be readily anticipated that the C,
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dianion, if stable at all, would be chemically much more re-
active. We report data which are consistent with the pre-
dicted existence of the cyclobutadiene dianion and which
are also indicative of its high chemical reactivity.?
cis-Dichlorocyclobutene (I) was added to a solution of
excess of sodium naphthalide in tetrahydrofuran (THF) at
—40 °C; the reaction mixture was allowed to stand for
4 min and was then poured into excess of MeOD maintained
at —40°C. Trap-to-trap vacuum distillation of the re-
action mixture afforded 3,4-dideuteriocyclobutene (II)
(ca. 4%,), syn- and anti-tricyclo-octadiene (III) (ca. 209,)
and cis- and #rams-but-2-enes (IV) (ca. 6%).2 The cyclo-
butene product obtained in this manner contained no
perhydrocyclobutene or monodeuteriocyclobutene; how-

ever, previous experiments in which the reaction of di-
chloride with sodium naphthalide was conducted for varying
times at — 20 °C and MeOD then added to this mixture led to
the same type of products which comprised varying amounts
of perhydro- and 3,4-dideuterio-cyclobutenes. When di-
chlorocyclobutene was added to sodium naphthalide at
—40 °C in THF and the reaction mixture warmed to 20 °C
and distilled without adding any external proton source,
then cyclobutene, together with the dimers of cyclobuta-
diene (III) and the but-2-enes, was obtained.

We consider these results to constitute strong evidence
for the existence of the cyclobutadiene dianion and, in light
of recent work on the mechanism of sodium naphthalide
reactions, we propose the sequence of steps shown in the
Scheme as being involved in its formation.4 It is relevant
to note that the ready dehalogenation of dihalogeno-
cyclobutenes to cyclobutadiene with sodium has previously
been reported.®
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Within this scheme the appearance of syn- and anti-
tricyclo-octadiene could be rationalized through the di-
merization of the intermediate cyclobutadiene while the
formation of the but-2-enes could result from the ring
opening of the chlorocyclobutenyl anion and subsequent
reduction.® Of course, other routes leading to these
products cannot be excluded by our data.?

The formation of dideuteriocyclobutene is good evidence
that the cyclobutadiene dianion is formed under the con-
ditions cited above; the fact that perhydrocyclobutene is
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generated in the absence of an external proton source sug- We thank the Robert A. Welch Foundation and the
gests that the dianion can readily abstract protons from National Science Foundation for financial support.

THF,? reflecting, as expected, a much greater reactivity

than that exhibited by the cyclo-octatetraene dianion. (Received, 20th December 1971; Com. 2151.)
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