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Abstract: Chlorination of tricyanocyclopropane is observed to lead directly to
trichlorotricyanocyclopropane which undergoes a remarkable reductive conversion to
hexacyanobenzene. The synthesis of mono- and dichlorotricyanocyclopropane (4 and 5)
and their use as potential precursors for tricyanocyclopropenyl anion is described.
The cyclopropenyl anion is the simplest antiaromatic system. The parent com-
pound is terribly unstable, and trialkyl or triphenyl derivatives are also so un-
stable that they have only been transient species produced by electrochemical re-
duction.! However, one might hope that with good stabilizing groups the cyclopro-
penyl anion system could be isolable. For instance, our estimate of the acidity
of triphenylcyclopropene indicates that its pKa is approximately 20 units higher
than the pKa of tripheny]methane.2 If this difference were paralleled for cyano
substituents, the very Tow pKa of tricyanomethane suggests that tricyanopropene could
have a pKa near 20 and thus 1 could be reasonably stable. Similar arguments can be
made for other strongly stabilizing substituents.
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We have reported studies on the tribenzoylcyclopropene system.3

The cyclopropene
itself could be generated by HBr elimination from the corresponding bromocyclopropane,
but no evidence for the corresponding anion could be obtained since even hindered
bases add to the cyclopropene double bond rather than generate the anion. With very
hindered bases the tribenzoylcyclopropene rearranged to a furan derivative. Such a
path is not open to the linear cyano group, so for this and other reasons we have
investigated appraches to the tricyanocyclopropenyl anion (1). We now wish to report
our observations which seem to bear on the stability of 1.

cis- and trans-Tricyanocyclopropane (2) were prepared as reported.4 The cis
isomer could be chlorinated with t-butyl hypochlorite in benzonitrile, or the cis
and trans mixture could be chlorinated in acetonitrile with an excess of t-butyl
hypochlorite to produce some chlorinated solvent along with the cis, trans mixture
of trichlorotricyanocyclopropane (§_).5 Depending on the excess of chlorinating
agent used various amounts of recovered starting material (2) were also obtained,
but remarkably no monochlorotricyanocyclopropane 4 or dichloro derivative 5 were
detectable. The most Tikely explanation of this is that 4 is indeed formed,
but readily 1oses HCl to generate tricyanocyclopropene 6. This should rapidly
chlorinate to generate the chlorocyclopropene 7 , which could add chlorine (from
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reaction of the t-butyl hypochlorite with HC1) to form 3. This mechanism, which
depends on the very easy loss of HC1 from a chlorocyclopropane, is supported by the
properties of authentic 4 and 5 which are reported below.
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ReduZlion of 3 with metals should generate 7, and further reduction might be expected
to form the anion 1. Thus this was examined under a variety of conditions, using electro-
chemical reduction and electron solutions. In no case was there any evidence for the
formation of a stable anion 1, but strikingly, the reduction of 3 with potassium metal
and 18-crown-6 in tetrahydrofuran led to the formation of a 25% yield of hexacyano-
benzene (§)§ Apparently the chlorocyclopropene (7) is formed but it reductively
dimerizes to the bis-cyclopropenyl (9), probably by generating the tricyanocyclopropenyl
radical. The rearrangement of such bis-cyclopropenyls to benzene derivatives is a well
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Treatment of the trichloro compound (3) with tributyltin hydride indeed generates
a stereoisomeric mixture of the dichlorocyclopropanes (§)§ and further reaction with
more of the hydride reagent generates a mixture of the stereoisomers of the monochloro-
cyclopropane (3)9 In both cases some of the original tricyanocyclopropane (2) is also
produced. The dichloro compound (5) readily loses HC1 even on standing, and on treat-
ment with various bases at room and low temperatures. When the elimination is performed
in the presence of diphenylisobenzofuran, the adduct 10 of the chlorocyclopropene Z}O
is formed, but in the absence of the trapping reagent polymeric material is produced
and stable solutions do not survive. Simarily the monochlorocyclopropane (4) elim-
inates HC1 with base, and in the presence of DPIBF it also generates an adduct 11 of
the corresponding cyclopropene QJO However, when the monochlorocyclopropane 4 is
treated with two equivalents of such hindered bases as Tithium tetramethylpiperidide,
a brown solution is formed. Quenching of this solution with deuteromethanol in the
presence of DPIBF gives adduct 11 with no deuterium incorporation. Thus the gener-
ation of tricyanocyclopropene 4 in the presence of strong base is apparently not
forming a stable solution of the anion 1, whose quenching should have Ted to
deuterated 11(R=D).
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These studies illustrate synthetic methods which make some highly substituted

cyclopropane derivatives available, and they also provide examples of two interesting

and unusual reactions in the chlorination sequence by which 2 is converted directly to

3 and in the reductive conversion of 3 to the benzene derivative 8. However, perhaps

most importantly they indicate again how elusive the antiaromatic cyclopropenyl anion

derivatives are, even when substituted by strongly stabilizing g\r‘oups.”’]2
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