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We report the preparation and structure of the first transi-
tion-metal-methylenecyclopropene complex by a novel intramo-
lecular dimerization of alkynes.

Methylenecyclopropene (1) is one of the most interesting target
molecules for experimental and theoretical studies in organic
chemistry.2  However, the molecule 1 is very unstable, having
been synthesized and characterized only at low temperature.’
Some derivatives, stabilized by substituents, such as 1,2-di-
phenyl-3-(1,1-dicyanomethylene)cyclopropene (2) are known.
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Compound 1 is the simplest member of the class of cross-
conjugated nonalternant hydrocarbons and being isoelectronic to
cyclobutadiene, complexes of which are well known,* would be
expected to also function as an n*-ligand. Another reactive C,
m system, trimethylenemethane, is also known to serve as an
n*ligand.> However, transition-metal complexes of 1 or its
derivatives are unknown, perhaps because of the reactivity of the
strained C~C bonds toward ring opening. Thus, the reaction of
2 with (ethylene)bis(triphenylphosphine)platinum led to cyclo-
propene ring opening to give 3.5 Similar reactions occur with
cyclopropenes,” methylenecyclopropanes,$ and cyclopropanones.®

On the other hand, transition-metal-catalyzed intermolecular
and intramolecular dimerization of alkynes to n*-cyclobutadiene
complexes is well documented.*¢ In particular, King et al. re-
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Figure 1. Structure of C;(FeH,,0,Si; (6): (a) ORTEP diagram, (b) side
view, and (c) bond lengths and angles of the ligand.

ported the formation of (cyclobutadiene)(cyclopentadienyl)cobalt
complexes!® and (cyclobutadiene)iron tricarbonyl and dinuclear
ferracyclopentadiene complexes!®® from macrocyclic alkadiynes.
However, the formation of the methylenecyclopropene complex
has not been reported to date.

During the course of the study on macrocyclic polyacetylenic
compounds,!! we examined the reaction of
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3,3,5,5,7,7,10,10,12,12,14,14-dodecamethyl-4,6,11,13-tetraoxa-
3,5,7,10,12,14-hexasilacyclotetradeca-1,8-diyne (4) with diiron
nonacarbonyl. Compound 4 was prepared from
3,3,4,4,5,5,8,8,9,9,10,10-dodecamethyl-3,4,5,8,9,10-hexasila-
cyclodeca-1,6-diyne (5) by oxidation with trimethylamine V-
oxide.!?
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The reaction of the diyne 4 with 1.5 equiv of diiorn nona-
carbonyl in refluxing benzene afforded the novel (methylene-
cyclopropene)iron tricarbonyl derivatives 6 in 45.5% yield, as
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orange crystals, mp 122-123 °C dec,!? isolated and purified from
the reaction mixture by treatment with silica gel TLC. Its
structure was established unequivocally by X-ray diffraction
(Figure 1).14

The iron atom is bonded to four carbons of the methylene-
cyclopropene ligand and three carbonyl groups. It is noteworthy
that both r(C,C,) (1.479 A) and r(C,C,) (1.397 A) (to a lesser
extent) are elongated by comparing with the corresponding bonds
of 1(1.323 and 1.332 A, respectively) as determined by microwave
spectra.> In contrast, the analogous bond distances in r(C,C;)
(1.427 A) and #(C,C;) (1.417 A) are shorter than 1 (1.441 X).!c
Unusually wide bond angles were observed for £SiOSi (163.9°
and 158.6°) in comparison with the normal values of disiloxanes
(130 £ 10°).!5 The C;~C, double bond of 6 is bent to iron by
27.9° from the planar cyclopropene ring.'¢

Apparently, the capability of silicon to undergo 1,2-shifts in
disilylalkynes is responsible for the formation of the unusual
product reported here. We have previously reported transition-
metal-catalyzed intramolecular trimerization of macrocyclic
triacetylene 7 to fulvene complexes and benzene derivatives,!1d
and, recently, we have isolated a vinylidene complex 8, the
structure of which was determined by X-ray diffraction, in the
reaction of 7 and n°-cyclopentadienyl(tricarbonyl)manganese.'”
Thermal and photochemical reactions of 8 afforded the corre-
sponding benzene and fulvene derivatives.!” A similar vinylidene
complex must be an intermediate in the present reaction, although
we have not isolated it yet.!®
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In connection with our interest in developing convenient, general
methods for the asymmetric synthesis of a-amino acids,! we re-
cently reported? the stereoselective “amination” of chiral imide
enolates with di-zert-butyl azodicarboxylate (DBAD) (eq 1A).}
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In an ensuing report* we outlined a complementary approach
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