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Abstract

Starting from dicobalt hexacarbonyl complexes of ene-ynes or hetero-ene-ynes,
FeCo,C,-clusters can be prepared in high yield by metal fragment condensation
with (biscyclooctene)(tricarbonyl)iron. The reaction takes place at temperatures
below 0°C and allows the introduction of terminal alkynes into the cluster frame-
work. It has been shown that the ease of these reactions is due to the free double
bond in a-position of the coordinated triple bond, thus providing direct evidence for
a ligand-assisted cage expansion reaction, unprecedented in this field of chemistry.
The crystal structure of a FeCo,C,-cluster bearing a chiral Fe(CO);-diene sub-
stituent has been determined.

During a study of the synthesis and properties of heterometallic complexes of
conjugated diene-ynes [1] we have found a reaction which allows the construction of
iron dicobalt alkyne cluster frameworks under very mild conditions and in high
yields. Evidence is presented that C=X double bonds (X = C, O) conjugated with
Co,(CO)4-coordinated alkynes exercise ligand assistance in the cage expansion
reaction with an incoming iron tricarbonyl fragment. These results may serve as a
basis for more systematic synthetic procedures directed towards FeCo,C, and
related cluster molecules. Since the discovery of the first FeCo,C,-cluster by Milone
and Tiripicchio [2] some progress has been achieved in the synthesis of 'these
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molecules, but in the main the reactions were restricted to simple and less reactive
alkynes, and no terminal alkyne other than ethyne could be used [3].

The dicobalt hexacarbonyl complex (2) of 1,3-hexadiene-5-yne (1) was found to
react with the Grevels reagent (biscyclooctene)(tricarbonyl)iron {4], above ~40°C
to give the simple iron diene complex 3 as the major product, and the tetranuclear
compound 4 as by—Product in yields of up to 5% [10*]. The cluster compound 4 was
identified from its "H-NMR-spectrum in which the acetylenic proton signal appears
at 8.85 ppm and all other signals are rather similar to those for complex 3 [1]. The
observed shift of about 9 ppm agrees well with the data published by Vahrenkamp
et al. for the corresponding ethyne cluster {3].

Since we could not obtain suitable crystals for further characterisation of 4 we
decided to introduce a polar ketone function by Friedel-Crafts acetylation of the
iron diene moity. Compound 5, the derivative cluster of the ketone, was obtained in
23% yield [5*]. § was crystallized from dichloromethane/hexane at —20°C. The
spectroscopic and analytical data were in good agreement with the proposed
structure, which was finally established by an X-ray diffraction study [6*]. As in
complex 3, the diene moiety of the hydrocarbon chain in 5 is bound to an iron
tricarbonyl group. The diene-one is coordinated in its cis-configuration, with the
oxygen atom of the carbonyl group considerably tilted away from the metal center.
The two carbon atoms of the acetylenic portion together with the two cobalt atoms
form the trapezoid base of a pyramid. Its apex is occupied by a second iron
tricarbonyl fragment. Thus the alkyne is bound to the triangular metal framework in
the common p?,9’| binding mode, with the C—C bond parallel to the Co—Co
vector. When compared with known FeCo,C,-cluster compounds, 5 can be seen to
show normal bond lengths and bond angles within its pyramidal framework [2].

* Reference number with asterisk indicates a note in the list of references.
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Fig. 1. ORTEP plot of one molecule of 5§ showing the numbering scheme used. Ellipsoids are scaled to
enclose 50% of the electronic density.
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Due to the unsymmetric substitution of the triple bond the FeCo,C,-cage in S is
chiral, and so should exist in two diastereomeric forms. The structure reveals only
one of these configurations, which is probably the more stable one. Evidence for the
second diastereomer comes from low temperature 'H-NMR spectra in acetone-d,,
which below —60°C show a small peak at 8.8 ppm. At room temperature the two
diastereomers are rapidly interconverted by a formal rotation of the alkyne over the
metal triangle as previously described for various M;C,-cluster molecules [7-9].
Because of the unfavourable equilibrium constant (AxG =5 kJ/mol) of the inter-
conversion it is difficult to determine the coalescence temperature and thus the
exact rate constant of the interconversion process.

The condensation of Fe(CO);-fragments with Co,(CO)q-alkyne molecules to
form FeCo,C,-clusters has been described by Vahrenkamp et al., who used iron
enneacarbonyl as source of the iron fragments. The components are stirred in
hexane at room temperature for 24 h to give the heterometallic cluster molecules in
moderate yields [3]. Although the formation of 4 described above also involves a
metal fragment condensation, the conditions under which 4 is obtained are milder
(—40°C-0°C) and the reaction is much faster (1-2 h). At first sight this could be
attributed to the higher reactivity of the Grevels reagent as source of Fe(CO),-frag-
ments, but the dicobalt alkyne complex 3 and the corresponding compound of
phenylacetylene do not react with the Grevels reagent at all, only the starting
dicobalt complexes being recovered. This demonstrates that the formation of 4 in
the reaction of complex 2 with (biscycloocténe)(tricarbonyl)iron is not due to the
high reactivity of the Fe(CO), source, which in the presence of simple dicobalt
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alkyne complexes decomposes much faster than it could react to give the FeCo,C,-
clusters. Since 3 does not react with an excess of Grevels reagent to give 4, it follows
that the metal fragment condensation takes place before the diene substituent in 2 is
bound to the Fe(CO),-fragment. This led us to suspect that a free double bond in
the vicinity of the Co,C,-cage of the starting complex could facilitate the incorpora-
tion of an incoming metal fragment, and the dicobalt ene-yne complex 6 did, in fact,
give the corresponding FeCo,-ene-yne cluster 8 in almost quantitative yield. Simi-
larly, the heterometallic cluster 9 was formed from the Co,-complex 7 of pro-
piolaldehyde in more than 50% yield [10*].
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These results show that the outcome of metal fragment condensation reactions
with alkyne complex precursors may depend on the organic substituents on the
atkyne. Functional groups which can interact with the incoming metal fragment by
some kind of precoordination can increase the rate of the condensation reaction.
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