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Cyclic diynes can react either in an intra- or intermolecular
way with organometallic complexes. In the latter case defined
oligomers or polymers may be formed. The polymers may
consist of a ladder of metal-stabilized cyclobutadiene rings or
a two-dimensional net of aromatic rings each of which are
connected by hydrocarbon chains. It is important to know and
understand the reaction mechanisms if the choice of the
reaction pathway is to be controlled. A key intermediate in
the reactions of two or more alkyne units with organometallic
complexes is a metallacyclopentadiene species which has been
proposed and substantiated by Yamazaki, Wakatsuki et al.[1]

From this hypothesis we inferred for cyclic diynes two
pathways: an intramolecular reaction path for large rings
and an intermolecular route for smaller diynes.[2] In the latter
case the degree of oligomerization was always two. When we
used diynes which contained a disilyltetramethyl bridge on
one side and a relatively long and flexible chain (C4H8, C5H10)
on the other[3] the yield of superphanes was rather high. In our
search for higher oligomers we reasoned that small chains on
both sides or small chains on one side and a chain with bulky
groups on the other might favor higher oligomers. In order to
test these ideas we investigated the reaction of 1,1,2,2-
tetramethyl-1,2-disilacycloocta-3,7-diyne (1),[4] 1,1-dimethyl-
1-silacyclonona-3,7-diyne (2),[4] and cyclonona-1,5-diyne (3)[4]

with bis(ethylene)(1,5-pentamethylcyclo-pentadienyl)cobalt
(4), (h4-cyclooctadiene-1,5)(h5-cyclopentadienyl)cobalt (5),
and (h4-cyclooctadiene-1,5)(h5-(methoxycarbonyl)(cyclopen-
tadienyl)cobalt (6) (Scheme 1).

The reaction of 1 ± 3 with 4 at 60 8C afforded the corre-
sponding superphanes 10 ± 12. All three superphanes belong
to the point group C2v. The configurations of 10 and 12 have
been confirmed by X-ray structural analyses.[5] The preference
of the structures with C2v symmetry can be rationalized by
assuming that the rate-determining step is the formation of a
tricyclic metallacycle.[1, 3] The yields of the superphanes 10 ± 12
are relatively low (10 : 12 %, 11: 10 %, 12 : 3 %)[6] if we
compare them to those obtained by reaction of 4 with 1,1,2,2-
tetramethyl-1,2-disilacycloundeca-3,10-diyne and 1,1,2,2-tet-
ramethyl-1,2-disilacyclododeca-3,11-diyne (50 ± 60 %).[3] We
ascribe the low yields to the fact that in the intermediate
tricyclic systems (7 ± 9) the short bridges tend to favor a
conformation in which the triple bonds are nearly coplanar to
the cyclobutadiene ring. Only the relatively large ªcapº of the
Cp* ring induces a conformation in which both alkyne units of

Scheme 1.

7 ± 9 are forced in relatively close proximity in the half-space
below the cyclobutadiene ring.

In order to detect higher oligomers we reduced the steric
bulk of the ligand and replaced the Cp* cap by a Cp cap; that
is we replaced 4 by 5 and 6. Indeed, the reaction of 1 with 5
and 6 does not give detectable amounts of the corresponding
superphanes but rather yields the trimers 13 (20 %) and 14
(35 %). In 13[6] and 14[6] formally three diynes have reacted

with three CpCo fragments. The structural assignments of the
resulting trimers are based on their spectroscopic data[5] and
an X-ray structural analysis of 13 (Figure 1).[7, 8] This reveals
that in the resulting trimer the silyl bridges lie on one side of
the ring and the ethano bridges on the opposite side.
Therefore the tube formed by the three units has a conical
shape. The widest diameter in the tube is found to be 6.9 �,
the narrowest one is 4.5 �. In the case of the reaction of 1 with
6 we were also able to isolate the tetramer 16 in 8 ± 10 % yield.
The structural assignment of 16 is based on its spectroscopic
data.[6] As in the case of 13 and 14 the NMR data suggest that
the silyl and ethano bridges are on opposite sides of the ring.
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Figure 1. Molecular structure of 13.

This gives rise to a conical shape of the ring for which we
calculated (AM1[10]) the widest and narrowest diameter to be
8.4 � and 5.5 �, respectively. The species 13, 14, and 16
belong to the class of beltlike hydrocarbons[11] which have
been investigated recently very intensively and for which
several routes have been described.[11±14]

The reaction of 3 with [Cp*Co(C2H4)2] at 60 8C also yields a
species (15) which we assign to a trimer based on the high-
resolution mass spectrum and 1H NMR spectroscopic data.[6]

The results obtained for 1 and 3 demonstrate that higher
oligomers of cyclic diynes are amenable at elevated temper-
atures.
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