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Reactions of butadiynediyldimetal complexes, Fp*–C·C–
C·C–M(h5-C5R5)(CO)2 1 [M = Fe, Ru; R = Me, H; Fp* =
FeCp*(CO)2], with group 8 metal carbonyls result in
migration of a s-bonded metal fragment along the C4 rod to
form novel highly conjugated polycarbon–metal systems; the
zwitterionic m-but-2-yn-1-ylidene-4-ylidyne complex
Ru3(CO)10(m3-C–C·C–m-C)Fe2Cp*2(CO)3 2, and the di-
merized product with a cumulenic m-C8 ligand (Cp*Fe)4-
Ru2(CO)13[m6-C8–C(NO)] 3, via 1,4-migration and the zwit-
terionic acetylide cluster-type product Fp*+[Cp(CO)2Ru-
(h2-C·C)–(m3-C·C)Fe3(CO)9]2 4, via 1,3-migration.

Increasing attention focused on polycarbon–transition metal
complexes stems originally from their relevance to surface
bound carbide intermediates1 and recently from their intriguing
chemical and physical properties which are potentially applica-
ble to new molecular devices.2 However, neither interaction
modes nor synthetic methods have been thoroughly exploited.
During the course of our synthetic study of polycarbon cluster
compounds derived from polyynediyldimetal complexes M–
(C·C)n–M [n = 1–6; M = Fe or Ru(h5-C5R5)(CO2],3 we
observed formation of novel highly conjugated polycarbon–
transition metal systems resulting from migration of a s-bonded
metal fragment along the carbon rod. Herein we report results of
interaction of butadiynediyl complexes 1 (n = 2) with group 8
metal carbonyl species.

Reaction of the butadiynediyldiiron complex 1a [Scheme 1,
Fp* = FeCp*(CO)2; Cp* = h5-C5Me5]3b with Ru3(CO)12 in
refluxing CH2Cl2 gave a mixture of products, from which two
compounds 2 and 3a were isolated after TLC separation (silica
gel). For the purple red product 2,† the single Cp* NMR signal
and the highly deshielded 13C NMR signal (dC 347.1) suggested
formation of a symmetrical cluster compound 2A bearing a
cumulenic > CNCNCNCFe2 fragment but X-ray crystallography
of its h5-C5Me4Et derivative 2#‡ [Fig. 1(a)] revealed a mirror
symmetrical zwitterionic but-2-yne-1-ylidene-4-ylidyne struc-
ture5 with (i) a C4 bridge showing long–short–long bond
alternation and (ii) m3-coordination of the C4 and C23 atoms.
Contribution of the neutral butatrienetetrayl structure 2A,

however, is evident, since (i) the C4 rod is slightly tilted toward
Ru3 as indicated by the C3–C4–Ru angles and (ii) the C–C
distances of the m-C–C·C–C moiety are averaged to some
extent. It should be noted that the (m-C4)Fe2Cp*2(CO)3
structure results from 1,4-migration of the iron fragment along
the C4 rod, i.e. the FeCp*(CO)n fragment is shifted from one end
of the C4 bridge to the other upon interaction with Ru3(CO)12.
The NMR spectrum of the other deep purple red complex 3a†
contained four sets of Cp* signals indicating oligomerization of
1a, and X-ray crystallography‡ [Fig. 1(b)] revealed a hex-
anuclear structure with a dimerized C8 skeleton. Again,
formation of the new C8 carbon linkage involves 1,4-migration
(C5 ? C8) of the iron fragment. The migration induces a
change of part of the polyyne structure into a cumulenic moiety
(C8NC7NC6NC5) with similar C–C distances. Although the
pentatetraenylidene structure 3aA p-bonded to the two ruthe-
nium atoms is a possible canonical structure of 3a, the bent C5–Scheme 1

Fig. 1 Molecular structures of 2# (a) and 3a (b) drawn at the 30% probability
level. Selected parameters: 2#: Fe–C1 1.906(6), 1.885(9), C1–C2 1.31(1),
C2–C3 1.25(1), C3–C4 1.34(1), C4–Ru 2.093–2.120(9), Ru–Ru
2.749–2.781(1), Fe1–Fe2 2.530(2) Å; Fe–C1–C2 137.4(6), 138.8(7), C1–
C2–C3 179(1), C2–C3–C4 177.4(8), Ru1–C4–C3 133.4(6), Ru2–C4–C3
132.3(7), Ru3–C4–C3 126.0(6)°. 3a: C1–C2 1.202(8), C2–C3 1.443(8),
C3–C4 1.408(7), C3–C9 1.538(8), C4–C5 1.415(7), C5–C6 1.315(8), C6–
C7 1.308(7), C7–C8 1.285(7), Fe1–C1 1.912(6), Ru2–C3 2.291(5), Fe2–C4
2.024(5), Ru2–C4 2.279(5), Ru1–C5 2.228(5), Ru2–C5 2.128(5), Ru1–C6
2.458(5), Fe3–C8 1.934(6), Fe4–C8 1.924(6), Ru1–C9 2.118(6), Ru1–Ru2
2.7453(7), Fe3–Fe4 2.542(1) Å; Fe1–C1–C2 176.4(5), C1–C2–C3
168.7(6), C2–C3–C4 128.2(5), C2–C3–C9 114.7(4), C4–C3–C9 113.0(4),
C3–C4–C5 112.5(5), C4–C5–C6 144.1(5), Ru1–C5–Ru2 78.1(2), C5–C6–
C7 168.4(6), C6–C7–C8 176.4(6), Ru1–C9–C3 110.3(3)°.
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C4–C3 moiety with similar C–C and Ru2–C distances reveals
h3-allyl coordination to Ru2. The linear C3–C2–C1–Fe1 moiety
is a normal h1-acetylide structure. Coordination of the perpen-
dicularly projected, adjacent cumulenic p orbitals of the C6–C5
and C5–C4 bonds to the two ruthenium atoms connected by a
Ru–Ru bond6 leads to strain, which is relieved by formation of
a larger membered ring structure via CO-insertion [CO(9)]. The
C8 bridge was also characterized by 13C NMR spectroscopy.†
Except for the deshielded C8 signal (dC 254.7), the other signals
appeared in a rather narrow range (dC 157–107).

The isostructural C8 complex 3b† was obtained from the Fe,
Ru-mixed metal butadiynediyl complex, Fp*–C·C–C·C–
RuCp*(CO)2 1b,4 upon treatment with Ru3(CO)12.§ Complex
3b consisted of a mixture of two inseparable isomers, 3bA and
3bB (Chart 1), as indicated by NMR data containing two sets of
signals as well as the successful X-ray structural analysis taking
into account a disordered structure containing two components.
It should be noted that no homometallic complexes (M1 = M2
= Ru or Fe) were detected by NMR and FD-MS analyses
suggesting an intramolecular mechanism for the migration.

Another example of metal migration was observed for
reaction of Fp*–C·C–C·C–RuCp(CO)2 1c [Cp(h5-C5H5) de-
rivative of 1b] with Fe2(CO)9, a group 8 metal carbonyl.§ The
deshielded 13C NMR signal (dC 193.7) of the resultant purple
Fe3-adduct 4 (Chart 1)† suggested formation of a m-acetylide
cluster compound,7 and X-ray crystallography‡ revealed a
pentanuclear structure consisting of a cationic dinuclear m–
h1+h2-acetylide complex part and an anionic trinuclear m3-
acetylide cluster type structure. The structure of each compo-
nent is normal, and the diamagnetic nature of 4 can be
interpreted in terms of the zwitterionic structure, each metal
center in which is coordinatively saturated.

In conclusion, interaction of the butadiynediyl complexes 1
with group 8 metal carbonyls results in the formation of novel
highly conjugated polycarbon–metal cluster systems. The
structures of 2 and 3 suggest the occurrence of stepwise metal
migration along the carbon rod, and the C8 linkage in 4 is
formed via 1,4-migration on a ruthenacyclopentadiene inter-
mediate 5 resulting from oxidative metallacyclization of 1
(Chart 1).8 Noteworthy features of the present system are as
follows. The formation of zwitterionic structures such as 2 and
4 are regarded as typical of electron transfer through un-
saturated carbon rods. Another feature is the flexible coordina-
tion mode of the C(sp)n system. For example, in the case of
interaction with trimetallic species, the C4 ligand can behave as
a three- (m3-h1-C4 like C4 in 2) to seven-electron donor (m-h3-
propargylidene-ketene).3c When combined with coordination of
CO ligands, which can act as either one- or two-electron donors,
various intermediates have many opportunities to attain coor-
dinative saturation by switching coordination modes of the C4
and/or CO ligands.
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