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The chemistry of hydrocarbon-bridged multi-nuclear transition complexes is a subject 
of intense research activity, largely because information about the chemical behavior of hydro
carbon fragments in such complexes is relevant to surface chemistry of heterogeneous catalysts 
[1]. While metal cluster carbides are relatively common [2], complexes with dicarbide ligands 
that bridge to just two metals are rare. V. R. Nast reported K2[HC=CAuC=CAuC=CH] [3] as 
the first C2-bridged complex in 1964. From 1980 to date, twenty additional compounds have 
been discovered. The development of further chemistry with these compounds has been 
frustrated by their poor availability. 

There is no systematic strategy for the preparation of C2 bridged compounds. In 
principle, this type of complex can be prepared: (a) from alkali metal acetylides and alkyl 
complexes or metal halides, (b) from alkyne complexes having acidic protons and metal 
halides or alkyl complexes, (c) from cationic complexes containing cr,1t-ethynyl bridges, (d) 
from metal alkyls and acetylene, (e) from dihaloacetylene and carbonylmetalate ions, (f) from 
lithiated metal alkynes and metal halides, or (g) by oxidative addition of a dihaloacetylene, a 
1,3-diyne, or "RC=c+" to low-valent metal centers. 

Three limiting valence bond descriptions of a central linear M-C-C-M moiety can be 
drawn as shown in I-III. 

M-C=C-M 
I 

M=C=C=M 
II 

Among the known compounds, most adopt the type I bonding mode. Only Cp2(Me3P)
Ti=C=C=Ti(Me3P)Cp2 [ 4] and (silox)3Ta=C=C=Ta(silox)3 [5] adopt the type II bonding 
mode and (t-Bu0)3W=C-C=W(O-t-Bu)3 [6] is the single known example of type III. The C
C bond distance within the bridging C2 unit typically corresponds to a normal triple, double, 
or single C-C bond. 

The MO diagrams of three compounds that illustrate each bonding mode have been 
calculated. The calculations for (OC)5Re-C=C-Re(C0)5 [7] indicate that there is no net Re
acetylene 7t-interaction and that the dominant interaction between the rhenium and the C2 
unit is a a-bond. The overall picture of an intact C=C triple bond and two Re-C cr bonds 
agrees with the structural results. On the other hand, calculations on (silox)3Ta=C=C=Ta
(silox)3 [8] suggest that there is appreciable d7t ~ C2(x*) backbonding. The difference be
tween Re-C=C-Re and Ta=C=C=Ta may be attributed to the contrasting roles played by the 
n acceptor CO ligands in the dirhenium complex and the 1t donor siloxide ligands in the di
tantalum compound; these ligands help to determine the energies of the metal d7t orbitals 
relative to those of the C2 fragment. The calculated frontier orbital diagram of (t-Bu0)3-
W=C-C=W(O-t-Bu)3 [9] shows that the combined effects of C2 n donation and C2 7t* back
bonding leads to significant reduction of the C-C bond order. The results indicate that the 
type III bonding mode is approached but not folly achieved. It is worth noting that com
plexes of the later transition metals cannot reduce the C-C bond order to the same extent be
cause (a) their d7t electrons are too low in energy to back-bond effectively into the C2 (7t*) 
orbital, and (b) if all the d7t metal orbitals are filled, then no net n donation from the C2 unit 
to the metal is possible. 

In contrast to the plentiful chemistry of C1 species, the chemistry of C2 species is 
much less developed. To date, two kinds of reactions have been described: (1) insertion of 
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isocyanides into the metal-carbon bond, and (2) incorporation of the dicarbide ligands into 
larger clusters. 

Selective double insertion of isocyanides into the metal-carbon bond of Cl(PR3)2Pt
C=C-Pd(PR3)2Cl [10] and Cl(PR3)2Pd-C=C-Pd(PR3)2Cl [11] compounds has been carried 
out by the Takahashi group [12,13]. Multiple and successive insertion of isocyanides into the 
Pd-C bond of Cl(PR3)zPt-C=C-Pd(PR3)zCl has also been observed, which suggests that this 
reaction is a living polymerization process. Isocyanide can be also inserted into the Zr-car
bon bond of Cp(Me3P)2Ru-C=C-ZrCp2Cl [14]. 

Several dinuclear dicarbide compounds have been used as building blocks for the 
construction of larger clusters containing a dicarbide ligand. For example, reaction of Cp*
(OC)2Fe-C=C-Fe(C0)2Cp* with Ru3(CO)l2 results in the sequential formation of permetal
ated ethene and ethane derivatives [MC=CM -+ M2C=CM2-+ M3C-CM3] by formal step
wise addition of dimetallic fragments to the C=C bond [15]. Reaction of Co2(CO)g with 
Cp*(OC)2Fe-C=C-Fe(C0)2Cp* [ 16] or (OC)5Re-C=C-Re(C0)5 [ 17] forms tetranuclear 
clusters containing bicarbide ligands. The thermal reaction of Cp(C0)2Ru-C=C-Ru(C0)2Cp 
[18] with Fe2(C0)9 gives similar products [19]. However, reaction of Cp*(OC)2Fe-C=C
Fe(C0)2Cp* with CP2Ni2(C0)2 results in elimination of the C2 ligand to give the Cp*
COFe(µ-C0)2NiCp dimer [20]. 

In conclusion, the three limiting bonding modes of C2-bridged complexes have been 
found. Compounds containing ethynediyl (type I) ligands constitute the majority of known 
compounds, and these can be useful for the synthesis of larger clusters. The reaction of iso
cyanides with Cl(PR3)2Pt-C:;;C-Pd(PR3)2Cl demonstrates that selective insertion and a living 
polymerization process can be achieved. The chemistry of complexes containing C2 units of 
types II and Ill has yet to be developed. 
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