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I. Statement of Problem 

The main objective of this work was to design and synthesize small metallacarborane sandwich 
complexes that are suitable as building-blocks in the construction of new families of 
electroactive, magnetoactive, and/or optically active materials, and to conduct detailed studies of 
the electronic and molecular structure of selected systems of this class. 

II. Summary of Important Results 

1. Synthesis of Heavy Transition-Metal Metallacarborane Sandwich Complexes 

Synthetic routes to multidecker sandwich complexes of second- and third-row transition 
elements were developed. As an example, double-decker iridium and ruthenium complexes were 
prepared and employed as synthons for preparing several new classes of triple- and tetradeckers, 
including rhodium- and iridium-centered sandwiches including compound 9 ("Group9ocene"), a 
unique sandwich containing all three Group 9 metals. (For details see Interim Technical Report 
for February 1996, and publication 9 cited below). 
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2. Cluster Linkage. 

In a project begun during the previous 3-year grant and extended under the current 
project, we developed methods for linking metallacarborane clusters via B-B, C-C, and metal- 
metal (M-M) intercage bonds, for the purpose of eventually building extended electron- 
delocalized solid-state metallacarborane-based networks. Paper 4 cited below describes the B-B 
and C-C linking reactions, both of which are novel to boron chemistry: 
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3. 

3. Cage Recapitation. 

A further dimension to cluster linkage methodology was added via "recapitation", a 
process that is functionally the reverse of our "decapitation" reaction in which the apex BH in a 
closo-MC2B4 cage is removed to generate an open face which in turn can rc-complex to metal 
ions (e.g., conversion of 3a-d to 4a-d shown above). In recapitation, illustrated here, a boron 
atom bearing a substituent is inserted into the open face to a B-X unit, thereby affording apex- 
substituted clusters that can be used to form apex-linked oligomers and polymers (paper 10). In 
collaborative work with Siebert and co-workers at the University of Heidelberg (paper 14), this 
approach was exploited to prepare and structurally characterize a series of linked 
biscobaltacarboranes: 
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4. Metal Hydride Sandwich Complexes. 

Manipulation of metal-bound protons in hydridometallacarboranes of iron and cobalt 
(e.g., their reversible deprotonation with accompanying redox processes at the metal centers) was 
explored in our laboratory as a means of controlling metal oxidation states. This approach has 
potential as a type of "molecular switch" that could be incorporated in organometallic polymers 
to alternate between conducting and insulating behavior. As described in paper 12, this work has 
been extended to ruthenium hydrides with the synthesis of the double-decker species 
Cp*RunH(Et2C2B4H4), which undergoes an unexpected B-alkylation on treatment with methyl 
triflate: 
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A heterobimetallic RuH-Co triple-decker was also synthesized as shown. 
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5. Metal Carbonyl-Based Chemistry and Metal-Metal-Bonded Clusters. 

A different approach to metallacarborane sandwich synthesis, with implications for 
materials engineering, utilizes metal carbonyl complexes whose CO ligands are more easily 
displaced than hydrocarbon ligands such as Cp, Cp*, and arenes, and hence promote coupling 
reactions directly at the metal centers. The following schemes summarize our work on 
molybdenum and tungsten metallacarboranes which has generated some novel species including 
the first M-M linked small metallacarboranes (paper 15). X-ray crystallography has established 
several of the structures shown, including the bent tetradecker (the first of its genre in carborane 
chemistry). 
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The principal significance of this work is twofold: (1) double-open-ended complexes such as the 
Mo2 species shown, are potential precursors to linear M-M linked polymers which would be 
quite novel and may have interesting electronic and magnetic properties; (2) the absence of 
hydrocarbon ligands makes these species attractive candidates for conversion to graphite-free 
metal-boron solid-state materials. 
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6. Double-Decapped Metallacarborane Synthon Complexes. 

After an extended effort, we have found a way to prepare small double-decker complexes 
containing two open-faced C2B3 rings that can be deprotonated and reacted with metal ions to 
generate extended multidecker sandwiches, i.e., polydeckers. Such species have been a goal of 
this research for some time, and we are currently investigating the actual formation of such 
polydecker species. 
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7. Alkyne-Linked Systems. 

Substantial progress has been achieved in the synthesis of metallacarboranes containing 
multiple metal centers with alkyne (bare carbon atom) connectors that are efficient conductors of 
electrons and are often called "molecular wires". The double-open-ended complexes shown are 
well positioned to serve as synthons for alkyne-linked conducting polymers, a prospect we are 
currently investigating. 
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