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1.  The structure of the organometallic complex methylcobalamin (an active form of vitamin B12) is 

shown to the right. 

(a) Identify each of the ligands as X-type or L-type and 

give the electron count and oxidation state of the Co. 

(b) Speculate as to why metal-alkyl bonds are rare in 

biological systems, and why most examples have Me 

as the alkyl group. 

(c) Methylcobalamin is responsible for the production of 

highly toxic methyl mercury, [MeHg]+, from 

biological transformation of mercury. What sort of 

reaction is this? 

[10 marks] 

 

 

 

 

 

 

2.     Tetramethylfulvene reacts with Ru3(CO)12  

to form a dinuclear complex: 

 

 
 

(a) Draw plausible structures for the product, including different possible binding modes for the 

tetramethylfulvene ligand.  

(b) What characterization methods might you use to determine which mode is most appropriate? 

(c) The complex displays fluxional behavior (see part of the 13C NMR spectrum below). Define 

fluxionality, and speculate on what sort of process might be going on to result in these data. 

 

                                      [20 marks] 
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3.  Sketch out a neutral 18-electron structure showing the geometry about the metal center as accurately 

as you can for the following metals and ligands.  Use at least one metal and each type of ligand shown.  

Try to keep your structure as simple as possible (nothing higher than a bimetallic complex).  Ligands are 

shown without charges; indicate the proper ligand charge and metal oxidation state in your electron 

counting.    

 

a) W, μ-PR2, CO, H 

b)   Hf, Cp, N≡CCH3, NCH3 

c)   Pt, CH, Cl, PMe3    

[15 marks] 

 

4.  The molecule (+)-ferruginine is a potent anti-Alzheimer drug, and in February 2004 three different 

research groups independently published concise routes to its synthesis. All three syntheses used Grubbs’ 

catalyst to transform molecules based on the one shown on the right. 

 

(a) Draw the structure of Grubbs’ catalyst. 

(b) Draw a series of catalyzed reactions that lead to the basic framework of (+)-ferruginine. Your 

reactions should include the structures of intermediates. Note: these reactions are just part of the 

total synthesis, so the product does NOT have to have all the functional groups in place, just the 

carbon skeleton of the bicycle. 

(c) Name the overall reaction. 

[20 marks] 

 

5.  Choose ONE of the following topics, and give a brief account of the chemistry: 

(a) Heck and Sonogashira reactions 

(b) Pauson-Khand reaction 

(c) Hydrosilylation 

 [15 marks] 

 

6.  Elaborate upon any TWO of the following Nobel Prizes for Chemistry:  

(a) 2010: “for palladium-catalyzed cross couplings in organic synthesis”. 

(b) 2005: “for the development of the metathesis method in organic synthesis”. 

(c) 2001: “for their work on chirally-catalysed hydrogenation reactions”. 

(d) 1973: “for their pioneering work, performed independently, on the chemistry of the organometallic, 

so called sandwich compounds”. 

(e) 1963: “for their discoveries in the field of the chemistry and technology of high polymers”. 

 

 [30 marks] 
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7.  Give an account of the strengths, weaknesses, and applications of some of the characterization 

methods used in organometallic chemistry. You may choose to give a brief summary of many methods 

or go into more detail on a few. 

[15 marks] 

 

8.  Olefin polymerization is responsible for producing over 100 million tons per year of plastic material. 

(a) Briefly describe the type of catalysts used in the homogeneous and heterogeneous versions of this 

reaction. 

(b) How are the catalysts activated? 

(c) Draw the active catalyst, and indicate how the polymer chain is propagated. 

(d) Suggest a possible chain termination step. 

(e) Certain single-site catalysts are capable of selectively forming different types of polypropylene. 

Describe these different types of polymer, and the characteristics of the catalysts that form them. 

 

[20 marks] 

 

9.  Sketch out a reasonable catalytic cycle for the following reaction (hydroboration) and name each 

reaction step.  Make sure the oxidation state of the metal is reasonable. Use the precatalyst complex 

shown to generate your active catalyst by reaction with HBR2 (R = alkyl group) to eliminate CH4 (don’t 

forget to label what this step is called). 

 

 

[15 marks] 
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10.  Inspect the catalytic cycle below, for the so-called “Wacker process”. The reaction is carried out in 

the presence of air. 

 

 

 

(a) Identify A, B and C. 

(b) Write down the overall reaction, and describe it. 

(c) For each of steps 1-9, name the reaction(s) occurring.  

(d) Comment on the changes in Pd oxidation state and electron count during the catalytic cycle. 

 

[20 marks] 

 

END 


