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1.   Irradiating Fe(CO)5 with UV light in the presence of cyclopentadiene results in the formation of A 
and colourless gas B. A has four different 1H NMR environments in a 2:2:1:1 ratio. Heating A further 
results in the release of more B to make C, having the formula FeC7H6O2. Molecule C reacts rapidly 
with itself at room temperature to eliminate colourless gas D, forming solid E. Compound E has two 
strong IR bands, one near 1850 cm-1, the other near 2000 cm-1. Heating E with MeSSMe gives a 
product F that has an elemental analysis consistent with FeC7H8OS and with a single strong IR band 
near 2000 cm-1. Treatment of E with Na metal generates solid G of empirical formula FeC7H5O2Na. 
Reaction of G with Me3CCl in a non-polar solvent produces C, H and a white precipitate. Draw 
structures for A to H in the appropriate boxes below. 

[14 marks] 

  
 
 



2.    Draw the two singly occupied molecular orbitals of the cycloheptatrienyl anion, [C7H7]–. Sketch 
alongside each of these singly occupied MOs the metal orbitals with the correct symmetry for a 
bonding interaction. Assume the z-axis runs through the metal centre and the centre of the ring of 
carbon atoms. 

[6 marks] 
 

 
 
4.    N-heterocyclic carbenes are very poor π-acceptors, and are less tunable both sterically and 
electronically than phosphines. Explain the reasons for these observations. 

[8 marks] 
 
5.    Trimethylenemethane (below) is a planar diradical and very unstable in the free state. However, it 
is stable as a ligand for transition metals, and all four carbon atoms bind to the metal. Draw possible 
resonance forms for this ligand binding to a metal, and suggest how it might be distorted from planarity 
on binding. How many electrons does it donate to the metal? In an M(CO)3(η4-trimethylenemethane) 
complex, what is the oxidation state of M? 

 
[7 marks] 

 
6.     Cobaltocene, Cp2Co, is stable at room temperature, but the rhodium analogue dimerizes to give 
the compound Rh2C20H20. Draw two possible structures for the product; both should obey the 18 
electron rule. 

[7 marks] 


