Organometallics - Structure & Bonding

1. Include theoretical, thermodynamic and kinetic perspectives on stability, limitations, uses and the

16/14 electron rules. Make reference to examples of your own choice and some of the following compounds:
W(CO)4(PM€3)2, (5'C5H5)2TiC|2, MO(CO)s{CPh(OEt)}, (5'C5H5)2C0, Tl(CHzph)4 [RhCIz(CO)z] , Hg(CO)22+, Cr(NO)4, Cr(6'
CgHs)(CO)s, Ce( 8-CgHs),, Fe( 4-CgHs)(CO)s Rey(CO)ig, Ira(CO)1a, [(5-CsHs)Fe(CO)l4

When does the 18-electron rule work?

It was devised for mid-low oxidation state metals with mt-acceptor ligands, such as CO, for 2" & 3" row compounds. It doesn’t
work for lanthanide or actinide-based organometallic compounds as they have valence f-orbitals, as well as the s, p, and d
orbitals of the transition metals.

What is the 18-electron rule?
If all of the metal-ligand bonding & low-energy non-bonding d-orbitals are filled and the antibonding orbitals are unoccupied,
then a kinetically stable complex will result.
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4. Add electrons for any metal-metal bonds, providing there are sufficient d electrons. The number of metal-metal bonds
present in a compound can be predicted according to the 18-electron rule.

Complications
This does not explain why not all transition metals follow this rule, or why there is an equivalent 16-electron rule.

It is disobeyed for:
* Some octahedral (MLg) complexes
* Square planar (D4, MLy) complexes
*  Early transition metals
¢  Sterically encumbered compounds
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[RhCI(PPhs);] — Wilkinson’s Catalyst
Wilkinson’s catalyst acts as an alkene hydrogenation catalyst.

It loses a ligand, forming the T-shaped 14-
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(n°-CsHs)Fe,(CO), — King’s Dimer/Tetramer
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The isomers interconvert — fluxionality (as left).

OC —F “ CO When the dimer is heated, a carbonyl is lost on each Fe atom and a tetra-cluster of Ty symmetry
/ '\/\ A is formed, with 2 Fe-Fe bonds on each atom. This has the formula Cp4(CO)4Fe4and is shown to
NlFe Fel \ the left. The cluster has 24 electrons in the Fe, cluster molecular orbitals, which fill the bonding
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[TiCls(dmpe)Et] \
This is an example of a kinetically stabilized 6&1 Ikyl by blocking vacant coordination sites

M
‘e with donor ligands.

i
C L/‘ \Me The dmpe ligand @ alant coor atuQ s, agekinnibits B-H elimination. This involves an
Me incr e\Ncoo nation numbe ase in the valence electron count.
) Stabl@ s herefore Tlr\@ag%out -50°C, but the dmpe adduct is stable at room temperature.
C L = Me,P PMe,
dmpe

(1,2-bis(dimethylphosphino)ethane)



