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IE. Organometallics

I. Basic Principles

A. Organometallic Mechanisms

Oxidation State: The oxidation state of a metal is defined as the charge left
on the metal after all ligands have been removed in their natural, closed-shell
configuration. This is a formalism and not a physical property!

d-Electron Configuration: position in the periodic table minus oxidation state.

18-Electron Rule: In mononuclear, diamagnetic complexes, the total number
of electrons never exceeds 18 (noble gas configuration). The total number of
electrons is equal to the sum of d-electrons plus those contributed by the
ligands.
18 electrons = coordinatively saturated
< 18 electrons = coordinatively unsaturated.
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Bonding considerations

for M-CO:
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Structure

• saturated (18 e-) complexes: 
- tetracoordinate: Ni(CO)4, Pd(PPh3)4 are tetrahedral
- pentacoordinate: Fe(CO)5 is trigonal bipyramidal
- hexacoordinate: Cr(CO)6 is octahedral

• unsaturated complexes have high dx2-y2;
16e- prefers square planar

Basic reaction mechanisms

- ligand substitution: M-L + L’ →  M-L’ + L
can be associative, dissociative, or radical chain.

trans-effect: kinetic effect of a ligand on the role of substitution at
the position trans to itself in a square or octahedral complex (ground-state
weakening of bond).
L → M, repels negative charge to trans position.
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- oxidative addition:

- reductive elimination:  the major way in which transition metals are
used to make C,C- and C,H-bonds!
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- migratory insertion:

- β-elimination/hydrometalation:
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- olefin metathesis:

- transmetalation:

R-M  +  M’-X  →    R-M’  +  M-X
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Summary of Mechanisms:

- ligand substitution
- oxidative addition/reductive elimination
- migratory insertion/β-elimination (carbo-, hydrometalation)
- alkene metathesis
- transmetalation

IF. The Synthetic & Mechanistic Chemistry of
Organolithium Derivatives

“Organolithiums are the most widely used
organometallics in contemporary organic
chemistry”
Peter Beak
Acc. Chem. Res. 1996, 29, 552
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Synthesis of Organolithium Reagents
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Electrophilic Substitutions at Lithiated sp3-C
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Relative Rates for Sn-Li Exchange on Piperidines

To a first approximation, consistent with Winstein-Holness kinetics: 
Only the “equatorial” conformer transmetalates
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Farina, V.; Reeves, J. T.; Senanayake, C. H.; Song, J. J., "Asymmetric synthesis of
active pharmaceutical ingredients." Chem. Rev. 2006, 106, 2734-2793.
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IG. The Synthetic & Mechanistic Chemistry of
Organomagnesium Derivatives
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Synthesis of Chiral Grignard Reagents
- Hoffmann, R. W.; Hölzer, B.; Knopff, O.; Harms, K., "Asymmetric synthesis of a
chiral secondary Grignard reagent." Angew. Chem. Int. Ed. 2000, 39, 3072-3074.
After a sulfoxide/magnesium exchange reaction, a carbenoid homologation
reaction provides a chiral secondary Grignard reagent that can be oxidized
enantioselectively.


