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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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Structure 9000
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« saturated (18 e-) complexes:
- tetracoordinate: Ni(CO),, Pd(PPh;), are tetrahedral
- pentacoordinate: Fe(CO); is trigonal bipyramidal
- hexacoordinate: Cr(CO), is octahedral
* unsaturated complexes have high d,2 ,2; ,
16e- prefers square planar
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Basic reaction mechanisms 0000
0000
o O
- ligand substitution: M-L + L' — M-L’ + L
can be associative, dissociative, or radical chain. L M X
G_-Q+-G+ D

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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- B-elimination/hydrometalation: 0000
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olefin metathesis: 3338
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Fischer carbene complex
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- transmetalation: 0000
0808

R-M + M-X = R-M’ + M-X
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Summary of Mechanisms: 0909
- ligand substitution
- oxidative addition/reductive elimination
- migratory insertion/p-elimination (carbo-, hydrometalation)
- alkene metathesis
- transmetalation
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IF. The Synthetic & Mechanistic Chemistry of 0000
Organolithium Derivatives 8§8§

“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 0000
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Halide-Lithium Exchange

- Wang, X.; Rabbat, P.; O'Shea, P.; Tillyer, R.; Grabowski, E. J. J.; Reider, P. J.,
"Selective monolithiation of 2,5-dibromopyridine with butyllithium." Tetrahedron Lett.
2000, 41, 4335-4338.
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Electrophilic Substitutions at Lithiated sp3-C
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Relative Rates for Sn-Li Exchange on Piperidines 5909

t-Bu t-Bu
BuzSn BuzsSn*' Me Bussn/(Nj
Me Me Me
eg-Sn ax-Sn 2 conformers
—4 -1
k (x107" sec™) 14.8 0 5.5

191K

To a first approximation, consistent with Winstein-Holness kinetics:
Only the “equatorial” conformer transmetalates
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Preparation of Grignard Reagents by Halogen-Mg Exchange 2988
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- Abarbri, M.; Thibonnet, J.; Bérillon, L.; Dehmel, F.; Rottlander, M.; Knochel, P.,
"Preparation of new polyfunctional magnesiated heterocycles using a chlorine-,
bromine-, or iodine-magnesium exchange." J. Org. Chem. 2000, 65, 4618-4634.
Jensen, A. E.; Dohle, W.; Sapountzis, |.; Lindsay, D. M.; Vu, V. A.; Knochel, P.,
"Preparation and reactions of functionalized arylmagnesium reagents." Synthesis
2002, 565-569.

The reaction of heteroaryl iodides with i-PrMgBr (ca. 1.0 equiv) in THF provides
the corresponding magnesiated heterocycles. Functional groups such as an
ester, cyano, or chloride functions are tolerated in these new Grignard reagents if
the exchange can be performed below -20 °C. This is the case for all
heterocycles bearing electron-withdrawing groups or chelating functions
facilitating the iodine-magnesium exchange. In many cases, the exchange can be
extended to heteroarylbromides, and a case of a chlorine-magnesium exchange
is described with tetrachlorothiophene. This method was applied to pyridines,
imidazoles, furanes, thiophenes, pyrroles, antipyrines (pyrazolones), and uracil
derivatives.
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tetrachlorothiophene. This method was applied to pyridines, imidazoles, furanes,
thiophenes, pyrroles, antipyrines (pyrazolones), and uracil derivatives.

Synthesis of Chiral Grignard Reagents

- Hoffmann, R. W.; Hélzer, 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.
Ox. HO\_/\Ph

5 equiv EtMgCI CiMg
S\l/\Ph q 9 \E/\Ph :
N cl 7810 -30 °C, THF N ~

oxidant yield ee
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