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1912 V. Grignard „for the discovery of the so-called Grignard reagent, which in recent years has greatly advanced
the progress of organic chemistry“

1963 K. Ziegle, G. Natta „for their discoveries in the field of the chemistry and technology of high polymers“

1973 E. O. Fischer, G. Wilkinson „for their pioneering work, performed independently, on the chemistry of the
organometallic, co-called sandwich compounds“

2001 W. Knowles, R. Noyori, K. B. Sharpless „for their work on chirally catalysed hydrogenation reactions“

2005 Y. Chauvin, R. H. Grubbs, R. R. Schrock „for the development of the metathesis method in organic synthesis“

2010 R. F. Heck, E.-i. Negishi, A. Suzuki „for palladium-catalyzed cross-couplings in organic synthesis“

➢ The Nobel Prizes in Chemistry
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• 1760 • 1727 Dutch scientist Heman Boerhaave
discovered H2NCONH2

• 1828 Urea was synthesized by  Friedrich Wöhler

• 1827 Zeise´s salt

• 1852   Franklad prepared MeHgI

• 1938 O. Roelen discovered hydroformylation

• 1951 P. Pauson synthesized ferrocene

• 1952 H. Gilman established organocuprates

• 1964 E. O. Fischer synthesized the first carbene complex

• 1969 A. E.  Shilov discovered PtII-catalyzed H/D Exchange of alkene with
solvents  → C−H activation

➢ Milestones

Transition Metal Complexes



Přechodné kovy v organické syntéze

➢ Periodic table of the elements
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➢ Modified periodic table of the elements

➢ Our periodic table of the elements
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➢ Examples of organometallic compounds
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➢ Properties of transition metals

• Ionization potentials

• Size

Transition Metal Complexes
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➢ Structure of transition metal complexes − Oxidation state of transition metal and number of d-electrons

Oxidation state

Number of d-electrons

0 4 5 6 7 8 9 10

I 3 4 5 6 7 8 9

II 2 3 4 5 6 7 8

III 1 2 3 4 5 6 7

IV 0 1 2 3 4 5 6

Transition Metal Complexes
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➢ Structure of transition metal complexes − Ligand properties

• The 18-electron rule − coordinatively saturated (18 electrons) or unsaturated complexes (18 electrons) 

• Coordination number − number of ligands bounded to the metal by -bonds

• Hapticity () describes how many atoms of the ligand bind to the transition metal

• Monodentate or polydentate ligands

Transition Metal Complexes
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➢ Structure of transition metal complexes − 18 electron rule

Transition Metal Complexes



Přechodné kovy v organické syntéze

Transition Metal Complexes

➢ Structure of transition metal complexes − 18 electron rule



Přechodné kovy v organické syntéze

Transition Metal Complexes

➢ Structure of transition metal complexes − 18 electron rule



Přechodné kovy v organické syntéze

➢ Structure of transition metal complexes − Geometries of transition metal complexes

• Depends on coordination number

Transition Metal Complexes
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➢ Structure of transition metal complexes − Bindings in transition metal complexes
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➢ Structure of transition metal complexes − Phosphine ligands
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• Behaviour of phosphine−metal complexes in solution

Transition Metal Complexes

➢ Structure of transition metal complexes − Phosphine ligands

• Chiral phosphines
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• Tolman cone angle (Bite angle)

Phosphorus ligand Cone angle (°)

PH3 87

P(OMe)3 107

PMe3 118

PPh3 145

PCy3 170

PtBu 182

P(mesityl)3 212

Transition Metal Complexes

➢ Structure of transition metal complexes − Phosphine ligands
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• Carbon monoxide as ligand

o Complexes are available by direct synthesis

o Complexes are available by reductive carbonylation

o CO binding modes

Transition Metal Complexes

➢ Structure of transition metal complexes − Carbon monoxide
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➢ Structure of transition metal complexes − Carbon monoxide
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• Carbon monoxide as a tool to determine the scope of -backbonding

• Carbon monoxide and electronic properties of P-ligand

Transition Metal Complexes

➢ Structure of transition metal complexes − Carbon monoxide
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➢ Structure of transition metal complexes − Alkenes
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➢ Structure of transition metal complexes − Alkenes

Transition Metal Complexes

• Examples of stable alkene complexes
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➢ Structure of transition metal complexes − Halides

Transition Metal Complexes
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Organometallics 2000, 19, 775

➢ Structure of transition metal complexes − Halides binding in organic synthesis

Transition Metal Complexes


