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GerealiseerdeGerealiseerde LeerdoelenLeerdoelen

••de chemische binding van essentide chemische binding van essentiëële delen of van le delen of van ligandenliganden in in 
overgangsmetaal complexen en overgangsmetaal complexen en organometaalverbindingenorganometaalverbindingen beschrijven beschrijven 
met behulp van kwalitatieve met behulp van kwalitatieve MOMO--diagrammendiagrammen

••elektronenovergangen in elektronenovergangen in overgangsmetaalcomplexenovergangsmetaalcomplexen correleren met correleren met 
de eigenschappen van deze verbindingende eigenschappen van deze verbindingen

••de voornaamste reactiemechanismen in de voornaamste reactiemechanismen in dd--blokblok complexen weergevencomplexen weergeven

•• voor voor dd--blokblok organometaalverbindingenorganometaalverbindingen de basiseigenschappen en de basiseigenschappen en 
typerende chemische bindingen beschrijventyperende chemische bindingen beschrijven

••kennis van chemische binding, reactie mechanismen en kennis van chemische binding, reactie mechanismen en 
organometaalchemieorganometaalchemie
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NogNog tete lerenleren……

••eigenschappen van elementen en verbindingen daarvan aan de hand eigenschappen van elementen en verbindingen daarvan aan de hand van van 
de positie in het periodiek system uiteenzettende positie in het periodiek system uiteenzetten

••per per dd--blokblok metaal de meest optredende oxidatie toestanden noemen en metaal de meest optredende oxidatie toestanden noemen en 
typische verbindingen met hun reactiviteittypische verbindingen met hun reactiviteit

••Kennis toepassen op gecompliceerde (homogeen) katalytische systeKennis toepassen op gecompliceerde (homogeen) katalytische systemen men 

Wetenschappelijke houding, het denken in overkoepelende termen, Wetenschappelijke houding, het denken in overkoepelende termen, loslaten loslaten 
van het `hokjes denken', herkennen van de onderliggende principevan het `hokjes denken', herkennen van de onderliggende principes s 
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Inorganic Chemistry 6BA40Inorganic Chemistry 6BA40
LeerdoelenLeerdoelen
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••dd--MetaalMetaal complexen, moleculaire vormen en complexen, moleculaire vormen en isomerieisomerie, kristalveld, kristalveld-- en en 
MolecularMolecular OrbitalOrbital Theorie (hoofdstuk 1.6Theorie (hoofdstuk 1.6--1.8; 2.81.8; 2.8--9; 20, 21)9; 20, 21)

••Elektronen overgangen, magnetische eigenschappen en spectra in Elektronen overgangen, magnetische eigenschappen en spectra in 
verbindingen van overgangsmetalen (hoofdstuk 21) verbindingen van overgangsmetalen (hoofdstuk 21) 

••Reactiemechanismen en kinetische aspecten (hoofdstuk 26) Reactiemechanismen en kinetische aspecten (hoofdstuk 26) 
••OrganometaalOrganometaal verbindingen van de verbindingen van de ss--enen pp--blokblok elementen (hoofdstuk elementen (hoofdstuk 

19 / 19 / college college slidesslides) ) 
••OrganometaalOrganometaal verbindingen en hun voornaamste reacties (hoofdstuk 24 verbindingen en hun voornaamste reacties (hoofdstuk 24 

/ / college college slidesslides))
••Homogene Katalyse, basis kennis (hoofdstuk 27.1Homogene Katalyse, basis kennis (hoofdstuk 27.1--27.6) 27.6) 

ZELFSTUDIEZELFSTUDIE
••De eerste reeks overgangsmetalen (hoofdstuk 22) De eerste reeks overgangsmetalen (hoofdstuk 22) 

••De tweede en derde reeks overgangsmetalen (hoofdstuk 23) De tweede en derde reeks overgangsmetalen (hoofdstuk 23) 

http://www.hybridcatalysis.com/teachingcorner.htm
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www.hybridcatalysis,comwww.hybridcatalysis,com

••B.V.; spinB.V.; spin--off TU/eoff TU/e
••ProductontwikkelingProductontwikkeling: : katalysatorenkatalysatoren uituit nanonano--grondstofgrondstof

••DienstDienst: R&D met : R&D met robotischerobotische apparatuurapparatuur / Custom Synthese/ Custom Synthese

Erik AbbenhuisErik Abbenhuis
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KatalysatorKatalysator--screeningscreening
MiniplantsMiniplants door STW fundingdoor STW funding

StrategischStrategisch Technische & Technische & ChemischeChemische InnovatieInnovatie
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AdaptableAdaptable

Reactions can be heated and/or cooled on the same reactor. Reactions can be heated and/or cooled on the same reactor. 
Capable of integration into liquid handling equipment for full Capable of integration into liquid handling equipment for full 

automation. automation. 
ScalableScalable

Reactions can be easily scaled from mg to grams to kilos Reactions can be easily scaled from mg to grams to kilos 
EfficientEfficient

The high pressure / high temperature capability means many The high pressure / high temperature capability means many 
reactions progress to completion in minutes. reactions progress to completion in minutes. 

Reactions may be optimized "on the fly" to obtain optimum reactiReactions may be optimized "on the fly" to obtain optimum reaction on 
conditions in minutes. conditions in minutes. 

SafeSafe
Low volume system with high temperature control meaning many Low volume system with high temperature control meaning many 

volatile reactions can be safely and at high pressure.volatile reactions can be safely and at high pressure.

Process intensificationProcess intensification
Immobilized catalyst screening Immobilized catalyst screening 

StrategischStrategisch Technische & Technische & ChemischeChemische InnovatieInnovatie
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Custom SynthesisCustom Synthesis
Kilo Lab door STW fundingKilo Lab door STW funding

••STW funding: ~kSTW funding: ~k€€ 1515
••OpdrachtenOpdrachten terter waardewaarde van van ~k~k€€ 103 103 

StrategischStrategisch Technische & Technische & ChemischeChemische InnovatieInnovatie
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Project exampleProject example
PropenePropene dimerizationdimerization

StrategischStrategisch Technische & Technische & ChemischeChemische InnovatieInnovatie
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Binnen 3 jaar > 0.5 miljoen € omzet /jr in contractonderzoek

Exploitatie gebruiksrechten op eigen know-how
Klant A: 0.05 – 0.3 miljoen € omzet/jr vanaf nu

Omzet in productie nano-tech POSS katalysatoren
Klant B: kans op 1 tot 25 miljoen € omzet/jr over 1-10 jaar
Klant C kans op 2 tot 10 miljoen € omzet/jr over 2-5 jaar

Investeringen Launching Customers:
Klant B: k€ 188; Klant C k€ 120

CommercieelCommercieel perspectiefperspectief
GebaseerdGebaseerd op op huidigehuidige projectenprojecten
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Metal Metal AllylAllyl BondsBonds
Bonding ModesBonding Modes

Organomet_12Organomet_12

Fe
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OC

H
H

H
H

H

ηη11-- coordinationcoordination

Pd Cl
Cl
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ηη33-- coordinationcoordination

Ni
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ηη11-- ηη22-- coordinationcoordination
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M
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antianti

synsyn

•• SynSyn and and antianti protons can be distinguished in protons can be distinguished in 11HH--NMR spectrumNMR spectrum
•• Dynamic Dynamic behaviourbehaviour ((isomerizationisomerization) on the NMR time) on the NMR time--scale often leads to scale often leads to 

averaged signalsaveraged signals

•• AllylAllyl metal complexes are important intermediates and metalmetal complexes are important intermediates and metal--precursors precursors 
in catalytic reactionsin catalytic reactions
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Metal Metal AllylAllyl BindingBinding

Organomet_13Organomet_13

ddzz22

ppzz

ss

ddyzyz

ppyy
ppxx

ddxzxz

ψψ11 ψψ22 ψψ33

ligandligand
AA22

metalmetal

σσ--bondsbonds ππ--bondsbonds

BB11



SchuitSchuit Institute of Catalysis Institute of Catalysis
D. VogtD. Vogt AnorganischeAnorganische Chemie, 6BA40Chemie, 6BA40TUTU//ee

Metal Metal AllylAllyl BondsBonds
SynthesisSynthesis

Organomet_14Organomet_14

Fe

OC CO
CO

HCl
Fe Cl

OC CO
CO

•• protonationprotonation of 1,3of 1,3--diene complexesdiene complexes

MgBr2 +  NiCl2 Ni +  2 MgBrCl

•• reaction of metal halides with an reaction of metal halides with an allylallyl--GrignardGrignard reagentreagent

X +  Pd(PPh3)4 PdX(PPh3)2

X = OAc, OCOR
O

•• allylicallylic substitution reactionssubstitution reactions

HCo(CO)4    +
- CO

+
Co(CO)3Co(CO)3

•• reaction of a metalreaction of a metal--hydride with a 1,3hydride with a 1,3--dienediene



SchuitSchuit Institute of Catalysis Institute of Catalysis
D. Vogt Anorganische Chemie, 6BA40TUTU//ee

CyclopentadienylCyclopentadienyl Metal ComplexesMetal Complexes
MetallocenesMetallocenes

•• Important Important LigandLigand in in OrganometallicOrganometallic ChemistryChemistry

•• Frequently used Frequently used LigandLigand in in OrganometallicOrganometallic Chemistry: 1990: ~80% of  Chemistry: 1990: ~80% of  
OrganometallicOrganometallic compounds contain the Cp compounds contain the Cp LigandLigand

H

H

H H

H H

H

H

HH

•• ElectronElectron--Buffer Buffer LigandLigand: : ηη11; ; ηη33; ; ηη5 5 coordination commoncoordination common

M M
M
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H H

H H H H

- H+

FeCl2 + 2 NaC5H5 (C5H5)2Fe + 2 NaCl

CyclopentadienylCyclopentadienyl Metal ComplexesMetal Complexes
MetallocenesMetallocenes
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18 Electron Rule18 Electron Rule
Octahedral Complex Including Octahedral Complex Including ππ--BondingBonding

•• Strong Strong ππ--bonding bonding 
interaction with COinteraction with CO

EEgg

AA1g1g

TT1u1u

EEgg

tt2g 2g ((ππ))

3d3d

4s4s

4p4p

Cr(CO)Cr(CO)66CrCr 6 CO6 CO

tt1u1u**

aa1g1g**

eegg**

TT1u1u

tt1u1u

TT2g2g

eegg

aa1g1g

tt2g2g* (* (ππ*)*)
TT2g2g

AA1g1g
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dd--Metal ComplexesMetal Complexes
ππ--Bonding, Donor & Acceptor Bonding, Donor & Acceptor LigandsLigands

metalmetal ligandsligands metalmetal ligandsligands

ππ--donor donor ligandsligands decrease decrease ΔΔOO

ππ--acceptor acceptor ligandsligands increase increase ΔΔOO

dd--metal_18metal_18
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Cyclic Cyclic PolyenePolyene LigandLigand Metal ComplexesMetal Complexes
The Perimeter ModelThe Perimeter Model

•• How to find the right set of How to find the right set of LigandLigand Group Group OrbitalsOrbitals ((LGOsLGOs)?)?
•• What about the relative order in energy?What about the relative order in energy?

•• Symmetry provides an elegant way to determine a qualitative pictSymmetry provides an elegant way to determine a qualitative pictureure
-- draw the figure in a way that one corner points downdraw the figure in a way that one corner points down
-- draw one line for a corresponding MO per corner on the same levedraw one line for a corresponding MO per corner on the same levell

=>=> this gives a qualitative picture of the MOthis gives a qualitative picture of the MO--scheme for the perimeterscheme for the perimeter

•• Only the Only the ppzz orbitalsorbitals contribute to  the contribute to  the LGOsLGOs
=>=> The symmetry types can be found in the character tablesThe symmetry types can be found in the character tables
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a1'

e1'' e1''

e2' e2'

Cyclic Cyclic PolyenePolyene LigandLigand Metal ComplexesMetal Complexes
The Perimeter ModelThe Perimeter Model

•• Only the Only the ppzz derived derived LGOsLGOs contribute to  the binding with the metalcontribute to  the binding with the metal
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CyclopentadienylCyclopentadienyl Metal ComplexesMetal Complexes
MetallocenesMetallocenes

1    a1    a''
11 2    a2    a""

22 3    e3    e''
11 4    e4    e""

11 5    e5    e''
11 6    e6    e""

11

4pz3dz2, 4s 3dyz 3dxz4px 4py

7    e7    e''
22 8    e8    e""

22 9    e9    e''
22 10    e10    e""

22

3dx2-y2 3dxy

see also extra informationsee also extra information
Ch24_ ferroceneCh24_ ferrocene

Organomet_21
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MO diagram for a DMO diagram for a D5h5h MetalloceneMetallocene

•• The 18 electrons of ferrocene will The 18 electrons of ferrocene will 
fill the orbitals up to the afill the orbitals up to the a’’11
orbital.orbital.

This is the most stable situation This is the most stable situation 
for a metallocene.for a metallocene.

CpCp-- provides a large ligand field provides a large ligand field 
splitting, comparable to CNsplitting, comparable to CN--..

Organomet_22
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covalent Mcovalent M--C C σσ--bonding bonding 

Types of MTypes of M--C Bonds in the Periodic TableC Bonds in the Periodic Table

dd--metals, Mmetals, M--C C σσ--bonding and bonding and ππ--bondingbonding

electron deficiency compoundselectron deficiency compounds
metalloidsmetalloids
nonnon--metalsmetals

ionic compoundsionic compounds

mainmain--gr_organo 23gr_organo 23
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Reactivity of MetallocenesReactivity of Metallocenes

Cobaltocene is a strong reducing agent, comparable to Zn!Cobaltocene is a strong reducing agent, comparable to Zn!

thermal decomp.
FeCp2 > 450°C
CoCp2 ~ 150°C
NiCp2 ~ 100°C

•• Maximum stability for dMaximum stability for d66 (FeCp(FeCp22 and CoCpand CoCp22
++))

Co

E° = - 0.7V

Co

+

- e-

•• Reactivity of the electronReactivity of the electron--excess compounds dexcess compounds dnn, n > 6, n > 6

Organomet_24
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Reactivity of MetallocenesReactivity of Metallocenes
•• Reactivity of the electronReactivity of the electron--deficiency compounds ddeficiency compounds dnn, n < 6, n < 6

Cr Cr CO
CO

20°C

vv = 16= 16 vv = 18= 18

moisture sensitivemoisture sensitive

•• Ligand reactivityLigand reactivity

Ferrocene undergoes aromatic substitution, esp. FriedelFerrocene undergoes aromatic substitution, esp. Friedel--Crafts acylation. Also Crafts acylation. Also 
lithiation of the rings is possible.lithiation of the rings is possible.

Fe

O

Fe
1. CH3COCl/AlCl3

2. H2O
+

O

O

Fe

~ 10~ 1066 times more reactive than benzenetimes more reactive than benzene

Organomet_25



Trends and the Periodic TableTrends and the Periodic Table
Groups 3Groups 3--44

•• Strongly electrophilic and oxophilicStrongly electrophilic and oxophilic
•• Little redox chemistry (exception: Ti)Little redox chemistry (exception: Ti)
•• Virtually always < 18Virtually always < 18e e complexescomplexes
•• Polar and very reactive MPolar and very reactive M--C bondsC bonds
•• Little Little dd--electrons:electrons:

–– preference for "hard" spreference for "hard" s--donorsdonors
–– weak coordination to pweak coordination to p--acceptorsacceptors

III/18III/18



•• Typical catalysis:Typical catalysis: polymerization:polymerization:

Epoxidation:Epoxidation:

Me
M M

Me

Me
M etc

Early transition metalsEarly transition metals
Groups 3Groups 3--44

III/19III/19



•• Many oxidation states are Many oxidation states are 
accessibleaccessible

•• Mostly 18Mostly 18e e complexescomplexes
•• Ligands are strongly boundLigands are strongly bound
•• Strong, rather unreactive MStrong, rather unreactive M--C C 

bondsbonds
•• Preference for sPreference for s--donor/pdonor/p--acceptor acceptor 

combinations  (CO!)combinations  (CO!)

Middle transition metalsMiddle transition metals
Groups 5Groups 5--77

III/20III/20



•• Typical catalysis: alkene and alkyne metathesisTypical catalysis: alkene and alkyne metathesis

CH3CH CH2 CH2 CH2 CH3CH CHCH32
catalyst

n
n

catalyst

Middle transition metalsMiddle transition metals
Groups 5Groups 5--77

III/21III/21



•• Multiple oxidation statesMultiple oxidation states
•• Mostly 18Mostly 18ee of 16of 16e e complexescomplexes

–– 1616ee typically square planar coordinationtypically square planar coordination
•• Easy ligand association/dissociationEasy ligand association/dissociation
•• Weak, not too reactive MWeak, not too reactive M--C bondsC bonds
•• Even weaker, and reactive MEven weaker, and reactive M--O/MO/M--N bondsN bonds
•• Preference for sPreference for s--donor/(weak) pdonor/(weak) p--acceptor acceptor 

bonding (Phosphines)bonding (Phosphines)

Late transition metalsLate transition metals
Groups 8,9,10Groups 8,9,10

III/22III/22



•• Typical catalysis: hydroformylation (Typical catalysis: hydroformylation (--
silylation, silylation, --amination, amination, --cyanation), cyanation), 
hydrogenation, etc.hydrogenation, etc.

H
M M

H
M CO

CO
M

M

O

M
H2

O

M
H

O

H
H

O

H2

Late transition metalsLate transition metals
Groups 8,9,10Groups 8,9,10

III/23III/23



Periodic trendsPeriodic trends

11stst row:row:
•• often unpaired electrons (paramagnetic)often unpaired electrons (paramagnetic)
•• Several spin states accessible (HS/LS)Several spin states accessible (HS/LS)
•• Highest oxidation state less stableHighest oxidation state less stable

22ndnd/3/3rdrd row:row:
•• "closed shell""closed shell"
•• Higher oxidation states relatively stableHigher oxidation states relatively stable
•• 22ndnd row often more reactive than 3row often more reactive than 3rdrd

III/24III/24



……Very bold generalizations Very bold generalizations 
for your researchfor your research

•• Working with 1Working with 1st st row elements:row elements:
–– difficult, you probably candifficult, you probably can’’t use NMRt use NMR

•• Working with 2Working with 2nd nd row elementsrow elements
–– YouYou’’ll find exiting catalystsll find exiting catalysts……
–– ……they will be to active to be studied in detailthey will be to active to be studied in detail
–– Nice for industry, less for academiaNice for industry, less for academia

•• Working with 3Working with 3rd rd row elementsrow elements
–– youyou’’ll make beautiful complexes and can study their reactivity ll make beautiful complexes and can study their reactivity 

in detailin detail
–– Nice for academia, less for industryNice for academia, less for industry

III/25III/25



SchuitSchuit Institute of Catalysis Institute of Catalysis
D. Vogt Anorganische Chemie, 6BA40TUTU//ee

Trends and PropertiesTrends and Properties
Periodic TablePeriodic Table

•• Oxidation StateOxidation State

As a rule of thumb: within one group: higher oxidation state is As a rule of thumb: within one group: higher oxidation state is 
more stablemore stable

periodic periodic 
tabletable

dd--ElementsElements

Note: for mainNote: for main--group elements: lower oxidation state is more stable group elements: lower oxidation state is more stable 
within one group (Tlwithin one group (Tl++, Pb, Pb2+2+, Bi, Bi3+3+): ): ““inert electron pairinert electron pair””
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Trends and PropertiesTrends and Properties
Periodic TablePeriodic Table

•• Structural PropertiesStructural Properties

As a rule of thumb: within one group: higher coordination numberAs a rule of thumb: within one group: higher coordination number
possible: possible: 

GroupGroup

33
44

55

3d3d 4d4d 5d5d
ScFScF66

33--

TiFTiF66
22--

VFVF66
--

ZrFZrF77
33--

Nb(CN)Nb(CN)88
55-- TaFTaF88

33--

HfFHfF77
33--
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Trends and PropertiesTrends and Properties
Periodic TablePeriodic Table

•• Atom (Ion) RadiusAtom (Ion) Radius

rr increases in going from 1increases in going from 1stst to 2to 2ndnd row element, but little change in going row element, but little change in going 
from 2from 2ndnd to 3to 3rdrd row elementrow element

Ti: 1.47 Ti: 1.47 ÅÅ
Zr: 1.60 Zr: 1.60 ÅÅ
Hf: 1.58 Hf: 1.58 ÅÅ

V: 1.34 V: 1.34 ÅÅ
Nb: 1.46 Nb: 1.46 ÅÅ
Ta: 1.46 Ta: 1.46 ÅÅ

Cr: 1.17 Cr: 1.17 ÅÅ
Mo: 1.39 Mo: 1.39 ÅÅ
W: 1.39 W: 1.39 ÅÅ

rr decreases in going from the left to the right within one perioddecreases in going from the left to the right within one period

Lanthanoide contractionLanthanoide contraction: addition of f: addition of f--Block elements:Block elements:

ff--orbitals donorbitals don’’t shield the nuclear charge efficiently: more t shield the nuclear charge efficiently: more ““diffusediffuse”” and and 
consequently Zeff increases which attracts all electrons!consequently Zeff increases which attracts all electrons!
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Trends and PropertiesTrends and Properties
Periodic TablePeriodic Table

•• Relativistic EffectsRelativistic Effects

Some phenomena of Some phenomena of heavyheavy elements can be explained by relativistic elements can be explained by relativistic 
effects effects 

Very high ionization energy of 6s electrons Very high ionization energy of 6s electrons 

Bond energies often Bond energies often increaseincrease down a group of ddown a group of d--block elements, whereas block elements, whereas 
bond energies usually bond energies usually decreasedecrease down a group of pdown a group of p--block elementsblock elements

Colour of Gold (Au)Colour of Gold (Au)

Fluidity of Mercury (Hg)Fluidity of Mercury (Hg)

Difference of Pd and Pt in homogeneous catalysis with respect toDifference of Pd and Pt in homogeneous catalysis with respect to oxidative oxidative 
addition and reductive elimination reactionsaddition and reductive elimination reactions
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Trends and PropertiesTrends and Properties
Periodic TablePeriodic Table

•• Relativistic EffectsRelativistic Effects

According to the theory of relativity , the mass According to the theory of relativity , the mass mm of a particle increasesof a particle increases
from its resting mass from its resting mass mm00 when its velocity when its velocity vv approaches the speed of approaches the speed of 
light, light, cc, and , and mm, is then given by the equation:, is then given by the equation:

mm = = 
mm00

√√11-- ((vv//cc))22

For the Bohr model For the Bohr model vv is given by:is given by:

vv = = 
ZeZe22

22εε00nhnh

Z: atomic numberZ: atomic number
e: charge on the electrone: charge on the electron
εε00: permittivity of a vacuum: permittivity of a vacuum
h: Planck constanth: Planck constant
n: main quantum numbern: main quantum number
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Trends and PropertiesTrends and Properties
Periodic TablePeriodic Table

•• Relativistic EffectsRelativistic Effects

For For nn = 1 and = 1 and Z Z = 1, = 1, vv is only (1/137)is only (1/137)cc, but for Z = 80 (Hg), (, but for Z = 80 (Hg), (vv//cc) is ~0.58) is ~0.58cc
and consequently and consequently mm = 1.2 = 1.2 mm00..

Radius Radius rr of the Bohr atom is given by:of the Bohr atom is given by:

rr = = 
ZeZe22

44πεπε00mvmv22

Increase in Increase in mm results in an approximately 20% contraction of the radius of results in an approximately 20% contraction of the radius of 
the 1s (n = 1) orbital: relativistic contractionthe 1s (n = 1) orbital: relativistic contraction
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Trends and PropertiesTrends and Properties
Periodic TablePeriodic Table

•• Relativistic EffectsRelativistic Effects

ContractionContraction of sof s-- and pand p-- orbitals (closer to the nucleus)orbitals (closer to the nucleus)
ExpansionExpansion of the dof the d--orbitals (Shielding of the nucleus charge)orbitals (Shielding of the nucleus charge)

Very high ionization energy of 6s electrons: stabilization of HgVery high ionization energy of 6s electrons: stabilization of Hg(0), Tl(I), (0), Tl(I), 
Pb(II) and Bi(III) compared to Cd(0), In(I), Sn(II), Sb(III).  Pb(II) and Bi(III) compared to Cd(0), In(I), Sn(II), Sb(III).  

Inert electron pair!Inert electron pair!

Lowering of 6s level and destabilizing of 5d level: Lowering of 6s level and destabilizing of 5d level: 
Gold: absorption at Gold: absorption at hhνν = 2.4 eV (blue and violet): = 2.4 eV (blue and violet): 
reflects yellow and redreflects yellow and red. . 

5d5d

6s6s
6s6s

5d5d

no r.e.no r.e. r.e.r.e.
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Elementary reactionsElementary reactions

•• Insertions Insertions 

M
CH2

CH3CH2

CH2

M

H

alkyl generation

acyl formation

C

M

OR

M
CO

R
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Elementary reactionsElementary reactions

•• Most common: Most common: ββ--H eliminationH elimination

•• Other:Other:
–– homolysishomolysis
–– α/γ/δα/γ/δ--eliminationseliminations

–– reductive elimination (often with hydride or other reductive elimination (often with hydride or other 
alkyl)alkyl)

–– Ligand Metallation (e.g. cyclometallation)Ligand Metallation (e.g. cyclometallation)

M
H

M
H

M
H

M CH2
CH2 CH3

M CH3
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Synthesis of Schrock alkylidensSynthesis of Schrock alkylidens

Decomposition of metal Decomposition of metal 
alkyls (alkyls (αα--eliminatie)eliminatie)

Examples:Examples: Ta
5

Np3Ta

Cp2Ta
Me

Cp2Ta
Me

Cp2Ta
CH2

H

M
CH2

CH

H

R

R

M
CH2

CH2

R

R

M CHR
RCH3
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Catalytic Alkene MetathesisCatalytic Alkene Metathesis

Driving forces:Driving forces:
•• Liberation of volatile reactantsLiberation of volatile reactants

•• Reduction of Ring strainReduction of Ring strain
+

M C

C C
+

M

C C

C M

C

C

C
+

Olefin metathesis is key in the production of linear olefins at Olefin metathesis is key in the production of linear olefins at 
the Geismar, La., facilities of Shell Chemicals.the Geismar, La., facilities of Shell Chemicals.

V/34V/34
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•• Oxidative AdditionOxidative Addition

MeI
O

Rh
O PPh3

PPh3

Me

IO
Rh

O PPh3

PPh3

Oxidative Addition

Reductive Elimination

M
X

Y

X

Y

M
+

formal oxidation state
increases by 2+

Elementary reactionsElementary reactions
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Inorganic Chemistry 6BA40Inorganic Chemistry 6BA40
Slides available: Slides available: 

http://www.hybridcatalysis.com/teachingcorner.htmhttp://www.hybridcatalysis.com/teachingcorner.htm
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