L2-Organometallics -7A

Transition metal organometallics - summary

(-bonded compounds

· Ligands such as CO, NO and phosphines (PR3) bind to low oxidation state transition metals by "synergic" ( & ( bonds.

· Alkenes and other unsaturated organic molecules attach side-on to the metal atoms. They also are held in place by "synergic" ( & ( bonds.

· low oxidation-state compounds of these types usually obey the 18-electron rule. CO, PR3 are 2 e- donors, NO is a 3 e- donor and unsaturated organic molecules count 1 e- for each C atom which is bonded to the metal.

(-bonded compounds

· transition metal organometallics can undergo a variety of reactions not available to main-group compounds. These include (-elimination, reductive-elimination, oxidative-addition and insertion reactions.

· These above reactions can lead to decomposition of the compound, unless the coordination sites they need are firmly occupied by other ligands.

L2-Organometallics -7B

OXO or hydroformylation process
This is an example of a homogeneously catalysed process (all reactants in the same phase). The mechanism illustrates several of the reactions summarised above.

overall reaction  RCH=CH2  + CO + H2   (  RCH2CH2CHO
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Catalyst is Co2(CO)8
There are TWO major commercial applications of this reaction

1. R = Me    i.e. propene (  butanal    (~ 3m tonnes per year)
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2. R = hexyl i.e. 1-octene (  nonanal (biodegradable detergents)

L2-Organometallics -7C

OXO or hydroformylation process -mechanism
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CoCl2 added as a "pre-catalyst" - converted under reaction conditions

CoCl2  + H2 + CO  (  Co2(CO)8
L2-Organometallics -7D

OXO or hydroformylation process -mechanism

Multi-stage "cyclical" reaction

Step 1. Reduction
Co2(CO)8  + H2 ( 2 HCo(CO)4    "active catalyst"  (18 e compd)

Step 2. Ligand replacement
CO is replaced by RCH=CH2      HCo(RHC=CH2)(CO)3   (18 e)

The metal atom is "holding" the reactive species together.

Step 3. Insertion of alkene into Co-H bond
Hydride H atom adds to C atom of alkene

H(RCH=CH2)Co(CO)3 + CO ( RCH2CH2 - Co(CO)4  (18 e)

Step  4.  Insertion of CO into Co-alkyl bond
RCH2CH2Co(CO)4 + CO ( RCH2CH2 - C(O) - Co(CO)4  (18 e)

Step  5. Reduction and product elimination
H2 adds oxidatively  to metal complex and the product is then eliminated in a reductive elimination reaction

L2-Organometallics -7E

OXO or hydroformylation process 

Process runs at 120oC and at 200 atm pressure of CO

High CO pressure prevents loss of CO from cobalt atom, which would lead to decomposition. Reaction only 80% specific.
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Divergence happens at stage 3. The H atom can add to the CH2 group rather than the CHR group.

In commercial process one of the CO ligands on the cobalt is replaced by a bulky phosphine ligand PR3
HCo(CO)4   + PR3  (  HCo(CO)3(PR3)  + CO    (18 e)

The steric crowding at the Co atom forces the H addition to make the linear rather than branched chain isomer.
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L2-Organometallics -7F

OXO or hydroformylation process 

This "trick" enables the efficiency of the reaction to go from 80% yield of linear chain product, up to nearly 100%

This is one very important advantage of homogeneous catalysis.

HIGH SELECTIVITY (commercially important)

Disadvantages
Catalyst is in same phase as products - how to separate the two ??

HCo(CO)4   + NaHCO3  (  Na+ [Co(CO)4]-   (water soluble)

             + H2O + CO2
Catalyst can then be regenerated

Na[Co(CO)4] + H2SO4 (  HCo(CO)4
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