L2-Organometallics -6A

(-bonded ligands

Like the main group metals, it is also possible for transition metals to form sigma-bonds ((-bonds) to certain organo (and other) ligands.

Example 1.
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Example 2
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Each (-bonded ligand CH3, H (hydride), Cl or (-C3H5 (allyl)

counts ONE electron towards the 18 electron rule.

Each (-bonded ligand behaves as an ANION with a single negative charge (need to know to work out oxidation no.)

L2-Organometallics -6B

stability of organometallics

Many attempted reactions to form transition metal-organometallic compounds fail, e.g. 

EtMgX  + PtCl2   (   "black tar"

          but.....     EtMgX + (Ph3P)2PtCl2 ( (Ph3P)2PtEt2
The presence of additional (-bonding ligands (in this case a phosphine ligand PPh3 - triphenylphosphine) stabilises the organo-transition metal compound.

The ability of transition metals to easily change their oxidation number or coordination number means that these compounds have available extra reaction pathways which can lead to decomposition.

One such mechanism is the (-elimination process
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The (-H atom is transferred to the metal to give a metal hydride

L2-Organometallics -6C

(-elimination process

Example
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The process requires

· a coordination site (made available by PR3 loss)

· easy change from Co(+3) to Co(+1)

· transferred H is also eliminated by combining with the ethyl group to give ethane (reductive elimination)

L2-Organometallics -6D

oxidative addition & reductive elimination
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NOTE : both the oxidation numbers and the coordination numbers change by 2.

Examples of reductive elimination - here there are TWO possible products, eliminating C2H6 or CH3Cl
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L2-Organometallics -6E

insertion reactions
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Small unsaturated molecules (CO, alkenes, etc) can "insert" into the M-C bond of transition metal alkyls.

Carbenyl "migratory insertions" of "CH2" increase the chain length by one, and functionalise the R group.

Example

(OC)5MnCH3  + L  (  (OC)4(L)Mn-C(O)-CH​3     L = CO, PPh3
CO group is apparently inserted into the Mn-CH3 bond

Example

Alkene insertions take place in the Ziegler-Natta catalysed

polymerisations of ethene
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L2-Organometallics -6F

conclusions

· All these reactions involves either a change in the oxidation number or the coordination number of the transition metal (or both).

· These are typical properties of transition metals.

· Ligands such as C5H5 and other strongly (-bonded ligands can control or supress these reactions and can thus be used to stabilise transition metal organometallic compounds.

· Many of these reactions are easily reversible (low activation barrier) and are consequently very important in catalytic reactions.
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