L2-Organometallics -3A

The story so far ....

1. Organometallic compounds of electropositive  main group elements are very reactive. Those of less electropositive metals are less so (but react more selectively)

2. The compounds can be prepared by direct reaction of metals and organic halides, by adding a metal-hydrogen bond across a C=C bond, or by transfer of organic groups between metals.

3. Grignard reagents in solution involve many complex equilibria between several organometallic species

4. Organometallic compounds of the light elements (e.g. Li, Be, Mg, Al) are often electron deficient, with bridging R groups and 2-electron 3-centre bonds.

5. These electron deficient compounds tend to react readily with electron rich species, e.g. electron pair donors (solvent

or multiple bonds)

L2-Organometallics -3B

Solvent effects on Grignard reagents

1. Powerful electron donors
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These confer carbanion behavior on RMgX, e.g. HMPA

This is a powerful solvent of high dielectric constant, high polarity and low reactivity ( and is carcinogenic !)

PhCH2MgCl in HMPA has the characteristic red colour of PhCH2- carbanion. This reagent is a better metallating reagent then normal (ether) Grignard reagents

PhCH​2-  + Ph2CH2 ( Ph2CH-  + PhCH3
2. Chiral solvents

These allow Grignard reagents to be used in enantioselective
syntheses.

RR'C=O       +    R''MgX   (     RR'R'' *C-OH

         prochiral ketone                       excess of one enantiomer

Example of chiral solvent  (+)(S)-EtMeHC*-CH2OEt

Now move onto transition metal organometallics ........

L2-Organometallics -3C

Metal carbonyls

Ni(CO)4  nickel tetracarbonyl  - Ludwig Mond (1889)
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A toxic, colourless volatile liquid (b.pt 43 oC), is easily decomposed. It has a tetrahedral structure.

Fe(CO)5 iron pentacarbonyl - Berthelot, Mond (1891)

Yellow liquid, trigonal bipyramidal structure. Made from Fe 

and CO at 200 oC and high pressure
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These are the ONLY two carbonyls which can be made by direct reaction of metal and CO. Others require in-situ reduction and/or high pressure

Cr(CO)6 a white crystalline solid - Mo(CO)6, W(CO)6  v. similar

Stability order Cr(CO)6  >  Fe(CO)5  > Ni(CO)4 

U(CO)6 ? possible volatile Uranium comp for nuclear industry

L2-Organometallics -3D

Metal carbonyls

Questions

· What holds these compounds together ? (metals have no charge)

· Why the different numbers of CO ligands ?

Need to understand the molecular orbitals of CO 

(Housecroft/Sharpe p42)

CO   has (a) filled sigma (() bonding orbital - the donor orbital



(b) empty pi((*) antibonding orbital - acceptor orbital
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Both these orbitals are used to make bonds with the d-orbitals on the transition metal. They both have the same symmetry and similar energies to the metal d-orbitals.

Housecroft/Sharpe diagram page 585

L2-Organometallics -3E

Metal carbonyls
The CO transfers electrons to the metal through the sigma-bond, but the metal transfers electrons to the CO through the pi-bond. This two-way flow of electrons is known as back-bonding or synergic bonding. It is self re-inforcing, so makes for strong bonds (M-CO bond strength is greater than a single bond).

                     [image: image5.png]


                       [image: image6.png]



[image: image7.png]



L2-Organometallics -3F

Effects of (-bonding ligands

CO and related ligands are called (-acceptor ligands 

1. Effect on the metals

Removal of electron density can stabilise metals in low oxidation levels (zero or below).


Fe(CO)5 

contains Fe(0)   zerovalent compound


Na2Fe(CO)4 
contains Fe(-2) 

2. Effect on the ligands

As the (* (antibonding) orbitals are populated the C(O bond order is reduced (from 3 to 2.something) and the bond is weakened. 

The evidence for this comes from :

· X ray crystallography - there is a small increase in the C-O bond length

· IR spectroscopy - the ((CO) stretch in free CO is 2148 cm-1 but in carbonyl complexes it is lower, ~ 2000 cm-1  (in organic ketones the ((CO) stretch comes ~ 1750 cm-1)
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