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The (-elimination mechanism is the primary route for the decomposition of TM-alkyls where the alkyl group contains a (-H atom. It has a very low activation barrier if the transition state is

easily attained and means that most such TM-alkyls will spontaneously decompose.

The mechanism has four major requirements or consequences

· presence of (-H

· planar four-membered transition state

· vacant coordination site (more strictly vacant orbital on TM)

· alkene is formed as by-product

These features lead to ways in which this mechanism can be circumvented and lead to designed synthesis of stable TM-alkyls

Level-3 Organometallics L2b

(-Elimination Mechanism

(1) Use alkyls without (-Hydrogens

Alkyls with no (-hydrogens cannot decompose by this mechanism and are found to be much more stable

Common examples of such alkyls are :

-CH​3 (methyl)

-CH2Ph  (benzyl)
-CH2CMe​3 (neopentyl)

-CH2SiMe3 (trimethylsilyl)    perfluoroalkyls e.g.   -C​2F5​

For instance Ti(CH2CMe3)4 is stable above its boiling point of 90oC

compared with TiEt​4 decomp above -80oC

Perfluroalkyl complexes are particularly stable, in part due to the strength of the C-F bonds
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(-Elimination Mechanism

(2) Absence of free coordination site

18-electron TM complexes do not have a suitable vacant orbital.

To generate one, it is necessary to lose one or more ligands.

Mechanistic studies show that in general, prior ligand dissociation is a requirement for an 18-electron compound to undergo (-elimination. 

If ligands are strongly bonded, this may not be easy

EXAMPLE : CpFe(CO)2(C2H5)

Cp (cyclopentadienyl C5H5 )

Both the Cp and CO ligands are strongly bonded and this compound is reasonably stable - will decompose through loss of CO though at elevated temperatures. 

EXAMPLE :


compare   Rh(C2H5)(CO)2(PPh3)2
unstable - Rh(1+) is 5 coordinate


[Rh(C2H5)(H2O)5]2+

stable - Rh(2+) is 6-coordinate
Stability as used here is relative stability.
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(-Elimination Mechanism

(3) (-Hydrogens cannot become syn-coplanar

With bulky alkyl groups, it may not be sterically possible for the

(-H to get close to the metal

EXAMPLE  - Cr(CMe3)4 is a reasonably stable tetrahedral metal alkyl. Although the tert-butyl group does contain (-H's, the bulkiness prevents these H-atoms from getting too close to the metal
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In both these examples, the sp2 carbon requires 120o angles and the (-H cannot approach the metal. 
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EXAMPLE - here the transition state cannot become syn-coplanar because atoms are fixed in ring system. 
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(4) Absence of suitable alkene
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Bredt's rule states that double bonds to bridgehead carbon atoms are highly unfavorable because of ring-strain. Since such alkenes are either unknown or unstable, their formation in a (-elimination is unfavorable. This gives high kinetic stability to alkyl groups such as 1-norbornyl

Tetrahedral complexes ML4 These are known for Cr, Mn, Fe & Co  - metals in +4 oxidation state which is very unusual for these metals.

Another reason why metal aryls cannot (-eliminate is that the corresponding alkene is in fact benzyne - a highly strained internal alkyne. 

Level-3 Organometallics L2f

Synthesis of stable metal alkyl compounds

The ideas just given can be used to devise syntheses of stable TM-alkyls and other complexes containing TM-((C) bonds. The examples given also illustrate some important chemistry of organo-transition metal compounds.

(1) Metal halide plus Main group organoreagent

Best organoreagents (most reactive) are Lithium reagents LiR or

Grignard reagents RMgX

EXAMPLE


ZrCl4 + 4 PhCH2MgCl (  Zr(CH​2Ph)4   - tetrahedral complex

Also can use milder reagents such as R2Zn or R2Hg (note Me2Hg is extremely poisonous) or R4Sn

These will generally not replace all halides

EXAMPLE

NbCl5 + (excess) Me​2Zn (  Me2NbCl​3
These may be useful to prepare mixed-alkyl complexes
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