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1. Thermodynamic Bond Strengths

Contrary to early 20th-century beliefs, the transition metal-carbon (M — C) bond is
thermodynamically robust.

+ Periodic Trends: Unlike C — C bonds which get weaker as atoms get larger, M — C
bonds generally increase in strength as you move down a group (3d < 4d < 5d). For
example, a Tungsten-Methyl bond is significantly stronger than a Chromium-Methyl
bond.

+ Bond Dissociation Energy (BDE): Most M — C bonds have energies between 160
and 350 kJ/mol. While this is lower than a C — H bond (= 410 kJ/mol), it is sufficiently
high for the complexes to exist as stable entities at room temperature if protected
correctly.



2. Electronic Saturation (The 18-Electron Rule)

The most stable complexes are those that are coordinatively saturated.

+ Orbital Occupancy: Transition metals have nine valence orbitals (one s, three p, and
five d). When these are completely filled with 18 electrons (from the metal and the
ligands combined), the complex reaches a “noble gas" electronic configuration.

+ Kinetic Inertness: An 18-electron complex is stable because it has no low-energy
empty orbitals available to accept electrons from an incoming reactant. This makes the
complex “inert" to many types of chemical attacks.



3. Strategic Selection of Organic Groups

Stability is highly dependent on the type of alkyl or aryl group chosen.

Group Type Example
Methyl —CH,
Neopentyl —CH,C(CH,),

Trimethylsilylmethyl —CH,Si(CH),

1-Norbornyl Cyclic
Bridgehead

Reason for Stability

Smallest alkyl; cannot undergo certain internal
rearrangements.

Massive steric bulk protects the metal center.

Large size and electronic effects of Silicon stabilize the
bond.

Rigid geometry prevents the organic group from rotating
or bending.



4. Special Stability of Aryl Complexes

Aryl complexes (containing rings like Phenyl, —C, H) are inherently more stable than
simple alkyls due to two factors:

+ Hybridization: The carbon bonded to the metal is sz hybridized. Since spz orbitals
have more “s-character” than sp3 orbitals (found in alkyls), the electrons are held
closer to the carbon nucleus, leading to a shorter and stronger M — C bond.

+ m-Backbonding: Transition metals with available d-electrons can donate that density
into the empty T antibonding orbitals of the aryl ring. This “back-donation” creates a
partial double-bond character, significantly anchoring the aryl group to the metal.



5. The Chelate and Macrocyclic Effects

If an alkyl or aryl group is “tethered" to another donor atom (ike Phosphorus or Nitrogen)
that also bonds to the metal, stability increases exponentialy.

v The Chelate Effect: A bidentate ligand (two-point attachment) is much harder to
displace than two unidentate ligands.

+ Metallacycles: When the metal and the alkyl chain form & ring (e.g,, a five-membered
ring), the bond angles are often optimized to favor stability, and the "effective
concentration” of the ligand near the metal remains high.



6. Use of Supporting Ligands

Transition metal alkyls are rarely stable on their own. They require "spectator ligands” to
stabilize the metal center:

+ m-Acceptors: Ligands like Carbon Monoxide (CO) or Phosphines (PR5) pull excess
electron density off the metal, preventing the M — C bond from becoming too
polarized or reactive.

+ Hard/Soft Match: According to HSAB Theory, “soft" transition metals (like Pi™, P
) form more stable complexes with “soft" arganic groups.



