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3.5: Simplifying the Organometallic Complex (Part 1)

Organometallic complexes, which consist of centrally located metals and peripheral organic compounds called ligands, are the
workhorses of organometallic chemistry. Just like organic intermediates, understanding something about the structure of these
molecules tells us a great deal about their expected reactivity. Some we would expect to be stable, and others definitely not! A big
part of our early explorations will involve describing, systematically, the principles that govern the stability of organometallic
complexes. From the outset, I will say that these principles are not set in stone and are best applied to well controlled comparisons.
Nonetheless the principles are definitely worth talking about, because they form the foundation of everything else we’ll discuss.
Let’s begin by exploring the general characteristics of organometallic complexes and identifying three key classes of organic
ligands.

When we think of metals we usually think of electropositive atoms or even positively charged ions, and many of the metals of OM
chemistry fit this mold. In general, it is useful to imagine organic ligands as electron donors and metals as electron acceptors. When
looking at a pair of electrons shared between a transition metal and main-group atom (or hydrogen), I imagine the cationic metal
center and anionic main-group atom racing toward one another from oblivion like star-crossed lovers. In the opposite direction
(with an important caveat that we’ll address soon), we can imagine ripping apart metal-R covalent bonds and giving both electrons
of the bond to the organic atom. This heterolytic bond cleavage method reproduces the starting charges on the metal and ligand.
Unsurprisingly, the metal is positive and the ligand negative.

FYI, you might see the blue bipyridine referred to as an L2 ligand elsewhere; this just means that a single bipyridine molecule
possesses two L-type binding points. Ligands with multiple binding points are also known as chelating or polydentate ligands.
Chelating ligands may feature mixed binding modes; for instance, the allyl ligand is of the LX-type. Chelating ligands can also
bind to two different metal centers; when they act in this way, they’re called bridging ligands. But don’t let all this jargon throw
you! Deconstruct complexes one binding point at a time, and you cannot go wrong.

Next, we’ll take a closer look at the metal center and expand on the purpose of the deconstruction process described here.
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