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16.2: Overview of Single-Electron Reactions and Free Radicals
Beginning with acid-base reactions in chapter x and continuing though the chapters on nucleophilic substitution, carbonyl addition,
acyl substitution, a-carbon chemistry, and electrophilic reactions , we have been studying reaction mechanisms in which both
electrons in a covalent bond or lone pair move in the same direction. In this chapter, we learn about reactions in which the key steps
involve the movement of single electrons. Single electron movement is depicted by single-barbed 'fish-hook' arrows (as opposed to
the familiar double-barbed arrows that we have been using throughout the book to show two-electron movement).

Single-electron mechanisms involve the formation and subsequent reaction of free radical species, highly unstable intermediates
that contain an unpaired electron. Free radicals are often formed from homolytic cleavage, an event in which the two electrons in a
breaking covalent bond move in opposite directions. The bond in molecular chlorine, for example, is subject to homolytic cleavage
when chlorine is subjected to heat or light. The result is two chlorine radicals. Note that each radical has a formal charge of zero.

In contrast, essentially all of the reactions we have studied up to now involve bond-breaking events in which both electrons move
in the same direction: this is called heterolytic cleavage.

Two other homolytic cleavage reactions that we will see in this chapter can be described as 'radical hydrogen atom abstraction' and
'radical alkene addition':

Single-electron reaction mechanisms involve the formation of radical species, and in organic reactions these are often carbon
radicals. A carbon radical is  hybridized, with three s bonds arranged in trigonal planar geometry and the single unpaired
electron occupying an unhybridized p orbital. Contrast this picture with a carbocation reactive intermediate, which is also 
hybridized with trigonal planar geometry but with an empty p orbital.
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When we studied electrophilic reactions in chapter 14, a major concern when evaluating possible mechanisms was the stability of
any carbocation intermediate(s). Likewise, the stability of proposed radical intermediates is of great importance when evaluating
the likelihood of possible single-electron mechanisms. Fortunately, the trend in the stability of carbon radicals parallels that of
carbocations (section 8.5): tertiary radicals, for example, are more stable than secondary radicals, followed by primary and methyl
radicals. This should make intuitive sense, because radicals, like carbocations, are electron deficient, and thus are stabilized by the
electron-donating effects of nearby alkyl groups.

Benzylic and allylic radicals are more stable than alkyl radicals due to resonance effects - an unpaired electron (just like a positive
or negative charge) can be delocalized over a system of conjugated π bonds. An allylic radical, for example, can be pictured as a
system of three parallel p orbitals sharing three electrons.

The drawing below shows how a benzylic radical is delocalized to three additional carbons around the aromatic ring:

Just as phenolate ions are less reactive (less basic) than alkoxide ions, phenolic radicals are less
reactive than alkoxide radicals. Draw one resonance contributor of a phenolic radical showing
how the radical electron is delocalized to a ring carbon. Include electron-movement arrows.

While radical species are almost always very reactive and short-lived, in some extreme cases they can be unreactive. One example
of an inert organic radical structure is shown below.

 Exercise 16.2.1
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The already extensive benzylic resonance stabilization is further enhanced by the fact that the large electron clouds on the chlorine
atoms shield the radical center from external reagents. The radical is, in some sense, inside a protective 'cage'.

Draw a resonance contributor of the structure above in which the unpaired electron is
formally located on a chlorine atom (include electron movement arrows)
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