Radical Reactions for C-C Bond Formation

Models/Topics Covered: Bond Dissociation Energies, Sterics, HSAB, FMO Theory, Resonance, Hybridisation, Mechanisms

]

The following questions are drawn mainly from the matter in Chapter 37 of Clayden, Greeves, and Warren’s ‘Organic Chemistry
(2™ ed.) Ref[1]. They focus on fundamental underlying concepts relevant to organic radical chemistry — primarily aspects of
stability and selectivity — and examples of useful organic transformations using radicals.
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(Left) Methyl radical. (Right) Bond Dissociation Energies. Reproduced from Ref[1].

Question 1 (Quick-fire Radical Knowledge)

(). Which of the following is the correct way of drawing a radical mechanism?
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(ii). For each of the following lists of radicals, indicate the order of stability.
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Question 2 (Selectivity in Radical Chain Reactions for C-C Bond Formation)

The following reactions are all examples of radical cascade reactions. Provide the products (A-H), mechanisms, and comment on
the selectivity in each case. For mechanisms, radical generation and propagation are of interest. Termination may be ignored as
radical concentration is usually low enough that the termination by-products may be assumed to occur with negligible yield.
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First example of a radical; identified by Gomberg in 1900. C-C bond formation reaction using a variation of a common tin reagent.
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radical generation using B as a non-toxic alternative to Sn. application.
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Example of an intramolecular C-C bond formation.

Question 3 (Ketyl Radical Dimerisation)

Match the following Named Reactions with the exemplar starting material, conditions, and products, and the usage of the reaction.
Two blank entries are included to add an extra challenge.

Named Reaction Starting Material Conditions Products Usage Notes
o
Pinacol Reaction TiCls, Zn/Cu, THF Uncommon. Bgtter
alternatives exist.
OH
Bouveault-Blanc CO,Et i) Na, EtOH HO oH Carbocyclic rings of
Reduction EtO,C i) H* R R size >3.

i) Na, MesSiCl, PhMe

McMurry Reaction Symmetric diols.

;}:o

ii) HCI, H20, THF
(o) OH Symmetric tetra-
Acyloin Reaction !) Mg, benzene /] substltqted alkengs.
i) H R Formation of cyclic

alkenes of size >8.

Question 4 (Use in Total Synthesis)

Below are two examples of radical cascade-style reactions applied to the synthesis of biological relevant molecules. Provide a
mechanism for each, rationalising the choice of regioselectivity at each stage.

@i). (%)-Hirsutene

(ii). Epi-Oestrone
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