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Fragmentation of pyridinium ion via single
electron reduction

Pyridinium salts: Redox-Active Functional Group Transfer Reagents
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N-C bond fragmentation via homolytic cleavage
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N-O bond fragmentation via homolytic cleavage

Radical translocation
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Photocatalytic generation of pyridyl radical cation
via heterolytic cleavage

Heterolytic cleavage as a minor competing pathway
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Postulated mechanism of pyridinium
fragmentation

pyridinium fragmentation
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Single electron reduction & fragmentation
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rC orbital of pyridinium ion receives an electron from donor.

Step 2
N-O bond fragmentation
— today’s topic



How can we obtain pyridine ?
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An electron must be transferred from out-of-plane to in-plane before fragmentation.
— Orbital mixing :'
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N-O bond bending
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Representative configurations involved in
fragmentation




Configuration changes in fragmentation
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Short summary

Q=0 —=Q

OCHs OCHs "OCH;

rC orbital of pyridinium ion receives an electron from donor.
N-O bond bending is important for " & o” orbital mixing.

Orbital mixing is impossible when planar radical.
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N-O out of plane bending angle a
N-O bond length r
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Fragmentation is adiabatic

Non-adiabatic @ adiabatic

FE T 20 N s smaller T.S. energy
barrier

|

OC H3 https://whereareelectrons.blogspot.com/2017/07/blog-post.html 17




Energy correlation diagram
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Radical states formed by orbital mixing

extensive mixing
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Orbital mixing becomes more extensive with
increasing bond length & decreasing angle

small effect of orbital mixing
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Energy potential surface

A: diabatic surfaces B: adiabatic surfaces
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Contour plots
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Bent conformations of minimized radical
structures
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The validation of model calculation
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Relationships of exothermicity with bond angle
and bond length
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(a, r) at T.S. are similar among different structures, while those at radical minimum are not.

Slow reaction has a radical minimum that is far apart from T.S. & it is an endothermic reaction.
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Substitutional effect: general discussion
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Effect of electron-withdrawing groups
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Effect of electron-donating groups
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Effect of delocalizing groups
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Summary

N-O bond bending is important for " & ¢” orbital mixing.
Fragmentation occurs from three electron N..X bond.

Conformations at T.S. are similar among different pyridyl radicals.

Fast fragmentation reaction

e occurs when pyridyl radical has EDG(s)

* is highly exothermic

* has radical minimum whose conformation is close to T.S.
4-OMe pyridyl radical undergoes barrierless fragmentation.



