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- First described by Meisenheimer (1926) 
- commercialized in 1954 
- abbreviation: PNO 
- > 19,000 (1 step) reactions on Scifinder, not 

including patents 
- many drugs contain N-oxides 
- standard aromatic reactions (like Sandmeyer 

etc.) are not covered. Radical reactions also not 
covered, except for 1 example (full coverage 
would be a separate group meeting). 

 

Differences to pyridine 
- PNO is more nucleophilic 
- PNO is more electrophilic 
- higher dipole-moment [4.37 D (PNO) vs 2.03 D (pyridine)] 
- much weaker base [pKa = 0.79 (PNO) vs pKa = 5.2 (pyridine)] 

Mesomeric forms 

Oxidation of pyridines 

Oxidation can be chemoselective 

Pyridine N-Oxides 

 preferred attack of both electrophiles and nucleophiles at either 
oxygen, the 2- or the 4-position 

 O-protonated species reacts like deactivated pyridine 
 Reactions involving nucleophilic aromatic substitutions (SNAr) are 

comparable (but faster) to the once of pyridine and are not 
covered in this group meeting. 
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Multiple oxidations can be tricky... 

... or almost impossible 

Just for fun 

De-novo syntheses 
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via condensation reactions 

via  rearrangements/cycloadditions 

Deoxygenation without further functionalizations 

+ a vast  varietyof other methods 
Compare: 
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Nucleophilic reactions on PNO  
In general, the oxygen atom attacks an electrophile followed by a 
subsequent 1,2- vs 1,4-addition of a nucleophile displacing the O-LG 
moiety. Additionally, SNAr can take place (not covered). 

Chlorinations 

Brominations only rarely used 

Fluorinations and iodinations usually done by SNAr. 

Aminations – not this way... 

...but this way! 
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Special for imidazoles The scope of this reaction was further broadened: 
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Sulfurylations Phosphorylation 

Oxidation 

Cyanation 
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Alkylations, Alkenylations, Arylations, Alkynylations 
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Radical reactions and photochemistry (separate GM necessary) 
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Electrophilic substitutions 

Metallations 

The use of LiTMP 
gives much 

worse results. 
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Cycloadditions 
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Functionalizations of the side-chain with participation of PNO 

Just one rearrangement: 
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Drugs containing PNO's 
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Additional uses of PNO 
 
PNOs can be used as oxidants in a number of transformations. For a 
brief summary in the introduction, see: Sajiki, Eur. J. Org. Chem. 2011, 
3361-3367.  
(see also: KCN, PSB, Angew. Chem. Int. Ed. 2002, 41, 993-996) 
 
PNOs can also be used as chiral ligands and organocatalysts: 
a) Malkov, Kočovský, Chem. Eur. J. 2007, 29-36; b) Chelucci, 
Tetrahedron: Asymmetry 2004, 15, 1373-1389.  

 
Very famous is their use as reagents in radical decarboxylations, 
referred to as the Barton decarboxylation. For a recent review on the 
applications of this transformation, see:  
Almeida, Tetrahedron 2009, 65, 3563-3572.  
 
For a related decarboxylation of acid anhydrides yielding aldehydes, 
see: Rüchardt, Eichler, Krätz, Tetrahedron Lett. 1965, 233-236. 
 
 
Reviews used for this Group Meeting 
 
Albini, Pietra, "Heterocyclic N-Oxides", CRC Press,  1991. 
Youssif, Arkivoc 2001,  242-268. 
Charette, Chem. Rev. 2012, 112, 2642-2713. 
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