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Katritzky Salts
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Alan Roy Katritzky
1928-2014

 Pyridiniums synthesis from pyryliums

R2

OHR1

O HX

R2

OR1 R1
X

-

+2

R2

OR1 R1
X

-

+ R3 NH2

R2

NR1 R1X
-

R3

Ph

NPh Ph
I
-

∆

∆

Ph

NPh Ph
+ I

Balaban-Nenitzescu-Praill reaction, 1959

 Substitution reactions of pyridinium salts

 Before 1970s:
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Evidence of Open-shell Mechanisms
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A. R. Katritzky et al. J. Am. Chem. Soc. 1983, 105, 90.

Proposed intermediate:
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Charge-transfer Complexes

 With nitroalkane and thiophenolate

A. R. Katritzky et al. J. Org. Chem., 1986, 51, 2481.
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Photochemical Studies

 EDA complex between Katritzky salt and Et3N

V. M. Feygelman et al. J. Phys. Org. Chem., 1990, 3, 200.
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Electrochemical Studies

 Reduction of 1-alkyl pyridinium salts

J. Grimshaw et al. Acta. Chem. Scand. B  1983, 37, 485.
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 C-N bond cleavage for cross coupling

 Before: activated C-N bond

 Before:

M. P. Watson et al. J. Am. Chem. Soc. 2017, 139, 5313.
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Blank until 2017
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 Simple and mild radical generation

F. Glorius et al. Angew. Chem. Int. Ed., 2017, 56, 12336.
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 photocatalyst-free reaction

F. Glorius et al. Chem. Eur. J. 2019, 25, 8240

Photoinduced Electron Transfer with Katritzky Salt
 Mechanism elucidation
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Related Methodologies
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 Structural modification benefits the reaction

J. Cornella et al. Chem. Eur. J. 2020, 26, 3738.

Unsuccessful Cases

W. Liu et al. Angew. Chem. Int. Ed. 2020, 59, 16398.
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 Reduction potential

M. P. Watson et al. ACS Catal. 2021, 11, 8456.

Structure-property Relationships
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 N-C bond fragmentation rate

Structure-property Relationships

M. P. Watson et al. ACS Catal. 2021, 11, 8456.
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 Molecular orbital depiction

Conical Intersection in N-C Fragmentation 

I. R. Gould et al. J. Am. Chem. Soc. 2002, 124, 15225

N N

 EWG stabilize the π-radical more

 Rate constant of N-C fragmentation

J. Grimshaw et al. J. Chem. Soc., Chem. Commun., 1983, 783.
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 Variation of N-substituents

P. P. Lainé et al. J. Am. Chem.Soc. 2012, 134, 2691.

Structure-property Relationships
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 Structural modification benefits the reaction

Revisit to Unsuccessful Cases
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 Base intensified absorption

Z. Q. Xu et al. Nat. Commun. 2021, 12, 6873.

Excitation Promoted Pyridinium C-N Homolysis?
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 2,3,5,6-tetrakis(tetramethylguanidino)pyridinium salts

H. Himmel et al. Eur. J. Org. Chem. 2016, 5045.

Excitation Promoted Pyridinium C-N Homolysis

H. Himmel et al. Chem. Eur. J. 2014, 20, 5288.
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 Synthesis and properties

S. Celebi et al. Res. Chem. Intermed. 1994, 20, 175.

Pyridinium Ylides

Y. Fu et al. J. Org. Chem. 2009, 74, 810
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 Ring expansion and carbene formation

A. B. Beeler et al. Org. Lett. 2021, 23, 525.

Photochemistry of Pyridinium Ylides

J. Streith Pure & Appl. Chem., 1977, 49, 30.
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 EPR studies on pyridinium ylides

Are Pyridinium Ylides Diradicals?

G. Q. Zhang et al. Chem. Commun., 2020, 56, 11287.

N

CF3O
N

CNO

 pKa-dependent EPR signal intensity in solution

 MS signals of oligomers detected

N

 Reversible radical-like signal in 1H NMR

 Thermally activated triplet (0.26 kcal mol-1 above GS)

N

CF3O

N

CF3O

N

CF3O

N

CF3

+TFA

+TFA+NaOD

+NaOD

N

CF3O

N

CF3O

24



 Reaction of pyridinium ylides

I. S. Kim et al. Cell Rep. Phys. Sci. 2022, corrected-proof. DOI: 10.1016/j.xcrp.2022.100819

Are Pyridinium Ylides Diradicals?
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 Katritzky salts are easily synthesized from heating mixture of primary/secondary amines and
corresponding pyrylium salts.

 The SET chemistry of Katritzky salts is well established, while N-C homolysis at the excited state remains
elusive.

 The factors controlling reduction potential and fragmentation rate of substituted pyridinium salts are
somewhat orthogonal, thereby allowing modifications for promising properties.

 Pyridinium ylides, easily generated in very mild conditions, might be a thermally activated triplet diradical.
In special cases, photo-release of carbene is possible.

Summary
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