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tocatalytic oxidation of aldehydes by porphyrins11–17
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tocatalytic epoxidation of styrenes, sulfoxidation of thioanisoles and C–H activation of alkenes by porphyrins18–21
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Figure 3  Pho
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tocatalytic oxidation of anthracene, benzyl amine coupling, sulfoxidation of thioanisole and oxygenation of hexamethylbenzene by porphyrins22–25
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toredox catalysis and C–H bond amination by porphyrins26,27 
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tocatalytic thiocyanation of diketones and indoles and C–H arylation of heteroarenes by porphyrins28–40 
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tocatalytic oxygenation of a furanic compound, amination and aziridination of alkenes by porphyrins41,42 
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tocatalytic hydroxylation of benzene, oxidation of benzylic alcohol and cross-dehydrogenative couplings by phthalocyanines43–47 
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tocatalytic oxidation of nitrophenol, cyanation of amines and cyclization to quinolones by phthalocyanines48–52 
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tocatalytic perfluoroalkylation of aromatics, sulfides and alkenes, cycloaddition and dehalogenation, and oxidation by phthalocyanines53–56 
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otocatalytic chlorotrifluoromethylation of alkenes, oxidation of nitrophenol and phosphonylation of hydrazines by phthalocyanines57–67

R
CF3SO2Cl, K2HPO4, acetone

rt, 20 h

Photocat. (1 mol%)
red LED (λ = 634 nm)

R

Cl
CF3

Cl

CF3

Cl

CF3
O

O
N

O

O

Cl

CF3

OMe
86% 44% 86%

elected substrate scope

Pc24

N
N

N

N
N

N

N

N
Ru

N

N

H
N

NH2

N
H

NH2

R1

R1

P

O

O
OEt

79%

60%

Selected substrate scope

Selected substrate scope

Yield using Pc6

Yield using Pc6

4+

4 I–

NR =

2

OH

OH

O

O

Photocat. (0.05 mol%)
 visible light (400-700 nm)

water, rt, 1 h

n using Pc26

Pc25: M = Co
Pc26: M = Cu     Best catalyst

(minor)(major)

N

N

N

N

N

N

N

N
M

OR

OR

n of 4-nitrophenol in aqueous medium by photosensitizers58

s, J. Mol. Struct. 2020, 1215, 128189.

Photocatalytic phosphonylat

(67) Sarva

P

O

OE

81%

57%
MeO

iated chlorotrifluoromethylation of alkenes using a ruthenium phthalocyanine as a photoredox catalyst57

 Furuyama, Chem. Commun. 2021, 57, 13594.

Cl
CF3

91%

O

O Ph

Cl

CF3

85%

Cl
CF3

71%

O

ClCl

Further reading
Related articles on photocatalysis by phthalocyanines:
(59) Liang, Curr. Org. Chem. 2018, 22, 485.
(60) Vorozhtsov, J. Porphyrin Phthalocyanines 1999, 3, 592.
(61) Lever, Adv. Inorg. Chem. Radiochem. 1965, 7, 27.
(62) Doorslaer, Dalton Trans. 2014, 43, 14942.
(63) Nyokong, J. Mol. Catal. A: Chem. 2007, 261, 36.
(64) Bilyarska, J. Mol. Catal. A: Chem. 1999, 137, 15.
(65) Nyokong, J. Mol. Struct. 2010, 973, 96. 
(66) Nyokong, J. Mol. Catal. A: Chem. 2007, 273, 149.



graphical reviewSynOpen

Figure 11  Ph ,68–77 

SCH3

N

N
C6F5

Sb
F

F

C
Best c

N N

NN
Sb

NN

N N
Sb

OO

Ar- C6F5

Ar

O

MeO

Ar

O

OMe

CH3 CHO CH2OH
Photocat.

λ ≥ 305 nm

benzene
rt, 250 s 14:1

Ar

S S
OPhotocat. (0.1 mol%)

λ > 455 nm

O2, EtOH 
60 °C, 8 h

OOH

Full conversion using C6

Partial conversion using C6

Photocat. (0.1 mol%)
 λ > 455 nm

N

NN

N
C6F5

C6F5

C6F5
Bi

Photocatalytic
antimony corr

(8c) Gro

C-H photoactivation by Sb(V) oxo corrole as 
photosensitizers76

(76) Nocera, Chem. Commun. 2020, 56, 5247.

Oxidation of thioanisole and cyclohexene photocatalyzed by 
a bismuth corrole as a photosensitizer77

(77) Schoefberger, Inorg. Chem. 2011, 50, 6788.

C5

C6

 100% conve

78% convers

67% conversi

60% conversi

O2, EtOH 
60 °C, 8 h
165

A. Jain, I. Gupta

© 2024. Thieme. All rights reserved. SynOpen 2024, 8, 153–168
Georg Thieme Verlag KG, Rüdigerstraße 14, 70469 Stuttgart, Germany

otocatalytic oxygenation of thioanisole and alkenes, bromination of phenol and toluene, and oxidation of toluene, thioanisole and cyclohexene by corroles8c
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otocatalytic oxygenation of aromatics, benzylamine coupling and bromination of benzene, phenol and toluene by corroles78–81 
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ss, Photochem. Photobiol. Sci. 2020, 19, 996.

 bromination by phosphorus corroles as photosensitizers79
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Aza-Henry coupling of benzylamine mediated 
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Metallocorrole-photocatalyzed bromination of 

(81) Gross, Dalton Trans. 2019, 48,
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