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Abstract In recent years, macrocycles have emerged as efficient and sustainable photosensitizers for the catalysis
of organic transformations. This graphical review provides a concise overview of photocatalysis and photoredox catal-
ysis utilizing three common macrocycles: porphyrins, phthalocyanines and corroles. They exhibit strong absorption in
the visible region and can be easily oxidized or reduced, making them good candidates for photocatalysis.
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Photocatalysis offers the advantage of using light as an affordable, sustainable and green source
of energy to carry out endergonic reactions.! It offers the advantage of milder conditions over
those of thermal reactions.? As visible light is absorbed by sensitizers but not by most organic
compounds, it offers an efficient approach to prevent product degradation and side reactions.?
In photoredox catalysis, the photocatalyst in its excited state differs from that of the ground
state by providing a higher electron affinity and a lower ionization potential, thereby making it
a better electron donor as well as an acceptor. Versatile applications of photocatalysts are
found in CO, reduction, H,O splitting, proton-coupled electron transfer, photovoltaics and in
the development of photo-electrochemical solar cells.*
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The formation of carbon-carbon and carbon-heteroatom bonds has been a challenge in organ-
ic chemistry, which has been efficiently tackled by photocatalysis.’ Traditionally, metal com-
plexes (such as Ru and Ir polypyridyl complexes) and organic dyes (such as eosin Y) have been
employed extensively as photocatalysts.® However, the high cost and toxic nature of metal
complexes, as well as the pH-sensitive nature of organic dyes have prompted researchers to
explore macrocycles such as porphyrins, phthalocyanines and corroles for photocatalysis.”
These macrocycles have been examined for the catalysis of cyclopropanations, hydroxylations,
aziridinations, epoxidations, sulfoxidations, etc.’-19 Typically in photoredox catalysis, under
light irradiation, these photocatalysts may undergo oxidation or reduction at different poten-
tials and participate in SET (single-electron transfer) with the substrates. In photooxidation re-
actions, upon photoexcitation, such catalysts can switch from singlet to triplet excited states
via ISC (intersystem crossing), and during this process, they can generate singlet oxygen via the
type Il pathway. Their ability to participate in SET depends on the reaction conditions, the na-
ture of the substrate and also on the types of meso-substituents (electron-donating or elec-
tron-withdrawing) present on the catalyst, which in turn will govern their efficiency.

This graphical review provides an overview of organic transformations photocatalyzed by por-
phyrins, phthalocyanines and corroles, along with selected substrate scopes, that have been re-
ported over the last five years (2019 to 2023). As photocatalysis by corroles is relatively less
explored, all the examples described since 2005 are included. This graphical review describes
photooxidations, epoxidations, sulfoxidations, aziridinations and cyanations of aliphatic
and/or aromatic compounds by employing these macrocycles. In addition, C-H arylations of
heteroarenes and thiocyanations utilizing porphyrins are discussed. Researchers have also ex-
plored hydroxylations, cycloadditions, perfluoroalkylations and phosphonylations by employ-
ing phthalocyanines as photocatalysts. Examples of brominations mediated by corroles are also
provided. However, reactions involving inorganic transformations, polymerization, photodeg-
radation and heterogenous catalysis are excluded.

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



SynOpen A. Jain, I. Gupta

Biographical Sketches

Ashmita Jain received her M.Sc. in chemistry from Jamia
Millia Islamia, India. In 2021, she began her Ph.D. research

Iti Gupta obtained her Ph.D. in chemistry from the Indian
Institute of Technology Bombay, India. She received a |]SPS
Fellowship from Japan and undertook postdoctoral re-
search at Kyushu University, where she worked on expand-
ed porphyrins. Subsequently, she joined the Chemistry

154
THIEME

at the Indian Institute of Technology Gandhinagar, India
with Dr. Iti Gupta. Her research is focused on photocatalyt-

Faculty at BITS Pilani, K K Birla Goa Campus (2007-2009),
before moving to the Indian Institute of Technology Gand-
hinagar in July 2009, where she is currently an associate
professor. She is a member of the Society of Porphyrins &
Phthalocyanines, and is also a life-member of the Chemical

ic transformations of organic compounds utilizing macro-
cycles such as corroles and their metal complexes.

Research Society of India. Her current research interests
are focused on the applications of porphyrins, corroles and
metal dipyrrinato complexes in photocatalysis and the pho-
todynamic therapy of cancer.

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



155

THIEME
SynOpen A. Jain, I. Gupta
Oxidation of aldehydes to carboxylic acids by Oxidation of aldehydes to carboxylic acids under sunlight by
photosensitizers™? photosensitizers's
Photophysical properties of porphyrin'213
CHO  Photocat. (0.006 mol%) COOH
HO g H - ini ay
o] Photocat. (0.008 mol%) COO 5,10,15,20-tetraphenylporphyrin in DCM sunlight (A = 400-700 nm)
white LED (A = 400-700 nm) . . S X
| \_ A ® one Soret and four Q bands in UV-vis spectra | /—R MeCN, Oy, rt, 17-20 h | =R
P R CHCl, 0y, 1t, 20-48 h | /_R Soret band- 417 nm 7
- - Selected substrate scope
Selected substrate scope Q-bands- 514 nm, 549 nm, 592 nm,, 647 nm
® Fluorescence quantum yield (¢) = 0.11 COCH COOH COOH
COOH COOH  oon
® Fluorescence lifetime (1) = 9.62 ns
O O (12) Owens, Inorganica Chim. Acta. 1998, 279, 226-231. Me OM
OMe - F (13) Ghosh, J. Phys. Chem. B. 2003, 107, 3613-3623. © Cl
Yield by P9 97% 80% 81%
Yield by P2 60% 87% 97%
O White LED induced oxidation of aldehydes by photosensitizers*
CaHg—N CN Selected substrate scope

conl COOH COOH

O Q CHO Photocat. (0.1 mol%) COOH : Me Me
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| —R MeCN, O, rt, 24-48h || —R :
, Og, 1, = :
= 1 NGO Me
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7\ _ (11
O O O — N\ / (15) Gupta, Dyes Pigm. 2023, 209, 110861-110872
0 O
N O CeFs ® On comparing the yield for oxidation of aldehyde to carboxylic
NC P2 '\.‘ - acid, P9 shows best catalytic activity among P1-P11.
C4Hg N\ /
Best catalyst
6

CgF .
6Fs P5 CeFs p Further Reading

(11) Gupta, J. Porphyrins Phthalocyanines 2021, (16) Shaabani, Tetrahedron Lett. 2010, 51, 4061-4065.
25,571-581. (14) Gupta, Inorganica Chim. Acta. 2020, 502, 119339-119348 (17) Manesh, J. Porphyrins Phthalocyanines 2012, 16, 93-100.

Figure 1 Photocatalytic oxidation of aldehydes by porphyrins''-7
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Photocatalytic epoxidation of styrenes and sulfoxidation of thioanisoles by

photosensitizers'®

R _(i/\ Photocat. (0.1 mol%), % = 420 nm N
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Selected substrate scope
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using P12
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Al S Photocat. (0.2 mol%), % = 420 nm
A X
L PhI(OAC),, CHzOH, rt, 1-2 h AT
Selected substrate scope
o o
S S S
e
F cl Me
Conversion 979 96% 100%
using P12

(18) Zhang, New J. Chem. 2021, 45, 4977.
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n—Expanded pyrazinoporphyrins as photosensitizers for sulfoxidation?’

Conversion
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99% 1% H
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(20) Tsivadze, Dyes Pigm. 2023, 210, 110935.

Photocat. (0.001 mol%)
blue LED (A = 440 nm) I +
/S\
MeOH/CH,Cl, O,  R! R2
rt, 16 h

Antimony porphyrin as a photoredox catalyst for C-H to C-C bond conversion'®
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Figure 2 Photocatalytic epoxidation of styrenes, sulfoxidation of thioanisoles and C-H activation of alkenes by porphyrins'®-2!

Diaryl pyrazinoporphyrins as photosensitizers for sulfoxidation?'
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Photo-oxidation of anthracene using porphyrins as photosensitizers??
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Photocat. (10 mol%)
120 W Halogen Iamp By
T 0,CDClp 1t Q
N : after 15 min: 76% 5%
Yield using P23 after 120 min: 0% 30%
O/O Photocat. (10 mol%)
120 W Halogen lamp O‘O
CDCly, 1t Bu P23 Bu
(e}
) ' under Op, 180 min:  24%
Yieldusing P23\ der Ny 15 min:  26%

(22) Sugiura, Tetrahedron Lett. 2019, 60, 151081.

Bis-anthracene-fused porphyrins as photoredox catalysts for oxidative coupling of benzylamines??

: CyH
Photocat. (0.05 mol%) ; Hres
X H, Wwhite LED (A = 400-700 nm) Oﬁ /\O : O
Rr R :
“F THF, air, t, 1 h ; Q
Selected substrate scope : O
: CiHz2z
oo oo, e
Yield using 5 i O
P25 95% 90% : ‘
/@/\ /\©\ /@A /\@\ H .
: o B
87% 89% ;

Ci1Hzs

(23) Mai, Chem. Eur. J. 2020, 69, 16497.

7\
=S
S
P24
0
80
S

P25
Best catalyst

Porphyrin-based bismetallacycles as photosensitizers for photocatalytic sulfoxidation?*

s Photocat. (1 mol%)
o

0}
It

o

LED lamp (A = 405 nm)
DMSO, Oy, rt, 140 min

Conversion using P26: 88%
P27: 85%
P28: 94%

O O
="
fO/ \OTf

P26, P27, P28 (24) Zhang, Dalton Trans. 2022, 51, 16517.

Photocatalytic oxygenation of hexamethylbenzene using water as an oxygen source and O, as an oxidant with a

photosensitizer?®

CH,®H
Photocat. (0.025 mol%)
500 W Xe lamp

®,, MeCN, triflic acid
r, 6 h

+

H.® Ho @,

(1:1)

o = O

(25) Fukuzumi, J. Am. Chem. Soc. 2019, 141, 9155.
P29

Figure 3 Photocatalytic oxidation of anthracene, benzyl amine coupling, sulfoxidation of thioanisole and oxygenation of hexamethylbenzene by porphyrins??-2>
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Red-light-induced photoredox catalysis2®
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(E) Decarboxylative alkynylation
red LED (A = 660 nm)

R‘ R2 _HaTPP (1 mol%)
RI——R?

/ Hantzsch ester

DIPEA, i, 1 h

Selected substrate scope

=—Ph =—Ph =Ph
MeO
A G S Wy

Yield using P21 86% 61% 57%

(26) Gryko, ACS Org. Inorg. Au 2022, 2, 422.

Photocat. (2 mol%), A = 410 nm
Boc,0, toluene, —10 °C

)
[:[ R
Ns

Selected substrate scope

CL- Gl L

Boc H
37%, 56% ee (+)

_HaTPPE (1 mol%) SH Sear
DMSO, rt, 6-24 h /©/
Br Br X _Ar 60%
NHPiv X
X =8§,Se
Pd(OAc), X
“Ar
. R
NHPiv
z | X=Se,R=H, 81%
~ X =S, R = Me, 74%
Yield using P30 89% Ar
(B) Reduction of nitrobenzenes
NO2  oqleD(=640nm)  NHe
HoTPP (1 mol%)
TEA, EtOH/H,O
________ Yiusingpz1 _ TAN s
(C) a-Alkylation of an aldehyde
red LED (A = 660 nm) CO,Et
on o (COZEt HoTPP (1 mol%) J;
+ - (0]
SN morpholine Ph &
Yield using P21 n,8h 75%

(D) Thiol-yne reaction
red LED (A = 660 nm)

S
~r3
RI-—=——R2 + R3-sH _HeTPP (1 mol%) | R1’\r«f’~ R
DMSO, rt, 1-8 h R
Selected substrate scope
s s N
P T e 1 o X \O
() 0, n
Yield 64% &% 85%

using P21

Figure 4 Photoredox catalysis and C-H bond amination by porphyrins?®-27

Enantioselective C-H bond amination by a chiral iron porphyrin as the

photosensitizer?”
X R! A
[, 2
Vo N
N \
R2 s R? Boc

Selected substrate scope

Boc Boc
89%, 45% ee (+ 34%, 39% ee (+ 65%, 50% ee (+)
99%, 63% ee (- 69%, 71% ee (- 81%, 58% ee (-)

Photocat. (2 mol%), A = 410 nm

Boc,0, toluene, —10 °C

Yield, ee
using P31

U
U

Yield, ee  62%, 7% ee (+) 20%, 22% ee (+)
using P31 18%,16% ee (=)  30%, 53% ee (-) 44%, 5% ee (-)
S O\\ -0
(\IS/N:S Photocat. (2 mol%), » = 410 nm | = S\NH
Y& R! . V&
R toluene, 40 °C R2 ki
Selected substrate scope
Q %0
\\S//O \\S\//O | A S\;\IH
(8 /
Me OMe

90%, 89% ee (S)

Yield, ee 88%, 81% ee (S)  93%, 93% ee (S)
90%, 71% ee (R)

using P31 81%, 70% ee (R)  85%, 68% ee (R)

(27) Che, Angew. Chem. Int. Ed. 2023, 62, e202303981.
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Photocatalytic thiocyanation using a ruthenium-porphyrin complex as a photosensitizer®

Zinc porphyrins as photoredox catalysts for C-H arylation of heteroarenes*’

SCN
R‘\n/\n/ R? Photocat. (0.1 mol%), blue LED (% = 460 nm) RL[H\( R2 NHp Photocat. (0.5 mol%)
\ -
O O NH4SCN, MeCN, rt, 10 h S NH N+ /\—/\/ ) blue LED (A = 440 nm) I\ y; |
’ | R x~  'BUONO,DMSO +MeCN X \_
& t, 30 min R
Selected substrate scope X=0, S, N-Boc

Selected substrate scope

\ B <M
o S N CN
N02 Cl Boc

) NH, NH, O NH, O
usip:lg32 o 93% 05% Yield using P36 71% 57% 56%
)( NH, SCN SCN
O)k%\ W \/O N O\/
SCN O NHp O NH; O
92% 93% 90% P32
Photocat. (0.1 mol%) H
N ' blue LED (1 = 460 nm) N
R A / Further Readi
> //  NH4SCN, MeCN, 10 h Pz urther Reading
SCN Related articles on photocatalysis by porphyrins:

Yield
using P32

(28) Niu, J. Mol. Struct. 2021, 1237, 130358-130365

(29) Gryko, Eur. J. Org. Chem. 2017, 2017, 2104.

(30) Oliveira, Molecules. 2016, 21, 310.

(31) Nam, J. Porphyrins Phthalocyanines 2016, 20, 35.
(32) Gryko, J. Am. Chem. Soc. 2016, 138, 15451.

(38) Oliveira, Beilstein J. Org. Chem. 2020, 16, 917.
(34) Oliveira, J. Org. Chem. 2018, 83, 15077.

(35) Deyhimi, Green Chem. 2011, 13, 991.

(36) Safari, J. Porphyrins Phthalocyanines 2010, 14, 639.
(37) Zhang, Catal. Sci. Technol. 2023, 13, 6132.

(38) Gryko, J. Porphyrins Phthalocyanines 2016, 20, 76.
(39) Chan, Organometallics 2014, 33, 7059.

CaHo

(40) Gupta, J. Org. Chem. 2023, 88, 9424.

Figure 5 Photocatalytic thiocyanation of diketones and indoles and C-H arylation of heteroarenes by porphyrins?®-4°
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Transformation of a furanic compound into succinic anhydride by photosensitizers*!

(0} ¢}
Photocat. (0.2 mol%) OH O
S H 400 mW Xe lam
C)/U\ OH | o, P O+ o+ [ o
o EtOAc, 1, 10 h
o o] o]

Yield using P21 97.8% 2.0% 0.2%
E ' ; o EO E coor CN Me Ve
P39: M = Cu HOOC COOH CN Me Me
P37: M = Fe P40: M = Zn P41 P42 P43
P38: M = Mn P21: M =H, Bestcatalyst
(41) Xue, iScience 2023, 7, 107203.
Amination catalyzed by an Fe porphyrin as the photosensitizer*? . o) Photocat. (1 mol%)

Ng  blue LED (A =469 nm)

Photocat. (1 mol%) NHR DCE, 4 A MS, Boc,0 5
()V\> + R, DlueLED (1= 469 nm) ; g 25-35°C, 10 h 5
7 DCE, 4 A MS : Selected substrate scope .
25-35°C, 10 h ; Boc :
Selected substrate scope ' BOC\ \ !
. N, (o) !
: o % :
E o] N\Boc :
H Yield 3 '
CCI H H
HN RN,Q E ! using P44 46% 90% 92% :
| _ i Photocat. (1 mol%) . CF3 :
Yield 5 T\ + Ar—n, blue LED (A =469 nm) ~NHAr ;
S 93% ge% 54% N s boAr= -§ :
using P44 + R R DCE, 4 AMS R R2 H
Me. ! 25-35°C,10h ! CF E
/@,CFa : Selected substrate scope 8 1 P44

HN HN f NHAr :
" ; NHAT NHAr :

© : )\/L : (42) Che, Chem. Sci. 2020, 11, 4680.
| O  Ph ;
55% 27% i Yield :
° ° ! using P44 91% 66% 82% ;

Figure 6 Photocatalytic oxygenation of a furanic compound, amination and aziridination of alkenes by porphyrins*!42
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Photoredox hydroxylation of benzene to phenol*? NIR-light-mediated cross-dehydrogenative coupling (CDC) using zinc phthalocyanine as

the photosensitizer®”

. . . ‘ Photocat. (1 mol%)
45 N >
/ N\ Photophysical properties of phthalocyanine W NIR-LED light (A = 810 nm) o \N
. . / pas ~
Photocat. (0.5 mol% N Phthalocyanine in DMF \:'IVN\Ar Nucleophile, O, , \r Ar
( ) T MeOH/pyridine (1:1) Nu
N HN

®  )aps= 695 nm, 667 nm, 705 nm
100 W Hg lam abs’ ) ,
@ 9amp Selected substrate scope 1, 7-48 h
7 N )
H202, 11,6 h N N ® Fluorescence quantum yield (¢) = 0.60
Yield using Pc1 15% A H = ® Fluorescence lifetime (17) = 5.25 ns @:? (I; @ \©\
Z N “Ph
(45) Sahoo, J. Porphyrin Phthalocyanines Yield using PO( OEt
(43) Ghiaci, J. Photochem. Photobiol. A 2020, 392, 112412. 2003, 7, 548-550. Pc6 97% 71% 68%

Photo-oxidation of benzylic alcohol by water soluble Ph - Ph
metallophthalocyanines as photosensitizers** OO OO NIRFI>_TEOIZt)OI(|:gart1t ((1 mcgl1/5 o) @ O
Photocat. (0.2 mol%) toluene, Oy, rt, 20 h
Ny on A =264 nm ©)\ @)J\ Ph Ph
& H202, H,O/CHCly Photooxidation of benzyl alcohol by photosensitizers*® Yield using Pc6 99%

t,1%5min T T [ T
92% conversion using Pc2 Photocat. (0.06 mol%) o 1) Photogat. (1 mol%) ~
©/\OH 14 1amp photoreactor o @ANHZ NIRLED light (. =810 nm) 7 N“@
H AT =
DMSO, H,05 + MeO Meo}—gpy:‘ltdlr?] (1:1) MeO OMe
rt, 15 min Yield using Pc6 20 84%

Photocat. (1 mol%) X
| e
\ NIR-LED light (A = 810 nm) N
N7 'ONES g @
\ Vi // MeOH/pyndTiﬁ 1)
T ) Oz 83%

\ N N // N Yield using Pc6

o
N H Photocat. (1 mol%) 9
o N N. NIR-LED light (A = 810 nm) R-0oEt
2V Il ©/ NH, OEt
N (o] N

MeOH/pyridine (1:1)

J N/ \N, N o N O,, (EtO)sP, 11, 4 h
N\ / N N= %\\Q Yield using Pc6 66%
— D AN /2 A D N R el
~./
0 N N

NN
N
'/ JQ " /Zm\ N
Pc2: M =Co Best catalyst = N N=
Pc3: M = Cu Pcd Pc5 SWP
N

Best catalyst
(44) Biyiklioglu, Inorg. Chem. Commun. 2023, 158, 111647. (46) Kantekin, Appl. Organomet. Chem. 2023, 37, e6975.

(47) Furuyama, Chem. Eur. J. 2023, 28, e202103223.

Figure 7 Photocatalytic hydroxylation of benzene, oxidation of benzylic alcohol and cross-dehydrogenative couplings by phthalocyanines**-47
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Selective photooxidation of nitrophenol using photosensitizers*3-50
OH 0
+
OH e}

Pc7: M =Pb Best catalyst
Pc8: M =2Zn
N\ / Pc9: M = Mg

OH
Photocat., light

solvent, Oy

90% conversion using Pc7
95% conversion using Pc11
90% conversion using Pc12

\@ \@/ Reaction conditions:
Photocat (0.06 mol%)
vis. light (A = 400-700 nm)
’2 / DMF, 1t, 1 h
R O— “}

(48) Kantekin, Inorg. Chem. Commun. 2020, 118, 107998.

Pc10: M=Cu
Pc11: M= Co Best catalyst

Reaction conditions:
Photocat (0.05 mol%)
vis. light (A = 400-700 nm)
DCM:H,0 (95:5), rt, 2 h

(49) Biyiklioglu, Inorg. Chim. Acta 2023, 547, 121342.

% @/ k/’\‘

\ / Pc12: M = Co Best catalyst
RN

Z§\ %

Reaction conditions:
Photocat (0.05 mol%)
A =254 nm, HyO, rt, 1 h

Pc13: M =2Zn
(50) Biyiklioglu, Polyhedron 2023, 243, 116522.
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Cyanation using phthalocyanines as NIR photosensitizers5!

4 Photocat. (0.5 mol%) . CN
RN N~~pz MIRLED (.= 700-800 nm) R\N)\Rz
| TMSCN, MeCN, O, |
R® 1, 24-72 h R3
Selected substrate scope
Me
NCD 'Yle
Me™ > N NC N ~\cn
CN Me l\l/l
Yield B 30% e
using Pcé >99% 46%

@ﬁ? “%f?’

/ \ / \
/
Me
Pc15
M
BT pe1a c
(environmentally problematic) ~_Me
Me _ ‘
W‘ ‘/ Me.__Me
N Ve O O
T = \ N N
N, N 7 X
/2N !
N Zrn N N N~ [
N/ \N/ N Zn N Me
4 P Me NN
7~ N I / -
[ LY VYY)
Pc6 T NoR= =\
Best catalyst : /O
Me/\Me Ve Me
pc1e Me—( ) (
Me

(51) Opatz, J. Org. Chem. 2022, 87, 5630.

Figure 8 Photocatalytic oxidation of nitrophenol, cyanation of amines and cyclization to quinolones by phthalocyanines*8->2

Photo-Thermo-Mechanochemical approach to synthesize quinolines52

Ph
NH Photocat. (5 mol%)
O =
Ph )J\?g/ blue LED (A = 465 nm) X
R ~ grind, Na,CO3 N R
50°C, 18 h o)
Selected substrate scope
Ph
. Ph Ph [
(A b ooVUeh
N N N
O 0
Yield o 0, e 0,
using Pc1 94% 72% 89%

Photocat. (5 mol%)

g _~ blue LED (A = 465 nm)
~ grind, Na,CO3

50°C, 18h gt

Cl

Yield
using Pc1

(52) Wang, Org. Lett. 2022, 24, 1146-.

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



SynOpen A. Jain, I. Gupta

Perfluoroalkylation of (hetero)aromatics and sulfides under red-light
photocatalysis by photoredox catalyst®®

Photocat. (0.36 mol%)

. red light ( = 635 nm)

CaFo—I

ascorbic acid, 2,4,6-collidine
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[2+4] Cycloaddition and dehalogenation by silicon phthalocyanine
as a photoredox catalyst®*

Q Photocat. (2.5 mol%) o
white LED (A = 400-800 nm)
Br Hantzsch ester H
O2N /PrEtN, DMF O:N
Yield using Pc19 . 18h 59%
y Photocat. (0.1 mol%), _0
i = 400- 0
IE white LED (A = 400-800 nm) / "
O H Oy, toluene g\\<
—78 °C,18h
0
Yield using Pc19 67%
(E RO ;>
,N\
/,
N7 N\Si/ ! N
1N
7N | N=
= =
\
OR

Pc19 R = —Si((CHy)sMe)s
Pc20 R = —(CHyp);Me

Best catalyst

(54) Wiskur, J. Photochem. Photobiol. A 2022, 422, 113547.

C4Fg
MeCN:DMF, rt, 24 h
Selected substrate scope
NS
G—C:t':g ©/ /©/
C4Fg C4Fo C4Fg
Yield
93% 99% o
using Pc6 ° 63% ° e
Photocat. (0.36 mol%)
RS—H + C4Fg_| red light (}\. =635 nm) RS_C4F9
ascorbic acid, 2,4,6-collidine
Selected substrate scope MeCN:DMF, rt, 24 h
NH,
S—C4F
HO™ ™S> “\ J\/S —C4Fo ﬁ\)\
Yield o o, o,
using Pc6 65% 60% H 75%
B O\/\ Photocat. (0.36 mol%) |
| . red light (A = 635 nm) o \)\/C4F9
CuFo—I ascorbic acid, 2,4,6-collidine ©/
4o MeCN:DMF, t, 24 h
Yield using Pc6 99%

AdS,
) N\ ) N\ \ Y N
N HN /
/ N NI N
N N zn N 4
/N N Zn
/ NH — N= ) N N= V N/
l 7N YN
K=
Pc17 Pc6 ds Pc18

Best catalyst

(53) Postigo, Org. Biomol. Chem. 2019, 17, 3741.

Photocatalytic oxidation of benzyl alcohol by
photosensitizers®®

Photocat. (0.2 mol%)

| X OH 14 Iamp photoreactor
Z rBuOOH H.O
83% conversion rt, 15 min (major) (minor)
using Pc21
Aoe= = H N-N

7 ©
| /©\
N Cl Cl
/ =
N Pc21: M=Cu Best catalyst
RS Pc22: M = MnCl

Photooxidation on multigram scale mediated by red light and photosensitizers%®

S?\COOH HO COOH

1) Photocat. (0.0016 mol%)
red LED (A = 630 nm)
O, MeCN, rt, 6 h

2) PPh3

1) Photocat. (0.0016 mol%)
red LED (A = 630 nm)
O,, MeCN, rt, 8 h

—_— .
2) PPhg

|HO 6}

81% conversion using Pc23

15% conversion using Pc23
1) Photocat. (0.0016 mol%)
red LED (A = 630 nm)
Oy, MeCN, 1t, 6 h

2) PPhg

33% conversion using Pc23

1) Photocat. (0.003 mol%)

Ph red LED (A = 630 nm) Ph\P//o
02, MeCN, rt, 1.5 h ~
ph” ph 2 PR N

2) PPhs
78% conversion using Pc23

tBu
Pc23

(56) Amara, ACS Sustainable Chem. Eng. 2023, 11, 15674.

(55) Bekircan, J. Organomet. Chem. 2023, 983, 122553.

Figure 9 Photocatalytic perfluoroalkylation of aromatics, sulfides and alkenes, cycloaddition and dehalogenation, and oxidation by phthalocyanines®->¢
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Photocatalytic phosphonylation mediated by zinc phthalocyanine as a photosensitizer®”

Red-light-mediated chlorotrifluoromethylation of alkenes using a ruthenium phthalocyanine as a photoredox catalyst”
H

(e}
N. Photocat. (5 mol%) T
X
Photocat. (1 mol%) cl | NH, , white LED (A > 420 nm) ; A\ IID—ORZ
N red LED (A =634 nm) A +  (R°O)P =/ ORe
CF5 / 0, atm, EtOAc R
CF3S0,Cl, KoHPOy, acetone R R 1t 6h
1,20 h m ’
________________________________________________________________________________________________ SN Selected substrate scope
Selected substrate scope o o
- Il 1
> N& P—OEt Meo—< >—}|3—OEt P—OEt
cl >N _N—= OEt OEt OEt

O cl
o) N R N
O F3 OM // N/ [e)
Yield using Pc24 e 0 44 © 86% l I 2 2
N P—OEt F3C—®—I?—OE1 F@—FI’—OE
|

OFt
O<_Ph ~ Yield using Pc6 OFEt ~ @E
Y o cl cl o 81% 88% 86%
S 0 L o (o L O S S
AN ol mCFa \@ AN CFs Pe24
| (o) Photocat. (5 mol%) OR?
X CF3 ~NHz . h
| ~ ” , white LED (A > 420 nm) AN S
91% 85% 71% Y + (RPO)P O, atm, E1OAG I/ ) d ©or
1
R rt, 6 h R

(57) Furuyama, Chem. Commun. 2021, 57, 13594,
Selected substrate scope

Photooxidation of 4-nitrophenol in aqueous medium by photosensitizers>® e o
7 2
Further reading P/O Et O P ot P/OEt
OH Photocat. (0.05 mol%) OH o Related articles on photocatalysis by phthalocyanines: ©/§, ~OEt [¢) g ~OEt
visible light (400-700 nm) (59) Liang, Curr. Org. Chem. 2018, 22, 485. O
water. it 1 h + (60) Vorozhtsov, J. Porphyrin Phthalocyanines 1999, 3, 592. 60% 64% 42%
T (61) Lever, Adv. Inorg. Chem. Radiochem. 1965, 7, 27. OFEt ‘ ;
NO,» OH o) (62) Doorslaer, Dalton Trans. 2014, 43, 14942. P/ p’Pr p‘Pr
) ) ) . (63) Nyokong, J. Mol. Catal. A: Chem. 2007, 261, 36. /@/g “OEt '/P\O"Pr ’P\O’Pr
97% conversion using Pc26 (major) (minor) (64) Bilyarska, J. Mol. Catal. A: Chem. 1999, 137, 15. Yield using Pc6  MeO (0) O.N o
(65) Nyokong, J. Mol. Struct. 2010, 973, 96. 57% 58% 2 41%
- 4+ (66) Nyokong, J. Mol. Catal. A: Chem. 2007, 273,149. |
a0 s
N7 \ v N, N
7 7 N\
N Zn N
41 / \
7 N N=
Pc25: M = Co SN
Pc26: M =Cu Best catalyst
L _ Pc6
(58) Tekintas, J. Mol. Struct. 2020, 1215, 128189. (67) Sarvari, Org. Biomol. Chem. 2021, 19, 5905.

Figure 10 Photocatalytic chlorotrifluoromethylation of alkenes, oxidation of nitrophenol and phosphonylation of hydrazines by phthalocyanines®’-67
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Photocatalytic aerobic oxygenation reactions catalyzed by
antimony corroles as photosensitizers®®
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Photophysical properties of corrole®®
5,10,15-trispentafluorophenylcorrole in DCM

® one Soret and four Q bands in UV-vis spectra
Soret band: 407 nm

Q-bands: 523 nm, 561 nm, 604 nm, 632 nm
® absorption exhibits a high solvent-dependent shift
® Fluorescence quantum yield (¢) = 0.14

® Fluorescence lifetime (tr) = 3.7 ns

(68) Ziegler, J. Phys. Chem. A 2005, 109, 7411.

C-H photoactivation by Sb(V) oxo corrole as
photosensitizers”®

CHs CHO CH,OH
Photocat.
A >305 nm +
benzene
rt, 250 s 14:1

O
SCH3z  Photocat. (0.02 mol%) Yo CHs
230 W sunlight lamp
0Oy, EtOH, reflux, 2 h @
100% conversion using C1
OOH
Photocat. (0.02 mol%)
230 W sunlight lamp
Oy, EtOH, reflux, 10 h
78% conversion using C1
Photocat. (0.02 mol%) OOH
230 W sunlight lamp
O,, EtOH, reflux, 10 h
67% conversion using C1
OOH

Photocat. (0.02 mol%)
230 W sunlight lamp

0,, EtOH, reflux, 12 h

60% conversion using C1

Photocatalytic bromination by a gallium corrole photosensitizer®®

G G

TON using C4: 296

OH Photocat. (0.025 mol%)
blue LED (A = 450 nm)

TFA/TBABr, MeCN
rt, 1h

CH,Br c4

TON using C4: 50

CHs  photocat. (0.025 mol%)

blue LED (% = 450 nm)
TFA/TBABr, MeCN
,1h

(69) Gross, Angew. Chem. Int. Ed. 2015, 54, 12547.

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

CeFs
CeFs CeFs
(3] c2
Best catalyst CeFs
CeFs CeFs
c3

(8c) Gross, Inorg. Chem. 2006, 45, 386-394.

Further reading

Related articles on photocatalysis by corroles:
(70) Gross, Chem. Eur. J. 2009, 15, 8382.

(71) Gross, Chem. Commun. 2007, 20, 1987.
(72) Lemon, Pure Appl. Chem. 2020, 92, 1901.
(73) Gryko, Eur. J. Org. Chem. 2002, 2002, 1735.
(74) Paolesse, Chem. Soc. Rev. 2022, 51, 1277.
(75) Gryko, Chem. Rev. 2017, 117, 3102.

Oxidation of thioanisole and cyclohexene photocatalyzed by
a bismuth corrole as a photosensitizer’”

~ ~..0

s Photocat. (0.1 mol%) 5

A > 455 nm

0,, EtOH
60°C, 8 h

Full conversion using C6
Photocat. (0.1 mol%)
A>455 nm
O,, EtOH
60 °C, 8 h
Partial conversion using C6

CeFs CeFs

Cc6
(77) Schoefberger, Inorg. Chem. 2011, 50, 6788.

Figure 11 Photocatalytic oxygenation of thioanisole and alkenes, bromination of phenol and toluene, and oxidation of toluene, thioanisole and cyclohexene by corroles®6%-77
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Photooxygenation of toluene, p-xylene and mesitylene by transition-metal- and main-group-metallated corroles
as photosensitizers’®

TFA air, rt, 20 h

Photocat. (0.015 mol%) | © : CeFs :

LED (7» 400 nm) H H
TFA air, rt, 20 h ' :

e ] O e CeFs CeFs 5
Photocat. (0.015 mol%)  CHO X X :

LED (1= 400 nm) '

X Y !

:

Yield using C15

Photocat. (0.015 mol%)  §HO
LED (=400 nm)
TFA air, rt, 20 h

Yield using C15

C7:M=Ga, X=CFs, Y =H
C8:M=Al,X=CFs Y=H
C9:M=Au, X =CFs, Y=H
C10: M=P, X =CFs, Y =H
C11: M=Co, X =CFs, Y =H
C12: M =Ga, X = Y = CF3
C13:M=Al, X =Y =CF4
C14:M=Au, X =Y =CFs
C15:M=P,X =Y =CFs

| O

Best catalyst
17.2%

(78) Gross, Photochem. Photobiol. Sci. 2020, 19, 996.
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Aza-Henry coupling of benzylamine mediated by phosphorus corroles as photosensitizers®

CHoNH, ~
©AN/\©
Conversion using C22: 100%

CeFs

CeFs
Cer‘Cer CGF*CGFS

Photocat. (1 mol%)
Xe lamp (A > 380 nm)

MeCN/CHCl, (5:1)
air,rt, 1h

C20
Best catalyst

(80) Gross, Chem. Sci. 2019, 10, 7091.

Photocatalytic bromination by phosphorus corroles as photosensitizers’®

TON using C16: 320
(79) Gross, Inorg. Chem. 2019, 58, 6184.

OH OH .
OH Photocat. .
blue lamp (A = 400 nm) N r
HBr, air, rt, 2 h : FsC  CgFs
Br '
TON using C16: 1840 . CoFs CoFs
Photocat. Br i FsC CFs
© blue lamp (A = 400 nm) ©/ ; FsC  FoC
HBr, air, rt, 24 h I C16 Best catalyst
TON using C16: 106 :
¢ : Br CeFs
CHs Photocat. CHBr :
blue lamp (A = 400 nm) i CeFs CeFs
HBr, air, rt, 3h ' Br Br
H Br Br
: c17

Metallocorrole-photocatalyzed bromination of phenol and toluene by photosensitizers®'

OH Photocat. (0.004 mol%) OH OH CHs Photocat. (0.001 mol%) CH,Br CHO
A =400 nm N Br ' A =400 nm N N
HBr,artah | _J T i HBr, air, 1t, 5 h |

Yield using C25 76.8% Br  :Yield using C25 22.5% 10.9%
CeFs
CeFs CeFs
F3C CF3 c25
H CFs Best catalyst
CeFs
CeFs CeFs
F3C CF; C28
CF3 CF3

(81) Gross, Dalton Trans. 2019, 48, 12279.

Figure 12 Photocatalytic oxygenation of aromatics, benzylamine coupling and bromination of benzene, phenol and toluene by corroles’8-8!
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