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Abstract Palladium-catalyzed organic transformations is an important branch of organometallic chemistry. Because it can
efficiently construct carbon-carbon bonds and carbon-heteroatom bonds, palladium catalysis has been widely used in synthetic
chemistry, material science and pharmaceutical industry. However, some of these reactions suffer from harsh reaction
conditions, including high temperature and strong base. On the other hand, the visible-light photoredox catalysis employs the
visible light as the energy source to generate highly reactive intermediates and realize many novel transformations, which are
rare under the normal thermal reaction conditions, under mild reaction conditions. However, there are also limitations in
reaction types and substrate scope in this field. In order to solve such problems in these two fields, organic chemists have
merged the visible-light photoredox catalysis and palladium catalysis, realizing a series of novel organic transformations
through the electron transfer or energy transfer between photosensitizer and organic palladium complex under mild conditions
with high efficiency and selectivity, which has broad substrate scope and great application potential. In these transformations,
visible-light photoredox catalysis and palladium catalysis both play their respective roles and cooperate well. The application
of visible light photoredox and palladium dual catalysis in organic synthesis is summarized and the future research directions
in this field are analyzed, which might help the further development of this field.
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Scheme 8 Arylation and annulation of C(sp”)—H bonds via visible-light photoredox/Pd dual catalysis
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Scheme 9 Heck reactions and isomerization of alkene via visible-light photoredox/Pd dual catalysis
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Scheme 12 Decarboxylative allylation via visible-light photo-
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Scheme 13 Mechanism of decarboxylative allylation via visible-light photoredox/Pd dual catalysis

Pd,(dba); (2.5 mol%)

R2
L (6 mol%) R1T R3 X R3
A *R IrPPy)a(cibbpy)PFs 2 mmolte) ¥+ AT NN
- : 1
Ar F R1 DHP K2003 (1 5 eqUIV.), N2 Ar/\/ R
MeCN, blue LED, 12 h Branched (B) Linear (L)
Me ,
\ 1), 14,,
]A L
NHAc NHAc NHAc
NHAc
50%, 2% ee 63%, 86% ee 61%, 92% ee 62%, 94% ee 70%, 90% ee
>95:5 B:L 91:9 B:L >95:5 B:iL >95:5 B:L 93:7 B:L

Me .
” EtO,C CO,Et
OAc Ir b, DHP= |

® Il
Pd L PdIL*

Ar
\ / E one
Ph ® Pdm,_* NS Ar = 4-MeO-3,5-(1Bu),CqH,

(R)-GARPHOS

B 14 0] WO 5 A B FE) A PR 0T sk B A4 T B A S 7
Scheme 14 Enantioselective allylation via visible-light photoredox/Pd dual catalysis
TARRI AR LRI N B B 1 B & 3h T 229w 78, UL Ak, ER G EE . B BURIIR DT A BEAE
e DR BRIEFEE . XS FRPE AN Z/E LSRG ANKT AR R R AR NN RN R SO BORI AL 4-edk-
BESAL 1. %SO R A BT R SR 1 P PR AN R B 5 14- S MEE 5 3, B LR e Ak B 3k s, 1%

Chin. J. Org. Chem. 2020, 40, 3697~3713 © 2020 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 3703



BIKE

Fe ik [ RS T B P IR A SR AR R Pd ™ R ) A, 4
R RS B Ak =, AR Pd AR (AR SRS
HHGAE R, T8 AL IEEE.

2020 4, 17 =S POR R SR SE I T N-FR
BRI IR0 R BRI o475 A FE 4K SN (Scheme 15). A
[F) T 2 B S A R e B o A%, % TR H DL S
AR TEC ) N-HEER ke B i izl ), JF H O
FEME— R, R T BRI R A
2.2 Heck BUfzEAL

2018 4, ASH R 5 A% 454 T W ik
AL, fEIRAAAE NI T R = e R R R
TR 5 2K ZIG AT A IR Heck B 2 N (Scheme 16). 1%
SN IS b A S g m AL e R E S
VIRIE R 10 N 5B B, BLAT WOt i e & 5%
BT, mkfEtith & ml— R Z-8 gkt
KON — RYVGIRIIRIR, R RRFIE R IR A T

Ir(ppy)»(dtbbpy)PFg (2 mol%)
Pd,(dba)z (2.5 mol%)
(R)-MeO-BIPHEP (6 mol%) RZ Ar’

OAc }32

R IR 25 5 30 e Rz vpr [RIINF, o R R A
VERESZR, %I S | % G 8 A7) B .
2.3 ATxFRkTEAL

Bt R DL /8 A [ A AR 2R 7 AN R R B A e
IT R RE, — St 50 N D3R SGE: mU ) AR b
SACARSC A ML N B0, 15 = &P ERT I T
PEREEAL B R T OG0 B F A AN e M iR TR 5 4-
Jt i -1,4- — SRk E 1) ) B 328 458 7 Jot B4k S B (Scheme
17). Z TAESRAE 7 —Fh i AN I — 05 B2 W BRI e &5
B 7 3l 71 % A X Fk e Ak (dynamic  kinetic asymmetric
transformation, DYKAT) = R il 2 B A Y 223G M (1) — 5
Behek ik, B EZENHNE.

3 BEMRN

731 SRR AL B W A S 2R FA 0 1 A &
&, 2016 4, B ECHEPIGA OGS E #A, Bl

MeO ‘ PAr!

+ ! MeO PAr;
AH}\/\W A2~ N “Me  Cs,CO5 (15 equiv.), MeCN Arz/NJ\/ﬁRw O :

Ny, blue LEDs, 12 h

Ar = 4-MeO-3,5-('Bu),-CgH,
(R)-MeO-BIPHEP

X\ O
Mi?/\ Me\i/
N =
L e ph” MeO

63%, 96% ee 42%, T4% ee

NHAc NHAc

U& Uﬁh“%

52%, 90% ee

52%, 86% ee

B 15 A WOG S B R N- PP DR 0 0T s £ 1 0 P 2 S 2

Scheme 15 Enantioselective allylation of N-methyl anilines via visible-light photoredox/Pd dual catalysis
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Scheme 16 Z-Selective Heck reaction via photoredox/Pd dual catalysis
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Scheme 17 Enantioselective alkylation of carbonates via visible-light photoredox/Pd dual catalysis
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Scheme 18 Oxidative carbonylation of enamides via visible-light photoredox/Pd dual catalysis
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Scheme 19 Decarboxylative acylation of a-keto acids via visible-light photoredox/Pd dual catalysis
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Scheme 20 Decarboxylative ortho-acylation of azo- and azoxy-benzenes via visible-light photoredox/Pd dual catalysis
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Scheme 22 Decarboxylative couplings of a-oxocarboxylates with aryl halides via visible-light photoredox/Pd dual catalysis
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Scheme 24 Carboxylation of aryl halides with CO, via visible-light photoredox/Pd dual catalysis
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