2025 4 6 H BB A 3 Jun. 2025
FTaAEk FH2W Emerging Science and Technology Vol.4 No. 2

DOI:10. 12405/j. issn. 2097 — 1486. 2025. 02. 003

o5 —xd U 01 6 R 2 55 i e ik AR R B IE 5 0E i

AL, INEE, TEY, #H T
1. db st ke fe2g 500 7 TR 2B, JL T 100864
2. g REl K2 AL 2E Ak T B Bkt 1 200240

W OEESR,TAAANFHE —LBEARNEBELEANSGRTRABERGES, SHRLGTEELMEN
M (b A b7 AR, B — T E A B (edk AAFa) AL Rt FE OS5 EAEIZENFTHHR ., AEH
— iR A AR B A 0 R K A A A e B A R R AR AL A B 42 42 T VLA AT A2 R B Ak O AR B R AL
M, TRANFOE —THRARNE BB LA TA R SRR (DA ENGE T E B IE 5T S WK & Bk
LB HES(IMCTERZAAHEAEEDAAER B (DRAEINGE—FERANEERSME RD Y TZ
Rl R &b F#45(SET)EARTAERYA AL L, AL E BRI S A BRI R BLEEL 6 3 75

H AT R B
KEWF TR S —THERAHE L LBELR N A S
FESES:0644.19 XHERFRERD A XEHE:2097-1486(2025)02-0129-17

Research progress of photocatalytic reactions involving first-row

transition metals

GUO Fuhu', SUN Zhifan®, DING Bei*, FAN Xinyuan'
1. College of Chemistry and Molecular Engineering , Peking University, Beijing 100190, China

2. Center for Ultrafast Science and Technology, School of Chemistry and Chemical Engineering, Shanghai Jiao Tong
University, Shanghai 200240, China

Abstract: In recent years, first-row transition metal (FRTM) photocatalysis has shown great potential in or-
ganic synthesis. Compared with traditional noble metal photocatalysts (such as iridium and ruthenium) , first-
row transition metals (such as iron, copper and cobalt) are driving the research of green chemistry due to their
lower costs and higher abundance. Although the photoexcited state lifetime of the first-row transition metal
complexes is shorter than that of the photocatalysts of rhodium and iridium, their photocatalytic activity can be
effectively improved by rationally designing ligands. There are two main reaction pathways for visible-light me-
diated first-row transition metal catalysis: (1) the excited state of first-row transition metal complexes under-
goes ligand-metal charge transfer (LMCT) producing free radical active species to participate in the reaction;
(2) the excited state of first-row transition metal complexes undergoes single electron transfer (SET) between
substrate molecules producing active species to participate in the reaction. This article summarizes the research
progress of catalyzing organic transformations via the second reaction pathway in the past five years.
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Figure 1 Visible light-mediated first-row transition metal
(FRTM) catalysis
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Figure 2 Four common ways of electron transition in

metal photocatalysts
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Figure 4 Visible-light mediated manganese catalysis
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H trifluoromethylation of aromatic hydrocarbons
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Figure 6 Visible-light mediated iron-catalyzed amination
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Figure 7 Visible-light mediated iron-catalyzed

decarboxylative cyclization
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Figure 8 Visible-light mediated cobalt-catalyzed C(sp*)—N coupling
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Figure 9 Visible-light mediated cobalt-catalyzed bisphosphorylation of alkenes

2024 4F , Robert Wolf 25 A PV3RIE T — Fh f7] 24
55 A% 09 /T IR X L BE A 25 A [1-Co 7, B REWS
A5 2% i Ak A T I N R G R 0 19 C— H 5 3 Ak R R
CEE10) o BIVE H: OG B O i8 %& rh il f+[ 1-Co 1> i1
Bk B HEAAR S ps, EHOCHFBRR T 54
JeB i Y A ) RN A LI RO AR 5 9 M A Ll
20 B O 1% 2 R B SE H R T ORRE BL 4 R R
WY, R *[ 1-Co 1> #7746 %5 , (0 HL A JB 3o 782 ]
3 3 5 NE 6 5 9 56 45 4 A2 #F 5l i it 7
o2 5, WE 58 70 8 7R T B2G 45 4 7 4 ik vl T %
ik B o A S HE PR T, S A Al HL R B A T A
9 8%, BT TAE AR ALBE R T KRS F A T
3d 42 B 6 M AL R K R 00 T T EL R B

3d 4 B Ot Ak A R Ak R 4R 4R TR A JEL I R S 5
WA

20254F , Wei Ding 55 NGl 1T —Fhval WG4
T A AL B B Ak SR B, T S B R 0 T R L
Tk £ T XU Ik B I TR 11D o %R I B A T
IR RS TIZ R AT 32 1 AR R AT
REfE L) B 1 B WA A0 v DX ok 3 il 22 b A e M
PIIEBEBEAL 7= . BLAh % 3R W 38 T 7 8 22 ) 20
J 14 XUl T A 2 I, e 20K 2 DPPP-— S Ak 25 10l
Yo Wt L MALEAF ST MEE R T — AR
J o AL B AE T LS BT B b b £ SRy ol 4 £k 75
Bl o AR A TG Tl g I AR Tk 4 AR R B A
3k, I 50 4 & AR OB .



134 MR ARER

2025 4F 6 H

1(PF),

N
N \ ]\II
N r
R': / OMe
K;\/ MeO %)\
[

R 1-M](PFy),
M=Fe, Co

E10 FRENSEHENLHME C—HFTEL
Figure 10 Visible-light mediated cobalt-catalyzed C—H arylation of pyrroles

Co(dmgH), (4-CO,Mepy)Cl (8 mol%)
pyridine (1.5 equiv.)

X / [1-Co](PFy), (2.5 mol%)
R X . Il/\N) NEt;(2.2 equiv.)
e Y MeCN, 450 nm, 40 °C, 24 h
RZ
X=Cl or Br
Rl
R'__— 9
+ H—p—R

|

R*"H R

DCM, blue LEDs, rt, Ar, 24-48 h

RS
R /,0
I &
2 R R
R

11 ARAENSEHELNERBEBK
Figure 11 Visible-light mediated cobalt-catalyzed allylic phosphonylation of alkenes
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Figure 12 Visible-light mediated nickel-catalyzed selective S-arylation of cysteine residues
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Figure 14 Visible-light mediated copper-catalyzed cascade radical addition/cyclization reactions

2024 4F , Fanhong Wu % A\ "3l 7 — v nl Il
A T 110 A 1 DX 3RORD ST R 35 R M 8o B i
b =R, % L K B4 5 BrCFL.R Fil KSCN #£ 1]
WA S R R AL (B 15) 0 33X — i 72 T8 75 441 19
JeA AL EL A R RG] R A G WOt Ok R 7R 5
AR B, BEAR 2T CFo-Be 36 A i 369 4 1, A B
T C—SCN S iy 44 g, i 15 S 1 Be 0 IR 32647 . It
Ab 2 IE T R X S S CFL Ak AT 1Y
A WO R IR T — i 2800 s 6 T AR AN )
b 25 SR B A W AE N ] o VR X S WL AT T
IR B2 1 T — A FTBEAY S RE AL, BRI AE AT DOl

WORTT A BE B W e AL S U 2SS G5 ) 2 T
P2 B H B A i R 3 A A 9B SR IR A Y IR
S5 8 A N T U B R R AR LD BRCE Y, —
FbEEL [ S bR A 2k B R R A, T Ak )
4 JE AL AT .

2024 4 , Ramakrishna G. Bhat % A MU E A 0] Il
AT AL G S U DS B AL G, R 1
2% 10 HH STV e (PMIDID A% 00 5 48 v i 1 1 ) 52 81
TN 505 B R R B] 39 % (DASS) & i PMDI
(F16) . X —5 b K DASs H 0k A 3 5 4 4
390 B8 A A 700 38 5 T A A B (PCED



136 MAREMERER 2025 4F 6 f1

KSCN 0 - 0 o & 9

H Cul (10 mol%)

= F Cu(acac), (10 mol%) F . N .

2 . )< F binap (10 mol%) NCS . F R=N 2 NaSCN (2.0 equiv.) R=N N=R
Br R DMF. blue LEDs. N.. it R N\ Ar DMSO0, 440 nm, rt, N,, 12 h
’ T 0 0O A O
BHERNE

Figure 15 Visible-light mediated copper-catalyzed

difluoroalkylthiocyanation of alkynes

FEMAREAE ] o WS rh B0, IR0 1% 4l TE 5 4
(CuNCSITENG T K i b 4 SV E T o i i %
DASs (977 U  ABATTHERR 1R A9 35 HIE 15
7SR RAEN R AN Z TR T A R
BABREESECAIE) 1 PMDI 4 1

2024 4F , Xueyuan Liu 2 A" RIE T — Fh i ot
IS B H AL D7 s T R B BUE RE AL R
T o R A = U R B L AR (L 17D o 5T AT B G
SUD Y SuAVRIAE SRR SIS RN R 7N

K,

N/O\H/Cﬁ
+ <'> o .

AgSCF,
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Figure 17 Visible-light mediated copper-catalyzed cyanoalkylation and trifluoromethylthiolation of olefins
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Figure 18 Visible-light mediated copper-catalyzed carboamination of styrene derivatives
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Figure 19 Visible-light mediated copper-catalyzed regiodivergent C(sp’)-sulfonylation of oxime esters
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Figure 20 Visible-light mediated copper-catalyzed alkylation/exo-cyclization of 1,7-dienes
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Figure 21 Visible-light mediated copper-catalyzed radical cascade cyclization of N-(o0-cyanodiaryl)acrylamides
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Figure 22 Visible-light mediated copper-catalyzed four-component reaction
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Figure 24 Visible-light mediated copper-catalyzed annulation cascades of olefins
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Figure 25 Visible-light mediated copper-catalyzed aminohydroxylation and aminoalkoxylation of olefins
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Figure 28 Visible-light mediated titanium catalysis

BLCIV OB BR b (VN OSSO 1k 1956 3K 50 15 1k 2 v
(F29, x—dBEdT L ens, A=1F . L
T IIMAN B STl HLO, A S &% o S R 5, 5K
TR C—HERRL . R, VIOSO,TERE L
J2 7 H 3 PR s ok “%ﬂﬁi%%ﬁ%uﬂ“ﬂﬁﬁ%@&

A Al i B LA K C—H T Ak v i W 7E I T T RE T
BRSO T R R R A A HE A R T
TURR o IS AT BN 3 — ZR 90 S, Ak T R AR A
FFRR T A R IR ALY R D . 4528
NS IZITIERA T I W IR Y I T, RE S o R0 K 1

DL KA TR E e A A R SR IRAL Y o X — iR AU L A AN B ER RIS .
0 R VOSO, (5 mol%) o R
)j\ + Br S/ K,CO; (1 equiv.), H,0, (2 equiv.) R)J\O A
R® H | _ MeCN, 455 nm, Ar, 1t, 72 h | _

E29 FIRENTSHRELHEN C—HEREL
Figure 29 Visible-light mediated vanadium-catalyzed C—H esterification of aldehydes
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Figure 31 Visible-light mediated chromium catalysis
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