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Research Progress on Light-Promoted Transition Metal-Catalyzed
C-Heteroatom Bond Coupling Reactions

Song, Geyang ~ Xue, Dong*
(Key Laboratory of Applied Surface and Colloid Chemistry, Ministry of Education, School of Chemistry and
Chemical Engineering, Shaanxi Normal University, Xi'an 710119)

Abstract The photo-transition metal synergistically catalyzed coupling reaction provides a new research strategy for the
development of metal-catalyzed coupling reactions. In this catalytic system, the excited state photosensitizer controls the va-
lence state of the transition metal intermediate through a single electron transfer process, there by regulating the coupling reac-
tion process, especially for the process that is difficult to occur in traditional transition metal catalysis. In addition, the excited
photosensitizers could also promote the coupling reaction through the energy transfer process. Simultaneously, the light-pro-
moted transition metal-catalyzed C—X bond coupling reactions without external photosensitizers have also been rapidly de-
veloped. Light and transition metals synergistically catalyzed coupling reactions provide an important tool for the construction

of C-heteroatom bonds, showcasing broad application prospects in synthetic chemistry.
Keywords photocatalysis; single electron transfer; energy transfer; transition metal; coupling reaction
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2019 4F, Ritter i@ BOH Pd ik, e S Cu
LS Tk, Wl 7 05 B R (TT) 5 2R & i)
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Scheme 14 Heterogeneous light-promoted Ni-catalyzed aryl
C—N coupling reactions

2021 ¢, TATRBABISLIL 7O Ni(qD LTS
S ) 5 TR LA R PR FF A C—N BRI S B
(Scheme 15). ZJ5 V&M FH AIVEEA LI 1,5- 8% —3F
[5.4.0]+—#&-5 (DBUYYE B, 285%6(390~395 nm)jﬂy‘ﬁ
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Scheme 15 No photocatalyst participates in light-promoted Ni-catalyzed chiral aryl C—N coupling reactions
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2013 4, Peters PRARALO-SUHRGE T 65T Cu LTS
LA I 5 05 2 o AL AR B S B (Scheme 20). 1% 5 VA
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FHYCAEALT, ZEAAR RTINS, N Tl bR
B A B SR AL TR T SRR, RO R TR /R Bl [ A
A BT BRI s N AR AL T A 7T LB MLERRF AR A, 1E
26(390~395 nm)RHS R, BURSIIERMENA] 72 KA
WA, AR RS PE NI R 58 FIO% 3k B 3t 21;
P25, Ni(DYFh 58 5553 s 55 & A AN ik
Ni(IIT)-Ar 1A 59, SR 5 5 R TROARASHR, S0 IR 7Y
FrA= Rl C—O BEARIRC™ P 75 Bk 111 F1 Ni(D)¥ % 58. 1k
Gh, BEEEEIERTZ N E R E . ARERE: hT
Ni(Ty/Ni(I)3EA7 U5 5 S B 72 A NI 8 £ 771 2R 5 1030,
LIRS TR 3E NI R AL RS I Ni(DA) Fb
58, Ak N A RE4k Stk AT.
32 C—ORBHRNEMFHESEBMEUEY

2018 4F, B SURIRMZHOR I FrER) 2,2 Bt
EVENECAARSZIL 7O S Ni P EEATFE C—O B
BN FERFIRI AT, DL R A A5 2 R A Xt
ML BEVER R — R A F1E 1,4-2K8FF BESE(Scheme 27).
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BeAAAE S N R P R A B R, R
ATREALEL N R 114 5F M1 Ni(0)FC &4 118 T4
IR 2 Ni(D 75 248 AY) 119, BbE, flFE 2,2
IDCHLE g A R B0 IR BE. B S, Ni(ID) 75 AL &4
119 KA PR A e B # B 15 21 Ni(ID) 75 e g £h c &
W) 120(3ZH [R] A 2 6 e 8 1 (1) T BRI SR8 ). etk
7 Te(11T) 22 75 0] WG RS IR 2 A T 6 A8 ok 25 I (11D)
23, JefE AT S B AL 2 ) R A TR R T AR,
Ni(I1) 75 FERE R 540 120 HBOR A FGHBGR TrD) 23
A NI(TID) 75 B ER LA 121, SRREGRAR A Tr(ID) 42.
Ni(IID) 77 3B Th A A 121 KAEFEHEBRERIK ¢—O0
AR 115, Ni(IDAL &9 8 Ni(D). &J5, ek
5 BT 2 (A PR OR 2B LT RS . Ni(DRC &8
HNi(0), TR RIFEZS, 78 ML IR,
33 C—ORBHRNEKEELE

2018 4, BATHREALIOHRIE T 18 F A PG RN (BO-
DIPY) BRI, (£ R WG TSR, BL Ni(I) v fiEfl
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A, PAKAE RN EE 5 182 5 152 24k ) 8 (Sche-
me 28). ZTVEA T2 B ERYE F G BT R4 1) E RE
RARTT IR, WiEH T BRI &R R G 22
ST ZRNALA O FRicE R A H & IR Ht T 7
% AERERENAE, 6,6- 2 FE-2,2- BRI e 75 1% S N H
REEEEER. VBRI RRY, &%, BEGI
BODIPY 125 7t 0] W% HE 5 1 25 1 F 3 AR N R &
BODIPY" 126, /&% BODIPY® 126 54 HLi% DIPEA
128 JIE47 L T 5 #2 I i BODIPY B 1 127 Al DIPEA
FAES 7 [ B3 129. SibFEIN, Ni(O)E&4) 51 5%
AR A IR 2] NiADEC A4 63. B 5, Ni(IDEC &4 63
5Kz B R A RIE S 123, &Y 123 5
DIPEA [H&E T H i 129 il i T BE R &Y
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124, [FIRSERCA YL DIPEA MIFERF. £eJa, Ni(IIDEL &
V) 124 RAIEJFETHE R RIREAL Y 116, Ni(IIDEC &4
A5 A Ni(l). J6HGH BODIPY BB 127 5 Ni(DE &4
58 PR HE T HF5(SET), Ni(DEC &35 Ni(0),
JERGR R BIEEAS 125, SEBOGBON B ARITEER. 1X
S T A/ AAE A (I 60 ML Aot P DL s Wl ) e A R 1B e
NIRRT, ANAN R B2 5 A A 0 ) R AN A 7
BRI S T, R v R AL G AR 6 S S LAEAE X
A, PO TR R A .
34 C—ORBHREAEMFSEBEXLEY

Be R R A NLE R s IR 2 —, B2
LT RS 0T BREWAMEL 7 m)
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G LITIOOOT, FRIRAE BRI AR, IR R A
e A5 12 5 IRIR I 95 5 C—O BRI S B E oA & B
B SRR E AT, AR, XA TT i &

EEATHU. I R R SRS, RN R
RN « B AR P I T U P L0571,

2017 4£, MacMillan S 724R0E T 0] WG AR
R 58 R IR 5 IRAR T RR C—O BRI R .
2R RNz, A AP E T RIS 2 B 5 ]
BN, RGN 05 A 0 AR TR e I v )RR
(Scheme 29). HLHEEHFFEEY], HoE, FHBRUY 55 5
Ni(0)EC &4 51 18 Ak I A3 B NidD Y F 63, A5 4
I AR AR O NI(ID S & 132, JE850O6EL
7 22 SR IERIFAES r(ID* 23, fEMAS
Ir(I)" 23 AR, B RE B R i F 7= AR 05 3k i (L
RIS NI(ID)ARL &9 133, #54, 1I8JEH
K52 ERAL ) 131, Ni(ID) ELAYA8 N Ni(0), 5284
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AMEIEIE.

2018 4, Zhang @ WGE T 5 T RARERK B
IOEREGT (4DPAPN) S48 Ni Ph[FIMEILRIR 5 05 5
28 SRR R, (Scheme 29).

2018 4F, Pieber PR THRIE 114 FH &Ltk T4k
TENMEHGH, 65 Ni U RIS A C—O SRR B
(Scheme 30). FRIR 5 75 F M40 4 1 A 3 T AR 3t ik v
TR 5 —FlE . R/ K C—O BREE,
DL SR A Bl — R Y D5 BB E Y. & T 0 AR
SRR I T BRI SR

2019 4F, Lang BREHPHRIE T LA HIEEGT TXO
KRB EJECHG, SCIL T RSB Ni )7 BRI 5
FRIRITEAE S N (Scheme 31). 1% B Al BERIHLEE &2 5%
B S Ni(0) 51 F LI s 2 Ni(In) 75 2R v id
& 63, a5 130 @aﬁﬁ?ﬁ@ﬁi Ni(IT) 75 R R
THEAY 132, BORAK TXO 135 i R 2,
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Fiy 5 55 WAL 90 16 18 BE (Scheme  32). ML FE 5206 B
Cu(D)-Fy £ /2 615§ C—O HIE e R2 Hh 0 a] B Hh T 4K,
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Scheme 32 Light-promoted Ni-catalyzed aryl C—O coupling reactions
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