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Recent Advances in Transition Metal-Catalyzed Cross-Coupling
Reactions Directly Promoted by Visible Light
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Abstract Over the last decades, the transition metal-catalyzed cross-coupling reactions have become powerful organic syn-
thetic methods for forming carbon-carbon and carbon-heteroatom bonds. Very recently, the introduction of visible light into
transition metal catalysis opened a new avenue for achieving novel, highly enabling cross-coupling reactions that otherwise
were elusive. This type of reaction has received extensive attention due to its simple, mild conditions and no need of photo-
catalyst. Based on the classification of transition metals, the research progress of transition metal-catalyzed cross-coupling

reactions directly promoted by visible light is reviewed.

Keywords visible light-promoted; transition metal-catalyzed; cross-coupling
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(RAEAT LS IR A AP,

ISR, LSRR R AL S I AL BT
Ay, ARG 26 TR RO AT I I 4 3 R A
PR IR S 2 2 28 R A LB R AR — Al A 28
SRS, FEZRMEE R, A THORSRCEON 5L
B HEAL I B HUR 70 7 R A S 1 B B8 BRURE LA
M, AN 32t 58 SR I S 2 R EAT . (B2 AR H F R DB
A, &8 CEGIE Ru). BRI SR E 5T, A
WL BRI E RS R PR A 2802 T T SR 22 ),

BRIV ZATREL, AR Z TN ARSI
BRI, T L' e T e g I O < e A S AR IR S
RE. FEAEEOLT, M e E AR T2 S I IR
I RAEICRIER, W SEHURY D TR AR RT3
oy ATLEAEOLT, 5 AT WO 1 1B S L F) S8 A n A
HOE I brob BRI, A9 ORIk ke A el g 1 ik
AT AR IR S MLNBUR SE L. IX AR KSR i 17 28 SRR
IVAESZ ey & STTRER e 6 e~ SR W =
Pt 0t o I < o A P 52 A BB S5 I 418 PR S I8 2% A7 FT
B SR EA R TE T AN BRI S R A2 B T RS
R Z R, ASCRARIE I R 02K, B4 T insk
SRR AT WL EL R AL Y <o 2 SCAR BB S L PRI T3t .

1 AR ERMEER R EN I ERR N

2012 4F, Hwang WP UARIE 7] W6 B4R
TR A A2 AR B S . 1Z IR A CuCl 1R A
3R, FE AT WIS 2% N S2l 7 B2 5 1) Sono-
gashira 32 XAB K s M (Scheme 1). 1% M PTG,
& T 2 PRI IRAR TS R, BUARIE ) Fi 208 ot
RBLJUT A 2, YRS R IiF 2B . Zxk
AL AE T AN Fe ZEU AL R BC AR, 25 iR T SaT LA
SCHL. WLESEIR A SR, 2R CHAERPIYER TS CuCl
JRAL A R R E A 1, ARG %R SR ICRT I,
i H - R 2k 1) 43 8 7 AT (LMCT), SEUR -
HR Oy SR T S R DY BRI, AR R R S
Yy 2, ZEGYIRERD A R o R4S BRI P A
CuClL

2016 4F, Hwang B V% & T LA CuCl 1E Nk
7, WREAR 0 E A T R S T A
P28 SCABEE S N(Eq. 1), MR, E, EE
VNS o 8 /o e V2 S Vi L 5 Gt B S
BRCROPRFEEY 3, IREIEIEERH Nl r
P A — B A AR B AE B E AR = 4. i O N SRR AT A
XARBR TR S 4 R P E A 3 WS (]
I B & AR L A ) Ok, R M A LI A
HETREESY 3, MA IR E 5 = L Hu
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CuCl (5 mol%)
@ K,COj3 (1.05 equiv.) —
Ph—= + | / Ph—= )
\ '\R CH3CN-MeOH \ ,\R

N,, blue LED
\_ — Ph—
R/<\ /> . < >
BHAX cucl +B
BH*CI
= BH*CI
/\/
Q,l"'%i [Ce—
[% ==—cu|, Ph—=—Cu],
i 1
3" cucl

“ @
/X | /

R@ [Ph =—=—cu],

CuCl
B 1 W] WOGE AR (R A 2R 2 ORI (1 28 AR IEG
S
Scheme 1 Copper-catalyzed cross-coupling reaction of phe-
nylacetylene and iodobenzene directly promoted by visible light

CuCl (5 mol%)
R1@E + H—R?
CH4CN, O,

blue LED, r.t.
R’ === (1)
R'—=——cu
; ) R’ : electron neutral or rich group
H———R
3 R?: electron deficient group

2018 4F, Hwang B ARA1THRIE T 7] WG A2 3k A 4R 1
A FHF L b e 5 A s b ) I SR A A B S B (B . 2). %
SVELL CuCAE AT, Oo PR F, 76 7T WL T
A ABIE P, BN Ny FTHL,O. s fa] Bt iy
A, XHRAEER AR Ny HBRARE L C—N B2LAE)
0 RARIE.
NH, CuCl (5 mol%)

Ko,COg3 (1.2 equiv.) /—
— = Ph (2
Ph —Weoh, o, <\ N/\ @

blue LED, r.t., 10 h

2012 4, Fu Ml Peters Z5PHRIE T 48 Ah e e it (o H fi
AR 55 55 FE /e F5E AL 0 Ullmann C—N A8 AR [
ISE. T 7028 2% S 0 ) R 2 R o7 2 Bl PO THE e A 5 W E
AN IR 2 AE TR 0T 5 55 B b 3 A 2 18] R A B
TER, TR E R M, AT RE T
Tl B (A 1 2 Fhas U B B, BFE C—S. C—O0
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1 C—C 4R M. 2016 4F, Fu F1 Peters 2518 Uik
T8 T AT I B HE AR AT C—N 28 S I
J%(Scheme 2). 7E(S)-L1*FHERCAAAE T, AR 4h
THHER = B R AR, 2E B — S5 WAk i 72 4,
2 SSCRTE 13%LA L1, ee fHERIE 99%. 4155 Tk
AR RN e B 1 p B S D BR. 4 T T R e e
SEAZAR TR AL AR A LA e S I R M R R R A 2
AP

\ \ cat. CuCl/(s)-L1* [ \
o HN " LiOt-Bu (1.5 equiv.) o pN——
2 +
R2N ) —\_ toluene, blue LED N—7 \
R R / -40°C RINT > —X
\\ R Rt X
X up to 99% ee
(S)-L1*
-
[L,Cu'Nu]
&

ligand

substitution excitation

[L,Cu'X] [L,Cu'Nu]*

electron

cotipling transfer

R—Nu

[L,Cu'Nu]X
R
B3R 2 A O Bt 1 0 A P I R = 20 Joe A i A0 £
AN FRAE SCABHR J S8
Scheme 2  Copper-catalyzed asymmetrically cross-coupling
reaction of carbazole and tertiary alkane halides directly promot-
ed by visible light

2017 4, Fu Al Peters £ J& 7 ] WG AR 1 4 14
WHER C—N BER(Eq. 3). MR PEELL L, K
Y& TG, x—S SRR E M, T Az RN
A YEN Curtius EEHEFIE AL, WA T Curtius EEHEFR
TIPS B AP I i) 22 4 TR HLERF FE 3R W4
FEIGAZENMBIR SN AR 1 s .

[F4F, Fu Fl Peters %527 Fi AU el 75 7] WS A1
MISE R AL T SEBL T g e A — G ke AL ) C—N
RIS N(Eq. 4). SN LA LB e A4 i H A4,
ZIRBARHBAET B e IRAE R Sn2 SLIIAS R (FE Sn2
S G L By SRR S ), 9 e e s 1]
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A7 BELX 52 7 ) 5

o CUCN (10 mol%)
o XantPhos (15 mo%) o 3)
N N
Y DMP (5 mol%), CICH,CH,CI
/\}O O “blue LED, 5~ 10 °C. 24 h C/—‘ ©
y

Cy
DMP = 2,9-dimethyl-1,10-phenanthroline

LI

Ph Ph Ph Ph
XantPhos

Cul (5 mol%)
I BTPP (2.0 equiv.) Ph(CHz)sNH
Ph(CH2);NH; + (4)
rac-BINOL (10 mol%)

CH3;CN/DMF

blue LED, -10 °C, 24 h
Xh‘
OO
N

R cas

BTPP rac-BINO

B 5, ARSI BT Al T - gk g 7
AR L2, R TR S22 Ullmann C—N 48
o B, 75 NS — RIUAEE: PRI S IEE ik
FERAE XABBR(Eq. 5). Ei% N R4 Eh A e i 4 )@
BIBEATT], T ELI R AT HE MR- XU 78 = G A L2 AR R
WEAEY 4, ZE SN T LA LE IS E LT
FIAE .

CuBr (10 mol%) o R
0 R’ L2 (1.0 mol%)
Lo+ o M A, 6
RO™ "NH, Br~ “R? LiOt-Bu (3.0 equiv.) RO H R

DME, blue LED, r.t.
t-Bu t-Bu

O Pli-pr2

NH N-Cu'

\
O P(i-pr),

L2 4

2018 4F, Z R SRS T RT OGR4
Mepa ARUE R A R M = 980 P B T I 3 ) = 2 70 A BB S
193 =5 AL R BE L5 (Eq. 6). 1EE LA Cu(l). BLAk
M SCF; Z4& 41 Cu()E W78 8 SR, 7E6IEAE
PR — A A% i 45 2 B BRI T A e ik B ek,
2 H X SRR Cu(I)A 510 R IS B 15 21 (1
V. AFEIE I 2R E R TR 5. WAL
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Y6 FZ %= 7. SIRWTERI ArCu" BEEMEEE, Sk JFH R &
L1-Z 05 B e e 2R . 2= B i Ikl F 2 e H
T T BINAP (10 moolot) 1 6475 2 PR 1 K 1A Ao B i AR A iy —

EtO)j}(F Ph S4SHTs CH4CN, blue LED, r.t., 10 h MERY, 5RMBREAT A AR RN
o Cu(CH3CN),PFg (10 mol%)
SCF dtbbpy (10 mol%)
EtOJF\/(\[ ’ ®) Na,CO3 (2.0 equiv.)
= §C R
MeOH (2.0 equiv.), DMF
o blue LED (7 W), r.t., 10 h
= p- CF3CGH4CO A
EtO Br '
5 NC
o) F
F
N
FF N—7
=N N
dtbbpy
6 Ph 7 Ph

[Fl4E, Lalic WA HRIE T =I5 T ] WG AE sk r4R
AL B F A Sonogashira 85 S N.(Eq. 7). 1% M id
T & AR, Wt mmlik 99%, I H AN &
B BEh. HERY). AO5 RS E e 1EE K
MAEA AR BT, ZRMN2ERKENRERE
WV, T RUT S RIERE O AR L3 AT AT IO S LR
TEY 8 WIRMLE, MHIREWHAER. EEINAZR
JREATL B R e -5 U A o 52 At o i AR A P PR F
THH U S5t B BRI P2 AR R

CuCl (10 mol%)
Br
MeOC( )7 \Tiijl\o
3

L3 (20 mol%)
K,COj (3.0 equiv.)

CH3CN/CH30H (V:V = 3:1)
blue LED

BE S, P SORS SR AU R T AT Dl (R Bk 4 A
BRI R 20 AR 1) = 2170 58 XA IR S i (Eq. 8).
5 R P A A 73 S AR BT e ik B e, B O
TEI R BRI B A SRR AR R e Bt B i 2. 1% A el
INRENH LA AR S Rk B 3k, S5 507 HR e
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2019 47, SRNHHRR A B RGE T 7E AT Wk A
AL A S R B A (1 AR I S NL(Bq. 9), RS
EHVEREER T, WER TR 7R RS i
P i A ot ok 25 25 e 2 R AZ .

R2 CN
Cu(OTf), (20 mol%) R3

NH,
DMF/H,0 (V:V = 1:1)
1 HN” "R’
R )
blue LED (10 W)
2

Ny, .., 16h

T, T E AR R R T AT G A B A
IR SEIE B IR AN ) =20 73R I S B (Eq. 10),
MRS 1A HE B & e Al & 9. 181 % B
CuCl BAXUEANEH, W5 R R A T WE
SCRF I PR 3R 540 A AR D e A I 2 55 A R s .

CuCl (10 mol%)
LiOt-Bu (1.5 equiv.)

Ph ++CFCHI 10FBu (1.5 equlv
\—= N ¥¥7"2" CH4CN, blue LED (40 W)
H

rt.,60h

Qljﬂp (10)

N

Ph/l\/\CF

3

2 T EEREAREN I BRI R

UTBeAEkR, LE ] WOGRRSR 261 T DG EORI AN gL (7] fi
A 22 SUBBR R VA TR 1) K, MacMillan, Molan-
der F Doyle &FUR# A /L 1% RIE T K& 0] WEIE it
128 SR BE I BLE 7 i) Bz Ab, BTG B
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AR A P 58 AR BB S A AR 4 4 41 T

2018 4F, Alcazar A PHRIE T 8 A INAME LR
FURIE T, WG 8L Negishi 22 XAREE X
¥ (Scheme 3). 1FE#1EH HABNEI AT 5 % [ B
BT T, FHEAM T R BT s T %M T
[r= 26, HLEA LRI & AR (15 —12
(2, %IRRT, RGEH T HAA B, R
RIF IR FIFEE A . @ R AT WO se 5, 1E&
PR WOGAE NI I8 JF Rl Ni® A TR 8 5 6 5 7 T 4
A, BEJE, 1% P IR ] T AR OB
FORBES%, ZBRETR. Setbaf. B AR A6 A A
NMR FELeAG I —4&, £ DL vw 20 RSB 2 (B B I S,
AP E HEIAE 3.4~5.6 (g/h).

©/\ZnBr
jog
R

NiCl,'glyme (2 mol%)
dtbbpy (3 mol%)

blue LED

}@D_;

20 min

B3 3 AT OBt A B A B FRt 5 IR 2 A
WK S 8
Scheme 3 Nickel-catalyzed cross-coupling reaction of zinc
Grignard reagent with bromobenzene directly promoted by visi-
ble light

#lE, Melchiorre @20 HRIE T AT We A TR
AR B AN O PRI 22 58 AR S B (Eq. 11). 1% NAE T
PERCIA L4VEFIT, DA RRER T AN 4-fedk — 2t iE (DHP)
WEVINEY, FRIIHATE] T XA R o- BRI ER
WA, eel B iRiids 95%. 4-Ji Kk — SMEWEAL &AL N
eh AT [ I A Dy F H RN TR0 2 12 S ) SR . AE 7]
WG T, -k HE — S WE L S e AL RO A,
B G 22 B TR R, B N R N A i 4-de B A
MERE HIE & 7 H R A, A AT E, o ee
PR E b, B S E RS SR T RS S

(0]
DHP.__Me o e
\N( _\_‘/< lutidine (1.0 equiv.) P~ %

N (11)
ﬁ THF, 10 °C, 48 h -
o) blue LED (405 nm) —

Me Me

NiCl, (10 mol%)
L4 (12 mol%)

up to 95% ee

EtOzcj\/\/[C%Et o o
|| 7
Me” N e </N N
Ph Ph
DHP L4
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1F2H br=1.

3 AT EEREAhE NI BRI R

HTE RN fow H A B m s e, e
%U*%xiﬁ%&ﬁmmw%%%ﬁmﬁﬁm]mn
F, Carreira WERZH PYIE T Co™M—H LEBME 2644 T 7] DA 22
JRFA R Co' IHF A, TEWT WG R sesl 158 —11
il R A be 5 TR 0 R 1 4> N Heck 2 AE BB M
(Scheme 4). Z AT Co™ HlalfA, SR
BEATHE NN, B G kA B-H THER, 152G 4.

90r10 (0 5 eqUIV.)
3:
X

| )
'ProNEt (1.5 equiv.)

R?ﬁ CH3CN, blue LED, r.t., 24 h

Me
9: R = SnPh;
10: R="Pr

ORI

PhsSnl R

{9 ‘i> [Co"-R Q

' R-I

I@ R A R1
[COI] © [COIII]_H

\/<

R3HN<2H NRs
B 4 w7 WG B R HE RS (AL 1 e SR BRIV 2 PR 2731 A
A2 SUARIR S

Scheme 4 Cobalt-catalyzed intramolecular cross-coupling of
alkyl iodide and olefin directly promoted by visible light

2013 4, Martin Ml Carreira 252 M54R3 7 0] WO
AR B P A A e SR RIURT A 2 (1) 437 18] Heck 2 Ni(Eq.
12). 1%L LAIR M5 =50 3R MUR R & BT T2
IS =R Ge =, SR, e i 2 5%k R A AE
%, G RMNEH T BEAEARE B L.
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10 (20 mol%)
'Pr,NEt (2.0 equiv.) R

R
N
+ 17 CF (12)
Ar/& ® CH5CN, blue LED, r.t., 24 h Ar)V\CF

3

2017 4F, WISCEAR A POE =35 T H L REVE T,
¥ Co(OAc)»4H,0 Hid &M 2-(FIH T2 IE)-1- K HL N
fe-1-Fi R NARBIE A 11, MG, 2R AR
FIFE AT W25 R SEEL T Sonogashira 28 AR [ V.
V38 FHIR R AL & ) AR B b s S S AR JsAH B () 28 2 g
tEY, PP &L L EERE TRV e
Co HAM 11 &3k JFE R Co' AW 12, MG 5
Az B Co™ AW 13; AEEIR A4 R Co™ —R
FUERR Co" B A4 R H 3k, Kl 52BN
WAARIEIE A RS Co" AW 14 454, ARk Co™
BEW 15, & Ja EBAEH T I B A RS B )
(Scheme 5).

0 OH
o0 o EtOH 2N
Ac), - 4H,0+ —_—
0(OAc); * 4Hy N| rt.2h I }co
~OH Ph (o) 5
1
= Co(CgHgNOL); (1) /—
S ) Br + ——R2 Y —R?
R’ DMF, K,CO3, EG R\
blue LED

Ph——
B 5 v WG E IR 00 Bl 1 A 10 SRR A i e 22 Ay
153N

Scheme 5 Cobalt-catalyzed cross-coupling reaction of bromo-
benzene and terminal alkynes directly promoted by visible light

B, Rovis WA HRGE T 0] WoGIE A AL I
(242421 H 2 S (Scheme 6). {3 LA 2 At ke ik
THEREYINIRY, S TR BRI A A
T RS, FEANR IO BORIIE LT, %R N A AR
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IR HEAT. BB SEERIZR Z BB Sl Co' &L 24
AR S RS S, B R — B S P19 XA
HEIR R SR 2R ) 16, 2R SWIE
A LGRS T 2 B0 A B <5 R T RS (LMCT) I R 2R
RO R IE R T B R SY 17 B SMaER
WEREEY 18, L5 18 Pk )E, F/aak
Bl N T B 75 BB 4).

Il CoBr(PCys), (5.0 mmol)
DIPEA (0.3 equiv.)

DCE, blue LED (390 nm)
35°C,3h

+ Ph—=

MeO,C  CO,Me
Me020 COzMe
PCY3

o Iﬁ)o"%@ - .
X 16

N

4

(- (D

PCY3 *
= |
-
Ct =< | —
X
17
PCY3

18

B 6 W WOGE AR BRI AL 1 ORI 28 e ss ARG
3

Scheme 6 Cobalt-catalyzed cross-coupling reaction of diyne
and phenylacetylene directly promoted by visible light

4 TRAEFRHNKELZIBERR X

BRAE 4 AR I TR 78 A5 106 B . A 4 i o TR E
T A EP REHSEFE LM RERN 48 % E
RNETRMEAT, 750 WOt T B A AR R B
BAAEHERE L.

B, Alcazar il Nogl 458 1 AT WG (R HE 1) Bk
AL C(sp?)—C(sp®) ) Kumada 1B 2 N (Scheme 7). %
RMAER SN2 E AT, RS R AR —RE,
12N AR FH T B B AR D RS, FERYE
Bl AR KRR A, 1F & i i 8 Ah- 1] W o ik 4y
PrAn 28 Bz s BAS 5, R BLZ RN 2774 Fe' ¥k,
H HAE SIS F Fe' 20 hn. DR b/ 5 32 HiA Bk 77
28 Fe'" 19 IBJEUK Fe' 20, 11 A WG PRS2 T Fe'
20 575 FEARW A ANk

5 FRAERF(RBEAEENIZ IR R

T A EAT R A A T, B A A B IR Ss
IS — BRI A M BT G B B0 G = AR, W OB
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R-MgX
+

SIPr-HCI

Ar—Cl
SIPrHCI + RMgCl

RH + MgCl,

RMgClI
19 Fe(acac); === [FelL,]
+

SIPr

Ar—R

Cl
©/ + Fecat.

)

blue LED

o

Oxidative ?r
addition Cl— [Fe'”L,,]
RMgCI
transmetalation
metathesis
MgCl
reductive ?r
elimination R—[Fe”'L,,]

B 7 W WO BRI AR AL ) 57 B A AR G52 AR IER S

Scheme 7 Iron-catalyzed cross-coupling reaction of Grignard reagent and aryl chloride directly promoted by visible light

AR AR A A BRI SL A T PR, K
ME&H K T —RIH A Suzuki-Miyaura, Heck F
Negishi 5551 [ .

2017 4F, Odell PEZHCHRAE 1 AT WOt B EAR 1E Y
B AL R TE A A R 5 05 FE IR (1 B 2 Ak Suzuki-
Miyaura fBIE R MN.(Eq. 13), 12N AEXE V3 B ik
17, PR iDL B EA R AR, BA PR btk
WA IE Tz = B, T Hoaz o7 AR Cco i
(Mo(CO)s ) RBRAD CO, NTREMH mEXM, RN
LAEHE.

Chambercp : Mo(CO)g

OH
I
g
DBU, 70 °C, MeCN
o

[F4E, Gevorgyan iFZHP2RIE T Al W% BBt
(AR AL b AR 5 () 05 2 20 1Y) Heek B472 AR K
RBL, G R E IR B EY)(Eq. 14). 18T
X HR SIS AR R I, AN SRAE TRV AR A R N R A, T
BT ARSI i ARe R, 1% ST A5 3 =) 2 A B
(%) E/Z SEARERENE

Chamber y,: Pd(PPh3),, K,CO3
benzene/water (V:V = 2:1)
blue/white LED, r.t., 24 h
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Pd(OAc), (10 mol%)
XantPhos (20 mol%)

Cs,CO3 (3.0 equiv.)

=
™S I+ /\©
PhH, blue LED, rt, 12 h
TMS/\A© (14)

BEAS, {8 58 PR ZE P 3 T AT O e AR i
MARTE AL AT R ) Heck S M(Eq. 15). 1% RN AMUIE
T8 g Ae ke, B REIIHIAS L Z) B TR E] .
EE N NIZ SHEESR Pd EEMAAG B hENANIE
o XU e LA 0%, AEARER KR, SR NAE TG
& Pd EEYIEIL T RARESLILA.

Pd(PPhj3),Cl, (5 mol%)
XantPhos (6 mol%)
K,CO3 (120 mol%)

H,O (100 mol%), DMA
blue LED (36 W), r.t., 24 ~36 h

R™X + Alkyl—Br

R/\,Alkyl (15)

SRR, AE R P IR IE TR e R
FIARAEAL AR TS AL R AN e 3 i a-C—H B2 B EER S
Mi(Eq. 16). 1% AT & AR b e, PAHEE L
SRR R C(sp?)—C(sp’ )ik

2018 4F, Gevorgyan ifAH41PRIE T MU ke k& )
Heck M. 1% SX AN ] B PE I I A A . i 9
R R R SRR 2 5. B R e
TR B2t Pd 244k B B EEHLEE(21-22-23), &
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Pd(PPhgz)4 (6 mol%)
2,4,6-collidine (2.0 equiv.)
N._+ Bu—Br
Ph DMF, r.t., 24 h

H blue LED (36 W)
16
ij;}Th (16)
Bu!
HL T mT gl o 2k b B B 2/ T Ig 42 (21-22-
24-25)i47(Scheme 8).
Pd(OAc), (0.05 mmol)
. P XantPhos (0.1 mmol) Rl
RI + &
R Cs,COs (1.0 mmol), PhH R
1.0mmol  0.5mmol .0 ED (34 W), rt, 12 h
PdoL,,
(. R#&
BHX -
PdOL: R2
HPd"XL, Me' PdiXL,
R4 R?
2R
R? 22
’ Me
r1 e R . nucleophile . R R
® R = OPh
R2 Nu = OPiv, OBn R225 Nu
24
B 8 1 WL B HE Rt AT 1 AL B e 8 RN s I 2 SUARY TG

S

Scheme 8 Palladium-catalyzed cross-coupling reaction of io-
doalkanes and olefins directly promoted by visible light

[, fE 58 iR CORIE 7 =R R AT s et i
R v P 2 TR S (V- S 25 A1 2R — BRI i) ) Heck
RIAE AR N (Bq. 17). HLEESZIG R, %N 1) 55
T RNEREP S EREEEREAY. 5, Zif8
APTRIH B AL 2 A hs s, R T ks AW 5 2
AZ AR [N (Bq. 18), ZNIEH T =% = HiRR
brk, W S BT, HUERAT 5T 2 B I 0 A4 78 S8 Ak
HCEBR A B VEH.

[F]4E, Glorius AP B IRIE T 241U Heck %45
I M(EQ. 19). 1% N A TR ZERSMINNBC ARG, B
S TN f B, HLER S I6 R WL BUR S AT S5
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IN- P 42035 <00 2 — H I IV Jbg A A B0 Pl 1 % 2 L R 5K
P
Pd(PPhs),Cl, (5 mol%)
o XantPhos (6 mol%)
K>,CO3 (120 mol%
PN+ >_<:> 2CO;3 (120 mol%)
PhthN-0O H,O (100 mol%), DMA

blue LED (36 W), r.t., 24 h

+ CO, (17)
Ph/\/@

Pd(TFA), (5 mol%)
OHC—~™g
+ Br

DPEphos (6 mol%)
(4-FCgHg)sP (12mol%) oHc~ s

Cs,CO3 (150 mol%), DMF
blue LED (36 W), r.t., 24 h

s

(18)

P~ph ph
DPEphos
R1 o} R2R3

. N/O%R“ Pd(PPhs), (5 mol%)
5 THF, blue LED, r.t,, 24 h
0

R R2R3

N <ge (19)

K4, Zhou WREIAIPRIE TR B e HEAE A AL
AR e J TR L 5 A R I A8 AR B R B (Bq. 20). =
PSR AR DL b, B R R AL R, & T Ek
TR ZE LSRR EY). WTULS Friedel-Crafts
ot A L HL A

Pd(PPh3), (5 mol%)
DPEphos (6 mol%)

Cy—I +
K3PO4H,0 (2.0 equiv.), anisole
blue LED (34 W), 40 °C, 48 h
CHO
|OO + CY (20)
Cy

62% yield, ratio 38:1

Bt )5, Alcazar V120 OVR FAR 4% 5 A4 mT LA I
A ALERE A, ST AT IO R AR AL Negishi
HIEC [ . (Scheme 9). MLIESZE6 R BHAZ S B [ S EEE T
JEAAE R PA’-Zn BAYIRCFTLL 430 nm KL,
T 3 122 Jse 7 PR A8 A T s 2 3R

2019 4, Rueping Fl Cavallo 2k J& 7 76 0] WG
W R EEEAL o, B- AN IR -5 A RE A 1) 2 AR BEC s I
(Eq. 21). RN EAIEF =0 B/Z SIS, fEgh
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R— ZnBr

blue LED

_— — Ar—R
X—=Ar

Pd(dba), (5 mol%) | ——— tr =20 min
JohnPhos (10 mol%) T=40°C
S: THF

Ar—R

Reductive
Elimination

X
L,Pd%-zr ]

ZnX, Transmetalation

Accelerated

L, Pd”—Ar Oxidative Addition
R—Zn—X

R—2Zn—X

B 9 Al WG B AL Bt R AL A% QR A 7 2 s A7)
A8 AR S N

Scheme 9 Palladium-catalyzed cross-coupling reaction of zinc
Grignard reagent with aryl halides directly promoted by visible
light

GRMF, EHTHEREALTRE. PIELE R Z RN
RESEILA AL R BEAE T O S AL B & T Ll
TR G s A SRR AT A Tk

Br  Pd(OAc), (5 mol%)
PPhs (30 mol%)
NCOH +
Ph DIPEA (2.0 equiv.) pp~ XX @1
DMSO (0.1 mol/L), Ar

82% yield
EIZ = 99:1

blue LED (34 W), .t., 24 h

6 FIAEF(CHAEIENIZIBIRR M

FH AT UL B 00 3 B 1 A 1 22 SUABYIBK e I A1 & T
RIRNZERL . Y e e ST AL A 20575, 5, Basle
R R A AR T AT L B B A AR AL S B LA
C—H B 5IAFUEER S S(Eq. 22). %M A FE X
Ik B PR AR R — R85 R AU B BE =, IR
R ERMT. BRI AT T DM 55 R IR AR AL
AR S Rh ARSI 2] 27, B85 S
RBE, G0 SR IE BT BIE B 1),

7 AT EFREATENZ B R

T WA N e BOR AR R 2 7O 1k
JE™ Bk, Greaney MREZH B YRARAE T R LG AR HEET
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Me Me
| |
=N , 26 (5 mol%) =N
+ Bping —————— (22)
H THF, Ar, blue LED Bpin
25°C,16 h
ﬁ - /@
/Rh Tm)\;
N'/Rh \\\\\
\ o ,L D
26 27

A ENEY C—H 45 AR 128 BB B
(Eq. 23). iZ MUK ARZEER S, & T &% e
A m B X Ok, RN g =g xR
B, RV AS 2 AL BRI =4, R — R RE
I SR S AR R AR X5 — 2 kiR HA BN )
EelCIIVAEEEES

[RuCly(p-cymene)], (10 mmol)

@_O KOAc, MesCO,H, N,, dioxane
blue LED, r.t., 24 h

\_ (23)
\ /

8 TWRAHZRHEMNESENIZIBIRR K

H 2000 LK, BT BA REFRSETK o BRYE, 7T
PATE AN AN BR BB, < TR A0 P S AZ I s 5 2 8] 45 28]
TTIZ R T, R TE X 2 e ik 2 Fp 4 1A )
MBS RIFFAZ. AT %SRS HEE, W&
FLIUT SN AR, SRS Pd/Pd" HEALIEERALL,
Au/Au™ BAT B m AR SR F A, 7 AN s S A5
SKAE B R HEAT Iy T 3 G B AU 7R 3 SR AN R
S, Toste Al glorius PRAIZHMY 4 HI#RIRIE T AL
JER AR <5 A 5 5 1) S R R DG ORI 0 5 AT A 2
VAE, KRR T LA B R 05 e SR A A O
FE H EH AR R A SRR S

FEIEEERY F, 2017 4F, Hashmi #8207 VRiE 7
ANFM ISR AL T T 2 b AL ARG S S (Scheme  10).
ABATTHEEN, Au' AL AT BE S 05 R AU R A s
e AW AN DS R E A k28, Wi BRI A
TR I E R A" BEY 29, 1ZE AW WG
T, BN, B4k 753 A" B AW 30, SR)E 555 M
i 575 SRR AR I i R 2B e & B AL AR B0 5 Au™
HEY 31, e E PO R AL S5 B AR R . R
N 32 L R R ) O B ER DA R R A I R R ]
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75 % B R R R,

BOH:  n,F,
N | (4-FaCCeH)sPAUCI (10 mol%)
+
| X | \/ MeOH, blue LED, r.t., 15~ 18 h
1 >
R R2

®
L—Au""-clI

|
////’+ NAR
. 29
L—Au'"—CI| N=N-Ar?]
28 ATBOH), D N
N 2

3
SET
Ar?N,BF, &
BF¢ LAl

|
Ar'—B(OH), Ar2

' 30
L—Au—Cl F—BF,
¢l
o L-Au-R!  [BF5—F—B(OH))"
Arc—Ar Ar2
31

B 10 o) WD BB i) S AL 55 2 B R ER AN 55 B AR 58
AR IR B v

Scheme 10 Gold-catalyzed cross-coupling reaction of aryl dia-
zonium salts and aryl boric acid directly promoted by visible light

URAE, Hashmi BREZHISIE 2 5 TR 2EAE Lt —
HIRE, N RN TG TR . 5% 0 2 A e 1l
JEF| T MIDA WIfREE 32. =R E: 33. H4rRI=
FAEFERERE 34, XULS I RERZ £ 35 tHAE 55 HE AL
RAABBEI N, ARG AE L IR (Eq. 24).

4-F3CCeHa)sPAUCI (10 mol%

QMR + F4BN2OR1 (4F5CCoMa)sPAUCI (10 mol%e)
MeOH, blue LED, r.t., 15~ 18 h
WaWai @

9 FRNXEZERHAIFIBIENIZIBIKR

FEBAHEAL T S B AR AL R EL A L3, BUOAE
AR Ty WIS 25 W 7 185 B SR I T 2 AR [F] ) B Bz 2%
PERIEIAMER]. Lok, {8 FIARIAR € AL BB . B 2%
JER B A A — ol i 11 s ),
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2014 4F, Zhu PR IAE AT OGRS T Au-Pd
KA R L B4 Suzuki (RIS, HLEESZIG %
B, 24K R R 2 EVER, AR IR
W () AE ELAE F DA RO U 4 TR A v 1, AR
AT DA AT IO P AR A 20 e T, AT TE AR AL
ALY o T R AP, MK R T Au
FPd L FHULTAHZERT, % MIA R e, X%
Rl R AP N, 1F 3 F % B s 58 (DFT)
BRI, 24 o1 NGRR3R B 43 T I 2
B, C—T B KM 0.214 nm ZEK % 0.300 nm, FtA
FIF C—1 SERIZHAE, T~ A- bR 258 6158 1 5 i,
Bt J5 34T B N R AR SR BRAF 2= 4. [F4E, 1% R
P Au-Pd 94K M REE AT LG IR B R AT T
Sonogashira. Stille. Hiyama. Ullmanm 1 Buchwald-Hart-
wig S — RIMEBR PR FE. (EF A Au Fl Pd 5
P AR DL S AE SRS 26 A N AT T X RESRES. fE# R
Bl, AT WEIEST T Au-Pd 90K R ROt iZ 2R Ik
I LSS R e 4 A (TOF ) (A 2 35 42 .

2015 4, Bhalla B I 2R FRATAE MR RN
AR, TEK PP O A R Ag@CuO, gKA
BEIZAORE AT LR BT L B R A A i L Suzuki-
Miyaura #1 Suzuki R8RSR A, F R
AP H& R T &8 -A HUHEZL(MOF)# £l Uio-68Se,
ZAPRHE AT L6 B8 m 20 A 75 U 28 O AR I
N, 2= R R A DY A XU IR AN G IR R, KN T
1.2 nm F35 P Pd 442K A1 7% AL 25 7E NH,-Uio66(Zn) I N,
#1% T 91 KA B [PA@NH,-Uio-66(Zr)], BT %4 K47
R ERAIAEATEER Pd AL, PLEOGE R &
T NH,-Uio HA 2T 5#7%, En] WS T X Suzuki
SN R LA 3% 1

2017 4F, Kim P21 Pd 49K F1 2H-WS, 454
i 2H-WS,/Pd 9 KATRE. %A RE AT W HE B T e i f
1 Suzuki R BEL. 1% [ Sif¥] TOF 1E =34 1244/h. 1 H.
ARk 0 AR TG R S5 7 T 7 8 AR K
[F4E, Lim BEHPR BARGERR FAE 1 MoS, 49K
Fr AR A A A T, A T R SR Suzuki-
Miyaura RSN, 78 7] WY RE ST DR =0 1) Ja e A
RKT 1600/h. HUELRTFFER I, ZA R E Ak G 5
H OB T MoS, MBI R -2 7O AR B, 1T
AN SRR IR

2018 4, iZUREA T S ARIE T R G A -4
K AR T 42 #1 ) Suzuki-Miyaura MR N, {E#H K
PUAFAE T G KRL T 5 305 T (1 770 2 R 1 S 07 L 1 2
A LU o A i R T 5 Pd 4K A e ALK
% Rezaeifard PR 2H SR B 45 K44 Bl TiO,-AA-Co 7E 1]
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S A:GE N NCINDR A ISR =B R A e e
BRI, % B DA A R A BINEPEBR AL & 4. STR0R
R ] PA/CeO, 4K EMEMEALA, 727 Wt 261
I T AR FRGTT WAV G . Studer PR
LH IOV R R R 5 — R R R BEAL P 1 PA(OAC), il %
G, JEALIE ) PANPs 58 205 v e i 1t —
WRE, RIEE AL FITE AT W 4 PF T R A 5 5
W2 5 5% ML) Suzuki-Miyaura 855, DA S U
HEIRIFIA . Yoshida HEZHCVE T Wk 214 T H
Pd Al TiO, AR FNIR CUbE 28 SR R, 1T L6
KT TiO, MR EEY), AMREIZRH HEMS 53
CRER AT FHBAERA A B, Al ES
RININER, 133058 AR 1),

B, RS 7 TR A A M i AR g KR T S K 2
LI ME(CNP) 25 515 22U H BE PA/CNP, 144 kAT LA
fEWE 5 LED MRS T m Ui Ak 07 B2 &5 05 B0l R 1)
Suzuki-Miyaura M. 1% H R E e 532
P, FF Haz R mT DU AR A2 B BRI A 1L
. MEE A CNP AMUIA] Pd KBRS 6 A4 T,
AR T s A5 B 1 2 ]

10 SEE5RE

ARG T H 2011 4ELSREASNICHGH IS 5L
AT O B AR i 1 I U 4 e A A 5 SUARYIER S ) BE
Fudkke, WAEth 1 H8 R A AN CBUR I N LA K AR
HH 4 i A 58 O IE, e ) B P ) Suzuki-
Miyaura, Heck, Sonogashira, Stille, Kumada, Negishi,
Ullmann M1 Hiyama 55 N 44 [ B 3% S60] D6 BRI
I S B ARACRI R BB Z ML, SRR
2 TOCHGRAMEBAE A EAE . Ah, B 48
ST, AMUTFR T — FRFH SN e mg, T H R KPR
TRFLEA, ARTF Tl ERHE . SR, 1% Fh 1k 4
I H A 52 B — S R, a0 e TR TR, TR
ANKEFR N R HE FEAR R 28T A R K e 7 1) -1
BCAREITT A, PA S BRAN @ (2N Cu, Fe, Co 1 Ni)fEAL 4
A — R,
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