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Visible Light Photoredox Catalysis Mediated Elementary
Steps in Organometallic Reactions

Wu, Jiang” Li, Jiawen’ Li, Hao* Zhu, Chunyin™“
(“ School of Chemistry and Chemical Engineering, Jiangsu University, Zhenjiang 21201 3)
(* State Key Laboratory of Organometallic Chemistry, Chinese Academy of Sciences, Shanghai 200032)

Abstract Many organometallic reactions involve three elementary steps including oxidative addition, transamination, and
reductive elimination. But sometimes very high barrier exists for this approach, leading to the failure of the reactions. The key
development in recent reports is the implementation of visible-light photocatalysts as a means to induce the desired redox
processes in a mild and selective manner. In this context, organometallic reactions mediated by photoredox catalysts could give
rise to novel reactivity, thus this area has drawn much attention in organic chemistry community. In this review, prominent
examples from the recent literatures are organized on the basis of the elementary transformation enabled by photoredox

catalysis.
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AT LU0 S Y G Po(I)BC &0 B AR ikt S5
Mo, FEA b S A B S B R AL Au(D)EC
EYRAT EAC R, BT, AAIIFIRZE R s
= A B 2R E A IRk, AT SEERAE AL A L&
. 3 7 T B AT 2011 4F Sanford 254 4R
AR SR C—H ##iG1k. At 1R 2% S R AR AT L
Hefide T, IR EAE mE  A R AAA, TRR S A
PIRIZLZ6AT. BT PA(IV) R4 1-C & AR I8 SR 3 R mT LA
3B E PRI 5 b P2, k& T A E R e A 2
55 BB, DA 55 i (Scheme 1).

B 5 X — SR AR FH 2 T AL ROV R, AATTIE
o5 R E R AL ECE Oy MR AT RIS mvE R =0 &
FREAA, AT Z A AR TR R AT I 26 RSl T — &
) (1 A WAL, B0, Glorius Z577E 2013 4ERE T
) FH 4 R0 G A A 1 20 1 1 538 I S 1R 0 48 T LT g
I RE. % NI T A R B 1) 8 8 U A g 2
HRE, EERAMFHRAT IR T, T bE SR
TP A, FEE SR R AF(Eq. 1).

VEZ N RZ SN 1 55— 20 R 4t e IO AL T XU 4 4
F IR EE BRI, AR R — e dt 4 rh
[k 4-A. #58, Z— &Pk S o7 3 8 B Em
BN A& ak 4-B, Bl a8 6 R TR AR

10 mol% Pd(OAc),
2.5 mol% Ru(bpy)sClp-6H,0
26 W lightbulb

= AR 4-C. B 5 il 8 B E BR 1S 2 H bR =4,
() B A2 — A AL R (Scheme 2).

FIF S LS ms, iz @R RIE T o F IR R
Tk A4 5 A S L. 1% N FH T AN R B PR R i I s A
5 SR AR B O AR AR SR S SEOGAT B
W, ATRAE RS RS BRI B, A AR e 2 ]
1A 75 (Scheme 3).

HAelih, i Ollivier 1 Fensterbank 25PMRiE T F
FH I (R BR AR e B RO TR IR 1) S RE. 122 Sz B %
TR [P BB IR Iy A1 5 B A SRR, SRR,
RREFFT. BN NZRNARE ] 7™
A = e AR I F2(Bq. 2).

AT LA A3 ) 8 A N RSB B 3 . AE — R A1 4
MEALRI S AL B HE M. 3, 2014 4F Toste /NUNR
TH T 4 A A A 4 A SRS SR ) AR A O SR AL
R 1% N AAS [R] P I ik BRI IS JE P, B 2k
NI, EeMOCEAERT, ATRAHIAR &M E fedlf
HIABA(Eq. 3).

TE L HE I [A] 43 3 FT-IR AE N PR &R L3 SIEG 1 2%
B, VEE IR N1 il i e fhE AR 5 5k R I 5
975 EH AL, % E RS A S AR SN AR B
etk BeE, etk Na AR R

MeOH, 25 °C

B 1 Zfe i AR AV) h R AR AL C—H SR RIS

Scheme 1 Palladium-catalyzed C—H functionalization via Pd(IV) intermediates generated by photoredox catalysis

PhsPAUNTY, (10 mol%)

Y R2R!

el p [Ru(bpy)sl(PFg); (25 mol%)  Re- o
+
\/%\; s 23 W fluorescent bulb VAN \
R1 degassed MeOH, r.t. \ X 4
4 2 5 R

Y = 0O, NHTs, 18 examples, 32% ~ 84% yield
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Scheme 2 Proposed mechanism of the dual visible light photoredox and gold-catalyzed oxy- and aminoarylation of alkenes with aryldi-

azonium salts

Ph3PAuUNTf, (10 mol%)
fluorescein (5 mol%)

Ar
MeOH, 23 W CFL, r.t,, 16 h R1J\’
6 2 (4 equiv.) 28% ~ 86% yield 7

R + ArN,*BFf

PhsPAUNT, (10 mol%) s
[Ir(ppy)2(dtbbpy)]PFg (5 mol%)

R3OH, blue LEDs, rt,20h Rt
26% ~ 91% yield 9

B} (o)
R + [Anl]*BF,

Ar

6 8 (4 equiv.)

B3 MG HEAL IS ) A0 O A0 R R AL 57 AL S 7
Scheme 3 Dual visible light photoredox and gold-catalyzed
oxyarylation of alkenes

PhsPAUCI (10 mol%)
[Ru(bpy)s](PFe)2 (2.5 mol%)

MeOH
23 W fluorescent bulb
up to 86% yield

N,BF,
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OH PhsPAUCI (10 mol%) O .,
( W [Ru(bpY)sI(PFe), 25 mol%) | |
+ AN,BF Ar (3
n 1 2o visible light R ®)
up to 90% yield "
12(n=1,2) 2 13

=&k, AR A SEAT. &5, =AhaH
A5 o EECA, FETIRIRE J5 A iR B T AR R 4
F=¥)(Scheme 4).

KR AT LE I SR T R AR DS AL E OV, 2016
4, Shin 25U RE TR B S R A 55 2 A AR A K a-75
PSR, LA PhsPAuCH FI[Ru(bpy)s](PF6), AL,
FEWEG LED ST, 1B Z 0k 95% (Eq. 4).

PEZ W NIZ S B S i I e AL R O B 1 A3
H—hE&ENHMRN =B EY. R, EERINTT,

FH I A0 — 0 4 A R B AR T A S A 2 4 v T A

14-B. 120 55 4 Hh R4 T A2 Y B R R A5 381 B Js 2k 4
] 4& 14-C, BT K 4B 70 A K il A2 Bl R 2 7 W)
(Scheme 5).

7£ Shin 25/ TAFRIE G AR A, Glorius!" Al Alcaide
LU 37 58 7 AR 6 RN G i A 7)1 e P T D
5 ik B AR B AR R E AR B R B, Al TR B T A%
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PhN,BF 4 No, BF4~
[Ru(bpy)s]***  SET ‘
ol [Ru(bpy)s]**
visible Ph*
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L—Alu °
Cl
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SET LAU—C|CGH13Ph
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. reductive
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reductive c|;| 13
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OH CgH13 OH CeH13 e)fnsi}‘( 5 Ph
+L
E'_\g \:'_\%"-Al/f—m 12-B
D D Ph 12-A

12

B4 DGR SN TT BT 3R S N ER
Scheme 4 Proposed mechanism of the photoredox-promoted,
gold-catalyzed ring expansion-arylation reaction

R2
OH_/ s NBFa  pppauct 2.5 molo) 0 R?

Xy [Ru(bpy)sl(PFe)2 (2.5 mol%)
[ RN ORS @)
X MeOH, rt., 1~4h
R! R blue LEDs Ar
14 2 35% ~ 95% yields 15
0 R?
RN RS
Ar 15 ArN,X
LAUCI photoredox
HZO%
+
. A
MeO R? L—ALﬂ oH
17NF  R2 | R
R R cl P
Ar-Au-ClI R
! 14
14-D R
/H\ “
MeOyO<R3
s
R %
MeO Au 14-A
e
A NS M o‘°°H{(+)R A/R = Me, N = NAr
SN e s n~EMeN=
Au RZ\—,] “ R2
14-C R" YD R
A 448

B S R FH bR P A R 7 32 B 6 B B -7 R R 4 S5 L PR
Scheme 5 Proposed mechanism of the reaction of propargyl
alcohols with aryl diazonium salts

ok PR A S T itk Meyer-Schuster 4 [ N & % a-
75 BRI TR A K B R AR T DA B8 A B ER B

2206 http://sioc-journal.cn/

© 2017 Chinese Chemical Society & SIOC, CAS

RN S Y o- 75 FEBE. IS S NS RAE =R Tk
HRS I 264 N R4, W IJERIET & TR HEIRE .
%72 HJt(Scheme 6).

2
R PhsPAUCI (10 mol%) o R

HO R3
[Ru(bpy)s](PFe)2 (2.5 mol%)
| | + AI’NzBF4

MeOH, KH,PO, (3 equiv.)
rt,5 W green LEDs, 4 h Ar

2 15% ~ 82% yield 15

N2BF4  PhyPAUCI (10 mol%)
[Ru(bpy)sl(PFe)2 (2.5 mol%) R?
MeOH, r.t.
5 W green LEDs, 2 h
16 EtO,C 41% ~ 76% yield 18
17 CO,Et

R2

Scheme 6 <&/ GIEAHEAL TS REAL
Scheme 6 Alkyne difunctionalization by dual gold/photoredox
catalysis

I FH ALK S0 < A0 RS [F) fR AL PR S B, Allcaide
SV T S MR I . 5 7 R BRI AP /A e 1
555 B H ALK Meyer-Schuster/ 75 4L S N, 723K Fp 4
F| R4 (Eq. 5).

PhsPAUNTF, (10 mol%)

%, [Ru(bpy)sl(PFo), (2.5 mol%)
_ R+ ArN,BF, —
W R® methanol/acetonitrile (V:V = 3:1)
R r.t., visible light
14 2 up to 92% yield
R2 O Ar OMe
2 e )
Ar (6]
N
15 \ 19
Me

Fy4h, AT LA ) SN B S B IS S AE — &R
H G AL A SRS S B . 2015 48, Toste /N R iE
T &R AT I C—P A2 AR M. 1
PhsPAuCI (10 mol%)M[Ru(bpy)s](PFs) (2 mol%)HIfE7E
T, FHEBERA LS AEZRAE POH ARV
BB 75 HE BB R/ BERR IR, WS niAE] 90%. fHS
—IRME, WA SR B O R, )
MISCRARAR . R EA WA, XEgE 1R, &
PAEIX N H AR P (Eq. 6).

£13% C(sp?)—C(sp>) M1 C(sp)—C(sp>)ZE I ] C—C ]
2 SABBR I N AR ]I, X8 8 LS 3 R R N B
FH VR AE AL IR 2614 8 Au(DFE A ATEYERT Au(ITD),
T ARERAZH 43 1T DL sl oy FEAER. 2016 4 Glorius
NI TE T — A6 T 4 R A 70 A 0 g 3 e 5 3
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PhsPAUCI (10 mol%)

R1\_ Iil) [Ru(bpy)s](PFe)2 (2 mol%)
O‘NZBF4 * H” 1 "OR® MeCN/EOH (V:V = 4:1)

R visible light, r.t.

) 20 27% ~ 92% yield
Rb=\ ¢
2
R—OR ®©)
21

BB, 1E 10 mol% ((p-MeO)CsHy)sPAUCI F1 0.5 mol%
[Ru(bpy)s](PFe), HIZ&ME T, AN [ Y Jik/ 05 Jik i e 15 A
[F) 1 07 B BB SO, A3 BRI, 7P AIE 79%

(Scheme 7).
NoBF, [(p-MeO)CgH4lsPAUCIH (10 mol%) l

[Ru(bpy)s](PFs)2 (0.5 mol%) | \
degassed DMF (0.1 mol/L)

23 W CFL, rt, 1h ‘
2 ) 27% ~ 74% yield
X
X = CN, CH;0 23
R

N,BF [(0-MeO)CgH4lsPAUCI] (10 mol%) It
[Ru(bpy)s](PFe)z (0.5 mol%)

I

degassed DMF (0.1 mol/L)
23WCFL, rt,1h

R EtO,C 53% ~ 79% yield EtO,C
22 2
23
Scheme 7 &/ )GIEfE A I SR bR 5 B A ER I C(sp)—H

75 AN
Scheme 7 Dual gold/photoredox-catalyzed C(sp)—H arylation
of terminal alkynes with diazonium salts

RS RENLER A, B2, LR [Ru(bpy)s] N
BRI [Ru(bpy):)” ", IG5 HEERILA T T
HR (SET) 7 AE 75 2 H AL A1 [Ru(bpy)s]’ ',
FEE HEES Au() BT R B4 Au(ID). HIK, Au(Il)
TN 5y 5 s R SR R A B R A SO P AR S L P
T Au(IID ), SRJE Au(II)H A4k S H o i, 1555k
AN &Y. Ba, H-Au(IEE & Y0408 JF W %
L FRAE Au(D A0 FIFIAE ARER I =4 (Scheme 8).

B T kbR, B =Rt AT LUAAE C(sp)—
C(sp)) 28 XABHBE S MWD, 2016 4E, Toste 25 HRiE T
Ar;PAuCl H1 Ru(bpy)s(PF6), ILHEAL IR BRIk = F Rt e
A A ER R IR B, 1% R AR AN, PR AR AT LA
L F] 82%, FHEAUFIE BEHIN 52 M (Eq. 7).
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Scheme 8 Proposed mechanism for the dual gold/photoredox-
catalyzed C(sp)—H arylation of terminal alkynes with diazonium
salts

R2 Ph3PAUCI (10 mol%) R?

1
R\\ N2BF 4 [Ru(bpy)s](PFs)2 (2 mol%)
U . If

I CH3CN, visible light, r.t.

™S 15% ~ 82% yield | A

2 24 /-
R1

25

S FIFLFRMEIL R C(sp?)—C(sp®) A8 X AR
SN 3E S LAY 3 E R AN 5 SEIER 1 NI, 2016
F, Hermange/Fouquet Al Lee F5-/MfF 78 /N 43 S 7 3
8 T Al ATTE AU ) B 7T LAE. Hermange Al Fouque Aff
FoNAUTR R T — R E R I A AT, %R
RLRAEWE LED AT T, DAy 2 208 A 5 BElig
NI, PPhsAuCl AEHEALTR, CsF 1EBR, ZM1EE ),
9-mesityl-10-acridinium tetrafluoroborate 5¢# Ru(bpy)s-
(PFe), TEADEHGR. 2= MARIEH T4 6 2 005 Ge 1)
JEA, UnEARTT HE  WARDT JE . BEANIE(Eq. 8). L=
T 1] PPh;AuPh ) *'P A1 '"H NMR &, & T
ZR LB, B SR W], £E 9-mesityl-10-acridinium
tetrafluoroborate 777E N, ¥t LED %I f4f, PPh;AuPh #il
75 HE AR S N AT 2 H bR BRI 4.

HR A X e A 7t 45 S0 DA ) 56 T o A 77 S i
A SCERARIE, 1% RN LB T BE 2 B %%, PPhsAuCl
RIS FEMNRR R A ¥ & JE AL PPhsAu'Ar, TR T
RN ik, 5955 B B R A S R, AR R
PRSI Au(I)H F1 44 26-B, Au(In)H )44 i A6 2 L 741
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N,BF R2 "Transmetallation first"
2BF4
B(OH)2 _ (Photo-
@ ’ \\ _> e Art AFNBF,
2 47% ~ 92% yield
’ W Ny Ru(bPYN

R1

S
AN e ®
27 F

b S A R Au(TID H [E) 44 26-C. 1% )5, Au(IIEC &4
T JFH B s N AE R 9T AL A, FREAE Au(DEAL
7(Scheme 9).

Photoredox
cycle

PPhaAu"Ar Adagl PPhsAuX
26-B A catalysis/\
T - Ar v T
PPhsAUAr /ArB(OH),
26-A .28

Scheme 9 75 SRR 15 0 Jk 85 60 R AR IR s L) W] REATL I
Scheme 9  Proposed mechanism for the couplings of aryl-
boronic acids with aryldiazonium salts

JUTF5BEFRS, Lee Z5USthiRIE T 75 SE00RR F1 75 3
BEEEAIEAA . AR AR A BB B, 7
5 mol% PPhsAuNTf, #12.5 mol% [Ru(bpy)s](PFe), fE1E
T, S5 EEIER T AR Hh 5 A [R] 55 2 R R e B
AR H R4, R ATIA E] 92% (Eq. 9).

N,BF 2
e B(OH)z _, Visible) >
light

up to 92% yield

R1

B
I\ )

=
X
| —R?
277 F

i TP NMR 3 B b, o iZ R B LB T
TVEMPIWTIT, FR4AH T AT REM SO ALEE. —Fha]
REROMLELE: MR Au(DE &R L K ELE Au(l)
AN Au(IID A, AAb—DATREIHLEZ: Au(DE ML
N Au(IID ST Au()5: 4 42 J8 K (Scheme 19).
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Scheme 10 Two distinct pathways for the dual gold photoredox
C(sp*)—C(sp°) cross coupling

2 ARLHELIRZERE FHER
SRR AR SRR Z I B, R B

E ol AR 2 W D R R Y (S L 0 P S PS ¥
IR, R BRI, K R A AR B T
ANF L, AR RARE IR 2 I8 TR R IR S, 2R
RAERIRE DL YA A N AR AT LR 383 Ji 3 Bk s 2.
2014 4F Doyle & MacMillan 25/ SR8 T 4RI AL )
FIHEAL I Csp’)—C(sp)HBE RN, RIS T — &5
BB FRIR 5 05 255 i AL I LR AR IBE(Eq. 10).
TR, FE AN RNERETEXLS
Ni(0) & A EAIN B4 Ni(ID) T 4K 29-A, AR, REg
TESCHEA SR IR = A e ik B i 2, SR 05 7% F B
RCE Ni(ID a4k B4 s Ni(In F ek 29-B. #%4,
(D) A ) A4 A 30 JER Y B A2 B N(D R TR, 53¢ 5 Ni(T)
B A FARM A IS BGIEE N Ni(0). BEAN L FEim i 5
BB SZEL T Ni(0)—Ni(ID)—Ni(IID)—Ni() K 753F,
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O\ X N 1 m0|%1I(r)'[dF(lgFﬁl)pgy]z(ldtbbpy)PFe
COOH + | I mol% NiCly*glyme
Z 15 mol% dtbbpy, Cs,CO3
BOC DMF, 26 W CFL light, 23 °C

28
O\O (10)
Boc

FLIR T A% 458 Ni(0)—Ni(ID)— Ni(O)YH L] i J5 34 g 1A A
f) 1) 8 (Scheme 11).

COOH
Boc
Boc
28-A
el
oxidant photoredox reductant BOC
catalytic
cycle LnNi'— |
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Pl nickel
LNi° Cit;éﬁ'c Alk—Nl”'L
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= " (_}3
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Scheme 11 HAEHEAFIFEMEAT C(sp’)—C(sp)btdE R
P25 75 22 v A 0 i PR AP BB AL 2

Scheme 11 Proposed mechanism for the dual nickel photoredox
C(sp®)—C(sp®) cross coupling between aryl halides and carbox-
ylic acids

R JEHEAL T 93X — Ni(0)— Ni(I)— Ni(II)— Ni(I)
B, MacMillan /NPT 2015 AEARAE T ) 1 A0 5% Jk
B A P 0 BRI A A 70 ) S R AR T B I S 5 R ik )
SSE. %S N ELAER] AL T2 S OB A 5 kA
ERERR R NidDP RN NP, i feitia
JEIHER, SEBLT C(sp”)—O 1HEEJ M (Scheme 12).

BT C(sp))—C(sp) BB B, 31X — LI 4 B
T C—P BEMMIE T, 2015 4, ¥ SCRIRBIAPRIE T
SRR A A 70 W 1R 4 A 10 — 95 i 40U 5 0 R AL A 1)
BRI SONL., 12N B T2 R Ta L, o] LA 7 4%
BHRER], P F R m AL 91% (Eq. 11).

3 AR ERRENEERILRN
e SR AL IRONLAE SRAZ TR 5 < r Lo ) i B AR D,
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1 mol% Ir photocatalyst
5 mol% NiCleglyme

L, Br 5 mol% dtbbpy T | X .
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Scheme 12 Dual nickel photoredox C(sp?)—O cross coupling
between aryl halides and alcohols

o) 5 mol% Ru(bpy);Cly*6H,0 0
|l 0, H 0,
Ar—l + RI_P—H 2 mol% Ni(cod),, 2 mol% dtbbpy R1—I|3|—Ar (1)
| Cs,CO3, MeOH, degas |
R? 3Whblue LED, r.t., 24 h R2
34 35 36
R EE&BMARAZN, HZ, HHEAH A ABEITLL

TEBERE GRS, H— A INLEE AT BEA2: oL, R
JREA i 1oL B v e % BRI A O HE A ) 26 1 T SR AL
NHEHE, REINREEE R RS, X a
FAAR OIS RS, i — R, 2014
4E Molander PRAZHPSEHL T A5 = RN ERER 505 5L IR
AL TR ANERAEAL TR b )4 FH T RO B S OB, %
SR 28 O AR T PR B R T R ML e B < IR A SR,
M FER T AL Ge: & Jm AL I R BE 22 (Bq. 12).
acetone/MeOH (V:V = 95:5)

G
26 W CFL 24 h
AS X
R1; _R2

38
up to 97% yield

photocatalyst (2 mol%)
Ni(COD), (3 mol%)
dtbbpy (23 mol%)

3.5 equiv. 2,6-lutidine

T HARR RSN, EE NS e B ki) 5
Ni(0) & AL IR 2E 77 NI rp (A, R, S5 =4
TR R AE Y M Ak 26 T I = SRR 32 7= A e 2k B Eh
SR 1% BRI A Ni(ID) A R A4 F A2 B NI A [a] 44,
e, Ni(U) A ] P& AR 0 J5L 3 B 2B i N A ) 44,
B Ja Ni(D) 4 40 T AN & B9 6 8008 J5 8 Ni(0)
(Scheme 13).
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Scheme 13 Proposed mechanism for dual nickel photo redox
cross coupling between diarylphosphine oxides and aryl iodides

4 ZEig

ARGER AR TR WAL e 2t 1 e A HL AR T
B2, BARAACINR BRI R AL e e A S B AE . 1K
R NE Ry 2 R P B e A 1) A SE I 1 R
IR IR, AT SEBLAE GE < R A HLH B N XE R SOsE. H
HIIX — SRS AT AL £ AR R AR . BRF R AL
SR, RREE A Eilk— SR BILEe)E, Rl
R & RIS, T35k, X R — M
HRAH 7y —— H BRI R R D, K2 HCeR A 2 5 2
HRERA 7 it L. FATAE, AEAARRR, E
22 WA IR ZH 70 T 4 L 2% SR .
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