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Recent Progresses in P/N-Heteroleptic Cu(l)-Photocatalyst-Mediated
Visible-Light-Driven Photocatalytic Reactions

Zhou, Sicheng Liu, Yunkui*
(State Key Laboratory Breeding Base of Green Chemistry-Synthesis Technology, College of Chemical Engineering,
Zhejiang University of Technology, Hangzhou 310014)

Abstract Visible-light-driven photocatalytic reactions have become one of hot research toptics in organic chemistry and
catalytic chemistry since 2008. Among various photocatalytic reactions, the predominant tranistion-metal photocatalysts are
those photosensitizers based on noble transition-metals, such as Ru(I) and Ir(IIT) as the central metal. However, this type of
tranisition-metal photocatalysts has several drawbacks associated with their central metals including poor reserves in the earth,
high prices and high toxicities. Recently, photocatalysts based on the earth-abundant copper(I) as the central metal have been
continuously explored and gradually applied in photocatalytic reactions. In this regard, P/N-heteroleptic Cu(I)-photocatalyst-
triggered photocatalytic reactions have specially received great attention and gained rapid development. Such Cu(l)-
photocatalysts have advantages of abundant reserves, low prices and low toxicities related to their copper(I) central metal.
These photocatalysts not only can replace Ru(Il)- and Ir(IIT)-photocatalyts to trigger conventional photocatalytic reactions, but
also can realize some photocatalytic reactions that are hard to be accomplished by Ru(Il)- and Ir(IIT)-based photocatalysts, thus
playing an important role in the highly efficient construction of molecular diversities. The recent progress in P/N-heteroleptic
Cu(I)-photocatalyst-triggered visible-light-driven photocatalytic reactions is reviewed according to four catagories of different
reaction mechanisms, namely, single electron transfer, bifunctional catalysis of Cu(I)-photocatalysts, copper/transition metal
synergistic catalysis and energy transfer. At the end of this review, the problems and limitations in this field are summarized,
and the future reasearch direction of this field is also prospected.

Keywords visible light; P/N-heteroleptic Cu(I) photocatalyst; photocatalytic reaction; earth-abundant metal
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B 22 PN ZBCHI(D) G HEAL I T REMEAL LR 7R 2
Scheme 22 [Illustration of bifunctional catalytic mechanism of
P/N-heteroleptic Cu(I)-photocatalyst

P/N Z&HC Cu(D4s&4mT LA T 57 18 & i 1%
¥ (PCET)PI N, BIVA 52 5 [ il 1 S A ik sl
CuPS 17

HEH (20 equiv.)  HO

0
R1JLR2 THF, Blue LED, 18 h

FE. BT PCET fErHL 365 1, ZERAENRYIA o1 ft
WA Z TR R — B SR R A, TR L

1t PCET G 2 FFEAr e, SEna i ERA B TR0
¥R, MM A28 1) E B2 b aARSL FrL, T
B4 THBPCET) T PN ZE Cu()&& &4 Ltk
WNEE I REfEALFIITEF.

2019 4F, Collins HARHPIT K& T — & A Lt
ML I FRAA R WL I e PN 24 3 e b 77, 3 HF
FHZ R CRGR T O Dh Re EA E RE, s R S T 1 A
P 14D A0 A0 T A K e 97, 79 31 41 — i SR Ak A P (Scheme
23). fEFIRH T TR B HLEE: 7EYCIREESS T, Cu(l)
BAVESEONEES Cu(D), RIFEAES Cu() b
P BEIE S5 VR KT i Cu(0PIRAS 100; 7EIZARES T, ik
iz Nt Pk — bl e 4 36 o U A S A (B, X R

R = Ph, 99% R = Ph, 99%
R = X (3-Br, 4-Br), 96%, 90%
R = Pridine, 58%

R = COOMe, 46%

R = OMe, 66%
R = thiophene, 54%

R = X (2-Cl, 4-Br), 93%, 99%

p-FCeHa Ve BF,
d "NH O
/ NH thP O
p ;@ OO
X ) Ph,P
CuPSs 17 )
Eqp(PC*/PC?*) =111V
laps = 374
/abs= 620 :nr:l E4»(PC*/PC) =-0.04 V
im: 8.95ns E1p(PCY'/PC?*) = -0.89 V
Eq12(PC*'/PC) = 1.96 V

J~NH PhyP
B N;@
Ph,P

CuPS 17

: COOMe
COOMe

HEH

COOMe

COOMe

o)
IQ

R" "R?

B 23 XUThAE RGBT HE AL R () & e i
Scheme 23  Bifunctional Cu(I)-photosensitizer-catalyzed synthesis of pinacols from aldehydes(ketones)
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FAEEA R T Cu(0)FE EE (B )IE J5 Bk H H 23 Fh
102, 3115 57— 7 7 B (SR ) (R IO B 48 2k 1 el
(A4 103; fx /5, 103 APUNTEE B B 2E E B 0 ppi % —
MNEET, T E= 48 — R A) 104.

Bk T PCET IH2, i 5 4b—u J B I AT PR
£ PN Z:TC Cu(1)4% & 70 U REME AL 1 BE. 2020 4F, X1
Oy TG ER AR 7 — 151 6 5 5 e R A R A A 11
AN e R IR BT A 1Y NHPI g 5 AR I HUR A G R B
FH R IR FE K [ V. (Scheme  24). 1% [ N ) 5% 8 21 1%
SR AE )M PN R AR e e AT Lt — 25 5
AN BT RCAL, MR AL - RS A1) 108, I
Ja KA R . B TR R NHPI g i 2 % ke
HL iR E BEINA B O RNE EE BRI, R
=Y 112, fEZ RN, BEBAFIRE R 2 T
PR AR, HFMIREGE S T AR B 5
RFHLEA

2021 4E, TR RIE T —Fl8 L% 5
BEF e LR T, 7 i & )8 o se A8
B A BUR BRI SN At AT BA[Cu(DPEphos)(bep)]PFs A

Ar,

R‘l
I H———R?
o. 2% Cs,CO5 (2.0 equiv.)
0

N Cul (10 mmol%), L1 (12 mmol%)

‘ Blue LEDs (24 W)

PhCF3, r.t.
Representative examples

A 75

Ph

R = Pr, 62%, 99% ee NH  par,
R = CH,CO,Et, 32%, 93% ee Nx 5 g
R = CHyCH=CH,, 52%, 96% ee

L1 :

Et Y

R'—\ X %
- Ph _ :

Et” - Ph

J\

R = 2-Br, 52%, 97% ee
R = 3-Br, 81%, 94% ee Y =0, 68%, 97% ee
R = 4-OTf, 30%, 93% ee Y =S, 65%, 97% ee
R = 4-Bu, 69%, 91% ee

TR S i % 4 JR AR O 5E B T O- LR A H I S
5 C(sp®)—H B H BB, I T 3,4-—4-
2H-MEME RATA).

2022 4, Anandhan iRZHERIE T 0] ILOGIRK
BAT PN Z4IC Cu(D)ZESVIMEA I H R vy SR A
WHER & 1,2- R ) S M. (Scheme 25). {Ef3E & 12,
P/N Z&HC Cu(D) 2% & WITEZ R BAA 2 H 78 e b 7),
J5 RN R Ak TS 3 A %, IR IS S 58 LRI R
PrAE R FEF (D115 a- K O HHE Cu(IDBEY
116 25 g Hh [|] 4.

3 ETEEXMECFNEGERANESRIHE
IR M

B AT ILOGSRE R AL SR ] 1k LUK, R DG A
FDE AR S 5 1 I < s MR AL AR 45 e i A e b
SR TIZ IR, F O R Tk AR - 2% B 1
ﬁ?&mm S GMEAT ELHEAR AT F 5 1 e 7

WLEIASR], 31X 2 B A HL A G A RILE BT DL e B 5
R’l
Ar/\
12
* XN X,
e, ) R
X P N 106
NS
105 N
RZ\R1 Ar
\N R2 -
) N\
v P/CU\N>
NS
108
hy,
RZ\
\\ W R2 -
P/\CI_J”;ND radical \Cu "‘N>
) decarboxylation p” N
Ar R!
110 e} 109

ey
co, + OO N o d R
107

e}

B 24 i SFHAEL NHPT B -5 A S b (1 A X BRI R A S

Scheme 24 Photoinduced copper-catalyzed asymmetric decarboxylative alkynylation reaction between NHPI esters and terminal al-

kynes
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CuPS 7 (5 mmol%)

< P
B(OH), ) LN
Et;N (1.5 equiv.) 0 N_~e 4
Ar—= + P
MeOH (10 mL), O,  Ar _ !“Ph S O
Blue LEDs, 12 h o 2
CuPS 7
Ar—=——=culL hv
113 (HO),B-Ph
L (Lcwd) o 0<0
Et3NH |Ar — CUIL I 2 o
114
0, Ar
EtN < o o,
Lcd! 02 Lcu” LCu' Lcu! 0
+ Ar—=——cu'lL \h_v/
Ar—=— . Ar
r———-H 115 S
- 0 o}
] 02 \
AT Ar

cu'L cu'lL

116 117

B 25 P/N ZBC Cu(D)GAHEA IR I REMEAL 7 H AN 55 LR & 1 1,2- i
Scheme 25 Synthesis of 1,2-diketones from arylynes and arylborates catalyzed by bifunctional P/N-heteroleptic Cu(I)-photocatalysts

T, AR A 4R AL, SRR Rk
AN BN & B AR, AT A BT = 9. i, ik
FATL ) 247 PR A A S R BT A58 FH PR e i A ) 2 B —
B4 RO EAL T, i Ru(ID)Ir(ID) G HEAL T, eah,
H LGN, 0 4-CZIPN &5, L9 &8 1k 77
W B — LR B RS SR A ). N
FEHEAFITE S R B S T R kR, H B AT
TR0 U 4 A 45 A AT B U4 A AL I e R AN
Z 0. TR, T2 TR A AR A e AR R 0 4
JEHR LA A SRR e, A HAh & B % S AR,
75 RAE G BER Z R AR B 5, TS A3 e (0 71
5 BUR SR g . (E2, S NI, TR T
TEBEARBHIR R LT, OF s/l iz
V&8 S AL ALK, (51538 Re 68 P R 1k
FNE. FATIHEIR — S B A -4 e (AL 7 A A 4
(130 4 J&8 Bl [l 4k S B (Scheme 26), I LA 43
2017 4, Fu BRI IFA R T — Rl i 3k
T EBEATAE ) P/N ZRTRE Cu(1) 68857 CuPS 18. 1% GHGH
5 CuBr o] LA R FRIEA R R, FE[F] 58 B s A Qb A

K TR WG 2 T PR O (R AL AR IR S B % R MR B
CuPS 18 Z 5[5 T L ARESEIL. SOV oS80 B

E T30 3 A A A A G R e A o A 7 2R e s
[F 3@ CuBr 4 & AR LR TE B C—N B
#(Scheme 27). & B A J5 B AR 72 A 1 e
R 3 R AT A o R B — 0] (D) A 716 i AR PR FL AL
I AR A RE, AT T SR 32T
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[Cu(l)PS]
hv
Ve photosensmzer
catal tic cycle ) [Cu(l)PS]
[MCat]” SET
transition metal SED
catal tic cycle
0)PS
Subs: [MCat] ]

Prod. SED: single electron donor SED™

B 26 Cu(D)EHEAL 7S i I 6 O X P AL O
SRR

Scheme 26 Illustration of photocatalytic reactions via dual me-
tallic synergetic catalysis by Cu(I)-photocatalysts and other tran-
sition metals

[F]4E, Lloret-Fillol BRI R T —Fhai4s &Y
[Co(Py,"tacn)(OTH)]OTF 5 P/N Z+fc. Cu(l) I HE AL 57 B A
PEACTIRE B SR R B, %R N B 32 P H,O i
(NEt; 8% ‘Pr,NEt)E NS JE (Scheme 28). 1EFIEH T Al &
B NALEE: B, YR PN 2RI Cu(DZ4% &40
AR B S PH B T8 S EAGIE RS, B2 Co(I)fE
571 118 #7 Cu(0)i&JE N Co(1) 119; BEJG, KIRGLEF T
HAE Co()AAA K H-Co(lIDWFh 120, #%E 120 B
Cu(0)i& J7 A H-Co(ID P Fh 121; 121 5B s & 2 54
B, FFRTFACEACARERL A, B Co(I)PFl, 58
ol A 2R
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Bu
Br o CuPS 18 (1 mol%) 0 R )
Py CuBr (9 mol%) )]\ /4 P(Pr),
R"OR2 RO NH, t-BuOLi (3 equiv.) RO H R2 N—C/u'
Blue LED, DME, r.t. |
O P(Pr),
{ Proposed mechanism ] Nu: ROCONH B
R- - CuPS 18
r L,Cu! Nu Ereq = -2.5 V (vs SCE)
REBr N Cu” Nu'
L,Cu'Br
a8
|
N—,Cu'
P
hv N Cu L,Cu"Nu

B 27 PN ZRBCHR (DG HEALTIAT CuBr Bk [F) i A i o £ Qe 2 5k P RIS 2 17 P BEK S
Scheme 27 Photocatalytic cross-coupling between secondary halides and carbamates enabled by synergetic catalysis of P/N-heteroleptic
Cu(I)-photocatalyst and CuBr

CuPS 13 (1.5 ~ 6 mmol%)
[Co] (1 ~ 6% mmo%)
j)l\ DIPEA or Et3N (0.71 ~ 1.76 equiv.)

R" “R2 H,O/MeCN (V:V = 3:2) R2
visible light, 15 °C, 5 ~ 24 h -X’ o
Representative examples R1J]\R2
LCu
H (Il
AN : [Co']
| : // 18 ‘\< Q 4
N : SET >(
| JOTf : LCu' J-— HAT R" \r2
N, o~ H ~— R
"Co T H \
L/ N : b 122
R =2-Me, 31% NN 7 :
R=Me, 90% g =5 3 4.(OMe);, 90% | T~~~ , [Co] HO
R=Bn 90% o _ 5"\ “ogu . [Co'] XH
2, 9070 [Co]: Co(Py,™tacn)(OTH) 19 121 R 2
metal
H20 protonation / .
R H Ph ~ ; |III /
(N & - [Co'l
ey © PFe]: - 120
R = (Z)-dec-8-enyl, 31% SN . : OH
R = 2-pyridine, 61% @ b : o NRs
Ph Ph "\ :
Ph —hv_~
CuPS 13 :

Bz 28 P/N ZRC Cu(l) A 77 Rt 2% 5 W0 X <62 Jas h ) (A 57 R A 57 BRI R 5 1 1,2-
Scheme 28 Synthesis of 1,2-diketones from arylynes and arylborates via dual metallic synergetic catalysis by Cu(I)-photocatalyst and
cobalt complex

BE )5, Lloret-Fillol TR @HZH M0 K I — G 8 (I) % &
YI[Ni(Py, tacn)(OTH)]OTF 5 P/N Z=FL Cu(l) YA H.
0 [E 48 A 1) ot i A 5 0 I8 1) 90 1 R TR IR A S
(Scheme 29). fEEFEH T AT REM SMALEE: B, Ni(D)
123 5@ T A meo™ & Nid#h 124,
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DIPEA or Et3N (11.4 or 14.4 equiv.) Q

......
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Scheme 29 Photocatalytic reductive cyclization of alkyl chlorides via dual metallic synergetic catalysis by Cu(I)-photocatalyst and

nickel complex

4 ETHEEXBHECRE

FMEALRE R (EnT) R BWE — Pl 2. Skt s
FCA BLAr T B A2 R AR X 2 — . L5 B YR
(PSYHE AT WL ek, BRI A AT G R —EE
(PS*), AT RT3 5 S AR 6 BRI ISR, SR 2
BT RIEAT RN, Blandc . B xp, %
ShE el B M ERS. BB REE R ALE] )
R A Lo T I e A SN A AR, (R BT F 21
JEHIGR 3 200 R HLGYRD GG, B LY Ad s 2
BALSE, PAA 4@ aEOR, Wk FIET (D) B Eoh) 4.

“&m%ﬁuJ%EM%Eﬁﬁﬁmw&m . 1%
LA, LR, BB TR TR 7R 2,
PL P/N Z:BC Cu()48-& 0 R EAR I RE S 78 YA [ B
BB T R FIHRIE .

2021 4, F A PRSI IE T — 51 P/N AHC 4 (T)
JE R I e R AL B R [2 + 206 =R R M
(Scheme 30). W5 R BLH 2,9-60F1 4,7-h7 B A5 BUARFE ()
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31).

2021 4F, Xz ZE A PORIE T — e ] LG R
SHFARESCRFGFAE T, B 1L,6-Ia it N ZIE b1 2518
175 1%(Scheme 32). {E1F—&HIJE, P/N 2480 Cu(I) i
FUTERE B TF (b1 2 BEAT A FE s, AR T R
EEBOLMAT, FRGE Y TSI R M) X
b 1R — S BGRAE — N B FE R R 2 5 R s i R f
%%%%V@%ﬁﬂ%ﬁ%%#ﬁ%ﬁm EFRH T
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fBu 2
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representative examples

R N
Ph OH
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Scheme 31 P/N-heteroleptic Cu(I) photosensitizeer-catalyzed isomerization of (E)-olefins to (Z)-isomers
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FZ ISR I B 3 B ML R D SEE T 2K 20
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FAFAIANEA BRI S m A5 0e
i HA A fe % 5 5 [RIUSCE FH A A

TR E
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5
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MeCN, r.t.
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CuPS 13
blue LED Ilght
energy transfer

H,O0.
(Ho) Hb a) path a

O OQ intramolecular HAT

(0]
=
O
-\=:

132

blue LED light 135
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Scheme 32 P/N-heteroleptic Cu(I)-photosensitizer enabling combination of energy-transfer and photoredox catalysis for the synthesis of

benzo[b]fluorenols

CuPS 20 (0.2 mol%) .
. EWG X DMAP (1.2 equiv.) EWG
DCE, N, rt,, 48 h @
EWG: CO,R, CN, efc. 440 nm

supported by MOF

O _
Ph,
P, /N =
RN
P
P, N
—

supported by MOF
CuPsS 20

B 33 SEAPHMELRSTIER PN B80S B MEL 4 F
1) 28 S [2 4213 0 il s 2

Scheme 33 Intermolecular crossed [2+2] cycloaddition reac-
tion catalyzed by a MOF-supported P/N-heteroleptic Cu(I)-photo-
sensitizer
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