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Recent Advances in Visible Light Photoredox-Catalyzed Alkynylation
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Abstract The synthesis and transformations of alkynes have held an important position in the field of organic synthesis. How
to rapidly introduce alkynyl into organic molecules has been of great interest. Photoredox catalysis has been widely used in
organic synthesis because it can generate high reactive free radical intermediates under mild conditions using green and clean
energy. Visible light photocatalytic alkynylation has flourished in the last decade, which is believed to be a significant com-
plement to the classic transition-metal-catalyzed Sonogashira reaction. This alkynylation could take place via in situ generated
copper acetylide complex from terminal alkynes and copper, which also occurs through alkynyl radical species or radical addi-
tion elimination of non-terminal alkynes. Moreover, it was a good supplement to Sonogashira reaction that various radical
precursors could be applied to alkynylation by visible-light photoredox catalysis. Based on the type of bonding of alkynylation,
the research progress of alkynylation reactions by visible-light photoredox catalysis is reviewed, and the future development of
this field is prospected.

Keywords alkynylation; radicals; photoredox; Sonogashira coupling
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B H R A AR AR WO A G BORIE T R A B i TS TR
RCH HEE, BEfEZE B EBX A A IR s
FEHE, ZE mEEP AR E C—T BIRA B
BB A M R FR T B o, B fmix B R AR
HL 340 515 3 SRR FH R 67 B

2014 4, MRDARSEERRGE TR 06 IR i = U R
g5 EBX il bRIEAL SN, 12 5 M = U R I
PEREHE H B 3EHTAA, 72 Ru(bpy)s(PFe) JGHUGTAFAE T, i
A NS T C(sp®)—H BERHREAL SN, TR 2,

http://sioc-journal.cn/ 2653
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ik SR

2N RELE KA R A5 N kAT, #E—Bdh R 7 HH
i (Scheme 17).

o—I|— Ru(bpy)s(PFs)2

. BI-OH ,

o + R2-BFsK RA—=
Na,CO3, DCM/H,0 _
rt,5h, blue LEDs 99% ~85% yield

% <
N
Ts

70% 60%

=
Cp/
82% 77%

B 17 o] WG 2 PR 0 e T B JE A e 182
Scheme 17 Visible-light-induced chemoselective deboronative
alkynylation

20154, M SCREPORI Waser (AR PTG f5 R 1E T w]
et EBX 157745 fi] SR IR 1A b R AL S 2. EBX
B 5 ] FORMRAE RO AT E T, ST IR R A4
RIS, XT3 A S RSk . I S A B )
EBX {71 #0i& FH TR R, B/ Waser PREIZH S
RZEAIR R Y R T B IRIR T, mRE T —
FRIVRNFEEEA A P)(Scheme 18).

(1) Xiao, 2015

O—I—VR'
R—COOH + o

3 mol% Ir[dF(CF3)ppyl,(dtbbpy)PFg R'

=z
blue LEDs, r.t. R/

Cs,CO3, DCM, 4 h

(2) Waser, 2015

o—I—~rR*

1 4
RYCO2H Ir cat. ; — R
R2 R3 + O E— R%

blue LEDs, r.t.
R2 R3

(3) Waser, 2017

O\ O——I—=="TIPS  Ir[dF(CF3)ppyl,(dtbbpy)PFs
N~ COH +

CsOBz, DCE, blue LEDs, 5 h, r.t.
(=

) TIPS
Cbz

|
Cbz

B 18 SUAALIE R b EBX B 5 R K R ek Ak S 2
Scheme 18 Decarboxylative alkynylation of carboxylic acids
using photoredox catalysis and EBX reagents

2018 4, BRUABEEPIG R T — RIIRF L&A
BURE 1 i O FI(EBXs), %% T AH EBX i
FXT 2 B 7= 28 [ 52 e, B AL R I T = U R s S
EBX IR B &, # it i a0 A2 ) EBX T
A FI TR IR 5 B I E4T (Scheme 19).

2019 4, Hammond BR@HBOHIE 1 Af W B (e i3t
Hantzsch fig5 EBX i{FIMIRIEIL SN, C(A)NEAR T
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[Ru]

BI—OH, N82CO3
R—=——rtolyl

R-BF:K + BI—=—=—tolyl

rt,20h
blue LEDs

. R'=3,4F, 47% ~80%
v R=4F,39%~83%
Bl= R-L | ‘o R'=H, 50%~83%
- R' = 3-OMe, 52% ~ 74%
R' = 4-OMe, 47% ~ 84%
R' = 3,4-(OMe),, 73% ~ 86%

BR 19  EBX A GHE MR EEAL S W7 i 7% 52
Scheme 19 Investigations of EBX reagents for radical alkynyl-
ations in photoredox catalysis

Hantzsch BEESGHEAHIRIPE T R4 SET ki H
3L, ZEBEMES EBX 7R AN RS 25 Fh 55
IR S P)(Scheme 20).

Ar
_ O R O
o O\|/ fac-Ir(ppy) Ar
EtO OEt ac-r(ppy)s
¥ L blue LEDs, MeCN, r.t ///
Me” N7 “Me : MR

|l| 16 examples

R = alkyl 35% ~ 86% yield

B 20 JuEME R —ENtE S EBX KR Csp)—

C(sp®)fih Bk
Scheme 20 Photoredox catalyzed C(sp®)—C(sp) coupling of
dihydropyridines and EBX reagents

2020 4, Waser BRAZHBIRIE T —Ff ] o e 80T W
AR BB R IR C—H B REFIL OB, At A 1 T BR
W CERRRAEERGR, fERIIER T 58RI R
4= HAT, /55 EBX #{5f KR NS T — R4 %
IMEEW) C(sp®)—H RIELFZYI(Scheme 21). [F4E, %
PR P S T v s et EBX 75 AN R
BRI Bk, G BRI B S B G 1,2- 520k 3
L, #1457 — RAE B 1-bRIE-1,2-Z I WA -k
FE-1,2- AL AP (Scheme 21).

2021 4, MRUARYEEPIRGE T 0] WG A AR JE A 1L
bR L BRI IR B C(sp®)—C(sp®) Wr 2L B AY, 2 7,
FATTR) FH 54L& Ph-Acr-MesBF 4 1E GG, 184k
BRI ENR7T 3,4-OMe-BI-OAc {ERINF, BIh
SCHL T IRIGE IR L (AU REFIG B, VR 2B
FCEZAFIEE H T iZ A R, mEuhE T — &5
y-F O-F IR AV (Scheme 22).

2021 4F, Waser YRR BYE— 40 JE T EBX &7 1)
F&, AR BT HBURA EBX RAI7E 6 I/ R Ak
e, RERERC 26 R /R Pt REVE N E 352 4k
(Scheme 23). V£ Z it 7l 5 ELBAZ 51 A i
FRTARER . =5 ERES FIkis, #RRE S 4L TR A1
EBX W{FIR4E SET ERAHI N K B A, Bl 5
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n Ji§
I s N
O R
JL o R2---R3
R™ °N
Il? o 4CzIPN, BI-OAc O—|——=—R’ ko) R2---R3
DCM, blue LED, r.t. k )\
1 - O o T
29 examples PhCOCO,H o R
R\O/\ up to 89% yield CFL lamps, 18 h 23 examples
42% ~ 77% yield

L

BK 21 DR AR M S Y BUR RS EBX B E RE 1L &R

Scheme 21 Photoredox catalyzed functionalization of saturated O-heterocycles or alkenes and EBX reagents

Ph-Acr-MesBF, 0 Nu

]
NuH
)L A)n + B—R' R)LN S
R H 3,4-OMe-BI-OAc H noN
R
E "BUOH, 4A MS 46 examples
o—I- DCE, blue LED  409% ~ 86% yield
BI= O Nu = alcohol, thiol, indole

hydride, cyanide, water

Me O Me
®
.
Bu N~ Bu

|
Ph BF,
Ph-Acr-MesBF,

B 22 SCREALIE IR AEAL IR B L I 0 T 3R Ak s 8
Scheme 22 Photoredox catalyzed alkynylative ring-opening of
cycloalkylamides

Sub [Sub] "
2 Kessil lamps -~
Ph-gax 440 NM) [Ph-EBX] [Ph-EBX]
Substrates Products
R-CO,H R-BFzK R=—=—Ph
[—>\H [—>\\\
0 o° T=—Ph
Me
N- CO,H

Bz 23 Ph-EBX ARG HE AL TR R A 5 2 v 82
Scheme 23 Photomediated alkynylation and use of Ph-EBX
reagents as photocatalyst
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Hb—4rF EBX KA RPMAFRRILALT=Y). BHENE,
HoAt i B R TR US « T0fRD A b AT A T %
IR R, B2 — RV EE R RBUED.
JUT- RIS, W 2h S SR IE T ] W S8 4 7 4h 5 R
#ith 5 EBX A C(sp®)—C(sp) IS, 1% S v i
4CzIPN 1EJEHGRIHUAS T 5 i A R

2022 4F, BRUABGEECORIE TR LG S AL L A A
TR IR I 2B 5 EBX R 15z o C(sp®)—H FREEAL 2
N, AT TH Ru(bpy)s(PFe) VEFEBGH, TEJIER T 5
e A A SET TE A H 2, Bl f5idid 1,5-HAT JE %
Tk B %, 55 EBXAGTIE SRz C(sp®)—H bk
FAL =) (Scheme 24).

CO,H H Ru(bpy)3(PFg)2
x O + R—=——8l
Ph)\N \/\)\R BI-OAc, DCE
R blue LEDs, rt., 12 h
g \/\/lr\
Ph)\\N”O R
27 examples

32% ~ 85% yield

B 24 OUHEMNEJF AR C(sp®)—H Mkl [
Scheme 24 Photoredox catalyzed remote C(sp?)—H alkynyla-
tion

2022 4, Studer PRALZH VAT Waser PRSI 7351 4%
7] OGRS EBX AT ER 1,2-% 0 dk
BB, Studer VLI H 4CzIPN {ESLHT, BI-OAc /£
ARIMFAV RIS T2 R S, AT 2B A A 1A &,
Waser PREZZH A 2 BT FTHRGER) EBX 711 06 HEAL )
SR T SO, B S AAMIN GHEALR,  5h SE
T B A RUE Re 414k [ B (Scheme 25).

122 Bkl

2019 4, Chan PRAHAPVERE T —Ff Au I =R,
R LI F T O HE A DY SR R (THIQ) 15 Bt
R SR, FE W] OGRS R, Aua(dppm),Cly B
K5 THIQ K4 SET 15 B E &+ H %, B2+

http://sioc-journal.cn/ 2655
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SR SHR

At

(1) Studer, 2022

R2 O—I|—R®
4CzIPN
R'" + o) —_—
BI-OAc, CHCl3
r.t., blue LED
N
RS R?
| | via R
R'R%2 O |
(0]
38 examples

45% ~ 73% yield

(2) Waser, 2022

=R CcHcly, rt, 18h

Ar R @) 2 Kessil lamps (440 nm)
R
s o
Ar (6]
15 examples

15% ~ 70% yield

B3R 25  Ar-EBX OGHUR T BER T4 e AR EEAR f
Scheme 25 Photoexcitation of Ar-EBX for the alkynylation of
cyclopropanes
JETER ok H 2, SREERALY) SIS Au — &Y
Al K AR SET 13 2IbE Bt 2, s )midiad B (i
752 DY SR MR COORLFRFEAL =1, 2 s Rt e) T 22 1
I JF VK 3845 (Scheme 26).

N [ORS S

S e
S N.
Au2 dppm),Cl, | |

23 examples
up to 89% yield

B3 26 SR IE [ <5 A DY S0 S P R ) R A S 8
Scheme 26 Gold catalyzed photoredox alkynylation of tetrahy-
droisoquinolines

2023 4, Chan BREZH 4O Ik % Au i 4 H
T M o-HEF U BUIZ 5 ISP B, 5T
HIE THIQ & ik JR VA KL FEA ], Z I N i [ 28 3
ARG RE, I8 A S SEIG A DFT #R it 5, —
R Au-Au' TER] WOCHEG TR OR, B S S Bl
Ve R A SET FEibhdit B i 2E C AI[Au-Au!-11 " H]A]
& D, ZH A D S5EUGIERY) KA SET s 2: 1) it 4k
B E I F, MEERMREEE Hﬁﬁ% b2 o
a eI E I C SREHE F BEERAERE B7EDb
FEREE E B3 C B Au-Au TR TE SR AL 4P ]

2656 http://sioc-journal.cn/

© 2023 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

R, FESERE R F AR, el R ER L RS 2

TR FE P2 ) (Scheme 27).

Au,(dppm),Cls (1 I’T]0|%) . //
NaHCOj3; (2 equiv.) \
— @ N

/ CsF, MeCN

2
R? UVA LED,rt, 17h R
44 examples
40% ~ 87%

24 %
\il ——Ph

O [AutAd” | el
.
kS|Me3 [Au Au2 | /< lPh [A e \]gF

G or -
pathway b {Au Au* }

N

E
. kSiMe3
Measl% pathway a O
O ‘=—Ph N
N \

!
F

Ph

B 27 SCRAIE AL a-TEIE AU S A bR 5 15
Scheme 27 Gold catalyzed photoredox cross-coupling of ter-
tiary a-silylamines with 1-iodoalkynes

1.2.3 B AUk

2015 4, [ DARS SEHIR bR L AR Ot AL B R
FEAU SR, Al AR R R ER AT AR ) NHP R H i
SRR, FEETCHOGRATRT WG S T &4 SET bt
H 5, % H HEER 5 5 R IEIR R A a- I eiH B
N, 5 JE 9 B e U A bR 72 P (Scheme 28a). Bl JE,
B RBA A ZE R T a2 ZERATAER NHP
Hig R, R AN 26 A T A BT LR R A R AR
KARF- MR ILBR (Scheme 28b). BLAk, Al TiE¥s 12 S
I FH 2155 2= A bR ) B 2 H (Scheme 28¢)43).

2021 4F, Shimizu HEZHMHRIE T HE AL R AL
RN 8 1R I SRR EEAL S L, Bl T — R B IR ISR
WA, RNAKRZF I Hantzsch BEVEAINF, ZE00
FIRESR AL 7 SRR 7L, DR SN R IR 3k AT
(Scheme 29).

2 C(sp)—C(sp?{2Bt

C(sp)—C(spHBBAE N AN 22 h HEZ BN —,
OB N TFEERZ . KRG, KRR IRE LI RER
AR, —ELOR, e e b 5 s A5
A8 AR B S B Bl Sonogashira e, 1N C(sp)—
C(spHEE EE R Nz —, ZRNBI AR T 2 KE
R TR R, SN s AR5 Je ™ e 105 B
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(a) R—-CO,NthPh

=
Chen 2015, 69% ~ 87%
o)
Boc),N
BooN- o
o, 0 (_‘)\H—ONthPh 0
/\S/ n
Ar SN b n=1,2 0 (BOC)zN\:)J\OMe
0/ ~ 0, A
‘!' Fu 2016, 52% ~ 92% ( N
R!  O-NthPh
R2
©) R 0 R’
= R?
Fu 2016, 35% ~ 92% R3
0
0
CO,NthPh =
2 f‘&J\o/N
o}

B 28 A WDGHEHEE IR R C(sp)—C(sp®) Ik S i
Scheme 28  Visible-light-induced reductive decarboxylative
C(sp®)—C(sp) bond coupling reaction

OH
)(i ToIOzS\ Ir[dF(CF3)ppy]>(dtbbpy)PFg (1 mol%)
+ R X
R™ 'H Hantzsch ester, THF S
biue LEDs 22 examples
up to 98% yield

T
m
(]
N
>>:§<
Q
(@]
N
m

EtO,C._A__CO,Et ~ Me™ N° Me

|| H OH
Me” “N” “Me RWJ\
N
: ||||" 3 R2
EtO,C._~_CO2E r
ol
H

TolSO,H TolSO,
@_

" Tol0,S

! I Ir N ol
H. R
JO\ j)_H 2\R2 ) S0,Tol
1 1 R |
R "H R .
1 A R2
EtO,C._ -~ CO,Et B
‘ ~
Me N Me

Bz 29 AT WG Ak SRk A S 8
Scheme 29 Visible light-induced reductive alkynylation of
aldehydes

VBRI AORIRSE, (HIX LRI A AR
BATHN T ReH TR se AL, SR 5o E It
JE W R AL SR IE ) C(sp)—C(sp?) BB S b — e FE 1 b
REff oL i) A, (R R B R i I8 I LI B Y B, 4
P 0 S5 - 20 BE AN SR 0 = AR J7 VR C(sp)—Co(sp?)
.

2016 4, Toste PR ZHHRE 1 i UE &8 Au 565
A iR Bl ) A 4 05 2 B R R S — PR R R B R R 1 AL
NABWER . B, 7REEEES SRS RE S BN K

=t b
23\ T
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A= SET Ry i H A, %0535 A R A 255 P030
SRIZER Au" H ()44, 2 (a1 ARl i k2B B T4 A AR B
HIER A" HPAE, BJEiZ A kS = SRR
R i FLAL . BTEAL AR IS BR 15 2] C(sp)—C(sp?)
REL=Y, FHREHE Au HHIEA. 2018 4, Hashmi ¥R
U — B T iz MR R, RIZ R M ALE A
PhsPAuNT®, AL 5 A5 75 ZEAAM N L BRI, 05
R RS = F LR R (TMS) e 10 18 BB s . RE IR 3247,
FEERIA 81%. 2022 4F, MOORWIRE T —Fh & Ru Jufk
FIRLE S8 Au LTI &R G VUES I (MOLs), #%
PRME DS FEE A EE S TMS BRI SOv e 2 7
FIR & JEm AL AR A, S S, AR A
BT S, FHEIRE 0.7 mol%, 51% 5 HH B I S
FEFFIM L iE HE$ R T 14~200 fi%(Scheme 30).

Au(lyRu(ll) ’

Toste, 2016
? r|° o=
Au(l r R
ArN,BF v ‘ = ™S —
25F4 L—Au—X o=
Hashmi, 2018
' Au(llly intermediate
Hf-Ru-Au
Lin, 2022

B 30 A WOGHEEESAEALIR C(sp)—C(sp?) 38 XAHER S
Scheme 30 Visible light-mediated gold-catalyzed C(sp) —
C(sp?) cross-coupling reaction

2020 4F, S AEUSHRIE TR WG R AR AL T
J&H] Sonogashira & B, AT SE K I K A e v PR B
e )5 FER IR R, — A AObRR ) 4R B AE W] WO AR T
WOk, WEJE 5 07 FEREIR A4 SET T R A B b o
A D A7 3E E R, PSR R = A e v T
I B I 5 AR S B P (Scheme 31).

[ 4F, Hwang REHWRIE | —Fh 558 2
Cur0 Gk A (AL F(CuO-TNCs), Z A A7 1 IR AE =
T RSB TR WA e AR5 e 5 R s B Sono-
gashira B 7. Z AR 2RI H AR5 4 AL IS 1,
MEALTROE S F Lk 5 U3 DR 5 AR 8 4 RS %, A7 R )
&, RNARZHIIAN CO REMNIE S NHEAT, b v i)
WRETE A AR 47 B2 EE HY (Scheme 32).

1o Y <5 R A T A B A S I T e i 0 AR
AT, CARIE G OT R A 75 B4 AR E Rt
IR, BRI T 1% N R . AT WG 2t i Ak S
82T FH R BB R DS TR B ), e 2% A SRR A, 3280 B
IR E T F Bz —. 2015 4F, MRUARYSEEORIE T
AR o-FHR S EBX R RIS, &R T
— ZRA E L BRI A, 3 ) S AT BRI A A N
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P

H + 4
Actvaton TT’TFTM
X H——R

35 examples
X =BF4 or CF3CO;, 40% ~ 86% yield

o R—=
R—Ar Cucl Base
coupling V A BH'CI

Ar- ~
[R—=—cu"|X [R—=—cul]
D \ B
SET *%&'
h [R—=—cu']

ATT*X C

B 31l OB RE i A 57 SR &6
Mk

Scheme 31 Visible light-induced copper-catalyzed C(sp?)—
C(sp) cross-coupling via aryl sulfonium salts

C(sp)—C(sp?)3Z X4

Cu,0O-TNCs
L N x 4 =R 2 // V=R
RI\= CH3CN/CH30H, base R1"\—
blue LEDs, r.t. 29 examples
CO, (101 kPa) 70% ~ 89% yield

Bs32 A G et A i A i b5 s A 55 K2 ) Sonogashira 1
?Eheme 32 Visible light-induced copper-catalyzed Sonogashira
coupling of terminal alkynes and aryl halides

a-HifR 5 & M il (hypervalent iodine (I11) reagents, HIR){E
A, Pt B 7l JEUR R H b e S N AT Y
REOPIR. FE, HIOEERNRIET WOGRERR S
R (0 P R B A BBk S B, SRR At T Rtk
H%E 5 CO 1EH RIRE AR A= iz e S 3 21 I 5 1 b e v
()4, ZaR S EBX 7&K A B B I p il B
B ZL R ). 2017 4, R LR USRS S
MIE] p-F Kl e eh, A v A 7] (cyclic iodine
(II1) reagents, CIR)Y&4EALIE JFEARHE B-Fik FE P 11 o -
C(sp® BEIKT 2L e 5 H A, AH N B-HR S B- Tt i A
B- T8 3 ) B A BT EE A R L bR TR i AN bR R R
(Scheme 33).

2017 4, Glorius RAZH A e AR JE fE 2t (1
AR TR ARSI 1 BE R BRI SN, A i 7
LB RS P AR RIR B HFE RE ST RS HAT TR
B 5, BERiZ A RS EBX WAL B
IR BRAS 21— R 5 BBE ) (Scheme 34).

2021 4F, Koenigs PRAGHHRIE 1 0] WG HEAEHE
st 5 e o AR XURR B e A1 S B, 22 e I H 4
A BB AN 5 AL RO AE ], R BE AR e 2 B i
2 AR WAE R, LedE kA OR AS AR
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COOH  Chen, 2015 R

BI
@ ' ]CO o J
“ScooH——————= R” )\
Xiao, 2015 RO
-
. ‘ ' HR1 o
2 SR I\o
R R Chen, 2017 BI = _
o)

B33 af WG Bk e AR ER 1) S R
Scheme 33 Visible light-induced the synthesis of ynones, yna-
mides, and ynoates

®e 2
)I EBX reagent )\
" hHAT R RO

37 examples
46% ~ 90% yield

* /@% one

Photoredox
| ] y

SET HAT cycle |
|
: OH

(0]

B 34 AT R AL sp? C(O)—H BEHEAL I R
Scheme 34 Photoredox mediated alkynylation of sp?> C(O)—H
bonds
FR & SET 521kt 5 th 3 Pd' 14K, Fidk B H
H 5 ORI EOY B 2R E d 2, RS Pd' bl
AR M EE Pd" A, fJE AR EAEAL ) Sono-
gashira fRIKTFE] 131N, 2N RIE TIF
W () DS B PN AL AR 1B B (Scheme 35).

3 C(sp)—X (X=P, S, Si){&Ek

BB LAY e — PRk =B A &9, REAE
B 25 A AL S . B WA A A R 2 S AU ) 97
T2 32 9. 2018 4, BRLAZEBIRIF CIR ik
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\
Alkyl Alkyl ik

Blue LED, r.t. ( ) o

Alkyl halides
Dicarbofunctionalization —

29 examples
42% ~ 94% yield
E/Z up to 20:1

Pd"-vinyl complex

B 35 w] WGt HE R P e R UG B T A S5 2
Scheme 35 Visible light-induced palladium-catalyzed dicarbo-
functionalization of terminal alkynes
NG o-BERRIEAS RS H 2, FJRiE P—C(sp®)i
W A BSOS BE A kR AL, f i alad i E t AR
EBX i I e B 75 2 R AE BRI B ™ ) (Scheme 36).

2
R CIR
X

blue LED

XQOP/\\ Ar

33 examples

o ; ' -ACHO 56% ~ 91% yield
"""" >~ XZOP)\Ar . X = aryl, alkyl, OR', NR',
CIR = cyclic iodine(lll) reagents

B 36 SUAAIEE AL o-BERRET (1) H IRl SR
Scheme 36 Photoredox catalyzed radical alkynylation of
o-phosphorus alcohols

2020 4, Jafari WEIZHSHRIE T 0] WG IRk ik Y

CUCl, K2003, 02

1 CuO GHKALF(TiOo/CuO nanoparticles) {47 1L
BRI 5 s H R AL R, ) O B8 ST Ak
0, ", Ml J5 SWEIEERS 1 B B EAE TR s oG i B B A,
e I ) EH O k- T S R () N RORR B A B — R B
JRILE IR B 7= P (Scheme 37).

R'O_ g2
10-p_ R TiO,/Cu,0-NPC R
R'O-P-H = 2/Cu, /\
OR? visible light
12 examples
78% ~ 96% yield
H202
HO,
OH 0
OH oy i i =R OR'
1A p: —— R'O-P* R1O-P-
rRiO-H: oz L V. b 0=P-OR?
OR 0, HO; R~ "

B 37 T IOLREEE R AL C(sp)—P BEAITE AL
Scheme 37  Visible light-induced copper-catalyzed direct
C(sp)—P bond formation

2020 %, Anandhan REEZHSOMRIE T 0] WG 3R
AL 2- R — 3R S R i) C(sp)—S RIS, 18
AR EE T FE AR T — RPIREERR ALY, — ik
i R AAOR JE B R TR G Cut A, B S 52
B R AR IN BT i A S B Bk, e SR
H B AE A3 2L A6 ) (Scheme 38).

2022 £F, RUNERSEDTHRIE 1 AT WL e it A A AL v
B REGE K C(sp)—H/Si—H 38 XIS, 125 S
BEAN S A3 SRR}, IR A IS T ST 1 e 1 B
FRIEAL B, LB R % T — RSk R e, H
IR NIEREBURZ ek, N G A T S S B

s
\R

H R
MeOH, ACN NH,
NH2 blue LEDs, 1.5 h
31 examples
up to 92% yield
B BH*Cr 0, (j;
blue-LED o
@ || +cucl N Ph u! h—=—cu'|* —sgT— Ph—==—Cu'
0,
Ph 12"
CuCl HCI+ 02 HQO
S s’
\\ 4— Cu” S Ph <—— ©: m o
NH2 NH, N N Ph

NH2 S
blue LEDs
®) @[ s
S

0
1a H;N 1a'

B 38 ] WG A Ak S B Clsp)—S B N

Scheme 38 Visible-light-driven copper-catalyzed aerobic oxidative C(sp)—S coupling reaction
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AR RIRCR. B AR, 5% G e o ik
RS FEFEL, Ph(CO)O.Bu 5 R 45 AR Hh 18] 4 % A
SET JE R A F HhE, B 5 ShEbe kA SR T3 85 28 ik
KBRS [ 55 (Scheme 39).

CuCl (5 mol%)

®— - rsH t ® —=—siR
Ph(CQ)Oz Bu, Ar, r.t. 30 examples
biue LEDs 41% ~ 97% vyield
cucl \i’
SiR
CuIII
SIR '
ph———cu'
_ [Ph—= cu|®
RSi-
RSiH
SET %
Ph(C0)0,'Bu

B 39w WL C(sp)—H/Si—H 38 AR R
Scheme 39  Visible light-induced copper-catalyzed direct
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Scheme 40 Photoredox/copper co-catalyzed asymmetric propargylic radical cyanation
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