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Abstract Compounds containing protic C(sp*)—H bonds are widely used as nucleophiles in organic synthesis due to their
cheaply available sources, and reaction products are readily converted into diverse functional molecules. In the past decade,
visible light-catalyzed C(sp*)—H bond functionalization in mild conditions, atom- and step-economical manner has made
rapid progress. Under visible-light catalytic conditions, protic C(sp*)—H feedstocks are readily converted into electrophilic
alkyl radical intermediates, enabling a series of previously inaccessible transformations, which provides a new perspective on
the efficient utilization of such compounds. This review focuses on the recent research progress of visible light-catalyzed protic
C(sp®)—H functionalization in the absence of stoichiometric oxidants. Based on the different activation modes of protic
C(sp®>)—H bonds, the reactions are divided into photoredox catalysis, synergistic photoredox/amine organocatalysis, and
synergistic photoredox/hydrogen atom transfer catalysis. Aside from the substrate scopes, the mechanisms and potential
applications of some representative methodologies are also included.

Keywords visible-light catalysis; protic C(sp’)—H bond; photoredox catalysis; amine organocatalysis; hydrogen atom
transfer catalysis
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Protic C(sp®)-H feedstock (pKj in DMSO)
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Scheme 2 Reaction models of protic C(sp*)—H functionalization
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Hydridic C(sp®)-H bonds
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R
4CzIPN (2 mol%)

le\/*ggzme . R? Cs,CO3 (1.0 equiv.) F
p oo2ve 1J\/ R® acetone, r.t., 24 ~ 60 h, CO,Me
FF R blue LED R
ue S R? R3 COZMe
35 36 37, up to 95% yield
Representative products
Ph
Ph
Ph . F CO,Me
F
coM CO,Me O COzMe CO,Me
olvle CO,Me
CO,Me M 2
Ph CO,Me TsN
Me

95% 43%

77%, dr 1:1
from L-(—)-Carvone

M /|\
e MeCOZEt
83%

from Clofibrate derivative

Proposed mechanism A

@

OzMe

COzMe /

Proposed mechanism B

MeOZC COzMe

Ph \
base
MeOQC CO,Me

MeOZC COzMe

radical-radical
coupling

37
\ Ph

\'%

PC* PC MeO,C_ CO,Me
35 Ph Ph _
SET FF F
Vi
base SET
PC
. MeO,C. CO,Me MeO,C_ CO,Me
e, —
Ph CO,Me P P > ph Ph Ph
36 F FF
| Il \Y

BR 17 OSCEEAMIE L — ke

5 ARSI O (4 - 2] 5 BRI - PR S R

Scheme 17 Photoredox-catalyzed defluorinative [4+2] annulation of gem-difluoroalkenes with unactivated alkenes

N BB A b ERR, BRG], SEEL TR R
BRI IIN =05 AU OB, 1 08 i — R0 B R T AR
¥J(Scheme 18).
1.3 S5RaMENNE sEFL R

2022 4, XBLLF IR EOR S IR I C(sp®)—H
A S NE R, EUIEIEIE AR 057 B, Sl
T OB IE JF A i 1) = 2 53 e Fe A 07 B A s
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(Scheme 19). Z7EEH T & K5 EMG R a-BURILE
BEv I PG L LA 2% 05 2 8 LR G B B i sk
HF 75 B BP0 ETERPE C(sp?)—H 8RS, Wit
RPA R . 13- FR G SR
MRENFIEAT. (EAERIRZ, KN 2Y) 45~47 L0 W
A TR B A AR, AT LSRR B B s v Ay TR B
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BH=E
0
0 , Ir(Ppy)s (3 mol%), L
[N/\M/\ . COR KoCO3 (10 mol%) D
~
C P 5 H R CO,R3  (+) CC I Pt (), BuyNPFg (1.5 equiv.) N CO,R?
N~ H acetone/TFE (V/V = 11:1) CO,R2
455 nm, rt., 12 h R12
38,n=1,2 39 40, up to 90% yield
Representative products
0 0 0
N N | N
N" 7 N7
CO,Et CO,Et CO,Et
CO,Et CO,Et CO,Et
68% 2 62% 2 70% 2
Me
N O N CO,Et N
P 2Ft 7 ©coet
N CO,Et Cl 2
CO,Et Me Me
o) CO,Et
66% 90%

86%
BR 18 JGH AR IERRYE C(sp®)—H §-5 55 B AT R R I £ N sle—77 Ze Ak S

Scheme 18 Photoelectrocatalyzed cascade addition/arylation of aromatic-derived alkenes with protic C(sp®)—H feedstocks

CN fac-Ir(ppy)s (2 mol%) |
R2 EWG Cs,CO5 (1.0 equiv.) ~ e
s + ,|\ + F
RH\/R H T EWG' | MeCN, r.t. R
R SN blue LEDs, 24 h / EWG'
R RSR
41 42 43 44, up to 95% yield
Representative products
N N N N
| N | J | X | X
= =
“ CoMe “ Co,Me CO,Me Me O
~ Cone Me COzMe F COzMe
\
S ‘Bu MeO MeO o
71% 75% 90% 95%
CN
Ny N
| Pz | _N
CN CO,Me
COzMe
CN CO,Me
O 2 O Co,Me
MeO MeO
© MeO
56% 60% 60%

==

Synthetic utility
« —
NI _ Me;NHHCI (2.0 equiv.)  \_/ BHy'SMe, {
CN K,CO3 (4.0 equiv.) Me (4.0 equiv.) Me
CN MeCN, rt., O, N THF, 0 °C-reflux N
o Me Me
X x= H, Pheniramine, 89%

)
X X =H, 48, 86%

X
X=H,45
X =Cl, 46 X =Cl, 49, 80% X = Cl, Chlorpheniramine, 85%
X =Br, 47 X =Br, 50, 81% X = Br, Brompheniramine, 80%
B 19 OCECEAIE IR MR 0 = 443 e - 55 B4k s B2
Scheme 19 Photoredox-catalyzed three-component carboarylation of unactivated alkenes
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HUEEBF SR, RS G *fac-Ir(ppy)s 5
TR A-FFEM e Sy 4-FIEMEnE F f 5 8 PR AR T
AEAS AL Ir(AV), FAESEMAR eV HH
T TR R — H G 6B 1 A AR B PR s ) ER 2 v )
T A a7, AR Ia1AA T 5 0 e A A R e v
A e 1 I R )R T, A ket 3k b e AR T
5 4 AR iR B R AR T ARIRE TS B -
H S IR R R B D7 M A I R, 2B R I PR 4
bt Bl - 75 F AL = ) (Scheme 20).

/@—\ N

Proposed mechanism

COzMe N
r(11)

C O,Me r(Il) /
+Base, SET

COzMe Ir(IV)
COZMe
II

( COzMe

R COzMe ,;

B 20 OB FHEALIR ) = A e R -7 T
8L ) A AL

Scheme 20 Proposed mechanism of photoredox-catalyzed
three-component carboarylation of unactivated alkenes

2024 4F, FIEFRBAHPR A ERYE C(sp®)—H
A& Ve ke BRI, 77 TR ok maln), i 1o
MR R 1,1- 05 BRIE R I = A BRI L, =ik
WA — RANEERTAEY. Z NG iR b
Kobayashi &80 ZH 2R TE 1) S SATLER AL, 78 1% R B
FEr, AR R B AR 55 JF B R TR K
A ESCIT G4, T e 5 1 S A SR AN AR s = 531
672 #)(Scheme 21).

2023 4, Hong WRAILI28A] Nacsa i R4 P0E T B

EWG
Ar
+ H)\fo +  Ar—CHO
A
' R
51 52 53

HH 2/ S 1 Smiles B BB, Tl a- 75 BT 2 F& i
FXUE GBI, 3 AldRiE 1 OB AE R AR S
R ke 340 - 75 34k ) N (Scheme 22). ZIRHE&E H T2
FERME C(sp®)—H BEREH, W o- 75 5N ORI -
75 FENIE I\ - 75 FEBNEE ZBEIZ « a-75 BB iG55, AL
HIRF AR B, WORS SN Ru)* i FAMN o-75
FEONEE R T 18 A UM LR e B B el B rh e A4 I,
HE R T SR A R A e ik B H 2 ()44 10, 48
JE 4L H A S Smiles HEHEEFEAE A eh 2 A ]
IV, H R R TV 08 RO ) Ru()id JE A4
Bk A B - R AR VIR AR DGR Ru(ll), S8Rl
PEIR, BJariafk v &t 514 A o B ) be sk Ad 0%
A=)

2024 4F, XK UR AL UR] I SRAL R S 4R IE 7O
HEAIE A - 75 FEETE 2 BRE -5 S 1 0UE R
B, PR GF B F5 U 215 B — RAVGE R AT
(Scheme 23).

1.4 XS HWEEHEHELERME Csp®)—H BRI
SRNBEER M

2020 4F, SEIHER IR PR T SR AL IS JE P ]
AL S, R Mes-Acr " ClO4 NG EALTR), SZH
TRFBATA R 1,3- ZFRIE A YRI5 T N TE RS XA
L, Rt & R T — RIVEMATAEY, ZiERE
SOAME—RIF=Y), RSV R NET, R TE5
PERi(Scheme 24). HLERRFFLR B, WORASaEAL A HH
TR 2 AT AR 1,3- 3k & A B N e
FEIESEFHBEPEAA 1, B R4 kit |
FEE-ERNIEIREN | RTINS | Bl 3a o0 S R B2 N VA SN A =
FH 2 A A 44 T, AR aA T AR IR TS Co(ID) 5 T4
1 R S5 AR B FE AR B 2R 4 66, Co(T) 45 7 484L
A Co(IINFFRBALE /S, Co(TIN) 5 H 48 LIk JF A 6
TEALTFIAE K Co(IN I A AL, 58 AL TR,

2022 4, RSLT P L B3R 6 B A I JE /A7 B
W/ B — AP R AL 1 SRS, LAETERYE C(sp®)—H

4CzIPN (1 mol%) Ar__O
KaPO4 (5 mol%) "Ewe
Ar (0]
DMF, rt, nf
blue LEDs, 4 h

54, up to 96% yield

e

B 21 SCBEAMIE AL 1,1- =57 B0 ke 5 77 A e i = 2H 20 A8 K s )8

Scheme 21 Photoredox-catalyzed three-component coupling of 1,1-diarylalkenes with aromatic aldehydes
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Hong’s work IF{dF (CF3)ppy2bpylPFs (1.0 mol%)
oo O Na,CO3 (1.5 equiv.) (0]
\\ /, 0, 0, 2
AF/S, Gt RN CeCls (10 mol%), TBACI (20 mol%) R \I/\)LF“
DMF/H,0 (9:1), blue LEDs, 16 h
H Ar
56 57 58, up to 58% vyield

Nacsa's work

0 0 R? R®
. ,\\S// EWG , 1)\ [Ru(dMebpy);](PFeg)2 (1.0 mol%) R? EWG
r \( RS K3POy4 (3.0 equiv.), MeCN R!
H R® blue LEDs, rt., 48 h Ar
59 60 61, up to 99% vyield
Representative products
Sz SN o] SNGZ 0]
CO,Me .Me
N N e N I\’}/ll
Boc” Boc” Boc” ©

95% 84% 69%
— SN m

Y | = CO,Me NN

CN 2 CO,Me
N
Boc” "Bu /N
83% 91% 75%
Proposed mechanism
m S 7
H+
(f;% CO,Me 61
Ru(lly* RU(II =

59

\"
+ Base, SET
O\\//O CO,Me
COZMe .

~
@S/ | Boc/
60 w -S0,

.0

O./Ycone
Boc o~ HD -

B 22 SCEEMIE AL o- 75 FEREIH LIRS S5 A e A e B A7 R0 8
Scheme 22 Photoredox-catalyzed alkylarylation of alkenes with a-arylsulfonyl esters

4CzIPN (2.0 mol%)

P 1 KsPO,3H,0 (2.0 equiv.) R>1 éRz
B4 . Ri— R 3P0, 3H,0 (2.0 equiv. _ o
Ar W)LOR A MeCN, blue LEDs, 12 h AL
H OR
62 63 64, up to 93% yield

B 23 SCEEMNIL ML o- 77 FERETH L IRIE 5 R i e i A7 20 s 8
Scheme 23 Photoredox-catalyzed alkylarylation of alkynes with a-arylsulfonyl esters

R ER e IR, SEBL T2 T I N 2E C(sp?)—H B FBURHIM R, SRS RRIE C(sp®)—H BEAEY), Wi
BN IEA [ S (Scheme 25). 1Z 7 IEIEH T3 o-ft AREIH R —HlE 13- BRIERTAEY) . o-KINIE LBE a-
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Mes-Acr*ClO,4 (5 mol%)
Co(dmgH)(dmgH,)Cl, (5 mol%)
MeCN, r.t., blue LEDs, 24 h

SET, -H*
enolization

66

@

2H* H,
B 24 SCBEEAIEJE P RS HEAL IR R BEAT A2 10 1,3- RIS 53 1 PSR A SRS S L
Scheme 24 Photoredox/cobalt-catalyzed intramolecular hydrogen-evolution cross-coupling of 1,3-dicarbonyl derivatives

Ru(bpy)sCl,'6H,0 (2 mol%)
Co(dmgH),PyCI (10 mol%)

H
H._EWG' Cs,CO3 (20 mol%) § EWG'
R)\!/ + Tewe o RN e + T
‘ R MeCN, 30 °C, blue LEDs R R
R 24~48h
67 68 69, up to 93% yield
Representative products \ CO,Me O~ _Me
CO,Me CO.Me CO,Et
CO,Me ¢OzMe
Bpin COMe OMe
0,
80% 60% N 46%

from (+)-dihydrocarvone

o SO,Ph SO,Ph SO,Ph
CO,Me SO,Ph
MeO

OMe 35% OMe 760, OMe g3, 44%

Synthetic utility

Me. Me o} HSICl5 (2.0 equiv.) Me. Me NaH (2.0 equiv.),
Ay, HMPA (0.2 equiv.) (MeO),CO (3.0 equiv.)
e
DCM, 0 °C ~r.t. toluene, reflux, 5 h
Me
a-lonone 70, 91%
Ru(bpy)sClo*6H;0 (2 mol%) e Me Me_Me
o H

Me Me o o Co(dmgH),PyCl (10 mol%) H

Cs,CO3 (20 mol%)

OMe -

MeCN, 24 h, 50 °C

i
x

Me blue LED H
MeO,C o (ONZ
71, 86% 72, 75% yield, dr>20:1 (+) dihydropallescensin D

B 25 CECEAIE /AT BRI B = A i F A T 2 C(sp®)—H B MU be Ak s
Scheme 25 Hydrogen-evolution alkylation of allylic C(sp?>)—H bonds enabled by triplet photoredox/Brensted base/cobalt catalysis

Chin. J. Org. Chem. 2025, 45, 1569~1590 © 2025 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences http://sioc-journal.cn/ 1581

hEIM  hitps://www.cnki.net



BIKE

ik SR

IRBREE Z I FUODUCR TR PR Ge 55, 12 S S BRI 2R 47, M
R, FIRZ %5 DR S IR =) o- 4%
P WA ER, G =B, DL 59% R RS
(AT BRI B 115 2 & UK S8 74 dihydropallescensin
DY) E )44 72.

MU AR B, BORASHIEEAER Ru(l)™ AT
J& Co(IINEAL AL i Co(IN)AN Ru(IIN)YEHEALT], Ru(III)
SO AT B R T A TR T R AR AR A R
TR A E A L R AT Rul), B
A T 5 a-FIEHR M 67 KA RSN AR o r a) 4
I, @it Co(ID) 5 1AM 1T [ B-EUR T 55 i FE A il

Proposed mechanism

CO,Me 5

JJJJ)
)
c

Ru(ll) &
H™ ~CO,Me
68
+base, SET
Ru(lll)
COzMe
"Sco,Me L,Co"
N
Me
Ph# Me CO,Me
PR CO,Me

&7 69 Al Co(I)—H, Co(Il)—H SR 14544t
Co(IIL) f#E 4k 71 IR T8 S, 58 BCHE A6 97 31 (Scheme
26).

2023 4F, PRSI B =0 P AR = R A
BERERR SR, 08 7 OGEERAE SR R B A PR
U R DT WA SR, DL R BF BIR 5 OR & i — &
B ZEEATAYI(Scheme 27). HLERRF TR, 76 =5 &
TR = I BERERE PR R, 2R A S AR B0 Bk ik o
[ 76, HIAIMAK 76 KRG BRSO 6 M b 77 5 T
SR 2 A i P2 A s P 6 p R v R T, ]
& 11 Z3d Co(I) AT HIEUS 6 7% i 72 A BOBURR H (8]

Ho

anolll
-base

SET H*-base

L,Co"-H

Ph COzMe

69

B 26 SUECEIE S5/ A BT RF B 4 —AH B R4 AR P 5 C(sp®)—H B RO e A S 7 R P RE L3
Scheme 26 Proposed mechanism of hydrogen-evolution alkylation of allylic C(sp*)—H bonds enabled by triplet photoredox/Brensted

base/cobalt catalysis

Ir(dFCF3ppy)o(dCF3bpy)PFg (1 mol%)

0 Co(dmgH)z(DMAP)CI (5 mol%) OTIPS OH
2,4,6-tri-Me-Py (2.6 iv.
+ TIPSOT 4,6-tri-Me-Py (2.6 equiv.) N TBAF N
R— DCE/DCM (V:V = 3:2), blue LEDs R-- R-L
rt, 10h Z Z
73 74 75 up to 90% vyield
Proposed mechanism H,
]
@ Ir coll
, e
OTIPS « i

o)
¢ _TIPSOTf _
II

Me
73

TIPSO} o TIPSO

TIPSO\©\
75
CO” Me
1]

Co'-H

TBAF

H+J®> TIPSO
TIPSO @
\@ -Hy

74

B 27 OB AIE SR RIS AL IR OO BT ML U8

Scheme 27 Photoredox/cobalt-catalyzed acceptorless dehydrogenation of cyclohexanones
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=v=0

& I A1 Co(IID)—H, Co(II)—H 5 i 745 & 4= Co(1ID)
AL IR 20, Co(TIYHE Ak 71 B o 738 38 TR 25
(RIS HEAL 7 Te(1D), A2 B Co(ID) 3 FAE Y AL 7 Ir(1ID), -
SERUEALIEIR. XU R T FR4 It — AN AL A
IR R SECR T 2R By 74, FREIS R4 I R AR Ak
AR 1) 75.

WA RCE SR B R EE 79, FHED EBEN ST
T2, IS HlEe M C(sp®)—H B B REF14L S (Scheme
28).

2017 £, MacMillan 14858 20 PO F 6 BUE AL TR T
[ F P fe AL ) SR Mg, I8 TRERI R o ALER M
C(sp’)—H 5 REMAXN MR B, LM TS i

TR A P —
2 ABEHERDEERELBECEP)— | rrppimn

H #E s R B

A, FEAMIE BRI 262 F, Mesiipes  PEBOGR.
FRE LT T8, B S A 6 A B TR
PC* PC

%RR

B 28  JBEUAALIE S R A L A SR

Scheme 28 Synergistic merger of photoredox and amine catalysis

FG
79 FG: functional group

Ir(dMeppy),(dtbbpy)PFg (1 mol%) RS2 _R?

chiral amine (20 mol%) HI\
", H

RYf

A

2,4 6-tri-tert-butylbenzenethiol

R’ o |
(10 mol%) R
DME, 15 °C, blue LEDs, 24 h 82 !
80 81 up to 94% yield ; Me

up to 93% ee

Representative products

o -
L gy FFe _
H Ir(dMeppy),(dtbbpy)PFg
Hex

CO,Et NHCbz

81% yield, 90% ee 73% yield, 90% ee 60% yleld 90% ee ArAr
: N
0 a : H  oTms
H SN HW H ' Ar = 3,5-(CF3)CqHs
"Hex "Hex "Hex chiral amine

56% yield, 87% ee 74% yield, 90% ee 47% yield, 88% ee

Proposed mechanism

OTMS

Ar-SH

B 29 JEBEAMIE R P FA WU LB o fr C(sp®)—H B85 4 A AR BRI ke Jse S
Scheme 29 Asymmetric addition of alkenes with a-C(sp*)—H of aldehydes enabled by photoredox/amine dual catalysis

http://sioc-journal.cn/

Chin. J. Org. Chem. 2025, 45, 1569~1590 © 2025 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

SRl ESpRI ]

https://www.cnki.net

ZANF VR BERTA ) (Scheme 29).
ITEBRAE W, 38 T8 05 B0 2 S o-Jot FEHUAR )
U RS PR IE o STERYE C(sp®)—H #, HEREMHER

1583



SRl ESpRI ]

BIKE

£k SR

NUERARFF TR R B, WO A M A7) B o T S8 A Js e
(R 1A RO I 851 H B SE (a4 T, A ek 11 506
R AN R A B 5 Y R R R AR T, HR R A T
Sy i SR TR R A RO G R AR TV, RS
IKARAE BAH R =) 78 K A AU T, 3Rk a
FH 255 5 P O RO SR A I AR Te(I), FRAE el ik
71 Tr(TID).

2020 £, Leonori URARZH BT T ZLL G AL SR m%, DA
IO R B, UL IR AR BGRT, #H)%
T8 7 6 EUE AR S5 R B A 2 LR 5 i RS
R B, PALTS U & f— R 5105 F AT EY)
(Scheme 30). 1ZJ7 VRSN, N JERYDE ), f#
Ak 208 FH T &8N COERATAER) . bk ig & 05 B . HL
TSR, PR CBRTERR I A 5 B K A p e i v
(AR T, R A 1 ARG i R S A7) e
FEE A AR - 2 A I R A M TR R R R R A T,
s T 238 Co(IN AT AR T 72 1 F2 A2 O
thialf& IV Al Co(Il)—H, Co(Il)—H 5 7454 /HAk
Co(II) AL T FFRE B A, Co(TID) A 771 B HE 3 i
RSO EALF (D) A B Co(ID), A= e i 4k 71
Ir(11), FF5ESMEALIEIR. XUGH A TV &t —ANk

0 Co(dmgH),(DMAP)CI (4 mol%)
Ir(ppy)»(dtbbpy)PFg (2 mol%)

LRI HE ARG A A= A e =4 8.

b5, 2R S TSR SR, DAL T Sk 2k
PRI IR WE -4- T 2 S LA, SEBL T Y 8RR IR R Py
[F) 5 R A IR g -4- i) 5 e (1) TR A8 AR BRI B, LA 5
PR A B— R 51 4-JE LML fiT 424 88 (Scheme 31).

2020 4F, XU TREZH BOVR F SR ABL )3 1h S s, 4R
TOCBURAIE /A WLk = FE B [F) 4R A0 20 P9 I 1)
5 o 1 C(sp®)—H BIHEE A AL R B, L &SI
75 TSR T A F5 P A 5o Bl o 8 145 B — R A1 Wk ke K DY
MR T A Y (Scheme 32).

2022 4E, B = v ilft R4 ORI FH T A B (R R £
NEHUELLT], PLEERYE Csp®)—H M FURE N L IR,
FRIE T IEER IR [/ VAT i /R = A P 1R A Js 7 2
C(sp®)—H B ARFRIBE S EAL 2 i (Scheme 33). %
JHEE T 82K o- RIS B2, DARFS iR
FAIEF5 () 5 B 8 1 A 1 — 2R 970 T 1 10 s TR R EAR 1)
13- ZERIEATAY).

B, ZUR AR A ERE SR, DA R
C(sp>)—H BRI R ke HUR, B0 75 B0 8 N iR
W), SUSEPLT e BRI /T A e = AR B R A
JidE C(sp?)—H HEMIARIFRBE S b B, DA A5 F

R! R
N

H
+ /N\
R R R?

83 84

DABCO (1.5 equiv.), ACOH (20 mol%) g I
MeCN, 30 ~ 40 °C, blue LEDs, 24 h =

85, up to 96% yield

Representative products

Sy F T oL, oMo

80% 62% 52%

69% 80%

Proposed mechanism
Tl

(((Q

v k/mf:l

BK 30 OSLEEAMIL R R OS5 I R

@
IV\©\Me
|

o™
NG _cd
Me v Me
In v

A2 SABIR L

Scheme 30 Photoredox/cobalt-catalyzed hydrogen-evolution cross-coupling of cyclohexanones with amines
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Co(dmgH),(DMAP)CI (4 mol%)

Q Ir(ppy)(dtobpy)PFe (2 mol%) R R’
H DABCO (n equiv.), acid (20 mol%) N
_ + P '
RT R™ R MeCN, 60 ~75°C, blue LEDs, 7~16h i
) ¢
Boc N
86 87 88, up to 89% yield
Representative products

o}

o
° ()

[ ] O Ph" N Ph [ ] N
N \ N X N X
X fj | _ | _ AN CO,Me | P
_ Z N N | _ N
N N N

I
89% 81% 40% 76% 50% 73% OMe

B 31 BRI W R Bl i A R -4- -5 1 R3O AS AR IBG S b

Scheme 31 Photoredox/cobalt-catalyzed hydrogen-evolution cross-coupling of 4-piperidones with amines

Ir(ppy),(dtbbpy)PFg (2.5 mol%)

Co(dmgH),(4-CN-Py)CI (5 mol%) CHO
Me H morpholine (20 mol%) 2
R
RJ\/\XWO DMSO, r.t., blue LEDs, 8 ~72 h
X
89 90
up to 82% yield

up to > 20:1 dr

Representative products

CHO CHO CHO CHO
Me Ph O/\/Et -
N N N
Ts Ts Ts o
74%, dr> 20:1 77%, dr> 20:1 35%, E/IZ=T:1, dr>20:1 82%, dr> 20:1

B 32 AR SR/ AL Al = AR P R AL S 1 BRI FRE o 7 C(sp)—H SR IKITS U P S 10 S 7

Scheme 32 Photoredox/amine/cobalt-catalyzed hydrogen-evolution intramolecular allylation of a-C(sp*)—H of aldehydes

Ir(ppy)»(dtbbpy)PFg (2 mol%)

0 Co-catalyst (8 mol%) o Ar
Ar H chiral amine (20 mol%)
. )J\‘/EWG + H, T
Me !/ :

MeCN, -20 °C, blue LEDs, 72 h ' STEWG

93
91 92 up to 99% yield
up to 87% ee

Representative products ~~ gmemmsemmsoemooseoooeoo

5 DMAP :

o ; H-. o{ ;

: o, 5

Me” 77 : N--d ,N@ :

MeO,C Me Ph ' G , IO-~N\ '

: A

84% yield, 85% ee 75% yield, 83% ee 90% yield, 83% ee CII O--y !
Q _— Co-catalyst

Me ” H . H 5

0o Bu0,C Me : Bu ! :

e : NTY

Me” 7 | NH, _K/o ;
'BuO,C Me Ph 5 TfO :
OMe ' chiral amine E

65% yield, 76% ee 95% yield, 82% ee 82% yield, 83% ee Lo ceamine .

B 33 GBI S/ TR R B = AR B R AL R TR 3 C(sp)—H SR AT RIS 2 S R
Scheme 33  Asymmetric hydrogen-evolution alkylation of allylic C(sp®)—H bonds enabled by ternary photoredox/cobalt/chiral primary
amine catalysis
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Scheme 34 Asymmetric hydrogen-evolution alkylation of vinyl C(sp?)—H bonds enabled by ternary photoredox/cobalt/chiral primary
amine catalysis
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Scheme 35 Photoredox/iron/chiral amine-catalyzed asymmetric protic C(sp*)—H alkylation of 1,3-dicarbonyl derivatives
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Scheme 36 Proposed mechanism of photoredox/iron/chiral amine-catalyzed asymmetric protic C(sp*)—H alkylation of 1,3-dicarbonyl

derivatives
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Scheme 37 Photoredox/hydrogen atom transfer-catalyzed protic C(sp*)—H addition of unactivated alkenes

Chin. J. Org. Chem. 2025, 45, 1569~1590

https://www.cnki.net

© 2025 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

1587

http://sioc-journal.cn/



BIKE

H3E, MAEBERTE C(sp®)—H B AR 2L Bk Lk ik
H SN EAILRS, Izl FEAE ) 2t ) 4
EHERANSRE. DRIk, R U T RS AL SR SE LR
P C(sp®)—H BERTEAL — B2 B0 BRI AR .

2021 £, MRV IR IR - e N SR T
AT, 038 T OB SR b R R T R R AL
BR1E C(sp®)—H 8-S ARE MR, et &
J%— RGP0 (Scheme 37). A SN S0 T &
Bk Csp?)—H $E RIS I AR J5 i 35 1 JRy PR 1E,
W& TR Z W& RRIE Csp>)—H BINEY, Wn
TR o BHEECIRTR . a-TRIE CTRTE . o-
HOTRIE o- WAL AT iS55

PLERHE FER B, ORI i I8 SR 32
H 25 v A T A ol 57 T ) 970 8 I J 28 (R Y fEE A 7

LTS B0 T A B R A R B R P n A T, 9
AR, B A d b AR A SR TR I T
WA 1R — WA BRI C(sp®)—H # A iue B [
IRZS 1V R VEIREND | SR SR Ay eae syl S A A 2 3
S H EpRE IV, Pk IV 55 ERR L SR T
R IR B 2 Mo 102, FRAEREE A 5 rpa)
L, FF5E LR

2023 4F, Tl AR ZH AR L A R R AT I
NBR TR LB, BLF3sRIE C(sp))—H
122 pa AU e fre S MV 77, I B A 09 o %k,
B T OEEEEAE SR P R SR TR A A = 07 A
W 2 1) SR e 1AL S R (Scheme 38). 1% [ i A T %
ek ke, ISPk, S5, 1,2- ROk
T e,

Ir(IV), JEE-Bke R Ik 28 1 153 SR 35 B G EALFR) Tr(TV) 5 BLERT 7R, WO GHEAL T B i 38 SR 4k
Ir(ppy)s (3 mol%) No X
X R PhCOOOBu (2.0 equiv.) R
R+ + H-N : :
Hx f ! 31°C, blue LEDs, 6 h Ari\)<x
103 104 105 106, up to 94% yield
Representative products
[0) Me
Ph
OMe ClI OH CI (e}
HzNJ\O Cl )\N/L_ Cl
Cl Cl o
Cl Cl
Ph Ph
Ph Ph

91% 70% 67% 68%

OMe ClI Me OMe ClI al OMe ClI Br Br
Cl Cl Br
Ph Ph Ph cl Ph
81% 55% 51%, dr> 10:1 46%
Proposed mechanism cl
/ii l;C| 104
H™ “CI
103 HAT Cl
o
Ir(IV
™ Ph m
MeOH

105 OMe Cl

SET
cl
Ir(lll) /©/\)\CI
v

N @**C'
Ph 106

BRI 38 JLEUE AL S b A SR TR A A = 4153 55 BRI A IR 00 e AL S b

Scheme 38 Photoredox/hydrogen atom transfer-catalyzed difunctionalization of styrenes
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