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Recent Progresses in Visible-Light-Driven Alkene Synthesis

Gao, Pan-Pan  Xiao, Wen-Jing  Chen, Jia-Rong™
(College of Chemistry, Central China Normal University, Wuhan 430079)

Abstract Alkenes and their functionalized derivatives represent a versatile class of building blocks in organic synthesis. The
traditional synthetic methods include Wittig olefination, Peterson olefination, Horner-Wadsworth-Emmons reaction and others,
and many of these classic reactions have also become textbook knowledge. Most of these methods are based on ionic pathways
and some still require pre-functionalization at the sites where C—C double bonds are formed, resulting some limitations on
substrate scope or functional group tolerance. Over the past few years, photoredox catalysis has become a powerful platform
for new reaction design owing to its green chemistry characteristics and unique activation modes. The recently developed and
representative methods for the synthesis of alkenes under photochemical conditions are summarized. Moreover, the prospects

of further developments are also discussed.
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Scheme 1 General strategies to access alkenes

(a) Traditional methods to construct alkenes; (b) photoredox catalytic
synthesis of alkenes
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IF{dF (CF 5)ppyl,(dtbbpy)PFg (1 mol% )
D\COZH + "R

NiCl,#dtbbpy (2 mol%)
DBU, DMSO, 25 °C, 18 h
34 W blue LEDs

21 2-2

R = Me, ‘Bu, Bn, n-CgHy3;
X =CH,, O, NH: Y =, Br

O\/\R
X
() 2-3
B 2k s AU R IR ) J PR A8 AR IR e
Scheme 2 Decarboxylative cross-coupling of carboxylic acids
with vinyl halides
YRR Z SR T AT REAIHLIT (Scheme 3). B4,
ot A R [In(LID)] 2 D6 18R Ok, 5 2 BUR S
(Ie(LD)]" W07l (RIS 3R RRAE Bl 1) A 1 25 03 2B R IR
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i JFA ()M R A B e RS, B AR A
MEALFIRINI(O) AL, SE AL AT

22 examples
up to 90% yield
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il I
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B 3 Jidk s AU 5 R IR IR I e A B AL 2
Scheme 3 Mechanism for decarboxylative olefination of car-
boxylic acids with vinyl halides
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WA B, T HL H AR = AT DA — 20 T S R AR
Y& R 2016 4F, Molander 5024738 7380l TAE,

Ir[dF(CF3)ppy]2(dtbbpy)PFe

Ar
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P , L
N CsOAc (3 equiv.), DCE, r.t. N
R SO,Ph 24h,26W CFL R
41 4-2 4-3
R = Ar, Bn, Boc 32 examples
R'=H, COOH up to 98% yield
El/Z >98:2
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Scheme 4 Plausible mechanism for the radical addition be-
tween vinyl sulfones and tertiary amines

52 W TAEAR L, 1% SRms A BRI A HLAYEL Eosin Y
YERFERGR, S2BLT N-Boc 197 1) o- 2 5 F 2 = U0 2
55 AR D A B AR A B S .

Mizoroki-Heck % B & Fl) F =i A0 5 4 F A8 Bk Je 2
KA L BRI, SR BT R ERAR s AR iz
5 BRAY, 10X AR5 B H A1 A — AR 4 1 A I 7).
2018 4F, RAVUREAHRIE T IE A LY e s e AL
FIREL AL g &, RS RIRIE AR R, B
AT 90 ZREA T Z AN 1,2- BUUEIE,
WICIFRFHETTIE . CIGFEREGOR ORISR IR 5. 1% 5%
AT DU T IR R L . TR IR ER AN £ M 58 07 e i e 4%
=2 4> B 2 Heck 1R 1% 2 B (Scheme 5). 1E& IR A X
ML IR 5-1 fERNIER TRk, 2R
5WRSMOCAFE AR TR, MESE—0T
CO, B3k 3k B % 5-1-A. 5-1-A 5iE KA pkss 3
5-1-B, #AJ5 5 [Co(ID)] AL 77 0 B 15 B [Co(1IT)]- Ft 24
P 5-1-C, B J5 KA B-H IH RS 21724 5-3 MI[Co(II)]-H
BEY). ZEEMS R R TERBRBUE — o TASEB
FI[Co(IN) & &H, SRJG 5B R AT R A 1
AR [Co(ID) & E YR E B AL, 58 LT
.
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Mes-Acr*ClO,4 (4 mol%)

Co(dmgH)»(DMAP)CI (8 mol%)

Alky-COOH + Z R AlYINA R
K3PO4 (10 mol%), toluene (0.1 mol/L)
5-1 5-2 Ar, 24 ~ 48 h, 18 W blue LEDs, 40 °C 5-3
R' = aryl, alkyl, Bpin, SiR3 > 90 examples
up to 95% yield
””””” T N,
Mechanism Alkyl” 2 "R
y R Ay
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L cof R Alkyl
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Scheme 5 Photo-induced decarboxylative Heck-type coupling reaction of aliphatic acids and terminal alkenes
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Pd(PPhs),Cl, (5 mol%) ISR s K AE p-H K, 53 AR 6-3.
( )k NPh Xantphos (6 mol%) —_alkyl 2021 55'5 F T #1 Mariano £ [IS]T&@.T%@%F@%
A Al Hfgcgﬁg 2o ALY 4CZIPN (R AR, SEILT ket
o1 2 24h3%WbuelEDs 83 @a 7-1 FI -5 3EBURIN 2B v 1 7-2 2 180 i {15k
up lt__g ;S"/Sgyifld (Scheme 7). ZIRHE BA AU IR BEE RN E- ST AR 1L
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9 -2 AR
alkyl)kOH alkyl)ko P w 4CzIPN (5 mol%) Ar E-7-3
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hv “COz — Pd()L blue LEDs, r.t.
71 7-2 ) 6d
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[-H elimination
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Scheme 6 Decarboxylative Heck reaction of (hetero)aryl-
alkenes with aliphatic N-(acyloxy)phthalimides

Scheme 7 Photo-induced cross coupling reactions of carboxylic
acids with f-aryl-vinyl halides

2022 4, WEHAEEIMAUSIEIERRE T — OO0/ )
[ 4 P v e 456 1 R TRt S 32 e e 2 A 1 % 10 AR
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Scheme 8 Photo-induced alkenylation of aryl carboxylic acids and alkenyl triflates
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Alkyla A o,
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28 examples
up to 87% yield
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R'\/\R Ry
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Scheme 9 Photo-induced coupling reaction of borates with
alkenyl carboxylic acids
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[Ru(bpy);]CI3 6H,0 (2 mol%)
[Cu(MeCN),JPFg (10 mol%)
COH EtsN (1.5 equiv.) CF,CO,Et
+ ICF,CO,Et —
Ar DCM, Ar, 12 h Ar
10-1 10-2 blue LEDs, r.t. 10-3

32 examples
up to 85% yield
ElZ > 99:1
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Scheme 10 Photoredox/copper catalyzed decarboxylation di-
fluoroacetylation of a,f-unsaturated carboxylic acids
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up to 85% yield
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H
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Scheme 11 Photo-induced coupling reaction of arylalkenes with
halogenated hydrocarbons
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R NiCl, (10 mol%)
EtO,C CO,Et dtbbpy (15 mol%)
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Scheme 12 Photo-induced cross-coupling of alkenyl halides
with 4-alkyl-1,4-dihydropyridines
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Eosin Y (1 mol%) H
Ph ‘ ~_-Ph PhOS DIPEA (3.25 equiv.) Alkyl\/\
_N' BF4-+ ]\ MeOH/DCE (3:1) Ar
Alkyl H™ "Ar 16 h, green LEDs
Ph 13-3
131 13-2 > 50 examples

up to 84% yield

Br Br

e
Br = Br
O COOH

Eosin Y

B 13 65 = R IR 845 5 15 ) SE AR ¥ R 1K e 18
Scheme 13 Photo-induced coupling reaction of triphenylpyri-
dinium salts with vinyl sulfones
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(3 mol%)
PhO,S (TMS)3SiH (1.2 equiv.)
I}
2
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R1
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Alkyl-Br +

;
RY "R®  GH,CN, blue LEDs
141 14-2 rt,24h 143
R'=Ar 33 examples
RZ=Ar, H up to 89% yield

14-1 14-1-A
B 14 SefEib e 2R 5 0 RN A IR s

Scheme 14 Photocatalytic coupling of alkyl bromides and
alkenyl sulfones

PRI 0, e = R R T DA ok A p 2
U5, TREEEBIER t T B e B AL, AR AR K
PRSI, BRI e A& BN H 52 B RG] 28
M, BB FATRRAWIE, KIA] DUE 7N 2
e 77 TR B e BB R 10 A FELAE, DTS S VE I
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B(OH), Ir(dFCF3ppy),(dtbbpy)PFg (2 mol%)
K3PO4 (15 eqUiV.)

- S0,Ph
+

Ph/\/SOZPh

Mechanism
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36 examples
up to 80% yield
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Scheme 15 Photocatalytic coupling reaction of alkyl boronic acids with arylalkenyl sulfones

Ar Ar

+S'i> fac-Ir(ppy); (2 mol%) |
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Br .,
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16-1 16-2 16-3

23 examples
up to 87% yield
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B 16 OG- FNIEREL 5 07 H I A KA 1K S
Scheme 16 Photo-induced coupling reaction of benzyl sulfo-
nium salts with aryl alkenes

1.2 AT EARES ERER K

WISy T IR RS B N A C—C 3R
BRI A RN 2 —. 1€4 ik, U)K
W TAEMEPIE Csp)—H MWEMH L. Hobp
C(sp>)—H BN EfHGRLBEIFAR, If Rtk
7z, WA T GG AR R S g, 3K —HEAL SR
W%t Csp®)—H BEDREAL SR A 7 HE FE.

2015 4F, ERWIERHRE 7R PLIGRIEL Y F
JOHEALA S ABUT e A S A AL P R AL T,
SEHL T DUERIN 5 P ) B C—H BB e ) L0k

Chin. J. Org. Chem. 2022, 42, 3923~3943

Eosin Y (0.5 equiv), 4 A MS (2 wt%)

/// O HCOOH (2 equiv.), :-BuOOH (4 equiv.) w
Ar g visible light, Ar, rt., 36 h A O
17-1 17-2 MeCN/THF (V:V = 1:1, 0.05 mol/L) 17-3
34 examples
up to 86% yield, E/Z = 2:1
Mechanism t-BuOOH
Eosin Y* 174 17 1
N
OH t-BuOH 2-1-A Ar x Ar ©
Eosin Y % E>_ 17-1-A
(0} (e}
2-1-A

AFM\/O

BR 17 i S PSR 5 PR A R AL S S

Scheme 17 Photo-induced vinylation of tetrahydrofuran with alkynes

© 2022 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/

W Bi(Scheme 17), £33 1 — FR 51 L6 K DY A RIS
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BIKE

ik SR

Ey. Hrb SR RSN TIZ I NN B, B
EAEAE Y A AT, R R OB A
il

fe ik L S A Tk B R SR
AR EE R, EAURE S MR IR, X+ id
A AR I ER R 2, 2016 4F,
i 21 I PR UGS 1 R v o7 S 18-1 5 hedk — it
e o S AL AR D 28 m AT 0 0 & ke 2 A B2 ¥ (Scheme
18). i e A AR A AL LA AL SRS Bl 1 I 1,2-—
B, SRR IC SEIR R IR 2k 7ok B T =57
PR3 2 T AN S P 51

Ru(dtbbpy)sCls (1 mol%)

(e} DIPEA (7 equiv.)
Il, J o r _ NiCh(10mol%) RN
RO T Salen (10 mol%) Ar
A O NHPI (1 equiv.), 'PrOH 183
18-1 18-2 8 h, white LEDs 22 examples
R = alkyl up to 71% yield
E/Z = 41
i 2 0
—N N=
N-OH
Bu OH HO By
o
Bu Bu
Salen NHPI

B 18 6 et IR S A AR o 7 B
FEdEfl

Scheme 18 Photo-induced hydroalkylation of terminal aryl
alkynes with alkyl diacyl peroxides

2016 4F, Shin BRARZHCPOHRIE T 56 A IE I A0 4 1AL
(IR BEAT YD 19-1 555 18 8 43 19-2 (1958 UM IBE
B (Scheme 19), 153|458 Z 1) a- 75 B AG B G 1)
19-3. % NA% I [PhsPAu]C1 A1 Ru(bpy)sCl AF AL 7).
TEERR Y, RAGEFEF R OCE P IR e 5 B A S
[Au] 46570 K& A AL N A8 B [Au)P TSR, 5=
RS 5 RN MeOH KAEERINL, 2RI HER
OH J:FAM 2N ) Rl &, [RIF, Glorius BRI R
TR TR, R REMH KHPOs 1E AN N
7, AT LOR B B AF SN RCR. Alcaide J L [F] F B2
OB TR S EAR M. 52 5RIE K77 A
Et, 18 FH(PPhs)AuNTS, 1% [PhsPAu]Cl 1F A HE AL I,
SN E SN

2017 4, RARBAPHRE T8l MBI TN
WU S5 /MR a-C—H 58 ) 4h 2 X 3800 2 M i & Joe 2
1k Bi(Scheme 20). 1% AT EAMINAAT, SEILT
— R\ L TR W S R AL B A R

2017 4, HRESCHEEAPHRIE T N 31 o-

3930 http://sioc-journal.cn/
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R PhsPAUCI (2.5 mol%) R' O

HO s
Ru(bpy)s(PFe)s (2.5 mol% \
+ ANBF, SLOPY(PFe) { ) sz\l/'\A :
| | MeOH, blue LEDs r
1 1~4h Ar
Ar 19-3
19-1 19-2 24 examples
R', R?=H, Me, Et, Ph, "Pent up to 95% yleld
.
R! OMe R OMe
N X
R2 ) \Ar1 Key step RZJ\|/|\Ar1
[')\u]+ [AU]

BR 19 L5 S S Il A E SR 52 A B
Scheme 19 Photo-induced cross-coupling reaction of propargyl
alcohols and diazonium salts

R? Ir(dFCF3ppy),(dtbbpy)PFg (2 mol%) O
| l D NiCl, (10 mol%), dtbbpy (12 mol%)
+
0 THF, 60 °C, 24-48 h -

R' R?

2511 202 18 W blue LEDs 203
N N=— 31 examples
R' = Ar, vinyl, alkynyl 7\ up to 89% yield
R2 = alkyl, silyl — \_7 E/Z >20:1
Bu Bu
dtbbpy

B 20 O6EF R BRI I A R S BE A BE G o 2%
C(sp®)—H BRI Fe A S

Scheme 20 Photo-induced nickel-catalyzed hydroalkylation of
internal alkynes with ether and amide a-hetero C(sp?)—H bonds

Cd Bk B R SR B R A BB R L. 1R
MR FHBRAE 9 B RSS2, AR AF Ay mait 5 5 ik
AU, JRIAT PRy i X Il 14 5 B o- B 1Y) 20 2
BA(Scheme 21). VAR 2 M E Re B 521,
HAT LY e B 5a AR, EARVERI R, S0 05 5
RO E BT, AT H T8 o- BRI 0 B
W, ZHERNE K o-B B E IR IR G T
—ANEOTIE.

Eosin Y (1 mol%) o o
Rl— ., (‘s)‘ K,COj3 (1.0 equiv.), N, Ar;s\l/
Ar”""OH  DMF, 3 W blue LEDs R!
21-1 212 4~6h 213
R = alkv] | 35 examples
= alkyl, ary up to 91% yield

B 21 OSBMEAHE 5 5 H REER IR AR K e R
Scheme 21 Photocatalytic coupling reaction of alkynes with
aryl sulfonic acids

2018 4, PR PR PR HRE |3 FH SR e B
AR B R FE AT R AE ] WA 5 R 5 R s bR g A0 5 5
RACYD I = 2 50 AR BRI M. (Scheme  22). 7E3X AN M i
e, TR T RS [FZE AL C—C B, — M- iakE
A —ANJ7 R, SN IR B AT AE Y 22 I

Chin. J. Org. Chem. 2022, 42, 3923~3943
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B IE ARG B B3 22-2-A, SRR R AR R
TR B 22-1-A. AR5 SN0 B SR AR
MG, B3)tak 22-1-B, 75755 R 4R
AN A 2 R A 22-1-C. AR5 I8 S5 A3 B3 12 =4
22-4. H AR E-22-4 FEOLIR IR e gk, it
HEFRER IR, BRIXCET A Rk, BES
o FUEER AR, WUE M AT R Z- A e
Y, SERRIEN E—Z PSRRI RE, 19 200 07 g £
PERI 7 Z-22-4.

Ir[dF(CF 3)ppyl2(dtbbpy)PFg
(3 mol%)

NiCl,*glyme (20 mol%) (Het)Ar

0COCO,Cs dibb 0
py (20 mol%) 2
Il , +(HeyArBr - R
Al R DMSO, 36 °C 224
221 22-2 22-3 90 W blue LEDs 35 examples
. up to 91% yield
Tertiary alkyl oxalates ZIE > 96:4

Mechanism

o
RO)S(OCS
(e}

Me
é\/ 7 |‘| —_— Ph%:\
Ph R
Tertiaryl oxalate

2co, 4 222A 22-1 22-1-A
?{ 1 , LnNI

(ol -

h\K I

I Ly N'” Ar Ph
22-3- A 22.1-B
LNl 7 224-A
Br / ArBr

L, Nl”I—Ar

E- alkene

Isomerization l hv 22 1 C
Ar R
Ph
Z-alkene

B 22 S SR AR A4 W0 [R] f A0 FR A Sy B PR o
FTTHA

Scheme 22 Alkylarylation of terminal alkynes by dual photo-
redox and nickel catalysis

2019 4£, Leonori Z5P0HE I 45 /5% F A IE JE XU HEAY, 52
TR EE BT REIF T . LRI,
Je 340 [ V. (Scheme 23). 1E& M HE 23-1 A1 1-Pikk
23-2 VE NIRRT OIS R AT Ak, e T4
f# F 4CzIPN 15 R YA, NiClo e dttbpy 15 % Bh ik
71, CH;CN /E ¥ 71 A Cs,COs VE N, 7T LLBL 73%[1 7
FARTG 23-3. [HAHEEME, ZJ5 AT DALl F 7
TN BRI SR

Chin. J. Org. Chem. 2022, 42, 3923~3943
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4CzIPN (5 mol%), NiCl,+ dtbbpy (10 mol%)
Cs,CO3 (0.5 equiv.), H,0O (20 equiv.)

CH3CN, 60 h, r.t., blue LEDs

alkyl

H020>\O
|
ilﬂ
R2
231

R'=H, R?=Ph

B2 RI=H Me R2=H, Me
R' R?
P alkyl 14 examples
N7 up to 73% yield
23-3

B 23 OGSRAGIE SRR A 15 R AR S bR e 3R 2 M A S
Scheme 23 Photoredox catalysis ring-opening-vinylation of
oxime and terminal alkynes

2020 4F, BEAT LA R Al R SRR B T LR 845 3
24-1 XPBAE 24-2 HEAT DX Bk A AU e Bk B,
DA = SR i XS B A i T — &A1 1,2- U
LAY 24-3 (Scheme 24). %) N LA 2 13 (1A
i AR By 75 F bR R A As ARG s L 3 38 A 1) 44
FER, SONR I T IR A YE FELA B R S . I
MBS RS 3 24-1-A IAASS, fEEIRR, E-/Z-
TR G AL E-R R, S53UR SRBGRIE I RE
REMAER, SRR T HBEP K, 5 o BEK
AR, SUE HEE R ERTE R Z- UG, e
A E—Z bt 2.

Ph Ph
X
| =

+ o+
N'_~ BF, " Ar

fac-Ir(ppy)s (1 mol%)

DIPEADMA (1:1.2)  Ar Alkyl
rt, 16 h, blue LEDs

Alkyl”
Ph
241 24-2 24-3
30 examples
up to 80% vyield
Ar. Alkyl _fac-Ir(ppy)s, hv _ Ar, Alkyl
— isomerization =~/
24-1-A 24-3

B 24 OGS hedE g 55 A 77 R ) 2 2 R I
Scheme 24 Photoinduced deaminative coupling of alkylpyr-
idium salts with terminal arylalkynes

1.3 AR ENERETEYEBELR N

2014 4F, P SCREAT Alper 2508 IE T T AL B
JRAIAE XA SR, SEIL T U R iE 25-2 B o0 TN
B4l B (Scheme 25). %SRBSR T O A AL S5 A 1k
TR RERFVE: K HE AR o-ZHE ) B I PR I R 2
HErR RIS JFOR IR TR 6 B B 3E. 5 2 A0 i3S SR B I
PR R S R AH BL, 98D T A S T R ) JEE ) A
F, T HLAT DUOROK & 3 s s, 2k — 2B U T % N
IS .

2014 4F, Tunge PRAHPMRIE | —E ik )5k
H 43T PO IR 445 5 354K S B2 (Scheme  26). 13 FI F )
AR JE AR A S &S T - B0 O Rk AN R

http://sioc-journal.cn/ 3931
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[Pd(PPhg3)4] (5 mol% )
[Ir(ppy)2(dtbbpy)]PFg
(2 mol%)
CH3CN, degas, r.t.

3 W blue LEDs, 48 h

i‘?

B 25 i N-J7 FE DU SR MR OMUR T SEAT AR M 28 XA
Wk J2

Scheme 25 Photo-induced cross-coupling with N-aryltetrahy-
droisoquinolines and allyl derivatives

TR TR RS Tl P JBE 2 0 TR A S . 8 HH 1 s LB A
I P9 ZE 15 55 [PA(0)] 8 A6 N T B - 445 P 28 488 v ] 4
26-2-A FIR TR EL LT T 26-2-B, FRIS £h Ok A 5K A
A RS B H 2 26-2-D. [FIE, [Ir(1D)]4)
JR AT DA -4 P A A TR SR AT B T S R, R
A2 S VE[PA(0) AN [Te(TID) [ HE AR, 58 B A8 2R FH R f
TRIEIR. PG FH A M S AR A dE IR E R H
FRr=). ABAFIE R B, JEfE AT R AT R R 2R A
A -4 P SR TR B R SR Xl - S AR LA
TEG T O AR A B T A S AR B SR R R

25-3
R',R?=H, Me, Ph 27 examples
X = OAc, PO(OEt), up to 84% yield

R1
;
O\A R
R Nm Pd(PPhs), (2.5 mol%)
’ 26-2 Ir(PPY(bPYIBFal RN~
(0.5 mol% ) 0;
or
R' MeCN, 25 °C "
RzN)YO\/\ white LEDS, Ar, 2 h T
o RN X
26-1 R'=allyl, H
18 examples
up to 66% yield
Mechanism

(0]
= o]

/@/\/\ R2N4®f z

R,N Pd°

26-3 26-2 \

T 26-2-D

3+

\/ /'I’ - de 26-2-A
26-2-E de‘\| COy

2

\ *|r3+

. 262-A C @2
: RN
RN 2 26-2-B
26-2-D
COy /
>\\Jij)m>ﬂ

CO, -

RoN
26-2-C

BK 26 a- TR AN LR IR A SUREAL I 3R 44 T 4L
Scheme 26 Decarboxylative alylation of a-amino and phenyla-
cetic allyl esters via dual catalysis

2015 4, Tunge M H[FIZHEOY g 1 IX PO LA IR
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JEANAR A AL s RV, SEBL T o- BB M P 2L TR
27-1 HDESE AR B b B 5045 P 2546 S ¥ (Scheme 27).

[Pd(PPhs)4] (5 mol%)

. (e} P [Ir(dF(CFg,():D?qlz)lf;';bbpy)]PFe R \N

0
o NF
HN DMSO, Ar, rt, 3h HN-pg
PG blue LEDs
271 27-2
PG = Boc, Cbz, Ac 28 examples
up to 83% yield

B 27  o-Z R BURAGIR % T AL
Scheme 27 Decarboxylative allylations of a-amino acids by
dual photoredox/palladium catalysis

2015 4F, Ollivier A [AHHHRIE T o] WG T
MUAL R el 3k 28-1 1N B B 25 A4 5 0 T4 2 /g
28-2 (28 XAMEE [ Wi (Scheme 28). % M HRAEfRT#, R
T EIMNBSNRINGR. F4b, 1EH &R R 1T R &
Pl 18-crown-6 (18-C-6)fik i] LAFE & M iE R SR AT AE 4.
Rl UE S A RERR 28, a0 PPN 5 SRR R 3 W] LUK &
%, HHEEE A EASRAE S B

COsEt [NAF(CFIPPYLbPYIPFs (o gy

Alkyl—I[Si(cat),]” + (2 mol%)

DMF, blue LEDs
K*[18-C-6] Tos 24 h Alkyl
28-1 28-2 O; EO 28-3
22 examples
up to 93% yield

cat’

B 28 LT R AR IR AR bk Bt
PR 2 50T S B

Scheme 28 Photo-induced coupling reactions of high-valent
biquinol-silicon compounds as alkyl radical precursors

2018 4, A W ZH2HR0E T IE A I R
VA2 B, SRBIL T v DX 3RS I 45 P8 1 0 ) 2
bt =4l ) M (Scheme  29). {EIX P E IS FEF, 4-6¢
FE-1,4- S ENE 29-1 1R b AL B R ATAE, § R T B4
A PR AN K R s TR 268 Joe A S B ()Y L. A 3 R FH 4
SR AT O K S B PR I A SR IR RO 5 T T,
28 1 LB AR 5 2 56 UE B T M TG A 2 7 R B D R
7S s B

2019 4, Cozzi FEWHRIE T Gk 75 &R 30-1
TEEAIE AL 506 N 2B IREE 30-2 (1R AR A
B A EE AL &4 30-3 (Scheme 30). fEi% e i, 57
N 5 2 FE 2 (DIPEA)VE ks Ji 4644 771 5k B 7308 S O
AR AT, HN B 1) S8 AR 2 TR nP-
IR AW, I N AT LA B S5 0 2 FE ) T
HAFEY).

Chin. J. Org. Chem. 2022, 42, 3923~3943
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Pd,dbas (6 mol%), L* (2.5 mol%)
[Ir(dtbbpy)(ppy)2]PFs (2 mol%) Ar'

H
N
) . )oi; blue LEDS, rt., 12 h :
=
EtO,C CoEt A ove Ar;;/
201 A 43 examples
up to 84% yield, 98% ee

29-2
MeO PAr,
@ MeO-A\ - PAr,
Ar = 4-Me0-3,5-('Bu),-CgHy
Ar’
OMe \|
(1L

L*: (R)-GarPhos via .
+ * Pd(IINL
AL 8 —~ Pd(IIl ‘ ( )
S~ Ar/\/\ AN
29-1-A 29-2-A 29-1-B

B 29  Jefifb 4-br - 1,4- SNk me F0E T4 B e 47 TR R ot 2R
Scheme 29 Photocatalytic allyl alkylation of 4-alkyl-1,4-dihydropyridines and allyl esters

NiBr; eglyme (10 mol%)
Ru(bpy)3Cl, (1 mol%)
o-phenanthroline (15 mol%)

(0] DIPEA (3 equiv.) oH

] 4 OAc au
e CHsCN:H,0 (V:V = 9:1) Ar/K/\
3041 302 blue LEDs, 48 h, r.t. 30-3

_ 30 examples
R = aryl, alkyl up to 97% yield

Nx

o-phenanthroline

BRI 30 S A T AR U LA e PR A R A
Scheme 30 Allylation of aldehydes by dual photoredox and
nickel catalysis

2019 4, Matsunaga BRAZHMHRIE T A HLEEMIE
JEAEAC N (A 1) X 330 FR LA AR T B b R4k, X
AN B 42 Ja8 1A R A A 2R R I HH B R A R v s A
X R, — R P RS A R AN R A%
V3515 2 SCFEAL = W)(Scheme 31).

LG
= CoBr, (1.0 mol%) (o) 0
OR  Me dppp (1.0 Mol%)
o 31-2-A 4CzIPN (0.1 mol%) RO OR
"X UPONEt(10equv)  Me” N
Iy .0 equiv. e
© OR Me” -"SLG 4R MS, THF, rt. 313
311 3128 16 h, blue LEDs

31 examples

R = aryl, alkyl; LG = OBz, SO,Ph, OCO,Me up to 99% vyield

B 31 AHDCREAIE R AL A AR T R e Ak
Scheme 31 Cobalt-catalyzed allylic alkylation enabled by or-
ganophotoredox catalysis

HET A S S HLERUD Scheme 32 Az, £ AT WL HE &t
T, WORASCIEARI[PCIRE — 7 A i £ B i i vl i
JiF 153 B0 JE A AT, SR )5 5 [Co(ID)] 2% &4 kA H
M R RIS, RIS &Y. 2% EaYS
I PR 3 2% FE AR TNE FH P 1 - 7R 4t o TR Ak 31-2-A. B
IEER ARSI RO & HISE- Sl s a L uNei BU g S E I HISE - Y

Chin. J. Org. Chem. 2022, 42, 3923~3943
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W, I FRAAR B AT S AL DA

Mechanism Pr,NEt "
J—— QPerEt
PPh
PC PC thP/d\/ 2
ppe
L,-Co(ll) L, Coll)
Nuc

R)\/ LG
313 A~

L,— 31-2
Nucleophile " ?o(lll)
31-1 R
31-2-A

B 32 BADGEAIE SR M T S 1 S LS
Scheme 32 Proposed mechanism for the allylic alkylation with
cobalt and photoredox catalysis.

ML e 845 26 1 S B Gl o A7 Jie ST R 2R IR 4 & — 20 &
FR)TE B A2 R 32 3 1 Tz 5. AR, EME C—C
BRI ST, B IR A I TR SR AR JE 1 7 VT8
IR, 2018 4F, XIS USHRIE T Ak 5 1 Ak 475
PR 110l it 5 A4 T B Ak S R 2019 4, Aggarwal
SELORTE T AR SRL, E T AR 2% AR TR R A it
S5 B AN DU R B = 2 B R 2 AV T BRI P TR - 52 A
A 0 IR IR S 05 P B A0 B2, 2020 4F, Studer SFH47HR
BT C—C 2 S B A ) B R 0 TR 3
. K g TR A SR S — A SR [ S SEATLA ;i
S5 BRIE I B e O R AR e R 2, IR I R B A
ek, 19RIARE M E B Ik, SR ARSI E
FRred, BB 2 N3 75 B TR AT 0 g0
—AN G B R BRI, SEURYE 2 E]— e R ).
2022 4, Matsunaga ZE4SIHRIE T 38 i & /A MG E IS R
F10 00T A A A X M e 45 R 04T I R M R k. X

http://sioc-journal.cn/ 3933
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o HL AT AT S5 I8 e 6 158 245 ) 22 A R T R R AT X
WORBR T 3L, MLEERF R, n-Jd ARSI &)
S SR C—C BT R OB b [A] 44 (Scheme 33).

2 ARRRFHRBREGSCAZRELEY
2.1 BERMEIZERER N

Wi R IR A WAL S rp — 2R 5 3R 15 . AR
MEZDRe ¥, GBIz, Bk, fHEl
R IRFe O HARE AL SV R BT FUE )2k
TE. LR, WG SO HLE R — 0k
RV-&, 5 RS s RE B R IS A L 1),
RS AT R i AT PRI ) C—C .

2018 4F, Ritter BEAIPHRIE 1Al WG R fE AL
SRS SEIUBEHEIR IR 34-1 BURME R, mRoti g 7

XF 1% e 0] BE AL #E (Scheme 35), fE& ANAE
S 2 [Co(TID)] 2% & Wk 38k 25 1 [Te(TID)] ™ 44 551 B HE
R, 3EI[Co(D)Fh. SILFEE, FALEII[IIV)]
AR SHRIR ST 34-1-A R A5 HL T4 A0 15 2R R 1)
BRI H 15 34-1-B, B 5 AR H % 34-1-B BVsURE i
— Oy T R, AR E R 34-1-C, SR JE B
[Co(ID Wi IR A Bl b (14 34-1-D, 1Z (AR & 2E p-H
R, ERHPRCEY) 34-2 AI[Co(IID)]-H ¥okh, Z4Fh
H5R—0 TR FIERBRR—7FaAR, 173
[Co(IID)Z4 &40, M 5E LAEAL TG 2R

2018 4, Tunge PR HRGE T E 8 MBI 5 151
RER 36-1 G RO ok e 70 0 22 22 PR R I 1)) SR s
(Scheme 36). X P A A R SRR A HLG A A
S JER A 75 R L 7 P U Ak SR S B R T B, AN 7R

— ZHNFAEIA S Y 34-2 (Scheme 34). BE AT RSN, KRR S A AR S S
OAc
Ay o
Ph._N_Ph R CO(BF4),+6H,0 (10 mol%), 4CzIPN (1.0 mol%)
| * . 3?;2-/\ HEH (4.0 equiv.), DTBMP (4.0 equiv.) N 21 exzrgog/)les
= . yl up to 90% vyield
r BF, NN 4R MS, MeCN, rt., 15 h, blue LEDs 1o o oo
33-2-B
33-1 Me
EtO,C CO,Et
Me H Me /\\ L,-Co By N~ By
HEH Alkyl’ \ DTBMP
A
33-1-A 33-2-A

B 33 BT HLG I S5 b [ R L D I O e DX a8 42 fld S i 0 P

Scheme 33 Regioselective deaminative allylation of aliphatic amines via dual cobalt and organophotoredox catalysis

Co(dmgH),(DMAP)CI (5 mol%), Ir[dF (CF3)ppyla(dtbpy)PFs (1 mol%)

RN 28 examples

-~~~ COCH
34-1

Cs,CO3 (1.0 equiv.), blue LEDs, 20 h, DME/H,0 (V:V = 18:1, 0.1 mol/L) 34.2

up to 97% yield

B 34 SRR SU% b S

Scheme 34 Photocatalytic dehydrogenative decarboxyolefination of carboxylic acids

Mechanism
34-1-B
H O
A ("
34-1-A
Base-H*
Decarboxylative
[|rIII] cycle
Base
F{/\/COOH
341 Iy

H o Co, H
A — N

341C

[W Avmm

34-1-D

Dehydrogenative hv
cycle
R/\

[Co"—H 34-2

[Colll]
RCOOH

RCOO™ + Hz

B 35 ODLHEMIRER 1B ER A b S RIHLER

Scheme 35 Proposed mechanism for photocatalytic dehydrogenative decarboxyolefination of carboxylic acids
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(PR 7R R T BRSO I8 4%, 2020 4F, Tunge
AL — PR R T XM BOR M BRI FE, LT ik
FIXS S SALA F e, i3 — 0 R TR B E Ref )i e
EEAL, FRAESCE A H VRN LELIRIESE I8, N M
BLEIER AL T 87 ) WL
2018 4F, Glorius BREZHSHRIE T8 H i AL
53 F[Cu(ID)] B &M AL, B0 FIRAME) %
£, U\%ﬁl‘ﬁ’]?ﬁi@&@a 37-1 K, PUEIRS Z MdE R
JZ N.(Scheme 37). Tﬁﬁﬁ%@l%ﬁU&ﬁ%EF if]
REWIER A L, HE— BRI 1% & g 1. wifis
PR KRAEER  TEARER . JHER. WyMER. -2 T RAE

R? Co(dmgH),CIPy (3 mol%)
R2 NHR® Mes-2,7-Me,-Acr-Me*CIO4 (5 mol%) R3HN/\/R2
COOH MeOH, H,O (7.5 mol%) R
32 W blue LEDs, Ar, 16 h
361 36-2
R' = Me, Ar, R? = H, Me, Et 22 examples

R3 = Boc, Cbz, Ac up to 90% yield

X

+

N

I clos

Mes-2,7-Me,-Acr-Me*CIO 4

THIR) S, # AT AR A 0k A% A4 A L R R g I R Ak &
). IXAN I BEA] BRI R RATLER 1R (Scheme 38). B 4G,
B JCMEAA[OPC-1/E Y IR T IOR BIOR A, Bl 53
KA B FI[OPC-11" 5 35 A4 1) 8 07 R A6 5 FL P 3%
%, &7 N—O $MR, &5 —70 74508 = HIk A
TARALRIS R H 3 37-1-A. ARG, % HE R
PR [Cu(ID)]-F2 B2 h 8 A 771 ek 4 8 2F B Jot 285 [Cu(TTD)]
LRAEW) 37-3-A, LA YNIE LA JFH M FE AT BAR N )
WA 37-2 F[Cu(D]-RER Ak, SR E NS
6 AL 7 [OPC-11" FI[Cu(D)]-FR R Eh 4 Fh 2 [a] /A #
5 7% 58 AL TR A

Co(lll)
Ha | Q
Co(h) HO R
NHR
36-1
Co(llH,
\(\ 0 Co(lll)-H
IR NHR
BHN 36-1-A
36-2 CO(”) H
Colll)-H
RHNJ\
36-1-C
NHR
36-1-B

B 36 AR /AU ) N-TH 2 SRR 14 R B

Scheme 36 Dual photoredox/cobalt dual catalyzed decarboxylative elimination of N-acyl amino acids

OPC-1 (2.5 mol%)

0 Cu(ll) 2-ethylhexanoate (2.5 mol%) Q
toluene (50 mmol/L
i o : RN N N CF
M -N 3 W LED (Amay = 400 nm) FsC 3
R (6) 37-2
0 rt, 18 ~72 h, argon 24 examples
37-1 R" = alkyl up to 94% yield
OPC-1
B 37 AHDCEAIE /R A SIS A 7 R 1) B R A £
Scheme 37 Decarboxylative olefination of activated aliphatic acids enabled by dual organophotoredox/copper catalysis
Radical trappil o) 0
Mechanism RN adical rapping R\(//"Cun‘ X \>/R
37-1-A Y O
[OPC-1]*
Cu(ll) 2-ethylhexanoate \ g
-CO,, Phth 37-3
+RCOy RS Y
o] i R
A)L Copper catalysis \( C >l
' Photoredox catalysis
R NHPI X ySi; 37.3-A
371
Phth"
[OPC-1]* eyl
RN 4
\\/OPW 0 7\ +RCOy, PhthH
- 1-99
. R=3heptl  olefins
B 38 iE AR B R A AN ) S R 3

Scheme 38 Proposed mechanism for decarboxylative olefination of activated aliphatic acids
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BIKE

ik SR

IR A A R B A TV, KT AR B
AT A i B R I E A B R AR, 7R
W& BRI RLRE 2 N J7 T B A R H B A s . 2019
4, Larionov BRARZHPHRIE T 181615 ST v LR 7
1% 39-1 1) O—H SR FH % M 5L C—H AR+
B 10U A i & 7R ) B (Scheme 39). 1% S 1] DA
PR B4 2 i 7 i - WY mE B s =R AR R, A
(H# =FR R G D) B O K EE R e, & s
AT AR A YR ETA.

acridine (8 ~ 20 mol%)

u cobaloxime (5 ~ 8 mol%) R&/
R™ < OH DCM/MeCN (V:V = 2:1), 2x36 W LED !
oo 25°C, 36 h
39.q Fatty acid 39-2

Primary/Secondary

> 50 examples
up to 90% yield

tertiary acids

R1 Cl
R2 R2 \/L/N/O\
0 S
_N< |
C? O

oGy
acridine H\O7ZN !
R'=R?=H Py =
R'=Mes, R?=H )
cobaloxime

B3R 39 B U RIBG AL R IR (1 B R/ it & s
Scheme 39 Dehydrodecarboxylation olefination of carboxylic
acids by dual photoredox/enzyme catalysis

2022 4, HEMERIE T 6E S 40 FIRE
I8 40-1 5[Fe(Il) Y& DI BLAA -4 8 A i ik 72, DA
R AT 28 v 5 7 45 B M S S5 BR 7= 0 (Scheme 40). 5%
oL R ERRA A REZ G, MR — 47
SAbbR, A RbEE E R, Bk E AR S ANk
BRI a4k 40-1-C J&, K& p-H HRE R IE 1.
390 nm LEDs (10 W)

>ﬁ/OH

Ar Ar
CH3CN (0.1 mol/L), Ny, 35 °C, 24 h
o) 40-2

Fe(acac)z (5 mol%)
Cs,CO3 (5 mol%), Co cat. (5 mol%) \?

40-1

l

Ar>§ro
(e}

i

Co, |

__________

>/ {L,Co(ll)
AT

Y

A" “Co(lll)L,,

8 examples
up to 75% yield

SH

elimination

L,Co(lll)-H

40-1-A 40-1-C

Ar = 4-CN-Py

B 40 6T A BRAE AL A AOIR AR TR 1 it R M 2 A S 12
Scheme 40 Decarboxyalkenylation of cyclic tertiary carboxylic
acids by dual photoredox/iron catalysis
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22 fREMBEERRE R R

MIEELZ FEME R A B RE, 8 BRI R G
HEMEW NN &AWL IRERER RN —. 1
R HES, W IR a-BEE C—H BRI AL
IR AR TR K. Mt R, ¥R
C—H BRI SR H A PR, BarF 2
AP SESEN T C—H S A AL
1) H AR A+ WA SR R A 7B SR, iX
Be 77k TR MR E AR Rk Kk, IF H R B A
R B, KEIEXZEE. &M iR e
WA BT EAIR AT 53 BB S ORI R A (AL

2015 4, Sorensen B AH 57 A DU 1E T 3t 40 BR g%
(TBADT) M AL 4 115 (COPC)E AL, 1E 1T 48 4M g
ISP 25 A T R A T SR T A R I S AR T SR B R A R
Bk 3 1k & W) (Scheme 41). 1E 1% = N A, fE & 1 H
TBADT {E NS IE i A7) DA S FE 3T 55 4/ M 3 1 2%
PR, XA EIGER THEE Rt e A

hv, CDLCN

() e ()

411 41-2
25% vyield
COPC (Cat B) = cobaloxime pyridine chloride
TBADT (Cat A) = tetra-n-butylammonium decatungstate

TBADT, COPC

Can abstract strong C-H bonds
Woj + j P J ;
HAT product is hydrogen atom donor

[WOJ-H + Ox

[WO] + Ox-H
CatA

Can abstract weak C-H bonds
[Co] + J
.

HAT product can be hydrogen atom acceptor

[Col-H + \|

[ColH + e + W [Co] + H-H

CatB

B 41 o] WG IR e ke i il U e b e B
Scheme 41 Visible light-catalyzed dehydroolefination of naph-
thenes

2019 %, Leonori MR LA N H a-Z I
Lotk B BRI A T 1 R TR (XAT), SEEL
TRHMA APFBUE AL AR ) B2 THER, K1
W R RAE Y. Horh AR BRE I [Co(ID) 4
SWMEETEBIT, SRRPIEM TN E2 WML,
TX AR T7 % e 0 i A B A R PR F P R TR 5 4, fel
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A AT TR LA v P A 2 3 9 1 SR A5 A I 1) k2
I IEA & Y)(Scheme 42). 73R H A S M ALEE 1 (Scheme
43), B SE[Co(II)] AT IT W6 IHOR AL FI[PCT]
FURL IR SR PR AR [Co(IT) ) R TR R AN AL AS B A . 41
A eI AT DL i R b B i 42-3 15 31 SCHE
RN a-IEkedt H % 42-3-A FIFEROGMEALF), BE
JeE TR 42-3-A R AR5 2 1) & A AR PR DT E ) 1 J5 7
HR (XAT) I AR plode 28 H i 42-1-A FYR AL T %
42-3-B, BJE, B H G [Co(1D)] 4 & Wi 345 21 e 36
[Co(IIN)]¥F 42-1-B. ZWFh KA B-H JH R BIG R
YIFI[Co(IID)]-H #%h, BEJS[Co(IID)]-H #Fh 5 AL iz
VB FRE AL S 58 LB AL PG 38, 8038 [Co(ID) 14 5 )5t
EEME 42-1-A HELT HAT o, 53 H

H 4CzIPN (2 mol%), [Col-1 (5 mol%)
O)\/X [ProNEt (20 mol%), K»COj3 (1.0 equiv.) O/\/o
CH3CN (0.1 mol/L), 16 h, r.t.
O blue LEDs 42-2

421 B > 50 examples
/ [Co(ll)] N O\/EH up to 99% yield
HA__A_H® HA

E% o0

uF;
o.
N e ~
R

o ~Ca_ 0O
H

N
ol
Py =

Co(dmgH),PyCl (Co-1)

B 42 ATWOGIES a-ZIEpiE B BR300 5 5
TR & R &N

Scheme 42 Visible light-induced a-aminoalkyl radicals and
cobalt-catalyzed halogen transfer to synthesize alkenes

2-3
hv pC* Co(lll)
\ / 42-1-B
Co(lll)}-H
SET
PC
H \ +/\ TsN
— __ PC Co(ll
R”NR, SET (I 42-2
423 e\ (el
PN = Co(ll)
R” "NR, —
42-3-A TsN
N XAT < 42-1-A NT
S
TsNO—Br - AN o
R™ "NR; Br 421-B
421 421-B

B 43 il XAT FOGE A -5 UL B2 EBRALEE
Scheme 43 Proposed mechanism for E2 elimination via XAT
and dual photoredox-cobalt catalysis
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7=

2021 4F, MIEMRREPMRIE 7 —F0a] WLIKE)
IR A TR 2R, AR R E BRAN 1A WG IR R
AR &R S AL T sk, T T == 45 1F T S8l ig
J AL A WAL I S0 B (Scheme 44). X 2K e b A
A AT BRI S B2 AR IR RN SR A, AT DK 25 5 3R 153 1AL
SRR A RS A E BRI . Ak, iz
A& R A T N T G ISR 14 FhAEMAR <93 F1
IR I i, R T BRI A SR B A RE A
i} 5% .

PC-1 (2.5 mol%)

Co(OAc),-4H,0 (10 mol%)
dmgH, (50 mol%)

. SR
R/\/R o R
DCE, visible light, r.t., 36 h
441 44-2
Aryl, Thioethers % 82 examples

N-aliphatics of amides Cl up to 98% yield
Carbonyl compounds O‘O

o

PC-1

44-3

B 44 AHUCEME AU I e TR & PRI 5 ik
MM

Scheme 44  Site-selective dehydrogenation of aliphatics enabled
by organophotoredox/cobalt dual catalysis

HUHEF 70 26 BH 0% I N 48 ) 0B & i 7 i i i 7R
(Scheme 45). ¥4, JefAbH PC-1 7EXBKR 614 R 15
B E Bk 44-3-A, RIE S5 ENIEL G 44-1
KA HAT IR 5L B3 44-1-A, Bl KL E
F 44-1-A [ Coll AL TR IR A2 B[ Co (1) -t 225 H (]
44-1-B, ZF A 44-1-B £3d HAT SRR 2GR 44-2
HI[Co(IIN)]-H #Fh, [Co(IIN)]-H ¥Fh 5 rh i) ik 44-3-B 1k
FIRE Hy, FRAE H [Co(ID AL I AL T, 5 K
THEALAEIR.

2016 4, Gevorgyan HAHZICOHRIE T 7ER] WL HE S
25 SR A PA(O) AL FIE F B2 A 5 R H B
FE[PAWIFH, SRIGZ G 1,5-HAT SR T A
A oa-fri kit H S, 1EFIANIZ A BEE T DL E SRR
224, WA UL [PA)] A3 BI[PA(ID 4 A9, 2R )5
2177 B-H IE RSB F2W) 46-2, BE WA R BB IE B
T, BAHMBAERY). X ATk DUR 25 5 Hokt
Tk Jot 5 Pk 2 V0 R0 I 3 Ak oy L B A 1L 1) P R o B
B, BbAb, IXPhEEAL ONAE IR R AT, TE R ANIE R
AT (Scheme 46).

2017 4F, Gevorgyan HR@IZHOHRIE | —Ff =y 1 AT
WG SH Pd HEALRERIEES ] 1,n-HAT(ERE FH5)
TR A B PR v 0 AT TR RUJ TR IE (74 J . (Scheme
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BHLE
Mechanlsm
[CoM]
R: H evolutlon
44-1-B
HAT
hv R&R
Reversible +|”
[Co™]-H

Possible H, evolution pathway
OH

[CoM-H + .
Ar Ar'

4438

[CoM-H +

(0]
Ar)J\Ar' N’
44-3 o
Ar)'\Ar'
44-3-A
H R'
HAT R H
j)\H Irreversible
q R'
Ar Ar' . i
44-3-B R H
44-1-A
5 0
OH -H
L, e A
Ar Ar' Ar Ar'
44-3-C 44-3

B 45  AHDEE IR /O BRI e et it 22U 2L 2R

Scheme 45 Proposed mechanism for dehydrogenation of aliphatics enabled by organophotoredox/cobalt dual catalysis

s | Pd(OAC); (10 mol%), L (20 mol%)  OSiEt,Ph
R j@ Cs,CO5 (2 equiv.) Jﬁ/ 23
O.. R?
RZJ\( si PhH, blue LEDs T
Rt Et rt, 12 h
46-1 46-2
R = aryl alkyl 29 examples
R2 Rf r=y e’“:yly <= PPh up to 97% yield
' |
Fe
©\P(t-5u)2
L

BR 46 OLFEFHMNL AR C—H BREL
Scheme 46 Photoinduced Pd-catalyzed silyl ethers into silyl
enol ethers

47). ZIERBLAT LA BA iRy X 33 5 1 R R E 1 B PR )
47-2, HAreEAE N T m EEHE S AR ERR Csp)—H
PSR AR HAT A2, ST B-fy-+ p-I15-F0 5-/e-BiE 2
MG SR AEY. EERNE, ZTEATES
I BT B A ).

2018 4F, Gevorgyan P8 2H 62V S R FH UL 1) 55 s 5
LT K B T =E 0 R B A R N R B
A5 A 3 15 R0 7 055 TR JE e (Scheme 48). J2 B 1) e 4t ot 7
S [P)/ H H 2 AR AR JL AN () 65 5 264 T RE A 2L
AR, I HAE C(sp®)—H 7 s R4 1,n-HAT (n=5~7)id
T2, DAE i e se il LAk,

2021 4, iAo A CGHRIE T N-HHENTH
I R i A W AE i85 3 Ak U & B AR P R AR R 45 1
SEHL T e FE 2 AL R A BN VRN I 1 1) S B (Scheme
49). {EFE I NRPLOSFEF S dE B BHEFIPA(D)]) 4 S
FEAEST T SEELRE R I B A B S E . %M
A R SR, HH PSRN T =5 28%
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FRAE AT 2L &40

Pd(OAC), (10 mol%)

| Hp Hs L (20 mol%)

_0 Cs,CO3 (2 equiv.
%i M chH iﬂ( I(_1ED : HOW
2 , blue S n
Ao H He Tt 2~ agh
then, TBAF (4 ~ 10 equiv.
R ( W g7
= Me n=0~2
30 examples
1-Pd(l) up to 89% yield
\H)\/\ controlled

@ I-Pd(l) S-H elimination
selective HAT at

unactivated
[/, -, &-C-H sites

hybrid Pd-radical
intermediates

= PP
|

Fe

@ P(t-Bu),

L

B 47 o REMA TR C—H Bk
Scheme 47 Photoinduced Pd-catalyzed C—H functionalization
of aliphatic alcohols

2022 4F, VRS RIS A LRIE T —Fh ] WSS
FItL 2R PR A, 7E AR R A s B2 244l it A5
BEAN B2 T 3R18 T IS LA YR A B— R Y IR AT AR
¥)(Scheme 50). FEELIE, Z A s N A TT A H
IR EARAN SO TN Ln-ER TR TRE. B,
o AR50 PR M P B S T R R PR R U S A b R AR
HIse g PERIF=Y), MR R T BT AR BRI A
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REVIEW

R
R s Hs 1) Ty-Cl EtsN, CHCly, rit, 3~12h N%
H/NN;\ 2) Pd(OAC), (10 mol%), L (20 mol%)
H, H Cs,CO3 (2 ectqui\é.); ggl:] blue LEDs 48-2
rt n=0~2
48-1 e ) 30 examples
| O | |+ upto98% yield
' -?ZL O\\Sl’ H
ol &
| .'"".' """" ST Tt
hybrid Pd-radical intermediates
I-Pd(

H
_D ﬁ Hg Hn‘_> EWH
~ n N
oYY O
H, H, b

selective HAT at o-, /-, -C-H sites

——”
|

Fe

©L\P(t—8u)2

B 48 LA AL TR A4l & e
Scheme 48 Photoinduced Pd-catalyzed for desaturation of ali-
phatic amines for alkene synthesis

Pd(PPhs), (5mol%)  ocoar T
|

OCOAr C K3PO, (1 equiv.) N :: /
L NN
RN\~ DMF, 15h, blue LEDs R' ]
i o)
491 49-2
A 18 examples
AFR1 4 %23(;3:'4 up to 94% yield
PN r/“\\\
Pd(l) [ 15HAT H i :
1/N\,/\/‘\/' RIS
RY 1 A

BK 49 L FBUEATEY B EA SR
Scheme 49 Photoinduced dehydroalkenylation of amide deriva-
tives

A, PR SEERR R AR T — RIVEMEIA
WAMCEY), W a,f- ARG 7 I RS P 3 A
WA SRR, OF B, 2N BAT R R A A X ik
FEIE. MAh, ZTTEAE A A YE TR S AL
Wi Ja T e 5 T th 2T EOR BT /0. [FI4F, El-Sepe-
lgy BREAHOSIARIE 7 AN T A, SEEL T g s R gt
ANV Ji R B 0, SRR T — RIIA A IR
AR B ARG TBE ML AL S, I BT 17 R4
PUERERUESESG. Ledh, fd ATESEHRENOE SR 8% UK Sk
AR T T3 7).

2022 4, REIREECOHRE TR B
T S A LA B 4 S (Scheme 51). FEA HLGHELL
FIAESHEACTI R P FIAE T, SEBL T A BElE RBEST 3
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H o [ Cobaloxime (15 mol%) 0
H j@ 'ProNEt (3 equiv.)
N N
Q)fLN acetone, blue LEDs )

R 40°C, 20 ~ 36 h R
50-1 50-2
R = Me, Bn /SnPh3 104 examples
I \/ N/O“H up to 96% vyield
I |
oG 0
Foly_|
N
Ar
Ar = 4-MeO-Py

BR 50 SUFEFEMEL TR AR
Scheme 50 Photoinduced cobalt-catalyzed chemoselective de-
hydrogenation
C—C BT R MG S 2, DR S AT 2 & Fh -, o-,
e, L2 HARHE B R I AN AT R AL 5. 7 AR B R B A
TR R T DA — B B A o AT B R 259 7 5

R OH Mes-2,7-Me,-Acr-Me*ClO, (2 mol%) o

Co(dmgH),Py,OTf (10 mol%) J\/\(\/)/\
R n ™

2,4,6-collidine (0.8 equiv.)
n HFIP (1.3 equiv.)

51-1 DCM, blue LEDs, 24 h 51-2
R = PMP, aryl 51 examples
up to 96% yield
| X OH
N~ FsC~ "CFs
2,4,6-collidine HFIP

B S51 JERAIE /A XA SE BT 52 1A Bt 2 S A s
75

Scheme 51 Photoredox/cobaloxime dual catalyzed and accep-
torless dehydrogenation for the construction of alkenes

3 HttRNEBSMRERE

R IR MR 7= A I IR vk, AE N R SRR &
BACA P10 3E SRR IR 52 S A0, A2 ) s I 1) — 2R F
. B M Grundmann 7£ 1938 4K I 5 BB S B LA
K67, VR A TE /N AR TE FF SR T I SRR OB,
LG E ReE R BT E 2 —. BEE T JLAETT
DL A 2 A B EE T 4R, W] L BE  EE AU 1)
Wolff EHHSE T K&, 2018 4F, J&Z IR SHR T
TR N R AR RG24, bt
175 3 R OIRES 52-1 5 EEIRIENLAD 52-2 L X
B, G T — &5 A =HURA 4 52-3 (Scheme 52).

2019 4, Konig PR IOHRIE 7 n] Wefeit A il
PR AL I TR 55 e iE 53-1 it UM 364k 52 M. (Scheme
53). BN A AR AL TR AR, 1R RN
o, Bopiny 1E NHEEGRFIALL R, 7T LA LA 25 2 5 4
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BilLE Gk SitR
N, N, Blue LEDS EWG LIGFEME e &Y. BEAh, ZAE AL T vRaE o] Lk Th R
mﬂkm;l%%ﬂ DCM (0.1 mol) A7 Tl R e 2P0 A K. e ORI HLER B A R R
o rt, 12h o O I 5 3 5 TR A0 9 2 2 8 o e R 4 B 1
o ' 34 examples BT 54-2-A B [IV)IHERA, S5 5T
w&f%fd Tl IR 6 e A B W 3 J T RO P 5% 1 25 5 9 A i i
""""""""""""""""""""""""""""""""""" N2 AN AT, 5% B RE 2L B i JE B 0 e ik
PN 1T H S MEAS 275523 5 2 54-1-A, 285 50EnE 5 i
N2 Blue LEDs : H™ “CO,Et N o ]
A NEwe N ATEwWe T R T 54-2-A BRI p-REBEEEMENE 54-1-B.
521 Ny 52-1-A JETETERR, BEEaE T E1 JH RIS 240 2L e =
) 54-3, VIS n] RIS PR ER £, AT SE B AL TR R,
. EWG
( N|2-| -N2 A N R2
Y r —~/ CN | (5 mol%)
EWG CO,Et CO,Et — X CHZ(SpgiNa 3m00mol% O)\O
52-1-8 52-3 R1\/ / L. DBU, CH3CN/EtOH
B 52 AT TG AE (L5 5 A 2 R B AR A A a1 542 %0 oo LEDS 543
\ ’ >50 examples
XAHEE R2= H, Me, CH,OBn up to 86% yield
Scheme 52 Visible-light-promoted cross-coupling of aryldi- Mechamiam T
azoacetates and diazocarbonyls echanism CN \
X
HOBCRAB R H AL &4 53-2. N T IRFUR KGR, (F#% T BEE R Ly
g oo . . R X .
HEAT T VEANIONLIRSLN, (045 1 i R SRR IE 956 [ " 0 %4
BNV K [ 12 BB (DFT) B 5. (R R o "\ oS
SRR A o UM ST a- TR 61 T " Voo
1,1-"F 35 R G A2 s 2 H 1R R R ) 44k,
o) il X | X
I{dF (CF3)ppylx(dtbpy)PFs (1 mol%) Ir't o) F N
0 B,Pin, (1.2 equiv.) s 54-1-B
Cs,CO3 (1.2 equiv.) Me” "0 SO Me
H 2
4-Me-BnSH (20 mol%), DMF )
24 h, blue LEDs, 25 °C 2532 ol N
53-1 o 32 examples S 54-2-A
up to 83% yield ~
JSH m/kmm Z/E > 39:1 541 54-1-A
531 base| ACHO B 54 G AT S5 L O SCBEREHR ML I B A SRS
o b l bora OBping.o Boi Scheme 54 Branch-selective alkenylation of pyridines via pho-
" base O._ Brook, |- 2PNy pin toredox catalysis
{ )\ : /LBpln Ar) Ar Bpin] . R
base 'Bp,n 53-1-D 53-1-E El Johnson-Corey-Chaykovsky S v # & LAK, 7E
53-1-A 53-1-C

B 53 S S A 55 IR AR 4808 S e i
Scheme 53 Deoxygenative reductive olefination of aromatic
aldehydes via photoredox catalysis

ML WEE 43 DA A A 24 W R0 AR i MR R SR = ) o
P2 3R 2 —00, o g B ntb mg v] H T 2 B sefb it i 1
AR B, A5 RS B AE MR R R = R A R
IHFEMERE 5 S T 2 K oeEDY. 2019 4F, fE% 5%
DR ZH U2 3 7 38 sk i R 5 il B 1) O SR A I TR A AL
I 8 1R S BE Ik FEPE ML IE £k 2 B (Scheme 54). 1% ) N AT
FH 45 5 3 A5 0Bt R A Dy T 31 248 ) B el R i 4
DL TCIRHERRE A, R T AR T SOk FErEm
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itk 60 FFRRR I L YIE B A A AL R A
PR T2 —. H— B AERZAENT S 5 N
SR A X AR SR, AT DA R RS — R A1 E B
IR J B 20730, G 8 g 87K T A 7R AL 2 25 1 R &
P TR AR, TAE G5 OB A SRR LA Y E
P 5 S 7 (RIE e R G/ 2020 4F, BRI Tk
AL T B E AL A R i SL A 1) 38 SO R Ak RN
(Scheme 55), 1% M iR T BEMA S RELH L
AR N -R AT R SEAZ R AT RS N TEZE S, A
MR T R A PR

2021 4, B SO APR IR ETSHGE T o] Wos e it
MRS B N FORIEBEE 56-2 1) Photo-Wolff-
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o)
N 2 1
2 k 24 Wblue LEDs A X __ Ar
Ar’ (:02R1 Ar2 S~ T DCE.rt, 7h COR'
2
55-3
55-1 55-2 23 examples
up to 77% yield
N 7 |
)ﬁ Blue LEDs f Ph)&s\
COMe Ph” >CO,Me
N2
55-1 55-1-A
o) o]
PhJ§L<Ph Ph*/<_<Ph
+ \:
_s\) CO,Me Me,S CO,Me
55-1-B 55-3

B3R 55 AT OGAREE ¥ 75 Jk 5 L R 5 B i S7 A8 1) i B
Scheme 55 Visible light-promoted coupling of aryldiazoace-
tates to sulfur ylides

Kishner %R A UM S H)(Scheme 56). %77 %%
Vv )z, BLAE S A 22 RN 05 S A GE SR AR V-4
R R IE I, AR 3% A 57 2 MR T S0 22 AR AR i - 57

Me\s/ Me NHTs Eosin Y (3 mol%) R1

| N~ TMG (1.5 equiv.) 0
N -yl N~
R R2 Ar R

CH,Cl, (0.1 mol/L)
40 W green LEDs

R rt, 12h 56-3
56-1  56-2 >60 examples
R = aryl, alkyl; R" = aryl, alky; R? = alky, H up to 92% yield
Mechanism
Me _NHTs
(0] Me
jig S |
R = \Me R v+ Me R2 R1
- 56-1-A 56-1
56-1 SET l
*Eosin Y EosinY Q I\I/Ie
Ts R P Ve
c=u A
1)) N
1
EosinY _ (<~’ lllH R
Ts TS/
v 56.1-B
Ts' ‘4
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