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Recent Advances in the Decarboxylative Acylation/
Cyclization of a-Keto Acids

Wu, Yechun Yu, Jintao™
(School of Petrochemical Engineering, Changzhou University, Changzhou, Jiangsu 213164)

Abstract Decarboxylation of a-keto acids is a simple and efficient method to obtain corresponding acyl radicals. Cascade
radical cyclization has been proved as efficient approach towards cyclic structures, especially heterocyclic ones. A variety of
acylated cyclic compounds such as indolones, quinolinones, phenanthridines, coumarins, chromones, benzothiophenes, and
pyrrole[1,2-alindoles could be constructed using a-keto acids via the decarboxylative acylation/cyclization with acyl radicals
as intermediates. This review focuses on the recent advances in the acylation/cyclization reaction triggered by acyl radicals that

formed from the decarboxylation of a-keto acids.

Keywords o-keto acids; cyclization reaction; radical reaction; acylation
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Scheme 1 AgNOs-catalyzed reaction of N-aryl acrylamides
with a-keto acids towards acylated oxindoles
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Scheme 2 Synthesis of C-3 acylated dihydroquinolinone from
cinnamamides and a-keto acids catalyzed by AgNO3
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Scheme 3 AgNOs-catalyzed synthesis of C-3 acylated quinolinones and dihydroquinolinones from a-keto acids and N-aryl cinnamyla-
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Scheme 4 Silver-catalyzed synthesis of 6-acyl phenanthridines from 2-isocyanobiphenyl and a-oxocarboxylates
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Scheme 5 Silver-mediated radical cyclization of alkynoates and a-keto acids towards 3-acylated coumarins
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Scheme 6 Radical 5-exo cyclization of alkynoates and a-keto acids towards 3-acylated coumarins
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Scheme 7 Silver-catalyzed cascade reaction of o-cyanoarylacrylamides and a-keto acids towards acylated quinoline-2,4-diones
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Scheme 8 AgNOs-catalyzed cascade decarboxylation and oxidative cyclization toward dihydroflavonoids
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Scheme 11 Decarboxylative cyclization of a-keto acids with 2-cyano-3-arylaniline acrylamides
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Scheme 12 Ag-catalyzed synthesis of 3,4-dihydroquinolinones from oxalic acids and alkenes
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Scheme 13  Silver-catalyzed decarboxylative radical addition/cyclization towards quinolin-2-ones
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Scheme 14 Synthesis of 3-acyl-spiro[4,5]trienones via silver-catalyzed decarboxylative acylation and ipso-cyclization
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W7 28 LA K 531 A AR SR A2 3R AU Ty REAK S L R T
PRANTR: WAL B b 30 AL e R P D e A B OB L
3R E AR AL H R AR 18b, BEJS IR R
bidE A 18c. BAERELSN 1A H HEN
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o
AgNO;3 (10 mol%)
AN
R ~ HO%R, K2S,0g (2.0 equiv.)
+

DMF, 50 °C

B 18 AL EEHEIA LT C—C-o- S IR IEAL/ 75 FEAL S B4 i 2- Tk JE-3,4 &%
Scheme 18 Silver-catalyzed oxidative C—C o-Bond acylation/arylation of alkylidenecyclopropanes towards 2-acyl-3,4-dihydronaph-

thalenes

B A BRI AR 2] B AR 215 2E-3,4- A
%% 18e.

TR AP, N-F R 1) R R A N 6 5 5
BRI A R, £ Ag(DRIRIE T B I AR
3, EIRSEEL T O-F R 5 40 A7 19 B A/ 3R AL S
B3 BA A BRI VE R 3- FF I S 05| . AR S 45 R
PLA 2 BT SCHR, fEFIRH T — N EHE RN IE G
(Scheme 19): #H%¢, &Y O-H Z:Hi 5 140467 C—H Blig
5 PAADELALIE K — A TLCHA R 19¢. 28,
19¢ 5 B PRLE KoS:0s B N B2 = £ i 2 L
Fe N AR PA(IV)FTE)E 19d. FE) 44 19d £ FHTRCAL
BRI 19e, F2 T K5t N 2 N-Pd 48 43 1) Hh ) i
19f. ), B-H THERAEE — o0+ P A RS 2 3-F k&
eS| R 19g, [FEFFA2 PACID)HEALF).

2 EFEERESS o-BNBRHI IR ELEILERL
R

HIARIEEE N o-FRBR AR ™ A BLE A i E S 51
B AL/IAA S BLAS T R BT AR SR, R T < A
Wbk & ot, Har Bl e mik S n g, Bk,
W RS 5 R BRI AL/ BT 7T 845 JE
ZLOAESER, WRREAE ARG REEAIR 5 AR A
A, R A AR S M AT 2 1 B EAE A, Sl T A
T2 (%0,

2014 4, 5K 55 2N % A A R A A BAAE S AL R
Nay$:05 fieidt T, SEBL T IBc7 2e-2- R I LR/ 70 1
A SR T SRS Be . 1% A = T U 4 JE AL
T, RIEWIEREI 7> T A BRI SO, SR T
A B 5 AL IR (Scheme  20): I B R AR 25— 0 #4772
RIBRIR AR ] H 2 B 8 T2 05 2k -2- (R 20a AE
FuFR S AR AT B ) 8L 2 200, B2 1
W E BRI S AR AT 2 H AR SE e B
20d.
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Pd(OAC), (10 mol%)

N-O~ o K,S,0g (2.0 equiv.)
| R. OH D-CSA (20 mol%) ™
+ N e R'T N-R
H o AgOAc (0.5 equiv.) Pz
DME, 80 °C %
19a 19b 199

=N 19¢
Pd'L,

N. K,S,0 O K3S;08
19e g \ * R e . 19b
\ Os<_NH S

palvt R ’
Y
—\
o
19d

BRI 19 BRGS0 I AT I e A S
Scheme 19 Palladium-catalyzed decarboxylative ortho-amida-
tion of O-methyl ketoximes with oxamic acids

OH

H
Oﬁ/& A N o
|
NH © Na,S,0g (2.0 equiv.) Ri‘/
R@ DMSO, 110 °C
Z Ph 20d
20a HSO,
— A 2 4
HSO4-\/i/\ SOy, S,04 SO;_—/
H H
X N0 NP
R4 R H
= =
20b 20c ‘

B 20 1567 FE-2- IR 731 N IR 5 R AR % e i
Scheme 20 Synthesis of phenanthridinones from biaryl-2-
oxamic acids via intramolecular decarboxylative cyclization
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RAGI & — TR BRI AN 2830, T AR L T R R
FEIRIZi i, B 2R TE . 7R DA A K,S,05 (3.0 equiv.)

Zil A O, IR KFEE E AR T Friedel-Crafts Bt
FEAC N, (B IR R R, s NAOG & LIRS
FEA 8 R BRI E Re P 52 MRS A DL R A 2 R X 3
EREEAREE, BRI T eI Z M. 2017 4, Laha
GERETLHESES SR AT H R T 2-84-
2-(B (%) 75 FE 2RI TR M 40T Minisci BE3E10 SO,
JE B R AR 2 B BB i& 4% (Scheme  21). 5 H BT 2401
Minisci BEAb X BI7E T (a)iE b AR AL, (b)AS 75 22
AEATER Tk S5 SRIEALIEBE, () [N 25t AR P, RIS B
REH M 2 4. VEZ IR T T REMIMLEE: Bk, IR
PR 5 7E I A2 T R AL 72 A R R AR E HH 2 T B 1
(SOy )5 2-5AR-2-(R1 (%) 5 B 2K A 4.1 21a KAESR:
Fe LA KR [N, 19 2IBEE B B3 210, 21b &350 F
H H SRS 2 PR 21e. SRS BA T
A3 2B A2 21d.

(0}
H
Na,S,0g (2.0 equiv.) AN
N \R2
DMSO, 110 °C e /) =
R™
21d
32082_ SO,

B 21 47 W Minisci BRI G A5
Scheme 21 Intramolecular Minisci acylation for the synthesis
of azafluorenones

2020 4F, Volla BR@HBYSEIL T KoS:0s R HE K o
PR 5 N-Onf FFAEJE 75 38 N PR % 22a 1) 58 ICER A0 R 25 5
IR B, PR GF B 1= A i T AR IR [4,5]- =
J#ilild 22b (Scheme 22). IXFP 1L E R 8, A 75 B
SREMAS S, Ak, ZRMEE R N — 8 E se I
AL Ugi [ N /MZFR L/ 24 -Michael S8, & S B 25k
RO E R =3RS .

2021 4F, BRa SR B HRIE T 7RSSR E AL
SR 2 SRR T, 2,3- 95 K-N-T5 )
TR FEMGI R 5 - R R AE BRI R BE, A BRI J2 4 11 95
WE[2,1-a] IR AT A4 23b (Scheme 23). %7 1EEAE
VIRGET . B RERIN 52 M 07 25 .

2021 4, TEAREIHABHRIE T N-BURI 2-05 35K
TRk 5 R BR 1) H BB IA b [ N, — B A
C—C B15 30 & H A4 110 2% 5 K ek S v Wk e 45 44). 24
(Scheme 24).
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acetone/H,0, 120 °C

Ar
MeO Il i
e
\©\ + HOj%kAr‘
N0 ©
R
22a A ©
(o]
N"So
R
22b
B 22 N-CFHFEREFTE)RRBIZ S o-FR R & A4 02
[4,51-=H T 2

Scheme 22 Reaction of N-(p-methoxy aryl) proparynamides
and o-ketoic acids towards azaspiro[4,5]trienones

Ph

$O R®

K2S,04 (2.0 equiv.)
acetone/H,0, 100 °C

3
23b R

B 23 2,3-T 57 5-N-N IR BERE ISV o R A BB S AL 15
WE[2,1-0) 5 PR

Scheme 23 Synthesis of acylated indole[2,1-a]isoquinolines
from 2,3-aryl-N-acryloyl indoles and a-keto acids

N 0
R@E >—Ph | R'\NHOH (NH,),S;05 (2.0 equiv.)
N 9 DMSO, 110 °C
al

24a

N
X
g
Z N
o
24

Me
O
N-R'
b |

B 24 [ 1 A RIR AL SO 5 A P G A FR A8 T K e -
[2,1-a] 57 HER-6(5 H)- i
Scheme 24 Synthesis of carbamoylated benzimidazo[2,1-a]iso-
quinolin-6(5H)-ones via radical cascade cyclization

WERK-2,4- — i f& — R H & A & 238, 1EfIZY
MR LA P A Z N 2021 4, AR TR
BTHRAE T A8 EE-N-J7 B IR I 5 S IR 2 H
HH 3 S B B R I i A - 2,4- R 759, B
S5 A R A CRAT B A AT FA 2 P I S P k-
2,4- [ 25b (Scheme 25).
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CN o .
N o . N (NH,),8,05 (2.0 equiv.)

L Ar” OH o
’il o acetone/H,0, 80 °C

25a 9 H

N

R—:\ SAr
=
¥ o
25b

Bz 25 AP SUIE-N-J7 3 UM G 5 B R 1 5 R
TS Y T R A e b -2, 4-

Scheme 25 Cyclization of ortho-cyanoarylacrylamides with
oxamic acids to access carbamoyl quinoline-2,4-diones

3 ARytIREE o -EIERHY R FRE B AL AR R R

I o B TR I R I A S S AT AT T — S R,
(ENERI AW R YN 58 Sul-=q: =R ¥ N = B N g 1 22
F RN, TF A —FEAT . SR AU IR R AR AE
o~ PR TR (1) Jid 32 B LA S B AN L. TSR, b
1 B EV & o — P gk T SEH I & B AR, JUHAE W]
WG SR AN A, BT H IR B RAER
PR B N TEREYE, RO SR 5] 77 IR 5T A 2
—. 2014 4, TR % SO 5 5 B8R u] WL HE 4R DA
[Ru(phen)s]CL A MHEAFISLIL T a-BHFR 5 0 B I 2/
FALIZ L O, R g T IR, BbSE, T IeiREE o-fl
FRIIMR NG T T2 9. 2021 4F, JA S iig B
RBEWLRR L EX o-BERE LR S S5 HMANOGE K
RLH PR EAT T A, HAY a-BHERTE IRk
SRS H R FH A 9T A AT T PRIRIOL. PRk, AN FEEE
B EIRERAR A F 1 IX LE R R

2016 4F, FAAWRBABIR 7 —Fmf Wot5I K =
PR A R R IR 5 - B TR M PR BB A 0 B4k I 2
G 3-BE3EE 5 R ATAEY)(Scheme 26). % Ve HET
BI-OH(1-#2 2 -1,2- B I -3 (1L H)- B AL B 72, AN
7 BT 4 B O AR, AR I 6 LED RS, BT
T I R R R B H R B PR A R AR R SR TR
26b. PtE E N RSB S R f AL R R h A
) 3-BE 3 2 R B R B R (Scheme 5). A2
ARTEF IR B 3 0 7= A 2 7E BI-OH BB, v] WLyt
TS

2018 4, W) SRR AL 2R H AT O S R
B/ F NIRMU N, A N- RS DU S EEMR AT o- B R
ANIERL, —ERPPIE G R T 4-05 B 2-E AT AR, 1%
TS SR FH AT D' RE G AR A% G B R A P BT o 7 AR
13, IR SR BT, ATRES B, RN,
JRFD, JRFEGTE R, LRSI T A R L
R 2 0 5 (HB V)4 7). AR 3 ) 5258, fEE$RE T
Al BEFIHLFE(Scheme 27): &4k, iETEEIMEALT SR N-
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Ar
o BI-OH (20 mol%)
N Il ArI)S(OH KPF (1.0 equiv.)
—_— +
R Pz oo o toluene, blue LED, r.t.
26a Ar O
R XX Ar
|
Z>0" N0
26b

Decarboxylation step
o

OH
Ph)gf H,0
L

o o 0
0 Ph o
0 \|\o)&\§< hv B
|’ o \ oph
co,

BI-OH OH

B 26 W WOGHEHE O B TR RIE S o HH R ) I PR Tt
R
Scheme 26 Visible light-induced decarboxylative acylarylation
of phenyl propiolates with a-keto acids catalyzed by hypervalent
iodine
(1) Pd(OAG), (10 mol%)
o 25 W blue LED N. _O
©\/j + Ar)%OH DCE, rt.
N O (2)DBU, (5.0 equiv.) =
Ac DCE, 80 °C Ar

(e}
h
J' v Ar)S(OH
Ar

B 27 o WG BRI IR S5 IS 5 1 4- 57 - 2- I AR
Scheme 27 Visible-light-induced decarboxylative coupling rea-
ctions for the synthesis of 4-aryl-2-quinolinones

L HE-1,2,3 4- VORI 27a & AR iR B ME C—H AL AE K,
HHER 27b. SULERY, 55 o-BRERTE AT OB T R
RS AR A B, 5 27b KM, SR InRE R
HE AR 27¢. 27¢ SIEJEIH BRAT IR EL A T (Al 4 27d, FF
FAE PADMEALF. 27d 16 1,5- &4 IR [5.4.0]+ -
5 (DBUF{E MBS R B4R & AN HAL &9 27e.
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EA— 32, PR 27d 20288, IIMEIE T
IS AL 1) & HEE

2018 4F, i RS HRGE T AT IGAEER,
R A N R, Sl TRk, HEds FEE
FH 0 /I RIS KAk, FEIR RN 2 R ARk 3.,4- A
WEIBR-2(1H)-BH. %8R 55 22 o R S R R e FEL 4 S A
Hezx, Ml T A ZRHUREED) 3,4- A ER-2(1H)-BRE
&Y. WRYESLIE L FAEH$EH T AT BE I HLEE (Scheme
28): Bk, EHOLIEE T KT NEAS B, BES
TR 28a RAEFER KIS H] Ir' A FBE H i3 o )
. "B R B TR S IO, SE R IR IR, & P
H B 5 50555 28b 45> T-18 H HZESEAZ N 7 T H
BN A3 20 3 L P )k 28d. S H BB 7
28d FHEEVEE 7, 53] HO, FIF=EY) 3,4- A K-
2(1H)-F 28e. f )5, HO, B T )i 1102 BRI =
HzOz.

2
I[dF(CF3)ppyl2(dtbbpy)PFg R
R? (2 mol%)
o 4 /j\ 2
N R1 CH2C|2/H20 N 0
/ OH
28b

36 W biue LEDs, 30 °C \

28e
R? R!
O .
BRG]
N
N° ~O
28a ‘ 28¢ |
l2 R!
* Ir”
reductive
quenching
cycle
LEDs H02

Ir ) H202

B 28 b R IUR G Rk 3,4- A MEN-2(1H)-H
Scheme 28 Photoredox-catalyzed decarboxylation of oxamic
acids towards 3,4-dihydroquinolin-2-ones

2020 4, REEIERIPAIRIE 7R WG S 2-462E
TiHEFRENN G o- BB BRI SR, LA 45 31 B 47
= 28GR T — RAUM 2-BEHEMIWE. 1R BAERL 1P R
AR IR, S 7 — R PRI A B EIn A
IALIRE, TR AMBEALT, FA SRR 2R A
RS AR R AEF R T AT RERIALHE (Scheme
29): B, AL IPTIE R OBIR G FERIE B A
I, IRt o-BHRREE RS 205 L 4, [RIRS AR
WGEIEAS T 12", $edE, 05 A R 2k 07 B
H 29a RS2 B AL PEA 29b. 29b KA TN 5-
AN A B E AR ()4 29¢. Bl S T2 I SR 29¢ AR R
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= o [IrdF(CF3)ppy)2 |((;tb bpy)IPFg
mo!
NC + I (2 mol%) R N
o KoHPO, (2.0 equiv.)
OH DMF rt, 20 W Blue LEDs

. R
0 29d
/
>:o N Ar

B 29 W WOGAEE 2-J k57 B R R
LA B 2T B g e

Scheme 29 Visible-light-induced decarboxylative cyclization of
2-alkenylarylisocyanides with a-keto acids towards 2-acylindoles

B a4 294, [F] FAG Ie T AR DL SE BRI AL TR IR, B
J&, 29d 477 TG A AL FE AR B =) 2- T g W
29e.

[F4F, FAARAMR R T Al W6 S 2-F JUpoR
5 a-BRRRIIBRIM/ AR, 15 F(6-FEme 55) F RERT
AW, FITEATEBEATATAMT BN EATRIFIE iR 77,
S BT A2 R (EDA)YE S AR EN [ B (), e
BZ I PR T — R AT SRk xS
SR O B i N (e 2o s I I =4 £ 0 A i
(Scheme 30): 56, fEMLBELAE T, 2-RBBK 30a(32
)5 a-BiEE 30b(HL44) 2 [AJE 5% EDA 4864, 7E1] Lok
HRES R, % EDA Z5A il M LR 2] 52 4k 1) B 73
For=tE A HEEE TR TR, B HEE TS
FRIR H 2 30¢ A E BB 51 30d. 30¢ IR T A
FE Ak 30e 50 30a KAESEMINRG TN E B
FEIRLTE R E b a) Ak 30F. FE 5, 23 E 3 30e M
30f FHEIUES BRI o-BLEEFEntnE 30g. 5Lk [FIT,
H 5B & 7 30d i 3R A3 T IR M A A H B R
TR H A 30h. &5, BWORESR 6-FhHEIEmtE 30g
B 30b 1 30h iL J A5 2 =) FERE FEE 30i.

1,3,4-B8 02— R EHE F S AR, FR W2
Z BA AR B o R 5y T4 RO 22, 2020 4EZE
SR JE T o R FH s A AT 371 2 ) 3 e
AR FAE LRI A B 2,5- —BUR 1,3,4-E )
J71%(Scheme 31). % S K B P FhAS[F] 5 EH 2 (0] (1)
BEE, R C—N Ml C—O 4. {EF AT REfIbL
OB, AR A RS, J6EGT 4CZPN [3,4,5,

5 o-FIER BRI

Chin. J. Org. Chem. 2022, 42, 3606~3619



Chinese Journal of Organic Chemistry

REVIEW

pyridine (6.0 equiv.)
1,1,2-trichloroethane

LED, (420 nm), r.t.

BR 30 A DB EE T AR E S E S IR A RS (6 FEE )

Scheme 30 Visible-light-induced decarboxylative cyclization/hydrogenation to access phenanthridin-6-yl(aryl)methanol via an electron

donor-acceptor complex

OTf CO,Et
O---- A
| N, r;/[O 4CzPN (2 mol%) Ar\\/\O»/COZEt
EtO.C” O Yy oy White LED, DCM, rt. N-N
31a 31e
(e} O . le)
OH -H* I,
v S G
2 Ar
o}i 0
. - & — 3e
4CzPN* 4CzPN \COOEt
N
Photoredox _COOEt Kll ® 31d
Catalysis l\ll( - )
2 > O
hy 31b COOE -
4CZPN 34,

B 31 LB a-FIRR 1 BRI OS5 RR 2,5- —HUR 1,3,4- B8

Scheme 31 Photoredox catalysis enables decarboxylative cyclization of hypervalent iodine(Ill) reagents and a-keto acids towards

2,5-disubstituted 1,3,4-oxadiazoles

6-DU(3,6- U T -9 IHE M 3 ) 2K — G IR N IOR 7&
4CZPN* . ZBR 251 4CZPN*Z - B IR 38 JEL 7 K I 1k
RS 4CzPN™ K o-BRRRFH S T H %, 5 E MRS
PIWESE H L. 55— 5T, 4CzPN# & A il (1) 3K 771
31a EALA R E BT aE 31b. BEIEEHEES 310 1Y
IR ERE B 31c KA H HIEEBE B a4
31d, FJEHALIEE] 2,5- B 1,3,4-18 — I 31e.

2021 4F, SR g K H — PR SR L
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5 R IR AT AR 0 0 SR 12T AR A RS
7 e PR VA AR R R - B PR R, S8 I B A ) BE R
B R SCBDGE S 260 T RIBUR K B 2B L2 L
S Ri(Scheme 32). AN EAMINTCRGR] L AN ELH
AL, JFH AT AR B ARG RS N SEBUBOE i sh &
J. AEIXAS N, A RAAT AR AT LTS O,
O TR AR a-FRRR B AR BEAE B 2k, R4
LRI B BN AR P S A B B E A HR A e Ik
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fii 32b.

(0]
/\MJ Q 395 ~ 400 nm
0 _ ) + R

DCM/H,0
N" p=12 (0]
32a (e}
N
W+/ ) In
N R2
32b e}

ExR32 SRR GRS o B R A R BRI b SOR
Scheme 32 Photo-induced decarboxylative acylation/cycliza-
tion of unactivated alkenes with a-keto acids

AEFHBHADSEEHTENK C—H %, X5
AT, Hd, 27N 1L, 0 (n=5 5 6)-
HAT 5O L. AR Tk EL i A 1 i 7 27 AR 2
FEL, & H B TR (HRS) & — N £5 K A4
2021 4, HLEFREEHEITFR T —ME B HEF R
(HRS) I3 (B R PR AL, BB A 6 & . /K
NAB TSN I ek, B[R & HRS AR, MBS
B0 A BV R PR (DFT)TH AR T iX — s, Bk
RIFLEE 4N R (Scheme 33): &5, AT WGBS T OGHEAL 7]
PC BRIE N RS PC*. #E PCHISEALIER R, o-FRRR A
BAARIBE B HEAIEEASMN PC. RS/ H H
BN E R E 3t 33b, HFAREEZ P T AL A
B E B EA 33¢. 33¢ AHREA B HREERE
PR, /£ HRS W4HBI FA R AA 33d B¢ 33d'. H HH:
33d 5L 33d'5 PC KA HL L R 45 3 47 551 A 44

4 RERE

AT oL IR B3 Ak /3R Ak 2 87 1) e i3 i
DL o B P F0 P2 49 ) (O R 255 Y b 2 mT SR I R U, B S
HE® . AEEEMBEEEE Co, JEEA LY T
SINBRIEIRTT, AEFE SIS R et
T MR R B A T RS BAERER R
HNERELLESESS . S &SI AT I
BESAET, I o R R 15 B A I EE F S 5
WA, 13RI BEEAL G WRERE . PEIRER . JEiE. B
R (OB RIFEEYy . AR [1,2-a) M5l REE AR AR
AT DAFE & @ AL I i A R BT W e i 5 2 A
R AR B E R, 258 mENSRIA R, 3
FIE B 2R 451

SR, o R (B IR V0 M0 2 I Al i 75 2 0 U
&EZ 5 H AR I E AT, XEeRr SRS T
R, X RE AR R — K2 BB A AL
IE R LR D7 (AR A B R A A R 2 B PR 2 S S AN T RN
Ik, BERRD TR, 1k, F&A5BIH N KRR
ghi). @ AR A E IR (A AR E R C(sp®)—H TEfk
M0 51 RIS A IR, 32— MBS A 7T 14Tk
BbAh, EAR o B R IR 3k /2 S ST+ 4k T
KRR, BIERIRF AR 2546 AU IS
F. PR, A TAE IR 7555 77k e 58 9 iR 1) R NG 2%
f, hREE 2R BEAL, FER RN T R4 &
PSRRI, K o B PR X — T {8 B P P g e A 7 S FH T 5
245U,

(0] R!

©)SO(OH ) IL

33e 1l 33e', B JE T T AGASF W BT .
[Ir(dF(CF3)ppy)2(phen)]PFg (1 mol%) O
K2HPO4 (24 eqUiV.) R2
MeCN/H,0 (0.025 mol/L)

100 °C, 12 W blue LEDs

(6]
LB g
Ph COO
hv [PCI* 0
X RN O =—pn Q)H\
Ph :
Photoredox 33p " \

catalysis

0 o)
[PC] PCI Cé o (ji? HRS
SET
V 33d' Ph \ HAT H
0

o H
" 33cx‘Y
33f ~— B or T
\ HRS
. Ph Ph
33e 33e

B 33 S A TRV R I & T A

Scheme 33 Hydrogen radical-shuttle (HRS)-enabled photoredox synthesis of indanones via decarboxylative annulation
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