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Recent Advances in Photocatalytic Reactions with Isocyanides

He, Yan™ Huang, Tianzi Shi, Xiaoqin Chen, Yan™ Wu, Qiong™
(School of Materials and Chemical Engineering, Xuzhou University of Technology, Xuzhou, Jiangsu 221018)

Abstract Isocyanides are a class of valuable C1 building blocks, widely used in organic chemistry, combinatorial chemistry,
biomedicine and other fields, and their derivatives are effective building blocks for the synthesis of bioactive molecules and
complex natural products. Herein, the recent advances in photocatalytic reactions with isocyanides are summarized according
to the types of the reaction mechanism. The photocatalyst, substrate range and reaction mechanism are emphatically discussed.

Finally, the challenges and future development trends of this research field are discussed and prospected.
Keywords isocyanide; visible light photocatalysis; cooperative photocatalysis; transition metal-based photocatalyst
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Figure 1 Development history of visible light catalysis in organic synthesis
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Figure 2 Visible light-induced transformations via (a) conven-
tional photocatalysis, (b) cooperative photocatalysis, and (c) visi-
ble light-induced transition metal catalysis
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Table 1 Redox potentials of commonly utilized visible light photocatalysts
Entry Photocatalyst Ein(M/M*)/V Ein(M¥M )V Eip(M/M)/V Eip(M/M )V Ref.
1 fac-Ir(ppy)3 —1.73 +0.31 +0.77 —2.19 [13]
2 If[dF(CF3)ppy]a(dtb-bpy) " —0.89 +1.21 +1.69 —1.37 [14]
3 [Ix(ppy)2(dtbbpy)]” —0.96 +0.66 +1.21 —1.51 [14,15]
4 Ru(bpy)s?" —0.81 +0.77 +1.29 —133 [16]
5 Cz-NI —1.67 +1.28 +1.01 —1.40 [17]
6 MANI —1.67 +1.11 +0.99 —1.55 [17]
7 Rose Bengal —0.68 +0.99 +1.09 —0.78 [18]
8 Eosin Y —1.60 +1.18 +0.72 —1.14 [18]
“E1 vs. SCE.
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Figure 4 Representative catalysts for photochemical reactions through SET pathways
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Scheme 3 A visible-light-induced radical cascade cyclization of aryl isonitriles and cyclobutanone oxime esters for the synthesis of

cyclopenta-[b]quinoxalines
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Scheme 4 A visible-light-induced radical cascade cyclization of 2-isocyanoaryl thioethers
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Scheme 5 Iridium-catalyzed visible lightinduced decarboxylative cyclization of 2-alkenylarylisocyanides with a-oxocarboxylic acids
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Substrates 39: furo[3,2-c]-pyridine, and pyrido[3,4-b]indole
Substrates 38: containing heteroaryl moieties including indole, pyrrole, and thianaphthene
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Scheme 6 Iridium-catalyzed visible-light-driven radical difluoromethylation of isocyanides to access difluoromethylated phenanthri-

dines and isoquinolines
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RIS 55 54. 8, DABCO F34E ' e fiEfbiml. B IEE
T 54 R E R, TRk 55, SRR
50. {EHEF OSSR, LIRA R ZEE Ak
TR RRI, SRER T a- 2 MAETE T LUE R BRI 57. 1E#
FIFH JEALAE R % 57, JREA T — Rk
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B U AR | P PREE),

[A]4E, Giustiniano @4 PIFH 4k e 1 R WG S
ERAEALIRTT R 240G 58, M 59 ARG 12
M2 H 0y 2 KB, SEARIE BV B i T 0 Ji 2
MR AT AE#)(Scheme 8). It 'O FRic K iSLEGAF H,
AR IEIR TR AT HO. F T 5256 LR SOk
1, fEHRE T —ANE M NI 750 WEHUE T,
FAEAT fac-Tr(ppy)s £ 11 4@ BIEC AR T B A e 72, TERKG
o PR R R S e, e AR T R — £ 58 211
RAERBETEBAERGEE B 61, iEHME 61 5
FEEOH 59 MBREKAERMN, PPAEOHEEA R 62,
SREH IR A A 62 ;AR fZ B B S R A4 63, it 5
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R1

fac-Ir(ppy); (1 mol%)
DBACO (0.5 equiv.)
Na,CO3 (1.5 equiv.)

Br
Br X
Y or R1©/ + RONC
R2
47 48 49

R' = H, CO,Et, 2-BrCgHy4, CN; R? = CO,Et, COPh

MeCN, H,0
Ar, r.t., blue LED 30 W

o] 0
R1
NHR®  or NHR®
RZ
50 51

22 examples
15% ~ 99%

R3 = cyclohexane, pentane, 2,2,3,3-tetramethylbutane, 1,3-dimethylbenzene, biphenyl,
adamantane, 4-methoxybenzene, 1,2-dimethoxybenzene, 2,3-dihydrobenzo[b][1,4]dioxine, 4-chlorobenzene, tert-butyl

O OH H,0 (0] Br
<k <k
EtO)K('\N EtoMN
R 56 R 55
“ ] Br
0 +)< )<
o o N 7 N
u J( EtO Eto)kfc/
EtO N R = CO,Et
L H R 54 2 R 57
50 <
Ir o )<
. X
¥ DBACO™ Eto)kﬁN
R
DBACO 3
. Ir4*
3+
Ir %NC
49
o >—< 0
B .
r%OEt Bl + Hkoa
R
R 47 52

B 7

SR E PRI ICOE AT REAL & i fh BEIE AT 206 B i AL &4

Scheme 7 Visible-light photocatalytic functionalization of isocyanides for the synthesis of secondary amides and ketene aminals

— AR TV A R X — S R (A S A R I
THIaA 64, fEZILIRM T 55— R, BOEAZ H 2
R AR 63 R TR R — 2.1 58 2 [A] KA Hui PR A
B & ek 64. BEE, STk 64 S5KIEM
BBk 65, HriE) ik 65 it 2 i T4k =4 F
FlEk 66, BEEHL . EA/ LTS B R L)
60.

Giustiniano L @UZH 4k SEVE IR AE T IE S S5 6L G
BLEr s BEATEK. 2022 4, Z IR RO IE T ER ML N-
PR 5 - V- 5 5 e e R S G 1 e Jle R AR AL B O B, 1%
SN FHLERAT % J SET i #2.

2020 VIS RO R L0 A BARTHRGE 1 r] Ok T
HAEI B 2R AR, &7 — RINRIR =)
(Scheme 9). &Ml SEIGRH: KNI EL H HEE &
AT, BT SLie DL R SCHkkoE, EEIR—RE T —1 5
PR N ALE: AT IR fac-Ti(ppy)s PR AEBR &
[fac-I'"(ppy)s]*, BEJG# 2-17-2,2- 9 L TR LBE 69 %4k
FEAEE R 71 EH3EE 71 R S BT A
HRlaA 72, HRTAIMA 72 23 6-exo-trig ML TR B HFE R
()44 73. 0L fac-IrY (ppy)s 84k 73 A pkrb k74,
(A4 74 ¢ 2% —AN 0T 159 2 7= 4 — 960 Y 2 A4 g 1] Wi -

4228
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3,30-MEMRIRTAED 70. %57k B R RE
T2 (R A3E R Y A g = R

2020 4 Miranda HEZHPSHRIE T 76 0] WG FE 4K
BC & E RIEATRI AT, DURiG 38 FssifiRsh 75 4
JRRLE A T — R 6-ki AL IENE 76 (LA
J71%(Scheme 10). FET-5256 LA R SCkARIE, EEIRH T
— NGB R NI %, WORA e s R R R 75
AP R A e A Y. ket SR 38
Tl SR AE R e E R EE R (RIR 77, B R R AT AR
RO L 78, IV 6p 3 & 3t 78 R AL AT AR 1
AL, [FIBT 1S BIBHES T AR 79. e, TERRII%HEEh
TR E R TA 3 6-kidE ik JEmE 76.

76 2019 ik Ik EHR A RIE T 0T W 3 AR
EEAL TS FE R I 12 AR T ER SR 13 10 5 ISR
IR PG, 1 URRRAH 4% B AE 7 i 2 5 (R DG A AT
TRE, JELE 2021 FFEPHRE T 48 = S E R TT 1% 80 Fil 2-7%
FE2-HN IR . AFE 81 1 H HERBIMUR N, HT
B IRIE[a) VB AW 82 (Scheme 11). A TIHRAN T fi#
SMNHLER, AFEF AT 7L HISLE. Bk, Stern-
Volmer Y Y61E K S0 R, 2- K FE-2- 1R R _ 2 lgnf
PUA SO KGR I fac-Tr(ppy)s, PRIHCHEIN 12 52 R KL

il i
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EtO,C_ CO,Et

Chinese Journal of Organic Chemistry
fac-Ir(ppy)s 1 mo]%

=

o 0 R 0N - R2©/NC Na,CO; 1.2 equiv. o
/\OMO/\ g T A MeCN, 0.1 mol/L )
Br blue LEDs 30 W, rt, 20h ¢ N}

59 12 _l_

R2
23 examples
23% ~ 60%

EtO,C_._CO,Et

58
R' = 2-OMe, 2-Me, 2-Cl, 3-OMe, 4-OMe, 4-Cl, 4-Br, 4-OPh, 4-F, 3,4-Cl, 3,4-OMe

R2 = 3-OMe, 3-Ph, 3-Cl, 3,4-C4Hy, 3,4-(OMe),, 3,5-Mey, 4-NO,, 4-OPh, 4-Ph, 4-Cl, 1,4-dioxane
CO,Et

Ph =

Ph
62 .
Br

EtO,C
EtO,C COzEt EtO,C COzEt
Ph. -~ -H e or-H’
O~ 'N
64 Ph / N
66
N
\
R —

P
EtO,C COzEt
65 Et0,C
Et0,C ©O Ph
Ph COQEt 4+ EtOC
-N \ eo,c O N
R™ ¢ CO,Et 5w 2 R
63 I3 60
R—NC 12 e
R=4-MeOCeHs .
Et0,C.__CO,Et o o
‘ J Ph™= Et0,C._COsEt /\OMO/\
59 + 61 Br
58

JeHEALTE A S0 22 4103 2 R SRR I

B 8
Scheme 8 Photocatalytic isocyanide-based multicomponent domino cascade reaction

CN //R1

N Y/ fac-Ir(ppy)s (1 mol%)
BICF.COR NaHCOj; (2 equiv.), blue LED
+
R TN _ge ra DMSO, r.t., 24 h
¥

N

H
69

68
R' = 3-Me, 3,4-Me, 4-CF3, 5-F, 5-Cl, 5-Br, 5-Me, 5-OMe, 6- F
5-Me, 5-OMe, 5-F, 5-Cl, 5-Br; R® = Me, Ph; X = O, N

R? = 5-Me, 5-OMe, 5-F,
R = methylpyrrolidinyl, piperidinyl, azepanyl, morpholinyl, 4-methyl-piperazinyl, 4-phenyl-piperazinyl

2-(piperazin 1-y|)r;yrimidinyl, 1,2,3,4-tetrahydroisoquinolinyl

34 examples
1% ~91%

*|I’”| ppy &/

6

Br SET
N / \\ ’
IV (ppy)s

68 71
(IJ\FQCOzEt

NN

S i e ) MG e 5 IR

BR9 wHIGES 3-2- 7
Scheme 9 Visible-light-induced radical isocyanide insertion reactions between 3-(2-isocyanobenzyl)-indoles and bromodifluoroacetates

or bromodifluoroacetamides
© 2022 Chinese Chemical Society & SIOC, CAS
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RZ
= | 0, //l
N2 fac-Ir(ppy)s (2 mol%) S
NN ' EtOTS\R Na,HPO, (2 equiv.), blue LED S
120
R'T * I DMF, 30°C, 8 ~ 24 h AN R
NC
38 75

30 exampl7e63 24% ~ 76%

R = CH,CN, 4-MeOCgH,4COCH,, 4-MeCgH4COCH,, 4-FCgH4COCH,, CH,COCgH44, CH(CH3)COCHj3,
CH(COOEt),, C(Me)(COOEt), C(Bn)(COOEt), O(CH,CH,),NHCH,CO, CH,Ph, 4-CIC¢H,CH,, CH,CH,CN,
xanthate derivatives bearing a masked methyleneamine group

R' = 4-F, 5-COOMe

R? = 3'-OMe, 4'-OMe, 4'-OPh, 4'-Me, 4'-Bu, 4'-CH,CH,NHBoc, 4'-Br, 4-COOMe, 4-COMe, 5',6'-C4H,, 5'-OMe, 6'-OMe

*lrlll

N

EtO

SET

IM(ppy)3 R O O
AN NC

~ |SET IMV(ppy)s 38

B 10 A WGSBS R ER 0 Rk et R0 B B 6-Je A0 SENE AR5 T 15

Scheme 10 Synthesis of 6-alkylated phenanthridines using xanthates as radical precursors under visiblelight photoredox catalysis

4230

=
NG EWG fac-Ir(ppy)s (2 mol%) N. s - R2
R1@[ - mEWG K,COj (1.0 equiv.), 12 W blue LED Ll 7S
A e L Br Ny, DMF, rt,, 24 h NN
EWG GWE
80 82
30 examples 13% ~ 98%

R' = 9-COOMe, 10-COOMe, 9-OMe, 10-OMe, 9,10-Me,, 9,10-Cly, 9,10-Br,, 8-Me, 11-Me

R? = H, 2-Me, 2-F, 2-COOMe, 2,3-C4H,, 3-OMe, 3-Cl, 4-Me, 4-OMe, 4-Bu, 4-F, 4-Cl, 4-Br, 4-CF3, 5-OMe, 5-Cl, 4,5-C4H,

COOEt
COOEt

Br\

-Br

COOEt

©/\Lcooa

81 o \

“I(ppy)s

i

/f:

IM(ppy)s

@tf

EtOOC COOEt

I'V(ppy)s

“@

@ENC

EtOOC COOEt

base

87

o

EtOOC COOEt

82

NC
©: COOEt

84 COOEt

O e

EtOOC COOEt

B 11 WS RERE S R0 B RGO S TG BRI [a] Vo R
Scheme 11 A visible-light-induced radical cascade cyclization of ortho-diisocyanoarenes for the synthesis of diethyl benzo[a]-
phenazine-6,6(5H)-dicarboxylates
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REVIEW

filZ2 )5 SET #&ft. fEFRER BA R IMA TEMPO, 1%
JNE RSB AERN ] TEARAE SR NN 1,1- 22K 24,
A S B I [a] Wy P AN 2- " 0k -2-(2,2- 2RI 2 M55
H R W8, DA R SIR R, 7512 MO R b
Zizgit C-(ArCHL)(COOEY), H & [k, 5256 DL
FOCHERRE, EERE T — N EEM R MNALE: H %k,
MRS fac-In(ppy)s TERGBURAS fac-Ir*(ppy)s VIR,
RIGE 2-FE-2- IR R — 2.1k 81 2 [a] kA= s 14
o [ e ik 83 M fac-[IrY (ppy)s] E & 4. b
R Rk 83 132 L H B 5 (a1 84, M54 &
SRSy F N E RIS B A 2 A A 86. fac-
[V (ppy))s 1% E H3E A alfA 86 #EAT HrL F41k, 153
BB 1 )44 87 FNEEZS fac-Ir(ppy)s. ), BB 1)
Z2 AT B B AR 2R I [a] W) BR-6,6(5SH)- —FRTR —
5 82, TEAZI AR S A KR E & 85 B A=
Y, RELSL TN H HERLIRCRIR .
1.1.2  #EFH 5 565 SET ALl

2018 RS RIGLEAHRIE T 7E T WOL i SR &Y
AL, PAITRRFE e 3t 2-Mne JE0K 88 A1 M5 38 A
JERE, R A e A S RS Ak A W R AT 9 T 0
(Scheme 12). fEIZARIEH, /FFEHIRAM T 2-PySO.C-

=
N R2
A R “SO.CF,S—R®  [Ru(bpy)sIClo-6H20 2 mol%
R T 6 W blue LED
P ~
NC Na,CO3, DMSO
38 88

R' = 2-CF;, 3-F, 3-Cl, 3-CH3R? = 8-F, 8-Br, 8-Ph, 8-OMe, 8-CF, 10-OMe

F.SPh (&4, AR N4 T PhSCF, H Hik.
VEZ AL S A 38 W RH, 4283 b R? B2 3
S HASER, RRIBFEERE Y. B, Rt
B TS B 2-nHbng R0 RS H 4 KRR TT IR A (1)
ERVEREL E# R RO RIS, R E AR,
RBRCRFEMA K, 2 RO F IR, TEARMERIE TR
13 ZUAH NP4, O] RESRAE S NI AR HRO BT
[H] /4 (MeSCFy) L5 B 2 AR e k. 7E1Z R M 44 F R ik
FH I 358 7 I A SR OB SR 0T BA G B — R 51 S A &
V. ¥ SIS R WY, 6 B % RN 1) B A
Stern-Volmer SZI&ZRAH, PR S*[Rul? 24 COs2 AT
K, A EYERD) 38 Bl 88 JE K, COs2 HINE KN bl
FLH B R s i G n. BE TS DA R SCHRRoE, TR R
T AR RNV L, IR RS R
*[Rul?', COs2 ¥ HiEFUA[RU]", [Ru] F Ak J5 5 it
SET it #2 ik J& 88, JF R M i M B B W
90(ArSCFy). H i3 ArSCFy 5 5 i n sfs 21 fe k5
H%E 91, HA /7 H HELTE R A4 92, 92 B
JE IR PGS 2 E B ST 93, 93 Hi*[Rul? 4
A3 2 B 24774 89 F[Ru]".

Ny, 8 h

27 examples
30% ~ 93%

R3 = 4-MeCGH4, 4-MeOCGH4, 2-MeOCBH4, S-MeOCGH4, 4-FC6H4, 4-BrCBH4,

4-C|C6H4, 2-C|C6H4, 3-C|C6H4, Me, naphthyl

*

[Ru(bpy)sl** *[Ru(bpy)sl®

cofj
CO,

2-PySO,CF,SAr

90

ﬁ N
ki 89
visible light "

[Ru(bpy)sl* *[Ru(bpy)sl** N~ CF,SAr
\ 92
/\ SET /-‘i

N [Ru(bpy)s]
88
> C

ArSCF,

N~ CF,SAr

B 12 AT WG SR A AL T Bt — abedE 2-NE e JE 00 55 5 M v R0 AR E AN AL S
Scheme 12 Visible-light-induced, Rh-catalyzed cyclization of arylthiodifluoromethyl 2-pyridyl sulfone with isocyanides for the synthe-

sis of phenanthridines
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£k SR

2018 AF5KIEE RS TE T 0] WS SR TS
S 12 SEnE Ay 94 (1) B RSB N, —
5 R E IS AR ZEB(Scheme 13). EE LR R
G 12 B RILTT IR L 45 T SE i S i T
PADA R 4 BS99 I AH B (19 7= 4, 1 75 B B s A IR
HF LA S G, BT AE  my REA 7R) f 8 R R A e DA
BARBIWCERG B R 27, AREF D RIX AT BV R T e i
IR LA R TR S B R M PR, TSR DL
KOCHRIRTE, fEFHRH T — A HM ML e
LED M5 F[Rul? s & A *[Rul?', I NEt I8 JFUR K
S 3|[Ru] "B &L "NEt. BEJS, [Ru]'5 94 i@ SET
SRR P a4k 96, T IEI1A 96 5571 12 I mf3 2 H i
Felafk 97, thiEfk 97 LS TN HBERLERH
FH3E A a4 99. 2 )&, *[Rul> 5 99 & A& ¥ i TS AL A Ak
J5 FE PR B T EAR 100 AI[Ru]". o, TERRAIAHEBL T 75
FEBH 7P R R 100 2550 T4 A3 B I 2724 95.

2019 X E B HiRIE T 7T OB FRELEY
VERMEATIZ&M R, LU 38 Al Katritzky ££ 101 AyJ5
Bl @A R T — RV 6-ki Ak 3EE L &Y I AT
1£B2 (Scheme 14). {E& 1R & TG IKY) 38 B I, 4
IR L RPEUARSEE 35N R, [RIREAS 2 3 A 3R =
V). RARFEHERIRE IR/ —IKATAM Katritzky #2101

B AT TERRHE SR AR BAH B B = 4. T S DA K STk

g, EERE 7T DS RNALE: B, *[Ru)’
S BT EACE I E R 101 BEHT B PR, FeAE
TEMERE B AL 103, BE SRR, 193] 2,4,6- =K
FEMnE 104 Akt B B 105, EH B3t 105 555 38 I
RRAE R E IS B B 3E 106, L&A F IS 2]
4107, )5, [RulP" % 107 (8 7E4k, TSI,
R RRE Y 102, DLREE[Ru? HE5YLL
SE G,
1.1.3 45 569 SET ALl

BT JUE, 7ERT W S B, EfE N —Ff
B I S R 51 S T RN AT OGBS 7R ] IOk
FFEM T B, FEE S B TR R T
BRI AR 5] R AL B, 2019 4F T RBP4 1)
18 1 0] WE15 T Mn(acac)s ffEAL 2-HK 2K 57 38 FIEA P I
108 [1) 5 BEAE AL IR 1L [ B BP3)(Scheme 15). 12 % MR
TEPEECNT 2, 0 2-BR2R R IR ER b R R ]
A F 7 [ B T DR A AR AR D A N PR SR R P ).
IR B RV RE B A BT (5 &E . 1 iR BT
HUAS 1 BRI, (R = Re#E 80 W 5 LED T {#
I EAFAE— 58 HIER I, BT i s i 245 A S ui it
FIRIE, VEH B8 2 N ATLER A (A0 57 1 S A R KA
W PR, KNG TEG LED BEHE
AT Mo DAE BOCR A *Mn. *Mn" FIIRNEE 108

Ru(bpy)s(PFe)z 2 Mol% R?
O\ ik/k\ 12 W blue LED NN P
K2C03 NEt3 CH3CN R
NC rt, Ny, 24 h ZSNT \

R'=H, 4-OMe, 4-Me, 4-CN, 4- COCH3 4-F, 4-Br, 4-Cl, 2-OMe, 2-Me, 3,5-Me,

R2 = H, Me, Et, TMS, Ph

95

17 examples
37% ~ 92%

o+
NEt,

'\ —— [Ru(bpy)sl

I e S T

[Ru(bpy) P “Ru(bpy)sl**

5:.‘0_
CL ?QJ E C@j
/ 100

[Ru(bpy)s]** [Ru(bpy)s]

R@

base -H*

96 94 95

BR13 o OB A B R AR 4

Scheme 13  Visible-light-mediated protocol for the synthesis of ring cores of camptothecins
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=v=0

7
- —R2 [Ru(bpy)sICl, 5 mol%
o X blue LED
& NG Na,CO3 2 equiv.
CHLCN, rt., 12 h
38

102
26 examples 40% ~ 98%

R'=H, 2-Cl, 2-Ph; R? = 7-Me, 8-F, 8-OMe, 8-OCF3, 8-CN, 7,9-F, 7,9-Me, 9-Me

R = Me, CH(CHj3),, CH,CH(CH3),, CH(CH3)(CH,CH3), CH,CH,SMe, 4-MeOCgH4CH,, CH,CH,Ph, CH,COOMe,
CH,CH,COO,Me, 4-HOCgH,CH,, CH,Ph,

R* = piperidinyl, NHCH,CO,Me, NHCH(CH3)CO,Me

Ph ~ Ph,
_N
- Y+ R* Ph Ph
BFs 5y R3 X0 O Ph ‘\ Ph
101 ) ) o
*[Ru(bpy)s] 3
¥ Ph
104
[Ru(bpy)sl**
102 R® 107 R®

B 14 w7 WO S AR 6-Ke AL SERERT AR
Scheme 14  Visible-light-mediated protocol for the synthesis of 6-alkylated phenanthridine derivatives

@ HO_R
80 blue LED
NC

A
MeCN, Ny, rt., 4 h
38 108 109 (0]
22 examples, 23% ~ 95%

R = CH,Ph, CH,OPh, benzyl-3-bromobenzene, Ph, 4-MeCgH,, 4-FCgH,4, 4-BrCgH,4, cyclopropanyl

Mn(acac); 10 mol%

B 15 W WDOGTHE SFERMHEIL 2- 1K 5 5 5 A A I 1 E BRI 5 1 6--Bi e 2 3
Scheme 15 Visible-light-induced, manganese-catalyzed tandem cyclization of 2-biphenyl isocyanides with cyclopropanols for the syn-
thesis of 6-4-ketoalkyl phenanthridines
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Z AR THR AR A A i 10, HiFSH
WPEE pIE R A 111, p-3E | A A
111 5 2-BRIR 57 55 38 A AR IRl s 7 2B T fi 1 i 2 (1]
112, BEIREDI TN EHBERMO AR O AR
HEE AR 113, e M E iR EE 13 d@id
SET #6425 Mn!Y & A2 A0 = B 15 21 1 251 ) 4k 114
S ARG Mo (A BeE, RIEAR 114 18 2R 7
A3 ZIAH B I FERE 724 109.
1.1.4 AAFEHAERFHE A L6 SET ALl

2018 EERHURBPORIE | Rose Bengal 1406
I, UABREE 115, S 49 FUKCHEY, e tE T
FRCE T — RAVERARE S R B A6 &) 116 I 5T 7
(Scheme 16). 7E J M F2 HH KB N BIE AR, (6
ZTE R G A AT RS L AL A SR U (e
. OHFE, RS, SRR ZEIRCE I B
T ) 1) 5 B 00 AT DA DA R 45 28 R0 1R 7 R A5 B AH B
=9, {E& 2R R BRI 36 13 2 A L =4, 7
R A03E Mt 12, R I e S i A0 5 1 s
AT DAR) A 2B e NAS BT Fa 7=, A&, RB 7EUK
F| RB*JG, & 5HEE 115 KAEEJFERK, M= A6 i
H NS F 117 MIRB H S 7. AL 2
AR R)EMN RBAAE O REMKIM. FifE, HH
FEPHES T 117 8 Oy B A 3 % 118 fEd
AW B HEYFI(HOOY, J&#H BG4 AT
FULE. BT, Bl it 118 550 49 KA s N
32 ks 3 5 119, Hodid SET WUk % RB*

AUBRBIEHEA 1200 )5, BHIE 120 5K% M
RE=4) 116.

2018 4F Singh PREAHBHRIE 7675 'F Bosin Y i1l
2-fER TR 38 SR EIRE: 121 /9 H HEFLIT ML
L, T 6-B B AL AERE 122 (Scheme 17). 7E1% %
PR, EY WU WO SR RIS EY*. SCN Al
EY* 2 [A] (1) B8 o T R 15 200 SR ES H (i IE A EY . i
AR B A S (B R)EMN BEY 724 O SR SERRIN.
JEAE = AR B FURR e H R B 2- S SRR R 38 Tk
WREHE E S 123, WREEE A AT T W H TS
R B ()44 124, Oy FFEVER TR 511k, 15
B 6-fn TR FEFENE 122.

1 2018 B IR A4 IE | LA Rose Bengal {406
AR S IE S St SET J5H 2 @ & A s AR = 2
RIS (1) S NI, 2R R 4k 478 57 I 2 5 e AL AT
WIATIRZR, JFTE 2019 FHIE T {E/KAFAE FiEid Rose
Bengal ik o-SACRTR 31 571G 49 (BRI B,
i a-BHEE I 125181 (Scheme 18). a-48 AR EL A I 1
JEVIE M+, TR WAL 2 N gk
SR AT LACL R AP 7= R AF B A R P24, F ) sie R
AH o 32 1] o R SR - R TOK. TEIZ R N FE, RB
TEA] OGRS R R BIBOR & RB*. MG, AR
RB*X} a-F KRR 31 B BT A E e T
126 f1RB H A& 7. RB HHEMPE THEA S
Rt EMN, DS BOGHATEIRR IR O H
FHE T 126 4750 AR RIS RE, 5230H5E 127

Rose Bengal (2 mol%) 0
Rl—sh . RP—NC 3 W blue LEDs RLS)\\N/RQ
EtOAc/H,O (V:V=1:1), rt, 3 h, air H
115 49 116

20 examples 60% ~ 88%

R' = Ph, naphthyl, Bn, CH,Bn, 2-MeCgHy, 2-CF3CgHg, 3-MeCgH., 3-CICqH,, 4-MeCgHy, 2-CICgHy, 4-MeOCgH,, 4-BrCqH,

R? = CH,CO,Me, CH,CO,Et, ‘Bu, 2,6-Me,CgH3

62 H02 H202+02
RI—SH Ri—sH L gig RENG R AR o
2
115 17 1g 49 119 )
RB* " 0,
. SET RB
* > RB*%
+_R o%
1 2N
RL_A~
S™ 120
JHQO
9
R1 B 2
s” >N R
H 116

B 16 7 WOLHEF Rose Bengal HEALT:M . BilEAIK & A U= 2% HIR IR AL &4

Scheme 16 Visible-light-enabled construction of thiocarbamates from isocyanides, thiols and water
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= ) Z 3
:—RZ Eosin Y 2 mol% -R?
N N green LEDs, air N N
Ry NH,SCN, CHsCN R'T P
Z>Ne ZSN7 NseN

121
38 122
17 examples, 53% ~ 94%

R! = H, 5-Me, 3,5-Me,, 4-OMe, 5-F, 4-CF3, 3,5-F,, 4-NO,, 5-Cl
R2 = H, 4-Bu, 4-OMe, 4'-Cl, 4'-CN, 4-COOMe, 6-OMe, 4',6'-Me,

N\\é,SCN

123

EY”

SCN" [SET EY*

O SCN NH; air
O green LEDs
EosinY

B 17 A WDEAE SAEHE R 2-F R ) B B AR U RS T Rl 6B U FE

Scheme 17 Synthesis of 6-thiocyanatophenanthridines by visible-light- and air-promoted radical thiocyanation of 2-isocyanobiphenyls

o Rose Bengal 1 mol% . O‘ )
R .
R1)S(OH . RENG 3 W blue LEDs W)\N R
EtOAc/H,0, r.t., 16 h, air H
(0] (0]
31 49 125

27 examples 50% ~ 85%
R' = Ph, naphthyl, thienyl, 'Bu, 3-CF3CgH., 3-NO,CgH., 4-MeCgHy, 4-MeOCgH,, 4-CICgH,, 4-BrCgHy, 4-FCgHa,
4-CF3C6H4, 4-MeOOCCeH4, 4-CNCGH4
R? = CH,CO,Me, CH,COOCH,CHj;, CH,SO,Ts, CH,COOMe, CH,Ph, 'Bu, cyclohexanyl, (CH,)3CH3, CH,Ts

)S(OH 0, HO; | )
\ ¢ RT_A. .R
RW)S( ) r 0
I 126 -CO, 49 O 128 S
SET RB
RB*~ /
RB* st
%
+ R2
N’ o
% LD S
~ o) H
129 0 125

B 18 FHGHES RN a-FARBRFIK B AR AL S B
Scheme 18 Visible-light-mediated metal-free decarboxylative acylations of isocyanides with a-oxocarboxylic acids and water leading to
o-ketoamides

FE A A B, BEE, B 127 58RI RB*HE47 BB T E AR RIS A4 129, )5, HoO X
N ASFE R B R E R 128, AR 128 S5EASS HRAAAR 129 FISEAZIEBS B T B 4774 125.
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£k SR

2020 =47 SR AT 7 ] A BAROHRE TR IOk
FHLYEL Rose Bengal AT 2- 55 )15 2 0 JL 0 ik
21 [REERAG RN, DA RIFII= R A/ T 2-Wt
B e 4L & W)(Scheme 19). 1% ) BT FE A, 2 4%
B C—P B R C—S BT, 7 =\ M= A E
AR 2-BEI IR R EMSRA A Y. MUERRT R, —
77 FEEAE 130 5 H =40 B MR IR IBERE 132 b TP
MRS, RBHAIZ S A (AR MG 2] RB H H3EFH B
T, HHEHEF RB I JERE K & BB 132 153
H L P B A 133, BEJS 2R T A0 15 3 B
134, LB J5 4% 57 4 3R AS 20 E B el 2 rp e 44 136, 3%
Tk 2R v O, AL NEIF=Y) AnP(O)OH. H/H,
e 3 B AR 136 LR — A FH 1S 2174
131.

2021 4F Singh B EOYRIE T AT LG 5 A PR
Eosin Y AJGHEALT, KO0 137, 2-2FEmne 138 Al
IR T s 139 M2 4000 I, &l T A A R Z R 28
16441 140 (Scheme 20). 7E# 4 LED Y6 /717E 1, Eosin Y
I S PR A O AS Bosin Y*. UK 2 Eosin Y* UK 2,
5 137 724 H B &7 Eosin Y™ FIZK 20
H B3 BB 1 E 4K 141, Eosin Y #8U/S(2 ) B
HEFESS Bosin Y AEHE HHEAEF 0. MG, KO
I I EEBH B T A ik 141 5E A HERE T 0 K
AR 2RI N, AR TR AR T e R R 142, B
LA MRR T A R I v (A4 143, RIS 143 5 2-%(
B 138 SIS, BT K, T RO E] A
145, Ff 139 SO i A4k 145 2 e A 44 146, B

Ar | _Ar

Rose Bengal 3 mol %
23 W White LED

JE¥E. 1,3-H #4520 74) 140.

2022 4F Patel BRAAEIRIE T DAAT WL S ALY
Kl Bosin Y A6 A7 2 2K e R0 S 6 R AL SR,
A RT NG| WEIRER 25 4k A Y0 (Scheme  21). JEIE [ B3
RSEES . ABUROE. TEIMRZEM DFT WFAIESE Tk
NEISIE A PT/ET R R 0 B HEE(NCR). 1E#
P, SRR R -0 5 e B A AR 152 dl i T WOk iE
S E SRR 7 2 2 153, 153 #5715 49 fili
IR1G B G HE 154, SRIGTE 2-M5 2L 75 )R B A #h 152 Fi1 154
Z AT B M T RS A9 21 G R4k 155 05 % 153. 155
EKEZINS. BAR ST B 2-08 3 H Ik o e i
156. M\ SV #1 CV LI H A AR A H, %S PT M
2-J B B E 156 F= BRIk 157, SR 1E EY*HI 157
FIFRASZ @ BT IR B MEE 4k 158 Al
EY"". H[i)fk 158 7] LLK 4 5-exo-trig BY 6-endo-trig L.
DFT i+ 513 &0 S-exo-trig LIE ) 159 H E] 445
hnfase. HIEA 159 4 EY K H I E IR RS 2 R
[E4A 160, M55 Eosin Y HIEJEMALIERR. &5, &
[E] 4 160 MGG FEHE IR A 5 B — A 03 715 20 AH B2 5705
WRIBRER 151, fEEESCHh R, ik bR A st
SO AF I 25 IR B 4% (path 1T).
1.2 HXEXRES 58 SET # EnT hEIHLH]

TEANLE BRI, WO BEE ML 3
AHUEY P W Dexter ftEALES. (EiZidfEd,
WORZS ARG HURY) 8] R A2 W00 B 28 ¥k, 5
BB R SR 5 it R S WOR &RV R = AR A

NC H
O: U i
s’ o

21 130
R' = Me, Cy, Bn, Ph

DMSO, r.t., 13 h, air

N0
\ —
Y—PR-Ar
S Ar

131
24 examples 43% ~ 89%

Ar = OEt, Cy, Naphthyl, 4-MeCgHj, 4-BuCgHj, 4-FCgHa, 4-CICgH,, 4-MeCgH., 2-MeCeHa, 3-MeCgHy, 3-FCgH,

23WLED 3
Ar |-\| Ar

~ -

PP == Ar— P@

0

130 132

Ar/+ \Ar
133

% 02 —> H202
Me
Oy(air) 131
° N P
Ar/ \Ar 135 Ar
S

134

CH,

][H]
2 Ar\‘ Ar '/ 9

|
2 Me 136

B 19 TS Rose Bengal {4k 2- 57 i 3k 75 BE00 Ik 1) B B 40 S5 B
Scheme 19  Visible-light-mediated Rose Bengal-catalyzed phosphorylation of 2-isocyanoaryl thioethers
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=v=0

Eosin Y 1 mol%

N RQLAN %—Itl:c_ blue LED ﬁ \7
R _ * KN/)\NH * - solvent-free \/N ) R
2 .
r.t., air NH
137 138 139 A<
R = 4-F, 4-Me, 4-OMe, 4-NO,, 2-NO,, 3-NO,, 4-Cl, 4-Br, 3-Cl 140
28 examples
R? = 6-Br 92% ~ 95%
SET I = *
=
141
EosiniY
O,(air)
O-0
Eosin Y =
02 R'I#\
O
142
oxidative
cleavage
magnetic
Rng H,0 sz’\‘ OH stering N X0
C Az (> R2-- )\ + R
NN X NT N X S\F s
| gt B g N” “NH,
Z Z 138 143
145 N 144 ( \r
C=N L 2
+H* N R1
photochemical 139 NH
activation
R2 2
r/\éw r/\&\ R . tautomerlsatlon ‘
NQrN e N\(K\\ /Li ’QQ] <H Y\w
{—|N //N+ . \Nr) ./N+ N N /% r
> H . \ N+ _H+
_ _ —_— N _ = N
| | H H
X\ W\
R R1
146 147 148 149

B 20 EosinY LA 20

Scheme 20 Eosin Y-catalyzed multicomponent reaction o
2020 A ey it R R AL R E TR OB S fac-
Ir(ppy)s AT IINEAT R M2 7 161 5=
LI 162 FIFLIBL, AR T 1- =5 LI AL R
&) 163 (Scheme 22). 3T 5256 LR kRIS, 1E#
P T AW ML E, OGRER fac-Ir-
(ppy)s FL AL EOR 2 ', BT CFCH.I Atk
K, AR oV RV =4 23 A PR 164,
H HIFE 164 1 L) 3 7 i A0 & W 3R A I g 3k B el A
HlafA 165. £ IM*RERERAEM T, dlak 165-A
A1165-B 1] LSt AL L AR TR H K 166. 48 )5 H] 14 165
5166 AT 701 W I R BURIT 2 B 2k a4 167,
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2-ZA I WE AN S TSR A T e 1 22 2170 I M

f styrene, 2-aminopyrimidine and tert-butyl isocyanide

SRJE R IV BB FA B8 7 168 JFFAE I s, 7ET
BT BT AR = 9 L HE A R S R 4 163.
1.3 AEARBEE5H K HAT S0 R N
AR TR RS, B EARIRE EEF
B v B U 75 BB G R P a4k, Horh i A
AR 2 D' WO 5 7 TR (A — 2% WY B 21 ) £ I
JS2 0431, X v M 2 SR T A L ) e O B ) R 3R D A
J1HZH W TR FIEHLEIT 5, BT
J 5 15 B T R AN R 2 e A TR ) S A0 i FE
B, EAESE TR RE A, B o R 0 3 S R
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BHLE SR 5itR
1 O
AN XACO0R . _ (1) BUONO, pTSA, DMSO, 0°C g/
R + R2*-N=C : : R N—RZ2
ZSNH (2) Eosin Y 2 mol%, Cs,CO3 2 equiv. L
2 rt, 5~6 h, 2X10 W white LEDs
150 49 H
R'0,C
151
; 32 les 58% ~ 869
R = H, 4-Cl, 4,5-Me,, 3-Br-5-Me, 5-Me, 5-Pr, 5-Bu, 5-'Bu, 5-F, 5-Cl, 5-Br, 5-CF4, 5-CN examples 58% ~ 86%
R" = Me, Et, Bu, (CH5)41Me, CH,Ph, CH,CH,OMe, (CF,)3CF3, 2-methyltetrahydrofuranyl, 1,7,7-trimethylbicyclo[2.2.1]heptanyl,
cholesteryl acrylatyl
R? = By, 2,2,4,4-tetramethylpentanyl, cyclohexanyl, naphthalenyl
x_CO,R! _ x_CO,R! ~__CO.R! 152 x_COR!
N,OTs _ N\,B -
N\
152 155 Bu
i o i
'BUONO S H /o / !
BuONO, pTSA |
’ 1 —1 B - i,
DMSO,0°C ! N—Bu 5 Bf H N=BUL pathi H,0
i H (moisture)
150 ! 151 H 160 - '
' R'0,C R'0,C '
- CO,R!
J CO,R! \ 2
. C02R1 ET K 2 ;_L N
( N< 4 path-I By
N\tB | Bu |
u o) o
1580 - 157 156

©%

Reductive Quenching Cycle EY*
"'\
—Bu

B = Base; Cs,CO3

B—H = conjugate acid

R'0,C
160

1
R0:C —'Bu U —Bu
159

R ozc

B 21 AHLGEL Bosin Y AR SR AN 7 I O AL S

Scheme 21 Eosin Y-catalyzed cyclization of o-alkenylanilines and isocyanides

2020 4 Singh /@ HEHE T 0] WS Eosin Y
RIGHENH, FhE 169 2-ZFEMERE 170 AT SRR T
fis 139 M2 Ao N, G T — KA 3-2 ki Jf
[1,2-a]fHAE 171 (Scheme 23). M EEALIE S5 AL I B Sk
&, Bosin Y TLiEAMNRIE, 1% Wi?y HAT i f2. %
Toue DL R SRS, EEREE T — AN G E R R AL
B A, AT WK Bosin Y #if%ﬁi?&% EY*, EY*M
Fe g rh AR P AR AR 172, B S, TPlEAE 172
WA S B B a4k 173, R I0RZ 173 5 2-5 JE
WE 170 SN2 —4F NH; #3203 1% a4k 175, BEjG
Wi IE 139 BRI aA 176, a4k 176 2 20T I
Je RS R sg AR B iR R 177, 3B
1,3-H i BA5 B 471 171,

2020 4 Paixdo PRHUHRIE 1 AT WOLHE T [Ru-
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(bpy)s1(PFe) AL 2-4 55 05 B S G A& 30 FIBREE 115
M E AR B, & T — R0 D Be AL 5] bk Ak
) 180 (Scheme 24). & T-5256 VLR SCHkHRoE, 1E#1
BT —ANEHE RN B, Er R R,
F& ROEBOCEAR AR A Ru2™, H 5 Bronsted i
Xof X B 181 JEATIE R KA B Ru”, [RIIF 7P A e fi
HH ST 182, b5, fH BT 182 it
JRFHERS A AEREE 115, MTrF=4Emt H H3E 183, R H H
55183 INAEIRE 30 ok AR X Sk B B
FEERR L, AR E R AR 185, Z% H Ak
(BRI 5-exo-trig MMb =4 H B2 )44 186, 186 #i
FEHEATIR K= i 67 7 R ()44 187 FE A fiE 4k 771

uw?’, PLSE O SEAL IR IRIE IR, B)a, 187 AL LA pk
7= 180.

Chin. J. Org. Chem. 2022, 42,4220~4246



Chinese Journal of Organic Chemistry

;
0
R" O fac-Ir(ppy)s (1.0 mol%) -
“ Na,CO3 (2.0 equiv.) A | N OEt
ArMOEt * CRCHl " pvE N, rt, 24 h VURON
NC 12 W blue light
161 162 CH,CH,
163
R'=H, Me, Ph, 4-MeCgH,, 4-MeOCgH,, 4-CICgH,4, 4-FCgH, 21 examples, 53% ~ 93%
Ar = 2-MeCgHy, 4-OTs, 4-MeCgH,, 4-MeOCgH,4, 4-CICgH,4, 4-BrCgHa,
furanyl, biphenyl, naphthalenyl, 2-methoxynaphthalenyl
i
|rIII III
SET
R'/R2 1122
CF3CH,l g+ R'R | N
162
v CHiCFs 3% R&™“\?CHycF,
163
CF3CH, R/R2
164 |
R! R3 CH,CF,
3
R2 X R 167
NC
161
hv
<CH20F3 i - [ <CHZCF3 CH,CF3 . \(CH2CF3
) \ \
RZ N - RZ N R' N RN
1: : 3 E-Z isomerrization s : 3 2 : 3 R2 R3
R __R f double bond R R R® R
165 o1 douple bon
165-A 165-B 166

B 22 fac-Ir(ppy)s AT NES 5 1) SET Al EnT Yy R
Scheme 22  fac-Ir(ppy)s-catalyzed isonitrile-involved SET and EnT synergistic mechanism

2021 AFVEME CANDR B 5 H B vt 1 —Fb i R P FE RIS S 58 4 M. VE#HEAT T Stern-
R F A NG HEA R, FEIRAN SR T AT LA E 3R Volmer KOG KI5, BAIEZ G E AL JFL A 1]
T 49 XA A A HE 188 1) o-C(sp®)—H HEAT RS UL BN R TR, AL, KIE SEIR R U] C—H R
At (Scheme 25). FEARALFAFERES, 1F& KBDGEGT KN R A IR, He T DL PRSI AR, 1R
S R S NAT A . SRER SR, JGfEALGR] Cz-NI P T —ANE IR SN ), Cz-NI {En] WOt
DR EL A A5 KT 1T £71(65.3°) 3R BRI AR AR R R A 3% SRRSO T AR O DG HEAE [ C2-NIT*. PFNB 5 A
AR 3 S A IR SR LA AT DA s U AZ R, 5 — T A HRIE R LR *[C2-NI[IR 543 2] — A1, JEH PFNB
I, VE# RIVEMFIAMBIRE T R PR 2. 2id H BT T 190-A LUX[Cz-NI] " [Cz-NI] & —Ffisi e
— RYNSLIGAF H foe S B SR A A2 A PENB A AL 3, BERE AIE 188 2 — A H T A G AL T
PAK TsOH E AT fEZaE T, AR Cz-NI, [A]i A= At S % B 2R R 1 192, il iz
IR, AFEFIC. ASTuA-BIoER, #APALL R 4F AR R LA B 192 #11 PENB H HiZE [ 251 190-A 2 ] )&
7 2 A BRI P 4. BORIIIA I\ Lo dsd JRT¥eHs, 73 A o B B S i TP ) 4 193 A v ] 44
TAZRNL, MFRIRErRMB . (EEERNERIF L 190-B, EHEIERMEZM NN HREHER 190-C.
AR X S AT BT SR M. R R e B 2,6- — 7 e, AR R ARG BESOL i v a4 193 T2 R (8]
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BHLE iR 5iR
oM
eosin Y (2 mol%) R
A NH; N + visible light K
R _ + RZ + N=C
\N/ NH EtOH/H,0 (V:V = 2:1)
2 r.t., air 1
> R
169 170 139 /

R' = 2-NO,, 3-NO,, 3-Cl, 4-Cl, 4-F, 4-Br, 4-OMe, 4-NO,, 4-Me

171

R2 = 5.Br 20 examples, 92% ~ 97%
Hy0, + O,
O, (Air) T
HO,
NH2
COOH ’
O O
F202+ O " . &_/
} Br

. Eosin Y-H
0,

HAT (Hydrogen atom transfer) O NH
COOH 2| Magnetic
CQOH N stering
O O O O |
HO

Eosin Y*

@ @ |
N +/% N /% o \N N/%
\ N -H* \ N Tautomerisation N /[ H
N — N _—
H H

(m
,& -

-NH3J
)
M-l S
o CEN+
175 139

X

171

B 23 @i HAT HUEI A SOk 3 1,2-a]ikne

Scheme 23  Synthesis of 3-aminoimidazo[1,2-a]pyridines via the HAT mechanism

& 194, & EHEE RS BT R I =4 189, 1h4F,
VBB R TEAZ R N IEAFAE 5 — P A 7= 4 189 (1)
SN R4, BT AR (AA TR AEZE AR 190-C HAA # e 11)
SN, IRES Dy R B R IE 188 HIHL+, $RALT56
TASIEZE E B 7 190-D A% E LA 7 192.
I rh A4 192 A a4k 190-D 2 8 ISR 15652, 7
AR T I PR S 5 1 193 RN A v ik JiR 7= ) L G R
i 191, Je#& i@t GC-MS taill. BEJs, M=% 189 i@
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i Ugi S REHLHITE B
1.4 FEURESSH PCET HlH

H SR FAEAE (1R B 8L SR S L (UG & /B B
WA A, T IR A RS T B[R] AP AL A,
IXFP ISR T & B 5% # (Proton-Coupled  Elec-
tron transfer, PCET). PCET 5% 4t 1) 58 4038 Jif [ )3 e K
FIANTRAE T R BT 5 7T LA B AH [R] BA [R] Ak A,
AL 1) A [ BAN 7] F) 32 41461,
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o R? [Ru(bpy)s](PFe)2 (1 mol%)
10l = p-toluidine (0.5 equiv.)
R + R°SH A\ 3
= NC Blue LEDs 34 W SR

DMSO (0.2 mol/L)

30 15 Ar,3~15h

R' = 4-Cl, 4-F, 5-OMe 31 examp,es
R? = CO,Me, Ph, CN, CO,NMe, 1% ~ 95%

RS = Ph, 4-ClICgHy, 2,5-Me,CgH3, 3-HOCgH,, 2-HOOCCgH,4, 2-amino-4-chlorophenyl, pyrimidinyl, 5-(difluoromethoxy)-

1H-benzo[d]imidazol-2-yl, benzo[d]thiazol, benzo[d]oxazol, CH,Ph, (CH;)41CHg3, {Bu, CH,CHg, (CH;),0OH,
(CH5)419gCOOH, adamantanyl, glycosyl thiol

RZ
N " ——R? \ X R2
A\ 1
: ) e S
_— R s Pz -C.
N QD : N""*s
185

} /©/NH2 » /@/ - /©/NH3
181 \\ /

115 183 2
X}I- \ AR
RS- _
NC
Ru? Photoredox catalytic cycle 30

EX 24 1] W% S [Ru(bpy)s|(PFe): AL 2-Ji 3 75 5t =7 WAL S W R BR B ) B Fh 38 2 006 e

Scheme 24 Photoredox catalysis toward 2-sulfenylindole synthesis through a radical cascade process

N/.*r Cz-NI 1.0 mol% o N‘A’
0
1 17)” + RING TsOH 10.0.mo| % Rz\h \(7)/7
X PFNB 0.5 equiv., CHCl3 X
188 49 rt., 12 h, White LEDs 189
36 examples

R2 = 2,2 4 4-tetramethylpentanyl, pentanyl, ethyl acetatyl, Ph, 23% ~ 99%
cyclohexanyl, CH,Ts, PhCH,, 4-MeCgH,, 4-CICgH,, 4-BrCgHy,
2,6-Me,CgH3, naphthyl

Ph
188

N=0 N o
Ar " 190-D L)

190-C /’

SET |
Ph
192 Ar—NH,
3 191

Cz-NI [Cz-NI]* 0
pentafluoroaniline
K Ar)\O
= 190-A
SET N o) [ +/§
e / & Ar 190 D ~ 'Tl ‘\ _
V.o “[Cz-NI] . o o Bh |(|:|
" P 193 N*
/,'\L 190-C Ar” OH
Ar "0 190-B
PFNB 49

190

H+
§ N
N N
ph O n OH

189 194

B 25 Cz-NI#IESFEMERIEA K TLELEE a-C(sp’)—H &I FBLL R

Scheme 25 Photoinduced metal-free a-C(sp?)—H carbamoylation of saturated aza-heterocycles via Cz-NI organic photocatalyst

Chin. J. Org. Chem. 2022, 42,4220~4246 © 2022 Chinese Chemical Society & SIOC, CAS http://sioc-journal.cn/ 4241



BIKE

2021 4 FRiGe SR B A A A B T — R BT
R L — IR, BT TR S TR AL
i, SEEL TR B B R A P G A N,
IR T — RYIBEBAL & BRI &, Wik, JE
WE FNZK I WEME (Scheme 26). 7R K I, HEE VIR 2. B
MEERE — OS5 PIME R R 2255 22, X ] RE A A
T P—H #EAR &M S e A S AL, FET 5L

38 :
. @ ; 4CzIPN-Bu
R - o)
: C TBHP, NaHCO,
! I Lt R T eNrt, 120
| ROOCTONC R’ N,, blue LEDs
39 ; 196

f ! R'= Ph, OEt, 4-MeCqH,, 4-
E ‘:S\ | MeOCgHj, 4-FCgHj, 4-CICeHj,
g @ | 3,5-Me;CeHa, 24-Me;CeHs E
| NC 1 R2= Ph, OEt, 4-MeCqH,, 4-
i 195 ' MeOCgHy4, 4-FCgH,, 4-CICgHg,
"""""""""" 3,5-Me,CgHa, 2,4-Me,CoHy

55 LR SCHERIRIE, fEE S T — N AR R LR B
%6, B4 4CzIPN-rBu #6HUE 2 HIMUK &5 (4CzIPN-
Bu*), MIMIERESPIEFE T —A200, 77 il 7k
H7E. ZRBEEAY) 196 5L H AR SR AR FR IR K
200 &b F-FHERRES. BEJE, M 200 £ 4CZIPN-Bu* {1 HL T
R LR N 200 BIBR(HCO® IR T4 %, 15510
BEEE 3L 203 DLEOBHEALT E BRI RS T 4CzIPN-

R tBu NC CN

\_COOR" . S tBu

_N tB N Q) .
0=P-R? t-Bu

I‘?1 ' t-Bu t-Bu :

198 4CzIPN-Bu

52 examples

: S i
: )—P-R2 |
E N I‘?1 | trace ~ 80%

199
R' = Ph, 4-MeCgHy, 4-MeOCgH,, 4-FCgHy, 4-BrCgHy, Me  *---n-nommomeeceoo
R" = Me, Et
5 b H - |PCET - !
! 4CzZIPN-Bu* * Phvi>g T + HCOs 4CzIPN-Bu ;
g Ph :
H + E
s B: BH '
; 201 202 |
Ph—p < PCET Ph—P < S
. Bh Ph :
200 203 5
4CzIPN-Bu f
4CzIPN-Bu* '
: SET TBHP 5
H I '
! Ph—P—H / :
Ph N |
196 /9‘ 4CzIPN-{Bu 1

B 26  4CzIPN-Bu Jy AL I 0 1 R 51 10 53 I BRI S 7
Scheme 26 4CzIPN-'Bu-catalyzed proton-coupled electron transfer for photosynthesis of phosphorylated N-heteroaromatics
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REVIEW

Bu™, B/5 5 TBHP K7, i TR A7 A AU
TR T AU 1 3% L 4CZIPN-Bu. 203 5 IR
38 F SRR AR ol R ARS8 A 4 T 4 el
SEeplafk 204, BEJS, SRR 204 45T AL R E
S5 205, S5 BuOZ L — AL T IR T UL
BT RIB B TR a4k 206. FHIES oAl ik 206 FIBRARAL
A3 SIS R 1) N2 % 547400 197,

2 WhENECRESSHRERR

AR, FTOLHE S I & R AL R B A A &,
I AT B S N A6 3 BB 38 i A 8 I BB AL RICR N
THANLE BT F A, EIX R R N, —
TR TS AE LA HURA, 55— PP Sz (i
AT T3t — D P g e vh AR 1 S Sk, Bl

FIH R R, CARBEA 1S-HRHONIEYI &k T — R 5118
WG (Scheme 27). W AHE R SEK R, 1,5-1ikk
207 rfi 49 LLAL Ni fEAGTRIAT DLA RO KR A I
JEHEAGTR. tEAk, 1R 8k & A (Ir[dF(CF3)ppy]2(dtb-
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Scheme 27 Visible light-promoted dual nickel- and photoredox catalyzed spirocyclization of isocyanides with 1,5-enynes
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