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Research Progress of Visible Light Promoted C—N Bond Fracture to
Construct C—C Bond

Pu, Jiaxia Jia, Xiaoying Han, Lirong Li, Qinghan™
(College of Chemistry and Environment, Southwest Minzu University, Chengdu 610041)

Abstract In recent years, the photochemical organic transformation promoted by visible light has aroused the interest of
organic chemists. Compared with traditional methods, photoredox catalysis using visible light as renewable energy has been
proved to be a mild and powerful tool, which can promote the activation of organic molecules by single electron transfer (SET)
process. There are a lot of amino functional groups in the structures of many natural products, and amino groups are also
important structural units of some drug molecules and functional materials. Therefore, by activating the C—N bond in these
substances and carrying out some coupling reactions of C—C bond formation, the structure of these compounds can be
effectively modified, so as to obtain compounds with various structures and functionalization. Therefore, this study has
become an important research field of organic synthesis. The research results of C—N bond breaking promoted by visible light
and its application in the study of C—C bond formation reaction in recent years are reviewed, and representative examples and

reaction mechanisms are discussed.
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BT BRI RN, 7RSSR RmARANEE C(sp?)—N RAEM)
TEACBR AT AR — AN E K BRAR. 2018 AF RIL W R
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RS R . /©/\ 30 q 2CO3 R )
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1 2 N, r.t., 36 h, then HCI (aq.) R OH
3
R =H, Ph; R = aryl o o
R' = H, Me, 'Pr, MeO, F, OPh 44% ~ 84%
R\ R" 1 mol% Ir(ppy),(dtbbpy)PFg R. R
+ - . .
N 2 equiv. Cs,CO3, 1 equiv. Nay,CO3
R NMe,OTf o, R—'\ cooH o
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4 Ny, r.t., 26 h, then HCI (aq.) 6

R = H, Me, MeO, Bu, Ph, CF3, CN, OCFj,
COOMe, OPh, F, furanyl, thienyl, etc.

With or without
3 mol% Ir(ppy).(dtbbpy)PFg

55% ~ 91%

R’

R'=H, Me
R" = aryl, alkyl
R
X + - NC X
RIC NMesOTf  + | R
=
7 8

Me, MeO, ‘Bu, F, CF30, Ph, OPh, furyl, thienyl

R=H,
R'=H, Me, "Pr
R" = Me, MeO, F, Cl, CN, Ph
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Scheme 2 Proposed mechanism for photocatalyst [Ir]-catalysis

Alexanian BRI FE T AR PLATAE I = b B 21
TE ] LG P 67 B PRl 4 L 7 30 4 1 35 o A S
PL 5 mol% Cox(CO)s AEALF, 1.5 equiv. Cs,COs 7B,
T = 370 nm LED (T R4S 44 h, 755 = HILEEL 15
5 CO Fefi 16 B, LA 30%~98% I 15 2 55 ki th
EY 1T (Eq. 4). HH CsELAREF Cs,COs PEBRIN, AT HEAT
PrA RN IR N (Bq. S). 1ZIERA RZFRA. K
YIYE T RVE e I M RO SRR AL O ALER
Scheme 3 fii7n. 1 %%, Cox(CO)s 5 2E4% 71 16 15 &
RS 20, B4 20 BEJGCAEENLHE CO AR =k

REEHET 21 5, mHEEHEEHET 21 5%
15 Be 7, Famad B [E ) SnAr XA 15 34T E AL IR
REEEY) 24, WG CO TR HE N A BIESE £ v (] 44
25, iz AA 25 5RARIZ 16 #HATECIASCH, AR5
TERCC—N B, 28380 J5 70 B = AR BRI =) 17 FF P A e
&l

2022 4, Theunissen BREZHISHRIE T w] WG I#EALH)
75 B 3 5 I IR AN g (AR IR, 433 BA 55% A1 45%
ISR A 2 SR A P~ P (Scheme 4). Z 7 1AL
B, A

. 5 mol% Co,(CO)g RN
N 'Me;OTf R 1.5 equiv. Cs,CO5 Ra\ MR
R | + CO + _ _NH % ()
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R' R"NH = piperidine, morpholine
. ) 10 mol% Co,(CO)g ~
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Scheme 5 Mechanism of aryl cyclization of 1,6-alkyne with
aryl diazonium salt catalyzed by photooxidation reduction and
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Scheme 6 Mechanism of three-component cyclization reaction of y-hydroxy-terminated alkynes, 2-alkynyl aryl diazonium salts and

sodium metabisulfite catalyzed by photocatalysis
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Scheme 7 Reaction mechanism of terminal double bond of isoindole-1-one with aryl diazonium salt under visible light
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Scheme 8 Mechanism of epoxidation reaction between aryl diazonium salt and frans cinnamic acid under visible light
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2020 4, Taroshenko A 2310 & 1 o] WG HEAL I
¥R RN 82 57 A E A 83 M LML R
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mol%[t] Eosin Y (63)fEJ:ME{L7, DMSO NiHH], T
HEHOEIRET 3 h, PL 52%~92% i 45 B HUC i) 5 1
fii 84 (Eq. 12). ZEms BA RIFHHREHI A, 25
W HL AL F BRI S R AR U e 7%, FLIEURL 5545 9%
B AT R B AEFVEH T Scheme 10 FrsfI Al g
BB $5¥), Eosin Y 2% & WIE LG IS T3 AR AU S
EY*. DU&MIER T 3 E R 2h 83 7E EY*I/E A Falid # e
THR(SETIRML IS 3L | i dt 85, Fififi5, 755 H it 85

PRI Mook I B 82, 77 AR H B R P R 44 86, B 5 Hh 1l
86 WAL NERIEE T 87, ZIALMiH Me,NH, TR RF
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TOGIE G Xk B 2 H-M5 M5 AL s R L 10
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AL, 7E 1.5 equiv. ‘BuONO 7E7E T, L MeCN A7),
TEIRESS 24 h, S 2H-BMER R, DL 27%~
80%MIHAF R C-3 J5 AL 2H-M5| AT ER) 91 (Eq.
14). ZRPAFTEEALMA YU, A B0 §8 7
M, IE HIEMRIL e 7) 4CZIPN Fasg, AT (sl A
. VE&#EH T 40 Scheme 11 Fam A SR FIMLEER. 55
89 HVAHIRRUT B R B EAL N E A 93, 1EIL)EME
e g LR S T 4CZIPN HIVEF R, BEAEL 93 &4t
TR AS (SET) I A2 77 A2 75 55 1 bl 2 94 AT A6 A5 i

(0] P
SN = N/ | AN NQBF4
RT I+ R
OH
82 83

R =H, Me, MeO, F, CI

R' = Me, 'Bu, CN, CF30, CF3, Ph, MeO, EtO, Br, NO,

o A
3 mol% Esion Y (63) N . 12
DMSO, Green LED, rt, 3h Ry _J_ |
84"

52% ~ 92%

B 10 7 WOL T AR ERIE W S A 5 B AR S B L

Scheme 10 Reaction mechanism of o-hydroxyimino ketone with diazonium salt under visible light

f X NH; Zh—
R+ + R"— N—-R
7 XN
89 90

R =F, Cl, Br, CN, CF3, NO,, MeO, Me, CO,Me

R' = Ph, 4-BrCgHy, 4-FCgHg, 2/4-MeCgH,,
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R"=H, MeO
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Scheme 11 Mechanism of regioselective arylation of 2H-indazole induced by visible light

13 4CzIPN (92). 755 H H1 5 94 505wk 90 AT M A R
2B RCER [ S R A 95, 55—y TH, HEALF] 4CzZIPN
(92) 4% W CIaE, SR SET &AL b alfk 95, A ik
IEEF AR 96. i iE 257 H )R BT A 3 Fh AR e 3
PR 96 Al 97. )5, £ BuO HIMEM T IEE Ak
97 X FAL, P24 C-3 F7 R AT AW 91.
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M43 2 NG HEAL AL BRI IR 1,2-a Ml e 5 B R SR ATAE
Vi) 75 Bk ) R 8 R SR 4 3 8 6 R, DMSO A
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3-75 FEBUAR K e I [ 1,2-a] LB fTAE 0 100 (Eq. 14). %
HEMRERERFEESRMAN. (EHEET
Scheme 12 AR N ALEE. fed), F5FREEE R 99 5
22101 FBOR A IE T SET A F B AL K I R 5 5
FHJE 102, 55 EH B 102 EPKMEH[1,2-a]EE R C-3

REBIN, P E mE Ak 103, [ H3E A4k 103 @
ok YRR AT B 1) AR — R A O R FE S R A 104,
BE a HHEIEFEE 103 4t & 3 B 8L
A% b il 5 AR 99 YE HEIT AL, &5, I
£ 104 )51 FA615 21 3-75 FLAL KM [ 1,2-a]ERE 100.

[A4F, Adhikari ¥R@IZHPOHRE A8 20 —
AWEVE R, TERT WA T 5T 07 A SR
RS BAL G SURER M. £ 10 mol% Wy
22 (108)F1 1.2 equiv. KOBu f£7E ~, DMSO NiFH, T
TR WG 10 h, DL 50%~82% U545 51 — 55 K4k,
&% 107 (Eq. 16). %R Ms,?ﬂlﬂz”t?&ﬁﬁfi%L
H, T HLA]T DAARZS 05 & A I G0, Wik . WEMy J oK
TR, HLERE TR B D5 M 1 SR BN 1) SET A& 4 1 75 H
FEDUMEE B 52 B I B I D IR BRI AL
Fi Scheme 13 7w,

R’

. -

N N,BF

R_//\lc i R'—'\ 2BF4
\/N J I/
98 99

R =H, CI; R" = Ph, aryl, naphthyl
R" =H, Me, MeO, OH, F, Br, NO,

.
©/NZBF4 SET
Z /\

Chilorophyll  Chlorophyil’

ChIorophyII

O/RB

100

N
Chlorophyll (91) Z/QN \ \/R"
DMSO, rt., White LED, 16 h //a | (14)
R 100

48% ~ 82%

N, + BF, + ©

/102

Oﬁ

O%j( o

B 12 0 WG RRMEIE1,2-a] e 55 5 2 h S R AL 2R

Scheme 12 Reaction mechanism of imidazolo[1,2-a]pyridine with diazonium salt under visible light
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Scheme 13 Mechanism of coupling of aryl diazonium salts with (hetero)aromatic under visible light
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Wl (DP4) /5 A — Fh A 2 (3 iR o] WL ek sml, F -+
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R 1 A S Ak R 1k, BARC o-YRFRIEAL B 4 1) 3 T B 1</
TALRBH. BL 1 mol% DP4 (120)4)6{#4L7], DMSO
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R HIUR A7 R EY) 119 (Eq. 16). %5
TAEAB 7R 7 B W S04 R A A2 A v — 28 LA HLAT
DRI BIRT 5, AT T Z A VLA, OV

ATRENLEL AN Scheme 14 Fian. B4k, FIERREHEA L
117 5561 ALF 8k 2 DP4*/E ), it SET #4745 J%
FORBLE B 1210 FUUEOREE A AL 121 506 118 (1)
AR G ek 122, Hat DPa ik — B E AN
BRIEES Tk 123, &Ja, Hiafk 123 s F0fs 2|
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X 19 (120
I\ Ry 1 mol% DP4 )/ Q (16)

= G » DMSO, N,
\._2" Blue LED (435 nm)
rt,35~4h
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R = Me, MeO, F, Cl, CN, CO,Et
X =0, S, NBoc 0
N~
/
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o 22 o) s
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DP4/(/|
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B 14 w7 W6 N AT ke 07 S E R R SR AL
Scheme 14 Reaction mechanism of heteroaromatics with aryl
diazonium salt under visible light

124 (Eq. 17). ZJ7ERIH TIRLFH) B RE T 52 1%,
o BEs B EEANE AL SESE AR DU, Hh S R
O-fLHE 2-IRFFEHUACHT N-FIBENY B Fe A Dy a4 7
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R R R

Katritzky #hH 1970 FABRI LK, KA RHTT
fi. J?*Jr%ﬁ&fr%%riﬁéﬁﬁ BN ORVE, O
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Katritzky 5RO, FEH N A THl4% 1-F2E-N-
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fﬁfﬁﬂm N,N-—H 5 2, Bt 2 (DMA)/ ZJiE(ACN) (V
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25%~66% M AT 1-F 3k /e BE-N-75 B VU & 7 ek
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AW BN, 2RO AR R R AR R 2R D (PMP) DRI R
B, A5G SR AR 5 25 B PMP fR4 5, AT FE G
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PEY 5 14 G . i%iﬁ (IR REFLIE LN Scheme 16 FT7s.
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SET N4z A MEmE F HH 2L 137, FFAE AL Rulll, N-J7 2
ANk 133 5 Ru T SET M4 H HHAEFHE
T 135, [AIR A AL Ru. B 2R & 7 135 fid
JRF R [ 136. AUtk [ 3 137 2=k
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H AR B A5 2 B 75 724 134.
[F4F, U5 M IR A B RIE 1 o] W6 S i 1e
ATAEY Katritzky #h5 9006 3 = C L RERE K AR IDE SN,
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®/ + R~ - (17)
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R = Me, aryl R 126
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é
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@ .
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Scheme 15 Mechanism of the arylation reaction of N-substituted acridine salt under visible light
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Mechanism of coupling of N-aryl tetrahydroisoquinoline with Katritzky salt under visible light

Ph ~ Ph
Ph Ph N~
Pho_~Ph 7
| o N 5 Ph
RN BF 144R 145
4 143" F OTES
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w1 I Ph F141 Ph
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I OTES RF o
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ph R R>§W
F F o
147 142
B 17 WY Katritzky #:5 — 50 L = 2 FERERER 1) 1
SN AL

Scheme 17 Mechanism of coupling reaction between Katritzky
salt and difluorenyl triethylsilyl ether under visible light

il & DR A E R I %, 7E 1 mol% [Ir(dtbbpy)-
(ppy)2]PFs JEMEAFIELET, LA 2 equiv. NaOAc fETH,
DMSO N, T+ 45 CH LI 24 h, Katritzky #h 148
5% G R 149 TR, LL 26%~90% I 3K 45
-k AL S RATAEY 150 (Eq. 20). R MNEREBEH KR
N ZEATIR AN AR TR SR B RE A e i AL AL
Ab, %R B I B A o B AL 25 W) RN R AR P AT i W&
T, IR ZAL A I E R TR — R 5] /)
WG T8, R BIHLIE T Scheme 18 A7, Katritzky
#h 148 SR AR ER, 45t SET =4k
FE A 152, AREki A Ak 152 A TR 149 1)
C-3 {7, F&it SET Ko+ i i 743 2 74 150.
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SEIL TGS R FR AN TR A ) SR [](19 min). 3X O TE
TEFH Y B A T AE) 3 25 PR (4,5 TR [ 2, 1-a] 5
Wk-6(SH)-BRAT DI T A ROER. ZHiEEA S5
B RN ZAFRAN B e 52 1 LR 22 AR A
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+ Ry -+ ,
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148 149
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Scheme 18 Mechanism of coupling reaction between Katritzky salt and coumarin under visible light
o 10 mol% Co(BFy4), -6H,0
o 1 mol% CzIPN (92)
—{ BF, /\)O\AC 4 equiv. HEH (159) “ Alk 2
Ph O N-Ak + N , '
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Scheme 19 Mechanism of visible light-induced reaction of N-methylacryloyl-2-phenylbenzimidazole with Katritzky salt
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B 20 FHOGEE S Katritzky 35

Scheme 20

BIRE TR C-3 iU IRA 5 Seal, 3 C-4 Ledift

A R (O SRS A AN KR 5 SEBL. N T Al aX — ] e,

2022 4%, Singh PRAHBOHRIE T 0] Wt A HLBHEATT
A BEIERG I RSB GAT A Katritzky #5507 2 R it4T

C-4 JEFEAL RIS, 7F 10 mol% Eosin Y JGHEALFIAFAE

T, A2 equiv. DIPEA % 3 equiv. EGN Efk, —5 4%t

(DCE) R, T 40 CHEYEHEYS 48 h, Katritzky 25 179

5EHER 178 BTN, PL 29%~90% IS 3RS

A-WE AT L RATAN) 180 (Eq. 24). 7L RN %
FRIRAN, A AN e R iz . ForTRe

SSHLERUT Scheme 21 fiz. WSS Bosin Y B EGEK

KAS*EY, *EY 10 B 17 #2 (SET)IE R ik e 45 #5179,

Ph

o
—( BF, 10

R'

+ Ph

b5 A g K- 2.1 L) s 2 F AL 2

Mechanism of visible light induced reaction of Katritzky salt with quinoxaline-2(1H)-tone

B3 A A ke L [ AL 183, (RN RR B = S5
WE 182, X5 kedt H 3k 183 MEE S R 178 158 A
R 184, Bif5, a4k 184 KA 1,2-EIER =4 C-4 B
H185. HHAE 185 EY A AL AL TR IE S T 186, [H
i EY 48 BN HAIAG 58 EY. £, DIPEA 5{ EtN
B IE BT 186 HH FHL—AN i T3 274 180.

3.4 FHREWFIERTH Katritzky 22 58] C—C #
AP AN

Melchiorre &R B R FL R B, J6¥ % EDA &
HYERAP & B &, BAREN
RNEYE, BetE 25 C—C B#ITERL.

Alk
mol% Eosin Y (63)

2 equiv. DIPEA

{ X X
R P
0" "o
178

R= H, Cl, Me, MeO
R' = CN, COOMe/Et/"Bu/Pr/'Bu, Ph, pyridyl

® N—
\ /N Alk

179 Ph

Ph

"PrZNEt

3 equiv. Et3N, DCE
Blue LED, 40 °C, 48 h

R.
{ XX
o” "0

180
29% ~ 90%

(O e}
184

~ NP,

2o®
@

: Alk
Pr,NEt R

CLL

187

R = Ph, COOR, pyridine

_ Alk
PrNEt

94
[Oe]

186

iPr,NHEt .
N 7 ©\)I
h o o

R=CN
180

B 21 W IOEESRIEZR C-4 bR S FHLEE

Scheme 21

Chin. J. Org. Chem. 2023, 43,2591~2613

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

Mechanism of coumarin C-4 alkylation induced by visible light

2605

http://sioc-journal.cn/



BIKE

2020 F, WK EHIREZEPRIE T Katritzky 5
R 5 H AR 0 R D ' 42 2 %) T 0 TR A I D ot 2
C(sp>)—H %&b s . DL 2 equiv. DBU /EH#, CH;CN Ny
W), A 6(395~400 nm)E ST 12 h, H& R M HATE
YIlk 188 S5 fe JE it A= 1 Katritzky 5 189 34T &b,
L 61%~88%[MU 243 B ke 544 190 (Eq. 25). &% &MY
LA AR SR B A A2 1 AR A, N R &
R a-BERAREHE I EGIERIR o- B BRI
KR RO M. J5 2K, Melchiorre R ZH POV FH 2
U R, X B BRI EAT T4 St ok #
PG 1T (Eq. 26).

HUEERF TR, H&RBR-Katritzky 5T {iA-22 14k
(EDA)BC A A o] WG HE 7 7 [ A 5 RS 15 5 1 B0
B (SET)I RS, LFefEm mHeh. HLalaem
RHLERGN Scheme 22 FT7R. %6, HZRE KIHLATEY

TE440 LED (395~400 nm)XT R T, 7E 188 1189 2
) AE SET A%, Bl 5 T2 h — 2Nk ieE [ e 2E 193 M A
FHAEPHES 7 192, % H AP ES T 192 7EBMERMF T &
Tk, BRREN ok HRE 194, FE, 50k
H AL 193 Bl bi s B 2k 195, /5, 194 1195 2
5] PR B EH R A8 OB A B e 40 74 190.

2020 4, Studer PREZHUOMRIE T 0T WIEIER T AL
TR 3R ) C—C B85 1 SEPW Katritzky £ -5 & & A BE R B
R AL R M. 7E 1.5 equiv. ProNEt {75 F, LA
DMA R¥EF, T 80 CH#JEHEST 20 h, mliARE 200 5
Katritzky #5 201 BEATARIE S, BL 36%~T72% MU %15

FIE TR IEAL =9 202 (Eq. 27).

BT UR R ZH R TE T A ) % 0 e SR L e R
55 K w05 FE g AR S B, R T Z-E )R
il &, TERMR AN, BRI RS5 R B AT

fik 188 ke pefiT £ Katritzky 25 189 T RHIA (1 FEST 10 h 588, FFLL 36%~T72% ISR AFIE 99 & 1 /Y
EDA %-&)(#£ DBU f£1E I Al BeJZ i =70 EDA 25 &) RSB Z-01R(Eq. 29). iZBAR R AT DA 52 &
Ph
Ho§ — hv (395 ~ 400 nm) o9
R _N
AFN\)LR TP /NB,S 2 equiv. DBU, CH,CN AT ))LR (25)
188 189 pn Ar, 12 h 19R0
R = OEt, OMe, amino acid ester 61% ~ 88%
R' = alkyl
R o
HN
/OBF . purple LED (427 nm) \/U\”/ 5)
7 THF, r.t, 10 h ]
HN
197 193 R’

R = Ph, CO,Et, CO,/Bu, PhCH,
R'=alkyl, aryl: n=0, 1

Ar, Ph
H-=Nu.,,,, Q -
) BF _€ transfer
0 Ph/\\N@ Ph i
R L
R
188 189
EDA complex
191

199
36% ~ 72%

R\H/\E/AI‘DBU R\“/'\E/Ar

Ph R'
= : RN A
| R.g w

N-R
= P;h195 0 190
193 PP
=
|
P SN" > Ph
196

B 22 AIDE T HEBR/KS Katritzky £ L
Scheme 22 Mechanism of reaction between glycine/peptide and Katritzky salt promoted by visible light

Ph
RHO Ph —®
AKX+ P NR

© //
BF4
200 201 Ph
R = Ph, COEt, CO,'Bu, PhCH;

R' = alkyl, aryl
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1.5 equiv. DIPEA, DMA .
Blue LED, 80°C, 20 h R (7)
202

36% ~ 72%

Chin. J. Org. Chem. 2023, 43,2591~2613



Chinese Journal of Organic Chemistry

REVIEW

A ERRRI Z A, RFIATRENLELL] Scheme 23
fios. fedkntng £5 204 F1 DIPEA 2 [AJfE L EDA 2544
206. #EW) 206 Z20GT5 T TS (PET) MRS b ke
FEE A 209, 55— E B et ne £ 204 86
K Ir (Ied) R LT3R 8 pe — Sk ie B 2t 207, A5
TEME EH A 207 S0 R R RS N P S
209. Fidk H HEE 209 B7 05 FBURE 203 173K, A RUAEEH
FHAE A (a4 210. H B &4k 210 /£ DIPEA {EH T it
ITE R T % % HAT) 5 2 E & =9 211 &5, 1
Ir(ppy)s 1EF N AT R TE L Z-45 ) 205.

Ph
—\® purple LED (427 nm) Ar R'
—_— —R! 28
Ar—= + Pho\ ,N"R DIPEA THF rt, 10h =/ (28)
203
BFa  op
204 205
36% ~ 72%
R = Ph, CO,Et, CO,Bu, PhCH, Z:E up to 99:1

R' = alkyl, aryl; n=0, 1

2021 4F, Koh B HRIE T 675 FARME I I = 5
o FL A SO G S B ) B B BB 1) 7 9. BA 10 mol%
NiBryediglyme AL, 4,4'-— A IE-2,2'-FE M IE(215)
NECAA, 7E 3 equiv. Hantzsch BE{EFE N, DMA N7,
T=E A 40 W 4 LED AT HES 16 h, N-fedtnttnesssh
213 5IRAITIEAT R B, PL 34%~92% i 315
e R AL I7 Ak B 0(Eq. 29). MfEH 2,6- —(1H-F M
FbnE NECRES, TEIRAH 40 W iE S LED 471U 24
h, N-feEmtres5 3h 213 v 5 T IR BR L,
PL 33%~73% MRS R G &Y. FULELHT 5T R X
Lo iz SR N-fE SR $5 2k 213 5 Hantzsch B 159
BT A -SZ AR (EDA)YE A 217, M SEHLE T 1)
HOH PR AR, ROt A AR 221, BEEEA
FH AL 221 HAR B LR 2R, AR HE C(sp?)—C(sp?)
FC(sp®)—C(sp?) BEMITE . Z 7 4R B, LA Bl

204

SET
T

B 23 FIDE N AR mE iR SR

Ph
fac-Ir(ppy)s 203

HIAE SRR VE RN B RE B3 A1, BB AN 4 8 i JiR 77
B EREH]. H = BHLEEAN Scheme 24 Fi7i.

10 mol% NiBr, - diglyme
Ph o 11 mol% 215 or

BF, 20 mol% NiBr,-diglyme
= 25 mol% 216
R-X+ RH,C—N® —CH,R (29
+ RH,C NQPh 3 equiv. 159 R-CH,R'  (29)

214
40 W Blue LEDs
212
Ph 213 DMA, r.t,, 16 hor 24 h

R = aryl 34% ~ 92%
R = alkyl 33% ~ 73%

MeO OMe SN
W Qro
215 216

2021 4, {48 EIRAAH IR IE T iE I A2
RS BT 6T 5 B RG e Ak B 1 -BR S (1) SR, 78
VU S RK IR (THF ) AW, T =05 R AMT (427 nm) i 5
10 h, ZIEBRERATA I Katritzky £h 229 5 Ffk ke 3L 16 17
fit 228 HEAT I LT HEAL, DL 36%~T2% MR 1F 2] y-
fils 230 (Eq. 30). xRS EMMIH T SRE S
VISR G LSRN AL, FLERRF 7RI, #THF
1) Katritzky 7] DL5 & HT IR e 2207 W ok AH ELAE
e EDA 559 233, % E A1) 233 7E 427 nm LED 4T
MO~ R4 SET i A%, M 2 S ER IR AT A4 1) Katritzky
8229 L U TR G o-C H HH2E 234, FETMERUR L. &
MNALFELN Scheme 25 AR,

R = aryl, alkyl; X = Br, |
R' = alkyl, benzyl

TMS‘O Ph O COR"
N ©  purple LED
427 nm !
N |®/ BF, ( ) R (30)

‘@)’J Ph N ph THF rt, 10h \(v)/’

n

n R~ “CO,R" 230
228 229 36% ~ 72%

R = Ph, CO,Et, CO,/Bu, PhCH,
R' = alkyl, aryl, n=0, 1

)=
R—N Ph - . y —.  fac-Ir

\ /BF4_ R—N  >—ph 2 R Ar/=1,7 DIPEA ArmR (PPy)3 A/:\

PH — 209 ( R HAT 211 r R

210 t 205

i 7 R P AR BB s I g AL L

Scheme 23 Mechanism of coupling reaction between alkyl pyridinium salt and terminal aryl alkynes under visible light
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A
Me — COzEt
Ph Hantzsch ester 1~ Ni ; Me COoEt
N 159 Me CO,Et T 7= H
R- / Ph ———>>—~ th_z_ H N+ )<H BF,
BF: R—N)E__>— h CosEt
Ph \ / 2
213 Ph BF4
ph 217 >):>7
) PR 219 G 1, alkyl
= aryl, alky
PH 220, ,Ln —X X=Br |
212
\L zzé““' [ S
HN+ H BFs + X- +HN / Ph
R— LnN| CO,Et PH
21 224 227
218 + 220
B 24 OLFEFEM Katritzky #h 5 s AR R AL

Scheme 24 Mechanism of coupling of Katritzky salt with halogenated hydrocarbon catalyzed by nickel under light

Ph Ph
T™S. ™S, ;¥
,,,,,,,,,,,,,, X O . e}
\ }\ ere | T N mBa
<’ Ph Ph SET -’ Ph Ph
o, )\COZR o, R')\002R“
228 231 232
EDA complexe radical ion pair
233 234
Ph
4
Ph N D—pn TMS< (')+
: PH Ph A ™S5 CO,Me O CcoMe
&, 220 P31 | BF
ph N Ph 4 Ph

232

B 25 FIWOGF Katritzky #h

b5 PP e ot e s T ) e i £ S 2 P L

Scheme 25 Mechanism of alkylation reaction between Katritzky salt and silyl enol ether under visible light

A4, B PR R J T — Bl s ] Lok
M SHAAREATAR) Katritzky #5556 = 2 FERERF
FAREE RN, BT o- —SERAL SA k. 1
10 mol% Hantzsch BE{EH T, DMSO/N-H JEtt g £t i
(NMP) (V: V=3 1 1) R, T 50 CHEELHRYS 24 h,
Katritzky #h 236 5 56U 3t — 2 35 RERF 237 TR
B, DL 44%~87% IR E] o- R 5 238
(Eq. 31). AJEEAIHLFEAN Scheme 26 fiizs. 1%, Hantzsch
fig 159 5 Katritzky 2k 236 JEE EDA 54 239, %K
EY 239 KOOGS, LLES SET i, Mim{E
Katritzky #h 236 7 f# 2 Bose ik B L 244, FE 510G

Tk 237 3E4T H SRR, 248 SET i F2 K bk = 2.k ik
(TES)E:H, fx/515314) 238.

B F 2 SRS T AR IR 24 R,
AT TR T A2 AR AR N-05 35 3 4 e fi
G B AT A ) Katritzky #5 A9Z0 56 B B JE 3R e S |
% 3,3- HURE BRI SIS (Bq. 32). 7E SRR+,
T 50 CHOGITHEGIER, 3,3-ZHURAMIRIL A 249
IR 45%~97%. %z IS (DFT)BF LRI, —

IR A 72 50T LU o N-05 55 79 0 5% iz Fn
Katritzky #2 [A]JE A EDA 2544 250 56T, M
7% Katritzky 3h7= B v MR F B, 1510 58 BOURONL

R F

OTES
PhS \ / _R *
BF,

236

10 mol% Hantzsch ester (159) R)S( Ph
31
DMSO-NMP (V:V = 3:1) 5 G1
Blue LEDs 24 W, 50 °C, 24 h 238

44% ~ 87 %

R = alkyl, phenyl, benzyl, a-amino acid ester
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Me CO,Et
D

CO,Et

239
deactlvatlon

EtO,C COzEt Me
I

o
R—N/_\ Ph Me N Me
Ph™ 236

B 26 AW Katritzky 3k

N® / Ph Ph
Ph Y -
EDA complex 240 54 243 OSiEts
CO,Et OSiEts /’\©)Y
R F
: 237

4 COaE

Ph
| XxrPh
=N

- F

FF
245
SET

242 CO,Et OSiEt, o)
_R -TES R
| Ot .
FF FF

246 238

b5 T HE = L FE TR (R AR S AL B

Scheme 26 Mechanism of the coupling reaction of Katritzky salt and difluorenyl triethylsilyl ether under visible light

R
CO,R"
, F4 COzR Blue LED, overlight
R— + NN 0 (32)
xyene, (5015) °C N
249"

R =H, Me, MeO, F, ClI, Br, CN, CF3 CO,Me

R' -aryl benzyl, alkyl; R" = Me, Bu

2021 4, Jakubec VR UORIE T AT WoBHE it N-FE
FEILEIE $45 35 5 A R OR 20 128 AR M. 7E 2 equiv.
DIPEA fE{ER, B 14-ZSUNHONIER], T =R
B 12~24 h, BL 6%~ 58%ITUSC R A3 3 22 Folt 45 44 T ERAR
I 253 (Eq. 33). RO b L 77 e ) o- 2
FREE AT A1 Katritzky 3245 2, 10 H X 2 F K A7 4 1)
Katritzky SWIEH. ZERMNEE)T, G2 2R

Rl B B 26 A A, HLEERE 7R B, & HF DIPEA
%Dﬁ FHL TP N-fe L e $45 25 252 JE 1) EDA 48574 255
SR REHAT B OCEE. nTRENLEE QN Scheme 27 7R, B
5, DIPEA Fll N-JeJEnE e 5 6 7K 1% EDA 2554 255, %%
G 255 TR KL TR, FeAR R B EERHE
T 260 F1 —SUNENE I 256, 1 H13E 256 iR AR E
HH3E 258, fik H HH3E 258 50 AHFE S 20 251 HE4T XI5
EEEVEE BRI, TR E B 259, BEEHBR
FALEFE AR 253, A MAR A BENEE T H
FHIE 260 114 41 n] DAE O 26 261.

2022 4F, KERIRAHUIHGE T (3,3,3- =9 IN - 1-
Ii-2-38) 75 8 5 Je FE LT AR I Katritzky $h3E4T B e
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45% ~ 97%

QE

EDA complexe

250
Ph
NO, )
—\® : 2 equiv. DIPEA NR'
// * Ph@ \ /N_R Blue LED, 1,4-dioxane R (33)
R BFa oy rt,12~24h 253
0/ ~ 0,
251 252 6% ~ 58%

R = alkyl, styryl, aryl, naphthyl, thienyl, furanyl
R' = aryl, alkyl, a-amion acid ester, peptide group

FEAL N gem- R R IR IS . 7E 2 equiv.
Hantzsch BE/77E T, PADMA AEF, T =i 456
nm) 12 h, Bl 48%~91%MIEBH T gem- )ik
264 (Eq. 35). HA AR AP e 5L % (1) Katritzky #5358
IRBFHO N, ZITIE NG IR 2N gem- — 512
B & R AR T W 0 SR eE, (R B R 4 1 E RE A 52
PE, REARGFHOARAIN . BE. B2 R, Aext — S A WE
AP B G 4 AT S D e A AB 1.

Ph

/CQ’ \ 2 equiv. 159 (iF2
equiv.
R ph < SAUV- 159 R (34
Ar * —/ o DMA, rt. ArJ\/ (34)
pr/ 574 hv@4s6nm) 12h
262 263 264

0/ ~ 0,
R = alkyl, aryICH,CH,, etc. 48% ~ 91%
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ey
Y /\/NO2
e T | T NS,
PhQ_R' ph—{ N-R o o RO
BF, Ph 258 O"® O 253
252 BF, Ph Ph 259 NO,
EDA complexe /_ N
255 257 Ph
oo
\l/%k/ N—~
-HN02
261 260

B 27 o WOGAREE N-Je Rk e $45 Eh 15 i 48 208 10 2 ARG e AL ER

Scheme 27 Mechanism of coupling reaction between N-alkyl pyridinium salt and nitrostyrene under visible light

it Tambar WA T —FhF e A0S S5
o-BEERAILE a-Fa g MATA I Katritzky 2510 Bk

BV a-BE LR M. B 20 mol% Cat. 268 Sy T4k 771,
1E 1 equiv. 2,6- ~HFEMERE & 1 equiv. Nal f£7E T, DMA

REF, T4 CHECIES 24 h, B 265 5 a-RIEERNTAE
(1] Katritzky #h 266 B, L 43%~78%[MYi 3 Iz ik
99% ee 133 a-FiFEALT=H) 267 (Eq. 35). T NH.CH,-
CN J 2K F i AT A 1) Katritzky #5558 55 i e B o
Bl MM TEE Nal Al H,0, £ CHoCly, gL

39%~T72% MR FITIL 92% ee 193] a-Fi 3tk =4, %
SN B e A AR AN I B RE AT A M R B RO A, A
FAEFZMER R, BRI AR 2 KRR =47 T %6t
WA R B G . WLERB TR R I, T 268 5 o-
TR RN o-EATAR Katritzky #hTERT)
EDA 245G 270 J2 S NgEAT OB Hh (A4, @i e iE ik
EDA 25 G WEAT FLAT 5 A% T RSGTs 1H: Al ) B 22 58 Bl B
JSALFR U Scheme 28 7.

Ph
Xy © 9 0
o | BF 120 mpl /5 ge;t.t%(?S R
4 equiv. 2,6-lutidine ~
IR+ o NP ; (35)
H . .
1 equiv. Nal, 10 equiv. H,O R CO.R'
R~ ~COR" Blue LED (427 nm) 2
265 266 DMA, 4°C, 24 h 267
(0] Me 43% ~ 78%
R =H, Ph, PhCH,, alkyl N Me up to 99% ee
R' =H,Me, Et, ‘Bu, Bn, Ph B I3 He
R" = OCH,CF3, aryl "™ °N” "Me
Cat. 268
(0]
JH/\ o
H R'
M R ) M HJ\/R
e 267 N 28
)\\\Mek—\)‘ \Me Q /NIe %
BT NN Me BN NN"“Me Base Me X O
R H Bn ~ |®/ BF4
stereocontrolied HO N 268 N" "Me _ pp" >N Ph
radical addition 274
/ HTS 266|\R
269 R
o) Me () Me Me
N~ N/ N Ph
){\Me ){\Me Me BF4_
BnT N7 TMe 9y Bn NS Me Bn N: L Me . f S
+ 2
H{\m< Hé% < Yy PhT N Ph
R N
; g o™
273 EDA complexe
radical chain in-cage Tadical Bn )‘ i SET 270p
combmatlon\ !
H'X, Ph Nk Ph ¥
R

radical ion pair

271

B 28 AT WOG R TR IE S Katritzky EhH a-le 540 S B2 FOHLEE

Scheme 28
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3.5 MLHIER T Katritzky 2i2 58 C—C #EBR

N

2021 4, BRI TR WRIE T ICBAE AR
IFITEBL R, B Nal 25 B0 5 s 2500 50 e B il
& By-AEANEE R SN, e AT Katritzky £
275 55350 276 7E 20 mol% Nal f£7E F, DMA N, T
45 CH ISR, PL30%~92% MR 153 gy- A1t
FIBE 277 (Eq. 36). ZRNAK R A2 (015 H 52 1,
A HEZ F, Cl, Br, OH Sifigdt. {E# @it DFT 7t % B,
Nal 5 Katritzky £ 275 )& A BAEH 22 SO BUE+
AR -2 AA(EDAYE &4 278 FI8E, MM SEL T bt
I B

R?Ph Q
0=\ ® 20 mol% Nal 1 2
N p o | 2Omo Nl RITTRE o
— R DR  DMA45°C  R:
R'PH BF? overlight, Blue LEDs R4
275 276 277
R! = alkyl, aryl, COOMe, etc. 30% ~ 92%
R? = OMe o ®
R3, R* = aryl, naphthyl Ph 1--Na
D o)
BF, \+ﬂl\Ph,
2
Ph 21 R
EDA complex
278

F4E, A0 FR AT R T — Rk il S H &
TFHEA IR C—H B 2 A B e B R B 3807
7. L 10 mol% Lil AL, DMF AV #, T =%k
JTHRYT 24 h, MElbtlx 279 5RFEREER Katritzky £ 280
S, L 35%~T8% MR AS B 2 FE BEALIG LR 281
(Eq. 37). 1% J2 N3 3ok i 20 268 11 o G T 1R 6 v AL kAT
WG T8 R ANRES B R A AL AL,

4 TFIAEERTIEERS5R C—C BEMR M

AR, A2 TARE R T MEREAE A b B i i &
BRI IRIA R ik, Z A C &SR T A IE REA]
[ v B S VE. 2020 4F, Rovis UG ZH R IE 7 —Ff
("It B LY AR R AT AL [ C—N L &
BeAb M BB I v, I o3k S B BT
FHEgEA, LT C—N BIiEi, s E/ER
T SR AP AT AR B, AT & - RE
R AL TEMEN SRR, (EE S 3 mol%
[Ir(dF-CF3ppy)a(dtbbpy)]*PFs (PC, 285) N 4L, 20
mol% 1,1,3,3-P4 H FEAN(TMG)IER, 2,4,6-=H EIEIK H
B R, TEFWRAMF T 1,2- A LLE(DCE)E R
I OC BB 24 h, o-N-FUT - R IHIRER S a-3°1A
FEHAT IO, LA 45%~99% R 133 p- IR
FEMRTE(Eq. 38). X T2 [ A7 B K IR 3R i, tHAE DA
45%~92% ISR A3 2 AH B AR IR =4 [R5 T3 000R
AN B S FE R S I T AR, S BB AR UMb e 2%, 43731
PL 70%, 53%FH 35%4F FIAH N AR 4.

AT NMR ISR B, SR RN A 45 BR T A BB s . A
— RN, FRAEF TR T W0 Scheme 29 FT7R ) s v 1]
RENLEL. Hoiifg 284 SR G RENEMEW L 287, &
PED % 287 53R A PC (285)4 FHL T 56 FS I i 15675
TERCOGHE P i B B S R ()44 288, [RIN AR Tell Bl S
V% [ Fh 3 rp R4 288 22 - I 2R JICHE 5 B H 10 R
IR edt B ek 289 FNO5 B AR bkt 2t 289 AN
ORI IR TS 283 HEAT H B &N AF B AR 290, )5
B A 290 2038 SRR TALFE BT 75 =4 284, FEFEAE
1AL PC (285).

Ac Ph Ph Ac
| (0] | N e . Bn—l{l i
Bn—N o 10 mol% Lil 7z
— g N®_J BF, R" (37)
DMF, purple LEDs (427 nm) R R'
R R" Ph rt, 24h

279 280
R = aryl, naphthyl, thienyl
R' = OMe, OEt; R" = aryl, benzyl, alkyl

281
35% ~ 78%

RN OMe 3 mol% PC (285)
| COR' 20 mol% TMG (286) R ~coR )
* <\ DCM (0.05 mol/L) 2
MeO oMe rt, 24 h, 472 nm LED 284
282 283 35% ~ 99%

R = alkyl, aryl, efc.

R' = Me, Bn, 'Bu, CH,CF3, CH,CH,OTMS,

CH,CHF,CHFCF,, efc.
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ik SR

(6]
activation JJ\ £ R

R N—= " _H A NH,
S 282 ar H20 ' 287
L “ — sterically
0 via imidoyl hindered amines
Ir R/\N_\‘
ET/PT radical Ar 288
7-quatemary
R\/N\(BOC)Z '}I(BOC)Z S-scission
cOMe R\/8\co Me | \A CN
amino acids 2 N R A
no acl 290 8_
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