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Application of Photochemical/Electrochemical Synthesis in C—H
Functionalization of Quinoxalin-2(1H)-one

Liu, Xiang™ Li, Wen

Zhuang, Canzhan

Cao, Hua

(Guangdong Cosmetics Engineering & Technology Research Center, School of Chemistry and Chemical Engineering,
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Abstract Quinoxalin-2(1H)-ones are a kind of important nitrogen-containing heterocyclic compounds, which have strong
biological activity and chemical properties, and play an important role in synthesis chemistry, functional materials, drugs and
so on. In recent years, the construction of 3-functionalized quinoxalin-2(1H)-one by C—H functionalization has attracted the
attention of many scholars and made important progress. Among them, green chemistry oriented photocatalysis and
electrochemical synthesis are becoming powerful tools for C—H functionalization of quinoxaline-2(1H)-one. In view of the
great influence of photochemistry in synthetic chemistry, the research status of C—H functionalization of quinoxaline-
2(1H)-one in visible light catalysis and electrochemical synthesis is summarized, hoping to promote the further development of
green synthesis strategy in the functionalization of nitrogen-containing heterocycles.
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Scheme 1  Application of photochemical/electrochemical synthesis in C—H functionalization of quinoxalin-2(1H)-one
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Hi3E 5774 43a (Scheme 13).
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Scheme 13 Photoinitiated three-component a-perfluoroalkyl-f-
heteroarylation of unactivated alkenes via electron catalysis
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B Pk 49; ), O SFHUH E A 50 1 E Ak

AT 48a. (HAFTERNRZ, 7Y 48a W LU E]E
HEFAIIER], 2810T 1a (Scheme 14).
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ngii Jﬂﬁ
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Possible mechanism
CngOZNa
47a

1a* or 48a* SET CFS * SozT

LR 0

1a or 48a

B 14 TR RIS T A WG SR ik-2(1LH)- B 5
AL = 30 R S R
Scheme 14 Visible-light-induced self-catalyzed trifluorometh-
ylation of quinoxalin-2(1H)-ones under photocatalyst free condi-
tions
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R AR B E H13E 53 AR 8 1, B In(ppy)s UL Ak
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(Scheme 15).
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Scheme 15 Visible-light photoredox and organoamine catalysis
for the C-3 difluoroalkylation of quinoxalin-2(1H)-ones
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(Scheme 16).
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Scheme 16 BI-OAc-accelerated C(3)—H alkylation of quinox-

alin-2(1H)-ones under visible-light irradiation
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Scheme 17 Direct C—H difluoromethylation of quinoxa-
lin-2(1H)-ones via organic photoredox catalysis
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Wi J5, TFASFROEK K 420~425 nm IR IAFAE
T, %0 KaS:0s 523 T EIRMR-2(1H)-FH 1 55 2,2-—
F-2- 75 5 AR 61 Z A1 m] WOk SR C(3)- 907
SIS, G T AW 62. Z B EA BRI
SN, BELARIE 79% LA _EIIFE R IR A, I
TMPEO J&, R 5E4 3, F#Z RN AT REvs & H
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S04 FJaE, 2,2-5-2-F5: AFRIE(61a) & I AR FE /=
ArbiEfR 63 FRRE A AER, g, TIAME 63 kX
W Mbk-2(1 F)- B 1) C-3 A7 i (a4 64 f 5 i 20110

Eﬁ%}ﬁ% 62a (Scheme 18).
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AR 18 MEREWR-2(1H)-B5 2,2- —9-2-75 3 Z BB M6 51 R
R C(3)- 305 3 P Ak S 82
Scheme 18 Photoinitiated decarboxylative C(3)-difluoro-
arylmethylation of quinoxalin-2(1H)-ones with potassium
2,2-difluoro-2-arylacetates
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BR 19 "L SR -2(1H)-8 5 55
&heme 19  Visible-light-induced 3-arylation of quinoxalin-
2(1H)-ones with aryl diazonium salts

[F)4F, Kim 55828 — 5237 A7 L' (R A T e U k-
2(1H)-H 1 555 BB AL 67 o7 AL, & T &
¥) 66 (Scheme 20). SELFEFRTAERML, 1R BIARLL
Eosin Y Jy b HEALF HA TR B A G . 0077 A
HHZ 5, {HEL DMSO A RIS B fem. OB EATHL
SE ) BB AT A2, 07 R A 4 T R S R R R Y
77 3 B R REMURI b REAT 12 S B, JF DA 22 7 285k
0. BeAt, 2RO R 5 T0 SR JE 1 W R -
2(1H)-FR B B AT 2 B

\ f Eosin Y (3 mol%) Oi
.
| AN2BFs pysore
blue LEDs

> @EN o
©:N/ N/ CF3
71% 88% 82%

B 20 W] WOGOE AR -2(1H)- R 5 55 5 B A 5
e

Scheme 20 Visible light photoredox-catalyzed arylation of
quinoxalin-2(1H)-ones with aryldiazonium salts
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FYCERA 2-5AR-2(WEWy-2-38) RS H IR a-E AR IR
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LI 70, [RIE B COy; 22K, BEEE 70 Ik menz
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AR, P ARk 72; B S HOY #E— Atk
(44 72, 19200R E BT Ak 73; &, BT
Fp a4 73 125 5 AR T A 3- Tk L e MR K -2.( 1. H) - (69a)
(Scheme 21). R4, BRENIETAMINACRAL %A
T, AWENEMR-2(1LH)-Bi AN o R A JEOR SR EL T BT L
FBEEA R B, %R N EAA R E G 21, 6
M 320 RE . IE. Bedt. MER. HERAERME.
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I
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N._O
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oH __(1mol%) _ | 5
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3 W blue LEDs o)

Possible mechanism

km <)
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HO, HO,
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73 H 72H

HO,
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69

B 21 AT DB e LA o EARRIR 5 i NE-2(1 H)I
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Scheme 21 Visible-light-promoted acridine red catalyzed aero-
bic oxidative decarboxylative acylation of a-oxo-carboxylic acids
with quinoxalin-2(1H)-ones

2020 4, i PRAFCOET G )8 iR L AR
AT SRR, Sl 1 iR R-2(1LH)-F 1 5 o A0R
g 74 A WO T IR EEAL [ B (Scheme 22). 5 Wei
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FeL ORFIEILAE N-HU R ENR -2 (1 H)-BH BEIBUR) S5,
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3 WLED
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DCE/H,0 (V:V = 1:1)
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B 22 HIEWR-2(1H)-TS oS AR I T WL 5 R st
bR 8

Scheme 22 Visible-light-induced decarboxylative acylation of
quinoxalin-2(1H)-ones with a-oxo carboxylic acids
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2(1H)-F 75 BIRBL, SRR R BARIE, %R M T 7K
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I3 1 Fr B ENR IR-2 (1 H)-BR A& Tz v, SR
PINLELAE b, HALEA =R, Bk, 2-EAR-2-2
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2021 4, ] TR AR A 4@ S AL A3
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W, RIVE NN AFTLE.
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Scheme 23 Acylation of quinoxalin-2(1H)-ones under visible
light catalysis
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Scheme 24 Visible-light-induced decarboxylation of quinoxa-
lin-2(1H)-ones with aryl peroxide
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Scheme 25  Cross-dehydrogenative coupling of quinoxa-
lin-2(1H)-ones with aliphatic amines under visible-light catalysis
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Scheme 26 Visible-light-initiated cross-dehydrogenative cou-
pling of quinoxalin-2(1H)-ones and simple amides
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Scheme 30 Visible-light-induced fluoroalkoxylation of quinox-
alin-2(1H)-ones with fluoroalkyl alcohols
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2(1H)-ones with alcohols under visible-light catalysis

http://sioc-journal.cn/ 3473



BIKE

1.4 TFARIFS TEREW-2(1H)-87 3 i C—S 81t
B’

2019 4F, ZINsRSEEOE L & R 5ok Ak R i 2 1
T, SRR AONEAT, ST AT R F
W IR IR -2(1H)-F 1 S5HRF 107 (1) B 2 h S0 RSk [ M,
G T 3- AL R -2 (1H)- B 108, 75 &3 LA
25 HL T B ] (OMe F1 Me) Bk HE - 5E 4] (F C1 1 Br) 4%
P i 3 o] LA AR S5 72 23R 45 B AR =4, (HEAA A, =
PR S R R R T S A I R E A R AR B
TEMPO A F [ ik 2 i, %540 ol 58 4 3], &
BRI REVS J B2 OB LI, ok, 4-F AL 2R
107a 43 F AL A BREE 21 109 F1H ;25 0. 7
Wt LED GRS T, XF 109 347 i 744k, TR e
WyEL 110; — 71, MEWYIE 110 55 Bk, AR Bk
(path @), 5771, MEWYFE 110 403 1b (1) C-3 77
R E B E 4K 111 (path b); BEJS, Ak 111 @i
1,2-H#EBA 112, BG4 D8RS 20 = E 7
(<4 108a (Scheme 32).

R?2 R?
R! ! R! N O
@[NIO o qpy  9WBlue LEDs @[ i
+ o ; o, RS
_ N/ 9y NMP, air, 50 °C, 20 h “_~ N/ <

@i@/ @IQ

108a, 76% 20%

@iQ/

@”oi" T %@[ v
@fﬁfoQ/

1 2-H shift

B 32 AT OGS HEAFIZ A T v R h-2(1H) - 55 5%

LA NERE 2 RIA TR NI

Scheme 32 Direct C—H sulfenylation of quinoxalin-2(1H)-
ones with thiols under visible-light-induced photocatalyst-free
conditions
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o A 38 oL B e T #E B (SET) i R # A Ak, 774 EH
154, 95 AL A ENE R-2(1LH)-BR 1b' 38 B3 % B b a] 44
155; Fififa, 155 78R — DA AR 22 718 2 3-in
RENZEIRER 153a; [FES, i FH0EIR, 764 H.
AN, NI FE A AE LR R H 2 ) 2 4k (Scheme
43).
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