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Abstract: An environmentally-benign electrochem-
ical approach for the construction of quinoline
derivatives employing N,N-dimethylformamide
(DMF) as the methine source has been devised by
cyclization of 4-(phenylamino)-2H-chromen-2-ones.
In a user-friendly undivided cell, 6H-chromeno[4,3-
b]quinolin-6-ones were obtained under chemical
oxidant-free and transition-metal-free conditions in
43–92% yields with high functional tolerance.

Keywords: Electrochemistry; Metal-free catalytic
strategy; C� C bond formation; N,N-dimeth-
ylformamide; Chromene-fused quinoline

Chromene-fused quinoline derivatives are wildly dis-
tributed in natural products,[1] and display excellent
performance towards pharmacological and biological
activities, such as anti-cancer activity,[2] selective non-
steroidal progesterone receptor modulators,[3] glucocor-
ticoid modulators,[4] and estrogen receptor β-selective
ligands.[5] Additionally, there are also important appli-
cations in biotechnology, such as dyes for mitochon-
drial imaging[6] and fluorescent pH sensor (Figure 1).[7]

In recent years, electrocatalysis has been recognized
as a versatile and environmentally-friendly tool for
molecular synthesis due to its effective nature, atom-
efficiency, and environmentally-friendly merits.[8]
Thus, electrochemistry has enabled significant devel-
opments of C–H functionalization for the formation of
C� C and C� Het bonds.[9] Among them, the selective
C� C formation is a crucial challenge for the modifica-
tion of natural products, pharmaceutically active
compounds, and ligands for catalytic transformations.

At present, the C� C bond formations under tran-
sition metal-catalyzed[10] and metal-free electrochem-
ical conditions have been disclosed.[11–14] Especially,
metal-free catalyzed electrochemistry enabled wide
applications for green protocols of alkylations,[12]
arylations,[13] and dehydrogenative couplings[14] (Sche-
me 1a). New methods for C� C bond formations by
electrochemistry remain underdeveloped for an effi-
cient access to valuable organic structural motifs.

Almost all C� C bond coupling reactions using
DMF as a carbon source have the disadvantages of
high temperature and harsh conditions.[15] Therefore,
there is a strong demand for methods that use DMF as
a carbon source to construct C� C bond under mild
conditions.

We have previously reported a route using copper
as catalyst and inexpensive industrial raw material
DMF as the carbon source in the presence of tert-butyl

Figure 1. Some examples of chromene-fused quinolines.
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perbenzoate (TBPB) as the oxidant to construct 6H-
chromeno [4,3-b] quinoline-6-ones.[16] Thus, we have
proposed a strategy for metal-free electrocatalytic
cyclizations of 4-arylaminocoumarins using DMF as
the carbon source in the absence of toxic and
expensive chemical oxidant in a mild, efficient, and
environmentally-friendly manner (Scheme 1b).

We commenced our studies by using 4-(phenyl-
amino)-2H-chromen-2-one (1a) as the model substrate
to identify the optimal reaction conditions (Table 1).
The desired 6H-chromeno[4,3-b]quinolin-6-one 2a

was isolated in 92% yield when substrate 1a was
directly electrolyzed at a 10 mA constant current in a
mixed solution of NaI, NaOAc, and NaHSO3 in
anhydrous DMF at 95 °C without additional metals
(entry 1). Compared with NaI as the iodide salt, the
yield dropped slightly to 89% when employing KI as
the iodide additive (entry 2). However, only 45% yield
of product 2a was obtained using nBu4NI instead of
NaI (entry 3). As was expected, when switching iodide
salts to other additives, such as NaBr, nBu4NBF4, and
LiClO4, no desired product was detected (entries 4–6).
In addition, the participation of water reduced the
yield, and this proved that anhydrous conditions were
particularly important for this reaction (entries 7–8).
Further control experiments confirmed the essential
role of electricity, as this resulted in lower yields or
even no desired product (entries 9–11). Interestingly, it
was found that carbon rods or platinum plates were not
advantageous as anodes than glassy carbon (GC)
anodes (entries 12–13). The yield was decreased
slightly when the reaction was performed at 100 °C
(entry 14).

With the optimized conditions in hand, the substrate
scope was next investigated to illustrate the robustness
of the electrooxidative catalytic strategy (Scheme 2).

Scheme 1. The development of C� C bond formations.

Table 1. Optimization of the reaction conditions.[a]

Entry Deviation from standard conditions Yield/%[b]

1 None 92
2 KI instead of NaI 89
3 nBu4NI instead of NaI 45
4 NaBr instead of NaI 0
5 nBu4NBF4 instead of NaI 0
6 LiClO4 instead of NaI 0
7 DMF/H2O (14:1) instead of DMF 77
8 DMF/H2O (5:1) instead of DMF 55
9 I=8 mA 78
10 I=15 mA 82
11 No current 0
12 C as anode 0
13 Pt as anode 52
14 100 °C 80
[a] Reaction conditions: Undivided cell, Glassy carbon anode, Pt
plate cathode, 1a (0.20 mmol), NaI (0.20 mmol), NaOAc
(0.20 mmol), NaHSO3 (0.24 mmol), anhydrous DMF
(3.0 mL), constant current=10 mA, 95 °C, 12 h.

[b] Yields of isolated product.

Scheme 2. Synthesis of 6H-chromeno [4,3-b] quinoline-6-ones
(2a–2 l) a,b. aReaction conditions: Undivided cell, Glassy carbon
anode, Pt plate cathode, 1 (0.20 mmol), NaI (0.20 mmol),
NaOAc (0.20 mmol), NaHSO3 (0.24 mmol), anhydrous DMF
(3.0 mL), constant current=10 mA, 95 °C, 12 h. bIsolated yield
of 2.
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As shown, electro-donating groups on the aniline ring
showed moderate to excellent reactivity in the syn-
thesis of 6H-chromeno[4,3-b]quinolin-6-ones 2a–2e,
2j–2 l (62–92%). Furthermore, halide substituents (F,
Cl, Br) were well-tolerated, providing the correspond-
ing products (2 f–2h) in 63–81% yields. However,
compared with common electron-donating groups,
phenyl-substituted substrate (2 i, 52%) obtained lower
yield, which may be due to steric hindrance.

Finally, the substitution effect on both the coumarin
and the benzene ring was taken into consideration
(Scheme 3). The reaction performed well with either
the coumarin moiety or the aromatic ring containing
electron-donating or electron-withdrawing substituents
(4a–4 l, 44–80%).

The scalability of electrooxidative metal-free cycli-
zation with DMF as the methine source was evaluated
in 8.0 mmol scale (Scheme 4). The reaction furnished
the desired product in 51% yield, which shows great
potential of this electrooxidative metal-free cycliza-
tion.

In order to understand the mechanism of the
electrooxidative intramolecular C� C bond formation, a
series of mechanistic studies was carried out
(Scheme 5). Two equivalents of iodine (Scheme 5a) or
N-iodosuccinimide (NIS) (Scheme 5b) were tested as
the oxidant directly in the reaction of substrate 1a,
since the iodide could be oxidized under electro-
chemical conditions. In the absence of electricity,
neither iodine nor NIS as the oxidant can be used to
obtain the desired product 2a. Radical inhibition
experiment with butylated hydroxytoluene (BHT) was
carried out to probe whether the reaction occurred by a
radical reaction pathway or not. As was expected, no
desired product could be observed by adding one
equivalent of BHT, which indicates that the radical
involves mechanism (Scheme 5c). We could infer from
the results of parallel experiments that the methine
group of the cyclization product should be from the
methyl group on DMF (Figure S1, see SI).

Furthermore, we performed cyclic voltammetry
(CV) experiments to gain further insights into this
reaction mechanism (Figure S2, See SI). Substrate 1a
was oxidized within several waves at 1.10 VSCE, 1.55
VSCE, and 1.90 VSCE. When NaOAc, NaHSO3, NaI, and
DMF were added, the oxidation potential of the
mixture was 1.60 VSCE, which reduced the partial
oxidation potential of 1a and promoted the reaction.

Based on our studies, a plausible mechanistic
pathway was proposed in Scheme 6. In the first step,
the anodically generated iodine radicals attack sub-
strate 1a to afford intermediate A, which is converted
to intermediate B after releasing iodine anion. At the

Scheme 3. Synthesis of 6H-chromeno [4,3-b] quinoline-6-ones
(4a–4 l) a,b. aReaction conditions: Undivided cell, Glassy carbon
anode, Pt plate cathode, 3 (0.20 mmol), NaI (0.20 mmol),
NaOAc (0.20 mmol), NaHSO3 (0.24 mmol), anhydrous DMF
(3.0 mL), constant current=10 mA, 95 °C, 12 h. bIsolated yield
of 4.

Scheme 4. Gram scale experiment. Scheme 5. Controlling experiments.
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same time, the iminium intermediate C, generated
through anodic oxidation from DMF undergoes an
electrophilic attack to form intermediate D. Then, one
molecule of MeNHCHO is released to obtain inter-
mediate E, which was attacked by NaHSO3 to obtain
intermediate F. Next, intramolecular cyclization en-
ables the generation of the dihydroquinoline intermedi-
ate G, followed by an aromatization of anodic
oxidation to furnish the desired product 2a. Mean-
while, protons are reduced on the cathode, releasing
molecular hydrogen.

In conclusion, the metal-catalyst-free electrooxida-
tive cyclization employing DMF as the methine group
was developed. This strategy provided a general and
practical method to obtain chromene-fused quinolines
derivatives, which was milder, more efficient, and
more environmentally-friendly than previous methods.

Experimental Section
Synthesis of Chromene-Fused Quinoline
In an undivided cell (10 mL) equipped with a stirring bar, a
mixture of substrates 1 (0.20 mmol), NaI (0.20 mmol, 30.0 mg),
NaOAc (0.20 mmol, 16.4 mg), NaHSO3 (0.24 mmol, 25.0 mg)
and anhydrous DMF (3.0 mL) were added. The cell was
equipped with glassy carbon as the anode and platinum plate as
the cathode. The reaction mixture was stirred and electrolyzed
at a constant current of 10 mA at 95 °C for 12 h. Upon
completion, the solvent was removed directly under reduced
pressure to afford the crude product, which was further purified
by flash column chromatography to afford the desired product.

Acknowledgements
Generous support by the NSFC (Grant No. 21506190,
21978273), the CSC (Scholarship to Y. Weng) the DFG
(Gottfried-Wilhelm-Leibniz award to L. A.) are gratefully
acknowledged.

References

[1] M. D. Markey, Y. Fu, T. R. Kelly, Org. Lett. 2007, 9,
3255–3257.

[2] a) L. Goswami, S. Gogoi, J. Gogoi, R. K. Boruah, R. C.
Boruah, P. Gogoi, ACS Comb. Sci. 2016, 18, 253–261;
b) N. Mulakayala, D. Rambabu, M. R. Raja, C. M.
Chaitanya, C. S. Kumar, A. M. Kalle, G. R. Krishna,
C. M. Reddy, M. V. B. Rao, M. Pal, Bioorg. Med. Chem.
2012, 20, 759–768; c) K. V. Sashidhara, G. R. Palnati,
L. R. Singh, A. Upadhyay, S. R. Avula, A. Kumara, R.
Kant, Green Chem. 2015, 17, 3766–3770.

[3] L. Zhi, C. M. Tegley, B. Pio, J. P. Edwards, M.
Motamedi, T. K. Jones, K. B. Marschke, D. E. Mais, B.
Risek, W. T. Schrader, J. Med. Chem. 2003, 46, 4104–
4112.

[4] a) N. Sundahl, J. Bridelance, C. Libert, K. D. Bosscher,
I. M. Beck, Pharmacol. Ther. 2015, 152, 28–41;
b) W. M. Huang, W. Y. Lin, X. Y. Guan, Tetrahedron
Lett. 2014, 55, 116–119.

[5] A. T. Vu, A. N. Campbell, H. A. Harris, R. J. Unwalla,
E. S. Manasc, R. E. Mewshawa, Bioorg. Med. Chem.
Lett. 2007, 17, 4053–4056.

[6] X. J. Liu, Y. Li, X. J. Ren, Q. W. Yang, Y. N. Su, L. He,
X. Z. Song, Chem. Commun. 2018, 54, 1509–1512.

[7] W. M. Huang, W. Y. Lin, X. Y. Guan, Tetrahedron Lett.
2014, 55, 116–119.

[8] For selected reviews, see: a) M. Yan, Y. Kawamata, P. S.
Baran, Chem. Rev. 2017, 117, 13230–13319; b) R.
Francke, R. D. Little, Chem. Soc. Rev. 2014, 43, 2492–
2521; c) A. Jutand, Chem. Rev. 2008, 108, 2300–2347;
d) Y. Y. Jiang, K. Xu, C. C. Zeng, Chem. Rev. 2018, 118,
4485–4540. For selected articles, see: e) Z. P. Guan,
Y. K. Wang, H. M. Wang, Y. G. Huang, S. Y. Wang,
H. D. Tang, H. Zhang, A. W. Lei, Green Chem. 2019, 21,
4976–4980; f) R. H. Mei, W. B. Ma, Y. Zhang, X. Q.
Guo, L. Ackermann, Org. Lett. 2019, 21, 6534–6538;
g) F. Xu, H. Long, J. S. Song, H. C. Xu, Angew. Chem.
Int. Ed. 2019, 58, 9017–9021; h) S. Möhle, M. Zirbes, E.
Rodrigo, T. Gieshoff, A. Wiebe, S. R. Waldvogel, Angew.
Chem. Int. Ed. 2018, 57, 6018–6041; Angew. Chem.
2018, 130, 6124–6149; i) X. Y. Qian, S. Q. Li, J. S.
Song, H. C. Xu, ACS Catal. 2017, 7, 2730–2734; j) A.
Badalyan, S. S. Stahl, Nature 2016, 535, 406–410;
k) B. R. Rosen, E. W. Werner, A. G. O’Brien, P. S.
Baran, J. Am. Chem. Soc. 2014, 136, 5571–5574; l) C. Y.
Cai, X. M. Shu, H. C. Xu, Nat. Commun. 2019, 10,
4953–4959; m) J. B. Xiang, M. Shang, Y. Kawamata, H.
Lundberg, S. H. Reisberg, M. Chen, P. Mykhailiuk, G.
Beutner, M. R. Collins, A. Davies, M. D. Bel, G. M.
Gallego, J. E. Spangler, J. Starr, S. L. Yang, D. G.

Scheme 6. A plausible mechanistic pathway.

COMMUNICATIONS asc.wiley-vch.de

Adv. Synth. Catal. 2021, 363, 1–6 © 2021 Wiley-VCH GmbH4

These are not the final page numbers! ��

Wiley VCH Mittwoch, 21.04.2021

2199 / 201591 [S. 4/6] 1

https://doi.org/10.1021/ol0711974
https://doi.org/10.1021/ol0711974
https://doi.org/10.1021/acscombsci.5b00192
https://doi.org/10.1016/j.bmc.2011.12.001
https://doi.org/10.1016/j.bmc.2011.12.001
https://doi.org/10.1039/C5GC00756A
https://doi.org/10.1021/jm020477g
https://doi.org/10.1021/jm020477g
https://doi.org/10.1016/j.pharmthera.2015.05.001
https://doi.org/10.1016/j.tetlet.2013.10.130
https://doi.org/10.1016/j.tetlet.2013.10.130
https://doi.org/10.1016/j.bmcl.2007.04.068
https://doi.org/10.1016/j.bmcl.2007.04.068
https://doi.org/10.1039/C7CC08154E
https://doi.org/10.1016/j.tetlet.2013.10.130
https://doi.org/10.1016/j.tetlet.2013.10.130
https://doi.org/10.1021/acs.chemrev.7b00397
https://doi.org/10.1039/c3cs60464k
https://doi.org/10.1039/c3cs60464k
https://doi.org/10.1021/cr068072h
https://doi.org/10.1021/acs.chemrev.7b00271
https://doi.org/10.1021/acs.chemrev.7b00271
https://doi.org/10.1039/C9GC02665G
https://doi.org/10.1039/C9GC02665G
https://doi.org/10.1021/acs.orglett.9b02463
https://doi.org/10.1002/anie.201904931
https://doi.org/10.1002/anie.201904931
https://doi.org/10.1021/acscatal.7b00426
https://doi.org/10.1038/nature18008
https://doi.org/10.1021/ja5013323
http://asc.wiley-vch.de


Blackmond, P. S. Baran, Nature 2019, 573, 398–402;
n) X. C. Yan, S. R. Harutyunyan, Nat. Commun. 2019,
10, 3402–3411; o) P. F. Huang, P. Wang, S. Tang, Z. J.
Fu, A. W. Lei, Angew. Chem. Int. Ed. 2018, 57, 8115–
8119; Angew. Chem. 2018, 130, 8247–8251; p) P. Xiong,
H. Long, J. S. Song, Y. H. Wang, J. F. Li, H. C. Xu, J.
Am. Chem. Soc. 2018, 140, 16387–16391; q) Á. M.
Martínez, D. Hayrapetyan, T. V. Lingen, M. Dyga, L. J.
Gooßen, Nat. Commun. 2020, 11, 4407–4414; r) P.
Xiong, H. H. Xu, J. S. Song, H. C. Xu, J. Am. Chem.
Soc. 2018, 140, 2460–2464; s) X. Q. Kong, Y. L. Liu, L.
Lin, Q. J. Chen, B. Xu, Green Chem. 2019, 21, 3796–
3801; t) C. Huang, X. Y. Qian, H. C. Xu, Angew. Chem.
Int. Ed. 2019, 58, 6650–6653; u) H. B. Zhao, P. Xu, J. S.
Song, H. C. Xu, Angew. Chem. Int. Ed. 2018, 57, 15153–
15156; v) L. Zhu, P. Xiong, Z. Y. Mao, Y. H. Wang,
X. M. Yan, X. Lu, H. C. Xu, Angew. Chem. Int. Ed.
2016, 55, 2226–2229; Angew. Chem. 2016, 128, 2266–
2269.

[9] For selected reviews, see: a) Q. L. Yang, P. Fang, T. S.
Mei, Chin. J. Chem. 2018, 36, 338–352; b) R. C.
Samanta, T. H. Meyer, I. Siewert, L. Ackermann, Chem.
Sci. 2020, 11, 8657–8670; c) G. M. Martins, G. C.
Zimmer, S. R. Mendes, N. Ahmed, Green Chem. 2020,
22, 4849–4870; d) R. H. Mei, U. Dhawa, R. C. Samanta,
W. B. Ma, J. Wencel-Delord, L. Ackermann, ChemSu-
sChem 2020, 13, 3306–3356; e) Y. Yuan, A. W. Lei, Acc.
Chem. Res. 2019, 52, 3309–3324. For selected articles,
see:f) K. Liu, S. Tang, P. F. Huang, A. W. Lei, Nat.
Commun. 2017, 8, 775–782; g) W. J. Kong, L. H. Finger,
J. C. A. Oliveira, L. Ackermann, Angew. Chem. Int. Ed.
2019, 58, 6342–6346; h) J. W. Wen, W. Y. Shi, F. Zhang,
D. Liu, S. Tang, H. M. Wang, X. M. Lin, A. W. Lei, Org.
Lett. 2017, 19, 3131–3134; i) C. Y. Cai, H. C. Xu, Nat.
Commun. 2018, 9, 3551–3557; j) Y. A. Qiu, M. Stangier,
T. H. Meyer, J. C. A. Oliveira, L. Ackermann, Angew.
Chem. Int. Ed. 2018, 57, 14179–14183; k) R. H. Mei, N.
Sauermann, J. C. A. Oliveira, L. Ackermann, J. Am.
Chem. Soc. 2018, 140, 7913–7921; l) P. Xiong, H. H.
Xu, H. C. Xu, J. Am. Chem. Soc. 2017, 139, 2956–2959;
m) J. C. Siu, J. B. Parry, S. Lin, J. Am. Chem. Soc. 2019,
141, 2825–2831; n) J. Wu, Y. C. Dou, R. Guillot, C.
Kouklovsky, G. Vincent, J. Am. Chem. Soc. 2019, 141,
2832–2837; o) F. Xu, Y. J. Li, C. Huang, H. C. Xu, ACS
Catal. 2018, 8, 3820–3824; p) Y. A. Qiu, C. Tian, L.
Massignan, T. Rogge, L. Ackermann, Angew. Chem. Int.
Ed. 2018, 57, 5818–5822; Angew. Chem. 2018, 130,
5920–5924; q) Q. L. Yang, X. Y. Wang, J. Y. Lu, L. P.
Zhang, P. Fang, T. S. Mei, J. Am. Chem. Soc. 2018, 140,
11487–11494; r) N. Sauermann, T. H. Meyer, C. Tian, L.
Ackermann, J. Am. Chem. Soc. 2017, 139, 18452–18455;
s) C. Tian, L. Massignan, T. H. Meyer, L. Ackermann,
Angew. Chem. Int. Ed. 2018, 57, 2383–2387; Angew.
Chem. 2018, 130, 2407–2411.

[10] a) L. Ackermann, Acc. Chem. Res. 2020, 53, 84–104;
b) K. J. Jiao, Y. K. Xing, Q. L. Yang, H. Qiu, T. S. Mei,
Acc. Chem. Res. 2020, 53, 300–310; c) C. Ma, P. Fang,

T. S. Mei, ACS Catal. 2018, 8, 7179–7189; d) C. Ma,
C. Q. Zhao, Y. Q. Li, L. P. Zhang, X. T. Xu, K. Zhang,
T. S. Mei, Chem. Commun. 2017, 53, 12189–12192;
e) S. Torabi, M. Jamshidi, P. Amooshahi, M. Mehrda-
dian, S. Khazalpour, New J. Chem. 2020, 44, 15321–
15336; f) C. Amatore, C. Cammoun, A. Jutand, Adv.
Synth. Catal. 2007, 349, 292–296; g) F. Saito, H. Aiso,
T. Kochi, F. Kakiuchi, Organometallics 2014, 33, 6704–
6707.

[11] a) J. L. Röckl, D. Pollok, R. Franke, S. R. Waldvogel,
Acc. Chem. Res. 2020, 53, 45–61; b) S. Zhang, L. J. Li,
J. J. Zhang, J. Q. Zhang, M. Y. Xue, K. Xu, Chem. Sci.
2019, 10, 3181–3185; c) G. Y. Dou, Y. Y. Jiang, K. Xu,
C. C. Zeng, Org. Chem. Front. 2019, 6, 2392–2397.

[12] a) A. G. O’Brien, A. Maruyama, Y. Inokuma, M. Fujita,
P. S. Baran, D. G. Blackmond, Angew. Chem. Int. Ed.
2014, 53, 11868–11871; Angew. Chem. 2014, 126,
12062–12065; b) N. Fu, L. J. Li, Q. Yang, S. Z. Luo,
Org. Lett. 2017, 19, 2122–2125; c) I. Yavari, S.
Shaabanzadeh, S. Sheikhi, ChemistrySelect 2020, 5,
564–568; d) X. J. Meng, Y. Z. Pan, S. K. Mo, H. S.
Wang, H. T. Tang, Y. M. Pan, Org. Chem. Front. 2020, 7,
2399–2404; e) K. K. Niu, L. Y. Song, Y. K. Hao, Y. X.
Liu, Q. M. Wang, Chem. Commun. 2020, 56, 11673–
11676; f) P. F. Huang, P. Wang, S. C. Wang, S. Tang,
A. W. Lei, Green Chem. 2018, 20, 4870–4874.

[13] Y. Y. Ma, X. T. Yao, L. Zhang, P. F. Ni, R. H. Cheng,
J. X. Ye, Angew. Chem. Int. Ed. 2019, 58, 16548–16552.

[14] a) B. Elsler, D. Schollmeyer, K. M. Dyballa, R. Franke,
S. R. Waldvogel, Angew. Chem. Int. Ed. 2014, 53, 5210–
5213; Angew. Chem. 2014, 126, 5311–5314; b) L.
Schulz, M. Enders, B. Elsler, D. Schollmeyer, K. M.
Dyballa, R. Franke, S. R. Waldvogel, Angew. Chem. Int.
Ed. 2017, 56, 4877–4881; Angew. Chem. 2017, 129,
4955–4959; c) A. Kirste, B. Elsler, G. Schnakenburg,
S. R. Waldvogel, J. Am. Chem. Soc. 2012, 134, 3571–
3576; d) A. Wiebe, D. Schollmeyer, K. M. Dyballa, R.
Franke, S. R. Waldvogel, Angew. Chem. Int. Ed. 2016,
55, 11801–11805; Angew. Chem. 2016, 128, 11979–
11983; e) S. Lips, A. Wiebe, B. Elsler, D. Schollmeyer,
K. M. Dyballa, R. Franke, S. R. Waldvogel, Angew.
Chem. Int. Ed. 2016, 55, 10872–10876; Angew. Chem.
2016, 128, 11031–11035; f) M. J. Luo, Y. Li, X. H.
Ouyang, J. H. Li, D. L. He, Chem. Commun. 2020, 56,
2707–2710.

[15] a) Y. Li, D. Xue, W. Lu, C. Wang, Z. T. Liu, J. L. Xiao,
Org. Lett. 2014, 16, 66–69; b) J. M. Liu, H. Yi, X.
Zhang, C. Liu, R. Liu, G. T. Zhang, A. W. Lei, Chem.
Commun. 2014, 50, 7636–7638; c) D. N. Rao, S.
Rasheed, P. Das, Org. Lett. 2016, 18, 3142–3145;
d) M. N. Zhao, R. R. Hui, Z. H. Ren, Y. Y. Wang, Z. H.
Guan, Org. Lett. 2014, 16, 3082–3085; e) W. B. Liu, H.
Tan, C. Chen, Y. P. Pan, Adv. Synth. Catal. 2017, 359,
1594–1598.

[16] Y. Y. Weng, H. Zhou, C. Sun, Y. Y. Xie, W. K. Su, J.
Org. Chem. 2017, 82, 9047–9053.

COMMUNICATIONS asc.wiley-vch.de

Adv. Synth. Catal. 2021, 363, 1–6 © 2021 Wiley-VCH GmbH5

These are not the final page numbers! ��

Wiley VCH Mittwoch, 21.04.2021

2199 / 201591 [S. 5/6] 1

https://doi.org/10.1038/s41586-019-1539-y
https://doi.org/10.1002/anie.201803464
https://doi.org/10.1002/anie.201803464
https://doi.org/10.1002/ange.201803464
https://doi.org/10.1021/jacs.8b08592
https://doi.org/10.1021/jacs.8b08592
https://doi.org/10.1021/jacs.8b00391
https://doi.org/10.1021/jacs.8b00391
https://doi.org/10.1039/C9GC01098J
https://doi.org/10.1039/C9GC01098J
https://doi.org/10.1002/anie.201901610
https://doi.org/10.1002/anie.201901610
https://doi.org/10.1002/anie.201809679
https://doi.org/10.1002/anie.201809679
https://doi.org/10.1002/anie.201510418
https://doi.org/10.1002/anie.201510418
https://doi.org/10.1002/ange.201510418
https://doi.org/10.1002/ange.201510418
https://doi.org/10.1002/cjoc.201700740
https://doi.org/10.1039/D0SC03578E
https://doi.org/10.1039/D0SC03578E
https://doi.org/10.1039/D0GC01324B
https://doi.org/10.1039/D0GC01324B
https://doi.org/10.1002/cssc.202000024
https://doi.org/10.1002/cssc.202000024
https://doi.org/10.1021/acs.accounts.9b00512
https://doi.org/10.1021/acs.accounts.9b00512
https://doi.org/10.1002/anie.201901565
https://doi.org/10.1002/anie.201901565
https://doi.org/10.1021/acs.orglett.7b01256
https://doi.org/10.1021/acs.orglett.7b01256
https://doi.org/10.1002/anie.201809611
https://doi.org/10.1002/anie.201809611
https://doi.org/10.1021/jacs.8b03521
https://doi.org/10.1021/jacs.8b03521
https://doi.org/10.1021/jacs.7b01016
https://doi.org/10.1021/jacs.8b13192
https://doi.org/10.1021/jacs.8b13192
https://doi.org/10.1021/jacs.8b13371
https://doi.org/10.1021/jacs.8b13371
https://doi.org/10.1021/acscatal.8b00373
https://doi.org/10.1021/acscatal.8b00373
https://doi.org/10.1002/anie.201802748
https://doi.org/10.1002/anie.201802748
https://doi.org/10.1002/ange.201802748
https://doi.org/10.1002/ange.201802748
https://doi.org/10.1021/jacs.8b07380
https://doi.org/10.1021/jacs.8b07380
https://doi.org/10.1021/jacs.7b11025
https://doi.org/10.1002/anie.201712647
https://doi.org/10.1002/ange.201712647
https://doi.org/10.1002/ange.201712647
https://doi.org/10.1021/acs.accounts.9b00510
https://doi.org/10.1021/acs.accounts.9b00603
https://doi.org/10.1021/acscatal.8b01697
https://doi.org/10.1039/C7CC07429H
https://doi.org/10.1039/D0NJ03450A
https://doi.org/10.1039/D0NJ03450A
https://doi.org/10.1002/adsc.200600389
https://doi.org/10.1002/adsc.200600389
https://doi.org/10.1021/om500957a
https://doi.org/10.1021/om500957a
https://doi.org/10.1039/C9SC00100J
https://doi.org/10.1039/C9SC00100J
https://doi.org/10.1039/C9QO00552H
https://doi.org/10.1021/acs.orglett.7b00746
https://doi.org/10.1002/slct.201903931
https://doi.org/10.1002/slct.201903931
https://doi.org/10.1039/D0QO00593B
https://doi.org/10.1039/D0QO00593B
https://doi.org/10.1039/D0CC05391K
https://doi.org/10.1039/D0CC05391K
https://doi.org/10.1039/C8GC02463D
https://doi.org/10.1002/anie.201909642
https://doi.org/10.1002/ange.201400627
https://doi.org/10.1002/anie.201612613
https://doi.org/10.1002/anie.201612613
https://doi.org/10.1002/ange.201612613
https://doi.org/10.1002/ange.201612613
https://doi.org/10.1021/ja211005g
https://doi.org/10.1021/ja211005g
https://doi.org/10.1002/anie.201604321
https://doi.org/10.1002/anie.201604321
https://doi.org/10.1002/ange.201604321
https://doi.org/10.1002/ange.201604321
https://doi.org/10.1002/anie.201605865
https://doi.org/10.1002/anie.201605865
https://doi.org/10.1002/ange.201605865
https://doi.org/10.1002/ange.201605865
https://doi.org/10.1039/C9CC09879H
https://doi.org/10.1039/C9CC09879H
https://doi.org/10.1021/ol403040g
https://doi.org/10.1039/C4CC02275K
https://doi.org/10.1039/C4CC02275K
https://doi.org/10.1021/ol501183z
https://doi.org/10.1002/adsc.201601225
https://doi.org/10.1002/adsc.201601225
https://doi.org/10.1021/acs.joc.7b01515
https://doi.org/10.1021/acs.joc.7b01515
http://asc.wiley-vch.de


COMMUNICATIONS

Electrooxidative Metal-Free Cyclization of 4-Arylaminocou-
marins with DMF as C1-Source

Adv. Synth. Catal. 2021, 363, 1–6

Y. Weng*, H. Chen, N. Li, L. Yang, L. Ackermann*

Wiley VCH Mittwoch, 21.04.2021

2199 / 201591 [S. 6/6] 1


