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Abstract: A metal-free visible-light-induced cyclization procedure was developed for the rapid synthesis of
perfluoroalkyl-substituted benzimidazo[2,1-a]isoquinolin-6(5H)-ones and perfluoroalkyl-substituted indolo
[2,1-a]isoquinolin-6(5H)-ones under mild reaction conditions. In this procedure, the formation of electron-
donor-acceptor (EDA) complex is critical for the visible-light promoted process to avoid the utilization of
external photocatalysts.
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Introduction

Nitrogen-containing heterocycles are important and
promising compounds due to their potential biological
activities.[1] Consequently, numerous procedures have
been developed for the construction of N-heterocycles
in the past decades.[2] On the other hand, in the recent
years visible-light-promoted synthesis has emerged as
a powerful and environmentally friendly strategy for
various organic transformations.[3] Particularly, the
synthesis of N-heterocycles under visible-light-medi-
ated conditions have been well developed recently.[4]
Notably, benzimidazo-isoquinolin-6(5H)-ones (A) as a
significant structural scaffold was widely found in
biologically active molecules and functional
materials.[5] Figure 1 shows some representative com-
pounds containing benzimidazo-isoquinolin-6(5H)-one
scaffold with various pharmacological activities, such
as anti-inflammatory, antidiabetic.[6]

As a consequence of its importance, substantial
efforts have been contributed to the construction of
benzimidazo-isoquinolin-6(5H)-ones. For instance, the

conventional condensation methods were found to be
efficient for the construction of the target polycycles.[7]
However, those reactions suffer from tedious prefunc-
tionalization steps, harsh reaction conditions as well as
practical inconvenience. Gratifyingly, transition-metal
catalysis strategies have been reported as promising
alternatives for the synthesis of this important scaffold

Figure 1. Selected examples of benzimidazo-isoquinolin-6(5H)-
ones.
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in recent years. For example, Song and co-workers
reported an elegant Cp*Rh(III)-catalyzed [4+2] annu-
lation reaction of 2-arylimidazoles and α-diazoketoest-
ers to access benzimidazole[2,1-a]isoquinolines
(Scheme 1a).[8] Recently, our group developed an
efficient AgNO3 catalyzed decarboxylative cascade
cyclization reaction for the construction of alkylated/
acylated benzimidazo[2,1-a]isoquinolin-6(5H)-ones
(Scheme 1b).[9] Despite these achievements, it should
be pointed out that these methods still suffer from
some drawbacks, including the requirement of expen-
sive metal catalysts, stoichiometric oxidant and high
reaction temperatures. In the standpoint of green and
sustainable organic synthesis,[10] the development of
straightforward, convenient and eco-friendly synthetic
methods for the preparation of structurally diverse
benzimidazo-isoquinolin-6(5H)-ones is of significance
and highly desired.

Fluorinated functional groups are increasingly
applicable in the fields of drugs, agrochemical indus-
tries as well as material sciences.[11] In particularly, the
introduction of fluorinated alkyl moiety to heterocycle
scaffolds has a profound impact on their physicochem-
ical and biological properties, resulting in enhanced
lipophilicity, bioavailability and metabolic stability.[12]
Among those fluorine-containing functional groups,
perfluoroalkyl groups (Rf) are versatile and valuable
moieties for the development of potential
pharmaceuticals.[13] Consequently, the development of
efficient and convenient protocols for the installation
of Rf into target molecules is highly desired. However,
examples that enable the preparation of perfluoroalkyl-
substituted benzimidazo[2,1-a]isoquinolin-6(5H)-ones
have not been reported so far.

In most cases, an exogenous photocatalyst, e.g.,
transition-metal complex, or organic dye, is required to
harvest visible-light energy.[14] Alternatively, electron-
donor-acceptor (EDA) complexes, composed of elec-
tron donors and acceptors through molecular non-
covalent interactions, can be effectively excited by
visible-light.[15] As a result, in some visible-light
promoted reactions external photocatalysts, especially
those expensive and toxic metal complexes, could be
avoided through the formation of EDA complexes.[16]
With our ongoing interests on green chemistry and
radical reactions,[17] we herein disclosed a metal-free
procedure to synthesize perfluoroalkyl-substituted ben-
zimidazo[2,1-a]isoquinolin-6(5H)-ones and indolo[2,1-
a]isoquinolin-6(5H)-ones via visible-light-induced rad-
ical cyclization reaction under mild conditions (Sche-
me 1c-d). To the best of our knowledge, this is the first
example for the preparation of perfluoroalkyl-substi-
tuted benzimidazo[2,1-a]isoquinolin-6(5H)-ones and
indolo[2,1-a]isoquinolin-6(5H)-ones. All these synthe-
sized products are new compounds.

Results and Discussion
We initiated our study by establishing optimal exper-
imental conditions using the model reaction of N-
methacryloyl-2-phenylbenzoimidazole (1a) with C4F9I
(2b) under visible-light irradiation. After extensive
experimentation, the optimal reaction conditions were
thus established as follows: 1a (0.2 mmol), 2b
(0.4 mmol), tetramethylethylenediamine (TMEDA,
2 equiv.) in the CH3CN (2 mL) under irradiation of
25 W blue LEDs under N2 atmosphere at 35 °C for
12 h (see the Supporting Information for more details).

With the optimized conditions in hand, the substrate
scope for this visible-light promoted reaction to access
perfluoroalkyl-substituted benzimidazo[2,1-a]isoquino-
lin-6(5H)-ones was investigated, as illustrated in
Table 1. Initially, the suitability of various perfluor-
oalkyl was studied under the standard conditions. It
was pleased to see that seven perfluoroalkyl iodides
(ICnF2n+1, n=3–8, 10) react smoothly with 1a to give
the corresponding products 3a–g in moderate to good
yields (52–80%). Inspired by these exciting results,
other fluoroalkyl iodides, including ICF2COOEt and
ICF2CF2Cl were examined. To our delight, the desired
products 3h–i were obtained in 45% and 65% yields,
respectively. Afterward, the reactivity of functionalized
2-arylbenzoimidazoles was evaluated under the opti-
mized conditions. Notably, substrates 1 bearing elec-
tron-donating groups (� Me, � Et, � iPr, � OMe) and
electron-withdrawing groups (� F, � Cl, � Br, � CF3,
� CN) were all compatible with the optimal conditions,
delivering the corresponding products 3j–u in moder-
ate to good yields (42–72%). Generally, substrates 1
bearing electron-donating groups showed better reac-
tivity than those attached with electron-donating

Scheme 1. Synthesis of benzimidazo[2,1-a]isoquinoline-6(5H)-
ones and indolo[2,1-a]isoquinolin-6(5H)-ones.
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groups. Additionally, a scale-up reaction for the syn-
thesis of 3b was performed via our designed flow
reactor.[18] Delightfully, a good yield (56%) of the
desired product 3b was obtained, demonstrating this
metal-free visible-light promoted cyclization reaction
is a robust protocol with great potential in practical
applications (details see the Supporting Information).
Notably, some entries of Table 1 gave very low yields
(3h, 3s, 3u). In such cases, the decomposition of the
starting material 1 into the corresponding precursors 2-
phenylbenzimidazoles was observed. Among all the
newly synthetic products, the structure of 3b was
further confirmed by X-ray crystallography (hydrogen
atoms were not shown for clarity).[19]

Indolo[2,1-a]isoquinolin-6(5H)-ones moiety is a
core structure of nature products with various bio-
logical activities.[20] In the following research, we also
made an attempt to extend this visible-light promoted
cyclization reaction for the construction of biologically

valuable perfluoroalkyl-substituted indolo[2,1-a]iso-
quinolin-6(5H)-ones from the functionalized 2-arylin-
doles and perfluoroalkyl iodides. As it can be seen in
Table 2, N-methacryloyl-2,3-diphenyl indole (4a) re-
acted smoothly with C4F9I (2b) to yield the product 5a
in moderate yield (65%). Encouraged by this result,
other perfluoroalkyl iodides and ICF2COOEt were
employed to react with 4a. It was observed that the
desired products 5b–e were generated in moderate to
excellent yields (60–71%). Moreover, the reactivity of
various substrates 4 with ICF2COOEt were examined.
The results showed that the optimal conditions were
applicable to those substrates to access the products
5f–j in moderate to excellent yields (55–80%).

Several control experiments were conducted to gain
more insights into the reaction mechanism of this
visible-light promoted cyclization reaction. When the
model reaction was treated with radical scavengers,
i. e., 2,2,6,6-tetramethylpiperidine 1-oxyl (TEMPO) or
2,6-di-tert-butyl-4-methylphenol (BHT), the reactions
were totally suppressed, indicating that a radical path-
way might be involved (Scheme 2).

Additionally, the electron paramagnetic resonance
(EPR) experiment was carried out. When the radical
spin trapping reagent tert-butyl-α-phenylnitrone (PBN)
was added to the mixture of TMEDA and n-perfluor-
obutyl iodide in the presence of blue light irradiation, a
clear signal was observed. According to the previous
report,[21] the signal should be attributed to the

Table 1. Substrate scope for the synthesis of perfluoroalkyl-
substituted benzimidazo[2,1-a]isoquinolin-6(5H)-ones.[a]

[a] Reaction conditions: 1 (0.2 mmol), 2 (0.4 mmol) and
TMEDA (2 equiv.) in CH3CN (2 mL) with the irradiation
of 25 W blue LEDs under N2 atmosphere at 35 °C for 12 h.
Isolated yields were given.

Table 2. Substrate scope for perfluoroalkyl-substituted indolo
[2,1-a]isoquinolin-6(5H)-ones.[a]

[a] Reaction conditions: 4 (0.2 mmol), 2 (0.8 mmol) and
TMEDA (4 equiv.) in CH3CN (3 mL) with the irradiation
of 25 W blue LEDs under N2 atmosphere at 35 °C for 12 h.
Isolated yields were given.
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corresponding adduct PBN� C4F9, suggesting perfluor-
oalkyl radical (*Rf) was generated under the reaction
conditions. Moreover, no signal was observed without
TMEDA under the identical conditions, suggesting the
importance of TMEDA (Figure 2). Furthermore, the
formation of EDA complex from C4F9I and TMEDA
was confirmed by using 19F NMR titration experiment,
and the Job’s plot analysis revealed that donor/acceptor
molar ratio for the formation of EDA complex is 1:1,
with a binding constant of 0.908 M� 1 in CDCl3 (see the
Supporting Information for details).[22]

Based on experimental results and previous reports,
a plausible mechanism was proposed for this visible-
light promoted cyclization reaction (Scheme 3). Ini-
tially, EDA complex was formed from TMEDA and
perfluoroalkyl iodide. Then perfluoroalkyl radical (*Rf)
and radical cation TMEDA+* (7) were generated under
the irradiation of visible-light. Then, the addition of *Rf
to the C=C bonds of 1a leaded to the formation of
radical intermediate 8, which subsequently underwent
an intramolecular cyclization to afford the radical
intermediate 9. Following that, 9 was further oxidized

by radical cation 7 via an intermolecular single
electron transfer (SET) process to form carbocation 10,
which was finally converted to the final product 3 by
deprotonation.

Conclusion
In conclusion, we have developed an efficient and
convenient visible-light-induced radical cyclization
reaction for the synthesis of perfluoroalkyl-substituted
benzimidazo[2,1-a]isoquinolin-6(5H)-ones and per-
fluoroalkyl-substituted indolo[2,1-a]isoquinolin-6(5H)-
ones from perfluoroalkyl iodides and easily available
starting materials. To the best of our knowledge, this is
the first example for the preparation of perfluoroalkyl-
substituted benzimidazo[2,1-a]isoquinolin-6(5H)-ones
and indolo[2,1-a]isoquinolin-6(5H)-ones. Various fluo-
roalkyl iodides were successfully employed as the
radical precursors to initiate this radical addition/
cyclization reaction. The remarkable merits of this
photochemical strategy include one-pot procedure, no
external added photocatalysts, wide reaction substrates,
mild reaction conditions, easy scaleup as well as
experimental simplicity. Additional biological studies
and the extension of this visible-light promoted radical
cyclization reaction is currently underway in our
laboratory.

Experimental Section
General Procedure for the Synthesis of 3and 5: In a 25 mL
Schlenk tube, 1 or 4 (0.2 mmol) was dissolved in MeCN (2 mL,
0.1 M), then 2 (2.0 equiv. or 4.0 equiv.) and TMEDA (2.0 equiv.
or 4.0 equiv.) were added. The mixture was allowed to stir with
irradiation of 25 W blue LEDs under N2 atmosphere at 35 °C
for 12 h. The reaction was monitored by TLC. After substrate 1
(or 4) was completely consumed, the solvent was removed
under reduced pressure. The residue was purified by column
chromatography on silica gel to afford the desired product 3 (or
5).

Acknowledgements
We acknowledge the Centre of Advanced Analysis & Computa-
tional Science (Zhengzhou University) for the characterization
and financial support from NSFC (21501010, 21971224), China
Postdoctoral Science Foundation (2019M652561), Key Re-
search Projects of Universities in Henan Province (19A350011,
20A150006), Henan Province Young Talents Elevation Program
(2019HYTP023) and Hunan Provincial Key Laboratory of
Materials Protection for Electric Power and Transportation
(2019CL03).

References

[1] a) T. Eicher, S. Hauptmann, A. Speicher, The Chemistry
of Heterocycles: Structures, Reactions, Synthesis, and

Scheme 2. Control experiments.

Figure 2. EPR spectra in the presence of PBN.

Scheme 3. Plausible mechanism.

FULL PAPER asc.wiley-vch.de

Adv. Synth. Catal. 2019, 361, 1–7 © 2019 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim4

These are not the final page numbers! ��

http://asc.wiley-vch.de


Applications, John Wiley & Sons, 2013; b) J. A. Joule,
K. Mills, Heterocyclic chemistry, John Wiley & Sons,
2010; c) A. F. Pozharskii, A. T. Soldatenkov, A. R.
Katritzky, Heterocycles in life and society: an introduc-
tion to heterocyclic chemistry, biochemistry and applica-
tions, John Wiley & Sons, 2011.

[2] a) K. Sun, Z. Shi, Z. Liu, B. Luan, J. Zhu, Y. Xue, Org.
Lett. 2018, 20, 6687; b) G.-P. Yang, S.-X. Shang, B. Yu,
C.-W. Hu, Inorg. Chem. Front. 2018, 5, 2472; c) K. Sun,
Y.-F. Si, X.-L. Chen, Q.-Y. Lv, N. Jiang, S.-S. Wang, Y.-
Y. Peng, L.-B. Qu, B. Yu, Adv. Synth. Catal. 2019, DOI:
10.1002/adsc.201900691; d) L.-Y. Xie, S. Peng, F. Liu,
Y.-F. Liu, M. Sun, Z.-L. Tang, S. Jiang, Z. Cao, W.-M.
He, ACS Sustainable Chem. Eng. 2019, 7, 7193; e) L.-Y.
Xie, S. Peng, T.-G. Fan, Y.-F. Liu, M. Sun, L.-L. Jiang,
X.-X. Wang, Z. Cao, W.-M. He, Sci. China Chem. 2019,
62, 460; f) Y. Peng, C.-T. Feng, Y.-Q. Li, F.-X. Chen, K.
Xu, Org. Biomol. Chem. 2019, 17, 6570; g) K.-J. Li, K.
Xu, Y.-G. Liu, C.-C. Zeng, B.-G. Sun, Adv. Synth. Catal.
2019, 361, 1033; h) X.-C. Liu, K. Sun, Q.-Y. Lv, X.-L.
Chen, Y.-Q. Sun, Y.-Y. Peng, L.-B. Qu, B. Yu, New J.
Chem. 2019, 43, 12221.

[3] a) T.-Y. Shang, L.-H. Lu, Z. Cao, Y. Liu, W.-M. He, B.
Yu, Chem. Commun. 2019, 55, 5408; b) M.-H. Huang,
W.-J. Hao, G. Li, S.-J. Tu, B. Jiang, Chem. Commun.
2018, 54, 10791; c) Y.-Y. Liu, D. Liang, L.-Q. Lu, W.-J.
Xiao, Chem. Commun. 2019, 55, 4853; d) Z.-C. Liu, Q.-
Q. Zhao, J. Chen, Q. Tang, J.-R. Chen, W.-J. Xiao, Adv.
Synth. Catal. 2018, 360, 2087; e) T. Ju, Q. Fu, J.-H. Ye,
Z. Zhang, L.-L. Liao, S.-S. Yan, X.-Y. Tian, S.-P. Luo, J.
Li, D.-G. Yu, Angew. Chem. Int. Ed. 2018, 57, 13897;
f) Y. Chen, L.-Q. Lu, D.-G. Yu, C.-J. Zhu, W.-J. Xiao,
Sci. China Chem. 2019, 62, 24; g) X.-Y. Yu, Q.-Q. Zhao,
J. Chen, J.-R. Chen, W.-J. Xiao, Angew. Chem. Int. Ed.
2018, 57, 15505; h) B.-G. Cai, J. Xuan, W.-J. Xiao, Sci.
Bull. 2019, 64, 337; i) Y. Cao, N. Wang, X. He, H.-R. Li,
L.-N. He, ACS Sustainable Chem. Eng. 2018, 6, 15032;
j) X. He, Y. Cao, X.-D. Lang, N. Wang, L.-N. He,
ChemSusChem 2018, 11, 3382; k) G. S. Lee, S. H. Hong,
Chem. Sci. 2018, 9, 5810; l) K. Kim, S. H. Hong, Adv.
Synth. Catal. 2017, 359, 2345.

[4] a) B. Zhang, A. Studer, Chem. Soc. Rev. 2015, 44, 3505;
b) L. Zhou, M. Lokman Hossain, T. Xiao, Chem. Rec.
2016, 16, 319; c) R. Pawlowski, F. Stanek, M. Stodulski,
Molecules 2019, 24, 1533; d) E. B. Maria, I. B. Javier,
A. R. Roberto, Curr. Org. Synth. 2017, 14, 398; e) J.-R.
Chen, X.-Q. Hu, L.-Q. Lu, W.-J. Xiao, Acc. Chem. Res.
2016, 49, 1911; f) A. A. Festa, L. G. Voskressensky,
E. V. Van der Eycken, Chem. Soc. Rev. 2019, 48, 4401;
g) J. Xuan, L.-Q. Lu, J.-R. Chen, W.-J. Xiao, Eur. J. Org.
Chem. 2013, 2013, 6755.

[5] a) L. W. Deady, T. Rodemann, Aust. J. Chem. 2002, 54,
529; b) E. Moriarty, M. Carr, S. Bonham, M. P. Carty, F.
Aldabbagh, Eur. J. Med. Chem. 2010, 45, 3762; c) G.
Yadav, S. Ganguly, Eur. J. Med. Chem. 2015, 97, 419.

[6] a) Y.-C. Chou, R.-L. Chen, Z.-S. Lai, J.-S. Song, Y.-S.
Chao, C.-K. J. Shen, Mol. Cell. Biol. 2015, 35, 2541;
b) K. Nancy, K. S. Kumar, 2016, WO2016069780.

[7] T. B. Nguyen, L. Ermolenko, A. Al-Mourabit, Chem.
Commun. 2016, 52, 4914.

[8] S. Mai, Y. Luo, X. Huang, Z. Shu, B. Li, Y. Lan, Q.
Song, Chem. Commun. 2018, 54, 10240.

[9] K. Sun, S.-J. Li, X.-L. Chen, Y. Liu, X.-Q. Huang, D.-H.
Wei, L.-B. Qu, Y.-F. Zhao, B. Yu, Chem. Commun. 2019,
55, 2861.

[10] a) B. Yu, B. Zou, C.-W. Hu, J. CO2 Util. 2018, 26, 314;
b) W. Wei, H. Cui, D. Yang, H. Yue, C. He, Y. Zhang, H.
Wang, Green Chem. 2017, 19, 5608; c) W. Wei, H. Cui,
H. Yue, D. Yang, Green Chem. 2018, 20, 3197; d) L.-Y.
Xie, J. Qu, S. Peng, K.-J. Liu, Z. Wang, M.-H. Ding, Y.
Wang, Z. Cao, W.-M. He, Green Chem. 2018, 20, 760;
e) C. Wu, H.-J. Xiao, S.-W. Wang, M.-S. Tang, Z.-L.
Tang, W. Xia, W.-F. Li, Z. Cao, W.-M. He, ACS
Sustainable Chem. Eng. 2019, 7, 2169; f) F.-L. Zeng, X.
Chen, S.-Q. He, K. Sun, Y. Liu, R. Fu, L. Qu, Y. Zhao,
B. Yu, Org. Chem. Front. 2019, 6, 1476; g) G.-P. Yang,
N. Jiang, X.-Q. Huang, B. Yu, C.-W. Hu, Mol. Cancer
2019, 468, 80; h) G.-P. Yang, X. Wu, B. Yu, C.-W. Hu,
ACS Sustainable Chem. Eng. 2019, 7, 3727.

[11] a) C. Jing, X. Chen, K. Sun, Y. Yang, T. Chen, Y. Liu, L.
Qu, Y. Zhao, B. Yu, Org. Lett. 2019, 21, 486; b) M.-H.
Huang, W.-J. Hao, B. Jiang, Chem. Asian J. 2018, 13,
2958; c) X. Feng, T. Yang, X. He, B. Yu, C.-W. Hu,
Appl. Organomet. Chem. 2018, 32, e4314; d) S. Zhang,
L. Li, J. Zhang, J. Zhang, M. Xue, K. Xu, Chem. Sci.
2019, 10, 3181; e) Y.-Y. Jiang, G.-Y. Dou, K. Xu, C.-C.
Zeng, Org. Chem. Front. 2018, 5, 2573; f) K. Sun, S.
Wang, R. Feng, Y. Zhang, X. Wang, Z. Zhang, B. Zhang,
Org. Lett. 2019, 21, 2052.

[12] a) Y. Zhang, K. Sun, Q. Lv, X. Chen, L. Qu, B. Yu,
Chin. Chem. Lett. 2019, 1361; b) F. Zhou, Y. Cheng, X.-
P. Liu, J.-R. Chen, W.-J. Xiao, Chem. Commun. 2019,
55, 3117; c) X.-J. Shang, D. Liu, Z.-Q. Liu, Org. Chem.
Front. 2018, 5, 2856; d) Z. Xu, Z. Hang, L. Chai, Z.-Q.
Liu, Org. Lett. 2016, 18, 4662; e) C. G. Kokotos, C.
Baskakis, G. Kokotos, J. Org. Chem. 2008, 73, 8623;
f) G. Kokotos, Y.-H. Hsu, J. E. Burke, C. Baskakis, C. G.
Kokotos, V. Magrioti, E. A. Dennis, J. Med. Chem. 2010,
53, 3602.

[13] W. Fu, Q. Song, Org. Lett. 2018, 20, 393.
[14] a) Q.-Q. Zhao, X.-Q. Hu, M.-N. Yang, J.-R. Chen, W.-J.

Xiao, Chem. Commun. 2016, 52, 12749; b) W.-C. Yang,
J.-G. Feng, L. Wu, Y.-Q. Zhang, Adv. Synth. Catal. 2019,
361, 1700; c) K. Wei, K. Luo, F. Liu, L. Wu, L.-Z. Wu,
Org. Lett. 2019, 21, 1994; d) D.-M. Yan, J.-R. Chen, W.-
J. Xiao, Angew. Chem. Int. Ed. 2019, 58, 378; e) I. K.
Sideri, E. Voutyritsa, C. G. Kokotos, Org. Biomol. Chem.
2018, 16, 4596; f) K. Shimomaki, K. Murata, R. Martin,
N. Iwasawa, J. Am. Chem. Soc. 2017, 139, 9467; g) B.
Kang, S. H. Hong, Chem. Sci. 2017, 8, 6613; h) X.-C.
Liu, K. Sun, X.-L. Chen, W.-F. Wang, Y. Liu, Q.-L. Li,
Y.-Y. Peng, L.-B. Qu, B. Yu, Adv. Synth. Catal. 2019,
361, 3712.

[15] a) C. G. S. Lima, T. de M. Lima, M. Duarte, I. D.
Jurberg, M. W. Paixão, ACS Catal. 2016, 6, 1389; b) E.
Arceo, I. D. Jurberg, A. Álvarez-Fernández, P. Mel-

FULL PAPER asc.wiley-vch.de

Adv. Synth. Catal. 2019, 361, 1–7 © 2019 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim5

These are not the final page numbers! ��

https://doi.org/10.1021/acs.orglett.8b02733
https://doi.org/10.1021/acs.orglett.8b02733
https://doi.org/10.1039/C8QI00678D
https://doi.org/10.1021/acssuschemeng.9b00200
https://doi.org/10.1007/s11426-018-9446-1
https://doi.org/10.1007/s11426-018-9446-1
https://doi.org/10.1039/C9OB01227C
https://doi.org/10.1002/adsc.201800989
https://doi.org/10.1002/adsc.201800989
https://doi.org/10.1039/C9NJ02833A
https://doi.org/10.1039/C9NJ02833A
https://doi.org/10.1039/C9CC01047E
https://doi.org/10.1039/C8CC04618B
https://doi.org/10.1039/C8CC04618B
https://doi.org/10.1039/C9CC00987F
https://doi.org/10.1002/adsc.201800037
https://doi.org/10.1002/adsc.201800037
https://doi.org/10.1002/anie.201806874
https://doi.org/10.1007/s11426-018-9399-2
https://doi.org/10.1002/anie.201809820
https://doi.org/10.1002/anie.201809820
https://doi.org/10.1016/j.scib.2019.02.002
https://doi.org/10.1016/j.scib.2019.02.002
https://doi.org/10.1021/acssuschemeng.8b03498
https://doi.org/10.1002/cssc.201801621
https://doi.org/10.1039/C8SC01827H
https://doi.org/10.1002/adsc.201700213
https://doi.org/10.1002/adsc.201700213
https://doi.org/10.1039/C5CS00083A
https://doi.org/10.1002/tcr.201500228
https://doi.org/10.1002/tcr.201500228
https://doi.org/10.3390/molecules24081533
https://doi.org/10.1021/acs.accounts.6b00254
https://doi.org/10.1021/acs.accounts.6b00254
https://doi.org/10.1039/C8CS00790J
https://doi.org/10.1016/j.ejmech.2010.05.025
https://doi.org/10.1016/j.ejmech.2014.11.053
https://doi.org/10.1128/MCB.00035-15
https://doi.org/10.1039/C6CC01436D
https://doi.org/10.1039/C6CC01436D
https://doi.org/10.1039/C8CC05390A
https://doi.org/10.1039/C8CC10243K
https://doi.org/10.1039/C8CC10243K
https://doi.org/10.1039/C7GC02330H
https://doi.org/10.1039/C8GC01245H
https://doi.org/10.1039/C7GC03106H
https://doi.org/10.1021/acssuschemeng.8b04877
https://doi.org/10.1021/acssuschemeng.8b04877
https://doi.org/10.1039/C9QO00091G
https://doi.org/10.1021/acssuschemeng.8b06445
https://doi.org/10.1021/acs.orglett.8b03768
https://doi.org/10.1002/asia.201801119
https://doi.org/10.1002/asia.201801119
https://doi.org/10.1002/aoc.4314
https://doi.org/10.1039/C9SC00100J
https://doi.org/10.1039/C9SC00100J
https://doi.org/10.1039/C8QO00645H
https://doi.org/10.1021/acs.orglett.9b00240
https://doi.org/10.1039/C9CC00727J
https://doi.org/10.1039/C9CC00727J
https://doi.org/10.1039/C8QO00847G
https://doi.org/10.1039/C8QO00847G
https://doi.org/10.1021/acs.orglett.6b02274
https://doi.org/10.1021/jo801469x
https://doi.org/10.1021/jm901872v
https://doi.org/10.1021/jm901872v
https://doi.org/10.1021/acs.orglett.7b03678
https://doi.org/10.1039/C6CC05897C
https://doi.org/10.1002/adsc.201801355
https://doi.org/10.1002/adsc.201801355
https://doi.org/10.1021/acs.orglett.9b00071
https://doi.org/10.1002/anie.201811102
https://doi.org/10.1039/C8OB00725J
https://doi.org/10.1039/C8OB00725J
https://doi.org/10.1021/jacs.7b04838
https://doi.org/10.1039/C7SC02516E
https://doi.org/10.1002/adsc.201900544
https://doi.org/10.1002/adsc.201900544
https://doi.org/10.1021/acscatal.5b02386
http://asc.wiley-vch.de


chiorre, Nat. Chem. 2013, 5, 750; c) B. Liu, C.-H. Lim,
G. M. Miyake, J. Am. Chem. Soc. 2017, 139, 13616;
d) D. E. Yerien, S. Barata-Vallejo, B. Camps, A. E.
Cristófalo, M. E. Cano, M. L. Uhrig, A. Postigo, Catal.
Sci. Technol. 2017, 7, 2274; e) D. E. Yerien, R. Conde,
S. Barata-Vallejo, B. Camps, B. Lantaño, A. Postigo,
RSC Adv. 2017, 7, 266; f) A. Postigo, Eur. J. Org. Chem.
2018, 2018, 6391.

[16] a) C. Rosso, J. D. Williams, G. Filippini, M. Prato, C. O.
Kappe, Org. Lett. 2019, 21, 5341; b) Y. Wang, J. Wang,
G.-X. Li, G. He, G. Chen, Org. Lett. 2017, 19, 1442.

[17] a) J. Wang, K. Sun, X. Chen, T. Chen, Y. Liu, L. Qu, Y.
Zhao, B. Yu, Org. Lett. 2019, 21, 1863; b) K. Sun, X.-L.
Chen, S.-J. Li, D.-H. Wei, X.-C. Liu, Y.-L. Zhang, Y.
Liu, L.-L. Fan, L.-B. Qu, B. Yu, K. Li, Y.-Q. Sun, Y.-F.
Zhao, J. Org. Chem. 2018, 83, 14419; c) Y. Liu, X.-L.
Chen, F.-L. Zeng, K. Sun, C. Qu, L.-L. Fan, Z.-L. An, R.
Li, C.-F. Jing, S.-K. Wei, L.-B. Qu, B. Yu, Y.-Q. Sun, Y.-
F. Zhao, J. Org. Chem. 2018, 83, 11727; d) H. Hu, X.
Chen, K. Sun, J. Wang, Y. Liu, H. Liu, B. Yu, Y. Sun, L.

Qu, Y. Zhao, Org. Chem. Front. 2018, 5, 2925; e) H. Hu,
X. Chen, K. Sun, J. Wang, Y. Liu, H. Liu, L. Fang, B.
Yu, Y. Sun, L. Qu, Y. Zhao, Org. Lett. 2018, 20, 6157;
f) K. Sun, X.-L. Chen, Y.-L. Zhang, K. Li, X.-Q. Huang,
Y.-Y. Peng, L.-B. Qu, B. Yu, Chem. Commun. 2019,
DOI: 10.1039/C9CC06924 K.

[18] R. Li, X. Chen, S. Wei, K. Sun, L. Fan, Y. Liu, L. Qu, Y.
Zhao, B. Yu, Adv. Synth. Catal. 2018, 360, 4807.

[19] CCDC 1917795 contains the supplementary crystallo-
graphic data for this paper. These data can be obtained
free of charge from The Cambridge Crystallographic
Data Centre via www.ccdc.cam.ac.uk/data_request/cif.

[20] Y.-L. Wei, J.-Q. Chen, B. Sun, P.-F. Xu, Chem. Commun.
2019, 55, 5922.

[21] Y. Liu, X.-L. Chen, K. Sun, X.-Y. Li, F.-L. Zeng, X.-C.
Liu, L.-B. Qu, Y. Zhao, B. Yu, Org. Lett. 2019, 21, 4019.

[22] X. Sun, W. Wang, Y. Li, J. Ma, S. Yu, Org. Lett. 2016,
18, 4638.

FULL PAPER asc.wiley-vch.de

Adv. Synth. Catal. 2019, 361, 1–7 © 2019 Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim6

These are not the final page numbers! ��

https://doi.org/10.1038/nchem.1727
https://doi.org/10.1021/jacs.7b07390
https://doi.org/10.1039/C7CY00236J
https://doi.org/10.1039/C7CY00236J
https://doi.org/10.1039/C6RA24786E
https://doi.org/10.1021/acs.orglett.9b01992
https://doi.org/10.1021/acs.orglett.7b00375
https://doi.org/10.1021/acs.orglett.9b00465
https://doi.org/10.1021/acs.joc.8b02175
https://doi.org/10.1021/acs.joc.8b01657
https://doi.org/10.1039/C8QO00882E
https://doi.org/10.1021/acs.orglett.8b02627
https://doi.org/10.1002/adsc.201801122
https://doi.org/10.1021/acs.orglett.9b01175
https://doi.org/10.1021/acs.orglett.6b02271
https://doi.org/10.1021/acs.orglett.6b02271
http://asc.wiley-vch.de


FULL PAPER

Metal-Free Visible-Light Promoted Radical Cyclization to
Access Perfluoroalkyl-Substituted Benzimidazo[2,1-a]isoqui-
nolin-6(5H)-ones and Indolo[2,1-a]isoquinolin-6(5H)-ones

Adv. Synth. Catal. 2019, 361, 1–7

F.-L. Zeng, K. Sun, X.-L. Chen*, X.-Y. Yuan, S.-Q. He, Y.
Liu, Y.-Y. Peng, L.-B. Qu, Q.-Y. Lv*, B. Yu*


