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Abstract
The radical hydroarylation of alkenes is an efficient strategy for accessing linear alkylarenes with high regioselectivity. Herein, we
report the electroreductive hydroarylation of electron-deficient alkenes and styrene derivatives using (hetero)aryl halides under mild
reaction conditions. Notably, the present hydroarylation proceeded with high efficiency under transition-metal-catalyst-free condi-
tions. The key to success is the use of 1,3-dicyanobenzene as a redox mediator and visible-light irradiation, which effectively
suppresses the formation of simple reduction, i.e., hydrodehalogenation, products to afford the desired products in good to high
yields. Mechanistic investigations proposed that a reductive radical-polar crossover pathway is likely to be involved in this transfor-
mation.
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Introduction
Alkene hydroarylation is an attractive method for the construc-
tion of alkylarenes, which serve as versatile building blocks in
organic syntheses. To achieve this transformation with high
efficiency and predictable regioselectivity, numerous efforts
have been made to develop transition-metal-catalyzed reactions
based on a C–H activation strategy [1-4] or the reductive cou-
pling of aryl halides with a hydride donor [5-8]. On the other
hand, aryl radical-involved hydroarylation would be a promis-
ing alternative for the synthesis of alkylarenes with high anti-
Markovnikov selectivity [9,10]. Aryl halides have received in-

creased attention as ideal radical precursors because of their
beneficial features, such as higher chemical stability and wide
commercial availability, compared with other precursors, e.g.,
diazonium salts [11]. Classical approaches toward aryl radical
species from the corresponding halides would involve halogen
abstraction or single-electron reduction processes using chemi-
cal reagents; however, these methods have some drawbacks,
such as reagent toxicity/stability and limited substrate scope
[12-14]. While recent advances in photochemistry have remark-
ably expanded the synthetic utility of (hetero)aryl radicals in
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organic synthesis [15-20], visible-light-mediated alkene hydro-
arylation commonly requires external reductants and/or hydro-
gen atom sources to complete the catalytic cycle [21-25]. Over
the past few decades, electrochemistry has proven to be an envi-
ronmentally benign and convenient approach for accessing
open-shell intermediates through a single-electron transfer
process [26-31]. In particular, electroreductive transformations
have recently received renewed attention from modern synthe-
tic chemists as a safer protocol than conventional methods using
chemical reductants such as metal hydride species [32-36]. In
this context, the electrochemical single-electron reduction of
aryl iodides, bromides, and activated (bearing at least one elec-
tron-withdrawing group) aryl chlorides has been demonstrated
as a useful method to generate aryl radical species under mild
reaction conditions [37]. Although the additional electron
transfer to form the corresponding anions is a highly favorable
pathway due to the more positive reduction potential of radicals
than that of the starting halides [38], employing redox media-
tors enables the generated aryl radicals to participate in radical
arylation reactions by preventing overreduction [39]. While the
metal-catalyst-free radical cyclization of alkene-tethered aryl
halides has been well documented in the literature [40-43], the
efficient intermolecular hydroarylation of alkenes still relies on
the use of transition-metal catalysts, including Pd [44], Ni [45],
and Co [46] (Scheme 1a). The pioneering work by Savéant et
al. demonstrated that electron-deficient (hetero)aromatics acted
as efficient mediators for the metal-catalyst-free electroreduc-
tive hydroarylation of alkenes with some activated chloro-,
bromo-, and iodoarenes, but the use of a Hg pool cathode and/or
liquid NH3 solvent would be problematic in terms of environ-
mental and practical perspectives (Scheme 1b) [47]. Therefore,
it is desirable to develop an efficient electroreductive protocol
for alkene hydroarylation with a broad substrate scope under
mild reaction conditions. Recently, the groups of Lin and
Lambert [48] and Wickens [49] independently demonstrated
that aryl chlorides with highly negative reduction potentials
engaged in C–X (X = P, Sn, B) and C–C bond formation reac-
tions involving aryl radical species by integrating photochem-
istry and electrochemistry [50-53]. Furthermore, odd-numbered
[n]cumulenes have proven to be effective redox mediators for
electroreductive radical borylation of unactivated aryl chlorides
without visible-light irradiation by the group of Milner [54].
Herein, we report transition-metal-catalyst-free electroreduc-
tive alkene hydroarylation with (hetero)aryl halides using 1,3-
dicyanobenzene as a redox mediator under visible-light irradia-
tion.

Results and Discussion
We began the investigation of the electroreductive hydroaryl-
ation using methyl 4-chlorobenzoate (1a) and methyl acrylate
(2a) as model substrates (Table 1). After extensive efforts to

Scheme 1: Electrochemical hydroarylation of alkenes with aryl halides.

screen the reaction parameters to achieve the desired transfor-
mation with high efficiency, we found that the electroreductive
coupling of 1a with 2a proceeded smoothly to afford 3aa in
82% yield under the conditions using an undivided cell
equipped with Al(+)/Pt(−) electrodes in the presence of H2O
and 5 mol % of 1,3-dicyanobenzene (1,3-DCB) [55] under
visible-light irradiation at 0 °C (Table 1, entry 1) [56]. Ammo-
nium salts containing other counter anions also afforded 3aa in
slightly lower yields (Table 1, entries 2 and 3). Changing the
sacrificial anode or cathode did not improve the reaction effi-
ciency (Table 1, entries 4–7). The effects of a series of redox
mediators on the reaction outcomes were examined, and none
gave a better reaction outcome than 1,3-DCB (Table 1, entries
8–12). Control experiments revealed that both visible-light irra-
diation and the presence of 1,3-DCB were essential for
achieving the hydroarylation in high efficiency (Table 1, entries
13–16). Furthermore, the different current density conditions
provided the desired product in slightly decreased yields
(Table 1, entries 17 and 18), and this transformation did not
proceed in the absence of electric current (Table 1, entry 19).

With the optimized conditions in hand, the scope of aryl halides
and alkenes was investigated (Scheme 2). The reaction of para-
substituted aryl chlorides bearing pivaloyl and cyano groups
proceeded smoothly to provide the desired coupling products in
good to high yields (3ba, 3ca). Products bearing p-methylsul-
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Table 1: Evaluation of reaction conditions.a

entry variation from the standard conditions yield (%)b

1 none 82
2 Et4NBr instead of Et4NCl 72
3 Et4NOTs instead of Et4NCl 76
4 Mg anode 50
5 Zn anode 44
6 Ni cathode 55
7 graphite cathode 50
8 1,2-DCB instead of 1,3-DCB 68
9 1,4-DCB instead of 1,3-DCB 75
10 9,10-DCA instead of 1,3-DCB 69
11 phenanthrene (1 equiv) instead of 1,3-DCB, without blue LEDs 60
12 9,9-diethylfluorene (1 equiv) instead of 1,3-DCB, without blue LEDs 65
13 without blue LEDs 55
14 without 1,3-DCB 46
15 without blue LEDs and 1,3-DCB 64
16 without blue LEDs and 1,3-DCB, 2.5 mA/cm2 63
17 15 mA/cm2 77
18 5 mA/cm2 73
19 without electric current n.r.

aReaction conditions: 1a (1.0 mmol), 2a (3.5 mmol), 1,3-DCB (5 mol %), Et4NCl (0.1 mmol), H2O (5.0 mmol), MeCN (6 mL), Al(+)-Pt(−), 7.5 mA/cm2,
3.5 F/mol, 0 °C, blue LEDs. bIsolated yield. DCB, dicyanobenzene; DCA, dicyanoanthracene; n.r., no reaction.

fonyl (3da) and m-methoxycarbonyl (3ea) groups were ob-
tained from the corresponding aryl bromides instead of chlo-
rides under otherwise identical reaction conditions. The steric
hindrance of the ortho-substituent did not have a large influ-
ence on the reaction efficiency, affording 3fa in 71% yield.
Some heteroaryl chlorides including triazine, pyrimidine, and
pyridazine skeletons were also effectively coupled with methyl
acrylate to provide the desired products in good yields (3ga–ja).
While unsubstituted chlorobenzene and bromobenzene were
completely inert in this transformation, iodobenzene was suc-
cessfully converted to the corresponding product 3ka under
slightly modified reaction conditions (see Table S1 in Support-
ing Information File 1 for optimization details). Under the
modified conditions, aryl iodides with various electron-donat-
ing groups including a methoxy group were transformed into
the products in good yields (3la–na).  4-(Trifluoro-
methoxy)iodobenzene also well participated in this reaction,

affording 3oa in 65% yield. Aryl iodides having fluoro and
chloro substituents underwent selective C–I bond cleavage to
provide monoalkylated products 3pa and 3qa, respectively. In
addition to the successful transformations of heteroaryl iodides
with indole or pyridine cores (3ra, 3sa), the electroreductive
synthesis of methaqualone derivatives was also achieved (3ta).

Pleasingly, a series of electron-deficient alkene and styrene de-
rivatives were found to be suitable coupling partners. Aryl chlo-
ride 1a reacted with tert-butyl acrylate (2b) without any diffi-
culty, providing 3ab in a high yield. Methacrylamide (2c) and
acrylonitrile (2d) were transformed into the corresponding
products in high yields, but with slightly lower Faradaic effi-
ciency (3ac, 3ad). In addition to styrene derivatives bearing
α-substituents and electronically diverse functionalities, indene
and 2-vinylpyridine were all compatible with the present elec-
troreductive hydroarylation (3ae–ak). The reaction of iodo-
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Scheme 2: Substrate scope. Reaction conditions for 1 (X = Cl, Br): 1 (1.0 mmol), 2 (3.5 mmol), 1,3-DCB (5 mol %), H2O (5.0 mmol), Et4NCl
(0.1 mmol), MeCN (6 mL), Al(+)-Pt(−), 7.5 mA/cm2, 3.5 F/mol, 0 °C, blue LEDs; reaction conditions for 1 (X = I): 1 (1.0 mmol), 2 (5.0 mmol), 1,3-DCB
(50 mol %), H2O (5.0 mmol), Et4NCl (0.1 mmol), MeCN (3 mL), Al(+)-Pt(−), 7.5 mA/cm2, 4.5 F/mol, 0 °C, blue LEDs. a4.5 F/mol. b2 (5 equiv). cMeCN
(3 mL). d5 F/mol. 1,3-DCB, 1,3-dicyanobenzene.
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Scheme 3: Gram-scale reaction and control experiments.

benzene with acrylonitrile and 4-chlorostyrene proceeded
smoothly to afford 3kd and 3ki in 85% and 73% yields, respec-
tively.

In order to demonstrate the scalability of this transformation, a
gram-scale reaction was performed (Scheme 3a). The hydro-
arylation of 2a with 1a was successfully carried out in a simple
glass beaker under the standard reaction conditions, providing
the corresponding product 3aa in 74% yield. Several control ex-
periments were conducted to gain insight into the reaction
mechanism of the electroreductive process. The hydroarylation

of cyclopropane-substituted styrene 2l resulted in the formation
of ring-opening product 3al’, and the simple hydroarylation
product was not observed (Scheme 3b). This result strongly
supported the involvement of radical intermediates in the
present transformation. Next, a deuterium-labeling experiment
was conducted to elucidate the H-source of this reaction
(Scheme 3c). The reaction of 1a and 2e in MeCN with D2O
provided the coupling product with 51% deuterium incorpora-
tion, indicating that carbanion species would be generated in
this reaction and that H2O would serve as a major proton
source. Et4NCl may also provide protons to form the coupling
product [47]. Taken these results together, the present electrore-
ductive reaction would proceed through a reductive radical-
polar crossover pathway [57].

On the basis of mechanistic investigations and a literature report
[47], a plausible mechanism for this electroreductive hydroaryl-
ation is depicted in Scheme 4. 1,3-DCB (Ep/2 = −1.9 V vs SCE
in MeCN) [58] undergoes single-electron reduction at the
cathode to generate the radical anion species (1,3-DCB•−),
which might act as a mediator to produce the radical anion 1•−

through the homogeneous electron transfer in the bulk solution
(representative reduction peak potential: 1a, Ep = −1.98 V vs
SCE in MeCN [59]; 1c, Ep = −2.06 V vs SCE in MeCN [47]).
In the case of the reaction with electron-deficient alkenes, e.g.,
methyl acrylate (E1/2 = −2.1 V vs SCE) [60], reduction of
alkenes is one of the competitive processes. Subsequent frag-
mentation of radical anion 1•− to form aryl radical species A,
which then reacts with alkene 2 to provide alkyl radical species
B. Further single-electron reduction by 1,3-DCB•− or at the
cathode followed by protonation of B provides hydroarylation
product 3. Meanwhile, the sacrificial anode is oxidized to form
Al cations. Although the exact role of visible-light irradiation in
the electroreductive hydroarylation is unclear, the generation of
photoexcited radical anion species as potential reductants might
be included in the present transformation.

Scheme 4: Plausible mechanism.
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Conclusion
In conclusion, we have developed a transition-metal-catalyst-
free electroreductive hydroarylation of alkenes with aryl
halides, including aryl chlorides, by employing 1,3-DCB under
visible-light irradiation. The present transformation proceeded
smoothly in a common organic solvent without transition-metal
catalysts, and hydroarylation products were obtained from a
variety of electron-deficient alkenes and styrene derivatives in
good to high yields. A large-scale reaction was successfully
carried out, highlighting the potential synthetic utility of the
present transformation. The mechanistic study proposed that a
reductive radical-polar crossover pathway would be involved in
the present transformation.

Supporting Information
Supporting Information File 1
Experimental procedures, characterization data, and copies
of NMR spectra of the products.
[https://www.beilstein-journals.org/bjoc/content/
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Acknowledgements
The spectral data were collected with the research equipment
shared in the MEXT Project for promoting public utilization of
advanced research infrastructure (Program for supporting intro-
duction of the new sharing system JPMXS0422500320).

Funding
This work was supported by JSPS (KAKENHI: 22K06528,
22K15255, and 19K05459).

ORCID® iDs
Kosuke Yamamoto - https://orcid.org/0000-0002-8189-7141
Masami Kuriyama - https://orcid.org/0000-0002-4871-6273
Osamu Onomura - https://orcid.org/0000-0003-3703-1401

Data Availability Statement
All data that supports the findings of this study is available in the published
article and/or the supporting information to this article.

References
1. Kakiuchi, F.; Murai, S. Acc. Chem. Res. 2002, 35, 826–834.

doi:10.1021/ar960318p
2. Foley, N. A.; Lee, J. P.; Ke, Z.; Gunnoe, T. B.; Cundari, T. R.

Acc. Chem. Res. 2009, 42, 585–597. doi:10.1021/ar800183j
3. Crisenza, G. E. M.; Bower, J. F. Chem. Lett. 2016, 45, 2–9.

doi:10.1246/cl.150913

4. Ketcham, H. E.; Bennett, M. T.; Reid, C. W.; Gunnoe, T. B. Advances
in arene alkylation and alkenylation catalyzed by transition metal
complexes based on ruthenium, nickel, palladium, platinum, rhodium
and iridium. Advances in Organometallic Chemistry; Academic Press:
Cambridge, MA, USA, 2023; Vol. 80, pp 93–176.
doi:10.1016/bs.adomc.2023.01.002

5. Oxtoby, L. J.; Gurak, J. A., Jr.; Wisniewski, S. R.; Eastgate, M. D.;
Engle, K. M. Trends Chem. 2019, 1, 572–587.
doi:10.1016/j.trechm.2019.05.007

6. Nguyen, J.; Chong, A.; Lalic, G. Chem. Sci. 2019, 10, 3231–3236.
doi:10.1039/c8sc05445b

7. Saper, N. I.; Ohgi, A.; Small, D. W.; Semba, K.; Nakao, Y.;
Hartwig, J. F. Nat. Chem. 2020, 12, 276–283.
doi:10.1038/s41557-019-0409-4

8. Richardson, G. M.; Douair, I.; Cameron, S. A.; Bracegirdle, J.;
Keyzers, R. A.; Hill, M. S.; Maron, L.; Anker, M. D. Nat. Commun. 2021,
12, 3147. doi:10.1038/s41467-021-23444-x

9. Heinrich, M. R. Chem. – Eur. J. 2009, 15, 820–833.
doi:10.1002/chem.200801306

10. Diesendorf, N.; Heinrich, M. R. Synthesis 2022, 54, 1951–1963.
doi:10.1055/s-0040-1719893

11. Kvasovs, N.; Gevorgyan, V. Chem. Soc. Rev. 2021, 50, 2244–2259.
doi:10.1039/d0cs00589d

12. Meijs, G. F.; Bunnett, J. F. J. Org. Chem. 1989, 54, 1123–1125.
doi:10.1021/jo00266a024

13. Ohno, H.; Iwasaki, H.; Eguchi, T.; Tanaka, T. Chem. Commun. 2004,
2228–2229. doi:10.1039/b410457a

14. Srikanth, G. S. C.; Castle, S. L. Tetrahedron 2005, 61, 10377–10441.
doi:10.1016/j.tet.2005.07.077

15. Hari, D. P.; König, B. Angew. Chem., Int. Ed. 2013, 52, 4734–4743.
doi:10.1002/anie.201210276

16. Zuo, Z.; Ahneman, D. T.; Chu, L.; Terrett, J. A.; Doyle, A. G.;
MacMillan, D. W. C. Science 2014, 345, 437–440.
doi:10.1126/science.1255525

17. Ghosh, I.; Marzo, L.; Das, A.; Shaikh, R.; König, B. Acc. Chem. Res.
2016, 49, 1566–1577. doi:10.1021/acs.accounts.6b00229

18. Kanegusuku, A. L. G.; Roizen, J. L. Angew. Chem., Int. Ed. 2021, 60,
21116–21149. doi:10.1002/anie.202016666

19. Lan, J.; Chen, R.; Duo, F.; Hu, M.; Lu, X. Molecules 2022, 27, 5364.
doi:10.3390/molecules27175364

20. Piedra, H. F.; Valdés, C.; Plaza, M. Chem. Sci. 2023, 14, 5545–5568.
doi:10.1039/d3sc01724a

21. Arora, A.; Teegardin, K. A.; Weaver, J. D. Org. Lett. 2015, 17,
3722–3725. doi:10.1021/acs.orglett.5b01711

22. Seath, C. P.; Jui, N. T. Synlett 2019, 30, 1607–1614.
doi:10.1055/s-0037-1611527

23. Cheng, H.; Lam, T.-L.; Liu, Y.; Tang, Z.; Che, C.-M.
Angew. Chem., Int. Ed. 2021, 60, 1383–1389.
doi:10.1002/anie.202011841

24. Hendy, C. M.; Smith, G. C.; Xu, Z.; Lian, T.; Jui, N. T.
J. Am. Chem. Soc. 2021, 143, 8987–8992. doi:10.1021/jacs.1c04427

25. Hou, J.; Hua, L.-L.; Huang, Y.; Zhan, L.-W.; Li, B.-D. Chem. – Asian J.
2023, 18, e202201092. doi:10.1002/asia.202201092

26. Schäfer, H. J. Electrochemical Generation of Radicals. In Radicals in
Organic Synthesis; Renaud, P.; Sibi, M. P., Eds.; Wiley-VCH:
Weinheim, Germany, 2001; Vol. 1, pp 250–297.
doi:10.1002/9783527618293.ch14

27. Gandeepan, P.; Finger, L. H.; Meyer, T. H.; Ackermann, L.
Chem. Soc. Rev. 2020, 49, 4254–4272. doi:10.1039/d0cs00149j

https://www.beilstein-journals.org/bjoc/content/supplementary/1860-5397-20-116-S1.pdf
https://www.beilstein-journals.org/bjoc/content/supplementary/1860-5397-20-116-S1.pdf
https://orcid.org/0000-0002-8189-7141
https://orcid.org/0000-0002-4871-6273
https://orcid.org/0000-0003-3703-1401
https://doi.org/10.1021%2Far960318p
https://doi.org/10.1021%2Far800183j
https://doi.org/10.1246%2Fcl.150913
https://doi.org/10.1016%2Fbs.adomc.2023.01.002
https://doi.org/10.1016%2Fj.trechm.2019.05.007
https://doi.org/10.1039%2Fc8sc05445b
https://doi.org/10.1038%2Fs41557-019-0409-4
https://doi.org/10.1038%2Fs41467-021-23444-x
https://doi.org/10.1002%2Fchem.200801306
https://doi.org/10.1055%2Fs-0040-1719893
https://doi.org/10.1039%2Fd0cs00589d
https://doi.org/10.1021%2Fjo00266a024
https://doi.org/10.1039%2Fb410457a
https://doi.org/10.1016%2Fj.tet.2005.07.077
https://doi.org/10.1002%2Fanie.201210276
https://doi.org/10.1126%2Fscience.1255525
https://doi.org/10.1021%2Facs.accounts.6b00229
https://doi.org/10.1002%2Fanie.202016666
https://doi.org/10.3390%2Fmolecules27175364
https://doi.org/10.1039%2Fd3sc01724a
https://doi.org/10.1021%2Facs.orglett.5b01711
https://doi.org/10.1055%2Fs-0037-1611527
https://doi.org/10.1002%2Fanie.202011841
https://doi.org/10.1021%2Fjacs.1c04427
https://doi.org/10.1002%2Fasia.202201092
https://doi.org/10.1002%2F9783527618293.ch14
https://doi.org/10.1039%2Fd0cs00149j


Beilstein J. Org. Chem. 2024, 20, 1327–1333.

1333

28. Chicas‐Baños, D. F.; Frontana‐Uribe, B. A. Chem. Rec. 2021, 21,
2538–2573. doi:10.1002/tcr.202100056

29. Kisukuri, C. M.; Fernandes, V. A.; Delgado, J. A. C.; Häring, A. P.;
Paixão, M. W.; Waldvogel, S. R. Chem. Rec. 2021, 21, 2502–2525.
doi:10.1002/tcr.202100065

30. Luo, M.-J.; Xiao, Q.; Li, J.-H. Chem. Soc. Rev. 2022, 51, 7206–7237.
doi:10.1039/d2cs00013j

31. Mitsudo, K.; Okumura, Y.; Sato, E.; Suga, S. Eur. J. Org. Chem. 2023,
e202300835. doi:10.1002/ejoc.202300835

32. Zhu, C.; Ang, N. W. J.; Meyer, T. H.; Qiu, Y.; Ackermann, L.
ACS Cent. Sci. 2021, 7, 415–431. doi:10.1021/acscentsci.0c01532

33. Park, S. H.; Ju, M.; Ressler, A. J.; Shim, J.; Kim, H.; Lin, S.
Aldrichimica Acta 2021, 54, 17–27.

34. Claraz, A.; Masson, G. ACS Org. Inorg. Au 2022, 2, 126–147.
doi:10.1021/acsorginorgau.1c00037

35. Zhang, W.; Guan, W.; Martinez Alvarado, J. I.; Novaes, L. F. T.; Lin, S.
ACS Catal. 2023, 13, 8038–8048. doi:10.1021/acscatal.3c01174

36. K, B. B.; Lingden, C. P.; Pokhrel, T.; Paudel, M.; Sajid, K.; Adhikari, A.;
Shirinfar, B.; Ahmed, N. ChemElectroChem 2023, 10, e202300289.
doi:10.1002/celc.202300289

37. Xiang, H.; He, J.; Qian, W.; Qiu, M.; Xu, H.; Duan, W.; Ouyang, Y.;
Wang, Y.; Zhu, C. Molecules 2023, 28, 857.
doi:10.3390/molecules28020857

38. Koefoed, L.; Vase, K. H.; Stenlid, J. H.; Brinck, T.; Yoshimura, Y.;
Lund, H.; Pedersen, S. U.; Daasbjerg, K. ChemElectroChem 2017, 4,
3212–3221. doi:10.1002/celc.201700772

39. Swartz, J. E.; Stenzel, T. T. J. Am. Chem. Soc. 1984, 106, 2520–2524.
doi:10.1021/ja00321a005

40. Kurono, N.; Honda, E.; Komatsu, F.; Orito, K.; Tokuda, M. Tetrahedron
2004, 60, 1791–1801. doi:10.1016/j.tet.2003.12.038

41. Mitsudo, K.; Nakagawa, Y.; Mizukawa, J.-i.; Tanaka, H.; Akaba, R.;
Okada, T.; Suga, S. Electrochim. Acta 2012, 82, 444–449.
doi:10.1016/j.electacta.2012.03.130

42. Katayama, A.; Senboku, H.; Hara, S. Tetrahedron 2016, 72,
4626–4636. doi:10.1016/j.tet.2016.06.032

43. Folgueiras-Amador, A. A.; Teuten, A. E.; Salam-Perez, M.;
Pearce, J. E.; Denuault, G.; Pletcher, D.; Parsons, P. J.;
Harrowven, D. C.; Brown, R. C. D. Angew. Chem., Int. Ed. 2022, 61,
e202203694. doi:10.1002/anie.202203694

44. Torii, S.; Tanaka, H.; Morisaki, K. Chem. Lett. 1985, 14, 1353–1354.
doi:10.1246/cl.1985.1353

45. Condon, S.; Dupré, D.; Falgayrac, G.; Nédélec, J.-Y.
Eur. J. Org. Chem. 2002, 105–111.
doi:10.1002/1099-0690(20021)2002:1<105::aid-ejoc105>3.0.co;2-j

46. Gomes, P.; Gosmini, C.; Nédélec, J.-Y.; Périchon, J. Tetrahedron Lett.
2000, 41, 3385–3388. doi:10.1016/s0040-4039(00)00420-2

47. Chami, Z.; Gareil, M.; Pinson, J.; Savéant, J.-M.; Thiébault, A.
J. Org. Chem. 1991, 56, 586–595. doi:10.1021/jo00002a020

48. Kim, H.; Kim, H.; Lambert, T. H.; Lin, S. J. Am. Chem. Soc. 2020, 142,
2087–2092. doi:10.1021/jacs.9b10678

49. Cowper, N. G. W.; Chernowsky, C. P.; Williams, O. P.; Wickens, Z. K.
J. Am. Chem. Soc. 2020, 142, 2093–2099. doi:10.1021/jacs.9b12328

50. Capaldo, L.; Quadri, L. L.; Ravelli, D. Angew. Chem., Int. Ed. 2019, 58,
17508–17510. doi:10.1002/anie.201910348

51. Liu, J.; Lu, L.; Wood, D.; Lin, S. ACS Cent. Sci. 2020, 6, 1317–1340.
doi:10.1021/acscentsci.0c00549

52. Wu, S.; Kaur, J.; Karl, T. A.; Tian, X.; Barham, J. P.
Angew. Chem., Int. Ed. 2022, 61, e202107811.
doi:10.1002/anie.202107811

53. Huang, H.; Steiniger, K. A.; Lambert, T. H. J. Am. Chem. Soc. 2022,
144, 12567–12583. doi:10.1021/jacs.2c01914

54. Lai, Y.; Halder, A.; Kim, J.; Hicks, T. J.; Milner, P. J.
Angew. Chem., Int. Ed. 2023, 62, e202310246.
doi:10.1002/anie.202310246

55. Osaka, K.; Usami, A.; Iwasaki, T.; Yamawaki, M.; Morita, T.;
Yoshimi, Y. J. Org. Chem. 2019, 84, 9480–9488.
doi:10.1021/acs.joc.9b00970
The group of Yoshimi reported that 1,3-DCB served as an efficient
electron acceptor in the decarboxylative radical addition of carboxylic
acids to alkenes through photoinduced electron-transfer process using
a phenanthrene/1,3-DCB system.

56. Methyl benzoate (7% NMR yield) and dimethyl adipate (16% NMR
yield) were observed in the crude reaction mixture, presumably formed
through overreduction of the aryl radical species and reductive
dimerization of methyl acrylate.

57. Zhang, W.; Lin, S. J. Am. Chem. Soc. 2020, 142, 20661–20670.
doi:10.1021/jacs.0c08532

58. Roth, H. G.; Romero, N. A.; Nicewicz, D. A. Synlett 2016, 27, 714–723.
doi:10.1055/s-0035-1561297

59. Connell, T. U.; Fraser, C. L.; Czyz, M. L.; Smith, Z. M.; Hayne, D. J.;
Doeven, E. H.; Agugiaro, J.; Wilson, D. J. D.; Adcock, J. L.;
Scully, A. D.; Gómez, D. E.; Barnett, N. W.; Polyzos, A.; Francis, P. S.
J. Am. Chem. Soc. 2019, 141, 17646–17658.
doi:10.1021/jacs.9b07370

60. Tyssee, D. A.; Baizer, M. M. J. Org. Chem. 1974, 39, 2819–2823.
doi:10.1021/jo00933a001

License and Terms
This is an open access article licensed under the terms of
the Beilstein-Institut Open Access License Agreement
(https://www.beilstein-journals.org/bjoc/terms), which is
identical to the Creative Commons Attribution 4.0
International License
(https://creativecommons.org/licenses/by/4.0). The reuse of
material under this license requires that the author(s),
source and license are credited. Third-party material in this
article could be subject to other licenses (typically indicated
in the credit line), and in this case, users are required to
obtain permission from the license holder to reuse the
material.

The definitive version of this article is the electronic one
which can be found at:
https://doi.org/10.3762/bjoc.20.116

https://doi.org/10.1002%2Ftcr.202100056
https://doi.org/10.1002%2Ftcr.202100065
https://doi.org/10.1039%2Fd2cs00013j
https://doi.org/10.1002%2Fejoc.202300835
https://doi.org/10.1021%2Facscentsci.0c01532
https://doi.org/10.1021%2Facsorginorgau.1c00037
https://doi.org/10.1021%2Facscatal.3c01174
https://doi.org/10.1002%2Fcelc.202300289
https://doi.org/10.3390%2Fmolecules28020857
https://doi.org/10.1002%2Fcelc.201700772
https://doi.org/10.1021%2Fja00321a005
https://doi.org/10.1016%2Fj.tet.2003.12.038
https://doi.org/10.1016%2Fj.electacta.2012.03.130
https://doi.org/10.1016%2Fj.tet.2016.06.032
https://doi.org/10.1002%2Fanie.202203694
https://doi.org/10.1246%2Fcl.1985.1353
https://doi.org/10.1002%2F1099-0690%2820021%292002%3A1%3C105%3A%3Aaid-ejoc105%3E3.0.co%3B2-j
https://doi.org/10.1016%2Fs0040-4039%2800%2900420-2
https://doi.org/10.1021%2Fjo00002a020
https://doi.org/10.1021%2Fjacs.9b10678
https://doi.org/10.1021%2Fjacs.9b12328
https://doi.org/10.1002%2Fanie.201910348
https://doi.org/10.1021%2Facscentsci.0c00549
https://doi.org/10.1002%2Fanie.202107811
https://doi.org/10.1021%2Fjacs.2c01914
https://doi.org/10.1002%2Fanie.202310246
https://doi.org/10.1021%2Facs.joc.9b00970
https://doi.org/10.1021%2Fjacs.0c08532
https://doi.org/10.1055%2Fs-0035-1561297
https://doi.org/10.1021%2Fjacs.9b07370
https://doi.org/10.1021%2Fjo00933a001
https://www.beilstein-journals.org/bjoc/terms
https://creativecommons.org/licenses/by/4.0
https://doi.org/10.3762/bjoc.20.116

	Abstract
	Introduction
	Results and Discussion
	Conclusion
	Supporting Information
	Acknowledgements
	Funding
	ORCID iDs
	Data Availability Statement
	References

