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Electrochemical Cross-Dehydrogenative Coupling between 

Phenols and β-Dicarbonyl Compounds: Facile Construction of 

Benzofurans 

 Yandong Wang,[a] Bailin Tian, [b] Mengning Ding,[b] and Zhuangzhi Shi[a]* 

Dedication ((optional)) 

Abstract: Preparative electrochemical synthesis is an ideal method 

for establishing green, sustainable processes. The major benefits of 

electro-organic strategy over conventional chemical synthesis are 

the avoidance of reagent waste and the mild reaction conditions. 

Here, an intermolecular cross-dehydrogenative coupling (CDC) 

between phenols and β-dicarbonyl compounds to build various 

benzofurans under undivided electrolytic conditions has been 

developed. Neither transition metals nor external chemical oxidants 

are required to facilitate the dehydrogenation and dehydration 

processes. The key factor in the success was the use of nBu4NBF4 

as the electrolyte and hexafluoroisopropanol (HFIP) as the solvent, 

which play key roles in the cyclocondensation step. This electrolysis 

is scalable and can be used as a key step in drug synthesis. On the 

basis of the several experimental results, the mechanism, 

particularly of the remarkable anodic oxidation and cyclization 

process, was illustrated. 

Introduction 

The diversity of benzofuran scaffolds found in natural 

products and synthetic compounds, as well as their 

biological and pharmaceutical relevance, have stimulated 

research into the development of new synthetic strategies 

for the construction of readily functionalized benzofuran ring 

systems (Figure 1a).[1] Although numerous procedures have 

been established for this purpose,[2] transition-metal-

catalyzed cyclization reactions are the most common in 

such target or diversity-oriented syntheses.[3] Of particular 

interest is the iron-catalyzed cascade CDC[4] and cyclization 

between phenols and β-dicarbonyl compounds. However, 

these methods require using stoichiometric amounts of 

peroxides, which can be explosive and environmentally 

unfriendly.[5] Undoubtedly, the development of a safe and 

low-cost strategy enabling the efficient synthesis of 

benzofurans under transition-metal and chemical oxidant-

free conditions is in high demand. 

Electrochemical synthesis[6] is a green and sustainable 

method for organic synthesis, which usually does not use metal 

catalysts or chemical oxidants.[7] Based on this chemistry, 

electrochemical cross-dehydrogenative coupling (CDC) and 

cyclization has been an efficient method for the construction of 

cyclic compounds.[8] Such a process typically proceeds in an 

intramolecular manner.[9]  Recently, the intermolecular anodic C-

H oxidation and functionalization of arenes,[10] especially 

treatment of phenols for phenol–arene,[11] phenol–phenol[12] and  

phenol–thiophene[13] cross-couplings has been developed 

successively (Fig. 1b). Inspired by these precedent results, we 

wondered whether β-dicarbonyl compounds could be employed 

as sp3 carbon coupling partners with phenols. We 

serendipitously found that benzofurans could be formed directly 

without addition of any Lewis acid for dehydration. Here, we 

report a robust electrochemical synthesis of benzofurans from 

phenols and β-dicarbonyl compounds through cascade 

intermolecular dehydrogenative C(sp2)-C(sp3) coupling and 

cyclization (Fig. 1c). Notably, the electrolyte nBu4NBF4 and the 

solvent HFIP were first found to be crucial for the dehydrative 

step. The electrooxidation of phenols with β-dicarbonyl 

compounds showed excellent chemoselectivity, without 

formation of any homocoupling byproducts.  Mechanistic 

experiments and cyclic voltammetry (CV) investigations were 

conducted to demonstrate an unusual pathway for this 

transformation. Such a strategy for benzofuran synthesis has 

exciting possibilities because of its superior practicality, 

scalability, safety, and environmental friendliness. 

Results and Discussion 

To begin our studies, we chose 4-methoxyphenol (1a) and 

dibenzoylmethane (2a) as the model substrates (Table 1). The 

electrochemical oxidation of 1a (0.60 mmol) and 2a (1.20 mmol) 

was carried out in a 0.06 M solution of nBu4NBF4 as the 

electrolyte using DCM/HFIP (1/1) as cosolvents in an undivided 

cell equipped with platinum plates as the anode and cathode 

under a 2.5 V potential for 10 hours, and the desired product 

3aa was generated in an 83% yield (Table 1, entry 1). No 

products of oxidation of the enol tautomer of dibenzoylacetone 

(2a) and of the benzofurans 3aa were detected. This is because 

the onset potential of oxidation the enol of 2a and of 3aa is 

about 0.4 V and 0.3 V higher respectively than that of phenol 1a 

(Table S1, entries 5 and 8). The current efficiency of this 

reaction, determined by a constant-current electrolysis at a  
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Fig. 1 Construction of benzofurans by electrochemical CDC strategy. (a) Examples of bioactive compounds containing a benzofuran scaffold. (b) 

Electrochemical C-H (hetero)arylation of phenols. (c) Electrochemical intermolecular cyclization of phenols and β-dicarbonyl compounds to construct benzofurans.

Table 1 Reaction optimization. 

  

    Entry Variation from the standard conditions 
Yield of         
3aa (%)b 

1 none 83 

2 without HFIP 0 

3 without DCM 78 

4 Using nBu4NPF6 instead of nBu4NBF4 80 

5 Using C(+)/Pt(-) 79 

6 2.0 V instead of 2.5 V 59 

7 1a/2a = 1/1 68 

8 1a/2a = 2/1 63 

9 under air 81 

10 without electric current, under air 0 

aReaction conditions: platinum plate anode and cathode (1.0 cm×1.0 cm×0.1 

mm) with an oven-dried undivided cell, constant potential = 2.5 V, 1a (0.60 

mmol), 2a (1.20 mmol), nBu4NBF4  (0.60 mmol), HFIP/DCM (1/1, 10 mL), 10 

hours, room temperature, under N2. bIsolated yield 

current density of 4 mA cm-2, was very good, 65% for an 81% 

yield of 3aa. The reaction failed in the absence of HFIP (entry 2), 

and a 78% yield was observed using pure HFIP as the solvent 

(entry 3). Other supporting electrolytes such as nBu4NPF6 (entry 

4) and other electrodes such as a graphite rod cathode (entry 5) 

were also effective for this transformation, although with slightly 

lower yields. Under the current reaction conditions, lowering the 

potential to 2.0 V decreased the yield to 59% (entry 6). In 

addition, changing the ratio of substrates 1a and 2a decreased 

the yield (entries 7-8). Under an air atmosphere, the reaction 

maintained a good reactivity (entry 9). Finally, a control 

experiment confirmed that the transformation did not occur 

without electricity (entry 10). 

Scope of the methodology. With the optimized reaction 

conditions in hand, we examined the substrate scope (Fig. 2). 

The reactions of β-diketone 2a with a broad range of phenols 

were first examined. Commercially available phenols bearing 
nBuO (1b), PhO (1c), and allyloxy (1d) substituents at the C4-

position underwent facile cross-coupling and cyclization, 

affording the corresponding products 3ba-3da in 75-86% yields. 

Substrate 1e containing a dihydrobenzofuran motif led to 

product 3ea in an 82% yield, without any overoxidation 

byproduct. In addition to ether substituents, para-substituted 

phenols with aryl substituents such as 1f-1g were also  
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Fig. 2 Substrate scope for the construction of benzofurans 3 between phenols 1 and β-dicarbonyl compounds 2. Reaction conditions: platinum plate 

anode and cathode (1.0 cm×1.0 cm×0.1 mm) with an oven-dried undivided cell, constant potential = 2.3~2.7 V, 1 (0.60 mmol), 2 (1.20 mmol), nBu4NBF4  (0.60 

mmol), HFIP/DCM (1/1, 10 mL), 8~26 hours; room temperature, under N2; Isolated yields. See supporting information for experimental details.

compatible. Phenols bearing Me (1h), tBu (1i), allyl (1j), tBu (1i), 

SiMe3 (1k), Ph (1l-1m), F (1n), Cl (1o) and Br (1p-1q) groups at 

the C2 or C3 position gave the corresponding benzofurans in 

30-90% yields. Among them, the structure of 3pa was further 

confirmed by X-ray analysis. Naphthol 1r underwent facile cross-

coupling, affording the product 3ra in modest yield. Next, various 

β-diketones (2b-2k) with a wide range of substituents were also 

employed for cyclization with phenol 1a. Among them, excellent 
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regioselectivity was obtained with nonsymmetric benzoyl 

acetones 2c-2j with different substituents, as well as furan-

based substrate 1k. Notably, this strategy was not limited to β-

diketones; β-keto amide 2l and β-keto ester 2m were also 

tolerable, providing the desired products in 41% and 28% yields. 

Synthetic Applications. The drug Dronedarone was developed 

by Sanofi Pharm for the treatment of atrial fibrillation and atrial 

flutter.[14] The original route was patented by Gubin et al., based 

on the construction of a functionalized benzofuran 6 (Fig. 3).[15] 

To demonstrate the applicability of our methodology, we 

provided an alternative route to obtain the intermediate 6. The 

reaction of phenol 1d was scalable to 6.0 mmol with β-diketone 

2g, giving 4 in 52% yield on a gram-scale. One-pot deprotection 

followed by a reaction with Tf2O afforded compound 5 in 74% 

yield. It was then subjected to nitration[16] to provide the desired 

product 6 in good yield. 

 

Fig. 3 Synthesis of compound 6 as a key intermediate for Dronedarone. 

(a) platinum plate anode and cathode (1.0 cm×1.0 cm×0.1 mm) with an oven-

dried undivided cell, constant potential = 2.7 V, 1d (6.0 mmol), 2g (10.0 mmol), 
nBu4NBF4  (3.0 mmol), HFIP/DCM (1/1, 50 mL), room temperature, under N2. 

(b) 1 mol% Pd(PPh3)4, 1.0 equiv of 4, 3.0 equiv of K2CO3, MeOH, 10 h; then 

Tf2O, pyridine, 0 °C to room temperature, 10 h. (c) 0.5 mol% Pd2(dba)3, 1.2 

mol% tBuBrettPhos, 5.0 mol%  tris(3,5-dioxaheptyl)amine, 1.0 equiv of 5, 2.0 

equiv of NaNO2, tBuOH, 130°C, 24 h, under Ar. 

Mechanistic Studies. Several experiments were conducted to 

elucidate the reaction mechanism (Scheme 2). We first 

investigated the reaction of 1a and 2a under reported Fe-

catalyzed systems using (tBuO)2 as the oxidant.[5] Low yields of 

the desired product 3aa were observed, demonstrating the 

unique reactivity of this electrochemical chemistry (Fig. 4a). 

Under standard conditions, a radical clock experiment was 

performed on an olefin-containing substrate 7, only yielding the 

normal cyclization product 8 in a 52% yield. This result can 

exclude the free radical generated at the acidic α methylene 

group of β-diketones during the reaction (Fig. 4b). The oxidative 

[3+2] cycloaddition of phenols and alkenes via a phenoxonium 

cation intermediate has been reported under photo[17] or 

electrochemical[18] conditions. Substrates 1a and 9 used in 

Yoon's conditions[17] could also undergo annulation to form 

product 10 in a 46% yield in our reaction conditions (Fig. 4c). 

Using a nonsymmetric β-diketone 11 with 4-tBuBz and 4-OMeBz 

as a substrate, we got products 12 and 13 in 52% and 20% 

yields, respectively, indicating that the less electron-rich benzoyl 

carbonyl is the most reactive towards the intramolecular addition 

of the phenol hydroxyl followed by dehydration (Fig. 4d). The 

known compound 14 was proven to undergo intramolecular 

condensation to form benzofuran 15 in the presence of an iron 

salt.[5a] In our catalyst-free conditions, such a cyclization could 

occur by the combination of HFIP and nBu4NBF4 (Fig. 4e).  

 

Fig. 4 Mechanistic experiments. (a) Comparing Fe-catalyzed and 

electrochemical system. (b) Radical clock experiment. (c) Oxidative [3+2] 

cycloaddition of phenol 1a and olefin 9. (d) The selectivity of nonsymmetrical 

β-diketone 11. (e) Investigation of the dehydration step. 

To further obtain mechanistic insights into the cationic 

oxidation pathway, cyclic voltammetry (CV) investigations were 

systematically conducted on the reaction of phenol 1a and β-

diketone 2a, as well as various combinations of the substrates 

(Fig. 5). Both phenol 1a and the enol of β-diketone 2a show 

electrochemical reactivity at relatively high oxidative potentials, 

with onsets of ~1.2 V and ~1.6 V vs Ag/AgCl, respectively (Table 

S1, entries 1 and 5). The mixture of 1a and 2a shows an 

increased anodic current, consistent with the occurrence of an 

electroorganic reaction that involves both reactants. The addition 

of HFIP to the system further enhances the anodic current with 

an unaltered onset potential (relative to that of 1a). This result 

clearly reveals the unique role of HFIP to facilitate the coupling 

reaction[19] and supports our assumption that the overall reaction 

began with the oxidation of phenols. 
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Fig. 5 CV investigations of reaction mixtures. CV characteristics of reaction 

background (solvent and additives), phenol 1a in DCM, β-diketone 2a in DCM, 

mixture of 1a and 2a in DCM, mixture of 1a and 2a in DCM and HFIP (best 

mimicking the reaction conditions), 1a in DCM and HFIP, and 2a in DCM and 

HFIP. 

Next, systematic CV studies of phenols and β-diketones with 

different electron densities provide further mechanistic clues. As 

shown in the CVs of Fig. 6a, the onset of the oxidation potential 

of 1a and 1f (~1.2 V vs Ag/AgCl) is lower than that of 1s (~2.0 V). 

Therefore, the oxidation of phenols 1a and 1f should be much 

faster than that of the enols of 2a and 2f. As a result, 

benzofurans 3aa, 3ca, and 3fa were formed. This is the case, in 

Fig. 2, for the phenols 3b-r electro-oxidized in the presence of 

diketone 2a and for phenol 1a electro-oxidized in the presence 

of diketones 2b-m. In the case of phenol 1s and diketone 2a, the 

oxidation of the enol of diketone 2a should be easier than that of 

phenol 1a (ΔEonset(2a-1a) ~-0.8 V), and, as a result, no benzofuran 

was obtained. Similarly, due to the presence of the strongly 

electron-attracting CF3 group, the enol of diketone 2n is probably 

as easily oxidized as phenol 1a (close onsets of their oxidation 

potential as shown in Figs 6a and 6b). Since there was a 100% 

mole excess of diketone, the oxidation of the enol of 2n was 

faster enough to prevent the formation of the benzofuran. These 

results demonstrate the utility of CV in rationalizing the formation 

of benzofurans by oxidizing phenols in the presence of β-

diketones: the phenol must be more easily oxidized that the enol 

of the diketone.  

Based on the above experimental results, a mechanism has 

been proposed in Fig. 7. A successive single-electron-transfer 

oxidation of phenol 1 by anodic oxidation (via A) generates a 

phenoxonium cation B.[18] This cation species can isomerize to a 

highly reactive oxonium ion as a Michael receptor,[20] which then 

reacts with nucleophilic β-dicarbonyl compounds 2 to afford 

intermediate D with excellent site-selectivity. Then, the 

tautomerization of D would provide phenol E. Finally, the 

cooperation between HFIP and nBu4NBF4 triggers intramolecular 

condensation to generate the benzofurans 3. The formed 

protons or HFIP could be reduced at the Pt cathode to generate 

hydrogen gas. 

 

 

Fig. 6 CV characteristics of different phenols and β-diketones. (a) CV 

characteristics of phenols 1a, 1f and 1s (non-reactive). (b) CV characteristics 

of diketones 2a, 2c, and 2n (non-reactive). Different conditions in (a) and (b) 

were labeled A-F for better visualization. 

 

Fig. 7 Proposed mechanism. 
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Conclusions 

In summary, we have developed an efficient electrochemical 

system that can undergo a CDC reaction and condensation 

between phenols and β-dicarbonyl compounds to produce a 

series of benzofurans. This strategy avoids the use of transition 

metals and external chemical oxidants and provides a simple 

and atom-economical way to synthesize benzofurans. Due to 

these advantages, this reaction should be of high synthetic value. 

Experimental Section 

General procedures for synthesis of 3aa. A solution of phenol 
1a (0.6 mmol), β-diketone 2a (1.2 mmol) and nBu4NBF4 (0.6 
mmol) in HFIP/DCM = 1/1 (10.0 mL) was stirred at room 
temperature under N2 atmosphere in an oven-dried undivided 
cell which was equipped with platinum plate electrodes (1.0 
cm×1.0 cm×0.1 mm) as both the anode and cathode. A balloon 
filled with N2 atmosphere was connected to the electrolytic cell. 
The reaction mixture was stirred and electrolyzed at a constant 
potential of 2.5 V for 10 hours. The reaction was monitored by 
thin layer chromatography(TLC), visualized by fluorescence 
quenching under UV light. After the reaction was completed, the 
product 3aa (162.9 mg, 83% yield) was purified by column 
chromatography on silica gel (petroleum ether/ethyl acetate, 
100:1 (v/v)). 
CV Experiments. Cyclic voltammetry was performed with a 
potentiostat (Corrtest CS3104) in a three-electrode cell at 
synthetic conditions. Platinum plates were used as working and 
counter electrodes and a leak-free Ag/AgCl (Harvard Apparatus 
LF-2) was used as reference electrode. The ranging of scan was 
0V to 3.5V with a 0.1 V/s scan rate. 

Data availability. The authors declare that the data supporting 
the findings of this study are available within the article and its 

Supplementary Information Files. 

Acknowledgements 

We thank the “1000-Youth Talents Plan”, and the National 

Natural Science Foundation of China (grant 21672097, 

21972064) for their financial support and, as well as the 

“Innovation & Entrepreneurship Talents Plan” of Jiangsu 

Province. 

Keywords: Electrochemistry ·phenols ·β-

diketones ·CDC ·benzofurans 

 

[1] a)  S. L. Greene in Novel Psychoactive Substances (Eds.: P. I. Dargan, 

D. M. Wood), Academic Press, Boston, 2013, pp. 383 – 392; b) R. D. 

Taylor, M. MacCoss, A. D. G. Lawson, J. Med. Chem. 2014, 57, 5845; 

c) H. Khanam, Shamsuzzaman, Eur. J. Med. Chem. 2015, 97, 483; d) 

R. J. Nevagi, S. N. Dighe, Eur. J. Med. Chem. 2015, 97, 561. 

[2] a) L. Qin, D.-D. Vo, A. Nakhai, C. D. Andersson, M. Elofsson, ACS 

Comb. Sci. 2017, 19, 370; b) J. J. Hirner, D. J. Faizi, S. A. Blum, J. Am. 

Chem. Soc. 2014, 136, 4740; c) G. Deng,  M. Li,  K. Yu,  C. Liu,  Z. Liu,  

S. Duan,  W. Chen, X. Yang,  H. Zhang,  P. J. Walsh, Angew. Chem. 

Int. Ed. 2019, 58, 2826; Angew. Chem. 2019, 131, 2852. 

[3] a) A. Fürstner, P. W. Davies, J. Am. Chem. Soc. 2005, 127, 15024; b) I. 

Nakamura, Y. Mizushima, Y. Yamamoto, J. Am. Chem. Soc. 2005, 127, 

15022; c) K. W. Anderson, T. Ikawa, R. E. Tundel, S. L. Buchwald, J. 

Am. Chem. Soc. 2006, 128, 10694; d) b) D.-H. Lee, K.-H. Kwon, C. S. 

Yi, J. Am. Chem. Soc. 2012, 134, 177; e) R. Zhu,  J.  Wei, Z.-J. Shi, 

Chem. Sci. 2013, 4, 3706; f) Z. Zhou, G. Liu, Y. Shen, X. Lu, Org. 

Chem. Front. 2014, 1, 1161; g) G. Liu, Y. Shen, Z. Zhou, X. Lu, Angew. 

Chem. Int. Ed. 2013, 52, 6033; Angew. Chem. 2013, 125, 6147; h) J. 

Ye, Z. Shi, T. Sperger, Y. Yasukawa, C. Kingston, F. Schoenebeck, M. 

Lautens, Nat. Chem. 2017, 9, 361; i) L. Qin, D.-D. Vo, A. Nakhai, C. D. 

Andersson, M. Elofsson, ACS Comb. Sci. 2017, 19, 370; j) X.-F. Xia, W. 

He, G.-W. Zhang, D. Wang, Org. Chem. Front. 2019, 6, 342. 

[4] a) C.-J. Li, Acc. Chem. Res. 2009, 42, 335; b) C. J. Scheuermann, 

Chem. Asian J. 2010, 5, 436; c) C. S. Yeung, V. M. Dong, Chem. Rev. 

2011, 111 , 1215; d) S. A. Girard, T. Knauber, C.-J. Li, Angew. Chem. 

Int. Ed. 2014, 53, 74;  Angew. Chem. 2014, 126, 76. 

[5]  a) X. Guo, R. Yu, H. Li, Z. Li, J. Am. Chem. Soc. 2009, 131, 17387; b) 

E. Gaster, Y. Vainer, A. Regev, S. Narute, K. Sudheendran, A. 

Werbeloff, H. Shalit, D. Pappo, Angew. Chem. Int. Ed. 2015, 54, 4198;  

Angew. Chem. 2015, 127, 4272. 

[6] For reviews, see: a) J. B. Sperry, D. L. Wright, Chem. Soc. Rev. 2006, 

35, 605; b) A. Jutand, Chem. Rev. 2008, 108, 2300; c) J.-i. Yoshida, K. 

Kataoka, R. Horcajada, A. Nagaki, Chem. Rev. 2008, 108, 2265; d) R. 

Francke, R. D. Little, Chem. Soc. Rev. 2014, 43, 2492; e) E. J. Horn, B. 

R. Rosen, P. S. Baran, ACS Cent. Sci. 2016, 2, 302; f) Yan, M.; 

Kawamata, Y.; Baran, P. S. Chem. Rev. 2017, 117, 13230; g) Yan, M.; 

Kawamata, Y.; Baran, P. S. Angew. Chem. Int. Ed. 2018, 57, 4149; h) 

S. Tang, Y. Liu, A. Lei, Chem 2018, 4, 27; i)  S. Tang, L. Zeng, A. Lei, J. 

Am. Chem. Soc. 2018, 140, 13128; k) J.-i. Yoshida, A. Shimizu, R. 

Hayashi, Chem. Rev. 2018, 118, 4702; k) Y. Jiang, K. Xu, C. Zeng, 

Chem. Rev. 2018, 118, 4485; l) S. R. Waldvogel, S. Lips, M. Selt, B. 

Riehl, C. J. Kampf, Chem. Rev. 2018, 118, 6706; m) A. Wiebe,  T. 

Gieshoff,  S. Möhle, E. Rodrigo,  M. Zirbes,  S. R. Waldvogel, Angew. 

Chem. Int. Ed. 2018, 57, 5594; Angew. Chem. 2018, 130, 5694; n) H. 

Wang, X. Gao, Z. Lv, T.Abdelilah, A. Lei, Chem. Rev. 2019, 119, 6769. 

[7] For some recent examples, see: a) R. Hayashi, A. Shimizu, J.-i. 

Yoshida, J. Am. Chem. Soc. 2016, 138, 8400; b) A. Badalyan, S. S. 

Stahl, Nature 2016, 535, 406; c) E. J. Horn, B. R. Rosen, Y. Chen, J. 

Tang, K. Chen, M. D. Eastgate, P. S. Baran, Nature 2016, 533, 77; d) N. 

Sauermann, T. H. Meyer, C. Tian, L. Ackermann, J. Am. Chem. Soc. 

2017, 139, 18452; e) Q.-L. Yang, Y.-Q. Li, C. Ma, P. Fang, X.-J. Zhang, 

T.-S. Mei, J. Am. Chem. Soc. 2017, 139, 3293; f) N. Fu, G. Sauer, A. 

Saha, A. Loo, S. Lin, Science 2017, 357, 575; g) A. J. J. Lennox, S. L. 

Goes, M. P. Webster, H. F. Koolman, S. W. Djuric, S. S. Stahl, J. Am. 

Chem. Soc. 2018, 140, 11227; h) R. Hayashi, A. Shimizu, J. A. Davies, 

Y. Ishizaki, C. Willis, J.-i. Yoshida, Angew. Chem. Int. Ed. 2018, 57, 

12891; Angew. Chem. 2018, 130, 13073;  i) J. C. Siu,  G. S. Sauer,  A. 

Saha, R. L. Macey, N. Fu, T. Chauvirie, K. L. Lancaster, S. Lin, J. Am. 

Chem. Soc. 2018, 40, 12511; j) J. C. Siu, J. B. Parry, S. Lin, J. Am. 

Chem. Soc. 2019, 141, 2825; k) J. Li, L. He, X. Liu, X. Cheng, G. Li, 

Angew. Chem. Int. Ed. 2019, 58, 1759; Angew. Chem. 2019, 131, 1773; 

l) Y. Liang, F. Lin, Y. Adeli,  R. Jin,  N. Jiao, Angew. Chem. Int. Ed. 

2019, 58, 4566; Angew. Chem. 2019, 131, 4614; m) Q. Zhang  X. 

Chang,  L. Peng,  C. Guo, Angew. Chem. Int. Ed. 2019, 58, 6999; 

Angew. Chem. 2019, 131, 7073; n) F. Wang, S. S. Stahl, Angew. Chem. 

Int. Ed. 2019, 58, 6385; Angew. Chem. 2019, 131, 6451; o) X. Huang, 

Q. Zhang, J. Lin, K. Harms, E. Meggers, Nat. Catal. 2019, 2, 34; p) O. 

Baslé, N. Borduas, P. Dubois, J. M. Chapuzet, T. H. Chan, J. Lessard, 

C.-J. Li, Chem. Eur. J., 2010, 16, 8162. 

 [8] For some recent examples on intermolecular cyclization, see: a) J. 

Chen, W.-Q. Yan, C. M. Lam, C.-C. Zeng, L.-M. Hu, R. D. Little, Org. 

Lett. 2015, 17, 986; b) K. Liu, S. Tang, P. Huang, A. Lei, Nat. Commun. 

2017, 8, 775; c) C.-Y. Cai, H.-C. Xu, Nat. Commun. 2018, 9, 3551; d) 

Z.-J. Wu, S.-R. Li, H.-C. Xu, Angew. Chem. Int. Ed. 2018, 57, 14070; 

Angew. Chem. 2018, 130, 14266; e) P. Xiong, H.-H. Xu, J. Song, H.-C. 

10.1002/chem.201904750

A
cc

ep
te

d 
M

an
us

cr
ip

t

Chemistry - A European Journal

This article is protected by copyright. All rights reserved.



FULL PAPER    

 

 

 

 

 

Xu, J. Am. Chem. Soc. 2018, 140, 2460; f) J. Li, W. Huang, J. Chen, L. 

He, X. Cheng, G. Li, Angew. Chem. Int. Ed. 2018, 57, 5695; Angew. 

Chem. 2018, 130, 5797; g) Y. Ma, J. Lv, C. Liu, X. Yao, G. Yan, W. Yu, 

J. Ye, Angew. Chem. Int. Ed. 2019, 58, 5756; Angew. Chem. 2019, 131, 

6828. 

[9]     For some recent examples, see: a) W.-C. Li, C.-C. Zeng, L.-M. Hu, H.-Y. 

Tian, R. D. Little, Adv. Synth. Catal. 2013, 355, 2884; b) Z.-W, Hou, Z.-

Y. Mao, H.-B. Zhao, Y. Y. Melcamu, X. Lu, J. Song, H.-C. Xu, Angew. 

Chem. Int. Ed. 2016, 55, 9168; Angew. Chem. 2016, 128, 9314; c) H.-B. 

Zhao, Z.-W, Hou, Z.-J. Liu, Z.-F. Zhou, J. Song, H.-C. Xu, Angew. 

Chem. Int. Ed. 2017, 56, 587; Angew. Chem. 2017, 129, 602; d) Z.-J. 

Wu, H.-C. Xu, Angew. Chem. Int. Ed. 2017, 56, 4734; Angew. Chem. 

2017, 129, 4812; e) H.-B. Zhao, Z.-J. Liu, J. Song, H.-C. Xu, Angew. 

Chem. Int. Ed. 2017, 56, 12732; Angew. Chem. 2017, 129, 12906; f) T. 

Gieshoff, A. Kehl, D. Schollmeyer, K. D. Moeller, S. R. Waldvogel, J. 

Am. Chem. Soc. 2017, 139, 12317; g) T. Gieshoff,  A. Kehl,  D. 

Schollmeyer, K.D. Moeller, S. R. Waldvogel, Chem. Commun. 2017, 53, 

2974; h) Z.-W. Hou, Z.-Y. Mao, Y. Y. Melcamu, X. Lu, H.-C. Xu, Angew. 

Chem. Int. Ed. 2018, 57, 1636; Angew. Chem. 2018, 130, 1652; i) H.-B. 

Zhao, P. Xu, J. Song, H.-C. Xu, Angew. Chem. Int. Ed. 2018, 57, 15153; 

Angew. Chem. 2018, 130, 15373; j) C. Huang, X.-Y. Qian, H.-C. Xu, 

Angew. Chem. Int. Ed. 2019, 58, 6650; Angew. Chem. 2019, 131, 6722; 

k) F. Xu, H. Long,  J. Song, H.-C. Xu, Angew. Chem. Int. Ed. 2019, 58, 

9017; Angew. Chem. 2019, 131, 9115. 

[10] a) T. Morofuji, A. Shimizu, J.-i. Yoshida, J. Am. Chem. Soc. 2013, 135, 

5000; b) T. Morofuji, A. Shimizu, J.-i. Yoshida, J. Am. Chem. Soc. 2014, 

136, 4496; c) T. Morofuji, A. Shimizu, J.-i. Yoshida, J. Am. Chem. Soc. 

2015, 137, 9816; d) T. Morofuji, A. Shimizu, J.-i. Yoshida, d) T. Morofuji, 

A. Shimizu, J.-i. Yoshida, Angew. Chem. Int. Ed. 2012, 51, 7259; 

Angew. Chem. 2019, 124, 7371; g) L. Zhang, L. Liardet, J. Luo, D. Ren, 

M. Grätzel, X. Hu, Nat. Cat. 2019, 2, 366; h) Y. Deng, F. Lu, S. You, T. 

Xia, Y. Zheng, C. Lu, G. Yang, Z. Chen, M. Gao, A. Lei, Chin. J. Chem. 

2019, 37, 817; i) H. Huang, Z. M. Strater, M. Rauch, J. Shee, T. J. Sisto, 

C. Nuckolls, T. H. Lambert, Angew. Chem. Int. Ed. 2019, 

10.1002/anie.201906381; Angew. Chem. 2019, 

10.1002/ange.201906381. 

[11] For some recent examples, see: a) S. Tang, S. Wang, Y. Liu, H. Cong, 

A. Lei, Angew. Chem. Int. Ed. 2018, 57, 4737; Angew. Chem. 2018, 

130, 4827; b) P. Feng, G. Ma, X. Chen, X. Wu, L. Lin, P. Liu, T. Chen, 

Angew. Chem. Int. Ed. 2019, 58, 8400; Angew. Chem. 2019, 131, 8488. 

[12] P. Wang, S. Tang, P. Huang, A. Lei, Angew. Chem. Int. Ed. 2017, 56, 

3009; Angew. Chem. 2017, 129, 3055. 

[13] a) A. Kirste  G. Schnakenburg, F. Stecker, A. Fischer, S. R. Waldvogel, 

Angew. Chem. Int. Ed. 2010, 49, 971; Angew. Chem. 2010, 122, 983; b) 

K. L. Jensen, P. T. Franke,  L. T. Nielsen,  K. Daasbjerg, K. A. 

Jørgensen, Angew. Chem. Int. Ed. 2010, 49, 129; Angew. Chem. 2010, 

122, 133; c) A. Kirste, B. Elsler, G. Schnakenburg, S. R. Waldvogel, J. 

Am. Chem. Soc. 2012, 134, 3571; d) B. Elsler, D. Schollmeyer, K. M. 

Dyballa, R. Franke, S. R. Waldvogel, Angew. Chem. Int. Ed. 2014, 53, 

5210; Angew. Chem. 2014, 126, 5311; e) S. Lips  A. Wiebe, B. Elsler, 

D. Schollmeyer, K. M. Dyballa,  R. Franke, S. R. Waldvogel, Angew. 

Chem. Int. Ed. 2016, 55, 10872; Angew. Chem. 2016, 128, 11031; f) A. 

Wiebe, D. Schollmeyer, K. M. Dyballa, R. Franke, S. R. Waldvogel, 

Angew. Chem. Int. Ed. 2016, 55, 11801; Angew. Chem. 2016, 128, 

11979; g) L. Schulz,  M. Enders, B. Elsler, D. Schollmeyer, K. M. 

Dyballa, R. Franke, S. R. Waldvogel, Angew. Chem. Int. Ed. 2017, 56, 

4877; Angew. Chem. 2017, 129, 4955; h) A. Wiebe, S. Lips, D. 

Schollmeyer, R. Franke, S. R. Waldvogel, Angew. Chem. Int. Ed. 2017, 

56, 14727; Angew. Chem. 2017, 129, 14920; i) A. Wiebe, B. Riehl, S. 

Lips, R. Franke, S. R. Waldvogel, Sci. Adv. 2017, 3, eaao3920. 

[14]   J. C. Laughlin, P. R. Kowey, J. Cardiovasc Electrophysiol. 2008, 19, 

1220. 

[15]   J. Gubin, J. Lucchetti, H. Inion, P. Chatelain, G. Rosseels, S. Kilenyi, 

EP471609 A11992. 

[16]   B. P. Fors, S. L. Buchwald, J. Am. Chem. Soc. 2009, 131, 12898. 

[17]   T. R. Blum, Y. Zhu, S. A. Nordeen, T. P. Yoon, Angew. Chem. Int. Ed. 

2014, 53, 11056; Angew. Chem. 2014, 126, 11236. 

[18]   a) K. Chiba, M. Fukuda, S. Kim, Y. Kitano, M. Tada, J. Org. Chem. 1999, 

64, 7654; b) T. Marui, S. Kajita, Y. Katayama, K. Chiba, Electrochem. 

Commun. 2007, 9, 1331; c) Kim, S. Noda, K. Hayashi, K. Chiba, Org. 

Lett. 2008, 10, 1827. 

[19]   a) L. Eberson, O. Persson, M. P. Hartshorn, Angew. Chem. Int. Ed. 1995, 

34, 2268; Angew. Chem. 1995, 107, 2417; b) B. Elsler, A. Wiebe, D. 

Schollmeyer, K. M. Dyballa, R. Franke, S. R. Waldvogel, Chem. Eur. J. 

2015, 21, 12321. 

[20]    D. T. Smith, E. Vitaku, J. T. Njardarson, Org. Lett. 2017, 19, 3508; 

 

 

10.1002/chem.201904750

A
cc

ep
te

d 
M

an
us

cr
ip

t

Chemistry - A European Journal

This article is protected by copyright. All rights reserved.



FULL PAPER    

 

 

 

 

 

 

Entry for the Table of Contents (Please choose one layout) 

 

Layout 1: 

 

FULL PAPER 

Text for Table of Contents 
   

Author(s), Corresponding Author(s)* 

Page No. – Page No. 

Title 

 

  

 

 

Layout 2: 

FULL PAPER 

Electrifying: A mild electrochemical system was developed for the preparation of 

benzofurans via cross-dehydrogenative coupling between phenols and β-dicarbonyl 

compounds. This method has good functional group compatibility and can serve as 

a powerful synthetic tool with high synthetic value. 

 
Yandong Wang,[a] Bailin Tian, [b] 

Mengning Ding,[b] and Zhuangzhi Shi[a]* 

Page No. – Page No. 

 
Electrochemical Cross-
Dehydrogenative Coupling between 
Phenols and β-Dicarbonyl 
Compounds: Facile Construction of 
Benzofurans 

 

 

 

((Insert TOC Graphic here: max. 

width: 5.5 cm; max. height: 5.0 cm)) 

10.1002/chem.201904750

A
cc

ep
te

d 
M

an
us

cr
ip

t

Chemistry - A European Journal

This article is protected by copyright. All rights reserved.


