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Electrochemically driven reductive coupling of
nitroarenes with alkyl bromides
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Electrosynthesis, which facilitates redox events under metal-catalyst free conditions, has garnered signifi-

cant interest. Herein, we explore this promising methodology by introducing an application to the cross-

coupling of nitroarenes with alkyl bromides. This approach enables the synthesis of aromatic tertiary

amines from readily available and cost-effective starting materials under mild redox conditions. By lever-

aging the advantages of electrosynthesis, we achieved efficient transformations with good functional

group compatibility, thereby contributing to the sustainable modification of valuable bioactive molecules.

Introduction

Amines are among the most pivotal motifs in chemistry,1

especially aromatic tertiary amines, which are widely recog-
nized as versatile building blocks2 and fundamental constitu-
ents of various pharmaceuticals.3,4 Consequently, the develop-
ment of strategies for C–N bond formation,5,6 particularly for
the synthesis of aromatic tertiary amines, has attracted con-
siderable attention.7–13 While most C–N bond formations have
been accomplished using amines as the nitrogen source,
which are industrially produced from nitroarenes,14 the sus-
tainable strategy of employing nitroarenes for amine synthesis
has attracted significant attention due to its step economy and
cost efficiency.15–30 Despite considerable achievements, the
reductive amination of nitroarenes for the construction
of tertiary amines remains underdeveloped,31–34 with the
examples reported thus far being largely limited to metal
catalysts,31–34 activated nitroarenes,34 and harsh reductive con-
ditions (Scheme 1a).31,34

The use of renewable and easily available electricity to
create milder and greener redox conditions in comparison
with traditional synthesis has provided a significant stimulus
to organic synthesis.35–41 However, although this strategy has
been proven to be powerful in reductive transformations,42–47

in strong contrast to C–C bond forming reactions, its appli-
cation in C–N bond formation continues to be scarce,
with limited examples reported for secondary amine construc-
tion.48–54 Herein, we have developed an unprecedented metal-
catalyst-free electro-reductive coupling of nitroarenes for the

selective tertiary amine synthesis. The notable achievements of
this work are as follows: (a) transition-metal-catalyst-free
conditions; (b) mild reaction conditions; (c) tolerance toward
electron-withdrawing groups; and (d) enabling late-stage
functionalization of bioactive molecules (Scheme 1b).

Results and discussion
Optimization of reaction conditions

We initiated the optimization of the electroreductive coupling
reaction using nitrobenzene (1a) and benzyl bromide (2a) as
the model reactants in a user-friendly undivided cell
(Table 1). Preliminary studies identified Ni foam and graphite
felt (GF) as the optimal electrodes (entries 1–5). Furthermore,
both the pyridine substitution pattern (entries 6–10) and the
diboronate structure (entries 11 and 12) proved critical for
this transformation. Further attempts to optimize the electro-
lytes and to lower the reaction temperature led to a decrease
in efficiency (entries 13–15). A control experiment identified

Scheme 1 Methods for tertiary amine synthesis with nitroarene.†These authors contributed equally.
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the essential role of electricity in the reduction of nitro-
arenes (entry 16). Furthermore, current density, the amount
of applied charge, and pH of the reaction mixture play a
crucial role in the reaction outcome (Fig. S3–S5).48 The
optimal conditions were: current density of 1.0 mA cm−2,
applied charge of 4.48 F mol−1, and pH 8.35. Further
increase in current density or applied charge caused product
decomposition, whereas lower values led to incomplete
nitrobenzene conversion. Increased pH impeded proton
acquisition, thereby suppressing nitrobenzene reduction,
whereas decreased pH facilitated over-reduction, producing
aniline.55–59 Notably, a relative low amount of applied
charge (4.48 F mol−1) is required for this nitro reductive
coupling reaction.49–54 This may be attributed to the optimal
pH closely matching the reduction potentials of nitro-
benzene and benzyl bromide, thereby enabling high chemo-
selectivity at low current density while minimizing excessive
energy consumption.

Robustness

With the optimal conditions established, we evaluated the ver-
satility of the electroreductive coupling reaction using a variety
of nitroarenes (Scheme 2). To our delight, nitroarenes bearing
electron-donating (3ba and 3ca) or electron-withdrawing
groups were efficiently converted to the corresponding pro-
ducts (3da–3ja). Notably, redox-sensitive functional groups,

such as hydroxy (3ka), nitrile (3la), ester (3ma and 3na) and
pyrrole (3oa), were well tolerated and provided the desired pro-
ducts in moderate yields, further demonstrating the mild
redox conditions of the reaction. Moreover, other aromatic
ring systems were also compatible with the coupling con-
ditions (3ra, 3sa, and 3ta). Importantly, this novel approach
can be applied to the late-stage modification of bioactive com-
pounds such as aminosalicylate (3ua), nitrofen (3va), nimesu-
lide (3wa), and flutamide (3xa).

Encouraged by the successful electroreduction of nitro-
arenes, we next explored the scope of benzyl bromide sub-
strates (Scheme 3). To our delight, benzyl bromide compounds
containing EDGs (3ab and 3ac) and EWGs (3ad–3ai) were
found to be compatible with this reaction and successfully
afforded the corresponding products in moderate to good
yields. Notably, allyl bromides were also tolerated under the
conditions (3ao and 3ap).

Mechanistic studies

To elucidate the reaction mechanism, detailed mechanistic
studies were performed. Studies with potential intermediates

Table 1 Deviations from the optimized conditionsa

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

1 No change 92, 85c

2 GF(+)/Cu(−) 71
3 GF(+)/Pt(−) 43
4 GF(+)/SS(−) 70
5 RVC(+)/Ni foam(−) Trace
6 2,4,6-Collidine instead of 2,6-lutidine 64
7 Pyridine instead of 2,6-lutidine Trace
8 2,6-Di-tert-butylpyridine instead of 2,6-lutidine N.R.
9 DMAP instead of 2,6-lutidine Trace
10 K2CO3 instead of 2,6-lutidine N.R.
11 B2Cat2 instead of B2Pin2 64
12 Cy-Bpin instead of B2Pin2 11
13 TBAP instead of TBABF4 63
14 LiClO4 in place of TBABF4 73
15 Room temperature 60
16 No electricity N.R.

a Standard conditions: undivided cell, GF anode, Ni foam cathode, 1a
(0.40 mmol), 2a (1.20 mmol), TBABF4 (0.60 mmol), B2Pin2
(0.80 mmol), 2,6-lutidine (1.20 mmol), MeOH (4.0 mL), constant
current (CCE) = 4.0 mA, 50 °C, 12 h, under an N2 atmosphere. b Yields
determined by GC analysis using 1,3,5-trimethoxybenzene as the
internal standard. c Isolated yields. GF = graphite felt. B2Cat2 = bis(cate-
cholato)diborane; Cy-Bpin = 2-cyclohexyl-4,4,5,5-tetramethyl-1,3,2-
dioxaborolane.

Scheme 2 Substrate scope of nitroarenes and late-stage modifications.
Standard conditions: undivided cell, GF anode, Ni foam cathode, 1
(0.40 mmol), 2a (1.20 mmol), TBABF4 (0.60 mmol), B2Pin2 (0.80 mmol),
2,6-lutidine (1.20 mmol), MeOH (4.0 mL), constant current (CCE) =
4.0 mA, 50 °C, 12 h, under an N2 atmosphere.
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revealed that nitrosoarene (Int-I), N-phenylhydroxylamine
(Int-II), and aniline (Int-III) could participate in product
formation (Fig. 1a). However, 2,6-lutidine suppressed aniline
formation during nitroarene reduction (Fig. 1b), disfavoring
it as a major intermediate. This effect stems from the
base-mediated pH increase that modulates protonation
states of intermediates.48 Furthermore, nitrosoarene is
more easily reduced than the parent nitroarene,48 and
N-phenylhydroxylamine exhibited superior reactivity toward
nitrosoarene under the standard conditions. Cyclic voltamme-
try showed that the addition of benzyl bromide eliminated the
N-phenylhydroxylamine oxidation peak at −1.03 V (vs. Ag/AgCl,
Fig. 1c). These results implicated N-phenylhydroxylamine as
the key intermediate. N-Benzyl-N-phenylhydroxylamine and
N-benzylaniline both gave high product yields under the stan-
dard conditions with or without an applied potential (eqn (1),
Fig. 1d and Scheme S14a, SI). In contrast, reactions of
N-benzyl-N-phenylhydroxylamine without B2pin2 afforded
only 6% product yield (eqn (2), Fig. 1d), establishing B2pin2

as the reductant. Without 2,6-lutidine, product formation
ceased while benzyl bromide underwent solvolysis (Schemes
S12 and S13, SI). Considering benzyl bromide’s lower
reduction potential (−1.98 V vs. Ag/AgCl) relatively to that
of nitroarene (−2.31 V vs. Ag/AgCl for reduction to
N-phenylhydroxylamine, Fig. 1c), this effect could be ration-
alized by the ability of 2,6-lutidine to stabilize the highly
reactive benzylboronic species generated through the electro-
lysis of benzyl bromide.54 Competition experiments con-
firmed higher reactivity of electron-rich benzyl bromides
(Scheme S17, SI). Finally, 11B NMR analysis detected
MeOBpin (D) formation, indicating favorable B2pin2 oxi-
dation at the anode (Scheme S15, SI).

Based on literature reports31–34,48–59 and experimental
findings, the mechanism of the electrochemical reductive
coupling was proposed (Scheme 4). Initially, nitroarene 1a

Scheme 3 Substrate scope of alkyl bromides. Standard conditions:
undivided cell, GF anode, Ni foam cathode, 1a (0.40 mmol), 2
(1.20 mmol), TBABF4 (0.60 mmol), B2Pin2 (0.80 mmol), 2,6-lutidine
(1.20 mmol), MeOH (4.0 mL), constant current (CCE) = 4.0 mA, 50 °C,
12 h, under an N2 atmosphere. a 24 h.

Fig. 1 Mechanistic studies. Standard conditions: undivided cell, GF
anode, Ni foam cathode, nitrogen reagent (0.40 mmol), 2a (1.20 mmol,
if required), TBABF4 (0.60 mmol), B2Pin2 (0.80 mmol), 2,6-lutidine
(1.20 mmol), MeOH (4.0 mL), constant current (CCE) = 4.0 mA, 50 °C,
12 h, under an N2 atmosphere. a Yields determined by GC-MS using
1,3,5-trimethoxy benzene as the internal standard.

Scheme 4 Proposed mechanism.

Organic Chemistry Frontiers Research Article

This journal is © the Partner Organisations 2026 Org. Chem. Front., 2026, 13, 1517–1522 | 1519

Pu
bl

is
he

d 
on

 1
7 

D
ec

em
be

r 
20

25
. D

ow
nl

oa
de

d 
on

 6
/1

8/
20

26
 7

:0
8:

54
 P

M
. 

View Article Online

https://doi.org/10.1039/d5qo01269d


undergoes reduction at the cathode to generate
N-phenylhydroxylamine (Int-II). Concurrently, benzyl
bromide reacts with B2pin2 and 2,6-lutidine to afford inter-
mediate A. Nucleophilic substitution between Int-II and A fur-
nishes intermediate B, which subsequently undergoes further
reduction and nucleophilic substitution to afford the final
product 3aa. At the anode, bromide is oxidized to bromine,
and B2pin2 undergoes oxidation.

Conclusions

In summary, we have developed an efficient electrochemical-
driven reductive coupling of nitroarenes and benzyl bromides
for the synthesis of tertiary amines. This green and environ-
mentally friendly strategy shows good compatibility with elec-
tron-withdrawing groups as well as functional groups,
affording a series of tertiary amines in moderate to good
yields. Mechanistic studies revealed a two-electron pathway,
with N-phenylhydroxylamine identified as an important
intermediate.

Author contributions

J. M. conceived the project and supervised the research. X. S.,
W. W., Z. D., J. L. and J. L. performed and analyzed the
experiments. X. S., W. W., Z. D., J. L., J. L. and J. M. prepared
the manuscript and the SI files.

Conflicts of interest

There are no conflicts to declare.

Data availability

The data supporting this article have been included as part
of the supplementary information (SI). Supplementary
information: experimental details and characterization data
of all new compounds. See DOI: https://doi.org/10.1039/
d5qo01269d.

Acknowledgements

Generous support provided by the National Natural Science
Foundation of China (22301051), the Guangxi Science and
Technology Base and Special Talents (No. guike AD23026135),
the First-Class Discipline Innovation-Driven Talent Program of
Guangxi Medical University, and Qingmiao Program of
Guangxi Zhuang Autonomous Region (No. DC2400003572) is
acknowledged.

References

1 S. A. Lawrence, Amines: Synthesis, Properties and
Applications, Cambridge University Press, Cambridge, 2004.

2 S. Liu, Z. Zhao and Y. Wang, Construction of
N-Heterocycles through Cyclization of Tertiary Amines,
Chem. – Eur. J., 2019, 25, 2423–2441.

3 K. J. Kayser-Bricker, M. P. Glenn, S. H. Lee, S. M. Sebti,
J. Q. Cheng and A. D. Hamilton, Non-Peptidic Substrate-
Mimetic Inhibitors of Akt as Potential Anti-Cancer Agents,
Bioorg. Med. Chem., 2009, 17, 1764–1771.

4 P. Balsam, E. Koźlukm and M. Peller, Antazoline for
Termination of Atrial Fibrillation during the Procedure of
Pulmonary Veins Isolation, Adv. Med. Sci., 2015, 60, 231–
235.

5 P. Ruiz-Castillo and S. L. Buchwald, Applications of
Palladium-Catalyzed C–N Cross-Coupling Reactions, Chem.
Rev., 2016, 116, 12564–12649.

6 P. A. Forero-Cortés and A. M. Haydl, The 25th Anniversary
of the Buchwald–Hartwig Amination: Development,
Applications, and Outlook, Org. Process Res. Dev., 2019, 23,
1478–1483.

7 N. Matsuda, K. Hirano, T. Satoh and M. Miura, Copper-
Catalyzed Amination of Arylboronates with N,N-
Dialkylhydroxylamines, Angew. Chem., Int. Ed., 2012, 51,
3642–3645.

8 W. Zhou, M. Fan, J. Yin, Y. Jiang and D. Ma, CuI/Oxalic
Diamide Catalyzed Coupling Reaction of (Hetero)aryl
Chlorides and Amines, J. Am. Chem. Soc., 2015, 137, 11942–
11945.

9 I. Sorribes, J. R. Cabrero-Antonino, C. Vicent, K. Junge and
M. Beller, Catalytic N-Alkylation of Amines Using
Carboxylic Acids and Molecular Hydrogen, J. Am. Chem.
Soc., 2015, 137, 13580–13587.

10 Y.-P. Zhou, S. Raoufmoghaddam, T. Szilvási and M. Driess,
A Bis(silylene)-Substituted ortho-Carborane as a Superior
Ligand in the Nickel-Catalyzed Amination of Arenes,
Angew. Chem., Int. Ed., 2016, 55, 12868–12872.

11 G. G. Pawar, H. Wu, S. De and D. Ma, Copper(I) Oxide/N,N-
Bis[(2-furyl)methyl]oxalamide-Catalyzed Coupling of
(Hetero)aryl Halides and Nitrogen Heterocycles at Low
Catalytic Loading, Adv. Synth. Catal., 2017, 359, 1631–
1636.

12 A. Ruffoni, F. Juliá, T. D. Svejstrup, A. J. McMillan,
J. J. Douglas and D. Leonori, Practical and Regioselective
Amination of Arenes Using Alkyl Amines, Nat. Chem., 2019,
11, 426–433.

13 S. U. Dighe, F. Juliá, A. Luridiana, J. J. Douglas and
D. Leonori, Photochemical Dehydrogenative Strategy for
Aniline Synthesis, Nature, 2020, 584, 75–81.

14 H.-U. Blaser, A Golden Boost to an Old Reaction, Science,
2006, 313, 312–313.

15 Y. Gao, S. M. Yang, Y. P. Huo and X. Q. Hu, Recent Progress
on Reductive Coupling of Nitroarenes by Using
Organosilanes as Convenient Reductants, Adv. Synth.
Catal., 2020, 362, 3971–3986.

Research Article Organic Chemistry Frontiers

1520 | Org. Chem. Front., 2026, 13, 1517–1522 This journal is © the Partner Organisations 2026

Pu
bl

is
he

d 
on

 1
7 

D
ec

em
be

r 
20

25
. D

ow
nl

oa
de

d 
on

 6
/1

8/
20

26
 7

:0
8:

54
 P

M
. 

View Article Online

https://doi.org/10.1039/d5qo01269d
https://doi.org/10.1039/d5qo01269d
https://doi.org/10.1039/d5qo01269d
https://doi.org/10.1039/d5qo01269d


16 H. Zhu and T. G. Driver, Recent Advances to Mediate
Reductive Processes of Nitroarenes Using Single-Electron
Transfer, Organomagnesium, or Organozinc Reagents,
Synthesis, 2022, 3142–3161.

17 F. Behmagham, M. N. Abdullah, S. B. Azimi, M. Ubaid,
A. T. A. Ali, A. H. Adhab, M. H. Sami, S. Soleimani-Amiri
and E. Vessally, Reductive Coupling of Nitro Compounds
with Boronic Acid Derivatives: An Overview, RSC Adv., 2023,
13, 33390–33402.

18 J. H. Qin, Y. Wang, J. Y. Ouyang, M. Liu and X. H. Ouyang,
Recent Progress in the Synthesis of N-Substituted
Arylamines by Reductive Cross-Coupling of Nitroarenes,
Org. Chem. Front., 2024, 11, 2638–2664.

19 I. Sapountzis and P. Knochel, A New General Preparation of
Polyfunctional Diarylamines by the Addition of
Functionalized Arylmagnesium Compounds to
Nitroarenes, J. Am. Chem. Soc., 2002, 124, 9390–9391.

20 C. Feng, Y. Liu, S. Peng, Q. Shuai, G. Deng and C.-J. Li,
Ruthenium-Catalyzed Tertiary Amine Formation from
Nitroarenes and Alcohols, Org. Lett., 2010, 12, 4888–4891.

21 J. H. Gui, C. M. Pan, Y. Jin, T. Qin, J. C. Lo, B. J. Lee,
S. H. Spergel, M. E. Mertzman, W. J. Pitts, T. E. La Cruz,
M. A. Schmidt, N. Darvatkar, S. R. Natarajan and
P. S. Baran, Practical Olefin Hydroamination with
Nitroarenes, Science, 2015, 348, 886–891.

22 C. W. Cheung and X. L. Hu, Amine Synthesis via Iron-
Catalysed Reductive Coupling of Nitroarenes with Alkyl
Halides, Nat. Commun., 2016, 7, 12494–12502.

23 M. Rauser, C. Ascheberg and M. Niggemann, Electrophilic
Amination with Nitroarenes, Angew. Chem., Int. Ed., 2017,
56, 11570–11574.

24 T. V. Nykaza, J. C. Cooper, G. Li, N. Mahieu, A. Ramirez,
M. R. Luzung and A. T. Radosevich, Intermolecular
Reductive C–N Cross Coupling of Nitroarenes and Boronic
Acids by PIII/PVvO Catalysis, J. Am. Chem. Soc., 2018, 140,
15200–15205.

25 J. Xiao, Y. He, F. Ye and S. Zhu, Remote sp3 C–H Amination
of Alkenes with Nitroarenes, Chem, 2018, 4, 1645–1657.

26 S. Suárez-Pantiga, R. Hernández-Ruiz, C. Virumbrales,
M. R. Pedrosa and R. Sanz, Reductive Molybdenum-
Catalyzed Direct Amination of Boronic Acids with Nitro
Compounds, Angew. Chem., Int. Ed., 2019, 58, 2129–2133.

27 H. Song, Z. Yang, C.-H. Tung and W. Wang, Iron-Catalyzed
Reductive Coupling of Nitroarenes with Olefins:
Intermediate of Iron–Nitroso Complex, ACS Catal., 2020,
10, 276–281.

28 G. Li, L. Yang, J.-J. Liu, W. Zhang, R. Cao, C. Wang,
Z. Zhang, J. Xiao and D. Xue, Light-Promoted C–N
Coupling of Aryl Halides with Nitroarenes, Angew. Chem.,
Int. Ed., 2021, 60, 5230–5234.

29 L. Meng, J. Yang, M. Duan, Y. Wang and S. Zhu, Facile
Synthesis of Chiral Arylamines, Alkylamines and Amides by
Enantioselective NiH-Catalyzed Hydroamination, Angew.
Chem., Int. Ed., 2021, 60, 23584–23589.

30 B. D. Akana-Schneider and D. J. Weix, Reductive Arylation
of Nitroarenes with Chloroarenes: Reducing Conditions

Enable New Reactivity from Palladium Catalysts, J. Am.
Chem. Soc., 2023, 145, 16150–16159.

31 X. Cui, Y. Deng and F. Shi, Reductive N-Alkylation of Nitro
Compounds to N-Alkyl and N,N-Dialkyl Amines with
Glycerol as the Hydrogen Source, ACS Catal., 2013, 3, 808–
811.

32 H.-D. He, Z.-K. Zhang, H.-B. Tang, Y.-Q. Xu, X.-B. Xu,
Z.-Y. Cao, H. Xu and Y. Li, Manganese-Mediated Reductive
N,N-Dialkylation of Nitroarenes: A Dramatic NiI2 Effect,
Org. Chem. Front., 2022, 9, 4875–4881.

33 S. Wang, T. Li, C. Gu, J. Han, C.-G. Zhao, C. Zhu, H. Tan
and J. Xie, Decarboxylative Tandem C–N Coupling with
Nitroarenes via SH2 Mechanism, Nat. Commun., 2022, 13,
2432–2441.

34 J. L. Li, X. Chen, S. X. Xie, H. B. Wang, J. Y. Mo and
H. W. Huang, Photoredox/Bismuth Relay Catalysis
Enabling Reductive Alkylation of Nitroarenes with
Aldehydes, Chem. – Eur. J., 2024, 30, e202401456.

35 J.-i. Yoshida, K. Kataoka, R. Horcajada and A. Nagaki,
Modern Strategies in Electro-Organic Synthesis, Chem. Rev.,
2008, 108, 2265–2299.

36 R. Francke and R. D. Little, Redox Catalysis in
Organic Electrosynthesis: Basic Principles and Recent
Developments, Chem. Soc. Rev., 2014, 43, 2492–2521.

37 M. Yan, Y. Kawamata and P. S. Baran, Synthetic Organic
Electrochemical Methods Since 2000: On the Verge of a
Renaissance, Chem. Rev., 2017, 117, 13230–13319.

38 P. Xiong and H.-C. Xu, Chemistry with Electrochemically
Generated N-Centered Radicals, Acc. Chem. Res., 2019, 52,
3339–3350.

39 T. H. Meyer, I. Choi, C. Tian and L. Ackermann, Powering
the Future: How Can Electrochemistry Make a Difference in
Organic Synthesis, Chem, 2020, 6, 2484–2496.

40 S.-H. Shi, Y. Liang and N. Jiao, Electrochemical Oxidation
Induced Selective C–C Bond Cleavage, Chem. Rev., 2021,
121, 485–505.

41 Y. Yuan, J. Yang and A. Lei, Recent Advances in
Electrochemical Oxidative Cross-Coupling with Hydrogen
Evolution Involving Radicals, Chem. Soc. Rev., 2021, 50,
10058–10086.

42 F. Barba and B. Batanero, in Organic Electrochemistry:
Revised and Expanded, ed. O. Hammerich and B. Speiser,
CRC Press, Florida, 5th edn, 2015, ch. 34, pp. 1309–
1356.

43 T. Wirtanen, E. Rodrigo and S. Waldvogel, Recent Advances
in the Electrochemical Reduction of Substrates Involving
N–O Bonds, Adv. Synth. Catal., 2020, 362, 2088–2101.

44 B. Huang, Z. Sun and G. Sun, Recent Progress in Cathodic
Reduction-Enabled Organic Electrosynthesis: Trends,
Challenges, and Opportunities, eScience, 2022, 2, 243–277.

45 Y. Liu, P. Li, Y. Wang and Y. Qiu, Electroreductive Cross-
Electrophile Coupling (eXEC) Reactions, Angew. Chem., Int.
Ed., 2023, 62, e202306679.

46 K. Mahanty, A. Halder, D. Maiti and S. De Sarkar, Recent
Developments in the Electroreductive Functionalization of
Carbon–Halogen Bonds, Synthesis, 2023, 400–416.

Organic Chemistry Frontiers Research Article

This journal is © the Partner Organisations 2026 Org. Chem. Front., 2026, 13, 1517–1522 | 1521

Pu
bl

is
he

d 
on

 1
7 

D
ec

em
be

r 
20

25
. D

ow
nl

oa
de

d 
on

 6
/1

8/
20

26
 7

:0
8:

54
 P

M
. 

View Article Online

https://doi.org/10.1039/d5qo01269d


47 A. Halder, K. Mahanty, D. Maiti and S. De Sarkar, Recent
Advances in Electrochemical Reductive Transformation of
C–C and C–O Multiple Bonds, Isr. J. Chem., 2024, 64,
e202300102.

48 S. O. Simonetti, S. B. Beil and S. R. Waldvogel, Nitro
Substrates in Reductive Electrosynthesis: A Review, ACS
Electrochem., 2025, 1, 805–818.

49 D. Wang, Z. Wan, H. Zhang, H. Alhumade, H. Yi and A. Lei,
Electrochemical Reductive Arylation of Nitroarenes with
Arylboronic Acids, ChemSusChem, 2021, 14, 5399–5404.

50 Q. Wang, J. Xu, Z. Xu, Z. Wang, X. Tao, S. Ni, Y. Pan and
Y. Wang, Catalyst-Free Electroreductive Carboxylic Acid-
Nitroarene Coupling, Green Chem., 2023, 25, 7084–7091.

51 J. Xu, Y. Liu, Q. Wang, X. Tao, S. Ni, W. Zhang, L. Yu,
Y. Pan and Y. Wang, Electrochemical Deoxygenative
Amination of Stabilized Alkyl Radicals from Activated
Alcohols, Nat. Commun., 2024, 15, 6116–6124.

52 J. Winter, S. Lühr, K. Hochadel, M. d. J. Gálvez-Vázquez,
T. Prenzel, D. Schollmeyer and S. R. Waldvogel, Simple
Electrochemical Synthesis of Cyclic Hydroxamic Acids by
Reduction of Nitroarenes, Chem. Commun., 2024, 60, 7065–
7068.

53 H. Zhu, J. N. Powell, V. A. Geldchen, A. S. Drumheller and
T. G. Driver, Harnessing the Reactivity of Nitroarene
Radical Anions to Create Quinoline N-Oxides by

Electrochemical Reductive Cyclization, Angew. Chem., Int.
Ed., 2025, 64, e202416126.

54 Z. Wang, J. Zhou, Z. Wang, X. Zhang, Y. Ji and Y. Huang,
Cathodic Deoxygenative Alkylation of Nitro(hetero)arenes
with Organic Halides, Org. Lett., 2025, 27, 1238–1243.

55 L. Chuang, I. Fried and P. J. Elving, Voltammetric Behavior
of the System Nitrosobenzene-Phenylhydroxylamine at the
Graphite Electrode, Anal. Chem., 1964, 36, 2426–2431.

56 A. Cyr, E. Laviron and J. Lessard, Electrochemical
Behaviour of Nitrobenzene and Phenylhydroxylamine on
Copper Rotating Disk Electrodes, J. Electroanal. Chem.
Interface Electrochem., 1989, 263, 69–78.

57 A. Cyr, P. Huot, J. F. Marcoux, G. Belot, E. Laviron and
J. Lessard, The Electrochemical Reduction of Nitrobenzene
and Azoxybenzene in Neutral and Basic Aqueous
Methanolic Solutions at Polycrystalline Copper and Nickel
Electrodes, Electrochim. Acta, 1989, 34, 439–445.

58 B. Mokhtari, D. Nematollahi and H. Salehzadeh, Paired
Electrochemical Conversion of Nitroarenes to
Sulfonamides, Diarylsulfones and Bis(arylsulfonyl)amino-
phenols, Green Chem., 2018, 20, 1499–1505.

59 B. Mokhtari, D. Nematollahi and H. Salehzadeh, A Tunable
Pair Electrochemical Strategy for the Synthesis of New
Benzenesulfonamide Derivatives, Sci. Rep., 2019, 9, 4537–
4545.

Research Article Organic Chemistry Frontiers

1522 | Org. Chem. Front., 2026, 13, 1517–1522 This journal is © the Partner Organisations 2026

Pu
bl

is
he

d 
on

 1
7 

D
ec

em
be

r 
20

25
. D

ow
nl

oa
de

d 
on

 6
/1

8/
20

26
 7

:0
8:

54
 P

M
. 

View Article Online

https://doi.org/10.1039/d5qo01269d

	Button 1: 


