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Abstract Electrochemical synthesis, due to its environmentally benign, sustainable, and practical nature, has be-
come an appealing and powerful substitute for traditional methods for oxidizing and reducing organic compounds.
Thus, numerous valuable changes have been established in the field of organic synthesis through the utilization of
electrochemistry. Among these electrochemical transformations, the formation of C-Se bonds stands out as an ex-
ceptionally noteworthy reaction type. In this graphical review, we present a succinct summary of the progress in
utilizing electrochemical strategies for synthesizing organoselenium compounds.

Key words electrochemistry, organoselenium compounds, selenylation, difunctionalization, cyclization, cross-
coupling

Organoselenium chemistry has remained a field of persistent exploration ever since selenium
was recognized as an essential trace element within the human body. The significance of orga-
noselenium compounds has experienced a substantial surge, particularly since the 1970s,
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marked by the discovery of numerous intriguing compounds boasting diverse applications in
synthesis and biology. Notably, among these compounds, diselenides have emerged as im-
mensely valuable organic entities. The presence of Se-Se bonds confers their distinctive chem-
ical attributes, enabling their involvement in a range of reactions as electrophilic (RSe*), nucle-
ophilic (RSe-), or free-radical (RSe") agents.

Over the past decades, advancements have propelled the synthesis of organoselenium mole-
cules, a field often characterized by the routine utilization of costly catalysts and a variety of
transition metals. This has spurred an ongoing quest to unearth more economical and environ-
mentally friendly methodologies for generating selenium-containing compounds. Notably, re-
cent breakthroughs in this pursuit have culminated in the development of an efficient and eco-
logically sound electrochemical selenylation process.

Electrochemistry has become an important strategy in organic synthesis, leading to the devel-
opment of a multitude of beneficial transformations. One of its strengths lies in its capacity to
induce carbon-carbon and carbon-heteroatom bond formation through anodic oxidation, all
within an environment free from external oxidants. Notably, the domain of electrochemical
synthesis has witnessed a surge in its utilization within the context of the formation of orga-
noselenium compounds. Within the scope of this graphical review, our aim is to provide read-
ers with an extended collection of instances exemplifying the utilization of electrochemical
techniques in the synthesis of organoselenium compounds.
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Notable features

* lodide salts employed as both electrolyte and catalyst.
» Electrochemical regioselective C(sp?)-H selenylation.

Seminal studies:
Electrocatalytic C—H selenylation of indoles
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(1a) Sun, Chem. Commun. 2018, 54, 8781.

Figure 1 Electrochemical C-H selenylation (part 1)
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lodide-ion-catalyzed electrochemical C(sp?)-H selenylation

3% 4%
(1e) Cao, Chem. Commun. 2020, 56, 15325.

exhibited excellent antlwral activity
against tobacco mosaic virus
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1 See also: (1c) Mendes, Eur. J. Org. Chem. 2021, 4411.

i Electrochemical selenylation/oxidation of N-alkylisoquinolinium salts
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(1f) He, Tetrahedron Lett. 2021, 77, 153257.
See also: (1g) Feng, Asian J. Org. Chem. 2023, 12, e202200719.

Further reading

Other contributions of KI-mediated electrochemical selenylation:
(1i) He, Chin. J. Catal. 2021, 42, 1445.

(1j) Brahmachari, J. Org. Chem. 2023, 88, 1049.

(1k) Badsara, Chem. Commun. 2023, 59, 5415.

(11) Chen, ChemistrySelect 2023, 8, 1049.
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Notable features

« Copper-catalyzed electrochemical C(sp®)-H selenylation.
« Direct electrochemical C(sp?)-H selenylation.

CuCl,-catalyzed electrochemical C(sp®)-H selenylation
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(1m) Wu, Mol. Catal. 2023, 540, 113038.

Figure 2 Electrochemical C-H selenylation (part 2)'™-P
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Direct electrochemical C-H selenylation of 2H-indazoles
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(1n) Ruan, Org. Biomol. Chem. 2021, 20, 117. Further reading: (10) He, Chin. Chem. Lett. 2021, 33, 1501.

Electrochemical selenylation of sulfoxonium ylides
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(1p) Ruan, J. Org. Chem. 2023, 88, 5572.
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Notable features Electrochemical oxyselenation !Electrochemical selenosulfonylation

* Three-component electrochemical aminoselenation and

Lan]
Pt ﬂ I RVC R ch_] Pt SePh

oxyselenation. 1_— R - = - . R?
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Further reading . 2Vie | .
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Other contributions: H F SePh H
(29) Ye, Eur. J. Org. Chem. 2022, €202201032. 75% 52% 83% (98% D) 73% (98% D, 63% (96% D)
(2h) Meng, J. Org. Chem. 2023, 88, 5760. ! !
(2i) Dong, J. Org. Chem. 2023, 88, 5321. 1 H
(2j) Wang, ACS Sustainable Chem. Eng. 2023, 11, 2607. (2e) Wang, Org. Chem. Front. 2022, 9, 2815. (2f) Ruan, Adv. Synth. Catal. 2023, 365, 2929.

Figure 3 Electrochemical difunctionalization?-i
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Notable features Electrochemical oxidative cyclization of olefinic carbonyls

1
R1W + RSeSeR jl/\)_\
T BuNBF, (01 M) SeR

EWG
EWG MeCN, 10 mA

* Electrochemical cyclization of N-arylacrylamides.
 Electrochemical radical selenylation.
* Electrochemical synthesis of selenylbenzo[b]furan.

Electrochemical selenylation of unsaturated amides {SeAr
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(3d) De Sarkar, Adv. Synth. Catal. 2020, 362, 1046.
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) ) 1 See also:
1 (39) Liu, Org. Biomol. Chem. 2022, 20, 2813. ' (3i) Braga, Front. Chem. 2022, 10, 880099.

Figure 4 Electrochemical selenylation/cyclization (part 1)3-
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Notable features Electrochemlcal multicomponent synthesis of 4-selanylpyrazoles Electrochemical selenylation/cyclization

wvell T

* Electrochemical selenylation/cyclization.
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Other contributions: @ @
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(3m) Lei, Org. Chem. Front. 2022, 9, 2786. ! (3r) De Sarkar, J. Org. Chem. 2021, 86, 16084. i (3s) Xu, Eur. J. Org. Chem. 2021, 2431.

Figure 5 Electrochemical selenylation/cyclization (part 2)2%3i-
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Notable features

* Electrochemical synthesis of significant selenoheterocycles.
* Electrochemical selenylation involving RSe® or RSe* intermediates.

Electrochemical radical selenylation/1,2-carbon migration

—— o
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(3t) Kim, Org. Lett. 2019, 21, 1021.

Electrochemical synthesis of selenylated chromones
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Proposed mechanism:
Glassy carbon anode
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Electrooxidative selenylamination of alkynes
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(3x) Liang, Adv. Synth. Catal. 2023, 365, 2183.

Figure 6 Electrochemical selenylation/cyclization (part 3)2"3t-2
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Electrochemical synthesis of seleno-benzo[b]azepines
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(3y) Zhang, J. Org. Chem. 2023, 88, 7245. See also: (3z) Ruan, Chem. Asian J. 2022, 17, e202200762.
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Notable features
* Electrochemical radical selenylation of boronic acids.

* Electrochemical oxidative cross-coupling.
* Electrochemical selenylation of phosphonates.

Electrochemical radical selenylation of boronic acids
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