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Abstract Organoselenium compounds are crucial molecules that are
utilized extensively in diverse fields such as medicine, agriculture, catal-
ysis, and organic materials. The incorporation of selenium atoms into
organic molecules holds significant importance in synthetic chemistry.
Organic electrochemical synthesis, a green, mild, and efficient strategy,
has displayed remarkable potential for organoselenium chemistry syn-
thesis. Consequently, there has been substantial interest in recent years
in researching electrochemically mediated synthesis of organoselenium
compounds. This review provides an overview of the progress made in
electrochemically mediated organic selenium reactions over the last de-
cade, including electrochemical mediated selenium catalysis, electro-
chemical oxidation of diselenide coupling, and electrochemical oxida-
tion tandem selenocyclization. The scope, limitations, and mechanisms
of those reactions are emphasized.
1 Introduction
2 Electrochemical Selenium-Catalyzed Reactions
3 Electrochemically Mediated Coupling of Aromatic/Heterocyclic

Rings with Diselenides
4 Electrochemically Mediated Tandem Selenocyclization
5 Conclusion

Key words organic electrochemical synthesis, organoselenium com-
pounds, selenium catalysis, diselenide coupling, tandem selenocycliza-
tion

1 Introduction

Organoselenium compounds are pivotal entities within

organic synthesis, finding application as intermediates in

materials, catalysis, and organic reactions.1 In addition, or-

ganoselenium compounds have various pharmacological

activities, such as anticonvulsant, antioxidant, antidepres-

sant, anticancer, antitumor, anti-inflammatory, and antivi-

ral properties, as depicted in Figure 1.2 The introduction of

a selenium atom into a potentially bioactive molecule can

dramatically increase the native biological activity of the

substrate. Given these distinctive biological and chemical

attributes, organoselenium compounds have garnered sig-

nificant research interest.

Figure 1  Examples of organoseleniums as pharmaceuticals and drugs

At present, the primary methods for the synthesis of or-

ganoselenium compounds involve metal catalysis/cycliza-

tion, photocatalysis, and oxidation with a strong oxidant.3

However, these methods often present challenges such as

metal residues, acid corrosion, high costs, and toxicity.

Thus, a pressing need exists to develop greener, more effi-

cient synthesis techniques for organic selenium com-

pounds. Electromechanical synthesis utilizes clean electri-

cal energy to drive redox reactions, circumventing the ne-

cessity for additional chemical oxidizers or reductants.4

This technique affords precise control over current poten-

tial and demonstrates substantial application potential in

synthetic chemistry due to its green, straightforward, and

efficient nature. Consequently, electrochemical synthesis of
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organic selenium compounds has emerged as an appealing

strategy, and it has made noteworthy strides in recent

times. Drawing from both domestic and international re-

search groups’ recent findings on organic selenium com-

pound synthesis under electrochemical conditions, this ar-

ticle comprehensively summarizes and discusses three

main facets: electrochemical mediated selenium catalysis,

electrochemical oxidation of diselenide coupling, and elec-

trochemical oxidation tandem selenocyclization. We hope

that the review will help promote the future development

of methods for constructing organic selenium compounds.

2 Electrochemical Selenium-Catalyzed Reac-
tions

Selenium catalysis has emerged as a viable alternative to

transition-metal catalysts due to its excellent functional

group compatibility, mild reaction conditions, and remark-

able selectivity.5 Since the pioneering work of Sharpless in

1979 that demonstrated the organoselenium-catalyzed al-

lylic chlorination of olefins with N-chlorosuccinimide, the

field of organoselenium catalysis has undergone significant

development, yielding diverse and reliable synthetic strate-

gies.6 Notably, the combination of selenides with oxidants,

such as hypervalent iodine reagents and peroxides, has

been widely employed to generate catalytically active sele-

nium species.7 However, the use of external oxidants in

these methods often involves irritant reagents, increased

costs, and limited substrate scope, prompting researchers to

explore more cost-effective and environmentally friendly

approaches to initiate selenium-catalyzed processes. Elec-

trochemistry stands as a green synthesis tool, and the inte-

gration of electrochemical technology with selenium catal-

ysis presents an avenue that not only eliminates the need

for external oxidants but also opens up possibilities for in-

novative activation methods. As a result, this hybrid ap-

proach has garnered attention among synthetic chemists in

recent years.

Heterocyclic compounds such as 2,1-benzoisoxazoles

are widely used in the fields of surfactants and pharmaceu-

tical intermediates, and methods that can be used for the

mild and simple synthesis of such compounds have attract-

ed much attention. In 2021, Pan’s research group intro-

duced an electrochemical selenium catalytic system for the

intramolecular nucleophilic cyclization of o-nitropheny-

lacetylenes 1 to afford 2,1-benzoxazoles 2 (Scheme 1).

Within an undivided cell setup, a platinum plate served as

the anode, carbon as the cathode, CH3CN as the solvent, and

Et4NPF6 as the electrolyte. A range of benzoxazole com-

pounds were synthesized through the intramolecular cy-

clization of o-nitrophenylacetylenes catalyzed by PhSeSePh.

This methodology showcased commendable functional

group tolerance and substrate applicability. The reaction

employed cost-effective diphenyl diselenide as the catalyst,

relying on constant pressure rather than external oxidants.

Successful scaling up of the reaction to gram-level high-

lighted the potential practical utility of this approach.8
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Scheme 1  Electrochemically enabled selenium catalytic synthesis of 
2,1-benzoxazoles from o-nitrophenylacetylenes

The research group probed the plausible reaction mech-

anism through control experiments and cyclic voltamme-

try, and proposed the mechanism depicted in Scheme 2.

First, diphenyl diselenide is oxidized to yield selenium cat-

ion 3 and phenyl selenium radical 4. Concurrently, phenyl

selenium radical 4 donates electrons to the anode, generat-

ing selenium cation 3. Subsequent interaction of substrate

1a with selenium cation 3 furnishes intermediate 5. The ox-

ygen on the nitro group in intermediate 5 undergoes intra-

molecular nucleophilic cyclization, affording intermediate

6. Cleavage of the N–O bond in intermediate 6 leads to in-

termediate 7, and cyclization-induced release of selenium

cations gives the final target product 2a. At the cathode, the

electrons from selenium cation 3 facilitate the reduction of

diphenyl diselenide.

Scheme 2  Mechanism of electrochemical selenium-catalyzed synthe-
sis of 2,1-benzoxazoles from o-nitrophenylacetylenes

In the realm of selenium--acid catalysis, catalytically

active selenium cation species can be generated through

anodic oxidation. In 2022, Mei’s group developed an effi-

cient phosphonate-assisted hydration of internal alkynes 9
via electro-catalysis with a PhSeSePh mediator (Scheme 3).9

Employing room temperature conditions, utilizing RVC as

the anode, platinum plate as the cathode, CH3CN as the sol-

vent, Et4NBF4 as the electrolyte, and a constant current of

10 mA, the reaction, catalyzed by 0.5 equivalent of

PhSeSePh, proceeded between acetylenes and phosphonic

acid groups to furnish a series of (heterogeneous) aryl and

alkyl ketone compounds 10. This protocol showcases re-

markable chemo-/regioselectivity and scalability with in-

ternal alkynes harboring diverse functional groups, en-

abling facile access to a broad spectrum of (hetero) aryl and

alkyl ketones with high efficiency.

Scheme 3  Electrochemical selenium--acid promoted hydration of 
alkynyl phosphonates

The mechanism underlying this reaction unfolds as

shown in Scheme 4: at the anode, the electrophilic phenyl

selenium cation is generated via the electrodeless oxidation

of diphenyl diselenide. Subsequent interaction between the

phenyl selenium cation and alkyne phosphate 9 engenders

the formation of selenium ion intermediate 11. An intramo-

lecular attack by the phosphonate group yields intermedi-

ate 12, which then undergoes nucleophilic attack by H2O to

yield alcohol 13. Tautomerization of alcohol 13 leads to

compound 14, which undergoes protonation, giving rise to

the phenyl selenium cation and the desired product 10.
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-Keto acetals represent pivotal intermediates in organ-

ic synthesis. In 2022, Wei’s research group introduced a

novel strategy for synthesizing -keto acetals 17 from ter-

minal alkynes 15 and alcohols 16 (Scheme 5).10 This ap-

proach synergistically combines electrochemical and or-

ganic selenium catalytic processes. Operating within an un-

divided cell setup, utilizing a platinum sheet as the anode,

titanium as the cathode, methanol as the solvent, triflic an-

hydride (Tf2O) as the additive, nBu4N(OAc) as the electro-

lyte, and 0.33 equivalent of PhSeSePh as the catalyst, termi-

nal alkynes and alcohols engage in a reaction to furnish a

series of -keto acetal compounds. When ethanol and n-

propanol were used instead of methanol, the corresponding

-ketone acetals were obtained with isolated yields of 64%

(17c) and 70% (17d), respectively. When the electrochemi-

cal selenization of 15a was carried out as a gram-scale syn-

thesis (2 mmol), the product 17a was obtained in 49% yield.

A distinct feature of this system is the cooperative effect of

organic selenium catalysis and electrochemical oxidation,

obviating the need for external chemical oxidants.

On the basis of control experiments and previous re-

ports, a plausible mechanism is proposed in Scheme 6.

First, anodization of PhSeSePh takes place to produce sele-

nium cation and selenium radical. The selenium cation then

reacts with -acid and terminal alkyne 15a, leading to the

formation of intermediate 18. Subsequently, methanol 16a
undergoes nucleophilic attack on the activated alkyne 18,

yielding intermediate 19. A subsequent sequence of activa-

tion and nucleophilic attack involving intermediate 19 re-

sults in the formation of 21. This intermediate 21 is dis-

solved and hydrolyzed, ultimately yielding the target prod-

uct 17a. On the cathode, protons undergo electron

reduction to form hydrogen.

Scheme 7  Electrochemical selenium-catalyzed N,O-difunctionaliza-
tion of amides to synthesize polysubstituted oxazoles

Heterocycles containing nitrogen and oxygen are vital

structural motifs in pharmaceuticals and agricultural

chemicals. In 2022, Ren’s group reported a strategy that

synergistically combines electrochemical and organic sele-

nium catalytic processes to achieve the bifunctionalization

of amides, resulting in the synthesis of multisubstituted ox-

azole compounds (Scheme 7).11 The reaction between

acrylamides 23 and nitriles 24 yields a series of benzoxaz-

oles 25 using carbon rods as electrodes, CH3CN as the sol-

vent, nBu4NBF4 as the electrolyte, and PhSeSePh as the cata-

lyst. This method demonstrates broad substrate applicabili-

ty. When the substrate contains multiple substituents on

the nitrogen atom, the reaction proceeds smoothly, leading

to the formation of the corresponding polysubstituted ox-

azoles. Furthermore, compounds derived from ibuprofen

and estrone also react effectively under these conditions to

afford the desired products 25d and 25e. Overall, this strat-

Scheme 5  Electrochemical selenium-catalyzed synthesis of -keto ac-
etals from terminal alkynes and alcohols
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egy boasts mild reaction conditions, wide functional group

tolerance, high atom-economy, and obviates the need for

external chemical oxidants, presenting a sustainable alter-

native for the synthesis of polysubstituted oxazoles.

Two plausible mechanisms for this arylacetonitrile syn-

thesis are proposed based on cyclic voltammetry and con-

trol experiments (Scheme 8). In path A: PhSeSePh generates

selenium cations and selenium radicals upon anodic oxida-

tion. Simultaneously, selenium radicals can also undergo

electron loss on the anode, generating selenium cations.

Subsequently, substrate 23a reacts with selenium cation,

leading to the formation of intermediate 26. Intermediate

26 undergoes a nucleophilic reaction with acetonitrile to

yield intermediate 27. Deprotonation of intermediate 27,

via hydrolysis, yields intermediate 30, which is isomerized

into intermediate 31. This is followed by C–Se bond cleav-

age, deprotonation, and, ultimately, the formation of prod-

uct 25a. The phenyl selenium anion generated undergoes

anodic oxidation, regenerating the electrophilic phenyl se-

lenium cation. On the cathode, selenium cations are re-

duced to PhSeSePh. In path B, selenium radicals add to 23a,

forming free radical intermediate 28, which is subsequently

oxidized to form cationic intermediate 29. A Ritter-type re-

action follows, yielding intermediate 27, which undergoes

analogous processes to afford cyclization product 25a.

Scheme 8  Mechanism of electrochemical selenium-catalyzed N,O-di-
functionalization of amides to synthesize polysubstituted oxazoles

Organic selenium-catalyzed olefin amination reactions

are promising avenues for constructing functionalized

amines. However, the use of chemical oxidants and the in-

evitable formation of allylamines are the main limitations

of these methods. In 2022, Zeng’s group reported an elec-

tro-selenocatalytic approach for the hydroazolylation of

alkenes 33 with azoles 32 under external oxidant-free con-

ditions (Scheme 9).12 The protocol’s merits include low cat-

alyst loading, absence of external oxidants, high current ef-

ficiency and regioselectivity, and excellent functional group

tolerance, as demonstrated by the azolation of olefins de-

rived from natural products. Olefins derived from natural

products can also be used to obtain the corresponding

products (34d and 34e) under these reaction conditions.

3 Electrochemically Mediated Coupling of 
Aromatic/Heterocyclic Rings with Diselenides

From the point of view of drug design, the combination

of (hetero)arene and organoselenium groups has been suc-

cessfully applied in various drug candidates. Therefore, the

building of C–Se bonds on (hetero)arenes has become a re-

search hotspot in the last decade. In 2018, Sun’s group in-

troduced an efficient electrochemical strategy for the direct

C–H selenation of various indole derivatives and imid-

azo[1,2-a]pyridines (Scheme 10).13 This reaction demon-

strates impressive functional group tolerance. Notably,

when the nitrogen atom on indole 35 is substituted with a

methyl group or when the benzene ring contains substitu-

ents such as methyl, halogen, or ester groups, the reaction

proceeds smoothly, yielding the corresponding products 36.

Moreover, by extending the electrolysis time, gram-scale
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selenation approached the same efficiency as the reaction

conducted on a 0.3 mmol scale, highlighting the significant

potential of this method for large-scale synthesis.

The cyclic voltammograms of potassium iodide show

double oxidation peaks at 0.07 and 0.46 V (vs. Ag/Ag+),

which are much lower than the oxidation potential of 1H-

indole and diselenide diphenyl. Therefore, iodine anions are

preferentially oxidized under constant current. Based on

the results of cyclic voltammetry and control experiments,

the research group proposed two reaction paths, as shown

in Scheme 11. In path A, the iodide anion undergoes anodic

oxidation to generate the iodide cation, which subsequently

engages in electrophilic substitution with indole 35a, lead-

ing to the formation of intermediate 37. This intermediate

then undergoes selenization via reaction with PhSeSePh in

the solution, yielding the selenized product 36a. On the

cathode, elemental iodine and protons participate in a re-

duction reaction. In path B, the iodine anion undergoes an-

odic oxidation, producing iodine that, in turn, oxidizes

PhSeSePh to generate iodinated selenide 38. This species

then engages in a substitution reaction with indole 35a, re-

sulting in the formation of the target compound 36a
(Scheme 11).

Scheme 11  Mechanism of electrochemical oxidative C–H bond seleni-
zation of indole compounds

Subsequently in 2019, Mendes’ group reported an elec-

trochemical oxidative C(sp2)–H selenylation of activated

arenes 39, leading to the synthesis of selenylated arenes 40
(Scheme 12).14 This strategy yielded the desired products in

good to excellent yields using Pt as electrode, KI as electro-

lyte, and CH3CN as a solvent. Throughout the reaction pro-

cess, the aromatic substrate’s benzene ring can be substi-

tuted with oxygen- or nitrogen-containing groups. The

electrochemical selenization of 2-naphthol was carried out

on a gram-scale (5 mmol) and, after 8.5 hours, product 40a
was obtained in 86% yield. This indicates that the reaction

has the potential for industrial application. This method ex-

hibits notable regioselectivity, mild reaction conditions, fa-

vorable yields, wide applicability, and the potential to syn-

thesize biologically active aromatic selenium compounds.

Based on control experiments, two plausible mecha-

nisms for the electrochemical selenylation of 2-naphthol

with diphenyl diselenide are proposed (Scheme 13). In

pathway A, iodine cations generated through anodic oxida-

tion of iodine anions undergo electrophilic substitution

with the 2-naphthol compound 39a, yielding intermediate

41. This intermediate then rapidly reacts with PhSeSePh,

resulting in the formation of product 40a, concurrently

with cathode iodine reduction and hydrogen liberation. In

pathway B, iodine anions react with PhSeSePh, generating

intermediate 38, which then undergoes substitution with

2-naphthol 39a, yielding product 40a.

Scheme 13  Mechanism of electrochemical oxidative C (sp2)–H bond 
selenylation of activated arenes
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derivatives 42 using diselenides (Scheme 14).15 The reac-
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straightforward route for synthesizing 3-selenide imidazo-

pyridine derivatives 43. A reaction mechanism was pro-

posed based on control experiments and cyclic voltamme-

try. Initially, diphenyl diselenide undergoes oxidation, gen-

erating the phenylselenium cation. This cation then reacts

with imidazo[1,2-a]pyridine 42a, forming intermediate 44,

which subsequently undergoes deprotonation to yield

product 43a.

Scheme 14  Electrochemical oxidative selenylation of imidazo[1,2–
a]pyridines with diselenides

C-5 selenium-substituted uracil is prevalent in drug

molecules and active compounds. Consequently, 5-sele-

nouracil compounds have garnered the attention of chem-

ists. In 2020, Xu’s group reported an efficient electrochemi-

cal selenylation of uracil derivatives 45 for the synthesis of

5-selenouracil derivatives 46 (Scheme 15).16 The reaction

demonstrated good substrate applicability and functional

group tolerance. Compounds with substituents on the phe-

nyl ring of selenide, such as electron-donating groups like

methyl or methoxy, or electron-accepting groups like halo-

gens, yielded the target compounds in good yield. Moreover,

alkyl selenides and heterocyclic selenides were compatible

with this reaction.

The research group proposed two potential reaction

mechanisms based on control experiments (Scheme 16). In

pathway A, anodic oxidation of I– generates I+, which under-

goes electrophilic substitution with uracil 45a and loses

protons, resulting in the formation of 5-iodine uracil 47.

Subsequently, 47 undergoes selenidation reaction with

PhSeSePh to yield the target product 46a. In pathway B, an-

odic oxidation of I– generates I2, and then elemental iodine

oxidizes PhSeSePh to produce iodized selenide. This iodized

selenide undergoes hetero-splitting and reacts with uracil

45a, leading to the desired product 46a.

Scheme 16  Mechanism of electrochemical synthesis of 5-selenouracil 
derivatives by selenylation of uracils

Lei and colleagues have achieved significant advance-

ments in the realm of electrochemical-mediated C–Se bond

construction. In 2021, they reported a novel electrochemi-

cal radical selenylation of olefins 48 and activated aromat-

ics 45 without the use of external oxidants (Scheme 17).17

This approach yielded an array of aryl–aryl, aryl–alkyl, and

alkyl–alkyl selenoethers (49 and 50) when using a platinum

sheet as the cathode, carbon as the anode, tetraethylammo-

nium tetrafluoroborate (TEABF4) as the electrolyte, Y(CF3-

CO2)3, HOAc, and dichloromethane (DCM)/1,1,1,3,3,3-hexa-

fluoro-2-propanol (HFIP) as cosolvents in an undivided cell.

This method also demonstrated efficiency when applied to

gram-scale reactions. Notably, direct radical coupling of se-

lenium radical and activated arenes was achieved in the ab-

sence of alkene. However, the yields of reactions involving

thiophenes substituted at different positions displayed sig-

nificant variation, likely attributed to their distinct electri-

cal oxidation potentials.
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Scheme 17  Electrochemical radical selenylation of alkenes and arenes

Based on control experiments and radical quenching

experiments, a possible reaction mechanism was proposed

(Scheme 18). At the cathode, PhSeSePh undergoes reduc-

tion to form selenium radical and selenium anion. The sele-

nium radical then reacts with styrene, generating interme-

diate 51 with good regioselectivity. Subsequently, interme-

diate 51 is oxidized to a carbocation, which combines with

thiophene 48a, leading to deprotonation and the formation

of product 49a. Additionally, the interaction of selenium

radical with 48a produces radical 52, which subsequently

loses an electron and a proton, resulting in the formation of

unsymmetrical organoselenide 50a.

Scheme 18  Mechanism of electrochemical radical selenylation of 
alkenes and arenes

Cao and co-workers achieved significant advancements

in the electrochemically mediated regioselective C(sp2)–H

bond selenidation of N-alkylisoquinolinium salts. In 2021,

they reported a novel electrochemical regioselective 1,4-di-

functionalization of isoquinolinium salts 53 using disele-

nides (Scheme 19).18 The reaction was conducted with a

constant current of 10 mA, using a platinum plate as the

cathode, carbon rod as the anode, CH3CN/H2O as the mixed

solvent, KI as the electrolyte, and Cs2CO3 as the base. This

protocol provided access to various selenide isoquinolones

54 under undivided electrolytic conditions. Furthermore,

the electrocatalytic system was successfully extended to

synthesize selenide quinolones and 1,3-dimethyl-1H-ben-

zo[d]imidazol-2(3H)-ones. Notably, antiviral bioassays indi-

cated that compound 54c exhibited excellent antiviral ac-

tivity against tobacco mosaic virus (TMV), with an inhibi-

tion rate of up to 90%.

Scheme 19  Electrochemical regioselective selenylation/oxidation of N-
alkylisoquinolinium salts

A plausible reaction mechanism for the electrochemical

1,4-difunctionalization of isoquinolinium salts has been

proposed (Scheme 20). At the anode, H2O undergoes nucle-
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tion of intermediate 56 into compound 59 could follow two
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intermediate 59. Simultaneously, direct anodic oxidation of

I– generates I2, which reacts with diselenide to form RSeI.

Finally, RSeI is captured by 59, yielding product 54a.

4H-Pyrido[1,2-a]pyrimidin-4-one is a fundamental

scaffold in the realm of natural products and biologically

relevant compounds. Given its valuable biological activity, it

is an attractive target within organic chemistry. In 2023,

Ouyang’s group developed an efficient protocol for synthe-

sizing C3-selenylated 4H-pyrido[1,2-a]pyrimidin-4-ones 61
via the iodide-catalyzed electrochemical selenation of 4H-

pyrido[1,2-a]pyrimidin-4-ones 60 with diaryl (alkyl) disel-

enides (Scheme 21).19 This approach has a wide range of

substrate applicability and functional group tolerance. Em-

ploying a carbon rod as the anode, a platinum plate as the

cathode, DMSO as the solvent, and KI as the electrolyte, the

reaction of 4H-pyridyl[1,2-a]pyrimidin-4-ones 60 with

diselenides gave the corresponding products 61 in yields

ranging from good to excellent. This electrochemical seleni-

zation reaction can also be carried out on a larger scale.

When 5 mmol of 2-methyl-4H-pyrido[1,2-a]pyrimidin-4-

one 60a reacted with diphenyldiselenide (2.5 mmol) in

DMSO (16 mL) under optimal conditions by increasing the

constant current to 30 mA, the target product 61a was ob-

tained in a yield of 81%. Due to the mild reaction conditions

and excellent yields, this work provides a convenient meth-

od for the synthesis of selenylated 4H-pyrido[1,2-a]pyrimi-

din-4-one derivatives.

Scheme 21  Electrochemical oxidative selenation of 4H-pyrido[1,2-
a]pyrimidin-4-ones with diorganyldiselenides

4 Electrochemically Mediated Tandem Sele-
nocyclization

Dihydrofurans serve as significant structural frame-

works in a wide array of natural products, as well as key

motifs in organic synthesis. In 2019, Lei and colleagues

demonstrated an electrochemical oxidative cyclization of

olefinic carbonyls with diselenides, leading to seleno dihy-

drofurans and seleno oxazolines (Scheme 22).20 Employing

nBu4NBF4 as the supporting electrolyte, HOAc as an addi-

tive, and acetonitrile as the solvent, a series of seleno dihy-

drofurans 63 could be isolated in moderate to excellent

yields using a graphite rod anode and a platinum sheet

cathode. This method exhibits good functional group toler-

ance, facilitating the smooth reaction of symmetric olefinic

carbonyls bearing electron-withdrawing or electron-donat-

ing groups on the para/meta position of the phenyl ring

with diphenyl diselenide to afford the corresponding dihy-

drofuran compounds. Furthermore, the use of slightly mod-

ified conditions allowed the successful production of a

range of oxazolines. N-Allylamides 64, with electron-rich

aryl groups (Ph, 4-OMePh, 2-MePh, Naph), could be used to

readily construct C–Se and C–O bonds with 1,2-di-

phenyldiselane, yielding seleno oxazolines 65 in moderate

to excellent yields.

Scheme 22  Electrochemical oxidative cyclization of unsaturated am-
ides with diselenides

Inspired by this work, in 2020, Pan’s group introduced a

metal- and oxidant-free electrolysis method for synthesiz-

ing selenomethyl-substituted cyclic ethers and lactones.

This method utilized a catalytic amount of ammonium io-

dide at room temperature from selenides and unsaturated

alcohols or acids 66, respectively (Scheme 23).21 Electrolysis

took place in an undivided cell equipped with a reticulated

vitreous carbon (RVC) cathode and a platinum anode, re-

sulting in a series of selenomethyl-substituted cyclic ethers

67 with constant current of 10 mA and 5 mol% NH4I used as

the electrolyte and electrocatalyst. This technique exhibited

excellent chemical selectivity and functional group com-

patibility, providing various cyclic ether or lactone com-

pounds with moderate to excellent yields. Manipulating the

chain length of enol compounds or the substituents of sele-

nide compounds allowed for the production of the corre-

sponding cyclic ether compounds with favorable yields. Ad-

ditionally, replacing enol with enoic acid enabled successful

and smooth formation of cyclic lactone compounds.

The addition of TEMPO or BHT to the system resulted in

the production of the target product 67a with isolated

yields of 75 and 74%, respectively. These outcomes might

exclude the possibility of a radical mechanism. The authors

proposed a mechanism depicted in Scheme 24. Initially, io-
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dine positive ions. Subsequently, iodine positive ions react

with terminal alkene 66a to form intermediate 68, which

then undergoes intramolecular cyclization to form interme-

diate 69. Intermediate 69 rapidly undergoes selenization

with PhSeSePh to produce product 67a, with a reduction

reaction occurring at the cathode to release hydrogen, thus

completing the electrochemical cycle process.

Scheme 24  Mechanism of electrochemical oxidative cyclization of ole-
fins with diselenides

Activated alkynes, such as alkyne salts or alkyne am-

ides, offer a means to synthesize substituted heterocyclic

compounds. Coumarin or quinolinone, characterized by

unique structural frameworks, are widely present in natu-

ral products and drug molecules, and they exhibit various

biological activities including anticancer, anti-inflammato-

ry, and antidepressant properties.22 In 2019, Guo and col-

leagues developed an electrochemical oxidative cyclization

of alkynoates and alkynamides 70 with diselenides or disul-

fides for the synthesis of coumarins and quinolinones (71
and 72) (Scheme 25).23 This approach utilized graphite as

an anode, platinum as a cathode, nBu4NBF4 as an electro-

lyte, and CH3CN/HFIP (v/v 4:1) as a solvent. The strategy

displayed a broad scope and compatibility with functional

groups, and resulted in a series of chalcogen-substituted

coumarins and quinolinones with moderate to good yields.

The electrochemical reaction was completely inhibited by

the addition of 3 equivalents of the radical scavenger

2,2,6,6-tetramethyl-1-piperidinyloxy (TEMPO), confirming

that the process proceeds through a radical pathway. Fur-

thermore, this reaction demonstrated industrial feasibility,

yielding gram-scale reaction product 71a with a yield of

58%.

Scheme 25  Electrochemical oxidative cyclization of alkynoates and 
alkynamides with diselenides or disulfides for the synthesis of couma-
rins and quinolinones

Regarding the mechanism, control experiments and

radical quenching experiments confirmed that this process

proceeds via a radical pathway. The authors proposed a

plausible reaction mechanism as shown in Scheme 26. Ini-

tially, diphenyl diselenide generates phenylselenium radical

and phenyl selenium cation through anodic oxidation. The

addition of phenylselenium radical to the C–C triple bond of

70a generates vinyl radical 73, which subsequently under-

goes intramolecular cyclization, anodic oxidation, and pro-

ton loss to form compound 71a. At the cathode, the phe-

nylselenium cation is reduced to generate diphenyldisele-

nide.

Scheme 26  Mechanism of electrochemical oxidative cyclization of 
alkynoates with diselenides for the synthesis of coumarins
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Scheme 23  Electrochemical oxidative cyclization of olefins with disele-
nides
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CH3CN/HFIP (v/v 3:1) mixed solvent, and nBu4NPF6 electro-

lyte, alkynoates reacted with diselenide to yield a series of

spirocyclization products. This reaction circumvents the

need for metals and oxidants, displaying broad substrate

adaptability. Furthermore, diphenyl ditelluride could be

employed to yield tellurium-substituted products.

Scheme 27  Electrochemical synthesis of spiro[4.5]trienones through 
radical-initiated dearomative spirocyclization

Mechanistic studies, cyclic voltammetry experiments,

and literature analysis led to the authors to propose two

potential reaction pathways (Scheme 28). In path A, diphe-

nyl diselenide undergoes anodization to form intermediate

78, which dissociates into phenylselenium radical and phe-

nyl selenium cation. The phenylselenium radical then adds

to alkyne 76a to form vinyl radicals 79, which subsequently

undergo intramolecular spirocyclization to furnish inter-

mediate 80. This is followed by electron loss and dehydro-

genation to yield intermediate 81, which undergoes dearo-

matization to yield product 77a. In path B, phenyl selenium

cation reacts with 76a to generate intermediate 82. This in-

termediate rapidly converts into intermediate 83, which

undergoes demethylation to produce product 77a. Simulta-

neously, electron reduction of benzene selenium-based cat-

ions occurs.

In 2021, Pan’s group reported an electrochemical oxida-

tive cyclization of N-arylacrylamides 84 with diorganyl

diselenides to synthesize seleno oxindoles 85 (Scheme

29).25 A series of seleno oxindoles were obtained in moder-

ate to excellent yields under a constant current (15 mA) for

2 hours, using nBu4NPF6 and CH3CN/HFIP in an 8:2 ratio as a

cosolvent. This method exhibited good functional group

tolerance; both electron-donating and electron-withdraw-

ing groups on the para-position of the two different aro-

matic rings of N-arylacrylamide worked well with disele-

nides, yielding the corresponding selenium-containing ox-

indole products in significant yields. The antitumor

activities of all compounds were assessed using the MTT

method. The results revealed that the seleno oxindole prod-

ucts exhibited superior antitumor activity compared to

other oxindole skeletons.

Scheme 29  Electrochemical oxidative cyclization of N-arylacrylamides 
with diorganyl diselenides
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oxidation and deprotonation results in the formation of

product 85a. In path B, the selenium cation adds to the dou-

ble bond of 84a, producing intermediate 90. Intermediate

90 undergoes further oxidative cyclization and deprotona-

tion, leading to the formation of product 85a.

In the same year, the Ruan research group also reported

similar work.26 They developed an electrochemical sele-

nylation/cyclization of alkenes for the synthesis of function-

alized benzheterocycles (Scheme 31). N-Arylacrylamides or

2-isopropenylbenzoic acids 91 reacted with diphenyl disel-

enide to yield a series of selenide benzheterocycles 92 or 93.

This selenylation transformation proceeded smoothly and

tolerated a wide range of synthetically useful groups, yield-

ing diverse functionalized benzheterocycles, including imi-

noisobenzofuran, lactones, oxindoles, and quinolinones.

Moreover, the synthetic route could be easily scaled up to

gram quantities with convenient operation in an undivided

cell.

A mechanism of electrochemical selenylation/cycliza-

tion of N-arylacrylamides was proposed, as shown in

Scheme 32. Initially, diphenyl diselenide is oxidized to phe-

nylselenium cation and phenylselenium radical at the an-

ode. Then, the addition of phenylselenium cation to the

double bond of 91a generates intermediate 94. Intramolec-

ular nucleophilic attack by the ketone forms intermediate

96, which undergoes deprotonation to yield the desired

product 92a.

In 2020, Silva Júnior and co-workers reported an effi-

cient electrochemical method for synthesizing a wide range

of selenium-containing multifunctional redox quinoidal

compounds 98 via an anodic oxidative selenation/cycliza-

tion reaction (Scheme 33).27 Diphenyl diselenides react

with dienoquinones to generate a series of selenium-con-

taining naphthoquinones in an undivided cell, with a plati-

num plate electrode, CH3CN as a solvent, and nBu4NPF6 as

an electrolyte. Some of the quinone-hybrid molecules ex-

hibit considerable biological activity. For instance, com-

pound 98b is active against T. cruzi with an IC50 of 38.3 M,

and against HCT-116 and B16F10 cancer cells with IC50 val-

ues of 0.95 and 0.98 M, respectively. Cyclic voltammetry

experiments suggest that selenium ions undergo rapid car-

bophilic reactions with lapanol, forming a cationic interme-

diate that further undergoes rapid nucleophilic cyclization

to produce product 98a.

In 2022, Lei’s group introduced an electrochemical oxi-

dative radical cascade cyclization of olefinic amides and

diselenides without transition-metal catalysts or external

oxidants (Scheme 34).28 A series of iminoisobenzofurans

100 were obtained using nBu4NBF4 as the electrolyte and

Scheme 30  Mechanism of electrochemical oxidative cyclization of N-
arylacrylamides with diorganyl diselenides
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MeCN as the solvent, under a constant current of 30 mA at

40 °C for 6 hours in an undivided cell. This strategy exhibit-

ed good substrate applicability and functional group toler-

ance; various olefinic amides and diselenides were compat-

ible, yielding the desired products—more than 40 exam-

ples—in yields of up to 94%.

The authors proposed the following plausible mecha-

nism (Scheme 35). First, diphenyl selenide is oxidized at the

anode to form a radical cation intermediate, which further

divides into phenylselenium radical and phenylselenium

cation. The phenylselenium cation is reduced to diphenyl

selenide at the cathode for the next cycle. Thereafter, the

phenylselenium radical adds to the double bond of olefin

99a to generate the alkyl radical 101. Radical 101 under-

goes a radical cyclization and subsequent oxidation to the

corresponding carbocation 102. Finally, carbocation 102
gives the desired products 100a through deprotonation. At

the cathode, proton reduction generates hydrogen gas

during the reaction.

5 Conclusion

Through this review, we have summarized recent ad-

vances in electrochemical-mediated selenium catalysis,

coupling of diselenides with unsaturated hydrocarbons, and

tandem cyclization of diselenides with olefins or alkynes.

Under electrochemical conditions, various important sele-

nium-containing compounds can be effectively obtained

with high regioselectivity and high atomic economy. Addi-

tionally, the mechanism characteristics of these transfor-

mations were discussed. The numerous successful exam-

ples introduced in this review demonstrate the enormous

potential of electrochemical methods in drug discovery;

certain organoselenium compounds exhibit good inhibitory

activity on cancer cells. It can be clearly seen from the liter-

ature that rapid progress has been made in electrochemical

synthesis of organoselenium compounds. Given their im-

portance in organic and pharmaceutical chemistry, there

are still many areas that need to be explored. For instance,

electrochemical-mediated selenium-catalyzed reactions are

still very limited, and more effective electrochemical seleni-

um-catalyzed reactions should be developed in the future.

In addition, many of the tandem selenium-cyclization reac-

tions discussed in this article are based on two different re-

action components, and reactions involving three or more

components still need to be developed. Furthermore, asym-

metric control remains a key challenge. We trust that this

review will contribute to the further advancement of the

emerging research field of selenocyclization reactions.
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