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Abstract: Aryl and heteroaryl selenides are an important class of organic compounds and their 
synthesis has been widely studied all over the world in the last two decades.  Transition metals 
catalysed cross-coupling and directed C─H activation in unactivated arenes in the presence of 
diselenides/aryl selenols are found to be the most important tools for their synthesis. In recent 
years different transition metal catalysts were found to be effective to perform C─Se cross-
coupling in both aryl and heteroaryl rings. The present review article covers all the recent ad-
vances made in the last ten years in the field of the synthesis of aryl and heteroaryl selenides 
through homogeneous and heterogeneous transition metals catalyzed cross-coupling reactions 
and directed selenylation via C─H bond activations. 
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1. INTRODUCTION
In the last two decades, researchers have witnessed the different

transition metals catalyzed cross-coupling reactions as powerful 
organic synthetic methods for the generation of several biologically 
important molecules and natural products based on Carbon-
heteroatom bonds. The diaryl diselenide compounds are attracting 
considerable attention from organic chemists due to their potential 
biological activities (e.g., anticancer, antitumor, antiviral, antimi-
crobial, antioxidant and antithyroid) [1-9]. They also exhibit tre-
mendous catalytic activity in modern organic synthesis [10]. 
Diselenides, which mostly serve as a valuable source of orga-
noselenium reagents, allows the inclusion of selenium moieties into 
the aromatic rings of organic molecules for the successful imple-
mentation in the generation of C─Se bonds [11]. A number of sus-
tainable, new, and greener methodologies have been reported in the 
literature to prepare unsymmetrical diaryl selenides. Although 
C─Se cross-coupling reactions under conventional pathways suffer 
from several drawbacks such as the use of expensive and toxic sol-
vents, longer reaction times, stoichiometric or greater quantity of 
metallic reagents, and high reaction temperature [12-19]. Selenation 
via C─H activation has been introduced as a sustainable alternative 
for this purpose. 

Due to the much lower toxicity, availability, and acceptable 
stability of selenium, diselenides have received significant attention 
because they have been postulated as one of the most attractive 
sources of selenium as well as important selenylating agents in the 
cross-coupling reactions with pre-functionalized reactants like 
haloarenes, aryl boronic acids, diazonium salts and aryl amines to 
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synthesize unsymmetrical selenides [20-26]. The preparation of 
diaryl selenides from organoboron compounds is traditionally less 
explored compared to aryl halides. Based on the earlier reports of 
an ever-increasing number of groups, the researchers were intrigued 
by the chemistry of Se─Se bond in diselenides because it can gen-
erate nucleophiles (𝑅𝑆!), electrophiles (𝑅𝑆!) or radicals (𝑅𝑆 ∙) 
which underwent various nucleophilic, electrophilic as well as pho-
tochemical transformations.  

Cross-coupling reactions via transition metals catalysis have 
emerged as an interesting and appropriate technique for the synthe-
sis of organoselenides [27-34]. Synthesis of highly potent diaryl 
selenides through such a concise and convenient catalytic route has 
motivated the area of research at its vital stage of development. 
Over the past few years, significant developments in C─Se cross-
coupling chemistry have been successfully achieved by employing 
transition metals like copper, silver, iron, nickel, palladium, indium, 
etc., but catalytic systems consisting of some transition metals are 
not highly desirable and anticipated due to their tremendous cost, 
toxicity, and low turnover number. Although, the metal-assisted 
transformations are highly efficient, regio- and stereoselective lead-
ing to a decrease in the production of waste, the costly and toxic 
heavy metal complexes go through difficulties in the separation of 
soluble metal catalysts from the reaction centre. A number of spe-
cialized works toward the metal-free synthesis of diaryl selenides 
are available in the literature [35-39], but our current research fo-
cuses on the applicability of transition metals to catalyze their syn-
thesis. 

In recent times, selenylation reactions of activated C(sp2)─H 
bonds by transition metals catalysis have gained growing im-
portance regarding photochemical transformations in modern or-
ganic chemistry. Transition metals-assisted aromatic C─H oxy-
genation [40-42], amination [43-45], and halogenation [46-48] reac-
tions have been successfully achieved by researchers in synthetic 
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chemistry. Synthesis of diaryl diselenide scaffolds through conven-
tional techniques emphasized harsh reaction conditions, functional 
group incompatibility, and high reaction temperature, and thus of-
fering low reaction yields. However, the direct conversion of acti-
vated C─H bonds to C─Se functionality through transition metals 
catalysis has proved a powerful strategy to realize enormous prom-
ising transformations as these catalytic reactions require mild reac-
tion conditions, step and atom economic approach, environmentally 
green and sustainable protocols [49-53]. These catalytic methodol-
ogies made the synthetic pathways more sustainable due to the low 
waste production [54-58]. The ease of C─H bond cleavage is facili-
tated by close contact between the transition metal centre and the 
inert C─H bond. The compounds, having scope for more than one 
C─H activation, were also studied and regioselective C─H func-
tionalization in such cases was also achieved [59-66]. 

The authors herein intended to design a current comprehensive 
and organized overview of the selective C─Se bond formation via 
three eco-friendly and greener techniques, (i) transition metals cata-
lyzed cross-coupling reactions of aryl halides and diaryl diselenides 
(ii) transition metals promoted cross-coupling interactions between 
aryl boronic acids and diaryl diselenides, (iii) direct selenylation of 
activated C─H bond functionalities of arenes and (iv) Role of dual 
transition metals catalytic systems in C─Se cross-coupling. In the 
present review work, the catalytic methods employed herein are 
subjected to be convenient, eco-friendly and atom-economical, 
which mostly involve the use of commercially available, non-
expensive, non-toxic reagents and environmentally benign solvents.

2. C-Se CROSS-COUPLING BETWEEN ARYL HALIDES 
AND DIARYL DISELENIDES

Due to nontoxicity, low cost, and easy accessibility, aryl halides 
with wider functionalities served as excellent substrates in effective 
cross-coupling reactions [67-68]. Owing to the better leaving group 
aptitude of iodide compared to chloride and bromide, aryl iodides 
are highly capable of forming C─Se bonds. Cross-coupling reac-
tions of aryl halides with diselenides are generally accomplished by 
nucleophilic displacement reactions leading to the construction of 
C─Se bonds. The couplings of aryl halides and diaryl diselenides 
were achieved by both homogeneous and heterogeneous metal cata-
lytic systems. The homogeneous system consisted of ligands and in 
spite of showing high catalytic activity, they were not recoverable 
and reusable, unlike heterogeneous catalysis. 

In the last decade ligand free-transition metals catalysed cross-
coupling has attracted the attention of synthetic chemists due to the 
low cost, easy separation of product from the reaction medium and 
higher atom economy. Li and co-workers [69] introduced CuS-
catalysed coupling between aryl halides and diaryl diselenides in 
DMSO solvent at 110oC with remarkably excellent yields (Scheme 
1). The reaction required K2CO3 as a base. The cross-coupling in-
teraction was found to be accelerated in the presence of iron pow-
der. The reaction was found to be equally efficient in presence of 
electron-donating and electron-withdrawing groups in the benzene 
ring of aryl halides. The authors have established that iron is not 
only reducing CuS to form an active catalyst Cu2S but the oxidized 
form of iron i.e., FexOy acted assupport against catalyst agglomera-
tion in the DMSO solvent.  

In 2011, Sekar et al. [70] introduced an external ligand-free 
heterogeneous copper (I) iodide-mediated catalytic procedure to 
design a wide collection of selenides from the cross-coupling inter-
action of aryl halides with diphenyl diselenide at moderate tempera-
ture (< 100oC). Under the optimized reaction protocol, aryl halides 

with well-tolerated electron-donating and electron-withdrawing 
functional groups were efficiently coupled with diphenyl diselenide 
to render the desired selenides in moderate to good yields (Scheme 
2). Interestingly aryl bromides were found to undergo coupling 
under copper-free conditions via the SNAr path, however, the yield 
was found to be enhanced in presence of a Cu-catalyst. The authors 
proposed an oxidative addition-reduction elimination mechanistic 
path for the mentioned reaction where Cu(I), the active catalyst, 
underwent oxidative addition with aryl halides to form 2A. A metal 
halogen exchange led to the attachment of the selenium centre with 
copper to form 2B and lastly the desired product was furnished via 
reductive elimination.  

Scheme 1. Preparation of unsymmetrical selenides via homogeneous 
CuS/Fe catalysis. 

Scheme 2. Heterogeneous CuI catalyzed the synthesis of different diaryl 
selenides. 

In 2013, Ranu and co-workers [71] developed a sustainable het-
erogeneous catalytic procedure for C─Se cross-coupling between 
aryl halides and diaryl/heteroaryl diselenides via alumina supported 
Cu(II) catalyst in water and PEG-600. The catalytic system was 
capable to synthesize a variety of aryl and heteroaryl selenides in 
good to excellent yields with a very high functional group compati-
bility. Apart from aryl iodides and bromides, aryl chlorides, bearing 
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electron-withdrawing groups in the aromatic ring were found to 
undergo C─Se coupling under this catalytic system.  The solvent-
mediated halo-selective selenylations of aryl iodides in the H2O and 
aryl bromides in PEG-600 by diaryl selenide catalyzed by Cu-Al2O3 
are depicted in Scheme 3 and Scheme 4, respectively. The catalytic 
system was found to be recyclable up to seven times without any 
significant loss of activity. The authors have proposed a metal-
assisted nucleophilic substitution mechanism for this reaction where 
Cu-centre remains in a +2 oxidation state throughout the cycle.       

 Scheme 3. Heterogeneous Cu-Al2O3 promoted selenylation of aryl iodides. 

Scheme 4. Heterogeneous Cu-Al2O3 promoted selenylation of aryl bro-
mides. 

Movassagh and Hosseinzadeh [72] have reported a nitrogen-
based bidentate ligand 4′-(4-methoxyphenyl)-2,2′:6′,2′′-terpyridine 
(Mtby) which can assist CuI catalysed C─Se cross-coupling be-
tween aryl iodides/bromides and diaryl diselenides (Scheme 5). The 
reaction was performed by using KOH as a base under a nitrogen 
atmosphere. A library of diaryl selenides was synthesized with a 
high functional group tolerance in excellent yields. The authors 
proposed an oxidative addition and reductive elimination mechanis-
tic path for the reaction. The Cu(I)-ligand complex 5A underwent 
oxidative addition with aryl halide (5B) to form Cu(III)-
intermediate 5C. Transmetalation between potassium aryl selenite 
(5D) and 5C led to the formation of intermediate 5E which then 
underwent reductive elimination to release the desired product 5F 
via the regeneration of an active catalyst 5A for the next cycle. 

Ionic liquid-mediated synthesis of diaryl selenides, catalysed by 
copper sulphide-based carbon, was explored by Kim et al. [73]. The 
heterogenous catalyst (Cu2S@C) was efficient enough to perform 
C─Se cross-coupling in aryl iodides under ligand-free conditions 
(Scheme 6). The advantage of this catalyst was reflected by its re-
covery, reusability, and recyclability after several runs. The reaction 
was successful with both electron-donating and withdrawing func-
tional groups in the aromatic ring of aryl iodides. The reaction 
showed excellent chemoselectivity while reacting diselenides with 
iodo-chloroarenes and iodo-bromoarenes, where chlorine and bro-
mine in the aromatic ring remained unreacted. Oxidative addition of 

aryl halide (6B) with active catalyst (6A) led to the formation of 
intermediate 6C which underwent transmetalation with 6D to form 
6E. Finally, the reductive elimination of 6E led to the formation of 
product 6F. 

Scheme 5. Homogeneous Mtby-ligand-based Cu-catalyzed C─Se cross-
coupling. 

Scheme 6. Heterogeneous Cu2S@C assisted cross-coupling of substituted 
aryl halides with diphenyl diselenide.  

Zhao and co-workers have explored bipyridine functionalized 
MCM-41 modulated Cu(I) heterogeneous catalyst, [74] as a clean
and eco-friendly catalyst for the synthesis of diaryl selenides by C-
Se cross-coupling between a variety of diaryl diselenides and sever-
al aryl iodides at 1100C in DMF solvent (Scheme 7). Large num-
bers of diaryl selenides were synthesized by keeping both electron-
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rich and electron-deficient functional groups in the aromatic ring in 
good to excellent yields.  Heterocyclic iodides such as pyridinyl 
iodides, thiophenyl iodides also underwent coupling with diseleni-
des under the standardized reaction conditions. The bipyridine che-
lated MCM-41 supported Cu(I) catalyst (7A) underwent oxidative 
addition with diselenide (7B) to form Cu(III) intermediate 7C and 
subsequently it was converted to 7D by reacting with Mg. 7D un-
derwent oxidative addition with aryl iodide (7E) and subsequent 
reductive elimination led to the formation of product (7F). 

Scheme 7. Heterogeneous cross-coupling of aryl iodide and diaryl 
diselenide catalyzed by MCM-41-byp-Cu       

3. CROSS-COUPLING OF ORGANOBORONIC ACID AND
DIARYL DISELENIDES

Organoboron compounds are generally known as potential 
Lewis acids due to their electron-deficient character [75-77]. Or-
ganoboronic acids with a well-functional group tolerance are found 
to be excellent and suitable coupling partners for transition metals 
catalyzed cross-coupling transformations owing to their acceptable 
stability, commercial availability, nontoxicity and moderate chemi-
cal reactivity under different synthetic protocols. Organoboronic 
acids are well explored as coupling partners in the C-heteroatom 
bond formations via Cham-Evans-Lam type coupling and therefore 
in recent years, several metal-catalysed protocols have been devel-
oped for the synthesis of diaryl/heteroaryl selenides from aryl and 
heteroaryl boronic acids. 

The use of green and recyclable solvents always attracted the 
attention of organic chemists due to their nontoxicity, recyclability, 
easy accessibility and biodegradability [78]. In this context, in 

2012, Ricordi et al. [20] developed a convenient and green synthet-
ic protocol to prepare unsymmetrical diaryl selenides through lig-
and-free CuI-promoted cross-coupling interaction of diaryl 
diselenide with aryl boronic acid in the presence of glycerol as sol-
vent and DMSO as additive under 1000C heating condition 
(Scheme 8). Boronic acids containing both electron-rich and elec-
tron-deficient groups served as outstanding coupling partners to 
afford good to excellent yields under this homogeneous catalytic 
system. 

Scheme 8. Homogeneous CuI catalyzed cross-coupling between diselenides 
boronic acids. 

In 2013, Zheng and co-workers [22] reported the coupling of 
aryl and heteroaryl boronic acids with diphenyl diselenides by using 
CuSO4 as a catalyst and 1,10 phenanthroline as a ligand (Scheme 9) 
in eco-friendly ethanol solvent at room temperature. The reaction 
showed excellent functional group tolerance e.g. -methyl, -
methoxy, -fluoro, -chloro, -cyano, etc. in the aromatic ring. Apart 
from these, heteroaryl boronic acids such as furyl, benzofuryl and 
pyridyl boronic acids were successfully employed for the synthesis 
of aryl-heteroaryl selenides under the reaction conditions in good 
yields. However, the authors failed to produce any conversion to 
the product. The authors have proposed a Cu(II)-Cu(IV) oxidative 
addition of active catalyst 9A with diphenyl diselenides (9B) to 
produce intermediate 9C, which then reacted with boronic acid 
(9D) to form intermediate 9E at the expense of PhSe‾ which under 
atmospheric O2 formed diselenide. Reductive elimination from 
intermediate 9E led to the formation of product 9F. 

Kundu et al. in the same year reported magnetically separable 
heterogeneous CuFe2O4 nanoparticle catalysed C─Se cross-
coupling of boronic acids and diselenides in green PEG-400 solvent 
under 100oC heating (Scheme 10) [24]. The most important 
achievement of this methodology was the successful implementa-
tion of aryl, heteroaryl, alkyl, allyl, vinyl and acetynyl boronic acids 
as coupling partners with diaryl diselenides. Thus a library of aryl 
selenides and heteroaryl selenides e.g., pyridinyl, thiophenyl and 
quinolinyl selenides were successfully synthesized in excellent 
yields. The authors proposed the simultaneous operation of two 
catalytic cycles toward the formation of the product. In Cycle I, the 
oxidative addition of diselenide with nanoparticle produced 10A, 
whereas intermediate 10C is produced in cycle II via a reaction 
between the nanoparticle and boronic acid. Finally, transmetalation 
from cycles I and II produced intermediate 10B which upon reduc-
tive elimination led to the formation of the product. The catalyst 
was easily separable from the reaction medium and was found to be 
recyclable up to 5 times without any significant loss of activity. 

A heterogeneous catalytic system bearing copper (II) catalyst 
adsorbed on the spongy surface of nitrogen-containing a covalent 
imine network substance (CuII-CIN-1) was explored by Roy and 
coworkers [79] to perform the cross-coupling between aryl boronic 
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acids and diphenyl diselenide in polyethylene glycol (PEG-600) 
(Scheme 11). The large surface area and a large number of active 
sites enabled a catalytic system to perform this reaction at 80oC to 
produce an excellent yield of products. Aryl boronic acids having 
both electron-donating and withdrawing groups in the –ortho, -meta 
and –para position of aromatic ring successfully underwent cou-
pling with diphenyl diselenides to produce a library of diaryl 
selenides in excellent yields. The authors, by performing several 
experiments, have established that the reactions went through het-
erogeneous catalysis and no leaching of metal occurs during or after 
the reaction from the supported catalytic system. 

 
Scheme 9. Homogeneous Cu-1,10 Phen- catalyzed coupling of diphenyl 
diselenide and aryl boronic acid. 

 
Scheme 10. Magnetically separable heterogeneous CuFe2O4 nanoparticles 
catalyzed cross-coupling of organoboronic acid and diphenyl diselenide. 

 
Scheme 11. Heterogeneous CuII-CIN-1 assisted phenyl selenylation of aryl 
boronic acid.     

Islam et al. [80] developed heterogeneous polystyrene anchored 
Cu@PS-TSC catalyst (PS: polystyrene and TSC: thiosemicarba-
zone ligand) for performing cross-coupling of boronic acids with 
diphenyl diselenides under mild conditions (Scheme 12). Aryl bo-
ronic acid with various electron donating and electron withdrawing 
functionalities like ─OMe, ─NO2, ─CHO, ─CN, ─Br, etc. interact 
efficiently with diphenyl diselenide to furnish the desired selenylat-
ed products in excellent yields. The significant advantage of this 
protocol was the use of water as a solvent and the high recyclability 
of the catalyst.  

 
Scheme 12. Heterogeneous Cu@PS-TSC promoted selenylation of aryl 
boronic acid with Ph2Se2. 

Cai et al. [81] developed a recyclable and reusable MCM-41-
immobilized bipyridine copper (I) [MCM-41-bpy-CuI] a heteroge-
neous catalyst for the construction of C─Se bonds through the cou-
pling of organoboronic acids with diaryl diselenide in DMSO–
water solvent (Scheme 13). This was a silica-supported 2,2’-
bipyridine chelated heterogeneous copper(I) complex applied for a 
large array of aryl, heteroaryl and vinyl boronic acids to produce a 
library of aryl and heteroaryl selenides in good to excellent yields. 
The authors also focussed on the reusability and recoverability of 
the catalyst without the loss of catalytic activity even after several 
runs. The catalyst was characterised by several experimental tech-
niques such as HR-TEM, ICP-MS, FT-IR and TGA studies. Ac-
cording to the proposed mechanism, the active catalyst 13A under-
went a reaction with boronic acid (13B) to form intermediate 13C. 
The reaction between 13C with diselenide (13H) produced the de-
sired product (13G) through the formation of intermediate 13D 
which then underwent oxidation to form Cu(II) intermediate 13F. 
13E again reacted with another equivalent of boronic acid to form 
intermediate 13F. Reductive elimination from 13F followed by 
oxidation led to the formation of another equivalent of the product 
(13G) with regeneration of active Cu(I) catalyst 13A. 
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Scheme 13. Heterogeneous MCM-41-bpy-CuI catalyzed cross-coupling 
between diaryl selenide and aryl boronic acid. 

In 2016, Alves and co-workers [82] introduced AgNO3 as a cat-
alyst for performing the cross-coupling between organoboronic 
acids and diselenides in 1,4-dioxane under 100oC heating condi-
tions (Scheme 14) without using any DMSO. This pioneering work 
of ligand-free Ag catalysed cross-coupling was successfully applied 
by the authors for the synthesis of a library of diaryl and aryl-alkyl 
selenides in good to excellent yields. Both electron-donating and 
withdrawing groups in the aromatic ring of boronic acids were 
found to be equally effective while performing this reaction under 
standardized conditions. The mechanism started with the oxidative 
addition of Ag(I) catalyst 14A with diselenide (14B) to form 
Ag(III) intermediate 14C. The reaction of organoboronic acid 
(14D) with 14C led to the formation of intermediate 14F via the 
formation of 1 equivalent of product 14E. 14F then reacted with 
another equivalent of boronic acid (14D) to produce intermediate 
14G which subsequently underwent reductive elimination to form 
another equivalent of product 14E. 

Microwave-assisted solvent- and ligand-free C─Se cross-
coupling of diselenides and aryl boronic acids for the synthesis of 
unsymmetrical organoselenides was developed by Braga et al. in 
2017 [25]. The optimized reaction proceeded well when aryl bo-
ronic acid (0.5 mmol) was efficiently coupled with diaryl diselenide 
(0.25 mmol) in the presence of CuI catalyst (3.0 mol %) at 1000C 
under microwave for a very short reaction time of 15 min (Scheme 
15). Apart from synthesizing a brunch of diaryl selenides, the au-
thors also explored this reaction for the synthesis of diaryl tellurides 
and sulphides. The reaction was also successful with dialkyl 
diselenide. A decrement in reaction yield was observed while per-
forming the reaction under an oxygen atmosphere instead of an 
inert atmosphere. The outcome of the reaction remained unaffected 
while performing the reaction in presence of TEMPO. The mecha-

nism was proposed based on several experiments. The organocop-
per intermediate (15C), produced from CuI (15A) and organobo-
ronic acid (15B), led to the formation of desired product 15E and 
intermediate 15F after reacting with diselenide (15D). 15F then 
underwent oxidation to produce Cu(II)- intermediate (15G) which 
upon reacting with another equivalent of boronic acid (15B), pro-
duced 15H. Finally, 15H underwent reductive elimination followed 
by oxidation to produce the desired product (15E) again with the 
regeneration of the catalyst (15A). 

Scheme 14. Synthesis of differently substituted diorganyl selenides using a 
homogeneous Ag-catalytic system. 

Scheme 15. Homogeneous Cu-catalysed microwave-assisted C─Se cou-
pling. 
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The cross-coupling reaction between diaryl diselenides and dif-
ferently substituted aryl boronic acids using less expensive transi-
tion metals like iron, copper, and nickel in combination with triden-
tate or tetradentate ligands such as salophane, isonicotinohydrazide, 
bishydrazone, bisbenzimidazolyl pyridine was investigated by Bu-
rang et al. in 2018 [83]. Among these metals, copper was found to 
be the most efficient catalyst. The Schiff base Cu(II)-bishydrazone 
has been chosen as it covers the production of a wide range of di-
aryl selenides in good to excellent yields within a shorter reaction 
time (Scheme 16).  

Scheme 16. Homogeneous Cu(II)-bishydrazone catalysed cross-coupling of 
aryl boronic acid with diphenyl diselenide. 

4. SELENATION VIA C─H BOND ACTIVATION UNDER
HOMOGENEOUS METAL-BASED CATALYSIS

Transition metals catalysed directed C-H activation have 
achieved attractive success in the last decade in the field of the 
formation of carbon-heteroatom bonds in aromatic rings. Higher 
atom economy in comparison to the cross-coupling reactions made 
this methodology more acceptable for organic chemists. In recent 
times, several transition metal catalytic systems have been explored 
for performing directed C─H selenation in aromatic rings. Palladi-
um metals have recognized themselves to be the most efficient 
catalysts for their excellent activity for the C(sp2)─H bond activa-
tions. In this context, Iwasaki and co-workers [49] reported chelate-
assisted Pd(II) promoted C(sp2)─H bond activation of arenes with 
the assistance of directing groups like 8-amidoquinoline and 2-
phenyl pyridine. PdCl2(NCPh)2 was investigated to be the suitable 
catalyst for performing the reaction in DMSO (Scheme 17). In the 
case of C-H selenylation of benzamides furnished diselenated prod-
uct. However, the introduction of a methyl group in the -meta posi-
tion of the aromatic ring resulted in the formation of a mon-
oselenated product due to the steric hindrance of the methyl group 
in metal chelation in the -ortho position. The same scenario was 
observed in the case of C─H selenation of 2-aryl pyridines. The 
authors proposed the mechanistic path on the basis of several exper-
imental outcomes. Substrate 17A underwent chelation with PdCl2 
via amide and quinolone nitrogen centre to form intermediate 17C 
which was then converted into 17D at expense of HCl. Then 17D 
underwent oxidative addition with diselenide to form 17E which 
then transfer one selenium centre from metal to activated ortho-
carbon of the aromatic ring to form 17F. Then intermediate 17G is 
produced via the removal of PhSeH which in the reaction medium 
formed Ph2Se2 again. The final product 17B was released from 17G 
via chelation of the metal centre with another substrate to form 17C 
again for the next cycle. 

In 2015, Wan and Li et al. introduced rhodium (III) catalytic 
system for the N-directed ortho-selenylation via C─H activation. 
Several N-directing groups such as oxime, pyridine, azo, and N-
oxide were utilised to perform ortho-Selenylation in aromatic rings 

by using PhSeCl as a source of selenium [84]. The reaction pro-
ceeded smoothly in the presence of AgSbF6 as an additive and 
NaOAc as a base under mild heating at 60oC in THF (Scheme 18). 
The scope of this reaction was explored for different substituted 
oximes, quinolone-N-Oxides, azoarenes and 2-aryl pyridines which 
furnished the desired ortho-selenated product in good to excellent 
yields. The reaction showed a primary kinetic isotopic effect 
(KH/KD = 2.3) for deuterium-substituted aryl oximes and this fact 
indicated the involvement of ortho-metal chelation in the rate-
determining step. The rodocatalytic intermediate 18B is produced 
via substrate (18A) chelation to the active catalyst. Chelation of 
ortho-carbon to Rh-centre via nucleophilic displacement chloride 
led to the intermediate 18C which then underwent Ag-assisted chlo-
ride abstraction to form 18D. The final product was released from 
18D via the chelation of another substrate to regenerate 18B for the 
next cycle. 

Scheme 17. Chelate assisted Pd catalyzed C(sp2)─H selenation of arenes. 
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Scheme 18. Rh(II) catalyzed N-directed C─H selenylation in arenes with 
PhSeCl. 

In recent years Nickel catalysts appeared as an effective catalyt-
ic system for performing C(sp2)─H activation in the aromatic ring 
to insert different heteroatom-based functional groups. Ni-catalysts 
are also demanding especially due to their eco-friendly behaviour, 
less economy, easy accessibility, and lower toxicity [85-87]. In 
2015, Ackermann et al. [26] successfully achieved nickel-catalysed 
pyrimidine-N-directed ortho-C-H selenation in an aromatic ring of 
2-pyrimidyl anilines using MnO2 as an additive at 120oC (Scheme
19). Reaction under ligand-free conditions, high regioselectivity
and compatibility with various functional groups are the main ad-
vantages of this protocol. A library of ortho-Seleno-substituted 2-
pyrimidyl aniline derivatives was registered with good yields. The
reaction was also successful with disulfides  performing C-H thiola-
tion in the same compounds.

The authors proposed the mechanism where a base-assisted in-
teraction of substrate 19A with the catalyst led to the formation of 
intermediate 19B which then underwent selenation to form 19C. 
Finally, the product 19D was released via the interaction of 19C 
with tBuOH and the metal-base complex 19E was formed. The 
catalyst regeneration from 19E was assisted by diselenide to con-
tinue the next cycle. MnO2 acted as an oxidizing agent which re-
generated diselenide from selenyl anion. 

Copper-catalysed N-directed ortho-C─H selenation in aryl and 
heteroaryl rings was successfully introduced by Baidya and co-
workers by using silver carbonate as an additive [88] (Scheme 20). 
The Library of aryl and heteroaryl substituted 8-aminoquinoline 
amide derivatives underwent coupling with diaryl/heteroaryl 
diselenides to produce the desired ortho-selenated derivatives in 
good to excellent yields. The reaction furnished monoselenated 

products when either one ortho-position was blocked or there was a 
bulky substituent in one –meta position to retard ortho-chelation. In 
the mechanism, the interaction of substrate (20A) with Cu(II) led to 
the formation of intermediate 20B which upon C─H activation 
produced 20C. Then oxidation of 20C by diselenide led to the for-
mation of intermediate 20D which underwent reductive elimination 
to form the monoselenated product (20E). The monoselenated 
product then participated in the next cycle to form diselenated 
product (20F). 

Scheme 19. Ni-(II) promoted C─H selenylation of pyramidal assisted ani-
line.   

The same research group in 2017 [89] reported Ru (II) cata-
lyzed direct C─H selenylation of heteroaromatic and aromatic car-
boxylic acids at -ortho position by diaryl diselenide. Careful opti-
mization of the protocol suggested that the selenylation reaction 
progressed smoothly in the presence of tricyclohexylphosphine 
(PCy3) ligand, NaHCO3 base in DMF solvent at 1000C, leading to 
the formation of di-ortho-selenated products in good to excellent 
yields (Scheme 21). However just like the previous protocols, here 
also monoselenated products were obtained when one of the ortho-
positions was blocked or the presence of a bulky substituent in -the 
meta position. The reactions were found to undergo smoothly in 
presence of different radical scavengers. 

Pyrazolones are potential nonsteroidal anti-inflammatory drugs 
(NSAIDs) particularly used as pharmaceutical agents in clinical 
practice [90, 91]. Ackermann and co-workers [92] applied silver 
catalyst for the first time for performing selective C─H selenylation 
of the functionalized pyrazolone derivatives with diaryl diselenide 
in toluene at 1000C (Scheme 22). This O-directed C─H activation 
showed excellent regioselectivity. In the case of C─C bond for-
mation with vinyl esters, C─H activation was achieved at the –
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ortho position of the aryl ring. However, the silver catalysed C─H 
selenation was achieved in the pyrazolone ring at the ortho-position 
to the carbonyl group. A library of seleno-substituted pyrazolones 
was synthesized in moderate to good yields by this protocol. 

Scheme 20. Selenylation of 8-aminiquinoline assisted (hetero) arenes with 
diphenyl diselenide. 

Scheme 21. Ru(II) promoted C─H selenylation of hetero (aromatic) car-
boxylic acids. 

In 2019, Ma et al. [93] reported Ru(II) catalyzed N- and O- di-
rected C─H selenylation of aryl acetic amides and esters respective-
ly through weakly distal coordination in the presence of trifluoro-
methanesulfonic acid and 1-adamantane acetic acid at 100oC in 
trifluoromethyl ethanol solvent (Scheme 23). In presence of silver 
triflate (AgOTf), O-directed C─H selenation was achieved by using 
Ag3PO4 as oxidant, whereas N-directed C─H selenation was suc-
cessful with AgOPiv (silver pivalate) as oxidant. The reaction de-
livered wide substrate scope, regioselectivity, and excellent func-

tional group compatibility. The active catalyst 23A is formed by 
chloride abstraction by AgOTf. Reversible C─H bond activation 
via weak coordination produced  23C rutheno cycle which reacted 
with diselenide to form intermediate 23E. Alternatively, the oxida-
tive addition of diselenide with 23C led to the formation of Ru(IV) 
intermediate 23G which upon reductive elimination formed the 
desired product and intermediate 23E. Then 23E participated in a 
second C-H bond activation to produce intermediate 23F which 
further underwent reductive elimination to form the desired prod-
uct. Finally Ru(I) intermediate 23H underwent oxidation by 
AgOPiV to regenerate the active catalyst. 

Scheme 22. Silver Catalyzed C─H Selenylation of Pyrazolones. 

Scheme 23. Scope of C─H selenylation of aryl acetic amides and esters. 

Chalocogenylindoles are important targets in organic synthesis 
due to their extensive therapeutic values against several critical 
diseases [94-99]. In this perspective, Rampon et al. [100] suggested 
iron-assisted C-3 selenylation of indole using diaryl diselenide in 
the presence of KI as an additive at 600C (Scheme 24). A library of 
3-selenyl indoles was synthesized in excellent yields using different

O

N
H

N
H

H Cu(OAc)2 (20 mol%)
Ag2CO3 (1 equiv.)

KF (1 equiv.)
DMSO, 80oC, 48 h

N

O

H N

SeR'

SeR'

N
H

O

N

PhSe

SePhMeO

N

O

H N

PhSe

SePh
Cl

N

N
H

O

N

Se

Se

R

R'
Se

Se
R'

R

R= functional groups, R' = aryl, heteroaryl

N
H

O

N

PhSe

SePhF

CF3

F3C

N

N
H

O

N

Se

Se

S

S

N
H

O

NS

Se

Cu(I)

CuX2

[O]

complexation

N
H

O

N
R

H

N

O

N
H

CuII

X 20B

HX

C-H activation

N

O

NCuII

20C

N

O

NCuIII

20D

disproportionation
or oxidation

R'SeSeR'
SeR'

reductive
elimination

N
H

O

N

H

SeR'

cycle 1

cycle 1
R = H

N
H

O

NSeR'

SeR'

Plausible reaction mechanism

HX

20E

20A
20F

45 82%

S

20

20a 20b 20c

20d 20e 20f

COOH
R + Ph2Se2

[Ru(p-cymene)Cl2]2 (4 mol%)
PCy3 (8 mol%)

NaHCO3 (1 equiv)
DMF, 1000C, 48h

undegassed conditions

COOH
R

SePh

COOH

SePhMeO

SePh
COOH

SePhCl

SePh

COOH

SePhF

SePh

COOH

SePh

MeO COOH

SePh

Me

COOH

SePh

Me

S S

HOOC

PhSe

SePh

SePh

COOH

(Het) (Het)

R= Functional group
Het = heterocycle 55 93%

21

21a 21b 21c 21d

21e 21f 21g 21h

N
N O

R2

R3

R1

+ Ph2Se2

AgOTf (20 mol%)

AgOAc (1.0 equiv)
Tolune, 100oC, 16h

N
N O

R2

R3

R1

H SePh

N
N O

Me

Me

SePh

N
N O

Prn

Me

SePh

F

N
N O

Ph

Me

SePh

N
N O

Me

Bn

SePh

R1 = functional group
R2 = alkyl, R3 = methyl, benzyl 57 90%

22

22a 22b 22c 22d

XR'

O + Ph2Se2

[RuCl2(p-cymene)]2 (5 mol%)
AgOTf (20 mol%), 

AgOPiv (2.0 equiv.) (X = NH)

Ag3PO4 (2 .0 equiv.) (X = O)
CF3SO3H, AdmCOOH

CF3CH2OH, 100oC, 16h

XR'

O
X = NH, O

Se
Ph

R R

OiPr

O
SeMeO

NHEt

O
SeMe

N

O
SeMe

[Ru(AdmOAc)L][OTf]

L = p-cymene
23A

[Ru]

NHiPr

TfOH

H

NHiPr

O

L
SeAr

AdmO2C

II O

[RuCl2(p-cymene)]2

II

[Ru]

NHiPr

L
II O

O
O

Adm

[Ru(AdmCO2)LSeAr]
II

[Ru(AdmCO2)L]
I

AgOTf
AdmCO2H

23C

23E

PhSeSePh

Se

NHiPr

O

Ph

H

NHiPr

O

Se

NHiPr

O

Ph

PivOH Ag(0)

HOTf

AgOPiv

[Ru]

NHiPr

Se
AdmO2C

IV O
L

Se

Ph
Ph

23G

HOTf

Se

NHiPr

O

PhPlausible mechanism

R = functional group

23H

23B

23D

23F

23D

66 84%
23

23a 23b 23c



10    Current Organic Chemistry, XXXX, Vol. XX, No. XX Kundu et al. 

substituted diaryl diselenides. In the mechanism, FeCl3 oxidized 
iodide to iodine which then underwent Fe (III) assisted substitution 
with diselenides to form intermediate 24A. The substrate 24B then 
reacted with 24A to form intermediate 24C which then underwent 
metal-assisted nucleophilic displacement at the 3-position of the 
indole ring to provide the desired product 24D at the expense of 
catalyst and HI. Oxidation of HI to iodine was performed by 
DMSO for starting of the next cycle. 

Scheme 24. Iron(III) catalyzed C-3 selenylation of indole. 

Recently Zhang et al. reported an interesting concept of using a 
transient directing group for performing Pd-catalysed N-directed 
C─H selenation of aromatic and heteroaromatic aldehydes at the 
ortho-position by using diaryl diselenides as selenium source 
(Scheme 25) [101]. The reaction required the use of 1 equivalent of 
CuBr2

 as an oxidizing agent for the regeneration of the catalyst. 
Aromatic aldehydes with mainly electron-donating groups were 
found to be reactive under the standardized reaction conditions. 
Thiophenyl aldehyde and 3-formyl indoles also produced a good 
yield of products, however, the reaction failed completely to initiate 
any conversion to the product in furan and pyrrole systems.     

The mechanism was proposed based on several experimental 
techniques. The reaction of aldehyde 25A with TDG led to the for-
mation of 25B which in presence of Pd-catalyst underwent C─H 
activation to form the palladacycle intermediate 25C.  Then 25C 
underwent oxidative addition with diselenides to form Pd (IV) in-
termediate 25D which upon reductive elimination formed interme-
diate 25E via releasing desired O-selenated aryl imine (25F). 25F 
upon reacting with water provided the O-selenated aryl aldehyde 

25G. Regeneration of active catalyst from 25E was assisted by 
AcOH at the expense of PhSeH. In another path b, intermediate 
25C underwent a reaction with PhSeH, generated in the path a, to 
form intermediate 25H which again led to formation of O-selenated 
aryl imine 25F via Pd(II)-Pd(0) reductive elimination. Oxidation of 
Pd(0) to Pd (II) was achieved by CuBr2 to initiate the next cycle. 

Scheme 25. Pd catalyzed TDG mediated ortho-selenylation of benzalde-
hyde. 

Scheme 26. Copper-assisted N-directed C─H Selenation of phenols. 

Recently, Miaura et al. explored phenanthroline bidentate auxil-
iary as an efficient directing group for performing ortho-C─H sele-
nation of phenols by using homogeneous Cu(OPiv)2 as an effective 
metal source (Scheme 26) [55]. The reaction was highly regioselec-
tive and the desired selenated products were obtained in good to 
excellent yields. 

Dauglis et al. recently introduced N-aminopyridinium ylide as 
an efficient directing group for Cu-promoted aromatic C─H sele-
nation by using diaryl diselenides (Scheme 27) [102]. The reaction 
required the use of 2 equivalent copper acetate in presence of 
K2S2O8 as an oxidizing agent in a hexafluoro-2-propanol solvent. 
The reactions were high yielding and showed excellent functional 
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group compatibility in the aromatic ring. The authors also explored 
the scope of this reaction with disulfides for performing C─H sul-
fonation under similar conditions. 

Scheme 27. Copper-assisted C─H selenylation of N-aminopyridinium ylide. 

Kumar and co-workers nicely designed 8-aminoquinoline as di-
recting group for performing Cu-catalysed C─H selenation in the 
aromatic ring of ferrocenenamide (Scheme 28) [103]. The reaction 
required the use of silver acetate and KF as an additive and 80oC 
heating in DMSO solvent. The reactions resulted in diselenation in 
the two ortho-positions w.r.t. the directing group. A library of de-
sired products was obtained in good to excellent yield by using 
different aryl substituted diaryl diselenides. The authors also ap-
plied this C─H activation technique to introduce the C─S and 
C─Te bonds in the ferrocene ring successfully. The authors pro-
posed the mechanism of this reaction on the basis of several eviden-
tial facts. The reaction of Copper acetate catalyst with substrate 
ferrocenamide 28A led to the formation of intermediate 28B which 
upon releasing AcOH, formed 28C. Interaction of 28C with 
diselenide led to the formation of intermediate 28D, where the Cu-
Se bond was accompanied by oxidation of Cu(II) to Cu(III). Final-
ly, reductive elimination from intermediate 28D led to the for-
mation of the monoselenated product 28E via forming Cu(I) which 
then underwent oxidation by silver acetate to regenerate the active 
catalyst Cu(OAc)2. 28E then formed the desired diselenated product 
28F by participating in the next catalytic cycle. 

5. HOMOGENEOUS DUAL TRANSITION METALS CATA-
LYSED C─Se CROSS-COUPLING UNDER LIGAND-FREE 
CONDITIONS

In 2020, Kundu and co-workers have introduced an innovative 
Cobalt/Copper dual catalytic system to perform C─Se cross-
coupling under ligand-free conditions under microwave heating 
(Scheme 29) [104]. Co(acac)2 and CuI both were used as a catalyst 
in a 5 mol% amount to perform cross-coupling between aryl io-
dides/bromides with diaryl diselenides under microwave heating. 
The reaction required DMSO as a solvent and KOH as a base and it 
was also found to be completed under a very short reaction time. 
The reaction was initiated by an in situ reductions of Co(II) to Co(I) 
which then underwent oxidative addition with aryl iodides to form 
intermediate 29A. On the other side, the interaction of CuI with 
diaryl diselenide in presence of KOH led to the formation of inter-
mediate 29B. Transfer of selenium species from Cu(I) to Co(III) 
occurred via transmetalation between 29A and 29B to form 29C 
which underwent reductive elimination to form the desired diaryl 
selenide product. A large array of aryl bromides and iodides were 
found to undergo coupling with diselenides successfully to produce 
the desired product in good to excellent yields. 

The same group in 2021 developed a Ni/Cu dual catalytic sys-
tem for the synthesis of diaryl selenides by performing coupling of 
diselenides with aryl halides (Scheme 30) [105]. Ni(acac)2 and CuI 
were used as catalysts to perform the C─Se coupling under ligand-

free conditions. The reaction was reported to follow a similar kind 
of mechanism involving Ni(0)/Ni(II) oxidative addition followed by 
transmetalation from Cu(I). Finally, reductive elimination led to the 
formation of the product. 

Scheme 28. 8-Aminoquinoline directed Cu-catalysed C─H selenation in 
ferrocenamide. 

CONCLUSION 
The present review article summarizes and deliberates the 

methodologies employed in transition metals catalysed the con-
struction of C─Se bonds through cross-coupling of diaryl diseleni-
des with aryl halides and aryl boronic acids and via C─H bond 
activation. The application of different transition metals such as Cu, 
Fe, Ni, Co, Pd, Ru, Rh etc. in both homogeneous and heterogenous 
forms are discussed with their mechanistic cycles towards the for-
mation of organoselenides. In the case of cross-coupling with aryl 
halides and aryl boronic acids, both homogeneous and heterogene-
ous metal catalysis were found to be equally active, however, the 
recyclability of catalysts was an important merit of heterogenous 
catalysts. Through these two types of cross-coupling reactions, 
C(sp2)─Se bond formations were achieved in the aromatic ring, 
heterocycles, vinyl and styryl positions. On the other side, direct 
C─H activation was mainly performed via homogeneous catalytic 
systems where oxygen or nitrogen directing groups were generally 
used. The C─H selenations were generally achieved at the –ortho 
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Scheme 29. Co/Cu-dual catalysed C─Se cross-coupling under ligand-free 
conditions. 

Scheme 30. Ni/Cu-dual catalysed C─Se cross-coupling. 

position of aromatic and heteroaromatic ring w.r.t. the directing 
group. In spite of a large number of successes in the selenylation in 
the aromatic ring, there are also many scopes that are still unex-
plored, e.g. C─H selenation at –meta and –para position in the 

aromatic ring, designing newer directing groups, etc. The applica-
tion of heterogeneous catalysts is still to be explored in C─H sele-
nation reactions. We strongly believe that this review will encour-
age synthetic chemists to explore the mentioned points. In sum-
mary, this review will draw a sharp interest in the researchers in 
designing new organoselenium compounds. 

LIST OF ABBREVIATIONS 
?? = ??????????????? 
?? = ??????????????? 

CONSENT FOR PUBLICATION 
Not applicable. 

FUNDING 
DK thanks WBDST for providing “Gobesonai Bangla” funding 

(Grant No. 43(Sanc.)/ST/P/S&T/15G-21/2018).       

CONFLICT OF INTEREST 
The authors declare no conflict of interest, financial or other-

wise. 

ACKNOWLEDGEMENTS 
Declared none. 

REFERENCES 
[1] dos Santos, E.A.; Hamel, E.; Bai, R.; Burnett, J.C.; Tozatti, C.S.S.; Bogo, D.; 

Perdomo, R.T.; Antunes, A.M.M.; Marques, M.M.; Matos, M.F.C.; de Lima, 
D.P. Synthesis and evaluation of diaryl sulfides and diaryl selenide com-
pounds for antitubulin and cytotoxic activity. Bioorg. Med. Chem. Lett., 
2013, 23(16), 4669-4673.
http://dx.doi.org/10.1016/j.bmcl.2013.06.009 PMID: 23810282 

[2] Millois, C.; Diaz, P. Solution-phase synthesis of diaryl selenides using poly-
mer-supported borohydride. Org. Lett., 2000, 2(12), 1705-1708.
http://dx.doi.org/10.1021/ol0058184 PMID: 10880206 

[3] Back, T.G.; Moussa, Z. Diselenides and allyl selenides as glutathione perox-
idase mimetics. Remarkable activity of cyclic seleninates produced in situ by 
the oxidation of allyl omega-hydroxyalkyl selenides. J. Am. Chem. Soc., 
2003, 125(44), 13455-13460.
http://dx.doi.org/10.1021/ja0357588 PMID: 14583041 

[4] Andersson, C.M.; Hallberg, A.; Högberg, T. Advances in the development of
pharmaceutical antioxidants. Adv. Drug Res., 1996, 28, 65-180.
http://dx.doi.org/10.1016/S0065-2490(96)80004-9 

[5] Clark, L.C.; Combs, G.F.; Turnbull, B.W. Effects of selenium supplementa-
tion for cancer prevention in patients with carcinoma of the skin. JAMA, 
1996, 276(24), 1957-1963.
http://dx.doi.org/10.1001/jama.1996.03540240035027 PMID: 8971064 

[6] Engman, L.; Cotgreave, I.; Angulo, M.; Taylor, C.W.; Paine-Murrieta, G.D.;
Powis, G. Diaryl chalcogenides as selective inhibitors of thioredoxin reduc-
tase and potential antitumor agents. Anticancer Res., 1997, 17(6D), 4599-
4605. 
PMID: 9494575 

[7] Goudgaon, N.M.; Naguib, F.N.M.; el Kouni, M.H.; Schinazi, R.F. Phenylse-
lenenyl- and phenylthio-substituted pyrimidines as inhibitors of dihydroura-
cil dehydrogenase and uridine phosphorylase. J. Med. Chem., 1993, 36(26),
4250-4254. 
http://dx.doi.org/10.1021/jm00078a015 PMID: 8277507 

[8] Nedel, F.; Campos, V.F.; Alves, D.; McBride, A.J.A.; Dellagostin, O.A.; 
Collares, T.; Savegnago, L.; Seixas, F.K. Substituted diaryl diselenides: Cy-
totoxic and apoptotic effect in human colon adenocarcinoma cells. Life Sci., 
2012, 91(9-10), 345-352.
http://dx.doi.org/10.1016/j.lfs.2012.07.023 PMID: 22884807 

[9] Manna, D.; Roy, G.; Mugesh, G. Antithyroid drugs and their analogues:
Synthesis, structure, and mechanism of action. Acc. Chem. Res., 2013, 
46(11), 2706-2715.
http://dx.doi.org/10.1021/ar4001229 PMID: 23883148 

[10] Prochnow, T.; Back, D.F.; Zeni, G. Iron(III) chloride and diorganyl 
diselenide-promoted nucleophilic closures of 1-benzyl-2-alkynylbenzenes in
the preparation of 9-(organoselanyl)-5H-benzo[7]annulenes. Adv. Synth. 
Catal., 2016, 358(7), 1119-1129.
http://dx.doi.org/10.1002/adsc.201501055 

[11] Potapov, V.A. Organic diselenides, ditellurides, polyselenides and polytellu-
rides. Synthesis and reactions.PATAI’S Chemistry of Functional Groups; 
Rappoport, Z., Ed.; John Wiley & Sons, Ltd: Chichester, UK, 2013. 
http://dx.doi.org/10.1002/9780470682531.pat0716 

2OH 2e H2O 1/2 O2

Ar′2Se2 2e 2Ar′Se

2KOH 2Ar′SeK H2O 1/2 O2
Co(II)

Co(I)

reduction facilitated
by acetyl acetonate

Co
Ar

X

(III)
Co

Ar

SeAr′

(III)

Ar X

(X = I, Br)

Oxidative addition

Transmetalation 29A29C

Se
Ar′Ar

Reductive elimination

Cu(I)X

Cu(I)X Ar′SeK

SeAr′ Cu(I) KX

Ar′SeK

Ar′2Se2

Ar,Ar' = aryl

R
X
+

Se
Se

R'

R'

Se
R R'

Co(acac)2 (10 mol%)
CuI (10 mol%)

NMP, KOH, 100 oC
2h

Se Se

N

Se Se

CNNO2OMeF

Proposed mechanism

R, R' = functional groups

29B

79 85%
29

29a 29c29b 29d

Ni(II)

Ni(0)

reduction facilitated
by acetyl acetonate

Ni
Ar

X

(II)

Ni
Ar

SeR

(II)

Ar X
(X = I, Br)

Oxidative addition

Transmetalation

Se
RAr

Reductive elimination

Cu(I)X

Cu(I)X RSeK

SeR Cu(I)

RSeK

R
X
+

Se
Se

R'

R'

Se
R R'

Ni(acac)2 (10 mol%)
CuI (10 mol%)

NMP, KOH, 100 oC
2h

Se Se

N

Se Se

Proposed mechanism

COMe

NC

R, R' = functional groups 75 89%
30

30a 30b 30c 30d
OMe



Synthesis of Aryl/Heteroaryl Selenides Using Transition Metals Catalyzed Cross Coupling Current Organic Chemistry, XXXX, Vol. XX, No. XX    13 

[12] Wirth, T. Organoselenium chemistry.Topics in Current Chemistry; Springer-
Verlag: Heidelberg, 2000, Vol. 208,.  

[13] Paulmier, C. Selenium reagents and intermediates in organic synthesis. In: 
Chemistry Series 4; Baldwin, J.E., Ed.; Pergamon Press: Oxford, 1986.  

[14] Liotta, D. Organoselenium Chemistry; Wiley: New York, 1987.  
[15] Devillanova, F.A. Handbook of Chalcogen Chemistry: New Perspectives in 

S, Se and Te; Royal Society of Chemistry: Cambridge, 2006.  
[16] Alberto, E.E.; Braga, A.L. Selenium and tellurium chemistry: From small 

molecules to biomolecules and materials. Springer-Verlag: Berlin Heidel-
berg, 2011.  

[17] Suzuki, H.; Abe, H.; Osuka, A. Copper(I) iodide-facilitated nucleophilic 
substitutions of nonactivated aryl iodides with areneselenolates. Chem. Lett., 
1981, 10(1), 151-152. 

 http://dx.doi.org/10.1246/cl.1981.151 
[18] Testaferri, L.; Tiecco, M.; Tingoli, M.; Chianelli, D.; Montanucci, M. Simple 

syntheses of aryl alkyl thioethers and of aromatic thiols from unactivated aryl 
halides and efficient methods for selective dealkylation of aryl alkyl ethers 
and thioethers. Synthesis, 1983, 1983(9), 751-755. 

 http://dx.doi.org/10.1055/s-1983-30501 
[19] Grieco, P.A.; Gilman, S.; Nishizawa, M. Organoselenium chemistry. A facile 

one-step synthesis of alkyl aryl selenides from alcohols. J. Org. Chem., 1976, 
41(8), 1485-1486. 

 http://dx.doi.org/10.1021/jo00870a052 
[20] Ricordi, V.G.; Freitas, C.S.; Perin, G.; Lenardão, E.J.; Jacob, R.G.; Save-

gnago, L.; Alves, D. Glycerol as a recyclable solvent for copper-catalyzed 
cross-coupling reactions of diaryl diselenides with aryl boronic acids. Green 
Chem., 2012, 14, 1030-1034. 

[21] Kundu, D.; Ahammed, S.; Ranu, B.C. Microwave-assisted reaction of aryl 
diazonium fluoroborate and diaryl dichalcogenides in dimethyl carbonate: A 
general procedure for the synthesis of unsymmetrical diaryl chalcogenides. 
Green Chem., 2012, 14(7), 2024-2030. 

 http://dx.doi.org/10.1039/c2gc35328h 
[22] Zheng, B.; Gong, Y.; Xu, H.J. Copper-catalyzed C–Se coupling of diphenyl 

diselenide with arylboronic acids at room temperature. Tetrahedron, 2013, 
69(26), 5342-5347. 

 http://dx.doi.org/10.1016/j.tet.2013.04.124 
[23] Mukherjee, N.; Chatterjee, T.; Ranu, B.C. Reaction under ball-milling: 

Solvent-, ligand-, and metal-free synthesis of unsymmetrical diaryl chalco-
genides. J. Org. Chem., 2013, 78(21), 11110-11114. 

 http://dx.doi.org/10.1021/jo402071b PMID: 24116379 
[24] Kundu, D.; Mukherjee, N.; Ranu, B.C. A general and green procedure for the 

synthesis of organochalcogenides by CuFe2O4 nanoparticle catalysed cou-
pling of organoboronic acids and dichalcogenides in PEG-400. RSC Advanc-
es, 2013, 3(1), 117-125. 

 http://dx.doi.org/10.1039/C2RA22415A 
[25] Saba, S.; Botteselle, G.V.; Godoi, M.; Frizon, T.E.A.; Galetto, F.Z.; Rafique, 

J.; Braga, A.L. Copper-catalyzed synthesis of unsymmetrical diorganyl chal-
cogenides (Te/Se/S) from boronic acids under solvent-free conditions Mole-
cules, 2017, 22, 1367-1379. 

 http://dx.doi.org/10.3390/molecules22081367 PMID: 28820487 
[26] Müller, T.; Ackermann, L. Nickel-catalyzed C−H chalcogenation of anilines. 

Chemistry, 2016, 22(40), 14151-14154. 
 http://dx.doi.org/10.1002/chem.201603092 PMID: 27501081 
[27] Beletskaya, I.P.; Sigeev, A.S.; Peregudov, A.S.; Petrovskii, P.V.; Khrustalev, 

V.N. Microwave-assisted synthesis of diaryl selenides. Elucidation of Cu(I)-
catalyzed reaction mechanism. Chem. Lett., 2010, 39(7), 720-722. 

 http://dx.doi.org/10.1246/cl.2010.720 
[28] Fukuzawa, S.; Tanihara, D.; Kikuchi, S. Palladium-catalyzed coupling reac-

tion of diaryl dichalcogenide with aryl bromide leading to the synthesis of 
unsymmetrical aryl chalcogenide. Synlett, 2006, 2006(13), 2145-2147. 

 http://dx.doi.org/10.1055/s-2006-949607 
[29] Bhasin, K.K.; Doomra, S.; Kaur, G.; Arora, E.; Singh, N.; Nagpal, Y.; Ku-

mar, R.; Rishu, ; Klapoetke, T.M.; Mehta, S.K. Synthesis of unsymmetrical 
pyridyl aryl selenides by the reductive cleavage of Se─Se bond. Phosphorus 
Sulfur Silicon Relat. Elem., 2008, 183(4), 992-997. 

 http://dx.doi.org/10.1080/10426500801900980 
[30] Wang, H.; Chen, S.; Liu, G.; Guan, H.; Zhong, D.; Cai, J.; Zheng, Z.; Mao, 

J.; Walsh, P.J. Synthesis of diaryl selenides via palladium-catalyzed deben-
zylative cross-coupling of aryl benzyl selenides with aryl bromides. Organ-
ometallics, 2018, 37(21), 4086-4091. 

 http://dx.doi.org/10.1021/acs.organomet.8b00644 
[31] Wang, M.; Ren, K.; Wang, L. Iron-catalyzed ligand-free carbon-selenium (or 

Tellurium) coupling of arylboronic acids with diselenides and ditellurides. 
Adv. Synth. Catal., 2009, 351(10), 1586-1594. 

 http://dx.doi.org/10.1002/adsc.200900095 
[32] Beletskaya, I.P.; Sigeev, A.S.; Peregudov, A.S.; Petrovskii, P.V. Tributyltin 

aryl selenides as efficient arylselenating agents. Synthesis of diaryl and aryl 
organyl selenides. Russ. J. Org. Chem., 2001, 37(10), 1463-1475. 

 http://dx.doi.org/10.1023/A:1013460213633 
[33] Beletskaya, I.P.; Sigeev, A.S.; Peregudov, A.S.; Petrovskii, P.V. Tribu-

tylstannyl aryl selenides as efficient arylselenating agents in the synthesis of 
seleno esters. Russ. J. Org. Chem., 2001, 37(12), 1703-1709. 

 http://dx.doi.org/10.1023/A:1013913816069 

[34] Ranu, B.C.; Mandal, T.; Samanta, S. Indium(I) iodide-mediated cleavage of 
diphenyl diselenide. An efficient one-pot procedure for the synthesis of un-
symmetrical diorganyl selenides. Org. Lett., 2003, 5(9), 1439-1441. 

 http://dx.doi.org/10.1021/ol034178c PMID: 12713293 
[35] Kundu, D.; Ahammed, S.; Ranu, B.C. Visible light photocatalyzed direct 

conversion of aryl-/heteroarylamines to selenides at room temperature. Org. 
Lett., 2014, 16(6), 1814-1817. 

 http://dx.doi.org/10.1021/ol500567t PMID: 24621272 
[36] Dey, A.; Hajra, A. Iodine-catalyzed selenylation of 2 H -indazole. J. Org. 

Chem., 2019, 84(22), 14904-14910. 
 http://dx.doi.org/10.1021/acs.joc.9b02199 PMID: 31618021 
[37] Liu, J.; Tian, M.; Li, Y.; Shan, X.; Li, A.; Lu, K.; Fagnoni, M.; Protti, S.; 

Zhao, X. Metal‐free synthesis of unsymmetrical aryl selenides and tellurides 
via visible light‐driven activation of arylazo sulfones. Eur. J. Org. Chem., 
2020, 2020(47), 7358-7367. 

 http://dx.doi.org/10.1002/ejoc.202001386 
[38] Kumar, S.; Sharma, N.; Maurya, I.K.; Bhasin, A.K.K.; Wangoo, N.; 

Brandāo, P. Facile synthesis, structural evaluation, antimicrobial activity and 
synergistic effects of novel imidazo[1,2-a]pyridine based organoselenium 
compounds. Eur. J. Med. Chem., 2016, 123, 916-924. 

 http://dx.doi.org/10.1016/j.ejmech.2016.07.076 PMID: 27565415 
[39] Saba, S.; Rafique, J.; Franco, M.S.; Schneider, A.R.; Espíndola, L.; Silva, 

D.O. Rose Bengal catalysed photo-induced selenylation of indoles, imidaz-
oles and arenes: A metal free approach. Org. Biomol. Chem., 2018, 16, 880-
885. 

 http://dx.doi.org/10.1039/C7OB03177G PMID: 29340417 
[40] Thirunavukkarasu, V.S.; Kozhushkov, S.I.; Ackermann, L. C–H nitrogena-

tion and oxygenation by ruthenium catalysis. Chem. Commun. (Camb.), 
2014, 50(1), 29-39. 

 http://dx.doi.org/10.1039/C3CC47028H PMID: 24212194 
[41] Bu, Q.; Kuniyil, R.; Shen, Z.; Gońka, E.; Ackermann, L. Insights into ruthe-

nium(II/IV)‐catalyzed distal C−H oxygenation by weak coordination. Chem-
istry, 2020, 26(69), 16450-16454. 

 http://dx.doi.org/10.1002/chem.202003062 PMID: 32596872 
[42] Conde, A.; Mar Díaz-Requejo, M.; Pérez, P.J. Direct, copper-catalyzed 

oxidation of aromatic C–H bonds with hydrogen peroxide under acid-free 
conditions. Chem. Commun. (Camb.), 2011, 47(28), 8154-8156. 

 http://dx.doi.org/10.1039/c1cc12804c PMID: 21681295 
[43] Louillat, M.L.; Patureau, F.W. Oxidative C–H amination reactions. Chem. 

Soc. Rev., 2014, 43(3), 901-910. 
 http://dx.doi.org/10.1039/C3CS60318K PMID: 24217419 
[44] Kim, H.; Chang, S. Transition-metal-mediated direct C–H amination of 

hydrocarbons with amine reactants: The most desirable but challenging C–N 
bond-formation approach. ACS Catal., 2016, 6(4), 2341-2351. 

 http://dx.doi.org/10.1021/acscatal.6b00293 
[45] Park, Y.; Kim, Y.; Chang, S. Transition metal-catalyzed C–H amination: 

Scope, mechanism, and applications. Chem. Rev., 2017, 117(13), 9247-9301. 
 http://dx.doi.org/10.1021/acs.chemrev.6b00644 PMID: 28051855 
[46] Das, R.; Kapur, M. Transition-metal-catalyzed C−H functionalization reac-

tions of π-deficient heterocycles. Asian J. Org. Chem., 2018, 7(7), 1217-
1235. 

 http://dx.doi.org/10.1002/ajoc.201800204 
[47] Liu, W.; Groves, J.T. Manganese catalyzed C–H halogenation. Acc. Chem. 

Res., 2015, 48(6), 1727-1735. 
 http://dx.doi.org/10.1021/acs.accounts.5b00062 PMID: 26042637 
[48] Kakiuchi, F.; Kochi, T.; Mutsutani, H.; Kobayashi, N.; Urano, S.; Sato, M.; 

Nishiyama, S.; Tanabe, T. Palladium-catalyzed aromatic C-H halogenation 
with hydrogen halides by means of electrochemical oxidation. J. Am. Chem. 
Soc., 2009, 131(32), 11310-11311. 

 http://dx.doi.org/10.1021/ja9049228 PMID: 19637871 
[49] Iwasaki, M.; Tsuchiya, Y.; Nakajima, K.; Nishihara, Y. Chelate-assisted 

direct selenation of aryl C-H bonds with diselenides catalyzed by palladium. 
Org. Lett., 2014, 16(18), 4920-4923. 

 http://dx.doi.org/10.1021/ol502439m PMID: 25207677 
[50] Gensch, T.; Hopkinson, M.N.; Glorius, F.; Wencel-Delord, J. Mild metal-

catalyzed C–H activation: Examples and concepts. Chem. Soc. Rev., 2016, 
45(10), 2900-2936. 

 http://dx.doi.org/10.1039/C6CS00075D PMID: 27072661 
[51] Shu, S.; Fan, Z.; Yao, Q.; Zhang, A. Ru(II)-catalyzed direct C(sp2)–H activa-

tion/selenylation of arenes with selenyl chlorides. J. Org. Chem., 2016, 
81(13), 5263-5269. 

 http://dx.doi.org/10.1021/acs.joc.6b00634 PMID: 27104776 
[52] Iwasaki, M.; Kaneshika, W.; Tsuchiya, Y.; Nakajima, K.; Nishihara, Y. 

Palladium-catalyzed peri-selective chalcogenation of naphthylamines with 
diaryl disulfides and diselenides via C-H bond cleavage. J. Org. Chem., 
2014, 79(23), 11330-11338. 

 http://dx.doi.org/10.1021/jo502274t PMID: 25399697 
[53] Iwasaki, M.; Nishihara, Y. Palladium-catalysed direct thiolation and sele-

nation of aryl C–H bonds assisted by directing groups. Dalton Trans., 2016, 
45(39), 15278-15284. 

 http://dx.doi.org/10.1039/C6DT02167K PMID: 27530276 
[54] Inamoto, K.; Arai, Y.; Hiroya, K.; Doi, T. Palladium-catalysed direct synthe-

sis of benzo[b]thiophenes from thioenols. Chem. Commun. (Camb.), 2008, 
(43), 5529-5531. 



14    Current Organic Chemistry, XXXX, Vol. XX, No. XX Kundu et al. 

 http://dx.doi.org/10.1039/b811362a PMID: 18997941 
[55] Kajiwara, R.; Takamatsu, K.; Hirano, K.; Miura, M. Copper-mediated regi-

oselective C–H sulfenylation and selenation of phenols with phenanthroline 
bidentate auxiliary. Org. Lett., 2020, 22(15), 5915-5919. 

 http://dx.doi.org/10.1021/acs.orglett.0c02012 PMID: 32672467 
[56] Zhang, S.; Qian, P.; Zhang, M.; Hu, M.; Cheng, J. Copper-catalyzed thiola-

tion of the di- or trimethoxybenzene arene C-H bond with disulfides. J. Org. 
Chem., 2010, 75(19), 6732-6735. 

 http://dx.doi.org/10.1021/jo1014849 PMID: 20822119 
[57] Samanta, R.; Antonchick, A.P. Palladium-catalyzed double C-H activation 

directed by sulfoxides in the synthesis of dibenzothiophenes. Angew. Chem. 
Int. Ed., 2011, 50(22), 5217-5220. 

 http://dx.doi.org/10.1002/anie.201100775 PMID: 21506222 
[58] Vásquez-Céspedes, S.; Ferry, A.; Candish, L.; Glorius, F. Heterogeneously 

catalyzed direct C-H thiolation of heteroarenes. Angew. Chem. Int. Ed., 2015, 
54(19), 5772-5776. 

 http://dx.doi.org/10.1002/anie.201411997 PMID: 25783208 
[59] Jafarpour, F.; Rahiminejadan, S.; Hazrati, H. Triethanolamine-mediated 

palladium-catalyzed regioselective C-2 direct arylation of free NH-pyrroles. 
J. Org. Chem., 2010, 75(9), 3109-3112. 

 http://dx.doi.org/10.1021/jo902739n PMID: 20384290 
[60] Arockiam, P.B.; Bruneau, C.; Dixneuf, P.H. Ruthenium(II)-catalyzed C-H 

bond activation and functionalization. Chem. Rev., 2012, 112(11), 5879-
5918. 

 http://dx.doi.org/10.1021/cr300153j PMID: 22934619 
[61] Fang, H.; Dou, Y.; Ge, J.; Chhabra, M.; Sun, H.; Zhang, P.; Zheng, Y.; Zhu, 

Q. Regioselective and direct azidation of anilines via Cu(II)-catalyzed C–H 
functionalization in water. J. Org. Chem., 2017, 82(20), 11212-11217. 

 http://dx.doi.org/10.1021/acs.joc.7b01594 PMID: 28922913 
[62] Daniels, M.H.; Armand, J.R.; Tan, K.L. Sequential regioselective C–H 

functionalization of thiophenes. Org. Lett., 2016, 18(14), 3310-3313. 
 http://dx.doi.org/10.1021/acs.orglett.6b01205 PMID: 27388746 
[63] Yin, D.W.; Liu, G. Palladium-catalyzed regioselective C–H functionalization 

of arenes substituted by two N-heterocycles and application in late-stage 
functionalization. J. Org. Chem., 2018, 83(7), 3987-4001. 

 http://dx.doi.org/10.1021/acs.joc.8b00322 PMID: 29533615 
[64] He, Y.T.; Mao, Y.J.; Hao, H.Y.; Xu, Z.Y.; Lou, S.J.; Xu, D.Q. Cu-catalyzed 

regioselective C–H alkylation of benzimidazoles with aromatic alkenes. Org. 
Lett., 2020, 22(21), 8250-8255. 

 http://dx.doi.org/10.1021/acs.orglett.0c02864 PMID: 33075228 
[65] Chen, Y.; Hu, L.; Liang, L.; Guo, F.; Yang, Y.; Zhou, B. Ruthenium(II)-

catalyzed regioselective ortho C–H allenylation of electron-rich aniline and 
phenol derivatives. J. Org. Chem., 2020, 85(4), 2048-2058. 

 http://dx.doi.org/10.1021/acs.joc.9b02787 PMID: 31913039 
[66] Dhawa, U.; Kaplaneris, N.; Ackermann, L. Green strategies for transition 

metal-catalyzed C–H activation in molecular syntheses. Org. Chem. Front., 
2021, 8(17), 4886-4913. 

 http://dx.doi.org/10.1039/D1QO00727K 
[67] Larock, R.C. Comprehensive organic transformations: A guide to functional 

group preparations, 2nd ed.; Wiley, 2010.  
[68] Petrone, D.A.; Ye, J.; Lautens, M. Modern transition-metal-catalyzed car-

bon–halogen bond formation. Chem. Rev., 2016, 116(14), 8003-8104. 
 http://dx.doi.org/10.1021/acs.chemrev.6b00089 PMID: 27341176 
[69] Li, Y.; Wang, H.; Li, X.; Chen, T.; Zhao, D. CuS/Fe: A novel and highly 

efficient catalyst system for coupling reaction of aryl halides with diaryl 
diselenides. Tetrahedron, 2010, 66(45), 8583-8586. 

 http://dx.doi.org/10.1016/j.tet.2010.09.061 
[70] Dandapat, A.; Korupalli, C.; Prasad, D.J.C.; Singh, R.; Sekar, G. An efficient 

copper(I) iodide catalyzed synthesis of diaryl selenides through CAr–Se bond 
formation using solvent acetonitrile as ligand. Synthesis, 2011, 14, 2297-
2302. 

[71] Chatterjee, T.; Ranu, B.C. Solvent-controlled halo-selective selenylation of 
aryl halides catalyzed by Cu(II) supported on Al2O3. A general protocol for 
the synthesis of unsymmetrical organo mono- and bis-selenides. J. Org. 
Chem., 2013, 78(14), 7145-7153. 

 http://dx.doi.org/10.1021/jo401062k PMID: 23786642 
[72] Movassagh, B.; Hosseinzadeh, Z. A highly efficient copper-catalyzed syn-

thesis of unsymmetrical diaryl- and aryl alkyl chalcogenides from aryl io-
dides and diorganyl disulfides and diselenides. Synlett, 2015, 27(5), 777-781. 

 http://dx.doi.org/10.1055/s-0035-1561268 
[73] Chaugule, A.A.; Pawar, A.A.; Tamboli, A.H.; Bandal, H.A.; Chung, W.J.; 

Kim, H. Ionic liquid based Cu2S@C catalyst for effective coupling of diaryl 
diselenide with aryl halides under ligand-free conditions. Chem. Eng. J., 
2018, 351, 490-497. 

 http://dx.doi.org/10.1016/j.cej.2018.06.081 
[74] Zhao, R.; Yan, C.; Jiang, Y.; Cai, M. Efficient heterogeneous copper-

catalysed C–Se coupling of aryl iodides with symmetrical diselenides to-
wards unsymmetrical monoselenides. J. Chem. Res., 2018, 42(11), 584-588. 

 http://dx.doi.org/10.3184/174751918X15409874473285 
[75] Lawson, J.R.; Melen, R.L. Recent developments and applications of Lewis 

acidic boron reagents. In: Organometallic Chemistry; 2017; 41, pp. 1-27. 
[76] Sivaev, I.B.; Bregadze, V.I. Lewis acidity of boron compounds. Coord. 

Chem. Rev., 2014, 270-271, 75-88. 
 http://dx.doi.org/10.1016/j.ccr.2013.10.017 

[77] Yu, H.; Lee, R.; Kim, H.; Lee, D. Lewis acid-promoted regio- and diastere-
oselective cross-coupling of aryl-substituted 1,2-diols and boronic acids. J. 
Org. Chem., 2019, 84(6), 3566-3578. 

 http://dx.doi.org/10.1021/acs.joc.9b00209 PMID: 30786205 
[78] Nelson, W.M. Green Solvents for Chemistry: Perspectives and Practice; 

Oxford University Press: Oxford, 2003.  
[79] Roy, S.; Chatterjee, T.; Banerjee, B.; Salam, N.; Bhaumik, A.; Islam, S.M. 

Cu( II ) anchored nitrogen-rich covalent imine network (Cu II -CIN-1): An 
efficient and recyclable heterogeneous catalyst for the synthesis of orga-
noselenides from aryl boronic acids in a green solvent. RSC Advances, 2014, 
4(86), 46075-46083. 

 http://dx.doi.org/10.1039/C4RA08909J 
[80] Roy, S.; Chatterjee, T.; Islam, S.M. Solvent selective phenyl selenylation and 

phenyl tellurylation of aryl boronic acids catalyzed by Cu(II) grafted func-
tionalized polystyrene. Tetrahedron Lett., 2015, 56(6), 779-783. 

 http://dx.doi.org/10.1016/j.tetlet.2014.12.055 
[81] Zhao, H.; Jiang, Y.; Chen, Q.; Cai, M. A highly efficient and reusable MCM-

41-immobilized bipyridine copper(I) catalyst for the C–Se coupling of or-
ganoboronic acids with diaryl diselenides. New J. Chem., 2015, 39(3), 2106-
2115. 

 http://dx.doi.org/10.1039/C4NJ01687D 
[82] Goldani, B.; Ricordi, V.G.; Seus, N.; Lenardão, E.J.; Schumacher, R.F.; 

Alves, D. Silver-catalyzed synthesis of diaryl selenides by reaction of diaryl 
diselenides with aryl boronic acids. J. Org. Chem., 2016, 81(22), 11472-
11476. 

 http://dx.doi.org/10.1021/acs.joc.6b02108 PMID: 27731643 
[83] Sahania, J.; Jayarama, R.V.; Burange, A.S. C-Se cross-coupling of aryl-

boronic acids and diphenyldiselenides over non precikakious transition metal 
(Fe, Cu and Ni) complexes. Mol. Cat, 2018, 450, 14-18. 

[84] Yu, S.; Wan, B.; Li, X. Rh(III)-catalyzed selenylation of arenes with sele-
nenyl chlorides/diselenides via C-H activation. Org. Lett., 2015, 17(1), 58-
61. 

 http://dx.doi.org/10.1021/ol503231p PMID: 25515149 
[85] Arun, V.; Mahanty, K.; De Sarkar, S. Nickel‐catalyzed dehydrogenative 

couplings. ChemCatChem, 2019, 11(9), 2243-2259. 
 http://dx.doi.org/10.1002/cctc.201900254 
[86] Mishra, A.A.; Subhedar, D.; Bhanage, B.M. Nickel, cobalt and palladium 

catalysed C—H functionalization of un-activated C(sp3)—H bond. Chem. 
Rec., 2018, 18, 1-30. 
PMID: 30238681 

[87] Rosen, B.M.; Quasdorf, K.W.; Wilson, D.A.; Zhang, N.; Resmerita, A.M.; 
Garg, N.K.; Percec, V. Nickel-catalyzed cross-couplings involving carbon-
oxygen bonds. Chem. Rev., 2011, 111(3), 1346-1416. 

 http://dx.doi.org/10.1021/cr100259t PMID: 21133429 
[88] Mandal, A.; Sahoo, H.; Baidya, M. Copper-catalyzed 8-aminoquinoline-

directed selenylation of arene and heteroarene C–H bonds. Org. Lett., 2016, 
18(13), 3202-3205. 

 http://dx.doi.org/10.1021/acs.orglett.6b01420 PMID: 27309343 
[89] Mandal, A.; Dana, S.; Sahoo, H.; Grandhi, G.S.; Baidya, M. Ruthenium(II)-

catalyzed ortho-C–H chalcogenation of benzoic acids via weak O-
coordination: Synthesis of chalcogenoxanthones. Org. Lett., 2017, 19(9), 
2430-2433. 

 http://dx.doi.org/10.1021/acs.orglett.7b00996 PMID: 28429594 
[90] Braña, M.F.; Gradillas, A.; Ovalles, A.G.; López, B.; Acero, N.; Llinares, F.; 

Mingarro, D.M. Synthesis and biological activity of N,N-dialkylaminoalkyl-
substituted bisindolyl and diphenyl pyrazolone derivatives. Bioorg. Med. 
Chem., 2006, 14(1), 9-16. 

 http://dx.doi.org/10.1016/j.bmc.2005.09.059 PMID: 16263294 
[91] Tripathy, R.; Ghose, A.; Singh, J.; Bacon, E.R.; Angeles, T.S.; Yang, S.X.; 

Albom, M.S.; Aimone, L.D.; Herman, J.L.; Mallamo, J.P. 1,2,3-Thiadiazole 
substituted pyrazolones as potent KDR/VEGFR-2 kinase inhibitors. Bioorg. 
Med. Chem. Lett., 2007, 17(6), 1793-1798. 

 http://dx.doi.org/10.1016/j.bmcl.2006.12.054 PMID: 17239587 
[92] Ma, W.; Dong, H.; Wang, D.; Ackermann, L. Late-stage diversification of 

non-steroidal anti-inflammatory drugs by transition metal-catalyzed C-H 
alkenylations, thiolations and selenylations. Adv. Synth. Catal., 2017, 359(6), 
966-973. 

 http://dx.doi.org/10.1002/adsc.201600937 
[93] Weng, Z.; Fang, X.; He, M.; Gu, L.; Lin, J.; Li, Z.; Ma, W. Ruthenium 

catalyzed C–H selenylations of aryl acetic amides and esters via weak coor-
dination. Org. Lett., 2019, 21(16), 6310-6314. 

 http://dx.doi.org/10.1021/acs.orglett.9b02196 PMID: 31380652 
[94] Funk, C.D. Leukotriene modifiers as potential therapeutics for cardiovascular 

disease. Nat. Rev. Drug Discov., 2005, 4(8), 664-672. 
 http://dx.doi.org/10.1038/nrd1796 PMID: 16041318 
[95] Zhang, M.Z.; Chen, Q.; Yang, G.F. A review on recent developments of 

indole-containing antiviral agents. Eur. J. Med. Chem., 2015, 89, 421-441. 
 http://dx.doi.org/10.1016/j.ejmech.2014.10.065 PMID: 25462257 
[96] Ashok, P.; Lu, C.L.; Chander, S.; Zheng, Y.T.; Murugesan, S. Design, syn-

thesis, and biological evaluation of 1-(thiophen-2-yl)-9 H -pyrido[3,4- b ]in-
dole derivatives as Anti-HIV-1 agents. Chem. Biol. Drug Des., 2015, 85(6), 
722-728. 

 http://dx.doi.org/10.1111/cbdd.12456 PMID: 25328020 



Synthesis of Aryl/Heteroaryl Selenides Using Transition Metals Catalyzed Cross Coupling Current Organic Chemistry, XXXX, Vol. XX, No. XX    15 

[97] Gehrcke, M.; Giuliani, L.M.; Ferreira, L.M.; Barbieri, A.V.; Sari, M.H.M.; 
da Silveira, E.F.; Azambuja, J.H.; Nogueira, C.W.; Braganhol, E.; Cruz, L. 
Enhanced photostability, radical scavenging and antitumor activity of indole-
3-carbinol-loaded rose hip oil nanocapsules. Mater. Sci. Eng. C, 2017, 74, 
279-286. 

 http://dx.doi.org/10.1016/j.msec.2016.12.006 PMID: 28254296 
[98] Prakash, B.; Amuthavalli, A.; Edison, D.; Sivaramkumar, M.S.; Velmurugan, 

R. Novel indole derivatives as potential anticancer agents: Design, synthesis 
and biological screening. Med. Chem. Res., 2018, 27(1), 321-331. 

 http://dx.doi.org/10.1007/s00044-017-2065-9 
[99] Abraham, R.; Prakash, P.; Mahendran, K.; Ramanathan, M. A novel series of 

N-acyl substituted indole-linked benzimidazoles and naphthoimidazoles as 
potential anti inflammatory, anti biofilm and anti microbial agents. Microb. 
Pathog., 2018, 114, 409-413. 

 http://dx.doi.org/10.1016/j.micpath.2017.12.021 PMID: 29233780 
[100] Luz, E.Q.; Seckler, D.; Araújo, J.S.; Angst, L.; Lima, D.B.; Maluf Rios, 

E.A.; Ribeiro, R.R.; Rampon, D.S. Fe(III)-Catalyzed direct C3 chalcogenyla-
tion of indole: The effect of iodide ions. Tetrahedron, 2019, 75(9), 1258-
1266. 

 http://dx.doi.org/10.1016/j.tet.2019.01.037 

[101] Qiao, H.; Sun, B.; Yu, Q.; Huang, Y.Y.; Zhou, Y.; Zhang, F.L. Palladium-
catalyzed direct ortho-C–H selenylation of benzaldehydes using benzidine as 
a transient directing group. Org. Lett., 2019, 21(17), 6914-6918. 

 http://dx.doi.org/10.1021/acs.orglett.9b02530 PMID: 31448617 
[102] Nguyen, H.; Daugulis, O. N -aminopyridinium ylide-directed, copper-

promoted chalcogenation of arene C–H bonds. J. Org. Chem., 2020, 85(20), 
13069-13079. 

 http://dx.doi.org/10.1021/acs.joc.0c01757 PMID: 33000944 
[103] Sattar, M.; Shareef, M.; Patidar, K.; Kumar, S. Copper-catalyzed 8-

aminoquinoline assisted aryl chalcogenation of ferroceneamide with aryl di-
sulfides, diselenides, and ditellurides. J. Org. Chem., 2018, 83(15), 8241-
8249. 

 http://dx.doi.org/10.1021/acs.joc.8b00974 PMID: 29878778 
[104] Kundu, D.; Roy, A.; Panja, S.; Singh, R.K. Microwave-assisted cobalt-

copper dual catalyzed ligand free C-Se cross-coupling. Curr. Microw. Chem., 
2020, 7(2), 157-163. 

 http://dx.doi.org/10.2174/2213335607666200212101502 
[105] Kundu, D.; Roy, A.; Singha, A.; Panja, S. Nickel-copper Co-catalyzed sus-

tainable synthesis of diaryl-chalcogenides. Curr. Green Chem., 2021, 8(2), 
147-156. 

 http://dx.doi.org/10.2174/2213346108999210111224631 

 
 
DISCLAIMER: The above article has been published, as is, ahead-of-print, to provide early visibility but is not the final version. Major pub-
lication processes like copyediting, proofing, typesetting and further review are still to be done and may lead to changes in the final published 
version, if it is eventually published. All legal disclaimers that apply to the final published article also apply to this ahead-of-print version. 




