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 Abstract: Cu-catalyzed carbon-heteroatom bond formation is a powerful tool in the field of 

organic synthesis. In the past two decades, numerous Cu-based catalytic systems are developed in 

both homogeneous and heterogeneous forms. Important developmentshave been reported on Cu-

based catalytic systems in the field of C-Chalcogenide cross-coupling in the last few decades. 

Where homogeneous Cu/L-based catalytic systems are found to perform reactions with high 

selectivity, heterogeneous supported-Cu and Cu-based nanoparticles are found to perform the 

reactions under sustainable conditions and high recyclability of catalytic systems. This present 

overview mainly focuses on the recent advances and applications in this fast-growing research 

field with an emphasis on copper-catalyzed cross-coupling generations of carbon-chalcogenide 

(S/Se/Te) bonds. 
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1. INTRODUCTION 

 The formation and necessity of carbon-heteroatom bond 
for the synthesis of organo-sulphides, selenides, and tellurides 
attract attention due to their profound applications in the field 
of catalysis [1], material science [2], biological, environ-
mental, and pharmaceutical chemistry [3]. There has been an 
increasing interest in selenium and tellurium chemistry from 
the effective Se- and Te-based organocatalysts in several 
functional group transformations under sustainable conditions 
for the synthesis of bioactive molecules [4].  

 Transition metal-catalyzed cross-coupling reactions 
provide a powerful tool for the synthesis of a wide array of 
organic compounds via C-C and C-heteroatom cross-coupling 
within unsaturated carbon centres [3, 5-8]. However, the 
progress in carbon-chalcogen bond formation via copper-
mediated or catalyzed cross-coupling reactions covers a 
variety of functional groups as well as the stability of starting 
materials and products due to the essentially required harsh 
reaction conditions, such as high temperatures-typically 150-
200oC and for the extended reaction time from several hours 
to few days [9]. Recently, environment-friendly nanocrystals 
were successfully applied for C-Se cross-coupling under 
benign conditions [10]. Although the chemistry of C-Te bond 
formation isstill in its early stages, the catalytic C-S and C-Se 
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cross-coupling reactions via decyanative cross-coupling or 
nucleophilic addition of ArSe to aryl halides, aryldiazonium 
salts, and arylboronic acids have received a lot of attention in 
recent years [3, 8, 11-14]. Due to the catalyst poisoning nature 
of sulphur-containing compounds, it becomes the most 
challenging factor for C-S cross-coupling, whereas a small 
number of thiols or disulphides can destroy the catalytic 
activity [15]. However, the recent development of efficient 
catalytic systems has successfully ruled out the mentioned 
problems to perform C-S coupling. Catalytic investigation 
was further extended in performing C-Se and C-Te cross-
coupling.  

 Catalytic systems with other transition metals like nickel 
[16], cobalt [17], and iron [18] have also been employed as 
catalysts; such systems suffer from serious drawbacks such as 
metal toxicity, low turnover numbers, etc. development of Cu-
based heterogeneous catalytic systems were employed in such 
coupling reactions due to its low cost and ready accessibility. 
The use of Cu-based heterogeneous catalysts has the distinct 
benefit of decreasing the probability of Cu leaching from the 
surface. A large number of attractive Cu-catalyzed cross-
coupling reactions have been reported by various research 
groups. In recent years, diarylchalogenides-containing C-S 
and C-Se bonds occur as component of drugs like AZD4407 
[19a, b] vortioxetine [19c], chlorpromazine [19d] etc. These 
are effective and biologically active molecules against various 
diseases like cancer, HIV, Alzheimer’s, asthma, Parkinson’s, 
etc., demanding the continuous development in the synthesis 
of carbon-chalcogen compounds to meet the growing demand 
in many pharmaceutical applications [19]. As shown in 
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Scheme 1, metal catalysed carbon-carbon and carbon 
heteroatom cross-coupling generally occurred via an 
oxidative addition-reductive elimination pathway involving 
transmetallation. However, in case of C-chalcogenide cross-
coupling generally dichalcogenides (R2Z2) or Chalconols 
(RZH) were used as coupling partners with unsaturated 
halides (Scheme 2). 

 
 

Scheme 1. General Mechanism for C-C and C-Heteroatom Cross-

coupling. 

 
Scheme 2. Addition of Z-Z bonds and Z-H bonds in the triple bond 

of alkynes.  

 A detailed, comprehensive, and updated study on recent 
methods for the synthesis of organochalcogen compounds 
using alternative solvents such as, water, polyethylene glycol, 
glycerol, ionic liquids, supercritical carbon dioxide, or 
solvent-free conditions was reported by Lenarda˜o and co-
workers [20]. Braga et al. [21] reported the efficient and mild 
synthesis of unsymmetrical diorganylchalcogenides employ-
ing CuI as a catalyst under ligand- and solvent-free conditions. 
According to the ‘Chan-Lam coupling method', the carbon-
heteroatom bond formation takes place via a copper-based 
cross-coupling reaction of arylboronates with electrophilic 
coupling partners [22]. Ranu et al. explored the copper-silver 
dual catalyzed nucleophilic displacement reaction for 

decyanative cross-coupling of aryl selenocyanate with 
aryl/alkyl acetylenes, boronic acids, and silanes [11]. They 
showed that cross-coupling reaction is initiated successfully 
by introducing both electron-donating groups such as -OMe, 
-NMe2, 4-pentyl, and electron-withdrawing groups e.g. -
OCF3, -CF3, -F in aryl alkynes. The interest of the present 
review article aims to focus on the perspective and recent 
advances in the cross-coupling reactions for the C-Z (Z = S, 
Se, and Te) bond formations toward the synthesis of aryl/ 
heteroaryl sulphides, selenides, and tellurides in presence of a 
copper catalyst as well as nanostructured copper catalyst. 
Herein we highlighted the cross-coupling reactions by 
employing several green techniques such as microwave 
irradiation, and conventional and non-conventional methods. 

2. DIFFERENT CATALYTIC SYSTEMS 

 Although the scope of transition metals catalyzed 
protocols for the synthesis of sulphides, selenides, and 
tellurides are small in number, in recent times scientists have 
been analyzing fundamental research with various catalytic 
systems. In this review, we have classified various catalytic 
systems in order to make a comparative study regarding the 
formation of organo-chalcogenides through copper-catalyzed 
cross-coupling reactions. 

2.1. Cross-couplings via Homogeneous Catalyst 

 A copper catalysis is always a powerful tool in achieving 
C-S cross-coupling reactions due to getting maximum contact 
between reactants and catalysts as both are in the same phase. 
In the last few years, a number of research has been reported 
regarding this. CuPF6 (MeCN)4 was found to show excellent 
catalytic activity in the synthesis of ortho-substituted aryl 
iodides and aryl thiols. An intramolecular mode of the 
reaction in synthesizing diaryl thioethers has also been 
reported [23].  

 

Scheme 3. CuCl2-phenanthroline catalyzed C-S cross-coupling in 

water. 

 Zhou et al. [24] introduced an effective copper catalytic 
system for the cross-coupling reaction of aryl halides and 
potassium thiocyanate in neat water. Aryl halides underwent 
a reaction with KSCN to give desired products and 
iodobenzenes afford a higher percentage of yields (Scheme 3). 
The authors reported excellent chemoselectivity between 
iodide, bromide, and chloride functional groups in the case of 
coupling of p-chloroiodobenzene and p-bromoiodobenzene 
with KSCN in presence under the standardized reaction 
conditions. 

 Venkataraman et al. reported a general synthetic protocol 
for the formation of diaryl selenides by the cross-coupling 
reaction of aryl iodides and phenylselenol using CuI/ 
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neocuproinecatalytic system under 110°C heating [25]. 
Excellent yields are obtained by aryl iodides having electron-
rich functional group tolerance. They recommended the use of 
K2CO3 in the place of NaOt-Bu for electron-poor aryl iodides. 

2.2. Cross-Couplings via Heterogeneous Catalyst 

 Heterogeneous catalysis is preferred over homogeneous 
catalysis due to several factors such as easy separation of 
catalyst from the reaction medium, catalyst recyclability, 
greater steric control, less exposure to metal salts in 
environment etc. [26]. Studies for effective and selective 
construction of C-S, C-Se, and C-Te bonds through metal-
catalyzed cross-coupling reactions catalyzed via heterogene-
ous copper catalyst have received the attention of organic 
chemistry and thus several methodologies have been 
developed. Herein a comparative study has been performed on 
different copper-catalyzed carbon-chalcogenides cross-
coupling reactions. 

2.2.1 Cross-Coupling Reactions under Microwave 
Irradiation: 

 In the last two decades, microwave-assisted organic 
synthesis has been established as a sustainable tool for 
performing C-C and C-heteroatom bond formations [8, 13, 27-
30]. The microwave technology under conventional heating 
sources has emerged as an excellent tool for organic reactions 
due to its high efficiency, reproducibility, and shortening of 
time. There are several advantages such as fulfilling the 
requirements of green chemistry, simplified synthetic reaction 
techniques, cheaper solvents, greatly reduced side reactions due 
to applying lower temperatures, etc. 

 Although the scope of transition metals catalyzed 
protocols for the synthesis of sulphides, selenides and 
tellurides are small in number but in recent times scientists are 
analyzing fundamental research with various catalytic 
systems. The applicability of copper-catalyzed cross-coupling 
of aryl boronic acids by diorganylchalcogenides was reported 
by Braga et al. [21] where aryl boric acids react with 0.5 
equiv. of diorganyldichalcogenides (Te/Se/S) in the presence 
of 3 mol % of CuI and 3 equiv. of DMSO under microwave 
irradiation (Scheme 4).  

 

Scheme 4. Microwave-assisted CuI-catalyzed C-chalcogenide cross-

coupling with boronic acids. 

 They investigated the choice of catalyst and also the effect 
of catalyst loading on the reaction condition. It was noted that 
among the copper halides and CuO nanoparticles, CuI shows 

better catalytic activity. The reaction yield increases remarka-
bly as the concentration of catalyst increases from 1 mol% to 
3 mol% whereas the addition of 4 mol% CuI does not affect 
the yield. The authors explored here the scope of their protocol 
by employing various diorganylchalcogenides and aryl 
boronic acids. A wide range of electronic substituents i.e., 
electron-donating groups like -OMe, -NH2, etc. as well as 
electron-withdrawing groups like -Cl, -NO2, etc. attached at 
different positions of the aromatic ring of boronic acid affect 
the reaction yield appreciably. 

In 2009, Bagley et al. reported microwave-assisted Cu-
catalyzed cross-coupling of thiols with iodoarenes for the 
synthesis of diaryl sulfides using trans-cyclohexane-1,2- diol 
as a ligand [31]. Iodoarenes bearing electron-donating and 
withdrawing groups in the aromatic ring are coupled with 
several aromatic thiols and cyclohexyl thiols to produce the 
corresponding products in good to excellent yields (Scheme 
5). 

 

Scheme 5. Microwave-assisted CuI-catalyzed C-S cross-coupling 

between thiols and iodoarenes. 

 Beletskaya and co-workers [32] studied the synthesis of 
unsymmetrical diaryl selenides using a cross-coupling 
reaction between trialkyltin aryl selenides with aryl and 
hetaryl bromides. The reaction proceeds using a catalytic 
amount (5 mol%) of the copper catalyst ([(phen)CuI]2) in 
DMF as a solvent, and the reaction mixture was then heated 
in a microwave oven at 140oC for 15-50 minutes to produce 
unsymmetrical diaryl selenides in moderate to excellent 
yields. The microwave activation drastically decreases the 
reaction time from 6-30 h to 15-50 minutes (Scheme 6). 

 

Scheme 6. Microwave-assisted C-S cross-coupling between 

trialkyltin aryl selenides with aryl and hetaryl bromides. 

 Richodi and co-workers [33] used aryl boronic acids and 
different diarylchalcogenides in copper-catalyzed cross-
coupling reactions to prepare chalcogenoethers under the 
optimized reaction conditions. The protocol was successfully 
utilized in the C-S, C-Se, and C-Te cross-coupling reaction 
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between the diaryldisulphides/diselenides/ditellurides and 
arylboronic acids and it revealed that the reactions worked 
well with a range of substituted arylboronic acids, affording 
good yields of the products. The excellent yield was obtained 
when 4-methoxyphenylboronic acid was efficiently coupled 
with diphenyl ditelluride rather than diphenyl disulfide or 
diselenide (Scheme 7). 

Scheme 7. Copper-catalyzed cross-coupling between organo-

dichalcogen-ides with boronic acids. 

2.2.2. Cross-Coupling Reactions under Conventional and 
Non-conventional Method: 

 In the last two decades, ionic liquids have proved 
themselves as environmentally friendly green solvents 
because of their polarity, negligible vapor pressure, non-
hydroxylic, non-volatility, noninflammability, reasonable 
thermal stability, easy separation, and recyclability, etc. [34]. 
Kim et al. studied the ligand-free cross-coupling reaction of 
aryl halide and diaryl diselenide using ionic liquid-based 
copper sulphide functionalized carbon (Cu2S@C) catalyst 
[35]. The tri-cationic ionic liquid was used to synthesize 
Cu2S@C by the polymerization in presence of copper chloride 
salt as a precursor. The advantage of Cu2S@Cover Cu2S and 
Cu2S/C catalytic systems reflects that the former is highly 
efficient in reducing the reaction time from 15h to 8h by 
affording almost 96% yield (Scheme 8). The reaction is 
almost insensitive to the electronic effects of the substituents 
attached to the aryl ring. 

 

Scheme 8. Synthesis of diaryl selenides by Cu2S@C-catalyzed C-Se 

cross-coupling. 

 Ligand-assisted cross-coupling reactions are valuable 
transformations in organic synthesis. Soria-Castro and 
Peñéñory proposed the reaction of KSCOMe with aryl iodides 
under copper-free conditions to afford S-aryl thioacetates as 
thiol surrogates in good to excellent yields, under 
conventional heating [36]. The optimal reaction conditions 
(temperature and solvent) were determined by choosing PhI 
and KSCOMe as model substrates in presence of CuI and a 
1,10-phenanthroline catalytic system (Scheme 9). 

Scheme 9. CuI-Phenanthroline-catalyzed coupling of KSCOMe and 

iodoarenes. 

The group of Beloglazkina established a novel and synthetic 
copper-mediated cross-coupling reaction of 2-selenohydan-
toins and aryl boronic acid under base-free mild conditions 
[37]. The authors applied Cu(OAc)2/1,10 phenanthroline 
catalytic system to allow a broad array of 3,5-disubstituted-2-
selenohydantoins to undergo coupling with boronic acids 
successfully with producing good to excellent yield. 

 Koten and co-workers have reported that CuI-catalyzed 
cross-coupling of iodoarenes with thiols in NMP solvent 
under ligand-free conditions [38]. The reactions were 
performed under 100 oC heating by using K2CO3 as a base. 
The reaction showed excellent functional group compatibility 
in the aryl rings and thus a library of diaryl sulfides has been 
synthesized by this procedure. 

 
Scheme 10. CuI-catalyzed cross-coupling between thiols and 

iodoarenes. 

Li and co-workers have reported Cu-catalyzed coupling of 
iodo-and bromoarenes with elemental S and Se in an aqueous 
medium for the synthesis of disulfides and diselenides [39]. 
The authors have used tetrabutyl ammonium fluoride as a 
phase transfer agent and 1,10 phenanthroline as a ligand for 
this reaction. A library of diaryl disulfides and diphenyl 
diselenides were afforded in good to excellent yields (76- 
96%) (Schemes 10 and 11). 

 

Scheme 11. Cu-catalyzed synthesis of disulfides and diselenides. 
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2.3 Copper Nanoparticles-Catalyzed Cross-Coupling 
Reactions 

 The application of metal nanoparticles for organic 
reactions has attracted the immense attention of organic 
chemists in the last two decades [40-43]. Furthermore, the 
metal nanoparticle-catalyzed reactions provide the advantages 
of high atom efficiency, simplified isolation of product, and 
easy recovery and recyclability of the catalysts. Recently, 
nanoparticles-catalyzed cross-coupling reactions have 
witnessed growing importance for the synthesis of 
organochalcogenides. Due to large surface area and low 
coordinated sites, metal-catalyzed nanoparticled show high 
catalytic efficiency which maximizes the rate of reaction, 
improves product yield and selectivity, shortens reaction time, 
decreases catalyst loading, and minimizes the consumption of 
the catalyst [44]. The relative comparison of the catalytic 
activity of CuO NPs with other copper catalysts such as CuI, 
CuO, and CuFe2O4 nanoparticles, established its superior 
comparability with them in terms of product yield. Moreover, 
CuO can be recovered from the reaction media and can be 
used for further catalytic reactions. 

 The applicability of nano-sized metal nanoparticles (NPs) 
in the selenation and telluration of boronic acids with 
diselenides/ditellurides was reported by Alves and co-workers 
[41] in 2009, where 4-methoxyphenyl boronic acid was 
efficiently coupled with diphenyl diselenide/ditelluride in the 
presence of the catalytic amount of CuO nanoparticles in 
DMSO as a solvent at 100oC under air atmosphere. The 
authors synthesized a good number of organic selenides 
through cross-coupling reactions. The results revealed that the 
reaction is sensitive to the electronic effects whereas steric 
effects show a little influence on the coupling process. The 
authors also extended the applicability of the protocol toward 
the synthesis of diaryl tellurides in excellent yields (Scheme 
12). 

Scheme 12. CuO-catalyzed cross-coupling between boronic acids 

with diaryl diselenides and ditellurides. 

 Braga and co-workers demonstrated C–Se cross-coupling 
of terminal alkynes with diorganyldiselenides and tellurides 
in the presence of recyclable CuO nanopowder and K2CO3 as 
a base in DMSO at 80oC to obtain corresponding alkynyl 
selenides and tellurides [45] (Scheme 13). The electronic 
factors on diselenides do not have any remarkable effect on 
the product yield, however, the steric factors affect the 
reaction adversely. 

 

Scheme 13. CuO nanoparticles-catalyzed synthesis of alkynyl 

selenides and tellurides. 

 Saha and co-workers [46] achieved Cu(0) nanoparticle 
catalyzed cross-coupling of iodoarenes with diaryl diselenides 
in water solvent under refluxing conditions in presence of Zn 
as additive. Zn was expected to form active seleno nucleophile 
from diselenides and thus the desired diaryl selenides were 
obtained in good to excellent yields (Scheme 14) with broad 
functional group compatibility in the aromatic rings. 

Scheme 14. Cu(0) NPs-catalyzed C-Se cross-coupling in water. 

 Magnetic nanocatalysts have attracted considerable 
attention in the field of organo-chalcogen chemistry due to 
their unique properties, such as large surface area and facile 
separation using external magnets [47]. The pioneering work 
of Ranu et al. [40] prompted the chemists to study the 
synthesis of organoselenides and tellurides by the reaction of 
boronic acid/boronic ester/trifluoroborate with diphenyl 
ditelluride/diselenide employing CuFe2O4 nanoparticles as 
efficient catalyst in eco-friendly Polyethylene Glycol (PEG-
400) solvent and DMSO as an additive under ligand-free 
conditions (Scheme 15). 

 They utilized this green synthetic protocol by introducing 

various electron-withdrawing or electron-donating groups at 

2 and 4-positions of the aromatic ring of aryl trifluoroborates 

or boronic acid pinacol esters which furnished the 

corresponding products in excellent yields. In 2010, 

Rodrigues and Braga along with their co-workers studied the 

possibility of synthesizing diorganylditellurides through a Cu 

NPs-catalyzed coupling reaction between organohalides and 

elemental Te(0) [48]. Careful analysis of the optimized 

reactions revealed that the C-Te cross-coupling reaction 

occurred by the addition of CuO NPs (10 mol%), KOH (2 
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equiv.) at 90oC, to a solution of halides, and Te(0) in DMSO 

under a nitrogen atmosphere (Scheme 16).  

 

Scheme 15. CuFe2O4 NPs-catalyzed C-Se and C-Te Cross-coupling. 

 

Scheme 16. CuO nanoparticle-catalyzed synthesis of ditellurides. 

 Some important information about the above-mentioned 

reactions is listed below: (i) organic iodides afford higher 

yields of the desired coupling products as compared to organic 

bromides; (ii) aryl halides gave a higher yield of products than 

alkyl halides and (iii) the electronic character of the 

substituents in aryl halides had little effect on the rate of the 

reaction. Following this work, Godoi et al. demonstrated that 

the cross-coupling reaction between terminal alkynes and 

diorganylditellurides occurred effectively in presence of CuO 

nanopowder (10 mol %) and K2CO3 (1 equiv.) under ligand-

free conditions at 800C [45] (Scheme 17). 

 Nageswar et al. applied magnetically separable CuFe2O4 

nanoparticles [49] for performing cross-coupling of boronic 

acids with aryl selenium halides. The optimized reaction 

protocol significantly tolerated both aryl and heteroaryl 

boronic acids (Scheme 18). The authors were able to separate 

the catalyst from the reaction mixture easily and recycled it 

several times without any significant loss of the catalytic 

activity. (Scheme 18). CuFe2O4 Nps-catalyzed coupling of 

boronic acids with phenyl selenium halide. 

  

Scheme 17. CuO NPs-catalyzed synthesis of alkynyl tellurides. 

 
Scheme 18. CuFe2O4 Nps-catalyzed coupling of boronic acids with 

phenyl selenium halide. 

 Khosroshahic and co-workers [10] also discussed the most 
important contributions of nanostructured copper-based 
catalysts for the synthesis of diaryl selenides from aryl boronic 
acids, acyl/aryl halides, and alkynes and diorganyldiselenides. 
They studied a series of cross-coupling reactions by 
employing various efficient nanocatalysts, bases, and solvents 
(Scheme 19). 

 

Scheme 19. CuO NPs-catalyzed various C-Se cross-couplings. 

 The number of reported articles on nanoparticle catalyzed 
C-S cross-coupling reactions is still fewer, so there is an 
urgent need to study the scope and limitations of these 
heterogeneous reactions. In 2009, Punniyamurthy et al. [50] 
highlighted an important aspect regarding the cross-coupling 
reactions between substituted thiols and aryl iodides having 3-
NO2, 4-NO2, 4-Br, 4-Me, 4-OMe, and 2,4-di-Me substituents 
(Scheme 20). This work revealed that the attachment of 
electron-withdrawing groups to aryl iodides made them more 
reactive rather than having electron-donating substituents 
which indicate that the reactions occurred via oxidative 
addition–reductive elimination process (Scheme 21). 

 In another work, the research group of Punniyamurthy 
reported an efficient C-S bond formation pathway through the 
cross-coupling reaction of aryl and alkyl thiols with 
iodobenzene in presence of CuO nanoparticles [51]. The 
reaction proceeded well at 80 oC in DMSO in the presence of 
KOH under a nitrogen atmosphere. Electron-donating groups 
on thiols were found to be more reactive than electron-
withdrawing groups. A higher extent of yield was obtained in 
the case of iodoarenes with electron withdrawing groups in 
the aromatic ring. 
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 An effective nano copper oxide catalyzed reaction of an 
aryl halide with thiophenol in presence of KOH as a base 
dimethylacetamide (DMAc) at room temperature under 
ligand-free conditions was reported by Babu and Karvembu 
[52] (Scheme 22). 

 The combination of nanotechnology and ionic liquids to 
perform an effective C-S cross-coupling reaction with CuO 
nanopowder as a catalyst in [bmmim] BF4 was reported by 
Braga et al. in 2011 [53]. The authors explored this efficient 
and ligand-free methodology to synthesize the organosulfides 
by cross-coupling reactions of aryl iodides with alkyl thiols 
under an ionic liquid medium (Scheme 23). 

Scheme 20. CuO nanoparticle-catalyzed C-S cross-coupling. 
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Scheme 21. Mechanism for CuO nanoparticle catalyzed C-Se cross 

coupling. 
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X= Br,Cl
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OMe

S

NO2
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99%
88%

Br

90%
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Scheme 22. CuO nanoparticle-catalyzedthiol-coupling with aryl 

iodides and bromides. 

Scheme 23. Ionic liquid-mediated CuO nanoparticle-catalyzed C-S 

cross-coupling. 

 
 Sengupta and Basu [54] prepared poly-ionic amberlite 
resins embedded with CuO NPs, which efficiently catalyze 
the C-S cross-coupling reaction under on-water and ligand-
free conditions. They performed the coupling reaction of 
haloarene and substituted thiol in water medium using 
different catalytic systems, and demonstrated the chemoselec-
tivity in the synthesis of bioactive heterocyclic scaffold 
phenothiazine (Scheme 24). 

Scheme 24. Supported CuO nanoparticle-catalyzed synthesis of 

phenothiazone via C-S cross-coupling. 

 The efficient and optimized protocol for solvent- and 
ligand-free C-S cross-coupling reactions by using copper 
oxide supported graphene oxide nanoparticles under mild 
conditions has been explored by Kamal and co-workers [55]. 
A variety of aryl chlorides with good functional group 
tolerance underwent cross-coupling successfully with various 
aliphatic as well as aromatic thiols in DMSO leading to 
excellent yields and good selectivity (Scheme 25).  

 

Scheme 25. Supported CuO NPs-catalyzed cross-coupling of 

chloroarenes with thiols. 

 In addition, the same research group also established the 

scope of activity of this catalyst for the reaction of thiourea 

with different aryl and heterocyclic halides in the presence of 

Cs2CO3 and DMSO. The reactions afforded 90% yield after 

18-20 hrs when heterocyclic halides are coupled smoothly and 

efficiently with thiourea (Scheme 26). 

Scheme 26. Supported CuO NPs-catalyzed C-S Cross-coupling of 

thiourea. 
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3. APPLICATION 

 Copper-catalyzed cross-coupling reactions are a very 
much effective path for the synthesis of carbon-chalcogen 
bonds. Copper catalysis has an important role in these cross-
coupling reactions. Copper-catalyzed C-S bond-forming 
reactions give various molecules that are used in bio-active, 
pharmaceutical fields of study. AZD4407 drug [19b] is used 
as an antiallergy agent, Penicillin V [56] is effective to reduce 
drug-resistant bacteria and Nelfinavir [57] possesses a 
function of treatinghuman immunodeficiency virus (HIV) 
infection (Scheme 27). 

Scheme 27. Different important organosulfides. 

 Se and Te containing compounds were also found to have 
interesting applications in semiconductors, magnets and NLO 
materials [58]. Recent developments of Se- and Te-based 
organocatalysts were also found to be effective in several 
functional group transformations under sustainable conditions 
for the synthesis of natural products and other biologically 
active molecules [59]. Organoselenides, less toxic than 
selenium, were found to have diverse applications in 
medicinal and biological fields by showing anticancer, anti-
HIV, and anti-bacterial activities [60]. Aryl and heteroaryl 
selenides are found to have a large array of applications 
against several human diseases and thus have been applied to 
the human body as a potential therapy against them [61, 62] 
(Scheme 28).  

Scheme 28. Different biologically important organoselenides. 

CONCLUSION 

 The recent study of the article reveals the advent of 
copper-catalyzed cross-coupling reactions in tremendous 
development in modern organic synthesis. The article 
demonstrated clean, inexpensive, sustainable, and greener 
catalytic techniques to obtain aryl-aryl, aryl-alkyl, aryl-
alkynyl, and aryl-heteroaryl organo-chalcogenides (S, Se, and 
Te) which are of high potential in the field of sustainable 
organic synthesis. Copper catalyst has proven its superiority 
in terms of ready availability, efficiency, and excellent 
functional group tolerance. The heterogeneous catalytic 
systems represent not only a greener approach but also retain 
their activity to complete the catalytic cycles significantly. 
The copper nanoparticle was also successfully applied in 
carbon-chalcogenide cross-coupling reactions. A deeper 
knowledge of the synthesis of carbon-chalcogenides allows a 
better understanding of the role of these compounds in 
different reaction protocols and it is important from a 
biomedical point of view since these types of compounds 
show relevant biological properties such as antitumor, 
antioxidant, antiviral, antimicrobial and neuroprotective 
effects. In conclusion, we believe that these results and 
knowledge about the carbon-chalcogenide cross-coupling 
chemistry will attract researchers to further research in the 
field of catalysis and organic synthesis. 
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