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Abstract: The advancements in cross-coupling chemistry are a 
considerably powerful tool for the synthesis of pharmaceutical 
molecules. The formation of catalytic carbon-heteroatom (C-X) 
and carbon-carbon (C-C) bonds is one of the important reactions in 
organic synthesis, which plays a key role in the synthesis of 
biologically active molecules, natural products, heterocycles, and 
useful compounds. Recently, there has been a significant increase 
in the development and advancement of environmentally friendly 
catalysts that serve as a suitable alternative to conventional metal-
based catalysts. On the other hand, N-heterocyclic carbenes 
(NHCs)-metal-based catalysts became suitable for performing a 
wide range of chemical transformations due to their unique spatial 
and electronic properties. The NHCs have received much attention 
as ligands due to their important properties. The present review 
aimed to discuss the recent advances in the application of NHCs in 
cross-coupling chemistry in the last six years. The present study 
focused on the catalytic application of NHCs in various cross-
coupling reactions, such as Suzuki, Heck, Sonogashira, Hiyama, 
Kumada, Buchwald–Hartwig, Ullmann, and Chan. Moreover, 
some cross-coupling reactions by selective C-X cleavage catalyzed by NHCs with high catalytic activity were discussed. In addition, several 
chiral NHCs capable of catalyzing asymmetric cross-coupling reactions were reported. Finally, numerous green protocols for cross-coupling 
reactions catalyzed by functional and biocompatible NHCs under mild conditions were investigated. These protocols had advantages such 
as high-yield products, short time, cost-effectiveness, and high catalytic activity.  
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1. Introduction  
During the last few decades, N-heterocyclic carbenes (NHCs) 
have been used as a new class of ligands with unique and 
multifunctional properties in transition metal catalysis.1-4 The 
advantages of these ligands include high stability in air and 
moisture and strong sigma electron-donating properties, 
which makes it possible to establish strong NHC-metal bonds 
with several transition metals. The transition metals chelated 
with NHCs have been used in various types of homogeneous 
and heterogenous catalytic reactions, such as carbon-carbon 
coupling and carbon-heteroatom bond formation.5-12 
Transition metals chelated with NHCs contain ligands and 
expensive heavy metals. The heterogeneous metal-NHCs 
compounds are very popular in preventing product 
contamination with heavy metals and allowing reuse. The 
NHCs have received much attention due to their unique 
properties, such as high  activity  and  low toxicity.13-17 Some  
 

studies indicated that supported NHCs catalysts in organic 
reactions carried out in a homogeneous system may have 
similar or higher selectivity and catalytic activity than that of 
the original homogeneous catalytic system. Due to the 
adjustable electronic effects and strong donating capabilities 
of NHCs, they have become the best ligands in organometallic 
chemistry. Moreover, NHCs are suitable precursors for 
catalysis in aqueous reactions because their transition metal 
compounds are usually resistant to air, moisture, and heat.18-21 
The need for innovative carbon-carbon bond-forming 
reactions as an ongoing process is an important issue in 
organic chemistry. The developed methods have to include the 
following principles: (1) The raw materials should be 
available, (2) the catalysts should be non-toxic, (3) the 
reactants should be non-toxic, and (4) the reaction conditions 
should be mild.22-27 The development of these ideal methods 
has always been discussed and challenged. The C-C coupling  
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reactions, such as Suzuki, Hiyama, Sonogashira, Mizoroki-
Heck, played a key role in a robust synthetic protocol for the  
production of new heterocycles, biologically active 
molecules, natural products, nanostructures, etc.28-36  
The purpose of the present investigation is to highlight and 
focus on the recent advances in NHC-catalyzed cross-
coupling reactions and related green processes reported in the 
last six years. 
  
2. Applications of NHC complexes in cross-coupling 
reactions 
C-C cross-coupling reactions 
      Suzuki coupling reactions. In 2021, Akkoç and co-
workers effectively prepared Magnetite@MCM-
41@NHC@Pd catalyst. Subsequently, they investigated the 
catalytic activity of the Magnetite@MCM-41@NHC@Pd in 
the Suzuki coupling reactions. The coupling reaction products 
provided excellent efficiencies and up to 408404 (TOF). h-1 in 
the presence of 2 mg of catalyst in 2-propanol/H2O (1:2) as 
solvent at room temperature (Scheme 1).37 
 

 
Scheme 1. Suzuki coupling using Magnetite@MCM-41@NHC@Pd 

 
In 2020, Kandathil et al., employed a novel and efficient N-
heterocyclic carbene (NHC)-palladium (II) complex 
immobilized on graphene oxide for the Suzuki coupling of 
aryl halides and phenylboronic acids in EtOH:H2O (1:1) at 
room temperature. NHC-Pd@GO heterogeneous catalyst 
showed good catalytic activity for the Suzuki cross-coupling 
reaction. Some of the important advantages of this catalyst are 
its compatibility with the environment, the ability  to applied 
the recycled catalyst without significant loss of catalytic 
activity in Suzuki-Miyaura cross-coupling reactions, and its 
simple design (Scheme 2).38 
 

 
Scheme 2. Suzuki coupling using NHC-Pd@GO 
 
Antony et al., reported the preparation of the hexagonal boron 
nitride supported N-heterocyclic carbene-palladium(II) 
complex (h-BN@NHC-Pd)  for the first time. Then, the 
catalytic activity of heterogeneous catalyst was investigated in 
Suzuki cross-coupling reactions between aryl boronic acids 
and aryl halides, at room temperature in aqueous medium. The 
h-BN@NHC-Pd heterogeneous catalyst shows significant 
advantages such as high stability without leaching, excellent 
yield of products, short reaction time, and heterogeneous 
nature. The recyclability of this catalyst shows its application 
in commercial-scale production (Scheme 3).39 
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Scheme 3. Suzuki coupling using h-BN@NHC-Pd 
 
Chahkamali et al., described the synthesis of new water-
dispersible Pd–N-heterocyclic carbene complex immobilized 
on magnetic nanoparticles (γ-Fe2O3-Pd-NHC-n-butyl-
SO3Na).  The possibility of carrying out the reaction in water 
as a green environment, and the absence of any auxiliary 
additives or solvents, have made this method an 
environmentally friendly protocol for biaryl synthesis 
(Scheme 4).40 
 

 
Scheme 4. Suzuki coupling using γ-Fe2O3-Pd-NHC-n-butyl-SO3Na 
 
N-heterocyclic-carbene based polymers with plentiful active 
sites was employed by Li et al., compared to small molecular 
catalysts, (Pd-PPc-4) as a heterogeneous catalyst showed 
higher catalytic activity under milder reaction conditions. 
Besides, exceptionally high recyclability was demonstrated, 
benefiting from the strong coordination bond between the 
metal and the polycarbonate. The Suzuki-Miyaura cross-
coupling reactions was carried out with high efficiency 
between aryl halides and phenyl boronic acid reaction in the 
presence of Pd-PPc-4 heterogeneous catalyst and K2CO3 as 
base in DMF:H2O (1:1) as the reaction medium under N2 gas 
(Scheme 5).41 

 
Scheme 5. Suzuki coupling using Pd-PPc-4 
 
Four new Carb-NHC-Pd complexes 6a-d were prepared by 
Xie et al., their catalytic activities for Suzuki–Miyaura 
reaction were considered. The Carb-NHC-Pd complex 
behaves as a general surfactant, forming a temporary oil-in-
water contact interface and promoting the Suzuki-Miyaura 
reaction. Complex 6d showed the highest catalytic reaction 
among the other four complexes. The key to the success of the 
aqueous Suzuki-Miyaura reaction was the development and 
application of 6d complex surfactants with highly 
hydrophobic alkyl chains (Scheme 6).42 
 

 
Scheme 6. Suzuki coupling using Carb-NHC-Pd complex 
 
Pd-PEPPSI-NHC complexes 7a-e were designed in good 
yields by  Boubakri et al., the catalytic activities of complexes 
7a-e in the Suzuki-Miyaura cross-coupling reactions were 
investigated. The reaction was carried out in DMF:H2O (1:1) 
mixtures using aryl bromides, chlorides, phenylboronic acid, 
and K2CO3 as base at 80 °C (Scheme 7).43   
Sedghi et al., described the synthesis of multi-walled carbon 
nanotubes@chitosan N-heterocyclic carbene-palladium. The 
m-f-MWCNTs@chitosan-NHC-Pd catalyst showed high 
catalytic activity in the Suzuki-Miyaura reactions of aryl 
chlorides in aqueous media. In addition, this catalyst can be 
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Scheme 7. Suzuki coupling using Pd-PEPPSI-NHC complexes 
 
easily recycled by an external magnetic field. High TOF and 
TON show their usefulness in other reactions related to                   
m-f-MWCNTs@chitosan-NHC-Pd catalysts. The Suzuki-
Miyaura cross-coupling reactions was carried out in the 
presence of potassium carbonate as base and EtOH/H2O (1:1) 
solvent system with high yields (Scheme 8).44 
 

 
Scheme 8. Suzuki coupling using M-f-MWCNTs@chitosan-NHC-Pd 
 
The study by You and co-workers in 2023 was the first ever 
report on N-heterocyclic carbene-Palladium Functionalized 
Coordination Polymer (Pd-NHC@Eu-BCI) catalysts in 
Suzuki cross-coupling reactions. The catalytic activity of Pd-
NHC@Eu-BCI was investigated for the Suzuki-Miyaura 
cross-coupling reactions. This catalyst maintained its catalytic 
activity and initial structure after five cycles. The reaction was 
carried out in the presence of K2CO3 as base in ethanol with 
high yields (Scheme 9).45 
 

 
Scheme 9. Suzuki coupling using Pd-NHC@Eu-BCI 
 

Kale et al., reported the preparation of the ferrocene tethered 
N-heterocyclic carbene-Pd complex anchored on cellulose 
(CelFemImiNHC@Pd complex) as efficient heterogeneous 
catalyst for the Suzuki-Miyaura coupling. Good efficiency 
catalyst with a high yield of products, large-scale synthesis, 
high TON and TOF, and easy recycling of this catalyst are 
among the significant features of the reported method 
(Scheme 10).46 
 

 
Scheme 10. Suzuki coupling using CelFemImiNHC@Pd complex 
 
Heck coupling reactions. A simplistic multistep method for 
fabrication of magnetic nanoparticles tethered mesoionic 
carbene palladium (II) complex and their application in the 
Heck coupling reaction was introduced by Kempasiddhaiah et 
al. The MNPs-MIC-Pd heterogeneous catalyst showed 
excellent catalytic activity toward the Heck reaction. Ease of 
recovery, environment comparability, and cost-effectiveness 
are among the main advantages of nanomagnetic catalysts. In 
addition, the recovered MNPs-MIC-Pd nanomagnetic catalyst 
can be used at least five times in the Heck reaction. The 
reaction was performed well in the presence of sodium 
carbonate base in the EtOH:H2O (1:1) solvent system at room 
temperature (Scheme 11).47 

 
Scheme 11. Heck coupling reaction using MNPs-MIC-Pd 
 
Borah group showed that Pd-PEPPSI NHCs is air and 
moisture-stable complexes. They were applied the PEPPSI-
Pd-NHC complex, for the first time, for Heck reactions in an 
aqueous medium. The reaction yields reported from good to 
excellent (Scheme 12).48 

77 



  
Organic Chemistry Research   Review  

 

Org. Chem. Res. 2022, 8, 74-88   

 
Scheme 12. Heck coupling reaction using Pd-PEPPSI nanoparticles 
 
Recently, Erdemir et al., presented six new Pd-based 
complexes containing a mixture of N-heterocyclic carbene 
(NHC) and triphenylphosphine (PPh3) ligands synthesized 
from the reaction of PPh3 with (NHC)PdI2(pyridine). The 
produced (NHC)PdI2(PPh3) complexes was used for the Heck 
coupling reaction from the reaction of styrene and aryl 
bromides in the presence of ligands 13a-f and KOAc as a base 
in DMF/(CH3)2CHOH (1/2) at 80 °C. The  authors  achieved  
between  80  and  100%  catalytic conversion of the complexes 
from the reaction of styrene and aryl bromides (Scheme 13).49 
 

 
Scheme 13. Heck coupling reaction using (NHC)PdI2(PPh3) complexes 
 
In 2020, Karataş et al., reported the synthesis of four novel 
imidazole-based palladium N-heterocyclic carbene complexes 
14a-d. The catalytic activity of these complexes was 
investigated for Heck reactions. The authors believe that 
complex 14d showed the best catalytic activity for the Heck 
reaction. The reaction was carried out in the presence of 
potassium hydroxide and H2O-iPrOH at 80 °C (Scheme 14).50 

 
Scheme 14. Heck coupling reaction using imidazole-based palladium N-
heterocyclic carbene complexes 

Zhang et al., reported the synthesis study of a new 
functionalized fiber with bis (N-heterocyclic carbene) 
structure made using polyacrylonitrile fiber (PANF). This 
functionalized fiber was used for the effective catalysis of the 
Heck reaction with high catalytic activity. The Heck reaction 
was carried out from the reaction between aryl halides and 
alkenes in the presence of NEt3 as a base and PANbis(NHC)-PdF 
catalyst (Scheme 15).51 
 

 
Scheme 15. Heck coupling reaction using PANbis(NHC)-PdF 
 
Nirmala et al., synthesized a new homoleptic nickel(II) bis-
carbene complex. This complex 16 showed excellent catalytic 
activities with only 3% catalyst loading for Heck reactions. 
The reaction was carried out in the presence of K2CO3 as a 
base in DMF at 100 °C (Scheme 16).52 
 

 
Scheme 16. Heck coupling reaction using nickel(II) bis-carbene complex 
 
      Sonogashira coupling reactions. In 2018, Dehimat et al., 
presented complexes 17a-f as the catalysts for the Sonogashira 
reaction in aerobic and copper-free conditions. Sonogashira 
reaction between phenylacetylene and aryl bromides was 
carried out in DMF solvent. Low catalyst loading and high 
catalytic activity in the Sonogashira reaction are among the 
advantages of these catalysts (Scheme 17).31 
In 2019, Khajehzadeh et al., introduced complex 18 (poly(N-
heterocyclic carbene Cu complex) immobilized on nano-
silica). The catalytic activity of this new catalyst was studied 
in the Sonogashira cross-coupling reactions. The (CuII- 
NHCs)n@nSiO2 heterogeneous catalyst showed advantages 
such as high reusability, good to excellent yield, short reaction 
time, and easy isolation (Scheme 18).53 
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Scheme 17. Sonogashira reaction using Pd-NHC 
 

 
Scheme 18. Sonogashira reaction using (CuII–NHCs)n@nSiO2 

 

Touj et al., presented complexes 19a-h. These complexes 
were used for Sonogashira cross-coupling reactions between 
phenylacetylene and aryl bromides in DMF at 80 °C. 
Palladium complexes showed high catalytic activity. The high 
stability of catalysts and low catalyst loading were among the 
other advantages of this method (Scheme 19).54 
Niknam et al., introduced Immobilized Pd on a NHC-
functionalized metal-organic frameworkMIL-101(Cr) catalyst 
for Cu-free Sonogashira reaction. The reaction was carried out 
in the presence of MIL-101(Cr)-NHC as a catalyst and K2CO3 
as a base in DMF as solvent at 110 0C with high efficiency 55 
(Scheme 20). 
Hajipour et al., synthesized cobalt-NHC (N-Heterocyclic 
carbene) complex 21. It was found that the synthesized 
catalyst is efficient in this field. Sonogashira coupling showed 
high activity and recyclability in polyethylene glycol (PEG) 
as a green reaction medium. The reaction was carried out in 
PEG and the presence of K2CO3 as base using 21 as catalyst 
at 100 °C  (Scheme 21).56 

 
Scheme 19. Sonogashira reaction using NHC-Pd-PPh3 

 

 
Scheme 20. Sonogashira reaction using MIL-101(Cr)-NHC 
 

 
Scheme 21. Sonogashira reaction using Cobalt-NHC (N-Heterocyclic 
carbene) complex 
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      Hiyama coupling reactions. Kandathil et al., reported the 
catalytic efficiency of complex 2 (N-heterocyclic carbene 
(NHC)-palladium(II) complex) for the Hiyama coupling 
reactions. Complex 2 efficiently catalyzed Hiyama coupling 
reactions. The high yield of products, low-cost reagents, 
greener reaction conditions, and high recyclability of catalyst 
2 have turned it into an environmentally friendly catalyst 
system. The Hayama coupling reaction was performed from 
the reaction between aryl halides and trimethoxyphenylsilane 
in the presence of K2CO3 as a base in ethylene glycol as a 
green medium at 90 °C (Scheme 22).57 
 

 
Scheme 22. Hiyama coupling using N-heterocyclic carbene (NHC)-
palladium(II) complex 
 
Nuri et al., designed a highly efficient and recoverable 
magnetic SBA-15 functionalized with a NHC-Pd(II) catalyst. 
This catalyst was successfully used for the reaction of 
triethoxyphenylsilane and aryl halides (Scheme 23).58 
 

 
Scheme 23. Hiyama coupling using NHC-Pd 
 
Wang et al., prepared complex 23. These complexes act as 
catalysts for the coupling of aryl chlorides with 
phenyltrimethoxysilane to produce biaryl products. It has been 
reported that these complexes have shown good catalytic 
activity and resilience to different chemical functions  
(Scheme 24).59 

 
Scheme 24. Hiyama coupling using NHC-Pd 
 
Antony et al., designed an efficient, effective, and 
heterogeneous magnetic catalyst. The synthesized catalyst 24 
was investigated for its catalytic ability in a fluoride-free 
Hiyama cross-coupling reaction, and it was recycled for up to 
six cycles without significant loss of activity (Scheme 25).60 
 

 
Scheme 25. Hiyama coupling using MNP-h-BN@NHC-Pd 
 
      Kumada coupling reactions. Piontek et al., reported the 
first cobalt-catalyzed cross-coupling of aryl tosylates with 
alkyl and aryl Grignard reagents. This reaction was carried out 
through highly selective C-O bond activation, which produced 
the corresponding products in high yield (Scheme 26).61 
Matsubara et al., showed that highly active nickel (I) 
complexes 26 play an effective role in the catalytic cycle of 
the Kumada cross-coupling reaction of aryl halides. Komada 
reaction of aryl halides was carried out by nickel complexes 
in the presence of THF at ambient temperature (Scheme 27).62 
Zhang et al., synthesized three nickel complexes. The 
catalytic ability of three nickel complexes was tested in the 
Kumada coupling reaction. Complex 27 showed the best 
catalytic activity. The coupling of aryl chlorides with 
Grignard reagents showed good yields with only 0.5% of 
complex 27  (Scheme 28).63 
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Scheme 26. Kumada coupling reactions 

 

 
Scheme 27. Kumada coupling reactions using nickel (I) complexes 
 

 
Scheme 28. Kumada coupling reactions using nickel complexes 
 
C-X cross-coupling reactions 
      Buchwald-Hartwig coupling reactions. Lan et al., 
introduced complexes 28a-f as excellent pre-catalysts for 
Hartwig amination of aryl chlorides with the existing amines 
in the air. They indicated that the coupling products are 
obtained in excellent yield in the presence of 0.5-0.1 mol% 
loading of palladium. The evaluation of the pre-catalysts 
confirmed that the flexible steric bulky and strong σ-donating 
nature are necessary to secure high catalytic activity                
(Scheme 29).64 

 
Scheme 29. Buchwald–Hartwig coupling reactions using NHC-Pd 
 
Hsu et al., investigated complexes 29a-e for the Buchwald 
reaction. These complexes showed good catalytic activities 
for the Buchwald-Hartwig reaction of aryl chlorides to prepare 
arylated anilines under mild conditions. All reactions were 
performed in the air and desired coupling products were 
obtained in moderate to high yields under optimal conditions 
(Scheme 30).65 
 

 
Scheme 30. Buchwald–Hartwig coupling reactions using NHC-Pd 
 
Liu et al., presented the easy synthesis of pre-catalysts 30a-e. 
These synthesized pre-catalysts showed excellent catalytic 
activity in classical Buchwald-Hartwig reactions, especially 
when Ipr (30b) is used as an auxiliary ligand (Scheme 31).66 

 
Scheme 31. Buchwald–Hartwig coupling reactions using NHC-Pd 
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Yang introduced complexes 31a-h These complexes showed 
good catalytic activities in Buchwald-Hartwig amination for 
aryl chlorides (Scheme 32).67 
 

 
Scheme 32. Buchwald–Hartwig coupling reactions using NHC-Pd 
 
Kim et al., investigated a synergistic effect of N-heterocyclic 
carbene and phosphorus ligands in palladium-catalyzed 
Buchwald-Hartwig amination reactions. They argued that 
catalyst 32 is a highly efficient pre-catalyst for coupling 
primary or secondary amines with aryl chlorides in high yield 
under mild reaction conditions (Scheme 33).68 
 

 
Scheme 33. Buchwald–Hartwig coupling reactions using NHC-Pd 
 
      Ullmann-type reaction. In 2016, Wu et al., introduced 
simple N-heterocyclic compound 33 as a very efficient ligand 
in the Ullmann coupling reaction. The resulting products 
included ethers and thioethers. They stated that the ligand 
precursors are low-cost and readily available, and the process 
is simple to implement. They are also more economical and 
less toxic alternatives to heavy metal-based catalysts for 
Ullmann-type cross-coupling reactions (Scheme 34).69 

 
Scheme 34. Ullmann-type reaction using CuI and ligand 33 

Paul et al., presented a simple and green method for the 
selective N-arylation of 3-aminophenols with a good substrate 
range and efficiency (60-88%). They believed that the 
presence of chelating group (OH) on 34 (IHPHCl (1,3-bis-[2-
hydroxyphenyl] imidazolium chloride)) increases N-
selectivity 70 (Scheme 35). 
 

 
Scheme 35. Ullmann-type reaction using CuI and ligand 34 
 
Imanpour et al., studied highly active and stable N-
Heterocyclic Carbene 35 for O-arylation and N-arylation 
reactions in water. They noted that when the ionic liquid was 
attached to the graphene surface, thermal stability increased. 
The cu catalyst was active in the O-arylation of phenols with 
aryl halides and the O-arylation of azoles with aryl halides in 
water as the reaction medium. They reported a high yield of 
products with this catalytic system (Scheme 36).71 
 

 
Scheme 36. Ullmann-type reaction using Cu-NHC/GO 
 
      Chan–Lam coupling reaction. Cope et al., synthesized 
complex 36. They investigated this complex for the Chan 
coupling reaction. The simple synthesis of this framework and 
the use of cheap metals in this system make copper (II) 
complex 36 significantly applicable as a catalyst for cross-
coupling reactions (Scheme 37).72 
Guo et al., developed an efficient protocol for Chan-Evans-
Lam reactions involving aryl boronic acids and azole and 
amine derivatives based on a series of N-heterocyclic 
complexes 37 as pre-catalysts. They also investigated the 
relationship between the structure of the catalyst and the 
catalytic properties. The results showed that modification of 
the N-heterocyclic carbene backbone with the acenaphthyl 
group can have a significant beneficial effect on placenta 
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efficiency. The advantages of this protocol include mild 
reaction conditions of non-toxic solvent and oxidation by air, 
such as low catalyst loading (0.1-1 mol%) (Scheme 38).73 
 

 
Scheme 37. Chan coupling using copper (II) complex 
 

 
Scheme 38. Chan coupling using Cu-NHC 
 
Cross-coupling reactions by selective C-X cleavage 
Zhang et al., introduced the new N-heterocyclic carbene 38 
This N-heterocyclic carbene had high reactivity for C−N 
cleavage and C−C cross-coupling reaction. They noted that an 
ortho-directing group is not required to break the C-N bond of 
sulfonyl-protected anilines, which is not limited to π-
expanded anilines, and sulfamidomagnesium salt is the main 
coupling agent (Scheme 39).74 
 

 
Scheme 39. Cross-coupling reactions by selective C-N cleavage 
 
Zhou et al., investigated Pd(II)-NHC pre-catalysts for Suzuki, 
and Buchwald-Hartwig cross-coupling by selective N–C or 
O–C cleavage. These pre-catalysts are air-stable and readily 
available. The study showed that [Pd(NHC)(acac)Cl] should 
be routinely included during the development of new coupling 

methods because these pre-catalysts are highly active and 
easier to synthesize (Scheme 40).75 
 

Scheme 40. Buchwald-Hartwig cross-coupling by selective N–C or O–C 
cleavage 
 
Rahman et al., reported a highly selective method for Suzuki-
Miyaura cross-coupling of N-acylphthalimides through N-
C(O) acyl cleavage catalyzed by Pd-NHC pre-catalysts. They 
stated that pre-catalysts supported by a sterically demanding 
IPr (1,3-Bis-(2,6-diisopropylphenyl)imidazol-2-ylidene) sub-
ligand, provide high yields in this reaction (Scheme 41).76 
 

 
Scheme 41. Suzuki-Miyaura cross-coupling of N-acylphthalimides through 
N-C(O) acyl cleavage 
 
Shi et al., reported direct and highly chemically selective 
Suzuki-Miyaura cross-coupling of trifluoromethane 
sulfonamides by N-C(O) selective amide bond cleavage. They 
believe that mechanistic studies support spin inversion, 
electronic activation, and selective insertion under mild 
conditions. They suggest that triflamides should routinely be 
considered as precursors in amide bond cross-coupling 
(Scheme 42).77 
 

 
Scheme 42. Suzuki-Miyaura cross-coupling by N-C(O) selective amide bond 
cleavage 
 
Zhang et al., studied a nickel-catalyzed Kumada coupling of 
aniline derivatives with selective cleavage of aryl C-N                  
bonds under mild reaction conditions. They noted that the 
Boc-protected aromatic amines coupling with  aryl  Grignard 
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reagents results in asymmetric biaryls without pre-installation 
of an ortho-directing group on the anilines (Scheme 43).78 
 

 
Scheme 43. Kumada coupling with selective cleavage of aryl C-N bonds 
 
Asymmetric cross-coupling reactions 
Haraguchi et al., prepared chiral 40 pre-catalyst and used it  in 
the asymmetric Suzuki-Miyaura cross-coupling reaction. 
They examined the electronic and spatial nature of this 
complex and demonstrated its powerful ability to donate 
electrons and its high spatial volume. The complex with such 
unique properties exhibited a very high catalytic activity of 
TON= 420 for the asymmetric Suzuki-Miyaura cross-
coupling. The coupling product had good enantioselectivity 
(75% ee) (Scheme 44).79 

 
Scheme 44. The asymmetric Suzuki-Miyaura cross-coupling reaction 
 
Zhang's group synthesized a series of complexes 41 and 
investigated their use in asymmetric Suzuki couplings of aryl 
halide and aryl boronic acid. They believed in the existence of 
a linear correlation between the dihedral angle in these 
palladium complexes and reported selectivity of cross-
coupling (Scheme 45).80 

 
Scheme 45. The asymmetric Suzuki couplings 

Zhang's group investigated the asymmetric Suzuki-Miyaura 
cross-coupling reactions. They noted that the 
enantioselectivity of biaryl products has been greatly 
improved (up to 74% ee). According to the results for this type 
of palladium catalyst, the structural features of chiral scaffolds 
play a decisive role in the enantioselectivity of cross-coupling 
reactions (Scheme 46).81 
 

 
Scheme 46. The asymmetric Suzuki-Miyaura cross-coupling reactions 
 
Shen's group studied highly enantioselective Suzuki-Miyaura 
cross-coupling reactions. They reported that this protocol 
provided general and efficient access to various atropisomeric 
biaryls and heterobiaryls in excellent enantioselectivity (up to 
99% ee) without the need to use bulky ortho-substituted 
substrates and it was useful to synthesize tetra-ortho- 
substituted biaryls (Scheme 47).82 
 

 
Scheme 47. Enantioselective Suzuki-Miyaura cross-coupling reactions 
 
Green protocols for cross-coupling reactions 
Khandaka et al., used an environmentally friendly 
heterogeneous catalyst 43 for the cross-coupling of alcohols 
and chloroarenes. They reported that the synthesized catalyst 
is efficient for C-O cross-coupling reactions and can be easily 
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separated from the reaction medium by an external magnet. 
The novel dual separation strategy with negligible palladium 
leaching from complex 43 makes it an environmentally 
friendly and economical catalyst in terms of activity and 
recyclability (Scheme 48).83 
 

Scheme 48. An environmentally friendly heterogeneous catalyst 43 for the 
cross-coupling 
 
Lei et al., developed an effective, practical, and 
environmentally friendly protocol for Suzuki-Miyaura 
coupling. They evaluated a range of environmentally friendly 
solvents in Suzuki-Miyaura coupling of amides in an attempt 
to provide the first solvent selection guide for potent C-C 
coupling by amide bond cleavage. They considered 14 
solvents and 10 Pd-catalysts and introduced i-PrOAc as a 
recommended and environmentally friendly solvent for 
coupling (Scheme 49).84 
 

 
Scheme 49. Practical, and environmentally friendly protocol for Suzuki-
Miyaura coupling 
 
Dong et al., developed a new approach to Suzuki reaction in 
an environmentally friendly and green process by using 44 as 
an efficient catalyst. They used environmentally friendly 
catalysts effectively in the Suzuki reaction in ethanol aqueous 
solution (Scheme 50).85 
Dong et al., showed an environmentally friendly and suitable 
method for Suzuki cross-coupling reaction. They designed 
and prepared the environmentally friendly catalyst 45. The 
resulting catalyst showed excellent catalytic activity towards 
the Suzuki cross-coupling reaction for the synthesis of the 
corresponding biaryls in good to excellent yields (up to 96%) 
under aerobic conditions. This catalyst can be easily recovered 
through magnetic separation in several cycles. The 
synthesized palladium  complex  showed  advantages such as 

 
Scheme 50. New approach to Suzuki reaction in an environmentally friendly 
and green process 
 
low toxicity, high thermal stability, and insensitivity to 
oxygen in coupling reactions (Scheme 51).86 
 

Scheme 51. An environmentally friendly and suitable method for Suzuki 
cross-coupling reaction 
 
Kandathil et al., described a green and environmentally 
friendly method for Suzuki-Miyaura cross-coupling using 
catalysis 46. They used synthesized Pd nanomagnetic 
catalysts with air and moisture stability in C-C bond formation 
through Suzuki-Miyaura cross-coupling reactions. The major 
advantages of the proposed method include the use of a green 
environment, environmental compatibility, efficient 
preparation which leads to high yields of products. Besides, 
the nanomagnetic Pd-catalyst was easily separated from the 
reaction mixture with the help of an external magnetic field 
and performed well for five consecutive cycles in the Suzuki-
Miyaura cross-coupling without significant loss of catalytic 
activity  (Scheme 52).87 
 

Scheme 52. A green and environmentally friendly method for Suzuki-
Miyaura cross-coupling 
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Rafiee et al., reported a green approach for C–C Coupling at 
60 °C using 47 as an efficient catalyst in ethanol solvent. The 
synthesized catalyst was a separable and highly active 
magnetic catalyst for the Suzuki coupling reactions of various 
aryl halides with substituted phenylboronic acids. The desired 
products were obtained with excellent yields in short reaction 
times (Scheme 53).88 
 

47

Fe3O4@SiO2@VB1-Pd

X

Br

Y

B(OH)2+
47

EtOH
60 0C, Na2CO3

X Y

Scheme 53. Green approach for C–C Coupling 
 
Conclusion and future scope 
Considering the importance of cross-coupling reaction 
chemistry in the synthesis of pharmaceutical molecules, the 
present review investigated the performance of NHC 
complexes as efficient catalysts with high activity and 
selectivity in various types of cross-coupling reactions. 
Various types of carbon-carbon and carbon-heteroatom cross-
couplings, catalyzed by NHCs reactions efficiently, were 
reviewed. Moreover, the catalytic performance of NHCs in 
some cross-coupling reactions of selective C-X cleavage, 
asymmetric cross-couplings by chiral NHCs, and green 
methods catalyzed by NHCs for cross-coupling reactions was 
also covered. According to the literature review, it was 
observed that NHCs had high catalytic activity, selectivity, 
stability against moisture and air, as well as low toxicity. 
Products with high yields were obtained economically in a 
short time under green and environment-friendly conditions. 
We hope that this review will attract interest from researchers 
and encourage further research on the application of NHCs in 
key cross-coupling reactions. 
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