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Abstract 

The Suzuki coupling reaction, which refers to the cross coupling of halogenated 
benzenes with phenylboronic acids under mild conditions via the action of palladium 
catalysts to generate new C-C bonds, occupies a more privileged position because of its 
versatility, compatibility and significant contribution to several disciplines, including 
materials science and pharmaceutical synthesis. With the demand of sustainable and 
green chemical development, the expectations of the Suzuki reaction are no longer 
satisfied in the original system, which needs to be further optimized and improved. In 
this review, we summarize a series of recent studies on the Suzuki reaction in terms of 
improving catalysts, catalytic reaction conditions, improving the available performances 
and reducing costs. 
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1. Introduction 

 

Figure 1. The Suzuki reaction formula 

 

 

Figure 2. Mechanism of Suzuki reaction 

 

The traditional Suzuki coupling reaction and catalytic mechanism are shown in Fig 1 and Fig 2. In 

1981, Suzuki et al. [1] reported for the first time that the coupling reaction of p-methylphenylboric 

acid and o-bromophenylcyanogen was heated and catalyzed under alkaline conditions with p-
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methylphenylboric acid and o-bromophenylcyanogen as raw materials, toluene as solvent and Pd 

(PPh3)4 as catalyst to form biphenyl C-C bond in one step. It has obvious advantages: mild reaction 

conditions and high yield, it can reach 88%, and can be carried out in aqueous phase, etc. However, 

with the increasing demand in recent years and the gradual improvement of industrial requirements, 

problems also arise, such as the high price of precious metal palladium, low reaction activity of o-

chlorobenzonitrile, low reaction yield, difficult removal of phosphine residue, palladium catalyst is a 

homogeneous catalyst, which is consumed in the reaction and cannot be recycled, etc. 

2. Improvement of Catalyst 

2.1 Adjustment of Catalyst Type 

In 1995, Herrman et al. [2] reported that(i-Bu)3P/Pd(OAc)2 was used to catalyze the coupling of p-

methylphenylboric acid and o-chlorophenylcyanogen. The reaction was carried out in N, n-

diethylacetamide, and a high yield was obtained. However, the synthesis of phosphine ligand was 

difficult, the price was expensive, the environment was polluted, and the high boiling point solvent 

was used in the reaction, so the product was difficult to purify [3]. In 2000, littki et al. Realized the 

efficient coupling reaction between arylboric acid and aryl halide with[Pd2(dba)3]/P(t-Bu)3 as 

catalyst. At room temperature, o-chlorobenzonitrile and p-methylphenylboric acid can react to form 

biphenyl C-C bond structure in more than 95% yield. Later, a series of phosphine ligands or phosphine 

containing palladium complexes with large steric hindrance were designed and synthesized and 

successfully applied to the Suzuki coupling reaction of o-chlorobenzonitrile. In 2001, Dupuis et al. 

Found that with water-soluble Pd (0) / TPPTS as catalyst, diisopropylamine as acid binding agent and 

CH3CN / H2O as reaction medium, o-bromobenzonitrile and p-methylphenylboric acid could 

undergo Suzuki coupling reaction to obtain biphenyl in 92% yield. Since then, a variety of water-

soluble ligands and palladium complexes have been synthesized, successfully realizing the synthesis 

of biphenyl in water. In 2002, grasa et al. Found that palladium / Imidazole salt was an efficient 

catalyst for Suzuki coupling reaction. Under their catalysis, biphenyl was synthesized in high yield 

by Suzuki coupling reaction between o-chlorobenzonitrile and p-methylphenylboric acid with 

Cs2CO3 as acid binding agent and dioxane as reaction solvent. Later, Alonso et al. Found that the 

cyclooxime palladium complex can effectively and efficiently promote the Suzuki coupling reaction 

between o-chlorobenzonitrile and p-methylphenylboric acid. In 2003, baleizao et al. Supported oxime 

based cyclic palladium ligands on inorganic substances or polymers, and successfully realized the 

synthesis of biphenyl in water. The results show that the activity of catalytic system varies greatly 

with different supports, and the yields of products and by-products are different. When the reaction 

time is 48h. The yield of the target product was high (99%). In 2005, Liu et al. [4] found that 

brominated aromatics can react with arylboric acid to produce biphenyl compounds with high yield 

at low temperature with PEG-2000 / H2O as reaction solvent, Pd (OAc)2 as catalyst and Na2CO3 as 

acid binding agent. In 2006, guram et al. Successfully realized the Suzuki coupling reaction of o-

chlorobenzonitrile by using a new stable palladium complex as catalyst, K3PO4 as acid binding agent 

and toluene and water as reaction solvent. With Pd(dba)2 as catalyst and R-phos as ligand, Hoshi et 

al successfully realized the Suzuki coupling reaction of sterically hindered chlorinated aromatic 

hydrocarbons in large system. In this catalytic system, biphenyl can obtain high yield (97%) in a short 

time (10 min). In 2007, Han et al. [5] found that with PEG-400 as solvent, PdCl2 as catalyst and 

K2CO3 as acid binding agent, various chlorinated aromatics can react with arylboric acid at room 

temperature to produce biphenyl compounds with high yield. In 2013, Pandarus et al. Used silia cat 

DPP/Pd as catalyst to study the synthesis conditions of large-scale preparation of biphenyl from o-

chlorobenzonitrile and p-methylphenylboric acid. The catalyst was prepared by sol-gel method with 

two phenyl phosphine modified organosilicon precursor and mercapto group reaction. In 2014, Liu 

et al. [6] found that using DMF / H2O as solvent, Na2CO3 as acid binding agent and Pd (OAc)2 as 

catalyst to activate chlorinated aromatics at 100℃ can be coupled with arylboric acid to produce 

biphenyl compounds with high yield. In 2014, Qin Hongyu et al. [7] found that using peg-2000 as 

reaction medium, Pd(OAc)2 as catalyst, Na2CO3 or K3PO4 as acid binding agent, chlorinated 
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aromatics can react with arylboric acid at 100 ℃ to obtain biphenyl compounds in high yield. In 2016, 

LAN et al. Introduced tert butyl group with huge steric hindrance effect into the n-cyclic carbene 

skeleton to form an efficient palladium catalyst. With K3PO3 as acid binding agent and ethanol as 

reaction solvent, Suzuki coupling reaction between o-chlorobenzonitrile and p-methylphenylboric 

acid occurred smoothly at 80 ℃, with a high yield of 91%. Meanwhile, Geng et al. Immobilized 

palladium nanoparticles and diamondane phosphine ligands in situ in nitrogen-containing polymers 

through Pd catalyzed C-N coupling reaction to prepare mesophase catalysts, under its catalysis 

(0.02%), biphenyl can be prepared by Suzuki coupling reaction of p-methylphenylboric acid of o-

chlorobenzonitrile, and the yield is as high as 100%. In 2017, Wang Jun and others supported nano 

palladium catalyst through polyaniline, catalyzing the coupling of p-methylphenylboric acid and o-

bromophenylcyanogen, reacting with isopropanol and water at 100℃ for 8 hours, the yield of 

biphenyl is as high as 99%. In addition, the catalyst is reused for 4 times, the yield is still up to 86%, 

and the loss of palladium in the solution is less than 7 ppb, which has good stability and reusability 

[8]. In 2019, Hou Mengyuan and others reported that using o-chlorophenylcyanide and p-

methylphenylboric acid as raw materials, PEG-400 as reaction medium, Pd (OAC) 2 as catalyst, 

K2CO3, Na2CO3 or K3PO4 as acid binding agent, the reaction was carried out at 60 ℃ for 24 hours, 

and the yield was up to 99%. This system is a green, simple and efficient catalytic system for the 

synthesis of sartan biphenyl, which provides an effective new method for the synthesis of biphenyl 

C-C bond. 

In addition to conventional catalysts, new nano catalysts also show good performance. Compared 

with ordinary catalysts, nano catalysts can show better catalytic activity and selectivity, because they 

have various special effects, such as large specific surface area, high surface energy, short diffusion 

channel in the crystal, strong adsorption capacity and many surface catalytic active sites, which can 

not only reduce the amount of catalyst, control the reaction rate and improve the reaction efficiency, 

It can even make possible reactions that could not have been carried out. 

At present, hollow microspheres and flower shaped nano catalysts are used in Suzuki reaction. 

Hollow microsphere is a special core-shell nano material. Its core is air or solution. Because of its 

unique hollow structure, it has a wide application prospect in catalysis. Hollow copper microsphere 

catalyst was prepared with ZSM-5 molecular sieve as template. Firstly, Cu2+ is adsorbed on the 

surface of molecular sieve, and then reduced to copper nanoparticles. These copper nanoparticles are 

used as seeds and self catalysts. A large amount of copper is continuously reduced and gradually 

aggregated into copper shell. Finally, the molecular sieve is removed by hydrofluoric acid to prepare 

hollow copper microspheres. Hollow copper microspheres have good catalytic activity for Suzuki 

coupling reaction. The hollow structure increases the surface area of the catalyst and makes the 

contact more fully in the reaction. With the continuous increase of the amount of catalyst, the coupling 

yield also increases significantly in a certain range. Through the experiment, the activity of the 

catalyst did not decrease significantly after being recycled for 3 times. Flower like nanomaterial is a 

kind of nanomaterial with three-dimensional structure, which is formed by connecting some nanorods 

and nanosheets through the center of particles. Supported copper catalysts were prepared with flower 

like nanostructures as carriers. Firstly, the 5A molecular sieve was soaked with hydrofluoric acid to 

obtain flower like nanostructures. Then, the flower like nanostructures were electroless plated with 

copper to prepare the supported copper catalyst. Through experiments, it is considered that in the 

heterogeneous catalytic system, the whole catalytic process is completed on the surface of the solid 

catalyst. In a fixed time range, with the increase of the amount of catalyst, the contact probability 

between the catalyst and the reactants in the solvent is greater. However, more amount of catalyst is 

basically not conducive to the improvement of coupling yield. After the catalyst is recycled for 3 

times, the yield of coupling reaction is still more than 30% [9-10]. 

2.2 Catalyst Attached to Material 

2.2.1 Common Catalysts Attached to Materials 

1) Graphite carrier 
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In 1994, Marck et al. First reported the Suzuki coupling reaction catalyzed by Pd/C graphite supported 

catalyst. Using sodium carbonate as base, brominated aromatics and trifluoromethane sulfonate as 

substrates, coordinated or uncoordinated triphenylphosphine can obtain high reaction yields. 

However, when chloroaromatics are used instead of bromoaromatics, the results show that the 

catalytic activity of the catalytic system without ligands is not high [11]. In 2001, inspired by the 

research of Marck et al., lebrand et al. Studied the Suzuki coupling reaction of chlorinated aromatics 

catalyzed by Pd/C catalytic system without phosphine ligand. The selectivity and yield of the reaction 

were significantly improved by screening the appropriate reaction solvent. Using dimethylacetamide 

(DMA) aqueous solution (DMA/H2O = 20/1) as solvent and Pd/C as catalyst, the reaction yield of 

chlorinated aromatic hydrocarbons with electron absorbing groups is as high as 79% [12]. Simeone 

et al. Found that adding polysubstituted biphenylphosphine ligands to the system can significantly 

improve the reaction yield of chlorinated aromatic hydrocarbons containing electron donor groups 

with phenylboric acid, especially adding two ligands mephos (2-dicyclohexylphosphine-2 '- 

methylbiphenyl) and xphos (2-dicyclohexylphosphine-2', 4 ', 6' - triisopropylbiphenyl), so that the 

reaction conversion can reach 91% [13]. 

2) Metal oxide carrier 

In 1999, Kabalka et al. Applied ligand free, Pd (0) - doped KF/Al2O3 catalytic system to solvent-free 

Suzuki coupling reaction. Both iodinated aromatics and brominated aromatics have achieved good 

reaction yields, but the catalytic effect on chlorinated aromatics is not obvious [14]. On the basis of 

this research, Villemin and Kabalka have tried the microwave heating method, using Pd doped 

KF/Al2O3 catalyst to catalyze the Suzuki coupling reaction involving solvent-free iodinated aromatic 

hydrocarbons. It is found that the reaction can be completed in only a few minutes, which significantly 

improves the reaction rate [15-16]. In 2005, Gao et al. Grafted the Nitrogen Heterocyclic Carbene 

palladium complex onto the thin polymer shell with iron oxide nanoparticles as the core, prepared the 

supported catalyst L1, and applied it to the Suzuki coupling reaction involving brominated aromatics 

and iodized aromatics. It was found that the catalyst has good stability and high activity (the yield 

range is 70% ~ 89%), The amount of catalyst was only 0.015mol. The catalyst was recovered with 

magnet and reused for 5 times. It was found that the activity of the catalyst did not decrease [17]. 

3) Aluminosilicate microporous molecular sieve negative carrier 

Garc í et al. Used alkaline zeolite as the carrier and loaded Pd on the carrier to prepare alkaline zeolite 

supported palladium catalyst. The catalyst was applied to Suzuki coupling reaction for the first time. 

Because the zeolite framework oxygen itself can be used as an effective base site, the catalyst does 

not need to add alkali in the process of use, and the solvent toluene can avoid the loss of metal. At 

the same time, the researchers also compared the reuse performance of the catalyst and found that the 

catalyst can be reused after washing with water, ethanol and ethanol / water mixed solution, but the 

activity of the catalyst is slightly reduced. Among them, the activity of the catalyst after washing with 

water is significantly reduced [18]. Subsequently, Bulut and Artok prepared NaY zeolite supported 

Pd (0) and Pd (II) catalysts respectively and applied them to Suzuki coupling reaction. Without the 

addition of ligands, this type of supported palladium catalyst can catalyze the Suzuki coupling 

reaction of brominated aromatics and iodinated aromatics, and obtain high yield. However, the 

catalytic activity of this type of supported catalyst for chlorinated aromatics is not very good. In 

addition, they also put forward an important conclusion: the catalytic reaction is carried out on the 

outer surface of the catalyst, and the catalyst can be reused after regeneration [19]. 

4) Silica mesoporous material carrier 

At present, the research of silica mesoporous materials mainly includes: M41S, SBA-n, FSM-16, 

MSU-n, FDU-n, HMS, etc. MCM-41 is a two-dimensional hexagonal structure, with regular and 

orderly pores and exposed silicon hydroxyl groups on the surface, which is convenient for 

modification. Therefore, MCM-41 has been applied to the research of catalysis and favored by many 

scientists. In 2003, Kim et al. Used Pd(PPh3)4, tetrapolyethylene glycol and methyl orthosilicate to 

synthesize silica supported palladium catalyst by one pot method, and catalyzed the Suzuki coupling 
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reaction involving brominated aromatics and iodized aromatics. The catalyst showed high activity 

and the reaction yield was more than 86%, but the catalytic effect on chlorinated aromatics was not 

good (the reaction yield was less than 5%) [20]. In 2008, domestic researchers Zhang Tao and others 

used 3-Mercaptopropyltrimethoxysilane and trimethoxyphenylsilane as internal surface modifier and 

external surface modifier respectively to synthesize mesoporous molecular sieve SBA-15 with 

internal and external surface modified, prepare supported palladium catalyst and apply it to Suzuki 

coupling reaction between p-bromonitrobenzene and phenylboric acid, The results show that the 

coupling product with 71% yield can be obtained in supercritical carbon dioxide medium with 

tetrabutylamine acetate as base and reacting at 90 ℃ for 48h, and the catalyst is stable without 

palladium black precipitation, showing good catalytic activity [21]. In recent years, bhunia et al. 

Prepared mesoporous silica material MCM-41 supported Pd (Ⅱ) catalyst, and the content of palladium 

in the catalyst was 0.3wt%. When it was applied to Suzuki coupling reaction involving chlorobenzene, 

bromobenzene and iodobenzene, it was found that within 2 ~ 3h, the conversion of iodobenzene and 

bromobenzene could reach 100%, and the yield was as high as 99%, while the catalytic effect of 

chlorobenzene was not obvious [22]. 

5) Polymer load 

Polymer carriers can be divided into natural carriers and synthetic carriers. Because of its low price, 

abundant reserves and biodegradability, natural polymers have been selected as the carrier of catalysts, 

and gradually attracted the interest and attention of researchers. Natural polymer compounds mainly 

include starch, cellulose, protein, chitosan and lignin. Modified chitosan supported palladium catalyst 

was applied to Suzuki coupling reaction. The results show that the low yield of the reaction may be 

due to the decomposition of the catalyst containing nitro substrate. In 2005, Gronnow et al. Applied 

expanded starch Schiff base supported palladium catalyst to Suzuki coupling reaction of 

bromobenzene and phenylboric acid. The results show that the reusability of the catalyst is poor. After 

repeated use for 3 times, the reaction yield is only 17% [23]. 

Synthetic polymer compounds mainly include polyethylene, polyvinyl chloride, polystyrene, plastics, 

synthetic rubber, etc. At present, there are many reports on the synthesis of polymer supported 

palladium catalysts. According to different requirements, various designs and combinations are 

carried out to prepare synthetic polymer carriers that meet the requirements. 

2.2.2 Nano Catalysts Attached to Materials 

Sayari et al. Used mesoporous material MCM-41 as carrier to prepare better palladium nanoparticles 

dispersed in the pores. The size of these pores is adjustable, which can effectively prevent the 

agglomeration of palladium nanoparticles into colloids. The catalyst has high catalytic activity for 

Suzuki reaction in both organic solvent and aqueous phase. However, when water is used instead of 

ethanol as solvent, 10 times of catalyst is required to achieve the same yield [24]. 

Kim et al. Prepared palladium nanoparticles embedded in silicon structure by sol method with 

Pd(PPh3)4. In this process, Pd(PPh3)4 is oxidized to diphenyl oxide and finally recovered by 

filtration. The obtained catalyst, labeled SiO2 / TEG / Pd, has high activity in the Suzuki reaction of 

iodobenzene and bromobenzene, but the activity of p-chlorobenzene is not very good. The activity of 

the catalyst has not decreased after repeated use for three times [20]. 

Song et al. Prepared hollow spheres composed of mesoporous silicon and palladium nanoparticles. 

Palladium nanoparticles are captured and stabilized by hydroxyl groups on the surface of nanospheres. 

Using tetraethoxysilane (TEOS) as silicon source and cetyl ammonium bromide as template, a thin 

layer of mesoporous silicon was loaded on the surface of Pd/C spheres. Then calcine to remove the 

carbon ball and template. The catalyst has a good effect on the coupling reaction of iodobenzene and 

phenylboric acid with K2CO3 as basic reagent under the condition of ethanol reflux. Due to its special 

structure, palladium loss is basically undetectable [25]. 
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3. Summary 

With the development of catalytic chemistry, there are more and more catalytic systems optimized 

based on the classical Suzuki coupling reaction, which not only develop towards high yield and low 

cost, but also integrate the requirements of green chemistry, making Suzuki reaction more widely 

used in the field of chemistry, chemical industry and medicine. 
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