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Abstract 

A simple and efficient catalytic system for PdCl2 catalyzing the Suzuki-Miyaura reaction 

of dibromobenzene and arylboronic acid has been developed by using 3-

(diphenylphosphino)propanoic acid as a ligand in DMSO at 100 ºC. Using this method, a 

series of symmetrical terphenyl derivatives were obtained with remarkably high yields up 

to 93%.  

 

KEYWORDS: Terphenyls, Synthesis, P,O ligand, Palladium, Catalysis, Suzuki-Miyaura 

reaction 

 

INTRODUCTION 

As an important structural motif, terphenyls can be found in a variety of natural 

products
[1]

 or as building blocks in different applications in medicinal chemistry 
[2-7]

 and 

materials science 
[8-15]

. Most notably, this is due to diverse biological activities and 
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unique optical and electronic properties 
[16, 17]

. Thus, the development of convenient and 

efficient methods for the synthesis of such compounds has therefore attracted 

considerable attention. The general methods by which substituted terphenyls have been 

obtained can be classified into four individual groups: (i) free-radical substitution of an 

aromatic ring, (ii) Ullmann and related reactions, (iii) additions to dienes, and (iv) 

condensation reactions of quinones
 [18]

. However, this series of synthetic methods offers 

limited applications due to a narrow substrate range that can be employed, the need for 

harsh reaction conditions, long reaction times and particularly low yields obtained. 

Recently, transition metal catalyzed coupling reactions proved to be the most practical 

and versatile methods for the production of symmetrical and unsymmetrical o-, m- and p-

terphenyls
 [19]

. In particular, the palladium-catalyzed Suzuki–Miyaura reaction has 

become one of the most important and efficient synthetic technique for the production of 

polyaryls (biaryls, teraryls, etc.). This is most notably due to the facts that aryl precursors 

are widely available, easy to handle, and most functional groups can be accommodated 

by these systems
[20]

. Related to previously published work by our group
 [21]

, in this article 

we describe a simple, yet practical synthesis of symmetrical terphenyls by employing 

Suzuki-Miyaura reactions. This strategy is believed to provide a much broader range of 

synthetic applications in academia and industry. 

 

RESULTS AND DISCUSSION 

Our synthetic efforts started with 1,4-dibromobenzene and phenylboronic acid as model 

substrates for the optimization of reaction conditions, including different palladium 

sources, bases, solvents and ligands. The results for this are summarized in Table 1. 
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Several palladium catalysts (2 mol%) such as Pd(OH)2, Pd(OAc)2, and PdCl2 were tested 

by using NaOH as the base in DMSO (2 mL) at 100 °C for 12 h. PdCl2 was found to be 

the most promising species (Table 1, Entries 1–3). A variety of different bases have been 

evaluated and K3PO4·H2O turned out to be the best choice in terms of isolated yields 

(Table 1, Entries 4–6). Moreover, the use of toluene as well as DMF was found to be 

superior to other solvents such as 1,4-dioxane and the coupling products were obtained in 

yields of 87% and 86%, respectively(Table 1, Entries 7–9). Among the ligands used, 3-

(diphenylphosphino)propanoic acid (ligand 2) was found to be the preferred ligand for 

this catalysis reaction, resulting in the formation of the desired product in 91% isolated 

yield (Table 1, Entry 11). Remarkably, even when the catalyst loading was decreased 

from 2 mol% to 1 mol%, the corresponding product was still obtained in 93% yield 

(Table 1, Entry 12). Finally, the combination of PdCl2 (1 mol%)/ligand 2 (2 mol%), 

K3PO4·H2O (4 equiv.) at 100 °C for 12 h in DMSO (2 ml)  was found to be the most 

efficient reaction conditions. 

 

In general, most of arylboronic acids used readily reacted with 1, 4-dibromobenzene and 

the desired products were obtained in good to excellent yields (Table 2). The coupling 

reactions between arylboronic acids containing electron-donating groups such as 4-C3H7, 

4-C5H11, and 1,4-dibromobenzene produced terphenyls in yields of 94% and 90%, 

respectively (Table 2, Entries 1 and 2). Arylboronic acid species bearing electron-

withdrawing moieties reacted with 1,4-dibromobenzene, such as (4-fluorophenyl)boronic 

acid, (4-(trifluoromethyl)phenyl)boronic acid and (3,4,5-trifluorophenyl)boronic acid. 

Good yields were obtained for these reactions at similar reaction conditions (Table 2, 
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Entries 3-5). Furthermore, the substrate bearing carbonyl groups, such as (4-

formylphenyl)boronic acid, also resulted in a coupling reaction with 1,4-dibromobenzene 

to afford the desired product in 75% yield (Table 2, Entry 6). When m-tolylboronic acid 

was used as the coupling partner, a particularly high yield of 95% was obtained (Table 2, 

Entry 7). Notably, the sterically demanding ortho substituents, such as o-tolylboronic 

acid, did not impair the coupling reaction and resulted in the formation of the product in 

95% yield (Table 2, Entry 8). To further ascertain the scope of this methodology, 1,2-

dibromobenzene and 1,3-dibromobenzene were employed. In contrast to 1,4-

dibromobenzene, when 1,2-dibromobenzene was subjected to react with various 

arylboronic acids, the target products were obtained in considerably lower yields (Table 

2, Entries 9-12). This is most likely due to the steric hindrance of intermediates formed, 

namely derivatives of 2-bromo-1,1'-biphenyl. Similarly, the reactions of 1,3-

dibromobenzene with o-tolylboronic acid and (4-propylphenyl)boronic acid resulted in 

the formation of the corresponding products in 76% and 39% yields, respectively (Table 

2, Entries 13 and 14). 

 

Moreover, a gram-scale synthesis was performed to substantiate potential practical 

applications of this catalytic system. Fortunately, the reaction was performed using 5 

mmol of 1,4-dibromobenzene and 6 mmol (4-propylphenyl)boronic acid, and proceeded 

in a remarkably high 95% yield resulting in the production of 1.50 g of the desired 

product 3b (Scheme 1). 

 

EXPERIMENTAL SECTION 
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Materials And Instruments 

Reagents were of analytical grade quality, purchased commercially and used as received. 

All the reactions were carried out under air using magnetic stirring unless otherwise 

noted. 
1
H NMR spectral data were recorded on a Bruker DPX–400 spectrometer using 

TMS as internal standard and CDCl3 as solvent. Mass spectra were recorded on GC-MS 

(Agilent 7890A/5975C) instrument under EI model. Column chromatography was 

performed with silica gel (200-300 mesh) purchased from Qingdao Haiyang Chemical 

Co., Ltd.  Ligands 1 and 2 were synthesized by the literature methods (Figure 1).[22] 

 

General Procedure For The Synthesis Of Symmetrical Terphenyl Derivatives (3a-

3o)  

The Schlenk tube (5 mL) equipped with a stir bar was charged with PdCl2 (1.0 mol%), 

Ph2P(CH2)2COOH (2.0 mol%), and K3PO4∙H2O (4.0 equiv.), then 1,4-dibromobenzene 

(0.5 mmol), phenylboronic acid (1.20 mmol), and DMSO (2.0 ml) were added, and the 

mixture was stirred at 100 ºC until the substrate was completely consumed. After cooling 

to room temperature, the solution was quenched with water and extracted with EtOAc (3 

× 10 mL). The combined EtOAc extracts were dried over anhydrous Na2SO4 and filtrated 

and the solvent was removed under reduced pressure. The residue was purified by flash 

column chromatography on silica gel with PE as the eluent to obtain the desired products. 

 

4,4''-Dipropyl-1,1':3',1''-Terphenyl(3o) 

 white solid ,Isolated yield = 39%, Mp. 69.6-70.3 
o
C. 

1
H NMR (400 MHz, CDCl3): δ 

(ppm) 7.79 (td, J = 1.8, 0.5 Hz, 1H), 7.58–7.52 (m, 6H), 7.45–7.20 (m, 5H), 2.67–2.61 
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(m, 4H), 1.69 (dt, J = 8.9, 7.5 Hz, 4H), 0.98 (t, J = 7.3 Hz, 6H). 
13

C NMR (100 MHz, 

CDCl3): δ (ppm) = 141.9, 141.7, 138.6, 129.1, 128.9, 127.1, 125.8, 125.7, 37.7, 24.6, 

13.9. HRMS (EI): m/z calcd for C24H26 [M]
+
 314.2035, found 314.2031. 

 

CONCLUSION 

In summary, we have established a simple, yet efficient catalytic system for 3-

(diphenylphosphino)propanoic acid/PdCl2 catalyzing the Suzuki-Miyaura reaction of 

dibromobenzene and arylboronic acid for the synthesis of terphenyl compounds in good 

to excellent yields. Experimental data confirms that a broad range of different functional 

groups can be used in this type of catalytic reaction. Furthermore, even substrates with 

sterically hindered groups resulted in sufficient product formation at optimized reaction 

conditions. The elegant approach presented here, as well as the option for efficient large 

scale preparation, provide a convenient and more practical approach for a variety of 

different future applications in academia or industry. 
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Table 1. Optimization of the reaction conditions
a 

 
 

Entry Catalyst Solvent Base Yield/%
b
 

1 Pd(OH)2 (2%) DMSO NaOH trace 

2 Pd(OAc)2 (2%) DMSO NaOH 11 

3 PdCl2 (2%) DMSO NaOH 82 

4 PdCl2 (2%) DMSO Cs2CO3 20 

5 PdCl2 (2%) DMSO NEt3 trace 

6 PdCl2 (2%) DMSO K3PO4·H2O 87 

7 PdCl2 (2%) 1,4-dioxane K3PO4·H2O 33 

8 PdCl2 (2%) toluene K3PO4·H2O 87 

9 PdCl2 (2%) DMF K3PO4·H2O 86 

10c PdCl2 (2%)/Ligand 1 (4%) DMSO K3PO4·H2O 80 

11 PdCl2 (2%)/Ligand 2 (4%) DMSO K3PO4·H2O 91 

12 PdCl2 (1%)/Ligand 2 (2%) DMSO K3PO4·H2O 93 

aReaction conditions: 1,4-dibromobenzene 0.5 mmol, phenylboronic acid 1.2 mmol, base 2.0 

mmol, solvent 2 mL, 100 °C, 12 h. 

b Isolated yields. 

c 80 °C. 
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Table 2. Suzuki-Miyaura reactions of dibromoarenes catalyzed by palladium
a
 

 
Entry R/1 2 Product Yield(%)

b
 

1 4-C3H7/1b 2a 3b 94 

2 4-C5H11/1c 2a 3c 90 

3 4-F/1d 2a 3d 90 

4 4-CF3/1e 2a 3e 85 

5 3,4,5- trifloro/1f 2a 3f 76 

6 4-CHO/1g 2a 3g 75 

7 3-CH3/1h 2a 3h 95 

8 2-CH3/1i 2a 3i 95 

9 H/1a 2b 3j 43 

10 1e 2b 3k 60 

11 1g 2b 3l 58 

12 1d 2b 3m 57 

13 1i 2c 3n 76 

14 1b 2c 3o 39 

aReaction conditions: arylbromide 0.5 mmol，arylboronic acid 1.2 mmol, PdCl2 1% mol, ligand 2 

2% mol, K3PO4·H2O 2.0 mmol, DMSO 2 mL, 100 °C, 12 h. 

b Isolated yields 
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Scheme 1. A gram-scale synthesis of 3b 
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Figure 1. Ligands used in this study 
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