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Abstract 

Palladium supported on phosphine ligand functionalized porous polymers was 
prepared by a facile copolymerization of tris(4-vinylphenyl) phosphine and N,N'-
methylenebisacrylamide, and subsequent immobilization of palladium acetate. The 
prepared catalyst featured large surface area, nice amphipathy and good 
thermodynamic stability. As a result, it exhibited good catalytic activity in aqueous 
aminocarbonylation of iodobenzene. With 1 mol% usage of Pd catalyst, 99% yield of 
target amide could be obtained at 120 °C for 5 h. Moreover, the catalyst could be used up 
to 4 times. 
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1. Introduction 

Water is an excellent reaction solvent due to the advantages of nontoxicity, nonflammability, 

ecological friendliness and low price, as well as the hydrophobic or “on water” effects [1]. Therefore, 

it is important for the development of green chemistry to replace volatile organic solvents with water 

[1]. On the other hand, triphenylphosphine and its derivatives are important organic ligands which 

have been widely used in homogeneous transition metal catalysis. However, the air sensitivity and 

thermal instability of phosphorus ligands at high temperatures make it difficult to recover their metal 

complexes, thus limiting their wider application [2]. Previous studies have shown that these problems 

can be effectively solved by fixing metal complexes on solid carriers with covalent bonds [3]. 

Porous organic polymers have the characteristics of large specific surface area, designable chemical 

composition and structure, combined with the best performance of homogeneous and heterogeneous 

catalysts, and have attracted extensive research interest in recent years [4]. In recent years, persistent 

organic pollutants containing PPh3 ligands and their derivatives have been successfully prepared and 

used as catalyst supports for transition metal complexes [5]. Due to the strong interaction between 

transition metals and phosphine ligands, transition metals loaded on phosphine functionalized porous 

organic polymers usually show long-term reusability, excellent leaching and excellent catalytic 

activity. Some even surpass their peers. However, when using solid catalyst for organic reaction in 

water, it is inevitable to encounter the problem of poor mass transfer efficiency of hydrophobic 

organic matter, resulting in low catalytic efficiency. In order to solve this problem, the surface of 

solid catalyst can be designed as amphiphilic [6]. However, most porous organic polymers and 

polymers functionalized by phosphine are mainly composed of hydrophobic aromatic networks. The 

hydrophobic property leads to its poor dispersion in water, which limits its catalytic application in 

water [7]. 
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Herein, Pd supported on phosphine ligand-functionalized porous polymer (Pd@PTVP-MBA) was 

successfully synthesized via a facile copolymerization of tris(4-vinylphenyl) phosphine and N,N'-

methylenebisacrylamide, and subsequent the immobilization of palladium species. Catalytic activity 

of the obtained Pd@PTVP-MBA was tested in the aminocarbonylation of iodobenzene. Interestingly, 

Pd@PTVP-MBA showed nice catalytic activity in this reaction, and could be reused for three times. 

2. Experimental 

2.1 Materials 

Tris(4-vinylphenyl) phosphine was prepared via a Grignard reaction as our previously reported [7]. 

Other reagents, including N,N'-methylenebisacrylamide, N,N-dimethylformamide, 2,2’-azobis(2-

methylpropionitrile), iodobenzene and bases were commercially purchased and used as received. CO 

(99.99%) was purchased from the local manufacturer. 

2.2 Synthesis of Pd@PTVP-MBA 

Synthesis of phosphine ligand-functionalized porous polymer (PTVP-MBA). In a typical procedure, 

Tris(4-vinylphenyl) phosphine (0.8 g), N,N'-methylenebisacrylamide (1.2 g) and 2,2’-azobis(2-

methylpropionitrile) (0.25 wt%, 50 mg) were added into a 100 mL Teflon autoclave. After adding 20 

ml of N,N-dimethylformamide and replacing the air with nitrogen, the reactor was sealed and stirred 

at room temperature for 2 h. Then, the autoclave was heated statically at 100 °C for 24 h. After the 

polymerization reaction, the reactor was cooled naturally to room temperature. The gained solid was 

washed with ethanol and dried at 60 °C in vacuum. The resulting copolymer was named as PTVP-

MBA. 

Synthesis of Pd@PTVP-MBA. Typically, 42.6 mg of Pd(OAc)2 was added and dissolved in the 

acetone solvent (50 ml). After that, PTVP-MBA (1.0 g) was added into the solution and then 

magneticly stirred at room temperature for 24 h. The obtained solid was separated by centrifugation, 

washed with acetone for three times, and then soxhlet extraction with acetone for 24 h. The obtained 

yellow powder was vacuum dried at 60°C for 12 h. Elemental analysis showed that the amount of 

palladium in the prepared catalyst was 2.0 wt%. 

2.3 Aminocarbonylation of Iodobenzene 

The aminocarbonylation took place in a 20 ml cylinder equipped with a condenser and a carbon 

monoxide balloon. Generally, iodobenzene (1 mmol) HNEt2 (2 mmol), deionized water (4 ml), base 

(1.2 mmol), and Pd@PTVP-MBA (1 mol %) was added to the reaction tube, then, the reaction 

mixture was allowed to react at 100 oC. Using N,N-Dimethylacetamide as internal standard, the 

filtrate of model reaction was quantitatively analyzed by gas chromatography. In the cycle experiment, 

the solid catalyst was centrifuged, washed with deionized water for three times, and then engaged in 

a new catalytic cycle. 

3. Results and Discussion 

3.1  Synthesis and Characterization 

As shown in Figure 1, the solid catalyst, Pd@PTVP-MBA, was prepared by a solvothermal radical 

copolymerization of tris(4-vinylphenyl) phosphine and N,N'-methylenebisacrylamide, and 

subsequent immobilization of Pd(OAc)2. The obtained Pd@PTVP-MBA was carefully charecterized 

by a number of physical and chemical characterization methods as our previously reported [7]. 

Characterization results showed that the prepared catalyst featured large surface area, nice 

amphipathy and good thermodynamic stability. Furthermore, it is insoluble in general solvents, such 

as ethanol, acetone, chloroform, dimethylsulfoxide, and benzene.  
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Figure 1. Synthesis of the Pd@PTVP-MBA catalyst. 

3.2 Catalytic Performance 

With the expected catalyst in hand, catalytic performance of the catalyst was investigated by using 

the aqueous aminocarbonylation of iodobenzene as a model reaction. Previous studies have shown 

that base has an important influence on the activity and selectivity of the reaction. Therefore, the 

influence of bases on the catalytic reaction was firstly discussed in this study at the reaction conditions 

of Pd@PTVP-MBA (1 mol% Pd), iodobenzene (1 mmol), HNEt2 (2 mmol), deionized water (4 ml), 

base (1.2 mmol), 100 °C, CO (1 atm), stirring speed (500 rpm) and 8 h. As illustrated in Table 1, ten 

common inorganic and organic bases were investigated. Among them, Cs2CO3 showed the best 

activity and selectivity, giving more than 99% selectivity with a 93% yield of target amide. Therefore, 

in the following study, Cs2CO3 was used as the preferred base. 

 

Table 1. Effect of base 

 

Entry Base Selectivity (mol%) Yield (mol%) 

1 Na2CO3 96 84 

2 K2CO3 98 90 

3 Cs2CO3 99 93 

4 K3PO4 88 82 

5 KOH 92 88 

6 NaHCO3 76 42 

7 KHCO3 79 49 

8 K2HPO4 83 37 

9 Et3N 91 65 

10 DBU 93 71 

 

With the optimal base in hand, the effects of reaction temperature and reaction time were then tested. 

As can be seen in Table 2, with the temperature rising from 40 to 120 °C, the reactivity and selectivity 

of the reaction increased significantly. At 120 °C, the reaction yield can be as high as 99%. Next, we 

examined the effect of reaction time. To our delight, 96% of amide yield was still preserved at 120 °C 

for 5 h.  
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Table 2. Effects of reaction temperature and reaction time 

 

Entry Temperature (oC) Time (h) Selectivity (mol%) Yield (mol%) 

1 40 8 - - 

2 60 8 57 13 

3 80 8 82 47 

4 100 8 97 93 

5 120 8 99 99 

6 120 6 99 98 

7 120 5 99 96 

 

In addition to catalytic activity, the recovery and reuse of catalyst are also the key to the preparation 

of excellent heterogeneous catalyst. The recovery ability of Pd@PTVP-MBA was evaluated by the 

aminocarbonylation of iodobenzene with diethylamine at the reaction conditions of Pd@PTVP-MBA 

(1 mol% Pd), iodobenzene (1 mmol), HNEt2 (2 mmol), deionized water (4 ml), Cs2CO3 (1.2 mmol), 

120 °C, CO (1 atm), stirring speed (500 rpm) and 5 h. After each cycle, the catalyst was separated by 

simple centrifugation, and the yield of diethylbenzamide was analyzed by gas chromatography. As 

shown in Figure 2, Pd@PTVP-MBA had good reusability and can be used for 4 times. 

 

 

Figure 2. The reusing ability of Pd@PTVP-MBA in the aminocarbonylation of iodobenzene 

4. Conclusion 

In conclusion, Pd supported on phosphine ligand functionalized organic porous polymers was 

prepared for aqueous aminocarbonylation of iodobenzene. The catalyst showed good catalytic 

performance and reusability at ambient CO pressure. Therefore, this study provides a promising 

heterogeneous catalyst for aqueous aminocarbonylation reaction. 
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