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Fig.1 Schematic diagram for the forming process of Pd/AS-SNS composite materials
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Fig.2 TEM micrograph for silicon nanosheets and products (a) silicon nanosheets, (b) AS-SNS, (c¢) Pd/AS-SNS-2,
(d) Pd/AS-SNS-3, (e) Pd/AS-SNS-5, (f) Pd/SNS-2
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Table 1 ICP-MS analysis for Pd content loading

Entry Catalyst Calculated ( Pd wt% ) Analyzed (Pd wt%)
1 Pd/AS-SNS-1 1 0.95
2 Pd/AS-SNS-2 2 1.82
3 Pd/AS-SNS-3 3 2.76
4 Pd/AS-SNS-4 4 3.49
5 Pd/AS-SNS-5 5 3.94
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Table 2 Catalyst optimization of Suzuki-Miyaura reactions®

Entry Catalyst/ (mol%Pd) Time/h Yield/ %"
1 1 0.5 99
2 0.5 0.5 99
3 0.2 1 99
4 0.1 1 96
5 0.01 3 93
6 0.005 6 69

a. Reaction conditions: 4-Bromotoluene (1 mmol), Phenylboronic Acid (1.2 mmol) , Catalyst: Pd/AS-Si0,-2, K,CO;(2 mmol),
EtOH : H,0=1: 1(6.0 mL), at 328 K; b. Determined by gas chromatography.
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Table 3 Various catalyst formulations in the model

reaction of Suzuki coupling reaction®

Entry Catalyst Pd/wi% Time/h Yield/%"
1 Pd/AS-SNS-1 1 1 94
2 Pd/AS-SNS-2 2 1 99
3 Pd/AS-SNS-3 3 1 98
4 Pd/AS-SNS-4 4 1 94
5 Pd/AS-SNS-5 5 1 91
6 Pd/SNS-2 2 5 83
7 Pd/Si0,-2 2 5 85

a. Reaction conditions: 4-Bromotoluene (1 mmol), Phenylboronic Acid (1.2 mmol), Catalyst: Pd/AS-SiO,, K,CO,(2 mmol),
EtOH : H,0=1: 1(6.0 mL), at 328 K; b. Determined by gas chromatography.
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Table 4 Solvent optimization of Suzuki reactions in the presence of Pd/AS-Si0,-2 *

Entry Solvent Time/h Yield/%"
1 EIOH : H,0=1:1 1 99
2 EIOH : H,0=1:2 1 89
3 EtOH : H,0=1:3 1 69
4 EtOH : H,0=2:1 1 93
5 EIOH : H,0=3: 1 1 88
6 H,0 5 48
7 DMF 5 2
8 THF 5 1
9 Toluene 5 27
10 Acetone 5 2
11 Ethanol 5 88

a. Reaction conditions: 4-Bromotoluene (1 mmol), Phenylboronic Acid (1.2 mmol) , Catalyst: Pd/AS-SiO,-2( containing Pd
0.002 mmol) , K,CO,(2 mmol), Solvent (6.0 mL), at 328 K; b. Determined by gas chromatography.
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Table 5 Base optimization of Suzuki reactions in the presence of Pd/AS-SNS-2 *

Entry Base Time/h Yield/%"
1 K,CO, 1 99
2 Na,CO, 1 94
3 K,PO, 1 83
4 KAc 2 35
5 NaAc 2 26
6 Triethylamine 5 37
7 Butylamine 3 0

a. Reaction conditions: 4-Bromotoluene (1 mmol), Phenylboronic Acid (1.2 mmol) , Catalyst; Pd/AS-SiO,-2( containing Pd
0.002 mmol) , Base (2 mmol), EtOH : H,0=1: 1(6.0 mL), at 328 K; b. Determined by gas chromatography.
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Table 6 Catalytic performance of Pd-AS-SNS-2 on the Suzuki reaction for different substances®

Entry Rl R2 Time/h Yield/%"
1 CH, H 0.5 96
2 CHO H 0.5 >99
3 NO, H 0.5 96
4 CN H 1 >99
5 OCH, H 1 93
6 H H 0.5 98
7 CH,CO H 1 92
8 CH,CO OCH, 0.5 >99
9 H OCH, 0.5 96
10 CH, OCH, 0.5 95
11 CHO OCH, 0.5 >99
12 NO, OCH, 0.5 >99
13 CN OCH, 0.5 >99
14 OCH, OCH, 1 91

a. Reaction conditions; 4-Bromotoluene (1 mmol) , Phenylboronic Acid (1.2 mmol) , Catalyst; Pd/AS-Si0O,-2( containing Pd
0.002 mmol) , K,CO,(2 mmol), EtOH : H,0=1: 1(6.0 mL), at 328 K; b. Determined by gas chromatography.
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Fig.3 Recycling of Pd/AS-Si0,-2

catalyst on the suzuki reaction
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Preparation of Silicon Nanosheet Supported Palladium
as Sustainable Catalyst for Suzuki Reactions

KANG Zhen-wei, GAO Zhan-chen, SUN Wei-Peng, ZHANG Da-wei, LU Su-fang,
JIANG Jian-xiong, ZHANG Fei-bao~
(Key Laboratory of Organosilicon Chemisiry and Material Technology of Minisiry of Education ,
Hangzhou Normal University, Hangzhou 310012, China)

Abstract; Silicon nanosheets were served as supports for palladium nanoparticles which were modified with 3-ami-
nopropyltriethoxysilane, followed by treatment with palladium chloride, and then the reduction with N,H, + H,O in
ethanol. After vacuum drying, the functionalized nanosheets supported palladium catalysts ( Pd/AS-SNS) were ob-
tained. The products were confirmed by transmission electron microscopy (TEM) and inductively coupled plasma
mass spectrometry (ICP-MS). The catalytic properties of the materials( Pd/AS-SNS) were tested for the Suzuki re-
actions and exhibited very high activity, recoverability and stability with a wide range of bromotoluene and phenyl-
boronic acid with electron donating and electron-withdrawing groups or without. The recovered catalyst could main-
tain its original activity even in the eighth cycle under optimized conditions.

Key words: silicon nanosheet; palladium catalyst; suzuki reactio
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