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General 

FT-IR spectra were recorded on a Bio-rad FTS-60A spectrometer using the 

photoacoustic mode. Solution NMR spectra were recorded on a Bruker spectrometer (400 

MHz for 1H and 100 MHz for 13C) at ambient temperature in the solvents indicated, and 

referenced to the solvent peaks. 13C CP-MAS and 29Si CP-MAS NMR spectra were recorded 

on a 400 MHz Bruker spectrometer for compounds immobilized onto MCF. Elemental 

analyses were performed with CE440 CHN Analyzer (Exeter Analytical). ICP-MS data were 

obtained by Elan DRC II, PerkinElmer SCIEX, USA. Mass spectra were obtained at the 

Elemental Analysis Laboratory, Department of Chemistry, National University of Singapore, 

Singapore. Conversions for RCM of dienes were determined by GC (Agilent 6890N) or LC 

(Agilent 1100 Series). Unless otherwise noted, reactions were performed under argon 

atmosphere by standard Schlenk techniques. All the chemicals were purchased from Aldrich. 

Solvents were either purified by passage through a column of activated alumina or purchased 

in sealed bottles from Aldrich. Spherical MCF microparticles were synthesized according to 

our published procedures.12 

 

General Procedure for the Preparation of Precursors 5a–5c 

 A 250-ml two-necked flask equipped with a reflux condenser was charged with 

magnesium (21.0 mmol), iodine (trace), and dried tetrahydrofuran (THF, 50 ml), and then 

heated under reflux. 4-Bromo-2-isopropoxystyrene (3, 20.0 mmol) in THF (50 ml) was added 

slowly, and the resulting mixture was stirred under reflux until magnesium was nearly 

consumed. After cooling to room temperature, the turbid solution was added to a stirred 

solution of the corresponding dichloride 4 (60.0 mmol) in THF (50 ml) at 0 °C. The resulting 

solution was stirred for 18 h at room temperature. It was concentrated under reduced pressure, 

and hexane (20 ml) was added slowly under stirring. The insoluble substance was filtered off, 

and the filtrate was concentrated and dried under vacuum for 24 h to give the corresponding 

chlorosilane 5 as an oil, which was used for the next step without further purification. 

 The general procedure using dichlorodimethylsilane (4a, 20.0 mmol) gave 5.05 g 

(99%) of the corresponding chlorosilane 5a. 1H-NMR (400 MHz, CDCl3): δ 0.68 (s, 6H), 

1.36 (d, 6H, J = 6.0 Hz), 4.59 (septet, 1H, J = 6.0 Hz), 5.27 (dd, 1H, J = 11.2, 1.4 Hz), 5.78 

(dd, 1H, J = 17.6, 1.4 Hz), 6.91 (d, 1H, J = 8.4 Hz), 7.05 (dd, 1H, J = 17.6, 11.2 Hz), 7.46 (dd, 

1H, J = 8.4, 1.6 Hz), 7.69 (d, 1H, J = 1.6 Hz). 13C-NMR (100 MHz, CDCl3): δ 2.2, 22.0, 70.3, 

113.0, 114.5, 126.6, 127.2, 131.7, 131.8, 133.8, 156.9. 
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 The general procedure using 1,2-bis(dichlorosilyl)ethane (4b, 15.0 mmol) gave 5.01 g 

(98%) of the corresponding chlorosilane 5b. 1H-NMR (400 MHz, CDCl3): δ 0.30 (s, 6H), 

0.42 (s, 6H), 0.76 (s, 4H), 1.39 (d, 6H, J = 6.0 Hz), 4.61 (septet, 1H, J = 6.0 Hz), 5.28 (dd, 1H, 

J = 11.2, 1.4 Hz), 5.79 (dd, 1H, J = 17.6, 1.4 Hz), 6.91 (d, 1H, J = 8.4 Hz), 7.10 (dd, 1H, J = 

17.6, 11.2 Hz), 7.37 (dd, 1H, J = 8.4, 1.6 Hz), 7.61 (d, 1H, J = 1.6 Hz). 13C-NMR (100 MHz, 

CDCl3): δ -3.4, 1.0, 7.3, 11.5, 22.2, 70.3, 113.0, 114.1, 127.0, 129.1, 132.2, 132.3, 134.3, 

156.1. 

 The general procedure using 1,6-bis(dichlorosilyl)hexane (4c, 20.0 mmol) gave 7.78 g 

(98%) of the corresponding chlorosilane 5c. 1H-NMR (400 MHz, CDCl3): δ 0.24 (s, 6H), 

0.40 (s, 6H), 0.70–0.85 (m, 4H), 1.32 (bs, 8H), 1.37 (d, 6H, J = 6.0 Hz), 4.57 (septet, 1H, J = 

6.0 Hz), 5.24 (dd, 1H, J = 11.2, 1.4 Hz), 5.76 (dd, 1H, J = 17.6, 1.4 Hz), 6.88 (d, 1H, J = 8.4 

Hz), 7.07 (dd, 1H, J = 17.6, 11.2 Hz), 7.34 (dd, 1H, J = 8.4, 1.6 Hz), 7.59 (d, 1H, J = 1.6 Hz). 
13C-NMR (100 MHz, CDCl3): δ -2.6, 1.9, 16.1, 19.2, 22.4, 23.1, 24.0, 32.8, 33.4, 70.5, 113.2, 

114.1, 127.1, 130.3, 132.3, 132.5, 134.4, 156.1. 

 

General Procedure for the Preparation of Immobilized Ligands 6a–6c 

 A 100-ml Schlenk flask was charged with MCF (3.00 g, 0.80 mmol of TMS/g), and 

placed under vacuum for 24 h at 120 °C. The flask was purged with argon at room 

temperature, and charged with triethylamine (0.44 ml), dried toluene (40 ml), and the 

corresponding chlorosilane 5 (1.05 mmol). The resulting mixture was stirred for 24 h at room 

temperature. The white solid was thoroughly rinsed by toluene, DCM, methanol, and DCM 

(50 ml each), which was transferred to a 100-ml Schlenk flask and dried under vacuum for 12 

h at 80 °C. After cooling down to room temperature, the flask was placed in liquid nitrogen 

bath for 10 min, and HMDS (1 ml) was added under vacuum. The flask was sealed and then 

kept at 80 °C for 5 h. The resulting solid was cooled to room temperature, washed thoroughly 

with DCM (100 ml), and then dried under vacuum for 24 h to give the corresponding 

immobilized ligand 6 as a white powder. 

 The general procedure using the corresponding precursor 5a (1.05 mmol) gave 3.23 g 

of 6a. 13C CP-MAS NMR (100 MHz): δ (ppm) = 0.0, 20.8, 49.6, 69.7, 113.1, 128.0, 132.6, 

156.9. 29Si CP-MAS NMR (75 MHz): δ (ppm) = -108.8, -102.3, 3.32, 13.9. Elemental 

analysis, found: C, 8.16; H, 1.39; N, < 0.07. Loading of ligand: 0.35 mmol/g. 

The general procedure using the corresponding precursor 5b (0.70 mmol) gave 2.20 g 

of 6b. 13C CP-MAS NMR (100 MHz): δ (ppm) = 1.1, 8.9, 21.7, 50.6, 69.7, 112.7, 132.5, 
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157.4. 29Si CP-MAS NMR (75 MHz): δ (ppm) = -107.0, -99.9, -1.74, 14.7. Elemental 

analysis, found: C, 10.99; H, 2.12; N, < 0.03. Loading of ligand: 0.32 mmol/g. 

The general procedure using the corresponding precursor 5c (1.05 mmol) gave 3.46 g 

of 6c. 13C CP-MAS NMR (100 MHz): δ (ppm) = 3.4, 20.3, 25.6, 36.0, 72.6, 115.8, 130.5, 

135.6, 159.0. 29Si CP-MAS NMR (75 MHz): δ (ppm) = -105.3, -97.5, -0.3, 17.6. Elemental 

analysis, found: C, 12.87; H, 2.48; N, < 0.11. Loading of ligand: 0.35 mmol/g. 

 

General Procedure for the Preparation of Immobilized Ligands 6d–6e 

 A 100-ml Schlenk flask was charged with uncapped MCF (2.13 g), and placed under 

vacuum for 24 h at 120 °C. The flask was purged with argon at room temperature, and 

charged with chlorosilane 5c (0.70 mmol) and alkylchlorosilane (4d or 4e, 1.80 mmol) in the 

presence of triethylamine (5.00 mmol) and dried toluene (40 ml). The resulting mixture was 

stirred for 24 h at room temperature. The white solid was thoroughly rinsed by toluene, DCM, 

methanol, and DCM (50 ml each), which was transferred to a 100-ml Schlenk flask and dried 

under vacuum for 12 h at 80 °C. After cooling down to room temperature, the flask was 

placed in liquid nitrogen bath for 10 min, and HMDS (1 ml) was added under vacuum. The 

flask was sealed and then kept at 80 °C for 5 h. The resulting solid was cooled to room 

temperature, washed thoroughly with DCM (100 ml), and then dried under vacuum for 24 h 

to give the corresponding immobilized ligand 6 as a white powder. 

The general procedure using the precursor 5c (0.70 mmol) and chlorodimethyl(n-

octyl)silane 4d (1.80 mmol) gave 2.58 g of 6d. 13C CP-MAS NMR (100 MHz): δ (ppm) = 2.5, 

15.8, 20.6, 25.8, 32.4, 35.1, 36.4, 53.7, 72.8, 114.9, 116.0, 130.7, 132.9, 135.0, 135.8, 136.7, 

159.3. 29Si CP-MAS NMR (75 MHz): δ (ppm) = -104.4, -97.1, 0.0, 18.1. Elemental analysis, 

found: C, 12.87; H, 2.39; N, < 0.02. Loading of ligand: 0.20 mmol/g. 

 The general procedure using the precursor 5c (0.70 mmol) and 

chlorodimethyl(perfluorooctylethyl)silane 4e (1.80 mmol) gave 2.96 g of 6e. 13C CP-MAS 

NMR (100 MHz): δ (ppm) = 1.7, 3.5, 10.1, 20.3, 25.8, 28.2, 36.0, 45.9, 53.4, 73.0, 114.7, 

119.1, 121.4, 123.7, 132.9, 135.7, 156.2. 29Si CP-MAS NMR (75 MHz): δ (ppm) 

= -105.0, -96.4, 0.0, 18.3. Elemental analysis, found: C, 12.00; H, 1.67; N, < 0.02. Loading of 

ligand: 0.23 mmol/g. 
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General Procedure for the Preparation of Catalysts 7a–7e 

 A 50-ml two-necked flask equipped with a reflux condenser was charged with ligand 

6 (0.18 mmol), second-generation Grubbs’ catalyst 1b (0.18 mmol), copper chloride (0.18 

mmol), and dried DCM (20 ml) under argon. The reaction mixture was heated for 5 h under 

reflux in argon. The reaction mixture gradually changed from dark brown to deep green. 

After cooling to room temperature, the fine powder was washed thoroughly with DCM (100 

ml), and dried under vacuum for 24 h to give the immobilized catalyst 7 as a green powder. 

 The general procedure using the derivative of 6a (500 mg) gave 566 mg of 7a. 13C 

CP-MAS NMR (100 MHz): δ (ppm) = 1.3, 21.0, 51.8, 60.2, 71.1, 75.6, 114.1, 129.8, 139.6, 

146.2, 155.0, 209.6, 219.2. 29Si CP-MAS NMR (75 MHz): δ (ppm) = -105.1, -98.2, 6.7, 17.6. 

Elemental analysis, found: C, 12.99; H, 1.97; N, 0.59. Loading of ruthenium: 0.21 mmol/g. 

 The general procedure using the derivative of 6b (2.00 g) gave 2.27 g of 7b. 13C CP-

MAS NMR (100 MHz): δ (ppm) = 2.3, 10.6, 20.8, 52.2, 60.0, 71.3, 75.4, 113.5, 129.9, 135.7, 

139.7, 146.5, 154.5, 209.2, 219.1. 29Si CP-MAS NMR (75 MHz): δ (ppm) = -104.6, -97.5, 

2.1, 17.9. Elemental analysis, found: C, 14.45; H, 3.55; N, 0.62. Loading of ruthenium: 0.22 

mmol/g. 

The general procedure using the derivative of 6c (2.00 g) gave 2.25 g of 7c. 13C CP-

MAS NMR (100 MHz): δ (ppm) = 1.7, 19.1, 33.7, 51.4, 74.7, 113.2, 129.3, 135.3, 139.0, 

145.7, 153.7. 29Si CP-MAS NMR (75 MHz): δ (ppm) = -105.1, -96.8, -0.3, 17.8. Elemental 

analysis, found: C, 16.23; H, 2.68; N, 0.60. Loading of ruthenium: 0.21 mmol/g. 

 The general procedure using the derivative of 6d (2.00 g) gave 2.16 g of 7d. 

Elemental analysis, found: C, 16.30; H, 2.79; N, 0.45. Loading of ruthenium: 0.15 mmol/g. 

The general procedure using the derivative of 6e (2.00 g) gave 2.15 g of 7e. Elemental 

analysis, found: C, 14.04; H, 1.83; N, 0.41. Loading of ruthenium: 0.14 mmol/g. 

 

General Procedure for Testing Catalytic Activity  

Reactions were run in a vial containing a magnetic stir bar under argon. The vial was 

charged with catalysts 7 (5 μmol) and DCM (2 ml). A substrate (0.1 mmol) was injected, and 

the conversion was monitored by GC or LC after fresh filtration through a short pad of silica 

gel by elution with DCM. 

  

General Procedure for Testing Catalyst Recyclability 
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Reactions were run in a similar manner as described above. On completion of each 

run, the reaction vial was centrifuged at 4000 rpm for 3 min, and the supernatant was 

characterized by flash column chromatography and GC for isolated yield and conversion, 

respectively. The vial was charged with another aliquot of DCM, stirred for 1 min, and 

centrifuged again. One more rinse was performed before the next run was conducted with 

fresh substrate. 
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