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I. General Instrument 

All reactions and manipulations were performed in a nitrogen-filled glove box or 
using standard Schlenk techniques, unless otherwise noted. Anhydrous solvents were 
purchased from EMD chemicals Inc. Rh(acac)(CO)2 was purchased from Strem 
chemicals. All reagents were purchased from either Aldrich or VWR and were used 
without further purification. All olefins, amines and catalysts were stored in the 
nitrogen-filled glove box before using. Tetrabi was prepared according to the 
literature procedure. (Yu, Shichao; Zhang, Xiaowei; Yan, Yongjun; Cai, Chaoxian; Dai, 
Liyan; Zhang, Xumu. Chem. Eur. J. 2010, 16, 4938-4943.). 1H NMR and 13C NMR 
spectra were recorded on Varian Mercury 400 MHz FT-NMR spectrometer. All 
chemical shifts were reported in ppm. A positive ion mass spectrum of sample was 
acquired on a Thermo LTQ-FT mass spectrometer with an electrospray ionization 
source. Gas chromatography (GC) was performed on an Agilent 7890 series system 
using a β-Dex 225 column from Supelco (30m × 0.25mm ID).  

II. General Methods 

The products were isolated from the reaction mixture by solvent evaporation and 
further purified using column chromatography on 200-400 mesh silica gel supplied by 
Sorbent technologies. All yields reported refer to GC using 2-methoxyethyl ether as 
an internal standard. The purity of isolated compound was confirmed >98% by GC 
and NMR. The linear to branched ratios were determined by GC analysis of the crude 
reaction mixtures prior to flash chromatography. Compounds known in the literature 
were characterized by comparing their 1H NMR, 13C NMR data to the previously 
reported data. New products were further characterized by HRMS.  

III. General Procedure for the Regioselective Hydroaminomethylation 

All hydroaminomethylation experiments were performed in the nitrogen-filled glove 
box. In a typical experiment, a 10-mL long neck vial with a magnetic stirring bar was 
charged with ligand (4 μmol, 3.5 mg) and Rh(acac)(CO)2 (1 μmol, 0.1 mL of 10 mmol 
solution in toluene), which was stirred for 10 min. 1-Hexene (1 mmol, 0.125 mL) and 
piperidine (1 mmol, 0.098 mL) was then added, followed by 2-methoxyethyl ether 
(0.1 mL), which was internal standard, and 2-propanol (3 mL). The reaction mixture 
was transfered to an autoclave after the vial was covered with a simple lid. The 
autoclave was purged with H2 three times and subsequently charged with CO (5 bar) 
and H2 (35 bar). The reaction was carried out at 125 ℃ for 6 h, then the autoclave 
was cooled to room temperature and depressurized carefully in a well-ventilated hood. 
The reaction mixture was immediately analyzed by GC to determine the conversion 
and regioselectivity. 

IV. NMR Data of New Pyrrole-based Ligands 
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1H NMR (400 MHz, CDCl3) δ = 7.18 (d, J = 8.3 Hz, 4H), 7.09 (d, J = 8.2 Hz, 8H), 
6.46 (s, 16H), 6.04 (t, J = 1.8 Hz, 16H), 1.34 (s, 36H); 13C NMR (100 MHz, CDCl3) δ 
= 150.25, 135.11, 133.79, 129.21, 125.29, 120.79, 111.66, 34.56, 31.36; 31P NMR 
(161 MHz, CDCl3) δ = 105.6. HRMS (ES+) calcd for C84H87N8O4P4

+ [M+H]+ 
1395.5795, found 1395.5798. 

Ligand L2 

 
1H NMR (400 MHz, CDCl3) δ = 6.65 (s, 16H), 6.41 (s, 4H), 6.20 (t, J = 2.0 Hz, 16H), 
2.24 (s, 6H); 13C NMR (100 MHz, CDCl3) δ = 152.26, 141.32, 121.12, 116.02, 115.90, 
112.22, 21.37; 31P NMR (161 MHz, CDCl3) δ = 107.9. HRMS (ES+) calcd for 
C46H43N8O4P4

+ [M+H]+ 895.2352, found 895.2347. 

V. GC Analysis Conditions for Determination of Linear to Branch Ratio 

All the solvents have been ignored by comparing to their standard GC spectra. All the 
RF (response factor) of substrate and product to 2-methoxylethyl ether has been 
calculated by the commercially available or isolated standard chemicals.  

 

GC: β-Dex 225, 70 ℃ for 5 min, then 140 ℃ for 45 min (rate: 20 ℃/min), tiso = 
11.2 min, tn = 12.2 min. 
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1-hexene
HN
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GC: β-Dex 225, 70 ℃ for 5 min, then 140 ℃ for 45 min (rate: 20 ℃/min), tiso = 

13.1 min, tn = 14.8 min.  

1-hexylpiperidine 

 
The crude product was purified by flash chromatography (n-hexane/EtOAc = 30:1, 
yield 98% by GC), clear liquid. 1H NMR (400 MHz, CDCl3) δ = 2.29 (s, br, 4H), 2.20 
(t, J = 7.90 Hz, 2H), 1.51 (quintet, J = 4.05 Hz, 4H), 1.31-1.47 (m, 4H), 1.21 (s, 6H), 
0.81 (t, J = 6.72 Hz, 3H). 13C NMR (100 MHz, CDCl3): δ = 58.73, 53.68, 30.85, 
26.48, 25.96, 25.02, 23.54, 21.62, 13.03. 

1-heptylpiperidine 

 
The crude product was purified by flash chromatography (n-hexane/EtOAc = 30:1, 
yield 98% by GC), clear liquid. 1H NMR (400 MHz, CDCl3) δ = 2.29 (s, br, 4H), 2.19 
(t, J = 7.92 Hz, 2H), 1.51 (quintet, J = 5.63 Hz, 4H), 1.30-1.48 (m, 4H), 1.20 (s, 8H), 
0.81 (t, J = 6.90 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ = 58.73, 53.69, 30.82, 28.29, 
26.76, 26.00, 24.98, 23.55, 21.62, 13.06. 

VI. Representative Gas Chromatogram Spectrum 

 

Crude reaction mixture, Table 1, Entry 15:  
Reaction conditions: 1 μmol Rh(acac)(CO)2 and 4 μmol L3 ligand, 1 mmol 1-hexene, 

1 mmol piperidine, 0.1 mL 2-methoxylethyl ether, 3 mL 2-PrOH; 
CO/H2 = 5/35 bar, 125 ℃, 8 h. 

GC analysis conditions: β-Dex 225, 65 ℃, 5 min, 20 ℃/min, 130℃, 20 min.  
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Crude reaction mixture, Table 2, Entry 3:  
Reaction conditions: 1 μmol Rh(acac)(CO)2 and 4 μmol L5 ligand, 1 mmol 1-hexene, 

1 mmol piperidine, 0.1 mL 2-methoxylethyl ether, 3 mL 2-PrOH; 
CO/H2 = 5/35 bar, 125 ℃, 8 h. 

GC analysis conditions: β-Dex 225, 65 oC, 5 min, 20 ℃/min, 130 ℃, 20 min.  
 

 

Crude reaction mixture, Table 3, Entry 3:  
Reaction conditions: 1 μmol Rh(acac)(CO)2 and 4 μmol L5 ligand, 1 mmol 1-pentene, 

1 mmol piperidine, 0.1 mL 2-methoxylethyl ether, 3 mL 2-PrOH; 
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CO/H2 = 5/35 bar, 125 ℃, 8 h. 
GC analysis conditions: β-Dex 225, 65 ℃, 5 min, 20 ℃/min, 130 ℃, 20 min. 

  

 

VII.  NMR Spectrum 
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1H NMR of Ligand L1 

 
13C NMR of Ligand L1 
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31P NMR of Ligand L1 

 
1H NMR of Ligand L2 
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13C NMR of Ligand L2 

 
31P NMR of Ligand L2 
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1H NMR of 1-hexylpiperidine 

 

13C NMR of 1-hexylpiperidine 
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1H NMR of 1-heptylpiperidine 

13C NMR of 1-heptylpiperidine 

 


