
 

S1 

 
 
 

Supporting Information  
 

for 
 
 
 

Synthesis and Optical Resolution of Aminophosphines 
with Axially Chiral C(aryl)–N(amine) Bonds for Use as 

Ligands in Asymmetric Catalysis 
 

 

Takashi Mino*, Youichi Tanaka, Youtaro Hattori, Toshihiro Yabusaki, Hiroaki Saotome, 

Masami Sakamoto, and Tsutomu Fujita 

 
Department of Applied Chemistry and Biotechnology, Faculty of Engineering, Chiba 

University, 1-33, Yayoi-cho, Inage-ku, Chiba 263-8522, Japan 

 

 

tmino@faculty.chiba-u.jp 



 

S2 

Table of Contents 
Figure S1. ORTEP drawing of (±)-1a S4 

Figure S2. ORTEP drawing of (±)-1b S4 

Figure S3. ORTEP drawing of (±)-1c S5 

Figure S4. ORTEP drawing of (±)-1d S5 

Figure S5. ORTEP drawing of 9 S6 

Figure S6. ORTEP drawing of (aR,S)-(–)-12a S7 

Figure S7. ORTEP drawing of (aS,S)-(+)-11b S8 

Figure S8. ORTEP drawing of (aR,S)-(–)-12c S9 

Figure S9. ORTEP drawing of (aS,S)-(+)-11d S10 

Figure S10. Thermal racemization of optically active 1a S11 

Figure S11. Thermal racemization of optically active 1b S12 

Figure S12. Thermal racemization of optically active 1c S13 

Figure S13. Thermal racemization of optically active 1d S14 
1H, 13C, and 31P NMR of 2c S15-17 
1H, 13C, and 31P NMR of 3a S18-20 
1H, 13C, and 31P NMR of 3b S21-23 
1H, 13C, and 31P NMR of 3c S24-26 
1H, 13C, and 31P NMR of (±)-1a S27-29 
1H, 13C, and 31P NMR of (±)-1b S30-32 
1H, 13C, and 31P NMR of (±)-1c S33-35 
1H and 13C NMR of 5 S36-37 
1H and 13C NMR of 6 S38-39 
1H, 13C, and 31P NMR of 7 S40-42 
1H, 13C, and 31P NMR of 8 S43-45 
1H, 13C, 31P NMR, and chiral phase HPLC chart of 9 S46-49 
1H, 13C, and 31P NMR of (±)-1d S50-52 
1H, 13C, and 31P NMR of (aS,S)-(+)-11a S53-55 
1H, 13C, and 31P NMR of (aS,S)-(+)-11b S56-58 



 

S3 

1H, 13C, and 31P NMR of (aS,S)-(+)-11c S59-61 
1H, 13C, and 31P NMR of (aS,S)-(+)-11d S62-64 
1H, 13C, and 31P NMR of (aR,S)-(–)-12a S65-67 
1H, 13C, and 31P NMR of (aR,S)-(–)-12b S68-70 
1H, 13C, and 31P NMR of (aR,S)-(–)-12c S71-73 
1H, 13C, and 31P NMR of (aR,S)-(–)-12d S74-76 
1H and 31P NMR of (±)-13 S77-78 

Chiral phase HPLC chart of (aS)-(+)-1a S79 

Chiral phase HPLC chart of (aR)-(–)-1a S79 

Chiral phase HPLC chart of (aS)-(+)-1b S80 

Chiral phase HPLC chart of (aR)-(–)-1b S80 

Chiral phase HPLC chart of (aS)-(–)-1c S81 

Chiral phase HPLC chart of (aR)-(+)-1c S81 

Chiral phase HPLC chart of (aS)-(–)-1d S82 

Chiral phase HPLC chart of (aR)-(+)-1d S83 
1H NMR and chiral phase HPLC chart of (R)-16 S84-85 



 

S4 

 
Figure S1. ORTEP drawing of (±)-1a. 

 

 
Figure S2. ORTEP drawing of (±)-1b. 
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Figure S3. ORTEP drawing of (±)-1c. 
 

 
Figure S4. ORTEP drawing of (±)-1d. 
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Figure S5. ORTEP drawing of 9. 
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Figure S6. ORTEP drawing of (aR,S)-(–)-12a. 
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Figure S7. ORTEP drawing of (aS,S)-(+)-11b. 
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Figure S8. ORTEP drawing of (aR,S)-(–)-12c. 
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Figure S9. ORTEP drawing of (aS,S)-(+)-11d. 
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Figure S10. Thermal racemization of optically active 1a 
 

Time (sec) E.e. (%) 
at 75 °C 

E.e. (%) 
at 85 °C 

E.e. (%) 
 at 90 °C 

0 95.72 98.32 91.34 
1800  88.74 71.08 
3600  72.92 56.36 
5600 85.88   
7200  56.34 32.68 
12600 69.48   
14400  29.72  

E.e. was determined by chiral HPLC (Daicel CHIRALCEL® OJ, 0.46 φ × 
25 cm, hexane : ethanol ethanol = 90 : 10, 0.50 mL/min, UV 254 nm) 
analysis.  
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 Thermodynamic parameter at 25 °C 1a 

Half-life (day) 211.4 
ΔH (kcal/mol) 26.6 
ΔS (cal/mol·K) –4.5 
ΔG (kcal/mol) 28.0 
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Figure S11. Thermal racemization of optically active 1b 
 

Time (sec) E.e. (%) 
at 90 °C 

E.e. (%) 
at 95 °C 

E.e. (%) 
at 100 °C 

0 100 100 100 
1800 96.26 95.24 92.13 
3600 93.31 90.72 84.42 
7200 86.59 80.57 69.95 
14400 75.49 64.23 50.45 

E.e. was determined by chiral HPLC (Daicel CHIRALPAK® AD-H, 0.46 
φ × 25 cm × 2, hexane : ethanol = 99.7 : 0.3, 0.20 mL/min, UV 254 nm) 
analysis. 
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 Thermodynamic parameter at 25 °C 1b 

Half-life (day) 853.4 
ΔH (kcal/mol) 24.7 
ΔS (cal/mol·K) –13.9 
ΔG (kcal/mol) 28.8 
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Figure S12. Thermal racemization of optically active 1c 
 
 

Time (sec) E.e. (%) 
at 80 °C 

E.e. (%) 
at 90 °C 

E.e. (%) 
at 100 °C 

0 100 100 100 
1800 94.58  80.64 
3600 91.80 82.12 66.00 
7200 85.82  43.60 
14400 74.54 49.16  

E.e. was determined by chiral HPLC (Daicel CHIRALPAK® AD-H, 0.46 
φ × 25 cm × 2, hexane : ethanol = 99.7 : 0.3, 0.20 mL/min; UV 254 nm) 
analysis. 
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 Thermodynamic parameter at 25 °C 1c 

Half-life (day) 172.6 
ΔH (kcal/mol) 22.4 
ΔS (cal/mol·K) –18.2 
ΔG (kcal/mol) 27.9 
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Figure S13. Thermal racemization of optically active 1d 
 
 

Time (sec) E.e. (%) 
at 80 °C 

E.e. (%) 
at 90 °C 

E.e. (%) 
at 100 °C 

0 96.54 96.53 96.36 
1800 94.52 90.32 82.28 
3600  84.47 68.38 
7200 87.79 73.76 49.94 
14400 79.17 57.54 26.02 

E.e. was determined by chiral HPLC (Daicel CHIRALCEL® OD-H, 0.46 φ 
× 25 cm, hexane : ethanol = 99 : 1, 0.20 mL/min; UV 254 nm) analysis. 
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 Thermodynamic parameter at 25 °C 1d 

Half-life (day) 377.4 
ΔH (kcal/mol) 24.0 
ΔS (cal/mol·K) –14.4 
ΔG (kcal/mol) 28.3 
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1H NMR of 2c 
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13C NMR of 2c 
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31P NMR of 2c 
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1H NMR of 3a 
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13C NMR of 3a 
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31P NMR of 3a 
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1H NMR of 3b 
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13C NMR of 3b 
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31P NMR of 3b 
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1H NMR of 3c 
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13C NMR of 3c 
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31P NMR of 3c 
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1H NMR of (±)-1a 
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13C NMR of (±)-1a 
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31P NMR of (±)-1a 
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1H NMR of (±)-1b 
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13C NMR of (±)-1b 
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31P NMR of (±)-1b 
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1H NMR of (±)-1c 
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13C NMR of (±)-1c 
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31P NMR of (±)-1c 
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1H NMR of 5 
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13C NMR of 5 
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1H NMR of 6 
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13C NMR of 6 
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1H NMR of 7 
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13C NMR of 7 
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31P NMR of 7 
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1H NMR of 8 
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13C NMR of 8 
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31P NMR of 8 
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1H NMR of 9 
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13C NMR of 9 
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31P NMR of 9 
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Chiral phase HPLC–UV (254 nm) and –CD (254 nm) chart of 9 
 

30.022.90 [min]

[mv]

 
 

Daicel Chiralcel OJ®, hexane : ethanol=99 : 1, 0.3 mL/min 
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1H NMR of (±)-1d 
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13C NMR of (±)-1d 
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31P NMR of (±)-1d 
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1H NMR of (aS,S)-(+)-11a 
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13C NMR of (aS,S)-(+)-11a 
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31P NMR of (aS,S)-(+)-11a 
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1H NMR of (aS,S)-(+)-11b 
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13C NMR of (aS,S)-(+)-11b 
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31P NMR of (aS,S)-(+)-11b 
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1H NMR of (aS,S)-(+)-11c 
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13C NMR of (aS,S)-(+)-11c 
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31P NMR of (aS,S)-(+)-11c 
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1H NMR of (aS,S)-(+)-11d 
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13C NMR of (aS,S)-(+)-11d 
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31P NMR of (aS,S)-(+)-11d 
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1H NMR of (aR,S)-(–)-12a 
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13C NMR of (aR,S)-(–)-12a 
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31P NMR of (aR,S)-(–)-12a 
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1H NMR of (aR,S)-(–)-12b 

 



 

S69 

13C NMR of (aR,S)-(–)-12b 
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31P NMR of (aR,S)-(–)-12b 
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1H NMR of (aR,S)-(–)-12c 
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13C NMR of (aR,S)-(–)-12c 
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31P NMR of (aR,S)-(–)-12c 
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1H NMR of (aR,S)-(–)-12d 
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13C NMR of (aR,S)-(–)-12d 
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31P NMR of (aR,S)-(–)-12d 
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1H NMR of (±)-13 
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31P NMR of (±)-13 
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Chiral phase HPLC chart of (aS)-(+)-1a 
 

 
>99%ee 
 
Daicel CHIRALCEL® OJ (0.46 φ × 25 cm, hexane : ethanol = 90 : 10, 0.50 mL/min, UV 254 
nm) 
 
 
Chiral phase HPLC chart of (aR)-(–)-1a 
 

 
99.1%ee 
 
Daicel CHIRALCEL® OJ (0.46 φ × 25 cm, hexane : ethanol = 90 : 10, 0.50 mL/min, UV 254 
nm) 
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Chiral phase HPLC chart of (aS)-(+)-1b 
 

 
>99%ee 
 
Daicel CHIRALPAK® AD-H × 2 (0.46 φ × 25 cm × 2, hexane : ethanol = 99.7 : 0.3, 0.25 
mL/min, UV 254 nm) 
 
 
Chiral phase HPLC chart of (aR)-(–)-1b 
 

 
>99%ee 
 
Daicel CHIRALPAK® AD-H × 2 (0.46 φ × 25 cm × 2, hexane : ethanol = 99.7 : 0.3, 0.15 
mL/min, UV 254 nm)
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Chiral phase HPLC chart of (aS)-(–)-1c 
 

 
>99%ee 
 
Daicel CHIRALPAK® AD-H × 2 (0.46 φ × 25 cm × 2, hexane : ethanol = 99.7 : 0.3, 0.25 
mL/min, UV 254 nm) 
 
 
Chiral phase HPLC chart of (aR)-(+)-1c 
 

 
>99%ee 
 
Daicel CHIRALPAK® AD-H × 2 (0.46 φ × 25 cm × 2, hexane : ethanol = 99.7 : 0.3, 0.15 
mL/min, UV 254 nm) 
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Chiral phase HPLC chart of (aS)-(–)-1d 
 

 
>99%ee 

 
(±)-1d 
 
Daicel CHIRALCEL® OD (0.46 φ × 25 cm, hexane : ethanol = 99 : 1, 0.40 mL/min, UV 254 
nm) 
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Chiral phase HPLC chart of (aR)-(+)-1d 
 

 

99.2%ee 
 

 

(±)-1d 
 
Daicel CHIRALCEL® OD+OD-H (0.46 φ × 25 cm × 2, hexane : ethanol = 99 : 1, 0.25 
mL/min, UV 254 nm) 
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1H NMR of (R)-16 

 



 

S85 

Chiral phase HPLC chart of (R)-16 (Table 1, entry 4) 

 
95% ee 
 
Daicel CHIRALCEL® OD-H (0.46 φ × 25 cm, hexane : i-PrOH = 99 : 1, 0.40 mL/min, UV 
254 nm). 
 

 


