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N-triflylphosphoramide 5e were synthesized according to the reported method.1 

(S)-6,6'-Bis(2,4,6-triisopropylphenyl)-1,1'-spirobiindanyl-7,7'-diylhydrogen 

N-triflylphosphoramide (5e). Yellow solid, m.p. 105-108 ºC; [α]D
20 -75.4 (c 0.4, CHCl3); IR (film) 

3450, 2961, 1461, 1212, 1180, 1125 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.26-7.06 (m, 6H), 7.02 (s, 

1H), 6.93 (s, 1H), 3.19-3.12 (m, 2H), 2.97-2.60 (m, 8H), 2.36-2.27 (m, 2H), 2.21-1.95 (m, 2H), 

1.29-1.08 (m, 30H), 0.93-0.82 (m, 6H); 31P NMR (122 MHz, CDCl3) δ -17.0; 19F NMR (376 MHz, 

CDCl3) δ -75.3; HRMS (FT-ICRMS) calcd for C48H59F3NO5PSNa (M+Na): 872.3701, found: 

872.3702. 

Representative Procedure for the Rearrangement of Epoxide (Table 1, entry 1). A dried 

Schlenk flask charged with chiral spirobiindane N-triflyl phosphoramide 5e (0.0170 g, 0.02 mmol) 

and CH2Cl2/THF (1.0 mL, 1/1 volume ratio) was cooled to -78 ºC and stirred at this temperature for 

10 min before α-methylstyrene oxide (1a) (0.0536 g, 0.40 mmol) was added. The reaction mixture 

was stirred at -78 ºC until the TLC indicating the reaction was complete. NaBH4 (0.0296 g, 0.80 

mmol) and MeOH (2 mL) were then added sequentially, and the mixture was stirred at 0 ºC for 1 h. 

After being quenched with diluted HCl (2 N, 10 mL), the resulting mixture was extracted diethyl 

ether (10 mL x 3). The combined organic phase was washed with aq NaOH (2 N) and brine, dried 

over Na2SO4, filtered, concentrated, and the residue was purified by flash chromatography on silica 

gel (petroleum ether/diethyl ether = 3:1, v/v) to afford the desired product 4a as a colorless oil. 

Procedure for One Pot Synthesis of Chiral Alcohol from Alkene (Scheme 3). To a dried Schlenk 

flask was added m-CPBA (85%, 0.0757 g, 0.44 mmol), CH2Cl2 (1.0 mL), and α-methylstyrene (6) 

(0.0472 g, 0.40 mmol). The reaction mixture was stirred at room temperature for 1 h. Then THF 

(1.0 mL) was added, and the mixture was cooled -78 ºC and stirred at this temperature for 10 min 

before addition of chiral spirobiindane N-triflyl phosphoramide 5e (0.0170 g, 0.02 mmol). The 

reaction mixture was stirred at -78 ºC until TLC indicating the reaction was complete. NaBH4 
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(0.0296 g, 0.80 mmol) and MeOH (2 mL) were added, and the mixture was stirred at 0 ºC for 1 h. 

After being quenched with diluted HCl (2 N, 10 mL), and extracted with diethyl ether (10 mL x 3), 

the combined organic phase was washed with aq NaOH (2 N, 15 mL) and brine (15 mL), dried, 

filtered, and concentrated. The residue was purified by flash chromatography on silica gel 

(petroleum ether/diethyl ether = 3:1, v/v) to afford the desired product 4a as a colorless oil. 

Table S1 Optimization of Solvents for the Asymmetric Rearrangement of Epoxide 1aa 

entry catalyst solvent conv (%)b time (h) ee (%)c 

1 5d toluene >99 0.25 26 

2 5d THF >99 0.5 24 

3 5d Et2O >99 3 0 

4 5d acetone >99 0.25 10 

5 5e toluene >99 3.5 6 

6 5e CH2Cl2 >99 0.3 14 

7 5e THF >99 21 32 

8  5e Et2O NRd 4 - 

9 5e n-hexane trace 4 NDe

10 5e EtOAc >99 5.5 0 

11 5e CH2Cl2/THF (1/1)f >99 4 54 

12 5e CH2Cl2/THF (1/5)f >99 10 44 

13g 5e CH2Cl2/THF (1/1)f >99 3 48 
aAll reactions were carried out with epoxide 1a (0.10 mmol), phosphoramide 5e  (0.01 mmol), 

and solvent (1.5 mL) at -78 ºC unless other noted. b The conversion was determined by crude 1H 
NMR.  c The ee was determined by chiral GC. d No reaction.  e Not determined. f The ratio was in 
volume. g5 mol % catalyst was used. 
 

(R)-2-Phenylpropan-1-ol (4a) (Table 1, entry 1). Colorless oil, 68% yield; [α]D
20 +4.1 (c 0.8, 

CHCl3) (48% ee) ([α]D +14.3 (c 1.65, CHCl3), 99% ee for R)2; 1H NMR (400 MHz, CDCl3) δ 

7.36-7.30 (m, 2H), 7.26-7.20 (m, 3H), 3.71 (d, J = 5.6 Hz, 1H), 3.69 (d, J = 5.2 Hz, 1H), 3.00-2.88 

(m, 1H), 1.36 (br, 1H), 1.28(d, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 143.9, 128.9, 127.7, 

126.9, 68.9, 42.7, 17.8.  
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2-(4-Fluorophenyl)propan-1-ol (4b) (Table 1, entry 2). Colorless oil, 65% yield; [α]D
20 +0.9 (c 

0.5, CHCl3) (33% ee); IR (film) 3354, 1604, 1511, 1223, 833 cm-1; 1H NMR (400 MHz, CDCl3) δ 

7.19 (dd, J = 8.8, 5.2 Hz, 2H), 7.02 (dd, J = 8.8, 8.8 Hz, 2H), 3.73-3.63 (m, 2H), 2.98-2.90 (m, 1H), 

1.43 (br, 1H), 1.26 (d, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 161.9 (d, JC-F = 242.8 Hz), 

139.6 (d, JC-F = 3.3 Hz), 129.1 (d, JC-F = 7.8 Hz), 115.6 (d, JC-F = 20.9 Hz), 68.9, 41.9, 17.9; HRMS 

(TOF-EI) calcd for C9H11FO (M): 154.0794, found: 154.0796. 

(R)-2-(4-Chlorophenyl)propan-1-ol (4c) (Table 1, entry 3). Colorless oil, 61% yield; [α]D +1.4 (c 

0.6, CHCl3) (41% ee) ([α]D
20 +13.3 (c 1.1, CHCl3), 90% ee for R)3; 1H NMR (400 MHz, CDCl3) δ 

7.29 (d, J = 7.6 Hz, 2H), 7.17 (d, J = 7.6 Hz, 2H), 3.67 (d, J = 7.2 Hz, 1H), 3.65 (d, J = 7.2 Hz, 1H), 

2.97-2.85 (m, 1H), 1.46 (br, 1H), 1.25 (d, J = 6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 142.5, 

132.5, 129.0, 128.9, 68.7, 42.1, 17.7. 

2-(4-Bromophenyl)propan-1-ol (4d) (Table 1, entry 4).4 Colorless oil, 59% yield; [α]D
 20 +2.8 (c 

0.9, CHCl3) (33% ee); 1H NMR (400 MHz, CDCl3) δ 7.45 (d, J = 8.4 Hz, 2H), 7.12 (d, J = 8.4 Hz, 

2H), 3.74-3.61 (m, 2H), 2.96-2.86 (m, 1H), 1.47 (br, 1H), 1.26 (d, J = 7.2 Hz, 3H); 13C NMR (100 

MHz, CDCl3) δ 143.0, 131.9, 129.5, 120.6, 68.7, 42.2, 17.7. 

(R)-2-p-Tolylpropan-1-ol 4e (Table 1, entry 5). Colorless oil, 62% yield; [α]D
20 +1.8 (c 0.4, 

CHCl3) (33% ee) ([α]D
20 +8.7 (c 2.75, CHCl3), 74% ee for R)5; 1H NMR (400 MHz, CDCl3) δ 

7.20-7.10 (m, 4H), 3.74-3.64 (m, 2H), 2.97-2.88 (m, 1H), 2.34 (s, 3H), 1.41 (br, 1H), 1.27 (d, J = 

6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 140.8, 136.4, 129.5, 127.5, 69.0, 42.2, 21.2, 17.9. 

2-(4-Butylphenyl)propan-1-ol (4f) (Table 1, entry 6). Colorless oil, 48% yield; [α]D
20 +2.4 (c 0.8, 

CHCl3) (33% ee); IR (film) 3353, 1513, 1458, 1379, 1038, 1013 cm-1; 1H NMR (400 MHz, CDCl3) 

δ 7.19-7.10 (m, 4H), 3.69 (d, J = 6.8 Hz, 2H), 2.98-2.86 (m, 1H), 2.59 (t, J = 8.0 Hz, 2H), 1.64-1.53 

(m, 2H), 1.43 (br, 1H), 1.41-1.31 (m, 2H), 1.27 (d, J = 7.2 Hz, 3H) , 0.93 (t, J = 7.2 Hz, 3H); 13C 

NMR (100 MHz, CDCl3) δ 141.5, 140.9, 128.9, 127.5, 69.0, 42.3, 35.5, 33.9, 22.6, 17.8, 14.2; 
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HRMS (TOF-EI) calcd for C13H20O (M): 192.1514, found: 192.1516. 

2-(4-Isopropylphenyl)propan-1-ol (4g) (Table 1, entry 7). Colorless oil, 59% yield; [α]D
20 +2.6 (c 

0.8, CHCl3) (35% ee); IR (film) 3354, 1510, 1460, 1038, 1012, 828 cm-1; 1H NMR (400 MHz, 

CDCl3) δ 7.23-7.14 (m, 4H), 3.69 (d, J = 6.8 Hz, 2H), 2.99-2.83 (m, 2H), 1.43 (br, 1H), 1.27 (d, J = 

8.4 Hz, 3H), 1.25 (d, J = 7.2 Hz, 6H); 13C NMR (100 MHz, CDCl3) δ 147.4, 141.1, 127.6, 126.9, 

69.0, 42.2, 33.9, 24.2, 17.8; HRMS (TOF-EI) calcd for C12H18O (M): 178.1358, found: 178.1361. 

2-(Biphenyl-4-yl)propan-1-ol (4h) (Table 1, entry 8).6 Colorless oil, 53% yield; [α]20
D +1.7 (c 0.6, 

CHCl3) (33% ee); 1H NMR (400 MHz, CDCl3) δ 7.60-7.52 (m, 4H), 7.43 (dd, J = 7.6, 7.6 Hz, 2H), 

7.38-7.28 (m, 3H), 3.75 (d, J = 6.8 Hz, 2H), 3.05-2.95 (m, 1H), 1.44 (br, 1H), 1.31 (d, J = 7.2 Hz, 

3H); 13C NMR (100 MHz, CDCl3) δ 143.0, 141.2, 139.9, 129.0, 128.1, 127.6, 127.4, 127.3, 68.9, 

42.4, 17.8. 

2-(3-Fluorophenyl)propan-1-ol (4i) (Table 1, entry 9). Colorless oil, 67% yield; [α]D
20 +2.8 (c 1.0, 

CHCl3) (38% ee); IR (film) 3356, 1614, 1590, 1488, 1448, 1249, 1151, 1028, 922 cm-1; 1H NMR 

(400 MHz, CDCl3) δ 7.32-7.24 (m, 1H), 7.02 (d, J = 7.6 Hz, 1H), 6.97-6.88 (m, 2H), 3.69 (d, J = 

6.8 Hz, 2H), 3.03-2.90 (m, 1H), 1.43 (br, 1H), 1.27 (d, J = 6.8 Hz, 3H); 13C NMR (100 MHz, 

CDCl3) δ 163.3 (d, JC-F = 244.1 Hz), 146.7 (d, JC-F = 7.0 Hz), 130.2 (d, JC-F = 8.1 Hz), 123.4 (d, JC-F 

= 2.6 Hz), 114.5 (d, JC-F = 21.1 Hz), 113.7 (d, JC-F = 20.9 Hz), 68.7, 42.5 (d, JC-F = 1.3 Hz), 17.7; 

HRMS (TOF-EI) calcd for C15H16O (M): 154.0794, found: 154.0796. 

2-m-Tolylpropan-1-ol (4j) (Table 1, entry 10).7 Colorless oil, 67% yield; [α]D
20 +7.3 (c 1.2, 

CHCl3) (35% ee); 1H NMR (400 MHz, CDCl3) δ 7.26-7.18 (m, 1H), 7.07-7.01 (m, 3H), 3.69 (d, J = 

6.8 Hz, 2H), 2.95-2.88 (m, 1H), 2.35 (s, 3H), 1.27 (br, 1H), 1.26 (d, J = 6.8 Hz, 3H); 13C NMR (100 

MHz, CDCl3) δ 143.8, 138.5, 128.8, 128.5, 127.7, 124.7, 68.9, 42.6, 21.7, 17.8. 

2-(3-Methoxyphenyl)propan-1-ol (4k) (Table 1, entry 11).8 Colorless oil, 61% yield; [α]D
20 +2.8 

(c 1.0, CHCl3) (37% ee); 1H NMR (400 MHz, CDCl3) δ 7.28-7.21 (m, 1H), 6.86-6.75 (m, 3H), 3.80 
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(s, 3H), 3.69 (d, J = 6.8 Hz, 2H), 2.96-2.88 (m, 1H), 1.45 (br, 1H), 1.26 (d, J = 7.2 Hz, 3H); 13C 

NMR (100 MHz, CDCl3) δ 160.1, 145.6, 129.8, 120.0, 113.7, 111.9, 68.8, 55.4, 42.7, 17.8. 

2-(Biphenyl-3-yl)propan-1-ol (4l) (Table 1, entry 12). Colorless oil, 65% yield; [α]D
20 +0.3 (c 1.0, 

CHCl3) (42% ee); IR (film) 3355, 1598, 1479, 1029, 758 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.58 

(d, J = 7.6 Hz, 2H), 7.49-7.30 (m, 6H), 7.26-7.20 (m, 1H), 3.75 (d, J = 6.8 Hz, 2H), 3.08-2.95 (m, 

1H), 1.43 (br, 1H), 1.32 (d, J = 6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 144.4, 141.9, 141.5, 

129.3, 129.0, 127.5, 127.4, 126.7, 126.6, 125.8, 68.9, 42.8, 17.9; HRMS (TOF-EI) calcd for 

C9H11FO (M): 212.1201, found: 212.1204. 

2-(Biphenyl-2-yl)propan-1-ol (4m) (Table 1, entry 13). Colorless oil, 74% yield; [α]D
20 −4.8 (c 

1.5, CHCl3) (19% ee); IR (film) 3354, 1597, 1480, 1032 cm-1; 1H NMR (400 MHz, CDCl3) δ 

7.42-7.20 (m, 9H), 3.68 (dd, J = 10.8, 7.2 Hz, 1H), 3.59 (dd, J = 10.8, 6.8 Hz, 1H), 3.22-3.10 (m, 

1H), 1.34 (br, 1H), 1.18 (d, J = 6.8Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 142.9, 141.8, 141.4, 

130.5, 129.6, 128.3, 128.0, 127.1, 126.2, 126.1, 68.6, 37.6, 18.7; HRMS (TOF-EI) calcd for 

C15H16O (M): 212.1201, found: 212.1204. 

2-Phenylbutan-1-ol (4n) (Table 1, entry 14).9 Colorless oil, 68% yield; [α]D
20 -3.2 (c 0.7, CHCl3) 

(20% ee); 1H NMR (400 MHz, CDCl3) δ 7.34 (t, J = 7.2 Hz, 2H), 7.26-7.18 (m, 3H), 3.81-3.71 (m, 

2H), 2.75-2.64 (m, 1H), 1.81-1.70 (m, 1H), 1.65-1.53 (m, 1H), 1.32 (br, 1H), 0.84 (t, J = 7.2 Hz, 

3H); 13C NMR (CDCl3):  142.5, 128.8, 128.3, 126.9, 67.6, 50.7, 25.2, 12.2. 

2-Phenylbutan-1-ol (7). Colorless oil, 84% yield; IR (film) 3374, 1494, 1076 cm-1; 1H NMR (400 

MHz, CDCl3) δ 7.43-7.37 (m, 2H), 7.36-7.27 (m, 3H), 5.35 (s, 1H), 5.30 (s, 1H), 4.62 (dd, J = 7.6, 

4.0 Hz, 1H), 1.77 (br, 1H), 1.63-1.23 (m, 6H), 0.86 (t, J = 7.2 Hz, 3H); 13C NMR (CDCl3):  152.3, 

140.2, 128.5, 127.8, 127.1, 112.7, 74.1, 35.9, 28.0, 22.7, 14.2; HRMS (TOF-EI) calcd for C15H16O 

(M): 190.1358, found: 190.1361. 
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The chromatograms for determination of the enantiomeric excess 

Table 1, entry 1 

     

GC Conditions: Column: capillary B‐DM, T: 70 oC; P: 30 psi;   

Racemic 

 

Chiral 
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Table 1, entry 2 

     
HPLC Conditions: Column: Chiralpak AD‐H, Daicel Chemical  Industries,  Ltd., Eluent: Hexanes/IPA 

( 98/2 ); Flow rate: 1.0 mL/min; Detection: UV 254 nm 

Racemic                                                          Chiral 

               

             

Table 1, entry 3 

 
HPLC Conditions: Column: Chiralpak AD‐H, Daicel Chemical  Industries,  Ltd., Eluent: Hexanes/IPA 

( 98/2 ); Flow rate: 1.0 mL/min; Detection: UV 254 nm 

Racemic                                                          Chiral 
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Table 1, entry 4 

 
HPLC Conditions: Column: Chiralpak AD‐H, Daicel Chemical  Industries,  Ltd., Eluent: Hexanes/IPA 

( 98/2 ); Flow rate: 1.0 mL/min; Detection: UV 254 nm 

Racemic                                                          Chiral 

                 

               

Table 1, entry 5 

 

HPLC Conditions: Column: Chiralpak AD‐H, Daicel Chemical  Industries,  Ltd., Eluent: Hexanes/IPA 

( 98/2 ); Flow rate: 1.0 mL/min; Detection: UV 254 nm 

Racemic                                                          Chiral 
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Table 1, entry 6 

 

HPLC Conditions: Column: Chiralpak AD‐H, Daicel Chemical  Industries,  Ltd., Eluent: Hexanes/IPA 

( 99/1 ); Flow rate: 0.8 mL/min; Detection: UV 254 nm 

Racemic                                                          Chiral 

                 

               

Table 1, entry 7 

 

HPLC Conditions: Column: Chiralpak AD‐H, Daicel Chemical  Industries,  Ltd., Eluent: Hexanes/IPA 

( 99/1 ); Flow rate: 0.8 mL/min; Detection: UV 254 nm 

Racemic                                                          Chiral 
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Table 1, entry 8 

 
HPLC  Conditions:  Column:  Chiralcel  AS‐H, Daicel  Chemical  Industries,  Ltd.,  Eluent: Hexanes/IPA 

( 98/2 ); Flow rate: 0.8 mL/min; Detection: UV 254 nm 

Racemic                                                          Chiral 

                 

               

Table 1, entry 9 

 

HPLC Conditions: Column: Chiralpak AD‐H, Daicel Chemical  Industries,  Ltd., Eluent: Hexanes/IPA 

( 98/2 ); Flow rate: 1.0 mL/min; Detection: UV 254 nm 

Racemic                                                          Chiral 
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Table 1, entry 10 

 

HPLC Conditions: Column: Chiralpak AS‐H, Daicel Chemical  Industries,  Ltd., Eluent: Hexanes/IPA 

( 98/2 ); Flow rate: 1 mL/min; Detection: UV 220 nm 

Racemic                                                          Chiral 

                 

                 

Table 1, entry 11 

 

HPLC  Conditions:  Column: Chiralcel AD‐H, Daicel Chemical  Industries,  Ltd.,  Eluent: Hexanes/IPA 

( 98/2 ); Flow rate: 1 mL/min; Detection: UV 254 nm 

Racemic                                                          Chiral 
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Table 1, entry 12 

 

HPLC  Conditions:  Column: Chiralcel AD‐H, Daicel Chemical  Industries,  Ltd.,  Eluent: Hexanes/IPA 

( 98/2 ); Flow rate: 1 mL/min; Detection: UV 254 nm 

Racemic                                                          Chiral 

                 

               

Table 1, entry 13 

 

HPLC Conditions: Column: Chiralpak OD‐H, Daicel Chemical  Industries, Ltd., Eluent: Hexanes/IPA 

( 99/1 ); Flow rate: 1 mL/min; Detection: UV 254 nm 

Racemic                                                          Chiral 
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Table 1, entry 14 

 

HPLC  Conditions:  Column: Chiralcel AD‐H, Daicel Chemical  Industries,  Ltd.,  Eluent: Hexanes/IPA 

( 98/2 ); Flow rate: 0.75 mL/min; Detection: UV 220 nm 

Racemic                                                          Chiral 
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