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General methods and materials 

Melting point was measured by a melting point instrument and was uncorrected. NMR 

spectra were recorded with 300, 400 and 500 MHz spectrometers in CDCl3 as a solvent 

at room temperature unless otherwise noted. Chemical shifts (d) are given in ppm relative 
to TMS (1H), external 85% H3PO4 (31P), or residual CHCl3 (13C) as a reference. All 13C 

and 31P NMR spectra recorded with the use of broadband proton decoupling. The 

coupling constants J are given in Hz, and the peak patterns are indicated as follows: s, 

singlet; d, doublet, t, triplet; q, quartet; m, multiplet. HRMS (ESI) was measured with an 

orbitrap mass spectrometer. Optical rotation was measured on a polarimeter. The 

enantiomeric excess value was determined by HPLC equipped with a chiral stationary 

phase column. Unless otherwise noted, all reagents were used without further purification. 

Preparation of Aminophosphine 3a.  

To a mixture of phosphine oxide 2a (1.37 g, 3.0 mmol) and 
triethylamine (6.3 mL, 45 mmol) in m-xylene (30 mL) was added trichlorosilane (3.0 mL, 

30 mmol) at 0 °C under an Ar atmosphere. The mixture was stirred at 120 °C for 24 h. 

After being cooled to room temperature, the reaction mixture was diluted with CHCl3 and 

quenched with 2 M of NaOH aq. solution. The organic layer was washed with brine, dried 

over MgSO4, and concentrated under reduced pressure. The residue was purified by silica 

gel chromatography (hexane:EtOAc = 40:1). 

N-(2-(Diphenylphosphaneyl)-6-methoxyphenyl)adamantan-1-amine (3a). 43% yield 

(0.761 g, 1.72 mmol) as a white solid; mp 173-175 °C; 1H NMR (400 MHz, CDCl3) δ 

7.33-7.25 (m, 10H), 6.89-6.82 (m, 2H), 6.43 (qd, J = 1.9 and 7.1 Hz, 1H), 3.823 (s, 4H), 

3.819 (br-s, 1H), 1.96 (s, 3H), 1.79 (d, J = 2.5 Hz, 6H),1.53 (dd, J = 12.1 and 25.5 Hz, 

6H); 13C NMR (75 MHz, CDCl3) δ 154.0 (d, JCP = 5.0 Hz), 139.8 (d, JCP = 23.8 Hz), 

136.6 (d, JCP = 10.0 Hz) × 2, 133.8 (d, JCP = 19.4 Hz) × 4, 132.0 (d, JCP = 4.4 Hz), 128.5 

(d, JCP = 3.3 Hz) × 4, 128.4 × 2, 122.7 (d, JCP = 1.1 Hz), 126.1, 111.5, 54.9, 54.6 (d, JCP 

= 18.2 Hz), 43.6 (d, JCP = 2.2 Hz) × 3, 36.4 × 3, 30.2 × 3; 31P NMR (121 MHz, CDCl3) δ 

–18.4; HRMS (ESI-orbitrap) m/z calcd for C29H32ONP + H 442.2294 found 442.2282; 

EI-MS m/z (rel intensity) 441 (M+, 100).  

Preparation of Aminophosphine 3b.  

NH
MeO PPh2
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To a mixture of phosphine oxide 2b (0.229 g, 0.50 mmol) and 

triethylamine (0.51 mL, 5.0 mmol) in m-xylene (2.5 mL) was added trichlorosilane (3.0 

mL, 30 mmol) at 0 °C under an Ar atmosphere. The mixture was stirred at 120 °C for 24 

h. After being cooled to room temperature, the reaction mixture was diluted with CHCl3 

and quenched with 2 M of NaOH aq. solution. The organic layer was washed with brine, 

dried over MgSO4, and concentrated under reduced pressure. The residue was purified by 

silica gel chromatography (hexane:EtOAc = 40:1). 

N-(2-(Diphenylphosphaneyl)-6-methoxyphenyl)adamantan-2-amine (3b). 48% yield 

(0.106 g, 0.239 mmol) as a white solid; mp 117-119 °C; 1H NMR (400 MHz, CDCl3) δ 

7.33-7.28 (m, 10H), 6.81 (dd, J = 1.5 and 8.0 Hz, 1H), 6.73 (t, J = 7.7 Hz, 1H), 6.48 (ddd, 

J = 1.5, 4.3 and 7.7 Hz, 1H), 4.91 (s, 1H), 3.83 (s, 3H), 3.72 (s, 1H), 2.02 (d, J = 12.8 Hz, 

2H), 1.83 (s, 2H), 1.79 (s, 1H), 1.70-1.65 (m, 5H), 1.44 (dd, J = 12.5 and 27.8 Hz, 4H); 
13C NMR (101 MHz, CDCl3) δ 150.8 (d, JCP = 6.6 Hz), 142.3 (d, JCP = 23.5 Hz), 137.1 × 

2 (d, JCP = 9.5 Hz), 133.7 × 2 (d, JCP = 19.1 Hz), 128.4 × 4, 128.3 × 4, 125.5 (d, JCP = 9.5 

Hz), 119.95, 119.93, 111.7, 61.6 (d, JCP = 8.1 Hz), 55.7, 37.8, 37.5 × 2, 32.5 × 2, 31.4 

(d, JCP = 2.2 Hz) × 2, 27.44, 27.43; 31P NMR (121 MHz, CDCl3) δ –18.3; HRMS (ESI-

orbitrap) m/z calcd for C29H32ONP + H 442.2294 found 442.2286; EI-MS m/z (rel 

intensity) 441 (M+, 100). 

Preparation of Aminophosphine 3c.  

To a mixture of phosphine oxide 2c (0.405 g, 1.0 mmol) and 
triethylamine (2.1 mL, 15 mmol) in m-xylene (20 mL) was added trichlorosilane (1.0 mL, 

10 mmol) at 0 °C under an Ar atmosphere. The mixture was stirred at 120 °C for 24 h. 

After being cooled to room temperature, the reaction mixture was diluted with CHCl3 and 

quenched with 2 M of NaOH aq. solution. The organic layer was washed with brine, dried 

over MgSO4, and concentrated under reduced pressure. The residue was purified by silica 

gel chromatography (hexane:EtOAc = 40:1). 

PPh2MeO
NH

PPh2MeO
NH
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N-(2-(Diphenylphosphaneyl)-6-methoxyphenyl)cyclohexylamine (3c). 94% yield 

(0.366 g, 0.939 mmol) as a white solid; mp 96-98 °C; 1H NMR (400 MHz, CDCl3) δ 7.32-

7.27 (m, 10H), 6.81 (dd, J = 1.5 and 8.0 Hz, 1H), 6.76 (t, J = 7.7 Hz, 1H), 6.47 (ddd, J = 

1.5, 4.3 and 7.5 Hz, 1H), 4.18 (br-s, 1H), 3.82 (s, 3H), 3.39 (sep, J = 3.5 Hz, 1H), 1.83-

1.81 (m, 2H), 1.60-1.56 (m, 2H), 1.48-1.46 (m, 1H) 1.05-0.98 (m, 5H); 13C NMR (101 

MHz, CDCl3) δ 151.2 (d, JCP = 5.9 Hz), 141.9 (d, JCP = 23.5 Hz), 137.0 (d, JCP = 9.5 Hz) 

× 2, 133.7 (d, JCP = 19.1 Hz) × 4, 128.41 × 2, 128.38 (d, JCP = 6.6 Hz) × 4, 127.1, 126.6 

(d, JCP = 8.8 Hz), 120.7 (d, JCP = 2.2 Hz), 111.6, 56.4 (d, JCP = 6.6 Hz), 55.6, 34.2 × 2, 

25.9, 25.1 × 2; 31P NMR (121 MHz, CDCl3) δ –19.7; HRMS (ESI-orbitrap) m/z calcd for 

C25H28ONP + H 390.1981 found 390.1979; EI-MS m/z (rel intensity) 389 (M+, 21). 

Preparation of Cinnamoyl Amide (±)-1a. 

To the solution of aminophosphine 3a (0.221 g, 0.50 mmol) in 
THF (13 mL) was added pyridine (0.078 mL, 1.0 mmol), N,N-dimethyl-4-aminopyridine 

(26 mg, 0.20 mmol) and cinnamoyl chloride (0.167 g, 1.0 mmol) at room temperature. 

The reaction mixture was stirred at 60 °C. After 48 h, the mixture was quenched with 

water and diluted with diethyl ether. The organic layer was washed with water and brine, 

and dried over MgSO4. The filtrate was concentrated and the residue was purified by 

column chromatography (hexane:EtOAc = 4:1). 

(±)-N-(Adamantan-1-yl)-N-(2-(diphenylphosphaneyl)-6-methoxyphenyl)cinnamamide 

((±)-1a). 88% yield (252 mg, 0.44 mmol) as a white solid; mp 100-102 °C; 1H NMR (400 

MHz, CDCl3) d 7.39 (d, J = 15.5 Hz 1H), 7.35-7.29 (m, 5H), 7.26 (s, 1H), 7.24-7.19 (m, 

3H), 7.16-7.12 (m, 2H), 7.07-6.98 (m, 5H), 6.96 (dd, J = 1.3 and 8.3 Hz, 1H), 6.82 (qd, J 

= 1.2 and 7.7 Hz, 1H), 5.71 (q, J = 15.5 Hz 1H), 3.81 (s, 3H), 2.28-2.33 (m, 6H), 1.96 (s, 

3H), 1.53 (s, 6H); 13C NMR (101 MHz, CDCl3) d 166.5, 157.3 (d, JCP = 24.0 Hz), 141.4 

(d, JCP = 52.0 Hz), 139.8, 136.7 (d, JCP = 39.9 Hz), 136.4 (d, JCP = 38.3 Hz), 135.5, 135.4 

(d, JCP = 112.3 Hz), 134.0 (d, JCP = 84.6 Hz) × 2, 133.7 (d, JCP = 78.0 Hz) × 2, 128.9, 

128.8, 128.6, 128.49 (d, JCP = 25.5 Hz) × 2, 128.46, 128.32 (d, JCP = 28.4 Hz) × 2, 128.30 

× 2, 127.7 × 2, 127.2 (d, JCP = 6.0 Hz), 122.1, 111.9, 61.1, 55.6, 39.6 (d, JCP = 3.7 Hz) × 

3, 36.5 × 3, 30.3 × 3; 31P NMR (121 MHz, CDCl3) d −17.8; HRMS (ESI-orbitrap) m/z 
calcd for C38H38O2NP + H 572.2713 found 572.2705; EI-MS m/z (rel intensity) 571 (M+, 

N
MeO PPh2

Ph

O
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1); HPLC (Daicel CHIRALCEL® OD-H, 0.46×25 cm, UV 254 nm, hexane : 2-propanol 

= 98 : 2, 0.8 mL/min) tR = 11.9 min (CD : lext (De) 254 (–)), tR = 16.2 min (CD : lext (De) 
254 (+)). 

Preparation of Cinnamoyl Amide (±)-1b. 

To the solution of aminophosphine 3b (0.132 g, 0.30 mmol) in 

THF (8.0 mL) was added pyridine (0.048 mL, 0.60 mmol), N,N-dimethyl-4-

aminopyridine (16 mg, 0.13 mmol) and cinnamoyl chloride (0.100 g, 0.6 mmol) at room 

temperature. The reaction mixture was stirred at 60 °C. After 48 h, the mixture was 

quenched with water and diluted with diethyl ether. The organic layer was washed with 

water and brine, and dried over MgSO4. The filtrate was concentrated and the residue was 

purified by column chromatography (hexane:EtOAc = 4:1). 

(±)-N-(Adamantan-2-yl)-N-(2-(diphenylphosphaneyl)-6-methoxyphenyl)cinnamamide 

((±)-1b). 92% yield (157 mg, 0.28 mmol) as a white solid; mp 184-196 °C; 1H NMR (400 

MHz, CDCl3) d 7.36-7.27 (m, 5H), 7.25-7.13 (m, 7H), 7.00-6.94 (m, 6H), 6.86 (qd, J = 

2.7 and 7.7 Hz, 1H), 5.74 (d, J = 15.3 Hz, 1H), 4.71 (s, 1H), 3.84 (s, 3H), 2.76 (s, 1H), 

2.23-2.16 (m, 2H), 2.04 (d, J = 12.1 Hz, 1H), 1.85-1.79 (m, 3H), 1.72-1.64 (m, 4H), 1.44 

(t, J = 14.7 Hz, 2H), 1.20 (d, J = 14.4 Hz, 1H); 13C NMR (101 MHz, CDCl3) d 167.5, 

157.2 (d, JCP = 6.6 Hz), 139.8, 135.6, 134.6 × 2 (d, JCP = 22.0 Hz), 133.4 (d, JCP = 27.6 

Hz), 133.2 × 2 (d, JCP = 19.2 Hz), 129.3, 128.9, 128.7, 128.4 × 2 (d, JCP = 6.0 Hz), 128.3, 

128.2, 128.1 × 4, 127.6 × 4, 126.7 (d, JCP = 2.2 Hz), 120.5, 112.2, 63.4 (d, JCP = 6.6 Hz), 

55.4, 38.8, 37.9, 37.8, 31.9 (d, JCP = 2.2 Hz), 31.4, 30.8 (d, JCP = 6.6 Hz), 30.3, 27.8, 27.0; 

31P NMR (121 MHz, CDCl3) d −16.2; HRMS (ESI-orbitrap) m/z calcd for C38H38O2NP 
+ H 572.2713 found 572.2711; EI-MS m/z (rel intensity) 571 (M+, 0.4); HPLC (Daicel 

CHIRALPAC® IA, 0.46×25 cm, UV 270 nm, hexane : 2-propanol = 98 : 2, 1.0 mL/min) 

tR = 15.0 min (CD : lext (De) 254 (–)), tR = 20.4 min (CD : lext (De) 254 (+)). 
Preparation of Cinnamoyl Amide (±)-1c. 

PPh2MeO
N

O

Ph
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To the solution of aminophosphine 3c (0.312 g, 0.80 mmol) in 
THF (20 mL) was added pyridine (0.13 mL, 1.6 mmol), N,N-dimethyl-4-aminopyridine 

(26 mg, 0.20 mmol) and cinnamoyl chloride (0.267 g, 1.6 mmol) at room temperature. 

The reaction mixture was stirred at 60 °C. After 48 h, the mixture was quenched with 

water and diluted with diethyl ether. The organic layer was washed with water and brine, 

and dried over MgSO4. The filtrate was concentrated and the residue was purified by 

column chromatography (hexane:EtOAc = 4:1). 

(±)-N-(Cyclohexyl)-N-(2-(diphenylphosphaneyl)-6-methoxyphenyl)cinnamamide ((±)-

1c). 99% yield (412 mg, 0.79 mmol) as a white solid; mp 175-177 °C; 1H NMR (400 

MHz, CDCl3) d 7.38 (d, J = 15.5 Hz, 1H), 7.33-7.26 (m, 6H), 7.24-7.18 (m 4H), 7.10-
7.02 (m, 5H), 6.95 (dd, J = 1.2 and 8.3 Hz, 1H), 6.84 (ddd, J = 1.3, 2.7 and 7.7 Hz, 1H), 

5.70 (d, J = 15.6 Hz, 1H), 4.11 (tt, J = 3.5 and 11.6 Hz, 1H), 3.75 (s, 3H), 2.13 (t, J = 13.9 

Hz, 2H), 1.73-1.63 (m, 3H), 1.57–1.42 (m, 3H), 1.33-1.22 (m, 2H) 0.98 (tq, J = 3.7 and 

13.0 1H); 13C NMR (101 MHz, CDCl3) d 166.9, 156.9 (d, JCP = 5.9 Hz), 141.0 (d, JCP = 
13.9 Hz), 140.0, 137.0 (d, JCP = 13.2 Hz), 135.7 (d, JCP = 13.2 Hz), 135.4, 134.303 (d, JCP 

= 27.3 Hz) × 2, 134.296 (d, JCP = 21.6 Hz) × 2, 133.2 (d, JCP = 19.1 Hz) × 2, 129.1, 128.8 

(d, JCP = 2.9 Hz) × 2, 128.4 (d, JCP = 2.0 Hz) × 2, 128.29 × 2, 128.22, 128.16 × 2, 127.6 

× 2, 126.7 (d, JCP = 1.5 Hz), 120.4, 112.2, 59.4, 55.5, 30.9 (d, JCP = 7.3 Hz), 30.6 (d, JCP 

= 2.2 Hz), 26.1, 26.0, 25.9; 31P NMR (121 MHz, CDCl3) d −17.4; HRMS (ESI-orbitrap) 
m/z calcd for C34H34O2NP + H 520.2400 found 520. 2397; EI-MS m/z (rel intensity) 519 

(M+, 6); HPLC (Daicel CHIRALCEL® OD-H, 0.46×25 cm, UV 270 nm, hexane : 2-

propanol = 98 : 2, 1.0 mL/min) tR = 15.1 min (CD : lext (De) 254 (–)), tR = 18.6 min (CD : 

lext (De) 254 (+)). 
Optical Resolution of (±)-1a. 

HPLC resolution of (±)-1a (49.1 mg, 0.086 mmol) dissolved in hexane (10 mL) was 

carried out by successive injections of 2 mL on a CHIRALCEL® OD (1.0×25 cm) and 

CHIRALCEL® OD-H (1.0×25 cm). A solution of hexane : 2-propanol = 98 : 2 was used 

as the eluent working at a flow rate of 1.8 mL/min and with UV monitoring at 254 nm. 

(–)-1a and (+)-1a were obtained by concentration of fractions respectively.  

O

Ph
PPh2MeO

N



  S8 

 (–)-N-(Adamantan-1-yl)-N-(2-(diphenylphosphaneyl)-6-
methoxyphenyl)cinnamamide ((–)-1a). 28% yield (13.7 mg, 0.024 mmol) as a white solid; 

mp 100-102 °C; 99% ee; [a]20D –37.0 (c 0.23, CHCl3); 1H NMR (300 MHz, CDCl3) d 

7.40 (d, J = 15.5 Hz 1H), 7.35-7.26 (m, 6H), 7.24-7.19 (m, 3H), 7.16-7.12 (m, 2H), 7.07-

6.98 (m, 5H), 6.96 (dd, J = 1.3 and 8.3 Hz, 1H), 6.82 (qd, J = 1.2 and 7.7 Hz, 1H), 5.71 

(q, J = 15.5 Hz 1H), 3.81 (s, 3H), 2.33-2.28 (m, 6H), 1.96 (s, 3H), 1.53 (s, 6H); 13C NMR 

(75 MHz, CDCl3) d 166.5, 157.3 (d, JCP = 24.0 Hz), 141.4 (d, JCP = 52.0 Hz), 139.8, 136.7 
(d, JCP = 39.9 Hz), 136.4 (d, JCP = 38.3 Hz), 135.7, 135.4 (d, JCP = 112.3 Hz), 134.0 (d, 

JCP = 84.6 Hz) × 2, 133.7 (d, JCP = 78.0 Hz) × 2, 128.9, 128.8, 128.6, 128.50 (d, JCP = 

25.5 Hz) × 2, 128.46, 128.33 (d, JCP = 28.4 Hz) × 2, 128.31 × 2, 127.7 × 2, 127.2 (d, JCP 

= 6.0 Hz), 122.1, 111.9, 61.1, 55.6, 39.6 (d, JCP = 3.7 Hz) × 3, 36.6 × 3, 30.3 × 3; 31P 

NMR (121 MHz, CDCl3) d −17.9; HRMS (ESI-orbitrap) m/z calcd for C38H38O2NP + H 

572.2713 found 572.2706; EI-MS m/z (rel intensity) 571 (M+, 1); HPLC (Daicel 

CHIRALCEL® OD-H, 0.46×25 cm, UV 254 nm, hexane : 2-Propanol = 98 : 2, 1.0 

mL/min) tR (major) = 10.7 min (CD : lext (De) 254 (–)), tR (miner) = 16.4 min (CD : lext 

(De) 254 (+)). 
(+)-N-(Adamantan-1-yl)-N-(2-(diphenylphosphaneyl)-6-methoxyphenyl)cinnamamide 

((+)-1a). 33% yield (16.2 mg, 0.028 mmol) as a white solid; mp 100-102 °C; 99% ee; 

[a]20D 41.6 (c 0.53, CHCl3); 1H NMR (300 MHz, CDCl3) d 7.40 (d, J = 15.5 Hz 1H), 
7.35-7.29 (m, 6H), 7.24-7.19 (m, 3H), 7.16-7.11 (m, 2H), 7.08-6.99 (m, 5H), 6.96 (dd, J 

= 1.3 and 8.3 Hz, 1H), 6.81 (qd, J = 1.2 and 7.7 Hz, 1H), 5.72 (q, J = 15.5 Hz 1H), 3.81 

(s, 3H), 2.33-2.28 (m, 6H), 1.96 (s, 3H), 1.53 (s, 6H); 13C NMR (75 MHz, CDCl3) d 166.5, 
157.3 (d, JCP = 24.0 Hz), 141.4 (d, JCP = 52.0 Hz), 139.8, 136.7 (d, JCP = 39.9 Hz), 136.4 

(d, JCP = 38.3 Hz), 135.7, 135.3 (d, JCP = 112.3 Hz), 134.0 (d, JCP = 84.6 Hz) × 2, 133.7 

(d, JCP = 78.0 Hz) × 2, 128.9, 128.8, 128.6, 128.49 (d, JCP = 25.5 Hz) × 2, 128.47, 128.33 

(d, JCP = 28.4 Hz) × 2, 128.31 × 2, 127.7 × 2, 127.2 (d, JCP = 6.0 Hz), 122.1, 111.9, 61.1, 

55.6, 39.6 (d, JCP = 3.7 Hz) × 3, 36.6 × 3, 30.3 × 3; 31P NMR (121 MHz, CDCl3) d −17.9; 

HRMS (ESI-orbitrap) m/z calcd for C38H38O2NP + H 572.2713 found 572.2704; EI-MS 

m/z (rel intensity) 571 (M+, 1); HPLC (Daicel CHIRALCEL® OD-H, 0.46×25 cm, UV 

N
MeO PPh2

Ph

O

*
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254 nm, hexane : 2-Propanol = 98 : 2, 1.0 mL/min) tR (miner) = 10.7 min (CD : lext (De) 

254 (–)), tR (major) = 14.9 min (CD : lext (De) 254 (+)). 
Optical Resolution of (±)-1b. 

HPLC resolution of (±)-1b (74.8 mg, 0.131 mmol) dissolved in hexane (40 mL) was 

carried out by successive injections of 2 mL on a CHIRALPAC® IA (1.0×25 cm). A 

solution of hexane : 2-propanol = 98 : 2 was used as the eluent working at a flow rate of 

1.5 mL/min and with UV monitoring at 270 nm. (+)-1b and (–)-1b were obtained by 

concentration of fractions respectively.  

 (+)-N-(Adamantan-2-yl)-N-(2-(diphenylphosphaneyl)-6-

methoxyphenyl)cinnamamide ((+)-1b). 14% yield (10.5 mg, 0.018 mmol) as a white 

solid; mp 184-186 °C; 99% ee; [a]20D 96.9 (c 1.05, CHCl3); 1H NMR (300 MHz, CDCl3) 

d 7.36-7.27 (m, 5H), 7.24-7.13 (m, 7H), 7.00-6.94 (m, 6H), 6.86 (qd, J = 2.7 and 7.7 Hz, 
1H), 5.74 (d, J = 15.3 Hz, 1H), 4.71 (s, 1H), 3.83 (s, 3H), 2.76 (s, 1H), 2.23-2.16 (m, 2H), 

2.04 (d, J = 12.1 Hz, 1H), 1.85-1.80 (m, 3H), 1.73-1.63 (m, 4H), 1.44 (t, J = 14.7 Hz, 2H), 

1.20 (d, J = 14.4 Hz, 1H); 13C NMR (101 MHz, CDCl3) d 167.5, 157.2 (d, JCP = 6.6 Hz), 
139.8, 135.6, 134.6 × 2 (d, JCP = 22.0 Hz), 133.3 (d, JCP = 27.6 Hz), 133.13 × 2 (d, JCP = 

19.2 Hz), 129.3, 128.9, 128.7, 128.4 × 2 (d, JCP = 6.0 Hz), 128.3, 128.23, 128.16 × 4, 

127.6 × 4, 126.7 (d, JCP = 2.2 Hz), 120.5, 112.2, 63.4 (d, JCP = 6.6 Hz), 55.4, 38.8, 37.90, 

37.86, 31.9 (d, JCP = 2.2 Hz), 31.4, 30.8 (d, JCP = 6.6 Hz), 30.3, 27.8, 27.0; 31P NMR (121 

MHz, CDCl3) d −16.1; HRMS (ESI-orbitrap) m/z calcd for C38H38O2NP + H 572.2713 

found 572.2712; EI-MS m/z (rel intensity) 571 (M+, 7); HPLC (Daicel CHIRALPAC® 

IA, 0.46×25 cm, UV 270 nm, hexane : 2-Propanol = 98 : 2, 1.5 mL/min) tR (major) = 14.7 

min (CD : lext (De) 254 (–)), tR (miner) = 20.6 min (CD : lext (De) 254 (+)). 

(–)-N-(Adamantan-2-yl)-N-(2-(diphenylphosphaneyl)-6-methoxyphenyl)cinnamamide 

((–)-1b). 16% yield (11.5 mg, 0.020 mmol) as a white solid; mp 184-186 °C; 99% ee; 

[a]20D –94.2 (c 0.43, CHCl3); 1H NMR (300 MHz, CDCl3) d 7.36-7.27 (m, 5H), 7.25-

7.13 (m, 7H), 7.00-6.94 (m, 6H), 6.86 (qd, J = 2.7 and 7.7 Hz, 1H), 5.74 (d, J = 15.3 Hz, 

1H), 4.71 (s, 1H), 3.84 (s, 3H), 2.76 (s, 1H), 2.23-2.16 (m, 2H), 2.04 (d, J = 12.1 Hz, 1H), 

1.85-180 (m, 3H), 1.72-1.64 (m, 4H), 1.44 (t, J = 14.7 Hz, 2H), 1.20 (d, J = 14.4 Hz, 1H); 

PPh2MeO
N

O

Ph
*
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13C NMR (101 MHz, CDCl3) d 167.5, 157.2 (d, JCP = 6.6 Hz), 139.8, 135.6, 134.6 × 2 
(d, JCP = 22.0 Hz), 133.3 (d, JCP = 27.6 Hz), 133.1 × 2 (d, JCP = 19.2 Hz), 129.3, 128.9, 

128.7, 128.4 × 2 (d, JCP = 6.0 Hz), 128.3, 128.22, 128.15 × 4, 127.6 × 4, 126.7 (d, JCP = 

2.2 Hz), 120.5, 112.2, 63.4 (d, JCP = 6.6 Hz), 55.4, 38.8, 37.89, 37.86, 31.9 (d, JCP = 2.2 

Hz), 31.4, 30.8 (d, JCP = 6.6 Hz), 30.2, 27.8, 27.0; 31P NMR (121 MHz, CDCl3) d −16.1; 
HRMS (ESI-orbitrap) m/z calcd for C38H38O2NP + H 572.2713 found 572.2711; EI-MS 

m/z (rel intensity) 571 (M+, 3); HPLC (Daicel CHIRALPAC® IA, 0.46×25 cm, UV 270 

nm, hexane : 2-Propanol = 98 : 2, 1.5 mL/min) tR (miner) = 15.2 min (CD : lext (De) 254 

(–)), tR (major) = 20.6 min (CD : lext (De) 254 (+)). 

Optical Resolution of (±)-1c. 

HPLC resolution of (±)-1c (96.9 mg, 0.186 mmol) dissolved in hexane (50 mL) was 

carried out by successive injections of 2 mL on a CHIRALCEL® OD (1.0×25 cm). A 

solution of hexane : 2-propanol = 98 : 2 was used as the eluent working at a flow rate of 

3.0 mL/min and with UV monitoring at 254 nm. (aR)-(–)-1c and (aS)-(+)-1c were 

obtained by concentration of fractions respectively.  

(aR)-(–)-N-(Cyclohexyl)-N-(2-(diphenylphosphaneyl)-6-

methoxyphenyl)cinnamamide ((aR)-(–)-1c). 36% yield (34.9 mg, 0.067 mmol) as a white 

solid; mp 175-177 °C; 99% ee; [a]20D –149 (c 0.48, CHCl3); 1H NMR (300 MHz, CDCl3) 

d 7.38 (d, J = 15.5 Hz, 1H), 7.34-7.26 (m, 6H), 7.25-7.18 (m 4H), 7.10-7.02 (m, 5H), 6.95 
(dd, J = 1.2 and 8.3 Hz, 1H), 6.84 (ddd, J = 2.7 and 1.3 and 7.7 Hz, 1H), 5.70 (d, J = 15.6 

Hz, 1H), 4.11 (tt, J = 3.5 and 11.6 Hz, 1H), 3.75 (s, 3H), 2.13 (t, J = 13.9 Hz, 2H), 1.71-

1.63 (m, 3H), 1.57–1.42 (m, 3H), 1.33-1.22 (m, 2H) 0.99 (tq, J = 3.7 and 13.0 1H); 13C 

NMR (101 MHz, CDCl3) d 166.9, 156.9 (d, JCP = 5.9 Hz), 141.0 (d, JCP = 13.9 Hz), 140.1, 
137.0 (d, JCP = 13.2 Hz), 135.7 (d, JCP = 13.2 Hz), 135.5, 134.39 (d, JCP = 22.0 Hz) × 2, 

134.38 (d, JCP = 30.1 Hz) × 2, 133.2 (d, JCP = 19.1 Hz) × 2, 129.2, 128.8 (d, JCP = 2.9 Hz) 

× 2, 128.42 (d, JCP = 3.0 Hz) × 2, 128.35(d, JCP = 1.5 Hz) × 2, 128.27, 128.22 × 2, 127.7 

× 2, 126.7 (d, JCP = 1.5 Hz), 120.4, 112.2, 59.5, 55.6, 31.0 (d, JCP = 7.3 Hz), 30.7 (d, JCP 

= 2.2 Hz), 26.2, 26.1, 25.9; 31P NMR (121 MHz, CDCl3) d −17.4; HRMS (ESI-orbitrap) 
m/z calcd for C34H34O2NP + H 520.2400 found 520. 2398; EI-MS m/z (rel intensity) 519 

(M+, 6); HPLC (Daicel CHIRALCEL® OD-H, 0.46×25 cm, UV 254 nm, hexane : 2-

MeO
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Propanol = 98 : 2, 0.8 mL/min) tR (major) = 13.8 min (CD : lext (De) 254 (–)), tR (minor) 

= 16.5 min (CD : lext (De) 254 (+)). 

 (aS)-(+)-N-(Cyclohexyl)-N-(2-(diphenylphosphaneyl)-6-

methoxyphenyl)cinnamamide ((aS)-(+)-1c). 26% yield (25.2 mg, 0.048 mmol) as a white 

solid; mp 175-177 °C; 99% ee; [a]20D 131 (c 0.23, CHCl3); 1H NMR (300 MHz, CDCl3) 

d 7.38 (d, J = 15.5 Hz, 1H), 7.33-7.27 (m, 6H), 7.24-7.18 (m 4H), 7.10-7.02 (m, 5H), 6.95 

(dd, J = 1.2 and 8.3 Hz, 1H), 6.84 (ddd, J = 2.7 and 1.3 and 7.7 Hz, 1H), 5.70 (d, J = 15.6 

Hz, 1H), 4.11 (tt, J = 3.5 and 11.6 Hz, 1H), 3.76 (s, 3H), 2.13 (t, J = 13.9 Hz, 2H), 1.69-

1.63 (m, 3H), 1.57-1.43 (m, 3H), 1.33-1.22 (m, 2H) 0.98 (tq, J = 3.7 and 13.0 1H); 13C 

NMR (101 MHz, CDCl3) d 166.9, 156.9 (d, JCP = 5.9 Hz), 141.1 (d, JCP = 13.9 Hz), 140.1, 
137.1 (d, JCP = 13.2 Hz), 135.8 (d, JCP = 13.2 Hz), 135.5, 134.39 (d, JCP = 22.0 Hz) × 2, 

134.38 (d, JCP = 30.1 Hz) × 2, 133.2 (d, JCP = 19.1 Hz) × 2, 129.2, 128.8 (d, JCP = 2.9 Hz) 

× 2, 128.42 (d, JCP = 3.0 Hz) × 2, 128.36 × 2, 128.27, 128.22 × 2, 127.7 × 2, 126.7 (d, JCP 

= 1.5 Hz), 120.4, 112.2, 59.5, 55.6, 31.0 (d, JCP = 7.3 Hz), 30.7 (d, JCP = 2.2 Hz), 26.2, 

26.1, 25.9; 31P NMR (121 MHz, CDCl3) d −17.4; HRMS (ESI-orbitrap) m/z calcd for 

C34H34O2NP + H 520.2400 found 520. 2398; EI-MS m/z (rel intensity) 519 (M+, 5); HPLC 

(Daicel CHIRALCEL® OD-H, 0.46×25 cm, UV 254 nm, hexane : 2-Propanol = 98 : 2, 

0.8 mL/min) tR (minor) = 12.8 min (CD : lext (De) 254 (–)), tR (major) = 17.3 min (CD : 

lext (De) 254 (+)). 
X-ray Diffraction Analysis data of (aS)-(+)-1c: Colorless Prismatic crystals from 

hexane, orthorhombic space group P212121, a = 9.2573(2) Å, b = 17.7086(4) Å, c = 

17.8309(4) Å, a = 90 °, b = 93.1780(10) °, g = 90 °, V = 2923.09(11) Å3, Z = 4, r = 1.181 

g/cm3, µ (CuKa) = 1.059 mm-1. The structure was solved by the direct method of full-
matrix least–squares, where the final R and Rw were 0.0418 and 0.1117 for 5103 

reflections. 

General Procedure for the Palladium-Catalyzed Allylic Alkylation of Indoles.  

To a mixture of 1 (12 µmol), [Pd(C3H5)Cl]2 (2.2 mg, 6 µmol), indole or substituted 

indole (0.2 mmol), 1,3-diphenyl-2-propenyl acetate (60.6 mg, 0.24 mmol), and Cs2CO3 

(130 mg, 0.4 mol) was added THF (0.2 mL) at room temperature under an Ar atmosphere. 

After stirring for 18 h at 40 °C, the reaction mixture was quenched with water and diluted 

MeO
N

PPh2
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with diethyl ether. The organic layer was washed with water and brine, and dried over 

MgSO4. The filtrate was concentrated under reduced pressure and the residue was 

purified by column chromatography (elution with n-hexane/EtOAc/Et3N = 20/4/1). 

 (S,E)-3-(1,3-Diphenylallyl)-1H-indole ((S)-4a) (Table 3, entry 1).5 

69% yield (42.8 mg, 0.138 mmol) as a yellow solid; mp 118-120 °C; 97% ee; [a]20D +36.7 

(c 0.79, CHCl3); 1H NMR (400 MHz, CDCl3) d 7.78 (s, 1H), 7.41 (d, J = 8.0 Hz, 1H), 

7.34-7.12 (m, 12H), 7.03-6.99 (m, 1H), 6.80 (d, J = 2.2 Hz, 1H), 6.70 (dd, J = 7.4 and 

15.8 Hz, 1H), 6.42 (d, J = 15.8 Hz, 1H), 5.09 (d, J = 7.4 Hz, 1H); 13C NMR (101 MHz, 

CDCl3) d 143.3, 137.4, 136.5, 132.5, 130.5, 128.44×(1+1), 128.38, 127.1, 126.7, 126.34, 

126.26, 122.6, 122.0, 119.8, 119.4, 118.5, 111.1, 46.1; EI-MS m/z (rel intensity) 309 (M+, 

100); HPLC (Daicel CHIRALPAK® IB, 0.46 f ´ 25 cm, UV 254 nm), hexane : ethanol 
= 99 : 1, 0.7 mL/min:  tR = 55.4 min (minor) and 61.3 min (major). 

 (S,E)-6-Bromo-3-(1,3-diphenylallyl)-1H-indole ((S)-4b) (Table 3, 

entry 2).5 70% yield (54.6 mg, 0.141 mmol) as a yellow solid; mp 132-134 °C; 90% ee; 

[a]20D +34.9 (c 1.02, CHCl3); 1H NMR (400 MHz, CDCl3) d 7.82 (s, 1H), 7.41 (d, J = 1.6 

Hz, 1H), 7.34-7.16 (m, 11H), 7.09 (dd, J = 1.7 and 8.5 Hz, 1H), 6.79 (dd, J = 0.9 and 2.3 

Hz, 1H), 6.66 (dd, J = 7.3 and 15.8 Hz, 1H), 6.39 (d, J = 15.8 Hz, 1H), 5.04 (d, J = 7.3 

Hz, 1H); 13C NMR (101 MHz, CDCl3) d 142.9, 137.34, 137.23, 132.0, 130.7, 128.49, 

128.47, 128.36, 127.3, 126.3, 126.3, 125.6, 123.2, 122.7, 121.1, 118.8, 115.6, 114.0, 46.0; 

EI-MS m/z (rel intensity) 387 (M+, 100); HPLC (Daicel CHIRALPAK® IA-3, 0.46 f ´ 25 
cm, UV 254 nm), hexane : 2-propanol = 99 : 2, 0.9 mL/min:  tR = 63.8 min  (major) 

and 71.7 min (minor). 

 (S,E)-6-Chloro-3-(1,3-diphenylallyl)-1H-indole ((S)-4c) (Table 3, 

entry 3).5 70% yield (48.4 mg, 0.141 mmol) as a brown solid; mp 46-48 °C; 93% ee; 
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[a]20D +36.1 (c 0.98, CHCl3); 1H NMR (400 MHz, CDCl3) d 7.86 (s, 1H), 7.35-7.17 (m, 
12H), 6.96 (dd, J = 1.8 and 8.6 Hz, 1H), 6.83 (dd, J = 0.8 and 2.3 Hz, 1H), 6.67 (dd, J = 

7.4 and 15.8 Hz, 1H), 6.40 (d, J = 15.8 Hz, 1H), 5.05 (d, J = 7.4 Hz, 1H); 13C NMR (101 

MHz, CDCl3) d 143.0, 137.2, 137.0, 132.1, 130.7, 128.49 × 2, 128.47 × 2, 128.37 × 2, 
128.0, 127.3, 126.5, 126.3 × 2, 125.3, 123.2, 120.7, 120.1, 118.8, 111.0, 46.0;  EI-MS 

m/z (rel intensity) 343 (M+, 100); HPLC (Daicel CHIRALPAK® IA-3, 0.46 f ´ 25 cm, 

UV 254 nm), hexane : ethanol = 99 : 1, 0.7 mL/min:  tR = 60.6 min  (major) and 63.8 

min (minor). 

 (S,E)-3-(1,3-Diphenylallyl)-6-fluoro-1H-indole ((S)-4d) (Table 3, 

entry 4).5 72% yield (47.4 mg, 0.145 mmol) as a brown solid; mp 42-44 °C; 93% ee; 

[a]20D +23.0 (c 0.12, CHCl3); 1H NMR (400 MHz, CDCl3) d 7.84 (s, 1H), 7.35-7.16 (m, 
11H), 6.96 (dd, J = 2.3 and 9.6 Hz, 1H), 6.81-6.64 (m, 3H), 6.41 (d, J = 15.8 Hz, 1H), 

5.05 (d, J = 7.4 Hz, 1H); 13C NMR (101 MHz, CDCl3) d 159.9 (d, JC-F = 236.2 Hz), 143.1, 
137.3, 136.5 (d, JC-F = 12.4 Hz), 132.2, 130.7, 128.49, 128.45, 128.39, 127.2, 126.5, 126.3, 

123.3, 122.8 (d, JC-F = 3.1 Hz), 120.6 (d, JC-F = 10.0 Hz), 118.7, 108.2 (d, JC-F = 24.2 Hz), 

97.4 (d, JC-F = 25.9 Hz), 46.1; EI-MS m/z (rel intensity) 327 (M+, 100); HPLC (Daicel 

CHIRALPAK® IA, 0.46 f ´ 25 cm, UV 254 nm), hexane : ethanol = 99 : 1, 0.5 mL/min:  
tR = 109.4 min (major) and 118.9 min (minor). 

 (S,E)-3-(1,3-Diphenylallyl)-6-methoxy-1H-indole ((S)-4e) 

(Table 3, entry 5).5 71% yield (48.3 mg, 0.142 mmol) as a yellow solid; mp 145-147 °C; 

72% ee; [a]20D +37.0 (c 1.04 CHCl3); 1H NMR (400 MHz, CDCl3) d .76 (s, 1H), 7.34-

7.15 (m, 11H), 6.76 (d, J = 2.2 Hz, 1H), 6.72-6.66 (m, 3H), 6.42 (d, J = 15.8 Hz, 1H), 

5.04 (d, J = 7.4 Hz, 1H), 3.77 (s, 3H); 13C NMR (101 MHz, CDCl3) d 156.4, 143.4, 137.43, 
137.36, 132.5, 130.4, 128.44, 128.41, 128.36, 127.1, 126.32, 126.26, 121.4, 121.2, 120.4, 

118.5, 109.3, 94.6, 55.6, 46.2; EI-MS m/z (rel intensity) 339 (M+, 100); HPLC (Daicel 

CHIRALPAK® IB, 0.46 f ´ 25 cm, UV 254 nm), hexane : ethanol = 99 : 1, 0.9 mL/min:  
tR = 76.8 min (minor) and 84.1 min (major). 
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 (S,E)-6-(Benzyloxy)-3-(1,3-diphenylallyl)-1H-indole ((S)-4f) 

(Table 3, entry 6).5 87% yield (63.9 mg, 0.154 mmol) as a yellow solid; mp 132-134 °C; 

87% ee; [a]20D +32.78 (c 1.02, CHCl3); 1H NMR (400 MHz, CDCl3) d 7.65 (s, 1H), 7.38 

(d, J = 7.3 Hz, 2H), 7.34-7.13 (m, 14H), 6.76-6.64 (m, 4H), 6.40 (d, J = 15.8 Hz, 1H), 

5.02 (d, J = 7.4 Hz, 1H), 4.99 (s, 2H); 13C NMR (101 MHz, CDCl3) d 155.5, 143.3, 137.41, 
137.36, 137.23, 132.5, 130.4, 128.49, 128.44, 128.40, 128.36, 127.8, 127.4, 127.1, 126.32, 

126.26, 121.53, 121.40, 120.4, 118.4, 110.0, 96.0, 70.5, 46.2; EI-MS m/z (rel intensity) 

415 (M+, 88), 324 (100); HPLC (Daicel CHIRALPAK® IA, 0.46 f ´ 25 cm, UV 254 nm), 
hexane : ethanol = 98 : 2, 0.7 mL/min:  tR = 46.0 min  (major) and 52.3 min (minor). 

 (S,E)-3-(1,3-Diphenylallyl)-6-nitro-1H-indole ((S)-4g) (Table 3, 

entry 7).5 26% yield (18.2 mg, 0.051 mmol) as a brown solid; mp 71-73 °C; 76% ee; 

[a]20D +28.6 (c 0.45, CHCl3); 1H NMR (400 MHz, CDCl3) d 8.66 (s, 1H), 8.35 (d, J = 0.5 

Hz, 1H), 7.91 (dd, J = 1.4 and 8.9 Hz, 1H), 7.43 (d, J = 8.8 Hz, 1H), 7.38-7.22 (m, 11H), 

6.69 (dd, J = 7.3 and 15.8 Hz, 1H), 6.42 (d, J = 15.9 Hz, 1H), 5.12 (d, J = 7.4 Hz, 1H); 
13C NMR (101 MHz, CDCl3) d 143.2, 142.4, 137.0, 135.1, 131.42, 131.36, 131.1, 128.63, 

128.60, 128.5, 128.3, 127.4, 126.8, 126.3, 119.73, 119.67, 114.9, 108.2, 45.8;  EI-MS 

m/z (rel intensity) 354 (M+, 100); HPLC (Daicel CHIRALPAK® IA-3, 0.46 f ´ 25 cm, 
UV 254 nm), hexane : ethanol = 98 : 2, 0.5 mL/min:  tR = 104.1 min (major) and 111.9 

min (minor). 

 (S,E)-3-(1,3-Diphenylallyl)-6-methyl-1H-indole ((S)-4h) (Table 3, 

entry 8).5 34% yield (22.0 mg, 0.068 mmol) as a brown solid; mp 125-127 °C; 87% ee; 

[a]20D +33.8 (c 0.25, CHCl3); 1H NMR (400 MHz, CDCl3) d 7.81 (s, 1H), 7.36-7.17 (m, 
11H), 7.12 (s, 1H), 6.85 (d, J = 8.1 Hz, 1H), 6.80 (dd, J = 0.7 and 2.2 Hz, 1H), 6.71 (dd, 

J = 7.4 and 15.8 Hz, 1H), 6.43 (d, J = 15.8 Hz, 1H), 5.08 (d, J = 7.4 Hz, 1H), 2.42 (s, 3H); 
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13C NMR (101 MHz, CDCl3) d 143.4, 137.4, 137.0, 132.5, 131.9, 130.4, 128.43×(1+1), 
128.36, 127.1, 126.30, 126.27, 124.6, 121.9, 121.1, 119.5, 118.4, 111.0, 46.2, 21.7 ;  EI-

MS m/z (rel intensity) 323 (M+, 100); HPLC (Daicel CHIRALPAK® IB, 0.46 f ´ 25 cm, 

UV 254 nm), hexane : ethanol = 99 : 1, 0.7 mL/min:  tR = 64.9 min (minor) and 72.2 

min (major). 

 (S,E)-7-Bromo-3-(1,3-diphenylallyl)-1H-indole ((S)-4i) (Table 3, 
entry 9).5 64% yield (50.0 mg, 0.129 mmol) as a brown solid; mp 35-37 °C; 83% ee; 

[a]20D +15.6 (c 0.27, CHCl3); 1H NMR (400 MHz, CDCl3) d 8.11 (s, 1H), 7.35-7.16 (m, 
12H), 6.91 (dd, J = 0.9 and 2.4 Hz, 1H), 6.87 (t, J = 7.8 Hz, 1H), 6.68 (dd, J = 7.3 and 

15.8 Hz, 1H), 6.40 (d, J = 15.8 Hz, 1H), 5.07 (d, J = 7.3 Hz, 1H); 13C NMR (101 MHz, 

CDCl3) d 142.9, 137.3, 135.3, 132.0, 130.8, 128.481, 128.468, 128.40, 127.9, 127.3, 
126.5, 126.3, 124.4, 123.2, 120.6, 119.9, 119.1, 104.7, 46.2; EI-MS m/z (rel intensity) 

387 (M+, 100); HPLC (Daicel CHIRALPAK® IB, 0.46 f ´ 25 cm, UV 254 nm), hexane : 
ethanol = 99 : 1, 0.7 mL/min:  tR = 25.0 min (major) and 28.4 min  (minor). 

 (S,E)-5-Bromo-3-(1,3-diphenylallyl)-1H-indole ((S)-4j) (Table 3, 

entry 10).5 60% yield (46.7 mg, 0.120 mmol) as a brown solid; mp 50-52 °C; 91% ee; 

[a]20D +37.2 (c 0.55, CHCl3); 1H NMR (400 MHz, CDCl3) d 7.90 (s, 1H), 7.53 (t, J = 0.7 
Hz, 1H), 7.35-7.13 (m, 12H), 6.83 (d, J = 2.2 Hz, 1H), 6.65 (dd, J = 7.3 and 15.8 Hz, 1H), 

6.38 (d, J = 15.8 Hz, 1H), 5.03 (d, J = 7.2 Hz, 1H);  13C NMR (101 MHz, CDCl3) d 
142.8, 137.2, 135.2, 132.0, 130.7, 128.49×(1+1), 128.34, 127.2, 126.5, 126.3, 125.0, 

123.8, 122.2, 118.3, 112.68, 112.56, 45.8;  EI-MS m/z (rel intensity) 387 (M+, 100); 

HPLC (Daicel CHIRALPAK® IB, 0.46 f ´ 25 cm, UV 254 nm), hexane : ethanol = 99 : 
1, 0.9 mL/min:  tR = 36.7 min (minor) and 39.2 min  (major). 

 (S,E)-4-Bromo-3-(1,3-diphenylallyl)-1H-indole ((S)-4k) (Table 3, 
entry 11).5 68% yield (53.2 mg, 0.137 mmol) as a brown solid; mp 50-52 °C; 95% ee; 
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[a]20D +45.3 (c 0.18, CHCl3); 1H NMR (400 MHz, CDCl3) d 8.12 (s, 1H), 7.33-7.15 
(m,12H), 6.95 (t, J = 7.9 Hz, 1H), 6.86 (d, J = 2.4 Hz, 1H), 6.70 (dd, J = 6.6 and 15.8 Hz, 

1H), 6.21 (d, J = 15.9 Hz, 1H), 5.88 (d, J = 6.5 Hz, 1H); 13C NMR (101 MHz, CDCl3) d 

143.8, 137.69, 137.56, 133.7, 130.6, 128.92, 128.43, 128.18, 127.0, 126.22, 126.16, 

124.90, 124.75, 124.3, 122.9, 118.9, 114.3, 110.5, 44.7; EI-MS m/z (rel intensity) 387 

(M+, 100); HPLC (Daicel CHIRALPAK® IA-3, 0.46 f ´ 25 cm, UV 254 nm), hexane : 

ethanol = 99 : 1, 0.5 mL/min:  tR = 105.7 min (major) and 116.8 min (minor). 

 (S,E)-3-(1,3-Diphenylallyl)-5-methoxy-1H-indole ((S)-4l) 
(Table 3, entry 12).5 78% yield (53.1 mg, 0.156 mmol) as a brown solid; mp 53-55 °C; 

91% ee; [a]20D +27.1 (c 0.17, CHCl3); 1H NMR (400 MHz, CDCl3) d 7.80 (s, 1H), 7.35-

7.16 (m, 11H), 6.83-6.80 (m, 3H), 6.69 (dd, J = 7.3 and 15.8 Hz, 1H), 6.42 (d, J = 15.8 

Hz, 1H), 5.05 (d, J = 7.2 Hz, 1H), 3.69 (s, 3H); 13C NMR (101 MHz, CDCl3) d 153.7, 
143.2, 137.4, 132.4, 131.7, 130.5, 128.45×(1+1), 128.39, 127.127, 127.119, 126.4, 126.2 

× 2, 123.4, 118.2, 112.1, 111.8, 101.7, 55.7, 46.1; EI-MS m/z (rel intensity) 339 (M+, 

100); HPLC (Daicel CHIRALPAK® IB, 0.46 f ´ 25 cm, UV 254 nm), hexane : ethanol 
= 99 : 1, 0.9 mL/min:  tR = 42.1 min (minor) and 49.5 min (major). 

 (S,E)-3-(1,3-Diphenylallyl)-2-phenyl-1H-indole ((S)-4m) (Table 3, 
entry 13).5 88% yield (67.8 mg, 0.176 mmol) as a yellow solid; mp 86-88 °C; 92% ee; 

[a]20D +89.7 (c 0.99, CHCl3); 1H NMR (400 MHz, CDCl3) d 7.94 (s, 1H), 7.49-7.12 (m, 
18H), 7.00-6.96 (m, 1H), 6.88 (dd, J = 7.3 and 15.8 Hz, 1H), 6.39 (d, J = 15.8 Hz, 1H), 

5.27 (d, J = 7.2 Hz, 1H); 13C NMR (75 MHz, CDCl3) d 143.4, 137.4, 136.1, 135.5, 132.9, 
132.2, 131.0, 128.8, 128.6, 128.4, 128.25, 128.23, 128.0, 127.8, 127.1, 126.3, 126.1, 

122.1, 121.2, 119.7, 113.7, 110.9, 45.1; EI-MS m/z (rel intensity) 385 (M+, 100); HPLC 

(Daicel CHIRALPAK® IB, 0.46 f ´ 25 cm, UV 254 nm), hexane : ethanol = 99 : 1, 0.9 
mL/min:  tR = 16.4 min (major) and 17.8 min (minor). 
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Table S1. Time Dependence of Ee Value of 1b at Various Temperatures in Dodecane. 

a Ee was determined by chiral HPLC analysis. 

 

Figure S1. Data for the Racemization Plot of 1b 
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Table S2. Time Dependence of Ee Value of 1c at Various Temperatures in Dodecane. 

a Ee was determined by chiral HPLC analysis. 

 
Figure S3. Data for the Racemization Plot of 1c 

 

Figure S4. Data for the Arrhenius Plot of 1c 
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1H, 13C and 31P NMR of N-(2-(Diphenylphosphaneyl)-6-methoxyphenyl)adamantan-1-

amine (3a) 

 
  

 (Thousands)
020.040.060.080.0100.0120.0140.0160.0180.0200.0

X
 : 

pa
rts

 p
er

 M
ill

io
n 

: 1
H

10
.0

9.
0

8.
0

7.
0

6.
0

5.
0

4.
0

3.
0

2.
0

1.
0

0

7.332
7.325
7.321
7.316
7.312
7.308
7.305
7.300
7.296
7.292
7.289
7.285
7.283
7.279
7.274
7.270
7.267
7.263
7.261
7.258
7.254
7.250
6.886
6.884
6.866
6.864
6.848
6.847
6.843
6.838
6.823
6.817
6.442
6.438
6.433
6.428
6.424
6.420
6.415
6.410
3.823
3.819
1.959
1.796
1.789
1.579
1.549
1.515
1.485
0.000

10.98

6.03

5.98

3.10

3.00

2.02

0.97

0.99

Fi
le

na
me

  
  

  
 =

 4
-0

03
68

h-
1.

jd
f

Au
th

or
  

  
  

  
 =

 n
mr

Ex
pe

ri
me

nt
  

  
 =

 z
g3

0
Sa

mp
le

_I
d 

  
  

 =
 P

ar
am

et
er

 f
il

e,
 T

op
Sp

in
 3

.5
 

So
lv

en
t 

  
  

  
 =

 C
HL

OR
OF

OR
M-

D
Re

vi
si

on
_T

im
e 

 =
 2

1-
JA

N-
20

21
 1

4:
27

:3
6

Co
mm

en
t 

  
  

  
 =

 P
ar

am
et

er
 f

il
e,

 T
op

Sp
in

 3
.5

 
Da

ta
_F

or
ma

t 
  

 =
 1

D 
CO

MP
LE

X
Di

m_
Si

ze
  

  
  

 =
 3

27
68

X_
Do

ma
in

  
  

  
 =

 1
H

Di
m_

Ti
tl

e 
  

  
 =

 1
H

Di
m_

Un
it

s 
  

  
 =

 [
pp

m]
Di

me
ns

io
ns

  
  

 =
 X

Sp
ec

tr
om

et
er

  
 =

 B
RU

KE
R_

DM
X_

NM
R

Fi
el

d_
St

re
ng

th
 =

 9
.3

99
10

92
5[

T]
 (

40
0[

MH
z]

)
X_

Do
ma

in
  

  
  

 =
 1

H
X_

Fr
eq

  
  

  
  

 =
 4

00
.1

82
00

09
[M

Hz
]

X_
Fr

eq
_F

li
p 

  
 =

 T
RU

E
X_

Of
fs

et
  

  
  

 =
 2

.0
00

9[
kH

z]
X_

Po
in

ts
  

  
  

 =
 3

27
68

X_
Pr

es
ca

ns
  

  
 =

 1
X_

Sw
ee

p 
  

  
  

 =
 4

.8
26

25
48

3[
kH

z]
Sc

an
s 

  
  

  
  

 =
 3

2

Te
mp

_G
et

  
  

  
 =

 6
73

.1
6[

K]
Fi

lt
er

_F
ac

to
r 

 =
 4

14
4

--
--

 P
RO

CE
SS

IN
G 

PA
RA

ME
TE

RS
 -

--
-

dc
_b

al
an

ce
( 

0,
 F

AL
SE

 )
se

xp
( 

0.
2[

Hz
],

 0
.0

[s
] 

)
tr

ap
ez

oi
d(

 0
[%

],
 0

[%
],

 8
0[

%]
, 

10
0[

%]
 )

ze
ro

fi
ll

( 
1 

)
ff

t(
 1

, 
TR

UE
, 

TR
UE

 )
ma

ch
in

ep
ha

se
pp

m

NH
MeO PPh2



  S20 

  



  S21 

 
  

 (Thousands)
00.10.20.30.40.50.60.70.80.91.01.11.21.31.41.51.61.71.8

X
 : 

pa
rts

 p
er

 M
ill

io
n 

: 3
1P

15
0.

0
13

0.
0

11
0.

0
90

.0
70

.0
50

.0
30

.0
10

.0
-1

0.
0

-3
0.

0
-5

0.
0

-7
0.

0
-9

0.
0

-1
10

.0
-1

30
.0

-1
50

.0

-18.413

F
i
l
e
n
a
m
e
 
 
 
 
 
 
 
=
 
2
2
9
0
8
p
-
1
.
j
d
f

A
u
t
h
o
r
 
 
 
 
 
 
 
 
 
=
 
r
o
o
t

E
x
p
e
r
i
m
e
n
t
 
 
 
 
 
=
 
z
g
p
g
3
0

S
a
m
p
l
e
_
I
d
 
 
 
 
 
 
=
 
P
a
r
a
m
e
t
e
r
 
f
i
l
e
,
 
T
O
P
S
P
I
N
 
 
V
e
r

S
o
l
v
e
n
t
 
 
 
 
 
 
 
 
=
 
C
H
L
O
R
O
F
O
R
M
-
D

R
e
v
i
s
i
o
n
_
T
i
m
e
 
 
=
 
1
4
-
J
A
N
-
2
0
2
1
 
2
0
:
4
6
:
2
2

C
o
m
m
e
n
t
 
 
 
 
 
 
 
 
=
 
P
a
r
a
m
e
t
e
r
 
f
i
l
e
,
 
T
O
P
S
P
I
N
 
 
V
e
r

D
a
t
a
_
F
o
r
m
a
t
 
 
 
 
=
 
1
D
 
C
O
M
P
L
E
X

D
i
m
_
S
i
z
e
 
 
 
 
 
 
 
=
 
3
2
7
6
8

X
_
D
o
m
a
i
n
 
 
 
 
 
 
 
=
 
3
1
P

D
i
m
_
T
i
t
l
e
 
 
 
 
 
 
=
 
3
1
P

D
i
m
_
U
n
i
t
s
 
 
 
 
 
 
=
 
[
p
p
m
]

D
i
m
e
n
s
i
o
n
s
 
 
 
 
 
=
 
X

S
p
e
c
t
r
o
m
e
t
e
r
 
 
 
=
 
B
R
U
K
E
R
_
D
M
X
_
N
M
R

F
i
e
l
d
_
S
t
r
e
n
g
t
h
 
=
 
7
.
0
5
1
5
6
3
2
2
[
T
]
 
(
3
0
0
[
M
H
z
]
)

X
_
D
o
m
a
i
n
 
 
 
 
 
 
 
=
 
3
1
P

X
_
F
r
e
q
 
 
 
 
 
 
 
 
 
=
 
1
2
1
.
5
3
5
1
8
2
[
M
H
z
]

X
_
F
r
e
q
_
F
l
i
p
 
 
 
 
=
 
T
R
U
E

X
_
O
f
f
s
e
t
 
 
 
 
 
 
 
=
 
0
[
H
z
]

X
_
P
o
i
n
t
s
 
 
 
 
 
 
 
=
 
3
2
7
6
8

X
_
P
r
e
s
c
a
n
s
 
 
 
 
 
=
 
1

X
_
S
w
e
e
p
 
 
 
 
 
 
 
 
=
 
3
8
.
5
3
5
6
4
5
4
7
[
k
H
z
]

S
c
a
n
s
 
 
 
 
 
 
 
 
 
 
=
 
8

T
e
m
p
_
G
e
t
 
 
 
 
 
 
 
=
 
3
0
0
[
K
]

F
i
l
t
e
r
_
F
a
c
t
o
r
 
 
=
 
3

-
-
-
-
 
P
R
O
C
E
S
S
I
N
G
 
P
A
R
A
M
E
T
E
R
S
 
-
-
-
-

s
e
x
p
(
 
2
.
0
[
H
z
]
,
 
0
.
0
[
s
]
 
)

t
r
a
p
e
z
o
i
d
(
 
0
[
%
]
,
 
0
[
%
]
,
 
8
0
[
%
]
,
 
1
0
0
[
%
]
 
)

z
e
r
o
f
i
l
l
(
 
1
 
)

f
f
t
(
 
1
,
 
T
R
U
E
,
 
T
R
U
E
 
)

m
a
c
h
i
n
e
p
h
a
s
e

p
p
m



  S22 

1H, 13C and 31P NMR of N-(2-(Diphenylphosphaneyl)-6-methoxyphenyl)adamantan-2-

amine (3b)  
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1H, 13C and 31P NMR of N-(2-(Diphenylphosphaneyl)-6-

methoxyphenyl)cyclohexylamine (3c) 
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1H, 13C and 31P NMR, and chiral phase HPLC chart of (±)-N-(Adamantan-1-yl)-N-(2-

(diphenylphosphaneyl)-6-methoxyphenyl)cinnamamide ((±)-1a)  
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  S33 

1H, 13C and 31P NMR, and chiral phase HPLC chart of (±) -N-(Adamantan-2-yl)-N-(2-

(diphenylphosphaneyl)-6-methoxyphenyl)cinnamamide ((±)-1b) 
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  S38 

1H, 13C and 31P NMR, and chiral phase HPLC chart of (±)-N-(Cyclohexyl)-N-(2-

(diphenylphosphaneyl)-6-methoxyphenyl)cinnamamide ((±)-1c)
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  S43 

1H, 13C and 31P NMR, and chiral phase HPLC chart of (–)-N-(Adamantan-1-yl)-N-(2-

(diphenylphosphaneyl)-6-methoxyphenyl)cinnamamide ((–)-1a)

  

  

 (Thousands)
01.02.03.04.05.06.07.08.09.010.0

X
 : 

pa
rts

 p
er

 M
ill

io
n 

: 1
H

10
.0

9.
0

8.
0

7.
0

6.
0

5.
0

4.
0

3.
0

2.
0

1.
0

0

7.609
7.424
7.373
7.346
7.336
7.330
7.317
7.304
7.290
7.263
7.239
7.232
7.222
7.215
7.202
7.184
7.164
7.158
7.139
7.133
7.115
7.107
7.078
7.072
7.060
7.047
7.027
7.008
6.991
6.980
6.976
6.953
6.948
6.912
6.833
6.828
6.824
6.820
6.807
6.803
6.798
6.794
5.740
5.689
3.814
2.298
2.291
2.180
1.962
1.566
1.524
1.252
1.213
0.011
0.000

-0.011

6.05

6.03

6.00
4.97

3.02

3.00

2.95

2.00
1.04

0.96

0.96
0.87

F
i
l
e
n
a
m
e
 
 
 
 
 
 
 
=
 
2
2
8
9
5
h
.
j
d
f

A
u
t
h
o
r
 
 
 
 
 
 
 
 
 
=
 
r
o
o
t

E
x
p
e
r
i
m
e
n
t
 
 
 
 
 
=
 
z
g
3
0

S
a
m
p
l
e
_
I
d
 
 
 
 
 
 
=
 
P
a
r
a
m
e
t
e
r
 
f
i
l
e
,
 
T
O
P
S
P
I
N
 
 
V
e
r

S
o
l
v
e
n
t
 
 
 
 
 
 
 
 
=
 
C
H
L
O
R
O
F
O
R
M
-
D

R
e
v
i
s
i
o
n
_
T
i
m
e
 
 
=
 
2
5
-
A
P
R
-
2
0
1
9
 
1
9
:
4
0
:
5
0

C
o
m
m
e
n
t
 
 
 
 
 
 
 
 
=
 
P
a
r
a
m
e
t
e
r
 
f
i
l
e
,
 
T
O
P
S
P
I
N
 
 
V
e
r

D
a
t
a
_
F
o
r
m
a
t
 
 
 
 
=
 
1
D
 
C
O
M
P
L
E
X

D
i
m
_
S
i
z
e
 
 
 
 
 
 
 
=
 
1
6
3
8
4

X
_
D
o
m
a
i
n
 
 
 
 
 
 
 
=
 
1
H

D
i
m
_
T
i
t
l
e
 
 
 
 
 
 
=
 
1
H

D
i
m
_
U
n
i
t
s
 
 
 
 
 
 
=
 
[
p
p
m
]

D
i
m
e
n
s
i
o
n
s
 
 
 
 
 
=
 
X

S
p
e
c
t
r
o
m
e
t
e
r
 
 
 
=
 
B
R
U
K
E
R
_
D
M
X
_
N
M
R

F
i
e
l
d
_
S
t
r
e
n
g
t
h
 
=
 
7
.
0
5
1
5
6
3
2
2
[
T
]
 
(
3
0
0
[
M
H
z
]
)

X
_
D
o
m
a
i
n
 
 
 
 
 
 
 
=
 
1
H

X
_
F
r
e
q
 
 
 
 
 
 
 
 
 
=
 
3
0
0
.
2
3
1
5
0
1
1
5
[
M
H
z
]

X
_
F
r
e
q
_
F
l
i
p
 
 
 
 
=
 
T
R
U
E

X
_
O
f
f
s
e
t
 
 
 
 
 
 
 
=
 
1
.
5
0
1
1
5
[
k
H
z
]

X
_
P
o
i
n
t
s
 
 
 
 
 
 
 
=
 
1
6
3
8
4

X
_
P
r
e
s
c
a
n
s
 
 
 
 
 
=
 
1

X
_
S
w
e
e
p
 
 
 
 
 
 
 
 
=
 
3
.
6
1
2
7
1
6
7
6
[
k
H
z
]

S
c
a
n
s
 
 
 
 
 
 
 
 
 
 
=
 
6
4

T
e
m
p
_
G
e
t
 
 
 
 
 
 
 
=
 
3
0
0
[
K
]

F
i
l
t
e
r
_
F
a
c
t
o
r
 
 
=
 
3
2

-
-
-
-
 
P
R
O
C
E
S
S
I
N
G
 
P
A
R
A
M
E
T
E
R
S
 
-
-
-
-

d
c
_
b
a
l
a
n
c
e
(
 
0
,
 
F
A
L
S
E
 
)

s
e
x
p
(
 
0
.
2
[
H
z
]
,
 
0
.
0
[
s
]
 
)

t
r
a
p
e
z
o
i
d
(
 
0
[
%
]
,
 
0
[
%
]
,
 
8
0
[
%
]
,
 
1
0
0
[
%
]
 
)

z
e
r
o
f
i
l
l
(
 
1
 
)

f
f
t
(
 
1
,
 
T
R
U
E
,
 
T
R
U
E
 
)

m
a
c
h
i
n
e
p
h
a
s
e

p
p
m



  S44 

 
  



  S45 

  

  

abundance
0100.0200.0300.0400.0500.0600.0700.0

X
 : 

pa
rts

 p
er

 M
ill

io
n 

: 3
1P

15
0.

0
13

0.
0

11
0.

0
90

.0
70

.0
50

.0
30

.0
10

.0
-1

0.
0

-3
0.

0
-5

0.
0

-7
0.

0
-9

0.
0

-1
10

.0
-1

30
.0

-1
50

.0

-17.862

F
i
l
e
n
a
m
e
 
 
 
 
 
 
 
=
 
2
2
8
9
9
p
.
j
d
f

A
u
t
h
o
r
 
 
 
 
 
 
 
 
 
=
 
r
o
o
t

E
x
p
e
r
i
m
e
n
t
 
 
 
 
 
=
 
z
g
p
g
3
0

S
a
m
p
l
e
_
I
d
 
 
 
 
 
 
=
 
P
a
r
a
m
e
t
e
r
 
f
i
l
e
,
 
T
O
P
S
P
I
N
 
 
V
e
r

S
o
l
v
e
n
t
 
 
 
 
 
 
 
 
=
 
C
H
L
O
R
O
F
O
R
M
-
D

R
e
v
i
s
i
o
n
_
T
i
m
e
 
 
=
 
1
2
-
A
P
R
-
2
0
1
9
 
1
3
:
4
9
:
3
0

C
o
m
m
e
n
t
 
 
 
 
 
 
 
 
=
 
P
a
r
a
m
e
t
e
r
 
f
i
l
e
,
 
T
O
P
S
P
I
N
 
 
V
e
r

D
a
t
a
_
F
o
r
m
a
t
 
 
 
 
=
 
1
D
 
C
O
M
P
L
E
X

D
i
m
_
S
i
z
e
 
 
 
 
 
 
 
=
 
3
2
7
6
8

X
_
D
o
m
a
i
n
 
 
 
 
 
 
 
=
 
3
1
P

D
i
m
_
T
i
t
l
e
 
 
 
 
 
 
=
 
3
1
P

D
i
m
_
U
n
i
t
s
 
 
 
 
 
 
=
 
[
p
p
m
]

D
i
m
e
n
s
i
o
n
s
 
 
 
 
 
=
 
X

S
p
e
c
t
r
o
m
e
t
e
r
 
 
 
=
 
B
R
U
K
E
R
_
D
M
X
_
N
M
R

F
i
e
l
d
_
S
t
r
e
n
g
t
h
 
=
 
7
.
0
5
1
5
6
3
2
2
[
T
]
 
(
3
0
0
[
M
H
z
]
)

X
_
D
o
m
a
i
n
 
 
 
 
 
 
 
=
 
3
1
P

X
_
F
r
e
q
 
 
 
 
 
 
 
 
 
=
 
1
2
1
.
5
3
5
1
8
2
[
M
H
z
]

X
_
F
r
e
q
_
F
l
i
p
 
 
 
 
=
 
T
R
U
E

X
_
O
f
f
s
e
t
 
 
 
 
 
 
 
=
 
0
[
H
z
]

X
_
P
o
i
n
t
s
 
 
 
 
 
 
 
=
 
3
2
7
6
8

X
_
P
r
e
s
c
a
n
s
 
 
 
 
 
=
 
1

X
_
S
w
e
e
p
 
 
 
 
 
 
 
 
=
 
3
8
.
5
3
5
6
4
5
4
7
[
k
H
z
]

S
c
a
n
s
 
 
 
 
 
 
 
 
 
 
=
 
8

T
e
m
p
_
G
e
t
 
 
 
 
 
 
 
=
 
3
0
0
[
K
]

F
i
l
t
e
r
_
F
a
c
t
o
r
 
 
=
 
3

-
-
-
-
 
P
R
O
C
E
S
S
I
N
G
 
P
A
R
A
M
E
T
E
R
S
 
-
-
-
-

s
e
x
p
(
 
2
.
0
[
H
z
]
,
 
0
.
0
[
s
]
 
)

t
r
a
p
e
z
o
i
d
(
 
0
[
%
]
,
 
0
[
%
]
,
 
8
0
[
%
]
,
 
1
0
0
[
%
]
 
)

z
e
r
o
f
i
l
l
(
 
1
 
)

f
f
t
(
 
1
,
 
T
R
U
E
,
 
T
R
U
E
 
)

m
a
c
h
i
n
e
p
h
a
s
e

p
p
m



  S46 

   



  S47 

 

  



  S48 

1H, 13C and 31P NMR, and chiral phase HPLC chart of (+)-N-(Adamantan-1-yl)-N-(2-

(diphenylphosphaneyl)-6-methoxyphenyl)cinnamamide ((+)-1a)
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  S52 

1H, 13C and 31P NMR, and chiral phase HPLC chart of (+)-N-(Adamantan-2-yl)-N-(2-

(diphenylphosphaneyl)-6-methoxyphenyl)cinnamamide ((+)-1b) 

  

 (Thousands)
010.020.030.040.050.060.0

X
 : 

pa
rts

 p
er

 M
ill

io
n 

: 1
H

10
.0

9.
0

8.
0

7.
0

6.
0

5.
0

4.
0

3.
0

2.
0

1.
0

0

7.362
7.342
7.322
7.315
7.313
7.309
7.306
7.273
7.249
7.239
7.232
7.217
7.203
7.198
7.194
7.185
7.177
7.174
7.169
7.162
7.158
7.154
7.130
6.999
6.996
6.979
6.976
6.957
6.939
6.870
6.866
6.863
6.860
6.850
6.847
6.844
6.841
5.758
5.719
4.709
3.834
2.759
2.229
2.197
2.163
2.051
2.021
1.845
1.815
1.808
1.800
1.726
1.718
1.711
1.694
1.684
1.678
1.631
1.479
1.443
1.405
1.226
1.213
1.182
1.177
0.000

5.99

3.92
2.96

2.97

2.01

1.94

5.01

1.02

1.00

0.96

0.94

0.93
7.09

1.03

F
i
l
e
n
a
m
e
 
 
 
 
 
 
 
=
 
4
-
0
0
9
2
3
h
_
1
-
2
.
j
d
f

A
u
t
h
o
r
 
 
 
 
 
 
 
 
 
=
 
n
m
r

E
x
p
e
r
i
m
e
n
t
 
 
 
 
 
=
 
z
g
3
0

S
a
m
p
l
e
_
I
d
 
 
 
 
 
 
=
 
P
a
r
a
m
e
t
e
r
 
f
i
l
e
,
 
T
o
p
S
p
i
n
 
3
.
5
 

S
o
l
v
e
n
t
 
 
 
 
 
 
 
 
=
 
C
H
L
O
R
O
F
O
R
M
-
D

R
e
v
i
s
i
o
n
_
T
i
m
e
 
 
=
 
1
5
-
J
A
N
-
2
0
2
1
 
1
3
:
5
9
:
5
9

C
o
m
m
e
n
t
 
 
 
 
 
 
 
 
=
 
P
a
r
a
m
e
t
e
r
 
f
i
l
e
,
 
T
o
p
S
p
i
n
 
3
.
5
 

D
a
t
a
_
F
o
r
m
a
t
 
 
 
 
=
 
1
D
 
C
O
M
P
L
E
X

D
i
m
_
S
i
z
e
 
 
 
 
 
 
 
=
 
3
2
7
6
8

X
_
D
o
m
a
i
n
 
 
 
 
 
 
 
=
 
1
H

D
i
m
_
T
i
t
l
e
 
 
 
 
 
 
=
 
1
H

D
i
m
_
U
n
i
t
s
 
 
 
 
 
 
=
 
[
p
p
m
]

D
i
m
e
n
s
i
o
n
s
 
 
 
 
 
=
 
X

S
p
e
c
t
r
o
m
e
t
e
r
 
 
 
=
 
B
R
U
K
E
R
_
D
M
X
_
N
M
R

F
i
e
l
d
_
S
t
r
e
n
g
t
h
 
=
 
9
.
3
9
9
1
0
9
2
5
[
T
]
 
(
4
0
0
[
M
H
z
]
)

X
_
D
o
m
a
i
n
 
 
 
 
 
 
 
=
 
1
H

X
_
F
r
e
q
 
 
 
 
 
 
 
 
 
=
 
4
0
0
.
1
8
2
0
0
0
9
[
M
H
z
]

X
_
F
r
e
q
_
F
l
i
p
 
 
 
 
=
 
T
R
U
E

X
_
O
f
f
s
e
t
 
 
 
 
 
 
 
=
 
2
.
0
0
0
9
[
k
H
z
]

X
_
P
o
i
n
t
s
 
 
 
 
 
 
 
=
 
3
2
7
6
8

X
_
P
r
e
s
c
a
n
s
 
 
 
 
 
=
 
1

X
_
S
w
e
e
p
 
 
 
 
 
 
 
 
=
 
4
.
8
2
6
2
5
4
8
3
[
k
H
z
]

S
c
a
n
s
 
 
 
 
 
 
 
 
 
 
=
 
3
2

T
e
m
p
_
G
e
t
 
 
 
 
 
 
 
=
 
2
9
5
.
4
6
[
K
]

F
i
l
t
e
r
_
F
a
c
t
o
r
 
 
=
 
4
1
4
4

-
-
-
-
 
P
R
O
C
E
S
S
I
N
G
 
P
A
R
A
M
E
T
E
R
S
 
-
-
-
-

s
e
x
p
(
 
0
.
2
[
H
z
]
,
 
0
.
0
[
s
]
 
)

t
r
a
p
e
z
o
i
d
(
 
0
[
%
]
,
 
0
[
%
]
,
 
8
0
[
%
]
,
 
1
0
0
[
%
]
 
)

z
e
r
o
f
i
l
l
(
 
1
 
)

f
f
t
(
 
1
,
 
T
R
U
E
,
 
T
R
U
E
 
)

m
a
c
h
i
n
e
p
h
a
s
e

p
p
m



  S53 

 
  

 (Thousands)
00.10.20.30.40.50.60.70.80.91.01.11.21.31.41.51.6

X
 : 

pa
rts

 p
er

 M
ill

io
n 

: 1
3C

22
0.

02
10

.0
20

0.
01

90
.0

18
0.

01
70

.0
16

0.
01

50
.0

14
0.

01
30

.0
12

0.
01

10
.0

10
0.

0
90

.0
80

.0
70

.0
60

.0
50

.0
40

.0
30

.0
20

.0
10

.0
0

167.534

157.219
157.154

139.849
135.643
134.644
134.462
133.303
133.113
129.323
128.929
128.689
128.434
128.375
128.332
128.229
128.157
127.654
126.713
126.684
120.481
112.171
77.321
77.000
76.687
63.398
63.311
55.416
38.760
37.900
37.864
31.864
31.813
31.383
30.793
30.735
30.261
27.826
26.973

F
i
l
e
n
a
m
e
 
 
 
 
 
 
 
=
 
4
-
0
0
9
2
3
c
_
1
-
2
.
j
d
f

A
u
t
h
o
r
 
 
 
 
 
 
 
 
 
=
 
n
m
r

E
x
p
e
r
i
m
e
n
t
 
 
 
 
 
=
 
z
g
p
g
3
0

S
a
m
p
l
e
_
I
d
 
 
 
 
 
 
=
 
P
a
r
a
m
e
t
e
r
 
f
i
l
e
,
 
T
o
p
S
p
i
n
 
3
.
5
 

S
o
l
v
e
n
t
 
 
 
 
 
 
 
 
=
 
C
H
L
O
R
O
F
O
R
M
-
D

R
e
v
i
s
i
o
n
_
T
i
m
e
 
 
=
 
1
5
-
J
A
N
-
2
0
2
1
 
1
4
:
1
6
:
3
2

C
o
m
m
e
n
t
 
 
 
 
 
 
 
 
=
 
P
a
r
a
m
e
t
e
r
 
f
i
l
e
,
 
T
o
p
S
p
i
n
 
3
.
5
 

D
a
t
a
_
F
o
r
m
a
t
 
 
 
 
=
 
1
D
 
C
O
M
P
L
E
X

D
i
m
_
S
i
z
e
 
 
 
 
 
 
 
=
 
3
2
7
6
8

X
_
D
o
m
a
i
n
 
 
 
 
 
 
 
=
 
1
3
C

D
i
m
_
T
i
t
l
e
 
 
 
 
 
 
=
 
1
3
C

D
i
m
_
U
n
i
t
s
 
 
 
 
 
 
=
 
[
p
p
m
]

D
i
m
e
n
s
i
o
n
s
 
 
 
 
 
=
 
X

S
p
e
c
t
r
o
m
e
t
e
r
 
 
 
=
 
B
R
U
K
E
R
_
D
M
X
_
N
M
R

F
i
e
l
d
_
S
t
r
e
n
g
t
h
 
=
 
9
.
3
9
9
1
0
9
2
5
[
T
]
 
(
4
0
0
[
M
H
z
]
)

X
_
D
o
m
a
i
n
 
 
 
 
 
 
 
=
 
1
3
C

X
_
F
r
e
q
 
 
 
 
 
 
 
 
 
=
 
1
0
0
.
6
3
6
4
0
9
8
2
[
M
H
z
]

X
_
F
r
e
q
_
F
l
i
p
 
 
 
 
=
 
T
R
U
E

X
_
O
f
f
s
e
t
 
 
 
 
 
 
 
=
 
1
1
.
0
6
8
7
8
8
[
k
H
z
]

X
_
P
o
i
n
t
s
 
 
 
 
 
 
 
=
 
3
2
7
6
8

X
_
P
r
e
s
c
a
n
s
 
 
 
 
 
=
 
2

X
_
S
w
e
e
p
 
 
 
 
 
 
 
 
=
 
2
4
.
0
3
8
4
6
1
5
4
[
k
H
z
]

S
c
a
n
s
 
 
 
 
 
 
 
 
 
 
=
 
2
5
6

T
e
m
p
_
G
e
t
 
 
 
 
 
 
 
=
 
2
9
6
.
1
6
[
K
]

F
i
l
t
e
r
_
F
a
c
t
o
r
 
 
=
 
8
3
2

-
-
-
-
 
P
R
O
C
E
S
S
I
N
G
 
P
A
R
A
M
E
T
E
R
S
 
-
-
-
-

s
e
x
p
(
 
0
.
1
[
H
z
]
,
 
0
.
0
[
s
]
 
)

t
r
a
p
e
z
o
i
d
(
 
0
[
%
]
,
 
0
[
%
]
,
 
8
0
[
%
]
,
 
1
0
0
[
%
]
 
)

z
e
r
o
f
i
l
l
(
 
1
 
)

f
f
t
(
 
1
,
 
T
R
U
E
,
 
T
R
U
E
 
)

m
a
c
h
i
n
e
p
h
a
s
e

p
p
m



  S54 

 
  

 (Thousands)
00.10.20.30.40.50.60.70.80.91.01.11.21.31.41.5

X
 : 

pa
rts

 p
er

 M
ill

io
n 

: 3
1P

15
0.

0
13

0.
0

11
0.

0
90

.0
70

.0
50

.0
30

.0
10

.0
-1

0.
0

-3
0.

0
-5

0.
0

-7
0.

0
-9

0.
0

-1
10

.0
-1

30
.0

-1
50

.0

-16.099

F
i
l
e
n
a
m
e
 
 
 
 
 
 
 
=
 
4
-
0
0
9
2
3
p
_
1
-
2
.
j
d
f

A
u
t
h
o
r
 
 
 
 
 
 
 
 
 
=
 
n
m
r

E
x
p
e
r
i
m
e
n
t
 
 
 
 
 
=
 
z
g
p
g
3
0

S
a
m
p
l
e
_
I
d
 
 
 
 
 
 
=
 
P
a
r
a
m
e
t
e
r
 
f
i
l
e
,
 
T
o
p
S
p
i
n
 
3
.
5
 

S
o
l
v
e
n
t
 
 
 
 
 
 
 
 
=
 
C
H
L
O
R
O
F
O
R
M
-
D

R
e
v
i
s
i
o
n
_
T
i
m
e
 
 
=
 
1
5
-
J
A
N
-
2
0
2
1
 
1
4
:
2
2
:
5
8

C
o
m
m
e
n
t
 
 
 
 
 
 
 
 
=
 
P
a
r
a
m
e
t
e
r
 
f
i
l
e
,
 
T
o
p
S
p
i
n
 
3
.
5
 

D
a
t
a
_
F
o
r
m
a
t
 
 
 
 
=
 
1
D
 
C
O
M
P
L
E
X

D
i
m
_
S
i
z
e
 
 
 
 
 
 
 
=
 
3
2
7
6
8

X
_
D
o
m
a
i
n
 
 
 
 
 
 
 
=
 
3
1
P

D
i
m
_
T
i
t
l
e
 
 
 
 
 
 
=
 
3
1
P

D
i
m
_
U
n
i
t
s
 
 
 
 
 
 
=
 
[
p
p
m
]

D
i
m
e
n
s
i
o
n
s
 
 
 
 
 
=
 
X

S
p
e
c
t
r
o
m
e
t
e
r
 
 
 
=
 
B
R
U
K
E
R
_
D
M
X
_
N
M
R

F
i
e
l
d
_
S
t
r
e
n
g
t
h
 
=
 
9
.
3
9
9
1
0
9
2
5
[
T
]
 
(
4
0
0
[
M
H
z
]
)

X
_
D
o
m
a
i
n
 
 
 
 
 
 
 
=
 
3
1
P

X
_
F
r
e
q
 
 
 
 
 
 
 
 
 
=
 
1
6
1
.
9
9
5
8
3
3
[
M
H
z
]

X
_
F
r
e
q
_
F
l
i
p
 
 
 
 
=
 
T
R
U
E

X
_
O
f
f
s
e
t
 
 
 
 
 
 
 
=
 
0
[
H
z
]

X
_
P
o
i
n
t
s
 
 
 
 
 
 
 
=
 
3
2
7
6
8

X
_
P
r
e
s
c
a
n
s
 
 
 
 
 
=
 
1

X
_
S
w
e
e
p
 
 
 
 
 
 
 
 
=
 
5
1
.
0
2
0
4
0
8
1
6
[
k
H
z
]

S
c
a
n
s
 
 
 
 
 
 
 
 
 
 
=
 
8

T
e
m
p
_
G
e
t
 
 
 
 
 
 
 
=
 
2
9
5
.
5
6
[
K
]

F
i
l
t
e
r
_
F
a
c
t
o
r
 
 
=
 
3
9
2

-
-
-
-
 
P
R
O
C
E
S
S
I
N
G
 
P
A
R
A
M
E
T
E
R
S
 
-
-
-
-

s
e
x
p
(
 
2
.
0
[
H
z
]
,
 
0
.
0
[
s
]
 
)

t
r
a
p
e
z
o
i
d
(
 
0
[
%
]
,
 
0
[
%
]
,
 
8
0
[
%
]
,
 
1
0
0
[
%
]
 
)

z
e
r
o
f
i
l
l
(
 
1
 
)

f
f
t
(
 
1
,
 
T
R
U
E
,
 
T
R
U
E
 
)

m
a
c
h
i
n
e
p
h
a
s
e

p
p
m



  S55 

 



  S56 

 

  



  S57 

1H, 13C and 31P NMR, and chiral phase HPLC chart of (–)-N-(Adamantan-2-yl)-N-(2-

(diphenylphosphaneyl)-6-methoxyphenyl)cinnamamide ((–)-1b) 
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  S62 

1H, 13C and 31P NMR, and chiral phase HPLC chart of (aR)-(–)-N-(Cyclohexyl)-N-(2-

(diphenylphosphaneyl)-6-methoxyphenyl)cinnamamide ((aR)-(–)-1c)  
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1H, 13C and 31P NMR, and chiral phase HPLC chart of (aS)-(+)-N-(Cyclohexyl)-N-(2-

(diphenylphosphaneyl)-6-methoxyphenyl)cinnamamide ((aS)-(+)-1c) 
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1H and 13C NMR, and chiral phase HPLC chart of (S)-4a 
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Chiral phase HPLC chart of (±)-4a  
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1H and 13C NMR, and chiral phase HPLC chart of (S)-4b 
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Chiral phase HPLC chart of (±)-4b 
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1H and 13C NMR, and chiral phase HPLC chart of (S)-4c 
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Chiral phase HPLC chart of (±)-4c 
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1H and 13C NMR, and chiral phase HPLC chart of (S)-4d 
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Chiral phase HPLC chart of (±)-4d 
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1H and 13C NMR, and chiral phase HPLC chart of (S)-4e 
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Chiral phase HPLC chart of (±)-4e 
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1H and 13C NMR, and chiral phase HPLC chart of (S)-4f 
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Chiral phase HPLC chart of (±)-4f 
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1H and 13C NMR, and chiral phase HPLC chart of (S)-4g 
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Chiral phase HPLC chart of (±)-4g 
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1H and 13C NMR, and chiral phase HPLC chart of (S)-4h 

 
 

1
0

8
6

4
2

0

/
p
p
m
(
1
H
)

0.833

11.08 1.018

0.9380.936
0.988

1.005

1.0

3.01

0.0000

2.4239

5.0711
5.0895
6.4072
6.4468
6.6809
6.6995
6.7205
6.7389
6.7994
6.8013
6.8050
6.8072
6.8396
6.8598
7.1228
7.1672
7.1854
7.2040
7.2117
7.2218
7.2288
7.2509
7.2712
7.2921
7.3109
7.3192
7.3370
7.3450
7.3637
7.8088

D
FI
LE
  
\\
Ky
ou
se
i0
6-
h d
\k
yo
us
ei
06
-h
d

\
20
2
2年

度
\M
2\
高
谷
\修

論
\ 帰

属
デ

ー
タ
\N
MR
\基

質
検
討
(c
yc
lo
h
ex
,
 T
H

F
, 
Cs
2 C
O3
)\
6-
Me
 (
ex
p 1
08
)\
6-
Me
(

2
3
7
6
0
h
)
.
r
m
1

O
RG
FI
LE
  
\ \
KY
OU
SE
I0
6-
HD
\ K
YO
US
EI
06
-

HD
\2
02
2
年
度
\M
2\
高
谷
\
修
論
\帰

属
デ
ー
タ
\
NM
R
\基

質
検
討
(C
YC
LO
H
EX
,

T
H
F
,
 
C
S
2
C
O
3
)
\
6
-
M
E
 
(
E
X
P
1
0
8
)
\
23
7

6
0H
\1
\P
DA
TA
\1
\1
I

D
A
T
I
M

1
3
/
J
a
n
/
2
0
2
3
 1
5:
29
:1
9

C
OM
NT
 

O
BN
UC

1
H

E
X
M
O
D

Z
G3
0>

O
FR

4
0
0
.
1
3
 
M
H
z
 

O
B
S
E
T

0
.0
 k
Hz
 

O
BF
IN

1
0
0
2
2
.
1
4
 
H
z
 

P
O
I
N
T

6
55
36
 

F
RE
QU

4
82
6.
25
5 
Hz
 

S
C
A
N
S

1
6 

A
CQ
TM

1
3
.
5
7
9
1
 
s
 

P
D

1
.
0
 
s
 

P
W1

1
4
.
0
 
s

 
C
TE
MP

1
8.
21
 
C
 

S
L
V
N
T

C
D
C
L
3
>

E
XR
EF

0
.
0
 
p
p
m
 

B
F

0
.2
5 
Hz
 

R
GA
IN

2
2
8
 

P
R
N
T
_
D
A
T
E

2
02
3/
Ja
n/
20
 1
6:
46
:5
4

Ph Ph

HN
Me



  S101 

 
  

2
2
0

2
00

1
80

1
60

1
4
0

1
2
0

1
00

8
0

6
0

4
0

2
0

0

/
pp
m(

1
3
C
)

21.6680

46.1982

76.6829
77.0000
77.3190

111.0260
118.3983
119.4919
121.1286
121.9324
124.5769
126.2665
126.3011
127.0903
128.3624
128.4335
130.3873
131.8509
132.5417
137.0325
137.4335
143.3642

D
FI
LE
  
\\
KY
OU
SE
I0
6-
H D
\K
YO
US
EI
06
-H
D

\
20
2
2年

度
\M
2\
高
谷
\修

論
\ 帰

属
デ

ー
タ
\N
MR
\基

質
検
討
(C
YC
LO
H
EX
,
 T
H

F
, 
CS
2 C
O3
)\
6-
ME
 (
EX
P 1
08
)\
4-
02
5

4
5
C
\
1
\
f
i
d

O
RG
FI
LE
  
\ \
KY
OU
SE
I0
6-
HD
\ K
YO
US
EI
06
-

HD
\2
02
2
年
度
\M
2\
高
谷
\
修
論
\帰

属
デ
ー
タ
\
NM
R
\基

質
検
討
(C
YC
LO
H
EX
,

T
H
F
,
 
C
S
2
C
O
3
)
\
6
-
M
E
 
(
E
X
P
1
0
8
)
\
4-
0

2
54
5C
\1
\f
id

D
A
T
I
M

1
6
/
J
a
n
/
2
0
2
3
 1
5:
23
:0
2

C
OM
NT

O
BN
UC

1
3 C

E
X
M
O
D

Z
GP
G3
0>

O
FR

1
0
0
.
6
3
 
M
H
z
 

O
B
S
E
T

0
.0
 k
Hz
 

O
BF
IN

1
1
0
6
6
.
5
 
H
z
 

P
O
I
N
T

1
3
1
0
7
2
(
Z
e
r
o
F
i
ll

:
4

)
 

F
R
E
Q
U

2
40
38
.4
6 
Hz
 

S
CA
NS

5
12
 

A
C
Q
TM

1
.
3
6
3
1
 
s
 

P
D

2
.0
 s
 

P
W1

1
0.
0 
s

 
C
T
E
M
P

1
5
.
5
1
 
C
 

S
LV
NT

C
DC
L
3>

E
X
R
E
F

7
7
.
0
 
p
p
m
 

B
F

0
.
7
3
3
6
 
H
z
 

R
G
A
I
N

2
03
 

P
RN
T_
DA
TE

2
0
2
3
/
J
a
n
/
1
6
 
1
5
:
5
0
:
5
2



  S102 

 

 
 



  S103 

Chiral phase HPLC chart of (±)-4h 
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1H and 13C NMR, and chiral phase HPLC chart of (S)-4i 
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Chiral phase HPLC chart of (±)-4i 
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1H and 13C NMR, and chiral phase HPLC chart of (S)-4j 
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Chiral phase HPLC chart of (±)-4j 
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1H and 13C NMR, and chiral phase HPLC chart of (S)-4k 
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Chiral phase HPLC chart of (±)-4k 
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1H and 13C NMR, and chiral phase HPLC chart of (S)-4l 
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Chiral phase HPLC chart of (±)-4l 
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1H and 13C NMR, and chiral phase HPLC chart of (S)-4m 
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Chiral phase HPLC chart of (±)-4m 

 

 


