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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 CDCI3 as a solvent
at room temperature unless otherwise noted. Chemical shifts (0) are given in ppm relative
to TMS ('H), external 85% H3PO4 (*'P), or residual CHCI3 (13C) as a reference. All *C
and *'P 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.

e

MeO PPh,

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 CHCl; and
quenched with 2 M of NaOH agq. solution. The organic layer was washed with brine, dried
over MgS0y4, 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; 'H NMR (400 MHz, CDCl;3) ¢
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); °C NMR (75 MHz, CDCl3) 6 154.0 (d, Jcp = 5.0 Hz), 139.8 (d, Jcr = 23.8 Hz),
136.6 (d, Jcp = 10.0 Hz) x 2, 133.8 (d, Jcp = 19.4 Hz) x 4, 132.0 (d, Jcp = 4.4 Hz), 128.5
(d, Jep = 3.3 Hz) x 4, 128.4 x 2,122.7 (d, Jep = 1.1 Hz), 126.1, 111.5, 54.9, 54.6 (d, Jcp
= 18.2 Hz), 43.6 (d, Jcp = 2.2 Hz) x 3, 36.4 x 3,30.2 x 3; 3!P NMR (121 MHz, CDCl3) ¢
—18.4; HRMS (ESI-orbitrap) m/z calcd for C20H32ONP + H 442.2294 found 442.2282;
EI-MS m/z (rel intensity) 441 (M", 100).

Preparation of Aminophosphine 3b.
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Q,,

MeO PPh,

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 CHCl;3
and quenched with 2 M of NaOH aq. solution. The organic layer was washed with brine,
dried over MgSQys, 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; '"H NMR (400 MHz, CDCls) ¢
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=1.5,43and 7.7 Hz, 1H), 4.91 (s, 1H), 3.83 (s, 3H), 3.72 (s, 1H), 2.02 (d, /= 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);
BCNMR (101 MHz, CDCl;) 6 150.8 (d, Jcp = 6.6 Hz), 142.3 (d, Jcp = 23.5 Hz), 137.1 x
2(d, Jer =9.5 Hz), 133.7 x 2 (d, Jcp = 19.1 Hz), 128.4 x 4, 128.3 x 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 x 2,325 x 2,31.4
(d, Jep = 2.2 Hz) x 2, 27.44, 27.43; 3'P NMR (121 MHz, CDCl3) 6 —18.3; HRMS (ESI-
orbitrap) m/z calcd for CaoH3;ONP + H 442.2294 found 442.2286; EI-MS m/z (rel
intensity) 441 (M*, 100).

Preparation of Aminophosphine 3c.

S

MeO PPh,

To a mixture of phosphine oxide 2¢ (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 CHCI3 and
quenched with 2 M of NaOH agq. solution. The organic layer was washed with brine, dried
over MgSO0y4, and concentrated under reduced pressure. The residue was purified by silica

gel chromatography (hexane:EtOAc = 40:1).
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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; 'H NMR (400 MHz, CDCls) § 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); '*C NMR (101
MHz, CDCl3) 6 151.2 (d, Jcp = 5.9 Hz), 141.9 (d, Jcp = 23.5 Hz), 137.0 (d, Jcr = 9.5 Hz)
x 2,133.7 (d, Jcp = 19.1 Hz) x 4, 128.41 x 2, 128.38 (d, Jcp = 6.6 Hz) x 4, 127.1, 126.6
(d, Jer = 8.8 Hz), 120.7 (d, Jcp = 2.2 Hz), 111.6, 56.4 (d, Jcp = 6.6 Hz), 55.6, 34.2 x 2,
25.9,25.1 x 2;3'P NMR (121 MHz, CDCls) § —19.7; HRMS (ESI-orbitrap) m/z calcd for
C25sH230ONP + H 390.1981 found 390.1979; EI-MS m/z (rel intensity) 389 (M*, 21).

Preparation of Cinnamoyl Amide (%)-1a.

@\Nj)\/\%

Me0\©/ PPh,
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 MgSOs4. 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; 'H NMR (400
MHz, CDCl3) 67.39 (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, /= 1.3 and 8.3 Hz, 1H), 6.82 (qd, J
=1.2and 7.7 Hz, 1H), 5.71 (q, /= 15.5 Hz 1H), 3.81 (s, 3H), 2.28-2.33 (m, 6H), 1.96 (s,
3H), 1.53 (s, 6H); 3*C NMR (101 MHz, CDCl3) 6 166.5, 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, Jep = 112.3 Hz), 134.0 (d, Jcp = 84.6 Hz) x 2, 133.7 (d, Jcp = 78.0 Hz) x 2, 128.9,
128.8, 128.6, 128.49 (d, Jcp = 25.5 Hz) x 2, 128.46, 128.32 (d, Jcp = 28.4 Hz) x 2, 128.30
x2,127.7x2,127.2 (d, Jcr = 6.0 Hz), 122.1, 111.9, 61.1, 55.6, 39.6 (d, Jcp = 3.7 Hz) x
3,36.5 x 3,30.3 x 3; 3P NMR (121 MHz, CDCl3) § —17.8; HRMS (ESI-orbitrap) m/z
calcd for C3sH330.NP + H 572.2713 found 572.2705; EI-MS m/z (rel intensity) 571 (M,
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1); HPLC (Daicel CHIRALCEL® OD-H, 0.46x25 cm, UV 254 nm, hexane : 2-propanol
=98 :2,0.8 mL/min) g = 11.9 min (CD : Aext (Ag) 254 (—)), tr = 16.2 min (CD : Aext (A€)
254 (+)).

Preparation of Cinnamoyl Amide (%)-1b.

@\N)()J\/\Ph

Me0\©/ PPh,
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 MgSOs. 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; 'H NMR (400
MHz, CDCl3) 6 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, CDCI3) & 167.5,
157.2 (d, Jcp = 6.6 Hz), 139.8, 135.6, 134.6 x 2 (d, Jcp = 22.0 Hz), 133.4 (d, Jcp = 27.6
Hz), 133.2 x 2 (d, Jcp = 19.2 Hz), 129.3, 128.9, 128.7, 128.4 x 2 (d, Jcp = 6.0 Hz), 128.3,
128.2, 128.1 x 4, 127.6 x 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;
3P NMR (121 MHz, CDCl3) & —16.2; HRMS (ESI-orbitrap) m/z calcd for C3sH3sO2NP
+ H 572.2713 found 572.2711; EI-MS m/z (rel intensity) 571 (M", 0.4); HPLC (Daicel
CHIRALPAC® IA, 0.46x25 cm, UV 270 nm, hexane : 2-propanol =98 : 2, 1.0 mL/min)
trr = 15.0 min (CD : Aext (A€) 254 (—)), tr = 20.4 min (CD : Aext (A€) 254 (1)).

Preparation of Cinnamoyl Amide ()-1c.
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O\ij\/ﬁph

Me0\©/ PPh,
To the solution of aminophosphine 3¢ (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 cinnamoy! 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 ((%)-
Ic). 99% yield (412 mg, 0.79 mmol) as a white solid; mp 175-177 °C; 'H NMR (400
MHz, CDCl;) 6 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, /= 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, /= 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, CDCI3) 6 166.9, 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
=27.3Hz) x2,134.296 (d, Jcp =21.6 Hz) x 2, 133.2 (d, Jcp = 19.1 Hz) x 2, 129.1, 128.8
(d, Jcrp =2.9 Hz) x 2, 128.4 (d, Jcp = 2.0 Hz) x 2, 128.29 x 2, 128.22, 128.16 x 2, 127.6
x2,126.7 (d, Jcr = 1.5 Hz), 120.4, 112.2, 59.4, 55.5, 30.9 (d, Jcr = 7.3 Hz), 30.6 (d, Jcp
=2.2 Hz), 26.1, 26.0, 25.9;3'P NMR (121 MHz, CDCl3) 8 —17.4; HRMS (ESI-orbitrap)
m/z caled for C34H340oNP + H 520.2400 found 520. 2397; EI-MS m/z (rel intensity) 519
(M*, 6); HPLC (Daicel CHIRALCEL® OD-H, 0.46x25 ¢m, UV 270 nm, hexane : 2-
propanol =98 : 2, 1.0 mL/min) tr = 15.1 min (CD : Aext (A€) 254 (-)), tr = 18.6 min (CD :
Aext (A€) 254 (1)).

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 (1.0x25 ¢m) and
CHIRALCEL® OD-H (1.0%25 c¢m). 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.
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@\Nj\/\Ph

Meo\é/ PPh,
(—)-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]**p —37.0 (¢ 0.23, CHCl3); 'H NMR (300 MHz, CDCl3) &
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, SH), 6.96 (dd, J= 1.3 and 8.3 Hz, 1H), 6.82 (qd, /= 1.2 and 7.7 Hz, 1H), 5.71
(q,J=15.5Hz 1H), 3.81 (s, 3H), 2.33-2.28 (m, 6H), 1.96 (s, 3H), 1.53 (s, 6H); *C NMR
(75 MHz, CDCl3) 6166.5, 157.3 (d, Jcp = 24.0 Hz), 141.4 (d, Jcp = 52.0 Hz), 139.8, 136.7
(d, Jer = 39.9 Hz), 136.4 (d, Jcr = 38.3 Hz), 135.7, 135.4 (d, Jcp = 112.3 Hz), 134.0 (d,
Jop = 84.6 Hz) x 2, 133.7 (d, Jcp = 78.0 Hz) x 2, 128.9, 128.8, 128.6, 128.50 (d, Jcp =
25.5 Hz) x 2, 128.46, 128.33 (d, Jcp = 28.4 Hz) x 2, 128.31 x 2, 127.7 x 2, 127.2 (d, Jcp
= 6.0 Hz), 122.1, 111.9, 61.1, 55.6, 39.6 (d, Jcp = 3.7 Hz) x 3, 36.6 x 3, 30.3 x 3;3!P
NMR (121 MHz, CDCI3) 6 —17.9; HRMS (ESI-orbitrap) m/z caled for C3gHzsO2NP + H
572.2713 found 572.2706; EI-MS m/z (rel intensity) 571 (M", 1); HPLC (Daicel
CHIRALCEL® OD-H, 0.46x25 c¢cm, UV 254 nm, hexane : 2-Propanol = 98 : 2, 1.0
mL/min) fr (major) = 10.7 min (CD : Aext (Ag) 254 (-)), tr (miner) = 16.4 min (CD : Aext
(Ag) 254 (1)).

(+)-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;
[0]*°b 41.6 (¢ 0.53, CHCls); 'H NMR (300 MHz, CDCl3) §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, /= 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); 3C NMR (75 MHz, CDCl3) 5166.5,
157.3 (d, Jcp = 24.0 Hz), 141.4 (d, Jcp = 52.0 Hz), 139.8, 136.7 (d, Jcr = 39.9 Hz), 136.4
(d, Jer = 38.3 Hz), 135.7, 135.3 (d, Jep = 112.3 Hz), 134.0 (d, Jcp = 84.6 Hz) x 2, 133.7
(d, Jcp = 78.0 Hz) x 2, 128.9, 128.8, 128.6, 128.49 (d, Jcp = 25.5 Hz) % 2, 128.47, 128.33
(d, Jer =28.4 Hz) x 2, 128.31 x 2,127.7 x 2,127.2 (d, Jcp = 6.0 Hz), 122.1, 111.9, 61.1,
55.6,39.6 (d, Jcp =3.7 Hz) x 3, 36.6 x 3,30.3 x 3;*'P NMR (121 MHz, CDCl3) § —17.9;
HRMS (ESI-orbitrap) m/z caled for C3gH330NP + H 572.2713 found 572.2704; EI-MS
m/z (rel intensity) 571 (M", 1); HPLC (Daicel CHIRALCEL® OD-H, 0.46x25 c¢cm, UV
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254 nm, hexane : 2-Propanol =98 : 2, 1.0 mL/min) g (miner) = 10.7 min (CD : Aext (A€)
254 (-)), tr (major) = 14.9 min (CD : Aext (A€) 254 (1)).

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® 1A (1.0x25 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.

Meo\é/ PPh,
(+)-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]*°p 96.9 (c 1.05, CHCl3); 'H NMR (300 MHz, CDCl3)
07.36-7.27 (m, 5H), 7.24-7.13 (m, 7H), 7.00-6.94 (m, 6H), 6.86 (qd, /= 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); 3*C NMR (101 MHz, CDCl3) §167.5, 157.2 (d, Jcp = 6.6 Hz),
139.8, 135.6, 134.6 x 2 (d, Jcp = 22.0 Hz), 133.3 (d, Jcp = 27.6 Hz), 133.13 x 2 (d, Jcp =
19.2 Hz), 129.3, 128.9, 128.7, 128.4 x 2 (d, Jcr = 6.0 Hz), 128.3, 128.23, 128.16 % 4,
127.6 x 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, Jep =2.2 Hz), 31.4,30.8 (d, Jcr = 6.6 Hz), 30.3, 27.8, 27.0; *'P NMR (121
MHz, CDCl3) 6 —16.1; HRMS (ESI-orbitrap) m/z caled for C3sH3sO,NP + H 572.2713
found 572.2712; EI-MS m/z (rel intensity) 571 (M*, 7); HPLC (Daicel CHIRALPAC®
IA, 0.46x25 cm, UV 270 nm, hexane : 2-Propanol =98 : 2, 1.5 mL/min) ¢z (major) = 14.7
min (CD : Aext (A€) 254 (—)), tr (miner) = 20.6 min (CD : Aext (A€) 254 (1)).
(—)-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;
[0]*°p —94.2 (¢ 0.43, CHCl3); 'TH NMR (300 MHz, CDCl3) 6 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, /= 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, /= 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, /= 14.4 Hz, 1H);
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BC NMR (101 MHz, CDCl3) 6 167.5, 157.2 (d, Jcp = 6.6 Hz), 139.8, 135.6, 134.6 x 2
(d, Jep = 22.0 Hz), 133.3 (d, Jcp = 27.6 Hz), 133.1 x 2 (d, Jcp = 19.2 Hz), 129.3, 128.9,
128.7, 128.4 x 2 (d, Jcp = 6.0 Hz), 128.3, 128.22, 128.15 x 4, 127.6 x 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, Jcr = 6.6 Hz), 30.2, 27.8, 27.0;3'P NMR (121 MHz, CDCl3) § —16.1;
HRMS (ESI-orbitrap) m/z caled for C3gH330NP + H 572.2713 found 572.2711; EI-MS
m/z (rel intensity) 571 (M*, 3); HPLC (Daicel CHIRALPAC® IA, 0.46x25 cm, UV 270
nm, hexane : 2-Propanol =98 : 2, 1.5 mL/min) #r (miner) = 15.2 min (CD : Aex (Ag) 254
(=), tr (major) =20.6 min (CD : Aext (A€) 254 (+)).

Optical Resolution of ()-1c.

HPLC resolution of (£)-1¢ (96.9 mg, 0.186 mmol) dissolved in hexane (50 mL) was
carried out by successive injections of 2 mL on a CHIRALCEL® OD (1.0x25 c¢m). 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)-(+)-1lc¢ were

obtained by concentration of fractions respectively.
23

|\/|eojijpph2

(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]*°p —149 (c 0.48, CHCl3); 'H NMR (300 MHz, CDCl;3)
07.38(d,J=15.5Hz, 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, /= 15.6
Hz, 1H), 4.11 (tt, J = 3.5 and 11.6 Hz, 1H), 3.75 (s, 3H), 2.13 (t, /= 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); *C
NMR (101 MHz, CDCl3) 6166.9, 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) x 2,
134.38 (d, Jcp =30.1 Hz) x 2, 133.2 (d, Jep = 19.1 Hz) x 2, 129.2, 128.8 (d, Jcp = 2.9 Hz)
x2,128.42 (d, Jep = 3.0 Hz) x 2, 128.35(d, Jcp = 1.5 Hz) x 2, 128.27, 128.22 x 2, 127.7
x 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;3'P NMR (121 MHz, CDCl3) 6 —17.4; HRMS (ESI-orbitrap)
m/z calcd for C34H340oNP + H 520.2400 found 520. 2398; EI-MS m/z (rel intensity) 519
(M*, 6); HPLC (Daicel CHIRALCEL® OD-H, 0.46x25 c¢m, UV 254 nm, hexane : 2-
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Propanol =98 : 2, 0.8 mL/min) fr (major) = 13.8 min (CD : Aext (A€) 254 (-)), tr (minor)
=16.5 min (CD : Aext (A€) 254 (1)).

S P

Me0\©,PPh2

(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]*°p 131 (¢ 0.23, CHCIl3); '"H NMR (300 MHz, CDCl3)
07.38(d,J=15.5Hz, 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, /= 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, /= 3.7 and 13.0 1H); *C
NMR (101 MHz, CDCl3) 6166.9, 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) x 2, 133.2 (d, Jep = 19.1 Hz) x 2, 129.2, 128.8 (d, Jcp = 2.9 Hz)
x2,128.42 (d, Jcp = 3.0 Hz) x 2, 128.36 x 2, 128.27, 128.22 x 2, 127.7 x 2, 126.7 (d, Jcp
= 1.5 Hz), 1204, 112.2, 59.5, 55.6, 31.0 (d, Jcp = 7.3 Hz), 30.7 (d, Jcr = 2.2 Hz), 26.2,
26.1, 25.9;3'P NMR (121 MHz, CDCl3) & —17.4; HRMS (ESI-orbitrap) m/z calcd for
C34H340oNP + H 520.2400 found 520. 2398; EI-MS m/z (rel intensity) 519 (M™, 5); HPLC
(Daicel CHIRALCEL® OD-H, 0.46x25 ¢m, UV 254 nm, hexane : 2-Propanol = 98 : 2,
0.8 mL/min) #r (minor) = 12.8 min (CD : Aex (Ag) 254 (-)), tr (major) = 17.3 min (CD :
Aext (A€) 254 (+)).

X-ray Diffraction Analysis data of (aS)-(+)-1c: Colorless Prismatic crystals from
hexane, orthorhombic space group P212:121, a = 9.2573(2) A, b = 17.7086(4) A, ¢ =
17.8309(4) A, a=90°, B=93.1780(10) °, =90 °, ¥'=2923.09(11) A3, Z=4, p=1.181
g/em’, 1 (CuKa) = 1.059 mm!. 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 pmol), [Pd(C3Hs)Cl]2 (2.2 mg, 6 umol), indole or substituted
indole (0.2 mmol), 1,3-diphenyl-2-propenyl acetate (60.6 mg, 0.24 mmol), and Cs>CO3
(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
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with diethyl ether. The organic layer was washed with water and brine, and dried over
MgSOs4. The filtrate was concentrated under reduced pressure and the residue was
purified by column chromatography (elution with n-hexane/EtOAc/EtsN = 20/4/1).
HN
N

S :
Ph"N"SPh (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.]*°p +36.7
(¢ 0.79, CHCI3); 'H NMR (400 MHz, CDCl3) §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); *C NMR (101 MHz,
CDCl) 6143.3,137.4, 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 ¢ x 25 cm, UV 254 nm), hexane : ethanol
=99:1,0.7mL/min: R = 55.4 min (minor) and 61.3 min (major).
Br
H&Q
N

Ph" " ph (S,E)-6-Bromo-3-(1,3-diphenylallyl)-1 H-indole ((S)-4b) (Table 3,
entry 2).°> 710% yield (54.6 mg, 0.141 mmol) as a yellow solid; mp 132-134 °C; 90% ee;
[0]*°p +34.9 (¢ 1.02, CHCl3); 'H NMR (400 MHz, CDCls) 6§7.82 (s, 1H), 7.41 (d,J=1.6
Hz, 1H), 7.34-7.16 (m, 11H), 7.09 (dd, /= 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, /= 15.8 Hz, 1H), 5.04 (d, /= 7.3
Hz, 1H); 3C NMR (101 MHz, CDCls) & 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 ¢ x 25
cm, UV 254 nm), hexane : 2-propanol = 99 : 2, 0.9 mL/min: #r = 63.8 min (major)
and 71.7 min (minor).

Cl

HN
N

PR " phy (S,E)-6-Chloro-3-(1,3-diphenylallyl)-1 H-indole ((S)-4c) (Table 3,
entry 3).°> 70% yield (48.4 mg, 0.141 mmol) as a brown solid; mp 46-48 °C; 93% ee;
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[0]*°p +36.1 (c 0.98, CHCI3); 'H NMR (400 MHz, CDCl3) 67.86 (s, 1H), 7.35-7.17 (m,
12H), 6.96 (dd, J = 1.8 and 8.6 Hz, 1H), 6.83 (dd, /= 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); *C NMR (101
MHz, CDCls) 6 143.0, 137.2, 137.0, 132.1, 130.7, 128.49 x 2, 128.47 x 2, 128.37 x 2,
128.0, 127.3, 126.5, 126.3 x 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 ¢ x 25 cm,
UV 254 nm), hexane : ethanol =99 : 1, 0.7 mL/min: ¢ = 60.6 min (major) and 63.8
min (minor).
F
H@
N
Ph " ph (S,E)-3-(1,3-Diphenylallyl)-6-fluoro-1H-indole ((S)-4d) (Table 3,
entry 4).° 72% yield (47.4 mg, 0.145 mmol) as a brown solid; mp 42-44 °C; 93% ee;
[0]*°p +23.0 (¢ 0.12, CHCI3); 'H NMR (400 MHz, CDCl3) 67.84 (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); 3C NMR (101 MHz, CDCl3) §159.9 (d, Jc-r = 236.2 Hz), 143.1,
137.3,136.5 (d, Jcr=12.4 Hz), 132.2,130.7, 128.49, 128.45, 128.39, 127.2, 126.5, 126.3,
123.3, 122.8 (d, Jcr=3.1 Hz), 120.6 (d, Jcr = 10.0 Hz), 118.7, 108.2 (d, Jc.r = 24.2 Hz),
97.4 (d, Jcr = 25.9 Hz), 46.1; EI-MS m/z (rel intensity) 327 (M, 100); HPLC (Daicel
CHIRALPAK®IA, 0.46 ¢ x 25 cm, UV 254 nm), hexane : ethanol =99 : 1, 0.5 mL/min:
fr = 109.4 min (major) and 118.9 min (minor).
OMe
Hw
N
PR " ph (S,E)-3-(1,3-Diphenylallyl)-6-methoxy-1H-indole  ((S)-4e)
(Table 3, entry 5).° 71% yield (48.3 mg, 0.142 mmol) as a yellow solid; mp 145-147 °C;
72% ee; [a]*°p +37.0 (¢ 1.04 CHCI3); 'H NMR (400 MHz, CDCl3) &.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=7.4Hz, 1H),3.77 (s, 3H); *CNMR (101 MHz, CDCl3) §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® 1B, 0.46 ¢ x 25 cm, UV 254 nm), hexane : ethanol =99 : 1, 0.9 mL/min:

fr = 76.8 min (minor) and 84.1 min (major).
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OBn
Hw
N
Ph " ph (S,E)-6-(Benzyloxy)-3-(1,3-diphenylallyl)-1H-indole  ((S)-4f)
(Table 3, entry 6).° 87% yield (63.9 mg, 0.154 mmol) as a yellow solid; mp 132-134 °C;
87% ee; [a]*’p +32.78 (¢ 1.02, CHCl3); 'H NMR (400 MHz, CDCl3) 67.65 (s, 1H), 7.38
(d, J =73 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=7.4Hz, 1H),4.99 (s, 2H); *C NMR (101 MHz, CDCl3) §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 ¢ x 25 cm, UV 254 nm),
hexane : ethanol =98 : 2, 0.7 mL/min: # =46.0 min (major) and 52.3 min (minor).
NO,
Hw
N
Ph " ph (S,E)-3-(1,3-Diphenylallyl)-6-nitro-1H-indole ((S)-4g) (Table 3,
entry 7).° 26% yield (18.2 mg, 0.051 mmol) as a brown solid; mp 71-73 °C; 76% ee;
[0]*°p +28.6 (c 0.45, CHCl3); 'H NMR (400 MHz, CDCls) §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);
BCNMR (101 MHz, CDCl3) 6143.2,142.4,137.0, 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 ¢ x 25 cm,
UV 254 nm), hexane : ethanol =98 : 2, 0.5 mL/min: ¢ = 104.1 min (major) and 111.9
min (minor).
Me

HN
N
PR " phy (S,E)-3-(1,3-Diphenylallyl)-6-methyl-1H-indole ((S)-4h) (Table 3,
entry 8).° 34% yield (22.0 mg, 0.068 mmol) as a brown solid; mp 125-127 °C; 87% ee;
[0]*°p +33.8 (¢ 0.25, CHCI3); 'H NMR (400 MHz, CDCl3) 67.81 (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=17.4and 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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BC NMR (101 MHz, CDCls) §143.4, 137.4, 137.0, 132.5, 131.9, 130.4, 128.43%x(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;  El-
MS m/z (rel intensity) 323 (M*, 100); HPLC (Daicel CHIRALPAK® IB, 0.46 ¢ x 25 cm,
UV 254 nm), hexane : ethanol =99 : 1, 0.7 mL/min: # = 64.9 min (minor) and 72.2

min (major).
Br

Hw
N

PR " ph (S,E)-7-Bromo-3-(1,3-diphenylallyl)-1H-indole ((S)-4i) (Table 3,
entry 9).° 64% yield (50.0 mg, 0.129 mmol) as a brown solid; mp 35-37 °C; 83% ee;
[0]*°p +15.6 (¢ 0.27, CHCIs3); 'H NMR (400 MHz, CDCl3) 68.11 (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); *C NMR (101 MHz,
CDCl3) 6 142.9, 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 ¢ x 25 cm, UV 254 nm), hexane :
ethanol =99 : 1, 0.7 mL/min: #g =25.0 min (major) and 28.4 min (minor).

HN B
“ r

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

entry 10).> 60% yield (46.7 mg, 0.120 mmol) as a brown solid; mp 50-52 °C; 91% ee;
[0]*°p +37.2 (¢ 0.55, CHCI3); '"H NMR (400 MHz, CDCl3) §7.90 (s, 1H), 7.53 (t,J = 0.7
Hz, 1H), 7.35-7.13 (m, 12H), 6.83 (d, /= 2.2 Hz, 1H), 6.65 (dd, /= 7.3 and 15.8 Hz, 1H),
6.38 (d, J = 15.8 Hz, 1H), 5.03 (d, J = 7.2 Hz, 1H); '*C NMR (101 MHz, CDCls) &
142.8, 137.2, 135.2, 132.0, 130.7, 128.49x(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 ¢ x 25 cm, UV 254 nm), hexane : ethanol = 99 :
1, 0.9 mL/min: f = 36.7 min (minor) and 39.2 min (major).
H@
N

Br
Ph " phy (S,E)-4-Bromo-3-(1,3-diphenylallyl)-1 H-indole ((S)-4k) (Table 3,
entry 11).° 68% yield (53.2 mg, 0.137 mmol) as a brown solid; mp 50-52 °C; 95% ee;
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[0]*°p +45.3 (c 0.18, CHCl3); 'H NMR (400 MHz, CDCl3) 6 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); *C NMR (101 MHz, CDCl3) &
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 ¢ x 25 cm, UV 254 nm), hexane :
ethanol =99 : 1, 0.5 mL/min: g = 105.7 min (major) and 116.8 min (minor).

HN
“ OMe

Ph™ " ph (S,E)-3-(1,3-Diphenylallyl)-5-methoxy-1H-indole  ((S)-41)
(Table 3, entry 12).° 78% yield (53.1 mg, 0.156 mmol) as a brown solid; mp 53-55 °C;
91% ee; [a]*°p +27.1 (¢ 0.17, CHCl3); '"H NMR (400 MHz, CDCl3) 67.80 (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); *C NMR (101 MHz, CDCls) 6 153.7,
143.2,137.4,132.4,131.7, 130.5, 128.45%(1+1), 128.39, 127.127, 127.119, 126.4, 126.2
x 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 ¢ x 25 cm, UV 254 nm), hexane : ethanol

=99:1,0.9 mL/min: R =42.1 min (minor) and 49.5 min (major).

oW,
Ph—X

Ph " ph (S,E)-3-(1,3-Diphenylallyl)-2-phenyl-1H-indole ((S)-4m) (Table 3,
entry 13).° 88% yield (67.8 mg, 0.176 mmol) as a yellow solid; mp 86-88 °C; 92% ee;
[0]*°p +89.7 (¢ 0.99, CHCI3); 'H NMR (400 MHz, CDCl3) 67.94 (s, 1H), 7.49-7.12 (m,
18H), 7.00-6.96 (m, 1H), 6.88 (dd, /= 7.3 and 15.8 Hz, 1H), 6.39 (d, J = 15.8 Hz, 1H),
5.27 (d,J=7.2 Hz, 1H); *C NMR (75 MHz, CDCl3) & 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 ¢ x 25 cm, UV 254 nm), hexane : ethanol =99 : 1, 0.9

mL/min: #r = 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.

Time (sec) Ee (%)* Ee (%)* Ee (%)* Ee (%)°

at 70 °C at 75 °C at 80 °C at 85 °C
0 99.0 99.0 99.0 99.0
1800 98.4 97.5 97.8 96.8
3600 97.8 96.9 95.2 94.8
7200 95.7 93.8 90.7 88.6
14400 90.9 86.8 80.7 79.2
28800 84.2 73.6 66.1 63.0

86400 61.7 46.4 32.4

“ Ee was determined by chiral HPLC analysis.
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Figure S1. Data for the Racemization Plot of 1b
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Figure S2. Data for the Arrhenius Plot of 1b
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Table S2. Time Dependence of Ee Value of 1¢ at Various Temperatures in Dodecane.

Time (sec) Ee (%)” Ee (%)” Ee (%)” Ee (%)”
at 40 °C at 45 °C at 55 °C at 60 °C
0 99.0 99.0 99.0 96.4
1800 96.3 94.6 85.4 71.8
3600 94.4 89.9 70.2 49.9
7200 89.1 78.3 54.9
14400 80.5 64.3
28800 63.9 39.5
“ Ee was determined by chiral HPLC analysis.
In (ee) vs. Time
s  40°C
* 45°C

y =|-2E-05x +4.5987

45 ? —
~— | = R?=0.9991 55°C
=
———— a60°C

4
In (ee) \‘\ T
\
35
y =-8E-05x + 4/5851 _
&2 = 0.9911 y = -3E-05x + 4.6047
R? =(0.9987
3
y =-0.0002x + 4.58
R? = 0.9963
2.5
0 5000 10000 15000 20000 25000 30000 35000
Time (sec)
Figure S3. Data for the Racemization Plot of 1¢
Arrhenius Plot

0.00295 0.003 0.00305 0.0031 0.00315 0.0032 0.00325

9
a
9.5
y =-12,367.1493521435 x + 27.7383794843
R? =0.9895564794
-10
=]
In(k) -10.5
11 o
115 \.\
-12
T[K]

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

amine (3a)
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'H, 13C and *'P NMR of N-(2-(Diphenylphosphaneyl)-6-methoxyphenyl)adamantan-2-

(3b)
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'H, *C and *'P NMR, and chiral phase HPLC chart of (+)-N-(Adamantan-1-yl)-N-(2-
(diphenylphosphaneyl)-6-methoxyphenyl)cinnamamide ((+)-1a)
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'H, *C and 3'P NMR, and chiral phase HPLC chart of (+)-N-(Cyclohexyl)-N-(2-
(diphenylphosphaneyl)-6-methoxyphenyl)cinnamamide ((#)-1¢)
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'H, *C and 3'P NMR, and chiral phase HPLC chart of (-)-N-(Adamantan-1-yl)-N-(2-
(diphenylphosphaneyl)-6-methoxyphenyl)cinnamamide ((—)-1a)
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'H, *C and 3'P NMR, and chiral phase HPLC chart of (+)-N-(Adamantan-1-yl)-N-(2-
(diphenylphosphaneyl)-6-methoxyphenyl)cinnamamide ((+)-1a)
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'H, 3C and *'P NMR, and chiral phase HPLC chart of (+)-N-(Adamantan-2-yl)-N-(2-
(diphenylphosphaneyl)-6-methoxyphenyl)cinnamamide ((+)-1b)
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'H, 13C and *'P NMR, and chiral phase HPLC chart of (-)-N-(Adamantan-2-yl)-N-(2-
(diphenylphosphaneyl)-6-methoxyphenyl)cinnamamide ((—)-1b)
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'H, *C and 3'P NMR, and chiral phase HPLC chart of (aR)-(-)-N-(Cyclohexyl)-N-(2-
(diphenylphosphaneyl)-6-methoxyphenyl)cinnamamide ((aR)-(—)-1c)
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'H, *C and 3'P NMR, and chiral phase HPLC chart of (aS)-(+)-N-(Cyclohexyl)-N-(2-
(diphenylphosphaneyl)-6-methoxyphenyl)cinnamamide ((aS)-(+)-1¢)
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1-9-—% 3385
BHAR 2020/09/17 16:21:45
AV R 0OD-H, 0.8 mL/min, hex:2-Pro=98:2
HPLC YATL% SYSTEM-3
AEBR 2020/09/17 15:47:49
EA 1.0 [uL]
Yo7 1
JOvIh A 2019system3
AR 180.0 [min]
REI-TUA 3-649 koki
AV bA—ILAYYF 2019system3
E-oD7-7
BREST-IL
B MTER
Fruz) iR +E-IHE
HOvrIS LA exp127cyclohexmore-CH3
YA
FroxI4 UV-2075
AP 500 [msec]
(RZa7N)

[& [ER 3
37] 0038 0070] N/A[4465] 5004
52795[99.962[99.930
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'H and '*C NMR, and chiral phase HPLC chart of (S)-4a
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03 M5 LINE
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L 1) 2021/02/03 200018
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HPLC VA7 L& HoLC-1
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m 1900w
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Chiral phase HPLC chart of (+)-4a

HOI IS L

1 4 - CH
220000 ﬂ expdd - CH3
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aAY 1B, 0.7 mL/min, Hex:EtOH=99:1, UV 254 nm, CD 254 nm

HPLC YAT L% HPLC-1

AE B 2019/01/11 16:09:57

SEAR 1.00 [uL]

Yo7k 1

JOvIh b 2017system1

AR 180.0 [min]

BT VA 1.5765 koki

AV bO=-ILAYYE system1.2017

E-HID7-7IL

BRERT-II

B ANTER

Fror VR +E-DER

HOIMIF L% exp44-CH3

HUIN4A

FrorI 4 Uv-2075

POV 500 [msec]

BRARERAY Y K (XZa7W)

==

E—5% [CH[tR [min] [ B (uV-sec] [B2 [uVI[mik%
Unknown| 3 | 49.183|  13438067| 221778] 50.1] 54.0

Unknown| 3 | 53542|  13381284] 188978] 49.9] 46.0]

>
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'H and '*C NMR, and chiral phase HPLC chart of (S)-4b
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i 40.0
Retention Time [min]

1A-8, 0.9 mL/min, Hex:2-PrOH=98:2, UV 254 nm, CD 254 nm
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IAVE
HPLC VAT L% HPLC-1
AER 2023/01/25 13:39:50
EAR 1.00 [uL]
HoTI# 1
JOvrh 4 2022system1
AR 180.0 [min]

HR AR
BEY-TUR
IV A=Ay E

1-2279 takaya

system1_2017

E-2IDF=J )

REKRT-IN

BINER

FroR )RR +E—-D1#

OO M5 L% exp49-6-Br-CH10
B4

FrorIE 254.0nm
BV I R 100 [msec]
IR LEAY Y E (RZa7l)

#] E=D% [CH[tR [min)[EH [uV-sec][@a (V][ EHs[@as
1|Unknown| 10| 63.790 6054665 61392 94.9| 94.7
[2|Unknown[ 10| 71.668 325998 3457| 5.11] 5.33
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Chiral phase HPLC chart of (+)-4b
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BERT-I
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ﬂu#MﬂﬂH:’—'JM
Hnv - exp113-CH3
ﬂJ7J|rG 6-Br(rac)
FroxI 4 Uv-2075
PV ] 500 [msec]
BB EAYYF (RZa7N)
[#] E=5% [CH]tR [min] [ 8 [uV-sec] | H< (V]| H TFEE_IIEQ IJMME}J
1[Unknown| 3 | 70050 218281 2705]49.681|52.760] N/A[18789| 4.135
12]Unknown| 3 | 79.002 221087 2422]50.319]47.240]  N/A[18272]  N/A| |z |

S79



'H and '*C NMR, and chiral phase HPLC chart of (S)-4¢
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Chiral phase HPLC chart of (+)-4¢
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Yo% 6-Cl(rac)
FrorE uv-970
PRI L] 500 [msec)
R Ay F (RZTa7M)
Bm CH]tR [min] B8 [uV-sec][M& (V][ @M | WS

Unknown| 3 | 85.625 1687051|  18113]50.897|51.179] N/A|
[2]unknown| 3 | 91.058 1627576]  17278[49.103[48821] N/A
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'H and '*C NMR, and chiral phase HPLC chart of (S)-4d

T
\M
T

Ge:9¥:81 ¥1/°00/220¢  dLVA LNid
79

NIVDY

ZH €LV 0 44

udd 00 A4IXH

<1000 INATS

Do 16°€C dWALO

s 071 TMd

S 0T ad

S G68L°9 WLOOV

8 SNVOS

ZH §9¢ "958¥ JRVERE|
(v

T11d0407) 2L0TET INIOd

ZH ¥2g "800% NIJ40

ZHM 0°0 1S40

ZHIN 81 "00% 440

<0€9Z JONXH

Hi ONNAO

INIOO

€0:07:01 120%/3nV/20  WILVA
PLJATAHSS

ST0-VA (6SdXd) Jd-9%(£002SD “dHL

XAHOTORD) M FF RANNA £ — £

S AL Z) A & 18 AOINA 3 = 2002 AAH
~90TASNOAYAAH-90THSNOANAL  HTIA9M0

TN~ (HSGeT

0-F) d-9% (6SdXH) Jd-94 (€002SD ‘!

HL “XGHO'TOAD) MY E S RUIWA 4 —

LS XM Z) A O KCINA 3 252202
(H-90 TISNOAMATH-90THSNOANAR ~ d114A

(Hi)wdd/Q

0000 0—

€960
K

OllLW
1660

056 ¢
\

6EE 11

GL6°0
H

S84



(Qgy) wdd/Q
0 0¢ oy 09 08 oo— 0cl orl 091 081 OON OWN

L " L " L " "

-
A WOy ¥ Wyt " u o

6%:€G:81 ¥1/°00/2205 4LV LNdd

€02 NIVOY

ZH 9€€L "0 a4

wdd (2L ATIXH

<E1000 INATS

Jo 18 %2 WAL

s 00T Thd

S0°% ad

S 1€9¢°1 WNLOOV

952 SNYOS

ZH 9¥ "880¥¢ NOHYA
(=

[11d0407)ZL0TET INIOd

ZH G 99011 NI.90

ZHY 070 14s40

ZHN €9 00T A10

<0€9d97 (Uil

et ONNEO

INIKOD

96:8G:01 120%/8nV/20  WILY(
PLIXTAOSS

ST0-VA (6SdXd) Jd-9% (800280 ‘dHL
XAHOTOAD) MM F F AUNNA £ — £
Sy XU 2 A & S REINA 3 76202 AAH

~90TASNOANAMH-90TISNOANAL  ATIADMO

PIJATAD

9SE10-VA (65dXT) d-94(£00ZSD ‘d A = |\ N\

HL XOHOTORD) feMyEFRONAS — | . AL L L L L L L L L L Ll L L

i T o 5 SINSSBREEBRRRRRERERERERRE B2
LRI A, TN 4 TT0TA i 0 32 e ot 72 00,00 €30 P 3 e e 1 B0t
(H-90 TASNOANAUH-90T4SNOAYAR  HTLAC S SSCRBSHRIIRAnSINSnea=RRC8 32
~ COO—-OBLOONNLOLO—=—-ODNPOWNIDNOD D~

S85




O rIS L

55000
40000 L
| |
5 |1
= i
z | |
S l
8 ] [
£ 20000 .
[
R
Io\.2
O———— Y \X/\‘
X LE T e T % T T T T X
0.0 20.0 40.0 60.0 80.0 100.0 120.0
Retention Time [min]
DO M5 LER
1-9-4 3385
EHAE 2021/08/06 19:14:40
JAVE 1A,0.45ml/min Hex:EtOH=99.5:0.5,254nm,rt
HPLC YAT L% HPLC-1
HEE 2021/08/06 17:06:21
EAR 1.00 [uL]
Pl 1
JOvIh g 2019systemi
AR 180.0 [min]
MBIV 1-00972 takaya
AV MO=ILAYYE 2019system1
E-HID7-7IL
RERT-IIL
iR 4h
FrorIR+E—-DER
DO M 1% exp59-F-CH9
254.0nm
200 [msec]
(R=Za7)
[Height [LV]] Area [Height3]

52008[96.596] 96.561
1852 3.404] 3.439]
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Chiral phase HPLC chart of (+)-4d

HOvMIS L

1 exp185 - CH3
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70IIH R 2012system?2
HUAR R 600.0 [min]
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AV rA=ILAYYE 2009system2_600min
E-o057-7
Bl#-}—ﬂl«
BRE
FroRI R+ E—-DmR
HOI M5 L% exp185-CH3
$UINA 6-F(rac)
FrorIE UV-970
PVl 500 [msec)
BMEAYYF (RZa7\)

Dlﬂ]@ﬂmlﬂ]mlf_ﬂmlﬁlﬂfiﬂ JUAH
1] 1352527] _14639]49.956(52.590] N/A[14612| 2223 1.325

[2[Unknown| 3 | 76.267] 1354934  13197]50.044]47.410] N/A[13642] N/A 1.332]
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'H and '*C NMR, and chiral phase HPLC chart of (S)-4e
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Retention Time [mm]
HOI M LR
1-Y-4 3385
EHAR 2021/07/19 12:17:17
AV 1B,0.9m!/min,Hex:EtOH=99:1,254nm,rt
HPLC YAT L% HPLC-1
el 2021/07/19 10:30:12
SEAR 100 [uL]
BT
F0JH 201 9system1
AR 180.0 [min]
BEI-TUA 1-00953 takaya
AV FA=ILAYYE 2019system1
E-JI7=7I
RERT-TI
BNTEER 4h
Foox AR +E— 1
HOIMIT LA exp57-OMe-CH9
vﬂ b&
254.0nm
ﬁ)j’))d 515 200 [msec]
R LIEAYY R (RZa7)

[#[ E=%% TCH[tR Imin[Area [uV-sec] Height [LV]] Area% [Height]

1]Unknown| 9 76.81 533842 5851[14.209{ 15.945

[2[unknown| 9 | 84.10]  3223190]  30844]85.791] 84.055)
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Chiral phase HPLC chart of (+)-4e

HavMIS L

1 -CH
18000 ! 6-OMerac - CH2
2
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2 10000
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Retention Time [min]
Hnv M5 Lk
1-Y-2 3385
EHEH 2018/12/13 16:58:32
AV 1B, 0.9mL/min, Hex:EtOH=99:1
HPLC YT L% HPLC-2
MEB 2018/12/13 14:57:20
EAR 1.00 [uL]
Yo7)I# 1
JnJh g 2015system?2
HOA B 180.0 [min]
MEI-TUA 2.46415 yamaguchi
VA=AV E 2009system2_600min_2
E-5057-7

BRBT-I
BN

Freoz M8 +E—DiNE

HOIMIS LB 6-OMerac-CH2
$UINAE
FrorIB CD-2095-UV
POV 500 [msec]
BT A (@270
mmlm@lmmmm
1{Unknown| 2 72.967 1784256 | 49.968 18190|52.301
Unknown| 2 | 80.117 1786517]50.032 1658947.699
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'H and '*C NMR, and chiral phase HPLC chart of (S)-4f
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vised b IN

900000 5 exp61-6-OBn - CH10
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Retention Time [min]
HOT M5 LR
1-%-£ 3385
B 2023/01/26 17:31:10
A IA, 0.7 mL/min, Hex:EtOH=98:2, UV=254nm, CD=254nm
HPLC YAT L% HPLC-2
AlEBR 2023/01/26 16:07:07
SEAR 1.00 [uL]
HoTI# 1
Tavir4 2022system2
HR AR 600.0 [min]
BEI-HVA 2-466703 takaya
AV RA=ILAYYE 2009system2_600min_2
E-JIDT=J)b
REKRT-IN
BINER
FroR )RR +E—-D1#
OO M5 L% exp61-6-OBn-CH10
B4
FrorIE 254.0nm
YY) IR 100 [msec]
IR LEAY Y E (RZa7l)

#] E—5% |CH]tR [min][area [uV-sec)| area% [hight [uV]] hight’s
T[Unknown| 10| 46.027| _ 85068244|93.737| _87299593.880]
2

Unknown[ 10| 52272 5683602| 6.263 56906] 6.120]
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Chiral phase HPLC chart of (+)-4f
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AUk 1A-3 flow0.7 Hex:EtOH=99:1
HPLC YAT L% HPLC-2
MEB 2012/06/19 14:04:21
AR 1.00 [uL]
Yo7
JnviHtE 2012system2
AR 600.0 [min]
RMEI-TUA 2.1283 ishikawa
AV MA=ILAYYF 2009system2_600min
E-DIDT-FI
BERRT-IL
miwg
FroxmE+C-oma
HOIMIZ L% exp186-CH3
YUIWA 6-BnO(rac)
FooxIB uv-970
Yo7 IR 500 [msec]
BAEAYY (RZa7N)
[#[ E=5% [CH]tR [min) [ [uV-sec][#& (V][ @M | s [ERM[ NTP | JIIE
1] 67237/49.920(51.164] N/A[86735| 2.649 1.707
64179]50.080/48.836 N/A 1.694
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'H and '*C NMR, and chiral phase HPLC chart of (S)-4g
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Intensity [pV]
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HOv M5 LR
1-¥-%4

AV PA-ILAYYE
E-2IDF=J )
BRERT-TN
EANTER

FreoxRER+E-DR
DO MIS LA

vised b IN

Bxp60-6-NO2 - CH3

40.0 60.0 80.0

X 100.0
Retention Time [min]

3385

2023/01/24 20:23:32

IA-8, 0.5 mL/min, Hex:EtOH=98:2, UV 254 nm, CD 254 nm
HPLC-1

2023/01/24 18:16:56

1.00 [uL]

1

2022system1
180.0 [min]
1-2277 takaya
system1_2017

exp60-6-NO2-CH3

B4

FroxrIA Uv-2075
BV I R 500 [msec]
IR LEAY Y E (RZa7I)

#] E—=5% [CH[tR [min][E## [uV-secl[ @& V][ EHs|ma%
T[Unknown| 3 | 104.108 2797103 21886| 88.1] 880,
[2[Unknown| 3 | 111.883 379126]  2098] 119] 120
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Chiral phase HPLC chart of (+)-4g
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Retention Time [min]
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2018/11/16 14:18:22

I1A-3, 0.5 mL/min, Hex:EtOH=98:2, UV 254 nm, CD 254 nm

HPLC-1

2018/11/16 11:39:25
1.00 [uL]

2017system1
180.0 [min]
1.5689 yamaguchi
system1_2017

e WRCNERNE, &

100.0

HOIMIS L% 6-NO2rac-CH3
HUIEA

Froxg UV-2075
Yo7 T 500 [msec]
BREAYYE (RIa7L)

# | E—D% [CH[tR T [V sec] ] [NTP [ M| o F)— w—il:!!‘g
1]Unknown| 3 | 116.658 2275456 16872]50.133|51.006 N/A|18258] 2595 1.265
2|Unknown| 3 | 125.742 2263396 16207]49.867|48.994 N/A[19883 N/A 1.252

Total 4538852| 33079 0.00000
1/1

S99

6-NO2rac - CH3

g\

140.0 155.0



'H and '*C NMR, and chiral phase HPLC chart of (S)-4h

Me

HN
P " ppy

¥G:9%:91 0g/uef/€20z  dLVA LNYd

8¢¢ NIVOY

ZH S2°0 4

udd 00 JTIXH

<1000 INATS

Do 1381 dNILO

s 071 Thd

S 0T ad

S T6LS €T WLOOV

91 SNVOS

ZH S92 "958¥ NOMIA

9€459 INTOd

ZH ¥1 22001 NI440

ZHM 0°0 1S40

ZHK €1 "00% 440

<0€9Z JONXH

Hi ONNdO

INWOD

61:6C:S1 €20g/uel/€T  KILVA
ITATAVIVAJATAHO9

1624 (80TdXH) AN-94(£002SD “dHL

XAHOTORD) M FF RANNA £ — £

S AL Z) A & 18 AOINA 3 = 2002 AAH

~90TASNOAYAAH-90THSNOANAL  HTIA9M0
TWI " (409267

) ON-9% (801dxd) OJ{-9% (£002S) “d

HL X8yoT940) FMY B 5 RUNNA 4 —

L XM Z) A O KCINA 3 252202

PY-90 1oSNOAYAPY-90TOSNOAYAX  HT1AA

(Hi)wdd/Q

01

0000 0—

10°€
(

6ECY ¢

0 ——

G600 '} —,

—

.886°0
866 0 ——

966 0 ——

8107} ——

o
(=)

S100



(Qgy) wdd/Q
0 0¢ oy 09 08 oo ! 0cl orl 091 081 OON O,NN

}iisiﬁ T

25:09:S1 91/ue(/€202 4LV LNdd

€02 NIVOY

ZH 9€€L "0 a4

wdd (2L ATIXH

<E1000 INATS

Jo 16761 WAL

s 00T Thd

S0°% ad

S 1€9¢°1 WNLOOV

218 SNYOS

ZH 9¥ "880¥¢ NOHYA
(=

[11d0407)ZL0TET INIOd

ZH G 99011 NI.90

ZHY 070 14s40

ZHN €9 00T A10

<0€9d97 (Uil

et ONNEO

INIKOD

20:€2:G1 €202/uel/91  NILVA
PTIXTAOSTST

0-VA& (80TdXH) HN-9% (800S0 ‘dHL
XAHOTOAD) MM F F AUNNA £ — £
Sy XU 2 A & S REINA 3 76202 AAH

~90TASNOANAMH-90TISNOANAL  ATIADMO
PTIATAOSG

GZ0-VA (801dXd) HAN-9A(€00ZSD ‘d \‘/ \\\& \/ // /

HL YAHOTORD) feMyEIFFRNNAS — | & . L. LLLL L LA L L L L

4 S 33 CRoRRRERNEREeERNs
LAY )AL, (L ATNA i 27 2202A = - 20w P A T N
H-90 TASNOANAGH-90THSN0ANAR  H11A 2 8 SSg Rgepgigcgsusgacae

oS N oo OCWODHROUT—=WATWONTIN

S101



50000

40000

Intensity [pV]

20000

0.0 10.0

HOv M5 LR
1-¥-%4

AV PA-ILAYYE
E-2IDF=J )
BRERT-TN
EANTER

FreoxRER+E-DR
DO MIS LA

vised b IN

20.0 30.0 40.0 50.0
Retention Time [min]

3385

2023/01/16 17:38:39

1B, 0.7 mL/min, Hex:EtOH=99:1, UV 254 nm, CD 254 nm
HPLC-1

2023/01/16 15:35:17

1.00 [uL]

1

2022system1
180.0 [min]
1-2262 takaya
system1_2017

exp108-6-Me-CH3

B4

FroxrIA Uv-2075
BV I R 500 [msec]
IR LEAY Y E (RZa7I)

#] E—=5% [CH[tR [min][E## [uV-secl[ @& V][ EHs|ma%
T[Unknown| 3 | 64.942 309337 4529 6.69] 8.54
[2[Unknown| 3 | 72225 4314196] 48523] 933| 915
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Chiral phase HPLC chart of (+)-4h

HOvMIS L

15000 L exp119 - CH3
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HPLC YT L% PLC-1
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SEAR 1.00 [pL]
il 1
nvihra 2009system1
HUGA B 600.0 [min]
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AV FA-ILAYYE 2009system1_;8 B {873 L_600min
E-JIDT-7I
BE\T-IN
BINTR IR
Frox KR +E-OmR
HOIMIS L% exp119-CH3
H$UINA
Frorg UV-2075
H$U 7R 500 [msec]
R A F (RIa7N)
[F[E=5% JCHtR [min) [ (uV-sec V][ s | Aas [E R NTP [y R[Sy XE)—
[1]Unknown | 57.892 900295 13939]49.962(51.774] N/A[18789] 2.056 0.946
ll[Unknown | 61.483] 901662 1298450.038|48.226 N/A|18401 N/A 0960[
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'H and '*C NMR, and chiral phase HPLC chart of (S)-4i
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HORMIS L

1 [~ exp63-CH9
1200000 i
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R
F
R
| ‘-..\ / \
/ 7 N\
01— _ - e v —
r T T T T T L | T T T
0.0 5.0 10.0 15.0 20.0 25.0 30.0 320
Retention Time [min]
Hav M LR
1-%-% 3385
B AR 2021/09/07 13:04:48
X 1B,0.7ml/min,Hex:EtOH=99:1,254nm,rt
HPLC YT L% HPLC-1
3 2021/09/07 10:50:44
AR 1.00 [uL]
HUI)# 1
JOIrh 2019system1
HA B 180.0 [min]
REI-TUR 1-01041 takaya
VA=AV E 2019system1
E=-o7-7)b
BREHT-II
BTEER 4h
FruR AR +HE—- MR
DO MIF L% exp63-CH9
Yo7
FrorI4 254.0nm
YYD 200 [msec]
BRI E (RIa7l)

9 . 50897594

gmmmmixmm

4800862

ﬂ Unknown| 9
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Chiral phase HPLC chart of (+)-4i

/nid N

1B, 0.7 mL/min, Hex:EtOH=99:1, UV 254 nm, CD 254 nm

e S

20.0 25.0
Retention Time [min]

750000

600000
s
3
> 400000
&

200000

0
0.0 5.0 10.0

H0v M5 LK
1-%-% 3385
B AR 2018/10/22 18:24:29
JAVE
HPLC Y27 L& HPLC-1
MEB 2018/10/22 17:43:24
AR 1.00 [uL]
Ho7)#
Jnviht4 2017system1
HGARSR 180.0 [min]
RBEI-TIA 1.5644 yamaguchi
AV FA=LAYYE system1.2017
E-JID7-7IL

FeoxIARE+U—-DNR

HOIMIS L% exp121-CH3
Yo%

FroxIa Uv-2075
B TR 500 [msec]
R BEAY Y F (RZa7N)

[#] =% [CH[tR [min][EH (uV-sec] [H (V][ mHls | B
[1]Unknown| 3 | 26.392]  26851159| 754882[49.921]53.281

N/A

NTP
14765| 3.570

1.108

[2]Unknown| 3 | 29.708 26936048 661910]50.079[46.719

N/A

14279] N/A

1.124]
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'H and '*C NMR, and chiral phase HPLC chart of (S)-4j
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vIsed BTN

2 exp96(5-Br) - CH10
260000 ! sl
’\
11
200000 .
N i
& |
z s
2 |
£ i
S 100000 \
‘ |
|
/ L \\
\ "
P I W W R
I " T T T
0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 76.0
Retention Time [min]
Hnv M5 LER
1-Y-4 3385
EH AR 2022/09/12 17:59:02
JdAVE 1B, 0.9 mL/min, Hex:EtOH=99:1, UV=254nm, CD=254nm
HPLC YAT L% HPLC-2
HEE 2022/09/12 16:42:42
EAR 1.00
oAl 1
I0IrH A 2022system?2
N 600.0 [min]
HE I~ VA 2-466679 takaya
IV EA-ILAYYE 2009system?2_600min_2
E-H07-7Ib

BRI
BEVL 4

FooRILNE+E—- DR

O3 MIF L%
HYUIN%
FrorIVA

H 70T
R MIBA) Y F

exp96(5-Br)-CH10

254.0nm
100 [msec]
(RZa7)

1]Unknown| 10| 36.727

#] P—5% [CH[tR [min][area [pV-sec]| area% [hight [11V] ] hight%

521487| 4.539 14221| 5.033

2| Unknown| 10

39.153]

10968171]95.461]  268330]94.967
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Chiral phase HPLC chart of (+)-4j
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44000 1’
40000
30000
e
=
2z
g 20000
S
10000
0 0
0.0 10.0 20.0 30.0 40.0 50.0
Retention Time [min]
o0 M5 Lk
1-Y-% 3385
WA 2011/09/22 18:15:38
AAVE 1B flow0.9,Hex:EtOH=99:1
HPLC YATL%A HPLC-1
e 2011/09/22 17:14:31
EAR 1.00 [uL]
B
J0IIH bR 2009system?
A B 600.0 [min]
MEI-TUA 1.0904 ishikawa
AV hA-ILAYYF 2009system1_iR B &1 {#73 L_600min
E-oD57-FI
BRBT-I
B
FrorIRE+E— R
H0IMISLE exp112-CH3
HYUINB 5-Br indole
FroxNE uv-2075
BT MR 500 [msec]
BB F (RZa7N)
(¥ E=5% [CHILR [min) [ (uV-sec) [ B (V]| miks | mas e M| NTP |51 *J‘wa-EEl!El
[1[Unknown| 3 | 48925 2375311|  41835(49.941|52489| N/A[17744| 2.757 0941
2| Unknown| 3 | 53.175 2380899|  37867]50059|47511] N/A[17189] N/A 0983
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'H and '*C NMR, and chiral phase HPLC chart of (S)-4k
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SO IS L
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LR F S et L S Uy | T
0.0 20.0 40.0 60.0 80.0 100.0 120.0
Retention Time [min]
Hnv M5 LR
1-Y-4 3385
EHAE 2022/05/27 13:42:21
b 1A,0.5ml/min,Hex:EtOH=99:1,254nm
HPLC YAT L% HPLC-1 A
AEB 2022/05/27 11:33:19
JEAR 1.00 [uL]
Yo7 1
Jnvrhha 2019system]1
HGARSR 180.0 [min]
REI—ro2A 1-02035 takaya
v bO=JLAYY K 2019system1
E=-JIDT-7I
BRERT-IN
EBINTER
FrUxIAER+E—DiFE
HOYMIZ L% exp79(4-Br)-CH9
Yo7
Froura 254.0nm
YU THR 200 [msec]
R F (RZa7))

[#] €= [CHItR [min]Area [uV-sec][Height [uVI] Area¥ [Height
] 130537{97.518| 97.314

3604[ 2482 2,586[
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Chiral phase HPLC chart of (+)-4k

100000

50000

Intensity [uV]

0.0 10.0

Hnv M5 Lk
1-¥-%

EH BN

JAVE

HPLC Y27 L%
ME8

AR

il
T0IIH R
HUABSR
MEI-TVA
AV A=AV E
E-JID7-7b
BE|T-II
B R R

Froximg+E-omR
HnIMIS LB

YUINA

FroxE

$ 70T
ERMEAY Y F

DESTICTIELLINERILImIL L AE SI | IE Leios 1
1]Unknown| 3 | 60.917 7827300| 102143/48.315/50.929 N/A|15127| 2060 1.503

HOvMIS L

20.0 30.0 40.0 50.0 60.0
Retention Time [min]

3385

2014/07/01 14:51:17
1A-3,0.7, Hex:EtOH=99:1
HPLC-1

2014/07/01 13:31:41
1.00 [uL]

2012system1

180.0 [min]

1.2696 asano
2009system1_i8 FE #1 {73 L_600min

exp245-CH3
4-Br

uv-2075
500 [msec]
(RZa7N)

2{Unknown| 3 | 65.050

8373098| 98417[51.685[49071] N/A[16219] N/A 1.917]
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'H and '*C NMR, and chiral phase HPLC chart of (S)-41
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EAR 1.00 [pL]
YUTI#
JOIIH b 2019system2
BUARF 180.0 [min]
MEI-TY 2 466666 takaya
AV A=AV E system2_2019
E-2ID7-7)b

FroRI R+ E—-D R
HOIMIS LA
wma

VIV,
ﬂ/j'JJ'J‘ il
BIGMERYY F

€77(5-OMe)-CH9
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200 [msec]
(RZa7I)
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Chiral phase HPLC chart of (+)-41

bav MISL
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HPLC YATL%A HPLC-1
e 2011/09/22 17:14:31
EAR 1.00 [uL]
B
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A B 600.0 [min]
MEI-TUA 1.0904 ishikawa
AV hA-ILAYYF 2009system1_iR B &1 {#73 L_600min
E-oD57-FI
BRBT-I
B
FrorIRE+E— R
H0IMISLE exp112-CH3
HYUINB 5-Br indole
FroxNE uv-2075
BT MR 500 [msec]
BB F (RZa7N)
(¥ E=5% [CHILR [min) [ (uV-sec) [ B (V]| miks | mas e M| NTP |51 *J‘wa-EEl!El
[1[Unknown| 3 | 48925 2375311|  41835(49.941|52489| N/A[17744| 2.757 0941
2| Unknown| 3 | 53.175 2380899|  37867]50059|47511] N/A[17189] N/A 0983
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'H and '*C NMR, and chiral phase HPLC chart of (S)-4m
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HOI I3 L

Name:e78(2-Ph) - CH9

500000

400000
S
=
Z
w
53
£ 200000

0
0.0 5.0 10.0
Retention Time [min]

Hav M5 LR
1-9-4 3385
B AR 2022/03/07 17:22:26
AV R 1B,0.9ml/min Hex:EtOH=99:1
HPLC VAT L% HPLC-2
Al 2022/03/07 16:28:02
SEAR 1.00 [uL]
il 1
Jnvihrg 2019system?2
HRA B ] 180.0 [min]
BIEI-TVA 2.466667 takaya
AV MA=ILAYYE system2. 2019
E-DIDF=J
RERT-IN
BINER
FroRUER+E—-D1E R
DO MIS L% €78(2-Ph)-CH9
Yo%
FrorIE 256.0nm
B 7V IR 200 [msec]
RRARIEAY Y F (RZa7I)
#| E=5% [CH]tR [min]|Area [1V-sec]|Height [11V]] Area% |Height%
1{Unknown| 9 16.36 10459524 482871[96.152| 96.362
[2[Unknown| 9 [ 17.81 418567 18231] 3.848] 3638
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Chiral phase HPLC chart of (+)-4m

40000

30000

20000

Intensity [uV]

10000

0.0 5.0

H0v M LIRS
1-4-%
BB

v
HPLC YATL%
MEB
EAR
$oIe
TnJiH 4
A BFR
M-IV
2 bO-ILAYYE
E-Ho7-7
BRBT-II
B I0R R

FooxIARE+U DR
o0 M5 L%

ez

Froxg
Y7
BB YE

[#] =5 [CHItR [min] |G #k (uV-sec] | (uV]] m s |

1{Unknown| 3 | 19.717 957849  38698]49.721]|52.84

HavbJS L

1 exp178 - CH3

\ A -
A A

10.0 15.0 20.0 25.0 30.0 35.0
Retention Time [min]

3385

2012/07/23 13:23:51

1B flow0.9, Hex:EtOH=99:1
HPLC-1

2012/07/23 12:43:40
1.00 [uL]

1

2012system1

600.0 [min]

1_1551 ishikawa
2009system1_i fE & {873 L_600min

exp178-CH3
2-Ph(rac)
uv-2075
500 [msec]
(RZa7N)

N/A[15314] 3084 1014

[2[unknown| 3 | 21.800] 968612

34530{50.279]47.154]  N/A[14782] N/A 1.041]
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