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1. General Methods and Materials

All anaerobic and moisture-sensitive manipulations were carried out with standard
Schlenk techniques under predried argon. 'H and '*C NMR spectra were measured on JEOL
ECX 50011 spectrometers (500 MHz for 'H, 126 MHz for '3C) and JEOL JNM-ECZL 400
spectrometers (400 MHz for 'H, 101 MHz for '3C). Chemical shifts are reported in & (ppm)
referenced to tetramethylsilane (8 0.00) for 'H NMR and the residual peaks of CDCl5 (8 77.00)
for 13C NMR. The following abbreviations are used; s: singlet, d: doublet, t: triplet, q: quartet,
m: multiplet. High-resolution mass spectra were obtained with a JEOL JMS-700 Mstation.
Chiral High Performance Liquid Chromatography (HPLC) was performed on a Shimadzu
system under the conditions given for each measurement. Optical rotations were measured on
a JASCO P-2200. Single-crystal X-ray diffraction was collected on Rigaku XtaLAB Synergy
DW diffractometer with a multi-layer mirror monochromatized CuKa (A = 1.54184 A)
radiation and Rigaku RAXIS-RAPID imaging plate diffractometer with a graphite
monochromatized Mo Ka (A= 0.71069 A) radiation. The products were purified by column
chromatography on 63-210 mesh silica gel (Kanto Kagaku; Silica Gel 60N). All solvents were
dried and distilled before use by the usual procedures. [Ir(cod)Cl]2,' (R)-L,? allenylic alcohols
1a-1£3, 1g%, 1i,* 1j°, 1k,> 11,° 1m,” 7-azaindole 4a,® 4b® were prepared as described in the

literature. Indoles 2a-2i, 7-azaindole 4¢, and Yb(OTf)s were purchased and used as received.

2. Procedure for the Preparation of Tertiary Allenylic Alcohol 1h

B Cul (50 mol%) Et
NEt(i-Pr), (1.8 equiv) Ph X
o ~ + (CHO),“ 1,4-dic2)xane % X
OH (26equiv)  110°C, 14 h OH

1h
s1

To a solution of s1° (582.2 mg, 3.634 mmol), formaldehyde (279.6 mg, 9.311 mmol),
and Cul (348.7 mg, 1.831 mmol) in 1,4-dioxane (4 mL) was added diisopropylethylamine
(652.3 mg, 6.446 mmol) at room temperature, and the mixture was stirred at 110 °C for 14 h.
The mixture was quenched by short column chromatography (Et20), and concentrated on a
rotary evaporator. The residue was subjected to column chromatography (silica gel,
hexane/ethyl acetate = 8/2) to give compound 1h (yellow liquid, 530.9 mg, 3.047 mmol, 84%
yield).

'H NMR (500 MHz, CDCls) & 7.49-7.43 (m, 2H), 7.34 (t, J = 7.7 Hz, 2H), 7.27-7.22 (m, 1H),
5.57 (t,J = 6.6 Hz, 1H), 4.99 (dd, J= 10.9, 6.6 Hz, 1H), 4.94 (dd, J= 10.9, 6.9 Hz, 1H), 2.08-
2.04 (m, 1H), 2.01-1.86 (m, 2H), 0.84 (t, /= 7.5 Hz, 3H); 3C{H} NMR (126 MHz, CDCl3) &
205.7, 145.8, 128.0, 126.8, 125.3,99.5, 79.4, 75.1, 35.5, 8.1. HRMS (FAB) m/z [M]" calcd for
C12H140 174.1039; found 174.1039.
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3. General Procedure for the Asymmetric Allenylic Substitution of Racemic Tertiary and
Secondary Allenylic Alcohols 1 with Indoles 2 (Schemes 2 and 3)
Representative Procedure for the Reaction of 1a with 2a

Ph Me “ A [IrCl(cod)]5 (5 mol%)
\k\.\ + @E’} (R)-L (20 mol%)

OH N Yb(OTf) (7.5 mol%)
THF, 45 °C, 18 h

1a 2a (1.5 equiv)

A mixture of [Ir(cod)Cl]2 (13.4 mg, 0.0200 mmol), (R)-L (40.6 mg, 0.0800 mmol), 1a
(62.9 mg, 0.393 mmol) in THF (4.0 mL) was stirred at room temperature for 15 min. To the
mixture was added 2a (69.4 mg, 0.592 mmol) and Yb(OTf)3 (18.6 mg, 0.0300 mmol), and the
result was stirred at 45 °C for 18 h. After removal of the solvent on a rotary evaporator, the
residue was subjected to column chromatography (silica gel, hexane/EtO = 90/10) to give
compound 3aa (94.8 mg, 0.366 mmol, 93% yield, 93% ee) as a brown solid.

4. General Procedure for the Synthesis of Racemic Allenylated Indoles
Representative Procedure for the Reaction of 1a with 2a

Ph_Me
Me [IrCl(cod)], (5 mol%) N
Ph \*/%.\ + N rac-L (20 mol%) N AN
OH S N Yb(OTf)3 (7.5 mol%)
H
THF, 45°C, 18 h ”
1a 2a (1.5 equiv)
rac-3aa

A mixture of [Ir(cod)Cl]2 (13.4 mg, 0.0200 mmol), rac-L (40.7 mg, 0.0802 mmol), 1a
(63.2 mg, 0.394 mmol) in THF (4.0 mL) was stirred at room temperature for 15 min. To the
mixture was added 2a (70.9 mg, 0.605 mmol) and Yb(OT*); (16.9 mg, 0.027 mmol), and the
result was stirred at 45 °C for 18 h. After removal of the solvent on a rotary evaporator, the
residue was subjected to column chromatography (silica gel, hexane/Et2O = 90/10) to give

compound rac-3aa (79.6 mg, 0.307 mmol, 78% yield) as a yellow oil.

5. Characterization of 3

3-(2-Phenylpenta-3.4-dien-2-vyl)-1H-indole (3aa)
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3aa was prepared according to general procedure using 1a (62.9 mg, 0.393 mmol) and
2a (69.4 mg, 0.592 mmol). The crude reaction mixture was purified by column chromatography
using hexane/Et,0 (90/10) to afford 3aa (94.8 mg, 0.366 mmol, 93% yield, 93% ee) as a brown
solid. The ee was measured by HPLC (Chiralpak AD-3 column, 0.5 mL/min, hexane/2-
propanol = 95/5, 230 nm, #; = 26.2 min (minor), t» = 27.8 min (major)); [a]**p —58 (¢ 1.03,
CHCIs) for 93% ee. 'H NMR (500 MHz, CDCI3) & 7.97 (s, 1H), 7.39-7.33 (m, 3H), 7.30-7.24
(m, 2H), 7.21-7.16 (m, 1H), 7.15-7.10 (m, 2H), 7.07 (d, J = 7.5 Hz, 1H), 6.93-6.88 (m, 1H),
591 (t,J= 6.6 Hz, 1H), 4.85 (dd, /= 10.4, 6.3 Hz, 1H), 4.81 (dd, J=10.3, 6.9 Hz, 1H), 1.84
(s, 3H); BC{H} NMR (101 MHz, CDCls) § 207.0, 147.9, 137.0, 128.0, 127.0, 126.0, 125.7,
123.6, 121.73, 121.66, 121.3, 119.0, 111.2, 99.7, 77.7, 42.9, 28.2. HRMS (FAB) m/z [M]*
caled for C19H17N 259.1356; found 259.1359.

5-Methvl-3-(2-phenylpenta-3.4-dien-2-yl)-1H-indole (3ab)

Ph, Me

Me

3ab

3ab was prepared according to general procedure using 1a (63.4 mg, 0.396 mmol) and
2b (79.7 mg, 0.608 mmol). The crude reaction mixture was purified by column
chromatography using hexane/Et20O (90/10) to afford 3ab (97.6 mg, 0.357 mmol, 90% yield,
90% ee) as a brown solid. The ee was measured by HPLC (Chiralpak AD-3, 1.0 mL/min,
hexane/2-propanol = 99/1, 230 nm, ¢; = 28.7 min (minor), t>= 31.3 min (major)). [a]*°p —68 (¢
0.94, CHCI3) for 90% ee. "H NMR (400 MHz, CDCl3) & 7.85 (s, 1H), 7.39-7.34 (m, 2H), 7.30-
7.15 (m, 4H), 7.04 (d, J = 2.5 Hz, 1H), 6.95 (dd, J= 8.3, 1.3 Hz, 1H), 6.87 (s, 1H), 5.91 (t,J =
6.6 Hz, 1H), 4.85 (dd, J=10.3, 6.6 Hz, 2H), 4.81 (dd, /= 10.3, 6.6 Hz, 1H), 2.28 (s, 3H), 1.83
(s, 3H); BC{H} NMR (101 MHz, CDCls) § 207.0, 147.9, 135.4, 128.2, 128.0, 127.0, 125.9,
123.4, 123.0, 121.8, 120.9, 110.8, 99.8, 77.6, 42.9, 28.2, 21.5. HRMS (FAB) m/z [M]" calcd
for CooH 19N 273.1512; found 273.1518.

5-Methoxy-3-(2-phenylpenta-3.4-dien-2-vyl)-1H-indole (3ac)
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MeO

3ac was prepared according to general procedure using 1a (64.0 mg, 0.399 mmol) and
2¢ (88.4 mg, 0.601 mmol). The crude reaction mixture was purified by column chromatography
using hexane/Et,O (90/10) to afford 3ac (108.3 mg, 0.374 mmol, 94% yield, 90% ee) as a
brown solid. The ee was measured by HPLC (Chiralcel OJ-H, 1.0 mL/min, hexane/2-propanol
=90/10, 230 nm, #; = 42.4 min (major), t>=45.9 min (minor)). [a]*’p —63 (¢ 0.99, CHCIs) for
90% ee. 'H NMR (500 MHz, CDCl3) 6 7.87 (s, 1H), 7.39-7.36 (m, 2H), 7.29-7.21 (m, 3H),
7.21-7.16 (m, 1H), 7.09 (d, J=2.9 Hz, 1H), 6.78 (dd, J = 8.6, 2.3 Hz, 1H), 6.47 (d, J=2.3 Hz,
1H), 5.89 (t, J= 6.6 Hz, 1H), 4.85 (dd, /= 10.3, 6.9 Hz, 1H), 4.82 (dd, J=10.3, 6.9 Hz, 1H),
3.60 (s, 3H), 1.83 (s, 3H); *C{H} NMR (126 MHz, CDCls) & 207.0, 153.2, 147.7, 132.2, 128.0,
127.0, 126.2, 126.0, 123.3, 122.5, 111.74, 111.68, 103.4, 99.6, 77.6, 55.6, 42.8, 28.0. HRMS
(FAB) m/z [M]" calcd for C20H19NO 289.1461; found 289.1461.

Methyl 3-(2-phenvlpenta-3.4-dien-2-y1)-1 H-indole-5-carboxylate (3ad)
Ph, Me

M602c

3ad

3ad was prepared according to general procedure using 1a (61.6 mg, 0.384 mmol) and
2d (105.2 mg, 0.601 mmol). The crude reaction mixture was purified by column
chromatography using hexane/Et2O (70/30) to afford 3ad (78.7 mg, 0.248 mmol, 65% yield,
96% ee) as a white solid. The ee was measured by HPLC (Chiralcel OD-H, 1.0 mL/min,
hexane/2-propanol = 95/5, 230 nm, ¢; = 17.5 min (major), t2= 19.6 min (minor)). [a]*"p —59 (c
1.01, CHCI3) for 96% ee. '"H NMR (500 MHz, CDCls) & 8.27 (s, 1H), 7.92 (s, 1H), 7.84 (d, J
= 8.6 Hz, 1H), 7.41-7.30 (m, 3H), 7.27 (t, J= 7.5 Hz, 2H), 7.19 (t,J= 7.2 Hz, 1H), 7.09 (d, J
=2.3 Hz, 1H), 5.90 (t, /= 6.6 Hz, 1H), 4.85 (dd, /= 10.3, 6.9 Hz, 1H), 4.81 (dd, /= 10.3, 6.9
Hz, 1H), 3.83 (s, 3H), 1.86 (s, 3H); 3C{H} NMR (126 MHz, CDCls) § 207.1, 168.1, 147.4,
139.7, 128.1, 126.9, 126.2, 125.5, 125.2, 124.3, 123.2, 123.0, 121.2, 110.9, 99.7, 77.9, 51.8,
43.0, 28.3. HRMS (FAB) m/z [M]" calcd for C21H19NO2 317.1410; found 317.1419.

5-Bromo-3-(2-phenylpenta-3.4-dien-2-yl)-1H-indole (3ae)
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3ae was prepared according to general procedure using 1a (63.3 mg, 0.395 mmol) and
2e (118.3 mg, 0.603 mmol). The crude reaction mixture was purified by column
chromatography using hexane/Et>O (60/40) to afford 3ae (107.4 mg, 0.3175 mmol, 80% yield,
96% ee) as a white solid. The ee was measured by HPLC (Chiralpak AD-3, 1.0 mL/min,
hexane/2-propanol = 95/5, 230 nm, ¢; = 10.8 min (minor), t>=11.5 min (major)). [0]*’p 55 (¢
0.97, CHCI3) for 96% ee. 'H NMR (500 MHz, CDCls) & 8.00 (s, 1H), 7.34 (d, J = 8.0 Hz, 2H),
7.31-7.24 (m, 2H), 7.24-7.17 (m, 4H), 7.08 (d, J = 2.3 Hz, 1H), 5.84 (t, J = 6.6 Hz, 1H), 4.85
(dd, J=10.3, 7.4 Hz, 1H), 4.81 (dd, J = 10.3, 6.9 Hz, 1H), 1.82 (s, 3H); *C{H} NMR (126
MHz, CDCl) § 207.0, 147.3, 135.7, 128.1, 127.5, 126.9, 126.2, 124.7, 123.7, 123.6, 122.9,
112.6, 112.4, 99.5, 77.9, 42.9, 28.3. HRMS (FAB) m/z [M]" calcd for C19H;sBrN 337.0461;
found 337.0465.

7-Methvl-3-(2-phenylpenta-3.4-dien-2-yl)-1H-indole (3af)

3af

3af was prepared according to general procedure using 1a (62.7 mg, 0.391 mmol) and

2£(79.7 mg, 0.608 mmol). The crude reaction mixture was purified by column chromatography
using hexane/Et>O (90/10) to afford 3af (90.3 mg, 0.330 mmol, 84% yield, 91% ee) as a white
solid. The ee was measured by HPLC (Chiralpak AD-3, 1.0 mL/min, hexane/2-propanol =
95/5, 230 nm, ¢; = 8.1 min (minor), t>= 9.0 min (major)). [a]*’p —40 (c 0.96, CHCIs) for 91%
ee. 'H NMR (400 MHz, CDCl3) 6 7.88 (s, 1H), 7.39-7.33 (m, 2H), 7.29-7.22 (m, 2H), 7.21-
7.15 (m, 1H), 7.10 (d, J = 2.5 Hz, 1H), 6.96-6.89 (m, 2H), 6.83 (dd, J = 8.0, 7.0 Hz, 1H), 5.91
(t, J=6.6 Hz, 1H), 4.85 (dd, J = 10.3, 6.6 Hz, 1H), 4.81 (dd, J = 10.2, 6.6 Hz, 1H), 2.47 (s,
3H), 1.83 (s, 3H); *C{H} NMR (126 MHz, CDCls) § 207.0, 148.0, 136.6, 128.0, 127.0, 126.0,
125.3,124.2,122.3,121.3, 120.2, 119.3, 119.1, 99.8, 77.6, 42.9, 28.2, 16.6. HRMS (FAB) m/z
[M]" calcd for C2oHi9N 273.1512; found 273.1510.

7-Bromo-3-(2-phenylpenta-3.4-dien-2-yl)-1H-indole (3ag)
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3ag

3ag was prepared according to general procedure using 1a (57.6 mg, 0.360 mmol) and
2g (117.6 mg, 0.600 mmol). The crude reaction mixture was purified by column
chromatography using hexane/toluene (85/15) to afford 3ag (83.1 mg, 0.246 mmol, 68% yield,
95% ee) as a yellow solid. The ee was measured by HPLC (Chiralpak AD-3, 0.5 mL/min,
hexane/2-propanol = 95/5, 230 nm, ¢; = 51.7 min (minor), t>= 57.1 min (major)). [a]*'p 56 (¢
1.02, CHCI3) for 95% ee. 'H NMR (400 MHz, CDCI3) & 8.16 (s, 1H), 7.39-7.31 (m, 2H), 7.30-
7.23 (m, 3H), 7.23-7.14 (m, 2H), 6.99 (d, /= 8.0 Hz, 1H), 6.78 (t,J= 7.8 Hz, 1H), 5.86 (t,J =
6.6 Hz, 1H), 4.85 (dd, J = 10.4, 6.7 Hz, 1H), 4.81 (dd, J = 10.4, 6.6 Hz, 1H), 1.83 (s, 3H);
BC{H} NMR (101 MHz, CDCls) § 207.0, 147.6, 135.7, 128.1, 126.99, 126.97, 126.1, 125.1,
124.1, 122.2, 120.5, 120.3, 104.8, 99.5, 77.9, 43.1, 28.2. HRMS (FAB) m/z [M]" calcd for
Ci9H16BrN 337.0461; found 337.0470.

2-Methyl-3-(2-phenylpenta-3.4-dien-2-yl)-1H-indole (3ah)

Ph, Me

\.

\ Me\\

H

3ah

3ah was prepared according to general procedure using 1a (61.8 mg, 0.386 mmol) and

2h (79.3 mg, 0.605 mmol). The crude reaction mixture was purified by column
chromatography using hexane/Et20O (90/10) to afford 3ah (71.7 mg, 0.262 mmol, 68% yield,
20% ee) as a yellow solid. The ee was measured by HPLC (Chiralpak AD-3, 1.0 mL/min,
hexane/2-propanol = 99/1, 230 nm, ¢; = 24.7 min (minor), t>= 26.0 min (major)). [a]*'p +8 (¢
0.98, CHCI3) for 20% ee. "H NMR (500 MHz, CDCl3) 8 7.67 (s, 1H), 7.42-7.36 (m, 2H), 7.30-
7.22 (m, 3H), 7.22-7.16 (m, 1H), 7.11 (d, J= 8.0 Hz, 1H), 7.04 (td, /= 7.5, 1.3 Hz, 1H), 6.90-
6.83 (m, 1H), 5.94 (td, J = 6.6, 1.9 Hz, 1H), 4.91-4.80 (m, 2H), 2.25 (s, 3H), 1.90 (d, J = 1.7
Hz, 3H); 3C{H} NMR (101 MHz, CDCl;3) 6 206.7, 149.3, 134.9, 131.2, 128.1, 127.9, 126.8,
125.8, 120.9, 120.5, 118.8, 117.3, 110.0, 101.4, 77.8, 43.8, 27.7, 14.6. HRMS (FAB) m/z [M]*
calcd for CyoH 9N 273.1512; found 273.1510.

1-Methyl-3-(2-phenylpenta-3.4-dien-2-yl)-1H-indole (3ai)
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3ai was prepared according to general procedure using 1a (63.0 mg, 0.393 mmol) and
2i (76.6 mg, 0.584 mmol). The crude reaction mixture was purified by column chromatography
using hexane/Et;0 (90/10) to afford 3ai (96.0 mg, 0.351 mmol, 89% yield, 93% ee) as a brown
solid. The ee was measured by HPLC (Chiralcel OJ-H, 1.0 mL/min, hexane/2-propanol = 95/5,
230 nm, #; = 11.6 min (minor), t>= 15.3 min (major)). [a]*'p —55 (c 1.04, CHCI3) for 93% ee.
'"H NMR (500 MHz, CDCl3) § 7.39-7.35 (m, 2H), 7.30-7.23 (m, 3H), 7.21-7.13 (m, 2H), 7.06
(d,J=8.1 Hz, 1H), 6.94 (s, 1H), 6.92-6.87 (m, 1H), 5.90 (t,J= 6.6 Hz, 1H), 4.85 (dd, J=10.3,
6.9 Hz, 1H), 4.82 (dd, J = 10.3, 6.9 Hz, 1H), 3.78 (s, 3H), 1.83 (s, 3H); 3C{H} NMR (126
MHz, CDCIs) § 206.9, 148.1, 137.8, 128.0, 127.0, 126.5, 126.1, 126.0, 122.1, 121.4, 121.3,
118.5,109.2,99.9,77.6,42.9,32.7,28.3. HRMS (FAB) m/z [M]" calcd for C20H19N 273.1512;
found 273.1513.

3-(2-(p-TolyDpenta-3.4-dien-2-v1)-1 H-indole (3ba)

\
H
3ba

3ba was prepared according to general procedure using 1b (65.9 mg, 0.378 mmol)
and 2a (71.9 mg, 0.614 mmol). The crude reaction mixture was purified by column
chromatography using hexane/Et20O (90/10) to afford 3ba (83.7 mg, 0.306 mmol, 81% yield,
87% ee) as a pale yellow oil. The ee was measured by HPLC (Chiralpak AD-3, 1.0 mL/min,
hexane/2-propanol = 95/5, 230 nm, #; = 9.8 min (minor), t>= 10.8 min (major)). [a]**p —26 (¢
0.99, CHCI3) for 87% ee. 'H NMR (400 MHz, CDCls) § 7.95 (s, 1H), 7.34 (d, J= 8.1 Hz, 1H),
7.27-7.22 (m, 2H), 7.15-7.04 (m, 5H), 6.91 (ddd, /= 8.0, 7.1, 1.0 Hz, 1H), 5.89 (t, /= 6.6 Hz,
1H), 4.84 (dd, J=10.2, 6.7 Hz, 1H), 4.80 (dd, J=10.2, 6.6 Hz, 1H), 2.31 (s, 3H), 1.82 (s, 3H);
BC{H} NMR (101 MHz, CDCls) 6 206.9, 144.9, 137.1, 135.4, 128.7, 126.9, 125.8, 123.8,
121.7, 121.6, 121.4, 119.0, 111.1, 99.9, 77.6, 42.5, 28.2, 20.9. HRMS (FAB) m/z [M]" calcd
for CooH1oN 273.1512; found 273.1518.

3-(2-(4-Methoxyphenyl)penta-3.4-dien-2-yl)-1H-indole (3ca)
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\
H
3ca

3ca was prepared according to general procedure using 1¢ (74.5 mg, 0.392 mmol) and
2a (70.6 mg, 0.603 mmol). The crude reaction mixture was purified by column chromatography
using hexane/Et,0 (80/20) to afford 3ca (79.6 mg, 0.275 mmol, 70% yield, 84% ee) as a brown
oil. The ee was measured by HPLC (Chiralpak AD-3, 1.0 mL/min, hexane/2-propanol = 95/5,
230 nm, ¢; = 16.0 min (minor), t>= 19.0 min (major)). [0.]*’'p —16 (¢ 0.99, CHCI5) for 84% ee.
'"H NMR (400 MHz, CDCI3) & 7.95 (s, 1H), 7.33 (d, J = 8.1 Hz, 1H), 7.30-7.23 (m, 2H), 7.15-
7.08 (m, 2H), 7.07 (d, J= 2.5 Hz, 1H), 6.91 (ddd, /= 8.0, 7.0, 1.0 Hz, 1H), 6.82-6.76 (m, 2H),
5.88 (t, /= 6.6 Hz, 1H), 4.84 (dd, J=10.2, 6.6 Hz, 1H), 4.80 (dd, J=10.1, 6.5 Hz, 1H), 3.77
(s, 3H), 1.82 (s, 3H); *C{H} NMR (101 MHz, CDCls) § 206.9, 157.7, 140.1, 137.1, 128.1,
125.7, 123.8, 121.7, 121.6, 121.3, 119.0, 113.3, 111.2, 100.0, 77.6, 55.1, 42.3, 28.3. HRMS
(FAB) m/z [M]" calcd for C20H19NO 289.1461; found 289.1464.

Methyl 4-(2-(1H-indol-3-yl)penta-3.4-dien-2-yl)benzoate (3da)

M902C

@Me

'0

3da

3da was prepared according to general procedure using 1d (84.9 mg, 0.389 mmol)
and 2a (70.3 mg, 0.600 mmol). The crude reaction mixture was purified by column
chromatography using hexane/EtOAc (90/10) to afford 3da (104.7 mg, 0.330 mmol, 85% yield,
92% ee) as a yellow oil. The ee was measured by HPLC (Chiralpak AD-3, 1.0 mL/min,
hexane/2-propanol = 90/10, 230 nm, ¢; = 12.3 min (minor), t>= 14.6 min (major)). [0]*'p +4 (¢
0.16, CHCI3) for 92% ee. "H NMR (400 MHz, CDCl;3) & 8.06 (s, 1H), 7.96-7.89 (m, 2H), 7.46-
7.40 (m, 2H), 7.35 (d, J = 8.2 Hz, 1H), 7.16-7.09 (m, 2H), 6.99 (d, J = 7.8 Hz, 1H), 6.93-6.86
(m, 1H), 5.89 (t, J = 6.6 Hz, 1H), 4.87 (dd, J = 10.4, 6.6 Hz, 1H), 4.82 (dd, J = 10.5, 6.6 Hz,
1H), 3.88 (s, 3H), 1.84 (s, 3H); *C{H} NMR (101 MHz, CDCls) § 207.0, 167.2, 153.4, 137.0,
129.4,127.8,127.1,125.4,122.7,121.8, 121.7,120.9, 119.1, 111.3,99.2, 78.0, 52.0, 43.1, 28.0.
HRMS (FAB) m/z [M]" caled for C21H19NO> 317.1410; found 317.1417.
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3-(2-(4-Bromophenylpenta-3.4-dien-2-y1)-1H-indole (3ea)

Br

\
H
3ea

3ea was prepared according to general procedure using 1e (95.1 mg, 0.398 mmol) and
2a (71.0 mg, 0.606 mmol). The crude reaction mixture was purified by column chromatography
using hexane/Et,0O (90/10) to afford 3ea (111.7 mg, 0.330 mmol, 83% yield, 92% ee) as a
brown oil. The ee was measured by HPLC (Chiralpak AD-3, 1.0 mL/min, hexane/2-propanol
= 95/5, 230 nm, #; = 11.6 min (minor), 2= 12.6 min (major)). [0]*’p -8 (¢ 1.02, CHCl3) for
92% ee. 'H NMR (500 MHz, CDCl3) 8 7.98 (s, 1H), 7.35 (t, J = 7.2 Hz, 3H), 7.23 (t, /= 7.5
Hz, 2H), 7.14 (t, J = 7.7 Hz, 1H), 7.10 (d, J = 2.9 Hz, 1H), 7.05 (d, /= 8.0 Hz, 1H), 6.93 (t, J
=7.4 Hz, 1H), 5.85 (t, /= 6.6 Hz, 1H), 4.85 (dd, J=10.3, 6.9 Hz, 1H), 4.81 (dd, /= 10.3, 6.3
Hz, 1H), 1.81 (s, 3H); 3C{H} NMR (101 MHz, CDCl3) 6 206.9, 147.0, 137.1, 131.0, 129.0,
125.5,123.0,121.9,121.6,121.1, 119.9, 119.2, 111.2, 99.3, 78.0, 42.7, 28.2. HRMS (FAB) m/z
[M]" calcd for Ci9H16BrN 337.0461; found 337.0461.

3-(2-(Naphthalen-2-yl)penta-3.4-dien-2-yl)-1H-indole (3fa)

\
H
3fa

3fa was prepared according to general procedure using 1f (84.2 mg, 0.400 mmol) and

2a (70.3 mg, 0.600 mmol). The crude reaction mixture was purified by column chromatography
using hexane/Et:O (90/10) to afford 3fa (100.5 mg, 0.3248 mmol, 81% yield, 89% ee) as a
brown solid. The ee was measured by HPLC (Chiralpak AD-3, 1.0 mL/min, hexane/2-propanol
= 95/5, 230 nm, #; = 15.9 min (minor), t>= 18.6 min (major)). [0]*p =5 (¢ 0.98, CHCl3) for
89% ee. 'H NMR (500 MHz, CDCI3) & 7.99 (s, 1H), 7.89 (s, 1H), 7.82—7.74 (m, 2H), 7.69 (d,
J=9.2 Hz, 1H), 7.47-7.39 (m, 3H), 7.35 (d, /= 8.1 Hz, 1H), 7.14 (d, /= 2.3 Hz, 1H), 7.10 (t,
J=17.7 Hz, 1H), 7.07 (d, J = 8.0 Hz, 1H), 6.84 (t, J = 7.5 Hz, 1H), 6.00 (t, J = 6.6 Hz, 1H),
4.92-4.80 (m, 2H), 1.93 (s, 3H); *C{H} NMR (126 MHz, CDCls) § 207.1, 145.5,137.1, 133.3,
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132.0, 128.1, 127.6, 127.4, 126.3, 125.8, 125.7, 125.4, 124.8, 123.5, 121.8,121.7, 121.2, 119.1,
111.2, 99.6, 77.8, 43.1, 28.0. HRMS (FAB) m/z [M]* caled for CasHioN 309.1512; found
309.1506.

3-(4-Methyldeca-1.2-dien-4-yl)-1H-indole (3ga)

By N

N

A\

H
3ga
3ga was prepared according to general procedure using 1g (63.1 mg, 0.375 mmol) and
2a (69.7 mg, 0.595 mmol). The crude reaction mixture was purified by column chromatography
using hexane/EtOAc (90/10) to afford 3ga (43.4 mg, 0.162 mmol, 43% yield, 84% ee) as a
yellow oil. The ee was measured by HPLC (Chiralcel OD-H, 0.5 mL/min, hexane/2-propanol
= 95/5, 230 nm, ¢; = 13.1 min (minor), t>= 15.4 min (major)). [a]*’p —6 (¢ 0.86, CHCI;3) for
84% ee. 'H NMR (500 MHz, CDCls) & 7.90 (s, 1H), 7.77 (d, J= 8.1 Hz, 1H), 7.35 (d, J= 8.0
Hz, 1H), 7.19-7.14 (m, 1H), 7.11-7.05 (m, 1H), 6.97 (d, J = 2.3 Hz, 1H), 5.48 (t, J = 6.6 Hz,
1H), 4.84 (dd, J=9.8, 6.9 Hz, 1H), 4.81 (dd, J = 9.8, 6.3 Hz, 1H), 2.02-1.93 (m, 1H), 1.88-
1.79 (m, 1H), 1.49 (s, 3H), 1.30-1.10 (m, 8H), 0.83 (t, J = 6.9 Hz, 3H); 3C{H} NMR (101
MHz, CDCl3) § 207.0, 137.0, 126.0, 123.7,121.6, 121.2, 120.6, 118.9, 111.2, 100.1, 76.9, 40.9,
38.2,31.8,29.9, 25.8, 24.6, 22.7, 14.1. HRMS (FAB) m/z [M]" calcd for Ci9H2sN 267.1982;

found 267.1975.

3-(3-Phenylhexa-4.5-dien-3-yl)-1H-indole (3ha)

3ha

3ha was prepared according to general procedure using 1h (68.0 mg, 0.390 mmol)
and 2a (70.7 mg, 0.603 mmol). The crude reaction mixture was purified by column
chromatography using hexane/Et20O (90/10) to afford 3ha (54.9 mg, 0.201 mmol, 51% yield,
29% ee) as a yellow oil. The ee was measured by HPLC (Chiralpak AD-3, 1.5 mL/min,
hexane/2-propanol = 99/1, 230 nm, ¢; = 20.3 min (minor), t>= 22.3 min (major)). [a]**p —23 (¢
0.49, CHCl3) for 29% ee. '"H NMR (500 MHz, CDCl3) § 7.99 (s, 1H), 7.33 (t,J= 7.7 Hz, 3H),
7.28-7.22 (m, 2H), 7.18 (t,J = 7.2 Hz, 1H), 7.14 (d, J = 2.3 Hz, 1H), 7.11 (t, J= 7.7 Hz, 1H),
7.00 (d, J = 8.0 Hz, 1H), 6.90-6.84 (m, 1H), 5.85 (t, /= 6.6 Hz, 1H), 4.77 (dd, J=10.3, 6.6 Hz,
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1H), 4.73 (dd, J=10.3, 6.3 Hz, 1H), 2.39 (dq, /= 14.9, 7.1 Hz, 1H), 2.30 (dq, /= 14.9, 7.0 Hz,
1H), 0.75 (t, J = 7.2 Hz, 3H); 3C{H} NMR (101 MHz, CDCls) § 207.3, 146.1, 136.9, 127.9,
127.8, 126.1, 125.9, 122.24, 122.23, 121.7, 121.5, 118.9, 111.0, 98.2, 77.4, 47.3, 31.9, 9.6.
HRMS (FAB) m/z [M]" calcd for C20H19N 273.1512; found 273.1512.

3-(1-Phenylbuta-2.3-dien-1-y1)-1H-indole (3ia)

3ia was prepared according to general procedure using 1i (57.8 mg, 0.395 mmol) and
2a (71.2 mg, 0.608 mmol). The crude reaction mixture was purified by column chromatography
using hexane/Et>O (90/10) to afford 3ia (82.7 mg, 0.337 mmol, 85% yield, 98% ee) as a white
solid. The ee was measured by HPLC (Chiralpak AD-3, 1.0 mL/min, hexane/2-propanol =99/1,
230 nm, #; = 49.8 min (minor), t>= 53.3 min (major)). [a]*'p +45 (c 1.03, CHCI3) for 98% ee.
'"H NMR (500 MHz, CDCl3) 6 7.97 (s, 1H), 7.43 (d, J = 8.1 Hz, 1H), 7.37-7.26 (m, 5H), 7.21
(t,J=17.2Hz, 1H), 7.17 (t, J = 7.4 Hz, 1H), 7.03 (t, J = 7.4 Hz, 1H), 6.95 (d, J = 2.3 Hz, 1H),
5.68 (q,J=6.9 Hz, 1H), 4.98 (d, J= 8.1 Hz, 1H), 4.77-4.66 (m, 2H); *C{H} NMR (126 MHz,
CDCl3) 6 208.5, 143.4, 136.6, 128.3, 128.1, 126.7, 126.4, 122.3, 122.1, 119.8, 119.4, 118.9,
111.1,94.0, 76.3, 42.9. HRMS (FAB) m/z [M]" calcd for CisHisN 245.1199; found 245.1198.

3-(1-(4-Bromophenylbuta-2.3-dien-1-yl)-1H-indole (3ja)
Br

:4
s,
‘%

\o
A

o ITZ

3j

3ja was prepared according to general procedure using 1j (90.0 mg, 0.400 mmol) and

2a (70.7 mg, 0.603 mmol). The crude reaction mixture was purified by column chromatography
using hexane/Et,O (90/10) to afford 3ja (111.2 mg, 0.3430 mmol, 86% yield, 97% ee) as a
white solid. The ee was measured by HPLC (Chiralpak AD-3, 0.5 mL/min, hexane/2-propanol
= 95/5, 230 nm, #; = 16.8 min (minor), t>= 18.1 min (major)). [a]*'p +47 (c 0.93, CHCI;3) for
97% ee. '"H NMR (500 MHz, CDCl3) § 7.99 (s, 1H), 7.42-7.32 (m, 4H), 7.23-7.14 (m, 3H),
7.06-7.01 (m, 1H), 6.96 (d, J= 1.7 Hz, 1H), 5.64 (q, J= 7.1 Hz, 1H), 4.96-4.90 (m, 1H), 4.76-
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4.67 (m, 2H); *C{H} NMR (126 MHz, CDCls) § 208.5, 142.4, 136.6, 131.3, 129.9, 126.5,
122.3,122.2,120.2, 119.6, 119.5, 118.3, 111.1, 93.6, 76.7, 42.3. HRMS (FAB) m/z [M]" calcd
for C1sH14BrN 323.0304; found 323.0300.

3-(1-(Naphthalen-2-yl)buta-2.3-dien-1-yl)-1H-indole (3ka)

z==z__ I

3ka

3ka was prepared according to general procedure using 1k (76.7 mg, 0.391 mmol)
and 2a (70.7 mg, 0.603 mmol). The crude reaction mixture was purified by column
chromatography using hexane/Et;0 (9/1) to afford 3ka (94.5 mg, 0.320 mmol, 82% yield, 98%
ee) as a pale brown solid. The ee was measured by HPLC (Chiralpak AD-3 column, 1.0
mL/min, hexane/2-propanol = 95/5, 230 nm, #; = 24.1 min (major), t» = 25.8 min (minor));
[a]*°p +68 (c 0.96, CHCI3) for 98% ee. 'H NMR (500 MHz, CDCl3) § 7.98 (s, 1H), 7.83-
7.73(m, 4H), 7.48-7.39 (m, 4H), 7.35 (d, J = 8.0 Hz, 1H), 7.16 (t,J = 7.5 Hz, 1H), 7.01 (t,J =
7.4 Hz, 1H), 6.98-6.95 (m, 1H), 5.76 (q, J = 7.1 Hz, 1H), 5.15 (d, J = 7.5 Hz, 1H), 4.78-4.68
(m, 2H); BC{'H} NMR (126 MHz, CDCl3) & 208.6, 140.9, 136.6, 133.5, 132.4, 127.8, 127.6,
127.0, 126.8, 126.2, 125.8, 125.4, 122.4, 122.1, 119.8, 119.4, 118.8, 111.1, 93.9, 76.4, 43.0;
HRMS (FAB) m/z [M]" calcd for C22H17N 295.1356; found 295.1358.

3-(1-(Benzo|b]thiophen-2-yl)buta-2.3-dien-1-yl)-1H-indole (31a)

I
s:

\
N
H

\.
A

3la

3la was prepared according to general procedure using 11 (80.1 mg, 0.396 mmol) and
2a (70.5 mg, 0.602 mmol). The crude reaction mixture was purified by column chromatography
using hexane/Et;0 (90/10) to afford 3la (94.2 mg, 0.313 mmol, 79% yield, 98% ee) as a brown
solid. The ee was measured by HPLC (Chiralcel OD-H, 1.0 mL/min, hexane/2-propanol =95/5,
230 nm, #; = 17.4 min (major), t>= 19.2 min (minor)). [a]*’p +49 (c 1.04, CHCI3) for 98% ee.
'"H NMR (400 MHz, CDCI3) 6 7.98 (s, 1H), 7.72 (d, J= 8.3 Hz, 1H), 7.63 (d, J= 7.2 Hz, 1H),
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7.54 (d, J= 8.0 Hz, 1H), 7.34 (d, J = 8.2 Hz, 1H), 7.31-7.15 (m, 3H), 7.15-7.02 (m, 3H), 5.76
(dt, J= 7.9, 6.6 Hz, 1H), 5.32-5.24 (m, 1H), 4.810 (d, J = 6.6 Hz, 1H), 4.805 (d, J = 6.6 Hz,
1H); 3C{H} NMR (101 MHz, CDCls) & 208.3, 148.8, 139.8, 139.6, 136.4, 126.3, 124.0, 123.6,
123.1, 122.3, 122.22, 122.17, 121.1, 119.57, 119.56, 117.7, 111.2, 93.5, 77.1, 39.1. HRMS
(FAB) m/z [M]" caled for CaoH1sNS 301.0920; found 301.0913.

7-Bromo-3-(1-phenylbuta-2.3-dien-1-yl)-1H-indole (3ig)

: e,
e,
‘%

\
N
H

\o
N\

Br
3ig

3ig was prepared according to general procedure using 1i (59.1 mg, 0.404 mmol) and
2g (114.7 mg, 0.585 mmol). The crude reaction mixture was purified by column
chromatography using hexane/toluene (85/15) to afford 3ig (108.2 mg, 0.3337 mmol, 83%
yield, 99% ee) as a white solid. The ee was measured by HPLC (Chiralpak AD-3, 1.0 mL/min,
hexane/2-propanol = 95/5, 230 nm, ¢; = 9.8 min (major), t>= 10.9 min (minor)). [a]'®p +49 (c
0.99, CHCI3) for 99% ee. 'H NMR (500 MHz, CDCls) & 8.15 (s, 1H), 7.35 (d, /= 8.1 Hz, 1H),
7.33-7.27 (m, 5H), 7.24-7.19 (m, 1H), 7.01 (d, J= 1.7 Hz, 1H), 6.91 (t, J = 8.0 Hz, 1H), 5.66
(dt, J = 8.0, 6.6 Hz, 1H), 4.98-4.92 (m, 1H), 4.77-4.67 (m, 2H); *C{H} NMR (101 MHz,
CDClz) 6 208.5, 143.0, 135.2, 128.3, 128.1, 127.9, 126.5, 124.4, 122.9, 120.5, 120.1, 119.0,
104.6,93.7,76.5,43.0. HRMS (FAB) m/z [M]" calcd for Ci1sH14BrN 323.0304; found 323.0312.

6. General Procedure for the Asymmetric Allenylic Substitution of Racemic Secondary
Alcohols 1 with 7-Azaindoles 4 (Schemes 4)
Representative Procedure for the Reaction of 1i with 4a

Ph,
N\
[IrCl(cod)], (5 mol%) .
Ph Y%.\ . m (R)-L (20 mol%) N N
o NTTN Yb(OTh, (7.5 mote) ~ L _ N
_ ©  THF45°C,18h N™ Ve
1i 4a (1.5 equiv) 5ia

A mixture of [Ir(cod)Cl]2 (13.6 mg, 0.0203 mmol), (R)-L (40.9 mg, 0.0806 mmol), 1i
(57.7 mg, 0.395 mmol) in THF (4.0 mL) was stirred at room temperature for 15 min. To the
mixture was added 4a (78.5 mg, 0.594 mmol) and Yb(OTf); (18.8 mg, 0.0303 mmol), and the
result was stirred at 45 °C for 18 h. After removal of the solvent on a rotary evaporator, the

residue was subjected to column chromatography (silica gel, toluene/EtOAc = 95/5) to give

S14



compound Sia (74.4 mg, 0.286 mmol, 72% yield, 99% ee).
7. Characterization of 5

1-Methyl-3-(1-phenylbuta-2.3-dien-1-yl)-1H-pvrrolo]2.3-b]pvyridine (5ia)

"‘. \.
s

N e

2 7

=

5ia

Sia was prepared according to general procedure using 1i (57.7 mg, 0.395 mmol) and
4a (78.5 mg, 0.594 mmol). The crude reaction mixture was purified by column chromatography
using toluene/EtOAc = 95/5 to afford Sia (74.4 mg, 0.286 mmol, 72% yield, 99% ee) as a
brown oil. The ee was measured by HPLC (Chiralcel OD-H, 1.0 mL/min, hexane/2-propanol
=99/1, 230 nm, #; = 10.4 min (major), t>= 11.6 min (minor)). [a]*®*p +24 (¢ 0.98, CHCI3) for
99% ee. '"H NMR (500 MHz, CDCI3) & 8.29 (dd, J = 4.6, 1.7 Hz, 1H), 7.66 (dd, J=17.5, 1.4
Hz, 1H), 7.31 (d, J = 4.6 Hz, 4H), 7.28-7.21 (m, 1H), 6.95 (dd, J = 8.0, 4.9 Hz, 1H), 6.90 (s,
1H), 5.68-5.61 (m, 1H), 4.97-4.91 (m, 1H), 4.77-4.68 (m, 2H), 3.84 (s, 3H); *C{H} NMR
(126 MHz, CDCl3) § 208.4, 148.2, 143.0, 142.8, 128.4, 128.1, 128.0, 127.0, 126.6, 119.6, 115.8,
115.0, 93.7, 76.5, 43.1, 31.1. HRMS (FAB) m/z [M+H]" calcd for CisHi7N2 261.1386; found
261.1384.

5-Chloro-1-methyl-3-(1-phenylbuta-2.3-dien-1-y1)-1H-pyrrolo|2.3-b]pyridine (5ib)

”, "‘ \.

Cl
AN

b
N
N" Me

5ib

5ib was prepared according to general procedure using 1i (56.3 mg, 0.385 mmol) and
4b (999 mg, 0.600 mmol). The crude reaction mixture was purified by column
chromatography using toluene/EtOAc (100/1) to afford 5ib (68.7 mg, 0.233 mmol, 61% yield,
99% ee) as a dark brown oil. The ee was measured by HPLC (Chiralcel OZ-H, 1.0 mL/min,
hexane/2-propanol = 99/1, 230 nm, ¢; = 5.4 min (minor), t>= 6.2 min (major)). [a]*’p +4.8 (¢
0.99, CHCIs) for 99% ee. 'H NMR (500 MHz, CDCl3) § 8.22 (d, J= 2.3 Hz, 1H), 7.63 (d, J =
2.6 Hz, 1H), 7.36-7.22 (m, 5H), 6.91 (s, 1H), 5.61 (q, /= 7.1 Hz, 1H), 4.91-4.85 (m, 1H), 4.79-
4.68 (m, 2H), 3.81 (s, 3H); *C{H} NMR (126 MHz, CDCl3) 6 208.4, 146.5, 142.5, 141.4,
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128.6, 128.5, 128.0, 127.1, 126.8, 123.0, 120.1, 115.5, 93.5, 76.8, 42.8, 31.2. HRMS (FAB)
m/z [M+H]" caled for Ci1gHi6CIN2 295.0997; found 295.0998.

3-(1-Phenylbuta-2.3-dien-1-y1)-1H-pvrrolo]2.3-b]pvridine (5ic)

I". \.
s

N

==z__

5ic

3ic was prepared according to general procedure using 1i (58.3 mg, 0.399 mmol) and
4c¢ (71.4 mg, 0.604 mmol). The crude reaction mixture was purified by column chromatography
using toluene/EtOAc (8/2) to afford Sie (59.1 mg, 0.240 mmol, 60% yield, >99.5% ee) as a
brown oil. The ee was measured by HPLC (Chiralcel OD-H, 1.0 mL/min, hexane/2-propanol
=99/1, 230 nm, #; = 52.8 min (major), t>= 58.7 min (minor)). [a]*’p +37 (¢ 1.01, CHCIs) for
>99.5% ee. 'H NMR (500 MHz, CDCI3) 6 10.9 (s, 1H), 8.27 (dd, J = 4.6, 1.7 Hz, 1H), 7.70
(dd,J=17.5, 1.5 Hz, 1H), 7.35-7.27 (m, 4H), 7.27-7.20 (m, 1H), 7.11 (s, 1H), 6.98 (dd, J= 7.5,
4.9 Hz, 1H), 5.67 (q, J = 6.9 Hz, 1H), 4.99-4.93 (m, 1H), 4.77-4.66 (m, 2H); 3C{H} NMR
(126 MHz, CDCls) 6 208.5, 149.3, 143.0, 142.4,128.4, 128.3,128.1, 126.6, 123.1, 119.6, 117.1,
115.3, 93.7, 76.5, 43.1. HRMS (FAB) m/z [M+H]" calcd for Ci7HisN2 247.1230; found
247.1228.

1-Methyl-3-(1-(naphthalen-1-yl)buta-2.3-dien-1-yl)-1H-pvyrrolo|2.3-b]pyridine (5ma)

\.

N
N Me

5ma

Sma was prepared according to general procedure using 1m (78.5 mg, 0.400 mmol)
and 4a (79.7 mg, 0.603 mmol). The crude reaction mixture was purified by column
chromatography using toluene/EtOAc (99/1) to afford Sma (87.9 mg, 0.283 mmol, 71% yield,
98% ee) as a dark brown oil. The ee was measured by HPLC (Chiralcel OD-H, 1.0 mL/min,
hexane/2-propanol = 99/1, 230 nm, ¢; = 12.5 min (minor), t>= 14.4 min (major)). [a]*’p —16 (¢
1.00, CHCl3) for 98% ee. 'H NMR (500 MHz, CDCl3) & 8.30 (dd, J= 5.2, 1.4 Hz, 1H), 8.15-
8.10 (m, 1H), 7.90-7.85 (m, 1H), 7.76 (dd, J=7.5, 1.7 Hz, 1H), 7.68 (dd, J = 8.0, 1.7 Hz, 1H),
7.49-7.37 (m, 4H), 6.94 (dd, J = 7.5, 4.9 Hz, 1H), 6.81 (s, 1H), 5.77-5.69 (m, 2H), 4.71-4.61
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(m, 2H), 3.79 (s, 3H); *C{H! NMR (126 MHz, CDCls) § 208.8, 148.3, 142.9, 138.6, 134.0,
131.5, 128.8, 127.9, 127.6, 127.4, 125.9, 125.5, 125.44, 125.37, 123.9, 119.7, 115.5, 115.0,
93.6,76.7,38.8,31.1. HRMS (FAB) m/z [M+H]" calcd for C22HioN2 311.1543; found 311.1540.

8. Procedure for the Hydrogenation of Allenylated Indole 3aa (Scheme 5)

ph, Me ph Me

N Pd/C (10 mol% Pd)

+ > \
N (balloon) ~ MeOH. r.t., 15 h N
3aa 6
93% ee 95% yield, 92% ee

To Pd/C (63.6 mg, 5%, 0.0298 mmol Pd) was added the solution of 3aa (77.7 g, 0.300
mmol, 93% ee) in MeOH (3.0 mL) at room temperature. After the mixture was stirred under a
hydrogen atmosphere at room temperature for 15 h, Pd/C was filtered off by celite. The filtrate
was concentrated on a rotary evaporator. The residue was subjected to short column
chromatography (silica gel, Et:O) to give 6 (74.8 mg, 0.284 mmol, 95% yield, 92% ee) as a
red-purple oil.

Compound 6: The ee was measured by HPLC (OJ-H column, 1.0 mL/min, hexane/2-
propanol = 95/5, 230 nm, #; = 31.4 min (minor), t» = 35.4 min (major)); [a.]*°p +10 (c 0.49,
CHCI;) for 92% ee. '"HNMR (500 MHz, CDCls) § 7.89 (s, 1H), 7.34-7.27 (m, 3H), 7.25-7.19
(m, 2H), 7.17-7.11 (m, 1H), 7.11-7.05 (m, 2H), 6.99 (d, J = 8.0 Hz, 1H), 6.87-6.81 (m, 1H),
2.25-2.17 (m, 1H), 2.12-2.03 (m, 1H), 1.70 (s, 3H), 1.23-1.04 (m, 2H), 0.85 (t, /= 7.5 Hz, 3H);
BC{'H} NMR (126 MHz, CDCl3) & 149.1, 137.0, 127.8, 126.9, 126.1, 125.4, 125.1, 121.5,
121.3, 121.2, 118.8, 110.9, 44.0, 42.4, 27.5, 17.9, 14.8; HRMS (FAB) m/z [M]" calcd for
Ci9H21N 263.1669; found 263.1674.

9. Procedure for the Mo-Catalyzed Hydrosilylation of Allenylated Indole 3aa with
Diphenylsilane (Scheme 5)!°

Ph, Me

N\
N Mo(CO)g (10 mol%)
* PhSiH, 10 110 °C, 22 h
N (1.2 equiv) toluene; ’
3aa
93% ee 82% vyield, 93% ee

To a solution of 3aa (78.0 mg, 0.301 mmol, 93% ee) and Mo(CO)s (8.2 mg, 0.031
mmol) in toluene (0.3 mL) was added diphenylsilane (67.3 mg, 0.365 mmol) at room
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temperature. After the mixture was stirred at 110 °C for 22 h, it was filtered with Celite (Et,0),
and the filtrate was concentrated on a rotary evaporator. The residue was subjected to column
chromatography (silica gel, hexane/EtOAc = 9/1) to give compound 7 (108.6 mg, 0.2448 mmol,
82% yield, 93% ee) as a pale pink oil.

Compound 7: The ee was measured by HPLC (Chiralpak AD-3 column, 1.0 mL/min,
hexane/2-propanol = 99/1, 230 nm, #; = 55.6 min (minor), t = 60.0 min (major)); [a]*°p —17 (¢
0.98, CHCLs) for 93% ee. 'H NMR (500 MHz, CDCl3) 8 7.79 (s, 1H), 7.40-7.26 (m, 14H),
7.26-7.19 (m, 2H), 7.18-7.11 (m, 2H), 6.99-6.94 (m, 1H), 6.75 (d, J = 2.9 Hz, 1H), 6.09-6.03
(m, 1H), 5.53 (dt, J= 11.5, 8.7 Hz, 1H), 4.51 (t, /= 3.7 Hz, 1H), 1.90 (s, 3H), 1.70 (ddd, J =
8.6, 3.7, 1.6 Hz, 2H); *C{'H} NMR (126 MHz, CDCl3) 6 148.6, 137.3, 137.2, 135.1, 133.89,
133.87,129.5,127.9,127.8,127.6,126.2,125.7,125.6, 124.5,122.2,121.8,121.7, 118.9, 111.1,
44.8,30.0, 14.7: HRMS (FAB) m/z [M]" calcd for CsHaoNSi 443.2064; found 443.2070.
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10. The data for X-ray crystal structure of compounds (S)-3ag and (5)-3ig
Data for the X-ray crystal structure of compound (S)-3ag

A colorless block crystal (size = 0.26x0.21x0.15 mm) of 3ag was coated with paraffin
oil and mounted in a loop. The ORTEP drawing of 3ag is shown in Figure S1. All of the C, N
and Br atoms were refined anisotropically. All of the hydrogen atoms were refined isotropically.
Further details of the crystal structure of 3ag have been deposited at the Cambridge
Crystallographic Centre (deposition number: CCDC 2382169). The data can be obtained free

of charge via www.ccdc.cam.ac.uk/data_request/cif/.

Br IN Y 1
Figure S1. ORTEP illustration of 3ag with thermal ellipsoids drawn at the 50% probability

level.

Table S1. Crystal data of 3ag.

Empirical Formula CioH16BrN

Formula Weight 338.24

Crystal Color, Habit colorless, block
Crystal Dimensions 0.26 x 0.21 x 0.15 mm
Crystal System monoclinic

Lattice Type Primitive

Lattice Parameters a=8.52880(10) A

b =6.05890(10) A
c = 14.83580(10) A
B =90.3240(10) °

V =766.63 A3
Space Group P2, (#4)
Z value 2
Dealc 1.465 g/cm?
Fooo 344
u(CuKa) 35.742 cm’!
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Table S2. Intensity Measurements.

Diffractometer

Radiation

Temperature

No. of Reflections Measured

Corrections

XtaLAB Synergy

CuKa (A =1.54184 A)

multi-layer mirror monochromated

100.0 K

Total: 15912

Unique: 3272 (Rint = 0.0233)

Parsons quotients (Flack x parameter): 1444
Lorentz-polarization

Absorption

(trans. factors: 0.340 — 1.000)

Table S3. Structure Solution and Refinement.

Structure Solution

Refinement

Function Minimized

Least Squares Weights

Anomalous Dispersion

No. Observations (All reflections)
Residuals: R1 (I>2.000(1))

Residuals: R (All reflections)

Residuals: wR2 (All reflections)

Goodness of Fit Indicator

Flack parameter (Persons’ quotients = 1444)
Max Shift/Error in Final Cycle

Maximum peak in Final Diff. Map
Minimum peak in Final Diff. Map

Direct Methods (SHELXT Version 2018/2)
Full-matrix least-squares on F? (SHELXL
Version 2018/3)

X w (Fo? - F2)?

w = 1/[6*(Fo?) + (0.0246-P)*+0.2482-P]

where P = (Max(Fo?,0)+2Fc?)/3

All non-hydrogen atoms

3272

0.0176

0.0176

0.0467

1.082

-0.019(7)

0.001

0.172 e /A3

-0.216 e /A3
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Data for the X-ray crystal structure of compound ($)-3ig

A colorless block crystal (size = 0.6 x 0.5 x 0.3 mm) of 3ig was coated with paraffin
oil and mounted in a loop. The ORTEP drawing of 3ig is shown in Figure S2. All of the C, N
and Br atoms were refined anisotropically. All of the hydrogen atoms were refined isotropically.
Further details of the crystal structure of 3ig have been deposited at the Cambridge
Crystallographic Centre (deposition number: CCDC 2382171). The data can be obtained free

of charge via www.ccdc.cam.ac.uk/data_request/cif/.

Figure S2. ORTERP illustration of 3ig with thermal ellipsoids drawn at the 50% probability

level.

Table S4. Crystal data of 3ig.

Empirical Formula CisHisBrN

Formula Weight 324.22

Crystal Color, Habit colorless, block

Crystal Dimensions 0.6 x 0.5 x 0.3 mm

Crystal System monoclinic

Lattice Type Primitive

Lattice Parameters a=5.7543) A
b=18.657(5) A
c=14.376(7) A
B=94.56(2)°
V=713.8(7) A3

Space Group P2, (#4)

Z value 2

Dealc 1.508 g/cm?

Fooo 328.00

(MoK o) 28.763 cm’!
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Table S5. Intensity Measurements.

Diffractometer

Radiation

Temperature

No. of Reflections Measured

Corrections

R-AXIS RAPID

MoKa (A =0.71075 A)

graphite monochromated

173.0K

Total: 7048

Unique: 3257 (Rint = 0.0538)

Parsons quotients (Flack x parameter): 1257
Lorentz-polarization

Absorption

(trans. factors: 0.330 — 0.422)

Table S6. Structure Solution and Refinement.

Structure Solution

Refinement

Function Minimized

Least Squares Weights

Anomalous Dispersion

No. Observations (All reflections)
Residuals: R1 (I>2.000(1))

Residuals: R (All reflections)

Residuals: wR2 (All reflections)

Goodness of Fit Indicator

Flack parameter (Persons’ quotients = 1257)
Max Shift/Error in Final Cycle

Maximum peak in Final Diff. Map
Minimum peak in Final Diff. Map

Direct Methods (SHELXT Version 2018/2)
Full-matrix least-squares on F? (SHELXL
Version 2018/3)

X w (Fo? - F2)?

w = 1/[6*(Fo?) + (0.0239-P)*+0.0000-P]

where P = (Max(Fo?,0)+2Fc?)/3

All non-hydrogen atoms

3257

0.0309

0.0331

0.0703

0.996

—0.024(9)

0.001

0.43 e /A3

—0.46 e /A3
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12. 'H and BC NMR Charts and HPLC Charts
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| 'HNMR (CDCl; with 0.03% v/v TMS, 400 MHz)

(e
o

JAL

3.18

313

T™S

7.0

/ \\\KU'\\\

B T T T

4.0

0.0000 —— S ¢

X : parts per Million : Proton

(thousandths)

] CDCls
S
=¥ |
o]
F
o]
E
o]
~3
<]
oE
o]
E
o]
*3
QE
< MWMMW
210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130. 110.0 100.0 90.0 80.0 70.0 60.0 50.0 40.0 30.0 20.0 10.0 0
I |
\ | A <\ AN \ ||
g 5 a & ags ¢ SSSS g & &

BC{'H} NMR

=3
&
X : parts per Million : Carbon13

(CDCls with 0.03% v/v TMS, 101 MHz)

S27




35 Ph" Me

30

=
®
(=3 I&
7
4
31.320 7 95.212

25 3a

20

15

10

28.745 / 4.788

27 28 29 30 3 32
peak# retention time area%
] 28. 745 4. 788
2 31.320 05. 212
Total 100. 000
20 ;E ;
15
10:
5
ol .
27 8 29 30 3] 3
peak# retention time area%
1 28. 641 50. 032
2 31. 199 49. 968
Total 100. 000

S28



T™S

'"H NMR (CDCl; with

0.03% v/v TMS, 500 MHz)

ore

) i

e

£L'9

Y/

Me

~

Ph

[=
%

7 "ZT ©

MeO

3a

-o —— 00000

1.0

—— pEEs’l
LS
]

3.0

——— T86S°€

=} L8Y8'Y
v 9558y
£698°%

158
-3 6868

o Ls9v9
- £0Lt9
868L°9
= pp6L9
L2 $980°L
= g6sTL
= w997L
£695°L

S Es8eL

e TS98'L
<
o

9.0

2ouepunqe

X : parts per Million : Proton

MeO

CDCl3

(CDCl;s with 0.03% v/v TMS, 126 MHz)

BC{'H} NMR

0 200.0

T

210.

TZ 0T 61 81 LT 91 ST ¥1 €1 21 I'l 01 60 80 L0 90 S0 ¥0 €0 20 10 0

2ouepunqe

T
20.0

3

50.0

60.0

70.0

<

<
-
<
s <
=3
8§~

=
g0

o —— £6¥0'8T
Fo
o)

ES
g wwy'w

wey'ss

STPL'IL
0000°LL
08VT'LL
98YY'LL

£965°66
6€£9€°€01

EI189°111
98€L°ITT

1osv'zel
Love'eTl
€6L6'STI
$091°9Z1
08€0'LT]

7696'90T

X : parts per Million : Carbonl3

S29



50

42430 /94.982

Ph, e \
MeO A \\
40- N
3a|(-:I
30
20:
10 §
0 — . |
40 41 4 43 44 45 46 47 48
peak#  retention time = area%
1 42. 430 94. 982
2 45. 885 5.018
Total 100. 000
207 % %
15
10
5
0 |
40 41 4 8B 4 45 46 47 48
peak# retention time area%
1 41. 838 49. 822
2 45. 257 50. 178
Total| 100. 000

S30



T™S

3ad

o 6STE'ST
=3
o

=3
e
= €L96'TY

_ S A— E2
) 2 919L'1S

T
60.0

STHL'IL

_0000°LL
~

=3
5

08¥T'LL

<
S SR

S0°€ 1 f
[l

> ——— 1€99°66

> 90L8011

yeeoetl

LLLO'STI

5 ——— 6Y0L'6E1

> —— VITY'LYL

3 'H NMR (CDCl; with
- 0.03% v/v TMS, 500 MHz)
[
(g ris (g8 (8
| = - T =
| re
1 \ | k
|| | |
\‘ ‘ | ’ I \
J 1 JM ‘ “ |
J N JUN J J )
“h“u VI\ - JJ Il I /‘ A J\
9.0 , 7.0 6.0 5.0 4.0
L
\ A AN A \
ZE8gsas ass dg2=3e2 g
A aNSS a5% %8030 %R =
A0ENdEE a3% £33aE=g %
X : parts per Million : Proton
13 1
C{'H} NMR CDCL
1 (CDCIs with 0.03% v/v TMS, 126 MHz)
2160 206.0 196.0 186.0 1760 16‘040 1560 1460 le.Ol‘l%b.O 1160 100.0 90|.0
71N
2588
S&838

659€°L > 1011891
L6TS'L
[ 8oL
Fe - 9€T6°L
—— 8TLT8
> —— 1$L0°LOT
o Y o o o !
0's ov 0t 0 ot 0 80 Lo 90 S0 0 €0 70 o 0
Qduepunqe

S31

X : parts per Million : Carbon13




50

§ Ph, Me
g MeO,C / \'\\
40| = \
' N
3ad
30'
20;
10 £
0 =
16 Y 18 19 20 21 22
peak# @ retention time = area%
1 17. 490 98. 227
2 19. 638 1. 773
Total 100. 000
40 ) A
30
20 |
10|
ol .
16 17 18 19 20 21 22
peak# retention time area%
1 17. 601 50. 009
2 19. 957 49. 991
Total 100. 000

S32



(8 .
[ 'HNMR (CDCl; with 0.03% v/v TMS, 500 MHz)
o
o
f‘:
-
<
wy
4
[
o
-
=]
] ]
o r =
(s E g a
| © |2
| | f |
=5 | “ | |
| |
J JIH J | y/
<
= ‘ TMS
: |
-§ || \ \
|
éoé . ML )\ JU . N\ B} T, W NN M
\ \ ‘ T ‘ \ . T
9.0 8.0 7.0 . 5.0 4.0 3.0 20 1.0 0
| “
BN AN AN \
=) —mtunonomnes wnoaa caooa o o=
g §EZBESEER g88  Z88388ER g g
8 ARAREFSESS 233 EIILERR & 3
P [ TRPATAPRIRINRS PR FEF TS - e
X : parts per Million : Proton
ot
=3
13C{'H} NMR CDCl3
o
e (CDCIs with 0.03% v/v TMS, 126 MHz)
o
<
o
=3
n
=3
<
(=3
o
=3
o
(=]
;_
g
° WA
H
T T T T T T T T T T T T T T T T T
210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 100.0 900 80.0 700 600 500 400 30.0 20.0 10.0 0
| |
| ) | AN | \
< ° o ~
2 2 a8 b rgaids o 3
5 g P 2 NSNS g &
X : parts per Million : Carbon13

S33



% Ph, Me
g I\
750 g Br\()\/\c\\\
3ae
500
250-
0 | . S 9 — S
100 105 110 15 12.0 125 130
mn
peak# retention time area%
1 10. 762 1. 977
2 11.518 08. 023
Total 100. 000
150 § §
125 § %
100
75
50
25
0 o
100 105 no 15 120 125 130
} peak# | retention time | area%
| ] 11. 235 49. 897
} 2 11. 884 50. 103
Total 100. 000

S34



abundance
0

0.2

0.1

327

'HNMR (CDCl; with 0.03% v/v TMS, 400 MHz)

323

218
2.26

2.14

T™S

6.0 5.0 4.0 3.0 2.0 1.0

CO N

o= mown coo
g5 832 832
........ g% 982 CEEEEEED:

PHGRRUSI W i A e e e ey

8015

7850
24682 —
1.8345 ——

X : parts per Million : Proton

0.0010 —— =]

abundance

01 02

0

BC{'H} NMR

(CDCl; with 0.03% v/v TMS, 126 MHz) CDCly

|
{
l

MMMMMM

'S
I
=]
w
o4

T T T
70.0 60.0 50.0

(=3
8-
(=3
o0
[
(=3

T T T T T T
210.0 200.0 190.0 180.0 170.0 160.0 150.0

146.0 .0 110.0 106. .
| LN T A |

B
X : parts per Million : Carbon13

281924 —— 2

16.5843 ——

S35



200

175 |

150

125 |

100 |

75|

50 |

25

200

150

100

50

|

- 9.015795.492
o
“‘:
=
o

S36

\-
A
N
Me
3af
8.00 8.25 850 875 900 925 950 975 10,00
 peak# retention time area%
1 8. 129 4. 508
2 9.015 95. 492
Total 100. 000
8.00 8.25 850 875 9.00 9.25 9.50 975 10,00
 peak# } retention time } area%
| 1 8. 131 49. 969
2 | 9.019 | 50. 031
Total 100. 000



088

abundance
0 . 0.92

21—

1.84

'HNMR (CDCl; with 0.03% v/v TMS, 400 MHz)

2.02

0.99

T™S

9.0

8.1638

X : parts per Million : Proton

4.0 3.0

o
o

0.0000 ——

BC{'H} NMR

| 310 410 510 6[0 7;0 8.0 9.0 10.0

2.0

1.0

(thousandths)
0

(CDCls with 0.03% v/v TMS, 101 MHz)

CDCl3

06.9778 —

S
X : parts per Million : Carbon13

T T T T T
210.0 200.0 190.0 180.0 170.0 160.0 15

T
0.1

T T
.0 90.0 80!

84

T
110.0 10 0 700
|

1475505 —— ©
1047516 ——
99.5122 ——

60.0

T T T
500 400  30.

43.0604 ——

282239 — <

S37




1 Ph, Me §
175 “ \. S
LN s
150 N &
H
Br
125 3ag
100
75-
50 .
0 - °
500 52.5 55.0 575 600
peak# retention time area%
1 51. 721 2. 556
2 57. 147 97. 444
Totall | 100. 000
40 % =]
a0 G &
20
10
0
500 525 550 575 60.0
peak# retention time area%
1 51. 327 49. 982
2 56. 758 50.018
Total 100. 000

S38



N\
Me
T™MS

\

N

H
3ah

—— LIS

\

N

H
3ah

1.0

. £L89'LT

40.0

wm~ JI _- 01061
= - ST P61
«~

—— 9TIg’EY

86T

50.0

- = | ——ere

T
60.0

3.0

(=]
Fo
= PI899L
\88,?

o= o8leLL
S el

CDCl3

ore

1118921
-/ vizeLal
= 666081

FR - 16ITIEl

'H NMR (CDCl; with 0.03% v/v TMS, 500 MHz)

Lo'e —60———

— soT — — JM'M

e
%

—— S1TL90T

(CDCls with 0.03% v/v TMS, 101 MHz)

T

BC{'H} NMR
210.0 200.0

X : parts per Million : Proton

T T T T T T T rrr
oL 09 0’ oY 0'e 0T ol 0 o€l 0zl 011 001 06 08 oL 09 0s oF o0f 0z 01 0
2ouepunqe

(syypuesnoyy)

S39

X : parts per Million : Carbon13




| o hig N

175 8 g N
: 2 & N—me
: S N

15.0 | E H
| 3ah

125 ]

100

75

50

25

0.0

23.0 235 240 245 25.0 255 260 265 27.0 2715 280

peak# retention time area%
] 24. 701 39. 892
2 25. 969 60. 108
Total 100. 000

5 S §
. E 2
3
2
1
0 | o

230 235 240 245 250 255 260 265 270 275 280

. peak#  retention time = area%
1 24. 656 49. 795
2 25. 923 50. 205
Total 100. 000
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§ Ph, Me
] BN N\
750 e N D
N
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3ai
500
250 .
0 ~ _— S
10 1 12 13 14 15 6 17 1819
peak# retention time area%
1 11.573 3. 352
2 15. 325 96. 648
Total 100. 000
400 ‘ § ‘E
300
200
100
0 — Y -
10 1 12 13 14 15 16 7 18 19
peak#  retention time area%
1 11. 637 49. 881
2 15. 295 50. 119
Total 100. 000
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X : parts per Million : Carbon13




175

10.787 7°93.294

150 |
125
100
75
50-

25

9.764 / 6.706

90 95 100 105

peak# retention time
1 9. 764

11.0 11.5

area%
6. 706

2 10. 787

93. 294

Total

200

175

9.527 750.192
-—10.516 / 49.808

150

125

100

75

50

25

9.0 95 100 105

peak# retention time
] 9. 527
2 10. 516
Total
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100. 000

1.0 15

area%
50. 192
49. 808
100. 000
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X : parts per Million : Carbon13




100

75

50

25+

15.963 / 7.891

18.950 / 92.109

15 6 17 18 19 20
peak# retention time area%
] 15. 963 | 7. 891
2 18. 950 92. 109
Total 100. 000
60 T )
50
40
30
20
10
0 — v —
15 16 17 18 19 20
peak# retention time area%
1 16. 004 50. 179
2 19. 031 49, 821
Total 100. 000
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Qp
“, \. <
200 \ A
N
i 3da
150
100
3
50 d
O { — ~ R —
115 ‘I 2.0 125 13.0 135 14.0 145 15.0'
peak# retention time area%
1 12. 304 3.944
2 14. 581 96. 056
Total 100. 000
250 | 8 g
200 ; g
150
100
50
0
115 12.0 12.5 13.0 135 14.0 14.5 15.0
peak# retention time = area%
1 12. 318 | 49. 980
2 14. 594 50. 020
Total 100. 000
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150 |
Me

12.557 7°95.769

125

Iz /i’ .~‘©
7
g

[]
1Y

100 3
75
50

25-

11.557 / 4.231

110 115 120 125 130 135

peak# retention time | area%
1 11. 557 4. 231
2 12. 557 95. 769

~ Total| 100. 000

300

11.374 7 49177
12.269 / 50.823

250

200

150

100

50

0

1075 11.00 1125 1150 11.75 fZ.OO 1225 1250 1275 13.00 13.‘25 13.50
mn

peak# retention time area%
1 11. 374 49, 177
2 12. 269 50. 823
Total | 100. 000
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X : parts per Million : Carbon13
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600
500
400
0
200

100

18.624 7/ 94.319

1500-
1250
1000
750:
500;

250

LN
3f:
15 16 17 18 19 20
peak# retention time area%
] 15. 893 b. 681
2 18. 624 94. 319
Total 100. 000
15 16 17 18 19 20
peak# retention time area%
] 15. 949 49. 445
2 18. 700 50. 555
Total 100. 000
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400

300

200

100

13.120 / 7.915

15.424-/-92.085

250

200

150

100

50

13

14 15

18
min

12

peak# retention time area%
1 13. 120 7. 915
2 15. 424 92. 085
Total 100. 000
13 14 15 16 17 18
peak# { retention time area%
1 13. 009 50. 757
2| 15. 403 | 49. 243
Total 100. 000
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6.06

'HNMR (CDCl; with 0.03% v/v TMS, 500 MHz) ™S

2.0

1.0

abundance
9

X : parts per Million : Proton

11.0

- BC{'H} NMR CDCl3

10.

(CDCls with 0.03% v/v TMS, 101 MHz)

9.0

8.0

5.0 6?0 710

4.0

i

3.0

2.0

1.0

(thousandths)
0

i
B R R SR aRaatd

210.0 200.0 190.0 180.0 170.0 160.0 150.0 140.0 130.0 120.0 110.0 1000 90.0 80.0 700 600 50.0 40.0 30.0 20.0 10.0 0

7.2749
98.2138 ——
77.4001
77.3162
77.0000 -
76.6814
47.2935 ——
31.8581 ——

9.6190

146.0676 ——
1369113 ——

S
S
X : parts per Million : Carbon13
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20.0

175

15.0

20.308 / 35.476
= /i‘ o~ :
m
7
4

125

100

15

5.0

25

OO R S —

22.286 / 64.524

225 230

19.0 19.5 | 20.0 20.5 21.0 21.5 22.0
 peaki# } retention time area%
| 1 20. 308 35. 476
2| 22. 286 64. 524
Total 100. 000
15
10
5
o
]9.0 19.5 20.0 | 20.5 21.0 21.5 22.0 22.5 23.0
peak# @ retention time = area%
1 20. 486 50. 039
2 22. 490 49. 961
Total 100. 000
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X : parts per Million : Carbon13




53.263 /-98.986

20 g——q\
CD
N
H

N
15 3ia
10
> .
0 . ¥ I _
48 49 50 51 52 53 54 55 56 57
peak# } retention time = area% |
] 49. 773 1.014
2 | 53. 263 98. 986
Total 100. 000
25 § §
20 |
15
10-
5
o B o .
48 49 50 51 52 53 54 55 56 57
peak# retention time area%
B 50. 248 | 49. 950
2 53. 839 50. 050
Total 100. 000
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500~ Q/\
] 5 \-

400 m A\
4 N

18.074 /98.748

H
3ja
300
200
100 @
0 - g -
160 165 170 175 180 185 19.0 195
peak# retention time area%
] 16. 817 1. 252
2 18. 074 98. 748
Total 100. 000
150 % 2
125 3 2
100 |
75 |
50
25_:
0 -
160 165 170 175 180 185 19.0 195
mn
peak# retention time area%
1 16. 815 49. 567
2 18. 073 50. 433
Total 100. 000
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'HNMR (CDCl; with 0.03% v/v TMS, 500 MHz)
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2000 %
< N\,
R
1500 ©:H>
3ka
1000
500 N
. o -8
22 23 24 25 26 27 28
peak# retention time areak
1 24. 104 99. 128
2 25. 791 0. 872
Total 100. 000
400 = 3
50
300 A 1
250
zoog
150-|
100
5of
0 4 B
22 23 24 2 2 o 28
,,,,,,, peak# @ retention time area%
] 24. 124 49. 917
2 25. 805 50. 083
Total 100. 000
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'HNMR (CDCl; with 0.03% v/v TMS, 400 MHz)
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125

17.410-/°98.831

100

(/2]
Z m., =
7

N
75 32
50
25 §
ol z _
16 1% 18 19 20 21 22
peak# retention time area%
] 17. 410 08. 831
2 19. 246 1. 169
Total 100. 000
2003 § §
150‘
1001‘
50
0
16 17 18 19 20 21 2
peak# retention time area%
1 17. 392 49. 962
2 19. 199 50. 038
Total 100. 000
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600

500

9.798 /'99.400
= /Eh.,p
4

N
400 Br
1 3ig
300
mo;
100 g
o‘ ~ — g
90 95 100 105 1.0 115 120
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'HNMR (CDCl; with 0.03% v/v TMS, 500 MHz)
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2
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1
2
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10.432 7 99.562

111.550 / 0.438

105 110 115 120

retention time area%
10. 432 99. 562
11. 550 0. 438
100. 000
10.5 11.0 115 12.0
retention time area%

10. 496 50. 111
11. 598 49. 889
100. 000
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'HNMR (CDCl; with 0.03% v/v TMS, 500 MHz)
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peak# retention time area%
| 52. 830 99.916
2 58. 744 0.084 |
Total 100. 000
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200
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100-|
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peak# retention time areak
1 54. 051 49. 969
2 | 59. 743 50. 031
Total 100. 000
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11 o 13 14 15 16 17
peak# retention time area%
1 12. 530 50. 318
2 14. 685 49. 682
Total 100. 000
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30 31 3% 33 34 35 % 37
peak# retention time area%
1 31. 537 50. 075
2 35. h22 49. 925
Total 100. 000

S76

; 38‘

min

‘38‘



r =3
[ =4
[ @
[ —
N =)
T Fre
[ s 0
m ~ o —— 00000 o
s Fo
& a
[ 2] =
[ s ]
) 19891
. > 2
[ - E &
[ X
< =]
» [sa) Fes— X
| : 3 S—— woove
[ : S
L z 2
L = g
B 4 2 - S09LY
r ~— o o
= g &
as [ (o) [a)
= S L =
2 Lo ) :
@ [ =
- [ e
2] [ STHLIL
= [ o = 0000'LL
= [ LS osviL
> L %
= _le
X b = L2
o [ K 2
=) 60 [ 62057 A s
S feiEESEm——]" 8605 @] =4
= [ SLISY =
=
k= [
= [ LS
< 908 =
Q [ \ 8615°S -
8 L L
= T 'l LTSS e/
~ [ 0195° o
= 001 f 9909 =
= QL 68109 a .
N — e | I/ £250'9
e [ 62L0°9 P2 psizLel
= [ § O oesziel
add 6ThL'9 S 8ze9'8yl
— e 3 — 98pL9 g
e =
Ak e et o
. [ e ——— w\ Ry FS
o e e | S/ iscL =
| = pootL
f 9lLEL =
660 ) | R
. — 6l6LL -
Le 2
I Lo
: [ E &
[ g o
[ 2 S
fo g =
I = &
[ o o
f 2 S
r 1] (o]
[ H s
[ ] -]
FARARRRAAR o prs pin ; ﬁ , , , ; ; z
80 Lo 90 S0 0 €0 0 1o 0
Souepunqe Jouepunqe

S77

X : parts per Million : Carbon13




50 % P"«.Me\
% \ SiHPh,
40 H i
0
20
i 5
0 — =
525 55.0 575 60.0 625 .
peak# retention time area%
1 55. 580 3.718
2 59. 982 96. 282
Total 100. 000
® g =
% | |
20
15
0
5
0 T ~T
525 55.0 575 600 62.5 _
peak# retention time areak
1 55. 046 50. 825
2 59. 556 49. 175
Total 100. 000

S78



