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1. General Information

'H NMR, “C NMR, and ""F NMR spectra were recorded in CDCl; using a
Bruker AM 300 MHz NMR spectrometer (‘H at 300 MHz, "°C at 75 MHz, '°F at 282
MHz) or a Bruker AM 400 MHz NMR spectrometer ('H at 400 MHz, 13C at 100 MHz,
F at 376 MHz) or a Bruker AM 500 MHz NMR spectrometer ('H at 500 MHz, "*C
at 125 MHz) using TMS ('H, & = 0), residual CHCl; (7.26 ppm) in CDCls, CDCl;
(*C CDCls, 77.0 ppm), and CECl; (*’F CECls, 6 = 0) as the internal standards,
respectively. IR spectra were recorded with a Perkin—Elmer 983G instrument.
Elemental analyses were measured with a Carlo-Erba EA1110 elementary analysis
instrument. Mass spectrometry was performed with an HP 5989A system.
High-resolution mass spectrometry was determined with a Finnigan MAT 8430 or
Bruker APEXIII instrument. IPrAuCl, and AgPFs were purchased from Strem.
AgSbFs was purchased from Strem and Aladdin. CHCls was stirred with CaH, and
distilled right before use. Petroleum ether (60-90 °C) was used for chromatography on
silica gel unless noted otherwise. Other commercially available chemicals including
indoles were purchased and used without additional purification unless noted
otherwise. Disubstituted indoles' and 3-ethylindole’ were prepared according to the
literature procedures. N-propargylindoles’ was prepared according to the literature

procedures.
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2. Synthesis of 2-((but-3-yn-2-yl)-1H-indol-3-yl)ethanol 9 (jf-5-088, jf-5-089)

OTBS CuCl (10 mol%) OTBS  1)DDQ (1.5 equiv.) OH
. OMs ;. prNEt (1.2 equiv.) CH,Cl,, -30°C, 4 h N\
o THF,70°C, 1.5 h N 2) HCI (two drops) N
N 3 3
H 1.2 equiv. )\§ (MeOH/CH,Cl, = 3/1, 1t, 3 h) )\§

47% yield (in two steps)
8 9

To an oven-dried Schlenk tube were added CuCl (0.0700 g, 0.7 mmol),
3-(2-((tert-butyldimethylsilyl)oxy)ethyl)indoline (1.9200 g, 7 mmol), and THF (25
mL) under nitrogen atmosphere sequentially. The suspension was stirred for 5 min at
room temperature, after which i-Pr,NEt (1.42 mL, d = 0.782 g/mL, 1.1074 g, 8.4
mmol) was added dropwise in 4 min. The resulting suspension was allowed to stir for
10 min, and a solution of but-3-yn-2-yl methanesulfonate (1.2445 g, 8.4 mmol) in
THF (10 mL) was added over the period of 10 min. The reaction was complete after
being stirred at 70 °C for 1.5 h as monitored by TLC. After filtration through a short
column of celite (3 cm x 2 cm) [eluent: ethyl acetate (10 mL % 4)] and evaporation,
the crude product was purified by column chromatography on silica gel to afford 8
(2.0438 g) [eluent: petroleum ether/ethyl acetate = 50/1] as a liquid which was used in
the next step without further purification.

To an oven-dried Schlenk tube were added 8 (2.0438 g) and DCM (60 mL) under
nitrogen atmosphere sequentially. Then the solution was cooled to -30 °C, and DDQ
(2.0415 g, 9 mmol) was added. The reaction was complete after being stirred at -30 °C
for 4 h as monitored by TLC. The resulting mixture was filtrated through a pad of
celite (3 cm %X 2 cm) [eluent: ethyl acetate (20 mL x 3)] and washed sequentially with
saturated NaHCO; (20 mL x 3), water (20 mL), brine, and dried over anhydrous
Na,SOy4. After filtration and evaporation, the residue was purified by column
chromatography on silica gel to afford 1-(but-3-yn-2-yl)-3-(2-((fert-butyldimethyl-
silyl)oxy)ethyl)-1H-indole (1.0526 g) [eluent: petroleum ether/ethyl acetate = 50/1] as
a liquid, which was used in the next step without further purification.

To a round-bottomed flask were added the crude product and 9 mL of mixed

solvent (Vmeon/Vbem = 3/1), and HCl (2 drops) sequentially. The reaction was
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complete after being stirred at room temperature for 3 h as monitored by TLC. The
resulting mixture was quenched with H,O (20 mL) and extracted with ethyl acetate
(20 mL). The organic layer was separated and the aqueous layer was extracted with
ethyl acetate (10 mL X 2). The combined organic layer was washed with brine and
dried over anhydrous Na,SO,. After filtration and evaporation, the crude product was
purified by column chromatography on silica gel to afford 9 (0.6890 g, 47%) [eluent:
petroleum ether/ethyl acetate = 3/1] as a liquid: "H NMR (300 MHz, CDCl3) & 7.61 (d,
J=7.8 Hz, 1H, Ar-H), 7.41 (d, J= 8.1 Hz, 1H, Ar-H), 7.28-7.20 (m, 2H, Ar-H), 7.13 (t,
J=17.4 Hz, 1H, Ar-H), 5.35-5.20 (m, 1H, CH), 3.90 (t, /= 6.5 Hz, 2H, OCH>), 3.03 (t,
J=6.3 Hz, 2H, CH,), 2.47 (d, J= 1.8 Hz, 1H, =CH), 1.74 (d, J= 6.9 Hz, 3H, CHj),
1.55 (s, 1H, OH); *C NMR (75 MHz, CDCl3) & 135.2, 128.4, 123.2, 121.6, 119.2,
119.1, 111.7, 109.4, 82.2, 72.7, 62.3, 43.0, 28.5, 22.2; IR (neat) v (cm™") 3394, 3288,
3051, 2985, 2935, 2116, 1612, 1553, 1462, 1398, 1360, 1297, 1227, 1195, 1157, 1091,
1075, 1045, 1012; MS (70 ev, EI) m/z (%) 214 (M" + 1, 5.26), 213 (M, 36.41), 182
(100); HRMS calcd for C14H;sNO'[M" + H]: 214.1226, Found: 214.1225.

3. Synthesis of racemic N-allenyl indoles *°

3.1 Synthesis of 1-(octa-2,3-dienyl)-1H-indole rac-1a (jf-1-117)

Ph
@E\> ! mph CuBr, (20 mol%) @
N + n-C4HoCHO + N\\/\H-C4H9

\\ N OH dioxane, 130°C, 12 h
— H
—=

1.6 equiv. 1.4 equiv. rac-1a
62%

Typical Procedure I: To a flame-dried Schlenk tube with a polytetrafluoroethylene
plug were added CuBr; (0.3606 g, 1.6 mmol, 99%), a,a-diphenylprolinol (2.8918 g,
11.2 mmol, 98%), 1-(prop-2-ynyl)-1H-indole (1.2404 g, 8 mmol), pentanal (1.4 mL, d
= 0.81 g/mL, 1.134 g, 12.8 mmol, 98%), and dioxane (24 mL) sequentially. The
Schlenk tube was then sealed by screwing the polytetrafluoroethylene plug tightly
with the outlet connected to the vacuum line. The reaction was complete after being
stirred in an oil bath preheated at 130 °C for 12 h as monitored by TLC. The resulting
mixture was cooled to room temperature, diluted with diethyl ether and washed with

an aqueous solution of hydrochloric acid (1.2 M). The organic layer was separated
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and the aqueous layer was extracted with diethyl ether. The combined organic layer
was washed with brine and dried over anhydrous Na,SO4. After filtration and
evaporation, the residue was purified by column chromatography on silica gel to
afford rac-la (1.1087 g, 62%) [eluent: petroleum ether] as a liquid: '"H NMR (300
MHz, CDCls) 6 7.62 (d, J = 8.1 Hz, 1H, Ar-H), 7.36 (dd, J; = 8.1 Hz, J, = 0.9 Hz, 1H,
Ar-H), 7.22-7.13 (m, 1H, Ar-H), 7.13-7.06 (m, 2H, Ar-H), 6.48 (dd, J; =3.2 Hz, J, =
0.8 Hz, 1H, Ar-H), 5.31-5.15 (m, 2H, CH=C=CH), 4.68 (dd, J; = 6.5 Hz, J, = 2.9 Hz,
2H, NCH,), 2.02-1.88 (m, 2H, CH,), 1.36-1.22 (m, 4H, CH, x 2), 0.87 (t,J = 7.1 Hz,
3H, CHs); >C NMR (75 MHz, CDCls) & 204.4, 135.9, 128.7, 127.5, 121.3, 120.9,
119.3, 109.7, 101.2, 93.5, 87.9, 46.0, 31.1, 28.2, 22.1, 13.8; IR (neat) v (cm™) 3056,
2957, 2929, 2858, 1964, 1511, 1484, 1464, 1396, 1378, 1334, 1313, 1253, 1180, 1051,
1012; MS (70 ev, EI) m/z (%) 226 (M'+1, 4.34), 225 (M, 30.42), 182 (100); HRMS
calcd for CigH 9N [M+]: 225.1517, Found: 225.1517.

3.2 Synthesis of 1-(tetradeca-2,3-dienyl)-1H-indole rac-1b (jf-2-009)

o c0
Cul (50 mol%)
+ N-CyoH21CHO + j-BuyNH
N o ™ dioxane, 130 °C, 13 h N\\/ n-CioMa1

== 1.6 equiv. 1.4 equiv.

rac-1b
75%

Following Typical Procedure I, the reaction of Cul (0.3842 g, 2 mmol, 99%),
diisobutylamine (0.98 mL, d = 0.74 gmL, 0.7237 g, 5.6 mmol),
1-(prop-2-ynyl)-1H-indole (0.6204 g, 4 mmol), undecanal (1.0910 g, 6.4 mmol), and
dioxane (8 mL) for 13 h at 130 °C afforded rac-1b (0.9233 g, 75%) [eluent: petroleum
ether/diethyl ether = 200/1] as a liquid: '"H NMR (300 MHz, CDCl;) § 7.61 (d, J= 7.8
Hz, 1H, Ar-H), 7.35 (d, /= 8.4 Hz, 1H, Ar-H), 7.22-7.13 (m, 1H, Ar-H), 7.13-7.04 (m,
2H, Ar-H), 6.47 (dd, J, = 3.2 Hz, J, = 0.8 Hz, 1H, Ar-H), 5.29-5.14 (m, 2H,
CH=C=CH), 4.66 (dd, J, = 6.3 Hz, J, = 2.7 Hz, 2H, NCHa,), 2.00-1.87 (m, 2H, CH»),
1.40-1.14 (m, 16H, CH, x 8), 0.88 (t, J = 6.8 Hz, 3H, CHs); °C NMR (75 MHz,
CDCls) 8 204.5, 136.0, 128.8, 127.5, 121.4, 120.9, 119.3, 109.7, 101.3, 93.5, 87.9,
46.0, 31.9,29.6, 29.4, 29.3, 29.1, 29.0, 28.6, 22.7, 14.1; IR (neat) v (cm™") 3056, 2925,
2853, 1964, 1613, 1512, 1484, 1464, 1395, 1378, 1335, 1313, 1250, 1180, 1123, 1087,
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1055, 1012; MS (70 ev, EI) m/z (%) 310 (M'+1, 8.13), 309 (M", 30.46), 130 (100);
HRMS calcd for C2,H3 N [M']: 309.2457, Found: 309.2458.
3.3 Synthesis of 1-(tetradeca-2,3,13-trienyl)-1H-indole rac-1c (jf-2-029)

0 A\ —
©E> ¢ PN + HBUNH Cul (50 mol%) W

dioxane, 130 °C, 13 h

\ 1.4 equiv.
1.6 equiv. q rac-1c

45%

Following Typical Procedure I, the reaction of Cul (0.3840 g, 2 mmol, 99%),
diisobutylamine (098 mL, d = 074 g/mL, 0.7237 g, 5.6 mmol),
1-(prop-2-ynyl)-1H-indole (0.6210 g, 4 mmol), undecenal (1.1020 g, 6.4 mmol, 97%),
and dioxane (8 mL) for 13 h at 130 °C afforded rac-1c (0.5547 g, 45%) [eluent:
petroleum ether] as a liquid: '"H NMR (300 MHz, CDCl3) & 7.61 (d, J = 8.1 Hz, 1H,
Ar-H), 7.34 (d, J = 8.1 Hz, 1H, Ar-H), 7.19 (t, J = 7.7 Hz, 1H, Ar-H), 7.13-7.05 (m,
2H, Ar-H), 6.48 (dd, J, = 3.2 Hz, J, = 0.8 Hz, 1H, Ar-H), 5.88-5.73 (m, 1H, CH=),
5.30-5.15 (m, 2H, CH=C=CH), 5.05-4.89 (m, 2H, =CH,), 4.67 (dd, J, = 6.0 Hz, J, =
2.7 Hz, 2H, NCHy), 2.09-1.97 (m, 2H, CH>), 1.99-1.88 (m, 2H, CH,), 1.47-1.19 (m,
12H, CH, % 6); *C NMR (75 MHz, CDCl3)  204.4, 139.1, 135.9, 128.7, 127.5, 121.3,
120.8, 119.3, 114.1, 109.6, 101.2, 93.5, 87.9, 45.9, 33.8, 29.4, 29.3, 29.1, 29.0, 28.93,
28.86, 28.5; IR (neat) v (cm™) 3057, 2977, 2925, 2852, 1964, 1640, 1613, 1512, 1484,
1464, 1396, 1334, 1313, 1254, 1180, 1012; MS (70 ev, EI) m/z (%) 308 (M'+1, 5.38),
307 (M', 20.24), 130 (100); HRMS caled for CyHyN [M']: 307.2300, Found:
307.2302.

3.4 Synthesis of 5-methoxy-1-(octa-2,3-dienyl)-1H-indole rac-1d (jf-1-196)

MeO Ph MeO
m C4HgCHO mPh CuBr, (20 mol%) m
+ n- + >
N eatlo N OH dioxane, 130 °C. 12 h N \\/\n-C4H9

S —
T 1.6 equiv. 1.4 equiv.

62%
rac-1d

Following Typical Procedure I, the reaction of CuBr, (0.1338 g, 0.6 mmol, 99%),
a,a-diphenylprolinol (1.0845 g, 4.2 mmol, 98%),
5-methoxy-1-(prop-2-ynyl)-1H-indole (0.5552 g, 3 mmol), pentanal (0.52 mL, d =
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0.81 g/mL, 0.4212 g, 4.8 mmol, 98%), and dioxane (9.0 mL) for 12 h at 130 °C
afforded rac-1d (0.4760 g, 62%) [eluent: petroleum ether/diethyl ether = 200/1] as a
liquid: "H NMR (300 MHz, CDCl3) & 7.25 (d, J= 8.7 Hz, 1H, Ar-H), 7.09 (d, J=3.0
Hz, 2H, Ar-H), 6.86 (dd, J, = 8.7 Hz, J, = 2.4 Hz, 1H, Ar-H), 6.41 (d, /= 3.0 Hz, 1H,
Ar-H), 5.32-5.13 (m, 2H, CH=C=CH), 4.66 (dd, J, = 6.3 Hz, J, = 2.7 Hz, 2H, NCH,),
3.85 (s, 3H, OCH3), 2.07-1.86 (m, 2H, CH»), 1.37-1.22 (m, 4H, CH, x 2), 0.88 (t, J =
5.9 Hz, 3H, CH3); °C NMR (75 MHz, CDCls) § 204.4, 154.0, 131.4, 129.1, 128.1,
111.7, 110.4, 102.6, 100.8, 93.5, 88.0, 55.9, 46.2, 31.1, 28.2, 22.1, 13.8; IR (neat) v
(cm™) 3101, 2991, 2958, 2929, 2868, 2855, 2829, 1964, 1622, 1575, 1486, 1447,
1394, 1378, 1336, 1295, 1237, 1183, 1151, 1131, 1089, 1033; MS (70 ev, EI) m/z (%)
256 (M'+1, 11.16), 225 (M", 53.83), 212 (100); HRMS calcd for C;7H,NO [M]:
255.1623, Found: 255.1622.

3.5 Synthesis of 4-methyl-1-(octa-2,3-dienyl)-1H-indole rac-1e (jf-2-034)

A\ Cul (50 mol%
@ + NCHCHO + iBupNH —— o (20 mol%e) @
N dioxane, 130 °C, 12 h N\\/\n-C4H9

\\Q 1.6 equiv. 1.4 equiv.

rac-1e
80%

Typical Procedure 1I: To a flame-dried Schlenk tube with a
polytetrafluoroethylene plug were added Cul (0.3849 g, 2 mmol, 99%),
diisobutylamine (0.98 mL, d = 0.74 gmL, 0.7237 g, 5.6 mmol),
4-methyl-1-(prop-2-ynyl)-1H-indole (0.6739 g, 4 mmol)/dioxane (2 mL), pentanal
(0.68 mL, d =0.81 g/mL, 0.5504 g, 6.4 mmol, 98%), and dioxane (6 mL) sequentially.
The Schlenk tube was then sealed by screwing the polytetrafluoroethylene plug
tightly with the outlet connected to the vacuum line. The reaction was complete after
being stirred in an oil bath preheated at 130 °C for 12 h as monitored by TLC. The
resulting mixture was cooled to room temperature and diluted with diethyl ether and
washed with an aqueous solution of hydrochloric acid (1.2 M). The organic layer was
separated and the aqueous layer was extracted with diethyl ether. The combined

organic layer was washed with brine and dried over anhydrous Na,SO4. After
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filtration and evaporation, the residue was purified by column chromatography on
silica gel to afford rac-1e (0.7584 g, 80%) [eluent: petroleum ether/diethyl ether =
200/1] as a liquid: "H NMR (300 MHz, CDCl3) & 7.18 (d, J= 8.4 Hz, 1H, Ar-H), 7.11
(d, J=7.2 Hz, 1H, Ar-H), 7.07 (d, J = 3.0 Hz, 1H, Ar-H), 6.89 (d, J = 6.6 Hz, 1H,
Ar-H), 6.49 (dd, J; = 3.2 Hz, J, = 0.8 Hz, 1H, Ar-H), 5.33-5.12 (m, 2H, CH=C=CH)),
4.64 (dd, J; = 6.0 Hz, J, = 2.7 Hz, 2H, NCH,), 2.54 (s, 3H, CH3), 2.05-1.90 (m, 2H,
CH,), 1.37-1.17 (m, 4H, CH, x 2), 0.87 (t, J= 7.1 Hz, 3H, CH3); °C NMR (75 MHz,
CDCls) 6 204.4, 135.7, 130.3, 128.6, 126.8, 121.5, 119.5, 107.3, 99.7, 93.4, 88.0, 46.1,
31.1, 28.2, 22.1, 18.7, 13.8; IR (neat) v (cm™) 3050, 2957, 2927, 2858, 1964, 1605,
1585, 1514, 1493, 1456, 1423, 1398, 1378, 1338, 1297, 1246, 1200, 1158, 1136, 1069,
1051; MS (70 ev, EI) m/z (%) 240 (M'+1, 7.89), 239 (M", 37.75), 196 (100); HRMS
caled for Cj7Hy N [M']: 239.1674, Found: 239.1676.

3.6 Synthesis of 6-chloro-1-(octa-2,3-dienyl)-1H-indole rac-1f (jf-2-060)

/@ CaHoCHO + i-BuNH —— (20 mol%) /m
+ n 2
cl \ e TR Gioxane, 130°C, 12h Cl N \\/\n-C4H9

\\t 1.6 equiv. 1.4 equiv.

rac-1f
78%

Following Typical Procedure I, the reaction of Cul (0.3830 g, 2 mmol, 99%),
diisobutylamine (098 mL, d = 074 g/mL, 0.7237 g, 5.6 mmol),
6-chloro-1-(prop-2-ynyl)-1H-indole (0.7582 g, 4 mmol), pentanal (0.68 mL, d = 0.81
g/mL, 0.5504 g, 6.4 mmol, 98%), and dioxane (8 mL) for 12 h at 130 °C afforded
rac-1f (0.8068 g, 78%) [eluent: petroleum ether] as a liquid: '"H NMR (300 MHz,
CDCls) 6 7.49 (d, J= 8.4 Hz, 1H, Ar-H), 7.34 (s, 1H, Ar-H), 7.13-6.99 (m, 2H, Ar-H),
6.44 (d, J = 3.0 Hz, 1H, Ar-H), 5.28-5.13 (m, 2H, CH=C=CH), 4.66-4.53 (m, 2H,
NCH,), 2.03-1.85 (m, 2H, CH>), 1.37-1.16 (m, 4H, CH;, x 2), 0.86 (t, /= 6.9 Hz, 3H,
CH;); °C NMR (75 MHz, CDCl3) & 204.4, 136.4, 128.4, 127.4, 127.3, 121.6, 120.0,
109.9, 101.4, 93.9, 87.6, 46.1, 31.1, 28.2, 22.1, 13.8; IR (neat) v (cm™) 2957, 2928,
2858, 1964, 1689, 1611, 1564, 1508, 1465, 1392, 1338, 1313, 1269, 1240, 1204, 1182,
1126, 1101, 1063, 1053; MS (70 ev, EI) m/z (%) 262 (M'C'Cl) + 1, 1.69), 261
M C'CL), 9.78), 260 (M (P°CI) + 1, 5.93), 259 (M'(*°Cl), 25.88), 216 (100); HRMS
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caled for Ci¢HisN*Cl [M*]: 259.1128, Found: 259.1128.
3.7 Synthesis of 3-methyl-1-(octa-2,3-dienyl)-1H-indole rac-1g (jf-2-080)

A\ , Cul (50 mol%) \
+ n-C4H9CHO + I-BUzNH
N dioxane, 130 °C, 12 h N\\/\n-C4Hg

\\Q 1.6 equiv. 1.4 equiv.

rac-1g
77%

Following Typical Procedure 11, the reaction of Cul (0.3850 g, 2 mmol, 99%),
diisobutylamine (0.98 mL, d = 0.74 gmL, 0.7237 g, 5.6 mmol),
3-methyl-1-(prop-2-ynyl)-1H-indole (0.6758 g, 4 mmol)/dioxane (2 mL), pentanal
(0.68 mL, d = 0.81 g/mL, 0.5504 g, 6.4 mmol, 98%), and dioxane (6 mL) for 12 h at
130 °C afforded rac-1g (0.7384 g, 77%) [eluent: petroleum ether] as a liquid: 'H
NMR (300 MHz, CDCls) & 7.55 (dd, J; = 7.8 Hz, J, = 0.6 Hz, 1H, Ar-H), 7.31 (d, J =
8.1 Hz, 1H, Ar-H), 7.19 (td, J1 = 7.4 Hz, J, = 1.4 Hz, 1H, Ar-H), 7.09 (td, J, = 7.4 Hz,
J>»=0.9 Hz, 1H, Ar-H), 6.87 (s, 1H, Ar-H), 5.30-5.15 (m, 2H, CH=C=CH), 4.62 (dd,
J1=5.9 Hz, J,=3.2 Hz, 2H, NCH,), 2.32 (d, J = 0.9 Hz, 3H, CH3), 2.06-1.90 (m, 2H,
CH,), 1.38-1.23 (m, 4H, CH, x 2), 0.88 (t, J= 7.1 Hz, 3H, CH3); *C NMR (75 MHz,
CDCls) & 204.4, 136.3, 129.0, 125.2, 121.3, 119.0, 118.6, 110.4, 109.5, 93.3, 88.1,
457, 31.2, 28.3, 22.1, 13.9, 9.6; IR (neat) v (cm™") 3055, 2956, 2928, 2859, 1964,
1614, 1560, 1482, 1466, 1386, 1329, 1252, 1179, 1126, 1104, 1013; MS (70 ev, EI)
m/z (%) 240 (M'+1, 7.35), 239 (M", 40.31), 144 (100); HRMS calcd for C;7Hy N
[M']: 239.1674, Found: 239.1676.

3.8 Synthesis of 1-(9-chloronona-2,3-dienyl)-3-methyl-1H-indole rac-1h (jf-2-149)

\ Cul (50 mol% @E@
ol ' ul (50 mol%) N CH,CI
@Eé + U0+ B NH dioxane, 130 °C, 12 h N\\/—M‘1

—_—

= 1.5 equiv. 1.4 equiv.

rac-1h
38%

Following Typical Procedure Il, the reaction of Cul (0.3837 g, 2 mmol, 99%),
diisobutylamine (0.98 mL, d = 0.74 gmL, 0.7237 g, 5.6 mmol),
3-methyl-1-(prop-2-ynyl)-1H-indole  (0.6751 g, 4 mmol)/dioxane (2 mL),

S9



6-chlorohexanal (0.8025 g, 6.4 mmol), and dioxane (6 mL) for 12 h at 130 °C
afforded rac-1h (0.4410 g, 38%, 98% purity) [eluent: petroleum ether/diethyl ether =
200/1] as a liquid: "H NMR (400 MHz, CDCls) & 7.55 (d, J= 7.6 Hz, 1H, Ar-H), 7.30
(d, /= 8.0 Hz, 1H, Ar-H), 7.19 (t, J = 7.6 Hz, 1H, Ar-H), 7.09 (t, J = 7.2 Hz, 1H,
Ar-H), 6.87 (s, 1H, Ar-H), 5.32-5.14 (m, 2H, CH=C=CH), 4.63 (dd, J; = 6.4 Hz, J, =
2.8 Hz, 2H, NCH)), 3.49 (t, J = 6.8 Hz, 2H, CH,Cl), 2.32 (s, 3H, CH3), 2.00-1.92 (m,
2H, CH,), 1.76-1.68 (m, 2H, CH,), 1.44-1.27 (m, 4H, CH, x 2); *C NMR (100 MHz,
CDCl;) 8 204.4, 136.3, 129.0, 125.2, 121.3, 119.0, 118.6, 110.4, 109.4, 93.0, 88.4,
45.6,45.0,32.4,28.3, 28.1, 26.2, 9.6; IR (neat) v (cm'l) 3054, 2933, 2859, 1963, 1614,
1558, 1481, 1466, 1386, 1363, 1329, 1257, 1179, 1126, 1102, 1038, 1013; MS (70 ev,
EI) m/z (%) 289 (MC'CI), 5.57), 287 (M'(*°Cl), 14.93), 144 (100); HRMS calcd for
CisHoN*Cl [M]: 287.1441, Found: 287.1438.

3.9 Synthesis of 3-methyl-1-(6-phenylhexa-2,3-dienyl)-1H-indole rac-1i (jf-3-019)

@E\g ' Cul (50 mol%) @E\g Bn
N + BnCH,CHO + j-Bu,NH dioxane, 130 °C, 12 h N\\/\/

\___ 16equiv. 1.4equiv. N,
—

rac-1i
74%

Following Typical Procedure Il, the reaction of Cul (0.3845 g, 2 mmol, 99%),
diisobutylamine (098 mL, d = 074 g/mL, 0.7237 g, 5.6 mmol),
3-methyl-1-(prop-2-ynyl)-1H-indole (0.6762 g, 4 mmol)/dioxane (2 mL),
3-phenylpropanal (0.8591 g, 6.4 mmol), and dioxane (6 mL) for 12 h at 130 °C
afforded rac-1i (0.8396 g, 74%) [eluent: petroleum ether/diethyl ether = 200/1] as a
liquid: "H NMR (300 MHz, CDCl3) & 7.55 (d, J = 7.8 Hz, 1H, Ar-H), 7.30-7.22 (m,
3H, Ar-H), 7.22-7.05 (m, 5H, Ar-H), 6.81 (d, /= 0.9 Hz, 1H, Ar-H), 5.26-5.17 (m, 2H,
CH=C=CH), 4.57-4.50 (m, 2H, NCH,), 2.59 (t, J = 7.7 Hz, 2H, CH,Ph), 2.35-2.19 (m,
5H, CH; + CH,); ”C NMR (75 MHz, CDCls) & 204.5, 141.5, 136.2, 128.9, 128.5,
128.3,125.9, 125.2, 121.3, 119.0, 118.6, 110.4, 109.4, 92.5, 88.6, 45.4, 35.2, 30.3, 9.6;
IR (neat) v (cm™) 3084, 3057, 3026, 2916, 2858, 1965, 1614, 1603, 1583, 1559, 1496,
1481, 1465, 1454, 1386, 1329, 1257, 1209, 1180, 1126, 1105, 1078, 1030, 1013; MS
(70 ev, EI) m/z (%) 288 (M'+1, 1.3), 287 (M", 6.0), 196 (100); HRMS calcd for
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CyHy N [M']: 287.1674, Found: 287.1674.
3.10 Synthesis of 1-(5-ethylhepta-2,3-dienyl)-3-methyl-1H-indole rac-1j (jf-3-092)

A\
@ENé .\ \j\ + iBuNH —Cul(50mol%) N
CHO dioxane, 130 °C, 12 h N

p—

1.6 equiv. 1.4 equiv. i
rac-1j

35%
Following Typical Procedure 11, the reaction of Cul (0.3850 g, 2 mmol, 99%),
diisobutylamine (0.98 mL, d = 0.74 gmL, 0.7237 g, 5.6 mmol),
3-methyl-1-(prop-2-ynyl)-1H-indole  (0.6779 g, 4 mmol)/dioxane (2 mL),
2-ethylbutanal (0.82 mL, d = 0.814 g/mL, 0.6675 g, 6.4 mmol, 97%), and dioxane (6
mL) for 12 h at 130 °C afforded rac-1j (0.3548 g, 35%) [eluent: petroleum ether] as a
liquid: "H NMR (300 MHz, CDCl3) & 7.55 (d, J= 7.5 Hz, 1H, Ar-H), 7.32 (d, J= 8.1
Hz, 1H, Ar-H), 7.19 (t, J= 7.4 Hz, 1H, Ar-H), 7.09 (t, J = 7.4 Hz, 1H, Ar-H), 6.89 (s,
1H, Ar-H), 5.31-5.20 (m, 1H, one proton of CH=C=CH), 5.10-4.97 (m, 1H, one
proton of CH=C=CH), 4.70-4.59 (m, 2H, NCH>), 2.32 (s, 3H, Ar-CH3), 1.93-1.75 (m,
1H, CH), 1.50-1.16 (m, 4H, CH,x 2), 0.85 (t, J = 7.1 Hz, 6H, CH; x 2); >C NMR (75
MHz, CDCl;) & 204.2, 136.3, 129.0, 125.2, 121.3, 118.9, 118.6, 110.4, 109.4, 97.0,
88.1,45.8,42.8,27.6,27.3, 11.6, 11.5, 9.6; IR (neat) v (cm™) 3056, 2961, 2921, 2873,
1963, 1615, 1558, 1482, 1466, 1386, 1329, 1256, 1179, 1126, 1013; MS (70 ev, EI)
m/z (%) 254 (M'+1, 4.81), 253 (M", 24.75), 224 (100); HRMS calcd for C;sH;N
[M']: 253.1830, Found: 253.1832.
3.11 Synthesis of 3-ethyl-1-(octa-2,3-dienyl)-1H-indole rac-1k (jf-3-074)

0,
@E\C + n-C4HCHO  + [LBu,NH Cul (50 mol%) @E\C
N dioxane, 130 °C, 10 h N\\/\n—C4Hg

=

i 1.4 equiv.
1.6 equiv. q rac-1k

58%
Following Typical Procedure Il, the reaction of Cul (0.3758 g, 2 mmol, 99%),
diisobutylamine (0.98 mL, d = 0.74 gmL, 0.7235 g, 5.6 mmol),
3-ethyl-1-(prop-2-ynyl)-1H-indole (0.7222 g, 4 mmol)/dioxane (2 mL), pentanal (0.69
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mL, d =0.81 g/mL, 0.5616 g, 6.4 mmol, 98%), and dioxane (6 mL) for 10 h at 130 °C
afforded rac-1k (0.5763 g, 58%) [eluent: petroleum ether/ethyl acetate = 100/1] as a
liquid: "H NMR (300 MHz, CDCls) & 7.59 (d, J= 7.8 Hz, 1H, Ar-H), 7.31 (d, J=8.1
Hz, 1H, Ar-H), 7.19 (t, /= 6.9 Hz, 1H, Ar-H), 7.08 (t,J= 7.1 Hz, 1H, Ar-H), 6.88 (s,
1H, Ar-H), 5.31-5.16 (m, 2H, CH=C=CH), 4.63 (dd, J; = 6.0 Hz, J, = 2.7 Hz, 2H,
NCH,), 2.77 (q, J = 7.5 Hz, 2H, Ar-CH,), 2.03-1.91 (m, 2H, CH,), 1.40-1.22 (m, 7H,
CH, x 2 + CH3), 0.88 (t, J = 7.1 Hz, 3H, CH3); *C NMR (75 MHz, CDCl;)  204.4,
136.4, 128.1, 124.0, 121.3, 119.0, 118.5, 117.6, 109.5, 93.3, 88.1, 45.8, 31.1, 28.3,
22.1, 18.3, 14.5, 13.9; IR (neat) v (cm™) 3055, 2960, 2929, 2871, 2856, 1964, 1614,
1556, 1467, 1417, 1392, 1371, 1333, 1314, 1270, 1177, 1126, 1105, 1064, 1013; MS
(70 ev, EI) m/z (%) 254 (M'+1, 9.84), 253 (M", 50.58), 210 (100); HRMS calcd for
CisHyN [M']: 253.1830, Found: 253.1832.
3.12 Synthesis of 3-(2-((tert-butyldimethylsilyl)oxy)ethyl)-1-(octa-2,3-dienyl)-1H-
indole rac-11 (jf-3-058)

OTBS OTBS

CHLCHO + a0 mol%) 4
+ n- + [-Bu
N a9 277 dioxane, 130 °C, 12 h

N N \\/\ Nn-C4Hg
\\E

1.6 equiv. 1.4 equiv.

rac-1l
75%

Following Typical Procedure Il, the reaction of Cul (0.5712 g, 3 mmol, 99%),
diisobutylamine (1.46 mL, d = 0.74 gmL, 1.0853 g, 84 mmol),
3-(2-((tert-butyldimethylsilyl)oxy)ethyl)-1-(prop-2-ynyl)-1H-indole (1.8820 g, 6
mmol)/dioxane (2 mL), pentanal (1.02 mL, d = 0.81 g/mL, 0.8262 g, 9.6 mmol, 98%),
and dioxane (10 mL) for 12 h at 130 °C afforded rac-1l (1.7205 g, 75%) [eluent:
petroleum ether/ethyl acetate = 100/1] as a liquid: '"H NMR (300 MHz, CDCl3) & 7.62
(d, J = 7.8 Hz, 1H, Ar-H), 7.36 (d, J = 8.1 Hz, 1H, Ar-H), 7.23 (t, J = 7.5 Hz, 1H,
Ar-H), 7.13 (t, J = 7.1 Hz, 1H, Ar-H), 6.99 (s, 1H, Ar-H), 5.34-5.16 (m, 2H,
CH=C=CH), 4.68 (dd, J, = 5.7 Hz, J, = 3.3 Hz, 2H, NCH,), 3.90 (t, J = 7.5 Hz, 2H,
CH»), 3.02 (t, J = 7.5 Hz, 2H, CH,), 2.09-1.93 (m, 2H, CHa), 1.43-1.27 (m, 4H, CH; x
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2), 1.00-0.86 (m, 12H, CH; + CHj x 3), 0.075 (s, 6H, CHs x 2); '*C NMR (75 MHz,
CDCls) 6 204.4, 136.1, 128.4, 125.6, 121.3, 119.0, 118.7, 111.8, 109.6, 93.3, 88.0,
64.0,45.8,31.2,29.0, 28.3, 26.0, 22.1, 18.4, 13.9, -5.29; IR (neat) v (cm'l) 3056, 2956,
2928, 2857, 1964, 1614, 1553, 1470, 1386, 1360, 1332, 1255, 1215, 1174, 1093, 1053,
1013; MS (70 ev, EI) m/z (%) 384 (M'+1, 9.69), 383 (M", 31.68), 208 (100); HRMS
caled for C,4H37NOSi [M']: 383.2644, Found: 383.2646.

3.13 Synthesis of 6-chloro-3-methyl-1-(octa-2,3-dienyl)-1H-indole  rac-1m
(jf-2-191)

A\
N+ nCHCHO + Cul (50 mol%) /Cfg
/@Eé e FBUNH ioxane, 130°C, 127 Cl N\\/\ n-C4Hg

= 156 equiv. 1.4 equiv. rac-1m
75%

Cl

Following Typical Procedure 11, the reaction of Cul (0.3850 g, 2 mmol, 99%),
diisobutylamine (0.98 mL, d = 0.74 gmL, 0.7237 g, 5.6 mmol),
6-chloro-3-methyl-1-(prop-2-ynyl)-1H-indole (0.8148 g, 4 mmol)/dioxane (2 mL),
pentanal (0.70 mL, d = 0.81 g/mL, 0.5670 g, 6.4 mmol, 98%), and dioxane (6 mL) for
12 h at 130 °C afforded rac-1m (0.8200 g, 75%) [eluent: petroleum ether] as a liquid:
'H NMR (400 MHz, CDCls) § 7.44 (d, J= 8.4 Hz, 1H, Ar-H), 7.30 (d, J= 1.6 Hz, 1H,
Ar-H), 7.05 (dd, J; = 8.4 Hz, J, = 2.0 Hz, 1H, Ar-H), 6.86 (s, 1H, Ar-H), 5.26-5.15 (m,
2H, CH=C=CH), 4.60-4.55 (m, 2H, NCH,), 2.28 (s, 3H, CH3), 2.02-1.91 (m, 2H,
CH,), 1.34-1.22 (m, 4H, CH, x 2), 0.87 (t, J= 7.0 Hz, 3H, CH3); °C NMR (75 MHz,
CDCl3) 6 204.5, 136.7, 127.6, 127.4, 126.0, 119.8, 119.3, 110.7, 109.6, 93.7, 87.7,
45.8, 31.2, 28.2, 22.1, 13.8, 9.5; IR (neat) v (cm™") 2957, 2928, 2860, 1965, 1612,
1552, 1468, 1386, 1362, 1326, 1243, 1177, 1135, 1067; MS (70 ev, EI) m/z (%) 275
MC'Cl, 27.33), 273 (M(*°Cl), 83.53), 230 (100); HRMS calcd for C;7H,0N>’Cl
[M']: 273.1284, Found: 273.1284.

3.14 Synthesis of 3-chloro-5-methoxy-1-(octa-2,3-dienyl)-1H-indole rac-1n
(jf-3-082)
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Cl

Cul (50 mol%
\Cf\g + 1-C4HoCHO + j-BuNH —— (20 MOl%) N \\/\n-C4Hg
N

dioxane, 130 °C, 12 h
\\§

1.6 equiv. 1.4 equiv. rac-1n
73%

Following Typical Procedure 11, the reaction of Cul (0.2891 g, 1.5 mmol, 99%),
diisobutylamine (0.73 mL, d = 0.74 gmL, 05426 g, 4.2 mmol),
3-chloro-5-methoxy-1-(prop-2-ynyl)-1H-indole (0.6598 g, 3 mmol)/dioxane (2 mL),
pentanal (0.52 mL, d = 0.81 g/mL, 0.4212 g, 4.8 mmol, 98%), and dioxane (4 mL) for
12 h at 130 °C afforded rac-1n (0.6375 g, 73%) [eluent: petroleum ether/ethyl acetate
= 100/1] as a liquid: "H NMR (300 MHz, CDCls) § 7.22 (d, J = 8.7 Hz, 1H, Ar-H),
7.06 (s, 1H, Ar-H), 7.02 (d, J = 2.7 Hz, 1H, Ar-H), 6.89 (dd, J; = 8.9 Hz, J, = 2.6 Hz,
1H, Ar-H), 5.27-5.15 (m, 2H, CH=C=CH), 4.65-4.55 (m, 2H, NCH,), 3.87 (s, 3H,
OCHs), 2.01-1.86 (m, 2H, CH,), 1.34-1.17 (m, 4H, CH, x 2), 0.87 (t, J = 7.1 Hz, 3H,
CH;); >C NMR (75 MHz, CDCls) & 204.5, 154.5, 130.3, 126.2, 124.5, 113.3, 111.0,
104.1, 99.3, 93.8, 87.6, 55.7, 46.2, 31.1, 28.2, 22.1, 13.8; IR (neat) v (cm'l) 3123,
2956, 2929, 2856, 1964, 1624, 1576, 1489, 1451, 1388, 1334, 1292, 1252, 1220, 1177,
1126, 1089, 1035; MS (70 ev, EI) m/z (%) 292 (M"C'Cl) + 1, 1.17), 291 (M'('Cl),
5.79), 290 (M'(*°Cl) + 1, 5.79), 289 (M'(*°Cl), 16.88), 254 (100); HRMS caled for
C17H2oNO*Cl [M*]: 289.1233, Found: 289.1235.

3.15 Synthesis of 3-methyl-1-(4-phenylbuta-2,3-dienyl)-1H-indole  rac-10
(jf-2-157)

@E\g P:)h CuBr, (20 mol%) @E\g

N+ PhCHO =+ [N\ EOH dioxane, 130 °C,12 h N Ph
\\\ H N,

—

1.4 equiv. 1.2 equiv.

rac-10
18%

Following Typical Procedure 11, the reaction of CuBr, (0.1818 g, 0.8 mmol, 99%),
o,a-diphenylprolinol  (1.2142 g, 4.8 mmol, 98%), 3-methyl-1-(prop-2-
ynyl)-1H-indole (0.6764 g, 4 mmol)/dioxane (2 mL), benzaldehyde (0.5997 g, 5.6
mmol), and dioxane (4 mL) for 12 h at 130 °C afforded rac-10 (0.1868 g, 18%)
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[eluent: petroleum ether] as a liquid: "H NMR (400 MHz, CDCl;) & 7.57 (d, J = 8.0
Hz, 1H, Ar-H), 7.33-7.16 (m, 7H, Ar-H), 7.11 (t, J = 7.2 Hz, 1H, Ar-H), 6.90 (s, 1H,
Ar-H), 6.27 (dt, J; = 6.4 Hz, J, = 2.3 Hz, 1H, CH=), 5.68 (q, J = 6.7 Hz, 1H, CH=),
4.75 (dd, J, = 6.8 Hz, J, = 2.4 Hz, 2H, NCH,), 2.32 (s, 3H, CH3); °C NMR (100
MHz, CDCls) 6 205.7, 136.2, 133.5, 129.1, 128.6, 127.3, 127.0, 125.1, 121.5, 119.1,
118.8, 110.9, 109.5, 96.4, 92.1, 45.3, 9.6; IR (neat) v (cm™) 3050, 3030, 2916, 2856,
1950, 1614, 1597, 1495, 1481, 1465, 1386, 1364, 1328, 1265, 1178, 1126, 1101, 1072,
1041, 1013; MS (70 ev, EI) m/z (%) 260 (M™+1, 14.68), 259 (M", 76.85), 258 (100);
HRMS caled for C1oH 7N [M]: 259.1361, Found: 259.1361.

3.16 Synthesis of 1-(4-(2-bromophenyl)buta-2,3-dienyl)-3-methyl-1H-indole
rac-1p (jf-2-172)

Br Br
N\ CHO E\ P*I‘Dh CuBr, (40 mol%) N\
H [o]
N\\+ + ” OH dioxane, 70 °C, 24 h N

N

1.4 equiv. 1.2 equiv. rac-1p
12%

—
—

Typical Procedure Ill: To a flame-dried Schlenk tube with a rubber plug were
added CuBr; (0.5458 g, 2.4 mmol, 99%), a,a-diphenylprolinol (1.8600 g, 7.2 mmol,
98%), 3-methyl-1-(prop-2-ynyl)-1H-indole (1.0143 g, 6 mmol)/dioxane (2 mL),
2-bromobenzaldehyde (1.6380 g, 8.4 mmol, 95%), and dioxane (7 mL) sequentially
under nitrogen atmosphere. The reaction was complete after being stirred in an oil
bath preheated at 70 °C for 24 h as monitored by TLC. The resulting mixture was
diluted with ether, and washed with an aqueous solution of hydrochloric acid (1.2 M).
The organic layer was separated, and the aqueous layer was extracted with ether. The
combined organic layer was washed with brine and dried over anhydrous Na;SOs.
After filtration and evaporation, the residue was purified by chromatography on silica
gel to afford rac-1p (0.2463 g, 12%) [eluent: petroleum ether] as a liquid: '"H NMR
(300 MHz, CDCl3) 6 7.57 (d, J = 7.5 Hz, 1H, Ar-H), 7.51 (d, J= 7.8 Hz, 1H, Ar-H),
7.34-7.25 (m, 2H, Ar-H), 7.23-6.98 (m, 4H, Ar-H), 6.89 (s, 1H, Ar-H), 6.74 (dt, J, =
6.2 Hz, J, = 2.4 Hz, 1H, CH=), 5.72 (q, J = 6.6 Hz, 1H, CH=), 4.76 (dd, J; = 6.8 Hz,
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J» = 2.3 Hz, 2H, NCH,), 2.32 (s, 3H, CHs); >C NMR (75 MHz, CDCl;) & 206.5,
136.2, 132.99, 132.95, 129.1, 128.65, 128.56, 127.4, 125.1, 122.6, 121.6, 119.1, 118.9,
111.1, 109.4, 95.5, 92.4, 45.1, 9.6; IR (neat) v (cm™) 3054, 2916, 2883, 2859, 1951,
1614, 1588, 1561, 1465, 1439, 1403 1385, 1364, 1328, 1287, 1260, 1178, 1126, 1022;
MS (70 ev, EI) m/z (%) 339 (M'(*'Br), 28.38), 337 (M"("Br), 30.63), 168 (100);
HRMS caled for CoH;¢N""Br [M']: 337.0466, Found: 337.0464.

3.17 Synthesis of 1-(4-(4-fluorophenyl)buta-2,3-dienyl)-3-methyl-1H-indole
rac-1q (jf-3-033)

F
@E\g E\ PfF‘)h CuBr, (40 mol%) @E\g
H o]
N\\+ + OH dioxane, 70 °C, 24 h N
S
—

N N,
CHO rac-1q
1.4 equiv. 1.2 equiv. 44%
Following Typical Procedure 111, the reaction of CuBr;, (0.5461 g, 2.4 mmol, 99%),
a,o-diphenylprolinol (1.8580 g, 7.2 mmol, 98%), 3-methyl-1-(prop-2-ynyl)-1H-indole
(1.0110 g, 6 mmol)/dioxane (2 mL), 4-fluorobenzaldehyde (1.0394 g, 8.4 mmol, 99%),
and dioxane (7 mL) for 24 h at 70 °C afforded rac-1q (0.7268 g, 44%) [eluent:
petroleum ether/ethyl acetate = 200/1] as a liquid: "H NMR (300 MHz, CDCl) & 7.56
(d, J=17.5 Hz, 1H, Ar-H), 7.26 (d, J = 8.1 Hz, 1H, Ar-H), 7.21-7.06 (m, 4H, Ar-H),
6.93 (t, J= 8.7 Hz, 2H, Ar-H), 6.84 (s, 1H, Ar-H), 6.19 (dt, J, = 5.9 Hz, J, = 2.5 Hz,
1H, CH=), 5.64 (q, J = 6.5 Hz, 1H, CH=), 4.68 (dd, J; = 6.8 Hz, J, = 2.6 Hz, 2H,
NCH)), 2.30 (s, 3H, CH3); >C NMR (75 MHz, CDCl3) & 205.3 (d, J = 2.0 Hz), 162.0
(d, J =245.4 Hz), 136.1, 129.4 (d, J = 3.5 Hz), 129.1, 128.4 (d, J = 8.3 Hz), 125.1,
121.5, 119.1, 118.8, 115.5 (d, J = 22.1 Hz), 110.9, 109.4, 95.5, 92.4, 45.2, 9.5; "°F
NMR (282 MHz, CDCl3) & -115.2; IR (neat) v (cm™) 3048, 2917, 2887, 2861, 1950,
1889, 1603, 1506, 1481, 1464, 1386, 1328, 1299, 1264, 1226, 1178, 1156, 1126, 1092,
1041, 1013; MS (70 ev, EI) m/z (%) 278 (M'+1, 11.19), 277 (M", 59.28), 167 (100);
HRMS calcd for CoH 6NF [M']: 277.1267, Found: 277.1266.
3.18 Synthesis of 1-(4-(4-bromophenyl)buta-2,3-dienyl)-3-methyl-1H-indole
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rac-1r (jf-3-017)

Br
Br
©j\€ [ \ {P:’Dh CuBr, (40 mol%)
+ +
N N OH dioxane, 70°C, 24 h A\
H
= CHO N2 N
1.4 equiv. 1.2 equiv.
rac-1r

38%

Following Typical Procedure 111, the reaction of CuBr; (0.5466 g, 2.4 mmol, 99%),
a,a-diphenylprolinol (1.8580 g, 7.2 mmol, 98%), 3-methyl-1-(prop-2-ynyl)-1H-indole
(1.0133 g, 6 mmol)/dioxane (2 mL), 4-bromobenzaldehyde (1.5548 g, 8.4 mmol,
99%), and dioxane (7 mL) for 24 h at 70 °C afforded rac-1r (0.7616 g, 38%) [eluent:
petroleum ether (800 mL) to petroleum ether/diethyl ether = 200/1 (800 mL)] as a
liquid: "H NMR (300 MHz, CDCls) & 7.55 (d, J= 7.5 Hz, 1H, Ar-H), 7.35 (d, J=8.7
Hz, 2H, Ar-H), 7.25 (d, J = 8.1 Hz, 1H, Ar-H), 7.17 (td, J; = 7.4 Hz, J> = 1.0 Hz, 1H,
Ar-H), 7.11 (t, J = 7.4 Hz, 1H, Ar-H), 7.02 (d, J = 8.4 Hz, 2H, Ar-H), 6.84 (s, 1H,
Ar-H), 6.15 (dt, J; = 6.3 Hz, J, = 2.4 Hz, 1H, ArCH=), 5.64 (q, J = 6.5 Hz, 1H, CH=),
4.69 (dd, J, = 6.8 Hz, J, = 2.3 Hz, 2H, NCH,), 2.30 (s, 3H, CH3); °C NMR (75 MHz,
CDCl;) 6 205.6, 136.1, 132.4, 131.6, 129.1, 128.4, 125.0, 121.6, 120.9, 119.1, 118.9,
111.0, 109.4, 95.7, 92.6, 45.0, 9.6; IR (neat) v (cm™) 3046, 2916, 2883, 2859, 1951,
1614, 1586, 1487, 1464, 1386, 1363, 1328, 1262, 1177, 1126, 1095, 1069, 1042, 1010;
MS (70 ev, EI) m/z (%) 339 (M'(*'Br), 18.41), 337 (M"("Br), 17.35), 168 (100);
HRMS caled for CoH;¢N"’Br [M']: 337.0466, Found: 337.0463.
3.19 Synthesis of 1-(4-(4-bromophenyl)buta-2,3-dienyl)-3-(2-((tert-butyldimethyl-
silyl)oxy)ethyl)-1H-indole rac-1s (jf-3-085)

OTBS
CHO " o
JRCReE— o 3PN
\\§ B N, Br

rac-1s
32%

OTBS

r
1.49 equiv. 1.28 equiv.
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Following Typical Procedure 111, the reaction of CuBr, (0.9005 g, 4 mmol, 99%),
a,a-diphenylprolinol (3.0970 g, 12 mmol, 98%),
3-(2-((tert-butyldimethylsilyl)oxy)-ethyl)-1-(prop-2-ynyl)-1H-indole (2.9504 g, 9.4
mmol)/dioxane (2 mL), 4-bromobenzaldehyde (2.6154 g, 14 mmol, 99%), and
dioxane (13 mL) for 20 h at 70 °C afforded rac-1s (1.4622 g, 32%) [eluent: petroleum
ether/diethyl ether = 50/1] as a liquid: '"H NMR (300 MHz, CDCl;) § 7.61 (d, J = 7.5
Hz, 1H, Ar-H), 7.41 (d, J = 8.1 Hz, 2H, Ar-H), 7.31 (d, J = 7.8 Hz, 1H, Ar-H), 7.21
(td, /1 =7.4 Hz, J, = 1.0 Hz, 1H, Ar-H), 7.14 (dd, J, = 7.7 Hz, J, = 1.1 Hz, 1H, Ar-H),
7.09 (d, J = 8.4 Hz, 1H, Ar-H), 6.98 (s, 1H, Ar-H), 6.22 (td, J; = 6.0 Hz, J, = 2.5 Hz,
1H, =CH), 5.72 (q, J = 6.6 Hz, 2H, CH=), 4.79 (dd, J; = 6.6 Hz, J, = 2.7 Hz, 2H,
NCH,), 3.85 (t, /= 7.4 Hz, 2H, CH»), 2.99 (t, /= 7.5 Hz, 2H, CH>), 0.92 (m, 9H, CH3
x 3), 0.05 (s, 6H, CH; x 2); °C NMR (75 MHz, CDCls) & 205.7, 136.1, 132.5, 131.7,
128.6, 128.5, 125.5, 121.6, 121.0, 119.2, 119.0, 112.5, 109.5, 95.8, 92.6, 63.9, 45.2,
28.9, 26.0, 18.4, -5.28; IR (neat) v (cm™) 3045, 2953, 2927, 2856, 1952, 1614, 1588,
1488, 1465, 1387, 1356, 1332, 1254, 1174, 1094, 1010; MS (70 ev, EI) m/z (%) 484
M®'Br) + 1, 4.70), 483 (M'(®'Br), 13.28), 482 (M*("”Br) + 1, 5.57), 481 (M'("Br),
13.49), 167 (100); HRMS caled for CygHs, ’BrNOSi [M']: 481.1437, Found:
481.1434.

3.20 Synthesis of methyl 1-(octa-2,3-dienyl)-1H-indole-3-carboxylate rac-1t

(jf-3-112)
COzMe COzMe
N Cul (50 mol%) N\

+

n-C4HgCHO + i-BupNH

N dioxane, 130 °C, 10 h N \\/\n—C4Hg
\\\ 1.6 equiv. 1.4 equiv.

rac-1t
67%

Following Typical Procedure 11, the reaction of Cul (0.5720 g, 3 mmol, 99%),
diisobutylamine (1.47 mL, d = 0.74 g/mL, 0.7237 g, 84 mmol), methyl
1-(prop-2-ynyl)-1H-indole-3-carboxylate (1.2780 g, 6 mmol)/dioxane (2 mL),
pentanal (1.04 mL, d = 0.81 g/mL, 0.8424 g, 9.6 mmol, 98%), and dioxane (10 mL)
for 10 h at 130 °C afforded rac-1t (1.1348 g, 67%) [eluent: petroleum ether/ ethyl
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acetate = 15/1] as a liquid: '"H NMR (300 MHz, CDCls) & 8.24-8.07 (m, 1H, Ar-H),
7.83 (s, 1H, Ar-H), 7.41-7.31 (m, 1H, Ar-H), 7.31-7.18 (m, 2H, Ar-H), 5.35-5.12 (m,
2H, CH=C=CH), 4.68 (dd, J; = 5.9 Hz, J> = 2.9 Hz, 2H, NCH>), 3.90 (s, 3H, OCHj3),
2.01-1.81 (m, 2H, CH,), 1.36-1.13 (m, 4H, CH, x 2), 0.85 (t, J = 6.3 Hz, 3H, CHs);
BC NMR (75 MHz, CDCIs) 6 204.6, 165.4, 136.4, 134.1, 126.8, 122.6, 121.8, 121.6,
110.2, 107.0, 94.2, 87.0, 50.8, 46.3, 31.0, 28.0, 22.0, 13.7; IR (neat) v (cm™) 3120,
3054, 2955, 2925, 2872, 1965, 1705, 1615, 1537, 1486, 1466, 1381, 1340, 1267, 1239,
1179, 1121, 1091, 1029, 1014; MS (70 ev, EI) m/z (%) 284 (M'+1, 9.91), 283 (M,
48.42), 180 (100); HRMS calcd for C 3H,;NO, [M']: 283.1572, Found: 283.1570.
3.21 Synthesis of (R,R,)-2-((5-(4-bromophenyl)penta-3,4-dien-2-yl)-1H-indol-
3-yl)ethanol (R,R,)-1u, (S,S,)-2-((5-(4-bromophenyl)penta-3,4-dien-2-yl)-1H-
indol-3-yl)ethanol (S,S,)-1u, (R,S.)-2-((5-(4-bromophenyl)penta-3,4-dien-2-yl)-1H-
indol-3-yl)-ethanol (R,S,)-1u, and (S,R,)-2-((5-(4-bromophenyl)penta-3,4-dien-2-
yD)-1H-indol-3-yl)-ethanol (S,R,)-1u (jf-5-116)

CEi O L o, CRQ CRS C&/@; @3©

(RRy)-1u (S,Sy)-1u (R, Sz)-1u (S Ry)-1u
22% vyield 19% yield

1.4 equiv. 1.2 equiv.

Following Typical Procedure 11, the reaction of CuBr;, (0.4500 g, 2.0 mmol, 99%),
a,a-diphenylprolinol (1.5482 g, 6 mmol, 98%), 9 (1.0625 g, 5 mmol)/dioxane (2 mL),
4-bromobenzaldehyde (1.2974 g, 7 mmol, 99%), and dioxane (5.5 mL) for 20 h at 70
°C afforded ((R,R,)-1u + (S,S,)-1u) (0.4172 g, 22%) (0.2329 g) and ((R,S.)-1u +
(S,R,)-1u) (0.3735 g, 19%) [first round eluent: petroleum ether/ ethyl acetate = 8/1
(450 mL) to 6/1 (500 mL) to 5/1 (500 mL); second round eluent: petroleum ether/
ethyl acetate = 8/1 (500 mL) to 5/1 (500 mL)].

((R,R.)-1u + (S,S,)-1u): liquid; "H NMR (300 MHz, CDCls) & 7.59 (d, J= 7.8 Hz, 1H,
Ar-H), 7.45-7.31 (m, 3H, Ar-H), 7.28-7.17 (m, 1H, Ar-H), 7.17-6.96 (m, 4H, Ar-H),
6.25 (dd, J, = 6.2 Hz, J, = 2.9 Hz, 1H, =CH), 5.80 (t, J = 5.9 Hz, 1H, CH=), 5.23-5.07
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(m, 1H, NCH), 3.85 (t, J = 6.5 Hz, 2H, OCH,), 3.00 (t, J = 6.3 Hz, 2H, CH,),
1.80-1.58 (m, 4H, CH; + OH); >C NMR (75 MHz, CDCls) & 204.6, 136.1, 132.6,
131.7, 128.2, 122.7, 121.7, 121.0, 119.2, 119.1, 111.6, 109.7, 98.3, 96.9, 62.6, 50.1,
28.7,20.2; IR (neat) v (cm™) 3396, 3048, 2972, 2926, 2852, 1950, 1611, 1488, 1460,
1427, 1361, 1312, 1224, 1193, 1069, 1045, 1010; MS (70 ev, EI) m/z (%) 383
M (*'Br), 8.15), 381 (M(”Br), 7.37), 363 (100); HRMS calcd for C,HyNO”’Br
[M]: 381.0728, Found: 381.0725.

((R,S2)-1u + (S,R.)-1u): liquid; "H NMR (300 MHz, CDCls) § 7.60 (d, J= 7.5 Hz, 1H,
Ar-H), 7.47-7.27 (m, 3H, Ar-H), 7.27-6.98 (m, 5H, Ar-H), 6.25 (dd, J, = 6.6 Hz, J, =
2.1 Hz, 1H, =CH), 5.77 (t, J = 6.0 Hz, 1H, CH=), 5.28-5.08 (m, 1H, NCH), 3.84 (t, J
= 6.3 Hz, 2H, OCH,), 2.99 (t, J = 6.3 Hz, 2H, CH,), 1.78-1.53 (m, 4H, CH; + OH);
3C NMR (75 MHz, CDCls) & 204.7, 136.0, 132.4, 131.7, 128.3, 128.2, 122.7, 121.7,
121.0, 119.2, 119.1, 111.5, 109.8, 98.2, 96.8, 62.6, 50.0, 28.7, 20.1; IR (neat) v (cm™)
3391, 3048, 2976, 2929, 1950, 1611, 1488, 1460, 1427, 1361, 1224, 1193, 1068, 1045,
1010; MS (70 ev, EI) m/z (%) 383 (M'(*'Br), 14.64), 381 (M'(”Br), 14.61), 212
(100); HRMS calced for C,1H,0NOBr [M]: 381.0728, Found: 381.0726.

4. Synthesis of optically active N-allenylindoles’
4.1 Synthesis of (R,)-1-(octa-2,3-dienyl)-1H-indole (R,)-1a. (jf-1-155)

Ph ) \
N+ n-CHeCHO + wph CuBr, (20 mol%) .
N dioxane, 130 °C, 12 h N\\/ n-C4He

N  OH
| H

P

1.6 equiv. 1.4 equiv. (Ry)-1a
66%, 97% ee

Following Typical Procedure I, the reaction of CuBr, (0.6823 g, 3 mmol, 99%),
(8)-a,0-diphenylprolinol (5.4215 g, 21 mmol, 98%), 1-(prop-2-ynyl)-1H-indole
(2.3249 g, 15 mmol), pentanal (2.6 mL, d = 0.81 g/mL, 2.1060 g, 24 mmol, 98%), and
dioxane (45 mL) for 12 h at 130 °C afforded (R,)-la (2.2244 g, 66%) [eluent:
petroleum ether] as a liquid: 97% ee (HPLC conditions: Chiralcel AD-H column,
n-hexane/i-PrOH = 200/1, 0.7 mL/min, A = 214 nm, #g (major) = 6.9 min, #g (minor) =
6.5 min); [a]p>’ = -38.2 (¢ = 0.945, CHCl;); '"H NMR (300 MHz, CDCl5) & 7.62 (d, J
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=7.8 Hz, 1H, Ar-H), 7.37 (dd, J, = 8.1 Hz, J, = 0.9 Hz, 1H, Ar-H), 7.20 (td, J; = 7.5
Hz, J, = 1.2 Hz, 1H, Ar-H), 7.16-7.05 (m, 2H, Ar-H), 6.49 (dd, J, = 3.0 Hz, J>, = 0.9
Hz, 1H, Ar-H), 5.32-5.13 (m, 2H, CH=C=CH), 4.70 (dd, J; = 6.2 Hz, J, = 2.9 Hz, 2H,
NCHa), 2.03-1.86 (m, 2H, CH,), 1.38-1.20 (m, 4H, CH; x 2), 0.87 (t, /= 7.1 Hz, 3H,
CHs;); BC NMR (75 MHz, CDCls) ¢ 204.5, 136.0, 128.8, 127.5, 121.3, 120.9, 119.3,
109.7, 101.3, 93.5, 87.9, 45.9, 31.1, 28.2, 22.1, 13.8; IR (neat) v (cm ') 3056, 2951,
2928, 2858, 1963, 1613, 1511, 1484, 1464, 1420, 1396, 1378, 1334, 1313, 1253,
1180, 1123, 1088, 1054, 1012; MS (70 ev, EI) m/z (%) 226 (M'+1, 3.48), 225 (M,
20.97), 130 (100); HRMS calcd for Ci6H;oN [M']: 225.1517, Found: 225.1517.

4.2 Synthesis of (R,)-1-(tetradeca-2,3-dienyl)-1H-indole (R,)-1b. (jf-2-008)

Ph . A
Ny n-C4oH21CHO + O_%ph CuBr, (20 mol%) G
N dioxane, 130 °C, 12 h N\\/ 10H21

\\E H OH

1.6 equiv. 1.4 equiv. (Ry)-1b
65%, 98% ee

Following Typical Procedure I, the reaction of CuBr; (0.3629 g, 1.6 mmol, 99%),
(8)-a,a-diphenylprolinol (2.8914 g, 11.2 mmol, 98%), 1-(prop-2-ynyl)-1H-indole
(1.2405 g, 8 mmol), undecanal (2.1831 g, 12.8 mmol), and dioxane (24 mL) for 12 h
at 130 °C afforded (R,)-1b (1.6153 g, 65%) [eluent: petroleum ether /diethyl ether =
200/11 as a liquid: 98% ee (HPLC conditions: Chiralcel OD-H column,
n-hexane/i-PrOH = 200/1, 0.7 mL/min, A = 214 nm, fg (major) = 15.4 min, fg (minor)
= 14.8 min); [a]p”" = -30.4 (¢ = 1.355, CHCl;); 'H NMR (300 MHz, CDCl;) & 7.61
(d, J=7.8 Hz, 1H, Ar-H), 7.34 (d, J = 8.1 Hz, 1H, Ar-H), 7.19 (td, J; = 7.6 Hz, J, =
1.3 Hz, 1H, Ar-H), 7.13-7.03 (m, 2H, Ar-H), 6.47 (dd, J; = 3.3 Hz, J, = 0.6 Hz, 1H,
Ar-H), 5.29-5.15 (m, 2H, CH=C=CH), 4.66 (dd, J; = 6.2 Hz, J, = 2.9 Hz, 2H, NCH,),
2.02-1.86 (m, 2H, CH,), 1.37-1.17 (m, 16H, CH; x 8), 0.88 (t, J = 6.6 Hz, 3H, CH3);
C NMR (75 MHz, CDCl3) § 204.4, 135.9, 128.7, 127.5, 121.3, 120.9, 119.3, 109.7,
101.2, 93.5, 87.9, 46.0, 31.9, 29.6, 29.4, 29.3, 29.1, 29.0, 28.6, 22.7, 14.1; IR (neat) v
(cm™) 3056, 2925, 2853, 1964, 1613, 1575, 1512, 1485, 1464, 1396, 1335, 1313,
1254, 1180, 1123, 1080, 1055, 1012; MS (70 ev, EI) m/z (%) 310 (M'+1, 3.52), 309
(M", 14.88), 130 (100); HRMS calcd for C2,H3 N [M']: 309.2457, Found: 309.2457.
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4.3 Synthesis of (R,)-1-(tetradeca-2,3,13-trienyl)-1H-indole (R,)-1c. (jf-2-065)

N Ph
CuBr, (20 mol%) N\ _
@ S R e @ o
\\ N oH dioxane, 130 °C,12h N (g
= H

1.6 equiv. 1.4 equiv. (Ra)-1c
62%, 96% ee

Following Typical Procedure I, the reaction of CuBr; (0.3621 g, 1.6 mmol, 99%),
(S)-a,0-diphenylprolinol (2.8918 g, 11.2 mmol, 98%), 1-(prop-2-ynyl)-1H-indole
(1.2391 g, 8 mmol), undecenal (2.1914 g, 12.8 mmol, 98%), and dioxane (24 mL) for
12 h at 130 °C afforded (R,)-1c (1.5325 g, 62%) [eluent: petroleum ether] as a liquid:
96% ee (HPLC conditions: Chiralcel OJ-H column, n-hexane/i-PrOH = 100/1, 1.0
mL/min, A = 214 nm, # (major) = 13.2 min, #z (minor) = 13.9 min); [a]p>° = -30.7 (c
= 1.75, CHCl3); 'H NMR (300 MHz, CDCls) § 7.62 (d, J = 7.8 Hz, 1H, Ar-H), 7.35 (d,
J=28.1Hz, 1H, Ar-H), 7.19 (td, J; = 7.6 Hz, J, = 1.0 Hz, 1H, Ar-H), 7.14-7.03 (m, 2H,
Ar-H), 6.48 (d, J = 3.0 Hz, 1H, Ar-H), 5.90-5.72 (m, 1H, CH=), 5.30-5.14 (m, 2H,
CH=C=CH), 5.05-4.88 (m, 2H, =CH,), 4.68 (dd, J; = 6.3 Hz, J, = 2.7 Hz, 2H, NCH,),
2.08-1.99 (m, 2H, CH,), 1.99-1.87 (m, 2H, CH,), 1.43-1.15 (m, 12H, CH, x 6); "°C
NMR (75 MHz, CDCls) ¢ 204.4, 139.2, 136.0, 128.7, 127.5, 121.3, 120.9, 119.3,
114.1, 109.7, 101.2, 93.5, 87.9, 46.0, 33.8, 29.4, 29.3, 29.1, 29.01, 28.96, 28.9, 28.5;
IR (neat) v (cm™) 3058, 2975, 2925, 2853, 1965, 1640, 1613, 1512, 1485, 1464, 1396,
1335, 1313, 1253, 1180, 1012; MS (70 ev, EI) m/z (%) 308 (M'+1, 6.80), 307 (M",
29.80), 130 (100); HRMS calcd for C2HoN [M']: 307.2300, Found: 307.2301.

4.4 Synthesis of (R,)-5-methoxy-1-(octa-2,3-dienyl)-1H-indole (R,)-1d (jf-1-192)

MeO
e N\ + 1CUH.CHO + E\ Pf;h CuBr; (20 mol%) m
4 dioxane, 130 °C, 12 h N \\/""n-C4H9

N N OH
H

—_—

T 1.6equiv. 1.4 equiv. (Ra)-1d
58%, 98% ee

Following Typical Procedure 1, the reaction of CuBr; (0.2736 g, 1.2 mmol,
99%), (8)-a,a-diphenylprolinol (2.1681 g, 8.4 mmol, 98%),
5-methoxy-1-(prop-2-ynyl)-1H-indole (1.1107 g, 6 mmol), pentanal (1.04 mL, d =
0.81 g/mL, 0.8424 g, 9.6 mmol, 98%), and dioxane (18 mL) for 12 h at 130 °C

S22



afforded (R,)-1d (0.8924 g, 58%) [eluent: petroleum ether/diethyl ether = 200/1] as a
liquid: 98% ee (HPLC conditions: Chiralcel OJ-H column, n-hexane/i-PrOH = 95/5,
1.0 mL/min, A = 214 nm, #z (major) = 23.9 min, fz (minor) = 21.2 min); [a]p> = -32.4
(c = 0.995, CHCl3); '"H NMR (300 MHz, CDCl3) & 7.24 (d, J = 8.7 Hz, 1H, Ar-H),
7.10-7.05 (m, 2H, Ar-H), 6.86 (dd, J; = 8.7 Hz, J> = 2.4 Hz, 1H, Ar-H), 6.40 (dd, J, =
3.2 Hz, J, = 0.8 Hz, 1H, Ar-H), 5.31-5.13 (m, 2H, CH=C=CH), 4.64 (dd, J, = 6.2 Hz,
J> = 2.9 Hz, 2H, NCH.), 3.84 (s, 3H, OCH3), 2.02-1.88 (m, 2H, CH,), 1.36-1.22 (m,
4H, CH, x 2), 0.87 (t, J = 7.1 Hz, 3H, CHs); °C NMR (75 MHz, CDCl;) & 204.4,
154.0, 131.3, 129.1, 128.1, 111.7, 110.4, 102.5, 100.7, 93.4, 88.0, 55.8, 46.2, 31.1,
28.2,22.1, 13.8; IR (neat) v (cm™) 2956, 2924, 2873, 2858, 2829, 1964, 1622, 1575,
1509, 1489, 1464, 1447, 1436, 1394, 1376, 1333, 1295, 1235, 1183, 1151, 1130,
1089, 1033; MS (70 ev, EI) m/z (%) 256 (M'+1, 8.24), 225 (M, 47.36), 212 (100);
HRMS caled for C;7H2NO [M']: 255.1623, Found: 255.1626.

4.5 Synthesis of (R,)-4-methyl-1-(octa-2,3-dienyl)-1H-indole (R,)-1e (jf-2-030)

D Ph
0,
@N: + N-C4HgCHO + [\ oy, —CuBr2 (20 mol%) \ |
dioxane, 130 °C, 12 h N\\/"'n-C4Hg

e N oH

1.6 equiv. 1.4 equiv. (Ry)-1e
60%, 98% ee

Following Typical Procedure 11, the reaction of CuBr; (0.3648 g, 1.6 mmol, 99%),
(8)-a,a-diphenylprolinol (2.8950 g, 11.2 mmol, 98%),
4-methyl-1-(prop-2-ynyl)-1H-indole (1.3546 g, 8 mmol)/dioxane (2 mL), pentanal
(1.40 mL, d = 0.81 g/mL, 1.1340 g, 12.8 mmol, 98%), and dioxane (22 mL) for 12 h
at 130 °C afforded (R,)-le (1.1896 g, 60%, 97% purity) [eluent: petroleum ether
/diethyl ether = 200/1] as a liquid: 98% ee (HPLC conditions: Chiralcel OJ-H column,
n-hexane/i-PrOH = 100/0, 1.0 mL/min, A = 214 nm, #g (major) = 26.8 min, fg (minor)
=31.9 min); [a]p> = -34.9 (¢ = 1.56, CHCLs); "H NMR (300 MHz, CDCl3) § 7.18 (d,
J=8.4Hz, 1H, Ar-H), 7.11 (d, J= 6.9 Hz, 1H, Ar-H), 7.06 (d, /= 3.3 Hz, 1H, Ar-H),
6.89 (d, J = 6.9 Hz, 1H, Ar-H), 6.48 (dd, J, = 3.2 Hz, J, = 0.8 Hz, 1H, Ar-H),
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5.27-5.13 (m, 2H, CH=C=CH), 4.62 (dd, J, = 6.2 Hz, J, = 2.9 Hz, 2H, NCH,), 2.54
(s, 3H, CHj3), 2.04-1.87 (m, 2H, CH,), 1.37-1.20 (m, 4H, CH; x 2), 0.86 (t, /= 7.1 Hz,
3H, CHj3); BC NMR (75 MHz, CDCls) 6 204.5, 135.7, 130.3, 128.7, 126.9, 121.6,
119.6, 107.3, 99.8, 93.4, 88.0, 46.1, 31.2, 28.3, 22.1, 18.7, 13.9; IR (neat) v (cm™)
3050, 2957, 2927, 2858, 1963, 1604, 1585, 1513, 1492, 1456, 1423, 1396, 1378,
1338, 1297, 1246, 1201, 1158, 1138, 1067, 1053; MS (70 ev, EI) m/z (%) 240 (M'+1,
10.43), 239 (M", 47.67), 196 (100); HRMS calcd for C;7H, N [M']: 239.1674, Found:
239.1676.

4.6 Synthesis of (R,)-6-chloro-1-(octa-2,3-dienyl)-1H-indole (R,)-1f (jf-2-061)

A\ Ph A\
CuBr, (20 mol%)
n-C4HgCHO + E\
Cl N\\J' 419 Ph Gioxane, 130°C, 12 b g N\\/ 'n-C4Hg

N OH
H

= 1.6 equiv. 1.4 equiv. (Ra)-1f
61%, 98% ee

Following Typical Procedure I, the reaction of CuBr;(0.2733 g, 1.2 mmol, 99%),
(S)-a,a-diphenylprolinol (2.1665 g, 8.4 mmol, 98%), 6-chloro
-1-(prop-2-ynyl)-1H-indole (1.1355 g, 6 mmol), pentanal (1.02 mL, d = 0.81 g/mL,
0.8424 g, 9.6 mmol, 98%), and dioxane (18 mL) for 12 h at 130 °C afforded (R,)-1f
(0.9430 g, 61%) [eluent: petroleum ether] as a liquid: 98% ee (HPLC conditions:
Chiralcel OD-H column, n-hexane/i-PrOH = 20/1, 0.6 mL/min, A = 254 nm, R
(major) = 8.5 min, #z (minor) = 8.1 min); [a]p"" = -10.2 (¢ = 1.065, CHCl;); '"H NMR
(300 MHz, CDCl3) & 7.50 (d, J = 8.4 Hz, 1H, Ar-H), 7.40-7.31 (m, 1H, Ar-H),
7.12-7.00 (m, 2H, Ar-H), 6.44 (dd, J,= 3.3 Hz, J,= 0.6 Hz, 1H, Ar-H), 5.28-5.14 (m,
2H, CH=C=CH), 4.62 (dd, J, = 5.3 Hz, J, = 3.5 Hz, 2H, NCH>), 2.02-1.86 (m, 2H,
CH,), 1.35-1.17 (m, 4H, CH, x 2), 0.86 (t, J = 7.1 Hz, 3H, CH3); °C NMR (75 MHz,
CDCls) 6 204.4, 136.4, 128.4, 127.4, 127.3, 121.7, 120.0, 109.9, 101.4, 93.9, 87.6,
46.0, 31.1, 28.2, 22.1, 13.8; IR (neat) v (cm™) 2957, 2928, 2872, 2858, 1965, 1612,
1564, 1509, 1465, 1392, 1338, 1313, 1240, 1183, 1125, 1101, 1063, 1051; MS (70 ev,
El) m/z (%) 262 (M'(C'Cl) + 1, 1.48), 261 (M'(*’CL), 9.06), 260 (M'(*°Cl) + 1, 6.15),
259 (M'(*°Cl), 27.19), 216 (100); HRMS caled for C;¢H;sN>>Cl [M']: 259.1128,
Found: 259.1126.
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4.7 Synthesis of (R,)-3-methyl-1-(octa-2,3-dienyl)-1H-indole (R,)-1g (jf-2-081)

N\ Ph
0,
+ n-C4HgCHO + >—+Ph CuBr; (20 mol%) N\
N N OH dioxane, 130 °C, 12 h N\\/""n—C4H9

— H

1.6 equiv. 1.4 equiv. (Ra)-1g
67%, 98% ee

Following Typical Procedure 11, the reaction of CuBr; (0.3646 g, 1.6 mmol, 99%),
(S)-a,a-diphenylprolinol (2.8903 g, 11.2 mmol, 98%),
3-methyl-1-(prop-2-ynyl)-1H-indole (1.3565 g, 8 mmol)/dioxane (2 mL), pentanal
(1.39 mL, d = 0.81 g/mL, 1.1259 g, 12.8 mmol, 98%), and dioxane (22 mL) for 12 h
at 130 °C afforded (R,)-1g (1.2777 g, 67%) [eluent: petroleum ether] as a liquid: 98%
ee (HPLC conditions: Chiralcel OD-H column, n-hexane/i-PrOH = 100/1, 0.5 mL/min,
A =214 nm, fg (major) = 18.8 min, fg (minor) = 17.5 min); [oc]D20 =-37.9 (c = 1.23,
CHCl); 'H NMR (300 MHz, CDCl3) & 7.55 (d, J = 5.7 Hz, 1H, Ar-H), 7.31 (d, J =
6.0 Hz, 1H, Ar-H), 7.19 (t, J = 5.4 Hz, 1H, Ar-H), 7.09 (t, J = 5.6 Hz, 1H, Ar-H), 6.88
(s, 1H, Ar-H), 5.28-5.16 (m, 2H, CH=C=CH), 4.63 (dd, J, = 4.7 Hz, J, = 2.3 Hz, 2H,
NCH;), 2.32 (s, 3H, CH3), 2.06-1.92 (m, 2H, CH), 1.36-1.22 (m, 4H, CH; x 2), 0.88
(t, J = 5.3 Hz, 3H, CH;); >C NMR (75 MHz, CDCl3) & 204.4, 136.3, 129.0, 125.2,
121.3, 118.9, 118.6, 110.4, 109.5, 93.3, 88.1, 45.7, 31.2, 28.3, 22.1, 13.9, 9.6; IR (neat)
v (em™) 3055, 2956, 2928, 2859, 1964, 1614, 1558, 1482, 1466, 1386, 1363, 1329,
1255, 1179, 1126, 1104, 1041, 1013; MS (70 ev, EI) m/z (%) 240 (M'+1, 9.23), 239
(M", 45.55), 196 (100); HRMS calcd for C;7H, N [M']: 239.1674, Found: 239.1674.
4.8 Synthesis of (R,)-1-(9-chloronona-2,3-dienyl)-3-methyl-1H-indole (R,)-1h
(jf-2-140)

@E\g [ >__<Ph CuBr, (20 mol%) N\

+ CI + Ph uBr; mol% . yCHCI

N 50 N OH dioxane, 130°C, 12h N\\/ %
\\§

1.6 equiv. 1.4 equiv.

(Ra)-1h
40%, 98% ee

Following Typical Procedure 11, the reaction of CuBr; (0.2728 g, 1.2 mmol, 99%),
(S)-a,a-diphenylprolinol (2.1683 g, 8.4 mmol, 98%),
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3-methyl-1-(prop-2-ynyl)-1H-indole  (1.0034 g, 6 mmol)/dioxane (2 mL),
6-chlorohexanal (1.2916 g, 9.6 mmol), and dioxane (16 mL) for 12 h at 130 °C
afforded (R,)-1h (0.7006 g, 40%, 97% purity) [eluent: petroleum ether/diethyl ether =
200/11 as a liquid: 98% ee (HPLC conditions: Chiralcel OD-H column,
n-hexane/i-PrOH = 100/1, 1.0 mL/min, A = 254 nm, #g (major) = 14.9 min, fg (minor)
= 15.6 min); [a]p™ = -30.3 (¢ = 0.92, CHCLs); 'H NMR (400 MHz, CDCl3) & 7.55 (d,
J=17.6 Hz, 1H, Ar-H), 7.30 (d, J = 8.4 Hz, 1H, Ar-H), 7.19 (t, J = 7.6 Hz, 1H, Ar-H),
7.09 (t, J = 7.2 Hz, 1H, Ar-H), 6.87 (s, 1H, Ar-H), 5.32-5.12 (m, 2H, CH=C=CH)),
4.63 (dd, J, = 6.4 Hz, J, = 2.8 Hz, 2H, NCH,), 3.49 (t, J = 6.8 Hz, 2H, CH,Cl), 2.32 (s,
3H, CHs), 2.00-1.91 (m, 2H, CH,), 1.76-1.67 (m, 2H, CH;), 1.44-1.27 (m, 4H, CH, x
2); °C NMR (100 MHz, CDCl3) & 204.4, 136.3, 128.9, 125.2, 121.3, 119.0, 118.6,
110.4, 109.4, 93.0, 88.4, 45.6, 45.0, 32.4, 28.3, 28.1, 26.2, 9.6; IR (neat) v (cm™) 3054,
2932, 2860, 1964, 1614, 1559, 1481, 1465, 1386, 1329, 1257, 1209, 1180, 1126, 1104,
1040, 1013; MS (70 ev, EI) m/z (%) 289 (M"(*'Cl), 9.90), 287 (M"(*°Cl), 28.45), 144
(100); HRMS calcd for CisH2,N*>Cl1 [M']: 287.1441, Found: 287.1440.

4.9 Synthesis of (R,)-3-methyl-1-(6-phenylhexa-2,3-dienyl)-1H-indole (R,)-1i
(jf-3-018)

E\ P;h CuBr, (20 mol%) @E\é o
N 4 PhCH,CH,CHO + N 130 °C, dioxane, 12 h N\\//\
N H

OH
\\§ 1.6 equiv. 1.4 equiv. (Ry)-1i
66%, 97% ee

Following Typical Procedure 11, the reaction of CuBr, (0.2727 g, 1.2 mmol, 99%),
(S)-a,a-diphenylprolinol (2.1687 g, 8.4 mmol, 98%),
3-methyl-1-(prop-2-ynyl)-1H-indole (1.0173 g, 6 mmol)/dioxane (2 mL),
3-phenylpropanal (1.3154 g, 9.6 mmol), and dioxane (16 mL) for 12 h at 130 °C
afforded (R,)-1i (1.1060 g, 66%) [eluent: petroleum ether/diethyl ether = 200/1] as a
liquid: 97% ee (HPLC conditions: Chiralcel OD-H column, n-hexane/i-PrOH = 90/10,
0.7 mL/min, A = 254 nm, tg (major) = 15.1 min, #g (minor) = 13.2 min); [a]p™ = -21.0

(c = 1.17, CHCl3); 'H NMR (300 MHz, CDCls) & 7.55 (d, J = 7.5 Hz, 1H, Ar-H),
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7.30-7.23 (m, 3H, Ar-H), 7.22-7.05 (m, 5H, Ar-H), 6.81 (s, 1H, Ar-H), 5.28-5.13 (m,
2H, CH=C=CH), 4.58-4.47 (m, 2H, NCH,), 2.59 (t, J = 7.7 Hz, 2H, CH,Ph),
2.37-2.17 (m, 5H, CH, + CH;); °C NMR (75 MHz, CDCl;) & 204.4, 141.4, 136.2,
128.9, 128.5, 128.3, 125.9, 125.2, 121.3, 119.0, 118.6, 110.4, 109.4, 92.5, 88.6, 45.4,
35.2, 30.3, 9.6; IR (neat) v (cm'l) 3084, 3057, 3026, 2916, 2858, 1965, 1614, 1603,
1579, 1555, 1496, 1481, 1466, 1454, 1386, 1329, 1257, 1209, 1180, 1126, 1104, 1077,
1031, 1013; MS (70 ev, EI) m/z (%) 288 (M'+1, 2.3), 287 (M, 7.3), 196 (100);
HRMS calcd for CyHy N [M']: 287.1674, Found: 287.1672.

4.10 Synthesis of (R,)-1-(5-ethylhepta-2,3-dienyl)-3-methyl-1H-indole (R,)-1j
(jf-3-093)

Ph
@E\é O'{*Ph CuBr, (20 mol%) @[\é
+ + - N "
N N OH  dioxane 130°C, 12h \\/
\\§

CHO

1.6 equiv. 1.4 equiv. (Ra)-1i
50%, 98% ee

Following Typical Procedure 11, the reaction of CuBr, (0.2735 g, 1.2 mmol, 99%),
(5)-a,0-diphenylprolinol (2.1690 g, 8.4 mmol, 98%),
3-methyl-1-(prop-2-ynyl)-1H-indole  (1.0122 g, 6 mmol)/dioxane (2 mL),
2-ethylbutanal (1.2 mL, d = 0.814 g/mL, 0.9917 g, 9.6 mmol, 97%), and dioxane (16
mL) for 12 h at 130 °C afforded (R,)-1j (0.7625 g, 50%) [eluent: petroleum ether] as a
liquid: 98% ee (HPLC conditions: Chiralcel OD-H column, n-hexane/i-PrOH = 200/1,
0.5 mL/min, A = 214 nm, #z (major) = 26.2 min, fx (minor) = 25.1 min); [a]p”" = -40.5
(c = 1.38, CHCl3); '"H NMR (300 MHz, CDCl3) & 7.55 (d, J= 7.8 Hz, 1H, Ar-H), 7.31
(d, J=8.1 Hz, 1H, Ar-H), 7.25-7.15 (m, 1H, Ar-H), 7.12-7.05 (m, 1H, Ar-H), 6.87 (s,
1H, Ar-H), 5.28-5.20 (m, 1H, one proton of CH=C=CH), 5.08-4.97 (m, 1H, one
proton of CH=C=CH), 4.63 (dd, J, = 6.5 Hz, J, = 2.6 Hz, 2H, NCH,), 2.31 (s, 3H,
Ar-CHj3), 1.91-1.76 (m, 1H, CH), 1.51-1.15 (m, 4H, CH; x 2), 0.84 (t, J = 7.4 Hz, 6H,
CH; x 2); >C NMR (75 MHz, CDCls) & 204.2, 136.3, 129.0, 125.2, 121.3, 118.9,
118.6, 110.4, 109.4, 97.0, 88.1, 45.8, 42.8, 27.6, 27.3, 11.6, 11.5, 9.6; IR (neat) v (cm™)
3055, 2961, 2920, 2873, 1963, 1614, 1561, 1482, 1466, 1385, 1329, 1256, 1208, 1179,
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1126, 1104, 1013, 1013; MS (70 ev, EI) m/z (%) 254 (M'+1, 3.57), 253 (M", 22.43),
224 (100); HRMS calcd for CisHysN [M+]: 253.1830, Found: 253.1829.
4.11 Synthesis of (R,)-3-ethyl-1-(octa-2,3-dienyl)-1H-indole (R,)-1k (jf-3-073)

A\ i CuBr; (20 mol%
+ 1-C4HoCHO + wph Brz (29 mot%) D
N N OH dioxane, 130 °C, 10 h N\\/""n—C4H9

H

I

1.6 equiv. 1.4 equiv. (R,)-1K
56%, 99% ee

Following Typical Procedure 11, the reaction of CuBr, (0.2745 g, 1.2 mmol, 99%),
(S)-a,a-diphenylprolinol (2.1682 g, 8.4 mmol, 98%),
3-ethyl-1-(prop-2-ynyl)-1H-indole (1.0992 g, 6 mmol)/dioxane (2 mL), pentanal (1.04
mL, d = 0.81 g/mL, 0.8424 g, 9.6 mmol, 98%), and dioxane (16 mL) for 10 h at 130
°C afforded (R,)-1k (0.8537 g, 56%) [eluent: petroleum ether/ethyl acetate = 100/1] as
a liquid: 99% ee (HPLC conditions: Chiralcel OD-H column, n-hexane/i-PrOH =
200/1, 1.0 mL/min, A = 214 nm, #g (major) = 12.7 min, #g (minor) = 12.1 min); [a]p™°
= -33.5 (¢ = 1.26, CHCl3); '"H NMR (300 MHz, CDCl3) & 7.59 (d, J = 7.8 Hz, 1H,
Ar-H), 7.31 (d, /= 8.1 Hz, 1H, Ar-H), 7.19 (t, J = 7.7 Hz, 1H, Ar-H), 7.08 (t, /= 7.5
Hz, 1H, Ar-H), 6.88 (s, 1H, Ar-H), 5.30-5.15 (m, 2H, CH=C=CH), 4.63 (dd, J;, = 6.2
Hz, J, = 2.9 Hz, 2H, NCH,), 2.77 (q, J = 7.5 Hz, 2H, Ar-CH,), 2.05-1.88 (m, 2H,
CH,), 1.39-1.21 (m, 7H, CH, x 2 + CH3), 0.88 (t, J= 7.1 Hz, 3H, CH3); >C NMR (75
MHz, CDCIls5) & 204.4, 136.4, 128.1, 124.1, 121.3, 119.0, 118.5, 117.6, 109.6, 93.3,
88.1, 45.8, 31.2, 28.3, 22.1, 18.3, 14.6, 13.9; IR (neat) v (cm™) 3055, 2960, 2929,
2871, 2856, 1964, 1614, 1557, 1481, 1467, 1418, 1392, 1371, 1333, 1314, 1270, 1207,
1177, 1128, 1105, 1063, 1013; MS (70 ev, EI) m/z (%) 254 (M'+1, 10.50), 253 (M",
61.79), 158 (100); HRMS calcd for C;sHy3N [M']: 253.1830, Found: 253.1831.

4.12 Synthesis of (R,)-3-(2-((tert-butyldimethylsilyl)oxy)ethyl)-1-(octa-2,3-dienyl)-
1H-indole (R,)-1I (jf-3-056)
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OTBS
OTBS

Ph
0,
D+ ncagoHo + [ p—(ph  _ CuBr Q0 moln)_ @EC
N\\ H OH dioxane, 130 °C, 10 h N\\/""n-C4H9

1.6 equiv. 1.4 equiv.

(Ra)-11
62%, 98% ee

Following Typical Procedure I, the reaction of CuBr; (0.3592 g, 1.6 mmol, 99%),
(S)-a,a-diphenylprolinol (2.8918 g, 11.2 mmol, 98%),
3-(2-((tert-butyldimethylsilyl)oxy)ethyl)-1-(prop-2-ynyl)-1H-indole  (2.5108 g, 8
mmol) (2 mL), pentanal (1.4 mL, d = 0.81 g/mL, 1.1232 g, 12.8 mmol, 98%), and
dioxane (22 mL) for 10 h at 130 °C afforded (R,)-11 (1.8994 g, 62%) [eluent:
petroleum ether/ethyl acetate = 100/1] as a liquid: 98% ee (HPLC conditions:
Chiralcel IB-H column, n-hexane/i-PrOH = 100/0, 1.0 mL/min, A = 214 nm, ¢z (major)
= 36.2 min, fx (minor) = 32.0 min); [a]p> = -24.1 (¢ = 1.09, CHCLs); "H NMR (300
MHz, CDCl;) 6 7.63 (d, J = 7.8 Hz, 1H, Ar-H), 7.36 (d, J = 8.1 Hz, 1H, Ar-H), 7.23
(td, Jy = 7.5 Hz, J, = 0.6 Hz, 1H, Ar-H), 7.13 (t, J = 7.4 Hz, 1H, Ar-H), 6.99 (s, 1H,
Ar-H), 5.34-5.20 (m, 2H, CH=C=CH), 4.68 (dd, J; = 5.9 Hz, J, = 3.2 Hz, 2H, NCH,),
3.90 (t, J= 7.5 Hz, 2H, CH»), 3.02 (t, J = 7.5 Hz, 2H, CH,), 2.10-1.91 (m, 2H, CH,),
1.44-1.25 (m, 4H, CH; x 2), 1.02-0.86 (m, 12H, CH3 + CHj3 x 3), 0.08 (s, 6H, CHj
2); °C NMR (75 MHz, CDCls) & 204.4, 136.2, 128.4, 125.6, 121.3, 119.0, 118.7,
111.8, 109.6, 93.3, 88.0, 64.0, 45.8, 31.2, 29.0, 28.3, 26.0, 22.1, 18.4, 13.9, -5.3; IR
(neat) v (cm™) 3056, 2928, 2856, 1965, 1615, 1555, 1469, 1386, 1360, 1332, 1255,
1215, 1174, 1093, 1053, 1013; MS (70 ev, EI) m/z (%) 384 (M'+1, 15.85), 383 (M,
51.96), 208 (100); HRMS calcd for C,4H37NOSi [M']: 383.2644, Found: 383.2643.
4.13 Synthesis of (R,)-6-chloro-3-methyl-1-(octa-2,3-dienyl)-1H-indole (R,)-1m
(f-2-190)
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Ph
N 4 1-C4HCHO + EHPh CuBr, (20 mol%) N
cl N H OH dioxane, 130 °C, 12 h cl N\\/""n-C4Hg

—

== 1.6equiv. 1.4 equiv.
(Ra)-1m
69%, 98% ee

Following Typical Procedure I, the reaction of CuBr; (0.3645 g, 1.6 mmol, 99%),
(S)-a,a-diphenylprolinol (2.8910 g, 11.2 mmol, 98%),
6-chloro-3-methyl-1-(prop-2-ynyl)-1H-indole (1.6302 g, 8 mmol)/dioxane (2 mL),
pentanal (1.4 mL, d =0.81 g/mL, 1.134 g, 12.8 mmol, 98%), and dioxane (22 mL) for
12 h at 130 °C afforded (R,)-1m (1.5115 g, 69%) [eluent: petroleum ether] as a liquid:
98% ee (HPLC conditions: Chiralcel OD-H column, n-hexane/i-PrOH = 100/1, 0.5
mL/min, A = 254 nm, fg (major) = 13.6 min, #z (minor) = 13.0 min); [a]p*’ = -15.9 (c
=1.27, CHCls); '"H NMR (300 MHz, CDCl3) § 7.43 (d, J = 8.4 Hz, 1H, Ar-H), 7.29 (s,
1H, Ar-H), 7.04 (d, J = 8.4 Hz, 1H, Ar-H), 6.83 (s, 1H, Ar-H), 5.29-5.06 (m, 2H,
CH=C=CH), 4.62-4.47 (m, 2H, NCH,), 2.27 (s, 3H, CHj3), 2.04-1.86 (m, 2H, CH,),
1.36-1.20 (m, 4H, CH, x 2), 0.93-0.81 (m, 3H, CH3); °C NMR (75 MHz, CDCls) &
204.4, 136.6, 127.6, 127.4, 126.0, 119.8, 119.2, 110.6, 109.6, 93.7, 87.7, 45.8, 31.2,
28.2, 22.1 13.9, 9.5; IR (neat) v (cm™) 2956, 2928, 2859, 1965, 1612, 1552, 1468,
1386, 1362, 1326, 1243, 1177, 1135, 1067; MS (70 ev, EI) m/z (%) 275 (M'('Cl),
24.87), 273 (M'(*°Cl), 77.10), 272 (100); HRMS calcd for C;7Hz0> CIN [M']:
273.1284, Found: 273.1283.
4.14 Synthesis of (R,)-3-chloro-5-methoxy-1-(octa-2,3-dienyl)-1H-indole (R,)-1n
(jf-3-083)

Cl Cl

MeO Ph o MeO
D+ n-C4HeCHO + O—éph CuBr, (20 mol%) \Cf\g
N H OH dioxane, 130 °C, 12 h N\\/""n-C4Hg
\\§

1.6 equiv. 1.4 equiv.
(Ra)-1n

65%, 98% ee

Following Typical Procedure Il, the reaction of CuBr, (0.2234 g, 1 mmol, 99%),
(5)-a,a-diphenylprolinol (1.8078 g, 7 mmol, 98%),

3-chloro-5-methoxy-1-(prop-2-ynyl)-1H-indole (1.0985 g, 5 mmol)/dioxane (2 mL),
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pentanal (0.87 mL, d = 0.81 g/mL, 0.7047 g, 8 mmol, 98%), and dioxane (13 mL) for
12 h at 130 °C afforded (R,)-1n (0.9410 g, 65%) [eluent: petroleum ether/ethyl acetate
= 100/1] as a liquid: 98% ee (HPLC conditions: Chiralcel OJ-H column,
n-hexane/i-PrOH = 98/2, 3.0 mL/min, A = 214 nm, #z (major) = 9.0 min, #g (minor) =
8.6 min); [a]p>’ = -34.3 (¢ = 1.165, CHCl3); 'H NMR (300 MHz, CDCl5) & 7.22 (d, J
=9.0 Hz, 1H, Ar-H), 7.05 (s, 1H, Ar-H), 7.02 (d, J = 2.7 Hz, 1H, Ar-H), 6.89 (dd, J;
=9.0 Hz, J, = 2.4 Hz, 1H, Ar-H), 5.27-5.14 (m, 2H, CH=C=CH), 4.64-4.56 (m, 2H,
NCH,), 3.87 (s, 3H, OCHs), 2.02-1.85 (m, 2H, CH,), 1.35-1.20 (m, 4H, CH; x 2),
0.87 (t, J = 6.6 Hz, 3H, CHs); C NMR (75 MHz, CDCls) & 204.5, 154.5, 130.3,
126.3, 124.5, 113.3, 111.0, 104.1, 99.4, 93.8, 87.6, 55.8, 46.2, 31.1, 28.2, 22.1, 13.8;
IR (neat) v (cm™) 3123, 2956, 2929, 2858, 1964, 1624, 1575, 1488, 1451, 1388, 1334,
1292, 1252, 1220, 1177, 1126, 1089, 1035; MS (70 ev, EI) m/z (%) 292 (M*C'Cl) + 1,
1.35), 291 (M*C'CI), 6.66), 290 (M'(*°Cl) + 1, 4.55), 289 (M'(*°Cl), 20.64), 254
(100); HRMS calcd for C17H,0NO**CI [M']: 289.1233, Found: 289.1235.

4.15 Synthesis of (R,)-3-methyl-1-(4-phenylbuta-2,3-dienyl)-1H-indole (R,)-10
(jf-2-153)

Ph
A\ ph _ CuBr; (40 mol%) N
+ PhCHO + , S .
N N OH dioxane, 70°C, 24 h N\\/ Ph

_ _ N
T 1.4 equiv. 1.2 equiv.

(Ra)-10
47%, 99% ee

Following Typical Procedure 111, the reaction of CuBr; (0.7280 g, 3.2 mmol, 99%),
(S)-a,a-diphenylprolinol (2.4288 g, 9.6 mmol, 98%),
3-methyl-1-(prop-2-ynyl)-1H-indole  (1.3524 g, 8 mmol)/dioxane (2 mL),
benzaldehyde (1.1872 g, 11.2 mmol), and dioxane (10 mL) for 24 h at 70 °C afforded
(Ra)-10 (0.9693 g, 47%) [eluent: petroleum ether] as a liquid: 99% ee (HPLC
conditions: Chiralcel AD-H column, n-hexane/i-PrOH = 99/1, 0.7 mL/min, A = 214
nm, #z (major) = 8.4 min, fz (minor) = 7.7 min); [a]p> = -192.0 (¢ = 0.835, CHCl3);
'H NMR (400 MHz, CDCl3) § 7.57 (d, J = 8.0 Hz, 1H, Ar-H), 7.35-7.17 (m, 7H,
Ar-H), 7.12 (t, J= 7.4 Hz, 1H, Ar-H), 6.92 (s, 1H, Ar-H), 6.28 (dt, J; = 6.1 Hz, J, =
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2.6 Hz, 1H, CH=), 5.70 (q, J = 6.7 Hz, 1H, CH=), 4.77 (dd, J, = 6.8 Hz, J, = 2.4 Hz,
2H, NCH,), 2.32 (s, 3H, CHs); *C NMR (100 MHz, CDCl3) & 205.7, 136.2, 133.5,
129.1, 128.6, 127.3, 127.0, 125.1, 121.6, 119.1, 118.8, 110.9, 109.5, 96.4, 92.2, 45.3,
9.6; IR (neat) v (cm™) 3054, 3030, 2916, 2860, 1950, 1614, 1595, 1557, 1495, 1481,
1464, 1386, 1328, 1265, 1178, 1126, 1102, 1071, 1040, 1012; MS (70 ev, EI) m/z (%)
260 (M'+1, 10.67), 259 (M, 54.40), 144 (100); HRMS calcd for CjoH7N [M']:
259.1361, Found: 259.1359.

4.16 Synthesis of (R,)-1-(4-(2-bromophenyl)buta-2,3-dienyl)-3-methyl-1H-indole
(R.)-1p (jf-2-169)

P
@E@ w CuBr, (40 mol%) \ QBT
oOH dioxane, 70 °C, 24 h ’

1 4 equiv. 1.2 equiv.

(Ra)-1P
14%, 96% ee

Following Typical Procedure 111, the reaction of CuBr; (0.7280 g, 3.2 mmol, 99%),
(S)-a,a-diphenylprolinol (2.4290 g, 9.6 mmol, 98%),
3-methyl-1-(prop-2-ynyl)-1H-indole (1.3523 g, 8 mmol)/dioxane (2 mL),
2-bromobenzaldehyde (2.1842 g, 11.2 mmol, 95%), and dioxane (10 mL) for 24 h at
70 °C afforded (R,)-1p (0.3916 g, 14%) [eluent: petroleum ether] as a liquid: 96% ee
(HPLC conditions: Chiralcel OD-H column, n-hexane/i-PrOH = 90/10, 0.7 mL/min, A
= 254 nm, tg (major) = 21.0 min, g (minor) = 20.0 min); [a]D20 =-101.4 (c = 0.93,
CHCl;); 'H NMR (300 MHz, CDCl3) & 7.57 (d, J = 7.8 Hz, 1H, Ar-H), 7.51 (d, J =
8.1 Hz, 1H, Ar-H), 7.34-7.25 (m, 2H, Ar-H), 7.22-7.08 (m, 3H, Ar-H), 7.07-6.98 (m,
1H, Ar-H), 6.89 (s, 1H, Ar-H), 6.74 (dt, J; = 6.6 Hz, J, = 2.4 Hz, 1H, ArCH=), 5.71 (q,
J=6.7 Hz, 1H, CH=), 4.76 (dd, J, = 6.9 Hz, J, = 2.4 Hz, 2H, NCH,), 2.32 (s, 3H,
CH3); C NMR (75 MHz, CDCl3) & 206.5, 136.2, 133.0, 132.9, 129.1, 128.65, 128.56,
127.4, 125.1, 122.6, 121.6, 119.1, 118.9, 111.1, 109.4, 95.5, 92.4, 45.1, 9.6; IR (neat)
v (em™) 3054, 2915, 2884, 2859, 1951, 1614, 1587, 1561, 1465, 1439, 1401 1385,
1363, 1328, 1287, 1260, 1178, 1123, 1022; MS (70 ev, EI) m/z (%) 339 (M'(*'Br),
28.78), 337 (M'(”Br), 29.02), 168 (100); HRMS caled for C;oH;(N”Br [M']:
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337.0466, Found: 337.0466.
4.17 Synthesis of (R,)-1-(4-(4-fluorophenyl)buta-2,3-dienyl)-3-methyl-1H-indole
(R.)-1q (jf-3-031)

@E\g E\ PL\) . _CuBr, (40 mol%) @E@
N + + N dioxane, 70 °C,24h
L N
—

OH

( a)'1q
1.4 equiv. 1.2 equiv. 44%, 98% ee

Following Typical Procedure 111, the reaction of CuBr, (0.5436 g, 2.4 mmol, 99%),
(8)-a,a-diphenylprolinol (1.8543 g, 7.2 mmol, 98%),
3-methyl-1-(prop-2-ynyl)-1H-indole (1.0105 g, 6 mmol)/dioxane (2 mL),
4-fluorobenzaldehyde (1.0429 g, 8.4 mmol, 99%), and dioxane (7 mL) for 24 h at 70
°C afforded (R,)-1q (0.7275 g, 44%) [eluent: petroleum ether/ethyl acetate = 200/1] as
a liquid: 98% ee (HPLC conditions: Chiralcel IA-H column, n-hexane/i-PrOH =
100/1, 0.5 mL/min, A = 254 nm, #g (major) = 11.4 min, #g (minor) = 11.0 min); [a]p™
= -174.4 (¢ = 1.3, CHCL); '"H NMR (300 MHz, CDCl3) § 7.57 (d, J = 7.5 Hz, 1H,
Ar-H), 7.30 (d, J = 7.8 Hz, 1H, Ar-H), 7.24-7.08 (m, 4H, Ar-H), 6.97 (t, J = 8.7 Hz,
2H, Ar-H), 6.90 (s, 1H, Ar-H), 6.24 (dt, J; = 6.3 Hz, J, = 2.6 Hz, 1H, CH=), 5.69 (q, J
= 6.6 Hz, 1H, CH=), 4.76 (dd, J, = 6.6 Hz, J, = 2.4 Hz, 2H, NCH>), 2.32 (s, 3H, CHs);
BC NMR (75 MHz, CDCl3) & 205.4 (d, J = 2.0 Hz), 162.0 (d, J = 244.7 Hz), 136.2,
129.4 (d, J = 3.5 Hz), 129.1, 128.4 (d, J = 8.3 Hz), 125.1, 121.6, 119.1, 118.8, 115.5
(d, J=21.4 Hz), 111.0, 109.4, 95.5, 92.4, 45.3, 9.6; '°’F NMR (282 MHz, CDCl5) &
-115.2; IR (neat) v (cm™) 3048, 2917, 2887, 2861, 1950, 1886, 1680, 1604, 1505,
1481, 1464, 1386, 1328, 1299, 1264, 1226, 1178, 1156, 1126, 1092, 1041, 1013; MS
(70 ev, EI) m/z (%) 278 (M'+1, 17.45), 277 (M", 91.01), 144 (100); HRMS calcd for
C19HsNF [M"]: 277.1267, Found: 277.1267.

4.18 Synthesis of (R,)-1-(4-(4-bromophenyl)buta-2,3-dienyl)-3-methyl-1H-indole
(R,)-1r (jf-3-016)
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Br
©\/\€ . Pgh CuBr; (40 mol%) @
N * [N iOH dioxane, 70 °C, 24 h ©\/\€ 4
\\Q CHO H N> N\\/‘H
1.4 equiv. 1.2 equiv.
(Ra)-1r
37%, 98% ee
Following Typical Procedure 11, the reaction of CuBr;, (0.5472 g, 2.4 mmol, 99%),
(8)-a,a-diphenylprolinol (1.8591 g, 7.2 mmol, 98%),
3-methyl-1-(prop-2-ynyl)-1H-indole (1.0145 g, 6 mmol)/dioxane (2 mL),
4-bromobenzaldehyde (1.5543 g, 8.4 mmol, 99%), and dioxane (7 mL) for 24 h at 70
°C afforded (R,)-1r (0.7435 g, 37%) [eluent: petroleum ether (800 mL) to petroleum
ether/diethyl ether = 200/1 (800 mL)] as a liquid: 98% ee (HPLC conditions:
Chiralcel IA-H column, n-hexane/i-PrOH = 95/5, 0.7 mL/min, A = 214 nm, g (major)
= 6.9 min, 7z (minor) = 6.6 min); [a]p> = -153.7 (¢ = 1.065, CHCl;); 'H NMR (300
MHz, CDCls) & 7.53 (d, J = 7.8 Hz, 1H, Ar-H), 7.31 (d, J = 8.4 Hz, 2H, Ar-H),
7.25-7.05 (m, 3H, Ar-H), 6.96 (d, J = 8.4 Hz, 2H, Ar-H), 6.77 (s, 1H, Ar-H),
6.13-6.04 (m, 1H, CH=), 5.58 (q, J/ = 6.5 Hz, 1H, CH=), 4.61 (dd, J; = 6.9 Hz, J, =
2.4 Hz, 2H, NCH,), 2.28 (s, 3H, CH3); *C NMR (75 MHz, CDCl;) & 205.5, 136.1,
132.4, 131.6, 129.0, 128.4, 125.0, 121.5, 120.8, 119.0, 118.8, 110.9, 109.3, 95.6, 92.5,
44.9, 9.5; IR (neat) v (cm™") 3046, 2915, 2885, 2859, 1951, 1614, 1586, 1559, 1487,
1464, 1386, 1363, 1328, 1262, 1177, 1126, 1095, 1069, 1042, 1010; MS (70 ev, EI)
m/z (%) 339 M'(¥'Br), 21.61), 337 (M'(”Br), 20.59), 168 (100); HRMS calcd for
CioH16N”’Br [M']: 337.0466, Found: 337.0468.
4.19 Synthesis of (R,)-1-(4-(4-bromophenyl)buta-2,3-dienyl)-3-(2-((tert-butyldi-

methylsilyl)oxy)ethyl)-1H-indole (R,)-1s (jf-3-086)
OTBS

CHO
Ph  CuBr, (40 mol%)
\ + + Ph - \
N OH dioxane, 70 °C, 24 h _
N H N "y
Br Br

—

1.4 equiv. 1.2 equiv. (R.)-1s

32%, 99% ee
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Following Typical Procedure 111, the reaction of CuBr, (1.0820 g, 4.8 mmol, 99%),
(8)-a,a-diphenylprolinol (3.7166 g, 14.4 mmol, 98%),
3-(2-((tert-butyldimethylsilyl)oxy)ethyl)-1-(prop-2-ynyl)-1H-indole (3.7652 g, 12
mmol)/dioxane (2 mL), 4-bromobenzaldehyde (3.1388 g, 16.8 mmol, 99%), and
dioxane (16 mL) for 24 h at 70 °C afforded (R,)-1s (1.8278 g, 32%) [eluent: petroleum
ether/diethyl ether = 50/1] as a liquid: 99% ee (HPLC conditions: Chiralcel [A-H
column, n-hexane/i-PrOH = 200/1, 0.7 mL/min, A = 254 nm, #g (major) = 9.5 min, #g
(minor) = 9.0 min); [a]p™ = -111.3 (¢ = 0.87, CHCL;); '"H NMR (300 MHz, CDCl;) &
7.62 (d,J=28.1 Hz, 1H, Ar-H), 7.42 (d, J= 8.1 Hz, 2H, Ar-H), 7.32 (d, /= 8.1 Hz, 1H,
Ar-H), 7.22 (t, J = 7.5 Hz, 1H, Ar-H), 7.18-7.05 (m, 3H, Ar-H), 6.99 (s, 1H, Ar-H),
6.29-6.16 (m, 1H, =CH), 5.73 (q, J = 6.6 Hz, 1H, CH=), 4.80 (dd, J; = 6.8 Hz, J, =
2.6 Hz, 2H, NCH,), 3.86 (t, J = 7.4 Hz, 2H, CH,), 3.00 (t, J = 7.4 Hz, 2H, CH,), 0.93
(m, 9H, CHj; x 3), 0.06 (s, 6H, CH; x 2); >C NMR (75 MHz, CDCl3) & 205.7, 136.0,
132.4, 131.7, 128.52, 128.46, 125.5, 121.6, 121.0, 119.2, 119.0, 112.4, 109.5, 95.8,
92.6, 63.9, 45.1, 28.9, 26.0, 18.4, -5.3; IR (neat) v (cm™) 3055, 2953, 2927, 2856,
1952, 1613, 1583, 1488, 1465, 1387, 1360, 1332, 1254, 1174, 1094, 1010; MS (70 ev,
EI) m/z (%) 484 (M (®'Br) + 1, 5.26), 483 (M'(®'Br), 10.68), 482 (M*("Br) + 1, 3.84),
481 (M'("Br), 16.21), 167 (100); HRMS calcd for CoHs, ”BrNOSi [M]: 481.1437,
Found: 481.1435.

4.20 Synthesis of methyl (R,)-1-(octa-2,3-dienyl)-1H-indole-3-carboxylate (R,)-1t
(gf-3-111)

COyMe o CO,Me
CuBr; (20 mol%)
@E\g ¢ nCaHgcHo + [ )—=Ph — - b
N H OH dioxane, 130°C, 10 h N\\/-,Iln_C4H9
\\§
1.6 equiv. 1.4 equiv. (Ry)-1t

61%, 98% ee

Following Typical Procedure 11, the reaction of CuBr, (0.2725 g, 1.2 mmol, 99%),
(5)-a,0-diphenylprolinol (2.1681 g, 8.4 mmol, 98%), methyl

S 35



1-(prop-2-ynyl)-1H-indole-3-carboxylate (1.2782 g, 6 mmol)/dioxane (2 mL),
pentanal (1.04 mL, d = 0.81 g/mL, 0.8424 g, 9.6 mmol, 98%), and dioxane (16 mL)
for 10 h at 130 °C afforded (R,)-1t (1.0435 g, 61%) [eluent: petroleum ether/ ethyl
acetate = 15/1] as a liquid: 98% ee (HPLC conditions: Chiralcel OD-H column,
n-hexane/i-PrOH = 90/10, 0.5 mL/min, A = 214 nm, #g (major) = 25.6 min, fg (minor)
= 26.7 min); [a]p”’ = -45.3 (¢ = 1.19, CHCLy); '"H NMR (300 MHz, CDCl;) &
8.22-8.13 (m, 1H, Ar-H), 7.84 (s, 1H, Ar-H), 7.41-7.31 (m, 1H, Ar-H), 7.31-7.22 (m,
2H, Ar-H), 5.32-5.17 (m, 2H, CH=C=CH), 4.69 (dd, J, = 6.2 Hz, J, = 2.9 Hz, 2H,
NCH,), 3.90 (s, 3H, OCHs), 2.00-1.82 (m, 2H, CH), 1.34-1.13 (m, 4H, CH; x 2),
0.85 (t, J = 7.1 Hz, 3H, CH3); >C NMR (75 MHz, CDCl3) § 204.7, 165.4, 136.5,
134.1, 126.8, 122.6, 121.8, 121.7, 110.2, 107.1, 94.2, 87.0, 50.9, 46.4, 31.0, 28.1, 22.0,
13.8; IR (neat) v (cm™) 3120, 3054, 2951, 2928, 2856, 1965, 1698, 1615, 1533, 1487,
1465, 1380, 1339, 1266, 1237, 1177, 1121, 1090, 1031; MS (70 ev, EI) m/z (%) 284
(M'+1, 10.12), 283 (M, 49.94), 224 (100); HRMS calcd for C;sH,NO, [M']:
283.1572, Found: 283.1573.

4.21 Synthesis of (R, R,)-2-((5-(4-bromophenyl)penta-3,4-dien-2-yl)-1H-indol-3-yl
)ethanol (R, R,)-1u and (S, R,)-2-((-5-(4-bromophenyl)penta-3,4-dien-2-yl)-1H-
indol-3-yl)ethanol (S, R,)-1u (jf-5-117)

OH Br .
CHO HO o
O—Qph CuBr, (40 mol%)
Ph ubra mol%

D ¥ TSN OH dioxane, 70°C, 24 h A\ Z + N\ 2
N H N H N H
)\\ Br \
9 1.4 equiv. 1.2 equiv.

(R, Ry)-1u (S, R.)-1u
20% yield, 98% ee 19% yield, 99% ee

Following Typical Procedure 11, the reaction of CuBr;, (0.6300 g, 2.8 mmol, 99%),
(8)-a,0-diphenylprolinol (2.1657 g, 8.4 mmol, 98%), 9 (1.4754 g, 7 mmol)/dioxane (2
mL), 4-bromobenzaldehyde (1.8330 g, 9.8 mmol, 99%), and dioxane (8.5 mL) for 24
h at 70 °C afforded (R, R,)-1u (0.5117 g), (S, R.)-1u (0.2574 g), mixture of [(R, R,)-1u
and (S, R,)-1u] (0.2675 g) [eluent: petroleum ether/ ethyl acetate = 8/1 (450 mL) to
6/1 (500 mL) to 5/1 (500 mL)], then the mixture was purified by column
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chromatography on silica gel again to afford (R, R,)-1u (0.0210 g) and (S, R,)-1u (0.
2408 g) [eluent: petroleum ether/ ethyl acetate = 8/1 (500 mL) to 5/1 (500 mL)]

(R, R,)-1u (0.5327 g, 20%) as a liquid: 98% ee (HPLC conditions: Chiralcel OD-H
column, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A = 254 nm, tg (major) = 17.6 min, tg
(minor) = 21.1 min); [a]p™ = -32.4 (¢ = 0.875, CHCls); "H NMR (300 MHz, CDCl;) &
7.60 (d, J = 7.8 Hz, 1H, Ar-H), 7.46-7.35 (m, 3H, Ar-H), 7.27-7.18 (m, 1H, Ar-H),
7.16-7.03 (m, 4H, Ar-H), 6.27 (dd, J, = 6.5 Hz, J, = 2.9 Hz, 1H, =CH), 5.81 (t, J=6.2
Hz, 1H, CH=), 5.27-5.10 (m, 1H, NCH), 3.87 (t, J = 6.3 Hz, 2H, OCH,), 3.02 (t, J =
6.5 Hz, 2H, CH,), 1.68 (d, J = 6.9 Hz, 3H, CH3), 1.57 (s, 1H, OH); °C NMR (75
MHz, CDCls) & 204.6, 136.2, 132.6, 131.8, 128.3, 122.7, 121.8, 121.0, 119.3, 119.1,
111.6, 109.8, 98.4, 97.0, 62.6, 50.1, 28.8, 20.3; IR (neat) v (cm™") 3391, 3048, 2976,
2930, 1950, 1611, 1488, 1461, 1427, 1360, 1312, 1224, 1194, 1069, 1045, 1010; MS
(70 ev, EI) m/z (%) 383 (M'(*'Br), 7.30), 381 (M"(”Br), 5.85), 363 (100); HRMS
caled for C,1H,0NOBr [M']: 381.0728, Found: 381.0728.

(S, R,)-1u (0.4982 g, 19%) as a liquid: 99% ee (HPLC conditions: Chiralcel OD-H
column, n-hexane/i-PrOH = 90/10, 1.0 mL/min, A = 254 nm, tg (major) = 35.9 min, tg
(minor) = 18.2 min); [a]p*" = -275.8 (¢ = 1.030, CHCls); 'H NMR (300 MHz, CDCl5)
8 7.61 (d, J="7.8 Hz, 1H, Ar-H), 7.46-7.29 (m, 3H, Ar-H), 7.26-7.00 (m, 5H, Ar-H),
6.27 (dd, J; = 6.5 Hz, J, = 2.6 Hz, 1H, =CH), 5.79 (t, J = 6.0 Hz, 1H, CH=), 5.30-5.10
(m, 1H, NCH), 3.96-3.77 (m, 2H, OCH,), 3.01 (t, J = 6.5 Hz, 2H, CH,), 1.67 (d, J =
6.6 Hz, 3H, CH;), 1.51 (s, 1H, OH); °C NMR (75 MHz, CDCl;) & 204.8, 136.1,
132.4,131.8, 128.4, 128.3, 122.8, 121.8, 121.0, 119.3, 119.1, 111.6, 109.8, 98.2, 96.8,
62.6, 50.1, 28.8, 20.1; IR (neat) v (cm™) 3391, 3048, 2976, 2929, 1950, 1611, 1488,
1460, 1427, 1361, 1224, 1193, 1068, 1045, 1010; MS (70 ev, EI) m/z (%) 383
M"(*'Br), 13.20), 381 (M (”Br), 13.20), 212 (100); HRMS calcd for C;HyoNO”’Br
[M']: 381.0728, Found: 381.0729.

5. Gold(l) catalyzed cyclization of racemic N-allenylindoles
5.1 Synthesis of 9-butyl-6,9-dihydropyrido[1,2-a]indole rac-2a (jf-2-026)
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IPrAuClI (3 mol%) n-C,H
N \\/”'C4H9 CHClg, 1t, 12 h N
N>

rac-2a
71%

rac-la

Typical Procedure IV: To an oven-dried Schlenk tube were added IPrAuCl
(0.0197 g, weighed in a glove box, 0.03 mmol, 95%), AgSbF¢ (0.0105 g, weighed in a
glove box, 0.03 mmol, 98%), rac-1a (0.2554 g, 1 mmol), and CHCl; (5 mL) under
nitrogen atmosphere sequentially. The reaction was complete after being stirred at
room temperature for 12 h as monitored by TLC. After filtration through a short
column of silica gel (3 cm % 2 c¢cm) [eluent: DCM (8 mL x 4)] and evaporation, the
crude product was purified by column chromatography on silica gel to afford rac-2a
(0.1600 g, 71%) [eluent: petroleum ether] as a powder solid: m.p. 39.2-42.9 °C
(without recrystallization); '"H NMR (300 MHz, CDCl3) & 7.62-7.55 (m, 1H, Ar-H),
7.30 (d, J = 7.5 Hz, 1H, Ar-H), 7.22-7.08 (m, 2H, Ar-H), 6.35-6.25 (m, 1H, Ar-H),
6.09-5.94 (m, 2H, =CH x 2), 4.63-4.52 (m, 2H, NCH,), 3.79-3.66 (m, 1H, CH),
1.87-1.70 (m, 2H, CH,), 1.43-1.17 (m, 4H, CH, x 2), 0.94-0.79 (m, 3H, CH3); "°C
NMR (75 MHz, CDCls) 6 138.5, 135.5, 128.3, 127.6, 120.2, 120.1, 119.8, 108.8, 96.8,
41.8, 36.4, 34.2, 28.0, 22.8, 14.0; IR (KBr) v (cm™) 3043, 2956, 2929, 2858, 1667,
1541, 1472 1456, 1420, 1362, 1329, 1315, 1225, 1184, 1169, 1014; MS (70 ev, EI)
m/z (%) 226 (M'+1, 9.74), 225 (M", 46.55), 168 (100); HRMS calcd for C;sH N
[M']: 225.1517, Found: 225.1519.
5.2 Synthesis of 9-decyl-6,9-dihydropyrido[1,2-a]indole rac-2b (jf-2-012)

IPrAuCI (3 mol%) hCaH
@ . AgSbFs (3 mol%) N 10
N\\/\n' 10H21 CHC|3, rt, 12 h N /

N,

rac-2b

rac-1b 68%

Following Typical Procedure 1V, the reaction of IPrAuCl(0.0195 g, 0.03 mmol,
95%), AgSbF¢ (0.0106 g, 0.03 mmol, 98%), rac-1b (0.3099 g, 1 mmol), and CHCI; (5

mL) for 12 h at room temperature afforded rac-2b (0.2116 g, 68%) [eluent: petroleum
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ether/diethyl ether = 100/1] as a liquid: '"H NMR (300 MHz, CDCl;) & 7.59 (d, J= 7.2
Hz, 1H, Ar-H), 7.29 (d, J = 7.8 Hz, 1H, Ar-H), 7.21-7.07 (m, 2H, Ar-H), 6.32 (s, 1H,
Ar-H), 6.10-5.92 (m, 2H, =CH x 2), 4.67-4.52 (m, 2H, NCH,), 3.78-3.65 (m, 1H,
CH), 1.88-1.70 (m, 2H, CHy), 1.44-1.15 (m, 16H, CH; x 8), 0.88 (t, /= 6.6 Hz, 3H,
CHs;); BC NMR (75 MHz, CDCls) ¢ 138.5, 135.5, 128.3, 127.6, 120.2, 120.1, 119.8,
108.8, 96.8, 41.8, 36.7, 34.3, 31.9, 29.8, 29.6, 29.58, 29.53, 29.3, 25.8, 22.7, 14.1; IR
(neat) v (cm'l) 3042, 2924, 2854, 1667, 1541, 1471, 1456, 1421, 1362, 1315, 1227,
1185, 1170, 1012; MS (70 ev, EI) m/z (%) 310 (M'+1, 8.77), 309 (M", 38.48), 168
(100); HRMS calcd for C;H3N [M']: 309.2457, Found: 309.2458.

5.3 Synthesis of 9-(dec-9-enyl)-6,9-dihydropyrido[1,2-a]indole rac-2c (jf-2-037)

IPrAuClI (3 mol%)
©\/> ~_ AgSbFs (3 mol%)
\\/\‘/\ CHCI3 rt, 12 h

rac-2c
72%

rac-1c

Following Typical Procedure IV, the reaction of IPrAuCl (0.0195 g, 0.03 mmol,
95%), AgSbFe (0.0104 g, 0.03 mmol, 98%), rac-1c (0.3101 g, 1 mmol), and CHCl; (5
mL) for 12 h at room temperature afforded rac-2c (0.2385 g, 72%, 93% purity)
[eluent: petroleum ether] as a liquid: "H NMR (300 MHz, CDCl3) § 7.57 (d, J = 6.6
Hz, 1H, Ar-H), 7.24 (d, /= 7.8 Hz, 1H, Ar-H), 7.18-7.05 (m, 2H, Ar-H), 6.29 (s, 1H,
ArH), 6.02-5.88 (m, 2H, =CH x 2), 5.86-5.70 (m, 1H, CH=), 5.03-4.87 (m, 2H,
=CH,), 4.56-4.46 (m, 2H, NCH,), 3.74-3.58 (m, 1H, CH), 2.07-1.95 (m, 2H, CH,),
1.81-1.69 (m, 2H, CH,), 1.40-1.19 (m, 12H, CH, x 6); °C NMR (75 MHz, CDCl;) &
139.1, 138.3, 135.4, 128.3, 127.5, 120.2, 120.1, 119.7, 114.1, 108.7, 96.8, 41.7, 36.6,
34.2,33.7,29.7, 29.43, 29.41, 29.0, 28.8, 25.8; IR (neat) v (cm™) 3044, 2926, 2854,
1668, 1640, 1612, 1539, 1471, 1456, 1418, 1362, 1316, 1227, 1185, 1170, 1151; MS
(70 ev, EI) m/z (%) 308 (M'+1, 7.47), 307 (M", 32.57), 168 (100); HRMS calcd for
CaHaoN [M']: 307.2300, Found: 307.2398.

5.4 Synthesis of 9-butyl-2-methoxy-6,9-dihydropyrido[1,2-a]indole rac-2d
(jf-2-004)
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MeO IPrAuCI (3 mol%) MeO -C.H
m AgSbFg (3 mol%) \ aHo
N n-C4Hg  CHCI5, 1it, 12 h N
N, /

rac-2d
78%

rac-1d
Following Typical Procedure 1V, the reaction of IPrAuCl (0.0196 g, 0.03 mmol,
95%), AgSbF¢ (0.0105 g, 0.03 mmol, 98%), rac-1d (0.2526 g, 1 mmol), and CHCI; (5
mL) for 12 h at room temperature afforded rac-2d (0.1971 g, 78%) [eluent: petroleum
ether/diethyl ether = 100/1 to 50/1] as a powder solid: m.p. 82.1-84.5 °C (without
recrystallization); 'H NMR (300 MHz, CDCl3) 6 7.16 (d, J = 9.0 Hz, 1H, Ar-H), 7.06
(d, J=2.1 Hz, 1H, Ar-H), 6.82 (dd, J, = 8.7 Hz, J, = 2.4 Hz, 1H, Ar-H), 6.24 (s, 1H,
Ar-H), 6.06-5.91 (m, 2H, =CH x 2), 4.59-4.46 (m, 2H, NCH,), 3.85 (s, 3H, OCH3),
3.74-3.62 (m, 1H, CH), 1.85-1.70 (m, 2H, CH,), 1.40-1.16 (m, 4H, CH, x 2), 0.86 (t,
J = 6.9 Hz, 3H, CH;); >C NMR (75 MHz, CDCl3) & 154.3, 139.1, 130.8, 128.6,
127.4, 120.1, 110.1, 109.4, 101.9, 96.4, 55.9, 41.8, 36.3, 34.3, 27.9, 22.8, 14.0; IR
(KBr) v (cm™) 2957, 2925, 2857, 1617, 1483, 1450, 1425, 1367, 1349, 1333, 1320,
1280, 1237, 1210, 1185, 1166, 1138, 1122, 1032; MS (70 ev, EI) m/z (%) 256 (M'+1,
5.20), 255 (M", 30.22), 198 (100); HRMS calcd for C7H;NO [M']: 255.1623,
Found: 255.1621.
5.5 Synthesis of 9-butyl-1-methyl-6,9-dihydropyrido[1,2-a]indole rac-2e (jf-2-045)

IPrAuCl (3 mol%)

N\ AgSbFg (3 mol%) A\ n-C4Hg
N n_C4H9 CHC|3, rt, 12 h N
N, J
rac-1e rac-2e

77%

Following Typical Procedure IV, the reaction of IPrAuCl(0.0194 g, 0.03 mmol,
95%), AgSbF¢ (0.0106 g, 0.03 mmol, 98%), rac-1e (0.2368 g, 1 mmol), and CHCI; (5
mL) for 12 h at room temperature afforded rac-2e (0.1900 g, 77%, 96% purity)
[eluent: petroleum ether] as a liquid: '"H NMR (300 MHz, CDCls) & 7.18-7.03 (m, 2H,
Ar-H), 6.92 (d, J = 6.9 Hz, 1H, Ar-H), 6.32 (s, 1H, Ar-H), 6.12-5.92 (m, 2H, =CH x
2), 4.66-4.52 (m, 2H, NCH,), 3.80-3.64 (m, 1H, CH), 2.55 (s, 3H, CHj3), 1.88-1.72
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(m, 2H, CH,), 1.42-1.18 (m, 4H, CH,x 2), 0.87 (t, J = 6.9 Hz, 3H, CHs); °C NMR
(75 MHz, CDCl;) 6 137.9, 135.1, 129.2, 128.1, 127.6, 120.4, 120.2, 120.0, 106.4,
95.3, 41.9, 36.5, 34.3, 28.0, 22.8, 18.7, 14.0; IR (neat) v (cm'l) 3044, 2956, 2929,
2858, 1668, 1585, 1538, 1495, 1456, 1429, 1362, 1319, 1240, 1174, 1155, 1101,
1079, 1032; MS (70 ev, EI) m/z (%) 240 (M'™+1, 6.58), 239 (M", 30.01), 182 (100);
HRMS calcd for C17Ho N [M]: 239.1674, Found: 239.1673.

5.6 Synthesis of 9-butyl-3-chloro-6,9-dihydropyrido[1,2-a]indole rac-2f (jf-2-107)

IPrAuCI (3 mol%) C.H
m AgSbFg (3 mol%) N 4o
Cl N\\/\ n-Cale ™"iic it 12h  Cl N

N,

rac-2f
84%

rac-1f
Following Typical Procedure IV, the reaction of IPrAuCl(0.0196 g, 0.03 mmol,
95%), AgSbF¢ (0.0104 g, 0.03 mmol, 98%), rac-1f (0.2604 g, 1 mmol), and CHCl; (5
mL) for 12 h at room temperature afforded rac-2f (0.2252 g, 84%, 98% purity)
[eluent: petroleum ether] as a powder solid: m.p. 53.4-55.4 °C (without
recrystallization); "H NMR (300 MHz, CDCls) 6 7.45 (d, J = 8.7 Hz, 1H, Ar-H), 7.24
(s, 1H, Ar-H), 7.06 (dd, J, = 8.3 Hz, J, = 2.0 Hz, 1H, Ar-H), 6.26 (s, 1H, Ar-H),
6.03-5.87 (m, 2H, =CH x 2), 4.55-4.40 (m, 2H, NCH>), 3.75-3.57 (m, 1H, CH), 1.76
(q, J=7.0 Hz, 2H, CH,), 1.40-1.12 (m, 4H, CH; x 2), 0.85 (t, J = 7.1 Hz, 3H, CH3);
BC NMR (75 MHz, CDCl3) § 139.2, 135.8, 127.4, 126.7, 126.1, 120.5, 120.2, 119.8,
108.8, 96.9, 41.8, 36.2, 34.1, 27.9, 22.8, 14.0; IR (KBr) v (cm™) 3041, 2956, 2931,
2858, 1667, 1607, 1569, 1540, 1475, 1456, 1417, 1352, 1319, 1276, 1223, 1169,
1121, 1101, 1063; MS (70 ev, EI) m/z (%) 261 (M'(*'Cl), 13.36), 259 (M"(*°Cl),
41.40), 202 (100); HRMS calcd for Ci¢H s CIN [M']: 259.1128, Found: 259.1128.
5.7 Synthesis of 9-butyl-10-methyl-6,9-dihydropyrido[1,2-a]indole rac-2g
(jf-2-097)
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IPrAuCI (3 mol%)
N\ AgSbFg (3 mol%) N\ ,MCaHo
N \\/\n-cmg CHCls, rt, 17 h N
N, V4

rac-29g
96%

rac-1g

Following Typical Procedure 1V, the reaction of IPrAuCl (0.0196 g, 0.03 mmol,
95%), AgSbFe (0.0104 g, 0.03 mmol, 98%), rac-1g (0.2389 g, 1 mmol), and CHCl; (5
mL) for 17 h at room temperature afforded rac-29 (0.2292 g, 96%) [eluent: petroleum
ether] as a powder solid: m.p. 40.1-41.1 °C (without recrystallization); '"H NMR (300
MHz, CDCls) & 7.55 (d, J = 7.8 Hz, 1H, Ar-H), 7.26 (d, J = 8.4 Hz, 1H, Ar-H),
7.22-7.07 (m, 2H, Ar-H), 6.14-5.97 (m, 2H, =CH X 2), 4.64-4.50 (m, 2H, NCH,),
3.82-3.68 (m, 1H, CH), 2.30 (s, 3H, CHj3), 1.85-1.67 (m, 2H, CH3), 1.36-1.18 (m, 3H,
CH; + one proton of CHy), 1.16-1.02 (m, 1H, one proton of CH,), 0.83 (t, /= 7.2 Hz,
3H, CHs); >C NMR (75 MHz, CDCls) & 135.2, 134.0, 128.8, 127.8, 120.7, 120.2,
119.0, 117.8, 108.5, 104.1, 42.0, 35.6, 33.2, 27.6, 22.8, 14.0, 8.9; IR (neat) v (cm™)
3042, 2951, 2929, 2858, 1662, 1615, 1568, 1462, 1426, 1384, 1369, 1329, 1313, 1241,
1196, 1169, 1011; MS (70 ev, EI) m/z (%) 240 (M'+1, 6.68), 239 (M", 33.76), 182
(100); HRMS calcd for C;7H,N [M']: 239.1674, Found: 239.1673.
5.8 Synthesis of 9-(5-chloropentyl)-10-methyl-6,9-dihydropyrido[1,2-a]indole
rac-2h (jf-2-152)

IPrAuCI (3 mol%)
N cH,cl _AgSbFe (3 mol%) A\ 7 CH,Cl
N 4 CHCl3, rt, 10 h N
N Y
2

rac-2h
92%

rac-1h

Following Typical Procedure IV, the reaction of IPrAuCl(0.0194 g, 0.03 mmol,
95%), AgSbF¢ (0.0105 g, 0.03 mmol, 98%), rac-1h (0.2886 g, 1 mmol), and CHCI; (5
mL) afforded rac-2h (0.2654 g, 92%) [eluent: petroleum ether] as a liquid: "H NMR
(300 MHz, CDCl3) 6 7.56-7.50 (m, 1H, Ar-H), 7.26-7.21 (m, 1H, Ar-H), 7.19-7.08 (m,
2H, Ar-H), 6.09-5.93 (m, 2H, =CH x 2), 4.66-4.40 (m, 2H, NCH>), 3.81-3.70 (m, 1H,
CH), 3.44 (t, J= 6.6 Hz, 2H, CH,Cl), 2.29 (s, 3H, CHs3), 1.84-1.61 (m, 4H, CH; X 2),
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1.44-1.23 (m, 3H, CH; + one proton of CH;), 1.15-1.00 (m, 1H, one proton of CH,);
C NMR (75 MHz, CDCly) & 135.2, 133.5, 128.7, 127.5, 120.9, 120.3, 119.0, 117.8,
108.5, 104.1, 45.0, 42.0, 35.5, 33.1, 32.4, 26.9, 24.6, 8.9; IR (neat) v (cm™) 3042,
2934, 2858, 1665, 1615, 1568, 1471, 1461, 1385, 1368, 1328, 1312, 1240, 1197, 1169,
1054, 1011; MS (70 ev, EI) m/z (%) 290 (M'(’Cl) + 1, 1.26), 289 (M ('Cl), 6.87),
288 (M'(°Cl) + 1, 4.36), 287 (M'(°°Cl), 20.42), 182 (100); HRMS calcd for
CisHoN*Cl [M]: 287.1441, Found: 287.1440.

5.9 Synthesis of 10-methyl-9-phenethyl-6,9-dihydropyrido[1,2-a]indole rac-2i
(jf-3-030)

IPrAuClI (3 mol%) Ph
N\ Ph AgSbFg (3 mol%) N\
N CHCI3, rt, 12 h N
N, Y4
rac-2i

rac-1i 94%

Following Typical Procedure IV, the reaction of IPrAuCl(0.0194 g, 0.03 mmol,
95%), AgSbF¢ (0.0105 g, 0.03 mmol, 98%), rac-1i (0.2881 g, 1 mmol), and CHCl; (5
mL) for 12 h at room temperature afforded rac-2i (0.2706 g, 94%) [eluent: petroleum
ether/diethyl ether = 50/1] as a needle solid: m.p. 91.5-92.2 °C (DCM/hexane); 'H
NMR (300 MHz, CDCls) 6 7.56 (d, J = 7.2 Hz, 1H, Ar-H), 7.30-7.04 (m, 8H, Ar-H),
6.16-6.01 (m, 2H, =CH x 2), 4.66-4.51 (m, 2H, NCH,), 3.89-3.72 (m, 1H, CH),
2.65-2.51 (m, 1H, one proton of PhCH,), 2.45-2.33 (m, 1H, one proton of PhCH,),
2.30 (s, 3H, CH3), 2.20-1.93 (m, 2H, CH,); >C NMR (75 MHz, CDCl;) & 142.0,
135.2, 133.1, 128.7, 128.2, 127.0, 125.7, 121.2, 120.3, 119.0, 117.8, 108.5, 104.2,
41.8, 37.3, 32.9, 31.5, 8.9; IR (KBr) v (cm™) 3030, 2947, 2917, 2859, 1667, 1601,
1579, 1500, 1471, 1462, 1369, 1313, 1238, 1197, 1167, 1119, 1083; MS (70 ev, EI)
m/z (%) 288 (M'+1, 4.84), 287 (M", 21.40), 182 (100); Anal. Calcd. for Co;HaiN (%):
C 87.76,H 7.37, N 4.87, Found: C 87.65, H 7.35, N 4.66.

5.10 Synthesis of 10-methyl-9-(pentan-3-yl)-6,9-dihydropyrido[1,2-a]indole rac-2j
(jf-3-094)
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N IPrAUCI (3 mol%) §
AgSbFe (3 mol%)
N\\/\C CHCl, tt, 12 h N
N

rac-2j
98%

rac-1j
Following Typical Procedure 1V, the reaction of IPrAuCl (0.0196 g, 0.03 mmol,
95%), AgSbF¢ (0.0104 g, 0.03 mmol, 98%), rac-1j (0.2530 g, 1 mmol), and CHCl; (5
mL) for 12 h at room temperture afforded rac-2j (0.2481 g, 98%) [eluent: petroleum
ether] as a liquid: "H NMR (300 MHz, CDCls) & 7.55 (d, J = 6.9 Hz, 1H, Ar-H), 7.24
(d, J = 7.2 Hz, 1H, Ar-H), 7.20-7.08 (m, 2H, Ar-H), 6.13-5.95 (m, 2H, =CH x 2),
4.59-4.50 (m, 2H, NCH,), 4.00-3.82 (m, 1H, CH), 2.30 (s, 3H, Ar-CHj3), 1.86-1.69 (m,
1H, CH), 1.67-1.51 (m, 1H, one proton of CH,), 1.43-1.25 (m, 1H, one proton of
CH,), 1.12 (t, J= 7.4 Hz, 3H, CHs3), 1.02 (quint, J = 7.2 Hz, 2H, CH,), 0.65 (t,J= 7.5
Hz, 3H, CH;); °C NMR (75 MHz, CDCl3) § 135.2, 134.1, 128.9, 124.2, 122.0, 120.1,
118.9, 117.7, 108.4, 103.8, 47.5, 42.2, 35.1, 23.7, 23.0, 12.5, 12.2, 9.0; IR (neat) v
(cm™) 3042, 2959, 2928, 2873, 1665, 1613, 1567, 1462, 1425, 1385, 1368, 1312,
1241, 1198, 1173, 1058, 1012; MS (70 ev, EI) m/z (%) 254 (M'+1, 3.21), 253 (M,
15.57), 182 (100); HRMS calcd for C sH,3N [M']: 253.1830, Found: 253.1830.
5.11 Synthesis of 9-butyl-10-ethyl-6,9-dihydropyrido[1,2-a]indole  rac-2k
(jf-3-077)

IPrAuCl (3 mol%)

\ AngF6 (3 moI%)‘ N\ n-C4Hg
N n-CsHy  CHCls, tt, 14 h \
N, Y
rac-1k rac-2k

97%

Following Typical Procedure IV, the reaction of IPrAuCl(0.0196 g, 0.03 mmol,
95%), AgSbF¢ (0.0104 g, 0.03 mmol, 98%), rac-1k (0.2564 g, 1 mmol), and CHCI; (5
mL) for 14 h at room temperture afforded rac-2k (0.2485 g, 97%) [eluent: petroleum
ether/diethyl ether = 50/1] as a liquid: "H NMR (300 MHz, CDCl3) 6 7.60 (d, J = 7.2
Hz, 1H, Ar-H), 7.25 (d, J= 7.2 Hz, 1H, Ar-H), 7.20-7.07 (m, 2H, Ar-H), 6.09-5.95 (m,

S 44



2H, =CH x 2), 4.60-4.48 (m, 2H, NCH.), 3.85-3.66 (m, 1H, CH), 2.78 (g, J = 7.5 Hz,
2H, Ar-CH,), 1.84-1.61 (m, 2H, CH,), 1.38-1.17 (m, 6H, CH, + one proton of CH, +
CHs), 1.15-0.97 (m, 1H, one proton of CH,), 0.83 (t, /= 7.1 Hz, 3H, CH;); °C NMR
(75 MHz, CDCls) & 135.5, 133.3, 127.9, 127.8, 120.7, 120.2, 119.0, 118.2, 111.0,
108.6, 42.0, 36.3, 33.3, 27.3, 22.8, 17.7, 15.4, 14.0; IR (neat) v (cm'l) 3042, 2959,
2929, 2857, 1666, 1612, 1566, 1471, 1456, 1423, 1372, 1331, 1314, 1235, 1193, 1169,
1126, 1069, 1015; MS (70 ev, EI) m/z (%) 254 (M'+1, 6.31), 253 (M", 30.62), 196
(100); HRMS calcd for CisHy3N [M+]: 253.1830, Found: 253.1829.

5.12 Synthesis of 9-butyl-10-(2-((tert-butyldimethylsilyl)oxy)ethyl)-6,9-dihydro-
pyrido[1,2-a]indole rac-2I (jf-3-060)

OTBS
\ n-C4H9
N\\/\n'C4Hg CHCl3, rt, 12 h
N N
2 Y/
rac-l rac-2|

100%

Following Typical Procedure 1V, the reaction of IPrAuCl(0.0193 g, 0.03 mmol,
95%), AgSbF¢ (0.0106 g, 0.03 mmol, 98%), rac-11 (0.3838 g, 1 mmol), and CHCl; (5
mL) for 12 h at room temperature afforded rac-2l (0.3836 g, 100%) [eluent:
petroleum ether/diethyl ether = 100/1] as a liquid: "H NMR (300 MHz, CDCl3) & 7.59
(d, J=17.2 Hz, 1H, Ar-H), 7.27 (d, J = 8.1 Hz, 1H, Ar-H), 7.22-7.09 (m, 2H, Ar-H),
6.14-6.00 (m, 2H, =CH x 2), 4.65-4.48 (m, 2H, NCHy), 3.93-3.75 (m, 3H, OCH, +
CH), 3.03 (t, J = 8.0 Hz, 2H, Ar-CH,), 1.84-1.67 (m, 2H, CHy), 1.37-1.19 (m, 3H,
CH;+ one proton of CHy), 1.17-1.02 (m, 1H, one proton of CH;), 0.92 (s, 9H, CHj %
3), 0.83 (t, J= 7.1 Hz, 3H, CH3), 0.06 (s, 3H, CHz), 0.05 (s, 3H, CH3); °C NMR (75
MHz, CDCls) § 135.4, 134.9, 128.3, 127.8, 120.7, 120.3, 119.2, 118.1, 108.7, 105.2,
63.8,42.1,36.4,33.2, 28.6, 27.4, 26.0, 22.8, 18.4, 14.0, -5.24, -5.28; IR (KBr) v (cm™)
3043, 2955, 2929, 2857, 1665, 1613, 1566, 1471, 1461, 1425, 1370, 1330, 1314, 1254,
1213, 1191, 1169, 1094, 1067, 1014; MS (70 ev, EI) m/z (%) 384 (M'+1, 16.36), 383
(M", 54.53), 238 (100); HRMS calcd for Cp;H3;NOSi [M']: 383.2644, Found:

S 45



383.2642.
5.13 Synthesis of 9-butyl-3-chloro-10-methyl-6,9-dihydropyrido[1,2-a]indole
rac-1m (jf-3-003)

IPrAuCI (3 mol%)
N\ AgSbFg (3 mol%) N\ ,MCaHo
cl N \\/\n-C4Hg CHCIs, rt, 12 h N

cl
N, Y

rac-2m

rac-1m 96%

Following Typical Procedure IV, the reaction of IPrAuCl(0.0197 g, 0.03 mmol,
95%), AgSbFs (0.0104 g, 0.03 mmol, 98%), rac-1m (0.2762 g, 1 mmol), and CHCl;
(5 mL) for 12 h at room temperature afforded rac-2m (0.2647 g, 96%) [eluent:
petroleum ether] as a liquid: '"H NMR (300 MHz, CDCl3) & 7.43 (d, J = 6.3 Hz, 1H,
Ar-H), 7.24 (d, J = 1.5 Hz, 1H, Ar-H), 7.07 (dd, J; = 6.3 Hz, J, = 1.8 Hz, 1H, Ar-H),
6.10-5.98 (m, 2H, =CH x 2), 4.58-4.46 (m, 2H, NCH,), 3.78-3.66 (m, 1H, CH), 2.27
(s, 3H, CHj3), 1.81-1.69 (m, 2H, CH,), 1.35-1.18 (m, 3H, CH,+ one proton of CH,),
1.14-1.01 (m, 1H, one proton of CH,), 0.83 (t, J = 5.3 Hz, 3H, CHs); °C NMR (75
MHz, CDCls) & 135.6, 134.7, 127.7, 127.4, 126.2, 120.4, 119.5, 118.6, 108.6, 104.4,
42.0, 35.4, 33.3, 27.5, 22.7, 14.0, 8.8; IR (neat) v (cm™) 3039, 2953, 2924, 2858,
1839, 1665, 1608, 1584, 1556, 1474, 1463, 1417, 1385, 1364, 1342, 1319, 1281,
1233, 1198, 1169, 1101, 1066, 1050, 1001; MS (70 ev, EI) m/z (%) 276 (M'C'Cl) + 1,
1.33), 275 M'CCl), 10.67), 274 M (°Cl) + 1, 5.96), 273 (M'(*°CL), 30.66), 216
(100); HRMS calcd for C17H20N*>C1 [M']: 273.1284, Found: 273.1282.

5.14 Synthesis of 9-butyl-10-chloro-2-methoxy-6,9-dihydropyrido[1,2-a]indole
rac-2n (jf-3-090)

Ve Cl IPrAuCI (3 mol%) Cl
e m AgSbFg (3 mol%) MeO {0 nCaHs
N n-C4qHy  CHCl3, rt, 13 h N
N, Y
rac-1n rac-2n
98%
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Following Typical Procedure 1V, the reaction of IPrAuCl (0.0196 g, 0.03 mmol,
95%), AgSbF¢ (0.0106 g, 0.03 mmol, 98%), rac-1n (0.2902 g, 1 mmol), and CHCl; (5
mL) for 13 h at room temperature afforded rac-2n (0.2839 g, 98%) [eluent: petroleum
ether/diethyl ether = 20/1] as a liquid: "H NMR (300 MHz, CDCl3) & 7.16 (d, J = 9.0
Hz, 1H, Ar-H), 7.03 (d, J = 2.4 Hz, 1H, Ar-H), 6.85 (dd, J; = 8.7 Hz, J, = 2.4 Hz, 1H,
Ar-H), 6.06-5.96 (m, 2H, =CH x 2), 4.57-4.48 (m, 2H, NCH,), 3.88 (s, 3H, OMe),
3.82-3.73 (m, 1H, CH), 2.03-1.76 (m, 2H, CH,), 1.37-1.19 (m, 3H, CH,+ one proton
of CH,), 1.15-0.98 (m, 1H, one proton of CH,), 0.84 (t, J = 7.1 Hz, 3H, CH;); °C
NMR (75 MHz, CDCls) & 154.8, 133.8, 129.3, 127.1, 126.0, 120.2, 111.8, 109.9, 99.5,
98.8, 55.8, 42.1, 33.9, 33.1, 27.4, 22.6, 14.0; IR (neat) v (cm™) 3036, 3008, 2950,
2925, 2868, 1619, 1577, 1486, 1450, 1370, 1342, 1287, 1220, 1185, 1164, 1030; MS
(70 ev, ED) m/z (%) 292 M*C'Cl) + 1, 1.97), 291 (M*(’Cl), 10.79), 290 (M'(*°Cl) +
1, 5.54), 289 (M'(*°Cl), 35.41), 232 (100); HRMS calcd for C;7H,NO>’Cl [M]:
289.1233, Found: 289.1232.

5.15 Synthesis of 10-methyl-9-phenyl-6,9-dihydropyrido[1,2-a]indole rac-20

(jf-2-162)
IPrAuCI (3 mol%) Ph
©\/\€ AgSbF (3 mol%) N
Nk/Ph ] "

CHCI, rt, 16 h Y
N>
rac-20
96%

rac-1o

Following Typical Procedure 1V, the reaction of IPrAuCl (0.0039 g, 0.006 mmol,
95%), AgSbFs (0.0021 g, 0.006 mmol, 98%), rac-1o (0.0526 g, 0.2 mmol), and
CHCI; (5 mL) for 16 h at room temperature afforded rac-20 (0.0504 g, 96%) [eluent:
petroleum ether/ethyl acetate = 100/1] as a powder solid: m.p. 153.8-154.8 °C
(without recrystallization); "H NMR (300 MHz, CDCls) & 7.52 (d, J = 7.5 Hz, 1H,
Ar-H), 7.33 (d, J = 8.1 Hz, 1H, Ar-H), 7.29-7.08 (m, 7H, Ar-H), 6.12-5.96 (m, 2H,
=CH x 2), 4.86-4.60 (m, 3H, NCH, + CH), 1.97 (s, 3H, CH3); °C NMR (75 MHz,
CDCl3) 6 143.3, 135.2, 132.2, 128.7, 128.6, 128.0, 127.8, 126.5, 120.6, 119.2, 119.0,

118.1, 108.7, 105.9, 41.9, 40.6, 8.6; IR (KBr) v (cm™) 3041, 3022, 2912, 2854, 1654,
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1618, 1600, 1577, 1561, 1489, 1471, 1463, 1453, 1426, 1390, 1369, 1314, 1240,
1199, 1183, 1166, 1074, 1027, 1009; MS (70 ev, EI) m/z (%) 260 (M*+1, 19.71), 259
(100); HRMS calcd for CoH ;7N [M']: 259.1361, Found: 259.1359.

5.16 Synthesis of 9-(2-bromophenyl)-10-methyl-6,9-dihydropyrido[1,2-a]indole
rac-2p (jf-2-182)

IPrAUCI (3 mol%)

©\/€ AgSbFg (3 mol%)
CHCl,, 25 °C, 12 h

rac-2p
rac-1p 93%

Following Typical Procedure 1V, the reaction of IPrAuCl (0.0038 g, 0.006 mmol,
95%), AgSbFs (0.0021 g, 0.006 mmol, 98%), rac-1p (0.0678 g, 0.2 mmol), and
CHCI; (5 mL) for 12 h at 25 °C afforded rac-2p (0.0631 g, 93%) [eluent: petroleum
ether] as a powder solid: m.p. 135.7-136.6 °C (without recrystallization); '"H NMR
(300 MHz, CDCls) & 7.55 (t, J = 8.3 Hz, 2H, Ar-H), 7.36 (d, J = 7.5 Hz, 1H, Ar-H),
7.27-6.98 (m, 4H, Ar-H), 6.78 (d, J = 7.2 Hz, 1H, Ar-H), 6.08 (q, J = 10.5 Hz, 2H,
=CH x 2), 5.50-5.26 (m, 1H, CH), 4.78 (d, J = 19.2 Hz, 1H, one proton of NCH,),
4.67 (d, J=19.2 Hz, 1H, one proton of NCH,), 1.93 (s, 3H, CH3); °C NMR (75 MHz,
CDCl;) 8 142.4, 135.3, 132.6, 132.0, 130.1, 128.6, 128.1, 128.0, 125.9, 123.2, 120.8,
119.6, 119.4, 118.2, 108.8, 106.2, 41.9, 39.6, 8.4; IR (KBr) v (cm'l) 3045, 2913, 2885,
2853, 1611, 1585, 1559, 1460, 1432, 1386, 1366, 1315, 1307, 1262, 1242, 1200, 1173,
1044, 1023, 1010; MS (70 ev, EI) m/z (%) 339 (M (*'Br), 79.29), 337 (M"("’Br), 100);
HRMS caled for CoH;¢N"’Br [M']: 337.0466, Found: 337.0466.

5.17 Synthesis of 9-(4-fluorophenyl)-10-methyl-6,9-dihydropyrido[1,2-a]indole
rac-2q (jf-3-037)
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IPrAUCI (3 mol%)
AgSbF (3 mol%)

Crd
N\\/\Q\ CHCls, tt, 12 h
F N
2

rac-1q

rac-2q
86%

Following Typical Procedure 1V, the reaction of IPrAuCl (0.0195 g, 0.03 mmol,
95%), AgSbF¢ (0.0104 g, 0.03 mmol, 98%), rac-1q (0.2816 g, 1 mmol), and CHCl; (5
mL) for 12 h at room temperature afforded rac-2q (0.2433 g, 86%) [eluent: petroleum
ether/diethyl ether = 50/1] as a powder solid: m.p. 115.3-116.7 °C (without
recrystallization); "H NMR (300 MHz, CDCls) § 7.52 (d, J= 7.5 Hz, 1H, Ar-H), 7.32
(d, J=7.8 Hz, 1H, Ar-H), 7.25-7.17 (m, 1H, Ar-H), 7.17-7.04 (m, 3H, Ar-H), 6.93 (t,
J=18.7 Hz, 2H, Ar-H), 6.07-5.95 (m, 2H, =CH x 2 ), 4.83-4.58 (m, 3H, NCH,+ CH),
1.96 (s, 3H, CH3); >C NMR (75 MHz, CDCl;) § 161.4 (d, J = 243.3 Hz), 139.0 (d, J
=2.8 Hz), 135.2, 131.9, 129.3 (d, /= 7.6 Hz), 128.6, 127.8, 120.8, 119.3, 119.2, 118.1,
115.4 (d, J = 21.4 Hz), 108.7, 105.9, 41.8, 39.7, 8.6; °F NMR (282 MHz, CDCl;) &
-108.7; IR (KBr) v (cm™) 3041, 2939, 2909, 2887, 2852, 2883, 1665, 1654, 1603,
1561, 1506, 1472, 1462, 1388, 1369, 1319, 1293, 1280, 1227, 1167, 1156, 1093, 1011,
MS (70 ev, EI) m/z (%) 278 (M'+1, 19.43), 277 (100); Anal. Calcd. for C1oH;6FN (%):
C 82.28, H 5.82, N 5.05, Found: C 82.25, H 5.87, N 4.96.

5.18 Synthesis of 9-(4-bromophenyl)-10-methyl-6,9-dihydropyrido[1,2-a]indole
rac-2r (jf-3-021)

A IPrAUCI (3 mol%)
y AgSbFg (3 mol%)
Br  CHCls, it, 12 h

N,

80%
rac-2r

rac-1r

Following Typical Procedure 1V, the reaction of IPrAuCl(0.0194 g, 0.03 mmol,
95%), AgSbFe (0.0104 g, 0.03 mmol, 98%), rac-1r (0.3390 g, 1 mmol), and CHCl; (5
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mL) for 12 h at room temperature afforded rac-2r (0.2712 g, 80%) [eluent: petroleum
ether/diethyl ether = 50/1] as a needle solid: m.p.152.0-154.3 °C (DCM/hexane); 'H
NMR (300 MHz, CDCls) § 7.51 (d, J = 8.1 Hz, 1H, Ar-H), 7.38-7.25 (m, 3H, Ar-H),
7.24-7.08 (m, 2H, Ar-H), 6.95 (d, J= 8.1 Hz, 2H, Ar-H), 6.06-5.88 (m, 2H, =CH x 2 ),
4.79-4.50 (m, 3H, NCH, + CH), 1.94 (s, 3H, CHs); °C NMR (75 MHz, CDCl5) &
142.3, 135.2, 131.7, 131.5, 129.5, 128.6, 127.3, 120.8, 120.2, 119.43, 119.36, 118.1,
108.7, 106.0, 41.8, 39.9, 8.6; IR (KBr) v (cm'l) 3044, 2963, 2916, 2861, 1561, 1485,
1461, 1426, 1402, 1385, 1367, 1313, 1263, 1241, 1200, 1180, 1166, 1067, 1008; MS
(70 ev, EI) m/z (%) 340 (M"(*'Br) + 1, 20.90), 339 (M"(*'Br), 91.05), 338 (M"("Br) +
1, 100), 337 (M"(”Br), 85.87); Anal. Calcd. for C1oH;¢BrN (%): C 67.47, H 4.77, N
4.14, Found: C 67.20, H 4.77, N 4.00.

5.19 Synthesis of 9-(4-bromophenyl)-10-(2-((tert-butyldimethylsilyl)oxy)ethyl)-
6,9-dihydropyrido[1,2-a]indole rac-2s (jf-3-124)

OTBS IPrAuClI (1.6 mol%)
N AgSbFg (1.6 mol%)
N CHCI3, rt, 14 h
Br N,
rac-1s rac-2s
83%

Following Typical Procedure 1V, the reaction of IPrAuCl (0.0296 g, 0.045 mmol,
95%), AgSbF¢ (0.0158 g, 0.045 mmol, 98%), rac-1s (1.3720 g, 2.8 mmol), and CHCl;
(15 mL) for 14 h at room temperature afforded rac-2s (1.1381 g, 83%) [eluent:
petroleum ether/diethyl ether = 100/1] as a powder solid: m.p. 109.4-110.4 °C
(without recrystallization); 'H NMR (300 MHz, CDCl;) & 7.56 (d, J = 7.8 Hz, 1H,
Ar-H), 7.34 (t, J = 8.4 Hz, 3H, Ar-H), 7.21 (t, J= 7.4 Hz, 1H, Ar-H), 7.13 (t, /= 7.4
Hz, 1H, Ar-H), 7.00 (d, J = 8.1 Hz, 2H, Ar -H), 6.07-5.94 (m, 2H, =CH x 2),
4.95-4.83 (m, 1H, CH), 4.76 (d, J = 18.3 Hz, 1H, one proton of NCH>), 4.65 (d, J =
17.7 Hz, 1H, one proton of NCHy), 3.62-3.46 (m, 1H, one proton of OCH,), 3.29 (td,
J1 =9.3 Hz, J, = 5.4 Hz, 1H, one proton of OCH,), 2.82-2.61 (m, 2H, Ar-CH,), 0.83
(s, 9H, CH; x 3), -0.08 (s, 3H, CH3), -0.10 (s, 3H, CH3); °C NMR (75 MHz, CDCl;)
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& 143.0, 135.4, 132.6, 131.8, 129.5, 128.3, 127.5, 121.0, 120.5, 119.6, 119.3, 118.5,
108.9, 107.4, 63.0, 41.9, 39.9, 28.1, 26.0, 18.4, -5.38, -5.44; IR (KBr) v (cm™) 3054,
2951, 2928, 2856, 1485, 1470, 1401, 1387, 1369, 1314, 1291, 1251, 1168, 1087, 1011;
MS (70 ev, EI) m/z (%) 484 (M'(*'Br) + 1, 6.16), 483 (M"(*'Br), 18.98), 482 (M"("’Br)
+1, 6.88), 481 (M'("Br), 18.33), 336 (100); Anal. Calcd. for CoH3,BrNOSi (%): C
64.72, H 6.68, N 2.90, Found: C 64.70, H 6.68, N 2.66.

5.20. Synthesis of methyl 9-butyl-6,9-dihydropyrido[1,2-aJindole-10-carboxylate
rac-2t (jf-4-174)

CO.Me IPrAUCI (3 mol%) COMe
A\ AgSbFe (3 mol%) \__™C4aHs _ unidentified unjdentified product 2

N\\/\n-c‘tH9 CHCl3, rt, 14 h N product 1
N2 17.2 mg 81.5mg

rac-2t
58%

rac-1t

Following Typical Procedure 1V, the reaction of IPrAuCl1(0.0198 g, 0.03 mmol,
95%), AgSbFe (0.0107 g, 0.03 mmol, 98%), rac-1t (0.2845 g, 1 mmol), and CHCl; (5
mL) for 14 h at room temperature afforded rac-2t (0.1648 g, 58%), unidentified
product 1 (17.2 mg), and unidentified product 2 (81.5 mg) [eluent: petroleum ether/
ethyl acetate = 15/1 (500 mL) to 7/1 (400 mL)] as a liquid: '"H NMR (300 MHz,
CDCl) 6 8.15 (d, J= 7.2 Hz, 1H, Ar-H), 7.34-7.08 (m, 3H, Ar-H), 6.13-5.85 (m, 2H,
=CH x 2), 4.56-4.38 (m, 2H, NCH), 4.36-4.23 (m, 1H, CH), 3.91 (s, 3H, OCH3),
1.95-1.71 (m, 2H, CH,), 1.43-1.14 (m, 3H, CH;+ one proton of CH,), 1.11-0.91 (m,
1H, one proton of CH,), 0.82 (t, J = 7.2 Hz, 3H, CH3); °C NMR (75 MHz, CDCl3) &
165.7, 147.2, 135.3, 127.7, 126.7, 122.0, 121.7, 121.3, 119.4, 108.9, 101.3, 50.5, 42.1,
35.7, 34.5,27.7, 22.5, 13.9; IR (neat) v (cm™) 3050, 2951, 2924, 2860, 1692, 1531,
1455, 1435, 1379, 1356, 1314, 1257, 1209, 1158, 1116, 1040, 1017; MS (70 ev, EI)
m/z (%) 284 (M" + 1, 13.54), 283 (M, 59.70), 226 (100); HRMS calcd for
CisHNO, [M]: 283.1572, Found: 283.1575.

6. Synthesis of 9-butyl-6,7-dihydropyrido[1,2-a]indole 3a (jf-4-067)
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IPrAuClI (5 mol%) i
@ AgPFe (5 mol%) _ \_/Cafs
r\l\\///\""C“H9 toluene, 65 °C, 24 h N

N2

3a
77%

rac-1a

To an oven-dried Schlenk tube were added IPrAuCl (0.0065 g, weighed in a glove
box, 0.01 mmol, 95%), AgPFs (0.0026 g, weighed in a glove box, 0.01 mmol, 99%),
rac-1a (0.0453 g, 0.2 mmol), and toluene (5 mL) at room temperature under nitrogen
atmosphere sequentially. The reaction was complete after being stirred at 65 °C for 24
h as monitored by TLC. After filtration through a short column of silica gel (3 cm x 2
cm) [eluent: DCM (5 mL x 4)] and evaporation, the crude product was purified by
column chromatography on silica gel to afford 3a (0.0351 g, 77%) [eluent: petroleum
ether] as a liquid: "H NMR (300 MHz, CDCl;) & 7.57 (d, J = 7.8 Hz, 1H, Ar-H), 7.24
(d, J=7.8 Hz, 1H, Ar-H), 7.21-7.13 (m, 1H, Ar-H), 7.08-7.01 (m, 1H, Ar-H), 6.44 (s,
1H, Ar-H), 5.72 (t, J = 4.4 Hz, 1H, =CH), 4.03 (t, J = 7.2 Hz, 2H, NCH,), 2.64-2.50
(m, 2H, CH,), 2.43 (t, J = 7.7 Hz, 2H, CH,), 1.66-1.53 (m, 2H, CH;), 1.46-1.32 (m,
2H, CH,), 0.94 (t, J = 7.4 Hz, 3H, CH3); *C NMR (75 MHz, CDCl3) 6 136.8, 136.6,
132.1, 128.3, 121.6, 120.5, 119.43, 119.37, 108.6, 97.2, 39.5, 32.2, 31.0, 24.1, 22.5,
14.0; IR (KBr) v (cm™) 3053, 2956, 2930, 2859, 1456, 1414, 1382, 1360, 1335, 1312,
1248, 1161, 1010; MS (70 ev, EI) m/z (%) 226 (M'+1, 11.14), 225 (M", 63.85), 183
(100); HRMS calcd for C1sH oN [M']: 225.1517, Found: 225.1517.

7. Gold(l) catalyzed cyclization of axially chiral N-allenylindoles

7.1 Synthesis of (R)-9-butyl-6,9-dihydropyrido[1,2-a]indole (R)-2a (jf-2-023)

IPrAuCl (3 mol%) _
@ AgSbFg (3 mol%) A\ 1CaHo
N\\/ 'n-C4Hg CHCI3, 0°C, 48 h N )
N>

(Ra)-1a (R)-2a
97% ee 94%, 90% ee

Typical Procedure V: To an oven-dried Schlenk tube were added IPrAuCl1(0.0196

g, weighed in a glove box, 0.03 mmol, 95%), AgSbFs (0.0105 g, weighed in a glove
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box, 0.03 mmol, 98%), (R.)-1a (0.2228 g, 1 mmol), and CHCl; (25 mL) at room
temperature under nitrogen atmosphere sequentially. The reaction was complete after
being stirred at 0 °C for 48 h as monitored by TLC. Filtration through a short column
of silica gel (3 cm x 2 cm) [eluent: petroleum ether (10 mL x 5)] and evaporation
afforded (R)-2a (0.2092 g, 94%) as a powder solid: m.p. 61.8-63.3 °C (without

recrystallization); 90% ee (HPLC conditions: Chiralcel OD-H column,

n-hexane/i-PrOH = 100/1, 1.0 mL/min, A = 214 nm, #g (major) = 8.3 min, #g (minor) =

7.8 min); 'H NMR (300 MHz, CDCl3) & 7.59 (d, J = 6.9 Hz, 1H, Ar-H), 7.29 (d, J =

8.4 Hz, 1H, Ar-H), 7.20-7.08 (m, 2H, Ar-H), 6.32 (s, 1H, Ar-H), 6.09-5.92 (m, 2H,

=CH x 2), 4.66-4.50 (m, 2H, NCH>), 3.81-3.61 (m, 1H, CH), 1.86-1.73 (m, 2H, CH>),

1.41-1.18 (m, 4H, CH, x 2), 0.86 (t, J= 7.1 Hz, 3H, CH3); °C NMR (75 MHz, CDCl5)
0 138.4, 135.5, 128.3, 127.5, 120.2, 120.1, 119.7, 108.7, 96.8, 41.8, 36.4, 34.2, 27.9,

22.8, 14.0; IR (KBr) v (cm™) 2959, 2949, 2924, 2859, 1535, 1467, 1459, 1419, 1362,

1313, 1227, 1183, 1169, 1154, 1010, 1000; MS (70 ev, EI) m/z (%) 226 (M'+1, 8.18),

225 (M", 40.51), 168 (100); HRMS caled for Ci;¢HioN [M']: 225.1517, Found:

225.1517.

7.2 Synthesis of (R)-9-decyl-6,9-dihydropyrido[1,2-a]indole (R)-2b (jf-2-015)

IPrAuCl (3 mol%) G H
@ AgSbFg (3 mol%) N\, oM
T _
N\\/ 10721 cHely, 0 °C, 48 h NG
N>

(Ra)-1b (R)-2b
98% ee 95%, 90% ee

To an oven-dried Schlenk tube were added IPrAuCl (0.0196 g, weighed in a glove
box, 0.03 mmol, 95%), AgSbFe (0.0104 g, weighed in a glove box, 0.03 mmol, 98%),
(R.)-1b (0.3078 g, 1 mmol), and CHCIl; (25 mL) under nitrogen atmosphere
sequentially. The reaction was complete after being stirred at 0 °C for 48 h as
monitored by TLC. Filtration through a short column of neutral alumina (2 cm x 2
cm) [eluent: DCM (8 mL X 4)] and evaporation. The crude product was then purified
by column chromatography on neutral alumina to afford (R)-2b (0.2936 g, 95%)
[eluent: petroleum ether] as a liquid: 90% ee (HPLC conditions: Chiralcel OD-H
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column, n-hexane/i-PrOH = 100/1, 1.0 mL/min, A = 214 nm, g (major) = 7.5 min, g
(minor) = 8.0 min); [a]p>" = -86.0 (¢ = 0.86, THF); "H NMR (300 MHz, CDCl;) &
7.58 (d, J = 6.9 Hz, 1H, Ar-H), 7.27 (d, J = 7.5 Hz, 1H, Ar-H), 7.19-7.07 (m, 2H,
Ar-H), 6.31 (s, 1H, Ar-H), 6.07-5.92 (m, 2H, =CH x 2), 4.63-4.50 (m, 2H, NCH>),
3.78-3.61 (m, 1H, CH), 1.85-1.70 (m, 2H, CH,), 1.38-1.16 (m, 16H, CH,x 8), 0.87 (,
J = 6.6 Hz, 3H, CH;); °C NMR (75 MHz, CDCl3) & 138.4, 135.5, 128.3, 127.5,
120.2, 120.1, 119.7, 108.7, 96.8, 41.8, 36.7, 34.3, 31.9, 29.8, 29.63, 29.58, 29.53,
29.3, 25.8, 22.7, 14.1; IR (neat) v (cm’") 3043, 2924, 2853, 1668, 1541, 1471, 1456,
1419, 1362, 1316, 1227, 1185, 1170, 1150, 1012; MS (70 ev, EI) m/z (%) 310 (M'+1,
9.95), 309 (M", 41.78), 168 (100); HRMS calcd for C,H3 N [M']: 309.2457, Found:
309.2458.

7.3 Synthesis of (R)-9-(dec-9-enyl)-6,9-dihydropyrido[1,2-a]Jindole (R)-2c
(jf-2-066)

IPrAuCI (3 mol%) Y
@ = _AgSbFg (3 mol%) A\ Ns\/
N\\/ “'s  CHcl, 0°C, 51 h N

N, /
(Ra)-1c (R)-2¢
96% ee 96%, 92% ee

Following Typical Procedure V, the reaction of IPrAuCl(0.0195 g, 0.03 mmol,
95%), AgSbFe (0.0105 g, 0.03 mmol, 98%), (Ra)-1c (0.3075 g, 1 mmol), and CHCl;
(25 mL) for 51 h at 0 °C afforded (R)-2¢ (0.2941 g, 96%) as a liquid: 92% ee (HPLC
conditions: Chiralcel OD-H column, n-hexane/i-PrOH = 100/1, 1.0 mL/min, A = 214
nm, fr (major) = 8.8 min, fg (minor) = 9.3 min); [a]p”’ = -86.7 (¢ = 1.095, CHCl5);
'H NMR (300 MHz, CDCls) & 7.58 (dd, J; = 6.9 Hz, J, = 1.2 Hz, 1H, Ar-H), 7.28 (d,
J =17.8 Hz, 1H, Ar-H), 7.19-7.07 (m, 2H, Ar-H), 6.31 (s, 1H, ArH), 6.08-5.92 (m,
2H, CH=CH), 5.88-5.71 (m, 1H, CH=), 5.05-4.86 (m, 2H, =CH,), 4.63-4.51 (m, 2H,
NCH,), 3.78-3.64 (m, 1H, CH), 2.02 (q, J = 7.0 Hz, 2H, CH,), 1.84-1.69 (m, 2H,
CH,), 1.41-1.15 (m, 12H, CHyx 6); °C NMR (75 MHz, CDCl3) & 139.2, 138.4,
135.4, 128.2, 127.5, 120.2, 120.1, 119.7, 114.1, 108.8, 96.7, 41.8, 36.6, 34.2, 33.8,
29.7,29.45,29.42,29.1, 28.9, 25.8; IR (neat) v (cm™") 3044, 2926, 2854, 1668, 1640,
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1542, 1471, 1456, 1419, 1362, 1316, 1227, 1185, 1170; MS (70 ev, EI) m/z (%) 308
M'+1, 9.70), 307 (M', 35.39), 168 (100); HRMS calcd for CnHyN [M']:
307.2300, Found: 307.2303.
7.4 Synthesis of (R)-9-butyl-2-methoxy-6,9-dihydropyrido[1,2-a]indole (R)-2d
(jf-1-198)

MeO IPrAuCl (3 mol%)  MeO C.H
m AgSbF (3 mol%) N\ 4o
N \\/""n-C4H9 CHCI3, 0°C, 53 h N

N>
(Ra)-1d (R)-2d
98% ee 95%, 91% ee

Following Typical Procedure IV, the reaction of IPrAuCl (0.0196 g, 0.03 mmol,
95%), AgSbFs (0.0104 g, 0.03 mmol, 98%), (R,)-1d (0.2561 g, 1 mmol), and CHCl;
(25 mL) for 53 h at 0 °C afforded (R)-2d (0.2424 g, 95%) [eluent: petroleum
ether/ethyl acetate = 50/1] as a powder solid: m.p. 105.3-105.8 °C (without
recrystallization); 91% ee (HPLC conditions: Chiralcel AD-H column,
n-hexane/i-PrOH = 95/5, 1.0 mL/min, A = 214 nm, fz (major) = 9.9 min, g (minor) =
8.6 min); '"H NMR (300 MHz, CDCl3) § 7.16 (d, J = 9.0 Hz, 1H, Ar-H), 7.06 (d, J =
2.4 Hz, 1H, Ar-H), 6.82 (dd, J, = 8.7 Hz,

J,=2.7Hz, 1H, Ar-H), 6.24 (s, 1H, Ar-H), 6.08-5.89 (m, 2H, =CH X 2), 4.60-4.49 (m,
2H, NCHy), 3.85 (s, 3H, OCH3), 3.75-3.60 (m, 1H, CH), 1.86-1.70 (m, 2H, CH,),
1.40-1.15 (m, 4H, CH,x 2), 0.86 (t, J= 7.1 Hz, 3H, CH3); °C NMR (75 MHz, CDCl5)
0 154.4,139.1, 130.9, 128.6, 127.4, 120.1, 110.2, 109.4, 101.9, 96.5, 55.9, 41.8, 36.3,
34.3,27.9, 22.8, 14.0; IR (KBr) v (cm™) 3045, 2961, 2940, 2923, 2856, 1616, 1483,
1448, 1367, 1278, 1238, 1210, 1167, 1137, 1118, 1034; MS (70 ev, EI) m/z (%) 255
(M, 99.46), 213 (100); HRMS calcd for C;7HyNO [M']: 255.1623, Found:
255.1622.

7.5 Synthesis of (R)-9-butyl-1-methyl-6,9-dihydropyrido[1,2-a]indole (R)-2e
(jf-2-039)
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IPrAuClI (5 mol%)

N\ AgSbFg (5 mol%) C4Hg
o N + 3% recovery
N "'/n_C4H9 CHC|3, 0°C,48h
N>
(Ra)-1e (R)-2e
98% ee 88%, 90% ee

Following Typical Procedure V, the reaction of IPrAuCl (0.0326 g, 0.05 mmol,
95%), AgSbF¢ (0.0176 g, 0.05 mmol, 98%), (R,)-1e (0.2389 g, 1 mmol), and CHCl;
(25 mL) for 48 h at 0 °C afforded (R)-2e (0.2308 g, 88%, 91% purity) as a liquid: 90%
ee (HPLC conditions: Chiralcel OJ-H column, n-hexane/i-PrOH = 95/5, 0.6 mL/min,
A =214 nm, fz (major) = 9.8 min, z (minor) = 12.2 min); '"H NMR (300 MHz, CDCl5)
0 7.09-6.99 (m, 2H, Ar-H), 6.94-6.85 (m, 1H, Ar-H), 6.28 (s, 1H, Ar-H), 5.95-5.83 (m,
2H, =CH x 2), 4.41 (d, J = 4.5 Hz, 2H, NCH,), 3.74-3.56 (m, 1H, CH), 2.53 (s, 3H,
CH3), 1.75 (q, J = 7.1 Hz, 2H, CH,), 1.38-1.13 (m, 4H, CH; x 2), 0.85 (t, /= 6.9 Hz,
3H, CHs); >C NMR (75 MHz, CDCls) & 137.7, 135.1, 129.0, 128.0, 127.3, 120.4,
120.1, 119.9, 106.4, 95.2, 41.8, 36.4, 34.2, 27.9, 22.8, 18.7, 14.0; IR (neat) v (cm™)
3049, 2956, 2928, 2858, 1536, 1491, 1455, 1432, 1360, 1319, 1235, 1156; MS (70 ev,
EI) m/z (%) 240 (M'+1, 22.62), 239 (M", 52.14), 182 (100); HRMS calcd for C;7Hy N
[M']: 239.1674, Found: 239.1676.

7.6 Synthesis of (R)-9-butyl-3-chloro-6,9-dihydropyrido[1,2-a]indole (R)-2f
(jf-2-062)

A IPrAuCI (3 mol%) A N-C4Hg
H AgSbFg (3 mol%) \
e -
“ N\\/ "Cafle “chel, 0°C 58h N

N,

(Ra)-1f (R)-2f
98% ee 93%, 78% ee

Following Typical Procedure V, the reaction of IPrAuCl (0.0195 g, 0.03 mmol,
95%), AgSbF¢ (0.0106 g, 0.03 mmol, 98%), (R,)-1f (0.2594 g, 1 mmol), and CHCl;
(25 mL) for 58 h at 0 °C afforded (R)-2f (0.2408 g, 93%) as a powder solid:
m.p.77.5-78.9 °C (without recrystallization); 78% ee (HPLC conditions: Chiralcel
OZ-H column, n-hexane/i-PrOH = 100/0, 1 mL/min, A = 214 nm, fz (major) = 22.4
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min, fz (minor) = 16.8 min); [a]p”" = -65.7 (¢ = 1.01, CHCls); 'H NMR (300 MHz,
CDCls) & 7.46 (d, J = 8.1 Hz, 1H, Ar-H), 7.26 (s, 1H, Ar-H), 7.07 (dd, J, = 8.3 Hz, J,
= 2.0 Hz, 1H, Ar-H), 6.28 (s, 1H, Ar-H), 6.07-5.92 (m, 2H, =CH x 2), 4.59-4.46 (m,
2H, NCH,), 3.76-3.60 (m, 1H, CH), 1.84-1.69 (m, 2H, CH,), 1.41-1.13 (m, 4H, CH, x
2), 0.86 (t, J = 7.1 Hz, 3H, CH3); °C NMR (75 MHz, CDCl3) & 139.3, 135.9, 127.5,
126.8, 126.1, 120.5, 120.3, 119.8, 108.9, 96.9, 41.8, 36.3, 34.2, 27.9, 22.8, 14.0; IR
(KBr) v (cm™) 3041, 2956, 2922, 2858, 1664, 1605, 1561, 1536, 1467, 1458, 1414,
1392, 1351, 1318, 1275, 1222, 1183, 1169, 1145, 1104, 1059; MS (70 ev, EI) m/z (%)
261 (MC'CD), 14.04), 259 (M'(°Cl), 38.66), 202 (100); HRMS calcd for
Ci¢H5> CIN [M]: 259.1128, Found: 259.1129.

7.7 Synthesis of (R)-9-butyl-10-methyl-6,9-dihydropyrido[1,2-a]indole (R)-2g
(jf-2-096)

IPrAuCl (5 mol%)
N\ AgSbFg (5 mol%) N\ -CaHo
N\\/""n—C4H9 CHC|3, 0 OC, 59 h N

N, Y
(Ro)-1g (R)-29
98% ee 90%, 96% ee

Following Typical Procedure V, the reaction of IPrAuCl (0.0327 g, 0.05 mmol,
95%), AgSbF¢ (0.0175 g, 0.05 mmol, 98%), (R,)-1g (0.2390 g, 1 mmol), and CHCI;
(25 mL) for 59 h at 0 °C afforded (R)-2g (0.2149 g, 90%) as a powder solid: m.p.
64.5-65.5 °C (without recrystallization); 96% ee (HPLC conditions: Chiralcel OD-H
column, n-hexane/i-PrOH = 100/1, 0.4 mL/min, A = 254 nm, g (major) = 17.1 min, g
(minor) = 18.0 min); [a]p> =-149.7 (¢ = 0.93, CHCLs); "H NMR (300 MHz, CDCl;) &
7.59-7.52 (m, 1H, Ar-H), 7.30-7.23 (m, 1H, Ar-H), 7.20-7.07 (m, 2H, Ar-H),
6.10-5.97 (m, 2H, =CH x 2), 4.62-4.51 (m, 2H, NCH>), 3.80-3.69 (m, 1H, CH), 2.30
(s, 3H, CH3), 1.82-1.67 (m, 2H, CH3;), 1.35-1.17 (m, 3H, CH; + one proton of CH,),
1.17-1.01 (m, 1H, one proton of CH,), 0.83 (t, J = 7.1 Hz, 3H, CH3); >C NMR (75
MHz, CDCls) 6 135.2, 133.8, 128.8, 127.6, 120.7, 120.2, 119.0, 117.8, 108.4, 104.0,
41.9, 35.5,33.2,27.5,22.7, 14.0, 8.8; IR (neat) v (cm™") 3042, 2956, 2929, 2858, 1665,
1615, 1568, 1462, 1426, 1384, 1368, 1328, 1313, 1241, 1196, 1169, 1056, 1011; MS
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(70 ev, EI) m/z (%) 240 (M™+1, 5.34), 239 (M", 29.45), 182 (100); HRMS calcd for
C17H2iN [M']: 239.1674, Found: 239.1672.

7.8 Synthesis of (R)-9-(5-chloropentyl)-10-methyl-6,9-dihydropyrido[1,2-aJindole
(R)-2h (jf-2-144)

IPrAuCl (3 mol%)

AgSbFg (3 1% £ CHLCI
AN CH,CI g 6( mol%) AN 4 2
N\\///"'cﬁ1 CHCl3, 0°C, 48 h N

N, %
(Ra)-1h (R)-2h
98% ee 99%, 99% ee

Following Typical Procedure 1V, the reaction of IPrAuCl (0.0196 g, 0.03 mmol,
95%), AgSbF¢ (0.0104 g, 0.03 mmol, 98%), (R,)-1h (0.2862 g, 1 mmol, 97%), and
CHCI; (25 mL) for 48 h at 0 °C afforded (R)-2h (0.2849 g, 99%, 96% purity) [eluent:
petroleum ether] as a liquid: 99% ee (HPLC conditions: Chiralcel IA-H column,
n-hexane/i-PrOH = 100/1, 0.7 mL/min, A = 254 nm, #g (major) = 7.2 min, #g (minor) =
7.8 min); [a]p™’ = -136.7 (¢ = 1.41, CHCl3); "H NMR (300 MHz, CDCls) § 7.55-7.47
(m, 1H, Ar-H), 7.20-7.06 (m, 3H, Ar-H), 6.00-5.89 (m, 2H, =CH x 2), 4.51-4.38 (m,
2H, NCH,), 3.72-3.63 (m, 1H, CH), 3.37 (t, J = 6.6 Hz, 2H, CH,Cl), 2.26 (s, 3H,
CHs3), 1.82-1.52 (m, 4H, CH; x 2), 1.39-1.15 (m, 3H, CH; + one proton of CH,),
1.15-0.96 (m, 1H, one proton of CH,); °C NMR (75 MHz, CDCls) § 135.1, 133.4,
128.7, 127.3, 120.8, 120.2, 119.0, 117.7, 108.4, 104.0, 44.9, 41.8, 35.4, 33.0, 32.4,
26.8, 24.5, 8.8; IR (neat) v (cm™") 3042, 2934, 2858, 1666, 1613, 1568, 1471, 1462,
1385, 1368, 1328, 1313, 1284, 1240, 1197, 1169, 1150, 1122, 1054, 1011; MS (70 ev,
EI) m/z (%) 290 M'C'Cl) + 1, 1.00), 289 (M'('Cl), 5.11), 288 (M'(*°Cl) + 1, 3.17),
287 (M'(*°Cl), 16.00), 182 (100); HRMS calcd for C;gHoN>°Cl [M']: 287.1441,
Found: 287.1438.

7.9 Synthesis of (R)-10-methyl-9-phenethyl-6,9-dihydropyrido[1,2-a]indole (R)-2i
(jf-3-065)
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IPrAuCl (3 mol%)
AgSbFg (3 mol%
A\ . —ph gSbFeg ( 0)
N\\/ " CHCI3, 0°C, 48 h

N2

(Ry)-1i (R)-2i
97% ee 98%, 98% ee

Following Typical Procedure 1V, the reaction of IPrAuCl (0.0196 g, 0.03 mmol,
95%), AgSbF¢ (0.0106 g, 0.03 mmol, 98%), (R,)-1i (0.2856 g, 1 mmol), and CHCl;
(25 mL) for 48 h at 0 °C afforded (R)-2i (0.2794 g, 98%) [eluent: petroleum
ether/diethyl ether = 50/1] as a needle solid: m.p. 101.1-102.2 °C (DCM/hexane); 98%
ee (HPLC conditions: Chiralcel OD-H column, n-hexane/i-PrOH = 95/5, 0.7 mL/min,
A =254 nm, tg (major) = 11.9 min, fg (minor) = 12.9 min); [oc]D20 =-141.7 (¢ = 0.78,
CHCl;); "H NMR (300 MHz, CDCl3) 8 7.56 (d, J = 7.2 Hz, 1H, Ar-H), 7.30-7.07 (m,
8H, Ar-H), 6.17-6.00 (m, 2H, =CH x 2), 4.60 (d, J = 3.6 Hz, 2H, NCH>), 3.89-3.77 (m,
1H, CH), 2.66-2.51 (m, 1H, one proton of PhCH,), 2.46-2.33 (m, 1H, one proton of
PhCH,), 2.30 (s, 3H, CHs), 2.20-1.98 (m, 2H, CH,); *C NMR (75 MHz, CDCL;) &
142.1, 135.3, 133.2, 128.9, 128.3, 127.2, 125.7, 121.3, 120.4, 119.1, 117.9, 108.5,
104.4, 42.0, 37.4, 33.0, 31.6, 8.9; IR (KBr) v (cm™) 3026, 2947, 2921, 2858, 1601,
1577, 1560, 1494, 1471, 1463, 1425, 1386, 1369, 1328, 1312, 1240, 1197, 1167, 1122,
1080; MS (70 ev, EI) m/z (%) 288 (M'+1, 4.32), 287 (M", 21.04), 182 (100); Anal.
Calcd. for C;HaN (%): C 87.76, H 7.37, N 4.87, Found: C 87.76, H 7.29, N 4.67.
7.10 Synthesis of (R)-10-methyl-9-(pentan-3-yl)-6,9-dihydropyrido[1,2-a]indole
(R)-2j (jf-3-095)

IPrAuCI (3 mol%)
N\ AgSbFg (3 mol%)
N\\/ CHCI3, 0°C, 48 h

N,

(Ra)-1j (R)-2j
98% ee 89%, 90% ee

Following Typical Procedure IV, the reaction of IPrAuCl(0.0196 g, 0.03 mmol,
95%), AgSbFs (0.0104 g, 0.03 mmol, 98%), (R,)-1j (0.2520 g, 1 mmol), and CHCl;
(25 mL) for 48 h at 0 °C afforded (R)-2j (0.2239 g, 89%) [eluent: petroleum ether] as
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a liquid: 90% ee (HPLC conditions: Chiralcel OZ-H column, n-hexane/i-PrOH =
100/0, 1.0 mL/min, A = 214 nm, #g (major) = 11.4 min, fg (minor) = 10.4 min); [a]D20
= -145.8 (¢ = 0.89, CHCl3); '"H NMR (300 MHz, CDCl3) § 7.54 (d, J = 7.5 Hz, 1H,
Ar-H), 7.24 (d, J = 7.5 Hz, 1H, Ar-H), 7.21-7.07 (m, 2H, Ar-H), 6.14-5.94 (m, 2H,
=CH x 2), 4.66-4.42 (m, 2H, NCHy), 3.98-3.80 (m, 1H, CH), 2.30 (s, 3H, Ar-CH3),
1.84-1.70 (m, 1H, CH), 1.65-1.52 (m, 1H, one proton of CH;), 1.42-1.24 (m, 1H, one
proton of CH,), 1.12 (t, J = 7.4 Hz, 3H, CH3), 1.02 (quint, J = 7.2 Hz, 2H, CH>), 0.65
(t, J = 7.5 Hz, 3H, CH3); *C NMR (75 MHz, CDCl3) & 135.2, 134.1, 128.9, 124.2,
122.0, 120.1, 118.9, 117.8, 108.4, 103.8, 47.5, 42.3, 35.1, 23.7, 23.0, 12.5, 12.2, 9.0;
IR (neat) v (cm™) 3042, 2959, 2928, 2873, 1665, 1567, 1462, 1426, 1385, 1369, 1312,
1241, 1198, 1173, 1122, 1094, 1058, 1012; MS (70 ev, EI) m/z (%) 254 (M'+1, 3.24),
253 (M, 15.66), 182 (100); HRMS calcd for C;sH,3N [M']: 253.1830, Found:
253.1832.

7.11 Synthesis of (R)-9-butyl-10-ethyl-6,9-dihydropyrido[1,2-a]indole (R)-2k
(jf-3-075)

IPrAuCl (3 mol%)

N\ AgSbFg (3 mol%)
N "'1n-C4Hg CHCI;, 0°C, 48 h
N,
(Ra)-1k (R)-2k
99% ee 98%, 97% ee

Following Typical Procedure IV, the reaction of IPrAuCl(0.0197 g, 0.03 mmol,
95%), AgSbFs (0.0104 g, 0.03 mmol, 98%), (R,)-1k (0.2541 g, 1 mmol), and CHCl;
(25 mL) for 48 h at 0 °C afforded (R)-2k (0.2501 g, 98%) [eluent: petroleum
ether/diethyl ether = 50/1] as a liquid: 97% ee (HPLC conditions: Chiralcel OD-H
column, n-hexane/i-PrOH = 95/5, 1.0 mL/min, A = 214 nm, #z (major) = 4.4 min, tg
(minor) = 4.9 min); [a]p”" = -185.9 (¢ = 1.05, CHCl;); '"H NMR (300 MHz, CDCl;) &
7.60 (d, J = 6.6 Hz, 1H, Ar-H), 7.25 (d, J = 7.5 Hz, 1H, Ar-H), 7.20-7.07 (m, 2H,
Ar-H), 6.11-5.97 (m, 2H, =CH x 2), 4.61-4.49 (m, 2H, NCH), 3.83-3.70 (m, 1H, CH),
2.78 (q, J = 7.5 Hz, 2H, Ar-CH,), 1.82-1.68 (m, 2H, CH;), 1.35-1.18 (m, 6H, CH, +
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one proton of CH; + CHj3), 1.15-1.00 (m, 1H, one proton of CHy), 0.83 (t, J= 7.1 Hz,
3H, CHs); °C NMR (75 MHz, CDCl3) & 135.5, 133.3, 127.9, 127.8, 120.7, 120.2,
119.0, 118.2, 111.0, 108.6, 42.0, 36.2, 33.2, 27.3, 22.8, 17.7, 15.4, 14.0; IR (neat) v
(cm™) 3042, 2959, 2929, 2857, 1665, 1612, 1565, 1471, 1456, 1423, 1372, 1331,
1315, 1235, 1193, 1169, 1126, 1069, 1015; MS (70 ev, EI) m/z (%) 254 (M'+1, 7.59),
253 (M, 33.67), 196 (100); HRMS calcd for C;sHy3N [M']: 253.1830, Found:
253.1829.

7.12 Synthesis of
(R)-9-butyl-10-(2-((tert-butyldimethylsilyl)oxy)-ethyl)-6,9-dihydropyrido[1,2-a]in
dole (R)-2I (jf-3-057)

OTBS IPrAUCI (3 mol%)
N AgSbFg (3 mol%)
N \\/""n—C4H9 CHCls, 0 °C, 48 h
N2
(Ra)-1l (R)-2I
98% ee 98%, 96% ee

Following Typical Procedure IV, the reaction of IPrAuCl (0.0195 g, 0.03 mmol,
95%), AgSbF¢ (0.0105 g, 0.03 mmol, 98%), (R,)-1l (0.3796 g, 1 mmol), and CHCl;
(25 mL) for 48 h at 0 °C afforded (R)-2l (0.3749 g, 98%) [eluent: petroleum
ether/ethyl acetate = 100/1] as a liquid: 96% ee (HPLC conditions: Chiralcel IF-H
column, n-hexane/i-PrOH = 100/0, 1.0 mL/min, A = 214 nm, g (major) = 10.2 min, g
(minor) = 10.9 min); [a]p™ = -118.8 (¢ = 0.825, CHCl3); '"H NMR (300 MHz, CDCls)
0 7.60 (d, J = 7.2 Hz, 1H, Ar-H), 7.28 (d, J = 7.8 Hz, 1H, Ar-H), 7.22-7.10 (m, 2H,
Ar-H), 6.14-6.00 (m, 2H, =CH x 2), 4.64-4.48 (m, 2H, NCH;), 3.94-3.72 (m, 3H,
OCH,+ CH), 3.04 (t, J = 8.0 Hz, 2H, CH>), 1.79 (q, J = 6.9 Hz, 2H, CH>), 1.39-1.19
(m, 3H, CH; + one proton of CH,), 1.17-1.02 (m, 1H, one proton of CH;), 0.93 (s, 9H,
CH; x 3), 0.85 (t, J = 6.9 Hz, 3H, CH3), 0.06 (s, 6H, CH; x 2); °C NMR (75 MHz,
CDCl) 6 135.4, 134.9, 128.3, 127.7, 120.7, 120.3, 119.2, 118.1, 108.6, 105.2, 63.8,
42.1, 36.4, 33.2, 28.6, 27.4, 26.0, 22.8, 18.4, 14.0, -5.24, -5.29; IR (neat) v (cm™)
3043, 2955, 2929, 2857, 1666, 1611, 1565, 1471, 1461, 1425, 1370, 1330, 1314, 1254,
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1213, 1191, 1169, 1093, 1067, 1014; MS (70 ev, EI) m/z (%) 384 (M'+1, 18.59), 383
(M", 56.82), 238 (100); HRMS calcd for Cp4H3NOSi [M']: 383.2644, Found:
383.2644.

7.13 Synthesis of (R)-9-butyl-3-chloro-10-methyl-6,9-dihydropyrido[1,2-a]indole
(R)-2m (jf-2-200)

IPrAuCl (3 mol%)
N\ AgSbFg (3 mol%) -
cl N\\/""n—C4H9 CHCI;,0°C, 48 h

N,

(Ra)-1m (R)-2m
98% ee 97%, 95% ee

Following Typical Procedure IV, the reaction of IPrAuCl(0.0194 g, 0.03 mmol,
95%), AgSbFs (0.0104 g, 0.03 mmol, 98%), (R,)-1m (0.2736 g, 1 mmol), and CHCl;
(25 mL) for 48 h at 0 °C afforded (R)-2m (0.2067 g, 97%) [eluent: petroleum ether] as
a liquid: 95% ee (HPLC conditions: Chiralcel OD-H column, n-hexane/i-PrOH =
100/1, 1.0 mL/min, A = 254 nm, ¢z (major) = 5.0 min, #z (minor) = 6.2 min); [a]p’" =
-122.7 (¢ = 0.99, CHCl;); '"H NMR (300 MHz, CDCls) & 7.41 (d, J = 8.4 Hz, 1H,
Ar-H), 7.22 (s, 1H, Ar-H), 7.06 (dd, J; = 8.4 Hz, J, = 1.5 Hz, 1H, Ar-H), 6.12-5.93 (m,
2H, =CH x 2), 4.58-4.37 (m, 2H, NCH>), 3.75-3.64 (m, 1H, CH), 2.25 (s, 3H, CH3),
1.79-1.63 (m, 2H, CH;), 1.36-1.15 (m, 3H, CH; + one proton of CH;), 1.15-0.98 (m,
1H, one proton of CH;), 0.83 (t, /= 6.9 Hz, 3H, CH3); BC NMR (75 MHz, CDCl;) &
135.5, 134.7, 127.6, 127.3, 126.1, 120.4, 119.5, 118.6, 108.5, 104.3, 42.0, 35.4, 33.2,
27.5,22.7, 14.0, 8.8; IR (neat) v (cm™) 3040, 2956, 2929, 2858, 1854, 1667, 1611,
1560, 1475, 1462, 1422, 1385, 1365, 1322, 1281, 1236, 1198, 1169, 1068, 1003; MS
(70 ev, EI) m/z (%) 275 M'('CI), 11.56), 273 (M'(*°Cl), 32.44), 216 (100); HRMS
caled for Ci7HoN*Cl [M]: 273.1284, Found: 273.1284.

7.14 Synthesis of
(R)-9-butyl-10-chloro-2-methoxy-6,9-dihydropyrido[1,2-a]indole (R)-2n (jf-3-084)
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Cl cl

MeO
N\ IPrAuCl (3 mol%s) MO \ CaHe
y \\/"'/n-cmg AgSbFg (3 mol%) y

CHCI;, 0°C, 42 h Y4

N2
(Ra)-1n (R)-2n
98% ee 98%, 98% ee

Following Typical Procedure 1V, the reaction of IPrAuCl (0.0196 g, 0.03 mmol,
95%), AgSbF¢ (0.0104 g, 0.03 mmol, 98%), (Ra)-1n (0.2888 g, 1 mmol), and CHCl;
(25 mL) for 42 h at 0 °C afforded (R)-2n (0.2818 g, 98%) [eluent: petroleum
ether/diethyl ether = 20/1] as a prism solid: m.p. 98.7-99.3 °C (DCM/hexane): 98% ece
(HPLC conditions: Chiralcel OD-H column, n-hexane/i-PrOH = 95/5, 0.5 mL/min, A
= 214 nm, tg (major) = 10.0 min, tg (minor) = 11.8 min); [a]p”’ = -181.4 (¢ = 0.87,
CHCls); "H NMR (300 MHz, CDCl3) & 7.17 (d, J= 8.7 Hz, 1H, Ar-H), 7.03 (d, J = 2.4
Hz, 1H, Ar-H), 6.85 (dd, J; = 8.7 Hz, J, = 2.4 Hz, 1H, Ar-H), 6.08-5.98 (m, 2H, =CH
x 2), 4.54 (d, J = 3.6 Hz, 2H, NCH,), 3.88 (s, 3H, OMe), 3.83-3.74 (m, 1H, CH),
2.03-1.76 (m, 2H, CH,), 1.37-1.18 (m, 3H, CH;+ one proton of CH;), 1.18-0.99 (m,
1H, one proton of CH,), 0.84 (t, J = 7.1 Hz, 3H, CH3); °C NMR (75 MHz, CDCl3) &
154.8, 133.8, 129.3, 127.1, 126.0, 120.2, 111.8, 109.9, 99.5, 98.8, 55.8, 42.2, 33.9,
33.1, 27.4, 22.6, 14.0; IR (KBr) v (cm™) 3035, 3008, 2950, 2925, 2860, 1661, 1620,
1576, 1486, 1466, 1450, 1426, 1371, 1340, 1287, 1220, 1185, 1164, 1030; MS (70 ev,
EI) m/z (%) 291 (M'C'CI), 12.33), 289 (M'(*°Cl), 34.06), 232 (100); Anal. Calcd. for
Ci17H20CIN (%): C 70.46, H 6.96, N 4.83, Found: C 70.45, H 6.96, N 4.60.

7.15 Synthesis of (S)-10-methyl-9-phenyl-6,9-dihydropyrido[1,2-a]indole (S)-20

(jf-2-158)
N\ IPrAuCl (3 mol%)
ph AgSbFg (3 mol%)
N \\/ '

CHCl;, 0°C, 48 h
N2
(Ra)-10 (S)-20
99% ee 99%, 95% ee

Following Typical Procedure 1V, the reaction of IPrAuCl (0.0195 g, 0.03 mmol,
95%), AgSbF¢ (0.0106 g, 0.03 mmol, 98%), (R,)-10 (0.2591 g, 1 mmol), and CHCI;
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(25 mL) for 48 h at 0 °C afforded (S)-20 (0.2575 g, 99%) [eluent: petroleum ether] as
a powder solid: m.p.143.8-146.3 °C (without recrystallization); 95% ee (HPLC
conditions: Chiralcel IA-H column, n-hexane/i-PrOH = 100/1, 0.7 mL/min, A = 254
nm, g (major) = 9.9 min, fg (minor) = 10.6 min); [a]p”® = -207.1 (¢ = 1.03, CHCl3);
'H NMR (300 MHz, CDCls) & 7.52 (d, J= 7.8 Hz, 1H, Ar-H), 7.32 (d, /= 8.1 Hz, 1H,
Ar-H), 7.28-7.09 (m, 7H, Ar-H), 6.10-5.96 (m, 2H, =CH x 2), 4.86-4.58 (m, 3H,
NCH, + CH), 1.97 (s, 3H, CHs); °C NMR (75 MHz, CDCl3) & 143.3, 135.2, 132.2,
128.7, 128.6, 128.0, 127.8, 126.4, 120.6, 119.2, 119.0, 118.0, 108.7, 105.9, 41.9, 40.5,
8.6; IR (KBr) v (cm™) 3050, 3024, 2912, 2857, 1488, 1470, 1459, 1452, 1418, 1388,
1367, 1315, 1242, 1197, 1167; MS (70 ev, EI) m/z (%) 260 (M+1, 19.64), 259 (M",
100); HRMS calcd for CoH;7N [M']: 259.1361, Found: 259.1361.

7.16 Synthesis of (5)-9-(2-bromophenyl)-10-methyl-6,9-dihydropyrido-

&

Br

[1,2-a]indole (S)-2p (jf-2-174)

Br IPrAuCI (3 mol%)
N\ AgSbFg (3 mol%)
N\\/ CHCI3, 0°C, 48 h

Ny

(Ra)-1p (S)-2p
96% ee 98%, 96% ee

Following Typical Procedure IV, the reaction of IPrAuCl(0.0194 g, 0.03 mmol,
95%), AgSbFs (0.0106 g, 0.03 mmol, 98%), (R,)-1p (0.3287 g, 1 mmol), and CHCI;
(25 mL) for 48 h at 0 °C afforded (S)-2p (0.3220 g, 98%) [eluent: petroleum ether] as
a powder solid: m.p. 91.1-92.1 °C (without recrystallization); 96% ee (HPLC
conditions: Chiralcel OD-H column, n-hexane/i-PrOH = 90/10, 0.7 mL/min, A = 254
nm, fz (major) = 9.6 min, #z (minor) = 12.7 min); [a]p"" = -131.7 (¢ = 0.625, CHCl5);
"H NMR (300 MHz, CDCl;) & 7.55 (t, J= 8.0 Hz, 2H, Ar-H), 7.35 (d, J = 8.1 Hz, 1H,
Ar-H), 7.27-6.98 (m, 4H, Ar-H), 6.78 (d, J= 7.2 Hz, 1H, Ar-H), 6.08 (q, /= 10.7 Hz,
2H,=CH x 2), 5.49-5.30 (m, 1H, CH), 4.78 (d, /= 19.8 Hz, 1H, one proton of NCH,),
4.66 (d, J=19.5 Hz, 1H, one proton of NCH,), 1.93 (s, 3H, CH3); °C NMR (75 MHz,
CDCls) & 142.4, 135.3, 132.6, 131.9, 130.0, 128.6, 128.1, 128.0, 125.8, 123.1, 120.8,
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119.5, 119.4, 118.2, 108.7, 106.1, 41.8, 39.5, 8.4; IR (KBr) v (cm™) 3045, 2913, 1471,
1460, 1438, 1432, 1386, 1366, 1315, 1307, 1266, 1241, 1200, 1172, 1044, 1023, 1010;
MS (70 ev, EI) m/z (%) 339 (M (*'Br), 76.10), 337 (M"("Br), 100); HRMS calcd for
CioH1sN"’Br [M']: 337.0466, Found: 337.0467.

7.17 Synthesis of

(8)-9-(4-fluorophenyl)-10-methyl-6,9-dihydropyrido[1,2-a]indole (S)-2q (jf-3-034)
F
IPrAuCl (3 mol%)

@ AgSbFg (3 mol%)
N Z CHCls, 0 °C, 48 h
N \\/‘H N,

(Ra)-1q (S)-2q
98% ee 89%, 95% ee

Following Typical Procedure 1V, the reaction of IPrAuCl(0.0194 g, 0.03 mmol,
95%), AgSbF¢ (0.0105 g, 0.03 mmol, 98%), (R.)-1g (0.2800 g, I mmol), and CHCl;
(25 mL) for 48 h at 0 °C afforded (S)-2q (0.2500 g, 89%) [eluent: petroleum
ether/diethyl ether = 50/1] as a needle solid: m.p. 123.1-124.2 °C (DCM/hexane); 95%
ee (HPLC conditions: Chiralcel OD-H column, n-hexane/i-PrOH = 95/5, 1.0 mL/min,
A =214 nm, fg (major) = 9.3 min, fg (minor) = 7.8 min); [0(]1)20 = -205.1 (¢ = 1.20,
CHCl;); 'H NMR (300 MHz, CDCl3) & 7.51 (d, J = 7.8 Hz, 1H, Ar-H), 7.29 (d, J =
7.8 Hz, 1H, Ar-H), 7.23-7.16 (m, 1H, Ar-H), 7.16-7.09 (m, 1H, Ar-H), 7.09-7.01 (m,
2H, Ar-H), 6.90 (t, J = 8.6 Hz, 2H, Ar-H), 6.03-5.91 (m, 2H, =CH x 2 ), 4.82-4.51 (m,
3H, NCH, + CH), 1.95 (s, 3H, CH;); °C NMR (75 MHz, CDCLs) & 161.4 (d, J =
243.4 Hz), 139.0 (d, J = 2.8 Hz), 135.2, 131.9, 129.2 (d, J = 7.6 Hz), 128.6, 127.7,
120.8, 119.3, 119.2, 118.1, 115.4 (d, J = 21.4 Hz), 108.7, 105.9, 41.8, 39.7, 8.6; '°F
NMR (282 MHz, CDCl3) & -117.0; IR (KBr) v (cm™) 1601, 1561, 1505, 1472, 1461,
1414, 1388, 1370, 1315, 1279, 1245, 1223, 1168, 1156, 1093, 1012; MS (70 ev, EI)
m/z (%) 278 (M'+1, 18.95), 277 (M", 100); Anal. Calcd. for C;oH ¢FN (%): C 82.28,
H 5.82, N 5.05, Found: C 82.15, H 5.82, N 4.93.

7.18 Synthesis of (5)-9-(4-bromophenyl)-10-methyl-6,9-dihydropyrido-
[1,2-a]indole (S)-2r (jf-3-020)
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Br

IPrAuCl (3 mol%)

AgSbFe (3 mol%)
A\ Z CHCI;, 0°C, 48 h
N\\/‘H N,

(Ra)-1r (S)-2r
98% ee 91%, 96% ee

Following Typical Procedure 1V, the reaction of IPrAuCl (0.0195 g, 0.03 mmol,
95%), AgSbF¢ (0.0102 g, 0.03 mmol, 98%), (R,)-1r (0.3390 g, 1 mmol), and CHCl;
(25 mL) for 48 h at 0 °C afforded (S)-2r (0.3089 g, 91%) [eluent: petroleum ether/
diethyl ether = 100/ 1] as a needle solid: m.p. 156.5-157.2 °C (DCM/hexane); 96% ce
(HPLC conditions: Chiralcel OD-H column, n-hexane/i-PrOH = 90/10, 0.7 mL/min, A
= 254 nm, tg (major) = 11.7 min, fz (minor) = 9.5 min); [oc]D20 =-227.2 (c = 1.02,
CHCl;); "H NMR (300 MHz, CDCl3) § 7.52 (d, J = 7.8 Hz, 1H, Ar-H), 7.40-7.30 (m,
3H, Ar-H), 7.25-7.18 (m, 1H, Ar-H), 7.14 (t, J = 7.1 Hz, 1H, Ar-H), 7.01 (d, /= 8.4
Hz, 2H, Ar-H) 6.09-5.96 (m, 2H, =CH x 2 ), 4.84-4.59 (m, 3H, NCH; + CH), 1.96 (s,
3H, CHs); >C NMR (75 MHz, CDCls) & 142.4, 135.3, 131.7, 131.5, 129.5, 128.6,
127.4, 120.9, 120.3, 119.5, 119.4, 118.2, 108.7, 106.1, 41.9, 40.0, 8.6; IR (KBr) v
(cm™) 3038, 1485, 1473, 1462, 1427, 1402, 1388, 1370, 1319, 1245, 1201, 1180,
1165, 1149, 1101, 1069, 1008; MS (70 ev, EI) m/z (%) 339 (M'(*'Br), 80.04), 337
(M"("Br), 100); Anal. Calcd. for C1oH BN (%): C 67.47, H 4.77, N 4.14, Found: C
67.23, H4.91, N 3.96.

7.19 Synthesis of (5)-9-(4-bromophenyl)-10-(2-((tert-butyldimethylsilyl)oxy)-
ethyl)-6,9-dihydropyrido[1,2-a]indole (S)-2s (jf-3-096)

OTBS pr
OTBS IPrAuCl (3 mol%)
AN AgSbFg (3 mol%)
N\\/""@\ CHCI3,0°C, 48 h NS
Br N N
’ /
(Ra)'ls (S)'ZS
99% ee 90%, 92% ee

Following Typical Procedure 1V, the reaction of IPrAuCl(0.0195 g, 0.03 mmol,
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95%), AgSbFs (0.0104 g, 0.03 mmol, 98%), (R,)-1s (0.4824 g, 1 mmol), and CHCl;
(25 mL) for 48 h at 0 °C afforded (S)-2s (0.4328 g, 90%) [eluent: petroleum
ether/ethyl acetate = 50/1] as a powder solid: m.p. 66.3-68.7 °C (without
recrystallization); 92% ee (HPLC conditions: Chiralcel IF-H column,
n-hexane/i-PrOH = 100/0, 1.0 mL/min, A = 214 nm, #g (major) = 22.3 min, fg (minor)
=24.9 min); [a]p"’ = -184.9 (¢ = 0.73, CHCl;); "H NMR (300 MHz, CDCl5) & 7.60 (d,
J=17.8 Hz, 1H, Ar-H), 7.38 (t, J = 7.7 Hz, 3H, Ar-H), 7.25 (t, J = 7.5 Hz, 1H, Ar-H),
7.17 (t, J="7.4 Hz, 1H, Ar-H), 7.04 (d, J = 8.4 Hz, 2H, Ar-H), 6.12-5.99 (m, 2H, =CH
x 2),4.96-4.87 (m, 1H, CH), 4.81 (d, J = 18.3 Hz, 1H, one proton of NCH>), 4.69 (d,
J =18.9 Hz, 1H, one proton of NCH,) 3.65-3.50 (m, 1H, one proton of OCH,), 3.31
(td, J1 = 9.5 Hz, J, = 5.7 Hz, 1H, one proton of OCHy), 2.85-2.65 (m, 2H, Ar-CH,),
0.86 (s, 9H, CH; x 3), -0.06 (s, 3H, CH3), -0.07 (s, 3H, CH3); °C NMR (75 MHz,
CDCls) & 143.0, 135.4, 132.6, 131.8, 129.5, 128.3, 127.5, 121.0, 120.5, 119.6, 119.3,
118.5, 108.9, 107.4, 63.0, 41.9, 39.9, 28.1, 26.0, 18.4, -5.38, -5.44; IR (KBr) v (cm™)
3047, 2951, 2926, 2856, 1586, 1485, 1471, 1459, 1422, 1403, 1388, 1373, 1359, 1317,
1256, 1247, 1212, 1169, 1109, 1068, 1011; MS (70 ev, EI) m/z (%) 484 (M"(*'Br) + 1,
6.86), 483 (M'(*'Br), 20.43), 482 (M (Br) + 1, 7.54), 481 (M*("Br), 19.74), 336
(100); Anal. Calcd. for Cy6H3,BrNOSIi (%): C 64.72, H 6.68, N 2.90, Found: C 64.74,

H 6.69, N 2.69.
Gram-scale
OTBS IPrAuCI (1.5 mol%)
A\ AgSbFg (1.5 mol%)_
N /@ CHCls, 0 °C, 50 h
\\/ Br N2
R,)-1 (S)-2s
s(agg/) ez 88%, 97% ee
’ 1.2727 g

To an oven-dried three-neck bottle were added IPrAuCl (0.0296 g, 0.045 mmol,
95%), AgSbFs (0.0158 g, 0.045 mmol, 98%), and CHCl; (40 mL) under nitrogen
atmosphere sequentially. After stirring at room temperature for 15 min, the reaction

was cooled down to 0 °C and then (R,)-1s (1.4450 g, 0.5 mmol), and CHCI;3 (35 mL)
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were added. The reaction was complete after being stirred at 0 °C for 50 h as
monitored by TLC. After filtration through a short column of silica gel eluted with
DCM (15 mL % 4) and evaporation, the crude product was then purified by column
chromatography on silica gel to afford (S5)-2s (1.2727 g, 88%) [eluent: petroleum
ether/diethyl ether = 100/1] as a powder solid: 97% ee (HPLC conditions: Chiralcel
IF-H column, n-hexane/i-PrOH = 100/0, 1.0 mL/min, A = 214 nm, g (major) = 20.0
min, g (minor) = 22.7 min); [a]p™ = -187.1 (¢ = 0.93, CHCl;); '"H NMR (300 MHz,
CDCl) & 7.60 (d, J = 7.8 Hz, 1H, Ar-H), 7.38 (t, J = 7.5 Hz, 3H, Ar-H), 7.24 (t, J =
7.5 Hz, 1H, Ar-H), 7.16 (t, J = 7.4 Hz, 1H, Ar-H), 7.03 (d, J = 8.4 Hz, 2H, Ar-H),
6.12-5.99 (m, 2H, =CH x 2), 4.96-4.87 (m, 1H, CH), 4.80 (d, J = 18.6 Hz, 1H, one
proton of NCHy),

4.69 (d, J = 18.9 Hz, 1H, one proton of NCH,), 3.63-3.50 (m, 1H, one proton of
OCH,), 3.31 (td, J1 = 9.5 Hz, J, = 5.7 Hz, 1H, one proton of OCH>), 2.85-2.65 (m, 2H,
Ar-CH,), 0.85 (s, 9H, CH3 x 3), -0.066 (s, 3H, CH3), -0.076 (s, 3H, CH3); °C NMR
(75 MHz, CDCl;) & 142.9, 135.4, 132.6, 131.8, 129.5, 128.3, 127.5, 121.0, 120.5,
119.6,119.3, 118.5, 108.9, 107.4, 63.0, 41.9, 39.9, 28.1, 26.0, 18.4, -5.38, -5.44.

7.20 Synthesis of methyl (R)-9-butyl-6,9-dihydropyrido[1,2-aJindole-10-car-
boxylate (R)-2t (jf-4-173)

FOoMe IPrAuCI (3 mol%) £O.Me
N\ AgSbFg (3 mol%) N\ N-C4Hg N Recovery of (R,)-1t N unidentified
N “in-C4Hg CHCI3, 0°C, 65h N product
\\/ N, / 29%, 0% ee 107.9 mg
(Ra)1t (R)-2t
98% ee 31%, 13% ee

Following Typical Procedure 1V, the reaction of IPrAuCl (0.0196 g, 0.03 mmol,
95%), AgSbFe (0.0104 g, 0.03 mmol, 98%), (R,)-1t (0.2865 g, 1 mmol), and CHCl;
(25 mL) for 65 h at 0 °C afforded (R)-2t (0.0911 g, 31%, 98% purity), recovery of
(Ra)-1t (0.0814 g, 29%), and unidentified product (107.9 mg) [eluent: petroleum ether/
ethyl acetate = 15/1 (500 mL) to 7/1 (400 mL)].
(R)-2t as a liquid: 13% ee (HPLC conditions: Chiralcel IA-H column,

n-hexane/i-PrOH = 90/10, 0.7 mL/min, A = 214 nm, #g (major) = 5.7 min, #g (minor) =
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6.7 min); [a]p™ = -36.1 (¢ = 1.19, CHCls); '"H NMR (300 MHz, CDCl;) & 8.16 (d, J =
7.2 Hz, 1H, Ar-H), 7.36-7.13 (m, 3H, Ar-H), 6.18-5.97 (m, 2H, =CH x 2), 4.68-4.46
(m, 2H, NCH,), 4.40-4.27 (m, 1H, CH), 3.93 (s, 3H, OCH3), 1.99-1.77 (m, 2H, CH,),
1.41-1.16 (m, 3H, CH; + one proton of CH;), 1.13-0.97 (m, 1H, one proton of CHy),
0.83 (t, J = 7.1 Hz, 3H, CHs); C NMR (75 MHz, CDCls) & 165.9, 147.4, 135.4,
128.0, 126.8, 122.1, 121.8, 121.4, 119.5, 109.0, 101.4, 50.6, 42.3, 35.8, 34.6, 27.8,
22.6, 14.0; IR (neat) v (cm™) 3045, 2956, 2925, 2858, 1694, 1532, 1457, 1435, 1378,
1356, 1315, 1259, 1209, 1159, 1114, 1040; MS (70 ev, EI) m/z (%) 284 (M" + 1,
13.70), 283 (M", 62.11), 226 (100); HRMS caled for Ci;sH,NO, [M']: 283.1572,
Found: 283.1573.

Recovery of (R,)-1t as a liquid: 0% ee (HPLC conditions: Chiralcel OD-H column,
n-hexane/i-PrOH = 90/10, 0.5 mL/min, A = 214 nm, fg (major) = 25.0 min, fg (minor)
= 23.9 min); '"H NMR (300 MHz, CDCl;) & 8.22-8.13 (m, 1H, Ar-H), 7.84 (s, 1H,
Ar-H), 7.41-7.32 (m, 1H, Ar-H), 7.30-7.20 (m, 2H, Ar-H), 5.33-5.14 (m, 2H,
CH=C=CH), 4.69 (dd, J, = 6.0 Hz, J, = 2.7 Hz, 2H, NCH,), 3.90 (s, 3H, OCHj),
2.00-1.82 (m, 2H, CH,), 1.32-1.14 (m, 4H, CH, x 2), 0.85 (t, /= 7.1 Hz, 3H, CH3).

8. Syntheses of simplified analogues of (-)-Goniomitine.
8.1 Synthesis of (S)-10-(2-((tert-butyldimethylsilyl)oxy)ethyl)-9-(3'-methoxy-[1,1'-
biphenyl]-4-yl)-6,9-dihydropyrido[1,2-a]indole (S)-4 7 (jf-3-140)

OTBS

Br OTBS
Pd(PPhs), (3 mol%)

m-MeOCgH4(OH), (2.0 equiv.)
K5POy4 (3.0 equiv.)
dioxane, 70 °C, 11 h
N2

(S)-2s (S)-4
97% ee 66%, 91% ee

To an oven-dried Schlenk tube were added K;PO4 (127.4 mg, 0.4 mmol), Pd(PPh;)4
(7.2 mg, 0.006 mmol), (S)-2s (97.0 mg, 0.2 mmol), 3-methoxyphenylboronic acid
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(62.6 mg, 0.4 mmol), and dioxane (2 mL) under nitrogen atmosphere sequentially.
The reaction was complete after being stirred at 70 °C for 11 h as monitored by TLC.
The resulting mixture was diluted with H,O (5 mL) and DCM (5 mL). The organic
layer was separated and the aqueous layer was extracted with DCM (5 mL x 2). The
combined organic layer was washed with brine and dried over anhydrous Na;SOs.
After filtration and evaporation, the residue was purified by column chromatography
on silica gel to afford (5)-4 (67.2 mg, 66%) [eluent: petroleum ether/ethyl acetate =
50/1] as a liquid: 91% ee (HPLC conditions: Chiralcel IA-H column,
n-hexane/i-PrOH = 100/1, 0.5 mL/min, A = 214 nm, #g (major) = 15.8 min, fg (minor)
=19.8 min); [a]p>’ = -207.5 (¢ = 1.14, CHCL;); "H NMR (300 MHz, CDCl5) & 7.58 (d,
J=1.5Hz, 1H, Ar-H), 7.47 (d, J = 8.4 Hz, 2H, Ar-H), 7.35 (d, J= 7.7 Hz, 1H, Ar-H),
7.31 (d, J = 7.8 Hz, 1H, Ar-H), 7.26-7.09 (m, 5H, Ar-H), 7.09-7.04 (m, 1H, Ar-H),
6.87 (ddd, J, = 8.3 Hz, J»= 2.6 Hz, J5 = 0.9 Hz, 1H, Ar-H), 6.17-5.99 (m, 2H,
CH=CH), 5.02-4.91 (m, 1H, CH), 4.81 (d, J = 17.4 Hz, 1H, one proton of NCH,),
4.69 (d, J=17.4 Hz, 1H, one proton of NCH>), 3.84 (s, 3H, OCH3), 3.64-3.50 (m, 1H,
one proton of OCHy), 3.34 (td, J,= 9.3 Hz, J,= 5.6 Hz, 1H, one proton of OCH,),
2.89-2.68 (m, 2H, Ar-CH,), 0.80 (s, 9H, CH3 x 3), -0.012 (s, 3H, CH3), -0.013 (s, 3H,
CH;); °C NMR (75 MHz, CDCl3) & 159.9, 143.1, 142.3, 139.5, 135.4, 133.1, 129.7,
128.4, 128.1, 127.9, 127.5, 120.8, 119.6, 119.5, 119.0, 118.5, 112.7, 112.6, 108.8,
107.2, 63.0, 55.2, 42.0, 40.1, 28.2, 26.0, 18.3, -5.4; IR (neat) v (cm™) 3044, 2951,
2928, 2855, 1600, 1566, 1471, 1460, 1403, 1370, 1317, 1295, 1254, 1213, 1169, 1093,
1032, 1015; MS (70 ev, EI) m/z (%) 510 (M'+1, 17.52), 509 (M", 43.55), 364 (100);
HRMS calcd for C33H39NO,Si [M']: 509.2750, Found: 509.2752.

8.2 Synthesis of 10-(2-((tert-butyldimethylsilyl)oxy)ethyl)-9-(3'-methoxy-[1,1'-
biphenyl]-4-yl)-6,9-dihydropyrido[1,2-a]indole rac-4 ’ (jf-3-158).
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Pd(PPh3), (3 mol%)
m-MeOCgHy(OH); (2.0 equiv.)
KsPO, (3.0 equiv.)
dioxane, 70 °C, 12 h
N,

rac-4

rac-2s 749%

Following the preparation of (S5)-4, the reaction of K3PO4 (128.0 mg, 0.6 mmol),
Pd(PPhs); (7.3 mg, 0.006 mmol), rac-2s (96.6 mg, 0.2 mmol),
3-methoxyphenylboronic acid (63.0 mg, 0.4 mmol), and dioxane (2 mL) for 12 h at 70
°C afforded rac-4 (75.2 mg, 74%) [eluent: petroleum ether/ethyl acetate = 50/1] as a
powder solid: m.p. 97.3-98.7 °C (without recrystallization); '"H NMR (300 MHz,
CDCl) 6 7.58 (d, J= 7.8 Hz, 1H, Ar-H), 7.46 (d, J= 8.1 Hz, 2H, Ar-H), 7.37-7.27 (m,
2H, Ar-H), 7.25-7.08 (m, SH, Ar-H), 7.08-7.04 (m, 1H, Ar-H), 6.85 (ddd, J,= 8.1 Hz,
J,=2.4 Hz, J; = 0.6 Hz, 1H, Ar-H), 6.12-5.96 (m, 2H, CH=CH), 5.00-4.89 (m, 1H,
CH), 4.78 (d, J = 17.4 Hz, 1H, one proton of NCHy), 4.65 (d, /= 17.4 Hz, 1H, one
proton of NCH,), 3.82 (s, 3H, OCH3), 3.62-3.50 (m, 1H, one proton of OCH,), 3.34
(td, J1= 9.5 Hz, J,= 5.7 Hz, 1H, one proton of OCH;), 2.90-2.69 (m, 2H, Ar-CH,),
0.81 (s, 9H, CH; x 3), -0.012 (s, 3H, CH3), -0.013 (s, 3H, CH3); *C NMR (75 MHz,
CDCls) &6 159.9, 143.1, 142.3, 139.5, 135.4, 133.1, 129.7, 128.4, 128.1, 127.9, 127.5,
120.8, 119.54, 119.49, 119.0, 118.5, 112.7, 112.6, 108.8, 107.2, 63.0, 55.2, 42.0, 40.1,
28.2, 26.0, 18.3, -5.4; IR (neat) v (cm™) 3052, 3028, 3002, 2925, 2854, 1608, 1584,
1566, 1471, 1459, 1437, 1402, 1369, 1315, 1297, 1256, 1210, 1169, 1087, 1055, 1030,
1014; MS (70 ev, EI) m/z (%) 510 (M'+1, 13.58), 509 (M", 33.87), 364 (100); HRMS
caled for C33H30NO,Si [M']: 509.2750, Found: 509.2751.

8.3 Synthesis of (5)-9-(4-bromophenyl)-6,9-dihydropyrido[1,2-a]indole-
10-acetaldehyde (S)-5 ** (jf-3-136, jf-3-137)

OTBS OH
Br Br
@ HCI, MeOH/DCM = 3/1 IBX (3.0 equiv.)
N_ rt, 40 min CH;CN, 60°C, 2 h
N
Y/
97% ee 78%, 97% ee (in two steps)
(S)-2s (S)-5
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To a reaction tube were added (5)-2s (96.9 mg, 0.2 mmol), Vmeon/Vpem = 3/1 (4
mL), and HCI (30 pL) sequentially. The reaction was complete after being stirred at
room temperature for 40 min as monitored by TLC. The resulting mixture was diluted
with H,O (10 mL) and ethyl acetate (10 mL). The organic layer was separated and the
aqueous layer was extracted with ethyl acetate (10 mL % 2). The combined organic
layer was washed with brine and dried over anhydrous Na,SOj4. After filtration and
evaporation, the crude product was submitted to the next step without further
purification.

To a reaction tube were added the crude product prepared above, acetonitrile (4
mL), and IBX (0.1680 g, 0.6 mmol) sequentially. The reaction was complete after
being stirred at 60 °C for 2 h as monitored by TLC. After filtration through a short
column of celite, eluted with DCM (8 mL x 4), and evaporation, the crude product
was then purified by column chromatography on silica gel to afford (S)-5 (0.0573 g,
78%) [eluent: petroleum ether/ethyl acetate = 10/1] as an oil: 97% ee (HPLC
conditions: Chiralcel OZ-H column, n-hexane/i-PrOH = 95/5, 1.0 mL/min, A = 214
nm, fg (major) = 18.5 min, tg (minor) = 28.4 min); [a]p”’ = -150.9 (¢ = 1.055, CHCl;);
'H NMR (300 MHz, CDCls) & 9.26 (dd, J; = 3.0 Hz, J, = 1.8 Hz, 1H, CHO), 7.47 (d,
J=17.8 Hz, 1H, Ar-H), 7.38 (d, J= 8.4 Hz, 3H, Ar-H), 7.26 (td, J1 = 7.5 Hz, J, = 1.1
Hz, 1H, Ar-H), 7.16 (td, J, = 7.4 Hz, J, = 1.0 Hz, 1H, Ar-H), 7.00 (dt, J; = 8.9 Hz, J,
= 2.3 Hz, 2H, Ar-H), 6.12-5.93 (m, 2H, CH=CH), 4.87-4.64 (m, 3H, NCH, + CH),
3.58 (dd, J, = 16.7 Hz, J, = 2.0 Hz, 1H, one proton of Ar-CH,), 3.27 (dd, J; = 16.4 Hz,
J> = 3.2 Hz, 1H, one proton of Ar-CH,); >C NMR (75 MHz, CDCl;) § 198.7, 141.9,
135.4, 134.2, 132.0, 129.6, 128.0, 127.0, 121.6, 120.8, 120.3, 119.2, 117.9, 109.2,
100.6, 41.9, 39.9, 39.4; IR (neat) v (cm™") 3045, 2818, 2716, 1712, 1485, 1472, 1458,
1404, 1370, 1318, 1292, 1243, 1170, 1072, 1010; MS (70 ev, EI) m/z (%) 367
M (*'Br), 8.47), 365 (M"("”Br), 8.81), 167 (100); HRMS calcd for Co0H;s BrNO
[M']: 365.0415, Found: 365.0417.

8.4 Synthesis of 9-(4-bromophenyl)-6,9-dihydropyrido[1,2-a]indole-10-
acetaldehyde rac-5 *? (jf-3-133, jf-3-134)
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OTBS OH 0
Br Br / Br
Q HCI, MeOH/DCM = 3/1 Q IBX (3.0 equiv.) Q
_IBX (3.0 equiv.) _
O A ft, 40 min O A\ CH3CN, 60 °C, 2 h O N
N N N
Y // /

78% (in two steps)
rac-5

rac-2s

Following the preparation of (S)-5, the reaction of rac-2s (96.0 mg, 0.2 mmol),
Vmeon/Vpem = 3/1 (4 mL), and HCI1 (30 pL) for 40 min at room temperature afforded
the crude product. Then the reaction of the crude product, acetonitrile (4 mL), and
IBX (0.1683 g, 0.6 mmol) for 2 h at 60 °C afforded rac-5 (0.0571 g, 78%) [eluent:
petroleum ether/ethyl acetate = 10/1] as an oil: '"H NMR (300 MHz, CDCls) & 9.27 (t,
J=2.4Hz, 1H, CHO), 7.47 (d, J= 7.8 Hz, 1H, Ar-H), 7.38 (d, /= 8.4 Hz, 3H, Ar-H),
7.26 (t,J=17.5 Hz, 1H, Ar-H), 7.17 (t, J= 7.5 Hz, 1H, Ar-H), 7.01 (d, J = 8.1 Hz, 2H,
Ar-H), 6.13-5.93 (m, 2H, CH=CH), 4.88-4.63 (m, 3H, NCH, + CH), 3.59 (dd, J, =
16.4 Hz, J, = 1.7 Hz, 1H, one proton of Ar-CH,), 3.28 (dd, J, = 16.5 Hz, J, = 3.3 Hz,
1H, one proton of Ar-CH,); >C NMR (75 MHz, CDCl;) § 198.7, 141.9, 135.4, 134.2,
132.0, 129.6, 128.0, 127.1, 121.6, 120.9, 120.4, 119.2, 117.9, 109.2, 100.7, 42.0, 39.9,
39.4; IR (neat) v (cm™) 3045, 2860, 2837, 2730, 1723, 1488, 1471, 1456, 1411, 1372,
1309, 1244, 1178, 1168, 1071, 1011; MS (70 ev, EI) m/z (%) 367 (M'(*'Br), 53.50),
365 (M"("Br), 45.56), 336 (100); HRMS calcd for CooH;¢"'BINO [M']: 365.0415,
Found: 365.0413.
8.5 Synthesis of (S)-9-phenyl-6,7,8,9-tetrahydropyrido[1,2-a]indole-10-ethanol
(8)-6 (jf-3-121)

oTBS
Br
Pd/C (2 mol%)
H, (100 psi)
EtOH, rt, 36 h
97% ee 89%, 90% ee
(S)-2s (S)-6

To a conical flask were added (S)-2s (96.2 mg, 0.2 mmol), Pd/C (10% on C, dry,
4.4 mg, 0.04 mmol), and EtOH (1 mL) sequentially. The conical flask was placed in

an autoclave and charged with H; (100 psi) with stirring at room temperature for 36 h.
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After filteration through a short column of silica gel eluted with EtOAc (5 mL x 4)
and evaporation, the crude product was then purified by column chromatography on
silica gel to afford (S)-6 (0.0519 g, 89%) [eluent: petroleum ether/ethyl acetate = 5/1]
as a liquid: 90% ee (HPLC conditions: Chiralcel OZ-H column, n-hexane/i-PrOH =
95/5, 1.0 mL/min, A = 214 nm, g (major) = 16.3 min, g (minor) = 27.6 min); [a]p’" =
-38.0 (¢ = 1.00, CHCl3); "H NMR (300 MHz, CDCl3) § 7.57 (d, J = 8.1 Hz, 1H, Ar-H),
7.34 (d, J = 7.8 Hz, 1H, Ar-H), 7.29-7.09 (m, 5SH, Ar-H), 7.05 (d, J = 6.9 Hz, 2H,
Ar-H), 4.52 (t, /= 4.8 Hz, 1H, Ar-CH), 4.28 (dt, J, = 11.7 Hz, J, = 4.8 Hz, 1H, one
proton of OCHy), 4.02-3.89 (m, 1H, one proton of OCHy), 3.65-3.46 (m, 2H, Ar-CH,),
2.82-2.52 (m, 2H, NCH;), 2.31-2.17 (m, 1H, one proton of CH;), 2.15-1.99 (m, 2H,
CH,), 1.97-1.84 (m, 1H, one proton of CH,) 1.25 (brs, 1H, OH); °C NMR (75 MHz,
CDCly) & 144.9, 136.1, 135.6, 128.3, 128.0, 126.4, 120.8, 119.5, 118.3, 108.9, 106.9,
62.4, 42.4, 38.8, 30.6, 27.6, 19.0; IR (neat) v (cm™) 3390, 3057, 3025, 2943, 2865,
1601, 1590, 1490, 1462, 1449, 1362, 1322, 1256, 1241, 1203, 1156, 1034, 1013; MS
(70 ev, EI) m/z (%) 292 (M'+1, 5.83), 291 (M", 28.55), 260 (100); HRMS calcd for
C20H2NO [M']: 291.1623, Found: 291.1621.

8.6 Synthesis of 9-phenyl-6,7,8,9-tetrahydropyrido[1,2-aJindole-10-ethanol rac-6
(jf-3-125)

Pd/C (2 mol%)
Hy (100 psi)

EtOH, rt, 40 h

92%

rac-2s
rac-6

Following the preparation of (5)-6, the reaction of rac-2s (94.8 mg, 0.2 mmol),
Pd/C (10% on C, dry, 4.2 mg, 0.04 mmol), EtOH (1 mL), and H, (100 psi) for 40 h at
room temperature afforded rac-6 (0.0524 g, 92%) [eluent: petroleum ether/ethyl
acetate = 4/1] as a liquid: '"H NMR (300 MHz, CDCl;) & 7.57 (d, J = 7.8 Hz, 1H,
Ar-H), 7.34 (d, J = 7.8 Hz, 1H, Ar-H), 7.29-7.09 (m, 5H, Ar-H), 7.05 (d, J = 6.6 Hz,
2H, Ar-H), 4.52 (t, J = 4.8 Hz, 1H, Ar-CH), 4.28 (dt, J, = 11.7 Hz, J, = 4.8 Hz, 1H,
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one proton of OCH,), 4.02-3.89 (m, 1H, one proton of OCH;), 3.65-3.46 (m, 2H,
Ar-CH,), 2.82-2.52 (m, 2H, NCHy), 2.31-2.17 (m, 1H, one proton of CH;), 2.15-1.99
(m, 2H, CH,), 1.97-1.84 (m, 1H, one proton of CH,) 1.25 (brs, 1H, OH); °C NMR
(75 MHz, CDCl;) 6 144.9, 136.1, 135.7, 128.3, 128.0, 126.4, 120.8, 119.5, 118.3,
108.9, 106.9, 62.5, 42.4, 38.8, 30.6, 27.6, 19.0; IR (neat) v (cm’l) 3390, 3056, 3025,
2943, 2866, 1601, 1491, 1462, 1449, 1362, 1322, 1256, 1241, 1203, 1156, 1034, 1013;
MS (70 ev, EI) m/z (%) 292 (M'+1, 7.33), 291 (M", 32.13), 260 (100); HRMS calcd
for C20HNO [M']: 291.1623, Found: 291.1624.

8.7 Synthesis of (R, S)-2-(9-(4-bromophenyl)-6-methyl-6,9-dihydropyrido[1,2-a]
indol-10-yl)ethanol (R, S)-2u (jf-5-119)

IPrAUCI (3 mol%)
AgSbFg (3 mol%)
‘-. CHCls, 0°C, 24 h

N,

(R, Ry)-1u (R, S)-2u
98% ee 92% yield, 99% ee

Typical Procedure VI: To an oven-dried Schlenk tube were added IPrAuCl
(0.0195 g, weighed in a glove box, 0.03 mmol, 95%), AgSbFs (0.0106 g, weighed in a
glove box, 0.03 mmol, 98%), (R, R,)-1u (0.3720 g, 1 mmol), and CHCI; (25 mL)
under nitrogen atmosphere sequentially. The reaction was complete after being stirred
at 0 °C for 24 h as monitored by TLC. After filtration through a short column of silica
gel (3 cm x 2 cm) [eluent: ethyl acetate (8 mL x 4)] and evaporation, the crude
product was purified by column chromatography on silica gel to afford (R, S)-2u
(0.3434 g, 92%) [eluent: petroleum ether/ethyl acetate = 5/1] as a foamy solid: m.p.
57.1-59.2 °C (without recrystallization); 99% ee (HPLC conditions: Chiralcel IA-H
column, n-hexane/i-PrOH = 90/10, 0.5 mL/min, A = 254 nm, tg (major) = 18.5 min, tg
(minor) = 21.2 min); [a]p*" = -270.8 (¢ = 0.975, CHCls); 'H NMR (300 MHz, CDCl5)
0 7.56 (d, J=17.8 Hz, 1H, Ar-H), 7.45-7.32 (m, 3H, Ar-H), 7.25-7.17 (m, 1H, Ar-H),
7.16-7.08 (m, 1H, Ar-H), 7.01-6.94 (m, 2H, Ar-H), 5.98 (ddd, J, = 10.2 Hz, J, = 3.8
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Hz, J; = 2.3 Hz, 1H, =CH), 5.80 (ddd, J; = 10.2 Hz, J, = 3.4 Hz, J; = 1.6 Hz, 1H,
=CH), 5.18-5.06 (m, 1H, CH), 4.83 (q, J = 2.7 Hz, 1H, NCH), 3.60-3.30 (m, 2H,
OCH,;), 2.78-2.62 (m, 1H, one proton of CH;), 2.54-2.39 (m, 1H, one proton of CH,),
1.53 (d, J= 6.6 Hz, 3H, CH3), 1.30 (s, 1H, OH); *C NMR (75 MHz, CDCl;) & 143.2,
134.4, 133.0, 131.7, 129.8, 128.8, 126.0, 125.7, 120.9, 120.4, 119.4, 118.5, 110.5,
107.2, 62.2, 47.8, 40.2, 27.9, 22.0; IR (neat) v (cm™) 3390, 3042, 2963, 2929, 2873,
1486, 1460, 1403, 1353, 1316, 1239, 1169, 1099, 1038, 1011; MS (70 ev, EI) m/z (%)
383 (M'('Br), 37.29), 381 (M'(”Br), 36.80), 350 (100); HRMS caled for
C,1HyoNO”Br [M']: 381.0728, Found: 381.0728.

8.8 Synthesis of (R,S)-2-(9-(4-bromophenyl)-6-methyl-6,9-dihydropyrido[1,2-a]
indol-10-yl)ethanol (R,S)-2u, and (S,R)-2-(9-(4-bromophenyl)-6-methyl-6,9-
dihydropyrido[1,2-a]indol-10-yl)ethanol (S,R)-2u (jf-5-120-2)

OH OH Br
IPrAuCl (3 mol%) Q

_ AgSbFe (3 mol%) _
\ T CHCIpt,9h O N\ +
N N2 N

(RR,)-1u (S,S5)-1u - (R,S)-2u (S,R)-2u

2%

Following Typical Procedure VI, the reaction of IPrAuCl (0.0038 g, 0.006 mmol,
95%), AgSbFs (0.0020 g, 0.006 mmol, 98%), (R, Ra)-1u + (S, Sa)-1u) (0.0745 g, 0.2
mmol), and CHCI; (5 mL) for 9 h at room temperature afforded ((R, S)-2u + (S, R)-2u)
(0.0534 g, 72%) [eluent: petroleum ether/diethyl ether = 2/1 (300 mL) to 1/1 (300
mL)] as an oil: 'H NMR (300 MHz, CDCl;) & 7.56 (d, J = 8.1 Hz, 1H, Ar-H),
7.46-7.32 (m, 3H, Ar-H), 7.27-7.17 (m, 1H, Ar-H), 7.16-7.08 (m, 1H, Ar-H),
7.03-6.93 (m, 2H, Ar-H), 6.05-5.92 (m, 1H, =CH), 5.87-5.73 (m, 1H, =CH), 5.20-5.05
(m, 1H, CH), 4.91-4.75 (m, 1H, NCH), 3.60-3.31 (m, 2H, OCH,), 2.76-2.62 (m, 1H,
one proton of CHy), 2.55-2.40 (m, 1H, one proton of CH,), 1.53 (d, J = 6.3 Hz, 3H,
CH3), 1.28 (s, 1H, OH); *C NMR (75 MHz, CDCls) & 143.2, 134.4, 133.1, 131.8,
129.8, 128.9, 126.1, 125.8, 120.9, 120.5, 119.5, 118.5, 110.5, 107.3, 62.3, 47.9, 40.3,
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27.9,22.0; IR (neat) v (cm™) 3396, 3040, 2968, 2928, 2877, 1485, 1460, 1403, 1352,
1316, 1285, 1238, 1167, 1098, 1071, 1039, 1011; MS (70 ev, EI) m/z (%) 383
M"(*'Br), 35.18), 381 (M (”Br), 34.96), 350 (100); HRMS calcd for C;HyoNO”’Br
[M']: 381.0728, Found: 381.0728.

8.9 Synthesis of (S, S)-2-(9-(4-bromophenyl)-6-methyl-6,9-dihydropyrido[1,2-a]
indol-10-yl)ethanol (S, S)-Zu (jf-5-123)

IPrAuCl (3 mol%)
AgSbF¢ (3 mol%) _
"—_ CHCl3, 0°C, 23 h

N2

S
N

\

(S, Ra)-1u (S, S)-2u
99% ee 89% yield, 98% ee

Following Typical Procedure VI, the reaction of IPrAuCl (0.0195 g, 0.03 mmol,
95%), AgSbFs (0.0106 g, 0.03 mmol, 98%), (S, R.)-1u (0.3740 g, 1 mmol), and
CHCI; (25 mL) for 23 h at 0 °C afforded (S, S)-2u (0.3321 g, 89%) [eluent: petroleum
ether/diethyl ether = 2/1 (300 mL) to 1/1 (300 mL)] as a foamy solid: m.p. 55.9-58.1
°C (without recrystallization); 98% ee (HPLC conditions: Chiralcel OD-H column,
n-hexane/i-PrOH = 90/10, 0.5 mL/min, A = 254 nm, fg (major) = 49.6 min, fg (minor)
= 22.0 min); [a]p>" = -103.8 (¢ = 0.900, CHCl;); '"H NMR (300 MHz, CDCl3) & 7.59
(d, J = 7.5 Hz, 1H, Ar-H), 7.46-7.31 (m, 3H, Ar-H), 7.27-7.18 (m, 1H, Ar-H),
7.18-7.09 (m, 1H, Ar-H), 7.07-6.95 (m, 2H, Ar-H), 6.14-5.82 (m, 2H, CH=CH),
5.08-4.80 (m, 2H, CH + NCH), 3.68-3.40 (m, 2H, OCH,), 2.87-2.60 (m, 2H, CH,),
1.66 (d, J = 6.6 Hz, 3H, CH3), 1.43 (s, 1H, OH); *C NMR (75 MHz, CDCl;)  142.4,
134.6, 132.8, 131.9, 129.3, 128.3, 126.5, 126.0, 121.0, 120.4, 119.5, 118.5, 109.8,
106.4, 62.3, 48.2, 39.7, 27.7, 22.6; IR (neat) v (cm'l) 3391, 3044, 2973, 2929, 2873,
1666, 1609, 1586, 1562, 1486, 1462, 1427, 1403, 1353, 1317, 1292, 1265, 1240, 1170,
1071, 1039, 1010; MS (70 ev, EI) m/z (%) 384 (M'(*'Br) + 1, 6.10), 383 (M'(*'Br),
31.52), 382 (M(”Br) + 1, 8.06), 381 (M'("Br), 29.99), 350 (100); HRMS calcd for
C,1HyoNO”Br [M']: 381.0728, Found: 381.0729.

8.10 Synthesis of (S,5)-2-(9-(4-bromophenyl)-6-methyl-6,9-dihydropyrido[1,2-a]
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indol-10-yl)ethanol (S,5)-2u and (R,R)-2-(9-(4-bromophenyl)-6-methyl-6,9-
dihydropyrido[1,2-a]indol-10-yl)ethanol (R,R)-2u (_|f -5-124)

IPrAUCI (3 mol%)
AgSbFg (3 mol%)
TCHClmt2h
\\/ ©\ "

(S\Ra)-1u (R.Sa)-1u (S,5)-2u (RR)-2u

90%

Following Typical Procedure VI, the reaction of IPrAuCI (0.0038 g, 0.006 mmol,
95%), AgSbFs (0.0020 g, 0.006 mmol, 98%), ((S,R.)-1U + (R,S.)-1u) (0.0771 g, 0.2
mmol), and CHCI; (5 mL) for 2 h at room temperature afforded ((S,5)-1u + (R,R)-2u)
(0.0693 g, 90%) [eluent: petroleum ether/diethyl ether = 2/1 (300 mL) to 1/1 (300
mL)] as a foamy solid: m.p. 48.9-51.0 °C (without recrystallization); '"H NMR (300
MHz, CDCl3) § 7.59 (d, J = 8.1 Hz, 1H, Ar-H), 7.45-7.33 (m, 3H, Ar-H), 7.27-7.18 (m,
1H, Ar-H), 7.18-7.10 (m, 1H, Ar-H), 7.07-6.95 (m, 2H, Ar-H), 6.08-5.90 (m, 2H,
CH=CH), 5.08-4.83 (m, 2H, CH + NCH), 3.68-3.41 (m, 2H, OCH,), 2.87-2.60 (m, 2H,
CH,), 1.66 (d, J = 6.6 Hz, 3H, CH3), 1.35 (s, 1H, OH); '*C NMR (75 MHz, CDCl;) &
142.5, 134.6, 132.8, 131.9, 129.3, 128.3, 126.6, 126.1, 121.0, 120.5, 119.5, 118.5,
109.8, 106.4, 62.4, 48.2, 39.7, 27.7, 22.7; IR (neat) v (cm'l) 3391, 3042, 2926, 2870,
2853, 1486, 1461, 1425, 1403, 1353, 1317, 1292, 1264, 1240, 1170, 1099, 1071, 1039,
1010; MS (70 ev, EI) m/z (%) 384 (M (*'Br) + 1, 8.43), 383 (M"(*'Br), 35.81), 382
M'(PBr) + 1, 8.80), 381 (M'(”Br), 34.47), 350 (100); HRMS calcd for
C,1HyoNO”Br [M']: 381.0728, Found: 381.0732.

9. Deuterium-labeling experiment and Parallel reactions
9.1 Preparation of 9-butyl-10-methyl-6,9-dihydropyrido[1,2-a]indole-8-D
rac-2g-D. (jf-3-170)

IPrAuCl (5 mol%)
N\ AgSbFg (5 mol%) N\ n-C4Hg
N\\/\n—C4H9 CD;0D (5.0 equiv.) N

CDClg, rt, 12 h /D (50%D)
N2
rac-2g-D
rac-1g o
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To a oven-dried Schlenk tube were added IPrAuCl (0.0165 g, weighed in a glove
box, 0.025 mmol, 95%), AgSbFs (0.0088 g, weighed in a glove box, 0.025 mmol,
98%), rac-1g9 (0.1194 g, 0.5 mmol), CDCl; (2.5 mL), and CDs;OD (104 pL, d = 0.888
g/mL, 92.4 mg, 2.5 mmol, 99%) under nitrogen atmosphere sequentially. The
resulting mixture was stirred at room temperature for 12 h and complete as monitored
by TLC. After transferred to a pear-shaped bottle with DCM and evaporated, the
crude product was then purified by column chromatography on silica gel to afford
rac-2g-D (0.1155 g, 96%, 50% D) [eluent: petroleum ether] as a powder solid: 'H
NMR (300 MHz, CDCls) 6 7.54 (d, J = 8.4 Hz, 1H, Ar-H), 7.23 (t, J = 6.5 Hz, 1H,
Ar-H), 7.20-7.07 (m, 2H, Ar-H), 6.09-5.97 (m, 1.5H, =CH x 1.5), 4.63-4.45 (m, 2H,
NCH,), 3.83-3.64 (m, 1H, CH), 2.30 (s, 3H, CH3), 1.83-1.65 (m, 2H, CH>), 1.37-1.18
(m, 3H, CH; + one proton of CHy), 1.17-1.00 (m, 1H, one proton of CH,), 0.83 (t, J =
6.9 Hz, 3H, CHs); >C NMR (75 MHz, CDCl3) § 135.2, 133.9, 128.8, 127.4 (t, Jep =
24.5), 120.7, 120.2, 119.0, 117.8, 108.4, 104.1, 41.9, 35.5, 33.2, 27.5, 22.7, 14.0, 8.8;
3C NMR (75 MHz, CDCls) the following signals are discernible for rac-2g & 127.7,
120.5, 33.1; IR (neat) v (cm™") 3044, 2956, 2929, 2858, 1657, 1615, 1568, 1471, 1462,
1425, 1384, 1369, 1313, 1239, 1195, 1169, 1123, 1056, 1012; MS (70 ev, EI) m/z (%)
241 (M" + 1, 2.41), 240 (M", 16.74), 182 (100); HRMS calcd for C;7H2DN [M']:
240.1737, Found: 240.1737.

9.2 Parallel reactions
Synthesis of (R)-9-butyl-10-methyl-6,9-dihydropyrido[1,2-a]indole (R)-2g
(jf-5-026)

IPrAUCI (3 mol%)
A\ AgSbFg (3 mol%)
N \\/""n—C4Hg CHCls, 0°C, 48 h

N>

(Ra)-19 (R)-2g
98% ee 91%, 96% ee

Following Typical Procedure 1V, the reaction of IPrAuCl(0.0196 g, 0.03 mmol,
95%), AgSbF¢ (0.0105 g, 0.03 mmol, 98%), (R,)-1g (0.2363 g, 1 mmol), and CHCI;
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(25 mL) for 48 h at 0 °C afforded (R)-2g (0.2153 g, 91%) [eluent: petroleum ether/
ethyl acetate = 100/1] as a powder solid: 96% ee (HPLC conditions: Chiralcel OD-H
column, n-hexane/i-PrOH = 100/1, 0.4 mL/min, A = 254 nm, g (major) = 17.3 min, g
(minor) = 18.3 min); 'H NMR (300 MHz, CDCl3) & 7.55 (d, J = 7.5 Hz, 1H, Ar-H),
7.26 (d, J=6.6 Hz, 1H, Ar-H), 7.20-7.07 (m, 2H, Ar-H), 6.16-5.95 (m, 2H, =CH X 2),
4.64-4.50 (m, 2H, NCH,), 3.85-3.65 (m, 1H, CH), 2.30 (s, 3H, CH3), 1.88-1.65 (m,
2H, CHy), 1.39-1.00 (m, 4H, CH, % 2), 0.83 (t, /= 7.1 Hz, 3H, CH3).

Synthesis of methyl (R)-9-butyl-6,9-dihydropyrido[1,2-a]indole-10-

carboxylate (R)-2t (jf-5-025)

CO;Me IPrAUCI (3 mol%) CO,Me
K ) —
N\ AgSbFg (3 mol%) "X N\ n-C4Hg + Recovery of (Ry)-1t 4 unidentified
N \\/-"/n-c4H9 CHCI3, 0°C, 48 h N A~ product
N, Y4 34%, 0% ee 135.5 mg
(Ra)-1t (R)-2t
98% ee 21%, 24% ee

Following Typical Procedure IV, the reaction of IPrAuCl(0.0196 g, 0.03 mmol,
95%), AgSbF¢ (0.0106 g, 0.03 mmol, 98%), (R,)-1t (0.2857 g, 1 mmol), and CHCl;
(25 mL) for 48 h at 0 °C afforded (R)-2t (0.0593 g, 21%), recovery of (R,)-1t (0.0970
g, 34%), and unidentified product (135.5 mg) [eluent: petroleum ether/ ethyl acetate =
15/1 (450 mL) to 10/1 (200 mL)].

(R)-2t as a liquid: 24% ee (HPLC conditions: Chiralcel OD-H column,
n-hexane/i-PrOH = 90/10, 0.7 mL/min, A = 214 nm, fg (major) = 8.4 min, fg (minor) =
9.8 min); '"H NMR (300 MHz, CDCl3) § 8.16 (d, J= 7.2 Hz, 1H, Ar-H), 7.37-7.14 (m,
3H, Ar-H), 6.21-5.90 (m, 2H, =CH x 2), 4.73-4.45 (m, 2H, NCH,), 4.41-4.25 (m, 1H,
CH), 3.93 (s, 3H, OCH3), 1.99-1.77 (m, 2H, CH,), 1.45-1.18 (m, 3H, CH; + one
proton of CHy), 1.13-0.96 (m, 1H, one proton of CH,), 0.83 (t, /= 7.2 Hz, 3H, CH3).

Recovery of (R,)-1t as a liquid: 0% ee (HPLC conditions: Chiralcel OD-H column,
n-hexane/i-PrOH = 90/10, 0.5 mL/min, A = 214 nm, fg (major) = 26.7 min, fg (minor)
= 25.8 min); '"H NMR (300 MHz, CDCl;) & 8.22-8.09 (m, 1H, Ar-H), 7.85 (s, 1H,
Ar-H), 7.42-7.32 (m, 1H, Ar-H), 7.31-7.15 (m, 2H, Ar-H), 5.34-5.16 (m, 2H,
CH=C=CH), 4.70 (dd, J, = 6.0 Hz, J, = 2.4 Hz, 2H, NCH,), 3.90 (s, 3H, OCHs),
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2.00-1.84 (m, 2H, CH,), 1.35-1.15 (m, 4H, CH, x 2), 0.85 (t, J = 6.3 Hz, 3H, CHs).
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130}
5o

(Ra]

&1 [E (mv)
883883
26.182

28
}25.072
P

14 18 18 20 22 24 26 28 30 32
i (] (min)

SERE
%S L 24 AR B I ) 71 BB AR
1 25.072 735. 653 18265, 891 1. 0860
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170
160
150
140
130
120
o @fx(
~ 100 NJ"'Mam
E 90 -
=
® 5 (Ra)-1k
60
% g
40 o
30] I
20 =) f\
10 S |
0 A RTAN
-10
-20
2 4 6 8 10 12 14 16 18 20 22
& 18] (min)
AT RE
%S 44 {REeT (| % L: Tip £
1 12. 050 219, 680 2907. 099 0.5185
2 12.703 33962, 777 557729, 563 99, 4815
Bt J4182. 458 560636. 661 100. 0000
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Inection Sunmary Repart

SAMPLE INFORMATION

SenpleNare: JRIOBB10001214 Aoqired By Sgem
Senle Type: Unkown Sarple Set Nerre:
Md: 1 Ao Nethod Set A3)100
Hedion# 9 Processing Metfod 1
hecion\iolure: 1000u Cramd Narex ViR489ChA
RnTime 500Mntes Proc. O, Desor: V2489 ChA 214rm
Dete Aoqiredt A26/20196.37:46 PMEDT
Dete Processed 47292019 %18:04 PMEDT
o]
080 OTBS
= o

1 N “n-CyHg
a0’ (Ro)11
20}

[-=]
a10] 8
000 2 LJ
am 50 1am 1800 20 20 0w B® 00 40
Mnutes

—~—— Crard: W489 A, Processed Crarmel: VW2489 ChA214mm Resultid 1126, Processirg Vithod: 11
Processed Channel Descr.: W2489 ChA 214rm

Processed .

Crarrel Desg. RT Aea | %Aea| Hegt

11 Vie4B9ChA214nr | 31968 289640 078

2| 2489 ChA 214y | 36188 | 38976617 9922 716510
Repated by User: Systern PrgethNare HPLC 1525
Report Methodt edtion Surmary Repat Dete Prirtedt
Repot Method D 1029 1029 4292018
Page: 1 of 1 92005 PMAmericalNew York

S 179



Inection Sunmary Repart

SAMPLE _INFORMATION
SarpeNare: JR-30558-1000-1-214 Acpired By Satem
Sanple Typer Ueoan Sanple SetNere:
Vid: 1 Ao Method Set 264100
Fection# 8 Processirg Metroct 11
redion\ure: 10.00u Creme Narer 2489 ChA
RnTifre: 600Mntes Proc. G, Cesor: W2489 ChA214m
Dete Aogpiredt 41282019 5:50:55 PMEDT
Date Processedt 42B20M9 72332 PMEDT
.; . - e c - PR . e e . .
am; &
3 A g
e’ OTBS
: N n-C4Hg
:,00-: J .
< rac-1l
030,
a’
at0] ' ,J \
oo P et .
| sm 100 B0 awm | ®mm %0 3600 Qam 460
Mrites

—— Crameb W483 ChA;, Frocessed Crermel 2489 CA 214 Resutid 1086, ProcessimgVitod: 11

Processed Channel Descr.: 2489 ChA 214mm

G'e'r'dcesv”. RT Aea | %Amea| Hegt

WAR48S ChA214nr | 30442 | 20660025 | 5035 | 726520
WVAR489 ChA 214nir | 34.950 | 28273083 | 4965 | 6213

—

K

Reportedby Uber: System PrgjectNaree HALC 1525
Repart Methodt Injedlion Surmery Repart Dete Rirtect
Repat Method D 1029 1029 4292019
Page: 1 of 1 91820 PMAesicaNew York
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FAeRT(E): 2019-01-18,9:57:04 Pl
B < D2\ KA A \N2000\ FE £1\520190118095704. org Wi
3R D2\ A A \N2000A jx. mtd By

LRAERN:
0D, n—hexane/i-PrOH = 100/1, 0.5, 254

i ] (S20190118095704. org)

#: if
Bf[E): 2019-01-18, 10:32:24
Jrig:mEH— &

c|% "n-CyHg

(Rg)-1m E
o
Lar ]
S
o
2 4 6 8 10 12 14 16 18
e 8] (min)
AHTEERE
357 L2 TR B [R) i L ip A ¥
1 13, 043 320. 753 4455. 119 0. 7924
2 13. 577 37554, 258 557744.813 99. 2076
Bit 37875. 011 562199. 931 100. 0000
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od, n-hexane/i-ProH = 100/1, 0.5, 254
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90
85
80
75
70
65
55( CI N k/\ﬂ-CA,Hg
.50
"E' 45 im
g 0 rac-
35 2r
30| e
25 1T
20
15
10
5
0
-5
0 2 4 6 8 10 12 14 16 18 20
B 18] (min)
NERE
%5 L 24 R B B ] (31 L iTY 3¢
1 13. 063 25586. 842 361937. 313 49, 6575
2 13,577 24708. 260 366930. 469 50. 3425
Bit 50295. 102 728867. 781 100. 0000
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Default Individual Report

SAMPLE INFORMATION
Sample Name: jf-3-083 Acquired By: System
Sample Type: Unknown Sample Set Name:
Vial: 1:F.4 Acq. Method Set:  upc_pda_2019m
Injection #: 1 Processng Method TEST
Injection Volume: 1.00 ul Channel Name: PDA Ch2 214nm@4.8nm
Run Time: 50.0 Minutes Proc. Chnl. Descr.: PDA Ch2 214nm@4.8nm
Date Acquired: 6/18/2019 1:27:51 PM CST

Date Processed: 6/20/2019 1:10:44 PM CST

4,00+

!
MeO.
Of\i
3.00+] N

] w
= w0
2]
2,00 i
1,00+
(4]
P~
uy
©
0.00 T T
000 200 400 6.00 Y 00 1200 " 1400
Minutes
. Width
RT | PeakType | Height (se0) Area % Area
8.579 { Unknown 28229 | 35.500 275604 1.20
2| 8.966 | Unknown |[1774506 | 61.800|22673777| 98.80
Reported by User. System Project Name: TEST
Report Method: Default Individual Report Date Printed:
Report Method I[13742 6/20/2019

Page: 1 of 1

S 187

1:13:33 PM PRC




Default Individual Report

SAMPLE INFORMATION

Sample Name: jf-3-082-rac-0j-3-98-2 Acquired By: Sysgtem

Sample Type: Unknown Sample Set Name:

Vial: 1:F,2 Acq. Method Set:  upc_pda_2019m
Injection #: 1 Processing Method TEST

Injection Volume: 1.00 ul Channel Name: PDA Ch2 214nm@4.8nm
Run Time: 50.0 Minutes Proc. Chnl. Descr.:  PDA Ch2 214nm@#4.8nm

Date Acquired: 6/18/2019 1:11:48 PM CST
Date Processed:  6/20/2019 1:09:40 PM CST

350

3,“]: o]

‘ MeO.
2501 U&
] N

2'005 rac- o
2 g e
1.50 o O
4 o
1.00
0.50-
0.004 ~ 4 x
0.00 200 400 6.00 800 10.00 12,00 1400
Minutes
. Width
RT | PeakType | Height (se0) Area % Area
1]8.459 | Unknown | 1419057 | 32.600 | 15111263 | 50.53
219.016 | Unknown 1267336 | 51.150 | 14793421 49 .47
Reported by User. System Project Name: TEST
Report Method: Default Individual Report Date Printed:
Report Method [[13742 6/20/2019
Page: 1 of 1 1:13:47 PM PRC
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Jf-2-153

scuanf ). 2018-12-21,11:42:3 if
T E D\ B KR \nzow\#&\szmslzz;mzs? org ﬁt‘r_*fw ﬂx 2018-12-21, 12:38:55
FEEIAE DK B X \N2000\d jx. mtd Bohs mRE—%
LA AR
AD, n- hexanez"i -PrOH = 99/1,0.7, 214
3% [ (S20181221114237_ org)
1,200
1,100
1,000
N
m 'QL/-I"PJ1
° g
700 (Ra)-10 7
£ 600
14
# 500
400
300
200
100 e
c =
0 2 4 3 ) 10 12 14 16 18 20 22
i 18] (min)
SHERE
&= L 24 23 agt] L7 L Jiip AR
1 7. 702 3376. 311 44261, 047 0. 4620
2 8.433 681389, 188 9536051. 000 99. 5380
Bit 684765. 498 9580312, 047 100. 0000
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3f-2-157
56t ), 2018-12-21, 10:50:36 LB jF
W8 B - D2\ A4 2 \N2000 VB 4 \520181221105036. org mmrm 2018-12-21, 12:35:15
J5 300 D \d A A \N2000\d jx. atd o hEk AR
LA M A
AD, n-hexane/i-PrOH = 99/1,0.7, 214
i 14 (S20181221105036. org)
1,200
1,100] E
kg
1,000| 3
900 N\
800 NJPh
__ 700
& 600| rac-10
2
500)
400|
300
200
100
0;
1 2 3 4 5 6 8 9 10 11
#1 (8] (min)
SERE
%5 %4 PRET A 15 L MR CF o
1 7.730 994593. B75 12781228. 000 49. 8731
2 8. 465 935218. 875 12846270, 000 50. 1269
Bit 1929812, 750 25627498, 000 100. 0000

S 192
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Jjf-2-169

L RbatEl: 2019-01-10, 11:34: R

Wi D: \iﬁk@xﬁ\uzwm#&\szmem10113452 org Hey Fj ? 2019—01 10, 12:29:42
T DR IR \N2000Nd jx. mtd Bahmk mHE—E
ERAEW A

od, n-hexane/i-PrOH = 90/10, 0. 7, 254

518 B (520190110113452. org)

55
50
450
400 Q\Br
350 \ =
- N L/ H
3 300
i .
8% (Ra)-1p
200
S
150 &
o~
100
50 2
o
0 " -
-50
V] 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
B4 (8] (min)
ATERE
%5 %4 PR W e ik o E7 o
1 19. 950 2718. 615 86753, 391 2. 0472
2 20. 987 116535. 891 4150971. 000 97. 9528
Bt 119254, 506 4237724, 391 100, 0000
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:D:

faf: 2019-01-10, 10:42:12
£F D2 \#f KA A \N2000\ # \520190110104212. org
U D R R \N2000\d jx. mitd
4

Jf-2-172

e, f

#Himwm: 2019-01-10, 12:31:31

Bah:-mRE—&

i (520190110104212. org)

240
220
20
180 @ o
160 N
= 140
g . rac-1p
# 100
8
20
0 A
z 4 6 8 10 12 14 16 18 20 22 24 %
¥ 8] (min)
SWERE
%s 4 PRBI It [H] [ 77 L Jiap =i
1 19.843 68290. 195 2334392, 250 49, 6334
2 21. 207 64551. 098 2368880. 500 50. 3666
.aﬂ' 132841. 293 4703272. TH0 100. 0000
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PR AR AT

ia, n-hexane/i-PrOH = 95/5,0.7, 214

6,15 (S20190301174450. org)
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= ~FF N ~H
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C ./
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o
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50 2
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0 1 2 3 a 5 6 7 8 9 10 1 12
1 f6] (min)
SERE
%5 2 £ B e i) <7 L i AR
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jf-3-017

e g
i il 2019 03-01, 17:38:23
vl H—k

S
BUFhER

B (520190301170056. org)

1,300
1,200
1,100
1,000 Br
9003
8004 h
E N
==}
& 600 rac-1r
500
400| =
o R
300| © e
200
100‘
ot
2 3 4 5 8 10
17} 8} {min)
ATEERE
&5 L & B <3 L g TR
1 6.818 270851. 521 2150464. 500 50. 7985
2 7.143 250713, 391 2082854. 750 49,2015
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LRNEFEFRT
1a,n- hexane/: PrOH = 200/1,0.7, 254

% & (S20190510221551. org)

OTBS

\
Y

(Ra)-1s

¢ 9.007

|
s

i 2 3 4 5 7 8 9 1 12 13 14 15
i8] (min)
ST RE
L35 [ €1 REEBT [A] L3 ¥R =R
9. 007 864, 045 8699. 901 0. 7097
2 9. 547 100842, 844 1217236. 375 99. 2903
Bt 101706. 889 1225936. 276 100. 0000
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10 1 12
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13
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50. 3590
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70379. 898
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F7 i8S D2 \#TK 1934 \N2000\d jx. med By H ik s —ik

PR AR doE N
od, n-hexane/i-PrOf = 90/10, 0.5, 214

€5 il e (520200519105337. org)

COMe
2 (Rq)-1t g
= ‘A‘ |’
' i
| | 3
- | \& : ;
5 10 20 25 30
B ] (min)
GRS
K55 K4 AT A Kl KR &t
1 25. 635 517827. 188 15417536. 000 98. 8937
2 26. 733 5712. 896 172470, 844 1. 1063
At 523540, 084 15590006. 844 100. 0000
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od, n-hexane/i-PrOil = 90/10,0.5, 211

i1 (520200519102106. org)

CO,Me
2 O
: (A
2
rac-1t %3
]
ﬂ\\.
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
84/8] (min)
SRR
e 4 fREedE) LT KRR ait
1 25. 740 302774. 969 8846655. 000 18, 5515
2 26. 840 298169. 138 9373410, 000 51. 4455
Bit 6009414, 106 18220065. 000 100. 0000
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0
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HO

389
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PTS1d = 32768
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75.467751 MHz

2020-08-23 20:50:21.265
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BHBY (] 2020-08-23, 15:52:47 ?:-gﬁt if

URHESCAF D \ BT 391K \N2000\ #Y £ \S20200823155247. org eI 2020-08-23, 18:28:43
FriE S D \HTK WK \N2000\d jx. mtd B Fik: mRa—ik
LN EM S

0D-H, n-hexane/i-PrOH = 90/10, 1.0, 254

{5l 4 (520200823155247.org)

HO
450 N )
T
i
e
éz (R Ry)-1u
200
, &
"~
1
g
g &
o 5 10 15 20 25
24 (min)
SRR
L5 4 FRETES (] LT L Tiag ai
1 17. 595 114882, 648 4000157, 500 99. 1567
2 21. 063 872.019 34020. 348 0.8433
Hit 115754. 668 4034177. 848 100. 0000
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YA ). 2020-08-23, 15:17:23 uaH: jr

T8 B A D\ A B A \N2000\ BY 44\ S20200823151723. org O E: 2020-08-23, 18:30:20
FE IO D: \BTK A \N2000\d jx. mtd B mRE—E
THa N E M

0D-H, n-hexane/i-PrOH = 90/10, 1. 0, 254

438 18 ($20200823151723. org)

1,300
1,200
1,100 Br.
1,000 "; Z @ HO z
900 3
&
- ;j HJQ*
700 ¢ iy
Eﬂ*‘ 600 (RRyu (5.5,
]
T 500
400
300 ~
- s 8
= &
100 f\ /\
0 el \\ -
0 5 10 15 20 25 30
B} 7] {mi n)
DTG RE
5 4 fR e [8) W L ding ik
1 17. 547 146482. 031 4955288. 000 49. 5083
2 20. 962 126074. 859 5053708, 000 50. 4917
Bit 272556. 891 10008996. 000 100. 0000
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NV
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FELRSM]: 2020-08-25,8:57:34 mga; it
nE xg =Dz \# A B 7 \N2000\ ¥ 5\ S20200825085734. org GBI 2020-08-25,9:44:43
A D \BT A I& \N2000\d jx. mtd B it A ik
RN EMA
od-H, n-hexane/i-PrOH = 90/10, 1. 0, 254
{218 B (S20200825085734. org)
320
280 HO
N o
N \—/ Br
B \
= 160 &
21
b (S. Ry)u g
: 3
80
-
&
=
5 10 15 20 25 0 35 40 45
8410 (min)
ST R
L L 24 £R BB (] LT L g St
1 18. 247 1496. 564 46197 156 0.6132
2 35. 865 98654, 328 7487584, 500 99. 3868
Bit 100150. 892 7533781. 656 100. 0000
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S0 D \HT KR \N2000\d jx. mtd

WA N FE ML
0D-H, n-hexane/i-PrOH = 90/10, 1. 0, 254

6,14 P (520200823162621. org)

Sae¥. jr
B[ 2020-08-23, 18:23:57
By mma—iE

340 Br
320

280

240 ]
o0 /
- 200 2
& 180 -
5 160
= B | (SR
120

100

40

—
| —

g
3
V5%

o ————
-20
-40

] s LRI [R)

20
B ]

25
(min)

SRR

3]

W

At

1 18. 495
2 38. 137

43026. 918
18605. 803

1562052. 125
1550085. 500

50. 1923
49, 8077

Bt

S 221

61632. 721

3112137. 625
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Inection Summeary Repart

SAMPLE INFORMATION
SanpeNae: JF3095021000-1-214 Aoquired By Setem
Saple Type Urkoan Sarple Set Narre
Ma: 1 Aoy Vethod Set A3100
Fedion# 11 Processing Methodt M
HedionVdure: 10.00d Charmd Nerre W2480ChA
RnTime 200Mnutes Proc. G, Desr: W2489 ChA 214m
Dete Acqyired 52220197:38:31 PMEDT
Dete Processed 5222019 102433 PMEDT
0 B _ _ .
080
050 < /
N T
Q40 N
) /
< 2]
R-2j
020
[52]
] 3
mo; e
o.c.:f = x —
w20 40 6w 8w 100 o “um B0 w20
Mutes

——— Crame W2489 A, Processed Chamel: VIR489 ChA214mm Resultid 1404; ProcessirgViethod: 11
Processed Channel Descr.: W2489 ChA 214rm

Processed
e ey RT Area | %Aea

Heigit

-

V480 ChA214nT | 10363| 707155( 520

41008

N

WR489ChA 14Ty | 11.351| 12904436 | 94.80 | 657008

ReportedbylLber: System
RepotMetod FedionSummeary Repart
Repat Method D 1029 1029

Page: 1 of 1

S 306

ProjectNere: HPLG, 1525
Date Prirtect

52212019

10:25:55 FVArTericalNew, Yort



Inection Summary Repart
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Fecton# 9 Processing Methodt 1
edionVidure: 10.00u Cramd Name; V2489 ChA
RnTime 60.0Mnes Proc. O, Desar.: V2489 ChA 214m
Dale Aorpired S22M2196:38:53 PMEDT
Cte Processed 522019 102510 PMEDT
: :
| P
1.50+ M
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2 s
] rac-2j
050
wi a.‘ b k'o —
0w "sw i Tam 0 xwm " 2800 " 2m
Minutes

~——— Crame: W2489ChA; Processed Crermel V2489 ChA214nm Resutkt 1405, Processing Method: 11
Processed Channel Descr.: W2489 ChA214rm

Processed .
Crerrel Desa RT Aea | %Ara| Hegt
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2| W2489ChA214rr | 11248 | 30394358 | 4915 | 1699535
Reparted by User: Sygtem Projecthamer  HPLC 1525
Report Methodt Injection Sunrery Report Cete Rirtect
Report Method D 1029 1029 52272018
Page: 1 of 1 102524 PMAmericaNew Yort
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TR D\ K EIE \N2000\d jx. mtd BN AR ik
LRAEMAN:
od, n-hexane/i-PrOH = 95/5, 1.0, 214
i} 18 (520190504181312. org)
230
220
210 -
200 3
190 <
180
170
160 .
150 N\ CaHg
140
= 130, N Y.
3 120
B0 R-2k.
90
80 !
70} i
5 |
p |
40
30' o
20 IS
10 <
0 I I SN .
0 1 2 3 4 5 6 7 ] a8 10 11 12 13 14
B fa) (min)
NERE
%5 54 R B ) Wi L §iiTp A Cp
1 4, 443 183596. 484 1026928, 625 98. 2911
2 4,918 2916. 195 17853. 949 1. 7089
Bt 186512. 679 1044782, 574 100. 0000
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LRAEMA
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1,400
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1,200
1,100
1,000 \ n-C4H9
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800 N /
E 70
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2001 J\
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G5 &4 R BB H L 72 MR 3
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Inection Summary Repart

SAMPLE INFORMATION
SarpgeNaTe JR3057-4F1000-1214 Acauired By, Syem
Sarple Typex Unirown Sanple Set Narer
\id: 1 Acg, Metrod Set 2300
jecion# 19 Processing Metrodt 11
Ijeciion\Voume: 10,004 Cramel Narer V489 ChA
RnTime: 200Mrutes Proc. G, Deser: WP4B9 ChA214m
Dete Accpirect 47292019 8:45:46 PMEDT
Dete Processed: 4252019 217.04 PMEDT
21
)
um{ OTBS
> o6 \y__Cato
] N/
0401
1 R-2i
020 3
] *
] 2
000
a® 20 40 60 8O  f® 120 = W®  ®©O B0 200
Mnutes

—— Charel W48 ChA, Processed Charmet VWP488 ChA214nmy Resutid 1124, Processirg Method: 11

Procassed Channel Descr.: W2489 ChA214m
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SAMPLE INFORMATION
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Empower 3

Injection Sunmary Report
SAMPLE INFORMATION
ServpleNarrer 31379551214 Aoqired By Stem
Sarge Type: UHeoan Sanple Set Nare:
Md: 1 Ao Meiod Set %
Hecion# 13 Processing Metrodt 1M
hection\bluve: 10.00u Crarmel Name: VIR489ChA
RnTime 400 Mrues Proc G, Desar: V2489 ChA 214m
Dete Accpirett 61420194:3251 PMBEDT
Dete Processedt: 61472019 845:42 PMEDT
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Precessed .
Crermel Desr RT Area | %Area| Hegt
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2| V489 (hA214nr | 28420 403798 138 9648
Repartedby Lber: Stem Project Nave: HALG 1505
Repart Method D 1029 1029 6142019
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Injection Sunmrery Repart

SAMPLE INFORMATION
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Sarple Type: LHeown Sarple Set Nare:
\ia: 1 Acq Method Set xj9%5
edion#. 12 Processing Vethod m
ection\Vblure: 10.00u Crarmel Name: V2489 ChA
RnTime: 600Mntes Proc. O, Desar: V2489 ChA 214
Dete Acqirect 614201922021 PMEDT
Dete Processed 614201984349 PMEDT
12H E
] [o} b

/ Br 3 4

10 <
() 3

! (L)

N

2 o] /

rac-6
040
020+
um——_"g—/“J k%‘ — =

aw  sw  0m  Bm 200 20 @W© %o 40 40§ %o e
Mrutes

——— Chame V489 ChA, Processed Crarmel V2489 ChA214rm Resut kit 1705, - ”
Processed Channel Descr.: W2489 ChA 214rm Frocessing Method

.
Crerrd Desor, RT Aea | %Amal Heg
1| V489 CrA214nT | 18393 | 42378585| 4984 | 131931
2| W489CrA21dn | 28060 | 42656462 5016 880473
RepartedbyUser: Sgem | _
o Dete Frirtect
Repart Metrod D 1029 1029 :
846:59 PMAericahNew Yor

Page: 1 of 1
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Fjecion# 1" Processing Vethod M
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—_
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