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1. General Methods

All reactions and manipulations were performed in a nitrogen-filled glove box or under nitrogen using
Schlenk techniques unless otherwise noted. Solvents were purified by standard procedure before use.
Commercial reagents were used without further purification. Flash chromatography was performed on
silica gel 60 (40-63um, 60A). Thin layer chromatography (TLC) was performed on glass plates coated
with silica gel 60 with F254 indicator. Proton nuclear magnetic resonance (*H NMR) spectra were
recorded on a Bruker 400 MHz spectrometer. Chemical shifts for protons are reported in parts per million
downfield from tetramethylsilane and are referenced to residual protium in the NMR solvent (CHCI3 = 6
7.26 or DMSO = § 2.50). Carbon nuclear magnetic resonance (33C NMR) spectra were recorded on a
Bruker 100 MHz spectrometer. Chemical shifts for carbon are reported in parts per million downfield from
tetramethylsilane and are referenced to the carbon resonances of the solvent (CDCl; =& 77.23 or DMSO =
8 39.60). Data are represented as follows: chemical shift, multiplicity (br = broad, s = singlet, d = doublet,
t = triplet, @ = quartet, m = multiplet), coupling constants in Hertz (Hz), integration. Only the most
important and relevant frequencies are reported. Enantiomeric ratios were determined by chiral HPLC
with hexane and i-PrOH as solvents. Optical rotations were recorded on a JASCO P-1020 polarimeter.

2-Phenylquinoline 1x-4 was purchased from Acros.
Il. General Procedure for the Preparation of Quinolines

Representative procedure for the synthesis of 3-Methyl-2-phenylquinoline (1a).!* To a solution of

2-aminobenzyl alcohol (1.23 g, 10 mmol) in 1,4-dioxane (30 mL) were added the

X
O NS propiophenone (1.34 g, 10 mmol), benzophenone (1.82 g, 10 mmol), and potassium
O tertbutoxide (1.12 g, 10 mmol) under an argon atmosphere. The resulting mixture
1a

was heated at 90 <€ in oil bath with stirring overnight. Then, the reaction was
cooled to room temperature and filtered through Celite. The resulting solution was removed in vacuo.
Yellow solid was obtained in 76% yield (1.67 g) after purification with column chromatography on silica
gel (hexanes/ethyl acetate, 10/1). M.p.: 38-40 °C. 'H NMR (400 MHz, CDCIs) § 8.02 (d, J = 8.5 Hz, 1H),
7.84 (s, 1H), 7.62 (d, J = 8.1 Hz, 1H), 7.57 — 7.49 (m, 1H), 7.49 — 7.43 (m, 2H), 7.40 — 7.26 (m, 4H), 2.31
(s, 3H).
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2-(2-Fluorophenyl)-3-methylquinoline (1b). Yellow solid was obtained in 56% yield (1.33 g) after

purification with column chromatography on silica gel (hexanes/ethyl acetate, 10/1).
M.p.: 64-66 °C. 'H NMR (400 MHz, CDCl3) & 8.13 (d, J = 8.5 Hz, 1H), 7.99 (s, 1H),
7.77 (d, J = 8.1 Hz, 1H), 7.65 (ddd, J = 8.4, 7.0, 1.3 Hz, 1H), 7.54 — 7.36 (m, 3H),
F 7.32-7.22 (m, 1H), 7.21 — 7.10 (m, 1H), 2.36 (s, 3H). *C NMR (101 MHz, CDCls)
6 159.85 (d, J = 246.6 Hz), 156.25 (s), 146.60 (s), 136.12 (s), 131.16 (d, J = 3.7 Hz),
130.49 (s), 130.35(s), 130.27 (s), 129.32 (s), 128.83(s), 128.71 (d, J = 16.7 Hz), 127.92 (s), 126.80 (d, J =
11.4 Hz), 12456 (d, J = 3.5 Hz), 115.71 (d, J = 21.9 Hz), 19.26 (d, J = 4.0 Hz). HRMS calcd for
Ci6H13sFN [M+H]": 238.1027, found: 238.1028.

2-(3-Fluorophenyl)-3-methylquinoline (1c). Yellow liquid was obtained in 63% yield (1.49 g) after

X
=

SN purification with column chromatography on silica gel (hexanes/ethyl acetate,

O N7 F| 10/1). '"H NMR (400 MHz, CDCls3) & 8.11 (d, J = 8.6 Hz, 1H), 7.89 (s, 1H), 7.68

O (d, J = 8.1 Hz, 1H), 7.61 (ddd, J = 8.4, 6.9, 1.4 Hz, 1H), 7.49 — 7.25 (m, 4H),

7.09 (tdd, J = 8.7, 2.6, 1.2 Hz, 1H), 2.37 (d, J = 0.8 Hz, 3H). 3C NMR (101 MHz,

CDCls) § 162.71 (d, J = 246.3 Hz), 158.97 (d, J = 2.2 Hz), 146.60 (s), 143.03 (d, J = 7.4 Hz), 137.04 (s),

129.91 (d, J = 8.2 Hz), 129.31 (s), 128.96 (s), 128.91 (s), 127.70 (s), 126.80 (s), 126.69 (5), 124.74 (d, J =

3.0 Hz), 116.13 (d, J = 22.1 Hz), 115.17 (d, J = 21.1 Hz), 20.47 (5). HRMS calcd for C16H13FN [M+H]":
238.1027, found: 238.1034.

2-(4-Fluorophenyl)-3-methylquinoline (1d). Yellow solid was obtained in 67% vyield (1.59 g) after

1c

~ purification with column chromatography on silica gel (hexanes/ethyl acetate,
O P 10/1). M.p.: 64-66 °C. 'H NMR (400 MHz, CDCl3) & 8.11 (d, J = 8.5 Hz, 1H),
7.96 (s, 1H), 7.74 (d, J = 8.1 Hz, 1H), 7.64 (ddd, J = 8.4, 6.9, 1.4 Hz, 1H), 7.60 —

1d "l 752 (m, 2H), 7.49 (ddd, J = 8.1, 6.9, 1.1 Hz, 1H), 7.21 — 7.10 (m, 2H), 2.42 (d, J
= 0.7 Hz, 3H).3C NMR (101 MHz, CDCl3) & 162.83 (d, J = 247.3 Hz), 159.40 (s), 146.65 (s), 136.95 (s),
130.81 (d, J = 8.2 Hz), 129.25 (s), 129.07 (s), 128.83 (d, J = 14.6 Hz), 127.62 (s), 126.84 (s), 126.77 (5),
126.56 (s), 115.29 (d, J = 21.5 Hz), 20.64(s). HRMS calcd for CisHisFN [M+H]*: 238.1027, found:

238.1027.
2-(4-Chlorophenyl)-3-methylquinoline (1e).? Yellow solid was obtained in 70% yield (1.78 g) after

~ purification with column chromatography on silica gel (hexanes/ethyl acetate,
O N7 10/1). M.p.: 84-86 °C. 'H NMR (400 MHz, CDCls) § 8.10 (d, J = 8.5 Hz, 1H),
O o 7.99 (s, 1H), 7.76 (d, J = 8.1 Hz, 1H), 7.65 (ddd, J = 8.4, 7.0, 1.3 Hz, 1H), 7.59

1e

—7.39 (M, 5H), 2.44 (s, 3H).
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2-(4-Bromophenyl)-3-methylquinoline (1f).2 Yellow solid was obtained in 60% vyield (1.79 g) after

purification with column chromatography on silica gel (hexanes/ethyl acetate,

X
O - 10/1). M.p.: 90-92 °C. *H NMR (400 MHz, CDCls) 5 8.10 (d, J = 8.5 Hz, 1H),
O 8.01 (s, 1H), 7.77 (d, J = 8.1 Hz, 1H), 7.71 — 7.58 (m, 3H), 7.56 — 7.41 (m, 3H),
Br
1f 2.45 (s, 3H).

2-(4-Methylphenyl)-3-methylquinoline (1g).>? Yellow solid was obtained in 75% vyield (1.75 g) after
N purification with column chromatography on silica gel (hexanes/ethyl acetate,

O > 10/1). M.p.: 54-56 °C. 'H NMR (400 MHz, CDCls) & 8.12 (d, J = 8.3 Hz, 1H),
O 7.99 (s, 1H), 7.76 (d, J = 8.1 Hz, 1H), 7.65 (t, J = 7.7 Hz, 1H), 7.56 — 7.45 (m,

19 3H), 7.29 (d, J = 7.8 Hz, 2H), 2.47 (d, J = 0.6 Hz, 3H), 2.43 (s, 3H).
2-(4-Methoxyphenyl)-3-methylquinoline (1h).}? Yellow solid was obtained in 68% yield (1.70 g) after

SN purification with column chromatography on silica gel (hexanes/ethyl acetate,
O N 10/1). M.p.: 68-70 °C. 'H NMR (400 MHz, CDCl3) § 8.11 (d, J = 8.5 Hz, 1H),
O o~ 7.90 (s, 1H), 7.69 (d, J = 8.1 Hz, 1H), 7.61 (ddd, J = 8.4, 6.9, 1.3 Hz, 1H), 7.57

1h
—7.50 (m, 2H), 7.48 — 7.40 (m, 1H), 7.05 — 6.92 (m, 2H), 3.81 (s, 3H), 2.43 (s,

3H).
3-Methyl-2-(naphthalen-2-yl)quinoline (1i). Yellow solid was obtained in 56% yield (1.51 g) after

~ purification with column chromatography on silica gel (hexanes/ethyl acetate,

O N7 10/1). M.p.: 86-88 °C. 'H NMR (400 MHz, CDCl3) § 8.16 (d, J = 8.4 Hz, 1H),

OO 8.06 (s, 1H), 8.02 (s, 1H), 7.94 (d, J = 8.4 Hz, 1H), 7.89 (dd, J = 9.2, 4.4 Hz,

1 2H), 7.77 (d, J = 8.1 Hz, 1H), 7.71 (dd, J = 8.4, 1.6 Hz, 1H), 7.69 — 7.63 (m,

1H), 7.55 — 7.45 (m, 3H), 2.48 (s, 3H).*C NMR (101 MHz, CDCl3) § 160.46 (s), 146.75 (s), 138.35 (s),

136.88 (s), 133.19 (d, J = 15.1 Hz), 129.40 (d, J = 8.9 Hz), 128.87 (s), 128.37 (d, J = 18.3 Hz), 127.98 (5),

127.72 (d, J = 8.7 Hz), 126.78 (d, J = 3.6 Hz), 126.62 — 126.19 (m), 20.74 (s). HRMS calcd for C16H17BrN
[M+H]": 302.0539, found: 302.0534. HRMS calcd for CooH1sN [M+H]*: 270.1277, found: 270.1284.

2-(Furan-2-yl)-3-methylquinoline (1j).> Yellow solid was obtained in 50% vyield (1.05 g) after

purification with column chromatography on silica gel (hexanes/ethyl acetate, 10/1).
P M.p.: 50-52 °C. *H NMR (400 MHz, CDCl3) & 8.13 (d, J = 8.5 Hz, 1H), 7.90 (s, 1H),

0-/| 7.72-758(m, 3H), 7.44 (ddd, J = 8.0, 7.0, 1.1 Hz, 1H), 7.10 (dd, J = 3.4, 0.6 Hz,
1H), 6.57 (dd, J = 3.4, 1.8 Hz, 1H), 2.66 (d, J = 0.7 Hz, 3H).
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3-Methyl-2-(thiophen-2-yl)quinoline (1k).? Yellow solid was obtained in 46% vyield (1.04 g) after

purification with column chromatography on silica gel (hexanes/ethyl acetate, 10/1).

X
7 M.p.: 64-66 °C.H NMR (400 MHz, CDCls) & 8.06 (d, J = 8.4 Hz, 1H), 7.88 (s, 1H),
=
s /| 7.71-7.52(m, 3H), 7.49 - 7.38 (m, 2H), 7.13 (dd, J = 5.1, 3.7 Hz, 1H), 2.65 (d, J =
1k 0.6 Hz, 3H).

3-Ethyl-2-phenylquinoline (11).2 Yellow solid was obtained in 76% yield (1.77 g) after purification with
column chromatography on silica gel (hexanes/ethyl acetate, 10/1). M.p.: 52-54 °C.

X
O _ IH NMR (400 MHz, CDCl3) & 8.13 (d, J = 8.5 Hz, 1H), 8.04 (s, 1H), 7.80 (dd, J =
N
O 8.1, 0.9 Hz, 1H), 7.65 (ddd, J = 8.4, 6.9, 1.4 Hz, 1H), 7.59 — 7.39 (m, 6H), 2.79 (g, J
1l = 7.4 Hz, 2H), 1.19 (t, J = 7.5 Hz, 3H).

2-Phenyl-3-propylquinoline (1m).? Yellow liquid was obtained in 74% yield (1.83 g) after purification

with column chromatography on silica gel (hexanes/ethyl acetate, 10/1). *H NMR

AN
O P (400 MHz, CDCls) § 8.13 (d, J = 8.5 Hz, 1H), 8.00 (s, 1H), 7.77 (d, J = 8.2 Hz, 1H),
N
7.64 (ddd, J = 8.4, 6.9, 1.4 Hz, 1H), 7.58 — 7.37 (m, 6H), 2.83 — 2.62 (m, 2H), 1.68
im —1.45 (m, 2H), 0.94 — 0.73 (m, 3H).

1,2,3,4-Tetrahydroacridine (1n).2 Yellow solid was obtained in 56% yield (1.03 g) after purification with

column chromatography on silica gel (hexanes/ethyl acetate, 10/1). M.p.: 46-48 °C. 'H

X
©\/N:© NMR (400 MHz, CDCl3) § 7.96 (dd, J = 8.4, 4.2 Hz, 1H), 7.60 — 7.37 (m, 3H), 7.30
. (dd, J = 10.8, 3.9 Hz, 1H), 3.02 (g, J = 6.1 Hz, 2H), 2.68 (q, J = 6.5 Hz, 2H), 1.88 —

1.76 (m, 2H), 1.75 — 1.62 (m, 2H).

3,5-Dimethyl-2-phenylquinoline (10). Yellow solid was obtained in 66% yield (1.54 g) after purification

with column chromatography on silica gel (hexanes/ethyl acetate, 10/1). M.p.:

S 72-74 °C. 'H NMR (400 MHz, CDCls) § 8.14 (s, 1H), 7.98 (d, J = 8.5 Hz, 1H), 7.62

O N O — 7.55 (m, 2H), 7.55 — 7.38 (m, 4H), 7.31 (d, J = 7.0 Hz, 1H), 2.66 (s, 3H), 2.47 (d,

J = 0.7 Hz, 3H). 3C NMR (101 MHz, CDCls3) § 159.95 (s), 146.90 (s), 140.96 (s),

133.49 (d, J = 16.9 Hz), 128.94 (s), 128.73 (s), 128.32 (t, J = 14.4 Hz), 127.65 (s),

126.88 (d, J = 2.6 Hz), 20.94 (s), 18.69 (s). HRMS calcd for Ci7HigN [M+H]*: 234.1277, found:
234.1275.

3,6-Dimethyl-2-phenylquinoline (1p). Yellow solid was obtained in 78% vyield (1.82 g) after purification

N with column chromatography on silica gel (hexanes/ethyl acetate, 10/1). M.p.:
O NG 66-68 °C. 'H NMR (400 MHz, CDCls) § 8.01 (d, J = 8.5 Hz, 1H), 7.86 (s, 1H),
1p O 7.61 —7.53 (m, 2H), 7.50 — 7.34 (m, 5H), 2.50 (s, 3H), 2.40 (d, J = 0.5 Hz, 3H).
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13C NMR (101 MHz, CDCl3) § 159.62 (s), 145.30 (s), 141.04 (s), 136.17 (d, J = 8.0 Hz), 131.07 (s),
129.22 — 128.84 (m), 128.30 (s), 128.09 (s), 127.66 (s), 125.58 (s), 21.68 (s), 20.66 (S). HRMS calcd for
Ci7H16N [M+H]*: 234.1277, found: 234.1278.
3,7-Dimethyl-2-phenylquinoline (1q). Yellow solid was obtained in 75% yield (1.75 g) after purification
with column chromatography on silica gel (hexanes/ethyl acetate, 10/1). M.p.:
O \/ 74-76 °C. 'H NMR (400 MHz, CDCls3) § 7.93 (d, J = 12.2 Hz, 2H), 7.65 (d, J =
N O 8.3 Hz, 1H), 7.58 (dd, J = 7.0, 1.3 Hz, 2H), 7.52 — 7.38 (m, 3H), 7.34 (dd, J = 8.3,
19 1.1 Hz, 1H), 2.54 (s, 3H), 2.44 (d, J = 7.3 Hz, 3H).3C NMR (101 MHz, CDCl5)
§ 160.43 (s), 146.90 (s), 141.08 (s), 138.88 (s), 136.50 (s), 128.89 (s), 128.68 (s), 128.24 (dd, J = 13.5,
11.1 Hz), 126.37 (s), 125.66 (s), 21.89 (s), 20.57 (s). HRMS calcd for C17H16N [M+H]": 234.1277, found:
234.1282.
3,8-Dimethyl-2-phenylquinoline (1r). Yellow solid was obtained in 45% yield (1.05 g) after purification

with column chromatography on silica gel (hexanes/ethyl acetate, 10/1). M.p.:

O \/ 38-40 °C. 1H NMR (400 MHz, CDCl3) 6 7.95 (s, 1H), 7.74 — 7.64 (m, 2H), 7.60 (d,

N J = 8.1 Hz, 1H), 7.54 — 7.34 (m, 5H), 2.81 (s, 3H), 2.50 (s, 3H). 1*C NMR (101

MHz, CDCl3) 6 158.74 (s), 145.82 (s), 141.32 (s), 137.37 (s), 137.12 (s), 129.43 (s),

128.73 (d, J = 6.7 Hz), 128.10 (s), 127.46 (s), 126.16 (S), 124.66 (s), 20.77 (S), 17.98 (s). HRMS calcd for
Ci7H1sN [M+H]": 234.1277, found: 234.1275.

6-Methoxy-3-methyl-2-phenylquinoline (1s). Yellow solid was obtained in 60% vyield (1.50 g) after

1r

o ~ purification with column chromatography on silica gel (hexanes/ethyl acetate,

O P 10/1). M.p.: 80-82 °C. *H NMR (400 MHz, CDCls) § 8.02 (d, J = 9.2 Hz, 1H),

N O 7.89 (s, 1H), 7.63 — 7.53 (m, 2H), 7.51 — 7.37 (m, 3H), 7.31 (dd, J = 9.2, 2.7

e Hz, 1H), 7.02 (d, J = 2.7 Hz, 1H), 3.91 (s, 3H), 2.43 (s, 3H). *C NMR (101

MHz, CDCls) 6 158.03 (s), 157.79 (s), 142.74 (s), 140.95 (s), 135.68 (s), 130.77 (s), 129.46 (s), 128.95 (5),

128.57 (s), 128.28 (s), 128.00 (s), 121.45 (s), 104.24 (s), 55.53 (s), 20.62 (s). HRMS calcd for C17H1sNO
[M+H]*: 250.1226, found: 250.1221.

6-Fluoro-3-methyl-2-phenylquinoline (1t). Yellow solid was obtained in 70% vyield (1.66 g) after

purification with column chromatography on silica gel (hexanes/ethyl acetate,

F N 10/1). M.p.: 66-68 °C. *H NMR (400 MHz, CDCls) & 8.11 (dd, J = 9.2, 5.4 Hz,
O NS 1H), 7.94 (s, 1H), 7.61 — 7.54 (m, 2H), 7.52 — 7.33 (M, 5H), 2.45 (d, J = 0.7 Hz,
" O 3H). 23C NMR (101 MHz, CDCls) & 160.82 (d, J = 187.9 Hz), 159.29 (s), 143.72

(s), 140.56 (s), 136.11 (d, J = 5.4 Hz), 131.80 (d, J = 9.2 Hz), 130.20 (s), 128.84
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(s), 128.37 (s), 128.31 (s), 128.18 (d, J = 10.1 Hz), 118.96 (d, J = 25.8 Hz), 109.64 (d, J = 21.6 Hz), 20.64
(s). HRMS calcd for C16H13FN [M+H]": 238.1027, found: 238.1032.

6-Chloro-3-methyl-2-phenylquinoline (1u). Yellow solid was obtained in 68%

Cl N yield (1.72 g) after purification with column chromatography on silica gel
O N (hexanes/ethyl acetate, 10/1). M.p.: 74-76 °C. *H NMR (400 MHz, CDCls) §
1u O 8.03 (d, J =9.0 Hz, 1H), 7.84 (s, 1H), 7.69 (d, J = 2.3 Hz, 1H), 7.62 — 7.52 (m,

3H), 7.51 — 7.38 (m, 3H), 2.42 (d, J = 0.7 Hz, 3H). °*C NMR (101 MHz, CDCl3)
5 160.78 (s), 145.00 (s), 140.48 (s), 135.78 (s), 132.03 (s), 130.97 (s), 130.34 (s), 129.65 (s), 128.85 (s),
128.40 (d, J = 3.3 Hz), 128.15 (s), 125.37 (s), 20.70 (s). HRMS calcd for C1sH13CIN [M+H]*: 254.0731,
found: 254.0727.

6-Bromo-3-methyl-2-phenylquinoline (1v). Yellow solid was obtained in 78% vyield (2.32 g) after

B - purification with column chromatography on silica gel (hexanes/ethyl acetate,
O ) 10/1). M.p.: 84-86 °C.*H NMR (400 MHz, CDCl3) § 7.98 (d, J = 9.0 Hz, 1H),
7.94 —7.86 (m, 2H), 7.70 (dd, J = 8.9, 2.2 Hz, 1H), 7.61 — 7.54 (m, 2H), 7.53 —
v 7.39 (m, 3H), 2.45 (d, J = 0.7 Hz, 3H). *C NMR (101 MHz, CDCl3) & 160.94

(s), 145.19 (s), 140.46 (s), 135.69 (s), 132.21 (s), 131.09 (s), 130.35 (s), 128.90 — 128.59 (m), 128.41 (d, J

= 4.5 Hz), 120.23 (s), 77.39 (s), 77.07 (s), 76.76 (), 20.71 (s). HRMS calcd for CisH1sBrN [M+H]*:
298.0226, found: 298.0226.

6-Bromo-2-(4-bromophenyl)-3-methylquinoline (1w). Yellow solid was obtained in 77% yield (2.90 g)

. < after purification with column chromatography on silica gel (hexanes/ethyl

O ) acetate, 10/1). M.p.: 190-192 °C. 'H NMR (400 MHz, CDCl3) & 8.01 — 7.86

N O (m, 3H), 7.72 (dd, J = 8.9, 1.8 Hz, 1H), 7.63 (d, J = 8.3 Hz, 2H), 7.47 (d, J

w B} = 8.3 Hz, 2H), 2.46 (s, 3H). 3C NMR (101 MHz, CDCls) & 159.62 (s),

145.21 (s), 139.33 (s), 135.93 (s), 132.42 (s), 131.56 (s), 131.04 (s), 130.57 (s), 130.04 (s), 128.75 (d, J =

6.0 Hz), 122.86 (s), 120.50 (s), 99.99 (s), 20.63 (s). HRMS calcd for CisH12BraN [M+H]*: 375.9331,
found: 375.9339.

2,3-diphenylquinoline (1x-1).* Yellow solid was obtained in 67% yield (1.88 g) after purification with

IH NMR (400 MHz, CDCls) & 8.11 (d, J = 8.4 Hz, 1H), 8.05 (s, 1H), 7.75 (d, J =
O > 8.0 Hz, 1H), 7.62 (t, J = 7.5 Hz, 1H), 7.44 (t, J = 7.4 Hz, 1H), 7.36 (d, J = 3.2 Hz,
O 2H), 7.16 (d, J = 10.1 Hz, 8H).

O column chromatography on silica gel (hexanes/ethyl acetate, 10/1). M.p.: 66-68 °C.
X

1x-1
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3-isopropyl-2-phenylquinoline (1x-2).* Yellow solid was obtained in 52% vyield (1.28 g) after

purification with column chromatography on silica gel (hexanes/ethyl acetate, 10/1).
M.p.: 50-52 °C. 'H NMR (400 MHz, CDCl3) § 8.12 (d, J = 6.1 Hz, 2H), 7.82 (d, J =
8.1 Hz, 1H), 7.66 (t, J = 7.3 Hz, 1H), 7.58 — 7.35 (m, 6H), 3.25 (dt, J = 13.7, 6.8 Hz,
1H), 1.25 (d, J = 6.8 Hz, 6H).

3-methyl-2,4-diphenylquinoline (1x-3).2 Yellow solid was obtained in 46% vyield (1.36 @) after

purification with column chromatography on silica gel (hexanes/ethyl acetate, 10/1).
M.p.: 140-142 °C. *H NMR (400 MHz, CDCls) & 8.17 (d, J = 8.4 Hz, 1H), 7.70 —
7.58 (m, 3H), 7.57 — 7.35 (m, 8H), 7.31 (d, J = 7.3 Hz, 2H), 2.15 (s, 3H).

2,3-dimethylquinoline (1y-1).® Yellow solid was obtained in 40% yield (0.63 g) after purification with

~ column chromatography on silica gel (hexanes/ethyl acetate, 10/1). M.p.: 50-52 °C. H
@(I NMR (400 MHz, CDCl3) 6 7.99 (d, J = 8.4 Hz, 1H), 7.80 (s, 1H), 7.69 (d, J = 8.1 Hz,
- 1H), 7.60 (t, J = 7.6 Hz, 1H), 7.43 (t, J = 7.5 Hz, 1H), 2.68 (s, 3H), 2.42 (s, 3H).

2-methyl-3-phenylquinoline (1y-2).° Yellow liquid was obtained in 42% yield (0.92 g) after purification

with column chromatography on silica gel (hexanes/ethyl acetate, 10/1). *H NMR
N O (400 MHz, CDCl3) & 8.07 (d, J = 8.5 Hz, 1H), 7.92 (s, 1H), 7.75 (d, J = 8.1 Hz, 1H),
O 7 7.67 (t, J=7.7 Hz, 1H), 7.54 — 7.31 (m, 7H), 2.66 (s, 3H).
1y-2

2-ethylquinoline (12).2 Yellow liquid was obtained in 38% yield (0.60 g) after purification with column

N chromatography on silica gel (hexanes/ethyl acetate, 10/1). *H NMR (400 MHz,
©\/Nj\/ CDCls) & 8.11 — 7.94 (m, 2H), 7.74 (d, J = 8.1 Hz, 1H), 7.66 (t, J = 7.7 Hz, 1H), 7.45
(t, J = 7.5 Hz, 1H), 7.28 (d, J = 8.5 Hz, 1H), 3.00 (g, J = 7.6 Hz, 2H), 1.39 (t, J = 7.6
Hz, 3H).

1z

I11. Representative procedure for asymmetric hydrogenation of 2,3-disubstituted

guinolones (1a) (Table 2, entryl): In a nitrogen-filled glovebox, a mixture of [Ir(COD)CI]2 (1.3 mg,
0.0020 mmol) and (R¢,Sa)-L.3b (3.2 mg, 0.0044 mmol) were dissolved in 2 mL of degassed dioxane in a
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Schlenk tube under N». After stirring at room temperature for 1 h, To each of the vial, 2,3-disubstituted
quinoline substrate 1a (87.7 mg, 0.4 mmol, S/C = 100) in 2 mL of degassed dioxane were then added to
the catalyst solution and the resulting mixture was transferred to an autoclave which was charged with H:
(10 bar). The hydrogenation was performed at room temperature (25 <C) for 24 h. After carefully releasing
the hydrogen gas, the solvent was removed under reduced pressure. The crude product was purified
through a silica gel plug (eluting with a mixture of hexanes/ethyl acetate = 20/1) to afford the
corresponding 2,3-disubstituted tetrahydroquinoline cis-2a as a yellow solid. The enantiomeric excess was
determined by chiral HPLC under conditions in the following.

(2S,3R)-3-Methyl-2-phenyl-1,2,3,4-tetrahydroquinoline (2a).? Yellow solid was obtained in 96% yield

(85.8 mg) after purification with column chromatography on silica gel
O (hexanes/ethyl acetate, 20/1). M.p.: 34-36 °C. 94% ee was determined by chiral

H O HPLC (Chiralcel OJ-H, n-hexane/i-PrOH = 70/30, 0.8 mL/min, 254 nm, 40 °C): tr

2a (major) = 14.7 min, ts (minor) = 17.9 min. [a]® = 17.8 (c 1.0, CH2Cl2). *H NMR
(400 MHz, CDClz) 6 7.30 — 7.14 (m, 5H), 6.93 (dd, J = 14.5, 7.4 Hz, 2H), 6.57 (t, J = 7.4 Hz, 1H), 6.46 (d,
J=7.9Hz, 1H), 4.42 (d, J = 3.5 Hz, 1H), 4.02 (bs, 1H), 2.88 (dd, J = 16.1, 4.9 Hz, 1H), 2.42 (dd, J = 16.1,
6.7 Hz, 1H), 2.22 (dt, J = 10.9, 5.8 Hz, 1H), 0.74 (d, J = 6.9 Hz, 3H). *C NMR (101 MHz, CDCls) &
143.12 (s), 141.89 (s), 128.67 (s), 127.08 (s), 126.10 (d, J = 5.9 Hz), 125.84 (s), 118.98 (s), 116.04 (),
112.63 (s), 58.32 (s), 32.34 (s), 30.85 (s), 14.11 (5).

mAl |

] Time Area Height Width _ Area®% Symmetry
160 |

3
1] 14703 | 34228 | 170.2 [ 02087 | 96674 | 0745 |
z | 1ress | 1105 | 46 | ozess | zi1z6 | oemm |

VD1 A, Dave length=254 nm (HUXH2O18052211.0)

17,856

WD A, Wavelength=254 nm (HUXH201S072801 1)

mAl # Time Area Height Width Area% Symmetry
e N T T | 145.5 [ ozesr [ 49988 | o07rs
I 2| teaes | zeE3 | 1258 | nazFa | soosz | o7er |

16.452
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(2S,3R)-2-(2-Fluorophenyl)-3-methyl-1,2,3,4-tetrahydroquinoline (2b). Yellow liquid was obtained in
95% vyield (91.6 mg) after purification with column chromatography on silica gel
O 1 (hexanes/ethyl acetate, 10/1). 89% ee was determined by chiral HPLC (Chiralcel

H 0J-H, n-hexane/i-PrOH = 90/10, 0.6 mL/min, 254 nm, 40 °C): tr (minor) = 35.9 min,

2b tr (major) = 53.6 min. [a]® = 38.2 (¢ 1.0, CH2Cl2). 'H NMR (400 MHz, CDCls) §
7.39 (td, J = 7.6, 1.7 Hz, 1H), 7.22 (tdd, J = 7.2, 5.3, 1.8 Hz, 1H), 7.08 (td, J = 7.5, 1.0 Hz, 1H), 7.05 -
6.97 (m, 3H), 6.66 (td, J = 7.4, 1.1 Hz, 1H), 6.55 (dd, J = 7.9, 0.8 Hz, 1H), 4.90 (d, J = 3.7 Hz, 1H), 4.01
(bs, 1H), 2.93 (dd, J = 16.1, 4.7 Hz, 1H), 2.49 (dd, J = 16.1, 7.3 Hz, 1H), 2.43 — 2.32 (m, 1H), 0.84 (dd, J
= 6.9, 1.7 Hz, 3H). 3C NMR (101 MHz, CDCls) & 160.05 (d, J = 245.7 Hz), 144.07 (s), 130.16 (d, J =
12.8 Hz), 129.73 (s), 128.49 (d, J = 2.6 Hz), 128.43 (d, J = 1.2 Hz), 126.94 (s), 124.00 (d, J = 3.5 Hz),
120.10 (s), 117.20 (s), 114.97 (d, J = 22.4 Hz), 113.72 (s), 51.75 (d, J = 2.8 Hz), 32.95 (s), 30.59 (s), 15.12
(s). HRMS calcd for C16H17FN [M+H]": 242.1340, found: 242.1338.

VD1 A, Wavelength=254 nm (HUXHZ019030811.0)
mAl " Time Area Height ‘Width AreaX  Symmetiy o
70— [[1 ] 358% | 276.2 | 6.8 [ oe87 | 5428 | 097
1z saezt [ aizz | 735 | 1o1s3 | a457z | 1372 |

o
|
> 36,208

mAU Time Area Height Width Area%  Symmebry 2

#
1] 3®7A8 | 22045 | 54.3 [ 06307 [ 50135 [ 0@z |
2 | 5283 | A%E | 353 | 03833 [ 49885 [ 1152 |

VW1 A, Wavelength=254 nm (HUXH2019030810.5)

50{

&
52035

ZD—:

T T T T T
o 10 20 a0 40 &0 8

(2S,3R)-2-(3-Fluorophenyl)-3-methyl-1,2,3,4-tetrahydroquinoline (2c). Yellow liquid was obtained in

I N
H

2c

96% yield (92.5 mg) after purification with column chromatography on silica gel

Fl (hexanes/ethyl acetate, 10/1). 93% ee was determined by chiral HPLC (Chiralcel
O OD-H, n-hexane/i-PrOH = 90/10, 0.6 mL/min, 254 nm, 40 °C): tr (major) = 16.4
min, tr (minor) = 21.3 min. [a]*®> = 17.8 (¢ 1.0, CH2Cl,). *H NMR (400 MHz,
CDCl3) § 7.34 — 7.22 (m, 1H), 7.09 — 6.88 (m, 5H), 6.65 (t, J = 7.4 Hz, 1H), 6.54 (d, J = 7.9 Hz, 1H), 4.48
(d, J = 3.5 Hz, 1H), 3.99 (bs, 1H), 2.96 (dd, J = 16.2, 4.9 Hz, 1H), 2.48 (dd, J = 16.2, 6.6 Hz, 1H), 2.35 —
2.20 (m, 1H), 0.81 (dd, J = 6.9, 1.4 Hz, 3H). 13C NMR (101 MHz, CDCls3) § 162.83 (d, J = 245.4 Hz),
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145.78 (d, J = 6.4 Hz), 143.80 (s), 129.79 (s), 129.61 (d, J = 8.2 Hz), 127.01 (s), 122.81 (d, J = 2.7 Hz),
119.95 (s), 117.45 (s), 114.21 (s), 114.04 (d, J = 9.8 Hz), 113.87 (s), 59.04 (s), 33.36 (), 31.93 (s), 15.12
(s). HRMS calcd for C16H17FN [M+H]": 242.1340, found: 242.1342.

VD A, Wavelength=254 nm (HUXHZO018030412.0)

mAL 1 Time Area Height Width Area%  Symmetry g
sao-| [ 1 [ 16402 | 144481 | R3R1 [ 03438 [ 96483 [ 068 |
1 2] =213/ [ se7 | 183 [ 04439 [ 3m7 [ o@a |
500
400
300 -
200
100 - B
] @
] I3
0
Q 25 =] 75 10 12‘.5 14 175 20 225
WD A W avelength=254 nm (HUXHZ019020407 D)
mAal E # Time Area Height ‘Width Area%  Symmetry 3
80— [1 ] 1643 [ 38254 |  171.2 | 03451 | 50048 | 0747 |
S22 =ress [ smetr [ taea [ nar [ 4aser | 0w |

21.209

T T T T
o 5 10 15 20

(2S,3R)-2-(4-fluorophenyl)-3-methyl-1,2,3,4-tetrahydroquinoline (2d). Yellow liquid was obtained in
96% yield (92.3 mg) after purification with column chromatography on silica gel (hexanes/ethyl acetate,
10/1). 95% ee was determined by chiral HPLC (Chiralcel OD-H,
O n-hexane/i-PrOH = 90/10, 0.6 mL/min, 254 nm, 40 °C): tr (major) = 15.1 min, tr
” O (minor) = 19.7 min. [a]®p = 11.7 (¢ 1.0, CH2Cl,). *H NMR (400 MHz, CDCl3) &
2d i 7.27—7.17 (m, 2H), 7.06 — 6.91 (m, 4H), 6.65 (dd, J = 10.7, 4.0 Hz, 1H), 6.53 (d,
J=7.9Hz, 1H), 4.46 (d, J = 3.5 Hz, 1H), 4.05 (bs, 1H), 2.93 (dd, J = 16.2, 4.9 Hz, 1H), 2.46 (dd, J = 16.2,
6.9 Hz, 1H), 2.32 — 2.16 (m, 1H), 0.79 (d, J = 6.9 Hz, 3H).3C NMR (101 MHz, CDCl3) § 162.03 (d, J =
245.1 Hz), 143.98 (s), 138.67 (d, J = 3.1 Hz), 129.78 (s), 128.70 (d, J = 7.9 Hz), 127.02 (s), 120.00 (s),
117.32 (s), 114.96 (d, J = 21.2 Hz), 113.80 (s), 58.80 (s), 33.23 (s), 31.94 (s), 15.24 (s). HRMS calcd for
Ci6H17FN [M+H]": 242.1340, found: 242.1345.
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MDA, Wavelength=254 nm (HUXH2019030409.0)

by
mAl # Time Area Height ‘Width AreaZ Symmehy
o[ ] tsnes [ aveaz [ 4avee | oxds | 9r3e [ oyw |
aoo- [ 2 | 19708 | 2888 | 103 | o044 | 2EF8 | DB1Z
300 -
z00 :
100 —-
, @
] =
. 2
o7
o 25 ) 75 10 12I 5 15 175 20
WD A, Wavelength=254 nm (HUXHWZ018020406.0)
mal _ _ . 8
- # Time Area Height Width Area% Symmehy
1 [ ] 15w [ 99ra ] 433 [ 03113 [ #9979 [ 0767 | ]
s 2] 78B82 [  ms7 | 38 | napss [ B0 [ D7ss | o
30|
20|
10 2
0
) T T T T T
o g 10 15 20 25

(2S,3R)-2-(4-Chlorophenyl)-3-methyl-1,2,3,4-tetrahydroquinoline (2e).? Yellow solid was obtained in
97% yield (100.0 mg) after purification with column chromatography on silica

O gel (hexanes/ethyl acetate, 10/1). M.p.: 50-52 °C. 94% ee was determined by
H O chiral HPLC (Chiralcel OJ-H, n-hexane/i-PrOH = 90/10, 0.6 mL/min, 254 nm,
2e “ 40 °C): tr (minor) = 44.7 min, tr (major) = 48.5 min. [a]®p = 22.0 (¢ 1.0,
CH2Cl,). *H NMR (400 MHz, CDCls3) § 7.29 — 7.23 (m, 2H), 7.19 (dd, J = 6.1, 4.2 Hz, 2H), 7.05 — 6.92
(m, 2H), 6.65 (td, J = 7.4, 1.1 Hz, 1H), 6.52 (dd, J = 7.9, 0.7 Hz, 1H), 4.44 (d, J = 3.6 Hz, 1H), 4.02 (bs,
1H), 2.92 (dd, J = 16.2, 4.9 Hz, 1H), 2.44 (dd, J = 16.2, 6.9 Hz, 1H), 2.30 — 2.18 (m, 1H), 0.78 (d, J = 6.9
Hz, 3H).*C NMR (101 MHz, CDCls) § 143.89 (s), 141.51 (s), 132.84 (s), 129.79 (s), 128.61 (s), 128.31

(s), 127.99 (s), 127.12 (d, J = 12.6 Hz), 119.98 (s), 117.39 (s), 113.84 (s), 58.87 (s), 33.21 (s), 31.88 (),
15.27 ().

WD A, W avelength=254 nm (HUXH2018030403 . D)

mAl - # Time Area Height Width Area¥%  Symmetry i
1[0 ] 447 [ osv4 57 [ o7ee [ 3m7 [ 0363 |
10— [[2] 4ssee | w4 [ te07 [ o878 [ 96983 | o7e4 |
120
100
20—
60—
-
%
20 i
] 3
o
[} 10 20 3‘0 40 S0 B0
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VT A, Wiavelength=254 nm (HUXHZO0 19030401 .0

mAl | i Time Area Height Width Area%  Symmetry b 2
- [ ] 4882 [ 21113 | 4138 [ n7a0s [ s015 | 0§72 | H
sso 2] 48546 ] 2110 | 8.2 | oesm1 [ a3985 | 0822 |
3EI7
25|
20—

15—
10—2
D: no
o 1o Z‘EI 30 40 EIEI

(2S,3R)-2-(4-Bromophenyl)-3-methyl-1,2,3,4-tetrahydroquinoline (2f).2 Yellow solid was obtained in

97% vyield (117.5 mg) after purification with column chromatography on silica
O N gel (hexanes/ethyl acetate, 10/1). M.p.: 60-62 °C. 92% ee was determined by
H O Br chiral HPLC (Chiralcel OD-H, n-hexane/i-PrOH = 90/10, 0.6 mL/min, 254 nm,
40 °C): tr (major) = 18.6 min, tr (minor) = 25.8 min. [a]®> = 20.5 (c 1.0,
CH2Cl). '"H NMR (400 MHz, CDCl3) & 7.42 (d, J = 8.3 Hz, 2H), 7.15 (d, J = 8.1 Hz, 2H), 7.00 (dd, J =
16.9, 7.8 Hz, 2H), 6.65 (td, J = 7.4, 0.9 Hz, 1H), 6.53 (d, J = 7.9 Hz, 1H), 4.44 (d, J = 3.6 Hz, 1H), 4.04
(bs, 1H), 2.93 (dd, J = 16.2, 4.8 Hz, 1H), 2.45 (dd, J = 16.2, 6.8 Hz, 1H), 2.34 — 2.17 (m, 1H), 0.79 (d, J =
6.9 Hz, 3H). 3C NMR (101 MHz, CDCls) & 143.84 (s), 142.01 (s), 131.24 (s), 129.78 (s), 128.97 (s),
127.04 (s), 120.93 (s), 119.96 (s), 117.39 (s), 113.82 (s), 58.91 (s), 33.18 (s), 31.81 (), 15.25 (58).

2f

VR A, Uavelength=264 nm (HUXH@2019020410.0)

mAleso_: i Time Area Height ‘Width Area¥ Symmetry g
o [ ] teese | ef7as | 2612 | 04019 [ 95916 | 063 |
Do emms | amer | 82 | oss97 | 4084 | om24 |
200
150
100 —i
&0 —: ?
B ]
] B
0
] T T T T
o 5 10 15 20 25
VDA A, Wavelength=254 nm (HUXHZ2019030405.0)
mau : # Time Area Height Width Area%  Symmetry
J [t ] 18ed | 30m43 [ 1208 | 03938 | BOOR4 | 0746 |
o I T T a7.4 | o545 [ 4393 [ o7es | §
i &
20 2
60—:
w0
prn] ]
o S
T T T T T |
Q g 10 15 20 25 3
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(2S,3R)-3-Methyl-2-(p-tolyl)-1,2,3,4-tetrahydroquinoline (2g).2 Yellow solid was obtained in 96% yield

(90.8 mg) after purification with column chromatography on silica gel

O N (hexanes/ethyl acetate, 10/1). M.p.: 54-56 °C. 94% ee was determined by chiral
H O HPLC (Chiralcel OD-H, n-hexane/i-PrOH = 90/10, 0.6 mL/min, 254 nm, 40 °C):

tr (major) = 13.1 min, tr (minor) = 16.3 min. [a]®p = 21.8 (¢ 1.0, CHCl,). *H
NMR (400 MHz, CDCls3) 8 7.16 (d, J = 8.0 Hz, 2H), 7.11 (d, J = 7.8 Hz, 2H), 6.99 (dd, J = 14.4, 7.2 Hz,
2H), 6.63 (t, J = 7.3 Hz, 1H), 6.51 (d, J = 7.9 Hz, 1H), 4.44 (d, J = 3.2 Hz, 1H), 4.03 (bs, 1H), 2.93 (dd, J
=16.1, 4.7 Hz, 1H), 2.48 (dd, J = 16.1, 6.7 Hz, 1H), 2.32 (s, 3H), 2.26 (tdd, J = 8.8, 6.0, 3.1 Hz, 1H), 0.90
—0.73 (m, 3H). 3C NMR (101 MHz, CDCl3) § 144.30 (s), 139.99 (s), 136.75 (s), 129.78 (s), 128.88 (s),

127.16 (s), 126.94 (s), 120.12 (s), 117.09 (s), 113.74 (5), 59.21 (5), 33.47 (s), 31.98 (5), 21.15 (5), 15.25 (S).

2g

WD A, Wavelength=2564 nm (HUXHZ019020411.0)

mal g Time Area Height Width Area% Symmetry
S [ 1] 1zoee | 4e1e | GAB | 02791 | 97204 | 073 |
soo- [ 2 | 128 | 3o0s | 13.7 | o3ms | 27 | ores |
400
200 —|
200 —|
100 o
] &
- °
o-
o 2 4 & 2 1‘0 12 14 6 12
VDA A, UWawelength=254 nm (HUXH2019020402.0)
mall é # Time Area Height ‘Width Area¥ Symmetry 2
J [ ] 13pss [ vmesa ] 7.1 [ 027ss ] 80377 [ 0773 | H
so- [2] 16288 [ 1Rz | B7.4 | name | #9623 | 077 | o

50|

30—

20—

(2S,3R)-2-(4-Methoxyphenyl)-3-methyl-1,2,3,4-tetrahydroquinoline (2h).2 White solid was obtained in
99% yield (100.2 mg) after purification with column chromatography on silica
O gel (hexanes/ethyl acetate, 10/1). M.p.: 108-110 °C. 92% ee was determined by
” O chiral HPLC (Chiralcel OD-H, n-hexane/i-PrOH = 90/10, 0.6 mL/min, 254 nm,
2h o) 4 °C): tr (major) = 15.6 min, tz (minor) = 18.8 min. [a]®> = 18.3 (¢ 1.0,
CH2Cl,).*H NMR (400 MHz, CDCl3) § 7.24 — 7.15 (m, 2H), 7.00 (dd, J = 14.3, 7.3 Hz, 2H), 6.84 (d, J =
8.2 Hz, 2H), 6.64 (t, J = 7.4 Hz, 1H), 6.53 (d, J = 7.9 Hz, 1H), 4.44 (d, J = 3.5 Hz, 1H), 4.07 (bs, 1H), 3.78
(s, 3H), 2.93 (dd, J = 16.1, 4.9 Hz, 1H), 2.47 (dd, J = 16.1, 6.8 Hz, 1H), 2.25 (ddd, J = 11.0, 7.0, 4.2 Hz,
1H), 0.81 (dd, J = 6.8, 0.4 Hz, 3H).*C NMR (101 MHz, CDCls) § 158.75 (s), 144.24 (s), 135.06 (s),
S14




129.73 (s), 128.25 (s), 126.91 (s), 120.11 (s), 117.06 (s), 113.61 (d, J = 20.0 Hz), 58.85 (s), 55.30 (s),
33.34 (s), 32.01 (s), 15.28 (s).

VD A, Wavelength=2564 nm (HUXH2019020005.0)

mAl- | # Time Area Height Width Area% Symmebiy
J [ ] Eses | 4eesE | 2532 | 02843 | 98121 | o8 |
1 2] 18y [ 1mma | [ | oases | zEe [ oes |
200 -
150—:
100{
50— o
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°-
Q 5 10 15 20
VD1 A, WWavelength=254 nm (HUXHZ019030805.D)
mAl # Time Area Height ‘width Area% Symmetry & o
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60—
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(2S,3R)-3-Methyl-2-(naphthalen-2-yl)-1,2,3,4-tetrahydroquinoline (2i). Yellow liquid was obtained in
95% vyield (103.9 mg) after purification with column chromatography on silica

O gel (hexanes/ethyl acetate, 10/1). 93% ee was determined by chiral HPLC
N
H O (Chiralcel OD-H, n-hexane/i-PrOH = 90/10, 0.8 mL/min, 254 nm, 40 °C): tr
2 (major) = 14.0 min, tr (minor) = 21.3 min. [a]®p = -17.3 (¢ 1.0, CH2Cl,).'H

NMR (400 MHz, CDCls) § 7.77 (ddd, J = 20.4, 10.9, 5.5 Hz, 4H), 7.50 — 7.32 (m, 3H), 7.08 — 6.94 (m,
2H), 6.67 (td, J = 7.4, 1.1 Hz, 1H), 6.57 (dd, J = 7.9, 0.8 Hz, 1H), 4.62 (d, J = 3.5 Hz, 1H), 4.14 (bs, 1H),
3.00 (dd, J = 16.1, 5.0 Hz, 1H), 2.53 (dd, J = 16.1, 6.2 Hz, 1H), 2.35 (tdd, J = 6.4, 5.1, 3.7 Hz, 1H), 0.81 (d,
J = 6.9 Hz, 3H). 3C NMR (101 MHz, CDCls) & 144.23 (s), 140.57 (s), 133.28 (s), 132.83 (), 129.89 (s),
128.09 — 127.60 (m), 127.01 (s), 126.16 (s), 125.78 (d, J = 9.1 Hz), 125.50 (s), 120.15 (s), 117.32 (s),
113.90 (s), 59.49 (s), 33.75 (s), 32.11 (s), 15.05 (s). HRMS calcd for CaoHaoN [M+H]*: 274.1590, found:
274.1596.
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WUWD1 A, Wiavelength=254 nm (HUXHE2019052208.0)
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WD A, Wiavelength=254 nm (HUXHEZ0 18062103 )
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(2S,3R)-2-(furan-2-yl)-3-methyl-1,2,3,4-tetrahydroquinoline (2j).? Colorless liquid was obtained in 94%

yield (80.6 mg) after purification with column chromatography on silica gel

N (hexanes/ethyl acetate, 20/1). 89% ee was determined by chiral HPLC (Chiralcel

2'1__' 0-/| 03J-H, n-hexane/i-PrOH = 90/10, 0.6 mL/min, 254 nm, 40 °C): tr (major) = 35.6 min,

tr (Minor) = 49.2 min. [a]?°> = 95.1 (¢ 1.0, CH2Cl,). *H NMR (400 MHz, CDCl3) &

7.33 (d, J =0.8 Hz, 1H), 6.99 (dd, J = 13.5, 7.3 Hz, 2H), 6.65 (t, J = 7.4 Hz, 1H), 6.52 (d, J = 7.9 Hz, 1H),

6.35 - 6.23 (m, 1H), 6.12 (d, J = 3.2 Hz, 1H), 4.50 (d, J = 3.6 Hz, 1H), 4.04 (bs, 1H), 2.87 (dd, J = 16.1,

4.9 Hz, 1H), 2.53 (dd, J = 16.1, 8.0 Hz, 1H), 2.45 — 2.28 (m, 1H), 0.92 (d, J = 6.9 Hz, 3H). 1*C NMR (101

MHz, CDCl3) & 156.18 (s), 143.24 (s), 141.41 (s), 129.62 (s), 126.85 (s), 120.49 (s), 117.57 (s), 114.12 (s),
110.16 (s), 106.16 (s), 54.01 (s), 32.86 (s), 30.51 (s), 16.08 (5).

WD A, Wavelength=254 nm (HUXH2019031404.0)
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VD A, favelen gth=254 nm (HUXH2019030808.0)
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(2S,3R)-3-Methyl-2-(thiophen-2-yl)-1,2,3,4-tetrahydroquinoline (2k).2 Colorless liquid was obtained in

95% vyield (87.5 mg) after purification with column chromatography on silica gel

(hexanes/ethyl acetate, 10/1). 95% ee was determined by chiral HPLC (Chiralcel

H s// 0J-H, n-hexane/i-PrOH = 90/10, 0.6 mL/min, 254 nm, 40 °C): tr (major) = 51.1 min,

2k tr (Minor) = 65.4 min. [a]*®p = 105.7 (c 1.0, CH2Cl). *H NMR (400 MHz, CDCls) §

7.17 (d, J = 5.0 Hz, 1H), 7.06 — 6.89 (m, 4H), 6.73 — 6.60 (m, 1H), 6.52 (d, J = 7.9 Hz, 1H), 4.73 (d, J =

3.4 Hz, 1H), 4.17 (bs, 1H), 2.93 (dd, J = 16.3, 5.0 Hz, 1H), 2.57 (dd, J = 16.3, 7.6 Hz, 1H), 2.41 — 2.23 (m,

1H), 0.92 (dd, J = 6.9, 1.4 Hz, 3H). 3C NMR (101 MHz, CDCl3) & 146.12 (s), 143.27 (s), 129.69 (s),

126.96 (s), 126.55 (s), 124.33 (s), 123.93 (s), 120.37 (s), 117.79 (s), 114.31 (s), 55.89 (5s), 32.87 (s), 32.18
(s), 16.03 (s).

WD A, W avelength=254 nm (HLXHI201903 1405 D)
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(2S,3R)-3-Ethyl-2-phenyl-1,2,3,4-tetrahydroquinoline (21).2 Colorless liquid was obtained in 96% yield

(91.5 mg) after purification with column chromatography on silica gel

O (hexanes/ethyl acetate, 20/1). 91% ee was determined by chiral HPLC (Chiralcel
H OD-H, n-hexane/i-PrOH = 90/10, 0.6 mL/min, 254 nm, 40 °C): tr (major) = 15.5
2l min, tr (minor) = 21.8 min. [a]*®®o = 59.2 (¢ 1.0, CHCl2). *H NMR (400 MHz,

CDCl3) § 7.34 — 7.19 (m, 5H), 7.07 — 6.92 (m, 2H), 6.64 (td, J = 7.4, 1.1 Hz, 1H), 6.52 (d, J = 7.9 Hz, 1H),
4.52 (d, J = 3.8 Hz, 1H), 4.19 (bs, 1H), 2.86 (dd, J = 16.3, 4.7 Hz, 1H), 2.53 (dd, J = 16.3, 8.6 Hz, 1H),
2.05 (dg, J = 13.0, 4.4 Hz, 1H), 1.28 (dtd, J = 12.1, 7.3, 5.0 Hz, 1H), 1.02 (ddt, J = 13.8, 8.8, 7.1 Hz, 1H),
0.89 (t, J = 7.3 Hz, 3H). 3C NMR (101 MHz, CDCls) & 144.40 (s), 143.20 (s), 129.71 (s), 128.16 (s),
127.41 — 126.96 (m), 120.25 (s), 116.99 (s), 113.62 (), 58.91 (s), 38.90 (s), 29.56 (S), 22.57 (s), 12.10 (s).

WE A iawe e ngth=2584 nm (HUXHZO19032612.0)
mAll - # Time Area Height Width Area%  Symmetry
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WD A, Wave len gth=254 nm (HUXH\2018040113.0)
mAl Ty Time Area Height Width  Area% Symmelry i
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(2S,3R)-2-phenyl-3-propyl-1,2,3,4-tetrahydroquinoline (2m).? Colorless liquid was obtained in 97%

yield (97.4 mg) after purification with column chromatography on silica gel

O N (hexanes/ethyl acetate, 20/1). 90% ee was determined by chiral HPLC (Chiralcel
H O OD-H, n-hexane/i-PrOH = 90/10, 0.6 mL/min, 254 nm, 40 °C): tr (major) = 13.5

2m min, tr (minor) = 19.4 min. [a]®p = 66.9 (¢ 1.0, CH2Cl,). *H NMR (400 MHz,
CDCl3) 6 7.32 — 7.19 (m, 5H), 7.06 — 6.93 (m, 2H), 6.64 (td, J = 7.4, 1.1 Hz, 1H), 6.56 — 6.46 (m, 1H),
450 (d, J = 3.8 Hz, 1H), 4.18 (bs, 1H), 2.84 (dd, J = 16.2, 4.7 Hz, 1H), 2.53 (dd, J = 16.2, 8.6 Hz, 1H),
2.22 — 2.09 (m, 1H), 1.48 — 1.31 (m, 1H), 1.31 — 1.14 (m, 2H), 1.08 — 0.93 (m, 1H), 0.81 (t, J = 7.2 Hz,
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3H).3C NMR (101 MHz, CDCls) § 144.39 (s), 143.19 (s), 129.71 (s), 128.17 (s), 127.42 — 126.97 (m),
120.34 (s), 117.00 (s), 113.64 (s), 59.00 (5), 36.71 (s), 31.97 (s), 30.04 (s), 20.57 (), 14.25 (S).

VWD A, Wiavelength=254 nm (HUXH2018032513.0)
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VD A, I avel ength=254 nm (HUZH20180404112.0)
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(4aR,9aR)-1,2,3,4,4a,9,9a,10-Octahydroacridine (2n).® White solid was obtained in 97% yield (72.6 mg)

after purification with column chromatography on silica gel (hexanes/ethyl acetate,

©\/\/O 20/1). M.p.: 62-64 °C. 83% ee was determined by chiral HPLC (Chiralpak AS-H,

H n-hexane/i-PrOH = 99.5/0.5, 0.6 mL/min, 254 nm, 40 °C): tr (minor) = 8.8 min, tr

2n (major) = 9.2 min. [0]?°0 = 26.6 (¢ 1.0, CH2Cl,). *H NMR (400 MHz, CDCls) § 6.93

(dd, J =13.1, 6.9 Hz, 2H), 6.56 (t, J = 7.3 Hz, 1H), 6.43 (d, J = 7.9 Hz, 1H), 3.49 (d, J = 2.9 Hz, 2H), 2.89

(dd, J = 16.3, 5.5 Hz, 1H), 2.51 (dd, J = 16.2, 3.5 Hz, 1H), 1.95 (dt, J = 8.8, 4.2 Hz, 1H), 1.64 (ddd, J =

23.5,11.8, 6.1 Hz, 4H), 1.51 — 1.19 (m, 4H). 3C NMR (101 MHz, CDCls) § 143.95 (s), 129.75 (s), 126.62

(s), 119.32 (s), 116.44 (s), 113.29 (s), 50.06 (s), 33.00 (s), 32.59 (s), 31.81 (s), 27.31 (s), 24.80 (s), 20.77
(s).

WD A, Wavelength=254 nm (HUXH\2019040208.0)
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VWD A, Wavelength=254 nm (HUXH2019040204.0)

_: # Time A Height Width Area%  Symmeliy
1] 7834 [ 272 | 1&06 [ 0244 | 49070 [ 060z |
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T T
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(2S,3R)-3,5-Dimethyl-2-phenyl-1,2,3,4-tetrahydroquinoline (20). Colorless liquid was obtained in 68%

yield (64.8 mg) after purification with column chromatography on silica gel
(hexanes/ethyl acetate, 20/1). 95% ee was determined by chiral HPLC (Chiralcel

N O OD-H, n-hexane/i-PrOH = 90/10, 0.6 mL/min, 254 nm, 40 °C): tz (major) = 13.0
20 min, tr (minor) = 14.9 min. [a]®p = 33.5 (¢ 1.0, CH.Cl). *H NMR (400 MHz,

mAl
a0

a0

a0

20

CDCls) § 7.35 — 7.20 (m, 5H), 6.93 (t, J = 7.7 Hz, 1H), 6.55 (d, J = 7.4 Hz, 1H),
6.43 (d, J = 8.0 Hz, 1H), 4.45 (d, J = 3.2 Hz, 1H), 4.10 (bs, 1H), 2.91 — 2.72 (m, 1H), 2.41 — 2.27 (m, 2H),
2.18 (d, J = 10.9 Hz, 3H), 0.83 (d, J = 6.7 Hz, 3H). 3C NMR (101 MHz, CDCls) 5 144.26 (s), 143.06 (3),
137.32 (s), 128.16 (s), 127.16 (d, J = 12.5 Hz), 126.42 (s), 118.90 (d, J = 15.9 Hz), 111.95 (s), 59.01 (s),
32.12 (s), 30.69 (s), 19.57 (s), 15.73 (s). HRMS calcd for C17HzoN [M+H]*: 238.1590, found: 238.1591.

WAND A, Wfavelength=254 nm (HUXH2018031311 .00

WD A, Wavelength=254 nm (HUXH2019020804.0)

# Time Area Height Width Area% Symmetry g
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(2S,3R)-3,6-Dimethyl-2-phenyl-1,2,3,4-tetrahydroquinoline (2p). Colorless liquid was obtained in 95%

yield (90.1 mg) after purification with column chromatography on silica gel

O N (hexanes/ethyl acetate, 20/1). 93% ee was determined by chiral HPLC (Chiralcel
H O OD-H, n-hexane/i-PrOH = 90/10, 0.6 mL/min, 254 nm, 40 °C): tr (major) = 10.3

min, tr (minor) = 13.6 min. [a]?®p = 19.2 (¢ 2.0, CH2Cl,). *H NMR (400 MHz,
CDCl3) 6 7.34 — 7.19 (m, 5H), 6.82 (d, J = 10.3 Hz, 2H), 6.46 (d, J = 7.7 Hz, 1H), 4.45 (s, 1H), 3.91 (s,
1H), 2.93 (d, J = 16.2 Hz, 1H), 2.45 (dd, J = 16.0, 5.7 Hz, 1H), 2.32 — 2.24 (m, 1H), 2.24 — 2.17 (m, 3H),
0.85 — 0.68 (m, 3H). *°C NMR (101 MHz, CDCls) § 143.17 (s), 141.86 (s), 130.31 (s), 128.16 (s), 127.52
(s), 127.17 (d, J = 10.9 Hz), 126.33 (s), 120.12 (s), 113.92 (s), 59.54 (s), 33.56 (s), 32.17 (s), 20.55 (5),

15.10 (s). HRMS calcd for CizH20N [M+H]*: 238.1590, found: 238.1588.

2p

WD A, WWavelength=254 nm (HUXHZ2018031310.0)

mal B # Time Area Height Width Area% Symmetry 2
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WAE A, WFavelength=254 nm (HUXH2018030903.0)
o
mAU 1 # Time Area Height Width Area% Symmetry
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(2S,3R)-3,7-Dimethyl-2-phenyl-1,2,3,4-tetrahydroquinoline (2q). Yellow liquid was obtained in 95%

yield (90.3 mg) after purification with column chromatography on silica gel

O (hexanes/ethyl acetate, 20/1). 93% ee was determined by chiral HPLC (Chiralcel
N
H OD-H, n-hexane/i-PrOH = 90/10, 0.6 mL/min, 254 nm, 40 °C): tr (minor) = 11.8
29 min, tr (Major) = 12.9 min. [a]*®®0 = 0 (¢ 1.0, CH2Cl;). *H NMR (400 MHz,

CDCls) § 7.35 — 7.20 (m, 5H), 6.87 (d, J = 7.6 Hz, 1H), 6.48 (dd, J = 7.5, 0.9 Hz, 1H), 6.37 (s, 1H), 4.46
(d, J = 3.6 Hz, 1H), 4.03 (bs, 1H), 2.91 (dd, J = 16.0, 4.9 Hz, 1H), 2.44 (dd, J = 16.0, 6.7 Hz, 1H), 2.32 —
2.25 (m, 1H), 2.24 (s, 3H), 0.80 (d, J = 6.9 Hz, 3H). 2*C NMR (101 MHz, CDCls) § 144.04 (s), 143.09 (s),
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136.59 (s), 129.65 (s), 128.18 (s), 127.20 (d, J = 10.6 Hz), 118.19 (s), 117.20 (s), 114.35 (s), 59.46 (s),
33.09 (s), 32.15 (s), 21.29 (s), 15.23 (). HRMS calcd for C17HzoN [M+H]*: 238.1590, found: 238.1594.

VWP A, Wavelength=254 nm (HUXH2019032515.0)
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(2S,3R)-3,8-dimethyl-2-phenyl-1,2,3,4-tetrahydroquinoline (2r). White solid was obtained in 95% yield

(90.1 mg) after purification with column chromatography on silica gel
O N (hexanes/ethyl acetate, 20/1). M.p.: 44-46 °C. 96% ee was determined by chiral
H O HPLC (Chiralcel OD-H, n-hexane/i-PrOH = 90/10, 0.6 mL/min, 254 nm, 40 °C): tr

2r

(major) = 11.9 min, tr (minor) = 15.1 min. [a]®p = -22.9 (¢ 2.0, CHCl2). *H NMR
(400 MHz, CDCls) § 7.29 — 7.13 (m, 5H), 6.85 (d, J = 7.3 Hz, 1H), 6.81 (d, J = 7.4 Hz, 1H), 6.52 (t, J =
7.4 Hz, 1H), 4.50 (d, J = 3.6 Hz, 1H), 3.88 (bs, 1H), 2.91 (dd, J = 16.1, 4.9 Hz, 1H), 2.44 (dd, J = 16.2, 6.5
Hz, 1H), 2.22 (tdd, J = 6.8, 4.9, 3.8 Hz, 1H), 2.05 (s, 3H), 0.73 (d, J = 6.9 Hz, 3H). 3C NMR (101 MHz,
CDCls) 5 143.29 (s), 142.15 (s), 128.13 (d, J = 18.0 Hz), 127.63 (s), 127.20 (d, J = 1.8 Hz), 120.70 (s),
119.46 (s), 116.58 (s), 59.62 (s), 33.71 (s), 31.82 (s), 17.31 (s), 15.11 (s). HRMS calcd for Ci7HzoN
[M+H]*: 238.1590, found: 238.1586.
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MDA, Wiavelength=254 nm (HUXH2019032001 1)
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(2S,3R)-6-Methoxy-3-methyl-2-phenyl-1,2,3,4-tetrahydroquinoline (2s). Yellow liquid was obtained in

e 94% vyield (95.1 mg) after purification with column chromatography on silica

O N gel (hexanes/ethyl acetate, 20/1). 88% ee was determined by chiral HPLC

H O (Chiralcel OD-H, n-hexane/i-PrOH = 90/10, 0.6 mL/min, 254 nm, 40 °C): tr

2s (major) = 13.3 min, tr (minor) = 23.0 min. [a]®b = 4.2 (c 4.0, CH.Cly). *H

NMR (400 MHz, CDCls3) 6 7.34 — 7.27 (m, 4H), 7.27 — 7.21 (m, 1H), 6.64 (dd, J = 8.6, 2.9 Hz, 1H), 6.60

(d, J=2.8 Hz, 1H), 6.50 (d, J = 8.6 Hz, 1H), 4.45 (d, J = 3.3 Hz, 1H), 3.82 (bs, 1H), 3.73 (s, 3H), 3.00 (dd,

J=16.3,5.1 Hz, 1H), 2.47 (dd, J = 16.3, 6.0 Hz, 1H), 2.28 (dtd, J = 9.4, 6.0, 3.5 Hz, 1H), 0.81 (d, J=6.9

Hz, 3H).*C NMR (101 MHz, CDCls) & 151.88 (s), 143.16 (s), 138.30 (s), 128.16 (s), 127.13 (d, J = 5.9

Hz), 121.30 (s), 114.98 (d, J = 19.4 Hz), 113.05 (s), 59.61 (s), 55.81 (s), 34.03 (s), 32.21 (s), 14.83 (5).
HRMS calcd for C17H20NO [M+H]": 254.1539, found: 254.1539.

VD A, Wavelength=254 nm (HUXH2019032514.0)
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VKD A, Wiavelength=254 nm (HUXHI2019040111.09
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(2S,3R)-6-Fluoro-3-methyl-2-phenyl-1,2,3,4-tetrahydroquinoline (2t). Colorless liquid was obtained in

F ‘
N
H

95% yield (91.6 mg) after purification with column chromatography on silica gel
(hexanes/ethyl acetate, 20/1). 96% ee was determined by chiral HPLC (Chiralcel
O OD-H, n-hexane/i-PrOH = 90/10, 0.6 mL/min, 254 nm, 40 °C): tr (major) = 12.7

2t min, tr (minor) = 18.4 min. [a]®p = -5.9 (¢ 2.0, CH2Cl,). *H NMR (400 MHz,
CDCls) & 7.37 — 7.23 (m, 5H), 6.74 (dd, J = 13.1, 5.2 Hz, 2H), 6.50 — 6.41 (m, 1H), 4.47 (d, J = 2.7 Hz,
1H), 3.91 (bs, 1H), 2.97 (dd, J = 16.4, 4.6 Hz, 1H), 2.47 (dd, J = 16.4, 6.0 Hz, 1H), 2.28 (ddd, J = 6.3, 3.2,
1.6 Hz, 1H), 0.85 — 0.66 (m, 3H). *C NMR (101 MHz, CDCls) & 155.58 (d, J = 234.5 Hz), 142.79 (s),
140.36 (s), 128.22 (s), 127.24 (s), 127.12 (s), 121.33 (d, J = 6.7 Hz), 115.85 (d, J = 21.4 Hz), 114.37 (d, J
= 7.5 Hz), 113.45 (d, J = 22.5 Hz), 59.45 (s), 33.71 (s), 31.82 (s), 14.86 (s). HRMS calcd for C1gHi7FN
[M+H]*: 242.1340, found: 242.1346.

W A, Wavelength=254 nm (HUXHZO019021401.0)

VD A, Wavelength=264 nm (HUXH2019021212.0)
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(2S,3R)-6-Chloro-3-methyl-2-phenyl-1,2,3,4-tetrahydroquinoline (2u). Yellow solid was obtained in

97% vyield (100.0 mg) after purification with column chromatography on silica

Cl
O gel (hexanes/ethyl acetate, 10/1). M.p.: 52-54 °C. 96% ee was determined by
N chiral HPLC (Chiralcel OD-H, n-hexane/i-PrOH = 90/10, 0.6 mL/min, 254 nm,
2u 40 °C): tr (major) = 13.7 min, tr (minor) = 22.8 min. [a]®p = 48.6 (c 1.0,

CH:Cl,). 'H NMR (400 MHz, CDCls) § 7.43 — 7.17 (m, 5H), 7.05 — 6.88 (m, 2H), 6.53 — 6.37 (m, 1H),
4.47 (d, J = 3.5 Hz, 1H), 4.08 (bs, 1H), 2.90 (dd, J = 16.3, 4.9 Hz, 1H), 2.45 (dd, J = 16.3, 6.8 Hz, 1H),
2.34 —2.15 (m, 1H), 0.79 (dd, J = 6.9, 1.6 Hz, 3H). 3C NMR (101 MHz, CDCls) § 142.77 (s), 142.51 (s),
129.29 (s), 128.24 (s), 127.23 (d, J = 17.6 Hz), 126.77 (s), 121.62 (s), 121.40 (s), 114.71 (s), 59.35 (s),
33.24 (s), 31.59 (s), 15.12 (s). HRMS calcd for C16H17CIN [M+H]*: 258.1044, found: 258.1047.

D1 A, Wavelength=254 nm (HUXHZ019030904. )
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(2S,3R)-6-Bromo-3-methyl-2-phenyl-1,2,3,4-tetrahydroquinoline (2v). Yellow solid was obtained in 98%

yield (118.4 mg) after purification with column chromatography on silica gel

Br
O (hexanes/ethyl acetate, 10/1). M.p.: 54-56 °C. 96% ee was determined by chiral
H O HPLC (Chiralcel OD-H, n-hexane/i-PrOH = 90/10, 0.6 mL/min, 254 nm,
2v 40 °C): tr (major) = 14.1 min, tr (minor) = 24.2 min. [a]®p = 52.9 (¢ 1.0,

CH:Cl). *H NMR (400 MHz, CDCl3) § 7.36 — 7.18 (m, 5H), 7.08 (d, J = 7.2 Hz, 2H), 6.41 (d, J = 8.9 Hz,
1H), 4.46 (d, J = 3.6 Hz, 1H), 3.99 (bs, 1H), 2.89 (dd, J = 16.3, 4.9 Hz, 1H), 2.45 (dd, J = 16.3, 6.9 Hz,
1H), 2.31 - 2.16 (m, 1H), 0.79 (d, J = 6.9 Hz, 3H).13C NMR (101 MHz, CDCl3) § 143.21 (s), 142.43 (s),
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132.12 (s), 129.61 (s), 128.24 (s), 127.23 (d, J = 18.7 Hz), 122.17 (s), 115.15 (s), 108.45 (s), 59.30 (s),
33.14 (s), 31.52 (s), 15.16 (s). HRMS calcd for C16H17BrN [M+H]*: 302.0539, found: 302.0546.

VIR A, Wavelength=254 nm (HUXHE018030906.0)

mal # Time Area Height Width Area® Symmetry I
aso-| [ 1 | 14114 | €373 | 3732 | 025 | 97785 | 082 |
1 [z 2z | 1eza ] 5 [ o456 | 2215 | 0947 |
300 -
250
200
150
100
50 | §
1 3
L} i
a g 10 1I5 20 5
WD A, Wavelength=254 nm (HUXH'EO010040216.00
mAU g Time Area Height Width  AreaX Symmetry 5
80 1 [ 1ad37 | 1646 | 747 [ 07333 [ ®nos2 | 0746 |
I 2] o4 | 1eaiE | 48 | nRans [ 49848 | nma |

-

60

25.004

50

30—

20-

(2S,3R)-6-Bromo-2-(4-bromophenyl)-3-methyl-1,2,3,4-tetrahydroquinoline (2w). White solid was

obtained in 97% vyield (147.8 mg) after purification with column

Br
O chromatography on silica gel (hexanes/ethyl acetate, 20/1). M.p.: 86-88 °C.
N
H O 92% ee was determined by chiral HPLC (Chiralcel OD-H,
2w B n-hexane/i-PrOH = 90/10, 0.8 mL/min, 254 nm, 40 °C): tr (major) = 9.4

min, tr (minor) = 22.2 min. [a]®p = 49.2 (c 2.0, CH2Cl>). *H NMR (400 MHz, CDCls) & 7.49 — 7.36 (m,
2H), 7.18 — 7.02 (m, 4H), 6.49 — 6.37 (m, 1H), 4.44 (s, 1H), 4.11 (bs, 1H), 2.90 (dd, J = 16.3, 4.8 Hz, 1H),
2.43 (dd, J = 16.3, 7.0 Hz, 1H), 2.33 — 2.16 (m, 1H), 0.78 (d, J = 6.9 Hz, 3H). *C NMR (101 MHz, CDCls)
§ 142.84 (s), 141.44 (s), 132.12 (s), 131.30 (s), 129.70 (s), 128.83 (s), 122.01 (s), 121.09 (s), 115.22 (s),
108.72 (s), 58.78 (s), 32.91 (s), 31.40 (s), 15.11 (s). HRMS calcd for CigH1sBroaN [M+H]": 379.9644,
found: 379.9652.
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VAT A, Wavelength=254 nm (HUXH2019052207 B)

#* Time Area Height ‘width AreaX Symmetry
sog| [ 1 ] 9368 [ 58601 | A07.8 [ 02092 [ 95969 | 0716
4 2] zzis3 | 234.4 | 7 | 05145 [ 4031 [ 0856 |
500 -
el
o
400 —|
300
200 -]
100 3
: i
o
T
o & 10 15 20

WUR A, Wavelength=254 nm (HUXHZ019052101.0)

1o# Time Area Height Width _ AreaX Symmetiy
soo | [ 1 | 9384 [ 43034 | 3566 | 02099 | 50007 | 0718 |

12 23 [ sz [ 1483 [ ofes | 43333 [ oem |
500

] kS
400—_ %

o

300

E &
200 @

] k3]

o

o 5 1o 1'5 z0 25

(2S,35)-2,3-diphenyl-1,2,3,4-tetrahydroquinoline (2x-1). White solid was obtained in 95% yield (108.4

mg) after purification with column chromatography on silica gel (hexanes/ethyl
O acetate, 10/1). M.p.: 108-110 °C. 84% ee was determined by chiral HPLC (Chiralcel
O OD-H, n-hexane/i-PrOH = 80/20, 1.0 mL/min, 254 nm, 40 °C): tr (major) = 8.0 min,
O tr (minor) = 9.3 min. [a]®p = 143.1 (c 1.0, CH2Cl,). *H NMR (400 MHz, CDCls) &
7.12 — 6.92 (m, 8H), 6.77 — 6.65 (m, 4H), 6.62 (t, J = 7.4 Hz, 1H), 6.51 (d, J = 7.9
Hz, 1H), 4.61 (d, J = 3.8 Hz, 1H), 4.20 (bs, 1H), 3.43 (dd, J = 11.0, 7.0 Hz, 1H), 2.97 (d, J = 2.5 Hz, 1H),
2.96 (s, 1H). °C NMR (101 MHz, CDCl3) & 144.40 (s), 141.83 (s), 141.30 (s), 129.58 (s), 128.84 (s),
127.74 (d, J = 16.8 Hz), 127.22 (d, J = 9.6 Hz), 126.55 (s), 120.62 (s), 117.33 (s), 113.74 (s), 60.37 (s),
43.47 (s), 29.70 (s). HRMS calcd for C21H20N [M+H]*: 286.1590, found: 286.1591.

WD 1 A, Wiavelength=254 nm (HUXH2019102301.0)

mal | o

# Time Arca Height Width  Arca%  Symmety
T[] 7o | 1196 | 96.1 [ 01304 [ 91814 | o078 |
so- | 2 | 934 | 1066 | E4 | 02547 | 8186 | 0775 |
B0 -
a0
4
Z
@
o
T
o 2z 4 L 8 10 1z
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WD A, Wiavelength=254 nm (DC2018101303.D)

mau o g Time Area Height Width __ Arca%  Symmetry
son-| [ 1 [ 7864 | 3337 | 377 [ 01633 [ 49987 | 0853
|2 sz | EEser | 236.7 | 0243 [ somz | o7es |

9.136

(2S,3S)-3-isopropyl-2-phenyl-1,2,3,4-tetrahydroquinoline (2x-2). White solid was obtained in 85%

yield (85.4 mg) after purification with column chromatography on silica gel

(hexanes/ethyl acetate, 10/1). M.p.: 52-54 °C. 57% ee was determined by chiral
O N HPLC (Chiralcel OD-H, n-hexane/i-PrOH = 80/20, 1.0 mL/min, 254 nm, 40 °C): tr
H O (major) = 7.2 min, tr (minor) = 10.0 min. [a]®p = 118.4 (¢ 1.0, CH2Cl,).'H NMR

2x-2

(400 MHz, CDCl3) § 7.15 (t, J = 6.5 Hz, 5H), 6.93 (t, J = 7.3 Hz, 2H), 6.56 (t, J =
7.3 Hz, 1H), 6.42 (d, J = 8.0 Hz, 1H), 4.54 (d, J = 3.7 Hz, 1H), 4.27 (bs, 1H), 2.74 (dd, J = 16.3, 4.4 Hz,
1H), 2.43 (dd, J = 16.1, 12.5 Hz, 1H), 2.02 — 1.74 (m, 1H), 1.26-1.16 (m, 1H), 1.01 (d, J = 6.4 Hz, 3H),
0.76 (d, J = 6.6 Hz, 3H). 3C NMR (101 MHz, CDCl3) & 143.02 (s), 142.75 (s), 128.48 (s), 127.11 (s),
126.47 (), 126.05 (d, J = 2.6 Hz), 119.70 (s), 115.62 (s), 112.27 (s), 55.71 (S), 42.45 (s), 27.27 (S), 25.70
(s), 21.11 (), 19.17 (s). HRMS calcd for CigH2oN [M+H]*: 252.1747, found: 252.1746.

WD &, Wiavelength=254 nm (HUXHI2019102315.D)
.

mal # Time Area Height ‘Width Area% Symmetry
oo [ 71857 T ed7 ] 7.2 [ 017z [ 78612 | 0749 |
4 [z ter | ms | 10.2 | 02574 [ 213 | neos |

a0
30

20

=
ER >1nnm

WD A, Uavelength=254 nm (HUXHZO19102312.0)
mAl # Time Area Height Width Area¥% Symmetry &
sa-| [ ] Rl | 2rea ] 242 [T
2 1omer | 2724 | 157 | n2e77 | 49393 | nsns |
&
15 2
10 |
5]
o]
T
o 2 4 -] e 10 12
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(S)-2-phenyl-1,2,3,4-tetrahydroquinoline (2x-4).% Yellow liquid was obtained in 96% yield (80.4 mg)

after purification with column chromatography on silica gel (hexanes/ethyl acetate,

O 10/1). 93% ee was determined by chiral HPLC (Chiralcel OD-H, n-hexane/i-PrOH

” O = 80/20, 1.0 mL/min, 254 nm, 40 °C): tr (major) = 7.1 min, tr (minor) = 8.7 min.

2x-4 [0]250 = -44.3 (¢ 1.0, CH.Cl2). *H NMR (400 MHz, CDCls) & 7.25 (dt, J = 14.9, 7.3

Hz, 4H), 7.17 (t, J = 6.9 Hz, 1H), 6.90 (t, J = 7.7 Hz, 2H), 6.54 (t, J = 7.4 Hz, 1H), 6.40 (d, J = 7.9 Hz, 1H),

4.30 (dd, J =9.2, 3.0 Hz, 1H), 3.88 (bs, 1H), 2.80 (ddd, J = 16.1, 10.6, 5.4 Hz, 1H), 2.61 (dt, J = 16.3, 4.7

Hz, 1H), 2.00 (ddd, J = 12.9, 8.5, 4.5 Hz, 1H), 1.94 — 1.80 (m, 1H). 3C NMR (101 MHz, CDCls) & 144.89

(d, J=10.6 Hz), 129.40 (s), 128.68 (s), 127.54 (s), 127.01 (s), 126.66 (S), 120.96 (S), 117.26 (S), 114.09 (5),
56.34 (s), 31.09 (s), 26.48 (s).

WD &, Wavelength=254 nm (HUXHR019102307 D)

mAl- ] 1 Time Area Height Width Area%  Symmetry &
ool [ w1z [ 7e23 | 76 [ D1565 | 96375 | 0716
4 2] sem | 234 | 23 [ o193 | 3625 | orm |
50
SDfE
-
an—f
QD—E
10 ©
i 5
o b
b T T T T T T
o 2 4 ] 3 10 1z
W'R A, Wavelength=254 nm (HUXH\2019102305.0)
mAL b # Time Area Height Width Area%  Spmmetiy =
o [ 7117 T ietes | 1s66 [ 0157 [ 49981 [ 0715 ] H
1 [[2] sesa | teras [ 1231 | 0am5 [ s0m9 [ o7 | =

(2R,3R)-2,3-dimethyl-1,2,3,4-tetrahydroquinoline (2y-1).® Yellow liquid was obtained in 90% vyield

(58.1 mgq) after purification with column chromatography on silica gel (hexanes/ethyl
©\/Nj: acetate, 10/1). 18% ee was determined by chiral HPLC (Chiralcel OJ-H,
n-hexane/i-PrOH = 95/5, 1.0 mL/min, 254 nm, 40 °C): tr (major) = 10.5 min, tr (minor)
= 13.6 min.*H NMR (400 MHz, CDCls) § 6.88 (t, J = 7.8 Hz, 2H), 6.52 (t, J = 7.3 Hz,
1H), 6.39 (d, J = 7.8 Hz, 1H), 3.59 (bs, 1H), 3.38 (qd, J = 6.5, 3.0 Hz, 1H), 2.82 (dd, J = 16.2, 5.3 Hz, 1H),
2.40 (dd, J =16.2, 5.9 Hz, 1H), 1.95 (dt, J = 8.8, 6.3 Hz, 1H), 1.03 (d, J = 6.5 Hz, 3H), 0.86 (d, J = 6.9 Hz,

H
2y-1
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3H). 23C NMR (101 MHz, CDCls) & 143.95 (s), 129.81 (s), 126.60 (s), 120.04 (s), 116.90 (s), 113.83 (s),
49.95 (s), 33.84 (s), 30.54 (s), 18.11 (s), 14.39 ().

WD A, Wavelength=254 nm (HUXH@0 18102609 @)

mal { # Time Area Height ‘Width Area%  Symmetry g
[ ] 10806 [ 1769 | 158 | 0174 [ eages | o9z |
1a-| [ 2 | 13ed2 | 1233 | 52 | o [ w02 [ ome |
12|
10-]
g
g
b
5 o
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o 2 4 -] 8 1'0 1'2 1‘4 16 18

WD A, Uavelength=264 nm (HUXHZ019102513.0)
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(2R,3S)-2-methyl-3-phenyl-1,2,3,4-tetrahydroquinoline (2y-2). Colourless liquid was obtained in 86%

yield (76.8 mg) after purification with column chromatography on silica gel
O (hexanes/ethyl acetate, 10/1). 11% ee was determined by chiral HPLC (Chiralcel
O N OJ-H, n-hexane/i-PrOH = 93.5/6.5, 0.5 mL/min, 254 nm, 40 °C): tr (minor) = 18.2
H min, tr (Major) = 19.2 min. *H NMR (400 MHz, CDCl3) & 7.29 — 7.02 (m, 5H), 6.93
22 (t, J=6.9 Hz, 2H), 6.58 (t, J = 7.2 Hz, 1H), 6.44 (d, J = 7.9 Hz, 1H), 3.70 (bs, 1H),
3.59 (td, J = 9.7, 6.2 Hz, 1H), 3.12 (dd, J = 9.3, 6.4 Hz, 1H), 3.00 (qd, J = 16.4, 6.4 Hz, 2H), 0.85 (d, J =
6.5 Hz, 3H). 13C NMR (101 MHz, CDCls3) § 144.21 (s), 142.21 (s), 129.67 (s), 128.58 (s), 128.22 (s),
126.95 (s), 126.49 (s), 120.51 (), 117.47 (s), 114.35 (5), 50.37 (s), 42.26 (5), 30.45 (s), 18.27 (5). HRMS
calcd for Ci6H1sN [M+H]": 224.1434, found: 224.1439.

VDT A, Wavelength=254 nm (HUXHZ2019102516.0)

mAl | 3 Time Area Height Width AreaZ Symmetry
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4 [z [ 1w [ 703 | 3.5 | 0333 [ w30 | oowr |

20|

25|

ZDE

18]

m—f

5-

] Y N

D_- T T T
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WD A, Wavelength=254 nm (DC2018102213.00

mAll # Time Area Height Width Area¥ Symmety = %

O ] rnr | ees7 | 41.7 [ 03143 [ 49646 | 0905 |
355 [ 2] 18584 | mede | 40.2 | ozam | s [ om1 |
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. : . B s 2

(R)-2-ethyl-1,2,3,4-tetrahydroquinoline (2z).2 Yellow liquid was obtained in 94% yield (60.6 mg) after

purification with column chromatography on silica gel (hexanes/ethyl acetate, 10/1).

©\/j\/ 65% ee was determined by chiral HPLC (Chiralcel OJ-H, n-hexane/i-PrOH = 95/5, 1.0

H mL/min, 254 nm, 40 °C): tr (minor) = 9.9 min, tz (major) = 10.9 min. [0]®p = 48.9 (c

2z 1.8, CH2Cl). 'H NMR (400 MHz, CDCls) & 6.86 (t, J = 7.5 Hz, 2H), 6.50 (t, J = 7.3

Hz, 1H), 6.37 (d, J = 8.1 Hz, 1H), 3.64 (s, 1H), 3.15 — 2.94 (m, 1H), 2.77 — 2.46 (m, 2H), 1.86 (dtd, J = 6.6,

5.5, 3.9 Hz, 1H), 1.56 — 1.46 (m, 1H), 1.46 — 1.37 (m, 2H), 0.89 (t, J = 7.5 Hz, 3H). 3C NMR (101 MHz,

CDCls3) & 144.85 (s), 129.32 (s), 126.80 (s), 121.45 (s), 116.95 (s), 114.11 (s), 53.12 (s), 29.50 (s), 27.68
(s), 26.53 (s), 10.16 (s).

WD A, Wavelength=254 nm (HUXH2012102505 . 0)

J # Time Area Height Width Area% Symmetry
4[] sesa [ 2e08 21.4 [ o1e1z [ 17476 | 0931
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WIND 1 A, Wiavelength=254 nm (HUXHE019102508 D)

mal # Time Area Height ‘Width AreaX Symmetiy é
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IVV. Gram-scale reaction

O AN [I(COD)CIl, / (R;,S,)-L3b O
N H, (10 bar) } N
O 1,4-dioxane, rt, 24 h H

In a nitrogen-filled glovebox, a mixture of [Ir(COD)CI]. (16.8 mg, 0.025 mmol) and (Rc,Sa)-L3b
(36.8 mg, 0.055 mmol) were dissolved in 10 mL of degassed dioxane in a Schlenk tube under N». After

2a
1a o
1.1 g, 5.0 mmol g;;o Zleeld
(o]

stirring at room temperature for 1 h, 2,3-disubstituted quinoline substrate 1a (1.1 g, 5 mmol, S/C = 100) in
40 mL of degassed dioxane were then added to the catalyst solution and the resulting mixture was
transferred to an autoclave which was charged with Hz (10 bar). The hydrogenation was performed at
room temperature (25 <C) for 24 h. After carefully releasing the hydrogen gas, the solvent was removed
under reduced pressure. The crude product was purified through a silica gel plug (eluting with a mixture of
hexanes/ethyl acetate = 20/1) to afford the corresponding 2,3-disubstituted tetrahydroquinoline cis-2a as a
yellow solid (1.09 g, 97% yield, 93% ee).

WIND 1 A, avelength=254 nm (HUXHZ019030504.0)

mal g Time Area Height Width  Area% Symmetry i
s00-] [[1] 18118 [ 143266 [ Ge6d [ 033 [ 937 | 0703 |
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500
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] ]
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WD A, Wawvelength=254 nm (HUXH\2018072801.0)
mal o g Time Area Height Width AreaX  Symmetry g 8
M0 1] 1408 | 278 | 1455 | 0Ozesl | 49958 | 0779 | o
11 2] 1eas3 | 273 | 1288 | 03373 | s0042 | 0737 | n

120

100 |
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