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1. General remarks

(R)-Ugi’s amine (2) was purchased from XyIMED Biomedical (Xi’an, China). All
other commercial chemicals were purchased from J&K or Energy Chemical
(Shanghai, China) in the highest purity and used without purification. All reactions
and manipulations were performed using standard Schlenk techniques. THF, #-butyl
methyl ether (TBME) and toluene were distilled from sodium benzophenone ketyl.
CH,Cl,, CHCI; and ethyl acetate were distilled form CaH, under an atmosphere of
argon. NMR spectra were recorded on a Bruker 400 MHz NMR spectrometer. Optical
rotations analyses were performed on a Perkin-Elmer Model 343 Polarimeter. HRMS
were recorded on ZAB-HS spectrometer with ES ionization (ESI). HPLC analysis
was performed on an Agilent 1260 Infinity instrument with a chiral stationary phase
using a Daicel Chiralcel OD-H column or a Daicel Chiralcel AD-H column

(n-hexane/iso-propanol mixtures as solvent).

2. General procedure for synthesis of ligands'-3
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(S)-4. To a solution of (S)-3 (10 g, 36 mmol) in CH,Cl, (50 mL) at 0 °C were added
pyridine (8.5 g, 108 mmol, 3.0 equiv) and subsequently trifluoromethanesulfonic
anhydride (22 g, 78 mmol, 2.2 equiv). The reaction was allowed to warm to room
temperature and stirred for 5 h. The reaction was quenched by the addition of water
(100 mL), and the organic phases were separated. The aqueous layer was further
extracted with CH,Cl, (2x50 mL). The combined organic phases were washed with
brine (100 mL), dried over Na,SO,, and concentrated under reduced pressure. The

crude product was used in the next step without further purification.

1,3-Bis-(diphenylphosphino)propane nickel (II) chloride (976 mg, 1.8 mmol, 5
mol %) was placed in a flame-dried Schlenk flask, the above prepared product (36
mmol) in TBME (150 mL) was added. The suspension was cooled to 0 °C, and
methylmagnesium bromide (3.0 M in Et,0, 36 mL, 108 mmol, 3.0 equiv) was added
dropwise. The cooling bath was removed and the reaction was stirred at room
temperature overnight. The mixture was cooled to 0 °C and was carefully quenched
by the addition of hydrochloric acid (2 M, 35 mL). The phases were separated, and
the aqueous phase was extracted with TBME (2 x 100 mL). The combined organic
extracts were washed with brine, dried over Na,SO,, and concentrated under reduced
pressure. The residue was purified by flash column chromatography on silica gel
using PE as eluent, affording (5)-4 (9.54 g, 33.8 mmol) as a white solid (yield: 94 %)).
Characterization of (S)-4: "TH NMR (400 MHz, CDCl3) 6 7.88 (t, J = 7.1 Hz, 4H),
7.50 (d, J = 8.3 Hz, 2H), 7.38 (t, J = 7.4 Hz, 2H), 7.19 (t, /= 7.6 Hz, 2H), 7.04 (d, J =
8.4 Hz, 2H), 2.03 (s, 6H).

(RcySFesSax)-7. A solution of n-BuLi (1.6 M in n-hexane, 32 mL, 51.2 mmol, 2.5
equiv) was concentrated under vacuum and the resulting oil was dissolved in TBME
(15 mL). A solution of (5)-4 (5.64 g, 20 mmol) in TBME (40 mL) was added over a
dropping funnel during 20 min to give a red solution. Afterwards, TMEDA (7.8 mL,
52 mmol, distilled over CaH,) was added slowly, and the resulting solution was
stirred for 24 h at room temperature. The supernatant solution was decanted via a

tube. The crystals were washed twice with dry n-hexane (10 mL, removed by a tube)
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and dried under vacuum to give dilithium salt 5 (3.53 g, 12 mmol) as deep red crystals

(yield: 60 %).

To a solution of (R)-Ugi’s amine (2) (2.57 g, 10 mmol) in TBME (20 mL) was added
t-BuLi (1.3 M in n-pentane, 8.5 mL, 11 mmol, 1.1 equiv) at 0 °C. After addition was
completed, the mixture was warmed to room temperature, and stirred for 1.5 h at
room temperature. The mixture was then cooled to -78 °C and a solution of PCl; (1
mL, 11.46 mmol) in TBME (5 mL) was added slowly, and the mixture was warmed to
room temperature overnight to afford the dichlorophosphine (R,Sk.)-6. After the
mixture was cooled to -20 °C, a suspension of dilithium salt 5 (2.94 g, 10 mmol) in
TBME was added via a cannula. The mixture was stirred overnight from -20 °C to
room temperature and quenched by the addition of saturated NH4CI solution (40 mL).
The organic layer was separated and dried over Na,SO,4 and the solvent was removed
under reduced pressure. The residue was purified by chromatography to afford
(ReySFesSax)-7 (3.74 g, 6.6 mmol) as a yellow foam (yield: 66 %). Characterization of
(ReSkesSa)-T: [l -465.7 (¢ = 0.25, CHCls); "H NMR (400 Hz, CDCls) 6 8.05-8.00
(m, 1H), 7.99-7.89 (m, 3H), 7.80-7.74 (m, 1H), 7.60-7.52 (m, 1H), 7.46-7.36 (m, 2H),
7.26-7.18 (m, 3H), 7.16-7.10 (m, 1H), 4.37 (s, 1H), 4.27 (s, 1H), 4.23 (s, 5SH),
4.20-4.12 (m, 2H), 3.29-2.98 (m, 3H), 2.69-2.59 (m, 1H), 2.18 (s, 6H), 1.27 (d, J= 6.7
Hz, 3H); 3C NMR (101 Hz, CDCl;) ¢ 135.96, 134.98, 133.75, 132.76, 132.52,
132.45, 132.28, 132.14, 128.83, 128.37, 128.28, 128.00, 127.88, 127.09, 126.94,
126.72, 125.89, 125.71, 124.87, 124.62, 97.93, 77.82, 69.66, 69.43, 68.26, 67.99,
56.92, 39.11, 35.36, 30.30, 8.02; 3'P NMR (162 Hz,CDCl;) ¢ -6.09; HRMS (ESI)
calcd for C3H;3sFeNP[M+H]*: 568.1857, Found: 568.1844.

(Rc,SFe,R.)-T" was synthesized from (R)-5 (2.94 g, 10 mmol) and (R)-2 (2.57 g, 10
mmol) according to the same procedure of (Rc,Sp.S.)-7. Characterization of
(Rc,SFe,R.)-T": yellow foam; 3.69 g, 65%; [a]h -247.6 (¢ = 0.25, CHCl3); 'H NMR
(400Hz, CDCl3) ¢ 7.98-7.89 (m, 3H), 7.72 (t, J = 8.4 Hz, 2H), 7.44 (t, J = 7.2 Hz,
2H), 7.56-7.51 (m, 1H), 7.29-7.20 (m, 3H), 6.78 (d, J = 8.3 Hz, 1H), 4.34 (s, 1H),

4.18-4.11 (m, 1H), 4.09 (s, 1H), 4.06 (s, SH), 3.39 (s, 1H), 2.91-2.74 (m, 3H),
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2.62-2.53 (m, 1H), 2.18 (s, 6H), 1.29 (d, J = 6.7 Hz, 3H); 3C NMR (101 Hz, CDCl3)
0 135.48, 135.16, 133.81, 132.71, 132.33, 132.21, 132.07, 131.83, 128.93, 128.20,
128.12, 127.56, 126.96, 126.72, 126.54, 125.79, 125.63, 124.84, 124.46, 96.83, 73.53,
70.30, 69.49, 69.26, 67.48, 56.80, 39.17, 32.80, 29.56, 7.89; 3P NMR (162 Hz,
CDCl3) o0 -6.58; HRMS (ESI) calcd for Cs;sHssFeNP[M+H]™: 568.1857, Found:
568.1839.

(ReySFesSax)-1. (Rc,SkerSax)-7 (567 mg, 1 mmol) was suspended in anhydrous and
degassed acetic acid (5 mL), under an argon atmosphere. After the addition of R,PH
[(#-Bu),PH, 160 mg, 11 mmol (a); Cy,PH, 218 mg, 11 mmol (b); Ph,PH, 205 mg, 11
mmol (c); (Xyl),PH, 242 mg, 11 mmol (d)], the mixture was stirred at 95 °C for 1~4 h
[T h(a), 1.5h (b),3 h(c),4h(d)]. The solvent was then evaporated in vucuo and the
residue was dissolved in CH,Cl, (20 mL). The organic layer was successively washed
with water, saturated NaHCO; solution and brine, and dried over Na,SO,. After
solvent was evaporated under vacuum, the crude product was purified with
chromatography (EtOAc/PE) to afford the desired diphosphine ligands 1 (yield:
65-80 %).

Characterization of (R¢,Sr.,S.)-1a: orange power; 434 mg, 65%; [(xt]ZD5 -200.2 (¢ =
0.25, CHCl3); '"H NMR (400 Hz, CDCl;) ¢ 8.06-8.01 (m, 1H), 7.98-7.89 (m, 3H),
7.86-7.76 (m, 1H), 7.66-7.56 (m, 1H), 7.46-7.37 (m, 2H), 7.26-7.16 (m, 3H),
7.16-7.10 (m, 1H), 4.36-4.25 (m, 7H), 4.15 (s, 1H), 3.96-3.84 (m, 1H), 3.60-3.50 (m,
1H), 3.35-3.23 (m, 1H), 3.15-3.00 (m, 1H), 2.63 (dd, J = 11.3, 4.5 Hz, 1H), 1.83 (dd,
J=16.9, 3.1 Hz, 3H), 1.45 (d, J = 10.4 Hz, 9H), 1.03 (d, J = 10.6 Hz, 9H); 13C NMR
(101 Hz, CDCl3) 6 136.48, 135.45, 133.77, 132.51, 132.45, 132.28, 132.18, 128.92,
128.37, 128.25, 128.02, 127.84, 127.05, 127.00, 126.77, 125.89, 125.67, 124.88,
124.58, 102.47, 70.14, 69.43, 68.72, 67.89, 36.54, 34.04, 31.70, 30.75, 16.60; 3P
NMR (162 Hz, CDCl3) 0 52.92 (d, J = 44.2 Hz), -10.07 (d, J = 44.4 Hz); HRMS
(ESI) calcd for C4HysFeP, [M+H]*: 669.2502, Found: 669.2493.

Characterization of (R¢,Sr.,S.:)-1b: orange foam; 490 mg, 68%; [0!]2,,5 -598.4 (¢ =0.25,
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CHCl3); "TH NMR (400 Hz, CDCl3) ¢ 8.06-8.00 (m, 1H), 7.97-7.88 (m, 3H), 7.83-7.74
(m, 1H), 7.65-7.58 (m, 1H), 7.48-7.35 (m, 2H), 7.26-7.16 (m, 3H), 7.15-7.07 (m, 1H),
4.31-4.10 (m, 8H), 3.77-3.62 m, 1H), 3.40-3.20 (m, 2H), 3.15-3.00 (m, 1H), 2.67-2.57
(m, 1H), 1.96-1.63 (m, 10H), 1.59-1.40 (m, 10H), 1.32-1.00 (m, 5H); 3C NMR (101
Hz, CDCI3) & 136.29, 135.07, 133.78, 132.50, 132.40, 132.21, 128.83, 128.35,
128.23, 127.99, 127.84, 127.06, 126.99, 126.72, 125.87, 125.64, 124.89, 124.57,
101.01, 69.85, 69.30, 68.16, 67.78, 32.92, 31.86, 31.26, 30.05, 27.66, 27.50, 27.07,
26.70, 26.46, 15.09; 3'P NMR (162 MHz, CDCl3) 6 17.22 (d, J = 35.4 Hz), -10.25 (d,
J = 352 Hz); HRMS (ESI) caled for C4HsFeP, [M+H]": 721.2815, Found:
721.2808.

Characterization of (R¢,Sr.,S.)-1¢: orange solid; 567 mg, 80%; [ot]zD5 -698.9 (¢ = 0.25,
CHCIl3); "TH NMR (400 Hz, CDCl3) ¢ 8.09-8.03 (m, 1H), 8.02-7.95 (m, 1H), 7.93-7.83
(m, 2H), 7.82-7.75 (m, 1H), 7.51-7.17 (m, 16H), 7.16-7.10 (m, 1H), 4.31 (s, 5H), 4.15
(s, 2H), 3.96-3.88 (m, 1H), 3.83 (s, 1H), 3.32-3.23 (m, 1H), 3.07 (t, J = 14.3 Hz, 1H),
2.92 (t,J=12.5Hz, 1H), 2.54 (dd, J = 11.7, 4.2 Hz, 1H), 1.42 (t,J = 7.4 Hz, 3H); 13C
NMR (101 Hz, CDCl3) ¢ 137.97, 137.78, 135.85, 135.32, 135.12, 134.66, 134.46,
134.26, 133.79, 132.60, 132.51, 132.35, 132.25, 132.20, 132.03, 131.88, 129.10,
128.71, 128.29, 128.03, 127.87, 127.80, 127.55, 127.14, 127.06, 126.69, 125.91,
125.67, 124.98, 124.65, 98.71, 69.80, 69.27, 68.74, 68.09, 35.80, 30.65, 16.41; 3P
NMR (162 Hz, CDCls) 6 10.98 (d, J = 23.5 Hz), -10.82 (d, J = 23.5 Hz); HRMS
(ESI) calcd for C4sH3oFeP, [M+H]*: 709.1876, Found: 709.1874.

Characterization of (R¢,Sre,S4)-1d: orange solid; 535 mg, 70%; [a]s -564.5 (c=0.25,
CHCl3); 'TH NMR (400 Hz, CDCl;) ¢ 8.09-8.03 (m, 1H), 8.02-7.96 (m, 1H),
7.93-7.83 (m, 2H), 7.82-7.76 (m, 1H), 7.54-7.44 (m, 2H), 7.43-7.36 (m, 1H),
7.28-7.18 (m, 3H), 7.16-7.10 (m, 1H), 7.03-6.93 (m, 3H), 6.91-6.82 (m, 3H), 4.30 (s,
5H), 4.17 (s, 1H), 4.14 (s, 1H), 3.89-3.80 (m, 1H), 3.78 (s, 1H), 3.33-3.23 (m, 1H),
3.14-3.00 (m, 2H), 2.55 (dd, J = 11.7, 4.3 Hz, 1H), 2.29 (s, 6H), 2.24 (s, 6H), 1.40 (t,
J = 7.1 Hz, 3H); BC NMR (101 Hz, CDCl3) ¢ 137.78, 137.61, 137.03, 136.95,

135.95, 134.74, 134.05, 133.82, 133.03, 132.83, 132.53, 132.39, 132.25, 130.73,
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129.63, 129.49, 129.27, 128.78, 128.26, 128.05, 127.90, 127.24, 127.08, 126.72,
125.92, 125.68, 124.99, 124.66, 99.00, 69.66, 69.25, 68.48, 68.33, 35.95, 30.84,
21.47,21.29, 16.23; P NMR (162 Hz, CDCly) 6 10.12 (d, J = 17.5 Hz), -10.96 (d, J
= 17.2 Hz); HRMS (ESI) calcd for CsoH,sFeP, [M+H]*: 765.2502, Found: 765.2492.

(Rc,SFe,R.)-1e was prepared from (Rc,Sre,Ray)-7" (567 mg, 1 mmol) and (Xyl),PH
(242 mg, 11 mmol) according to the same synthesis procedure of (Rc,Sr.,S.)-1d.
Characterization of (R¢,Sr.,R,)-1e: orange solid; 550 mg, 72%; [a]s -122.7 (c=0.25,
CHCl;); '"H NMR (400 Hz, CDCl3) ¢ 8.02-7.90 (m, 3H), 7.84-7.78 (m, 1H),
7.76-7.70 (m, 1H), 7.50-7.40 (m, 2H), 7.37-7.32 (m, 1H), 7.29-7.20 (m, 3H),
7.05-6.85 (m, 7H), 4.10 (s, 6H), 3.92 (s, 1H), 3.89-3.80 (m, 1H), 3.30 (s, 1H),
3.05-2.80 (m, 2H), 2.55-2.40 (m, 2H), 2.34 (s, 6H), 2.27 (s, 6H), 1.47-1.39 (m, 3H);
I3C NMR (101 Hz, CDCl3) 8 137.57, 137.30, 137.07, 135.04, 134.56, 134.37, 133.72,
132.87, 132.67, 132.48, 132.15, 131.86, 130.74, 130.07, 129.91, 129.55, 129.29,
128.18, 127.45, 126.85, 126.65, 125.80, 125.65, 124.91, 124.61, 98.47, 71.98, 69.66,
69.41, 68.99, 67.99, 32.59, 29.94, 21.40, 21.34, 17.19; 3'P NMR (162 Hz, CDCl;) ¢
11.69 (d, J = 23.5 Hz), -10.34 (d, J = 23.5 Hz); HRMS (ESI) calcd for
CsoHy7FeP,[M+H]": 765.2502, Found: 765.2505.

2. General procedure for synthesis of 1-aryl-3,4-DHIQs*®

L

1 1 — 1

R j©/\ . j)]\ NEt R@/\ N cl R

R NH, = R? ~ClI R HN\I//O TfH0 R =N

R2 R2
9a-9v

l1-aryl-3,4-DHIQs (9a-9v) were synthesized from corresponding 2-arylethyl amine
and arylcarbonyl chloride according to reported literature methods. The preparation
was performed in air atmosphere. Carbonyl chloride (10.0 mmol) was slowly added to
a solution of 2-arylethylamine (10.0 mmol) and triethylamine (15 mmol) in CH,Cl,
(60 mL) at 0 °C. After stirring at room temperature for 12 h, the mixture was

concentrated and the residue was dissolved in EtOAc (40 mL). The solution was
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transferred into a separation funnel and washed with saturated NH4CI solution (40
mL). The aqueous layer was further extracted with EtOAc (2x40 mL). The combined
organic layers were washed with brine (80 mL) and dried over Na,SO,. Solvent was
evaporated to give the N-acyl-2-arylethylamine, which was used in the next step

without further purification.

To a solution of the resulting N-acyl-2-arylethylamine (10.0 mmol) and
2-chloropyridine (12.0 mmol, 1.2 equiv) in CH,Cl, (60 mL) was slowly added
trifluoromethanesulfonic anhydride (11.0 mmol, 1.1 equiv) via syringe dropwise at
-78 °C. Then the mixture was stirred at -78 °C for 10 min and slowly warm to room
temperature overnight. The reaction was quenched with saturated NaHCO; solution
and extracted with CH,Cl, (3x50 mL). The combined organic extracts were washed
with brine and dried over Na,SO,4. After solvent was evaporated under vacuum, the
crude product was purified with chromatography (EtOAc/PE) to yield desired product
(yield: 65-95 %).

A

1-phenyl-3,4-dihydroisoquinoline (9a):3 light yellow liquid; 1.86 g, 90% yield; 'H
NMR (400 MHz, CDCl;) 0 7.68-7.59 (m, 2H), 7.51-7.38 (m, 4H), 7.34-7.24 (m, 3H),
3.94-3.81 (m, 2H), 2.90-2.75 (m, 2H).

e

<)
1-(2-fluorophenyl)-3,4-dihydroisoquinoline (9b):¢ yellow solid; 1.82 g, 81% yield; 'H
NMR (400 MHz, DMSO) ¢ 7.68-7.59 (m, 2H), 7.44-7.38 (m, 1H), 7.34-7.21 (m, 4H),
6.92 (d, J=7.7 Hz, 1H), 3.82-3.72 (m, 2H), 2.81-2.73 (m, 2H).
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<

1-(2-methoxyphenyl)-3,4-dihydroisoquinoline (9¢):3 yellow solid; 1.78 g; 75% yield,
'H NMR (400 MHz, CDCls) 6 7.42-7.30 (m, 3H), 7.22 (d, J= 7.4 Hz, 1H), 7.16 (t, J
=17.2 Hz, 1H), 7.07-7.01 (m, 1H), 6.99-6.93 (m, 2H), 4.05-3.75 (m, 2H), 3.68 (s, 3H),
2.94-2.78 (m, 2H).

LA
L,

1-(3-fluorophenyl)-3,4-dihydroisoquinoline (9d):” yellow oil; 1.91 g, 85% yield; 'H
NMR (400 MHz, CDCl;) 0 7.47-7.39 (m, 3H), 7.38-7.35 (m, 1H), 7.32-7.25 (m, 3H),
7.20-7.12 (m, 1H), 3.92-3.82 (m, 2H), 2.87-2.77 (m, 2H).

Co/

1-(3-methoxyphenyl)-3,4-dihydroisoquinoline (9¢):® yellow solid; 1.94 g, 82% yield;
TH NMR (400 MHz, CDCl;) § 7.45-7.39 (m, 1H), 7.38-7.25 (m, 4H), 7.21-7.15 (m,
2H), 7.05-7.00 (m, 1H), 3.91-3.85 (m, 2H), 3.87 (s, 3H), 2.87-2.80 (m, 2H).

L

1-(3-methyphenyl)-3,4-dihydroisoquinoline (9f):3 yellow oil; 2.03 g, 92% yield; 'H
NMR (400 MHz, CDCl;) 0 7.50-7.45 (m, 1H), 7.45-7.37 (m, 2H), 7.36-7.24 (m, 5H),
3.93-3.83 (m, 2H), 2.88-2.79 (m, 2H), 2.42 (s, 3H).
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1-(4-fluorophenyl)-3,4-dihydroisoquinoline (9g):” yellow solid; 1.98 g, 88% yield; 'H
NMR (400 MHz, CDCl;) 0 7.67-7.58 (m, 2H), 7.46-7.38 (m, 1H), 7.32-7.24 (m, 3H),
7.17-7.09 (m, 2H), 3.90-3.80 (m, 2H), 2.87-2.77 (m, 2H).

PO

1-(4-methyphenyl)-3,4-dihydroisoquinoline (9h):> white solid; 2.1 g, 95% yield; 'H
NMR (400 MHz, CDCl3) & 7.56-7.44 (m, 2H), 7.42-7.34 (m, 1H), 7.29-7.16 (m, 5H),
3.88-3.78 (m, 2H), 2.85-2.72 (m, 2H), 2.41 (s, 3H).

)

CF;

1-(4-(trifluoromethyl)phenyl)-3,4-dihydroisoquinoline (9i):> white solid; 2.53 g, 92%
yield; '"H NMR (400 MHz, CDCl;) 6 7.82-7.61 (m, 4H), 7.46-7.36 (m, 1H), 7.33-7.23
(m, 2H), 7.22-7.15 (m, 1H), 3.98-3.79 (m, 2H), 2.82 (t, J = 7.4 Hz, 2H).

_0O
\O _N

6,7-dimethoxy-1-phenyl-3,4-dihydroisoquinoline (9j):> white solid; 2.40 g, 90%
yield; 'TH NMR (400 MHz, CDCly) § 7.67-7.58 (m, 2H), 7.50-7.40 (m, 3H), 6.81 (d, J
= 4.8 Hz, 2H), 3.97 (s, 3H), 3.84 (t, /= 7.5 Hz, 2H), 3.75 (s, 3H), 2.76 (t, J = 7.4 Hz,
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2H).

_O
\O N
9y

1-(2-fluorophenyl)-6,7-dimethoxy-3,4-dihydroisoquinoline (9Kk):° yellow oil; 2.28 g,
80% yield; 'TH NMR (400 MHz, DMSO) 6§ 7.57-7.42 (m, 2H), 7.36-7.25 (m, 2H),
6.98 (s, 1H), 6.45 (s, 1H), 3.83 (s, 3H), 3.73 (t, /= 7.7 Hz, 2H), 3.54 (s, 3H), 2.71 (t, J
=7.7 Hz, 2H).

_O
\O _N
o

6,7-dimethoxy-1-(2-methoxyphenyl)-3,4-dihydroisoquinoline (91):° yellow solid; 1.96
g, 66% yield; TH NMR (400 MHz, CDCly) 6 7.45 -7.35 (m, 2H), 7.09 -7.03 (m, 1H),
6.97 (d, J = 8.2 Hz, 1H), 6.76 (s, 1H), 6.54 (s, 1H), 4.18 -3.80 (m, 2H), 3.95 (s, 3H),
3.72 (s, 3H), 3.67 (s, 3H), 2.81 (s, 2H).

_0
~0 O N

6,7-dimethoxy-1-(2-methyphenyl)-3,4-dihydroisoquinoline (9m):° light yellow oil;
1.97 g, 70% yield; '"H NMR (400 MHz, CDCl;) 6 7.35-7.22 (m, 4H), 6.78 (s, 1H),
6.45 (s, 1H), 3.95 (s, 3H), 3.98-3.76 (m, 2H), 3.65 (s, 3H), 2.81 (t, J = 7.6 Hz, 2H),
2.16 (s, 3H).

O
CL,
1-(3-fluorophenyl)-6,7-dimethoxy-3,4-dihydroisoquinoline (9n):!? white solid; 2.51 g,
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88% vield; "TH NMR (400 MHz, CDCls) 8 7.46-7.33 (m, 3H), 7.21-7.12 (m, 1H), 6.80
(d, J = 9.7 Hz, 2H), 3.97 (s, 3H), 3.84 (t, J = 7.6 Hz, 2H), 3.76 (s, 3H), 2.80-2.72 (m,
2H).

6,7-dimethoxy-1-(3-methoxyphenyl)-3,4-dihydroisoquinoline (90):° white solid; 2.23
g, 75% yield; "TH NMR (400 MHz, CDCl3) 6 7.35 (t, J= 7.9 Hz, 1H), 7.22-7.16 (m,
2H), 7.04-6.99 (m, 1H), 6.85 (s, 1H), 6.80 (s, 1H), 3.97 (s, 3H), 3.87 (s, 3H),
3.86-3.81 (m, 2H), 3.76 (s, 3H), 2.80-2.72 (m, 2H).

_0O
\O /N

6,7-dimethoxy-1-(3-methyphenyl)-3,4-dihydroisoquinoline (9p):° yellow oil; 2.53 g,
90% yield; 'TH NMR (400 MHz, CDCl;) 6 7.50 (s, 1H), 7.42-7.37 (m, 1H), 7.33 (t, J =
7.4 Hz, 1H), 7.30-7.26 (m, 1H), 6.84 (s, 1H), 6.81 (s, 1H), 3.98 (s, 3H), 3.87-3.80 (m,
2H), 3.75 (s, 3H), 2.80-2.72 (m, 2H), 2.42 (s, 3H).

0
0

)

F

1-(4-fluorophenyl)-6,7-dimethoxy-3,4-dihydroisoquinoline (9q):° white solid; 2.65 g,
93% yield; "TH NMR (400 MHz, DMSO) ¢ 7.67-7.55 (m, 2H), 7.28 (t, J = 8.5 Hz,
2H), 7.01 (s, 1H), 6.69 (s, 1H), 3.85 (s, 3H), 3.66 (t, J = 7.4 Hz, 2H), 3.62 (s, 3H),
2.66 (t,J=7.4 Hz, 2H).
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cl
1-(4-chlorophenyl)-6,7-dimethoxy-3,4-dihydroisoquinoline (9r):7 white solid; 2.71 g,
90% yield; '"H NMR (400 MHz, DMSO) ¢ 7.56 (d, J = 8.4 Hz, 2H), 7.41 (d, J= 8.4
Hz, 2H), 6.79 (s, 1H), 6.74 (s, 1H), 3.95 (s, 3H), 3.86-3.77 (m, 2H), 3.74 (s, 3H),
2.80-2.66 (m, 2H).

10
~o N

(0]

6,7-dimethoxy-1-(4-methoxyphenyl)-3,4-dihydroisoquinoline (9s):® white solid; 2.38
g, 90% yield; 'TH NMR (400 MHz, CDCls) 6 7.63-7.56 (m, 2H), 7.00-6.93 (m, 2H),
6.86 (s, 1H), 6.80 (s, 1H), 3.97 (s, 3H), 3.88 (s, 3H), 3.82-3.77 (m, 2H), 3.77 (s, 3H),
2.79-2.69 (m, 2H).

IC
\O _N

6,7-dimethoxy-1-(4-methyphenyl)-3,4-dihydroisoquinoline (9t):® yellow solid; 1.83 g,
65% yield; '"H NMR (400 MHz, DMSO) 6 7.50-7.42 (m, 2H), 7.29-7.21 (m, 2H),
6.99 (s, 1H), 6.72 (s, 1H), 3.84 (s, 3H), 3.67-3.62 (m, 2H), 3.60 (s, 3H), 2.68-2.60 (m,
2H), 2.37 (s, 3H).
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1-(3,4-dimethoxyphenyl)-6,7-dimethoxy-3,4-dihydroisoquinoline (9u):> white solid,;
3.04 g, 93% yield; "TH NMR (400 MHz, DMSO) ¢ 7.24 (s, 1H), 7.16 (d, J = 8.4 Hz,
1H), 6.96-6.85 (m, 2H), 6.79 (d, J = 2.1 Hz, 1H), 3.95 (s, 3H), 3.94 (s, 3H), 3.92 (s,
3H), 3.82-3.77 (m, 2H), 3.76 (s, 3H), 2.72 (t, /= 7.6 Hz, 1H).

6,7-dimethoxy-1-(3,4,5-trimethoxyphenyl)-3,4-dihydroisoquinoline (9v):> white solid;
3.28 g, 92% yield; "TH NMR (400 MHz, DMSO) ¢ 6.88 (s, 1H), 6.86 (s, 2H), 6.80 (s,
1H), 3.96 (s, 3H), 3.90 (s, 3H), 3.87 (s, 6H), 3.84-3.78 (m, 2H), 3.77 (s, 3H), 2.73 (t, J
=7.4 Hz, 2H).

_0
6,7-dimethoxy-1-methyl-3,4-dihydroisoquinoline (9w):!'! yellow oil; 1.44 g, 70%

yield; "H NMR (400 MHz, CDCl3) & 7.00 (s, 1H), 6.70 (s, 1H), 3.93 (d, J = 3.5 Hz,
6H), 3.69-3.60 (m, 2H), 2.70-2.60 (m, 2H), 2.38 (s, 3H).

6,7-dimethoxy-1- ethyl-3,4-dihydroisoquinoline (9x):!'! yellow oil; 1.71 g, 78% yield,;
IH NMR (400 MHz, CDCl3) 6 7.00 (s, 1H), 6.69 (s, 1H), 3.90 (d, J = 4.6 Hz, 6H),
3.73-3.37 (m, 2H), 2.79-2.67 (m, 2H), 2.68-2.53 (m, 2H), 1.22 (t, /= 7.4 Hz, 3H).
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4. Optimization of AH reaction conditions
Table S1: Optimization of reaction conditions for the AH of 9a“
Ir precursor 0.5 mol %
~.N  ligand 1, 1.1 mol % NH
| solvent, additive, T, P,12 h |

9a 10a
T
n
Entr Ir precursor Ligand Solvent  Additive (og y (b:(}. Oe/fc
(atm) o
1 [Ir(COD)CI], (Rc,SresSax)-1a toluene I,, TFA 30/50  >99 81
2 [Ir(COD)CI], (RcySresSax)-1b  toluene L, TFA 30/50 >99 60
3 [Ir(COD)Cl], (Rc,SFesSax)-1¢  toluene I,, TFA 30/50  >99 22
4 [Ir(COD)CI], (RcySresSax)-1d  toluene L, TFA 30/50 >99 65
5 [Ir(COD)CI], (Rc,SFesRyy)-1€  toluene I,, TFA 30/50  >99 15
64 [Ir(COD),|BFs  (Rc,SEeSax)-1a  toluene L, TFA 30/50 >99 79
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10

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25¢
26
27f
288
29ef
30¢
3qn
32h,f

[I(COD),IBAIF  (Rc,Sre,Sa)-1a

[Ir(COD)Cl],
[Ir(COD)Cl];

[I((COD)Cl],

[Ir(COD)Cl];
[Ir(COD)Cl];
[Ir(COD)Cl];
[Ir(COD)Cl];
[Ir(COD)Cl]
[Ir(COD)Cl];
[Ir(COD)Cl]
[Ir(COD)Cl];
[Ir(COD)Cl]
[Ir(COD)Cl];
[Ir(COD)Cl]
[Ir(COD)Cl];
[Ir(COD)Cl];
[Ir(COD)Cl];
[Ir(COD)Cl]
[Ir(COD)Cl];
[Ir(COD)Cl];
[Ir(COD)Cl];
[Ir(COD)Cl]
[Ir(COD)Cl];
[Ir(COD)Cl];
[Ir(COD)Cl];

(RC:SFcaSax)'l a
(RC’SFC,SCZX)_I a

(RC>SFC:Sax)'1 a

(Re,SFe,Sar)-1a
(Re,SresSax)-12
(Re,SFe,Sar)-1a
(Re,SresSax)-12
(Re,SFe,Sar)-1a
(Re,SresSax)-12
(Re,SFe,Sar)-1a
(Re,SresSax)-12
(Re,SFe,Sar)-1a
(Re,SresSax)-12
(Re,SFe,Sar)-1a
(Re,SresSax)-12
(Re,SFe,Sar)-1a
(Re,SresSax)-12
(Re,SFe,Sar)-1a
(Re,SresSax)-12
(Re,SFe,Sar)-1a
(Re,SresSax)-12
(Re,SFe,Sar)-1a
(Re,SresSax)-12
(Re,SFe,Sar)-1a
(Re,SresSax)-12

toluene
CHCl,4

CH,Cl,

1,4-
dioxane

THF
TBME
EtOAc

THF

THF

THF

THF

THF

THF

THF

THF

THF

THF

THF

THF

THF

THF

THF

THF

THF

THF

THF

I, TFA
L, TFA
I, TFA

I, TFA

I, TFA
I, TFA
I, TFA
none
I
TFA
CH3COOH
HCOOH
TsOH
PhCOOH

98 % H,S04

36 % HCI
40 % HBr
57 % HI
40 % HBr
40 % HBr
40 % HBr
40 % HBr
40 % HBr
40 % HBr
40 % HBr
40 % HBr

30/50
30/50
30/50

30/50

30/50
30/50
30/50
30/50
30/50
30/50
30/50
30/50
30/50
30/50
30/50
30/50
30/50
30/50
30/50
30/30
30/30
30/50
30/50
50/50
50/50
50/50

>99
98
96

>99

>99
55
>99
>99
>99
>99
>99
>99
>99
>99
>99
>99
>99
>99
>99
75
85
89
90
98
65
85

80
68
56

32

84
33
55
74
75
85
80
85
82
83
86
97
>99
58
93
99
o8
99
99
99
o8
98

@Reaction conditions : Ir/ligand/additive/substrate = 1:2.2:20:200, (substrate) = 0.25 M,

50 atm H,, 12 h. ®?Conversions were determined by 'H NMR. ‘Eantiomeric excesses were

determined by chiral HPLC after the products were converted into the corresponding
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acetamides. “Ir precursor amount is 1 mol %. ¢Additive amount is 1 mol %. /Reaction time

is 24 h.8Catalyst loading is 0.1 mol %. *Catalyst loading is 0.02 mol %.

5. General procedure for AH and scaled-up catalytic hydrogenation

To a hydrogenation vessel was added the catalyst precursor [Ir(COD)Cl], (1.6 mg, 2.4
umol), ligand (R¢,Sge,Sa)-1a (3.6 mg, 5.4 pmol) and THF (1 mL) under nitrogen
atmosphere. The mixture was stirred for 20 min at room temperature to give a
homogeneous solution. Then imine substrates 9 (0.5 mmol) and 40 % HBr (7 pL, 0.05
mmol, 10 mol %) were added and the total solution was made to 2.0 mL. The
resulting vessel was transferred to an autoclave, which was replaced with 50 atm of
H, for 3 times, and the reaction mixtures were stirred at room temperature for 12 h.
The hydrogen gas was released slowly and the solution was concentrated. The residue
was dissolved in EtOAc (20 mL), washed with saturated NaHCO; solution, brine and
dried over Na,SO,. The solvent was evaporated to afford the crude product, which
was analyzed by 'H NMR to determine the conversions. The resulting product reacted
with acetic anhydride to yield the corresponding acetamide, which was analyzed by

HPLC on a chiral stationary phase to determine the enantiomeric excesses.

O NH

(8)-1-phenyl-1,2,3 4-tetrahydroisoquinoline (10a):*> white solid; 103.5 mg, 99% yield,
'H NMR (400 MHz, CDCl3) ¢ 7.35-7.24 (m, 5H), 7.17-7.12 (m, 2H), 7.07-7.00 (m,
1H), 6.75 (d, J = 7.7 Hz, 1H), 5.11 (s, 1H), 3.33-3.22 (m, 1H), 3.15-2.99 (m, 2H),
2.88-2.77 (m, 1H), 1.99 (s, 1H); Enantiomeric excess was determined by HPLC for
the corresponding acetamide, Chiralpak OD-H + OD-H column, Hex/IPA = 96.5:3.5,

1 mL/min.
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O NH

‘ F
(R)-1-(2-fluorophenyl)-1,2,3,4-tetrahydroisoquinoline (10b): white solid; 112.2 mg,
98% yield; '"TH NMR (400 MHz, CDCl3) ¢ 7.30-7.20 (m, 1H), 7.18-7.12 (m, 2H),
7.11-7.00 (m, 4H), 6.82-6.74 (m, 1H), 5.51 (s, 1H), 3.27-3.17 (m, 1H), 3.14-3.05 (m,
1H), 3.04-2.93 (m, 1H), 2.90-2.82 (m, 1H), 2.02 (s, 1H); 3C NMR (101 MHz,
CDCl) 0 162.34, 159.89, 137.07, 135.70, 131.74, 131.60, 130.83, 129.15, 128.90,
127.72, 126.43, 125.78, 123.97, 115.58, 115.35, 54.70, 41.77, 29.64; HRMS (ESI)
caled for CisH;sFN [M+H]*: 228.1189, Found: 228.1184; Enantiomeric excess was
determined by HPLC for the corresponding acetamide, Chiralpak AD-H column,
Hex/IPA = 95:5, 1 mL/min.

O NH

Sh
(R)-1-(2-methoxyphenyl)-1,2,3,4-tetrahydroisoquinoline (10c¢):> yellow oil; 115.9 mg,
97% yield; "TH NMR (400 MHz, CDCl3) § 7.24-7.20 (m, 1H), 7.17-7.12 (m, 2H),
7.08-7.02 (m, 1H), 6.94-6.92 (m, 1H), 6.86-6.76 (m, 3H), 5.55 (s, 1H), 3.86 (s, 3H),
3.16-3.08 (m, 1H), 3.06-2.98 (m, 1H), 2.94-2.86 (m, 2H), 2.31 (s, 1H); Enantiomeric

excess was determined by HPLC for the corresponding acetamide, Chiralpak OD-H
column, Hex/IPA = 95:5, 1 mL/min.

@t
(L,

(8)-1-(3-fluorophenyl)-1,2,3,4-tetrahydroisoquinoline (10d):” white solid; 112.2 mg,
98% yield; TH NMR (400 MHz, CDCl3) ¢ 7.32-7.26 (m, 1H), 7.32-7.26 (m, 2H),
7.19-7.12 (m, 2H), 7.01-6.91 (m, 2H), 6.78-6.72 (m, 1H), 5.10 (s, 1H), 3.30-3.20 (m,
1H), 3.14-2.97 (m, 2H), 2.88-2.75 (m, 1H), 1.94 (s, 1H); Enantiomeric excess was
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determined by HPLC for the corresponding acetamide, Chiralpak AD-H column,
Hex/IPA = 95:5, 1 mL/min.

O NH
‘ o~

(8)-1-(3-methoxyphenyl)-1,2,3,4-tetrahydroisoquinoline (10e):® yellow oil; 117.1 mg,
98% yield; TH NMR (400 MHz, CDCls) ¢ 7.28-7.20 (m, 1H), 7.18-7.10 (m, 2H),
7.08-7.00 (m, 1H), 6.90-6.76 (m, 4H), 5.08 (s, 1H), 3.77 (s, 3H), 3.33-3.22 (m, 1H),
3.14-2.97 (m, 2H), 2.87-2.77 (m, 1H), 2.04 (s, 1H); Enantiomeric excess was
determined by HPLC for the corresponding acetamide, Chiralpak OD-H column,
Hex/IPA = 90:10, 1 mL/min.

O NH

(8)-1-(3-methyphenyl)-1,2,3,4-tetrahydroisoquinoline (10f):3 white solid; 109.3 mg,
98% yield; "TH NMR (400 MHz, CDCl3) ¢ 7.24-7.18 (m, 1H), 7.17-7.12 (m, 2H),
7.11-7.07 (m, 2H), 7.07-6.99 (m, 2H), 6.76 (d, J = 7.7 Hz, 1H), 5.06 (s, 1H),
3.24-3.22 (m, 1H), 3.14-3.00 (m, 2H), 2.88-2.78 (m, 1H), 2.32 (s, 3H), 2.06 (s, 1H);
Enantiomeric excess was determined by HPLC for the corresponding acetamide,

Chiralpak AD-H column, Hex/IPA = 90:10, 1 mL/min.

O NH

F

(S)-1-(4-fluorophenyl)-1,2,3,4-tetrahydroisoquinoline (10g):” white solid; 112.4 mg,
99% vyield; TH NMR (400 MHz, CDCl3) ¢ 7.27-7.19 (m, 2H), 7.18-7.12 (m, 2H),
7.07-6.95 (m, 3H), 6.72 (d, J = 7.7 Hz, 1H), 5.08 (s, 1H), 3.31-3.19 (m, 1H),
3.14-2.96 (m, 2H), 2.87-2.77 (m, 1H), 1.94 (s, 1H); Enantiomeric excess was

S19



determined by HPLC for the corresponding acetamide, Chiralpak AD-H column,
Hex/IPA = 95:5, 1 mL/min.

NH

(S)-1-(4-methyphenyl)-1,2,3,4-tetrahydroisoquinoline (10h):> white solid; 110.4 mg,
99% yield; 'TH NMR (400 MHz, CDCls) 6 7.22-7.14 (m, 6H), 7.12-7.04 (m, 1H), 6.81
(d, J=17.7 Hz, 1H), 5.14 (s, 1H), 3.37-.25 (m, 1H), 3.18-3.01 (m, 2H), 2.93-2.81 (m,
1H), 2.48-4-2.41 (m, 1H), 2.39 (s, 3H); Enantiomeric excess was determined by
HPLC for the corresponding acetamide, Chiralpak AD-H column, Hex/IPA = 95:5, 1

mL/min.

(S)-1-(4-(trifluoromethyl)phenyl)-1,2,3,4-tetrahydroisoquinoline (10i):> white solid;
137.1 mg, 99% yield; '"H NMR (400 MHz, CDCl3) ¢ 7.58 (d, J = 8.0 Hz, 2H), 7.39
(d, J= 8.0 Hz, 2H), 7.17 (d, J = 4.4 Hz, 2H), 7.10-7.00 (m, 1H), 6.70 (d, J = 7.8 Hz,
1H), 5.17 (s, 1H), 3.29-3.18 (m, 1H), 3.14-2.97 (m, 2H), 2.89-2.77 (m, 1H), 2.05 (s,
1H); Enantiomeric excess was determined by HPLC for the corresponding acetamide,

Chiralpak AD-H column, Hex/IPA = 95:5, 1 mL/min.

_0
\O NH

(8)-6,7-dimethoxy-1-phenyl-1,2,3,4-tetrahydroisoquinoline (10j):> white solid; 131.8
mg, 98% yield; "TH NMR (400 MHz, CDCl;) 6 7.39-7.30 (m, 3H), 7.28-7.25 (m, 1H),
6.66 (s, 1H), 6.27 (s, 1H), 5.08 (s, 1H), 3.90 (s, 3H), 3.66 (s, 3H), 3.30-3.20 (m, 1H),

3.12-3.03 (m, 1H), 3.01-2.89 (m, 1H), 2.83-2.72 (m, 1H), 2.14 (s, 1H); Enantiomeric
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excess was determined by HPLC for the corresponding acetamide, Chiralpak AD-H
column, Hex/IPA = 90:10, 1 mL/min.

J¥e)
~o O NH

‘ F
(R)-1-(2-fluorophenyl)-6,7-dimethoxy-1,2,3,4-tetrahydroisoquinoline (10k):* brown
oil; 139.2 mg, 97% vyield; '"H NMR (400 MHz, CDCl;) ¢ 7.30-7.20 (m, 1H),
7.14-6.94 (m, 3H), 6.64 (s, 1H), 6.28 (s, 1H), 5.45 (s, 1H), 3.88 (s, 3H), 3.67 (s, 3H),
3.19-3.10 (m, 1H), 3.08-3.00 (m, 1H), 2.93-2.74 (m, 2H), 1.97 (s, 1H); Enantiomeric

excess was determined by HPLC for the corresponding acetamide, Chiralpak AD-H
column, Hex/IPA = 92:8, 1 mL/min.

J¥e)
~o O NH
Sh

(R)-6,7-dimethoxy-1-(2-methoxyphenyl)-1,2,3,4-tetrahydroisoquinoline (101):° brown
oil; 140.5 mg, 94% yield; "TH NMR (400 MHz, CDCl;) 6 7.25-7.20 (m, 1H), 6.93 (d, J
= 7.8 Hz, 1H), 6.85-6.76 (m, 2H), 6.64 (s, 1H), 6.32 (s, 1H), 5.49 (s, 1H), 3.89 (s,
3H), 3.88 (s, 3H), 3.68 (s, 3H), 3.09-2.93 (m, 2H), 2.89-2.72 (m, 2H), 2.09 (s, 1H);
Enantiomeric excess was determined by HPLC for the corresponding acetamide,

Chiralpak AD-H column, Hex/IPA = 90:10, 1 mL/min.
C
~0 NH

(8)-6,7-dimethoxy-1-(2-methyphenyl)-1,2,3,4-tetrahydroisoquinoline (10m):* brown
oil; 133.0 mg, 94% yield; '"H NMR (400 MHz, CDCl3) ¢ 7.22-7.14 (m, 2H),
7.12-7.07 (m, 1H), 6.98 (d, J = 7.4 Hz, 1H), 6.63 (s, 1H), 6.19 (s, 1H), 5.28 (s, 1H),

3.88 (s, 3H), 3.63 (s, 3H), 3.26-3.18 (m, 1H), 3.09-2.99 (m, 1H), 2.97-2.85 (m, 1H),
S21



2.80-2.70 (m, 1H), 2.43 (s, 3H), 1.94 (s, 1H); Enantiomeric excess was determined by
HPLC for the corresponding acetamide, Chiralpak AD-H column, Hex/IPA = 92:8, 1

mL/min.

O
~0 NH
(L,

(S)-1-(3-fluorophenyl)-6,7-dimethoxy-1,2,3,4-tetrahydroisoquinoline  (10n):!> white
solid; 140.6 mg, 98% yield; '"H NMR (400 MHz, CDCls) ¢ 7.34-7.28 (m, 1H), 7.09
(d, J=7.6 Hz, 1H), 7.03-6.94 (m, 2H), 6.66 (s, 1H), 6.26 (s, 1H), 5.08 (s, 1H), 3.90 (s,
3H), 3.68 (s, 3H), 3.26-3.17 (m, 1H), 3.11-3.01 (m, 1H), 2.99-2.88 (m, 1H), 2.84-2.74
(m, 1H), 2.18 (s, 1H); Enantiomeric excess was determined by HPLC for the

corresponding acetamide, Chiralpak AD-H column, Hex/IPA = 90:10, 1 mL/min.

_0O
~0 NH
O o~

(5)-6,7-dimethoxy-1-(3-methoxyphenyl)-1,2,3,4-tetrahydroisoquinoline (100):8
yellow solid; 145.0 mg, 97% yield; '"H NMR (400 MHz, CDCl;) 6 7.29-7.18 (m, 1H),
6.88-6.74 (m, 3H), 6.63 (s, 1H), 6.27 (s, 1H), 5.02 (s, 1H), 3.87 (s, 3H), 3.78 (s, 3H),
3.65 (s, 3H), 3.26-3.16 (m, 1H), 3.08-2.98 (m, 1H), 2.97-2.86 (m, 1H), 2.80-2.69 (m,
1H), 1.93 (s, 1H); Enantiomeric excess was determined by HPLC for the

corresponding acetamide, Chiralpak OD-H column, Hex/IPA = 90:10, 1 mL/min.
C
~0 NH

(8)-6,7-dimethoxy-1-(3-methyphenyl)-1,2,3,4-tetrahydroisoquinoline (10p):° yellow
solid; 138.7 mg, 98% yield; "TH NMR (400 MHz, CDCl;) ¢ 7.26-7.20 (m, 1H),
7.14-7.08 (m, 2H), 7.07-7.02 (m, 1H), 6.66 (s, 1H), 6.28 (s, 1H), 5.05 (s, 1H), 3.90 (s,
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3H), 3.67 (s, 3H), 3.28-3.19 (m, 1H), 3.11-2.90 (m, 2H), 2.85-2.73 (m, 1H), 2.35 (s,
3H), 2.19 (s, 1H); Enantiomeric excess was determined by HPLC for the

corresponding acetamide, Chiralpak AD-H column, Hex/IPA = 90:10, 1 mL/min.

(S)-1-(4-fluorophenyl)-6,7-dimethoxy-1,2,3,4-tetrahydroisoquinoline (10q):° yellow
solid; 142.1 mg, 99% yield; '"H NMR (400 MHz, CDCl3) 6 7.27-7.22 (m, 2H), 7.03 (t,
J = 8.7 Hz, 2H), 6.65 (s, 1H), 6.22 (s, 1H), 5.07 (s, 1H), 3.90 (s, 3H), 3.67 (s, 3H),
3.28-3.16 (m, 1H), 3.12-3.02 (m, 1H), 3.01-2.89 (m, 1H), 2.82-2.72 (m, 1H), 2.15 (s,
1H); Enantiomeric excess was determined by HPLC for the corresponding acetamide,

Chiralpak AD-H column, Hex/IPA = 85:15, 1 mL/min.
J¥e)
~0 O NH

Cl
(8)-1-(4-chlorophenyl)-6,7-dimethoxy-1,2,3,4-tetrahydroisoquinoline (10r):” colorless
oil; 149.9 mg, 99% yield; 'TH NMR (400 MHz, CDCl3) ¢ 7.28 (d, J = 8.4 Hz, 2H),
7.19 (d, J = 8.5 Hz, 2H), 6.63 (s, 1H), 6.20 (s, 1H), 5.02 (s, 1H), 3.86 (s, 3H), 3.64 (s,
3H), 3.23-3.13 (m, 1H), 3.08-2.98 (m, 1H), 2.96-2.85 (m, 1H), 2.79-2.66 (m, 1H),

2.05 (s, 1H); Enantiomeric excess was determined by HPLC for the corresponding

acetamide, Chiralpak AD-H column, Hex/IPA = 80:20, 1 mL/min.

o)
~0 O NH

(0]

~

(8)-6,7-dimethoxy-1-(4-methoxyphenyl)-1,2,3,4-tetrahydroisoquinoline (10s):° yellow
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solid; 146.5 mg, 98% yield; "TH NMR (400 MHz, CDCl;) ¢ 7.22-7.14 (m, 2H),
6.90-6.80 (m, 2H), 6.62 (s, 1H), 6.25 (s, 1H), 5.00 (s, 1H), 3.87 (s, 3H), 3.80 (s, 3H),
3.65 (s, 3H), 3.26-3.16 (m, 1H), 3.10-2.98 (m, 1H), 2.97-2.86 (m, 1H), 2.79-2.69 (m,
1H), 191 (s, 1H); Enantiomeric excess was determined by HPLC for the

corresponding acetamide, Chiralpak AD-H column, Hex/IPA = 85:15, 1 mL/min.

_0O
~0 O NH

(8)-6,7-dimethoxy- 1-(4-methoxyphenyl)-1,2,3,4-tetrahydroisoquinoline (10t):® yellow
solid; 138.7 mg, 98% yield; 'TH NMR (400 MHz, CDCl;) ¢ 7.22-7.10 (m, 4H), 6.65
(s, 1H), 6.28 (s, 1H), 5.05 (s, 1H), 3.90 (s, 3H), 3.67 (s, 3H), 3.26-3.17 (m, 1H),
3.10-3.01 (m, 1H), 2.99-2.89 (m, 1H), 2.82-2.72 (m, 1H), 2.36 (s, 3H), 2.13 (s, 1H);
Enantiomeric excess was determined by HPLC for the corresponding acetamide,

Chiralpak AD-H column, Hex/IPA = 90:10, 1 mL/min.

(8)-1-(3,4-dimethoxyphenyl)-6,7-dimethoxy-1,2,3,4-tetrahydroisoquinoline  (10u):’
white solid; 162.9 mg, 99% yield; 'H NMR (400 MHz, CDCl3) 6 6.87-6.74 (m, 3H),
6.63 (s, 1H), 6.27 (s, 1H), 4.98 (s, 1H), 3.86 (s, 6H), 3.82 (s, 3H), 3.64 (s, 3H),
3.30-3.15 (m, 1H), 3.10-3.00 (m, 1H), 2.99-2.88 (m, 1H), 2.78-2.65 (m, 1H), 2.18 (s,
1H); Enantiomeric excess was determined by HPLC for the corresponding acetamide,

Chiralpak AD-H column, Hex/IPA = 80:20, 1 mL/min.
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(8)-6,7-dimethoxy-1-(3,4,5-trimethoxyphenyl)-1,2,3,4-tetrahydroisoquinoline (10v):>
white solid; 177.7 mg, 99% yield; TH NMR (400 MHz, CDCl3) ¢ 6.63 (s, 1H), 6.50
(s, 2H), 6.31 (s, 1H), 4.98 (s, 1H), 3.88 (s, 3H), 3.85 (s, 3H), 3.81 (s, 6H), 3.68 (s,
3H), 3.30-3.16 (m, 1H), 3.10-3.00 (m, 1H), 3.00-2.85 (m, 1H), 2.80-2.65 (m, 1H),
2.12 (s, 1H); Enantiomeric excess was determined by HPLC for the corresponding

acetamide, Chiralpak AD-H column, Hex/IPA = 80:20, 1 mL/min.

(8)-6,7-dimethoxy-1-methyl-1,2,3,4-tetrahydroisoquinoline (10w):!'! yellow oil; 101.4
mg, 98% yield; "TH NMR (400 MHz, CDCl;) ¢ 6.63 (s, 1H), 6.57 (s, 1H), 4.10-4.00
(m, 1H), 3.86 (s, 6H), 3.41-3.15 (m, 1H), 3.06-2.94 (m, 1H), 2.85-2.72 (m, 1H),
2.70-2.60 (m, 1H), 1.74 (s, 1H), 1.44 (d, J = 6.7 Hz, 3H); Enantiomeric excess was
determined by HPLC for the corresponding acetamide, Chiralpak AD-H column,
Hex/IPA = 90:10, 1 mL/min.

(8)-6,7-dimethoxy-1-ethyl-1,2,3,4-tetrahydroisoquinoline (10x):'! yellow oil; 108.3
mg, 98% yield; TH NMR (400 MHz, CDCl;) 6 6.62 (s, 1H), 6.57 (s, 1H), 3.85 (s, 6H),
3.87-3.81 (m, 1H), 3.31-3.14 (m, 1H), 3.01-2.91 (m, 1H), 2.80-2.70 (m, 1H),
2.70-2.59 (m, 1H), 1.97-1.82 (m, 1H), 1.77-1.57 (m, 2H), 1.02 (t, J = 7.4 Hz, 3H);
Enantiomeric excess was determined by HPLC for the corresponding acetamide,

Chiralpak AD-H column, Hex/IPA = 92:8, 1 mL/min.
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Gram-scale catalytic hydrogenation: According to the above procedure, the catalyst
solution was prepared with [Ir(COD)CI], (1.6 mg, 2.4 pumol), ligand (Rc,Sk.,S.)-1a
(3.6 mg, 5.4 pymol) and THF (1 mL) under nitrogen atmosphere. To a hydrogenation
vessel was added a solution of imine substrates 9a (3 g, 14.5 mmol) in THF (60 mL)
and 40 % HBr (0.22 mL, 1.45 mmol, 10 mol %). The resulting vessel was transferred
to an autoclave, which was replaced with 50 atm of H, for 3 times, and the reaction
mixtures were stirred at 50 °C for 24 h. After the reaction cooled to room temperature,
the hydrogen gas was released slowly and the solution was concentrated. The residue
was dissolved in EtOAc (100 mL), washed with saturated NaHCO; solution, brine
and dried over Na,SO,4. The solvent was evaporated to afford the crude product,
which was purified with chromatography (EtOAc/PE) to yield chiral 1-phenyl THIQ
(2.85 g, 94 %, 98 % ee).

6. NMR spectra and HRMS
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Sample Name Position P2e3 Instrument Name Instrument 1 User Name QTOF-POQTOF
Inj Vol 01 InjPosition SampleType Sample IRM Calibration Status Success
Data Filename Bpd ACQ Method 20110418-MSonly-p.m Comment Acquired Time 4/2/2018 4:16:02 PM
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Sample Name Position P2es Instrument Name  Instrument 1 User Name QTOF-POQTOF
Inj Vol 01 InjPosition SampleType Sample IRM Calibration Status Success
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7. HPLC spectra

VWD1 A, Wavelength=220 nm (NHF\PH-PH-YKL-RAC-2.D)
200
175'_;‘
120

125

1 46.236 BB 1.1801 1.56897e4 206.34862 49.9413
2 50.298 BB 1.4190 1.5726¢6e4 168.63892 50.0587

VWD1 A, Wavelength=220 nm (NHF\PH-YKL-TBU-H-D.D)

: L
400- SHo

100+

# [min] [min] [mAU*s] [mAU] %

1 49.45€ BBA 1.4984 4.88430e4 479.90402 100.0000
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VWD1 A, Wavelength=220 nm (NHF\PH-2-F-PH-RAC1.D)

2

8

B
8

PR YN (NN WO VNN WO TN NN VOO TN AN Y MY T T Y

g

32984

]
20 22 24 26 28 30 32 3
# [min] [min] [maU*s] [mAU] %
| s S e e oS |==mmrmmrr == |
1 26.336 VB 1.0222 3.7447%=4 565.04474 50.1682
2 32.984 BB 1.3393 3.71968e4 416.36853 49.8318

VWD1 A, Wavelength=220 nm (NHF\PH-2-F-PH-AH-1.D)

8

g g
VBN T THNST T [N SN N S | ST ST LTSS US| N Y vV TR SRR U (T S T [ |

]
8

8

| 25135
5

25.135 MM R 0.9488 1633.953103 28.70311 3.1935
31.939 BBA 1.2721 4.95301e4 581.86566 96.8065

[
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VWD1 A, Wavelength=220 nm (NHF\PH-2-MEO-PH-RAC-5.D)
mAU ] E g

o
o

=

600 —
400 —
200 —

0 k v

-—r 7T 7T
20 22 24 26 28 30 32
# [min] [min] [mAU*s] [mAU] %
b e | S s eenEm—— i ——— s —— et |

1 24.247 BV 0.7124 5.0926%9e4 1097.37354 49.0640

2 26.023 VB 0.7721 5.28700e4 1048.79651 50.9360

VWD1 A, Wavelength=220 nm (NHF\PH-2-MEO-PH-AH-3.D)

24.084 MM R 0.7272 3.98355e4 913.0123% 9¢6.18é8
2 26.029 MM R 0.6969 1579.24353 37.77035 3.8132
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VWD1 A, Wavelength=220 nm (NHF\PH-3-F-PH-RAC-2.D)
mAU
= L
Nvm
700 8
- ¢ s
] + F
600
m_
m_
300
zw_
100
04 :
= ¢ 1-—%¢ * & % * ¥ Ty T & 1% T
16 18 20 22 24 26
$ [min] [min] [mAU*s] [mAU] %
e Rt et s, frica i [
1 22.48¢ BB 0.7439 4.1082%=4 836.63104 49.9934
2 30.660 BBA 0.9527 4.10938e4 642.89386 50.00¢66
VWD1 A, Wavelength=220 nm (NHF\PH-3-F-PH-AH-1.D)
mAU ]
600 - “li]
] NVm
1 O
] F
400
3m.-
200
100
- S
] &
- &
0 . TN - .
7 T T T T T T T T T T T T T T T T T T T
16 18 20 22 24 26 28 30
$ [min] [min] [mAU*s] [mAU] %
e s e i it i oo [
1 21.290 BB 0.7364 129€.57263 26.€5763 2.8598

29.431 BB 0.9874 4.40409e4 666.90979 97.1402

S70



VWD1 A, Wavelength=220 nm (NHF\PH-3-MEO-PH-RAC-3.D)

2 11.821 vv 0.4823 2487.99658 79.03267 6.3482
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mAU ] 3
2250—_' 5
1750
1500
1250
1000
750
500
250
0 '
7 T T T T T T T T T T T T T T T T T T L3 T
9 10 11 12 13
3 [min] [min] [mAU*s] [mAU] %
e R [ e s
1 9.939 BV 0.4555 6.62034e4 2255.31177 49.7748
2 11.238 VB 0.4654 6.68026e4 2236.85718 50.2252
VWD1 A, Wavelength=220 nm (NHF\PH-3-MEO-PH-AH-2.D)
mAU | s
1 O
1000 %
: %
800
600
400
2004 5
- b
0 ;
T T T T 1
; 9 10 11 12 13
3 [min] [min] [mAU*s] [mAU] %
e s e e s pressmmas |
1 10.211 vv 0.4756 3.6703%4 1177.67737 93.6518



VWD1 A, Wavelength=220 nm (NHF\PH-3-ME-PH-RAC1.D)
@

2

g

5

12,704

8

PIN S ST U ST SRN NNUN T

o
-
-
o
-y
py
-
=l
-y
W
-y
£
-
o

§ [min] [min] [mAU*s] [mAU] %

1 10.079 BV 0.50€1 5.85088e4 1767.74377 48.8267
2 12.704 VB 0.7318 6.13208e4 1280.24670 51.1733

VWD1 A, Wavelength=220 nm (NHF\PH-3-ME-PH-AH-1.D)

1750 O 3
] N
“Ac
- O

8
1

i

g

N
3

PO S W W W O W T W

9.325

% ¢ f = F ¢ & & B kX ¢ ¥ % k& A & & gl ® & F ° g
E: 9 10 11 12 13

$ [min] [min] [mAU*s]) [mAU] %

ik 9.325 BV 0.3822 2455.81104 96.72697 4.3582
2 10.97¢ VB 0.4445 5.38928e4 1857.50671 95.6418
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VWD1 A, Wavelength=220 nm (NHF\PH-4-F-PH-RAC1.D)
mAU

32413

1 23.047 BB 0.77€3 7.08286e4 1399.9€606 49.4947
2 32.413 BBA 1.04€8 7.22749%9e4 1023.55444 50.5053

VWD1 A, Wavelength=220 nm (NHF\PH-4-F-PH-AH-1.D)

l B “Ac

F

2
2

YN TV Y N VS VO S VNI YO O OO N TV T O Y 0 |

¥ & = &5 B

8

Q
l ?25249

1 25.249 BB 0.8752 2137.50879% 36.88037 4.7139
2 35.652 BBA 1.0254 4.32073e4 628.24170 95.2861
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VWD1 A, Wavelength=220 nm (NHFY-ME-RAC-1.D)

mAU
400
350
] =
] =
- «
m_ «
250
200
150
100
50
04— :
N T Y -
20 225 25 275 30 125 35 75 40 425
S [min] [min] [mAU*s] [mAU] L]
- |- e |—==——————- e |-—————-- I
1 22.504 BB 0.8311 2.33117e4  427.53107 50.0365
2 233.017 BBA 1.1869 2.32777e4  298.12299 49.9635
VWDT A, Wavelength=220 nm (NHFA-ME-AH-1.0)
mAU |
1000 + O
7 N
J “Ac
o L
600 <
400
200
= &>
~
g ]
0 : .
e P ™ P v T B L T Py e D T T Py
20 25 25 275 30 25 35 375 40 425
$ [min] [min] [mAU*s] [mAU] 2
| mm————— [ R e | ==mmmm—m—— |===mm——e |
1 23.791 BB 0.9125 1443.49683 24.38996 1.3374
2 35.825 BBA  1.4372 1.06488e5 1038.61377 98.6626
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VWD1 A, Wavelength=220 nm (NHFW4-CF3-RAC-1.D)

mAU
1000 O
1 N“Ac
it g
] , CFs
600 b
400 -
2m_
0 . : :
T 1 1
15 20 25 30
4 [min] [min] [mAU*s] [mAU]) L]

1 18.561 BB 0.€6752 4.7€6625e¢4 1077.16504 49.4773
2 33.095 BBA 1.2119 4.86695e4 573.622%92 50.522

VWD1 A, Wavelength=220 nm (NHF\4-CF3-AH-1.D)

mAU
] O N
800 1 “Ac
| CF3
600 —
400
] §
200 s
0 A T
B
15 20 25 30
£ [min] [min] (mAU*s] [mAU]) ]
et sty | m——— | m—— j=m————— [ |
1 19.476é BB 0.7020 €988.89258 152.40936 6.6367

2 34.528 BBA 1.3645 9.83173e4 923.14661 93.3633
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VWD1 A, Wavelength=220 nm (NHF\3,4-MEO2-PH-PH-YKL-RAC-2.D)

mAU |
250
1 ©
1 3
200 g
150 -
100
w—
04 i : i
e e e T e T s e e
25 275 30 25 35 375 40 425 45 475
£ [min] [min]) [mAU+*s] [maU] L
e B e L e e e |
1 29.535 BB 0.9985 1.79557e4  267.70166 49.7866
2 40.533 BBA  1.3828 1.81096e4 193.69252 50.2134
VWD1 A, Wavelength=220 nm (NHF\3 4-MEOZ-PH-PH-YKL-AH-3.0)
mAU 4 o [+
~ 2
1 ~o Neac
600 O
500
400
300
200
100 o
1 Q
0_- ./\ ; g
e e e[ e e e e e e e et
25 275 30 325 35 375 40 425 45 475
$ [min] [min]) [mAU*s] [mAU] %
B e e amames e e—— I i !
1 29.611 BB 0.9635 3605.04834 55.82172  5.1424

39.469 BBA 1.3699 6.64993e4 719.11456 94.8576
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VWD1 A, Wavelength=220 nm (NHF\3,4-MEO-PH-2-F-PH-RAC-5.D)

s B :
PR T U T TN N TN U U NN TN WO N (NN UMY WO SO NN WY Y NN NN TN TN WO (N WY N N NN U U UM N

B

8

5 3

8

o

e It e e [~rr=rmnem— [rmmmmmna [
1 43.299 MM R 1.8115 1.72963e4  159.13791 50.4286
2 49.616 MM R 2.3788 1.70023e4  119.12397 45.5714

VWD1 A, Wavelength=220 nm (NHF\3,4-MEO-PH-2-F-PH-AH-1.D)

mAU 4 S
1 0
500
E ~o N‘Ac
' 9
m_
m_
Zm_
100
] 3
N
] g
0 ) &
————r e
35 40 45 50 55
[min] [min] [mAU*s] [mAU] %

1 49.230 BB 1.1741 543.07245 5.99947 0.6049
2 54.124 BB 2.35€1 8.92379%e4 550.24042 99.3951
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VWD1 A, Wavelength=220 nm (NHF\3,4-MEO-PH-2-MEO-PH-RAC2.D)
mAU - E

§ 8 5 8

PRI O I B O U W I N B T O [ O A

8

- [min] [min] [mAU*s] [mAvU] %

1 26.772 BB 1.0924 €.31298e4 875.35498 50.0€41
2 32.448 BB 1.1678 €.29€8le4d 805.69171 49.9359

VWD1 A, Wavelength=220 nm (NHF\3 4-MEO-PH-2-MEO-PH-AH1.D)

©
=]

=

-

:

: B

&

e Lo gl s g o Do by o o | o s 1 3 3

o

R N P s Pt o B! T
20 22 24 26 28 30 32

E [min] [min] [mAU*s] [mAU] %

1 25.103 BB 1.0810 1.03188e5 1429.€7651 100.0000

S78



VWD1 A, Wavelength=220 nm (NHF\3 4-MEOPH-2-ME-PH-RAC2.D)

w

;3 @
o
5
150
100
w—
0 ;i +
e o e L e UL S ey e
25 26 27 28 29 30 3 32 33
$ [min] [min] [mAU*s] [mAU] %
e e e et j e oo fr |
1 28.115 BB 0.7807 1.41017e4 263.34775 49.7431
2 31.819 BBA 0.929€ 1.42474e4 229.09120 50.2569
VWD1 A, Wavelength=220 nm (NHF\3, 4-MEO-PH-2-ME-PH-AH-1.D)
mAU | =
12(!)—- /O ~
1 o ‘ N-ac
1000 O
800
600
400
200
: g
o~
0 —
L B N S WA N N (L JN SN WU N N LI A A L S S PR B N B R |
25 26 27 28 29 30 31 32 33
S [min] [min] [mAU*s] [mAU] 2
e e ey ey e e |
1 26.058 BB 0.7616 868.13202 17.17815 1.0049
2 29.637 BBA 1.0179 8.55255e4 1236.54431 98.9951
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VWD1 A, Wavelength=220 nm (NHF\3,3-MEO-PH-3-F-PH-RAC-2D)
mAU ]
0

1 P

2
L 1
2
¥
40,367

o

g

3

5 T T ] T T T ] b T T ki T L

26 28 30 32 34 36 38 40

S [min] [min] [mAU*s] [mAU] %

1 31.864 BB 1.2129 1.37533e4 173.85692 50.3778
2 40.367 BBA 1.3051 1.35470e4 150.65305 49.6222

VWD1 A, Wavelength=220 nm (NHF\3 4-MEO-PH-3-F-PH-AH-1.D)

mAU e
] =
350
300
250
200
150
100
] 8
] 3
] &
50#
0 L ; .
1 1 T T L] 1 T I 1
25 275 30 25 35 375 40 425 45 475
£ [min] [min] [mAU*s] [mAU] %
e B e e |—————————— e I
1 29.896 BB 0.9764 3428.83936 52.26216 5.5282
2 41.440 BB 2.2083 5.85954e4  388.34891 94.4718
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VWD1 A, Wavelength=220 nm (NHF\3,4-MEO-PH-3-MEO-PH-RAC-8.D)

«

0

¢
0 A

C

CO/

ol

~

+

g

P T T B |

8
1

29.551

15 175 20 25 25 215

$ [min] [min] [mAU*s] [mAU] %

1 25.393 BV 1.1271 2.10068e4 272.28174 49.4583
2 29.551 vB 1.3544 2.14670e4 233.31627 50.5417

VWD1 A, Wavelength=220 nm (NHF\3,4-MEQ-PH-3-MEO-PH-AH-1.D)

8o
~0 N‘A

C

CO/

N
g & 8 8 3 ¢
AT N NI RN NN A AT A |

g

g

T T T
15 175 20 225 25 275

£ [min] [min] [maU*s] [mAU]) %

1 23.456 BB 1.1931 €.3065%e4 765.53101 100.0000

S81




VWD1 A, Wavelength=220 nm (NHF\3,4-MEOPH-3-ME-PH-RAC1.D)

~
o«
5
8
800
600
400
200
0 . +
7 T T T T T l T T T I T T T I T T T l T T l T T i T T I
20 22 24 26 28 30 32 34 36
[min] [min] [mAU*s] [mAU] %
i e S e e s i |
1 24.667 BB 0.8600 7.18416e4 1266.17798 49.8501
2 30.473 BBA 1.0960 7.2273¢e4 986.21783 50.1499

VWD1 A, Wavelength=220 nm (NHF\3,4-MEO-PH-3-ME-PH-AH-1.D)

600 —
400 —
200 8
©
b N
0 n k T 1
7 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
20 22 24 26 28 30 32 34 36 38
[min] [min] [mAU*s] [mAU] %
e e |---=1------- |-=------—- R |==mmmmmn [
1 26.035 BB 0.8036 €625.61963 123.55285 7.3754

2 32.030 BBA 1.1037 B8.32084e4 1122.€7004 92.6246
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VWD1 A, Wavelength=220 nm (NHF\3 4-MEO-PH-4-F-PH-RAC-2.D)

mAU | 2
i 0 O
g N
500 - \0 “Ac
] o
4 ~
400- 9
4 - F
300
200
100
0 o
L T T T 1
16 18 20 2 24 26 28
k3 [min] [min] [mAU*s] [mAU] %
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VWD1 A, Wavelength=220 nm (NHF\3, 4-MEO-PH-4-F-PH-AH-2.D)
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VWD1 A, Wavelength=220 nm (NHF\CL-RAC-1.D)
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VWD1 A, Wavelength=220 nm (NHF\CL-AH-1.D)
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VWD1 A, Wavelength=220 nm (NHFR3,4-MEO-PH-4-MEO-PH-RAC2.D)
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VWD1 A, Wavelength=220 nm (NHF\3 4-MEO-PH-4-MEO-PH-AH2.D)
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VWD1 A, Wavelength=220 nm (NHF\3 4-MEOPH-4-ME-PH-RAC1.D)
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VWD1 A, Wavelength=220 nm (NHF\3 4-MEO-PH-4-ME-PH-AH-1.D)
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VWD1 A, Wavelength=220 nm (NHF\ERJIANGYANGJI-RAC-1.D)
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VWD1 A, Wavelength=220 nm (NHFERJIANGYANGJI-AH-1.0)
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VWD1 A, Wavelength=220 nm (NHR\SANJIAYANGJI-RAC-1.D)
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VWD1 A, Wavelength=220 nm (NHR\SANJIAYANGJI-AH-2 D)
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VWD1 A, Wavelength=220 nm (NHF\3,4-MEOQ-PH-2-ME-RAC1.D)
mAU 7 =
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VWD1 A, Wavelength=220 nm (NHF\3,4-MEQ-PH-2-ME-AH-1.D)
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VWD1 A, Wavelength=220 nm (NHF3,4-MEO-PH-2-ET-RAC2D)
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VWD1 A, Wavelength=220 nm (NHF\3,4-MEO-PH-2-ET-AH-1.D)
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