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I General Information

Commercially available materials were used as received, unless otherwise noted, all

reactions and manipulations involving air- or moisture-sensitive compounds were

performed using standard Schlenk technique. Reactions were checked by TLC

analysis and plates were visualized with short-wave UV light (254 nm). HPLC

analysis of the compounds was done using chiralcel ADH, ODH, IA or OJH column

using hexane and isopropanol as eluent, and the column temperature is 40 ℃. The

Rudolph Autopol V polarimeter was employed to gauge the optical rotation. The 1H,
13C NMR and 19F spectra were obtained in CDCl3 using a Bruker-Bio Spin AVANCE

III HD NMR spectrometer at 400 MHz, 100 MHz and 376 MHz respectively.

Chemical shifts are reported in parts per million (δ value) calibrated against the

residual solvent peak. The melting point was measured by Shanghai Instrument

electrooptical SGW X-4A micro melting point instrument. High resolution mass

spectra (HRMS) were recorded on Thermo Scientific Q Exactive mass spectrometry

equipped with an APCI source. Crystal structure data was collected on a SuperNova,

Dual, Cu at zero, Atlas diffractometer. The following abbreviations are used to

designate chemical shift multiplicities: s = singlet, d = doublet, t = triplet, q = quartet,

m = multiplet.
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II Optimization of Reaction Conditions

Table 1. Optimization of the Reaction Conditions

Table S1: Copper screeninga

Entry M Ligand Solvent T (oC) Yield (%)b

1 Cu(CH3CN)4BF4 L1 MeOH 25 84

2 CuOTf L1 MeOH 25 79

3 CuI L1 MeOH 25 75

4 Cu(CH3CN)4PF6 L1 MeOH 25 80

5 Cu2O L1 MeOH 25 79

6 CuBr L1 MeOH 25 95

7 CuCl L1 MeOH 25 83

8 CuTc L1 MeOH 25 76

9 CuOAc L1 MeOH 25 76
aReaction conditions: 1a (0.1 mmol), 2a (0.12 mmol), M (10 mol%), L1 (12 mol%), MeOH (1.0 mL) at 25 oC under Argon

atmosphere for 24 h. bIsolated yields.
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Table S2: Ligand screeninga

Entry M Ligand Solvent T (oC) Yield (%)b

1 CuBr L1 MeOH 25 95

2 CuBr L2 MeOH 25 73

3 CuBr L3 MeOH 25 85

4 CuBr L4 MeOH 25 79

5 CuBr L5 MeOH 25 83

6 CuBr L6 MeOH 25 89

7 CuBr L7 MeOH 25 89

8 CuBr L8 MeOH 25 77
aReaction conditions: 1a (0.1 mmol), 2a (0.12 mmol), CuBr (10 mol%), L (12 mol%), MeOH (1.0 mL) at 25 oC under Argon

atmosphere for 24 h. bIsolated yields.

Table S3: Temperature screeninga

Entry M Ligand Solvent T (oC) Yield (%)b

1 CuBr L1 MeOH 0 83

2 CuBr L1 MeOH -20 74
aReaction conditions: 1a (0.1 mmol), 2a (0.12 mmol), CuBr (10 mol%), L1 (12 mol%), MeOH (1.0 mL) at T oC under Argon

atmosphere for 24 h. bIsolated yields.
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Table 2. Optimization of the Reaction Conditions

Table S4: Copper screeninga

Entry M Base Ligand Solvent
Time
(h)

Yield
(%)b

Erc

1 Cu(CH3CN)4BF4 Et3N L1 MeOH 24 81 86:14

2 CuOTf Et3N L1 MeOH 24 74 85:15

3 CuI Et3N L1 MeOH 24 82 86:14

4 Cu(CH3CN)4PF6 Et3N L1 MeOH 24 80 87:13

5 Cu2O Et3N L1 MeOH 24 79 84:16

6 CuBr Et3N L1 MeOH 24 82 85:15

7 CuCl Et3N L1 MeOH 24 80 84:16

8 CuTc Et3N L1 MeOH 24 79 85:15

9 CuOAc Et3N L1 MeOH 24 74 85:15

aReaction conditions: 1a (0.1 mmol), 2a' (0.2 mmol),M (10 mol%), L1 (12 mol%), Et3N (2.0 equiv), MeOH (1.0

mL) at rt under Argon atmosphere for 24 h. bisolated yield. cDetermined by chiral HPLC analysis.
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Table S5 Ligands screeninga

Entry M Base Ligand Solvent
Time
(h)

Yield
(%)b

Erc

1 Cu(CH3CN)4PF6 Et3N L1 MeOH 24 80 87:13

2 Cu(CH3CN)4PF6 Et3N L2 MeOH 24 79 86:14

3 Cu(CH3CN)4PF6 Et3N L3 MeOH 24 75 89:11

4 Cu(CH3CN)4PF6 Et3N L4 MeOH 24 76 86:14

5 Cu(CH3CN)4PF6 Et3N L5 MeOH 24 89 93:7

6 Cu(CH3CN)4PF6 Et3N L6 MeOH 24 71 87:13

7 Cu(CH3CN)4PF6 Et3N L7 MeOH 24 81 83:17

8 Cu(CH3CN)4PF6 Et3N L8 MeOH 24 86 77:23

9 Cu(CH3CN)4PF6 Et3N L9 MeOH 24 79 67:33
aReaction conditions: 1a (0.1 mmol), 2a' (0.2 mmol), Cu(CH3CN)4PF6 (10 mol%), L (12 mol%), Et3N (2.0 equiv),
MeOH (1.0 mL) at rt under Argon atmosphere for 24 h. bisolated yield. cDetermined by chiral HPLC analysis.
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Table S6 Bases screeninga

Entry M Base Ligand Solvent
Time
(h)

Yield
(%)b

Erc

1 Cu(CH3CN)4PF6 Et3N L5 MeOH 24 89 93:7

2 Cu(CH3CN)4PF6 Cs2CO3 L5 MeOH 24 77 90:10

3 Cu(CH3CN)4PF6 DIPEA L5 MeOH 24 85 89:11

4 Cu(CH3CN)4PF6 NMM L5 MeOH 24 76 92:8

5 Cu(CH3CN)4PF6 Py L5 MeOH 24 76 53:47

aReaction conditions: 1a (0.1 mmol), 2a' (0.2 mmol), Cu(CH3CN)4PF6 (10 mol%), L5 (12 mol%), Bases (2.0

equiv), MeOH (1.0 mL) at rt under Argon atmosphere for 24 h. bisolated yield. cDetermined by chiral HPLC

analysis.

Table S7 Temperature screeninga

Entry M Base Ligand Solvent
Time
(h)

Yield
(%)b

Erc

1 Cu(CH3CN)4PF6 Et3N L5 MeOH 24 89 93:7

2d Cu(CH3CN)4PF6 Et3N L5 MeOH 24 62 92:8

aReaction conditions: 1a (0.1 mmol), 2a' (0.2 mmol), Cu(CH3CN)4PF6 (10 mol%), L5 (12 mol%), Et3N (2.0 equiv),
MeOH (1.0 mL) under Argon atmosphere. bisolated yield. cDetermined by chiral HPLC analysis. d0 oC.
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Table S8 Catalyst loading screeninga

Entry M Base Ligand Solvent
Time
(h)

Yield
(%)b

Erc

1 Cu(CH3CN)4PF6 Et3N L5 MeOH 24 89 93:7

2e Cu(CH3CN)4PF6 Et3N L5 MeOH 24 78 90:10

aReaction conditions: 1a (0.1 mmol), 2a' (0.2 mmol), Cu(CH3CN)4PF6 (10 mol%), L5 (12 mol%), Et3N (2.0 equiv),
MeOH (1.0 mL) under Argon atmosphere. bisolated yield. cDetermined by chiral HPLC analysis. eCu(CH3CN)4PF6
(5 mol%), L5 (6 mol%)
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III Experimental Section

(1-ethynylnaphthalen-2-yl)(phenyl)methyl 2,3,4,5,6-pentafluorobenzoate synthe
sized according to reported procedures.[1-2]

1. General procedure for synthesis of Compounds 1.

PdCl2(PPh3)2 (0.5 mmol, 351 mg), CuI (1.0 mmol, 190 mg) and S1 (10.0 mmol,

2.35 g) were dissolved in THF (40 mL) a Schlenk flask, followed by addition of

trimethylsilylethyne (15.0 mmol, 2.1 mL) and Et3N (30 mL). The reaction mixture

was stirred at reflux for 3 hours, then cooled to 25 °C. The mixture was filtered

through a pad of Celite/silica, and the pad was washed with Et2O. The filtrate was

concentrated under reduced pressure. The residue was treated with K2CO3 (2.7 g, 20

mmol) pellets in MeOH at 0 °C for 1 hour. The resulting mixture was quenched with

1M HCl and extracted with CH2Cl2. The combined organic layers were washed with

brine, dried over Na2SO4 filtered, and concentrated under reduced pressure. The crude

product was purified by column chromatography on silica gel (200-300 mesh,

PE/EtOAc = 19/1) to obtain S2.

Add PhMgBr (5.4 ml, 15 mmol, 2.8 M) to a solution of S2 (10 mmol) in THF at

0 °C. Allow the reaction mixture to warm to room temperature and stir for 3 hours.

After completion (TLC analysis), quench the reaction with saturated aqueous NH4Cl

solution. Extract the mixture with EtOAc. Wash the combined organic layer with

brine. Dry the combined organic layers over Na2SO4. Remove the solvent under

reduced pressure. Purify the material by flash column chromatography using (200-300

mesh, PE/EtOAc = 9/1) to obtain S3.
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The S3 (10 mmol) is dissolved in DCM, and pentafluorophenyl chloride (2.8 g,

12 mmol) is added dropwise at 0 oC, and then stirred at room temperature. After

completion (TLC analysis), quench the reaction with saturated aqueous NH4Cl

solution. Extract the mixture with DCM. Wash the combined organic layer with brine.

Dry the combined organic layers over Na2SO4. Remove the solvent under reduced

pressure. Purify the material by flash column chromatography using (200-300 mesh,

PE/EtOAc = 10/1) to obtain S4.

2. General procedure for synthesis of Compounds 3.

An oven-dried 10 mL Schlenk tube, fitted with a magnetic stirring bar, was

charged with CuBr (1.4 mg, 0.01 mmol, 10 mol%) in an Argon atmosphere, followed

by the addition of L1 (3.7 mg, 0.012 mmol, 12 mol%) and MeOH (1.0 mL), with the

mixture being stirred at room temperature for 1 hour. Following this, 1 (0.1 mmol, 1.0

equiv), 2a (11.2 mg, 0.12 mmol, 1.2 equiv) and Et3N (27.9 μL, 0.2 mmol, 2.0 equiv)

were introduced into the aforementioned reaction mixture. Following the completion

of the reaction (monitored using TLC), the crude product underwent direct flash

column chromatography on silica gel (200-300 mesh, PE/EtOAc = 10/1 - 15/1) to

produce the respective products 3.

3. General procedure for synthesis of Compounds 4.

An oven-dried 10 mL Schlenk tube, fitted with a magnetic stirring bar, was

charged with CuBr (1.4 mg, 0.01 mmol, 10 mol%) in an Argon atmosphere, followed

by the addition of L1 (3.7 mg, 0.012 mmol, 12 mol%) and MeOH (1.0 mL), nd the
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mixture was stirred at room temperature for 1 hour. Following this, 1a (45.2 mg, 0.1

mmol, 1.0 equiv), 2 (0.12 mmol, 1.2 equiv) and Et3N (27.9 μL, 0.2 mmol, 2.0 equiv)

were introduced into the aforementioned reaction mixture. Following the completion

of the reaction (monitored using TLC), the crude product underwent direct flash

column chromatography on silica gel (200-300 mesh, PE/EtOAc = 10/1-15/1) to

produce the respective products 4.

4. General procedure for synthesis of Compounds 5.

An oven-dried 10 mL Schlenk tube, fitted with a magnetic stirring bar, was

charged with Cu(CH3CN)4PF6 (3.7 mg, 0.01 mmol, 10 mol%) under an argon

atmosphere, followed by the addition of L5 (3.9 mg, 0.012 mmol, 12 mol%) and

MeOH (1.0 mL), and the mixture was stirred at room temperature for 1 hour.

Following this, 1 (0.1 mmol, 1.0 equiv), 2a' (12.9 mg, 0.12 mmol, 1.2 equiv) and

Et3N (27.9 μL, 0.2 mmol, 2.0 equiv) were introduced into the aforementioned reaction

mixture. Following the completion of the reaction (monitored using TLC), the crude

product underwent direct flash column chromatography on silica gel (200-300 mesh,

PE/EtOAc = 10/1 - 15/1) to produce the respective products 5.

An oven-dried 10 mL Schlenk tube, fitted with a magnetic stirring bar, was

charged with Cu(CH3CN)4PF6 (3.7 mg, 0.01 mmol, 10 mol%) under an argon

atmosphere, followed by the addition of L5 (3.9 mg, 0.012 mmol, 12 mol%) and

MeOH (1.0 mL), and the mixture was stirred at room temperature for 1 hour.

Following this, 1a (45.2 mg, 0.1 mmol, 1.0 equiv), 2' (0.12 mmol, 1.2 equiv) and

Et3N (27.9 μL, 0.2 mmol, 2.0 equiv) were introduced into the reaction mixture.

Following the completion of the reaction (monitored using TLC), the crude product

underwent direct flash column chromatography on silica gel (200-300 mesh,
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PE/EtOAc v/v = 10:1 - 15:1 as the eluent) to produce the respective products 6.

5. General procedure for gram-scale experiments with lower catalyst loading.

An oven-dried 50 mL Schlenk tube, fitted with a magnetic stirring bar, was

charged with CuBr (30.8 mg, 0.22 mmol, 10 mol%) under an argon atmosphere,

followed by the addition of L1 (97.7 mg, 0.26 mmol, 12 mol%) and MeOH (22.0 mL),

and the mixture was stirred at room temperature for 1 hour. Following this, 1a (1.0 g,

2.2 mmol, 1.0 equiv), 2a (0.25 g, 2.64 mmol, 1.2 equiv) and Et3N (0.61 mL, 4.4 mmol,

2.0 equiv) were introduced into the reaction mixture. Following the completion of the

reaction (monitored using TLC), the crude product underwent direct flash column

chromatography on silica gel (200-300 mesh, PE/EtOAc = 10/1 - 15/1 as the eluent)

to produce the respective products 3a.

An oven-dried 50 mL Schlenk tube, fitted with a magnetic stirring bar, was

charged with Cu(CH3CN)4PF6 (81.4 mg, 0.22 mmol, 10 mol%) under an Ar

atmosphere, followed by the addition of L5 (96.8 mg, 0.26 mmol, 12 mol%) and

MeOH (22.0 mL), and the mixture was stirred at room temperature for 1 hour.

Following this, 1a (1.0 g, 2.2 mmol, 1.0 equiv), 2a' (250 mg, 2.64 mmol, 1.2 equiv)

and Et3N (0.61 mL, 4.4 mmol, 2.0 equiv) were introduced into the reaction mixture.

Following the completion of the reaction (monitored using TLC), the raw product

underwent direct flash column chromatography on silica gel (200-300 mesh,

PE/EtOAc = 10/1 - 15/1) to produce the respective products 5a.
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A dried 10 mL reaction tube containing a magnetic stir bar was charged with 3i

(34.7 mg, 0.1 mmol, 1.0 equiv), then DDQ was added (45.4 mg, 0.2 mmol, 2.0 equiv)

and DCM (1.0 mL) and and the mixture was stirred at room temperature for 1 hour.

After the reaction was complete (monitored by TLC), purify the crude the crude

product was directly purified by silica gel column chromatography (200-300 mesh,

PE/EtOAc = 5/1 – 3/1) to obtain the corresponding product 7a (27.1 mg, 75% yield).

3q (41.2 mg, 0.1 mmol), methyl 2,2-difluoro-2-(fluorosulfonyl)acetate (38.4 mg,

0.2 mmol) and CuI (3.8 mg, 0.02 mmol) was purified in DMF (1 mL). After

completion of the reaction was confirmed by TLC, the reaction was quenched by

water and the product was extracted with solvent EtOAc. The organic layers were

dried over Na2SO4 and filtered. After concentration, the residue was purified by flash

column chromatography (200-300 mesh, PE /EA = 5/1) to give the desired product

amide 8a.

A mixture 5a (34.7 mg, 0.1 mmol, 1.0 equiv), iodobenzene (22.4 mg, 0.11 mmol,

1.1 equiv), PdCl2(PPh3)2 (3.5 mg, 0.005 mmol, 0.05 equiv), CuI (1.9 mg, 0.01 mmol,
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0.1 equiv) and Et3N (42 μL, 3.0 equiv) in MeCN (1 mL) was dissolved under argon

atmosphere. Stir the reaction mixture at 50 oC for 12 hours. Cool the reaction mixture

to 25 °C. Pour the reaction mixture into water (3 mL). Extract the reaction mixture

with EtOAc (3 × 5 mL). Wash the organic layer with brine (2 × 5 mL). Dry the

combined organic layers over MgSO4 and filter. After concentration, the residue was

purified by flash column chromatography (200-300 mesh, PE /EA = 10/1) to give the

desired product amide 9a.

6. Characterization data of ligands 3a-3y、4a-4e、5a-5n、6a-6h、7a、8a、9a.

1-methyl-2,3-diphenyl-2H-benzo[e]isoindole (3a). Yellow oil (31.7 mg, 95% yield).
1HNMR (400 MHz, CDCl3) δ = 8.29 (d, J = 8.1 Hz, 1H), 7.72 (d, J = 7.8 Hz, 1H),

7.56-7.46 (m, 2H), 7.40-7.34 (m, 4H), 7.24-7.12 (m, 8H), 2.75-2.69 (m, 3H). 13C

NMR (100 MHz, CDCl3) δ = 138.7, 132.4, 131.9, 130.1, 129.7, 129.3, 129.0, 128.6,

128.2, 128.1, 126.2, 126.2, 125.0, 124.1, 123.3, 123.1, 120.5, 120.0, 116.8, 14.3.

HRMS (APCI) m/z calcd for C25H19NH+ (M+H)+ 334.1590, found 334.1590.

2-(2-ethoxyphenyl)-1-methyl-3-phenyl-2H-benzo[e]isoindole (3b). Yellow oil (32.5

mg, 86% yield). 1H NMR (400 MHz, CDCl3) δ = 8.21 (d, J = 8.1 Hz, 1H), 7.63 (d, J =

7.8 Hz, 1H), 7.48 (d, J = 9.0 Hz, 1H), 7.39 (t, J = 7.6 Hz, 1H), 7.29-7.21 (m, 2H),

7.15-7.09 (m, 5H), 7.06-7.02 (m, 1H), 6.98-6.96 (m, 1H), 6.87-6.79 (m, 2H),

3.93-3.84 (m, 1H), 3.78-3.71 (m, 1H), 2.57 (s, 3H), 1.07 (t, J = 7.0 Hz, 3H). 13C NMR

(100 MHz, CDCl3) δ = 155.1, 132.8, 131.8, 131.0, 130.0, 129.8, 129.6, 128.5, 128.0,



S14

127.6, 126.1, 126.0, 125.1, 123.8, 123.6, 123.5, 123.3, 120.5, 120.3, 120.1, 116.4,

112.7, 63.9, 14.7, 13.9. HRMS (APCI) m/z calcd for C27H23NOH+ (M+H)+ 378.1852,

found 378.1852.

2-(2-isopropylphenyl)-1-methyl-3-phenyl-2H-benzo[e]isoindole (3c). Yellow solid

(30.3 mg, 81% yield). Mp: 110.9-111.3 oC. 1H NMR (400 MHz, CDCl3) δ = 8.30 (d, J

= 8.1 Hz, 1H), 7.74 (d, J = 7.8 Hz, 1H), 7.60 (d, J = 9.1 Hz, 1H), 7.49 (t, J = 7.6 Hz,

1H), 7.43-7.36 (m, 3H), 7.33-7.18 (m, 7H), 7.12 (t, J = 7.0 Hz, 1H), 2.62 (s, 3H),

2.25-2.15 (m, 1H), 0.92 (d, J = 6.9 Hz, 3H), 0.57 (d, J = 6.8 Hz, 3H). 13C NMR (100

MHz, CDCl3) δ = 147.2, 136.2, 131.8, 130.1, 130.1, 129.8, 129.5, 128.6, 128.1, 126.9,

126.3, 126.2, 126.0, 125.5, 124.1, 123.9, 123.3, 123.2, 120.3, 120.0, 27.5, 24.5, 22.4,

14.1. HRMS (APCI) m/z calcd for C28H25NH+ (M+H)+ 376.2060, found 376.2054.

2-methoxy-4-(1-methyl-3-phenyl-2H-benzo[e]isoindol-2-yl)phenol (3d). yellow

solid (35.6 mg, 94% yield). Mp: 184.4-184.7 oC. 1H NMR (400 MHz, CDCl3) δ =

8.30 (d, J = 8.0 Hz, 1H), 7.74-7.71 (m, 1H), 7.55-7.47 (m, 2H), 7.39-7.35 (m, 1H),

7.25-7.15 (m, 6H), 6.95 (d, J = 8.3 Hz, 1H), 6.81 (dd, J = 8.3, 2.3 Hz, 1H), 6.61 (d, J

= 2.2 Hz, 1H), 3.70 (s, 3H), 2.75 (s, 3H), 1.08 (t, J = 7.2 Hz, 1H). 13C NMR (100

MHz, CDCl3) δ = 146.6, 145.5, 132.6, 131.9, 130.9, 130.0, 129.7, 128.6, 128.2, 126.2,

126.1, 125.1, 124.1, 124.0, 123.3, 123.2, 122.2, 120.3, 120.0, 114.3, 112.2, 56.3, 14.3.

HRMS (APCI) m/z calcd for C26H21NO2H+ (M+H)+ 380.1645, found 380.1646.
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2-mesityl-1-methyl-3-phenyl-2H-benzo[e]isoindole (3e). Yellow solid (33.8 mg,

90% yield). Mp: 94.7-95.1 oC. 1H NMR (400 MHz, CDCl3) δ = 8.30 (d, J = 8.1 Hz,

1H), 7.74 (d, J = 7.8 Hz, 1H), 7.62 (d, J = 9.1 Hz, 1H), 7.49 (t, J = 7.6 Hz, 1H), 7.37

(t, J = 7.5 Hz, 1H), 7.24-7.18 (m, 5H), 7.17-7.11 (m, 1H), 6.90 (s, 2H), 2.56 (s, 3H),

2.31 (s, 3H), 1.82 (s, 6H). 13C NMR (100 MHz, CDCl3) δ = 138.4, 136.5, 134.4, 132.6,

131.8, 130.0, 129.1, 129.0, 128.6, 128.3, 126.2, 126.1, 123.9, 123.9, 123.5, 123.3,

121.7, 120.5, 120.4, 116.9, 21.3, 17.9, 13.1. HRMS (APCI) m/z calcd for C28H25NH+

(M+H)+ 376.2060, found 376.2060.

2-(2,4-dimethylphenyl)-1-methyl-3-phenyl-2H-benzo[e]isoindole (3f). Yellow oil

(33.1 mg, 92% yield). 1H NMR (400 MHz, CDCl3) δ = 8.21 (d, J = 8.1 Hz, 1H), 7.65

(d, J = 7.8 Hz, 1H), 7.49 (d, J = 9.1 Hz, 1H), 7.40 (t, J = 7.6 Hz, 1H), 7.28 (t, J = 7.5

Hz, 1H), 7.15-7.13 (m, 5H), 7.08-7.03 (m, 2H), 6.96 (d, J = 10.4 Hz, 2H), 2.52 (s, 3H),

2.27 (s, 3H), 1.70 (s, 3H). 13C NMR (100 MHz, CDCl3) δ = 138.6, 136.4, 135.2, 132.5,

131.8, 131.5, 129.9, 129.7, 129.5, 128.6, 128.2, 127.2, 126.2, 126.1, 124.9, 124.0,

123.7, 123.3, 122.7, 116.6, 21.3, 17.5, 13.7. HRMS (APCI) m/z calcd for C27H23NH+

(M+H)+ 362.1903, found 362.1903.
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2-(3,5-dimethylphenyl)-1-methyl-3-phenyl-2H-benzo[e]isoindole (3g). Yellow oil

(30.5 mg, 84% yield). 1H NMR (400 MHz, CDCl3) δ = 8.29 (d, J = 8.1 Hz, 1H), 7.71

(d, J = 7.8 Hz, 1H), 7.54 (d, J = 9.1 Hz, 1H), 7.50-7.45 (m, 1H), 7.38-7.34 (m, 1H),

7.25-7.19 (m, 5H), 7.23-7.13 (m, 1H), 6.98 (s, 1H), 6.80 (s, 2H), 2.71 (s, 3H), 2.28 (s,

6H). 13C NMR (100 MHz, CDCl3) δ = 138.6, 138.5, 132.6, 131.9, 130.0, 129.8, 128.6,

128.1, 127.0, 126.1, 124.0, 123.8, 123.3, 123.1, 120.3, 120.1, 21.3, 14.3. HRMS

(APCI) m/z calcd for C27H23NH+ (M+H)+ 362.1903, found 362.1904.

2-(4-isopropylphenyl)-1-methyl-3-phenyl-2H-benzo[e]isoindole (3h). Yellow oil

(31.7 mg, 84% yield). 1H NMR (400 MHz, CDCl3) δ = 8.21 (d, J = 8.1 Hz, 1H), 7.63

(d, J = 7.8 Hz, 1H), 7.48-7.45 (m, 1H), 7.39 (t, J = 7.5 Hz, 1H), 7.27 (t, J = 7.6 Hz,

1H), 7.13 (d, J = 8.5 Hz, 7H), 7.09 -7.04 (m, 1H), 7.01 (d, J = 8.3 Hz, 2H), 2.84 (p, J

= 7.2 Hz, 1H), 2.63 (s, 3H), 1.17 (d, J = 6.9 Hz, 6H). 13C NMR (100 MHz, CDCl3) δ

= 148.9, 136.2, 132.6, 131.9, 130.1, 129.8, 129.0, 128.6, 128.1, 127.0, 126.1, 124.0,

123.9, 123.3, 123.2, 120.4, 120.0, 33.9, 24.1, 14.3. HRMS (APCI) m/z calcd for

C28H25NH+ (M+H)+ 376.2060, found 376.2061.
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1-methyl-3-phenyl-2-(p-tolyl)-2H-benzo[e]isoindole (3i). Yellow solid (31.0 mg,

89% yield). Mp: 173.3-174.0 oC. 1H NMR (400 MHz, CDCl3) δ = 8.22 (d, J = 8.1 Hz,

1H), 7.64 (d, J = 7.7 Hz, 1H), 7.48-7.39 (m, 2H), 7.29 (t, J = 7.3 Hz, 1H), 7.18-7.07

(m, 8H), 7.00 (d, J = 8.2 Hz, 2H), 2.64 (s, 3H), 2.31 (s, 3H). 13C NMR (100 MHz,

CDCl3) δ = 138.0, 136.0, 132.6, 131.9, 130.1, 129.8, 129.7, 129.0, 128.6, 128.2, 126.1,

126.1, 124.0, 123.9, 123.3, 123.2, 116.7, 21.3, 14.3. HRMS (APCI) m/z calcd for

C26H21NH+ (M+H)+ 348.1747, found 348.1747.

1-methyl-3-phenyl-2-(5,6,7,8-tetrahydronaphthalen-1-yl)-2H-benzo[e]isoindole

(3j). Yellow oil (33.9 mg, 88% yield). 1H NMR (400 MHz, CDCl3) δ = 8.29 (d, J =

8.1 Hz, 1H), 7.73 (d, J = 7.8 Hz, 1H), 7.57 (d, J = 9.1 Hz, 1H), 7.48 (t, J = 7.2 Hz,

1H), 7.36 (t, J = 7.2 Hz, 1H), 7.23-7.21 (m, 5H), 7.17-7.07 (m, 4H), 2.76 (d, J = 6.4

Hz, 2H), 2.61 (s, 3H), 2.04-2.02 (m, 2H), 1.70-1.50 (m, 4H). 13C NMR (100 MHz,

CDCl3) δ = 137.6, 136.2, 131.8, 129.9, 129.8, 129.7, 128.6, 128.2, 127.0, 126.2, 126.1,

125.6, 124.6, 124.0, 123.7, 123.3, 122.4, 120.3, 29.5, 24.9, 22.9, 22.5, 13.7. HRMS

(APCI) m/z calcd for C29H25NH+ (M+H)+ 388.2060, found 388.2060.
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2-(4-bromo-3,5-dimethylphenyl)-1-methyl-3-phenyl-2H-benzo[e]isoindole (3k).

Yellow oil (36.7 mg, 83% yield). 1H NMR (400 MHz, CDCl3) δ = 8.28 (d, J = 8.0 Hz,

1H), 7.72 (d, J = 7.7 Hz, 1H), 7.53-7.46 (m, 2H), 7.39-7.35 (m, 1H), 7.28-7.16 (m,

6H), 6.92 (s, 2H), 2.70 (s, 3H), 2.38 (s, 6H). 13C NMR (100 MHz, CDCl3) δ = 139.2,

137.1, 132.3, 131.9, 130.0, 129.7, 128.7, 128.6, 128.3, 127.3, 126.3, 126.2, 124.9,

124.1, 124.1, 123.3, 123.0, 120.5, 120.0, 116.9, 24.1, 14.3. HRMS (APCI) m/z calcd

for C27H22BrNH+ (M+H)+ 440.1008, found 440.1003.

2-(4-(4-chlorophenoxy)phenyl)-1-methyl-3-phenyl-2H-benzo[e]isoindole (3l).

Yellow oil (36.1 mg, 79% yield). 1H NMR (400 MHz, CDCl3) δ = 8.21 (d, J = 8.0 Hz,

1H), 7.64 (d, J = 7.6 Hz, 1H), 7.46-7.40 (m, 2H), 7.31-7.30 (m, 1H), 7.25-7.06 (m,

10H), 6.92-6.86 (m, 4H), 2.66 (s, 3H). 13C NMR (100 MHz, CDCl3) δ = 156.8, 155.3,

133.9, 132.4, 131.9, 130.7, 130.2, 130.1, 129.7, 129.1, 128.8, 128.7, 128.3, 126.9,

126.3, 126.2, 124.2, 123.3, 123.1, 120.5, 119.9, 118.8, 14.3. HRMS (APCI) m/z calcd

for C31H22ClNOH+ (M+H)+ 460.1463, found 460.1463.
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2-(4-(difluoromethoxy)phenyl)-1-methyl-3-phenyl-2H-benzo[e]isoindole (3m).

Yellow oil (30.8 mg, 77% yield). 1H NMR (400 MHz, CDCl3) δ = 8.29 (d, J = 8.1 Hz,

1H), 7.73 (d, J = 7.8 Hz, 1H), 7.54-7.48 (m, 2H), 7.38 (d, J = 6.7 Hz, 1H), 7.28-7.12

(m, 11H), 2.73 (s, 3H). 13C NMR (100 MHz, CDCl3) δ = 150.6, 135.8, 132.2, 130.6,

129.6, 128.7, 128.4, 126.4, 126.3, 124.3, 123.4, 123.0, 120.6, 119.9, 118.4, 117.0,

115.8, 14.3. 19F NMR (376 MHz, CDCl3) δ = -81.3. HRMS (APCI) m/z calcd for

C26H19F2NOH+ (M+H)+ 400.1507, found 400.1509.

1-methyl-3-phenyl-2-(4-(trifluoromethoxy)phenyl)-2H-benzo[e]isoindole (3n).

Yellow oil (33.7 mg, 81% yield). 1H NMR (400 MHz, CDCl3) δ = 8.19 (d, J = 8.1 Hz,

1H), 7.63 (d, J = 7.8 Hz, 1H), 7.45-7.38 (m, 2H), 7.32-7.27 (m, 1H), 7.17-7.05 (m,

10H), 2.62 (s, 3H). 13C NMR (100 MHz, CDCl3) δ = 148.7, 137.2, 132.1, 130.7, 130.1,

129.6, 128.7, 128.4, 126.5, 126.3, 125.1, 124.4, 123.4, 123.0, 121.4, 120.7, 119.8,

117.1, 14.3. 19F NMR (376 MHz, CDCl3) δ = -58.4. HRMS (APCI) m/z calcd for

C26H18F3NOH+ (M+H)+ 418.1413, found 418.1416.
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2-(4-fluorophenyl)-1-methyl-3-phenyl-2H-benzo[e]isoindole (3o). Yellow solid

(32.3 mg, 92% yield). Mp: 124.3-124.6 oC. 1H NMR (400 MHz, CDCl3) δ = 8.29 (d, J

= 8.1 Hz, 1H), 7.73 (d, J = 7.4 Hz, 1H), 7.53-7.47 (m, 2H), 7.40-7.36 (m, 1H),

7.29-7.22 (m, 3H), 7.20-7.15 (m, 5H), 7.11-7.05 (m, 2H), 2.71 (s, 3H). 13C NMR (100

MHz, CDCl3) δ = 132.0, 130.9, 130.8, 130.2, 129.6, 128.7, 128.3, 126.4, 126.2, 125.2,

124.2, 123.3, 123.1, 120.5, 119.9, 116.9, 116.2, 116.0, 14.2. 19F NMR (376 MHz,

CDCl3) δ = -113.1. HRMS (APCI) m/z calcd for C25H18FNH+ (M+H)+ 352.1496,

found 352.1496.

2-(4-chlorophenyl)-1-methyl-3-phenyl-2H-benzo[e]isoindole (3p). Yellow oil (30.9

mg, 84% yield). 1H NMR (400 MHz, CDCl3) δ = 8.29 (d, J = 8.1 Hz, 1H), 7.73 (d, J =

7.5 Hz, 1H), 7.52-7.48 (m, 2H), 7.38 (d, J = 8.4 Hz, 3H), 7.30-7.27 (m, 1H),

7.23-7.25 (s, 1H), 7.22-7.13 (m, 6H), 2.73 (s, 3H). 13C NMR (100 MHz, CDCl3) δ =

137.3, 134.1, 132.1, 132.0, 130.5, 130.2, 129.6, 129.3, 128.7, 128.4, 126.5, 126.3,

124.3, 124.3, 123.4, 120.7, 14.3. HRMS (APCI) m/z calcd for C25H18ClNH+ (M+H)+

368.1201, found 368.1206.
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2-(4-bromophenyl)-1-methyl-3-phenyl-2H-benzo[e]isoindole (3q). Yellow oil (36.3

mg, 88% yield). 1H NMR (400 MHz, CDCl3) δ = 8.20 (d, J = 8.1 Hz, 1H), 7.66-7.62

(m, 1H), 7.45-7.39 (m, 4H), 7.32-7.28 (m, 1H), 7.22-7.13 (m, 3H), 7.12-7.08 (m, 3H),

7.01-6.95 (m, 2H), 2.63 (s, 3H). 13C NMR (100 MHz, CDCl3) δ = 137.8, 132.3, 132.1,

132.0, 130.8, 130.1, 129.6, 128.7, 128.4, 126.5, 126.3, 125.0, 124.3, 124.3, 123.4,

122.9, 120.7, 119.8, 117.1, 14.3. HRMS (APCI) m/z calcd for C25H18BrNH+ (M+H)+

412.0695, found 412.0694.

2-(3,5-bis(trifluoromethyl)phenyl)-1-methyl-3-phenyl-2H-benzo[e]isoindole (3r).

Yellow solid (27.5 mg, 59% yield). Mp: 137.1-137.4 oC. 1H NMR (400 MHz, CDCl3)

δ = 8.28 (d, J = 8.0 Hz, 1H), 7.88 (s, 1H), 7.74 (d, J = 7.2 Hz, 1H), 7.65 (s, 2H),

7.51-7.39 (m, 3H), 7.29-7.22 (m, 4H), 7.14-7.10 (m, 2H), 2.77 (s, 3H). 13C NMR (100

MHz, CDCl3) δ = 140.3, 132.8, 132.4, 132.1, 131.3, 130.3, 129.5, 129.3, 128.9, 128.7,

127.1, 126.5, 125.0, 124.7, 123.5, 122.4, 119.6, 117.8, 14.4. 19F NMR (376 MHz,

CDCl3) δ = -63.0. HRMS (APCI) m/z calcd for C27H17F6N H+ (M+H)+ 470.1338,

found 470.1334.
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1-methyl-2-(naphthalen-2-yl)-3-phenyl-2H-benzo[e]isoindole (3s). Yellow solid

(36.0 mg, 94% yield). Mp: 89.6-90.0 oC. 1H NMR (400 MHz, CDCl3) δ = 8.23 (d, J =

8.1 Hz, 1H), 7.82-7.76 (m, 1H), 7.75-7.68 (m, 2H), 7.67-7.60 (m, 2H), 7.50-7.38 (m,

4H), 7.29 (t, J = 7.6 Hz, 1H), 7.20-7.13 (m, 4H), 7.08 (t, J = 7.5 Hz, 2H), 7.00 (t, J =

7.0 Hz, 1H), 2.65 (s, 3H). 13C NMR (100 MHz, CDCl3) δ = 136.2, 133.2, 132.6, 132.4,

132.0, 130.1, 129.7, 128.9, 128.6, 128.3, 128.2, 128.0, 127.8, 127.1, 126.9, 126.2,

125.2, 124.1, 123.4, 120.6, 120.0, 116.9, 14.4. HRMS (APCI) m/z calcd for

C29H21NH+ (M+H)+ 384.1747, found 384.1748.

2-(4-bromonaphthalen-1-yl)-1-methyl-3-phenyl-2H-benzo[e]isoindole (3t).Yellow

oil (40.2 mg, 87% yield). 1H NMR (400 MHz, CDCl3) δ = 8.30 (d, J = 8.3 Hz, 2H),

7.78 (t, J = 8.6 Hz, 2H), 7.64-7.37 (m, 6H), 7.28-7.20 (m, 3H), 7.14-7.09 (m, 4H),

2.53 (s, 3H). 13C NMR (100 MHz, CDCl3) δ = 135.4, 133.1, 132.1, 132.0, 129.7,

129.6, 128.6, 128.3, 127.8, 127.8, 126.6, 126.3, 124.3, 124.3, 124.0, 123.8, 123.4,

120.6, 120.1, 116.9, 14.0. HRMS (APCI) m/z calcd for C29H20BrNH+ (M+H)+

462.0852, found 462.0850.
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2-cyclopropyl-1-methyl-3-phenyl-2H-benzo[e]isoindole (3u). Yellow solid (25.3

mg, 85% yield). Mp: 100.1-100.7 oC. 1H NMR (400 MHz, CDCl3) δ = 8.26 (d, J = 8.1

Hz, 1H), 7.68 (dd, J = 7.8, 1.4 Hz, 1H), 7.56-7.53 (m, 2H), 7.49-7.43 (m, 4H),

7.36-7.31 (m, 2H), 7.13 (d, J = 9.1 Hz, 1H), 3.50-3.45 (m, 1H), 3.02 (s, 3H),

1.04-0.98 (m, 2H), 0.70-0.64 (m, 2H). 13C NMR (100 MHz, CDCl3) δ = 133.2, 131.9,

130.0, 129.6, 128.5, 128.3, 126.0, 125.3, 124.4, 123.8, 123.3, 119.8, 119.5, 27.7, 14.4,

10.4. HRMS (APCI) m/z calcd for C22H19NH+ (M+H)+ 298.1590, found 298.1591.

2-(tert-butyl)-N-((1-ethynylnaphthalen-2-yl)(phenyl)methyl)aniline (3v). Yellow

solid (30.3 mg, 78% yield). Mp: 117.3-118.2 oC. 1H NMR (400 MHz, CDCl3) δ =

8.33 (d, J = 8.3 Hz, 1H), 7.73 (t, J = 7.5 Hz, 2H), 7.62 (d, J = 8.6 Hz, 1H), 7.50 (t, J =

7.6 Hz, 1H), 7.43-7.38 (m, 3H), 7.20 (dt, J = 22.4, 6.9 Hz, 4H), 6.88 (t, J = 7.4 Hz,

1H), 6.63-6.56 (m, 1H), 6.43 (d, J = 7.7 Hz, 1H), 6.29 (s, 1H), 4.56 (s, 1H), 3.72 (s,

1H), 1.37 (s, 9H). 13C NMR (100 MHz, CDCl3) δ = 145.3, 145.0, 142.8, 133.5, 129.9,

128.9, 128.3, 127.7, 127.6, 127.3, 127.3, 126.5, 126.4, 126.2, 124.1, 118.0, 117.6,

113.0, 88.7, 79.8, 61.3, 34.3, 30.1. HRMS (APCI) m/z calcd for C29H27NH+ (M+H)+

390.2216, found 390.2215.
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3-bromo-N-((1-ethynylnaphthalen-2-yl)(phenyl)methyl)-4-methoxyaniline (3w).

Yellow oil (36.7 mg, 83% yield). 1H NMR (400 MHz, CDCl3) δ = 8.30 (d, J = 8.27 Hz,

2H), 7.78 (t, J = 8.57 Hz, 2H), 7.64-7.37 (m, 6H), 7.28-7.20 (m, 3H), 7.14-7.09 (m,

4H), 2.53 (s, 3H). 13C NMR (100 MHz, CDCl3) δ = 135.4, 133.1, 132.1, 132.0, 129.7,

129.6, 128.6, 128.3, 127.8, 127.8, 126.6, 126.3, 124.3, 124.3, 124.0, 123.8, 123.4,

120.6, 120.1, 116.9, 14.0. HRMS (APCI) m/z calcd for C26H20BrNOH+ (M+H)+

442.0801, found 442.0800.

6-(((1-ethynylnaphthalen-2-yl)(phenyl)methyl)amino)-2,3-dimethoxybenzonitrile

(3x). Yellow oil (38.9 mg, 93% yield). 1H NMR (400 MHz, CDCl3) δ = 8.30 (d, J =

8.4 Hz, 1H), 7.75 (dd, J = 16.4, 8.7 Hz, 2H), 7.55-7.48 (m, 2H), 7.45-7.36 (m, 3H),

7.28-7.18 (m, 3H), 6.74 (s, 1H), 6.40 (d, J = 5.1 Hz, 1H), 6.17 (s, 1H), 5.09 (s, 1H),

3.78 (s, 1H), 3.65 (s, 3H), 3.52 (s, 3H). 13C NMR (100 MHz, CDCl3) δ = 154.7, 146.4,

143.4, 141.2, 140.8, 133.7, 132.5, 130.4, 129.1, 128.4, 128.1, 127.6, 127.3, 126.9,

126.2, 123.8, 118.5, 114.3, 97.0, 88.6, 86.3, 79.6, 60.2, 56.6, 55.9. HRMS (APCI) m/z

calcd for C28H22N2O2H+ (M+H)+ 419.1754, found 419.1758.
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N-((1-ethynylnaphthalen-2-yl)(phenyl)methyl)-2-iodoaniline (3u). Yellow oil (34.9

mg, 76% yield). 1H NMR (400 MHz, CDCl3) δ = 8.33 (d, J = 8.4 Hz, 1H), 7.73 (t, J =

8.6 Hz, 2H), 7.61-7.48 (m, 3H), 7.44-7.38 (m, 3H), 7.25 (t, J = 7.5 Hz, 2H), 7.20-7.16

(m, 1H), 7.00-6.91 (m, 1H), 6.40 (d, J = 7.9 Hz, 1H), 6.36-6.26 (m, 2H), 4.91 (d, J =

4.4 Hz, 1H), 3.74 (s, 1H). 13C NMR (100 MHz, CDCl3) δ = 146.3, 144.0, 141.8, 133.9,

132.5, 129.6, 128.9, 128.3, 127.8, 127.5, 127.4, 126.6, 126.4, 123.9, 119.3, 112.2,

88.7, 85.9, 79.7, 60.8. HRMS (APCI) m/z calcd for C25H18INH+ (M+H)+ 460.0557,

found 460.0559.

3-(3-methoxyphenyl)-1-methyl-2-phenyl-2H-benzo[e]isoindole (4a). Yellow oil

(25.5 mg, 70% yield). 1H NMR (400 MHz, CDCl3) δ = 8.29 (d, J = 8.1 Hz, 1H), 7.73

(d, J = 7.8 Hz, 1H), 7.58 (d, J = 9.1 Hz, 1H), 7.51-7.46 (m, 1H), 7.43-7.35 (m, 4H),

7.24-7.20 (m, 3H), 7.15 (t, J = 7.6 Hz, 1H), 6.83 (d, J = 7.6 Hz, 1H), 6.72-6.70 (m,

2H), 3.61 (s, 3H), 2.73 (s, 3H). 13C NMR (100 MHz, CDCl3) δ = 159.3, 138.8, 133.6,

131.9, 129.7, 129.3, 129.1, 128.6, 128.2, 126.2, 124.1, 123.3, 122.6, 120.5, 120.0,

116.8, 115.0, 112.4, 55.2, 14.3. HRMS (APCI) m/z calcd for C26H21NOH+ (M+H)+

364.1696, found 364.1693.

3-(4-(tert-butyl)phenyl)-1-methyl-2-phenyl-2H-benzo[e]isoindole (4b). Yellow oil

(30.5 mg, 78% yield). 1H NMR (400 MHz, CDCl3) δ = 8.29 (d, J = 8.1 Hz, 1H), 7.72

(d, J = 7.8 Hz, 1H), 7.56 (d, J = 9.1 Hz, 1H), 7.50-7.46 (m, 1H), 7.41-7.34 (m, 4H),

7.25-7.19 (m, 5H), 7.14-7.10 (m, 2H), 2.71 (s, 3H), 1.28 (s, 9H). 13C NMR (100 MHz,
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CDCl3) δ = 149.0, 138.8, 132.0, 129.8, 129.6, 129.3, 129.0, 128.6, 128.1, 126.1, 125.1,

124.0, 123.7, 123.4, 122.8, 120.3, 34.6, 31.4, 14.3. HRMS (APCI) m/z calcd for

C29H27NH+ (M+H)+ 390.2216, found 390.2219.

1-methyl-2-phenyl-3-(p-tolyl)-2H-benzo[e]isoindole (4c). Yellow oil (25.7 mg,

73.9% yield). 1H NMR (400 MHz, CDCl3) δ = 8.29 (d, J = 8.0 Hz, 1H), 7.73-7.70 (m,

1H), 7.54-7.46 (m, 2H), 7.42-7.35 (m, 4H), 7.22-7.18 (m, 3H), 7.09 (d, J = 8.1 Hz,

2H), 7.03 (d, J = 8.2 Hz, 2H), 2.71 (s, 3H), 2.29 (s, 3H). 13C NMR (100 MHz, CDCl3)

δ = 138.8, 135.9, 132.0, 130.0, 129.8, 129.5, 129.3, 129.0, 128.6, 128.1, 126.1, 124.1,

123.8, 123.3, 122.7, 120.3, 120.1, 116.7, 21.3, 14.3. HRMS (APCI) m/z calcd for

C26H21NH+ (M+H)+ 348.1747, found 348.1744.

3-(4-fluorophenyl)-1-methyl-2-phenyl-2H-benzo[e]isoindole (4d). Yellow oil (21.7

mg, 62% yield). 1H NMR (400 MHz, CDCl3) δ = 8.30 (d, J = 8.1 Hz, 1H), 7.73 (d, J =

7.8 Hz, 1H), 7.52-7.45 (m, 2H), 7.43-7.36 (m, 4H), 7.22-7.13 (m, 4H), 6.96-6.90 (m,

2H), 2.73 (s, 3H), 1.53 (s, 1H). 13C NMR (100 MHz, CDCl3) δ = 138.5, 131.9, 131.7,

131.7, 129.7, 129.3, 129.1, 128.7, 126.3, 124.2, 123.4, 123.0, 119.6, 116.7, 115.4,

115.2, 29.9, 14.3. 19F NMR (376 MHz, CDCl3) δ = -115.8. HRMS (APCI) m/z calcd

for C25H18FNH+ (M+H)+ 352.1496, found 352.1496.
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3-(4-chlorophenyl)-1-methyl-2-phenyl-2H-benzo[e]isoindole (4e). Yellow oil (27.3

mg, 74% yield). 1H NMR (400 MHz, CDCl3) δ = 8.29 (d, J = 8.0 Hz, 1H), 7.74 (d, J =

7.8 Hz, 1H), 7.52-7.48 (m, 2H), 7.44-7.37 (m, 4H), 7.26-7.23 (m, 1H), 7.22-7.17 (m,

4H), 7.11 (d, J = 8.6 Hz, 2H), 2.72 (s, 3H). 13C NMR (100 MHz, CDCl3) δ = 132.1,

131.9, 131.1, 131.0, 129.6, 129.2, 128.7, 128.5, 128.4, 126.3, 124.5, 124.2, 123.3,

120.7, 119.5, 14.3. HRMS (APCI) m/z calcd for C25H18ClNH+ (M+H)+ 368.1201,

found 368.1200.

(S)-N-((1-ethynylnaphthalen-2-yl)(phenyl)methyl)-N-methylaniline (5a). Light

yellow solid (30.9 mg, 89% yield). Mp:113.1-114.3 oC. HPLC: 93:7 er (Chiralpak

ADH column, 254 nm, hexane/isopropanol = 98:2, flow rate 1.0 mL/min, tr (major) =

7.31 min, tr (minor) = 6.59 min. [α]D25 = 80.0 (c = 0.1, CH2Cl2). 1H NMR (400 MHz,

CDCl3) δ = 8.30 (d, J = 8.4 Hz, 1H), 7.71 (dd, J = 16.8, 8.1 Hz, 2H), 7.49 (t, J = 7.6

Hz, 1H), 7.41 (t, J = 7.4 Hz, 1H), 7.20 (m, 4H), 7.11 (m, 4H), 6.73 (d, J = 7.9 Hz, 2H),

6.63 (m, 2H), 3.43 (s, 1H), 2.75 (s, 3H). 13C NMR (100 MHz, CDCl3) δ = 150.5,

144.1, 140.9, 133.9, 132.4, 129.1, 128.8, 128.6, 128.3, 127.3, 126.6, 126.4, 125.8,

119.7, 117.0, 113.2, 88.7, 79.7, 65.9, 35.8. HRMS (APCI) m/z calcd for C26H21NH+

(M+H)+ 348.1747, found 348.1742.
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(S)-N-((1-ethynylnaphthalen-2-yl)(phenyl)methyl)-4-methoxy-N-methylaniline

(5b). Yellow oil (28.7 mg, 76% yield). HPLC: 82:18 er (Chiralpak ADH column, 254

nm, hexane/isopropanol = 98:2, flow rate 1.0 mL/min, tr (major) = 9.30 min, tr (minor)

= 10.16 min. [α]D25 = 34.5 (c = 0.1, CH2Cl2). 1H NMR (400 MHz, CDCl3) δ = 8.29 (d,

J = 8.4 Hz, 1H), 7.69 (dd, J = 15.4, 8.4 Hz, 2H), 7.48 (t, J = 7.6 Hz, 1H), 7.42-7.35 (m,

2H), 7.24-7.19 (m, 4H), 7.16-7.14 (m, 1H), 6.80-6.74 (m, 2H), 6.71-6.65 (m, 2H),

6.44 (s, 1H), 3.63 (s, 3H), 3.54 (s, 1H), 2.69 (s, 3H). 13C NMR (100 MHz, CDCl3) δ =

152.6, 145.5, 144.6, 141.7, 133.9, 132.3, 129.1, 128.6, 128.5, 128.2, 127.2, 126.4,

125.7, 117.0, 114.5, 88.5, 80.0, 67.2, 55.7. HRMS (APCI) m/z calcd for C27H23NOH+

(M+H)+ 378.1852, found 378.1850.

(S)-N-((1-ethynylnaphthalen-2-yl)(phenyl)methyl)-N,4-dimethylaniline (5c).

Yellow oil (33.3 mg, 92% yield). HPLC: 91:9 er (Chiralpak ADH column, 254 nm,

hexane/isopropanol = 98:2, flow rate 1.0 mL/min, tr (major) = 6.58 min, tr (minor) =

7.26 min. [α]D25 = 50.8 (c = 0.1, CH2Cl2). 1H NMR (400 MHz, CDCl3) δ = 8.38 (d, J

= 8.4 Hz, 1H), 7.77 (dd, J = 16.5, 8.3 Hz, 2H), 7.56 (t, J = 7.6 Hz, 1H), 7.51-7.46 (m,

1H), 7.34 (d, J = 8.6 Hz, 1H), 7.31-7.18 (m, 5H), 6.99 (d, J = 8.4 Hz, 2H), 6.74 (d, J =

8.3 Hz, 2H), 6.65 (s, 1H), 3.55 (s, 1H), 2.81 (s, 3H), 2.21 (s, 3H). 13C NMR (100 MHz,

CDCl3) δ = 148.5, 144.4, 141.2, 133.9, 132.3, 129.6, 129.1, 128.8, 128.5, 128.2, 127.3,

127.2, 126.5, 126.4, 126.4, 125.8, 119.5, 113.9, 88.6, 79.8, 66.2, 36.5, 20.4. HRMS

(APCI) m/z calcd for C27H23NH+ (M+H)+ 362.1903, found 362.1907.
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(S)-N-((1-ethynylnaphthalen-2-yl)(phenyl)methyl)-N,3-dimethylaniline (5d).

Yellow oil (20.7 mg, 57% yield). HPLC: 87:13 er (Chiralpak ODH column, 254 nm,

hexane/isopropanol = 98:2, flow rate 1.0 mL/min, tr (major) = 5.69 min, tr (minor) =

4.95 min. [α]D25 = 73.1 (c = 0.1, CH2Cl2). 1H NMR (400 MHz, CDCl3) δ = 8.32 (d, J

= 8.2 Hz, 1H), 7.73 (dd, J = 17.6, 8.3 Hz, 2H), 7.50 (t, J = 7.0 Hz, 1H), 7.43 (t, J = 7.9

Hz, 1H), 7.26-7.17 (m, 4H), 7.10 (d, J = 7.0 Hz, 2H), 6.99 (t, J = 7.7 Hz, 1H), 6.66 (s,

1H), 6.61-6.52 (m, 2H), 6.47 (d, J = 7.2 Hz, 1H), 3.45 (s, 1H), 2.76 (s, 3H), 2.20 (s,

3H). 13C NMR (100 MHz, CDCl3) δ = 150.4, 144.1, 140.9, 138.6, 133.9, 132.3, 129.0,

128.9, 128.7, 128.2, 127.2, 127.2, 126.5, 126.3, 125.7, 119.5, 113.8, 110.3, 35.8, 22.0.

HRMS (APCI) m/z calcd for C27H23NH+ (M+H)+ 362.1903, found 362.1901.

(S)-N-((1-ethynylnaphthalen-2-yl)(phenyl)methyl)-4-fluoro-N-methylaniline (5e).

Yellow solid (34.4 mg, 94% yield). Mp: 97.1-97.4 oC. HPLC: 88:12 er (Chiralpak

ADH column, 254 nm, hexane/isopropanol = 98:2, flow rate 1.0 mL/min, tr (major) =

5.62 min, tr (minor) = 6.20 min. [α]D25 = 57.7 (c = 0.1, CH2Cl2). 1H NMR (400 MHz,

CDCl3) δ = 8.29 (d, J = 8.4 Hz, 1H), 7.70 (dd, J = 17.3, 8.4 Hz, 2H), 7.51-7.46 (m,

1H), 7.43-7.39 (m, 1H), 7.26-7.20 (m, 3H), 7.19-7.15 (m, 3H), 6.82-6.77 (m, 2H),

6.70-6.66 (m, 2H), 6.50 (s, 1H), 3.47 (s, 1H), 2.70 (s, 3H). 13C NMR (100 MHz,

CDCl3) δ = 147.4, 144.0, 141.1, 133.9, 132.3, 129.1, 128.6, 128.6, 128.2, 127.4, 126.6,

126.4, 125.7, 115.5, 115.3, 115.2, 88.6, 79.9, 66.8, 37.1. 19F NMR (376 MHz, CDCl3)

δ = -128.0. HRMS (APCI) m/z calcd for C26H20FNH+ (M+H)+ 366.1653, found



S30

366.1650.

(S)-4-chloro-N-((1-ethynylnaphthalen-2-yl)(phenyl)methyl)-N-methylaniline (5f).

Yellow oil (31.7 mg, 83% yield). HPLC: 90:10 er (Chiralpak ODH column, 254 nm,

hexane/isopropanol = 98:2, flow rate 1.0 mL/min, tr (major) = 5.78 min, tr (minor) =

5.47 min. [α]D25 = 100.5 (c = 0.1, CH2Cl2). 1H NMR (400 MHz, CDCl3) δ = 8.38 (d, J

= 8.4 Hz, 1H), 7.78 (dd, J = 19.0, 8.3 Hz, 2H), 7.60-7.55 (m, 1H), 7.50 (t, J = 7.4 Hz,

1H), 7.37-7.27 (m, 3H), 7.24-7.21 (m, 1H), 7.17 (d, J = 7.5 Hz, 2H), 7.13-7.11 (m,

2H), 6.71 (d, J = 8.1 Hz, 2H), 6.65 (s, 1H), 3.51 (s, 1H), 2.79 (s, 3H). 13C NMR (100

MHz, CDCl3) δ = 149.1, 143.6, 140.5, 133.9, 132.4, 129.1, 128.9, 128.7, 128.6, 128.3,

127.5, 126.7, 126.4, 125.7, 121.8, 119.9, 114.2, 88.8, 79.7, 66.0, 35.8. HRMS (APCI)

m/z calcd for C26H20ClNH+ (M+H)+ 382.1357, found 382.1351.

(S)-4-bromo-N-((1-ethynylnaphthalen-2-yl)(phenyl)methyl)-N-methylaniline (5g).

Yellow oil (31.7 mg, 74% yield). HPLC: 88:12 er (Chiralpak ODH column, 254 nm,

hexane/isopropanol = 98:2, flow rate 0.7 mL/min, tr (major) = 8.74 min, tr (minor) =

8.18 min. [α]D25 = -24.6 (c = 0.1, CH2Cl2). 1H NMR (400 MHz, CDCl3) δ = 8.30 (d, J

= 8.4 Hz, 1H), 7.72 (dd, J = 20.1, 8.3 Hz, 2H), 7.53-7.48 (m, 1H), 7.46-7.41 (m, 1H),

7.28-7.13 (m, 6H), 7.09 (d, J = 7.1 Hz, 2H), 6.63-6.53 (m, 3H), 3.44 (s, 1H), 2.71 (s,

3H). 13C NMR (100 MHz, CDCl3) δ = 149.5, 143.5, 140.4, 133.9, 132.4, 131.8, 129.1,

128.7, 128.6, 128.3, 127.5, 127.5, 126.7, 126.4, 125.7, 114.6, 108.9, 88.8, 79.6, 65.9,

35.6. HRMS (APCI) m/z calcd for C26H20BrNH+ (M+H)+ 426.0852, found 426.0855.
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(S)-N-((1-ethynylnaphthalen-2-yl)(phenyl)methyl)-N-methyl-4-(trifluoromethyl)

aniline (5h). Yellow oil (34.1 mg, 82% yield). HPLC: 82:18 er (Chiralpak ODH

column, 254 nm, hexane/isopropanol = 98:2, flow rate 1.0 mL/min, tr (major) = 5.63

min, tr (minor) = 5.26 min. [α]D25 = -34.3 (c = 0.1, CH2Cl2). 1H NMR (400 MHz,

CDCl3) δ = 8.31 (d, J = 8.4 Hz, 1H), 7.72 (dd, J = 18.1, 8.3 Hz, 2H), 7.51 (t, J = 7.6

Hz, 1H), 7.44 (t, J = 7.4 Hz, 1H), 7.33 (d, J = 8.8 Hz, 2H), 7.27-7.19 (m, 3H),

7.14-7.05 (m, 3H), 6.75- 6.66 (m, 3H), 3.41 (s, 1H), 2.77 (s, 3H). 13C NMR (100 MHz,

CDCl3) δ = 152.4, 143.0, 139.9, 133.9, 132.5, 129.2, 128.9, 128.6, 128.3, 127.6, 126.9,

126.4, 125.7, 120.2, 111.8, 88.9, 79.5, 65.6, 35.2. 19F NMR (376 MHz, CDCl3) δ =

-60.8. HRMS (APCI) m/z calcd for C27H20F3NH+ (M+H)+ 416.1621, found 416.1624.

(S)-N,N-dibenzyl-1-(1-ethynylnaphthalen-2-yl)-1-phenylmethanamine (5i).

Yellow oil (26.7 mg, 61% yield). HPLC: 74:26 er (Chiralpak ADH column, 254 nm,

hexane/isopropanol = 98:2, flow rate 1.0 mL/min, tr (major) = 6.66 min, tr (minor) =

5.89 min. [α]D25 = 29.7 (c = 0.1, CH2Cl2). 1H NMR (400 MHz, CDCl3) δ = 8.29 (d, J

= 8.4 Hz, 1H), 7.90 (d, J = 8.7 Hz, 1H), 7.72-7.66 (m, 2H), 7.61 (d, J = 7.7 Hz, 2H),

7.48-7.43 (m, 1H), 7.40-7.35 (m, 1H), 7.26-7.12 (m, 12H), 7.09-7.05 (m, 1H), 5.75 (s,

1H), 3.72-3.60 (m, 4H), 3.54 (s, 1H). 13C NMR (100 MHz, CDCl3) δ = 144.3, 142.9,

138.6, 133.9, 132.2, 129.3, 129.2, 128.6, 128.3, 128.2, 128.1, 127.2, 127.1, 126.8,

126.5, 126.4, 125.6, 118.9, 88.2, 80.2, 67.3, 53.4. HRMS (APCI) m/z calcd for
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C33H27NH+ (M+H)+ 438.2216, found 438.2214.

(S)-N-((1-ethynylnaphthalen-2-yl)(phenyl)methyl)-N-isobutyl-2-methylpropan-1-

amine (5j). Yellow oil (30.7 mg, 83% yield). HPLC: 90:10 er (Chiralpak IA column,

254 nm, hexane/isopropanol = 98:2, flow rate 0.5 mL/min, tr (major) = 6.75 min, tr

(minor) = 7.08 min. [α]D25 = 47.7 (c = 0.1, CH2Cl2). 1H NMR (400 MHz, CDCl3) δ =

8.39 (d, J = 8.3 Hz, 1H), 7.79 (dd, J = 8.2, 5.7 Hz, 2H), 7.71 (d, J = 8.7 Hz, 1H),

7.57-7.53 (m, 1H), 7.48 (t, J = 7.5 Hz, 3H), 7.23 (d, J = 9.0 Hz, 2H), 7.16 (t, J = 7.2

Hz, 1H), 5.79 (s, 1H), 3.73 (s, 1H), 2.31 (qd, J = 13.0, 7.1 Hz, 4H), 1.79 (dq, J = 14.0,

6.6 Hz, 2H), 0.91 (d, J = 6.6 Hz, 6H), 0.81 (d, J = 6.6 Hz, 6H). 13C NMR (100 MHz,

CDCl3) δ = 143.1, 132.0, 129.0, 128.2, 128.0, 127.9, 126.9, 126.8, 126.7, 126.5, 126.2,

87.2, 80.4, 69.1, 60.8, 26.9, 21.3. HRMS (APCI) m/z calcd for C27H31NH+ (M+H)+

370.2529, found 370.2526.

(S)-1-((1-ethynylnaphthalen-2-yl)(phenyl)methyl)indoline (5k). Yellow oil (25.3

mg, 70% yield). HPLC: 85:15 er (Chiralpak ODH column, 254 nm,

hexane/isopropanol = 98:2, flow rate 1.0 mL/min, tr (major) = 6.00 min, tr (minor) =

7.29 min. [α]D25 = 62.8 (c = 0.1, CH2Cl2). 1H NMR (400 MHz, CDCl3) δ = 8.31 (d, J

= 8.2 Hz, 1H), 7.71 (d, J = 8.3 Hz, 2H), 7.64 (d, J = 8.6 Hz, 1H), 7.48 (t, J = 7.5 Hz,

1H), 7.43-7.36 (m, 3H), 7.21 (t, J = 7.2 Hz, 2H), 7.17-7.11 (m, 1H), 7.00 (d, J = 7.0

Hz, 1H), 6.77 (t, J = 7.5 Hz, 1H), 6.56 (t, J = 7.1 Hz, 1H), 6.12 (s, 1H), 6.01 (d, J =
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7.7 Hz, 1H), 3.66 (s, 1H), 3.13 (t, J = 8.3 Hz, 2H), 2.86 (t, J = 7.9 Hz, 2H). 13C NMR

(100 MHz, CDCl3) δ = 151.9, 140.7, 133.3, 131.7, 128.0, 128.0, 127.7, 126.8, 126.7,

126.6, 126.0, 125.9, 125.1, 123.7, 117.6, 108.7, 65.3, 52.6, 28.0. HRMS (APCI) m/z

calcd for C27H21NH+ (M+H)+ 360.1747, found 360.1742.

(S)-1-((1-ethynylnaphthalen-2-yl)(phenyl)methyl)-1,2,3,4-tetrahydroquinoline

(5l). Yellow oil (32.8 mg, 88% yield). HPLC: 90:10 er (Chiralpak OJH column, 254

nm, hexane/isopropanol = 98:2, flow rate 1.0 mL/min, tr (major) = 10.28 min, tr

(minor) = 8.71 min. [α]D25 = 68.7 (c = 0.1, CH2Cl2). 1H NMR (400 MHz, CDCl3) δ =

8.32 (d, J = 8.4 Hz, 1H), 7.72 (dd, J = 21.0, 8.0 Hz, 2H), 7.52-7.47 (m, 1H), 7.45-7.40

(m, 1H), 7.23-7.19 (m, 3H), 7.10 (d, J = 7.1 Hz, 2H), 6.92-6.82 (m, 2H), 6.61 (s, 1H),

6.48 (t, J = 8.6 Hz, 2H), 3.46 (s, 1H), 3.07-2.96 (m, 2H), 2.70 (t, J = 6.2 Hz, 2H), 1.82

(p, J = 6.0 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ = 145.9, 144.0, 140.4, 134.0,

132.4, 129.1, 128.9, 128.5, 128.3, 127.3, 127.2, 126.6, 126.4, 126.0, 122.8, 119.9,

115.8, 111.5, 88.9, 79.6, 65.0, 46.4, 28.7, 22.7. HRMS (APCI) m/z calcd for

C28H22BrNH+ (M+H)+ 374.1903, found 374.1901.

(S)-5-bromo-1-((1-ethynylnaphthalen-2-yl)(phenyl)methyl)indoline (5m). Yellow

oil (35.5 mg, 81% yield). HPLC: 85:15 er (Chiralpak ODH column, 254 nm,

hexane/isopropanol = 98:2, flow rate 1.0 mL/min, tr (major) = 6.99 min, tr (minor) =

7.76 min. [α]D25 = -34.3 (c = 0.1, CH2Cl2). 1H NMR (400 MHz, CDCl3) δ = 8.31 (d, J

= 8.3 Hz, 1H), 7.71 (dd, J = 8.2, 3.4 Hz, 2H), 7.56-7.47 (m, 2H), 7.42 (t, J = 7.4 Hz,
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1H), 7.34 (d, J = 7.5 Hz, 2H), 7.24-7.14 (m, 3H), 7.06-7.06 (m, 1H), 6.85 (d, J = 8.3

Hz, 1H), 6.10 (s, 1H), 5.86 (d, J = 8.3 Hz, 1H), 3.66 (s, 1H), 3.13 (t, J = 8.1 Hz, 2H),

2.83 (t, J = 8.1 Hz, 2H). 13C NMR (100 MHz, CDCl3) δ = 150.9, 142.7, 140.2, 133.3,

132.6, 131.8, 129.2, 128.9, 128.1, 127.9, 127.7, 127.0, 126.9, 126.7, 126.2, 126.0,

125.0, 118.1, 109.6, 109.2, 88.4, 79.4, 65.0, 52.4, 27.8. HRMS (APCI) m/z calcd for

C27H20BrNH+ (M+H)+ 438.0852, found 438.0849.

(S)-6-bromo-1-((1-ethynylnaphthalen-2-yl)(phenyl)methyl)-1,2,3,4

tetrahydroquinoline (5n). Yellow oil (41.2 mg, 91% yield). HPLC: 84:16 er

(Chiralpak ODH column, 254 nm, hexane/isopropanol = 98:2, flow rate 1.0 mL/min,

tr (major) = 5.57 min, tr (minor) = 5.20 min. [α]D25 = 27.8 (c = 0.1, CH2Cl2). 1H NMR

(400 MHz, CDCl3) δ = 8.32 (d, J = 8.0 Hz, 1H), 7.72 (dd, J = 25.0, 8.1 Hz, 2H),

7.53-7.42 (m, 2H), 7.28-7.20 (m, 3H), 7.14-7.09 (m, 3H), 7.01-6.89 (m, 2H), 6.54 (s,

1H), 6.33 (d, J = 8.2 Hz, 1H), 3.46 (s, 1H), 3.07-2.89 (m, 2H), 2.66 (s, 2H), 1.84-1.75

(m, 2H). 13C NMR (100 MHz, CDCl3) δ = 144.10, 142.52, 139.11, 133.12, 131.61,

130.43, 128.93, 128.14, 128.02, 127.91, 127.49, 126.66, 125.96, 125.58, 125.26,

124.06, 119.39, 106.72, 64.24, 45.37, 27.66, 21.57. HRMS (APCI) m/z calcd for

C28H22BrNH+ (M+H)+ 452.1008, found 452.1004.

(S)-N-((4-(tert-butyl)phenyl)(1-ethynylnaphthalen-2-yl)methyl)-N-methylaniline

(6a). Yellow oil (38.7 mg, 96% yield). HPLC: 78:22 er (Chiralpak OJH column, 254
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nm, hexane/isopropanol = 98:2, flow rate 0.5 mL/min, tr (major) = 11.24 min, tr

(minor) = 9.69 min. [α]D25 = 74.2 (c = 0.1, CH2Cl2). 1H NMR (400 MHz, CDCl3) δ =

8.38 (d, J = 8.4 Hz, 1H), 7.77 (dd, J = 17.7, 8.4 Hz, 2H), 7.58-7.53 (m, 1H), 7.48 (t, J

= 7.5 Hz, 1H), 7.33-7.29 (m, 3H), 7.21-7.16 (m, 2H), 7.11-7.06 (m, 2H), 6.86-6.80 (m,

2H), 6.73-6.67 (m, 2H), 3.50 (s, 1H), 2.83 (s, 3H), 1.30 (s, 9H). 13C NMR (100 MHz,

CDCl3) δ = 150.5, 150.1, 144.4, 137.6, 133.9, 132.3, 129.1, 129.0, 128.4, 128.2, 127.3,

126.5, 126.4, 125.9, 125.4, 119.6, 116.9, 113.1, 88.6, 79.8, 65.4, 35.7, 34.6, 31.5.

HRMS (APCI) m/z calcd for C30H29NH+ (M+H)+ 404.2373, found 404.2374.

(S)-N-((1-ethynylnaphthalen-2-yl)(3-methoxyphenyl)methyl)-N-methylaniline

(6b). Yellow oil (27.6 mg, 73% yield). HPLC: 85:15 er (Chiralpak ODH column, 254

nm, hexane/isopropanol = 98:2, flow rate 1.0 mL/min, tr (major) = 6.19 min, tr (minor)

= 7.39 min. [α]D25 = 43.3 (c = 0.1, CH2Cl2). 1H NMR (400 MHz, CDCl3) δ = 8.38 (d,

J = 8.4 Hz, 1H), 7.78 (dd, J = 18.9, 8.3 Hz, 2H), 7.57 (t, J = 7.6 Hz, 1H), 7.49 (t, J =

7.5 Hz, 1H), 7.29 (dd, J = 8.6, 2.5 Hz, 1H), 7.24-7.16 (m, 3H), 6.83-6.75 (m, 5H),

6.72-6.68 (m, 2H), 3.73 (s, 3H), 3.51 (s, 1H), 2.84 (d, J = 2.5 Hz, 3H). 13C NMR (100

MHz, CDCl3) δ = 159.9, 150.5, 144.0, 142.7, 132.4, 129.6, 129.1, 129.0, 128.2, 127.3,

126.6, 126.4, 125.8, 121.2, 119.8, 117.0, 114.6, 113.2, 112.5, 88.7, 79.7, 65.9, 55.3,

35.8. HRMS (APCI) m/z calcd for C27H23NOH+ (M+H)+ 378.1852, found 378.1848.

(S)-N-((1-ethynylnaphthalen-2-yl)(p-tolyl)methyl)-N-methylaniline (6c). Yellow
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oil (29.6 mg, 82% yield). HPLC: 78:22 er (Chiralpak ADH column, 254 nm,

hexane/isopropanol = 98:2, flow rate 0.7 mL/min, tr (major) = 9.88 min, tr (minor) =

12.64 min. [α]D25 = 16.2 (c = 0.1, CH2Cl2). 1H NMR (400 MHz, CDCl3) δ = 8.38 (d, J

= 8.3 Hz, 1H), 7.79 (dd, J = 18.1, 8.3 Hz, 2H), 7.59-7.55 (m, 1H), 7.52-7.48 (m, 1H),

7.34-7.30 (m, 1H), 7.20-7.16 (m, 2H), 7.11 (d, J = 8.2 Hz, 2H), 7.05 (d, J = 8.1 Hz,

2H), 6.80 (d, J = 8.2 Hz, 2H), 6.72-6.67 (m, 2H), 3.53 (s, 1H), 2.84 (s, 3H), 2.33 (s,

3H). 13C NMR (100 MHz, CDCl3) δ = 144.4, 137.8, 136.9, 129.3, 129.1, 129.0, 128.8,

127.3, 126.5, 126.4, 125.7, 116.9, 113.1, 88.7, 79.7, 65.6, 35.7, 21.3. HRMS (APCI)

m/z calcd for C27H23NH+ (M+H)+ 362.1903, found 362.1898.

(S)-N-((1-ethynylnaphthalen-2-yl)(4-fluorophenyl)methyl)-N-methylaniline (6d).

Yellow oil (35.1 mg, 96% yield). HPLC: 92:8 er (Chiralpak ADH column, 254 nm,

hexane/isopropanol = 98:2, flow rate 0.7 mL/min, tr (major) = 10.42 min, tr (minor) =

11.35 min. [α]D25 = 30.8 (c = 0.1, CH2Cl2). 1H NMR (400 MHz, CDCl3) δ = 8.39 (d, J

= 8.2 Hz, 1H), 7.80 (dd, J = 14.6, 8.1 Hz, 2H), 7.58 (t, J = 7.6 Hz, 1H), 7.51 (t, J = 7.4

Hz, 1H), 7.30 (d, J = 8.6 Hz, 1H), 7.21-7.13 (m, 4H), 7.00 (t, J = 8.2 Hz, 2H),

6.82-6.78 (m, 2H), 6.72 (t, J = 7.2 Hz, 1H), 6.68 (s, 1H), 3.87-3.24 (m, 1H), 2.84-2.81

(m, 3H). 13C NMR (100 MHz, CDCl3) δ = 143.9, 136.7, 134.0, 132.4, 130.3, 129.2,

129.2, 128.3, 127.4, 126.7, 126.4, 119.6, 117.3, 115.6, 115.4, 113.4, 88.9, 79.6, 65.4,

35.8. 19F NMR (376 MHz, CDCl3) δ = -115.4. HRMS (APCI) m/z calcd for

C26H20FNH+ (M+H)+ 366.1653, found 366.1650.
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(S)-N-((4-chlorophenyl)(1-ethynylnaphthalen-2-yl)methyl)-N-methylaniline (6e).

Yellow oil (34.9 mg, 84% yield). HPLC: 92:8 er (Chiralpak ADH column, 254 nm,

hexane/isopropanol = 98:2, flow rate 1.0 mL/min, tr (major) = 8.24 min, tr (minor) =

9.54 min. [α]D25 = 42.3 (c = 0.1, CH2Cl2). 1H NMR (400 MHz, CDCl3) δ = 8.38 (d, J

= 8.4 Hz, 1H), 7.80 (dd, J = 15.6, 8.4 Hz, 2H), 7.60-7.55 (m, 1H), 7.51 (t, J = 7.5 Hz,

1H), 7.31-7.24 (m, 3H), 7.22-7.16 (m, 2H), 7.12 (d, J = 7.1 Hz, 2H), 6.81-6.78 (m,

2H), 6.75-6.70 (m, 1H), 6.67-6.66 (m, 1H), 3.52 (s, 1H), 2.85-2.76 (m, 3H). 13C NMR

(100 MHz, CDCl3) δ = 150.3, 143.5, 139.6, 133.1, 130.1, 129.2, 129.2, 128.8, 128.3,

127.5, 126.7, 126.4, 125.5, 119.7, 117.4, 113.4, 88.9, 79.6, 65.5, 35.9. HRMS (APCI)

m/z calcd for C26H20ClNH+ (M+H)+ 382.1357, found 382.1355.

(S)-N-(1-(1-ethynylnaphthalen-2-yl)propyl)-N-methylaniline (6f). Yellow oil (26.0

mg, 87% yield). HPLC: 94:6 er (Chiralpak OJH column, 254 nm, hexane/isopropanol

= 98:2, flow rate 0.7 mL/min, tr (major) = 11.69 min, tr (minor) = 12.53 min. [α]D25 =

-53.4 (c = 0.1, CH2Cl2). 1H NMR (400 MHz, CDCl3) δ = 8.40 (d, J = 8.4 Hz, 1H),

7.76 (t, J = 9.1 Hz, 2H), 7.58-7.53 (m, 1H), 7.46 (t, J = 7.4 Hz, 1H), 7.38 (d, J = 8.6

Hz, 1H), 7.17 (t, J = 7.6 Hz, 2H), 6.84 (d, J = 8.3 Hz, 2H), 6.67 (t, J = 7.2 Hz, 1H),

5.39-5.33 (m, 1H), 3.75 (s, 1H), 3.08 (s, 3H), 2.17-2.01 (m, 2H), 1.02 (t, J = 7.3 Hz,

3H). 13C NMR (100 MHz, CDCl3) δ = 150.4, 146.1, 134.0, 132.1, 129.3, 129.1, 128.2,

127.2, 126.2, 123.7, 116.7, 113.2, 88.2, 80.0, 62.7, 33.2, 29.2, 27.1, 12.3, 9.9. HRMS
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(APCI) m/z calcd for C22H21NH+ (M+H)+ 300.1347, found 300.1344.

(S)-N-(1-(1-ethynylnaphthalen-2-yl)allyl)-N-methylaniline (6g). Yellow oil (26.7

mg, 90% yield). HPLC: 86:14 er (Chiralpak ADH column, 254 nm,

hexane/isopropanol = 98:2, flow rate 1.0 mL/min, tr (major) = 5.49 min, tr (minor) =

5.05 min. [α]D25 = 27.3 (c = 0.1, CH2Cl2). 1H NMR (400 MHz, CDCl3) δ = 8.35 (d, J

= 8.4 Hz, 1H), 7.77-7.72 (m, 2H), 7.62 (d, J = 8.8 Hz, 1H), 7.56-7.52 (m, 1H),

7.48-7.43 (m, 1H), 7.35-7.30 (m, 1H), 7.28-7.23 (m, 2H), 6.82 (d, J = 8.1 Hz, 2H),

6.73 (t, J = 7.3 Hz, 1H), 6.45-6.38 (m, 1H), 4.18 (dd, J = 5.7, 1.3 Hz, 2H), 3.71 (s,

1H), 3.01 (s, 3H). 13C NMR (100 MHz, CDCl3) δ = 149.6, 137.9, 134.0, 132.4, 130.3,

129.3, 129.0, 128.2, 127.4, 126.6, 126.4, 122.6, 117.5, 116.8, 112.9, 87.7, 80.0, 55.2,

38.2. HRMS (APCI) m/z calcd for C22H19NH+ (M+H)+ 298.1590, found 298.1593.

3-phenyl-2-(p-tolyl)-2H-benzo[e]isoindole-1-carbaldehyde (7a). Yellow oil (27.1

mg, 75% yield). 1H NMR (400 MHz, CDCl3) δ = 9.90 (d, J = 8.1 Hz, 1H), 9.71 (s,

1H), 7.77 (dd, J = 7.8, 1.2 Hz, 1H), 7.61-7.51 (m, 2H), 7.46 (d, J = 3.4 Hz, 2H),

7.27-7.22 (m, 4H), 7.18 (s, 1H), 7.13 (s, 4H), 2.32 (s, 3H). 13C NMR (100 MHz,

CDCl3) δ = 179.5, 139.4, 136.5, 134.6, 133.7, 130.0, 129.8, 129.0, 128.7, 128.6, 128.4,

127.7, 127.4, 126.7, 126.4, 123.0, 118.8, 21.4. HRMS (APCI) m/z calcd for

C26H19NOH+ (M+H)+ 362.1539, found 362.1537.



S39

1-methyl-3-phenyl-2-(4-(trifluoromethyl)phenyl)-2H-benzo[e]isoindole (8a).

Yellow solid (33.7 mg, 84% yield). Mp: 121.2-121.6 oC. 1H NMR (400 MHz, CDCl3)

δ = 8.29 (d, J = 8.01 Hz, 1H), 7.75-7.72 (m, 1H), 7.67 (d, J = 8.25 Hz, 2H), 7.53-7.48

(m, 2H), 7.42-7.38 (m, 1H), 7.33 (d, J = 8.16 Hz, 2H), 7.28-7.24 (m, 3H), 7.23-7.20

(m, 1H), 7.18-7.15 (m, 2H), 2.74 (s, 3H). 13C NMR (100 MHz, CDCl3) δ 141.9, 132.0,

131.9, 130.1, 129.7, 128.5, 126.6, 126.4, 126.3, 126.2, 125.0, 124.6, 124.4, 123.4,

122.8, 120.9, 119.7, 117.4, 14.4. 19F NMR (376 MHz, CDCl3) δ = -62.5. HRMS

(APCI) m/z calcd for C26H18F3NH+ (M+H)+ 402.1464, found 402.1465.

(S)-N-methyl-N-(phenyl(1-(phenylethynyl)naphthalen-2-yl)methyl)aniline (9a).

Yellow oil (35.2 mg, 83% yield). HPLC: 90:10 er (Chiralpak ADH column, 254 nm,

hexane/isopropanol = 98:2, flow rate 1.0 mL/min, tr (major) = 8.21 min, tr (minor) =

6.13 min. [α]D25 = 22.3 (c = 0.1, CH2Cl2). 1H NMR (400 MHz, CDCl3) δ 8.41 (d, J =

8.4 Hz, 1H), 7.75 (d, J = 8.1 Hz, 1H), 7.66 (d, J = 8.6 Hz, 1H), 7.55-7.50 (m, 1H),

7.46-7.42 (m, 1H), 7.29-7.24 (m, 2H), 7.22-7.08 (m, 9H), 6.96 (d, J = 7.9 Hz, 2H),

6.74 (d, J = 8.1 Hz, 2H), 6.68-6.62 (m, 2H), 2.77 (s, 3H). 13C NMR (100 MHz, CDCl3)

δ = 150.5, 142.6, 141.1, 133.6, 132.5, 131.7, 129.3, 128.7, 128.6, 128.5, 128.3, 128.3,

127.3, 127.2, 126.6, 126.5, 126.4, 121.3, 116.7, 101.1, 66.2, 35.3. HRMS (APCI) m/z

calcd for C32H25NH+ (M+H)+ 424.2060, found 424.2059.
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V NMR Spectrum

1H NMR-3a (400 MHz, CDCl3)

13C NMR-3a (100 MHz, CDCl3)
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1H NMR-3b (400 MHz, CDCl3)

13C NMR-3b (100 MHz, CDCl3)
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1H NMR-3c (400 MHz, CDCl3)

13C NMR-3c (100 MHz, CDCl3)
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1H NMR-3d (400 MHz, CDCl3)

13C NMR-3d (100 MHz, CDCl3)
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1H NMR-3e (400 MHz, CDCl3)

13C NMR-3e (100 MHz, CDCl3)
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1H NMR-3f (400 MHz, CDCl3)

13C NMR-3f (100 MHz, CDCl3)
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1H NMR-3g (400 MHz, CDCl3)

13C NMR-3g (100 MHz, CDCl3)
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1H NMR-3h (400 MHz, CDCl3)

13C NMR-3h (100 MHz, CDCl3)
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1H NMR-3i (400 MHz, CDCl3)

13C NMR-3i (100 MHz, CDCl3)
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1H NMR-3j (400 MHz, CDCl3)

13C NMR-3j (100 MHz, CDCl3)
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1H NMR-3k (400 MHz, CDCl3)

13C NMR-3k (100 MHz, CDCl3)
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1H NMR-3l (400 MHz, CDCl3)

13C NMR-3l (100 MHz, CDCl3)
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1H NMR-3m (400 MHz, CDCl3)

13C NMR-3m (100 MHz, CDCl3)
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19F NMR-3m (376 MHz, CDCl3)
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1H NMR-3n (400 MHz, CDCl3)

13C NMR-3n (100 MHz, CDCl3)
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19F NMR-3n (376 MHz, CDCl3)
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1H NMR-3o (400 MHz, CDCl3)

13C NMR-3o (100 MHz, CDCl3)
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19F NMR-3o (376 MHz, CDCl3)
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1H NMR-3p (400 MHz, CDCl3)

13C NMR-3p (100 MHz, CDCl3)



S60

1H NMR-3q (400 MHz, CDCl3)

13C NMR-3q (100 MHz, CDCl3)
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1H NMR-3r (400 MHz, CDCl3)

13C NMR-3r (100 MHz, CDCl3)
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19F NMR-3r (376 MHz, CDCl3)
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1H NMR-3s (400 MHz, CDCl3)

13C NMR-3s (100 MHz, CDCl3)
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1H NMR-3t (400 MHz, CDCl3)

13C NMR-3t (100 MHz, CDCl3)
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1H NMR-3u (400 MHz, CDCl3)

13C NMR-3u (100 MHz, CDCl3)
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1H NMR-3v (400 MHz, CDCl3)

13C NMR-3v (100 MHz, CDCl3)
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1H NMR-3w (400 MHz, CDCl3)

13C NMR-3w (100 MHz, CDCl3)
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1H NMR-3x (400 MHz, CDCl3)

13C NMR-3x (100 MHz, CDCl3)
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1H NMR-3y (400 MHz, CDCl3)

13C NMR-3y (100 MHz, CDCl3)
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1H NMR-4a (400 MHz, CDCl3)

13C NMR-4a (100 MHz, CDCl3)



S71

1H NMR-4b (400 MHz, CDCl3)

13C NMR-4b (100 MHz, CDCl3)
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1H NMR-4c (400 MHz, CDCl3)

13C NMR-4c (100 MHz, CDCl3)
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1H NMR-4d (400 MHz, CDCl3)

13C NMR-4d (100 MHz, CDCl3)
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19F NMR-4d (376 MHz, CDCl3)
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1H NMR-4e (400 MHz, CDCl3)

13C NMR-4e (100 MHz, CDCl3)
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1H NMR-5a (400 MHz, CDCl3)

13C NMR-5a (100 MHz, CDCl3)
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1H NMR-5b (400 MHz, CDCl3)

13C NMR-5b (100 MHz, CDCl3)
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1H NMR-5c (400 MHz, CDCl3)

13C NMR-5c (100 MHz, CDCl3)
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1H NMR-5d (400 MHz, CDCl3)

13C NMR-5d (100 MHz, CDCl3)
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1H NMR-5e (400 MHz, CDCl3)

13C NMR-5e (100 MHz, CDCl3)
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19F NMR-5e (376 MHz, CDCl3)
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1H NMR-5f (400 MHz, CDCl3)

13C NMR-5f (100 MHz, CDCl3)
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1H NMR-5g (400 MHz, CDCl3)

13C NMR-5g (100 MHz, CDCl3)
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1H NMR-5h (400 MHz, CDCl3)

13C NMR-5h (100 MHz, CDCl3)
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19F NMR-5h (376 MHz, CDCl3)
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1H NMR-5i (400 MHz, CDCl3)

13C NMR-5i (100 MHz, CDCl3)
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1H NMR-5j (400 MHz, CDCl3)

13C NMR-5j (100 MHz, CDCl3)
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1H NMR-5k (400 MHz, CDCl3)

13C NMR-5k (100 MHz, CDCl3)
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1H NMR-5l (400 MHz, CDCl3)

13C NMR-5l (100 MHz, CDCl3)



S90

1H NMR-5m (400 MHz, CDCl3)

13C NMR-5m (100 MHz, CDCl3)
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1H NMR-5n (400 MHz, CDCl3)

13C NMR-5n (100 MHz, CDCl3)
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1H NMR-6a (400 MHz, CDCl3)

13C NMR-6a (100 MHz, CDCl3)
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1H NMR-6b (400 MHz, CDCl3)

13C NMR-6b (100 MHz, CDCl3)
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1H NMR-6c (400 MHz, CDCl3)

13C NMR-6c (100 MHz, CDCl3)
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1H NMR-6d (400 MHz, CDCl3)

13C NMR-6d (100 MHz, CDCl3)
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19F NMR-6d (376 MHz, CDCl3)
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1H NMR-6e (400 MHz, CDCl3)

13C NMR-6e (100 MHz, CDCl3)
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1H NMR-6f (400 MHz, CDCl3)

13C NMR-6f (100 MHz, CDCl3)
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1H NMR-6g (400 MHz, CDCl3)

13C NMR-6g (100 MHz, CDCl3)
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1H NMR-7a (400 MHz, CDCl3)

13C NMR-7a (100 MHz, CDCl3)
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1H NMR-8a (400 MHz, CDCl3)

13C NMR-8a (100 MHz, CDCl3)
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19F NMR-8a (376 MHz, CDCl3)
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1H NMR-9a (400 MHz, CDCl3)

13C NMR-9a (100 MHz, CDCl3)
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VI Chiral HPLC analysis trace

racemic-5a

chiral-5a
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racemic-5b

chiral-5b
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racemic-5c

chiral-5c
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racemic-6f

chiral-6f
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chiral-6g



S125

racemic-scale-up

chiral-scale-up
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racemic-9a

chiral-9a
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VII. Single Crystal X-Ray Diffraction of 3q, 5a and 7a.

Crystal data and structure refinement for 3q. The method for crystal growth: mixture

of dichloromethane and methanol, at room tempretrue. X-ray derived ORTEP of 3v

with thermal ellipsoids shown at the 50% probability level.

CCDC :2541377

Identification code 3q
Empirical formula C25H18BrN
Formula weight 412.31
Temperature 173.0 K
Wavelength 1.54178 Å
Crystal system Monoclinic
Space group P 1 21/c 1
Unit cell dimensions a = 11.1703(6) Å a= 90°

b = 6.4509(3) Å b= 100.878(3)°
c = 26.2834(15) Å g = 90°

Volume 1859.91(17) Å3

Z 4

Density (calculated) 1.472 Mg/m3

Absorption coefficient 3.061 mm-1

F(000) 840

Crystal size 0.24 x 0.22 x 0.19 mm3

Theta range for data collection 3.424 to 71.998°
Index ranges -13<=h<=13, -7<=k<=7, -32<=l<=22
Reflections collected 13857
Independent reflections 3633 [R(int) = 0.0640]
Completeness to theta = 67.679° 99.8 %
Absorption correction Semi-empirical from equivalents
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Max. and min. transmission 0.7536 and 0.4499

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 3633 / 0 / 245

Goodness-of-fit on F2 1.054

Final R indices [I>2sigma(I)] R1 = 0.0438, wR2 = 0.1077
R indices (all data) R1 = 0.0583, wR2 = 0.1173
Extinction coefficient n/a

Largest diff. peak and hole 0.581 and -0.507 e.Å-3
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Crystal data and structure refinement for 5a. The method for crystal growth: mixture

of ethanol, at room tempretrue. X-ray derived ORTEP of 5a with thermal ellipsoids

shown at the 50% probability level.

CCDC :2541376
Identification code 5a
Empirical formula C26H21N
Formula weight 347.44
Temperature 296.15 K
Wavelength 1.54178 Å
Crystal system Monoclinic
Space group P 1 21 1
Unit cell dimensions a = 8.5087(14) Å a= 90°

b = 9.0486(15) Å b= 105.010(8)°
c = 13.346(2) Å g = 90°

Volume 992.5(3) Å3

Z 2

Density (calculated) 1.163 Mg/m3

Absorption coefficient 0.509 mm-1

F(000) 368

Crystal size 0.22 x 0.2 x 0.17 mm3

Theta range for data collection 3.428 to 74.873°
Index ranges -10<=h<=10, -10<=k<=11, -16<=l<=16
Reflections collected 14515
Independent reflections 3959 [R(int) = 0.0480]
Completeness to theta = 67.679° 99.5 %
Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.7538 and 0.6650
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Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 3959 / 1 / 246

Goodness-of-fit on F2 1.041

Final R indices [I>2sigma(I)] R1 = 0.0423, wR2 = 0.0969
R indices (all data) R1 = 0.0589, wR2 = 0.1102
Absolute structure parameter 0.4(5)
Extinction coefficient 0.032(3)

Largest diff. peak and hole 0.096 and -0.109 e.Å-3
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Crystal data and structure refinement for 7a. The method for crystal growth: mixture

of dichloromethane and methanol, at room tempretrue. X-ray derived ORTEP of 7a

with thermal ellipsoids shown at the 50% probability level.

CCDC :2541374

Identification code 7a
Empirical formula C26H19NO
Formula weight 361.42
Temperature 173.0 K
Wavelength 1.54178 Å
Crystal system Triclinic
Space group P-1
Unit cell dimensions a = 9.2110(9) Å a= 87.203(4)°

b = 9.3934(9) Å b= 80.528(4)°
c = 22.180(2) Å g = 84.782(4)°

Volume 1884.0(3) Å3

Z 4

Density (calculated) 1.274 Mg/m3

Absorption coefficient 0.600 mm-1

F(000) 760

Crystal size 0.14 x 0.12 x 0.08 mm3

Theta range for data collection 2.021 to 68.320°
Index ranges -11<=h<=11, -11<=k<=9, -24<=l<=26
Reflections collected 18311
Independent reflections 6773 [R(int) = 0.0486]
Completeness to theta = 67.679° 98.4 %
Absorption correction Semi-empirical from equivalents
Max. and min. transmission 0.7531 and 0.6540



S132

Refinement method Full-matrix least-squares on F2

Data / restraints / parameters 6773 / 0 / 506

Goodness-of-fit on F2 1.056

Final R indices [I>2sigma(I)] R1 = 0.0496, wR2 = 0.1221
R indices (all data) R1 = 0.0652, wR2 = 0.1343
Extinction coefficient n/a

Largest diff. peak and hole 0.267 and -0.241 e.Å-3
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