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General Materials and Methods 

              Tetrahydrofuran (THF), carbon tetrachloride, dichloromethane, methanol, 

dimethylformamide (DMF), and acetonitrile were used in their anhydrous forms. Reactions were 

performed under nitrogen gas, unless otherwise specified. Thin-layer chromatography (TLC) 

plates (precoated glass plates with silica gel 60 F254, 0.25 mm thickness) were used to monitor 

reactions. Purification of intermediates and products was carried out with a Biotage Isolera flash 

purification system using silica gel (200-400 mesh, 60 Å) or RP-18 pre-packed columns or 

manually in glass columns. Intermediates and products synthesized were characterized on the 

basis of their 1H NMR (500 or 600 MHz), 13C NMR (125 or 150 MHz) spectroscopic data using 

a Varian VNMRS 500 MHz or Bruker DPX 600 MHz instrument. Spectra were recorded in 

CDCl3, D2O, (CD3)2CO, or CD3OD. All chemicals shifts are expressed in ppm (δ), and peak 

patterns are reported as broad (br), singlet (s), doublet (d), triplet (t), quartet (q), pentet (p), sextet 

(sext), septet (sept), double doublet (dd), double double doublet (ddd), and multiplet (m).  

              Purity of the final compounds was further analyzed at 25 °C using an Agilent 1200 

HPLC system with a diode-array detector (λ = 190−400 nm), a Zorbax XDB-C18 HPLC column 

(4.6 mm Å~ 150 mm, 5 µm), and a Zorbax reliance cartridge guard-column; Method: solvent A, 

acetonitrile, solvent B, H2O; gradient, 10% A/ 90% B to 100% A/ 0% B over 0 to 40 min; post-

time 10 min; flow rate 1.0mL/min; injection volume 20 µL; monitored at wavelengths of 210, 

230, 254, 280, and 320 nm. Mass spectrometry was carried out under positive or negative ESI 

(electrospray ionization) using a Thermo Scientific LTQ Orbitrap Discovery instrument.  

2-Isopropoxy-3-methoxybenzaldehyde (6, NHC_3_94). To a well-stirred solution of 2-

hydroxy-3-methoxybenzaldehyde (5.00 g, 32.9 mmol) in DMF (100 mL) was added K2CO3 

(14.97 g, 98.58 mmol) and 2-iodopropane (6.54 mL, 65.7 mmol). After heating at 50 °C for 20 h, 
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DMF was removed under reduced pressure, and the resulting material was washed with water 

(100 mL) to remove the excess salt and extracted with EtOAc (3 x 100 mL). The combined 

organic phase was dried over sodium sulfate and concentrated to afford protected aldehyde 6 

(6.24 g, 32.2 mmol, 98%) as a colorless oil without further purification. 1H NMR (600 MHz, 

CDCl3) δ 10.44 (1H, s), 7.41 (1H, d, J = 7.8 Hz), 7.10 (2H, m), 4.62 (1H, m), 3.86 (3H, s), 1.31 

(6H, d, J = 6 Hz). 13C NMR (150 MHz, CDCl3) δ 191.0, 153.4, 150.7, 131.0, 123.7, 119.0, 

118.0, 76.3, 56.1, 22.4. 

5-(2-Isopropoxy-3-methoxyphenyl)pentanoic acid (7, NHC_5_114/118). 3-

(Carboxypropyl)triphenyl phosphonium bromide (11.54 g, 26.89 mmol) was dissolved in DMF  

(350 mL) followed by the addition of potassium tert-butoxide (8.08 g, 71.7 mmol). The resultant 

reaction mixture was stirred at room temperature for 45 min. Aldehyde 6 (3.48 g, 17.9 mmol) in 

THF (50 mL) was added slowly, and the reaction mixture was stirred at room temperature for an 

additional 24 h. The solvent was removed under reduced pressure, and the resulting material was 

acidified with 2 M HCl (70 mL) and extracted with EtOAc (3 x 100 mL). The combined organic 

layer was evaporated under reduced pressure, and the crude product was dissolved in CH3OH 

(60 mL) without further purification. 10% palladium on carbon (1.9 g) and hydrogen gas were 

introduced, and the reaction mixture was stirred for 24 h at room temperature followed by 

filtration through Celite®, and the Celite® was further washed with EtOAc (3 x 50 mL). The 

combined organic phase (CH3OH and EtOAc) was evaporated under reduced pressure. The 

resulting organic material was purified by flash chromatography using a pre-packed 100 g silica 

column [solvent A: EtOAc; solvent B: hexanes; gradient: 7%A / 93%B (1 CV), 7%A / 93%B → 

40%A / 60%B (10 CV), 40%A / 60%B (2 CV); flow rate: 100 mL/min; monitored at 254 and 

280 nm] to afford carboxylic acid 7 (4.51 g, 16.9 mmol, 94%) as a yellow oil. 1H NMR (600 
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MHz, CDCl3) δ 6.95 (1H, t, J = 7.8 Hz), 6.77 (1H, d, J = 7.8 Hz), 6.75 (1H, d, J = 7.8 Hz), 4.46 

(1H, sept, J = 6 Hz), 2.66 (2H, t, J = 7.8 Hz), 2.38 (2H, 7.2 Hz), 1.66 (4H, m), 1.27 (6H, d, J = 6 

Hz)   13C NMR (150 MHz, CDCl3) δ 179.9, 153.0, 145.0, 136.6, 123.3, 121.8, 110.1, 74.6, 55.7, 

34.0, 29.9, 29.8, 24.7, 22.8. 

1-Isopropoxy-2-methoxy-6,7,8,9-tetrahydro-5H-benzo[7]annulen-5-one (8, NHC_5_121).1 

To a solution of carboxylic acid 7 (0.92 g, 3.5 mmol) in CH2Cl2 (20 mL) was added DMF (0.15 

mL) and oxalyl chloride (1.51 mL, 17.3 mmol). The solution was stirred at room temperature for 

2 h. The solvent and excess reagent were removed under reduced pressure to afford the acyl 

chloride as a yellow solid. The acyl chloride was dissolved in CH2Cl2 (20 mL), and SnCl4 (3.80 

mL, 1 M, 3.80 mmol) was added to the solution at -10 °C, and the reaction mixture was stirred 

for 40 min. The reaction mixture was quenched by the addition of water (30 mL) followed by 

extraction with CH2Cl2 (3 x 40 mL). The combined organic phase was dried over sodium sulfate 

and concentrated under reduced pressure. The crude product was purified by flash 

chromatography using a pre-packed 50 g silica column [solvent A: EtOAc; solvent B: hexanes; 

gradient: 2%A / 98%B (1 CV), 2%A / 98%B → 40%A / 60%B (10 CV), 40%A / 60%B (2 CV); 

flow rate: 100 mL/min; monitored at 254 and 280 nm] to afford ketone 8 (0.65 g, 2.6 mmol, 

75%) as a clear oil. 1H NMR (600 MHz, CDCl3) δ 7.46 (1H, d, J = 9 Hz), 6.78 (1H, d, J = 9 Hz), 

4.38 (1H, sept, J = 6.6 Hz), 3.83 (3H, s), 2.99 (2H, t, J = 6 Hz), 2.65 (2H, m), 1.75 (4H, m), 1.25 

(6H, d, J = 6 Hz). 13C NMR (150 MHz, CDCl3) δ 204.9, 156.1, 143.7, 136.2, 132.8, 124.8, 

109.5, 74.9, 55.6, 40.6, 24.8, 23.8, 22.5, 21.0.  

4-Isopropoxy-3-methoxy-9-(3,4,5-trimethoxyphenyl)-6,7-dihydro-5H-benzo[7]annulene (9, 

NHC_5_122/124).1 To an oven dried flask, THF (50 mL) and 1,2,3-trimethoxy phenyl bromide 

(1.00 g, 4.05 mmol) were added, and the solution was cooled to -78 °C. n-BuLi (1.63 mL, 2.5 M, 
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4.05 mmol) was slowly added to the reaction mixture, which was then stirred at -78 °C for 30 

min. Ketone 8 (0.51 g, 2.0 mmol) in THF (20 mL) was added dropwise to the flask, and the 

reaction mixture was stirred while warming from -78 °C to room temperature over 16 h. The 

reaction mixture was washed with 2 M HCl (30 mL) for 30 min and extracted with EtOAc (3 x 

50 mL). The combined organic phase was dried over sodium and evaporated under reduced 

pressure. The crude product was purified by flash chromatography using a pre-packed 50 g silica 

column [solvent A: EtOAc; solvent B: hexanes; gradient: 7%A / 93%B (1 CV), 7%A / 98%B → 

40%A / 60%B (10 CV), 40%A / 60%B (2 CV); flow rate: 100 mL/min; monitored at 254 and 

280 nm] to afford benzosuberene 9 (0.68 g, 1.7 mmol, 84%) as a yellow solid. 1H NMR (600 

MHz, CDCl3) δ 6.73 (2H, s), 6.47 (2H, s), 6.32 (1H, t, J = 7.2 Hz), 4.50 (1H, sept, 6H), 3.85 (3H, 

s), 3.84 (3H, s), 3.79 (6H, s), 2.77 (2H, t, J = 7.2 Hz), 2.13 (3H, m), 1.95 (2H, m), 1.33 (6H, d, 

6H). 13C NMR (150 MHz, CDCl3) δ 152.9, 151.8, 143.9, 143.0, 138.7, 137.4, 136.6, 133.8, 

127.1, 125.0, 109.4, 105.4, 74.8, 61.0, 56.2, 55.7, 34.4, 25.8, 24.5, 22.8. 

3-Methoxy-9-(3,4,5-trimethoxyphenyl)-6,7-dihydro-5H-benzo[7]annulen-4-ol (1, 

NHC_5_128, KGP18).1,2 To a solution of isopropyl-protected phenol 9 (0.52 g, 1.3 mmol) in 

CH2Cl2 (15 mL) was added BCl3 (1.44 mL, 1 M, 1.44 mmol) at 0 °C. The solution was stirred for 

2 h, followed by the addition of water, and subsequent extraction with CH2Cl2 (3 x 30 mL). The 

combined organic phase was dried over sodium sulfate, and evaporated under reduced pressure. 

The crude reaction product was purified by flash chromatography using a pre-packed 50 g silica 

column [solvent A: EtOAc; solvent B: hexanes; gradient: 2%A / 98%B (1 CV), 2%A / 98%B → 

30%A / 70%B (10 CV), 30%A / 70%B (2 CV); flow rate: 100 mL/min; monitored at 254 and 

280 nm] to afford phenol 1 (0.42 g, 1.2 mmol, 92%) as a white solid. 1H NMR (600 MHz, 

CDCl3) δ 6.71 (1H, d, J = 8.4 Hz), 6.57 (1H, d, J = 8.4 Hz), 6.50 (2H, s), 6.33 (1H, t, J = 7.2 Hz), 
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3.91 (3H, s), 3.86 (3H, s), 3.80 (6H, s), 2.76 (2H, t, J = 7.2 Hz), 2.14 (2H, m), 1.97 (2H, m). 13C 

NMR (150 MHz, CDCl3) δ 152.9, 145.2, 142.5, 138.6, 137.4, 134.4, 127.9, 127.3, 120.9, 61.0, 

56.2, 56.1, 33.7, 25.8, 23.7. HRMS: Obsvd 379.1517 [M + Na+], Calcd for C21H24O5Na: 

379.1516, HPLC:  9.52 min. 

3-Methoxy-9-(3,4,5-trimethoxyphenyl)-6,7-dihydro-5H-benzo[7]annulen-4-yl 

trifluoromethanesulfonate (10, NHC_5_149). To a solution of phenol 1 (0.13 g, 0.36 mmol) in 

CH2Cl2 (20 mL) was added TEA (0.056 mL, 0.72 mmol) and triflic anhydride (0.051 mL, 0.54 

mmol). The reaction mixture was stirred at 0 °C for 5 h, followed by the addition of water and 

subsequent extraction with CH2Cl2 (3 x 20 mL). The combined organic phase was dried over 

sodium sulfate and evaporated under reduced pressure. The resulting material was purified by 

flash chromatography using a pre-packed 50 g silica column [solvent A: EtOAc; solvent B: 

hexanes; gradient: 12%A / 88%B (1 CV), 12%A / 88%B → 50%A / 50%B (10 CV), 50%A / 

50%B (2 CV); flow rate: 100 mL/min; monitored at 254 and 280 nm] to afford triflic product 10 

(0.15 g, 0.31 mmol, 84%) as a yellow solid. 1H NMR (600 MHz, CDCl3) δ 7.04 (1H, d, J = 8.4 

Hz), 6.87 (1H, d, J = 8.4 Hz), 6.47 (2H, s), 6.43 (1H, t, J = 7.2 Hz), 3.93 (3H, s), 3.89 (3H, s), 

3.83 (6H, s), 2.79 (2H, m), 2.25 (2H, p, J = 7.2 Hz), 2.00 (2H, m). 13C NMR (150 MHz, CDCl3) 

δ 153.1, 150.0, 141.8, 137.8, 136.7, 136.4, 134.4, 130.0, 129.8, 128.5, 110.5, 110.0, 105.4, 61.0, 

56.3, 56.1, 34.1, 25.5, 25.4.  19F NMR (564 MHz, CDCl3) δ -72.94. 

3-Methoxy-9-(3,4,5-trimethoxyphenyl)-6,7-dihydro-5H-benzo[7]annulen-4-amine (2, 

DM30901, KGP156).3 A toluene solution (15 mL) of triflate 10 (0.74 g, 1.5 mmol), Pd(OAc)2 

(34 mg, 0.15 mmol), rac-BINAP (0.14 g, 0.23 mmol), benzophenone imine (0.254 mL, 2.27 

mmol) and Cs2CO3 (740 mg, 2.27 mmol) was degassed (bubbling nitrogen) for 15 min. The 

reaction mixture was then heated at 110 °C for 36 h. The reaction mixture was cooled to room 
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temperature and diluted with EtOAc and quenched with water. The organic phase was separated 

and dried over sodium sulfate. Solvent was removed and the crude was dissolved in THF and 

treated with aqueous 2 M HCl to pH 2-3 followed by stirring for 1 h. A NaOH solution (1 M) 

was added to the reaction to achieve basic pH. The reaction solution was extracted with EtOAc 

(3 x 30 mL) and the combined organic phase was dried over sodium sulfate and evaporated 

under reduced pressure. The crude product was purified by flash chromatography using a pre-

packed 100 g silica column [solvent A: EtOAc; solvent B: hexanes; gradient: 7%A / 93%B (1 

CV), 7%A / 93%B → 60%A / 40%B (10 CV), 60%A / 80%B (2 CV); flow rate: 100 mL/min; 

monitored at 254 and 280 nm] to afford amine 2 (500 mg, 1.41 mmol, 93%) as a greenish solid. 

1H NMR (600 MHz, CDCl3) δ 6.67 (1H, d, J = 8.5 Hz), 6.52 (2H, s), 6.48 (1H, d, J = 8.5 Hz), 

6.30 (1H, t, J = 7 Hz), 3.87 (3H, s), 3.86 (3H, s), 3.80 (6H, s), 2.59 (2H, t, J = 7 Hz), 2.12 (2H, p, 

J = 7 Hz), 1.95 (2H, m). 13C NMR (150 MHz, CDCl3) δ 152.9, 146.5, 143.7, 138.7, 137.4, 133.7, 

132.6, 126.9, 126.4, 119.9, 107.7, 105.4, 61.0, 56.3, 55.7, 33.4, 25.7, 25.4. HRMS: Obsvd 

378.1677 [M + Na+], Calcd for C21H25NO4Na: 378.1676, HPLC:  20.20 min. 

 (3-Hydroxypropyl)triphenylphosphonium bromide (12, NHC_5_115). To a solution of PPh3  

(7.55 g, 28.8 mmol) in toluene (60 mL) was added 3-bromo-1-propanol 11 (5.2 mL, 58 mmol), 

and the reaction mixture was stirred and heated to reflux for 24 h. The toluene and unreacted 3-

bromo-1-propanol were removed under reduced pressure. The solid residue was washed with 

diethyl ether to remove unreacted triphenylphosphine. The ether suspension was filtered and 

rinsed with diethyl ether (2 x 50 mL) to afford Wittig salt 12 as a white solid (11.06 g, 27.56 

mmol, 96%), which was advanced without further purification.  

4-(2-Isopropoxy-3-methoxyphenyl)butan-1-ol (13, NHC_5_117/123). To a solution of Wittig 

salt 12 (9.3 g, 23 mmol) in THF (50 mL) was added n-BuLi (18.53 mL, 2.5 M, 46.33 mmol) 
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slowly, and the solution was stirred at 0 °C for 15 min. TMS-Cl (2.94 mL, 23.2 mmol) was 

added to the reaction mixture which was stirred for 30 min. Aldehyde 6 (3.00 g, 15.5 mmol) was 

added slowly, the reaction mixture was stirred at 0 °C for 1 h, and then at room temperature for 2 

h. 2 M HCl (50 mL) was added, followed by stirring for 30 min at room temperature and 

subsequent extraction with EtOAc (3 x 50 mL). The combined organic layer was dried over 

sodium sulfate and concentrated under reduced pressure. The resulting crude material was 

dissolved in CH3OH (60 mL), and Pd/C (1.63 g) and H2 balloons were introduced. The reaction 

mixture was stirred for 24 h at room temperature followed by filtration through Celite®. The 

Celite® was washed with EtOAc (3 x 50 mL). The combined organic phase (CH3OH and 

EtOAc) was evaporated under reduced pressure to afford saturated alcohol 13 (3.39 g, 14.2 

mmol, 92%), which was advanced to the next step without further purification. 1H NMR (600 

MHz, CDCl3) δ 6.96 (1H, t, 7.8 Hz), 6.78 (1H, d, 7.8 Hz), 6.75 (1H, d, 7.8 Hz), 4.48 (1H, m), 

3.83 (3H, s), 3.66 (2H, m), 2.69 (2H, t, J = 7.2 Hz), 1.67 (2H, m), 1.60 (2H, m), 1.29 (6H, d, 6.6 

Hz).  13C NMR (150 MHz, CDCl3) δ 152.9, 144.8, 136.9, 123.3, 121.8, 110.0, 74.7, 62.8, 55.7, 

32.5, 29.8, 26.6, 22.7.  

4-(2-Isopropoxy-3-methoxyphenyl)butanoic acid (14, NHC_5_127/130). To a solution of 

alcohol 13 (0.60 g, 2.5 mmol) dissolved in water/ acetonitrile (75 mL/ 120 mL) was added 

Oxone® (2.32 g, 3.78 mmol) and 2-Iodoxybenzoic acid (IBX) (0.21 g, 0.76 mmol). The reaction 

mixture was stirred at 70 °C for 20 h, and the solvent was removed under reduced pressure. The 

residue was washed with 2 M HCl (20 mL) and extracted with EtOAc (3 x 30 mL). The 

combined organic phase was dried over sodium sulfate and evaporated under reduced pressure. 

The crude product was purified by flash chromatography using a pre-packed 50 g silica column 

[solvent A: EtOAc; solvent B: hexanes; gradient: 12%A / 88%B (1 CV), 12%A / 88%B → 
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50%A / 50%B (10 CV), 50%A / 50%B (2 CV); flow rate: 100 mL/min; monitored at 254 and 

280 nm] to afford carboxylic 14 (0.29 g, 1.2 mmol, 46%) as a brown oil. 1H NMR (600 MHz, 

CDCl3) δ 7.47 (1H, t, J = 7.8 Hz), 6.77 (2H, m), 4.48 (1H, m), 3.82 (3H, s), 2.72 (2H, m), 2.38 

(2H, t, J = 7.2 Hz), 1.95 (2H, m), 1.26 (6H, d, J = 6.6 Hz). 13C NMR (150 MHz, CDCl3) δ 179.8, 

152.9, 144.9, 135.7, 123.3, 121.9, 110.3, 74.5, 55.6, 33.5, 29.4, 25.2, 22.6. 

5-Isopropoxy-6-methoxy-3,4-dihydronaphthalen-1(2H)-one (15, NHC_5_132). To a solution 

of carboxylic acid 14 (0.29 g, 1.2 mmol) in CH2Cl2 (20 mL) was added oxalyl chloride (0.51 mL, 

5.8 mmol) and DMF (0.15 mL). The reaction mixture was stirred at room temperature for 2 h. 

The excessed solvent and oxalyl chloride were removed under reduced pressure. The resulting 

acyl chloride was dissolved in CH2Cl2 (30 mL), and SnCl4 (1.29 mL, 1 M, 1.29 mmol) was 

added to the solution at -10 °C. The reaction mixture was stirred for 40 min and washed with 

water and extracted with CH2Cl2 (3 x 30 mL). The combined organic phase was dried over 

sodium sulfate, evaporated under reduced pressure. The crude product was purified by flash 

chromatography using a pre-packed 50 g silica column [solvent A: EtOAc; solvent B: hexanes; 

gradient: 7%A / 93%B (1 CV), 7%A / 93%B → 40%A / 60%B (10 CV), 40%A / 60%B (2 CV); 

flow rate: 100 mL/min; monitored at 254 and 280 nm] to afford ketone 15 (0.25 g, 1.1 mmol, 

92%) as a pale yellow oil. 1H NMR (600 MHz, CDCl3) δ 7.82 (1H, d, J = 8.4 Hz), 6.85 (1H, d, J 

= 8.4 Hz), 4.44 (1H, m), 3.88 (3H, s), 2.94 (2H, t, J = 6 Hz), 2.57 (2H, t, J = 6.6 Hz), 2.05 (2H, 

m), 1.28 (6H, d, J = 6.6 Hz).  13C NMR (150 MHz, CDCl3) δ 197.8, 157.1, 143.3, 139.5, 126.8, 

124.1, 110.0, 74.8, 55.8, 38.9, 24.3, 23.1, 22.7.  

8-Isopropoxy-7-methoxy-4-(3,4,5-trimethoxyphenyl)-1,2-dihydronaphthalene (16, 

NHC_5_134). To an oven-dried flask, THF (30 mL) and 3,4,5-trimethoxyphenyl bromide (0.34 

g, 1.4 mmol) were added, and the solution was cooled to -78 °C. n-BuLi (0.55 mL, 1.4 mmol) 
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was slowly added to the reaction mixture, which was then stirred at -78 °C for 30 min. Ketone 15 

(0.16 g, 0.68 mmol) was then added dropwise to the flask, and the reaction mixture was stirred 

while warming from -78 °C to room temperature over 16 h. The reaction mixture was washed 

with water and extracted with EtOAc (3 x 50 mL). The combined organic phase was dried over 

sodium sulfate and evaporated under reduced pressure. The crude reaction product was purified 

by flash chromatography using a pre-packed 50 g silica column [solvent A: EtOAc; solvent B: 

hexanes; gradient: 7%A / 93%B (1 CV), 7%A / 93%B → 60%A / 40%B (10 CV), 60%A / 80%B 

(2 CV); flow rate: 100 mL/min; monitored at 254 and 280 nm] to afford dihydronaphthalene 16 

(0.17 g, 0.44 mmol, 65%) as a yellow oil. 1H NMR (600 MHz, CDCl3) δ 6.76 (1H, d, J = 8.4 

Hz), 6.64 (1H, d, J = 8.4 Hz), 6.57 (2H, s), 5.96 (1H, t, J = 4.8 Hz), 4.41 (1H, m), 3.89 (3H, s), 

3.86 (3H, s), 3.84 (6H, s), 2.89 (2H, t, J = 7.8 Hz), 2.32 (2H, m), 1.32 (6H, d, J = 6 Hz). 13C 

NMR (150 MHz, CDCl3) δ 153.0, 143.7, 139.8, 137.0, 131.6, 128.9, 125.3, 123.7, 121.3, 109.0, 

106.0, 105.3, 75.0, 61.0, 56.2, 55.7, 23.2, 22.8, 22.0. 

2-Methoxy-5-(3,4,5-trimethoxyphenyl)-7,8-dihydronaphthalen-1-ol (3, NHC_5_135, 

Oxi6196).4 To a solution of 16 (0.16 g, 0.41 mmol) in CH2Cl2 (20 mL) was added BCl3 (0.46 

mL, 1 M, 0.46 mmol). The reaction mixture was stirred at 0 °C for 3 h. The solution was washed 

with water and extracted with CH2Cl2 (3 x 30 mL). The combined organic phase was dried over 

sodium sulfate, evaporated under reduced pressure. The crude product was purified by flash 

chromatography using a pre-packed 50 g silica column [solvent A: EtOAc; solvent B: hexanes; 

gradient: 7%A / 93%B (1 CV), 7%A / 93%B → 60%A / 40%B (10 CV), 60%A / 80%B (2 CV); 

flow rate: 100 mL/min; monitored at 254 and 280 nm] to afford phenol 3 (0.12 g, 0.35 mmol, 

85%) as a white solid. 1H NMR (600 MHz, CDCl3) δ 6.62 (1H, d, J = 8.4 Hz), 6.60 (1H, d, J = 

8.4 Hz), 6.56 (2H, s), 5.97 (1H, t, J = 4.8 Hz), 3.88(8) (3H, s), 3.88(5) (3H, s), 3.84 (6H, s), 2.88 
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(2H, t, J = 7.8 Hz), 2.38 (2H, m). 13C NMR (150 MHz, CDCl3) δ 153.0, 146.0, 142.1, 139.7, 

137.2, 137.0, 129.1, 125.5, 122.4, 107.4, 106.1, 61.1, 56.3, 23.0, 20.4. HRMS: Obsvd 365.1363 

[M + Na+], Calcd for C20H22O5Na: 365.1359, HPLC:  19.41 min. 

2-Methoxy-5-(3,4,5-trimethoxyphenyl)-7,8-dihydronaphthalen-1-yl 

trifluoromethanesulfonate (17, NHC_5_144).  To a solution of phenol 3 (46 mg, 0.13 mmol) in 

CH2Cl2 (20 mL) was added TEA (0.037 mL, 0.26 mmol) and triflic anhydride (0.034 mL, 0.20 

mmol) at 0 °C. The reaction mixture was stirred for 5 h while warming from 0 °C to room 

temperature. The solution was washed with water and extracted with CH2Cl2 (3 x 30 mL). The 

organic phase was dried over sodium sulfate and evaporated under reduced pressure. The crude 

product was purified by flash chromatography using a pre-packed 50 g silica column [solvent A: 

EtOAc; solvent B: hexanes; gradient: 7%A / 93%B (1 CV), 7%A / 93%B → 60%A / 40%B (10 

CV), 60%A / 80%B (2 CV); flow rate: 100 mL/min; monitored at 254 and 280 nm] to afford 

triflic compound 17 (64 mg, 0.20 mmol, 100%) as a brown solid. 1H NMR (600 MHz, CDCl3) δ 

7.01 (1H, d, J = 9 Hz), 6.75 (1H, d, J = 9 Hz), 6.53 (2H, s), 6.03 (1H, t, J = 4.2 Hz), 3.89 (3H, s), 

3.88 (3H, s), 3.85 (6H, s), 2.91 (2H, t, J = 7.8 Hz), 2.39 (2H, m). 13C NMR (150 MHz, CDCl3) δ 

152.3, 150.3, 139.0, 137.5, 136.5, 136.0, 131.2, 129.5, 125.9, 125.8, 109.7, 105.9, 61.1, 56.3, 

56.2, 22.5, 22.1. 19F NMR (564 MHz, CDCl3) δ -73.35.  

2-Methoxy-5-(3,4,5-trimethoxyphenyl)-7,8-dihydronaphthalen-1-amine (4, DM40511, 

KGP05).4 To toluene (20 mL) in a pressure vial was added triflate 17 (0.96 g, 2.0 mmol), 

Pd(OAc)2 (45 mg, 0.20 mmol), rac-BINAP (0.19 g, 0.30 mmol), benzophenone imine (0.51 mL) 

and Cs2CO3 (989 mg, 3.04 mmol). The solution was degassed (bubbling nitrogen) for 15 min. 

After heating at 110 °C for 36 h, the reaction mixture was cooled to room temperature and 

diluted with EtOAc and quenched with water. The organic layer was separated and dried over 
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anhydrous sodium sulfate. The solvent was removed under reduced pressure and the crude 

product was dissolved in THF (20 mL) and treated with 2 M HCl until pH 2-3 was achieved, 

followed by stirring for 1 h. A 1 M NaOH solution was added to the reaction to achieve basic 

pH. The solution was extracted with EtOAc (3 x 30 mL) and the combined organic layers were 

dried over sodium sulfate and evaporated under reduced pressure. The crude product was 

purified by flash chromatography using a pre-packed 100 g silica column [solvent A: EtOAc; 

solvent B: hexanes; gradient: 7%A / 93%B (1 CV), 7%A / 93%B → 60%A / 40%B (10 CV), 

60%A / 80%B (2 CV); flow rate: 100 mL/min; monitored at 254 and 280 nm] to afford amine 4 

(500 mg, 1.46 mmol, 72%) as a white crystal solid. 1H NMR (600 MHz, CDCl3) δ 6.60 (1H, d, J 

= 8.5 Hz), 6.56 (2H, s), 6.51 (1H, d, J = 8.5 Hz), 5.92 (1H, t, J = 4.5 Hz), 3.89 (3H, s), 3.86 (3H, 

s), 3.84 (6H, s), 2.67 (2H, t, J = 8 Hz), 2.42 (2H, m). 13C NMR (150 MHz, CDCl3) δ 152.8, 

147.1, 140.0, 137.2, 137.0, 132.7, 128.2, 124.0, 121.1, 116.6, 107.1, 106.1, 60.9, 56.1, 55.6, 23.0, 

21.6. HRMS: Obsvd 364.1522 [M + Na+], Calcd for C22H23NO4Na: 364.1519, HPLC: 19.07 min. 
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2-isopropoxy-3-methoxybenzaldehyde 
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5-(2-isopropoxy-3-methoxyphenyl)pentanoic acid 
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1-isopropoxy-2-methoxy-6,7,8,9-tetrahydro-5H-benzo[7]annulen-5-one 
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4-isopropoxy-3-methoxy-9-(3,4,5-trimethoxyphenyl)-6,7-dihydro-5H-benzo[7]annulene 
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3-methoxy-9-(3,4,5-trimethoxyphenyl)-6,7-dihydro-5H-benzo[7]annulen-4-ol 
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3-methoxy-9-(3,4,5-trimethoxyphenyl)-6,7-dihydro-5H-benzo[7]annulen-4-yl 
trifluoromethanesulfonate 
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3-methoxy-9-(3,4,5-trimethoxyphenyl)-6,7-dihydro-5H-benzo[7]annulen-4-amine 
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3-Methoxy-9-(3,4,5-trimethoxyphenyl)-6,7-dihydro-5H-benzo[7]annulen-4-amine (2) 
X-ray crystallographic data has been deposited with the Cambridge Crystallographic Data Centre.  Deposition 
number: CCDC 1868223. Copies of the data can be obtained, free of charge, on application to CCDC, 12 Union 
Road, Cambridge CB2 1EZ, UK, (fax: +44-(0)1223-336033 or e-mail: deposit@ccdc.cam.ac.Uk). 
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Table 1 

_____________________________________________________________________________________________ 

Identification code  KP84 

Empirical formula  C21 H25 N O4 

Formula weight  355.42 

Temperature  150(2) K 

Wavelength  0.71073 Å 

Crystal system  Monoclinic 

Space group  P21/c 

Unit cell dimensions a = 10.6830(3) Å α= 90°. 

 b = 19.4724(6) Å β= 113.1761(10)°. 

 c = 9.4948(3) Å γ = 90°. 

Volume 1815.75(10) Å3 

Z 4 

Density (calculated) 1.300 Mg/m3 

Absorption coefficient 0.090 mm-1 

F(000) 760 

Crystal size 0.532 x 0.209 x 0.139 mm3 

Theta range for data collection 2.323 to 28.346°. 

Index ranges -14<=h<=14, -25<=k<=25, -12<=l<=12 

Reflections collected 21293 

Independent reflections 4523 [R(int) = 0.0362] 

Completeness to theta = 25.242° 99.9 %  

Absorption correction Semi-empirical from equivalents 

Max. and min. transmission 0.915 and 0.883 

Refinement method Full-matrix least-squares on F2 

Data / restraints / parameters 4523 / 0 / 247 

Goodness-of-fit on F2 1.022 

Final R indices [I>2sigma(I)] R1 = 0.0438, wR2 = 0.1038 

R indices (all data) R1 = 0.0616, wR2 = 0.1134 

Extinction coefficient n/a 

Largest diff. peak and hole 0.297 and -0.215 e.Å-3 
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 Table 2 

_____________________________________________________________________________________________  

( x 104) and equivalent  isotropic displacement parameters (Å2x 103) 

for KP84.  U(eq) is defined as one third of  the trace of the orthogonalized Uij tensor. 

________________________________________________________________________________  

 x y z U(eq) 

________________________________________________________________________________   
O(1) 10011(1) 5280(1) 12206(1) 30(1) 

O(2) 4071(1) 7011(1) 1615(1) 25(1) 

O(3) 4411(1) 5660(1) 1233(1) 25(1) 

O(4) 6162(1) 4907(1) 3470(1) 28(1) 

N(1) 11554(1) 6150(1) 11520(1) 28(1) 

C(1) 10182(1) 6119(1) 10519(1) 21(1) 

C(2) 9341(1) 5659(1) 10896(1) 22(1) 

C(3) 7972(1) 5601(1) 9980(2) 24(1) 

C(4) 7408(1) 6012(1) 8686(2) 22(1) 

C(5) 8202(1) 6480(1) 8296(1) 19(1) 

C(6) 9612(1) 6531(1) 9212(1) 20(1) 

C(7) 10482(1) 7011(1) 8720(2) 23(1) 

C(8) 10275(1) 7776(1) 8969(2) 25(1) 

C(9) 8754(1) 7952(1) 8445(2) 24(1) 

C(10) 7877(1) 7597(1) 6977(2) 22(1) 

C(11) 7583(1) 6923(1) 6906(1) 19(1) 

C(12) 6692(1) 6589(1) 5440(1) 19(1) 

C(13) 5746(1) 6976(1) 4258(2) 21(1) 

C(14) 5012(1) 6673(1) 2848(1) 20(1) 

C(15) 5178(1) 5979(1) 2596(1) 20(1) 

C(16) 6080(1) 5588(1) 3794(1) 20(1) 

C(17) 6839(1) 5891(1) 5200(1) 20(1) 

C(18) 9216(2) 4802(1) 12634(2) 34(1) 

C(19) 3877(2) 7721(1) 1781(2) 35(1) 

C(20) 4581(2) 5918(1) -95(2) 28(1) 

C(21) 6863(2) 4469(1) 4739(2) 39(1) 

________________________________________________________________________________ 
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 Table 3 

_____________________________________________________________________________________________  

KP84. 

_____________________________________________________  

O(1)-C(2)  1.3792(16) 

O(1)-C(18)  1.4236(18) 

O(2)-C(14)  1.3737(15) 

O(2)-C(19)  1.4168(17) 

O(3)-C(15)  1.3772(15) 

O(3)-C(20)  1.4335(16) 

O(4)-C(16)  1.3719(16) 

O(4)-C(21)  1.4250(17) 

N(1)-C(1)  1.3996(17) 

C(1)-C(6)  1.4005(18) 

C(1)-C(2)  1.4109(19) 

C(2)-C(3)  1.3813(19) 

C(3)-C(4)  1.3888(19) 

C(4)-C(5)  1.3920(19) 

C(5)-C(6)  1.4160(18) 

C(5)-C(11)  1.4949(17) 

C(6)-C(7)  1.5145(18) 

C(7)-C(8)  1.5378(19) 

C(8)-C(9)  1.540(2) 

C(9)-C(10)  1.5065(17) 

C(10)-C(11)  1.3443(19) 

C(11)-C(12)  1.4914(17) 

C(12)-C(13)  1.3971(18) 

C(12)-C(17)  1.3973(18) 

C(13)-C(14)  1.3883(17) 

C(14)-C(15)  1.3960(18) 

C(15)-C(16)  1.3917(18) 

C(16)-C(17)  1.3917(17) 

 

C(2)-O(1)-C(18) 116.82(11) 

C(14)-O(2)-C(19) 117.55(10) 

C(15)-O(3)-C(20) 115.77(10) 
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C(16)-O(4)-C(21) 116.69(10) 

N(1)-C(1)-C(6) 123.38(12) 

N(1)-C(1)-C(2) 117.16(12) 

C(6)-C(1)-C(2) 119.43(12) 

O(1)-C(2)-C(3) 124.73(12) 

O(1)-C(2)-C(1) 114.35(11) 

C(3)-C(2)-C(1) 120.91(12) 

C(2)-C(3)-C(4) 119.57(13) 

C(3)-C(4)-C(5) 121.03(12) 

C(4)-C(5)-C(6) 119.65(12) 

C(4)-C(5)-C(11) 120.59(11) 

C(6)-C(5)-C(11) 119.75(11) 

C(1)-C(6)-C(5) 119.38(12) 

C(1)-C(6)-C(7) 121.43(12) 

C(5)-C(6)-C(7) 119.15(11) 

C(6)-C(7)-C(8) 113.99(11) 

C(7)-C(8)-C(9) 111.31(11) 

C(10)-C(9)-C(8) 112.92(11) 

C(11)-C(10)-C(9) 122.79(12) 

C(10)-C(11)-C(12) 121.53(12) 

C(10)-C(11)-C(5) 120.34(11) 

C(12)-C(11)-C(5) 118.07(11) 

C(13)-C(12)-C(17) 118.98(11) 

C(13)-C(12)-C(11) 120.63(12) 

C(17)-C(12)-C(11) 120.31(11) 

C(14)-C(13)-C(12) 120.12(12) 

O(2)-C(14)-C(13) 124.41(12) 

O(2)-C(14)-C(15) 114.64(11) 

C(13)-C(14)-C(15) 120.95(11) 

O(3)-C(15)-C(16) 119.08(11) 

O(3)-C(15)-C(14) 121.91(11) 

C(16)-C(15)-C(14) 118.87(11) 

O(4)-C(16)-C(15) 115.47(11) 

O(4)-C(16)-C(17) 124.07(11) 

C(15)-C(16)-C(17) 120.46(12) 

C(16)-C(17)-C(12) 120.55(12) 
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Table 4 

_____________________________________________________________________________________________  

(Å2x 103) for KP84.  The anisotropic displacement factor exponent takes the form:  -2π2[ h2 a*2U11 + ...  + 2 h k a* 

b* U12 ] 

______________________________________________________________________________  

 U11 U22  U33 U23 U13 U12 

______________________________________________________________________________  

O(1) 28(1)  34(1) 26(1)  11(1) 8(1)  0(1) 

O(2) 24(1)  19(1) 23(1)  1(1) -1(1)  2(1) 

O(3) 29(1)  23(1) 16(1)  -2(1) 4(1)  -8(1) 

O(4) 39(1)  17(1) 21(1)  -2(1) 3(1)  2(1) 

N(1) 20(1)  37(1) 25(1)  7(1) 5(1)  -1(1) 

C(1) 18(1)  24(1) 20(1)  -2(1) 7(1)  0(1) 

C(2) 25(1)  23(1) 18(1)  2(1) 7(1)  1(1) 

C(3) 24(1)  24(1) 24(1)  1(1) 10(1)  -4(1) 

C(4) 19(1)  26(1) 21(1)  -2(1) 6(1)  -2(1) 

C(5) 20(1)  20(1) 17(1)  -3(1) 7(1)  0(1) 

C(6) 20(1)  21(1) 18(1)  -2(1) 8(1)  -1(1) 

C(7) 20(1)  27(1) 21(1)  1(1) 8(1)  -2(1) 

C(8) 25(1)  26(1) 22(1)  -2(1) 7(1)  -7(1) 

C(9) 27(1)  21(1) 22(1)  -4(1) 7(1)  -2(1) 

C(10) 22(1)  22(1) 20(1)  -1(1) 6(1)  1(1) 

C(11) 18(1)  22(1) 18(1)  -2(1) 6(1)  1(1) 

C(12) 18(1)  21(1) 18(1)  -1(1) 7(1)  -2(1) 

C(13) 21(1)  17(1) 23(1)  -2(1) 7(1)  0(1) 

C(14) 16(1)  20(1) 20(1)  2(1) 4(1)  -1(1) 

C(15) 19(1)  22(1) 17(1)  -2(1) 6(1)  -4(1) 

C(16) 22(1)  17(1) 21(1)  0(1) 9(1)  -1(1) 

C(17) 21(1)  20(1) 17(1)  1(1) 6(1)  1(1) 

C(18) 37(1)  34(1) 34(1)  12(1) 16(1)  1(1) 

C(19) 31(1)  19(1) 39(1)  1(1) -3(1)  3(1) 

C(20) 36(1)  30(1) 20(1)  -1(1) 10(1)  0(1) 

C(21) 51(1)  19(1) 31(1)  3(1) 0(1)  2(1) 

______________________________________________________________________________ 
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 Table 5 

_____________________________________________________________________________________________  

[Å and °]. 

____________________________________________________________________________  

D-H...A d(D-H) d(H...A) d(D...A) <(DHA) 

____________________________________________________________________________  

 N(1)-H(1)...O(2)#1 0.88(2) 2.37(2) 3.1393(17) 147.0(16) 

____________________________________________________________________________  

Symmetry transformations used to generate equivalent atoms:  

#1 x+1,y,z+1       

   



S39	
  
	
  

4-(2-isopropoxy-3-methoxyphenyl)butan-1-ol 
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4-(2-isopropoxy-3-methoxyphenyl)butanoic acid 
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5-isopropoxy-6-methoxy-3,4-dihydronaphthalen-1(2H)-one 
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8-isopropoxy-7-methoxy-4-(3,4,5-trimethoxyphenyl)-1,2-dihydronaphthalene 
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2-methoxy-5-(3,4,5-trimethoxyphenyl)-7,8-dihydronaphthalen-1-ol 
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2-methoxy-5-(3,4,5-trimethoxyphenyl)-7,8-dihydronaphthalen-1-yl 
trifluoromethanesulfonate 
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2-methoxy-5-(3,4,5-trimethoxyphenyl)-7,8-dihydronaphthalen-1-amine 
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Scale-up Experimental Section: 

2-Isopropoxy-3-methoxybenzaldehyde (6, DM 08/24/2016 P77). A homogeneous mixture of 

2-hydroxy-3-methoxybenzaldehyde (14.7 g, 96.6 mmol) and K2CO3 (20.0 g, 145 mmol) in DMF 

(193 mL) was stirred at room temperature for 30 min. 2-Iodopropane (19.3 mL, 193 mmol) was 

added and the reaction mixture was stirred at 50 °C for 20 h, subsequently returned to room 

temperature, and diluted with EtOAc and water. The organic layer was separated, and the 

aqueous layer was washed two more times with EtOAc. The combined organic layer was washed 

twice with brine and dried over anhydrous sodium sulfate. Purification by flash chromatography 

(Biotage Isolera, silica gel column using 0-5% EtOAc-hexane) afforded aldehyde 6 (17.7 g, 91.1 

mmol, 95%) as an oily liquid. 

 

5-(2-Isopropoxy-3-methoxyphenyl)pentanoic acid (7,  DM21541, 06/16/2016). To an ice-cold 

solution of potassium tert-butoxide (12.13 g, 108.1 mmol) in DMF (154.0 mL), 3-

carboxypropyltriphenylphosphonium bromide (19.89 g, 46.34 mmol) was added and the reaction 

mixture was stirred for 10 min. A DMF (10.0 mL) solution of aldehyde 6 (6.00 g, 30.9 mmol) 

was added to the generated ylide, and the reaction mixture was stirred at room temperature for 20 

h, followed by the addition of deionized (DI) water to obtain a clear solution. DMF and water 

were removed under reduced pressure and the crude residue was taken up in EtOAc and water to 

which the aqueous layer was acidified (pH ~ 1-2) with HCl (2 M). The organic layer was 

separated, and the aqueous layer was washed twice with EtOAc. The combined organic layer 

was dried over sodium sulfate, filtered [round bottom flask (250.0 mL)], and concentrated under 

reduced pressure to obtain the crude intermediate alkene (both E and Z) as an oil.  The mixture of 

alkene geometrical isomers was dissolved in CH3OH (61.6 mL) followed by the slow and careful 

addition of Pd-C (10 wt%, 1.643 g, 1.544 mmol) under nitrogen to avoid the risk of fire. The 



S63	
  
	
  

resultant heterogeneous mixture was stirred under a hydrogen atmosphere (balloon filled with 

hydrogen) at room temperature for 24 h. Pd/C was filtered by passage through a Celite® bed. The 

filtrate was collected and the solvent was removed under reduced pressure to obtain an oily 

liquid. Purification by flash chromatography (Biotage Isolera, silica gel column 0-25% EtOAc-

hexane) afforded carboxylic acid 7 (7.80 g, 29.3 mmol, 95%) as an oily liquid. 

 

1-Isopropoxy-2-methoxy-6,7,8,9-tetrahydro-5H-benzo[7]annulen-5-one (8, DM 02/14/2017 

P26).  To a solution of carboxylic acid 7 (8.17 g, 30.7 mmol) and oxalyl chloride (5.20 mL, 61.4 

mmol) in CH2Cl2 (30.0 mL), DMF (236 µL, 0.307 mmol) was added dropwise. The reaction 

mixture was stirred for 2 h at room temperature. Excess oxalyl chloride was removed under 

reduced pressure (rotary evaporation) and trace amounts of remaining oxalyl chloride were 

removed by repeated evaporation with toluene. The crude acyl chloride solution in CH2Cl2 (306 

mL) was cooled (ice bath) and SnCl4 (1 M in CH2Cl2, 36.8 mL, 36.8 mmol). The reaction 

mixture was stirred for 30 min at -10 oC, and subsequently quenched with DI water, followed by 

the addition of HCl (1 M) to dissolve the white emulsion. The organic layer was separated, and 

the aqueous layer was washed twice with dichloromethane. The combined organic layer was 

dried over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure to 

generate a crude oily liquid. Purification by flash chromatography (Biotage Isolera, silica gel 

column using 0-10% EtOAc-hexane) afforded ketone 8 (5.10 g, 20.5 mmol, 67%) as an oily 

liquid.  

 

4-Isopropoxy-3-methoxy-9-(3,4,5-trimethoxyphenyl)-6,7-dihydro-5H-benzo[7]annulene (9, 

DM 08/17/2016 P72). A solution of 1, 2, 3-trimethoxy-5-bromobenzen (10.5 g, 42.7 mmol) in 
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THF (213 mL) was cooled to -78 °C, followed by the addition of n-BuLi (2.5 M in hexane, 17.1 

mL, 42.7 mmol). The reaction mixture was stirred for 30 min. A solution of ketone 8 (5.30 g, 

21.3 mmol) in THF (10 mL) was added (via cannula) to the generated organometallic reagent. 

The reaction mixture was stirred at -78 °C for 5 h and subsequently stirred at room temperature 

for an additional 15 h. The reaction mixture was diluted with EtOAc, quenched with water, and 

the aqueous solution was adjusted to slightly acidic (pH ~ 3-4) with HCl (2 M). The organic 

layer was separated, and the aqueous layer was further washed twice with EtOAc. The combined 

organic layer was dried over anhydrous sodium sulfate, filtered, and concentrated under reduced 

pressure to yield a crude oily liquid. Purification by flash chromatography (Biotage Isolera, silica 

gel column using 0-10% EtOAc-hexane) afforded compound 9 (7.17 g, 18.0 mmol, 84%) as a 

white solid.  

 

3-Methoxy-9-(3,4,5-trimethoxyphenyl)-6,7-dihydro-5H-benzo[7]annulen-4-ol (1, DM 

08/22/2016 P74, KGP18). To an ice-cold solution of compound 9 (7.15 g, 17.9 mmol) in CH2Cl2 

(89.5 mL), was added (slowly) boron trichloride (1 M in CH2Cl2, 19.7 mL, 19.7 mmol). After 

stirring for 4 h at 0 oC, the reaction mixture was quenched with DI water and further acidified (2 

M HCl) to obtain clear phases. The organic layer was separated, and the aqueous layer was 

further washed twice with dichloromethane. The combined organic layer was dried over 

anhydrous sodium sulfate, filtered, and concentrated under reduced pressure to obtain a crude 

white solid. Purification by flash chromatography (Biotage Isolera, silica gel column using 0-

15% EtOAc-hexane) afforded phenol 1 (5.50 g, 15.4 mmol, 86%) as a white solid. 

 

3-Methoxy-9-(3,4,5-trimethoxyphenyl)-6,7-dihydro-5H-benzo[7]annulen-4-yl 
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trifluoromethanesulfonate (10, DM 08/25/2016 P78). To an ice-cold solution of phenol 1 (2.4 

g, 6.7 mmol) and DMAP (82 mg, 0.67 mmol) in CH2Cl2 (67.3 mL), was added triethylamine 

(TEA) (1.0 mL, 7.4 mmol) and the reaction mixture was stirred for 15 min. Triflic anhydride (2.2 

mL, 13 mmol) was added slowly and the reaction mixture was stirred at room temperature for 18 

h, and subsequently quenched with water. The organic layer was separated, and the aqueous 

layer was washed twice with CH2Cl2. The combined organic layer was dried over anhydrous 

sodium sulfate, filtered, and concentrated under reduced pressure to obtain a crude white solid. 

Purification by flash chromatography (Biotage Isolera, silica gel column using 0-10% EtOAc-

hexane) afforded triflate 10 (2.54 g, 5.20 mmol, 77%) as a white solid.  

 

3-Methoxy-9-(3,4,5-trimethoxyphenyl)-6,7-dihydro-5H-benzo[7]annulen-4-amine (2, DM 

08/29/2016 P79, KGP156). A solution of triflate 10 (1.74 g, 3.56 mmol), Pd(OAc)2 (80 mg, 0.36 

mmol), BINAP (332 mg, 0.534 mmol), benzophenone imine (896 μL, 5.34 mmol), and  

Cs2CO3 (1.74 g, 5.34 mmol) in toluene (14 mL) was degassed by bubbling nitrogen through the 

solution for 15 min in a sealed tube with a needle outlet. The reaction mixture was heated at 110 

°C for 36 h, and subsequently returned to room temperature, diluted with EtOAc, and quenched 

with water. The organic layer was separated, and the aqueous layer was washed further twice 

with EtOAc. .The solution was collected in a round bottom flask and solvent was evaporated to 

yield crude intermediate imine compound. The crude imine was dissolved in THF (35.0 mL) and 

treated with aqueous 2 M HCl to maintain pH ~ 1-2 and stirred at room temperature for 3 h. The 

solvent (THF) was removed under reduced pressure, and EtOAc and NaHCO3 (saturated 

aqueous solution to neutralize the acid) were added to the residue. The organic layer was 

separated, and the aqueous layer was washed twice with EtOAc. The combined organic layer 
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was dried over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure to 

yield a crude solid. Purification by flash chromatography (Biotage Isolera, silica gel column 

using 5-20% EtOAc-hexane) afforded amine 2 (1.00 g, 2.81 mmol, 79% as a slightly greenish-

white crystalline solid.  

 

(3-Hydroxypropyl)triphenylphosphonium bromide (12, DM 05/17/2017 P66). A solution of 

3-bromo-1-propanol (14.0 mL, 155 mmol) and triphenylphosphine (20.3 g, 77.4 mmol) in 

toluene (77.4 mL) was heated at reflux for 24 h. Toluene was removed under vacuum. To the 

solid residue, diethyl ether was added and resultant solution was sonicated to dissolve trace 

amounts of triphenylphosphine. The diethyl ether layer was decanted. This step was repeated 

twice and the white solid was dried under vacuum to afford highly pure bromide 12 (28.1 g, 70.0 

mmol, 90%) as a white solid.  

 

4-(2-Isopropoxy-3-methoxyphenyl)butan-1-ol (13, DM 02/06/2017 P22). To an ice-cold 

suspension of Wittig salt 12 (13.1 g, 32.7 mmol) in THF (374 mL) was slowly added n-BuLi (2.5 

M in hexane, 26.1 mL, 65.4 mmol). The reaction mixture was stirred for 15 min at which point 

the suspension dissolved to reveal a bright orange colored solution. To this solution was added 

TMSCl (4.10 mL, 32.7 mmol) and the resultant reaction mixture was stirred for an additional 30 

min. Subsequently, a solution of aldehyde 6 [4.23 g, 21.8 mmol in THF (10.0 mL)] was added to 

the generated ylide. The reaction mixture was stirred at 0 °C for 1 h and subsequently at room 

temperature for 1 h. The solvent (THF) was removed under reduced pressure to afford a 

concentrated crude reaction mixture, which was diluted with EtOAc and quenched with HCl (2 

M to maintain pH 1-2). The biphasic solution was stirred for 15 min to obtain a clear solution. 
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The organic layer was then separated and the aqueous layer was washed twice with EtOAc. The 

combined organic layer was dried over sodium sulfate, filtered, and concentrated under reduced 

pressure. The resultant crude product was dissolved in CH3OH (43.4 mL), and stirred under a 

hydrogen atmosphere (via balloon) in the presence of Pd/C [10 wt% (2.32 g, 2.20 mmol)] at 

room temperature for 24 h. The Pd/C was removed by Celite® filtration. The solvent (CH3OH) 

was removed under reduced pressure to afford the crude intermediate, which was subsequently    

dissolved in THF (43.4 mL) and treated with TBAF (1 M in THF, 32.7 mL, 32.7 mmol). The 

reaction mixture was stirred for 1 h, and subsequently quenched with aqueous 2 M HCl (12 mL). 

The solvent (THF) was removed under reduced pressure, and the crude product was diluted with 

EtOAc and water was added. The biphasic solution was stirred for 15 min. The organic layer was 

separated, and the aqueous layer was washed twice with EtOAc. The combined organic layer 

was dried over anhydrous sodium sulfate, filtered, and concentrated under reduced pressure to 

afford the product as a crude liquid. Purification by flash chromatography (Biotage Isolera, silica 

gel column using 5-30% EtOAc-hexane) afforded alcohol 13 (4.78 g, 20.1 mmol, 92%) as an 

oily liquid.  

 

4-(2-Isopropoxy-3-methoxyphenyl)butanoic acid (14, NHC_5_138). To a solution of alcohol 

13 (2.47 g, 10.4 mmol) dissolved in water/acetonitrile (150 mL/300 mL) was added Oxone® 

(9.55 g, 15.5 mmol) and 2-Iodoxybenzoic acid (IBX) (0.87 g, 3.1 mmol). The reaction mixture 

was stirred at 70 °C for 20 h, and the solvent was removed under reduced pressure. The residue 

was washed with 2 M HCl (100 mL) and extracted with EtOAc (3 x 50 mL). The combined 

organic phase was dried over sodium sulfate and evaporated under reduced pressure. The crude 

product was purified by flash chromatography using a pre-packed 100 g silica column [solvent 
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A: EtOAc; solvent B: hexanes; gradient: 12%A / 88%B (1 CV), 12%A / 88%B → 50%A / 50%B 

(10 CV), 50%A / 50%B (2 CV); flow rate: 100 mL/min; monitored at 254 and 280 nm] to afford 

carboxylic acid 14 (1.85 g, 7.38 mmol, 71%) as a brown oil. 

 

5-Isopropoxy-6-methoxy-3,4-dihydronaphthalen-1(2H)-one (15, DM 03/10/2017 P45). To a 

solution of carboxylic acid 14 (2.85 g, 11.3 mmol) and oxalyl chloride (1.9 mL, 23 mmol) in 

CH2Cl2 (22.4 mL), DMF (87 µL, 1.1 mmol) was added dropwise. The reaction mixture was 

stirred for 2 h. Excess oxalyl chloride (and solvent CH2Cl2) was removed under vacuum. 

Remaining trace amounts of oxalyl chloride was removed by repeated evaporation with toluene. 

The resulting acyl chloride was dissolved in CH2Cl2 (112 mL), cooled to 0 oC, and SnCl4 (1 M in 

CH2Cl2, 13.5 mL, 13.5 mmol) was added. After stirring for 30 min, the reaction was quenched 

with DI water, and HCl aqueous 2 M) was added to dissolve the white emulsion. The organic 

layer was separated, and the aqueous layer was washed twice with CH2Cl2. The combined 

organic layer was dried over anhydrous sodium sulfate, filtered, and concentrated under reduced 

pressure to obtain a crude liquid. Purification by flash chromatography (Biotage Isolera, silica 

gel column using 5-10% EtOAc-hexane) afforded ketone 15 (2.25 g, 9.6 mmol, 84%). 

 

8-Isopropoxy-7-methoxy-4-(3,4,5-trimethoxyphenyl)-1,2-dihydronaphthalene (16, DM 

03/14/2017 P47).  A solution of 1, 2, 3-trimethoxy-5-bromobenzene (6.54 g, 26.5 mmol) in THF 

(101 mL) was cooled to -78 °C followed by the slow addition of n-BuLi (2.5 M in hexane, 10.6 

mL, 26.5 mmol). After stirring for 30 min, a solution of ketone 15 (3.10 g, 13.2 mmol) in THF 

(5.0 mL) was added (via cannula) to the generated organolithium reagent. The reaction mixture 

was stirred at cold for 5 h and stirred at room temperature for 15 h. The reaction mixture was 
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diluted with EtOAc, quenched with DI water, and the aqueous solution was acidified (pH ~ 1-2) 

with HCl aqueous 2 M) and stirred for 1 h. The organic layer was separated, and the aqueous 

layer was washed twice with EtOAc. The combined organic layer was dried over anhydrous 

sodium sulfate, filtered, and concentrated under reduced pressure to obtain a crude liquid. 

Purification by flash chromatography (Biotage Isolera, silica gel column using 2-15% EtOAc-

hexane) afforded compound 16 (3.30 g, 8.58 mmol, 65%) as a viscous liquid.  

 

2-Methoxy-5-(3,4,5-trimethoxyphenyl)-7,8-dihydronaphthalen-1-ol (3, DM 03/17/2017 P48, 

Oxi6196). A solution of compound 16 (3.10 g, 8.06 mmol) in CH2Cl2 (80 mL) was cooled (ice-

bath) and BCl3 (1 M in CH2Cl2, 8.87 mL, 8.87 mmol) was added slowly over a 30 min period. 

The reaction mixture was stirred for 3 h at 0 °C and for an additional 3 h at room temperature. 

The reaction was quenched with DI water and further acidified with aqueous 2 M HCl (pH ~ 1-

2). The organic layer was separated, and the aqueous layer was washed twice with CH2Cl2. 

Purification by flash chromatography (Biotage Isolera, silica gel column using 5-15% EtOAc-

hexnae) afforded phenol 3 (2.30 g, 6.72 mmol, 83%) as a white solid.  

 

2-Methoxy-5-(3,4,5-trimethoxyphenyl)-7,8-dihydronaphthalen-1-yl 

trifluoromethanesulfonate (17, DM 03/23/2017 P50). To a solution of phenol 3 (1.00 g, 2.92 

mmol) in CH2Cl2 (29 mL), trimethylamine (615 µL, 4.38 mmol) was added and resultant 

reaction mixture was stirred for 15 min at room temperature, followed by the addition of triflic 

anhydride (736 µL, 4.38 mmol). After stirring at room temperature for 6 h, the reaction was 

quenched with DI water and neutralized by a saturated NaHCO3 solution. The organic layer was 

separated and aqueous layer was washed twice with CH2Cl2. The combined organic layer was 
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dried over sodium sulfate, filtered, and concentrated under reduced pressure. Purification by 

flash chromatography (Biotage Isolera, silica gel column using 5-10% EtOAc-hexane) afforded 

triflic compound 17 (1.15 g, 2.42 mmol, 83%) as a white solid. 

 

2-Methoxy-5-(3,4,5-trimethoxyphenyl)-7,8-dihydronaphthalen-1-amine (4, DM 03/29/2017 

KGP05). To toluene (20 mL) in a pressure vial (sealed tube) was added triflate 17 (0.96 g, 2.0 

mmol), Pd(OAc)2 (45 mg, 0.20 mmol), rac-BINAP (0.19 g, 0.30 mmol), benzophenone imine 

(0.51 mL), and Cs2CO3 (989 mg, 3.04 mmol). The solution was degassed (bubbling nitrogen) for 

15 min. After heating at 110 °C for 36 h, the reaction mixture was cooled to room temperature, 

diluted with EtOAc, and quenched with DI water. The organic layer was separated, and the 

aqueous layer was washed further twice with EtOAc. The combined organic layer was dried over 

anhydrous sodium sulfate, filtered, and concentrated under reduced pressure. The crude product 

was dissolved in THF (20 mL) and treated with aqueous 2 M HCl until pH 2-3 was achieved, 

followed by stirring for 6 h. The solvent (THF) was removed under reduced pressure, and to the 

residue, EtOAc and a saturated aqueous NaHCO3 solution was added to neutralize the acid. The 

organic layer was separated, and the aqueous layer was washed twice with EtOAc. The 

combined organic layer was dried over anhydrous sodium sulfate, filtered, and concentrated 

under reduced pressure. Purification by flash chromatography (Biotage Isolera, silica gel column 

using 5-20% EtOAc-hexane) afforded amine 4 (500 mg, 1.46 mmol, 72%) as a white crystalline 

solid.   
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