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General methods 
 
All starting materials were purchased from Aldrich Chemical Company, Alfa-Aesar, or TCI America 
Co. and used without further purification. Dichloromethane was distilled from CaH2 before use. 
Tetrahydrofuran was distilled from Na and benzophenone before use. Other reagent grade solvents were 
used as received. 1H and 13C NMR spectra were recorded on a Varian Inova 300 (75) MHz or 500 (125) 
MHz instrument. Qualitative transient 1H NOESY-1D spectroscopic experiments were performed on a 
Varian Inova 500 MHz instrument. Chemical shifts are reported in parts per million (ppm), referenced to 
the appropriate residual solvent peak. Melting points were determined on a Laboratory Devices Meltemp 
II. FT-IR spectroscopy was performed on a Nicolet Magna IR 550 spectrometer as either liquid films on 
NaCl plates or as KBr pellets. Low resolution APCI mass spectrometry was performed on an Agilent 
1100 Series LC-MS using a positive scan with low fragmentation to determine the molecular ion. X-ray 
crystal structures were performed on a Bruker Smart Apex 2540. Analytical TLC was performed on 
Kieselgel 60 F254 aluminum sheets. Spots were observed by exposure to 254 nm UV light or 
phosphomolybdic acid dip (PMA). Column chromatography was performed on silica gel 40-64 mesh 
(Silicycle) using technical grade solvents. Preparative TLC was performed on 20 × 20 cm 500 µ silica 
gel plates (Techware) with UV 254 nm visualization. 
 
Synthetic Procedures 
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Dimethyl 2-bromoisophthalate (6). Commercially purchased (TCI) 2-bromo-m-xylene (9.4 g, 50 
mmol) was added to a 100 mL mixture of 1:1 t-BuOH:H2O. KMnO4 (34.0 g, 213 mmol) and 34 g of 
Celite was then added and the mixture was refluxed for 16 hrs. After cooling to rt, the reaction mixture 
was filtered over Celite and concentrated to 1/3 volume under reduced pressure. Concentrated HCl was 
then carefully added until the product precipitated as a white solid. The solids were filtered and dried 
overnight in a vacuum dessicator yielding 8.0 g of crude product. This was not purified further and was 
carried on directly to the next step. 1H NMR (300 MHz, d6-DMSO): δ 7.68 (d, J = 7.5 Hz, 2H); 7.51 (t, 
J = 8.1 Hz, 1H). 13C NMR (75 MHz, d6-DMSO): δ 168.0, 136.9, 130.9, 128.0, 116.4. The crude product 
was added to 60 mL of methanol. 2 mL of concentrated H2SO4 was then carefully added and the 
reaction mixture was refluxed for 16 hours. After cooling to rt, the reaction was diluted with 50 mL of 
H2O and extracted with 3 × 50 mL of Et2O. The organic extracts were washed with 50 mL sat. of 
NaHCO3 and 50 mL of brine. The organics were dried with MgSO4, filtered, and the solvents were 
evaporated under reduced pressure to afford a crude oily product. Purification was achieved by vacuum 
distillation to afford 6.5 g of a clear colorless oil (48%, two steps). 1H NMR (300 MHz, CDCl3): δ 7.71 
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(d, J = 7.8 Hz, 2H), 7.41 (t, J = 7.5 Hz, 1H), 3.95 (s, 6H). 13C NMR (75 MHz, CDCl3): δ 167.0, 135.5, 
132.5, 127.3, 119.3, 52.9. IR (liquid film) νmax: 2953, 1736, 1284 cm-1.  
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3'-Formyl-4'-methoxymethyl-biphenyl-2,6-dicarboxylic acid dimethyl ester (8). Aryl halide 6 (1.3 g, 
4.8 mmol) was added to commercially purchased (Aldrich) 3-formyl-4-methoxyphenylboronic acid (860 
mg, 4.8 mmol), Na2CO3 (451 mg, 4.8 mmol), tetrabutylammonium bromide (386 mg, 1.2 mmol), and 
Pd(OAc)2 (10 mg, 0.4 mol %) in 20 mL of distilled H2O. The flask was affixed with a reflux condenser 
was then placed into a 150 ºC oil bath and refluxed for 30 minutes. The cooled mixture was extracted 
with 4 × 25 mL of EtOAc. The organics were combined and washed with 25 mL of 5% NaOH, 25 mL 
of 5% HCl,  25 mL of brine, dried with Na2SO4, and the solvents were removed under reduced pressure. 
The product was isolated (1.4 g, 88%) by recrystallizing in 95% EtOH to afford white crystals. mp = 
108-111 °C. Rf (1:1 EtOAc:hexane) 0.42. 1H NMR (300 MHz, CDCl3): δ 10.47 (s, 1H), 7.95 (d, J = 7.8 
Hz, 2H), 7.51-7.41 (m, 3H), 7.01 (d, J = 9.0 Hz, 1H), 3.96 (s, 3H), 3.62 (s, 6H). 13C NMR (75 MHz, 
CDCl3): δ 189.7, 167.7, 161.2, 140.8, 136.3, 132.9, 132.5, 131.6, 128.4, 127.7, 124.0, 110.9, 55.8, 52.4. 
IR (KBr) νmax: 2953, 1734, 1671, 1284, 1247 cm-1.  
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3'-(1-Hydroxy-pent-4-enyl)-4'-methoxy-biphenyl-2,6-dicarboxylic acid dimethyl ester (9). Mg 
turnings (1.80 g, 72.8 mmol) were added to an oven dried flask and was flushed with a N2 stream for 30 
minutes. Anhydrous THF (75 mL) was then added, followed by a dropwise addition of 4-bromo-1-
butene (2.50 mL, 26.4 mmol) over a 30 min period. The mixture was then stirred at rt for 2 hrs. Biaryl 
aldehyde 8 (1.80 g, 72.8 mmol) was dissolved in 50 mL of anhydrous THF in a separate oven dried flask 
and purged with a N2 stream for 30 min. The mixture was cooled in an ice bath and the Grignard reagent 
was added dropwise to 8 over 45 min. The reaction was stirred in an ice bath for 3 hrs after which 50 
mL of sat. NH4Cl was added dropwise. The layers were separated and the aqueous layer was extracted 
with 3 × 50 mL of Et2O. The combined organics were dried with Na2SO4, filtered, and the solvents were 
removed under reduced pressure to yield a yellow oil. The crude product was purified by column 
chromatography (9:1 CH2Cl2:EtOAc → 3:1 CH2Cl2:EtOAc) to yield 2.6 g (82%) of a clear oil. Rf (9:1 
CH2Cl2:EtOAc) 0.51. 1H NMR (300 MHz, CDCl3): δ 7.85 (d, J = 8.1 Hz, 2H), 7.45 (t, J = 7.5 Hz, 1H), 
7.14-7.09 (m, 2H), 6.88 (d, J = 8.4 Hz), 5.90-5.79 (m, 1H), 5.07-4.87 (m, 3H), 3.89 (s, 3H), 3.60 (s, 6H), 
2.21-2.10 (m, 2H), 1.92-1.84 (m, 2H). 13C NMR (75 MHz, CDCl3): δ 168.5, 156.0, 141.2, 138.7, 133.4, 
131.7, 131.3, 128.3, 127.5, 127.2, 114.8, 109.8, 70.4, 55.4, 52.3, 36.5, 30.3. IR (liquid film) νmax: 3516, 
3074, 2950, 1732, 1283, 1248 cm-1.  
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4'-Methoxy-3'-pent-4-enyl-biphenyl-2,6-dicarboxylic acid dimethyl ester (10). Biaryl alcohol 9 (2.4 
g, 6.3 mmol) was dissolved in 50 mL of anhydrous CH2Cl2 in an oven dried flask, then purged under a 
N2 stream for 30 minutes. The solution was cooled in an ice bath and trifluoroacetic acid (3.00 mL, 37.7 
mmol) was added followed by triethylsilane (2.50 mL, 15.7 mmol). The reaction was stirred in a ice 
bath for 1.5 hrs after which it was diluted with 25 mL of toluene and the solvent removed under reduced 
pressure. The resulting yellow oil was taken up in 50 mL of Et2O and washed with 25 mL of sat. 
NaHCO3 and 25 mL of brine. The organics were dried with MgSO4, filtered, and the solvent was 
removed under reduced pressure yielding a clear oil. The crude product was purified by column 
chromatography (3:1 CH2Cl2:hexane → CH2Cl2) to yield 2.04 g (88%)of a clear oil. Rf (1:1 
hexane:EtOAc) 0.60. 1H NMR (300 MHz, CDCl3): δ 7.82 (d, J = 7.8 Hz, 2H), 7.45 (t, J = 7.5 Hz, 1H), 
7.03 (d, J = 8.4 Hz, 1H), 6.98 (s, 1H), 6.84 (d, J = 8.1 Hz, 1H), 5.90-5.81 (m, 1H), 5.07-4.94 (m, 2H), 
3.86 (s, 3H), 3.60 (s, 6H), 2.64 (t, J = 7.5 Hz, 2H), 2.10 (dt, J = 6.9 Hz, 7.8 Hz, 2H), 1.68 (quin, J = 7.8 
Hz, 2H). 13C NMR (75 MHz, CDCl3): δ 168.8, 157.0, 141.3, 139.0, 133.6, 131.5, 130.8, 130.1, 127.0, 
114.6, 109.5, 55.3, 52.3, 33.6, 29.7, 29.2. IR (liquid film) νmax: 2998, 2949, 1733, 1285, 1244 cm-1.  
 
 

CO2Me

CO2Me

OMe

HO2C

11
 

3'-(3-Carboxy-propyl)-4'-methoxy-biphenyl-2,6-dicarboxylic acid dimethyl ester (11). Biaryl alkene 
10 (2.0 g, 5.5 mmol) was dissolved in 30 mL of DMF. A 0.1 M solution of OsO4 in t-BuOH (550 µL, 
0.55 mmol) was added and the solution was stirred 5 min. The solution was cooled in an ice bath and 
Oxone (13.5 g, 22.0 mmol) was added in six equal portions over 1 hr. The reaction was stirred for 3 hrs 
in an ice bath. 12 g of Na2SO3 was then added over the course of 30 min and the reaction was stirred for 
1 hr. 50 mL of 5% HCl was then added and the reaction mixture was extracted with 3 × 50 mL of Et2O. 
The organics were combined and washed with 2 × 50 mL of brine, dried over MgSO4, and the solvents 
removed under reduced pressure. Purification by column chromatography (1:1 EtOAc:hexane) yielded 
1.4 g (67%) of a white solid. Rf (1:1 hexane:EtOAc) 0.43. mp = 101-103 °C. 1H NMR (300 MHz, 
CDCl3): δ 7.84 (d, J = 7.5 Hz, 2H), 7.45 (t, J = 7.8 Hz, 1H), 7.04 (dd, J = 8.4 Hz, 2.1 Hz, 1H), 6.96 (d, J 
= 2.1 Hz, 1H), 6.84 (d, J = 8.1 Hz, 1H), 3.85 (s, 3H), 3.61 (s, 6H), 2.69 (t, J = 7.2 Hz, 2H), 2.36 (t, J = 
7.5 Hz, 2H), 1.94 (quin, 7.2 Hz, 2H). 13C NMR (75 MHz, CDCl3): δ 179.6, 168.8, 157.0, 141.3, 133.6, 
131.7, 130.9, 130.4, 128.9, 127.4, 127.1, 109.6, 55.3, 52.4, 33.4, 29.5, 24.8. IR (KBr) νmax: 3224, 2947, 
1733, 1708, 1286, 1244 cm-1.  
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2-(4-Methoxy-8-oxo-5,6,7,8-tetrahydro-naphthalen-1-yl)-isophthalic acid dimethyl ester (12). 
Biaryl acid 11 (870 mg, 2.25 mmol) was dissolved in 20 mL of anhydrous CH2Cl2 in an oven dried 
flask. The solution was then purged under a N2 stream for 30 minutes and placed in an ice bath. Oxalyl 
chloride (300 µL, 3.38 mmol) and 1 drop of anhydrous DMF were added and the flask was stirred while 
warming to rt for 1.5 hr. The solvent and excess oxalyl chloride were then evaporated under reduce 
pressure to afford a yellow oil. The crude acid chloride was dissolved in 20 mL of anhydrous CH2Cl2 
and AlCl3 (300 mg, 2.25 mmol) was added at rt and the solution was stirred for 4 hrs under a N2 
atmosphere. 20 mL of 5% HCl was added dropwise to the reaction mixture and the layers were 
separated. The aqueous layer was extracted with 3 × 25 mL of Et2O and the organics were dried with 
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MgSO4, filtered, and the solvents evaporated under reduced pressure to yield a reddish-brown oil. 
Purification by column chromatography (1:2 EtOAc:hexane) yielded a 373 mg (45%) of a white solid. 
Rf (1:1 hexane:EtOAc) = 0.58. mp = 121-124 °C. 1H NMR (300 MHz, CDCl3): δ 8.05 (d, J = 7.5 Hz, 
2H), 7.44 (t, J = 7.5 Hz, 1H), 6.96 (d, J = 8.1 Hz, 1H), 6.80 (d, J = 8.4 Hz, 1H), 3.88 (s, 3H), 3.58 (s, 
6H), 2.98 (t, J = 6.0 Hz, 2H), 2.54 (t, J = 6.0 Hz, 2H), 2.11 (quin, J = 6.3 Hz, 2H). 13C NMR (75 MHz, 
CDCl3): δ 198.9, 167.4, 156.1, 133.4, 133.2, 132.7, 130.9, 127.3, 126.3, 112.7, 55.6, 52.1, 39.6, 23.6, 
22.6. IR (KBr) νmax: 2951, 1740, 1682, 1281, 1245 cm-1.  
 
 

CO2H

OMe

OO

1  
3-Methoxy-8-oxo-4,5,6,6a-tetrahydro-8H-7-oxa-benzo[4,5]cyclohepta[1,2,3-de]naphthalene-12-
carboxylic acid ((S)-1/(R)-1). Biaryl tetralone 12 (420 mg, 1.14 mmol) was added to a 20 mL mixture 
of 3:1 MeOH:H2O. LiOH (817 mg, 34 mmol) was added and the reaction was stirred for 8 hrs at rt. 5% 
HCl was then added until the pH = 4 and the aqueous was extracted with 3 × 25 mL of EtOAc. The 
combined organics were washed with 25 mL sat. NaHCO3, dried over MgSO4, filtered and the solvents 
evaporated under reduced pressure. The crude product was obtained as a white powder and carried on 
directly to the next step with no further purification. 1H NMR (300 MHz, d6-acetone): 8.04 (d, J = 7.8 
Hz, 2H), 7.53 (t, J = 8.1 Hz, 1H), 7.07 (d, J = 8.4 Hz, 1H), (d, J = 8.4 Hz, 1H), 3.96 (s, 3H), 2.92 (t, J = 
6.0 Hz, 2H), 2.45 (t, J = 7.2 Hz, 2H), 2.06 (m, 2H). The crude product was dissolved in 20 mL of MeOH 
and cooled in an ice bath. NaBH4 (433 mg, 11.4 mmol) was added in small portions, as gas evolution 
permitted. The reaction was stirred for 4 hrs and 5% HCl was carefully added until the pH = 4. The 
reaction was then extracted with 3 × 25 mL of EtOAc. The combined organics were dried over MgSO4, 
filtered, and the solvent removed under reduced pressure to yield a white solid. This crude material was 
then dissolved in 10 mL of TFA and the resulting purple solution was stirred for 1 hr. The reaction was 
diluted with 30 mL toluene and the solvents were removed under reduced pressure. The crude off-white 
solid was then purified using column chromatography (1% AcOH in 1:1 EtOAc:hexane → 1% AcOH in 
EtOAc) to yield 273 mg (74% for three steps) of white solid. mp = 251-254 °C. 1H NMR (300 MHz, 
CDCl3): δ 8.06 (dd, J = 7.8 Hz, 1.2 Hz, 1H), 8.01 (dd, J = 7.8 Hz, 1.2 Hz, 1H), 7.52 (t, J = 7.8 Hz, 1H), 
7.18 (d, J = 8.7 Hz, 1H), 6.83 (d, J = 8.7 Hz, 1H), 5.25 (s, 1H), 3.86 (s, 3H), 3.06 (d, J = 12.9 Hz, 1H), 
2.45-2.36 (m, 2H), 2.05-1.93 (m, 3H). 13C NMR (75 MHz, CDCl3): δ 173.1, 157.8, 139.5, 137.9, 134.5, 
134.0, 133.3, 131.3, 129.2, 128.4, 127.6, 126.2, 110.1, 72.3, 55.7, 28.1, 22.6, 17.2. IR (KBr) νmax: 3308, 
2953, 1711, 1677, 1247 cm-1. APCI-MS m / z (relative intensity, ion): 325.1 (100%, M + H+). X-ray 
crystal structure was determined.1  
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(M,S)-15/(P,R)-15
 

Allyl-2-(8-hydroxy-4-methoxy-5,6,7,8-tetrahydronaphthalen-1-yl)-3-((2-phenylpropan-2-
yl)carbamoyl)benzoate ((M,S)-15/(P,R)-15). Cumylamine (223 µL, 1.55 mmol) was dissolved in 10 
mL anhydrous CH2Cl2 in an oven dried flask. The solution was purged with an N2 stream for 15 
minutes. A 2.0 M solution of trimethylaluminum in toluene (775 µL, 1.55 mmol) was then added via 
syringe and the resulting solution was stirred for 20 min. Racemic lactone (S)-1/(R)-1 (100 mg, 0.31 
mmol) was then added and the reaction flask was equipped with a N2 flushed reflux condenser. The 
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reaction was refluxed under a N2 atmosphere for 16 hours. The reaction was cooled to rt and 10 mL of 
1M HCl was carefully added dropwise, as gas evolution allowed, to the reaction mixture. The layers 
were separated and the aqueous was extracted with 3 × 15 mL of Et2O. The combined organics were 
dried with Na2SO4, filtered and the solvents removed under reduced pressure to yield a white-yellow 
crude solid (155 mg) containing (M,S)-13/(P,R)-13 which was carried on directly to the next step. 1H 
NMR (300 MHz, d6-acetone): δ 8.44 (s, 1H), 7.93 (dd, J = 7.8 Hz, 1.5 Hz, 1H), 7.66 (dd, J = 7.8 Hz, 1.5 
Hz, 1H), 7.51 (t, J = 7.8 Hz, 1H), 7.22-7.09 (m, 5H), 6.91 (d, J = 8.7 Hz, 1H), 6.86 (d, J = 8.4 Hz, 1H), 
4.78 (s, 1H), 3.91 (s, 3H), 2.92 (d, J = 18.0 Hz, 1H), 2.48-2.33 (m, 1H), 2.02-1.86 (m, 2H), 1.74-1.46 
(m, 2H), 1.34 (s, 6H). 13C NMR (125 MHz, d6-acetone): δ 169.2, 168.9, 158.2, 148.8, 142.4,139.4, 
138.1, 133.3, 132.9, 132.1, 131.1, 129.0, 128.4, 127.0, 126.9, 126.1, 109.3, 65.0, 56.7, 56.2, 32.1, 29.2, 
24.5, 17.2. APCI-MS m / z (relative intensity, ion): 460.2 (17%, M + H+), 442.2 (100%, M – OH-). The 
crude solid was dissolved in 4 mL of DMF. K2CO3 (64 mg, 0.46 mmol) and allyl bromide (31 µL, 0.37 
mmol) were added and the solution was stirred for 1 hr. The reaction mixture was diluted with 40 mL of 
EtOAc and washed with 2 × 10 mL of H2O and 2 × 10 mL of brine. The organics were dried with 
Na2SO4, filtered and the solvents removed under reduced pressure to yield a yellow oil. Purification with 
preparative thin layer chromatography (3:1 hexanes:EtOAc) yielded 111 mg of a white solid (72% yield 
for two steps). mp = 128-131 °C. 1H NMR (300 MHz, CDCl3): δ 7.93 (dd, J = 8.1 Hz, 1.5 Hz, 1H), 7.76 
(dd, J = 6.0 Hz, 1.5 Hz, 1H) 7.49 (s, 1H), 7.46 (t, J = 7.8 Hz, 1H), 7.25-7.14 (m, 3H), 7.10-7.07 (m, 2H), 
6.95 (d, J = 8.1 Hz, 1H), 6.81 (d, J = 8.4 Hz, 1H), 5.66-5.56 (m, 1H), 5.54-5.12 (m, 2H), 4.71 (d, J = 3.3 
Hz, 1H), 4.48 (dd, J = 6.0 Hz, 1.8 Hz, 2H), 3.89 (s, 3H), 2.94 (d, J = 17.1 Hz, 1H), 2.51-2.45 (m, 1H), 
2.16 (d, J = 3.6 Hz, 1H), 1.83-1.68 (m, 3H), 1.42 (s, 3H), 1.36 (s, 3H). 1H NOESY-1D (500 MHz, 
CDCl3): δ 4.71 (BnH) [nOe: 7.48 (weak, NH), 2.16 (strong, OH), 1.80-1.70 (strong, CH)], 7.48 (NH) 
[nOe: 7.94 (strong, ArH), 7.08 (weak, ArH), 2.16 (medium, OH), 1.42 (medium, CH3), 1.36 (medium, 
CH3)]. 

13C NMR (125 MHz, CDCl3): δ 168.1, 167.1, 157.1, 146.9, 140.4, 138.4, 135.8, 132.0, 131.8, 
131.6, 131.2, 130.7, 128.2, 127.6, 127.3, 126.5, 118.6, 108.6, 65.8, 64.9, 55.9, 55.6, 31.4, 29.2, 28.0, 
23.4, 16.2. IR (KBr) νmax: 3320, 3227, 3057, 2936, 1739, 1705, 1646, 1560, 1249 cm-1. APCI-MS m / z 
(relative intensity, ion): 482.2 (100%, M – OH-).  
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3-Methoxy-8-oxo-4,5,6,6a-tetrahydro-8H-7-oxa-benzo[4,5]cyclohepta[1,2,3-de]naphthalene-12-
carboxylic acid (1-methyl-1-phenyl-ethyl)-amide ((S)-14/(R)-14). Cumylamine (223 µL, 1.55 mmol) 
was dissolved in 10 mL anhydrous CH2Cl2 in an oven dried flask. The solution was purged over a N2 
stream for 15 minutes. A 2.0 M solution of trimethylaluminum in toluene (775 µL, 1.55 mmol) was then 
added via syringe and the resulting solution was stirred for 20 min. Racemic lactone 1 (100 mg, 0.31 
mmol) was then added and the reaction flask was equipped with a N2 flushed reflux condenser. The 
reaction was refluxed under a N2 atmosphere for 16 hours. The reaction was cooled to rt and 10 mL of 
1M HCl was carefully added dropwise, as gas evolution allowed, to the reaction mixture. The layers 
were separated and the aqueous was extracted with 3 × 15 mL of Et2O. The combined organics were 
dried with Na2SO4, filtered and the solvents removed under reduced pressure to yield a white-yellow 
crude solid (155 mg) containing (M,S)-13/(P,R)-13 which was carried on directly to the next step. 1H 
NMR (300 MHz, d6-acetone): δ 8.44 (s, 1H), 7.93 (dd, J = 7.8 Hz, 1.5 Hz, 1H), 7.66 (dd, J = 7.8 Hz, 1.5 
Hz, 1H), 7.51 (t, J = 7.8 Hz, 1H), 7.22-7.09 (m, 5H), 6.91 (d, J = 8.7 Hz, 1H), 6.86 (d, J = 8.4 Hz, 1H), 
4.78 (s, 2H), 3.91 (s, 3H), 2.92 (d, J = 18.0 Hz, 1H), 2.48-2.33 (m, 1H), 2.02-1.86 (m, 2H), 1.74-1.46 
(m, 2H), 1.34 (s, 6H). 13C NMR (125 MHz, d6-acetone): δ 169.2, 168.9, 158.2, 148.8, 142.4, 139.4, 
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138.1, 133.3, 132.9, 132.1, 131.1, 129.0, 128.4, 127.0, 126.9, 126.1, 109.3, 65.0, 56.7, 56.2, 32.1, 29.2, 
24.5, 17.2. APCI-MS m / z (relative intensity, ion): 460.2 (17%, M + H+), 442.2 (100%, M – OH-). 1,3-
Dicyclohexylcarbodiimide (128 mg, 0.310 mmol), N,N-dimethylaminopyridine (114 mg, 0.930 mmol), 
and N,N-dimethylaminopyridine hydrochloride (98 mg, 0.620 mmol) were dissolved in an oven dried 
and N2 flushed flask and dissolved in 25 mL anhydrous chloroform. The crude product was dissolved 8 
mL of anhydrous THF and added to the reaction flask. The mixture was stirred at reflux for 2 hrs under 
an N2 atmosphere. The reaction was cooled to rt, diluted with 2 mL MeOH and 2 mL AcOH, and stirred 
for 15 minutes. The solvent volume was reduced to approximately 5 mL under a reduced pressure, crude 
mixture was taken up in 20 mL Et2O, and filtered through a pad of celite. The celite was wash once with 
20 mL Et2O. The organics were combined and the solvent was removed under reduced pressure to yield 
a white oily solid. The product was purified with preparative thin layer chromatography (1:1 
EtOAc:Hexane) to yield 102 mg (75% two steps) of white solid. mp = 98-103 °C. 1H NMR (500 MHz, 
CDCl3): δ 7.90 (dd, J = 7.5 Hz, 1.2 Hz, 1H), 7.76 (dd, J = 7.8 Hz, 1.5 Hz, 1H), 7.42 (t, J = 7.8 Hz, 1H), 
7.35 (d, J = 8.7 Hz, 1H), 7.29-7.24 (m, 3H), 7.15 (d, J = 7.5 Hz, 2H), 6.82 (d, J = 8.7 Hz, 1H), 5.91 (s, 
1H), 5.16 (s, 1H), 3.88 (s, 3H), 3.09 (d, J = 16.5 Hz, 1H), 2.55-2.34 (m ,2H), 2.01 (s, 1H), 1.98-1.81 (m, 
3H), 1.79 (s, 3H), 1.65 (s, 3H). 13C NMR (125 MHz, CDCl3): δ 170.0, 168.3, 157.7, 146.8, 138.0, 135.4, 
133.5, 132.6, 132.5, 132.4, 129.4, 128.6, 128.1, 127.7, 127.1, 126.2, 125.0, 110.3, 72.1, 56.8, 55.7, 28.9, 
28.3, 27.1, 22.7, 17.3. δ IR (KBr) νmax: 3318, 2934, 2852, 1714, 1647, 1532, 1308, 1262 cm-1. APCI-MS 
m / z (relative intensity, ion): 442.2 (100%, M + H+). 
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(P,S)-15/(M,R)-15  
Allyl-2-(8-hydroxy-4-methoxy-5,6,7,8-tetrahydronaphthalen-1-yl)-3-((2-phenylpropan-2-
yl)carbamoyl)benzoate ((P,S)-15/(M,R)-15). Amide (S)-14/(R)-14 (100 mg, 0.23 mmol) was 
suspended in 15 mL MeOH and 5 mL H2O. LiOH (55 mg, 2.3 mmol) was added and the suspension was 
stirred for 16 hrs. The solvent was evaporated under reduced pressure and the resulting solid was 
partitioned between 20 mL EtOAc and 20 mL 5% HCl. The layers were separated and the aqueous was 
extracted with 2 × 15 mL of EtOAc. The combined organics were dried over MgSO4, filtered, and the 
solvent removed under reduced pressure. The resulting crude white solid containing (P,S)-13/(M,R)-13 
was not purified further and carried through directly to the next step. The crude white solid was 
dissolved in 5 mL DMF. K2CO3 (48 mg, 0.34 mmol) and allyl bromide (23 µL, 0.28 mmol) was added 
and the solution was stirred for 1 hr. The reaction mixture was diluted with 40 mL of EtOAc and washed 
with 2 × 10 mL of H2O and 2 × 10 mL of brine. The organics were dried with Na2SO4, filtered and the 
solvents removed under reduced pressure to yield a yellow oil. Purification with preparative thin layer 
chromatography (9:1 CH2Cl2:EtOAc) yielded 52 mg of a colorless oil (45% two steps). 1H NMR (300 
MHz, CDCl3): δ 8.01 (dd, J = 7.8 Hz, 1.2 Hz, 1H), 7.90 (dd, J = 7.8 Hz, 1.5 Hz, 1H) 7.52 (t, J = 7.8 Hz, 
1H), 7.26-7.18 (m, 3H), 7.08-7.05 (m, 2H), 6.87 (d, J = 8.1 Hz, 1H), 6.72 (d, J = 8.4 Hz, 1H), 5.87-5.78 
(m, 1H), 5.53 (s, 1H), 5.33-5.33 (m, 2H), 4.63-4.59 (m, 3H), 3.83 (s, 3H), 3.61 (s, 1H), 3.03 (dd, J = 
18.3 Hz, 5.4 Hz, 1H), 2.49-2.37 (m, 1H), 2.08-1.97 (m, 2H), 1.79-1.49 (m, 2H), 1.46 (s, 3H), 1.29 (s, 
3H). 1H NOESY-1D (500 MHz, CDCl3): δ 4.63 (BnH) [nOe: 5.56 (medium, NH), 3.42 (strong, OH), 
2.03 (strong, CH), 1.60-1.49 (strong, CH)], 5.56 (NH) [nOe: 8.02 (weak, ArH), 7.10 (medium, ArH), 
6.91 (medium, ArH), 4.63 (medium, BnH), 1.49 (strong, CH3), 1.33 (strong, CH3)]. 

13C NMR (125 
MHz, CDCl3): δ 169.0, 166.1, 157.9, 146.4, 137.9, 132.9, 132.7, 131.5, 131.3, 130.6, 128.4, 128.1, 
126.8, 126.4, 124.8, 119.4, 108.9, 66.6, 64.1, 56.1, 55.5, 29.9, 29.0, 28.0, 16.0. APCI-MS m / z (relative 
intensity, ion): 482.2 (100%, M – OH-). 
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