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1. General  

Unless otherwise specified, all reactions were carried out in flame-dried glassware with magnetic 

stirring. Solvents were dried and distilled by standard procedures. NMR spectra were recorded on 

a Varian spectrometer (300 MHz for 1H, and 100 MHz for 13C). Chemical shifts are reported in δ 

ppm referenced to an internal SiMe4 standard for 1H NMR and CDCl3 (δ 77.16) or (CD3)2CO (δ 

29.84, 206.26) for 13C NMR. Chiral HPLC was performed on a JASCO 2000 instrument by using 

Daicel columns with 2-propanol/hexane as the eluent at 254 nm.  

2. General procedure for Rh-catalyzed 1, 2-addition of ortho-NHBoc-substituted aryl 

α-ketoester 1 with arylboronic acid 2. 

 
Under Ar atmosphere, a solution of ortho-NHBoc-substituted aryl α-ketoesters 1 (0.25 mmol), 

[Rh(COE)2Cl]2 (2.7 mg, 0.0075 mmol of Rh), ligand L10 (1.9 mg, 0.00825 mmol), and 

arylboronic acid 2 (0.5 mmol) in 1.0 mL of toluene was stirred at 60 oC for 30 min. To this 

mixture was added DIEA (41.0 μL, 0.25 mmol). After being stirred at 60 oC for 12h, a saturated 

aq. NH4Cl was added and the mixture was extracted with EtOAc. The combined organic phase 

was dried over Na2SO4, filtered, and concentrated. The residue was purified by silica gel flash 

chromatography to afford the corresponding product 3. 

3. General procedure for Rh-catalyzed 1, 2-addition of ortho-CH3/CH2OMOM-substituted 

aryl α-ketoester 5 with arylboronic acid 2. 

 
Under Ar atmosphere, a solution of ortho-CH3/CH2OMOM-substituted aryl α-ketoesters 5 (0.25 

mmol), [Rh(COE)2Cl]2 (2.7 mg, 0.0075 mmol of Rh), ligand L4 (2.3 mg, 0.00825 mmol), and 

arylboronic acid 2 (0.5 mmol) in 1.0 mL of toluene was stirred at 60oC for 30 min. To this mixture 

was added KF (84.0 μL, 1.5M, 0.125 mmol). After being stirred at 60oC for 6h, a saturated aq. 

NH4Cl was added and the mixture was extracted with EtOAc. The combined organic phase was 

dried over Na2SO4, filtered, and concentrated. The residue was purified by silica gel flash 

chromatography to afford the corresponding product 6. 
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4. Characterization data and HPLC chromatogram of addition products 3b-s and 6a-k. 

Benzyl (R)-2-(2-((tert-butoxycarbonyl) amino)phenyl)-2-hydroxy-2-(4-methoxyphenyl)acetate 3b. 
73% yield, colorless oil, 93% ee. 
1H NMR (300 MHz, CDCl3): δ 1.38 (s, 9H), 3.80 (s, 3H), 4.24 (s, 1H), 
5.26 (q, J = 12.0 Hz, 2H), 6.81-6.85 (m, 3H), 6.92 (dd, J = 1.2 Hz, 8.1 Hz, 
1H), 7.19-7.22 (m, 2H), 7.30-7.38 (m, 6H), 7.51 (s, 1H), 7.76 (d, J = 8.1 
Hz, 1H); 13C NMR (100 MHz, CDCl3): δ 28.3, 55.4, 68.5, 80.1, 81.0, 
113.7, 123.2, 124.3, 127.1, 128.0, 128.1, 128.4, 128.6, 128.7, 129.3, 132.1, 
134.7, 137.5, 153.2, 159.6, 174.2; ESI-MS (m/z, %) 486 [M+Na]+; 

ESI-HRMS calcd for C27H29NNaO6 [M+Na]+ 486.1893, found 486.1892. 
 
HPLC: Chiracel AD-H Column (250 mm); detected at 254 nm; n-hexane / i-propanol = 80 / 20; 
flow = 0.7 mL / min; Retention time: 17.2 min (maj), 24.9 min. 
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Benzyl (R)-2-(2-((tert-butoxycarbonyl) amino)-5-fluorophenyl)-2-hydroxy-2-(4-methoxyphenyl) 
acetate 3c. 

77% yield, colorless oil, 87% ee. 
1H NMR (300 MHz, CDCl3): δ 1.39 (s, 9H), 3.80 (s, 3H), 4.25 (s, 1H), 
5.25 (q, J = 11.7 Hz, 2H), 6.54-6.58 (m, 1H), 6.84 (d, J = 6.9 Hz, 2H), 7.01 
(dt, J = 2.7 Hz, 7.8 Hz, 1H), 7.21-7.34 (m, 6H), 7.67 (dd, J = 5.4 Hz, 8.1 
Hz, 1H); 13C NMR (100 MHz, CDCl3): δ 28.3, 55.4, 68.8, 80.3, 80.4, 
113.9, 115.5 (d, JCF = 25.0 Hz), 115.7 (d, JCF = 21.0 Hz), 126.1, 127.1, 

128.0, 128.6, 128.8, 128.9, 131.4, 133.3, 133.4, 134.5, 153.3, 158.5 (d, JCF = 241.3 Hz), 173.9; 
ESI-MS (m/z, %) 504 [M+Na]+; ESI-HRMS calcd for C27H28NNaO6F [M+Na]+ 504.1798, found 
504.1793. 
 
HPLC: Chiracel AD-H Column (250 mm); detected at 254 nm; n-hexane / i-propanol = 80 / 20; 
flow = 0.7 mL / min; Retention time: 16.4 min, 18.8 min (maj). 
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Benzyl (R)-2-(2-((tert-butoxycarbonyl) amino)-5-methylphenyl)-2-hydroxy-2-(4-methoxyphenyl) 
acetate 3d. 

75% yield, colorless oil, 90% ee. 
1H NMR (300 MHz, CDCl3): δ 1.35 (s, 9H), 2.12 (s, 3H), 3.80 (s, 3H), 
4.23 (s, 1H), 5.26 (s, 2H), 6.59 (s, 1H), 6.83 (d, J = 9.0 Hz, 2H), 7.11 (d, J 
= 8.7 Hz, 1H), 7.24-7.35 (m, 8H), 7.58 (d, J = 7.8 Hz, 1H); 13C NMR (100 
MHz, CDCl3): δ 21.0, 28.3, 55.4, 68.5, 79.8, 80.8, 113.7, 124.6, 128.1, 
128.5, 128.7, 128.8, 129.8, 132.2, 132.5, 132.8, 134.7, 134.8, 153.4, 159.5, 

174.3; ESI-MS (m/z, %) 500 [M+Na]+; ESI-HRMS calcd for C28H31NNaO6 [M+Na]+ 500.2049, 
found 500.2051. 
 
HPLC: Chiracel AD-H Column (250 mm); detected at 254 nm; n-hexane / i-propanol = 80 / 20; 
flow = 0.7 mL / min; Retention time: 16.7 min, 22.6 min (maj). 
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Benzyl (R)-2-(2-((tert-butoxycarbonyl) amino)-5-methoxyphenyl)-2-hydroxy-2-(4-methoxyphenyl) 
acetate 3e. 

81% yield, white solid, 88% ee. 
1H NMR (300 MHz, CDCl3): δ 1.38 (s, 9H), 3.60 (s, 3H), 3.79 (s, 3H), 
4.29 (s, 1H), 5.25 (q, J = 12.0 Hz, 2H), 6.43 (d, J = 3.0 Hz, 1H), 6.81-6.86 
(m, 3H), 7.13 (s, 1H), 7.21-7.25 (m, 2H), 7.30-7.38 (m, 5H), 7.56 (d, J = 
8.7 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ 28.4, 55.4, 55.5, 68.6, 80.0, 
80.7, 113.5, 113.7, 114.9, 126.4, 127.1, 128.1, 128.6, 128.7, 128.8, 130.1, 
131.9, 134.8, 153.7, 155.7, 159.6, 174.2; ESI-MS (m/z, %) 516 [M+Na]+; 

ESI-HRMS calcd for C28H31NNaO7 [M+Na]+ 516.1998, found 516.2004. 
 
HPLC: Chiracel AD-H Column (250 mm); detected at 254 nm; n-hexane / i-propanol = 70 / 30; 
flow = 0.7 mL / min; Retention time: 19.9 min, 28.4 min (maj). 
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Benzyl (R)-2-(2-((tert-butoxycarbonyl) amino)-4-chlorophenyl)-2-hydroxy-2-(4-methoxyphenyl) 
acetate 3f. 

68% yield, colorless oil, 90% ee. 
1H NMR (300 MHz, CDCl3): δ 1.39 (s, 9H), 3.80 (s, 3H), 4.20 (s, 1H), 
5.26 (q, J = 12.0 Hz, 2H), 6.72 (d, J = 8.4 Hz, 1H), 6.83-6.88 (m, 3H), 
7.20-7.23 (m, 2H), 7.29-7.38 (m, 5H), 7.66 (s, 1H), 7.89 (d, J = 2.4 Hz, 
1H); 13C NMR (100 MHz, CDCl3): δ 28.3, 55.4, 68.8, 80.5, 80.7, 113.9, 
122.9, 123.4, 128.1, 128.5, 128.8, 128.9, 129.2, 131.7, 134.5, 135.1, 138.7, 

152.7, 159.8, 173.9; ESI-MS (m/z, %) 520 [M+Na]+; ESI-HRMS calcd for C27H28NNaO6Cl 
[M+Na]+ 520.1503, found 520.1499. 
 
HPLC: Chiracel AD-H Column (250 mm); detected at 254 nm; n-hexane / i-propanol = 80 / 20; 

flow = 0.7 mL / min; Retention time: 9.6 min (maj), 14.6 min. 
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Benzyl (R)-2-([1,1'-biphenyl]-4-yl)-2-(2-((tert-butoxycarbonyl)amino)-5-fluorophenyl)-2-hydroxy 
acetate 3g. 

53% yield, white solid, 92% ee. 
1H NMR (300 MHz, CDCl3): δ 1.35 (s, 9H), 4.40 (s, 1H), 5.30 (q, J = 12.0 
Hz, 2H), 6.65 (dd, J = 3.0 Hz, 10.2 Hz, 1H), 7.01-7.07 (m, 1H), 7.22-7.24 (m, 
2H), 7.31-7.41 (m, 5H), 7.45-7.50 (m, 4H), 7.54-7.59 (m, 4H), 7.66-7.72 (m, 
1H); 13C NMR (100 MHz, CDCl3): δ 28.3, 69.0, 80.3, 80.6, 115.4 (d, JCF = 
25.0 Hz), 115.9 (d, JCF = 22.0 Hz), 126.4, 127.1, 127.2, 127.3, 127.7, 128.6, 
128.8, 128.9, 129.0, 133.3 (d, JCF = 3.0 Hz), 134.4, 138.4, 140.5, 141.6, 

153.3,158.6 (d, JCF = 242.0 Hz), 173.6; ESI-MS (m/z, %) 550 [M+Na]+; ESI-HRMS calcd for 
C32H30NNaO5F [M+Na]+ 550.2006, found 550.2014. 
 
HPLC: Chiracel AD-H Column (250 mm); detected at 254 nm; n-hexane / i-propanol = 80 / 20; 
flow = 0.7 mL / min; Retention time: 14.3 min, 17.5 min (maj). 
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Benzyl(R)-2-([1,1'-biphenyl]-4-yl)-2-(2-((tert-butoxycarbonyl)amino)-5-methylphenyl)-2-hydroxy
acetate 3h. 

54% yield, white solid, 92% ee. 
1H NMR (300 MHz, CDCl3): δ 1.31 (s, 9H), 2.14 (s, 3H), 4.36 (s, 1H), 
5.31 (q, J = 12.3 Hz, 2H), 6.66 (d, J = 1.5 Hz, 1H), 7.41 (dd, J = 2.1 Hz, 
8.1 Hz, 1H), 7.25-7.29 (m, 2H), 7.32-7.38 (m, 5H), 7.42-7.50 (m, 6H), 
7.53-7.60 (m, 3H); 13C NMR (100 MHz, CDCl3): δ 21.1, 28.3, 68.7, 79.9, 
81.0, 124.9, 127.0, 127.2, 127.3, 127.6, 128.4, 128.6, 128.7, 128.8, 128.9, 
129.9, 132.4, 133.0, 134.7, 134.8, 139.3, 140.7, 141.1, 153.3, 174.0; 

ESI-MS (m/z, %) 546 [M+Na]+; ESI-HRMS calcd for C33H33NNaO5 [M+Na]+ 546.2256, found 
546.2251. 
 
HPLC: Chiracel AD-H Column (250 mm); detected at 254 nm; n-hexane / i-propanol = 80 / 20; 
flow = 0.7 mL / min; Retention time: 16.2 min, 22.5 min (maj). 
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Benzyl (R)-2-(2-((tert-butoxycarbonyl) amino)-5-chlorophenyl)-2-hydroxy-2-(naphthalen-1-yl) 
acetate 3i. 

75% yield, white solid, 97% ee. 
1H NMR (300 MHz, CDCl3): δ 1.35 (s, 9H), 4.39 (s, 1H), 5.32 (s, 2H), 
6.91 (s, 1H), 7.07 (d, J = 7.2 Hz, 1H), 7.13-7.16 (m, 2H), 7.27-7.37 (m, 
6H), 7.47 (t, J = 7.2 Hz, 1H), 7.87 (dd, J = 5.1 Hz, 7.8 Hz, 2H), 7.96 (d, J 
= 8.7 Hz, 1H), 8.04 (d, J = 8.7 Hz, 1H), 8.13 (s, 1H); 13C NMR (100 MHz, 
CDCl3): δ 28.3, 69.2, 80.4, 83.2, 124.2, 124.7, 126.0, 126.2, 126.3, 126.6, 
128.1, 128.5, 128.8, 128.9, 129.0, 129.3, 130.5, 131.1, 131.2, 134.2, 134.6, 

134.9, 136.7, 153.0, 174.2; ESI-MS (m/z, %) 540 [M+Na]+; ESI-HRMS calcd for C30H28NNaO5Cl 
[M+Na]+ 540.1554, found 540.1556. 
 
HPLC: Chiracel AD-H Column (250 mm); detected at 254 nm; n-hexane / i-propanol = 90 / 10; 
flow = 0.7 mL / min; Retention time: 13.7 min, 20.7 min (maj). 
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Benzyl (R)-2-(2-((tert-butoxycarbonyl)amino)-5-methylphenyl)-2-hydroxy-2-(naphthalen-1-yl) 
acetate 3j. 

68% yield, colorless oil, 97% ee. 
1H NMR (300 MHz, CDCl3): δ 1.30 (s, 9H), 2.08 (s, 3H), 4.34 (s, 1H), 
5.28 (q, J = 12.3 Hz, 2H), 6.68 (d, J = 1.2 Hz, 1H), 7.08-7.17 (m, 4H), 
7.23-7.37 (m, 5H), 7.42-7.48 (m, 1H), 7.79-7.91 (m, 4H), 8.11 (d, J = 8.1 
Hz, 1H); 21.0, 28.3, 68.7, 79.8, 83.4, 123.7, 124.8, 125.7, 126.1, 126.5, 
126.6, 128.6, 128.7, 128.8, 128.9, 129.9, 130.0, 130.1, 131.4, 132.6, 134.6, 
134.8, 135.1, 135.5, 153.3, 174.9; ESI-MS (m/z, %) 520 [M+Na]+; 

ESI-HRMS calcd for C31H31NNaO5 [M+Na]+ 520.2100, found 520.2110. 
 
HPLC: Chiracel AD-H Column (250 mm); detected at 254 nm; n-hexane / i-propanol = 90 / 10; 
flow = 0.7 mL / min; Retention time: 17.0 min, 28.3 min (maj). 
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Benzyl (R)-2-(2-((tert-butoxycarbonyl)amino)-5-methoxyphenyl)-2-hydroxy-2-(naphthalen-1-yl) 
acetate 3k. 

70% yield, yellow oil, 98% ee. 
1H NMR (300 MHz, CDCl3): δ 1.33 (s, 9H), 3.57 (s, 3H), 4.40 (s, 1H), 
5.30 (q, J = 12.0 Hz, 2H), 6.56 (d, J = 2.1 Hz, 1H), 6.90 (dd, J = 2.7 Hz, 
8.7 Hz, 1H), 7.11-7.13 (m, 3H), 7.24-7.38 (m, 5H), 7.44 (t, J = 7.2 Hz, 
1H), 7.73-7.86 (m, 4H), 8.09 (d, J = 8.4 Hz, 1H); 13C NMR (100 MHz, 
CDCl3): δ 28.3, 55.4, 68.7, 79.8, 83.3, 113.7, 114.9, 124.7, 125.8, 126.0, 
126.3, 126.8, 127.1, 127.8, 128.5, 128.7, 128.9, 130.1, 130.9, 131.3, 

134.5, 134.8, 135.2, 153.6, 155.5, 174.7; ESI-MS (m/z, %) 536 [M+Na]+; ESI-HRMS calcd for 
C31H31NNaO6 [M+Na]+ 536.2049, found 536.2053. 
 
HPLC: Chiracel AD-H Column (250 mm); detected at 254 nm; n-hexane / i-propanol = 80 / 20; 
flow = 0.7 mL / min; Retention time: 25.6 min, 29.5 min (maj). 
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Benzyl (R)-2-(2-((tert-butoxycarbonyl)amino)-5-fluorophenyl)-2-hydroxy-2-(naphthalen-1-yl) 
acetate 3l. 

77% yield, colorless oil, 97% ee. 
1H NMR (300 MHz, CDCl3): δ 1.36 (s, 9H), 4.38 (s, 1H), 5.30 (q, J = 12.0 
Hz, 2H), 6.62 (dd, J = 2.4 Hz, 9.9 Hz, 1H), 7.00-7.08 (m, 2H), 7.12-7.15 (m, 
2H), 7.25-7.35 (m, 5H), 7.42-7.48 (m, 1H), 7.83-7.90 (m, 3H), 7.98 (s, 1H), 
8.04 (d, J = 9.0 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ 28.3, 69.0, 80.2, 
83.2, 115.8 (d, JCF = 21.0 Hz), 116.0 (d, JCF = 26.0 Hz), 124.7, 125.0, 125.9, 
126,0, 126.2, 126.8, 128.5, 128.8, 128.9, 129.0, 130.5, 131.1, 131.9, 133.9 (d, 

JCF = 2.0 Hz), 134.3, 134.8, 134.9, 153.3, 158.4 (d, JCF = 241.0 Hz), 174.3; ESI-MS (m/z, %) 524 
[M+Na]+; ESI-HRMS calcd for C30H28NNaO5F [M+Na]+ 524.1849, found 524.1851. 
 
HPLC: Chiracel AD-H Column (250 mm); detected at 254 nm; n-hexane / i-propanol = 90 / 10; 
flow = 0.7 mL / min; Retention time: 14.7 min, 17.7 min (maj). 
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Benzyl (R)-2-(2-((tert-butoxycarbonyl)amino)-4-chlorophenyl)-2-hydroxy-2-(naphthalen-1-yl) 
acetate 3m. 

72% yield, colorless oil, 98% ee. 
1H NMR (300 MHz, CDCl3): δ 1.41 (s, 9H), 4.36 (s, 1H), 5.32 (q, J = 12.0 
Hz, 2H), 6.71-6.82 (m, 2H), 7.06 (d, J = 9.0 Hz, 1H), 7.08-7,16 (m, 2H), 
7.26-7.36 (m, 5H), 7.44-7.49 (m, 1H), 7.85-7.89 (m, 2H), 8.06 (d, J = 8.4 
Hz, 1H), 8.16 (s, 1H), 8.42 (s, 1H); 13C NMR (100 MHz, CDCl3): δ 28.3, 
68.9, 80.6, 83.6, 122.1, 122.6, 124.6, 125.9, 126.0, 126.2, 127.0, 128.4, 
128.7, 128.8, 129.0, 130.2, 130.5, 131.2, 134.3, 134.9, 135.1, 135.2, 139.3, 

152.8, 174.3; ESI-MS (m/z, %) 540 [M+Na]+; ESI-HRMS calcd for C30H28NNaO5Cl [M+Na]+ 

540.1554, found 540.1548. 
 
HPLC: Chiracel AD-H Column (250 mm); detected at 254 nm; n-hexane / i-propanol = 90 / 10; 
flow = 0.7 mL / min; Retention time: 14.7 min (maj), 15.8 min. 
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Benzyl (R)-2-(2-((tert-butoxycarbonyl)amino)phenyl)-2-hydroxy-2-(naphthalen-1-yl)acetate 3n. 
65% yield, colorless oil, 98% ee. 
1H NMR (300 MHz, CDCl3): δ 1.36 (s, 9H), 4.36 (s, 1H), 5.30 (q, J = 12.6 Hz, 
2H), 6.86-6.87 (m, 2H), 7.07-7.11 (m, 3H), 7.22-7.37 (m, 6H), 7.44 (t, J = 10.2 
Hz, 1H), 7.82-7.87 (m, 2H), 7.99 (d, J = 7.8 Hz, 1H), 8.10 (d, J = 9.0 Hz, 1H), 
8.19 (s, 1H); 13C NMR (100 MHz, CDCl3): δ 28.4, 68.7, 80.0, 83.7, 123.0, 
123.2, 124.7, 125.8, 126.0, 126.3, 127.0, 128.4, 128.7, 128.8, 128.9, 129.4, 
129.6, 130.2, 131.4, 134.5, 134.8, 135.3, 138.1, 153.2, 174.8; ESI-MS (m/z, %) 

506 [M+Na]+; ESI-HRMS calcd for C30H29NNaO5 [M+Na]+ 506.1943, found 506.1941. 
 
HPLC: Chiracel AD-H Column (250 mm); detected at 254 nm; n-hexane / i-propanol = 85 / 15; 
flow = 0.7 mL / min; Retention time: 11.8 min, 13.1 min (maj). 
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Benzyl (R)-2-(2-((tert-butoxycarbonyl)amino)phenyl)-2-hydroxy-2-(naphthalen-2-yl)acetate 3o. 
46% yield, yellou oil, 88% ee. 
1H NMR (300 MHz, CDCl3): δ 1.18 (s, 9H), 4.42 (s, 1H), 5.30 (q, J = 11.7 
Hz, 2H), 6.87-6.97 (m, 2H), 7.23-7.37 (m, 6H), 7.43-7.50 (m, 4H), 
7.74-7.83 (m, 4H), 7.97 (s, 1H); 13C NMR (100 MHz, CDCl3): δ 28.1, 68.7, 
80.0, 81.3, 123.4, 124.6, 125.1, 125.6, 126.4, 126.6, 127.6, 128.1, 128.6, 
128.7, 128.8, 129.5, 132.2, 133.0, 133.2, 134.7, 137.5, 137.6, 153.1, 174.0; 
ESI-MS (m/z, %) 506 [M+Na]+; ESI-HRMS calcd for C30H29NNaO5 

[M+Na]+ 506.1943, found 506.1943. 
 
HPLC: Chiracel AD-H Column (250 mm); detected at 254 nm; n-hexane / i-propanol = 80 / 20; 
flow = 0.7 mL / min; Retention time: 13.9 min (maj), 20.3 min. 
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Benzyl (R)-2-([1,1'-biphenyl]-4-yl)-2-(2-((tert-butoxycarbonyl)amino)phenyl)-2-hydroxyacetate 
3p. 

50% yield, white solid, 93% ee. 
1H NMR (300 MHz, CDCl3): δ 1.34 (s, 9H), 4.36 (s, 1H), 5.30 (q, J = 12.3 
Hz, 2H), 6.89-6.99 (m, 2H), 7.19-7.22 (m, 2H), 7.29-7.38 (m, 5H), 7.42-7.59 
(m, 9H), 7.77 (d, J = 8.1 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ 28.3, 68.7, 
80.1, 81.2, 123.3, 124.5, 127.1, 127.2, 127.3, 127.6, 128.0, 128.4, 128.7, 
129.0, 129.5, 132.1, 134.6, 137.5, 139.2, 140.6, 141.3, 153.2, 174.0; ESI-MS 

(m/z, %) 532 [M+Na]+; ESI-HRMS calcd for C32H31NNaO5 [M+Na]+ 532.2100, found 532.2103. 
 
HPLC: Chiracel AD-H Column (250 mm); detected at 254 nm; n-hexane / i-propanol = 80 / 20; 
flow = 0.7 mL / min; Retention time: 14.2 min (maj), 15.4 min. 
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Benzyl (R)-2-(2-((tert-butoxycarbonyl)amino)phenyl)-2-hydroxy-2-(p-tolyl)acetate 3q. 
65% yield, white solid, 92% ee. 
1H NMR (300 MHz, CDCl3): δ 1.37 (s, 9H), 2.34 (s, 3H), 4.23 (s, 1H), 5.26 
(q, J = 12.3 Hz, 2H), 6.80-6.83 (m, 1H), 6.91 (dt, J = 1.2 Hz, 7.8 Hz, 1H), 
7.12 (d, J = 8.4 Hz, 2H), 7.19-7.22 (m, 2H), 7.30-7.34 (m, 6H), 7.51 (s, 1H), 
7.75 (d, J = 8.4 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ 21.2, 28.3, 68.6, 
80.0, 81.2, 123.2, 124.2, 126.7, 128.1, 128.4, 128.6, 128.7, 129.1, 129.3, 
132.2, 134.7, 137.1, 137.5, 138.2, 153.2, 174.2; ESI-MS (m/z, %) 470 

[M+Na]+; ESI-HRMS calcd for C27H29NNaO5 [M+Na]+ 470.1943, found 470.1943. 
 
HPLC: Chiracel AD-H Column (250 mm); detected at 254 nm; n-hexane / i-propanol = 80 / 20; 
flow = 0.7 mL / min; Retention time: 12.9 min (maj), 19.8 min. 
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Benzyl (R)-2-(2-((tert-butoxycarbonyl)amino)phenyl)-2-(4-chlorophenyl)-2-hydroxyacetate 3r. 
44% yield, colorless oil, 90% ee. 
1H NMR (300 MHz, CDCl3): δ 1.35 (s, 9H), 4.38 (s, 1H), 5.27 (q, J = 12.0 
Hz, 2H), 6.83-6.86 (m, 1H), 6.95 (t, J = 7.8 Hz, 1H), 7.18-7.21 (m, 2H), 7.25- 
7.36 (m, 9H), 7.72 (d, J = 8.4 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ 28.1, 
68.7, 80.2, 80.7, 123.4, 124.9, 127.5, 128.2, 128.3, 128.4, 128.7, 128.8, 129.5, 
132.0, 134.2, 134.3, 137.2, 138.7, 153.0, 173.5; ESI-MS (m/z, %) 490 

[M+Na]+; ESI-HRMS calcd for C26H26NNaO5Cl [M+Na]+ 490.1397, found 490.1396. 
 
HPLC: Chiracel AD-H Column (250 mm); detected at 254 nm; n-hexane / i-propanol = 80 / 20; 
flow = 0.7 mL / min; Retention time: 12.0 min (maj), 13.9 min. 
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Benzyl (R)-2-(2-((tert-butoxycarbonyl)amino)phenyl)-2-hydroxy-2-(3-methoxyphenyl)acetate 3s. 
40% yield, colorless oil, 91% ee. 
1H NMR (300 MHz, CDCl3): δ 1.39 (s, 9H), 3.67 (s, 3H), 4.29 (s, 1H), 5.27 (q, 
J = 12.0 Hz, 2H), 6.81-7.03 (m, 5H), 7.19-7.35 (m, 7H), 7.48 (s, 1H), 7.75 (d, J 
= 7.8 Hz, 1H); 13C NMR (100 MHz, CDCl3): δ 28.3, 55.3, 68.6, 80.1, 81.1, 
111.9, 114.5, 119.3, 123.3, 124.4, 128.1, 128.5, 128.7, 129.4, 129.5, 132.1, 
134,7, 137.5, 141.5, 153.2, 159.7, 174.1; ESI-MS (m/z, %) 486 [M+Na]+; 
ESI-HRMS calcd for C27H29NNaO6 [M+Na]+ 486.1893, found 486.1898. 

 
HPLC: Chiracel AD-H Column (250 mm); detected at 254 nm; n-hexane / i-propanol = 80 / 20; 
flow = 0.7 mL / min; Retention time: 13.9 min (maj), 17.9 min. 
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Naphthalen-2-yl (R)-2-hydroxy-2-(4-methoxyphenyl)-2-(o-tolyl)acetate 6a. 
90% yield, white solid, 90% ee. 
1H NMR (300 MHz, CDCl3): δ 2.44 (s, 3H), 3.88 (s, 3H), 4.04 (s, 
1H), 7.00 (d, J = 9.0 Hz, 2H), 7.08-7.19 (m, 3H), 7.28-7.29 (m, 2H), 
7.47-7.55 (m, 3H), 7.67 (d, J = 9.0 Hz, 2H), 7.78-7.86 (m, 3H); 13C 
NMR (100 MHz, CDCl3): δ 20.9, 55.5, 81.8, 113.8, 118.2, 120.3, 
125.6, 126.2, 126.9, 127.8, 128.0, 128.5, 128.7, 128.8, 129.8, 131.8, 
132.5, 132.8, 133.7, 138.3, 140.0, 148.3, 160.0, 174.2; ESI-MS 

(m/z, %) 421 [M+Na]+; ESI-HRMS calcd for C26H22NaO4 [M+Na]+ 421.1416, found 421.1417. 
 
HPLC: Chiracel AD-H Column (250 mm); detected at 254 nm; n-hexane / i-propanol = 70 / 30; 
flow = 0.7 mL / min; Retention time: 31.9 min, 34.5 min (maj). 
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Naphthalen-2-yl (R)-2-hydroxy-2-phenyl-2-(o-tolyl)acetate 6b. 
83% yield, white solid, 86% ee. 
1H NMR (300 MHz, CDCl3): δ 2.43 (s, 3H), 4.09 (s, 1H), 7.08-7.20 (m, 
3H), 7.29-7.31 (m, 2H), 7.42-7.56 (m, 6H), 7.47-7.86 (m, 5H); 13C 
NMR (100 MHz, CDCl3): δ 21.0, 82.2, 118.2, 120.3, 125.6, 126.2, 
127.0, 127.3, 127.8, 128.0, 128.4, 128.5, 128.7, 128.8, 129.8, 131.8, 
132.5, 133.7, 138.4, 139.8, 140.9, 148.3, 174.1; ESI-MS (m/z, %) 391 

[M+Na]+; ESI-HRMS calcd for C25H20NaO3 [M+Na]+ 391.1310, found 391.1316. 
 
HPLC: Chiracel AD-H Column (250 mm); detected at 254 nm; n-hexane / i-propanol = 70 / 30; 
flow = 0.7 mL / min; Retention time: 25.1 min (maj), 30.0 min. 
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Naphthalen-2-yl (R)-2-hydroxy-2-(o-tolyl)-2-(p-tolyl)acetate 6c. 
86% yield, white solid, 87% ee. 
1H NMR (300 MHz, CDCl3): δ 2.43 (s, 3H), 2.45 (s, 3H), 4.03 (s, 
1H), 7.07-7.20 (m, 3H), 7.26-7.29 (m, 4H), 7.47-7.56 (m, 3H), 7.64 
(d, J = 8.1 Hz, 2H), 7.79-7.86 (m, 3H); 13C NMR (100 MHz, CDCl3): 
δ 21.0, 21.3, 82.0, 118.2, 120.3, 125.5, 126.2, 126.9, 127.2, 127.8, 
127.9, 128.7, 129.3, 129.8, 131.8, 132.4, 133.7, 137.8, 138.2, 138.3, 
139.9, 148.3, 174.2; ESI-MS (m/z, %) 405 [M+Na]+; ESI-HRMS 

calcd for C26H22NaO3 [M+Na]+ 405.1467, found 405.1465. 
 
HPLC: Chiracel OD-H Column (250 mm); detected at 254 nm; n-hexane / i-propanol = 95 / 5; 
flow = 0.7 mL / min; Retention time: 13.8 min (maj), 16.0 min. 
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Naphthalen-2-yl (S)-2-hydroxy-2-(naphthalen-1-yl)-2-(o-tolyl)acetate 6d. 
77% yield, colorless oil, 96% ee. 
1H NMR (300 MHz, CDCl3): δ 2.42 (s, 3H), 4.17 (s, 1H), 7.11-7.21 (m, 
2H), 7.31-7.33 (m, 3H), 7.41-7.52 (m, 7H), 7.78-7.84 (m, 3H), 7.91 (d, 
J = 8.1 Hz, 2H), 8.33 (d, J = 8.4 Hz, 1H); 13C NMR (100 MHz, CDCl3): 
δ 22.1, 84.3, 118.2, 120.4, 124.8, 125.9, 126.1, 126.2, 126.3, 126.9, 
127.3, 127.8, 127.9, 128.6, 128.7, 129.0, 129.8, 130.1, 131.6, 131.8, 
132.8, 133.7, 134.9, 136.9, 138.5, 139.2, 148.3, 174.6; ESI-MS (m/z, %) 

441 [M+Na]+; ESI-HRMS calcd for C29H22NaO3 [M+Na]+ 441.1467, found 441.1470. 
 
HPLC: Chiracel AD-H Column (250 mm); detected at 254 nm; n-hexane / i-propanol = 80 / 20; 
flow = 0.7 mL / min; Retention time: 27.6 min, 31.4 min (maj). 
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Naphthalen-2-yl (R)-2-([1,1'-biphenyl]-4-yl)-2-hydroxy-2-(o-tolyl)acetate 6e. 
81% yield, white solid, 87% ee. 
1H NMR (300 MHz, CDCl3): δ 2.47 (s, 3H), 4.13 (s, 1H), 7.17-7.23 
(m, 3H), 7.31-7.42 (m, 3H), 7.46-7.54 (m, 4H), 7.58 (d, J = 1.8 Hz, 
1H), 7.68-7.73 (m, 5H), 7.80-7.87 (m, 4H); 13C NMR (100 MHz, 
CDCl3): δ 21.0, 82.1, 118.2, 120.3, 125.6, 126.2, 127.0, 127.2, 127.3, 
127.7, 127.8, 127.9, 128.0, 128.7, 128.9, 129.0, 129.9, 131.8, 132.5, 
133.7, 138.3, 139.7, 139.8, 140.6, 141.2, 148.3, 174.0; ESI-MS (m/z, 

%) 467 [M+Na]+; ESI-HRMS calcd for C31H24NaO3 [M+Na]+ 467.1623, found 467.1620. 
 
HPLC: Chiracel OD-H Column (250 mm); detected at 254 nm; n-hexane / i-propanol = 80 / 20; 
flow = 0.7 mL / min; Retention time: 14.7 min, 22.2 min (maj). 

 
 

 
 
 

6e

O

O

Me

OH

Ph

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



26 

Naphthalen-2-yl (R)-2-(4-chlorophenyl)-2-hydroxy-2-(o-tolyl)acetate 6f. 
55% yield, white solid, 91% ee. 
1H NMR (300 MHz, CDCl3): δ 2.37 (s, 3H), 4.13 (s, 1H), 7.11-7.22 
(m, 3H), 7.27-7.34 (m, 2H), 7.44 (d, J = 9.0 Hz, 2H), 7.48-7.56 (m, 
3H), 7.69 (d, J = 9.0 Hz, 2H), 7.82-7.88 (m, 3H); 13C NMR (100 
MHz, CDCl3): δ 21.0, 81.9, 118.1, 120.1, 125.7, 126.3, 127.1, 127.8, 
128.0, 128.3, 128.7, 128.8, 129.0, 129.9, 131.8, 132.7, 133.7, 134.4, 

138.3, 139.4, 148.2, 173.7; ESI-MS (m/z, %) 425 [M+Na]+; ESI-HRMS calcd for C25H19NaO3Cl 

[M+Na]+ 425.0920, found 425.0921. 
 
HPLC: Chiracel AD-H Column (250 mm); detected at 254 nm; n-hexane / i-propanol = 90 / 10; 
flow = 0.7 mL / min; Retention time: 35.3 min (maj), 37.8 min. 
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Naphthalen-2-yl (R)-2-hydroxy-2-(3-methoxyphenyl)-2-(o-tolyl)acetate 6g. 
71% yield, colorless oil, 88% ee. 
1H NMR (300 MHz, CDCl3): δ 2.46 (s, 3H), 3.84 (s, 3H), 4.08 (s, 1H), 
6.95-6.99 (m, 1H), 7.06-7.21 (m, 3H), 7.28-7.41 (m, 5H), 7.48-7.56 (m, 
3H), 7.79-7.87 (m, 3H); 13C NMR (100 MHz, CDCl3): δ 20.9, 55.5, 
82.1, 112.9, 114.0, 118.2, 119.8, 120.3, 125.6, 126.2, 127.0 127.8, 128.0, 
128.7, 128.8, 129.5, 129.8, 131.8, 132.4, 133.7, 138.3, 139.6, 142.5, 
148.3, 159.9, 174.0; ESI-MS (m/z, %) 421 [M+Na]+; ESI-HRMS calcd 

for C26H22NaO4 [M+Na]+ 421.1416, found 421.1413. 
 
HPLC: Chiracel AD-H Column (250 mm); detected at 254 nm; n-hexane / i-propanol = 70 / 30; 
flow = 0.7 mL / min; Retention time: 27.6 min, 38.4 min (maj). 
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Naphthalen-2-yl (R)-2-hydroxy-2-(2-((methoxymethoxy)methyl)phenyl)-2-phenylacetate 6h. 
50% yield, white solid, 86% ee. 
1H NMR (300 MHz, CDCl3): δ 3.37 (s, 3H), 4.65 (q, J = 6.3 Hz, 2H), 
4.65 (q, J = 6.3 Hz, 2H), 4.72(q, J = 12.3 Hz, 2H), 4.89 (s, 1H), 
7.18-7.21 (m, 2H), 7.30 (dt, J = 1.5 Hz, 7.8 Hz, 1H), 7.39-7.54 (m, 6H), 
7.58-7.61 (m, 2H), 7.71-7.75 (m, 2H), 7.78-7.86 (m, 3H); 13C NMR 
(100 MHz, CDCl3): δ 55.8, 68.2, 82.3, 96.1, 118.3, 120.5, 126.1, 126.9, 

127.3, 127.8, 127.9, 128.5, 128.8, 128.9, 129.7, 131.1, 131.7, 133.8, 137.0, 140.7, 141.0, 148.4, 
173.1; ESI-MS (m/z, %) 451 [M+Na]+; ESI-HRMS calcd for C27H24NaO5 [M+Na]+ 451.1521, 
found 451.1519. 
 
HPLC: Chiracel AD-H Column (250 mm); detected at 254 nm; n-hexane / i-propanol = 80 / 20; 
flow = 0.7 mL / min; Retention time: 19.9 min (maj), 65.3 min. 
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Naphthalen-2-yl (R)-2-hydroxy-2-(2-((methoxymethoxy)methyl) phenyl)-2-(4-methoxyphenyl) 
acetate 6i. 

75% yield, colorless oil, 88% ee. 
1H NMR (300 MHz, CDCl3): δ 3.37 (s, 3H), 3.86 (s, 3H), 4.66 (q, J 

= 5.7 Hz, 2H), 4.73 (q, J = 12.6 Hz, 2H), 4.84 (s, 1H), 6.98 (d, J = 
9.0 Hz, 2H), 7.17-7.20 (m, 2H), 7.28-7.31 (m, 1H), 7.39 (dt, J = 1.2 
Hz, 7.2 Hz,1H); 13C NMR (100 MHz, CDCl3): δ 55.5, 55.8, 68.2, 
81.9, 96.1, 113.9, 118.3, 120.5, 126.1, 126.9, 127.8, 127.9, 128.0, 
128.6, 128.8, 128.9, 129.7, 131.1, 131.7, 133.0, 133.8, 136.9, 140.9, 

148.4, 159.7, 173.3; ESI-MS (m/z, %) 481 [M+Na]+; ESI-HRMS calcd for C28H26NaO6 [M+Na]+ 

481.1627, found 481.1630. 
 
HPLC: Chiracel AD-H Column (250 mm); detected at 254 nm; n-hexane / i-propanol = 60 / 40; 
flow = 0.7 mL / min; Retention time: 18.1 min (maj), 46.8 min. 
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Naphthalen-2-yl (R)-2-hydroxy-2-(2-((methoxymethoxy)methyl)phenyl)-2-(p-tolyl)acetate 6j. 
66% yield, colorless oil, 86% ee. 
1H NMR (300 MHz, CDCl3): δ 2.42 (s, 3H), 3.37 (s, 3H), 4.65 (q, J = 
6.9 Hz, 2H), 4.73 (q, J = 12.3 Hz, 2H), 4.83 (s, 1H), 7.17-7.21 (m, 
2H), 7.25-7.30 (m, 3H), 7.37-7.42 (m, 1H), 7.46-7.52 (m, 2H), 
7.58-7.61 (m, 4H), 7.78-7.85 (m, 3H); 13C NMR (100 MHz, CDCl3): 
δ 21.3, 55.8, 68.2, 82.2, 96.1, 118.3, 120.5, 126.1, 126.8, 127.2, 
127.8, 127.9, 128.8, 129.0, 129.3, 129.7, 131.1, 131.7, 133.8, 137.0, 

138.0, 138.3, 140.8, 148.5, 173.3; ESI-MS (m/z, %) 465 [M+Na]+; ESI-HRMS calcd for 
C28H26NaO5 [M+Na]+ 465.1678, found 465.1676. 
 
HPLC: Chiracel AD-H Column (250 mm); detected at 254 nm; n-hexane / i-propanol = 60 / 40; 
flow = 0.7 mL / min; Retention time: 15.4 min (maj), 42.9 min. 

 
 

 
 

6j

O

O

CH2OMOM

OH

Me

Electronic Supplementary Material (ESI) for Chemical Communications
This journal is © The Royal Society of Chemistry 2013



31 

Naphthalen-2-yl (R)-2-hydroxy-2-(2-((methoxymethoxy)methyl)phenyl)-2-(3-methoxyphenyl) 
acetate 6k. 

42% yield, colorless oil, 88% ee. 
1H NMR (300 MHz, CDCl3): δ 3.37 (s, 3H), 3.83 (s, 3H), 4.66 (q, J = 
3.3 Hz, 2H), 4.74 (q, J = 12.6 Hz, 2H), 4.89 (s, 1H), 6.96 (dd, J = 2.1 
Hz, 8.1 Hz, 1H), 7.16-7.22 (m, 2H), 7.26-7.42 (m, 5H), 7.46-7.50 (m, 
2H), 7.56-7.58 (m, 2H), 7.78-7.85 (m, 3H); 13C NMR (100 MHz, 
CDCl3): δ 55.5, 55.8, 68.2, 82.2, 96.1, 112.9, 114.2, 118.3, 119.8, 120.5, 
126.1, 126.9, 127.8, 127.9, 128.0, 128.9, 129.1, 129.5, 129.7, 131.1, 

131.7, 133.8, 136.9, 140.6, 142.6, 148.4, 159.9, 173.1; ESI-MS (m/z, %) 481 [M+Na]+; 
ESI-HRMS calcd for C28H26NaO6 [M+Na]+ 481.1627, found 481.1628. 
 
HPLC: Chiracel AD-H Column (250 mm); detected at 254 nm; n-hexane / i-propanol = 60 / 40; 
flow = 0.7 mL / min; Retention time: 17.1 min (maj), 37.9 min. 
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5. General procedure for the synthesis of 3-aryl-3-hydroxyoxindole 4a-c. 

 

Trifluoroacetic acid (0.2 mL) was added to a solution of the compound 3b, 3i or 3n (0.1 mmol, 1.0 

equiv) in CH2Cl2 (1.0 mL), then the mixture was stirred at ambient temperature for 30 min, and 

later quenched by aq. NaHCO3. The mixture was extracted with EtOAc and washed with aq. brine, 

dried over Na2SO4, and concentrated under reduced pressure. Subsequently, the residue was 

dissolved in dry THF (2.0 mL), and NaH (0.2 mmol, 2.0 equiv) was added slowly. The mixture 

was stirred at room temperature for another 30 min and monitored by TLC. When the reaction was 

over, a saturated aq. NaCl was added and the mixture was extracted with EtOAc. The combined 

organic phase was dried over Na2SO4, filtered, and concentrated. The residue was purified by 

silica gel flash chromatography to afford the corresponding products 4a-c. 
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6. Characterization data and HPLC chromatogram of compounds 4a-c. 

(R)-3-hydroxy-3-(4-methoxyphenyl)indolin-2-one 4a. 
 
 
95% yield, white solid, 93% ee. 
1H NMR (300 MHz, (CD3)2CO): δ 3.77 (s, 3H), 5.43 (s, 1H), 6.87 (d, J = 9.3 Hz, 
2H), 6.96-7.04 (m, 2H), 7.19-7.29 (m, 2H), 7.34 (d, J = 9.0 Hz, 2H), 9.32 (s, 1H). 
 

The absolute configuration of known compound 4a was unambiguously determined to be R by 
comparison of its HPLC chromatogram with the literature data.ref 

Reference:L. Yin, M. Kanai, M. Shibasaki, Angew. Chem. Int. Ed. 2011, 50, 7620. 
 
HPLC: Chiracel AD-H Column (250 mm); detected at 254 nm; n-hexane / i-propanol = 90 / 10; 
flow = 1.0 mL / min; Retention time: 25.9 min, 33.0 min (maj). 
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(R)-5-chloro-3-hydroxy-3-(naphthalen-1-yl)indolin-2-one 4b. 
97% yield, white solid, 97% ee. 
1H NMR (300 MHz, (CD3)2CO): δ 5.99 (s, 1H), 7.02 (s, 1H), 7.12 (d, J = 8.4 
Hz, 1H), 7.31-7.44 (m, 2H), 7.46 (t, J = 5.7 Hz, 1H), 7.58 (t, J = 7.2 Hz, 1H), 
7.84-7.94 (m, 3H), 8.12 (d, J = 6.9 Hz, 1H), 9.86 (s, 1H); 13C NMR (100 MHz, 
(CD3)2CO): δ 78.8, 112.7, 125.3, 125.7, 125.9, 126.0, 126.3, 126.9, 127.8, 
129.9, 130.1, 130.5, 131.1, 135.2, 136.3, 136.5, 141.8, 178.3; ESI-MS (m/z, %) 

332 [M+Na]+; ESI-HRMS calcd for C18H12NNaO2Cl [M+Na]+ 332.0454, found 332.0451. 
 
HPLC: Chiracel AD-H Column (250 mm); detected at 254 nm; n-hexane / i-propanol = 90 / 10; 
flow = 1.0 mL / min; Retention time: 22.4 min, 34.3 min (maj). 
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(R)-3-hydroxy-3-(naphthalen-1-yl)indolin-2-one 4c. 
99% yield, white solid, 98% ee. 
1H NMR (300 MHz, (CD3)2CO): δ 5.76 (s, 1H), 6.90 (t, J = 7.5 Hz, 1H), 7.01-7.10 
(m, 2H), 7.26-7.34 (m, 2H), 7.42 (t, J = 6.9 Hz, 1H), 7.56 (t, J = 7.5 Hz, 1H), 
7.88-7.91 (m, 3H), 8.12 (d, J = 7.2 Hz, 1H), 9.71 (s, 1H); 13C NMR (100 MHz, 
(CD3)2CO): δ 78.8, 111.1, 123.1, 125.5, 125.6, 125.8, 125.9, 126.1, 126.6, 129.7, 
129.8, 130.5, 131.3, 134.5, 135.2, 137.3, 142.9, 178.8; ESI-MS (m/z, %) 298 

[M+Na]+; ESI-HRMS calcd for C18H13NNaO2 [M+Na]+ 298.0844, found 298.0837. 
 
HPLC: Chiracel AD-H Column (250 mm); detected at 254 nm; n-hexane / i-propanol = 90 / 10; 
flow = 1.0 mL / min; Retention time: 31.0 min (maj), 34.8 min. 
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7. General procedure for the synthesis of 1,3-dihydroisobenzofuran derivatives 7a-b. 

 

Under nitrogen atmosphere, compound 6b or 6d (0.5 mmol, 1.0 equiv), NBS (0.55 mmol, 98 mg, 

1.1 equiv), and a trace amount of AIBN was dissolved in 5.0 mL of CCl4 and heated to reflux. The 

reaction was monitored by TLC, and later quenched by aq. Na2SO3. The mixture was extracted 

with EtOAc and washed with aq. NaHCO3 and brine, dried over Na2SO4, and concentrated under 

reduced pressure. Subsequently, the residue was dissolved in dry THF (3.0 mL), and Et3N (1.5 

mmol, 0.2 mL, 3.0 equiv) was added. This mixture was heated to reflux for 1 h and monitored by 

TLC. When the reaction was over, a saturated aq. NaCl was added and the mixture was extracted 

with EtOAc. The combined organic phase was dried over Na2SO4, filtered, and concentrated. The 

residue was purified by silica gel flash chromatography to afford the corresponding products 7a-b. 
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8. Characterization data and HPLC chromatogram of compounds 7a-b. 

Naphthalen-2-yl (R)-1-phenyl-1,3-dihydroisobenzofuran-1-carboxylate 7a. 
 
85% yield, colorless oil, 86% ee. 
1H NMR (300 MHz, CDCl3): δ 5.39 (q, J = 12.3 Hz, 2H), 7.09-7.16 (m, 1H), 
7.33-7.50 (m, 9H), 7.64-7.67 (m, 2H), 7.74-7.79 (m, 4H); ESI-MS (m/z, %) 
389 [M+Na]+. 
 

The absolute configuration of known compound 7a was unambiguously determined to be R by 
comparison of its HPLC chromatogram with the literature data.ref 

Reference: T.-S. Zhu, S.-S. Jin and M.-H. Xu, Angew. Chem. Int. Ed. 2012, 51, 780. 
 
HPLC: Chiracel AD-H Column (250 mm); detected at 254 nm; n-hexane / i-propanol = 70 / 30; 
flow = 0.7 mL / min; Retention time: 19.0 min (maj), 31.0 min. 
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Naphthalen-2-yl (R)-1-(naphthalen-1-yl)-1,3-dihydroisobenzofuran-1-carboxylate 7b. 
71% yield, white solid, 96% ee. 
1H NMR (300 MHz, CDCl3): δ 5.35 (q, J = 12.0 Hz, 2H), 6.92 (dd, J = 
2.4 Hz, 8.7 Hz, 1H), 7.27 (s, 1H), 7.28-7.47 (m, 5H), 7.52-7.62 (m, 3H), 
7.66-7.79 (m, 4H), 7.86-7.96 (m, 3H), 8.59 (d, J = 8.4 Hz, 1H); 13C 
NMR (100 MHz, CDCl3): δ 74.0, 92.8, 118.4, 120.7, 122.1, 124.8, 
125.1, 125.4, 125.5, 125.9, 126.2, 126.7, 127.1, 127.7, 127.9, 129.1, 
129.5, 129.7, 130.0, 131.6, 131.7, 133.7, 134.7, 135.7, 137.8, 141.1, 

148.4, 172.3; ESI-MS (m/z, %) 439 [M+Na]+; ESI-HRMS calcd for C29H20NaO3 [M+Na+] 
439.1310, found 439.1313. 
 
HPLC: Chiracel AD-H Column (250 mm); detected at 254 nm; n-hexane / i-propanol = 70 / 30; 
flow = 0.7 mL / min; Retention time: 17.7 min, 22.1 min (maj). 
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9. General procedure for the synthesis of 3-isochromanone derivatives 8a-b. 

 

Trifluoroacetic acid (0.3 mL) was added to a solution of the compound 6i or 6j (0.1 mmol, 1.0 

equiv) in CH2Cl2 (1.0 mL), then the mixture was stirred at ambient temperature for 1h, and later 

quenched by aq. NaHCO3. The mixture was extracted with EtOAc and washed with aq. brine. The 

combined organic phase was dried over Na2SO4, filtered, and concentrated. The residue was 

purified by silica gel flash chromatography to afford the corresponding products 8a-b. 
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10. Characterization data and HPLC chromatogram of compounds 8a-b. 

(R)-4-hydroxy-4-(4-methoxyphenyl)isochroman-3-one 8a. 
61% yield, colorless oil, 88% ee. 
1H NMR (300 MHz, CDCl3): δ 3.77 (s, 3H), 4.27 (s, 1H), 5.02 (q, J = 13.8 Hz, 
2H), 6.81 (d, J = 9.0 Hz, 2H), 7.06 (d, J = 8.7 Hz, 2H), 7.21 (d, J = 7.8 Hz, 1H), 
7.42 (t, J = 7.8 Hz, 1H), 7.55 (t, J = 7.5 Hz, 1H), 7.91 (d, J = 7.8 Hz, 1H); 13C 
NMR (100 MHz, CDCl3): δ 55.5, 69.9, 75.8, 114.4, 124.6, 125.6, 128.3, 128.4, 
129.4, 129.9, 130.7, 136.7, 160.2, 174.6; ESI-MS (m/z, %) 293 [M+Na]+; 

ESI-HRMS calcd for C16H14NaO4 [M+Na]+ 293.0790 found 293.0796. 
 
HPLC: Chiracel AD-H Column (250 mm); detected at 254 nm; n-hexane / i-propanol = 80 / 20; 
flow = 0.7 mL / min; Retention time: 21.9 min (maj), 27.4 min. 
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(R)-4-hydroxy-4-(p-tolyl)isochroman-3-one 8b. 
80% yield, colorless oil, 85% ee. 
1H NMR (300 MHz, CDCl3): δ 2.31 (s, 3H), 4.28 (s, 1H), 5.02 (q, J = 13.8 Hz, 
2H), 7.03 (d, J = 8.4 Hz, 2H), 7.12 (d, J = 8.1 Hz, 2H), 7.21 (d, J = 7.2 Hz, 1H), 
7.42 (dt, J = 1.2 Hz, 7.5 Hz, 1H), 7.55 (t, J = 7.5 Hz, 1H), 7.91 (d, J = 7.5 Hz, 
1H); 13C NMR (100 MHz, CDCl3): δ 21.2, 69.9, 76.0, 124.6, 125.7, 126.8, 
128.4, 129.4, 129.8, 130.7, 135.0, 136.6, 139.3, 174.6; ESI-MS (m/z, %) 277 

[M+Na]+; ESI-HRMS calcd for C16H14NaO3 [M+Na]+ 277.0841, found 277.0845. 
 
HPLC: Chiracel AD-H Column (250 mm); detected at 254 nm; n-hexane / i-propanol = 80 / 20; 
flow = 0.7 mL / min; Retention time: 15.3 min (maj), 20.5 min. 
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11. Copies of 1H and 13C NMR Spectra of Compounds 3b-s, 6a-k, 4a-c, 7a-b and 8a-b. 
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