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I. General Remarks 

All the reactions dealing with air- or moisture-sensitive compounds were carried out in a dry 

reaction vessel under a positive pressure of nitrogen or in the nitrogen-filled glovebox. Unless 

otherwise noted, all reagents and solvents were purchased from commercial suppliers without 

further purification. Anhydrous solvents were purchased from Sigma-Aldrich and transferred by 

syringe. 1H NMR and 13C NMR spectra were recorded on a Bruker ADVANCE III (400 MHz) 

spectrometer with CDCl3 or (CD3)2CO as the solvent and tetramethylsilane (TMS) as the internal 

standard. Chemical shifts are reported in parts per million (ppm, δ scale) downfield from TMS at 

0.00 ppm and referenced to the CDCl3 at 7.26 ppm (for 1H NMR) or 77.0 ppm (for 13C NMR) or to 

(CD3)2CO at 2.05 ppm (for 1H NMR) or 29.8 ppm, 206.3 ppm (for 13C NMR). Data are reported as: 

multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet), coupling constant in 

hertz (Hz) and signal area integration in natural numbers. 13C NMR analyses were run with 

decoupling. Enantiomeric excess values were determined by Daicel chiral column on an Agilent 

1260 Series HPLC instrument. Optical rotations [α]D were measured on a PERKIN ELMER 

polarimeter 343 instrucment. 

All the 3-substituted maleic anhydrides were prepared according the literature.[1] The absolute 

configuration of products 2a and 2l were determined by comparison of analytical data with the 

literature (HPLC spectra, optical rotation).[2] The absolute configuration of others were assigned by 

analogy. 

 

II. General Procedure for the Synthesis of the substrates 

Method A: 1a  

 

Condensation of arylacetonitriles with glyoxylic acid. A mixture of 20 mmol of the appropriate 

arylacetonitrile, 25 mmol of glyoxylicacid hydrate, and 50 mmol of potassium carbonate in 40 mL 

of methanol was stirred at room temperature or reflux for 3-24 h. The resulting thick solid precipitate 

was filtered and washed with dichloromethane. This solid was suspended in 100 mL of cold water, 
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stirred overnight, and then filtered and air dried to provide the corresponding potassium (2)-3-aryl-

3-cyanopropenoate. 

The potassium (Z)-3-aryl-3-cyanopropenoates (10 mmol) were dissolved in ca. 25 mL of 88% 

formic acid containing 1.5 mL of concentrated sulfuric acid. These mixtures were heated at reflux 

for 2-3 h and then cooled and poured into ice water. The resulting solids were filtered, washed with 

water, and air dried to provide the arylmaleic anhydrides. 

Substrates 1a-1j were prepared through method A. 

Method B: 1b  

 

Solid morpholine hydrochloride (3.4 g, 27.5 mmol) was added to a solution of glyoxylic acid 

monohydrate (2.3 g, 25 mmol) in 20 mL of dioxane. To this suspension was added dropwise 3 mL 

of H2O, after which all of the solid material was dissolved. A solution of appropriate alkylaldehyde 

(26.25 mmol) in 5 mL of dioxane was added via syringe, and the colorless solution was stirred at 

ambient temperature for 3 h and then heated to 100 °C and stirred overnight. The reaction mixture 

was evaporated and extracted 3 times with Et2O, and the combined organic layers were then washed 

with saturated NaHCO3 (aq.) and brine, dried over MgSO4, and concentrated. The residue was 

purified with column chromatography to obtain desired 5-hydroxy-4-aryl-2(5H)-furanone.  

To a stirred solution of 5-hydroxy-4-aryl-2(5H)-furanone (2 mmol) in DCM (10 mL) was 

added Dess−Martin periodinane (4 mmol) in one portion and the mixture was stirred for further 3 h 

in room temperature. After TLC shows starting material has disappeared, the reaction mixture was 

concentrated under reduced pressure, and the resulting residue was separated by column 

chromatography (hexane:EtOAc = 10:1) to give the desired maleic anhydrides. 

Substrates 1k-1n were prepared through method B. 

 

Esterification: 3 
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A solution of succinic anhydride 2 (0.1 mmol) in dry methanol (1 mL) containing concentrated 

sulfuric acid (1 drops) was heated at reflux under anhydrous conditions. After 12 h, the solution was 

concentrated to near dryness on a rotary vacuum evaporator. The residue was dissolved in 

chloroform and the solution was washed successively with saturated NaHCO3 and water before 

being dried over anhydrous MgSO4. Removal of solvent under reduced pressure afforded dimethyl 

succinate as a colorless oil that was sufficiently pure to be used directly in the next step without 

further purification. 

The configuration of 2a and 2l was determined as by comparing the optical rotation data with 

the reported by the literature after esterification of the anhydride.2a, 2b The configuration of 2j and 

2k was determined by comparing the optical rotation data with the reported by the literature 

directly.2a 

 

2-phenylmaleic anhydride 1a 

 

White solid; 1.3 g, 38% total yield; 1H NMR (400 MHz, CDCl3): δ (ppm) 8.00-7.97 (m, 2H), 

7.60-7.50 (m, 3H), 7.01 (s, 1H); 13C NMR (101 MHz, CDCl3): δ (ppm) 164.6, 163.7, 146.9, 132.8, 

129.4, 129.1, 126.8, 124.5. HRMS (ESI): [M+H+] Calc. 175.0395, found 175.0390. 

 

2-(3-methylphenyl)-maleic anhydride 1b 

 

White solid, 410 mg, 22% total yield (10 mmol scale); 1H NMR (400 MHz, (CD3)2CO): δ (ppm) 

7.79-7.77 (m, 2H), 7.43-7.37 (m, 2H), 6.98 (s, 1H), 2.43 (s, 3H); 13C NMR (101 MHz, (CD3)2CO): 

δ (ppm) 168.2, 165.3, 149.6, 138.7, 133.8, 131.1, 128.9, 127.3, 124.0, 116.3, 20.5. HRMS (ESI): 

[M+H+] Calc. 189.0552, found 189.0545. 
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2-(4-methylphenyl)-maleic anhydride 1c 

 

White solid; 180 mg, 10% total yield (10 mmol scale); 1H NMR (400 MHz, (CD3)2CO): δ 

(ppm) 8.01 (d, J = 8.0Hz, 2H), 7.45 (s, 1H), 7.39 (d, J = 8.0 Hz, 2H), 2.42 (s, 3H); 13C NMR (101 

MHz, (CD3)2CO): δ (ppm) 165.4, 164.4, 146.4, 143.1, 129.8, 129.0, 125.0, 124.6, 20.7. HRMS 

(ESI): [M+H+] Calc. 189.0552, found 189.0545. 

 

2-(2-methoxyphenyl)-maleic anhydride 1d 

 

Yellow solid; 210 mg, 11% total yield (10 mmol scale); 1H NMR (400 MHz, CDCl3): δ (ppm) 

8.35-8.33 (m, 1H), 7.54-7.50 (m, 1H), 7.39 (s, 1H), 7.12-7.08 (m, 1H), 7.04-7.02 (m, 1H), 3.97 (s, 

3H); 13C NMR (101 MHz, CDCl3): δ (ppm) 165.6, 165.1, 160.0, 141.9, 133.8, 131.7, 127.6, 121.1, 

116.2, 111.2, 55.8. HRMS (ESI): [M+H+] Calc. 205.0501, found 204.0495. 

 

2-(2-fluorophenyl)-maleic anhydride 1e 

 

White yellow solid, mp 95-99 C; 580 mg, 15% total yield; 1H NMR (400 MHz, (CD3)2CO): 

δ (ppm) 8.27-8.23 (m, 1H), 7.72-7.67 (m, 1H), 7.47-7.38 (m, 2H), 7.45 (s, 1H); 13C NMR (101 MHz, 

(CD3)2CO): δ (ppm) 165.0, 164.3, 161.8 (d, J =253.0 Hz), 140.5, 134.1 (d, J = 10.1 Hz), 131.2 (d, J 

= 2.0 Hz), 129.4 (d, J = 13.1 Hz), 124.9 (d, J = 4.0 Hz), 116.4 (d, J = 22.2 Hz), 115.9 (d, J = 11.1 

Hz). HRMS (ESI): [M+H+] Calc. 193.0301, found 193.0295. 
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2-(3-fluorophenyl)-maleic anhydride 1f 

 

Light yellow solid, mp 88-91 C; 930 mg, 24% total yield; 1H NMR (400 MHz, (CD3)2CO): 

δ (ppm) 7.84-7.81 (m, 1H), 7.77-7.73 (m, 1H), 7.53-7.48 (m, 1H), 7.51 (s, 1H), 7.03-7.25 (m, 1H); 

13C NMR (101 MHz, (CD3)2CO): δ (ppm) 165.0, 164.0, 162.7 (d, J = 246.4 Hz), 145.2 (d, J = 3.0 

Hz), 131.2 (d, J = 8.0 Hz), 129.7 (d, J = 9.0 Hz), 127.3, 125.2 (d, J = 3.0 Hz), 118.9 (d, J = 21.2 Hz), 

115.6 (d, J = 23.2 Hz). HRMS (ESI): [M+H+] Calc. 193.0301, found 193.0295. 

 

2-(4-fluorophenyl)-maleic anhydride 1g 

 

White solid; 580 mg, 15% total yield; 1H NMR (400 MHz, CDCl3): δ (ppm) 8.05-8.01 (m, 2H), 

7.24-7.20 (m, 2H), 6.97 (s, 1H); 13C NMR (101 MHz, CDCl3): δ (ppm) 165.3 (d, J = 254.0 Hz), 

164.6, 163.5, 145.7, 131.5 (d, J = 10.0 Hz), 123.9 (d, J = 2.0 Hz), 123.1 (d, J = 4.0 Hz), 116.9 (d, J 

= 22.2 Hz). HRMS (ESI): [M-H+] Calc. 193.0301, found 193.0295. 

 

2-(4-chlorophenyl)-maleic anhydride 1h 

 

Light yellow solid; 1.8 g, 43% total yield; 1H NMR (400 MHz, CDCl3): δ (ppm) 7.95-7.93 (m, 

2H), 7.52-7.50 (m, 2H), 7.01 (s, 1H); 13C NMR (101 MHz, CDCl3): δ (ppm) 164.4, 163.4, 145.7, 

139.4, 130.3, 129.8, 125.2, 124.7. HRMS (ESI): [M+H+] Calc. 209.0005, found 209.0000. 

 

2-(3-chlorophenyl)-maleic anhydride 1i 
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White solid, mp 89-94 C; 500 mg, 24% total yield; 1H NMR (400 MHz, CDCl3): δ (ppm) 

7.97 (s, 1H), 7.89-7.87 (m, 1H), 7.57-7.54 (m, 1H), 7.49-7.46 (m, 1H), 7.05 (s, 1H); 13C NMR (101 

MHz, CDCl3): δ (ppm) 164.1, 163.2, 145.6, 135.6, 132.7, 130.7, 128.9, 128.3, 127.1, 125.7. HRMS 

(ESI): [M+H+] Calc. 209.0005, found 209.0000. 

 

N-phenylmethyl-2-phenyl-maleic anhydride 1k 

 

Colorless liquid; 310 mg, 9% total yield; 1H NMR (400 MHz, (CD3)2CO): δ (ppm) 6.55 (s, 

1H), 2.91-2.84 (m, 1H), 1.26 (d, J = 8.0 Hz, 6H); 13C NMR (101 MHz, (CD3)2CO): δ (ppm) 165.3, 

164.1, 159.3, 127.1, 26.6, 20.5. HRMS (ESI): [M+H+] Calc. 141.0552, found 141.0545. 

 

N-phenyl-2-phenyl-maleic anhydride 1l 

 

White solid; 550mg, 24% total yield (10 mmol scale); mp 87-91 C; 1H NMR (400 MHz, 

CDCl3): δ (ppm) 7.38-7.33 (m, 3H), 7.24-7.22 (m, 2H), 6.42-6.41 (m, 1H), 2.82 (s, 1H); 13C NMR 

(101 MHz, CDCl3): δ (ppm) 165.6, 163.6, 152.8, 134.3, 129.5, 129.3, 129.0, 127.8, 32.4. HRMS 

(ESI): [M+H+] Calc. 189.0552, found 189.0546. 

 

III. General Procedure for Asymmetric Hydrogenation of Chiral Maleic 

Anhydrides 

In the nitrogen-filled glovebox, a solution of ZhaoPhos (1.0 eq.) and Rh(NBD)2BF4 (3.7 mg, 

0.005 mmol) in 1.0 mL anhydrous ethyl acetate (EA) was stirred at room temperature for 40 min. 
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100 uL of the resulting solution transferred by syringe into a vial charged with 1 (0.1 mmol) in 0.9 

mL anhydrous EA. The vials were transferred to an autoclave, which was then charged with 1 atm 

of H2 and stirred at room temperature for 30min. The solution was passed through short column of 

silica gel (about 4 cm) to remove the metal complex and concentrated. The product was analyzed 

by NMR spectroscopy for conversion and chiral HPLC or GC for ee values. 

   

(R)-3-phenylsuccinic anhydride 2a 

 

White solid; >99% conversion; 17.1 mg, 98% yield; 97% ee; [α]D
20 = -76.09 (c = 1.0, CHCl3); 

The enantiomeric excess was determined by HPLC on Chiralpak AD-H column, hexane: 

isopropanol = 98:2; flow rate = 1.0 mL/min; UV detection at 210 nm; tR = 46.8 min (major), 52.8 

min (minor). 1H NMR (400 MHz, CDCl3)  = 7.44-7.36 (m, 3H), 7.28-7.25 (m, 2H), 4.37-4.33 (m, 

1H), 3.51-3.44 (m, 1H), 3.16-3.10 (m, 1H); 13C NMR (101 MHz, CDCl3) δ = 170.5, 168.4, 133.5, 

128.5, 127.7, 126.2, 45.5, 35.7. HRMS (ESI): [M+H+] Calc. 177.0552, found 177.0546. 

 

(R)-3-(2-methoxyphenyl)-succinic anhydride 2b 

 

Colorless liquid; >99% conversion; 18.1 mg, 95% yield; 96% ee; [α]D
20 = -65.70 (c = 1.0, EA); 

The enantiomeric excess was determined by HPLC on Chiralpak AD-H column, hexane: 

isopropanol = 97:3; flow rate = 1.0 mL/min; UV detection at 210 nm; tR = 65.8 min (major), 75.2 

min (minor). 1H NMR (400 MHz, (CD3)2CO)  = 7.31-7.28 (m, 2H), 7.24-7.23 (m, 1H), 7.19-7.17 

(m, 1H), 4.65-4.60 (m, 1H), 3.62-3.55 (m, 1H), 3.30-3.24 m, 1H), 2.34 (s, 3H); 13C NMR (101 MHz, 

(CD3)2CO) δ = 172.9, 170.5, 138.6, 136.0, 128.9, 128.7, 128.6, 125.1, 46.6, 36.5, 20.5. HRMS (ESI): 

[M+H+] Calc. 189.0552, found 189.0546. 
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(R)-3-(3-methoxyphenyl)-succinic anhydride 2c 

 

White solid, mp 153-157 C; >99% conversion; 18.6 mg, 98% yield; >99% ee; [α]D
20 = -60.60 

(c = 1.0, CHCl3); The enantiomeric excess was determined by HPLC on Chiralpak AS-H column, 

hexane: isopropanol = 95:5; flow rate = 1.0 mL/min; UV detection at 210 nm; tR = 70.4 min (major), 

83.8 min (minor). 1H NMR (400 MHz, CDCl3)  = 7.23-7.21 (m, 2H), 7.16-7.12 (m, 2H) 4.32-4.28 

(m, 1H), 3.48-3.40 (m, 1H), 3.13-3.06 m, 1H), 2.36 (s, 3H); 13C NMR (101 MHz, CDCl3) δ = 170.8, 

168.6, 137.6, 130.6, 129.1, 126.1, 45.2, 35.7, 20.1. HRMS (ESI): [M+H+] Calc. 189.0552, found 

189.0546. 

 

(R)-3-(4-methoxyphenyl)-succinic anhydride 2d 

 

Yellow solid; >99% conversion; 20.4 mg, 99% yield; 96% ee; [α]D
20 = -81.93 (c = 1.0, CHCl3); 

The enantiomeric excess was determined by HPLC on Chiralpak AD-H column, hexane: 

isopropanol = 90:10; flow rate = 1.0 mL/min; UV detection at 220 nm; tR = 19.0 min (major), 24.6 

min (minor). 1H NMR (400 MHz, CDCl3)  = 7.38-7.33 (m, 1H), 7.21-7.19 (m, 1H), 6.99-6.92 (m, 

2H), 4.16-4.12 (m, 1H), 3.83 (s, 1H), 3.33-3.25 (m, 1H), 3.05-2.99 (m, 1H); 13C NMR (101 MHz, 

CDCl3) δ = 171.7, 169.6, 155.4, 129.9, 129.3, 123.2, 120.2, 110.3, 54.5, 43.6, 34.9. HRMS (ESI): 

[M+H+] Calc. 207.0652, found 207.0648. 

 

(R)-3-(2-fluorophenyl)-succinic anhydride 2e 
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Light yellow solid, mp 85-89 C; >99% conversion; 18.5 mg, 95% yield; >99% ee; [α]D
25 = -

33.40 (c = 1.0, EA); The enantiomeric excess was determined by HPLC on Chiralpak AD-H column, 

hexane: isopropanol = 98:2; flow rate = 1.0 mL/min; UV detection at 210 nm; tR = 45.9 min (major), 

55.8 min (minor). 1H NMR (400 MHz, CDCl3)  = 7.41-7.36 (m, 1H), 7.30-7.26 (m, 1H), 7.21-7.13 

(m, 2H), 4.41-4.36 (m, 1H), 3.50-3.42 (m, 1H), 3.11-3.05 (m, 1H); 13C NMR (101 MHz, CDCl3) δ 

= 170.1, 168.1, 159.4 (d, J = 247.5 Hz), 129.9 (d, J = 11.1 Hz), 129.2 (d, J = 4.0 Hz), 124.0 (d, J = 

4.0 Hz), 121.6 (d, Jcf=14.1 Hz), 115.3 (d, J = 20.2 Hz), 41.4 (d, J = 1.0 Hz), 35.2 (d, J = 2.0 Hz). 

HRMS (ESI): [M+H+] Calc. 195.0457, found 195.0453. 

 

(R)-3-(3-fluorophenyl)-succinic anhydride 2f 

 

White solid; >99% conversion; 18.2 mg, 94% yield; 95% ee; [α]D
20 = -52.04 (c = 1.0, CHCl3); 

The enantiomeric excess was determined by HPLC on Chiralpak AD-H column, hexane: 

isopropanol = 93:7; flow rate = 1.0 mL/min; UV detection at 220 nm; tR =27.9 min (minor), 34.5 

min (major). 1H NMR (400 MHz, CDCl3)  = 7.43-7.38 (m, 1H), 7.11-7.01 (m, 3H), 4.38-4.34 (m, 

1H), 3.53-3.45 (m, 1H), 3.16-3.10 (m, 1H); 13C NMR (101 MHz, CDCl3) δ = 169.9, 167.9, 162.0 

(d, J = 249.5 Hz), 135.5 (d, J = 7.0 Hz), 130.2 (d, J = 8.0 Hz), 121.9 (d, J = 3.0 Hz), 114.9 (d, J = 

20.2 Hz), 113.8 (d, J = 23.2 Hz), 45.0 (d, J = 2.0 Hz), 35.4. HRMS (ESI): [M+H+] Calc. 195.0457, 

found 195.0453. 

 

(R)-3-(4-fluorophenyl)-succinic anhydride 2g 

 

Light yellow solid, mp 159-163 C; >99% conversion; 18.6 mg, 96% yield; 98% ee; [α]D
20 = 

-86.90 (c = 1.0, CHCl3); The enantiomeric excess of 4g was determined by corresponding di-methyl 

ester 3g: HPLC on Chiralpak OJ-H column, hexane: isopropanol = 90:10; flow rate = 1.0 mL/min; 
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UV detection at 230 nm; tR = 14.9 min (major), 16.2 min (minor). 1H NMR (400 MHz, CDCl3)  = 

7.29-7.24 (m, 2H), 7.14-7.09 (m, 2H), 4.37-4.33 (m, 1H), 3.52-3.44 (m, 1H), 3.14-3.07 (m, 1H); 

13C NMR (101 MHz, CDCl3) δ = 170.4, 168.1, 161.7 (d, J = 248 Hz), 129.2 (d, J = 3.0 Hz), 128.1 

(d, J = 8.0 Hz), 115.5 (d, J = 22.0 Hz), 44.8, 35.6. HRMS (ESI): [M+H+] Calc. 195.0457, found 

195.0453. 

 

(R)-3-(4-chlorophenyl)-succinic anhydride 2h 

 

Light yellow solid; >99% conversion; 20.4 mg, 98% yield; 93% ee; [α]D
20 = -72.60 (c = 1.0, 

CHCl3); The enantiomeric excess of 4h was determined by corresponding methyl-ester 4h: HPLC 

on Chiralpak OJ-H column, hexane: isopropanol = 98:2; flow rate = 1.0 mL/min; UV detection at 

220 nm; tR = 21.6 min (major), 24.9 min (minor). 1H NMR (400 MHz, CDCl3)  = 7.41-7.38 (m, 

2H), 7.24-7.21 (m, 2H), 4.36-4.32 (m, 1H), 3.51-3.44 (m, 1H), 3.13-3.06 (m, 1H); 13C NMR (101 

MHz, CDCl3) δ = 170.2, 168.0, 133.8, 131.8, 128.7, 127.7, 44.8, 35.4. HRMS (ESI): [M-H+] Calc. 

209.0005, found 209.0004. 

 

(R)-3-(4-bromophenyl)-succinic anhydride 2i 

  

White solid; >99% conversion; 20.7 mg, 97% yield; 93% ee; [α]D
20 = -59.10 (c = 1.0, CHCl3); 

The enantiomeric excess was determined by HPLC on Chiralpak AD-H column, hexane: 

isopropanol = 93:7; flow rate = 1.0 mL/min; UV detection at 210 nm; tR = 27.4 min (major), 33.3 

min (minor). 1H NMR (400 MHz, CDCl3)  = 7.37-7.29 (m, 2H), 7.19 (d, J = 4.0 Hz, 1H), 7.17-

7.16 (m, 1H), 4.36-4.32 (m, 1H), 3.52-3.44 (m, 1H), 3.15-3.09 (m, 1H); 13C NMR (101 MHz, CDCl3) 

δ = 169.9, 167.9, 135.2, 134.3, 129.8, 128.0, 126.7, 124.4, 45.0, 35.4. HRMS (ESI): [M-H+] Calc. 
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209.0005, found 209.0004. 

 

(R)-3-methyl-succinic anhydride 2j 

 

Colorless liquid; >99% conversion; 11.3 mg, 99% yield; 96% ee; [α]D
20 = -36.60 (c = 1.0, 

CHCl3); The enantiomeric excess was determined by GC on Chiralpak β-dex225 column, 100 ℃, 

0 min, 10 ℃/min, 150 ℃, 25 min; tR = 18.5 min (minor), 19.2 min (major). 1H NMR (400 MHz, 

CDCl3)  = 3.23-3.13 (m, 2H), 2.67-2.59 (m, 1H), 1.46 (d, J = 4.0 Hz, 3H); 13C NMR (101 MHz, 

CDCl3) δ = 173.2, 178.8, 35.0, 34.6, 15.2. HRMS (ESI): [M+H+] Calc. 115.0395, found 115.0392. 

 

(S)- 3-isopropyl-succinic anhydride 2k 

 

Colorless liquid; >99% conversion; 13.7 mg, 97% yield; 95% ee; [α]D
20 = 23.70 (c =1.0, 

CHCl3); The enantiomeric excess was determined by GC on Chiralpak β-dex120 column, 100 ℃, 

0 min, 2 ℃/min, 120 ℃, 25 min; tR = 28.3 min (minor), 28.9 min (major). 1H NMR (400 MHz, 

CDCl3)  = 3.11-3.06 (m, 1H), 3.02-2.95 (m, 1H), 2.77-2.71 (m, 1H), 2.33-2.29 (m, 1H), 1.05 (d, J 

= 8.0 Hz, 3H), 1.00 (d, J = 8.0 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ = 171.8, 169.3, 45.7, 29.6, 

28.2, 18.7, 17.0. HRMS (ESI): [M+H+] Calc. 143.0708, found 143.0702. 

 

(S)-3-benzyl-succinic anhydride 2l 

 

White solid; >99% conversion; 18.3 mg, 96% yield; 90% ee; [α]D
20 = 42.70 (c = 1.0, CHCl3) 
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(4l: [α]D
20 = +82.33 (c = 1.0, CHCl3)); The enantiomeric excess was determined by HPLC on 

Chiralpak AD-H column, hexane: isopropanol = 90:10; flow rate = 1.0 mL/min; UV detection at 

210 nm; tR = 15.7 min (major), 17.2 min (minor). 1H NMR (400 MHz, CDCl3)  = 7.37-7.27 (m, 

3H), 7.19-7.17 (m, 2H), 3.48-3.42 (m, 1H), 3.27-3.22 (m, 1H), 3.05-2.92 (m, 2H), 2.75-2.69 (m, 

1H); 13C NMR (101 MHz, CDCl3) δ = 172.1, 168.6, 134.8, 128.2, 127.9, 126.6, 41.1, 35.0, 31.9. 

HRMS (ESI): [M+H+] Calc. 191.0708, found 191.0701. 
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