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1. General Information 

Commercially available reagents were purchased at the highest commercial quality 

and used without further purification, unless otherwise stated. Analytical thin layer 

chromatography was performed on 0.25 mm silica gel 60-F254. 1H NMR spectra 

were recorded on Bruker AMX-400 or Bruker DRX-600 instruments. The following 

abbreviations (or combinations thereof) were used to explain multiplicities: s = singlet, 

d = doublet, t = triplet, q = quartet, m = multiplet, br = broad. Coupling constants, J, 

were reported in Hertz unit (Hz). 13C NMR spectra were recorded on Bruker DRX-

600 or JEOL instruments (100 MHz) and were fully decoupled by broad band proton 

decoupling. 19F NMR Spectra were recorded on Bruker AMX-399 spectrometer (376 

MHz) or JEOL-400 (376 MHz) and were fully decoupled by broad band proton 

decoupling. Chemical shifts were referenced to the appropriate residual solvent peaks. 

Column chromatography was carried out automated using Biotage Isolera One with 

Biotage SNAP Ultra Column. 

2. General procedure of the preparation of thioether ligands1 

 

To the tBuOH (10.0 mL) solution of tBuOK (1.23 g, 11.0 mmol) was added 

thiophenol (1.54 mL, 15.0 mmol), and the mixture was stirred at room temperature for 

10 min. Then Evans oxazolidone chiral auxiliary (10.0 mmol) in tBuOH (5 mL) was 

added and the mixture was stirred under 80 ℃ for 12 h. After being allowed to cool to 

room temperature, the reaction was quenched by sat. NH4Cl (5 mL). The aqueous 

phase was extracted with EA (15 mL×3) and the combined organic phase was dried 

with anhydrous Na2SO4, concentrated under reduced pressure. The residue was used 

without purification. 

To a stirred solution of substrate in dry DCM (30 mL) was added Boc2O (2.6 g, 12 

mmol) and TEA (2.0 g, 20 mmol) at 0 ℃. After stirring at room temperature for 1 h, 

then the mixture was concentrated in vacuo, diluted with ethyl acetate, and washed 
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with sat. NH4Cl and NaHCO3. The organic layer was dried over MgSO4, concentrated 

in vacuo, and purified by column with ethyl acetate/n-hexane (1/10) as the eluent to 

afford thioether ligand L8. 

 

tert-butyl (S)-(3-methyl-1-(phenylthio)butan-2-yl)carbamate (L8) 

White solid. 1H NMR (600 MHz, CDCl3) δ 7.45 – 7.35 (m, 2H), 7.32 – 7.27 (m, 2H), 

7.21 (t, J = 7.4 Hz, 1H), 4.59 (d, J = 7.8 Hz, 1H), 3.74 – 3.73 (m, 1H), 3.10 (d, J = 5.4 

Hz, 2H), 2.04 – 1.85 (m, 1H), 1.45 (s, 9H), 0.94 (dd, J = 14.8, 6.8 Hz, 6H). 13C NMR 

(150 MHz, CDCl3) δ 155.75, 136.60, 129.82, 129.06, 126.33, 79.30, 55.30, 37.67, 

30.95, 28.49, 19.57, 17.98. HRMS (ESI-TOF) Calcd for C16H24NO2S [M-H]-: 

294.1528; found: 294.1523.  

 

To a stirred solution of substrate (10 mmol) in dry DCM (30 mL) was added benzoyl 

chloride (12 mmol) and TEA (2.0 g, 20 mmol) at 0 ℃. After stirring at room 

temperature for 1 h, then the mixture was concentrated in vacuo, diluted with ethyl 

acetate, and washed with sat. NH4Cl and NaHCO3. The organic layer was dried over 

MgSO4, concentrated in vacuo and purified by column with ethyl acetate/n-hexane 

(1/10) as the eluent to afford thioether ligand. 

 

(S)-N-(3-methyl-1-(phenylthio)butan-2-yl)benzamide (L9) 

White solid. 1H NMR (600 MHz, CDCl3) δ 7.68 – 7.62 (m, 2H), 7.53 – 7.48 (m, 1H), 

7.45 – 7.39 (m, 4H), 7.28 (d, J = 6.2 Hz, 2H), 7.21 – 7.16 (m, 1H), 6.15 (d, J = 8.7 Hz, 

1H), 4.25 (dq, J = 9.2, 5.6 Hz, 1H), 3.27 (d, J = 5.4 Hz, 2H), 2.12 (dq, J = 13.6, 6.8 

Hz, 1H), 1.02 (t, J = 6.8 Hz, 6H). 13C NMR (150 MHz, CDCl3) δ 167.33, 136.27, 

134.77, 131.51, 129.89, 129.23, 128.62, 126.94, 126.52, 54.60, 37.18, 30.89, 19.58, 

18.60. HRMS (ESI-TOF) Calcd for C18H20NOS [M-H]-: 298.1266; found: 298.1253. 
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(S)-mesityl((3-methyl-1-(phenylthio)butan-2-yl)-l2-azaneyl)methanone (L10) 

White solid. 1H NMR (600 MHz, CDCl3) δ 7.42 (d, J = 7.6 Hz, 2H), 7.32 (t, J = 7.8 

Hz, 2H), 7.22 (t, J = 7.4 Hz, 1H), 6.87 (s, 2H), 5.76 (d, J = 8.7 Hz, 1H), 4.28 (dq, J = 

11.9, 5.9 Hz, 1H), 3.22 (d, J = 5.7 Hz, 2H), 2.34 (s, 6H), 2.30 (s, 3H), 2.15 – 2.05 (m, 

1H), 1.01 (dd, J = 13.1, 6.8 Hz, 6H). 13C NMR (100 MHz, CDCl3) δ 170.51, 138.56, 

136.16, 135.15, 134.36, 129.79, 129.16, 128.32, 126.49, 53.86, 37.15, 30.39, 21.17, 

19.46, 19.41, 18.38. HRMS (ESI-TOF) Calcd for C21H26NOS [M-H]-: 340.1735; 

found: 340.1722. 

 

(S)-2,6-difluoro-N-(3-methyl-1-(phenylthio)butan-2-yl)benzamide (L11) 

White solid. 1H NMR (400 MHz, CDCl3) δ 7.47 – 7.40 (m, 2H), 7.40 – 7.33 (m, 1H), 

7.32 – 7.25 (m, 2H), 7.21 – 7.14 (m, 1H), 7.01 – 6.91 (m, 2H), 5.99 (d, J = 8.4 Hz, 1H) 

4.25 (dq, J = 9.4, 5.8 Hz, 1H), 3.29 – 3.15 (m, 2H), 2.09 (h, J = 6.8 Hz, 1H), 1.02 (dd, 

J = 6.8, 5.4 Hz, 6H). 13C NMR (100 MHz, CDCl3) δ 160.27, 160.04 (dd, J = 275.3, 

6.8 Hz), 136.0, 131.69 (t, J = 10.1 Hz), 130.13, 129.15, 126.60, 112.09 (d, J = 25.0 

Hz), 112.09 (dd, J = 18.2, 3.0 Hz), 54.59, 37.22, 30.53, 19.54, 18.05. 19F NMR (376 

MHz, CDCl3) δ -114.58. HRMS (ESI-TOF) Calcd for C18H18F2NOS [M-H]-: 

334.1077; found: 334.1065. 

 

(S)-2,6-difluoro-N-(1-phenyl-3-(phenylthio)propan-2-yl)benzamide (L12) 

White solid. 1H NMR (400 MHz, CDCl3) δ 7.46 – 7.39 (m, 2H), 7.39 – 7.17 (m, 9H), 

6.94 (t, J = 8.1 Hz, 2H), 6.12 (d, J = 7.6 Hz, 1H), 4.61 (h, J = 6.2 Hz, 1H), 3.24 – 3.03 

(m, 4H). 13C NMR NMR (100 MHz, CDCl3) δ 160.10 (dd, J = 252.4, 7.3 Hz), 160.08, 

136.94, 135.49, 131.82 (t, J = 10.0 Hz), 129.95, 129.57, 129.23, 128.73, 126.90, 

126.64, 112.12 (dd, J = 17.9, 2.8 Hz), 112.11 (d, J = 24.8 Hz), 50.68, 38.76, 37.23. 19F 

NMR (376 MHz, CDCl3) δ -114.46. HRMS (ESI-TOF) Calcd for C22H18F2NOS [M-
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H]-: 382.1077; found: 382.1062.  

 

2,6-difluoro-N-((2S,3S)-3-methyl-1-(phenylthio)pentan-2-yl)benzamide (L13) 

White solid. 1H NMR (400 MHz, CDCl3) δ 7.46 – 7.40 (m, 2H), 7.39 – 7.33 (m, 1H), 

7.31 – 7.25 (m, 2H), 7.22 – 7.15 (m, 1H), 7.02 – 6.90 (m, 2H), 6.02 (d, J = 8.6 Hz, 

1H), 4.38 – 4.25 (m, 1H), 3.31 – 3.13 (m, 2H), 1.87 (ddt, J = 13.4, 6.8, 3.6 Hz, 1H), 

1.59 (dtt, J = 15.0, 7.4, 3.8 Hz, 1H), 1.25 – 1.10 (m, 1H), 0.99 (d, J = 6.8 Hz, 3H), 

0.94 (t, J = 7.4 Hz, 3H). 13C NMR (100 MHz, CDCl3) δ 160.28, 160.08 (dd, J = 252.0, 

6.2 Hz), 135.92, 131.72 (t, J = 8.8 Hz), 130.27, 129.15, 126.65, 112.10 (dd, J = 15.7, 

1.8 Hz), 112.08 (d, J = 23.8 Hz), 53.63, 36.98, 36.89, 24.95, 15.48, 11.44. 19F NMR 

(376 MHz, CDCl3) δ -114.56. HRMS (ESI-TOF) Calcd for C19H20F2NOS [M-H]-

:348.1234; found: 348.1223. 
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3. Ligands investigation 

 

aConditions: 1a (0.1 mmol), 2a (0.2 mmol), Pd(OAc)2 (10 mol%), ligand (12 mol%), Ag2CO3 

(2.0 equiv.), NaHCO3 (0.5 equiv.) in HFIP (0.5 mL) 70 ℃, 24 h. Yields were determined by 

1H NMR using CH2Br2 as the internal standard. bIsolated yield 
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4. Enantioselective Arylation of 2-Aminoisobutyric Acid2 

 

General procedure A for enantioselective arylation of 2-Aminoisobutyric Acid: 

Pd(OAc)2 (2.2 mg, 0.01 mmol, 10 mol%), L11 (5.0 mg, 0.015 mmol, 15 mol%), 1a 

(0.1 mmol), Ag2CO3 (55 mg, 0.2 mmol, 2 equiv.), NaHCO3 (4.2 mg, 0.05 mmol, 0.5 

equiv.), and ArI (0.2 mmol, 2.0 equiv.) were weighed and placed in an 12 mL reaction 

tube. Subsequently, HFIP (0.5 mL) was injected, and the tube was capped and closed 

tightly. The reaction mixture was then stirred at 70 °C for 48 h. The mixture was 

allowed to cool to room temperature and acetic acid (0.05 ml) was added. Then, the 

mixture was passed through a pad of Celite with ethyl acetate as the eluent to remove 

any insoluble precipitate. The resulting solution was concentrated. 

For the compound isolated as an acid: The residual mixture was dissolved with 

minimal ethyl acetate and loaded onto a preparative TLC plate. The pure acid product 

was then isolated using preparative TLC with ethyl acetate/hexanes (2/1) with 1% 

w/w acetic acid as the eluent.  

For the compound isolated as an ester: The residual mixture was dissolved in 0.5 ml 

DMF, and Cs2CO3 (99.7 mg, 0.3 mmol), MeI (71.0 mg, 0.50 mmol, 31 μL) were 

added. The mixture was stirred at room temperature for 3 h and then was diluted with 

water followed by extraction with ethyl acetate. The organic layer was dried over 

Na2SO4, filtered, and concentrated in vacuo. The residual mixture was dissolved with 

minimal ethyl acetate and loaded onto a preparative TLC plate. The pure ester product 

was then isolated using preparative TLC with ethyl acetate/toluene (1/20) as the 

eluent. 

 

(S)-2-(1,3-dioxoisoindolin-2-yl)-3-(4-(methoxycarbonyl)phenyl)-2-methyl 

propanoic acid (3a)2 
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Following the general arylation procedure A (eluent: hexane/ethyl acetate = 2/1 

with 1% v/v of acetic acid). The product of 3a as acid was obtained (white solid, 25.1 

mg, 68% yield). 

The enantiomeric purity of the substrate was determined by SFC analysis 

(CHIRALPAK® OJ-3 column, 15% iPrOH / CO2, flow rate 2 mL/min, retention time 

7.373 min (minor) and 9.524 min (major), 4.5:95.5 er). 

1H NMR (600 MHz, CDCl3) δ 8.90 (s, 1H), 7.85 (d, J = 8.0 Hz, 2H), 7.81 – 7.75 (m, 

2H), 7.75 – 7.67 (m, 2H), 7.14 (d, J = 8.0 Hz, 2H), 3.92 – 3.79 (m, 4H), 3.27 (d, J = 

13.8 Hz, 1H), 1.95 (s, 3H). 13C NMR (150 MHz, CDCl3) δ 177.78, 168.40, 167.05, 

141.02, 134.40, 131.39, 130.62, 129.68, 129.08, 123.51, 63.67, 52.16, 40.96, 21.88. 

HRMS (ESI-TOF) Calcd for C20H16NO6 [M-H]-: 366.0978; found: 366.0975. 

The absolute stereochemistry was assigned based on comparing the specific rotation 

of 3k with literature. 
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Methyl (S)-2-(1,3-dioxoisoindolin-2-yl)-2-methyl-3-phenylpropanoate (3b)2 

Following the general arylation procedure A (eluent: toluene/ethyl acetate = 20/1). 

The product of 3b as ester was obtained (yellow oil, 20.7 mg, 64% yield). 

The enantiomeric purity of the substrate was determined by SFC analysis 

(CHIRALPAK® OJ-3 column, 10% iPrOH / CO2, flow rate 2 mL/min, retention time 

4.406 min (minor) and 9.467 min (major), 6:94 er). HRMS (ESI-TOF) Calcd for 

C19H16NO4 [M-H]-: 322.1079; found: 322.1070. 

1H NMR (600 MHz, CDCl3) δ 7.80 – 7.74 (m, 2H), 7.73 – 7.68 (m, 2H), 7.21 – 7.14 

(m, 3H), 7.04 (d, J = 6.8 Hz, 2H), 3.82 – 3.70 (m, 4H), 3.26 (d, J = 13.8 Hz, 1H), 1.89 

(s, 3H). 13C NMR (150 MHz, CDCl3) δ 173.01, 168.48, 135.74, 134.19, 131.64, 

130.58, 128.29, 127.17, 123.30, 64.14, 52.77, 41.36, 21.92. 

The absolute stereochemistry was assigned based on comparing the specific rotation 

of 3k with literature. 
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Methyl (S)-2-(1,3-dioxoisoindolin-2-yl)-2-methyl-3-(p-tolyl)propanoate (3c)2 

Following the general arylation procedure A (eluent: toluene/ethyl acetate = 20/1). 

The product of 3c as ester was obtained (yellow oil, 21.3 mg, 63% yield). 

The enantiomeric purity of the substrate was determined by SFC analysis 

(CHIRALPAK® OJ-3 column, 10% iPrOH / CO2, flow rate 2 mL/min, retention time 

4.244 min (minor) and 7.846 min (major), 4.5: 95.5 er). 

1H NMR (600 MHz, CDCl3) δ 7.82 – 7.77 (m, 2H), 7.76 – 7.70 (m, 2H), 6.99 (d, J = 

7.9 Hz, 2H), 6.95 (d, J = 8.0 Hz, 2H), 3.77 (s, 3H), 3.77 (d, J = 13.8 Hz, 1H), 3.24 (d, 

J = 13.8 Hz, 1H), 2.28 (s, 3H), 1.89 (s, 3H). 13C NMR (150 MHz, CDCl3) δ 173.05, 

168.52, 136.68, 134.17, 132.55, 131.69, 130.42, 129.04, 123.30, 64.24, 52.73, 40.93, 

21.85, 21.17. HRMS (ESI-TOF) Calcd for C20H18NO4 [M+H]+: 338.1392; found: 

338.1385.  

The absolute stereochemistry was assigned based on comparing the specific rotation 

of 3k with literature. 
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(S)-2-(1,3-dioxoisoindolin-2-yl)-3-(4-methoxyphenyl)-2-methylpropanoic acid 

(3d)2 

Following the general arylation procedure A (eluent: hexane/ethyl acetate = 2/1 

with 1% v/v of acetic acid). The product of 3d as acid was obtained (white solid, 23.3 

mg, 69% yield). 
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The enantiomeric purity of the substrate was determined by SFC analysis 

(CHIRALPAK® IC-3 column, 15% iPrOH / CO2, flow rate 2 mL/min, retention time 

7.373 min (minor) and 9.524 min (major), 4.5:95.5 er).  

1H NMR (600 MHz, CDCl3) δ 7.84 – 7.75 (m, 2H), 7.73 – 7.66 (m, 2H), 6.97 (d, J = 

8.2 Hz, 2H), 6.71 (d, J = 8.2 Hz, 2H), 3.78 – 3.64 (m, 4H), 3.17 (d, J = 14.1 Hz, 1H), 

1.95 (s, 3H). 13C NMR (150 MHz, CDCl3) δ 177.94, 168.47, 158.77, 134.24, 131.59, 

131.52, 127.45, 123.38, 113.83, 64.05, 55.23, 40.08, 21.84. HRMS (ESI-TOF) Calcd 

for C19H16NO5 [M-H]-: 338.1028; found: 338.1028. 

The absolute stereochemistry was assigned based on comparing the specific rotation 

of 3k with literature. 
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(S)-3-(4-((tert-butyldimethylsilyl)oxy)phenyl)-2-(1,3-dioxoisoindolin-2-yl)-2 

methyl propanoic acid (3e)2 

Following the general arylation procedure A (eluent: hexane/ethyl acetate = 2/1 

with 1% v/v of acetic acid). The product of 3d as acid was obtained (white solid, 29.4 

mg, 67% yield). 

The enantiomeric purity of the substrate was determined by SFC analysis 

(CHIRALPAK® IC-3 column, 15% iPrOH / CO2, flow rate 2 mL/min, retention time 

9.533 min (minor) and 10.648 min (major), 6:94 er).  

1H NMR (600 MHz, CDCl3) δ 7.79 – 7.13 (m, 2H), 7.72 – 7.66 (m, 2H), 6.89 (d, J = 

8.3 Hz, 2H), 6.62 (d, J = 8.4 Hz, 2H), 3.71 (d, J = 14.2 Hz, 1H), 3.12 (d, J = 14.2 Hz, 

1H), 1.95 (s, 3H), 0.93 (s, 9H), 0.10 (s, 6H). 13C NMR (150 MHz, CDCl3) δ 171.06, 

161.40, 147.86, 127.15, 124.59, 124.46, 121.34, 116.31, 113.11, 57.02, 33.14, 18.78, 

14.96, 11.30, -11.41. HRMS (ESI-TOF) Calcd for C24H28NO5Si [M-H]-: 438.1737; 

found: 438.1737. 

The absolute stereochemistry was assigned based on comparing the specific rotation 

of 3k with literature. 
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(S)-2-(1,3-dioxoisoindolin-2-yl)-2-methyl-3-(4-phenoxyphenyl)propanoic acid (3f) 

Following the general arylation procedure A (eluent: hexane/ethyl acetate = 2/1 

with 1% v/v of acetic acid). The product of 3f as acid was obtained (white solid, 19.3 

mg, 48% yield). 

The enantiomeric purity of the substrate was determined by SFC analysis 

(CHIRALPAK® IC-3 column, 15% iPrOH / CO2, flow rate 2 mL/min, retention time 

7.828 min (minor) and 8.750 min (major), 7:93 er). 

1H NMR (600 MHz, CDCl3) δ 7.80 – 7.75 (m, 2H), 7.72 – 7.69 (m, 2H), 7.31 (t, J = 

7.8 Hz, 2H), 7.10 – 7.01 (m, 3H), 6.94 (d, J = 7.8 Hz, 2H), 6.84 (d, J = 8.0 Hz, 2H), 

3.80 (d, J = 13.8 Hz, 1H), 3.22 (d, J = 14.0 Hz, 1H), 1.99 (s, 3H). 13C NMR (150 

MHz, CDCl3) δ 168.45, 157.55, 156.24, 134.27, 131.84, 131.56, 130.65, 129.75, 

123.34, 123.09, 119.13, 118.63, 118.59, 40.35, 29.82, 21.97. 

HRMS (ESI-TOF) Calcd for C24H18NO5 [M-H]-: 400.1185; found: 400.1173.  

The absolute stereochemistry was assigned based on comparing the specific rotation 

of 3k with literature. 
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Methyl (S)-2-(1,3-dioxoisoindolin-2-yl)-2-methyl-3-(4-(trifluoromethoxy)phenyl) 

propanoate (3g) 

Following the general arylation procedure A (eluent: toluene/ethyl acetate = 20/1). 

The product of 3g as ester was obtained (yellow oil, 29.7 mg, 73% yield). 

The enantiomeric purity of the substrate was determined by SFC analysis 

(CHIRALPAK® AD-3 column, 10% iPrOH / CO2, flow rate 2 mL/min, retention time 

3.258 min (major) and 3.818 min (minor), 96:4 er). 
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1H NMR (600 MHz, CDCl3) δ 7.80 – 7.75 (m, 2H), 7.72 – 7.69 (m, 2H), 7.09 (d, J = 

8.4 Hz, 2H), 7.01 (d, J = 8.2 Hz, 2H), 3.78 (d, J = 13.9 Hz, 1H), 3.74 (s, 3H), 3.27 (d, 

J = 13.9 Hz, 1H), 1.89 (s, 3H). 13C NMR (150 MHz, CDCl3) δ 172.68, 168.40, 148.49, 

134.57, 134.33, 131.89, 131.52, 123.36, 120.73, 120.49 (q, J = 255.0), 63.91, 52.83, 

40.77, 22.10. 19F NMR (376 MHz, CDCl3) δ -60.57. HRMS (ESI-TOF) Calcd for 

C20H15F3NO5 [M-H]-: 406.0902; found: 406.0894. 

The absolute stereochemistry was assigned based on comparing the specific rotation 

of 3k with literature. 
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Methyl (S)-2-(1,3-dioxoisoindolin-2-yl)-2-methyl-3-(4-

(trifluoromethyl)phenyl)propanoate (3h)2 

Following the general arylation procedure A (eluent: toluene/ethyl acetate = 20/1). 

The product of 3h as ester was obtained (yellow oil, 20.3 mg, 52% yield). 

The enantiomeric purity of the substrate was determined by SFC analysis 

(CHIRALPAK® IC-3 column, 5% iPrOH / CO2, flow rate 2 mL/min, retention time 

4.345 min (major) and 4.558 min (minor), 95.5:4.5 er). 

1H NMR (600 MHz, CDCl3) δ 7.81 – 7.76 (m, 2H), 7.75 – 7.70 (m, 2H), 7.43 (d, J = 

8.0 Hz, 2H), 7.19 (d, J = 8.0 Hz, 2H), 3.84 (d, J = 13.8 Hz, 1H), 3.75 (s, 3H), 3.33 (d, 

J = 13.8 Hz, 1H), 1.89 (s, 3H). 13C NMR (150 MHz, CDCl3) δ 172.58, 168.40, 139.98, 

134.39, 131.48, 130.92, 129.47 (q, J = 31.5 Hz), 125.20 (q, J = 3.0 Hz), 123.42 (q, J = 

270.0 Hz), 123.41, 63.81, 52.88, 41.27, 22.05. 19F NMR (376 MHz, CDCl3) δ -65.16. 

HRMS (ESI-TOF) Calcd for C20H15F3NO4 [M-H]-: 390.0953; found: 390.0938. 

The absolute stereochemistry was assigned based on comparing the specific rotation 

of 3k with literature. 
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Methyl (S)-2-(1,3-dioxoisoindolin-2-yl)-3-(4-fluorophenyl)-2-methylpropanoate 

(3i)2 

Following the general arylation procedure A (eluent: toluene/ethyl acetate = 20/1). 

The product of 3i as ester was obtained (yellow oil, 21.5 mg, 63% yield). 

The enantiomeric purity of the substrate was determined by SFC analysis 

(CHIRALPAK® OJ-3 column, 5% iPrOH / CO2, flow rate 2 mL/min, retention time 

5.331 min (minor) and 6.543 min (major), 5:95 er). 

1H NMR (600 MHz, CDCl3) δ 7.80 – 7.74 (m, 2H), 7.74 – 7.66 (m, 2H), 7.05 – 6.96 

(m, 2H), 6.88 – 6.78 (t, J = 8.5 Hz, 2H), 3.84 – 3.64 (m, 4H), 3.23 (d, J = 14.0 Hz, 

1H), 1.88 (s, 3H). 13C NMR (150 MHz, CDCl3) δ 172.83, 168.44, 162.15 (d, J = 244.5 

Hz), 134.29, 132.0 (d, J = 7.5 Hz), 131.55, 131.49 (d, J = 3.0 Hz), 123.36, 115.2 (d, J 

= 21.0 Hz), 64.01, 52.80, 40.61, 21.98. 19F NMR (376 MHz, CDCl3) δ -118.31. 

HRMS (ESI-TOF) Calcd for C19H15FNO4 [M-H]-: 340.0985; found: 340.0974. 

The absolute stereochemistry was assigned based on comparing the specific rotation 

of 3k with literature. 
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Methyl (S)-3-(4-chlorophenyl)-2-(1,3-dioxoisoindolin-2-yl)-2-methylpropanoate 

(3g)2 

Following the general arylation procedure A (eluent: toluene/ethyl acetate = 20/1). 

The product of 3g as ester was obtained (yellow oil, 26.4 mg, 74% yield). 

The enantiomeric purity of the substrate was determined by SFC analysis 

(CHIRALPAK® OJ-3 column, 5% iPrOH / CO2, flow rate 2 mL/min, retention time 

7.777 min (minor) and 12.523 min (major), 5:95 er). 
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1H NMR (600 MHz, CDCl3) δ 7.80 – 7.74 (m, 2H), 7.74 – 7.66 (m, 2H), 7.16 (d, J = 

8.4 Hz, 2H), 7.02 (d, J = 8.4 Hz, 2H), 3.80 – 3.74 (m, 4H), 3.26 (d, J = 13.8 Hz, 1H), 

1.90 (s, 3H). 13C NMR (150 MHz, CDCl3) δ 172.75, 168.43, 134.32, 134.26, 133.19, 

131.85, 131.53, 128.50, 123.40, 63.92, 52.84, 40.79, 21.98. HRMS (ESI-TOF) Calcd 

for C19H15ClNO4 [M-H]-: 356.0690; found: 356.0677. 

The absolute stereochemistry was assigned based on comparing the specific rotation 

of 3k with literature. 

 

 

 

 

 



S22 

Methyl (S)-3-(4-bromophenyl)-2-(1,3-dioxoisoindolin-2-yl)-2-methylpropanoate 

(3k)2 

Following the general arylation procedure A (eluent: toluene/ethyl acetate = 20/1). 

The product of 3k as ester was obtained (yellow oil, 26.5 mg, 66% yield). 

The enantiomeric purity of the substrate was determined by SFC analysis 

(CHIRALPAK® OJ-3 column, 5% iPrOH / CO2, flow rate 2 mL/min, retention time 

3.521 min (minor) and 6.007 min (major), 1:99 er). 

1H NMR (600 MHz, CDCl3) δ 7.80 – 7.75 (m, 2H), 7.75 – 7.69 (m, 2H), 7.29 (d, J = 

8.2 Hz, 2H), 6.93 (d, J = 8.2 Hz, 2H), 3.76 – 3.70 (m, 4H), 3.22 (d, J = 13.9 Hz, 1H), 

1.87 (s, 3H). 13C NMR (150 MHz, CDCl3) δ 172.70, 168.41, 134.77, 134.32, 132.22, 

131.51, 131.43, 123.39, 121.34, 63.83, 52.83, 40.85, 21.96. HRMS (ESI-TOF) Calcd 

for C19H19BrNO5 [M+H3O]+: 420.0447; found: 420.0443. 

The absolute stereochemistry was assigned based on comparing the specific rotation 

of 3k with literature. 
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(S)-2-(1,3-dioxoisoindolin-2-yl)-2-methyl-3-(4-nitrophenyl)propanoic acid (3l) 

Following the general arylation procedure A (eluent: hexane/ethyl acetate = 2/1 

with 1% v/v of acetic acid). The product of 3l as acid was obtained (yellow solid, 22.7 

mg, 64% yield). 

The enantiomeric purity of the substrate was determined by SFC analysis 

(CHIRALPAK® OJ-3 column, 15% iPrOH / CO2, flow rate 2 mL/min, retention time 

5.719 min (minor) and 7.519 min (major), 3.5:96.5er). 

1H NMR (600 MHz, CDCl3) δ 8.10 (d, J = 8.5 Hz, 2H), 7.86 – 7.80 (m, 2H), 7.79 – 

7.75 (m, 2H), 7.29 (d, J = 8.6 Hz, 2H), 3.93 (d, J = 13.6 Hz, 1H), 3.38 (d, J = 13.6 Hz, 

1H), 1.96 (s, 3H). 13C NMR (150 MHz, CDCl3) δ 177.22, 168.37, 147.34, 143.34, 

134.66, 131.44, 131.26, 123.64, 123.62, 63.52, 41.04, 21.92. HRMS (ESI-TOF) Calcd 

for C18H13N2O6 [M-H]-: 353.0774; found:  353.0764. 

The absolute stereochemistry was assigned based on comparing the specific rotation 

of 3k with literature. 



S24 

 

 

 

 

 

(S)-3-(4-acetylphenyl)-2-(1,3-dioxoisoindolin-2-yl)-2-methylpropanoic acid (3m) 

Following the general arylation procedure A (eluent: hexane/ethyl acetate = 2/1 

with 1% v/v of acetic acid). The product of 3m as acid was obtained (yellow solid, 

21.8 mg, 62% yield). 

The enantiomeric purity of the substrate was determined by SFC analysis 

(CHIRALPAK® OJ-3 column, 15% iPrOH / CO2, flow rate 2 mL/min, retention time 

10.580 min (minor) and 12.750 min (major), 5:95 er). 
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1H NMR (600 MHz, CDCl3) δ 7.86 – 7.77 (m, 4H), 7.77 – 7.71 (m, 2H), 7.19 (d, J = 

8.1 Hz, 2H), 3.87 (d, J = 13.7 Hz, 1H), 3.31 (d, J = 13.7 Hz, 1H), 2.57 (s, 3H), 1.98 (s, 

3H). 13C NMR (150 MHz, CDCl3) δ 198.09, 177.06, 168.45, 141.36, 136.00, 134.44, 

131.40, 130.83, 128.47, 123.51, 63.67, 41.02, 26.67, 21.93. HRMS (ESI-TOF) Calcd 

for C20H16NO5 [M-H]-: 350.1028; found:  350.1027. 

The absolute stereochemistry was assigned based on comparing the specific rotation 

of 3k with literature. 

 

 

(S)-3-(4-benzoylphenyl)-2-(1,3-dioxoisoindolin-2-yl)-2-methylpropanoic acid (3n) 
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Following the general arylation procedure A (eluent: hexane/ethyl acetate = 2/1 

with 1% v/v of acetic acid). The product of 3n as acid was obtained (white solid, 26.8 

mg, 65% yield). 

The enantiomeric purity of the substrate was determined by SFC analysis 

(CHIRALPAK® IC-3 column, 15% iPrOH / CO2, flow rate 2 mL/min, retention time 

5.926 min (minor) and 6.450 min (major), 6:94 er). 

1H NMR (600 MHz, CDCl3) δ 7.79 – 7.74 (m, 2H), 7.73 – 7.68 (m, 4H), 7.63 (d, J = 

8.1 Hz, 2H), 7.57 – 7.52 (m, 1H), 7.47 – 7.40 (m, 2H), 7.20 (d, J = 8.2 Hz, 2H), 3.91 

(d, J = 13.8 Hz, 1H), 3.33 (d, J = 13.7 Hz, 1H), 1.99 (s, 3H). 13C NMR (150 MHz, 

CDCl3) δ 196.59, 177.63, 168.40, 140.56, 137.69, 136.34, 134.42, 132.46, 131.40, 

130.52, 130.22, 130.10, 128.31, 123.47, 63.71, 41.02, 21.97. HRMS (ESI-TOF) Calcd 

for C25H20NO5 [M+H]+: 414.1341; found:  414.1344. 

The absolute stereochemistry was assigned based on comparing the specific rotation 

of 3k with literature. 
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(S)-2-(1,3-dioxoisoindolin-2-yl)-3-(3-(methoxycarbonyl)phenyl)-2 methylpropa- 

-noic acid (3o)2 

Following the general arylation procedure A (eluent: hexane/ethyl acetate = 2/1 

with 1% v/v of acetic acid). The product of 3o as acid was obtained (yellow oil, 20.7 

mg, 57% yield). 

The enantiomeric purity of the substrate was determined by SFC analysis 

(CHIRALPAK® IC-3 column, 15% iPrOH / CO2, flow rate 2 mL/min, retention time 

7.465 min (minor) and 8.231 min (major), 4:96 er). 

1H NMR (600 MHz, CDCl3) δ 7.91– 7.86 (m, 1H), 7.82 – 7.71 (m, 2H), 7.76 – 7.69 

(m, 3H), 7.32 – 7.27 (m, 2H), 3.85 (d, J = 13.9 Hz, 1H), 3.76 (s, 3H), 3.29 (d, J = 13.9 

Hz, 1H), 1.98 (s, 3H). 13C NMR (150 MHz, CDCl3) δ 177.45, 168.43, 166.87, 135.98, 

135.05, 134.29, 131.61, 131.50, 130.19, 128.58, 128.51, 123.43, 77.34, 52.12, 40.66, 

21.84. HRMS (ESI-TOF) Calcd for C20H16NO6 [M-H]-: 366.0978; found:  366.0963. 

The absolute stereochemistry was assigned based on comparing the specific rotation 

of 3k with literature. 
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Methyl (S)-2-(1,3-dioxoisoindolin-2-yl)-3-(3-fluorophenyl)-2-methylpropanoate 

(3p)2 

Following the general arylation procedure A (eluent: toluene/ethyl acetate = 20/1). 

The product of 3p as ester was obtained (yellow oil, 21.8 mg, 64% yield). 

The enantiomeric purity of the substrate was determined by SFC analysis 

(CHIRALPAK® OJ-3 column, 5% iPrOH / CO2, flow rate 2 mL/min, retention time 

4.963 min (minor) and 5.818 min (major), 4:96 er). 
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1H NMR (600 MHz, CDCl3) δ 7.80 – 7.74 (m, 2H), 7.74 – 7.66 (m, 2H), 7.17 – 7.08 

(m, 1H), 6.88 (td, J = 8.4, 1.9 Hz, 1H), 6.82 (d, J = 7.6 Hz, 1H), 6.80 – 6.75 (m, 1H), 

3.80 – 3.72 (m, 4H), 3.26 (d, J = 13.8 Hz, 1H), 1.89 (s, 3H). 13C NMR (150 MHz, 

CDCl3) δ 172.73, 168.45, 162.66 (d, J = 244.5 Hz), 138.26 (d, J = 7.5 Hz), 134.32, 

131.55, 129.71 (d, J = 7.5 Hz), 126.26 (d, J = 3.0 Hz), 123.38, 117.5 (d, J = 21.0 Hz), 

114.16 (d, J = 21.0 Hz) 63.92, 52.85, 41.15, 21.97. 19F NMR (376 MHz, CDCl3) δ -

116.22. HRMS (ESI-TOF) Calcd for C19H15FNO [M-H]-: 340.0985; found: 340.0974.  

The absolute stereochemistry was assigned based on comparing the specific rotation 

of 3k with literature. 
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Methyl (S)-3-(3-chlorophenyl)-2-(1,3-dioxoisoindolin-2-yl)-2-methylpropanoate 

(3q)2 

Following the general arylation procedure A (eluent: toluene/ethyl acetate = 20/1). 

The product of 3q as ester was obtained (yellow oil, 21.8 mg, 61% yield). 

The enantiomeric purity of the substrate was determined by SFC analysis 

(CHIRALPAK® OJ-3 column, 5% iPrOH / CO2, flow rate 2 mL/min, retention time 

8.111 min (minor) and 9.494 min (major), 4.5:95.5 er). 

1H NMR (600 MHz, CDCl3) δ 7.80 – 7.74 (m, 2H), 7.74 – 7.66 (m, 2H), 7.20 – 7.16 

(m, 1H), 7.12 (t, J = 7.8 Hz, 1H), 7.07 – 7.05 (m, 1H), 6.96 (d, J = 7.6 Hz, 1H), 3.80 – 

3.74 (m, 4H), 3.26 (d, J = 13.8 Hz, 1H), 1.90 (s, 3H). 13C NMR (150 MHz, CDCl3) δ 

172.66, 168.44, 137.80, 134.32, 134.10, 131.53, 130.71, 129.52, 128.71, 127.39, 

123.38, 63.90, 52.84, 41.11, 21.94. HRMS (ESI-TOF) Calcd for C19H15ClNO4 [M-H]-: 

356.0690; found: 356.0677. 

The absolute stereochemistry was assigned based on comparing the specific rotation 

of 3k with literature. 
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Methyl (S)-3-(3-bromophenyl)-2-(1,3-dioxoisoindolin-2-yl)-2-methylpropanoate 

(3r)2 

Following the general arylation procedure A (eluent: toluene/ethyl acetate = 20/1). 

The product of 3r as ester was obtained (yellow oil, 26.1 mg, 65% yield). 

The enantiomeric purity of the substrate was determined by SFC analysis 

(CHIRALPAK® OJ-3 column, 10% iPrOH / CO2, flow rate 2 mL/min, retention time 

5.462 min (minor) and 6.010min (major), 5:95 er). 

1H NMR (600 MHz, CDCl3) δ 7.80 – 7.74 (m, 2H), 7.74 – 7.66 (m, 2H), 7.32 (d, J = 

7.9 Hz, 1H), 7.19 – 7.16 (m, 1H), 7.05 (t, J = 7.8 Hz, 1H), 7.00 (d, J = 7.6 Hz, 1H), 

3.78 – 3.71 (m, 4H), 3.22 (d, J = 13.8 Hz, 1H), 1.88 (s, 3H). 13C NMR (150 MHz, 

CDCl3) δ 172.66, 168.45, 138.11, 134.33, 133.61, 131.52, 130.30, 129.82, 129.19, 

123.40, 122.33, 63.91, 52.85, 41.09, 21.94. HRMS (ESI-TOF) Calcd for 

C19H15BrNO4 [M-H]-: 400.0184; found: 400.0168. 

The absolute stereochemistry was assigned based on comparing the specific rotation 

of 3k with literature. 
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(S)-2-(1,3-dioxoisoindolin-2-yl)-2-methyl-3-(3-nitrophenyl)propanoic acid (3s) 

Following the general arylation procedure A (eluent: hexane/ethyl acetate = 2/1 

with 1% v/v of acetic acid). The product of 3s as acid was obtained (white solid, 21.9 

mg, 62% yield). 

The enantiomeric purity of the substrate was determined by SFC analysis 

(CHIRALPAK® IC-3 column, 15% iPrOH / CO2, flow rate 2 mL/min, retention time 

5.835 min (minor) and 6.234 min (major), 5:95 er).  

1H NMR (600 MHz, CDCl3) δ 8.07 (d, J = 8.2 Hz, 1H), 7.96 – 7.92 (m, 1H), 7.80 – 
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7.74 (m, 2H), 7.74 – 7.66 (m, 2H), 7.45 – 7.41 (m, 1H), 7.38 (t, J = 7.8 Hz, 1H), 3.88 

(d, J = 14.0 Hz, 1H), 3.36 (d, J = 14.0 Hz, 1H), 1.98 (s, 3H). 13C NMR (150 MHz, 

CDCl3) δ 177.23, 168.40, 148.16, 137.65, 136.70, 134.62, 131.25, 129.36, 125.33, 

123.59, 122.49, 63.45, 40.72, 21.96. HRMS (ESI-TOF) Calcd for C18H13N2O6 [M-H]-: 

353.0774; found: 353.0764. 

The absolute stereochemistry was assigned based on comparing the specific rotation 

of 3k with literature. 

 

 

(S)-2-(1,3-dioxoisoindolin-2-yl)-3-(3-formylphenyl)-2-methylpropanoic acid (3t) 

Following the general arylation procedure A (eluent: hexane/ethyl acetate = 2/1 
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with 1% v/v of acetic acid). The product of 3t as acid was obtained (white solid, 22.9 

mg, 68% yield). 

The enantiomeric purity of the substrate was determined by SFC analysis 

(CHIRALPAK® IC-3 column, 15% iPrOH / CO2, flow rate 2 mL/min, retention time 

8.451 min (minor) and 14.604 min (major), 5.5:94.5 er). 

1H NMR (600 MHz, CDCl3) δ 9.84 (s, 1H), 7.80 – 7.74 (m, 2H), 7.74 – 7.66 (m, 3H), 

7.58 (s, 1H), 7.38 – 7.33 (m, 2H), 3.89 (d, J = 13.9 Hz, 1H), 3.34 (d, J = 13.9 Hz, 1H), 

1.97 (s, 3H). 13C NMR (150 MHz, CDCl3) δ 192.34, 177.64, 168.43, 136.82, 136.66, 

136.48, 134.51, 131.80, 131.38, 129.17, 128.82, 123.52, 63.69, 40.74, 21.91. HRMS 

(ESI-TOF) Calcd for C19H14NO5 [M-H]-: 336.0872; found: 336.0869. 

The absolute stereochemistry was assigned based on comparing the specific rotation 

of 3k with literature. 
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(S)-2-(1,3-dioxoisoindolin-2-yl)-3-(3-methoxyphenyl)-2-methylpropanoic acid (3u) 

Following the general arylation procedure A (eluent: hexane/ethyl acetate = 2/1 

with 1% v/v of acetic acid). The product of 3u as acid was obtained (yellow oil, 19.0 

mg, 56% yield). 

The enantiomeric purity of the substrate was determined by SFC analysis 

(CHIRALPAK® IC-3 column, 15% iPrOH / CO2, flow rate 2 mL/min, retention time 

5.810 min (minor) and 10.267 min (major), 6:94 er). 

1H NMR (600 MHz, CDCl3) δ 7.81 – 7.75 (m, 2H), 7.74 – 7.68 (m, 2H), 7.08 (t, J = 

7.9 Hz, 1H), 6.73 (d, J = 8.2 Hz, 1H), 6.64 (d, J = 7.4 Hz, 1H), 6.56 (s, 1H), 3.76 (d, J 

= 13.8 Hz, 1H), 3.54 (s, 3H), 3.18 (d, J = 13.8 Hz, 1H), 1.99 (s, 3H). 13C NMR (150 

MHz, CDCl3) δ 177.60, 168.44, 159.46, 137.02, 134.27, 131.60, 129.32, 123.39, 

123.04, 115.93, 113.08, 63.86, 54.99, 40.91, 21.95. HRMS (ESI-TOF) Calcd for 

C19H16NO [M-H]-: 338.1028; found: 338.1015. 

The absolute stereochemistry was assigned based on comparing the specific rotation 

of 3k with literature. 
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Methyl (S)-3-(3,5-dimethylphenyl)-2-(1,3-dioxoisoindolin-2-yl)-2-

methylpropanoate (3v)  

Following the general arylation procedure A (eluent: toluene/ethyl acetate = 20/1). 

The product of 3v as ester was obtained (yellow oil, 22.1 mg, 63% yield). 

The enantiomeric purity of the substrate was determined by SFC analysis 

(CHIRALPAK® OJ-3 column, 5% iPrOH / CO2, flow rate 2 mL/min, retention time 

5.174 min (major) and 6.513 min (minor), 96:4 er). 
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1H NMR (600 MHz, CDCl3) δ 7.80 – 7.75 (m, 2H), 7.74 – 7.66 (m, 2H), 6.80 (s, 1H), 

6.61 (s, 2H), 3.76 (s, 3H), 3.68 (d, J = 13.8 Hz, 1H), 3.15 (d, J = 13.8 Hz, 1H), 2.09 (s, 

6H), 1.88 (s, 3H). 13C NMR (150 MHz, CDCl3) δ 173.12, 168.50, 137.59, 135.51, 

134.11, 131.71, 128.69, 128.48, 123.19, 64.20, 52.69, 41.07, 21.86, 21.15. HRMS 

(ESI-TOF) Calcd for C21H20NO4 [M-H]-: 350.1392; found: 350.1382. 

The absolute stereochemistry was assigned based on comparing the specific rotation 

of 3k with literature. 
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(S)-2-(1,3-dioxoisoindolin-2-yl)-2-methyl-3-(6-(trifluoromethyl)pyridin-2-yl)pro-

panoic acid (3w) 

Following the general arylation procedure A (eluent: hexane/ethyl acetate = 2/1 

with 1% v/v of acetic acid). The product of 3w as acid was obtained (yellow oil, 16.6 

mg, 44% yield). 

The enantiomeric purity of the substrate was determined by SFC analysis 

(CHIRALPAK® IC-3 column, 15% iPrOH / CO2, flow rate 2 mL/min, retention time 

6.150 min (minor) and 9.558 min (major), 3:97 er). 

1H NMR (600 MHz, CDCl3) δ 8.09 (d, J = 8.5 Hz, 2H), 7.81 (d, J = 8.0 Hz, 2H), 7.73 

– 7.68 (m, 2H), 7.29 (d, J = 8.4 Hz, 1H), 3.95 (d, J = 13.8 Hz, 1H), 3.39 (d, J = 13.8 

Hz, 1H), 1.96 (s, 3H). 13C NMR (150 MHz, CDCl3) δ 177.28, 168.64, 157.30, 147.52, 

137.76, 134.08, 131.77, 128.37, 121.07 (q, J = 273.0 Hz), 112.07 (q, J = 34.5 Hz) 

118.76 (q, J = 3.0 Hz), 62.49, 42.10, 22.49. 19F NMR (376 MHz, CDCl3) δ -71.19. 

HRMS (ESI-TOF) Calcd for C18H14F3N2O4 [M+H]+: 379.0906; found: 379.0907. 

The absolute stereochemistry was assigned based on comparing the specific rotation 

of 3k with literature. 
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(S)-2-(1,3-dioxoisoindolin-2-yl)-2-methyl-3-(2-(trifluoromethyl)pyridin-4-yl) 

propanoic acid (3x) 

Following the general arylation procedure A (eluent: hexane/ethyl acetate = 2/1 

with 1% v/v of acetic acid). The product of 3x as acid was obtained (yellow solid, 

17.4 mg, 46% yield). 

The enantiomeric purity of the substrate was determined by SFC analysis 

(CHIRALPAK® IC-3 column, 15% iPrOH / CO2, flow rate 2 mL/min, retention time 

7.627 min (major) and 10.286 min (minor), 97:3 er). 

1H NMR (600 MHz, CDCl3) δ 8.61 (d, J = 4.4 Hz, 1H), 7.89 – 7.71 (m, 4H), 7.40 (s, 

1H), 7.32 (d, J = 4.0 Hz, 1H), 3.87 (d, J = 13.6 Hz, 1H), 3.36 (d, J = 13.6 Hz, 1H), 

1.99 (s, 3H). 13C NMR (150 MHz, CDCl3) δ 176.02, 168.35, 149.85, 148.06 (q, J = 

34.5 Hz), 147.36, 134.69, 131.17, 128.61, 123.62, 122.59 (q, J = 3.0 Hz), 121.35 (q, J 

= 273 Hz), 63.11, 40.78, 22.22. 19F NMR (376 MHz, CDCl3) δ -70.87. HRMS (ESI-

TOF) Calcd for C18H14F3N2O4 [M+H]+: 379.0906; found: 379.0905. 

The absolute stereochemistry was assigned based on comparing the specific rotation 

of 3k with literature. 
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(S)-3-(2,6-difluoropyridin-4-yl)-2-(1,3-dioxoisoindolin-2-yl)-2-methylpropanoic 

acid (3y)  

Following the general arylation procedure A (eluent: hexane/ethyl acetate = 2/1 

with 1% v/v of acetic acid). The product of 3y as acid was obtained (yellow oil, 15.6 

mg, 45% yield). 
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The enantiomeric purity of the substrate was determined by SFC analysis 

(CHIRALPAK® OJ-3 column, 10% iPrOH / CO2, flow rate 2 mL/min, retention time 

6.498 min (major) and 8.282 min (minor), 99:1 er). 

1H NMR (600 MHz, CDCl3) δ 7.80 – 7.74 (m, 2H), 7.76 – 7.67 (m, 3H), 6.78 – 6.72 

(m, 1H), 3.77 (d, J = 14.4 Hz, 1H), 3.30 (d, J = 14.4 Hz, 1H), 1.97 (s, 3H). 13C NMR 

(150 MHz, CDCl3) δ 176.84, 168.44, 161.28 (dd, J = 90.0, 15.0 Hz), 159.65 (dd, J = 

36.0, 13.5 Hz), 147.59 (dd, J = 4.5, 1.5 Hz), 134.53, 131.37, 123.57, 114.06 (dd, J = 

22.5, 6.0 Hz), 106.43 (dd, J = 28.5, 6.0 Hz), 63.05, 33.80, 21.89. 19F NMR (376 MHz, 

CDCl3) δ -71.38. HRMS (ESI-TOF) Calcd for C17H13F2N2O4 [M+H]+: 347.0843; 

found: 347.0848. 

The absolute stereochemistry was assigned based on comparing the specific rotation 

of 3k with literature. 
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5. Enantioselective Arylation of Cylcopropanecarboxylic acid 

 

General procedure B for enantioselective arylation of cyclopropanecarboxylic 

acid:  

Pd(OAc)2 (2.2 mg, 0.01 mmol, 10 mol%), L11 (5.0 mg, 0.015 mmol, 15 mol%), 

carboxylic acid 1 (0.1 mmol), Ag2CO3 (55 mg, 0.2 mmol, 2 equiv.), NaHCO3 (12.6 

mg, 0.15 mmol, 1.5 equiv.), and Iodoheterocycle (0.2 mmol, 2.0 equiv.) were weighed 

and placed in an 12 mL reaction tube. Subsequently, HFIP (1.0 mL) was injected, and 

the tube was capped and closed tightly. The reaction mixture was then stirred at 80 °C 

for 48 h. The mixture was allowed to cool to room temperature and acetic acid (0.05 

ml) was added. Then, the mixture was passed through a pad of Celite with ethyl 

acetate as the eluent to remove any insoluble precipitate. The resulting solution was 

concentrated and the residual mixture was dissolved with a minimal amount of ethyl 

acetate and loaded onto a preparative TLC plate. The pure product was then isolated 
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using preparative TLC with ethyl acetate and hexanes (1/3 to 1/1) as the eluent and 1% 

v/v of acetic acid as the additive. 

 

(1S,2R)-1-(1,3-dioxoisoindolin-2-yl)-2-(4-(methoxycarbonyl)phenyl)cyclopropane 

-1-carboxylic acid (5a)  

Following the general arylation procedure A at 100 °C and K2CO3 (1.0 equiv) 

instead of NaHCO3 (eluent: hexane/ethyl acetate = 2/1 with 1% v/v of acetic acid). 

The product of 5a as ester was obtained (yellow oil, 17.8 mg, 47% yield) 

The enantiomeric purity of the substrate was determined by SFC analysis 

(CHIRALPAK® AD-3 column, 20% iPrOH / CO2, flow rate 2 mL/min, retention time 

4.225 min (minor) and 6.324 min (major), 97.5:2.5 er). 

1H NMR (500 MHz, Chloroform-d) δ 8.02 (d, J = 8.2 Hz, 1H), 7.92 (dd, J = 5.4, 3.0 

Hz, 1H), 7.79 (dd, J = 5.4, 3.0 Hz, 1H), 7.67 (d, J = 8.1 Hz, 1H), 3.92 (s, 1H), 3.35 (s, 

1H), 3.17 (t, J = 9.5 Hz, 1H), 2.52 (dd, J = 9.2, 6.3 Hz, 0H), 1.95 (dd, J = 9.8, 6.3 Hz, 

1H).
 13C NMR (151 MHz, Chloroform-d) δ 168.1, 168.0, 167.1, 140.1, 134.6, 131.8, 

129.8, 129.5, 129.3, 123.8, 52.6, 52.2, 33.7, 29.8, 19.5. HRMS (ESI-TOF) Calculated 

for C21H18NO6 [M+H]+: 380.1134, Found: 380.1147. 

The absolute stereochemistry was assigned based on comparing the specific rotation 

of 5i with literature. 
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(1S,2R)-1-(1,3-dioxoisoindolin-2-yl)-2-(p-tolyl)cyclopropane-1-carboxylic acid (5b)  

Following the general arylation procedure A at 100 °C and K2CO3 (1.0 equiv) 

instead of NaHCO3 (eluent: hexane/ethyl acetate = 2/1 with 1% v/v of acetic acid). 

The product of 5b as acid was obtained (yellow oil, 12.8 mg, 40% yield) 

The enantiomeric purity of the substrate was determined by SFC analysis 

(CHIRALPAK® AD-3 column, 20% iPrOH / CO2, flow rate 2 mL/min, retention time 

5.879 min (minor) and 6.600 min (major), 99.5:0.5 er). 

1H NMR (600 MHz, Chloroform-d) δ 7.88 (dd, J = 5.4, 3.1 Hz, 2H), 7.75 (dd, J = 5.4, 

3.0 Hz, 2H), 7.43 (d, J = 7.8 Hz, 2H), 7.13 (d, J = 7.8 Hz, 2H), 3.14 (s, 1H), 2.42 (dd, 

J = 9.4, 6.1 Hz, 1H), 2.35 (s, 3H), 1.90 (dd, J = 9.9, 6.1 Hz, 1H). The NMR data 

matches the reported data (5). HRMS (ESI-TOF) Calculated for C19H16NO4 [M+H]+: 

322.1079, Found: 322.1088. 
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The absolute stereochemistry was assigned based on comparing the specific rotation 

of 5i with literature. 

 

 

(1S,2R)-1-(1,3-dioxoisoindolin-2-yl)-2-(3-fluorophenyl)cyclopropane-1-carboxylic 

acid (5c) 
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Following the general arylation procedure A at 100 °C and K2CO3 (1.0 equiv) 

instead of NaHCO3 (eluent: hexane/ethyl acetate = 2/1 with 1% v/v of acetic acid). 

The product of 5c as acid was obtained (yellow oil, 9.7 mg, 30% yield) 

The enantiomeric purity of the substrate was determined by SFC analysis 

(CHIRALPAK® IC-3 column, 20% iPrOH / CO2, flow rate 2 mL/min, retention time 

3.333 min (minor) and 3.849 min (major), 97.5:2.5 er). 

1H NMR (600 MHz, Chloroform-d) δ 7.88 (dd, J = 5.4, 3.0 Hz, 2H), 7.75 (dd, J = 5.4, 

3.0 Hz, 2H), 7.37 – 7.33 (m, 1H), 7.30 – 7.26 (m, 2H), 6.96 – 6.90 (m, 1H), 3.14 (t, J 

= 9.6 Hz, 1H), 2.40 (dd, J = 9.2, 6.3 Hz, 1H), 1.92 (dd, J = 9.7, 6.2 Hz, 1H). 13C NMR 

(151 MHz, Chloroform-d) δ173.1, 168.0, 162.7 (d, J = 246.1 Hz), 136.7, 136.6, 134.6, 

131.7, 129.8 (d, J = 7.6 Hz), 125.5, 123.8, 116.7 (d, J = 22.7 Hz), 114.6 (d, J = 21.1 

Hz) 37.7, 32.0, 29.8. 20.1 19F NMR (376 MHz, Chloroform-d) δ -116.27. HRMS 

(ESI-TOF) Calculated for C18H11FNO4 [M-H]-: 324.0672, Found: 324.0674. 

The absolute stereochemistry was assigned based on comparing the specific rotation 

of 5i with literature. 
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methyl (1S,2R)-1-(1,3-dioxoisoindolin-2-yl)-2-(6-(trifluoromethyl)pyridin-3-

yl)cyclopropane-1-carboxylate (5d)  

Following the general arylation procedure B (eluent: hexane/ethyl acetate = 2/1 

with 1% v/v of acetic acid). The product of 5d as ester was obtained (yellow oil, 11.0 

mg, 28% yield). 

The enantiomeric purity of the substrate was determined by SFC analysis 

(CHIRALPAK® AD-3 column, 20% iPrOH / CO2, flow rate 2 mL/min, retention time 

9.422 min (minor) and 11.552 min (major), 2:98 er). 

1H NMR (600 MHz, Chloroform-d) δ 8.93 (s, 1H), 8.09 (d, J = 7.8 Hz, 1H), 7.96 – 

7.89 (m, 3H), 7.82 – 7.78 (m, 2H), 7.67 (d, J = 8.0 Hz, 1H), 3.43 (s, 3H), 3.11 (t, J = 

9.4 Hz, 1H), 2.58 – 2.50 (m, 1H), 2.06 (dd, J = 9.7, 6.5 Hz, 1H). 13C NMR (151 MHz, 

Chloroform-d) δ 168.0, 167.7, 151.5, 138.7, 134.7, 133.8, 131.7, 123.9, 119.8 (q, J = 

1.5 Hz), 53.0, 31.1, 29.8, 19.3. 19F NMR (376 MHz, CDCl3) δ -70.41. HRMS (ESI-

TOF) Calculated for C19H14F3N2O4 [M+H]+: 391.0906, Found: 391.0908. 

The absolute stereochemistry was assigned based on comparing the specific rotation 

of 5i with literature. 
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(1R,2S)-2-(6-(trifluoromethyl)pyridin-3-yl)cyclopropane-1-carboxylic acid (5e) 

Following the general arylation procedure B (eluent: hexane/ethyl acetate = 2/1 

with 1% v/v of acetic acid). The product of 5e as acid was obtained (yellow oil, 15.7 

mg, 68% yield). 

The enantiomeric purity of the substrate was determined by SFC analysis 

(CHIRALPAK® IC-3 column, 5% iPrOH / CO2, flow rate 2 mL/min, retention time 

4.610 min (major) and 6.868 min (minor), 99:1 er). 
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1H NMR (600 MHz, CDCl3) δ 8.63 (s, 1H), 7.74 (d, J = 7.8 Hz, 1H), 7.61 (d, J = 8.2 

Hz, 1H), 2.65 (q, J = 8.5 Hz, 1H), 2.20 (q, J = 8.4 Hz, 1H), 1.80 – 1.69 (m, 1H), 1.55 

(td, J = 8.2, 5.4 Hz, 1H).  13C NMR (150 MHz, CDCl3) δ 175.80, 151.09, 146.38 (q, J 

= 34.5 Hz), 138.17, 135.53, 121.70 (q, J =273.0 Hz), 119.82 (q, J = 3.0 Hz), 23.43, 

21.58, 12.24. 19F NMR (376 MHz, CDCl3) δ -71.19. HRMS (ESI-TOF) Calcd for 

C10H9F3NO2 [M+H]+:232.0585; found: 232.0588.  

The absolute stereochemistry was assigned based on comparing the specific rotation 

of 5i with literature. 
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(1R,2S)-2-(6-(trifluoromethyl)pyridin-2-yl)cyclopropane-1-carboxylic acid (5f) 

Following the general arylation procedure B (eluent: hexane/ethyl acetate = 2/1 

with 1% v/v of acetic acid). The product of 5f as acid was obtained (white solid, 12.7 

mg, 55% yield). 

The enantiomeric purity of the substrate was determined by SFC analysis 

(CHIRALPAK® OJ-3 column, 5% iPrOH / CO2, flow rate 2 mL/min, retention time 

3.182 min (major) and 4.130 min (minor), 97:3 er). 

1H NMR (600 MHz, CDCl3) δ 7.82 (t, J = 7.8 Hz, 1H), 7.54 (d, J = 7.8 Hz, 1H), 7.50 

(d, J = 7.8 Hz, 1H), 2.72 (q, J = 8.7 Hz, 1H), 2.25 (td, J = 8.7, 6.5 Hz, 1H), 1.85 – 

1.79 (m, 1H), 1.64 (td, J = 8.6, 5.3 Hz, 1H). 13C NMR (150 MHz, CDCl3) δ 174.77, 

158.23, 147.16 (q, J = 34.5), 138.10, 126.95, 121.31 (q, J = 273.0 Hz), 118.64 (q, J = 

3.0), 26.99, 23.59, 14.85. 19F NMR (376 MHz, CDCl3) δ -70.69. HRMS (ESI-TOF) 

Calcd for C10H9F3NO2 [M+H]+:  232.0585; found: 232.0591.  

The absolute stereochemistry was assigned based on comparing the specific rotation 

of 5i with literature. 
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(1R,2S)-2-(2-(trifluoromethyl)pyridin-4-yl)cyclopropane-1-carboxylic acid (5g) 

Following the general arylation procedure B (eluent: hexane/ethyl acetate = 2/1 

with 1% v/v of acetic acid). The product of 5g as acid was obtained (yellow oil, 15.5 

mg, 67% yield). 

The enantiomeric purity of the substrate was determined by SFC analysis 

(CHIRALPAK® AD-3 column, 5% iPrOH / CO2, flow rate 2 mL/min, retention time 

5.771 min (major) and 8.463 min (minor), 95:5 er). 

1H NMR (600 MHz, CDCl3) δ 8.57 (d, J = 4.8 Hz, 1H), 7.55 (s, 1H), 7.35 (d, J = 4.6 
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Hz, 1H), 2.61 (q, J = 8.4 Hz, 1H), 2.21 – 2.08 (m, 1H), 1.75 (dt, J = 7.6, 5.4 Hz, 1H), 

1.52 (td, J = 8.2, 5.2 Hz, 1H). 13C NMR (150 MHz, CDCl3) δ 175.17, 149.46, 147.84, 

147.78 (q, J = 33.0 Hz), 127.29, 121.62 (q, J = 271.5 Hz), 121.44 (q, J = 3.0 Hz), 

25.27, 22.35, 12.33. 19F NMR (376 MHz, CDCl3) δ -70.63. HRMS (ESI-TOF) Calcd 

for C10H9F3NO2 [M+H]+: 232.0585; found: 232.0592. 

The absolute stereochemistry was assigned based on comparing the specific rotation 

of 5i with literature. 
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(1R,2S)-2-(6-fluoropyridin-3-yl)cyclopropane-1-carboxylic acid (5h) 

Following the general arylation procedure B (eluent: hexane/ethyl acetate = 2/1 

with 1% v/v of acetic acid). The product of 5h as acid was obtained (yellow oil, 9.8 

mg, 54% yield). 

The enantiomeric purity of the substrate was determined by SFC analysis 

(CHIRALPAK® As-3 column, 5% iPrOH / CO2, flow rate 2 mL/min, retention time 

5.365 min (minor) and 6334 min (major), 98.5:1.5 er). 

1H NMR (600 MHz, CDCl3) δ 8.11 (d, J = 1.8 Hz, 1H), 7.66 (td, J = 8.0, 2.4 Hz, 1H), 

6.85 (dd, J = 8.4, 2.8 Hz, 1H), 2.57 (q, J = 8.6 Hz, 1H), 2.11 (td, J = 8.4, 5.6 Hz, 1H), 

1.66 (dt, J = 7.4, 5.4 Hz, 1H), 1.48 (td, J = 8.2, 5.2 Hz, 1H). 13C NMR (150 MHz, 

CDCl3) δ 176.18, 162.68 (d, J = 238.6 Hz), 148.33 (d, J = 15.0 Hz), 142.14 (d, J = 9.0 

Hz), 129.64 (d, J = 4.5 Hz), 108.78 (d, J = 36.0 Hz), 22.84, 21.18, 12.18. 19F NMR 

(376 MHz, CDCl3) δ -73.84. HRMS (ESI-TOF) Calcd for C9H9FNO2 

[M+H]+:182.0617; found: 182.0614.  

The absolute stereochemistry was assigned based on comparing the specific rotation 

of 5i with literature. 
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(1R,2S)-2-(6-chloropyridin-3-yl)cyclopropane-1-carboxylic acid (5i) 

Following the general arylation procedure B (eluent: hexane/ethyl acetate = 2/1 

with 1% v/v of acetic acid). The product of 5i as acid was obtained (yellow oil, 7.5 

mg, 38% yield). 

The enantiomeric purity of the substrate was determined by SFC analysis 

(CHIRALPAK® OJ-3 column, 5% iPrOH / CO2, flow rate 2 mL/min, retention time 

4.571 min (major) and 6.505 min (minor), 99:1 er). 

1H NMR (400 MHz, CDCl3) δ 8.23 (d, J = 5.2 Hz, 1H), 7.22 (s, 1H), 7.13 – 7.05 (m, 

1H), 2.52 (q, J = 8.5 Hz, 1H), 2.22 – 2.10 (m, 1H), 1.70 (dt, J = 7.6, 5.6 Hz, 1H), 1.46 

(td, J = 8.2, 5.4 Hz, 1H). 13C NMR (150 MHz, CDCl3) δ 174.83, 151.21, 149.20, 

149.01, 125.17, 123.45, 24.93, 22.19, 12.14. HRMS (ESI-TOF) Calcd for C9H9ClNO2 

[M+H]+:198.0322; found: 198.0325.  

The absolute stereochemistry was assigned based on comparing the specific rotation 

of 5i with literature. 
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(1R,2S)-2-(6-bromopyridin-3-yl)cyclopropane-1-carboxylic acid (5j) 

Following the general arylation procedure B (eluent: hexane/ethyl acetate = 2/1 

with 1% v/v of acetic acid). The product of 5j as acid was obtained (yellow oil, 6.7 

mg, 28% yield). 

The enantiomeric purity of the substrate was determined by SFC analysis 

(CHIRALPAK® OJ-3 column, 5% iPrOH / CO2, flow rate 2 mL/min, retention time 

5.989 min (major) and 8.926 min (minor), 96:4 er). 
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1H NMR (400 MHz, CDCl3) δ 8.21 (d, J = 5.2 Hz, 1H), 7.39 (s, 1H), 7.16 – 7.01 (m, 

1H), 2.50 (q, J = 8.5 Hz, 1H), 2.23 – 2.10 (m, 1H), 1.69 (dt, J = 7.4, 5.6 Hz, 1H), 1.46 

(td, J = 8.2, 5.4 Hz, 1H). 13C NMR (150 MHz, CDCl3) δ 174.71, 149.46, 148.95, 

141.83, 128.97, 123.82, 24.81, 22.21, 12.14. HRMS (ESI-TOF) Calcd for C9H2BrNO2 

[M-H]-:239.9660; found: 239.9649. 

The absolute stereochemistry was assigned based on comparing the specific rotation 

of 5i with literature. 
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(1R,2R)-1-phenyl-2-(2-(trifluoromethyl)pyridin-4-yl)cyclopropane-1-carboxylic 

acid (5k) 

Following the general arylation procedure B (eluent: hexane/ethyl acetate = 2/1 

with 1% v/v of acetic acid). The product of 5k as acid was obtained (yellow oil, 19.0 

mg, 62% yield). 

The enantiomeric purity of the substrate was determined by SFC analysis 

(CHIRALPAK® IC-3 column, 5% iPrOH / CO2, flow rate 2 mL/min, retention time 

7.835 min (major) and 9.558 min (minor), 98.5:1.5 er). 

1H NMR (600 MHz, CDCl3) δ 8.61 (d, J = 5.0 Hz, 1H), 7.64 (s, 1H), 7.50 – 7.45 (m, 

2H), 7.45 – 7.42 (m, 1H), 7.41 – 7.38 (m, 2H), 7.37 – 7.33 (m, 1H), 2.88 (t, J = 8.4 Hz, 

1H), 2.35 (dd, J = 7.6, 5.2 Hz, 1H), 1.83 (dd, J = 8.8, 5.2 Hz, 1H). 13C NMR (150 

MHz, CDCl3) δ 174.81, 149.58, 147.96, 147.90 (q, J = 34.5 Hz), 138.58, 130.12, 

128.69, 128.14, 127.16, 121.59 (q, J = 273.0 Hz), 121.25 (q, J = 3.0 Hz), 38.77, 33.11, 

19.12. 19F NMR (376 MHz, CDCl3) δ -70.52. HRMS (ESI-TOF) Calcd for 

C16H11F3NO2 [M-H]-:239.9660; found: 239.9649. 

The absolute stereochemistry was assigned based on comparing the specific rotation 

of 5i with literature. 
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Methyl 4-((1R,2S)-2-(1,3-dioxoisoindolin-2-yl)-2-(methoxycarbonyl)cyclobutyl) 

benzoate (5l) 

Following the general arylation procedure A at 100 °C and K2CO3 (1.0 equiv) 

instead of NaHCO3 (eluent: hexane/ethyl acetate = 2/1 with 1% v/v of acetic acid). 

The product of 5l as ester was obtained (yellow oil, 9.4 mg, 24% yield) 

The enantiomeric purity of the substrate was determined by SFC analysis 

(CHIRALPAK® AD-3 column, 20% iPrOH / CO2, flow rate 2 mL/min, retention time 

9.487 min (major) and 11.215 min (minor), 74:26 er). 

1H NMR (600 MHz, Chloroform-d) δ 7.98 (d, J = 8.3 Hz, 2H), 7.85 (dd, J = 5.3, 3.0 

Hz, 2H), 7.74 (dd, J = 5.4, 3.0 Hz, 2H), 7.53 (d, J = 8.3 Hz, 2H), 5.11 (t, J = 10.1 Hz, 

1H), 3.90 (s, 3H), 3.14 (t, J = 10.3 Hz, 1H), 2.73 (p, J = 10.2, 9.7 Hz, 1H), 2.56 – 2.33 
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(m, 2H). 13C NMR (151 MHz, Chloroform-d) δ 168.0, 167.3, 144.9, 134.4, 131.9, 

129.4, 128.8, 128.1, 128.1, 123.5, 52.2, 44.6, 31.7, 30.2, 23.0, 22.8. HRMS (ESI-TOF) 

Calculated for C21H18NO6 [M+H]+: 380.1134, Found: 380.1142. 

 

 

 

 

(1R,2S)-2-(4-(methoxycarbonyl)phenyl)cyclopropane-1-carboxylic acid (5m)2 

Following the general arylation procedure B (eluent: hexane/ethyl acetate = 2/1 

with 1% v/v of acetic acid). The product of 5i as acid was obtained (white solid, 12.3 

mg, 56% yield). 
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The enantiomeric purity of the substrate was determined by SFC analysis 

(CHIRALPAK® As-3 column, 30% iPrOH / CO2, flow rate 2 mL/min, retention time 

1.842 min (minor) and 2.764 min (major), 0.2:99.8 er). 

1H NMR (600 MHz, CDCl3) δ 7.93 (d, J = 8.2 Hz, 2H), 7.31 (d, J = 8.2 Hz, 2H), 3.90 

(s, 3H), 2.64 (q, J = 8.6 Hz, 1H), 2.14 – 2.08 (m, 1H), 1.71 (dt, J = 7.6, 5.4 Hz, 1H), 

1.43 (td, J = 8.2, 5.2 Hz, 1H). 13C NMR (150 MHz, CDCl3) δ 175.1, 167.2, 141.5, 

129.4, 129.4, 128.8, 52.2, 26.4, 21.7, 12.3.  

The absolute stereochemistry was assigned based on comparing the specific rotation 

of 5i with literature. 
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(1R,2R)-2-(4-(methoxycarbonyl)phenyl)-1-phenylcyclopropane-1-carboxylic acid 

(5n)2 

Following the general arylation procedure B (eluent: hexane/ethyl acetate = 2/1 

with 1% v/v of acetic acid). The product of 5j as acid was obtained (white solid, 14.8 

mg, 50% yield). 

The enantiomeric purity of the substrate was determined by SFC analysis 

(CHIRALPAK® Ad-3 column, 20% iPrOH / CO2, flow rate 2 mL/min, retention time 

6.306 min (major) and 7.842 min (minor), 99:1 er). 

1H NMR (500 MHz, CDCl3) δ 7.97 (d, J = 8.3 Hz, 2H), 7.48 – 7.41 (m, 2H), 7.40 – 

7.33 (m, 4H), 7.33 – 7.28 (m, 1H), 3.94 (s, 3H), 2.90 (t, J = 8.4 Hz, 1H), 2.28 (dd, J = 

7.8, 5.0 Hz, 1H), 1.71 (dd, J = 9.0, 5.0 Hz, 1H). 13C NMR (150 MHz, CDCl3) δ 176.0, 

167.2, 141.4, 139.4, 130.3, 129.5, 129.3, 128.8, 128.5, 127.8, 52.2, 37.9, 34.5, 19.4. 

The absolute stereochemistry was assigned based on comparing the specific rotation 

of 5i with literature. 
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6. Sequential diarylation of 2-Aminoisobutyric Acid 

 

Pd(OAc)2 (2.2 mg, 0.01 mmol, 10 mol%), Ac-Gly-OH (3.5 mg, 0.03 mmol, 30 mol%), 

carboxylic acid 3a (36.7 mg, 0.1 mmol), Ag2CO3 (41.1 mg, 0.15 mmol, 1.5 equiv.), 

K2CO3 (6.9 mg, 0.05 mmol, 0.5 equiv.), and 1-iodo-4-methoxybenzene (35.1 mg， 

0.15 mmol, 1.5 equiv.) were weighed and placed in an 12 mL reaction tube. 

Subsequently, HFIP (1.0 mL) was injected, and the tube was capped and closed tightly. 

The reaction mixture was then stirred at 100 °C for 18 h. The mixture was allowed to 

cool to room temperature and acetic acid (0.05 ml) was added. Then, the mixture was 

passed through a pad of Celite with ethyl acetate as the eluent to remove any insoluble 

precipitate. The resulting solution was concentrated and the residual mixture was 

dissolved with minimal ethyl acetate and loaded onto a preparative TLC plate. The 
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pure product was then isolated using preparative TLC with ethyl acetate and hexanes 

(1/2) as the eluent and 1% v/v of acetic acid as the additive. 

 

(R)-2-(1,3-dioxoisoindolin-2-yl)-2-(4-methoxybenzyl)-3-(4 (methoxycarbonyl) 

phenyl) propanoic acid (6a) 

The product of 6a as acid was obtained (white solid, 30.7 mg, 65% yield). 

1H NMR (600 MHz, CDCl3) δ 7.87 (d, J = 8.1 Hz, 2H), 7.76 – 7.65 (m, 4H), 7.32 (d, 

J = 8.1 Hz, 2H), 7.18 (d, J = 8.5 Hz, 2H), 6.78 (d, J = 8.5 Hz, 2H), 3.95 (d, J = 14.0 

Hz, 1H), 3.89 (d, J = 13.7 Hz, 1H), 3.86 (s, 3H), 3.74 (s, 3H), 3.46 (d, J = 13.8 Hz, 

1H), 3.38 (d, J = 13.8 Hz, 1H). 13C NMR (150 MHz, CDCl3) δ 173.77, 168.36, 167.06, 

158.93, 141.17, 134.32, 131.76, 131.30, 130.86, 129.64, 129.06, 127.01, 123.41, 

113.96, 68.46, 55.25, 52.13, 39.08, 38.83. HRMS (ESI-TOF) Calcd for C27H23NO7 

[M-H]-:472.1396; found: 472.1394. 

7. Synthesis of Metyrosine4 

 

To a stirred solution of 3d (67.8 mg, 0.2 mmol) in dry DCM (5.0 mL) was added BBr3 

(1 mmol) at 0 ℃ under N2. The solution was stirred at room temperature for 2 hours 

and was quenched by sat. NH4Cl (5 mL). The aqueous phase was extracted with DCM 

(5 mL×3) and the combined organic phase were dried with anhydrous Na2SO4, 

concentrated under reduced pressure. The residue was used without purification. 

To a stirred solution of 2 mL of glacial acetic acid and 4 mL of 5M HCl was added the 

substrate. The reaction was then heated to reflux with stirring for 4 hours, then cooled 

to room temperature and concentrated to dryness under reduced pressure. The crude 

solid was washed with 3:1 ether: ethyl acetate (5 mL×3) and then dried in vacuum to 

afford pure amino acid hydrochloride as a fine white powder. 
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(S)-2-carboxy-1-(4-hydroxyphenyl)propan-2-aminium chloride5 

White solid (31.4 mg, 68% yield for two steps). 1H NMR (600 MHz, D2O) δ 7.12 (d, 

J = 8.4 Hz, 2H), 6.86 (d, J = 8.4 Hz, 2H), 3.26 (d, J = 14.6 Hz, 1H), 2.98 (d, J = 14.6 

Hz, 1H), 1.58 (s, 3H). 13C NMR (150 MHz, D2O) δ 174.24, 155.25, 131.45, 125.07, 

115.78, 61.11, 41.53, 21.60. 

8. Synthesis of BIRT-377 

 

To a stirred solution of Methyl ester of 3k (80.2 mg, 0.2 mmol) in MeOH (1.0 mL) 

was added ethylenediamine (72 mg, 1.2 mmol) at 0 ℃ under N2. The solution was 

stirred at 50 ℃ for 12 hours and was quenched by sat. NH4Cl (5 mL). The solvents 

were removed under reduced pressure and the residue was purified by silica gel 

column chromatography to afford the desired product. 

 

Methyl (S)-2-amino-3-(4-bromophenyl)-2-methylpropanoate6 

Colorless oil (45.0 mg, 83%). 1H NMR (600 MHz, CDCl3) δ 7.40 (d, J = 7.0 Hz, 2H), 

7.03 (d, J = 7.0 Hz, 2H), 3.70 (s, 3H), 3.06 (d, J = 13.2 Hz, 1H), 2.75 (d, J = 13.2 Hz, 

1H), 1.37 (s, 3H). 13C NMR (150 MHz, CDCl3) δ 177.41, 135.67, 131.76, 131.53, 

121.13, 58.79, 52.29, 46.33, 26.66. 

9. Synthesis of Boc-amino acid 

To a stirred solution of Methyl ester of 3k (80.2 mg, 0.2 mmol) in MeOH (1.0 mL) 

was added ethylenediamine (72 mg, 1.2 mmol) at 0 ℃ under N2. The solution was 

stirred at room temperature for 24 hours and was quenched by sat. NH4Cl (5 mL). The 

solvents were removed under reduced pressure and the residue was purified by silica 

gel column chromatography to afford the desired product 9 (31.6 mg, 58%). 
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To a stirred solution of 9 (27.1 mg, 0.1 mmol) in DCM (1.0 mL) was added TEA 

(20.2 mg, 0.2 mmol), and Boc2O (43.6 mg, 0.2 mmol) at 0 ℃ under N2. The solution 

was stirred at room temperature for 12 hours and was quenched by sat. NH4Cl (5 mL). 

The solvents were removed under reduced pressure and the residue was purified by 

silica gel column chromatography to afford the desired product 10 (31.5 mg, 86%). 

 

Methyl (S)-3-(4-bromophenyl)-2-((tert-butoxycarbonyl)amino)-2-

methylpropanoate7 

1H NMR (600 MHz, Chloroform-d) δ 7.39 (d, J = 8.3 Hz, 2H), 6.94 (d, J = 8.3 Hz, 

2H), 5.13 (s, 1H), 3.76 (s, 3H), 3.38 (d, J = 12.6 Hz, 1H), 3.17 (d, J = 13.6 Hz, 1H), 

1.56 (s, 3H), 1.47 (s, 9H). 13C NMR (151 MHz, Chloroform-d) δ 174.3, 154.4, 135.6, 

131.8, 131.4, 121.0, 60.4, 52.7, 40.9, 28.5, 23.9. 
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