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I. General. 

Palladium acetate and Palladium trifluroacetate was purchased from Aldrich. 

Ethyl glyoxylate (50% solution in toluene) was purchased from Lancaster. 

Phenylboronic acid was purchased from BeiJing Wisdom Chemicals Co., Ltd. All 

other arylboronic acids were purchased from HeBei DeLongTai Chemicals Co., Ltd. 

All solvents were dried and distilled before use according to the standard methods. 

The chiral nitrogen-containing ligands were prepared according to the published 

procedures.[1] NMR spectra were recorded on a Varian Mercury V_300 spectrometer. 

Infrared spectra were obtained on a Bio-Rad FTS-185 machine. Mass spectra were 

provided on Agilent 5973 or Agilent 1100 machines. All melting points were 

uncorrected. The optical rotation was measured on a Perkin-Elmer 341 polarimeter. 

The enantiomeric excess values were determined after separation of the enantiomers 

by HPLC on a Perkin-Elmer (785A, 200 IC Pump) or Waters (515 Pump, 2487. Dual 

Absorbance Detector) instruments. 

 

II. Typical Procedure for Palladium(II)-Catalyzed One-pot Synthesis of Chiral 

Arylglycine Derivatives from Ethyl Glyoxylate, p-Toluenesulfonyl Isocyanate and 

Arylboronic Acids 

HN
Ts

EtOOC Ar
CHOCO2EtTsNCO ArB(OH)2

Pd(OCOCF3)2
   L-7

1 2 3 4  

 

To a Schlenk tube were added p-toluenesulphonylisocyanate (1) (0.355 mmol), 
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ethylglyoxylate (2) (0.355 mmol), Pd(CF3CO2)2 (5 mol %), L-7 (6 mol %) in 

refluxing toluene (2 mL) for 3 h, then phenylboronic acid (3a) (0.71 mmol) was added 

for another 24 h. The reaction mixture was allowed to cool to room temperature and 

diluted with EtOAc. The organic layer was washed with brine and the aqueous layer 

was extracted with EtOAc. The combined organic layer was dried over Na2SO4, 

filtered, and concentrated under reduced pressure. The residue was subjected to silica 

gel chromatography (eluent: EtOAc/ petroleum ether) to isolate the product. 

  

III. Characterization Data of Compounds 4. 

N-tosyl-3-phenylglycine ethyl ester.[2]

CO2Et

NHTs

 

4a 

White solid, mp: 90-91 oC. (lit[2]: 85-86 oC (racemic form)); 1H NMR (300 MHz, 

CDCl3): δ 7.63 (d, J =8.4 Hz, 2H), 7.18-7.28 (m, 7H), 5.66 (d, J = 6.9 Hz, 1H), 5.03 

(d, J = 7.5 Hz, 1H), 3.96-4.07 (m, 2H), 2.38 (s, 3H), 1.10 (t, J = 6.9 Hz, 3H); IR (KBr): 

ν 3272, 2993, 1716, 1459, 1336, 1164, 1090, 818 cm-1; MS (70 eV, EI) m/z: 260 (M+ - 

CO2Et, 100), 155, 91, 77, 65. 

The ee value was determined by chiral HPLC using a Chiralcel OJ-H column with 

hexane : isopropanol = 80 : 20, flow = 0.7 mL/min; ee: 75%; [α]D
20 = +48.6 (c 1.05, 

CHCl3). 

 

N-tosyl-4-tolylglycine ethyl ester. 
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CO2Et

NHTs

 

4b 

White solid, mp: 87-89 oC; 1H NMR (300 MHz, CDCl3): δ 7.64 (d, J = 7.8 Hz, 2H), 

7.18 (d, J = 7.8 Hz, 2H), 7.11 (d, J = 8.1 Hz, 2H), 7.04 (d, J = 8.1 Hz, 2H), 5.90 (d, J 

= 9.0 Hz, 1H), 4.99 (d, J = 8.4 Hz, 1H), 3.93-4.01 (m, 2H), 2.37 (s, 3H), 2.28 (s, 3H), 

1.07 (t, J = 6.9 Hz, 3H); 13C NMR (75 MHz, CDCl3): δ 170.1, 143.3, 138.2, 136.8, 

132.3, 129.3, 129.2, 127.1, 126.8, 61.9, 59.0, 21.4, 20.9; IR (KBr): ν 3274, 2980, 

1734, 1339, 1167, 1076 cm-1; MS (70 eV, EI) m/z: 274 (M+ - CO2Et, 100), 201, 155, 

118, 91, 77. 65; HRMS Calcd for C15H16NO2S (M+ - CO2Et): 274.0902. Found: 

274.0906.  

The ee value was determined by chiral HPLC using a Chiralcel OJ-H column with 

hexane : isopropanol = 80 : 20, flow = 0.7 mL/min; ee: 70%; [α]D
20 = +71.1 (c 1.01, 

CHCl3). 

 

N-tosyl-4-methoxyphenylglycine ethyl ester. 

 

CO2Et

NHTs

MeO  

4c 

White solid, mp: 87-89oC; 1H NMR (300 MHz, CDCl3): δ 7.63 (d, J = 8.1 Hz, 2H), 

7.20 (d, J = 8.4 Hz, 2H), 7.13 (d, J = 8.7 Hz, 2H), 6.76 (d, J = 8.4 Hz, 2H), 5.80 (d, J 

= 8.1 Hz, 1H), 4.98 (d, J = 8.1 Hz, 1H), 3.97-4.00 (m, 2H), 3.76 (s, 3H), 2.38 (s, 3H), 
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1.09 (t, J = 7.2 Hz, 3H); 13C NMR (75 MHz, CDCl3): δ 170.2, 159.6, 143.3, 136.9, 

129.4, 128.3, 127.4, 127.1, 114.0, 62.0, 58.8, 55.2, 21.4, 13.8; IR (KBr): ν 3282, 2972, 

1741, 1612, 1514, 1338, 1160, 1087, 1025, 815, 667 cm-1; MS (70 eV, EI) m/z (%): 

363 (M+), 290(M+ - CO2Et), 173, 155, 134, 105, 91(100), 77, 65, 43; HRMS Calcd for 

C15H16NO3S (M+ - CO2Et): 290.0851. Found: 290.0847.

The ee value was determined by chiral HPLC using a Chiralcel OJ-H column with 

hexane : isopropanol = 80 : 20, flow = 0.7 mL/min; ee: 60%; [α]D
20 = +58.1 (c 0.51, 

CHCl3). 

 

N-tosyl-4-chlorophenylglycine ethyl ester. 
 

CO2Et

NHTs

Cl  

4d 

White solid, mp: 86-87oC; 1H NMR (300 MHz, CDCl3): δ 7.60 (d, J = 8.1 Hz, 2H), 

7.14-7.27 (m, 6H), 5.76 ( d, J = 7.5 Hz, 1H), 5.01 (d, J = 7.5 Hz, 1H), 3.96-4.09 (m, 

2H), 2.39 (s, 3H), 1.10 (t, J = 7.2 Hz, 3H); 13C NMR (75 MHz, CDCl3): δ 169.6, 

143.7, 136.7, 134.5, 133.9, 129.5, 128.8, 128.5, 127.1, 62.5, 58.7, 21.5, 13.8; IR 

(KBr): ν 3270, 2989, 1717, 1597, 1493, 1343, 1262, 1168, 1092, 920, 698 cm-1; MS 

(70 eV, EI) m/z: 296, 294 (M+ - CO2Et), 274, 155, 138, 91 (100), 77, 65, 41; Anal. 

Cald for C17H18ClNO4S: C, 55.51; H, 4.93; N, 3.81. Found: C, 55.66; H, 4.98; N, 

3.60. 

The ee value was determined by chiral HPLC using a Chiralcel OJ-H column with 

hexane : isopropanol = 90 : 10, flow = 0.7 mL/min; ee: 81%; [α]D
20 = +87.9 (c 1.03, 
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CHCl3). 

 

N-tosyl-4-fluorophenylglycine ethyl ester. 

CO2Et

NHTs

F  

4e 

White solid, mp: 80-81oC; 1H NMR (300 MHz, CDCl3): δ 7.63 (d, J = 8.1 Hz, 2H), 

7.18-7.24 (m, 4H), 6.92 (t, J = 8.7 Hz, 2H), 6.01 (d, J = 7.8 Hz, 1H), 5.03 (d, J = 8.1 

Hz, 1H), 3.97-4.04 (m, 2H), 2.38 (s, 3H), 1.09 (t, J = 7.2 Hz, 3H); 19F NMR (282 

MHz, CDCl3): δ -113.6; 13C NMR (75 MHz, CDCl3): δ 169.7, 164.2, 160.9, 143.5, 

136.7, 131.3, 131.2, 129.4, 128.9, 128.8, 127.1, 115.7, 115.4, 62.3, 58.6, 21.4, 13.7; 

IR (KBr): ν 3267, 1747, 1604, 1508, 1336, 1224, 1162, 1077, 1012, 815 cm-1; MS (70 

eV, EI) m/z: 278 (M+ - CO2Et), 155, 122, 91 (100), 65, 41; HRMS Calcd for 

C14H13NO2FS (M+ - CO2Et): 278.0651. Found: 278.0647. 

The ee value was determined by chiral HPLC using a Chiralcel OJ-H column with 

hexane : isopropanol = 90 : 10, flow = 0.7 mL/min; ee: 64%; [α]D
20 = +66.8 (c 0.51, 

CHCl3). 

 

N-tosyl-3-nitrophenylglycine ethyl ester. 

CO2Et

NHTs

NO2  
4f 

White solid, mp: 132-134oC; 1H NMR (300 MHz, CDCl3): δ 8.10 (d, J = 8.1 Hz, 1H), 
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8.03 (s, 1H), 7.59-7.68 (m, 3H), 7.47 (t, J = 8.1 Hz, 1H), 7.19 (d, J = 8.1 Hz, 2H), 

5.99 ( d, J = 6.9 Hz, 1H), 5.14 (d, J = 6.9 Hz, 1H), 4.05-4.12 (m, 2H), 2.37 (s, 3H), 

1.13 (t, J = 7.5 Hz, 3H); 13C NMR (75 MHz, CDCl3): δ 168.8, 143.9, 137.5, 136.5, 

133.4, 129.7, 129.6, 127.1, 123.3, 122.2, 62.9, 58.6, 21.4, 13.8; IR (KBr): ν 3256, 

2987, 1728, 1533, 1456, 1351, 1164, 1089, 1016, 725 cm-1; MS (70 eV, EI) m/z: 305 

(M+ - CO2Et), 155, 91 (100), 77, 65, 41; Anal. Cald for C17H18N2O6S: C, 53.96; H, 

4.79; N, 7.40. Found: C, 53.96; H, 5.01; N, 7.18. 

The ee value was determined by chiral HPLC using a Chiralcel OJ-H column with 

hexane : isopropanol = 60 : 40, flow = 0.7 mL/min; ee: 68%; [α]D
20 = +93.5 (c 0.51, 

CHCl3). 

 

N-tosyl-4-trifluromethylphenylglycine ethyl ester. 

CO2Et

NHTs

F3C  
4g 

White solid, mp: 108-110oC; 1H NMR (300 MHz, CDCl3): δ 7.58 (d, J = 8.4 Hz, 2H), 

7.46 (d, J = 8.1 Hz, 2H), 7.35 (d, J = 7.8 Hz, 2H), 7.15 (d, J = 8.4 Hz, 2H), 6.14 ( d, J 

= 7.8 Hz, 1H), 5.12 (d, J = 7.8 Hz, 1H), 4.05 (m, 2H), 2.36 (s, 3H), 1.10 (t, J = 7.2 Hz, 

3H); 19F NMR (282 MHz, CDCl3): δ -63.2; 13C NMR (75 MHz, CDCl3): δ 169.2, 

143.7, 139.2, 136.6, 129.4, 127.6, 127.0, 126.8, 125.5 (q, J = 3.9 Hz), 62.6, 58.9, 21.3, 

13.7; IR (KBr): ν 3250, 1747, 1433, 1327, 1166, 1128, 1068, 1019, 852, 668 cm-1; 

MS (70 eV, EI) m/z: 328 (M+ - CO2Et), 246, 172, 155, 145, 91 (100), 77, 65; Anal. 

Cald for C18H18F3NO4S: C, 53.86; H, 4.52; N, 3.49. Found: C, 54.04; H, 4.70; N, 
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3.44. 

The ee value was determined by chiral HPLC using a Chiralcel OD-H column with 

hexane : isopropanol = 97 : 3, flow = 0.7 mL/min; ee: 71%; [α]D
20 = +61.3 (c 0.85, 

CHCl3). 

 

N-tosyl-3-tolylglycine ethyl ester. 

CO2Et

NHTs

 

4h 

White solid, mp: 86-88oC; 1H NMR (300 MHz, CDCl3): δ 7.63 (d, J = 8.1 Hz, 2H), 

7.13-7.20 (m, 3H), 6.99-7.06 (m, 3H), 5.80 ( d, J = 8.1 Hz, 1H), 5.01 (d, J = 8.4 Hz, 

1H), 3.92-4.05 (m, 2H), 2.37 (s, 3H), 2.23(s, 3H), 1.09 (t, J = 7.2 Hz, 3H); 13C NMR 

(75 MHz, CDCl3): δ 170.0, 143.3, 138.4, 136.9, 135.0, 129.3, 129.1, 128.5, 127.6, 

127.1, 124.1, 62.1, 59.3, 21.4, 21.2, 13.8; IR (KBr): ν 3288, 2987, 1742, 1438, 1338, 

1201, 1162, 1088, 1017, 815 cm-1; MS (70 eV, EI) m/z: 274 (M+ - CO2Et, 100), 155, 

118, 91, 77, 65; HRMS Calcd for C15H16NO2S (M+ - CO2Et): 274.0902. Found: 

274.0902. 

The ee value was determined by chiral HPLC using a Chiralcel OJ-H column with 

hexane : isopropanol = 80 : 20, flow = 0.7 mL/min; ee: 70%; [α]D
20 = +88.5 (c 0.50, 

CHCl3). 

 

N-tosyl-β-naphthylglycine ethyl ester. 
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CO2Et

NHTs

 

4i 

White solid, mp: 115-116oC; 1H NMR (300 MHz, CDCl3): δ 7.64-7.77 (m, 4H), 7.60 

(d, J = 8.1 Hz, 2H), 7.42-7.47 (m, 2H), 7.31 (d, J = 8.4 Hz, 1H), 7.03 (d, J = 8.1 Hz, 

2H), 6.10 (d, J = 8.1 Hz, 1H), 5.22 (d, J = 8.1 Hz, 1H), 3.93-4.09 (m, 2H), 2.22 (s, 

3H), 1.07 (t, J = 7.2 Hz, 3H); 13C NMR (75 MHz, CDCl3): δ 169.6, 143.3, 136.8, 

132.9, 132.8, 132.3, 129.2, 128.6, 127.9, 127.4, 127.0, 126.6, 126.4, 126.3, 124.3, 

62.2, 59.5, 21.2, 13.7; IR (KBr): ν 3285, 2992, 1715, 1435, 1340, 1168, 1078, 905, 

818 cm-1; MS (70 eV, EI) m/z: 383 (M+), 310(M+ - CO2Et, 100), 155, 127, 91, 77, 65, 

41; Anal. Cald for C21H21NO4S: C, 65.78; H, 5.52; N, 3.65. Found: C, 65.86; H, 5.55; 

N, 3.41. 

The ee value was determined by chiral HPLC using a Chiralcel AD-H column with 

hexane : isopropanol = 65 : 35, flow = 0.7 mL/min; ee: 72%; [α]D
20 = +89.2 (c 0.50, 

CHCl3). 

IV. Synthesis of N-tosyl-(S)-phenylglycine ethyl ester from (S)-phenylglycine. 

(S)-phenylglycine ethyl ester hydrochloride.  To a Schlenk bottle were charged 

(S)-phenylglycine (1.51 g, 10 mmol, ee >99%) and EtOH (10 mL, 0.17 mol), the 

mixture was cooled to 0 oC and SOCl2 (2 mL, 26.8 mmol) was dropped to it and 

refluxed overnight. After cooled to rt, Et2O was added to the solution and white solid 

was separated. The solid was filtered and dried to give the (S)-phenylglycine ethyl 

ester hydrochloride.[3] Yield: 82%. M.p 182-183 oC. 1H NMR (300 MHz, D2O): δ 
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7.52-7.54 (m, 3H), 7.45-7.48 (m, 2H), 5.26 (s, 1H), 4.27-4.33 (m, 2H), 1.22 (t, J= 7.2 

Hz, 3H). [α]D
20 = +94.7o (c 1.005, H2O). (lit[3b] [α]D

20
 = +91 o, c 1.00, H2O). 

 

N-tosyl-(S)-phenylglycine ethyl ester.  To a Schlenk tube were added 

(S)-phenylglycine ethyl ester hydrochloride (620 mg, 2.9 mmol), CH2Cl2 (20 mL) and 

iPr2NEt (2.3 g, 18 mmol) and the mixture was cooled to 0 oC. Then TsCl (680 mg, 3.6 

mmol) was added slowly to the mixture and stirred at rt overnight under N2. The 

reaction mixture was concentrated under reduced pressure and purified by flash 

column chromatography (ethyl acetate: petroleum ether = 1:6 to 1:2) to obtain the 

product N-tosyl-(S)-phenylglycine ethyl ester[4]. Yield: 82%. M.p 102-103 oC. 1H 

NMR (300 MHz, CDCl3): δ 7.63 (d, J=8.1 Hz, 2H), 7.19-7.28 (m, 7H), 5.66 (d, J=8.1 

Hz, 1H), 5.03 (d, J=7.5 Hz, 1H), 3.94-4.08 (m, 2H), 2.39 (s, 3H), 1.10 (t, J= 7.2 Hz, 

3H); 13C NMR (75 MHz, CDCl3): δ 170.0, 143.4, 136.8, 135.3, 129.4, 128.6, 128.4, 

127.1, 127.0, 62.1, 59.3, 21.4, 13.7; IR (KBr): ν 3281, 2995, 2967, 2904, 1716, 1498, 

1459, 1441, 1336, 1266, 1168, 1090, 820, 1022, 697 cm-1; MS (70 eV, EI) m/z: 260 

(M+ - CO2Et, 100), 155, 91, 77, 65. 

The ee value was determined by chiral HPLC using a Chiralcel OD-H column (150 

mm) with hexane : isopropanol = 90 : 10, flow = 0.7 mL/min; ee: 99%; [α]D
20 = 

+105.1o (c 1.09, CDCl3). 

 

IV. References 

[1] (a) Evans, D. A.; Woerpel, K. A.; Hinman, M. M.; Faul M. M. J. Am. Chem. Soc. 

1991, 113, 726. (b) Corey, E. J.; Imai, N.; Zhang, H. J. Am. Chem. Soc. 1991, 

S 10



113, 728. (c) Müller, D.; Umbricht, G.; Weber, B.; Pfaltz, A. Helv. Chim. Acta 

1991, 74, 232. (d) Brunner, H.; Obermann, U. Chem. Ber. 1989, 122, 499. (e) 

Cheng, J.; Deming, T. J. Macromolecules 1999, 32, 4745. 

[2] Oi, S.; Moro, M.; Fukuhara, H.; Kawanishi, T.; Inoue, Y. Tetrahedron, 2003, 59, 

4351. 

[3] (a) Li, G.; Zhao, G. Org. Lett. 2006, 8, 1011. (b) Duhamel, L.; Duhamel, P.; 

Fouquay, S.; Eddine, J. J.; Peschard, O.; Plaquevent, J. C.; Ravard, A.; Solliard, 

R.; Valnot, J. Y.; Vincens, H. Tetrahedron 1988, 44, 5495. 

[4] Mario Ordóñez.; De la Cruz-Cordero, R.; Fernández-Zertuche, M.; 

Muñoz-Hernández, M. A.; García-Barradas, O. Tetrahedron: Asymmetry 2004, 

15, 3035. 

 

 

 

 

 

 

 

 

 

 

 

S 11



 

Palladium(II)-Catalyzed One-Pot Enantioselective Synthesis of Arylglycine 

Derivatives from Ethyl Glyoxylate, p-Toluenesulfonyl Isocyanate and 

Arylboronic Acids 

Huixiong Dai, Miao Yang and Xiyan Lu* 

State Key Laboratory of Organometallic Chemistry, Shanghai Institute of Organic 

Chemistry, Chinese Academy of Sciences, 354 Fenglin Lu, Shanghai 200032, China 

Supporting Information (part 2) 
 

Table of Content 
 

I. Copies of 
1
H, 

13
C and 

19
F NMR spectra  

1. Compound 4a S13 
2. Compound 4b S14-S15 
3. Compound 4c S16-S17 
4. Compound 4d S18-S19 
5. Compound 4e S20-S22 
6. Compound 4f S23-S24 
7. Compound 4g S25-S27 
8. Compound 4h S28-S29 
9. Compound 4i S30-S31 

10. N-Tosyl-(S)-phenylglycine ethyl ester synthesized from 
(S)-phenylglycine 

S32-S33 

II. HPLC for the determination of ee values  
1. Compound 4a S34 
2. Compound 4b S35 
3. Compound 4c S36 
4. Compound 4d S37 
5. Compound 4e S38 
6. Compound 4f S39 
7. Compound 4g S40 
8. Compound 4h S41 
9. Compound 4i S42 

10. N-Tosyl-(S)-phenylglycine ethyl ester synthesized from 
(S)-phenylglycine 

S43 

 

S 12



 
 
 

 

CO2Et

NHTs

4a

 
 
 
 

S 13



 
 
 

 

CO2Et

NHTs

4b

 
 
 
 

S 14



 
 
 

 

CO2Et

NHTs

4b

 
 
 
 

S 15



 
 
 

 

CO2Et

NHTs

MeO
4c

 
 
 
 

S 16



 
 
 

 

CO2Et

NHTs

MeO
4c

 
 
 
 

S 17



 
 
 

 

CO2Et

NHTs

Cl
4d

 
 
 
 

S 18



 
 
 

 

CO2Et

NHTs

Cl
4d

 
 
 
 

S 19



 

 

CO2Et

NHTs

F
4e

 

 

 

S 20



 

 

 

CO2Et

NHTs

F
4e

 

 

S 21



 

CO2Et

NHTs

F
4e

 

 

 

 

S 22



 

CO2Et

NHTs

NO2
4f

 

 

 

 

S 23



 

CO2Et

NHTs

NO2
4f

 

 

 

 

S 24



 

CO2Et

NHTs

F3C

4g

 

 

 

 

S 25



 

CO2Et

NHTs

F3C

4g

 

 

 

 

S 26



 

CO2Et

NHTs

F3C

4g

 

 

 

 

S 27



 

CO2Et

NHTs

4h

 

 

 

 

S 28



 

 

 

CO2Et

NHTs

4h

 

 

 

S 29



 

CO2Et

NHTs

4i

 

 

 

 

S 30



 

CO2Et

NHTs

4i

S 31



 

 

S 32



 

 

 

S 33



CO2Et

NHTs

4a  

 

 

 

S 34



CO2Et

NHTs

4b  

 

 

S 35



CO2Et

NHTs

MeO

4c  

 

 

 

S 36



CO2Et

NHTs

Cl
4d  

 

 

 

 

S 37



CO2Et

NHTs

F
4e  

 

 

 

S 38



CO2Et

NHTs

NO2 4f  

 

 

 

 

S 39



CO2Et

NHTs

F3C
4g  

 

 

 

 

S 40



CO2Et

NHTs

4h  

 

 

 

S 41



CO2Et

NHTs

4i  

 

 

 

 

 

S 42



CO2Et

NHTs

N-Tosyl-(S)-phenylglycine
ethyl ester  

 

 

S 43


