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General 

1
H NMR and 

13
C NMR spectra were recorded in CDCl3 or CD2Cl2 on a Bruke advance 

spectrophotometer (400 or 500 MHz) at room temperature. Chemical shifts (δ) are given in ppm 

and are referenced to the residual solvent peaks. Fourier Transform Infrared (FT-IR) absorption 

spectra (diffuse reflectance spectroscopy) were performed on a Bruker TENSOR27 and only 

noteworthy absorptions (in cm
–1

) are listed. Low resolution mass spectra were obtained with an 

Agilent Technologies 5975C with EI resource or Waters 2695 mass spectrometer with ESI 

resource. High resolution mass (HRMS) spectra were recorded on an Agilent Technologies 6530 

Q-TOF mass spectrometer with ESI resource and are reported as m/z (relative intensity). 

Conversions were determined by 
1
H NMR and gas chromatographic analyses. Enantiomeric 

excesses of the asymmetric hydrosilylation products were determined by chiral HPLC. GC 

analyses were conducted on an Agilent 7820A or a Fuli 9790 with an FID detector. HPLC 

analyses were performed using an Agilent 1200 with a UV detector. Optical rotations were 

measured on a Perkin-Elmer Model 341 or Anton Paar MCP 150 polarimeter in a 10 cm cell. 

Optically pure (S)-P-Phos, (S)-Xyl-P-Phos, (S)-BINAP, (S)-Tol-BINAP, (S)-H8-BINAP, 

(S)-SEGPHOS, (S)-DM-SEGPHOS, and (S)-DTBM-SEGPHOS were purchased from Strem or 

Aldrich. (S)-Tol-P-Phos was prepared according to the previous reported procedure.
1
 Substrates 

(1a‒s and 3a‒g) were prepared and characterized according to the literature procedures.
2,3

 All 

solvents were purified and dried according to standard methods prior to use. PMHS and other 

reagents were purchased from Aldrich, Alfa Aesar or Acros Organics and used as received without 

further purification unless otherwise stated. 

Typical procedures for the synthesis of N-aryl β-substituted β-dehydroamino 

esters ((Z)-Methyl 3-phenyl-3-(phenylamino)acrylate 1a).
3
 

 

(1) To a dried three-necked flask equipped with a dropping funnel, a condenser, and a 

magnetic stirrer, NaH (4.5 g, 60  %, 112 mmol), dimethyl carbonate (7.2 g, 80 mmol), and toluene 

(60 mL) were added. The mixture was heated to reflux. A solution of ketone (4.8 g, 40 mmol) in 

toluene (20 mL) was added dropwise from the dropping funnel over 1−2 h. After the addition, the 

mixture was further refluxed until the evolution of hydrogen ceased (15−20 min). After the 

reaction mixture was cooled to room temperature, glacial acetic acid (12 mL) was added dropwise 
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and a heavy, pasty solid appeared. Ice-water was added until the solid was dissolved completely. 

The toluene layer was separated, and the aqueous layer was extracted with toluene (3 × 40 mL). 

The combined toluene solution was washed with water (40 mL) and brine (40 mL), and then dried 

over anhydrous Na2SO4, filtered, and evaporated in vacuo. The residue was purified by column 

chromatography on silica gel using ethyl acetate : petroleum ether (1 : 10) as eluent to give the 

pure product (Methyl benzoylacetate, 6.9 g, 97  % yield). 

(2) A mixture of methyl benzoylacetate (4.3 g, 24 mmol), aniline (2.2 g, 24 mmol) and 

p-toluenesulfonic acid monohydrate (0.46 g, 2.4 mmol) was dissolved in 30 mL of methanol and 

refluxed overnight. The reaction mixture was cooled to room temperature and evaporated in vacuo. 

The crude product was dissolved in 60 mL ethyl acetate, washed with water (40 mL) and brine (40 

mL), and then dried over anhydrous Na2SO4, filtered, and concentrated under reduced pressure. 

The residue was purified by column chromatography on silica gel using ethyl acetate : petroleum 

ether (1 : 30) as eluent to give the pure product (1a, 4.5 g, 74  % yield). 

(Z)-Methyl 3-phenyl-3-(phenylamino)acrylate (1a)
3
 

1
H NMR (400 MHz, CDCl3): δ 10.28 (br, 1H), 7.36–7.26 (m, 5H), 7.10–7.06 

(m, 2H), 6.91 (t, J = 7.2 Hz, 1H), 6.66 (d, J = 8.0 Hz, 2H), 5.00 (s, 1H), 

3.75 (s, 3H). 
13

C NMR (101 MHz, CDCl3): δ 170.5, 159.3, 140.4, 136.0, 

129.5, 128.6, 128.5, 128.3, 123.1, 122.3, 90.7, 50.7. IR (thin film): νmax (cm
–

1
) = 3260, 3055, 2947, 1660, 1614, 1574, 1485, 1288, 1173, 771, 749, 700. MS (EI, m/z, relative 

intensity): 253 (M
+
, 64), 222 (31), 193 (100), 178 (33), 165 (17), 97 (24), 97 (24), 77 (39), 57 (34). 

(Z)-Ethyl 3-phenyl-3-(phenylamino)acrylate (1b)
4
 

1
H NMR (500 MHz, CDCl3): δ 10.30 (br, 1H), 7.36–7.26 (m, 5H), 7.09–7.06 

(m, 2H), 6.91 (t, J = 7.5 Hz, 1H), 6.66 (d, J = 7.5 Hz, 2H), 5.00 (s, 1H), 4.22 

(q, J = 7.2 Hz, 2H), 1.32 (t, J = 7.0 Hz, 3H). 
13

C NMR (101 MHz, CDCl3): δ 

170.1, 159.1, 140.4, 136.0, 129.4, 128.6, 128.4, 128.2, 122.9, 122.2, 91.2, 59.3, 

14.5. IR (thin film): νmax (cm
–1

) = 3260, 3030, 2979, 1659, 1614, 1596, 1504, 1485, 1362, 1286, 

1177, 1039, 770, 749, 699. MS (EI, m/z, relative intensity): 267 (M
+
, 50), 221 (29), 193 (100), 180 

(30), 165 (18), 77 (39), 51 (18). 

(Z)-Ethyl 3-(4-methoxyphenyl)-3-(phenylamino)acrylate (1c)
5
 

1
H NMR (500 MHz, CDCl3): δ 10.27 (br, 1H), 7.29 (d, J = 8.5 Hz, 2H), 

7.11–7.08 (m, 2H), 6.91 (t, J = 7.3 Hz, 1H), 6.80 (d, J = 8.5 Hz, 2H), 

6.69 (d, J = 8.0 Hz, 2H), 4.98 (s, 1H), 4.21 (q, J = 7.2 Hz, 2H). 3.79 (s, 

3H), 1.32 (t, J = 7.0 Hz, 3H). 
13

C NMR (126 MHz, CDCl3): δ 170.2, 

160.6, 158.8, 140.7, 129.7, 128.6, 128.2, 122.8, 122.2, 113.8, 90.5, 59.2, 55.3, 14.6. IR (thin film): 

NH

OMe

O

OEt

ONH

OEt

ONH

MeO
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νmax (cm
–1

) = 3256, 3051, 2978, 1651, 1614, 1514, 1440, 1281, 1170, 1031, 839, 797, 751, 694. 

MS (EI, m/z, relative intensity): 297 (M
+
, 100), 268 (18), 252 (28), 224 (94), 210 (43), 180 (16), 

134 (20), 77 (30), 51 (8). 

(Z)-Ethyl 3-(4-bromophenyl)-3-(phenylamino)acrylate (1d) 

1
H NMR (500 MHz, CDCl3): δ 10.25 (br, 1H), 7.42 (d, J = 8.5 Hz, 2H), 

7.22 (d, J = 9.0 Hz, 2H), 7.11 (dd, J1 = 8.0 Hz, J2 = 7.5 Hz, 2H), 6.94 (t, J 

= 7.3 Hz, 1H), 6.67 (d, J = 7.5 Hz, 2H), 4.98 (s, 1H), 4.21 (q, J = 7.2 Hz, 

2H), 1.32 (t, J = 7.0 Hz, 3H). 
13

C NMR (126 MHz, CDCl3): δ 169.9, 157.7, 

140.2, 135.0, 131.7, 129.8, 128.8, 123.7, 123.3, 122.4, 91.6, 59.5, 14.5. IR (thin  film): νmax (cm
–1

) 

= 3255, 3052, 2979, 1660, 1614, 1598, 1501, 1478, 1284, 1176, 1070, 1011, 835, 797, 749, 693. 

MS (EI, m/z, relative intensity): 345 (M
+
, 81), 300 (29), 273 (100), 258 (22), 193 (61), 165 (30), 

77 (49), 51 (17). HRMS (ESI) Calcd for C17H17BrNO2 [M + H]
+
: 346.0443, Found: 346.0449. 

(Z)-Methyl 3-(4-methoxyphenylamino)-3-phenylacrylate (1e)
6
 

1
H NMR (400 MHz, CDCl3): δ 10.20 (br, 1H), 7.32–7.24 (m, 5H), 6.63 

(br, 4H), 4.93 (s, 1H), 3.73 (s, 3H), 3.70 (s, 3H). 
13

C NMR (101 MHz, 

CDCl3): δ 170.7, 160.1, 155.9, 136.0, 133.4, 129.3, 128.4, 128.3, 124.4, 

113.9, 89.1, 55.3, 50.7. IR (thin film): νmax (cm
–1

) = 3256, 2948, 1658, 

1613, 1574, 1513, 1285, 1246, 1170, 1035, 829, 800, 775, 699. MS (EI, m/z, relative intensity): 

283 (M
+
, 100), 251 (50), 236 (15), 224 (17), 208 (21), 180 (18), 134 (14), 77 (13), 51 (6). 

(Z)-Methyl 3-(4-methoxyphenylamino)-3-(p-tolyl)acrylate (1f)
6
 

1
H NMR (400 MHz, CDCl3): δ 10.18 (br, 1H)，7.19 (d, J = 8.0 Hz, 2H), 

7.06 (d, J = 8.0 Hz, 2H), 6.64 (br, 4H), 4.92 (s, 1H), 3.73 (s, 3H), 3.71 

(s, 3H), 2.32 (s, 3H). 
13

C NMR (101 MHz, CDCl3): δ 170.7, 160.1, 

155.8, 139.4, 133.5, 133.0, 129.0, 128.3, 124.3, 113.9, 88.7, 55.3, 50.6, 

21.3. IR (thin film): νmax (cm
–1

) = 3269, 2856, 1719, 1613, 1584, 1549, 1197, 1245, 1159, 1021, 

821, 783, 687. MS (ESI) m/z 298 ([M + H]
+
). 

(Z)-Methyl 3-(4-chlorophenyl)-3-(4-methoxyphenylamino)acrylate (1g)
6 

1
H NMR (400 MHz, CDCl3): δ 10.13 (br, 1H), 7.24 (br, 4H), 6.67–6.62 

(m, 4H), 4.91 (s, 1H), 3.73 (s, 3H), 3.72 (s, 3H). 
13

C NMR (101 MHz, 

CDCl3): δ 170.5, 158.7, 156.1, 135.3, 134.4, 133.1, 129.7, 128.6, 124.6, 

114.0, 89.4, 55.3, 50.7. IR (thin film): νmax (cm
–1

) = 3256, 2948, 1660, 

1614, 1513, 1476, 1286, 1246, 1171, 1089, 1034, 1013, 832, 794, 765. MS (EI, m/z, relative 

intensity): 317 (M
+
, 100), 285 (66), 270 (18), 257 (20), 244 (28), 149 (21), 134 (25), 77 (11), 59 

(8). 

OEt

ONH

Br

OMe

ONH

MeO

OMe

ONH

MeO

Me

OMe

ONH

Cl

MeO
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(Z)-Methyl 3-(2-methoxyphenyl)-3-(phenylamino)acrylate (1h)
6
 

1
H NMR (500 MHz, CDCl3): δ 10.48 (br, 1H), 7.35–7.31 (m, 2H), 7.06–7.03 

(m, 2H), 6.99–6.96 (m, 1H), 6.90 (t, J = 7.3 Hz, 1H), 6.72 (d, J = 8.0 Hz, 1H), 

6.66 (d, J = 8.0 Hz, 2H), 4.84 (s, 1H), 3.73 (s, 3H), 3.40 (s, 3H). 
13

C NMR 

(126 MHz, CDCl3): δ 170.7, 157.7, 156.1, 140.4, 130.9, 130.2, 128.30, 125.1, 

123.2, 121.5, 120.8, 111.1, 88.6, 55.2, 50.6. IR (thin film): νmax (cm
–1

) = 3256, 2946, 1657, 1614, 

1597, 1584, 1486, 1292, 1172, 794, 753, 695. MS (EI, m/z, relative intensity): 283 (M
+
, 100), 252 

(20), 210 (15), 131 (33), 93 (20), 77 (18), 51 (7). 

(Z)-Methyl 3-(3-methoxyphenyl)-3-(phenylamino)acrylate (1i)
7
 

1
H NMR (500 MHz, CDCl3): δ 10.28 (br, 1H), 7.21–7.17 (m, 1H), 

7.11–7.08 (m, 2H), 6.93–6.88 (m, 4H), 6.70 (d, J = 8.0 Hz, 2H), 5.03 (s, 

1H), 3.75 (s, 3H), 3.70 (s, 3H). 
13

C NMR (126 MHz, CDCl3): δ 170.5, 

159.5, 159.1, 140.3, 137.3, 129.5, 128.7, 123.1, 122.2, 120.7, 115.4, 

113.5, 90.5, 55.3, 50.7. IR (thin film): νmax (cm
–1

) = 3262, 3001, 2948, 1660, 1615, 1597, 1580, 

1445, 1293, 1248, 1169, 789, 758, 711. MS (EI, m/z, relative intensity): 283 (M
+
, 85), 252 (20), 

224 (100), 210 (36), 180 (25), 118 (12), 89 (8), 77 (21), 51 (7). 

(Z)-Methyl 3-(3-fluorophenyl)-3-(phenylamino)acrylate (1j) 

1
H NMR (500 MHz, CDCl3): δ 10.26 (br, 1H), 7.30–7.28 (m, 1H), 7.16–

7.05 (m, 5H), 6.97 (t, J = 7.3 Hz, 1H), 6.71 (d, J = 7.5 Hz, 2H), 

5.04 (s, 1H), 3.78 (s, 3H). 
13

C NMR (126 MHz, CDCl3): δ 170.3, 163.5, 

161.6, 157.7, 140.0, 138.2, 128.8, 124.0, 123.4, 122.4, 116.4, 115.3, 91.3, 

50.8. IR (thin film): νmax (cm
–1

) = 3260, 3065, 2948, 1663, 1620, 1597, 1581, 1480, 1290, 1207, 

1169, 789, 746, 707. MS (EI, m/z, relative intensity): 271 (M
+
, 62), 240 (26), 211 (100), 183 (13), 

123 (19), 95 (15), 77 (28), 51 (8). HRMS (ESI) Calcd for C16H15FNO2 [M + H]
+
: 272.1087, 

Found: 272.1098. 

(Z)-Methyl 3-(3-chlorophenyl)-3-(phenylamino)acrylate (1k) 

1
H NMR (500 MHz, CDCl3): δ 10.22 (br, 1H), 7.38 (s, 1H), 7.32–7.30 (m, 

1H), 7.21–7.17 (m, 2H), 7.11 (dd, J1 = J2 = 8.0 Hz, 2H), 6.95 (t, J = 

7.5 Hz, 1H), 6.68 (d, J = 8.0 Hz, 2H), 5.00 (s, 1H), 3.75 (s, 3H). 

13
C NMR (126 MHz, CDCl3): δ 170.3, 157.6, 140.0, 137.8, 134.5, 129.7, 

129.6, 128.8, 128.2, 126.5, 123.4, 122.4, 91.3, 50.8. IR (thin film): νmax (cm
–1

) = 3260, 3061, 2948, 

1664, 1615, 1586, 1565, 1472, 1287, 1176, 789, 753, 708. MS (EI, m/z, relative intensity): 287 

(M
+
, 100), 256 (28), 228 (18), 214 (17), 193 (10), 165 (5), 77 (6), 51 (3). HRMS (ESI) Calcd for 

C16H15ClNO2 [M + H]
+
: 288.0791, Found: 288.0798. 

NH

OMe

O

OMe

NH

OMe

O

MeO

NH

OMe

O

F

OMe

ONH

Cl
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(Z)-Methyl 3-(3-bromophenyl)-3-(phenylamino)acrylate (1l) 

1
H NMR (500 MHz, CDCl3): δ 10.22 (br,1H), 7.55 (s, 1H), 7.47–7.46 (m, 

1H), 7.22 (d, J = 7.5 Hz, 1H), 7.14–7.10 (m, 3H), 6.95 (t, J = 7.3 Hz, 1H), 

6.68 (d, J = 7.5 Hz, 2H), 4.99 (s, 1H), 3.75 (s, 3H). 
13

C NMR (126 MHz, 

CDCl3): δ 170.2, 157.4, 139.9, 138.1, 132.5, 131.1, 129.9, 128.8, 127.0, 

123.4, 122.5, 122.4, 91.4, 50.8. IR (thin film): νmax (cm
–1

) = 3259, 3058, 2947, 1663, 1615, 1585, 

1559, 1470, 1445, 1284, 1175, 787, 752, 707. MS (EI, m/z, relative intensity): 331 (M
+
, 18), 317 

(34), 301 (44), 273 (100), 258 (33), 220 (29), 193 (58), 165 (37), 104 (81), 77 (79), 51 (25). 

HRMS (ESI) Calcd for C16H15BrNO2 [M + H]
+
: 332.0286, Found: 332.0295. 

(Z)-Methyl 3-(phenylamino)-3-(3-(trifluoromethyl)phenyl)acrylate (1m) 

1
H NMR (500 MHz, CDCl3): δ 10.25 (br, 1H), 7.64 (s, 1H), 7.59 (d, J = 

7.5 Hz, 1H), 7.48 (d, J = 8.0 Hz, 1H), 7.40–7.37 (m, 1H), 7.12–7.09 (m, 

2H), 6.95 (t, J = 7.5 Hz, 1H), 6.66 (d, J = 8.0 Hz, 2H), 5.03 (s, 1H), 3.76 

(s, 3H). 
13

C NMR (126 MHz, CDCl3): δ 170.2, 157.5, 139.8, 136.8, 

131.6, 131.2, 130.9, 128.9, 128.8, 126.1, 125.1, 123.6, 122.7, 91.5, 50.9. IR (thin film): νmax (cm
–1

) 

= 3262, 3036, 2950, 1667, 1621, 1598, 1502, 1485, 1331, 1290, 1174, 1128, 798, 760, 707. MS 

(EI, m/z, relative intensity): 321 (M
+
, 56), 290 (35), 261 (100), 193 (21), 173 (35), 145 (21), 77 

(42), 57 (16). HRMS (ESI) Calcd for C17H15F3NO2 [M + H]
+
: 322.1055, Found: 322.1054. 

(Z)-Methyl 3-(phenylamino)-3-(p-tolyl)acrylate (1n)
4
 

1
H NMR (500 MHz, CDCl3): δ 10.27 (br, 1H), 7.24 (d, J = 8.0 Hz, 2H), 

7.10–7.08 (m, 4H), 6.92 (t, J = 7.5 Hz, 1H), 6.69 (d, J = 7.5 Hz, 2H), 

5.00 (s, 1H), 3.74 (s, 3H), 2.34 (s, 3H). 
13

C NMR (126 MHz, CDCl3): δ 

170.5, 159.4, 140.5, 139.7, 133.0, 129.2, 128.6, 128.2, 123.0, 122.3, 90.3, 

55.7, 21.4. IR (thin film): νmax(cm
–1

) = 3256, 3029, 2947, 1660, 1615, 1597, 1500, 1486, 1445, 

1289, 827, 796, 757, 693. MS (EI, m/z, relative intensity): 267 (M
+
, 79), 236 (31), 207 (100), 194 

(41), 118 (21), 103 (8), 91(13), 77 (25), 51 (7). 

(Z)-Methyl 3-(4-methoxyphenyl)-3-(phenylamino)propanoate (1o) 

1
H NMR (400 MHz, CDCl3): δ 10.23 (br, 1H), 7.28 (d, J = 8.4 Hz, 2H), 

7.11–7.08 (m, 2H), 6.92 (t, J = 7.4 Hz, 1H), 6.80 (d, J = 8.4 Hz, 2H), 

6.68 (d, J = 7.6 Hz, 2H), 4.97 (s, 1H), 3.80 (s, 3H), 3.75 (s, 3H). 

13
C NMR (126 MHz, CDCl3): δ 170.5, 160.6, 159.0, 140.6, 129.7, 

128.7, 128.1, 122.9, 122.3, 113.8, 90.0, 55.3, 50.6. IR (thin film): νmax (cm
–1

) = 3266, 3003, 2947, 

1659, 1614, 1514, 1499, 1486, 1444, 1283, 1253, 1170, 1023, 838, 796, 761, 694. MS (EI, m/z, 

relative intensity): 283 (M
+
, 100), 252 (25), 223 (77), 208 (41), 180 (16), 150 (14), 135 (18), 118 

NH

OMe

O

Br

OMe

ONH

F3C

NH

OMe

O

Me

OMe

ONH

MeO
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(17), 89 (12), 77 (33), 51 (11). HRMS (ESI) Calcd for C17H18NO3 [M + H]
+
: 284.1287, Found: 

284.1292. 

(Z)-Methyl 3-(4-fluorophenyl)-3-(phenylamino)acrylate (1p)
4
 

1
H NMR (500 MHz, CDCl3): δ 10.25 (br, 1H), 7.34–7.32 (m, 2H), 7.10 

(dd, J1 = J2 = 8.0 Hz, 2H), 6.99–6.92 (m, 3H), 6.67 (d, J = 8.0 Hz, 2H), 

4.98 (s, 1H), 3.75 (s, 3H). 
13

C NMR (126 MHz, CDCl3): δ 170.3, 163.3, 

158.1, 140.2, 132.0, 130.2, 128.8, 123.3, 122.5, 115.7, 90.8, 50.8. 

IR (thin film): νmax (cm
–1

) = 3262, 3053, 2948, 1667, 1652, 1614, 1504, 1446, 1290, 1227, 1178, 

1102, 883, 797, 762, 694. MS (EI, m/z, relative intensity): 271 (M
+
, 61), 240 (28), 211 (100), 198 

(33), 123 (19), 95 (10), 77 (21), 51 (7). 

(Z)-Methyl 3-(4-chlorophenyl)-3-(phenylamino)acrylate (1q) 

1
H NMR (500 MHz, CDCl3): δ 10.24 (br, 1H), 7.30–7.27 (m, 4H), 7.13–

7.10 (m, 2H), 6.95 (t, J = 7.5 Hz, 1H), 6.68 (d, J = 7.5 Hz, 2H), 5.00 (s, 

1H), 3.76 (s, 3H). 
13

C NMR (126 MHz, CDCl3): δ 170.3, 157.9, 140.1, 

135.5, 134.4, 129.6, 128.8, 128.7, 123.4, 122.5, 91.1, 50.8. 

IR (thin  film): νmax (cm
–1

) = 3258, 3054, 2948, 1661, 1614, 1598, 1502, 1480, 1287, 1174, 1091, 

1013, 836, 798, 751, 693. MS (EI, m/z, relative intensity): 287 (M
+
, 64), 256 (30), 228 (100), 214 

(37), 193 (27), 77 (35), 51 (12). HRMS (ESI) Calcd for C16H15ClNO2 [M + H]
+
: 288.0791, Found: 

288.0798. 

(Z)-Methyl 3-(4-bromophenyl)-3-(phenylamino)acrylate (1r) 

1
H NMR (400 MHz, CDCl3): δ 10.21 (br, 1H), 7.42 (d, J = 8.8 Hz, 2H), 

7.21 (d, J = 8.4 Hz, 2H), 7.13–7.09 (m, 2H), 6.95 (t, J = 7.4 Hz, 1H), 6.66 

(d, J = 8.4 Hz, 2H), 4.97 (s, 1H), 3.74 (s, 3H). 
13

C NMR (100 MHz, 

CDCl3): δ 170.3, 157.9, 140.1, 134.9, 131.7, 129.8, 128.8, 123.8, 123.4, 

122.5, 91.0, 50.8. IR  (thin film): νmax (cm
–1

) = 3257, 3032, 2947, 1661, 1614, 1598, 1478, 1286, 

1174, 1070, 1010, 833, 797, 750, 693. MS (EI, m/z, relative intensity): 331 (M
+
, 100), 300 (25), 

273 (70), 258 (20), 193 (36), 165 (22), 77 (34), 51 (15). HRMS (ESI) Calcd for C16H15BrNO2 [M 

+ H]
+
: 332.0286, Found: 332.0288. 

(Z)-Methyl 3-(phenylamino)-3-(4-(trifluoromethyl)phenyl)acrylate (1s) 

1
H NMR (500 MHz, CDCl3): δ 10.26 (br, 1H), 7.55 (d, J = 8.0 Hz, 2H), 

7.47 (d, J = 8.0 Hz, 2H), 7.13‒7.09 (m, 2H), 6.95 (t, J = 7.5 Hz, 1H), 

6.67 (d, J = 8.0 Hz, 2H), 5.02 (s, 1H), 3.76 (s, 3H). 
13

C NMR (126 MHz, 

CDCl3): δ 170.3, 157.6, 139.9, 139.7, 131.4, 128.9, 128.7, 125.6, 123.9, 

123.7, 122.6, 91.9, 50.9. IR (thin film): νmax (cm
–1

) = 3259, 3033, 2950, 1666, 1613, 1598, 1447, 

OMe

ONH

F

OMe

ONH

Cl

OMe

ONH

Br
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1324, 1282, 1175, 1126, 1066, 1017, 849, 799, 749, 695. MS (EI, m/z, relative intensity): 321 (M
+
, 

60), 290 (25), 261 (100), 248 (25), 193 (8), 77 (28), 57 (8). HRMS (ESI) Calcd for C17H15F3NO2 

[M + H]
+
: 322.1055, Found: 322.1052. 

(Z)-Methyl 3-(naphthalen-2-yl)-3-(phenylamino)acrylate (3a) 

1
H NMR (500 MHz, CDCl3): δ 10.39 (br, 1H), 7.99 (s, 1H), 7.84–7.80 

(m, 2H), 7.71 (d, J = 8.5 Hz, 1H), 7.54–7.49 (m, 2H), 7.36–7.34 (m, 1H), 

7.06 (dd, J1 = J2 = 8.0 Hz, 2H), 6.90 (t, J = 7.5 Hz, 1H), 6.73 (d, 

J = 8.0 Hz, 2H), 5.15 (s, 1H), 3.79 (s, 3H). 
13

C NMR (126 MHz, CDCl3): 

δ 170.5, 159.1, 140.4, 133.7, 133.7, 133.1, 128.8, 128.4, 128.0, 127.9, 127.8, 127.0, 126.5, 125.6, 

123.1, 122.2, 91.2, 50.8. IR (thin film): νmax (cm
–1

) = 3258, 3055, 2947, 1660, 1614, 1503, 1445, 

1287, 1170, 1066, 822, 798, 749, 702. MS (EI, m/z, relative intensity): 303 (M
+
, 80), 272 (21), 244 

(100), 230 (27), 152 (21), 127 (16), 77 (27), 57 (9). HRMS (ESI) Calcd for C20H18NO2 [M + H]
+
: 

304.1338, Found: 304.1342. 

(Z)-Methyl 3-(phenylamino)-3-(thiophen-2-yl)acrylate (3b) 

1
H NMR (500 MHz, CDCl3): δ 10.09 (br, 1H), 7.30 (d, J = 5.0 Hz, 1H), 7.18–

7.15 (m, 2H), 7.04 (d, J = 4.0 Hz, 1H), 7.00 (t, J = 7.3 Hz, 1H), 6.92 (dd, J1 = 

5.0 Hz, J2 = 3.5 Hz, 1H), 6.83 (d, J = 8.0 Hz, 2H), 5.20 (s, 1H), 3.74 (s, 3H). 

13
C NMR (126 MHz, CDCl3): δ 170.2, 152.2, 140.6, 137.6, 128.9, 127.7, 

127.3, 123.8, 123.1, 119.8, 90.8, 50.8. IR (thin film): νmax (cm
–1

) = 3252, 3030, 2947, 1667, 1614, 

1520, 1445, 1495, 1433, 1275, 1221, 1173, 796, 751, 697. MS (EI, m/z, relative intensity): 259 

(M
+
, 93), 227 (75), 199 (100), 186 (58), 167 (15), 77 (46), 63 (11), 57 (21). HRMS (ESI) Calcd 

for C14H14NO2S [M + H]
+
: 260.0745, Found: 260.0749. 

(Z)-Methyl 3-(furan-2-yl)-3-(phenylamino)acrylate (3c) 

1
H NMR (500 MHz, CDCl3): δ 9.90 (br, 1H), 7.36 (s, 1H), 7.21 (dd, J1 = 

8.3 Hz, J2 = 7.8 Hz, 2H), 7.04 (t, J = 7.5 Hz, 1H), 6.84 (d, J = 7.5 Hz, 2H), 

6.37–6.35 (m, 2H), 5.33 (s, 1H), 3.74 (s, 3H). 
13

C NMR (126 MHz, CDCl3): 

δ 170.6, 148.3, 147.7, 143.6, 141.0, 128.8, 123.9, 115.1, 111.5, 88.6, 50.9, 

45.2. IR (thin film): νmax (cm
–1

) = 3268, 3033, 2948, 1660, 1615, 1496, 1445, 1287, 1196, 1026, 

797, 746, 707, 692. MS (EI, m/z, relative intensity): 243 (M
+
, 79), 212 (19), 184 (100), 170 (56), 

154 (59), 128 (22), 95 (23), 77 (65), 51 (21). HRMS (ESI) Calcd for C14H14NO3 [M + H]
+
: 

244.0974, Found: 244.0982. 
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(Z)-Methyl 3-(phenylamino)but-2-enoate (3d)
8
 

1
H NMR (500 MHz, CDCl3): δ 10.37 (s, 1H), 7.32 (dd, J1 = 8.0 Hz, J2 = 7.5 

Hz, 2H), 7.15 (t, J = 7.3 Hz, 1H), 7.08 (d, J = 8.0 Hz, 2H), 4.70 (s, 1H), 3.68 

(s, 3H), 1.99 (s, 3H). 
13

C NMR (126 MHz, CDCl3): δ 170.7, 159.1, 139.3, 

129.1, 125.0, 124.5, 85.6, 50.2, 20.3. IR (thin film): νmax (cm
–1

) = 3256, 3189, 2990, 1657, 1615, 

1490, 1441, 1274, 1166, 1030, 788, 746, 698, 496. MS (ESI) m/z 192 ([M + H]
+
). 

(Z)-Methyl 3-(phenylamino)pent-2-enoate (3e) 

1
H NMR (500 MHz, CDCl3): δ 10.31 (s, 1H), 7.34–7.31 (m, 2H), 7.17 (t, J = 

7.3 Hz, 1H), 7.09 (d, J = 8.0 Hz, 2H), 4.74 (s, 1H), 3.69 (s, 3H), 2.32 (q, J = 

7.5 Hz, 2H), 1.03 (t, J = 7.5 Hz, 3H). 
13

C NMR (126 MHz, CDCl3): δ 171.1, 

164.9, 139.2, 129.1, 125.3, 125.1, 83.7, 50.3, 25.5, 12.4. IR (thin film): νmax (cm
–1

) = 3463, 3034, 

2978, 2836, 1746, 1613, 1500, 1267, 1003, 751, 643, 494. MS (ESI) m/z 206 ([M + H]
+
). HRMS 

(ESI) Calcd for C12H16NO2 [M + H]
+
: 206.1181, Found: 206.1181. 

(Z)-Methyl 3-(phenylamino)hex-2-enoate (3f) 

1
H NMR (500 MHz, CDCl3): δ 10.29 (s, 1H), 7.34–7.31 (m, 2H), 7.17 (t, J = 

7.3 Hz, 1H), 7.09 (d, J = 8.0 Hz, 2H), 4.73 (s, 1H), 3.70 (s, 3H), 2.28 (t, J = 

7.8 Hz, 2H), 1.47–1.43 (m, 2H), 0.86 (t, J = 7.3 Hz, 3H). 
13

C NMR (126 MHz, 

CDCl3): δ 171.0, 163.4, 139.3, 129.1, 125.2, 125.1, 84.7, 50.2, 34.2, 21.3, 13.7. IR (thin film): 

νmax (cm
–1

) = 3248, 3185, 2963, 1744, 1653,1338, 1230, 1043, 789, 668, 648, 505. MS (ESI) m/z 

220 ([M + H]
+
). HRMS (ESI) Calcd for C13H18NO2 [M + H]

+
: 220.1338, Found: 220.1332. 

(Z)-Methyl 4-methyl-3-(phenylamino)pent-2-enoate (3g) 

1
H NMR (500 MHz, CDCl3): δ 10.31 (br, 1H), 7.34 (dd, J1 = J2 = 8.0 Hz, 2H), 

7.19 (t, J = 7.5 Hz, 1H), 7.09 (d, J = 8.0 Hz, 2H), 4.78 (s, 1H), 3.69 (s, 3H), 

2.87–2.82 (m, 1H), 1.09 (d, J = 7.0 Hz, 6H). 
13

C NMR (126 MHz, CDCl3): δ 

171.5, 171.4, 139.2, 129.1, 125.8, 125.5, 81.3, 50.2, 28.4, 22.0. IR (thin film): νmax (cm
–1

) = 3241, 

3180, 2873, 1743, 1613, 1500, 1365, 1176, 1028, 916, 749, 490. MS (ESI) m/z 220 ([M + H]
+
). 

HRMS (ESI) Calcd for C13H18NO2 [M + H]
+
: 220.1338, Found: 220.1332. 

  

Me

NH

OMe

O

Et

NH

OMe

O

NH

OMe

O

nPr

NH

OMe

O

iPr



S10 
 

Analytical data and HPLC spectra for chiral N-aryl β-substituted β-amino esters 

(–)-Methyl 3-phenyl-3-(phenylamino)propanoate (2a)
6
 

1
H NMR (400 MHz, CDCl3): δ 7.39–7.23 (m, 5H), 7.13–7.09 (m, 2H), 6.67 (t, 

J = 7.4 Hz, 1H), 6.56 (d, J = 7.6 Hz, 2H), 4.84 (t, J = 6.6 Hz, 1H), 4.55 (s, 

1H), 3.65 (s, 3H), 2.83–2.81 (m, 2H). 
13

C NMR (101 MHz, CDCl3): δ 171.6, 

146.8, 142.2, 129.2, 128.8, 127.5, 126.2, 117.9, 113.7, 55.0, 51.9, 42.7. 

IR (thin film): νmax (cm
–1

) = 3388, 2950, 1731, 1505, 1314, 1168, 750. MS (EI, m/z, relative 

intensity): 255 (M
+
, 11), 182 (100), 121 (9), 104 (15), 77 (27), 51 (4). 

The conversion was determined by Capillary GC with a 25m×0.25 mm HP-5 column (Varian, 

carrier gas, N2); 170 °C; isothermal; tR (1a) = 18.63 min; tR (2a) = 16.39 min. The ee value was 

determined by chiral HPLC analysis with a 25 cm×4.6 mm Daicel Chiralcel OD-H column (eluent, 

2-propanol/hexane 3 : 97; flow rate: 1.0 mL•min
–1

; detection: 254 nm light); tR (minor) = 

21.88 min; tR (major) = 23.40 min. [α]D
20

 = –4.9 (c = 0.2 in CHCl3) for a sample with 96  % ee. 

Literature data: [α]D
20

 = –5.1 (c = 0.2 in CHCl3) for an (–)-enantiomer sample with the optical 

value of 95  % ee. Chromatograms are illustrated below for a 96 % ee sample: 

 

 

 

 

 OMe

ONH
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(+)-Ethyl 3-phenyl-3-(phenylamino)propanoate (2b)
4
 

1
H NMR (400 MHz, CDCl3): δ 7.38–7.25 (m, 5H), 7.11–7.08 (m, 2H), 6.68–

6.65 (m, 1H), 6.55 (d, J = 7.2 Hz, 2H), 4.84–4.82 (m, 1H), 4.55 (br, 1H), 

4.11–4.09 (m, 2H), 2.80–2.78 (m, 2H), 1.19–1.15 (m, 3H). 
13

C NMR 

(101 MHz, CDCl3): δ 171.2, 146.8, 142.2, 129.2, 128.8, 127.4, 126.3, 117.8, 

113.7, 60.8, 55.0, 42.9, 14.2. IR (thin film): νmax (cm
–1

) = 3400, 2981, 1728, 1602, 1505, 1263, 

1179, 1029, 750, 693. MS (EI, m/z, relative intensity): 269 (M
+
, 12), 264 (35), 182 (40), 112 (50), 

97 (44), 83 (49), 71 (71), 57 (100). 

The conversion was determined by Capillary GC with a 25m×0.25 mm HP-5 column (Varian, 

carrier gas, N2); 130 °C; isothermal; tR (1b) = 12.31 min; tR (2b) = 8.95 min. The ee value was 

determined by chiral HPLC analysis with a 25 cm×4.6 mm Daicel Chiralcel AD-H column 

(eluent, 2-propanol/hexane 5 : 95; flow rate, 1.0 mL•min
–1

; detection, 254 nm light); tR (minor) = 

12.02 min; tR (major) = 13.31 min. [α]D
20

 = + 1.5 (c = 1.0, CHCl3) for a 93 % ee sample. 

Literature data: [α]D
20

 = –1.3 (c = 1.0 in CHCl3) for an (–)-enantiomer sample with the optical 

value of 92 % ee. Chromatograms are illustrated below for a 93 % ee sample: 

 

 

 

 

 OEt

ONH
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(+)-Ethyl 3-(4-methoxyphenyl)-3-(phenylamino)propanoate (2c)
5
 

1
H NMR (500 MHz, CDCl3): δ 7.30 (d, J = 8.5 Hz, 2H), 7.12 (dd, J1 = 

8.3 Hz, J2 = 7.8 Hz, 2H), 6.86 (d, J = 9.0 Hz, 2H), 6.68 (t, J = 7.5 Hz, 

1H), 6.57 (d, J = 8.0 Hz, 2H), 4.80 (t, J = 6.5 Hz, 1H), 4.53 (br, 1H), 

4.14–4.09 (m, 2H), 3.78 (s, 3H), 2.79 (d, J = 6.5 Hz, 2H), 1.21 (t, J = 7.0 

Hz, 3H). 
13

C NMR (126 MHz, CDCl3): δ 171.2, 158.9, 146.9, 134.2, 129.2, 127.4, 117.8, 114.1, 

113.7, 60.8, 55.3, 54.5, 43.0, 14.2. IR (thin film): νmax (cm
–1

) = 3398, 2981, 2836, 1731, 1603, 

1511, 1245, 1178, 1033, 751, 693. MS (EI, m/z, relative intensity): 299 (M
+
, 10), 212 (100), 165 

(25), 121 (57), 105 (31), 91 (17), 77 (15), 57 (13). 

The conversion was determined by Capillary GC with a 25m×0.25 mm HP-5 column (Varian, 

carrier gas, N2); 180 °C; isothermal; tR (1c) = 36.81 min; tR (2c) = 28.91 min. The ee value was 

determined by chiral HPLC analysis with a 25 cm×4.6 mm Daicel Chiralcel OD-H column 

(eluent, 2-propanol/hexane 10 : 90; flow rate, 1.0 mL•min
–1

; detection, 254 nm light); tR (minor) 

= 9.16 min; tR (major) = 10.76 min. [α]D
20 

= +2.0 (c = 0.50, CHCl3) for a 92 % ee sample. 

Chromatograms are illustrated below for a 92 % ee sample: 
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(+)-Ethyl 3-(4-bromophenyl)-3-(phenylamino)propanoate (2d) 

1
H NMR (500 MHz, CDCl3): δ 7.45 (d, J = 8.5 Hz, 2H), 7.27 (d, J = 8.0 

Hz, 2H), 7.11 (dd, J1 = 8.3 Hz, J2 = 7.3 Hz, 2H), 6.70 (t, J = 7.5 Hz, 1H), 

6.53 (d, J = 7.5 Hz, 2H), 4.81–4.77 (m, 1H), 4.60 (br, 1H), 4.15–4.09 (m, 

2H), 2.82–2.74 (m, 2H), 1.21 (t, J = 7.3 Hz, 3H). 
13

C NMR (126 MHz, 

CDCl3): δ 170.9, 146.5, 141.3, 131.9, 129.2, 128.1, 121.2, 118.1, 113.7, 60.9, 54.5, 42.7, 14.2. IR 

(thin film): νmax (cm
–1

) = 3400, 2980, 2360, 1727, 1603, 1505, 1261, 1180, 1010, 750, 692. MS 

(ESI) m/z 348 ([M + H]
+
). HRMS (ESI) Calcd for C17H19BrNO2 [M + H]

+
: 348.0599, Found: 

348.0604. 

The conversion was determined by Capillary GC with a 25m×0.25 mm HP-5 column (Varian, 

carrier gas, N2); 210 °C; isothermal; tR (1d) = 11.64 min; tR (2d) = 9.91 min. The ee value was 

determined by chiral HPLC analysis with a 25 cm×4.6 mm Daicel Chiralcel OD-H column 

(eluent, 2-propanol/hexane 4 : 96; flow rate, 1.0 mL•min
–1

; detection, 254 nm light); tR (major) = 

14.40 min; tR (minor) = 16.25 min. [α]D
20

 = +1.4 (c = 0.50, CHCl3) for a 94 % ee sample. 

Chromatograms are illustrated below for a 94 % ee sample: 
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(+)-Methyl 3-(4-methoxyphenylamino)-3-phenylpropanoate (2e)
6
 

1
H NMR (400 MHz, CDCl3): δ 7.37–7.30 (m, 4H), 7.26–7.22 (m, 1H), 

6.70 (d, J = 8.8 Hz, 2H), 6.52 (d, J = 8.8 Hz, 2H), 4.76 (t, J = 6.8 Hz, 

1H), 4.27 (br, 1H), 3.69 (s, 3H), 3.65 (s, 3H), 2.80–2.78 (m, 2H). 

13
C NMR (126 MHz, CDCl3): δ 171.7, 152.4, 142.4, 141.0, 128.8, 

127.4, 126.3, 115.2, 114.8, 55.9, 55.7, 51.9, 42.7. IR (thin film): νmax (cm
–1

) = 3383, 2952, 2834, 

1732, 1512, 1241, 1176, 1034, 821. MS (EI, m/z, relative intensity): 285 (M
+
, 48), 212 (100), 134 

(11), 121 (26), 108 (11), 91 (7), 77 (13), 59 (6), 51 (4). 

The conversion was determined by NMR analysis. The ee value was determined by chiral 

HPLC analysis with a 25 cm×4.6 mm Daicel Chiralcel AD-H column (eluent, 

2-propanol/hexane 5 : 95; flow rate, 1.0 mL•min
–1

; detection, 254 nm light); tR (minor) = 

21.71 min; tR (major) = 24.88 min. [α]D
20

 = +5.4 (c = 0.20, CHCl3) for a 94 % ee sample. 

Literature data: [α]D
20

 = –6.2 (c = 0.2 in CHCl3) for an (–)-enantiomer sample with the optical 

value of 95 % ee: Chromatograms are illustrated below for a 94 % ee sample: 
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(+)-Methyl 3-(4-methoxyphenylamino)-3-(p-tolyl)propanoate (2f)
6
 

1
H NMR (500 MHz, CDCl3): δ 7.27 (d, J = 8.0 Hz, 2H), 7.14 (d, J = 8.0 

Hz, 2H), 6.72 (d, J = 9.0 Hz, 2H), 6.55 (d, J = 8.5 Hz, 2H), 4.75 (t, J = 

6.5 Hz, 1H), 4.24 (br, 1H), 3.72 (s, 3H), 3.67 (s, 3H), 2.81 (d, J = 7.0 Hz, 

2H), 2.34 (s, 3H). 
13

C NMR (126 MHz, CDCl3): δ 171.7, 152.4, 141.1, 

139.4, 137.0, 129.4, 126.2, 115.2, 114.8, 55.8, 55.7, 51.8, 42.7, 21.1. IR (thin film): νmax (cm
–1

) = 

3459, 2888, 2856, 1776, 1599, 1427, 1249, 1156, 1035, 845, 723. MS (ESI) m/z 300 ([M + H]
+
). 

The conversion was determined by NMR analysis. The ee value was determined by chiral 

HPLC analysis with a 25 cm×4.6 mm Daicel Chiralcel OD-H column (eluent, 

2-propanol/hexane 5 : 95; flow rate, 1.0 mL•min
–1

; detection, 254 nm light); tR (minor) = 

16.70 min; tR (major) = 19.03 min. [α]D
20

 = +3.8 (c = 0.50, CHCl3) for a 93 % ee sample. 

Chromatograms are illustrated below for a 93 % ee sample: 
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(–)-Methyl 3-(4-chlorophenyl)-3-(4-methoxyphenylamino)propanoate (2g)
6
 

1
H NMR (400 MHz, CDCl3): δ 7.31–7.26 (m, 4H), 6.70 (d, J = 8.8 Hz, 

2H), 6.52 (d, J = 8.8 Hz, 2H), 4.76 (t, J = 6.8 Hz, 1H), 4.27 (br, 1H), 

3.69 (s, 3H), 3.65 (s, 3H), 2.79 (d, J = 6.4 Hz, 2H). 
13

C NMR (126 MHz, 

CDCl3): δ 171.4, 152.5, 141.0, 140.6, 133.1, 128.9, 127.8, 115.3, 114.8, 

55.7, 55.3, 51.9, 42.5. IR (thin film): νmax (cm
–1

) = 3386, 2952, 2834, 1611, 1512, 1242, 1176, 

1034, 822. MS (EI, m/z, relative intensity): 319 (M
+
, 46), 246 (100), 155 (22), 122 (24), 108 (11), 

95 (6), 77 (7), 59 (8). 

The conversion was determined by NMR analysis. The ee value was determined by chiral 

HPLC analysis with a 25 cm×4.6 mm Daicel Chiralcel AD-H column (eluent, 

2-propanol/hexane 5 : 95; flow rate, 1.0 mL•min
–1

; detection, 254 nm light); tR (minor) = 

28.87 min; tR (major) = 30.33 min. [α]D
20

 = –3.2 (c = 0.50, CHCl3) for a 95 % ee sample. 

Chromatograms are illustrated below for a 95 % ee sample: 
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(–)-Methyl 3-(2-methoxyphenyl)-3-(phenylamino)propanoate (2h)
5
 

1
H NMR (500 MHz, CDCl3): δ 7.32–7.30 (m, 1H), 7.24–7.21 (m, 1H), 

7.11 (dd, J1 = 8.5 Hz, J2 = 7.5 Hz, 2H), 6.91–6.87 (m, 2H), 6.66 (t, J = 7.3 Hz, 

1H), 6.59 (d, J = 7.5 Hz, 2H), 5.16‒5.13 (m, 1H), 4.77 (s, 1H), 3.92 (s, 3H), 

3.64 (s, 3H), 2.95–2.80 (m, 2H). 
13

C NMR (126 MHz, CDCl3): δ 172.1, 156.9, 

147.0, 129.3, 129.1, 128.3, 127.6, 120.8, 117.6, 113.7, 110.6, 55.4, 51.7, 50.7, 40.3. IR (thin film): 

νmax (cm
–1

) = 3397, 2950, 2838, 1732, 1602, 1505, 1262, 1167, 750, 693. MS (EI, m/z, relative 

intensity): 285 (M
+
, 46), 212 (100), 196 (13), 151 (27), 91 (13), 77 (13), 65 (6), 51 (4). 

The conversion was determined by Capillary GC with a 25m × 0.25 mm HP-5 column 

(Varian, carrier gas, N2); 180 °C; isothermal; tR (1h) = 19.41 min; tR (2h) = 16.57 min. The ee 

value was determined by chiral HPLC analysis with a 25 cm×4.6 mm Daicel Chiralcel AS-H 

column (eluent, 2-propanol/hexane 10 : 90; flow rate: 1.0 mL•min
–1

; detection: 254 nm light); 

tR (major) = 9.40 min; tR (minor) = 11.44 min. []D
20

 = 2.0 (c = 0.50, CHCl3) for a sample with 

92 % ee. Literature data: []D
20

 = 1.7 (c = 0.50, CHCl3) for an (–)-enantiomer sample with the 

optical value of 90 % ee. Chromatograms are illustrated below for a 92 % ee sample: 
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(–)-Methyl 3-(3-methoxyphenyl)-3-(phenylamino)propanoate (2i)
4
 

1
H NMR (500 MHz, CDCl3): δ 7.29–7.26 (m, 1H), 7.16–7.13 (m, 2H), 

7.01–6.97 (m, 2H), 6.82 (d, J = 7.5 Hz, 1H), 6.82 (t, J = 6.8 Hz, 1H), 

6.10 (d, J = 7.5 Hz, 2H), 4.85–4.84 (m, 1H), 4.56 (s, 1H), 3.81 (s, 3H), 

3.69 (s, 3H), 2.85–2.80 (m, 2H). 
13

C NMR (126 MHz, CDCl3): δ 171.6, 

160.0, 146.8, 144.1, 129.9, 129.2, 118.5, 117.9, 113.7, 112.7, 112.0, 55.2, 55.0, 52.9, 42.7. 

IR (thin film): νmax (cm
–1

) = 3397, 2951, 2836, 1732, 1602, 1506, 1256, 1155, 751, 693. MS (EI, 

m/z, relative intensity): 285 (M
+
, 63), 212 (100), 151 (30), 104 (19), 91 (9), 77 (19), 65 (6), 51 (4). 

The conversion was determined by Capillary GC with a 25m×0.25 mm HP-5 column (Varian, 

carrier gas, N2); 180 °C; isothermal; tR (1i) = 23.00 min; tR (2i) = 20.27 min. The ee value was 

determined by chiral HPLC analysis with a 25 cm×4.6 mm Daicel Chiralcel OD-H column (eluent, 

2-propanol/hexane 10 : 90; flow rate: 1.0 mL•min
–1

; detection: 254 nm light); tR (minor) = 

17.22 min; tR (major) = 19.48 min. []D
20

 = 2.2 (c = 0.50, CHCl3) for a sample with 95 % ee. 

Chromatograms are illustrated below for a 95 % ee sample: 

 

 

 

 

OMe

ONH


MeO



S19 
 

(+)-Methyl 3-(3-fluorophenyl)-3-(phenylamino)propanoate (2j) 

1
H NMR (500 MHz, CDCl3): δ 7.32–7.28 (m, 1H), 7.18–7.10 (m, 4H), 

6.97–6.93 (m, 1H), 6.71 (t, J = 7.0 Hz, 1H), 6.56 (d, J = 8.0 Hz, 2H), 4.84 

(t, J = 6.5 Hz, 1H), 4.60 (s, 1H), 3.67 (s, 3H), 2.86–2.77 (m, 2H). 

13
C NMR (126 MHz, CDCl3): δ 171.3, 164.2, 162.2, 146.5, 145.2, 130.4, 

129.2, 121.9, 118.1, 113.9, 113.7, 54.6, 52.0, 42.5. IR (thin film): νmax (cm
–1

) = 3400, 2952, 1732, 

1603, 1506, 1251, 1179, 751, 693. MS (ESI) m/z 273 (M
+
). HRMS (ESI) Calcd for C16H17FNO2 

[M + H]
+
: 274.1243, Found: 274.1234.  

The conversion was determined by Capillary GC with a 25m×0.25 mm HP-5 column (Varian, 

carrier gas, N2); 180 °C; isothermal; tR (1j) = 9.71 min; tR (2j) = 8.99 min. The ee value was 

determined by chiral HPLC analysis with a 25 cm×4.6 mm Daicel Chiralcel OD-H column (eluent, 

2-propanol/hexane 10 : 90; flow rate: 1.0 mL•min
–1

; detection: 254 nm light); 

tR (major) = 11.95 min; tR (minor) = 16.78 min. []D
20

 = +2.8 (c = 0.50, CHCl3) for a sample with 

94 % ee. Chromatograms are illustrated below for a 94 % ee sample: 

 

 

 

 

 

  

OMe

ONH


F



S20 
 

(–)-Methyl 3-(3-chlorophenyl)-3-(phenylamino)propanoate (2k) 

1
H NMR (400 MHz, CDCl3): δ 7.37 (s, 1H), 7.26–7.21 (m, 3H), 7.13–

7.09 (m, 2H), 6.69 (t, J = 7.4 Hz, 1H), 6.53 (d, J = 8.0 Hz, 2H), 4.78 (t, J 

= 6.6 Hz, 1H), 4.58 (s, 1H), 3.65 (s, 3H), 2.83–2.73 (m, 2H). 
13

C NMR 

(101 MHz, CDCl3): δ 171.3, 146.4, 144.5, 134.7, 130.2, 129.3, 127.8, 

126.5, 124.5, 118.1, 113.7, 54.6, 52.1, 42.6. IR (thin film): νmax (cm
–1

) = 3401, 2951, 1732, 1603, 

1506, 1290, 1170, 751, 693. MS (ESI) m/z 290 ([M + H]
+
). HRMS (ESI) Calcd for C16H17ClNO2 

[M + H]
+
: 290.0948, Found: 290.0942. 

The conversion was determined by Capillary GC with a 25m×0.25 mm HP-5 column (Varian, 

carrier gas, N2); 200 °C; isothermal; tR (1k) = 8.69 min; tR (2k) = 8.13 min. The ee value was 

determined by chiral HPLC analysis with a 25 cm×4.6 mm Daicel Chiralcel OD-H column (eluent, 

2-propanol/hexane 10 : 90; flow rate: 1.0 mL•min
–1

; detection: 254 nm light); 

tR (major) = 12.26 min; tR (minor) = 16.88 min. []D
20

 = 2.0 (c = 0.50, CHCl3) for a sample with 

94 % ee. Chromatograms are illustrated below for a 94 % ee sample: 

 

 

 

 

OMe

ONH


Cl



S21 
 

(+)-Methyl 3-(3-bromophenyl)-3-(phenylamino)propanoate (2l) 

1
H NMR (400 MHz, CDCl3): δ 7.53 (s, 1H),7.38–7.24 (m, 2H), 7.20–7.09 

(m, 3H), 6.69 (t, J = 7.2 Hz, 1H), 6.53 (d, J = 7.2 Hz, 2H), 4.77 (br, 1H), 

4.57 (br, 1H), 3.65 (s, 3H), 2.83–2.72 (m, 2H). 
13

C NMR (101 MHz, 

CDCl3): δ 171.3, 146.4, 144.8, 130.7, 130.5, 129.4, 129.3, 124.9, 123.0, 

118.1, 113.7, 54.5, 52.1, 42.6. IR (thin film): νmax (cm
–1

) = 3401, 2951, 1732, 1603, 1506, 1290, 

1170, 750, 693. MS (ESI) m/z 334 ([M + H]
+
). HRMS (ESI) Calcd for C16H17BrNO2 [M + H]

+
: 

334.0443, Found: 334.0440. 

The conversion was determined by Capillary GC with a 25m×0.25 mm HP-5 column (Varian, 

carrier gas, N2); 180 °C; isothermal; tR (1l) = 25.72 min; tR (2l)= 23.98 min. The ee value was 

determined by chiral HPLC analysis with a 25 cm×4.6 mm Daicel Chiralcel OD-H column (eluent, 

2-propanol/hexane 5 : 95; flow rate: 1.0 mL•min
–1

; detection: 254 nm light); 

tR (major) = 18.14 min; tR (minor)= 25.92 min. []D
20

 = +2.3 (c = 1.0, CHCl3) for a sample with 

98 % ee. Chromatograms are illustrated below for a 98 % ee sample: 

 

 

 

 

OMe

ONH


Br



S22 
 

(+)-Methyl 3-(phenylamino)-3-(3-(trifluoromethyl)phenyl)propanoate (2m) 

1
H NMR (400 MHz, CDCl3): δ 7.66 (s, 1H), 7.60 (d, J = 7.6 Hz, 1H), 

7.53 (d, J = 7.6 Hz, 1H), 7.45 (dd, J1 = J2 = 7.6 Hz, 1H), 7.15–7.11 (m, 

2H), 6.72 (t, J = 7.2 Hz, 1H), 6.55 (d, J = 8.0 Hz, 2H), 4.89 (t, J = 6.6 Hz, 

1H), 4.64 (s, 1H), 3.67 (s, 3H), 2.84–2.82 (m, 2H). 
13

C NMR (101 MHz, 

CDCl3): δ 171.2, 146.3, 143.4, 129.7, 129.4, 129.3, 124.5, 124.5, 123.1, 123.1, 118.2, 113.7, 54.7, 

52.1, 42.5. IR (thin film): νmax (cm
–1

) = 3400, 2954, 1732, 1603, 1507, 1328, 1167, 750, 693. MS 

(ESI) m/z 324 ([M + H]
+
). HRMS (ESI) Calcd for C17H17F3NO2 [M + H]

+
: 324.1211, Found: 

324.1210.  

The conversion was determined by Capillary GC with a 25m×0.25 mm HP-5 column (Varian, 

carrier gas, N2); 180 °C; isothermal; tR (1m) = 9.43 min; tR (2m) = 7.61 min. The ee value was 

determined by chiral HPLC analysis with a 25 cm×4.6 mm Daicel Chiralcel OD-H column (eluent, 

2-propanol/hexane 10 : 90; flow rate: 1.0 mL•min
–1

; detection: 254 nm light); 

tR (major) = 10.55min; tR (minor) = 14.65min. []D
20

 = +5.5 (c = 1.0, CHCl3) for a sample with 

96 % ee. Chromatograms are illustrated below for a 96 % ee sample: 
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ONH


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S23 
 

(+)-Methyl 3-(phenylamino)-3-(p-tolyl)propanoate (2n)
4
 

1
H NMR (500 MHz, CDCl3): δ 7.28–7.26 (m, 2H), 7.15–7.10 (m, 4H), 

6.68 (t, J = 7.5 Hz, 1H), 6.58 (d, J = 7.5 Hz, 2H), 4.82 (t, J = 6.5 Hz, 1H), 

4.49 (s, 1H), 3.66 (s, 3H), 2.82 (d, J = 7.0 Hz, 2H), 2.33 (s, 3H). 

13
C NMR (126 MHz, CDCl3): δ 171.6, 146.9, 139.2, 137.1, 129.5, 129.2, 

126.1, 117.8, 113.7, 54.7, 51.9, 42.7, 21.1. IR (thin film): νmax (cm
–1

) = 3400, 2950, 1731, 1603, 

1504, 1261, 1165, 750, 692. MS (EI, m/z, relative intensity): 269 (M
+
, 43), 196 (100), 135 (51), 

117 (17), 104 (26), 93 (20), 77 (29), 51 (4). 

The conversion was determined by Capillary GC with a 25m×0.25 mm HP-5 column (Varian, 

carrier gas, N2); 180 °C; isothermal; tR (1n) = 15.56 min; tR (2n) = 13.20 min. The ee value was 

determined by chiral HPLC analysis with a 25 cm×4.6 mm Daicel Chiralcel OD-H column (eluent, 

2-propanol/hexane 10 : 90; flow rate: 1.0 mL•min
–1

; detection: 254 nm light); tR (major) = 9.89 

min; tR (minor) = 11.41 min. []D
20

 = +16.8 (c = 0.50, CHCl3) for a sample with 91 % ee. 

Literature data: []D
20

 = 16.9 (c = 0.50, CHCl3) for an (–)-enantiomer sample with the optical 

value of 91 % ee. Chromatograms are illustrated below for a 91 % ee sample: 
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
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S24 
 

(–)-Methyl 3-(4-methoxyphenyl)-3-(phenylamino)propanoate (2o) 

1
H NMR (400 MHz, CDCl3): δ 7.30 (d, J = 8.8 Hz, 2H), 7.14–7.10 (m, 

2H), 6.86 (d, J = 8.4 Hz, 2H), 6.68 (t, J = 7.4 Hz, 1H), 6.57 (d, J = 

8.0 Hz, 2H), 4.81 (t, J = 6.8 Hz, 1H), 4.52 (s, 1H), 3.79 (s, 3H), 3.66 (s, 

3H), 2.81 (d, J = 6.8 Hz, 2H). 
13

C NMR (101 MHz, CDCl3): δ 171.7, 

158.9, 146.8, 134.1, 129.2, 127.4, 117.8, 114.2, 113.7, 55.3, 54.3, 52.0, 42.7. IR (thin film): νmax 

(cm
–1

) = 3398, 2952, 2836, 1732, 1603, 1511, 1248, 1177, 751, 693. MS (ESI) m/z 286 ([M + H]
+
). 

HRMS (ESI) Calcd for C17H20NO3 [M + H]
+
: 286.1443, Found: 286.1451. 

The conversion was determined by Capillary GC with a 25m×0.25 mm HP-5 column (Varian, 

carrier gas, N2); 180 °C; isothermal; tR (1o) = 28.40 min; tR (2o) = 23.88 min. The ee value was 

determined by chiral HPLC analysis with a 25 cm×4.6 mm Daicel Chiralcel OD-H column (eluent, 

2-propanol/hexane 3 : 97; flow rate: 1.0 mL•min
–1

; detection: 254 nm light); 

tR (major) = 27.06 min; tR (minor)=31.11 min. []D
20

 = 9.0 (c = 0.50, CHCl3) for a sample with 

94 % ee. Chromatograms are illustrated below for a 94 % ee sample: 
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
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S25 
 

(+)-Methyl 3-(4-fluorophenyl)-3-(phenylamino)propanoate (2p)
4
 

1
H NMR (500 MHz, CDCl3): δ 7.37–7.34 (m, 2H), 7.14–7.11 (m, 2H), 

7.03–7.00 (m, 2H), 6.70 (t, J = 7.3 Hz, 1H), 6.55 (d, J = 8.0 Hz, 2H), 4.83 

(t, J = 6.5 Hz, 1H), 4.58 (s, 1H), 3.66 (s, 3H), 2.81 (d, J = 6.5 Hz, 2H). 

13
C NMR (126 MHz, CDCl3): δ 171.4, 163.1, 161.1 146.6, 137.9, 129.2, 

127.9, 118.0, 115.8, 113.7, 54.3, 52.0, 42.7. IR (thin film): νmax (cm
–1

) =3400, 2952, 1732, 1603, 

1508, 1221, 1157, 834, 751, 693. MS (EI, m/z, relative intensity): 273 (M
+
, 19), 212 (30), 200 

(100), 151 (25), 139 (18), 123 (19), 104 (11), 93 (11), 77 (7), 51 (10). 

The conversion was determined by Capillary GC with a 25m×0.25 mm HP-5 column (Varian, 

carrier gas, N2); 180°C; isothermal; tR (1p) = 10.22 min; tR (2p) = 9.28 min. The ee value was 

determined by chiral HPLC analysis with a 25 cm×4.6 mm Daicel Chiralcel OD-H column (eluent, 

2-propanol/hexane 5 : 95; flow rate: 1.0 mL•min
–1

; detection: 254 nm light); 

tR (major) = 14.66 min; tR (minor) = 21.09 min. []D
20

 = +7.6 (c = 1.0, CHCl3) for a sample with 

94 % ee. Literature data: []D
20

 = 12.2 (c = 0.50, CHCl3) for an (–)-enantiomer sample with the 

optical value of 95 % ee. Chromatograms are illustrated below for a 94 % ee sample: 

 

 

 

 

 OMe

ONH

F



S26 
 

(–)-Methyl 3-(4-chlorophenyl)-3-(phenylamino)propanoate (2q) 

1
H NMR (500 MHz, CDCl3): δ 7.33–7.29 (m, 4H), 7.12 (dd, J1 = J2 = 

8.0 Hz, 2H), 6.70 (t, J = 7.3 Hz, 1H), 6.54 (d, J = 8.0 Hz, 2H), 4.81 (t, J = 

6.5 Hz, 1H), 4.57 (s, 1H), 3.66 (s, 3H), 2.81–2.80 (m, 2H). 
13

C NMR (126 

MHz, CDCl3): δ 171.3, 146.5, 140.7, 133.2, 129.2, 129.0, 127.7, 118.1, 

113.7, 54.4, 52.0, 42.5. IR (thin film): νmax (cm
–1

) =3401, 2951, 1732, 1603, 1505, 1287, 1166, 

750, 693. MS (ESI) m/z 290 ([M + H]
+
). HRMS (ESI) Calcd for C16H17ClNO2 [M + H]

+
: 290.0948, 

Found: 290.0943. 

The conversion was determined by Capillary GC with a 25m×0.25 mm HP-5 column (Varian, 

carrier gas, N2); 180 °C; isothermal; tR (1q) = 20.40 min; tR (2q) = 18.52 min. The ee value was 

determined by chiral HPLC analysis with a 25 cm×4.6 mm Daicel Chiralcel OD-H column (eluent, 

2-propanol/hexane 5 : 95; flow rate: 1.0 mL•min
–1

; detection: 254 nm light); 

tR (major) = 16.30 min; tR (minor) = 22.19 min. []D
20

 = 3.5 (c = 1.0, CHCl3) for a sample with 

93 % ee. Chromatograms are illustrated below for a 93 % ee sample: 

 

 

 

 

 OMe

ONH

Cl



S27 
 

(–)-Methyl 3-(4-bromophenyl)-3-(phenylamino)propanoate (2r) 

1
H NMR (500 MHz, CDCl3): δ 7.44‒7.42 (m, 2H), 7.25 (d, J = 8.5 Hz, 

2H), 7.10 (dd, J1 = 8.3, J2 = 7.8 Hz, 2H), 6.68 (t, J = 7.3 Hz, 1H), 6.52 (d, 

J = 8.0 Hz, 2H), 4.78 (t, J = 6.5 Hz, 1H), 3.64 (s, 3H), 2.79–2.77 (m, 2H). 

13
C NMR (101 MHz, CDCl3): δ 171.2, 146.4, 141.3, 131.9, 129.2, 128.1, 

121.3, 118.1, 113.8, 54.4, 52.0, 42.4. IR (thin film): νmax (cm
–1

) =3401, 2950, 1732, 1603, 1504, 

1259, 1166, 751, 692. MS (ESI) m/z 334 ([M + H]
+
). HRMS (ESI) Calcd for C16H17BrNO2 [M + 

H]
+
: 334.0443, Found: 334.0438. 

The conversion was determined by Capillary GC with a 25m×0.25 mm HP-5 column (Varian, 

carrier gas, N2); 190 °C; isothermal; tR (1r) = 18.98 min; tR (2r) = 17.56 min. The ee value was 

determined by chiral HPLC analysis with a 25 cm×4.6 mm Daicel Chiralcel OD-H column (eluent, 

2-propanol/hexane 5 : 95; flow rate: 1.0 mL•min
–1

; detection: 254 nm light); 

tR (major) = 22.17 min; tR (minor) = 30.81 min. []D
20

 = 9.9 (c = 1.0, CHCl3) for a sample with 

95 % ee. Chromatograms are illustrated below for a 95 % ee sample: 

 

 

 

 

 OMe

ONH

Br



S28 
 

(+)-Methyl 3-(phenylamino)-3-(4-(trifluoromethyl)phenyl)propanoate (2s) 

1
H NMR (500 MHz, CDCl3): δ 7.60 (d, J = 7.5 Hz, 2H), 7.52 (d, 

J = 8.0 Hz, 2H), 7.14–7.11 (m, 2H), 6.72 (t, J = 7.0 Hz, 1H), 6.54 (d, J = 

8.0 Hz, 2H), 4.91–4.89 (m, 1H), 4.65 (s, 1H), 3.67 (s, 3H), 2.88–2.79 (m, 

2H). 
13

C NMR (126 MHz, CDCl3): δ 171.2, 146.4, 146.3, 129.3, 126.7, 

125.9, 125.8, 125.7, 118.3, 113.7, 54.6, 52.1, 42.4. IR (thin film): νmax (cm
–1

) = 3401, 2954, 1732, 

1603, 1506, 1326, 1165, 1121, 1067, 752, 693. MS (ESI) m/z 324 ([M + H]
+
). HRMS (ESI) Calcd 

for C17H17F3NO2 [M + H]
+
: 324.1211, Found: 324.1216. 

The conversion was determined by Capillary GC with a 30 m×0.25 mm J & W Scientific 

INNOWAX column (Varian, carrier gas, N2); 220 °C; isothermal; tR (1s) = 15.67 min; 

tR (2s) = 9.90 min. The ee value was determined by chiral HPLC analysis with a 25 cm×4.6 mm 

Daicel Chiralcel OD-H column (eluent, 2-propanol/hexane 5 : 95; flow rate: 1.0 mL•min
–1

; 

detection: 254 nm light); tR (major) = 15.99 min; tR (minor) = 24.01 min. []D
20

 = +4.3 (c = 1.0, 

CHCl3) for a sample with 94 % ee. Chromatograms are illustrated below for a 94 % ee sample: 
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S29 
 

(+)-Methyl 3-(naphthalen-2-yl)-3-(phenylamino)propanoate (4a) 

1
H NMR (400 MHz, CDCl3): δ 7.88–7.82 (m, 4H), 7.54–7.48 (m, 3H), 

7.15–7.11 (m, 2H), 6.70 (t, J = 7.2 Hz, 1H), 6.64 (d, J = 8.0 Hz, 2H), 

5.03 (t, J = 6.6 Hz, 1H), 4.71 (s, 1H), 3.67 (s, 3H), 2.96–2.91 (m, 2H). 

13
C NMR (101 MHz, CDCl3): δ 171.6, 146.8, 139.7, 133.5, 133.0, 129.2, 

128.8, 128.0, 127.8, 126.3, 125.9, 125.1, 124.4, 117.9, 113.8, 55.2, 52.1, 42.7. IR (thin film): νmax 

(cm
–1

) = 3401, 2951,1732, 1602, 1505, 1286, 1178, 748, 692. MS (ESI) m/z 306 ([M + H]
+
). 

HRMS (ESI) Calcd for C20H20NO2 [M + H]
+
: 306.1494, Found: 306.1496. 

The conversion was determined by Capillary GC with a 25m×0.25 mm HP-5 column (Varian, 

carrier gas, N2); 220 °C; isothermal; tR (3a) = 13.61 min; tR (4a) = 12.24 min. The ee value was 

determined by chiral HPLC analysis with a 25 cm×4.6 mm Daicel Chiralcel OD-H column (eluent, 

2-propanol/hexane 10 : 90; flow rate: 1.0 mL•min
–1

; detection: 254 nm light); tR (major) = 

22.72 min; tR (minor) = 27.66 min. []D
20

 = +2.9 (c = 1.0, CHCl3) for a sample with 96 % ee. 

Chromatograms are illustrated below for a 96 % ee sample: 

 

 

 

 

 OMe
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S30 
 

(–)-Methyl 3-(phenylamino)-3-(thiophen-2-yl)propanoate (4b) 

1
H NMR (500 MHz, CDCl3): δ 7.20–7.16 (m, 3H), 7.00–6.94 (m, 2H), 6.75 (t, 

J = 6.8 Hz, 1H), 6.68 (d, J = 7.0 Hz, 2H), 5.19–5.17 (m, 1H), 4.46 (s, 1H), 

3.68 (s, 3H), 2.99–2.91 (m, 2H). 
13

C NMR (126 MHz, CDCl3): δ 171.3, 146.8, 

146.4, 129.3, 126.9, 124.4, 123.9, 118.5, 114.0, 52.0, 51.1, 42.3. IR (thin 

film): νmax (cm
–1

) = 3367, 2950, 2360, 1724, 1601, 1504, 1281, 1170, 750, 691. MS (ESI) m/z 262 

([M + H]
+
). HRMS (ESI) Calcd for C14H16NO2S [M + H]

+
: 262.0902, Found: 262.0906. 

The conversion was determined by Capillary GC with a 25m×0.25 mm HP-5 column (Varian, 

carrier gas, N2); 180 °C; isothermal; tR (3b) = 6.83 min; tR (4b) = 5.20 min. The ee value was 

determined by chiral HPLC analysis with a 25 cm×4.6 mm Daicel Chiralcel OD-H column (eluent, 

2-propanol/hexane 10 : 90; flow rate: 1.0 mL•min
–1

; detection: 254 nm light); 

tR (major) = 10.93 min; tR (minor) = 12.25 min. []D
20

 = 2.4 (c = 0.50, CHCl3) for a sample with 

93 % ee. Chromatograms are illustrated below for a 93 % ee sample: 
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S31 
 

(–)-Methyl 3-(furan-2-yl)-3-(phenylamino)propanoate (4c) 

1
H NMR (500 MHz, CDCl3): δ 7.34 (d, J = 1.0 Hz, 1H), 7.17 (dd, J1 = 8.0 Hz, 

J2 = 7.5 Hz, 2H), 6.74 (t, J = 7.3 Hz, 1H), 6.68 (d, J = 8.0 Hz, 2H), 6.28 (dd, 

J1 = 3.3 Hz, J2 = 1.8 Hz, 1H), 6.20 (d, J = 3.5 Hz, 1H), 5.01 (t, J = 6.5 Hz, 

1H), 4.29 (s, 1H), 3.67 (s, 3H), 2.92–2.91 (m, 2H). 
13

C NMR (126 MHz, 

CDCl3): δ 171.4, 154.4, 146.5, 141.9, 129.3, 118.5, 114.0, 110.3, 106.4, 51.9, 49.1, 39.1. 

IR (thin film): νmax (cm
–1

) = 3389, 2952, 2847, 1732, 1603, 1505, 1285, 1169, 1011, 750, 693. MS 

(ESI) m/z 246 ([M + H]
+
). HRMS (ESI) Calcd for C14H16NO3 [M + H]

+
: 246.1130, Found: 

246.1137. 

The conversion was determined by Capillary GC with a 25m×0.25 mm HP-5 column (Varian, 

carrier gas, N2); 180 °C; isothermal; tR (3c) = 11.51 min; tR (4c) = 9.63 min. The ee value was 

determined by chiral HPLC analysis with a 25 cm×4.6 mm Daicel Chiralcel AD-H column (eluent, 

2-propanol/hexane 10 : 90; flow rate: 1.0 mL•min
–1

; detection: 254 nm light); 

tR (minor) = 10.35 min; tR (major) = 12.57 min. []D
20

 = 21.0 (c = 1.0, CHCl3) for a sample with 

97 % ee. Chromatograms are illustrated below for a 97 % ee sample: 

 

 

 

 

OMe

ONH


O
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(–)-Methyl 3-(phenylamino)butanoate (4d)
8
 

1
H NMR (500 MHz, CDCl3): δ 7.20–7.17 (m, 2H), 6.71 (t, J = 7.5 Hz, 1H), 

6.63 (t, J = 8.0 Hz, 2H), 3.99–3.92 (m, 1H), 3.75 (br, 1H), 3.69 (s, 3H), 

2.67–2.42 (m, 2H), 1.29 (d, J = 6.5 Hz, 3H). 
13

C NMR (126 MHz, CDCl3): 

δ 172.2, 146.8, 129.4, 117.7, 113.7, 51.6, 46.0, 40.8, 20.7. IR (thin film): 

νmax (cm
–1

) = 3391, 3088, 2952, 1731, 1602, 1435, 1256, 1195, 1029, 751, 694, 516. MS (ESI) m/z 

194 ([M + H]
+
). 

The conversion was determined by Capillary GC with a 25m×0.25 mm HP-5 column (Varian, 

carrier gas, N2); 110 °C; isothermal; tR (3d) = 31.76 min; tR (4d) = 21.82 min. The ee value was 

determined by chiral HPLC analysis with a 25 cm×4.6 mm Daicel Chiralcel OD-H column (eluent, 

2-propanol/hexane 1 : 99; flow rate: 1.0 mL•min
–1

; detection: 254 nm light); 

tR (major) = 19.04 min; tR (minor) = 20.65 min. []D
20

 = 1.7 (c = 1.0, CHCl3) for a sample with 

90 % ee. Chromatograms are illustrated below for a 90 % ee sample: 

 

 

 

 

Me OMe

ONH


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(+)-Methyl 3-(phenylamino)pentanoate (4e) 

1
H NMR (500 MHz, CDCl3): δ 7.18–7.15 (m, 2H), 6.69 (t, J = 7.3 Hz, 1H), 

6.62 (d, J = 8.0 Hz, 2H), 3.76–3.73 (m, 2H), 3.66 (s, 3H), 2.60–2.48 (m, 2H), 

1.66–1.59 (m, 2H), 0.98 (t, J = 7.3 Hz, 3H). 
13

C NMR (126 MHz, CDCl3): δ 

172.4, 147.3, 129.3, 117.5, 113.5, 51.9, 51.6, 38.8, 27.8, 10.5. IR (thin film): νmax (cm
–1

) = 3392, 

3052, 2964, 1731, 1603, 1505, 1317, 1185, 1176, 1004, 750, 509. MS (ESI) m/z 208 ([M + H]
+
). 

HRMS (ESI) Calcd for C12H18NO2 [M + H]
+
: 208.1338, Found: 208.1332. 

The conversion were determined by Capillary GC with a 25m×0.25 mm HP-5 column 

(Varian, carrier gas, N2); 110 °C; isothermal; tR (3e) = 45.35 min tR (4e) = 32.85 min;. The ee 

value was determined by chiral HPLC analysis with a 25 cm×4.6 mm Daicel Chiralcel AS-H 

column (eluent, 2-propanol/hexane 1 : 99; flow rate: 1.0 mL•min
–1

; detection: 254 nm light); 

tR (major) = 6.12 min; tR (minor) = 6.76 min. []D
20

 = +5.9 (c = 1.0, CHCl3) for a sample with 

90 % ee. Chromatograms are illustrated below for a 90 % ee sample: 

 

 

 

 

Et OMe

ONH
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(–)-Methyl 3-(phenylamino)hexanoate (4f) 

1
H NMR (500 MHz, CDCl3): δ 7.18–7.15 (m, 2H), 6.69 (t, J = 7.3 Hz, 1H), 

6.62 (d, J = 8.0 Hz, 2H), 3.82 (t, J = 6.0 Hz, 1H), 3.70 (s, 1H), 3.66 (s, 3H), 

2.60–2.47 (m, 2H), 1.59–1.55 (m, 2H), 1.49–1.37 (m, 2H), 0.93 (t, J = 7.3 Hz, 

3H). 
13

C NMR (126 MHz, CDCl3): δ 172.4, 147.3, 129.4, 117.5, 113.4, 51.5, 50.2, 39.2, 37.3, 19.3, 

14.0. IR (thin film): νmax (cm
–1

) = 3394, 3053, 2957, 2872, 1731, 1602, 1504, 1367, 1106, 750, 

693, 510. MS (ESI) m/z 222 ([M + H]
+
). HRMS (ESI) Calcd for C13H20NO2 [M + H]

+
: 222.1494, 

Found: 222.1489. 

The conversion was determined by Capillary GC with a 25m×0.25 mm HP-5 column (Varian, 

carrier gas, N2); 110 °C; isothermal; tR (3f) = 64.90 min; tR (4f) = 48.11 min. The ee value was 

determined by chiral HPLC analysis with a 25 cm×4.6 mm Daicel Chiralcel OD-H column (eluent, 

2-propanol/hexane 5 : 95; flow rate: 1.0 mL•min
–1

; detection: 254 nm light); tR (major) = 8.43 

min; tR (minor)= 9.78 min. []D
20

 = 5.1 (c = 1.0, CHCl3) for a sample with 91 % ee. 

Chromatograms are illustrated below for a 91 % ee sample: 

 

 

 

 

NH

 OMe

O

nPr
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(–)-Methyl 4-methyl-3-(phenylamino)pentanoate (4g) 

1
H NMR (500 MHz, CDCl3): δ 7.17–7.14 (m, 2H), 6.68 (t, J = 7.3 Hz, 1H), 

6.63 (d, J = 8.0 Hz, 2H), 3.72–3.71 (m, 2H), 3.63 (s, 3H), 2.56–2.45 (m, 2H), 

1.95–1.91 (m, 1H), 0.99 (d, J = 7.0 Hz, 3H), 0.95 (d, J = 7.0 Hz, 3H). 
13

C 

NMR (126 MHz, CDCl3): δ 172.7, 147.6, 129.3, 117.4, 113.5, 56.0, 51.6, 36.7, 31.7, 18.7, 18.6. 

IR (thin film): νmax (cm
–1

) = 3394, 3088, 2959, 1731, 1602, 1387, 1174, 992, 870, 749, 664, 506. 

MS (ESI) m/z 222 ([M + H]
+
). HRMS (ESI) Calcd for C13H20NO2 [M + H]

+
: 222.1494, Found: 

222.1489. 

The conversion was determined by Capillary GC with a 25m×0.25 mm HP-5 column (Varian, 

carrier gas, N2); 110 °C; isothermal; tR (3g) = 9.63 min; tR (4g) = 11.51 min. The ee value was 

determined by chiral HPLC analysis with a 25 cm×4.6 mm Daicel Chiralcel OD-H column (eluent, 

2-propanol/hexane 10 : 90; flow rate: 1.0 mL•min
–1

; detection: 254 nm light); 

tR (major) = 8.69 min; tR (minor) = 9.69 min. []D
20

 = 1.1 (c = 1.0, CHCl3) for a sample with 

98 % ee. Chromatograms are illustrated below for a 98 % ee sample: 

 

 

 

 

NH

 OMe

O

iPr
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Procedure for the synthesis of β-lactam (R)-1,4-diphenylazetidin-2-one (5).9 

2a

 95% ee ()

OMe

ONH



1. CH3MgBr              

    Et2O, 40 oC, 1 h N
O

5

70% yield, 94% ee (R)

2. NH4Cl (aq)

[]D
20 = 55.9o (c = 0.85, in CHCl3)

 

To a solution of compound (–)-2a (95 % ee, 50 mg, 0.20 mmol) in anhydrous Et2O (5 mL) 

was added dropwise a solution of 1M CH3MgBr in Et2O (0.4 mL, 0.40 mmol) at –40 °C under 

nitrogen atmosphere. After stirring at –40 °C for 1h, the reaction was quenched by adding an 

excess amount of saturated aqueous NH4Cl solution, followed by extracting with Et2O (2 × 

10 mL). The organic phase was washed with brine and then dried over anhydrous Na2SO4, filtered, 

and concentrated under vacuum. The residue was purified by column chromatography on silica gel 

(ethyl acetate : petroleum ether = 1 : 15) to afford the chiral β-lactam 5 (31 mg, 70 %) as a white 

solid. 
1
H NMR (500 MHz, CDCl3): δ 7.38–7.36 (m, 4H), 7.35–7.32 (m, 1H), 7.30–7.28 (m, 2H), 

7.26–7.22 (m, 2H), 7.03 (t, J = 7.3 Hz, 1H), 5.01 (dd, J1 = 5.8 Hz, J2 = 2.8 Hz, 1 H), 3.56 (dd, J1 = 

15.3 Hz, J2 = 5.8 Hz, 1 H), 2.94 (dd, J1 = 15.3 Hz, J2 = 2.8 Hz, 1 H). 
13

C NMR (126 MHz, 

CDCl3): δ 164.6, 138.3, 137.8, 129.2, 129.1, 128.5, 125.9, 123.8, 116.8, 54.1, 47.1. MS (ESI) m/z 

224 ([M + H]
+
). MS (ESI) Calcd for C15H14NO [M + H]

+
: 224.10, Found: 224.23.  

The ee value was determined by chiral HPLC analysis with a 25 cm×4.6 mm Daicel Chiralcel 

OD-H column (eluent, 2-propanol/hexane 4 : 96; flow rate: 1.0 mL•min
–1

; detection: 254 nm 

light); tR (R) = 10.36 min; tR (S) = 20.34 min.
10

 []D
20

 = 55.9 (c = 0.85, CHCl3). Literature data: 

[α]
25

D = ‒47.3 (c = 0.5, CHCl3) for a (R)-product with 80 % ee.
10

 Chromatograms are illustrated 

below for a 94 % ee sample:  
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Procedure for the synthesis of (R)-methyl 3-amino-3-(p-tolyl)propanoate (6).11
 

2f

93 % ee ()

OMe

ONH



6

73% yield, 91% ee (R)

MeO

Me

OMe

ONH2

Me

1. CAN            

    MeCN/H2O

10 oC, 1 h

2. Na2CO3 (aq)

[]D
20 = 20.3o (c = 0.36, in CHCl3)  

To a solution of compound (+)-2f (93 % ee, 50 mg, 0.17 mmol) in acetonitrile (5 mL) was 

added dropwise a solution of ceric ammonium nitrate (280 mg, 0.51 mmol) in water (5 mL) at –

10 °C over 10 min. After the mixture was stirred for 1 h, water (5 mL) was added and MeCN was 

evaporated under vacuum. The residue was washed with Et2O (2 × 10 mL) and added 10 % 

aqueous Na2CO3 solution until pH = 6. The mixture was further washed with Et2O (2 × 10 mL). 

After the pH of the aqueous solution was tuned to be 8 by adding 10 % aqueous Na2CO3 solution, 

the mixture was extracted with EtOAc (3 × 10 mL). The combined organic layers were dried over 

anhydrous Na2SO4, filtered, and concentrated under vacuum. The residue was purified by column 

chromatography on silica gel (ethyl acetate : petroleum ether = 1 : 1) to give 6 (24 mg, 73 %) as a 

brown oil.
 1
H NMR (500 MHz, CDCl3): δ 7.24 (d, J = 7.5 Hz, 2H), 7.14 (d, J = 8.0 Hz, 2H), 4.39 

(t, J = 6.8 Hz, 1H), 3.68 (s, 3H), 2.67 (d, J = 7.0 Hz, 2H), 2.36 (br, 2H), 2.33 (s, 3H). 
13

C NMR 

(126 MHz, CD2Cl2): δ 171.5, 141.2, 136.2, 128.3, 125.3, 51.6, 50.7, 43.2, 20.0. HRMS (ESI) 

Calcd for C11H16NO2 [M + H]
+
: 194.1176, Found: 194.1169. 

The ee value was determined by chiral HPLC analysis with a 25 cm×4.6 mm Daicel Chiralcel 

OD-H column (eluent, 2-propanol/hexane 1 : 99; flow rate: 1.0 mL•min
–1

; detection: 215 nm 

light); tR (S) = 29.56 min; tR (R) = 33.46 min.
12

 []D
20

 = +20.3 (c = 0.36, CHCl3) for a sample with 

91 % ee. []D
20

 = +20.3 (c = 0.36, CHCl3). Literature data: [α]
20

D = +21.8 (c = 1.0, CHCl3) for a 

(R)-enantiomer with 99 % ee.
12

 Chromatograms are illustrated below for a 91 % ee sample: 
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1
H NMR and 

13
C NMR spectra of substrates and chiral products 

(Z)-Methyl 3-phenyl-3-(phenylamino)acrylate (1a) 
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(Z)-Ethyl 3-phenyl-3-(phenylamino)acrylate (1b) 
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(Z)-Ethyl 3-(4-methoxyphenyl)-3-(phenylamino)acrylate (1c) 

NH O
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(Z)-Ethyl 3-(4-bromophenyl)-3-(phenylamino)acrylate (1d) 

NH O

OEt

Br  
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(Z)-Methyl 3-(4-methoxyphenylamino)-3-phenylacrylate (1e) 

MeO

NH O
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(Z)-Methyl 3-(4-methoxyphenylamino)-3-(p-tolyl)acrylate (1f) 
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(Z)-Methyl 3-(4-chlorophenyl)-3-(4-methoxyphenylamino)acrylate (1g) 

MeO
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(Z)-Methyl 3-(2-methoxyphenyl)-3-(phenylamino)acrylate (1h) 
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(Z)-Methyl 3-(3-methoxyphenyl)-3-(phenylamino)acrylate (1i) 

NH O
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(Z)-Methyl 3-(3-fluorophenyl)-3-(phenylamino)acrylate (1j) 
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(Z)-Methyl 3-(3-chlorophenyl)-3-(phenylamino)acrylate (1k) 
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(Z)-Methyl 3-(3-bromophenyl)-3-(phenylamino)acrylate (1l) 

NH O

OMe
Br

 

 

 

 

 



S52 
 

(Z)-Methyl 3-(phenylamino)-3-(3-(trifluoromethyl)phenyl)acrylate (1m) 
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(Z)-Methyl 3-(phenylamino)-3-(p-tolyl)acrylate (1n) 
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(Z)-Methyl 3-(4-methoxyphenyl)-3-(phenylamino)propanoate (1o) 
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(Z)-Methyl 3-(4-fluorophenyl)-3-(phenylamino)acrylate (1p) 
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(Z)-Methyl 3-(4-chlorophenyl)-3-(phenylamino)acrylate (1q) 
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(Z)-Methyl 3-(4-bromophenyl)-3-(phenylamino)acrylate (1r) 
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(Z)-Methyl 3-(phenylamino)-3-(4-(trifluoromethyl)phenyl)acrylate (1s) 
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(Z)-Methyl 3-(naphthalen-2-yl)-3-(phenylamino)acrylate (3a) 

NH O
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(Z)-Methyl 3-(phenylamino)-3-(thiophen-2-yl)acrylate (3b) 
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(Z)-Methyl 3-(furan-2-yl)-3-(phenylamino)acrylate (3c) 
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(Z)-Methyl 3-(phenylamino)but-2-enoate (3d) 

NH
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(Z)-Methyl 3-(phenylamino)pent-2-enoate (3e) 

NH

Et

O
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(Z)-Methyl 3-(phenylamino)hex-2-enoate (3f) 

NH

OMe

O

nPr  
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(Z)-Methyl 4-methyl-3-(phenylamino)pent-2-enoate (3g) 

NH

OMe

O

iPr  
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(–)-Methyl 3-phenyl-3-(phenylamino)propanoate (2a) 
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(+)-Ethyl 3-phenyl-3-(phenylamino)propanoate (2b) 

OEt
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(+)-Ethyl 3-(4-methoxyphenyl)-3-(phenylamino)propanoate (2c) 
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(+)-Ethyl 3-(4-bromophenyl)-3-(phenylamino)propanoate (2d) 

OEt

NH O

Br



 

 

 

 



S70 
 

(+)-Methyl 3-(4-methoxyphenylamino)-3-phenylpropanoate (2e) 
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(+)-Methyl 3-(4-methoxyphenylamino)-3-(p-tolyl)propanoate (2f) 
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(–)-Methyl 3-(4-chlorophenyl)-3-(4-methoxyphenylamino)propanoate (2g) 
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(–)-Methyl 3-(2-methoxyphenyl)-3-(phenylamino)propanoate (2h) 
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(–)-Methyl 3-(3-methoxyphenyl)-3-(phenylamino)propanoate (2i) 
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(+)-Methyl 3-(3-fluorophenyl)-3-(phenylamino)propanoate (2j) 
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(–)-Methyl 3-(3-chlorophenyl)-3-(phenylamino)propanoate (2k) 
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(+)-Methyl 3-(3-bromophenyl)-3-(phenylamino)propanoate (2l) 
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(+)-Methyl 3-(phenylamino)-3-(3-(trifluoromethyl)phenyl)propanoate (2m) 
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(+)-Methyl 3-(phenylamino)-3-(p-tolyl)propanoate (2n) 

NH
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(–)-Methyl 3-(4-methoxyphenyl)-3-(phenylamino)propanoate (2o) 
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(+)-Methyl 3-(4-fluorophenyl)-3-(phenylamino)propanoate (2p) 

NH
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(–)-Methyl 3-(4-chlorophenyl)-3-(phenylamino)propanoate (2q) 
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(–)-Methyl 3-(4-bromophenyl)-3-(phenylamino)propanoate (2r) 

NH
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(+)-Methyl 3-(phenylamino)-3-(4-(trifluoromethyl)phenyl)propanoate (2s) 
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(+)-Methyl 3-(naphthalen-2-yl)-3-(phenylamino)propanoate (4a) 

NH
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O
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(–)-Methyl 3-(phenylamino)-3-(thiophen-2-yl)propanoate (4b) 

NH
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(–)-Methyl 3-(furan-2-yl)-3-(phenylamino)propanoate (4c) 
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(–)-Methyl 3-(phenylamino)butanoate (4d) 

NH

Me OMe
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(+)-Methyl 3-(phenylamino)pentanoate (4e) 

NH

Et OMe

O

  
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(–)-Methyl 3-(phenylamino)hexanoate (4f) 

NH

 OMe

O

nPr  
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(–)-Methyl 4-methyl-3-(phenylamino)pentanoate (4g) 

NH

 OMe
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(R)-1,4-Diphenylazetidin-2-one (5) 
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(R)-Methyl 3-amino-3-(p-tolyl)propanoate (6) 
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