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1. General information

Solvents were purified by standard procedures. THF, CH2Cl2 and CHCl3 were dried over 

Na/benzophenone and CaH2, respectively, and freshly distilled before using. Flash 

chromatography was done on silica gel (GF254, 200-300 mesh). The reactions were monitored by 

thin layer chromatography (TLC) and analysis of TLCs was done using UV light (254 nm). 

Melting points were determined using a standard melting point apparatus and were uncorrected. 

1H and 13C NMR spectra were recorded on a Bruker AV 300 spectrometer in CDCl3. Chemical 

shifts are expressed in ppm with TMS as internal standard. High-resolution mass spectra (HRMS) 

were measured with ESI. Optical rotations were determined on a Perkin-Elmer 343 Polarimeter. 

IR spectra were recorded as KBr disks. Enantiomeric excess (ee) determination was carried out on 

an Agilent 1260 interfaced to a HP 71 series computer workstation with a Chiralpak AD-H 

column.

2. General procedure for the preparation of chiral tertiary amine-thioureas 1-7

The bifunctional tertiary amine-thioureas 1-7 were synthesized following the similar procedures 

according to our previous report.1
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Scheme 1. Procedure for the preparation of 4b

Among them 5-7 are new compounds.
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White solid, 82% yield; m.p. 167.5-167.8 ºC; [α]D
20 -107.2 (c 0.25, 

CH2Cl2); IR (KBr): ν 3272, 3213, 2929, 2864, 2357, 1538, 1509, 1471, 

1455, 1359, 1227, 1029, 918, 853, 743, 701 cm-1; 1H NMR (CDCl3, 400 

MHz): δ = 8.65 (s, 1 H), 8.01 (d, J = 9.2 Hz, 1 H), 7.78 (s, 2 H), 7.41 - 

7.21 (m, 6 H), 5.73 - 5.64 (m, 1 H), 5.02 - 4.97 (m, 2 H), 3.98 (s, 3 H ), 

3.88 - 3.82 (m, 2 H), 3.26 - 3.20 (m, 2 H), 2.73 - 2.68 (m, 3 H), 2.33 (s, 2 H), 2.13 - 2.07 (m, 1 H), 

1.97 (s, 1 H), 1.70 (s, 1 H), 1.65 (s, 2 H), 1.43 - 1.32 (m, 2 H), 0.94 - 0.89 (m, 2 H) ppm; 13C NMR 

(100 MHz, CDCl3): δ 182.8, 182.3, 180.3, 158.3, 147,8. 136.5, 131.4, 128.4, 127.0, 126.9, 126.8, 

117.7, 102.6, 65.8, 59.8, 56.1, 53.5, 52.7, 45.9, 36.4, 29.7, 26.7, 24.2, 22.6, 14,1 ppm; HRMS (ESI) 

calcd for C29H35N4O2S [M+H+]: 503.2475, found: 503.2487.

White Solid, 80% yield; m.p. 145.7-146.2 ºC; [α]D
20 +224.4 (c 0.25, 

CH2Cl2); IR (KBr): ν 3343, 2954, 2924, 2850, 1736, 1622, 1509, 1462, 

1377, 1226, 1028, 917, 851, 784, 691 cm-1; 1H NMR (CDCl3, 400 MHz): 

δ 8.63 (s, 1 H), 7.99 (d, J = 9.2 Hz, 1 H), 7.69 (s, 2 H), 7.40 - 7.22 (m, 6 

H), 5.91 - 5.83 (m, 1 H), 5.19 - 5.11 (m, 2 H), 3.96 (s, 3 H ), 3.85 - 3.80 

(m, 2 H), 3.00 - 2.94 (m, 3 H), 2.58 (q, J = 7.2 Hz, 2 H), 2.31 (d, J = 7.2 Hz, 2 H), 2.08 - 2.02 (m, 

1 H), 1.97 (s, 1 H), 1.66 (s, 1 H), 1.54 - 1.49 (m, 2 H), 1.26 - 1.21 (m,2 H), 0.97 - 0.85 (m, 2 H) 

ppm; 13C NMR (100 MHz, CDCl3): δ = 188.8, 179.3, 158.2, 147.6, 144.5, 138.2, 131.3, 128.7, 

128.5, 127.9, 126.7, 122.6, 116.3, 102.1, 66.2, 60.5, 55.9, 48.9, 45.6, 37.7, 37.6, 31.6, 29.7, 26.7, 

24.8, 24.7, 24.6, 22.7, 14.1 ppm; HRMS (ESI) calcd for C29H35N4O2S [M+H+]: 503.2475, found: 

503.2486.

White solid, 76% yield; m.p. 97.4-97.7 ºC; [α]D
20 +127.2 (c 0.25, 

CH2Cl2); IR (KBr): ν 3442, 3334, 3267, 2928, 2873, 1658, 1472, 1435, 

1227, 1135, 1065, 1029, 852, 701, 690 cm-1; 1H NMR (CDCl3, 400 

MHz): δ 8.71 (s, 1 H), 7.98 (d, J = 9.2 Hz, 1 H), 7.74 (s, 2 H), 7.38 - 7.32 

(m, 6 H), 5.86 - 5.78 (m, 1 H), 5.26 - 5.17 (m, 1 H), 4.08 - 4.01 (m, 1 H), 

3.94 (s, 3 H ), 3.81 - 3.74 (m, 2 H), 3.59 - 3.49 (m, 1 H), 2.79 - 2.74 (m, 3 H), 2.33 (s, 2 H), 2.04  

(s, 1 H), 1.70 (s, 1 H), 1.58 (s, 2 H), 1.31 - 1.26 (m, 2 H), 1.12 - 1.04 (m, 2 H), 0.93 - 0.89 (t, 1 H) 
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ppm; 13C NMR (100 MHz, CDCl3): δ = 183.0, 158.5, 147.9, 144.7, 139.3, 139.2, 136.7, 131.3, 

129.0, 128.5, 127.0, 122.9, 120.1, 117.2, 102.4, 65.3, 60.9, 60.4, 57.7, 56.2, 52.5, 49.5, 47.3, 45.9, 

36.5, 29.7, 26.5, 24.4, 14.2 ppm; HRMS (ESI) calcd for C29H35N4O2S [M+H+]: 503.2475, found: 

503.2488.

3. Optimization of Reaction conditions

The Michael addition of chalcone (8a) with diethyl malonate (9) was chose as model reaction 

for the screen of catalysts and reaction conditions.

3.1 Screening of catalysts

+

8a
10a

O

PhPh

CO2Et

CO2Et

*
O

Ph

CO2Et

EtO2C

Phcatalyst
(10 mol%)

9

Na2CO3
CH2Cl2, rt

Entrya Catalyst Yield (%)b ee (%)c Config.d

1 1a 30 0 race

2 1b 35 0 rac

3 2a 26 15 S

4 2b 30 55 S

5 3a 29 0 rac

6 3b 37 5 R

7 4a 24 51 R

8 4b 35 65 R

aAll reactions were carried out with 0.1 mmol of Chalcone, 0.12 mmol of Diethyl 

malonate and 100 mol % Na2CO3 as base additive in 0.5 mL CH2Cl2 at room 

temperature for 48 h. bIsolated yield. cDetermined by HPLC analysis (Chiralpak 

AD-H). dAbsolute configuration was determined by comparison of the optical 

rotation with the value previously reported.2 e racemic

Catalyst 4b was defined as the best catalyst for further examination.

3.2 Screening of solvents
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+

8a
10a

O

PhPh

CO2Et

CO2Et

O

Ph

CO2Et

EtO2C

Ph4b
(10 mol%)

9

Na2CO3
solvent, rt

Entrya Solvent Yield (%)b ee (%)c

1 CH2Cl2 30 65

2 Toluene 45 9

3 MeCN 65 0

4 CHCl3 35 87

5 THF 56 3

6 Et2O 95 40

7 MeOH 98 0

8 Diethyl malonate 50 5

9 Acetone 69 0

10 DMSO 75 0

11 n-Hexane 35 40

12 n-Heptane 56 50

13 Isopropanol 68 0

14 1,4-Dioxane 60 5

15 Cyclohexane 32 42

16 EtOAc 52 8

17 Liquid petrolatum 35 47

aAll reactions were carried out with 0.1 mmol of Chalcone, 0.12 mmol of 

diethyl malonate,10 mol% 4b, 100 mol % Na2CO3 in 0.5 mL solvent at room 

temperature for 48 h. bIsolated yield. cDetermined by HPLC analysis 

(Chiralpak AD-H).

4. General procedure for enantioselective Michael addition

Typical Procedure for Asymmetric Michael Addition of Diethyl Malonate to Chalcones 

catalyzed by 4b: Reaction of 8a as a Representative. To a solution of Chalcone 8a (20.83 mg, 

0.1 mmol) and thiourea catalyst 4b (5.2 mg, 0.01 mmol) in CHCl3(0.5 mL) was added NaOH(0.2 

mg, 0.005 mmol) and diethyl malonate 9 (19.3 μL, 0.12 mmol) successively at -20 oC. The 

reaction mixture was stirred at -20 oC for 8 h. The residue was directly purified by flash column 

chromatography on silica gel (petroleum ether/ EtOAc = 10/1 as eluant) to afford the adduct 10a.

Typical Procedure for Asymmetric Michael Addition of Diethyl Malonate to Chalcones 
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catalyzed by 7: Reaction of 8a as a Representative. To a solution of Chalcone 8a (20.83 mg, 0.1 

mmol) and thiourea catalyst 7 (5.2 mg, 0.01 mmol) in CHCl3(0.5 mL) was added NaOH(0.2 mg, 

0.005 mmol) and diethyl malonate 9(19.3 μL, 0.12 mmol) successively at -50 oC. The reaction 

mixture was stirred at -50 oC for 10 h. The residue was directly purified by flash column 

chromatography on silica gel (petroleum ether/ EtOAc = 10/1 as eluant) to afford the adduct 10a.

Diethyl 2-(3-oxo-1, 3-diphenylpropyl)malonate (10a) 3

White solid; m.p. 67-69 ºC; IR (KBr): ν 3062, 3029, 2981, 1733, 1683, 

1455, 1367, 1302, 1257, 861, 750, 691 cm-1; 1H NMR (CDCl3, 400 

MHz): δ 7.90 (d, J = 7.6 Hz, 2 H), 7.53 (t, J = 7.2 Hz, 1 H), 7.42 (t, J = 

7.2 Hz, 2 H), 7.26 - 7.17 (m, 5 H), 4.23 - 4.16 (m, 3 H), 3.98 - 3.93(q, J 

= 7.2 Hz, 2 H), 3.82 (d, J = 10.0 Hz, 1 H), 3.57 - 3.42(m, 2 H), 1.24 (t, J = 7.2 Hz, 3 H), 1.00 (t, J 

= 7.2 Hz, 3 H) ppm.

(R)-10a: 99% yield; [α]D
20 -18.2 (c 0.72, CHCl3); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, tmajor = 15.36 min, tminor = 29.28 min, 94% ee.

(S)-10a: 97% yield; [α]D
20 +17.6 (c 1.18, CHCl3); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, tmajor = 30.59 min, tminor = 15.53 min, 94% ee.

Diethyl 2-(1-(3-methylphenyl)-3-oxo-3-phenylpropyl)malonate (10b)

White solid; m.p. 38.3-40.1 ºC; IR (KBr): ν 2981, 2913, 1748, 1731, 

1686, 1448, 1367, 1302, 1257, 1151, 861, 784, 690 cm-1; 1H NMR 

(CDCl3, 400 MHz):δ 7.90 (d, J = 7.2 Hz, 2 H), 7.53 (t, J = 7.2 Hz, 1 H), 

7.43 (t, J = 8.0 Hz, 2 H), 7.14 - 6.97 (m, 4 H), 4.24 - 4.12 (m, 3 H), 3.97 

(q, J = 7.2 Hz, 2 H), 3.80 (d, J = 9.6 Hz, 1 H), 3.56 - 3.42(m, 2 H), 2.28 (s, 3 H), 1.24 (t, J = 7.2 

Hz, 3 H), 1.02 (t, J = 7.2 Hz, 3 H) ppm. 13C NMR (100 MHz, CDCl3): δ 196.5, 167.4, 166.7, 

139.3, 136.8, 135.8, 131.9, 128.0, 127.5, 127.2, 127.0, 126.8, 124.1, 60.6, 60.2, 56.5, 41.5, 39.6, 

20.4, 12.95, 12.69 ppm; HRMS (ESI) calcd for C23H26O5 [M+Na+]: 405.1672, found: 405.1665.

(R)-10b: 95% yield; [α]D
20 -14.9 (c 0.68, CHCl3); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, tmajor = 12.11 min, tminor = 17.96 min, 92% ee.

(S)-10b: 95% yield; [α]D
20 +16.4 (c 1.58, CHCl3); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, tmajor = 18.54 min, tminor = 12.26 min, 92% ee.

10a

COOEt

EtOOC

O

10b

COOEt

EtOOC

O

H3C
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Diethyl 2-(1-(4-methylphenyl)-3-oxo-3-phenylpropyl)malonate (10c) 4

White solid; m.p. 71.4-72.5 ºC; IR (KBr): ν 2982, 2359, 2332, 1729, 

1684, 1447, 1254, 1228, 1178, 1153, 1033, 861, 737, 690 cm-1; 1H NMR 

(CDCl3, 400 MHz): δ 7.90 (d, J = 7.6 Hz, 2 H), 7.53 (t, J = 7.2 Hz, 1 H), 

7.42 (t, J = 7.6 Hz, 2 H), 7.14 (d, J = 7.2 Hz, 2 H),7.04 (d, J = 7.2 Hz, 2 

H), 4.24 - 4.11 (m, 3 H), 3.97 (q, J = 7.2 Hz, 2 H), 3.79 (d, J = 9.6 Hz, 1 

H), 3.55 - 3.39 (m, 2 H), 2.26 (s, 3 H), 1.24 (t, J = 7.2 Hz, 3 H), 1.03 (t, J = 7.2 Hz, 3 H) ppm.

(R)-10c: 97% yield; [α]D
20 -9.1 (c 0.76, CHCl3); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, tmajor = 15.36 min, tminor = 29.28 min, 94% ee.

(S)-10c: 98% yield; [α]D
20 +13.8 (c 1.27, CHCl3); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, tmajor = 32.98 min, tminor = 16.12 min, 94% ee.

Diethyl 2-(1-(2-methoxyphenyl)-3-oxo-3-phenylpropyl)malonate (10d)

Colorless oil; IR (KBr): ν 3548, 2982, 1732, 1684, 1599, 1494, 1447, 

1246, 1151, 1028, 861, 755, 690 cm-1; 1H NMR (CDCl3, 400 MHz): δ 

7.91 (d, J = 7.2 Hz, 2 H), 7.52 (t, J = 7.2 Hz, 1 H), 7.42 (t, J = 7.6 Hz, 2 

H), 7.14 (t, J = 7.6 Hz, 2 H), 6.80 (t, J = 7.2 Hz, 2 H), 4.35 - 4.29 (m, 1 

H), 4.23 - 4.15 (m, 3 H), 3.92 (q, J = 7.2 Hz, 2 H), 3.81 (s, 3 H), 3.68 - 3.62 (dd, J1 = 6.4 Hz, J2 = 

8.0 Hz, 1 H), 3.48 - 3.43 (dd, J1 = 4.0 Hz, J2 = 16.4 Hz, 1 H), 1.24 (t, J = 7.2 Hz, 3 H), 0.98 (t, J = 

7.2 Hz, 3 H) ppm; 13C NMR (100 MHz, CDCl3): δ 197.2, 167.8, 167.1, 156.4, 136.0, 131.7, 129.7, 

127.4, 127.1, 119.3, 109.8, 60.4, 60.1, 54.2, 54.0, 39.6, 37.1, 13.0, 12.7 ppm; HRMS (ESI) calcd 

for C23H26NaO6 [M+Na+]: 421.1622, found: 421.1618.

(R)-10d: 98% yield; [α]D
20 -26.5 (c 0.61, CHCl3); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, tmajor = 10.47 min, tminor = 13.03 min, 92% ee.

(S)-10d: 99% yield; [α]D
20 +18.9 (c 1.33, CHCl3); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, tmajor = 13.10 min, tminor = 10.40 min, 94% ee.

Diethyl 2-(1-(4-methoxyphenyl)-3-oxo-3-phenylpropyl)malonate (10e) 3

10c

COOEt

EtOOC

O

CH3

10d

COOEt

EtOOC

OH3CO
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White solid; m.p. 62.2-62.4 ºC; IR (KBr): ν 2983, 2359, 2334, 1730, 

1684, 1448, 1254, 1226, 1153, 10233, 857, 732, 691 cm-1 cm-1; 1H NMR 

(CDCl3, 400 MHz): δ = 7.90 (d, J = 7.2 Hz, 2 H), 7.53 (t, J = 7.2 Hz, 1 

H), 7.43 (t, J = 7.2 Hz, 2 H), 7.17 (d, J = 8.8 Hz, 2 H), 6.77 (d, J = 8.8 

Hz, 2 H), 4.24 - 4.10 (m, 3 H), 3.97 (q, J = 7.2 Hz, 2 H), 3.78 (d, J = 9.6 

Hz, 1 H), 3.74 (s, 3 H), 3.54 - 3.49 (dd, J1 = 4.4 Hz, J2 = 16.8 Hz, 1 H), 3.44 - 3.37 (dd, J1 = 9.6 

Hz, J2 = 16.8 Hz, 1 H), 1.25 (t, 3 H), 1.03 (t, 3H) ppm.

(R)-10e: 94% yield; [α]D
20 -16.4 (c 0.85, CHCl3); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, tmajor = 24.35 min, tminor = 68.12 min, 94% ee.

(S)-10e: 93% yield; [α]D
20 +11.6 (c 0.77, CHCl3); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, tmajor = 69.22 min, tminor = 25.12 min, 90% ee.

Diethyl 2-(1-(2-trifluoromethylphenyl)-3-oxo-3-phenylpropyl)malonate (10f)

White solid; m.p. 64.3-65.2 ºC; IR (KBr): ν 2984, 2939, 1733, 1684, 

1558, 1494, 1448, 1369, 1311, 1154, 1126, 1037, 861, 770, 749, 691 cm-

1; 1H NMR (CDCl3, 400 MHz): δ 7.90 (d, J = 8.0 Hz, 2 H), 7.64 (d, J = 

7.6 Hz, 1 H), 7.53 - 7.49 (m, 2 H), 7.45 - 7.39 (m, 3 H), 7.30 (t, J = 7.6 

Hz, 1 H), 4.56 (q, J = 7.2 Hz, 1 H), 4.19 - 4.01 (m, 5 H), 3.74 - 3.69 (dd, J1 = 5.2 Hz, J2 = 16.8 Hz, 

1 H), 3.63 - 3.57 (dd, J1 = 8.0 Hz, J2 = 16.8 Hz, 1 H), 1.17 (t, J = 7.2 Hz, 3 H), 1.09 (t, J = 7.2 Hz, 

3H) ppm; 13C NMR (100 MHz, CDCl3): δ 197.4, 168.3, 167.8, 140.0, 136.8, 133.1, 131.8, 128.7, 

128.5, 128.4, 128.1, 127.1, 126.6, 126.5, 61.6, 56.1, 41.3, 35.9, 13.9, 13.7 ppm; HRMS (ESI) 

calcd for C23H23F3NaO5 [M+Na+]: 459.1390, found: 459.1393.

(R)-10f: 95% yield; [α]D
20 -19.5 (c 1.35, CHCl3); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, tmajor = 8.32 min, tminor = 14.27 min, 93% ee.

(S)-10f: 96% yield; [α]D
20 +20.6 (c 1.07, CHCl3); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, tmajor = 14.62 min, tminor = 8.35 min, 96% ee.

Diethyl 2-(1-(4-trifluoromethylphenyl)-3-oxo-3-phenylpropyl)malonate (10g)

10e

COOEt

EtOOC

O

OCH3

10f

COOEt

EtOOC

OF3C
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White solid; m.p. 101-102 ºC; IR (KBr): ν 2917, 2360, 2340, 1729, 

1680, 1327, 1243, 1161, 1114, 1069, 846, 749, 668 cm-1; 1H NMR 

(CDCl3, 400 MHz): δ 7.90 (d, J = 8.0 Hz, 2 H), 7.57 - 7.51 (m, 3 H), 

7.46 - 7.41 (m, 4 H), 4.28 - 4.17 (m, 3 H), 3.97 (q, J = 7.2 Hz, 2 H), 3.83 

(d, J = 9.6 Hz, 1 H), 3.60 - 3.47 (m, 2 H), 1.25 (t, J = 7.2 Hz, 3 H), 1.02 

(t, J = 7.2 Hz, 3H) ppm; 13C NMR (100 MHz, CDCl3): δ 195.9, 166.9, 166.4, 143.7, 135.4, 132.2, 

127.7, 124.3, 60.8, 60.5, 56.0, 41.1, 39.3, 12.9, 12.6 ppm; HRMS (ESI) calcd for C23H23F3NaO5 

[M+Na+]: 459.1390, found: 459.1400.

(R)-10g: 98% yield; [α]D
20 -18.1 (c 0.51, CHCl3); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, tmajor = 15.12 min, tminor = 32.76 min, 95% ee.

(S)-10g: 98% yield; [α]D
20 +17.9 (c 0.80, CHCl3); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, tmajor = 33.50 min, tminor = 15.07 min, 94% ee.

Diethyl 2-(1-(2-chlorophenyl)-3-oxo-3-phenylpropyl)malonate (10h) 3

Colorless oil; IR (KBr): ν 3479, 2982, 2359, 1733, 1687, 1597, 1447, 

1368, 1243, 1252, 1227, 1154, 1035, 846, 753, 668 cm-1; 1H NMR 

(CDCl3, 400 MHz): δ 7.93 (d, J = 7.2 Hz, 2 H), 7.53 (t, J = 7.2 Hz, 1 H), 

7.43 (t, J = 7.6 Hz, 2 H), 7.34 - 7.30 (m, 2 H), 7.17 - 7.10 (m, 2 H), 4.68-

4.62 (m, 1 H), 4.21 - 4.11 (m, 2 H), 4.07 (d, J = 8.8 Hz, 1 H), 4.03 (q, J = 7.2 Hz, 2 H), 3.72 - 3.58 

(m, 2 H), 1.20 (t, J = 7.2 Hz, 3 H), 1.08 (t, J = 7.2 Hz, 3H).

(R)-10h: 96% yield; [α]D
20 -44.9 (c 0.48, CHCl3); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, tmajor = 11.51 min, tminor = 23.93 min, 96% ee.

(S)-10h: 95% yield; [α]D
20 +37.2 (c 1.50, CHCl3); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, tmajor = 23.69 min, tminor = 11.46 min, 96% ee.

Diethyl 2-(1-(3-chlorophenyl)-3-oxo-3-phenylpropyl)malonate (10i)

White solid; m.p. 75-77 ºC; IR (KBr): ν 3488, 2980, 1730, 1685, 1596, 

1367, 1255, 1154, 1032, 846, 755, 692 cm-1; 1H NMR (CDCl3, 400 

MHz): δ 7.91 (d, J = 8.0 Hz, 2 H), 7.55 (t, J = 7.2 Hz, 1 H), 7.44 (t, J = 

7.2 Hz, 2 H), 7.20 - 7.17 (m, 4 H), 4.24 - 4.14 (m, 3 H), 4.00 (q, J = 7.2 

Hz, 2 H), 3.79 (d, J = 9.6 Hz, 1 H), 3.57 - 3.42 (m, 2 H), 1.24 (t, J = 7.2 Hz, 3 H), 1.05 (t, J = 7.2 

10g

COOEt

EtOOC

O

CF3

10h
COOEt

EtOOC

OCl

10i

COOEt

EtOOC

O
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Hz, 3H) ppm. 13C NMR (100 MHz, CDCl3): δ 197.1, 168.1, 167.5, 142.7, 136.6, 134.1, 133.2, 

129.6, 128.6, 128.4, 128.1, 127.4, 126.7, 61.8, 61.5, 57.2, 42.2, 40.3, 14.0, 13.8 ppm; HRMS 

(ESI) calcd for C22H23ClNaO5 [M+Na+]: 425.1126, found: 425.1124.

(R)-10i: 98% yield; [α]D
20 -30.2 (c 0.37, CHCl3); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, tmajor = 14.64 min, tminor = 17.73 min, 92% ee.

(S)-10i: 99% yield; [α]D
20 +24.7 (c 1.62, CHCl3); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, tmajor = 17.66 min, tminor = 14.62 min, 99% ee.

Diethyl 2-(1-(4-chlorophenyl)-3-oxo-3-phenylpropyl)malonate (10j) 3

White solid; m.p. 97-98.8 ºC; IR (KBr): ν 3062, 2982, 1748, 1731, 1686, 

1486, 1450, 1367, 1250, 1225, 1028, 860, 750, 665 cm-1; 1H NMR 

(CDCl3, 400 MHz): δ 7.91 (d, J = 7.2 Hz, 2 H), 7.56 (t, 1 H), 7.45 (t, 2 

H), 7.24 (s, 4 H), 4.27 - 4.15 (m, 3 H), 4.00 (q, J = 7.2 H, 2 H), 3.80 (d, J 

= 9.6 Hz, 1 H), 3.58 - 3.42 (m, 2 H), 1.27 (t, J = 7.2 Hz, 3 H), 1.07 (t, J = 

7.2 Hz, 3H) ppm.

(R)-10j: 99% yield; [α]D
20 -9.4 (c 0.67, CHCl3); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, tmajor = 18.47 min, tminor = 45.98 min, 94% ee.

(S)-10j: 94% yield; [α]D
20 +6.3 (c 0.64, CHCl3); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, tmajor = 42.85 min, tminor = 17.83 min, 90% ee.

Diethyl 2-(1-(3-bromophenyl)-3-oxo-3-phenylpropyl)malonate (10k)

White solid; m.p. 59.6-60.7 ºC; IR (KBr): ν 2922, 2850, 1733, 1687, 

1579, 1447, 1367, 1254, 1223, 1150, 1027, 887, 784, 750, 688 cm-1; 1H 

NMR (CDCl3, 400 MHz): δ 7.91 (d, J = 8.0 Hz, 2 H), 7.55 (t, J = 7.2 Hz, 

1 H), 7.44 (t, J = 7.6 Hz, 2 H), 7.31 (d, J = 7.6 Hz, 1 H), 7.24 (d, J = 8.4 

Hz, 2 H), 7.13 (t, J = 8.0 Hz, 1 H), 4.22 - 4.13 (m, 3 H), 4.00 (q, J = 7.2 Hz, 2 H), 3.78 (d, J = 9.6 

Hz, 1 H), 3.57 - 3.42 (m, 2 H), 1.24 (t, J = 7.2 Hz, 3 H), 1.06 (t, J = 7.2 Hz, 3H) ppm; 13C NMR 

(100 MHz, CDCl3): δ 196.0, 167.0, 166.5, 142.0, 135.5, 132.2, 130.2, 129.2, 128.9, 127.5, 127.0, 

126.1, 121.3, 60.7, 60.5, 56.1, 41.1, 39.2, 13.0, 12.7 ppm; HRMS (ESI) calcd for C22H23BrNaO5 

[M+Na+]: 469.0621, found: 469.0616.
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(R)-10k: 97% yield; [α]D
20 -24.9 (c 0.50, CHCl3); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, tmajor = 14.73 min, tminor = 17.81 min, 90% ee.

(S)-10k: 99%yield; [α]D
20 +25.1 (c 1.76, CHCl3); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, tmajor = 18.42 min, tminor = 15.07 min, 90% ee.

Diethyl 2-(1-(4-bromophenyl)-3-oxo-3-phenylpropyl)malonate (10l)

White solid; m.p. 105-106 ºC; IR (KBr): ν 3062, 2981, 1747, 1729, 

1684, 1487, 1447, 1367, 1250, 1225, 1151, 1028, 861, 750, 668 cm-1; 1H 

NMR (CDCl3, 400 MHz): δ 7.89 (d, J = 7.6 Hz, 2 H), 7.55 (t, J = 7.2 Hz, 

1 H), 7.43 (t, J = 7.6 Hz, 2 H), 7.37 (d, J = 8.4 Hz, 2 H), 7.16 (d, J = 8.4 

Hz, 2 H), 4.24 - 4.12 (m, 3 H), 4.04 (q, J = 7.2 Hz, 2 H), 3.78 (d, J = 9.6 Hz, 1 H), 3.55 - 3.40 (m, 

2 H), 1.25 (t, J = 7.2 Hz, 3 H), 1.05 (t, J = 7.2 Hz, 3H) ppm; 13C NMR (100 MHz, CDCl3): δ 

196.1, 167.0, 166.5, 138.5, 135.5, 132.2, 130.4, 129.0, 127.6, 127.0, 120.0, 60.7, 60.5, 56.2, 42.3, 

39.1, 13.0, 12.8 ppm; HRMS (ESI) calcd for C22H23BrNaO5 [M+Na+]: 469.0621, found: 

469.0615.

(R)-10l: 89% yield; [α]D
20 -5.9 (c 0.36, CHCl3); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, tmajor = 19.58 min, tminor = 48.46 min, 93% ee.

(S)-10l: 90% yield; [α]D
20 +6.6 (c 0.58, CHCl3); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, tmajor = 47.18 min, tminor = 19.98 min, 90% ee.

Diethyl 2-(1-(4-fluorophenyl)-3-oxo-3-phenylpropyl)malonate (10m)

White solid; m.p. 77-79 ºC; IR (KBr): ν 3473, 3415, 2982, 2849, 1732, 

1684, 1618, 1151, 1223, 1178, 1097, 847, 739, 612 cm-1; 1H NMR 

(CDCl3, 400 MHz): δ 7.89 (d, J = 7.2 Hz, 2 H), 7.54 (t, J = 7.2 Hz, 1 H), 

7.43 (t, J = 7.6 Hz, 2 H), 7.24 (t, J = 7.2 Hz, 2 H), 6.93 (t, J = 8.8 Hz, 2 

H), 4.27 - 4.14 (m, 3 H), 3.97 (q, J = 7.2 Hz, 2 H), 3.78 (d, J = 9.6 Hz, 1 

H), 3.56 - 3.51 (dd, J1 = 4.4 Hz, J2 = 16.8 Hz, 1 H), 3.45 - 3.39 (dd, J1 = 9.6 Hz, J2 = 16.8 Hz, 1 

H), 1.25 (t, J = 7.2 Hz, 3 H), 1.03 (t, J = 7.2 Hz, 3 H) ppm; 13C NMR (100 MHz, CDCl3): δ 196.3, 

167.1, 166.6, 161.9, 159.5, 135.6, 135.1,  132.1, 128.9, 128.8, 127.5, 127.0, 114.2, 114.0, 60.7, 

60.4, 56.5, 41.6, 39.0, 13.0, 12.7 ppm; HRMS (ESI) calcd for C22H23FNaO5 [M+Na+]: 409.1422, 

found: 409.1411.
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(R)-10m: 99% yield; [α]D
20 -22.5 (c 0.43, CHCl3); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, tmajor = 16.48 min, tminor = 44.42 min, 92% ee.

(S)-10m: 99% yield; [α]D
20 +20.3 (c 1.69, CHCl3); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, tmajor = 41.96 min, tminor = 16.31 min, 90% ee.

Diethyl 2-(1-(furan-2-yl)-3-oxo-3-phenylpropyl)malonate (10n) 5

White solid; m.p. 39-40 ºC; IR (KBr): ν 1732, 1684, 1596, 1451, 1367, 

1255, 1225, 1154, 1096, 1013, 859, 737, 691 cm-1; 1H NMR (CDCl3, 

400 MHz): δ 7.97 (d, J = 7.2 Hz, 2 H), 7.57 (t, J = 7.2 Hz, 1 H), 7.45 (t, J 

= 7.6 Hz, 2 H), 7.29 (s, 1 H), 6.25 -6.24 (m, 1 H), 6.13 (d, J = 3.2 Hz, 1 

H), 4.38 - 4.32 (m, 1 H), 4.26-4.18 (m, 2 H), 4.13 (q, J = 7.2 Hz, 2 H), 3.93 (d, J = 8.0 Hz, 1 H), 

3.63 - 3.46 (m, 2 H), 1.26 (t, J = 7.2 Hz, 3 H), 1.19 (t, J = 7.2 Hz, 3 H) ppm.

(R)-10n: 87% yield; [α]D
20 -16.9 (c 0.47, CHCl3); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, tmajor = 11.80 min, tminor = 14.76 min, 91% ee.

(S)-10n: 85% yield; [α]D
20 +14.6 (c 0.89, CHCl3); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, tmajor = 14.87 min, tminor = 11.95 min, 91% ee.

Diethyl 2-(1-(naphthalen-1-yl)-3-oxo-3-phenylpropyl)malonate (10o) 6

White solid; m.p. 75.6-77.3 ºC; IR (KBr): ν 3419, 2982, 2359, 1730, 

1687, 1597, 1448, 1367, 1248, 1219, 1152, 1030, 860, 779, 690 cm-1; 1H 

NMR (CDCl3, 400 MHz): δ 8.30 (d, J = 8.4 Hz, 1 H), 7.88 (d, J = 7.6 

Hz, 2 H), 7.81 (d, J = 8.0 Hz, 1 H), 7.70 (d, J = 8.0 Hz, 1 H), 7.56 - 7.34 

(m, 7 H), 5.16 (d, J = 6.4 Hz, 1 H), 4.20 - 4.10 (m, 2 H), 4.03 (d, J = 8.4 Hz, 1 H), 3.90 - 3.84 (m, 

2 H), 3.73 (d, J = 6.4 Hz, 2 H), 1.18 (t, J = 7.2 Hz, 3 H), 0.88 (t, J = 7.2 Hz, 3H) ppm.

(R)-10o: 80% yield; [α]D
20 -80.9 (c 0.31, CHCl3); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, tmajor = 15.14 min, tminor = 22.25 min, 94% ee.

(S)-10o: 83% yield; [α]D
20 +56.3 (c 1.89, CHCl3); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, tmajor = 23.43 min, tminor = 15.24 min, 95% ee.

Diethyl 2-(1-phenyl-3-oxo-3-(4-methylphenyl) propyl)malonate (10p)

White solid; m.p. 86.5-88.4 ºC; IR (KBr): ν 2981, 2928, 1728, 1685, 

1607, 1465, 1368, 1179, 1148, 1029, 865, 818, 699 cm-1; 1H NMR 
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(CDCl3, 400 MHz): δ 7.79 (d, J = 8.0 Hz, 2 H), 7.27 - 7.14 (m, 7 H), 4.25 - 4.13 (m, 3 H), 3.97 - 

3.92(q, J = 7.2 Hz, 2 H), 3.82 (d, J = 9.6 Hz, 1 H), 3.53 - 3.39(m, 2 H), 2.38 (s, 3 H), 1.24 (t, J = 

7.2 Hz, 3 H), 1.00 (t, J = 7.2 Hz, 3 H) ppm.

(R)-10p: 96% yield; [α]D
20 -17.0 (c 1.24, CHCl3); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, tmajor = 22.77 min, tminor = 44.48 min, 94% ee.

(S)-10p: 95% yield; [α]D
20 +22.4 (c 1.20, CHCl3); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, tmajor = 44.14 min, tminor = 22.02 min, 94% ee.

Diethyl 2-(1-phenyl-3-oxo-3-(4-methoxyphenyl) propyl)malonate (10q) 3

White solid; m.p. 70.1-70.5 ºC; IR (KBr): ν 2979, 2926, 2841, 

1736, 1673, 1598, 1369, 1249, 1225, 1168, 1021, 841, 763, 691 

cm-1; 1H NMR (CDCl3, 400 MHz): δ 7.89 (d, J = 9.2 Hz, 2 H), 7.27 

- 7.14 (m, 5 H), 6.89 (d, J = 8.8 Hz, 2 H) 4.25 - 4.14 (m, 3 H), 3.97 

- 3.92(q, J = 7.2 Hz, 2 H), 3.85 (s, 3 H), 3.82 (d, J = 10.0 Hz, 1 H), 3.51 - 3.35(m, 2 H), 1.24 (t, J 

= 7.2 Hz, 3 H), 1.00 (t, J = 7.2 Hz, 3 H) ppm.

(R)-10q: 98% yield; [α]D
20 -11.8 (c 1.25, CHCl3); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, tmajor = 35.15 min, tminor = 61.07 min, 96% ee.

(S)-10q: 96% yield; [α]D
20 +18.7 (c 1.01, CHCl3); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, tmajor = 60.61 min, tminor = 34.10 min, 94% ee.

Diethyl 2-(1-phenyl-3-oxo-3-(4-trifluoromethylphenyl) propyl)malonate (10r)

White solid; m.p. 49.7-50.2 ºC; IR (KBr): ν 2981, 2920, 1732, 1694, 

1461, 1324, 1257, 1167, 1129, 1066, 1014, 852, 699 cm-1; 1H NMR 

(CDCl3, 400 MHz): δ 8.00 (d, J = 8.4 Hz, 2 H), 7.69 (d, J = 8.0 Hz, 2 

H), 7.27 - 7.16 (m, 5 H), 4.27 - 4.13 (m, 3 H), 3.99 - 3.93(q, J = 7.2 

Hz, 2 H), 3.82 (d, J = 9.6 Hz, 1 H), 3.62 - 3.37(m, 2 H), 1.25 (t, J = 7.2 Hz, 3 H), 1.01 (t, J = 7.2 

Hz, 3 H) ppm.

(R)-10r: 99% yield; [α]D
20 -12.7 (c 1.80, CHCl3); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, tmajor = 18.23 min, tminor = 28.86 min, 95% ee.

(S)-10r: 98% yield; [α]D
20 +14.3 (c 1.71, CHCl3); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, tmajor = 29.09 min, tminor = 18.15 min, 90% ee.
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Diethyl 2-(1-phenyl-3-oxo-3-(4-chlorophenyl) propyl)malonate (10s) 3

White solid; m.p. 54.6-55.2 ºC; IR (KBr): ν 2981, 2920, 1733, 1689, 

1589, 1400, 1256, 1152, 1093, 1031, 829, 764, 699 cm-1; 1H NMR 

(CDCl3, 400 MHz): δ 7.84 (d, J = 8.4 Hz, 2 H), 7.39 (d, J = 8.4 Hz, 2 

H), 7.24 - 7.15 (m, 5 H), 4.26 - 4.11 (m, 3 H), 3.98 - 3.93(q, J = 7.2 

Hz, 2 H), 3.80 (d, J = 9.6 Hz, 1 H), 3.55 - 3.37(m, 2 H), 1.24 (t, J = 7.2 Hz, 3 H), 1.00 (t, J = 7.2 

Hz, 3 H) ppm.

(R)-10s: 96% yield; [α]D
20 -14.0 (c 1.98, CHCl3); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, tmajor = 20.75 min, tminor = 46.50 min, 96% ee.

(S)-10s: 97% yield; [α]D
20 +15.4 (c 1.75, CHCl3); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, tmajor = 46.45 min, tminor = 20.47 min, 92% ee.

Diethyl 2-(1-phenyl-3-oxo-3-(4-fluorophenyl) propyl)malonate (10t)

White solid; m.p. 68.6-69.7 ºC; IR (KBr): ν 2982, 2930, 1729, 1689, 

1597, 1507, 1254, 1230, 1156, 1031, 840, 699 cm-1; 1H NMR (CDCl3, 

400 MHz): δ 7.95 - 7.91 (m, 2 H), 7.25 - 7.06 (m, 7 H), 4.26 - 4.12 (m, 

3 H), 3.98 - 3.93(q, J = 7.2 Hz, 2 H), 3.81 (d, J = 9.6 Hz, 1 H), 3.55 - 

3.37(m, 2 H), 1.24 (t, J = 7.2 Hz, 3 H), 1.01 (t, J = 7.2 Hz, 3 H) ppm.

(R)-10t: 99% yield; [α]D
20 -16.4 (c 1.78, CHCl3); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, tmajor = 17.74 min, tminor = 39.34 min, 95% ee.

(S)-10t: 99% yield; [α]D
20 +14.7 (c 1.95, CHCl3); chiral HPLC Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm, tmajor = 39.44 min, tminor = 17.57 min, 90% ee.
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6. Spectra of organocatalysts 5-7
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7. Spectra of new compounds of Michael adducts

Michael adducts 10a, 10c, 10e, 10h, 10j, 10n, 10o, 10p, 10q, 10r, 10s and 10t are known 

compounds, and their spectra are in accordance with those reported in the literature.
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1H NMR of 10d
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1H NMR of 10f
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1H NMR of 10i
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1H NMR of 10k
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1H NMR of 10l
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1H NMR of 10m

13C NMR of 10m
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8. Copies of HPLC analysis

Enantiomeric excesses of Michael adducts were determined by HPLC analysis using chiral 

column (φ 4.6 mm × 250 mm, DAICEL CHIRALPAK AD-H).

HPLC data of Michael Reaction

10a

COOEt

EtOOC

O

Diethyl 2-(3-oxo-1, 3-diphenylpropyl)malonate (10a). Chiralpak AD-H column, n-hexane/i-

PrOH = 80:20, 1.0 mL/min, 254 nm. 

0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0 22.0 24.0 26.0 28.0 30.0 32.0 35.1
0

250

500

750

1,200 111 #15 [℃ cmadmin℃ ℃ ] exp4-14Cat95h 10%/℃ ℃ ℃ /2mlMeCN/℃ ℃ ℃ ℃ ℃ ℃ ℃ /℃ ℃ ℃ ℃ ℃ ℃ Michael℃ ℃ ℃ ℃ ℃ ℃ ℃ ℃ ℃ -AD 80:20 1ml/min UV_VIS_4
mAU

min

1 - 16.650

2 - 29.533

WVL:254 nm

No. Peakname

Ret.Tim

e

min

Area

mAU*min
Amount Type

Height

mAU

Rel.Area

%
Resolution

1 n.a. 16.650 413.9912 n.a. BMB 855.070 48.61 11.95

2 n.a. 29.533 437.6329 n.a. BMB 501.193 51.39 n.a.

Total

:
851.6241 0.0000 1356.263 100.00

(R)-10a

5.4 8.0 10.0 12.0 14.0 16.0 18.0 20.0 22.0 24.0 26.0 28.0 30.0 31.7
-20.5

0.0

12.5

25.0

37.5

49.2 111 #324 [℃ cmadmin℃ ℃ ] exp8-20-1 cat g/NaOH/CHCl3 0.5ml/-20℃ ℃ ℃ ℃ ℃ ℃ /℃ ℃ ℃ ℃ ℃ ℃ Michael℃ ℃ ℃ ℃ ℃ ℃ ℃ ℃ -AD 80:20 1ml/min UV_VIS_4
mAU

min

1 - 15.358

2 - 29.275

WVL:254 nm

No. Peakname

Ret.Tim

e

min

Area

mAU*min
Amount Type

Height

mAU

Rel.Area

%
Resolution

1 n.a. 15.358 20.4152 n.a. BMB* 53.787 97.09 16.78
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2 n.a. 29.275 0.6128 n.a. BMB* 0.950 2.91 n.a.

Total

:

21.0279 0.0000 54.737 100.00

(S)-10a

10b
COOEt

EtOOC

O

H3C

Diethyl 2-(1-(3-methylphenyl)-3-oxo-3-phenylpropyl)malonate (10b). Chiralpak AD-H column, 

n-hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm. 

8.6 10.0 11.0 12.0 13.0 14.0 15.0 16.0 17.0 18.0 19.0 20.0 21.0 22.0 23.0 24.0 25.0 26.3
-6.3

12.5

25.0

37.5

59.6 111 #175 [℃ cmadmin℃ ℃ ] exp7-20-1 Na2CO3/DCM 1.5ml/℃ ℃ ℃ ℃ ℃ ℃ ℃ ℃ ℃ ℃ /℃ ℃ ℃ ℃ ℃ ℃ Michael℃ ℃ ℃ ℃ -AD 80:20 1ml/min UV_VIS_4
mAU

min

1 - 13.208

2 - 18.258

WVL:254 nm

No. Peakname

Ret.Tim

e

min

Area

mAU*min
Amount Type

Height

mAU

Rel.Area

%
Resolution

1 n.a. 13.208 15.6786 n.a. BMB 46.211 50.80 8.13

2 n.a. 18.258 15.1855 n.a. BMB 33.372 49.20 n.a.

Total

:
30.8642 0.0000 79.583 100.00

(R)-10b
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7.4 8.0 9.0 10.0 11.0 12.0 13.0 14.0 15.0 16.0 17.0 18.0 19.5
-54

100

200

292 111 #323 [℃ cmadmin℃ ℃ ] exp8-20-2 cat g/NaOH/CHCl3 0.5ml/-20℃ ℃ ℃ ℃ ℃ ℃ ℃ ℃ ℃ /℃ ℃ ℃ ℃ ℃ ℃ Michael℃ ℃ ℃ ℃ ℃ ℃ ℃ ℃ ℃ ℃ ℃ -AD 80:20 1ml/min UV_VIS_4
mAU

min

1 - 12.117

2 - 17.958

WVL:254 nm

(S)-10b

10c
COOEt

EtOOC

O

CH3

Diethyl 2-(1-(4-methylphenyl)-3-oxo-3-phenylpropyl)malonate (10c). Chiralpak AD-H column, 

n-hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm. 

No. Peakname

Ret.Tim

e

min

Area

mAU*min
Amount Type

Height

mAU

Rel.Area

%
Resolution

1 n.a. 12.117 168.5480 n.a. BMB 518.781 95.90 9.69

2 n.a. 17.958 7.2021 n.a. BMB* 16.560 4.10 n.a.

Total: 175.7500 0.0000 535.341 100.00
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9.8 12.0 14.0 16.0 18.0 20.0 22.0 24.0 26.0 28.0 30.0 32.0 34.0 36.0 38.0 39.8
1.2

25.0

37.5

50.0

70.2 111 #176 [℃ cmadmin℃ ℃ ] exp7-20-2 Na2CO3/DCM 1.5ml/℃ ℃ ℃ ℃ ℃ ℃ ℃ ℃ ℃ ℃ /℃ ℃ ℃ ℃ ℃ ℃ Michael℃ ℃ ℃ ℃ -AD 80:20 1ml/min UV_VIS_4
mAU

min

1 - 17.350

2 - 30.858

WVL:254 nm

No. Peakname

Ret.Tim

e

min

Area

mAU*min
Amount Type

Height

mAU

Rel.Area

%
Resolution

1 n.a. 17.350 23.4333 n.a. BMB 53.731 49.82 14.29

2 n.a. 30.858 23.6072 n.a. BMB 30.108 50.18 n.a.

Total

:
47.0405 0.0000 83.839 100.00

(R)-10c

13.7 15.0 16.0 17.0 18.0 19.0 20.0 21.0 22.0 23.0 24.0 25.0 26.0 27.0 28.0 29.0 30.0 31.3
-19.2

0.0

12.5

25.0

44.2 111 #324 [℃ cmadmin℃ ℃ ] exp8-20-1 cat g/NaOH/CHCl3 0.5ml/-20℃ ℃ ℃ ℃ ℃ ℃ /℃ ℃ ℃ ℃ ℃ ℃ Michael℃ ℃ ℃ ℃ ℃ ℃ ℃ ℃ -AD 80:20 1ml/min UV_VIS_4
mAU

min

1 - 15.358

2 - 29.275

WVL:254 nm

No. Peakname

Ret.Tim

e

min

Area

mAU*min
Amount Type

Height

mAU

Rel.Area

%
Resolution

1 n.a. 15.358 20.4152 n.a. BMB* 53.787 97.09 16.78

2 n.a. 29.275 0.6128 n.a. BMB* 0.950 2.91 n.a.

Total

:
21.0279 0.0000 54.737 100.00

(S)-10c



41

10d

COOEt

EtOOC

OH3CO

Diethyl 2-(1-(2-methoxyphenyl)-3-oxo-3-phenylpropyl)malonate (10d). Chiralpak AD-H 

column, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm. 

(R)-10d

8.69 9.00 9.50 10.00 10.50 11.00 11.50 12.00 12.50 13.00 13.50 13.78
-37

0

50

100

152 111 #326 [℃ cmadmin℃ ℃ ] exp8-20-4 cat g/NaOH/CHCl3 0.5ml/-20℃ ℃ ℃ ℃ ℃ ℃ ℃ ℃ ℃ ℃ /℃ ℃ ℃ ℃ ℃ ℃ Michael℃ ℃ ℃ ℃ -AD 80:20 1ml/min UV_VIS_4
mAU

min

1 - 10.475

2 - 13.017

WVL:254 nm

No. Peakname

Ret.Tim

e

min

Area

mAU*min
Amount Type

Height

mAU

Rel.Area

%
Resolution

1 n.a. 10.475 15.3548 n.a. BMB 56.765 95.81 5.86

2 n.a. 13.025 0.6715 n.a. BMB 2.543 4.19 n.a.

Total
16.0262 0.0000 59.308 100.00
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(S)-10d

10e

COOEt

EtOOC

O

OCH3

Diethyl 2-(1-(4-methoxyphenyl)-3-oxo-3-phenylpropyl)malonate (10e). Chiralpak AD-H 

column, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm. 

13.4 20.0 25.0 30.0 35.0 40.0 45.0 50.0 55.0 60.0 65.0 70.0 75.0 81.0
-5.8

10.0

20.0

34.9 111 #168 [℃ cmadmin℃ ℃ ] exp7-20-4 Na2CO3/DCM 1.5ml/℃ ℃ ℃ ℃ ℃ ℃ ℃ ℃ ℃ ℃ ℃ /℃ ℃ ℃ ℃ ℃ ℃ Michael℃ ℃ ℃ ℃ -AD 80:20 1ml/min UV_VIS_4
mAU

min

1 - 28.217

2 - 66.983

WVL:254 nm

No. Peakname

Ret.Tim

e

min

Area

mAU*min
Amount Type

Height

mAU

Rel.Area

%
Resolution

1 n.a. 28.217 24.7966 n.a. BMB 34.088 51.17 20.13

2 n.a. 66.983 23.6616 n.a. BMB 13.962 48.83 n.a.

Total

:
48.4581 0.0000 48.050 100.00

(R)-10e

:
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(S)-10e

10f

COOEt

EtOOC

OF3C

Diethyl 2-(1-(2-trifluoromethylphenyl)-3-oxo-3-phenylpropyl)malonate (10f). Chiralpak AD-

H column, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm. 
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4.1 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0 15.0 16.0 17.0 18.0 19.4
-9

50

100

150

200

248 111 #178 [℃ cmadmin℃ ℃ ] exp7-20-5 Na2CO3/DCM 1.5ml/℃ ℃ ℃ ℃ ℃ ℃ ℃ ℃ ℃ ℃ ℃ ℃ /℃ ℃ ℃ ℃ ℃ ℃ Michael℃ ℃ ℃ ℃ -AD 80:20 1ml/min UV_VIS_4
mAU

min

1 - 8.492

2 - 14.008

WVL:254 nm

No. Peakname

Ret.Tim

e

min

Area

mAU*min
Amount Type

Height

mAU

Rel.Area

%
Resolution

1 n.a. 8.492 45.4058 n.a. BMB 194.270 50.69 11.92

2 n.a. 14.008 44.1640 n.a. BMB 124.071 49.31 n.a.

Total

:
89.5698 0.0000 318.341 100.00

(R)-10f

5.9 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0 15.0 16.0 17.5
-44

100

200

300

444 111 #328 [℃ cmadmin℃ ℃ ] exp8-20-6 cat g/NaOH/CHCl3 0.5ml/-20℃ ℃ ℃ ℃ ℃ ℃ ℃ ℃ ℃ ℃ ℃ /℃ ℃ ℃ ℃ ℃ ℃ Michael℃ ℃ ℃ ℃ -AD 80:20 1ml/min UV_VIS_4
mAU

min

1 - 8.317

2 - 14.267

WVL:254 nm

No. Peakname

Ret.Tim

e

min

Area

mAU*min
Amount Type

Height

mAU

Rel.Area

%
Resolution

1 n.a. 8.317 93.7649 n.a. BMB 412.909 96.38 13.07

2 n.a. 14.267 3.5253 n.a. BMB* 10.290 3.62 n.a.

Total

:
97.2902 0.0000 423.199 100.00

(S)-10f
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10g

COOEt

EtOOC

O

CF3

Diethyl 2-(1-(4-trifluoromethylphenyl)-3-oxo-3-phenylpropyl)malonate (10g). Chiralpak AD-

H column, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm. 

8.3 10.0 12.0 14.0 16.0 18.0 20.0 22.0 24.0 26.0 28.0 30.0 32.0 34.0 36.0 38.1
-9

50

100

150

199 111 #169 [℃ cmadmin℃ ℃ ] exp7-20-6 Na2CO3/DCM 1.5ml/℃ ℃ ℃ ℃ ℃ ℃ ℃ ℃ ℃ ℃ ℃ ℃ /℃ ℃ ℃ ℃ ℃ ℃ Michael℃ ℃ ℃ ℃ -AD 80:20 1ml/min UV_VIS_4
mAU

min

1 - 15.842

2 - 32.300

WVL:254 nm

No. Peakname

Ret.Tim

e

min

Area

mAU*min
Amount Type

Height

mAU

Rel.Area

%
Resolution

1 n.a. 15.842 66.7600 n.a. BMB 166.843 50.07 17.58

2 n.a. 32.300 66.5778 n.a. BMB 83.403 49.93 n.a.

Total

:
133.3379 0.0000 250.247 100.00

(R)-10g

(S)-10g
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10h
COOEt

EtOOC

OCl

Diethyl 2-(1-(2-chlorophenyl)-3-oxo-3-phenylpropyl)malonate (10h). Chiralpak AD-H column, 

n-hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm. 

8.9 10.0 11.0 12.0 13.0 14.0 15.0 16.0 17.0 18.0 19.0 20.0 21.0 22.0 23.0 24.0 25.0 26.0 27.0 28.4
-12

25

50

75

115 111 #170 [℃ cmadmin℃ ℃ ] exp7-20-7 Na2CO3/DCM 1.5ml/℃ ℃ ℃ ℃ ℃ ℃ ℃ ℃ ℃ /℃ ℃ ℃ ℃ ℃ ℃ Michael℃ ℃ ℃ ℃ -AD 80:20 1ml/min UV_VIS_4
mAU

min

4 - 13.408

5 - 24.692

WVL:254 nm

No. Peakname

Ret.Tim

e

min

Area

mAU*min
Amount Type

Height

mAU

Rel.Area

%
Resolution

1 n.a. 13.408 26.7492 n.a. BMB 79.931 50.07 15.28

2 n.a. 24.692 26.6727 n.a. BMB 43.569 49.93 n.a.

Total

:
53.4220 0.0000 123.499 100.00

(R)-10h
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(S)-10h

10i

COOEt

EtOOC

O

Cl

Diethyl 2-(1-(3-chlorophenyl)-3-oxo-3-phenylpropyl)malonate (10i). Chiralpak AD-H column, 

n-hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm. 

11.5 13.0 14.0 15.0 16.0 17.0 18.0 19.0 20.0 21.0 22.0 23.0 24.0 25.0 25.9
-14

50

100

150

198 111 #171 [℃ cmadmin℃ ℃ ] exp7-20-8 Na2CO3/DCM 1.5ml/℃ ℃ ℃ ℃ ℃ ℃ ℃ ℃ ℃ /℃ ℃ ℃ ℃ ℃ ℃ Michael℃ ℃ ℃ ℃ -AD 80:20 1ml/min UV_VIS_4
mAU

min

1 - 17.150

2 - 19.133

WVL:254 nm

No. Peakname Ret.Tim Area Amount Type Height Rel.Area Resolution
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e

min

mAU*min mAU %

1 n.a. 17.150 74.7607 n.a. BMB 176.692 49.94 2.82

2 n.a. 19.133 74.9432 n.a. BMB 158.639 50.06 n.a.

Total

:
149.7039 0.0000 335.331 100.00

(R)-10i

4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0 15.0 16.0 17.0 18.0 18.9
-62

100

200

300

403 111 #331 [℃ cmadmin℃ ℃ ] exp8-20-9 cat g/NaOH/CHCl3 0.5ml/-20℃ ℃ ℃ ℃ ℃ ℃ ℃ ℃ /℃ ℃ ℃ ℃ ℃ ℃ Michael℃ ℃ ℃ ℃ -AD 80:20 1ml/min UV_VIS_4
mAU

min

1 - 14.642

2 - 17.733

WVL:254 nm

No. Peakname

Ret.Tim

e

min

Area

mAU*min
Amount Type

Height

mAU

Rel.Area

%
Resolution

1 n.a. 14.642 145.4153 n.a. BMB 359.866 95.82 4.70

2 n.a. 17.733 6.3423 n.a. BMB* 15.061 4.18 n.a.

Total

:
151.7577 0.0000 374.927 100.00

(S)-10i
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10j

COOEt

EtOOC

O

Cl

Diethyl 2-(1-(4-chlorophenyl)-3-oxo-3-phenylpropyl)malonate (10j). Chiralpak AD-H column, 

n-hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm. 

15.8 18.0 20.0 22.0 24.0 26.0 28.0 30.0 32.0 34.0 36.0 38.0 40.0 42.0 44.0 46.0 47.6
-2

25

50

75

119 111 #172 [℃ cmadmin℃ ℃ ] exp7-20-9 Na2CO3/DCM 1.5ml/℃ ℃ ℃ ℃ ℃ ℃ ℃ ℃ ℃ /℃ ℃ ℃ ℃ ℃ ℃ Michael℃ ℃ ℃ ℃ -AD 80:20 1ml/min UV_VIS_4
mAU

min

1 - 19.767

2 - 43.133

WVL:254 nm

No. Peakname
Ret.Time

min

Area

mAU*min
Amount Type

Height

mAU

Rel.Area

%
Resolution

1 n.a. 19.767 44.9388 n.a. BMB 91.879 50.02 18.28

2 n.a. 43.133 44.8956 n.a. BMB 39.407 49.98 n.a.

Total

:
89.8344 0.0000 131.286 100.00

(R)-10j

(S)-10j
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10k
COOEt

EtOOC

O

Br

Diethyl 2-(1-(3-bromophenyl)-3-oxo-3-phenylpropyl)malonate (10k). Chiralpak AD-H column, 

n-hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm. 

11.4 13.0 14.0 15.0 16.0 17.0 18.0 19.0 20.0 21.0 22.0 23.0 24.0 25.0 26.0 26.9
-2

25

50

75

100

129 111 #173 [℃ cmadmin℃ ℃ ] exp7-20-10 Na2CO3/DCM 1.5ml/℃ ℃ ℃ ℃ ℃ ℃ ℃ ℃ ℃ /℃ ℃ ℃ ℃ ℃ ℃ Michael℃ ℃ ℃ ℃ -AD 80:20 1ml/min UV_VIS_4
mAU

min

1 - 16.400

2 - 18.433

WVL:254 nm

No. Peakname

Ret.Tim

e

min

Area

mAU*min
Amount Type

Height

mAU

Rel.Area

%
Resolution

1 n.a. 16.400 46.2073 n.a. BMB 110.896 50.47 2.92

2 n.a. 18.433 45.3432 n.a. BMB 96.528 49.53 n.a.

Total

:
91.5505 0.0000 207.424 100.00

(R)-10k

4.8 6.0 7.0 8.0 9.0 10.0 11.0 12.0 13.0 14.0 15.0 16.0 17.0 18.0 19.4
-53

100

200

353 111 #332 [℃ cmadmin℃ ℃ ] exp8-20-11 cat g/NaOH/CHCl3 0.5ml/-20℃ ℃ ℃ ℃ ℃ ℃ ℃ ℃ /℃ ℃ ℃ ℃ ℃ ℃ Michael℃ ℃ ℃ ℃ -AD 80:20 1ml/min UV_VIS_4
mAU

min

1 - 14.733

2 - 17.808

WVL:254 nm

No. Peakname

Ret.Tim

e

min

Area

mAU*min
Amount Type

Height

mAU

Rel.Area

%
Resolution

1 n.a. 14.733 117.3051 n.a. BMB 297.215 94.87 4.67

2 n.a. 17.808 6.3473 n.a. BMB* 14.733 5.13 n.a.

Total 123.6524 0.0000 311.947 100.00
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:

(S)-10k

10l

COOEt

EtOOC

O

Br

Diethyl 2-(1-(4-bromophenyl)-3-oxo-3-phenylpropyl)malonate (10l). Chiralpak AD-H column, 

n-hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm. 

13.6 16.0 18.0 20.0 22.0 24.0 26.0 28.0 30.0 32.0 34.0 36.0 38.0 40.0 42.0 44.0 46.0 48.6
-1.8

12.5

25.0

37.5

50.0

69.5 111 #174 [℃ cmadmin℃ ℃ ] exp7-20-11 Na2CO3/DCM 1.5ml/℃ ℃ ℃ ℃ ℃ ℃ ℃ ℃ ℃ /℃ ℃ ℃ ℃ ℃ ℃ Michael℃ ℃ ℃ ℃ -AD 80:20 1ml/min UV_VIS_4
mAU

min

1 - 20.817

2 - 45.317

WVL:254 nm

No. Peakname

Ret.Tim

e

min

Area

mAU*min
Amount Type

Height

mAU

Rel.Area

%
Resolution

1 n.a. 20.817 30.8878 n.a. BMB 57.525 50.42 18.43

2 n.a. 45.317 30.3714 n.a. BMB 26.342 49.58 n.a.

Total

:
61.2592 0.0000 83.867 100.00

(R)-10l
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(S)-10l

10m
COOEt

EtOOC

O

F

Diethyl 2-(1-(4-fluorophenyl)-3-oxo-3-phenylpropyl)malonate (10m). Chiralpak AD-H column, 

n-hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm. 
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(R)-10m

(S)-10m

10n
COOEt

EtOOC

O
O

Diethyl 2-(1-(furan-2-yl)-3-oxo-3-phenylpropyl)malonate (10n). Chiralpak AD-H column, n-

hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm. 
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(R)-10n

(S)-10n
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10o
COOEt

EtOOC

O

Diethyl 2-(1-(naphthalen-1-yl)-3-oxo-3-phenylpropyl)malonate (10o). Chiralpak AD-H column, 

n-hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm. 

10p
COOEt

EtOOC

O

CH3

Diethyl 2-(1-phenyl-3-oxo-3-(4-methylphenyl) propyl)malonate (10p). Chiralpak AD-H 

column, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm. 
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(R)-10p

(S)-10p

10q
COOEt

EtOOC

O

OCH3

Diethyl 2-(1-phenyl-3-oxo-3-(4-methoxyphenyl) propyl)malonate (10q). Chiralpak AD-H 

column, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm. 
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(R)-10q

(S)-10q
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10r
COOEt

EtOOC

O

CF3

Diethyl 2-(1-phenyl-3-oxo-3-(4-trifluoromethylphenyl) propyl)malonate (10r). Chiralpak AD-

H column, n-hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm. 

(R)-10r

(S)-10r
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10s
COOEt

EtOOC

O

Cl

Diethyl 2-(1-phenyl-3-oxo-3-(4-chlorophenyl) propyl)malonate (10s). Chiralpak AD-H column, 

n-hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm. 

(R)-10s

(S)-10s
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10t
COOEt

EtOOC

O

F

Diethyl 2-(1-phenyl-3-oxo-3-(4-fluorophenyl) propyl)malonate (10t). Chiralpak AD-H column, 

n-hexane/i-PrOH = 80:20, 1.0 mL/min, 254 nm. 

(R)-10t
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(S)-10t


