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1. General methods

1H and 13C NMR spectra were recorded on Varian 400 MHz spectrometers. Chemical shifts (δ) 

are reported in ppm and calibrated from residual solvent signal. Coupling constants (J) are given 

in Hz. ESI-HRMS spectrometer was measured with a Bruker Daltonics LCQDECA
 
ion trap mass 

spectrometer. Enantiomeric excess was determined by HPLC analysis on Daicel Chiralpak AS-H, 

AD-H, OD-H, OJ-H and IC columns in comparison with the authentic racemates. Optical rotation 

data were recorded on Rudolph Autopol I automatic polarimeter. Commercial grade solvents were 

dried and purified by standard procedures. All other reagents were purchased from commercial 

sources and were used without further purification. PE = petroleum ether.

2. Table S1 Optimization of reaction conditions.a

Ph Me

O

Ph OEt

OO

+

(R, R)-DPEN (20 mol%)
additive (30 mol%)
solvent, rt, 120 h

2f1b

O

Ph

OEtO

Ph

6a
Entry Additive Solvent Yield (%)b drc ee (%)d

1e SA DCE 95 52/48 91/82
2 SA DCE 90 60/40 91/94
3 TFA DCE 96 61/39 94/94
4 BA DCE 83 58/42 82/95
5 o-Phthalic acid DCE 93 55/45 90/91
6 OFBA DCE 91 55/45 92/93
7 TFA THF 92 55:45 92/96
8 TFA CHCl3 97 77:23 96/97
9 TFA MeOH 96 72:28 82/95
10 TFA EtOH 98 58:42 90/94

a Unless otherwise noted, the reaction was performed with 0.2 mmol of 1b, 0.4 mmol of malonate 2f, 20 mol% (R, 

R)-DPEN, 30 mol% additive in 1 mL of solvent at room temperature for 120 h. TFA = trifluoroacetic acid, BA = 

benzoic acid, OFBA = o-fluorobenzoic acid, SA = salicylic acid. b Isolated yield after flash chromatography on 

silica gel. c Diastereomeric ratio (dr) was determined by 1H NMR analysis of the crude mixture. d Determined by 

chiral stationary-phase HPLC. e Carried out with 40 mol% of SA.

http://www.instrument.com.cn/netshow/SH100150/C121743.htm
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3. General procedure for synthesis of racemic adducts 3 and 5 

Enone (0.20 mmol) and K2CO3 (27.6 mg, 0.2 mmol) were dissolved in EtOH (1 mL). Malonate 2 

(2 mmol) was added, and reaction stirred at room temperature until completion (monitored by 

TLC). The mixture was directly purified by flash chromatography (eluents from PE/ EtOAc) to 

give racemic products.

4. General procedure for the asymmetric Michael reaction of cinnamones

DPEN (8.5 mg, 0.04 mmol), cinnamones 1 (0.2 mmol), malonate 2 (4.0 mmol), and o-phthalic 

acid (13.3 mg, 0.08 mmol) were dissolved in ethanol (1 mL). After stirred at rt for 168 h, the 

reaction mixture was purified by flash chromatography on silica gel (PE/EtOAc).

Diethyl 2-(1-(naphthalen-2-yl)-3-oxobutyl)malonate (3aa):22 TLC 

(PE/EtOAc = 10:1); yellow oil; 95% yield, 94% ee; HPLC: AS-H 

column, hexane/i-propanol (90/10), 1.0 mL/min, UV 210 nm, tmajor = 

13.103 min, tminor = 16.187 min; [α]D
25 = +5.9° (c = 0.538, CHCl3); 1H NMR (CDCl3, 400 MHz): δ 

= 7.78-7.76 (m, 3H), 7.70 (s, 1H), 7.46-7.39 (m, 3H), 4.20 (q, J = 7.2 Hz, 2H), 4.17-4.13 (m, 1H), 

3.93-3.87 (m, 2H), 3.81 (d, J = 10.0 Hz, 1H), 3.03 (d, J = 6.8 Hz, 2H), 2.02 (s, 3H), 1.25 (t, J = 7.2 

Hz, 3H), 0.93 (t, J = 7.2 Hz, 3H).

Diethyl 2-(3-oxo-1-phenylbutyl)malonate (3ab):8a TLC (PE/EtOAc = 

10:1); yellow oil; 75% yield, 91% ee; HPLC: AD-H column, hexane/i-

propanol (80/20), 1.0 mL/min, UV 254 nm, tminor = 6.187 min, tmajor = 8.570 

min; [α]D
25 = +11.4° (c = 0.792, CHCl3); 1H NMR (CDCl3, 400 MHz) δ = 

7.29-7.23 (m, 4H), 7.21-7.18 (m, 1H), 4.19 (q, J = 7.1 Hz, 2H), 3.99-3.97 (m, 1H), 3.94 (q, J = 7.2 

Hz, 2H), 3.69 (d, J = 9.6 Hz, 1H), 2.96 (ABX, JAB = 16.4 Hz, JBX = 5.2 Hz, 1H), 2.91 (ABX, JAB 

= 16.6 Hz, JAX = 8.6 Hz, 1H), 2.02 (s, 3H), 1.25 (t, J = 7.2 Hz, 3H), 1.01 (t, J = 7.2 Hz, 3H).

Diethyl 2-(1-(4-fluorophenyl)-3-oxobutyl)malonate (3ac): TLC 

(PE/EtOAc = 15:1); yellow oil; 99% yield, 95% ee; HPLC: AD-H 

column, hexane/i-propanol (80/20), 1.0 mL/min, UV 210 nm, tminor = 

6.983 min, tmajor = 12.983 min; [α]D
25 = +18.0° (c = 1.276, CHCl3); 1H 

NMR (CDCl3, 400 MHz) δ = 7.20 (dd, J = 8.6, 5.4 Hz, 2H), 6.93 (t, J = 8.8 Hz, 2H), 4.16 (dq, J  
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= 7.2, 1.2 Hz, 2H), 3.96-3.91 (m, 3H), 3.64 (d, J = 10.0 Hz, 2H), 2.93 (ABX, JAB = 17.0 Hz, JBX = 

4.6 Hz, 1H), 2.86 (ABX, JAB = 17.0 Hz, JAX = 8.2 Hz, 1H), 2.00 (s, 3H), 1.23 (t, J = 7.2 Hz, 3H), 

1.01 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ = 205.7, 167.9, 167.5, 161.7 (d, 1JCF = 

244.2 Hz), 136.1 (d, 3JCF = 13.2 Hz), 129.7 (d, 4JCF = 8.0 Hz), 115.2 (d, 2JCF = 21.2 Hz), 61.6, 61.3, 

57.2, 47.3, 39.6, 30.2, 13.9, 13.7; ESI-HRMS: m/z [M+H]+ calcd for C17H22FO5 325.1446; found 

325.1448.

Diethyl 2-(1-(2-chlorophenyl)-3-oxobutyl)malonate (3ad): TLC 

(PE/EtOAc = 15:1); yellow oil; 99% yield, 96% ee; HPLC: AD-H column, 

hexane/i-propanol (80/20), 1.0 mL/min, UV 210 nm, tminor = 6.577 min, 

tmajor = 12.770 min; [α]D
25 = +12.9° (c = 0.448, CHCl3); 1H NMR (CDCl3, 

400 MHz) δ = 7.33 (dd, J = 7.6, 1.2 Hz, 1H), 7.25 (dd, J = 7.2, 1.2 Hz, 1H), 7.17 (dt, J = 7.6, 1.2 

Hz, 1H), 7.13 (dt, J = 7.4, 1.6 Hz, 1H), 4.43 (pseudo q, J = 7.5 Hz,2H), 4.18-4.11 (m, 2H), 4.00 (q, 

J = 7.2 Hz, 2H), 3.94 (d, J = 9.2 Hz, 1H), 3.07 (ABX, JAB = 17.0 Hz, JBX = 7.8 Hz, 1H), 3.15 

(ABX, JAB = 17.0 Hz, JAX = 5.4 Hz, 1H), 2.06 (s, 3H), 1.21 (t, J = 7.2 Hz, 3H), 1.07 (t, J = 7.2 Hz, 

3H); 13C NMR (100 MHz, CDCl3): δ = 205.9, 168.0, 167.6, 137.7, 133.9, 130.0, 129.3, 128.3, 

126.8, 61.5, 61.4, 55.1, 45.5, 36.9, 29.9, 13.9, 13.7; ESI-HRMS: m/z [M+H]+ calcd for 

C17H22
35ClO5 341.1150; found 341.1158; calcd for C17H22

37ClO5 343.1121; found 343.1127.

Diethyl 2-(1-(3-chlorophenyl)-3-oxobutyl)malonate (3ae): TLC 

(PE/EtOAc = 15:1); yellow oil; 99% yield, 94% ee; HPLC: AD-H 

column, hexane/i-propanol (90/10), 1.0 mL/min, UV 254 nm, tminor = 

9.967 min, tmajor = 12.463 min; [α]D
25 = +14.9° (c = 1.258, CHCl3); 1H 

NMR (CDCl3, 400 MHz) δ = 7.23 (s, 1H), 7.21-7.14 (m, 3H), 4.18 (q, J = 7.2 Hz, 2H), 3.98 (q, J 

= 7.2 Hz, 2H), 3.95-3.92 (m, 1H), 3.66 (d, J = 9.6 Hz, 1H), 2.97 (ABX, JAB = 17.2 Hz, JBX = 4.8 

Hz, 1H), 2.90 (ABX, JAB = 17.0 Hz, JAX = 9.0 Hz, 1H), 2.05 (s, 3H), 1.25 (t, J = 7.2 Hz, 3H), 1.05 

(t, J = 7.0 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ = 205.4, 167.9, 167.4, 142.6, 134.1, 129.6, 

128.2, 127.3, 126.5, 61.7, 61.4, 56.9, 46.9, 39.8, 30.2, 13.9, 13.7; ESI-HRMS: m/z [M+H]+ calcd 

for C17H22
35ClO5 341.1150; found 341.1158; calcd for C17H22

37ClO5 343.1121; found 341.1128.

Diethyl 2-(1-(4-chlorophenyl)-3-oxobutyl)malonate (3af):2b TLC 

(PE/EtOAc = 15:1); yellow oil; 99% yield, 95% ee; HPLC: AD-H 
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column, hexane/i-propanol (80/20), 1.0 mL/min, UV 210 nm, tminor = 9.573 min, tmajor = 13.543 

min; [α]D
25 = +12.9° (c = 0.448, CHCl3); 1H NMR (CDCl3, 400 MHz) δ = 7.22 (d, J = 8.4 Hz, 2H), 

7.17 (d, J = 8.4 Hz, 2H), 4.17 (pseudo q, J = 7.1 Hz, 2H), 3.95 (q, J = 7.1 Hz, 2H), 3.92-3.90 (m, 

1H), 3.64 (d, J = 9.6 Hz, 1H), 2.94 (ABX, JAB= 17.0 Hz, JBX = 4.6 Hz, 1H), 2.86 (ABX, JAB= 17.0 

Hz, JAX = 9.0 Hz, 1H), 2.01 (s, 3H), 1.23 (t, J = 7.0 Hz, 3H), 1.03 (t, J = 7.0 Hz, 3H).

Diethyl 2-(1-(4-bromophenyl)-3-oxobutyl)malonate (3ag):2b TLC 

(PE/EtOAc = 15:1); yellow oil; 70% yield, 93% ee; HPLC: AD-H 

column, hexane/i-propanol (80/20), 1.0 mL/min, UV 254 nm, tminor = 

7.467 min, tmajor = 10.760 min; [α]D
25 = +12.2° (c = 0.574, CHCl3); 1H 

NMR (CDCl3, 400 MHz) δ = 7.37 (d, J = 8.4 Hz, 2H), 7.11 (d, J = 8.4 Hz, 2H),4.16 (dq, J = 7.1, 

2.0 Hz, 2H), 3.94 (q, J = 7.1 Hz, 2H), 3.92-3.89 (m, 1H), 3.64 (d, J = 10.0 Hz, 1H), 2.93 (ABX, 

JAB = 17.2 Hz, JBX = 4.8 Hz, 1H),  2.93 (ABX, JAB = 17.0 Hz, JAX = 9.0 Hz, 1H), 2.01 (s, 3H), 

1.23 (t, J = 7.0 Hz, 3H), 1.02 (t, J = 7.0 Hz, 3H).

Diethyl 2-(3-oxo-1-(p-tolyl)butyl)malonate (3ah):2b TLC 

(PE/EtOAc = 15:1); yellow oil; 85% yield, 94% ee; HPLC: AD-H 

column, hexane/i-propanol (90/10), 1.0 mL/min, UV 210 nm, tminor = 

9.710 min, tmajor = 14.570 min; [α]D
25 = +7.3° (c = 0.900, CHCl3); 1H 

NMR (CDCl3, 400 MHz) δ = 7.11 (d, J = 8.0 Hz, 2H), 7.11 (d, J = 8.0 Hz,  2H), 4.17 (q, J = 7.2 

Hz, 2H), 3.94 (q, J = 7.2 Hz, 2H), 3.92-3.88 (m, 1H), 3.65 (d, J = 10.0 Hz, 1H), 2.93 (ABX, JAB = 

16.4 Hz, JBX = 5.2 Hz, 1H), 2.87 (ABX, JAB = 16.4 Hz, JAX = 8.4 Hz, 1H), 2.27 (s, 3H), 2.00 (s, 

3H), 1.24 (t, J = 7.0 Hz, 3H), 1.02 (t, J = 7.2 Hz, 1H).

Diethyl 2-(1-(4-methoxyphenyl)-3-oxobutyl)malonate (3ai):2b 

TLC (PE/EtOAc = 15:1); yellow oil; 92% yield, 96% ee; HPLC: 

AD-H column, hexane/i-propanol (80/20), 1.0 mL/min, UV 254 

nm, tminor = 6.520 min, tmajor = 12.493 min; [α]D
25 = +1.4° (c = 

0.702, CHCl3); 1H NMR (CDCl3, 400 MHz) δ = 7.14 (d, J = 8.4 Hz, 2H), 6.78 (d, J = 8.4 Hz, 2H), 

4.17 (pseudo q, J = 7.2 Hz,2H), 3.93 (q, J = 7.2 Hz, 2H), 3.89-3.87 (m, 1H), 3.74 (s, 3H), 3.63 (d, 

J = 10.0 Hz, 1H), 2.90 (ABX, JAB = 16.8 Hz, JBX = 5.2 Hz, 1H), 2.90 (ABX, JAB = 16.8 Hz, JBX = 

9.2 Hz, 1H), 2.00 (s, 3H), 1.24 (t, J = 7.2 Hz, 3H), 1.02 (t, J = 7.2 Hz, 1H).
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Diethyl 2-(1-(naphthalen-1-yl)-3-oxobutyl)malonate (3aj):22 TLC 

(PE/EtOAc = 15:1); yellow oil; 97% yield, 96% ee; HPLC: AD-H column, 

hexane/i-propanol (80/20), 1.0 mL/min, UV 254 nm, tminor = 6.980 min, 

tmajor = 9.190 min; [α]D
25 = -3.9° (c = 0.134, CHCl3); 1H NMR (CDCl3, 400 

MHz) δ = 8.31 (d, J = 8.4 Hz, 1H), 7.82 (d, J = 8.4 Hz, 1H), 7.72-7.70 (m, 

1H), 7.57 (t, J = 7.2 Hz, 1H), 7.47 (t, J = 7.4 Hz, 1H), 7.41-7.38 (m, 2H), 4.95-4.94 (m, 1H), 4.16 

(dq, J = 7.2, 2.0 Hz, 2H), 3.94 (d, J = 8.4 Hz, 1H), 3.85 (q, J = 7.2 Hz, 2H), 3.18 (ABX, JAB = 17.2 

Hz, JBX = 5.6 Hz, 1H), 3.11 (ABX, JAB = 17.4 Hz, JBX = 7.8 Hz, 1H), 2.01 (s, 3H), 1.22 (t, J = 7.2 

Hz, 3H), 0.87 (t, J = 7.2 Hz, 3H). 

Diethyl 2-(1-(furan-2-yl)-3-oxobutyl)malonate (3ak):22 TLC (PE/EtOAc 

= 25:1); yellow oil; 84% yield, 86% ee; HPLC: OJ-H column, hexane/i-

propanol (90/10), 1.0 mL/min, UV 210 nm, tminor = 13.337 min, tmajor = 

16.950 min; [α]D
25 = +3.8° (c = 0.338, CHCl3); 1H NMR (CDCl3, 400 MHz) δ = 7.28 (dd, J = 1.8, 

0.6 Hz, 1H), 6.23 (dd, J = 3.2, 1.6 Hz, 1H), 6.09 (d, J = 3.2 Hz, 1H), 4.17 (q, J = 7.2 Hz, 2H), 4.08 

(q, J = 7.2 Hz, 2H), 4.10-4.05 (m, 1H), 3.76 (d, J = 8.0 Hz, 1H), 2.99 (ABX, JAB = 17.2 Hz, JBX = 

8.8 Hz, 1H), 2.91 (ABX, JAB = 17.2 Hz, JAX = 4.8 Hz, 1H), 2.10 (s, 3H), 1.23 (t, J = 7.2 Hz, 3H), 

1.16 (t, J = 7.0 Hz, 3H).

Diethyl 2-(3-oxo-1-(thiophen-2-yl)butyl)malonate (3al):2b TLC 

(PE/EtOAc = 25:1); yellow oil; 97% yield, 92% ee; HPLC: AD-H column, 

hexane/i-propanol (80/20), 1.0 mL/min, UV 254 nm, tminor = 5.760 min, 

tmajor = 7.150 min; [α]D
25 = +21.5° (c = 0.418, CHCl3); 1H NMR (CDCl3, 400 MHz) δ = 7.12 (d, J 

= 4.8 Hz, 1H), 6.88-6.85 (m, 2H), 4.28 (m, 1H), 4.28 (q, J = 7.2 Hz, 1H), 4.16 (dq, J = 7.2, 1.6 Hz, 

1H), 4.03 (q, J = 7.2 Hz, 2H), 3.72 (d, J = 8.8 Hz, 1H), 2.98 (d, J = 6.4 Hz, 2H), 2.07 (s, 3H), 1.23 

(t, J = 7.0 Hz, 3H), 1.10 (t, J = 7.2 Hz, 3H).

Diethyl 2-(4-oxopentan-2-yl)malonate (3am):2b TLC (PE/EtOAc = 25:1); 

yellow oil; 70% yield, 86% ee; HPLC: IC-H column, hexane/i-propanol 

(80/20), 0.8 mL/min, UV 210 nm, tmajor = 17.050 min,  tminor = 19.150 

min; [α]D
25 = +8.2° (c = 0.316, CHCl3); 1H NMR (CDCl3, 400 MHz) δ = 4.17 (q, J = 7.2 Hz, 4H), 
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3.33 (d, J = 6.8 Hz, 1H), 2.79-2.72 (m, 1H), 2.67 (dd, J = 17.2, 4.4 Hz, 1H), 2.40 (dd, J = 17.0, 8.2 

Hz, 1H), 2.12 (s, 3H), 1.25 (t, J = 7.0 Hz, 6H), 1.00 (d, J = 6.8 Hz, 3H).

Diethyl 2-(2-oxooctan-4-yl)malonate (3an):6b TLC (PE/EtOAc = 20:1); 

yellow oil; 65% yield, 95% ee; HPLC: IC-H column, hexane/i-propanol 

(1/30), 0.8 mL/min, UV 220 nm, tmajor = 10.803 min; tminor = 12.127min ; 

[α]D
25 = +7.4° (c = 0.940, CHCl3); 1H NMR (CDCl3, 400 MHz) δ = 4.17 (q, J = 7.2 Hz, 4H), 3.52 

(d, J = 5.6 Hz, 1H), 2.74 (ABX, JAB = 17.2 Hz, JBX = 5.2 Hz, 1H), 2.66 (pseudo q, J = 6.0 Hz, 1H), 

2.51 (dd, JAB = 17.2 Hz, JAX = 6.8 Hz, 1H), 2.13 (s, 3H), 1.42-1.24 (m, 6H), 1.26 (t, J = 7.0 Hz, 

6H), 0.87 (t, J = 6.8 Hz, 3H). 

Diethyl 2-(3-oxo-1-phenylpentyl)malonate (3ao):6b TLC (PE/EtOAc = 

20:1); yellow oil; 61% yield, 91% ee; HPLC: IC-H column, hexane/i-

propanol (90/10), 1.0 mL/min, UV 210 nm, tminor = 10.220 min; tmajor = 

18.073 min; [α]D
25 = +4.4° (c = 0.450, CHCl3); 1H NMR (CDCl3, 400 MHz) 

δ = 7.28-7.22 (m, 4H), 7.21-7.17 (m, 1H), 4.19 (q, J = 7.1 Hz, 2H), 4.02-3.96 (m, 1H), 3.94 (q, J = 

7.0 Hz, 2H), 3.70 (d, J = 10.0 Hz, 1H), 2.90 (d, J = 6.8 Hz, 2H), 2.39-2.29 (m, 1H), 2.27-2.17 (m, 

1H), 1.25 (t, J = 7.0 Hz, 3H), 1.00 (t, J = 7.0 Hz, 3H), 0.91 (t, J = 7.4 Hz, 3H).

Diethyl 2-(3-oxocyclohexyl)malonate (3ap):6b TLC (PE/EtOAc = 25:1); 

colorless oil; 71% yield, 82% ee; HPLC: IE-H column, hexane/i-propanol 

(90/10), 1.0 mL/min, UV 210 nm, tmajor = 48.540 min; tminor = 58.187 min; 

[α]D
25 = +2.8° (c = 0.216, CHCl3); 1H NMR (CDCl3, 400 MHz) δ = 4.18 (q, J 

= 7.0 Hz, 2H), 4.17 (q, J = 7.0 Hz, 2H), 3.26 (d, J = 8.0 Hz, 1H), 2.54-2.45 (m, 1H), 2.39 (pseudo 

t, J = 16.0 Hz, 2H), 2.27-2.22 (m, 2H), 2.07-2.02 (m, 1H), 1.93 (pseudo d, J = 12.8 Hz, 1H), 1.71-

1.61 (m, 1H), 1.53-1.3 (m, 1H), 1.24 (t, J = 7.2 Hz, 6H). 

 Diethyl 2-(3-oxocycloheptyl)malonate (3aq):6b TLC (PE/EtOAc = 10:1); 

yellow oil; 97% yield, 87% ee; HPLC: IE-H column, hexane/i-propanol 

(80/20), 0.75 mL/min, UV 254 nm, tmajor = 11.747 min, tminor = 12.743 min; 

[α]D
25 = +17.7° (c = 0.260, CHCl3); 1H NMR (CDCl3, 400 MHz) = 4.15 (q, J = 7.2 Hz, 4H), 3.26 
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(d, J = 5.6 Hz, 1H), 2.57–2.39 (m, 5H), 1.92-1.81 (m, 3H), 1.60–1.34 (m, 3H), 1.22 (t, J = 7.2 Hz, 

6H). 

Dimethyl 2-(1-(naphthalen-2-yl)-3-oxobutyl)malonate (3ba): TLC 

(PE/EtOAc = 20:1); colorless oil; 81% yield, 90% ee; HPLC: AS-H 

column, hexane/i-propanol (80/20), 1.0 mL/min, UV 254 nm, tmajor = 

12.603 min, tminor = 16.100 min; [α]D
25 = -9.0° (c = 0.678, CHCl3). 1H 

NMR (CDCl3, 400 MHz) δ = 7.79-7.77 (m, 3H), 7.69 (s, 1H), 7.47-7.42 (m, 2H), 7.38 (dd, J = 8.4, 

1.6 Hz, 1H), 4.19-4.14 (m, 1H), 3.86 (d, J = 9.6 Hz, 1H), 3.73 (s, 3H), 3.46 (s, 3H), 3.05 (d, J = 

6.8 Hz, 2H), 2.03 (s, 3H); 13C NMR (100 MHz, CDCl3): δ = 205.9, 168.5, 167.9, 137.9, 133.2, 

132.5, 128.3, 127.8, 127.5, 126.8, 126.1, 125.9, 125.8, 57.0, 52.6, 52.4, 47.1, 40.4, 30.3; ESI-

HRMS: m/z [M+H]+ calcd for C19H21O5 329.1384; found 329.1389.

Diisopropyl 2-(1-(naphthalen-2-yl)-3-oxobutyl)malonate (3ca): 

TLC (PE/EtOAc = 25:1); colorless oil; 65% yield, 93% ee; HPLC: 

AS-H column, hexane/i-propanol (90/10), 1.0 mL/min, UV 210 nm, 

tmajor = 7.893 min, tminor = 9.663 min; [α]D
25 = -18.2° (c = 1.324, 

CHCl3); 1H NMR (CDCl3, 400 MHz) δ = 7.78-7.75 (m, 3H), 7.69 (s, 1H), 7.44-7.39 (m, 3H), 5.07 

(sep, J = 6.4 Hz, 1H), 4.73 (sep, J = 6.4 Hz, 1H), 4.16-4.10 (m, 1H), 3.76 (d, J = 10.0 Hz, 1H), 

3.01 (d, J = 6.4 Hz, 2H), 2.01 (s, 3H), 1.24 (d, J = 6.4 Hz, 6H), 0.99 (d, J = 6.4 Hz, 3H), 0.88 (d, J 

= 6.4 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ = 206.0, 167.7, 167.1, 137.9, 133.2, 132.5, 128.1, 

127.7, 127.5, 127.2, 126.2, 125.9, 125.7, 69.2, 68.8, 57.6, 47.6, 40.4, 30.3, 21.6, 21.5, 21.3, 21.2; 

ESI-HRMS: m/z [M+H]+ calcd for C23H29O5 385.2010; found 385.2003.

Dibenzyl 2-(1-(naphthalen-2-yl)-3-oxobutyl)malonate (3da):8a 

TLC (PE/EtOAc = 25:1); yellow oil; 92% yield, 74% ee; HPLC: 

AS-H column, hexane/i-propanol (90/10), 1.0 mL/min, UV 210 nm, 

tmajor = 25.450 min, tminor = 33.790 min; [α]D
25 = +33.9° (c = 0.106, 

CHCl3);  1H NMR (CDCl3, 400 MHz) δ = 7.69 (dd, J = 5.8 , 3.4 Hz, 1H), 7.64-7.62 (m, 2H), 7.57 

(s, 1H), 7.36 (dd, J = 6.0, 3.2 Hz, 2H), 7.27-7.16 (m, 6H), 7.10 (t, J = 7.4 Hz, 1H), 7.00 (t, J = 7.6 

Hz, 2H), 6.82 (d, J = 7.6 Hz, 2H), 5.08 (AB, J = 12.8 Hz, 1H), 5.05 (AB, J = 13.6 Hz, 1H), 4.77 

(AB, J = 12.0 Hz, 1H), 4.74 (AB, J = 12.8 Hz, 1H), 4.10 (dt, J = 9.0, 5.2 Hz, 1H), 3.86 (d, J = 9.6 

Me
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Hz, 1H), 2.92 (ABX, JAB = 17.2 Hz, JBX = 9.2 Hz, 1H), 2.85 (ABX, JAB = 17.2 Hz, JBX = 5.2 Hz, 

1H), 1.87 (s, 3H).

Diethyl 2-methyl-2-(1-(naphthalen-2-yl)-3-oxobutyl)malonate 

(3ea): TLC (PE/EtOAc = 5:1); color oil; 72% yield, 95% ee; HPLC: 

AD-H column, hexane/i-propanol (80/20), 1.0 mL/min, UV 210 nm, 

tminor = 9.573 min, tmajor = 13.543 min; [α]D
25 = +17.0° (c = 0.448, 

CHCl3); 1H NMR (CDCl3, 400 MHz) = 7.78-7.73 (m, 3H), 7.66 (s, 1H), 7.47–7.40 (m, 2H), 7.34 

(d, J = 8.6 Hz, 1H), 4.27–4.20 (m, 2H), 4.17 (d, J = 11.5 Hz, 1H), 4.13–4.05 (m, 2H), 3.29 (ABX, 

JAB = 17.0 Hz, JBX = 10.8 Hz, 1H), 3.09 (ABX, JAB = 17.0 Hz, JAX = 1.6 Hz, 1H), 2.03 (s, 3H), 

1.40 (s, 3H), 1.26 (t, J = 7.2 Hz, 3H), 1.19 (t, J = 7.2 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ = 

206.3, 171.4, 171.3, 136.5, 133.1, 132.6, 128.4, 127.81, 127.80, 127.5, 127.2, 126.0, 125.8, 61.49, 

61.44, 57.8, 46.2, 45.2, 30.2, 19.1, 13.99, 13.94; ESI-HRMS: m/z [M+H]+ calcd for C22H27O5 

371.1853; found 371.1855.

5. General procedure for the asymmetric Michael reaction of chalcones

DPEN (8.5 mg, 0.04 mmol), chalcones 4 (0.2 mmol), diethyl malonate 2a (0.6 mL, 4.0 mmol), 

and salicylic acid (11.0 mg, 0.08 mmol) were dissolved in ether (1mL). After stirred at rt for 168 

h, the reaction mixture was purified by flash chromatography on silica gel (PE/EtOAc).

Diethyl 2-(3-oxo-1,3-diphenylpropyl)malonate (5a):6d TLC 

(PE/EtOAc = 20:1); yellow oil; 75% yield, 92% ee; HPLC: AD-H 

column, hexane/i-propanol (80/20), 1.0 mL/min, UV 254 nm, tminor = 

11.973 min, tmajor = 20.873 min; [α]D
25 = +12.6° (c = 0.634, CHCl3); 1H 

NMR (CDCl3, 400 MHz) δ = 7.90 (d, J = 7.6 Hz, 2H), 7.53 (t, J = 7.4 Hz, 1H), 7.42 (t, J = 7.4 Hz, 

2H), 7.26-7.22 (m, 4H), 7.17 (t, J = 6.6 Hz, 1H), 4.24-4.16 (m, 3H), 3.96 (q, J = 7.2 Hz, 2H), 3.83 

(d, J = 10.0 Hz, 1H), 3.55 (ABX, JAB = 16.4 Hz, JAX = 4.4 Hz, 1H), 3.46 (ABX, JAB = 16.4 Hz, 

JAX = 9.2 Hz, 1H), 1.25 (t, J = 7.2 Hz, 3H), 1.01 (t, J = 7.2 Hz, 3H). 

Diethyl 2-(3-oxo-3-phenyl-1-(p-tolyl)propyl)malonate (5b):6e 

TLC (PE/EtOAc = 20:1); yellow oil; 98% yield, 98% ee; HPLC: 

AD-H column, hexane/i-propanol (70/30), 1.0 mL/min, UV 254 
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nm, tminor = 9.660 min, tmajor = 16.310 min; [α]D
25 = +16.6° (c = 0.626, CHCl3); 1H NMR (CDCl3, 

400 MHz) δ = 7.89 (d, J = 7.6 Hz, 2H), 7.52 (t, J = 7.2 Hz, 1H), 7.42 (t, J = 7.6 Hz, 2H), 7.14 (d, J 

= 7.6 Hz, 2H), 7.04 (d, J = 7.6 Hz, 2H), 4.21-4.12 (m, 3H), 3.96 (q, J = 7.2 Hz, 2H), 3.80 (d, J = 

9.6 Hz, 1H), 3.53 (ABX, JAB = 16.6 Hz, JAX = 4.2 Hz, 1H), 3.42 (ABX, JAB = 16.4 Hz, JAX = 9.2 

Hz, 1H), 2.25 (s, 3H), 1.24 (t, J = 7.2 Hz, 3H), 1.03 (t, J = 7.2 Hz, 3H).

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

(5c):6e TLC (PE/EtOAc = 20:1); yellow oil; 99% yield, 94% ee; 

HPLC: AD-H column, hexane/i-propanol (70/30), 1.0 mL/min, 

UV 254 nm, tminor = 10.473 min, tmajor = 21.103 min; [α]D
25 = 

+26.3° (c = 0.3, CHCl3). 1H NMR (CDCl3, 400 MHz) δ = 7.89 (d, J = 8.0 Hz, 2H), 7.54 (t, J = 7.4 

Hz, 1H), 7.42 (t, J = 7.8 Hz, 2H), 7.21 (pseudo s, 4H), 4.21-4.14 (m, 3H), 3.98 (q, J = 7.2 Hz, 2H), 

3.78 (d, J = 9.6 Hz, 1H), 3.53 (ABX, JAB = 16.8 Hz, JBX = 4.0 Hz, 1H), 3.43 (ABX, JAB = 16.8 Hz, 

JAX = 9.6 Hz, 1H), 1.24 (t, J = 7.2 Hz, 3H), 1.05 (t, J = 7.2 Hz, 3H).

Diethyl 2-(1-(naphthalen-2-yl)-3-oxo-3-phenylpropyl)malonate (5d):5a TLC (PE/EtOAc = 

20:1); yellow oil; 88% yield, 94% ee; HPLC: AD-H column, 

hexane/i-propanol (70/30), 1.0 mL/min, UV 254 nm, tminor = 

12.440 min, tmajor = 20.463 min; [α]D
25 = +9.8° (c = 0.468, CHCl3); 

1H NMR (400 MHz, CDCl3) δ = 7.90 (d, J = 7.6 Hz, 2H), 7.76-7.73 (m, 3H), 7.70 (s, 1H), 7.52 (t, 

J = 7.2 Hz, 1H), 7.46-7.39 (m, 5H), 4.37 (dt, J = 9.0, 5.2 Hz, 1H), 4.27-4.15 (m, 2H), 3.95-3.89 (m, 

3H), 3.64 (ABX, JAB = 16.4 Hz, JBX = 4.4 Hz, 1H), 3.58 (ABX, JAB = 16.6 Hz, JBX = 8.2 Hz, 1H),  

1.24 (t, J = 7.2 Hz, 3H), 0.94 (t, J = 7.2 Hz, 3H).

Diethyl 2-(3-oxo-3-phenyl-1-(thiophen-3-yl)propyl)malonate (5e):5a 

TLC (PE/EtOAc = 15:1); yellow oil; 83% yield, 65% ee; HPLC: AD-H 

column, hexane/i-propanol (70/30), 1.0 mL/min, UV 254 nm, tminor = 

8.923 min, tmajor = 12.197 min; [α]D
25 = +17.9° (c = 0.876, CHCl3); 1H 

NMR (400 MHz, CDCl3) δ = 7.93 (d, J = 7.6 Hz, 2H), 7.54 (t, J = 7.2 Hz, 1H), 7.44 (t, J = 7.6 Hz, 

1H), 7.12 (d, J = 4.8 Hz, 1H), 6.92 (d, J = 2.4 Hz, 1H), 6.85 (dd, J = 5.2, 3.6 Hz, 1H), 4.53 
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(pseudo q, J = 7.2 Hz, 1H), 4.26-4.13 (m, 2H), 4.06 (q, J = 7.2 Hz, 2H), 3.87 (d, J = 8.4 Hz, 1H), 

3.56 (d, J = 6.8 Hz, 2H), 1.24 (t, J = 7.0 Hz, 3H), 1.12 (t, J = 7.0 Hz, 3H).

Diethyl 2-(3-oxo-1-phenyl-3-(p-tolyl)propyl)malonate (5f):6e 

TLC (PE/EtOAc = 20:1); yellow oil; 99% yield, 99% ee; HPLC: 

AD-H column, hexane/i-propanol (70/30), 1.0 mL/min, UV 254 

nm, tminor = 13.010 min, tmajor = 29.877 min; [α]D
25 = +12.4° (c = 

1.320, CHCl3); 1H NMR (400 MHz, CDCl3) δ = 7.78 (d, J = 8.0 Hz, 2H), 7.26-7.19 (m, 6H), 7.15 

(t, J = 7.0 Hz, 1H), 4.22-4.14 (m, 3H), 3.93 (q, J = 7.2 Hz, 2H), 3.81 (d, J = 9.6 Hz, 1H), 3.50 

(ABX, JAB = 16.6 Hz, JBX = 4.6 Hz, 1H), 3.41 (ABX, JAB = 16.4 Hz, JAX = 9.2 Hz, 1H), 2.37 (s, 

3H), 1.23 (t, J = 7.2 Hz, 3H), 0.99 (t, J = 7.2 Hz, 3H).

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

(5g):6e TLC (PE/EtOAc = 15:1); yellow oil; 99% yield, >99% ee; 

HPLC: AD-H column, hexane/i-propanol (70/30), 1.0 mL/min, 

UV 254 nm, tminor = 13.233 min, tmajor = 30.840 min; [α]D
25 = 

+23.5° (c = 0.310, CHCl3); 1H NMR (400 MHz, CDCl3) δ = 7.83 (d, J = 8.4 Hz, 2H), 7.38 (d, J = 

8.4 Hz, 2H), 7.24-7.23 (m, 4H), 7.19-7.16 (m, 1H), 4.24-4.11 (m, 3H), 3.95 (q, J = 7.2 Hz, 2H), 

3.80 (d, J = 10.0 Hz, 1H), 3.52 (ABX, JAB = 16.4 Hz, JBX = 4.4 Hz, 1H), 3.40 (ABX, JAB = 16.6 

Hz, JAX = 9.4 Hz, 1H), 1.24 (t, J = 6.8 Hz, 3H), 1.00 (t, J = 7.0 Hz, 3H).

Diethyl 2-(3-oxo-1-phenyl-3-(thiophen-2-yl)propyl)malonate (5h):5a 

TLC (PE/EtOAc = 20:1); yellow oil; 65% yield, 96% ee; HPLC: AD-H 

column, hexane/i-propanol (70/30), 1.0 mL/min, UV 254 nm, tminor = 

10.290 min, tmajor = 15.050 min; [α]D
25 = +25.8° (c = 0.240, CHCl3); 1H 

NMR (400 MHz, CDCl3) δ = 7.71 (dd, J = 3.8, 1.0 Hz, 1H), 7.56 (dd, J = 5.0, 1.0 Hz, 1H), 7.26-

7.20 (m, 4H), 7.17-7.13 (m, 1H), 7.06 (dd, J = 5.0, 3.8 Hz, 1H), 4.22-4.12 (m, 3H), 3.93 (q, J = 

7.2 Hz, 2H), 3.82 (d, J = 10.0 Hz, 1H), 3.45 (ABX, JAB = 16.0 Hz, JBX = 4.8 Hz, 1H), 3.35 (ABX, 

JAB = 16.0 Hz, JAX = 9.2 Hz, 1H), 1.23 (t, J = 7.2 Hz, 3H), 0.99 (t, J = 7.2 Hz, 3H). 
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Diethyl 2-(1,3-bis(4-chlorophenyl)-3-oxopropyl)malonate 

(5i):23 TLC (PE/EtOAc = 20:1); yellow oil; 99% yield, 93% 

ee; HPLC: AD-H column, hexane/i-propanol (70/30), 1.0 

mL/min, UV 254 nm, tminor = 13.753 min, tmajor = 34.360 min; 

[α]D
25 = +3.8° (c = 0.496, CHCl3). 1H NMR (400 MHz, CDCl3) δ = 7.83 (d, J = 8.4 Hz, 2H), 7.39 

(d, J = 8.4 Hz, 2H), 7.22 (d, J = 9.2 Hz, 2H), 7.19 (d, J = 8.4 Hz, 2H), 4.24-4.16 (m, 2H), 4.12 (dt, 

J = 9.8, 4.4 Hz, 1H), 3.97 (q, J = 7.2 Hz, 2H), 3.76 (d, J = 9.6 Hz, 1H), 3.51 (ABX, JAB = 16.8 Hz, 

JBX = 4.4 Hz, 1H), 3.37 (ABX, JAB = 16.8 Hz, JAX = 9.6 Hz, 1H), 1.24 (t, J = 7.2 Hz, 3H), 1.04 (t, 

J = 7.0 Hz, 3H). 

6. General procedure for synthesis of racemic adducts 6a-6f 

Cinnamones 1 (0.2 mmol), racemic DPEN (8. 5 mg, 0.04 mmol) and TFA (5.0 μL, 0.06 mmol) 

were dissolved in chloroform (1mL). Ethyl benzoylacetate 2f (69.3 μL, 0.4 mmol) was added, and 

reaction stirred at room temperature until completion (monitored by TLC). The mixture was 

directly purified by flash chromatography (eluents from PE/ethyl ether) to give racemic products.

7. General procedure for the synthesis of cyclohexenone 6a-6f

DPEN (8.5 mg, 0.04 mmol), cinnamones 1 (0.2 mmol), ethyl benzoylacetate 2f (69.3 μL, 0.4 

mmol), and TFA (5.0 μL, 0.06 mmol) were dissolved in chloroform (1mL). After stirred at rt for 

120 h, the reaction mixture was purified by flash chromatography on silica gel (PE/EtOAc).

Ethyl 4-oxo-2,6-diphenylcyclohex-2-enecarboxylate (6a):19b TLC 

(PE/EtOAc = 2:1); colorless oil; 97% yield, dr: trans/cis 77:23; 96% ee/97% 

ee; HPLC: AD-H column, hexane/i-propanol (90/10), 1 mL/min, UV 254 nm, 

trans diastereomer: tminor = 11.297 min, tmajor = 14.230 min; cis diastereomer: 

tmajor = 12.720 min, tminor = 14.903 min; [α]D
25 = +86.2° (c = 0.384, CHCl3); 1H NMR (CDCl3, 400 

MHz) δ = 7.44-7.24 (m, 10H; both diastereomers), 6.65 (s, 1H; minor), 6.44 (d, J = 1.6 Hz, 1H; 

major), 4.19 (dd, J = 7.6, 1.2 Hz, 1H; major), 4.15 (d, J = 4.8 Hz, 1H; minor), 3.88 (q, J = 7.2 Hz, 

2H; both diastereomers), 3.89-3.78 (m, 1H; both diastereomers), 2.88 (ABX, JAB = 16.8 Hz, JBX = 

5.6 Hz, 1H; both diastereomers), 2.83 (ABX, JAB = 16.8 Hz, JBX = 8.8 Hz, 1H; both 

diastereomers), 0.89 (t, J = 7.2 Hz, 3H; major), 0.87 (t, J = 7.2 Hz, 3H; minor).
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Ethyl 6-(4-chlorophenyl)-4-oxo-2-phenylcyclohex-2-enecarboxylate (6b):19b TLC (PE/EtOAc 

= 2:1); colorless oil; 97% yield, dr: trans/cis 79:21; 87% ee/87% ee; 

HPLC: OD-H column, hexane/i-propanol (80/20), 0.6 mL/min, UV 

254 nm, trans diastereomer: tmajor = 29.077 min, tminor = 36.350 min; 

cis diastereomer: tminor = 22.537 min, tmajor = 43.003 min; [α]D
25 = 

+82.4° (c = 0.376, CHCl3); 1H NMR (CDCl3, 400 MHz) δ = 7.44-7.34 (m, 5H; both 

diastereomers), 7.30 (d, J = 8.0 Hz, 2H; both diastereomers), 7.20 (d, J = 8.0 Hz, 2H; both 

diastereomers), 6.64 (s, 1H; minor), 6.43 (s, 1H; major), 4.15-4.09 (m, 1H; both diastereomers), 

3.88 (q, J = 7.2 Hz, 2H; both diastereomers), 3.82-3.75 (m, 1H; both diastereomers), 2.85 (ABX, 

JAB = 17.0 Hz, JBX = 5.4 Hz, 1H; both diastereomers), 2.78 (ABX, JAB = 16.8 Hz, JAX = 9.6 Hz, 

1H; both diastereomers), 0.90 (t, J = 7.0 Hz, 3H; both diastereomers).

Ethyl 6-(4-bromophenyl)-4-oxo-2-phenylcyclohex-2-enecarboxylate (6c): 19b TLC (PE/EtOAc 

= 2:1); colorless oil; 92% yield, dr: trans/cis 80:20; 95% ee/97% ee; 

HPLC: IC-H column, hexane/i-propanol (95/5), 1 mL/min, UV 254 

nm, trans diastereomer: tminor = 18.520 min, tmajor = 23.927 min; cis 

diastereomer: tmajor = 21.097 min, tminor = 26.050 min; [α]D
25 = +24.1° 

(c = 0.646, CHCl3); 1H NMR (CDCl3, 400 MHz) δ= 7.45 (d, J = 8.0 Hz, 2H; both 

diastereomers), 7.40-7.36 (m, 5H; both diastereomers), 7.15 (d, J = 8.0 Hz, 2H; both 

diastereomers), 6.64 (s, 1H; minor), 6.43 (s, 1H; major), 4.14 (d, J = 7.6 Hz, 1H; major), 4.11 (d, J 

= 5.2 Hz, 1H; minor), 3.89 (q, J = 7.6 Hz, 2H; both diastereomers), 3.81-3.73 (m, 1H; both 

diastereomers), 2.86 (ABX, JAB = 17.0 Hz, JBX = 5.0 Hz, 1H; both diastereomers), 2.78 (ABX, JAB 

= 16.8 Hz, JAX = 9.2 Hz, 1H; both diastereomers), 0.90 (t, J = 7.2 Hz, 3H; both diastereomers).

Ethyl 6-(4-methoxyphenyl)-4-oxo-2-phenylcyclohex-2-enecarboxylate (6d):19b TLC 

(PE/EtOAc = 2:1); colorless oil; 99% yield, dr: trans/cis 66:34; 92% 

ee/90% ee; HPLC: OD-H column, hexane/i-propanol (90/10), 0.6 

mL/min, UV 254 nm, trans diastereomer: tminor = 29.683 min, tmajor = 

41.330 min; cis diastereomer: tmajor = 26.967 min, tminor = 35.343 min; 

[α]D
25 = +75.3° (c = 0.492, CHCl3); 1H NMR (CDCl3, 400 MHz) δ = 7.60-7.58 (m, 1H; both 

diastereomers), 7.43-7.40 (m, 2H; both diastereomers), 7.37-7.35 (m, 2H; both diastereomers), 
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7.19 (d, J = 8.4 Hz, 2H; minor), 7.18 (d, J = 8.4 Hz, 2H; major), 6.90 (d, J = 8.8 Hz, 2H; minor), 

6.85 (d, J = 8.4 Hz, 2H; major), 6.64 (s, 1H; minor), 6.43 (d, J = 1.6 Hz, 1H; major), 4.14 (dd, J = 

7.6, 1.6 Hz, 1H; major), 4.11 (d, J = 5.2 Hz, 1H; minor), 3.92-3.84 (m, 2H; both diastereomers), 

3.81 (s, 3H; minor), 3.78 (s, 3H; major), 3.79-3.71 (m, 1H; both diastereomers), 2.85 (ABX, JAB = 

17.0 Hz, JBX = 5.4 Hz, 1H; major), 2.79 (ABX, JAB = 16.8 Hz, JAX = 9.2 Hz, 1H; major), 2.66 (d, 

J = 4.4 Hz, 1H; minor), 2.61 (d, J = 4.0 Hz, 1H; minor), 0.91 (t, J = 7.0 Hz, 1H; minor), 0.89 (t, J 

= 7.2 Hz, 1H; major).

Ethyl 6-(naphthalen-2-yl)-4-oxo-2-phenylcyclohex-2-enecarboxylate (6e):19b TLC (PE/EtOAc 

= 2:1); colorless oil; 99% yield, dr: trans/cis 53:47; 89% ee/87% ee; 

HPLC: OD-H column, hexane/i-propanol (80/20), 0.75 mL/min, UV 

254 nm, trans diastereomer: tmajor = 21.860 min, tminor = 27.543 min; 

cis diastereomer: tminor = 17.337 min, tmajor = 32.870 min; [α]D
25 = 

+30.8° (c = 0.552, CHCl3); 1H NMR (CDCl3, 400 MHz) δ= 7.88-7.78 (m, 3H; both 

diastereomers), 7.69 (s, 1H; minor), 7.67 (s, 1H; major), 7.62 (dd, J = 6.8, 2.8 Hz, 1H; both 

diastereomers), 7.51-7.42 (m, 6H; both diastereomers), 7.38-7.36 (m, 1H; both diastereomers), 

6.70 (s, 1H; minor), 6.48 (s, 1H; major), 4.33 (d, J = 7.6 Hz, 1H; major), 4.26 (d, J = 4.8 Hz, 1H; 

minor), 4.03-3.69 (m, 3H; both diastereomers), 2.97-2.75 (m, 2H; both diastereomers), 0.85 (t, J = 

7.0 Hz, 3H; major), 0.69 (t, J = 7.2 Hz, 3H; minor).

Ethyl 6-(thiophen -2-yl)-4-oxo-2-phenylcyclohex-2-enecarboxylate (6f): 

TLC (PE/EtOAc = 1:1); yellow oil; 94% yield, dr: trans/cis 60:40; 92% 

ee/90% ee; HPLC: OD-H column, hexane/i-propanol (80/20), 0.75 mL/min, 

UV 254 nm, trans diastereomer: tmajor = 15.183 min, tminor = 20.427 min; cis 

diastereomer: tminor = 13.797 min, tmajor = 17.387 min; [α]D
25 = +27.4° (c = 0.518, CHCl3); 1H 

NMR (CDCl3, 400 MHz): δ = 7.61-7.59 (m, 1H; both diastereomers), 7.46-7.39 (m, 3H; both 

diastereomers), 7.38-7.36 (m, 1H; both diastereomers), 7.26-7.15 (m, 1H; both diastereomers), 

7.00-6.88 (m, 2H; both diastereomers), 6.62 (s, 1H; minor), 6.44 (s, 1H; major), 4.22-4.21 (m, 1H; 

both diastereomers), 4.06-3.89 (m, 3H; both diastereomers), 3.02 (ABX, JAB = 17.0 Hz, JBX = 4.6 

Hz, 1H; major), 2.87-2.77 (m, 1H; both diastereomers), 1.02 (t, J = 7.2 Hz, 3H; major), 0.96 (t, J = 

7.2 Hz, 3H; minor); 13C NMR (100 MHz, CDCl3): δ = 198.0, 196.5, 170.5, 169.3, 154.7, 154.2, 
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144.7, 143.3, 138.0, 136.6, 130.4, 129.9, 128.9, 128.7, 127.8, 126.8, 126.7, 126.6, 126.5, 126.4, 

124.9, 124.5, 124.3, 124.2, 61.4, 61.3, 52.3, 51.3, 41.9, 39.3, 38.7, 38.4, 13.73, 13.70; ESI-HRMS: 

m/z [M+H]+ calcd for C19H19O3S+ 327.1049; found 327.1051.

8. Synthetic transformation of adduct 5a

Diethyl 2-hydroxy-2-(3-oxo-1,3-diphenylpropyl)malonate (7):21 A mixture of 5a (73.6 mg, 

0.2mmol), I2 (50.4 mg, 0.2 mmol), and NaOAc (16.4 mg, 0.2 mmol) were stirred in 2mL of THF. 

Upon exposure to air at 35 °C for 48 h, most of the solvent was removed in vacuo, and 10 mL of 

water was added. To the mixture was added saturated Na2S2O3 until the disappearance of umber, 

and then the mixture was extracted with dichloromethane (3×10 mL). The organic layer was dried 

over Na2SO4 and concentrated in vacuo. The residue was purified by column chromatography on 

silica gel (PE/EtOAc = 6:1) to provide the corresponding α-hydroxylmalonates 7 (72.0 mg, 96% 

yield, 94% ee) as yellow oil.

HPLC: AD-H column, hexane/i-propanol (90/10), 1.0 mL/min, UV 254 nm, 

tminor = 20.550 min, tmajor = 23.740 min; [α]D
25 = +43.1° (c = 0.320, CHCl3); 

1H NMR (400 MHz, CDCl3) δ = 7.91 (d, J = 7.6 Hz, 2H), 7.52 (t, J = 7.4 

Hz, 1H), 7.43-7.39 (m, 4H), 7.22 (t, J = 7.2 Hz, 2H), 7.17 (t, J = 7.0 Hz, 1H), 4.45 (dd, J = 10.2, 

2.6 Hz, 1H), 4.28 (q, J = 6.8 Hz, 2H), 4.08-3.94 (m, 3H), 3.73 (ABX, JAB = 17.4 Hz, JBX = 10.2 

Hz, 1H), 3.37 (dd, JAB = 17.6 Hz, JAX = 2.8 Hz, 1H), 1.29 (t, J = 7.0 Hz, 3H), 1.13 (t, J = 7.2 Hz, 

3H).

1,1-diethyl 3-phenyl 2-phenylpropane-1,1,3-tricarboxylate (8): 5a (73.6 mg, 0.2 mmol) was 

dissolved in dry 1,2-dichloroethane (2 mL). Subsequently, m-CPBA (313.0 mg, 2.0 mmol) was 

added, followed by warm up to 60°C. The reaction mixture was stirred for 72 h, then quenched 

with a saturated solution of NaHSO3, and stirred for 1 h. The organic phases were separated and 

washed with saturated aqueous NaHCO3 solution (3 x 50 mL), then dried over anhydrous Na2SO4, 

to provide 8 (PE/EtOAc = 10:1) (69.7 mg, 91% yield, 95% ee) as colorless oil.

HPLC: AD-H column, hexane/i-propanol (80/20), 1.0 mL/min, UV 254 

nm, tminor = 9.573 min, tmajor = 13.540 min; [α]D
25 = +10.4° (c = 0.546, 

CHCl3); 1H NMR (CDCl3, 400 MHz) : δ = 7.32-7.25 (m, 7H), 7.15 (t, J = 

Ph

O
CO2EtEtO2C

Ph

OH

OPh

O
CO2EtEtO2C
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7.4 Hz, 1H), 6.75 (d, J = 7.6 Hz, 2H), 4.24 (q, J = 7.2 Hz, 2H), 4.04 (dt, J = 6.8, 4.8 Hz, 1H), 3.95 

(q, J = 7.2 Hz, 2H), 3.80 (d, J = 10.4 Hz, 1H), 3.14 (ABX, JAB = 15.4 Hz, JBX = 4.6 Hz, 1H), 2.97 

(ABX, JAB = 15.6 Hz, JAX = 10.4 Hz, 1H), 1.28 (t, J = 7.2 Hz, 3H), 1.00 (t, J = 7.0 Hz, 3H); 13C 

NMR (100 MHz, CDCl3): δ = 169.7, 167.9, 167.4, 150.4, 139.4, 129.2, 128.5, 128.3, 127.5, 125.7, 

121.3, 61.8, 61.4, 57.3, 41.6, 38.8, 14.0, 13.7; ESI-HRMS: m/z [M+H]+ calcd for C22H25O6
+ 

385.1646; found 385.1647.

1,1-diethyl 3-methyl 2-phenylpropane-1,1,3-tricarboxylate (9): 8 (76.8 mg, 0.2 mmol) was 

dissolved in dry MeOH (1 mL), and NaBH4 (15.1 mg, 0.4 mmol) was added at 0°C. After stirring 

for 5 h at rt, the mixture was diluted with diethyl ether and quenched with brine, then the organic 

phase was dried over anhydrous Na2SO4 and concentrated under reduced pressure. The crude 

mixture was purified by flash silica gel (PE/DCM = 50:1) to provide the corresponding 9 (55.4 mg, 

86% yield, 89% ee) as colorless oil.

HPLC: AD-H column, hexane/i-propanol (90/10), 1.0 mL/min, UV 210 

nm, tminor = 9.787 min, tmajor = 12.010 min; [α]D
25 = +12.8° (c = 0.601, 

CHCl3); 1H NMR (CDCl3, 400 MHz): δ = 7.32-7.19 (m, 5H), 4.21 (q, J = 

7.2 Hz, 2H), 3.95-3.89 (m, 3H), 3.74 (d, J = 10.4 Hz, 1H), 3.53 (s, 3H), 2.86 (ABX, JAB = 15.6 Hz, 

JBX = 4.8 Hz, 1H), 2.74 (ABX, JAB = 15.8 Hz, JAX = 9.8 Hz, 1H), 1.26 (t, J = 7.2 Hz, 3H), 0.98 (t, 

J = 7.0 Hz, 3H); 13C NMR (100 MHz, CDCl3): δ = 171.6, 168.0, 167.5, 139.7, 128.3, 128.0, 

127.3, 61.7, 61.3, 57.2, 51.5, 41.4, 38.5, 13.9, 13.6; ESI-HRMS: m/z [M+H]+ calcd for C17H23O6
+ 

323.1489; found 323.1490.

9. General procedure for decarboxylation of 6a

O

Ph

OEtO

Ph

6a
58:42 dr

90% ee/94% ee

EtOH/H2O, reflux, 2 h

O

PhPh

10
93% yield, 87% ee

(eq 1)NaOH

To a reaction tube was added 6a (64.0 mg, 0.2 mmol) and NaOH (28.0 mg, 0.7 mmol). After the 

mixture was dissolved in ethanol (0.5 mL), then 1.5 mL of water was added. The resulting 

OMe

O
CO2EtEtO2C

Ph
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solution was refluxed with vigorous stirring until TLC indicated complete disappearance of the 

starting material (2 h). Once cooling a period of time, the solution was rinsed with saturated 

aqueous NaHCO3 solution to neutral, subsequently dried over anhydrous Na2SO4. The crude 

product was purified by flash column chromatography to yield 3,5-diphenylcyclohexenone 10 as a 

white solid (46.0 mg, 93% yield, 87% ee).

HPLC: AD-H column, hexane/i-propanol (80/20), 0.75 mL/min, UV 254 nm, tmajor = 11.747 min, 

tminor = 12.743 min; [α]D
23 = -26.6° (c = 0.124, CH2Cl2) (lit,24 S-configuration, [α]D

23 = +36.9° (c = 

2, CH2Cl2)); 1H NMR (CDCl3, 400 MHz) δ = 7.58-7.55 (m, 2H), 7.43-7.41 (m, 3H), 7.38 (d, J = 

7.2 Hz, 2H), 7.33-7.28 (m, 3H), 6.53 (d, J = 2.4 Hz, 1H), 3.51-3.43 (m, 1H), 3.07 (ABX, JAB = 

17.6 Hz, JAX = 4.0 Hz, 1H), 2.98-2.90 (m, 1H), 2.79 (ABX, JAB = 16.8 Hz, JAX = 5.6 Hz, 1H), 

2.73 (ABX, JAB = 16.4 Hz, JBX = 12.8 Hz, 1H). 
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11. NMR spectra and HPLC chromatograms 
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