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I. General Information

General experimental information

All commercial materials were purchased from commercial sources and used without further purification. 

Small scale reactions were carried out in 20 mL Fisher Scientific disposable scintillation vials. Other 

reactions were carried out using oven-dried (160 °C) glassware. Solvents were purchased from Aldrich 

with Sure-Seal bottles. 1H-NMR spectra were obtained using a Bruker AC 400 (400 MHz) NMR. 13C-

NMR spectra were obtained at 100 MHz on the same spectrometer. All chemical shifts are reported in 

parts per million (ppm) with reference to TMS = 0 ppm. The ESI mass spectra were obtained with an 

Agilent 1100 Series Capillary LCMSD Trap XCT Spectrometer using acetonitrile solutions. Absorption 

spectra were recorded on a Perkin Elmer Lambda spectroscope. Circular dichroism spectra were acquired 

with an AVIV Model 202SF CD spectroscope. All ∆ε units are L mol-1 cm-1. The ee was determined 

on an Agilent 1200 series HPLC with Daicel Chemical Industries, LTD chiral columns.  Chiralpak OD 

(0.46 cm x 25 cm), Chiralpak AD-H (0.46 cm x 25 cm), Chiralpak OD-H (0.46 cm x 25 cm), and 

Chiralpak OJ-H (0.46 cm x 25 cm) columns were used. 
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II. Synthesis and Characterization of Catalyst and Products

(2-methylquinolin-6-yl)aniline (4):

N

NH2

A 50 mL round bottom flask was charged with 1.0 g (4.5 mmol) of 6-bromo-2-methylquinoline 

(2), 1.25 g (5 mmol) bis(pinacolato)diboron, and 20 mL of toluene. The mixture was degassed 

using argon for 10 min. Pd(dppf)Cl2 (330 mg, 0.45 mmol) and potassium acetate (1.3 g, 13.5 

mmol) were then added and the reaction was heated at 90 °C under an argon atmosphere for 18 

h. The reaction was allowed to cool to room temperature before filtering through a pad of silica. 

The solvent was then removed in vacuo. The crude product (1.19 g) was obtained and used 

without further purification for the Suzuki coupling. To 1.19 g of borylation product was added 

605 μL (5.4 mmol) of 2-bromoaniline and a mixture of 30 mL dioxane/ 10 mL (1.3M) aq. 

K3PO4.  The mixture was then purged using argon. Pd2dba3 (274 mg, 0.3 mmol) and PCy3 (160 

mg, 0.6 mmol) were then added to the reaction mixture before fitting the flask with a reflux 

condenser and heating the reaction to 100 °C under an inert atmosphere for 17 h. The reaction 

was allowed to cool, and the mixture was filtered through a pad of silica, which was washed with 

copious amounts of ethyl acetate. The solvent was removed in vacuo and crude was extracted 

with CH2Cl2 (3 x 50 mL). The organic layers were combined and washed with H2O and brine 

and subsequently dried over Na2SO4 before being concentrated in vacuo and chromatographed 
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(silica gel, 9:1 CH2Cl2/EtOAc then 1:1 CH2Cl2/EtOAc) to give amine 4 as a solid (720 mg, 

68%). Analytical data for title compound: 1H NMR (400 MHz, CDCl3): δ 8.07 (td, J = 8.1, 7.7, 

0.8 Hz, 2H), 7.85 (d, J = 2.0 Hz, 1H), 7.80 (dd, J = 8.6, 2.0 Hz, 1H), 7.32 (d, J = 8.3 Hz, 1H), 

7.24 – 7.16 (m, 2H), 6.87 (td, J = 7.5, 1.2 Hz, 1H), 6.83 – 6.78 (m, 1H), 3.80 (s, 2H), 2.77 (s, 

3H); 13C NMR (100 MHz, CDCl3): δ 159.2, 147.1, 143.8, 137.0, 136.2, 131.0, 130.7, 129.1, 

128.9, 127.5, 126.9, 126.7, 122.5, 118.8, 115.9, 25.5, 25.0 (bpin impurity); HRMS (EI) calc. for 

[C16H14N2]+ 234.1157, found 234.1156; IR (NaCl) ν 3367, 3025, 2252, 1616, 1489, 1300, 1222, 

1158, 835, 752 cm-1

Figure S-1 1H-NMR of 4

N

NH2
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Figure S-2 13C-NMR of 4

1-(3,5-bis(trifluoromethyl)phenyl)-3-(2-(2-methylquinolin-6-yl)phenyl)urea (5):

N

NH2
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N

NH

O NH

F3C CF3

To a stirred solution of amine 4 (720 mg, 3 mmol) in 20 mL CH2Cl2 was added 780 μL (4.6 

mmol) of 3,5-bis(trifluoromethyl)phenyl isocyanate. The reaction was allowed to stir for 18 h 

under argon atmosphere at room temperature. The solvent was removed in vacuo and the crude 

was chromatographed (silica gel, 9:1 CH2Cl2/EtOAc then 4:1 CH2Cl2/EtOAc) to obtain urea 5 

(1.46 g, 98%). Analytical data for title compound: 1H NMR (400 MHz, MeOD): δ 8.29 (d, J = 

8.4 Hz, 1H), 8.05 (d, J = 8.8 Hz, 1H), 7.92 (d, J = 8.0 Hz, 3H), 7.83 – 7.74 (m, 1H), 7.54 – 7.36 

(m, 3H), 7.31 (d, J = 7.5 Hz, 1H), 2.75 (q, J = 2.4 Hz, 3H). 13C NMR (100 MHz, MeOD): δ 

161.2, 155.3, 148.0, 143.1, 138.9, 138.5, 136.6, 135.8, 133.5, 133.2, 132.7, 132.0, 129.9, 129.5, 

129.0, 128.5, 126.4, 125.5, 124.2, 119.4, 116.2, 25.0; HRMS (EI) calc. for [C25H17F6N3O]+ 

489.1276, found 489.1281; IR (NaCl) ν 3342, 3152, 1724, 1661, 1501, 1418, 1252, 1144, 1067 

cm-1
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Figure S-3 1H-NMR of 5

N

NH

O NH

F3C CF3
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Figure S-4 13C-NMR of 5

1-(3,5-bis(trifluoromethyl)phenyl)-3-(2-(2-formylquinolin-6-yl)phenyl)urea (6):

N

NH

O NH

F3C CF3
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N

NH

O NH

F3C CF3

O

A 50 mL round bottom flask was charged with 1.46 g (3.0 mmol) of urea 5 and 410 mg (3.7 

mmol) of SeO2. p-Dioxane (15 mL) was added and the flask was fitted with a reflux condenser 

and heated to 80 °C for 2 h. The reaction was allowed to cool to room temperature before 

filtering through a pad of Celite. The solvent was removed in vacuo to yield pure aldehyde 6 as a 

solid (1.45 g, 97%). Analytical data for title compound: 1H NMR (400 MHz, MeOD) δ 10.18 (s, 

1H), 8.56 (d, J = 8.5 Hz, 1H), 8.33 (d, J = 8.7 Hz, 1H), 8.15 – 8.03 (m, 2H), 8.00 – 7.84 (m, 4H), 

7.48 (d, J = 6.7 Hz, 3H), 7.36 (d, J = 8.1 Hz, 1H); 13C NMR (insoluble); HRMS (EI) calc. for 

[C26H19F6N3O3]+ 535.1331, found 535.1332; IR (NaCl) ν 3251, 3123, 2467, 1711, 1622, 1379, 

1133 cm-1
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Figure S-5 1H-NMR of 6

(S)-1,1'-((2,2'-(((1-hydroxy-4-(methylthio)butan-2-

yl)azanediyl)bis(methylene))bis(quinoline-6,2-diyl))bis(2,1-phenylene))bis(3-(3,5-

bis(trifluoromethyl)phenyl)urea) (7):

N

NH

O NH

F3C CF3

O
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N N

N
OH

S

NH
NH

F3C

CF3
O

NHO

NHF3C

CF3

To a solution of 50 mg (0.37 mmol) L-methioninol in 2 mL MeOH at 0 °C was added a solution 

of 650 mg (1.3 mmol) of 6 in 10 mL MeOH. The mixture was stirred under argon for 10 min 

before 1.2 mL of AcOH and 80 mg (0.74 mmol) of 2-picoline borane were added at 0 °C. The 

reaction mixture was allowed to warm to room temperature and stirred for 16 h before the 

solvent was removed in vacuo. The crude reaction mixture was then cooled to 0 °C and treated 

with 10% aq. HCl (10 mL) and allowed to stir at room temperature for 30 minutes. The mixture 

was then made alkaline using 25% aq. Na2CO3 (50 mL). Product was then extracted into EtOAc 

(3 x 50 mL) and the organics were combined and washed with H2O and brine before drying over 

Na2SO4. Solvent was removed in vacuo and crude product was chromatographed (silica gel, 1:1 

EtOAc/CH2Cl2 then 10:1 CH2Cl2/MeOH) to obtain ligand 7 (386 mg, 94%). Analytical data for 

title compound: 1H NMR (400 MHz, MeOD) δ 8.17 (d, J = 8.6 Hz, 2H), 8.02 (d, J = 8.7 Hz, 2H), 

7.87 (d, J = 12.5 Hz, 9H), 7.76 (d, J = 8.5 Hz, 2H), 7.65 (d, J = 8.5 Hz, 2H), 7.51 – 7.39 (m, 5H), 

7.37 (d, J = 7.1 Hz, 2H), 7.26 (t, J = 7.6 Hz, 2H), 4.25 (d, J = 3.1 Hz, 4H), 3.91 – 3.72 (m, 2H), 

3.15 (bs, 1H), 2.73 – 2.58 (m, 2H), 2.07-1.97 (m, 4H), 1.80 (d, J = 7.5 Hz, 1H); 13C NMR (100 

MHz, MeOD) δ 162.8, 155.0, 147.4, 142.9, 138.6, 138.4, 136.3, 135.5, 133.7, 133.3, 133.0, 

132.5, 131.9, 129.8, 129.3, 129.0, 126.2, 125.3, 123.5, 123.2, 120.7, 119.2, 116.0, 63.6, 63.3, 
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58.2, 32.8, 28.9, 15.4; HRMS (EI) calc. for [C55H43F12N7O3S]+ 1109.2956, found 1109.2952; IR 

(NaCl) ν 3127, 1645, 1499, 1384, 1287, 1150, 1088 cm-1

Figure S-6 1H-NMR of 7

N N

N
OH

S

NH
NH

F3C

CF3
O

NHO

NHF3C

CF3
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Figure S-7 13C-NMR of 7

N N

N
OH

S

NH
NH

F3C

CF3
O

NHO

NHF3C

CF3
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[CuII(7)](ClO4)2 ● 2(H2O) (abb. as Δ-1): A solution of ligand 7 (100 mg, 0.09 mmol) in 210 μL 

of MeOH was stirred at room temperature for 5 min before a solution of CuII(ClO4)2● 6(H2O) 

(40 mg, 1.0 mmol) in 300 μL of MeOH was added. The reaction mixture was stirred at room 

temperature for 1 h until a blue precipitate formed. The solid was obtained by filtration and 

washed with diethyl ether. The product was then recrystallized twice using acetonitrile to obtain 

Δ-1 (101 mg, 80%) as a light blue solid. Analytical data for title compound: LRMS (EI): 1172 

(M+), 622, 505 Anal. Calcd (mass%) for  C55H47Cl2CuF12N7O13S: C, 46.90; H, 3.36; N, 6.96; 

Found C, 46.66; H, 2.99; N, 6.95. 

[CuI(7)]PF6 (abb. as Λ-1): Compound 7 (197 mg, 0.18 mmol) was dissolved in 10 mL of CH2Cl2 

and purged with N2 before placing into a glovebox. Cu(MeCN)4PF6 (71 mg, 0.19 mmol) was 

added to the reaction mixture in the glovebox. The reaction was stirred for 30 minutes and the 
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solvent was removed in vacuo to obtain Λ-1 (210 mg, 88%) as a yellow solid. LRMS (EI): 1172 

(M+), 698, 505 : 1H NMR (400 MHz, MeOD) δ 8.70 (d, J = 8.0 Hz, 1H), 8.52 (d, J = 8.0 Hz, 

1H), 8.41 (d, J = 8.0 Hz, 1H), 8.36 (d, J = 8.0 Hz, 1H), 7.96-7.93 (m, 3H), 7.85 – 7.81 (m, 2H), 

7.72-7.63 (m, 6H), 7.58 (d, J = 8.0 Hz, 1H), 7.46 (d, J = 8.0 Hz, 1H), 7.38 – 7.18 (m, 9H), 4.36 

(d, J = 12.0 Hz, 1H), 4.0-3.99 (dd, J = 4.0 Hz, 1H), 3.96 (d, J = 4.0 Hz, 1H), 3.78-3.75 (m, 1H), 

2.98-2.89 (m, 3H), 2.20 (s, 3H), 1.88-1.83 (m, 2H).

General procedure for enantioselective Michael addition of malonates to nitrostyrenes:

trans-β-Nitrostyrene (8) (50 mg, 0.34 mmol), diethyl malonate (9) (102 μL, 0.67 mmol), and 

acetonitrile (1 mL) were added to a scintillation vial equipped with a magnetic stir bar. Catalyst 

Δ-1 (24 mg, 0.017 mmol) was added to the vial and stirred for 5 min until NEt3 (4 μL, 0.034 

mmol) was added to activate the reaction. The reaction was stirred for 24 h at room temperature 

at which point the solvent was removed in vacuo. The crude product was then chromatographed 

(silica gel, 15:85 EtOAc/hexane) to obtain (S)-10 (58 mg, 55%). Spectral data for compounds 

(S)/(R)-10a-h matched those found in previous literature 1.
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(S)-diethyl 2-(2-nitro-1-phenylethyl)malonate ((S)-10):

NO2
OEt

O

EtO

O

Analytical data for title compound: [α]D
25 = +5.8 (c 1.03,  CHCl3); 1H NMR (400 MHz, CDCl3) δ 

7.29 – 7.10 (m, 5H), 4.88 – 4.73 (m, 2H), 4.21 – 4.07 (m, 3H), 3.92 (q, J = 7.1 Hz, 2H), 3.73 (d, 

J = 9.4 Hz, 1H), 1.21 – 1.13 (m, 3H), 0.96 (td, J = 7.0, 0.8 Hz, 3H); 13C NMR (100 MHz, CDCl3) 

δ 167.4, 166.7, 136.2, 128.9, 128.3, 128.0, 77.6, 62.1, 61.8, 54.9, 42.9, 13.9, 13.7. HRMS (EI) 

calc. for [C15H19NO6]+  309.1212, found 309.1196; HPLC (Chiralcel OD, hexane/ethanol= 97/3, 

1.00 mL/min, λ= 210 nm, retention times: (S) (Major) 13.3 min, (R) (Minor) 14.4 min, 72% ee). 

Figure S-8 1H-NMR of (S)-10

NO2
OEt

O

EtO

O
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Figure S-9 13C-NMR of (S)-10

NO2
OEt

O

EtO

O
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Figure S-10 HPLC trace of racemic 10

NO2
OEt

O

EtO

O
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Figure S-11 HPLC trace of (S)-10
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(R)-diethyl 2-(2-nitro-1-phenylethyl)malonate ((R)-10):

NO2
OEt

O

EtO

O

The same procedure was used as for the synthesis of (S)-31 except Λ-1 (22 mg, 0.017 mmol) was used as 

the catalyst. Analytical data for title compound: (42 mg, 40%), [α]D
25 = -4.9 (c 1.00,  CHCl3); 1H NMR 

(400 MHz, CDCl3) δ 7.29 – 7.10 (m, 5H), 4.88 – 4.73 (m, 2H), 4.21 – 4.07 (m, 3H), 3.92 (q, J = 7.1 Hz, 

2H), 3.73 (d, J = 9.4 Hz, 1H), 1.21 – 1.13 (m, 3H), 0.96 (td, J = 7.0, 0.8 Hz, 3H); 13C NMR (100 MHz, 

CDCl3) δ 167.43, 166.79, 136.22, 128.91, 128.33, 128.00, 77.63, 62.13, 61.86, 54.97, 42.96, 13.95, 13.72. 

HRMS (EI) calc. for [C15H19NO6]+  309.1212, found 309.1196; HPLC (Chiralcel OD, hexane/ethanol= 

97/3, 1.00 mL/min, λ= 210 nm, retention times: (S) (Minor) 13.3 min, (R) (Major) 14.4 min, 70% ee).

Figure S-12 HPLC trace of (R)-10
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(S)-diethyl 2-(2-nitro-1-(p-tolyl)ethyl)malonate ((S)-10a):

NO2
OEt

O

EtO

O

Δ-1 used as catalyst. Analytical data for title compound: (74 mg, 67%), [α]D
25 = +3.8 (c 0.52,  

CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.06 – 7.02 (m, 4H), 4.79 (dd, J = 11.6, 5.2 Hz, 1H), 4.77 

(dd, J = 9.2, 6.2 Hz,1H), 4.15 – 4.10 (m, 3H), 3.94 (q, J = 7.2 Hz, 2H), 3.72 (d, J = 9.6 Hz, 1H), 

2.21 (s, 3H), 1.21 (t, J = 7.1 Hz, 3H), 1.00 (t, J = 7.3 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 

167.5, 166.9, 138.1, 133.1, 129.6, 127.8, 77.8, 62.1, 61.9, 55.1, 42.6, 21.1, 13.9, 13.7. HRMS 

(EI) calc. for [C16H21NNaO6]+  346.1267, found 346.1268; HPLC (Chiralcel OD, 

hexane/isopropanol= 95/5, 0.8 mL/min, λ= 210 nm, retention times: (R) (Minor) 18.7 min, (S) 

(Major) 17.1 min, 70% ee). 
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Figure S-13 1H-NMR of (S)-10a

NO2
OEt

O

EtO

O
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Figure S-14 13C-NMR of (S)-10a

NO2
OEt

O

EtO

O
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Figure S-15 HPLC trace of racemic 10a

Figure S-16 HPLC trace of (S)-10a

(R)-diethyl 2-(2-nitro-1-(p-tolyl)ethyl)malonate ((R)-10a): 

NO2
OEt

O

EtO

O
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Λ-1 used as catalyst. Analytical data for title compound: (61 mg, 55%), [α]D
25 = -2.3 (c 1.06,  

CHCl3); HPLC (Chiralcel OD, hexane/isopropanol= 95/5, 0.8 mL/min, λ= 210 nm, retention 

times: (R) (Major) 14.9 min, (S) (Minor) 16.7 min, 67% ee). 

Figure S-17 HPLC trace of (R)-10a

(S)-diethyl 2-(1-(4-methoxyphenyl)-2-nitroethyl)malonate ((S)-10b):

MeO

NO2
OEt

O

EtO

O
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Δ-1 used as catalyst. Analytical data for title compound: (53 mg, 46%), [α]D
25 = +2.0 (c 0.5, 

CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.07 (d, J = 8.4 Hz, 2H), 6.76 (d, J = 8.8 Hz, 2H), 4.79 

(dd, J = 12.8, 8.0 Hz, 1H), 4.72 (dd, 1H, J = 12.4, 9.2 Hz), 4.16 – 4.08 (m, 3H), 3.94 (q, J = 6.8 

Hz, 2H), 3.71-3.68 (m, 4H), 1.18 (t, J = 7.2 Hz, 3H), 0.99 (t, J = 7.2 Hz, 3H); 13C NMR (100 

MHz, CDCl3) δ 167.5, 166.9, 159.4, 129.2, 128.0, 114.3, 77.9, 62.1, 61.8, 55.2, 55.1, 42.3, 13.9, 

13.8. HRMS (EI) calc. for [C16H21NNaO7]+  362.1216, found 362.1225; HPLC (Chiralcel OD, 

hexane/isopropanol= 95/5, 0.8 mL/min, λ= 210 nm, retention times: (R) (Minor) 26.0 min, (S) 

(Major) 28.4 min, 60% ee). 

MeO

NO2
OEt

O

EtO

O
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Figure S-18 1H-NMR of (S)-10b

Figure S-19 13C-NMR of (S)-10b
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Figure S-20 HPLC trace of racemic 10b

Figure S-21 HPLC trace of (S)-10b

MeO

NO2
OEt

O

EtO

O
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(R)-diethyl 2-(1-(4-methoxyphenyl)-2-nitroethyl)malonate ((R)-10b): 

MeO

NO2
OEt

O

EtO

O

Λ-1 used as catalyst. Analytical data for title compound: (23 mg, 20%), [α]D
25 = -5.5 (c 0.4, 

CHCl3); HPLC (Chiralcel OD, hexane/isopropanol= 95/5, 0.8 mL/min, λ= 210 nm, retention 

times: (R) (Major) 22.6 min, (S) (Minor) 25.7 min, 73% ee). 

Figure S-22 HPLC trace of (R)-10b
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(S)-diethyl 2-(1-(2,3-dimethoxyphenyl)-2-nitroethyl)malonate ((S)-10c):

NO2
OEt

O

EtO

O

OMe
OMe

Δ-1 used as catalyst. Analytical data for title compound: (121 mg, 97%), [α]D
25 = +4.9 (c 0.85,  

CHCl3); 1H NMR (400 MHz, CDCl3) δ 6.87 (t, J = 8.0 Hz, 1H), 6.76 (d, J = 8.0 Hz, 1H), 6.65 (d, 

J = 7.6 Hz, 1H), 4.91 (dd, J = 13.2, 9.8 Hz, 1H), 4.83 (dd, 1H, J = 13.2, 4.2 Hz), 4.41 – 4.36 (m, 

3H), 4.12 - 4.08 (m, 2H), 3.97 - 3.90 (m, 3H), 3.86 (s, 3H), 3.74 (s, 3H). 1.15 (t, J = 7.6 Hz, 3H), 

0.97 (t, J = 6.8 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 167.8, 167.2, 152.7, 129.3, 123.8, 120.9, 

112.7, 76.6, 61.9, 61.7, 60.7, 55.7, 53.6, 38.6, 13.9, 13.8. HRMS (EI) calc. for [C17H24NO8]+  

370.1502, found 370.1530; HPLC (Chiralcel OD, hexane/isopropanol= 95/5, 0.8 mL/min, λ= 

210 nm, retention times: (S) (Major) 16.1 min, (R) (Minor) 19.0 min, 48% ee). 
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Figure S-23 1H-NMR of (S)-10c

NO2
OEt

O

EtO

O

OMe
OMe
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Figure S-24 13C-NMR of (S)-10c



SI-33

Figure S-25 HPLC trace of racemic 10c

NO2
OEt

O

EtO

O

OMe
OMe
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Figure S-26 HPLC trace of (S)-10c(R)-diethyl 2-(1-(2,3-dimethoxyphenyl)-2-

nitroethyl)malonate ((R)-10c):

NO2
OEt

O

EtO

O

OMe
OMe

Λ-1 used as catalyst. Analytical data for title compound: (122 mg, 98%), [α]D
25 = -10.9 (c 0.87,  

CHCl3); HPLC (Chiralcel OD, hexane/isopropanol= 95/5, 0.8 mL/min, λ= 210 nm, retention 

times: (S) (Minor) 14.3 min, (R) (Major) 16.0 min, 57% ee). 

Figure S-27 HPLC trace of (R)-10c
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(S)-diethyl 2-(1-(4-bromophenyl)-2-nitroethyl)malonate ((S)-10d):

NO2
OEt

O

EtO

O

Br

Δ-1 used as catalyst. Analytical data for title compound: (59 mg, 45%), [α]D
25 = +1.3 (c 0.5, 

CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.36 (d, J = 8.4 Hz, 2H), 7.04 (d, J = 8.4 Hz, 2H), 4.82 

(dd, J = 13.2, 8.4 Hz, 1H), 4.78 (dd, J = 13.2, 9.4 Hz, 1H), 4.16 - 4.10 (m, 3H), 3.98 - 3.93 (m, 

2H), 3.69 (d, J = 9.2 Hz, 1H). 1.17 (t, J = 7.2 Hz, 3H), 0.99 (t, J = 7.1 Hz, 3H); 13C NMR (100 

MHz, CDCl3) δ 167.2, 166.6, 132.1, 129.7, 123.8, 62.3, 62.1, 54.7, 42.4, 13.9, 13.8. HRMS (EI) 

calc. for [C15H18BrNNaO6]+  410.0215, found 410.0219; HPLC (Chiralcel AD-H, 

hexane/isopropanol= 90/10, 0.8 mL/min, λ= 210 nm, retention times: (R) (Minor) 25.4 min, (S) 

(Major) 64.1 min, 24% ee). 
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Figure S-28 1H-NMR of (S)-10d

NO2
OEt

O

EtO

O

Br
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Figure S-29 13C-NMR of (S)-10d
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Figure S-30 HPLC trace of racemic 10d

Figure S-31 HPLC trace of (S)-10d

NO2
OEt

O

EtO

O

Br
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(R)-diethyl 2-(1-(4-bromophenyl)-2-nitroethyl)malonate ((R)-10d):

NO2
OEt

O

EtO

O

Br

Λ-1 used as catalyst. Analytical data for title compound: (63 mg, 48%), [α]D
25 = -6.5 (c 0.82,  

CHCl3); HPLC (Chiralcel AD-H, hexane/isopropanol= 90/10, 0.8 mL/min, λ= 210 nm, retention 

times : (R) (Major) 22.8 min, (S) (Minor) 55.7 min, 72% ee). 

Figure S-32 HPLC trace of (R)-10d
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(S)-diethyl 2-(1-(4-hydroxyphenyl)-2-nitroethyl)malonate ((S)-10e):

NO2
OEt

O

EtO

O

HO

Δ-1 used as catalyst. Analytical data for title compound: (60 mg, 51%), [α]D
25 = +5.1 (c 0.86,  

CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.01 (d, J = 8.4 Hz, 2H), 6.64 (d, J = 8.4 Hz, 2H), 4.95 

(bs, 1H), 4.81 (dd, J = 12.8, 4.8 Hz, 1H), 4.78 (dd, J = 17.2, 4.8 Hz, 1H), 4.16 - 4.09 (m, 3H), 

3.95 (q, J = 7.2Hz, 2H), 3.69 (d, J = 9.6 Hz, 1H). 1.19 (t, J = 6.8 Hz, 3H), 0.99 (t, J = 7.2 Hz, 

3H); 13C NMR (100 MHz, CDCl3) δ 167.5, 166.4, 129.4, 128.1, 115.8, 77.9, 62.2, 61.9, 55.1, 

42.3, 13.9, 13.8. HRMS (EI) calc. for [C17H24NO8]+  348.1059, found 348.1087; HPLC 

(Chiralcel AD-H, hexane/isopropanol= 90/10, 0.8 mL/min, λ= 210 nm, retention times: (R) 

(Minor) 26.5 min, (S) (Major) 39.9 min, 40% ee).
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Figure S-33 1H-NMR of (S)-10e
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Figure S-34 13C-NMR of (S)-10e
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Figure S-35 HPLC trace of racemic 10e

Figure S-36 HPLC trace of (S)-10e
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(R)-diethyl 2-(1-(4-hydroxyphenyl)-2-nitroethyl)malonate ((R)-10e):

NO2
OEt

O

EtO

O

HO

Λ-1 used as catalyst. Analytical data for title compound: (52 mg, 44%), [α]D
25 = -1.7 (c 0.84,  

CHCl3); HPLC (Chiralcel AD-H, hexane/isopropanol= 90/10, 0.8 mL/min, λ= 210 nm, retention 

times : (R) (Major) 23.9 min, (S) (Minor) 35.2 min, 53% ee). 

Figure S-37 HPLC trace of (R)-10e



SI-45

(S)-dimethyl 2-(2-nitro-1-phenylethyl)malonate ((S)-10f):

NO2
O

O

O

O

Δ-1 used as catalyst. Analytical data for title compound: (34 mg, 35%), [α]D
25 = +6.8 (c 0.68,  

CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.26-7.13 (m, 5H), 4.83 (dd, J = 13.2, 5.2 Hz, 1H), 4.79 

(dd, J = 13.2, 8.8 Hz, 1H), 4.19 - 4.13 (m, 1H), 3.78 (d, J = 9.2Hz, 1H), 3.67 (s, 3H). 3.48 (s, 3H) 

; 13C NMR (100 MHz, CDCl3) δ 167.8, 167.2, 136.1, 129.0, 128.4, 127.9, 77.4, 54.8, 53.0, 52.8, 

42.9, 30.9. HRMS (EI) calc. for [C13H15NNaO6]+  304.0797, found 304.0794;  HPLC (Chiralcel 

OD, hexane/isopropanol= 95/5, 0.8 mL/min, λ= 210 nm, retention times: (R) (Minor) 19.3 min, 

(S) (Major) 27.0 min, 57% ee). 
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Figure S-38 1H-NMR of (S)-10f
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Figure S-39 13C-NMR of (S)-10f
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Figure S-40 HPLC trace of racemic 10f

Figure S-41 HPLC trace of (S)-10f
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(R)-dimethyl 2-(2-nitro-1-phenylethyl)malonate ((R)-10f):

NO2
O

O

O

O

Λ-1 used as catalyst. Analytical data for title compound: (73 mg, 77%), [α]D
25 = -4.9 (c 0.54,  

CHCl3); HPLC (Chiralcel OD, hexane/isopropanol= 95/5, 0.8 mL/min, λ= 210 nm, retention 

times: (R) (Major) 18.1 min, (S) (Minor) 24.2 min, 64% ee).

Figure S-42 HPLC trace of (R)-10f
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(S)-diisopropyl 2-(2-nitro-1-phenylethyl)malonate ((S)-10g):

NO2
O

O

O

O

Δ-1 used as catalyst. Analytical data for title compound: (34 mg, 30%), [α]D
25 = +6.8 (c 0.68,  

CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.25-7.14 (m, 5H), 5.02 (m, 1H), 4.86-4.72 (m, 3H), 4.15 

- 4.09 (m, 1H), 3.67 (d, J = 9.6 Hz, 1H), 1.16 (d, J = 6.3 Hz, 3H), 1.15 (d, J = 6.3 Hz, 3H), 0.97 

(d, J = 6.3 Hz, 3H), 0.94 (d, J = 6.3 Hz, 3H); 13C NMR (100 MHz, CDCl3) δ 167.1, 166.3, 136.3, 

128.9, 128.3, 128.1, 77.9, 69.9, 69.6, 55.2, 42.9, 21.6, 21.5, 21.3, 21.2. HRMS (EI) calc. for 

[C13H15NNaO6]+  360.1423, found 360.1432;  HPLC (Chiralcel OD, hexane/isopropanol= 95/5, 

0.8 mL/min, λ= 210 nm, retention times: (R) (Minor) 9.8 min, (S) (Major) 11.1 min, 73% ee).



SI-51

 Figure S-43 1H-NMR of (S)-10g
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Figure S-44 13C-NMR of (S)-10g



SI-53

Figure S-45 HPLC trace of racemic 10g

Figure S-46 HPLC trace of (S)-10g
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(R)-diisopropyl 2-(2-nitro-1-phenylethyl)malonate ((R)-10g):

NO2
O

O

O

O

Λ-1 used as catalyst. Analytical data for title compound: (34 mg, 30%), [α]D
25 = -3.8 (c 0.68,  

CHCl3); HPLC (Chiralcel OD, hexane/isopropanol= 95/5, 0.8 mL/min, λ= 210 nm, retention 

times: (R) (Major) 9.5 min, (S) (Minor) 10.8 min, 65% ee).

Figure S-47 HPLC trace of (R)-10g
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1-benzyl 3-ethyl 2-((S)-2-nitro-1-phenylethyl)malonate ((S)-10j):

NO2
O

O

O

O

Ph

Δ-1 used as catalyst and (S)-10j was obtained as a mixture of inseparable diastereomers. 

Analytical data for title compound: (26 mg, 41%, dr~50:50) , [α]D
25 = +0.73 (c 0.52,  CHCl3); 1H 

NMR (400 MHz, CDCl3) δ 7.29-7.04 (m, 25H), 5.10 (dd, J = 7.3, 5.2 Hz, 2.5H), 4.81 (s, 1.7H), 

4.79 - 4.75 (m, 3.6H), 4.17-4.09 (m, 4.2H), 3.89 (q, J = 7.2 Hz, 2H), 3.80 (dd, J = 9.6, 7.2 Hz, 

1.8H),  1.12 (t, J = 7.2 Hz, 3H), 0.92 (d, J = 7.2 Hz, 2.7H), 13C NMR (100 MHz, CDCl3) δ 167.3, 

166.1, 134.9, 129.0, 128.3, 128.9, 128.6, 128.5, 128.4, 128.37, 128.30, 127.9, 77.6, 77.4, 67.7, 

67.5, 62.2, 61.9, 55.0, 54.9, 43.0, 42.9, 13.8, 13.6. HRMS (EI) calc. for [C20H21NNaO6]+  

394.1267, found 394.1279;  HPLC (Chiralcel OD-H, hexane/isopropanol= 99/1, 1.0 mL/min, λ= 

210 nm, retention times: First diastereomer: major enantiomer tr = 50.2 min, minor enantiomer tr 

= 54.7 min; 26% ee; Second diastereomer: minor enantiomer tr = 59.3 min, major enantiomer tr = 

69.8 min; 30% ee.
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Figure S-48 1H-NMR of racemic 10j
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Figure S-49 13C-NMR of racemic 10j
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Figure S-50 HPLC trace of racemic 10j
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Figure S-51 1H-NMR of (S)-10j

NO2
O

O

O

O

Ph



SI-60

Figure S-52 HPLC trace of (S)-10j
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1-benzyl 3-ethyl 2-((R)-2-nitro-1-phenylethyl)malonate ((R)-10j):

NO2
O

O

O

O

Ph

Λ-1 used as catalyst, (24 mg, 40%, dr~50:50) , [α]D
25 = -3.7 (c 0.50,  CHCl3); HPLC (Chiralcel 

OD-H, hexane/isopropanol= 99/1, 1.0 mL/min, λ= 210 nm, retention times: First diastereomer: 

minor enantiomer tr = 50.4 min, major enantiomer tr = 54.9 min; 20% ee; Second diastereomer: 

major enantiomer tr = 59.9 min, minor enantiomer tr = 68.0 min; 20% ee
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Figure S-53 1H-NMR of (R)-10j

Figure S-54 HPLC trace of (R)-10j
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1-benzyl 3-tert-butyl 2-((S)-2-nitro-1-phenylethyl)malonate ((S)-10l):

NO2
O

O

O

O

Ph

Δ-1 used as catalyst and (S)-10l was obtained as a mixture of inseparable diastereomers. 

Analytical data for title compound: (34 mg, 51%, dr~67:32) , [α]D
25 = -2.2 (c 0.66,  CHCl3); 1H 

NMR (400 MHz, CDCl3) δ 7.28-7.07 (m, 15H), 5.08 (dd, J = 52.8, 12.0 Hz, 2.2H), 4.90-4.68 (m, 

4.2H), 4.12-4.07 (m, 1.6H), 3.69 (d, J = 10.0 Hz, 1.5H), 1.29 (s, 4.2H),  1.13 (s, 9H), 13C NMR 

(100 MHz, CDCl3) δ 167.7, 167.4, 165.5, 136.2, 134.97, 134.91, 128.9, 128.8, 128.6, 128.5, 

128.44, 128.43, 128.3, 128.2, 128.0, 82.9, 78.0, 67.5, 67.4, 55.8, 55.6, 43.1, 42.9, 27.7, 27.4. 

HRMS (EI) calc. for [C22H25NNaO6]+  422.1580, found 422.1584;  HPLC (Chiralcel AD-H, 

hexane/isopropanol= 95/5, 0.8 mL/min, λ= 210 nm, retention times: First diastereomer: minor 

enantiomer tr = 35.8 min, major enantiomer tr = 65.6 min; 37% ee; Second diastereomer: minor 

enantiomer tr = 53.8 min, major enantiomer tr = 74.4 min; 70% ee.
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Figure S-55 1H-NMR of racemic 10l
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Figure S-56 13C-NMR of racemic 10l
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Figure S-57 HPLC trace of racemic 10l
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Figure S-58 1H-NMR of (S)-10l
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Figure S-59 HPLC trace of (S)-10l
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1-benzyl 3-tert-butyl 2-((R)-2-nitro-1-phenylethyl)malonate ((R)-10l):

NO2
O

O

O

O

Ph

Λ-1 used as catalyst and (R)-10l was obtained as a mixture of inseparable diastereomers. 

Analytical data for title compound: (28 mg, 42%, dr~50:50) , [α]D
25 = -4.2 (c 0.57,  CHCl3); 

HPLC (Chiralcel AD-H, hexane/isopropanol= 95/5, 0.8 mL/min, λ= 210 nm, retention times: 

First diastereomer: major enantiomer tr = 35.8 min, minor enantiomer tr = 64.6 min; 50% ee; 

Second diastereomer: major enantiomer tr = 53.2 min, minor enantiomer tr = 73.2 min; 40% ee
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Figure S-60 1H-NMR of (R)-10l

Figure S-61 HPLC trace of (R)-10l
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1-tert-butyl 3-ethyl 2-((S)-2-nitro-1-phenylethyl)malonate ((S)-10k):

NO2
O

O

O

O

Δ-1 used as catalyst and (S)-10k was obtained as a mixture of inseparable diastereomers. 

Analytical data for title compound: (26 mg, 46%, dr~50:50) , [α]D
25 = -2.6 (c 0.54,  CHCl3); 1H 

NMR (400 MHz, CDCl3) δ 7.25-7.14 (m, 9H), 4.85-4.70 (m, 3H), 4.21-4.07 (m, 3.3H), 3.94-3.91 

(m, 1.3H), 3.62 (m, 1.5H),  1.49 (s, 4.9H), 1.19 (t, J = 10.0 Hz, 3H), 1.13 (s, 7.4H), 0.99 (t, J = 

10.0 Hz, 3H),  13C NMR (100 MHz, CDCl3) δ 166.5, 165.7, 165.5, 128.87, 128.84, 128.3, 128.2, 

128.1, 78.1, 77.7, 77.2, 61.9, 61.7.0, 55.9, 55.7, 43.1, 42.9, 27.8, 27.5, 14.0, 13.8, HRMS (EI) 

calc. for [C17H23NNaO6]+  360.1423, found 360.1434;  HPLC (Chiralcel AD-H, 

hexane/isopropanol= 93/7, 0.8 mL/min, λ= 210 nm, retention times: First diastereomer: minor 

enantiomer tr = 21.5 min, major enantiomer tr = 33.9 min; 77% ee; Second diastereomer: minor 

enantiomer tr = 27.1 min, major enantiomer tr = 101.2 min; 72% ee
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Figure S-62 1H-NMR of racemic 10k
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Figure S-63 13C-NMR of racemic 10k
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Figure S-64 HPLC trace of racemic 10k
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Figure S-65 1H-NMR of (S)-10k
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Figure S-66 HPLC trace of (S)-10k
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1-tert-butyl 3-ethyl 2-((R)-2-nitro-1-phenylethyl)malonate ((R)-10k):

NO2
O

O

O

O

Λ-1 used as catalyst and (R)-10k was obtained as a mixture of inseparable diastereomers. 

Analytical data for title compound: (24 mg, 39%, dr~50:50) , [α]D
25 = -4.7 (c 0.44,  CHCl3); 

HPLC (Chiralcel AD-H, hexane/isopropanol= 93/7, 0.8 mL/min, λ= 210 nm, retention times: 

First diastereomer: major enantiomer tr = 21.3 min, minor enantiomer tr = 33.4 min; 20% ee; 

Second diastereomer: major enantiomer tr = 26.9 min, minor enantiomer tr = 99.8 min; 24% ee
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Figure S-67 1H-NMR of (R)-10k

Figure S-68 HPLC trace of (R)-10k
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1-tert-butyl 3-methyl 2-((S)-2-nitro-1-phenylethyl)malonate ((S)-10i):

NO2
O

O

O

O

Δ-1 used as catalyst and (S)-10i was obtained as a mixture of inseparable diastereomers. 

Analytical data for title compound: (28 mg, 51%, dr~70:30) , [α]D
25 = -1.4 (c 1.03,  CHCl3); 1H 

NMR (400 MHz, CDCl3) δ 7.25-7.14 (m, 11H), 4.83-4.67 (m, 3.6H), 4.12-4.06 (m, 1.8H), 3.69-

3.64 (m, 3.5H), 3.49 (m, 1.8H),  1.36 (s, 5.2H), 1.17 (s, 9H), 13C NMR (100 MHz, CDCl3) δ 

168.4, 165.6, 136.3, 128.9, 128.8, 128.2, 127.9, 77.2, 55.8, 55.5, 52.8, 43.2, 27.8, 27.4, HRMS 

(EI) calc. for [C17H23NNaO6]+  346.1267, found 360.1243;  HPLC (Chiralcel OJ-H, 

hexane/isopropanol= 95/5, 1.0 mL/min, λ= 210 nm, retention times: First diastereomer: major 

enantiomer tr = 19.5 min, minor enantiomer tr = 25.3 min; 60% ee; Second diastereomer: major 

enantiomer tr = 21.4 min, minor enantiomer tr = 29.1 min; 73% ee
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Figure S-69 1H-NMR of racemic 10i
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Figure S-70 13C-NMR of racemic 10i
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Figure S-71 HPLC trace of racemic 10i
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Figure S-72 1H-NMR of (S)-10i
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Figure S-73 HPLC trace of (S)-10i
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1-tert-butyl 3-methyl 2-((R)-2-nitro-1-phenylethyl)malonate ((R)-10i):

NO2
O

O

O

O

Λ-1 used as catalyst and (R)-10i was obtained as a mixture of inseparable diastereomers. 

Analytical data for title compound: (25 mg, 40%, dr~68:32) , [α]D
25 = -4.9 (c 0.44,  CHCl3, 72% 

ee (S)); HPLC (Chiralcel OJ-H, hexane/isopropanol= 95/5, 1.0 mL/min, λ= 210 nm, retention 

times: First diastereomer: minor enantiomer tr = 18.3 min, major enantiomer tr = 23.5 min; 64% 

ee; Second diastereomer: minor enantiomer tr = 19.9 min, major enantiomer tr = 26.6 min; 64% 

ee
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Figure S-74 1H-NMR of (R)-10i

Figure S-75 HPLC trace of (R)-10i
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Λ-1 by reduction of Δ-1:  Catalyst Δ-1 (24 mg, 0.017 mmol) was dissolved in 1 mL of CH2Cl2. 

NEt3 (4 μL, 0.034 mmol) and L-ascorbic acid (6 mg, 0.034 mmol) were then added to the 

mixture and stirred for 1 h at room temperature. A color change from light blue to yellow was 

observed after addition of ascorbic acid. The solvent was removed in vacuo, and the solid was 

suspended in degassed H2O (2 mL) and filtered. The solid residue was washed with H2O and 

hexane before drying under reduced pressure. The yellow solid was then used as catalyst.

III. Method for in situ Catalysis

Ligand 7 (18 mg, 0.018 mmol), CuII(ClO4)2● 6(H2O) (6.4 mg, 0.018 mmol), 10 mg of 4 Å MS, 

and 1 mL of CH3CN were added to a scintillation vial and stirred for 1 h before nitrostyrene (8) 

(50 mg, 0.34 mmol), diethyl malonate (9) (102 μL, 0.67 mmol), and NEt3 (4 μL, 0.034 mmol) 

were added to the vial. The reaction was stirred at room temperature for 1 h and solvent was 

removed. Crude product was purified using silica column chromatography (90/10 hexane/ethyl 

acetate) to obtain (S)-10 (66 mg, 63%) in 72% ee.

For in situ formation of Λ-1, Cu(MeCN)4PF6 was used as the copper salt
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IV. Crystallographic information for Δ-1

Single Crystal Structure Determination Experimental Description

A green block-like crystal with the size of 0.30  0.34  0.50 mm3 was selected for geometry and intensity data 

collection with a Bruker SMART APEXII CCD area detector on a D8 goniometer at 100 K. The temperature during 

the data collection was controlled with an Oxford Cryosystems Series 700+ instrument. Preliminary lattice 

parameters and orientation matrices were obtained from three sets of frames. Data were collected using graphite-

monochromated and 0.5 mm-MonoCap-collimated Mo-K radiation (λ = 0.71073 Å) with the ω scan method.(2) 

Data were processed with the INTEGRATE program of the APEX2 software(2) for reduction and cell refinement. 

Multi-scan absorption corrections were applied by using the SCALE program for the area detector. The structure 

was solved by the direct method and refined on F2 (SHELXTL).(3) Non-hydrogen atoms, except a highly disordered 

3,5-bis(trifluoromethyl)benzene group, were refined with anisotropic displacement parameters, and hydrogen atoms 

on carbons and nitrogens were placed in idealized positions (C-H = 0.95-1.00 Å and N-H = 0.88 Å) and included as 

riding with Uiso(H) = 1.2 or 1.5 Ueq(non-H).

Table 1. Sample and crystal data for Δ-1.

Identification code 13jca3h
Chemical formula C113.30H88.95Cl2Cu2F24N15.65O14S2

Formula weight 2611.73
Temperature 100(2) K
Wavelength 0.71073 Å
Crystal size 0.300 x 0.340 x 0.500 mm

Crystal habit green block
Crystal system trigonal
Space group P 32 2 1

Unit cell dimensions a = 29.930(6) Å α = 90°
b = 29.930(6) Å β = 90°
c = 28.878(6) Å γ = 120°

Volume 22403.(8) Å3

Z 6
Density (calculated) 1.161 g/cm3

Absorption coefficient 0.432 mm-1

F(000) 8353

Table 2. Data collection and structure refinement for Δ-1. 
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Diffractometer Bruker APEX-II CCD
Radiation source sealed tube, MoKα
Theta range for data 
collection 1.36 to 23.00°

Index ranges -32<=h<=32, -32<=k<=32, -31<=l<=31
Reflections collected 163141
Independent reflections 20779 [R(int) = 0.0863]
Absorption correction multi-scan
Max. and min. 
transmission 0.8813 and 0.8129

Structure solution 
technique direct methods

Structure solution program SHELXS-97 (Sheldrick, 2008)
Refinement method Full-matrix least-squares on F2

Refinement program SHELXL-97 (Sheldrick, 2008)
Function minimized Σ w(Fo

2 - Fc
2)2

Data / restraints / 
parameters 20779 / 305 / 1393

Goodness-of-fit on F2 1.005

Final R indices 15401 data; 
I>2σ(I)

R1 = 0.0782, wR2 = 
0.2086

all data R1 = 0.0974, wR2 = 
0.2228

Weighting scheme w=1/[σ2(Fo
2)+(0.1611P)2]

where P=(Fo
2+2Fc

2)/3
Absolute structure 
parameter 0.0(1)

Largest diff. peak and hole 0.661 and -0.481 eÅ-3

R.M.S. deviation from 
mean 0.086 eÅ-3
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(2) APEX2 (version 2012.10). Program for Bruker CCD X-ray Diffractometer Control, Bruker AXS Inc., 
Madison, WI, 2012.

(3) G. M. Sheldrick, SHELXTL, version 6.14. Program for solution and refinement of crystal structures, 

Universität Göttingen, Germany, 2009.


