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1. General information  

Unless stated otherwise, reagents were used directly as obtained commercially. Reactions were monitored by TLC using silica 

gel GF254 plates. Flash column chromatography was performed using silica gel. 1H NMR and 13C NMR spectra were recorded 

on Bruker AV III 400 MHz NMR spectrometers. Chemical shifts are reported in ppm using tetramethylsilane or the residual 

solvent peak as a reference. Analytical high performance liquid chromatography (HPLC) was performed on Elite EClassical 

3100 HPLC system using the indicated chiral column (4.6 mm×25 cm). Specific rotations were measured by WZZ/2S 

automatic polarimeter at 589 nm. Melting points were determined using WRS-2 microcomputer melting point instrument. The 

compounds used in the experiment were weighed with Mettler Toledo Electronic balance XSR205DU/AC. Infrared spectra 

were recorded on a Nicolet iS50 FT-IR. HRMS were recorded on a Waters Xevo G2-XS TOF mass spectrometer. The 

organocatalysts (PU-VII,1,2 QN-SQA,3 HQN-SQA,3 QD-SQA,3 and HQD-SQA3), dithiomalonates1,2 and nitroolefins 

examined in this study were obtained according to the published procedures.  

 

2. Catalyst evaluation for access to 3ba 

 

General Procedure A 

To a 3 mL dried vial equipped with a Teflon-coated magnetic stirring bar, p-chloronitroolefin 1b (44 mg, 0.24 mmol, 1.5 

equiv.) and solvent (1.5 mL) were added. The catalyst (5 mol %) and S,S’-bis (4-methylphenyl) dithiomalonate 2a (50 mg, 

0.16 mmol, 1.0 equiv.) were added to the reaction mixture successively. The reaction mixture was vigorously stirred at room 

temperature for 1.5 hours. Upon completion of the reaction (monitored by TLC), the solvent was evaporated under reduced 

pressure and the resulting residue was purified via column chromatography on silica gel to yield white solid products 3b. The 

ee values of 3b was determined by chiral HPLC (with COSMOSIL 5A column, i-PrOH/n-hexane = 30/70, 25 °C, 1.0 mL/min, 

λ= 254 nm).  

The yields and ee values of 3b are shown in Table S1. And plotting % ee of 3b vs different reaction conditions graph using 

Microsoft Excel are shown in Figure S1. 

Table S1. Catalyst evaluation for access to the key intermediate 3b. 

entry cat. condition cat. (mol %) 3b yield (%)b  3b ee (%)c 

1 PU-VII toluene 5 95 87 

2 PU-VII H2O 5 80 73 

3 PU-VII brine 5 90 83 

4d PU-VII brine/toluene 5 95 86 

5d PU-VII brine/toluene 0.5 93 87 

6 QD-SQA toluene 5 90 92 

7 QD-SQA H2O 5 85 72 

8 QD-SQA brine 5 91 72 



 

S2 

 

9d QD-SQA brine/toluene 5 95 92 

10d QD-SQA brine/toluene 0.5 96 97 

11 HQD-SQA toluene 5 91 86 

12 HQD-SQA H2O 5 81 80 

13 HQD-SQA brine 5 90 91 

14d HQD-SQA brine/toluene 5 89 88 

15d HQD-SQA brine/toluene 0.5 93 92 

aUnless otherwise noted, all reactions were conducted using 2a (0.16 mmol, 1 equiv.), 1b (0.24 mmol, 1.5 equiv.), and cat. (0.5~5 mol %) 

in different solvents. bIsolated yield. cee was determined using HPLC. d10 equiv. of toluene was added. 

 

Figure S1. Catalysts evaluation for access to the key intermediate 3b. 

 

(R)-2-(1-(4-chlorophenyl)-2-nitro-ethyl)-malonic acid bis-4-methylphenyl dithioester (3b) 

Following the general procedure with QD-SQA (0.50 mg, 0.5 mol %) and toluene (10 equiv.) in 1.5 mL 

brine, 3b was obtained as a white solid (76 mg, 96% yield, 97% ee). 

Rf =0.40 (petroleum ether/ethyl acetate (v/v), 10/1).  

1H NMR (400 MHz, CDCl3) δ 7.29 (dt, J = 24.3, 8.2 Hz, 6H), 7.22-7.16 (m, 4H), 7.06 (d, J = 8.0 Hz, 2H), 

4.80 (d, J = 6.5 Hz, 2H), 4.44-4.33 (m, 2H), 2.39 (s, 3H), 2.35 (s, 3H) ppm.  

13C NMR (101 MHz, CDCl3) δ 190.8, 190.0, 140.8, 140.7, 134.6, 134.2, 134.2, 133.9, 130.4, 130.3, 129.8, 129.3, 122.5, 122.4, 

76.9, 68.9, 43.7, 21.4, 21.4 ppm.  

HPLC COSMOSIL 5A column, i-PrOH/n-hexane = 30/70, 25 °C, 1.0 mL/min, λ= 254 nm, tR= 15.55 min (minor), tR= 13.71 

min (major). 

[α]20
D = -101.4(c = 1.0, CHCl3). [lit.[2] [α]20

D = -92.2 (c = 1.0, CHCl3; 87% ee)]. 

 

3. Further optimization for access to 3b 

 

Following the general procedure A (page S1), a comprehensive optimization study for the “on water” addition reaction of 2a 

with 1b was conducted to investigate the reaction media and catalyst loading of QD-SQA. The data of yields and ee values 

are shown in Table S2. 
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Table S2. Further optimization for the enantioselective access to the key intermediate 3b.
a
 

entry additive cat. (mol%) yield (%)b ee (%)c 

1 toluene 0.5 96 97 

2d toluene 0.5 95 93 

3d toluene 0.25 93 95 

4 PhCl 0.5 94 93 

5 xylene 0.5 93 92 

6 mesitylene 0.5 90 91 

7e toluene 0.1 92 89 

8e toluene 0.2 95 94 

9e toluene 2 95 92 

10e toluene 5 95 92 

aThese reactions were conducted using 2a (0.16 mmol, 1 equiv.), 1b (0.24 mmol, 1.5 equiv.), cat. (0.5 mol %), and toluene (10 equiv.) in 

1.5 mL of brine. bIsolated yield. cee was determined using HPLC. d5 equiv. of toluene was added. eThese reactions were conducted using 2a 

(0.16 mmol, 1 equiv.), 1b (0.24 mmol, 1.5 equiv.), cat. (0.1-5 mol %), and toluene (10 equiv.) in 1.5 mL of brine. 

4. Optimization for access to ent-3c 

 

General Procedure B 

To a 3 mL dried vial equipped with a Teflon-coated magnetic stirring bar, m-trifluoromethyl nitroolefin 1c (52 mg, 0.24 mmol) 

and brine (1.5 mL)/toluene (10 equiv.) were added. The catalyst (0.2-2 mol %) and S,S’-bis (4-methylphenyl) dithiomalonate 

2a (50 mg, 0.16 mmol, 1.0 equiv.) were added to the reaction mixture successively. The reaction mixture was vigorously 

stirred at room temperature for 30-50 min. Upon completion of the reaction (monitored by TLC), the solvent was evaporated 

under reduced pressure and the resulting residue was purified via column chromatography on silica gel to yield white solid 

products ent-3c. The ee values of ent-3c was determined by chiral HPLC (with COSMOSIL 5A column, i-PrOH/n-hexane = 

30/70, 25 °C, 1.0 mL/min, λ= 254 nm). 

The data of yields and ee values are shown in Table S3. 

Table S3. Optimization for access to the key intermediate ent-3c.
a
 

 

entry cat. cat (mol%) time (min) yield (%)b ee (%)c 

1 ent-PU-VII 0.5 30 94 82 

2 QN-SQA 0.5 30 96 97 

3 HQN-SQA 0.5 50 92 84 
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4 QN-SQA 0.2 50 90 66 

5 QN-SQA 2 30 94 95 

6d QD-SQA 0.5 30 95 96 

aThese reactions were conducted using 2a (0.16 mmol, 1 equiv.), 1c (0.24 mmol, 1.5 equiv.), cat. (0.2-2 mol %), and toluene (10 equiv.) in 

1.5 mL of brine. bIsolated yield. cee was determined using HPLC. d(R)-3c was obtained as the major product. 

(S)-2-(1-(3-(trifluoromethyl-phenyl)-2-nitro-ethyl)-malonic acid diphenyl dithioester (ent-3c) 

Following the general procedure with QN-SQA ( 0.5 mol %) and toluene (10 equiv.) in 1.5 mL brine, the 

reaction was completed in 30 min at r.t., ent-3c was obtained as a white solid (80.8 mg, 96% yield, 97% ee). 

New Compound, Rf =0.35 (petroleum ether:ethyl acetate (v/v), 10/1).  

mp: 137-140 ℃. 

1H NMR (400 MHz, CDCl3) δ 7.63-7.59 (m, 1H), 7.54-7.46 (m, 3H), 7.31-7.28 (m, 2H), 7.28-7.25 (m, 2H), 7.19-7.16 (m, 

2H), 7.05-7.01 (m, 2H), 4.87 (dd, J = 4.0, 2.4 Hz, 2H), 4.49-4.45 (m, 1H), 4.45-4.42 (m, 1H), 2.40 (s, 3H), 2.35 (s, 3H) ppm.  

13C NMR (101 MHz, CDCl3) δ 190.7, 190.0, 140.9, 140.7, 136.7, 134.2, 134.1, 131.6, 131.3, 130.8 (q, J = 223.3 Hz), 130.4, 

130.3 125.5 (q, J = 3.6 Hz), 125.2 (q, J = 3.9 Hz), 122.4 (q, J = 3.9 Hz), 76.6, 68.6, 44.0, 21.4, 21.4 ppm. 

IR (KBr) 2924, 1912, 1698, 1617, 1549, 1492, 1453, 1399, 1335, 1317, 1261, 1167, 1075, 980, 810, 706 cm -1. 

HRMS (ESI-QTOF) m/z: [M + Na]+ Calcd for C26H22F3NO4S2Na 556.0845, found 556.0840.   

HPLC COSMOSIL 5A column, i-PrOH/n-hexane = 30/70, 25 ℃, 1.0 mL/min, λ= 254 nm, tR= 15.49 min (minor), tR= 19.97 

min (major). 

[α]20
D = +64.8 (c = 1.0, CHCl3).  

(R)-2-(1-(3-(trifluoromethyl-phenyl)-2-nitro-ethyl)-malonic acid diphenyl dithioester (3c) 

Following the general procedure with QD-SQA (0.5 mol %) and toluene (10 equiv.) in 1.5 mL brine, the 

reaction was completed in 30 min at r.t., 3c was obtained as a white solid (80 mg, 95% yield, 96% ee).  

Analytical data are consistent with that of ent-3c.  

HPLC COSMOSIL 5A column, i-PrOH/n-hexane = 30/70, 25 ℃, 1.0 mL/min, λ= 254 nm, tR= 18.86 min 

(minor), tR= 14.77 min (major). [α]20
D = -64.5 (c = 1.0, CHCl3).  

5. Gram-scale synthesis of 3b, 3c and ent-3c 

5.1 Gram-scale synthesis of 3b 

 

To a stirred solution of catalyst QD-SQA (0.5 mol %) and β-nitroolefin 1b (1.7 g, 9.5 mmol, 1.5 equiv.) in brine (20 mL) and 

toluene (10 equiv.), S,S’-bis (4-methylphenyl) dithiomalonate 2a (2 g, 6.3 mmol, 1.0 equiv.) was added. The reaction mixture 

was vigorously stirred for 3 h at r.t.. After the reaction was completed (monitored by TLC), the reaction mixture was extract 

with CH2Cl2 (20 mL×3) and washed with brine, dried over anhydrous Na2SO4, and concentrated in vacuo. The residue was 

purified through column chromatography on silica gel to provide the desired products 3b as a white solid (2.9 g, 92% yield, 

95% ee). Analytical data are consistent with above values. 

5.2 Gram-scale synthesis of 3c and ent-3c 
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To a stirred solution of catalyst QD-SQA or QN-SQA (0.5 mol %) and β-nitroolefin 1c (2.1 g, 9.5 mmol, 1.5 equiv.) in brine 

(20 mL) and toluene (10 equiv.), S,S’-bis (4-methylphenyl) dithiomalonate 2a (2 g, 6.3 mmol, 1.0 equiv.) was added. The 

reaction mixture was vigorously stirred for 3 h at r.t.. After the reaction was completed (monitored by TLC), the reaction 

mixture was extract with CH2Cl2 (20 mL×3) and washed with brine, dried over anhydrous Na2SO4, and concentrated in vacuo. 

The residue was purified through column chromatography on silica gel to provide the desired products 3c (3.2 g, 95% yield, 

96% ee) and ent-3c (3.1 g, 92% yield, 97% ee) as a white solid, respectively. Analytical data are consistent with above values. 

6. Synthesis of (R)-baclofen 

 

6.1 Synthesis of 4a 

To a 50 mL dried round-bottom flask equipped with a Teflon-coated magnetic stirring bar, adduct 3b (99% ee) (150 mg, 0.28 

mmol, 1.0 equiv) was dissolved in 5.0 mL of AcOH. A freshly activated zinc powder (185 mg, 2.8 mmol, 10 equiv.) was added 

and the mixture was stirred at r.t. under an argon atmosphere for 3 hours. After this period, TiCl3 (30 μL, 0.028 mmol, 0.1 

equiv; 12% solution in 5% HCl) was added and the resulting mixture was stirred for additional 2 h. The mixture was filtered 

through a pad of Celite, the filter cake was washed with EtOAc and the obtained solution was concentrated in vacuo. The crude 

material was purified by flash column chromatography on silica gel to obtain the product 4a as a white solid (96 mg, 93% 

yield, 99% ee); Rf =0.24 (petroleum ether:ethyl acetate (v/v), 1/1); 1H NMR (400 MHz, CDCl3) δ 7.36-7.29 (m, 4H), 7.23-

7.19 (m, 4H), 6.38 (s, 1H), 4.11 (dd, J = 15.4, 7.9 Hz, 1H), 3.86-3.73 (m, 2H), 3.41 (dd, J = 9.7, 7.1 Hz, 1H), 2.37 (s, 3H) ppm; 

13C NMR (101 MHz, CDCl3) δ 194.0, 171.4, 140.2, 138.7, 134.4, 130.1, 129.3, 128.4, 123.4, 62.2, 47.5, 43.5, 21.4 ppm; IR 

(KBr) 2921, 1722, 1684, 1597, 1560, 1494, 1445, 1324, 1281, 1091, 1053, 1013, 821 cm-1; HRMS (ESI-QTOF) m/z: [M + 

Na]+ Calcd for C18H16ClNO2SNa 368.0488, found 368.0485; HPLC COSMOSIL 5A column, i-PrOH/n-hexane = 30/70, 25 °C, 

1.0 mL/min, λ= 254 nm, tR= 12.91 min (minor), tR= 9.05 min (major); [α]20
D = -60.0 (c = 1.0, CHCl3); mp: 127-130 ℃.  

6.2 Synthesis of (R)-baclofen 5 

To a 10 mL dried round-bottom flask equipped with a Teflon-coated magnetic stirring bar, the lactam 4a (96 mg, 0.31 mmol) 

was refluxed in 6 N HCl (1.0 mL) for 24 h. After cooling, the reaction mixture was washed with EtOAc. The volatile 

components were removed under reduced pressure to give (R)-baclofen (5) in HCl salt form as a white solid (60 mg, 90% 

yield). Analytical data are consistent with reported values.4 1H NMR (400 MHz, D2O) δ 7.41-7.37 (m, 2H), 7.31-7.27 (m, 2H), 

3.42-3.30 (m, 2H), 3.22-3.15 (m, 1H), 2.81 (dd, J = 16.1, 5.9 Hz, 1H), 2.69 (dd, J = 16.1, 8.8 Hz, 1H) ppm; 13C NMR (101 

MHz, D2O) δ 175.3, 137.0, 133.4, 129.4, 129.3, 43.6, 39.4, 38.2 ppm; MS (ESI) m/z 214.1; [α]20
D = -4.23 (c = 0.65, H2O). 

[lit.4 [α]20
D = -3.79 (c = c = 0.65, H2O)]. 

7. Synthesis of tetflupyrolimet 

 

7.1 Synthesis of ent-4b 
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To a 50 mL dried round-bottom flask equipped with a Teflon-coated magnetic stirring bar, adduct ent-3c (97% ee) (500 mg, 

1.1 mmol, 1.0 equiv.) and AcOH (25 mL) were added. Then, freshly activated zinc powder (754 mg, 11 mmol, 10 equiv.) was 

added and the mixture was stirred at r.t. under an argon atmosphere for 3 h. After this period, TiCl3 (127 μL, 1.1 mmol, 0.1 

equiv; 12% solution in 5% HCl) was added and the resulting mixture was stirred for additional 2 h. The mixture was filtered 

through a pad of Celite, the filter cake was washed with EtOAc and the obtained solution was concentrated in vacuo. The crude 

material was purified by flash column chromatography on silica gel to obtain the product ent-4b as a white solid (332.5 mg, 

93% yield, 97% ee).  

Rf =0.24 (petroleum ether/ethyl acetate (v/v), 1/1); 1H NMR (400 MHz, CDCl3) δ 7.36-7.29 (m, 4H), 7.23-

7.19 (m, 4H), 6.38 (s, 1H), 4.11 (dd, J = 15.4, 7.9 Hz, 1H), 3.86-3.73 (m, 2H), 3.41 (dd, J = 9.7, 7.1 Hz, 1H), 

2.37 (s, 3H) ppm; 13C NMR (101 MHz, CDCl3) δ 194.0, 171.4, 140.2, 138.7, 134.4, 130.1, 129.3, 128.4, 

123.4, 62.2, 47.5, 43.5, 21.4 ppm; IR (KBr) 2921, 1722, 1684, 1597, 1560, 1494, 1445, 1324, 1281, 1091, 

1053, 1013, 821 cm-1; HRMS (ESI-QTOF) m/z: [M + Na]+ Calcd for C19H16F3NO2SNa 402.0752, found 

402.0751; HPLC COSMOSIL 5A column, i-PrOH/n-hexane = 30/70, 25 °C, 1.0 mL/min, λ= 254 nm, tR= 6.11 min (minor), 

tR= 7.22 min (major); [α]20
D = +72.8 (c = 1.0, CHCl3); mp: 89-94 ℃. 

7.2 Synthesis of 4b 

Following the above procedure (for ent-4b) with 3c (500 mg, 1.1 mmol, 96% ee), 4b (336 mg, 94% yield, 

96% ee) was obtained as a white solid. Analytical data (Rf, 1H NMR, 13C NMR, IR and mp) are consistent 

with that of ent-4b. [α]20
D = -72.3 (c = 0.9, CHCl3, 96% ee). 

 

 

7.3 Synthesis of (3S,4S)-tetflupyrolimet ent-6 

To a 25 mL dried round-bottom flask equipped with a Teflon-coated magnetic stirring bar, lactam ent-4b (200 mg, 0.53 mmol) 

was added to a solution of ethanol (5 mL), sodium hydroxide aqueous solution (50%, 63.3 mg, 1.59 mmo1) was added, and 

stirred at r.t. for 18 h. The reaction mixture was then diluted with water (5 mL) and extracted with ethyl ether (2 x 5 mL). The 

aqueous phase was acidified to pH 2 with concentrated hydrochloric acid and extracted with methylene chloride (3×5mL). 

The combined methylene chloride extract was washed with brine, dried (Na2SO4), and concentrated under pressure to obtain 

a white solid carboxylic acid A. Carboxylic acid A was added to a solution of potassium hydroxide (148 mg, 2.65 mol) in 

isopropyl alcohol (5 mL) at 20 °C, then dimethyl sulfate (150 μL, 2.65 mol) was added dropwise into the reaction mixture, 

and stirred for 16 h at 20 °C. After this period, the mixture was quenched with water (2 mL). The resulting solution was 

concentrated under reduced pressure to remove excess isopropyl alcohol, then acidified with concentrated hydrochloric acid 

and extracted with methylene chloride (2×20 mL), dried (Na2SO4), and concentrated under pressure to obtain a white solid N-

methylated carboxylic acid B. To a solution of N-methylated carboxylic acid B in methylene chloride, was added 2-

fluoroaniline (100 μL, 1.06 mol) and triethylamine (220 μL, 1.59 mol) dropwise at room temperature. Then, a solution of 

TBTU (371 mg, 1.17 mmol) in CH2Cl2 was added dropwise to the above reaction mixture and stirred overnight at room 

temperature. The reaction mixture was extract with CH2Cl2 and the combined CH2Cl2 extract was washed in brine, dried 

(Na2SO4), and concentrated under pressure. The crude material was purified by flash column chromatography on silica gel to 

obtain a brown solid (3S,4S)-tetflupyrolimet ent-6 (130 mg, 65% yield, 97% ee).  

Rf =0.3 (petroleum ether/ethyl acetate (v/v), 1/1); 1H NMR (400 MHz, CDCl3) δ 9.93 (s, 1H), 8.25-8.19 

(m, 1H), 7.55 (ddd, J = 26.2, 14.1, 6.4 Hz, 4H), 7.12-6.99 (m, 3H), 4.19 (dd, J = 17.3, 9.0 Hz, 1H), 3.86-

3.62 (m, 2H), 3.47 (dd, J = 10.1, 8.0 Hz, 1H), 3.01 (s, 3H); 13C NMR (101 MHz, CDCl3) δ 170.4, 165.0, 

152.9 (d, J = 245.0 Hz), 142.6, 131.4 (q, J = 32.4 Hz), 129.6, 128.0, 126.2, 126.1, 124.5 (d, J = 7.6 Hz), 

124.3 (q, 3.7 Hz), 124.1 (q, J = 3.8 Hz), 124.0 (q, J = 272.4 Hz), 121.8, 115.0 (d, J = 19.1 Hz), 54.7, 54.7, 

39.0, 30.2, 29.7 ppm; IR (KBr) 3065, 2924, 1703, 1617, 1597, 1548, 1492, 1456, 1395, 1325, 1259, 1175, 1116, 1072, 902, 

802, 757, 701 cm-1; HRMS (ESI-QTOF) m/z: [M + Na]+ Calcd for C19H16F4N2O2Na 403.1050, found 403.1046; HPLC 
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COSMOSIL 5A column, i-PrOH/n-hexane = 30/70, 25 °C, 1.0 mL/min, λ= 254 nm, tR= 6.82 min (minor), tR= 9.95 min (major); 

[α]20
D = +22.5 (c = 0.9, CHCl3, 97% ee); mp: 116-120 ℃. 

 

7.4 Synthesis of (3R,4R)-tetflupyrolimet 6 

Following the above procedure (for ent-6) with 4b (200 mg, 0.53 mmol, 96% ee), (3R,4R)-tetflupyrolimet 

6 (126 mg, 63% yield, 96% ee) was obtained as a brown solid. Analytical data (Rf, 1H NMR, 13C NMR, 

IR and mp) are consistent with ent-6. [α]20
D = -22.2 (c = 0.9, CHCl3, 96% ee). 

 

 

8. Addition reactions between diverse dithiomalonates and nitroolefins catalyzed by QD-SQA or 

QN-SQA 

General Procedure C 

To a 3 mL vial equipped with a Teflon-coated magnetic stirring bar, β-nitroolefin 1 (0.24 mmol, 1.5 equiv.), brine (1.5 mL) 

and toluene (10 equiv.) were added. Then, 0.5 mol % of catalyst (QD-SQA or QN-SQA) and dithiomalonate 2 (0.16 mmol, 

1.0 equiv.) were subsequently introduced into the reaction mixture. The reaction mixture was stirred at room temperature for 

0.5-6 hours until the reaction was completed, which was monitored by TLC. The reaction mixture was extract with CH2Cl2 

(3×5 mL) and washed with brine, dried over anhydrous Na2SO4, and concentrated in vacuo. The residue was purified through 

column chromatography on silica gel to provide the desired products 3a-3r. 

(R)-2-(2-nitro-1-phenylethyl)-malonic acid bis-4-methylphenyl dithioester (3a) 

Following the general procedure C with nitroolefin 1a (35.7 mg, 0.24 mmol), S,S’-bis (4-methylphenyl) 

dithiomalonate 2a (50 mg, 0.16 mmol) and catalyst QD-SQA (0.50 mg, 0.5 mol %), the reaction was 

completed in 30 min at r.t.. After column chromatography, the desired product was obtained as a white 

solid (70 mg, 95% yield, 90% ee). Analytical data are consistent with reported values.2 

Rf =0.40 (petroleum ether/ethyl acetate (v/v), 10/1).  

1H NMR (400 MHz, CDCl3) δ 7.38-7.27 (m, 7H), 7.26-7.23 (m, 2H), 7.16 (d, J = 8.0 Hz, 2H), 7.03 (d, J = 8.1 Hz, 2H), 4.90-

4.80 (m, 2H), 4.45 (d, J = 9.4 Hz, 1H), 4.38 (td, J = 8.9, 5.0 Hz, 1H), 2.39 (s, 3H), 2.34 (s, 3H) ppm.  

13C NMR (101 MHz, CDCl3) δ 190.9, 190.1, 140.7, 140.5, 135.3, 134.2, 134.2, 130.3, 130.2, 129.1, 128.6, 128.4, 122.6, 122.6, 

69.2, 44.3, 29.7, 21.4, 21.3 ppm.  

HPLC COSMOSIL 5A column, i-PrOH/n-hexane = 10/90, 25 ℃, 1.0 mL/min, λ= 254 nm, tR= 11.88 min (minor), tR= 14.90 

min (major). 

[α]20
D = -71.4(c = 1.0, CHCl3). [lit.2 [α]20

D = -75.6 (c = 1.0, CHCl3; 95% ee)]. 

(S)-2-(2-nitro-1-phenylethyl)-malonic acid bis-4-methylphenyl dithioester (ent-3a) 

Following the general procedure C with nitroolefin 1a (35.7 mg, 0.24 mmol), S,S’-bis (4-methylphenyl) 

dithiomalonate 2a (50 mg, 0.16 mmol) and catalyst QN-SQA (0.5 mg, 0.5 mol %), the reaction was 

completed in 50 min at r.t., to give the desired product as a white solid (70 mg, 95% yield, 80% ee). 

Analytical data (Rf, 1H NMR, 13C NMR) are consistent with that of ent-3a.  

HPLC COSMOSIL 5A column, i-PrOH/n-hexane = 10/90, 25 ℃, 1.0 mL/min, λ= 254 nm, tR= 11.28 

min (mijor), tR= 14.18 min (manor). 

(R)-2-(1-(4-chlorophenyl)-2-nitro-ethyl)-malonic acid bis-4-methylphenyl dithioester (3b) 
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Following the general procedure C with nitroolefin 1b (44 mg, 0.24 mmol), S,S’-bis (4-methylphenyl) 

dithiomalonate 2a (50 mg, 0.16 mmol) and catalyst QD-SQA (0.50 mg, 0.5 mol %), the reaction was 

completed in 30 min at r.t.. After column chromatography, the desired product was obtained as a white 

solid (76 mg, 96% yield, 97% ee). Analytical data are consistent with reported values.2 

Rf =0.40 (petroleum ether/ethyl acetate (v/v), 10/1).  

1H NMR (400 MHz, CDCl3) δ 7.29 (dt, J = 24.3, 8.2 Hz, 6H), 7.22-7.16 (m, 4H), 7.06 (d, J = 8.0 Hz, 2H), 4.80 (d, J = 6.5 Hz, 

2H), 4.44-4.33 (m, 2H), 2.39 (s, 3H), 2.35 (s, 3H) ppm.  

13C NMR (101 MHz, CDCl3) δ 190.8, 190.0, 140.8, 140.7, 134.6, 134.2, 134.2, 133.9, 130.4, 130.3, 129.8, 129.3, 122.5, 122.4, 

76.9, 68.9, 43.7, 21.4, 21.4 ppm.  

HPLC COSMOSIL 5A column, i-PrOH/n-hexane = 30/70, 25 °C, 1.0 mL/min, λ= 254 nm, tR= 15.55 min (minor), tR= 13.71 

min (major). 

[α]20
D = -101.4(c = 1.0, CHCl3). [lit.2 [α]20

D = -92.2 (c = 1.0, CHCl3; 87% ee)]. 

(S)-2-(1-(4-chlorophenyl)-2-nitro-ethyl)-malonic acid bis-4-methylphenyl dithioester (ent-3b) 

Following the general procedure C with nitroolefin 1b (44 mg, 0.24 mmol), S,S’-bis (4-methylphenyl) 

dithiomalonate 2a (50 mg, 0.16 mmol) and catalyst QN-SQA (0.51 mg, 0.5 mol %), the reaction was 

completed in 50 min at r.t., to give the desired product as a white solid (68 mg, 93% yield, 85% ee). 

Analytical data (Rf, 1H NMR, 13C NMR) are consistent with that of 3b.  

HPLC COSMOSIL 5A column, i-PrOH/n-hexane = 30/70, 25 °C, 1.0 mL/min, λ= 254 nm, tR= 14.08 

min (minor), tR= 15.93 min (major). 

(S)-2-(1-(3-(trifluoromethyl-phenyl)-2-nitro-ethyl)-malonic acid diphenyl dithioester (ent-3c) 

Following the general procedure C with nitroolefin 1c (52 mg, 0.24 mmol), S,S’-bis (4-methylphenyl) 

dithiomalonate 2a (50 mg, 0.16 mmol) and QN-SQA (0.5 mol %) and toluene (10 equiv.) in 1.5 mL 

brine, the reaction was completed in 30 min at r.t., ent-3c was obtained as a white solid (81 mg, 96% 

yield, 97% ee). 

New Compound, Rf =0.35 (petroleum ether:ethyl acetate (v/v), 10/1).  

mp: 137-140 ℃. 

1H NMR (400 MHz, CDCl3) δ 7.63-7.59 (m, 1H), 7.54-7.46 (m, 3H), 7.31-7.28 (m, 2H), 7.28-7.25 (m, 2H), 7.19-7.16 (m, 

2H), 7.05-7.01 (m, 2H), 4.87 (dd, J = 4.0, 2.4 Hz, 2H), 4.49-4.45 (m, 1H), 4.45-4.42 (m, 1H), 2.40 (s, 3H), 2.35 (s, 3H) ppm.  

13C NMR (101 MHz, CDCl3) δ 190.7, 190.0, 140.9, 140.7, 136.7, 134.2, 134.1, 131.6, 131.3, 130.8 (q, J = 223.3 Hz), 130.4, 

130.3 125.5 (q, J = 3.6 Hz), 125.2 (q, J = 3.9 Hz), 122.4 (q, J = 3.9 Hz), 76.6, 68.6, 44.0, 21.4, 21.4 ppm. 

IR (KBr) 2924, 1912, 1698, 1617, 1549, 1492, 1453, 1399, 1335, 1317, 1261, 1167, 1075, 980, 810, 706 cm -1. 

HRMS (ESI-QTOF) m/z: [M + Na]+ Calcd for C26H22F3NO4S2Na 556.0845, found 556.0840.   

HPLC COSMOSIL 5A column, i-PrOH/n-hexane = 30/70, 25 ℃, 1.0 mL/min, λ= 254 nm, tR= 15.49 min (minor), tR= 19.97 

min (major). 

[α]20
D = +64.8 (c = 1.0, CHCl3).  

(R)-2-(1-(3-(trifluoromethyl-phenyl)-2-nitro-ethyl)-malonic acid diphenyl dithioester (3c) 

Following the general procedure C with nitroolefin 1c (52 mg, 0.24 mmol), S,S’-bis (4-methylphenyl) 

dithiomalonate 2a (50 mg, 0.16 mmol) and QD-SQA ( 0.5 mol %) and toluene (10 equiv.) in 1.5 mL 

brine, the reaction was completed in 30 min at r.t., 3c was obtained as a white solid (80 mg, 95% yield, 

96% ee).  

New Compound 

Analytical data (Rf, 1H NMR, 13C NMR) are consistent with that of ent-3c. 

HPLC COSMOSIL 5A column, i-PrOH/n-hexane = 30/70, 25 ℃, 1.0 mL/min, λ= 254 nm, tR= 18.86 min (minor), tR= 14.77 

min (major); [α]20
D = -64.5 (c = 1.0, CHCl3).  
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(R)-2-(1-(4-fluorophenyl)-2-nitro-ethyl)-malonic acid bis-4methylphenyl dithioester (3d)  

Following the general procedure C with nitroolefin 1d (40 mg, 0.24 mmol), S,S’-bis (4-methylphenyl) 

dithiomalonate 2a (50 mg, 0.16 mmol) and catalyst QD-SQA (0.50 mg, 0.5 mol %), the reaction was 

completed in 30 min at r.t.. After column chromatography, the desired product was obtained as a white 

solid (73 mg, 95% yield, 96% ee). Analytical data are consistent with reported values.2 

Rf =0.40 (petroleum ether:ethyl acetate (v/v), 10/1). 

1H NMR (400 MHz, CDCl3) δ 7.30 (d, J = 8.2 Hz, 2H), 7.27-7.22 (m, 4H), 7.18 (d, J = 8.0 Hz, 2H), 7.08-7.02 (m, 4H), 4.81 

(d, J = 6.3 Hz, 2H), 4.44-4.34 (m, 2H), 2.40 (s, 3H), 2.35 (s, 3H) ppm. 

13C NMR (101 MHz, CDCl3) δ 190.8, 190.0, 162.7 (d, J = 248.1 Hz), 140.8, 140.6, 134.2, 134.1, 131.1 (d, J = 3.3 Hz), 130.4, 

130.3, 130.2, 130.1, 122.5 (d, J = 4.3 Hz), 116.1 (d, J = 21.7 Hz), 77.4, 69.1, 43.6, 21.4, 21.4 ppm. 

HPLC COSMOSIL 5A column, i-PrOH/n-hexane = 30/70, 25 ℃, 1.0 mL/min, λ= 254 nm, tR= 14.14min (minor), tR= 12.51 

min (major). 

[α]20
D = -75.0 (c = 1.0, CHCl3). [lit.2 [α]20

D = -72.4 (c = 1.0, CHCl3; 92% ee)]. 

(S)-2-(1-(4-fluorophenyl)-2-nitro-ethyl)-malonic acid bis-4methylphenyl dithioester (ent-3d)  

Following the general procedure with nitroolefin 1d (40 mg, 0.24 mmol), S,S’-bis (4-methylphenyl) 

dithiomalonate 2a (50 mg, 0.16 mmol) and catalyst QN-SQA (0.51 mg, 0.5 mol %), the reaction was 

completed in 50 min at r.t.,to give the desired product as a white solid (68.4 mg, 89% yield, 57% ee). 

Analytical data (Rf, 1H NMR, 13C NMR) are consistent with that of 3d. 

HPLC COSMOSIL 5A column, i-PrOH/n-hexane = 30/70, 25 ℃, 1.0 mL/min, λ= 254 nm, tR= 12.50 

min (minor), tR= 14.03 min (major). 

(R)-2-(1-(2-chlorophenyl)-2-nitroethyl)-malonic acid bis-4-methylphenyl dithioester (3e) 

Following the general procedure C with nitroolefin 1e (44 mg, 0.24 mmol), S,S’-bis (4-methylphenyl) 

dithiomalonate 2a (50 mg, 0.16 mmol) and catalyst QD-SQA (0.50 mg, 0.5 mol %), the reaction was 

completed in 30 min at r.t.. After column chromatography, the desired product was obtained as a white 

solid (73 mg, 92% yield, 96% ee). Analytical data are consistent with reported values.2 

Rf =0.40 (petroleum ether:ethyl acetate (v/v), 10/1). 

1H NMR (400 MHz, CDCl3) δ 7.46-.42 (m, 1H), 7.30-7.26 (m, 3H), 7.24 (s, 4H), 7.18 (d, J = 8.0 Hz, 2H), 7.12 (d, J = 7.9 Hz, 

2H), 5.11 (dd, J = 13.7, 8.9 Hz, 1H), 4.96-4.81 (m, 2H), 4.76 (d, J = 8.0 Hz, 1H), 2.38 (s, 3H), 2.34 (s, 3H) ppm. 

13C NMR (101 MHz, CDCl3) δ 191.2, 190.2, 140.7, 140.6, 134.2, 134.2, 132.8, 130.7, 130.4, 130.3, 129.8, 127.4, 122.7, 122.5, 

75.0, 66.6, 41.1, 21.4, 21.4 ppm. 

HPLC COSMOSIL 5A column, i-PrOH/n-hexane = 30/70, 25 °C, 1.0 mL/min, λ= 254 nm, tR= 12.04 min (minor), tR=8.88 

min (major). 

[α]20
D = -31.4(c = 1.0, CHCl3). [lit.2 [α]20

D = -31.8 (c = 1.0, CHCl3; 96% ee)]. 

(S)-2-(1-(2-chlorophenyl)-2-nitroethyl)-malonic acid bis-4-methylphenyl dithioester (ent-3e) 

Following the general procedure C with nitroolefin 1e (44 mg, 0.24 mmol), S,S’-bis (4-methylphenyl) 

dithiomalonate 2a (50 mg, 0.16 mmol) and catalyst QN-SQA (0.51 mg, 0.5 mol %), the reaction was 

completed in 50 min at r.t.,to give the desired product as a white solid (71.4 mg, 90% yield, 89% ee). 

Analytical data (Rf, 1H NMR, 13C NMR) are consistent with that of 3e. 

HPLC COSMOSIL 5A column, i-PrOH/n-hexane = 30/70, 25 °C, 1.0 mL/min, λ= 254 nm, tR= 9.00 min 

(minor), tR=12.14 min (major). 

(R)-2-(1-(3-chlorophenyl)-2-nitro-ethyl)-malonic acid bis-4-methylphenyl dithioester (3f) 
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Following the general procedure C with nitroolefin 1f (44 mg, 0.24 mmol), S,S’-bis (4-methylphenyl) 

dithiomalonate 2a (50 mg, 0.16 mmol) and catalyst QD-SQA (0.50 mg, 0.5 mol %), the reaction was 

completed in 30 min at r.t.. After column chromatography, the desired product was obtained as a white 

solid (71 mg, 90% yield, 95% ee). Analytical data are consistent with reported values.2 

Rf =0.36 (petroleum ether:ethyl acetate (v/v), 10/1)  

1H NMR (400 MHz, CDCl3) δ 7.33-7.28 (m, 4H), 7.28-7.24 (m, 3H), 7.21-7.14 (m, 3H), 7.08 (d, J = 8.0 Hz, 2H), 4.84 (d, J 

= 6.5 Hz, 2H), 4.42-4.32 (m, 2H), 2.39 (s, 3H), 2.35 (s, 3H) ppm. 

13C NMR (101 MHz, CDCl3) δ 190.8, 190.0, 140.8, 140.7, 137.5, 135.0, 134.3, 134.2, 130.4, 130.4, 130.3, 128.9, 128.6, 126.5, 

122.4, 122.4, 76.6, 68.7, 43.9, 21.4, 21.4 ppm.  

HPLC COSMOSIL 5A column, i-PrOH/n-hexane = 30/70, 25 °C, 1.0 mL/min, λ= 254 nm, tR= 10.21 min (minor), tR= 8.87 

min (major). 

[α]20
D = -80.0(c = 1.0, CHCl3). [lit.2 [α]20

D = -77.8 (c = 1.0, CHCl3; 92% ee)]. 

(S)-2-(1-(3-chlorophenyl)-2-nitro-ethyl)-malonic acid bis-4-methylphenyl dithioester (ent-3f) 

Following the general procedure C with nitroolefin 1f (44 mg, 0.24 mmol), S,S’-bis (4-methylphenyl) 

dithiomalonate 2a (50 mg, 0.16 mmol) and catalyst QN-SQA (0.51 mg, 0.5 mol %), the reaction was 

completed in 50 min at r.t., to give the desired product as a white solid (69.4 mg, 88% yield, 91% ee). 

Analytical data (Rf, 1H NMR, 13C NMR) are consistent with that of ent-3f.  

HPLC COSMOSIL 5A column, i-PrOH/n-hexane = 30/70, 25 °C, 1.0 mL/min, λ= 254 nm, tR= 8.76 min 

(minor), tR= 9.98 min (major). 

(R)-2-(1-(4-bromo-phenyl)-2-nitro-ethyl)-malonic acid diphenyl dithioester (3g) 

Following the general procedure C with nitroolefin 1g (54 mg, 0.24 mmol), S,S’-bis (4-methylphenyl) 

dithiomalonate 2a (50 mg, 0.16 mmol) and catalyst QD-SQA (0.50 mg, 0.5 mol %), the reaction was 

completed in 30 min at r.t.. After column chromatography, the desired product was obtained as a white 

solid (82 mg, 95% yield, 98% ee). Analytical data are consistent with reported values.2 

Rf =0.40 (petroleum ether:ethyl acetate (v/v), 10/1).  

1H NMR (400 MHz, CDCl3) δ 7.49 (d, J = 8.3 Hz, 2H), 7.30 (d, J = 8.2 Hz, 2H), 7.26 (d, J = 7.4 Hz, 2H), 7.19 (d, J = 8.0 Hz, 

2H), 7.14 (d, J = 8.4 Hz, 2H), 7.06 (d, J = 8.0 Hz, 2H), 4.81 (d, J = 6.7 Hz, 2H), 4.41 (d, J = 9.4 Hz, 1H), 4.38-4.31 (m, 1H), 

2.40 (s, 3H), 2.35 (s, 3H) ppm. 

13C NMR (101 MHz, CDCl3) δ 190.8, 189.9, 140.8, 140.6, 134.4, 134.2, 134.1, 132.2, 130.4, 130.3, 130.0, 122.7, 122.4, 122.4, 

76.8, 68.8, 43.7, 21.4, 21.4 ppm.  

HPLC COSMOSIL 5A column, i-PrOH/n-hexane = 30/70, 25℃, 1.0 mL/min, λ= 254 nm, tR= 15.45 min (minor), tR= 13.42 

min (major).  

[α]20
D = -68.5 (c = 1.0, CHCl3). [lit.2 [α]20

D = -61.0 (c = 1.0, CHCl3; 87% ee)]. 

(S)-2-(1-(4-bromo-phenyl)-2-nitro-ethyl)-malonic acid diphenyl dithioester (ent-3g) 

Following the general procedure C with nitroolefin 1g (54 mg, 0.24 mmol), S,S’-bis (4-methylphenyl) 

dithiomalonate 2a (50 mg, 0.16 mmol) and catalyst QN-SQA (0.51 mg, 0.5 mol %), the reaction was 

completed in 50 min at r.t., to give the desired product as a white solid (77.6 mg, 90% yield, 50% ee). 

Analytical data (Rf, 1H NMR, 13C NMR) are consistent with that of 3g.   

HPLC COSMOSIL 5A column, i-PrOH/n-hexane = 30/70, 25℃, 1.0 mL/min, λ= 254 nm, tR= 13.35 

min (minor), tR= 15.30 min (major).  

 

(R)-2-(1-(4-(trifluoromethyl-phenyl)-2-nitro-ethyl)-malonic acid diphenyl dithioester (3h).  
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Following the general procedure C with nitroolefin 1h (52 mg, 0.24 mmol), S,S’-bis (4-methylphenyl) 

dithiomalonate 2a (50 mg, 0.16 mmol) and catalyst QD-SQA (0.50 mg, 0.5 mol %), the reaction was 

completed in 30 min at r.t.. After column chromatography, the desired product was obtained as a white 

solid (82 mg, 97% yield, 95% ee). Analytical data are consistent with reported values.2 

Rf =0.42 (petroleum ether:ethyl acetate (v/v), 10/1).  

1H NMR (400 MHz, CDCl3) δ 7.63 (d, J = 8.2 Hz, 2H), 7.40 (d, J = 8.1 Hz, 2H), 7.32-7.25 (m, 4H), 7.17 (d, J = 8.0 Hz, 2H), 

7.01 (d, J = 8.1 Hz, 2H), 4.87-4.82 (m, 2H), 4.47-4.43 (m, 2H), 2.40 (s, 3H), 2.34 (s, 3H) ppm. 

13C NMR (101 MHz, CDCl3) δ 190.7, 189.9, 140.9, 140.7, 139.5, 134.2, 134.1, 131.2 (q, J = 32.5 Hz), 130.4, 130.3, 129.0, 

126.0 (q, J = 3.7 Hz), 123.8 (q, J = 272.2 Hz), 122.4, 122.2, 76.6, 68.6, 43.9, 21.4, 21.3 ppm. 

HPLC COSMOSIL 5A column, i-PrOH/n-hexane = 30/70, 25 ℃, 1.0 mL/min, λ= 254 nm, tR= 12.25 min (minor), tR= 10.76 

min (major). 

[α]20
D = -58.0 (c = 1.0, CHCl3). [lit.2 [α]20

D = -50.8 (c = 1.0, CHCl3; 82% ee)]. 

(S)-2-(1-(4-(trifluoromethyl-phenyl)-2-nitro-ethyl)-malonic acid diphenyl dithioester (ent-3h).  

Following the general procedure C with nitroolefin 1h (52 mg, 0.24 mmol), S,S’-bis (4-methylphenyl) 

dithiomalonate 2a (50 mg, 0.16 mmol) and catalyst QN-SQA (0.51 mg, 0.5 mol %), the reaction was 

completed in 50 min at r.t., to give the desired product as a white solid (79.5 mg, 94% yield, 92% ee). 

Analytical data (Rf, 1H NMR, 13C NMR) are consistent with that of 3h.  

HPLC COSMOSIL 5A column, i-PrOH/n-hexane = 30/70, 25 ℃, 1.0 mL/min, λ= 254 nm, tR= 10.77 

min (minor), tR= 12.21 min (major). 

(R)-2-(1-(4-methyl-phenyl)-2-nitro-ethyl)-malonic acid bis-4-methylphenyl dithioester (3i) 

Following the general procedure C with nitroolefin 1i (39 mg, 0.24 mmol), S,S’-bis (4-methylphenyl) 

dithiomalonate 2a (50 mg, 0.16 mmol) and catalyst QD-SQA (0.50 mg, 0.5 mol %), the reaction was 

completed in 30 min at r.t.. After column chromatography, the desired product was obtained as a 

white solid (71 mg, 94% yield, 94% ee). Analytical data are consistent with reported values.2 

Rf =0.39 (petroleum ether:ethyl acetate (v/v), 10/1). 

1H NMR (400 MHz, CDCl3) δ 7.30 (d, J = 8.1 Hz, 2H), 7.25 (d, J = 7.7 Hz, 2H), 7.19-7.11 (m, 6H), 7.05 (d, J = 8.1 Hz, 2H), 

4.87-4.78 (m, 2H), 4.43 (d, J = 9.4 Hz, 1H), 4.34 (td, J = 8.8, 5.3 Hz, 1H), 2.39 (s, 3H), 2.33 (d, J = 1.7 Hz, 6H) ppm. 

13C NMR (101 MHz, CDCl3) δ 191.1, 190.1, 140.7, 140.4, 138.3, 134.3, 134.2, 132.3, 130.4, 130.2, 129.7, 128.2, 122.7, 122.7, 

77.2, 69.3, 44.1, 21.4, 21.4, 21.2 ppm. 

HPLC COSMOSIL 5A column, i-PrOH/n-hexane = 30/70, 25 °C, 1.0 mL/min, λ= 254 nm, tR= 10.76 min (minor), tR= 9.72 

min (major). 

[α]20
D = -81.0 (c = 1.0, CHCl3). [lit.2 [α]20

D = -82.2 (c = 1.0, CHCl3; 95% ee)]. 

(S)-2-(1-(4-methyl-phenyl)-2-nitro-ethyl)-malonic acid bis-4-methylphenyl dithioester (ent-3i) 

Following the general procedure C with nitroolefin 1i (39 mg, 0.24 mmol), S,S’-bis (4-methylphenyl) 

dithiomalonate 2a (50 mg, 0.16 mmol) and catalyst QN-SQA (0.51 mg, 0.5 mol %), the reaction was 

completed in 50 min at r.t., to give the desired product as a white solid (67.9 mg, 90% yield, 84% ee). 

Analytical data (Rf, 1H NMR, 13C NMR) are consistent with that of 3i.  

HPLC COSMOSIL 5A column, i-PrOH/n-hexane = 30/70, 25 °C, 1.0 mL/min, λ= 254 nm, tR= 9.80 

min (minor), tR= 10.79 min (major). 

(R)-2-(1-(3-methyl-phenyl)-2-nitro-ethyl)-malonic acid bis-4-methylphenyl dithioester (3j) 
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Following the general procedure C with nitroolefin 1j (39 mg, 0.24 mmol), S,S’-bis (4-methylphenyl) 

dithiomalonate 2a (50 mg, 0.16 mmol) and catalyst QD-SQA (0.50 mg, 0.5 mol %), the reaction was 

completed in 3 h at r.t.. After column chromatography, the desired product was obtained as a white solid 

(63 mg, 83% yield, 92% ee). 

New Compound, Rf =0.38 (petroleum ether:ethyl acetate (v/v), 10/1). 

mp: 121-127 ℃. 

1H NMR (400 MHz, CDCl3) δ 7.31-7.22 (m, 5H), 7.14 (dd, J = 16.4, 7.7 Hz, 3H), 7.07-7.02 (m, 4H), 4.89-4.79 (m, 2H), 4.43 

(d, J = 9.3 Hz, 1H), 4.33 (td, J = 8.9, 5.2 Hz, 1H), 2.39 (s, 3H), 2.34 (s, 6H).  

13C NMR (101 MHz, CDCl3) δ 191.0, 190.2, 140.7, 140.5, 138.8, 135.3, 134.3, 134.2, 130.4, 130.2, 129.3, 129.2, 128.9, 125.2, 

122.7, 77.0, 69.2, 44.3, 21.5, 21.4, 21.4 ppm. 

IR (KBr) 2922, 1742, 1698, 1548, 1492, 1376, 1261, 1180, 1017, 982, 810, 725 cm-1. 

HRMS (ESI-QTOF) m/z: [M + Na]+ Calcd for C26H25NO4S2Na 502.1128, found 502.1123. 

HPLC COSMOSIL 5A column, i-PrOH/n-hexane = 30/70, 25 ℃, 1.0 mL/min, λ= 254 nm, tR= 9.72 min (minor), tR= 8.50 

min (major). 

[α]20
D = -46.5(c = 1.0, CHCl3). 

(S)-2-(1-(3-methyl-phenyl)-2-nitro-ethyl)-malonic acid bis-4-methylphenyl dithioester (ent-3j) 

Following the general procedure C with nitroolefin 1j (39 mg, 0.24 mmol), S,S’-bis (4-methylphenyl) 

dithiomalonate 2a (50 mg, 0.16 mmol) and catalyst QN-SQA (0.51 mg, 0.5 mol %), the reaction was 

completed in 3 h at r.t., to give the desired product as a white solid (60.7 mg, 80% yield, 80% ee). 

Analytical data (Rf, 1H NMR, 13C NMR) are consistent with that of 3j.  

HPLC COSMOSIL 5A column, i-PrOH/n-hexane = 30/70, 25 °C, 1.0 mL/min, λ= 254 nm, tR= 8.56 min 

(minor), tR= 9.75 min (major). 

(R)-2-(1-(4-methoxy-phenyl)-2-nitro-ethyl)-malonic acid bis-4-methylphenyl dithioester (3k) 

Following the general procedure C with nitroolefin 1k (43 mg, 0.24 mmol), S,S’-bis (4-

methylphenyl) dithiomalonate 2a (50 mg, 0.16 mmol) and catalyst QD-SQA (0.50 mg, 0.5 mol %), 

the reaction was completed in 30 min at r.t.. After column chromatography, the desired product was 

obtained as a white solid (73 mg, 93% yield, 99% ee). Analytical data are consistent with reported 

values.2 

Rf =0.38 (petroleum ether:ethyl acetate (v/v), 10/1). 

1H NMR (400 MHz, CDCl3) δ 7.32-7.28 (m, 2H), 7.26-7.23 (m, 2H), 7.20-7.15 (m, 4H), 7.06 (d, J = 8.1 Hz, 2H), 6.90-6.85 

(m, 2H), 4.82-4.78 (m, 2H), 4.42 (d, J = 9.5 Hz, 1H), 4.37-4.29 (m, 1H), 3.80 (s, 3H), 2.39 (s, 3H), 2.34 (s, 3H) ppm. 

13C NMR (101 MHz, CDCl3) δ 191.0, 190.1, 159.6, 140.7, 140.5, 134.2, 134.2, 130.3, 130.2, 129.5, 127.2, 122.7, 122.7, 114.5, 

77.3, 69.4, 55.3, 43.8, 21.4, 21.4 ppm. 

HPLC COSMOSIL 5A column, i-PrOH/n-hexane = 30/70, 25 °C, 1.0 mL/min, λ= 254 nm, tR= 14.81 min (minor), tR= 15.66 

min (major). 

[α]20
D = -84.4 (c = 1.0, CHCl3). [lit.2 [α]20

D = -81.4 (c = 1.0, CHCl3; 95% ee)]. 

(S)-2-(1-(4-methoxy-phenyl)-2-nitro-ethyl)-malonic acid bis-4-methylphenyl dithioester (ent-3k) 

Following the general procedure C with nitroolefin 1k (43 mg, 0.24 mmol), S,S’-bis (4-

methylphenyl) dithiomalonate 2a (50 mg, 0.16 mmol) and catalyst QN-SQA (0.51 mg, 0.5 mol %), 

the reaction was completed in 50 min at r.t., to give the desired product as a white solid (68.3 mg, 

87% yield, 64% ee). 

Analytical data (Rf, 1H NMR, 13C NMR) are consistent with that of 3k.  

HPLC COSMOSIL 5A column, i-PrOH/n-hexane = 30/70, 25 °C, 1.0 mL/min, λ= 254 nm, tR= 14.18min (minor), tR= 15.06 
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min (major). 

(R)-2-(1-(2-naphthyl)-2-nitro-ethyl)-malonic acid bis-4-methylphenyl dithioester (3l) 

Following the general procedure C with nitroolefin 1l (47 mg, 0.24 mmol), S,S’-bis (4-methylphenyl) 

dithiomalonate 2a (50 mg, 0.16 mmol) and catalyst QD-SQA (0.50 mg, 0.5 mol %), the reaction was 

completed in 30 min at r.t.. After column chromatography, the desired product was obtained as a white 

solid (73 mg, 90% yield, 86% ee). Analytical data are consistent with reported values.2 

Rf =0.37 (petroleum ether:ethyl acetate (v/v), 10/1). 

1H NMR (400 MHz, CDCl3) δ 7.89-7.80 (m, 3H), 7.72 (s, 1H), 7.55-7.48 (m, 2H), 7.38 (d, J = 8.2 Hz, 1H), 7.31-7.26 (m, 4H), 

7.10 (d, J = 7.6 Hz, 2H), 6.94 (d, J = 7.8 Hz, 2H), 5.03-4.89 (m, 2H), 4.59-4.52 (m, 2H), 2.40 (s, 3H), 2.31 (s, 3H) ppm. 

13C NMR (101 MHz, CDCl3) δ 191.1, 190.1, 140.7, 140.5, 134.3, 134.2, 133.3, 133.1, 132.8, 130.4, 130.1, 129.1, 128.0, 127.9, 

127.7, 126.6, 125.4, 122.6, 122.5, 76.9, 69.2, 44.5, 21.4, 21.3 ppm. 

HPLC COSMOSIL 5A column, i-PrOH/n-hexane = 10/90, 25 °C, 1.0 mL/min, λ= 254 nm, tR= 16.48 min (minor), tR= 13.17 

min (major). 

[α]20
D = -50.1 (c = 1.0, CHCl3). [lit.2 [α]20

D = -45.0 (c = 1.0, CHCl3; 77% ee)]. 

(S)-2-(1-(2-naphthyl)-2-nitro-ethyl)-malonic acid bis-4-methylphenyl dithioester (ent-3l) 

Following the general procedure C with nitroolefin 1l (47 mg, 0.24 mmol), S,S’-bis (4-methylphenyl) 

dithiomalonate 2a (50 mg, 0.16 mmol) and catalyst QN-SQA (0.51 mg, 0.5 mol %), the reaction was 

completed in 50 min at r.t., to give the desired product as a white solid (67.8 mg, 86% yield, 61% ee).  

Analytical data (Rf, 1H NMR, 13C NMR) are consistent with that of 3l.  

HPLC COSMOSIL 5A column, i-PrOH/n-hexane = 10/90, 25 °C, 1.0 mL/min, λ= 254 nm, tR= 13.00 

min (minor), tR= 16.20 min (major). 

(S)-2-(1-(2-furyl)-2-nitro-ethyl)-malonic acid bis-4-methylphenyl dithioester (3m) 

Following the general procedure C with nitroolefin 1m (33 mg, 0.24 mmol), S,S’-bis (4-methylphenyl) 

dithiomalonate 2a (50 mg, 0.16 mmol) and catalyst QD-SQA (0.50 mg, 0.5 mol %), the reaction was 

completed in 30 min at r.t.. After column chromatography, the desired product was obtained as a 

white solid (65 mg, 90% yield, 92% ee). Analytical data are consistent with reported values.2 

Rf =0.38 (petroleum ether:ethyl acetate (v/v), 10/1). 

1H NMR (400 MHz, CDCl3) δ 7.43-7.41 (m, 1H), 7.31-7.27 (m, 2H), 7.26-7.17 (m, 6H), 6.33 (dd, J 

= 3.3, 1.9 Hz, 1H), 6.25 (d, J = 3.3 Hz, 1H), 4.88-4.77 (m, 2H), 4.59 (d, J = 8.8 Hz, 1H), 4.49 (td, J = 8.6, 4.4 Hz, 1H), 2.38 

(s, 3H), 2.36 (s, 3H) ppm.  

13C NMR (101 MHz, CDCl3) δ 190.6, 190.2, 148.7, 143.1, 140.7, 140.6, 134.3, 134.3, 130.4, 130.3, 122.6, 122.6, 110.7, 109.4, 

75.1, 66.8, 38.1, 21.4, 21.4.  

HPLC COSMOSIL 5A column, i-PrOH/n-hexane = 10/90, 25 °C, 1.0 mL/min, λ= 254 nm, tR= 9.89 min (minor), tR= 11.00 

min (major). 

[α]20
D = -50.3 (c = 1.0, CHCl3). [lit.2 [α]20

D = -51.6 (c = 1.0, CHCl3; 94% ee)]. 

(R)-2-(1-(2-furyl)-2-nitro-ethyl)-malonic acid bis-4-methylphenyl dithioester (ent-3m) 

Following the general procedure C with nitroolefin 1m (33 mg, 0.24 mmol), S,S’-bis (4-methylphenyl) 

dithiomalonate 2a (50 mg, 0.16 mmol) and catalyst QN-SQA (0.51 mg, 0.5 mol %), the reaction was 

completed in 50 min at r.t., to give the desired product as a white solid (65.7 mg, 91% yield, 92% ee).  

Analytical data (Rf, 1H NMR, 13C NMR) are consistent with that of 3m.  

HPLC COSMOSIL 5A column, i-PrOH/n-hexane = 10/90, 25 °C, 1.0 mL/min, λ= 254 nm, tR= 9.82 min (minor), tR= 10.84 

min (major). 
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(S)-2-(1-(2-thiophenyl)-2-nitro-ethyl)-malonic acid bis-4-methylphenyl dithioester (3n) 

Following the general procedure C with nitroolefin 1n (37.2 mg, 0.24 mmol), S,S’-bis (4-

methylphenyl) dithiomalonate 2a (50 mg, 0.16 mmol) and catalyst QD-SQA (0.50 mg, 0.5 mol %), 

the reaction was completed in 30 min at r.t.. After column chromatography, the desired product was 

obtained as a white solid (63 mg, 85% yield, 96% ee). Analytical data are consistent with reported 

values.2 

Rf =0.42 (petroleum ether:ethyl acetate (v/v), 10/1). 

1H NMR (400 MHz, CDCl3) δ 7.33-7.27 (m, 4H), 7.25-7.23 (m, 1H), 7.22-7.13 (m, 4H), 6.99-6.96 (m, 2H), 4.90-4.80 (m, 

2H), 4.67 (td, J = 8.2, 5.1 Hz, 1H), 4.52 (d, J = 8.7 Hz, 1H), 2.39 (s, 3H), 2.36 (s, 3H) ppm;  

13C NMR (101 MHz, CDCl3) δ 190.9, 190.1, 140.7, 140.6, 137.8, 134.3, 130.4, 130.3, 127.5, 127.2, 125.8, 122.6, 122.6, 77.7, 

69.6, 39.8, 21.4, 21.4 ppm.  

HPLC COSMOSIL 5A column, i-PrOH/n-hexane = 10/90, 25 °C, 1.0 mL/min, λ= 254 nm, tR= 23.32 min (minor), tR= 20.76 

min (major).  

[α]20
D = -24.9(c = 1.0, CHCl3). [lit.2 [α]20

D = -23.6 (c = 1.0, CHCl3; 91% ee)]. 

(R)-2-(1-(2-thiophenyl)-2-nitro-ethyl)-malonic acid bis-4-methylphenyl dithioester (ent-3n) 

Following the general procedure C with nitroolefin 1n (37.2 mg, 0.24 mmol), S,S’-bis(4-methylphenyl) 

dithiomalonate 2a (50 mg, 0.16 mmol) and catalyst QN-SQA (0.51 mg, 0.5 mol %), the reaction was 

completed in 50 min at r.t., to give the desired product as a white solid (65.2 mg, 88% yield, 95% ee).  

Analytical data (Rf, 1H NMR, 13C NMR) are consistent with that of 3n.  

HPLC COSMOSIL 5A column, i-PrOH/n-hexane = 10/90, 25 °C, 1.0 mL/min, λ= 254 nm, tR= 20.38 min (minor), tR= 22.62 

min (major).  

(S)-2-(1-cyclohexyl-2-nitro-ethyl)-malonic acid bis-4-methylphenyl dithioester (3o) 

 Following the general procedure C with nitroolefin 1o (37 mg, 0.24 mmol), S,S’-bis (4-methylphenyl) 

dithiomalonate 2a (50 mg, 0.16 mmol) and catalyst QD-SQA (0.50 mg, 0.5 mol %), the reaction was 

completed in 4 h at r.t.. After column chromatography, the desired product was obtained as a white solid 

(61 mg, 82% yield, 90% ee). Analytical data are consistent with reported values.2 

 Rf =0.37 (petroleum ether:ethyl acetate (v/v), 10/1).  

1H NMR (400 MHz, CDCl3) δ 7.34 (d, J = 8.1 Hz, 2H), 7.29 (d, J = 8.1 Hz, 2H), 7.27 (s, 1H), 7.24 (d, J = 7.9 Hz, 3H), 4.81 

(dd, J = 14.8, 3.0 Hz, 1H), 4.59 (dd, J = 14.8, 7.2 Hz, 1H), 4.40 (d, J = 5.3 Hz, 1H), 3.03-2.96 (m, 1H), 2.38 (d, J = 2.6 Hz, 

6H), 1.84-1.67 (m, 5H), 1.30-1.00 (m, 6H) ppm. 

13C NMR (101 MHz, CDCl3) δ 192.1, 191.7, 140.6, 140.6, 134.4, 134.3, 130.4, 130.3, 122.9, 122.8, 75.0, 65.4, 44.3, 40.0, 

30.6, 29.8, 26.3, 26.3, 26.0, 21.4 ppm. 

HPLC COSMOSIL 5C column, i-PrOH/n-hexane = 10/90, 25 °C, 1.0 mL/min, λ= 254 nm, tR= 8.86 min (minor), tR= 8.36 

min (major). 

[α]20
D = -63.7(c = 1.0, CHCl3). [lit.2 [α]20

D = -58.4 (c = 1.0, CHCl3; 82% ee)]. 

(R)-2-(1-cyclohexyl-2-nitro-ethyl)-malonic acid bis-4-methylphenyl dithioester (ent-3o) 

Following the general procedure C with nitroolefin 1o (37 mg, 0.24 mmol), S,S’-bis (4-methylphenyl) 

dithiomalonate 2a (50 mg, 0.16 mmol) and catalyst QN-SQA (0.51 mg, 0.5 mol %), the reaction was 

completed in 4 h at r.t., to give the desired product as a white solid (63.2 mg, 85% yield, 90% ee).  

Analytical data (Rf, 1H NMR, 13C NMR) are consistent with that of 3o. 

HPLC COSMOSIL 5C column, i-PrOH/n-hexane = 10/90, 25 °C, 1.0 mL/min, λ= 254 nm, tR= 7.63 min 

(minor), tR= 8.45 min (major). 
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(S)-2-(1-isobutyl-2-nitro-ethyl)-malonic acid bis-4-methylphenyl dithioester (3p)  

Following the general procedure C with nitroolefin 1p (31 mg, 0.24 mmol), S,S’-bis (4-methylphenyl) 

dithiomalonate 2a (50 mg, 0.16 mmol) and catalyst QD-SQA (2.0 mg, 2.0 mol %), the reaction was 

completed in 6 h at r.t.. After column chromatography, the desired product was obtained as a white oil 

(45 mg, 64% yield, 90% ee).  

New Compound, Rf =0.36 (petroleum ether:ethyl acetate (v/v), 10/1). 

1H NMR (400 MHz, CDCl3) δ 7.36-7.29 (m, 4H), 7.27-7.22 (m, 4H), 4.61 (ddd, J = 20.0, 13.7, 5.2 Hz, 

2H), 4.32 (d, J = 6.6 Hz, 1H), 3.11-3.01 (m, 1H), 2.39 (s, 6H), 1.78-1.67 (m, 1H), 1.38 (td, J = 7.2, 3.0 Hz, 2H), 0.94 (dd, J = 

6.4, 5.4 Hz, 6H) ppm. 

13C NMR (101 MHz, CDCl3) δ 191.6, 191.6, 140.6, 140.6, 134.3, 134.3, 130.4, 130.3, 122.9, 122.8, 76.4, 67.2, 38.9, 36.6, 

25.2, 22.5, 22.3, 22.1, 21.4 ppm. 

IR (KBr) 2922, 1702, 1547, 1492, 1468, 1388, 1261, 1208, 1017, 984, 806, 775 cm-1.  

HRMS (ESI-QTOF) m/z: [M + Na]+ Calcd for C23H27NO4S2Na 468.1280, found 468.1279.  

HPLC COSMOSIL 5C column, i-PrOH/n-hexane = 10/90, 25 °C, 1.0 mL/min, λ= 254 nm, tR=6.03 min (minor), tR= 6.34 min 

(major).  

[α]20
D = -25.9(c = 2.0, CHCl3).  

(R)-2-(1-isobutyl-2-nitro-ethyl)-malonic acid bis-4-methylphenyl dithioester (ent-3p)  

Following the general procedure C with nitroolefin 1p (31 mg, 0.24 mmol), S,S’-bis (4-methylphenyl) 

dithiomalonate 2a (50 mg, 0.16 mmol) and catalyst QN-SQA (2.1 mg, 2.0 mol %), the reaction was 

completed in 4 h at r.t., to give the desired product as a white solid (56.3 mg, 80% yield, 92% ee).  

Analytical data (Rf, 1H NMR, 13C NMR) are consistent with that of 3p. 

HPLC COSMOSIL 5C column, i-PrOH/n-hexane = 10/90, 25 °C, 1.0 mL/min, λ= 254 nm, tR= 6.34 min 

(minor), tR= 6.03 min (major). 

(R)-2-(2-nitro-1-phenylethyl)-malonic acid diethyl dithioester (3q) 

Following the general procedure C with nitroolefin 1a (35.7 mg, 0.24 mmol), S,S’-diethyl dithiomalonate 

2b (30.7 mg, 0.16 mmol) and catalyst QD-SQA (2.0 mg, 2 mol %), the reaction was completed in 1 h at 

r.t.. After column chromatography, the desired product was obtained as a white solid (49.1 mg, 90% yield, 

81% ee). Analytical data are consistent with reported values.1 

Rf =0.41 (petroleum ether:ethyl acetate (v/v), 20/1). 

1H NMR (400 MHz, CDCl3) δ 7.33-7.25 (m, 3H), 7.23-7.19 (m, 2H), 4.77-4.72 (m, 2H), 4.38 (ddd, J = 10.0, 8.2, 5.7 Hz, 1H), 

4.25 (d, J = 10.1 Hz, 1H), 2.97 (q, J = 7.4 Hz, 2H), 2.82-2.65 (m, 2H), 1.28 (t, J = 7.4 Hz, 3H), 1.02 (t, J = 7.4 Hz, 3H) ppm. 

13C NMR (101 MHz, CDCl3) δ 192.1, 191.1, 135.4, 128.9, 128.4, 128.2, 77.4, 70.3, 44.2, 24.5, 24.2, 14.2, 14.1 ppm. 

HPLC Chiracel OD-H column, i-PrOH/n-hexane = 5/95, 25 °C, 1.0 mL/min, λ= 254 nm, tR= 13.62 min (major), tR= 12.73 

min (minor). 

[α]20
D = -31.1 (c = 1.0, CHCl3). [lit.1 [α]20

D = -34.3 (c = 1.0, CHCl3; 89% ee)]. 

(S)-2-(2-nitro-1-phenylethyl)-malonic acid diethyl dithioester (ent-3q) 

Following the general procedure C with nitroolefin 1a (35.7 mg, 0.24 mmol), S,S’-diethyl dithiomalonate 

2b (30.7 mg, 0.16 mmol) and catalyst QN-SQA (2.0 mg, 2 mol %), the reaction was completed in 1 h at 

r.t., to give the desired product as a white solid (48.5 mg, 89% yield, 77% ee).  

Analytical data (Rf, 1H NMR, 13C NMR) are consistent with that of 3q. 

HPLC Chiracel OD-H column, i-PrOH/n-hexane = 5/95, 25 °C, 1.0 mL/min, λ= 254 nm, tR= 13.12 min 

(major), tR= 13.77 min (minor). 
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(S)-2-methyl-2-(2-nitro-1-phenylethyl)-malonic acid bis-4-methylphenyl dithioester (3r) 

Following the general procedure C with nitroolefin 1a (35.7 mg, 0.24 mmol), S,S’-2-methyl-bis (4-

methylphenyl) dithiomalonate 2c (52.8 mg, 0.16 mmol) and catalyst QD-SQA (5.2 mg, 5 mol %), the 

reaction was completed in 3 days at r.t.. After column chromatography, the desired product was obtained 

as a white solid (65.9 mg, 86% yield, 74% ee). Analytical data are consistent with reported values.2 

Rf : 0.41 (petroleum ether:ethyl acetate (v/v), 20/1). 

1H NMR (400 MHz, CDCl3) δ 7.35-7.31 (m, 3H), 7.30-7.27 (m, 4H), 7.26-.22 (m, 6H), 5.05 (dd, J = 13.7, 11.2 Hz, 1H), 4.89 

(dd, J = 13.8, 3.1 Hz, 1H), 4.32 (dd, J = 11.1, 3.0 Hz, 1H), 2.39 (d, J = 10.9 Hz, 6H), 1.72 (s, 3H) ppm. 

13C NMR (101 MHz, CDCl3) δ 198.8, 197.1, 140.6, 140.5, 134.8, 134.6, 134.4, 130.5, 130.3, 129.7, 128.8, 128.6, 122.9, 122.4, 

77.1, 69.8, 49.9, 21.4, 21.4, 20.2 ppm. 

HPLC Chiracel OD-H column, i-PrOH/n-hexane = 30/70, 25 °C, 1.0 mL/min, λ= 254 nm, tR= 6.23 min (minor), tR= 7.31 min 

(major). 

[α]20
D = -27.7 (c = 1.0, CHCl3). [lit.2 [α]20

D = -23.9 (c = 1.0, CHCl3; 63% ee)]. 

(R)-2-methyl-2-(2-nitro-1-phenylethyl)-malonic acid bis-4-methylphenyl dithioester (ent-3r) 

Following the general procedure C with nitroolefin 1a (35.7 mg, 0.24 mmol), S,S’-2-methyl-bis (4-

methylphenyl) dithiomalonate 2c (52.8 mg, 0.16 mmol) and catalyst QN-SQA (5.1 mg, 5 mol %), the 

reaction was completed in 6 h at r.t., to give the desired product as a white solid (68.9 mg, 90% yield, 

60% ee).  

Analytical data (Rf, 1H NMR, 13C NMR) are consistent with that of 3r.  

HPLC Chiracel OD-H column, i-PrOH/n-hexane = 30/70, 25 °C, 1.0 mL/min, λ= 254 nm, tR= 7.51 min (minor), tR= 6.08 min 

(major). 

 

9. Catalyst evaluation in the Michael addition of dimethyl malonate to nitrostyrene 

 

General Procedure D 

To a 3 mL vial equipped with a Teflon-coated magnetic stirring bar, nitroolefin 1a (35.7 mg, 0.24 mmol, 1.5 equiv.), brine 

(1.5 mL) and toluene (10 equiv.) were added. The catalyst (1 mol %) and dimethyl malonate 7 (18.3 μL, 0.16 mmol, 1.0 equiv.) 

were added to the reaction mixture successively. The reaction mixture was vigorously stirred at room temperature for 1 h. 

Upon completion of the reaction (monitored by TLC), the solvent was evaporated under reduced pressure and the resulting 

residue was purified via column chromatography on silica gel to yield white solid products 8.  

The data of yields and ee values are shown in Table S4. 

Table S4. Catalyst evaluation in the Michael addition of dimethyl malonate to nitrostyrene.
a
 

entry additive cat.(mol%) yield (%)b ee (%)c 

1d - QN-SQA 34 90 

2d - HQN-SQA 99 92 

3 toluene ent-PU-VII NR - 

4 toluene QN-SQA 90 96 
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5 toluene HQN-SQA 86 94 

aThe reactions were conducted using 7 (0.16 mmol, 1 equiv.), 1c (0.24 mmol, 1.5 equiv.), cat. (1 mol%), and toluene 

(10 equiv.) in 1.5 mL of brine. bIsolated yield. cee was determined using HPLC. dThe data are collected from ref. 5. 

dimethyl (S)-2-(2-nitro-1-phenylethyl)malonate (8) 

Following the general procedure D with catalyst QN-SQA (1.0 mg, 1 mol%), the reaction was completed 

in 1 h at r.t.. After column chromatography, the desired product was obtained as a white solid (40.5 mg, 

90% yield, 96% ee). Analytical data are consistent with reported values.5,6 

Rf =0.2 (petroleum ether:ethyl acetate (v/v), 10/1). 

1H NMR (400 MHz, CDCl3) δ 7.34-7.27 (m, 3H), 7.24-7.20 (m, 2H), 4.90 (qd, J = 13.2, 7.0 Hz, 2H), 4.24 (td, J = 9.0, 5.2 Hz, 

1H), 3.87 (d, J = 9.1 Hz, 1H), 3.75 (s, 3H), 3.55 (s, 3H) ppm. 

13C NMR (101 MHz, CDCl3) δ 167.9, 167.3, 136.2, 129.0, 128.4, 127.9, 77.4, 54.8, 53.0, 52.8, 43.0 ppm. 

HPLC Chiracel OD-H column, i-PrOH/n-hexane = 10/90, 25 °C, 1.0 mL/min, λ= 220 nm, tR= 27.21 min (major), tR= 30.78 

min (minor). 

[α]20
D = +5.8 (c = 1.0, CHCl3; 96% ee). [lit.6 [α]20

D = + 5.58 (c = 1.0, CHCl3; 95% ee)]. 
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11. Copies of 1H and 13C NMR spectra 

 

 

1H NMR spectrum of compound 3a (400 MHz, CDCl3) 

 

13C NMR spectrum of compound 3a (101 MHz, CDCl3) 
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1H NMR spectrum of compound 3b (400 MHz, CDCl3) 

 

 

13C NMR spectrum of compound 3b (101 MHz, CDCl3) 



 

S20 

 

 

1H NMR spectrum of compound 3c (400 MHz, CDCl3) 

 

 

13C NMR spectrum of compound 3c (101 MHz, CDCl3) 
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1H NMR spectrum of compound 3d (400 MHz, CDCl3) 

 

13C NMR spectrum of compound 3d (101 MHz, CDCl3) 
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1H NMR spectrum of compound 3e (400 MHz, CDCl3) 

 

13C NMR spectrum of compound 3e (101 MHz, CDCl3) 
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1H NMR spectrum of compound 3f (400 MHz, CDCl3) 

 

13C NMR spectrum of compound 3f (101 MHz, CDCl3) 
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1H NMR spectrum of compound 3g (400 MHz, CDCl3) 

 

 

13C NMR spectrum of compound 3g (101 MHz, CDCl3) 
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1H NMR spectrum of compound 3h (400 MHz, CDCl3) 

 

13C NMR spectrum of compound 3h (101 MHz, CDCl3) 
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1H NMR spectrum of compound 3i (400 MHz, CDCl3) 

 

 

13C NMR spectrum of compound 3i (101 MHz, CDCl3) 
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1H NMR spectrum of compound 3j (400 MHz, CDCl3) 

 

13C NMR spectrum of compound 3j (101 MHz, CDCl3) 
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1H NMR spectrum of compound 3k (400 MHz, CDCl3) 

 

13C NMR spectrum of compound 3k (101 MHz, CDCl3) 
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1H NMR spectrum of compound 3l (400 MHz, CDCl3) 

 

 
13C NMR spectrum of compound 3l (101 MHz, CDCl3) 
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1H NMR spectrum of compound 3m (400 MHz, CDCl3) 

 

13C NMR spectrum of compound 3m (101 MHz, CDCl3) 
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1H NMR spectrum of compound 3n (400 MHz, CDCl3) 

 
13C NMR spectrum of compound 3n (101 MHz, CDCl3) 
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1H NMR spectrum of compound 3o (400 MHz, CDCl3) 

 

13C NMR spectrum of compound 3o (101 MHz, CDCl3) 
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1H NMR spectrum of compound 3p (400 MHz, CDCl3) 

 

 
13C NMR spectrum of compound 3p (101 MHz, CDCl3) 
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1H NMR spectrum of compound 3q (400 MHz, CDCl3 

 

13C NMR spectrum of compound 3q (101 MHz, CDCl3) 
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1H NMR spectrum of compound 3r (400 MHz, CDCl3) 

 
13C NMR spectrum of compound 3r (101 MHz, CDCl3) 
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1H NMR spectrum of compound 4a (400 MHz, CDCl3) 

 

13C NMR spectrum of compound 4a (101 MHz, CDCl3) 
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1H NMR spectrum of compound 4b (400 MHz, CDCl3) 

 
13C NMR spectrum of compound 4b (101 MHz, CDCl3) 
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CDCl3)  

1H NMR spectrum of compound 5 (400 MHz, CDCl3) 

 

 

 

13C NMR spectrum of compound 5 (101 MHz, CDCl3) 
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1H NMR spectrum of compound ent-6 (400 MHz, CDCl3) 

 
13C NMR spectrum of compound ent-6 (101 MHz, CDCl3) 
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1H NMR spectrum of compound 8 (400 MHz, CDCl3) 

 

13C NMR spectrum of compound 8 (101 MHz, CDCl3) 
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12. Copies of HPLC chromatograms  

 

HPLC spectrum of racemic mixture 3a 

 

HPLC spectrum of 3a with 0.5 mol % QD-SQA  

 

HPLC spectrum of ent-3a with 0.5 mol % QN-SQA 
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HPLC spectrum of racemic mixture 3b 

 

HPLC spectrum of 3b with 0.5 mol % QD-SQA  

 

HPLC spectrum of ent-3b with 0.5 mol % QN-SQA 
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HPLC spectrum of racemic mixture 3c 

 

HPLC spectrum of 3c with 0.5 mol % QD-SQA 

 

HPLC spectrum of ent-3c with 0.5 mol % QN-SQA 
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HPLC spectrum of racemic mixture 3d 

 

HPLC spectrum of 3d with 0.5 mol % QD-SQA 

 

HPLC spectrum of ent-3d with 0.5 mol % QN-SQA 
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HPLC spectrum of racemic mixture 3e 

 

HPLC spectrum of 3e with 0.5 mol % QD-SQA 

 

HPLC spectrum of ent-3e with 0.5 mol % QN-SQA 
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HPLC spectrum of racemic mixture 3f 

 

HPLC spectrum of 3f with 0.5 mol % QD-SQA 

 

HPLC spectrum of ent-3f with 0.5 mol % QN-SQA 
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HPLC spectrum of racemic mixture 3g 

 

HPLC spectrum of 3g with 0.5 mol % QD-SQA 

 

 

HPLC spectrum of ent-3g with 0.5 mol % QN-SQA 
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HPLC spectrum of racemic mixture 3h 

 

HPLC spectrum of 3h with 0.5 mol % QD-SQA 

 

HPLC spectrum of ent-3h with 0.5 mol % QN-SQA 
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HPLC spectrum of racemic mixture 3i 

 

HPLC spectrum of 3i with 0.5 mol % QD-SQA 

 

HPLC spectrum of ent-3i with 0.5 mol % QN-SQA 
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HPLC spectrum of racemic mixture 3j 

 

HPLC spectrum of 3j with 0.5 mol % QD-SQA 

 

HPLC spectrum of ent-3j with 0.5 mol % QN-SQA 
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HPLC spectrum of racemic mixture 3k 

 

HPLC spectrum of 3k with 0.5 mol % QD-SQA 

 

HPLC spectrum of ent-3k with 0.5 mol % QN-SQA 
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HPLC spectrum of racemic mixture 3l 

 

HPLC spectrum of 3l with 0.5 mol % QD-SQA 

 

HPLC spectrum of ent-3l with 0.5 mol % QN-SQA 
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HPLC spectrum of racemic mixture 3m 

 

HPLC spectrum of 3m with 0.5 mol % QD-SQA 

 

HPLC spectrum of ent-3m with 0.5 mol % QN-SQA 
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HPLC spectrum of racemic mixture 3n 

 

HPLC spectrum of 3n with 0.5 mol % QD-SQA 

 

HPLC spectrum of ent-3n with 0.5 mol % QN-SQA 
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HPLC spectrum of racemic mixture 3o 

 

HPLC spectrum of 3o with 0.5 mol % QD-SQA 

 

HPLC spectrum of ent-3o with 0.5 mol % QN-SQA 
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HPLC spectrum of racemic mixture 3p 

 

HPLC spectrum of 3p with 2 mol % QD-SQA 

 

HPLC spectrum of ent-3p with 2 mol % QN-SQA 
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HPLC spectrum of racemic mixture 3q 

 

HPLC spectrum of 3p with 2 mol % QD-SQA 

 

HPLC spectrum of ent-3q with 2 mol % QN-SQA 
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HPLC spectrum of racemic mixture 3r 

 

HPLC spectrum of 3p with 5 mol % QD-SQA 

 

HPLC spectrum of ent-3r with 5 mol % QN-SQA 

 

 

 



 

S59 

 

 

 

HPLC spectrum of racemic mixture 4a 

 

HPLC spectrum of 4a 

 

HPLC spectrum of racemic mixture 4b 
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HPLC spectrum of 4b  

 

HPLC spectrum of ent-4b  

 

HPLC spectrum of racemic mixture 6 
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HPLC spectrum of 6  

 

HPLC spectrum of ent-6 

 

HPLC spectrum of racemic mixture 8
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HPLC spectrum of 8 with 1 mol % QN-SQA 

 

 

 

HPLC spectrum of 8 with 1 mol % HQN-SQA 

 


