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I. General Remarks 

1H NMR spectra were recorded on a Bruker 400 MHz spectrometer in CDCl3. Chemical 

shifts are reported in ppm with the internal TMS signal at 0.0 ppm as a standard. 13C NMR 

spectra were recorded on a Bruker 100 MHz spectrometer in CDCl3. Chemical shifts are 

reported in ppm with the internal chloroform signal at 77.0 ppm as a standard. 19F NMR spectra 

were recorded on a Bruker 376 MHz spectrometer in CDCl3. Chemical shifts are reported in 

ppm with the internal CF3COOH signal at -76.55 ppm. The data are reported as (s = single, d = 

double, t = triple, q = quarter, m = multiple or unresolved, br s = broad single, coupling 

constant(s) in Hz, integration). Commercially obtained reagents were used without further 

purification. Solvents were purified prior to use according to the standard methods. Unless 

otherwise noted, all reactions were carried out under nitrogen atmosphere. The enantiomeric 

excesses (ee) of the products were determined by high-performance liquid chromatography 

(HPLC) analysis performed on Agilent 1260 Series chromatographs using a Diacel chiral 

column (25 cm). Optical rotations were measured on a Rudolph Research Analytical Autopol 

VI polarimeter with [α]D values reported in degrees; concentration (c) is in g/100 mL. All 

reactions were reacted under Ar2 atmosphere. The absolute configuration of 9 was determined 

by comparing the result of previous report1, and absolute configurations of other adducts were 

deduced on the basis of these results. 

 

II. General Procedure for the synthesis of 3 

In a 10 mL Schlenk tube was placed Cu(CH3CN)4BF4 (0.01 mmol) and L4 (0.01 mmol) 

under Ar. Anhydrous DCM (1.0 mL) was added, and the mixture was magnetically stirred at 

room temperature for 30 min. Then the reaction flask was placed in a cool bath of -10 oC, 

followed by the addition of 1a (0.2 mmol), 2 (0.2 mmol), 4-methylmorpholine (0.2 mmol) and 

anhydrous DCM (1.0 mL) sequentially, and monitored by TLC analysis. After completion, the 

reaction was quenched with H2O (3 mL). The aqueous layer was extracted three times with 

ethyl acetate (6 mL ×3). The combined organic layer was dried over Na2SO4. The volatile 

solvent was removed under reduced pressure. The residue was purified by flash 

chromatography on silica gel to afford pure 3. 
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diethyl (R,E)-2-((2-hydroxybenzylidene)amino)-2-(1-phenylprop-2-yn-1-yl)malonate (3a): 

67.4 mg, 86% yield, yellow oil; []32
D = -48.77 (c 1.06, CH2Cl2); 

1H NMR (400 MHz, CDCl3) 

δ 13.06 (s, 1H), 8.45 (s, 1H), 7.40 – 7.26 (m, 7H), 7.02 (d, J = 9.0 Hz, 1H), 6.91 (m, 1H), 4.87 

(d, J = 2.5 Hz, 1H), 4.39 – 4.29 (m, 2H), 4.13 – 4.03 (m, 2H), 2.42 (d, J = 2.5 Hz, 1H), 1.31 (t, 

J = 7.1 Hz, 3H), 1.14 (t, J = 7.1 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 169.2, 166.9, 166.5, 

161.1, 135.1, 133.3, 132.6, 129.6, 128.21, 128.17, 118.9, 118.7, 117.4, 81.9, 78.7, 74.3, 62.7, 

62.4, 44.7, 14.0, 13.8; HRMS (ESI+) Calcd. For C23H24NO5
+ ([M+H]+): 394.1649, found: 

394.1652. The product was analyzed by HPLC to determine the enantiomeric excess: 92% ee 

(Chiralpak IE, i-propanol/hexane = 2/98 flow rate 1.0 mL/min, λ = 220 nm); tr = 19.12 and 

21.61 min. 

 

 

diethyl (R,E)-2-(1-(4-chlorophenyl)prop-2-yn-1-yl)-2-((2-hydroxybenzylidene)amino)- 

malonate (3b): 68.4 mg, 80% yield, yellow oil; []32
D = -76.92 (c 1.05, CH2Cl2); 

1H NMR 

(400 MHz, CDCl3) δ 12.96 (s, 1H), 8.46 (s, 1H), 7.43 – 7.34 (m, 1H), 7.33 – 7.27 (m, 3H), 7.24 

(m, 2H), 7.02 (d, J = 8.2 Hz, 1H), 6.92 (m, 1H), 4.84 (d, J = 2.5 Hz, 1H), 4.43 – 4.27 (m, 2H), 

4.17 – 3.98 (m, 2H), 2.43 (d, J = 2.5 Hz, 1H), 1.31 (t, J = 7.1 Hz, 3H), 1.17 (t, J = 7.1 Hz, 3H); 

13C NMR (101 MHz, CDCl3) δ 169.4, 166.6, 166.4, 161.1, 134.2, 133.7, 133.4, 132.7, 131.0, 

128.4, 118.84, 118.76, 117.4, 81.5, 78.5, 74.6, 62.8, 62.5, 44.1, 13.9, 13.8; HRMS (ESI+) Calcd. 

For C23H23ClNO5
+ ([M+H]+): 428.1259, found: 428.1259. The product was analyzed by HPLC 

to determine the enantiomeric excess: 94% ee (Chiralpak AD-H, i-propanol/hexane = 5/95 flow 

rate 1.0 mL/min, λ = 262 nm); tr = 15.49 and 17.68 min. 
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diethyl (R,E)-2-(1-(4-bromophenyl)prop-2-yn-1-yl)-2-((2-hydroxybenzylidene)amino)- 

malonate (3c): 78.4 mg, 83% yield, yellow oil; []32
D = -87.46 (c 1.34, CH2Cl2); 

1H NMR (400 

MHz, CDCl3) δ 12.96 (s, 1H), 8.46 (s, 1H), 7.42 – 7.35 (m, 3H), 7.30 (dd, J = 7.7, 1.7 Hz, 1H), 

7.23 (d, J = 8.5 Hz, 2H), 7.02 (d, J = 7.4 Hz, 1H), 6.94 – 6.90 (m, 1H), 4.83 (d, J = 2.5 Hz, 1H), 

4.40 – 4.27 (m, 2H), 4.17 – 4.05 (m, 2H), 2.43 (d, J = 2.4 Hz, 1H), 1.31 (t, J = 7.1 Hz, 3H), 

1.17 (t, J = 7.1 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 169.4, 166.6, 166.4, 161.0, 134.2, 133.5, 

132.7, 131.33, 131.31, 122.4, 118.9, 118.7, 117.4, 81.4, 78.4, 74.6, 62.9, 62.5, 44.1, 13.9, 13.8; 

HRMS (ESI+) Calcd. For C23H23BrNO5
+ ([M+H]+): 472.0574, found: 472.0566. The product 

was analyzed by HPLC to determine the enantiomeric excess: 90% ee (Chiralpak AD-H, i-

propanol/hexane = 5/95 flow rate 1.0 mL/min, λ = 220 nm); tr = 16.91 and 18.45 min. 

 

 

diethyl (R,E)-2-(1-(3-chlorophenyl)prop-2-yn-1-yl)-2-((2-hydroxybenzylidene)amino)- 

malonate (3d): 68.3 mg, 80% yield, yellow oil; []32
D = -65.74 (c 1.01, CH2Cl2); 

1H NMR 

(400 MHz, CDCl3) δ 12.91 (s, 1H), 8.46 (s, 1H), 7.42 – 7.25 (m, 4H), 7.26 – 7.17 (m, 2H), 7.02 

(d, J = 7.8 Hz, 1H), 6.91 (t, J = 7.5 Hz, 1H), 4.84 (d, J = 2.5 Hz, 1H), 4.41 – 4.27 (m, 2H), 4.17 

– 4.09 (m, 2H), 2.45 (d, J = 2.5 Hz, 1H), 1.31 (t, J = 7.1 Hz, 3H), 1.18 (t, J = 7.1 Hz, 3H); 13C 

NMR (101 MHz, CDCl3) δ 169.5, 166.6, 166.4, 161.1, 137.1, 133.9, 133.5, 132.7, 129.8, 129.5, 

128.3, 127.9, 118.82, 118.77, 117.4, 81.2, 78.5, 74.7, 62.9, 62.6, 44.3, 14.0, 13.8; Calcd. For 

C23H23ClNO5
+ ([M+H]+): 428.1258, found: 428.1259. The product was analyzed by HPLC to 

determine the enantiomeric excess: 87% ee (Chiralpak AD-H, i-propanol/hexane = 5/95 flow 

rate 1.0 mL/min, λ = 264 nm); tr = 13.89 and 20.14 min. 
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diethyl (R,E)-2-(1-(3-bromophenyl)prop-2-yn-1-yl)-2-((2-hydroxybenzylidene)amino)- 

malonate (3e): 79.1 mg, 84% yield, yellow oil; []32
D = -60.40 (c 1.01, CH2Cl2); 

1H NMR (400 

MHz, CDCl3) δ 12.91 (s, 1H), 8.46 (s, 1H), 7.46 (t, J = 1.9 Hz, 1H), 7.42 – 7.29 (m, 4H), 7.16 

(t, J = 7.9 Hz, 1H), 7.04 – 6.99 (m, 1H), 6.91 (m, 1H), 4.82 (d, J = 2.5 Hz, 1H), 4.40 – 4.29 (m, 

2H), 4.17 – 4.09 (m, 2H), 2.44 (d, J = 2.5 Hz, 1H), 1.31 (t, J = 7.1 Hz, 3H), 1.19 (t, J = 7.1 Hz, 

3H); 13C NMR (101 MHz, CDCl3) δ 169.5, 166.6, 166.3, 161.1, 137.3, 133.5, 132.70, 132.67, 

131.2, 129.8, 128.3, 122.0, 118.82, 118.75, 117.4, 81.2, 78.5, 74.7, 62.9, 62.6, 44.3, 14.0, 13.8; 

HRMS (ESI+) Calcd. For C23H23BrNO5
+ ([M+H]+): 472.0571, found: 472.0566. The product 

was analyzed by HPLC to determine the enantiomeric excess: 87% ee (Chiralpak AD-H, i-

propanol/hexane = 5/95 flow rate 1.0 mL/min, λ = 220 nm); tr = 14.14 and 22.15 min. 

 

 

diethyl (R,E)-2-(1-(4-fluorophenyl)prop-2-yn-1-yl)-2-((2-hydroxybenzylidene)amino)- 

malonate (3f): 72.3 mg, 88% yield, yellow oil; []32
D = -48.81 (c 1.18, CH2Cl2); 

1H NMR (400 

MHz, CDCl3) δ 13.00 (s, 1H), 8.45 (s, 1H), 7.41 – 7.36 (m, 1H), 7.34 – 7.29 (m, 3H), 7.02 (d, 

J = 8.3 Hz, 1H), 6.99 – 6.89 (m, 3H), 4.85 (d, J = 2.5 Hz, 1H), 4.38 – 4.29 (m, 2H), 4.15 – 4.06 

(m, 2H), 2.43 (d, J = 2.5 Hz, 1H), 1.31 (t, J = 7.1 Hz, 3H), 1.16 (t, J = 7.1 Hz, 3H); 13C NMR 

(101 MHz, CDCl3) δ 169.4, 166.7, 166.5, 162.5 (d, J = 245.9 Hz), 161.1, 133.4, 132.7, 131.3 

(d, J = 8.1 Hz), 130.9 (d, J = 3.1 Hz), 118.9 (d, J = 8.0 Hz), 117.4, 115.3, 115.0, 81.7, 78.6, 

74.5, 62.8, 62.5, 43.9, 14.0, 13.8; 19F NMR (376 MHz, CDCl3) δ -113.82; HRMS (ESI+) Calcd. 

For C23H23FNO5
+ ([M+H]+): 412.1555, found: 412.1553. The product was analyzed by HPLC 
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to determine the enantiomeric excess: 90% ee (Chiralpak IE, i-propanol/hexane = 5/95 flow 

rate 1.0 mL/min, λ = 254 nm); tr = 11.28 and 12.72 min. 

 

 

diethyl (R,E)-2-((2-hydroxybenzylidene)amino)-2-(1-(4-(trifluoromethyl)phenyl)prop-2-

yn-1-yl)malonate (3g): 82.9 mg, 90% yield, yellow oil; []32
D = -57.19 (c 1.14, CH2Cl2); 

1H 

NMR (400 MHz, CDCl3) δ 12.92 (s, 1H), 8.48 (s, 1H), 7.56 – 7.47 (m, 4H), 7.42 – 7.37 (m, 

1H), 7.31 (dd, J = 7.7, 1.7 Hz, 1H), 7.02 (d, J = 8.3 Hz, 1H), 6.95 – 6.91 (m, 1H), 4.92 (d, J = 

2.5 Hz, 1H), 4.41 – 4.29 (m, 2H), 4.15 – 4.05 (m, 2H), 2.46 (d, J = 2.5 Hz, 1H), 1.32 (t, J = 7.1 

Hz, 3H), 1.14 (t, J = 7.1 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 169.6, 166.6, 166.4, 161.1, 

139.3, 133.6, 132.7, 130.4 (q, J = 32.3 Hz), 130.1, 125.1 (q, J = 4.0 Hz), 123.9 (q, J = 272.7 

Hz), 118.9, 118.7, 117.4, 81.1, 78.5, 74.9, 63.0, 62.6, 44.4, 13.9, 13.7; 19F NMR (376 MHz, 

CDCl3) δ -62.66; HRMS (ESI+) Calcd. For C24H23F3NO5
+ ([M+H]+): 462.1523, found: 

462.1522. The product was analyzed by HPLC to determine the enantiomeric excess: 92% ee 

(Chiralpak IE, i-propanol/hexane = 5/95 flow rate 1.0 mL/min, λ = 254 nm); tr = 7.52 and 8.27 

min. 

 

 

diethyl (R,E)-2-((2-hydroxybenzylidene)amino)-2-(1-(p-tolyl)prop-2-yn-1-yl)malonate 

(3h): 65.2 mg, 80% yield, yellow oil; []32
D = -56.79 (c 1.12, CH2Cl2); 

1H NMR (400 MHz, 

CDCl3) δ 13.10 (s, 1H), 8.46 (s, 1H), 7.37 (m, 1H), 7.29 (dd, J = 7.7, 1.7 Hz, 1H), 7.24 – 7.19 

(m, 2H), 7.07 (d, J = 7.8 Hz, 2H), 7.03 – 7.00 (m, 1H), 6.93 – 6.89 (m, 1H), 4.83 (d, J = 2.5 Hz, 

1H), 4.38 – 4.28 (m, 2H), 4.14 – 4.04 (m, 2H), 2.40 (d, J = 2.5 Hz, 1H), 2.29 (s, 3H), 1.31 (t, J 

= 7.1 Hz, 3H), 1.16 (t, J = 7.1 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 169.2, 166.9, 166.5, 
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161.1, 137.9, 133.2, 132.6, 132.0, 129.4, 128.9, 118.9, 118.7, 117.4, 82.1, 78.7, 74.1, 62.7, 62.3, 

44.4, 21.1, 14.0, 13.8; HRMS (ESI+) Calcd. For C24H26NO5
+ ([M+H]+): 408.1805, found: 

408.1811. The product was analyzed by HPLC to determine the enantiomeric excess: 94% ee 

(Chiralpak AD-H, i-propanol/hexane = 5/95 flow rate 1.0 mL/min, λ = 262 nm); tr = 17.79 and 

20.48 min. 

 

 

diethyl (R,E)-2-((2-hydroxybenzylidene)amino)-2-(1-(4-methoxyphenyl)prop-2-yn-1-

yl)malonate (3i): 80.1 mg, 95% yield, yellow oil; []32
D = -90.80 (c 1.38, CH2Cl2); 

1H NMR 

(400 MHz, CDCl3) δ 13.11 (s, 1H), 8.44 (s, 1H), 7.40 – 7.35 (m, 1H), 7.32 – 7.25 (m, 3H), 7.02 

(d, J = 8.2 Hz, 1H), 6.91 (t, J = 7.5 Hz, 1H), 6.80 (d, J = 8.7 Hz, 2H), 4.82 (d, J = 2.5 Hz, 1H), 

4.38 – 4.28 (m, 2H), 4.15 – 4.05 (m, 2H), 3.75 (s, 3H), 2.41 (d, J = 2.4 Hz, 1H), 1.31 (t, J = 7.1 

Hz, 3H), 1.17 (t, J = 7.1 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 169.2, 166.9, 166.6, 161.1, 

159.4, 133.3, 132.6, 130.7, 127.1, 118.9, 118.7, 117.4, 113.6, 82.2, 78.8, 74.1, 62.7, 62.4, 55.2, 

44.0, 14.0, 13.9; HRMS (ESI+) Calcd. For C24H26NO6
+ ([M+H]+): 424.1755, found: 424.1753. 

The product was analyzed by HPLC to determine the enantiomeric excess: 92% ee (Chiralpak 

AD-H, i-propanol/hexane = 2/98 flow rate 1.0 mL/min, λ = 254 nm); tr = 38.30 and 46.27 min. 

 

 

diethyl (R,E)-2-((2-hydroxybenzylidene)amino)-2-(1-(m-tolyl)prop-2-yn-1-yl)malonate 

(3j): 69.3 mg, 85% yield, yellow oil; []32
D = -54.85 (c 1.36, CH2Cl2); 

1H NMR (400 MHz, 

CDCl3) δ 13.05 (s, 1H), 8.42 (s, 1H), 7.39 – 7.34 (m, 1H), 7.30 – 7.26 (m, 1H), 7.14 (t, J = 6.4 

Hz, 3H), 7.07 (s, 1H), 7.02 (d, J = 8.2 Hz, 1H), 6.92 – 6.88 (m, 1H), 4.83 (d, J = 2.5 Hz, 1H), 
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4.40 – 4.28 (m, 2H), 4.13 – 4.04 (m, 2H), 2.41 (d, J = 2.5 Hz, 1H), 2.27 (s, 3H), 1.31 (t, J = 7.1 

Hz, 3H), 1.15 (t, J = 7.1 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 168.9, 166.9, 166.6, 161.2, 

137.8, 134.9, 133.2, 132.6, 130.4, 128.9, 128.1, 126.6, 118.9, 118.7, 117.4, 82.0, 78.7, 74.2, 

62.7, 62.3, 44.7, 21.3, 14.0, 13.8; HRMS (ESI+) Calcd. For C24H26NO5
+ ([M+H]+): 408.1805, 

found: 408.1806. The product was analyzed by HPLC to determine the enantiomeric excess: 

92% ee (Chiralpak AD-H, i-propanol/hexane = 5/95 flow rate 1.0 mL/min, λ = 220 nm); tr = 

14.09 and 17.76 min. 

 

 

diethyl (R,E)-2-((2-hydroxybenzylidene)amino)-2-(1-(o-tolyl)prop-2-yn-1-yl)malonate 

(3k): 61.1 mg, 75% yield, yellow oil; []32
D = -50.00 (c 1.17, CH2Cl2); 

1H NMR (400 MHz, 

Chloroform-d) δ 13.16 (s, 1H), 8.54 (s, 1H), 7.47 – 7.42 (m, 1H), 7.39 (ddd, J = 8.6, 7.3, 1.7 

Hz, 1H), 7.34 (dd, J = 7.7, 1.7 Hz, 1H), 7.15 – 7.08 (m, 3H), 7.04 (dd, J = 8.3, 1.0 Hz, 1H), 

6.95 – 6.91 (m, 1H), 5.16 (d, J = 2.5 Hz, 1H), 4.42 – 4.27 (m, 2H), 4.06 – 3.87 (m, 2H), 2.39 

(s, 3H), 2.38 (d, J = 2.4 Hz, 1H), 1.30 (t, J = 7.1 Hz, 3H), 0.98 (t, J = 7.1 Hz, 3H). 13C NMR 

(101 MHz, Chloroform-d) δ 168.9, 167.1, 166.8, 161.1, 135.9, 134.3, 133.3, 132.6, 130.3, 129.5, 

127.9, 126.3, 118.9, 118.8, 117.4, 82.4, 78.0, 73.9, 62.8, 62.3, 39.4, 19.7, 13.9, 13.5; HRMS 

(ESI+) Calcd. For C24H26NO5
+ ([M+H]+): 408.1805, found: 408.1802. The product was 

analyzed by HPLC to determine the enantiomeric excess: 76% ee (Chiralpak AD-H, i-propanol 

/hexane = 5/95 flow rate 1.0 mL/min, λ = 220 nm); tr = 13.02 and 14.71 min. 
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diethyl (R,E)-2-((2-hydroxybenzylidene)amino)-2-(1-(naphthalen-2-yl)prop-2-yn-1-

yl)malonate (3l): 80.7 mg, 91% yield, yellow oil; []32
D = -90.87 (c 1.15, CH2Cl2); 

1H NMR 

(400 MHz, CDCl3) δ 13.11 (s, 1H), 8.47 (s, 1H), 7.82 – 7.73 (m, 4H), 7.51 – 7.36 (m, 4H), 7.30 

– 7.26 (m, 1H), 7.04 (d, J = 8.3 Hz, 1H), 6.93 – 6.89 (m, 1H), 5.04 (d, J = 2.5 Hz, 1H), 4.41 – 

4.30 (m, 2H), 4.04 (q, J = 7.1 Hz, 2H), 2.47 (d, J = 2.5 Hz, 1H), 1.32 (t, J = 7.1 Hz, 3H), 1.05 

(t, J = 7.1 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 169.2, 166.9, 166.5, 161.2, 133.3, 133.0, 

132.9, 132.7, 132.6, 129.0, 127.93, 127.90, 127.6, 127.1, 126.2, 126.1, 118.9, 118.8, 117.4, 

81.9, 78.9, 74.5, 62.8, 62.4, 44.9, 14.0, 13.7; HRMS (ESI+) Calcd. For C27H26NO5
+ ([M+H]+): 

444.1805, found: 444.1805. The product was analyzed by HPLC to determine the enantiomeric 

excess: 91% ee (Chiralpak AD-H, i-propanol /hexane = 5/95 flow rate 1.0 mL/min, λ = 220 

nm); tr = 27.07 and 28.87 min. 

 

 

diethyl (S,E)-2-(1-(furan-2-yl)prop-2-yn-1-yl)-2-((2-hydroxybenzylidene)amino)- 

malonate (3m): 66.6 mg, 87% yield, yellow oil; []32
D = -33.00 (c 1.00, CH2Cl2); 

1H NMR 

(400 MHz, CDCl3) δ 12.90 (s, 1H), 8.55 (s, 1H), 7.37 – 7.29 (m, 3H), 6.97 (d, J = 8.3 Hz, 1H), 

6.89 (m, 1H), 6.40 (dt, J = 3.3, 0.8 Hz, 1H), 6.31 (dd, J = 3.2, 1.9 Hz, 1H), 5.05 (d, J = 2.6 Hz, 

1H), 4.39 – 4.30 (m, 2H), 4.26 (q, J = 7.1 Hz, 2H), 2.38 (d, J = 2.5 Hz, 1H), 1.33 (t, J = 7.1 Hz, 

3H), 1.27 (t, J = 7.1 Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 170.3, 166.3, 166.2, 161.1, 148.7, 

142.5, 133.2, 132.7, 119.0, 118.7, 117.3, 110.7, 110.1, 79.2, 77.2, 73.6, 62.9, 62.8, 39.1, 14.0, 

13.9; HRMS (ESI+) Calcd. For C21H22NO6
+ ([M+H]+): 384.1442, found: 384.1440. The 

product was analyzed by HPLC to determine the enantiomeric excess: 93% ee (Chiralpak IE, 

i-propanol/hexane = 5/95 flow rate 1.0 mL/min, λ = 254 nm); tr = 18.62 and 21.27 min. 

 



 

S-10 
 

 

diethyl (S,E)-2-((2-hydroxybenzylidene)amino)-2-(1-(thiophen-2-yl)prop-2-yn-1-yl)- 

malonate (3n): 70.3 mg, 88% yield, yellow oil; []32
D = -45.98 (c 1.02, CH2Cl2); 

1H NMR (400 

MHz, CDCl3) δ 12.92 (s, 1H), 8.55 (s, 1H), 7.39 – 7.34 (m, 1H), 7.31 – 7.29 (m, 1H), 7.22 – 

7.20 (m, 1H), 7.07 – 6.99 (m, 2H), 6.92 – 6.87 (m, 2H), 5.21 (d, J = 2.5 Hz, 1H), 4.39 – 4.29 

(m, 2H), 4.25 – 4.13 (m, 2H), 2.45 (d, J = 2.5 Hz, 1H), 1.32 (t, J = 7.1 Hz, 3H), 1.23 (t, J = 7.1 

Hz, 3H); 13C NMR (101 MHz, CDCl3) δ 170.3, 166.4, 166.2, 161.0, 137.2, 133.3, 132.8, 128.2, 

126.3, 118.9, 118.7, 117.3, 81.3, 78.4, 74.1, 62.9, 62.7, 40.2, 13.9, 13.8; HRMS (ESI+) Calcd. 

For C21H22NO5S
+ ([M+H]+): 400.1213, found: 400.1209. The product was analyzed by HPLC 

to determine the enantiomeric excess: 90% ee (Chiralpak AD-H, i-propanol/hexane = 5/95 flow 

rate 1.0 mL/min, λ = 220 nm); tr = 26.81 and 33.63 min. 

 

III. Synthetic Transformation  

 

 

A mixture of 3a (0.2 mmol, 92% ee), iodobenzene (0.40 mmol), Pd(PPh3)4 (0.02 mmol), 

and CuI (0.04 mmol) in Et3N (2 mL) was stirred at 25 ºC for 20 h.2,3 After the reaction was 

completed, the crude reaction mixture was filtrated with celite and washed with EtOAc. The 

solvents were removed under reduced pressure. Then the residue was purified by silica gel 

column chromatography to afford the desired product 4. 
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To a solution of 3a (0.20 mmol) in EtOH (2 mL) under nitrogen, then 10 mg Pd-CaCO3 

was added. The reaction mixture was stirred under H2 atmosphere (1 atm) at 25 ºC for 3d.2 After 

the reaction was completed (monitored by TLC), the crude reaction mixture was filtered over a 

short pad of celite and washed with EtOAc. The solvents were removed under reduced pressure. 

Then the residue was purified by silica gel column chromatography to afford the desired product 

5. 

 

 

To a solution of 3a (0.30 mmol) in THF (1 mL), then 1 mL 2 M HCl was added. The 

reaction mixture was stirred at 25 ºC for 2 h. After the reaction was complete (monitored by 

TLC), THF was removed under reduced pressure. The crude reaction mixture was extracted 

with EtOAc (3 × 3 mL) and the aqueous solution was added with 10% NaOH until pH = 10, 

then the crude reaction mixture was extracted with DCM (3 × 3 mL), the organics were 

combined and dried over Na2SO4 and concentrated under vacuum and purified by silica-gel 

flash chromatography to afford the desired product 6. 

A mixture of 6 (0.20 mmol), copper(I) thiophene-2-carboxylate (CuTc, 0.02 mmol) in 

anhydrous toluene (1.5 mL) was cooled in an ice-water bath. Subsequently, the tosyl azide (0.24 

mmol) was added slowly, then the reaction mixture was allowed to warm to room temperature 

and stir until complete (monitored by TLC).2,3 The reaction was quenched by saturated NH4Cl 

aqueous solution (3 mL) and extracted into EtOAc (3 × 5 mL). The combined organic layers 

were dried over Na2SO4, filtrated and concentrated in vacuo. Then the residue was purified by 

silica gel column chromatography to afford the desired product 7. 
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diethyl (S,E)-2-(1,3-diphenylprop-2-yn-1-yl)-2-((2-hydroxybenzylidene)amino)malonate 

(4): 93.0 mg, 99% yield, yellow oil; []32
D = -8.59 (c 0.92, CH2Cl2); 

1H NMR (400 MHz, 

Chloroform-d) δ 13.18 (s, 1H), 8.46 (s, 1H), 7.42 – 7.32 (m, 5H), 7.30 – 7.24 (m, 7H), 7.03 (dd, 

J = 8.4, 1.0 Hz, 1H), 6.91 – 6.87 (m, 1H), 5.09 (s, 1H), 4.42 – 4.26 (m, 2H), 4.14 – 4.05 (m, 

2H), 1.30 (t, J = 7.1 Hz, 3H), 1.14 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, Chloroform-d) δ 

168.8, 167.0, 166.8, 161.3, 135.6, 133.2, 132.5, 131.7, 129.7, 128.2, 128.13, 128.07, 122.9, 

118.9, 118.7, 117.4, 87.4, 86.4, 79.2, 62.6, 62.3, 45.6, 14.0, 13.8.; HRMS (ESI+) Calcd. For 

C29H28NO5
+ ([M+H]+): 470.1962, found: 470.1960. The product was analyzed by HPLC to 

determine the enantiomeric excess: 92% ee (Chiralpak IE, i-propanol/hexane = 5/95 flow rate 

1.0 mL/min, λ = 254 nm); tr = 11.88 and 14.01 min. 

 

 

diethyl (R,E)-2-((2-hydroxybenzylidene)amino)-2-(1-phenylallyl)malonate (5): 71.2 mg, 

90% yield, yellow oil; []32
D = 14.3 (c 1.20, CH2Cl2); 

1H NMR (400 MHz, Chloroform-d) δ 

13.12 (s, 1H), 8.34 (s, 1H), 7.38 – 7.34 (m, 1H), 7.31 – 7.27 (m, 3H), 7.26 – 7.17 (m, 3H), 7.02 

– 6.99 (dd, J = 8.4, 1.0 Hz, 1H), 6.92 – 6.88 (m, 1H), 6.35 – 6.26 (m, 1H), 5.24 (ddd, J = 10.2, 

1.3, 1.2 Hz, 1H), 5.12 (ddd, J = 17.0, 1.4, 1.2 Hz, 1H), 4.54 – 4.52 (m, 1H), 4.34 – 4.21 (m, 

2H), 4.11 – 3.99 (m, 2H), 1.28 (t, J = 7.1 Hz, 3H), 1.10 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, 

Chloroform-d) δ 169.3, 167.6, 167.3, 161.1, 137.8, 136.4, 133.2, 132.5, 130.0, 128.1, 127.4, 

118.94, 118.85, 118.8, 117.3, 79.1, 62.4, 62.1, 55.1, 14.0, 13.8; HRMS (ESI+) Calcd. For 

C23H26NO5
+ ([M+H]+): 396.1805, found: 396.1805. The product was analyzed by HPLC to 

determine the enantiomeric excess: 93% ee (Chiralpak IE, i-propanol/hexane = 5/95 flow rate 

1.0 mL/min, λ = 254 nm); tr = 8.83 and 10.33 min. 
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diethyl (R)-2-amino-2-(1-phenylprop-2-yn-1-yl)malonate (6): 69.4 mg, 80% yield, yellow 

oil; 1H NMR (400 MHz, Chloroform-d) δ 7.50 – 7.43 (m, 2H), 7.34 – 7.27 (m, 3H), 4.79 (d, J 

= 2.5 Hz, 1H), 4.40 – 4.26 (m, 2H), 4.15 – 4.02 (m, 2H), 2.33 (d, J = 2.5 Hz, 1H), 2.12 (brs, 

2H), 1.34 (t, J = 7.1 Hz, 3H), 1.18 (t, J = 7.1 Hz, 3H). 13C NMR (101 MHz, Chloroform-d) δ 

169.4, 168.6, 135.2, 129.5, 128.2, 128.0, 82.0, 72.7, 70.1, 62.5, 62.3, 43.5, 14.0, 13.8. HRMS 

(ESI+) Calcd. For C16H20NO4
+ ([M+H]+): 290.1388, found: 290.1385. 

 

 

diethyl (R)-2-amino-2-(phenyl(1-tosyl-1H-1,2,3-triazol-4-yl)methyl)malonate (7): 69.1 mg, 

71% yield, white solid, mp 88–90 °C; []32
D = 77.00 (c 0.90, CH2Cl2); 

1H NMR (400 MHz, 

Chloroform-d) δ 8.30 (s, 1H), 8.00 – 7.90 (m, 2H), 7.37 – 7.34 (m, 4H), 7.27 – 7.24 (m, 2H), 

5.35 (s, 1H), 4.12 – 4.01 (m, 4H), 2.44 (s, 3H), 1.17 (t, J = 7.1 Hz, 3H), 0.99 (t, J = 7.1 Hz, 3H). 

13C NMR (101 MHz, Chloroform-d) δ 169.6, 169.5, 147.2, 147.1, 136.4, 133.1, 130.3, 129.7, 

128.6, 128.4, 127.8, 122.6, 69.8, 62.5, 62.4, 47.6, 21.8, 13.9, 13.6. HRMS (ESI+) Calcd. For 

C23H27N4O6S
+ ([M+H]+): 487.1646, found: 487.1646. The product was analyzed by HPLC to 

determine the enantiomeric excess: 93% ee (Chiralcel AS-H, i-propanol/hexane = 10/90 flow 

rate 1.0 mL/min, λ = 220 nm); tr = 21.99 and 25.66 min. 

 

IV. Determination of Absolute Configuration of 3a’ 
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In a 10 mL Schlenk flask was placed Cu(CH3CN)4BF4 (0.01 mmol) and L4 (0.01 mmol) 

under Ar. Anhydrous DCM (1.0 mL) was added, and the mixture was magnetically stirred at 

room temperature for 30 min. Then the reaction flask was placed in a cool bath of -10 oC, 

followed by addition of 1a’ (0.4 mmol), 2a (0.4 mmol), 4-methylmorpholine (0.4 mmol) and 

Anhydrous DCM (1.0 mL) sequentially, and monitored by TLC analysis. After completion, the 

reaction was quenched with H2O (3 mL). The aqueous layer was extracted three times with 

ethyl acetate (6 mL × 3). The combined organic layer was dried over Na2SO4. The volatile 

solvent was removed under reduced pressure. The residue was purified by flash 

chromatography on silica gel to afford pure 3a’. 

To a solution of 3a’ (0.30 mmol) in EtOH (3 mL) under nitrogen, then 10 mg Pd-CaCO3 

was added. The reaction mixture was stirred under H2 atmosphere (1 atm) at 25 ºC for 3d.2 After 

the reaction was completed (monitored by TLC), the crude reaction mixture was filtered over a 

short pad of celite and washed with EtOAc. The solvents were removed under reduced pressure. 

Then the residue was purified by silica gel column chromatography to afford the desired product 

8. 

To a solution of 8 (0.20 mmol) in THF (1 mL), then 1 mL 2 M HCl was added. The reaction 

mixture was stirred at 25 ºC for 2h. After the reaction was complete (monitored by TLC), THF 

was removed under reduced pressure. The crude reaction mixture was extracted with EtOAc (3 

× 3 mL) and the aqueous solution was added with 10% NaOH until pH = 10, then the crude 

reaction mixture was extracted with DCM (3 × 3 mL), the organics were combined and dried 

over Na2SO4 and concentrated under vacuum and purified by silica-gel flash chromatography 

to afford the desired product 9; []32
D = -50.6 (c 0.89, CH2Cl2). 

Compared with the results in the literature1, the absolute configuration of 9 is determined 

to be R.  
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diisopropyl (R,E)-2-((2-hydroxybenzylidene)amino)-2-(1-phenylprop-2-yn-1-yl)malonate 

(3a’): 71% yield, yellow liquid; 1H NMR (400 MHz, Chloroform-d) δ 13.12 (s, 1H), 8.45 (s, 

1H), 7.40 – 7.32 (m, 3H), 7.32 – 7.22 (m, 4H), 7.03 – 7.01 (m, 1H), 6.93 – 6.89 (m, 1H), 5.24 

– 5.15 (m, 1H), 4.95 – 4.86 (m, 1H), 4.84 (d, J = 2.5 Hz, 1H), 2.41 (d, J = 2.5 Hz, 1H), 1.30 (d, 

J = 6.0 Hz, 3H), 1.29 (d, J = 6.0 Hz, 3H), 1.21 (d, J = 6.3 Hz, 3H), 1.06 (d, J = 6.3 Hz, 3H). 13C 

NMR (101 MHz, Chloroform-d) δ 169.0, 166.4, 166.0, 161.1, 135.2, 133.2, 132.5, 129.8, 128.2, 

128.1, 118.9, 118.7, 117.4, 82.2, 78.4, 74.1, 70.7, 70.5, 44.5, 21.6, 21.5, 21.4, 21.3. The product 

was analyzed by HPLC to determine the enantiomeric excess: 65% ee (Chiralpak AD-H, i-

propanol/hexane = 5/95 flow rate 1.0 mL/min, λ = 262 nm); tr = 16.01 and 19.99 min. 
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VI. NMR and HPLC Spectra 
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