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1. General Information and Catalytic Experiments

1.1. General. All reagents and solvents were purchased from commercial sources and 
used without further purification. All compounds are bought by commodity resources. 
Compounds (1 and 3) was synthesized according to the reported literatures (A. Russo, A. 
Perfetto, A. Lattanzi, Adv. Synth. Catal. 2009, 351, 3067–3071). Analytical HPLC was 
carried out with a Waters® Chromatography setup consisting of: Waters® 717plus 
Autosampler, Waters® 1525 Binary HPLC Pump, and Waters® 2478 Dual λ Absorbance 
Detector. The enantiomeric excesses (ee) were determined using a Daicel Chiralcel® 
column AD–H or OD–H or OJ–H with the above HPLC setup. Optical rotations were 
measured on a Rudolph Research Analytical Autopol VI automatic polarimeter using a 
50 mm path-length cell at 589 nm.

1.2. General Procedure for ATH/Cyclization of Substituted 2-(3-oxo-1-
arylpropyl)malononitriles. The catalyst A (2 μmol, S/C = 50), 1 (0.10 mmol), 
HCOONa (1.0 mmol, 68 mg, 10 equiv), and iPrOH/H2O(v/v = 3/1) (4 mL) were added 

in a 10 mL round bottom flask in turn. The mixture was allowed to react at 60 °C for 1-

5 h. The reaction was monitored constantly by TLC. After completion of the reaction, 
the solvent was removed by evaporation. The residue is dissolved in 2 mL water, and 
then the aqueous solution was extracted by ethyl acetate (3 × 3.0 mL). The combined 
ethyl acetate was washed with brine twice and dehydrated with Na2SO4. After the 
evaporation of EA, the residue was purified by silica gel flash column chromatography 
to afford the desired product. The ee value was determined by a Daicel Chiralcel® AD–
H or OD–H or OJ–H column.

1.3. General Procedure for DKR-ATH/Cyclization of 2-(3-oxo-1,3-
diarylpropyl)malononitriles. The catalyst A (2 μmol, S/C = 50), 3 (0.10 mmol), 
HCOONa (1.0 mmol, 68 mg, 10 equiv), Et3N (0.10 mmol, 14.0 µL, 1.0 equiv) and 
iPrOH/H2O (v/v = 3/1) (4 mL) were added in a 5 mL round bottom flask in turn. The 
mixture was allowed to react at 60 °C for 5-12 h. The reaction was monitored constantly 
by TLC. After completion of the reaction, the solvent was removed by evaporation. The 
residue is dissolved in 2 mL water, and then the aqueous solution was extracted by ethyl 
acetate(EA) (3 × 3.0 mL). The combined EA was washed with brine twice and 
dehydrated with Na2SO4. After the evaporation of EA, the residue was purified by silica 
gel flash column chromatography to afford the desired product. The ee value was 
determined by a Daicel Chiralcel® AD–H or OD–H or OJ–H column.
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2. Characterizations of Chiral Products 

2a: (S)-6-Amino-2-phenyl-3,4-dihydro-2H-pyran-5-carbonitrile. White solid, m. p. 
123-124 °C, yield 99%, 97% ee, [α]D

25 = +42.6319 (c 0.7467, CHCl3); 1H NMR (400 
MHz, CDCl3) δ 7.45–7.26 (m, 5H), 5.03 (dd, J = 10.5, 2.4 Hz, 
1H), 4.38 (s, 2H), 2.47 (m, J = 14.7, 11.0, 6.1 Hz, 1H), 2.30 (m, J 
= 14.8, 6.0, 3.0 Hz, 1H), 2.16–2.06 (m, 1H), 2.01–1.89 (m, 1H). 
13C NMR (101 MHz, CDCl3) δ 163.84, 139.51, 128.94, 128.79, 
126.13, 121.96, 80.05, 54.62, 29.27, 21.05. HRMS (ESI): m/z 

[M+H]+ calculated for C12H12N2O: 201.1022; found: 201.1021. HPLC (AD-H, elute: 
Hexanes/i-PrOH = 95/5, detector: 254 nm, flow rate: 1.0 mL/min, 25 °C), t1 = 29.9 min 
(major), t2 = 35.5 min (minor).
 
2b: (S)-6-Amino-2-(4-fluorophenyl)-3,4-dihydro-2H-pyran-5-carbonitrile. White 
solid, m. p. 138-139 °C, yield 97%, 97% ee, [α]D

25 = +44.6560 (c 1.0250, CHCl3); 1H 
NMR (400 MHz, CDCl3) δ 7.32 (dd, J = 8.6, 5.2 Hz, 2H), 7.10 
(t, J = 8.6 Hz, 2H), 5.00 (dd, J = 10.5, 2.3 Hz, 1H), 4.37 (s, 2H), 
2.47 (m, J = 14.8, 11.0, 6.1 Hz, 1H), 2.30 (m, J = 14.8, 5.7, 2.6 
Hz, 1H), 2.14–2.05 (m, 1H), 1.92 (m, J = 14.0, 10.9, 5.6 Hz, 
1H). 13C NMR (101 MHz, CDCl3) δ 163.68, 161.70, 141.29, 
135.35–135.32 (d, J = 3.2 Hz), 130.14–130.05 (d, J = 8.6 Hz), 

128.04–127.95 (d, J = 8.4 Hz), 121.79, 115.99–115.77 (d, J = 21.7 Hz), 79.41, 54.70, 
29.31, 21.04. HRMS (ESI): m/z [M+H]+ calculated for C12H11N2OF: 219.0928; found: 
219.0928; HPLC (AD-H, elute: Hexanes/i-PrOH = 95/5, detector: 254 nm, flow rate: 
1.0 mL/min, 25 °C), t1 = 37.8 min (major), t2 = 45.7 min (minor).

2c: (S)-6-Amino-2-(3-fluorophenyl)-3,4-dihydro-2H-pyran-5-carbonitrile. White 
solid, m. p. 58-59 °C, yield 95%, 95% ee, [α]D 25 = +30.2676 (c 0.3667, CHCl3); 1H 

NMR (400 MHz, CDCl3) δ 7.45–7.26 (m, 1H), 7.09 (dd, J = 
17.7, 8.3 Hz, 3H), 5.02 (d, J = 10.4 Hz, 1H), 4.44 (s, 2H), 2.45 
(m, J = 16.6, 10.9, 6.1 Hz, 1H), 2.28 (m, J = 14.9, 5.7, 3.0 Hz, 
1H), 2.18–2.04 (m, 1H), 1.99–1.83 (m, 1H). 13C NMR (101 
MHz, CDCl3) δ 164.39, 163.54, 161.93, 142.08–142.01 (d, J = 
7.2 Hz), 130.59–130.51 (d, J = 7.7 Hz), 121.65–121.62 (d, J = 

3.2 Hz), 115.70–115.50 (d, J = 20.6 Hz), 113.24–113.02 (d, J = 22.6 Hz), 79.12, 54.73, 
29.28, 20.87. HRMS (ESI): m/z [M+H]+ calculated for C12H11N2OF: 219.0928; found: 
219.0929; HPLC (OJ-H, elute: Hexanes/i-PrOH = 90/10, detector: 254 nm, flow rate: 
1.0 mL/min, 25 °C), t1 = 41.4 min (major), t2 = 46.7 min (minor).
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2d: (S)-6-Amino-2-(2-fluorophenyl)-3,4-dihydro-2H-pyran-5-carbonitrile. White 
solid, m. p. 108-110 °C, yield 83%, 90% ee, [α]D

25 = +22.7370 (c 0.1294, CHCl3); 1H 
NMR (400 MHz, CDCl3) δ 7.44–7.31 (m, 2H), 7.21 (t, J = 7.6 Hz, 
1H), 7.14–7.03 (m, 1H), 5.34 (dd, J = 10.4, 2.3 Hz, 1H), 4.41 (s, 
2H), 2.48 (m, J = 14.9, 11.0, 6.1 Hz, 1H), 2.29 (m, J = 14.9, 5.8, 
2.9 Hz, 1H), 2.18–2.09 (m, 2H), 2.00–1.87 (m, 1H). 13C NMR 
(101 MHz, CDCl3) δ 163.68, 160.96, 158.49, δ 130.28–130.20 (d, 
J = 7.5 Hz), 127.37–127.34 (d, J = 3.7 Hz), 126.84–126.78 (d, J = 

12.9 Hz), 124.6 , 121.73, 115.95–115.73 (d, J = 22.2 Hz), 74.14, 54.91, 28.19, 20.94. 
HRMS (ESI): m/z [M+H]+ calculated for C12H11N2OF: 219.0928; found: 219.0926; 
HPLC (OJ-H, elute: Hexanes/i-PrOH = 90/10, detector: 254 nm, flow rate: 1mL/min, 25 
°C), t1 = 27.0 min (minor), t2 = 35.0 min (major).

2e: (S)-6-Amino-2-(4-chlorophenyl)-3,4-dihydro-2H-pyran-5-carbonitrile. White 
solid, m. p. 135-137 °C, yield 96%, 97% ee, [α]D

25 = +15.3718 (c 0.1667, CHCl3); 1H 
NMR (400 MHz, CDCl3) δ 7.39 (d, J = 8.3 Hz, 2H), 7.29 (s, 
1H), 7.27 (s, 1H), 5.00 (dd, J = 10.5, 2.1 Hz, 1H), 4.38 (s, 2H), 
2.46 (m, J = 14.4, 11.0, 6.0 Hz, 1H), 2.29 (m, J = 14.7, 6.0, 2.9 
Hz, 1H), 2.15–2.05 (m, 1H), 1.98–1.85 (m, 1H). 13C NMR 
(101 MHz, CDCl3) δ 163.61, 138.02, 134.58, 129.13, 127.50, 
121.75, 79.26, 54.70, 29.28, 20.94. HRMS (ESI): m/z [M+H]+ 

calculated for C12H11N2OCl: 235.0633; found: 235.0632; HPLC (AD-H, elute: 
Hexanes/i-PrOH = 95/5, detector: 254 nm, flow rate: 1.0 mL/min, 25 °C), t1 = 41.1 min 
(major), t2 = 46.8 min (minor).

2f: (S)-6-Amino-2-(2-chlorophenyl)-3,4-dihydro-2H-pyran-5-carbonitrile. White 
solid, m. p. > 253 °C, yield 95%, 88% ee, [α]D

25 = -7.4857 (c 
0.4000, CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.46 (dd, J = 7.5, 
1.9 Hz, 1H), 7.40 (dd, J = 7.6, 1.3 Hz, 1H), 7.38–7.29 (m, 2H), 
5.42 (dd, J = 10.4, 2.3 Hz, 1H), 4.41 (s, 2H), 2.51 (m, J = 14.9, 
11.3, 6.1 Hz, 2H), 2.30 (m, J = 14.7, 5.7, 2.7 Hz, 1H), 2.22 (m, J = 

14.1, 5.7, 2.5 Hz, 2H), 1.79 (m, J = 14.0, 10.9, 5.8 Hz, 2H). 13C NMR (101 MHz, CDCl3) 
δ 163.73, 137.20, 131.84, 129.91, 129.66, 127.50, 127.09, 121.71, 76.82, 55.05, 28.12, 
21.07. HRMS (ESI): m/z [M+H]+ calculated for C12H11N2OCl: 235.0633; found: 
235.0632; HPLC (OJ-H, elute: Hexanes/i-PrOH = 90/10, detector: 254 nm, flow rate: 
1mL/min, 25 °C), t1 = 25.3 min (minor), t2 = 31.3 min (major).
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2g: (S)-6-Amino-2-(3-bromophenyl)-3,4-dihydro-2H-pyran-5-carbonitrile. White 
solid, m. p. 101-103 °C, yield 91%, 94% ee, [α]D

25 = +22.8927 (c 0.6800, CHCl3); 1H 
NMR (400 MHz, CDCl3) δ 7.50 (d, J = 3.0 Hz, 2H), 7.28 (d, J = 3.1 Hz, 3H), 4.99 (dd, 

J = 10.4, 2.3 Hz, 1H), 4.41 (s, 2H), 2.46 (m, J = 15.1, 11.0, 6.1 
Hz, 1H), 2.30 (m, J = 15.0, 5.8, 2.9 Hz, 1H), 2.11 (m, J = 13.9, 
5.9, 2.6 Hz, 1H), 1.97–1.83 (m, 1H). 13C NMR (101 MHz, 
CDCl3) δ 163.49, 141.75, 131.81, 130.51, 129.19, 124.68, 
123.02, 121.68, 79.08, 54.78, 29.34, 20.93. HRMS (ESI): m/z 
[M+H]+ calculated for C12H11N2OBr: 279.0128; found: 

279.0128; HPLC (AD-H, elute: Hexanes/i-PrOH = 90/10, detector: 254 nm, flow rate: 
0.5mL/min, 25 °C), t1 = 50.9 min (minor), t2 = 55.2 min (major).

2h: (S)-6-Amino-2-(4-iodophenyl)-3,4-dihydro-2H-pyran-5-carbonitrile. White 
solid, m. p. 155-157 °C, yield 92%, 97% ee, [α]D

25 = +35.8177 
(c 1.0533, CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.74 (d, J = 
8.4 Hz, 2H), 7.08 (d, J = 8.3 Hz, 2H), 4.97 (dd, J = 10.3, 2.3 Hz, 
1H), 4.43 (s, 2H), 2.44 (m, J = 14.7, 10.9, 6.1 Hz, 1H), 2.27 (m, 
J = 14.9, 6.0, 3.0 Hz, 1H), 2.08 (m, J = 13.9, 5.9, 2.6 Hz, 1H), 

1.95–1.81 (m, 1H). 13C NMR (101 MHz, CDCl3) δ 163.58, 139.21, 138.04, 127.97, 
121.74, 94.31, 79.34, 54.70, 29.23, 20.91. HRMS (ESI): m/z [M+H]+ calculated for 
C12H11N2OI: 326.9989; found: 326.9991; HPLC (OJ-H, elute: Hexanes/i-PrOH = 90/10, 
detector: 254 nm, flow rate: 1.0 mL/min, 25 °C), t1 = 78.5 min (minor), t2 = 93.8 min 
(major).

2i: (S)-6-Amino-2-(4-nitrophenyl)-3,4-dihydro-2H-pyran-5-carbonitrile. Light-
yellow solid, m. p. 196-197 °C, yield 89%, 90% ee, [α]D

25 = +17.4540 (c 0.4867, 
CHCl3); 1H NMR (400 MHz, CDCl3) δ 8.28 (d, J = 8.8 Hz, 
2H), 7.53 (d, J = 8.7 Hz, 2H), 5.15 (dd, J = 10.3, 2.4 Hz, 1H), 
4.45 (s, 2H), 2.49 (m, J = 14.9, 10.8, 6.2 Hz, 1H), 2.31 (m, J 
= 14.7, 5.8, 3.0 Hz, 1H), 2.17 (m, J = 13.8, 5.6, 3.0, 2.5 Hz, 
1H), 2.01–1.85 (m, 1H). 13C NMR (101 MHz, CDCl3) δ 
163.08, 146.47, 141.86, 128.86, 126.79, 124.70, 124.21, 

121.20, 78.68, 55.22, 29.45, 20.77. HRMS (ESI): m/z [M+H]+ calculated for 
C12H11N3O3: 246.0873; found: 246.0875; HPLC (OJ-H, elute: Hexanes/i-PrOH = 80/20, 
detector: 254 nm, flow rate: 1.0 mL/min, 25 °C), t1 = 47.7 min (minor), t2 = 61.5 min 
(major).
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2j: (S)-6-Amino-2-(4-cyanophenyl)-3,4-dihydro-2H-pyran-5-carbonitrile. White 
solid, m. p. 150-152 °C, yield 94%, 92% ee, [α]D

25 = +28.2883 (c 0.7267, CHCl3); 1H 
NMR (400 MHz, CDCl3) δ 7.71 (d, J = 8.3 Hz, 2H), 7.46 (d, J 
= 8.3 Hz, 2H), 5.09 (dd, J = 10.3, 2.4 Hz, 1H), 4.45 (s, 2H), 
2.47 (m, J = 15.0, 10.8, 6.2 Hz, 1H), 2.29 (m, J = 14.8, 5.8, 
3.1 Hz, 1H), 2.13 (m, J = 14.0, 5.8, 2.7 Hz, 1H), 1.96–1.81 (m, 
1H). 13C NMR (101 MHz, CDCl3) δ 163.20, 144.63, 132.79, 
126.65, 121.38, 118.59, 112.61, 78.85, 55.01, 29.34, 20.76. 

HRMS (ESI): m/z [M+H]+ calculated for C13H11N3O: 226.0975; found: 226.0975; 
HPLC (AD-H, elute: Hexanes/i-PrOH = 90/10, detector: 254 nm, flow rate: 1.0 mL/min, 
25 °C), t1 = 47.8 min (major), t2 = 55.6 min (minor).

2k: (S)-6-Amino-2-(p-tolyl)-3,4-dihydro-2H-pyran-5-carbonitrile. White solid, m. p. 
101-102 °C, yield 91%, 97% ee, [α]D

25 = +33.2835 (c 0.9333, 
CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.25 (d, J = 20.0 Hz, 
5H), 4.98 (dd, J = 10.3, 2.4 Hz, 1H), 4.37 (s, 2H), 2.46 (m, J = 
14.7, 10.9, 6.1 Hz, 1H), 2.38 (s, 3H), 2.30 (m, J = 14.7, 5.8, 
2.9 Hz, 1H), 2.09 (m, J = 13.7, 5.6, 2.6 Hz, 1H), 2.01–1.88 (m, 

1H). 13C NMR (101 MHz, CDCl3) δ 163.93, 138.71, 136.53, 130.35, 129.60, 127.80, 
126.17, 122.04, 80.04, 54.51, 29.15, 21.39, 21.10. HRMS (ESI): m/z [M+H]+ calculated 
for C13H14N2O: 215.1179; found: 215.1177; HPLC (AD-H, elute: Hexanes/i-PrOH = 
90/10, detector: 254 nm, flow rate: 1.0 mL/min, 25 °C), t1 = 46.7 min (minor), t2 = 66.1 
min (major).

2l: (S)-6-Amino-2-(3-methoxyphenyl)-3,4-dihydro-2H-pyran-5-carbonitrile. White 
solid, m. p. 82-84 °C, yield 91%, 96% ee, [α]D

25 = +31.5671 (c 0.2200, CHCl3); 1H 
NMR (400 MHz, CDCl3) δ 7.42–7.24 (m, 1H), 7.07–6.77 (m, 3H), 4.99 (dd, J = 10.4, 

2.4 Hz, 1H), 4.40 (s, 2H), 3.84 (s, 3H), 2.46 (m, J = 14.9, 
11.0, 6.1 Hz, 1H), 2.29 (m, J = 14.7, 5.6, 2.8 Hz, 1H), 2.11 
(m, J = 13.8, 5.8, 2.6 Hz, 1H), 1.93 (m, J = 13.9, 10.6, 5.7 
Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 163.76, 160.10, 
141.08, 130.03, 121.91, 118.36, 113.96, 111.97, 79.91, 

55.54, 29.27, 21.03. HRMS (ESI): m/z [M+H]+ calculated for C13H14N2O2: 231.1128; 
found: 231.1128; HPLC (AD-H, elute: Hexanes/i-PrOH = 95/5, detector: 254 nm, flow 
rate: 1.0 mL/min, 25 °C), t1 = 64.1 min (minor), t2 = 74.8 min (major).
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2m: (S)-6-Amino-2-(naphthalen-2-yl)-3,4-dihydro-2H-pyran-5-carbonitrile. White 
solid, m. p. 106-108 °C, yield 90%, 95% ee, [α]D

25 = +46.2159 
(c 0.7133, CHCl3); 1H NMR (400 MHz, CDCl3) δ 7.93–7.80 
(m, 4H), 7.58–7.40 (m, 3H), 5.19 (dd, J = 10.5, 2.4 Hz, 1H), 
4.43 (s, 2H), 2.52 (m, J = 14.9, 11.0, 6.1 Hz, 1H), 2.34 (m, J = 
14.8, 5.8, 2.9 Hz, 1H), 2.19 (m, J = 11.3, 5.8, 2.9 Hz, 1H), 
2.11–1.99 (m, 2H). 13C NMR (101 MHz, CDCl3) δ 163.83, 

136.84, 133.49, 133.35, 128.86, 128.27, 127.97, 126.76, 126.69, 125.29, 123.73, 80.19, 
54.78, 29.32, 21.12. HRMS (ESI): m/z [M+H]+ calculated for C16H14N2O: 251.1179; 
found: 251.1179; HPLC (AD-H, elute: Hexanes/i-PrOH = 90/10, detector: 254 nm, flow 
rate: 1.0 mL/min, 25 °C), t1 = 27.2 min (major), t2 = 35.6 min (minor).

4a: (2S,4S)-6-Amino-2,4-diphenyl-3,4-dihydro-2H-pyran-5-carbonitrile. White solid, 
m. p. 120-121 °C, 78% yield, 99% ee, 96/4 dr. [α]D

25 = +7.2693 
(c 0.6467, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.56–7.29 (m, 
8H), 7.28–7.15 (m, 2H), 5.20–4.94 (m, 1H), 4.61 (d, J = 22.3 Hz, 
2H), 3.94–3.79 (m, 1H), 2.35 (ddd, J = 14.0, 11.0, 6.0 Hz, 1H), 
2.14–2.07 (m, 1H). 13C NMR (101 MHz, CDCl3) δ 164.66, 

143.84, 139.08, 129.03, 128.97, 128.89, 128.80, 128.09, 127.26, 126.25, 75.93, 57.16, 
39.88, 37.25. HRMS (ESI): m/z [M+Na]+ calcd for C18H16N2ONa 299.1155; found: 
299.1168. HPLC (Chiralpak AD-H, elute: Hexanes/i-PrOH = 85/15, detector: 215 nm, 
flow rate: 1.0 mL/min, 25 °C). 

4b: (2S, 4S)-6-Amino-4-(4-fluorophenyl)-2-phenyl-3,4-dihydro-2H-pyran-5- 
carbonitrile. White solid, m. p. 146-147 °C, 79% yield, 99% ee, 94/6 dr. [α]D

25 = 
+6.0001 (c 1.3533, CHCl3). 1H NMR (400 MHz, CDCl3) δ 
7.81–7.61 (m, 3H), 7.45–7.21 (m, 6H), 5.29–5.02 (m, 1H), 
4.53 (d, J = 23.4 Hz, 2H), 3.90–3.70 (m, 1H), 2.36 (ddd, J = 
14.0, 11.1, 6.0 Hz, 1H), 2.10 (ddd, J = 14.0, 9.7, 5.1 Hz, 1H). 

13C NMR (101 MHz, CDCl3) δ 164.87, 160.97, 138.79, 138.42 (d, J = 3.1 Hz), 129.56 
(d, J = 8.0 Hz), 129.12, 128.97 (d, J = 6.1 Hz), 126.25 (d, J = 8.8 Hz), 121.03, 115.73 (d, 
J = 6.8 Hz), 75.86, 57.10, 40.55, 39.20. HRMS (ESI): m/z [M+H]+ calcd for 
C18H16FN2O 295.1241; found: 295.1245. HPLC (Chiralpak OJ-H, elute: Hexanes/i-
PrOH = 85/15, detector: 215 nm, flow rate: 1.0 mL/min, 25 °C). 
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4c: (2S,4S)-6-Amino-4-(4-chlorophenyl)-2-phenyl-3,4-dihydro-2H-pyran-5- 
carbonitrile. White solid, m. p. 148-149 °C, 80% yield, 99% ee, 96/4 dr. [α]D 25 = 

+8.0321 (c 1.6467, CHCl3). 1H NMR (400 MHz, CDCl3) δ 
7.49–7.44 (m, 2H), 7.32–7.28 (m, 3H), 7.25 (s, 1H), 7.21 (d, 
J = 2.1 Hz, 1H), 7.16 (t, J = 3.8 Hz, 1H), 7.05 (dd, J = 8.1, 
5.5 Hz, 1H), 5.11–4.72 (m, 1H), 4.56 (s, 2H), 3.87–3.55 (m, 
1H), 2.45–2.20 (m, 1H), 2.14–1.78 (m, 1H). 13C NMR (101 
MHz, CDCl3) δ 163.48, 141.08, 137.50, 131.82, 128.42, 

128.18, 127.86, 127.69, 124.93, 120.13, 74.60, 55.41, 36.75, 35.47. HRMS (ESI): m/z 
[M+H]+ calcd for C18H16ClN2O 311.0946; found: 311.0947. HPLC (Chiralpak OJ-H, 
elute: Hexanes/i-PrOH = 82/20, detector: 215 nm, flow rate: 1.0 mL/min, 25 °C). 

4d: (2S,4S)-6-Amino-4-(3-chlorophenyl)-2-phenyl-3,4-dihydro-2H-pyran-5- 
carbonitrile.  White solid, m. p. 135-136 °C, 76% yield, 96% ee, 85/15 dr. [α]D 25 = 

+5.5691 (c 0.7200, CHCl3). 1H NMR (400 MHz, CDCl3) δ 
7.65 (d, J = 75.0 Hz, 1H), 7.37 (dd, J = 15.4, 8.3 Hz, 3H), 
7.33–7.10 (m, 5H), 5.16 (d, J = 11.5 Hz, 1H), 4.62 (d, J = 
16.8 Hz, 2H), 3.92–3.77 (m, 1H), 2.43–2.28 (m, 1H), 2.11–
2.01 (m, 1H). 13C NMR (101 MHz, CDCl3) δ 165.10, 

144.91, 142.60, 138.65, 130.78, 130.37, 129.44, 129.03, 127.74, 126.31, 126.03, 111.98, 
80.02, 59.48, 42.57, 39.63. HRMS (ESI): m/z [M+H]+ calcd for C18H16N2OCl 311.0946; 
found: 311.0951. HPLC (Chiralpak AD-H, elute: Hexanes/i-PrOH = 90/10, detector: 
215 nm, flow rate: 1.0 mL/min, 25 °C). 

4e: (2S,4S)-6-Amino-4-(4-cyanophenyl)-2-phenyl-3,4-dihydro-2H-pyran-5- 
carbonitrile. White solid, m. p. 167-168 °C, 83% yield, 89% ee, 82/18 dr. [α]D

25 = 
+8.5249 (c 1.1800, CHCl3).  1H NMR (400 MHz, 
CDCl3) δ 7.82–7.61 (m, 2H), 7.59–7.45 (m, 2H), 7.44–
7.36 (m, 3H), 7.28–7.08 (m, 2H), 5.22–4.87 (m, 1H), 
4.69 (d, J = 21.1 Hz, 2H), 4.02–3.83 (m, 1H), 2.47–2.32 
(m, 1H), 2.09–2.05 (m, 1H). 13C NMR (101 MHz, 

CDCl3) δ 163.95, 147.08, 137.09, 131.69, 127.98, 127.81, 127.20, 124.99, 119.36, 
117.74, 110.12, 74.59, 54.65, 38.75, 36.17. HRMS (ESI): m/z [M+H]+ calcd for 
C19H16N3O 302.1288; found: 302.1297. HPLC (Chiralpak OD-H, elute: Hexanes/i-
PrOH = 88/12, detector: 215 nm, flow rate: 1.0 mL/min, 25 °C). 
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4f: (2S,4S)-6-Amino-2-phenyl-4-(p-tolyl)-3,4-dihydro-2H-pyran-5-carbonitrile. 

White solid, m. p. 122-123 °C, 73% yield, 99% ee, 97/3 
dr. [α]D

25 = +6.1187 (c 1.5133, CHCl3). 1H NMR (400 
MHz, CDCl3) δ 7.56 (dd, J = 7.5, 2.1 Hz, 2H), 7.38 (dd, J 
= 5.0, 2.3 Hz, 2H), 7.35 (dd, J = 4.7, 2.9 Hz, 1H), 7.27–
7.23 (m, 2H), 7.18 (d, J = 8.3 Hz, 2H), 5.17–4.94 (m, 1H), 
4.62 (s, 2H), 3.91–3.71 (m, 1H), 2.37 (d, J = 5.9 Hz, 3H), 

2.34–2.26 (m, 1H), 2.10–2.05 (m, 1H). 13C NMR (101 MHz, CDCl3) δ 165.25, 143.08, 
138.97, 137.07, 130.20, 129.05, 128.22, 127.56, 125.82, 112.53, 80.10, 60.87, 42.59, 
39.44, 21.48. HRMS (ESI): m/z [M+H]+ calcd for C19H19N2O 291.1492; found: 
291.1492. HPLC (Chiralpak AD-H, elute: Hexanes/i-PrOH = 85/15, detector: 215 nm, 
flow rate: 1.0 mL/min, 25 °C). 

4g: (2S,4S)-6-Amino-2-phenyl-4-(m-tolyl)-3,4-dihydro-2H-pyran-5-carbonitrile. 
White solid, m. p. 117-118 °C, 72% yield, 98% ee, 
80/20 dr. [α]D

25 = +7.5270 (c 1.9400, CHCl3). 1H NMR 
(400 MHz, CDCl3) δ 7.58–7.20 (m, 5H), 7.18–6.91 (m, 
4H), 4.98 (dd, J = 70.7, 11.0 Hz, 1H), 4.47 (d, J = 20.8 
Hz, 2H), 3.82–3.67 (m, 1H), 2.31 (s, 3H), 2.20 (ddd, J = 
20.8, 11.6, 5.2 Hz, 1H), 2.05–1.97 (m, 1H). 13C NMR 

(101 MHz, CDCl3) δ 163.54, 141.36, 137.67, 137.30, 128.66, 128.08, 127.69, 127.02, 
125.08, 124.89, 123.33, 119.97, 74.66, 55.96, 41.66, 38.50, 20.46. HRMS (ESI): m/z 
[M+H]+ calcd for C19H19N2O 291.1492; found: 291.1494. HPLC (Chiralpak AD-H, 
elute: Hexanes/i-PrOH = 90/10, detector: 215 nm, flow rate: 1.0 mL/min, 25 °C). 

4h: (2S,4S)-6-Amino-4-(4-methoxyphenyl)-2-phenyl-3,4-dihydro-2H-pyran-5- 
carbonitrile. White solid, m. p. 129-130 °C, 72% yield, 99% ee, 95/5 dr. [α]D

25 = 
+19.1534 (c 0.8333, CHCl3). 1H NMR (400 MHz, 
CDCl3) δ 7.36 (q, J = 6.2 Hz, 3H), 7.30–7.20 (m, 4H), 
6.93 (d, J = 8.5 Hz, 2H), 5.05 (dd, J = 75.9, 10.5 Hz, 
1H), 4.62 (s, 4H), 3.83 (s, 3H), 3.77 (dd, J = 5.7, 2.4 
Hz, 1H), 2.31 (ddd, J = 13.9, 11.0, 5.9 Hz, 1H), 2.07 (d, 
J = 20.0 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 

164.83, 143.95, 139.15, 128.90, 128.13, 127.28, 126.28, 121.78, 75.88, 56.89, 38.15, 
37.28, 29.97. HRMS (ESI): m/z [M+H]+ calcd for C19H19N2O2 307.1441; found: 
307.1439. HPLC (Chiralpak OD-H, elute: Hexanes/i-PrOH = 90/10, detector: 215 nm, 
flow rate: 1.0 mL/min, 25 °C). 
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4i: (2S,4S)-6-Amino-4-(3-methoxyphenyl)-2-phenyl-3,4-dihydro-2H-pyran-5- 
carbonitrile. White solid, m. p. 125-126 °C, 71% yield, 96% ee, 94/6 dr. [α]D

25 = 
+7.5242 (c 1.8333, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.42–7.25 (m, 4H), 7.24–

7.20 (m, 1H), 7.10 (d, J = 8.7 Hz, 2H), 6.86–6.78 (m, 
2H), 5.05–4.80 (m, 1H), 4.46 (d, J = 20.7 Hz, 2H), 
3.85–3.75 (m, 1H), 3.73 (s, 3H), 2.33–2.20 (m, 1H), 
1.99–1.94 (m, 1H). 13C{1H} NMR (101 MHz, CDCl3) 
δ 163.63, 158.84, 143.15, 137.63, 129.28, 128.76, 
127.70, 125.07, 119.91, 118.65, 112.17, 111.42, 74.69, 

58.86, 54.19, 41.74, 38.60. HRMS (ESI): m/z [M+H]+ calcd for C19H19N2O2 307.1441; 
found: 307.1445. HPLC (Chiralpak AD-H, elute: Hexanes/i-PrOH = 90/10, detector: 
215 nm, flow rate: 1.0 mL/min, 25 °C). 

4j: (2S, 4S)-6-Amino-2-(4-chlorophenyl)-4-phenyl-3,4-dihydro-2H-pyran-5- 
carbonitrile. White solid, m. p. 140-141 °C, 84% yield, 97% ee, 98/2 dr. [α]D

25 = 
+58.2476 (c 1.0067, CHCl3). 1H NMR (400 MHz, CDCl3) 
δ 7.49 (d, J = 8.6 Hz, 1H), 7.43–7.36 (m, 3H), 7.35–7.29 
(m, 4H), 7.19 (d, J = 8.4 Hz, 1H), 5.18–4.88 (m, 1H), 4.62 
(s, 2H), 3.95–3.78 (m, 1H), 2.36–2.21 (m, 1H), 2.08–2.01 
(m, 1H). 13C{1H} NMR (101 MHz, CDCl3) δ 163.10, 

142.34, 136.31, 133.33, 127.81, 127.76, 126.79, 126.36, 126.10, 120.08, 73.92, 56.03, 
36.91, 35.91. HRMS (ESI): m/z [M+H]+ calcd for C18H16N2OCl 311.0946; found: 
311.0949. HPLC (Chiralpak OD-H, elute: Hexanes/i-PrOH = 90/10, detector: 215 nm, 
flow rate: 1.0 mL/min, 25 °C). 

4k: (2S, 4S)-6-Amino-2-(3-bromophenyl)-4-phenyl-3,4-dihydro-2H-pyran-5- 
carbonitrile. White solid, m. p. 153-154 °C, 79% yield, 97% ee, 83/17 dr. [α]D

25 = -
5.0934 (c 0.8800, CHCl3). 1H NMR (400 MHz, CDCl3) δ 
7.49–7.28 (m, 4H), 7.28–7.23 (m, 2H), 7.23–7.20 (m, 
1H), 7.13 (dt, J = 26.1, 7.2 Hz, 2H), 5.08–4.80 (m, 1H), 
4.51 (d, J = 21.9 Hz, 2H), 3.85–3.67 (m, 1H), 2.30–2.12 
(m, 1H), 2.03–1.98 (m, 1H). 13C NMR (101 MHz, CDCl3) 

δ 162.95, 142.25, 130.76, 130.59, 129.21, 128.04, 127.79, 127.57, 126.78, 126.25, 
126.14, 123.55, 73.80, 56.22, 36.98, 35.91. HRMS (ESI): m/z [M+Na]+ calcd for 
C18H15N2OBrNa 377.0260; found: 377.0273. HPLC (Chiralpak OJ-H, elute: Hexanes/i-
PrOH = 85/15, detector: 215 nm, flow rate: 1.0 mL/min, 25 °C). 
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4l: (2S, 4S)-6-Amino-4-phenyl-2-(p-tolyl)-3,4-dihydro-2H-pyran-5-carbonitrile. 
White solid, m. p. 128-129 °C, 82% yield, 99% ee, 93/7 dr. [α]D

25 = +5.7805 (c 1.6667, 
CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.39 (ddd, J = 15.7, 
13.4, 7.8 Hz, 5H), 7.32–7.29 (m, 1H), 7.18 (dd, J = 14.6, 
6.5 Hz, 3H), 5.16–4.90 (m, 1H), 4.57 (d, J = 21.6 Hz, 2H), 
3.94–3.78 (m, 1H), 2.39 (t, J = 3.0 Hz, 1H), 2.36 (s, 3H), 
2.09–2.05 (m, 1H). 13C NMR (101 MHz, CDCl3) δ 163.64, 

141.48, 137.71, 128.54, 128.36, 127.75, 126.82, 126.28, 125.14, 119.95, 74.59, 58.99, 
41.80, 38.60, 20.13 HRMS (ESI): m/z [M+H]+ calcd for C19H19N2O 291.1492; found: 
291.1494. HPLC (Chiralpak OD-H, elute: Hexanes/i-PrOH = 90/10, detector: 215 nm, 
flow rate: 1.0 mL/min, 25 °C). 

4m: (2S, 4S)-6-Amino-2-(4-methoxyphenyl)-4-phenyl-3,4-dihydro-2H-pyran-5- 
carbonitrile. White solid, m. p. 135-136 °C, 82% yield, 95% ee, 93/7 dr. [α]D

25 = 
+6.1324 (c 1.3067, CHCl3). 1H NMR (400 MHz, CDCl3) 
δ 7.50–7.24 (m, 4H), 7.22 (d, J = 7.9 Hz, 1H), 7.18–7.16 
(m, 1H), 6.96–6.66 (m, 3H), 5.09–4.87 (m, 1H), 4.48 (d, J 
= 20.0 Hz, 2H), 3.76 (s, 3H), 3.70 (dd, J = 5.9, 2.4 Hz, 
1H), 2.25 (ddd, J = 13.9, 11.1, 6.0 Hz, 1H), 2.01 (dt, J = 

14.1, 2.4 Hz, 1H). 13C NMR (101 MHz, CDCl3) δ 163.49, 158.77, 142.62, 129.76, 
128.26, 127.68, 126.58, 126.23, 112.99, 111.03, 74.42, 55.67, 54.31, 41.92, 36.06. 
HRMS (ESI): m/z [M+H]+ calcd for C19H19N2O2 307.1441; found: 307.1444. HPLC 
(Chiralpak OJ-H, elute: Hexanes/i-PrOH = 80/20, detector: 215 nm, flow rate: 1.0 
mL/min, 25 °C). 

4n: (2S, 4S)-6-Amino-2-(3-methoxyphenyl)-4-phenyl-3,4-dihydro-2H-pyran-5- 
carbonitrile. White solid, m. p. 133-134 °C, 80% yield, 99% ee, 89/11 dr. [α]D

25 = 
+5.8710 (c 0.8733, CHCl3). 1H NMR (400 MHz, CDCl3) 
δ 7.77–7.29 (m, 5H), 7.28–7.10 (m, 1H), 7.10–6.73 (m, 
3H), 5.17–4.90 (m, 1H), 4.58 (d, J = 20.9 Hz, 2H), 3.93–
3.83 (m, 1H), 3.83–3.70 (m, 3H), 2.34 (ddd, J = 14.0, 
10.9, 6.0 Hz, 1H), 2.14–2.07 (m, 1H). 13C NMR (101 

MHz, CDCl3) δ 163.43, 158.82 141.33, 139.13, 128.81, 127.77, 126.81, 126.26, 119.75, 
117.30, 113.07, 110.70, 74.55, 59.26, 54.30, 38.55, 35.92. HRMS (ESI): m/z [M+Na]+ 
calcd for C19H18N2O2Na 329.1260; found: 329.1278. HPLC (Chiralpak OJ-H, elute: 
Hexanes/i-PrOH = 85/15, detector: 215 nm, flow rate: 1.0 mL/min, 25 °C). 

O
CN

NH2

O
CN

NH2

O

O
CN

NH2

O



S12

4o: (2S, 4S)-6-Amino-2-(naphthalen-2-yl)-4-phenyl-3,4-dihydro-2H-pyran-5- 
carbonitrile. White solid, m. p. 141-142 °C, 78% yield, 97% ee, 83/17 dr. [α]D

25 = 
+8.4712 (c 1.7133, CHCl3). 1H NMR (400 MHz, CDCl3) δ 7.61–7.51 (m, 2H), 7.43–

7.37 (m, 3H), 7.35 (d, J = 9.2 Hz, 3H), 7.31 (t, J = 3.4 Hz, 
1H), 7.25 (d, J = 5.2 Hz, 2H), 7.18–7.12 (m, 1H), 5.15 (d, J 
= 11.6 Hz, 1H), 4.62 (d, J = 22.9 Hz, 2H), 3.95–3.65 (m, 
1H), 2.40–2.20 (m, 1H), 1.98 (ddd, J = 37.1, 18.6, 10.3 Hz, 
1H). 13C NMR (101 MHz, CDCl3) δ 163.34, 142.53, 

135.08, 132.16, 128.25, 127.94, 127.73, 127.53, 127.10, 126.95, 126.85, 126.68, 126.29, 
126.03, 124.18, 122.50, 74.78, 55.94, 41.77, 36.00. HRMS (ESI): m/z [M+H]+ calcd for 
C22H19N2O 327.1492; found: 327.1501. HPLC (Chiralpak AD-H, elute: Hexanes/i-
PrOH = 90/10, detector: 215 nm, flow rate: 1.0 mL/min, 25 °C). 

4p: (2S, 4S)-6-Amino-4-phenyl-2-(thiophen-2-yl)-3,4-dihydro-2H-pyran-5- 
carbonitrile. white solid, mp 130-131°C, 81% yield (2+3), 97% ee (2), 87/13 dr (2/3). 

1H NMR (400 MHz, CDCl3) δ 7.62 – 7.22 (m, 6H), 7.20 – 6.94 
(m, 2H), 5.45 – 5.17 (m, 1H), 4.61 (d, J = 16.5 Hz, 2H), 3.95 – 
3.83 (m, 1H), 2.48 (ddd, J = 13.8, 10.9, 6.1 Hz, 1H), 2.23 (dt, J 
= 13.9, 2.5 Hz, 1H). 13C{1H} NMR (101 MHz, CDCl3) δ 
162.81, 142.23, 140.34, 127.75, 126.81, 126.09, 125.75, 125.16, 

124.80, 120.03, 70.56, 56.04, 36.46, 35.91. HRMS (ESI): m/z [M+Na]+ calcd for 
C16H14N2OSNa 305.0719; found: 305.0726. HPLC (Chiralpak AD-H, elute: Hexanes/i-
PrOH = 90/10, detector: 215 nm, flow rate: 1.0 mL/min, 25 °C).

4q: (2S, 4S)-6-Amino-4-ethyl-2-phenyl-3,4-dihydro-2H-pyran-5-carbonitrile. White 
solid, mp 141-142°C, 82% yield, 95% ee, 89/11 dr. 1H NMR (400 
MHz, CDCl3) δ 7.38 – 7.21 (m, 5H), 4.94 (ddd, J = 25.7, 10.8, 2.4 
Hz, 1H), 4.34 (s, 2H), 2.54 – 2.13 (m, 1H), 2.12 – 1.73 (m, 2H), 
1.57 – 1.10 (m, 2H), 0.89 (dt, J = 24.4, 7.4 Hz, 3H). 13C NMR (101 
MHz, CDCl3) δ 164.02, 163.47, 139.42, 128.70, 128.59, 128.42, 

126.04, 125.89, 121.93, 121.21, 79.90, 76.36, 35.73, 33.23, 33.04, 32.09, 28.84, 27.69, 
11.36, 10.43. HRMS (ESI): m/z [M+H]+ calcd for C22H19N2O 327.1492; found: 
327.1501. HPLC (Chiralpak AD-H, elute: Hexanes/i-PrOH = 95/5, detector: 254 nm, 
flow rate: 1.0 mL/min, 25 °C). HRMS (ESI): m/z [M+Na]+ calcd for C14H16N2ONa 
251.1155; found: 251.1157.
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Table S1. Optimization of Reaction Temperature for the ATH/Cyclization 
Enantioselective Cascade Reaction of 2-(3-Oxo-3-phenylpropyl)malononitrile.a

O CN
NH2

2a (major )

O

1a
CN

CN OH

CN

CN
+

byproducts

N
H2

Ph

NPh
Ts

Ru
Cl

HCOONa
H2O

Entry Temperature Time (h) Yield. (%)b ee (%)c Selectivity d

1 40 °C 6 48 92 86%

2 50 °C 1 53 93 97%

3 60 °C 1 57 93 99%

4 70 °C 1 76 92 92%

a Reaction conditions: 0.10 mmol 1a, 2.0 μmol catalyst A and 10 equivalent of H-resource were 
added into 4.0 mL of water and the mixture was stirred at different reaction temperature. b Yield was 
determined by 1H-NMR analysis. c Determined by HPLC analysis using a Daicel Chiralcel® AD–H 
column. d (Yield/Conversion) ×100.
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Table S2. Optimization of Bases and Catalysts for the DKR-ATH/Cyclization 
Enantioselective Cascade Reaction of 2-(3-oxo-1,3-diphenylpropyl)malononitrile. a

N
H2

Ph

NPh
Ts

M
ClN

H2
Ph

NPh
Ts

Ru
Cl

R

O
CNNC

O CN
NH2

Catalyst O

NH2
CN

+

3a (S,R)-4a(S,S)-4a (major )

A: R= 1,3,5-Me
B: R= H
C: R= 1,2,3,4,5,6-Me
D: R= 1-Me-4-iPr

E: M = Ru
F: M = Rh
G: M = Ir

HCOONa,
iPrOH:H2O (3:1)

Entry Catalyst/Base Time (h) Yield. (%)b ee (%)c dr c

1 A/morpholine 12 82 90 96:4

2 A/DBUd 12 66 92 93:7

3 A/DMAPe 12 81 83 91:19

4 A/pyridine 12 74 95 82:18

5 A/Et3N 7 83 99 96:4

6 A/Et3N 7 70 98 89:11

7 B/Et3N 7 80 96 92:8

8 C/Et3N 7 78 95 95:5

9 D/Et3N 7 81 98 96:4

10 E/Et3N 7 70 96 90:10

11 F/Et3N 7 83 95 91:9

12 G/Et3N 7 83 93 93:7
a 0.10 mmol 1a, 2.0 μmol catalyst, 10 equivalent of HCOONa and 1 equivalent of base were added into 3.0 mL 
of co-solvent (iPrOH: H2O, v/v = 3: 1), and the mixture was stirred for 7-12 h. b Isolated yield. c Determined by 

HPLC analysis using a chiral stationary phase. d DBU = 1,8-diazabicyclo(5.4.0)undec-7-ene. e DMAP = 4-

dimethylaminopyridine
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3. Mechanistic Studies

Table S3. Results of reaction conditions A, B and C.

(R)-3a racemic-3a
Ph

O

Ph

NC CN

Ph

O

Ph

NC CN
Condition A, B, or C

60 oC

Condition A: iPrOH:H2O (3:1) (3.0 mL)
Condition B: iPrOH:H2O (3:1) (3.0 mL) + HCOONa (10 eq)
Condition C: iPrOH:H2O (3:1) (3.0 mL) + HCOONa (10 eq) + Et3N (1eq)

Condition A Condition B Condition CReaction 
Time/h eea Yield (%)b eea yield (%)b eea Yield (%)b

0 90 100% 90 100% 90 100%
3.5 88 95% 84 95% 36 85%
7.0 87 95% 71 85% 0 70%

a The ee value was determined by a Daicel Chiralcel® AD–H column. b Isolated yield.

Scheme S1. Proposed reaction mechanism.
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Figure S1. The A-catalyzed DKR-ATH-cyclization tandem reactions of (R)-3a or (S)-
3a.
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The A-catalyzed DKR-ATH-cyclization tandem reactions of (S)-3a (reaction time 7 h).

The A-catalyzed DKR-ATH-cyclization tandem reactions of (S)-3a (reaction time 3.5 h, reaction 

time 7h see supporting information).

O

NH2
CN

(S,S)

O

NH2
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Figure S2. Captured intermediate of chalcone in the 1H NMR spectrum by the treatment 
of (S)-3a with NEt3 in CD3OD in a NMR-tube experiement.
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4. Procedure for growing X-ray crystal structures of chiral 4h
Crystals of compound (2S, 4S)-4h was grown by liquid–liquid diffusion. Compound 4h 
(0.10 g) was dissolved in 3.0 mL of CHCl3. Toluene (1.0 mL) was then slowly added 
via a pipette along the sides of the tube so that the solution was not disturbed, forming a 
layer of toluene. The tube was then covered and the solvents were allowed to slowly 
diffuse at room temperature. The resultant crystals were separated from the solution by 
decanting.
Suitable X-ray quality crystals were recovered and mounted using epoxy glue. Data 
were collected using on a Bruker SMART APEX CCD area detector diffractometer. 
SAINT (Bruker, 1998), SHELXTL (Bruker, 1998), and SHELXS 97 were used for cell 
refinement, data reduction and structure solving, and refinement of structure. Molecular 
graphics and publication materials were prepared using SHELXTL.

Figure S3. X-Ray crystal structures of chiral 4h and its 1:1 mixture of (S, S) and (S, R) 
epimeric form.

Chiral 4h

1:1 mixture of (S, S) and (S, R) 4h
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5. 1H NMR, 13C NMR and HRMS of Chiral Products
2a: (S)-6-Amino-2-phenyl-3,4-dihydro-2H-pyran-5-carbonitrile.
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2b: (S)-6-amino-2-(4-fluorophenyl)-3,4-dihydro-2H-pyran-5-carbonitrile. 
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2c: (S)-6-amino-2-(3-fluorophenyl)-3,4-dihydro-2H-pyran-5-carbonitrile.
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Formula Intensity Threshold Expected m/z Found at m/z Error (ppm)

C12H11N2OF 1547752 100 219.0928 219.0929 0.5

2d: (S)-6-amino-2-(2-fluorophenyl)-3,4-dihydro-2H-pyran-5-carbonitrile.
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2e: (S)-6-amino-2-(4-chlorophenyl)-3,4-dihydro-2H-pyran-5-carbonitrile. 
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Formula Intensity Threshold Expected m/z Found at m/z Error (ppm)

C12H11N2OCl 1181211 100 235.0633 235.0632 -0.1

2f: (S)-6-amino-2-(2-chlorophenyl)-3,4-dihydro-2H-pyran-5-carbonitrile.
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2g: (S)-6-amino-2-(3-bromophenyl)-3,4-dihydro-2H-pyran-5-carbonitrile.
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Formula Intensity Threshold Expected m/z Found at m/z Error (ppm)

C12H11N2OBr 1241905 100 279.0128 279.0128 0.0

2h: (S)-6-amino-2-(4-iodophenyl)-3,4-dihydro-2H-pyran-5-carbonitrile.
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2i: (S)-6-amino-2-(4-nitrophenyl)-3,4-dihydro-2H-pyran-5-carbonitrile.
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2j: (S)-6-amino-2-(4-cyanophenyl)-3,4-dihydro-2H-pyran-5-carbonitrile.
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2k: (S)-6-amino-2-(p-tolyl)-3,4-dihydro-2H-pyran-5-carbonitrile.
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2l: (S)-6-amino-2-(3-methoxyphenyl)-3,4-dihydro-2H-pyran-5-carbonitrile.
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2m: (S)-6-amino-2-(naphthalen-2-yl)-3,4-dihydro-2H-pyran-5-carbonitrile.
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Formula Intensity Threshold Expected m/z Found at m/z Error (ppm)

C16H14N2O 1294479 100 251.1179 251.1179 0.2

2m

O

NH2
CN
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4a. (2S,4S)-6-amino-2,4-diphenyl-3,4-dihydro-2H-pyran-5 -carbonitrile. 
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4b. (2S,4S)-6-amino-4-(4-fluorophenyl)-2-phenyl-3,4-dihydro-2H- pyran-5-carbonitrile. 
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4c. (2S,4S)-6-amino-4-(4-chlorophenyl)-2-phenyl-3,4-dihydro-2H-pyran-5-carbonitrile.
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4d. (2S,4S)-6-amino-4-(3-chlorophenyl)-2-phenyl-3,4-dihydro-2H-pyran-5-carbonitrile. 
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4e. (2S,4S)-6-amino-4-(4-cyanophenyl)-2-phenyl-3,4-dihydro-2H- pyran-5-carbonitrile.  
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4f. (2S,4S)-6-amino-2-phenyl-4-(p-tolyl)-3,4-dihydro-2H- pyran-5-carbonitrile. 
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4g. (2S,4S)-6-amino-2-phenyl-4-(m-tolyl)-3,4-dihydro-2H-pyran-5-carbonitrile. 
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4h.(2S,4S)-6-amino-4-(4-methoxyphenyl)-2-phenyl-3,4-dihydro-2H-pyran-5-carbonitrile.
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4i. (2S,4S)-6-amino-4-(3-methoxyphenyl)-2-phenyl-3,4-dihydro-2H-pyran-5-carbonitrile.
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4j.(2S,4S)-6-amino-2-(4-chlorophenyl)-4-phenyl-3,4-dihydro-2H-pyran-5-carbonitrile.
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4k. (2S,4S)-6-amino-2-(3-bromophenyl)-4-phenyl-3,4-dihydro-2H-pyran-5-carbonitrile.
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4l. (2S,4S)-6-amino-4-phenyl-2-(p-tolyl)-3,4-dihydro-2H-pyran-5-carbonitrile. 
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4m. (2S,4S)-6-amino-2-(4-methoxyphenyl)-4-phenyl-3,4-dihydro-2H-pyran-5-carbonitrile.  
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4n. (2S,4S)-6-amino-2-(3-methoxyphenyl)-4-phenyl-3,4-dihydro-2H-pyran-5-carbonitrile.  

 

O

NH2
CN

4n (entry 14 in Table 3)

O

O

NH2
CN

4m (entry 13 in Table 3)
O



S60

O

NH2
CN

4n (entry 14 in Table 3)

O

O

NH2
CN

4n (entry 14 in Table 3)

O



S61

4o. (2S,4S)-6-amino-2-(naphthalen-2-yl)-4-phenyl-3,4-dihydro-2H-pyran-5-carbonitrile. 
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4p: (2S,4S)-6-amino-4-phenyl-2-(thiophen-2-yl)-3,4-dihydro-2H-pyran-5-carbonitrile 
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4q: (2S,4S)-6-amino-4-ethyl-2-phenyl-3,4-dihydro-2H-pyran-5-carbonitrile
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6. HPLC Trace Analyses for Chiral Products

2a: (S)-6-amino-2-phenyl-3,4-dihydro-2H-pyran-5-carbonitrile.
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2b: (S)-6-amino-2-(4-fluorophenyl)-3,4-dihydro-2H-pyran-5-carbonitrile.
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2c:(S)-6-amino-2-(3-fluorophenyl)-3,4-dihydro-2H-pyran-5-carbonitrile.
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2d: (S)-6-amino-2-(2-fluorophenyl)-3,4-dihydro-2H-pyran-5-carbonitrile.
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2e: (S)-6-amino-2-(4-chlorophenyl)-3,4-dihydro-2H-pyran-5-carbonitrile.
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2f: (S)-6-amino-2-(2-chlorophenyl)-3,4-dihydro-2H-pyran-5-carbonitrile.
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2g: (S)-6-amino-2-(3-bromophenyl)-3,4-dihydro-2H-pyran-5-carbonitrile.
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2h: (S)-6-amino-2-(4-iodophenyl)-3,4-dihydro-2H-pyran-5-carbonitrile.
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2i: (S)-6-amino-2-(4-nitrophenyl)-3,4-dihydro-2H-pyran-5-carbonitrile.
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2j: (S)-6-amino-2-(4-cyanophenyl)-3,4-dihydro-2H-pyran-5-carbonitrile.
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2k: (S)-6-amino-2-(p-tolyl)-3,4-dihydro-2H-pyran-5-carbonitrile.
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2l: (S)-6-amino-2-(3-methoxyphenyl)-3,4-dihydro-2H-pyran-5-carbonitrile.
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2m: (S)-6-amino-2-(naphthalen-2-yl)-3,4-dihydro-2H-pyran-5-carbonitrile.
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Peak
RetTime
(minute)

Area
(microvolt/second)

Area%

Height
(microvolt)

Height%

4a. (2S,4S)-6-amino-2,4-diphenyl-3,4-dihydro-2H-pyran-5-carbonitrile. 
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4b. (2S,4S)-6-amino-4-(4-fluorophenyl)-2-phenyl-3,4-dihydro-2H- pyran-5-carbonitrile. 
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4c. (2S,4S)-6-amino-4-(4-chlorophenyl)-2-phenyl-3,4-dihydro-2H-pyran-5-carbonitrile. 
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4d. (2S,4S)-6-amino-4-(3-chlorophenyl)-2-phenyl-3,4-dihydro-2H-pyran-5-carbonitrile. 
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4e. (2S,4S)-6-amino-4-(4-cyanophenyl)-2-phenyl-3,4-dihydro-2H- pyran-5-carbonitrile. 
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4f. (2S,4S)-6-amino-2-phenyl-4-(p-tolyl)-3,4-dihydro-2H- pyran-5-carbonitrile. 
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4g. (2S,4S)-6-amino-2-phenyl-4-(m-tolyl)-3,4-dihydro-2H- pyran-5-carbonitrile. 
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4h. (2S,4S)-6-amino-4-(4-methoxyphenyl)-2-phenyl-3,4-dihydro-2H-pyran-5-carbonitrile. 
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4i. (2S,4S)-6-amino-4-(3-methoxyphenyl)-2-phenyl-3,4-dihydro-2H-pyran-5-carbonitrile. 
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4j. (2S,4S)-6-amino-2-(4-chlorophenyl)-4-phenyl-3,4-dihydro-2H-pyran-5-carbonitrile. 
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4k. (2S,4S)-6-amino-2-(3-bromophenyl)-4-phenyl-3,4-dihydro-2H-pyran-5-carbonitrile. 
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4l. (2S,4S)-6-amino-4-phenyl-2-(p-tolyl)-3,4-dihydro-2H-pyran-5-carbonitrile. 
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4m. (2S,4S)-6-amino-2-(4-methoxyphenyl)-4-phenyl-3,4-dihydro-2H-pyran-5-carbonitrile. 
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4n. (2S,4S)-6-amino-2-(3-methoxyphenyl)-4-phenyl-3,4-dihydro-2H-pyran-5-carbonitrile. 

 

+

O

NH2
CN

O

O

NH2
CN

O
O

NH2
CN

O



S93

4o. (2S,4S)-6-amino-2-(naphthalen-2-yl)-4-phenyl-3,4-dihydro-2H-pyran-5-carbonitrile. 

 

+

O

NH2
CN

O

NH2
CN

O

NH2
CN



S94

4p: (2S,4S)-6-amino-4-phenyl-2-(thiophen-2-yl)-3,4-dihydro-2H-pyran-5-carbonitrile 
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4q: (2S,4S)-6-amino-4-ethyl-2-phenyl-3,4-dihydro-2H-pyran-5-carbonitrile
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