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1. General information 

Commercially available compounds were used without further purification. Solvents were 

dried according to standard procedures. Column chromatography was performed with silica 

gel (200300 mesh). Melting points were determined with an XT-4 melting-point apparatus 

and are uncorrected. 1H NMR spectra were measured with a Bruker Ascend 400 MHz 

spectrometer, chemical shifts were reported in δ (ppm) units relative to tetramethylsilane 

(TMS) as an internal standard. 13C NMR spectra were measured at 100 MHz with a 400 MHz 

spectrometer, chemical shifts are reported in ppm relative to tetramethylsilane and referenced 

to solvent peak (CDCl3, δ C = 77.00). High resolution mass spectra (Electron spray ionization) 

were measured with an Agilent 6520 Accurate-Mass Q-TOF MS system equipped with an 

electrospray ionization (ESI) source. Optical rotations were measured with a Krüss P8000 

polarimeter at the indicated concentration with the units of g/100 mL. Enantiomeric excesses 

were determined by chiral HPLC analysis using an Agilent 1200 LC instrument with a Daicel 

Chiralpak IA or IC column. 

 

2. Materials 

The various unsaturated isoxazolones 1 were prepared according to the reported literature 

procedure.[1] The α,α-dicyanoalkylidenes 2 were prepared according to the literature.[2] Chiral 

squaramide catalysts and chiral thiourea catalyst were prepared according to the reported 

procedures.[3] 

3. General procedure for the synthesis of the racemates of 3 

To a dried small bottle were added 1 (0.10 mmol), Et3N (1.1 mg, 0.01 mmol) and CHCl3 (1.0 

mL). The mixture was stirred at room temperature for 5 min, and 2 (0.12 mmol) was then 

added. After no 1 was monitored by TLC anymore, the reaction mixture was concentrated and 

directly purified by silica gel column chromatography (petroleum ether/ethyl acetate 5:1 v/v) 

to afford the racemates of 3. 

4. General procedure for the synthesis of chiral compounds 3 

To a dried small bottle were added 1 (0.10 mmol), chiral organocatalyst C6 (0.6 mg, 0.001 

mmol, 1 mol%) and CHCl3 (1.0 mL). The mixture was stirred at room temperature for 5 min, 
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and 2 (0.12 mmol) was then added. After no 1 was monitored by TLC anymore, the reaction 

mixture was concentrated and directly purified by silica gel column chromatography 

(petroleum ether/ethyl acetate 5:1 v/v) to afford the desired products 3. 

3aa

NH

NC

Ph Ph

O
O

N

 

(5S,10R)-6-Imino-4-methyl-1-oxo-8,10-diphenyl-2-oxa-3-azaspiro[4.5]deca-3,7-diene-7-c

arbonitrile (3aa). Employing the general procedure and purified by silica gel (200-300 mesh) 

column chromatography using petroleum ether/ethyl acetate (5:1 v/v) as eluent to obtain 3aa 

as a white solid (25.6 mg, 72% yield), m. p. 8385 C. HPLC (Daicel Chiralpak IC, 

n-hexane/isopropanol = 60:40, flow rate 1.0 mL/min, detection at 254 nm): major 

diastereomer: tR = 11.4 min (minor enantiomer), tR = 18.0 min (major enantiomer); 90% ee. 

[α]D
25 = –79.3 (c = 1.75, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 10.41 (s, 1H, NH), 

7.61–7.59 (m, 2H, ArH), 7.54–7.46 (m, 3H, ArH), 7.37–7.35 (m, 3H, ArH), 7.25–7.23 (m, 2H, 

ArH), 3.88 (dd, J1 = 19.6 Hz, J2 = 11.6 Hz, 1H, CH2), 3.65 (dd, J1 = 12.0 Hz, J2 = 4.4 Hz, 1H, 

CH), 3.04 (dd, J1 = 19.6 Hz, J2 = 4.4 Hz, 1H, CH2), 2.09 (s, 3H, CH3) ppm; 13C NMR (100 

MHz, CDCl3): δ 174.7, 166.2, 165.6, 162.1, 136.5, 135.7, 131.5, 129.6, 129.2, 129.0, 127.4, 

127.1, 114.1, 108.0, 61.2, 44.0, 34.3, 12.7 ppm. HRMS (ESI): m/z calcd. for C22H18N3O2 [M 

+ H]+ 356.1394, found 356.1386. 

 

(5S,10R)-6-Imino-4-methyl-1-oxo-8-phenyl-10-(p-tolyl)-2-oxa-3-azaspiro[4.5]deca-3,7-die

ne-7-carbonitrile (3ab). Employing the general procedure and purified by silica gel (200-300 

mesh) column chromatography using petroleum ether/ethyl acetate (5:1 v/v) as eluent to 

obtain 3ab as a white solid (27.7 mg, 75% yield), m. p. 145147 C. HPLC (Daicel Chiralpak 

IC, n-hexane/ethyl acetate = 80:20, flow rate 1.0 mL/min, detection at 254 nm): major 

diastereomer: tR = 9.1 min (minor enantiomer), tR = 13.8 min (major enantiomer); 87% ee. 

[α]D
25 = –143.6 (c = 0.50, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 10.40 (s, 1H, NH), 7.60 
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(dd, J = 7.6, 1.6 Hz, 2H, ArH), 7.54–7.48 (m, 3H, ArH), 7.18–7.14 (m, 4H, ArH), 3.87 (dd, J1 

= 19.8 Hz, J2 = 11.8 Hz, 1H, CH2), 3.60 (dd, J1 = 11.8 Hz, J2 = 4.2 Hz, 1H, CH), 3.02 (dd, J1 

= 19.6 Hz, J2 = 4.4 Hz, 1H, CH2), 2.33 (s, 3H, CH3), 2.10 (s, 3H, CH3) ppm; 13C NMR (100 

MHz, CDCl3): δ 174.7, 166.2, 165.7, 162.2, 139.2, 136.6, 132.6, 131.5, 130.2, 129.0, 127.4, 

127.0, 114.1, 108.0, 61.4, 43.7, 34.4, 21.0, 12.7 ppm. HRMS (ESI): m/z calcd. for 

C23H20N3O2 [M + H]+ 370.1550, found 370.1539. 

 

(5S,10R)-6-Imino-10-(4-methoxyphenyl)-4-methyl-1-oxo-8-phenyl-2-oxa-3-azaspiro[4.5]

deca-3,7-diene-7-carbonitrile (3ac). Employing the general procedure and purified by silica 

gel (200-300 mesh) column chromatography using petroleum ether/ethyl acetate (5:1 v/v) as 

eluent to obtain 3ac as a white solid (22.3 mg, 78% yield), m. p. 8385 C. HPLC (Daicel 

Chiralpak IC, n-hexane/ethyl acetate = 80:20, flow rate 1.0 mL/min, detection at 254 nm): 

major diastereomer: tR = 11.2 min (minor enantiomer), tR = 16.8 min (major enantiomer); 

91% ee. [α]D
25 = –61.0 (c = 0.50, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 10.43 (s, 1H, 

NH), 7.62–7.59 (m, 2H, ArH), 7.53–7.47 (m, 3H, ArH), 7.18–7.15 (m, 2H, ArH), 6.89–6.86 

(m, 2H, ArH), 3.85 (dd, J1 = 19.6 Hz, J2 = 11.6 Hz, 1H, CH2), 3.79 (s, 3H, OCH3), 3.59 (dd, 

J1 = 12.0 Hz, J2 = 4.4 Hz, 1H, CH), 3.01 (dd, J1 = 19.6 Hz, J2 = 4.4 Hz, 1H, CH2), 2.11 (s, 3H, 

CH3) ppm; 13C NMR (100 MHz, CDCl3): δ 174.8, 166.2, 165.7, 162.2, 160.0, 136.6, 131.5, 

129.0, 128.3, 127.5, 127.4, 114.9, 114.1, 108.1, 61.5, 55.3, 43.4, 34.6, 12.8 ppm. HRMS (ESI): 

m/z calcd. for C23H20N3O3 [M + H]+ 386.1499, found 386.1486. 

 

(5S,10R)-10-(4-Fluorophenyl)-6-imino-4-methyl-1-oxo-8-phenyl-2-oxa-3-azaspiro[4.5]de

ca-3,7-diene-7-carbonitrile (3ad). Employing the general procedure and purified by silica 

gel (200-300 mesh) column chromatography using petroleum ether/ethyl acetate (5:1 v/v) as 
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eluent to obtain 3ad as a white solid (22.4 mg, 60% yield), m. p. 143145 C. HPLC (Daicel 

Chiralpak IC, n-hexane/isopropanol = 70:30, flow rate 1.0 mL/min, detection at 254 nm): 

major diastereomer: tR = 12.2 min (minor enantiomer), tR = 20.3 min (major 

enantiomer); 77% ee. [α]D
25 = –54.0 (c = 0.30, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 10.44 

(s, 1H, NH), 7.60 (dd, J = 7.8, 1.8 Hz, 2H, ArH), 7.54–7.48 (m, 3H, ArH), 7.26–7.22 (m, 2H, 

ArH), 7.07 (t, J = 8.6 Hz, 2H, ArH), 3.85 (dd, J1 = 19.6 Hz, J2 = 12.0 Hz, 1H, CH2), 3.64 (dd, 

J1 = 12.0 Hz, J2 = 4.4 Hz, 1H, CH), 3.03 (dd, J1 = 19.6 Hz, J2 = 4.4 Hz, 1H, CH2), 2.11 (s, 3H, 

CH3) ppm; 13C NMR (100 MHz, CDCl3): δ 174.6, 166.0, 165.3, 162.9 (d, 1JC–F = 247.8 Hz), 

161.9, 136.4, 131.6, 131.5 (d, 4JC–F = 3.4 Hz), 129.1, 129.0 (d, 3JC–F = 8.2 Hz), 127.4, 116.7 (d, 

2JC–F = 21.6 Hz), 114.0, 108.1, 61.3, 43.3, 34.4, 12.7 ppm. 19F NMR (376 MHz, CDCl3): δ 

–111.6 ppm. HRMS (ESI): m/z calcd. for C22H17FN3O2 [M + H]+ 374.1299, found 374.1293. 

 

(5S,10R)-10-(4-Chlorophenyl)-6-imino-4-methyl-1-oxo-8-phenyl-2-oxa-3-azaspiro[4.5]de

ca-3,7-diene-7-carbonitrile (3ae). Employing the general procedure and purified by silica gel 

(200-300 mesh) column chromatography using petroleum ether/ethyl acetate (5:1 v/v) as 

eluent to obtain 3ae as a white solid (29.2 mg, 75% yield), m. p. 120122 C. HPLC (Daicel 

Chiralpak IC, n-hexane/ethyl acetate = 85:15, flow rate 1.0 mL/min, detection at 254 nm): 

major diastereomer: tR = 12.6 min (minor enantiomer), tR = 22.5 min (major 

enantiomer); 77% ee. [α]D
25 = –58.0 (c = 0.25, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 10.45 

(s, 1H, NH), 7.60 (dd, J = 8.0, 1.6 Hz, 2H, ArH), 7.54–7.48 (m, 3H, ArH), 7.36 (d, J = 8.4 Hz, 

2H, ArH), 7.19 (d, J = 8.8 Hz, 2H, ArH), 3.85 (dd, J1 = 19.6 Hz, J2 = 12.0 Hz, 1H, CH2), 3.62 

(dd, J1 = 12.0 Hz, J2 = 4.4 Hz, 1H, CH), 3.02 (dd, J1 = 19.4 Hz, J2 = 4.2 Hz, 1H, CH2), 2.11 (s, 

3H, CH3) ppm; 13C NMR (100 MHz, CDCl3): δ 174.5, 165.9, 161.8, 136.4, 135.3, 134.1, 

131.7, 129.9, 129.1, 128.5, 127.4, 114.0, 108.1, 61.1, 43.4, 34.2, 12.8 ppm. HRMS (ESI): 

m/z calcd. for C22H17ClN3O2 [M + H]+ 390.1004, found 390.1007. 
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(5S,10R)-10-(4-Bromophenyl)-6-imino-4-methyl-1-oxo-8-phenyl-2-oxa-3-azaspiro[4.5]de

ca-3,7-diene-7-carbonitrile (3af). Employing the general procedure and purified by silica gel 

(200-300 mesh) column chromatography using petroleum ether/ethyl acetate (5:1 v/v) as 

eluent to obtain 3af as a white solid (32.5 mg, 75% yield), m. p. 140142 C. HPLC (Daicel 

Chiralpak IC, n-hexane/ethyl acetate = 85:15, flow rate 1.0 mL/min, detection at 254 nm): 

major diastereomer: tR = 13.1 min (minor enantiomer), tR = 23.4 min (major enantiomer); 

89% ee. [α]D
25 = –63.4 (c = 0.65, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 10.45 (s, 1H, 

NH), 7.60 (dd, J = 7.8, 1.8 Hz, 2H, ArH), 7.54–7.48 (m, 5H, ArH), 7.14–7.12 (m, 2H, ArH), 

3.84 (dd, J1 = 19.6 Hz, J2 = 12.0 Hz, 1H, CH2), 3.61 (dd, J1 = 12.0 Hz, J2 = 4.4 Hz, 1H, CH), 

3.02 (dd, J1 = 19.2 Hz, J2 = 4.4 Hz, 1H, CH2), 2.10 (s, 3H, CH3) ppm; 13C NMR (100 MHz, 

CDCl3): δ 174.5, 165.9, 165.1, 161.8, 136.4, 134.7, 132.8, 131.7, 129.1, 128.8, 127.4, 123.4, 

114.0, 108.1, 61.1, 43.5, 34.1, 12.8 ppm. HRMS (ESI): m/z calcd. for C22H17
79BrN3O2 [M + 

H]+ 434.0499, found 434.0494; calcd. for C22H17
81BrN3O2 [M + H]+ 436.0478, found 

436.0475. 

 

(5S,10R)-6-Imino-4-methyl-1-oxo-8-phenyl-10-(o-tolyl)-2-oxa-3-azaspiro[4.5]deca-3,7-die

ne-7-carbonitrile (3ag). Employing the general procedure and purified by silica gel (200-300 

mesh) column chromatography using petroleum ether/ethyl acetate (5:1 v/v) as eluent to 

obtain 3ag as a white solid (25.5 mg, 69% yield), m. p. 9193 C. HPLC (Daicel Chiralpak 

IC, n-hexane/isopropanol = 65:35, flow rate 1.0 mL/min, detection at 254 nm): major 

diastereomer: tR = 14.4 min (minor enantiomer), tR = 27.9 min (major enantiomer); 85% ee. 

[α]D
25 = –31.5 (c = 1.05, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 10.37 (s, 1H, NH), 7.60 (dd, 
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J = 8.0, 1.6 Hz, 2H, ArH), 7.55–7.47 (m, 3H, ArH), 7.22 (s, 4H, ArH), 3.87 (dd, J = 11.6 Hz, 

J2 = 4.4 Hz, 1H, CH), 3.69 (dd, J1 = 19.8 Hz, J2 = 11.8 Hz, 1H, CH2), 2.95 (dd, J1 = 20.0 Hz, 

J2 = 4.4 Hz, 1H, CH2), 2.41 (s, 3H, CH3), 1.96 (s, 3H, CH3) ppm; 13C NMR (100 MHz, 

CDCl3): δ 175.1, 166.1, 165.9, 162.8, 136.4, 134.7, 131.6, 129.1, 128.7, 127.8, 127.4, 125.0, 

114.2, 107.8, 60.3, 39.1, 35.2, 19.7, 12.5 ppm. HRMS (ESI): m/z calcd. for C23H20N3O2 [M + 

H]+ 370.1550, found 370.1545. 

 

(5S,10R)-6-Imino-10-(2-methoxyphenyl)-4-methyl-1-oxo-8-phenyl-2-oxa-3-azaspiro[4.5]

deca-3,7-diene-7-carbonitrile (3ah). Employing the general procedure and purified by silica 

gel (200-300 mesh) column chromatography using petroleum ether/ethyl acetate (5:1 v/v) as 

eluent to obtain 3ah as a white solid (34.6 mg, 90% yield), m. p. 8486 C. HPLC (Daicel 

Chiralpak IC, n-hexane/ethyl acetate = 80:20, flow rate 1.0 mL/min, detection at 254 nm): 

major diastereomer: tR = 10.7 min (minor enantiomer), tR = 20.1 min (major enantiomer); 

89% ee. 1H NMR (400 MHz, CDCl3): δ 10.36 (s, 1H, NH), 7.62–7.60 (m, 2H, 

ArH), 7.54–7.46 (m, 3H, ArH), 7.33–7.25 (m, 2H, ArH), 6.96 (t, J = 7.6 Hz, 1H, ArH), 6.91 

(d, J = 8.0 Hz, 1H, ArH), 4.36 (s, 1H, CH), 3.83 (s, 4H, OCH3 + CH2), 2.93 (dd, J = 19.8, 4.2 

Hz, 1H, CH2), 2.06 (s, 3H, CH3) ppm; 13C NMR (100 MHz, CDCl3): δ 175.0, 166.7, 166.5, 

162.9, 156.2, 136.7, 131.4, 129.0, 127.5, 124.1, 121.6, 114.3, 111.0, 108.0, 60.8, 55.0, 34.1, 

12.3 ppm. HRMS (ESI): m/z calcd. for C23H20N3O3 [M + H]+ 386.1499, found 386.1492. 

 

(5S,10R)-10-(2-Fluorophenyl)-6-imino-4-methyl-1-oxo-8-phenyl-2-oxa-3-azaspiro[4.5]de

ca-3,7-diene-7-carbonitrile (3ai). Employing the general procedure and purified by silica gel 

(200-300 mesh) column chromatography using petroleum ether/ethyl acetate (5:1 v/v) as 
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eluent to obtain 3ai as a white solid (23.5 mg, 63% yield), m. p. 8284 C. HPLC (Daicel 

Chiralpak IC, n-hexane/isopropanol = 65:35, flow rate 1.0 mL/min, detection at 254 nm): 

major diastereomer: tR = 13.0 min (minor enantiomer), tR = 22.2 min (major 

enantiomer); 56% ee. [α]D
25 = –33.6 (c = 0.50, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 10.47 

(s, 1H, NH), 7.62–7.60 (m, 2H, ArH), 7.54–7.48 (m, 3H, ArH), 7.38–7.32 (m, 2H, ArH), 7.19 

(t, J = 7.6 Hz, 1H, ArH), 7.12 (t, J = 9.4 Hz, 1H, ArH), 4.20 (dd, J1 = 12.0 Hz, J2 = 4.4 Hz, 

1H, CH), 3.85 (dd, J1 = 19.6 Hz, J2 = 12.0 Hz, 1H, CH2), 2.99 (dd, J1 = 19.4 Hz, J2 = 4.6 Hz, 

1H, CH2), 2.13 (s, 3H, CH3) ppm; 13C NMR (100 MHz, CDCl3): δ 174.8, 166.4, 165.4, 162.0, 

159.7 (d, 1JC–F = 244.3 Hz), 136.5, 131.6, 130.7 (d, 3JC–F = 8.7 Hz), 129.1, 127.52 (d, 4JC–F = 

2.4 Hz), 127.46, 125.7 (d, 3JC–F = 3.6 Hz), 122.9 (d, 2JC–F = 13.5 Hz), 116.2 (d, 2JC–F = 23.0 

Hz), 114.0, 108.2, 60.9, 34.5 (d, 3JC–F = 4.5 Hz), 33.7, 12.1 (d, 4JC–F = 4.8 Hz) ppm. 19F NMR 

(376 MHz, CDCl3): δ –114.3 ppm. HRMS (ESI): m/z calcd. for C22H17FN3O2 [M + H]+ 

374.1299, found 374.1294. 

NH

NC

Ph

O
O

N

3aj

Cl

 

(5S,10R)-10-(2-Chlorophenyl)-6-imino-4-methyl-1-oxo-8-phenyl-2-oxa-3-azaspiro[4.5]de

ca-3,7-diene-7-carbonitrile (3aj). Employing the general procedure and purified by silica gel 

(200-300 mesh) column chromatography using petroleum ether/ethyl acetate (5:1 v/v) as 

eluent to obtain 3aj as a white solid (22.2 mg, 57% yield), m. p. 8388 C. HPLC (Daicel 

Chiralpak IC, n-hexane/isopropanol = 65:35, flow rate 1.0 mL/min, detection at 254 nm): 

major diastereomer: tR = 13.5 min (minor enantiomer), tR = 24.7 min (major 

enantiomer); 51% ee. [α]D
25 = –31.4 (c = 0.70, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 10.44 

(s, 1H, NH), 7.61 (dd, J = 7.8, 1.8 Hz, 2H, ArH), 7.55–7.44 (m, 4H, ArH), 7.37–7.28 (m, 3H, 

ArH), 4.42 (dd, J1 = 12.0 Hz, J2 = 4.4 Hz, 1H, CH), 3.66 (dd, J1 = 19.8 Hz, J2 = 11.8 Hz, 1H, 

CH2), 3.02 (dd, J1 = 19.6 Hz, J2 = 4.4 Hz, 1H, CH2), 2.09 (s, 3H, CH3) ppm; 13C NMR (100 

MHz, CDCl3): δ 174.9, 166.4, 165.4, 162.3, 136.3, 133.8, 133.1, 131.6, 130.6, 130.2, 129.1, 

128.6, 127.5, 127.0, 114.0, 108.0, 60.4, 38.8, 34.4, 12.5 ppm. HRMS (ESI): m/z calcd. for 

C22H17ClN3O2 [M + H]+ 390.1004, found 390.1018. 
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(5S,10R)-6-Imino-4-methyl-1-oxo-8-phenyl-10-(m-tolyl)-2-oxa-3-azaspiro[4.5]deca-3,7-di

ene-7-carbonitrile (3ak). Employing the general procedure and purified by silica gel 

(200-300 mesh) column chromatography using petroleum ether/ethyl acetate (5:1 v/v) as 

eluent to obtain 3ak as a white solid (21.4 mg, 58% yield), m. p. 8284 C. HPLC (Daicel 

Chiralpak IC, n-hexane/isopropanol = 65:35, flow rate 1.0 mL/min, detection at 254 nm): 

major diastereomer: tR = 13.4 min (minor enantiomer), tR = 22.5 min (major enantiomer); 

85% ee. [α]D
25 = –25.7 (c = 0.90, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 10.41 (s, 1H, 

NH), 7.61 (dd, J1 = 7.8 Hz, J2 = 1.8 Hz, 2H, ArH), 7.53–7.47 (m, 3H, ArH), 7.27–7.23 (m, 1H, 

ArH), 7.16 (d, J = 7.6 Hz, 1H, ArH), 7.16 (d, J = 6.8 Hz, 2H, ArH), 3.88 (dd, J1 = 19.8 Hz, 

11.8 Hz, 1H, CH2), 3.59 (dd, J1 = 12.0 Hz, 4.4 Hz, J2 = 1H, CH), 3.03 (dd, J1 = 19.6 Hz, J2 = 

4.4 Hz, 1H, CH2), 2.33 (s, 3H, CH3), 2.1 (s, 3H, CH3) ppm; 13C NMR (100 MHz, CDCl3): δ 

174.7, 166.2, 165.7, 162.2, 139.5, 136.6, 135.7, 131.5, 130.0, 129.4, 129.0, 127.7, 127.4, 

124.3, 114.1, 108.0, 61.2, 44.1, 34.5, 21.4, 12.8 ppm. HRMS (ESI): m/z calcd. for 

C23H20N3O2 [M + H]+ 370.1550, found 370.1556. 

 

(5S,10R)-6-Imino-10-(3-methoxyphenyl)-4-methyl-1-oxo-8-phenyl-2-oxa-3-azaspiro[4.5]

deca-3,7-diene-7-carbonitrile (3al). Employing the general procedure and purified by silica 

gel (200-300 mesh) column chromatography using petroleum ether/ethyl acetate (5:1 v/v) as 

eluent to obtain 3al as a white solid (26.9 mg, 70% yield), m. p. 8183 C. HPLC (Daicel 

Chiralpak IC, n-hexane/ethyl acetate = 80:20, flow rate 1.0 mL/min, detection at 254 nm): 

major diastereomer: tR = 9.4 min (minor enantiomer), tR = 14.7 min (major enantiomer); 82% 

ee. [α]D
25 = –64.6 (c = 0.70, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 10.41 (s, 1H, 

NH), 7.61–7.59 (m, 2H, ArH), 7.55–7.48 (m, 3H, ArH), 7.29 (t, J = 8.0 Hz, 1H, ArH), 6.88 

(dd, J1 = 8.2 Hz, J2 = 2.2 Hz, 1H, ArH), 6.82 (d, J = 7.6 Hz, 1H, ArH), 6.77 (s, 1H, ArH), 
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3.87 (dd, J1 = 19.6 Hz, J2 = 12.0 Hz, 1H, CH2), 3.79 (s, 3H, OCH3), 3.60 (dd, J1 = 11.8 Hz, J2 

= 4.2 Hz, 1H, CH), 3.04 (dd, J1 = 19.6 Hz, J2 = 4.4 Hz, 1H, CH2), 2.11 (s, 3H, CH3) ppm; 13C 

NMR (100 MHz, CDCl3): δ 174.8, 166.1, 165.6, 162.1, 137.2, 136.5, 131.6, 130.7, 129.1, 

127.5, 119.3, 114.3, 114.1, 113.1, 108.1, 61.2, 55.3, 44.1, 34.4, 12.8 ppm. HRMS (ESI): 

m/z calcd. for C23H20N3O3 [M + H]+ 386.1499, found 386.1500. 

 

(5S,10R)-10-(3-Bromophenyl)-6-imino-4-methyl-1-oxo-8-phenyl-2-oxa-3-azaspiro[4.5]de

ca-3,7-diene-7-carbonitrile (3am). Employing the general procedure and purified by silica 

gel (200-300 mesh) column chromatography using petroleum ether/ethyl acetate (5:1 v/v) as 

eluent to obtain 3am as a white solid (23.5 mg, 54% yield), m. p. 7173 C. HPLC (Daicel 

Chiralpak IC, n-hexane/ethyl acetate = 85:15, flow rate 1.0 mL/min, detection at 254 nm): 

major diastereomer: tR = 11.0 min (minor enantiomer), tR = 17.1 min (major enantiomer); 

62% ee. [α]D
25 = –27.8 (c = 0.40, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 10.46 (s, 1H, 

NH), 7.61–7.59 (m, 2H, ArH), 7.54–7.48 (m, 4H, ArH), 7.39 (s, 1H, ArH), 7.28–7.24 (t, J = 

8.0 Hz, 1H, ArH), 7.20 (d, J = 8.0 Hz, 1H, ArH), 3.86 (dd, J1 = 19.6 Hz, J2 = 12.0 Hz, 1H, 

CH), 3.59 (dd, J1 = 12.0 Hz, J2 = 4.4 Hz, 1H, CH2), 3.03 (dd, J1 = 19.4 Hz, J2 = 4.2 Hz, 1H, 

CH2), 2.12 (s, 3H, CH3) ppm; 13C NMR (100 MHz, CDCl3): δ 174.4, 165.9, 165.1, 161.8, 

138.0, 136.4, 132.5, 131.7, 131.3, 130.6, 129.1, 127.4, 125.5, 123.5, 113.9, 108.1, 61.0, 43.6, 

34.2, 12.8 ppm. HRMS (ESI): m/z calcd. for C22H17
79BrN3O2 [M + H]+ 434.0499, found 

434.0515; calcd. for C22H17
81BrN3O2 [M + H]+ 436.0478, found 436.0497. 

 

(5S,10R)-6-Imino-4-methyl-1-oxo-8-phenyl-10-(thiophen-2-yl)-2-oxa-3-azaspiro[4.5]deca

-3,7-diene-7-carbonitrile (3an). Employing the general procedure and purified by silica gel 

(200-300 mesh) column chromatography using petroleum ether/ethyl acetate (5:1 v/v) as 

eluent to obtain 3an as a pale yellow solid (27.1 mg, 75% yield), m. p. 8385 C. HPLC 
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(Daicel Chiralpak IC, n-hexane/ethyl acetate = 85:15, flow rate 1.0 mL/min, detection at 254 

nm): major diastereomer: tR = 18.4 min (minor enantiomer), tR = 28.2 min (major enantiomer); 

92% ee. [α]D
25 = –60.0 (c = 0.35, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 10.47 (s, 1H, 

NH), 7.62–7.60 (m, 2H, ArH), 7.54–7.49 (m, 3H, ArH), 7.27–7.26 (m, 1H, =CH), 7.03–7.00 

(m, 2H, =CH), 3.99–3.88 (m, 2H, CH+CH2), 3.16 (dd, J1 = 16.6 Hz, J2 = 1.4 Hz, 1H, CH2), 

2.18 (s, 3H, CH3) ppm; 13C NMR (100 MHz, CDCl3): δ 174.2, 165.9, 164.8, 161.6, 137.5, 

136.4, 131.7, 129.1, 127.8, 127.5, 125.9, 125.6, 114.0, 108.2, 61.8, 38.6, 35.3, 12.8 ppm. 

HRMS (ESI): m/z calcd. for C20H16N3O2S [M + H]+ 362.0958, found 362.0955. 

 

(5S,10R)-6-Imino-4-methyl-10-(naphthalen-1-yl)-1-oxo-8-phenyl-2-oxa-3-azaspiro[4.5]de

ca-3,7-diene-7-carbonitrile (3ao). Employing the general procedure and purified by silica 

gel (200-300 mesh) column chromatography using petroleum ether/ethyl acetate (5:1 v/v) as 

eluent to obtain 3ao as a white solid (31.6 mg, 78% yield), m. p. 105107 C. HPLC (Daicel 

Chiralpak IC, n-hexane/isopropanol = 65:35, flow rate 1.0 mL/min, detection at 254 nm): 

major diastereomer: tR = 14.7 min (minor enantiomer), tR = 30.2 min (major enantiomer); 

88% ee. [α]D
25 = –50.8 (c = 0.85, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 10.46 (s, 1H, NH), 

8.08 (d, J = 8.4 Hz, 1H, ArH), 7.93 (d, J = 7.6 Hz, 1H, ArH),7.86 (d, J = 7.2 Hz, 1H, 

ArH), 7.63–7.46 (m, 9H, ArH), 4.65 (dd, J1 = 11.6 Hz, J2 = 4.4 Hz, 1H, CH), 3.88 (dd, J1 = 

20.0 Hz, J2 = 11.6 Hz, 1H, CH2), 3.15 (dd, J1 = 19.8 Hz, J2 = 4.2 Hz, 1H, CH2), 1.86 (s, 3H, 

CH3) ppm; 13C NMR (100 MHz, CDCl3): δ 175.1, 166.3, 166.0, 162.8, 136.4, 134.3, 132.1, 

131.6, 130.5, 129.9, 129.5, 129.1, 127.5, 127.2, 126.2, 125.9, 123.8, 121.0, 114.2, 107.9, 60.9, 

37.3, 35.5, 12.8 ppm. HRMS (ESI): m/z calcd. for C26H20N3O2 [M + H]+ 406.1550, found 

406.1549. 

 



 
S11

(5S,10R)-6-Imino-4-isopropyl-1-oxo-8,10-diphenyl-2-oxa-3-azaspiro[4.5]deca-3,7-diene-7

-carbonitrile (3ap). Employing the general procedure and purified by silica gel (200-300 

mesh) column chromatography using petroleum ether/ethyl acetate (5:1 v/v) as eluent to 

obtain 3ap as a white solid (17.3 mg, 45% yield), m. p. 8385 C. HPLC (Daicel Chiralpak 

IA, n-hexane/isopropanol = 70:30, flow rate 1.0 mL/min, detection at 254 nm): major 

diastereomer: tR = 6.7 min (major enantiomer), tR = 7.9 min (minor enantiomer); 96% ee. 

[α]D
25 = –45.6 (c = 0.85, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 10.49 (s, 1H, NH), 7.61 (dd, 

J1 = 7.6 Hz, J2 = 1.6 Hz, 2H, ArH), 7.54–7.47 (m, 3H, ArH), 7.39–7.34 (m, 3H, ArH), 

7.27–7.24 (m, 2H, ArH), 3.88 (dd, J1 = 19.2 Hz, J2 = 12.0 Hz, 1H, CH2), 3.72 (dd, J1 = 11.8 

Hz, J2 = 4.2 Hz, 1H, CH), 3.00 (dd, J = 19.2 Hz, J2 = 4.0 Hz, 1H, CH2), 2.69–2.59 (m, 1H, 

CH), 1.30 (d, J = 6.8 Hz, 3H, CH3), 1.01 (d, J = 6.8 Hz, 3H, CH3) ppm; 13C NMR (100 MHz, 

CDCl3): δ 175.4, 172.9, 165.3, 162.6, 136.54, 136.49, 131.6, 129.5, 129.0, 127.5, 127.4, 114.2, 

108.1, 61.8, 44.0, 35.4, 28.7, 22.1, 19.8 ppm. HRMS (ESI): m/z calcd. for C24H22N3O2 [M + 

H]+ 384.1707, found 384.1697. 

 

(5S,10R)-6-Imino-1-oxo-4,8,10-triphenyl-2-oxa-3-azaspiro[4.5]deca-3,7-diene-7-carbonit

rile (3aq). Employing the general procedure and purified by silica gel (200-300 

mesh) column chromatography using petroleum ether/ethyl acetate (5:1 v/v) as eluent to 

obtain 3aq as a white solid (54.4 mg, 57% yield), m. p. 7779 C. HPLC (Daicel Chiralpak 

IC, n-hexane/isopropanol = 65:35, flow rate 1.0 mL/min, detection at 254 nm): major 

diastereomer: tR = 18.9 min (minor enantiomer), tR = 22.4 min (major enantiomer); 90% ee. 

[α]D
25 = –15.1 (c = 0.80, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 10.61 (s, 1H, NH), 7.67 (dd, 

J1 = 7.6 Hz, J2 = 2.0 Hz, 2H, ArH), 7.58–7.50 (m, 6H, ArH), 7.46 (t, J = 7.6 Hz, 2H, 

ArH), 7.29–7.26 (m, 1H, ArH), 7.19 (t, J = 7.4 Hz, 2H, ArH), 6.84 (d, J = 7.2 Hz, 2H, ArH), 

4.03 (dd, J1 = 18.8 Hz, J2 = 12.0 Hz, 1H, CH), 3.92 (dd, J1 = 12.2 Hz, J2 = 3.8 Hz, 1H, CH2), 

3.05 (dd, J1 = 19.0 Hz, J2 = 3.8 Hz, 1H, CH2) ppm; 13C NMR (100 MHz, CDCl3): δ 174.9, 

166.3, 165.4, 162.9, 136.7, 135.1, 132.7, 131.8, 131.7, 131.3, 129.6, 129.1, 129.0, 127.8, 
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127.6, 126.9, 114.2, 108.2, 61.7, 44.2, 33.7 ppm. HRMS (ESI): m/z calcd. for C27H20N3O2 [M 

+ H]+ 418.1550, found 418.1545. 

 

(5S,10R)-6-Imino-4-methyl-1-oxo-10-phenyl-8-(o-tolyl)-2-oxa-3-azaspiro[4.5]deca-3,7-die

ne-7-carbonitrile (3ba). Employing the general procedure and purified by silica gel (200-300 

mesh) column chromatography using petroleum ether/ethyl acetate (5:1 v/v) as eluent to 

obtain 3ba as a white solid (23.3 mg, 63% yield), m. p. 99101 C. HPLC (Daicel Chiralpak 

IC, n-hexane/isopropanol = 65:35, flow rate 1.0 mL/min, detection at 254 nm): major 

diastereomer: tR = 9.4 min (minor enantiomer), tR = 14.1 min (major enantiomer); 76% ee. 

[α]D
25 = –31.8 (c = 0.60, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 10.35 (s, 1H, 

NH), 7.36–7.22 (m, 9H, ArH), 3.77 (dd, J1 = 19.0 Hz, J2 = 11.8 Hz, 1H, CH2), 3.65 (d, J = 

10.4 Hz, 1H, CH), 2.87 (dd, J1 = 20.0 Hz, J2 = 4.0 Hz, 1H, CH2), 2.47 (s, 3H, CH3), 2.12 (s, 

3H, CH3) ppm; 13C NMR (100 MHz, CDCl3): δ 174.6, 166.1, 161.9, 136.8, 135.6, 131.1, 

130.0, 129.6, 129.3, 127.1, 126.4, 113.1, 110.8, 61.2, 44.2, 35.9, 19.3, 12.8 ppm. HRMS (ESI): 

m/z calcd. for C23H20N3O2 [M + H]+ 370.1550, found 370.1540. 

 

(5S,10R)-6-Imino-8-(2-methoxyphenyl)-4-methyl-1-oxo-10-phenyl-2-oxa-3-azaspiro[4.5]

deca-3,7-diene-7-carbonitrile (3ca). Employing the general procedure and purified by silica 

gel (200-300 mesh) column chromatography using petroleum ether/ethyl acetate (5:1 v/v) as 

eluent to obtain 3ca as a white solid (21.6 mg, 56% yield), m. p. 8385 C. HPLC (Daicel 

Chiralpak IC, n-hexane/ethyl acetate = 80:20, flow rate 1.0 mL/min, detection at 254 nm): 

major diastereomer: tR = 9.3 min (minor enantiomer), tR = 12.7 min (major enantiomer); 86% 

ee. [α]D
25 = –61.0 (c = 0.50, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 10.33 (s, 1H, 
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NH), 7.47–7.43 (m, 1H, ArH), 7.37–7.34 (m, 4H, ArH), 7.26–7.23 (m, 2H, ArH), 7.07 (t, J 

= 7.4 Hz, 1H, ArH), 6.99 (d, J = 8.4 Hz, 1H, ArH), 3.87 (s, 3H, OCH3), 3.77 (dd, J1 = 19.2 Hz, 

J2 = 12.0 Hz, 1H, CH), 3.64 (dd, J1 = 12.0 Hz, J2 = 4.0 Hz, 1H, CH2), 3.12 (dd, J1 = 19.6 Hz, 

J2 = 4.0 Hz, 1H, CH2), 2.12 (s, 3H, CH3) ppm; 13C NMR (100 MHz, CDCl3): δ 174.7, 166.2, 

166.0, 162.2, 156.0, 136.0, 132.3, 129.5, 129.1, 128.9, 127.2, 125.9, 121.0, 113.7, 111.5, 

110.0, 61.5, 55.7, 44.2, 33.8, 12.8 ppm. HRMS (ESI): m/z calcd. for C23H20N3O3 [M + H]+ 

386.1499, found 386.1495. 

NH

NC

Ph

O
O

N

3da
Cl

 

(5S,10R)-8-(2-Chlorophenyl)-6-imino-4-methyl-1-oxo-10-phenyl-2-oxa-3-azaspiro[4.5]de

ca-3,7-diene-7-carbonitrile (3da). Employing the general procedure and purified by silica 

gel (200-300 mesh) column chromatography using petroleum ether/ethyl acetate (5:1 v/v) as 

eluent to obtain 3da as a white solid (31.6 mg, 81% yield), m. p. 9193 C. HPLC (Daicel 

Chiralpak IC, n-hexane/ethyl acetate = 85:15, flow rate 1.0 mL/min, detection at 254 nm): 

major diastereomer: tR = 11.4 min (minor enantiomer), tR = 16.9 min (major enantiomer); 

91% ee. [α]D
25 = –36.1 (c = 0.75, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 10.45 (s, 1H, 

NH), 7.51–7.49 (m, 1H, ArH), 7.46–7.42 (m, 3H, ArH), 7.36–7.35 (m, 3H, ArH), 7.26–7.23 

(m, 2H, ArH), 3.67–3.64 (m, 2H, CH+CH2), 3.05 (s, 1H, CH2), 2.10 (s, 3H, CH3) ppm; 13C 

NMR (100 MHz, CDCl3): δ 174.6, 166.0, 161.6, 136.0, 135.5, 131.5, 130.9, 130.3, 129.6, 

129.3, 128.6, 127.6, 127.2, 112.6, 111.4, 61.3, 44.2, 34.4, 12.8 ppm. HRMS (ESI): m/z calcd. 

for C22H17ClN3O2 [M + H]+ 390.1004, found 390.0997. 

 

(5S,10R)-6-Imino-4-methyl-1-oxo-10-phenyl-8-(m-tolyl)-2-oxa-3-azaspiro[4.5]deca-3,7-di

ene-7-carbonitrile (3ea). Employing the general procedure and purified by silica gel 

(200-300 mesh) column chromatography using petroleum ether/ethyl acetate (5:1 v/v) as 

eluent to obtain 3ea as a white solid (22.9 mg, 62% yield), m. p. 7880 C. HPLC (Daicel 
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Chiralpak IC, n-hexane/isopropanol = 65:35, flow rate 1.0 mL/min, detection at 254 nm): 

major diastereomer: tR = 12.8 min (minor enantiomer), tR = 20.2 min (major 

enantiomer); 77% ee. [α]D
25 = –35.3 (c = 0.60, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 10.40 

(s, 1H, NH), 7.42–7.32 (m, 7H, ArH), 7.26–7.24 (m, 2H, ArH), 3.87 (dd, J1 = 19.6 Hz, J2 = 

12.0 Hz, 1H, CH), 3.62 (dd, J1 = 12.0 Hz, J2 = 4.4 Hz, 1H, CH2), 3.04 (dd, J1 = 19.6 Hz, J2 = 

4.4 Hz, 1H, CH2), 2.41 (s, 3H, CH3), 2.10 (s, 3H, CH3) ppm; 13C NMR (100 MHz, CDCl3): δ 

174.7, 166.1, 165.9, 162.2, 139.0, 136.5, 135.8, 132.3, 129.6, 129.2, 128.9, 127.9, 127.2, 

124.6, 114.1, 107.9, 61.3, 44.1, 35.9, 21.3, 12.8 ppm. HRMS (ESI): m/z calcd. for 

C23H20N3O2 [M + H]+ 370.1550, found 370.1540. 

 

(5S,10R)-8-(3-Chlorophenyl)-6-imino-4-methyl-1-oxo-10-phenyl-2-oxa-3-azaspiro[4.5]de

ca-3,7-diene-7-carbonitrile (3fa). Employing the general procedure and purified by silica gel 

(200-300 mesh) column chromatography using petroleum ether/ethyl acetate (5:1 v/v) as 

eluent to obtain 3fa as a white solid (35.0 mg, 90% yield), m. p. 8688 C. HPLC (Daicel 

Chiralpak IC, n-hexane/isopropanol = 65:35, flow rate 1.0 mL/min, detection at 254 nm): 

major diastereomer: tR = 10.9 min (minor enantiomer), tR = 17.2 min (major enantiomer); 

86% ee. [α]D
25 = –83.7 (c = 0.65, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 10.48 (s, 1H, NH), 

7.55–7.49 (m, 3H, ArH), 7.45 (t, J = 7.8 Hz, 1H, ArH), 7.38–7.36 (m, 3H, ArH), 7.26–7.23 

(m, 2H, ArH), 3.86 (dd, J1 = 19.8 Hz, J2 = 11.8 Hz, 1H, CH), 3.63 (dd, J1 = 12.0 Hz, J2 = 4.4 

Hz, 1H, CH2), 2.99 (dd, J1 = 20.0 Hz, J2 = 4.4 Hz, 1H, CH2), 2.10 (s, 3H, CH3) ppm; 13C 

NMR (100 MHz, CDCl3): δ 174.6, 166.0, 163.8, 161.8, 138.2, 135.4, 135.2, 131.4, 130.5, 

129.7, 129.4, 127.3, 127.1, 125.6, 113.6, 108.9, 61.2, 44.1, 34.5, 12.8 ppm. HRMS (ESI): m/z 

calcd. for C22H17ClN3O2 [M + H]+ 390.1004, found 390.0989. 
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(5S,10R)-6-Imino-4-methyl-1-oxo-10-phenyl-8-(p-tolyl)-2-oxa-3-azaspiro[4.5]deca-3,7-die

ne-7-carbonitrile (3ga). Employing the general procedure and purified by silica gel (200-300 

mesh) column chromatography using petroleum ether/ethyl acetate (5:1 v/v) as eluent to 

obtain 3ga as a white solid (22.5 mg, 61% yield), m. p. 144146 C. HPLC (Daicel Chiralpak 

IC, n-hexane/isopropanol = 65:35, flow rate 1.0 mL/min, detection at 254 nm): major 

diastereomer: tR = 9.8 min (minor enantiomer), tR = 14.7 min (major enantiomer); 85% ee. 

[α]D
25 = –8.4 (c = 0.50, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 10.36 (s, 1H, NH), 7.52 (d, J 

= 8.4 Hz, 2H, ArH), 7.37–7.35 (m, 3H, ArH), 7.30 (d, J = 8.0 Hz, 2H, ArH), 7.26–7.23 (m, 

2H, ArH), 3.86 (dd, J1 = 19.4 Hz, J2 = 11.8 Hz, 1H, CH2), 3.62 (dd, J1 = 11.8 Hz, J2 = 4.2 Hz, 

1H, CH), 3.04 (dd, J1 = 19.6 Hz, J2 = 4.4 Hz, 1H, CH2), 2.41 (s, 3H, CH3), 2.09 (s, 3H, CH3) 

ppm; 13C NMR (100 MHz, CDCl3): δ 174.7, 166.2, 165.5, 162.3, 142.4, 135.8, 133.6, 129.7, 

129.6, 129.2, 127.5, 127.2, 114.4, 107.3, 61.3, 44.1, 34.1, 21.5, 12.7 ppm. HRMS (ESI): 

m/z calcd. For C23H20N3O2 [M + H]+ 370.1550, found 370.1542. 

 

(5S,10R)-8-(4-Fluorophenyl)-6-imino-4-methyl-1-oxo-10-phenyl-2-oxa-3-azaspiro[4.5]de

ca-3,7-diene-7-carbonitrile (3ha). Employing the general procedure and purified by silica 

gel (200-300 mesh) column chromatography using petroleum ether/ethyl acetate (5:1 v/v) as 

eluent to obtain 3ha as a white solid (26.5 mg, 71% yield), m. p. 8284 C. HPLC (Daicel 

Chiralpak IC, n-hexane/ethyl acetate = 80:20, flow rate 1.0 mL/min, detection at 254 nm): 

major diastereomer: tR = 9.0 min (minor enantiomer), tR = 12.3 min (major enantiomer); 88% 

ee. [α]D
25 = –51.1 (c = 0.90, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 10.40 (s, 1H, 

NH), 7.65–7.62 (m, 2H, ArH), 7.38–7.37 (m, 3H, ArH), 7.26–7.18 (m, 4H, ArH), 3.87 (dd, J1 

= 19.6 Hz, J2 = 12.0 Hz, 1H, CH), 3.63 (dd, J1 = 11.6 Hz, J2 = 4.4 Hz, 1H, CH2), 3.01 (dd, J1 

= 19.6 Hz, J2 = 4.4 Hz, 1H, CH2), 2.10 (s, 3H, CH3) ppm; 13C NMR (100 MHz, CDCl3): δ 

174.7, 166.0, 164.5 (d, 1JC–F = 252.5 Hz), 164.2, 162.0, 135.6, 132.5 (d, 4JC–F = 3.2 Hz), 129.8 

(d, 3JC–F = 8.8 Hz), 129.7, 129.3, 127.2, 116.4 (d, 2JC–F = 21.9 Hz), 114.0, 108.1, 61.2, 44.1, 

34.4, 12.8 ppm. 19F NMR (376 MHz, CDCl3):  –106.9 ppm. HRMS (ESI): m/z calcd. for 

C22H17FN3O2 [M + H]+ 374.1299, found 374.1297. 
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(5S,10R)-8-(4-Chlorophenyl)-6-imino-4-methyl-1-oxo-10-phenyl-2-oxa-3-azaspiro[4.5]de

ca-3,7-diene-7-carbonitrile (3ia). Employing the general procedure and purified by silica gel 

(200-300 mesh) column chromatography using petroleum ether/ethyl acetate (5:1 v/v) as 

eluent to obtain 3ia as a white solid (26.5 mg, 68% yield), m. p. 7072 C. HPLC (Daicel 

Chiralpak IC, n-hexane/isopropanol = 65:35, flow rate 1.0 mL/min, detection at 254 nm): 

major diastereomer: tR = 12.6 min (minor enantiomer), tR = 20.2 min (major enantiomer); 

88% ee. [α]D
25 = –78.0 (c = 0.60, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 10.45 (s, 1H, 

NH), 7.57–7.54 (m, 2H, ArH), 7.50–7.47 (m, 2H, ArH), 7.38–7.37 (m, 3H, ArH), 7.26–7.23 

(m, 2H, ArH), 3.87 (dd, J1 = 19.6 Hz, J2 = 12.0 Hz, 1H, CH), 3.63 (dd, J1 = 12.0 Hz, J2 = 4.4 

Hz, 1H, CH2), 3.00 (dd, J1 = 19.6 Hz, J2 = 4.4 Hz, 1H, CH2), 2.10 (s, 3H, CH3) ppm; 13C 

NMR (100 MHz, CDCl3): δ 174.7, 166.0, 164.1, 161.9, 135.5, 135.3, 132.4, 129.7, 129.4, 

129.0, 127.1, 126.3, 113.8, 108.4, 61.2, 44.1, 34.2, 12.8 ppm. HRMS (ESI): m/z calcd. for 

C22H17ClN3O2 [M + H]+ 390.1004, found 390.0993. 

 

(5S,10R)-8-(4-Bromophenyl)-6-imino-4-methyl-1-oxo-10-phenyl-2-oxa-3-azaspiro[4.5]de

ca-3,7-diene-7-carbonitrile (3ja). Employing the general procedure and purified by silica gel 

(200-300 mesh) column chromatography using petroleum ether/ethyl acetate (5:1 v/v) as 

eluent to obtain 3jaas a white solid (31.7 mg, 73% yield), m. p. 178180 C. HPLC (Daicel 

Chiralpak IC, n-hexane/ethyl acetate = 85:15, flow rate 1.0 mL/min, detection at 254 nm): 

major diastereomer: tR = 15.3 min (minor enantiomer), tR = 24.9 min (major enantiomer); 

77% ee. [α]D
25 = –65.8 (c = 0.55, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 10.46 (s, 1H, 

NH), 7.65 (d, J = 8.4 Hz, 2H, ArH), 7.48 (d, J = 8.4 Hz, 2H, ArH), 7.38–7.37 (m, 3H, 

ArH), 7.26–7.23 (m, 2H, ArH), 3.87 (dd, J1 = 19.6 Hz, J2 = 12.0 Hz, 1H, CH), 3.62 (dd, J1 = 

12.0 Hz, J2 = 4.4 Hz, 1H, CH2), 2.99 (dd, J1 = 19.6 Hz, J2 = 4.4 Hz, 1H, CH2), 2.10 (s, 3H, 
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CH3) ppm; 13C NMR (100 MHz, CDCl3): δ 174.7, 166.0, 164.0, 161.9, 137.9, 135.5, 134.8, 

129.7, 129.44, 129.37, 128.9, 127.2, 113.9, 108.4, 61.2, 44.1, 34.3, 12.8 ppm. HRMS (ESI): 

m/z calcd. for C22H17
79BrN3O2 [M + H]+ 434.0499, found 434.0483; calcd. for 

C22H17
81BrN3O2 [M + H]+ 436.0478, found 436.0465. 

 

(5S,10R)-6-Imino-4-methyl-8-(naphthalen-2-yl)-1-oxo-10-phenyl-2-oxa-3-azaspiro[4.5]de

ca-3,7-diene-7-carbonitrile (3ka). Employing the general procedure and purified by silica 

gel (200-300 mesh) column chromatography using petroleum ether/ethyl acetate (5:1 v/v) as 

eluent to obtain 3ka as a white solid (29.6 mg, 73% yield), m. p. 8587 C. HPLC (Daicel 

Chiralpak IC, n-hexane/ethyl acetate = 80:20, flow rate 1.0 mL/min, detection at 254 nm): 

major diastereomer: tR = 10.6 min (minor enantiomer), tR = 17.1 min (major enantiomer); 

76% ee. [α]D
25 = –52.0 (c = 1.00, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 10.45 (s, 1H, NH), 

8.14 (d, J = 1.2 Hz, 1H, ArH), 7.95 (d, J = 8.4 Hz, 1H, ArH), 7.93–7.87 (m, 2H, ArH), 7.65 

(dd, J1 = 8.8 Hz, J2 = 2.0 Hz, 1H, ArH), 7.62–7.55 (m, 2H, ArH), 7.41–7.37 (m, 3H, 

ArH), 7.29–7.26 (m, 2H, ArH), 3.98 (dd, J1 = 19.6 Hz, J2 = 12.0 Hz, 1H, CH2), 3.69 (dd, J1 = 

12.0 Hz, J2 = 4.4 Hz, 1H, CH2), 3.17 (dd, J1 = 19.6 Hz, J2 = 4.4 Hz, 1H, CH2), 2.12 (s, 3H, 

CH3) ppm; 13C NMR (100 MHz, CDCl3): δ 174.8, 166.2, 165.5, 162.2, 135.7, 134.4, 133.8, 

132.6, 129.6, 129.3, 129.0, 128.8, 128.22, 128.16, 127.8, 127.3, 127.2, 123.8, 114.3, 108.2, 

61.3, 44.2, 34.4, 12.8 ppm. HRMS (ESI): m/z calcd. for C26H20N3O2 [M + H]+ 406.1550, 

found 406.1540. 

5. Scale-up synthesis of 3a 

 

4-benzylidene-3-methylisoxazol-5(4H)-one 1a (561.6 mg, 3 mmol), 2-(1-phenylethylidene) 
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malononitrile 2a (605.5 mg, 3.6 mmol) and catalyst C6 (18 mg, 1 mol%) were dissolved in 

chloroform (20 mL) at room temperature. After stirring at room temperature for 3 weeks, the 

reaction mixture was concentrated and directly purified by silica gel column chromatography 

(petroleum ether/ethyl acetate 5:1 v/v) to afford the desired product 3aa as a white solid 

(458.5 mg, 43% yield) with >20:1 dr and 81% ee. 

 

6. Procedure and the characterization data of compound 4 

 

Add dilute hydrochloric acid (0.5 ml, 10% aq.) dropwise to the stirred solution of chiral 

product 3aa (35.5 mg, 0.1 mmol) in tetrahydrofuran solution (0.5 mL) in an ice-water bath. 

After the solution was stirred for 10 min, saturated sodium bicarbonate (0.5 ml) was added to 

quench the reaction, then the mixture was extracted with dichloromethane (3 × 1 mL). The 

organic phase was dried with anhydrous Na2SO4 and the solvent was removed under vacuum. 

The crude product was purified by flash column chromatography on silica gel (CH2Cl2 as the 

eluent) to afford the pure product 4 as a white soild (30.3 mg, 85% yield), m. p. 101103 C. 

HPLC (Daicel Chiralpak IC, n-hexane/ethyl acetate = 87:13, flow rate 1.0 mL/min, detection 

at 254 nm): major diastereomer: tR = 18.7 min (major enantiomer), tR = 23.3 min (minor 

enantiomer); 89% ee. [α]D
25 = –57.6 (c = 0.50, CH2Cl2). 1H NMR (400 MHz, CDCl3): δ 7.68 

(d, J = 7.2 Hz, 2H, ArH), 7.58 (t, J = 7.2 Hz, 1H, ArH), 7.52 (t, J = 7.4 Hz, 2H, 

ArH), 7.38–7.36 (m, 3H, ArH), 7.26–7.23 (m, 2H, ArH), 4.04 (dd, J1 = 19.8 Hz, J2 = 11.8 Hz, 

1H, CH), 3.91 (dd, J1 = 11.6 Hz, J2 = 4.0 Hz, 1H, CH2), 3.20 (dd, J1 = 19.6 Hz, J2 = 4.0 Hz, 

1H, CH2), 2.07 (s, 3H, CH3) ppm; 13C NMR (100 MHz, CDCl3): δ 182.7, 175.4, 172.1, 164.8, 

135.6, 135.0, 132.6, 129.7, 129.5, 129.2, 127.6, 127.0, 113.5, 110.0, 65.2, 44.5, 34.6, 12.7 

ppm. HRMS (ESI): m/z calcd. for C22H17N2O3 [M + H]+ 357.1234, found 357.1230. 
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8. Copies of 1H, 13C and 19F NMR spectra of new compounds 
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9. Copies of HPLC chromatograms 
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