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General Information
All reactions were carried out under an atmosphere of argon using oven-dried glassware. Super dry 
solvents, metal catalysts, were purchased from chemical companies and used without further treatment. 
Flash column chromatography was performed using silica gel (300-400 mesh). 1H NMR ,13C NMR, 19F 
NMR spectra were recorded in CDCl3 or DMSO-d6 on a 400 MHz spectrometer; chemical shifts are 
reported in ppm with the solvent signals as reference, and coupling constants (J) are given in Hertz. 
The peak information is described as: s = singlet, d = doublet, t = triplet, q = quartet, m= multiplet. 
High-resolution mass spectra (HRMS) were recorded on a commercial apparatus (ESI Source).

General Procedure for optimization of the reaction conditions.
Under a nitrogen atmosphere, a solution of diethylzinc (40 μL, 1.0 M in hexane, 0.04 mmol) was 

added dropwise to a solution of L (0.02 mmol) in solvent (2 mL). After the mixture was stirred for 30 
min at room temperature, then, 3-aminophenol 1 (0.2 mmol) and isatylidene malononitrile 2a (0.2 
mmol) were added. The reaction mixture was stirred for corresponding time at the same temperature. 
The reaction was quenched with HCl solution (1 M, 2 mL), and the organic layer was extracted with 
EA (3 × 5 mL). The combined organic layer was washed with brine and dried over Na2SO4. The 
solvent was removed under reduced pressure by using a rotary evaporator. The residue was purified by 
flash chromatography with petroleum ether/ethyl acetate (4/1) to afford the desired product 3a.

Synthesis of chiral 2-amino-4H-chromenes.
Under a nitrogen atmosphere, a solution of diethylzinc (40 μL, 1.0 M in hexane, 0.04 mmol) was 

added dropwise to a solution of L1d (0.02 mmol) in MeCN (2 mL). After the mixture was stirred for 
30 min at room temperature, the temperature of the mixture was lowered to 10 °C. Then, 3-
aminophenol 1 (0.2 mmol) and isatylidene malononitriles 2 (0.2 mmol) or benzylidene malononitriles 4 
(0.2 mmol) were added. The reaction mixture was stirred for 24 h at the same temperature. The 
reaction was quenched with HCl solution (1 M, 2 mL), and the organic layer was extracted with 
CH2Cl2 (3 × 5 mL). The combined organic layer was washed with brine and dried over Na2SO4. The 
solvent was removed under reduced pressure by using a rotary evaporator. The residue was purified by 
flash chromatography with petroleum ether/ethyl acetate (5/1) to afford the desired product 3 or 5.
(R)-2-amino-7-(dimethylamino)-2'-oxospiro[chromene-4,3'-indoline]-3-carbonitrile (3a):

3a

Me2N

CN

O

NH2

H
N

O

white solid (36.5 mg) in 55% isolated yield; [α]D
20 = + 86 (c = 1.0, THF, 10% ee); 1H NMR (400 MHz, 

DMSO-d6) δ 10.46 (s, 1H), 7.29 – 7.21 (m, 1H), 7.10 (s, 2H), 7.05 – 6.97 (m, 2H), 6.92 (d, J = 7.7 Hz, 
1H), 6.46 – 6.39 (m, 1H), 6.32 – 6.23 (m, 2H), 2.87 (s, 6H); 13C NMR (101 MHz, DMSO-d6) δ 179.8, 
162.0, 151.3, 150.0, 142.4, 135.4, 129.2, 127.4, 125.2, 123.0, 119.3, 110.2, 110.1, 107.9, 99.1, 54.8, 
50.3, 40.4; HRMS (ESI): m/z [M + H]+ calcd for [C19H17N4O2]+: 333.1346, found: 333.1346; IR: 3463, 
3189, 2202, 1716, 1401, 1119, 750, 618 cm-1; HPLC: Daicel Chiralpak IF, n-hexane/i-PrOH = 70/30, 
flow rate = 1 mL/min, λ = 254 nm, tmajor = 15.97 min and tminor = 18.97 min.
(R)-2-amino-7-(diethylamino)-2'-oxospiro[chromene-4,3'-indoline]-3-carbonitrile (3b)
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3b

Et2N

CN

O

NH2

H
N

O

yellow solid (43.9 mg) in 61% isolated yield; [α]D
20 = + 112 (c = 1.0, THF, 72% ee); 1H NMR (400 

MHz, DMSO-d6) δ 10.46 (s, 1H), 7.28 – 7.20 (m, 1H), 7.09 (s, 2H), 7.04 – 6.94 (m, 2H), 6.92 (d, J = 
7.7 Hz, 1H), 6.38 – 6.32 (m, 1H), 6.26 – 6.18 (m, 2H), 3.31 – 3.23 (m, 4H), 1.05 (t, J = 7.0 Hz, 6H); 
13C NMR (101 MHz, DMSO-d6) δ 179.9, 162.1, 150.3, 148.3, 142.4, 135.4, 129.2, 127.6, 125.2, 123.0, 
119.4, 110.2, 109.2, 106.8, 98.0, 54.8, 50.3, 44.2, 12.8; HRMS (ESI): m/z [M + H]+ calcd for 
[C21H21N4O2]+: 361.1659, found: 361.1657; IR: 3446, 3329, 2972, 2194, 1703, 1401, 1121, 760, 614 
cm-1; HPLC: Daicel Chiralpak IE, n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, λ = 254 nm, tmajor 
= 15.81 min and tminor = 35.91 min.
(R)-2-amino-7-(dibenzylamino)-2'-oxospiro[chromene-4,3'-indoline]-3-carbonitrile (3c)

3c

Bn2N

CN

O

NH2

H
N

O

white solid (61.0 mg) in 63% isolated yield; [α]D
20 = + 19 (c = 1.0, THF, 99% ee); m.p. = 257.3-258.2 

oC; 1H NMR (400 MHz, DMSO-d6) δ 10.46 (s, 1H), 7.39–7.28 (m, 4H), 7.29–7.15 (m, 7H), 7.08 (s, 
2H), 7.01–6.92 (m, 2H), 6.92–6.85 (m, 1H), 6.39 (d, J = 8.7 Hz, 1H), 6.20 (d, J = 8.8 Hz, 1H), 6.15 (d, 
J = 2.5 Hz, 1H), 4.69 (s, 4H); 13C NMR (101 MHz, DMSO-d6) δ 179.8, 162.0, 149.9, 149.2, 142.4, 
138.8, 135.2, 129.2, 129.1, 127.4, 127.3, 126.8, 125.2, 123.0, 119.3, 110.2, 110.2, 110.0, 108.1, 99.3, 
54.7, 54.7, 50.3; HRMS (ESI): m/z [M + H]+ calcd for [C31H25N4O2]+: 485.1972, found: 485.1976; IR: 
3462, 3173, 3032, 2922, 2192, 1691, 1647, 1520, 1518, 1407, 1290, 1195, 1124, 793, 728, 695 cm-1; 
HPLC: Daicel Chiralpak IF, n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, λ = 254 nm, tmajor = 
16.36 min and tminor = 23.16 min.
(R)-2-amino-4'-bromo-7-(dibenzylamino)-2'-oxospiro[chromene-4,3'-indoline]-3-carbonitrile (3f)

3f

Bn2N

CN

O

NH2

H
N

O
Br

white solid (62.9 mg) in 56% isolated yield; [α]D
20 = + 350 (c = 1.0, THF, >99% ee); m.p. = 274.6-

276.3 oC; 1H NMR (400 MHz, DMSO-d6) δ 10.74 (s, 1H), 7.36–7.29 (m, 4H), 7.27–7.21 (m, 6H), 
7.18–7.14 (m, 1H), 7.14–7.07 (m, 3H), 6.92 (d, J = 7.6 Hz, 1H), 6.42 (m, 1H), 6.28 (d, J = 8.7 Hz, 1H), 
6.17 (d, J = 2.0 Hz, 1H), 4.69 (s, 4H); 13C NMR (101 MHz, DMSO-d6) δ 178.9, 162.2, 150.4, 149.5, 
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144.4, 138.9, 132.3, 131.2, 129.1, 127.3, 127.0, 126.9, 126.3, 119.9, 119.1, 110.0, 109.8, 105.5, 99.2, 
54.7, 52.6, 52.1; HRMS (ESI): m/z [M + H]+ calcd for [C31H24BrN4O2]+: 563.1077, found: 563.1074; 
IR: 3440, 3304, 3183, 3064, 2189, 1700, 1653, 1520, 1415, 1194, 839, 730, 693 cm-1; HPLC: Daicel 
Chiralpak IF, n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, λ = 254 nm, tmajor = 16.79 min.
(R)-2-amino-7-(dibenzylamino)-5'-methyl-2'-oxospiro[chromene-4,3'-indoline]-3-carbonitrile (3g)

3g

Bn2N

CN

O

NH2

H
N

O
Me

white solid (86.7 mg) in 87% isolated yield; [α]D
20 = - 34 (c = 1.0, THF, 99% ee); m.p. = 293.6-294.3 

oC; 1H NMR (400 MHz, DMSO-d6) δ 10.35 (s, 1H), 7.43–7.29 (m, 4H), 7.28–7.17 (m, 6H), 7.05 (s, 
2H), 7.01 (d, J = 7.9 Hz, 1H), 6.86–6.69 (m, 2H), 6.39 (d, J = 8.4 Hz, 1H), 6.26–6.10 (m, 2H), 4.69 (s, 
4H), 2.18 (s, 3H); 13C NMR (101 MHz, DMSO-d6) δ 179.8, 161.8, 149.8, 149.2, 139.9, 138.9, 135.4, 
131.9, 129.6, 129.1, 127.6, 127.3, 126.8, 125.6, 119.4, 110.0, 108.1, 99.2, 54.8, 50.3, 21.0; HRMS 
(ESI): m/z [M + H]+ calcd for [C32H27N4O2]+: 499.2129, found: 499.2128; IR: 3476, 3301, 3151, 3034, 
2919, 2189, 1692, 1647, 1519, 1490, 1407, 1196, 1129, 813, 731, 694 cm-1; HPLC: Daicel Chiralpak 
IF, n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, λ = 254 nm, tmajor = 14.61 min and tminor = 22.52 
min.
(R)-2-amino-7-(dibenzylamino)-5'-methoxy-2'-oxospiro[chromene-4,3'-indoline]-3-carbonitrile 
(3h)

3h

Bn2N

CN

O

NH2

H
N

O
OMe

white solid (90.5 mg) in 88% isolated yield; [α]D
20 = - 67 (c = 1.0, THF, 98% ee); m.p. = 285.3-286.9 

oC; 1H NMR (400 MHz, DMSO-d6) δ 10.28 (s, 1H), 7.37–7.28 (m, 4H), 7.28–7.20 (m, 6H), 7.08 (s, 
2H), 6.87–6.77 (m, 2H), 6.59 (d, J = 1.5 Hz, 1H), 6.41 (m, 1H), 6.21 (d, J = 8.8 Hz, 1H), 6.16 (d, J = 
2.2 Hz, 1H), 4.69 (s, 4H), 3.64 (s, 3H); 13C NMR (101 MHz, DMSO-d6) δ 179.7, 161.9, 155.9, 149.8, 
149.2, 138.8, 136.4, 135.7, 129.1, 127.5, 127.3, 126.8, 119.4, 114.2, 111.6, 110.7, 109.9, 108.1, 99.3, 
55.9, 54.7, 54.6, 50.8; HRMS (ESI): m/z [M + H]+ calcd for [C32H27N4O3]+: 515.2078, found: 
515.2077; IR: 3459, 3287, 3151, 3034, 2189, 1690, 1548, 1519, 1492, 1402, 1298, 1193, 1124, 813, 
697 cm-1; HPLC: Daicel Chiralpak IF, n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, λ = 254 nm, 
tmajor = 16.68 min and tminor = 25.30 min.
(R)-2-amino-7-(dibenzylamino)-5'-fluoro-2'-oxospiro[chromene-4,3'-indoline]-3-carbonitrile (3i)
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3i

Bn2N

CN

O

NH2

H
N

O
F

white solid (84.3 mg) in 84% isolated yield; [α]D
20 = + 46 (c = 1.0, THF, 98% ee); m.p. = 276.7-278.3 

oC; 1H NMR (400 MHz, DMSO-d6) δ 10.49 (s, 1H), 7.39–7.29 (m, 4H), 7.28–7.19 (m, 6H), 7.13 (s, 
2H), 7.10–7.03 (m, 1H), 6.94 (d, J = 7.8 Hz, 1H), 6.91-6.88 (m, 1H), 6.41 (d, J = 7.9 Hz, 1H), 6.23 (d, 
J = 8.7 Hz, 1H), 6.16 (s, 1H), 4.70 (s, 4H); 13C NMR (101 MHz, DMSO-d6) δ 179.8, 162.0, 160.2, 
159.0 (d, J  = 238.0 Hz), 149.8, 149.3, 138.8, 138.6, 136.8, 136.8, 129.1, 127.4, 127.3, 126.8, 119.2, 
115.9, 115.7, 113.0, 112.8, 111.2, 111.1, 110.0, 107.4, 99.4, 54.8, 54.1, 50.8; 19F NMR (376 MHz, 
DMSO-d6) δ -120.8; HRMS (ESI): m/z [M + H]+ calcd for [C31H24FN4O2]+: 503.1878, found: 
503.1880; IR: 3500, 3342, 3163, 3063, 2187, 1698, 1644, 1520, 1489, 1414, 1185, 1123, 826, 732, 696 
cm-1; HPLC: Daicel Chiralpak IF, n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, λ = 254 nm, tmajor 
= 24.97 min and tminor = 18.52 min.
(R)-2-amino-5'-chloro-7-(dibenzylamino)-2'-oxospiro[chromene-4,3'-indoline]-3-carbonitrile (3j)

3j

Bn2N

CN

O

NH2

H
N

O
Cl

white solid (100.5 mg) in 97% isolated yield; [α]D
20 = - 32 (c = 1.0, THF, >99% ee); m.p. = 271.4-

273.0 oC; 1H NMR (400 MHz, DMSO-d6) δ 10.59 (s, 1H), 7.42–7.30 (m, 4H), 7.30–7.18 (m, 7H), 
7.14 (s, 2H), 7.07 (s, 1H), 6.91 (d, J = 7.6 Hz, 1H), 6.41 (d, J = 7.3 Hz, 1H), 6.31–6.04 (m, 2H), 4.70 (s, 
4H); 13C NMR (101 MHz, DMSO-d6) δ 179.5, 162.0, 149.8, 149.4, 141.4, 138.8, 137.2, 129.3, 129.1, 
127.4, 127.3, 126.9, 126.8, 125.2, 119.2, 111.8, 110.0, 107.2, 99.4, 54.7, 54.0, 50.6; HRMS (ESI): m/z 
[M + H]+ calcd for [C31H24ClN4O2]+: 519.1582, found: 519.1584; IR: 3471, 3280, 3174, 3030, 2190, 
1696, 1644, 1510, 1402, 1188, 821, 748, 693 cm-1; HPLC: Daicel Chiralpak IF, n-hexane/i-PrOH = 
70/30, flow rate = 1 mL/min, λ = 254 nm, tmajor = 16.62 min.
(R)-2-amino-5'-bromo-7-(dibenzylamino)-2'-oxospiro[chromene-4,3'-indoline]-3-carbonitrile (3k)

3k

Bn2N

CN

O

NH2

H
N

O
Br

white solid (101.2 mg) in 90% isolated yield; [α]D
20 = + 115 (c = 1.0, THF, 98% ee); m.p. = 264.3-

265.3 oC; 1H NMR (400 MHz, DMSO-d6) δ 10.60 (s, 1H), 7.42-7.40 (m, 1H), 7.36–7.29 (m, 4H), 
7.28–7.20 (m, 6H), 7.18 (d, J = 1.7 Hz, 1H), 7.13 (s, 2H), 6.86 (d, J = 8.3 Hz, 1H), 6.44-6.41 (m, 1H), 
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6.24 (d, J = 8.8 Hz, 1H), 6.16 (d, J = 2.3 Hz, 1H), 4.71 (s, 4H); 13C NMR (101 MHz, DMSO-d6) δ 
179.4, 161.9, 149.8, 149.4, 141.8, 138.8, 137.6, 132.2, 129.1, 127.9, 127.3, 126.8, 119.2, 114.6, 112.3, 
110.1, 107.2, 99.4, 54.8, 54.0, 50.6; HRMS (ESI): m/z [M + H]+ calcd for [C31H24BrN4O2]+: 563.1077, 
found: 563.1080; IR: 3468, 3280, 3152, 3030, 2192, 1696, 1644, 1510, 1401, 1188, 820, 748, 693 cm-1; 
HPLC: Daicel Chiralpak IF, n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, λ = 254 nm, tmajor = 9.71 
min and tminor = 13.16 min.
(R)-2-amino-6'-bromo-7-(dibenzylamino)-2'-oxospiro[chromene-4,3'-indoline]-3-carbonitrile (3l)

3l

Bn2N

CN

O

NH2

H
N

O
Br

white solid (101.2 mg) in 90% isolated yield; [α]D
20 = + 58 (c = 1.0, THF, 98% ee); m.p. = 278.8-281.2 

oC; 1H NMR (400 MHz, DMSO-d6) δ 10.64 (s, 1H), 7.36–7.31 (m, 4H), 7.26–7.21 (m, 7H), 7.17–7.14 
(m, 2H), 7.13 (d, J = 1.8 Hz, 1H), 7.07 (d, J = 1.5 Hz, 1H), 6.96 (d, J = 7.9 Hz, 1H), 6.41-6.39 (m, 1H), 
6.24 (d, J = 8.8 Hz, 1H), 6.17 (d, J = 2.4 Hz, 1H), 4.70 (s, 4H); 13C NMR (101 MHz, DMSO-d6) δ 
179.6, 162.0, 149.8, 149.3, 144.1, 138.8, 134.4, 129.1, 128.9, 127.5, 127.4, 127.1, 126.8, 125.6, 121.8, 
119.2, 113.1, 110.0, 107.2, 99.4, 54.8, 54.0, 50.1; HRMS (ESI): m/z [M + H]+ calcd for 
[C31H24BrN4O2]+: 563.1077, found: 563.1074; IR: 3479, 3314, 3181, 3033, 2192, 1699, 1647, 1518, 
1407, 1126, 856, 733, 698 cm-1; HPLC: Daicel Chiralpak IF, n-hexane/i-PrOH = 70/30, flow rate = 1 
mL/min, λ = 254 nm, tmajor = 16.46 min and tminor = 18.11 min.
(R)-2-amino-6'-chloro-7-(dibenzylamino)-2'-oxospiro[chromene-4,3'-indoline]-3-carbonitrile (3m)

3m

Bn2N

CN

O

NH2

H
N

O
Cl

white solid (63.2 mg) in 61% isolated yield; [α]D
20 = + 49 (c = 1.0, THF, 97% ee); m.p. = 268.9-271.3 

oC; 1H NMR (400 MHz, DMSO-d6) δ 10.61 (s, 1H), 7.39–7.30 (m, 4H), 7.26–7.19 (m, 6H), 7.12 (s, 
2H), 7.07–6.96 (m, 2H), 6.91 (d, J = 1.3 Hz, 1H), 6.41-6.39 (m, 1H), 6.24 (d, J = 8.8 Hz, 1H), 6.16 (d, 
J = 2.2 Hz, 1H), 4.70 (s, 4H); 13C NMR (101 MHz, DMSO-d6) δ 179.7, 162.0, 149.8, 149.4, 144.0, 
138.8, 134.0, 133.4, 129.1, 127.5 127.3, 126.8, 122.7, 119.1, 110.3, 110.0, 107.4, 99.4, 54.8, 54.1, 50.0; 
HRMS (ESI): m/z [M + H]+ calcd for [C31H24ClN4O2]+: 519.1582, found: 519.1587; IR: 3482, 3322, 
3191, 3030, 2193, 1717, 1643, 1614, 1516, 1399, 1125, 915, 731, 695 cm-1; HPLC: Daicel Chiralpak 
IE, n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, λ = 254 nm, tmajor = 10.80 min and tminor = 19.18 
min.
(R)-2-amino-7'-bromo-7-(dibenzylamino)-2'-oxospiro[chromene-4,3'-indoline]-3-carbonitrile (3n)
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3n

Bn2N

CN

O

NH2

H
N

O

Br

white solid (65.2 mg) in 58% isolated yield; [α]D
20 = + 159 (c = 1.0, THF, 99% ee); m.p. = 272.2-274.6 

oC; 1H NMR (400 MHz, DMSO-d6) δ 10.80 (s, 1H), 7.42 (d, J = 7.8 Hz, 1H), 7.36–7.28 (m, 4H), 
7.27–7.21 (m, 6H), 7.17 (s, 2H), 7.04–6.97 (m, 1H), 6.95–6.87 (m, 1H), 6.42-6.40 (m, 1H), 6.23 (d, J = 
8.8 Hz, 1H), 6.17 (d, J = 2.3 Hz, 1H), 4.69 (s, 4H); 13C NMR (101 MHz, DMSO-d6) δ 179.7, 161.9, 
149.7, 149.4, 141.9, 138.8, 137.0, 132.2, 129.1, 127.4, 127.3, 126.8, 124.7, 124.4, 119.2, 110.1, 107.4, 
102.7, 99.4, 54.8, 54.2, 51.5; HRMS (ESI): m/z [M + H]+ calcd for [C31H24BrN4O2]+: 563.1077, found: 
563.1077; IR: 3465, 3304, 3182, 3064, 2193, 1701, 1647, 1517, 1408, 1130, 825, 746, 696 cm-1; 
HPLC: Daicel Chiralpak IE, n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, λ = 254 nm, tmajor = 
17.53 min and tminor = 24.29 min.
(R)-2-amino-7-(bis(2-fluorobenzyl)amino)-5'-chloro-2'-oxospiro[chromene-4,3'-indoline]-3-
carbonitrile (3o)

3o

N

CN

O

NH2

H
N

O
Cl

F

F

white solid (80.9 mg) in 73% isolated yield; [α]D
20 = + 29 (c = 1.0, THF, 99% ee); m.p. = 283.2-286.5 

oC; 1H NMR (400 MHz, DMSO-d6) δ 10.63 (s, 1H), 7.35–7.26 (m, 3H), 7.25–7.11 (m, 8H), 7.08 (d, J 
= 1.7 Hz, 1H), 6.93 (d, J = 8.3 Hz, 1H), 6.42-6.40 (m, 1H), 6.28 (d, J = 8.8 Hz, 1H), 6.20 (d, J = 2.1 Hz, 
1H), 4.76 (s, 4H); 13C NMR (101 MHz, DMSO-d6) δ 179.5, 161.9 (d, J = 5.0 Hz), 159.5, 149.9, 148.9, 
141.4, 137.2, 129.4, 129.4, 128.7, 128.6, 127.6, 126.9, 125.2, 125.1, 125.0, 125.0, 119.2, 116.0, 115.8, 
111.8, 110.0, 107.8, 99.4, 54.0, 50.6, 48.8; 19F NMR (376 MHz, DMSO-d6) δ -117.9; HRMS (ESI): 
m/z [M + H]+ calcd for [C31H22ClF2N4O2]+: 555.1394, found: 555.1396; IR: 3462, 3300, 3179, 3047, 
2192, 1697, 1644, 1512, 1401, 1192, 822, 751, 631 cm-1; HPLC: Daicel Chiralpak IF, n-hexane/i-
PrOH = 70/30, flow rate = 1 mL/min, λ = 254 nm, tmajor = 8.16 min and tminor = 11.10 min.
(R)-2-amino-7-(bis(3-methylbenzyl)amino)-5'-chloro-2'-oxospiro[chromene-4,3'-indoline]-3-
carbonitrile (3p)
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3p

N

CN

O

NH2

H
N

O
Cl

Me

Me

white solid (84.1 mg) in 77% isolated yield; [α]D
20 = + 23 (c = 1.0, THF, 98% ee); m.p. = 247.5-249.6 

oC; 1H NMR (400 MHz, DMSO-d6) δ 10.61 (s, 1H), 7.29-7.27 (m, 1H), 7.24–7.18 (m, 2H), 7.16 (s, 
2H), 7.09–6.96 (m, 7H), 6.92 (d, J = 8.3 Hz, 1H), 6.40-6.38 (m, 1H), 6.23 (d, J = 8.8 Hz, 1H), 6.16 (d, 
J = 2.1 Hz, 1H), 4.65 (s, 4H), 2.27 (s, 6H); 13C NMR (101 MHz, DMSO-d6) δ 179.5, 162.0, 149.8, 
149.5, 141.4, 138.8, 138.2, 137.2, 129.3, 129.0, 128.0, 127.4, 127.3, 126.9, 125.2, 123.9, 119.2, 111.8, 
110.0, 107.1, 99.3, 54.8, 54.0, 50.6, 21.6; HRMS (ESI): m/z [M + H]+ calcd for [C33H28ClN4O2]+: 
547.1895, found: 547.1895; IR: 3462, 3323, 3187, 3023, 2192, 1714, 1643, 1516, 1398, 1185, 817, 
776, 692 cm-1; HPLC: Daicel Chiralpak IF, n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, λ = 254 
nm, tmajor = 15.05 min and tminor = 17.18 min.
(R)-2-amino-7-(bis(3-bromobenzyl)amino)-5'-chloro-2'-oxospiro[chromene-4,3'-indoline]-3-
carbonitrile (3q)

3q

N

CN

O

NH2

H
N

O
Cl

Br

Br

white solid (84.9 mg) in 63% isolated yield; [α]D
20 = - 48 (c = 1.0, THF, 99% ee); m.p. = 237.2-239.7 

oC; 1H NMR (400 MHz, DMSO-d6) δ 10.62 (s, 1H), 7.49–7.38 (m, 4H), 7.35–7.26 (m, 3H), 7.26–7.15 
(m, 4H), 7.10 (d, J = 1.9 Hz, 1H), 6.93 (d, J = 8.3 Hz, 1H), 6.41-6.39 (m, 1H), 6.27 (d, J = 8.8 Hz, 1H), 
6.16 (d, J = 2.2 Hz, 1H), 4.74 (s, 4H); 13C NMR (101 MHz, DMSO-d6) δ 179.4, 161.9, 149.8, 148.9, 
141.9, 141.4, 137.2, 131.3, 130.3, 129.5, 129.3, 127.6, 126.9, 125.8, 125.3, 122.5, 119.2, 111.8, 110.1, 
107.7, 99.5, 54.2, 54.0, 50.6; HRMS (ESI): m/z [M + H]+ calcd for [C31H22Br2ClN4O2]+: 674.9793, 
found: 674.9798; IR: 3475, 3287, 3179, 3061, 2195, 1705, 1645, 1515, 1406, 1196, 824, 775, 682 cm-1; 
HPLC: Daicel Chiralpak IF, n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, λ = 254 nm, tmajor = 
19.24 min and tminor = 22.12 min.
(R)-2-amino-7-(bis(4-chlorobenzyl)amino)-5'-chloro-2'-oxospiro[chromene-4,3'-indoline]-3-
carbonitrile (3r)
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3r

N

CN

O

NH2

H
N

O
Cl

Cl

Cl

white solid (92.6 mg) in 79% isolated yield; [α]D
20 = - 8 (c = 1.0, THF, 97% ee); m.p. = 166.6-168.1 oC; 

1H NMR (400 MHz, DMSO-d6) δ 10.63 (s, 1H), 7.47–7.33 (m, 4H), 7.32–7.20 (m, 5H), 7.17 (s, 2H), 
7.07 (s, 1H), 6.92 (d, J = 7.1 Hz, 1H), 6.38 (d, J = 5.9 Hz, 1H), 6.25 (d, J = 7.5 Hz, 1H), 6.14 (s, 1H), 
4.69 (s, 4H); 13C NMR (101 MHz, DMSO-d6) δ 179.5, 161.9, 149.8, 149.0, 141.3, 137.8, 137.2, 131.9, 
129.3, 129.1, 128.7, 127.6, 126.9, 125.2, 119.2, 111.8, 110.1, 107.6, 99.4, 54.0, 54.0, 50.6; HRMS 
(ESI): m/z [M + H]+ calcd for [C31H22Cl3N4O2]+: 587.0803, found: 587.0808; IR: 3472, 3318, 3187, 
3050, 2194, 1718, 1646, 1516, 1402, 1196, 812, 772, 725 cm-1; HPLC: Daicel Chiralpak IF, n-
hexane/i-PrOH = 70/30, flow rate = 1 mL/min, λ = 254 nm, tmajor = 9.14 min and tminor = 13.16 min.
(R)-2-amino-7-(bis(4-bromobenzyl)amino)-5'-chloro-2'-oxospiro[chromene-4,3'-indoline]-3-
carbonitrile (3s)

3s

N

CN

O

NH2

H
N

O
Cl

Br

Br

white solid (101.1 mg) in 75% isolated yield; [α]D
20 = + 17 (c = 1.0, THF, 98% ee); m.p. = 196.2-199.7 

oC; 1H NMR (400 MHz, DMSO-d6) δ 10.64 (s, 1H), 7.51 (d, J = 7.1 Hz, 4H), 7.31–7.26 (m, 1H), 
7.22–7.11 (m, 6H), 7.08–7.01 (m, 1H), 6.99–6.91 (m, 1H), 6.33 (d, J = 8.8 Hz, 1H), 6.21 (d, J = 8.8 Hz, 
1H), 6.18–6.12 (m, 1H), 4.66 (s, 4H); 13C NMR (101 MHz, DMSO-d6) δ 179.4, 161.9, 149.8, 149.0, 
141.3, 138.3, 137.2, 132.0, 129.3, 129.1, 127.6, 126.9, 125.2, 120.3, 119.2, 111.8, 110.1, 107.6, 99.4, 
54.1, 54.0, 50.6; HRMS (ESI): m/z [M + H]+ calcd for [C31H22Br2ClN4O2]+: 674.9793, found: 
674.9791; IR: 3448, 3324, 3199, 3081, 2204, 1711, 1655, 1517, 1399, 1009, 794, 733 cm-1; HPLC: 
Daicel Chiralpak IF, n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, λ = 254 nm, tmajor = 9.89 min and 
tminor = 14.42 min.
(R)-2-amino-7-(bis(4-(tert-butyl)benzyl)amino)-5'-chloro-2'-oxospiro[chromene-4,3'-indoline]-3-
carbonitrile (3t)
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3t

N

CN

O

NH2

H
N

O
Cl

tBu

tBu

white solid (109.6 mg) in 87% isolated yield; [α]D
20 = + 17 (c = 1.0, THF, 99% ee); m.p. = 230.2 -

232.2 oC; 1H NMR (400 MHz, DMSO-d6) δ 10.61 (s, 1H), 7.43–7.31 (m, 4H), 7.30-7.27 (m, 1H), 
7.22–7.07 (m, 6H), 7.05 (d, J = 1.9 Hz, 1H), 6.92 (d, J = 8.3 Hz, 1H), 6.39-6.37 (m, 1H), 6.21 (d, J = 
8.8 Hz, 1H), 6.18 (d, J = 2.1 Hz, 1H), 4.62 (s, 4H), 1.25 (s, 18H); 13C NMR (101 MHz, DMSO-d6) δ 
179.5, 162.0, 149.8, 149.6, 149.5, 141.4, 137.2, 135.6, 129.3, 127.5, 126.9, 126.4, 125.9, 125.2, 119.2, 
111.8, 109.9, 107.0, 99.1, 54.2, 54.0, 50.6, 34.6, 31.6; HRMS (ESI): m/z [M + H]+ calcd for 
[C39H40ClN4O2]+: 631.2834, found: 631.2838; IR: 3465, 3324, 3157, 2961, 2194, 1701, 1648, 1518, 
1403, 1128, 816, 796, 645 cm-1; HPLC: Daicel Chiralpak IF, n-hexane/i-PrOH = 70/30, flow rate = 1 
mL/min, λ = 254 nm, tmajor = 8.90 min and tminor = 11.45 min.
(R)-2-amino-7-(benzyl(methyl)amino)-5'-chloro-2'-oxospiro[chromene-4,3'-indoline]-3-
carbonitrile (3u)

3u

N

CN

O

NH2

H
N

O
Cl

yellow solid (85.7 mg) in 97% isolated yield; [α]D
20 = - 32 (c = 1.0, THF, 98% ee); m.p. = 287.4-290.2 

oC; 1H NMR (400 MHz, DMSO-d6) δ 10.64 (s, 1H), 7.36–7.27 (m, 3H), 7.29–7.13 (m, 5H), 7.07 (s, 
1H), 6.95 (d, J = 8.2 Hz, 1H), 6.45 (d, J = 8.2 Hz, 1H), 6.29 (d, J = 8.7 Hz, 1H), 6.24 (s, 1H), 4.56 (s, 
2H), 3.03 (s, 3H).; 13C NMR (101 MHz, DMSO-d6) δ 179.6, 162.0, 150.1, 149.9, 141.4, 139.0, 137.4, 
129.3, 129.0, 127.4, 127.3, 126.9, 125.2, 119.3, 111.8, 109.8, 106.9, 98.9, 55.6, 54.0, 50.6, 31.2; 
HRMS (ESI): m/z [M + H]+ calcd for [C25H20ClN4O2]+: 443.1269, found: 443.1271; IR: 3459, 3271, 
3173, 3064, 2189, 1698, 1641, 1517, 1403, 1102, 825, 730, 696 cm-1; HPLC: Daicel Chiralpak IF, n-
hexane/i-PrOH = 70/30, flow rate = 1 mL/min, λ = 254 nm, tmajor = 10.43 min and tminor = 13.79 min.
(R)-2-amino-7-(benzyl(cyclopropylmethyl)amino)-5'-chloro-2'-oxospiro[chromene-4,3'-indoline]-
3-carbonitrile (3v)
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3v

N

CN

O

NH2

H
N

O
Cl

white solid (90.6 mg) in 94% isolated yield; [α]D
20 = - 9 (c = 1.0, THF, 99% ee); m.p. = 267.4-270.3 oC; 

1H NMR (400 MHz, DMSO-d6) δ 10.61 (s, 1H), 7.35 – 7.26 (m, 3H), 7.25 – 7.18 (m, 3H), 7.16 (s, 
2H), 7.08 (s, 1H), 6.93 (d, J = 8.3 Hz, 1H), 6.50 – 6.42 (m, 1H), 6.27 (d, J = 8.8 Hz, 1H), 6.20 – 6.15 
(m, 1H), 4.59 (s, 1H), 3.32 (d, J = 6.3 Hz, 2H), 1.12 – 1.00 (m, 1H), 0.51 – 0.32 (m, 2H), 0.29 – 0.11 
(m, 2H); 13C NMR (101 MHz, DMSO-d6) δ 179.6, 162.0, 149.9, 149.4, 141.4, 139.1, 137.3, 129.3, 
129.0, 127.4, 127.1, 126.9, 126.6, 125.2, 119.2, 111.8, 109.8, 106.7, 99.0, 55.4, 54.3, 54.0, 50.6, 9.8, 
3.9; HRMS (ESI): m/z [M + H]+ calcd for [C28H24ClN4O2]+: 483.1582, found: 483.1587; IR: 3472, 
3280, 3179, 3064, 2188, 1697, 1643, 1517, 1403, 1216, 1129, 822, 713, 694 cm-1; HPLC: Daicel 
Chiralpak IF, n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, λ = 254 nm, tmajor = 8.33 min and tminor = 
10.88 min.
(R)-2-amino-7-(benzyl(cyclohexylmethyl)amino)-5'-chloro-2'-oxospiro[chromene-4,3'-indoline]-3-
carbonitrile (3w)

3w

N

CN

O

NH2

H
N

O
Cl

white solid (82.8 mg) in 79% isolated yield; [α]D
20 = - 27 (c = 1.0, THF, 96% ee); m.p. = 292.4-295.3 

oC; 1H NMR (400 MHz, DMSO-d6) δ 10.61 (s, 1H), 7.34–7.26 (m, 3H), 7.23–7.11 (m, 5H), 7.08 (d, J 
= 2.0 Hz, 1H), 6.93 (d, J = 8.3 Hz, 1H), 6.38-6.36 (m, 1H), 6.24 (d, J = 8.8 Hz, 1H), 6.13 (d, J = 2.1 Hz, 
1H), 4.58 (s, 2H), 3.28 (d, J = 6.1 Hz, 2H), 1.75–1.57 (m, 6H), 1.24–1.07 (m, 3H), 0.99-0..-97 (m, 2H); 
13C NMR (101 MHz, DMSO-d6) δ179.6, 162.0, 149.8, 149.2, 141.4, 138.8, 137.3, 129.3, 129.1, 127.3, 
127.2, 126.9, 126.6, 125.2, 119.2, 111.8, 109.8, 106.4, 98.9, 58.2, 55.1, 54.0, 50.6, 36.7, 30.9, 26.5, 
25.9; HRMS (ESI): m/z [M + H]+ calcd for [C31H30ClN4O2]+: 525.2052, found: 525.2056; IR: 3465, 
3288, 3180, 2928, 2197, 1698, 1644, 1516, 1403, 1125, 819, 727, 693 cm-1; HPLC: Daicel Chiralpak 
IF, n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, λ = 254 nm, tmajor = 11.78 min and tminor = 14.61 
min.
(R)-2-amino-7-(benzyl(phenethyl)amino)-5'-chloro-2'-oxospiro[chromene-4,3'-indoline]-3-
carbonitrile (3x)
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3x

N

CN

O

NH2

H
N

O
Cl

white solid (78.7 mg) in 74% isolated yield; [α]D
20 = - 18 (c = 1.0, THF, 95% ee); m.p. = 244.3-247.3 

oC; 1H NMR (400 MHz, DMSO-d6) δ 10.65 (s, 1H), 7.36 – 7.26 (m, 7H), 7.25 – 7.16 (m, 6H), 7.10 (d, 
J = 1.4 Hz, 1H), 6.95 (d, J = 8.3 Hz, 1H), 6.52-6.50 (m, 1H), 6.32 (d, J = 8.8 Hz, 1H), 6.20 (d, J = 2.1 
Hz, 1H), 4.52 (s, 2H), 3.66 – 3.54 (m, 2H), 2.93 – 2.78 (m, 2H); 13C NMR (101 MHz, DMSO-d6) δ 
179.6, 162.0, 150.0, 148.9, 141.4, 139.5, 138.9, 137.3, 129.3, 129.2, 129.1, 128.9, 127.6, 127.3, 126.9, 
126.7, 125.3, 119.2, 111.8, 109.7, 106.9, 99.0, 54.0, 54.0, 53.3, 50.6, 33.2; HRMS (ESI): m/z [M + H]+ 
calcd for [C32H26ClN4O2]+: 533.1739, found: 533.1743; IR: 3472, 3280, 3177, 3026, 2192, 1697, 1643, 
1517, 1404, 1164, 1125, 821, 736, 695 cm-1; HPLC: Daicel Chiralpak IE, n-hexane/i-PrOH = 70/30, 
flow rate = 1 mL/min, λ = 254 nm, tmajor = 10.90 min and tminor = 19.31 min.
(R)-2-amino-5'-chloro-2'-oxo-7-(pyrrolidin-1-yl)spiro[chromene-4,3'-indoline]-3-carbonitrile (3y)

3y

N

CN

O

NH2

H
N

O
Cl

white solid (68.2 mg) in 87% isolated yield; [α]D
20 = - 56 (c = 1.0, THF, 97% ee); m.p. = 280.3-282.3 

oC; 1H NMR (400 MHz, DMSO-d6) δ 10.62 (s, 1H), 7.30 (d, J = 6.3 Hz, 1H), 7.20 (s, 2H), 7.04 (s, 
1H), 6.95 (d, J = 6.9 Hz, 1H), 6.27 (d, J = 10.5 Hz, 2H), 6.12 (s, 1H), 3.18 (s, 4H), 1.92 (s, 4H); 13C 
NMR (101 MHz, DMSO-d6) δ 179.6, 162.0, 149.9, 148.6, 141.3, 137.6, 129.2, 127.4, 126.9, 125.1, 
119.3, 111.8, 109.8, 106.2, 98.4, 54.1, 50.7, 47.8, 31.2, 25.4. HRMS (ESI): m/z [M + H]+ calcd for 
[C21H18ClN4O2]+: 393.1113, found: 393.1119; IR: 3438, 3319, 3192, 2827, 2199, 1713, 1651, 1522, 
1415, 1202, 811, 790, 634 cm-1; HPLC: Daicel Chiralpak IF, n-hexane/i-PrOH = 70/30, flow rate = 1 
mL/min, λ = 254 nm, tmajor = 14.11 min and tminor = 18.07 min.
(R)-2-amino-5'-chloro-2'-oxo-7-(piperidin-1-yl)spiro[chromene-4,3'-indoline]-3-carbonitrile (3z)

3z

N

CN

O

NH2

H
N

O
Cl

white solid (75.5 mg) in 93% isolated yield; [α]D
20 = - 12 (c = 1.0, THF, 98% ee); m.p. = 295.5-300.2 

oC; 1H NMR (400 MHz, DMSO-d6) δ 10.66 (s, 1H), 7.32-7.30 (m, 1H), 7.22 (s, 2H), 7.09 (d, J = 1.9 
Hz, 1H), 6.95 (d, J = 8.3 Hz, 1H), 6.64-6.62 (m, 1H), 6.49 (d, J = 2.2 Hz, 1H), 6.32 (d, J = 8.7 Hz, 1H), 
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3.13 (s, 4H), 1.54 (s, 6H); 13C NMR (101 MHz, DMSO-d6) δ 179.4, 162.0, 152.4, 149.9, 141.4, 137.2, 
129.4, 127.3, 127.0, 125.2, 119.2, 113.2, 111.8, 108.9, 102.2, 54.0, 50.7, 49.2, 25.4, 24.3; HRMS (ESI): 
m/z [M + H]+ calcd for [C22H20ClN4O2]+: 407.1269, found: 407.1270; IR: 3376, 3278, 3172, 2916, 
2880, 2188, 1703, 1617, 1505, 1403, 1187, 1112, 1019, 827, 644 cm-1; HPLC: Daicel Chiralpak IF, n-
hexane/i-PrOH = 70/30, flow rate = 1 mL/min, λ = 254 nm, tmajor = 9.42 min and tminor = 11.64 min.
(R)-2-amino-7-(benzylamino)-5'-chloro-2'-oxospiro[chromene-4,3'-indoline]-3-carbonitrile (3aa)

3aa

N

CN

O

NH2

H
N

O
Cl

H

white solid (83.9 mg) in 98% isolated yield; [α]D
20 = + 15 (c = 1.0, THF, 98% ee); m.p. = 167.5-170.3 

oC; 1H NMR (400 MHz, DMSO-d6) δ 10.60 (s, 1H), 7.43–7.27 (m, 5H), 7.24-7.22 (m, 1H), 7.15 (s, 
2H), 7.10–7.02 (m, 1H), 6.93 (d, J = 8.3 Hz, 1H), 6.70 (t, J = 5.5 Hz, 1H), 6.35-6.33 (m, 1H), 6.20 (d, J 
= 8.6 Hz, 1H), 6.17–6.08 (m, 1H), 4.25 (d, J = 5.4 Hz, 2H); 13C NMR (101 MHz, DMSO-d6) δ 179.6, 
162.0, 150.0, 149.9, 141.4, 140.1, 137.4, 129.2, 128.9, 127.4, 127.2, 126.9, 125.2, 119.3, 111.8, 110.9, 
106.6, 98.6, 54.0, 50.7, 46.7; HRMS (ESI): m/z [M + H]+ calcd for [C24H18ClN4O2]+: 429.1113, found: 
429.1117; IR: 3465, 3375, 3319, 3198, 2196, 1700, 1648, 1521, 1402, 1165, 825, 731, 695 cm-1; 
HPLC: Daicel Chiralpak IE, n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, λ = 254 nm, tmajor = 
10.07 min and tminor = 21.34 min.
(R)-2-amino-5'-chloro-7-((4-methylbenzyl)amino)-2'-oxospiro[chromene-4,3'-indoline]-3-
carbonitrile (3ab)

3ab

N

CN

O

NH2

H
N

O
Cl

H

Me

white solid (86.6 mg) in 98% isolated yield; [α]D
20 = - 4 (c = 1.0, THF, 96% ee); m.p. = 243.7-246.3 oC; 

1H NMR (400 MHz, DMSO-d6) δ 10.60 (s, 1H), 7.29 (d, J = 8.1 Hz, 1H), 7.24–7.18 (m, 2H), 7.19–
7.09 (m, 4H), 7.06 (s, 1H), 6.93 (d, J = 8.2 Hz, 1H), 6.72–6.59 (m, 1H), 6.33 (d, J = 8.4 Hz, 1H), 6.19 
(d, J = 8.5 Hz, 1H), 6.11 (s, 1H), 4.20 (s, 2H), 2.26 (s, 3H); 13C NMR (101 MHz, DMSO-d6) δ 179.6, 
162.0, 150.0, 149.9, 141.4, 137.4, 137.0, 136.3, 129.4, 129.2, 127.4, 127.2, 126.9, 125.2, 119.3, 111.8, 
110.9, 106.57, 98.6, 54.0, 50.7, 46.4, 21.1; HRMS (ESI): m/z [M + H]+ calcd for [C25H20ClN4O2]+: 
443.1269, found: 443.1274; IR: 3462, 3428, 3287, 3164, 2188, 1699, 1642, 1528, 1399, 1190, 1124, 
826, 803, 645 cm-1; HPLC: Daicel Chiralpak IE, n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, λ = 
254 nm, tmajor = 10.41 min and tminor = 21.43 min.
(R)-2-amino-5'-chloro-7-((4-chlorobenzyl)amino)-2'-oxospiro[chromene-4,3'-indoline]-3-
carbonitrile (3ac)



S14

3ac

N

CN

O

NH2

H
N

O
Cl

H

Cl

white solid (85.9 mg) in 93% isolated yield; [α]D
20 = - 11 (c = 1.0, THF, 97% ee); m.p. = 247.3-249.6 

oC; 1H NMR (400 MHz, DMSO-d6) δ 10.62 (s, 1H), 7.37-7.35 (m, 4H), 7.30-7.28 (m, 1H), 7.16 (s, 
2H), 7.07 (d, J = 2.1 Hz, 1H), 6.93 (d, J = 8.3 Hz, 1H), 6.34-6.32 (m, 1H), 6.21 (d, J = 8.6 Hz, 1H), 
6.11 (d, J = 2.2 Hz, 1H), 4.25 (s, 2H); 13C NMR (101 MHz, DMSO-d6) δ 179.6, 161.9, 149.9, 149.8, 
141.3, 139.2, 137.4, 131.7, 129.2, 128.8, 127.3, 126.9, 125.2, 119.3, 111.8, 110.9, 106.8, 98.6, 54.0, 
50.7, 45.9; HRMS (ESI): m/z [M + H]+ calcd for [C31H22Cl3N4O2]+: 463.0723, found: 463.0729; IR: 
3407, 3348, 3205, 2975, 2188, 1698, 1644, 1578, 1407, 1244, 1201, 1136, 832, 692 cm-1; HPLC: 
Daicel Chiralpak IF, n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, λ = 254 nm, tmajor = 8.69 min and 
tminor = 19.74 min.
(R)-2-amino-5'-chloro-2'-oxo-7-((thiophen-2-ylmethyl)amino)spiro[chromene-4,3'-indoline]-3-
carbonitrile (3ad)

3ad

N

CN

O

NH2

H
N

O
Cl

H

S

white solid (84.2 mg) in 97% isolated yield; [α]D
20 = - 43 (c = 1.0, THF, 97% ee); m.p. = 147.3-149.9 

oC; 1H NMR (400 MHz, DMSO-d6) δ 10.60 (s, 1H), 7.37 (d, J = 4.9 Hz, 1H), 7.30-7.28 (m, 1H), 7.17 
(s, 2H), 7.07 (d, J = 1.9 Hz, 1H), 7.02 (d, J = 2.7 Hz, 1H), 6.99–6.95 (m, 1H), 6.92 (d, J = 8.3 Hz, 1H), 
6.71 (t, J = 5.7 Hz, 1H), 6.37-6.35 (m, 1H), 6.28–6.12 (m, 2H), 4.43 (d, J = 5.6 Hz, 2H); 13C NMR 
(101 MHz, DMSO-d6) δ 179.6, 162.0, 149.9, 149.7, 144.3, 141.4, 137.4, 129.3, 127.3, 127.3, 126.9, 
125.2, 125.1, 119.3, 111.8, 111.0, 107.1, 98.8, 54.0, 50.7, 42.2; HRMS (ESI): m/z [M + H]+ calcd for 
[C22H16ClN4O2S]+: 435.0677, found: 435.0684; IR: 3462, 3366, 3230, 3126, 2221, 2199, 1719, 1699, 
1644, 1575, 1398, 1129, 814, 695, 642 cm-1; HPLC: Daicel Chiralpak IE, n-hexane/i-PrOH = 70/30, 
flow rate = 1 mL/min, λ = 254 nm, tmajor = 19.10 min and tminor = 24.01 min.
(R)-2-amino-5'-chloro-7-((furan-2-ylmethyl)amino)-2'-oxospiro[chromene-4,3'-indoline]-3-
carbonitrile (3ae)

3ae

N

CN

O

NH2

H
N

O
Cl

H

O
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white solid (76.1 mg) in 91% isolated yield; [α]D
20 = - 37 (c = 1.0, THF, 96% ee); m.p. = 272.4-275.4 

oC; 1H NMR (400 MHz, DMSO-d6) δ 10.61 (s, 1H), 7.57 (d, J = 0.9 Hz, 1H), 7.31-7.29 (m, 1H), 7.19 
(s, 2H), 7.08 (d, J = 2.1 Hz, 1H), 6.93 (d, J = 8.3 Hz, 1H), 6.53 (t, J = 5.9 Hz, 1H), 6.41–6.33 (m, 2H), 
6.32–6.24 (m, 2H), 6.22 (d, J = 8.5 Hz, 1H), 4.23 (d, J = 5.8 Hz, 2H); 13C NMR (101 MHz, DMSO-d6) 
δ 179.2, 161.6, 152.8, 149.5, 149.3, 142.2, 140.9, 137.0, 128.8, 126.8, 126.5, 124.8, 118.9, 111.4, 110.4, 
110.3, 107.0, 106.6, 98.3, 53.6, 50.3, 39.6; HRMS (ESI): m/z [M + H]+ calcd for [C22H16ClN4O3]+: 
419.0905, found: 419.0916; IR: 3383, 3321, 3201, 2192, 1699, 1656, 1512, 1404, 1187, 1132, 826, 
739 cm-1; HPLC: Daicel Chiralpak IE, n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, λ = 254 nm, 
tmajor = 19.15 min and tminor = 23.68 min.
(R)-2-amino-5'-chloro-7-((naphthalen-1-ylmethyl)amino)-2'-oxospiro[chromene-4,3'-indoline]-3-
carbonitrile (3af)

3af

N

CN

O

NH2

H
N

O
Cl

H

white solid (75.5 mg) in 79% isolated yield; [α]D
20 = + 13 (c = 1.0, THF, 97% ee); m.p. = 302.3 -306.2 

oC; 1H NMR (400 MHz, DMSO-d6) δ 10.63 (s, 1H), 8.13 (d, J = 7.8 Hz, 1H), 8.00–7.94 (m, 1H), 7.86-
7.84 (m, 1H), 7.59–7.53 (m, 2H), 7.51–7.45 (m, 2H), 7.32-7.30 (m, 1H), 7.15 (s, 2H), 7.09 (d, J = 1.8 
Hz, 1H), 6.94 (d, J = 8.3 Hz, 1H), 6.71 (t, J = 5.3 Hz, 1H), 6.44-6.42 (m, 1H), 6.25-6.23 (m, 1H), 6.19 
(s, 1H), 4.70 (d, J = 5.2 Hz, 2H); 13C NMR (101 MHz, DMSO-d6) δ179.6, 162.0, 150.2, 150.0, 141.4, 
137.5, 134.7, 133.9, 131.4, 129.2, 129.0, 127.9, 127.3, 126.9, 126.6, 126.3, 126.0, 125.2, 124.0, 119.3, 
111.8, 110.8, 106.7, 98.6, 54.0, 50.7, 44.9; HRMS (ESI): m/z [M + H]+ calcd for [C28H20ClN4O2]+: 
479.1269, found: 479.1271; IR: 3434, 3399, 3161, 2921, 2197, 1711, 1641, 1516, 1394, 1190, 1129, 
831, 798, 777 cm-1; HPLC: Daicel Chiralpak IE, n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, λ = 
254 nm, tmajor = 10.66 min and tminor = 18.99 min.
(R)-2-amino-5'-chloro-7-((naphthalen-2-ylmethyl)amino)-2'-oxospiro[chromene-4,3'-indoline]-3-
carbonitrile (3ag)

3ag

N

CN

O

NH2

H
N

O
Cl

H

white solid (88.0 mg) in 92% isolated yield; [α]D
20 = + 5 (c = 1.0, THF, >99% ee); m.p. = 174.2-177.8 

oC; 1H NMR (400 MHz, DMSO-d6) δ 10.61 (s, 1H), 7.91–7.80 (m, 4H), 7.54–7.44 (m, 3H), 7.30-7.28 
(m,  1H), 7.14 (s, 2H), 7.07 (d, J = 2.1 Hz, 1H), 6.93 (d, J = 8.3 Hz, 1H), 6.82 (t, J = 5.7 Hz, 1H), 
6.41-6.39 (m, 1H), 6.23 (d, J = 8.6 Hz, 1H), 6.17 (d, J = 2.2 Hz, 1H), 4.44 (d, J = 5.5 Hz, 2H); 13C 
NMR (101 MHz, DMSO-d6) δ 179.6, 162.0, 150.1, 149.9, 141.3, 137.8, 137.4, 133.4, 132.7, 129.2, 
128.5, 128.0, 128.0, 127.3, 126.9, 126.7, 126.1, 126.0, 125.4, 125.2, 119.3, 111.8, 111.0, 106.8, 98.6, 
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54.0, 50.7, 47.0; HRMS (ESI): m/z [M + H]+ calcd for [C28H20ClN4O2]+: 479.1269, found: 479.1278; 
IR: 3322, 3194, 3057, 2975, 2199, 1704, 1644, 1623, 1519, 1403, 1188, 1130, 815, 726, 647 cm-1; 
HPLC: Daicel Chiralpak IE, n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, λ = 254 nm, tmajor = 
25.61 min.
(R)-2-amino-5'-chloro-2'-oxo-7-(((1-tosyl-1H-indol-3-yl)methyl)amino)spiro[chromene-4,3'-
indoline]-3-carbonitrile (3ah)

3ah

N

CN

O

NH2

H
N

O
Cl

H

N
Ts

white solid (121.7 mg) in 98% isolated yield; [α]D
20 = + 15 (c = 1.0, THF, 98% ee); m.p. = 151.4-153.2 

oC; 1H NMR (400 MHz, DMSO-d6) δ 10.63 (s, 1H), 7.91 (d, J = 8.3 Hz, 1H), 7.76–7.65 (m, 4H), 
7.38–7.24 (m, 5H), 7.22 (s, 2H), 7.06 (d, J = 1.9 Hz, 1H), 6.95 (d, J = 8.3 Hz, 1H), 6.63 (t, J = 5.5 Hz, 
1H), 6.40-6.38 (m, 1H), 6.28–6.20 (m, 2H), 4.38 (d, J = 5.1 Hz, 2H), 2.30 (s, 3H); 13C NMR (101 MHz, 
DMSO-d6) δ 179.6, 162.0, 149.9, 149.7, 145.9, 141.4, 137.5, 135.3, 134.3, 130.6, 130.2, 129.3, 127.2, 
127.0, 126.9, 125.4, 125.2, 124.9, 123.8, 121.1, 120.8, 119.3, 113.8, 111.8, 111.0, 106.8, 98.7, 54.1, 
50.7, 38.4, 21.5; HRMS (ESI): m/z [M + H]+ calcd for [C33H25ClN5O4S]+: 622.1310, found: 622.1319; 
IR: 3441, 3366, 3331, 3208, 2204, 1700, 1649, 1392, 1367, 1260, 1175, 816, 743, 666 cm-1; HPLC: 
Daicel Chiralpak IC, n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, λ = 254 nm, tmajor = 16.63 min 
and tminor = 36.10 min.

(S)-2-amino-7-(dibenzylamino)-4-phenyl-4H-chromene-3-carbonitrile (5a)

O NH2

CN

Bn2N
5a

yellow solid (46.1 mg) in 52% isolated yield; [α]D
20 = + 238 (c = 1.0, THF, 94% ee); m.p. = 127.1-

129.2 oC; 1H NMR (400 MHz, DMSO-d6) δ 7.36–7.30 (m, 4H), 7.29–7.19 (m, 8H), 7.19–7.11 (m, 3H), 
6.84–6.67 (m, 3H), 6.42 (d, J = 8.7 Hz, 1H), 6.12 (s, 1H), 4.69 (s, 4H), 4.55 (s, 1H). 13C NMR (101 
MHz, DMSO-d6) δ 160.8, 149.3, 148.6, 146.9, 139.1, 130.0, 129.1, 129.0, 127.8, 127.3, 127.0, 126.8, 
121.2, 111.1, 109.85, 99.2, 56.5, 54.8, 40.3; HRMS (ESI): m/z [M + H]+ calcd for [C30H26N3O]+: 
444.2070, found: 444.2073; IR: 3448, 3320, 2190, 1657, 1514, 1410, 726, 423 cm-1; HPLC: Daicel 
Chiralpak IE, n-hexane/i-PrOH = 80/20, flow rate = 1 mL/min, λ = 254 nm, tmajor = 11.70 min and tminor 
= 10.73 min.

(S)-2-amino-7-(dibenzylamino)-4-(4-fluorophenyl)-4H-chromene-3-carbonitrile (5b)
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O NH2

CN

Bn2N

F

5b

yellow solid (59.0 mg) in 64% isolated yield; [α]D
20 = + 51 (c = 1.0, THF, 96% ee); m.p. = 196.1-199.3 

oC; 1H NMR (400 MHz, DMSO-d6) δ 7.39–7.30 (m, 4H), 7.28–7.21 (m, 6H), 7.21–7.16 (m, 2H), 7.12-
7.10 (m, 2H), 6.80 (s, 2H), 6.71 (d, J = 8.7 Hz, 1H), 6.45-6.43 (m, 1H), 6.14 (d, J = 2.3 Hz, 1H), 4.69 
(s, 4H), 4.60 (s, 1H); 13C NMR (101 MHz, DMSO-d6) δ 162.6, 161.4 (d, J = 242.4Hz), 160.8, 149.2, 
148.6, 143.0, 143.0, 139.0, 130.0, 129.8, 129.7, 129.1, 127.3, 126.9, 121.1, 115.8, 115.6, 110.9, 109.8, 
99.2, 56.5, 54.8, 39.5; 19F NMR (376 MHz, DMSO-d6) δ -116.4; HRMS (ESI): m/z [M + H]+ calcd 
for [C30H25FN3O]+: 462.1976, found: 462.1974; IR: 3448, 3325, 2197, 1657, 1395, 720, 473 cm-1; 
HPLC: Daicel Chiralpak IF, n-hexane/i-PrOH = 80/20, flow rate = 1 mL/min, λ = 254 nm, tmajor = 
17.99 min and tminor = 14.78 min.

(S)-2-amino-4-(4-chlorophenyl)-7-(dibenzylamino)-4H-chromene-3-carbonitrile (5c)

O NH2

CN

Bn2N

Cl

5c

yellow solid (66.8 mg) in 70% isolated yield; [α]D
20 = + 153 (c = 1.0, THF, 95% ee); m.p. = 209.4-

211.1 oC; 1H NMR (400 MHz, CDCl3) δ 7.37–7.30 (m, 4H), 7.29–7.26 (m, 4H), 7.23–7.17 (m, 4H), 
7.16–7.09 (m, 2H), 6.67 (d, J = 8.7 Hz, 1H), 6.44-6.42 (m, 1H), 6.29 (d, J = 2.4 Hz, 1H), 4.62 (s, 4H), 
4.59 (s, 1H), 4.50 (s, 2H); 13C NMR (101 MHz, CDCl3) δ 159.3, 149.4, 149.3, 143.6, 137.8, 132.8, 
129.9, 129.3, 128.9, 128.8, 127.2, 126.5, 110.0, 109.9, 99.3, 60.7, 54.3, 39.8; HRMS (ESI): m/z [M + 
H]+ calcd for [C30H25ClN3O]+: 478.1681, found: 478.1678; IR: 3449, 3327, 2194, 1656, 1516, 1401, 
723, 457 cm-1; HPLC: Daicel Chiralpak IE, n-hexane/i-PrOH = 80/20, flow rate = 1 mL/min, λ = 254 
nm, tmajor = 11.23 min and tminor = 10.15 min.

(S)-2-amino-7-(dibenzylamino)-4-(3-nitrophenyl)-4H-chromene-3-carbonitrile (5d)
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O NH2

CN

Bn2N

NO2

5d

yellow solid (71.2 mg) in 73% isolated yield; [α]D
20 = + 22 (c = 1.0, THF, 96% ee); m.p. = 149.2-151.8 

oC; 1H NMR (400 MHz, CDCl3) δ 8.05 (d, J = 8.1 Hz, 1H), 8.01 (s, 1H), 7.55 (d, J = 7.5 Hz, 1H), 7.47 
– 7.39 (m, 1H), 7.37 – 7.29 (m, 4H), 7.28 – 7.23 (m, 2H), 7.23 – 7.12 (m, 4H), 6.63 (d, J = 8.6 Hz, 1H), 
6.43-6.41 (m, 1H), 6.32 (d, J = 1.8 Hz, 1H), 4.71 (s, 1H), 4.68 (s, 2H), 4.62 (s, 4H); 13C NMR (101 
MHz, CDCl3) δ 159.8, 149.6, 149.3, 148.6, 147.4, 137.7, 134.3, 129.9, 129.7, 129.2, 128.9, 127.2, 
126.5, 123.0, 122.3, 119.9, 110.0, 109.0, 99.5, 59.4, 54.4, 40.2; HRMS (ESI): m/z [M + H]+ calcd for 
[C30H25N4O3]+: 489.1921, found: 489.1919; IR: 3451, 3329, 2192, 1654, 1514, 1403, 725, 455 cm-1; 
HPLC: Daicel Chiralpak IE, n-hexane/i-PrOH = 80/20, flow rate = 1 mL/min, λ = 254 nm, tmajor = 
24.03 min and tminor = 21.36 min.

(S)-2-amino-7-(dibenzylamino)-4-(naphthalen-2-yl)-4H-chromene-3-carbonitrile (5e)

O NH2

CN

Bn2N

5e

yellow solid (61.1 mg) in 62% isolated yield; [α]D
20 = + 61 (c = 1.0, THF, 97% ee); m.p. = 227.3-229.6 

oC; 1H NMR (400 MHz, DMSO-d6) δ 7.92–7.78 (m, 3H), 7.73 (s, 1H), 7.53–7.41 (m, 2H), 7.39–7.28 
(m, 4H), 7.26–7.11 (m, 7H), 6.83 (s, 2H), 6.73 (d, J = 8.7 Hz, 1H), 6.43-6.41 (m, 1H), 6.16 (d, J = 2.2 
Hz, 1H), 4.73 (s, 1H), 4.67 (s, 4H) 13C NMR (101 MHz, DMSO-d6) δ 160.8, 149.3, 148.7, 144.0, 
139.0, 133.3, 132.5, 130.2, 129.1, 129.0, 128.1, 128.0, 127.3, 126.9, 126.8, 126.4, 126.2, 126.0, 121.2, 
110.8, 109.8, 99.2, 56.5, 54.8, 40.6; HRMS (ESI): m/z [M + H]+ calcd for [C34H28N3O]+: 494.2227, 
found: 494.2225; IR: 3422, 3315, 2194, 1654, 1516, 1403, 725, 482 cm-1; HPLC: Daicel Chiralpak ID, 
n-hexane/i-PrOH = 80/20, flow rate = 1 mL/min, λ = 254 nm, tmajor = 12.78 min and tminor = 11.18 min.

(S)-2-amino-7-(bis(4-chlorobenzyl)amino)-4-phenyl-4H-chromene-3-carbonitrile (5f)
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O NH2

CN

(4-ClBn)2N

5f

yellow solid (61.3 mg) in 60% isolated yield; [α]D
20 = + 37 (c = 1.0, THF, 96% ee); m.p. = 131.2-133.5 

oC; 1H NMR (400 MHz, DMSO-d6) δ 7.41–7.35 (m, 4H), 7.31–7.21 (m, 6H), 7.21–7.12 (m, 3H), 
6.83–6.66 (m, 3H), 6.41 (d, J = 8.3 Hz, 1H), 6.11 (s, 1H), 4.67 (s, 4H), 4.56 (s, 1H); 13C NMR (101 
MHz, DMSO-d6) δ 160.8, 149.3, 148.2, 146.8, 138.1, 131.8, 130.1, 129.0, 128.8, 127.8, 127.1, 121.2, 
111.6, 109.8, 99.4, 56.6, 54.1, 40.3; HRMS (ESI): m/z [M + H]+ calcd for [C30H24Cl2N3O]+: 512.1291, 
found: 512.1275; IR: 3455, 3193, 2198, 1656, 1484, 1403, 812, 698 cm-1; HPLC: Daicel Chiralpak IE, 
n-hexane/i-PrOH = 80/20, flow rate = 1 mL/min, λ = 254 nm, tmajor = 14.72 min and tminor = 13.73 min.

(S)-2-amino-7-(benzyl(cyclopropylmethyl)amino)-4-phenyl-4H-chromene-3-carbonitrile (5g)

O NH2

CN

N

5g
Bn

yellow solid (46.4 mg) in 57% isolated yield; [α]D
20 = + 78 (c = 1.0, THF, 95% ee); m.p. = 141.3-142.8 

oC; 1H NMR (400 MHz, DMSO-d6) δ 7.34–7.25 (m, 4H), 7.24–7.13 (m, 6H), 6.85–6.67 (m, 3H), 6.47 
(d, J = 7.2 Hz, 1H), 6.16 (s, 1H), 4.59 (s, 2H), 4.56 (s, 1H), 3.30 (d, J = 4.3 Hz, 2H), 1.12–0.94 (m, 1H), 
0.52–0.36 (m, 2H), 0.30–0.14 (m, 2H); 13C NMR (101 MHz, DMSO-d6) δ 160.9, 149.4, 148.7, 147.0, 
139.4, 130.0, 129.0, 128.9, 127.9, 127.1, 127.0, 126.7, 121.3, 110.7, 109.6, 98.9, 56.7, 55.5, 54.3, 9.8, 
3.9, 3.8; HRMS (ESI): m/z [M + H]+ calcd for [C27H26N3O]+: 408.2070, found: 408.2070; IR: 3463, 
3321, 2198, 1662, 1516, 1401, 723, 700 cm-1; HPLC: Daicel Chiralpak IE, n-hexane/i-PrOH = 80/20, 
flow rate = 1 mL/min, λ = 254 nm, tmajor = 9.98 min and tminor = 9.36 min.

(S)-2-amino-4-phenyl-7-(pyrrolidin-1-yl)-4H-chromene-3-carbonitrile (5h)

O NH2

CN

N

5h
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yellow solid (45.6 mg) in 72% isolated yield; [α]D
20 = + 165 (c = 1.0, THF, 89% ee); m.p. = 197.5-

199.1 oC; 1H NMR (400 MHz, DMSO-d6) δ 7.35–7.26 (m, 2H), 7.20 (d, J = 7.3 Hz, 1H), 7.16 (d, J = 
7.1 Hz, 2H), 6.85–6.72 (m, 3H), 6.28-6.26 (m, 1H), 6.08 (d, J = 2.2 Hz, 1H), 4.58 (s, 1H), 3.22–3.10 
(m, 4H), 1.96–1.87 (m, 4H); 13C NMR (101 MHz, DMSO-d6) δ 160.8, 149.5, 147.9, 147.3, 130.0, 
129.0, 127.8, 127.0, 121.3, 110.0, 109.4, 98.2, 56.9, 47.8, 40.5, 25.4; HRMS (ESI): m/z [M + H]+ 
calcd for [C20H20N3O]+: 318.1601, found: 318.1600; IR: 3445, 3321, 2188, 1642, 1520, 1405, 1164, 
696 cm-1; HPLC: Daicel Chiralpak IE, n-hexane/i-PrOH = 80/20, flow rate = 1 mL/min, λ = 254 nm, 
tmajor = 13.17 min and tminor = 11.46 min.

(S)-2-amino-4-phenyl-7-(piperidin-1-yl)-4H-chromene-3-carbonitrile (5i)

O NH2

CN

N

5i

yellow solid (41.7 mg) in 63% isolated yield; [α]D
20 = + 296 (c = 1.0, THF, 94% ee); m.p. = 224.2-

225.9 oC; 1H NMR (400 MHz, DMSO-d6) δ 7.34–7.27 (m, 2H), 7.23–7.15 (m, 3H), 6.86–6.77 (m, 3H), 
6.67-6.65 (m, 1H), 6.44 (d, J = 2.4 Hz, 1H), 4.61 (s, 1H), 3.16–3.04 (m, 4H), 1.62–1.48 (m, 6H); 13C 
NMR (101 MHz, DMSO-d6) δ 160.9, 151.8, 149.4, 146.9, 129.9, 129.0, 128.8, 127.9, 127.1, 121.2, 
113.1, 113.0, 102.1, 56.7, 49.5, 40.6, 25.5, 24.3; HRMS (ESI): m/z [M + H]+ calcd for [C21H22N3O]+: 
332.1757, found: 332.1759; IR: 3426, 3321, 2189, 1646, 1506, 1409, 1112, 696 cm-1;HPLC: Daicel 
Chiralpak IE, n-hexane/i-PrOH = 80/20, flow rate = 1 mL/min, λ = 254 nm, tmajor = 10.65 min and tminor 
= 9.51 min.

(S)-2-amino-7-(benzylamino)-4-phenyl-4H-chromene-3-carbonitrile (5j)

O NH2

CN

N
H

5j

Bn

yellow solid (36.7 mg) in 52% isolated yield; [α]D
20 = + 136 (c = 1.0, THF, 89% ee); m.p. = 185.3-

187.6 oC; 1H NMR (400 MHz, DMSO-d6) δ 7.34–7.30 (m, 4H), 7.27 (d, J = 7.6 Hz, 2H), 7.24–7.17 (m, 
2H), 7.16–7.12 (m, 2H), 6.78 (s, 2H), 6.66 (d, J = 8.5 Hz, 1H), 6.51 (t, J = 5.9 Hz, 1H), 6.36-6.34 (m, 
1H), 6.09 (d, J = 2.2 Hz, 1H), 4.52 (s, 1H), 4.23 (d, J = 5.9 Hz, 2H); 13C NMR (101 MHz, DMSO-d6) 
δ 160.8, 149.4, 149.2, 147.1, 140.3, 129.8, 129.0, 128.8, 127.8, 127.5, 127.2, 127.0, 121.3, 110.6, 110.5, 
98.4, 56.7, 46.8, 40.5; HRMS (ESI): m/z [M + H]+ calcd for [C23H20N3O]+: 354.1601, found: 354.1603; 
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IR: 3422, 3306, 2200, 1629, 1522, 1395, 731, 698, 400 cm-1; HPLC: Daicel Chiralpak IE, n-hexane/i-
PrOH = 80/20, flow rate = 1 mL/min, λ = 254 nm, tmajor = 15.07 min and tminor = 14.22 min.

(S)-2-amino-4-phenyl-7-((thiophen-2-ylmethyl)amino)-4H-chromene-3-carbonitrile (5k)

O NH2

CN

N
H

5k
S

yellow solid (35.9 mg) in 50% isolated yield; [α]D
20 = + 85 (c = 1.0, THF, 87% ee); m.p. = 203.5-205.7 

oC; 1H NMR (400 MHz, DMSO-d6) δ 7.37-7.35 (m, 1H), 7.31-7.28 (m, 2H), 7.22–7.13 (m, 3H), 7.04–
6.99 (m, 1H), 6.99–6.95 (m, 1H), 6.79 (s, 2H), 6.69 (d, J = 8.5 Hz, 1H), 6.49 (t, J = 5.7 Hz, 1H), 6.40-
6.38 (m, 1H), 6.20 (d, J = 2.0 Hz, 1H), 4.54 (s, 1H), 4.42 (d, J = 5.6 Hz, 2H); 13C NMR (101 MHz, 
DMSO-d6) δ 160.8, 149.4, 148.8, 147.1, 144.5, 129.8, 129.0, 127.8, 127.3, 127.0, 125.1, 125.0, 121.3, 
111.1, 110.6, 98.7, 56.8, 42.4, 40.5; HRMS (ESI): m/z [M + H]+ calcd for [C21H17N3OS]+: 360.1165, 
found: 360.1164; IR: 3430, 3405, 3175, 2202, 1630, 1524, 1399, 1187, 710 cm-1; HPLC: Daicel 
Chiralpak IE, n-hexane/i-PrOH = 80/20, flow rate = 1 mL/min, λ = 254 nm, tmajor = 16.93 min and tminor 
= 15.94 min.

Gram-scale reaction 

1.08g, 95% yield, >99% ee

Bn2N

CN
O

NH2

HN

O
3j

+

L1d (10 mol%)
ZnEt2 (20 mol%)

MeCN, 10 C

2f (2.2 mmol)

N
H

O

NC
CN

1e (2.2 mmol)

Bn2N OH

Cl

Cl

Under a nitrogen atmosphere, a solution of diethylzinc (440 μL, 1.0 M in hexane, 0.44 mmol) was 

added dropwise to a solution of L1d (0.22 mmol) in MeCN (10 mL). After the mixture was stirred for 

30 min at room temperature, the temperature of the mixture was lowered to 10 °C. Then, 3-

aminophenol 1e (2.2 mmol) and isatylidene malononitriles 2f (2.2 mmol) were added. The reaction 

mixture was stirred for 24 h at the same temperature. The reaction was quenched with HCl solution (1 

M, 2 mL), and the organic layer was extracted with EA (3 × 5 mL). The combined organic layer was 

washed with brine and dried over Na2SO4. The solvent was removed under reduced pressure by using a 

rotary evaporator. The residue was purified by flash chromatography with petroleum ether/ethyl acetate 

(4/1) to afford the desired product 1.08g of 3j.

Derivatization
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3j
Ac2O, K2CO3 HCOOH

100 °C, 20h100 °C, 8h

93% yield, 99% ee 65% yield, 98% ee
6

Bn2N

O
N

O
7

N

N

O
Ac

Ac
Cl

Bn2N

O

NH

HN

O

Cl

Synthesis of 61: Compound 3j (52.0 mg, 0.1 mmol) and K2CO3 (27.5 mg, 0.2 mmol) were added to 

Ac2O (1 mL), and the mixture was stirred at 100 °C for 8 h. The reaction was quenched with water, and 

extracted with DCM (5 mL×5). The organic layers were dried over Na2SO4 and concentrated. Then, the 

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

silica gel (petroleum ether/ EtOAc = 10/1) to give the product 6 as a white solid.

Synthesis of 72: Compound 3j (52.0 mg, 0.1 mmol) was added to a solution of HCOOH (1.0 mL), 

and the mixture was stirred at 100 °C for 20 h. The reaction was quenched with NaHCO3 (aq.), and 

extracted with DCM (5 mL×5). The organic layers were dried over Na2SO4 and concentrated. The 

residue was purified by flash chromatography on silica gel (petroleum ether/ EtOAc = 10/1) to give the 

product 7 as a white solid.

(R)-1',3-diacetyl-5'-chloro-8-(dibenzylamino)-2-methylspiro[chromeno[2,3-d]pyrimidine-5,3'-

indoline]-2',4(3H)-dione (6)

6

Bn2N O N

O

N N

O

Ac

Ac

Cl

white solid (60.1 mg) in 93% isolated yield; [α]D
20 = - 25 (c = 1.0, THF, 99% ee); 1H NMR (400 MHz, 

CDCl3) δ 8.26 (d, J = 8.8 Hz, 1H), 7.40-7.38 (m, 1H), 7.37–7.31 (m, 4H), 7.30–7.25 (m, 3H), 7.19 (d, J 
= 7.1 Hz, 4H), 6.49–6.40 (m, 2H), 6.36–6.25 (m, 1H), 4.63 (s, 4H), 2.64 (s, 3H), 2.53 (s, 6H); 13C 
NMR (101 MHz, CDCl3) δ 175.9, 170.3, 155.8, 151.0, 150.0, 138.5, 137.0, 132.3, 131.8, 130.7, 129.0, 
127.4, 126.3, 125.5, 118.2, 113.1, 111.4, 104.9, 100.1, 89.5, 54.3, 52.6, 26.5; HRMS (ESI): m/z [M + 
H]+ calcd for [C37H30ClN4O5]+: 645.1899, found: 645.1898; IR: 1732, 1718, 1520, 1318, 1281, 1199, 
1158, 612 cm-1; HPLC: Daicel Chiralpak IC, n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, λ = 254 
nm, tmajor = 9.73 min and tminor = 12.21 min.
(R)-5'-chloro-7-(dibenzylamino)-2-iminospiro[chromane-4,3'-indolin]-2'-one (7)



S23

7

Bn2N
O

NH

H
N

O
Cl

yellow solid (32.1 mg) in 65% isolated yield; [α]D
20 = - 42 (c = 1.0, THF, 98% ee); 1H NMR (400 MHz, 

DMSO-d6) δ 10.70 (s, 1H), 7.36–7.32 (m, 6H), 7.27–7.23 (m, 6H), 6.94 (d, J = 8.8 Hz, 1H), 6.42–6.33 
(m, 2H), 6.22 (d, J = 8.2 Hz, 1H), 4.77 (s, 1H), 4.72 (s, 4H), 3.53 (d, J = 15.9 Hz, 1H), 2.79 (d, J = 15.9 
Hz, 1H); 13C NMR (101 MHz, DMSO-d6) δ 178.7, 166.7, 153.3, 149.8, 142.0, 138.9, 132.6, 129.5, 
129.1, 127.3, 127.1, 127.0, 126.7, 125.2, 112.0, 109.7, 108.9, 100.8, 54.7, 49.8, 36.0; HRMS (ESI): 
m/z [M + H]+ calcd for [C30H25ClN3O2]+: 494.1630, found: 494.1632; IR: 3230, 1710, 1623, 1518, 
1164, 976, 731, 694 cm-1; HPLC: Daicel Chiralpak IC, n-hexane/i-PrOH = 70/30, flow rate = 1 
mL/min, λ = 254 nm, tmajor = 28.39 min and tminor = 46.63 min.
Tandem reaction of 4-hydroxyindole with isatylidene malononitrile

70% yield, 92% ee

CN
O

NH2

HN

O

9

+

L1d (20 mol%)
ZnEt2 (40 mol%)

MeCN, 10 CN
H

O

NC
CN

OH

2a

N

8

N

Under a nitrogen atmosphere, a solution of diethylzinc (80 μL, 1.0 M in hexane, 0.08 mmol) was 
added dropwise to a solution of L1d (0.04 mmol) in MeCN (2 mL). After the mixture was stirred for 
30 min at room temperature, the temperature of the mixture was lowered to 10 °C. Then, 3-
hydroxyindole 8 (0.2 mmol) and isatylidene malononitriles 2a (0.2 mmol) were added. The reaction 
mixture was stirred for 24 h at the same temperature. The reaction was quenched with HCl solution (1 
M, 2 mL), and the organic layer was extracted with CH2Cl2 (3 × 5 mL). The combined organic layer 
was washed with brine and dried over Na2SO4. The solvent was removed under reduced pressure by 
using a rotary evaporator. The residue was purified by flash chromatography with petroleum 
ether/ethyl acetate (4/1) to afford the desired product 9.
(R)-2'-amino-7'-methyl-2-oxo-7'H-spiro[indoline-3,4'-pyrano[2,3-e]indole]-3'-carbonitrile (9)

CN
O

NH2

HN

O

9
N

white solid (47.9 mg) in 70% isolated yield; [α]D
20 = + 77 (c = 1.0, THF, 92% ee); 1H NMR (400 MHz, 

DMSO-d6) δ 10.51 (s, 1H), 7.38 (d, J = 3.0 Hz, 1H), 7.30–7.23 (m, 1H), 7.21 (s, 2H), 7.10 (d, J = 8.6 
Hz, 1H), 7.04–6.93 (m, 3H), 6.48 (d, J = 2.9 Hz, 1H), 6.22 (d, J = 8.5 Hz, 1H), 3.74 (s, 3H); 13C NMR 
(101 MHz, DMSO-d6) δ 179.9, 161.8, 142.3, 141.9, 137.5, 136.0, 130.7, 129.3, 125.3, 123.0, 119.4, 
117.2, 110.3, 109.7, 107.8, 97.2, 55.1, 50.9, 33.2; HRMS (ESI): m/z [M + H]+ calcd for [C20H15N4O2]+: 
343.1190, found: 343.1189; IR: 3448, 3320, 2190, 1657, 1514, 1410, 726, 423 cm-1; HPLC: Daicel 
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Chiralpak IF, n-hexane/i-PrOH = 70/30, flow rate = 1 mL/min, λ = 254 nm, tmajor = 23.83 min and tminor 
= 17.14 min.

Intermolecular Kinetic Isotope Effect

1c

Bn2N OH

[D3]-1c (93% D)

Bn2N OH
D

D D

MeOD, H2SO4 (conc.)

rt, 5 days

H H

H

The substrate 1c (1 mmol) was dissolved in MeOD-d1 (10 mL). A solution of H2SO4 (98%, 5.5 

μL) was added and the mixture was stirred at the room temperature under argon for 5 days.3

3-(dibenzylamino)phen-2,4,6-d3-ol

[D3]-1c (93% D)

Bn2N OH
D

D D

White solid in 93% deuterium incorporation. 1H NMR (400 MHz, CDCl3) δ 7.31 (t, J = 7.2 Hz, 4H), 

7.26–7.20 (m, 6H), 7.03–6.96 (m, 1H), 6.32 (d, J = 8.4 Hz, 0.07 H), 6.18–6.14 (m, 0.14 H), 4.67 (s, 

1H), 4.61 (s, 4H). 

1c

Bn2N OH

H H

H

[D3]-1c (93% D)

Bn2N OH
D

D D
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Bn2N

CN
O

NH2

HN

O

3j + [D2]-3j

+

L1d (10 mol%)
ZnEt2 (20 mol%)

MeCN, 10 C

2f

N
H

O

NC
CN

1c

Bn2N OH
Cl

Cl

[D3]-1c (93% D)

Bn2N OH
D

D D

kH/kD = 1.2

D2/H2

55%

Under a nitrogen atmosphere, a solution of diethylzinc (40 μL, 1.0 M in hexane, 0.04 mmol) was 

added dropwise to a solution of L1d (0.02 mmol) in MeCN (2 mL). After the mixture was stirred for 

30 min at room temperature, the temperature of the mixture was lowered to 10 °C. Then, 3-

aminophenol 1c (0.2 mmol), 3-aminophenol [D3]-1c-93% deuterium incorporation (0.2 mmol) and 

isatylidene malononitriles 2f (0.2 mmol) were added. The reaction mixture was stirred for 8 h at the 

same temperature. The reaction was quenched with HCl solution (1 M, 2 mL), and the organic layer 

was extracted with EA (3 × 5 mL). The combined organic layer was washed with brine and dried over 

Na2SO4. The solvent was removed under reduced pressure by using a rotary evaporator. The residue 

was purified by flash chromatography with petroleum ether/ethyl acetate (4/1), and the KIE value was 

determined by crude H-NMR. 

KIE = kH/kD = [0.58/(1+0.07)]/[0.42/0.93] = 1.22

Bn2N

CN
O

NH2

HN

O

3j

Cl

Bn2N

CN
O

NH2

HN

O

[D2]-3j

Cl
D

D
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NMR Spectra of compounds
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Single-crystal X-ray diffraction of 3c (CCDC 2056878)
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Single-crystal X-ray diffraction of 5h (CCDC 2084637)
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