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1. Analytical data of ACDs 

1.1 mp, 
1
H NMR and HRMS of ACDs 

a0: mp: 234 °C (decomp.); 
1
H NMR (500 MHz, D2O ) δ 4.99 (s, 7 H, H-1 

of CD), 3.90-3.76 (m, 28 H, H-3, 5, 6 of CD), 3.58-3.47 (m, 14 H, H-2,4 

of CD), 3.09-3.05 (m, 2H); HRMS (ESI) m/z: calcd for C42H71NO34 

[M+H]
+
: 1134.3936, found [M+H]

+
: 1134.3954. 

a1: mp: 257 °C (decomp.); 
1
H NMR (500 MHz, D2O ) δ 4.92 (s, 7 H, H-1 

of CD), 3.83-3.69 (m, 28 H, H-3, 5, 6 of CD), 3.51-3.41 (m, 14 H, H-2,4 

of CD), 2.93-2.78 (m, 4H, en); HRMS (ESI) m/z: calcd for C44H76N2O34 

[M+H]
+
: 1177.4358, found [M+H]

+
: 1177.4370. 

a2: mp: 272 °C (decomp.); 
1
H NMR (500 MHz, D2O ) δ 4.98 (s, 7 H, H-1 

of CD), 3.89-3.76 (m, 28 H, H-3, 5, 6 of CD), 3.58-3.47 (m, 14 H, H-2,4 

of CD), 2.78-2.65 (m, 8H, en); HRMS (ESI) m/z: calcd for C46H81N3O34 

[M+H]
+
: 1220.4780, found [M+H]

+
: 1220.4792. 

a3: mp: 283 °C (decomp.); 
1
H NMR (500 MHz, D2O ) δ 4.96 (s, 7 H, H-1 

of CD), 3.86-3.73 (m, 28 H, H-3, 5, 6 of CD), 3.56-3.46 (m, 14 H, H-2,4 

of CD), 2.78-2.59 (m, 12 H, en); HRMS (ESI) m/z: calcd for C48H86N4O34 

[M+H]
+
: 1263.5202, found [M+H]

+
: 1263.5194. 

a4: mp: 295 °C (decomp.);
 1
H NMR (500 MHz, D2O ) δ 4.96 (s, 7 H, H-1 

of CD), 3.84-3.72 (m, 28 H, H-3, 5, 6 of CD), 3.54-3.45 (m, 14 H, H-2,4 

of CD), 2.77-2.53 (m, 16 H, en); HRMS (ESI) m/z: calcd for C50H91N5O34 

[M+H]
+
: 1306.5624, found [M+H]

+
: 1306.5601. 



S3 

 

a5: mp: >300 °C; 
1
H NMR (500 MHz, D2O ) δ 4.98 (s, 7 H, H-1 of CD), 

3.85-3.72 (m, 28 H, H-3, 5, 6 of CD), 3.57-3.48 (m, 14 H, H-2,4 of CD), 

2.78-2.56 (m, 20 H, en); HRMS (ESI) m/z: calcd for C52H96N6O34 

[M+H]
+
: 1349.6046, found [M+H]

+
: 1349.6069. 

1.2 Water solubility test of ACDs 

Water solubilities of a0-a5 were determined by the method of preparing 

the saturated solution. Excess amounts of a0-a5 was placed in 2 mL of 

water (ca. pH 7.0) respectively, sheltered from light and the mixture was 

stirred vigorously for 1 h at 25±2 °C. The solution is then filtered on a 

0.45 μm cellulose acetate membrane. The filtrate was evaporated under 

reduced pressure to dryness and the water solubilities of a0-a5 were 

calculated. 

1.3 Fourier Transform Infrared Spectroscopy (FT-IR)  

The FT-IR spectra of a0-a5 were collected between 4000 and 400 cm
−1

 

by the KBr method. 
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IR spectra of (A) a0; (B) a1; (C) a2; (D) a3; (E) a4; (F) a5 

1.4 X-ray Diffractometry 

A D/Max-3B diffractometer (Cu-Kα (k=1.5460 Å)) was used for XRD. 

Experimental conditions: Voltage: 40 kV; scanning rate: 5°/min; scanning 

with a step size of 2θ=0.02° between 2θ=5° and 70°. 
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XRD patterns: (A) a0; (B) a1; (C) a2; (D) a3, (E) a4; (F) a5 
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2. Proton NMR and HRMS copies of ACDs 

a0：  
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a1: 
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a2: 
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a3: 
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a4: 
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a5: 

 

 

 



S11 

 

3. ROESY spectra of ACDs (500 MHz, 298 K in D2O, 25 mg/mL) 

a0: 
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a1: 
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a2: 

 

 



S14 

 

a3: 
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a4: 
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a5: 
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4. Analytical data of 2-amino-4H-chromenes (4a-4ff) 

4a. 

 

mp：232-233 °C; IR (KBr) (νmax cm
-1

): 3495 (OH), 3338 (NH2), 2183 

(CN), 1652 (C=C vinyl nitrile), 1621, 1589, 1505 (C=C, aromatic)；1
H 

NMR (500 MHz, DMSO-d6) δ 9.71 (s, 1H, OH), 7.29 (d, J = 7.5 Hz, 2H, 

Ar-H), 7.20 (t, J = 7.3 Hz, 1H, Ar-H), 7.16 (d, J = 7.3 Hz, 2H, Ar-H), 6.87 

(s, 2H, NH2), 6.80 (d, J = 8.5 Hz, 1H, Ar-H), 6.48 (dd, J = 8.4, 2.3 Hz, 1H, 

Ar-H), 6.40 (d, J = 2.3 Hz, 1H, Ar-H), 4.61 (s, 1H); HRMS (ESI) m/z：

calcd for C16H12N2O2 [M+H]
+
: 287.0796, found [M+H]

+
: 287.0795. 

4b. 

  

mp：162-164 °C; IR (KBr) (νmax cm
-1

): 3481 (OH), 3333 (NH2), 2920 

(CH3), 2201 (CN), 1649 (C=C vinyl nitrile), 1589, 1507 (C=C, aromatic), 

1400(CH3); 
1
H NMR (500 MHz, DMSO-d6) δ 9.66 (s, 1H, OH), 7.10 (d, 

J = 7.8 Hz, 2H, Ar-H), 7.04 (d, J = 7.9 Hz, 2H, Ar-H), 6.81 (s, 2H, NH2), 

6.77 (d, J = 8.4 Hz, 1H, Ar-H), 6.46 (dd, J = 8.5, 2.2 Hz, 1H, Ar-H), 6.39 

(d, J = 2.1 Hz, 1H, Ar-H), 4.56 (s, 1H), 2.25 (s, 3H, CH3); HRMS (ESI) 
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m/z：calcd for C17H14N2O2 [M+H]
+
: 301.0953, found [M+H]

+
: 301.0947. 

4c. 

 

mp：215-216 °C；IR (KBr) (νmax cm
-1

): 3445 (OH), 3343 (NH2), 2197 

(CN), 1650 (C=C vinyl nitrile), 1620, 1585, 1509 (C=C, aromatic)；1
H 

NMR (500 MHz, DMSO-d6) δ 9.69 (s, 1H, OH), 9.33 (s, 1H, OH), 7.07 

(s, 1H, Ar-H), 6.85 (s, 2H, NH2), 6.80 (s, 1H, Ar-H), 6.59 (d, J = 12.4 Hz, 

2H, Ar-H), 6.50 (d, J = 15.6 Hz, 2H, Ar-H), 6.39 (s, 1H, Ar-H), 4.49 (s, 

1H); HRMS (ESI) m/z：calcd for C16H12N2O3 [M+H]
+
: 303.0746, found 

[M+H]
+
: 303.0725. 

4d. 

 

mp: 111-113 °C; IR (KBr) (νmax cm
-1

): 3417 (OH), 3337 (NH2), 2191 

(CN), 1648 (C=C vinyl nitrile), 1507, 1460, 1405 (C=C, aromatic); 
1
H 

NMR (500 MHz, DMSO-d6) δ 9.66 (s, 1H, OH), 7.05 (d, J = 8.6 Hz, 2H, 

Ar-H), 6.84 (d, J = 8.6 Hz, 2H, Ar-H), 6.80 (s, 2H, NH2), 6.75 (d, J = 8.5 

Hz, 1H, Ar-H), 6.45 (dd, J = 8.4, 2.4 Hz, 1H, Ar-H), 6.37 (d, J = 2.3 Hz, 

1H, Ar-H), 4.54 (s, 1H), 3.69 (s, 3H, OCH3); HRMS (ESI) m/z：calcd for 
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C17H14N2O3 [M+H]
+
: 295.1083, found [M+H]

+
: 295.1076. 

4e. 

 

mp: °C; IR (KBr) (νmax cm
-1

): 3434 (OH), 3344 (NH2), 2192 (CN), 1647 

(C=C vinyl nitrile), 1590, 1509, 1459 (C=C, aromatic); 
1
H NMR (500 

MHz, DMSO-d6) δ 9.66 (s, 1H, OH), 6.86 (d, J = 8.3 Hz, 1H, Ar-H), 6.81 

(m, 1H, Ar-H, 2H, NH2), 6.76 (d, J = 1.9 Hz, 1H, Ar-H), 6.64 (dd, J = 8.2, 

1.9 Hz, 1H, Ar-H), 6.46 (dd, J = 8.4, 2.4 Hz, 1H, Ar-H), 6.37 (d, J = 2.3 

Hz, 1H, Ar-H), 4.54 (s, 1H), 3.69 (d, J = 3.6 Hz, 6H, 2×OCH3); HRMS 

(ESI) m/z：calcd for C18H16N2O4 [M+H]
+
: 325.1188, found [M+H]

+
: 

325.1180. 

4f. 

 

mp：165-166 °C; IR (KBr) (νmax cm
-1

): 3462 (OH), 3341 (NH2), 2192 

(CN), 1641 (C=C vinyl nitrile), 1615, 1589, 1506 (C=C, aromatic)；1
H 

NMR (400 MHz, DMSO-d6) δ 9.76 (s, 1H, OH), 7.37 (d, J = 8.4 Hz, 2H，

Ar-H), 7.19 (d, J = 8.4 Hz, 2H，Ar-H), 6.95 (s, 2H，NH2), 6.79 (d, J = 8.5 
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Hz, 1H，Ar-H), 6.49 (dd, J = 8.4, 2.4 Hz, 1H，Ar-H), 6.41 (d, J = 2.3 Hz, 

1H，Ar-H), 4.67 (s, 1H); HRMS (ESI) m/z：calcd for C16H11ClN2O2 

[M+H]
+
: 321.0407, found [M+H]

+
: 321.0400. 

4g. 

 

mp：185-187 °C；IR (KBr) (νmax cm
-1

): 3430 (OH), 3343 (NH2), 2187 

(CN), 1646 (C=C vinyl nitrile), 1618, 1585, 1505 (C=C, aromatic)；1
H 

NMR (400 MHz, DMSO-d6) δ 9.75 (s, 1H, OH), 7.20 (dd, J = 8.6, 5.7 Hz, 

2H, Ar-H), 7.13 (t, J = 8.8 Hz, 2H, Ar-H), 6.92 (s, 2H, NH2), 6.79 (d, J = 

8.5 Hz, 1H, Ar-H), 6.49 (dd, J = 8.4, 2.3 Hz, 1H, Ar-H), 6.40 (d, J = 2.3 

Hz, 1H, Ar-H), 4.66 (s, 1H); HRMS (ESI) m/z：calcd for C16H11FN2O2 

[M+H]
+
: 305.0702, found [M+H]

+
: 305.0701. 

4h. 

 

mp：245 °C; IR (KBr) (νmax cm
-1

): 3477 (OH), 3342 (NH2), 2192 (CN), 

1641 (C=C vinyl nitrile), 1617, 1588, 1506 (C=C, aromatic); 
1
H NMR 

(400 MHz, DMSO-d6) δ 9.81 (s, 1H, OH), 7.59 (d, J = 8.3 Hz, 1H, Ar-H), 
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7.45 (d, J = 1.9 Hz, 1H, Ar-H), 7.16 (dd, J = 8.3, 2.0 Hz, 1H, Ar-H), 7.03 

(s, 2H, NH2), 6.82 (d, J = 8.5 Hz, 1H, Ar-H), 6.51 (dd, J = 8.4, 2.3 Hz, 1H, 

Ar-H), 6.42 (d, J = 2.3 Hz, 1H, Ar-H), 4.74 (s, 1H); HRMS (ESI) m/z：

calcd for C16H10Cl2N2O2 [M+H]
+
: 321.0407, found [M+H]

+
: 321.0400. 

4i. 

 

mp：190-193 °C; IR (KBr) (νmax cm
-1

): 3411 (OH), 3335 (NH2), 2191 

(CN), 1655 (C=C vinyl nitrile), 1623, 1587, 1529 (C=C, aromatic), 1153 

(NO2); 
1
H NMR (500 MHz, DMSO-d6) δ 9.81 (s, 1H, OH), 8.11 (m, 1H, 

Ar-H), 8.03 (m, 1H, Ar-H), 7.66 (m, 2H, Ar-H), 7.05 (s, 2H, NH2), 6.85 

(d, J = 8.5 Hz, 1H, Ar-H), 6.52 (dd, J = 8.4, 2.4 Hz, 1H, Ar-H), 6.45 (d, J 

= 2.4 Hz, 1H, Ar-H), 4.92 (s, 1H); HRMS (ESI) m/z：calcd for 

C16H11N3O4 [M+H]
+
: 310.0828, found [M+H]

+
: 310.0821. 

4j. 

 

mp：210-212 °C; IR (KBr) (νmax cm
-1

): 3472 (OH), 3341 (NH2), 2195 

(CN), 1643 (C=C vinyl nitrile), 1617, 1587, 1518 (C=C, aromatic), 1156 

(NO2); 
1
H NMR (500 MHz, DMSO-d6) δ 9.80 (s, 1H, OH), 8.20 (m, 2H, 
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Ar-H), 7.45 (d, J = 8.6 Hz, 2H, Ar-H), 7.04 (s, 2H, NH2), 6.81 (d, J = 8.5 

Hz, 1H, Ar-H), 6.51 (dd, J = 8.4, 2.3 Hz, 1H, Ar-H), 6.44 (d, J = 2.3 Hz, 

1H, Ar-H), 4.87 (s, 1H); HRMS (ESI) m/z：calcd for C16H11N3O4 [M+H]
+
: 

332.0647, found [M+H]
+
: 332.0647. 

4k. 

 

mp：258-261℃; IR (KBr) (νmax cm
-1

): 3480 (OH), 3343 (NH2), 2191 (CN), 

1642 (C=C vinyl nitrile), 1614, 1586, 1505 (C=C, aromatic); 
1
H NMR 

(500 MHz, DMSO-d6) δ 9.73 (s, 1H, OH), 7.90 (d, J = 7.7 Hz, 1H, Ar-H), 

7.86 (m, 2H, Ar-H), 7.76 (s, 1H, Ar-H), 7.50 (m, 2H, Ar-H), 7.25 (d, J = 

8.5 Hz, 1H, Ar-H), 6.93 (s, 2H, NH2), 6.82 (d, J = 8.4 Hz, 1H, Ar-H), 6.46 

(m, 2H, Ar-H), 4.81 (s, 1H); HRMS (ESI) m/z：calcd for C20H14N2O2 

[M+H]
+
: 315.1134, found [M+H]

+
: 315.1121. 

4l. 

 

mp：298 °C；IR (KBr) (νmax cm
-1

): 3386 (OH), 3334 (NH2), 2192 (CN), 

1657 (C=C vinyl nitrile), 1623 1598, 1584 (C=C, aromatic)；1
H NMR 

(400 MHz, DMSO-d6) δ 9.80 (s, 1H, OH), 8.45 (d, J = 2.0 Hz, 2H, Ar-H), 
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7.51 (dt, J = 7.9, 1.9 Hz, 1H, Ar-H), 7.34 (dd, J = 7.8, 4.7 Hz, 1H, Ar-H), 

7.01 (s, 2H, NH2), 6.80 (s, 1H, Ar-H), 6.50 (dd, J = 8.4, 2.4 Hz, 1H, 

Ar-H), 6.42 (d, J = 2.4 Hz, 1H, Ar-H), 4.73 (s, 1H); HRMS (ESI) m/z：

calcd for C15H11N3O2 [M+H]
+
: 288.0749, found [M+H]

+
: 288.0742. 

4m. 

 

mp：208-210 °C；IR (KBr) (νmax cm
-1

): 3476 (OH), 3333 (NH2), 2194 

(CN), 1655 (C=C vinyl nitrile), 1623, 1590, 1508(C=C, aromatic)；1
H 

NMR (500 MHz, DMSO-d6) δ 9.75 (s, 1H, OH), 7.51 (s, 1H, Ar-H), 6.96 

(s, 1H, Ar-H), 6.94(s, 2H, NH2), 6.53 (d, J = 8.5 Hz, 1H, Ar-H), 6.39 (s, 

1H, Ar-H), 6.34 (s, 1H, Ar-H), 6.13 (d, J = 2.7 Hz, 1H, Ar-H), 4.76 (s, 

1H); HRMS (ESI) m/z：calcd for C14H10N2O3 [M+H]
+
: 277.0589, found 

[M+H]
+
: 277.0580. 

4n. 

 

mp：230-232 °C; IR (KBr) (νmax cm
-1

): 3447 (OH), 3338 (NH2), 2188 

(CN), 1648 (C=C vinyl nitrile), 1582, 1507(C=C, aromatic)
 
; 

1
H NMR 
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(500 MHz, DMSO-d6) δ 9.67 (s, 2H, OH), 7.21 (d, J = 5.8 Hz, 1H, Ar-H), 

7.13 (d, J = 15.5 Hz, 1H, Ar-H), 6.95 (d, J = 7.7 Hz, 1H, Ar-H), 6.88 (d, J 

= 7.7 Hz, 1H, Ar-H), 6.84 (d, J = 9.6 Hz, 4H, NH2), 6.80 (d, J = 8.5 Hz, 

1H, Ar-H), 6.74 (d, J = 8.5 Hz, 1H, Ar-H), 6.44 (td, J = 8.0, 2.2 Hz, 2H, 

Ar-H), 6.37 (dd, J = 4.9, 2.3 Hz, 2H, Ar-H), 4.59 (d, J = 4.9 Hz, 2H); 

HRMS (ESI) m/z：calcd for C26H18N4O4 [M+H]
+
: 451.1406, found 

[M+H]
+
: 451.1404. 

4o. 

 

mp：215-217 °C; IR (KBr) (νmax cm
-1

): 3442 (OH), 3338 (NH2), 2190 

(CN), 1649 (C=C vinyl nitrile), 1588, 1507(C=C, aromatic); 
1
H NMR 

(500 MHz, DMSO-d6) δ 9.68 (s, 2H, OH), 7.08 (s, 4H, NH2), 6.83 (d, J = 

5.4 Hz, 4H, Ar-H), 6.81 (t, J = 4.3 Hz, 2H, Ar-H), 6.48 (d, J = 2.2 Hz, 1H, 

Ar-H), 6.47 (d, J = 2.2 Hz, 1H, Ar-H), 6.39 (d, J = 2.3 Hz, 2H, Ar-H), 

4.57 (s, 2H); HRMS (ESI) m/z：calcd for C26H18N4O4 [M+H]
+
: 451.1406, 

found [M+H]
+
: 451.1399. 

4p. 
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mp：214-216 °C; IR (KBr) (νmax cm
-1

): 3412 (OH), 3330 (NH2), 1661 

(C=O), 1511, 1458 (C=C, aromatic); 
1
H NMR (500 MHz, DMSO-d6) δ 

9.66 (s, 1H, OH), 7.63 (s, 2H, NH2), 7.39 (d, J = 0.7 Hz, 1H, Ar-H), 7.11 

(d, J = 8.4 Hz, 1H, Ar-H), 6.54 (dd, J = 8.3, 2.3 Hz, 1H, Ar-H), 6.43 (d, J 

= 2.3 Hz, 1H, Ar-H), 6.26 (dd, J = 3.0, 1.9 Hz, 1H, Ar-H), 5.93 (d, J = 3.1 

Hz, 1H, Ar-H), 4.91 (s, 1H), 4.03 (m, 2H, CH2), 1.12 (t, J = 7.1 Hz, 3H, 

CH3); 
13

C NMR (126 MHz, DMSO-d6) δ 168.57, 161.89, 159.29, 157.48, 

149.94, 141.60, 130.00, 114.25, 112.30, 110.53, 104.08, 102.53, 73.81, 

58.92, 33.06, 14.76; HRMS (ESI) m/z：calcd for C16H15NO5 [M+H]
+
: 

302.1028, found [M+H]
+
: 302.1025. 

4q. 

 

mp：206-208 °C; IR (KBr) (νmax cm
-1

): 3410 (OH), 3299 (NH2), 2979 

(CH3, CH2), 1656 (C=O), 1503, 1459 (C=C, aromatic); 
1
H NMR (500 

MHz, DMSO-d6) δ 9.68 (s, 1H, OH), 7.62 (s, 2H, NH2), 7.20 (dd, J = 5.1, 

1.1 Hz, 1H, Ar-H), 7.15 (d, J = 8.4 Hz, 1H, Ar-H), 6.84 (dd, J = 5.0, 3.6 

Hz, 1H, Ar-H), 6.73 (d, J = 3.3 Hz, 1H, Ar-H), 6.55 (dd, J = 8.4, 2.4 Hz, 

1H, Ar-H), 6.44 (d, J = 2.2 Hz, 1H, Ar-H), 5.13 (s, 1H), 4.04 (m, 2H, 
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CH2), 1.14 (t, J = 7.1 Hz, 3H, CH3); 
13

C NMR (126 MHz, DMSO-d6) δ 

168.48, 161.59, 157.43, 153.85, 149.66, 130.07, 126.93, 123.82, 122.94, 

116.67, 112.49, 102.48, 77.34, 59.02, 34.34, 14.75; HRMS (ESI) m/z：

calcd for C16H15NO4S [M+H]
+
: 318.0800, found [M+H]

+
: 318.0797. 

4r. 

 

mp：192-194 °C; IR (KBr) (νmax cm
-1

): 3440, 3319 (NH2), 2966, 2868 

(CH3, CH2), 2172 (CN), 1645 (vinyl nitrile), 1595, 1557, 1522 (C=C, 

aromatic); 
1
H NMR (500 MHz, DMSO-d6) δ 6.98 (d, J = 8.5 Hz, 1H, 

Ar-H), 6.72 (s, 2H, NH2), 6.52 (dd, J = 8.5, 2.5 Hz, 1H, Ar-H), 6.22 (d, J 

= 2.5 Hz, 1H, Ar-H), 3.24 (d, J = 3.4 Hz, 1H), 2.88 (s, 6H, 2×CH3), 1.79 

(m, 1H), 0.82 (d, J = 6.8 Hz, 3H, CH3), 0.72 (d, J = 6.8 Hz, 3H, CH3); 
13

C 

NMR (126 MHz, DMSO-d6) δ 162.86, 151.10, 150.43, 129.13, 122.26, 

110.87, 109.16, 98.96, 52.79, 40.93, 36.86, 19.19, 18.15; HRMS (ESI) 

m/z：calcd for C15H20N3O [M+H]
+
: 258.1606, found [M+H]

+
: 258.1603. 

4s. 

 

mp：148-150 °C; IR (KBr) (νmax cm
-1

): 3486, 3307, 3175 (NH2), 2922, 

2851 (CH3, CH2), 2176 (CN), 1638 (vinyl nitrile), 1595, 1560, 1520 
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(C=C, aromatic); 
1
H NMR (500 MHz, DMSO-d6) δ 6.96 (d, J = 8.5 Hz, 

1H, Ar-H), 6.71 (s, 2H, NH2), 6.52 (dd, J = 8.5, 2.4 Hz, 1H, Ar-H), 6.21 

(d, J = 2.4 Hz, 1H, Ar-H), 3.20 (d, J = 3.3 Hz, 1H), 2.88 (s, 6H, 2×CH3), 

1.62 (dt, J = 25.2, 13.8 Hz, 4H), 1.39 (m, 2H), 1.11 (dd, J = 25.8, 12.9 

Hz, 2H), 0.95 (m, 3H); 
13

C NMR (126 MHz, DMSO-d6) δ 162.84, 151.19, 

150.38, 129.13, 122.27, 111.06, 109.11, 98.96, 53.33, 47.26, 29.33, 28.56, 

26.41, 26.20, 14.21; HRMS (ESI) m/z：calcd for C18H23N3O [M+H]
+
: 

298.1919, found [M+H]
+
: 298.1915. 

4t. 

 

mp：238-240 °C; IR (KBr) (νmax cm
-1

): 3428 (OH, NH2, NH), 2196 (CN), 

1715 (C=O), 1620 (C=C, aromatic); 
1
H NMR (500 MHz, DMSO-d6) δ 

10.49 (s, 1H, NH), 9.87 (s, 1H, OH), 7.26 (td, J = 7.6, 1.3 Hz, 1H, Ar-H), 

7.16 (s, 2H, NH2), 7.02 (m, 2H, Ar-H), 6.93 (d, J = 7.7 Hz, 1H, Ar-H), 

6.47 (dd, J = 6.7, 2.2 Hz, 2H, Ar-H), 6.31 (m, 1H, Ar-H); 
13

C NMR (126 

MHz, DMSO-d6) δ 179.49, 161.76, 158.25, 149.77, 142.30, 135.04, 

129.25, 127.86, 125.10, 122.94, 119.02, 113.16, 111.32, 110.17, 102.91, 

54.62, 50.31; HRMS (ESI) m/z：calcd for C17H11N3O3 [M+H]
+
: 328.0698, 

found [M+H]
+
: 328.0701. 

4u. 
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mp：>300 °C; IR (KBr) (νmax cm
-1

): 3467, 3319 (NH2, NH), 2203 (CN), 

1716 (C=O), 1655, 1628 (C=C, aromatic); 
1
H NMR (500 MHz, 

DMSO-d6) δ 10.44 (s, 1H, NH), 7.24 (ddd, J = 7.8, 6.9, 2.2 Hz, 1H, 

Ar-H), 7.09 (s, 2H, NH2), 6.99 (dd, J = 9.8, 3.8 Hz, 2H， Ar-H), 6.92 (d, J 

= 7.7 Hz, 1H, Ar-H), 6.41 (dd, J = 8.8, 2.5 Hz, 1H, Ar-H), 6.28 (d, J = 4.6 

Hz, 1H, Ar-H), 6.27 (d, J = 1.4 Hz, 1H, Ar-H), 2.86 (s, 6H, 2×CH3); 
13

C 

NMR (126 MHz, DMSO-d6) δ 179.68, 161.95, 151.17, 149.87, 142.32, 

135.26, 129.13, 127.25, 125.04, 122.84, 119.19, 110.10, 109.97, 107.86, 

99.05, 54.90, 50.23; HRMS (ESI) m/z：calcd for C19H16N4O2 [M+H]
+
: 

355.1171, found [M+H]
+
: 355.1168. 

4v. 

 

mp：269-271 °C; IR (KBr) (νmax cm
-1

): 3315, 3140 (NH2, NH), 2959, 2926, 

2885 (CH3, CH2), 2192 (CN), 1722 (C=O), 1682 (C=C vinyl nitrile), 

1655, 1604(C=C, aromatic); 
1
H NMR (500 MHz, DMSO-d6) δ 10.37 (s, 

1H, NH), 7.20 (s, 2H, NH2), 7.12 (t, J = 7.4 Hz, 1H, Ar-H), 6.96 (d, J = 

7.2 Hz, 1H, Ar-H), 6.88 (t, J = 7.4 Hz, 1H, Ar-H), 6.77 (d, J = 7.7 Hz, 1H, 

Ar-H), 2.54 (dd, J = 5.6 Hz, 2H), 2.12 (dd, J = 37.8, 16.0 Hz, 2H), 1.02 (s, 
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3H, CH3), 0.99 (s, 3H, CH3); HRMS (ESI) m/z：calcd for C19H17N3O3 

[M+H]
+
: 336.1348, found [M+H]

+
: 336.1343. 

4w. 

 

mp：278-279 °C; IR (KBr) (νmax cm
-1

): 3455, 3335 (NH2, NH), 2199 (CN), 

1713 (C=O), 1617 (C=C vinyl nitrile); 
1
H NMR (500 MHz, DMSO-d6) δ 

10.58 (s, 1H, NH), 7.44 (s, 2H, NH2), 7.20 (t, J = 7.7 Hz, 1H, Ar-H), 7.11 

(d, J = 7.3 Hz, 1H, Ar-H), 6.94 (t, J = 7.5 Hz, 1H, Ar-H), 6.83 (d, J = 7.7 

Hz, 1H, Ar-H), 6.36 (s, 1H, =CH), 2.25 (s, 3H, CH3); HRMS (ESI) m/z：

calcd for C17H11N3O4 [M+H]
+
: 322.0828, found [M+H]

+
: 322.0828. 

4x. 

 

mp：258-260 °C; IR (KBr) (νmax cm
-1

): 3373, 3190 (NH2, NH), 2980 (CH3, 

CH2), 2198 (CN), 1729 (C=O), 1605 (C=C, aromatic); 
1
H NMR (500 

MHz, DMSO-d6) δ 10.40 (s, 1H, NH), 7.19 (dd, J = 8.1, 7.2 Hz, 1H, 

Ar-H), 7.14 (s, 2H, NH2), 7.06 (d, J = 7.2 Hz, 1H, Ar-H), 6.94 (t, J = 7.5 

Hz, 1H, Ar-H), 6.80 (d, J = 7.7 Hz, 1H, Ar-H), 3.77 (m, 2H, CH2), 2.32 (s, 

3H, CH3), 0.79 (t, J = 7.1 Hz, 3H, CH3); HRMS (ESI) m/z：calcd for 

C17H15N3O4 [M+H]
+
: 348.0960, found [M+H]

+
: 348.0957. 
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4y. 

 

mp：290-292 °C; IR (KBr) (νmax cm
-1

): 3421 (OH, NH2, NH), 2959 (CH3, 

CH2), 1699 (C=O), 1621 (C=C, aromatic); 
1
H NMR (500 MHz, 

DMSO-d6) δ 10.31 (s, 1H, NH), 9.78 (s, 1H, OH), 7.85 (s, 2H, NH2), 7.13 

(m, 1H, Ar-H), 6.84 (dd, J = 14.4, 6.8 Hz, 3H, Ar-H), 6.43 (s, 3H, Ar-H), 

3.71 (m, 2H, CH2), 0.73 (t, J = 7.1 Hz, 3H, CH3); 
13

C NMR (126 MHz, 

DMSO-d6) δ 181.46, 168.20, 161.49, 157.81, 148.61, 142.40, 140.01, 

127.94, 127.67, 123.09, 122.01, 113.07, 112.75, 109.38, 102.36, 73.84, 

58.91, 49.84, 13.54; HRMS (ESI) m/z：calcd for C19H16N2O5 [M+H]
+
: 

353.1137, found [M+H]
+
: 353.1136. 

4z. 

 

mp：276-278 °C; IR (KBr) (νmax cm
-1

): 3397, 3298, 3082 (NH2, NH), 

1717 (C=O), 1671, 1631, 1612 (C=C, aromatic); 
1
H NMR (500 MHz, 

DMSO-d6) δ 10.29 (s, 1H, NH), 7.82 (s, 2H, NH2), 7.12 (td, J = 7.5, 1.6 

Hz, 1H, Ar-H), 6.82 (m, 3H, Ar-H), 6.41 (t, J = 6.0 Hz, 2H, Ar-H), 6.25 

(d, J = 1.8 Hz, 1H, Ar-H), 3.71 (m, 2H, CH2), 2.86 (s, 6H, 2×CH3), 0.73 

(t, J = 7.1 Hz, 3H, CH3); 
13

C NMR (126 MHz, DMSO-d6) δ 181.61, 



S31 

 

168.28, 161,73, 150.80, 148.69, 142,40, 140.15, 127.54, 127.41, 123.03, 

121.94, 110.02, 109.45, 109.29, 98.62, 73.96, 58.87, 49.71, 13.55; HRMS 

(ESI) m/z：calcd for C21H21N3O4 [M+H]
+
: 380.1610, found [M+H]

+
: 

380.1608. 

4aa. 

 

mp：>300 °C; IR (KBr) (νmax cm
-1

): 3357, 3276, 3167 (NH2, NH), 2961, 

2927 (CH3, CH2), 2197 (CN), 1732 (C=O), 1682 (C=C vinyl nitrile), 

1656, 1602(C=C, aromatic); 
1
H NMR (500 MHz, DMSO-d6) δ 10.92 (s, 

1H, NH), 7.32 (s, 2H, NH2), 7.08 (m, 1H, Ar-H), 6.93 (td, J = 7.9, 4.6 Hz, 

1H, Ar-H), 6.87 (d, J = 7.2 Hz, 1H, Ar-H), 2.58 (d, J = 4.8 Hz, 2H, CH2), 

2.16 (d, J = 19.4 Hz, 2H, CH2), 1.04 (s, 3H, CH3), 1.01 (s, 3H, CH3); 

HRMS (ESI) m/z：calcd for C19H16FN3O3 [M+H]
+
: 376.1073, found 

[M+H
+
: 376.1063. 

4bb. 

 

mp：>300 °C; IR (KBr) (νmax cm
-1

): 3461, 3262 (NH2, NH), 2199 (CN), 

1715 (C=O); 
1
H NMR (500 MHz, DMSO-d6) δ 11.12 (s, 1H, NH), 7.53 (s, 
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2H, NH2), 7.14 (m, 1H, Ar-H), 7.01 (d, J = 7.0 Hz, 1H, Ar-H), 6.96 (m, 

1H, Ar-H), 6.38 (s, 1H, =CH), 2.26 (s, 3H, CH3); HRMS (ESI) m/z：calcd 

for C17H10FN3O4 [M+H]
+
: 340.0734, found [M+H]

+
: 340.0731. 

4cc. 

 

mp：260-261 °C; IR (KBr) (vmax cm
-1

): 3360, 3170 (NH2, NH), 2954 (CH3, 

CH2), 2194 (CN), 1665 (C=O), 1610 (C=C, aromatic); 
1
H NMR (500 

MHz, DMSO-d6) δ 8.26 (d, J = 8.1 Hz, 1H, Ar-H), 7.93 (dd, J = 7.6, 3.9 

Hz, 1H, Ar-H), 7.83 (m, 1H, Ar-H), 7.65 (dd, J = 8.1, 7.2 Hz, 1H, Ar-H), 

7.39 (d, J = 6.9 Hz, 1H, Ar-H), 7.31 (s, 2H, NH2), 2.63 (dd, 1H), 2.08 (d, 

J = 7.9 Hz, 1H), 1.04 (s, 3H, CH3), 1.02 (s, 3H, CH3); HRMS (ESI) m/z：

calcd for C23H18N2O3 [M+H]
+
: 371.1396, found [M+H]

+
: 371.1393. 

4dd. 

 

mp：>300 °C; IR (KBr) (νmax cm
-1

): 3466, 3339 (NH2, NH), 2183 (CN), 

1708 (C=O), 1630 (C=C, aromatic); 
1
H NMR (500 MHz, DMSO-d6) δ 

8.33 (d, J = 8.1 Hz, 1H, Ar-H), 8.00 (dd, J = 7.6, 3.5 Hz, 2H, Ar-H), 7.87 

(s, 1H, Ar-H), 7.70 (s, 1H, Ar-H), 7.54 (s, 1H, Ar-H), 7.53 (s, 2H, NH2), 
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6.43 (s, 1H, =CH), 2.25 (s, 3H, CH3); HRMS (ESI) m/z：calcd for 

C21H12N2O4 [M+H]
+
: 357.0875, found [M+H]

+
: 357.0875. 

4ee. 

 

mp：289-291 °C; IR (KBr) (νmax cm
-1

): 3375, 3194 (NH2, NH), 2957 (CH3, 

CH2), 2189 (CN), 1656 (C=O), 1593 (C=C, aromatic); 
1
H NMR (500 

MHz, DMSO-d6) δ 8.04 (dd, J = 5.8, 3.0 Hz, 2H, Ar-H), 8.00 (dd, J = 5.8, 

3.0 Hz, 2H, Ar-H), 7.64 (s, 2H, NH2), 2.62 (s, 1H), 2.20 (s, 1H), 1.04 (s, 

3H); HRMS (ESI) m/z：calcd for C20H16N2O4 [M+Na]
+
: 371.1008, found 

[M+Na]
+
: 371.0997. 

4ff. 

 

mp：290-292 °C; IR (KBr) (νmax cm
-1

): 3351, 3164 (NH2, NH), 2190 (CN), 

1705 (C=O), 1630 (C=C, aromatic); 
1
H NMR (500 MHz, DMSO-d6) δ 

8.09 (m, 4H, Ar-H), 7.88 (s, 2H, NH2), 6.47 (s, 1H, =CH), 2.29 (s, 3H, 

CH3); HRMS (ESI) m/z：calcd for C18H10N2O5 [M+H]
+
: 335.0668, found 

[M+H]
+
: 335.0668. 
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5. IR and NMR copies of 2-amino-4H-chromenes (4a-4ff) 

4a. 
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4b. 
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4c. 
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4d. 
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4e. 
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4f. 
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4g. 
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4h. 

 

 



S49 

 

 

 

 

 



S50 

 

4i. 
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4j. 
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4k. 
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4l. 
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4m. 
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4s. 

 

 

 

 



S71 

 

 

 

 

 



S72 

 

4t. 
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4v. 

 

 



S77 

 

 

 

 

 



S78 
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4y. 

 

 

 



S83 

 

 

 



S84 
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