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1. Fig. S1: IR spectra of reaction of salicylaldehyde with malononitrile 

under neat condition at room temperature (Complete) 

The spectra were measured every 3 min for 3 h using neat samples 
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2. Fig. S2: IR spectra of reaction of salicylaldehyde with malononitrile 

(Expansion range: 2100-3500 range) 
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3. Characterization data 

3a: (2-amino-3-cyano-4H-chromen-4-yl)malononitrile
1,2,3,4 

 

O

CN

NH2

NC CN

 

White solid; mp: 151~153 ˚C (lit. 150-153˚C)
5
 ; IR (Neat, cm

-1
): 3448, 3326, 2929, 2239, 2188, 

1635, 1604, 1567, 1417, 1265, 1223, 1043; 
1
HNMR(500MHz, DMSO-d6) δ: 4.59(d, 1H, J = 4Hz), 

5.07(d, 1H, J = 4Hz), 7.14(dd, 1H, J1 = 8.5Hz, J2 = 0.9Hz), 7.27(dt, 1H, J1 = 7.5Hz, J2 = 0.9Hz), 

7.43-7.45(m, 1H), 7.47-7.49(m, 1H), 7.53(s, 2H); ESI MS (m/z) =  235.2 (M-H)
-
. 

3b: (2-amino-3-cyano-8-methoxy-4H-chromen-4-yl)malononitrile
1,2,3,4

 

O

CN

NH2

NC CN

O  

White solid; mp: 160~162 ˚C; IR (Neat, cm
-1

): 3459, 3352, 2915, 2242, 2190, 1641, 1581, 1483, 

1415, 1320, 1275, 1216, 1083; 
1
HNMR(500MHz, DMSO-d6) δ: 3.84(s, 3H), 4.57(d, 1H, J = 3Hz), 

5.05(d, 1H, 3Hz), 7.00(d, 1H, J = 7.5Hz), 7.12(d, 1H, J = 8Hz), 7.19-7.22(m, 1H), 7.54(s, 2H). 

3c: (2-amino-3-cyano-7-methoxy-4H-chromen-4-yl)malononitrile 

O

CN

NH2

CNNC

O  

White solid; mp: 149~151 ˚C; IR (Neat, cm
-1

): 3409, 3332, 2956, 2242, 2186, 1645, 1613, 1419, 

1293, 1120, 1024; 
1
HNMR(500MHz, DMSO-d6) δ: 3.79(s, 3H), 4.50(d, 1H, J = 4Hz), 5.01(d, 1H, J 

= 4Hz), 6.65(d, 1H, J = 2.5Hz), 6.87(dd, 1H, J1 = 8.5Hz, J2 = 3Hz), 7.38(d, 1H, J = 8.5Hz), 7.49(s, 

2H); 
13

C NMR (125.75 MHz, DMSO-d6) δ: 34.4, 38.7, 57.4, 103.2, 111.6, 113.5, 114.9, 115.1, 

121.3, 131.5, 152.5, 162.2, 165.2; ESI MS (m/z) =  267.2(M+H)
+
; Anal. Calcd for C14H10N4O2: C, 

63.15; H, 3.79; N, 21.04, Found: C, 63.26; H, 3.88; N, 21.22. 

3d: (2-amino-3-cyano-6-methoxy-4H-chromen-4-yl)malononitrile
4
 

O

CN

NH2

CNNC

O

 
White solid; mp: 144~146 ˚C; IR (Neat, cm

-1
): 3395, 3335, 2260, 2182, 1654, 1582, 1499, 1425, 

1211, 1033; 
1
HNMR(500MHz, DMSO-d6) δ: 3.76(s, 3H), 4.54(d, 1H, J = 4Hz), 5.10(d, 1H, J = 

3.5Hz), 6.98(dd, 1H, J1 = 3Hz, J2 = 9Hz), 7.06-7.08(m, 2H), 7.45(s, 2H). 
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3e: (2-amino-3-cyano-8-ethoxy-4H-chromen-4-yl)malononitrile 

O

NC CN

CN

NH2

O

 

White solid; mp: 141~143 ˚C; IR (Neat, cm
-1

): 3469, 3348, 2989, 2945, 2895, 2254, 2190, 1640, 

1576, 1480, 1406, 1320, 1275, 1199, 1078; 
1
HNMR(500MHz, DMSO-d6) δ: 1.36(t, 3H, J = 7Hz), 

4.09-4.16(m, 2H), 4.56(d, 1H, J = 4Hz), 5.04(d, 1H, 4Hz), 7.00(dd, 1H, J1 = 8Hz, J2 = 1Hz), 7.10-

7.12(m, 1H), 7.18(t, 1H, J = 8Hz), 7.5(s, 2H); 
13

C NMR (100.6 MHz, DMSO-d6) δ: 15.0, 32.8, 

37.8, 49.4, 64.9, 113.4, 113.6, 114.5, 119.4, 119.8, 120.2, 125.4, 139.9, 146.8, 163.8; ESI MS (m/z) 

=  281.2 (M+H)
+
; Anal. Calcd for C15H12N4O2: C, 64.28; H, 4.32; N, 19.99, Found: C, 64.37; H, 

4.37; N, 20.06. 

3f: (2-amino-6-chloro-3-cyano-4H-chromen-4-yl)malononitrile
4
  

O

NC CN

CN

NH2

Cl

 

White solid; mp: 152~154 ˚C (lit. 151-154˚C)
4 

; IR (Neat, cm
-1

): 3438, 3327, 2882, 2239, 2189, 

1636, 1601, 1567, 1420, 1262, 1227, 1035; 
1
HNMR(500MHz, DMSO-d6) δ: 4.62(d, 1H, J = 

3.5Hz), 5.15(d, 1H, J = 3.5Hz), 7.18(d, 1H, J = 8.5Hz), 7.48(dd, 1H, J1 = 8.5Hz, J2 = 2.5Hz), 

7.58(d, 1H, 2.5Hz), 7.61(s, 2H). 

3g: (2-amino-3-cyano-6-nitro-4H-chromen-4-yl)malononitrile
3,4

 

O

NC CN

CN

NH2

O2N

 

White solid; mp: 179~181 ˚C (lit. 180-181˚C)
4 

; IR (Neat, cm
-1

): 3403, 3316, 2901, 2256, 2195, 

1654, 1596, 1521, 1428, 1344, 1251, 1089, 1036; 
1
HNMR(500MHz, DMSO-d6) δ: 4.81(d, 1H, J = 

4Hz), 5.23(d, 1H, J = 4Hz), 7.40(d, 1H, J = 9Hz), 7.81(s, 2H), 8.30(dd, 1H, J1 = 9Hz, J2 = 2.5Hz), 

8.53(d, 1H, J = 2.5Hz). 

3h: (2-amino-3-cyano-8-methoxy-6-nitro-4H-chromen-4-yl)malononitrile 

O

NC CN

CN

NH2

O

O2N

 

White solid; mp: 189~191 ˚C; IR (Neat, cm
-1

): 3442, 3339, 2871, 2254, 2191, 1638, 1577, 1521, 

1429, 1347, 1230, 1098; 
1
HNMR(500MHz, DMSO-d6) δ: 4.00(s, 3H), 4.77(d, 1H, J = 3.5Hz), 

5.21(d, 1H, J = 3.5Hz), 7.82(s, 2H), 7.91(d, 1H, J = 2.5Hz), 8.10(d, 1H, J = 3Hz); 
13

C NMR (100.6 

MHz, DMSO-d6) δ: 32.8, 37.4, 49.1, 57.2, 108.1, 113.1, 113.2, 116.5, 119.2, 119.8, 144.1, 144.4, 
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148.2, 163.1; ESI MS (m/z) =  312.2(M+H)
+
; Anal. Calcd for C14H9N5O4: C, 54.02; H, 2.91; N, 

22.50, Found: C, 53.96; H, 2.97; N, 22.63. 

3i: (2-amino-3-cyano-6,8-dinitro-4H-chromen-4-yl)malononitrile 

O

CN

NH2

NC CN

NO2

O2N

 

Light brown solid; mp: 188~190 ˚C; IR (Neat, cm
-1

): 3406, 3321, 2900, 2257, 2199, 1645, 1528, 

1419, 1339, 1260, 1216, 1092; 
1
HNMR(500MHz, DMSO-d6) δ: 4.92(d, 1H, J = 4Hz), 5.29(d, 1H, J 

= 4Hz), 8.02(s, 2H), 8.78(d, 1H, J = 3Hz), 8.89(d, 1H, J = 3Hz); 
13

C NMR (100.6 MHz, DMSO-d6) 

δ:32.6, 37.2, 49.3, 112.8, 113.0, 118.6, 121.9, 122.5, 129.2, 138.4, 142.9, 146.9, 162.3; ESI MS 

(m/z) =  327(M+H)
+
; Anal. Calcd for C13H6N6O5: C, 47.86; H, 1.85; N, 25.76, Found: C, 48.04; H, 

1.89; N, 25.89. 

3j: (2-amino-8-bromo-6-chloro-3-cyano-4H-chromene-4-yl)malononitrile 

O

NC CN

CN

NH2

Cl

Br  

White solid; mp: 173~175 ˚C; IR (Neat, cm
-1

): 3435, 3334, 2891, 2256, 2189, 1649, 1596, 1563, 

1415, 1306, 1245, 1169, 1025; 
1
HNMR(500MHz, DMSO-d6) δ: 4.67(d, 1H, J = 4Hz), 5.17(d, 1H, J 

= 4.5Hz), 7.60(d, 1H, J = 2Hz), 7.75(s, 2H), 7.90(d, 1H, J = 2.5Hz); 
13

C NMR (100.6 MHz, 

DMSO-d6) δ: 32.7, 37.7, 49.3, 111.1, 113.1, 113.2, 119.2, 121.8, 128.6, 129.4, 133.3, 146.3, 163.4; 

ESI MS (m/z) = 350.1 (M+H)
+
; Anal. Calcd for C13H6BrClN4O: C, 44.67; H, 1.73; N, 16.03, 

Found: C, 44.72; H, 1.79; N, 16.19. 

3k: (2-amino-3-cyano-6,8-diiodo-4H-chromen-4-yl)malononitrile 

O

CN

NH2

NC CN

I

I

 

White solid; mp: 197~199 ˚C; IR (Neat, cm
-1

): 3410, 3322, 2888, 2255, 2195, 1648, 1594, 1547, 

1423, 1245, 1160, 1022; 
1
HNMR(500MHz, DMSO-d6) δ: 4.59(d, 1H, J = 4Hz), 5.13(d, 1H, J = 

4Hz), 7.69(s, 2H), 7.82(s, 1H), 8.2(s, 1H); 
13

C NMR (100.6 MHz, DMSO-d6) δ: 32.8, 37.4, 49.5, 

87.3, 90.2, 113.1, 113.3, 119.2, 121.5, 137.8, 146.9, 149.9; ESI MS (m/z) =  489(M+H)
+
; Anal. 

Calcd for C13H6I2N4O: C, 31.99; H, 1.24; N, 11.48, Found: C, 32.08; H, 1.32; N, 11.57. 

4a: 2-amino-6-chloro-3-quinolinecarbonitrile 

N

CN

NH2

Cl
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Pale yellow solid; mp: 311~313 ˚C; IR (Neat, cm
-1

): 3432, 3364, 2221, 1653, 1605, 1550, 1476, 

1254, 1195; 
1
HNMR(500MHz, DMSO-d6) δ: 6.71(s, 2H), 6.79(d, 1H, J = 9Hz), 7.32(dd, 1H, J1 = 

9Hz, J2 = 2Hz), 7.77(d, 1H, J = 2.5Hz), 8.31(s, 1H,); 
13

C NMR (125.75 MHz, DMSO-d6) δ: 97.5, 

118.1, 123.4, 128.4, 128.8, 129.4, 134.8, 146.5, 149.6, 157.9; ESI MS (m/z) =  204.1(M+H)
+
; Anal. 

Calcd for C10H6ClN3: C, 58.98; H, 2.97; N, 20.64, Found: C, 59.12; H, 3.08; N, 20.77. 

4b: 2-amino-6,8-dibromo-3-quinolinecarbonitrile 

N

CN

NH2

Br

Br

 

Pale yellow solid; mp: 314~316 ˚C; IR (Neat, cm
-1

): 3476, 3308, 2219, 1645, 1541, 1458, 1185; 
1
HNMR(500MHz, DMSO-d6) δ: 7.42(s, 2H), 8.03(d, 1H, J = 1.5Hz), 8.17(d, 1H, J = 2Hz), 8.69(s, 

1H); 
13

C NMR (100.6 MHz, DMSO-d6) δ: 114.1, 116.2, 121.7, 123.2, 130.7, 138.1, 145.4, 145.9, 

156.8; ESI MS (m/z) = 328 (M+H)
+
; Anal. Calcd for C10H5Br2N3: C, 36.73; H, 1.54; N, 12.85, 

Found: C, 36.77; H, 1.52; N, 12.92. 

4c: 2-amino-1,8-naphthyridine-3-carbonitrile 

N N

CN

NH2  

Pale yellow solid; mp: 279~280 ˚C; IR (Neat, cm
-1

): 3385, 3332, 2205, 1657, 1601, 1550, 1196; 
1
HNMR(500MHz, DMSO-d6) δ: 7.30(dd, 1H, J1 = 8Hz, J2 = 4Hz), 7.39(s, 2H), 8.18(dd, 1H, J1 = 

8Hz, J2 = 2Hz), 8.76(s, 1H), 8.86(dd, 1H, J1 = 4Hz, J2 = 2Hz); 
13

C NMR (125.75 MHz, DMSO-d6) 

δ: 97.4, 117.2, 117.9, 120.7, 139.6, 148.7, 157.8, 158.8, 159.9; Anal. Calcd for C9H6N4: C, 63.52; 

H, 3.55; N, 32.92, Found: C, 63.58; H, 3.63; N, 33.02. 
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4. Copies of 
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1
HNMR of Compound 3c 

 
 

13
C NMR of Compound 3c 
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1
HNMR of Compound 3d 
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1
HNMR of Compound 3e 

 

13
C NMR of Compound 3e 
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1
HNMR of Compound 3f 

 

1
HNMR of Compound 3g 
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1
HNMR of Compound 3h 

 

13
C NMR of Compound 3h 
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1
HNMR of Compound 3i 

 

13
C NMR of Compound 3i 
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1
HNMR of Compound 3j 

 

13
C NMR of Compound 3j 
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1
HNMR of Compound 3k 

 

13
C NMR of Compound 3k 
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1
HNMR of Compound 4a 

 

13
C NMR of Compound 4a 
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1
HNMR of Compound 4b 

 

13
C NMR of Compound 4b 
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1
HNMR of Compound 4c 

 

13
C NMR of Compound 4b 
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