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Supplementary data  
 

N S

CNNC

H2N

OCH3

 

2-Amino-4-(4-methoxyphenyl)-6-(p-tolylthio)pyridine-3,5-dicarbonitrile (5a). Yellow solid; mp 229–231°C; FT-IR (KBr): 
(vmax/cm-1): 3462, 3332, 2218, 1632, 1544; 1H NMR (400 MHz, CDCl3): δ (ppm) 2.43 (s, 3H, CH3), 3.88 (s, 3H, OCH3), 5.47 (s, 
2H, NH2), 7.04-7.06 (d, 2H, J = 8 Hz, Ar-H), 7.28 (d, 2H, Ar-H), 7.42 (d, 2H, J= 7.8 Hz, ArH), 7.51-7.53 (d, 2H, J= 8Hz, ArH); 
13C NMR (100 MHz, CDCl3): δ (ppm) 21.4, 55.6, 87.1, 94.8, 114.3, 115.6, 124.1, 126.1, 130.3, 130.4, 135.3, 139.7, 158.2, 160.2, 
161.2, 165.1, 167.4; MS (EI, 70 eV): m/z 372 (M+), Anal. Calcd for C21H16N4OS: C, 67.72; H, 4.33; N, 15.04%. Found: C, 67.62; 
H, 4.39; N, 15.14%. 

 

 

N S

CNNC

H2N

OCH3

 

2-Amino-4-(4-methoxyphenyl)-6-(phenylthio)pyridine-3,5-dicarbonitrile (5b). Yellow solid; mp 240–242 °C; FT-IR (KBr): 
(vmax/cm-1): 3438, 3329, 2217, 1640, 1545; 1H NMR (400 MHz, CDCl3): δ (ppm) 3.86 (s, 3H, OCH3), 6.81 (s, 2H, NH2), 7.04 (d, 
2H, J=7.6 Hz, Ar-H), 7.42-7.51 (m, 5H, Ar-H), 7.54 (d, 2H, J= 7.6 Hz, Ar-H), 13C NMR (100 MHz, CDCl3): δ (ppm) 55.5, 86.3, 
93.6, 114.2, 115.6, 129.3, 129.6, 130.8, 131.1, 133.2, 135.7, 157.6, 158.9, 159.9, 161.4, 166.9; MS (EI, 70 eV): m/z 358 (M+), 
Anal. Calcd for C20H14N4OS: C, 67.02, H, 3.94; N, 15.63 %. Found: C, 67.11; H, 3.85; N, 15.52%. 
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N S

CNNC

H2N

NO2

 
 

2-Amino-4-(3-nitrophenyl)-6-(phenylsulfanyl)-3,5-pyridine dicarbonitrile (5c). Yellow solid, mp 218–220 °C; FT-IR (KBr): 
(vmax/cm-1): 3447, 3315, 2218, 1626, 1523, 1349; 1H NMR (400 MHz, CDCl3): δ (ppm) 5.38 (s, 2H, NH2), 7.50–7.57 (m, 5H, 
Ar–H), 7.38-7.72 (m, 3H, Ar–H), 8.44 (s, 1H, ArH); 13C NMR (100 MHz, CDCl3): δ (ppm) 87.4, 95.9, 114.8, 115.2, 127.1, 
128.4, 129.3, 129.9, 131.2, 133.2, 135.8, 136.1, 137.2, 158.4, 159.3, 164.1, 169.5; MS (EI, 70 eV): m/z 373 (M+), Anal. Calcd for 
C19H11N5O2S: C, 61.12; H, 2.97; N, 18.76%. Found: C, 61.21; H, 2.91; N, 18.68%. HR MS calc. for C19H11N5O2S: 373.0633, 
found: 373.0631;  

 

 

N

N

N

S

O Cl

NH2

 

 

2-Amino-4-(4-chlorophenyl) -6- ((4-methoxybenzyl)thio) -3,5-pyridinedicarbonitrile (5d).Yellow solid, mp 237–239 °C;FT-
IR (KBr): (vmax/cm-1): 3322, 2214, 1626, 1543, 1482, 1243,1H NMR (400 MHz, DMSO-d6): δ (ppm) 3.71 (s, 3H, OCH3), 4.43 (s, 
2H, CH2), 6.84–6.86 (d, J= 8.4, 2H, Ar–H), 7.41–7.43 (d, J= 8.2, 2H, Ar–H),7.54–7.56 (d, J= 8.4, 2H, Ar–H), 7.61–7.63 (d, J= 
8.2, 2H, Ar–H), 8.06 (s, 2H, NH2). 

13C NMR (100 MHz, DMSO-d6): δ (ppm) 33.3, 55.5, 86.3, 93.6, 114.2, 114.9, 115.6, 129.3, 
129.6, 130.8, 131.1, 133.2, 135.7, 157.6, 158.9, 159.9, 169.8 MS (EI, 70 eV): m/z 406 (M+), Anal. Calcd for C21H15ClN4OS: C, 
61.99; H, 3.72; N, 13.77%. Found: C, 61.83; H, 3.80; N, 13.86%. 

N S

CNNC

H2N

NO2

 

2-Amino-4-(4-nitrophenyl)-6-(p-tolylthio)pyridine-3,5-dicarbonitrile (5e). Yellow solid, mp 301–303 °C; FT-IR (KBr): 
(vmax/cm-1): 3472, 3332, 3218, 2215, 1626, 1541, 1509, 1344, 1262, 1H NMR (400 MHz, CDCl3): δ (ppm) 2.40 (s, 3H, CH3), 
5.50 (s, 2H,NH2), 7.26–7.28 (d, J= 7.6, 2H , Ar-H), 7.43–7.45 (d, J=7.8, 2H, Ar-H), 7.66–7.68 (d, J = 7.6, 2H , Ar-H), 8.39–8.41 
(d, J= 7.8, 2H , Ar-H); 13C NMR (100 MHz, CDCl3): δ (ppm) 18.9, 86.8, 96.2, 115.1, 116.9, 125.3, 131.3,132.9, 134.1, 134.9, 
135.5, 136.2, 137.3, 156.1, 158.2,165.1. MS (EI, 70 eV): m/z 387 (M+), Anal. Calcd for C20H13N5O2S: C, 62.01; H, 3.38; N, 
18.08%. Found: C, 61.83; H, 3.26; N, 18.15%. 
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N S

CNNC

H2N

 

2-Amino-4-phenyl-6-(p-tolylthio) pyridine-3,5-dicarbonitrile (5f). Yellow solid, mp 248–250 °C; FT-IR (KBr): (vmax/cm-1): 
3446, 3314, 2219, 1627, 1522; 1H NMR (400 MHz, DMSO-d6): δ (ppm)  2.34 (s, 3H, CH3), 7.27 (d, J= 7.9, 2H, Ar-H), 7.45 (d, 
2H, J= 7.9, Ar-H), 7.49 (m, 5H, Ar-H), 7.80 (s, 2H, NH2); 

13C NMR (100 MHz, DMSO-d6): δ (ppm) 21.4, 87.2, 95.7, 114.8, 
115.2, 123.5, 128.4, 129.9, 130.1, 130.9, 133.2, 135.6, 140.3, 158.3, 159.3, 169.5, MS (EI, 70 eV): m/z 342 (M+), Anal. Calcd for 
C20H14N4S: C, 70.15; H, 4.12; N, 16.36%. Found: C, 70.09; H, 4.21; N, 16.31%. HR MS calc. for C20H14N4S: 342.0939; found: 
342.0949; 

 

N S

CNNC

H2N

 

2-amino-6-(phenylthio)-4-m-tolylpyridine-3,5-dicarbonitrile (5g).Colorless solid; mp 278-280 °C, IR (KBr) (vmax/cm-1): 
3420,3339, 3219, 2214, 1621; 1H NMR (400 MHz, DMSO-d6): δ (ppm) δ 2.44 (s, 3H), 7.32-7.74 (m, 6H), 7.45-7.55 (m, 3H) 
7.63(s, 2H, NH2),

13C NMR (100 MHz, DMSO-d6): δ (ppm) 15.1, 87.6, 94.1, 115.9, 116.0, 126.0, 128.1, 129.7, 130.1, 130.3, 
130.5,131.3, 133.5, 135.6, 142.7, 158.6, 160.6. MS (EI, 70 eV): m/z 342 (M+), Anal. Calcd for C20H14N4S: C, 70.15; H, 4.12; N, 
16.36 ℅. Found: C, 70.18; H, 4.15; N 16.32 ℅. 

N S

CNNC

H2N

 

2-Amino-6-phenylsulfanyl-4-p-tolyl-pyridine-3,5-dicarbonitrile (5h)Colourless solid, mp 206-207°C, IR (KBr) (vmax/cm-1): 
3441, 3339, 3216, 2214, 1627,1544, 1522, 1265;1H NMR (400 MHz, DMSO-d6): δ (ppm) 2.52 (s, 3H), 7.33-7.75 (m, 6H), 7.46-
7.55 (m, 3H), 7.63(s, 2H, NH2),

13C NMR (100 MHz, DMSO-d6): δ (ppm)14.9, 87.6, 94.1, 115.9, 116.0, 126.0, 126.2, 128.1, 
129.7, 130.1, 130.3, 130.5, 135.6, 142.7, 158.6, 160.6. MS (EI, 70 eV): m/z 342 (M+), Anal. Calcd for C20H14N4S: C, 70.15; H, 
4.12; N, 16.36 ℅. Found: C, 70.17; H, 4.18; H, 16.39 ℅.  
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N S

CNNC

H2N

Cl

 

2-Amino-4-(4-chlorophenyl)-6-phenylsulfanylpyridine-3,5-dicarbonitrile (5i)Colourless solid, mp 221-222°C, IR (KBr) 
(vmax/cm-1): 3487, 3344, 3222, 2926,2214, 1633, 1545;1H NMR (400 MHz, DMSO-d6): δ (ppm)7.45–7.50 (m, 3H, Ar-H), 7.57 
(d, 2H, J= 8.0Hz, Ar-H), 7.59 (d, 2H, J= 8.0Hz, Ar-H), 7.64 (d, 2H, J=8.0Hz, Ar-H) 7.83 (s, 2H, NH2);

13C NMR (100 MHz, 
DMSO-d6): δ (ppm)87.5, 93.7, 115.2, 115.5, 127.3, 129.2, 129.5, 129.8, 130.8, 133.1, 135.2, 135.7, 157.8, 159.9, 166.6. MS (EI, 
70 eV): m/z 362 (M+), Anal. Calcd for C19H11ClN4S: C, 62.89; H, 3.06; N, 15.44; S, 8.84 ℅. Found: C, 62.85; H, 3.11; N 15.48 
℅. HRMS m/z(ESI) calcd for C19H12N4SCl (M+H)+ 363.0471, found 363.0481. 

N S

CNNC

H2N

OH

 

2-Amino-4-(4-hydroxy-phenyl)-6-phenylsulfanyl-pyridine-3,5 -dicarbonitrile(5j) Colourless solid, mp 315-317°C, IR (KBr) 
(vmax/cm-1): 3648, 3498, 3367, 3237, 2222, 2217, 1632;1H NMR (400 MHz, DMSO-d6): δ (ppm) δ 6.94 (d, J= 8.5 Hz, 2H), 7.39 
(d, J= 8.5 Hz, 2H), 7.52 (m, 3H), 7.60 (m, 2H), 7.69 (s, 2H), 10.05 (bs, 1H, OH); 13C NMR (100 MHz, DMSO-d6): δ (ppm) 93.7, 
96.9, 115.6, 115.9, 116.0, 124.5, 127.5, 129.8, 130.1, 130.7, 135.2, 159.1, 159.8, 160.3, 166.5; MS (EI, 70 eV): m/z 344 (M+), 
Anal. Calcd for C19H12N4OS: C, 66.26; H, 3.51; N, 16.27℅. Found: C, 66.10; H, 3.62; N, 16.22 ℅. 

N S

CNNC

H2N

NO2

 

2-Amino-4-(4-nitro-phenyl)-6-phenylsulfanyl-pyridine-3,5-dicarbonitrile (5k)Colourless solid, mp 289-290 °C, IR (KBr) 
(vmax/cm-1): 3407, 3328, 3235, 2228, 2214, 1645, 1555;1H NMR (400 MHz, DMSO-d6): δ (ppm) 7.47-7.49 (m, 3H), 7.56-7.59 
(m, 2H), 7.85 (d, J= 8.5 Hz, 2H), 7.91 (s, 2H, NH2), 8.39 (d, J= 8.5 Hz, 2H);13C NMR (100 MHz, DMSO-d6): δ (ppm)87.2, 93.3, 
114.9, 115.3, 124.2, 127.2, 129.8, 130.1, 130.5, 135.1, 140.5,148.9, 157.0, 159.8, 166.5; MS (EI, 70 eV): m/z 373 (M+), Anal. 
Calcd for C19H11N5O2S: C, 61.12; H, 2.97; N, 18.76℅ Found: C, 61.05; H, 2.78; N, 18.91℅. 
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N S

CNNC

H2N

Br

 

 

2-Amino-4-(4-bromophenyl)-6-phenylsulphanylpyridine-3,5-dicarbonitrile (5l)Colourless solid, mp 255-257 °C; IR (KBr) 
(vmax/cm-1): 3442, 3338, 3222, 2219, 1629, 1555, 1531, 1459; 1HNMR (400 MHz, DMSO-d6): δ (ppm) 7.54–7.62 (m, 5H), 7.80–
7.82 (m, 4H), 7.87 (s, 2H, NH2);

 13C NMR (100 MHz, DMSO-d6): δ (ppm) 85.6, 92.1, 113.5, 113.4, 120.6, 125.9, 127.1, 128.0, , 
129.5, 131.9, 133.5, 134.3, 158.3, 159.8, 166.5; MS (EI, 70 eV): m/z 405 (M+), Anal. Calcd for C19H11BrN4S: C, 56.03; H, 2.72; 
N, 13.76; S 7.87℅. Found: C, 56.08; H, 2.78; N 13.68, S 7.81 ℅. HRMS calc. forC19H11BrN4S: 405.9888, found: 405.9885. 

 

NO

N
S NH2

NH2  

2,4-Diamino-5-phenylsulfanyl-5H-chromeno [2,3-b] pyridine- 3-carbonitrile(6a). Yellow solid, mp 220-222°C,IR (KBr) 
(vmax/cm-1): 3355, 3429, 2203, 1400-1623; 1H NMR (400 MHz, DMSO-d6): δ 5.73 (s, 1H), 6.50 (2H, s), 6.74-6.78 (3H, m), 6.94 
(s, 2H), 7.05-7.11 (3H, m), 7.15-7.30 (m, 3H);13C NMR (100MHz, DMSO-d6): δ (ppm) 43.12, 70.8, 86.90, 116.01, 116.5, 121.5, 
123.9, 128.60, 128.64, 129.50, 129.70, 134.2, 137.7, 150.90, 156.40, 159.7, 160.90. MS (EI, 70 eV): m/z346 (M+), Anal. Calcd. 
For C19H14N4OS: C, 65.88; H, 4.074; N, 16.17;S, 9.26 ℅. Found C 65. 82, H 4.09, N 16.07.%. HRMS m/z(ESI) calcd for 
C19H15N4OS (M+H)+347.0966, found 347.0958. 

 

NO

N
S NH2

NH2  
2,4-Diamino-5-(4-methylphenylsulfanyl)-5H-chromeno[2,3-b] pyridine-3-carbonitrile (6b).Yellow solid, mp 223–225 °C;IR 
(KBr) (vmax/cm-1): 3457, 3349, 2198, 1400-1623.  1H NMR (400 MHz, DMSO-d6): δ 2.19 (s, 3H), 5.66 (s, 1H), 6.46 (br s, 2H), 
6.61 (d, J=7.9Hz, 2H), 6.79 (d, J=7.9Hz, 1H), 6.90 (m, 4H), 7.11; (d,J=6.8Hz, 1H), 7.19 (d,J=7.3Hz, 2H).13C NMR (100MHz, 
DMSO-d6): δ (ppm) 21.2, 43.11, 70.8, 86.3, 115.7, 116.4, 121.8, 123.6, 127.0, 128.2, 128.6, 129.8, 136.9, 138.3, 151.33, 156.3, 
160.08, 160.25 MS (EI, 70 eV): m/z 360 (M+),Anal. Calcd. ForC20H16N4OS: C 66.64, H 4.47, N 15.54, S 8.90℅.Found C 66.59, 
H 4.51, N 15.48 %. HR MS ESI [M+H]+calcd. for C20H17N4OS 361.1123; found 361.1132. 
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NO

N
S NH2

NH2  
2,4-Diamino-5(benzylthio)-5H-chromeno[2,3-b]pyridine-3-carbonitrile (6c).Yellow solid, mp173-175 °C;IR (KBr) (vmax/cm-

1): 3377, 3439, 2200, 1400, 1605; 1H NMR (400 MHz, DMSO-d6): δ  3.49 (ABq, 2H, J=12Hz), 5.48 (1H), 6.55 (bs, 2H), 6.83 
(bs, 2H), 7.03–7.21 (m, 7H), 7.33 (m, 2H); 13C NMR (100 MHz, DMSO-d6): δ (ppm) 35.02, 44.01, 70.90, 87.01, 117.6, 118.3, 
119.3, 122.8, 124.2, 124.3, 129.6, 133.2, 133.3, 136.6, 143.7, 152.9, 159.9, 160.2. MS (EI, 70 eV): m/z 360 (M+), Anal. CalcdFor 
C20H16N4OS: C, 66.64; H, 4.47; N, 15.54; Found C, 66. 48; H, 4.58; N, 15.39 %. HRMS m/z(ESI) calcd for C20H17N4OS 
(M+H)+361.1123, found 361.1129. 

NO

N
NH2

NH2

S

O

 
5- ( (furan-2-yl) methylthio) -2,4-diamino - 5H-chromeno [2,3-b] pyridine-3-carbonitrile (6d).Yellow solid, mp 200–201 °C; 
IR (KBr) (vmax/cm-1): 3386, 3440, 2203, 1397, 1612;1H NMR (400 MHz, DMSO-d6): δ 3.51 (ABq, 2H, J=12Hz), 5.46 (1H), 
5.99 (1H), 6.23 (s, 1H), 6.55 (bs, 2H), 6.79 (bs, 2H), 7.10(d, 1H, J=8Hz), 7.17 (t, 1H, J=8Hz), 7.24(s, 1H), 7.31(t, 2H, J= 8Hz); 
13C NMR (100 MHz, DMSO-d6): δ (ppm) 25.9, 36.03, 71.0, 87.9, 107.8, 111.0, 116.5, 116.9, 129.0, 129.7, 133.8, 142.7, 149.4, 
151.2, 157.1, 160.03, 160.10..MS (EI, 70 eV): m/z 350 (M+), Anal. CalcdForC18H14N4O2S: C 61.70, H 4.03, N 15.99 Found C 
61.62, H 4.10, N 15.91.%. HRMS m/z (ESI) calcd for C18H15N4O2S (M+H)+351.0915, found 351.0913. 

 

NO

N
Br

S NH2

NH2  
 

2,4-Diamino-5-(benzylthio)-7-bromo-5H-chromeno[2,3-b] pyridine-3-carbonitrile(6e).Yellow solid. mp 206–208 °C, IR 
(KBr) (vmax/cm-1): 3315, 3441, 2189, 1403, 1653;1H NMR (400 MHz, DMSO-d6) δ 4.06–4.45 (AB q, 2H, J=12Hz), 4.67 (1H), 
6.48 (s, 1H), 6.88–6.90 (m, 5H), 7.37 (m,6H);13C NMR (100 MHz, DMSO-d6) δ (ppm) 33.34, 35.78, 71.21 87.22, 116.46, 
118.79, 120.90, 121.60, 124.41, 128.60, 129.79, 131.05, 137.53, 137.96, 148.22, 152.75, 160.44, 160.80. MS (EI, 70 eV): m/z 
439 (M+), Anal. Calcd For C20H15N4OSBr: C 54.68, H  3.44, N 12.75 Found C 54.55, H 3.52, N 12.61%. 
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NO

N
Br

NH2

NH2

S

O

 
5-((furan-2-yl)methylthio)-2,4-diamino-7-bromo-5H- chrom- eno[2,3-b] pyridine-3-carbonitrile (6f).Yellow solid. mp 225–
227 °C,  IR (KBr)(vmax/cm-1):3311, 3442, 2194, 1404, 1655;1H NMR (400 MHz, DMSO-d6) δ 4.14–4.56 (ABq, 2H, J=12Hz), 
4.89 (1H), 6.34 (s, 1H), 6.46 (d, J= 8.3Hz,1H), 6.78-6.95 (m, 6H), 7.39 (d, 1H, J=9Hz), 7.62 (d, 1H);13C NMR (100 MHz, 
DMSO-d6)δ (ppm) 28.64, 36.31, 54.27, 84.86, 108.77, 111.49, 116.50, 118.87, 119.41, 124.14, 125.50, 131.12, 131.89, 143.26, 
148.21, 150.72, 155.24, 160.5. MS (EI, 70 eV): m/z 429 (M+), Anal. Calcd For C18H13N4O2SBr: C 50.39, H 3.05, N 13.06 Found 
C 50.35, H 2.97, N 13.01%. 
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