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General Experimental Methods 

Commercial solvents and reagents were used as received. Melting points are 

uncorrected. IR spectra were recorded on Varian F-1000 spectrometer in KBr with 

absorptions in cm-1 1. H NMR and 13C NMR were determined on Varian-300 MHz or 

Varian-400 MHz spectrometer in DMSO-d  or CDCl6 3 solution. J values are in Hz. 

Chemical shifts are expressed in ppm downfield from internal standard TMS. High 

resolution mass spectra (HRMS) were obtained using  a time-of-flight mass 

spectrometry (TOF-MS) instrument. X-ray crystallographic analysis was performed 

with a Rigaku Mercury CCD/AFC diffractometer. 

General procedure for the synthesis of fused pyridines 4 is represented as follows 

  A dry 50 ml flask was charged with aldehyde 1 (1 mmol), acyl acetonitrile 2 (1 

mmol), electron-rich amino heterocycles 3 (1 mmol) and ionic liquid [bmim]Br (2 ml). 

The mixture was stirred at 80 °C for 4-7 h to complete the reaction (monitored by 

TLC), then 50 ml water was added. The solid was filtered off and washed with water. 

The crude product was purified by recrystallization from etnahol to give 4. 
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Characterizations for compounds 

N
N N

H3C

Ph

N

CH3

 

3-Methyl-1,6-diphenyl-4-(4-methylphenyl)-1H-pyrazolo[3,4-b]pyridine-5-carb

onitrile 4{1,1,1}: m.p. 210-212 °C. IR (KBr) ν: 2221, 1583, 1559, 1506, 1433, 1418, 

1385, 1340, 1196, 1176, 1127, 775, 758, 706 cm-1 1H NMR (DMSO-d; 6) (δ, ppm): 

2.10 (3H, s, CH ), 2.46 (3H, s, CH3 3), 7.38 (1H, t, J = 7.2 Hz, ArH), 7.45 (2H, d, J = 

8.0 Hz, ArH), 7.56-7.61 (7H, m, ArH), 7.94-7.96 (2H, m, ArH), 8.22 (2H, d, J = 8.4 

Hz, ArH). HRMS [Found: m/z 400.1688 (M+); Calcd for C27H20N M, 400.1688]. 4  

N

N

CH3

N

N

O
H3C

O
CH3

 

1,3-Dimethyl-2,4-dioxo-7-phenyl-5-p-tolyl-1,2,3,4-tetrahydropyrido[2,3-d]pyri

midine-6-carbonitrile 4{1,1,2}: m.p. >300 °C. IR (KBr) ν: 2222, 1713, 1668, 1553, 

1478, 1409, 1362, 1286, 1097, 817, 752, 716, 698 cm-1 1H NMR (DMSO-d; 6) (δ, 

ppm): 2.41 (3H, s, CH ), 3.17 (3H, s, CH ), 3.67 (3H, s, CH3 3 3), 7.25-7.31 (4H, m, 

ArH), 7.61-7.62 (3H, m, ArH), 8.00-8.02 (2H, m, ArH). HRMS [Found: m/z 382.1435 

(M+); Calcd for C23H18N O  M, 382.1430]. 4 2
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N
HN

N

O

H2N

CH3

 

2-Amino-4-oxo-7-phenyl-5-p-tolyl-3,4-dihydropyrido[2,3-d]pyrimidine-6-carbo

nitrile 4{1,1,4}: m.p. 249-250°C. IR(KBr) ν: 3323, 3060, 2224, 1701, 1665, 1539, 

1455, 1431, 1386, 1357, 1280, 1209, 1103, 908, 828, 789, 717, 694 cm-1 1; H NMR 

(DMSO-d ) (δ, ppm): 2.43 (3H, s, CH6 3), 7.28 (5H, s, ArH), 7.58-7.60 (4H, m, 

ArH+NH 13C NMR (DMSO-d), 7.89-7.99 (2H, m, ArH), 11.18 (1H, s, NH). 2 6) (δ, 

ppm): 21.65, 108.74, 114.13, 118.04, 128.48, 128.97, 129.69, 130.92, 134.85, 137.99, 

138.17, 138.33, 141.37, 156.47, 158.73, 162.98, 164.96. HRMS [Found: m/z 

353.1277(M+); Calcd for C20H12
35ClN O M, 353.1277]. 5

N
N N

H3C

Ph

N

Cl

CH3

 

3-Methyl-1-phenyl-6-(4-chlorophenyl)-4-(4-methylphenyl)-1H-pyrazolo[3,4-b]

pyridine-5-carbonitrile 4{1,2,1}: m.p. 210-211°C. IR (KBr) ν: 2226, 1581, 1558, 

1506, 1439, 1421, 1385, 1346, 1174, 1129, 1090, 1017, 841, 803, 756, 741 cm-1 1; H 

NMR (DMSO-d ) (δ, ppm): 2.10 (3H, s, CH ), 2.47 (3H, s, CH6 3 3), 7.36-7.40 (1H, m, 

ArH), 7.46 (2H, d, J = 8.0 Hz, ArH), 7.56-7.59 (4H, m, ArH), 7.68-7.70 (2H, m, ArH), 

7.98-8.00 (2H, m, ArH), 8.20 (2H, d, J = 8.0 Hz, ArH). HRMS [Found: m/z 434.1296 

(M+); Calcd for C27H19
35ClN  M, 434.1298 ]. 4
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N
N

N

O
H3C

O
CH3 Cl

CH3

 

7-(4-Chlorophenyl)-1,3-dimethyl-2,4-dioxo-5-(4-methylphenyl)-1,2,3,4-tetrahy

dropyrido[2,3-d]pyrimidine-6-carbonitrile 4{1,2,2}: m.p. >300°C. IR(KBr) ν: 2220, 

1718, 1670, 1578, 1550, 1496, 1475, 1411, 1363, 1285, 1092, 1012, 844, 812 cm-1; 
1H NMR (DMSO-d ) (δ, ppm): 2.44 (3H, s, CH ), 3.21 (3H, s, CH6 3 3), 3.71 (3H, s, 

CH3), 7.28-7.34 (4H, m, ArH), 7.73 (2H, d, J = 8.0 Hz, ArH), 8.08 (2H, d, J = 8.4 Hz, 

ArH). HRMS [Found: m/z 416.1001(M+); Calcd for C23H17
35  M, 416.1040]. ClN O4 2

N
N N

H3C

Ph

N

CH3

 

6-tert-Butyl-3-methyl-1-phenyl-4-p-tolyl-1H-pyrazolo[3,4-b]pyridine-5-carboni

trile 4{1,3,1}: m.p. 197-199 °C. IR (KBr) ν: 2997, 2968, 2869, 2218, 1598, 1577, 

1559, 1505, 1418, 1385, 1368, 1340, 1196, 1127, 1089, 912, 758, 706 cm-1 1; H NMR 

(DMSO-d ) (δ, ppm): 1.60 (9H, s, CH ), 2.00 (3H, s, CH ), 2.48 (3H, s, CH6 3 3 3), 7.35- 

7.44 (5H, m, ArH), 7.55-7.60 (2H, m, ArH), 8.25-8.28 (2H, m, ArH). HRMS [Found: 

m/z 380.2003 (M+  M, 380.2001]. ); Calcd for C25H24N4
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N N

H3C

Ph

N

Cl

 

3-Methyl-1,6-diphenyl-4-(4-chlorophenyl)-1H-pyrazolo[3,4-b]pyridine-5-carbonit

rile 4{2,1,1}: m.p. 231-233°C. IR (KBr) ν: 2221, 1596, 1572, 1506, 1491, 1437, 1343, 

1127, 1091, 1017, 839, 774, 757, 705 cm-1 1H NMR (DMSO-d; 6) (δ, ppm): 2.18 (3H, 

s, CH3), 7.26-7.35 (1H, m, ArH), 7.47-7.60 (9H, m, ArH), 7.99-8.01 (2H, m, ArH), 

8.28 (2H, d, J = 8.0 Hz, ArH). HRMS [Found: m/z 420.1143(M+); Calcd for 

C26H17
35ClN  M, 420.1142]. 4

N

N
N

N

O
H3C

O
CH3

Cl

 

5-(4-Chlorophenyl)-1,3-dimethyl-2,4-dioxo-7-phenyl-1,2,3,4-tetrahydropyrido[

2,3-d]pyrimidine-6-carbonitrile 4{2,1,2}: m.p. >300 °C. IR(KBr) ν: 2222, 1712, 

1666, 1583, 1554, 1495, 1477, 1440, 1410, 1362, 1287, 1087, 1020, 779, 752, 721, 

697 cm-1 1H NMR (DMSO-d ) (δ, ppm): 3.19 (3H, s, CH; ), 3.69 (3H, s, CH6 3 3), 7.43 

(2H, dd, J1 = 2.0 Hz, J2 = 8.4 Hz, ArH), 7.58 (2H, dd, J1 = 2.0 Hz, J2 = 8.4 Hz, ArH), 

7.62-7.64 (3H, m, ArH), 8.03 (2H, d, J = 7.2 Hz, ArH). HRMS [Found: m/z 402.0886 

(M+); Calcd for C22H15
35ClN O  M, 402.0884]. 4 2
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2-Amino-5-(4-chlorophenyl)-4-oxo-7-phenyl-3,4-dihydropyrido[2,3-d]pyrimidi

ne-6-carbonitrile 4{2,1,4}: m.p. 252-254°C. IR(KBr) ν: 3322, 3149, 3059, 2216, 

1696, 1668, 1596, 1541, 1487, 1455, 1431, 1386, 1356, 1281, 1214, 1090, 1017, 909, 

827, 801, 785, 718 cm-1 1H NMR (DMSO-d; 6) (δ, ppm): 7.40-7.43 (2H, m, ArH), 

7.50-7.57 (7H, m, ArH+NH2), 7.88-7.96 (2H, m, ArH), 11.22 (1H, s, NH). HRMS 

[Found: m/z 373.0729(M+); Calcd for C20H12
35ClN O M, 373.0730]. 5

N
N N

H3C

Ph

N

Cl

Cl

 

3-Methyl-1-phenyl-4,6-di-(4-chlorophenyl)-1H-pyrazolo[3,4-b]pyridine-5-carb

onitrile 4{2,2,1}: m.p. 244-246 °C. IR (KBr) ν: 2225, 1595, 1559, 1573, 1507, 1492, 

1440, 1420, 1385, 1129, 1087, 1015, 835, 796, 758, 743 cm-1 1H NMR (DMSO-d; 6) 

(δ, ppm): 2.11 (3H, s, CH3), 7.37-7.41 (1H, m, ArH), 7.57-7.61 (2H, m, ArH), 

7.69-7.74 (6H, m, ArH), 8.00 (2H, d, J = 8.0 Hz, ArH), 8.20 (2H, d, J = 8.0 Hz, ArH). 

HRMS[Found: m/z 454.0759 (M+); Calcd for C26H16
35Cl2N  M, 454.0752]. 4
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5,7-Bis(4-chlorophenyl)-1,3-dimethyl-2,4-dioxo-1,2,3,4-tetrahydropyrido[2,3-d]

pyrimidine-6-carbonitrile 4{2,2,2}: m.p. > 300°C. IR(KBr) ν: 2222, 1717, 1670, 

1597, 1557, 1549, 1495, 1475, 1412, 1363, 1287, 1089, 1016, 840, 815, 781, 754 cm-1; 
1H NMR (DMSO-d ) (δ, ppm): 3.18 (3H, s, CH6 3), 3.68 (3H, s, CH3), 7.41 (2H, d, J = 

8.4 Hz, ArH), 7.57 (2H, d, J = 8.4 Hz, ArH), 7.70 (2H, d, J = 8.8 Hz, ArH), 8.05 (2H, 

d, J = 8.4 Hz, ArH). HRMS [Found: m/z 436.0490(M+); Calcd for C22H14
35Cl N O2 4 2 M, 

436.0494]. 

N
N N

H3C

Ph

N

Cl

 

6-tert-Butyl-4-(4-chlorophenyl)-3-methyl-1-phenyl-1H-pyrazolo[3,4-b]pyridine

-5-carbonitrile 4{2,3,1}: m.p. 180-182 °C. IR (KBr) ν: 2995, 2970, 2871, 2217, 1598, 

1577, 1559, 1505, 1490, 1437, 1382, 1326, 1286, 1190, 1108, 1091, 828, 768, 693, 

671 cm-1 1H NMR (DMSO-d ) (δ, ppm): 1.58 (9H, s, CH; ), 2.00 (3H, s, CH6 3 3), 

7.33-7.36 (1H, m, ArH), 7.52-7.68 (6H, m, ArH), 8.22-8.27 (2H, m, ArH). 13C NMR 

(DMSO-d6) (δ, ppm): 14.92, 29.54, 40.47, 100.56, 104.99, 113.18, 120.83, 126.81, 

129.23, 129.83, 131.57, 131.67, 133.16, 135.47, 138.96, 144.04, 148.88, 152.59, 

170.32. HRMS [Found: m/z 400.1453(M+); Calcd for C24H21
35ClN  M, 400.1455]. 4
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N
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3-Methyl-1,6-diphenyl-4-(3,4-methylenedioxylphenyl)-1H-pyrazolo[3,4-b]pyrid

ine-5-carbonitrile 4{3,1,1}: m.p. 216-218°C. IR (KBr) ν: 2220, 1584, 1570, 1506, 

1489, 1467, 1442, 1385, 1272, 1236, 1197, 1037, 931, 779, 758, 708 cm-1 1; H NMR 

(CDCl ) (δ, ppm): 2.25 (3H, s, CH ), 6.12 (2H, d, J = 10.8 Hz, OCH3 3 2O), 6.99-7.03 

(3H, m, ArH), 7.32 (1H, t, J = 7.6 Hz, ArH), 7.49-7.55 (5H, m, ArH), 7.99-8.01 (2H, 

m, ArH), 8.29 (2H, d, J = 8.0 Hz, ArH). HRMS [Found: m/z 430.1428(M+); Calcd for 

C27H18N O  M, 430.1430]. 4 2

N

N
N

N

O
H3C

O
CH3

O
O

 

5-(3,4-Methylenedioxyphenyl)-1,3-dimethyl-2,4-dioxo-7-phenyl-1,2,3,4-tetrahy

dro-pyrido[2,3-d]pyrimidine-6-carbonitrile 4{3,1,2}: m.p. 269-270 °C. IR(KBr) ν: 

2223, 1718, 1670, 1554, 1502, 1477, 1439, 1362, 1244, 1080, 1037, 822, 752, 713, 

696 cm-1 1H NMR (DMSO-d ) (δ, ppm): 3.16 (3H, s, CH; ), 3.63 (3H, s, CH6 3 3), 6.10 

(2H, s, OCH2O), 6.82-6.86 (1H, m, ArH), 6.93-6.95 (1H, m, ArH), 6.98-7.03 (1H, m, 

ArH), 7.56-7.61 (3H, m, ArH), 7.98-8.00 (2H, m, ArH). HRMS [Found: m/z 412.1179 

(M+); Calcd for C23H16N O  M, 412.1172]. 4 4
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N N

H3C

Ph

N

OCH3

 

3-Methyl-1,6-diphenyl-4-(4-methoxyphenyl)-1H-pyrazolo[3,4-b]pyridine-5-car

bonitrile 4{4,1,1}: m.p. 206-208 °C. IR (KBr) ν: 2220, 1609, 1565, 1513, 1436, 1286, 

1250, 1029, 840, 762, 706 cm-1 1; H NMR (CDCl3) (δ, ppm): 2.21 (3H, s, CH3), 3.92 

(3H, s, OCH3), 7.11 (2H, d, J = 8.0 Hz, ArH), 7.32 (1H, t, J = 7.2 Hz, ArH), 7.40-7.56 

(7H, m, ArH), 7.96-8.02 (2H, m, ArH), 8.29 (2H, d, J = 8.4 Hz, ArH). HRMS [Found: 

m/z 416.1637(M+ O M, 416.1637]. ); Calcd for C27H20N4

N

N
N

N

O
H3C

O
CH3

OCH3

 

5-(4-Methoxyphenyl)-1,3-dimethyl-2,4-dioxo-7-phenyl-1,2,3,4-tetrahydropyrid

o[2,3-d]pyrimidine-6-carbonitrile 4{4,1,2}: m.p. 246-248 °C. IR(KBr) ν: 2222, 1714, 

1668, 1552 1516, 1473, 1441, 1409, 1361, 1253, 1176, 1097, 833, 752 cm-1 1; H NMR 

(DMSO-d ) (δ, ppm): 3.20 (3H, s, CH ), 3.69 (3H, s, CH ), 3.86 (3H, s, OCH6 3 3 3), 7.06 

(2H, d, J = 8.8 Hz, ArH), 7.35 (2H, d, J = 8.8 Hz, ArH), 7.62-7.65 (3H, m, ArH), 8.03 

(2H, dd, J1 = 2.0 Hz, J = 7.2 Hz, ArH). HRMS [Found: m/z 398.1378(M+
2 ); Calcd for 

C23H18N O  M, 398.1379]. 4 3

 S11



N

N
N

N

O
H3C

O
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OCH3

 

7-(4-Chlorophenyl)-5-(4-methoxyphenyl)-1,3-dimethyl-2,4-dioxo-1,2,3,4-tetrah

ydropyrido[2,3-d]pyrimidine-6-carbonitrile 4{4,2,2}: m.p. >300°C. IR(KBr) ν:  

2221, 1717, 1669, 1610, 1577, 1549, 1515, 1472, 1363, 1298, 1253, 1176, 1092, 1035, 

840, 816, 752 cm-1 1H NMR(DMSO-d ) (δ, ppm): 3.18 (3H, s, CH; 6 3), 3.67 (3H, s, 

CH3), 3.85 (3H, s, OCH3), 7.04 (2H, d, J = 8.4 Hz, ArH), 7.32 (2H, d, J = 8.4 Hz, 

ArH), 7.69 (2H, d, J = 8.4 Hz, ArH), 8.04 (2H, d, J = 8.4 Hz, ArH). HRMS [Found: 

m/z 432.0988(M+); Calcd for C23H17
35ClN O  M, 432.0989]. 4 3

N
N N

H3C

Ph

N

Br

 

3-Methyl-1,6-diphenyl-4-(4-bromophenyl)-1H-pyrazolo[3,4-b]pyridine-5-carbo

nitrile 4{5,1,1}: m.p. 244-246 °C. IR (KBr) ν: 2223, 1595, 1571, 1507, 1489, 1433, 

1340, 1196, 1124, 1012, 834, 774, 753, 699 cm-1 1; H NMR (CDCl3) (δ, ppm): 2.19 

(3H, s, CH3), 7.33 (1H, t, J = 7.2 Hz, ArH), 7.42 (2H, d, J = 8.0 Hz, ArH), 7.50-7.56 

(5H, m, ArH), 7.75 (2H, d, J = 8.0 Hz, ArH), 7.99-8.02 (2H, m, ArH), 8.29 (2H, d, J = 

8.0 Hz, ArH). HRMS [Found: m/z 464.0643(M+); Calcd for C26H17
79BrN4 M, 

464.0637]. 

 S12



N

N
N

N

O
H3C
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5-(4-Bromophenyl)-1,3-dimethyl-2,4-dioxo-7-phenyl-1,2,3,4-tetrahydropyrido[

2,3-d]pyrimidine-6-carbonitrile 4{5,1,2}: m.p. >300 °C. IR(KBr) ν: 2222, 1713, 

1666, 1553, 1476, 1410, 1362, 1287, 1072, 1011, 752, 697 cm-1 1H NMR (DMSO-d; 6) 

(δ, ppm): 3.18 (3H, s, CH ), 3.69 (3H, s, CH3 3), 7.36 (2H, d, J = 8.4 Hz, ArH), 7.61- 

7.64 (3H, m, ArH), 7.71 (2H, d, J = 8.4 Hz, ArH), 8.01-8.03 (2H, m, ArH). HRMS 

[Found: m/z 446.0375(M+); Calcd for C22H15
79BrN O  M, 446.0378]. 4 2

N

N
HN

N
H

O

O

Cl

Br

 

5-(4-Bromophenyl)-7-(4-chlorophenyl)-2,4-dioxo-1,2,3,4-tetrahydropyrido[2,3-

d]pyrimidine-6-carbonitrile 4{5,2,3}: m.p. 177-178°C. IR(KBr) ν: 3446, 3177, 2224, 

1714, 1641, 1574, 1557, 1490, 1385, 1261, 1204, 1092, 1072, 1010, 833, 815, 750, 

705 cm-1 1H NMR (DMSO-d; 6) (δ, ppm): 7.31-.36 (2H, m, ArH), 7.63-7.70 (4H, m, 

ArH), 7.86-7.92 (2H, m, ArH), 11.50 (1H, s, NH), 12.26 (1H, s, NH). HRMS [Found: 

m/z 451.9676(M+); Calcd for C20H10
79 35  M, 451.9676]. Br ClN O4 2
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HN

N

O

H2N

Br

Cl
 

2-Amino-5-(4-bromophenyl)-7-(4-chlorophenyl)-4-oxo-3,4-dihydropyrido[2,3-d

]pyrimidine-6-carbonitrile 4{5,2,4}: m.p. 266-268°C. IR(KBr) ν: 3427, 3129, 2216, 

1700, 1653, 1593, 1573, 1545, 1484, 1382, 1285, 1214, 1091, 1011, 910, 824, 738 

cm-1 1H NMR (DMSO-d; 6) (δ, ppm): 7.34 (3H, d, J = 8.0 Hz, ArH), 7.62-7.66 (5H, m, 

ArH+NH 13), 7.90 (2H, d, J = 8.0 Hz, ArH), 11.26 (1H, s, NH). C NMR (DMSO-d2 6) 

(δ, ppm): 108.76, 117.73, 122.54, 129.15, 130.73, 131.40, 131.53, 131.69, 136.05, 

136.15, 136.87, 136.99, 156.61, 157.21, 162.98, 163.62. HRMS [Found: m/z 

450.9835(M+ 79 35); Calcd for C20H Br ClN O M, 450.9836]. 11 5

N
N N

H3C

Ph

N
OH

 

3-Methyl-1,6-diphenyl-4-(2-hydroxyphenyl)-1H-pyrazolo[3,4-b]pyridine-5-car

bonitrile 4{6,1,1}: m.p. 204-206 °C. IR (KBr) ν: 3330, 2239, 1610, 1583, 1554, 1507, 

1434, 1351, 1292, 1128, 1029, 917, 752, 708 cm-1 1; H NMR (CDCl3) (δ, ppm): 2.19 

(3H, s, CH3), 5.94 (1H, s, OH), 6.93 (1H, d, J = 8.0 Hz, ArH), 7.12 (1H, t, J = 7.6 Hz, 

ArH), 7.29-7.35 (2H, m, ArH), 7.37-7.42 (1H, m, ArH), 7.48-7.56 (5H, m, ArH), 

7.99-8.00 (2H, m, ArH), 8.26 (2H, d, J = 8.0 Hz, ArH). HRMS [Found: m/z 402.1482 

(M+); Calcd for C26H18N O M, 402.1481]. 4
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3-Methyl-1,6-diphenyl-4-(2-chlorophenyl)-1H-pyrazolo[3,4-b]pyridine-5-carbo

nitrile 4{7,1,1}: m.p. 186-188 °C. IR (KBr) ν: 2220, 1596, 1574, 1506, 1434, 1342, 

1197, 1128, 1058, 771, 756, 703 cm-1 1 ) (δ, ppm): 2.12 (3H, s, CH; H NMR (CDCl3 3), 

7.33 (1H, t, J = 7.6 Hz, ArH), 7.44 (1H, dd, J1 = 1.6 Hz, J2 = 7.6 Hz, ArH), 7.50-7.58 

(7H, m, ArH), 7.64 (1H, d, J = 8.0 Hz, ArH), 8.03-8.06 (2H, m, ArH), 8.31 (2H, d, J = 

8.0 Hz, ArH). HRMS [Found: m/z 420.1140 (M+); Calcd for C26H17
35ClN4 M, 

420.1142].  

N
N N

H3C

Ph

N

Cl

 

3-Methyl-1,6-diphenyl-4-(3-chlorophenyl)-1H-pyrazolo[3,4-b]pyridine-5-carbo

nitrile 4{8,1,1}: m.p. 176-178 °C. IR (KBr) ν: 2220, 1573, 1559, 1506, 1435, 1383, 

1340, 1178, 789, 757, 728, 707 cm-1 1 ) (δ, ppm): 2.17 (3H, s, CH; H NMR (CDCl3 3), 

7.33 (1H, t, J = 7.6 Hz, ArH), 7.43 (1H, d, J = 6.8 Hz, ArH), 7.50-7.57 (8H, m, ArH), 

7.99-8.02 (2H, m, ArH), 8.28 (2H, d, J = 8.0 Hz, ArH). HRMS [Found: m/z 420.1144 

(M+); Calcd for C26H17
35ClN  M, 420.1142]. 4
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N

N
N

N

O
H3C

O
CH3

Cl

 

5-(3-Chlorophenyl)-1,3-dimethyl-2,4-dioxo-7-phenyl-1,2,3,4-tetrahydropyrido[

2,3-d]pyrimidine-6-carbonitrile 4{8,1,2}: m.p. 270-272 °C. IR(KBr) ν: 2225, 1717, 

1668, 1557, 1479, 1409, 1394, 1358, 1108, 1019, 818, 781, 750, 706 cm-1 1; H NMR 

(DMSO-d ) (δ, ppm): 3.19 (3H, s, CH ), 7.36 (1H, dd, J), 3.69 (3H, s, CH6 3 3 1 = 1.6 Hz, 

J2 = 6.8 Hz, ArH), 7.51-7.59 (3H, m, ArH), 7.62-7.64 (3H, m, ArH), 8.03-8.04 (2H, m, 

ArH). HRMS [Found: m/z 402.0884 (M+); Calcd for C22H15
35ClN O  M, 402.0884]. 4 2

N
N N

H3C

Ph

N
NO2

 
3-Methyl-1,6-diphenyl-4-(2-nitrophenyl)-1H-pyrazolo[3,4-b]pyridine-5-carbo

nitrile 4{9,1,1}: m.p. 226-228 °C. IR (KBr) ν: 2223, 1575, 1557, 1526, 1503, 1429, 

1383, 1345, 1196, 1127, 795, 762, 708 cm-1 1; H NMR (CDCl3) (δ, ppm): 2.03 (3H, s, 

CH3), 7.34 (1H, t, J = 7.6 Hz, ArH), 7.51-7.57 (6H, m, ArH), 7.82 (1H, t, J = 8.0 Hz, 

ArH), 7.90 (1H, t, J = 7.2 Hz, ArH), 8.02-8.04 (2H, m, ArH), 8.29 (2H, d, J = 8.4 Hz, 

ArH), 8.41 (1H, d, J = 8.4 Hz, ArH). HRMS [Found: m/z 431.1383 (M+); Calcd for 

C  M, 431.1382]. 26H17N O5 2
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N
N N

H3C

Ph

N
NO2

Cl
 

3-Methyl-1-phenyl-6-(4-chlorophenyl)-4-(2-nitrophenyl)-1H-pyrazolo[3,4-b]py

ridine-5-carbonitrile 4{9,2,1}: m.p. 201-202 °C. IR (KBr) ν: 2223, 1581, 1566, 1524, 

1506, 1438, 1345, 1096, 1012, 792, 754 cm-1 1H NMR (DMSO-d; 6) (δ, ppm): 2.00 

(3H, s, CH3), 7.39-7.43 (1H, m, ArH), 7.59-7.63 (2H, m, ArH), 7.69-7.72 (2H, m, 

ArH), 7.86-7.88 (1H, m, ArH), 7.99-8.02 (3H, m, ArH), 8.07-8.11 (1H, m, ArH), 8.22 

(2H, d, J = 8.0 Hz, ArH), 8.49 (1H, d, J = 8.0 Hz, ArH). 13C NMR (DMSO-d6) (δ, 

ppm): 13.98, 101.34, 113.69, 117.31, 118.35, 121.87, 126.12, 127.48, 128.87, 129.49, 

130.07, 131.87, 132.48, 132.77, 135.55, 136.21, 136.66, 138.69, 144.13, 147.60, 

150.20, 159.13. HRMS [Found: m/z 465.1005(M+); Calcd for C26H16
35ClN O5 2 M, 

465.0993 ]. 

N
N N

H3C

Ph

N

OCH3
OCH3

 

3-Methyl-1,6-diphenyl-4-(3,4-dimethoxyphenyl)-1H-pyrazolo[3,4-b]pyridine-5- 

carbonitrile 4{10,1,1}: m.p. 192-194 °C. IR (KBr) ν: 2221, 1600, 1559, 1515, 1436, 

1381, 1340, 1258, 1233, 1139, 1024, 818, 762, 713 cm-1 1; H NMR (CDCl3) (δ, ppm): 

2.23 (3H, s, CH ), 3.95 (3H, s, CH O), 3.99 (3H, s, CH3 3 3O), 7.04-7.12 (3H, m, ArH), 

7.32 (1H, t, J = 7.6 Hz, ArH), 7.49-7.55 (5H, m, ArH), 8.00-8.02 (2H, m, ArH), 8.29 

(2H, d, J = 8.4 Hz, ArH). HRMS [Found: m/z 446.1746 (M+); Calcd for C28H22N O4 2 

M, 446.1743].  
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N
N

N

O
H3C

O
CH3

OCH3
OCH3

 

5-(3,4-Dimethoxyphenyl)-1,3-dimethyl-2,4-dioxo-7-phenyl-1,2,3,4-tetrahydrop

yrido[2,3-d]pyrimidine-6-carbonitrile 4{10,1,2}: m.p. 226-227 °C. IR(KBr) ν: 2223, 

1717, 1674, 1564 1517, 1467, 1405, 1351, 1281, 1260, 1138, 1020, 789, 750, 697 

cm-1 1H NMR (DMSO-d; 6) (δ, ppm): 3.20 (3H, s, CH ), 3.68 (3H, s, CH3 3), 3.75 (3H, s, 

OCH ), 6.94 (1H, dd, J3), 3.85 (3H, s, OCH3 1 = 2.0 Hz, J2 = 8.4 Hz, ArH), 7.03 (1H, d, 

J = 2.0 Hz, ArH), 7.07 (1H, d, J = 8.4 Hz, ArH), 7.61-7.64 (3H, m, ArH), 8.01-8.03 

(2H, m, ArH). 13C NMR (DMSO-d6) (δ, ppm): 28.96, 30.77, 104.39, 107.73, 116.95, 

127.08, 128.07, 129.29, 129.36, 130.01, 130.66, 131.93, 133.29, 137.02, 139.24, 

151.31, 152.84, 157.21, 159.40, 163.52. HRMS [Found: m/z 428.1483(M+); Calcd for 

C24H20N O  M, 428.1485]. 4 4

N
N N

H3C

Ph

N
NO2

Cl

 
3-Methyl-1,6-diphenyl-4-(2-nitro-4-chlorophenyl)-1H-pyrazolo[3,4-b]pyridine-

5-carbonitrile 4{11,1,1}: m.p. 275-276 °C. IR (KBr) ν: 2220, 1584, 1563, 1525, 1505, 

1435, 1380, 1341, 1295, 1074, 845, 763, 711 cm-1 1H NMR (DMSO-d; 6) (δ, ppm): 

2.07 (3H, s, CH3), 7.39-7.43 (1H, m, ArH), 7.59-7.64 (5H, m, ArH), 7.97-7.99 (2H, m, 

ArH), 8.10 (1H, dd, J1 = 2.0 Hz, J2 = 8.8 Hz, ArH), 8.15 (1H, d, J = 2.0 Hz, ArH), 8.23 

(2H, d, J = 8.4 Hz, ArH), 8.52 (1H, d, J = 8.8 Hz, ArH). HRMS [Found: m/z  

465.0995 (M+); Calcd for C26H16
35  M, 465.0993]. ClN O5 2
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N
N N

H3C

Ph

N

N(CH3)2

 

3-Methyl-1,6-diphenyl-4-(4-dimethylaminophenyl)-1H-pyrazolo[3,4-b]pyridine

-5-carbonitrile 4{12,1,1}: m.p. 210-212 °C. IR (KBr) ν: 2219, 1607, 1564, 1526, 

1506, 1436, 1369, 1206, 1171, 969, 824, 796, 757 cm-1 1H NMR (DMSO-d; 6) (δ, 

ppm): 2.22 (3H, s, CH ), 3.05 (6H, s, (CH )3 3 2N), 6.91 (2H, d, J = 8.8 Hz, ArH), 7.35- 

7.39 (1H, m, ArH), 7.52-7.60 (7H, m, ArH), 7.93-7.95 (2H, m, ArH), 8.22 (2H, d, J = 

8.4 Hz, ArH). HRMS [Found: m/z 429.1960(M+); Calcd for C28H23N  M, 429.1953]. 5

N
N N

H3C

Ph

N

Cl

N(CH3)2

 

3-Methyl-1-phenyl-6-(4-chlorophenyl)-4-(4-dimethylaminophenyl)-1H-pyrazol

o[3,4-b]pyridine-5-carbonitrile 4{12,2,1}: m.p. 265-267 °C. IR (KBr) ν: 2220, 1608, 

1579, 1564, 1524, 1505, 1493, 1385, 1203, 1090, 836, 794, 745 cm-1 1; H NMR 

(DMSO-d ) (δ, ppm): 2.23 (3H, s, CH ), 3.05 (6H, s, (CH )6 3 3 2N), 6.90-6.93 (2H, m, 

ArH), 7.36-7.40 (1H, m, ArH), 7.51-7.60 (4H, m, ArH), 7.67-7.69 (2H, m, ArH), 7.96- 

7.98 (2H, m, ArH), 8.20 (2H, d, J = 8.0 Hz, ArH). HRMS [Found: m/z 463.1576 (M+); 

Calcd for C28H22
35ClN  M, 463.1564]. 5
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N
N N

H3C

Ph

N
S

 

3-Methyl-1,6-diphenyl-4-(thiophen-2-yl)-1H-pyrazolo[3,4-b]pyridine-5-carboni

trile 4{13,1,1}: m.p. 191-192 °C. IR (KBr) ν: 2223, 1574, 1558, 1527, 1506, 1487, 

1433, 1412, 1349, 1196, 1118, 777, 758, 708 cm-1 1H NMR (DMSO-d; 6) (δ, ppm): 

2.25 (3H, s, CH3), 7.38-7.44 (2H, m, ArH), 7.59-7.64 (6H, m, ArH), 7.96-7.99 (2H, m, 

ArH), 8.03-8.05 (1H, m, ArH), 8.23 (2H, d, J = 8.4 Hz, ArH). 13C NMR (DMSO-d6) 

(δ, ppm): 14.82, 103.16, 114.58, 117.85, 121.53, 127.14, 128.40, 129.14, 129.88, 

130.06, 130.74, 130.86, 131.78, 132.76, 138.15, 138.76, 144.34, 145.95, 150.10, 

160.71. HRMS [Found: m/z 392.1095 (M+ S M, 392.1096]. ); Calcd for C24H16N4

N

N
N

N

O
H3C

O
CH3

S

 

1,3-Dimethyl-2,4-dioxo-7-phenyl-5-(thiophen-2-yl)-1,2,3,4-tetrahydro-pyrido[2

,3-d]pyrimidine-6-carbonitrile 4{13,1,2}: m.p. 257-258 °C. IR(KBr) ν: 2220, 1717, 

1668, 1554, 1506, 1472, 1442, 1363, 1289, 1236, 854, 817, 777, 752, 693 cm-1 1; H 

NMR (DMSO-d ) (δ, ppm): 3.22 (3H, s, CH ), 3.68 (3H, s, CH6 3 3), 7.19-7.23 (2H, m, 

ArH), 7.60-7.65 (3H, m, ArH), 7.82-7.83 (1H, m, ArH), 8.01-8.03 (2H, m, ArH). 

HRMS [Found: m/z 374.0838 (M+); Calcd for C20H14N O S M, 374.0837]. 4 2
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H3C
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N

Cl

S

 

3-Methyl-1-phenyl-4-(thiophen-2-yl)-6-(4-chlorophenyl)-1H-pyrazolo[3,4-b]py

ridine-5-carbonitrile 4{13,2,1}: m.p. 210-212 °C. IR (KBr) ν: 2221, 1582, 1558, 

1506, 1435, 1347, 1263, 1119, 1093, 1014, 842, 755, 715 cm-1 1H NMR (DMSO-d; 6) 

(δ, ppm): 2.25 (3H, s, CH3), 7.38-7.44 (2H, m, ArH), 7.58-7.61 (3H, m, ArH), 

7.69-7.72 (2H, m, ArH), 7.99-8.05 (3H, m, ArH), 8.19-8.22 (2H, m, ArH). HRMS 

[Found: m/z 426.0710 (M+); Calcd for C24H15
35ClN S M, 426.0706]. 4

N

N
N

N

O
H3C

O
CH3 Cl

S

 

7-(4-Chlorophenyl)-1,3-dimethyl-2,4-dioxo-5-(thiophen-2-yl)-1,2,3,4-tetrahydr

opyrido[2,3-d]pyrimidine-6-carbonitrile 4{13,2,2}: m.p. 275-276°C. IR(KBr) ν: 

2224, 1722, 1675, 1576, 1550, 1494, 1468, 1393, 1358, 1284, 1225, 1092, 852, 815, 

754, 714 cm-1 1H NMR (DMSO-d ) (δ, ppm): 3.22 (3H, s, CH; ), 3.67 (3H, s, CH6 3 3), 

7.19-7.24 (2H, m, ArH), 7.70 (2H, d, J = 8.4 Hz, ArH), 7.83 (1H, d, J = 5.2 Hz), 8.05 

(2H, d, J = 8.8 Hz, ArH). 13C NMR (DMSO-d6) (δ, ppm): 28.97, 30.79, 104.56, 

123.61, 129.39, 130.62, 131.98, 133.35, 136.17, 136.98, 148.36, 150.25, 151.30, 

152.92, 155.62, 156.52, 159.67, 163.59. HRMS [Found: m/z 408.0446(M+); Calcd for 

C20H13 
35 S M, 408.0448]. ClN O4 2
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H3C

Ph

N

N

 

3-Methyl-1,6-diphenyl-4-(pyridin-3-yl)-1H-pyrazolo[3,4-b]pyridine-5-carbonit

rile 4{14,1,1}: m.p. 174-176 °C. IR (KBr) ν: 2223, 1592, 1575, 1558, 1506, 1495, 

1435, 1421, 1385, 1345, 1130, 1025, 912, 777, 757, 709 cm-1 1H NMR (DMSO-d; 6) 

(δ, ppm): 2.14 (3H, s, CH3), 7.42 (1H, t, J = 7.2 Hz, ArH), 7.60-7.66 (5H, m, ArH), 

7.72-7.76 (1H, m, ArH), 8.00-8.02 (2H, m, ArH), 8.21-8.26 (3H, m, ArH), 8.88-8.90 

(1H, m, ArH), 8.94-8.96 (1H, m, ArH). HRMS [Found: m/z 387.1484(M+); Calcd for 

C  M, 387.1484]. 25H17N5

N

N
N

N

O
H3C

O
CH3

N

 

1,3-Dimethyl-2,4-dioxo-7-phenyl-5-(pyridin-3-yl)-1,2,3,4-tetrahydro-pyrido[2,3

-d]pyrimidine-6-carbonitrile 4{14,1,2}: m.p. 269-270 °C. IR(KBr) ν: 2221, 1716, 

1666, 1554, 1505, 1477, 1441, 1411, 1390, 1362, 1289, 1100, 815, 752, 709, 693 cm-1; 
1H NMR (DMSO-d ) (δ, ppm): 3.20 (3H, s, CH ), 3.71 (3H, s, CH6 3 3), 7.54-7.57 (1H, 

m, ArH), 7.63-7.65 (3H, m, ArH), 7.86-7.88 (1H, m, ArH), 8.04-8.06 (2H, m, ArH), 

8.59-8.60 (1H, m, ArH), 8.70 (1H, dd, J1 = 1.6 Hz, J2 = 8.8 Hz, ArH). HRMS [Found: 

m/z 369.1230(M+); Calcd for C21H15N O  M, 369.1226]. 5 2
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N

Cl

N

 

3-Methyl-1-phenyl-4-(pyridin-3-yl)-6-(4-chlorophenyl)-1H-pyrazolo[3,4-b]pyri

dine-5-carbonitrile 4{14,2,1}: m.p. 201-203 °C. IR (KBr) ν: 2226, 1593, 1578, 1561, 

1505, 1479, 1434, 1418, 1347, 1269, 1178, 1128, 1095, 1017, 911, 838, 789, 759, 740, 

692 cm-1 1H NMR (DMSO-d ) (δ, ppm): 2.14 (3H, s, CH; 6 3), 7.40-7.44 (1H, m, ArH), 

7.59-7.63 (2H, m, ArH), 7.71-7.75 (3H, m, ArH), 8.04 (2H, d, J = 8.4 Hz, ArH), 

8.20-8.24 (3H, m, ArH), 8.89 (1H, d, J = 8.8 Hz, ArH), 8.93-8.94 (1H, m, ArH). 13C 

NMR (DMSO-d6) (δ, ppm): 15.21, 102.31, 114.14, 117.85, 121.54, 124.10, 127.24, 

129.33, 129.94, 130.25, 131.89, 136.08, 136.86, 137.59, 138.70, 144.38, 149.48, 

149.67, 150.08, 151.80, 159.39. HRMS [Found: m/z 421.1090 (M+); Calcd for 

C25H16
35  M, 421.1094]. ClN5

N

N
N

N

O
H3C

O
CH3 Cl

N

 

7-(4-Chlorophenyl)-1,3-dimethyl-2,4-dioxo-5-(pyridin-3-yl)-1,2,3,4-tetrahydro

pyrido[2,3-d]pyrimidine-6-carbonitrile 4{14,2,2}: m.p. 246-248°C. IR(KBr) ν: 

2222, 1718, 1668, 1577, 1552, 1497, 1476, 1411, 1361, 1285, 1092, 1010, 812, 755, 

713 cm-1 1H NMR(DMSO-d ) (δ, ppm): 3.20 (3H, s, CH; ), 3.70 (3H, s, CH6 3 3), 

7.54-7.58 (1H, m, ArH), 7.72 (2H, d, J = 8.4 Hz, ArH), 7.85-7.88 (1H, m, ArH), 8.08 

(2H, d, J = 8.4 Hz, ArH), 8.59 (1H, s, ArH), 8.69 (1H, d, J = 4.8 Hz, ArH). HRMS 
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[Found: m/z 403.0836(M+); Calcd for C21H14
35ClN O  M, 403.0836]. 5 2

N
N N

H3C

Ph

N

 

3-Methyl-1,6-diphenyl-4-ethyl-1H-pyrazolo[3,4-b]pyridine-5-carbonitrile 

4{15,1,1}: m.p. 138-139 °C. IR (KBr) ν: 2218, 1585, 1555, 1506, 1434, 1416, 1386, 

1264, 1113, 754, 704 cm-1 1 ) (δ, ppm): 1.48 (3H, t, J = 7.6 Hz, CH; H NMR (CDCl3 3), 

2.82 (3H, s, CH ), 3.36 (2H, q, J = 7.6 Hz, CH3 2), 7.29-7.33 (1H, m, ArH), 7.48-7.58 

(5H, m, ArH), 7.96-7.98 (2H, m, ArH), 8.26-8.28 (2H, m, ArH). HRMS [Found: m/z 

388.1534 (M+); Calcd for C22H18N  M, 338.1531]. 4

N
N N

H3C

Ph

N

Cl
 

3-Methyl-1-phenyl-4-ethyl-6-(4-chlorophenyl)-1H-pyrazolo[3,4-b]pyridine-5-ca

rbonitrile 4{15,2,1}: m.p. 200-202 °C. IR (KBr) ν: 2220, 1581, 1558, 1508, 1491, 

1416, 1113, 1013, 913, 837, 758 cm-1 1H NMR (DMSO-d; 6) (δ, ppm): 1.36-1.40 (3H, 

m, CH ), 2.78 (3H, s, CH ), 3.24-3.29 (2H, m, CH3 3 2), 7.34-7.38 (1H, m, ArH), 

7.54-7.58 (2H, m, ArH), 7.66-7.68 (2H, m, ArH), 7.92-7.94 (2H, m, ArH), 8.16-8.18 

(2H, m, ArH). HRMS [Found: m/z 372.1143 (M+); Calcd for C22H17
35ClN4 M, 

372.1142 ]. 
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N N

H3C

Ph

N

 

3-Methyl-1,6-diphenyl-4-propylphenyl-1H-pyrazolo[3,4-b]pyridine-5-carboni

trile 4{16,1,1}: m.p. 156-158 °C. IR (KBr) ν: 2220, 1587, 1559, 1507, 1437, 1419, 

1385, 1353, 1030, 772, 749, 703 cm-1 1; H NMR (CDCl3) (δ, ppm): 1.18 (3H, t, J = 7.2 

Hz, CH ), 3.31 (2H, t, J = 8.0 Hz, CH), 1.85-1.91 (2H, m, CH ), 2.81 (3H, s, CH3 2 3 2), 

7.31 (1H, t, J = 7.2 Hz, ArH), 7.48-7.56 (5H, m, ArH), 7.95-7.98 (2H, m, ArH), 8.27 

(2H, d, J = 8.0 Hz, ArH). HRMS [Found: m/z 352.1688 (M+); Calcd for C23H20N4 M, 

352.1688]. 

N
N N

H3C

Ph

N

Cl
 

3-Methyl-1-phenyl-4-propyl-6-(4-chlorophenyl)-1H-pyrazolo[3,4-b]pyridine-5-

carbonitrile 4{16,2,1}: m.p. 163-164 °C. IR (KBr) ν: 2219, 1583, 1558, 1507, 1490, 

1416, 1381, 1085, 1012, 838, 794, 756 cm-1; 1H NMR (DMSO-d6) (δ, ppm): 1.10 (3H, 

t, J = 7.2 Hz, CH ), 1.76-1.82 (2H, m, CH ), 2.78 (3H, s, CH3 2 3), 3.23-3.27 (2H, m, 

CH2), 7.35-7.39 (1H, m, ArH), 7.54-7.58 (2H, m, ArH), 7.67-7.69 (2H, m, ArH), 

7.92-7.94 (2H, m, ArH), 8.18 (2H, d, J = 8.4 Hz, ArH). HRMS [Found: m/z 

386.1296(M+); Calcd for C23H19
35  M, 386.1298]. ClN4
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5-(4-Formylphenyl)-1,3-dimethyl-2,4-dioxo-7-phenyl-1,2,3,4-tetrahydropyrido[

2,3-d]pyrimidine-6-carbonitrile 4{17,1,2}: m.p. >300 °C. IR(KBr) ν: 2724, 2223, 

1716, 1667, 1608, 1557, 1480, 1441, 1410, 1391, 1361, 1287, 1210, 1096, 819, 788, 

752 718, 698 cm-1 1H NMR (DMSO-d ) (δ, ppm): 3.18 (3H, s, CH; 6 3), 3.70 (3H, s, 

CH3), 7.61-7.64 (5H, m, ArH), 8.03-8.06 (4H, m, ArH), 10.12 (1H, s, CHO). HRMS 

[Found: m/z 396.1222(M+); Calcd for C23H16N O  M, 396.1222]. 4 3

N

N N

O
H3C

O
CH3

 

1,3-Dimethyl-5-phenylpyrido[2,3-d]pyrimidine-2,4(1H,3H)-dione 4{18,0,2}:m.p. 

177-178°C. IR(KBr) ν: 1717, 1669, 1585, 1551, 1498, 1465, 1422, 1378, 1355, 1283, 

1240, 1175, 1003, 844, 762, 719, 703 cm-1 1H NMR (DMSO-d; 6) (δ, ppm): 3.19 (3H, 

s, CH ), 3.62 (3H, s, CH3 3), 7.09 (1H, d, J = 4.8 Hz, ArH), 7.31-7.32 (2H, m, ArH), 

7.40-7.42 (3H, m, ArH), 8.67 (1H, d, J = 4.8 Hz, ArH).  
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Crystal structures of compounds 

Crystal data for 4{13,2,1} 

C24H15ClN4S; M=426.91, yellow block crystals, 0.53×0.44×0.40 mm, Monoclinic, 

space group P21/c, a = 8.360(2) Å, b = 10.078(3) Å, c = 24.344(7) Å, α = 90º, β = 

91.088(6)º, γ = 90º, V = 2050.6(9) Å3, Z = 4, Dc = 1.383 g·cm-1, F(000) = 880, μ 

(MoKα) = 0.307 mm-1. Intensity data were collected on a diffractometer with graphite 

monochromated MoKα radiation (λ = 0.71070 Å) using ω scan mode with 3.17º< θ < 

25.34º. 3744 unique reflections were measured and 3015 reflections with I>2σ(I) were 

used in the refinement. The structure was solved by direct methods and expanded 

using Fourier techniques. The final cycle of full-matrix least squares technique to R = 

0.1107 and wR = 0.3051. 

 

Figure 1. ORTEP plot of the molecular structure of compound 4{13,2,1} in crystal 
 

Table 1. Bond lengths (Å) for 4{13,2,1} 
 

Bond Bond Lengths Bond Bond Lengths Bond Bond Lengths 
S(1)-C(17)  1.678(9) C(2)-C(6)     1.422(8) C(10)-C(11)   1.331(10) 
S(1)-C(14)  1.735(7) C(3)-C(4)     1.397(8) C(11)-C(12)   1.393(9) 
Cl(1)-C(22)  1.734(6) C(3)-C(14)    1.510(8) C(14)-C(15)   1.431(8) 
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N(1)-C(5)   1.321(7) C(4)-C(18)    1.427(8) C(15)-C(16)   1.474(8) 
N(1)-C(1)   1.342(7) C(4)-C(5)     1.427(8) C(16)-C(17)   1.318(11) 
N(2)-C(1)   1.360(7) C(5)-C(19)    1.494(7) C(19)-C(20)   1.377(8) 
N(2)-N(3)   1.392(7) C(6)-C(13)    1.497(9) C(19)-C(24)   1.385(8) 
N(2)-C(7)   1.425(7) C(7)-C(8)     1.362(9) C(20)-C(21)   1.383(8) 
N(3)-C(6)   1.306(8) C(7)-C(12)    1.379(8) C(21)-C(22)   1.373(9) 
N(4)-C(18)  1.133(8) C(8)-C(9)     1.388(10) C(22)-C(23)   1.365(9) 
C(1)-C(2)   1.409(8) C(9)-C(10) 1.368(11) C(23)-C(24) 1.381(8) 
C(2)-C(3) 1.388(8)     

 
Table 2.  Bond angles (o) for 4{13,2,1} 
 

Angles (°) Angles (°) 
C(17)-S(1)-C(14)       88.7(4) C(8)-C(7)-N(2)        121.7(5) 
C(5)-N(1)-C(1)         115.1(5) C(12)-C(7)-N(2)       118.6(5) 
C(1)-N(2)-N(3)         109.6(4) C(7)-C(8)-C(9)        119.7(6) 
C(1)-N(2)-C(7)         132.0(5) C(10)-C(9)-C(8)       120.3(7) 
N(3)-N(2)-C(7)         118.4(4) C(11)-C(10)-C(9)      119.9(7) 
C(6)-N(3)-N(2)         107.7(5) C(10)-C(11)-C(12)    121.1(6) 
N(1)-C(1)-N(2)         126.1(5) C(7)-C(12)-C(11)      119.2(6) 
N(1)-C(1)-C(2)         126.8(5) C(15)-C(14)-C(3)      126.3(6) 
N(2)-C(1)-C(2)         107.1(5) C(15)-C(14)-S(1)      116.5(5) 
C(3)-C(2)-C(1)         117.3(5) C(3)-C(14)-S(1)       117.2(4) 
C(3)-C(2)-C(6)         137.7(5) C(14)-C(15)-C(16)     103.1(6) 
C(1)-C(2)-C(6)         105.0(5) C(17)-C(16)-C(15)     116.1(6) 
C(2)-C(3)-C(4)         117.4(5) C(16)-C(17)-S(1)      115.6(5) 
C(2)-C(3)-C(14)        122.9(5) N(4)-C(18)-C(4)       178.6(8) 
C(4)-C(3)-C(14)        119.6(5) C(20)-C(19)-C(24)     119.7(5) 
C(3)-C(4)-C(18)        120.1(5) C(20)-C(19)-C(5)      121.3(5) 
C(3)-C(4)-C(5)         119.8(5) C(24)-C(19)-C(5)      119.0(5) 
C(18)-C(4)-C(5)        120.0(5) C(19)-C(20)-C(21)     120.2(6) 
N(1)-C(5)-C(4)         123.5(5) C(23)-C(22)-C(21)     121.2(5) 
N(1)-C(5)-C(19)        115.3(5) C(23)-C(22)-Cl(1)      120.0(5) 
C(4)-C(5)-C(19)        121.2(5) C(22)-C(21)-Cl(1)      118.8(5) 
N(3)-C(6)-C (2)        110.5(5) C(22)-C(23)-C(24)     119.6(6 
N(3)-C(6)-C(13)        119.9(5) C(23)-C(24)-C(19)     120.1(6) 
C(2)-C(6)-C(13)        129.6(6) C(8)-C(7)-C(12)       119.7(6) 
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1 13Copies of H NMR  and C NMR of compounds 
1H NMR of compound 4{1,1,1} 

 
 

1H NMR of compound 4{1,1,2} 
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1H NMR of compound 4{1,1,4} 
 

 
 
13C NMR of compound 4{1,1,4} 
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1H NMR of compound 4{1,2,1} 
 

 
 

1H NMR of compound 4{1,2,2} 
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1H NMR of compound 4{1,3,1} 
 

 

 
1H NMR of compound 4{2,1,1} 
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1H NMR of compound 4{2,1,2} 
 

 
 
1H NMR of compound 4{2,1,4} 
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1H NMR of compound 4{2,2,1} 
 

 
 
1H NMR of compound 4{2,2,2} 

 S34



 

 
1H NMR of compound 4{2,3,1} 
 

 
 
13C NMR of compound 4{2,3,1} 
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1H NMR of compound 4{3,1,1} 
 

 
 

 S36



 
1H NMR of compound 4{3,1,2} 

 
1H NMR of compound 4{4,1,1} 
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1H NMR of compound 4{4,1,2} 
 

 
 
1H NMR of compound 4{4,2,2} 
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1H NMR of compound 4{5,1,1} 
 

 
1H NMR of compound 4{5,1,2} 
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1H NMR of compound 4{5,2,3}  
 

 
1H NMR of compound 4{5,2,4} 
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13C NMR of compound 4{5,2,4} 
 

 
1H NMR of compound 4{6,1,1} 
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1H NMR of compound 4{7,1,1} 
 

 
1H NMR of compound 4{8,1,1} 
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1H NMR of compound 4{8,1,2} 
 

 
 
1H NMR of compound 4{9,1,1} 
 

 
 

 S43



1H NMR of compound 4{9,2,1} 
 

 
 
13C NMR of compound 4{9,2,1} 
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1H NMR of compound 4{10,1,1} 
 

 
1H NMR of compound 4{10,1,2} 
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13C NMR of compound 4{10,1,2} 
 

 
1H NMR of compound 4{11,1,1} 
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1H NMR of compound 4{12,1,1} 
 

 
1H NMR of compound 4{12,2,1} 
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1H NMR of compound 4{13,1,1} 
 

 
13C NMR of compound 4{13,1,1} 
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1H NMR of compound 4{13,1,2} 
 

 
1H NMR of compound 4{13,2,1} 
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1H NMR of compound 4{13,2,2} 
 

 
13C NMR of compound 4{13,2,2} 
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1H NMR of compound 4{14,1,1} 

 
1H NMR of compound 4{14,1,2} 
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1H NMR of compound 4{14,2,1} 
 

 
 

13C NMR of compound 4{14,2,1} 
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1H NMR of compound 4{14,2,2} 
 

 
1H NMR of compound 4{15,1,1} 
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1H NMR of compound 4{15,2,1} 
 

 
1H NMR of compound 4{16,1,1} 
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1H NMR of compound 4{16,2,1} 
 

 
 
1H NMR of compound 4{17,1,2} 
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1H NMR of compound 4{18,0,2} 
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