An efficient and solvent-free one-pot multi-component synthesis of novel highly substituted pyrido[2',3':3,4]pyrazolo[1,5-a]pyrimidine-3-carbonitrile derivatives catalyzed by tetramethylguanidine
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1. Experimental 
Chemicals were purchased from Aldrich and Alfa Aesar Chemical Companies and used without further purification. NMR spectra were recorded in parts per million (ppm) in CDCl3 or DMSO-d6 on a Jeol JNM ECP 600 NMR instrument using TMS as internal standard. Standard abbreviations were used to denote signal multiplicities (s = singlet, d = doublet, t = triplet, q = quartet and m = multiplet) and the coupling constants are given in hertz (Hz). Mass spectra were recorded on a Jeol JMS-700 mass spectrometer. All melting points were determined using open capillaries on an Electrothermal-9100 (Japan) instrument and are uncorrected.
2. General procedure for the synthesis of highly substituted pyrido[2',3':3,4]pyrazolo[1,5-a]pyrimidine-3-carbonitrile derivatives (4)
The TMG (2.5 mmol) was added to a mixture of 1H‐pyrazolo[3,4‐b]pyridin‐3‐amine (1, 1.0 mmol), aromatic aldehyde (2, 1.0 mmol) and 3-(1H-indol-3-yl)-3-oxopropanenitrile (3, 1.0 mmol) reaction flask equipped with a magnetic stirrer. The resulting mixture was stirred for the appropriate time at 120 °C. After completion of the reaction (confirmed by TLC), the reaction mixture was cooled to room temperature. Then added water for removal of TMG from the reaction mixture, it was miscible in water and stirring continued till a free-flowing solid was obtained. The resulting solid product was filtered and washed with water. The obtained crude product was recrystallized from ethanol to yield the pure products 4.
3. Spectral data for all the compounds 4
4-(4-bromophenyl)-2-(1H-indol-3-yl)pyrido[2',3':3,4]pyrazolo[1,5-a]pyrimidine-3-carbonitrile (4a): Yellow solid; yield: 90%; m.p. >290 °C; 1H NMR (600 MHz, DMSO-d6) δ 12.46 (s, 1H), 8.92 (dd, J = 4.2, 1.8 Hz, 1H), 8.75 (dd, J = 8.2, 1.7 Hz, 1H), 8.62 (s, 1H), 8.02 (d, J = 8.5 Hz, 2H), 7.85 (d, J = 8.5 Hz, 2H), 7.72 (d, J = 8.0 Hz, 1H), 7.63 (d, J = 8.2 Hz, 1H), 7.36 (dd, J = 8.2, 4.2 Hz, 1H), 7.31 – 7.28 (m, 1H), 7.22 – 7.20 (m, 1H); 13C NMR (151 MHz, DMSO-d6) δ 165.03, 161.00, 154.72, 154.20, 147.56, 146.37, 146.24, 144.35, 136.99, 131.43, 131.16, 130.96, 130.69, 129.99, 129.27, 128.87, 127.37, 116.69, 109.50, 106.66, 96.98; IR (KBr): 3432, 3154, 2924, 2221, 1627, 1496, 1449, 1394, 1234, 785, 741 cm-1; HRMS (ESI, m/z): calcd for C24H13BrN6 (M+ Na +) 487.0283, found: 487.0279. 
2-(1H-indol-3-yl)-4-phenylpyrido[2',3':3,4]pyrazolo[1,5-a]pyrimidine-3-carbonitrile (4b): Yellow solid; yield: 92%; m.p. >290 °C; 1H NMR (600 MHz, DMSO-d6) δ 12.44 (s, 1H), 8.92 (s, 1H), 8.76 (d, J = 7.7 Hz, 1H), 8.62 (s, 1H), 8.07 (d, J = 4.4 Hz, 2H), 7.72 (s, 1H), 7.63 (s, 4H), 7.36 (d, J = 3.8 Hz, 1H), 7.29 (t, J = 7.0 Hz, 1H), 7.21 (t, J = 7.1 Hz, 1H); 13C NMR (151 MHz, DMSO-d6) δ 162.12, 160.98, 154.71, 154.20, 149.66, 146.24, 144.35, 136.98, 132.08, 131.43, 130.96, 130.69, 129.99, 129.32, 128.93, 128.87, 127.37, 117.45, 116.69, 109.50, 106.66, 97.70; IR (KBr): 3417, 3152, 2919, 2223, 1626, 1495, 1236, 737 cm-1; HRMS (ESI, m/z): calcd for C24H14rN6 (M+ Na +) 409.1178, found: 409.1175. 
4-(4-chlorophenyl)-2-(1H-indol-3-yl)pyrido[2',3':3,4]pyrazolo[1,5-a]pyrimidine-3-carbonitrile (4c): Yellow solid; yield: 88%; m.p. >290 °C; 1H NMR (600 MHz, DMSO-d6) δ 12.46 (s, 1H), 8.93 (d, J = 2.3 Hz, 1H), 8.76 (d, J = 8.2 Hz, 1H), 8.62 (s, 1H), 8.10 (d, J = 8.3 Hz, 2H), 7.73 – 7.71 (m, 3H), 7.63 (d, J = 8.0 Hz, 1H), 7.37 (dd, J = 8.0, 4.1 Hz, 1H), 7.29 (t, J = 7.3 Hz, 1H), 7.21 (t, J = 7.6 Hz, 1H); 13C NMR (151 MHz, DMSO-d6) δ 165.16, 160.95, 154.84, 154.16, 144.94, 144.35, 137.66, 136.82, 134.83, 134.77, 131.34, 131.33, 130.98, 130.79, 129.48, 129.30, 129.17, 127.36, 116.85, 109.24, 106.65, 97.19; IR (KBr): 3436, 3155, 2923, 2220, 1627, 1495, 1449, 1395, 1234, 784, 742 cm-1; HRMS (ESI, m/z): calcd for C24H13ClN6 (M+ Na +) 443.0788, found: 443.0787. 
2-(1H-indol-3-yl)-4-(4-methoxyphenyl)pyrido[2',3':3,4]pyrazolo[1,5-a]pyrimidine-3-carbonitrile (4e): Yellow solid; yield: 91%; m.p. >290 °C; 1H NMR (600 MHz, DMSO-d6) δ 12.42 (s, 1H), 8.92 – 8.91 (m, 1H), 8.71 (d, J = 8.1 Hz, 1H), 8.64 (s, 1H), 8.36 (d, J = 8.9 Hz, 2H), 8.24 (d, J = 7.9 Hz, 2H), 7.57– 7.51 (m, 2H), 7.22 (dd, J = 8.1, 4.3 Hz, 1H), 7.12 – 7.09 (m, 2H), 3.91 (s, 3H); 13C NMR (151 MHz, DMSO-d6) δ 162.12, 160.93, 154.63, 154.13, 152.79, 145.93, 144.49, 137.14, 131.83, 131.81, 131.01, 130.99, 130.57, 129.23, 128.69, 127.35, 123.26, 116.50, 114.26, 108.62, 106.59, 97.60, 55.65; HRMS (ESI, m/z): calcd for C25H16N6O (M+H+) 416.1386, found: 416.1383. 
2-(1H-indol-3-yl)-4-(3-methoxyphenyl)pyrido[2',3':3,4]pyrazolo[1,5-a]pyrimidine-3-carbonitrile (4f): Yellow solid; yield: 91%; m.p. >290 °C; 1H NMR (600 MHz, DMSO-d6) δ 12.40 (s, 1H), 8.95 – 8.93 (m, 1H), 8.74 – 8.73 (m, 1H), 8.60 (s, 1H), 8.27 – 8.25 (m, 2H), 7.88 – 7.82 (m, 2H), 7.58 – 7.50 (m, 3H), 7.26 – 7.24 (m, 1H), 7.16 – 7.14 (m, 1H), 3.92 (s, 3H); 13C NMR (151 MHz, DMSO-d6) δ 164.04, 160.99, 159.77, 154.70, 154.11, 146.06, 144.37, 142.07, 136.97, 132.38, 130.91, 130.66, 129.93, 129.23, 127.35, 122.31, 117.34, 116.65, 115.32, 111.10, 109.54, 106.66, 98.30, 55.69; HRMS (ESI, m/z): calcd for C25H16N6O (M+H+) 416.1386, found: 416.1384. 
2-(1H-indol-3-yl)-4-(2-methoxyphenyl)pyrido[2',3':3,4]pyrazolo[1,5-a]pyrimidine-3-carbonitrile (4g): Yellow solid; yield: 90%; m.p. >290 °C; 1H NMR (600 MHz, DMSO-d6) δ 12.40 (s, 1H), 8.90 (dd, J = 4.2, 1.7 Hz, 1H), 8.73 (dd, J = 8.1, 1.7 Hz, 1H), 8.60 (s, 1H), 8.26 – 8.23 (m, 2H), 7.76 (dd, J = 7.5, 1.7 Hz, 1H), 7.56 – 7.50 (m, 3H), 7.22 (dd, J = 8.1, 4.3 Hz, 1H), 7.17 – 7.11 (m, 2H), 3.81 (s, 3H); 13C NMR (151 MHz, DMSO-d6) δ 163.52, 160.82, 157.71, 154.32, 153.54, 149.83, 144.62, 143.78, 137.18, 134.64, 132.38, 131.25, 130.79, 130.03, 129.17, 128.38, 127.39, 120.83, 120.62, 116.36, 111.96, 111.50, 106.79, 98.23, 55.99; HRMS (ESI, m/z): calcd for C25H16N6O (M+H+) 416.1386, found: 416.1382.
4-(2,5-dimethoxyphenyl)-2-(1H-indol-3-yl)pyrido[2',3':3,4]pyrazolo[1,5-a]pyrimidine-3-carbonitrile (4h): Yellow solid; yield: 90%; m.p. >290 °C; 1H NMR (600 MHz, DMSO-d6) δ 12.39 (s, 1H), 8.92 (dd, J = 4.2, 1.7 Hz, 1H), 8.74 (dd, J = 8.1, 1.7 Hz, 1H), 8.09 (s, 1H), 8.27 – 8.25 (m, 2H), 7.57-7.53 (m, 2H), 7.33 (d, J = 3.0 Hz, 1H), 7.24 (dd, J = 8.1, 4.3 Hz, 1H), 7.13-7.07 (m, 2H), 3.84 (s, 3H), 3.78 (s, 3H); 13C NMR (151 MHz, DMSO-d6) δ 162.88, 160.84, 154.37, 153.64, 153.55, 151.95, 146.84, 144.30, 143.80, 137.14, 133.91, 132.18, 130.79, 130.48, 129.17, 129.16, 127.39, 121.08, 117.87, 116.39, 113.38, 111.52, 106.81, 97.98, 56.61, 56.09; HRMS (ESI, m/z): calcd for C26H18N6O2 (M+H+) 446.1491, found: 446.1488. 
4-(2,4-dimethoxyphenyl)-2-(1H-indol-3-yl)pyrido[2',3':3,4]pyrazolo[1,5-a]pyrimidine-3-carbonitrile (4i): Yellow solid; yield: 91%; m.p. >290 °C; 1H NMR (600 MHz, DMSO-d6) δ 12.41 (s, 1H), 8.91 – 8.90 (m, 1H), 8.73 (dd, J = 8.1, 1.7 Hz, 1H), 8.62 (m, 1H), 8.25 (d, J = 7.3 Hz, 2H), 7.55 – 7.51 (m, 2H), 7.32 (d, J = 3.0 Hz, 1H), 7.22 (dd, J = 8.1, 4.3 Hz, 1H), 7.12 – 7.05 (m, 2H), 3.83 (s, 3H), 3.77 (s, 3H); 13C NMR (151 MHz, DMSO-d6) δ 162.89, 160.85, 154.37, 153.65, 153.56, 151.96, 146.85, 144.31, 143.81, 137.15, 133.92, 132.19, 130.80, 130.49, 129.18, 129.16, 127.40, 121.08, 117.87, 116.39, 113.39, 111.52, 106.81, 97.98, 56.61, 56.10; HRMS (ESI, m/z): calcd for C26H18N6O2 (M+H+) 446.1491, found: 446.1489. 
2-(1H-indol-3-yl)-4-(3,4,5-trimethoxyphenyl)pyrido[2',3':3,4]pyrazolo[1,5-a]pyrimidine-3-carbonitrile (4j): Yellow solid; yield: 93%; m.p. >290 °C; 1H NMR (600 MHz, DMSO-d6) δ 12.37 (s, 1H), 8.96 – 8.95 (m, 1H), 8.75 (dd, J = 8.1, 1.7 Hz, 1H), 8.60 (s, 1H), 8.27 (dd, J = 7.1, 1.0 Hz, 2H), 7.60 – 7.53 (m, 4H), 7.26 (dd, J = 6.8, 3.0 Hz, 1H), 3.99 (s, 6H), 3.97 (s, 3H); 13C NMR (151 MHz, DMSO-d6) δ 164.32, 160.95, 154.80, 154.21, 153.46, 147.01, 146.09, 144.45, 140.81, 140.79, 136.97, 133.92, 131.04, 130.73, 129.29, 127.39, 126.28, 116.70, 109.34, 107.54, 106.71, 98.10, 61.14, 56.65; HRMS (ESI, m/z): calcd for C27H20N6O3 (M+H+) 476.1597, found: 476.1598. 
2-(1H-indol-3-yl)-4-(p-tolyl)pyrido[2',3':3,4]pyrazolo[1,5-a]pyrimidine-3-carbonitrile (4k): Yellow solid; yield: 90%; m.p. >290 °C; 1H NMR (600 MHz, DMSO-d6) δ 12.53 (s, 1H), 8.91 (dd, J = 4.2, 1.8 Hz, 1H), 8.72 (dd, J = 8.2, 1.8 Hz, 1H), 8.62 (d, J = 2.2 Hz, 1H), 8.02 (d, J = 8.2 Hz, 2H), 7.71 (d, J = 8.0 Hz, 1H), 7.64 (d, J = 8.2 Hz, 1H), 7.50 (d, J = 8.2 Hz, 2H), 7.35 – 7.19 (m, 3H), 2.34 (s, 3H); 13C NMR (151 MHz, DMSO-d6) δ 161.30, 156.51, 156.23, 151.83, 148.50, 143.26, 136.78, 134.58, 134.37, 131.54, 130.07, 127.07, 125.65, 123.20, 122.95, 121.23, 118.20, 117.89, 113.15, 106.64, 103.82, 96.84, 24.23; HRMS (ESI, m/z): calcd for C25H16N6 (M+H+) 400.1436, found: 400.1433. 
4-(4-isopropylphenyl)-2-(1H-indol-3-yl)pyrido[2',3':3,4]pyrazolo[1,5-a]pyrimidine-3-carbonitrile (4l): Yellow solid; yield: 89%; m.p. >290 °C; 1H NMR (600 MHz, DMSO-d6) δ 12.49 (s, 1H), 8.90 (dd, J = 4.2, 1.8 Hz, 1H), 8.71 (dd, J = 8.2, 1.8 Hz, 1H), 8.61 (s, J = 2.2 Hz, 1H), 8.01 (d, J = 8.2 Hz, 2H), 7.71 (d, J = 8.0 Hz, 1H), 7.63 (d, J = 8.2 Hz, 1H), 7.49 (d, J = 8.2 Hz, 3H), 7.34 – 7.27 (m, 2H), 7.22 – 7.19 (m, 1H), 3.02 – 2.95 (m, 1H), 1.26 (d, J = 6.9 Hz, 6H); 13C NMR (151 MHz, DMSO-d6) δ 165.68, 161.30, 156.51, 156.22, 151.83, 148.50, 143.26, 136.78, 134.58, 134.37, 130.07, 127.07, 125.65, 123.20, 122.95, 121.23, 118.20, 117.89, 113.15, 106.64, 103.82, 96.84, 33.97, 24.23; HRMS (ESI, m/z): calcd for C27H20N6 (M+H+) 428.1749, found: 428.1745. 
4-(2,6-dimethylphenyl)-2-(1H-indol-3-yl)pyrido[2',3':3,4]pyrazolo[1,5-a]pyrimidine-3-carbonitrile (4m): Yellow solid; yield: 86%; m.p. >290 °C; 1H NMR (600 MHz, DMSO-d6) δ 12.41 (s, 1H), 8.91 (dd, J = 4.3, 1.8 Hz, 1H), 8.75 (dd, J = 8.2, 1.8 Hz, 1H), 8.67 (s, 1H), 8.08 – 7.95 (m, 2H). 7.56 (dt, J = 17.7, 7.1 Hz, 3H), 7.38 (t, J = 7.7 Hz, 1H), 7.25 (dd, J = 8.2, 4.2 Hz, 2H), 2.09 (s, 6H); 13C NMR (151 MHz, DMSO-d6) δ 161.21, 158.22, 156.22, 152.91, 148.99, 147.96, 143.11, 139.95, 136.58, 134.41, 131.67, 130.20, 126.91, 125.63, 123.15, 121.16, 118.23, 114.27, 113.24, 106.55, 103.52, 98.81, 21.46; HRMS (ESI, m/z): calcd for C26H18N6 (M+H+) 414.1593, found: 414.1589. 
4-(2,4-dimethylphenyl)-2-(1H-indol-3-yl)pyrido[2',3':3,4]pyrazolo[1,5-a]pyrimidine-3-carbonitrile (4n): Yellow solid; yield: 88%; m.p. >290 °C; 1H NMR (600 MHz, DMSO-d6) δ 12.80 (s, 1H), 8.92 (dd, J = 4.2, 1.8 Hz, 1H), 8.71 (dd, J = 8.2, 1.7 Hz, 1H), 8.59 (s, 1H), 8.11 (dd, J = 7.9, 1.6 Hz, 1H), 7.64 (dd, J = 8.1, 4.7 Hz, 1H), 7.52 (d, J = 7.7 Hz, 1H), 7.35 – 7.33 (m, 1H), 7.29 – 7.18 (m, 3H), 6.90 (dd, J = 7.9, 4.5 Hz, 1H), 2.37 (s, 3H), 2.36 (s, 3H); 13C NMR (151 MHz, DMSO-d6) δ 161.21, 158.22, 156.22, 152.91, 148.98, 148.71, 147.96, 143.11, 139.95, 136.83, 136.58, 134.41, 131.67, 130.20, 126.91, 125.63, 123.15, 121.16, 118.23, 114.27, 113.23, 106.54, 103.52, 98.81, 21.46, 19.91; HRMS (ESI, m/z): calcd for C26H18N6 (M+H+) 414.1593, found: 414.1590. 
2-(1H-indol-3-yl)-4-(naphthalen-1-yl)pyrido[2',3':3,4]pyrazolo[1,5-a]pyrimidine-3-carbonitrile (4o): Yellow solid; yield: 91%; m.p. >290 °C; 1H NMR (600 MHz, DMSO-d6) δ 12.55 (s, 1H), 8.94 (dd, J = 4.2, 1.7 Hz, 1H), 8.72 (dd, J = 8.2, 1.7 Hz, 1H), 8.61 (s, 1H), 8.16 (d, J = 8.3 Hz, 1H), 8.08 (d, J = 8.2 Hz, 1H), 7.91 – 7.89 (m, 1H), 7.73 – 7.69 (m, 2H), 7.61 (dd, J = 17.8, 7.6 Hz, 2H), 7.55 (ddd, J = 8.2, 6.9, 1.2 Hz, 1H), 7.36 – 7.34 (m, 1H), 7.30 – 7.27 (m, 1H), 7.21 – 7.19 (m, 1H); 13C NMR (151 MHz, DMSO-d6) δ 161.26, 157.24, 156.24, 148.21, 143.32, 136.85, 135.04, 134.30, 133.65, 131.64, 131.32, 130.73, 128.92, 128.65, 127.66, 127.05, 126.03, 125.73, 125.69, 123.22, 123.06, 121.17, 118.30, 117.11, 113.22, 106.67, 103.69, 99.55; IR (KBr): 3370, 3154, 2960, 2221, 1626, 1532, 1492, 1306, 1242, 746 cm-1; HRMS (ESI, m/z): calcd for C28H16N6 (M+ Na+) 459.1334, found: 459.1331. 
2-(1H-indol-3-yl)-4-(thiophen-2-yl)pyrido[2',3':3,4]pyrazolo[1,5-a]pyrimidine-3-carbonitrile (4p): Yellow solid; yield: 90%; m.p. >290 °C; 1H NMR (600 MHz, DMSO-d6) δ 12.44 (s, 1H), 8.95 – 8.94 (m, 1H), 8.717– 8.61  (m, 3H), 8.24 – 8.22 (m, 2H), 7.58 – 7.51 (m, 3H), 7.32 (dd, J = 5.0, 3.9 Hz, 1H), 7.26 – 7.23 (m, 1H); 13C NMR (151 MHz, DMSO-d6) δ 160.83, 158.11, 154.73, 153.59, 148.45, 147.88, 144.44, 139.48, 137.10, 133.17, 132.34, 131.69, 131.12, 130.55, 129.23, 128.00, 127.35, 126.64, 116.75, 106.67, 105.58, 97.67; HRMS (ESI, m/z): calcd for C22H12N6S (M+H+) 392.0844, found: 392.0843. 
4-(furan-2-yl)-2-(1H-indol-3-yl)pyrido[2',3':3,4]pyrazolo[1,5-a]pyrimidine-3-carbonitrile (4q): Yellow solid; yield: 89%; m.p. >290 °C; 1H NMR (600 MHz, DMSO-d6) δ 12.48 (s, 1H), 8.96 (dd, J = 4.3, 1.8 Hz, 1H), 8.75 (dd, J = 8.0, 1.8 Hz, 1H), 8.70 (d, J = 3.4 Hz, 1H), 8.60 (s, 1H), 8.31– 8.30 (m, 2H), 7.60 – 7.53 (m, 3H), 7.27 (dd, J = 8.1, 4.3 Hz, 1H), 6.81 (dd, J = 3.6, 1.7 Hz, 1H); 13C NMR (151 MHz, DMSO-d6) δ 166.74, 161.17, 154.88, 154.61, 153.56, 146.05, 144.27, 144.20, 137.16, 135.36, 132.83, 131.16, 130.57, 129.23, 127.41, 127.40, 121.26, 116.72, 113.65, 106.64, 104.32, 96.84; HRMS (ESI, m/z): calcd for C22H12N6O (M+H+) 376.1073, found: 376.1075. 
2-(1H-indol-3-yl)-4-(pyridin-2-yl)pyrido[2',3':3,4]pyrazolo[1,5-a]pyrimidine-3-carbonitrile (4r): Yellow solid; yield: 89%; m.p. >290 °C; 1H NMR (600 MHz, DMSO-d6) δ 12.48 (s, 1H), 9.71 – 9.69 (m, 1H), 8.97 (dd, J = 4.3, 1.8 Hz, 1H), 8.87 – 8.86 (m, 2H), 8.78 (dd, J = 8.1, 1.7 Hz, 1H), 8.37 – 8.35 (m, 2H), 8.01 (td, J = 7.8, 1.8 Hz, 1H), 7.59– 9.50 (ddd, J = 15.6, 11.2, 5.9 Hz, 3H), 7.29 (dd, J = 8.1, 4.3 Hz, 1H); 13C NMR (151 MHz, DMSO-d6) δ 166.75, 160.94, 154.71, 154.12, 149.99, 148.09, 144.86, 143.40, 140.15, 137.08, 136.95, 135.00, 132.87, 131.06, 130.67, 129.19, 127.50, 127.31, 125.79, 116.84, 109.88, 106.53, 97.27; HRMS (ESI, m/z): calcd for C23H13N7 (M+H+) 387.1232, found: 387.1229. 
4-cyclohexyl-2-(1H-indol-3-yl)pyrido[2',3':3,4]pyrazolo[1,5-a]pyrimidine-3-carbonitrile (4s): Yellow solid; yield: 88%; m.p. >290 °C; 1H NMR (600 MHz, DMSO-d6) δ 12.43 (s, 1H), 8.92 (dd, J = 4.3, 1.8 Hz, 1H), 8.69 (dd, J = 8.0, 1.8 Hz, 1H), 8.61 (s, 1H), 8.24 – 8.18 (m, 2H), 7.57 – 7.50 (m, 3H), 7.23 – 7.21 (m, 1H), 4.00 – 3.95 (m, 1H), 2.39 – 2.35 (m, 2H), 1.96 – 1.35 (m, 8H); 13C NMR (151 MHz, DMSO-d6) δ 163.63, 160.68, 154.45, 154.33, 154.19, 143.28, 137.34, 132.18, 130.93, 130.50, 129.18, 127.41, 126.45, 116.31, 106.83, 106.06, 100.00, 97.18, 38.63, 30.54, 26.25, 26.24; HRMS (ESI, m/z): calcd for C24H20N6 (M+H+) 392.1749, found: 392.1746. 
2-(1H-indol-3-yl)-4-propylpyrido[2',3':3,4]pyrazolo[1,5-a]pyrimidine-3-carbonitrile (4t):
Yellow solid; yield: 87%; m.p. >290 °C; 1H NMR (600 MHz, DMSO-d6) δ 12.43 (s, 1H), 8.92 (dd, J = 4.3, 1.8 Hz, 1H), 8.68 (dd, J = 8.0, 1.8 Hz, 1H), 6.61 (s, 1H), 8.21 (dd, J = 8.3, 1.2 Hz, 2H), 7.56 – 7.50 (m, 3H), 7.22 (dd, J = 8.1, 4.3 Hz, 1H), 3.45 – 3.42 (m, 2H), 2.10 – 2.02 (m, 2H), 1.14 (t, J = 7.4 Hz, 3H); 13C NMR (151 MHz, DMSO-d6) δ 162.32, 160.80, 154.51, 153.93, 149.62, 143.28, 137.12, 135.32, 135.07, 132.02, 130.93, 130.55, 129.21, 127.39, 116.42, 108.37, 106.80, 96.96, 33.36, 19.44, 14.07; HRMS (ESI, m/z): calcd for C21H16N6 (M+H+) 352.1436, found: 352.1435. 
2-(1H-indol-3-yl)-4-isopropylpyrido[2',3':3,4]pyrazolo[1,5-a]pyrimidine-3-carbonitrile (4u): Yellow solid; yield: 87%; m.p. >290 °C; 1H NMR (600 MHz, DMSO-d6) δ 12.41 (s, 1H), 8.93 (dd, J = 4.3, 1.7 Hz, 1H), 8.70 (dd, J = 8.1, 1.8 Hz, 1H), 8.22 (dd, J = 8.3, 1.3 Hz, 2H), 7.58–7.50 (m, 2H), 7.23 – 7.21 (m, 1H), 4.27– 4.22  (m, 1H), 1.59 (d, J = 6.9 Hz, 6H); 13C NMR (151 MHz, DMSO-d6) δ 162.32, 160.73, 155.08, 154.51, 154.31, 143.32, 137.31, 133.96, 130.95, 130.54, 129.99, 129.21, 128.87, 127.95, 127.42, 116.38, 105.63, 97.10, 29.31, 20.10; HRMS (ESI, m/z): calcd for C21H16N6 (M+H+) 352.1436, found: 352.1433. 
4. Copies of 1H and 13C NMR spectra of compounds 4
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