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Abstract

The palladium-catalysed four-component coupling of a halide, terminal alkyne, molybdenum hexacarbonyl and either a hydrazine or amidine has been shown to be an efficient method for the construction of highly substituted pyrazoles and pyrimidines, respectively, in a one-pot process.
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            -pyrazole (1c):21 1H NMR (400 MHz, CDCl3): δ = 1.50-1.65 (m, 4 H), 1.70-1.88 (m, 2 H), 3.53-3.58 (m, 1 H), 3.88-3.93 (m, 1 H), 4.63-4.81 (m, 3 H), 6.56 (s, 1 H, pyrazole ArH), 7.29 (t, J = 7.3 Hz, 1 H, ArH), 7.36 (dd, J = 7.0, 7.3 Hz, 1 H, ArH), 7.72 (d, J = 7.0 Hz, 2 H, ArH). 13C NMR (100 MHz, CDCl3): δ = 19.4, 25.3, 30.4, 61.1, 62.5, 98.2, 102.1, 125.6, 127.9, 128.7, 132.0.5-(4-Methoxyphenyl)-3-phenyl-1
            H
            -pyrazole (1d):19 mp 166-168 °C (lit. 160-162 °C). 1H NMR (400 MHz, CDCl3): δ = 3.82 (s, 3 H, Me), 6.74 (s, 1 H, pyrazole ArH), 6.90 (d, J = 8.8 Hz, 2 H, ArH), 7.31 (tt, J = 2.9, 7.1 Hz, 1 H, ArH), 7.36 (dd, J = 7.1, 7.5 Hz, 2 H, ArH), 7.63 (d, J = 8.8 Hz, 2 H, ArH), 7.71 (dd, J = 2.8, 7.5 Hz, 2 H, ArH). 13C NMR (100 MHz, CDCl3): δ = 55.3, 99.5, 104.4, 114.2, 123.9, 125.5, 126.9, 128.0, 131.5, 159.6.5-(4-Chlorophenyl)-3-phenyl-1
            H
            -pyrazole (1e):22 mp 216-218 °C (lit. 215-217 °C). 1H NMR (400 MHz, CD3OD): δ = 6.98 (s, 1 H, pyrazole ArH), 7.33 (t, J = 7.2 Hz, 1 H, ArH), 7.40-7.44 (m, 4 H, ArH), 7.75-7.78 (m, 4 H, ArH).3-(3-Phenyl-1
            H
            -pyrazol-5-yl)pyridine (1f):19 mp 187-189 °C (lit. 187-189 °C). 1H NMR (400 MHz, CDCl3): δ = 6.85 (s, 1 H, pyrazole ArH), 7.34-7.48 (m, 4 H, ArH), 7.67 (d, J = 7.2 Hz, 2 H, ArH), 8.10 (d, J = 7.6 Hz, 1 H, ArH), 8.60 (br s, 1 H, ArH), 9.05 (br s, 1 H, ArH). 13C NMR (100 MHz, CDCl3): δ = 101.4, 125.5, 125.5, 126.7, 126.8, 129.6, 129.6, 130.1, 135.0, 147.3, 149.2, 149.3.5-Benzyl-3-phenyl-1
            H
            -pyrazole (1g):23 mp 187-189 °C (lit. 187-189 °C). 1H NMR (400 MHz, CDCl3): δ = 3.96 (s, 2 H, CH2), 6.32 (s, 1 H, pyrazole ArH), 7.20-7.34 (m, 8 H, ArH), 7.65 (d, J = 7.2 Hz, 2 H, ArH). 13C NMR (100 MHz, CDCl3): δ = 33.1, 102.0, 125.6, 126.6, 127.9, 128.6, 128.7, 128.7, 132.0, 138.5.1-Methyl-3,5-diphenyl-1
            H
            -pyrazole (1h):24 mp 58-60 °C (lit. 58-59 °C). 1H NMR (400 MHz, CDCl3): δ = 3.92 (s, 3 H, Me), 6.60 (s, 1 H, pyrazole ArH), 7.28-7.47 (m, 8 H, ArH), 7.82-7.84 (m, 2 H, ArH). 13C NMR (100 MHz, CDCl3): δ = 37.5, 103.2, 125.5, 127.6, 128.5, 128.6, 128.7, 128.7, 130.6, 133.4, 145.0, 150.5.1,3,5-Triphenyl-1
            H
            -pyrazole (1i):25 mp 140-141 °C (lit. 141-142 °C). 1H NMR (400 MHz, CDCl3): δ = 6.82 (s, 1 H, pyrazole ArH), 7.28-7.44 (m, 13 H, ArH), 7.92 (d, J = 7.7 Hz, 2 H, ArH). 13C NMR (100 MHz, CDCl3): δ = 105.2, 125.3, 125.8, 127.4, 128.0, 128.3, 128.5, 128.6, 128.7, 128.9, 130.6, 133.0, 140.1, 144.4, 151.9.3-(1,3-Diphenyl-1
            H
            -pyrazol-5-yl)pyridine (1j):26 mp 151-152 °C (lit. 150 °C). 1H NMR (400 MHz, CDCl3): δ = 6.86 (s, 1 H, pyrazole ArH), 7.26-7.37 (m, 11 H, ArH), 8.23 (ddd, J = 2.0, 2.0, 8.0 Hz, 1 H, ArH), 8.58-8.62 (m, 1 H, ArH), 9.14 (br s, 1 H, ArH). 13C NMR (100 MHz, CDCl3): δ = 105.1, 123.5, 125.3, 127.7, 128.5, 128.5, 128.7, 128.7, 128.9, 130.2, 132.9, 139.9, 144.7, 147.3, 149.0, 149.0.3-(1,5-Diphenyl-1
            H
            -pyrazol-3-yl)pyridine (4j): mp 101-103 °C. IR (CH2Cl2): 2366, 1595, 1498, 1421, 1026, 764, 707 cm-1. 1H NMR (400 MHz, CDCl3): δ = 6.89 (s, 1 H, pyrazole ArH), 7.24 (dd, J = 5.2, 8.0 Hz, 1 H, ArH), 7.32-7.41 (m, 6 H, ArH), 7.43-7.46 (m, 2 H, ArH), 7.49-7.52 (m, 1 H, ArH), 7.91-7.93 (m, 2 H, ArH), 8.61 (d, J = 11.2 Hz, 2 H, ArH). 13C NMR (100 MHz, CDCl3): δ = 105.6, 123.1, 125.4, 125.7, 126.7, 127.9, 128.2, 128.7, 128.9, 129.2, 132.6, 135.7, 139.6, 140.9, 149.3, 152.3. HRMS: m/z calcd for C20H15N3: 298.1344; found: 298.1337.2-Methyl-4,6-diphenylpyrimidine (5b):27 mp 90-91 °C (lit. 90-92 °C). 1H NMR (400 MHz, CDCl3): δ = 2.87 (s, 3 H, Me), 7.50-7.54 (m, 6 H, ArH), 7.88 (s, 1 H, pyrimidine ArH), 8.11-8.14 (m, 4 H, ArH). 13C NMR (100 MHz, CDCl3): δ = 26.5, 110.0, 127.2, 128.9, 130.7, 137.4, 164.7, 168.5.2-Methyl-4-phenyl-6-(pyridin-3-yl)pyrimidine (5c): mp 136-137 °C. IR (CH2Cl2): 1590, 1568, 1527, 1355, 1026, 745, 707 cm-1. 1H NMR (400 MHz, CDCl3): δ = 2.88 (s, 3 H, Me), 7.45-7.49 (m, 1 H, ArH), 7.53-7.55 (m, 3 H, ArH), 7.92 (s, 1 H, pyrimidine ArH), 8.13-8.16 (m, 2 H, ArH), 8.46 (ddd, J = 2.0, 2.0, 8.0 Hz, 1 H, ArH), 8.75-8.76 (m, 1 H, ArH), 9.32 (s, 1 H, ArH). 13C NMR (100 MHz, CDCl3): δ = 26.4, 110.0, 123.7, 127.2, 129.0, 130.9, 133.1, 134.7, 137.1, 148.5, 151.4, 162.4, 165.2, 168.9. HRMS: m/z calcd for C16H13N3: 248.1188; found: 248.1176.2,4,6-Triphenylpyrimidine (5d):28 mp 184-185 °C (lit. 184-186 °C). 1H NMR (400 MHz, CDCl3): δ = 7.51-7.59 (m, 9 H, ArH), 8.03 (s, 1 H, pyrimidine ArH), 8.28-8.31 (m, 4 H, ArH), 8.72-8.77 (m, 2 H, ArH). 13C NMR (100 MHz, CDCl3): δ = 110.3, 127.3, 128.4, 128.4, 128.9, 130.6, 130.7, 137.5, 138.1, 164.5, 164.7.2,4-Diphenyl-6-(pyridin-3-yl)pyrimidine (5e): mp 159-161 °C. IR (CH2Cl2): 2833, 1562, 1542, 1492, 1443, 1261, 1114, 985, 757, 707 cm-1. 1H NMR (400 MHz, CDCl3): δ = 7.51-7.61 (m, 8 H, ArH), 8.04 (s, 1 H, pyrimidine ArH), 8.29-8.32 (m, 2 H, ArH), 8.60-8.63 (m, 1 H, ArH), 8.71-8.75 (m, 2 H, ArH), 8.76-8.79 (m, 1 H, ArH). 13C NMR (100 MHz, CDCl3): δ = 110.3, 127.2, 127.3, 128.4, 128.5, 129.0, 130.9, 131.0, 134.6, 134.7, 137.1, 137.7, 148.6, 151.5, 162.4, 164.7, 163.1. HRMS: m/z calcd for C21H15N3: 310.1344; found: 310.1329.4-(4,6-Diphenylpyrimidin-2-yl)morpholine (5f): mp 172-174 °C. 1H NMR (400 MHz, CDCl3): δ = 3.84 (t, J = 4.8 Hz, 4 H, CH2), 4.02 (t, J = 4.8 Hz, 4 H, CH2), 7.32-7.35 (m, 2 H, ArH), 7.44 (s, 1 H, pyrimidine ArH), 7.47-7.50 (m, 4 H, ArH), 8.10-8.13 (m, 4 H, ArH). 13C NMR (100 MHz, CDCl3): δ = 44.4, 67.0, 102.3, 127.1, 128.6, 130.3, 131.5, 138.1, 165.2. HRMS: m/z calcd for C20H19N3O: 318.1606; found: 318.1592.
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