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Abstract


Nonsymmetric tertiary phosphine oxides with different five- and six-membered heterocyclic fragments such as pyridine, 2,2′-bipyridine, 1,10-phenantroline, quinoline, imidazole, and thiazole were synthesized in good yields via the successive introduction of phosphine oxide groups into the initial dihalogenated heterocycles by means of Pd-catalyzed phosphorylation reaction. The synthesis of pyridine-type compounds is hindered by competing double coupling, while for five-membered heterocycles the principal difficulty is the dehalogenation. Both side processes were successfully suppressed by the use of an excess of a dihalide (which can be easily recovered during the product purification step), proper phosphine ligand for palladium, and nonpolar solvent such as toluene.
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For reactions Conducted in Toluene
After cooling, the reaction mixture was evaporated to dryness. Then, the mixture was diluted with CH2Cl2 (40 mL/mmol) and washed with water and brine (40 mL/mmol). The organic layer was dried over Na2SO4 and the CH2Cl2 was removed under reduced pressure. Notice that all compounds with two phosphine oxide groups are beige-to-brown solids or slowly solidifying viscous brown oils. 
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          Analytical Data for Compound 2
1H NMR (400 MHz, CDCl3): δ = 8.52–8.57 (m, 1 H, HQuin), 8.42–8.45 (m, 1 H, HQuin), 8.37–8.40 (m, 1 H, HQuin), 8.06 (d, 1 H, J = 8.2 Hz, HQuin), 7.77 (t, 1 H, J = 7.6 Hz, HQuin), 7.66–7.71 (m, 4 H, 2-HPh), 7.56–7.60 (m, 2 H, 4-HPh), 7.45–7.49 (m, 4 H, 3-HPh), 1.61–1.77 (m, 4 H, HOct), 1.32–1.45 (m, 2 H, HOct), 0.97–1.27 (m, 22 H, HOct), 0.83 (t, 6 H, J = 7.2 Hz, HOct). 13C NMR (101 MHz, CDCl3): δ = 157.39 (d, J = 129.3 Hz, 1 C), 146.79 (dd, J = 20.5, 7.6 Hz, 1 C), 138.68 (d, J = 4.2 Hz, 1 C), 137.55 (d, J = 9.0 Hz, 1 C), 132.44 (1 C), 132.37 (d, J = 2.4 Hz, 2 C), 132.10 (d, J = 9.8 Hz, 4 C), 131.47 (d, J = 104.8 Hz, 2 C), 131.61 (1 C), 128.65 (d, J = 12.6 Hz, 4 C), 128.30 (d, J = 4.2 Hz, 1 C), 128.01 (d, J = 10.7 Hz, 1 C), 124.08 (d, J = 21.6 Hz, 1 C), 31.70 (2 С), 30.91 (d, J = 14.6 Hz, 2 C), 29.80 (d, J = 68.9 Hz, 2 C), 29.12 (2 C), 29.01 (2 C), 22.56 (2 C), 21.34 (d, J = 4.4 Hz, 2 C), 14.05 (2 C). 31P NMR (162 MHz, CDCl3): δ = 41.64, 27.76. HRMS (ESI+): m/z [M + H]+ calcd for C37H49NO2P2 + H+: 601.3239; found: 601.3233.
Analytical Data for Compound 7
1H NMR (400 MHz, CDCl3): δ = 8.38 (t, 1 H, J = 6.5 Hz, 3-HPy), 8.18 (t, 1 H, J = 5.7 Hz, 5-HPy), 8.00–8.05 (m, 1 H, 4-HPy), 7.76–7.81 (m, 4 H, 2-HPh), 7.52–7.56 (m, 2 H, 4-HPh), 7.42–7.46 (m, 4 H, 3-HPh), 1.78–1.92 (m, 4 H, HOct), 1.46–1.58 (m, 2 H, HOct), 1.08–1.33 (m, 22 H, HOct), 0.86 (t, 6 H, J = 7.1 Hz, HOct). 13C NMR (101 MHz, CDCl3): δ = 157.34 (dd, J = 114.6, 17.3 Hz, 1 C), 156.98 (dd, J = 128.2, 16.0 Hz, 1 C), 136.47 (t, J = 8.0 Hz, 1 С), 131.70 (d, J = 104.8 Hz, 2 С), 132.00 (2 C), 131.90 (d, J = 8.6 Hz, 4 C), 128.94–129.33 (m, 2 С), 128.21 (d, J = 12.3 Hz, 4 C), 31.63 (2 C), 30.88 (d, J = 13.6 Hz, 2 С), 28.87–28.92 (m, 4 C), 28.54 (d, J = 69.1 Hz, 2 C), 22.49 (2 C), 21.21 (d, J = 3.7 Hz, 2 C), 13.98 (2 C). 31P NMR (162 MHz, CDCl3): δ = 42.65, 21.79. HRMS (ESI+): m/z [M + Na]+ calcd for C33H47NO2P2 + Na+: 574.2974; found: 574.2973.
Analytical Data for Compound 8
1H NMR (600 MHz, CDCl3): δ = 8.48 (d, 1 H, J = 8.1 Hz, HBipy), 8.32–8.35 (m, 1 Н, HBipy), 8.30 (d, 1 H, J = 8.0 Hz, HBipy), 8.10–8.12 (m, 1 Н, HBipy), 7.99 (td, 1 Н, J = 7.8, 3.8 Hz, HBipy), 7.90–7.93 (m, 5 Н, 2-HPh, HBipy), 7.51 (t, 2 H, J = 7.4 Hz, 4-HPh), 7.41–7.46 (m, 4 Н, 3-HPh), 1.99–2.11 (m, 4 H, HOct), 1.62–1.71 (m, 2 H, HOct), 1.36–1.45 (m, 2 H, HOct), 1.27–1.35 (m, 2 Н, HOct), 1.10–1.22 (m, 16 Н, HOct), 0.78 (t, 6 H, J = 6.9 Hz, HOct). 13C NMR (151 MHz, CDCl3): δ = 156.15 (d, J = 117.5 Hz, 1 С), 155.75 (d, J = 131.0 Hz, 1 С), 155.34 (d, J = 18.9 Hz, 1 С), 155.25 (d, J = 17.4 Hz, 1 С), 137.19 (d, J = 19.2 Hz, 1 С), 137.13 (d, J = 18.1 Hz, 1 С), 132.81 (d, J = 104.3 Hz, 2 С), 132.02 (d, J = 9.5 Hz, 4 С), 131.88 (d, J = 2.0 Hz, 2 С), 128.56 (d, J = 20.0 Hz, 1 С), 128.24 (d, J = 12.1 Hz, 4 С), 128.13 (d, J = 19.0 Hz, 1 С), 122.33 (d, J = 9.7 Hz, 1 С), 122.32 (d, J = 8.8 Hz, 1 С), 31.63 (2 С), 30.84 (d, J = 13.9 Hz, 2 С), 28.89 (2 С), 28.86 (2 С), 28.46 (d, J = 68.1 Hz, 2 С), 22.46 (2 С), 21.28 (d, J = 4.0 Hz, 2 С), 13.94 (2 С). 31P NMR (162 MHz, CDCl3): δ = 42.64, 21.45. HRMS (ESI+): m/z [M + Na]+ calcd for C38H50N2O2P2 + Na+: 651.3240; found: 651.3243.
Analytical Data for Compound 9
1H NMR (400 MHz, CDCl3): δ = 8.66 (dd, 1 H, J = 8.1, 4.3 Hz, 3-HPhen), 8.46–8.59 (m, 1 H, 8-HPhen), 8.40–8.45 (m, 2 H, 4-H
          Phen), 7-HPhen), 8.28–8.34 (m, 4 H, 2-HPh), 7.89–7.94 (m, 2 H, 5-HPhen, 6-HPhen), 7.47–7.51 (m, 2 H, 4-HPh), 7.41–7.45 (m, 4 H, 3-HPh), 2.19–2.36 (m, 4 H, HOct), 1.68–1.81 (m, 2 H, HOct), 1.40–1.53 (m, 2 H, HOct), 1.04–1.33 (m, 20 H, HOct), 0.77 (t, 6 H, J = 7.0 Hz, HOct). 13C NMR (101 MHz, CDCl3): δ = 157.69 (d, J = 118.6 Hz, 1 C), 157.21 (d, J = 132.2 Hz, 1 C), 146.12 (d, J = 19.0 Hz, 1 C),145.85 (d, J = 20.1 Hz, 1 C), 136.05 (d, J = 25.6 Hz, 1 C), 135.96 (d, J = 24.9 Hz, 1 C), 132.79 (d, J = 103.3 Hz, 2 C), 132.03 (d, J = 9.0 Hz, 4 C), 131.62 (d, J = 2.6 Hz, 2 C), 129.29 (d, J = 2.6 Hz, 1 C), 129.22 (d, J = 2.6 Hz, 1 C), 128.18 (d, J = 12.0 Hz, 4 C), 128.17 (1 C), 127.82 (1 C), 125.99 (d, J = 18.8 Hz, 1 C), 125.88 (d, J = 21.0 Hz, 1 C), 31.59 (2 C), 30.95 (d, J = 13.6 Hz, 2 C), 28.94 (2 C), 28.92 (2 C), 28.71 (d, J = 67.8 Hz, 2 C), 22.45 (2 C), 21.40 (d, J = 4.2 Hz, 2 C), 13.93 (2 C). 31P NMR (162 MHz, CDCl3): δ = 43.64, 16.55. HRMS (ESI+): m/z [M + 1/2Ca2+]+ calcd for C40H50N2O2P2 + 1/2Ca2+: 672.3155; found: 672.3159.
Analytical Data for Compound 13
1H NMR (400 MHz, CDCl3): δ = 8.47 (dd, 1 H, J = 2.9, 2.1 Hz, 5-HThz), 7.83–7.88 (m, 4 H, 2-HPh), 7.57–7.61 (m, 2 H, 4-HPh), 7.46–7.51 (m, 4 H, 3-HPh), 1.95–2.02 (m, 4 H, HOct), 1.53–1.66 (m, 2 H, HOct), 1.20–1.41 (m, 22 H, HOct), 0.87 (t, 6 H, J = 7.0 Hz, HOct). 13C NMR (101 MHz, CDCl3): δ = 167.64 (dd, J = 124.5, 17.9 Hz, 1 C), 154.96 (dd, J = 96.2, 19.9 Hz, 1 C), 134.34 (d, J = 20.3 Hz, 1 C), 132.65 (d, J = 2.4 Hz, 2 C), 131.62 (d, J = 10.1 Hz, 4 C), 130.94 (d, J = 109.8 Hz, 2 C), 128.55 (d, J = 12.9 Hz, 4 C), 31.67 (2 C), 30.83 (d, J = 14.4 Hz, 2 C), 29.55 (d, J = 69.7 Hz, 2 C), 28.95 (4 C), 22.51 (2 C), 21.35 (d, J = 3.7 Hz, 2 C), 14.02 (2 C). 31P NMR (162 MHz, CDCl3): δ = 39.43, 18.92. HRMS (ESI+): m/z [M + H]+ calcd for C31H45NO2P2S + H+: 558.2719; found: 558.2711.
Analytical Data for Compound 14
1H NMR (600 MHz, CDCl3): δ = 7.80–7.83 (m, 4 H, 2-HPh), 7.63 (s, 1 H, 5-HIm), 7.55–7.57 (m, 2 H, 4-HPh), 7.45–7.48 (m, 4 H, 3-HPh), 4.02 (s, 1 H, HMe), 1.83–1.94 (m, 4 H, HOct), 1.56–1.65 (m, 2 H, HOct), 1.23–1.46 (m, 22 H, HOct), 0.88 (t, 6 H, J = 7.1 Hz, HOct). 13C NMR (151 MHz, CDCl3): δ = 142.66 (dd, J = 143.8, 15.2 Hz, 1 C), 136.22 (dd, J = 128.5, 14.4 Hz, 1 C), 132.98 (dd, J = 24.2, 3.4 Hz, 1 C), 131.19 (d, J = 2.8 Hz, 2 C), 131.8 (d, J = 111.7 Hz, 2 C), 131.61 (d, J = 10.2 Hz, 4 C), 128.33 (d, J = 12.9 Hz, 4 C), 35.19 (1 C), 31.72 (2 C), 30.94 (d, J = 14.5 Hz, 2 C), 29.50 (d, J = 71.1 Hz, 2 C), 29.04 (2 C), 28.99 (2 C), 22.53 (2 C), 21.42 (d, J = 4.0 Hz, 2 C), 14.02 (2 C). 31P NMR (243 MHz, CDCl3): δ = 41.48, 21.10. HRMS (ESI+): m/z [M + H]+ calcd for C32H48N2O2P + H+: 554.3191; found: 554.3186. 
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