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Experiment section

General. All 1H NMR spectra were measured in CDCl3 and recorded on 400MHz (100MHZ for 13C) spectrometer with TMS as the internal standard. Chemical shifts are expressed in ppm and J values are given in Hz. All reactions were performed under nitrogen atmosphere. Solvents used were dried over appropriate drying agents (Na for THF, Benzene, ether) and distilled before use. 1-Alkylnylphosphine oxides were prepared by literature method.1 Liquid aldehydes were distilled and solid aldehydes were recrystallized before use. 

Typical procedure for the preparation of 5: n-Butyl lithium (1.5 M in hexane) (1.0mmol, 1eqiv) was added to the stirred solution of  (n-BuSe)2 (1.0mmol, 1eqiv) in THF at room temperature under a nitrogen atmosphere. The mixture was cooled to –25 oC after being stirred for 15 minutes at r.t.. After addition of the solution of p-chlorobenzaldehyde (140mg, 1mmol, 1eqiv) and diphenyl-phenylethnylphosphine oxide (302mg, 1.0mmol, 1eqiv) in 4ml THF via syringe, the reaction mixture was warmed to r.t. in 20 min and stirred until the completion of the reaction (monitored by TLC). Then the mixture was quenched with 5 ml of saturated NH4Cl and extracted with ether (3×10ml). The organic phase was washed with saturated brine and dried over MgSO4. After filtration and removal the solvents in vacuum, flash chromatography of the crude product on silica gel using hexane as eluent afforded a light yellow oil 5a in 82% yield.

1-n-Butylsenelo-1-phenyl-3-p-chlorophenyl-propadiene (5a): a light yellow oil; 1H NMR (400MHz, CDCl3) δ 7.58 (d, 2H, J = 7.6Hz), 7.29-7.39 (m, 7H), 6.50 (s, 1H), 2.76-2.80 (m, 2H), 1.67-1.73(m, 2H), 1.34-1.40 (m, 2H), 0.95 (t, 3H, J = 7.3 Hz); 13C NMR (100MHz, CDCl3) δ 202.1, 135.3, 133.8, 129.4, 129.0, 128.7, 128.5, 127.7, 127.5, 101.2, 98.5, 32.8, 27.7, 23.5, 13.9; IR (neat) cm-1 2957, 1921, 1596; mass spectrum, m/e (relative intensity, %) 227 (35, M+- n-BuSe, 37Cl), 225 (100, M+- n-BuSe, 35Cl ), 189 (18.4, M+-n-BuSe-Cl); Anal. Calcd. For C19H19ClSe: C, 62.90; H, 5.56. Found: C, 62.85; H, 5.60.

1-n-Butylsenelo-1,3-diphenyl-propadiene (5b): a light yellow oil; 1H NMR (400MHZ, CDCl3) δ 7.60 (d, 2H, J = 7.6Hz), 7.26-7.40 (m, 8H), 6.54 (s, 1H), 2.75-2.80 (m, 2H), 1.68-1.74(m, 2H), 1.35-1.41 (m, 2H), 0.95 (t, 3H, J = 7.3 Hz); 13C NMR (100MHz, CDCl3) δ 202.2, 135.6, 134.2, 129.1, 128.8, 128.2, 127.9, 127.7, 127.5, 100.7, 99.5, 32.8, 27.7, 23.4, 14.0; IR (neat) cm-1 2957, 1918, 1605; mass spectrum, m/e (relative intensity, %) 328 (1.52, M+), 272 (5.42, M+- n-Bu), 191(100, M+- n-BuSe); Anal. Calcd. For C19H20Se: C, 69.72; H, 6.16. Found: C, 69.57; H, 6.19.

1-n-Butylsenelo-1-phenyl-3-p-methoxyphenyl-propadiene (5c): a light yellow oil; 1H NMR (400MHz, CDCl3) δ 7.60 (d, 2H, J = 7.6 Hz), 7.28-7.39 (m, 5H), 6.9 (d, 2H, J = 7.6 Hz), 6.55 (s, 1H), 3.84 (s, 3H), 2.79-2.83 (m, 2H), 1.72-1.76(m, 2H), 1.34-1.40 (m, 2H), 0.88 (t, 3H, J = 7.6 Hz); 13C NMR (100MHz, CDCl3) δ 201.6, 159.8, 136.0,128.9,128.8,128.2,127.7, 126.3, 114.8, 100.6, 99.3, 55.8, 32.8, 27.7, 23.5, 14.0; IR (neat) cm-1 2957, 1918, 1605; mass spectrum, m/e (relative intensity, %) 358 (13.5, M+), 302 (31.5, M+- n-Bu),  221 (35, M+- n-BuSe); Anal. Calcd. For C20H22OSe: C, 67.22; H, 6.21. Found: C, 67.32; H, 6.19.

1-n-Butylsenelo-1-phenyl-3-p-dimethylaminophenyl-propadiene (5d): a light yellow oil; 1H NMR (400MHz, CDCl3) δ 7.62 (d, 2H, J = 8.4 Hz), 7.25-7.39 (m, 5H), 6.7 (d, 2H, J = 8.4 Hz), 6.54 (s, 1H), 3.0 (s, 6H), 2.78-2.83 (m, 2H), 1.70-1.76(m, 2H), 1.34-1.43 (m, 2H), 0.88 (t, 3H, J = 7.6 Hz); 13C NMR (100MHz, CDCl3) δ 201.5, 150.6, 136.4, 128.8, 128.6, 128.0, 127.6, 121.5, 113.1, 100.2, 100.0, 40.9, 32.9, 27.7, 23.5, 14.0; IR (neat) cm-1 2959, 1916, 1608; mass spectrum, m/e (relative intensity, %) 371 (36, M+), 314 (9.3, M+- n-Bu),  234 (100, M+- n-BuSe); Anal. Calcd. For C21H25NSe: C, 68.10; H, 6.80. Found: C, 68.13; H, 6.76.

1-n-Butylsenelo-1-phenyl-3-propyl-propadiene (5e): a light yellow oil; 1H NMR (400MHz, CDCl3) δ 7.54 (d, 2H, J = 8.0 Hz), 7.22-7.33 (m, 3H), 5.53 (t, 1H, J = 6.8 Hz), 2.72 (m, 2H), 2.15 (q, 2H, J = 6.8, 7.4Hz), 1.56-1.72 (m, 2H), 1.40-1.56 (m, 4H), 0.88-1.00(m, 6H); 13C NMR (100MHz, CDCl3) δ 201.4, 136.7, 128.7, 127.6, 127.5, 96.3, 96.0, 32.6, 31.4, 27.7, 23.5, 22.9, 14.2, 14.0; IR (neat) cm-1 2958, 1935, 1596; mass spectrum, m/e (relative intensity, %) 294 (90.6, M+), 238 (16.5, M+- n-Bu), 157 (46.8, M+- n-BuSe), 115 (100); Anal. Calcd. For C16H22Se: C, 65.52; H, 7.56. Found: C, 65.46; H, 7.60.

1-Isopropylsenelo-1-phenyl-3-p-methoxyphenyl-propadiene (5f): a light yellow oil; 1H NMR (400MHz, CDCl3) δ 7.60 (d, 2H, J = 8.0 Hz), 7.23-7.33 (m, 5H), 6.87 (d, 2H, J = 8.0 Hz), 6.46 (s, 1H), 3.79 (s, 3H), 3.28 (m, 1H), 1.47 (d, 3H, J = 6.8 Hz), 1.42 (d, 3H, J = 6.8Hz); 13C NMR (100MHz, CDCl3) δ 203.9, 159.7, 136.1, 128.9, 128.8, 128.1, 127.8, 126.2, 114.7, 99.8, 97.3, 55.7,34.2, 24.7, 24.5; IR (neat) cm-1 2954, 1918, 1606; mass spectrum, m/e (relative intensity, %) 344 (2.0, M+), 221 (100, M+- n-BuSe); Anal. Calcd. For C18H20OSe: C, 66.47; H, 5.87. Found: C, 66.53; H, 5.85.

1-n-Butylsenelo-1-methoxymethyl-phenyl-propadiene (5g): a light yellow oil; 1H NMR (400MHz, CDCl3) δ 7.21-7.33 (m, 5H), 6.26 (t, 1H, J = 2.2 Hz), 4.22 (d, 2H, J = 2.2Hz), 3.41 (s, 3H), 2.66-2.70 (m, 2H), 1.60-1.67(m, 2H), 1.28-1.34 (m, 2H), 0.84 (t, 3H, J = 7.2Hz); 13C NMR (100MHz, CDCl3) δ 198.5, 134.3, 129.1, 127.9, 127.5, 98.9, 97.1, 74.0, 58.3, 32.8, 26.5, 23.5, 13.9; IR (neat) cm-1 2957, 1934, 1592, 1100; mass spectrum, m/e (relative intensity, %) 296 (4.69, M+), 240 (11.72, M+-n-Bu), 159(25.8, M+-n-BuSe), 115 (100); Anal. Calcd. For C15H20OSe: C, 61.01; H, 6.83. Found: C, 61.07; H, 6.79.

.1-n-Butylsenelo-1-methoxymethyl-3-p-chlorophenyl-propadiene (5h): a light yellow oil; 1H NMR (400MHz, CDCl3) δ 7.23-7.32 (m, 4H), 6.24 (t, 1H, J = 1.6Hz), 4.22 (d, 2H, J = 1.6Hz), 3.41 (s, 3H), 2.66-2.70 (m, 2H), 1.60-1.69(m, 2H), 1.20-1.34 (m, 2H), 0.84 (t, 3H, J = 7.2Hz); 13C NMR (100MHz, CDCl3) δ 198.1, 133.2, 132.6, 128.9, 128.2, 97.6, 97.4, 73.5, 58.0, 32.5, 26.3, 23.1, 13.8; IR (neat) cm-1 2957, 1933, 1592, 1100; mass spectrum, m/e (relative intensity, %) 276 (4.69, M+-n-Bu, 37Cl), 274 (11.72, M+-n-Bu, 35Cl), 195 (7.15, M+-n-BuSe, 37Cl), 193 (18.24, M+-n-BuSe, 35Cl) 43 (100); Anal. Calcd. For C15H19ClOSe: C, 54.64; H, 5.81. Found: C, 54.70; H, 5.79.

.1-n-Butylsenelo-1-methoxymethyl-3-p-methoxyphenyl-propadiene (5i): a light yellow oil; 1H NMR (400MHz, CDCl3) δ 7.24 (d, 2H, J = 6.6 Hz), 6.86 (d, 2H, J = 6.6 Hz), 6.24 (t, 1H, J = 2.2 Hz), 4.22 (d, 2H, J = 2.2Hz), 3.79 (s, 3H), 3.41 (s, 3H), 2.65-2.70 (m, 2H), 1.60-1.66(m, 2H), 1.29-1.34 (m, 2H), 0.80 (t, 3H, J = 7.3 Hz); 13C NMR (100MHz, CDCl3) δ 198.0, 159.6, 128.6, 126.5, 114.6, 98.6, 96.9, 74.2, 58.2, 55.7, 32.9, 26.5, 23.5, 13.9; IR (neat) cm-1 2957, 1933, 1606, 1101; mass spectrum, m/e (relative intensity, %) 326 (2.57, M+), 270 (4.69, M+-n-Bu), 189 (100, M+-n-BuSe); Anal. Calcd. For C16H22O2Se: C, 59.07; H, 6.82. Found: C, 58.92; H, 6.86.

1-n-Butylsenelo-1-methoxymethyl-3-p-dimethylaminophenylphenyl-propadiene (5j): a light yellow oil; 1H NMR (400MHz, CDCl3) δ 7.18 (d, 2H, J = 7.0 Hz), 6.67 (d, 2H, J = 7.0 Hz), 6.22 (t, 1H, J = 2.2 Hz), 4.19 (d, 2H, J = 2.2 Hz), 3.39 (s, 3H), 2.93 (s, 6H), 2.65-2.69 (m, 2H), 1.60-1.66(m, 2H), 1.28-1.34 (m, 2H), 0.81 (t, 3H, J = 7.4 Hz); 13C NMR (100MHz, CDCl3) δ 197.8, 150.5, 128.5, 121.7, 113.0, 99.2, 96.5, 74.5, 58.1, 40.8, 32.9, 26.4, 23.5, 14.0; IR (neat) cm-1 2957, 1930, 1608, 1099; mass spectrum, m/e (relative intensity, %) 339 (3.87, M+), 202 (100, M+- n-BuSe); Anal. Calcd. For C17H25NOSe: C, 60.35; H, 7.45. Found: C, 60.30; H, 7.48.
.1-s-Butylsenelo-1-methoxymethyl-3-p-chlorophenyl-propadiene (5k): a light yellow oil, a mixture of diastereoisomers in the ratio of 1:1; 1H NMR (400MHz, CDCl3) δ 7.23-7.30 (m, 4H), 6.21-6.24 (m, 1H), 4.20, 4.21(s, 3H), 3.40, 3.41 (s, 3H) 3.05-3.10 (m, 1H) 1.62-1.68 (m, 2H), 1.42,1.47 (d, 3H, J = 7.4 Hz), 0.90, 0.98 (t, 3H, J = 7.4 Hz); 13C NMR (100MHz, CDCl3) δ 200.4, 200.2, 133.4, 132.9, 132.8, 129.3, 129.2, 128.6, 96.8, 96.7, 74.4, 58.4, 41.0, 40.9, 31.0, 30.9, 22.0, 21.8, 12.6, 12.5; IR (neat) cm-1 2955, 1934, 1593, 1098; mass spectrum, m/e (relative intensity, %) 332 (42.21, M+, 37Cl), 330 (100, M+, 35Cl), 276 (5.80, M+-n-Bu, 37Cl), 274 (13.50, M+, 35Cl), 195 (12.28, M+-n-BuSe, 37Cl), 193 (27.70, M+-n-BuSe, 35Cl); Anal. Calcd. For C15H19ClOSe: C, 54.64; H, 5.81. Found: C, 54.58; H, 5.83.

.1-Isopropyl-1-methoxymethyl-3-p-chlorophenyl-propadiene (5l): a light yellow oil; 1H NMR (400MHz, CDCl3) δ 7.22-7.29 (m, 4H), 6.22 (t, 1H, J = 2.2 Hz), 4.22 (d, 2H, J = 2.2 Hz), 3.40 (s, 3H), 3.22-3.29 (m, 1H), 1.40 (d, 3H, J = 7.4 Hz), 1.38 (d, 3H, J = 7.4 Hz); 13C NMR (100MHz, CDCl3) δ 200.4, 133.4, 132.8, 129.3, 128.7, 96.7, 96.6, 74.3, 58.4, 33.5, 24.7; IR (neat) cm-1 2955, 1934, 1593, 1098; mass spectrum, m/e (relative intensity, %) 318 (2.25, M+-n-Bu, 37Cl), 316 (4.64, M+-n-Bu, 35Cl), 195 (9.71, M+-n-BuSe, 37Cl), 193 (28.16, M+-n-BuSe, 35Cl) 43 (100); Anal. Calcd. For C14H17ClOSe: C, 53.26; H, 5.43. Found: C, 53.30; H, 5.41.

1-n-Butylsenelo-1-methoxymethyl-3-(E)-styryl-propadiene (5m): a light yellow oil; 1H NMR (400MHz, CDCl3) δ 7.22-7.39 (m, 5H), 6.57-6.65 (m, 2H), 6.11 (m, 1H), 4.15 (d, 2H, J = 2.4 Hz), 3.40 (s, 3H), 2.63-2.69 (m, 2H), 1.65-1.70 (m, 2H), 1.36-1.41 (m, 2H), 0.89 (t, 3H, J = 7.4 Hz); 13C NMR (100MHz, CDCl3) δ 201.3, 137.3, 132.0, 129.0, 128.1, 126.8, 124.4, 99.0, 94.5, 74.1, 58.3, 32.7, 26.7, 23.5, 14.0; IR (neat) cm-1 2959, 1933, 1597, 1092; mass spectrum, m/e (relative intensity, %) 322 (2.50, M+), 266 (5.80, M+- n-Bu), 185 (38.20, M+- n-BuSe), 153 (100) ; Anal. Calcd. For C17H22OSe: C, 63.55; H, 6.90. Found: C, 63.60; H, 6.87.

1-n-Butylsenelo-pentyl–3-phenyl-propadiene (5n): a light yellow oil; 1H NMR (400MHz, CDCl3) δ 7.22-7.35 (m, 5H), 6.19 (t, 1H, J = 2.4Hz), 2.63-2.67 (m, 2H,), 2.31-2.36 (m, 2H), 1.60-1.66(m, 4H), 1.28-1.37 (m, 6H), 0.81-0.97 (m, 6H); 13C NMR (100MHz, CDCl3) δ 197.0, 135.0, 128.6, 127.1, 126.9, 99.2, 98.1, 34.9, 32.6, 31.3, 28.5, 26.7, 23.1, 22.5, 13.9, 13.6; IR (neat) cm-1 2957, 1938, 1597; mass spectrum, m/e (relative intensity, %) 322 (18.75, M+), 265 (6.42, M+- n-Bu), 185(49.33, M+- n-BuSe), 129 (100); Anal. Calcd. For C18H26Se: C, 67.27; H, 8.15. Found: C, 67.35; H, 8.12.

1-n-Butylsenelo-1-pentyl-3-p-chlorophenyl-propadiene (5o): a light yellow oil; 1H NMR (400MHz, CDCl3) δ 7.20-7.30 (m, 4H), 6.14 (t, 1H, J = 2.2 Hz), 2.60-2.67 (m, 2H,), 2.30-2.35 (m, 2H), 1.60-1.68(m, 4H), 1.28-1.39 (m, 6H), 0.81-0.96 (m, 6H); 13C NMR (100MHz, CDCl3) δ 197.4, 133.9, 133.0, 129.1, 128.3, 100.2, 97.5,35.1, 33.4, 31.0, 28.8, 27.0, 23.5, 23.0, 14.4, 13.9; IR (neat) cm-1 2959, 1935, 1592; mass spectrum, m/e (relative intensity, %) 301 (16.94, M+- n-Bu, 37Cl), 299 (36.46, M+- n-Bu, 35Cl), 221 (24.27, M+- n-BuSe, 37Cl ), 219(71.38, M+- n-BuSe, 35Cl), 57 (100); Anal. Calcd. For C18H25ClSe: C, 60.76; H, 7.08. Found: C, 60.64; H, 7.10.

1-n-Butylsenelo-pentyl-3-p-methoxyphenyl-propadiene (5p): a light yellow oil; 1H NMR (400MHz, CDCl3) δ 7.24 (d, 2H, J = 8.4 Hz), 6.84 (d, 2H, J = 8.4 Hz), 6.14 (t, 1H, J = 2.8 Hz), 3.0 (s, 3H), 2.62-2.66 (m, 2H,), 2.30-2.35 (m, 2H), 1.55-1.66(m, 4H), 1.28-1.42 (m, 6H), 0.81-0.96 (m, 6H); 13C NMR (100MHz, CDCl3) δ196.7, 159.3, 128.4, 127.6, 114.5, 114.4, 99.4, 98.1, 55.7, 35.4, 33.0, 31.6, 26.9, 23.5, 22.8, 14.4, 13.9; IR (neat) cm-1 2956, 1934, 1607; mass spectrum, m/e (relative intensity, %) 351 (13.5,M+), 295 (4.72, M+- n-Bu ), 215 (100, M+- n-BuSe); Anal. Calcd. For C19H28OSe: C, 64.94; H, 8.03. Found: C, 64.86; H, 7.99.
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