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General.  All reactions were carried out under a dry N2 atmosphere.  Unless otherwise noted, materials were obtained from commercial suppliers and used without further purification.  THF was distilled from sodium benzophenone ketyl under N2.  1H and 13C NMR spectra were recorded in CDCl3 using Me4Si as internal standard.  Mono-oxazolines 6c, 6d, and 6e were prepared from benzonitrile and the corresponding amino alcohols, respectively.  Preparation of 6a, 6b, and 6f has been already reported (see ref 5b in text; registry No. of 6f: [7127-19-7]).


Typical procedure for preparation of oxazolines 6.  To a solution of ZnCl2 (136 mg, 1.0 mmol) and benzonitrile (1.15 g, 11.2 mmol) in chlorobenzene (20 mL) were added 2-amino-3-metyl-1-propanol (932 mg, 9.0 mmol).  The mixture was heated under reflux for 24 h.  The solvent was removed under reduced pressure to give an oily residue, which was dissolved in Et2O.  The solution was extracted with water and the aqueous phase with Et2O.  The combined organic phases were washed with 20 % NaOH (20 mL), dried with MgSO4, and the solvent removed in vacuo.  The residue was purified by column chromatography on silica gel to yield 4-iso-Propyl-2-phenyl-4,5-dihydrooxazole (6c) (804 mg, 47%).

4-iso-Propyl-2-phenyl-4,5-dihydrooxazole (6c): a colorless oil; Rf =0.43 (hexane/AcOEt = 4:1);  1H NMR (270 MHz, CDCl3) δ 0.93 (d, J =6.6 Hz, 3 H, CH3), 1.03 (d, J =6.6 Hz, 3 H, CH3), 1.87 (m, 1 H, CH), 4.13 (m, 2 H, CH2), 4.40 (m, 1 H, CH), 7.36-7.49 (m, 3 H, Ar), 7.95 (d, J =6.9 Hz, 2 H, Ar); IR (neat) 2961, 1651, 1450, 1354, 1067, 694 cm–1; HRMS for C12H15NO (M+): Calcd, 189.1154. Found, 189.1150.

4-Benzyl-2-phenyl-4,5-dihydrooxazole (6d): white crystals; mp 32-33 °C; Rf = 0.32 (hexane/Et2O = 4:3);  1H NMR (270 MHz, CDCl3) δ 2.73 (dd, J =13.5, 8.9 Hz, 1 H, CH2), 3.25 (dd, J =13.5, 4.9 Hz, 1 H, CH2), 4.14 (t, J =8.6 Hz, 1 H, CH2), 4.35 (t, J =8.6 Hz, 1 H, CH2), 4.58 (m, 1 H, CH), 7.21-7.51 (m, 8 H), 7.95 (dd, J =8.1, 1.5 Hz, 1 H); IR (KBr disk) 2924, 1651, 1452, 1358, 1084, 696 cm–1; HRMS for C16H15ON (M+): Calcd, 237.1154. Found, 237.1161. 
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4-Methyl-2-phenyl-4,5-dihydrooxazole (6e): a colorless oil; Rf =0.27 (hexane/AcOEt = 4:1); 1H NMR (400 MHz, CDCl3) δ 1.28 (d, J =6.6 Hz, 3 H, CH3), 3.87 (t, J =8.1 Hz, 1 H, CH2), 4.30 (m, 1 H, CH), 4.44 (dd, J =10.7, 8.1 Hz, 1 H, CH2), 7.30-7.41 (m, 3 H, Ar), 7.88 (d, J = 6.8 Hz, 2 H, Ar); IR (neat) 2971, 2895, 1649, 1450, 1356, 1057, 696 cm–1; HRMS for C10H11ON (M+): Calcd, 161.0841. Found, 161.0843.


Typical procedure for cyclotrimerization of enones 1 and alkynes 2.  To a solution of Ni(acac)2 (27 mg, 0.1 mmol) and 6e (0.1 mmol) in THF (4 mL) was added Me3Al in 1.0 M hexane solution (0.8 mL) at 0 °C under N2.  After stirring for 5 min, PhOH (190 mg, 2.0 mmol) was added, and the mixture was stirred for 5 min.  To the resulting dark red solution were added 1a (1.0 mmol) and 2b (2.0 mmol) at 0 °C.  After the addition was completed, the whole mixture was stirred at room temperature for 2 h.  DBU (350 mg, 2.3 mmol) was added to this reaction mixture in air, and this was again stirred at room temperature overnight.  Aqueous HCl (0.2 M, 30 mL) was added, and stirring was continued for 10 min.  The aqueous layer was extracted with ether.  The combined organic layer was washed with NaHCO3 and then with brine, dried over MgSO4 for 30 min, filtered, and concentrated in vacuo.  The residue was purified by column chromatography on silica gel (hexane-AcOEt, 14:1) to yield 3ab (67%).

5,7-Bis(trimethylsilyl)indan-1-one (3aa): pale yellow crystals; mp 80-82 °C; Rf = 0.34 (hexane:AcOEt = 14:1); 1H NMR (400 MHz, CDCl3) δ 0.31 (s, 9 H, CH3), 0.35 (s, 9 H, CH3), 2.65 (t, J = 6.0 Hz, 2 H, CH2), 3.14 (t, J = 6.0 Hz, 2 H, CH2), 7.64 (s, 1 H, =CH), 7.70 (s, 1 H, =CH); 13C NMR (125 MHz, CDCl3) δ -1.24, -1.02 (Si(CH3)), 25.94, 35.94 (CH2), 132.56, 138.16, 138.46, 141.89, 147.08, 154.30 (Ar), 208.22 (CO); IR (disk) 2951, 1713 (νCO), 1570, 1447, 1406, 1300, 1246, 1175, 1030, 839, 756 cm-1; GC/MS (EI, 70 eV) m/z (rel int, %) 276 (M+, 0), 261 (M+ - Me, 100).  Anal. Calcd for C15H24OSi2: C, 65.15; H, 8.75. Found: C, 64.88; H, 8.96.

4,7-Bis(trimethylsilyl)indan-1-one (4aa): a colorless oil; 120 0C (6 mmHg); Rf = 0.25 (hexane/AcOEt = 15:1); 1H NMR (500 MHz, CDCl3) δ 0.33 (s, 9 H, CH3), 0.36 (s, 9 H, CH3), 2.26 (t, J = 5.5 Hz, 2 H, CH2), 3.21 (t, J = 5.5 Hz, 2 H, CH2), 7.54 (d, J = 7.0 Hz, 1 H, Ar), 7.67 (d, J = 7.0 Hz, 1 H, Ar); 13C NMR (100.5 MHz, CDCl3) δ 

-1.03, -0.76 (Si(CH3)), 27.53, 35.66 (CH2), 133.11, 138.63, 138.70, 140.49, 140.66, 160.76 (Ar), 208.20 (CO); IR (neat) 2955, 1711 (νCO), 1523, 1464, 1311, 1248, 1172, 1086, 868, 835 cm–1; GC/MS (EI, 70 eV) m/z (rel int, %) 276 (0, M+), 261 (M+ – Me, 100).  Anal. Calcd for C15H24OSi2: C, 65.15; H, 8.75.  Found: C, 64.96; H, 9.02.
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5,7-Di-tert-butylindan-1-one (3ab): a colorless oil; bp 95 °C (0.8 mmHg); Rf = 0.30 (hexane:AcOEt = 14:1); 1H NMR (400 MHz, CDCl3) δ 1.36 (s, 9 H, CH3), 1.47 (s, 9 H, CH3), 2.66 (t, J = 6.1 Hz, 2 H, CH2), 3.07 (t, J = 6.1 Hz, 2 H, CH2), 7.29 (s, 1 H, Ar), 7.40 (s, 1 H, Ar); 13C NMR (100 MHz, CDCl3) δ 25.85, 29.75, 31.12, 35.37, 35.95, 37.54 (CH3, CH2, and C), 121.20, 122.26, 132.30, 151.41, 157.81, 158.80 (Ar), 206.07 (CO); IR (neat) 2961, 2868, 1705 (νCO), 1601, 1568, 1464, 1397, 1362, 1316, 1262, 1238, 1190, 1113, 1034, 941, 876 cm-1; GC/MS (EI, 70 eV) m/z (rel int, %) 244 (M+, 55), 229 (100).  Anal. Calcd for C17H24O: C, 83.55; H, 9.90. Found: C, 83.51; H, 9.99.

4,7-Di-tert-butylindan-1-one (4ab): a colorless oil; bp 140 0C (8 mmHg); Rf = 0.29 (hexane/AcOEt = 14:1); 1H NMR (500 MHz, CDCl3) δ 1.35-1.46 (m, 18 H, CH3), 2.65 (t, J = 6.1 Hz, 2 H, CH2), 3.30 (t, J = 6.1 Hz, 2 H, CH2), 7.32 (d, J = 8.2 Hz, 1 H, Ar), 7.50 (d, J = 8.2 Hz, 1 H, Ar); 13C NMR (100 MHz, CDCl3) δ 27.21, 29.90, 30.52, 31.16, 35.45, 37.47 (CH3, CH2, and C), 125.11, 131.33, 135.59, 145.26, 149.31, 156.15 (Ar), 207.11 (CO); IR (neat) 2961, 2872, 1707 (νCO), 1556, 1477, 1392, 1359, 1317, 1273, 1234, 1190, 1153, 1091, 1059, 837 cm–1; GC/MS (EI, 70 eV) m/z (rel int, %) 244 (M+, 88), 229 (100).  Anal. Calcd for C17H24O: C, 83.55; H, 9.90.  Found: C, 83.40; H, 9.95.

5,7-Di[(tert-butyldimethylsilyl)oxyethyl)]indan-1-one (3ac): a pale yellow oil; bp 160 0C (7 mmHg); Rf = 0.26 (hexane/AcOEt = 14:1); 1H NMR (400 MHz, CDCl3) δ -0.04-0.00 (m, 12 H, CH3), 0.84 (s, 9 H, CH3), 0.87 (s, 9 H, CH3), 2.62–2.65 (m, 2 H, CH2), 2.84 (t, J = 6.8 Hz, 2 H, CH2), 3.04 (t, J = 5.9 H, 2 H, CH2), 3.25 (t, J = 6.8 Hz, 2 H, CH2), 3.80-3.84 (m, 4 H, CH2), 7.02 (s, 1 H, Ar), 7.16 (s, 1 H, Ar); 13C NMR (100.5 MHz, CDCl3) δ -5.40, -5.38 (Si(CH3)), 18.28, 18.29, 25.25, 25.89, 25.93, 35.17, 36.99, 39.77 (CH3, CH2, and C), 63.40, 63.93 (OCH2), 125.27, 131.05, 132.56, 139.69, 146.01, 156.42 (Ar), 207.15 (CO); IR (neat) 2955, 2893, 2856, 1705 (νCO), 1606, 1471, 1385, 1367, 1332, 1255, 1188, 1097, 1032, 1006, 935, 837 cm–1; GC/MS (EI, 70 eV) m/z (rel int, %) 448 (M+, 0), 433 (M+ - Me, 4), 391 (100); HRMS for C24H41O3Si2 (M+  - Me): Calcd, 433.2594.  Found, 433,2595.
6,8-Bis(trimethylsilyl)-3,4-dihydro-2H-naphthalen-1-one (3ba): white crystals; mp 62-63 °C; Rf = 0.37 (hexane:AcOEt = 19:1); 1H NMR (400 MHz, CDCl3) δ 0.31 (s, 9 H, CH3), 0.32 (s, 9 H, CH3), 2.14 (p, J = 6.2 Hz, 2 H, CH2), 2.68 (t, J = 6.2, Hz, 2 H, CH2), 3.00 (t, J = 6.2 Hz, 2 H, CH2), 7.44 (s, 1 H, Ar), 7.79 (s, 1 H, Ar); 13C NMR (100.4 MHz, CDCl3) δ -1.35, 0.49 (Si(CH3)), 23.08, 30.64, 39.48 (CH2), 135.20, 137.17, 138.93, 141.05, 143.56, 145.72 (Ar), 199.32 (CO); IR (disk)
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2946, 1676 (νCO), 1246, 837 cm–1; GC/MS (EI, 70 eV) m/z (rel int, %) 290 (M+, 0), 276 (100).  Anal. Calcd for C16H26OSi2: C, 66.14; H, 9.02. Found: C, 66.20; H, 8.97.
5,8-Bis(trimethylsilyl)-3,4-dihydro-2H-naphthalen-1-one (4ba): a colorless oil; bp 35 °C (1.0 mmHg); Rf = 0.37 (hexane:AcOEt = 19:1); 1H NMR (400 MHz, CDCl3) δ 0.30 (s, 9 H, CH3), 0.38 (s, 9 H, CH3), 2.15 (m, 2 H, CH2), 2.70 (t, J = 6.2, Hz, 2 H, CH2), 3.10 (t, J = 6.2 Hz, 2 H, CH2), 7.63-7.66 (m, 2 H, Ar); 13C NMR (100.4 MHz, CDCl3) δ -0.01, 0.60 (Si(CH3)), 23.03, 31.50, 39.14 (CH2), 133.64, 136.87, 138.18, 140.07, 144.17, 150.31 (Ar), 199.49 (CO); IR (neat) 2953, 1684 (νCO), 1447, 1250, 841 cm–1; GC/MS (EI, 70 eV) m/z (rel int, %) 290 (M+, 0), 275 (100).  Anal. Calcd for C16H26OSi2: C, 66.14; H, 9.02. Found: C, 65.89; H, 8.98.
6,8-Dibutyl-3,4-dihydro-2H-naphthalen-1-one (3bd): a colorless oil; bp 160 0C (5 mmHg); Rf = 0.29 (hexane/AcOEt = 14:1); 1H NMR (270 MHz, CDCl3) δ 0.90-0.97 (m, 6 H, CH3), 1.34-1.63 (m, 8 H, CH2), 2.02-2.08 (m, 2 H, CH2),  2.52-2.62 (m, 4 H, CH2), 2.89-2.922 (m, 2 H, CH2),  2.95-3.02 (m, 2 H, CH2) 6.88-6.92 (m, 2 H, Ar); 13C NMR (67.8 MHz, CDCl3) δ 13.91, 14.02, 22.45, 23.04, 31.27, 33.14, 33.69, 35.26, 35.56, 41.21 (CH3 and CH2), 126.65, 128.64, 130.14, 145.98, 146.47, 147.67 (Ar), 199.60 (CO); IR (neat) 2955, 2932, 2868, 1678 (νCO), 1604, 1458, 1263 cm–1; GC/MS (EI, 70 eV) m/z (rel int, %) 258 (M+, 43), 229 (100).  Anal. Calcd for C18H26O: C, 83.67; H, 10.14.  Found: C, 83.46; H, 10.48.
1-[2,4-Bis(trimethylsilyl)cyclohexa-2,4-dienyl]ethanone (8): a colorless oil; bp 40 °C (1.5 mmHg); Rf = 0.29 (hexane:AcOEt = 29:1); 1H NMR (400 MHz, CDCl3) δ 0.09 (s, 9 H, CH3), 0.11 (s, 9 H, CH3), 2.08 (s, 3 H, CH3), 2.38 (ddd, J = 17.8, 9.3, 2.9 Hz, 1 H, CH2), 2.52 (ddd, J = 17.8, 5.9, 2.9 Hz, 1 H, CH2), 3.04 (dd, J = 9.3, 2.9 Hz, 1 H, CH), 6.12 (dd, J = 5.9, 2.9 Hz, 1 H, =CH), 6.48 (s, 1 H, =CH); 13C NMR (100.4 MHz, CDCl3) δ -2.14, -1.59 (Si(CH3)), 27.15, 28.05, 47.60 (CH3, CH2, and CH), 134.75, 135.82, 136.34, 136.76 (=CH), 211.65 (CO); IR (neat) 2957, 1703 (νCO), 1250, 839 cm–1; GC/MS (EI, 70 eV) m/z (rel int, %) 266 (M+, 2), 135 (100); Anal. Calcd for C14H26OSi2: C, 63.09; H, 9.83. Found: C, 62.67; H, 9.49.

1-[2,5-Bis(trimethylsilyl)cyclohexa-2,4-dienyl]ethanone (9): a colorless oil; bp 40 °C (1.5 mmHg); Rf = 0.29 (hexane:AcOEt = 29:1); 1H NMR (400 MHz, CDCl3) δ 0.07 (s, 9 H, CH3), 0.09 (s, 9 H, CH3), 2.11 (s, 3 H, CH3), 2.39 (ddd, J = 17.5, 9.0, 2.9, Hz, 1 H, CH2), 2.62 (dd, J = 17.5, 2.9 Hz, 1 H, CH2), 3.10 (dd, J = 9.0, 2.9 Hz, 1 H, CH), 6.26 (dd, J = 4.9, 2.9 Hz, 1 H, =CH), 6.42 (d, J = 4.9 Hz, 1 H, =CH); 13C NMR (100.4 MHz, CDCl3) δ -2.64, -1.72 (Si(CH3)), 27.93, 28.30, 47.78 (CH3, CH2, and CH), 132.00, 134.27, 138.23, 139.35 (=CH), 210.76 (CO); IR (neat) 2955, 1705 (νCO), 1248, 1069, 837 cm–1; GC/MS (EI, 70 eV) m/z (rel int, %) 266 (M+, 3), 135 (100); Anal. Calcd for C14H26OSi2: C, 63.09; H, 9.83. Found: C, 62.87; H, 9.91.

