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General: All reactions were carried out under an argon atmosphere in dried glassware. Elemental analyses were carried out on a Heraeus CHN-Rapid-Elementanalyzer in the microanalytical laboratories of the Department Chemie, Ludwig-Maximilians-Universität Munich. All starting materials were purchased from commercial sources and used without further purification. 
3-(4-Bromophenyl)propanal and ethyl 4-(3-oxopropyl)benzoate were prepared according to known procedures.1 Toluene was predried over KOH and continously refluxed und freshly distilled from sodium. THF was continously refluxed and freshly distilled from sodium benzophenone ketyl under nitrogen. Preparative chromatography was performed on silicagel 60 (0.063-0.200 mm) from Merck. Yields refer to isolated yields of compounds estimated to be > 95% pure as determined by 1H-NMR, capillary GC and combustion analysis (new compounds).

Typical Procedure A (racemic reaction) for preparation of propargylamines 3: In a dry and argon flushed 25 mL flask equipped with a magnetic stirrer and a rubber septum, CuBr (0.05 mmol, 5 mol %) was suspended in dry toluene (2 mL). MS 4Å (0.5 g) and n-decane (50 mg) were added, followed by trimethylsilylacetylene (98 mg, 1 mmol), the aldehyde (1 mmol) and dibenzylamine (197 mg, 1 mmol). The reaction mixture was stirred at rt until GC-analysis showed full conversion. MS 4Å was filtered and washed with diethyl ether. The crude product was concentrated in vacuo and purified by column chromatography on silica gel. For removal of the TMS-group, the appropriate amine (0.5 mmol) was dissolved in dry THF (5 mL) and cooled to 0 °C. Bu4NF (0.55 mL, 0.55 mmol, 1m in THF) was added dropwise and the mixture was stirred at this temperature for 15 minutes. Afterwards, water (15 mL) was added and the aq. phase was extracted with diethyl ether (3x25 mL). The combined organic fractions were dried over Na2SO4, filtered and concentrated in vacuo and the crude product was purified by column chromatography on silica gel. 

Typical Procedure B (asymmetric reaction) for preparation of propargylamines 3: In a dry and argon flushed 10 mL flask equipped with a magnetic stirrer and a rubber septum, CuBr (0.015 mmol, 5 mol %) and (R)-Quinap (0.017 mmol, 5.5 mol %) were suspended in dry toluene (1.5 mL) and stirred for 30 min. MS 4Å (0.2 g) and n-decane (30 mg) were added, followed by trimethylsilylacetylene (29 mg, 0.3 mmol), the aldehyde (0.3 mmol) and dibenzylamine (59 mg, 0.3 mmol). The reaction mixture was stirred at rt until GC-analysis showed full conversion. MS 4Å was filtered and washed with diethyl ether. The crude product was concentrated in vacuo and purified by column cromatography on silica gel. The removal of the TMS-group was carried out as described in typical procedure A.

Typical procedure C for the catalyst recycling:

The reaction was carried out according to TP B. When full conversion was indicated by GC-analysis, MS 4Å was filtered and washed with diethyl ether. The crude product was concentrated in vacuo and dried until all toluene was removed. Pentane (2 mL) was added and a yellow precipitate formed and was collected by filtration. The filtrate, containing the propargylamine was purified by column chromatography. The precipitate was dissolved in toluene, concentrated to the appropriate amount and used without further purification in the next run.

N,N-Dibenzyl-1-hexyn-3-amine (3a):
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Analytical data for 3a+TMS: Column chromatographic purification: SiO2, pentane: ether = 99 : 1. Yield: 90 % (2 mmol scale, 628 mg). [α]D20 = –166 (c = 0.96, CHCl3). 1H-NMR (300 MHz, CDCl3): ( = 7.43–7.23 (m, 10H), 3.84 (d, J= 13.7 Hz, 2H), 3.43 (t, J= 7.6 Hz, 1H), 3.41 (d, J= 13.7 Hz, 2H), 1.79–1.34 (m, 4H), 0.82 (t, J= 7.5 Hz, 3H), 0.28 (s, 9H). 13C-NMR (75 MHz, CDCl3): ( = 139.9, 128.8, 128.2, 126.8, 104.7, 89.0, 54.8, 52.1, 35.8, 19.5, 13.7, 0.4. MS (70 eV, EI): m/z(%): 349 (M+, <1), 307 (25), 306 (100), 91 (33). HRMS (EI): calcd. for C23H31NSi [M+]: 349.2226, found: 349.2198. IR (film): 2958 (s), 2935 (m), 2158 (m), 1495 (m), 1454 (m), 1250 (s), 842 (vs), 698 (s). Anal calcd for C23H31NSi: C: 79.02, H: 8.94, N: 4.01, found: C: 79.01, H: 9.06, N: 3.96. 

Analytical data for 3a: Column chromatographic purification: SiO2, pentane: ether = 99 : 1. Yield: 98 % (1 mmol scale, 272 mg). 
[α]D20 = –160 (c = 0.77, CHCl3). 1H-NMR (300 MHz, CDCl3): ( = 7.44–7.42 (m, 4H), 7.37-7.32 (m, 4H), 7.29-7.24 (m, 2H), 3.87 (d, J= 13.7 Hz, 2H), 3.45 (td, J= 8.1, 2.2 Hz, 1H), 3.43 (d, J= 13.7 Hz, 2H), 2.35 (d, J= 2.2 Hz, 1H), 1.83–1.36 (m, 4H), 0.83 (t, J= 7.0 Hz, 3H). 13C-NMR (75 MHz, CDCl3): ( = 139.7, 128.8, 128.2, 126.9, 82.2, 72.3, 54.8, 51.2, 35.9, 19.5, 13.6. MS (70 eV, EI): m/z(%): 377 (M+, <1), 235 (17), 234 (100), 91 (65). HRMS (EI): calcd. for C20H23N [M+]: 277.1830, found: 277.1838. IR (film): 3301 (m), 2958 (s), 2935 (m), 1495 (m), 1454 (s), 748 (s), 698 (vs). Anal calcd for C20H23N: C: 86.59, H: 8.36, N: 5.05, found: C: 86.52, H: 8.46, N: 5.02. HPLC (OD-H, 100 % n-heptane/ 0 % i-propanol, 0.8 mL/min): tr(min)= 11.3 (+), 12.9 (–).

N,N-Dibenzyl-1-heptyn-3-amine (3b):
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Analytical data for 3b+TMS: Column chromatographic purification: SiO2, pentane: ether = 99 : 1. Yield: 82 % (2 mmol scale, 596 mg). [α]D20 = –186 (c = 0.69, CHCl3). 1H-NMR (300 MHz, CDCl3): ( = 7.22-7.00 (m, 10H), 3.62 (d, J = 13.7 Hz, 2H), 3.19 (d, J = 13.7 Hz, 2H), 3.21-3.15 (m, 1H), 1.59-1.35 (m, 2H), 1.30-1.10 (m, 2H), 1.10-0.94 (sext, J = 7.3 Hz, 2H), 0.66 (t, J = 7.3 Hz, 3H), 0.07 (s, 9H).13C-NMR (75 MHz, CDCl3): ( = 139.5, 128.4, 127.7, 126.4, 104.3, 88.6, 54.4, 51.9, 32.9, 28.0, 21.8, 13.5, 0.4. MS (70 eV, EI): m/z(%): 348 (5, M+-CH3), 306 (100), 214 (4), 91 (85), 73 (12). HRMS (EI): calcd. for C24H32NSi [M+-H]: 362.2304, found: 362.2333. IR (film): 3064 (w), 3029 (w), 2958 (s), 2159 (m), 1495 (m), 1454 (m), 1250 (s), 842 (vs), 698 (s). Anal calcd for C24H33NSi: C: 79.28, H: 9.15, N: 3.85, found: C: 79.19, H: 9.15, N: 3.83. 

Analytical data for 3b: Column chromatographic purification: SiO2, pentane: ether = 99 : 1. Yield: 92 % (1 mmol scale, 268 mg). [α]D20 = –190 (c = 0.87, CHCl3). 1H-NMR (600 MHz, CDCl3): ( = 7.41 (d, J = 7.7 Hz, 4H), 7.33 (t, J = 7.3 Hz, 4H), 7.25 (t, J = 7.3 Hz, 2H), 3.85 (d, J = 13.8 Hz, 2H), 3.46-3.40 (m, 3H), 2.33 (d, J = 1.3 Hz, 1H), 1.83-1.73 (m, 1H), 1.71-1.63 (m, 1H), 1.50-1.33 (m, 2H), 1.25-1.17 (m, 2H), 0.87 (t, J = 7.3 Hz, 3H). 13C-NMR (150 MHz, CDCl3): ( = 139.7, 128.8, 128.2, 126.9, 82.2, 72.4, 54.7, 51.5, 33.4, 28.4, 22.2, 13.9. MS (70 eV, EI): m/z(%):290 (1, M+-H), 235 (22), 234 (98), 181 (11), 92 (100), 65 (10). HRMS (EI): calcd. for C21H25N [M+-H]: 290.1909, found: 290.1885. IR (film): 3302 (m), 2956 (s), 2934 (s), 2860 (m), 1494 (m), 1454 (s), 746 (s), 698 (vs). Anal calcd for C21H25N: C: 86.55, H: 8.65, N: 4.81, found: C: 86.84, H: 8.80, N: 4.97. HPLC (OD-H, 100 % n-heptane/ 0 % i-propanol, 0.8 mL/min): tr(min)= 11.3 (+), 12.9 (–).

N,N-Dibenzyl-1-octyn-3-amine (3c):
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Analytical data for 3c+TMS: Column chromatographic purification: SiO2, pentane: ether = 99 : 1. Yield: 99 % (10 mmol scale, 3735 mg). [α]D20 = –152 (c = 0.45, CHCl3). 1H-NMR (300 MHz, CDCl3): ( = 7.43–7.40 (m, 4H), 7.36-7.22 (m, 6H), 3.83 (d, J= 13.8 Hz, 2H), 3.43-3.37 (m, 3H), 1.77–1.56 (m, 2H), 1.48-1.11 (m, 6H), 0.87 (t, J= 7.7 Hz, 3H), 0.27 (s, 9H). 13C-NMR (75 MHz, CDCl3): ( = 139.9, 128.8, 128.2, 126.8, 104.7, 89.0, 54.8, 52.3, 33.5, 31.3, 25.9, 22.5, 14.0, 0.4. MS (70 eV, EI): m/z(%): 377 (M+, <1), 307 (25), 306 (100), 91 (45). HRMS (EI): calcd. for C25H34NSi [M+-H]: 376.2461, found: 376.2448. IR (film): 2957 (s), 2933 (s), 2159 (m), 1494 (m), 1454 (m), 1250 (s), 842 (vs), 698 (s). Anal calcd for C25H35NSi: C: 79.51, H: 9.34, N: 3.71, found: C: 79.39, H: 9.40, N: 3.64. 

Analytical data for 3c: Column chromatographic purification: SiO2, pentane: ether = 99 : 1. Yield: 96 % (9.8 mmol scale, 2869 mg). [α]D20 = –115 (c = 0.41, CHCl3). 1H-NMR (600 MHz, CDCl3): ( = 7.44 (d, J= 7.2 Hz, 4H), 7.35 (t, J= 7.2 Hz, 4H), 7.29-7.26 (m, 2H), 3.87 (d, J= 13.7 Hz, 2H), 3.44 (d, J= 13.7 Hz, 2H), 3.44-3.43 (m, 1H), 2.35 (d, J= 2.3 Hz, 1H), 1.80–1.74 (m, 1H), 1.70-1.64 (m, 1H), 1.49-1.37 (m, 2H), 1.30 (sext., J= 7.2 Hz, 2H), 1.20-1.15 (m, 2H), 0.88 (t, J= 7.2 Hz, 3H). 13C-NMR (150 MHz, CDCl3): ( = 139.7, 128.8, 128.2, 126.9, 82.2, 72.4, 54.7, 51.4, 33.6, 31.3, 25.9, 22.5, 14.0. MS (70 eV, EI): m/z(%): 305 (M+, <1), 235 (18), 234 (93), 91 (100). HRMS (EI): calcd. for C22H27N [M+]: 305.2143, found: 305.2165. IR (film): 3304 (m), 2954 (s), 2933 (s), 1495 (m), 1454 (s), 746 (s), 698 (vs). Anal calcd for C22H27N: C: 86.51, H: 8.91, N: 4.59, found: C: 86.31, H: 8.99, N: 4.55. HPLC (after acylation with benzoyl chloride2)(OD-H, 99 % n-heptane/ 1 % i-propanol, 0.2 mL/min): tr(min)= 22.6 (–), 25.9 (+).

N,N-Dibenzyl-5-methyl-1-hexyn-3-amine (3d):
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Analytical data for 3d+TMS: Column chromatographic purification: SiO2, pentane: ether = 99 : 1. Yield: 85 % (1 mmol scale, 309 mg). [α]D20 = –185 (c = 0.31, CHCl3). 1H-NMR (600 MHz, CDCl3): ( = 7.43–7.41 (m, 4H), 7.36-7.33 (m, 4H), 7.29-7.25 (m, 2H), 3.83 (d, J= 14.0 Hz, 2H), 3.49 (dd, J= 8.5, 7.0 Hz, 1H), 3.39 (d, J= 14.0 Hz, 2H), 1.93-1.86 (m, 1H), 1.71-1.66 (m, 1H), 1.47–1.42 (m, 1H), 0.83 (d, J= 6.4 Hz, 3H), 0.68 (d, J= 6.4 Hz, 3H), 0.28 (s, 9H). 13C-NMR (150 MHz, CDCl3): ( = 139.8, 128.9, 128.1, 126.8, 104.8, 88.9, 54.8, 50.3, 42.7, 24.5, 22.9, 21.7, 0.4. MS (70 eV, EI): m/z(%): 363 (M+, <1), 307 (26), 306 (100), 91 (78). HRMS (EI): calcd. for C24H33NSi [M+]: 363.2382, found: 363.2363. IR (film): 3029 (m), 2957 (s), 2159 (m), 1494 (m), 1454 (s), 1250 (s), 989 (m), 842 (vs), 747 (s), 698 (vs). 

Analytical data for 3d: Column chromatographic purification: SiO2, pentane: ether = 99 : 1. Yield: 99 % (0.8 mmol scale, 230 mg). [α]D20 = –165 (c = 0.45, CHCl3). 1H-NMR (600 MHz, CDCl3): ( = 7.43 (d, J= 7.3 Hz, 4H), 7.35 (t, J= 7.3 Hz, 4H), 7.29-7.26 (m, 2H), 3.86 (d, J= 13.8 Hz, 2H), 3.51 (td, J= 7.7, 2.5 Hz, 1H), 3.42 (d, J= 13.8 Hz, 2H), 2.35 (d, J= 2.2 Hz, 1H), 1.91–1.87 (m, 1H), 1.72-1.68 (m, 1H), 1.52-1.48 (m, 1H), 0.83 (d, J= 6.3 Hz, 3H), 0.70 (d, J= 6.3 Hz, 3H). 13C-NMR (150 MHz, CDCl3): ( = 139.7, 128.9, 128.2, 126.9, 82.3, 72.3, 54.8, 49.4, 42.8, 24.5, 22.7, 21.8. MS (70 eV, EI): m/z(%): 291 (M+, <1), 235 (18), 234 (100), 91 (89). HRMS (EI): calcd. for C21H24N [M+-H]: 290.1909, found: 290.1885. IR (film): 3302 (m), 2955 (s), 2934 (s), 1495 (m), 1454 (s), 746 (s), 698 (vs). HPLC (after acylation with benzoyl chloride2) (OD-H, 98 % n-heptane/ 2 % i-propanol, 0.5 mL/min): tr(min)= 9.3 (–), 10.5 (+).

N,N-Dibenzyl-5,5-dimethyl-1-hexyn-3-amine (3e):
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Analytical data for 3e+TMS: Column chromatographic purification: SiO2, pentane: ether = 99 : 1. Yield: 94 % (1 mmol scale, 354 mg). [α]D20 = –182 (c = 0.47, CHCl3). 1H-NMR (300 MHz, CDCl3): ( = 7.44–7.40 (m, 4H), 7.36-7.23 (m, 6H), 3.81 (d, J= 13.7 Hz, 2H), 3.47 (dd, J= 8.1, 4.0 Hz, 1H), 3.40 (d, J= 13.8 Hz, 2H), 1.78-1.62 (m, 2H), 0.84 (s, 9H), 0.26 (s, 9H). 13C-NMR (150 MHz, CDCl3): ( = 139.7, 128.9, 128.1, 126.8, 105.8, 88.9, 54.9, 48.9, 48.6, 30.6, 29.7, 0.3. MS (70 eV, EI): m/z(%): 377 (M+, <1), 307 (23), 306 (100), 91 (43). HRMS (EI): calcd. for C25H34NSi [M+-H]: 376.2461, found: 376.2491. IR (film): 2957 (s), 2158 (m), 1454 (m), 1367 (m), 1250 (s), 842 (vs), 745 (s). 
Analytical data for 3e: Column chromatographic purification: SiO2, pentane: ether = 99 : 1. Yield: 99 % (0.8 mmol scale, 242 mg). [α]D20 = –175 (c = 0.65, CHCl3). 1H-NMR (600 MHz, CDCl3): ( = 7.43-7.40 (m, 4H), 7.33-7.30 (m, 4H), 7.26-7.22 (m, 2H), 3.81 (d, J= 13.8 Hz, 2H), 3.48-3.44 (m, 1H), 3.40 (d, J= 13.8 Hz, 2H), 2.34 (d, J= 2.3 Hz, 1H), 1.76 (dd, J= 13.6, 7.7Hz, 1H), 1.67 (dd, J= 13.5, 4.0 Hz, 1H), 0.82 (s, 9H). 13C-NMR (150 MHz, CDCl3): ( = 139.6, 128.9, 128.2, 126.9, 83.3, 72.4, 54.8, 48.7, 48.1, 30.7, 29.6. MS (70 eV, EI): m/z(%): 305 (M+, <1), 235 (12), 234 (71), 91 (100), 58 (12), 44 (36). HRMS (EI): calcd. for C22H26N [M+-H]: 304.2065, found: 304.2076. IR (film): 3304 (m), 2956 (s), 1495 (m), 1454 (s), 1368 (m), 746 (s), 698 (vs). HPLC (after acylation with benzoyl chloride2) (OD-H, 98 % n-heptane/ 2 % i-propanol, 0.3 mL/min): tr(min)= 14.2 (–), 15.6 (+).

N,N-Dibenzyl-4-methyl-1-pentyn-3-amine (3f):
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Analytical data for 3f+TMS: Column chromatographic purification: SiO2, pentane: ether = 99 : 1. Yield: 87 % (5 mmol scale, 1518 mg). [α]D20 = –275 (c = 0.44, CHCl3). 1H-NMR (300 MHz, CDCl3): ( = 7.45–7.42 (m, 4H), 7.37-7.36 (m, 6H), 3.84 (d, J= 13.6 Hz, 2H), 3.39 (d, J= 13.6 Hz, 2H), 2.94 (d, J= 10.5 Hz, 1H), 1.96–1.86 (m, 1H), 1.03 (d, J= 6.3 Hz, 3H), 1.00 (d, J= 6.2 Hz, 3H), 0.29 (s, 9H). 13C-NMR (75 MHz, CDCl3): ( = 139.8, 128.9, 128.2, 126.8, 103.6, 89.9, 59.9, 55.0, 30.5, 20.8, 19.9, 0.4. MS (70 eV, EI): 307 (M+–iPr, 27), 306 (100), 91 (34). HRMS (EI): calcd. for C23H30NSi [M+–H]: 348.2148, found: 348.2166. IR (film): 2959 (s), 2158 (m), 1494 (m), 1454 (s), 1249 (vs), 1019 (s), 842 (vs), 746 (s), 698 (vs). Anal calcd for C23H31NSi: C: 79.02, H: 8.94, N: 4.01, found: C: 79.10, H: 9.17, N: 3.83. 

Analytical data for 3f: Column chromatographic purification: SiO2, pentane: ether = 99 : 1. Yield: 96 % (4 mmol scale, 1064 mg). [α]D20 = –231 (c = 0.76, CHCl3). 1H-NMR (300 MHz, CDCl3): ( = 7.46–7.24 (m, 10H), 3.87 (d, J= 13.7 Hz, 2H), 3.42 (d, J= 13.7 Hz, 2H), 2.95 (d, J= 10.8 Hz, 1H), 2.38 (s, 1H), 2.02–1.90 (m, 1H), 1.04 (t, J= 6.7 Hz, 6H). 13C-NMR (75 MHz, CDCl3): ( = 139.6, 128.8, 128.2, 126.9, 81.2, 73.2, 58.9, 54.9, 30.5, 20.8, 19.8. MS (70 eV, EI): 235 (18), 234 (M+–iPr, 100), 91 (16). HRMS (EI): calcd. for C20H22N [M+–H]: 276.1752, found: 276.1720. IR (film): 2959 (m), 1495 (m), 1454 (m), 746 (m), 698 (vs). Anal calcd for C20H23N: C: 86.59, H: 8.36, N: 5.05, found: C: 86.25, H: 8.20, N: 4.98. HPLC (OD-H, 100 % n-heptane/ 0 % i-propanol, 0.2 mL/min): tr(min)= 29.7 (–), 34.9 (+).

N,N-Dibenzyl-4-ethyl-1-hexyn-3-amine (3g):
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Analytical data for 3g+TMS: Column chromatographic purification: SiO2, pentane: ether = 99 : 1. Yield: 99 % (5 mmol scale, 1866 mg). [α]D20 = –199 (c = 0.41, CHCl3). 1H-NMR (300 MHz, CDCl3): ( = 7.43–7.40 (m, 4H), 7.36-7.31 (m, 4H), 7.28-7.23 (m, 2H), 3.82 (d, J= 13.5 Hz, 2H), 3.37 (d, J= 13.5 Hz, 2H), 3.19 (d, J= 10.1 Hz, 1H), 1.75-1.27 (m, 5H), 0.81 (t, J= 7.9 Hz, 3H), 0.59 (t, J= 7.9 Hz, 3H), 0.29 (s, 9H). 13C-NMR (75 MHz, CDCl3): ( = 139.7, 129.1, 128.1, 126.8, 104.0, 90.0, 55.6, 55.0, 41.4, 22.1, 20.1, 10.6, 8.9, 0.5. MS (70 eV, EI): 362 (M+–Me, 1), 307 (30); 306 (100), 91 (29). HRMS (EI): calcd. for C25H36NSi [M++H]: 378.2617, found: 378.2617. IR (film): 2962 (s), 2158 (m), 1494 (m), 1454 (m), 1250 (s), 842 (vs), 747 (m), 698 (s). Anal calcd for C25H36NSi: C: 79.51, H: 9.34, N: 3.71, found: C: 79.49, H: 9.37, N: 3.69.

Analytical data for 3g: Column chromatographic purification: SiO2, pentane: ether = 99 : 1. Yield: 98 % (4 mmol scale, 1196 mg). 1H-NMR (300 MHz, CDCl3): ( = 7.43–7.41 (m, 4H), 7.37-7.32 (m, 4H), 7.29-7.24 (m, 2H), 3.84 (d, J= 13.7 Hz, 2H), 3.40 (d, J= 13.7 Hz, 2H), 3.21 (dd, J= 10.1, 2.3 Hz, 1H), 2.38 (d, J= 2.3 Hz, 1H), 1.79–1.62 (m, 3H), 1.50-1.28 (m, 2H), 0.81 (t, J= 7.3 Hz, 3H), 0.60 (t, J= 7.3 Hz, 3H). 13C-NMR (75 MHz, CDCl3): ( = 139.6, 129.0, 128.2, 126.9, 81.3, 73.3, 55.0, 54.6, 41.4, 21.9, 19.9, 10.4, 8.9. MS (70 eV, EI): 235 (20), 234 (M+–1‑ethylpropyl, 100), 91 (74). HRMS (EI): calcd. for C22H26N [M+–H]: 304.2065, found: 304.2075. IR (film): 3302 (m), 2963 (s), 2937 (m), 1495 (m), 1454 (m), 748 (m), 698 (s). Anal calcd for C22H27N: C: 86.51, H: 8.91, N: 4.59, found: C: 86.45, H: 9.07, N: 4.57. HPLC (OD-H, 100 % n-heptane/ 0 % i-propanol, 0.2 mL/min): tr(min)= 28.4 (–), 31.9 (+).

N,N-Dibenzyl-1-cyclopropyl-2-propyn-1-amine (3h):
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Analytical data for 3h+TMS: Column chromatographic purification: SiO2, pentane: ether = 99 : 1. Yield: 98 % (1 mmol scale, 340 mg). [α]D20 = –163 (c = 0.42, CHCl3). 1H-NMR (300 MHz, CDCl3): ( = 7.47–7.42 (m, 4H), 7.37-7.23 (m, 6H), 3.98 (d, J= 13.8 Hz, 2H), 3.45-3.39 (m, 3H), 1.14-1.04 (m, 1H), 0.59-0.37 (m, 3H), 0.28-0.26 (m, 1H), 0.27 (s, 9H). 13C-NMR (75 MHz, CDCl3): ( = 140.1, 128.8, 128.1, 126.8, 101.4, 90.1, 55.8, 55.0, 13.3, 3.6, 1.7, 0.4. MS (70 eV, EI): 347 (M+, 3), 307 (27), 306 (100), 91 (56), 73 (10). HRMS (EI): calcd. for C23H29NSi [M+]: 347.2069, found: 347.2034. IR (film): 2959 (m), 2160 (m), 1494 (m), 1454 (m), 1250 (s), 1026 (m), 842 (vs), 747 (m), 698 (s). Anal calcd for C23H29NSi: C: 79.48, H: 8.41, N: 4.03, found: C: 79.32, H: 8.75, N: 4.04.

Analytical data for 3h: Column chromatographic purification: SiO2, pentane: ether = 99 : 1. Yield: 99 % (0.5 mmol scale, 136 mg). [α]D20 = –138 (c = 0.40, CHCl3). 1H-NMR (300 MHz, CDCl3): ( = 7.33 (d, J= 7.1 Hz, 4H), 7.23 (t, J= 7.8 Hz, 4H), 7.18-7.13 (m, 2H), 3.89 (d, J= 13.8 Hz, 2H), 3.34 (d, J= 13.8 Hz, 2H), 3.24 (dd, J= 5.7, 2.1 Hz, 1H), 2.21 (d, J= 2.1 Hz, 1H), 1.06–0.98 (m, 1H), 0.49-0.30 (m, 3H), 0.19-0.13 (m, 1H). 13C-NMR (75 MHz, CDCl3): ( = 139.9, 128.7, 128.2, 126.8, 79.4, 73.2, 55.1, 55.0, 13.5, 3.7, 2.0. MS (70 eV, EI): 275 (M+, 2), 234 (37), 91 (100), 77 (13), 65 (11). HRMS (EI): calcd. for C20H21N [M+]: 275.1674, found: 275.1655. IR (film): 3299 (m), 3027 (m), 1495 (m), 1454 (m), 1027 (m), 746 (s), 698 (vs). HPLC (OD-H, 99 % n-heptane/ 1 % i-propanol, 0.2 mL/min): tr(min)= 20.5 (–), 22.9 (+).

N,N-Dibenzyl-1-cyclopentyl-2-propyn-1-amine (3i):
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Analytical data for 3i+TMS: Column chromatographic purification: SiO2, pentane: ether = 99 : 1. Yield: 98 % (1 mmol scale, 356 mg). [α]D20 = –178 (c = 0.5, CHCl3). 1H-NMR (600 MHz, CDCl3): ( = 7.44 (d, J= 7.8 Hz, 4H), 7.34 (t, J= 7.8 Hz, 4H), 7.29-7.25 (m, 2H), 3.87 (d, J= 13.7 Hz, 2H), 3.38 (d,J= 13.8 Hz, 2H), 3.06 (d, J= 10.6 Hz, 1H), 2.28-2.22 (m, 1H), 1.90-1.82 (m, 2H), 1.54-1.36 (m, 5H), 1.31-1.25 (m, 1H), 0.29 (s, 9H). 13C-NMR (150 MHz, CDCl3): ( = 139.9, 128.9, 128.1, 126.8, 104.3, 89.0, 57.7, 54.9, 42.6, 30.9, 30.2, 25.0, 24.9, 0.4. MS (70 eV, EI): 375 (M+, <1), 307 (26), 306 (100), 91 (53). HRMS (EI): calcd. for C25H32NSi [M+-H]: 374.2304, found: 374.2289. IR (film): 2957 (s), 2868 (m), 2158 (m), 1494 (m), 1454 (m), 1250 (s),  842 (vs), 747 (m), 698 (s). Anal calcd for C25H33NSi: C: 79.94, H: 8.86, N: 3.73, found: C: 80.05, H: 9.38, N: 3.76. HPLC (OD-H, 100 % n-heptane/ 0 % i-propanol, 0.2 mL/min): tr(min)= 22.1 (–), 25.0 (+).

Analytical data for 3i: Column chromatographic purification: SiO2, pentane: ether = 99 : 1. Yield: 99 % (0.7 mmol scale, 211 mg). [α]D20 = –138 (c = 0.57, CHCl3). 1H-NMR (300 MHz, CDCl3): ( = 7.45-7.42 (m, 4H), 7.37-7.24 (m, 6H), 3.89 (d, J= 13.8 Hz, 2H), 3.40 (d, J= 13.8 Hz, 2H), 3.09 (dd, J= 10.6, 2.3 Hz, 1H), 2.34 (d, J= 2.3 Hz, 1H),2.36-2.20 (m, 1H), 1.93-1.81 (m, 2H), 1.56-1.22 (m, 6H). 13C-NMR (75 MHz, CDCl3): ( = 139.7, 128.9, 128.2, 126.9, 81.8, 72.4, 56.9, 54.9, 42.6, 30.8, 30.2, 24.9, 24.8. MS (70 eV, EI): 303 (M+, <1), 235 (15), 234 (82), 91 (100), 43 (25). HRMS (EI): calcd. for C22H25N [M+]: 303.1987, found: 303.2011. IR (film): 3301 (m), 2955 (s), 1495 (m), 1453 (m), 747 (s), 698 (vs).

N,N-Dibenzyl-1-cyclohexyl-2-propyn-1-amine (3j):
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Analytical data for 3j+TMS: Column chromatographic purification: SiO2, pentane: ether = 99 : 1. Yield: 99 % (2 mmol scale, 770 mg). mp.: 81-82 °C. [α]D20 = –185 (c = 0.89, CHCl3). 1H-NMR (300 MHz, CDCl3): ( = 7.44–7.42 (m, 4H), 7.37-7.32 (m, 4H), 7.28-7.23 (m, 2H), 3.83 (d, J= 13.6 Hz, 2H), 3.39 (d, J= 13.6 Hz, 2H), 3.06 (d, J= 10.9 Hz, 1H), 2.32-2.28 (m, 1H), 2.04-2.00 (m, 1H), 1.73–1.55 (m, 4H), 1.28-1.07 (m, 3H), 0.89-0.67 (m, 2H), 0.28 (s, 9H). 13C-NMR (75 MHz, CDCl3): ( = 139.8, 128.8, 128.2, 126.8, 103.5, 90.1, 58.6, 54.9, 39.5, 31.2, 30.3, 26.6, 26.2, 25.9, 0.5. MS (70 eV, EI): 307 (M+–cHex, 27), 306 (100), 91 (34). HRMS (EI): calcd. for C26H35NSi [M+]: 389.2539, found: 389.2506. IR (KBr): 2924 (s), 2852 (m), 2160 (m), 1494 (m), 1451 (m), 1248 (s), 1006 (m), 844 (vs), 737 (s), 698 (s). Anal calcd for C26H35NSi: C: 80.14, H: 9.05, N: 3.59, found: C: 79.90, H: 9.07, N: 3.54.

Analytical data for 3j: Column chromatographic purification: SiO2, pentane: ether = 99 : 1. Yield: 93 % (1.5 mmol scale, 442 mg). mp.: 75-76 °C [α]D20 = –157 (c = 0.35, CHCl3). 1H-NMR (300 MHz, CDCl3): ( = 7.44–7.41 (m, 4H), 7.36-7.31 (m, 4H), 7.27-7.23 (m, 2H), 3.85 (d, J= 13.7 Hz, 2H), 3.41 (d, J= 13.7 Hz, 2H), 3.07 (dd, J= 10.6, 2.2 Hz, 1H), 2.37 (d, J= 2.2 Hz, 1H), 2.35–2.28 (m, 1H), 2.06-2.00 (m, 1H), 1.72-1.59 (m, 4H), 1.31-1.07 (m, 3H), 0.91-0.72 (m, 2H). 13C-NMR (75 MHz, CDCl3): ( = 139.7, 128.8, 128.2, 126.8, 81.0, 73.4, 57.6, 54.8, 39.5, 31.2, 30.2, 26.5, 26.1, 25.9. MS (70 eV, EI): 235 (21), 234 (M+–c-Hex, 100), 91 (88). HRMS (EI): calcd. for C23H27N [M+]: 317.2143, found: 317.2139. IR (KBr): 3302 (s), 2926 (vs), 2851 (s), 1495 (m), 1448 (m), 746 (s), 698 (s). Anal calcd for C23H27N: C: 87.02, H: 8.57, N: 4.41, found: C: 86.74, H: 8.37, N: 4.32. HPLC (OD-H, 100 % n-heptane/ 0 % i-propanol, 0.2 mL/min): tr(min)= 31.7 (–), 36.0 (+).

(1E)-N,N-Dibenzyl-1-phenyl-1-penten—4-yn-3-amine (3k):
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Analytical data for 3k+TMS: Column chromatographic purification: SiO2, pentane: ether = 99 : 1. Yield: 96 % (1 mmol scale, 393 mg). [α]D20 = –13 (c = 0.70, CHCl3). 1H-NMR (300 MHz, CDCl3): ( = 7.46–7.24 (m, 15H), 6.91 (dd, J= 16.1, 2.0 Hz, 1H), 6.24 (dd, J= 16.1, 4.0 Hz, 1H), 4.34 (dd, J= 4.0, 2.0 Hz, 1H), 3.88 (d, J= 13.6 Hz, 2H), 3.50 (d, J= 13.6 Hz, 2H), 0.35 (s, 9H). 13C-NMR (75 MHz, CDCl3): ( = 139.6, 136.8, 132.6, 128.8, 128.5, 128.3, 128.2, 127.5, 126.9, 126.6, 101.2, 92.6, 54.8, 54.5, 0.4. MS (70 eV, EI): 409 (M+, 8), 408 (10), 336 (12), 319 (25), 318 (85), 306 (19), 213 (31), 97 (18), 92 (11), 91 (100), 73 (32). HRMS (EI): calcd. for C28H31NSi [M+]: 409.2226, found: 409.2251. IR (film): 3028 (m), 2959 (m), 2160 (m), 1494 (s), 1454 (m), 1250 (s), 968 (m), 842 (s), 866 (vs), 746 (s), 697 (vs). Anal calcd for C28H31NSi: C: 82.10, H: 7.63, N: 3.42, found: C: 82.23, H: 8.14, N: 3.43.

For this example, deprotection of the TMS-group was achieved by stirring with 1.2 eq. of a 1m aq. KOH solution in MeOH at rt for 12 h. Analytical data for 3k: Column chromatographic purification: SiO2, pentane: ether = 98 : 2. Yield: 97 % (0.5 mmol scale, 163 mg). [α]D20 = +41 (c = 0.77, CHCl3). 1H-NMR (300 MHz, CDCl3): ( = 7.47–7.25 (m, 15H), 6.95 (dd, J= 15.9, 1.7 Hz, 1H),6.26 (dd, J= 15.9,4.4 Hz, 1H),4.37-3.36 (m, 1H), 3.91 (d, J= 13.9 Hz, 2H), 3.52 (d, J= 13.9 Hz, 2H), 2.63 (d, J= 2.1 Hz, 1H). 13C-NMR (75 MHz, CDCl3): ( = 139.5, 136.6, 132.7, 128.8, 128.5, 128.3, 128.0, 127.6, 127.0, 126.6, 79.0, 75.6, 54.7, 53.6. MS (70 eV, EI): 337 (M+, 12), 336 (24), 246 (44), 142 (16), 141 (68), 115 (31), 92 (11), 91 (100), 65 (11). HRMS (EI): calcd. for C25H23N [M+]: 337.1830, found: 337.1853. IR (film):3291 (s), 3281 (s), 3024 (m), 2839 (m), 1494 (m), 1453 (m), 967 (s), 745 (s), 698 (vs). Anal calcd for C25H23N: C: 88.98, H: 6.87, N: 4.15, found: C: 88.64, H: 7.12, N: 4.08. HPLC (OD-H, 99 % n-heptane/ 1 % i-propanol, 0.15 mL/min): tr(min)= 35.0 (-), 46.3 (+).

N,N-Dibenzyl-1,1-diphenyl-1-penten—4-yn-3-amine (3l):
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Analytical data for 3l+TMS: Column chromatographic purification: SiO2, pentane: ether = 99 : 1. Yield: 82 % (1 mmol scale, 398 mg). [α]D20 = +46 (c = 0.43, CHCl3). 1H-NMR (300 MHz, CDCl3): ( = 7.31–7.13 (m, 20H), 6.17 (d, J= 9.3 Hz, 1H), 4.26 (d, J= 9.3 Hz, 1H), 3.86 (d, J= 13.6 Hz, 2H), 3.60 (d, J= 13.7 Hz, 2H), 0.27 (s, 9H). 13C-NMR (75 MHz, CDCl3): ( = 144.3, 142.3, 139.4, 138.7, 129.7, 128.9, 128.1, 128.0, 127.9, 127.7, 127.5, 127.2, 126.7, 125.8, 103.6, 90.3, 55.1, 51.9, 0.3. MS (70 eV, EI): 485 (M+, 16), 413 (14), 412 (26), 408 (11), 395 (19), 394 (56), 318 (12), 306 (15), 298 (15), 290 (19), 289 (68), 215 (14), 167 (16), 92 (12), 91 (100), 73 (60). HRMS (EI): calcd. for C34H35NSi [M+]: 485.2539, found: 485.2500. IR (film): 3029 (m), 2959 (m), 2158 (m), 1494 (s), 1445 (m), 1250 (s), 843 (vs), 748 (s), 698 (vs). Anal calcd for C34H35NSi: C: 84.07, H: 7.20, N: 2.88, found: C: 84.08, H: 7.78, N: 2.82.

For this example, deprotection of the TMS-group was achieved by stirring with 1.2 eq. of a 1m aq. KOH solution in MeOH at rt for 12 h. Analytical data for 3l: Column chromatographic purification: SiO2, pentane: ether = 98 : 2. Yield: 97 % (0.7 mmol scale, 280 mg). [α]D20 = 47 (c = 0.27, CHCl3). 1H-NMR (300 MHz, CDCl3): ( = 7.31–7.11 (m, 20H), 6.20 (d, J= 9.3 Hz, 1H), 4.29 (dd, J= 9.3, 2.2 Hz, 1H), 3.89 (d, J= 13.8 Hz, 2H), 3.62 (d, J= 13.8 Hz, 2H), 2.46 (d, J= 2.2 Hz, 1H). 13C-NMR (75 MHz, CDCl3): ( = 144.6, 142.2, 139.3, 138.6, 129.6, 128.8, 128.1, 128.0, 127.7, 127.6, 127.3, 126.8, 125.3, 112.3, 81.6, 73.5, 55.1, 50.9. MS (70 eV, EI): 413 (M+, 16), 412 (20), 323 (23), 322 (86), 218 (20), 217 (83), 218 (18), 215 (39), 202 (45), 139 (28), 91 (100). HRMS (EI): calcd. for C31H37N [M+]:413.2143, found:413.2103. IR (film): 3292 (m), 3028 (m), 1494 (m), 1454 (m), 1444 (m), 748 (m), 697 (vs). Anal calcd for C25H23N: C: 90.03, H: 6.58, N: 3.39, found: C: 90.34, H: 6.65, N: 3.23. HPLC (OD-H, 99 % n-heptane/ 1 % i-propanol, 0.15 mL/min): tr(min)= 37.4 (-), 40.5 (+).

N,N-Dibenzyl-5-phenyl-1-pentyn-3-amine (3m):
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Analytical data for 3m+TMS: Column chromatographic purification: SiO2, pentane: ether = 99 : 1. Yield: 78 % (1 mmol scale, 321 mg). [α]D20 = –114 (c = 0.38, CHCl3). 1H-NMR (300 MHz, CDCl3): ( = 7.44–7.14 (m, 13H), 7.09-7.06 (m, 2H), 3.88 (d, J= 13.6 Hz, 2H), 3.50 (d, J= 7.6 Hz, 1H), 3.45 (d, J= 13.6 Hz, 2H), 2.85-2.75 (m, 1H), 2.69-2.59 (m, 1H), 2.12-1.88 (m, 2H), 0.28 (s, 9H). 13C-NMR (75 MHz, CDCl3): ( = 141.9, 139.7, 128.9, 128.4, 128.3, 128.2, 126.9, 125.7, 104.2, 89.6, 55.0, 52.2, 35.6, 32.6, 0.4. MS (70 eV, EI): 411 (M+, <1), 307 (25), 306 (100), 91 (60). HRMS (EI): calcd. for C28H33NSi [M+]: 411.2382, found: 411.2406. IR (film): 3027 (m), 2956 (m), 2158 (m), 1495 (s), 1454 (s), 1250 (s), 842 (vs), 746 (s), 698 (vs). Anal calcd for C28H33NSi: C: 81.69, H: 8.08, N: 3.40, found: C: 81.92, H: 8.56, N: 3.37.

Analytical data for 3m: Column chromatographic purification: SiO2, pentane: ether = 99 : 1. Yield: 98 % (0.5 mmol scale, 166 mg). [α]D20 = –83 (c = 0.46, CHCl3). 1H-NMR (300 MHz, CDCl3): ( = 7.45–7.15 (m, 13H), 7.09-7.07 (m, 2H), 3.91 (d, J= 13.8 Hz, 2H), 3.52 (dd, J= 8.0, 2.2 Hz, 1H), 3.48 (d, J= 13.8 Hz, 2H), 2.87–2.77 (m, 1H), 2.72-2.62 (m, 1H), 2.39 (d, J= 2.2 Hz, 1H), 2.16-1.93 (m, 2H). 13C-NMR (75 MHz, CDCl3): ( = 141.7, 139.5, 128.9, 128.3, 128.3, 128.2, 126.9, 125.7, 81.7, 72.9, 54.9, 51.2, 35.5, 32.5. MS (70 eV, EI): 339 (M+, 1), 235 (18), 234 (100), 91 (94). HRMS (EI): calcd. for C25H25N [M+]: 339.1987, found: 339.1975. IR (film): 3295 (m), 3027 (m), 1495 (s), 1454 (s), 746 (s), 698 (vs). Anal calcd for C25H25N: C: 88.45, H: 7.42, N: 4.13, found: C: 88.30, H: 7.47, N: 4.01. HPLC (OD-H, 99 % n-heptane/ 1 % i-propanol, 0.15 mL/min): tr(min)= 38.6 (+), 42.5 (–).

N,N-Dibenzyl-5-(4-bromophenyl)-1-pentyn-3-amine (3n):
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Analytical data for 3n+TMS: Column chromatographic purification: SiO2, pentane: ether = 98 : 2. Yield: 73 % (1 mmol scale, 358 mg). [α]D20 = –76 (c = 0.28, CHCl3). 1H-NMR (300 MHz, CDCl3): ( = 7.41–7.25 (m, 12H), 6.88 (d, J= 8.3 Hz, 2H), 3.85 (d, J= 13.8 Hz, 2H), 3.44 (dd, J= 7.1, 1.0 Hz, 1H), 3.42 (d, J= 13.8 Hz, 2H), 2.76-2.53 (m, 2H), 2.06-1.83 (m, 2H), 0.27 (s, 9H). 13C-NMR (75 MHz, CDCl3): ( = 140.7, 139.6, 131.2, 130.2, 128.9, 128.2, 126.9, 119.4, 103.9, 89.7, 55.0, 51.7, 35.3, 31.8, 0.4. MS (70 eV, EI): 489 (M+, <1), 307 (26), 306 (100), 91 (54). HRMS (EI): calcd. for C28H32BrNSi [M+]: 489.1487, found: 489.1441. IR (film): 2956 (m), 2158 (m), 1488 (s), 1454 (m), 1250 (s), 1072 (m), 1012 (m), 843 (vs), 747 (m), 698 (s).

Analytical data for 3n: Column chromatographic purification: SiO2, pentane: ether = 98 : 2. Yield: 98 % (0.5 mmol scale, 205 mg). [α]D20 = –54 (c = 0.41, CHCl3). 1H-NMR (300 MHz, CDCl3): ( = 7.41–7.25 (m, 12H),6.89 (d, J= 8.2 Hz, 2H), 3.87 (d, J= 14.0 Hz, 2H), 3.45 (d, J= 14.0 Hz, 2H), 3.43 (dd, J= 7.4, 2.1 Hz, 1H), 2.77–2.56 (m, 2H), 2.38 (d, J= 2.2 Hz, 1H), 2.09-1.87 (m, 2H). 13C-NMR (75 MHz, CDCl3): ( = 140.5, 139.4, 131.3, 130.1, 128.9, 128.3, 127.0, 119.5, 81.5, 73.0, 55.0, 50.8, 35.3, 31.8. MS (70 eV, EI): 417 (M+, <1), 235 (19), 234 (100), 91 (79). HRMS (EI): calcd. for C25H24BrN [M+]: 417.1092, found: 417.1044. IR (film): 3296 (m), 3028 (m), 2931 (m), 2835 (m), 1488 (vs), 1454 (s), 1072 (s), 1012(s), 747 (s), 698 (vs). HPLC (OD-H, 100 % n-heptane/ 0 % i-propanol, 0.5 mL/min): tr(min)= 47.8 (-), 67.2 (+).

Ethyl 4-[3-dibenzylamino)-4-pentynyl]benzoate (3o):
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Analytical data for 3o+TMS: Column chromatographic purification: SiO2, pentane: ether = 95 : 5. Yield: 96 % (1 mmol scale, 465 mg). [α]D20 = –72 (c = 0.72, CHCl3). 1H-NMR (300 MHz, CDCl3): ( = 7.89 (d, J= 8.4 Hz, 2H), 7.42–7.22 (m, 10H), 7.09 (d, J= 8.0 Hz, 2H), 4.39 (q, J= 6.9 Hz, 2H), 3.86 (d, J= 13.6 Hz, 2H), 3.45 (d, J= 7.3 Hz, 1H), 3.43 (d, J= 13.7 Hz, 2H), 2.88-2.78 (m, 1H), 2.72-2.62 (m, 1H), 2.10-1.87 (m, 2H), 1.42 (t, J= 6.9 Hz, 3H), 0.28 (s, 9H). 13C-NMR (75 MHz, CDCl3): ( = 166.6, 147.2, 139.5, 129.6, 128.9, 128.3, 128.2, 128.0, 126.9, 103.8, 89.8, 60.7, 55.0, 51.9, 35.1, 32.6, 14.4, 0.4. MS (70 eV, EI): 483 (M+, <1), 307 (26), 306 (100), 91 (45). HRMS (EI): calcd. for C31H37NO2Si [M+]: 483.2594, found: 483.2627. IR (film): 2957 (m), 2158 (m), 1719 (vs), 1454 (m), 1276 (vs), 1250 (s), 1178 (m), 1107 (s), 843 (s), 748 (s), 699 (s). Anal calcd for C31H37NO2Si: C: 76.97, H: 7.71, N: 2.90, found: C: 76.66, H: 7.73, N: 2.77. HPLC (OD-H, 99 % n-heptane/ 1 % i-propanol, 0.3 mL/min): tr(min)= 16.9 (-), 26.8 (+).

Analytical data for 3o: Column chromatographic purification: SiO2, pentane: ether = 95 : 5. Yield: 90 % (0.5 mmol scale, 185 mg). [α]D20 = –83 (c = 0.81, CHCl3). 1H-NMR (300 MHz, CDCl3): ( = 7.89 (d, J= 8.2 Hz, 2H), 7.42-7.24 (m, 10H), 7.09 (d, J= 8.5 Hz, 2H), 4.39 (q, J= 7.1 Hz, 2H), 3.88 (d, J= 13.6 Hz, 2H), 3.50-3.46 (m, 1H), 3.45 (d, J= 13.6 Hz, 2H), 2.88-2.78 (m, 1H), 2.74-2.63 (m, 1H), 2.39 (d, J= 2.2 Hz, 1H), 2.13-1.90 (m, 2H), 1.42 (t, J= 7.1 Hz, 3H). 13C-NMR (75 MHz, CDCl3): ( = 166.6, 147.0, 139.4, 129.6, 128.9, 128.3, 128.1, 127.0, 88.6, 81.5, 73.1, 60.7, 55.0, 51.0, 35.1, 32.5, 14.4. MS (70 eV, EI): 411 (M+, 2), 235 (19), 234 (100), 91 (83). HRMS (EI): calcd. for C28H29NO2 [M+]: 411.2198, found: 411.2233. IR (film): 3295 (m), 2936 (m), 1716 (vs), 1611 (m), 1454 (m), 1367 (m), 1277 (vs), 1178 (m), 1107 (s), 747 (m), 699 (s). Anal calcd for C28H29NO2: C: 81.72, H: 7.10, N: 3.40, found: C: 81.60, H: 7.19, N: 3.29. 
Ethyl 4-(dibenzylamino)-2-nonynoate (4):
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Amine 3c (305 mg, 1 mmol) was dissolved in dry THF (2 mL) and cooled to –78 °C and n-BuLi (0.8 mL, 1.2 mmol, 1.5 m in hexane) was added. After stirring at this temperature for 30 min, ethyl chloroformiate (217 mg, 2 mmol) was added and the mixture was allowed to warm to rt. The reaction mixture was quenched with water and the aq. phase was extracted with diethyl ether and dried (Na2SO4). Column chromatographic purification (SiO2, pentane: diethyl ether = 98:2) furnished the desired compound 4 as a light yellow oil (390 mg, 95 %).

1H-NMR (600 MHz, CDCl3): ( = 7.42 (d, J= 7.7 Hz, 4H), 7.35 (t, J= 7.7 Hz, 4H), 7.29-7.26 (m, 2H), 4.32 (q, J= 7.3 Hz, 2H), 3.90 (d, J= 13.8 Hz, 2H), 3.56 (t, J= 7.7 Hz, 1H), 3.45 (d, J= 13.8 Hz, 2H), 1.84-1.67 (m, 2H), 1.51-1.43 (m, 2H), 1.40 (t, J= 7.3 Hz, 3H), 1.31-1.25 (m, 2H), 1.18-1.13 (m, 2H), 0.87 (t, J= 7.3 Hz, 3H). 13C-NMR (150 MHz, CDCl3): ( = 153.7, 139.1, 128.8, 128.3, 127.1, 86.9, 77.4, 62.0, 54.9, 51.5, 32.8, 31.1, 25.7, 22.4, 14.1, 14.0. MS (70 eV, EI): 375 (M+-2H<1), 307 (18), 306 (100), 91 (53). HRMS (EI): calcd. for C25H29NO2 [M+-2H]: 375.2198, found: 375.2166. IR (film): 2956 (m), 2933 (m), 2222 (m), 1713 (vs), 1454 (m), 1242 (vs), 749 (m), 699 (m).
N,N-Dibenzyl-1-heptyn-3-amine d1 (5)
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Propargylamine 3b (305 mg, 1 mmol) was dissolved in dry THF (2 mL). The mixture was cooled to –78 °C and n-BuLi (0.8 mL, 1.2 mmol, 1.5 M in hexane) was added. After stirring at this temperature for 30 min, deuterium oxide (0.5 mL) was added and the mixture was stirred for 30 min at –78 °C. The reaction mixture was diluted with diethyl ether and quenched with water and the aq. phase was extracted with diethyl ether and dried (Na2SO4). Column chromatographic purification (SiO2, pentane: diethyl ether = 99:1) furnished the desired compound 5 as a colorless oil (300 mg, 98 %, >95 % D). 1H-NMR (600 MHz, CDCl3): ( = 7.43-7.41 (m, 4H), 7.35 (t, J = 6.7 Hz, 4H), 7.29-7.25 (m, 2H), 3.87 (d, J= 13.5 Hz, 2H), 3.45-3.43 (m, 3H), 1.81-1.75 (m, 1H), 1.70-1.65 (m, 1H), 1.49-1.39 (m, 2H), 1.33-1.27 (m, 2H), 1.20-1.15 (m, 2H), 0.89 (t, J = 7.4 Hz, 3H). 13C-NMR (150 MHz, CDCl3): ( = 139.7, 128.8, 128.2, 126.9, 81.8, 72.1 (t, J= 37 Hz), 54.7, 51.4, 33.6, 31.3, 25.9, 22.5, 14.0. MS (70 eV, EI): m/z(%): 290 (1, M+-H), 235 (22), 234 (98), 181 (11), 92 (100), 65 (10). HRMS (EI): calcd. for C21H25N [M+-H]: 290.1909, found: 290.1885. IR (film): 3302 (m), 2956 (s), 2934 (s), 2860 (m), 1494 (m), 1454 (s), 746 (s), 698 (vs). Anal calcd for C21H25N: C: 86.55, H: 8.65, N: 4.81, found: C: 86.82, H: 8.83, N: 4.90.
N,N-Dibenzyl-3-ethyl-5-undecyn-4-amine (6):
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Propargylamine 3g (305 mg, 1 mmol) was dissolved in dry THF (2 mL). The mixture was cooled to –78 °C and n-BuLi (0.8 mL, 1.2 mmol, 1.5 M in hexane) was added. After stirring at this temperature for 30 min, pentyl iodide (594 mg, 3 mmol) was added and the mixture was allowed to warm to rt and was afterwards heated to 50 °C. After 20 h, conversion was complete and the reaction mixture was quenched with water. The aq. layer was extracted with diethyl ether and dried (Na2SO4). Column chromatographic purification (SiO2, pentane: diethyl ether = 99:1) furnished the desired compound as a yellow oil (355 mg, 95 %). 1H-NMR (600 MHz, CDCl3): ( = 7.39-7.38 (m, 4H), 7.30 (t, J= 7.5 Hz, 4H), 7.23-7.21 (m, 2H), 3.78 (d, J = 13.6 Hz, 2H), 3.35 (d, J= 13.5 Hz, 2H), 3.13 (d, J= 10.3 Hz, 1H), 2.31 (td, J= 7.0, 2.2 Hz, 2H), 1.70-1.46 (m, 6H), 1.43-1.25 (m, 5H), 0.96 (t, J= 7.5 Hz, 3H), 0.76 (t, J= 7.5 Hz, 3H), 0.57 (t, J= 7.5 Hz, 3H). 13C-NMR (150 MHz, CDCl3): ( = 140.9, 129.0, 128.1, 126.7, 85.8, 77.1, 55.0, 54.8, 41.8, 31.2, 29.0, 22.2, 22.1, 20.1, 18.7, 14.1, 10.5, 9.0. MS (70 eV, EI): m/z(%):374 (1, M+-H), 305 (23), 304 (100), 91 (61). HRMS (EI): calcd. for C27H36N [M+-H]: 374.2848, found: 374.2821. IR (film): 2960 (vs), 2933 (vs), 2874 (m), 1495 (m), 1453 (s), 747 (s), 698 (vs).

Ethyl 4-[3-(dibenzylamino)-1-heptynyl]benzoate (7):
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PdCl2(PPh3)2 (14 mg, 0.02 mmol) and CuI (3.8 mg, 0.02 mmol) were charged in a 10 mL Schlenk-flask and dried in vacuo. After 15 min, the catalyst was suspended in dry THF (1.5 mL) and NEt3 (152 mg, 1.5 mmol) was added. After 10 min of stirring at rt, ethyl 
4-iodobenzoate (304 mg, 1.1 mmol) was added. Propargylamine 3b (291 mg, 1 mmol) was dissolved in THF (3.5 mL) and added in one portion. After stirring at rt for 20 h, TLC-analysis showed full conversion and the reaction mixture was quenched with water and the aq. layer was extracted with diethyl ether and dried (Na2SO4). Column chromatographic purification (SiO2, pentane: diethyl ether = 98:2) furnished the desired compound 7 as a yellow oil (382 mg, 87 %). 1H-NMR (600 MHz, CDCl3): ( = 8.06 (d, J= 8.5 Hz, 2H), 7.59 (d, J= 8.5 Hz, 2H), 7.46 (d, J= 7.8 Hz, 4H), 7.36 (t, J= 7.8 Hz, 4H), 7.29-7.27 (m, 2H), 4.44 (q, J= 7.1 Hz, 2H), 3.95 (d, J= 13.5 Hz, 2H), 3.67 (t, J= 7.8 Hz, 1H), 3.53 (d, J= 13.5 Hz, 2H), 1.89-18.3 (m, 1H), 1.80-1.74 (m, 1H), 1.55-1.49 (m, 1H), 1.46 (t, J= 7.2 Hz, 3H), 1.48-1.40 (m, 1H), 1.30-1.24 (m, 2H), 0.91 (t, J= 7.8 Hz, 3H). 13C-NMR (150 MHz, CDCl3): ( = 166.1, 139.7, 131.7, 129.5, 129.4, 128.8, 128.2, 128.1, 126.9, 91.6, 84.7, 61.1, 55.0, 52.3, 33.4, 28.5, 22.3, 14.3, 14.0. MS (70 eV, EI): m/z(%): 439 (<1, M+), 383 (28), 382 (100), 91 (53). HRMS (EI): calcd. for C30H32NO2 [M+-H]: 438.2433, found: 438.2405. IR (film): 2956 (m), 2933 (m), 1720 (vs), 1606 (m), 1454 (m), 1367 (m), 1272 (vs), 1174 (m), 1106 (s), 769 (m), 747 (m), 698 (m).

N,N-Dibenzyl-9-decen-6-yn-5-amine (8):
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Propargylamine 3a (554 mg, 2 mmol) was dissolved in dry THF (4 mL). The mixture was cooled to –78 °C and n-BuLi (1.85 mL, 2.4 mmol, 1.3 M in hexane) was added. After stirring at this temperature for 30 min, allyl iodide (1.014 g, 6.0 mmol) was added and the mixture was allowed to warm to rt. After stirring at rt for 14 h, the reaction was complete and quenched with water. The aq. layer was extracted with diethyl ether and dried (Na2SO4). Column chromatographic purification (SiO2, pentane: diethyl ether = 99:1)furnished the desired compound 8 as a colorless oil (595 mg, 94 %). 1H-NMR (300 MHz, CDCl3): ( = 7.44-7.42 (m, 4H), 7.36-7.31 (m, 4H), 7.28-7.23 (m, 2H), 6.01-5.88 (m, 1H), 5.47 (dq, J= 17.0, 1.8 Hz, 1H), 5.22 (dq, J= 10.3, 1.8 Hz, 1H), 3.86 (d, J= 13.7 Hz, 2H), 3.45 (d, J= 13.7 Hz, 2H), 3.44-3.40 (m, 1H), 3.14-3.10 (m, 2H), 1.81-1.38 (m, 4H), 0.83 (t, J= 7.7 Hz, 3H). 13C-NMR (150 MHz, CDCl3): ( = 140.1, 133.3, 128.8, 128.1, 126.7, 115.7, 81.1, 80.8, 54.9, 51.5, 36.3, 23.1, 19.6, 13.7. MS (70 eV, EI): m/z(%): 316 (M+​H, <1), 274 (41), 91 (100). HRMS (EI): calcd. for C23H26N [M+-H]:316.2065, found: 316.2043. IR (film): 2958 (s), 2934 (m), 1642 (m), 1494 (m), 1454 (s), 916 (m), 747 (s), 698 (vs).

5-(Dibenzylamino)-3-octyn-1-ol (10a)


[image: image21.wmf]P

r

N

B

n

2

O

H


Propargylamine 3a (277 mg, 1 mmol) was dissolved in dry THF (2 mL). The mixture was cooled to –78 °C and n-BuLi (0.92 mL, 1.2 mmol, 1.3 M in hexane) was added. After stirring at this temperature for 30 min, Oxirane (0.15 mL, 3 mmol,) followed by BF3(OEt2 (170 mg, 1.2 mmol) were added and the mixture was kept at 
–78°C for 2 h. Sat. NH4Cl-solution was added and the aq. layer was extracted with diethyl ether and dried (Na2SO4). Column chromatographic purification (SiO2, pentane: diethyl ether = 2:1) furnished the desired compound 10a as a colorless oil (244 mg, 76 %). 1H-NMR (300 MHz, C6D6): ( = 7.56-7.53 (m, 4H), 7.33-7.18 (m, 6H), 4.00 (d, J= 13.6 Hz, 2H), 3.68 (tt, J= 7.7, 1.8 Hz, 1H), 3.60 (d, J= 13.7 Hz, 2H), 3.59 (t, J= 6.5 Hz, 2H), 2.40 (td, J= 6.5, 1.7 Hz, 2H), 1.86-1.74 (m, 1H), 1.70-1.59 (m, 1H), 1.55-1.45 (m, 2H), 0.82 (t, J= 7.3 Hz, 3H). 13C-NMR (75 MHz, C6D6): ( = 140.3, 129.2, 128.6, 127.2, 81.9, 80.2, 61.6, 55.4, 51.9, 36.6, 23.5, 20.0, 13.8. MS (70 eV, EI): m/z(%): 321 (M+, <1), 279 817), 278 (100), 91 (32). HRMS (EI): calcd. for C22H27NO [M+]: 321.2093, found: 321.2094. IR (film): 3351 (m), 3028 (m), 2957 (s), 2935 (s), 2872 (m), 1494 (m), 1454 (s), 1046 (s), 748 (s), 698 (vs).

N,N-Dibenzyl-8-[(triisopropylsilyl)oxy]-5-octyn-4-amine (10):
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Aminoalcohol 10a (161 mg, 0.5 mmol) was dissolved in dry DMF (2 mL) and imidazole (41 mg, 0.6 mmol) was added. The mixture was cooled to 0 °C and catalytic amounts of DMAP (10 mg) were added. TIPSCl (106 mg, 0.55 mmol) was added dropwise and the mixture was allowed to warm to rt overnight. Water was added and the aq. layer was extracted with diethyl ether and dried (Na2SO4). Column chromatographic purification (SiO2, pentane: diethyl ether = 99:1) furnished the desired compound 10 as a colorless oil (222 mg, 93 %). [α]D20 = –73 (c = 0.21, CHCl3). 1H-NMR (300 MHz, CDCl3): ( = 7.40-7.37 (m, 4H), 7.32-7.19 (m, 6H), 3.86 (t, J= 7.3 Hz, 2H), 3.79 (d, J= 13.8 Hz, 2H), 3.38 (d, J= 13.8 Hz, 2H), 3.39-3.34 (m, 1H), 2.54 (td, J= 7.0, 2.2 Hz, 2H), 1.70-1.30 (m, 4H), 1.10 (s, 21H), 0.78 (t, J= 7.0 Hz, 3H). 13C-NMR (75 MHz, CDCl3): ( = 140.1, 128.8, 128.1, 126.7, 81.8, 79.0, 62.7, 54.8, 51.5, 36.3, 23.4, 19.6, 18.0, 13.7, 12.0. MS (70 eV, EI): m/z(%): 477 (M+, <1), 435 (25), 434 (100). HRMS (EI): calcd. for C31H47NOSi [M+]: 477.3427, found: 477.3436. IR (film): 2942 (vs), 2867 (vs), 1495 (m), 1463 (s), 1454 (s), 1110 (s), 1071 (m), 883 (m), 745 (m), 698 (s). Anal calcd for C31H47NOSi: C: 77.93, H: 9.91, N: 2.93, found: C: 78.10, H: 9.94, N: 2.88.

8-[(triisopropylsilyl)oxy]-4-octanamine (10b)
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TIPS-protected aminoalcohol 10 (1431 mg, 3 mmol) was dissolved in MeOH (20 mL). KOH (3 drops of a 1 m soln.) and Pd on charcoal (100 mg, 10 %) were added and the reaction was stirred under H2 (1 atm) for 3 days. Filtration over celite (washing with CH2Cl2) and kugelrohr distillation (160 °C, 7(10-2 mbar) yielded the desired product 10b (861 mg, 99 %) as a colorless oil. 1H-NMR (300 MHz, CDCl3): ( = 3.67 (t, J= 6.0 Hz, 2H), 2.70 (s broad, 2H), 1.56-1.12 (m, 9H), 1.08-1.00 (m, 2H), 1.03 (s, 21H), 0.90 (t, J= 6.6 Hz, 3H). 13C-NMR (75 MHz, CDCl3): ( = 63.3, 50.9, 40.2, 37.9, 33.1, 22.4, 19.3, 18.0, 14.2, 12.0. MS (70 eV, EI): m/z(%): 299 (M+-2H, 23), 298 (100), 258 (75), 241 (21), 199 (51), 170 (66), 130 (35), 115 (20), 75 (20), 72 (20). IR (film): 2941 (vs), 2866 (vs), 1463 (m), 1105 (s). Anal calcd for C17H39NOSi: C: 67.70, H: 13.03, N: 4.64, found: C: 67.61, H: 12.71, N: 4.36.

Preparation of (S)-(+)-Coniine (9):
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The primary amine 10b (537 mg, 1.78 mmol) was dissolved in dry THF (6 mL) and the solution was cooled to 0 °C. TBAF (1.85 mL, 1.85 mmol, 1 m in THF) was added dropwise and the mixture was allowed to warm to rt overnight. Sat. NaCl-solution was added and the aq. phase was extracted with ethyl acetate. After concentration in vacuo, the crude product was used directly in the Mitsunobu reaction. PPh3 (551 mg, 2.1 mmol) was dissolved in dry THF (7 mL) and cooled to –10 °C. DEAD (366 mg, 2.1 mmol) was added dropwise and the mixture was stirred for about 30 min. Within this time, a white precipitate was formed. The aminoalcohol derived from 10b (1.78 mmol, crude product) was dissolved in dry THF (8 mL) and added to the suspension. The mixture was allowed to warm to rt overnight. Solvents were removed in vacuo and the residue was distilled in Kugelrohr (70 °C, 70 mbar). (S)-(+)-coniine 9 was obtained as a colorless liquid (147 mg, 65 %). [α]D20 = +4 (c = 0.85, CHCl3). 1H-NMR (300 MHz, CDCl3): ( = 3.06-3.00 (m, 1H), 2.60 (td, J= 11.9, 3.0 Hz, 1H), 2.45-2.37 (m, 1H), 1.77-1.71 (m, 1H), 1.64-1.53 (m, 3H), 1.40-1.23 (m, 6H), 1.09-0.97 (m, 1H), 0.88 (t, J= 6.4 Hz, 3H). 13C-NMR (75 MHz, CDCl3): ( = 56.6, 47.3, 39.7, 33.0, 26.7, 24.9, 19.0, 14.2. The NMR-data is in accordance to the literature.3
1 A. Padwa, A. Zanka, M. P. Cassidy, J. M. Harris, Tetrahedron 2003, 59, 4939.

2 A. S. Karpov, J. J. Müller, Org. Lett. 2003, 5, 3451.

3 C. J. Moody, A. P. Lightfoot, P. T. Gallagher, J. Org. Chem. 1997, 62, 746.
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