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Instrumentation and Chemicals

1H NMR (300 MHz and 500 MHz) and 13C NMR (125.7 MHz) spectra were taken

on Varian Mercury 300 and UNITY INOVA 500 spectrometers and were recorded in CDCl3.

Chemical shifts (δ) are in parts per million relative to tetramethylsilane at 0.00 ppm for 1H

and relative to CDCl3 at 77.2 ppm for 13C unless otherwise noted.  IR spectra were

determined on a SHIMADZU FTIR-8200PC spectrometer.  Mass spectra (EI unless

otherwise noted) were determined on a JEOL Mstation 700 spectrometer.  TLC analyses

were performed on commercial glass plates bearing 0.25-mm layer of Merck Silica gel

60F254.  Silica gel (Wakogel 200 mesh) was used for column chromatography.  Elemental

analyses were carried out at the Elemental Analysis Center of Kyoto University.

Unless otherwise noted, materials obtained from commercial suppliers were used

without further purification.  Anhydrous Co(acac)3 was purchased from Wako Pure

Chemicals.  TMEDA was purchased from Nacalai tesque.  THF was purchased from

Kanto Chemical Co., stored under nitrogen, and used as it is.  All reactions were carried

out under argon atmosphere.
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Experimental Section

Preparation of 1-trimethylsilylethenylmagnesium bromide: Magnesium turnings (1.2

g, 50 mmol) were expeditiously ground down in a mortar under air.  The magnesium and

anhydrous THF (10 mL) were placed in a 50-mL reaction flask.  1,2-Dibromoethane (0.1

mL) was then added under argon.  A solution of 1-bromoethenyltrimethylsilane (4.48 g,

25 mmol) in THF (15 mL) was slowly added at room temperature.  The reaction started

within a few minutes.  After the addition, the mixture was stirred for 30 min at room

temperature.  1-Trimethylsilylethenylmagnesium bromide was obtained in a concentration

of 0.90–1.0 M.  The concentration (0.90–1.0 M) is crucial for the success of the reaction.

Lower concentrations resulted in lower yields.

Preparation of 2-trimethylsilylethynylmagnesium bromide: Isopropylmagnesium

bromide (1.0 M THF solution, 2.0 mL, 2.0 mmol) was placed in a 30-mL reaction flask

under argon.  Ethynyltrimethylsilane (196 mg, 2.0 mmol) was added, and the reaction

mixture was stirred for 2 h at room temperature.

Typical procedure for cobalt-mediated coupling reaction: The reaction of

bromocyclohexane with 1-(trimethylsilyl)ethenylmagnesium bromide is representative

(Table 1, entry 2).  1-Trimethylsilylethenylmagnesium bromide (1.0 M THF solution, 2.0

mL, 2.0 mmol) was placed in a 50-mL flask under argon.  THF was evaporated under a

reduced pressure for 5 min to give a solid.  Immediately, TMEDA  (1.5 mL) was added

to the flask to furnish a suspension.  Cobalt(III) acetylacetonate (71.2 mg, 0.20 mmol) was
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placed in a 20-mL reaction flask and was heated with a hair dryer in vacuo for 2 min.

Anhydrous TMEDA (1 mL) was charged under argon.  The mixture was stirred for 3 min

at room temperature.  Bromocyclohexane (82 mg, 0.50 mmol) was added.  The

suspension of 1-(trimethylsilyl)ethenylmagnesium bromide was then added over 3 s to the

reaction mixture at room temperature via a syringe.  While being stirred for 15 min at 25

˚C, the mixture turned brown.  The reaction mixture was poured into saturated ammonium

chloride solution.  The products were extracted with hexane (20 mL × 2).  The combined

organic layer was dried over Na2SO4 and concentrated.  Silica gel column purification

(hexane) of the crude product provided the corresponding product 10 (78 mg, 0.42 mmol)

in 85% isolated yield.
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Characterization Data

Compounds 111, 132, 163 and 254 are found in the literature.

Halo acetals 6, 7, 8, 23, 24 and 26 were prepared according to the literature.5

[1-(1-Ethylpropyl)ethenyl]trimethylsilane (14):  oil. 1H NMR (CDCl3) δ 0.08 (s, 9H),

0.80 (m, J = 7.2 Hz, 6H), 1.35–1.45 (m, 4H), 1.98 (quintet, J = 6.9, 0.9 Hz, 1H), 5.42 (d, J

= 2.7 Hz, 1H), 5.54 (dd, J = 2.7, 0.9 Hz, 1H); 13C NMR (CDCl3) δ –0.60, 12.33, 27.60,

48.94, 124.09, 155.71.

{1-[2-(2,5-Dioxacyclopentyl)ethyl]ethenyl}trimethylsilane (15):  oil. IR (neat) 838,

1248, 1733, 2954 cm–1;  1H NMR (CDCl3) δ 0.09 (s, 9H), 1.78 (m, 2H), 2.25 (t, J = 7.8 Hz,

2H), 3.83–3.91 (m, 2H), 3.92–4.00 (m, 2H), 4.87 (t, J = 4.5 Hz, 1H), 5.33 (m, 1H), 5.58 (m,

1H); 13C NMR (CDCl3) δ –1.36, 30.03, 33.32, 65.05, 104.55, 123.95, 151.54;  Found: C,

59.74; H, 9.80%.  Calcd for C10H20O2Si: C, 59.95; H, 10.06%.

1-(p-Toluenesulfonyl)-4-(1-trimethylsilylethenyl)piperidine (17):  solid. IR (nujol) 741,

1164, 1265, 3055 cm–1;  1H NMR (CDCl3) δ 0.04 (s, 9H), 1.51–1.68 (m, 4H) , 1.92 (m,

1H), 2.21 (td, J = 12.3, 3.6 Hz, 2H), 2.43 (s, 3H), 3.83–3.87 (m, 2H), 5.36 (d, J = 2.1 Hz,

1H), 5.57 (m, 1H), 7.33 (d, J = 8.1 Hz, 2H), 7.65 (d, J = 8.1 Hz, 2H); 13C NMR (CDCl3) δ

–0.97, 21.73, 31.89, 40.80, 47.14, 123.94, 127.93, 129.77, 133.25, 143.58, 155.26;

Found: C, 60.42; H, 7.88%.  Calcd for C17H27NO2SSi: C, 60.49; H, 8.06%.  m.p. 64–66

˚C.

1-(p-Toluenesulfonyl)-4-(trimethylsilylethynyl)piperidine (18):  solid. IR (nujol) 1265,
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2304, 3054 cm–1;  1H NMR (CDCl3) δ 0.02 (s, 9H), 1.65-1.76 (m, 2H) ,1.80–1.90 (m, 2H),

2.42 (s, 3H), 2.48 (m, 1H), 2.90–2.98 (m, 2H), 3.08–3.18 (m, 2H), 7.31–7.34 (m, 2H), 7.62-

7.65 (m, 2H); 13C NMR (CDCl3) δ 0.09, 21.69, 26.81, 30.66, 44.15, 87.23, 107.91, 127.93,

129.74, 132.79, 143.69;  HRMS (EI) Found: 335.1374 [M+]; C17H25NO2SSi Calcd:

335.1376.  m.p. 171–173 ˚C.

[1-(2-Isopropoxy-3-oxacyclopentyl)ethenyl]trimethylsilane (19):  oil. IR (neat) 838,

1248, 1454, 2937 cm–1;  1H NMR (CDCl3) δ 0.11 (s, 9H), 1.12 (d, J = 6.3 Hz, 3H), 1.18 (d,

J = 6.3 Hz, 3H), 1.72 (m, 1H), 2.20 (m, 1H), 2.85 (m, 1H), 3.84 (quintet, J = 6.3 Hz, 1H),

3.90–4.01 (m, 2H), 4.94 (d, J = 2.1 Hz, 1H), 5.42 (d, J = 2.1 Hz, 1H), 5.63 (dd, J = 2.1, 0.9

Hz, 1H); 13C NMR (CDCl3) δ –1.31, 22.00, 23.86, 31.47, 49.41, 67.04, 68.89, 106.79,

123.90, 152.62;  Found: C, 62.82; H, 10.31%.  Calcd for C12H24O2Si: C, 63.10; H,

10.59%.  The trans configuration was assigned by the coupling patterns for the protons at

C1 and C2.5b

tert-Butyldimethyl[2-(1-trimethylsilylethenyl)cyclopentyloxy]silane (20):  oil. IR

(neat) 836, 1247, 1472, 2956 cm–1;  1H NMR (CDCl3) δ 0.00 (s, 3H), 0.01 (s, 3H), 0.09 (s,

9H), 0.85 (s, 9H), 1.34 (m, 1H), 1.50–2.00 (m, 5H), 2.52 (m, 1H), 4.07 (dt, J = 6.3, 5.4 Hz,

1H), 5.36 (d, J = 2.4 Hz, 1H), 5.58 (dd, J = 2.4, 0.9 Hz, 1H); 13C NMR (CDCl3) δ –4.32,

–4.21, –0.88, 18.26, 22.38, 26.08, 32.14, 34.99, 53.79, 78.74, 123.38, 154.61.  Found: C,

64.05; H, 11.48%.  Calcd for C16H34OSi2: C, 64.35; H, 11.48%.

(1-[(1R,2R)-2-{(+)-Isomenthoxy}-3-oxacyclopentyl]ethenyl)trimethylsilane (21):  oil.
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IR (neat) 856, 1027, 1248, 2955 cm–1;  1H NMR (CDCl3) δ 0.11 (s, 9H), 0.84 (d, J = 6.6

Hz, 3H), 0.90 (d, J = 7.2 Hz, 3H), 0.91 (d, J = 7.2 Hz, 3H), 1.21–1.63 (m, 7H), 1.72 (m,

1H), 1.90–2.01 (m, 2H), 2.25 (m, 1H), 2.85 (dd, J = 8.1, 3.6 Hz, 1H), 3.71 (dt, J = 7.8, 3.6

Hz, 1H), 3.88–3.99 (m, 2H), 4.94 (d, J = 1.5 Hz, 1H), 5.41 (d, J = 2.1 Hz, 1H), 5.63 (dd, J

= 2.1, 1.2 Hz, 1H);  13C NMR (CDCl3) δ –1.31, 17.68, 19.70, 20.00, 21.28, 25.86, 27.81,

30.78, 31.33, 36.10, 48.02, 49.11, 67.13, 71.40, 105.20, 123.81, 152.77;  Found: C, 70.36;

H, 11.34%.  Calcd for C19H36O2Si: C, 70.31; H, 11.18%.  The absolute configuration was

determined by the coupling patterns for the protons at C1 and C2.5b

{1-(2-Bicyclo[2.2.1]heptanyl)ethenyl}trimethylsilane (22):  oil. IR (neat) 836, 1247,

2953 cm–1;  1H NMR (CDCl3) δ 0.08 (s, 9H), 1.06 (m, 1H), 1.11–1.53 (m, 7H), 2.15–2.24

(m, 3H), 5.28 (dm, J = 1.8 Hz 1H), 5.51 (m, J = 1.8 Hz 1H);  13C NMR (CDCl3) δ –0.81,

29.14, 30.48, 35.67, 37.01, 37.52, 41.03, 45.82, 120.22, 156.92;  HRMS (EI) Found:

194.1490 [M+]; C12H22Si Calcd: 194.1491.  

Compound 26 (1:1 mixture of diastereomers):  oil. IR (neat) 837, 1103, 2956 cm–1;  1H

NMR (CDCl3) δ 0.08 (s, 6H), 0.89 (s, 9H), 0.92 (t, J = 7.5 Hz, 3H), 1.34–1.46 (m, 2H),

1.53–1.70 (m, 3H), 2.68 (m, 1H), 3.17–3.27 (m, 2H), 3.43–3.63 (m, 2H), 4.57 (m, 1H),

4.65 (m, 1H), 4.73 (q, J = 5.4 Hz, 1H), 5.87–5.92 (m, 2H);  13C NMR (CDCl3) δ –4.44,

–4.38, 6.01, 6.08, 14.07 (x2C), 18.34, 18.35, 19.53 (x2C), 26.06 (x2C), 31.88, 31.93, 42.06,

42.71, 65.60, 66.00, 74.89, 74.99, 79.11, 79.13, 101.18, 101.38, 132.88, 133.28, 137.72,

137.84;  Found: C, 46.20; H, 7.30%.  Calcd for C17H33IO3Si: C, 46.36; H, 7.55%.
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1-{(2,9-Dioxa-4-bicyclo[4.3.0]nonanyl)methyl}ethenyltrimethylsilane (27):  oil. IR

(neat) 837, 1023, 1247, 2946 cm–1;  1H NMR (CDCl3) δ 0.09 (s, 9H), 1.34–1.66 (m, 4H),

1.96 (m, 1H), 2.10 (dd, J = 15.0, 6.9 Hz, 1H), 2.28 (dd, J = 15.0, 6.9 Hz, 1H), 2.57 (m, 1H),

3.61–3.67 (m, 2H), 3.75 (m, 1H), 3.91 (t, J = 8.1 Hz, 1H), 5.29 (d, J = 3.6 Hz, 1H), 5.34 (m,

1H), 5.58 (m, 1H);  13C NMR (CDCl3) δ –1.25, 19.47, 23.39, 33.53, 36.66, 39.30, 61.20,

70.21, 102.21, 124.91, 150.14;  Found: C, 64.76; H, 9.99%.  Calcd for C13H24O2Si: C,

64.95; H, 10.06%.

2-{(2,9-Dioxa-4-bicyclo[4.3.0]nonanyl)methyl}ethynyltrimethylsilane (28):  oil. IR

(neat) 841, 1250, 2175, 2945 cm–1;  1H NMR (CDCl3) δ 0.13 (s, 9H), 1.36–1.65 (m, 3H),

1.74 (m, 1H), 2.05 (m, 1H), 2.21–2.36 (m, 2H), 2.58 (m, 1H), 3.60–3.80 (m, 3H), 4.01 (t, J

= 8.1 Hz, 1H), 5.26 (d, J = 3.9 Hz, 1H);  13C NMR (CDCl3) δ 0.21, 18.60, 19.39, 23.13,

36.80, 40.42, 61.41, 69.90, 85.60, 102.04, 104.83;  Found: C, 65.51; H, 9.18%.  Calcd

for C13H22O2Si: C, 65.50; H, 9.30%.

5,5-Dimethyl-4-[2-(trimethylsilyl)-2-propenyl]-4,5-dihydro-2(3H)-furanone (29):  oil.

IR (neat) 1120, 1767, 2901 cm–1;  1H NMR (CDCl3) δ 0.10 (s, 9H), 1.28 (s, 3H), 1.46 (s,

3H), 2.03 (dd, J = 14.4, 11.7 Hz, 1H), 2.24 (dd, J = 16.2, 10.2 Hz, 1H), 2.33–2.44 (m, 2H),

2.56 (dd, J = 16.2, 6.9 Hz, 1H), 5.41 (d, J = 2.4 Hz, 1H), 5.58 (s, 1H);  13C NMR (CDCl3)

δ –1.14, 22.12, 27.62, 35.06, 36.50, 44.61, 86.69, 126.72, 149.35, 175.84;  Found: C,

63.69; H, 10.00%.  Calcd for C12H22O2Si: C, 63.66; H, 9.80%.

5,5-Dimethyl-4-[3-(trimethylsilyl)-2-propynyl]-4,5-dihydro-2(3H)-furanone (30):  oil.
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IR (neat) 842, 1250, 1775, 2932 cm–1;  1H NMR (CDCl3) δ 0.14 (s, 9H), 1.33 (s, 3H), 1.51

(s, 3H), 2.31–2.54 (m, 4H), 2.72 (m, 1H);  13C NMR (CDCl3) δ 0.04, 20.68, 22.02, 28.25,

35.03, 44.14, 86.39, 87.40, 103.45, 175.07;  Found: C, 64.25; H, 8.99%.  Calcd for

C12H20O2Si: C, 64.24; H, 8.98%.

1-(p-Toluenesulfonyl)-3-[2-(trimethylsilyl)-2-propenyl]pyrrolidine (31):  solid.  IR

(nujol) 838, 1162, 1597, 2359, 2954 cm–1;  1H NMR (CDCl3) δ 0.02 (s, 9H), 1.40 (m, 1H),

1.87 (m, 1H), 2.00–2.06 (m, 2H), 2.18 (m, 1H), 2.43 (s, 3H), 2.78 (dd, J = 9.9, 7.2 Hz, 1H),

3.20 (dt, J = 14.7, 8.1 Hz, 1H), 3.30 (m, 1H), 3.37 (dd, J = 10.2, 7.2 Hz, 1H), 5.31 (d, J =

2.7 Hz, 1H), 5.43 (m, 1H), 7.31 (d, J = 8.1 Hz, 2H), 7.71 (d, J = 8.1 Hz, 2H);  13C NMR

(CDCl3) δ –1.31, 21.71, 31.41, 37.51, 39.98, 47.60, 53.30, 125.81, 127.73, 129.79, 133.96,

143.48, 150.00;  Found: C, 60.44; H, 8.12%.  Calcd for C17H27NO2SSi: C, 60.49; H,

8.06%.  m.p. 34–37 ˚C.  

1-(p-Toluenesulfonyl)-3-[3-(trimethylsilyl)-2-propynyl]pyrrolidine (32):  solid. IR

(nujol) 841, 1159, 1339, 2174, 2959 cm–1;  1H NMR (CDCl3) δ 0.09 (s, 9H), 1.58 (m, 1H),

1.91 (m, 1H), 2.13–2.16 (m, 2H), 2.24 (m, 1H), 2.42 (s, 3H), 2.95 (dd, J = 9.9, 7.5 Hz, 1H),

3.19–3.33 (m, 2H), 3.42 (dd, J = 9.9, 6.9 Hz, 1H), 7.32 (d, J = 8.1 Hz, 2H), 7.71 (d, J = 8.1

Hz, 2H);  13C NMR (CDCl3) δ 0.15, 21.70, 23.05, 30.45, 37.67, 47.49, 52.48, 86.37,

104.07, 127.71, 129.82, 133.69, 143.58;  Found: C, 60.69; H, 7.39%.  Calcd for

C17H25NO2SSi: C, 60.85; H, 7.51%.  m.p. 80–83 ˚C.  

Lactone 33:  solid. IR (nujol) 839, 1265, 1771, 2956 cm–1;  1H NMR (CDCl3) δ 0.03 (s,
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3H), 0.04 (s, 3H), 0.12 (s, 9H), 0.86 (s, 9H), 1.96 (m, 1H), 2.18 (ddd, J = 15.0, 7.0, 5.0 Hz,

1H), 2.55 (dd, J = 18.0, 4.0 Hz, 1H), 2.70 (t, J = 4.0 Hz, 1H), 2.78 (dd, J = 18.0, 11.0 Hz,

1H), 2.90 (m, 1H), 4.05 (dt, J = 5.0, 3.5 Hz, 1H), 5.03 (td, J = 7.5, 1.5 Hz, 1H), 5.40 (t, J =

1.5 Hz, 1H), 5.45 (d, J = 1.5 Hz, 1H);  13C NMR (CDCl3) δ –4.62, –4.32, –0.83, 18.06,

25.88, 36.40, 40.09, 43.00, 60.12, 78.30, 84.86, 125.41, 152.26, 177.62;  Found: C, 60.66;

H, 9.48%.  Calcd for C18H34O3Si2: C, 60.96; H, 9.66%.  m.p. 71–74 ˚C.  [α]D
25 = –31 (c

= 1, CHCl3).

Lactone 34:  solid. IR (neat) 839, 1785, 2926 cm–1; 1H NMR (CDCl3) δ 0.08 (s, 3H), 0.09

(s, 3H), 0.13 (s, 9H), 0.87 (s, 9H), 2.06 (m, 1H), 2.30 (ddd, J = 14.7, 6.6, 4.8 Hz, 1H), 2.54

(dd, J = 18.6, 3.6 Hz, 1H), 2.71 (m, 1H), 2.81 (dd, J = 18.6, 11.1 Hz, 1H), 3.03 (m, 1H),

4.26 (m, 1H), 5.06 (tm, J = 6.6 Hz, 1H);  13C NMR (CDCl3) δ –4.80, –4.72, 0.14, 18.14,

25.83, 35.85, 40.88, 44.76, 47.47, 78.86, 84.08, 88.23, 105.96, 176.91.  m.p. 82–85 ˚C.

[α]D
25 = –38 (c = 0.6, CHCl3).
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