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Supplementary Information
General Information:   1H-NMR spectra were recorded with a JOEL JMN-500 (500 MHz) spectrometer in CDCl3.  13C-NMR spectra were recorded with a JOEL JMN-500 (125 MHz) spectrometer in CDCl3.  For Sn-1H or Sn-13C coupling constants, the central signals are normally associated with two close pairs of satellites corresponding to both 117Sn (7.5%) and 119Sn (8.6%) isotopes, and average values of the two different coupling constants are reported.  Analytical GC was carried out on a Shimadzu GC 17A gas chromatography equipped with flame ionization detector using a fused capillary column (J & W DB-1).  Infrared spectra were obtained on a JASCO FT/IR-5300 spectrometer; absorptions were reported in reciprocal centimeters.  Both conventional and high resolution mass spectra were recorded with a JEOL JMS-700 spectrometer.  The products were purified by flash chromatography on silica gel (Nacalai Tesque Inc., Silica Gel 60, 230-400 mesh) and/or preparative HPLC (Japan Analytical Industry Co., Ltd., LC-908) equipped with a GPC column.  Tetrahydrofuran, ether, and benzene were freshly distilled from sodium benzophenone ketyl. 

Scheme 1.  Synthetic Route for 5: 
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(Chlorodiphenylsilyl)trimethylstannane (A) was prepared from commercially available diclorodiphenylsilane according to a literature procedure [1].

2-(3-Bromopropoxy)tetrahydropyran (B) was prepared from commercially available 3-bromo-1-propanol according to a literature procedure [2].

Diphenyl[3-(tetrahydropyran-2-yloxy)propyl]trimethylstannylsilane (C). From magnesium turnings (1.2 g, 48 mmol) and B (3.40 g, 15 mmol) in THF (25 mL) a Grignard-solution was prepared at 0 (C.  The Grignard-solution was added slowly to A (4.38 g, 11 mmol) in THF (10 mL) at 0 (C.  The reaction mixture was stirred for 30 min at 0 (C.  After addition of pentane, the solution was washed with H2O and brine.  The organic layer was dried over MgSO4 and filtered.  Removal of the solvent in vacuo and purification by flash chromatography on silica gel (pentane/diethyl ether = 15:1) afforded C (2.84 g, 53%) as a colorless oil.   1H-NMR (CDCl3, 500 MHz) ( 0.16 (s, 9H, J 1H-Sn = 47.43 Hz), 1.26-1.38 (m, 2H), 1.48-1.61 (m, 4H), 1.66-1.75 (m, 3H), 1.78-1.86 (m, 1H), 3.36-3.42 (m, 1H), 3.44-3.50 (m, 1H), 3.70-3.75 (m, 1H), 3.82-3.87 (m, 1H), 4.53-4.54 (m, 1H), 7.31-7.37 (m, 6H), 7.43-7.48 (m, 4H);    13C-NMR (CDCl3, 125 MHz) ( -10.83 (J 13C-Sn = 254.10 Hz), 10.91, 19.49, 25.32, 25.40, 30.61, 61.92, 69.70, 98.51, 127.86, 128.85, 134.92, 136.46.   
3-[(Trimethylstannyl)diphenylsilyl]propyl bromide (5).   C (2.37 g, 4.9 mmol) was dissolved in methanol (40 mL) and treated with a catalytic amount of p-toluenesulfonic acid hydrate.  After stirring 2.5 h at room temperature, the solvent was removed in vacuo.  The thus obtained crude 3-[diphenyl(trimethylstannyl)silyl]propan-1-ol (D) was dissolved in dichloromethane (40 mL) and cooled to –78 (C.  To this solution Et3N (0.76 mL, 5.4 mmol) and methanesulfonyl chloride (0.42 mL, 5.4 mmol) were slowly added.  After stirring for 1 h at –78 (C, H2O and diethyl ether was added.  The organic layer was washed with brine and dried over MgSO4.  The solvent was removed in vacuo to afford methanesulfonic acid 3-[diphenyl(trimethylstannyl)silyl]propyl ester (E), which was dissolved in dry diethyl ether (20 mL) and cooled to –78 (C.  To this solution, a solution of MgBr2(OEt2 (1.65 g, 6.4 mmol) in diethyl ether (20 mL) was added.  The cooling bath was removed and the reaction mixture was stirred overnight at room temperature.  The solution was washed with H2O and then with brine, and dried over MgSO4.  Removal of the solvent in vacuo and purification by flash chromatography on silica gel (pentane) afforded 5 (1.21 g, 53 % over 3 steps) as a colorless oil.   1H-NMR (CDCl3, 500 MHz) ( 0.17 (s, 9H, J 1H-Sn = 47.66 Hz), 1.36-1.41 (m, 2H), 1.89-1.94 (m, 2H), 3.40 (t, 2H, J = 6.64 Hz), 7.31-7.36 (m, 6H), 7.41-7.44 (m, 4H);   13C-NMR (CDCl3, 125 MHz) ( -10.69 (J 13C-Sn = 257.20 Hz), 13.91, 28.79, 36.78, 128.11, 129.17, 135.00, 136.12.      
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Scheme 2.  Synthetic Routes for 9a and 9b.
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o-Bromobenzyl n-butyl telluride (F) was prepared according to a literature procedure [3].

(o-Bromobenzyl)diphenyl(trimethylstannyl)silane (9a).   A hexane solution of n-BuLi (3.2 mmol) was injected at –78 °C into an ether solution (5 mL) of F (2.24 mmol) under nitrogen atmosphere.  After stirring for 15 min, to the mixture was added dropwise A (648 mg, 1.70 mmol) by a syringe at the temperature.  The mixture was stirred for 2 h and warmed up to 20 °C overnight.  H2O (10 mL) was added to the mixture and the organic portion was extracted with ether (20 mL ( 3).  Combined organic extracts were dried over MgSO4.  Removal of the solvent in vacuo and purification by flash chromatography on silica gel (hexane) afforded 9a (244 mg, 28 %) as a colorless oil.    1H-NMR (CDCl3, 500 MHz) ( -0.01 (s, 9H, J 1H-Sn = 48.57 Hz), 3.02 (s, 2H), 6.75-6.81 (m, 1H), 6.89-6.95 (m, 1H), 6.99-7.05 (m, 1H), 7.30-7.40 (m, 6H), 7.41-7.49 (m, 5H);   13C-NMR (CDCl3, 125 MHz) ( -10.15 (J 13C-Sn = 269.82 Hz), 25.10, 124.03, 126.26, 127.14, 128.01, 129.18, 130.13, 132.72, 135.27, 136.45, 139.48.
(o-Bromophenoxy)diphenyl(trimethylstannyl)silane (9b).   To a mixture of A (313 mg, 0.82 mmol), triethylamine (0.15 mL, 1.24 mmol), and a catalytic amount of 4-(dimethylamino)pyridine in THF (10 mL) was added a solution of 2-bromophenol  (0.12 mL, 1.03 mmol) in THF (5 mL) over 3 min at 0 °C.  The reaction mixture was stirred at room temperature for 4 h.  The mixture was diluted with hexane and the resulting ammonium salts were filtered with suction.  The filtrate was concentrated and purification by flash chromatography on silica gel (hexane : diethyl ether = 20 : 1) afforded 9b (201 mg, 47 %) as a colorless oil.   1H-NMR (CDCl3, 500 MHz) ( 0.04 (s, 9H, J 1H-Sn = 49.49 Hz), 6.73 (d, 1H, J = 8.25 Hz), 6.82 (td, 1H, J = 7.79, 1.37 Hz), 7.05 (td, 1H, J = 7.79, 1.37 Hz), 7.37-7.46 (m, 6H), 7.53 (dd, 1H, J = 7.79, 1.37 Hz), 7.64-7.69 (m, 4H);   13C-NMR (CDCl3, 125 MHz) ( -10.35 (J 13C-Sn = 271.12 Hz), 115.36, 120.26, 123.05, 127.99, 128.21, 130.08, 133.34, 134.30, 136.58, 153.17.
Typical Procedure for the Synthesis of 1,1-Diphenylsilacyclopentan-2-one (3) (Procedure in the Presence of CO).   Benzene (43 mL), 5 (204 mg, 0.44 mmol, 0.01 M), Bu3SnH (137 mg, 0.47 mmol), and AIBN (21 mg, 0.13 mmol) were placed in a 50-mL stainless steel autoclave equipped with an inserted glass liner.  The autoclave was closed and purged twice with 10 atm of carbon monoxide. Then the autoclave was pressurized with 97 atm of CO and was heated, with stirring, at 105 °C (bath temp.) for 4 h.  Excess CO was discharged at room temperature.  The solvent was evaporated, and the residue was chromatographed on silica gel (0%, 10%, 20% ether/hexane eluant).  The hexane eluant contained 7 and 8 (X = H) (31mg) in the ratio of 31:69, which was determined by GC.  The 10% ether/hexane eluant contained 3, 6 and 8 (X = OH), which were purified further by preparative HPLC (3: 22 mg, 20%, 6: 53 mg, 29%, 8: 5 mg, 3%).

Typical Procedure for the Synthesis of Diphenyl[3-(trimethylstannyl)propyl]silane (8) (Procedure in the Absence of CO).    Under nitrogen atmosphere, a benzene solution (85 mL) of 5 (197 mg, 0.42 mmol, 0.005 M), Bu3SnH (136 mg, 0.47 mmol), and AIBN (21 mg, 0.13 mmol) was heated to reflux for 4 h (bath temp. 105 °C).  After removal of the solvent, the residue was chromatographed on silica gel (0%, 1%, 2%, 4%, 10% ether/hexane eluant).  The hexane eluant contained 7 and 8 (X = H) (95mg) in the ratio of 21:79 (12% and 46%, respectively), which was subjected to preparative HPLC for the separation and purification.  The 10% ether/hexane eluant contained 8 (X = OH) (32mg, 19%).

1,1-Diphenylsilacyclopentan-2-one (3).   1H-NMR (CDCl3, 500 MHz) ( 1.70 (t, 2H, J = 7.10 Hz), 2.20 (quint, 2H, J = 6.99 Hz), 2.28 (t, 2H, J = 6.87 Hz), 7.35 (t, 4H, J = 7.33 Hz), 7.40-7.43 (m, 2 H), 7.54-7.55 (m, 4 H);    13C-NMR (CDCl3, 125 MHz) ( 11.48, 19.62, 49.84, 128.31, 130.41, 130.47, 135.02, 253.58;   IR (CDCl3) 1720 cm-1 ((C=O);   EIMS (relative intensity) m/z 252 (M(, 9), 224 (32), 196 (100), 181 (91), 149 (49), 105 (36), 69 (36);   HRMS (EI) calcd for C16H16OSi: m/z 252.0970, found: 252.0972.

4-[Diphenyl(trimethylstannyl)silyl]-1-butanal (6).   1H-NMR (CDCl3, 500 MHz) ( 0.17 (s, 9H, J 1H-Sn = 47.66 Hz), 1.24-1.37 (m, 2H), 1.71-1.79 (m, 2H), 2.48 (td, 2H, J = 7.10, 1.53 Hz), 7.31-7.39 (m, 6H), 7.43-7.47 (m, 4H), 9.71 (t, 1H, J = 1.60 Hz);    13C-NMR (CDCl3, 125 MHz) ( -10.70 (J 13C-Sn = 257.20 Hz), 14.66, 18.03, 47.11, 128.08, 129.11, 135.02, 136.26, 202.26;   IR (neat) 1726 cm-1 ((C=O);   EIMS (relative intensity) m/z 253 (M(-SnMe3, 87), 225 (100), 197 (38), 183 (85), 175 (79), 147 (29), 123 (30), 105 (62), 53 (23);   HRMS (EI) calcd for C16H17OSi (M+-SnMe3) : m/z 253.1049, found: 253.1045.

1-[Diphenyl(trimethylstannyl)silyl]propane (7).   1H-NMR (CDCl3, 500 MHz) ( 0.14 (s, 9H, J 1H-Sn = 47.43 Hz), 0.99 (t, 3H, J = 7.10 Hz), 1.23-1.33 (m, 2H), 1.41-1.50 (m, 2H), 7.30-7.38 (m, 6H), 7.42-7.46 (m, 4H);   13C-NMR (CDCl3, 125MHz) ( -10.66 (J 13C-Sn = 253.84 Hz), 17.45, 18.36, 18.86, 127.94, 128.88, 135.06, 137.05;   EIMS (relative intensity) m/z 375 (M(-Me, 20), 225 (22), 197 (12), 183 (100), 135 (16), 121 (11), 105 (29);   HRMS (EI) calcd for C17H23Si120Sn (M+-Me) : m/z 375.0591, found: 375.0585.
Diphenyl[3-(trimethylstannyl)propyl]silane (8) (X = H).  1H-NMR (CDCl3, 500 MHz) ( 0.10 (s, 9H, J 1H-Sn = 51.32 Hz), 0.93 (t, 2H, J = 7.79 Hz), 1.14-1.20 (m, 2H), 1.68 (quint, 2H, J = 7.90 Hz), 4.85 (t, 1H, J = 3.90 Hz), 7.32-7.41 (m, 6H), 7.52-7.57 (m, 4H);    13C-NMR (CDCl3, 125 MHz) ( -10.23 (J 13C-Sn = 311.90 Hz), 15.29, 17.04, 21.93, 127.93, 129.46, 134.60, 135.11;   EIMS (relative intensity) m/z 375 (M(-Me, 60), 225 (100), 197 (37), 183 (97), 165 (76), 135 (34), 105 (85);   HRMS (EI) calcd for C17H23Si120Sn (M+-Me) : m/z 375.0591, found: 375.0594.

Diphenyl[3-(trimethylstannyl)propyl]silanol (8) (X = OH).  1H-NMR (CDCl3, 500 MHz) ( 0.01 (s, 9H, J 1H-Sn = 51.32 Hz), 0.91 (t, 2H, J = 7.79 Hz), 1.14-1.20 (m, 2H), 1.69 (quint, 2H, J = 8.10 Hz), 7.34-7.43 (m, 6H), 7.56-7.61 (m, 4H);   13C-NMR (CDCl3, 125 MHz) ( -10.20 (J 13C-117Sn = 311.42 Hz), 15.59, 20.07, 20.49, 127.88, 129.82, 134.14, 136.35;   IR (neat) 3302 cm-1 (( O-H);   EIMS (relative intensity) m/z 391 (M(-Me, 33), 375 (30), 363 (33), 333 (26), 271 (69), 255 (28), 241 (24), 199 (100), 165 (54), 77 (65);   HRMS (EI) calcd for C17H23OSi120Sn (M+-Me) : m/z 391.0540, found: 391.0542.
Diphenyl[o-(trimethylstannyl)benzyl]silane (10a).   1H-NMR (CDCl3, 500 MHz) ( 0.22 (s, 9H, J 1H-Sn = 52.93 Hz), 2.73 (d, 2H, J = 4.12 Hz), 4.93 (t, 1H, J = 3.6 Hz), 6.85-6.93 (m, 1H), 7.03-7.10 (m, 1H), 7.30-7.41 (m, 7H), 7.42-7.49 (m, 4H);   13C-NMR (CDCl3, 125 MHz) ( -7.95 (J 13C-Sn = 345.49 Hz), 25.3, 124.38, 127.96, 128.35, 128.61, 129.75, 133.49, 135.33, 136.47, 141.60, 145.19;   EIMS (relative intensity) m/z 421 (M(-Me, 32), 273 (29), 213 (32), 195 (61), 183 (100), 165 (33), 135 (32), 105 (86);   HRMS (EI) calcd for C21H23Si120Sn (M+-Me) : m/z 423.0591, found: 423.0571.

Diphenyl[o-(trimethylstannyl)phenoxy]silane (10b).   1H-NMR (CDCl3, 500 MHz) ( 0.18 (s, 9H, J 1H-Sn = 54.76 Hz), 5.79 (s, 1H), 6.84 (m, 1H), 6.92-6.99 (m, 1H), 7.11-7.16 (m, 1H), 7.36-7.42 (m, 5H), 7.43-7.47 (m, 2H), 7.63-7.67 (m, 4H);   13C-NMR (CDCl3, 125 MHz) ( -9.14 (J 13C-Sn = 271.60 Hz), 115.98, 121.75, 128.12, 129.92, 130.66, 132.41, 132.75, 134.74, 136.77, 160.00;   EIMS (relative intensity) m/z 425 (M(-Me, 92), 347 (23), 273 (23), 213 (36), 197 (100), 183 (20), 152 (22), 135 (31), 105 (34), 91 (22), 77 (20);   HRMS (EI) calcd for C20H21Si120Sn (M+-Me) : m/z 425.0384, found: 425.0382.

Kinetic Experiments.    The rate constants of the 1,4-Sn shift reaction (Scheme 2 in the manuscript) were measured by standard competition experiments (tin hydride method) at 80 °C three times.  In a typical experiment (run 3), to a solution of 5 (20.6 mg, 0.0440 mmol, 0.01 M) in benzene (4.2 mL) were added Bu3SnH (67.3 mg, 0.231 mmol, 5 equiv to 5) and AIBN (1.7 mg, 0.0104 mmol).  The solution was heated, with stirring, at 80 °C for 2 h.  The 7/8 (X = H) ratio was determined by GC.  The Bu3SnH is consumed during the reaction; thus, the values for [Bu3SnH] were calculated to be 0.0498 M as the concentration Bu3SnH at 50% conversion of the radical precursor.[4]  Rate constants k for these reactions are calculated according to the following formula, where the values of rate constants k’ for reactions of primary radicals with Bu3SnH are estimated to be 6.32(106 M-1(s-1 from log k’ = 9.06 – (3.65(4.184(103)/(2.303RT).[5]  The obtained rate constants are given in the following Table.  The obtained rate constant k = 9.3(104 s-1 was the average of three experiments. 
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Preliminary experiments to obtain the rate constants at several different temperatures provide values of 46 kJ•mol-1 and 11.8 for the energy barrier and log (A/s-1) for the migration in 1.
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Ab Initio and DFT MO Calculations.    Ab initio molecular orbital calculations were carried out using the Gaussian 98 program [6] using standard computational methods [7] and basis sets previously described.[8]
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