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Experimental 
 
General Methods. Melting points were determined on a Kofler block and are uncorrected. 
Optical rotations were recorded in CHCl3 at 20 °C unless otherwise indicated with an error of 
<±0.1. The [α]D values are given in 10-1 deg cm2 g-1. The NMR spectra were recorded in 
CDCl3, 1H at 400 MHz and 13C at 100.6 MHz with chloroform-d1 (δ 7.26, 1H; δ 77.0, 13C) as 
internal standard. Various 2D-techniques and DEPT experiments were used to establish the 
structures and to assign the signals. The IR spectra were recorded for a thin film between KBr 
plates. The mass spectra (EI and/or CI) were measured on a dual sector mass spectrometer 
using direct inlet and the lowest temperature enabling evaporation. All reactions were 
performed under an atmosphere of dry, oxygen-free nitrogen in oven-dried glassware twice 
evacuated and filled with the nitrogen. Solvents and solutions were transferred by syringe-
septum and cannula techniques. All solvents for the reactions were of reagent grade and were 
dried and distilled immediately before use (dichloromethane from calcium hydride). Yields 
are given for isolated products showing one spot on a TLC plate and no impurities detectable 
in the NMR spectrum. The identity of the products prepared by different methods was 
checked by comparison of their NMR, IR, and MS data and by the TLC behavior. The chiral 
GC and HPLC methods were calibrated with the corresponding racemic mixtures. The biaryl 
derivative 10 was prepared by Suzuki coupling according to the procedure reported by 
Brown.[9b]  
 

General Procedure for the Asymmetric Allylation of Aldehydes 1 with 
Allyltrichlorosilane (2). Allyltrichlorosilane (75 µL, 0.47 mmol) was added to a solution of 
catalyst (R)-(+)-11 (6 mg, 0.02 mmol or 1.2 mg, 0.004 mmol), diisopropylethylamine (46 mL, 
0.5 mmol) and aldehyde (0.4 mmol) in dichloromethane (2 mL) under nitrogen at  -40 oC. The 
reaction mixture was stirred at -40 oC for 2 h or overnight (see Table 1). The reaction was 
quenched with saturated aqueous NaHCO3 (1 mL), the layers were separated, and the aqueous 
layer was extracted with dichloromethane (2 × 5 mL). The combined organic extracts were 
washed with saturated aqueous NaCl (3 mL) and dried over Na2SO4. The solvent was 
removed in vacuo and the residue was purified by column chromatography on silica gel (1 × 
20 cm) with a petroleum ether�ethyl acetate mixture (9:1). The yields and enantioselectivities 
are given in Table 1. 
 

(R)-(+)-1-Phenyl-but-3-en-1-ol (R)-(+)-(3a):[5] [α]D +51.8 (c 1.5, CHCl3); 1H-NMR δ 
2.08 (s, 1H), 2.37-2.49 (m, 2H), 4.62-4.66 (m, 1H), 5.05-5.15 (m, 2H), 5.68-5.78 (m, 1H), 
7.17-7.29 (m, 5H); chiral GC (Supelco β-DEX 120 column, oven: 100 oC for 5 min, then 1 

oC/min to 200 oC, 10 min at that temperature) showed 87% ee (tR = 30.34 min, tS = 30.68 
min). 
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(R)-(+)-1-Phenyl-hexa-1,5-dien-3-ol (R)-(+)-(3b):[5] [α]D +13.9 (c 1.0, CHCl3); 1H-

NMR δ 1.77 (s, 1H), 2.27-2.41 (m, 2H), 4.26-4.31 (m, 1H), 5.07-5.18 (m, 2H), 5.73-5.84 (m, 
1H), 6.17 (dd, J = 16.0, 6.4 Hz, 1H), 6.53 (d, J = 16.0 Hz, 1H), 7.11-7.36 (m, 5H); chiral GC 
(Supelco β-DEX 120 column, oven: 110 oC for 5 min, then 1 oC/min to 200 oC, 10 min at that 
temperature) showed 51% ee (tR = 20.02 min, tS = 20.09 min). 
 

(R)-(+)-3-Methyl-1-phenyl-1,5-hexadien-3-ol (R)-(+)-(3c):[16] [α]D +1.1 (c 1.15, 
CHCl3); 1H-NMR δ 1.81 (s, 3H), 2.01 (s, 1H), 2.28-2.42 (m, 2H), 4.15 (m,1H), 5.08-5.14 (m, 
2H), 5.71-5.81 (m, 1H), 6.45 (s, 1H), 7.12-7.47 (m, 5H); ); chiral GC (Supelco β-DEX 120 
column, oven: 110 oC for 5 min, then 1 oC/min to 200 oC, 10 min at that temperature) showed 
55% ee (tR = 57.75 min, tS = 58.23 min). 
  
 (R)-(+)-1-(4-Methoxyphenyl)-but-3-en-1-ol (R)-(+)-(3d):[5] 1H-NMR δ 1.97 (s, 1H), 
2.43 (t, J = 6.4 Hz, 2H), 3.73 (s, 3H), 4.64 (t, J = 5.6 Hz, 1H), 5.05-5.11 (m, 2H), 5.70-5.76 
(m, 1H), 6.81 (d, J = 8.8 Hz, 2H), 7.22 (d, J = 8.6 Hz, 2H); chiral HPLC (Chiralcel OD-H, 
hexane/2-propanol 97:3, 1 mL/min) showed 12% ee (tR = 14.80 min, tS = 17.30 min) 
  

(R)-(+)-1-(2-Furyl)-but-3-ene-1-ol (R)-(+)-(3e):[5] 1H NMR δ 1.98 (s, 1H), 2.54-2.58 
(m, 2H), 4.67-4.71 (m, 1H), 5.07-5.23 (m, 2H), 5.71-5.78 (m, 1H), 6.18-6.27 (m, 2H), 7.31 (s, 
1H); chiral HPLC (Chiralcel OD-H, hexane/2-propanol 97.5:2.5, 0.75 mL/min) showed 5% ee 
(tR = 15.3 min, tS = 16.8 min). 
 

(R)-(+)-1-(2-Thiophenyl)-but-3-ene-1-ol (R)-(+)-(3f):[18] 1H NMR δ 2.08 (s, 1H), 
2.52-2.60 (m, 2H), 4.91-4.95 (m, 1H), 5.08-5.16 (m, 2H), 5.73-5.80 (m, 1H), 6.89 (m, 2H), 
7.15-7.19 (m, 1H); chiral HPLC (Chiralcel OD-H, hexane/2-propanol 97:3, 0.75 mL/min) 
showed 6% ee (tR = 16.76 min, tS = 17.94 min). 

 
(±)-1-(2-Pyridyl)-but-3-ene-1-ol (±)-(3g):[18,19] The 1H NMR spectrum was 

compatible with the published data.[19] 
 

(R)-(+)-1-(4-Nitrophenyl)-but-3-en-1-ol (R)-(+)-(3i):[5] [α]D +40.1 (c 1.4, CHCl3); 
1H-NMR δ 2.06 (s, 1H), 2.35-2.47 (m, 2H), 4.62-4.66 (m, 1H), 5.04-5.12 (m, 2H), 5.64-5.78 
(m, 1H), 7.17-7.27 (m, 4H); chiral GC (Supelco β-DEX 120 column, oven: 100 oC for 5 min, 
then 1 oC/min to 200 oC, 10 min at that temperature) showed 89% ee (tR = 84.26, tS = 84.87). 
 

(R)-(+)-1-(4-Chlorophenyl)-but-3-en-1-ol (R)-(+)-(3j):[5] [α]D +48.9 (c 1.16, CHCl3); 
1H-NMR δ 2.07 (s, 1H), 2.33-2.46 (m, 2H), 4.61-4.65 (m, 1H), 4.99-5.10 (m, 2H), 5.65-5.75 
(m, 1H), 7.18-7.25 (m, 4H); chiral GC (Supelco β-DEX 120 column, oven: 100 oC for 5 min, 
then 1 oC/min to 200 oC, 10 min at that temperature) showed 93% ee (tR = 50.49, tS = 51.37). 
 

(R)-(+)-1-(4-Fluorophenyl)-but-3-en-1-ol (R)-(+)-(3k):[17] [α]D +50.4 (c 0.9, CHCl3); 
1H-NMR δ 2.10 (s, 1H), 2.44-2.57 (m, 2H), 4.72-7.76 (m, 1H), 5.16-5.21 (m, 2H), 5.76-5.86 
(m, 1H), 7.02-7.08 (m, 2H), 7.32-7.37 (m, 2H); chiral GC (Supelco β-DEX 120 column, oven: 
100 oC for 5 min, then 1 oC/min to 200 oC, 10 min at that temperature) showed 91% ee (tR = 
31.59, tS = 32.29). 
 

(R)-(+)-1-[(4-Trifluoromethyl)-phenyl]-but-3-en-1-ol (R)-(+)-(3l):[17] [α]D +43.1 (c 
1.24, CHCl3); 1H-NMR δ 2.00 (s, 1H), 2.35-2.51 (m, 2H), 4.71-4.75 (m, 1H), 5.08-5.13 (m, 
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2H), 5.67-5.77 (m, 1H), 7.39-7.41 (m, 2H), 7.52-7.54 (m, 2H); chiral GC (Supelco β-DEX 
120 column, oven: 100 oC for 5 min, then 1 oC/min to 200 oC, 10 min at that temperature) 
showed 96% ee (tR = 32.12, tS = 33.33). 
 

(E)-Crotyltrichlorosilane (13).[2b] A mixture of (E)-crotyl chloride (6 g, 66.2 mmol), 
trichlorosilane (12.9 g, 95.2 mmol), and dry ether (40 mL) was added dropwise to a 
suspension of CuCl (217 mg, 2.19 mmol) and triethylamine (10.1 mL, 72.5 mmol) in ether 
(50 mL) at room temperature. The reaction mixture was stirred for 20 minutes at the same 
temperature, filtered, and distilled under argon to afford (E)-crotyltrichlorosilane 13 (9.4 g, 
75%): 1H NMR δ 1.65 (d, J = 8.0 Hz, 3 H), 2.18 (d, J = 6.5 Hz, 2 H), 5.27-5.35 (m, 1 H), 
5.50-5.57 (m, 1 H). This product was an 87:13 (E/Z)-mixture, as shown by 1H NMR.[2b] 
 

(R,R)-(+)-2-Methyl-1-phenyl-but-3-en-1-ol (+)-(anti-14a).[1g,3a] 1H NMR: anti-
isomer δ 0.79 (d, J = 8.0 Hz, 3H), 2.09 (d, J = 4.0 Hz, 1H), 2.36-2.46 (m, 1H), 4.27-4.30 (dd, 
J = 7.6, 2.4 Hz, 1H), 5.09-5.01 (m, 2H), 5.64-5.78 (m, 1H), 7.16-7.29 (m, 5H); syn-isomer δ 
0.95 (d, J = 8.0 Hz, 3H), 1.89 (d, J = 4.0 Hz, 1H), 2.49-2.53 (m, 1H), 4.52-4.54 (m, 1H), 4.95-
4.98 (m, 2H), 5.64-5.78 (m, 1H), 7.16-7.29 (m, 5H); chiral GC for syn-isomer: Supelco β-
DEX 120 column (oven: 100 oC for 2 min, then 0.5 oC/min to 200 oC, 10 min at that 
temperature) showed 78% ee (tR = 44.13 min, tS = 45.28 min); for anti-isomer: Supelco γ-CD 
120 column (oven: 100 oC for 2 min, then 0.5 oC/min to 200 oC, 10 min at that temperature) 
showed 65% ee (tR = 33.00 min, tS = 33.35 min); [α]D +44.1 (c 1.40, CHCl3) for 65/78% ee 
and +54.3 (c 1.73, CHCl3) for 56/60% ee.  
 

(R,R)-(+)-1-(4-Methoxyphenyl)-2-methyl-but-3-en-1-ol (+)-(anti-14d).[1g] 1H NMR: 
anti-isomer δ 0.77 (d, J = 6.8 Hz, 3H), 2.04 (d, J = 3.6 Hz, 1H), 2.33-2.40 (m, 1H),  3.73 (s, 
3H),  4.23 (dd, J = 8.0, 2.4 Hz, 1H), 5.09-4.99 (m, 2H), 5.72-5.79 (m, 1H), 6.78-6.83 (m, 2H),  
7.13-7.20 (m, 2H); syn-isomer  δ 0.94 (d, J =  6.8 Hz, 3H), 1.83 (d, J = 3.6 Hz, 1H), 2.46-2.50 
(m, 1H), 3.73 (s, 3H), 4.46-4.48 (m, 1H), 4.94-4.96 (m, 2H), 5.61-5.68 (m, 1H), 6.78-6.83 (m, 
2H),  7.13-7.20 (m, 2H); chiral GC for syn-isomer: Supelco β-DEX 120 column (oven: 100 oC 
for 2 min, then 0.5 oC/min to 200 oC, 10 min at that temperature) showed 37% ee (tR = 58.88 
min, tS = 59.56 min); for anti-isomer: Supelco γ-CD 120 column (oven: 100 oC for 2 min, 
then 0.5 oC/min to 200 oC, 10 min at that temperature) showed 50% ee (tR = 77.71 min, tS = 
78.44 min); [α]D +38.1 (c 1.16, CHCl3).  
 

(R,R)-(+)-1-(4-Trifluoromethylphenyl)-2-methyl-but-3-en-1-ol (+)-(anti-14l).[1g] 1H 
NMR: anti-isomer δ 0.82 (d, J = 6.8 Hz, 3H), 2.18 (d, J = 2.8 Hz, 1H), 2.35-2.44 (m, 1H), 
4.36 (dd, J = 7.2 and 2.4 Hz, 1H), 5.10-5.15 (m, 2H), 5.65-5.74 (m, 1H), 7.34-7.39 (m, 2H), 
7.51-7.54 (m, 2H); syn-isomer  δ 0.90 (d, J = 6.8 Hz, 3H), 1.99 (d, J = 3.0 Hz, 1H), 2.49-2.54 
(m, 1H), 4.62-4.64 (m, 1H), 4.98-5.01 (m, 2H), 5.65-5.74 (m, 1H), 7.34-7.39 (m, 2H), 7.51-
7.54 (m, 2H); chiral GC for syn-isomer: Supelco γ-DEX 120 column (oven: 100 oC for 2 min, 
then 0.5 oC/min to 200 oC, 10 min at that temperature) showed 84% ee or 95% ee (tR = 38.17 
min, tS = 40.02 min); anti-isomer: Supelco γ-CD 120 column (oven: 100 oC for 2 min, then 
0.5 oC/min to 200 oC, 10 min at that temperature) showed 80% ee or 92% ee (tR = 35.72 min, 
tS = 37.09 min); [α]D +42.2 (c 1.0, CHCl3) for 80/84% ee and +55.1 (c 1.0, CHCl3) for 
92/95% ee. 
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