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Abstract

Two routes to optically active α-silyl-substituted α-hydroxyacetic acids are described. As a key step, the first utilizes O-H insertion reactions of (R)-and (S)-phenylethanol into benzyl 2-silyl-2-diazoacetates in the presence of [Rh2(OAc)4]. Alternatively, asymmetric reductions of benzyl 2-silyl-2-oxoacetates using (R)-Alpine-Borane® afford the corresponding α-hydroxy esters with up to 91% ee.
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[bookmark: RG43604ST-11]11  
            
General Procedure for O-H Insertion.
            

To a stirred and degassed solution of 4 (581 mg, 2 mmol) and an excess of the corresponding alcohol (5-10 mmol) in dry toluene (15 mL) at r.t. was added [Rh2 
            (OAc)4] (18 mg, 0.04 mmol, 2 mol%). The reaction mixture was heated to 50 °C and was left stirring at this temperature for 16 h. After the reaction mixture was cooled to ambient temperature, the solvent was removed under reduced pressure, and the crude product was purified by flash column chromatography on silica gel (petroleum ether- tert-butyl methyl ether as eluents, various gradients). All products were obtained as clear oils upon evaporation of the solvents and dried in high vacuum.
Characteristic NMR data for benzyl 2-[(1S)-1-phenylethyl-oxy]-2-triethylsilylacetate [(+)-6a] stemming from the reaction between 4 and (S)-(-)-5a: Major diastereomer: [α]D +14.2 (c 1.2, CHCl3). 1H NMR (300 MHz, CDCl3): δ = 0.57 (q, J = 8.2 Hz, 6 H), 0.86 (t, J = 8.2 Hz, 9 H), 1.35 (d, J = 6.4 Hz, 3 H), 4.04 (s, 1 H), 4.35 (q, J = 6.4 Hz, 1 H), 4.89 (d, J = 12.1 Hz, 1 H), 4.95 (d, J = 12.4 Hz, 1 H), 7.14-7.31 (m, 10 H). 13C NMR (75 MHz, CDCl3): δ = 2.1, 7.2, 21.3, 65.9, 70.8, 79.6, 126.6, 127.3, 128.1, 128.5, 128.5, 136.0, 143.5, 173.7. Minor diastereomer: [α]D -133.6 (c 0.5, CHCl3). 1H NMR (400 MHz, CDCl3): δ = 0.49 (q, J = 7.7 Hz, 6 H), 0.78 (t, J = 8.2 Hz, 9 H), 1.37 (d, J = 6.3 Hz, 3 H), 3.70 (s, 1 H), 4.35 (q, J = 6.3 Hz, 1 H), 5.08 (s, 2 H), 7.12-7.30 (m, 10 H). 13C NMR (100 MHz, CDCl3): δ = 0.9, 1.1, 5.7, 6.0, 6.1, 23.0, 64.7, 68.7, 78.0, 125.3, 125.8, 126.0, 126.5, 127.0, 127.1, 127.2, 134.8, 141.5, 172.6.
[bookmark: RG43604ST-16]16  
            
Procedure for the Reduction of 1b Using (
            R
            )-Alpine-Borane.
            To a stirring and degassed solution of (R)-Alpine-Borane® (7) in THF (1.1 mL, 0.5 M soln) at -20 °C under an argon atmosphere was added benzyl 2-triethylsilyl-2-oxoacetate (1b, 75 µL, 0.27 mmol) using a microliter syringe. The reaction mixture was left standing for 96 h at -20 °C, after which a phosphate buffer (pH = 7, 0.1 mL) and 30% H2O2 solution (67 µL) were simultaneously added. The reaction mixture was left stirring in an ice bath for 2.5 h. Flash column chromatography on silica gel (15:1 hexane-EtOAc) afforded benzyl 2-triethylsilyl-2-hydroxyacetate (2b) as a colorless oil in 71% yield (54 mg) and 91% ee (for the details of the ee-determination see footnote b in Table 
   [2]
 ).
[bookmark: RG43604ST-17]17  X- ray crystallographic study of (R)-3c: The compound (C8H18O3Si; M
            
              r
             = 190.31) crystallizes in orthorhombic space group P212121 (Nr. 19) with cell dimensions a = 6.5280 (6), b = 6.9443 (8), c = 24.237 (4)Å. A cell volume of V = 1098.7 (2) Å3 and Z = 4 result in a calculated density of δ
            
              cal
             = 1.150 g cm-3. 2911 Reflections have been collected in the ω/2Θ mode at T = 150 K on an Enraf Nonius CAD4 diffractometer employing CuKα-radiation (λ = 1.54179 Å). Data collection covered the range -8£h£8, 
-8£k£8, and -30£l£30 (Friedel pairs) up to Θmax = 72.7°. No absorption correction (m = 1.679 mm-1). The structure has been solved by direct methods as implemented in the Xtal3.7 suite of crystallographic routines
   [18]
  where GENSIN has been used to generate the structure-invariant relationships and GENTAN for the general tangent phasing procedure. 2054 Observed reflections [I>2σ(I)] have been included in the final full-matrix least-squares refinement on F involving 182 parameters and converging at R(R
            
              w
            ) = 0.042 (0.050, w  = 1/σ2 (F), S = 2.256, and a residual electron density of -0.47/0.59 e Å-3. The absolute configuration has been determined using Flack’s method. Xabs = 0.023 (70)
   [19]
  for the structure shown in Figure 
   [2]
 . The hydrogen positions could be located and have been refined isotropically. The crystal structure of (R)-3c has been deposited as supplementary publication no. CCDC 255777 at the Cambridge Crystallographic Data Centre. Copies of the data can be obtained free of charge on application to CCDC, 12 Union Road, Cambridge CB2 1EZ, UK [fax: +44(1223)336033; e-mail: deposit@ccdc.cam.ac.uk, or http//www.ccdc.cam.ac.uk].
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