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The proline-catalysed asymmetric amination of ,‑disubstituted aldehydes - Synthesis of configurationally stable enantioenriched ‑aminoaldehyes

Henning Vogt, a Sylvia Vanderheiden a and Stefan Bräse*b 
a Kekulé-Institut für Organische Chemie und Biochemie der Rheinischen Friedrich-Wilhelms-Universität Bonn, Gerhard-Domagk-Str. 1, D-53121 Bonn, Germany

b Institut für Organische Chemie, Universität Karlsruhe, Fritz-Haber-Weg 6, D-76131 Karlsruhe, Germany. Fax +49 721 608 8581, Email: braese@ioc.uka.de
Supplementary information

General methods. Flash chromatography (FC) was carried out using Merck silica gel 60 (230 – 400 mesh). TLC was carried out on silica gel coated aluminium sheets with fluorescence indicator (silica gel 60 F254) by Merck. 1H NMR spectra were recorded at 300 MHz on Bruker DP300 and at 400 MHz on Bruker DP400, the 13C NMR spectra at 100 MHz and 75 MHz, respectively. The chemical shifts are reported in ppm downfield to TMS (δ = 0 ppm) or relative to the central CD3OD resonance (δ = 3.31 ppm)[
] for 1H NMR and downfield to TMS (δ = 0 ppm) or relative to the central CD3OD resonance (δ = 49.00 ppm)1 for 13C NMR. Mass spectra were recorded on Kratos MS50 (I, EI-MS, HRMS), Thermo Quest Finnigan MAT 95 XL (II, EI-MS) or Kratos Concept 1H (FAB). Elemental analysis was carried out on Elementar Vario EL at the university of Bonn or university of Karlsruhe. The enantiomeric excess (ee) of the products were determined by HPLC on Agilent 1100 Series using Diacel Chiracel OD (250 ( 4.00 mm, 10µm) or Chiralpak AS (250 (  4.6 mm), or by GC with chiral stationary phase using CP‑Chirasil-Dex CB (25 m ( 0.25 mm, 0.25 µm). Rotational values were determined on a Perkin Elmer 241 Polarimeter at λ = 589 nm (sodium D-line). The concentration c is given in [g/100 ml].

Materials. All reagents are available by commercial sources (Acros, Aldrich, Fluka, Lancaster, Merck) and were used without further purification. α-Aryl aldehydes 1d–h were synthesized from the corresponding acetophenones by reaction with methoxymethyl-triphenylphosphonium chloride in sodium hydride/DMSO, followed by reaction with hydrobromic acid in acetone/water 4:1 following known procedures.[
] Solvents were dried and distilled under argon following general laboratory methods.

General procedure for the synthesis of N,N’-Bis(ethoxycarbonyl)-2-hydrazino-2-aryl-aldehydes (2-R)

A suspension of the amino acid 5 or 6 as the catalyst (50 mol% in respect to the aldehyde) in dichloromethane was stirred at rt for 30 min followed by addition of aldehyde 1 at 0 °C. After 1 h of stirring at rt the azodicarboxylate 9-R was added and the mixture stirred at rt under argon until the colour of the azodicarboxylate had disappeared. The reaction was then quenched by addition of water and the aqueous phase extracted three times with diethylether. The organic phases were dried over magnesium sulfate and the solvent removed under reduced pressure. Subsequent column chromatography on silica with adequate mixtures of n-pentane/diethylether delivered the product as an oil or solid.
(+)-N,N’-Bis(ethoxycarbonyl)-2-hydrazino-2-phenyl-propion​aldehyde (2c‑Et): [image: image15.wmf]O
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The reaction was carried out according to the general procedure using 57.0 mg (0.50 mmol) of l-proline, 201 mg (1.50 mmol) of hydratropaldehyde and 174 mg (1.00 mmol) of diethyl azodicarboxylate in 7.5 ml of dichloromethane within 3 d. Column chromatography on silica (diethylether/cyclohexane, 3:1) delivered 190 mg (0.618 mmol, 62 %) of a light yellow oil. – Rf: 0.45 (diethylether/cyclohexane 3:1). – 1H NMR (400 MHz, CDCl3): δ = 1.12 – 1.36 (m, 6 H, ethoxy-CH3), 1.79 (s, 3 H, CH3), 4.07 – 4.29 (m, 4 H, ethoxy-CH2), 6.27, 6.46 (bs, 1 H, NH rotamers), 7.27 – 7.63 (m, 5 H, Har), 9.60, 9.77 (s, 1 H, CHO rotamers) ppm. – 13C NMR (100 MHz, CDCl3): δ = 14.2 (ethoxy-CH3), 14.4 (ethoxy-CH3), 17.7 (CH3), 62.4 (ethoxy‑CH2), 63.3 (ethoxy-CH2), 73.2 (α-C), 126.9 (Car), 128.2 (p-Car), 129.0 (Car), 136.9 (i‑Car), 156.0 (carbamate-CO), 156.3 (carbamate-CO), 192.8 (aldehyde-CO) ppm. – MS (FAB): m/z (%): 309 (100) [M+ + 1], 279 (32) [M+–CHO], 242 (5), 235 (20) [C12H15N2O3+], 207 (90) [C11H15N2O2+], 177 (86) [C10H11NO2+]. – C15H20N2O5 (308.33 g/mol), calcd.: C 58.43, H 6.54, N 9.09; found: C 58.36, H 6.74, N 8.58. – The ee was determined by HPLC with chiral stationary phase using Chiralpak AS (n‑heptane/i‑PrOH 7:3): Rt(major) = 10.29 min, Rt(minor) = 12.44 min, 80% ee. – 
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 = +248° (c = 6, CH3OH).

(+)-N,N’-Bis(ethoxycarbonyl)-2-hydrazino-2-phenyl-butyr​aldehyde (2d‑Et): [image: image16.wmf]O
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The reaction was carried out according to the general procedure using 28.8 mg (0.25 mmol) of l-proline, 75.2 mg (0.507 mmol) of 2-phenyl-butyraldehyde and 91.3 mg (0.524 mmol) of diethyl azodicarboxylate in 5 ml of dichloromethane within 3 d. Column chromatography on silica (diethylether/n-pentane, 1:1) delivered 95.8 mg (0.300 mmol, 59 %) of a light yellow oil. – Rf: 0.40 (diethylether/n-pentane 1:1). – 1H NMR (400 MHz, CDCl3): δ = 0.81, 0.83 (2x t, 3J = 7.3, 7.0 Hz, 3 H, ethyl-CH3 rotamers), 0.92 – 1.32 (m, 6 H, ethoxy-CH3), 1.97 – 2.15 (m, 1 H, ethyl-CH2), 2.22 – 2.53 (m, 1 H, ethyl-CH2), 3.90 – 4.30 (m, 4 H, ethoxy-CH2), 6.40 (bs, 1 H, NH), 7.17 – 7.66 (m, 5 H, Har), 9.54, 9.76 (2x bs, 1 H, CHO rotamers) ppm. – 13C NMR (100 MHz, CDCl3): δ = 8.5 (α‑ethyl-CH3), 14.0 (ethoxy-CH2), 14.4 (ethoxy-CH2), 24.8 (α‑ethyl‑CH3), 62.5 (ethoxy-CH2), 63.1 (ethoxy-CH2), 75.3 (α-C), 127.0 (p-Car), 127.9 (Car), 128.6 (Car), 136.4 (i-Car), 155.9 (carbamate-CO), 156.7 (carbamate-CO), 192.8 (aldehyde‑CO) ppm. – MS (EI, II, 70 eV): m/z (%): 293 (33) [M+–CHO], 249 (20) [C13H17N2O3+], 221 (100) [C12H15N2O2+], 205 (65) [C12H15NO2+], 175 (22) [C10H9NO2+], 147 (10) [C9H11N2+], 132 (30) [C9H10N+], 119 (11), 104 (36) [C7H6N+], 91 (28) [C7H7+], 74 (33), 59 (37). – The ee was determined by HPLC with chiral stationary phase using Chiracel OD (n-heptane/i-PrOH 9:1): Rt(major) = 11.48 min, Rt(minor) = 15.29 min, 80% ee. – 
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 = +72.6° (c = 1.69, CHCl3).

(–)-N,N’-Bis(ethoxycarbonyl)-2-hydrazino-2-(2’-naphtyl)-propion​aldehyde (2e‑Et): [image: image17.wmf]O
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The reaction was carried out according to the general procedure using 28.8 mg (0.25 mmol) of l-proline, 92.1 mg (0.500 mmol) of 2-(2’-naphtyl)-propionaldehyde and 87.1 mg (0.5 mmol) of diethyl azodicarboxylate in 4 ml of dichloromethane within 2.5 d. Column chromatography on silica (diethylether/n‑pentane, 2:1) delivered 96.8 mg (0.270 mmol, 54 %) of a colourless solid. – Rf: 0.31 (diethylether/n-pentane 2:1). – 1H NMR (400 MHz, CDCl3): δ = 1.02 – 1.33 (m, 6 H, ethoxy-CH3), 1.79, 1.85 (2x bs, 3 H, α‑CH3 rotamers), 3.90 (m, 4 H, ethoxy-CH2), 6.15, 6.34 (2x bs, 1 H, NH rotamers), 7.37 – 7.44 (m, 3 H, Har), 7.68 – 7.97 (m, 4 H, Har), 9.64, 9.81 (2x bs, CHO rotamers) ppm. – 13C NMR (100 MHz, CDCl3): δ = 14.2 (ethoxy-CH3), 14.3 (ethoxy-CH3), 17.7 (α-CH3), 62.3 (ethoxy-CH2), 63.4 (ethoxy-CH2), 73.4 (α-C), 124.3 (Car), 126.4 (Car), 126.6 (Car), 126.7 (Car), 127.5 (Car), 128.3 (Car), 128.8 (Car), 132.9(Cquart, ar), 133.3 (Cquart, ar), 134.3 (Cquart, ar), 156.09 (carbamate-CO), 156.29 (carbamate-CO), 193.9 (aldehyde-CO) ppm. – MS (EI, II, 70 eV): m/z (%): 358 (2) [M+], 329 (33) [M+–CHO], 258 (26) [C16H17N2O3+], 257 (100) [C15H17N2O2+], 241 (40) [C14H13N2O2+], 211 (30) [C13H10NO2+], 183 (47) [C12H11N2+], 168 (37) [C12H10N+], 155 (66) [C12H11+], 127 (28) [C10H7+]. – HRMS (II): calcd.: 358.1529, found: 358.1533. – The ee was determined by HPLC with chiral stationary phase using Chiracel OD (n-heptane/i-PrOH 9:1): Rt(major) = 14.84 min, Rt(minor) = 18.25 min, 86% ee. – 
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 = –0.63° (c = 0.38, CHCl3).

 (+)-N,N’-Bis(ethoxycarbonyl)-2-hydrazino-2-(4’-methoxyphenyl)-propion​aldehyde (2f‑Et): [image: image18.wmf]N
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The reaction was carried out according to the general procedure using 29.1 mg (0.25 mmol) of l-proline, 83.4 mg (0.509 mmol) of 2-(4’-methoxyphenyl)butyraldehyde and 95.0 mg (0.545 mmol) of diethyl azodicarboxylate in 5 ml of dichloromethane within 5 d. Column chromatography on silica (diethylether/n-pentane, 2:1) delivered 149.8 mg (0.443 mmol, 87 %) of a colourless oil. – Rf: 0.24 (diethylether/n-pentane 2:1). – 1H NMR (400 MHz, CDCl3): δ = 1.16 (t, 3J = 7.1 Hz, 3 H, ethoxy-CH3), 1.21 (t, 3J = 7.2 Hz, 3 H, ethoxy-CH3), 1.66, 1.73 (2x bs, 3 H, α-CH3 rotamers), 3.74 (s, 3 H, methoxy-CH3), 4.13 (q, 3J = 7.2 Hz, 2 H, ethoxy-CH2), 4.14 (q, 3J = 7.1 Hz, 2 H, ethoxy-CH2), 6.27, 6.34 (2x bs, 1 H, NH rotamers), 6.85 (d, 3J = 8.5 Hz, 2 H, m-Har), 7.24 (d, 3J = 8.5 Hz, 2 H, o-Har), 9.49, 9.64 (2x bs, 1 H, CHO rotamers) ppm. – 13C NMR (100 MHz, CDCl3): δ = 14.2 (ethoxy-CH3), 14.4 (ethoxy-CH3), 17.1 (α‑CH3), 55.3 (methoxy-CH3), 62.3 (ethoxy-CH2), 63.3 (ethoxy-CH3), 72.8 (α-C), 114.4 (m‑Car), 128.2 (o‑Car), 128.4 (i-Car), 156.0 (carbamate-CO), 156.5 (carbamate-CO), 159.5 (p‑CO), 192.4 (aldehyde-CO) ppm. – MS (EI, II, 70 eV): m/z (%): 338 (9) [M+], 309 (62) [M+–CHO], 265 (21) [C13H17N2O4+], 237 (100) [C12H17N2O3+], 222 (14) [C12H16NO3+], 191 (25) [C11H13NO2+], 176 (8) [C10H10NO2+], 163 (92), 148 (48) [C9H10NO+], 135 (84). – HRMS (II): calcd.: 338.1478, found: 338.1469. – The ee was determined by HPLC with chiral stationary phase using Chiracel OD (n-heptane/i-PrOH 9:1): Rt(major) = 17.05 min, Rt(minor) = 22.76 min, 76% ee. – 
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 = +5.57° (c = 0.63, CHCl3).

 (+)-N,N’-Bis(ethoxycarbonyl)-2-hydrazino-2-(3’,5’‑dimethoxy–phenyl)-propion​aldehyde (2g‑Et): [image: image19.wmf]N
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The reaction was carried out according to the general procedure using 28.8 mg (0.25 mmol) of l-proline, 97.4 mg (0.501 mmol) of 2‑(3’,5’‑dimethoxyphenyl)butyraldehyde and 88.1 mg (0.506 mmol) of diethyl azodicarboxylate in 5 ml of dichloromethane within 6 d. Column chromatography on silica (diethylether/n-pentane, 2:1) delivered 116.7 mg (0.317 mmol, 63 %) of a colourless oil. – Rf: 0.33 (diethylether/n-pentane 2:1). – 1H NMR (400 MHz, CDCl3): δ = 1.13 (t, 3J = 6.9 Hz, 3 H, ethoxy-CH3), 1.21 (t, 3J = 7.1 Hz, 3 H, ethoxy-CH3), 1.63, 1.69 (2x bs, 3 H, α-CH3 rotamers), 3.72 (s, 6 H, methoxy-CH3), 4.13 (q, 3J = 6.9 Hz, 2 H, ethoxy-CH2), 4.14 (q, 3J = 7.1 Hz, 2 H, ethoxy-CH2), 6.34 (bs, 2 H, o-Har), 6.46 (bs, 1 H, p‑Har), 6.75 (bs, 1 H, NH), 9.48, 9.65 (2x bs, 1 H, CHO rotamers) ppm. – 13C NMR (100 MHz, CDCl3): δ = 14.2 (ethoxy-CH3), 14.3 (ethoxy-CH3), 17.2 (α-CH3), 55.4 (methoxy-CH3), 62.25 (ethoxy-CH2), 63.3 (ethoxy-CH2), 73.2 (α-C), 99.7 (p-Car), 105.4 (o-Car), 139.1 (i-Car), 156.0 (carbamate‑CO), 156.2 (carbamate-CO), 161.3 (m-Car), 192.1 (aldehyde-CO) ppm. – MS (EI, II, 70 eV): m/z (%): 368 (15) [M+], 339 (19) [M+–CO], 295 (31) [C14H19N2O5+], 267 (100) [C13H19N2O4+], 251 (39) [C13H17NO4+], 221 (28) [C11H11NO4+], 205 (31) [C11H11NO3+], 178 (40) [C10H12NO2+], 165 (34), 104 (31), 59 (19). – HRMS (II): calcd.: 368.1584, found: 368.1587. – The ee was determined by HPLC with chiral stationary phase using Chiracel OD (n-heptane/i-PrOH 9:1): Rt(major) = 15.94 min, Rt(minor) = 22.87 min, 85% ee. – 
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 = +2.91° (c = 14.9, CHCl3).
(+)-N,N’-Bis(ethoxycarbonyl)-2-hydrazino-2‑(4’‑methoxycarbonyl-phenyl)-propion​aldehyde (2h‑Et): [image: image20.wmf]O
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The reaction was carried out according to the general procedure using 28.8 mg (0.25 mmol) of l‑proline, 96.4 mg (0.502 mmol) of 2‑(4’‑methoxycarbonylphenyl)-butyraldehyde and 92.3 mg (0.530 mmol) of diethyl azodicarboxylate in 5 ml of dichloromethane within 6 d. Column chromatography on silica (diethylether/n-pentane, 2:1) delivered 94.9 mg (0.259 mmol, 52 %) of a colourless oil. – Rf: 0.24 (diethylether/n-pentane 2:1). – 1H NMR (400 MHz, CDCl3): δ = 1.13 (t, 3J = 7.1 Hz, 3 H, ethoxy‑CH3), 1.20 (t, 3J = 7.1 Hz, 3 H, ethoxy-CH3), 1.70 (bs, 3 H, α-CH3), 3.84 (s, 3 H, methoxy-CH3), 4.13 (q, 3J = 7.1 Hz, 2 H, ethoxy-CH2), 4.16 (q, 3J = 7.1 Hz, 2 H, ethoxy‑CH2), 6.46, 6.60 (2x bs, 1 H, NH rotamers), 7.30 – 7.71 (m, 2 H, o-Har), 7.97 (d, 3J = 8.59 Hz, 2 H, m-Har), 9.57, 9.71 (2x bs, 1 H, CHO-rotamers) ppm. – 13C NMR (100 MHz, CDCl3): δ = 14.1 (ethoxy-CH3), 14.3 (ethoxy-CH3), 18.5 (α-CH3), 52.1 (methoxy-CH3), 62.5 (ethoxy-CH2), 63.4 (ethoxy-CH2), 72.9 (α-C), 126.7 (o-Car), 129.8 (p‑Car), 130.0 (m-Car), 142.2 (i-Car), 155.8 (carbamate-CO), 156.6 (carbamate-CO), 166.5 (ester-CO), 193.0 (aldehyde-CO) ppm. – MS (EI, II, 70 eV): m/z (%): 337 (10) [M+–CO], 293 (14) [M+–CO2Et], 265 (58) [C13H17N2O4+], 250 (16) [C13H16NO4+], 220 (31) [C11H14NO4+], 205 (97) [C10H11NO4+], 176 (94) [C10H10NO2+], 135 (52) [C8H7O2+], 104 (100) [C7H4O+], 59 (50). – The ee was determined by HPLC with chiral stationary phase using Chiracel OD (n‑heptane/i-PrOH 9:1): Rt(minor) = 19.55 min, Rt(major) = 21.73 min, 82% ee. – 
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 = +3.71° (c = 10.5, CHCl3).

General procedure for the synthesis of 4,4-disubstituted 3-alkoxycarbonylamino-oxazolidin-2-ones (4-R).

A suspension of the amino acid 5 or 6 as the catalyst (0.5 mmol) in dichloromethane (7.5 ml) was stirred at rt for 30 min followed by addition of the aldehyde 1 (1.5 mmol) at 0 °C. After 1 h of stirring at rt the azodicarboxylate 9-R (1.0 mmol) was added and the mixture stirred until the colour of the azodicarboxylate had disappeared. Dilution of the mixture with ethanol (7.5 ml) was followed by the addition of NaBH4 (50.0 mg, 1.34 mmol) at 0 °C. The reaction was quenched with half-saturated aqueous NH4Cl solution (15 ml) and the aqueous phase extracted with ethyl acetate (3 ( 30 ml). The organic phases were washed with half-saturated aqueous NH4Cl solution (15 ml). Drying of the organic phase over MgSO4 and removal of the solvents by evaporation delivered the product as a colourless oil or solid.
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3-Ethoxycarbonylamino-4-ethyl-4-methyl-oxazolidin-2-one (4a-Et): Column chromatography on silica gel (diethylether/petrolether, 3:1) delivered 113.2 mg (0.52 mmol, 52 %) of a colourless oil. – Rf : 0.23 (ethyl acetate/cyclohexane 1:1). – 1H NMR (400 MHz, CDCl3): δ = 0.89 (dd, 3 H, 3J = 7.37, 3J = 7.46 Hz, ethyl-CH3), 1.26 (t, 3 H, 3J = 7.13 Hz, ethoxy-CH3), 1.29 (s, 3 H, methyl-CH3), 1.56 (dq, 1 H, 2J = 14.59, 3J = 7.46 Hz, ethyl-CH2), 1.69 (dq, 1 H, 2J = 14.59, 3J = 7.37 Hz, ethyl-CH2), 4.04 (d, 1 H, 2J = 8.72 Hz, oxazolidinone-CH2), 4.19 (d, 1 H, 2J = 8.72 Hz, oxazolidinone-CH2), 4.19 (q, 2 H, 3J = 7.13 Hz, ethoxy-CH2), 6.51 (s, 1 H, NH) ppm. – 13C NMR (100 MHz, CDCl3): δ = 7.8 (ethyl-CH3), 14.3 (ethoxy-CH3), 22.1 (methyl-CH3), 29.8 (ethyl-CH2), 61.7 (oxazolidinone-C4), 62.5 (ethoxy-CH2), 72.1 (oxazolidinone-C5), 156.2 (carbamate-CO), 156.3 (oxazolidinone-CO) ppm. – MS (I, EI, 70 eV), m/z (%) = 216 (10) [M+], 187 (39) [M+‑C2H5], 144 (32) [C6H12N2O2+], 115 (100) [C5H11N2O+], 71 (44) [C5H11+]. – HRMS (I): 216.1110, found: 216.1112. – The ee was determined by GC with chiral stationary phase: Rt(minor) = 72.5 min, Rt(major) = 73.5 min, 28% ee. – 
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 = –0.4° (c = 6.3, CH3OH).
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3-Ethoxycarbonylamino-4-butyl-4-ethyl-oxazolidin-2-one (4b‑Et): Column chromatography on silica gel (diethylether/petrolether, 2:1) delivered 90.1 mg (0.35 mmol, 35 %) of a colourless oil. – Rf : 0.34 (diethylether/petrolether 2:1). – 1H NMR (400 MHz, CDCl3): δ = 0.89 (t, 3 H, 3J = 7.14 Hz, CH3), 0.90 (t, 3 H, 3J = 7.52 Hz, CH3), 1.16 – 1.30 (m, 4 H, CH2), 1.25, 1.26 (t, 3 H, 3J = 7.11 Hz, ethoxy-CH3 rotamers), 1.59 – 1.69 (m, 4 H, CH2), 4.10 (s, 2 H, oxazolidinone-CH2), 4.14, 4.15 (q, 2 H, 3J = 7.12 Hz, ethoxy-CH2 rotamers), 6.39, 6.45 (s, 1 H, NH rotamers) ppm. – 13C NMR (100 MHz, CDCl3): δ = 7.6 (CH3), 13.9 (CH3), 14.3, 14.4 (ethoxy-CH3 rotamers), 23.0 (CH2), 25.4 (CH2), 28.7 (CH2), 35.5 (CH2), 62.3, 62.5 (ethoxy-CH2 rotamers), 63.9 (oxazolidinone-C4), 70.3 (oxazolidinone‑C5), 156.2 (CO), 156.7 (CO) ppm. – MS (I, EI, 70 eV), m/z (%) = 258 (12) [M+], 229 (64) [M+–C2H5], 201 (83) [M+–C4H9], 187 (39) [M+–C2H5], 157 (78) [C6H9N2O3+], 129 (100) [C5H9N2O3+], 85 (37) [C3H3NO2+]. – HRMS (II, EI): calcd.: 258.1580, found: 258.1589. – C12H22N2O4 (258.31 g/mol), calcd.: C 55.80, H 8.58, N 10.84, found: C 55.67, H 8.56, N 10.74. – The ee was determined by GC with chiral stationary phase: Rt(minor) = 86.28 min, Rt(major) = 93.03 min, 4% ee. – 
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(–)-3-Ethoxycarbonylamino-4-methyl-4-phenyl-oxazolidin-2-one (4c‑Et): After reaction according the general procedure, the crude product was dissolved in 10 ml of methanolic 1 m NaOH and stirred for 12 h at rt. The solvent was then removed by evaporation, the residue dissolved in water and the aqueous phase extracted three times with 30 ml ethyl acetate. The organic phases were extracted with brine, dried over MgSO4 and the solvents removed by evaporation. Column chromatography on silica gel (diethylether/cyclohexane, 3:1) delivered 46.0 mg (0.174 mmol, 17 %) of a colourless oil. – Rf : 0.38 (diethylether/cyclohexane 3:1). – 1H NMR (300 MHz, CDCl3): δ = 1.24 (t, 3 H, 3J = 7.10 Hz, ethoxy-CH3), 1.82 (s, 3 H, CH3), 4.18 (q, 2 H, J = 7.10 Hz, ethoxy-CH2), 4.37 (d, 1 H, 2J = 8.85 Hz, oxazolidinone-CH2), 4.41 (d, 1 H, 2J = 8.85 Hz, oxazolidinone-CH2), 6.26 (bs, 1 H, NH), 7.32 – 7.48 (m, 5 H, Har) ppm. – 13C NMR (75 MHz, CDCl3): δ = 14.3 (ethoxy-CH3), 21.8 (CH3), 62.6 (ethoxy-CH2), 63.8 (oxazolidinone-C5), 76.1 (oxazolidinone-C4), 125.7 (m-Car), 128.7 (p-Car), 129.2 (o-Car), 140.4 (I-Car), 155.8 (CO), 156.0 (CO) ppm. – MS (II, EI, 70 eV), m/z (%) = 264.1 (10) [M+], 220.2 (26) [C11H12N2O3+], 205 (88), 192 (31) [C10H12N2O2+], 134 (54) [C9H10O+], 121 (98), 118 (44), 105 (41) [C8H9+], 90 (100) [C7H6+], 77 (36) [C6H5+], 59 (34). – HRMS (II): calcd.: 264.1110, found: 216.1114. – C13H16N2O4 (264.28 g/mol), calcd.: C 59.08, H 6.10, N 10.60, found: C 58.63, H 6.47, N 10.21. – The ee was determined by HPLC with chiral stationary phase using Diacel Chiracel OD (n-heptane/i-PrOH 9:1): Rt(minor) = 25.14 min, Rt(major) = 34.07 min, 81% ee. – 
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(R)-(–)-3-Benzyloxycarbonylamino-4-methyl-4-phenyl-oxazolidin-2-one (4c-Bn): Column chromatography on silica gel (diethylether/petrolether, 2:3) delivered 270 mg (0.827 mmol, 83 %) of a colourless solid. – mp = 128 °C. – Rf : 0.11 (diethylether/petrolether 2:3). – 1H NMR (300 MHz, CDCl3): δ = 1.70 (s, 3 H, CH3), 4.32 (d, 1 H, 2J = 8.76 Hz, oxazolidinone-CH2), 4.36 (d, 1 H, 3J = 8.76 Hz, oxazolidinone-CH2), 5.04 (s, 2 H, benzyl-CH2), 6.49 (bs, 1 H, NH), 7.17 – 7.37 (m, 10 H, Har) ppm. – 13C NMR (75 MHz, CDCl3): δ = 21.8 (CH3), 63.9 (oxazolidinone-C4), 68.1 (benzyl-CH2), 76.1 (oxazolidinone-C5), 125.7 (Car), 128.2 (Car), 128.4 (p-Car), 128.6 (Car), 128.6 (p-Car), 129.2 (Car), 135.3 (i-Car), 140.3 (i-Car), 155.7 (CO), 156.1 (CO) ppm. – MS (II, EI, 70 eV), m/z (%) = 326 (7) [M+], 218 (2), 203 (5), 178 (12) [C10H12NO2+], 162 (6), 134 (10) [C9H10O+], 118 (11), 106 (28), 91 (100) [C7H7+], 77 (6) [C6H5+], 65 (5) [C5H5+]. – HRMS (II): calcd.: 326.1267, found: 326.1257. – C18H18N2O4 (326.35 g/mol), calcd.: C 66.25, H 5.56, N 8.58, found: C 66.11, H 5.81, N 8.31. – The ee was determined by HPLC with chiral stationary phase using Diacel Chiracel OD (n-heptane/i-PrOH 9:1): Rt(minor) = 17.80 min, Rt(major) = 25.29 min, 81% ee. – 
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 = –72.3° (c = 1, CHCl3).
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3-Oxo-1-aza-(ethoxycarbonylamino)spiro[4.5]decan-2-one (4i‑Et): Column chromatography on silica gel (diethylether/petrolether, 3:1) delivered 63.7 mg (0.263 mmol, 26 %) of a colourless oil. – Rf : 0.29 (ethyl acetate/cyclohexane 1:1). – 1H NMR (400 MHz, CDCl3): δ = 0.98 – 1.27 (m, 2 H, cyclohexyl-CH2), 1.22 (t, 3 H, 3J = 7.19 Hz, CH3), 1.47 – 1.79 (m, 8 H, cyclohexyl-CH2), 4.14 (s, 2 H, oxazolidinone-CH2), 4.15 (q, 2 H, 3J = 7.19 Hz, ethoxy-CH2), 6.62 (bs, 1 H, NH) ppm. – 13C NMR (100 MHz, CDCl3): δ = 14.3 (ethoxy-CH3), 22.6 (cyclohexyl-CH2), 24.4 (cyclohexyl-CH2), 33.0 (cyclohexyl-CH2), 61.6 (oxazolidinone-C4), 62.5 (ethoxy-CH2), 71.9 (oxazolidinone-C5), 156.1 (CO), 156.3 (CO) ppm. – MS (I, EI, 70 eV), m/z (%) = 242 (52) [M+], 223 (18), 196 (25) [C9H12N2O3+], 170 (71) [C8H14N2O2+], 149 (47), 127 (39), 114 (22), 95 (100) [C7H11+], 81 (22), 67.1 (29), 55 (34) [C4H7+]. – HRMS (II): calcd.: 242.1267, found: 242.1274.
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(R)-(–)-3-Amino-4-methyl-4-phenyl-oxazolidin-2-one (7c): A suspension of 250 mg of 10% palladium on charcoal in 20 ml of methanol and 7.5 ml of acetic acid was saturated with hydrogen for 30 min. Then a solution of 295 mg (0.904 mmol) of 4c-Bn in 10 ml of methanol was added and the mixture hydrogenated at ambient pressure for 12 h. The suspension was then filtrated over Celite and the solvents of the filtrate removed by evaporation. Column chromatography on silica gel (diethylether/n‑pentane, 2:1) delivered 132 mg (0.688 mmol, 76 %) of a colourless solid. – mp = 86 °C. – Rf : 0.28 (diethylether/n‑pentane 2:1). – 1H NMR (400 MHz, CD3OD): δ = 1.74 (s, 3 H, CH3), 4.18 (d, 1 H, 2J = 8.72 Hz, CH2), 4.31 (d, 1 H, 2J = 8.72 Hz, CH2), 4.79 (s, 2 H, NH2), 7.28 – 7.47 (m, 5 H, Har) ppm. – 13C NMR (100 MHz, CD3OD): δ = 21.6 (CH3), 65.7 (oxazolidinone-C4), 76.8 (oxazolidinone-C5), 126.8 (m-Car), 129.0 (p-Car), 130.0 (o-Car), 143.0 (i-Car), 160.8 (CO) ppm. – MS (II, EI, 70 eV), m/z (%) = 192 (100) [M+], 177 (19) [M+–NH], 134 (81) [C9H10O+], 117 (24), 105 (59) [C8H9+], 91 (20) [C7H7+], 77 (18) [C6H5+]. – HRMS (II): calcd.: 192.0899, found: 192.0900. – C10H12N2O2 (192.21 g/mol); calcd.: C 62.49, H 6.29, N 14.57; found: C 62.13, H 6.44, N 14.14. – The ee could not be determined by GC or HPLC with chiral stationary phase. – 
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 = –70.8° (c = 1, CHCl3).
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(R)-(–)-4-Methyl-4-phenyl-oxazolidin-2-one (8c): A solution of 17.8 mg (0.258 mmol) of NaNO2 in 1 ml of water was added dropwise to a solution of 45.0 mg (0.234 mmol) of 7c in 18 ml of acetic acid and 6 ml of 1m HCl. The mixture was refluxed for 30 min. Then the solvents were removed by evaporation and the dry residue washed with ethyl acetate. Filtration of the organic phase and removal of the solvent by evaporation delivered 22.3 mg (0.126 mmol, 59%) of a light yellow solid. – mp = 71°C. – Rf: 0.24 (diethylether/n-pentane 2:1). – 1H NMR (400 MHz, CD3OD): 1.69 (s, 3 H, CH3), 4.32 (d, 1 H, 2J = 8.46, oxazolidinone-CH2), 4.44 (d, 1 H, 2J = 8.46, oxazolidinone-CH2), 4.80 (s, 1 H, NH), 7.25 – 7.44 (m, 5 H, Har) ppm. – 13C NMR (100 MHz, CD3OD): 28.1 (CH3), 61.9 (oxazolidinone-C4), 79.2 (oxazolidinone-C5), 125.7 (m-Car), 128.7 (p-Car), 129.9 (o-Car), 145.8 (i-Car), 161.5 (CO) ppm. – MS (I, EI, 70 eV), m/z = 177 (4) [M+], 162 (100) [M+–CH3], 119 (26) [C8H7O+], 105 (74) [C8H9+], 91 (68) [C7H7+], 77 (37) [C6H5+]. – HRMS (I): calcd.: 177.0790, found: 177.0783. – The ee was determined by HPLC with chiral stationary phase using Diacel Chiracel OD (n‑heptane/i‑PrOH 9:1): Rt(minor) = 12.23 min, Rt(major) = 14.51 min, 78% ee. – 
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N,N’-Bis(ethoxycarbonyl)-2-hydrazino-2-phenyl-propionic acid (9c-Et): [image: image28.wmf]O
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To a solution of 58.0 mg (0.188 mmol) of 2c-Et in 5 ml of tert-butanol and 5 ml of aqueous 1 m NaH2PO4 were added 5 ml of aqueous 1 m KMnO4 at 0 °C and the mixture stirred vigorously for 5 min. After addition of 5 ml of saturated aqueous NaHSO4 the pH of the mixture was adjusted to <3 by addition of 10 ml 1 m HCl. Then followed extraction with ethyl acetate (3 (). The combined organic phases were washed three times with brine, dried over MgSO4 and the solvent removed by evaporation. The crude product was dissolved in 5 ml diethylether and the organic phase extracted three times with aqueous 0.5 m NaOH. The aqueous phase was washed with diethylether and ethyl acetate and the pH adjusted to <7 by dropwise addition of concentrated HCl. Then followed extraction with ethyl acetate (3 (). The organic phase was dried over MgSO4 and the solvent removed by evaporation. Column chromatography on silica (5% acetic acid in diethylether/cyclohexane, 3:1) delivered 15.5 mg (0.0478 mmol, 25%) of a colourless oil. – Rf: 0.42 (5% acetic acid in diethylether/cyclohexane 3:1). – 1H NMR (300 MHz, CDCl3): δ = 1.06 – 1.32 (m, 6 H, ethoxy-CH3 rotamers), 1.89, 1.97 (bs, 3 H, CH3 rotamers), 4.00 – 4.33 (m, 4 H, ethoxy-CH2), 6.83, 7.00 (bs, 1 H, NH rotamers), 7.21 – 7.38 (m, 3 H, Har), 7.47 – 7.75 (m, 2 H, Har), 10.00 (bs, 1 H, COOH) ppm. – 13C NMR (75 MHz, CDCl3): δ = 14.1, 14.1, 14.3, 14.3 (ethoxy-CH3 rotamers), 20.7 (CH3), 63.0, 63.3, 63.4, 63.6 (ethoxy-CH2 rotamers), 70.8 (α-C), 126.7, 127.1, 127.9, 128.2, 128.3 (Car), 139.5 (i-Car), 155.7, 156.2, 158.1, 158.7 (carbamate-CO rotamers), 176.7 ppm. – MS (II, EI, 70 eV): 324 (1) [M+], 279 (5) [M+–CO2H], 235 (17) [C12H15N2O3+], 207 (100) [C11H15N2O2+], 192 (55) [C11H14NO2+], 176 (79) [C10H10NO2+], 161 (28) [C9H9N2O+], 149 (71), 127 (48), 95 (75). – HRMS (II): calcd.: 324.1321, found: 324.1324.
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