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Abstract

A novel enantioselective synthesis of chiral QUINAP is described. Hereby, the separation of the diastereomers was achieved by the preparation and simple chromatographic separation of chiral sulfoxide intermediates. Subsequent sulfoxide-lithium exchange, quenching with Ph2PCl and sulfur, then desulfurisation with Raney-Ni provided (R)- and (S)-QUINAP in 54-56% overall yield.
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            A 0.2 M solution of 1-(2-bromo-1-naphthyl)isoquinoline (3, 3.34 g, 10 mmol) in anhyd Et2O was placed in a flame-dried flask equipped with a magnetic stirring bar under Ar atmosphere. The solution was cooled to -78 °C and t-BuLi (1.5 M in n-pentane; 13.4 mL, 20 mmol) was added dropwise. The reaction was left to stir for additional 30 min at -78 °C before it was allowed to warm to r.t.
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Compound 6: mp 148-150 °C. 1H NMR (600 MHz, CDCl3): δ = 8.8 (d, J = 5.7 Hz, 1 H), 8.4 (d, J = 8.8 Hz, 1 H), 8.2 (d, J = 8.8 Hz, 2 H), 8.0 (d, J = 8.2 Hz, 1 H), 7.8 (d, J = 8.2 Hz, 1 H), 7.8 (d, J = 5.7 Hz, 1 H), 7.5 (t, J = 7.5 Hz, 1 H), 7.5 (m, 1 H), 7.3 (m, 1 H), 7.0 (m, 2 H), 6.8 (d, J = 8.2 Hz, 2 H), 6.7 (m, 2 H), 2.1 (s, 3 H) ppm. 13C NMR (150 MHz, CDCl3): δ = 156.2, 142.8, 142.7, 141.3, 141.2, 135.9, 135.4, 134.0, 132.1, 130.1, 129.8, 129.2, 128.5, 128.3, 127.4, 127.2, 127.0, 127.0, 126.8, 126.3, 125.7, 121.2, 120.3, 21.1 ppm. HRMS: m/z calcd for C26H19NOS: 393.1187; found: 393.1175. IR (neat): ν = 3052, 2921, 2856, 1914, 1731, 1620, 1595, 1582, 1556, 1494, 1450, 1437, 1401, 1372, 1338, 1318, 1257, 1237, 1194, 1178, 1164, 1140, 1118, 1082, 1045, 1038, 1014, 954, 869, 824, 806, 779, 746, 720, 695, 670, 637, 622, 608, 586, 569 cm-1. Enantiomeric excess: HPLC; Chiralcel AD; n-heptane-i-PrOH (8:2); flow rate: 1.0 mL/min: 99% ee.
[bookmark: RG25507ST-21]21  
            
Preparation of (
            R
            )- and (
            S
            )-QUINAP
            In a flame-dried flask equipped with a stirring bar iodobenzene (0.337 g, 1.65 mmol) was diluted in 3 mL Et2O under Ar atmosphere. The solution was then cooled to -78 °C and t-BuLi (1.5 M in n-pentane, 2.2 mL, 3.3 mmol) was added dropwise. The reaction was stirred for 10 min at -78 °C before it was allowed to warm to r.t. The solvents were subsequently removed in vacuo until a white precipitate remained. The flask was then flushed with Ar and cooled to -78 °C. Then, 3 mL THF were carefully added and the mixture was then allowed to warm to 0 °C in order to produce a homogeneous solution. The solution was then again cooled to -78 °C. A 0.5 M solution of 5 or 6 (0.590 g, 1.50 mmol) was added dropwise. The reaction was left to stir for 15 min at -78 °C before a 1.0 M solution of Ph2PCl (0.397 g, 1.80 mmol) was slowly added. The reaction mixture was then additionally stirred for 15 min at -78 °C before sulfur (0.063 g, 1.95 mmol) was added. The reaction mixture was then heated to 45 °C and left to stir overnight at that temperature. The reaction mixture was then cooled to r.t. and quenched with 10 mL of a sat. NH4Cl solution before it was transferred to a separatory funnel. The layers were separated and the aqueous phase was extracted with 3 × 10 mL CH2Cl2. The combined organic layers were washed with brine (5 mL) and dried over MgSO4. The solvents were removed in vacuo and the crude product was subjected to column chromatography with SiO2. After column chromatography, the product was redissolved in CH2Cl2 and 0.3 mL MeSO3H was added. The product was then filtrated over SiO2 using pure Et2O in order to remove the impurities and 5 mL Et3N in Et2O in order to wash down the product. After removal of the solvents the product was redissolved in CH2Cl2 and transferred to a separatory funnel. The organic phase was washed with 5 mL of a sat. NH4Cl solution. The aqueous phase was extracted with 3 × 10 mL CH2Cl2. The combined organic layers were dried over MgSO4. The solvent was evaporated. Then, (R)- and (S)-7 were subjected to desulfurisation with Raney-Ni. To this end, Raney-Ni (30 equiv) was placed in a N2-flushed flask. It was washed five times with MeOH and finally suspended in MeOH. A solution of (R)-7 or (S)-7 in MeOH-THF was then dropped to the Raney-Ni suspension. The reaction was left to stir overnight at r.t. Filtration and removal of the solvent yielded (S)-QUINAP (0.395 g, 60%, 99% ee) and (R)-QUINAP (0.376 g, 57%, 99% ee) as white solids [the ee was determined after resulfurisation: HPLC Chiralcel OD-H; n-heptane-i-PrOH (9:1); flow rate: 0.5 mL/min].
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