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Abstract


In the last two decades, tubulysins have emerged as alternatives to microtubule depolymerizing agents such as colchicine and vinblastine, which are well-established anticancer agents. However, the complex structure of tubulysins has always posed a challenge for synthetic chemists to scale up the production of these compounds. We report a new strategy for the practical gram-scale synthesis of a (4R)-4-[(tert-butoxycarbonyl)amino]-5-methylhexanoic acid through regioselective cleavage of a chiral aziridine ring with a vinyl Grignard reagent to afford tert-butyl [(1R)-1-isopropylbut-3-en-1-yl]carbamate, which was subjected to regioselective hydroboration–oxidation with 9-BBN. The resulting (4R)-4-[(tert-butoxycarbonyl)amino]-5-methylhexanoic acid was successfully transformed into the deacetoxytubuvaline fragment of pretubulysin or its highly lipophilic methyl-substituted thiazole and oxazole analogues for incorporation into pretubulysins. Increasing the lipophilicity of tubulysin or pretubulysin molecules should enhance their cell permeability and cytotoxicity in cancer cell lines.
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Anhyd DMF (2 mL) was added to the thiazole ethyl ester 11 (0.080 g, 0.22 mmol) in a 10 mL round-bottomed flask equipped with a magnetic stirrer bar. MeI (0.05 mL, 0.89 mmol) was then added, and the mixture was cooled to 0 °C. NaH (0.013 g, 0.55 mmol) was added portionwise over 15 min with constant stirring, and the mixture was stirred at 25 °C under N2 for a further 12 h. When 11 was completely consumed (TLC), the reaction was quenched with sat. aq NH4Cl (10 mL). The aqueous layer was extracted with EtOAc (3 × 25 mL), and the combined organic extracts were washed with brine (3 × 10 mL), dried (Na2SO4), filtered, and concentrated under reduced pressure. The resulting crude residue was purified by column chromatography [silica gel, hexane–EtOAc (80:20)] to give a colorless liquid; yield: 70.0 mg (87%); TLC: Rf
           = 0.25 (hexane–EtOAc, 70:30). [α]D
          20 –20.4 (c 0.1, CH2Cl2).
IR (CH2Cl2): 2963, 2920 (C–H), 1722, 1694 (C=O), 1685 (C=N), 1484, 1392 (C–H), 1170 (C–O), 1155 (S–O), 867 (=C–H), 775, 720 (C–H) cm–1. 1H NMR (400 MHz, CDCl3, 25 °C): δ = 8.08 (s, 1 H, rotamer 1), 8.06 (s, 1 H, rotamer 2), 3.95 (s, 3 H, rotamer 1), 3.94 (s, 3 H, rotamer 2), 2.99–2.95 (m, 4 H, rotamers 1 + 2), 2.70 (s, 3 H, rotamer 1), 2.65 (s, 3 H, rotamer 2), 2.18–2.11 (m, 2 H, rotamers 1 + 2), 1.89–1.81 (m, 2 H, rotamers 1 + 2), 1.70–1.67 (m, 4 H, rotamers 1 + 2), 1.46 (s, 9 H, rotamer 1), 1.43 (s, 9 H, rotamer 2), 0.96 (t, J = 6.0 Hz, 6 H, rotamer 1), 0.85 (d, J = 6.5 Hz, 6 H, rotamer 2). 13C NMR (100 MHz, CDCl3, 25 °C): δ = 171.9, 162.0, 156.6, 146.5, 127.2, 79.6, 60.3, 52.5, 30.73, 30.5, 30.0, 29.7, 28.4, 20.2, 19.9. Diagnostic signals of minor rotamer 13C NMR (100 MHz, CDCl3, 25 °C): δ = 171.5, 161.9, 146.4, 79.2, 52.4, 20.1, 19.6. HRMS (ESI): m/z [M + H]+ calcd for C17H29N2O4S: 379.1662; found: 379.1675. 
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