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DMAP (10 mol%)

CHCl3, rt

83% (dr = 97:3)
(without D,13C-labeling)

W. -J. Xiao et al., J. Am. Chem. Soc., 130, 6946 (2008)
F. L. Gu et al., J. Org. Chem., 78, 12585 (2013)
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Et2O, –10 °C;

Ti(Oi-Pr)4, c-C5H9MgCl
Et2O,–78 to –40 °C;
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THF/Et2O, –78 °C to rt

72% 
(dr ≥ 20:1, 95% ee)

(E:Z ≥ 20:1)

(1S,2S)-Amine
(C19H23N)

1) (BzO)2, K2HPO4
    DMF, rt
    73%
2) NH2NH2, EtOH, rt

3) (CH2O)n 
    toluene, MS4A
    50 to 120 °C
    51% (2 steps)
    (dr ≥ 20:1, 93% ee)
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G. C. Micalizio et al., J. Am. Chem. Soc., 133, 9216 (2011)

O
Ph

Ph

H. Heathcock et al., J. Org. Chem., 46, 9 (1981)
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[RuCl2(p-cymene)]2
(5 mol%)

toluene, 60 to 80 °C

52%

J. Wang et al., Angew. Chem. Int. Ed., 46, 1905 (2007)

4

PhS +

Et3SiO N3

1) AuCl[P(t-Bu)2(o-biphenyl)] (10 mol%)
    AgSbF6 (5 mol%)
    i-PrOH (1.1 eq)
    MeNO2, 70 °C;
    SnCl4, rt

2) OsO4 (5 mol%)
    NaIO4
    THF-H2O (2:1), rt
    71% (2 steps)

N

O

O

Y. H. Rhee et al., J. Org Chem., 79, 11119 (2014)
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CuCl2 (15 mol%)

toluene, 90 °C

95%

Q. Wang et al., Org. Lett., 19, 6056 (2017)
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1) DMF, 60 °C
    78%

2) air 
    toluene, 120 °C
    76%
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D. L. Mo et al., Avd. Synth. Catal., 359, 3545 (2017)
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H. Nagase et al., Tetrahedron, 65, 4808 (2009)
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CH2Cl2, 0 °C;
evaporation

toluene, reflux

77%

(Catalytic amount of water was contained.)
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2) MeCN, reflux
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M. Alajarín et al., J. Org. Chem., 71, 5328 (2006)
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H. Hong et al., Chem. Sci., 8, 2401 (2017)
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