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Reagents and Conditions: a) TiCl,, FProNEt, CH,Cl,, —78 °C, then TBSOCH,CHO, -78 °C to rt, 83%; b)
TBSCI, imidazole, DMF, 60 °C, 63%; c¢) DIBAL, CH,Cl,, —78 °C, 86%.
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Reagents and Conditions: a) cat. Pd(OAc),, cat. DPPF, Et;B, Et;N, LiCl, THF, 50 °C, 90%; b) NaH, TsClI,
THF, 1t; ¢) TBAF, THF, it, 95% (2 steps); d) ClbCCONCO, CH.Cl,, 1t, then EtsN, MeOH, rt, quant.; e) TFAA,
EtsN, CH:Cl,, =78 to 0 °C, then Cl;CCH,OH, t; f) Zn, AcOH, rt, 98% (2 steps). g) NaBH3CN, AcOH, EtOH,
reflux; h) Boc,O, CH.Cl,- ag. NaHCO3, tt, 65% (2 steps); i) Hoveyda-Grubbs' 2nd gen. cat., CPME, reflux.
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Reagents and Conditions: a) TiCls, i-ProNEt, NMP, CH,Cl,, =78 °C; 15, =78 °C to rt, 83%; b) NHNHH,0,
\ THF, 0 °C, 90%,; ¢) HCl in AcOEt, +tBuONO, -PrOH, 60 °C, 95%; d) TiCl,, Et;SiH, CH,Cl,, 0 °C, 90%.
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Reagents and Conditions: a) NaBH;CN, AcOH, EtOH, reflux; b) Boc,O, CH.Cly-aq. NaHCO,, 1t, 60% (2
steps); ¢) Hoveyda-Grubbs' 2nd gen. cat., toluene, 80 °C, 70%. d) Pd(PPh;),, Ag.CO;, toluene, 100 °C,
85%; e) Mg, MeOH, rt; f) Boc,O, DMAP, MeCN, tt, quant. (2 steps); g) TBAF, THF, rt, 70%; h) PhI(OAc);,
CH.Cly, it, 82%; i) NaClO,, NaH,PQ,, 2-methyl-2-butene, THF-#BuOH-H,0, t; j) TMSCHN,, Et,O-MeOH, tt,
65% (2 steps); k) DBU, MeOH, (0.002M), rt; Iy TFA, CH,Cl,, rt; m) pyridine, CH;CN, 50 °C; n) formalin,
AcOH, NaBHsCN, MeOH, tt, 75% (4 steps, dr=1.2:1); 0} NaOH, H,O-EtOH; HCI aq., 35%.

[#%&3#k] 1) For a review, see: Schardl, C. L.; Panaccione, D. G.; Tudzynski, P. In the
Alkaloids, Vol. 63; Cordell, G. A., Ed.; Academic Press: New York, 2006; p45. 2) Liu, Q. and
Jia, Y. Org. Lett., 2011, 13, 4810 and references therein.; 3) (a) Inoue, T.; Yokoshima, S.;
Fukuyama, T. Heterocycles, 2009, 79, 373. (b) Kurokawa, T.; Isomura, M.; Tokuyama, H.;
Fukuyama, T. Synlett, 2009, 775. 4) Sakaguchi, H.; Tokuyama, H.; Fukuyama, T. Org. Lett.,
2007, 9, 1635. 5) Kimura, M.; Futamata, M.; Mukai, R.; Tamaru, Y. J. Am. Chem. Soc., 2005,
127,4592. 6) Ichikawa, Y. Synlett, 1991, 238.
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