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Scheme 1. Preparation of Lower Unit
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Reagents and conditions: (e? Pb(OAc),, toluene, reflux; (b) I,, DMAP, pyridine-CCly, rt, 70% (2 steps); (c)
lipase AK, THF-phosphate buffer (pH 7.41), rt; (d) TBSOTT, 2,6-lutidine, CH,Cl,, 0 °C, 45% (2 stekls), 99% ee;

(e)sNaBH4, CeCl;, MeOH, 0 °C, quant.; (f) benzyl vinylcarbamate, (9-BBN),; PdCl,(dppf), 3 M aq NaOH-THF,
rt, 84%.
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Scheme 2. Total Synthesis of (-)-Morphine
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14 - neopinone (15): 8,14-dehydro (=)-morphine (1)

codeinone (16): 7,8-dehydro

Reagents and conditions: (a) n-BusP, DEAD, THF, rt, 99%; (b) Pd,(dba)s, P(o-tolyl);, EtsN, MeCN, reflux,
97%; (c) LiAlH,, THF, reflux; ag NaOH; DNsCI, rt; (d() CSA, MeOH, rt, 68% (2 steps); (e; Dess-Martin
periodinane, CH,Cl,, 40 °C, 88%; (f) ag TFA-toluene, 50 °C; (8) MsCl, i-Pr,NEt, CH,Cl,, 0 °C, 71% (2 steps);
gh HSCH,CO,H, i-Pr,NEt, CH,Cl,, 0 °C; (i) HCI in dioxane, CH,Cl,, rt; (j) NaBH4, MeOH, rt, 70%

3 steps
k; BBr;, CH2C|2, rt, 63%.
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Scheme 3. Alternative Approach
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Reagents and conditions: (a) Mlg, 1,4-dibromobutane, THF, reflux, 79%; (b) MsClI, Et;N, toluene, 0 °C, 89%;
¢) MeNH,, MeOH, reflux; DNsCI, CH,Cl,-aq NaHCOs, rt, 68%; (d) Os, toluene, 0 °C; PhsP; ag TFA, 80 °C,
5%; (e) TMSOTT, Et;N, CH,Cl,, 0 °C; mCPBA, rt; 1 M HCI,; (f Aczo,é)yridine, 89% (2 steps ;39?3" ase AK,

THF-phosphate buffer (pH 7.41), rt; (h) TBSOTT, 2,6-lutidine, CH,Cl,, 0 °C, 42% (2 steps?; (i) NaBH,, CeCls,

THF, —40 °C, 97%, >99% ee; (j) 8, n-BusP, DEAD, THF, rt, 75%; ék) Pd,(dba)s, P(o-tolyl)s, MeCN, reflux;

evap; CSA, MeOH, rt, 91%; (I) Dess-Martin periodinane, CH,Cl,, 40 °C, 88%.
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