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Scheme 1. Retrosynthetic Analysis
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Scheme 2. Preparation of Lower Unit
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_ Reagents and conditions: (a) Pb(OAC),, toluene, reflux; Sb% I,, DMARP, 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 steps), 99% ee;
(e)8N42/BH4, CeCl;, MeOH, 0 °C, quant.; (f) benzyl vinylcarbamate, (9-BBN),; PdCI,(dppf), 3 M aqg NaOH-THF,
rt, 0.

[ FLBRVEH s DHEEE]

HBon FTia=y h13ZH VT, HlROA YR =Y k0 6 TRCTHELLZ By AR
2=y k6 &DHEfEEIT>7-(Scheme 3), M= NDOH v 7V ZITITIEIER I % 18I
HZET, BINRIZTH Yy 7V 7K 14 2457, WV TH W Heck MU ZEFAWT, A% 4
WMRFEEA GV R 7T U BAKEL, 16 L Lz, #BOBR{LRISICHE 2. Cbhz KoETE
JON24-v= b REBU ALK =/LE(DNs) OEAZITV, X5 TBS xfrETHZ &
THELND T Va— L ait LR 16 &Lz, Z2C, =/ 16 1ZkL., b=
N U TV m FERE KSR 2R S, A TALER S5 Z & TV R— Vs ST
L. BIFRINET B RBE2ELMEBMHAEME 5 277, 5D IZERfRIED S0 & Bk
FBHRINKNETH 12720 FUSBIE A B E LT-%. VU Ry MTTKEBED A 2 b E21T0,
AVT = NIT BT AT VA~—REWE L TE-, 22T, BABEEEEMt o TA o
% OB IS DORFT 24T o T2y, T~ —RITORIGEDEWIZ LY | INFERL V=
) EERDLZEIIRETH T, LnLnD, AV T — 17 ZHEMESRE T A VD 7 NEE
e CRLELL7=& 2 A, DNs ENBFREINTZZIC, ERT D 2|7 I 0NN THEREE LT
ERTD5Z LT, AVAAXFVEORBEZEE L, £RT D= Rk LT 1,6-FL4& 40
FOSWNET LT, BHOENEFUEREAGT A4 ) A8 LaT A ) (2 52K, 15
DNTIRAEWIL, USSR T T E'EM-EORMEIEITS T, a7 A4 /2 (2 ~ R EE 1%,
KFARTHET N T LEZHNTT b EZET L, BREREE D 3 TRIZBW TR
HRRIZTCaT A v aam Lz, JBICSUREBEI O H1E Y ITHEV, 7 = / — KR D B
R#ELIT> T, HEEED2-> 7 a~xt-1-42(8) LV, 16 TR, HWEIVER 5%, SEHIY
83T TENE X (D) DARFREM AN LT,



Scheme 3. Total Synthesis of (—)-Morphine

MeO
OMe
HO OMe

| 6
a c-e
NHCbz - >
HO.
TBSO 13
f.g
—_— —_—
—_—

neopinone (18): 8,14-dehydro (=)-morphine (1)
codeinone (2): 7,8-dehydro

Reagents and conditions: (a) n-BusP, DEAD, THF, rt, 99%; (b) Pd,(dba)s, P(o-tolyl)s, EtsN, MeCN, reflux,
97%; (c) LiAIH,, 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
h) HSCH,CO,H, i-Pr,NEt, CH,Cl,, 0 °C; (i) HCI in dioxane, CH,Cl,, rt; (j) NaBH,4, MeOH, rt, 70% (3 steps
k BBr;, CH2C|2, rt, 63%.
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Scheme 4. Alternative Approach
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Reagents and conditions: (a) Mg, 1,4-dibromobutane, THF, reflux, 79%; (b) MsClI, Eth toluene, 0 °C,

89%; (c) MeNH,, MeOH, reflux NsCI CHZCIZ -aq NaHCOs rt, 68%; (d) 0s, toluene 0°C Pth aq TFA 80

°C, 85%: (e) TMSOTH, EtsN, CH,Cl,, 0 °C; mCPBA, rt; 1 M HCI; (f Ac,0, pyrldlne 89% (2 steps) (g&h ase

AK, THF- -phosphate buffer (pH 7.41), rt; (h) TBSOTH, 2,6-lutidine, CH,Cl,, 0 °C, 42% (2 steps

CeCl, THF, —40 °C, 97%, >99% ee; Ig ) 6, n-BusP, DEAD, THF, rt, 75%; (k) sz(dba)g, P(o- tonI 3 MeCN
e

reflux; evap; CSA, MeOH, rt, 91%; (I) ss-Martin perlodlnane CH,Cl,, 40 °C
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