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(1) J Med Chem, 1977, 20(1), 164

Introduction

The opium alkaloids are among the oldest known natural products,
with recorded use by ancient Sumerians

Isolation of morphine (Serturner, 1805) predates Wohler’'s urea
synthesis

Morphine is exclusively isolated from the poppy plant for medicinal
purposes

Morphine and other members of the opioid class of alkaloids cause
their affects via the opioid receptors

Morphine and codeine differ only by a methyl group and are easily
interconverted(1) :

2 codeine Gt?
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Introduction

« Total Syntheses examined

— QGates (1952) 15t total synthesis of morphine, includes resolution
« M. Gates, G. Tschudi. JACS, 1956, 78, 1380

— Rice (1982) shortest formal synthesis when published
- Rice, . JOC, 1980, 45, 3135

— Overman (1993) enantioselective
« L. Overman, C. Hong, N. Kado. JACS, 1993, 715, 11028

e Other Sources

— Hudlicky, Tomas; Josephine Reed. The Way of Synthesis.
WILEY-VCH: Weinheim, 2007.
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Diels Alder
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Gates Synthesis

HO
1.S0;
O 1. PhCOCl, py O 2. Mezmp K,CO,
2. NaNO,, AcOH O 3.KOH
—> — MO
3. Hy, Pd/'C 4 NaNO AcOH
OH4. FeQ,

OCOPhg 6. FeCl

1.NH,NH,, KOH
2. MeI

NCCH,CO,Et
2K 3Fe(CN)6
3K
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Gates Synthesis
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Gates Synthesis

MeO MeO. Me
X
1. dibenzoyl ——RBr
tartaric acid 1. Br;, AcOH 1.aq HQ, acetone
2.H,50, H,0 2. ArKHNH, A 2By, Pt
———>» HO — HO —> HO
3. PhN*Me; EtO
Me 4. tBuOK, Ph, CO o, NMe NMe
10 11
0] ArNH

L. H, Pd/

2.LiAlH,, THF

3.Py,HCl aq HQ, acetone
- N

2/

2
2,
2

ArNHN

1 morphine
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Rice Synthesis
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MeQO <\ MeO
eyerman-Grewe Cyclization 5 | Bischler-N apieralski
h £ A\ NCHO NH2
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Halogen displacemen e
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MeO MeO
dihyd rocodeinone
OH
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MeO

MeQO Me
1.200 G, 2h LN
2.POCl;, MeCN - 14, 3
NH, 3° NaCNBH;, MeOH NH 2.PhOCHO, heat
16
CO,H
18
MeO Me
oHl7 OH

NMe

15 dihydrocodeinone

1. MeOHhHCl

then NHy/H,0/iPrOH
2.H,, Pd/C, HOAc, HCHO
-

3.Br;, HOAc
4.NaOH, CHA
5.H,, HOAc-HCHO
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Overman Synthesis

Me

m DBS
s N |

N H ——| minium formation

o©
\

SiMe2oPh

NHDBS

AN

NMe 7
allylsilane-iminium cyclization

Epoxide opening—" %

OMe
dihydrocodeinone
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MeO

Overman Synthesis

QCONHPh

nBuLi THF, -30 C
1. catechol borane

1.MeOH, TsOH  $MePh
NalO,
CGul(Ph,P),,0 C
(R)-oxazaborolidi hMezhgiLf 0C O 2. gaBg;\g{Ii
2.PhNCO
3.050,,RNO
22 4. acetone, H*

>96% ee

Me
CHO

1. MOM protection 1. nBuLi, I,

2. acetal formation OMe g' g];l-g(zcog,
— ——
. MeO 27 MeO |2
OH MOM Bn
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Overman SyntheS|s

SiMe,Ph

NHDBS NDBS PA(TFA ) PPh,)
Znl,, EtOH | PMP, tofuzem,liszﬁc

25
—_— H
CHO 30

OBn

20:1 cistrans
OMe

91% ee
1. BF;-OEt, EtSH

Me 129
2. 3,5 PhC
oA (NO,),PhCOsH,

Bn
Me

1. TPAP,NMO
2. H,, Pd(OH),, HCHO

—
NMe

:/
%
Z
2
3

NDBS

15 dihydrocodeinone HO
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Overman Synthesis

iMe2>Ph

- NHDBS PhMe Sy, A
- ) - [ 1
eHo W™ H W™ H

EJBS Bes

MeO 129
OBn E/Z > 20:1
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| Formal syntheses of morphlne

» Rice formal synthesis extension(1,2)

Me MeO.

several steps
HO —_— 0
—_— ’/,"
NMe
H
I-D\\““
dihydrothebainone 2 codeine 1 mor phine

* Overman formal syntheS|s extension(3)

15 dihydrocodeinone 1 morphine
(1) J Med Chem, 1977, 20(1), 164

(2) J Med Chem, 1976, 19(10), 1171

(3) Proc Jpn Acad, 1960, 36, 145 0,
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Final Comments

« (ates synthesis
» First reported
« Cu-Cr method creatively forges bridged heterocycle
« 31 steps
» Requires resolution to obtain enantiopure material
* Rice Synthesis
« Beyerman-Grewe cyclization to form last ring
« 14 steps to dihydrocodeinone
* Requires resolution at end to obtain enantiopure material
« QOverman Synthesis
« Allylsilane-Iminium cyclization and Heck reaction to close core
« 14 steps to dihydrocodeinone following longest linear sequence
» No resolution necessary to achieve enantiopure material
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