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Extracted from Papaverum Somniferum

Known since 3000 AC (Sumerians)

XVIe, Paracelsius used it as a medicine in alcoholic

solution:; Laudanum

Widely prescript in the XIX® century for a simple cold, a meningite”c)r even cardiovascular
deseases, to adults as to babies (they sleep better...)

40 000 tons of opium produced in 1906, 8000 in 2008




Named after Morpheus, the greek god of the dreams

Isolated by A. Seguin, B. Courtois, in the 1804

But first F. W. Sertlrner showed it was a “vegetal alkali”’: the first alkaloid.

=% Many famous morphine addicts: Baudelaire, Bismarck, Alphonse Daudet.

1874: A. Wright prepared diacetylmorphine: heroin, quickly a success.

Extraction from poppy is still by far cheaper than synthetic morphine

France and Australia are the main producer of legal morphine
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Morphine and its derivative are important analgesic and anaesthetic.

u-opioid receptor agonist in the CNS.

Cough medecine, induces constipation, nausea, dependence and tolerance.
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“It is strongly held that the only promising route to an ultimate synthesis of morphine
and its congeners is by a path already laid down by Nature.” R. Robinson

R. Robinson, S. Sugasawa, J. Chem. Soc. 1931, 3163 — 3172.
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Modern-Bio
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Morphine Bi c"
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salutaridine 7(S)-salutaridinol
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R =H, oripavine

[-Me]

MeO

W Brandt et al., Phytochemlstry2009 70, 1696 —
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HO NH, HO NH, PLP dependent HO 2

dopamine
tyrosine L-DOPA
HO COLH 0 COLH HO [Ox]
@/\( 2 [Ox] D/\( 2 mcoz"' ~—_> , melanine polymer
HO NH, o NH, HO N
L-DOPA

P. M. Dewick in Medicinal Natural Products: A Biosynthetic Approach. 2" Ed. John Wiley & Sons, Inc., New. York, 2002
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epinephrine (adrenaline) adrenochrome

Hom 1) MnO, _ Acom

HO NHMe 2) AccODMAP 4 N

epinine 80%

J. F. Carpenter J. Org. Chem. 1993, 58, 1607 — 1609.
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In Aqueous I\/Iedia

OH
HO MeCHO . :
H with CH,0 aq., reaction complete
HO NHMe in less than a minute (pH 7)

OH Me

pH 0.4, t;» =1 day >99 :1 (dr 1:1, 95% isolated)
pH 9, t1,, = 6 min 66 : 34(dr151)

epinephrine

H. A. Bates, J. Org. Chem. 1981, 46, 4931 — 4935. H. A. Bates, J. Org. Chem. 1983, 48, 1932— 1934

HO HO
O NH  cH,0 O N
HO 222 5 HO Same trends in rates and ratio of products
HO H0 oH depending on the pH of the reaction
HO ‘ O OH

tetrahydropapaverine tetrahydroprotoberberine

K. D. McMurtrey, L. R. Meyerson, J. L. Cashaw, V. E. Davis, J. Org. Chem. 1984, 49, 948 — 950.

BnO
HZO 20 °C O NH pH 7, t;3 =13 min
< m m pH : BnO pH 3, ty;3 = 5 days
S
@]

84%
C. Schopf, W. Salzer, Justus Liebigs Ann. Chem. 1940, 544, 1 — 30.
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Pummerer’s

phine Bios

a Model for Morph

i Sl W

OH
KsFe(CN)g crystalline dimer
> up to 25%
Me

Pummerer proposed a p-O coupled intermediate

Radical pairing

unlikely for

Me O Me O
o- 0] Barton proposed structure
/©/ + — Pummerer 1923
Me Me O Me O Me
Me . H 0O
o Me

\

radical substitution

0 OH Me OH
©/ + Q/ . unprobable
Me Me Q Q rather Ox.
o Me

Barton’s revision
Phenolic coupling ortho-para

OH
- (0] (0] 0 ‘ 0] '
Revised structure
07 O OO — (5T
Me Me™* Me Me
Me Me
Radical coupling preferred but substitution not discarded.

D. H. R. Barton, A. M. Deflorin, O. E. Edwards, J. Chem. Soc. 1956, 530 — 534.
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e OMe

MeO \ / MeO —N
H
HO

0-0'
corytuberine o-p'
isoboldine

/II\ .
o |

(R)-reticuline O OMe

OMe

p-o'
salutaridine pallidine

Revision of the biogenesis of morphine and aporphines, and proposal of a key
phenolic coupling also for amaryllidaceae and erythrina alkaloids as well as

fungal metabolites (usnic acid).

H. R. Barton, T. Cohen, Festschrift Arthur Stoll 1957, 177 — 142. =
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Ox. Ph@

OH
MeO O MeO MeO O
O NR
HO NR [Ox.] _ isosalutaridine HO isoboldine
HO " 0.3 -4% + 0.4 - 53%
[Ox.] = K3Fe(CN)g NR
AgCO; celite
MeO VOCl, MeO MeO
MnO:; silica gel ) OH

R = Me, COR

T. Kametani, A. Kozuka, K. Fukumoto, J. Chem. Soc. C 1971, 1021 — 1023.

KsFe(CN)g
CHCIy/H,0 (1:1), 103 M

[3H]-salutaridine

0.03% (by scintillation)
NMe

MeO O MeO
HO NMe 1,0, socl,
—_—

H

HO O 100 °C, 96 h H
MeO

MeO
(%)-reticuline [3H]-(%)-reticuline

O O

D. H. R. Barton, D. S. Bhakuni, R. James, G. W. Kirby,, J. Chem. Soc. C 1967, 128 — 132,




MeO MeO O
HO ! NCOEt  TI(CF3CO,)5 - HO ethoxycarbonyl-norsalutaridine

_7go0 23%
! MeO

MeO
(0]

M. A. Schwartz, I. S. Mami, J. Am. Chem. Soc. 1975, 97, 1239 — 1240.

See also: C. Szantay, et al., J. Org. Chem. 1982, 47, 594 — 596. M. A. Schwartz, et al. J. Org. Chem. 1985,
50, 743 — 747. D. A. Burnett, D. J. Hart, J. Org. Chem. 1987, 52, 5662 — 5667. H. Hara, S. Komoriya, T.

Miyashita, O. Hoshino, Tetrahedron asym. 1995, 6, 1683 — 1692.

OMe

MeO
BnO O
O N
MeO - Pt anode, 1.1V .
MeO ‘ NMe
O BnO

MeO

44%
L. L .Miller, F. Stermitz, J. R. Falck, J. Am. Chem. Soc. 1973, 95, 2651 — 2656.

approaches see also: Ronlan et al., J. Org. Chem. 1979, 44, 196 — 203. —

For electrochemical u:
' 1a . Am. Chem. Soc. 1975, 97, 5622 — 5623."
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Meom_\\C02CH3 MeOD/\_‘\COZCH3 MGOD@A‘\COZCHs
NCO,Me
HO NHz 1) CDI HO N0 1) CICO,Me, Et;N HO 2

— .

99% ee 2) H,, PA/IC 2) POCI, then NaBH, O g
3) CICOQMe, EtsN
B
no:©AC°2H OMe MeO
0 OH 90%
MeO 79% 52% ee
MeO MeO MeO
MeO \CO,CHs
: TI(CF4COy)s O O O
3 CO,CH CO,CH
:@@NCOZMe CHyCl, -78 °C HO CO,CHz 1) NaBH, HO 20 3 2CH3
o : o j 2) co NCO,M
2 NCO,M NpO NCO,Me -Me
HO PhI(OAG), CF4COH ‘ 2\ Y NMe, ‘ 2 O
CHoCly (5. 104 M), 1t MeO NpO MeO MeO
MeO
O 259 OYNMG-? 76%
L ONp _|

=

PPN .M - il

M. A. Schwartz, P. T. K. P! 1am, J. Org. Chem. 1988, 53, 2318 — 2322. == .




Schwartz Codeine Synthesis

MeO 1) MeOH, NaOH agq. MeO O
O co,CH, 2 PIvClLNMM 1) HBr

then —_——
0 7nona © 2) LiAIH,

O NCO,Me  3) +BuSH, O NCO,Me
AIBN, hv
MeO MeO

o codeine
70% 62%

M. A: Schwartz, P. T. K. Pham, J. org. Chem. 1988, 53, 2318 — 2322.

Noyori’s synthesis of (R)-reticuline in high optical purity ([Ru] cat. Hydrogenation of
enamides): access to a rapid asymmetric version.

MeO OO PPh, MeO
O LIS
NMe ? NMe 92% yield
HO | -~ MO 95% ee
OH H, (4 bars) OH
g ciGH Gt I
OMe OMe

(R)-reticuline

R. Noyori, M. Otha, Y. Hsiao, M. Kitamura, T. Otha, H. Takaya, J. Am. Chem. Soc. 1986, 108, 7117 — 7119.
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Grewe

B MeO MeO
SN 1) n-BuLi, B0 \e0 OH 1) HBr, AcOH _ MeO
2) Zn powder
Z MeO CHO SN )Znp SN
O - -

MeO 54% 54%
MeO MeO MeO
HCl aq. if.Ionger time
MeO 1) Mel MeO 120°C, 10 h HO hlgngr tempe(rjature
. > > or HBr is use
| SN 2) uz (C?Heqlhuvc)),HPt N~ NMe mixed with methoxy isomers
+ _ e , Na ag. |
= Br

87%




Rice Synthe

MeO MeO MeO
\©/\NH2 \©/DN O 1)POCly \©©NH
neat 200 °C 2) NaBH4CN, Hy,0 B 1) Li, NH3/t-BuOH :
HO > HO - 2 PhOCHO | HO :
j@/\COgH D/ 2) PhOCHO, EtOAc j@/
MeO MeO MeO
95% 86% (0.35 mol) 85% (85 mmol)
0]
\Oi? o MeO Br
o | |
) (CH,OH), (3 equiv) m 14% NH,4F.HF
NCHO " “riiF "MeSO5H (1% viv) NCHO| yeo,H, H0 NCHO i dry TOH HO
hen NBA | HO > HO - 0°C, 9% h
:©/ then )C])\ . D\/ :@\/ NCHO
N
€0 " MeO Br MeO Br 0
- - 90% (3 steps) 60%
0 MeO Br
NCHO 14% NH4F.HF
: in dry TfOH HO
HO 4 0°C,96 h
L
MeO Br
minor product formed only traces

in the Grewe cyclisation

n. 1980, 45, 3137 — 3139.




Rice S

MeO Br
HO
NCHO
(0]
MeO Br
HO
NCHO
(o)

MeO
1) MeOH, HCI aq. HO
2) H,, Pd/C, CH,0 aq. 37% overall
AcONa/AcOH in H,0 NMe
o)

dihydrothebainone
quant.

Br MeO
H2, Pd/C, CH20 ag.
AcONa/AcOH in H,0O
> O 29% overall
NH NMe
(@)
Br

Me

1) MeOH, HCI aq.

2) Br, AcOH
3) CHCl3 ag. NaOH 1M

dihydrocodeinone
79% (4 steps)

1) MeOH, HCI aq.

>

2) Brp, AcOH 30% overall

3) CHClI3 ag. NaOH 1M

O
MeO
H, Pd/C,
AcONa/AcOH in H,O N o
NH NH
O

dihydronorcodeinone
80% (4 steps)

(0]

(@)
MeO
(o)
(@)




End Ga@

MeO

MeO MeO MeO O
1) (MeO)sCH, H,SO, O 1) NBA, MeOH o 1) t-BuOK, DMSO
(e} > (0} > > 0
NMe 2 PTSA, CHCly Mo NMe 2) 3N ag. AcOH NMe
‘ MeO
0 MeO MeO ©
Br

codeinone
> 80%

D. D. Weller, H. Rapoport, J. Med. Chem. 1976, 19, 1171 — 1175.

MeO MeO HO
O BBr3 (6 equiv) O
NaBH, MeOH CHCI
0 4, - O 3 - O
‘ NMe NMe ‘ NMe
o HO™ HO™
codeinone codeine morphine

84% 91%
M. Gates J. Am. Chem. Soc. 1953, 75, 4340 — 4341. K. C: Rice, J. Med. Chem. 1977, 20, 164 — 165.




MeN

e OH
o)
| |
Overman SyntheS|s 1
X
Li .
g SiMe,Ph
o 1) CBS, CatBH OCONHPh . o B . °
P . n-BuLi N Sn2' syn
2) PhANCO O then Cul(PhsP), O/\%/\o 1 o)
3) 0s0, NMO O7L PhMe,SiLi 7L
4) Me,CO, H* . . 81 %
67% >96% ee Cu(SiMe,Ph),.Lil
S | BTSA MeO SiMe,Ph |,
iMe, 1) PTSA, MeOH N .
PhMe,Si.,, Ar
é .
o 2 Nalo, Cj/y Znlp EOH tﬁ 7 .
o 3) DBS-NH,, NaBH3CN | AN CHO X
| P DBS
DBS = dibenzosuberyl 82% (3 steps) MeO I chair-like TS

OBn

MeO

I 1) BF5.0Et, EtSH
‘ ) NDBS 2) ArCOzH 3

60%

Pd(CF3CO,),(PPhg)s R BnO
PMP, toluene, 120 °C

X,

H

MeO

OBn
82% (d.r. >20:1, 91% ee)

C. Y. Hong, N. Kado, L. E. Overman, J. Am. Chem. Soc. 1993, 115, 11028 — 11029.

MeO
0]

H . NBS
HO

47%

Allylic substitution of lithiated carbamate: C. Gallina, P. G. Ciattini, J. Am. Chem. Soc. 1979, 101, 1035 — 1036.
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HO
M
)PhCOCI pyr FeCI3 |}\</|ceﬁ_|so4 eO
2) NaNO,, AcOH HoN
g 3) Hy/PdC 2. workup MeO |
OH OBz OBz - OH
MeO MeO
asbefore MO O 1) IIEEttOﬁIC\/CN
3
> M MeO
~  MeO ‘ O thenKoFe(CN), Etoeg R
2
O

30% overall

83% (2 steps)

MeO
_ ®
A MeO O  crCu
80°C,48h H, (27 bar)
NC ‘ OH  130°C

M. Gates, J. Am. Chem. Soc. 1950, 72, 228 — 234.
M. Gates, G. Tschudi, J. Am. Chem. Soc. 1952, 74, 1109 — 1110. 24



Gates Synth

MeO MeO MeO
O 1) NHoNH, O benzoyl tartric acid O
O ° resolution
MeO o _KOH,150°C  pe0 >~ MeO
2) NaH, Mel
‘ NH 3) LiAIH4 ‘ ‘

80% +) and (-) (around 80%)

MeO
O H,SO0, 1) PhsNMe. OEt
MeO _— 2) -BuOK
benzophenone
‘ NMe

O,
28% 48%

MeO
—_—
HO E——
same strategy as seen before but less efficient
NMe

o morphlne

Definitely proved the structure proposed by Robinson
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MeN e

The Phenanthrene Route A

Ginsburg unexpected cyclisation

MeO
CsH4{ONO
NaOEt MeO 0
then aq. AcOH ') H,.
N
H
&I)

76%

D. Ginsburg, R. Pappo, J. Chem. Soc. 1953, 1524.

White’s C-H insertion

MeO
1) H, Pd/C (o) (CH,0H),
: > MeO e
2) ACOCHQCOC| H, ) TsOH CGH6
CHClj, pyr. O NH ’

H

760/0 OAC

MeO
0
o}
NH
H
MOMO"

62% (regio 92:8)

J. D. White, P. Hrnciar, J. Org. Chem. 1999, 64, 7871 — 7884.

OH
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Mulzer Approach

MeO Cl
MeO S hcoMme 1) MVK, EtgN
NaOMe Me—OH)
7~ MeO
MeO e ‘ 2) KOH
o OHCO dioxane/H,O
MeO Cl
O 1) (CH,OH),
o TMSCI, CH,CI
MeO DMF, 140 °C _ SC C 5Cly
Br 2) BH3 Mezs
then HO,Na

MeO
NBS, (PhCOO), O

CCl, refl
5 G 4, reflux _ o
H
0 o)
&o NMeSO,Ph </ o

65%

M

o
MeOH/THF

NMeSO,Ph

MGO}

73% ( 2 steps)

%

64%

NH;

MeN OH

OH

MeO Cl
02H3)2CUMQC|
F,-78°C _ MeO
then TMSCI © G
2) NBS Br
0]
84% cis/trans 3:1
MeO
) Ni Raney
MeOH KOH
PhSOzNHMe H
ADDP, PBuj o)
</ NMeSO,Ph
80%
MeO
W —

NMe

(\Oo

_ O
79%

J. Mulzer, G. Durner, D. Trauner, Angew. Chem. Int. Ed. 1996, 35, 2830 — 2832.



Parker’s formal synthesis

OMe
PhS™ X
(0]
Br
TsMeN %4\\OH

MeO
0 NMeTs
H SPh

MeO MeO
BugSnH, AIBN : : R - o] i
- NMeT:
CoHg, 130 °C, 35 h © | NMeTs H ) KSph o
H SPh
HO L HO -
MeO MeO
. . Swern
—-PhS . Li, NHy g ————> dihydrocodeinone
—> 0 | THF, £BuOH
NMeTs  Zg'oc NMe
H H H
HO

35°/° 850/0

om. Soc. 1992, 114, 9688 — 9689,
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OMe OMe OMe

Y\/ Br OMe OMe
OMe , BuLj OMe OMe  Nal HCIO, OMe

Br OMe
MeOH

: | ~NMe ~NMe  cio,
Me gy

/
v

=2
9
<
9

60%

OMe @OMe MeO
CH,N, C:OMe DMSO OMe  BF4.OEt, OH

= MeO

| NMe . NMe H NMe
H H :

H H CHO




Fuchs
2 ol 2

H Br n-BuLi (2 equiv) =

HO,, = ,
(IV THF,—78°c |0~
SOQ t-Bu

Q\/\Br Q\/\Br
O . o

L
TBDMSO, <H ' — TBDMSO, 1 _
G
SO,t-Bu s

02t'BU

, J. Org. Chem. 1988, 53, 4694 — 4708.

—OTBDMS

SOzt'BU




Heck Cyclisations

CHO MeO MeO
MeO O
J e Pd(OAc), dppp CHO Z Pd(OAc), dppp
: AgoCO; toluene, reflux Ag,CO; toluene, reflux
oa
91%
MeO MeO
- LDA
O tungsten lamp 0 overall 7%
H H NHMe 57% H
HO™ HO"
(-)-codeine
B. M. Trost, W. Tang, J. Am. Chem. Soc. 2005, 127, 14785 — 14803.
MeO
e OMe VoG MeO MeO
Pd,(dba)s e
o OMe  P(o-tolyl)s OMe HCI, MeOH
| > — 0]
EtsN, MeCN, reflux o) NHCO,Me reflux
NHCO,Me then TBAF H H H
(0]
OTBS © 94%

87%
K. Ushida, S. Yokoshima, T. Kan, T. Fukuyama, Org. Lett. 2006, 8, 5311 — 5313.

o

NCOQMG

OH
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MeN e

Miscellanous A
Storck'’s [4+2]

OTES
CH%O ve 1 CpQZrCI AgOTf % MeO
2 CO,Me ,
A decalin, Et5N . o CO,Me
) TESC| Imid. 230 °C
o ‘ OTES
H H
OMe

OMe

92 %
G. Stork, A. Yamashita, J. Adams, G. R. Schulte, R. Chesworth, Y. Miyazaki, J. J. Farmer J "Am. Chem. Soc. 2009,
131, 11402 — 11406.

Taber

endo product

OH

MeO MeO
K,CO5; TBAB
KHMDS, Et,O b T O
MeO 0] - SO Phtoluene, reflux MeO
Ph e’ NSO,Ph
e a ! ‘ e
Y )
Ph
Br O 92%
_MeO h
HO
via OHC H NSO,Ph
D. F. Taber, T. D. Neubert, A. L. Rheingold, J. Am. Chem. Soc. 2002, 124, 12416 — 12417. }o
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And maéﬂyfo

Principle Date Product (no. of steps) Yield
author (%)
Gates 1952 (-)-Morphine (23) 0.01°
Ginsberg 1954  rac-Dihydrothebainone (21) 8.86%7
Grewe 1967  rac-Dihydrothebainone (9) 0.81%
Rice 1980  (-)-Dihydrocodeinone (10) 29.00°
Evans 1982  rac-O-Me-thebainone-A (12) 16.67'°
Rapoport 1983  rac-Codeine (26) 1.15"
Fuchs 1988  rac-Codeine (22) 1.53"2
Tius 1992  rac-Thebainone-A (28) 0.97"3
Parker 1992 rac-Dihydrocodeinone (12) 9.4214
Overman 1993 (-)-Dihydrocodeinone (14) 4.435
Mulzer 1996  (-)-Dihydrocodeinone (15) 11.50'
Parsons 1996  Morphine 0.88%17
White 1997 (+)-Morphine (28) 3.00'8
Hudlicky 1998  10-Hydroxy-ent-epi-dihydro- ~ 2.70"
codeinone (14)

Cheng 2000  rac-Desoxycodeine-D (15) 13.26%°
Ogasawara 2000  rac-3,4-Dimethoxy-6-mor- 0.257!
phinanone (29)

Ogasawara 2001  (-)-Dihydrocodeinone ethyl- 0.37%
ene ketal (24)

Taber 2002  (-)-Morphine (27) 0.51%
Trost 2002  (-)-Codeine (15) 6.78%

MeN —

OH

Guillou synthesis of rac-codeine

M. Varin, E. Barré, B. Lorga, C. Guillou, Chem.
Eur. J., 2008, 14, 6606-6608

Metz synthesis of rac-codeine

T. Erhard, G. Ehrlich, P. Metz, angew. Chem. Int.
Ed. 2011, 50, 3892 — 3894.

Reviews on Morphine syntheses
J. Zezula, T. Hudlicky, synlett 2005, 388 — 405.

P. R. Blakemore, J. D. White, Chem. Commun.
2002, 1159 — 1168.

OH
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Conclusions

“It is strongly held that the only promising route to an ultimate synthesis of morphine
and its congeners is by a path already laid down by Nature.” R. Robinson

TSI

e wy,

The most efficient synthesis does not always require the most sophisticated tools.

Still a long way untill the ultimate synthesis...




