Ginsberg’s synthesis of (+/-) Morphine (1953)

Sequence 1
MeO ‘ MeO
MeO - i MeO

O .
9 H

* Preparation of starting material

Directed-lithiation followed by carbon-carbon bond formation.

Chem4/5: Organometallics in synthesis

Covered in Clayden Ch. 9 0
ol
'V'eZ:@ nBuLi  Me
Me Me

Veratrole Li

commerically available

* Steps i-iii

i. Allylic oxidation using NOCI
Nitroso group discussed in Clayden Ch. 21, pp538-540
This reaction discussed in March (5th ed.) pp1045-1046

RONO, HCI

MeQO MeO.

MeO NOCI MeO

1

Cl N=O

Nitrosochloride
iii. Oxime hydrolysis

Chem1B: Chem of carbonyl group
Discussed in Clayden p351 and p539

MeQO ! MeO
MeO
N—=OH
(Y

ag. H,S0O,

A o

MeO I

Me Me OH

Elimination (dehydration)
Chem 2: Stereochem and reaction mech.
Covered in Clayden Ch. 19

Me Oxalic acid MeO
Toluene O

ii. Elimination
Chem?2: Stereochem and reaction mech.
Nitroso group discussed in Clayden Ch. 9

MeO. MeO.
. MeO o Pyridine MeO O
N=OH
~ A

N=OH
r

Oxime chloride



* Steps iv-vi

iv. Michael addition . vi. Decarboxylation

Chem2: Carbonyl chemistry v- Hydogenolysis Chem?2: Cabonyl chemistry
Clayden Ch. 29 Clayden p678
COBn MeQ. Me
CO,Bn Me CO,Bn H,/ Pd Me COH A ‘COZH
o .\\ \
KrOBu " "COBn cod
Sequence 2
MeO MeO MeO
v 0 o [e)
MeO coH ViVl MeO X - xi MeO
O . | OH//, O H/,’
Sy, [ g’ o7NH
O OAc
O
3 4 5
* Steps vii-xi
vii. Cyclisation: Friedel-Crafts acylation viii. Ketal protection
Chem2: Aromatic Chemistry Chem1B: Chemistry of the carbonyl group
Clayden Ch. 22 Clayden pp342-348
MeO MeO [\ MeO
o HO OH
MeO (|302H HF MeO TsOH, benzene 1.y 0
O oY O o\ [O W\
. A R
o

x. Oxime reduction with in situ ketal hydrolysis

ix. Amination of enolate, cfstep i
March (5th Ed.) p1554 for redn. step

MeO MeO
o o H/Pd
MeO RONO. NaOEt ey
0 .
[ [ “SN=OH g, Hol SR, O
o o



xi. Amine acylation
Chem1B: Functional group course
Clayden p284

MeO o MeO
AcO
0 \)kCI 0
MeO MeO
\ S) -
© (I?IH3 cl pyridine O N)K/OAC
H
Sequence 3
MeQO MeO MeO
0 I
MeO _xi _ HO 00 Xiii-Xv HO o
H,
© NH © NH
H
6 HON
5
7
® Steps xii-xiv
xii. Ketal protection (as in step viii), with intramolecular S,2 cylisation and demethylation (!!)
Chem1B: Chem of carbonyl compounds / Chem2: Stereochem and reaction mech.
Clayden p890 for Sy2 next to a carbonyl group
MeO MeO MeO MeO
0 oo o
MeO L HO  OH | \eo o MeO o HO o
o) - OAc o ] 0. N o) N
H TsOH " NH NH " YNH
A
5 6
xiii. Amination (as in step ix) xiv. Ketal hydrolysis (as in step x)
MeO.
0/7 MeO /7
HO O,  RONO, NaOEt 04 aq. HCI, A
o (q HO O
" YNH o ,\\\NH
HO\N/

xv. Wolff-Kishner reduction
Clayden p627

Me
KOH, ethylene glycol
H,NNH,




Sequence 4

MeO
HO o XVi, XVii
H NH
HON

MeO

HO

HO

MeO
XViii, XiX HO
NMe
H NH H
(@)

(+/-)-Dihydrothebainone

Steps xvi-xix

xvi. Oxime hydrolysis, as per step iii

MeO

xviii. Secondary alcohol oxidation
Clayden Ch24

MeO

KtOBu
HO

HO

MeO.

Benzophenone HO

xvii. Ketone and amide reduction
Clayden Ch24

xix. Reductive amination
Clayden pp354-355

MeO

Formic acid / formaldehyde

_ =

Dehydrothebainone



Overman’s asymmetric synthesis of Morphine (1993)

Sequence 1

9] QH OCONHPh
ij/v/ i NN i-iv '
—_— —_—m—mm
0]
O7<
1 2 (S)-cyclohexenol 3
* Preparation of starting material
One-pot Birch Reduction/alkylation/decarboxylation .
Birch red. covered in Clayden pp628-629
HO,C Na | C0C B A, H ~
IS
MeO MeO then H,O
MeO 0]
commerically available
*Step i
Asymmetric Reduction.
Chem3: Asymmetric synthesis
Clayden p1233
O OH
CBS reagent :
| - | 93% yield
>96% ee
* Steps ii-iv
Carbamate formation Dihydroxylation ) Ketal formation
March (5th Ed.) pp1182-1183 Chem3: Asymmetric synthesis cf Ginsberg's synthesis
Clayden pp937-8
o] o] o
OH Phe g Ph. A 0

N
H

cat. OsO,, R;NO, H ? )k

Ph\HkO
OH = 1)
O/\[OH TsOH (j/\[O><

68% for three steps

= Ph—N=C=0

sh

N




» Sequence 2

X
Ph\H 0 SiMe,Ph SiMe,Ph
@/\I/\ v 5 vi-viii
O >
O HN.
o7< 7& DBS
3 4 5
Step v
S\2' displacement with silyl nucleophile
Chem2: Stereochem and reaction mech. for Sy2'
Clayden pp604-606
(0]
Ph\Nko SiMe,Ph
H - n-BuLi, Cul(Ph4P),
e} O
O/\ogl PhMe,SiLi 07§
3 4 81%
* Steps vi-viii
Ketal Hydrolysis Diol Cleavage
cf Ginsberg's synthesis Chem1: Functional group course
March 5th Ed. pp1519-1521
jive:Ph - SiMe,Ph
TSOH, MeOH 7iMe.Ph Nalo,
0 CHO
o
7§ on
4
Reductive amination
cf Ginsberg's synthesis (step xix)
Clayden pp354-355
SiMe,Ph . SiMe;Ph
2 DBS-NH,, NaCNBH, NHDBS
CHO

82% over three steps



Sequence 3

MeO
SiMe,Ph _
iX L BnO
p— I
HN\DBS H l}l
7 DBS
® Step ix

Preparation of aldehyde for step ix
Steps: 1. Acetal formation, 2. protection of alcohol as a MOM acetal, 3. lodination using directed lithiation, 4. acetal and ketal hydrolysis, 5. benzylation,
6. epoxide formation using sulfur ylide, 7. Lewis-acid catalysed rearrangement.

cHO OMe o OHC
H 3. n-BuLi, |
1. MeOH/H* 2
eOH/ OMe 4. 6N HGI (80% for two steps) H 6.CH,SMe (91%) !
MeO 2. Meo 5. BnBr. K.CO. (97% MEQ 7. BF,.OEt, (92%) oB
OH O Cl OW - BnBr, K,CO4 (97%) OBn - BF3.OFt, o n
o OMe
Isovanillin ~
commercially available
Iminium ion formation — 7
Chem1: Functional group course OMe A
March 5th Ed. pp1519-1521 BnO r
CHO | L PhMeZSim,,,M/
SiMe,Ph | Znl, - )
NHDBS . SiMe,Ph N
L. N
OBn DBS DBS
OMe

82%, ds > 20:1



Sequence 4

MeO MeO D MeO
BnO BnO

Xi-Xii

N N
H
p ‘ DBS . H Des

DBS HO'

Step x
x. Intramolecular Heck reaction
Chem 4/5: Organometallics in synthesis

Clayden pp1321-1323

MeO

BnO

Steps xi-xii

xi. Debenzylation

MeO O

BnO

BF,.OEt,, EtSH

10% Pd(TFA),
PPh,

_

MeO O
BnO

Pentamethyl piperidine

xii. Epoxidation followed by in situ opening
Chema: Conf analysis

MeO. MeO.
O ArCO.H
HO CSA

HO

!
H DBS






