A Mechanistic Presentation of the Total
Synthesis of Galanthamine by Yu Feng
and Zhi-Xiang Yu

Cameron McConnell
The Liu Lab

OOOOOOOOOOOOO



Abstract

Formal Synthesis of (+/-)-Galanthamine and (+/-)-Lycoramine Using
Rh(l)-Catalzed [(3 + 2) + 1] Cycloaddition of 1-Ene-Vinylcyclopropane
and CO
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ABSTRACT: An efficient strategy using Rh(l)-catalyzed [(3 + 2) + 1] cycloaddition of 1-ene-
vinylcyclopropane and CO as a key step to build the cis-hydrobenzofuran skeleton has been developed

and applied for the formal synthesis of (+/-)-galanthamine and (+/-)-lycoramine.
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Introduction

INTRODUCTION: Galanthamine is an alkaloid part of a broader family of galanthamine and morphine-
like alkaloids. These alkaloids are isolated from bulbous flowering plants; galanthamine in particular is
isolated from the bulb of the Amaryllidaceae family. Galanthamine has demonstrated activity as a
reversible and competitive acetylcholine esterase inhibitor. Researchers have used galanthamine in the

early treatment of Alzheimer’s disease.
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SYNTHETIC CONSIDERATIONS: The morphine and galanthamine-
like alkaloids all feature a tetracyclic structure with an azepane ring
(highlighted in Figure 1) and an all-carbon quaternary, stereogenic
center. Galanthamine has already been synthesized by several
groups using a number of strategies, nearly all of which approach the
problem by tethering the two six-membered rings through the amine
and then fusing them through the central furan ring at a late state of
the synthesis. The authors of this total synthesis took a different
approach whereby they construct the azepane skeleton in a single
Rh(l)-catalyzed [(3 + 2) + 1] cycloaddition step. The authors
synthesize galanthamine in 15 steps.
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Figure 1
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Scheme 1. Synthetic Strategy for (+/-)-Galanthamine and (+/-)-Lycoramine
Feng, Y.; Yu, Z.-X. J. Org. Chem. 2015, 80, 1952.



Forward Synthesis

OMe OMe
OMe 0 Q OH
OH PPhy DIAD napthane ®
> _ P _
OH THF, RT, 71% reflux, 3 h, 89% “
7 8 6 5
OMe OMe

MeO H

- OH O'Shea's reagent o~ 1 atm CO O_*
| Cu(OAc),, py 10 mol% [Rh(CO).Cl], mo
= > > :
\ :

DCM, RT, 24 h, 88% toluene, 80 °C, 4 d, 80%

AN
5 4 s
4 N )
MeO H MO oM B
O tyl glycol, TsOH T ¢ oY
| ) neopentyl glycol, Ts _ : o \/B.O,B\/
: benzene, reflux, 3 h, 95% 3
5 AN 9 A\ kO'Shea‘s reagent )

Scheme 2. Formal Synthesis of (+/-)-Galanthamine and (+/-)-Lycoramine
Feng, Y.; Yu, Z.-X. J. Org. Chem. 2015, 80, 1952.
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Scheme 2a. Synthesis of Compound 8

Wittig, G.; Schollkopf, U. Chemische Berichte 1954, 87, 1318.
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Mitsunobu Reaction
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Scheme 2b. Mitsunobu Reaction
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Claisen Rearrangement
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Scheme 2c. Claisen Rearrangement
Feng, Y.; Yu, Z.-X. J. Org. Chem. 2015, 80, 1952.



Vinylation with O'Shea’s Reagent
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Scheme 2d. Vinylation with O’Shea’s Reagent
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Key Step: [(3 + 2) + 1] Cycloaddition

liaand it OMe
igand association o~
MeO o |-| OMe cO [Rh(CO),Cl],
GO o 4L e
2+ N\ ¢
NS
CO oxidative
reductive addition
elimination
OMe
MeO
O Oﬁ
N N
AN Cl f
o. migratory L
insertion MeO H cyclization
O._: CO
j C /
Rp!!
: el
CcO N\ Scheme 2e. [(3 + 2) + 1] Cycloaddition
Jiao, L.; Lin, M.; Zhuo, L.-G.; Yu, Z.-X. Org. Lett. 2010, 12, 2528. 10

Feng, Y.; Yu, Z.-X. J. Org. Chem. 2015, 80, 1952.



Ketal Protection
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Scheme 2f. Ketal Protection
Feng, Y.; Yu, Z.-X. J. Org. Chem. 2015, 80, 1952.
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Forward Synthesis Continued
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Scheme 3. Formal Synthesis of (+/-)-Galanthamine and (+/-)-Lycoramine
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Hydroboration, Oxidation
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Pyridinium Dichromate Oxidation

MeO o H MeO o H
5 C O( >< PDC, 4 AMS j C O( ><
< O DCM, RT. 1 h, 82% $ 0
10 CH,OH 11 CHO
o o
o 9) 9 ©) o Cn) 9 C) o CI)J C”)
O-Cr-0-Cr-0 O-Cr-0-Cr-0 O-CrgQ-Cr—OH
1 1 @O O 6 PT O O 6
R R R
\ CrV| E— - Crlv
X @) @)
| I I @ O
_N©9 O-Cr-0-Cr-0 o © . O
H 1 ( r
2 o O CrO3H ,—// -< O/ \O@
PDC = pyridinium dichromate y R 0 ‘_/

Scheme 3b. PDC Oxidation (Cornforth Reagent)
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Amidation via Acyl Bromide
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Scheme 3c. Amidation via Acyl bromide
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Scheme 3d. Pictet-Spengler Reaction
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Scheme 4. Formal Synthesis of (+/-)-Galanthamine and (+/-)-Lycoramine
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Amide Reduction
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Final Step to Lycoramine
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Scheme 5. Formal Synthesis of (+/-)-Galanthamine and (+/-)-Lycoramine
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