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Gelsemine type

Six subclasses of the Gelsemium  alkaloids

No total synthesis reported to date

genus Gelsemium

Gelsemium elegans
nickname "heartbreak grass" Gelsemium rankinii Gelsemium sempervirens

yellow jasmine

Native to China and Southeast Asia Native to North America

♦highly toxic species
♦used as traditional Asian medicine over 1000 years
♦exihibits analgesic, anti-inflammatory, potent 
antitumor activities...

For total synthesis of Sarpagine alkaloids
see: Ajmaline and Sarpagine alkaloids
(Baran GM, Newhouse, 2006)

For total synthesis of koumine
see: Philip D. Magnus 
(Baran GM, Yan, 2012)

N

N

semperivirine

Yohimbane type

For reviews on syntheses of Gelsemium  alkaloids
see: Danishefsky et al. Angew. Chem. Int. Ed.  2003, 42, 36.
Carter et al. Angew. Chem. Int. Ed.  2019, 58, 681.

Semi-synthesis, formal synthesis and synthetic efforts
are not covered in this GM.
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Johnson
racemic
29 steps

1994
Speckamp

racemic
19 steps

1996
Fukuyama

racemic
32 steps

1997
Hart

racemic
23 steps

1999
Overman
racemic
26 steps

2000
Fukuyama
asymmetric

31 steps

2002
Danishefsky

racemic
36 steps

2012
Qin

asymmetric
25 steps

2015
Zhai & Qiu
asymmetric

12 steps

gelsemine

Chronology of the total syntheses of gelsemine
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♦First isolated in the extracts of G. Sempervirens in 1870 by Wormley
♦The correct molecular formula, C20H22N2O2, was established in 1910 by Moore
♦Structure determined independently by the groups of Conroy and Wilson in 1959
via NMR and X-ray crystallography

ON
Me

H
NO

[3.2.1] bicyclic ring system
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spirooxindole motif
with a quaternary center

Structural features and synthetic challenges
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intramolecular
Mannich cyclization

oxindole 
synthesis

Johnson J. Chem. Soc., Chem. Commun.  1994, 763.
Johnson J. Chem. Soc., Chem. Commun.  1994, 765.

29 steps
0.58% overall yield

Speckamp J. Chem. Soc., Chem. Commun.  1994, 767.

intramolecular
Mannich cyclization

intramolecular
Heck cyclization

19 steps
0.83% overall yield
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Fukuyama 1996
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Fukuyama J. Am. Chem. Soc. 1996, 118,  7426
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EtO68%

AgOTf
52%

32 steps
0.67% overall yieldOxymercuration
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oxindole  4:1 E:Z, photochemical isomerization 1:1 E:Z
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Hart J. Am. Chem. Soc. 1994,  116,  6943.

gelsemine
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Overman 1999
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Fukuyama 2000
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aza-Cope
rearrangement

Overman Angew. Chem. Int. Ed. 1999,  38, 2934.

26 steps
1.2% overall yield

retro-aldol/aldol

MeAl(OAr)2

mechanism?

31 steps
0.86% overall yield

enantioselective
Fukuyama Angew. Chem. Int. Ed. 2000, 39, 4073.
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Danishefsky 2002
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Qin 2012
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Eschenmoser-Claisen
rearrangement

36 steps
0.019% overall yieldDanishefsky J. Am. Chem. Soc. 2002, 124 , 9812.

25 steps
1% overall yield

asymmetric
Qin Angew. Chem. Int. Ed. 2012, 51, 4909.

Z : E  = 1.5:1

20 6



Yang Gao
Baran Group Meeting

7/11/2020

Zhai 2015
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2016
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(-)-gelsedine
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24-25 steps

2016
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18 steps
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11-13 steps

Gelsedine-type Alkaloids

2019
Takayama

(-)-14-hydroxygelsedilam
13-19 steps

Total Syntheses of Gelsemium Alkaloids

Zhai Nat. Commun.  2015, 6,  7204.

12 steps
5% overall yield

asymmetric
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Hiemstra  Angew. Chem. Int. Ed.  1999, 38, 2214.

Fukuyama, J. Am. Chem. Soc. 2011, 133 , 17634
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0.09% overall yield

26 steps
2.3% overall yield
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26 steps
0.33% overall yield

Carreira J. Am. Chem. Soc. 2013, 135 , 8500.
Carreira J. Am. Chem. Soc. 2015, 137 , 6084.

13 steps
4.2% overall yield

Ferreira J. Am. Chem. Soc. 2016, 138 , 108.

ring contraction

Fleming-Tamao
oxidation

reductive
Heck cyclization

A

2 mol% A

mechanism?
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Fukuyama 2016
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conjugate addition
/aldol rxn

Zhao Chem. Eur. J. 2016, 22, 18339.

18 steps
1.8% overall yield

Fukuyama  Org. Lett. 2016, 18 , 4622.
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Ma 2018
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Takayama 2019
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O PMB
1. Hg(TFA)2, 78%
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N OMe

ONH H
O
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(-)-14-Hydroxygelsedilam

1-6 steps
six biogenetically related

Gelsemium  alkaloids
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asymmetric 
Michael addition

aldol rxn

pinacol rearrangement

Ma J. Am. Chem. Soc. 2018, 140 , 11608.

[3.3.1] [3.2.2]

aza-Michael
addition

intramolecular
Heck cyclization

oxymercuration

Takayama Org. Lett. 2019, 21, 7134.

13 steps
8.5% overall yield


