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Common Pyrrolidine Motifs in Natural Products

Topics covered

• The pyrrolidine ring feature widely in alkaloids, sugars, peptides, and 
pharmaceuticals

• Over the years, synthetic chemists have established several ways of 
accessing these motifs in complex systems

Relevant Baran GMs

Useful literature readings

Maxfedlt (1966)
Whitlock (1967)
Overman (1985)*
Cho (2008)
Ting (2017)*

Woodward (1954)
Overman (1993)*
Rawal (1994)
Fukuyama (2002)*

Examples and selected syntheses (*asymmetric)

Snyder (2019)*
Zhu (2020)*
Jiao (2021)*

Overman (2010)*
Martin (2013) *
Kwon (2016)*
Chen (2017)*

March (2008)
Kerr (2008)*
Wood (2012)

Stolz (2003)*
Zhu (2009)*
Fukuyama (2012)*

Overman (1994)*
Barua (2006)*
Britton (2010)*

Li (2013)*
Qiu (2019)*

Strychnine – strategic analysis

1) Pyrrolidine reactivity
2) Polyhydroxylated pyrrolidines
3) Aza-Cope/Mannich, [3+2] 

cycloadditions, Diels-Alder
4) Highlights in Modern Syntheses

Reviews

Books
Al Padwa (Krawczuk, 2009); Classics in
Semisynthesis (Kanda, 2017);
Dendrobine (O’Malley, 2004); Stemona
Alkaloids (Maimone, 2006); Total
Synthesis of the Daphniphyllum
Alkaloids (Palkowitz, 2020)

Name Reactions in Heterocyclic
Chemistry II. 2011. Jon Wiley and
Sons, Inc.;

Chem. Rev. 2005, 105, 2765; Chem. Rev.
2006, 106, 4484; Chem. Rev. 2017, 117,
4104. ACIE 2012, 51, 4288. RSC Adv.
2015, 5, 50890. Org. Chem. Front. 2017,
4, 1876. Chem. Rev. 2004, 104, 231
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Reactivity of the pyrrolidine ring

• Useful for accessing 
(poly)hydroxylated pyrrolidines 

• Makes use of highly reliable 
chemistry. However, syntheses 
tend to be lengthy due to iterative 
protection and deprotection steps 

JOC 1991, 56, 1128

(+)-Preussin – (Pak – 1991)

(+)-Castanospermine – (Madsen – 2009)

JOC 2009, 74, 8886

(-)-Swainsonine – (Pearson – 1996)

JOC 1996, 61, 7217

Glycosides as a chiral pool 

Chiral commercial building blocks

JOC 2008, 73, 1661 JOC 2005, 70, 10860Chem. Commun
1996, 1521

JOC 2010, 75, 6019

Radical reactions

JACS 2005, 127, 11610

Tetrahedron 1997, 53, 2915

Imine formation

Chiral lithiation

Chem. Commun. 2006, 2607

Directed Petasis reaction

Radical addition

Tetrahedron 2000, 41, 9935

JACS 1999, 121, 9546

2



M. Meanwell Pyrrolidine Containing Natural Products Baran GM
5/1/21

Hofmann-Löffler-Freytag (HFL) reaction (1881)

Suárez modification

Baldwin – 1979
• Limited use in natural product synthesis

Tetrahedron Lett. 1985, 26, 2493

Tetrahedron Lett. 1979, 20, 3275

Overman pyrrolidine synthesis (1979)

Mechanism 1 

Possible alternative mechanism 2 (not observed)

Powerful method
for constructing:

Rationalization of stereochemistry

• Reaction proceeds via chair-like transition state (allows for good transfer of 
chirality in annulated systems)

• Bulkiness of the amine R group influences the relative stereochemical outcome 

• The aza-Cope/Mannich mechanism supports the racemization (*) that is
observed in some substrates

• Reaction proceeds well when using electron deficient alkenes (once again 
supporting mechanism 1) 

A modern approach to hydroxylated pyrrolidines

Org. Lett. 2010, 12, 4034
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(-)-strychnine (Overman – 1993)

(+/-)-acetinophyllic acid (Overman – 2008)

JACS 2008, 130, 7568

Formal synthesis of (-) – FR901483 (Brummond – 2008)

JOC 2005, 70, 907
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JACS 1993, 115, 9293

JACS. 2020, 142, 14276

(-)-arborisidine (Zhu – 2020)
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Some additional representative syntheses 

[3+2] Cycloadditions with azomethine ylides

IntramolecularFMO diagram

Chem. Rev. 2005, 105, 2765; Chem. Rev. 2006, 106, 4484

(+/-)-martinellic acid (Snider – 2001)

Org. Lett. 2001, 3, 4217

JACS 1991, 113, 2598 JACS 1991, 113, 5085 JOC 1991, 56, 5005 Helv.Chim.Acta
1985, 68, 745
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General comments

spirotryprostatin A (Williams – 2003)

• Reaction works best with electron deficient alkene as dipolarphile; however, 
intramolecular cycloadditions can proceed regardless of this

• The intramolecular cycloaddition is dictated by the proximity of the 
reactants and conformational constraints of the molecule.

Org. Lett. 2003, 5, 3135
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(-)-quinocarcin (Garner – 1993) – chiral auxillaries

Formal synthesis of (+/-)-allosecurinine (Loh – 2011)

Lu reaction (1997)

Mechanism

Phosphine catalyzed [3+2] cycloadditions

(-)-daphenylline (Fukuyama – 2016)

ACIE 2016, 55, 6067

JACS 1993, 115, 10742

JACS 2016, 138, 3298

Org. Chem. Front. 2017, 4, 1876

Tetrahedron Lett. 1997, 38, 3461

Uses in asymmetric 
syntheses

Tetrahedron 2007, 63, 11920

Chem. Sci. 2012, 3, 2510
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Applications of Diels-Alder cycloaddition 

strychnine – (Vanderwal – 2011)

Chem. Sci. 2011, 2, 649

Useful method for constructing a variety of aza-bicyclic systems:
Aza-Diels-Alder for constructing indolizidine core

JOC 2012, 77, 7891
Pyrroles in Diels-Alder reactions for accessing bicyclic skeletons

JACS 2003, 125, 15284

Amidofuran cycloaddition-rearrangement methodology (Padwa -1997)

Org. Lett. 2000, 2, 3233
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Synthesis of (+)-peganumine (Zhu- 2016)

8JACS 2016, 138, 11148

Synthesis

Retrosynthetic analysis


