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Introduction

⚫ Widely Distributed Across Various Species of Veratrum and Zigadenus

⚫ Unique C-nor-D-homo Steroid Skeleton

Jervanine Veratramine Cevanine

Veratrum

Zigadenus
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Introduction

Jervanine Veratramine Cevanine



6

Introduction

⚫ Unique C-nor-D-homo Steroid Skeleton

⚫ Highly Oxidized Members of the Cevanine Subgroup

⚫ Antihypertensive Properties

Guo, Y.; Fang, R.; Jiao, Y.; Liu, J.; Lu, J.; Luo, T. Nat. Commun. 2024, 15, 7639

(–)-Zygadenine (–)-Germine (–)-Protoverine Alkamine of Veramadine A
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Retrosynthetic Analysis
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Retrosynthetic Analysis
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Retrosynthetic Analysis
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Syntheses of Compound 11 & 12
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Mechanism of Compound 18 to 12
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Retrosynthetic Analysis
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Synthesis of Compound 9
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Mechanism of Compound 21 to 9
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Retrosynthetic Analysis
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Synthesis of Compound 27
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Mechanism of Compound 25 to 26
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Synthesis of Compound 8
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Mechanism of Compound 31 to 8
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Retrosynthetic Analysis
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Retrosynthetic Analysis



22

Approach A
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Approach A
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Mechanism of Compound 51 to 52
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Retrosynthetic Analysis
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Synthesis of Compound 7
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Retrosynthetic Analysis
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Synthesis of (–)-Zygadenine
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Retrosynthetic Analysis
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Synthesis of Compound 37



31

Synthesis of Compound 4
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Syntheses of (–)-Germine & (–)-Protoverine
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Summary

⚫ Stereoselective Intramolecular Diels-Alder Reaction

⚫ Late-Stage Neighboring-Group Participation Strategy

⚫ Divergent Syntheses

Guo, Y.; Fang, R.; Jiao, Y.; Liu, J.; Lu, J.; Luo, T. Nat. Commun. 2024, 15, 7639

(–)-Zygadenine (–)-Germine (–)-Protoverine Alkamine of Veramadine A



Writing Strategy 

◼ The Veratrum alkaloids constitute a family of steroidal alkaloids charact-

erized by a unique C-nor-D-homo steroid skeleton. These alkaloids are

widely distributed across various species of Veratrum and Zigadenus,

comprising three subtypes (jervanine, veratramine, cevanine) and encom-

passing over 200 compounds.

Species and Structure

➢ First paragraph

◼ Notably, several members of this alkaloid family are recognized for their

distinctive biological activities or toxic effects. For instance, cyclopamine and

jervine exhibit pronounced teratogenicity by blocking the Hedgehog signaling

pathway; zygadenine, found in death camas species, induces poisoning in

livestock; germine and protoverine demonstrate antihypertensive properties,

and veratridine binds to voltagegated sodium channels, acting as either an

agonist or antagonist in a context- and subtype-dependent manner.
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Biological Activities



35

Writing Strategy 

◼ In summary, we have developed a successful divergent approach for the syntheses

of (–)-zygadenine, (–)-germine, (–)-protoverine and the alkamine of veramadine A.
Summary

Challenges and

Committed Steps

Prospect

➢ Last paragraph

◼ This synthetic strategy not only provides a pathway to access other important

members of the Veratrum family of alkaloids but also offers opportunities for further

exploration of their pharmacological properties.

◼ The primary challenge lay in achieving chemo-, regio- and stereoselectivity during

the late stage transformations, especially redox sequence, within this complex and

highly oxidized framework. Ultimately, the functionalization of the C6-C7 alkene

using neighboring-group participation (C9-OBz) after the introduction of the

protected C4-OH proved to be an essential tactic.
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Representative Examples 

⚫ The final steps involved the same global deprotection and amide reduction sequence as previously

utilized for 4, culminating in the total synthesis of (–)-protoverine (3). (以…告终)

⚫ Sequential global deprotection and final amide reduction then afforded (–)-germine (2) in 45% yield

over two steps. (完全去保护)

⚫ The marginal preference for reducing C6,C7 diones from the bottom face might be attributed to the

presence of an angular C19−methyl group… (adj. 小的, 微不足道的)
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