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Proposed Biogenetic Pathways for Diterpenoids
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Reported Total Syntheses of Benzenoid Cephanolides
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Retrosynthetic Analysis
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Synthesis of 19
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Late-stage Oxidation 19
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Synthesis of (+)-Cephanolides B and C
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Synthesis of (+)-Cephanolide D

Me
(0]
e g
(0]
20

OH O

Me
(@)
G
(0]
23

n. Pd(OAC),, PIDA, AcOH/Ac,0
0. K2CO3, MeOH
p. Fe(NO3)309H20, 02

I.PCC, NH,0AC 49% O
. HONH,eHCI, pyridine
m ,oHCI, pyridine Me

then DMAP, Ac,0O

r. Pd(dppf)Cl,, EtsN, CO Me
then TBAF
93%

MeOzC
Me
q. Tf,0, pyridine 84% O@

Cephanolide D
14 steps from 16

33% (four steps)

R =TMS

Y

11



Synthesis of (+)-Cephanolide A
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Total Synthesis of (*)-Cephanolides A-D
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Palladium-Catalyzed Cascade Carbopalladation
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Retrosynthetic Analysis
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Synthesis of 30
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Investigation of the Pd-Catalyzed Tandem Cyclization
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Synthesis of 42
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Synthesis of (-)-Cephanolide A
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Summary
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Cephanolide A Cephanolide B Cephanolide C Cephanolide D

v (*)-Cephanolides A-D : 8-14 steps, 1.7%-7.3% overall yields
v lterative Csp?Csp?3 cross-coupling

v Intramolecular inverse-demand Diels-Alder cycloaddition

v (-)-Cephanolides A-D : 11-14 steps, 3.1%-7.2% overall yields
v Intermolecular Diels-Alder reaction

v Palladium catalyzed formal bimolecular [2+2+2] cycloaddition

v Position-selective Csp® and Csp? C—-H oxidation
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The First Paragraph

Natural products from Cephalotaxus, including alkaloids, terpenoids,
flavonoids, and miscellaneous compounds, are well-known for their
attractive structures and important biological activities, especially those with
antitumor activities. One of the alkaloids, homoharringtonine, has been
approved by the FDA for the treatment of chronic myeloid leukemia. In the
past decades, great efforts were devoted to isolation of new Cephalotaxus
diterpenoids due to their unique ring systems and promising antitumor
activities, and more than 70 cephalotane-type diterpenoids have been
reported. Among them, harringtonolide, the first member of the Cephalo-
taxus troponoids isolated and structurally characterized by Buta et al. in
1978, was shown to inhibit the growth of tobacco and beans and was

demonstrated to possess antineoplastic and antiviral activities.
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The First Paragraph

In 2017, cephanolides A-D, four structurally unique cephalotane-type
diterpenoids, were isolated from Cephalotaxus sinensis by Yue and co-
workers. While cephanolides A-C are A-ring-contracted cephalotane-type
C18 dinorditerpenoids, cephanolide D is an A-ring-contracted nordi-
terpenoid. These four natural products represent all the congeners of the
benzenoid cephalotane-type diterpenoids discovered to date, which were
believed to be biosynthetically derived from the antitumor Cephalotaxus
troponoids. It was proposed that electrocyclic annulation of the tropone
moiety within a cephalotane troponoid, e.g., fortunolide A, generates a
cyclopropanone-containing  intermediate,  subsequently  undergoing
Baeyer-Villiger-type oxidation and hydrolysis to afford the benzenoid maotif.
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The First Paragraph

The distinctive structural features and significant biological activities of
cephalotane-type diterpenoids have aroused broad interest from the
synthetic community. Since Mander and co-workers reported the formal
synthesis of (=*)-harringtonolide for the first time in 1998, a number of
synthetic studies toward total synthesis of the natural products of this family
have been documented. Herein, we report the asymmetric and divergent
total syntheses of cephanolides A-D featuring a Pd-catalyzed formal
bimolecular [2+2+2] cycloaddition reaction via a partially intermolecular
cascade reaction sequence involving multiple carbometalations to rapidly
assemble the key tetracyclic backbone.
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The Last Paragraph
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The Last Paragraph

We have developed an efficient divergent strategy for the asymmetric total
syntheses of cephanolides A-D in 11-14 steps from known chiral alcohol.
The striking features of the current syntheses include (i) a substrate control-
ed diastereoselective intermolecular Diels—Alder reaction to form the highly
functionalized 6-6 cis-fused rings, (i) a palladium-catalyzed formal bi-
molecular [2+2+2] cycloaddition reaction via a partially intermolecular cas-
cade reaction sequence involving multiple carbometalations to rapidly install
the key tetracyclic skeleton, and (iii) the late-stage oxidative diversification
through position-selective sp3 (benzylic) and sp2 (on the benzene ring) C-H
oxidation, enabling divergent assembly of the four natural products. The
present work may facilitate larger-scale preparation and further biological

studies of various cephalotane-type diterpenoids.
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Representative Examples

1. We have found that chemical network analysis, which is rooted in
seminal reports from Corey, provides an expedient guideline for identifying
the strategically most important bonds for this purpose. (fLE Zit)

2. However, the asymmetric total syntheses of cephanolides C and D have

not been disclosed hitherto.(i24 A 1L)

3. Our synthesis plan sets the stage for the preparation of other structurally

complex Cephalotaxus norditerpenoids that involve scaffold modifications.(

A.. HEFEE T &)
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