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Introduction

Me
(+)-Waihoensene

Podocarpus totara
var. waihoensis

® |solated from the New Zealand podocarp, Podocarpus totara var.

waihoensis in 1997.
® A highly congested and cis-fused tetracyclic core decorated with six

contiguous stereogenic centers, among them, four are contiguous all-
carbon quaternary carbon atoms.

Weavers, R. T. et al. Tetrahedron Lett. 1997, 38, 4297.




Retrosynthetic Analysis

Me
11a
Me Methylation Me 0 Me
Methylenation Allyllic Oxidation
> >
Me
Me Me Me
20 16

(+)-Waihoensene 1

Tandem
Cycloaddition

0 o Me .
Me
é)‘\oa —— Me _NNHTs ——
Me
2 12 ~ TMM diyl

intermediate 15

Lee, H.-Y. et al. Angew. Chem. Int. Ed. 2017, 56, 8254.




Synthesis of Compound 10
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Lombardo-Takai Olefination
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Lombardo, L. Tetrahedron Lett. 1982, 23, 4293;
Takali, K. et al. Tetrahedron Lett. 1978, 19, 2417.




Synthesis of Compound 10
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Corey-Fuchs Alkyne Synthesis
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Synthesis of Compound 16
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Possible Products From 15’ and 15”
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Synthesis of Compound 16
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Synthesis of (X)-Waihoensene 1
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Tebbe Reagent and Petasis Reagent
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Retrosynthetic Analysis
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Qu, Y.; Yang, Z. et al. J. Am. Chem. Soc. 2020, 142, 6511.
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Synthesis of Compound 7
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Alexakis’ strategy
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Synthesis of Compound 7
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Sakurai Allylation
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Seyferth-Gilbert Homologation
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Synthesis of Compound 10

Z i
O
| | KOtBu, 83%
'
Conia-ene Type
Cyclization
Me -
7
O 11a
COZ(CO)S, Nzo
59%, 93% ee
Pauson-Khand -
Reaction Me
9

%iﬂ

8

Ni(acac)s, L|Br
MeyZn, 81%

21



Synthesis of (+)-Waihoensene 1

O 1) PhsPMeBr, KOtBu
O  PTSAH,0 j 78% O
O ’
91% 2) HCI, 89%
Me Me
11 12

Me

Me Me Me
; ; 0
® ©
Fe(acac); O LiHmDs O PhsPMeBr .
Ha 75% — - Me
PhSiH3, 75%

Mel, 90% Me KOtBu, 78%
Me

Me Me
13 14 (+)-Waihoensene 1

22



Deuterium Labeling Studies

.’ O  Fe(acac)s, PhSiD3;, EtOH, 60 °C

gs
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Control Experiment and Conformation 13a

Control Experiment

O 1) Fe(acac)s, PhSiH;
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Summary

------------------------------------------------------ Lee's Group in 2017

Me

Me

Me

1)-Waih
First total synthesis, 18 steps, 0.3% overall yield (£)-Waihoensene

Intramolecular tandem [2+3] cycloaddition

------------------------------------------------------ Yang's Group in 2020

& Me

OEt Me

Me Me

Asymmetric total synthesis, 15 steps, 3.8% overall yield (+)-Waihoensene

Cu-catalyzed asymmetric conjugated addtion; Conia-ene type reaction; Intramolecular
Pauson-Khand reaction; Radical-initiated intramolecular hydrogen atom transfer




The First Paragraph

Writing Strategy

The importance
of polyguinanes

The isolation and structural
features of (+)-waihoensene
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The First Paragraph

Polyguinanes constitute an important class of carbocyclic frame-
works containing fused 5-membered rings and are found in various
natural products, such as terpenoids and steroids. In 1997, Weavers
and co-workers isolated (+)-waihoensene (1) from the New Zealand
podocarp, Podocarpus totara var. waihoensis. Structurally, 1 contains
a highly congested and cis-fused tetracyclic core decorated with six
contiguous stereogenic centers; among them, four are contiguous all-
carbon quaternary carbon atoms (C3a, C5a, C9a, and Cl1la). Thus, 1
was widely regarded as a challenging target for total synthesis.
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The Last Paragr

Writing Strategy

aph

Summary of this work

The key steps

Significance of this work
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The Last Paragraph

In summary, the asymmetric total synthesis of (+)-waihoensene has
been achieved for the first time in 15 steps and 3.8% overall yield.
The key step iIn this total synthesis was identification of the
Fe(acac),/PhSiH;-mediated intramolecular HAT reaction, which
enabled the diastereoselective saturation of the exocyclic double
bond of C9-C15 in 12 via both [1,4]- and [1,5]-HAT processes. The
total synthesis also features an enantioselective construction of the
angular triguinane core bearing four contiguous quaternary
stereogenic centers via key steps: (1) a Cu-catalyzed asymmetric
conjugate addition; (2) a Conia-ene type reaction; (3) a Co-mediated
Intramolecular PK reaction; and (4) a Ni-catalyzed alkylation.
Application of this synthetic strategy to the total synthesis of other
complex natural products is currently underway in our laboratories
and will be reported in due course.
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Representative Examples

Given its structural complexity, 1 has been a focus of the synthetic
community for many years. ({@i&s L &I EE L)

In 2017, Lee and coworkers published an impressive synthesis of
(x)-waihoensene for the first time in 18 steps, featuring a tandem
[2+3] cycloaddition to construct the BCD tricyclic ring with two
contiguous quaternary stereogenic centers. (|t A\ T4%)

To this end, we Initially profiled several typical PK reaction conditions.
(FHAiL)

We conjectured that the newly formed C9 carbon radical in 13a,
derived from a radical-mediated reductive reaction from 12, could
abstract a proton through an intramolecular HAT from the C3, due to
the close proximity (2.4 A) between the H atoms of C3 and C9 and
their position next to the C2 carbonyl group. (324 1%48)
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Copper(l)-catalyzed S,2’ Reaction
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Sawamura, M. et al. Org. Lett. 2011, 13, 6312.
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Copper(l)-catalyzed S,2' Reaction
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Swern Oxidation
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Horner-Wadsworth-Emmons Olefination
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Ene Reaction
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Pauson-Khand Reaction

Pauson & Khand (1973): 9
R® RS . 1, Ak A0
R .
RI—— R?2 N \)_: Co,(CO)g (1 equiv) \ RS
R4 R6 solvent / heat — R4
2 \
terminal or internal mono-, di- or R'>R2 R R®
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1
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\ 1_—— 2 3
(OC)3CO{_' Co(CO)3 AeE—— R‘ Co(CO), CcO Co(CO), — R2 /?/
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Wittig Reaction
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