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Foreword

It is both an honor and a pleasure to pen the foreword for the
fourth volume of Classics in Total Synthesis, as I did for the three
previous volumes. This series has emerged as a guiding light in
the ever-expansive realm of total synthesis. As we embark on this
intellectual journey, it is essential to reflect on the profound impact
that the preceding volumes have had on our understanding of the
total synthesis of complex molecules.

Classics IV seamlessly joins its predecessors, weaving together the
threads of scientific discovery, challenge, and intellectual pursuit.
This series has proven to be not only a chronicle of synthetic
triumphs but also a celebration of the inherent complexity and
beauty, which are inherent to total synthesis endeavours.

As I delve into the prepublication draft of this volume, I find
the presented synthetic research remarkably clear and vivid and
find each of the chapters exerting a captive force. The collection
of synthetic triumphs within these pages invites readers to traverse
the great complexity and variety that is characteristic for total
synthesis journeys. The challenges presented verge on the impossible,
demanding not only mental and practical rigor but also unwavering
dedication, persistence, and hard work.

One of the remarkable aspects of the Classics in Total Synthesis
series has been its ability to transcend disciplinary boundaries. While
rooted in chemistry, the series establishes strong connections with
biology and medicine. This interdisciplinary approach highlights the
relevance of synthetic chemistry at a fundamental level to human
well-being, health, and education.

The educational approach employed by the authors is enormously
valuable and effective. The careful balance between historical con-
text, comments on the molecules’ impact to humankind, and the
design and execution aspects of each synthesis creates a narrative
that is not only clear but also intellectually stimulating. It is a sheer
delight to revisit each synthetic success guided by the insightful
analyses found throughout Classics IV .

As mentioned in the Forewords of the earlier volumes, the enormous
number of achievements in total synthesis is so large that capturing
them all in a single collection is an impossible task. However, Classics
in Total Synthesis has risen to this challenge with grace, presenting
a carefully made selection that not only represents outstanding
achievements, namely the construction of highly complex natural
products, but also covers a diverse set of synthetic methodologies.

The question arises: Have we reached a plateau in scientific or
intellectual discovery within the field of synthetic organic chemistry?
The answer, as echoed by the authors, is a resounding no. The
opportunities for new developments and discoveries are as vast as the
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synthetic targets that remain to be uncovered, chased, and conquered.
Today’s total synthesis is not a culmination but a prelude to a future
that promises continued dynamic development, relentlessly pushing
the boundaries of what we perceive as possible.

In crafting this Foreword, I thank K. C. Nicolaou, Ruocheng Yu,
and Stephan Rigol for their work in sustaining the heritage of
Classics in Total Synthesis. May the publication of Classics IV be
met with the same enthusiasm and admiration as it was rightly
the case with its predecessors. I am confident that studying the
Classics will empower upcoming generations of chemists, fostering a
profound comprehension and appreciation for the significance of total
synthesis. This endeavour will instill in them a deep understanding
of the value and importance of natural products through showcasing
the appealing beauty inherent to their molecular architectures and
such insights will serve as catalyst, inspiring these aspiring chemists
to embark on their own transformative journeys of exploration,
discovery, and innovation.

E. J. Corey
Harvard University

23 January 2024
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Preface

As we embark on the journey into the pages of this fourth volume in
the Classics in Total Synthesis series, we find ourselves standing at
the precipice of a new chapter in the evolving narrative of organic
synthesis. This series, conceived with the dual purpose of document-
ing historical milestones and serving as an educational beacon, has
traversed through the annals of synthetic chemistry, illuminating the
paths carved by the practitioners of our field.

In the preceding volumes (Classics I, Classics II, and Classics
III), we witnessed the meticulous unraveling of nature’s complexity
through ingenious synthetic strategies. Classics I laid the ground-
work, introducing us to the profound philosophy and purpose of total
synthesis. Building upon these foundational principles, Classics II
expanded our horizons with a focused exploration of the transfor-
mative potential that the 21st century holds for synthetic chemistry.
Classics III brought us up to speed with the rapid advancements of
the recent era, showcasing the elegance, brevity, and environmental
consciousness that characterize the latest synthetic frontiers.

As we delve into the rich tapestry of Classics IV , our aim remains
steadfast—to chronicle the evolving landscape of total synthesis.
This volume encapsulates the culmination of new methodologies,
emerging trends, and a selection of significant total syntheses under-
taken from 2009 to 2022 while additionally including two earlier
syntheses from 1979 and 1992 for comparison and to highlight the
development of organic synthesis over the past decades. In the spirit
of its predecessors, Classics IV seeks to inspire and educate, weav-
ing together the historical context, the intricacies of retrosynthetic
analysis, and the tactical brilliance in execution.

From the complex architectures of natural products to the stream-
lined synthesis of functional molecules, each Chapter in Classics IV
unfolds a unique story. The interplay of mechanisms, reactivity, selec-
tivity, and stereochemical aspects is thoroughly examined, echoing
the pedagogical format that has become synonymous with this series.
Clear Schemes and Figures accompany the text, providing a visual
guide to the sophisticated dance of atoms that is initiated by organic
chemists, breaking bonds between some of them and forming new
ones between others to build the molecules of Nature and their
designed analogues in the laboratory.

The creation of Classics IV has been a collaborative endeavour,
made possible by the dedication and insights of numerous individuals.
Besides all scientists involved in the presented synthetic journeys,
we extend our deepest gratitude to Janise L. Petrey for her careful
editing, ensuring a seamless reading experience and bringing clarity
to complex concepts; Jenna L. Kripal for her valuable assistance in
creating stimulating and engaging frontispieces for each Chapter;
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and the Editorial staff from Wiley-VCH for their professional and
straightforward handling of our manuscript and its translation to the
finished book that you are holding in your hands now.

We dedicate Classics IV to the continued legacy of organic synthe-
sis and recognize the responsibility that lies ahead. To the students,
researchers, and practitioners who hold these pages, we impart the
torch of innovation and the quest for knowledge. May this volume
inspire the next generation of synthetic organic chemists, just as its
predecessors have done, to further sharpen the art and science of
organic synthesis in general and total synthesis in particular for the
betterment of humankind.

K. C. Nicolaou
Ruocheng Yu
Stephan Rigol

Houston, TX
September 2024
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quant. quantitative
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RHF restricted Hartree–Fock model
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RNA ribonucleic acid
rsm recovered starting material
RyR ryanodine receptor
Sal salen
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SCE saturated calomel electrode
SET single-electron transfer
Sia siamyl
SP sucrose phosphorylase
sp. species
T thymine
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TBADT tetra-n-butylammonium
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TBAF tetra-n-butylammonium fluoride
TBAI tetra-n-butylammonium iodide
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TBDPS tert-butyldiphenylsilyl
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TBHP tert-butyl hydroperoxide
TBOx tethered bis(8-quinolinolato)
TBS tert-butyldimethylsilyl
TCAI trichloroacetimidate
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isoindol-2-yl)acetate

TDAE tetrakis(dimethylamino)ethylene
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Tf trifluoromethanesulfonyl
TFA trifluoroacetic acid
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THF tetrahydrofuran
THP tetrahydropyranyl
TIPS triisopropylsilyl
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TPAP tetra-n-propylammonium

perruthenate
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USSR Union of Soviet Socialist Republics
UV ultraviolet
vs. versus
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1
Introduction: Total Synthesis
Marching on with New Methods
and Strategies and with
Molecules for Biology and
Medicine

With its power constantly increasing, the essence of total synthesis
remains the same. What changes is its purpose. Originally, it was
to confirm a proposed structure of a natural product, then it became
a means to produce natural products in bulk as a means to fulfill a
need for society. From here it turned into a practice to demonstrate
intellect and elegance, along with an opportunity to discover and
develop new synthetic methods, to test the applicability of newly
discovered methods, and to fill voids where existing methods failed.
The ability of biochemists and other chemists to isolate minute
amounts of natural products and determine their structures created
the need to render them readily available for biological investigations.
This challenge was taken up by synthetic chemists in the last decades
of the 20th century, who delivered, through total synthesis, not only
the targeted scarce natural products but also their designed analogues
for extensive biological studies. Today, total synthesis endeavours
blend all these aspects of the art and science of this discipline with

Classics in Total Synthesis IV: New Targets, Strategies, Methods, First Edition.
K. C. Nicolaou, Ruocheng Yu, and Stephan Rigol.
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constant new additions. In its modern paradigm, and with mission,
total synthesis is gathering momentum as a harmonious endeavour
aiming not only for its own advancement but also as a partner to
biology and medicine in a systematic way. It has a profound impact
on the sciences of chemistry, biology, and medicine, specifically
interfacing and facilitating chemical biology, medicinal chemistry,
and the drug discovery and development process in general.

Classics in Total Synthesis IV features a variety of total syntheses
that have been published in the literature since 2009 and more.
For comparison and perspective reasons, the total syntheses of
natural products related to those covered herein are, in certain cases,
included. And while the main focus of the book is still the art
and science of total synthesis, aspects of new synthetic methods
and analogue design, synthesis, and biological investigation are also
discussed. The latter underscores the trends in the state of the art of
the discipline and emphasizes its importance to the science of organic
synthesis in general and its impact on biology and medicine. It is also
interesting to note that total synthesis still retains, to this day, its role
of structure confirmation or revision, despite the enormous progress
in analytical techniques and instrumentation. Statistics based on
past total synthesis endeavours originating from the Nicolaou group,
which have delivered almost 200 naturally occurring molecules,
show that 13% of them contributed, in one way or another, to some
structural aspect of the molecule, whether absolute configuration,
revision of at least one stereogenic center of the previously assigned
structure, or even its total synthesis and prediction of its existence in
Nature before it was discovered. These seemingly odd occurrences
are still common. However, the errors should not be attributed to
the heroes of isolation of natural products. Due to the scarcity of
numerous naturally occurring compounds, their characterization is
regularly conducted by investigating only minute amounts, which,
understandably, sometimes results in inaccuracies concerning their
structure. These investigators did not have the privilege of collecting
sufficient quantities of their products from their rare sources, a
fact denying them the full armamentarium of analytical techniques,
including the optimum tool of X-ray crystallography.

1.1 Targets

Nature’s molecules are of unimaginable variety, complexity, novelty,
and biological activity. This is more impressive if one considers
the limited collection of building blocks, reactions, enzymes, and
conditions as compared to the vast number of building blocks,
ever-growing number of synthetic methods, catalysts, and reaction
conditions that synthetic organic chemists enjoy, and yet we still have
to surpass Nature’s power and beauty when it comes to biosynthesis
and novelty of natural products’ structures.

Figure 1 highlights a selected number of natural products fea-
tured in this book, Classics IV , and yet these molecules represent
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Figure 1. Molecular structures of selected natural products featured.
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