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Dear Readers,

There is currently a massive debate on how we should deal

with generative artificial intelligence (Gen-Al), defined as those
algorithms (such as ChatGPT) that can be used to create new
content, including audio, images, text, simulations, videos and
much more. This debate is very timely, as the topic is particularly
sensitive and somehow slippery for its implications in the areas
of scientific publishing, grant writing and even peer reviewing.
And even for its influence on the creative process at the basis of
every aspect of scientific research. A number of questions arise:
are we still able to identify which ideas are genuinely original and
stemming from an individual’s intellect alone, from those which
are partly or entirely generated with the aid of Gen-AI? Is it fair
to use tools such as ChatGPT for writing manuscripts and grant
applications, or is it an unacceptable aid, a way to deceive and
cut corners? In fact, not everyone is of the opinion that making
use of Gen-Al is unfair, some people believe we should not even
bother to check. At the end of the day, ChatGPT is just a tool

to distil information from the vast ocean of data and narrative

present in the web, it should be how we use it that really matters.

Don’t we all get inspiration from what we see, hear, read and
experience around us? So, what’s different with Gen-Al, which
just offers a quicker, more accessible and personalised way to
streamline and customise information from a universe of data
and sources, which are already out there, available and free to

be used? And finally, is there even a way to regulate the use of
Gen-Al? How do we know if someone is using it, if this use is not
self-declared? These are tough questions that sooner or later we
will have to answer once and for all, and decide where the red
line is, if there is one. Meanwhile, Gen-Al’s development is so fast
that it is outpacing our capacity to cope with it and fully under-
stand its implications. My opinion is that the only sensible way to
deal with Gen-Al is to accept it and find a way to adapt to it (not
vice-versa, as | suspect it is already too late for adapting Gen-Al

to us), as trying to impose red tape to its use is simply unrealistic.

It is already here, it is an integral part of our life and work, it will
grow bigger and bigger, and eventually it will be simply essential.
If you disagree or have different thoughts about the use of Gen-
Al in Chemistry and Research, please write to SYNFORM, as we
are keen to hear about the opinions of our readership, especially
on this topic.

Going back to this issue of SYNFORM, | hope there will be a
unanimous verdict that the science featured herein is world-
class and ground-breaking. We start with a Young Career Focus
interview with the 2023 Thieme Chemistry Journals Awardee Y.
Yang (USA), who tells us how his group is integrating chemistry,
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biology and Al. Next, we have an interview with Prof. Daniele
Leonori (Germany), who joined the Editorial Board of SYNTHESIS
with effect of November 2023. The following Literature Coverage
article comes from the group of W. Zhang (P. R. of China) and
covers their recent Nat. Chem. paper on the exciting multi-site
programmable functionalization of alkenes, which was achieved
via controllable alkene isomerization. | am particularly thrilled

to introduce the next article, as it covers a great paper pub-
lished in SYNTHESIS by K. Toshima and D. Takahashi (Japan) on
exciting work toward avian pathogenic Escherichia coli O1 vaccine
development. Last but not least, the issue is closed by another
Literature Coverage article, this time from the group of S. Chang
(South Korea) on a recent Science article where the authors took
mechanistic snapshots of rhodium-catalyzed acylnitrene transfer
reactions.
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Enjoy your reading!

Contact
If you have any questions or wish to send

feedback, please write to Matteo Zanda at:
synform@outlook.com
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Young Career Focus

Young Career Focus: Assistant Professor Yang Yang
(University of California Santa Barbara, USA)

Background and Purpose. SYNFORM regularly meets young up-and-coming researchers who are

performing exceptionally well in the arena of organic chemistry and related fields of research, in order to

introduce them to the readership. This Young Career Focus presents Assistant Professor Yang Yang

(University of California Santa Barbara, USA).

Yang Yang obtained his B.S. in chem-
istry from Peking University (P. R. of
China) in 2011. He received his Ph.D.
in organic chemistry in 2016 under
the guidance of Prof. Steve Buchwald
at MIT (USA). In the Buchwald lab, he
developed CuH-catalyzed methods
for the asymmetric hydrofunctional-
ization of simple olefins. As an NIH
Postdoctoral Fellow working with
Prof. Frances Arnold at Caltech (USA),
Yang studied biocatalysis and protein engineering and devel-
oped biocatalytic asymmetric C-H amination. Yang started
his independent career in the Department of Chemistry and
Biochemistry at the University of California Santa Barbara
(USA) in 2020. By integrating organic chemistry, biocatalysis
and protein engineering, the Yang group is reprograming
nature’s biosynthetic machineries to address challenging
problems in synthesis and catalysis. The Yang group recently
coined and implemented two new concepts in biocatalysis,
including metalloredox radical biocatalysis and pyridoxal radi-
cal biocatalysis, to enable otherwise challenging asymmetric
radical transformations. Yang is a recipient of the Regent’s
Junior Faculty Fellowship Award (2021), Faculty Career Devel-
opment Award (2022), NSF CAREER Award (2022), NIH Max-
imizing Investigators® Research Award (2022), the Thieme
Chemistry Journals Award (2023) and the Army Research Of-
fice Young Investigator Award (2023).

Asst. Prof. Y. Yang

INTERVIEW

SYNFORM What is the focus of your current research
activity?

Asst. Prof. Y. Yang By integrating chemistry, biology and
artificial intelligence, our group is developing novel enzym-
atic strategies to tackle daunting challenges in synthesis and
catalysis. First, we are addressing long-standing problems
in asymmetric catalysis by taking advantage of the intimate
enzyme-substrate interaction that can be easily tuned via
directed evolution. Second, by synergistically merging small-
molecule catalysis and biocatalysis, we are advancing novel
biocatalytic processes that are both new-to-biology and new-
to-chemistry. Third, we are developing machine learning and
laboratory automation methods to accelerate the develop-
ment of customized biocatalysts with tailored synthetic ap-
plications. Collectively, these efforts will provide insight into
fundamental synthetic chemistry and enzymology, allowing
for the rapid assembly of small molecules and macromole-
cules of use.

SYNFORM When did you get interested in synthesis?

Asst. Prof. Y. Yang When I was in high school, I found an
electronic copy of Nicolaou and Sorensen’s book Classics in To-
tal Synthesis. The beautiful structures and elegant syntheses
in this book spurred my early interest in organic synthesis.
Throughout my career, I have had the privilege to work with
the best mentors who have been incredibly supportive. My ex-
perience working with them fostered my passion for organic
synthesis. Working with Professor Jianbo Wang at Peking
University as an undergraduate student, I developed a good
understanding of organic reaction mechanisms. My summer
research with Professor Neil Garg at UCLA allowed me to see
the synergy between total synthesis and synthetic method-
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ology. My graduate research with Professor Steve Buchwald at
MIT led me to appreciate the power of impactful fundamen-
tal research in solving real-world problems. Working closely
with Steve also prompted me to maintain a high standard in
my own research. Furthermore, my postdoctoral training with
Professor Frances Arnold at Caltech prepared me to tackle dif-
ficult problems in organic synthesis using an interdisciplinary
approach combining protein engineering and enzymology.
Frances’ vision for directed evolution and biocatalysis has
always been extremely inspiring.

SYNFORM What do you think about the modern role and
prospects of organic synthesis?

Asst. Prof. Y. Yang [ think that organic synthesis remains
a central discipline to discover fundamentally new reactivi-
ty that can both satisfy our curiosity and find utility in the
real world. In my opinion, new concepts of catalysis and new
catalyst development remain the central innovation engine
in modern organic synthesis. It is new concepts of catalysis
and new forms of catalysts that differentiate us from organ-
ic chemistry pioneers, when it comes to what types of new
reactions that could not be imagined a few decades ago. To
push organic chemistry to the next level of sophistication
and practicality, it is imperative for us to innovate, and not
just to revisit what was discovered a few decades ago. As re-
searchers and educators, it is our responsibility to convey the
excitement of fundamental organic chemistry research to the
new generation of students. Organic chemistry is fun, not only
because it is useful in the pharmaceutical and agrochemical
industries, but also because it can be rationalized and there
remain new exciting reactivities to be discovered.

SYNFORM Could you tell us more about your group’s
areas of research and your aims?

Asst. Prof. Y. Yang Since we started at the University of
California Santa Barbara in 2020, my group has made contri-
butions to two areas of stereoselective radical biocatalysis,
including metalloredox radical biocatalysis and pyridoxal ra-
dical biocatalysis.

In the first area, by leveraging the unique redox property of
first-row transition-metal cofactors spanning a wide potential
window, we repurpose and evolve natural metalloenzymes
to catalyze unnatural free-radical reactions in a stereocon-
trolled fashion. Our group is the first to coin and implement
the general concept of “metalloredox radical biocatalysis” to
impose stereocontrol over fleeting radical intermediates.!~
Using metalloredox radical biocatalysis, we developed atom-

Young Career Focus

transfer radical reactions, whose asymmetric catalysis has
long eluded synthetic organic chemists.

In the second area, by converting natural two-electron
pyridoxal enzymes to catalyze single-electron processes, we
develop pyridoxal radical biocatalysis to enable the stereo-
selective synthesis of valuable non-canonical amino acids
(ncAAs), including those possessing multiple contiguous
stereocenters that are difficult to prepare by other means
(Scheme 1). Our group is the first to design and implement
“synergistic photoredox-pyridoxal radical biocatalysis” as a
general strategy for convergent ncAA synthesis without pro-
tecting groups through a radical mechanism.*

SYNFORM What is your most important scientific
achievement to date and why?

Asst. Prof. Y. Yang In my mentored research with Profes-
sor Steve Buchwald at MIT, [ made contributions to copper(I)
hydride catalyzed asymmetric hydrofunctionalization of
olefins. Working closely with other labmates, I developed a
CuH-catalyzed asymmetric hydroamination of unactivated
internal olefins.>® Working with my long-term computation-
al collaborator Prof. Peng Liu at the University of Pittsburgh,
I rationalized the unusual ligand effect involving DTBM-
SEGPHOS by attractive dispersion interactions.® I also devel-
oped a set of Cu-catalyzed methods for the asymmetric addi-
tion of olefin-derived nucleophiles to carbonyls and imines.” '
These methods allow abundant olefins to be used as latent or-
ganometallic reagents in carbonyl and imine addition chem-
istry. Together, these methods allowed for a range of amines
and alcohols, including those possessing multiple contiguous
stereogenic centers, to be prepared with excellent stereocon-
trol.

In my independent research, my group developed two
new modes of stereoselective radical biocatalysis. Our me-
talloenzyme work allowed atom-transfer reactions that were
not previously known in the biological world to be developed
with evolved metalloproteins.' These stereocontrolled bio-
transformations provided a new means to impose stereocon-
trol over free-radical intermediates. By synergistically mer-
ging photoredox catalysis and pyridoxal radical biocatalysis,
we advanced a new mode of catalysis which is not known in
either synthetic organic chemistry or biochemistry.* Pyrid-
oxal radical biocatalysis has the potential to furnish a wide
range of non-canonical amino acids with excellent diastereo-
and enantiocontrol.

SYNFORM What is the most exciting aspect of your job,
the one you like the most?
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Asst. Prof. Y. Yang The most exciting aspect of my job as a
researcher is to work with talented young students and post-
docs. They contribute key ideas to our ongoing program and
get challenging projects to work. None of my published work
at UCSB would be possible without ~*,
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Editorial Board Focus: Professor Daniele Leonori
(RWTH Aachen University, Germany)

Background and Purpose. From time to time, SYNFORM portraits Thieme Chemistry Editorial Board or

Editorial Advisory Board members who answer several questions regarding their research interests and

revealing their impressions and views on the developments in organic chemistry as a general research field.

This Editorial Board Focus presents Professor Daniele Leonori (RWTH Aachen University, Germany) who
joined the Editorial Board of SYNTHESIS with effect of November 2023.

Daniele Leonori obtained his PhD
at the University of Sheffield (UK)
under the supervision of Prof. lain
Coldham and carried out post-
doctoral studies at RWTH Aachen
University (Germany) and the Max
Planck Institute for Colloids and
Interfaces (Germany) under the su-
pervision of Profs. Magnus Rueping
and Peter Seeberger, respectively.
After a Research Officer position
at the University of Bristol (UK) un-
der the mentorship of Prof. Varinder Aggarwal FRS, Daniele
started his independent career at the University of Manches-
ter (UK) in 2014 where he was promoted to Reader in 2018
and Professor in 2020. In 2022 Daniele and his group moved
to the RWTH Aachen University, where he is a W3 Chair of
Organic Chemistry. Research in the Leonori group focuses on
the development of novel methods exploiting the reactivity
of radical and photoexcited species.

Prof. D. Leonori

INTERVIEW

SYNFORM What fascinates you most about organic
chemistry and synthesis?

Prof. D. Leonori Organic chemistry is really about discover-
ing new ways to make interesting molecules. Improving the
ways we make molecules is fundamental to the discovery,
manufacture and evolution of almost all products we en-
counter in our daily life like drugs, agrochemicals, perfumes...
Organic chemistry will always be integral to our wellbeing.

SYNFORM Tell us more about your current research
activities.

Prof. D. Leonori My group’s research activity is mostly
based on the development of novel chemical reactions. We are
interested in the discovery of new activation modes that allow
us to assemble chemical bonds in unprecedented manners.

SYNFORM What do you think about the modern role and
prospects of synthetic chemistry?

Prof. D. Leonori [ think synthetic chemistry will play an
increasingly important role to our society. We now face many
new challenges in terms of the types of molecules we want to
make but also how we make them. Continuous developments
in synthesis have strong potential to impact our wellbeing
but also address aspects related to sustainability and waste
detoxification.

SYNFORM What would you consider your most important
scientific achievement to date and why?

Prof. D. Leonori It is too early to say but I think my group
has demonstrated several novel concepts for either bond
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formation or cleavage that provide novel and orthogonal op-
portunities in chemical synthesis.

SYNFORM Please comment on your role as a member of
the Editorial Board of SYNTHESIS.

Prof. D. Leonori 1 will be mostly involved in helping
SYNTHESIS in evaluating new research manuscripts.

SYNFORM How do you describe the value of a resource
like SYNTHESIS to the chemistry community?

Prof. D. Leonori SYNTHESIS is an invaluable resource in
organic synthesis where new and modern chemical reactions
appear daily. It is also a journal with a fast turnaround of ar-
ticles so that urgent discoveries can be published in a timely
fashion.

SYNFORM Finally, on a personal note, what do you do in
your free time?

Prof. D. Leonori I enjoy trying new cooking recipes with
my wife and our little daughter. I also like to study astrono-
my and how it has impacted the development of ancient cul-
tures — my favorite constellation is Orion.
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Multi-site Programmable Functionalization of Alkenes via
Controllable Alkene Isomerization

Nat. Chem. 2023, 15, 988-997

The direct and selective functionalization of hydrocarbon
chains, including their multi-functionalization, is a funda-
mental challenge in modern synthetic chemistry.!? Conven-
tional functionalization of C=C double bonds and C(sp*)-H
bonds provides some solutions, but site diversity remains
an issue. “The merging of alkene isomerization with (oxida-
tive) functionalization provides an ideal method for remote
functionalization, which would provide more opportuni-
ties for site diversity,>*” said Professor Wanbin Zhang, from
Shanghai Jiao Tong University (Shanghai, P. R. of China), who
added: “However, the reported functionalized sites are still
limited, essentially consisting in a specific terminal position
and internal site; thus new site-selective functionalization,
including multi-functionalization, remains a largely unmet
challenge (Scheme 1A).>*” The research described in a recent
article published in Nature Chemistry by the Zhang group
provides a new solution for the diverse functionalization of

flexible olefins. The authors designed a new catalytic system
which controls the reaction sequence between alkene isomer-
ization and oxidative functionalization, thus achieving multi-
site programmable functionalization of terminal alkenes (in-
volving the C=C double bond and multiple C(sp?*)-H bonds),
accompanied by controllable remote alkenylation (Schemes
1B and 1C). “Specifically, aerobic oxidative 1-acetoxylation
(anti-Markovnikov), 2-acetoxylation, 1,2-diacetoxylation and
1,2,3-triacetoxylation have been realized,” said Professor
Zhang. The authors demonstrated that this method can enable
the conversion of readily available terminal olefins from pe-
trochemical feedstocks into unsaturated alcohols and poly-
alcohols, and particularly into different monosaccharides and
C-glycosides.

Professor Zhang remarked: “In fact, the study began as
early as in 2013, when Zhengxing Wu (the first author of the
title article) was still a doctoral student in my group. At that
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time, he was focusing on the aerobic oxidative difunctional-
ization of conjugated dienes, which was a good method for
obtaining multifunctional compounds, because of the pre-
sence of an easily convertible double bond in the functional-
ized product. Considering that the preparation of conjugated
dienes is not easy, and our group has accumulated experience
in the oxidative functionalization of mono-alkenes, we dis-
cussed whether it was possible to obtain the product identical
to that resulting from the difunctionalization of conjugated
dienes from readily available unactivated mono-alkenes.” Dr.
Wu recalled: “In the preliminary reaction design, we initiated
the process with an easily monitored terminal alkene, name-
ly 5-phenylpent-1-ene. The reaction was designed to proceed
through tandem oxidative acetoxylation to afford the 1,2-di-
functionalized products while preserving the double bond.
These reactions were then conducted using palladium as the
catalyst, acetic acid as the nucleophile, and oxygen as the
oxidant. Interestingly, after exploring various reaction condi-
tions, we did not obtain the desired 1,2-diacetoxylated pro-
duct; instead, we observed a small number of 1- and 2-ace-
toxylated products, accompanied by the isomerization of the
double bond to the conjugated position with the phenyl group.
Additionally, we also observed that changing the acidity of the
sodium acetate/acetic acid buffer had a significant impact on
the ratio of 1- and 2-acetoxylated products, although the ratio
was not particularly high (3:1~1:2). We realized that this is a
very interesting phenomenon, so the reaction mechanism was
studied further. Through the mechanism studies, we learned
that both 1-acetoxylation and 2-acetoxylation involve alkene
isomerization and oxidative functionalization (the oxidative
functionalization is facilitated by Pd"X,, while alkene isome-
rization is facilitated by in situ generated Pd"-H species). The
distinct reaction sequence between alkene isomerization and
oxidative functionalization leads to the formation of different
1- and 2-acetoxylated products.” At that point, after further
discussions, the authors had a breakthrough idea: “Drawing
inspiration from computer programming languages using 0
and 1, we thought that if we can precisely control the sequence
of alkene isomerization and oxidative functionalization, simil-
arly to programming commands, the diversity of functional-
ized sites could, in theory, be significantly enriched.” While
the idea was promising and offered rich possibilities, finding
a suitable catalytic system to precisely control the reaction
sequence turned out to be extremely challenging. After more
than a year of exploration (until 2015), the research had suc-
cessfully achieved 1-acetoxylation with good yield and se-
lectivity; however, further significant progress could not be
achieved regarding the control of the reaction sequence. On
the other hand, Zhengxing Wu began preparing for his doc-
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toral graduation. Hence, it was agreed that the research would
be temporarily placed in stand-by, for more systematic devel-
opment when the timing was appropriate.

Dr. Wu remained in Professor Zhang's group as an assis-
tant research fellow after graduating in 2017, and then the
study was resumed. “Some things cannot be expected to be
accomplished overnight; after pausing for some time, we may
gain new perspectives and ideas when we look back,” said
Professor Zhang. Indeed, after in-depth analysis of the body
of data accumulated from the past, the authors realized that
many factors can simultaneously affect the rate of alkene iso-
merization and oxidative functionalization in the catalytic
reaction, which makes it difficult to design suitable reaction
conditions. Professor Zhang continued: “To make progress, we
needed to simplify the problem and identify the main con-
flicting elements. This would help us gain a clear direction to
move forward.” Dr. Wu recalled: “After thorough considera-
tions, we came to the conclusion that alkene isomerization is
more challenging to control compared to oxidative function-
alization. To address this, we simplified the rate of oxidative
functionalization to be constant, while the focus shifted to
controlling alkene isomerization, which was deemed to be
the key challenge in solving the problem.” Furthermore, the
authors broke down the control of alkene isomerization on the
hydrocarbon chain into two parts: alkene isomerization before
oxidative functionalization, and alkene isomerization after
oxidative functionalization. This rationalization allowed for a
more systematic approach to tackle the challenge of control-
ling the reaction sequence. After finalizing the research idea,
Professor Zhang and co-authors conducted a comprehensive
analysis of the impact of various factors on alkene isomeriza-
tion based on existing literature. They also designed a series
of experiments to observe the influence of different factors on
the two types of alkene isomerization. “One year later, we had
made significant progress and essentially determined that the
alkene isomerization before oxidative functionalization could
be primarily controlled by the stability of the Pd(II)-H species
in the catalytic system,” recalls Professor Zhang. This stabili-
ty was found to be influenced by the acidity of the reaction
system (Scheme 2A, top).>® The isomerization after oxidative
functionalization, enabled by Pd(II)-H, was found to be pre-
dominantly controlled by Pd(II)-H coordination with the al-
kene chain and the rotation of the coordinating bond. These
processes were found to be influenced by the synergistic coor-
dinating effects of the amide solvent and chloride ion (Scheme
2A, bottom).”-'° “By utilizing the aforementioned factors to
control the reaction sequence, as of 2019, we achieved 1-ace-
toxylation (anti-Markovnikov), 2-acetoxylation, 1,2-diace-
toxylation, and even 1,2,3-triacetoxylation of alkenes,” said
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Professor Zhang. “These transformations were accompanied
by controllable remote alkenylation as shown in Scheme 2B.
Notably, for the 1,2,3-triacetoxylation, five sequential site ac-
tivations on the hydrocarbon chain (one C=C double bond and
three C(sp*)-H bonds) in a one-step reaction was achieved.”
In the following year, the authors of this study continued to
deepen their understanding of the mechanism and further
expanded the method’s scope. “After successfully achieving
further dihydroxylation of the unsaturated bond in our catal-
ytic product, we came to the realization that this could be a
promising approach to constructing sugars,” Professor Zhang
remarked. “Based on this, one of the most efficient syntheses
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of pentose and hexose sugars (including some rare ones) with
different configurations was achieved via a two-step route
from the catalytic products (Scheme 2C).”

Professor Zhang concluded: “The study period was quite
extensive, and we encountered countless difficulties through-
out the research process. There were even moments when
the idea of giving up halfway was contemplated. However,
fortunately, we persevered and overcame the challenges.
This methodology allows for the diverse functionalization
of flexible olefins, which has the potential to efficiently pro-
duce compounds that are needed in medicinal chemistry
and materials science. We firmly believe that the controllable
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reaction sequence strategy still holds significant potential for
exploring new functionalized sites on the hydrocarbon chain.
With this in mind, we are committed to continuing our efforts
in this direction and further advancing these developments.”

)

A s ‘\ m____,‘ua.
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Synthesis and Immunological Evaluation of Escherichia coli
O1-Derived Oligosaccharide-Protein Conjugates toward Avian
Pathogenic Escherichia coli O1 Vaccine Development

Synthesis 2023, in press; DOI: 10.1055/a-2152-0255

Avian Escherichia coli O1 (APEC O1) is a pathogenic bacteri-
um that causes significant economic losses to the poultry
industry and is also feared to cause zoonotic infections due
to its genomic similarity to human pathogenic E. coli. In ad-
dition, the emergence of drug-resistant strains is a concern
and the development of a glycoconjugate vaccine with a high
safety profile would be strongly desirable. However, the gly-
can structures of APEC O1 antigen have not been clarified yet,
which does not help the development of such a vaccine.

The group of Professor Kazunobu Toshima and Associate
Professor Daisuke Takahashi at Keio University (Yokohama,
Japan) has been studying this area, focusing on the three gly-
can structures O1A, 01B, and O1C, reported to be present in
E. coli O1. Professor Takahashi said: “We hypothesized that the

O1A antigen structure, which has been reported to be patho-
genic, may be important as a potential glycotope for APEC 01.”

“In our previous studies, we first synthesized complex gly-
coconjugates with O1A pentasaccharide, trisaccharide, and di-
saccharide structures using our boronic acid catalyzed BMAD
(boron-mediated aglycon delivery) method (Angew. Chem.
Int. Ed. 2015, 54, 10935-10939; Chem. Commun. 2017, 53,
3018-3021; J. Am. Chem. Soc. 2018, 140, 3644-3651; Angew.
Chem. Int. Ed. 2018, 57, 13858-13862; Nat. Commun. 2020,
11,2431; Chem. Eur. J. 2020, 26, 10222-10225; Angew. Chem.
Int. Ed. 2023, in press, DOI: 10.1002/anie.202307015),” said
Professor Takahashi. He continued: “We evaluated their im-
munological activities to identify candidate glycans for the
APEC O1 antigen, and revealed for the first time that the O1A
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Scheme 1 State of the art and main results of the study
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pentasaccharide structure is the glycotope of APEC O1 (Angew.
Chem. Int. Ed. 2021, 60, 1789-1796).”

In this study, the authors first synthesized complex glyco-
conjugates with O1B and O1C pentasaccharide structures
using borinic acid catalyzed and diboron-catalyzed BMAD
methods (for borinic acid catalyzed methods see: Org. Lett.
2016, 18, 2288-2291; Org. Lett. 2016, 18, 5030-5033; J. Org.
Chem. 2018, 83, 7281-7289; for diboron-catalyzed method
see: J. Org. Chem. 2020, 85, 16254-16262) and evaluated their
immunological activities. Professor Takahashi remarked: “In-
terestingly, it was clearly shown that only the O1A pentasac-
charide, incorporating a f-rhamnoside structure, is important
as a potential glycotope for APEC O1.” He continued: “Further-
more, we also synthesized a KLH-O1A pentasaccharide con-
jugate and evaluated its antigenicity. ELISA tests confirmed
the efficient production of antibodies capable of binding to
both APEC O1 LPS and O1A-pentasaccharide structures, indi-
cating that the glycoconjugate with O1A pentasaccharide is a
promising vaccine candidate against APEC 01.”

Professor Takahashi told SYNFORM: “One of the most im-
pressive results is that we were able to demonstrate that only
the O1A pentasaccharide containing the 3-rhamnoside struc-
ture among O1A, B, and C is useful as an epitope, as per the
working hypothesis. The other remarkable result is that KLH-
01A pentasaccharide conjugate produced antibodies that bind
to APEC O1 LPS and O1A-pentasaccharide structures.”

The authors believe that since the vaccine candidate
against APEC O1 discovered in this study is not made from the
pathogen, but has chemically synthesized homogeneous su-
gar chains that are less likely to cause adverse reactions, this
makes it potentially valuable from a practical standpoint.

“We were able to demonstrate the viability of our BMAD
methods through the efficient synthesis of O1B and O1C pen-
tasaccharides. Therefore, the broad application of this method
to the synthesis of antigenic glycan candidates holds great
promise for the development of new glycoconjugate vac-
cines against various pathogens,” said Professor Takahashi.
He concluded: “In addition, if APEC with O1B and O1C penta-
saccharide structures are expressed in the future, the glyco-
conjugates synthesized in this study may become vaccine can-
didates.”
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Mechanistic Snapshots of Rhodium-Catalyzed Acylnitrene Transfer

Reactions

Science 2023, 381, 525-532

Catalytic C-N bond formation stands as a crucial and highly
sought-after process in the realms of synthetic, medicinal,
and materials chemistry, offering a pathway to valuable nitro-
gen-containing compounds. While the Buchwald-Hartwig
coupling method has emerged as a practical approach for
furnishing valuable amine products,'? catalytic C-H amin-
ation is also considered as an attractive strategy, obviating
the demand for pre-functionalized substrates and directly
converting hydrocarbon precursors into the desired amine
products.* “Transition-metal-catalysis platforms have been
devised to facilitate hydrocarbon aminations through metal-
nitrenoid transfer routes, employing nitrene precursors, most
notably organic azides,” said Professor Sukbok Chang, from
the Institute for Basic Science and Korea Advanced Institute
of Science and Technology (IBS and KAIST, Daejeon, South
Korea). He further noted: “While integrating N-acylamino
groups into hydrocarbons is another significant transforma-
tion to produce various amido compounds, direct C-H amid-
ation through acylnitrenoid transfer with organic acyl azides
poses challenges. This is mainly due to the high temperature
requirement and to the unstable nature of acyl azides, which
tend to decompose to the corresponding isocyanates by the
Curtius-type rearrangement.”

Professor Chang’s group stands at the forefront of research
aiming to identify alternative pathways for the challenging
C-H amidation. “Recently, instead of using acyl azides as the
nitrene precursors, the broader synthetic organic community
has shifted its focus to 1,4,2-dioxazol-5-ones (dioxazolones),
which have shown promise as user-friendly and highly re-
active N-acylamino sources (Scheme 1a). Dioxazolones can
be easily derived from readily available carboxylic acid feed-
stocks, and their transformation to acylnitrenoids results in
the emission of CO, as a sole byproduct,” Professor Chang
explained. He continued: “Since Bolm’s efforts with sulfur
imidation through ruthenium photocatalysis,® and also with
our studies on C-H amidation using half-sandwich group d®
transition metal catalysts,’ dioxazolones have now become
popular N-acylamino precursors, as more than 120 research
groups utilized this strategy from 2015 to 2022 (Scheme
1b).”8” Based on distinct advantages over conventional acyl
azides, dioxazolones exhibited remarkable benefits in terms
of substrate scope, reactivity, and selectivity. Prof. Chang’s and

other groups exemplified these advantages by utilizing group
9 transition-metal catalysts to leverage the reactivity of an-
ticipated metal-acylnitrenoid species, leading to the creation
of value-added products like lactams,” arylamines,® and hy-
drazides.'°

In this regard, Professor Chang explained that the transi-
tion-metal-acylnitrenoid species has long been postulated as
a key intermediate in catalytic C-H amidation processes, yet
has remained uncharacterized due to associated challenges
(Scheme 1c). “Since our first discovery in catalytic C-H amid-
ation using dioxazolones as the nitrene precursors in 2015,
observing the metal-acylnitrenoid intermediacy has been on
our bucket list,” said Prof. Chang. He continued, explaining
the key challenges: “However, due to their high reactivity,
characterizing these metal-acylnitrenoid species has proven
exceedingly difficult. Most representatively, the inherent
susceptibility of metal-acylnitrenoids to undergo the Curtius-
type rearrangement makes the situation more challenging.
Furthermore, the low binding affinity of dioxazolones to tran-
sition-metal centers introduces another inherent complica-
tion, hindering the preparation of the necessary metal-bound
dioxazolone adducts and thereby adding complexity to the
exploration of the nitrenoid formation and transfer mechan-
isms.”

Professor Chang went on by explaining that in some cases,
transition-metal-nitrenoid intermediates were characterized
through the utilization of azides and transition-metal com-
plexes. In previous studies, researchers often designed bulky
ligands to protect the metal-nitrenoid structure from reacting
with other substrates (Betley,'" Munz'>'3). Beyond ligand de-
sign strategies, Powers,'*"> Schneider'®'” and others utilized
photo- or thermal-induced crystallographic approaches,
wherein the structure of the metal-nitrenoid could be cap-
tured in the crystalline matrix from single crystals of the
metal-azide complex upon irradiation or thermal perturba-
tion. “However, the literature precedents all utilized azides
to obtain structures of alkyl, aryl, and sulfonyl nitrenes, and
still, elucidating the structure of metal-acylnitrenoids using
dioxazolones remains a challenge,” Prof. Chang commented.

Professor Chang’s group has now solved this long-standing
challenge of characterizing transition-metal-acylnitrenoid
species, which resulted in this paper in Science.'® The first
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Scheme 1 Dioxazolones as an efficient amidation source: scope, reactivity, and challenges

author, Hoimin Jung, explained: “To solve this challenge, we
strategically designed a photosensitizable octahedral rhodi-
um complex that coordinates with a bidentate dioxazolone to
serve as an N-acylamino precursor.” He continued: “We devel-
oped a photocatalytic hydrocarbon amidation reaction with a
pyridinyl dioxazolone by using an octahedral rhodium catalyst
inspired by the Meggers-type photocatalyst.!® We successfully
isolated the rhodium-bound dioxazolone adduct, and further
photochemical studies showed that this new platform ex-
hibits photocatalytic nitrene transfer reactivity toward both
C(sp?)-H and C(sp?*)-H amidations (Schemes 2a and 2c). Com-
bined experimental and computational studies indicated that
photochemical activation of the Rh—dioxazolone adduct could
induce the formation of Rh-acylnitrenoid species via metal-
to-ligand charge transfer (MLCT) activation of the dioxazolone
(Scheme 2b). Also, mechanistic probe experiments and com-
putational studies supported the involvement of singlet Rh-
acylnitrene species responsible for nitrenoid transfer.”

Interestingly, the newly prepared rhodium-dioxazolone
complex also showed photochemical reactivity in the solid
reaction phase. The co-corresponding author Dongwook Kim
emphasized: “With the single crystal of Rh-dioxazolone com-
plexes in hand, we investigated the subsequent photoinduced
decarboxylation step using an X-ray photocrystallography ex-
periment in the Pohang Accelerator Laboratory (Korea).” He
continued: “It was possible to capture the highly reactive spe-
cies using the synchrotron facility, as the measurements could
be finished within a few minutes. When using a Rh-dioxa-
zolone crystal with a bulky tetrakis{3,5-bis(trifluoromethyl)
phenyl}borate (BArF) anion, we finally captured and resolved
a glimpse of the Rh-acylnitrenoid formation at 100 K upon
370 nm irradiation. After 30 min of irradiation, we found ~33%
conversion of the starting rhodium-dioxazolone complex,
where the Rh-N bond length contracted significantly from
2.153(2) A to 2.02(2) A upon the formation of the Rh-acyl-
nitrenoid species. Remarkably, upon structure analysis, we
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observed the extruded CO, molecule naturally (without geo-
metrical restraints), which resides between the bulky BArF
anion and the Rh-acylnitrenoid fragment (Scheme 3a).”
However, observing the rhodium-acylnitrenoid struc-
ture itself may not be sufficient to fully understand its catal-

Literature Coverage

ytic reactivity. Hence, the authors designed another photo-
crystallography experiment that could directly support the
reactivity nature of the sought-after rhodium-acylnitrenoid
complex (Scheme 3b). First author Dr. Jung said, “By switch-
ing the counter anion to a smaller PF, anion, we prepared a
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(a) Synthesis of Rh—dioxazolone precursors and their photochemical reactivity

N R R
h' + - R \N \
N CH,CI CH,Cly/substrate \
N N7 2 =51,1h =
AN | =9,
Me N

[Rh2]X (>95%)

T D

370 nm

-t
substrate = U
benzene or N
cyclohexane R = Ph, 99%
R =Cy, 72%

17 / ] 3 m
N

(b) Activation pathways to form Rh-nitrenoid species (DFT study)
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(c) Catalytic C—H amidation reactions (selected examples)
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Scheme 2 Synthesis of rhodium-dioxazolone coordination complexes and their photochemical reactivity
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(a) Photocrystallographic access to rhodium—acylnitrenoid complex

Setup for photocrystallography experiment
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100 K (33%)
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Scheme 3 Photocrystallographic access to rhodium-acylnitrenoid species and crystallographic reaction monitoring

co-crystal of Rh-dioxazolone with one acetone molecule in  timal to induce the change, and 19% of Rh-dioxazole structure
the crystalline matrix, where the acetone was found very  was observed after 30 minutes irradiation with the 370 nm
close to the dioxazolone moiety (2.695 A).” Dr. Kim continued  light source.” Professor Chang further highlighted: “With this
by explaining: “When subjecting this acetone co-crystal to  series of X-ray photocrystallographic analyses, we captured
the X-ray photocrystallographic analysis, we were able to  the complete mechanistic snapshot of acylnitrene transfer,
observe significant residual electron densities, indicating the ~ which includes the two-bond-breaking decarboxylation and
formation of the corresponding Rh-dioxazole molecule as  two-bond-associating dioxazole formation. In addition to the
the photoproduct, wherein acetone is incorporated into the  structural characterization of the Rh-acylnitrenoid interme-
in situ generated Rh-acylnitrenoid in the solid state. For this  diate, we also found experimental evidence on the electro-
experiment, a slightly higher temperature of 135 K was op-  philic nature of such intermediates.”

© 2023. Thieme. All rights reserved. Synform 202312, A210-A215 « Published online: November 15, 2023 « DOI: 10.1055/s-0040-1720615
v

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



A214

Professor Chang concluded: “We have solved the long-
standing challenge of identifying metal-acylnitrenoid inter-
mediacy in the catalytic C-H amidation process. Our study
represents a significant breakthrough in catalytic hydrocar-
bon amidation, offering new insights into the mechanism
of this crucial reaction and presenting a strategic avenue for
characterizing metal-acylnitrenoid intermediates and their
electrophilic nature. The isolation and characterization of the
Rh-acylnitrene complex serve as a long-sought-after key me-
chanistic motif, furnishing vital new perspectives for the de-
sign of more efficient and selective catalyst systems.”
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