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Postdoctoral Research

My research is focused on simplifying the way molecules are made for the purpose of
pharmaceutical, industry, material science and agrochemicals. | have always been
obsessed with total chemical synthesis which is such a beautiful one. Because one can
be both an artists and an explorer at the same time, so you can paint and you can visit
the moon but, you don’t have to leave your laboratory to do that.

The beauty and science of the field of the total synthesis is one that is the manifest
itself in the unpredictability and new things that one discover because we just don't
understand the fully the language of molecules. There are couple recent examples that
excite me. In this particular case because of rare natural products, very little of it can be
made, so if you want to turn a molecule like this into a potential medicine the only way
you could actually do that would be to make a lot of it.

In my postdoctoral research, my research was focused on the development of the
total synthesis of natural products containing amino acids and also development of the
new methodology.

My general research agenda is to investigate way to construction of complex natural
product which is containing amino acid. Because, if you think about the most useful
bond that anyone makes anywhere on earth, if you think about the bond that is being
made 50 million times a minute as we speak, it's the amino acid. Amino acids are
everywhere and we can’t escape them. Therefore, what's exciting about this to me is
the application to society by development of amino acid chemistry.

1. Total Synthesis of Taxol

| have engaged the total synthesis of taxol. Taxol was isolated from Taxus brevifolia,
which has miraculous anti-cancer activity. The complex structure and significant
biological activities of Taxol have drawn much attention from synthetic chemists. Since
1994, more than 10 groups have accomplished the total synthesis of taxol and formal
synthesis of taxol. However, efficient and scalable strategy such as a two-phase
synthesis has not yet been reported. Therefore, we initiated a taxol project, which would
also be applicable to related natural products. Recently, we have developed the
two-phase synthesis strategy.

(5 steps from S.M.)

(manuscript in preparation)



2. 11-step Total Synthesis of Teleocidins B1-B4

In another project, | have developed a unified and modular approach to the teleocidin
B family of natural products in 11 steps and features an array of interesting strategies
and methods. Indolactam V, the known biosynthetic precursor to this family, was
accessed through electrochemical amination, Cu-mediated aziridine opening, and a
remarkable base-induced macrolactamization. Guided by a desire to minimize
concession steps, the tactical combination of C-H borylation and a Sigman-Heck
transform enabled the convergent, stereocontrolled synthesis of the teleocidins.
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“11-Step Total Synthesis of Teleocidins B-1-B-4"
J. Am. Chem. Soc. 2019, 141, 1494-1497 DOI: 10.1021/jacs.8b13697

3. Electrochemical C(sp3)—H Fluorination

In one of the projects, | have investigated the way to fluorination by electrochemistry
which can be sustainable strategy. As part of this project, | have devised a scalable,
mild and practical reaction condition. The scope has been explored across arange of
substrates bearing numerous types of functionalgroups and the ease of scale-up is
evidenced by the 100-gram scale fluorination of a valine derivative. As electro-chemical
functionalization processes become more main-stream, it is likely that this method will
find use  alongsideanalogous C-H oxidation processes for  both
building-blockdiversification and metabolic prediction.
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4. Electrochemical Ni-catalyzed Aryl Amination (2" generation)

In another direction, | have investigated the way to Ni-catalyzed aryl amination by
electrochemistry. As part of this project, | have investigated ligands for Ni catalyst and
also | have improved scope limitation. Eventually, | found that the use of electron rich
amidine ligand was crucial for amination of Bromo-indole and amino acid.
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5. Electrochemical Ni-catalyzed Aryl Amination (1* generation)

In one of the projects, | have developed the way to Ni-catalyzed Aryl Amination (1st
generation). As part of this project, | have improved the scope limitation including hetero
aryl bromide which is basically difficult to use for typical Buchwald—Hartwig—Ulimann
type amination.

Along with amide bond formation, Suzuki cross coupling, and reductive amination,
the Buchwald—Hartwig—Ullmann type amination of aryl halides stands as one of the
most employed reactions in modern medicinal chemistry. The work herein
demonstrates the potential of utilizing electrochemistry to provide a complementary
avenue to access such critical bonds using an inexpensive nickel catalyst under mild
reaction conditions. Of note is the scalability, functional group tolerance, rapid rate, and
the ability to employ a variety of aryl donors (Ar-ClI, Ar-Br, Ar-I, Ar-OTf), amine types
(primary and secondary), and even alternative X—H donors (alcohols and amides).
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