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Synthesis of Glycoconjugates for Cellular Glycans

Ji Young Hyun

Therapeutics & Biotechnology Division, Korea Research Institute of Chemical Technology
(KRICT) Daejeon 34114, Republic of Korea

E-mail: hyunjy@krict.re.kr

Carbohydrates, which are present mainly in the form of glycoconjugates (e.g. glycoproteins,
glycosphingolipids and proteoglycans) on the surface of or inside cells, are involved in a
wealth of physiological and pathological processes through association with glycan—binding
proteins (GBPs). For instance, by binding to GBPs cell surface glycans play key roles in cell
communication, cell adhesion and signaling. Additionally, recognition of pathogenic glycans
by lectins, expressed on the immune cell surface, elicits immune responses to pathogens
including viruses, bacteria and yeast. Moreover, glycan—protein interactions are involved in
pathological processes, such as infections caused by pathogens and tumor metastasis. As a
consequence, functional studies of glycans and GBPs in biological systems, particularly
those that focus on glycan—associated recognition events, have the potential of providing
deep insight into various pathophysiological processes and designing efficacious therapeutic
agents and diagnostic tools. In this presentation, to elucidate glycan-associated biomolecular
interactions and their consequences, various glycoconjugates were prepared using diverse
glycoconjugates techniques and their functional studies were conducted.

References

1. Hyun, J. Y.; Kim, S.; Lee, H. S.; Shin, I. “A Glycoengineered Enzyme with Multiple
Mannose-6-Phosphates Is Internalized into Diseased Cells to Restore Its Activity in
Lysosomes”, Cell. Chem. Biol. 2018, 25, 1255-1267.

2. Hyun, J. Y.; Park, S.-H.; Park, C. W.; Kim, H. B.; Cho, J. W.; Shin, I. “Trifunctional
Fluorogenic Probes for Fluorescence Imaging and Isolation of Glycosidases in Cells”, Org.
Lett. 2019, 21, 4439-4442.
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Hyun, J. Y,; Pai, J.; Shin, I. “The Glycan Microarray Story from Construction to
Applications.” Acc. Chem. Res. 2017, 50, 1069-1078

Hyun, J. Y.; Kim, S.; Lee, H. S.; Shin, |. “A Glycoengineered Enzyme with Multiple
Mannose-6-Phosphates Is Internalized into Diseased Cells to Restore Its Activity in
Lysosomes”, Cell. Chem. Biol. 2018, 25, 1255-1267.

Pai, J.T; Hyun, J. Y.T; Jeong, J.; Loh, S.; Cho, E.-H.; Kang, Y.-S.; Shin, |. “Carbohydrate
microarrays for screening functional glycans.” Chem. Sci. 2016, 7, 2084-2093. [
equally contributed]

Park, S.-H.T; Hyun, J. Y.T; Shin, I. “A lysosomal chloride ion-selective fluorescent probe
for biological applications”, Chem. Sci. 2019, 10, 56-66. (Inside front cover Image) [':
equally contributed]

Hyun, J. Y.; Park, S.-H.; Park, C. W.; Kim, H. B.; Cho, J. W.; Shin, |. “Trifunctional
Fluorogenic Probes for Fluorescence Imaging and Isolation of Glycosidases in Cells”,
Org. Lett. 2019, 21, 4439-4442. (Cover Image)

Hyun, J. Y.T; Kang, N. R.T; Shin, |. “Carbohydrate Microarrays Containing Glycosylated
Fluorescent Probes for Assessment of Glycosidase Activities”, Org. Lett. 2018, 20,
1240-1243. [I: equally contributed]
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Total Synthesis of Polyketide Natural Products
: Monensin B, Laidlomycin and Arenaric acid

Wonchul Lee

Department of Chemistry, Kangwon National University
1 Kangwondaehak-gil Chuncheon 24341, Republic of Korea
E-mail: we.lee@kangwon.ac.kr

Monensin B and Laidlomycin, which are a polycyclic polyether ionophoric antibiotics, were
isolated from a Streptomyces cinnamonensis ATCC 15413 and sp. CS684, respectively.
These polyketides showed various physiological properties such as antimycoplasmal,
antimicrobial and anti-HIV activities, reversal effect on colchicine resistance in human
carcinoma, growth promoter for ruminants, and anticoccidial activity for poultry.! Arenaric
acid, a naturally occurring pentacyclic polyether, was isolated from marine sediments,
Streptomyces sp., near the north San Diego in 1999.2 It was also obtained from K-41A
through microbial and chemical transformation, which displays antibacterial activity against
Gram-positive bacteria, anticoccidal activity and delayed toxicity for poultry.® Toward the
synthesis of structurally complex polyketides, the stereochemistry was installed by
enantioselective desymmetrization, asymmetric allylations, Evans-Tishchenko reduction,
vanadyl-induced epoxidation, Shi epoxidation, Myers alkylation, iodoetherification and aldol
reactions as key steps.*

Monensin B (R = Me)
Laidlomycin (R = COEt) Arenaric acid

References

1. Kitame, F.; Utsushikawa, K.; Kohama, T.; Saito, T.; Kikuchi, M.; Ishida, N. J. Antibiotics
1974, 27, 884.

2. Cheng, X. C.; Jensen, P. R.; Fenical, W. J. Nat. Prod. 1999, 62, 605.
3. Hoshi, M.; Shimotohno, K. W.; Endo, T.; Furihata, K.; Seto, H. J. Antibiotics 1997, 50, 631.

4. (a) Kang, S.; Lee, W.; Jung, B.; Lee, H.-S.; Kang, S. H. Asian J. Org. Chem. 2015, 4,
567. (b) Lee, W.; Kang, S.; Jung, B.; Lee, H.-S.; Kang, S. H. Chem. Commun. 2016,
52, 3536.
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2017-2020 Research Professor, KAIST (Prof. Hee-Seung Lee, Prof. Sung Ho Kang)
2016-2017 Post-doc., University of Texas at Austin (Prof. Michael J. Krische)
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1. Lee, W. “Desymmetrization-Initiated Stereocontrolled Synthesis of (-)-Kaitocephalin”
Asian J. Org. Chem. 2019, 8, 1687.

2. Kim, S. W,; Lee, W.; Krische, M. J. “Asymmetric Allylation of Glycidols Mediated by Allyl
Acetate via Iridium-Catalyzed Hydrogen Transfer” Org. Lett. 2017, 19, 1252.

3. Guo, Y.-A,; Lee, W.; Krische, M. J. “Enantioselective Synthesis of Oxetanes Bearing All-
Carbon Quaternary Stereocenters via Iridium-Catalyzed C-C Bond-Forming Transfer
Hydrogenation” Chem. Eur. J. 2017, 23, 2557.

4. Lee, W.; Kang, S.; Jung, B.; Lee, H.-S.; Kang, S. H. “Total Synthesis of Laidlomycin”
Chem. Commun. 2016, 52, 3536.
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©
[ )
o

Q Session |

Moving from Basic Organic Chemistry to Application

Dae Yoon Chi

Department of Chemistry, Sogang University
35 Baekbeomro Mapogu, Seoul 04107, Republic of Korea
E-mail: dychi@sogang.ac.kr

Organic chemists who want to do research spend their youth in conflict between basic and
applied science. Finding new reactions, developing new methodology, and synthesizing
difficult-to-synthesized compounds make us ecstatic. The more journal you publish, the more
you fall into organic chemistry.

How many people are in a position that allows what they really want to do? Some acquire
the position by applying for a grant to do the research they want. Receiving many grants for
continuous research may help you to become a great organic chemist. But after receiving a
few grants for the research field that you really want, the reviewers wouldn’t want to support
your research anymore.

While doing basic research in difficult reality, most of organic chemist are waiting for the
opportunity to continue their research. When experimental organic chemists retire from work,
they are forced to join another lab for continuing their research. With enough money,
fortunately, one can buy a lab in an industrial center and continue the experiment. The
researchers over 65 in most universities in the United States continue their research by hiring
research fellows instead of accepting students. In contrast, this is nearly impossible in Korea.

Most organic chemists, at least to my knowledge, have desire to do fundamental organic
chemistry. However, due to the lack of research funding and laboratory barrier, they can only
conduct research until the age allowed by their research grant. Currently in Korea, one
solution to this is to carry out an applied science for research with basic science in parallel.
The reason for doing applied research is either because of a big technology transfer or
because of founding a company using that technology.

Let us share our thoughts on the direction of basic research and applied research. Recent
basic study “aerobic oxidation” and recent setup platform of new “Protein Receptor
Radionuclide Therapy (PRRT)” will be a good example of “Moving from basic organic
chemistry to application.

10
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1. Choi, H. Y.; Chi, D. Y. The new debromination reaction: can bromide be used as a
protective group in aromatic systems? J. Am. Chem. Soc. 2001, 123, 9202-9203.
Highlighted at Chemical & Engineering News, Science Concentrates, 2001, 79, 40, and
highlights at Angew. Chem., Int. Ed. 2002, 41, 1699-1700.

2. Kim, D. W.; Song, C. E.; Chi, D. Y. New method of fluorination using potassium fluoride in
ionic liquid: significantly enhanced reactivity of fluoride and improved selectivity. J. Am.
Chem. Soc. 2002, 124, 10278-10279. Highlighted at Org. Process Res. Dev. 2002, 6,
742-748 as one out of 40 useful reactions on 2002.

3. Kim, D. W.; Chi, D. Y. Polymer-supported ionic liquids: imidazolium salts as catalysts for
nucleophilic substitution reactions including fluorinations. Angew. Chem., Int. Ed. 2004,
43, 483-485. Selected as VIP paper.
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Biosynthetically Inspired/Inspiring Syntheses of Complex Natural Products

Sunkyu Han

Department of Chemistry, KAIST
Daejeon 34141, Republic of Korea
E-mail: sunkyu.han@kaist.ac.kr

Biosynthetic studies or hypotheses of the natural products can provide hints at their
chemical synthesis. Inversely, chemical synthetic transformations among structurally relevant
natural products can provide insights on their biogenetic origin. Furthermore, synthetic
chemists’ ability to efficiently produce presumed biosynthetic intermediates enables the
exploration of the inherent chemical reactivities of these key intermediates.

In this presentation, studies from our laboratory that focus on biosynthetically
inspired/inspiring synthesis of complex natural products will be presented. Especially,
syntheses of high-order securinega alkaloids such as flueggenines C, D, I,"* and high-
oxidation state securinega natural products including secu’amamine A, and fluvirosaones A,
B will be presented.®

OMe

(-)-flueggenine |

(-)-secu’amamine A (+)-fluvirosaone B (+)-fluvirosaone A

References

Jeon, S.; Han, S. J. Am. Chem. Soc. 2017, 139, 6302.

Jeon, S.; Park, J.; Han, S. Synlett 2017, 28, 2353.

Park, J.; Jeon, S.; Kang, G.; Lee, J.; Baik, M.-H.; Han, S. J. Org. Chem. 2019, 84, 1398.
Jeon, S.; Lee, J.; Park, S.; Han, S. submitted.

Lee, S.T; Kang, G.T; Chung, G.; Kim, D.; Lee, H.-Y.; Han, S. Angew. Chem., Int. Ed.
2020, 59, 6894 (T: These authors contributed equally).
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Base-Free Dynamic Kinetic Resolution of Secondary Alcohols

Inyeol Yun, Jin Yong Park, Jaiwook Park, and Mahn-Joo Kim*

Department of Chemistry, POSTECH
Pohang 37673, Republic of Korea
E-mail: mjkim@postech.ac.kr

Dynamic kinetic resolution (DKR) provides a powerful methodology for the transformations
of racemic substrates to enantiopure products.’” Since the first report on DKR employing a
metal complex as the racemization catalyst and an enzyme as the resolution catalyst,?
various ruthenium-based racemization catalysts have been reported for use in the
chemoenzymatic DKR of secondary alcohols.® These ruthenium catalysts, however, require
thermal or basic activation, which makes the DKR processes less practical. Thus, we have
tried to develop a ruthenium catalyst undergoing base-free activation at ambient temperature.
In the meeting, we will present the results from these studies with some previous DKR
examples. In particular, we will describe the DKR of a-arylallyl alcohols that was previously
difficult to achieve.*

OH Ru catalyst OAc
Lipoprotein lipase
X - X MeO
isopropenyl acetate oc— Ru 0
toluene, 25 °C, 5 h ’
Racemic (91% yield, 93% ee) OC  OMe
Ru catalyst

References

1. Ward, R. S. Tetrahedron: Asymmetry 1995, 6, 1475-1490.

2. Dinh, P. M.; Howarth, J. A.; Hudnott, A. R.; Williams, J. M. J. Tetrahedron Lett. 1996, 37,
7623-7626.

3. Reviews: (a) Pamies O.; Backvall, J.-E. Chem. Rev. 2003, 103, 3247-3261. (b) Lee, J. H.;
Han, K.; Kim, M.-J.; Park, J. Eur. J. Org. Chem. 2010, 999-1015. (c) Kim, Y.; Park, J.;
Kim, M.-J. ChemCatChem 2011, 3, 271-277.

4. Yun, |; Park, Y. J; Park, J.; Kim, M.-J. J. Org. Chem. 2019, 84, 16293-16298.
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Representative Publications

1.

Yun, |.; Park, Y. J.; Park, J.; Kim, M.-J. “Base-Free Dynamic Kinetic Resolution of
Secondary Alcohols with a Ruthenium-Lipase Couple,” J. Org. Chem. 2019, 84, 16293-
16298.

Lee, J.; Oh Y.; Choi, Y.K.; Choi, E.; Kim, K.; Park, J.; Kim, M.-J. "Dynamic Kinetic
Resolution of Diarylmethanols with an Activated Lipoprotein Lipase," ACS Catal. 2015, 5,
683-689.

Lee, E; Oh, Y; Choi, Y. K; Kim, M.-J. "Aqueous-Level Turnover Frequency of Lipase in
Organic Solvent," ACS Catal. 2014, 5, 3590-3592.

Kim, C.; Lee, J; Cho, J.; Oh, Y; Choi, Y. K.; Choi, E; Park, J.; Kim, M.-J, "Kinetic and
Dynamic Kinetic Resolution of Secondary Alcohols with lonic-Surfactant-Coated
Burkholderia cepacia Lipase: Substrate Scope and Enantioselectivity, J. Org. Chem.
2013, 78, 2571-2578.

Kim, H.; Choi, Y. K.; Lee, J.; Lee, E.; Park, J.; Kim, M.-J. "lonic-Surfactant-Coated
Burkholderia cepacia Lipase as a Highly Active and Enantioselective Catalyst for the
Dynamic Kinetic Resolution of Secondary Alcohols" Angew. Chem., Int. Ed. 2011, 50,
10944-10948.
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Photoredox Catalysis Enabling Construction of DNA-Encoded Library

Jaehoon Sim
College of Pharmacy, Chungnam National University (CNU)

E-mail: jsim@cnu.ac.kr

DNA-encoded library (DEL) technology is emerging as an inexpensive and powerful tool
for the identification of small molecules that bind to biomolecular targets of interest. Although,
DEL technology has great capability to discover novel drug candidates for unprecedented
pharmacological target, there are still remaining challenges that limit DEL methods to reach
their full potential in pharmaceutical industry. On-DNA reactions must be compatible with
DNA barcode, be performed at highly diluted water-containing solvent, and avoid the use of
harsh and strong acids or bases. As a result, DNA-encoded libraries developed so far cannot
cover a wide range of 3D space required in drug discovery.

Recently, a photoredox catalyzed cross-coupling emerged as an remarkable method for
introducing C(sp®) centers via single electron transfer (SET). Given the increasing demand
for 3D-complex C(sp®)-rich DEL libraries to enhance physicochemical properties, target
specificity and selectivity of them, photoredox-catalyzed synthetic methods have been
applied to this field. In this presentation, recent development of this application will be
discussed.

Reference

1. S. O. Badir,$ J. Sim,8 K. Billings, A. Csakai, X. Zhang, W. Dong, G. A. Molander, Org. Lett.
2020, 22, 1046.

2. J. P. Phelan, S. B. Lang, J. Sim, S. Berritt, A. Peat, K. Billings, L. Fan, G. A. Molander, J.
Am. Chem. Soc. 2019, 141, 3723.

16



©
[ )
o

Q Session Il

M X Z (Jaehoon Sim)

Address

College of Pharmacy, Chungnam National University (CNU)
99 Daehak-ro Yuseong-gu, Daejeon 34134

Tel.: 042-821-5938

E-mail: jsim@cnu.ac.kr

Education

Ph.D. (2016) College of Pharmacy, Seoul National University (Advisor: Young-Ger Suh)
B.S. (2010) College of Pharmacy, Seoul National University

Position

2020-present College of Pharmacy, Chungnam National University

2019-2020 Professional Researcher, LG Chem.
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1. S. O. Badir,’ J. Sim,8 K. Billings, A. Csakai, X. Zhang, W. Dong, G. A. Molander,
“Multifunctional Building Blocks Compatible with Photoredox-Mediated Alkylation for DNA-
Encoded Library Synthesis” Org. Lett. 2020, 22, 1046.

2. J. P. Phelan, S. B. Lang, J. Sim, S. Berritt, A. Peat, K. Billings, L. Fan, G. A. Molander,
“Open-Air Alkylation Reactions in Photoredox-Catalyzed DNA-Encoded Library Synthesis.
“J. Am. Chem. Soc. 2019, 141, 3723.

3. J. Sim, M. A. Campbell, G. A. Molander, “Synthesis of a-Fluoro-a-Amino Acid Derivatives
via Photoredox-Catalyzed Carbofluorination® ACS Catal. 2019, 9, 1558.

4. J. Sim, H. Park, J. Lim, I. Yoon, C. Lim, H. An, H. Yun, H. J. Choi, Y.-G. Suh,
“Stereoselective Synthesis of 1,4,5-Tri-cis-guaiane Sesquiterpene: First Total Synthesis of
(-)-Dendroside C Aglycon” Org. Lett. 2018, 20, 586. “
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Development and Mechanistic Understanding of Copper Hydride-Catalyzed
Enantioselective C-C Bond Forming Reactions

Kwangmin Shin
Department of Chemistry, Sungkyunkwan University
Suwon 16419, Republic of Korea
E-mail: kmshin@skku.edu

The development of new transition metal-catalysis for the construction of carbon-carbon
(C-C) bonds in a stereoselective manner has a great impact on broad research fields such
as organic synthesis, medicinal and materials chemistry. Here, | present my research effort
toward the establishment of novel stereoselective C-C bond forming reactions enabled by
chiral copper hydride (CuH) catalysis." The first part of this talk will discuss the development
of CuH-catalyzed stereoselective allylation of aldehydes with unactivated 1,3-dienes.? The
importance of kinetic control (slow addition of aldehyde) in this allylation reaction will be
explained. In the second part, the development of CuH-catalyzed enantioselective
hydromethylation of vinylarenes will be discussed.® The effect of ligand and copper source on
the enantioselectivity and minimizing side-reactions will be described in detail.
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Mylon 66

PET

=il SN E (o]

2R E

izt 4% 58 28X

0 0o 0

|| ” ¥ v ZRO=-HC 3 - !1

OC(CH3),CO™ HsN(CHa)eNH; —————> —NH{CH3)sNHC(CH1).C
4 ]

4] 1)

. : o 0
| L W | HIO-INFE | i I
HiW: -\ —COH + HOCHLCHO0H - -"'h;-'r COCHLCHAO—C —i

Poly(ethylene terephthalate)

w

thE £ 4% 58 2%

CH, ¥ CH, &}

Nl [ =, Y

By 4
|E Nuu—{\ fb_é { Y ora +ada 29 - u—(% 4 ot
ST 4 ) -
CH, .

Bisphenol A polycarbonate

g g
N O-C-N—R—N-C-0 + 0 HO—R—0H ——= L¢-N—R—N-C-0-R-0

43




Tutorial X}I&

of2tol= =,

LEXo] UM 2=

|sotactic syndiotactic  atactic (random)

Diad Triad Tetrad Pentad

=J=1| 1.=I=§ [} ) \=1 1 '.‘-1 }:

|sotactic Syndistactic Heterotactic Avactic

44



Tutorial X}I&

DEXe UM 2=

Palystyrems [F3)
Palyprapylan [#9) Lol
= ataclic syndiotaclic
atmktisch y tisch § 3
{PP-at {PR-51) PP Ay =y
En— | S —— . in |§n =
™ b ™™ “—LH [T T
HE o o, B el L Y
= en " Mt
He—EH, W =cH — H e e
L s j— i,
gl — i =, SE O, s
o=y oH, f—— -t
a3 Ty o oy e
™, cH, b - e bt
amoipheus Ai-Erys1alkng sama-Crystafing
amorh tedlkristalln redkristallin (= ragadty) [=Blowly)
T, ==10"C T,==8'C T, =0"C Ty = 100 T Ty = 1007 T, =l00°C
o T,=180%C Te= 18450 Ta= Ta=2l0%C Ta = 240 °C
=
DEXe| FY g
Polypeprides. DNA, RMA, Delicacely Sequenced
polysaccharides Polymers
Artificial DNA, RNA, Well controlled

Polypeptides and stcs Solid Phase Synthesis

Paly-olefin, -ester, -
carbonate. -ether.........

45

but poor efficiency

i
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2|4 E& (Living Polymerization)

IUPAC definition
Living polymerization: A chain polymerization from which chain transfer and chain termination are absent.
Note: In many cases, the rate of chaln initiation is fast compared with the rate of chain propagation, so that the
number of kinetic-chain carriers is essentially constant throughout the polymerization =
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Living or Controlled Chain Growth Polymerization
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Marrow PDI
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Reversible Deactivation Radical Polymerization

R-X —_— R" + X A
Iniciator Reactive Stable
Radical Radical
M

K
&‘ + Propagating Radical
M+A_ RPn o otive Spacie
Kie Kgasact
Kaet

Termination RP, - X Dormant Specie

Figure 1: General mechanism of controlled radical
polymerization.

Reversible Deactivation Radical Polymerization

Atom Transfer Radical Polymerization (ATRP)

PR
1 Termination
/x
. Br . L cuper N L T
\,_,,./\""-;rf . ) l \ L Cullt)Brs
K - ( Chain propagation
[rems] N\

M

EHEW HTE s AbSD g SO Fho) PR E0l BheE MEN| o jats ZoE BEeHE, B 20| 0| THE S E0EE &
E2 W2 ErE HEsE A0 Jef2 [attct 0| H el Soif o|of ChA| 202 Helen Ao @y Hhas Hsia
ChA| R AEEF| EICH 0|8 ShEdo T8 B2 o2 clpt B0 Higd THE @10) 2fC)E Abs dE Bha 0] Bgatc YMHo 2 714
HhE Oy HO=ez CE HA (SSE Arse| Hojet BH O 0 Bk YRS TEE 4 o

(oY X| &2t 0k 2tC) T S8 [radical polymerization] (ZFEY D)
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Reversible Deactivation Radical Polymerization

Mitroxide-Mediated Polymerization (NMP)
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Reversible Deactivation Radical Polymerization

Reversible Addition-Fragmentation chain=Transfer polymenzation [RAFT)
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Chain Length and Dispersity Control

Ru ROMP

A -/ Ras
e v = Q;I‘,F*Iuﬁph
ooy Br M
= Fch'Fh @B‘

Catalyst 1 Catalyst 2
|Grubbs 2™ Generation) [Grubbs Ulira-fast
Initiating Catalyst)

& of 2 is more than ten thousand times faster, giving the k/&, needed for narrow PDI.

httpe/fallthi ngsmetathesis comdow-polydispersity-remp-catalysty
Chol T.: Gnabbs RH. Angew Chem it 50 2003, 45 1745,
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Message to Students
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