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Commun. 2012, 48, 6833.

Recent development of two-photon fluorescent probes for bioimaging, Kim, D.; Ryu, H. G.; Ahn, K. H.* Org.
Biomol. Chem. 2014, 12, 4550 (an invited review).

Toward a Selective, Sensitive, Fast-Responsive, and Biocompatible Two-Photon Probe for Hydrogen Sulfide in
Live Cells, Singha, S.; Kim, D.; Moon, H.; Wang, T.; Kim, K. H.; Shin, Y. H.; Jung, J.; Seo, E.; Lee, S.-J.; Ahn,
K. H.* Anal. Chem. 2015, 87, 1188.

n-Expanded coumarins: synthesis, optical properties and applications, Tasior, M.; Kim, D.; Singha, S.;
Krzeszewski, M.; Ahn, K. H.;* Gryko, D. T.* J. Mater. Chem. C, 2015, 3, 1421 (a review article).

Two-Photon Absorbing Dyes with Minimal Autofluorescence in Tissue Imaging: Application to in vivo Imaging
of Amyloid-g Plaques with a Negligible Background Signal, Kim, D,; Moon, H.; Baik, S. H.; Singha, S.; Wang,
T.; Kim, K. H.; Park, B. S.; Jung, J.; Mook-Jung, I.;* Ahn, K. H.* J. Am. Chem. Soc. 2015, 137, 6781.

A Structural Remedy toward Bright Dipolar Fluorophores in Aqueous Media, Singha, S.; Kim, D.; Roy, B.;
Sambasivan, S.; Moon, H.; Rao, A. S.; Kim, J. Y.; Joo, T.; Park, J. W.; Rhee, Y. M.; Wang, T.; Kim, K. H.; Shin,
Y. H.; Jung, J.; Ahn, K. H.* Chem. Sci., 2015, 6, 4335.

Close Correlation of Monoamine Oxidase Activity with Progress of Alzheimer’s Disease in Mice, Observed by
in Vivo Two-Photon Imaging, Kim, D.; Baik, S. H.; Kang, S.; Cho, S. W.; Bae, J.; Cha, M.-Y.; Sailor, M. J.;
Mook-Jung, I.;* Ahn, K. H.* ACS Cent. Sci., 2016, 2, 967.

Addressing the Autofluorescence Issue in Deep Tissue Imaging by Two-Photon Microscopy: Significance of
Far-Red Emitting Dyes, Jun, Y. W.; Kim, H. R.; Reo, Y. J.; Dai, M.; Ahn, K. H.* Chem. Sci. 2017, 8, 7696.
A ratiometric two-photon fluorescent probe for tracking lysosomal ATP: Direct in cellulo observation of
lysosomal membrane fusion processes, Jun, Y. W.; Wang, T.; Hwang, S.; Kim, D.; Ma, D.; Kim, K. H.; Kim, S.;

Jung, J.; Ahn, K. H.* Angew. Chem. Int. Ed. 2018, 57, 10142.

Frontiers in Probing Alzheimer’s Disease Biomarkers with Fluorescent Small Molecules, Jun, Y. W.; Cho, S.
W.; Jung, J.; Huh, Y.; Kim, Y.;* Kim, D.;* Ahn, K. H.* ACS Cent. Sci. 2019, 5, 209 (an Outlook).
Far-Red/Near-Infrared Emitting, Two-Photon Absorbing, and Bio-Stable Amino-Si-Pyronin Dyes, Kim, K. H.;
Singha, S.; Jun, Y. W.; Reo, Y. J.; Kim, H. R.; Ryu, H. G; Bhunia, S.; Ahn, K. H.* Chem. Sci. 2019, 10, 9028.
An Endeavor in the Reaction-Based Approach to Fluorescent Probes for Biorelevant Analytes: Challenges and
Achievements, Singha, S.; Jun, Y. W.; Sarkar, S.; Ahn, K. H.* Acc. Chem. Res. 2019, 52, 2571. (an invited
review)

Development of Photo- and Chemo-stable Near-Infrared-Emitting Dyes: Linear-Shape Benzo-Rosol and Its
Derivatives as Unique Ratiometric Bioimaging Platforms, Dai, M.; Reo, Y. J.; Song, C. W.; Yang, Y. J.; Ahn,
K. H.* Chem. Sci. 2020, 11, 8901.

Systematic study on discrepancy of fluorescent properties between in solutions and in cells: Super-bright,
environment-insensitive benzocoumarin dyes, Reo, Y. J.; Jun, Y. W.; Cho, S. W_; Jeon, J.; Roh, H.; Singha, S.;
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Commun. 2020, 56, 10556.


http://pubs.acs.org/author/Kim%2C+Dokyoung
http://pubs.acs.org/author/Baik%2C+Sung+Hoon
http://pubs.acs.org/author/Kang%2C+Seokjo
http://pubs.acs.org/author/Cho%2C+Seo+Won
http://pubs.acs.org/author/Bae%2C+Juryang
http://pubs.acs.org/author/Cha%2C+Moon-Yong
http://pubs.acs.org/author/Sailor%2C+Michael+J
http://pubs.acs.org/author/Mook-Jung%2C+Inhee
http://pubs.acs.org/doi/abs/10.1021/acscentsci.6b00309#cor1
http://pubs.acs.org/doi/abs/10.1021/acscentsci.6b00309#cor2

Towards Fluorophores and Molecular Probes for

Bioimaging Applications

Kyo Han Ahn

Department of Chemistry, POSTECH, 77 Cheongam-Ro, Nam-Gu, Pohang, Gyungbuk, Korea

E-mail: ahn@postech.ac.kr

Fluorescence imaging aided with molecular probes is essential in biomedical research fields.

My research efforts during the last two decades or so have been focused on the development of

organic fluorescent molecules (fluorophores) and molecular probes for bioimaging applications.

In this meeting, I like to present what I have pursued recently towards fluorophores and probes

with practicality. I’d like to briefly talk about how I moved into the field, how I evolved from the

field, and what I am trying to do at the end of my research career, by choosing some representative

works. The topics may include fluorescence sensing of anions and metal cations by the reaction-

based approach,! understanding and development of one/two-photon dyes,? addressing some

issues in fluorescent imaging of cells and tissues,’ and development of fluorescent probes for

biomedical imaging of diseases such as Alzheimer’s and cancer.*
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3. Li, X,; Park, E.-Y.; Kang, Y.; Kwon, N.; Yang, M.; Lee, S.; Kim,W. J.*; Kim, C.*; Yoon, J.* “Supramolecular
Phthalocyanine Assemblies for Improved Photoacoustic Imaging and Photothermal Therapy” Angew. Chem. Int. Ed.
2020, 59, 8630-8634.
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Recent Progress on Activatable Photosensitizers

Juyoung Yoon
Department of Chemistry and Nanoscience, Ewha Womans University, Seoul 03760, Korea
E-mail: jyoon@ewha.ac.kr

Switchable phototheranostic nanomaterials are of particular interest for specific biosensing,
high-quality imaging, and targeted therapy in the field of precision nanomedicine. Here, we
develop a “one-for-all” nanomaterial (NanoPcTBs) that self-assembles from flexible and versatile
phthalocyanine building blocks. Fluorescence and reactive oxygen species (ROS) generation
could be triggered depending on a targeted, protein-induced, partial disassembly mechanism,
which creates opportunities for low-background fluorescence imaging and activatable
photodynamic therapy (PDT). We also reported a facile strategy to directly assemble a
phthalocyanine photosensitizer (PcS) with an anticancer drug mitoxantrone (MA) to form uniform
nanostructures (PcS-MA), which have the capability of undergoing nucleic acid-responsive
disassembly. On the other hand, the in vivo specific binding between albumin and PcS, arising
from the disassembly of injected NanoPcS, was recently confirmed using an inducible transgenic
mouse system. In a recent investigation, we devised a novel molecular design approach to create
heavy-atom-free photosensitizers for enhanced photodynamic therapy under hypoxia conditions.
The thionaphthalimides display dramatically enhanced quantum yields for photosensitized singlet
oxygen formation (@ ~ 1.00, in air-saturated acetonitrile).

In this talk, I will present our recent research on activatable photosensitizers and heavy atom
free photosensitizers.
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Catalytic Enantioselective Radical 1,2-Addition and

Tandem Reactions of ortho-Quinone methides

Do Hyun Ryu
Department of Chemistry, Sungkyunkwan University, Jangan, Suwon, 16419, Korea
E-mail: dhryu@skku.edu
Visible-light induced radical reaction has been regarded as advantageous and attractive
approach for the development of efficient and selective synthetic methodology. To develop

efficient enantioseletive photoredox catalysis, organocatalyst or chiral Lewis acid catalyst has
been used as a cooperative catalyst with photosensitizer.
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ortho-Quinone methide (0-QM) has a cyclohexadiene structure with exocyclic alkene and
carbonyl group. It has attracted great scientific interests in recent decades and been used as a
reactive intermediate for the synthesis of bioactive compounds
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In this talk, I will present our recent two research topics on catalytic enantioselective radical
1,2-addition and tandem reactions of ortho-quinone methides. We studied chiral Lewis acid
catalyzed visible-light photoredox initiated radical addition to aldehydes. As a second topic,
enantioselective synthesis of 2,3-dihydrobenzofurans and a-methylene carbonyl compounds will
be discussed.
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Bridging Iboga and Post-Iboga Alkaloids by
Chemical Synthesis

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

Organisms have evolved to produce various natural products from a common precursor as a
means to maximize the number of secondary metabolites, and thus acquire selective advantages.
Iboga alkaloids which have attracted significant attention due to their intriguing polycyclic
structures and potential therapeutic uses against drug addiction are no exception to this
biosynthetic logic. In that regard, we coined the term “Post-Iboga” alkaloids to describe the natural
products that are biosynthetically downstream of the iboga-type alkaloids with rearranged indole
and/or isoquinuclidine scaffolds.

In this presentation, our group’s efforts that are centered on the transformation of iboga to post-
iboga alkaloids by chemical synthesis will be presented. New synthetic strategies and chemical
tactics have enabled the transformation of readily available iboga natural product catharanthine to
various post-iboga alkaloids such voatinggine, tabertinggine, dippinines B, C, tronocarpine, and
10,11-demethoxychippiine. While our synthetic endeavors have been inspired by biosynthetic
hypotheses, our discoveries en route to the chemical synthesis of post-iboga alkaloids inversely
provide insights to the biogenesis of this family of natural products.
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Organosulfur (IV) Compounds
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Therapeutics & Biotechnology Division, Korea Research Institute of Chemical Technology
(KRICT), 141 Gajeong-ro, Yuseong-gu, Daejeon 34114, Korea

E-mail: sjunpark@krict.re.kr

The organosulfur (IV) compounds—namely sulfur ylides, sulfonium salts, sulfoxides, and
sulfilimines—have played important roles in a broad range of fields, including synthetic chemistry,
catalysis, crop protection, and medicinal chemistry.! For applications of these moieties in drug
development, the sulfoxide functional group occurs in FDA approved drugs, representatively
esomeprazole, omeprazole, and armodafinil. In addition, researchers at AstraZeneca and Bayer
demonstrated that one-atom replacement at the sulfur core—from oxygen to nitrogen—Ied to
clinical candidates Ceralasertib (AZD6738) and Roniciclib (BAY1000394), which are selective
kinase inhibitors.?

For a promising approach to discover new bioactive small molecules, organosulfur (IV)
compounds have been newly prepared and evaluated for their biological activities. This
presentation will highlight new methods for the formation of S—C and S-N bonds, the synthesis
of new heterocycles, and their therapeutic and agricultural applications.>

o) N
R/g\R R/g\R
Sulfoxide Sulfilimine

R'= ARt RlGgrR e

Figure 1. Selected S(IV) functional groups?
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Total Syntheses of Biologically Active Isoprenoid
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Sangho Koo
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Terpenoids and Carotenoids are two important subgroups of isoprenoid natural products which
exhibit various biological effects of antioxidant, anticancer, and antibacterial activities. These
health-benefit nutraceuticals find wide applications in colorant, food additive, cosmetic and drug
industries. Synthesis of the polyene chain of carotenoids mostly relies on the Wittig olefination
reaction. Sulfone-mediated method, known as Julia olefination, was applied only to the production
of retinol derivatives. We have extended the synthetic repertoires of the carotenoid polyene chains
using organo-sulfur chemistry.

Various building blocks containing sulfone groups were devised for efficient construction of
the polyene chains of carotenoids. Cs Benzothiazolyl (BT) sulfone containing an acetal moiety
was devised for iterative chain extension of apocarotenoids, and crocetin was efficiently
prepared.! C; BT-sulfone ester was utilized for norbixin ester synthesis.? Cs BT-sulfone with a
phosphonate moiety reacted with Cio 2,7-dimethylocta-2,4,6-trienedial to produce Cao
diphosphonate, which expeditiously provided novel carotenoids upon olefination with various
aldehydes (R-CHO).? High throughput screening and hierarchical clustering analysis were applied
to the novel carotenoids for evaluation of their antioxidant activities utilizing DPPH and ABTS
assays.> Abscisic acid was efficiently prepared by vinylogous diester condensation and selective
decarboxylation method.* Recent progresses together with our representative carotenoid synthetic
methods are to be presented.
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Newly Developed Reversible MAO-B Inhibitor
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Ki Duk Park

Convergence Research Center for Diagnosis, Treatment and Care system of Dementia,

Korea Institute of Science & Technology, Seoul 02792, Korea
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Monoamine oxidase—-B (MAO-B) has recently emerged as a potential therapeutic target for
Alzheimer’s disease (AD) because of its association with aberrant y-aminobutyric acid (GABA)
production in reactive astrocytes. Although short-term treatment with irreversible MAO-B
inhibitors, such as selegiline, improves cognitive deficits in AD patients, long-term treatments
have shown disappointing results. We show that prolonged treatment with selegiline fails to
reduce aberrant astrocytic GABA levels and rescue memory impairment in APP/PS1 mice, an
animal model of AD, because of increased activity in compensatory genes for a GABA-
synthesizing enzyme, diamine oxidase (DAO). We have developed a potent, highly selective, and
reversible MAO-B inhibitor, KDS2010 (IC50 = 7.6 nM; 12,500-fold selectivity over MAO-A),
which overcomes the disadvantages of the irreversible MAO-B inhibitor. Long-term treatment
with KDS2010 does not induce compensatory mechanisms, thereby significantly attenuating
increased astrocytic GABA levels and astrogliosis, enhancing synaptic transmission, and rescuing
learning and memory impairments in APP/PS1 mice.
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Porphyrins are essential pigments in biological systems. Porphyrins and chlorophylls are often
self-assembled into nanoscale superstructures to perform many essential functions, such as light
harvesting and electron transport. The crystal structure of the light-harvesting antenna complexes
(LHC) in purple photosynthetic bacteria shows the presence of a highly symmetric wheel-like
supramolecular architecture involving a large number of bacteriochlorophyll pigments. From the
inspiration of the natural light harvesting systems, a variety of porphyrin-based nanoarchitectures,
such as nanofibers, nanosheets, nanoparticles, and nanorings have been fabricated for applications
in various research fields including photonics, catalysis, and electronics. The mimicry of light
harvesting system is a very important subject, not only form a scientific viewpoint, but also for its
possible contribution to sustainable utilization of energy resources. As mimic of natural light
harvesting system, we recently have designed several porphyrin-based artificial models including
porphyrin dendrmers, self-assembled nano-ring, and supramolecular receptors. We are going to
report recent advances in our research on the porphyrin-based supramolecular architectures. A
series of porphyrin derivatives having multiple carboxylic acid groups was prepared to build up
supramolecular architecture through intermolecular hydrogen bonding. The obtained
nanostructures were successfully analyzed by X-ray crystallography. The details will be presented
in the symposium.
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gem-Diorganometallic reagents are valuable starting materials for the synthesis of
multifunctionalized molecules. Among them, gem-diborylalkanes, which contain two boryl
groups at the same carbon center, are particularly attractive due to their ease of handling, non-
toxicity, stability, and propensity to undergo a variety of organic transformations. Since 2014, our
group is highly interested in the development of regio-, chemo-, and stereoselective
transformations of gem-diborylalkanes for the preparation of enantioenriched organoboron
compounds.

In this seminar, the details about our recent findings for transition-metal-catalyzed
enantioselective couplings of gem-diborylalkanes or gem-diborylmethyl metallic species with

allylic electrophiles will be presented.!"
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Naming of Chemical Compounds in a Nutshell
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Every chemist encounters enormous number of chemical substances with a diversity of
complexity. So far over 175 million chemical substances have been registered in Chemical
Abstract Service (CAS). The numbers of new entry are getting bigger every day. And mere
counting of numbers of chemical compounds is almost meaningless. Naming of chemical
compounds is cumbersome and difficult job. There are several categories of nomenclature: trivial
names, proprietary names, nonproprietary names, generic names, [UPAC names. Figure 1
displays examples of international nonproprietary names (INNs) from World Health Organization
(WHO). Trivial name is a common, historic, or convenient name for a substance. The trivial name
is often derived from the source in which the substance was discovered. It is not systematic and
is not used in modern official nomenclature. Trivial names are still used in [UPAC names for fuse-
ring system. Furthermore, the names of natural products are closely entwined with trial names.
Trivial names are concise and good for oral or written communication.

o '( o OH
- 1

Paracetamol (INN)
Acetaminophen (USP)

H,N
Procaine

IUPAC: 2-(diethylamino)ethyl 4-
aminobenzoate

L

Lidocaine

IUPAC: 2-(diethylamino)-N.(2,6-
dimethylphenyl)acetamide

Figure1. Examples of INN names.



The Korean Chemical Society is observing the rules of IUPAC. The official language of IUPAC
is English, which is non-phonetic in its nature. Setting up naming system in Korean, adapting the
rules of [UPAC in our Korean Chemical Society is a challenging task. [UPAC nomenclature is
growing and changing through evolution. (See Scheme 1) IUPAC nomenclature does not
prescribe single name for each individual compound and insists old IUPAC rules are still
legitimately effective. IUPAC suggests Preferred IUPAC Names (PINs) for the priority for
ITUPAC names to resolve the legal problems. PINs require new sets of rules for priorities of names.
In contrast to the diverse [IUPAC names, CAS provides unique name for each registry substance.
This is the main reason why the CAS names are preferred for pharmaceutical industry.

Scheme1. An Example of Evolution of IUPAC Nomenclature for Stereochemistry

QP

cis-1,4-dimethylcyclehexane trans-1,4-dimethylcyclohexane

| |

(1s,4s)-1,4-dimethylcyclohexane (1r,4r)-1,4-dimethylcyclohexane

Names of chemical compounds have profound influences in our living field such as food,
education, research, legal system, domestic and international commercial trade, and so on. Names
can be trivial, systemic, or proprietary. Naming systems evolved so far will be briefly discussed.
Also, some of the recommended IUPAC nomenclature will be surveyed.
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