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Fluorinated sulfonates and phosEhonates were designed as inhibitors of

sialic acid binding viruses. Three milestones were reached to produce target sialic acid analogues:

1) C-2 fluorine introduction into pyranose analogues, 2) introduction of fluorine and hydroxy groups
into C-1 and C-2 positions of open-chain analogues, and 3) substitution of the sialic acid anomeric
carboxy with a sulfonamide group.
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The current coronavirus pandemic emphasizes the urgency of antiviral drug design. Influenza
aso spreads rapidly as seen during the HIN1 pandemics of 1918 and 2009.

1918 2009 HIN1

2,3-Difluorosialic acid (1) was previoudy developed as a covalent inhibitor of influenza
neuraminidase (NA) (Figure 1). To improve covalent inhibitors further, analogues 4 and 5 were
designed with substituted anomeric groups according to references 1 and 2 (Figures 1 and 2).
Phosphono analogue 2 and sulfo analogue 3 could be synthesized, but both are difficult to
fluorinate. In this project, strategies were developed to introduce fluorine at the C-1 and C-2
positions of target sidic acid anal ogues.
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Figure 1 Key model compounds (A) and target compounds (B) of this project.
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Figure 2 Proposed covalent inhibition of influenza neuraminidase (NA) by 5.
5




First, a synthetic biology approach was explored, starting with computational prediction of
potential enzyme reactions according to methods described in references 3-6. Siaic acid
adolase was selected to produce 3-fluoro-siadlic acid (6) from fluoropyruvate and
N-acetylmannosamine (Figure 3).
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For the production of 7, to improve the protection process by preventing lactonization, asialic
acid O-acetyltransferase was predicted and selected.
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To achieve C-1 and C-2 fluorine additions, new open-chain analogues were explored (Figure 4).
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In vitro produced 6 could not be directly decarboxylated to key intermediate 7, due to unwanted
1,7-lactonization. To prevent lactonization, O-acetylation and carboxy methyl esterification was
followed by selective deprotection of the methyl ester. Then, microwave-assisted
decarboxylation could produce 7. Addition of thiobenzoic acid (SBz) to 7 is being tested.
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A microbia system for 3-fluoro-7-O-acetylsialic acid production was prepared by cloning siaic
acid aldolase and the O-acetyltransferase into compatible bacteria expression vectors. Machine
learning prediction of keto acid decarboxylases identified four additional enzyme sequences to
be tested for in vivo and in vitro decarboxylation of sidic acid (Reference 4).
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Figure 3 Development of two enzymes for introduction of fluorine at position C-2.
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The 8-carbon aldonic acid 9is produced at over 90% yield from sialic acid. Carboxy to thioester
conversion was confirmed with isovaleric acid in amodel reaction. Addition of sulfite to octanal
resultsin the 8 carbon sulfonic acid with a C-1 hydroxy group. Addition of fluoromethyl phenyl
sulfoneto aldehyde 15 resultsin amodel sulfonewith C-1 fluorine and C-2 hydroxy groups. The
introduced hydroxy groups may accessible for fluorine substitution.
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Figure 4 Introduction of C-1 hydroxy, C-1 fluorine, and C-2 hydroxy into model open-chain

analogues. C-1- C-1- C-2-

The selected O-acetyltransferase can also acetylate the sialic acid terminal oxygen, which is
useful to produce potential coronavirus fusion inhibitors. Binding of 8-O-acetylated
sulfonamide 20b (Figure 5) to acoronavirus siaic acid binding site is shown in Figure 5B.
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Figure 5 First sialic acid sulfonamide analogue, with synthesis assisted by the laboratory of
Hiromasa Kiyota at Okayama University (A), and with potential affinity for coronavirus spike
proteins (B).

®

References

1) J. , . Trends in Glycoscience and
Glycotechnology, 32 : J1-J5 (2020).

2)

. 61 , P2-30 (2019).
3) Vavricka, C.J. et al. Nature Communications 10 : 2015 (2019).
4) Vavricka, CJ. et al. Nature Chemical Biology Under review with preprint DOI:
10.21203/rs.3.rs-184114/v1 (2021).
5) Vavricka, C.J., Hasunuma, T., Kondo, A.: Trendsin Biotechnology 38 : 68-82 (2020).
6) Hasunuma, T., Takaki, A., Matsuda, M., Kato, Y., Vavricka, C.J., Kondo, A.: ACS Synthetic
Biology 8 : 2701-2709 (2019).
7) Vavricka, C.J., Muto, C., Hasunuma, T., Kimura, Y., Araki, M., Wu, Y., Gao, G.F., Ohrui, H.,
Izumi, M., Kiyota, H. Synthesis of sulfo-siaic acid analogues: potent neuraminidase inhibitors
in regards to anomeric functionality, Scientific Reports, 7 : 8239 (2017).

8) Vavricka, C.J., Kiyota, H. [ EE R

(Sidic acid derivatives, production methods,

sididase inhibition, antibacterial and antivira activity) Japanese Patent Application
2016-162979 (2016).



6 6 0 0

Christopher J. Vavricka, Tatsuma Matsumoto, Hiromasa Kiyota 32

Towards Improvement of Covalent Neuraminidase Inhibitors with Anomeric Substitution 2020

Trends in Glycoscience and Glycotechnology E1-E5
DOl

10.4052/tigg.1801.1E

Tomohisa Hasunuma, Ayako Takaki, Mami Matsuda, Yuichi Kato, Christopher J. Vavricka, Akihiko 8

Kondo

Single-Stage Astaxanthin Production Enhances the Nonmevalonate Pathway and Photosynthetic 2019

Central Metabolism in Synechococcus sp. PCC 7002

ACS Synthetic Biology 2701-2709
DOl

10.1021/acssynbio.9b00280

Christopher J. Vavricka, Tomohisa Hasunuma, Akihiko Kondo 38

Dynamic Metabolomics for Engineering Biology: Accelerating Learning Cycles for Bioproduction 2020

Trends in Biotechnology 68-82
DOl

10.1016/j . tibtech.2019.07.009

Christopher J. Vavricka, Takanobu Yoshida, Yuki Kuriya, Shunsuke Takahashi, Teppei Ogawa, Fumie 10

Ono, Kazuko Agari, Hiromasa Kiyota, Jianyong Li, Jun Ishii, Kenji Tsuge, Hiromichi Minami,

Michihiro Araki, Tomohisa Hasunuma, Akihiko Kondo

Mechanism-based tuning of insect 3,4-dihydroxyphenylacetaldehyde synthase for synthetic 2019

bioproduction of benzylisoquinoline alkaloids

Nature Communications 2015

DOl
10.1038/s41467-019-09610-2




Christopher J. Vavricka, Tatsuma Matsumoto, Hiromasa Kiyota 32

Towards improvement of covalent NA inhibitors with anomeric substitution 2020
Trends in Glycoscience and Glycotechnology E1-E5
DOl

10.4052/tigg.1801. 1E

Christopher J. Vavricka, Takanobu Yoshida, Yuki Kuriya, Shunsuke Takahashi, Teppei Ogawa, Fumie 10
Ono, Kazuko Agari, Hiromasa Kiyota, Jianyong Li, Jun Ishii, Kenji Tsuge, Hiromichi Minami,
Michihiro Araki, Tomohisa Hasunuma, Akihiko Kondo

Mechanism-based tuning of insect 3,4-dihydroxyphenylacetaldehyde synthase for synthetic 2019
bioproduction of benzylisoquinoline alkaloids

Nature Communications 2015

DOl
10.1038/s41467-019-09610-2

VAVRICKA, CHRISTOPHER JOHN

Genome-scale prediction of gene ontology from yeast knockout MASS fingerprints

Frontiers in Genome Engineering 2019

2019

VAVRICKA, CHRISTOPHER JOHN, , , s

Application of the design, build, test and learn paradigm to the discovery and engineering of specialized aromatic aldehyde
synthases

The 37th Symposium on Environmental Science of Pesticide

2019




VAVRICKA, CHRISTOPHER JOHN, , , , s

Re-design, synthesis, and bio-analysis of sulfosialic acids as covalent inhibitors of neuraminidase

61 2019 9

2019

Christopher J. Vavricka

2018

(Kiyota Hiromasa)

(30234397) (15301)




