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Key Sentence :

1. Exploring Unrevealed Reactivity of Imines and Post-Translational Modification

2. Establishment of Noninvasive Synthetic Surgery: Multi-step Synthesis in Living Animal
3. Synthesis of Biofunctional Molecules by In Vivo Templated and Microfluidic Approach

Key Word :

Conjugated imine, Post-translational modification, Noninvasive organic synthesis in live animals,
Synthetic surgery, Bioactive natural products synthesis, In vivo Templated synthesis, Microfluidic
synthesis

Purpose of Research :

Although many efficient bond-forming reactions have been developed in the synthetic organic
chemistry field, they are rarely applied to the labeling or the conjugation methods in/on the live cells or
in live animals. We are synthetically exploring the overlooked and therefore unique reactivity of the
imines, which are readily derived from the various amines in biosystem, hinted by the true bioactive
structures of the biomacromolecules in vivo system. The new reactivity of imines could then be used to
challenge the labeling of the target biomolecules and even the multi-step synthesis of the truly
important biofunctional molecules, such as the bioactive natural products, directly in living animals. In
2013, we have realized the efficient synthetic transformations and revealed the important biological
functions that had been overlooked, based on the discovery of the new reactivity of conjugated imines
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as listed in the following examples.

1. Exploring new reactivity of conjugated imines from aminoalcohols and diamines: application to
asymmetric synthesis of chiral diamines (Tanaka, Pradipta)

We have found that the conjugated imines, derived from the natural aminoalcohols and diamines could
participate in the smooth [4+2]- and [4+4]-cycloadditions. Theoretical analysis showed that the
neighboring hydroxy or amino groups of the conjugated imines significantly contribute to the
acceleration of the cycloadditions. These reactions were applied to the stereoselectively synthesis of the
chiral diamine derivatives, nearly in one-pot procedure simply by mixing the starting reagents. We
have thus unveiled that so-far unexplored MN-alkyl conjugated imines, due to their instability, could
actually involve in the various organic transformations. Namely, we have established these imines as
the promising reactants for efficient synthetic transformations through the [4+2]- and
[4+4]-cycloaddition reactions. This work was performed in collaboration with Department of Chemistry,
Graduate School of Science, Osaka University.

2. New reactivity of conjugated imines from polyamines: Elucidation of their biological functions and
application to biocompatible smart materials (Tanaka, Tsutsui)

In addition to elucidating the new reactivity of the conjugated imines, we have discovered that these
unexplored reactivity could regulate the biofuctions. For examples, the conjugated imines derived from
the polyamines could participate in the various organic transformations and provide the unique
products, of which constituents could dynamically depend on the conditions in certain biological
systems; the reactivity and product structures are precisely controlled by the concentration and/or the
enzymatic activity nearby polyamines. Such imine reactivity might then regulate the oxidative stress,
cell division, or the transcriptional activity. We are continuously investigating the regulation
mechanisms caused by the reactivity of the polyamine-derived imines, based on the NMR of the labeled
compounds and the various molecular biology techniques.

We also challenged to prepare the biocompatible smart hydrogel, by much making use of the
unique properties of the product structures obtained by the polyamine-derived imino-reaction, which
could dynamically be changed in response to the certain biological conditions. By applying the
imino-reaction under the microfluidic conditions, the micro/nano-gel were prepared which could be
utilized as the new materials for cell adhesion, DDS (Drug Delivery System), as well as for the
transfectants of the anionic molecules. This work was performed in collaboration with Graduate School

of Pharmaceutical Sciences, Kyoto University, Faculty of Science and Technology, Waseda University,
and POSTECH (Korea).

3. Synthesis of bioactive natural products learning from post-translational modification of arginine by
lipid metabolites: one-pot natural products synthesis on target proteins in live animals (Tanaka, Iwata
(student trainee))

There are very few reports for investigating the arginine reactivity as the post-translational
modification of the proteins. We explored the new reactivity of the conjugated imines derived from the
guanidine, based on the rather rare arginine post-translational modification by lipid metabolites. We
have succeeded in the first library synthesis of the 2-aminoimidazole derivatives, and the method was
successfully applied to the one-pot synthesis of the alkaloid natural product, i.e., ageladine as the very
promising anti-angiogenic MMP inhibitor (Matrixmetalloproteinase), through the multiple
transformation starting from the simple materials. Such one-pot synthesis could allowe us to prepare
the various library of the related natural products which could lead to the promising pharmaceutical
candidates, to be much more potent than the parent compound. The one-pot synthesis could also
establish the basis on (i) the selective labeling of the less-reactive arginine residue (therefore
bioorthogonal) in/on the live cells or (i) the synthesis of the bioactive natural products on the target
proteins in live animals. This work was performed in collaboration with Department of Chemistry,
Graduate School of Science, Osaka University.

4. Innovative PET (Positron Emission Tomography) imaging and bioconjugation based on
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6n-azaelectrocyclization (Tanaka)

We have so far established the efficient labeling of the amino groups of the biomolecules and on the live
cell surface, and achieved the noninvasive imaging such as PET, by using the rapid
6mn-azaelectrocyclization of the conjugated imines, that was developed through our previous
investigation of the enzyme inhibitory mechanism by the marine natural products. We this year
improved the method, that is readily applicable to variety of the biomolecules- and the whole live-cell
based PET. The improved method could efficiently and generally be used for future diagnosis and/or
protein-based drug discovery.

The efficient bioconjugation method was also developed using the same azaelectrocyclization. Newly
developed dialdehyde probes could link the two amino groups of the biomolecules; thus the
biofunctional molecules, such as peptides or the glycopeptides, were efficiently introduced on the
proteins and on the live cell surfaces. The innovative labeling probes, which could only be fluorescent
when reacted with the target molecules on the live cell surface, could also be developed. These works
were performed in collaboration with RIKEN CMIS, RIKEN ASI, Systems Glycobiology Research
Group, RIKEN ASI, Synthetic Organic Chemistry Laboratory, Institute of Biomaterials and
Bioengineerings, Tokyo Medical and Dental University, Department of Chemistry, Graduate School of
Science, Osaka University, and Department of Molecular Biology and Biochemistry, Graduate School of
Medicine/Faculty of Medicine, Osaka University.
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