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【Purpose and Background of the Research】 
Natural products have a treasure trove of functions. 

Excellent medicines have been developed based on natural 
products. However, the science of rare natural products 
with complex backbones remains unexplored, because of 
their scarcity. If rare and biologically active natural 
products with complex skeletons can be synthesized in a 
short time with an enough quantity, they could open the 
door to a new science.  

Efficient synthesis is one of the current trends in natural 
product synthesis, but it is a challenge to synthesize the 
complex natural products on a large scale. I have 
developed an innovative “Jorgensen-Hayashi catalyst (1)”, 
and found many practical asymmetric reactions with 
excellent enantioselectivity. I also developed the new 
concept of pot economy, where multiple reactions are 
carried out in the same reaction vessel. Therefore, it would 
be possible to synthesize unexplored, rare natural products 
efficiently on a large scale by combining the organocatalyst 
mediated asymmetric reactions with pot economy. 
Moreover, if the synthetic method of the natural products 
can be accomplished, the creation of derivatives with better 
biological properties can be possible.  
 

【Research Methods】 
Organocatalysts are practical catalysts, because it is not 

necessary to remove water and oxygen from them 
completely, and there is no fear of metal contamination in 
the final compounds. Moreover, oragocatalysts are usually 
inexpensive. I have developed “Jorgensen-Hayashi catalyst 
1”, which is an effective catalyst for many asymmetric 
reactions.     

On the other hand, I proposed the concept of pot economy 
in the synthesis of molecules. One-pot operations serve as 
effective method for both carrying out several 
transformations and forming several bonds in a single-pot, 
while at the same time cutting out several purifications, 
minimizing chemical waste generation, and saving time. 
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Organic natural products with strong biological activity 

will be synthesized using the combination of 
organocatalyst and the concept of pot economy. Target 
molecules include amphotericin B, amphdinolide, 
prostaglandin, and steroids. 
 

【Expected Research Achievements and 
Scientific Significance】 
Natural products, which are difficult to obtain from 

natural sources and are difficult to synthesize because of 
their complex structure, can not to be investigated for their 
biological functions due to their scarcity. The practical 
synthesis of these natural products on a large scale will 
make a new science. Moreover, it can also provide 
derivatives with better biological functions.   
 

【Publications Relevant to the Project】 
・Pot economy and one-pot synthesis, Y. Hayashi, Chem. 

Sci., 2016, 7, 866-880. 
・Time Economical Total Synthesis of ( )-Oseltamivir, Y. 

Hayashi, S. Ogasawara, Org. Lett., 2016, 18, 
3426-3429. 

 
【Term of Project】FY2019-2023 

 
【Budget Allocation】133,300 Thousand Yen 

 
【Homepage Address and Other Contact  

 Information】 
 http://www.ykbsc.chem.tohoku.ac.jp/ 

- 95 -

Grant-in-Aid for Scientific 
Research (S)



【Grant-in-Aid for Scientific Research (S)】 

  Broad Section E 
  

 Title of Project： Innovative Functions Originating from Unexploited 
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【Purpose and Background of the Research】 
 Discovery of new electronic states in solids often 
develops new functions and research fields. For instance, 
conductive organic polymers, superconducting copper 
oxides, carbon nanotubes and graphene have been widely 
investigated because of their unique electronic states. Thus, 
it is important to develop the materials which have 
multistability of electronic states. 
 One-dimensional (1D) electron system intrinsically 
provides various electronic states and characteristic 
electronic properties based on the strong correlation 
between electrons and lattice. Therefore, the 1D electron 
system is key to create a platform for exploring new 
electronic states and properties. In this research, we 
especially focus on quasi-1D halogen-bridged metal 
complexes (MX chains), which have high tunability and 
rich electronic properties derived from organic and 
inorganic components, respectively. We believe that the 
development of new electronic states in MX chains will 
give us the unprecedented innovative electronic functions. 
 

【Research Methods】 
[1] Creation of innovative electronic functions based on 
Pt(III) averaged valence state 
 MX chains have the bistability of electronic states (i.e. 
M(III) averaged valence (AV) state and M(II/IV) mixed 
valence (MV) state). Although Pt complexes are most 
promising for achieving the high functionalities, all Pt 
complexes reported so far form MV state. In this subject, 
the techniques which successfully stabilized AV state in Pd 
complexes will be applied to Pt complexes (e.g. attractive 
force between alkyl chains and multiple hydrogen-bond 
networks). 
[2] Development of new electronic structures in nano and 
hetero interface 
 Heterojunction crystals and superstructures will be 
fabricated by epitaxial crystal growth from solution by 
using electrocrystallization. The electronic structure around 
the interface will be detected by STM and Raman 
spectroscopy. Moreover, we fabricate the heterojuction of 
p-type and n-type semiconducting MX chains to study the 
characteristics of the single-crystalline device. 
[3] Modulating band filling by chemical doping in porous 
MX chains 
 In contrast to inorganic materials, it is quite difficult to 
achieve chemical doping in molecular crystals by ion 
substitution or defect, because the molecules have a certain 

size. To overcome this problem, we introduce porosity to 
MX chains and conduct carrier injection by the redox 
reaction with guest molecules. 

 
【Expected Research Achievements and 

Scientific Significance】 
In addition to the enhancement of gigantic third-order 
nonlinear optical susceptibility, various novel properties 
such as metallic conduction, diode characteristic, 
molecular-responsible switching will be developed. 
Moreover, the control of band filling should enhance the 
understanding of molecule-based materials with 1D 
electron system. 
 

【Publications Relevant to the Project】 
1) M. R. Mian, H. Iguchi, S. Takaishi, M. Yamashita et 
al., Multiple-Hydrogen-Bond Approach to Uncommon 
Pd(III) Oxidation State: A Pd Br Chain with High 
Conductivity and Thermal Stability. J. Am. Chem. Soc. 
139, 6562–6565 (2017). 
2) S. Kumagai, S. Takaishi, H. Iguchi, M. Yamashita, 
Charge-bistable Pd(III)/Pd(II,IV) coordination polymers: 
phase transitions and their applications to optical 
properties. Dalton Trans., 44, 8590–8599 (2015). 
 

【Term of Project】FY2019-2023 
 

【Budget Allocation】152,900 Thousand Yen 
 

【Homepage Address and Other Contact  
Information】 
http://coord.chem.tohoku.ac.jp/~sakutai/ 
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Research Project Number：19H05632 Researcher Number：20292956 
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【Purpose and Background of the Research】 
The establishment of a treatment for refractory diseases 

such as cancer is an extremely important issue in 
present-day Japan, and various basic analysis techniques 
including imaging are developed worldwide. Under these 
circumstances, this research representatives have 
developed a completely new diagnostic and therapeutic 
technology based on "live imaging of clinical specimens" 
using the "chemical fluorogenic probes" to realize the 
advanced precision fluorescence guided surgery etc. 

On the other hand, there are still many types of cancer 
that cannot be visualized by the probes developed so far, 
and optical methods cannot be applied to deep imaging and 
treatment. Therefore, in order to solve these problems, in 
the present application we will carry out the projects listed 
in the next section to find out specific biomarker enzymes 
of cancer types that cannot be visualized using 
conventional methods, to achieve rapid fluorescence 
imaging, and to develop innovative Boron Neutron Capture 
Therapy (BNCT) probes for treatment and discovery of 
deeply located cancer. 

This research subject was carried out with the 
participation of clinical surgeons and neutron beam 
irradiation equipment development researchers as research 
co-workers, centering on the research representative who 
had advanced probe development technology. 
 

【Research Methods】 
The research method of this subject is as follows. 

(1) Logical design of fluorogenic probes based on quantum 
chemical calculation, finding out novel biomarkers, and 
developing new intraoperative rapid imaging technology 

Using quantum chemical calculation, we aim to establish 
a system that accurately predicts the equilibrium constant 
of intramolecular spiro-cyclization equilibrium (see below), 
which is a fluorescence ON / OFF control mechanism that 
has been uniquely established by the research 
representative, to realize the development of novel probes 
for oxidases and reductases. By applying these probes to 
various cancer clinical specimens, new biomarker 
enzymatic activities are discovered, and new intraoperative 
imaging techniques are established. 
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Nat. Chem., 2014, 6, 681–689.  

(2) Development and verification of BNCT probes for 
treatment and visualization of deeply located microtumors 

BNCT is a therapeutic method for killing cancer cells 
using α particles and Li ions generated by the nuclear 
reaction of boron (10B) and neutrons, and has attracted 
great attention as an innovative therapeutic method with 
less damage to normal cells. In this research, we aim to 
develop BNCT probes based on a new principle by 
utilizing specific biomarker enzymatic activity of cancer 
cells. Specifically, we develop probes that turn into highly 
retained products due to specific enzyme activity of 
cancer cells, but quickly leaks from normal cells, to 
realize BNCT treatment with a high T/N ratio. (Below) 

 
 
 

【Expected Research Achievements and 
Scientific Significance】 
The establishment of a method to design and develop 

highly practical fluorescent probes using quantum 
chemical calculation non-empirically is the world's first 
achievement, which provides breakthrough benefits to live 
cell and clinical imaging. Furthermore, a novel BNCT 
probe that utilizes biomarker enzymatic activity is a novel 
cancer medical technology that realizes selective 
treatment and detection of deeply located microtumors 
whose social significance is extremely high. 
 

【Publications Relevant to the Project】 
・Uno S, et al., Nat. Chem. 2014, 6, 681-689. 
・Umezawa K, et al., Nat. Chem. 2017, 9, 279-286. 
 

【Term of Project】FY2019-2023 
 

【Budget Allocation】154,100 Thousand Yen 
 

【Homepage Address and Other Contact  
 Information】 
 http://www.f.u-tokyo.ac.jp/~taisha 
 http://cbmi.m.u-tokyo.ac.jp 
 uranokun@m.u-tokyo.ac.jp 
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Robert E. Campbell 
(The University of Tokyo, School of Science, Professor) 

Research Project Number：19H05633 Researcher Number：40831318 
Keyword：Protein Engineering, Fluorescence, Microscopy, Cell Biology, Metabolites, Neuroscience, Cancer 

【Purpose and Background of the Research】 
A healthy cell is like a well-organized city which runs 

smoothly due to a steady supply of input energy (e.g., food, 
petrol, and electricity) and reliable lines of communication 
(e.g., phones, internet, and newspapers). If one of these 
energy inputs or lines of communication is interrupted, the 
organization of the city is grossly affected and its 
productive contributions to the country are disrupted. 
Similarly, growing evidence indicates that many important 
human diseases have causes, or consequences, that relate to 
changes in the way cells (the cities) of the body (the 
country) acquire or use biological energy. One example is 
that cancer cells consume sugars very differently than 
healthy tissues. Another example is that many 
neurodegenerative diseases involve detrimental changes in 
brain energy metabolism. The aim of this research is to 
develop tools for multiparameter visualization of the full 
metabolism of a cell. These tools will provide insight into 
numerous diseases by enabling us to visualize how 
individual cells are generating and using biological energy. 
  

 
Figure 1. Optogenetic (i. green FP; ii. red FP; and iii. 
near-infrared FP) and chemi-optogenetic fluorophores.   
 

【Research Methods】 
The most powerful tools for visualizing dynamic 

processes in cells are optogenetic fluorescent proteins 
(FPs) that absorb one color of light and emit (fluoresce) a 
different color of light. We have extensive expertise at 
converting optogenetic FPs into indicators for the 
visualization of neuronal signalling. In this work we 
propose to build upon this foundation and develop 
metabolite indicators in a variety of colors, including 
near-infrared (NIR). NIR is very safe and very low energy, 

and therefore enables the imaging of indicators deeper 
into tissue than is possible using visible wavelengths of 
light. To create NIR indicators we will use both 
optogenetic FPs as well as chemi-optogenetic FPs based 
on proteins that bind to designed NIR fluorophore ligands. 
 

 
Figure 2. An innovative work flow for the design and 
optimization of modular, multicolor indicators.  
 

【Expected Research Achievements and 
Scientific Significance】 
By the conclusion of this project, we will have developed 

an improved toolbox of indicators that can will enable 
future insights into the mechanisms of debilitating neural 
and metabolic disorders. We will distribute these tools 
freely and broadly to accelerate research in as many 
countries and health areas as possible. 
 

【Publications Relevant to the Project】 
• Y. Qian et al., “A genetically encoded near-infrared 

fluorescent calcium ion indicator”, Nat. Methods, 
2019, 16, 171–174. 

• Y. Shen et al., “Genetically encoded fluorescent 
indicators for imaging intracellular potassium ions”, 
Commun. Biol., 2019, 2, 18.  

• J. Wu et al., “Genetically Encoded Glutamate 
Indicators with Altered Color and Topology”, ACS 
Chem. Biol., 2018, 13, 1832–1837. 

 
【Term of Project】FY2019-2023 

 
【Budget Allocation】155,000 Thousand Yen 

 
【Homepage Address and Other Contact  

Information】 
http://www.chem.s.u-tokyo.ac.jp/campbell/ 
campbell@chem.s.u-tokyo.ac.jp 
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 Title of Project： Nanoscale Element Replacement Science: Structural 
Transformation of Nanocrystalline Phases and Development 
of Novel Functions 

TERANISHI Toshiharu 
(Kyoto University, Institute for Chemical Research, Professor) 

Research Project Number：19H05634 Researcher Number：50262598 
Keyword：Nanoparticle-related Chemistry, Colloid, Material Conversion and Catalyst, Energy Conversion Materials 

【Purpose and Background of the Research】 
Noble metal nanoparticles (NPs) are excellent functional 

materials based on the band structures that the d band 
centers are a few eV lower than the Fermi levels. Therefore, 
it seems difficult to replace the noble metal NPs with other 
NPs. 

In this study, a series of novel NPs that surpass the 
performance of noble metal NPs will be generated from 
theoretical and experimental points of view as follows. 
(1) The electronic structures of NPs are largely modulated 
by the introduction of p-block elements into d-block metal 
NPs and the alloying by element replacement (galvanic 
replacement) with base metal ions to achieve the superior 
physical and chemical properties. 
(2) The crystal and electronic structures are modulated by 
the partial element replacement (ion exchange) to form the 
ionic crystalline heterostructured NPs, which can convert 
the whole near infrared light energy. 

Through these studies, novel material science called 
"nanoscale element replacement science" on the basis of 
the new concept "ground-state electronic structure 
modulation" will be developed. 
 

【Research Methods】 
In this study, two kinds of novel NPs, unprecedented 

metal NPs and ionic crystalline heterostructured NPs, are 
designed and synthesized to achieve the superior properties, 
compared with the noble metal NPs (Fig. 1). 
• Synthesis and novel functions of metal compound NPs 
and unprecedented alloy NPs 
A series of metal compound NPs composed of d-block 
metals and p-block elements are converted into the 
unprecedented alloy NPs by the pseudo-galvanic 
replacement of p-block elements with base metal ions. 

Then, novel physical and chemical properties of these NPs 
based on the ground-state electronic structure modulation 
are developed. 
• Synthesis of ionic crystalline heterostructured NPs for 
near-infrared light energy conversion 
Ionic crystalline heterostructured NPs are synthesized by 
ion exchange of heavily doped semiconductor NPs (Cu2-xS, 
ITO, etc.) exhibiting localized surface plasmon resonance 
in near-infrared region, and used as near-infrared light 
energy conversion materials. 
 

【Expected Research Achievements and 
Scientific Significance】 
If the crystal structures and electronic structures of 

inorganic crystal phases could be freely modulated by 
simple element replacement reactions, rare noble metals 
would be completely replaced. For example, if the Pt NPs 
used in the polymer electrolyte fuel cell could be replaced 
with NiPx NPs having comparable catalytic ability, the 
cost of the catalysts would be simply reduced to 1/3000 or 
less. In addition, if the rod-like Au NPs, which absorb 
near-infrared light, could be substituted for heavily-doped 
semiconductor NPs, whole near-infrared light energy 
would be utilized, which is a great contribution to energy 
problems. 
 

【Publications Relevant to the Project】 
• Z. Lian, T. Teranishi et al., "Plasmonic p-n Junction for 

Infrared Light to Chemical Energy Conversion", J. Am. 
Chem. Soc., 141, 2446–2450 (2019). 

• H.-L. Wu, T. Teranishi et al., "Formation of 
Pseudomorphic Nanocages from Cu2O Nanocrystals 
through Anion Exchange Reactions", Science, 351, 
1306–1310 (2016). 

 
【Term of Project】FY2019-2023 

 
【Budget Allocation】155,100 Thousand Yen 

 
【Homepage Address and Other Contact  

 Information】 
 https://www.scl.kyoto-u.ac.jp/~teranisi/index_E.html 
 teranisi@scl.kyoto-u.ac.jp 

Fig. 1 Formation of novel alloy NPs and heterostructured NPs 
by using element replacement reactions 
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TOKITOH Norihiro 
(Kyoto University, Institute for Chemical Research, Professor) 

Research Project Number：19H05635 Researcher Number：90197864 
Keyword：aryl anion, high periodic main group element, aromatic compound 

【Purpose and Background of the Research】 
Multiple-bond compounds of high periodic main group 

elements, that is “heavy main group elements,” have char-
acteristic properties such as their small HOMO-LUMO 
energy difference. However, they are generally very reac-
tive and readily polymerize. In order to stabilize such com-
pounds, steric protection with bulky substituents and/or 
electronic perturbations with heteroatom substituents or 
ligands are required. The necessity of introducing such 
special substituents has restricted the further application of 
the excellent properties of “heavy multiple bonds”. 

We have recently succeeded in the synthesis and isolation 
of “heavy phenyl anions,” in which the anion carbon of the 
phenyl anion is replaced with Ge or Sn. While they have 
sufficient properties as aromatic compounds, i.e. Ge/Sn- 
containing multiple bonds, they are able to exist as 
thermally stable compounds without bulky substituents due 
to their charge repulsion. We will further develop this dis-
covery as “heavy aryl anion chemistry”, extract the differ-
ence from carbon analogues, and design and synthesize 
novel conjugated molecules containing heavy elements. As 
an ultimate goal, the construction of “heavy graphene” in 
which some skeletal carbons of graphene are replaced with 
heavy group 14 elements will be investigated. 
 

【Research Methods】 
In this research, we will carry out the studies mainly from 

the following three viewpoints.  
(a) Design of “heavy aryl anion” building blocks having 
various electronic states and structures: We will develop a 
new methodology that enables efficient and systematic 
synthesis of derivatives having (1) various heavy group 14 
elements (Si, Ge, Sn, Pb), (2) fused and linked polycyclic 
rings, (3) heterocycles, and complex systems of (1) to (3). 
(b) Determination of the properties of “heavy aryl anions”: 
In “heavy phenyl anions”, we have found the divalent 
character of the central heavy element. This unique 
property, negligible for the parent phenyl anion, indicates 
the possibility of molecular transformation different from 
carbon chemistry, and it is considered to be largely variable 
depending on the type of substitution elements and ring 
structures. By systematic understanding based on the 
results of various spectroscopies, structural analysis, 
verification of reactivities, and theoretical calculations of 
the compounds obtained in (a), it leads to molecular design 
according to desired physical properties and reactivity. 

(c) Creation of novel high-order conjugated molecules: By 
combining the “heavy element chemistry” approach ob-
tained in (a) and (b) with the widely accumulated “carbon 
chemistry” approach, we will expand the research into 
higher-order conjugated systems such as “heavy PPV 
(p-phenylene vinylene)” or “heavy aryl anion polymer”.  
 

 
Figure 1. Summary of this research 

 
【Expected Research Achievements and 

 Scientific Significance】 
The stabilization methods for highly reactive species of 

heavy elements have been limited to kinetic stabilization 
and thermodynamic stabilization. The system in this re-
search may give us a new concept of stabilization, which 
should be termed as “the third stabilization”, completely 
different from those mentioned above. If this system has 
generality, great impact and influence will be expected on 
the development of element chemistry. 
 

【Publications Relevant to the Project】 
・“Germabenzenylpotassium: A Germanium Analogue of 

a Phenyl Anion”, Y. Mizuhata, S. Fujimori, T. Sasamori, 
N. Tokitoh, Angew. Chem. Int. Ed. 2017, 56, 4588. 

・ “Stannabenzenylpotassium: The First Isolable Tin-
Containing Benzene Derivative”, S. Fujimori, Y. 
Mizuhata, N. Tokitoh, Chem. Eur. J. 2018, 24, 17039. 

 
【Term of Project】FY2019-2023 

 
【Budget Allocation】154,700 Thousand Yen 

 
【Homepage Address and Other Contact  

 Information】 
 http://oec.kuicr.kyoto-u.ac.jp/~tokitohlab/ 
 tokitoh@boc.kuicr.kyoto-u.ac.jp 
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MIYASAKA Tsutomu 
(Toin University of Yokohama, Project Professor) 

Research Project Number：19H05636 Researcher Number：00350687 
Keyword：perovskite, photovoltaic, solar cell, conversion efficiency, lead-free 

【Purpose and Background of the Research】 
Although “lead” leads in terms of high efficiency of 

perovskite solar cells up to 24%, toxicity and stability of 
lead-based perovskites is the most formidable challenges 
for real use. Especially in the consumer electronics for 
which the perovskite device exhibits superior performance 
keeping high voltage output under weak indoor light, use 
of lead is strictly regulated or prohibited. This project aims 
at synthesis and application of lead-free all-inorganic 
halide perovskite and perovskite-like materials as 
photovoltaic absorbers through compositional development 
of metal halide hybrid compounds formed by 
morphological refinement for formation of defect-free 
polycrystalline absorber layer. The goal of the project is to 
achieve high performance and robust stability of non-lead 
perovskite-based solar cells with conversion efficiency 
comparable with lead perovskite-based cells (up to 20%).  

 
【Research Methods】 

Lead-free halide perovskite materials composed of metal 
cations of Sn/Ge, Bi, Ag, and Ti will be designed and 
synthesized so as to form three dimensional structure of 
crystals which are favorable for isotropic movement of the 
photo-generated carriers. In the perovskite lattice structure 
represented by ABX3 (Fig. 1), the A site cation is replaced 
with an inorganic ion such as Cs, Ag, Rb and the B site is 
replaced by Sn, Ge, Bi, In, Ti, etc. The crystal structure is 
stabilized by tuning a mixed halide system of Cl/Br/I. 

Lead-free materials are selected to have broad and strong 
absorption at low bandgap energy (<1.6eV), the latter 
enabling high theoretical efficiency (Fig. 2). Physical and 
photophysical properties will be investigated in terms of 
defect density, carrier mobility, etc. based on photo- 
luminescence measurement to assess carrier recombination 
rate as a main cause of intrinsic energy loss. For com- 
positional engineering, in the case of Ag and Bi-based 
perovskites, Bi is doped with In or other metal cation in 
combination with use of mixed halogen as anion. For Sn- 
based perovskites, doping effect of divalent and trivalent 
cations such as Ge will be studied to stabilize Sn (II) in the 
atmosphere. For Ti-based perovskites, synthetic approach 
is focused on a method to stabilize Ti (IV) and to minimize 
impurities and defects for formation of a high quality 
polycrystalline film for photovoltaic applications. 

In addition to solution process, vacuum deposition 
method will be also employed for preparation of high 
purity defect-free perovskite films by controlling 
thermodynamically non-equilibrium growth for kinds of 
lead-free perovskite compositions that had been difficult to 
form by solution processes. Here, multi-source vacuum 
deposition system is used for precise deposition (Fig. 1). 

 In fabrication of photovoltaic cell (Fig. 2), we will 
optimize the kinds of carrier (hole and electro) transport 
materials for efficiency (especially voltage) and thermal 
stability enhancement. 

 Fig. 1 Lattice structure of metal halide perovskites and  
vacuum deposition-based film preparation 

 
 
 
 
 
 
 
 
 
 
 Fig. 2 Theoretical limit of efficiency for lead-free perovskite 

photovoltaic cells and device structure 
 

【Expected Research Achievements and Scientific   
 Significance】 

Design of lead-free perovskites leads to explore new 
field of halide perovskite science and its inexpensive and 
high efficiency devices will accelerate industrial 
applications of perovskite power devices backed by high 
environmental compatibility. 
 

【Publications Relevant to the Project】 
・A. K. Jena, A. Kulkarni, and T. Miyasaka, "Halide 

Perovskite Photovoltaics: Background, Status, and 
Future Prospects", Chem. Rev., 2019, 119, 3036-3103. 

・ N. -G. Park, M. Gratzel, and T. Miyasaka, 
"Organic-Inorganic Halide Perovskite Photovoltaics", 
Springer International Publishing, 2016. (DOI: 
10.1007/978-3-319-35114-8) 

 
【Term of Project】FY2019-2023 

 
【Budget Allocation】151,900 Thousand Yen 

 
【Homepage Address and Other Contact  

 Information】 
 http://www.cc.toin.ac.jp/sc/miyasaka/en/index.html 
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