
Research Interests
(1)Total synthesis of biologically active natural products
(2)Development of new synthetic strategy and reaction
(3)Structural elucidation of complex natural products based on chemical synthesis
　Biologically active natural products have been regarded as the useful drug candidates. In general, the limited 
availability of natural products from nature has hampered the biological study of them and the chemical synthesis is 
one of the reliable solution to this problem. Natural products often possess the huge and complex molecular structures 
and the new synthetic strategy and reaction are required to construct their structures. We have developed the convergent 
synthetic methodology of polycyclic ethers, which has successfully applied to the total synthesis of marine natural 
products gembierol, brevetoxin B, and brevenal. Structural elucidation of natural products is not only fundamental 
but also signifi cant research theme in natural product chemistry. If the target molecule has a huge molecular size and 
a number of functional groups, the 
chemical synthesis is needed for the 
configurational assignment. We have 
carried out the stereodivergent synthesis 
of gummiferol and sarcophytonolide C, 
which has led to the elucidation of their 
absolute stereochemistries. In addition, 
we have created the cytotoxic artifi cial 
analogues of gummiferol. We have also 
examined the synthetic approach toward 
the structural determination of the 
polyol natural product symbiodinolide.

Selected Publications
(1)“Convergent Synthesis of Polycyclic Ethers via the Intramolecular Allylation of α-Acetoxy Ethers and Subsequent 

Ring-Closing Metathesis” Kadota, I.; Ohno, A.; Matsuda, K.; Yamamoto, Y. J. Am. Chem. Soc. 2002, 124, 3562–3566.
(1)“Convergent Synthesis of Polycyclic Ethers via the Intramolecular Allylation of α-Acetoxy Ethers and Subsequent 

Ring-Closing Metathesis” Kadota, I.; Ohno, A.; Matsuda, K.; Yamamoto, Y. J. Am. Chem. Soc. 2002, 124, 3562–3566.
(1)“Convergent Synthesis of Polycyclic Ethers via the Intramolecular Allylation of α-Acetoxy Ethers and Subsequent 

Ring-Closing Metathesis” Kadota, I.; Ohno, A.; Matsuda, K.; Yamamoto, Y. J. Am. Chem. Soc. 2002, 124, 3562–3566.
(1)“Convergent Synthesis of Polycyclic Ethers via the Intramolecular Allylation of α-Acetoxy Ethers and Subsequent 

Ring-Closing Metathesis” Kadota, I.; Ohno, A.; Matsuda, K.; Yamamoto, Y. J. Am. Chem. Soc. 2002, 124, 3562–3566.
(1)“Convergent Synthesis of Polycyclic Ethers via the Intramolecular Allylation of α-Acetoxy Ethers and Subsequent 

Ring-Closing Metathesis” Kadota, I.; Ohno, A.; Matsuda, K.; Yamamoto, Y. J. Am. Chem. Soc. 2002, 124, 3562–3566.
(1)“Convergent Synthesis of Polycyclic Ethers via the Intramolecular Allylation of α-Acetoxy Ethers and Subsequent 

Ring-Closing Metathesis” Kadota, I.; Ohno, A.; Matsuda, K.; Yamamoto, Y. J. Am. Chem. Soc. 2002, 124, 3562–3566.
(1)“Convergent Synthesis of Polycyclic Ethers via the Intramolecular Allylation of α-Acetoxy Ethers and Subsequent 

Ring-Closing Metathesis” Kadota, I.; Ohno, A.; Matsuda, K.; Yamamoto, Y. J. Am. Chem. Soc. 2002, 124, 3562–3566.
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■ Structural Chemistry

Kazuma Gotoh, 
Associate Professor
kgotoh@okayama-u.ac.jp

Hiroyuki Ishida, Professor
ishidah@okayama-u.ac.jp

Research Interests
(1) Chemical and physical properties of porous materials and intercalation compounds
(2) Research of new carbon materials and battery materials using nuclear magnetic resonance
(3) Molecular dynamics and phase transition in organic and organometallic crystals
　Secondary batteries such as the lithium ion battery (LIB) are used as common power sources having high energy 
densities for consumer electronics nowadays. To improve the capacity, efficiency, lifetime and safety of LIB, it is 
indispensable to elucidate the states of the lithium atoms on the positive electrode and on the negative electrode. Solid 
state nuclear magnetic resonance (NMR) is suitable for characterizing such electrode materials. Our group studies 
Li stored in carbon or several inorganic materials using some advanced NMR techniques, for example, in situ NMR 
experiments. NMR study is also applied to analyze and characterize sodium ion batteries (NIBs) and several layered 
materials, for example, graphite intercalation compounds (GICs) which consist of graphite, alkali metal (Li, Na, K) 
cations and organic co-intercalates. The studies elucidate the gallery arrangements and dynamics of intercalants, which 
contributes profound understanding of chemistry about interaction between host materials and intercalated (adsorbed) 
molecules or ions. Molecular 
dynamics and phase transition 
in organic and organometallic 
crystals are also studied to reveal 
the intermolecular interaction 
between molecules such as 
hydrogen bonds ,  by  us ing 
single-crystal X-ray diffraction.

Selected Publications
(1) Arrangement and dynamics of diamine, etheric, and tetraalkylammonium intercalates within graphene or graphite 

oxide galleries by 2H NMR, K. Gotoh, C. Sugimoto, R. Morita, T. Miyatou, M. Mizuno, W. Sirisaksoontorn, M. M. 
Lerner and H. Ishida, J. Phys. Chem. C, 119, 11763-11770 (2015).

(2) In situ 7Li nuclear magnetic resonance study of the relaxation effect in practical lithium ion batteries, K. Gotoh, M. 
Izuka, J. Arai, Y. Okada, T. Sugiyama, K. Takeda and H. Ishida, Carbon, 79, 380-387 (2014).

(3) NMR study for electrochemically inserted Na in hard carbon electrode of sodium ion battery, K. Gotoh, T. Ishikawa, S. 
Shimadzu, N. Yabuuchi, S. Komaba, K. Takeda, A. Goto, K. Deguchi, S. Ohki, K. Hashi, T. Shimizu and H. Ishida, J. 
Power Sources, 225, 137-140 (2013).

(4) Temperature dependence of one-dimensional hydrogen bonding in morpholinium hydrogen chloranilate studied by 
35Cl nuclear quadrupole resonance and multi-temperature X-ray diffraction, Y. Tobu, R. Ikeda, T. Nihei, K. Gotoh, H. 
Ishida, and T. Asaji, Phys. Chem. Chem. Phys. 14, 12347-12354 (2012).

(5) Analysis of bis(trifl uoromethylsulfonyl)imide-doped paramagnetic graphite intercalation compound using 19F very fast 
magic angle spinning nuclear magnetic resonance, K. Gotoh, K. Takeda, M. M. Larner, Y. Sueishi, S. Maruyama, A. 
Goto, M. Tansyo, S. Ohki, K. Hashi, T. Shimizu and H. Ishida, Carbon, 49, 4064-4066 (2011).

(6) Exfoliated graphene sheets decorated with metal / metal oxide nanoparticles: simple preparation from cation 
exchanged graphite oxide, K. Gotoh, T. Kinumoto, E. Fujii, A. Yamamoto, H. Hashimoto, T. Ohkubo, A. Itadani, Y. 
Kuroda and H. Ishida, Carbon, 49, 1118-1125 (2011).
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■ Spectrochemistry

Selected Publications
(1) “CH5

+: The Infrared Spectrum Observed” White, E. T.; Tang, J.; Oka, T., Science 1999, 284, 135-137.
(2) “Quantum Solvation of Carbonyl Sulfi de with Helium Atoms” Tang, J.; Xu, Y.; McKellar, A. R. W.; Jäger, W., Science 

2002, 297, 2030-2033.
(3) “Spectroscopic Studies of Quantum Solvation in 4HeN-N2O Clusters” Xu, Y.; Jäger, W.; Tang, J.; McKellar, A. R. W., 

Phys. Rev. Lett. 2003, 91, 163401.
(4) “Bridging the Gap between Small Clusters and Nanodroplets: Spectroscopic Study and Computer Simulation of 

Carbon Dioxide Solvated with Helium Atoms” Tang, J.; McKellar, A. R. W.; Mezzacapo, F.; Moroni, S., Phys. Rev. 
Lett. 2004, 92, 145503.

(5) “Infrared Spectra of Seeded Hydrogen Clusters: (paraH2)N-N2O and (orthoH2)N-N2O, N=2 to 13” Tang, J.; McKellar, A. 
R. W., J. Chem. Phys. 2005, 123, 114314.

(6) “FTIR Spectroscopy of NO3: Perturbation analysis of the v3+v4 state” Kawaguchi, K.; Fujimori, R.; Tang, J.; Ishiwata, 
T., J. Phys. Chem. 2013, A117, 13732–13742.

(7) “Study of infrared emission spectroscopy for the B1Δg–A1Πu and B1Σg
+–A1Πu systems of C2” Chen, W.; Kawaguchi, K.; 

Bernath, P. F.; Tang, J., J. Chem. Phys. 2016, 144, 064301.

Research Interests
(1) Rotational-vibrational spectroscopy of transient molecular species (free radicals and molecular ions) related to 

astronomical chemistry or atmospheric chemistry
(2) Rotational-vibrational spectroscopy of van der Waals complexes related to superfl uidity of helium and hydrogen 

molecule
  Rotational-vibrational spectra are fi ngerprints to identify the existence of the transient molecular species in various 
environments and to reveal the molecular structures. 
Some molecular species, such as the non-classical 
molecular ion, CH5

+, with two electrons and three 
centers, have very fl exible structures and the observed 
spectra were very complicated with no regularity. 
Many spectroscopic techniques have been applied 
to this peculiar specie to understand the dynamic 
molecular structure with constantly scrambling of 
the hydrogens. Also, the complicated electronic 
states in the NO3 and C2 radicals have been studied in 
details for the high-resolution rotational-vibrational 
spectra, which are important to atmospheric chemistry 
and astronomical chemistry, respectively. The 
spectroscopic studied on helium clusters and hydrogen 
clusters with the OCS, N2O, CO2, and CO molecules 
may reveal the onset of the superfl uidity for the low-
temperature helium and hydrogen molecule in bulk 
state.

Jian Tang, Associate Professor
jtang@okayama-u.ac.jp
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■ Physical Chemistry

Selected Publications
(1) “Oxygen Radical Absorbance Capacity (ORAC) of Cyclodextrin-Solubilized Flavonoids, Resveratrol, and Astaxanthin 

as Measured with the ORAC-EPR Method” Sueishi, Y.; Ishikawa, M.; Yoshioka, D.; Endo, N.; Oowada, S.; Shimmei, 
M.; Fujii, H.; Kotake, Y. J. Clin. Biochem. Nutr., 2012, 50, 127-132.

(2) “The Enhancement of Fluorescence Quantum Yields of Anilinonaphthalene Sulfonic Acids by Inclusion of Various 
Cyclodextrins and Cucurbit[7]uril” Sueishi, Y.; Fujita, T.; Nakatani, S.; Inazumi, N.; Osawa, Y. Spectroc. Acta Pt. 
A-Molec. Biomolec. Spectr., 2013, 114, 344-349.

(3) “Scavenging Rate Constants of Hydrophilic Antioxidants against Multiple Reactive Oxygen Species” Sueishi, Y.; 
Hori, M.; Ishikawa, M.; Matsu-ura, K.; Kamogawa, E.; Honda, Y.; Kita, M.; Ohara, K. J. Clin. Biochem. Nutr., 2014, 
54, 67-74.

(4) “A multiple Free-Radical Scavenging (MULTIS) Study on the Antioxidant Capacity of a Neuroprotective Drug, 
Edaravone as Compared with Uric Acid, Glutathione, and Trolox” Kamogawa, E.; Sueishi, Y. Bioorg. Med. Chem. 
Lett., 2014, 24, 1376-1379.

(5) “Characteristically Steric Effects of Substituent on Bidirectional Inclusion Complexation of α-Substituted Phenyl-
2,4,6-trimethoxybenzyl(t-butyl)nitroxides with β-Cyclodextrins” Miyazono, K.; Hanaya, T.; Sueishi, Y. J. Incl. 
Phenom. Macrocycl. Chem., 2015, 83, 193-197.

Research Interests
(1) Elucidation of the inclusion behavior of functional molecules
   There is a group of molecule that can contain or include other molecule into its void space. Cyclodextrins (CD) and 
calixarenes are typical of such molecules. In industry, cyclodextrin is an ingredient of deodorizers such as Febreze (Procter 
and Gamble), where the cyclodextrin molecule captures a molecule that causes odor.
   Research in our laboratory has been focused on the mechanism of cyclodextrin derivatives and water-soluble 
calixarenes, using a spectroscopy under high pressure. Our research revealed that the number of water molecules repelled 
from the cavity upon inclusion-complex formation is an important aspect in dynamics of inclusion-complex formation. 
We believe that high-pressure technique is a useful tool that provides insight into the hydrophobic void space of CDs and 
calixarenes.  
(2) Multiple free-radical scavenging study of antioxidants
    Antioxidants that we take through everyday meals defend our body from the damage caused by reactive oxygen species 
(ROS), including hydroxyl radical and superoxide. Antioxidants have abilities to capture and detoxify such free radicals. 
This action is called scavenging activity.
   Our laboratory played an important role in developing ESR spin trapping-based multiple free-radical scavenging 
(MULTIS) method, where the antioxidant’s scavenging activity against six different free radical species is evaluated. 
By utilizing this technique, we have carried out quantitative determinations 
of scavenging activities for various antioxidant compounds: i.e., uric acid, 
glutathione, and trolox, a neuroprotective drug, edaravone, and the herb 
rosemary. We illustrated the magnitude of antioxidants’ activities using a radar 
chart (Fig. 1), indicating that edaravone has high scavenging abilities against six 
ROS and shows no inferiority when compared with other potent antioxidants 
such as uric acid and glutathione. Edaravone is the famous drug that was used 
for the post-stroke treatment of the baseball legend Shigeo Nagashima. We have 
proposed the usefulness of MULTIS method in antioxidant capacity evaluation. 
   Our research has been funded by fellowship from various food companies in 
Japan as well as Ministry of Science, Culture and Sports, Japan.  

Yoshimi Sueishi, Professor
ysueishi@okayama-u.ac.jp
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Selected Publications
(1) “A self-consistent phase diagram for supercooled water.” Tanaka, H. Nature, 1996, 380 (6572), 328-330.
(2) “First-order transition in confi ned water between high density liquid and low density amorphous phases.” Koga, K., 

Tanaka, H., Zeng, X.C., Nature, 2000, 408 (6812), 564-567. 
(3) “Formation of ordered ice nanotubes inside carbon nanotubes.” Koga, K., Gao, G.T., Tanaka, H., Zeng, X.C., Nature, 

2001 412 (6849), 802-805.
(4) “Molecular Dynamics Simulation of the Ice Nucleation and Growth Process Leading to Water Freezing.” Matsumoto, 

M.; Saito, S.; Ohmine, I. Nature 2002, 416 (6879), 409–413.
(5) “Metallic single-walled silicon nanotubes.”, Bay, J., Zeng, X.C., Tanaka, H., .Zeng, J.Y., Proc. Natl. Acad. Sci. USA, 

101 2004 (9), 2664-2668.
(6) “On the Structure Selectivity of Clathrate Hydrates.” Matsumoto, M.; Tanaka, H. J. Phys. Chem. B 2011, 115 (25), 

8257–8265.
(7) “Yet Another Criticality of Water.” Himoto, K.; Matsumoto, M.; Tanaka, H. Phys. Chem. Chem. Phys. 2013, 16, 5081–

5087.
(8) “Defect Pair Separation as the Controlling Step in Homogeneous Ice Melting.” Mochizuki, K.; Matsumoto, M.; 

Ohmine, I. Nature 2013, 498 (7454), 350–354.
(9) “Adsorption Mechanism of Inhibitor and Guest Molecules on the Surface of Gas Hydrates.” Yagasaki, T.; Matsumoto, 

M.; Tanaka, H. J. Am. Chem. Soc. 2015, 137 (37), 12079–12085.
(10) “Chiral Ordering in Supercooled Liquid Water and Amorphous Ice.” Matsumoto, M.; Yagasaki, T.; Tanaka, H. Phys.     

Rev. Lett. 2015, 115 (19), 197801.
(11) “Anomalous Thermodynamic Properties of Ice XVI and Metastable Hydrates.” Yagasaki, T.; Matsumoto, M.; Tanaka,  

H. Phys. Rev. B 2016, 93 (5), 054118.

■ Theoretical Chemistry

Research Interests
(1) Aquomics: A comprehensive study of water and aqueous solutions
(2) Statistical mechanics of the clathrate hydrates
(3) Dynamics of condensed matter on the edge of phase transition
   We engage in the fundamental research on the phase behavior and 
transitions of various water phases and aqueous solutions by computer 
simulations and theoretical treatments.  Recent studies cover the wide 
topics including microscopic mechanism of freezing and melting 
processes of water, liquid polymorphism of supercooled liquid water, 
water in confined geometry, new polymorph and phase transitions 
of high-pressure ice, properties of the “forbidden” (i.e. theoretically 
plausible but inexistent in reality) phases, novel theoretical approach to 
the stability of clathrate hydrates, and decomposition and formation of 
clathrate hydrates. These studies are linked to vast research fi elds such as 
life sciences, geology and astrogeology, meteorology, and energy resource 
development.

Masakazu Matsumoto, 
Associate Professor
matsu-m3@okayama-u.ac.jp

Hideki Tanaka, Professor
htanakaa@okayama-u.ac.jp
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■ Theoretical Physical Chemistry

Selected Publications
(1) “Solid−liquid critical behavior of water in nanopores” K. Mochizuki and K. Koga, Proc. Natl. Acad. Sci. USA, 2015, 112, 8221.
(2) “Osmotic second virial coeffi cient of methane in water” K. Koga, J. Phys. Chem. B 2013, 117, 12619.
(3) “Infi nite-order transitions in density-functional models of wetting” K. Koga, J. O. Indekeu, and B. Widom, Phys. Rev. Lett. 2010, 104, 036101.
(4) “Phase diagram of water in carbon nanotubes ” D. Takaiwa, I. Hatano, K. Koga, and H. Tanaka, Proc. Natl. Acad. Sci. USA 2008, 105, 39.
(5) “Formation of ordered ice nanotubes inside carbon nanotubes” K. Koga, G.T. Gao, H. Tanaka, and X.C. Zeng, Nature 2001, 412, 802.
(6) “A solvation-free-energy functional: A reference-modifi ed density functional formulation” T. Sumi, A. Mitsutake, Y. Maruyama, J. Compt. Chem. 2015, 36, 1359. 
(7) “Model-potential-free analysis of small angle scattering of proteins in solution: insights into solvent effects on protein-protein interaction” T. 

Sumi, H. Imamura, T. Morita, Y. Isogai, K. Nishikawa, Phys. Chem. Chem. Phys. 2014, 16, 25492.

Research Interests
(1) Liquids and liquid mixtures
(2) Fluid interfaces
(3) Hydrophobic effect
(4) Development of density-functional model for liquids
(5) Interactions between nanoparticles in medium
　Our research group is working on theoretical studies of liquids and liquid mixtures, fl uid interfaces, aqueous solutions, and phase transitions 
in bulk and inhomogeneous fl uids. Main research tools we rely on are statistical mechanics, thermodynamics and computer simulation. Our 
primary goal is to fi nd essential features, both microscopic and macroscopic ones, which explain liquid and fl uid-interface phenomena of great 
theoretical and practical interest. 
　Listed below are selected research topics.
Confi ned fl uids: Water confi ned in carbon nanotubes freezes in one-dimensional ices and exhibits liquid-solid critical behaviors. It was fi rst 
demonstrated in simulation and later observed in experiment. A similar phase behavior was also found for simple liquids. Recently, we revisited 
the critical behaviors of water and simple liquids and provided strong evidence supporting the existence of liquid-solid critical points. 
Hydrophobic effect at various environments: Hydrophobicity is a subject of great interest in chemistry and physics of liquids. We recently 
proposed a method of accurately calculating the osmotic second virial coefficient, which is an important measure of the hydrophobic 
interaction, and applied it to aqueous solutions of methane. It was then shown that the effective interaction between methane molecules in water 
is not attractive at low temperatures, as opposed to the common perception that the hydrophobic interaction is attractive; it is only at elevated 
temperatures that the effective interaction becomes attractive. The hydrophobic effects at various environments such as air-water interfaces, at 
high pressures, and fi nite salt concentrations, are currently investigated. 
Development of density-functional model for liquids: We presented a density functional method to improve free-energy functional model 
for various liquids systematically. In this method, a rapid convergence of density-functional Taylor series expansion of an excess free energy 
functional is achieved by introducing an appropriate reference hard sphere system instead of the ideal gas that has been generally employed as 
the standard reference system. As an application, we showed that the reference-modifi ed DFT approach predicted the solvation free energy of 
small organic molecules in quite high precision in comparison with experiments.
Interactions between nanoparticles in medium: It has been 
well known that small-angle x-ray scattering (SAXS) provides 
information about particle-particle correlations in mediums 
as well as the shape of nanoparticles. However, since pre-
selected model function is usually assumed to determine the 
interaction potential, the applicability is strongly limited. To 
enable the application to complicated nanoparticle systems, 
we developed a model-potential-free method for the analysis 
of the SAXS data and showed the effectiveness of this method 
by applying it to dense protein solutions.

Tomonari Sumi, 
Associate Professor
sumi@okayama-u.ac.jp

Kenichiro Koga, Professor
koga@okayama-u.ac.jp



■Organic Chemistry

7

Research Interests
(1) Total synthesis of biologically active natural products
(2) Development of new synthetic strategy and reaction
(3) Structural elucidation of complex natural products based on chemical synthesis
　Biologically active natural products have been regarded as the useful drug candidates. In general, the limited 
availability of natural products from nature has hampered the biological study of them and the chemical synthesis is 
one of the reliable solution to this problem. Natural products often possess the huge and complex molecular structures 
and the new synthetic strategy and reaction are required to construct their structures. We have developed the convergent 
synthetic methodology of polycyclic ethers, which has successfully applied to the total synthesis of marine natural 
products gembierol, brevetoxin B, and brevenal. Structural elucidation of natural products is not only fundamental 
but also signifi cant research theme in natural product chemistry. If the target molecule has a huge molecular size and 
a number of functional groups, the 
chemical synthesis is needed for the 
configurational assignment. We have 
carried out the stereodivergent synthesis 
of gummiferol and sarcophytonolide C, 
which has led to the elucidation of their 
absolute stereochemistries. In addition, 
we have created the cytotoxic artifi cial 
analogues of gummiferol. We have also 
examined the synthetic approach toward 
the structural determination of the 
polyol natural product symbiodinolide.

Selected Publications
(1) “Convergent Synthesis of Polycyclic Ethers via the Intramolecular Allylation of α-Acetoxy Ethers and Subsequent 

Ring-Closing Metathesis” Kadota, I.; Ohno, A.; Matsuda, K.; Yamamoto, Y. J. Am. Chem. Soc. 2002, 124, 3562–
3566.

(2) “Convergent Total Syntheses of Gambierol and 16-epi-Gambierol and Their Biological Activities” Kadota, I.; 
Takamura, H.; Sato, K.; Ohno, A.; Matsuda, K.; Satake, M.; Yamamoto, Y. J. Am. Chem. Soc. 2003, 125, 11893–
11899.

(3) “Total Synthesis of Brevetoxin B” Kadota, I.; Takamura, H.; Nishii, H.; Yamamoto, Y. J. Am. Chem. Soc. 2005, 127, 
9246–9250.

(4) “Total Synthesis of Brevenal” Takamura, H.; Kikuchi, S.; Nakamura, Y.; Yamagami, Y.; Kishi, T.; Kadota, I.; 
Yamamoto, Y. Org. Lett. 2009, 11, 2531–2534.

(5) “Total Synthesis, Structural Elucidation, and Structure–Cytotoxic Activity Relationship of (–)-Gummiferol” Takamura, 
H.; Wada, H.; Lu, N.; Ohno, O.; Suenaga, K.; Kadota, I. J. Org. Chem. 2013, 78, 2443–2454.

(6) “Total Synthesis of Two Possible Diastereomers of (+)-Sarcophytonolide C and Its Structural Elucidation” Takamura, 
H.; Iwamoto, K.; Nakao, E.; Kadota, I. Org. Lett. 2013, 15, 1108–1111.

(7) “Stereodivergent Synthesis and Stereochemical Reassignment of the C79–C104 Fragment of Symbiodinolide” 
Takamura, H.; Fujiwara, T.; Kawakubo, Y.; Kadota, I.; Uemura, D. Chem. Eur. J. 2016, 22, 1984–1996.

Hiroyoshi Takamura, 
Associate Professor
takamura@okayama-u.ac.jp

Isao Kadota, Professor
kadota-i@okayama-u.ac.jp
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Research Interests
(1) Synthetic studies on natural pterin glycosides
(2) Synthetic studies on sugar analogs having phosphorus in the ring
   Some pterins having a hydroxyalkyl side-chain at C-6, a representative example being biopterin (1a), have been found 
as glycosidic forms in certain prokaryotes, such as biopterin α-D-glucoside (1b) from various kinds of cyanobacteria, 
and limipterin (1c) from a green sulfur photosynthetic bacterium.  As for glycosides of neopterin (2a), neopterin 
β-D-glucronide (2b) was isolated from Azotobactor agilis, whereas solfapterin (2c) was isolated from thermophilic 
archaebacterium.  Although the physiological function of the parent pterins (1a, 2a) has been studied in detail, the 
functional roles of pterin glycosides have remained obscure.  Despite a considerable interest from the viewpoint of their 
biological activities and functions as well as structural proof of hitherto reported natural products, attempts at preparation 
of natural pterin glycosides had scarcely been 
made before our synthetic studies on them.  
We have undertaken a synthetic exploration 
of various types of glycosides (e.g., 1b,c, 
2b,c, 3) of biopterin and related pterins.
   Meanwhile, a large number of sugar analogs 
containing a heteroatom instead of oxygen 
in the hemiacetal ring have been prepared 
because of the wide interest in their chemical 
and potential biochemical properties.  Among 
such a chemical modifi cation by heteroatoms, 
we have prepared various sugar analogs 
(phospha sugars) having a phosphorus atom 
in the ring; e.g., D-glucose (4), D-mannmose 
(5), D-ribose (6), and 2-deoxy-D-ribose 
analogs (7). 

■Organic Synthetic Chemistry

Selected Publications
(1) “Synthesis of Biopterin and Related Pterin Glycosides” Hanaya, T.; H. Yamamoto, Y. IUBMB Life, 2013, 65, 300–309.
(2) “Synthetic Studies on Pterin Glycosides: the First Synthesis of 2’-O-(α-D- Glucopyranosyl)biopterin” Hanaya, T.; 

Baba, H.; Toyota, H.; Yamamoto, H. Tetrahedron, 2009, 65, 7989-7997.
(3) “Effi cient Total Syntheses of Natural Pterin Glycosides: Limipterin and Tepidopterin” Hanaya, T.; Baba, H.; Toyota, H.; 

and Yamamoto, H. Tetrahedron, 2008, 64, 2090-2100.
(4) “Synthesis of Sugar Analogs Having a Phosphorus Atom in the Pyranose Ring (Phospha Sugar) and Stereoselectivity 

of C-P Bond Introduction” Hanaya, T.; Yamamoto, H. Trends in Heterocyclic Chemistry, 2003, 9, 1-18.
(5) “Synthesis of 2,4-Dideoxy-4-hydroxyphosphonoyl-D-erythro- and L-threo-pento- furanoses” Hanaya, T.; Noguchi, A.; 

Armour, M.-A.; Hogg, A. M.; Yamamoto, H. J. Chem. Soc., Perkin Trans. 1, 1992, 295-301.
(6) “Synthesis and Structural Analysis of 4-Deoxy-4-(hydroxyphosphinyl and Phenyl- phosphinyl)-D-ribofuranoses” 

Hanaya, T.; Yamamoto, H. Bull. Chem. Soc. Jpn., 1989, 62, 2320-2327.

Tadashi Hanaya, Professor
hanaya@okayama-u.ac.jp
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■ Synthetic and Physical Organic Chemistry

Research Interests
(1) Photochemical reactions of aromatic molecules
(2) Photocemically assisted synthesis of functional materials
(3) Development of novel luminescent probes
   Photochemical reactions of organic molecules often provide unique products which are hardly accessible through 
conventional thermal or catalytic reactions. Organic photochemistry has been extensively investigated in the past century 
and the results have been systematically accumulated. Currently, it is still challenging to develop novel photoreactions 
which produce highly strained molecules, unknown organic frameworks, potential functional materials, etc. 
   We have been investigating photoreactions of aromatic molecules, namely, cyclophanes to reveal novel photoreacivities 
of aromatic nuclei. We have found that two benzene 
rings in a nitrogen-bridged cyclophane underwent 
photodimerization to afford octahedrane cage in 
one step. We are studying synthesis of potential 
organic-electronic materials, for example organic 
semiconductors, by using photoreactions as the key 
step. We have demonstrated that phenacenes, which 
have a zig-zag array of fused benzene rings, can be 
easily prepared by photocyclization and successfully 
applied to p-channel OFET devices displaying very 
high charge mobility (μ > 10 cm2 V−1 s−1). We are 
also conducting development of novel luminescent 
sensors for micro-environment and ionic species by 
using intramolecular charge-transfer fluorophores 
and chemiluminescence dyes.  

Selected Publications
(1) “Photoreaction of a 2,11-diaza[3.3]paracyclophane derivative: Formation of octahedrane by photochemical 

dimerization of benzene” Okamoto, H.; Satake, K.; Ishida, H.; Kimura, M. J. Am. Chem. Soc. 2006, 128, 16508–
16509.

(2) “Photochemistry of nitrogen-bridged cyclophanes: 2,11-diaza[32]anthracenoparacyclophane and 2,11-diaza[32]
paracyclophane systems (Invited Account)” Okamoto, H.; Yamaji, M.; Satake, K. Synlett 2008, 1931–1945.

(3) “Air-assisted high-performance fi eld-effect transistor with thin fi lms of picene” Okamoto, H.; Kawasaki, N.; Kaji, Y.; 
Kubozono, Y.; Fujiwara, A.; Yamaji, M. J. Am. Chem. Soc. 2008, 130, 10470–10471.

(4) “Fluorescence response of 3-trifluoroacetylaminophthalimide to Li+–I− ion pair induced by 254 nm photolysis in 
acetonitrile” Okamoto, H.; Konishi, H.; Satake, K. Chem. Commun. 2010, 48, 2346–2348.

(5) “Photochemical synthesis and electronic spectra of fulminene ([6]phenacene)” Okamoto, H.; Yamaji, M.; Gohda, S.; 
Sato, K.; Sugino, H.; Satake, K. Res. Chem. Intermed. 2013, 39, 147–159.

(6) “Efficient synthetic photocyclization for phenacenes using a continuous flow reactor” Okamoto, H.; Takane, T.; 
Gohda, S.; Kubozono, Y.; Sato, K.; Yamaji, M.; Satake, K. Chem. Lett. 2014, 43, 994–996.

(7) “An extended phenacene-type molecule, [8]phenacene: synthesis and transistor application” Okamoto, H.; Eguchi, R.; 
Hamao, S.; Goto, H.; Gotoh, K.; Sakai, Y.; Izumi, M.; Takaguchi, Y.; Gohda, S.; Kubozono, Y. Sci. Rep. 2014, 4, 5330; 
DOI:10.1038/srep05330.
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Associate Professor
hokamoto@okayama-u.ac.jp



10

Selected Publications
(1) “Palladium-Catalyzed Regio- and Stereoselective Carbothiolation of Terminal Alkynes with Azolyl Sulfi des” Iwasaki, M.; Topolovčan, N.; Hu, H.; 

Nishimura, Y.; Gagnot, G.; Na nakorn, R.; Yuvacharaskul, R.; Nakajima, K.; Nishihara, Y. Org. Lett. 2016, 18, 1642–1645.  
(2) “Highly Crystalline, Low Band-gap Semiconducting Polymers based on Phenanthrodithiophene-Benzothiadiazole for Solar Cells and Transistors” 

Mori, H.; Nonobe, H.; Nishihara, Y. Polym. Chem. 2016, 7, 1549–1558.
(3)  “Transistor Application of New Picene-type Molecules, 2,9-Dialkylated Phenanthro[1,2-b:8,7-b']dithiophenes” Kubozono, Y.; Hyodo, K.; Mori, 

H.; Hamao, S.; Goto, H.; Nishihara, Y. J. Mater. Chem. C 2015, 3, 2413–2421.
(4) “Synthesis of Multisubstituted Triphenylenes and Phenanthrenes by Cascade Reaction of o-Iodobiphenyls and (Z)-β-Halostyrenes with 

o-Bromobenzyl Alcohols through Two Sequential C–C Bond Formations Catalyzed by a Palladium Complex” Iwasaki, M.; Araki, Y.; Iino, S.; 
Nishihara, Y. J. Org. Chem. 2015, 80, 9247–9263.  

(5) “Phenanthrodithiophene−Isoindigo Copolymers: Effect of Side Chains on Their Molecular Order and Solar Cell Performance” Nishinaga, S.; 
Mori, H.; Nishihara, Y. Macromolecules 2015, 48, 2875–2885. 

(6) “Synthesis of Methoxy-Substituted Picenes: Substitution Position Effect on Their Electronic and Single-Crystal Structures” Mori, H.; Chen, X.-C.; 
Chang, N.-H.; Hamao, S.; Kubozono, Y.; Nakajima, K.; Nishihara, Y. J. Org. Chem. 2014, 79, 4973–4983.

(7) “Synthesis of Substituted Picenes through Pd-Catalyzed Cross-Coupling Reaction/Annulation Sequences and Their Physicochemical Properties” 
Chang, N.-H.; Chen, X.-C.; Nonobe, H.; Okuda, Y.; Mori, H.; Nakajima, K.; Nishihara, Y. Org. Lett. 2013, 15, 3558–3561.
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Research Interests
(1) Controlled synthesis of picene derivatives and novel sulfur-containing aromatic compounds toward high-performance organic  

fi eld-effect transistors
(2) Development of new synthetic organic reactions by using transition metal catalysts
(3) Development of low band-gap semiconducting polymers based on the new extended π-electron core and their application to    

organic solar cells
　Picene is a high-potential utility for organic electronic devices.  However, there are still few examples of the systematic synthesis 
of picene and its derivatives.  We designed our synthetic methodology, which is more effi cient than previously reported conventional 
synthetic methods.  By using efficient synthetic method, we have recently synthesized new sulfur-containing phenacene-type 
molecules.  In addition, we have developed an effi cient and readily scalable synthetic method to afford the large amount of the target 
molecules. The OFET devices based on these new compounds exhibited high fi eld-effect mobility of up to 2 cm2 V−1 s−1.  
   We also studied transition metal-catalyzed new synthetic methods to construct or cleave various chemical bonds which have 
been regarded as difficult transformations by conventional synthesis.  For example, we have achieved the direct thiolation and 
selenation of inert C–H bonds with disulfides and diselenides, 
which demonstrated novel carbon–chalcogen bond formations.  
Moreover, we found that transition metal catalysts could control 
regio-and stereoselectivities in addition reactions of organosulfur 
compounds to carbon–carbon unsaturated compounds.  
   Extended π-electron cores containing various heteroaromatic 
rings are also useful building blocks for high-performance 
semiconducting polymers.  However, such building blocks 
still limited due to their synthetic diffi culty.  Recently, we have 
succeeded the synthesis of new semiconducting polymers 
containing newly developed phenacene-type molecules.  At 
present, the fabricated solar cells using such new phenacene-
based polymers exhibited high power conversion efficiency of 
over 6.5%.  
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■ Inorganic Chemistry

Selected Publications
(1) “Direct Information on Structure and Energetic Features of Cu+-Xe Species Formed in MFT-Type Zeolite at Room 

Temperature” Torigoe, H.; Mori, T.; Fujie, K.; Ohkubo, T.; Itadani, A.; Gotoh, K.; Ishida, H.; Yamashita, H.; Yumura, T.; 
Kobayashi, H.; Kuroda, Y.  J. Phys. Chem. Lett. 2010, 1, 2642–2650.

(2) “Unprecedented Reversible Redox Process in the ZnMFI-H2 System Involving Formation of Stable Atomic Zn0” 
Oda, A.; Torigoe, H.; Itadani, A.; Ohkubo, T.; Yumura, T.; Kobayashi, H.; Kuroda, Y. Angew. Chem. Int. Ed. 2012, 51, 
7719–7723.

(3) “Success in Making Zn+ of an Atomic Zn0 Encapsulated in an MFI-Type Zeolite with UV-Light Irradiation” Oda, A.; 
Torigoe, H.; Itadani, A.; Ohkubo, T.; Yumura, T.; Kobayashi, H.; Kuroda, Y. J. Am. Chem. Soc. 2013, 135, 18481–
18489.

(4) “Mechanism of CH4 Activation on a Monomeric Zn2+-Ion Exchanged in MFI-Type Zeolite with a Specific Al 
Arrangement: Similarity to the Activation Site for H2” Oda, A.; Torigoe, H.; Itadani, A.; Ohkubo, T.; Yumura, T.; 
Kobayashi, H.; Kuroda, Y. J. Phys. Chem. C, 2013, 117, 19525–19534.

(5) “Nanospace-Enhanced Photoreduction for the Synthesis of Copper(I) Oxide Nanoparticles under Visible-Light 
Irradiation” Ohkubo, T.; Ushio, M.; Urita, K.; Moriguchi, I.; Ahmmad, B.; Itadani, A.; Kuroda, Y. J. Colloid Interface 
Sci. 2014, 421, 165–169.

(6) “Synthesis of an Unexpected [Zn2]
2+ Species Utilizing an MFI-Type Zeolite as a Nano-Reaction Pot and Its 

Manipulation with Light and Heat” Oda, A.; Ohkubo, T.; Yumura, T.; Kobayashi, H.; Kuroda, Y. Dalton Tans. 2015, 
44, 10038–10047.

Research Interests
　We have been developing research on the new fields in inorganic chemistry, i.e., the creation of unprecedented 
electronic states of the metal-ions utilizing the fi eld of inorganic compounds, such as zeolite, metal oxides, carbon, and 
so on. Recently, we focused on the MFI-type zeolite systems exchanged with various transition-metal-ions for getting 
information on the role of the exchanged ions in the activation process of various simple inert molecules, such as N2, 
CH4, O2, H2 and so on, especially on H2, as well as CH4, activation around 300 K utilizing ZnMFI and CuMFI. In our 
systems, ZnMFI activates H2 easily around 300 K as like as hydroxygenase, forming -ZnH and -OH in zeolite. The 
formed species easily changes its state to Zn+, 
as well as an atomic zinc, Zn0. These sites also 
work as activation centers in the CH4 activation. 
In addition, we have studied restricted structure 
and the electronic state of copper acetate 
formed inside cylindrical micropore of carbon 
nanotubes; it demonstrates the unexpected 
photoreduct ion  under  the  v is ib le- l ight 
irradiated condition to produce cuprous oxide 
nanoparticles.
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Research Interests
　The coordination chemistry laboratory aims to synthesize the novel and functional coordination compounds with transition and/or lanthanoid 
metal ions and to characterize their molecular and crystal structures, magnetic, spectroscopic, and electrochemical properties, and chemical 
reactivities.  In particular, the followings are major ongoing topics in this laboratory.
(1) Novel mono-, di-, and multinuclear transition-metal complexes having external stimuli-responsive properties
   Transition-metal complexes often show external stimuli-responsive spin-state and color changes, known as spin-crossover behavior and 
chromotropism, respectively.  The latter is further classifi ed by the kind of applied stimuli as photochromism (by light irradiation), thermochromism 
(by temperature), solvatochromism (by solvents), piezochromism (by pressure), and so on.  These behaviors are originated from the electronic 
structures of the metal complexes, and can be modifi ed or fi ne-tuned by design of the surrounding ligands.  In order to develop multi-functional 
switching and/or memory devices, we are preparing novel mono- and polynuclear metal complexes with highly designed ligands.  
(2) Syntheses and characterization of new manganese cluster compounds and transition-metal complexes for artifi cial photosynthesis
    In the active center of the oxygen-evolving complex (OEC) of photosystem II (PSII) there is a manganese–calcium oxide cluster which catalyzes 
the water-splitting reaction to produce oxygen (O2) from water.  The model compounds of the manganese–calcium cluster, as well as the functional 
coordination compounds having a similar water-splitting ability, are the synthetic targets of this research.  We are exploring for an appropriate 
molecular design of the incorporated organic ligands for the water-splitting reaction, and investigating the spectroscopic, electrochemical, and 
crystallographic characterization of the resulting clusters and complexes.
(3) Investigation of peculiar crystallization, total and complete spontaneous resolution, of chiral metal complexes
   The origin of chirality in nature is the challenging 
issue in current scientific research.  On crystallization, 
some chiral compounds exhibit spontaneous resolution, 
where a left-handed and a right-handed compounds 
are crystallized separately.  In general, the resulting 
amounts of the left- and right-handed crystals are equal, 
but we recently found that a certain chiral coordination 
compound gives always one enantiomer selectively.  
We are investigating the reason why such a peculiar 
crystallization behavior takes place in this complex. 

Selected Publications
(1) “Structures and spin states of mono- and dinuclear iron(II) complexes of imidazole-4-carbaldehyde azine and its 

derivatives” Sunatsuki, Y.; Kawamoto, R.: Fujita, K.; Maruyama, H.; Suzuki, T.; Ishida, H.; Kojima, M.; Iijima, S.; 
Matsumoto, N. Coord. Chem. Rev. 2010, 254, 1871–1881.

(2) “Thyminate(2–)-bridged cyclic tetranuclear rhodium(III) complexes formed by a template of a sodium, calcium or 
lanthanoid ion” Kashima, A.; Sakate, M.; Ota, H.; Fuyuhiro, A.; Sunatsuki, T.; Suzuki, T. Chem. Commun. 2015, 51, 
1889–1892.

(3) “The Chiral Crystal Structure of a P212121 Kryptoracemate Iron(II) Complex with Unsymmetric Azine Ligands and the 
Observation of Chiral Single Crystal Circular Dichroism” Sunatsuki, Y.; Fujita, K.; Maruyama, H.; Suzuki, T.; Ishida, 
H.; Kojima, M.; Glaser, R. Cryst. Growth & Des. 2014, 14, 3692–3695.

(4) “Chiral Incomplete-cubane-type MnIII
3O4 Clusters Containing a μ3-Methoxido or Hydroxido” Inoue, M.; Suzuki, T.; 

Sunatsuki, Y.; Fuyuhiro, A.; Re, N. Chem. Lett. 2014, 43, 784–786.
(5) “Four-Electron Oxidative Dehydrogenation Induced by Proton-Coupled Electron Transfer in Ruthenium(III) Complex 

with 2-(1,4,5,6-Tetrahydropyrimidin-2-yl)phenolate” Mitsuhashi, R.; Suzuki, T.; Sunastuki, Y. Inorg. Chem. 2013, 52, 
10183–10190.

■ Coordination Chemistry
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Figure  Perspective views of munti-nuclear coordination compounds prepared 
in this laboratory: (a) a trinuclear MnIIEuIIIMnII complex and (b) a Mn3Ca(OMe)2 
moiety in the Mn9Ca3(OMe)6 cluster compound. 
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■ Analytical Chemistry

Selected Publications
(1) “Determination of Association Constants between 5’-Guanosine Monophosphate Gel and Aromatic Compounds by 

Capillary Electrophoresis” K. Yamaguchi; N. Takeyasu; T. Kaneta, J. Chromatogr. A 2013, 1288, 149–154.
(2) “Discrimination of Glycoproteins via Two-Color Laser-Induced Fluorescence Detection Coupled with Postcolumn 

Derivatization in Capillary Electrophoresis” A. Tabara; T. Kaneta, Electrophoresis 2013, 34, 2316–2322.
(3) “Speciation of Arsenic in a Thermoacidophilic Iron-Oxidizing Archaeon, Acidianus brierleyi, and Its Culture Medium by 

Inductively Coupled Plasma-Optical Emission Spectroscopy Combined with Flow Injection Pretreatment Using an Anion-
Exchange Mini-Column” N. Higashidani; T. Kaneta; N. Takeyasu; S. Motomizu; N. Okibe; K. Sasaki, Talanta 2014, 122, 
240–245.

(4) “Acid-Base Titrations Using Microfl uidic Paper-Based Analytical Devices” S. Karita; T. Kaneta, Anal. Chem. 2014, 86, 
12108–12114.

(5) “Determination of Iron Ion in the Water of a Natural Hot Spring Using Microfl uidic Paper-Based Analytical Devices” K. 
Ogawa; T. Kaneta, Anal. Sci. 2016, 32, 31–34.

(6) “Direct Determination of Lignin Peroxidase Released from Phanerochaete chrysosporium by In-Capillary Enzyme Assay 
Using Micellar Electrokinetic Chromatography” A. Harada; K. Sasaki; T. Kaneta, J. Chromatogr. A 2016, 1440, 145–149.

Research Interests
(1) Single cell analysis and single molecule detection
(2) Development of novel microfl uidic paper-based analytical devices
(3) Design and fabrication of metallic nanostructures for chemical/bio sensing
　Current research projects include the development of novel analytical methods for bioanalysis and environmental analysis.  
In bioanalytical chemistry, we challenge single cell analysis and single molecule detection using techniques of microscale 
separation, laser-induced fl uorescence, and radiation pressure generated by lasers.  Our interest focuses on the development 
of the methods to determine membrane proteins contained in cell membrane of individual cells, since membrane proteins play 
important roles in regulation of their bioactivity.
　In environmental analysis, our project area focuses on the development of conventional methods for on-site analysis using 
microfl uidic paper-based analytical devices (µPADs).  The µPADs are fabricated with a paper substrate which has advantages 
in on-site analysis since they are light, inexpensive, disposable, and easy to transport.  In addition, the µPADs requires no 
pumping system since the liquid fl ow is based on capillary fl ow generated in fi ber network of the paper substrate.  We have 
been developing novel µPADs which can measure chemicals in natural water samples in the fi eld without any large instrument.
　Metallic nanostructures exhibit interesting optical properties, such as enhancement of electromagnetic fi eld, response to 
magnetic component of light and so on, different from bulk metals. The optical properties are originated from interaction 
between light and free-electrons in 
metals and depend on not only the 
sort of metals but also shape of 
the nanostructures. We synthesize 
gold/silver nanoparticles and 
assemble them into hierarchical 
structures which are applicable 
to ultra-trace level sensing of 
chemical/bio molecules.
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On-site acid-base titration using the µPAD. Gold nanoparticles (AuNPs) are assembled into 
2D array, which is applicable to chemical/bio 
sensing.
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Research Interests
  The molecular surface science group is currently studying electronic properties of surfaces and interfaces from a 
broad viewpoint. One research topic is superconductivity which is the center of attention in solid-state chemistry 
and physics. A number of novel superconductors have been discovered through various chemical approaches. Above 
all, the most important achievement is the discovery of aromatic hydrocarbon superconductors with high transition 
temperature. Recently, the group has intensively studied two-dimensional layered materials, in which superconductivity 
can be induced by chemical or electrostatic carrier-doping. Measurements of transport and magnetic properties at low 
temperature and high pressure allow us to observe diverse superconducting phenomena. In addition, X-ray diffraction 
and holography techniques with synchrotron radiation give an insight into the crystal structures and electronic states of 
the superconductors.
  The layered structure of the materials is beneficial for field-effect transistor (FET) which is the other important 
research topic of the group. A variety of organic and inorganic materials have been exploited for high-performance 
and multifunctional FET devices, and the extremely high carrier mobility is realized using novel organic molecules.    
The ultrathin layered material, 
graphene, has also been studied to 
demonstrate its unique electronic 
properties which may be explained 
by relativistic quantum mechanics. 
In this way, the group opens new 
avenues in fundamental physics 
and chemistry based on material 
science.

■Molecular Surface Science
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Selected Publications
(1) “Superconductivity in alkali-metal-doped picene” Mitsuhashi, R.; Suzuki, Y.; Yamanari, Y.; Mitamura, H.; Kambe, T.; 

Ikeda, N.; Okamoto, H.; Fujiwara, A.; Yamaji, M.; Kawasaki, N.; Maniwa, Y.; Kubozono, Y. Nature 2010, 464, 76–79.
(2) “Electric double-layer capacitance between an ionic liquid and few-layer graphene” Uesugi, E.; Goto, H.; Eguchi, R.; 

Fujiwara, A.; Kubozono, Y. Sci. Rep. 2013, 3, 1595.
(3) “Superconductivity in (NH3)yCs0.4FeSe” Zheng, L.; Izumi, M.; Sakai, Y.; Eguchi, R.; Goto, H.; Takabayashi, Y.; 

Kambe, T.; Onji, T.; Araki, S.; Kobayashi, T. C.; Kim, J.; Fujiwara, A.; Kubozono, Y. Phys. Rev. B 2013, 88, 094521.
(4) “Transistor application of phenacene molecules and their characteristics” Kubozono, Y.; He, X.; Hamao, S.; Teranishi, 

K.; Goto, H.; Eguchi, R.; Kambe, T.; Gohda, S.; Nishihara, Y. Eur. J. Inorg. Chem. 2014, 3806–3819.
(5) “Emergence of double-dome superconductivity in ammoniated metal-doped FeSe” Izumi, M.; Zheng, L.; Sakai, 

Y.; Goto, H.; Sakata, M.; Nakamoto, Y.; Nguyen, H. L. T.; Kagayama, T.; Shimizu, K.; Araki, S.; Kobayashi, T. C.; 
Kambe, T.; Gu, D.; Guo, J.; Liu, J.; Li, Y.; Sun, L.; Prassides, K.; Kubozono, Y. Sci. Rep. 2015, 5, 9477.

(6) “Synthesis and transistor application of the extremely extended phenacene molecule, [9]phenacene” Shimo, Y.; 
Mikami, T.; Hamao, S.; Goto, H.; Okamoto, H.; Eguchi, R.; Gohda, S.; Hayashi, Y.; Kubozono, Y. Sci. Rep. 2016, 6, 
21008.

Figure (a) Example of layered materials the group is studying: picene, (NH3)yCsxFeSe, and 
LaOBiS2 from left to right. (b) Schematic FET structure and microscope images of organic 
and graphene FETs.
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Research Interests
(1)Total synthesis of biologically active natural products
(2)Development of new synthetic strategy and reaction
(3)Structural elucidation of complex natural products based on chemical synthesis
　Biologically active natural products have been regarded as the useful drug candidates. In general, the limited 
availability of natural products from nature has hampered the biological study of them and the chemical synthesis is 
one of the reliable solution to this problem. Natural products often possess the huge and complex molecular structures 
and the new synthetic strategy and reaction are required to construct their structures. We have developed the convergent 
synthetic methodology of polycyclic ethers, which has successfully applied to the total synthesis of marine natural 
products gembierol, brevetoxin B, and brevenal. Structural elucidation of natural products is not only fundamental 
but also signifi cant research theme in natural product chemistry. If the target molecule has a huge molecular size and 
a number of functional groups, the 
chemical synthesis is needed for the 
configurational assignment. We have 
carried out the stereodivergent synthesis 
of gummiferol and sarcophytonolide C, 
which has led to the elucidation of their 
absolute stereochemistries. In addition, 
we have created the cytotoxic artifi cial 
analogues of gummiferol. We have also 
examined the synthetic approach toward 
the structural determination of the 
polyol natural product symbiodinolide.

Selected Publications
(1)“Convergent Synthesis of Polycyclic Ethers via the Intramolecular Allylation of α-Acetoxy Ethers and Subsequent 

Ring-Closing Metathesis” Kadota, I.; Ohno, A.; Matsuda, K.; Yamamoto, Y. J. Am. Chem. Soc. 2002, 124, 3562–3566.
(1)“Convergent Synthesis of Polycyclic Ethers via the Intramolecular Allylation of α-Acetoxy Ethers and Subsequent 

Ring-Closing Metathesis” Kadota, I.; Ohno, A.; Matsuda, K.; Yamamoto, Y. J. Am. Chem. Soc. 2002, 124, 3562–3566.
(1)“Convergent Synthesis of Polycyclic Ethers via the Intramolecular Allylation of α-Acetoxy Ethers and Subsequent 

Ring-Closing Metathesis” Kadota, I.; Ohno, A.; Matsuda, K.; Yamamoto, Y. J. Am. Chem. Soc. 2002, 124, 3562–3566.
(1)“Convergent Synthesis of Polycyclic Ethers via the Intramolecular Allylation of α-Acetoxy Ethers and Subsequent 

Ring-Closing Metathesis” Kadota, I.; Ohno, A.; Matsuda, K.; Yamamoto, Y. J. Am. Chem. Soc. 2002, 124, 3562–3566.
(1)“Convergent Synthesis of Polycyclic Ethers via the Intramolecular Allylation of α-Acetoxy Ethers and Subsequent 

Ring-Closing Metathesis” Kadota, I.; Ohno, A.; Matsuda, K.; Yamamoto, Y. J. Am. Chem. Soc. 2002, 124, 3562–3566.
(1)“Convergent Synthesis of Polycyclic Ethers via the Intramolecular Allylation of α-Acetoxy Ethers and Subsequent 

Ring-Closing Metathesis” Kadota, I.; Ohno, A.; Matsuda, K.; Yamamoto, Y. J. Am. Chem. Soc. 2002, 124, 3562–3566.
(1)“Convergent Synthesis of Polycyclic Ethers via the Intramolecular Allylation of α-Acetoxy Ethers and Subsequent 

Ring-Closing Metathesis” Kadota, I.; Ohno, A.; Matsuda, K.; Yamamoto, Y. J. Am. Chem. Soc. 2002, 124, 3562–3566.
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