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Synthesis of gold-nanoparticle/silica colloidal crystal to form highly ordered 
titania inverse-opal structures

Tharishinny Raja Mogan1,Mai Takashima1,2,Ewa Kowalska1,2 and Bunsho Ohtani1,2*

1Graduate School of Environmental Science, Hokkaido University, Sapporo 060-0810, Japan
2Institute for Catalysis, Hokkaido University, Sapporo 001-0021, Japan

*Corresponding author: ohtani@cat.hokudai.ac.jp

TITANIA INVERSE OPAL (TIO2-IO) 
CONTAINING SINGLE GOLD 

NANOPARTICLE (AU-NP) 
PER VOID

Titania (TiO2) as photocatalyst

Lack of photochemical 
activity under visible light
Only 3-5% of sunlight is UV 

Our proposed idea

optical stop-band effect of 
TIO2-IO structure 

localized surface plasmon resonance
(LSPR)  of Au-NP

give rise to visible light absorption 
ACS Appl.Mater.Interfaces 2016,8, 31738-31745 

Synthesis of Au/SiO2 colloidal crystal  is VITAL STEP to form  
highly ordered TiO2-IO structure as the desired photocatalyst!

Formation of Au/SiO2 core-shell 
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Increasing number of Au/thinSiO2 particles

low TEOS 
molecules

high TEOS 
molecules

Formation of coreless
SiO2 particles

in the presence of large amount of catalyst (NH3)

Number of 
particles present 

in Au/thinSiO2

Amount of 
SiO2 precursor)

Amount of catalyst 
used (NH3)

Sedimentation assisted 
via centrifugation

Vertical 
deposition

Centrifuge at 4000rpm, 30 minutes

TiO2

void

Au-NP

Theories behind the proposed idea

Schematic procedure to synthesize 
TiO2-IO containing Au-NP per void

Self-assembly of  Au/SiO2 core-shell Au/SiO2 colloidal crystal 

FACTORS AFFECTING FORMATION OF Au/SiO2
CORE-SHELL PARTICLES 

SELF-ASSEMBLY BY Au/SiO2 CORE-SHELL 
PARTICLES TO FORM COLLOIDAL CRYSTAL

Highly ordered arrangement by self-assembled 
Au/SiO2 particles

Multilayers arrangement of
Au/SiO2 colloidal crystal 

FUTURE WORK/IN PROGRESS

�Infiltration of TiO2 onto the 
self-assembled particles

� Selective etching of the SiO2
template to form void

Au/SiO2 core-shell particles 

no coreless particles observed 

� affects the self-assembly process 
� prevents the formation of highly ordered 

colloidal crystal structure
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Development of a Simple but Reliable Method for Photocatalytic-activity Evaluation
Fitri Rizki Amalia,1 Mai Takashima,1,2 and Bunsho Ohtani1,2

1Grad. School of Env. Science, Hokkaido University
2Institute for Catalysis, Hokkaido University

T. Nash, Biochem J., 55, 416-421 (1953)

spectrophotometer

Diacetyldihydrolutidine (DDL)

+
Nash reagent 

(ammonium acetate, 
acetylacetone, and 

acetic acid )

HCHO

Formaldehyde detection

Oxidative decomposition of formaldehyde procedure
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1. Spectrophotometer as the only instrument for 
photocatalyrtic activity

2. Formaldehyde as the main compound in photocatalytic 
activity-test 

Conclusion

1. Shorten irradiation time
2. Check dissolved CO2
3. Checking the possibility of other compound

Future plan

HCHO + H2O + 2h+ HCOOH + 2H+

½ O2 + 2 ++ 2 - H2O

HCHO + 4h+ CO2 + 4H+

O2 + 4 + + 4e- 2H2O

centrifugati
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UV light 
(60 min.)
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Introduction
Evaluation of Photocatalytic-activity test

2.Spectrophotometer1.Gas chromatography (GC) 
and 

liquid chromatography (LC)
accurate
reliable
expensive
complicated

unreliable for some 
analysis 
(photodecomposition)

affordable 
simple

Developing simple and reliable method without dye by 
only using spectrophotometer
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Institute for Catalysis, Hokkaido University, Japan

Pradudnet Ketwong, Shugo Takeuchi, Mai Takashima, and Bunsho Ohtani

Light intensity-dependence study for titania photocatalysis with 
multielectron transfer process

Photocatalytic oxygen evolution

H2O + h+   •OH + H+ (+ 2.8 V)

2H2O + 2h+  H2O2 + 2H+ (+ 1.76 V)

2H2O + 4h+  O2 + 4H+ (+ 1.23 V) 

TiO2

VB

O2

H2O

IO3
¯

e-
CB

h+
1h+
2h+
4h+

En
er

gy

I¯

Based on steady-state approximation, 
the model suggests that photocatalytic 

oxygen evolution is strongly depended on
photoabsorption of each particle

and 
accumulation of generated holes

Experimental

Photocatalyst :      Small anatase titania (Ishihara ST01)
Electron acceptor:  Iodate ion (sodium iodate solution 0.05 mol L-1)
Lamp:                   High-intense UV-LED NS Lighting ULEDN-101
Wavelength:        365 nm 

Light-intensity distribution of a UV-LED lamp 
Scheme of experiment set up

1 cm2 aperture

Lamp

Stirrer

Light power =  500.4 mW
Area95 = 0.15 cm2

Light intensity (IL)  =  0.95 500.4 / 0.15     
=  3.17 W cm-2

Fig. 2  Double logarithmic plot of light intensity
and oxygen evolution rate
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Order of reaction rate was changed

by increasing Light Intensity

1 4 1

IL 3TiO2
(h+)

TiO2
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TiO2
(3h+)

TiO2
(4h+)

O2

H2O2

TiO2

1/ 41/ 31/ 1 1/ 2

k4
k2

IL 1

IL 2 IL 4

high light-intensity limit : first order

Two-electron transfer process

r = 1 2
2

1IL2

r = 1 IL

low light-intensity limit : second order

Where
r  = Reaction rate
IL = Light intensity

= Photoabsorption efficiency
=  Quantum efficiency of electron capture
=  Lifetime

k  =  Rate constant

Multielectron-transfer model for photocatalytic oxygen evolution

low light-intensity limit : fourth order

Four-electron transfer process

high light-intensity limit : first order

r = k4 1 2 3 4
4

1 2 3IL4 /(k4 + 1/ 4)

r = k4 1 IL /(k4 + 1/ 4)

Results and Discussion

h+

h+ h+

h+
h+ h+

h+

Hole accumulation as Light intensity increases

O2
H2O

H2O H2O2

O2

Fig. 1  Light-intensity dependence of photocatalytic oxygen evolution rate
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Toshiyuki Sugiyama, Akira Nakayama, and Jun-ya Hasegawa
Institute for Catalysis, Hokkaido University, Sapporo 001-0021, Japan

Reaction Mechanism of the direct synthesis of dimethyl carbonate from 
CO2 and methanol over metal-oxide catalysis : a theoretical study
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Ref : Tomishige, K.; Sakaihori, T.; Ikeda, Y.; Fujimoto, K. Catal. Letters 1999, 58, 225 229.
Yoshida, Y.; Arai, Y.; Kado, S.; Kunimori, K.; Tomishige, K. Catal. Today 2006, 115, 95 101.

(CH3O)2CO 

DMC

CH3OH

CO2

Linear

EB = kJ/mol

Monodentate

EB = 52 kJ/mol

Bidentate

EB = kJ/mol EB = kJ/mol

Mol

EB = kJ/mol

Dis
CH3OHCO2

Reaction mechanism

Ce4+
O

Ce4+
O

Ce4+ Ce4+
O

MMC

EB = kJ/mol EB = kJ/mol

MMCS

CH3OC(O)OH 

STEP1

STEP2

catalyst
CO2 2CH3OH H2O+ +

Analysis : Free energy profile

H2O formation
TS_B3

DMC desorption
TS_A5

H2O

Problems of conventional first-principle calculations (T = 0, P = 0)

R
el
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e 
Fr

ee
 E
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y 
/ k

J·
m

ol

Reactant

(0)
CO2(m)

(56)

(24)
INT_A1

(139)
TS_B3

Product

Red Path A
Blue:Path B

INT_B1

Product

TS_A5

TS_B3

Reactant INT_A2

C

O

TS_A1

CO2(m)

C
O

Reaction mechanism

DFT+U (PBE functional)
NVT ensemble (T = 360 K)
Blue-moon ensemble approach                         
(Free energy calculation)
Slab model for CeO2(111) surface
p(3 3) with 3 O-C-O tri-layers (27 CeO2 units)
11.56 11.56 

Conformational 
sampling by fixing rCO
at certain distances

Obtaining the mean
force acting on rCO.

free energy

mean force

Blue moon ensemble approach

Integration of the mean force leads to 
the free energy profile along a reaction 
coordinate.

(139)
TS_B2

(73)
TS_A4

(85)
TS_A3

(59)
INT_A2

(111)
TS_A5(120)

INT_B1

(72)
MMCS

(77)
TS_A2

(82)
TSB A(77)

TS_A1

(101)
TS_B1

(22)
MMC

(63)

(62)
(63)

Attack of methoxy species
TS_B2
TS_A4

H2O formation
TS_A3

Attack of methoxy species
TS_A2

CO2 adsorption
TS_A1

Attack of methoxy species
TS_B1

Attack of surface O
TSB A

MMC

TS_B2

INT_A1

TS_A4
MMCS

TS_B1

TS_A3

TSB A

TS_A2

The reaction mechanisms of DMC formation over CeO2 were theoretically investigated.
The reaction mechanism via a stable intermediate accompanying an oxygen vacancy is a preferable pathway.

Conclusion

First-principle molecular dynamics simulations at finite temperature

Numerous local minima on the potential energy surface due to the 
complex interactions between molecules and metal-oxide surface.
Neglects of the thermal (entropic) effects.

CeO2 catalyst

Intermediate of polycarbonates
Electrolytes for lithium ion batteries
Alkylating and carbonylating reagents

In this work
We investigate reaction mechanisms of DMC formation 

over CeO2 and clarify the role of active sites.

CeO2 or ZrO2 catalyst
(acid-base bifunctional catalyst)

COCl2
(Toxicity)

A green and sustainable process to replace conventional methods

Acid-base sites (Lewis acid-base pairs)
Redox properties 

Background Computational details

Adsorption structures of the reactants

Adsorption structures of CH3OH
Dissociated adsorption
Molecular adsorption

Both structures exhibit similar EB

Adsorption structures of CO2
Surface carbonate species

Monodentate / Bidentate MMCS
Molecular adsorption

Linear MMC
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4. Liquid-Crystalline Properties of 2Li+•H612-

1. Introduction

2. Synthesis of nLi+•H8-n1n-
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K. Tanaka, et. al., J. Am. Chem. Soc., 137, 2295  (2015)
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This work
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A fan-shaped texture
was observed.
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5. Summary and Perspectives

Development of Columnar Liquid Crystals of Macrocycles toward Anisotropic Transport of Lithium Ion

kentaro@chem.nagoya-u.ac.jp

POM

129 ℃

DSC scan rate: 10 ℃/min

Colr Colr Colr Colr

10050 150

Iso
Li+

T. Kato, et al., J. Mater. Chem. A., 3, 11232 (2015)
J. R. Long, et. al.,
J. Am. Chem. Soc., 133, 14522 (2011)

H25C12O

H25C12O
H25C12O

N
N

O
O

NC
CN

N
S S

CF3F3C

O

O

O

O

Li+

• Lithium ion transport in 

1-D honeycomb-type 

pores in MOF.

• Lithium ion transport in liquid 

crystal formed by self-assembly of 

wedge-shaped zwitterions.

Lithium ion transport in 1-D pores or liquid crystal
Our liquid-crystalline macrocycle

• Formation of a conjugate of the macrocycle and lithium ions.
 

• Liquid-Crystalline behavior of the conjugate.

• Lithium ions were conjugated with the columnar liquid-crystalline macrocycle in its hollow.

• POM, DSC and GIXRD measurements revealed the complex 2Li+•H612- showed a 

rectangular columnar liquid-crystalline phase. 

• Ionic conductivity will be investigated.

Ion transport in 
1-D nanospace 
of columnar LC 

macrocycles

POM, DSC and GIXRD measurements demonstrated the formation of rectangular columnar phase.

110 ℃
88 ℃

72 ℃

108 ℃
94 ℃

Phase Diagram

O

HO

HO
O

OH

OH

+
Mg(NO3)2･6H2O

1H NMR spectrum of 8Li+•18- was different from that of H81. 

However, in the spectra of 2Li+•H612- and 4Li+•H414-, the set of 

signals derived from H81 were still observed, indicating 

disproportionation of the conjugates and H81 in the solutions. On 

the other hand, in the 7Li NMR spectra, the signals indicate lithium 

ions interact with salphen moieties inside the macrocycle rather 
than with ethers outside the macrocycle.

Li+

.

or or

or

heat

cool

Table 2. Observed XRD data of liquid crystal
phase of 2Li+•H612- and H81 

R1 : R2 :

OC12H25

OC12H25

OC12H25

O

O
O

O

OC6H13

OC6H13

GIXRD CuKα, 45 kV, 45 mA

Structural Analysis by GIXRDTable 1. Thermal properties

Compound Phase

2Li+•H612- Colr Iso

4Li+•H414- M Dec

8Li+•18- M Dec

150 ℃

270 ℃

300 ℃

11 10 9 8 713 12

R2 :
2H25 O

O

O

OC6H13

OC6H13

5

8 7

OC12H225 O

0.0 -2.0 -4.02.04.0

2Li+•H612-

8Li+•18-

4Li+•H414-

H81

ppm

LiCl

a
b

dc e

N

N

N

R2O

R2O

HO OH

R1

a

b

c

de

[H81] = 4 mM

ppm

[H81] = 4 mM

[LiNTf2] = 4 mM
[DME] = 0.2 M

Li+
OO

OO
N
S

S
CF3

CF3

O
O

O
O

2Li+•H612-

8Li+•18-

4Li+•H414-

1H NMR (400 MHz, CDCl3, TMS) 7Li NMR (400 MHz, CDCl3)

3. 1H NMR and 7Li NMR of nLi+•H8-n1n-

Compound Phase 2D cell parameters

2Li+•H612- Colr a = 50 Å b = 37 Å

H81 Colr a = 45 Å b = 36 Å

[Li2(salphen)] = 4 mM

OH

N N

HO

Orientation of columnar structure by Shearing S: shear
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R2O

HO OH
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O
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R1R1 nLi+ (8-n)H+
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2Li+•H612-Glass

95 ℃ 95 ℃

100 μm 100 μm

S
S

40 μm

100 ℃

Kyohei TOMITA, Shin-ichiro KAWANO, Kentaro TANAKA 
Department of Chemistry, Graduate School of Science, Nagoya University, Nagoya 464-8601, Japan
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0.5 eV

G. Hong, A. L. Antaris, H. Dai, Nat. 
Biomed. Eng. 1, 0010 (2017).

Reduced Scattering Coefficients

Why NIR?

NIR light has high permeability.

The “second NIR window” has been gaining attention 
for improving the performance of bio-imaging.

To study theoretically, must consider excited 
state electronic structure and solvation effect.

μ
s

(m
m

-1
)

○Ryosuke Y. Shimizu1, Takeshi Yanai1,2,3, Yuki Kurashige4, Daisuke Yokogawa5

Fluorescent molecules are powerful tools for 
visualizing biological events.

Optical images of SKH mice injected with hyaluronan
analogs modified with IR-783 dye.

With near-infrared (NIR) light, we are able to 
study ”deeper” into biological systems.

I. Advances in Bio-Imaging

IR-783

G. P. C. Drummen, Molecules 17, 14067-14090 (2012)

Liver

Heart and Lungs

Can we theoretically predict
photochemical properties?

We checked the absorption energies with a
conventional method (PCM-TD-DFT).

Molecules with absorption in visible and NIR region

The accuracy of the widely used PCM-TD-DFT 
method was insufficient.

A new method is required for studying these 
molecules.

NIR Region

Exp. Value

PCM-TD-DFT

A
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W
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en
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(n
m

)

800

700

600

500

400

Computational Details

III. Assessment

Basis sets:
aug-cc-pVDZ (N,O) and cc-pVDZ (other atoms)

N-methyl-6-
hydroxyquinolinium

(12e,11o) (6HQ)

In DMSO, acetonitrile,
methanol, water

Modeled indocarbocyanine 
in DMSO (20e,19o) (CY3) 

Modeled indocyanine green 
in water (32e,31o) (ICG)

Solvatochromism in 
Absorption

Long π-Conjugated Systems

Improving accuracy of electronic structure and 
solvation effect is essential.

Comparing calculated Stokes shifts

S
to

ke
s 

sh
ift

 (
eV

)
S

to
ke

s 
sh

ift
 (

eV
)

0.4

0.6

0.8

1.0

1.2

1.4

AN MeOH Water WaterMeOHAN

: PCM-TD-DFT : RISM-TD-DFT ■: Exp.

D. Yokogawa, J. Chem. Phys. 145, 094101 (2016).

Which is important?
Electronic structure vs. solvation effect

Electronic Structure

Solvation Effect

Number of aromatic rings

Error from experimental value (eV)

S. Grimme and M. Parac, ChemPhysChem 4, 292 (2003).
Y. Kurashige and T. Yanai, Bull. Chem. Soc. Jpn. 87, 1071 (2014).

II. New Method: RISM-CASPT2

Results and Discussion

Solvatochromism in Absorption

RISM successfully illustrated solvatochromism in 
absorption.

Error in Absorption Energy (eV)

Long π-Conjugated Systems

New method reduces error to within 0.2 eV.

0.8

0.6

0.4

0.2

0.0
ICGCY3

1.0

Conclusion

RISM and CASPT2 have been successfully 
combined.
RISM-CASPT2 and its extension with the DMRG 
improved computed absorption energies.

R. Y. Shimizu, T. Yanai, Y. Kurashige, D. Yokogawa, J. 
Chem. Theory Comput. 14, 5672 (2018).
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Formalization

We defined the Helmholtz free energy calculated with 
the CASPT2 method as:

The free energy is minimized by solving

where

ACASPT2 ≡ 〈Ψ| Ĥ |Ψ〉+Δμ+ E2.

〈δΨ| Ĥsolv − E |Ψ〉 = 0
subjected to the orthonormalization constraint.

is the solvated Hamiltonian defined as:Ĥsolv

Vi = −
∑
s

qsρs

∫ ∫
hαs(r)fi(r

′)
|r − r′| drdr′ (i ∈ α).

Program Development

Flowchart of calculation

START

END

(DMRG-)CASCI

(DMRG-)CASPT2

Orbital Optimization

RISM Calculation

converged?

Update  ---V

Ψ

Ψ

Ψ,V

Ĥsolv

START

END

(DMRG-)CASCI

(DMRG-)CASPT2

Orbital Optimization

converged?
Ψ

Ĥsolv

Ψ

V[G]

Ground State Excited State
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Results & Discussion

Synthesis of novel plant-growth stimulants  
by functionalization of 2-azahypoxanthine

Ayaka Ueda1; Hiroyuki Kitano2; Jaehoon Choi3; Hideto Ito1,4; Shinya Hagihara1,2,5; 
Toshiyuki Kan6; Hirokazu Kawagishi3; Kenichiro Itami1,2,4

2-Azahypoxanthine (AHX) is a plant growth stimulator isolated from the fairy-ring-forming fungus Lepista sordida. Since 
plant growth regulators that enhance the crop production are in great demand, AHX has attracted considerable attention 
from agricultural and horticultural researchers. Herein, we report the synthesis of new AHX derivatives by Pd-catalyzed C–
H  functionalization  of  AHX.  Their  rice  growth-promoting  activity  was  evaluated  in  vivo.  Among  the  synthesized 
compounds, C8 phenyl-substituted AHX showed remarkable growth-promoting activity on rice. The present study shows 
the power and significant opportunity of C–H functionalization chemistry to rapidly transform biologically active natural 
products into more active compounds.

1)Grad. Sch. Sci., Nagoya Univ.; 2)WPI-ITbM, Nagoya Univ.; 3)Grad. Sch. Sci. Technol., 
Shizuoka Univ.; 4)ERATO, JST.; 5)RIKEN CSRS; 6) Sch. Pharm. Sci., Univ. Shizuoka. 

ITAMI GROUP

RGANIC CHEMISTRY

(“Discovery of Novel Plant Growth Stimulants by C–H Arylation of 2-Azahypoxanthine” Org. Lett. 2018, 20, 5684.)

Biosynthesis of AHX

Receptor of AHX?

New plant hormone…? 

Plant growth

Kawagishi. H. et al. Angew. Chem., Int. Ed. 2014, 53, 1552. Kawagishi. H. et al. Sci. Rep. 2016, 6, 39087.

NOS

Direct C–H arylation

C–H arylation

DeprotectionProtection of N–H

21% 31% 18%

10% 24% 9% 24%

 1. Background

Characteristics of 2-Azahypoxanthine (AHX) 

 A story of fairy rings

Fairy rings : naturally occurring rings of mushrooms
                        or necrotic or stimulated growth of grasses.

Structural feature

   Very rare 1,2,3-triazine core as a natural product 

Biological activity

   Growth promotion activity among varieties of plants

Kawagishi. H. et al. Chem. Bio. Chem. 2010, 11, 1373.

3

8

7
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 2. N–H functionalization
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  6. Plant growth assay
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Growth inhibition
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Functionalization of N–H bond decreases plant growth activity

  3. C–H arylation of AHX

Strategy of arylation
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+

37%
(4.2 : 1)

Optimized condition of C–H arylation

 Miura, M. Bull. Chem. Soc. Jpn. 1998, 71, 467.  Rossi, R. Eur. J. Org. Chem. 2006, 1379.

+ isomer + isomer

Pd(OAc)2 (5 mol%)
CuI (2.0 eq.)

K3PO4 (2.5 eq.)

DMF, 140 °C
12 h

Solvent

DMA

1,4-dioxane

toluene

17%

43%

17%

Base

Cs2CO3

Na2CO3

44%

21%

46%

K2CO3

Additive

BINAP (5 mol%)

PCy3·HBF4 (10 mol%) 

PtBu3·HBF4 (10 mol%)

52%

43%

49%

DMF 50% 50%K3PO4

0.2 mmol

1.1 mmol scale, reaction time 15 h 71% (Isolated yield)

NMR yield

None  50%

(2.0 eq.)

+N

N
N N
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H Br N

N
N N
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C–H arylation and deprotection

(1) C–H arylation 

2 steps yield+ isomer

(2) Deprotection
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RESULTS

Introduction

Solid-phase Synthesis of Unsubstituted Poly(para-phenylene)

1  Introduction

ITAMI GROUP

RGANIC CHEMISTRY

Poly(para-phenylene)

Polynaphthylene

Poly(para-phenylene-
thiophene)

2

Δ

Suzuki–Miyaura
cross-coupling

Müllen, K. et al. J. Am. Chem. Soc. 2016, 138, 16208. 

3 New Synthetic Methodology 

Solid-phase Synthesis

B(pin)2

Suzuki–Miyaura 
     cross-coupling

Miyaura Borylation

Ar
Ar

Ar
Br

Br

Ar
Br

4 Strategy toward Unsubstituted PPP 

5 Solid-phase Synthesis of PPP

Elongation of phenylene chain

O

B(pin)

Borylation

O

Br

O

Br

O

Br

1. Borylation

2. Cross-coupling

1. Borylation

2. Cross-coupling

Cross-coupling

B(pin)

O

O

Br
Ar

Ar

Ar

Ar

Shusei Fujiki,a Akiko Yagi,ab Kenichiro Itamiabc

aGraduate School of Science, Nagoya University, Japan 
bJST, ERATO, Itami Molecular Nanocarbon Project, Nagoya University, Japan 

cInstitute of Transformative Bio-Molecules (WPI-ITbM), Nagoya University, Japan 
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Palladiumum-mmm-------Catalyzed Transfer Hydration of Cyanohydrins
Asukaukaa Naraokaok , kaa, Tomoya

y
oyaa Kanda and Hiroshi Nakay

Graduate School of Science and Research Center for Materials Science, Nagoya University

Abstract: We reported the palladium(II)-catalyzed transfer
hydration of α-hydroxynitriles (cyanohydrins) to α-

hydroxyamides by using carboxamides. This method enables
selective hydration of various aldehyde- and ketone-derived

cyanohydrins to afforded a series of α-mono- and α,α-
disubstituted-α-hydroxyamides under mild conditions (50 ºC, 10
min). The 18O-labeling study revealed that the carboxamides

work as water donors. The kinetic study indicated the presence
of two mechanistic periods in the

catalytic profile.
J. Am. Chem. Soc. 2019 ASAP.
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Transfer Hydration
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Acknowledgements: We sincerely thank Prof. J. Shimokawa (Kyoto U.) for his suggestions. We are grateful to support from Profs. R. Noyori and S. Saito.
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[Pd]0
2 (10–6 M2)

Pd(NO3)2 (2 mol%)

AcOH
50 ºC, 10 min

+

4 equiv, 90%18O 98% yield, 90%18O

NH2

18O (16O)
NH2

18O (16O)
HO

HO CN

n-C5H11

4. Substrate Scope

HO CONH2 HO CONH2

HO CONH2

HO CONH2

98%
(4 mol% Pd)

R3 = n-C5H11

Pd(NO3)2 (2–10 mol%)

CH3COOH (2 mL)
50 °C, 10 min

+

1 mmol 4 equiv

R1 R2

HO CN
R3CONH2

R1 R2

HO CONH2

– R3CN

HO CONH2

OH

HO CONH2

Cl Cl

HO CONH2

90%
(5 mol% Pd)

71%
(10 mol% Pd)

77%
(10 mol% Pd)

98%
(2 mol% Pd)

96%
(2 mol% Pd)

94%
(2 mol% Pd)

R3 = CH3

71–98% yield
16 samples

HO CONH2

CO2C2H5

93%
(3 mol% Pd)

5. Mechanistic Studies
18O-Labeling Experimet

Kinetics

Pd(NO3)2 (0.010 M)

CH3COOH (2 mL)
40 °C

+ +
HO CN

CH3CONH2
HO CONH2

CH3CN

ACH, 0.50 M 2.0 M

First order in [Pd]0
in the first 1 min

Second order in [Pd]0
later than 1 min

First order in [ACH]

18O/16O ratio determined by
ESI-MS and 13C{1H} NMR.

– n-C5H11CN

ACH

H2O

R1 R2

HO CN

R1 R2

O

R1 R2

HO CONH2
HCN

H H

HO CN

H

HO CN HO CN

Ph

HO CN

Ph Ph

HO CN - difficult to hydrate
- unstable

1. Background

catalyst poison
catalyst

catalyst = MnO2, borates
                  Pt, Mo, Ru complexes
                  Pt, Ag nanoparticles
                  enzymes (nitrile hydratase)

Cf. Miller J. Am. Chem. Soc. 1973, 95, 3729.

2. This Work

conv. 53%

Maffioli Org. Lett. 2005, 7, 5237.

R NH2

O
+ CH3CN

PdCl2CNR +
O

NH2

[1 mmol, CH3CONH2 (4 mmol), 
10 mol% PdCl2, 
THF/H2O (3:1, 4 mL), rt, 22 h]

Mild and Reversible Dehydration

H2O

CN

cat Pd(NO3)2
R3CONH2 R3CN

AcOH
50 ºC, 10 min

R1 R2 R1 R2
+ +

R1, R2 = H, alkyl, aryl; R3 = CH3, alkyl

71–98% yieldH2O Donor

HO CN HO CONH2

Pd(NO3)2 (2 mol%)

CH3COOH (2 mL)
50 °C, 10 min

+

1 mmol 4 equiv 94% (NMR yield)

H2O donor (4 equiv)
[1 mmol, 1 mol% Pd(NO3)2, 50 °C, 10 min]

Catalyst

PdCl2 
< 1%

PdSO4 
44%

Pd(NO3)2 
94%

Pd(O2CCF3)2 
66%

Pd(O2CCH3)2 
47%

Solvent
[CH3CONH2, 2–5 mol% Pd(NO3)2]

CH3COOH
> 99%

C2H5COOH 
74%

CH3COOH/H2O 
25%

CH3CN/H2O 
83%

n-C5H11CONH2

– n-C5H11CN

[CH3CONH2]

CH3CONH2

46%

n-C5H11CONH2

75%

n-C7H15CONH2

65%

(CH3)2CCONH2

< 1%
CF3CONH2

< 1%

H2O
< 1%

CH3CH=NOH
< 1%

3. Optimization

HO CN HO CONH2

n-C3H7CONH2

73%

Issue: decomposition of cyanohydrins

+

European Patent EP 0412310 B1.; United States Patent US 8519187 B2.; Commeyras Tetrahedron Lett. 
1989, 30, 563.; Tyler Inrog. Chem. 2009, 48, 7828.; Tyler Organometallics 2012, 31, 2941. Tyler 
Organometallics 2013, 32, 824.;Tyler Organometallics 2013, 32, 3744.; Cadierno Chem. Commun. 2014, 50, 
9661.;  Tyler ACS Catal. 2014, 4, 3096.; Tyler Inorg. Organomet. Polym. 2015, 25, 73.; Grubbs J. Am. Chem. 
Soc. 2018, 140, 17782.

HO CONH2
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⁺

Summary

⁻

⁻ ⁻⁻

⁻ 

E/ΔE ~ 50

hν → ⁺ ⁻ ⁻

⁴⁺

⁺ ⁺ ⁺ ⁴⁺

₃ ₆ ₄ ₂

σ(DCH) = 135(3) Mb

₂
⁻

⁺ ⁻ hν → ⁺ ⁻ ⁻

⁺ ⁻ hν → ⁺ ⁻ ⁻ ⁻

⁻ ⁺

⁻ ⁴⁺

⁻

⁺ ~ ⁴⁺ 
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Yuichiro Aiba a, Masaki Hib ino a, Gera rdo Urb ina a, Yuuki Och ia ia, Naom i Koch ia, Masanari Sh iba ta a, Osam i Shojia, Yosh ih ito  Watanabe b

Chemically -Modified Peptide Nucleic Acids for in cellulo Applications

aDepartment of Chemistry, Graduate School of Science, Nagoya University, bReserchCenter for Materials Science, Nagoya University
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Honeycomb crystal structures formed by 3-fold symmetric triptycene derivatives Yoshiaki Shuku Kunio Awaga
Department of Chemistry, Nagoya University

Electron acceptorRigid paddlewheel like skeleton 

Variety of functional groups

Synthesis of TT: H. Brockmann, et al. Chem. Ber. 1953, 86, 432-443.
Radical  detection: G. A. Russell, et al. J. Am. Chem. Soc. 1981, 103, 1560-1561.

Triptycene p- and o-Benzoquinone (BQ) o-TT

Cyclic voltammogram Crystallization of p- and o-TT 
radical anion species

Electrochemical reduction of p-TT
using RbClO4 as an electrolyte

Chemical reduction of o-TT
using Co2(CO)8 as reductant

Previous work

NDI-

A. Mizuno, Y. Shuku, R. Suizu, M.M. Matsushita, M. Tsuchiizu, D. Reta Maneru, F. Illas, V. 
Robert, K. Awaga, J. Am. Chem. Soc. 2015, 137, 7612-7616

t0

t1

Hexagonal, P6/m(#175)
a = b = 11.6406(19), c = 8.6575(14) Å
V = 1016.0(3) Å3

R1 (I > 2s(I)) = 0.0249, wR2 (all) = 0.0621, GOF = 1.119
Residual electron density in pore was removed by SQUEEZE
T = 123 K

p-TT

Highly symmetric 
carbon allotropes

Graphene

K4 carbon

Electronic band structure

Diamond

o-TT + 1/2Co2(CO)8 →  Co(o-TT)

p-TT + 3e- +3Rb+→ Rb3(p-TT)

Electron accepting multi-
dimensional system

A. H. Castro  Neto, et al. Rev. Mod. Phys. 2016, 81, 109-162.

Highly symmetric 3D crystal structure 
formed by triangle molecule NDI-

Synthesis of NDI- : S. T. Schneebeli et al. Angew. Chem. Int. Ed. 2013, 52, 13100-13104.

A. Mizuno, Y. Shuku, M.M. Matsushita, M. Tsuchiizu, Y Hara, N. Wada, Y. Shimizu, K. 
Awaga, Phys. Rev. Lett. 2017, 119, 057201.

1 mM solution of p-TT or o-TT
in DMF solution of 0.1 M TBAClO4

+ =

Radical anion salt of 
NDI-

Honeycomb structures of p- and o-TT 
radical anion species

Dirac cones and flat bands in the electronic
band structure of Rb3(p-TT)

t0: intramolecular transfer integral
t1: intermolecular transfer integral
estimated by DFT calculation (B3LYP 6-31+g*)

Rb3(p-TT)

Rb+

p-TT3-

Rb+

TT3-

6-fold inversion axis

Mirror plane

Highly symmetric

Coordination bonds between TT and Rb

Rb3(p-TT)

Charge doping into the honeycomb lattice of TT radical anion

multi-step reduction processes

Reversible two step reduction

+e− +e−

−e−−e−

Shiny red & air stable
crystals of p-TT anion salt

HQ2− SQ•−BQ

Parameters Electronic band structure 
(tight binding approx.) 

F

Left: P. Kissel, et al. Nature Chem. 2014, 6, 774-778.
Right: M. R. Talipov, et al. Angew. Chem. Int. Ed. 2015, 54, 14468-14472.

Few example of 
honeycomb lattice formation

sp2

sp3

sp2

−•C
•

sp2 carbon

Unique structure 
named as
single gyroid,
srs-net etc.

Conductor

Insulator

Physical 
property

Strong dimers

3.02 Å

Ideal honeycomb
Structure of TT3-

1D columnar cavity

~6Å cavity occupied
by fully disordered 
solvent molecules

→ Band filling control

Hybrid
orbital

M. Tsuchiizu, Phys. Rev. B, 2016, 94, 195426.

Metallic???
*computational

model

D. J. Chadi, et al. Phys. Stat. Sol. 1975, 68, 405-419.

M. Itoh, Phys. Rev. Lett, 2009, 102, 055703.

Co(o-TT)

p-TT

o-TTOptimized structure
B3LYP 6-31g*

o-TT

Strong - interactions or   
coordination bonds

p-TT

Black & air stable
crystals of TT anion 
transition metal complex

Trigonal Prism
Co-O: 2.066~2.147 Å
CoII(HS)

SQ−•

SQ− •

Orthorhombic, Cmcm (#63) 
a = 11.743(8), b = 19.128(13), c = 11.588(8) Å
V = 2603(3) Å3

R1 (I > 2 (I)) = 0.0682, wR2 (all) = 0.1841, GOF = 1.094
T = 123 K
SQUEEZE

BQ

SQ

HQ

BQ

SQ

HQ

BQ0

Valence of BQ moieties Valence of BQ moieties

Linear combination of benzoquinone MOs
Electron acceptor
Degenerated LUMOs

~8 Å pores 

2D MOF

Co(o-TT)

Exotic band structures
Dirac cones:

Expected for honeycomb structure
Flat bands:

Due to intramolecular interaction

More variety of building blocks
→ Molecular design and synthesis

Hexagonal, P63/m (#176) 
a = 12.332(11), c = 12.167(12) Å; V = 1602(3) Å3

R1 (I > 2 (I)) = 0.1243, wR2 (all) = 0.3829, GOF = 1.217
T = 123 K, SQUEEZE

Hexagonal, P63/m (#176) 
a = 9.083(4), c = 11.885(5) Å; V = 849.1(6) Å3

R1 (I > 2 (I)) = 0.0629, wR2 (all) = 0.1229, GOF = 1.126
T = 123 K, SQUEEZE

Co2+

o-TT2-

This work
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60nm

Yasuyuki Sanari1, Takehiro Tachizaki2, Yuta Saito3, Kotaro Makino3, Paul Fons3, Alexander V. Kolobov3, Junji Tominaga3, Koichiro Tanaka1

Yoshihiko Kanemitsu1, Muneaki Hase4, and Hideki Hirori1

Crystallization of phase-change materials induced by strong THz pulses

Light/electric induced structural change

We have systematically investigated the spatial and temporal dynamics of crystallization that occurs in the phase-
change material Ge2Sb2Te5 upon irradiation with an intense terahertz (THz) pulse. The electric field causes a 
temperature increase via Joule heating, which in turn leads to nanometer-scale crystal growth parallel to the field 
and the formation of filamentary conductive domains across the sample. 

THz

630μm
10μm

80μm
5μm

• Si(630μm)
• GST-amorphous

+ZnS-SiO2cap
(40+20nm)

CrystallineAmorphous

Voltage

Pulse duration

E

Electrode

[1]M. Boniardi et al., Solid State Electron. 58, 11 (2011).
[2]F. Rao et al., Science 358, 1423 (2017).

ge

E

Electrode

1Kyoto University, 2Tokai University, 3National Institute of Advanced Industrial Science and Technology, 4University of Tsukuba

• The use of ultrashort THz pulses helps to suppress heat diffusion 
and may enable the study of crystallization mechanisms in which 
the lattice temperature exceeds the crystallization temperature 
on picosecond time scales.

• Obscuring the complex mechanisms of resistive switching, where the 
effects of both heating and electrical fields contribute to the phase 
change. 

time

Voltage
>10ns

>100 nm
Thermal diffusion 
length

Experiment

SimulationSimulation

Ei

2 μm

E
i /E

o

Allowing field induced phase change with the extremely short time 
duration (1 ps=0.001 ns). 

THz induced phase change 

Visible reflectivity changeVisible reflectivity change

Raman spectraRaman spectra

Eo =175 kV/cm

• Crystal growth along the electric field direction
• One dimensional crystal growth
• Crystallization speed: nm/pulse

Transient reflectivity change measurementTransient reflectivity change measurement

Joule Heat σE2 ΔT
:Electrical conductivity

What happens in the crystalized area?

:bandgap energy, :effective mass, :relaxation time,

0:Initial conductivity

Tunneling electron number n under 
electric field E

Drude model

High electric field causes Zener-tunneling

1. Crystallization occurs at the edge of Au antenna
2. Nonlinear increase of conductivity induced by Zener-

tunneling
3. Preferential crystallization at the edge of crystalized

area

Mechanism

The observed nonlinear increase in the conductivity of the 
crystalized region is a result of Zener tunneling; the tunneling 
leads to local heating which causes a one-dimensional crystal 
growth. 

Y. Sanari, HH et al., Phys. Rev. Lett. 121, 165702 (2018)
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2.  Introduction Heavier triply bonded compounds

heavier triply bonded d compounds bearing bulky y substituents

4. Chalcogenation of 1,2-Digermacyclobutadiene I

Synthesis and Properties of 2,5,5-5-Digermaselenophene
Tomohiro 

p
o Sugahara

p
ra,

p
a,1
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o Sasamori,
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8.  Reactions of 2,5-Digermaselenophene (Compound 3) 

1.  Introduction Functional material

Ring Strain

* Estimated by 1H-NMR spectroscopy.

Cyclic c digermene

3.  This Work Chalcogenation of 1,2-Digermacyclobutadiene

Ri St i

Structural features

Trans-bent Geometry

7.  Molecular Orbitals (Compounds 3’ and 4)

7.3 kcal/mol

5. Theoretical Calculations (Compound 1) 

Ladder type

Selected Structural Parameters

15.0 kcal/mol
117.95˚ 101.27˚

140.78˚

Ge
Se1

Se2, Se3

C

Side View

NBO6.0: B3PW91/6-311G(3d)<Ge,Si,Se>, 6-31G(d)<C,H>

Se3

Se1

Se2

Ph

Ph

Ge2

Ge1

Tbb

Tbb

C1

C2

Se3

Se1

Se2

Ph

Ph

Ge2

Ge1

Tbb

Tbb

C1

C2

C C PhPh

Ge Ge
Tbb

Tbb

(1 equiv.)
hexane, r.t. Ge Ge

TbbTbb

PhPh

6. Chalcogenation of 1,2-Digermacyclobutadiene II

Structural Parameters

Ge–Se [Å] 2.3176(14)
2.2730(14)

2.325 
2.325

2.330
-----

Ge–C [Å] 1.919(7) 
1.910(8)

1.918 
1.918

1.922
-----

C1–C2 [Å] 1.363(10) 1.390 1.366 1.443

Ge–Se–Ge [º] 91.57(5) 92.48 90.08 88.55

α [º] 8.8 7.0 6.8 -----

Ge
Se

Ge MeMe

MeMe

Selected Structural Parameters (Side View)

Selected Structural 
Parameters

HOMO
(–5.02 eV)

HOMO-1
(–6.69 eV)

HOMO-2
(–7.33 eV)

HOMO
(–5.76 eV)

HOMO-1
(–6.10 eV)

HOMO-3
(–8.88 eV)

Compound 3’ Compound 4

a B3PW91/6-311G(3df)<Ge,Si,Se>, 6-311G(d)<C,H>,

Se

Ge2
Ge1

C1

C2

3’
(Simple model) 

4
(Tetramethylselenophene) 

* 1H-NMR yield, ** Isolated yield.

C

C
Ge Se Ge

α

Flatness

75%* 21%*

39%**

3  

C
Se

C MeMe

MeMe

MeMe

MeMe

3’:  B3PW91/6-311G(3df)<Ge,Si,Se>, 6-311G(d)<C,H>
4 :  B3PW91/6-311G(3df)<Se>, 6-311G(d)<C,H> 

b B3PW91/6-311G(3df)<Se>, 6-311G(d)<C,H>

p

LUMO
(–2.63 eV)

LUMO
(–0.21 eV)

MeMe

MeMe

MeMe

MeMe

Tbb :
SiMe3Me3Si

SiMe3Me3Si

MeMe
Me

triclinic, P-1,
R1 [I > 2 (I)]
= 0.0387,
wR2 (all data)
= 0.1024,
T = –170 ˚C

Ch

Ch

Ch

Ch

Ch

π

π

Ch Ch

Ch

n

Oligomer type

Polythiophene / selenophene

Physical properties (Ch = S, Se…)

Low LUMO level
High HOMO level
Corresponding small
HOMO-LUMO gap

Examples

Building blocks for organic optoelectronic materials
Modifying thiophenes via extension of π-conjugated 
system and introduction of π-conjugated functional 
substituents in order to diminish the HOMO-LUMO 
gap.

Alkenes

Highly reactive
M = Si, Ge, Sn, Pb

M M

R

R R

R

R R

Dimetallenes

Stable

C C

R

R R

R
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Si Si

MesMes

Mes Mes

Ge Ge

DsiDsi

Dsi Dsi

Sn Sn

DsiDsi

Dsi Dsi

disilene digermene distannene
West (1981) Lappert (1976) Lappert (1973)

Mes =

Dsi = Si
C
HSi

New π-bonded speicies
Highly reactive
Small HOMO-LUMO gap

tBu

TMS

TMS

TMS

TMSTbb :

Ge Ge
TbbTbb

PhPh

Ge Ge
TbbTbb

PhPh

Bull. Chem. Soc. Jpn. 2017, 89, 1375.

Large Contribution

Small HOMOMO-OO-LUMO gap

Ge
Se

Ge

PhPh

TbbTbb

Ge
Se

Ge

PhPh

TbbTbb

Se
Ge

Se

Ge

PhPh

TbbTbb
Se

Se

H2
(1 atm)

hexane, r.t.

Se
(excess)

C6D6, 60 ºC

H H

Se
TbbTbb

PhPh

Ge Ge

Chem. Lett. 2018, 47, 7139.; J. Am. Chem. Soc. 2018, 140, 11206.

101.92˚119.44˚ 117.79˚ 101.77˚
GeGe

Se1

Se2, Se3

S1

S2, S3

140.44˚138.63˚

117.07°

117.54°125.39°

S1

S2

Ge

Compound 2b

C

C

C

Compound 2a

116.00°

120.33°123.67°

Se1

Se2

Ge
C

Ch2

Ch1

Ch3

PhPh

Ge1 Ge2 TbbTbb

C2C1

Compound 3bCompound 3a

monoclinic, P21/n,
R1 [I > 2 (I)]
= 0.0495,
wR2 (all data)
= 0.1359,
–170 ˚C

triclinic, P-1, 
R1 [I > 2 (I)]
= 0.0457,
wR2 (all 
data)
= 0.1084,
T = –170 ˚C

3b

3a

triclinic, P-1,
R1 [I > 2 (I)]
= 0.0313,
wR2 (all data)
= 0.0838,
T = –170 ˚C

triclinic, P-1,
R1 [I > 2 (I)]
= 0.0509,
wR2 (all data)
= 0.1436,
T = –170 ˚C

2a

2b

Ch1

Ch2

PhPh

Ge1 Ge2 TbbTbb

C2C1

monoclinic, 
P21/n,
R1 [I > 2 (I)]
= 0.0263,
wR2 (all data)
= 0.0683,
T = –170 ˚C

GeGe

Se

Ch

Ge Ge
TbbTbb

PhPh

1

Ge
Ch

Ge

PhPh

Tbb Tbb
Ch Ch

Ge
Ch
Ge

PhPh

Tbb TbbCh
+

2a: Ch = S   (38%)*
2b: Ch = Se (75%)*

3a: Ch = S   (29%)*
3b: Ch = Se (21%)*

S8 or Se

THF, r.t.
(excess)

Solvent, T ºC

P(NMe2)3

Ge Ge
TbbTbb

PhPh

1

Ch=P(NMe2)3

Ge
Ch

Ge TbbTbb

Ph Ph

4a: Ch = S (Not isolated)
4b: Ch = Se (quant.)**

C6D6, r.t.

(1 equiv.)

Ge Ge

TbbTbb

Chalcogenation

PhPh

Ch
Ch
Ch

PhPh

Ge Ge TbbTbb
Ch

Ch

PhPh

Ge Ge TbbTbbGe
Ch

Ge

PhPh

TbbTbb

** Isolated yield.
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Cage-Expansion of Fullerene 
from C60 to C65N and C64N Skeletons

Sheng Zhang, Yoshifumi Hashikawa, Yasujiro Murata*
Institute for Chemistry Research, Kyoto University, Uji, Kyoto 611-0011, Japan

INTRODUCTION THIS WORK & CONCLUSION

A cage expanded derivative Novel method for synthesis of C65N and C64N cages

Plausible mechanism

Cage-expansion to C70N2 skeletons

X-ray structures 

Ar Ar

H
NPy PyPy Py

H
N

N
O

O
Ph

Py Py
H

N

NO O
Ph

H
H

NO O
Ph

H H
Py Py

H
N

60 56 54 60

all [5,6]-open
all [5,6]-openall [6,6]-closedall [6,6]-closed(Bisfulleroid)

0G
(kcal/mol) Stepwise +8.7 –29.9

G‡ +23.1

Ar Ar Ar Ar

NO O
Ph

Ar Ar

C60

Whitby, R. J. et al., Chem. Commun. 2014, 50, 13037.

C65N
skeleton

60 56 58 58 60

Formation of C60

Formation of C65N skeleton (M06-2X/6-31G(d,p))

NO
O

Ph

Ar Ar

NO
O

Ph

Restoration of open-cage fullerene derivatives
NNN

Triclinic, P1
R1 = 0.0499, wR2 = 0.1334

Monoclinic, P21/n
R1 = 0.0823, wR2 = 0.2029

Monoclinic, P21/n
R1 = 0.0449, wR2 = 0.1227

Side view

Top view

Formation of pentagonal, hexagonal, and heptagonal rings

8mr C65N skeleton C64N skeloton

8mr C65N skeleton C64N skeleton

5 7

7

6

6
8

5

(The sutured regions are highlighted in red. Thermal ellipsoids are set in 50% probability levels. All
of the substituents are omitted for clarify.)

Insertion of C5N and C4N units

Enlargement of opening by PMI

Construction of C65N and C64N skeletons

Alteration of cyclized reagents

IRCCS The 2nd International Symposium @ Kyoto University, Uji campus on 25th 26th, January, 2019

O

O

N
N

H

H H

O
O

N
N

H
H

H
N

N

N N

Chemical Formula: C106H32N8O4
Exact Mass: 1480.2547

Molecular Weight: 1481.4740

3.04.05.06.07.08.0
(ppm)
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H
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H bond with wit others

Dynamic Behavior of a Single but Hydrogen bonded Water Molecule
inside a Hydroxy Open Cage Fullerene C60 Derivative

Shota Hasegawa, Yoshifumi Hashikawa, Yasujiro Murata
Institute for Chemical Research, Kyoto University, Uji, Kyoto 611 0011, Japan

Results and discussion

Introduction
H2O molecule

This work & Summary

Murata, Y. et al.,
Science 2011, 333, 613–616.

Murata, Y. et al.,
Nat. Chem. 2016, 8, 435–441.

Synthesis Dimerization behavior

...
...

.......
.3

K

H(3)H(2) H(1)

2

1
3

(ppm)
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5

C
H

C
l 3

K = 9.63 ± 0.72 M–1
(3)2

1H NMR (CDCl3, 500 MHz, 300 K)

H D exchange

Studies on H bonded H2O are important
protein foldings, drug delivery, catalyst…

Theoretical studies only, due to multiple H bonds

–

+

H bond
acceptor

H bond
donor

Our approaches

H2O molecule inside
hydrophobic fullerene cage

Isolated H2O molecule or H bond
without any interaction

Switchable H bonded H2O molecule

H bonded single H2O molecule

H bonds mediated dimerization

H bonded H2O in the solid state

Strong intramolecular H bonds

Dynamic behavior
1H NMR (ODCB d4, 500 MHz, 260 360 K)

DFT calculations (B3LYP D3/6 31G(d,P))

Restricted rotation via H bond

3:(3)2 = 99:1

3:(3)2 = 77:23

0.50 mM

20.0 mM

The encapsulated H2O: less acidic and less basic than bulk water

H bond

X ray crystal (H2O)1.38(C82H32N2O4S)2•NiOEP•(C6H6)2
P 1, triclinic, R1 = 6.22%, wR2 = 18.04%

X ray crystal (H2O)2.01(C82H32N2O4S)2•(CDCl3)5
P21/c, monoclinic, R1 = 15.77%, wR2 = 45.34%

Positional disorder of H2O

Dynamics of the encapsulated H2O
Less acidic and less basic H2O

S

4.
66
(1
)Å

0.87(6) Å 0.11 (2)

0.81 (2)

G298K
(kacl/mol)0 0

H donor (3.78 Å)

H acceptor (3.31 Å)

O
O

O

O

Dimerization via
H bondings

2.809(4) Å

3.
81
(6
)Å

O

O
O

O

O

O O

O

S

S

O

O

OO

S

2.796(3) Å

122



123



124



125



126



127



128



Pritam Sadhukhan, Shengqun Su, Shinji kanegawa, Osamu Sato*

Institute for Materials Chemistry and Engineering, Kyushu University, 744 Motooka, Nishi-ku, Fukuoka 819-0395, Japan.

Directional electron transfer coupled spin-crossover in the crystals of [FeCo] 
di-nuclear complexes facilitating ultrafast polarization switching

Research Motive Introduction
To develop functional magnetic materials to
obtain thermally induced phase transition from
nonpolar to polar structure via electron transfer
resulting polarization switching at a crystalline
level which can be widely used in pyroelectric
sensors & memory devices.

Polarization  switching
Ion displacement

Ba
D. Fu et al. Intech DOI: 10.5772/61017
Ferroelectric materials – Synthesis & characterization 

Non-polar polar

Charge transfer in molecules 

Non-polar polar
S. Kanegawa, J. Am. Chem. Soc. 2016, 138, 14170-14173.

Background

Angew. Chem. Int. Ed. 2004, 43, 3136 –3138

cth

Angew. Chem. Int. Ed. 2004, 43, 3136-3138

Result & discussion
Valance tautomerism

Synthesis of [(Fe(RR-cth))(Co(SS-cth))( -dhbq)](PF6)3 
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Conclusion
A dinuclear complex [{Fe(RR-cth)}{Co(SS-cth)}(dhbq)](PF6)3 is synthesized by chirality-assisted methodology that played an important role in the polarization switching at the crystalline level.
Charge transfer coupled gradual thermal spin-crossover was found at 85 K with thermal hysteresis.
There is certain possibility to obtain valence tautomeric transition by substituting the metal ion with another paramagnetic metal (3d or 4d)  to achieve switching with different electronic ground state. 

[(Fe(SS-cth))(Co(RR-cth))(dhbq)](PF6)3 [(Fe(RR-cth))(Co(SS-cth))(dhbq)](PF6)3

40 K 130 K 40 K 130 K

Fe-O(Å) 1.898(7) 2.015(7) 1.886(16) 2.017(9)

1.900(7) 2.013(6) 1.848(15) 2.011(8)

Fe-N(Å) 2.058(8) 2.158(9) 2.028(17) 2.148(11)

2.032(8) 2.147(9) 2.014(19) 2.131(10)

2.054(9) 2.168(9) 1.950(18) 2.147(11)

2.005(8) 2.139(8) 2.062(18) 2.138(11)

Co-O(Å) 1.897(7) 1.889(7) 1.878(16) 1.894(9)

1.892(7) 1.892(7) 1.908(16) 1.888(8)

Co-N(Å) 2.025(9) 2.030(10) 1.99(2) 2.016(12)

2.024(8) 1.964(8) 2.059(18) 1.987(12)

2.012(9) 2.026(10) 1.996(18) 1.972(10)

1.986(8) 2.005(9) 2.00(2) 2.027(12)

Magnetic susceptibility data

Pyroelectric data

Variable temperature Raman spectrum

Selected bond length table Fe pre-edge XAS data Fe K-edge & Co K-edge XAS data

• CO stretching vibrations
for dhbq2- : 
1470 cm-1 & 1290 cm-1

• CO stretching vibrations 
for dhbq3- :
1525 cm-1

Temperature dependent X-ray absorption spectroscopy data

Tr
an

sm
itt

an
ce

 (
%

)

Wavenumber(cm-1)

• [FeII –O] stretching frequency band :
567 cm-1

• Shift of 500 cm-1 band (FeII-O)
to 490 cm-1 band (FeIII-O)
with increasing temperature

RR

RR

RR

RR

RR

RR

RR

RR

RR

RR

RR

RR

RR

RR

RR

RR

SS
SS
SS

SS
SS
SS

SS
SS
SS

SS
SS
SS

Polarization direction control: chiral methodology

Co Fe
1st analysis 4.72 4.49
2nd analysis 4.71 4.47

Average value 4.72 4.48

Metal elemental analysis table:

Co Fe
1st analysis 0.998 1
2nd analysis 0.999 1

Average value 0.998 1

The composition ratio:

Mass spectroscopy data in acetone

1111 (molecular peak)

Crystal data:

Freshly prepared solution

After 24 hours

After 48 hours

Circular dichromism spectra in acetone

∆δ

Wavelength (nm)m/z

[(Fe(SS-cth))(Co(RR-cth))

(dhbq)](PF6)3

Empirical Formula C38H74CoF18FeN8O4P3 C38H74CoF18FeN8O4P3

Formula Weight 1256.73 1256.73
temp(K) 40 130

Crystal System monoclinic monoclinic
Lattice Type Primitive Primitive
Space group P21(#4) P21(#4)

a(Å) 8.8092(5) 8.8881(7)
b(Å) 29.7189(16) 30.327(2)
c(Å) 10.1576(6) 10.1858(8)

α(deg.) 90 90
β(deg.) 110.121(8) 110.125(8)
γ(deg.) 90 90
V (Å3) 2497.0(3) 2578.0(4)

Z value 2 2
Dcalc(g/cm3) 1.671 1.619

radiation Sr(l = 0.70070 Å) Sr(l = 0.70070 Å)
R1 (I>2.00σ(I)) 0.0557 0.0868

wR2 (all) 0.1457 0.2321
GOF 1.073 1.066

Frack parameter 0.05(3) 0.02(3)

Variable temperature FT-IR spectrum

Unit: mass%
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Tetrahydrofuran-Triggered Magnetic Coupled with Vapochromism
Switching in a Cobalt(II)-Based Single-Ion Magnet

Sheng-Qun Su, Shu-Qi Wu, Shinji Kanegawa, Osamu Sato
Institute for Materials Chemistry and Engineering, Kyushu University, and IRCCS

Results and Discussion

orbital …… coordination number …… spin

Key words

single-ion magnet
coordination number
magnetic momentum
orbital angular 
momentum
relaxation time

vaporchromism

Conclusion

Control of Magnetic Property

Angew Chem Int Ed. 52, 4568-4671 (2013)

The variable temperature powder X-ray diffraction data 

+ THF

- THF

Complex 1 Complex 1-THF

The dynamic magnetic properties of complexes 1 (left) and complex 1-THF (right).

+ T

- T

Su S.-Q. et.al

UV-Vis spectra of solution samples

The static magnetic properties Energy level of the d-orbitals

TGA curvesIR spectrum

+ THF

- THF

C.N. = 5 C.N. = 6

Complex 1

Complex 1-THF
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N N

Mol1

Mol3

Mol2N N

N
N

NMol4
Mol1 Mol2 Mol3

Mol4 N3

[Cu] free
click reaction

Introduction of physical properties
  · water solubility
  · fluorescence    etc.

Introduction of biological properties
 · peptide
 · sugar    etc.

Mol1

Mol3

Mol2N N

Development and Application of
 Multi-molecule Connectable DACN

Yuuya Kawasaki, Yuuki Seto, Shintarou Kawahara, Kazunobu Igawa, Katsuhiko Tomooka 
 

Institute for Materials Chemistry and Engineering, and IRCCS Kyushu University

Synthesis of DACN

K. Igawa, S. Aoyama, Y. Kawasaki, T. Kashiwagi, Y. Seto, R. Ni, N. Mitsuda, K. Tomooka, Synlett 2017, 28, 2110.

Result

Background

Design and Concept of DACN-MMC

N-Fmoc Amino Acid DACNDACN-maleimide

DACN-NHS ester

1st generation: terminal alkyne 

2nd generation: cyclooctyne 

[C
u]

 c
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×

Problems

×

×

DACN 
a R. Ni, N. Mitsuda, T. Kashiwagi, K. Igawa, K. Tomooka, Angew. Chem. Int. Ed. 2015, 54, 1190.

Evolution of Huisgen Reaction Device

3rd generation: 4,8-diazacyclononynes (DACN) 

3 step
synthesis

Co2(CO)8
N N

(OC)3Co Co(CO)3(OC)3Co Co(CO)3

OHHO
X Y

BF3·OEt2

double Nicholas reaction

N N

DACN

HO OH X Y

CAN

BF3·OEt2

Co2(CO)8

pyridine

one-pot
synthesis

double Nicholas reaction

NH HNX Y

NH HNX Y

(OC)3Co Co(CO)3

+ +

+
CAN

Example

NNTs Ts9
RO

8

OCT
2.4 x 10–3

NTs, NTs-DACN
5.5x10–3

8

DIFO
7.6 x 10–2

F
F

N

8

DIBAC
3.1 x 10–1

R

ONTs 9

NTs-AOCN
1.9x10–2

RO

k (M–1s–1) =

π-σ* interaction energy a

Y = CH2: 3.76 kcal·mol–1

Y = NTs: 4.88 kcal·mol–1

Y = O:     5.81 kcal·mol–1

a NBO calculation at B3LYP/6-311G(d,p) level of theory.

Origin of High Huisgen Reactivity

Origin of High Thermal Stability

Reactivity of DACN

DACN Derived Multi-Molecule Connector

σ* orbital

YX

π orbital

YX

N
N

NR

stabilization by orbital interaction
low distortion energy

Thermal Stability
 80 °C in toluene
 for 2 weeks 

Tolerance for Thiol
 Tol-SH (1.0 eq, 10 mM)
 25 °C in toluene
 for 2 weeks

DACN-MMC

EExampExampExampExampExampExampEExampppppllelelelelelele

N N NsTs NNTs Ts

79%
up to 6.3 g

OH
69%

N N TsTs

88%
up to 3.1 g

N N NsMs

73%

NNs N
S

O O

OEt4

O

61%

 

In Progress

N NX
L

n O

O
N

O

O

N NX
L N

O

O

n NFmoc N
L

OH

O

n

Mol N3 Mol N3

NH2

peptide

SH

HSpeptide

NH2

peptide1

HO2C

HSpeptide2

Mol N3

DACN-NHS-ester DACN-maleimide N-Fmoc-amino-acid-DACN

Huisgen reaction Huisgen reaction Huisgen reaction

thia-Michael reactionamidation amidation

N NX

: NH2, SH : amino acid

N NX

: COOH

N N

: NH2

1)

2)

: amino acid,

N3

N N

N3

Mol

Mol

[Cu] catalyst

N3 N
N
N

Mol1
Mol2Mol2

Mol1

8
[Cu] free

N3

8

N
N
N

Mol1 Mol1

Mol2

Mol2

N N9
[Cu] free

NN 9

N
N
N

Mol1 Mol2Mol2 Mol1

N3Mol3

Mol3

N N

N3Mol
Click!

N3Mol
Click!

NNMs Ns N NMs

O

2 O

O

N

O

O

CH3CN
N NMs

O

O

H
N

N NMs

O

O

H
N

N
N

NBn

H2NBn

+ regioisomer

PBS (pH = 7.4)
DMF

97%
93%

BnN3

+ regioisomer

N NMs

O

O

O
N

O

O

N
N

NBn

CH3CN

97%
98%

BnN3 H2NBn

PBS (pH = 7.4)
DMF

DACN-NHS-ester

DACN-NHS-ester

3 steps

DACN-maleimide

N NMs N

O

O

O

NNMs Ns

PBS (pH = 7.4)
DMF, rt exact mass [M + H+ : 1126.39

observed mass [M + H]+ : 1126.33

HOOC
N
H

H
N COOH

NH2

O

O

HS

HOOC
N
H

H
N COOH

NH2

O

O

S

N NMs N

O

O

O

MeOH, rt

+ regioisomer

HOOC
N
H

H
N COOH

NH2

O

O

S

N NMs N

O

O

O
N

N
N
H

O
N

S
OO

N
3

N
H

O
N3

S
OO

N
3

DACN-maleimide

2 steps

N-Fmoc-amino-acid-DACN

NNs NFmoc
S

O O
OH

O

N
S

O O
OEt

O

N

O

OH

HO
HO

HO

MeOH, rt

exact mass [M + Na]+ : 1031.41
observed mass [M + Na]+ : 1031.48

exact mass [M + H]+ : 1214.49
observed mass [M + H]+ :1214.44

N3

N
N

+ regioisomer

O

OH

HO
HO

HO

N

N
H
N

N
H

O

O

O
H
N

O

H2N

Ph

SH

H
N

N
H

H
N

N
H

H
N

OH

O

O

O

O

O

O
N

S
O O

NH2

H
N

N
H

H
N

N
H

H
N

OH

O

O

O

O

O

O
N

S
O O

NH2

N
H
N

N
H

O

O

O
H
N

O

H2N

Ph

SH

5 steps

N NX X

O

O
SHn

N NX X

O

O

O

O

N

O

O
DACN-SHDACN-OH-NHS-ester

n

N NX X

O

O
N

O

O
DACN-OH-maleimide
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Institute for Materials Chemistry and Engineering,
 Kyushu University, 6-1 Kasugakoen, Kasuga-shi, Fukuoka 816-8580, Japan

Takeru Torigoe, Ryuhei Muta, Yoichiro Kuninobu

Introduction

Reaction of Quinoline N-Oxide

N SCF3

R

N

R

O

Selectivity: >20:1
up to 90 % yield

N CF3N
O
BF2CF3

R R

S CF3

SCF3
H
N

Me

Me

Triflorex
(anorectic drug)

N
H

MeMe

CO2MeMeO2C
H

S
F3C

OO

Nifedipin analog
(hypotensive agent)

SCF3 / Pd cat. I

HO

N N
O

N NSCF3

SCF3
SCF3

2- 3- 4-
N N SCF3
O O2N

NO2

SO2Cl

R R

N

Me

N

SCF3

Me
SCF3

N

N SCF3

OMe

33%

68% 83%

N SCF3

75%

50%

SCF3

N SCF3

63%

N SCF3
43%

N SCF3
N

13%

N
81%

SCF3

N

N SCF3

42%

1.05 g
7.2 mmol

62%
1.02 g N

MeO

BnO N

SCF3N

MeO

BnO N

O 90%

AgSCF3 (1.05 equiv)
ArSO2Cl (1.1 equiv)

solvent
25 ºC, 16 h

entry

1

2

3

4

5

6

7

8

9

10

11

12

solvent

EtOAc

EtOAc

DMF

CH2Cl2

Toluene

THF

MeCN

MeCN

MeCN

MeCN

MeCN

MeCN

ArSO2Cl

-

o-NsCl

o-NsCl

o-NsCl

o-NsCl

o-NsCl

o-NsCl

p-NsCl

TsCl

TfCl

total yield (%)

<5

63

33

38

28

27

82

68

41

<5

94

64

SO2Cl
NO2

O2N

SO2Cl
i-Pr

i-Pr

ratio

2-

-

68

>99

87

68

74

66

63

24

-

96

36

3-

-

11

0

8

14

<1

11

13

37

-

<1

19

4-

-

21

<1

5

18

26

23

24

39

-

4

45

i-Pr

N

R

SCF3

R
Me
F
Cl
Br
I
CO2Me

yield
73%
75%
82%
77%
71%
58%

SCF3

N N
O

SCF3

AgSCF3 (1.05 equiv)
ArSO2Cl (1.1 equiv)

MeCN
25 ºC, 16 h

AgSCF3 (1.05 equiv)
ArSO2Cl (1.1 equiv)

MeCN
25-50 ºC, 16 h

N N
O

SCF3

AgSCF3 (1.05 equiv)
ArSO2Cl (1.1 equiv)

MeCN
25 ºC, 16 h

N S
CF3

O O

RuCl3 • 3H2O (2.4 mol%)
NaIO4 (3 equiv)

MeCN, CCl4, H2O
rt, 16 h

62%

N
O

AgSCF3  +  ArSO2Cl

Ar
S
SCF3

O O

N
O

S
Ar

O O

SCF3

Scope of Substrate

Conversion into -SO2CF3 Possible Mechanism

Regioselective Trifluoromethylthiolation of N-Heteroaromatic Compounds

Gram-scale reaction Reaction of Qunidine Derivative

• The Second Smallest Atom
• The Highest Electronegativity
• Strong C–F Bond

Fluorine An Example of Pharmaceuticals 
Containing -SCF3 group

· Mimic effect, block effect
· Repellency, heat resistance

Nishida, T.; Ida, H.; Kuninobu, Y.; Kanai, M. Nat. Commun. 2014, 5, 3387.

Previous Work

This Work

Ar

Me

Product / isolated yield

O
S O

OAr

SCF3
N

ArSO2Cl

or

SCF3
H

HSCF3 / Pd cat.
DG

DG: directing group

Representative Method to Prepare Ar–SCF3

N
O

S
Ar

O O

SCF3
H

N SCF3– ArSO2H

without isolation

JOC 1985, 50, 4047. ACIE 2015, 54, 6809.

ACIE 2014, 53, 9316. OL 2014, 16, 2046.

Me3SiCF3 (3.0 equiv)
CsF (3.0 equiv)

EtOAc

ArSO2Cl
AgSCF3

MeCN
25-50 ºC, 16 h

AgSCF3 (1.05 equiv)
ArSO2Cl (1.1 equiv)

MeCN
50 ºC, 16 h

(basic work-up)
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Photochemical Isomerization Approach to 
Planar Chiral Medium-sized Cyclic Molecules

Yuki Yoshida, Kouhei Machida, Mariko Okamoto, Yusuke Ano, Kazunobu Igawa, and Katsuhiko Tomooka

Institute for Materials Chemistry and Engineering, and IRCCS, Kyushu University

Background

This Work

 

Summary

Our Chemistry about Planar Chiral Medium-sized Cyclic Molecules Synthetic Approach for Planar Chiral Medium-sized Cyclic Molecules

Z-isomer E-isomeracyclic diene

Ring Closing Metathesis
(RCM)

Photochemical
Isomerization

UV (254 nm)

cyclohexane
25 °C

64 : 36

sensitizer

sensitizer
3,5-bis(trifluoromethyl)benzoic acid methyl ester

Z-isomer E-isomer

Z-isomer E-isomer

Ag+

strong
interaction

weak
interaction

Ag+

AgNO3/SiO2

selective adsorption

photochemical isomerization

Our Idea: E-Selective Adsorption with AgNO3/SiO2
bInoue’s  Worka 

quartz photo-inlet 
 adapteroptical fiber

UV light substrate and
sensitizer 
       in solventAgNO3/SiO2

CO2R

CO2R

DMIP (R = Me)
DEIP (R = Et)

sensitizer

a) N. Yamasaki, Y. Inoue, T. Yokoyama, A. Tai, J. Photochem. Photobiol., A: Chem. 1989, 48, 465.
b) Related report : Fox and colleagues reported the efficient photochemical Z to E isomerization of medium-sized
    cyclic molecules with continuous circulation of a reaction mixture pumped  through a packed column of AgNO3/SiO2;
    M. Royzen, G. P. A. Yap, J. M. Fox, J. Am. Chem. Soc. 2008, 130, 3760.
    M. Royzen, M. T. Taylor, A. DeAngelis, J. M. Fox, Chem. Sci. 2011, 2, 2162.

a) Mg, MeOH, rt, 92%. b) Combined yield of (E) + (Z). Determined by 1H NMR analysis.
c) K. Igawa, K. Machida, K. Noguchi, K. Uehara, K. Tomooka, J. Org. Chem. 2016, 81, 11587.
d) K. Machida, Y. Yoshida, K. Igawa, K. Tomooka, Chem. Lett. 2018, 47, 186.

a) Combined isolated yield of (E) + (Z).
b) K. Tomooka, S. Miyasaka, S. Motomura, K. Igawa, Chem. Eur. J. 2014, 20, 7598.
c) K. Machida, Y. Yoshida, K. Igawa, K. Tomooka, Chem. Lett. 2018, 47, 186.

Optimization of Photo Isomerization

Synthesis of Planar Chiral DialkoxysilaneSynthesis of Planar Chiral Orthocyclophene

Result

N
Ts

Stereochemical Behavior of Planar Chiral Medium-sized Cyclic Molecules

(0.27 mmol)

pentane, rt

UV (280 nm)
AgNO3/SiO2
DEIP (2.0 eq)

Z-isomer E-isomer

Entry

AgNO3/SiO2

time [h] E/Z (yield)a
AgNO3-content
       [wt%]

amount
   [mg]

1

2

3

4

5

6

–

5

10

20

10

10

none

400

400

400

500

500

42

42

42

42

42

24

23 : 77

75 : 25

93 :   7

77 : 23

97 :   3

67 : 33

(87%)

(81%)

(81%)

(73%)

(88%)

(72%)

a) Combined yields of (E) and (Z). Determined by GC analysis.

stereo specific 
transformation 

X
n = 0, 1, 2

n

n

X

X

n

nX
n

Y

X
n

Z

Y

Cope
rearrangement

E-selective
addition

cyclization
Grob

fragmentation

elimination

Y

XH

X
n

Z to E
isomerization

X
n

RCM

UV (280 nm)

O
O

Si
RR

O
SiO

R
R pentane-Et2O

additive

rt

O
SiO

R
R

Grubbs’ 1st cat.

CH2Cl2, rt

DMIP or DEIP

R = t-Bu
(72%)

R = Ph
(87%)

  E/Z   (yield)a

25 : 75  (94%)b

89 : 11  (61%)c

  33 : 67  (99%)b

additive

none
AgNO3/SiO2

none
AgNO3/SiO2  >98 : <2 (48%)c

NTs

R2

OH
R1

X = Br or I

NTs

R2

R1
O

NTs

R2

R1

NTs

R2

R1

MeO
O

N
H

R1

R2Ts
N

R2

Ts

R1

NTs

R1

H

X

R2 etc.

1,375 yearsb 1.9 yearsb

O N
Ts

380 ha 56.7 ha 4.35 ha

a) at 25 ºC, in n-hexane
b) calculation

100 h1 y 500 h2,000 y

static dynamic

50 h 10 h 5 h 1 h1,000 y 2 y

t1/2

O
O

Si
t-But-Bu

O
O

Si
PhPh

0

5000

10000

10.0 20.0

5000

time [min]

CD spectra

X O Si
O

R
R

Z-isomer E-isomeracyclic diene

Ring Closing Metathesis
(RCM)

Photochemical
Isomerization

with AgNO3/SiO2

up to >98 : <2

N
Ts

R2
R1

N
Ts

R2
R1

(R) (S)
N

Ts

R1

R2

X
Xadditive

UV (280 nm)

pentane-Et2O
rt

X
Grubbs’ 1st cat.

CH2Cl2
rt - reflux

DMIP or DEIP

X = C(SO2Ph)2
(quant)

X = CH2

X = NTs
(68%)

X = O
(21%)

additive

none
AgNO3/SiO2

none
AgNO3/SiO2

none
AgNO3/SiO2

   E/Z    (yield)b
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