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Photo Racemization and Polymerization of (R)-1,1’-Bi(2-naphthol)
Zhaoming Zhang, Yue Wang, Tamaki Nakano
Institute for catalysis, Graduate School of Chemical Sciences and Engineering.

Hokkaido University, Sapporo, 001-0021, Japan

(R)-1,1’-Bi(2-naphthol) ((R)-BINOL) in an acetonitrile solution lost optical activity upon irradiation with an Hg—Xe lamp. HPLC
resolution of the product indicated that (R)-BINOL was racemized upon irradiation, and SEC analysis suggested that a polymeric product
was formed in the course of racemization. The polymerization of BINOL can occur before it is racemized, and a unit in a polymer derived
from BINOL may lose its optical activity afterwards due to in-chain racemization and/or reduction.

Background gCD and ee-vs.-relative irradiation energy sum.
223 nm 318 nm
Helix induction using circularly polarized light (CPL) 20 " 20
- - 10c
16 - 25
.. 80 " El
CPL L 12 . wg &2 o SE
890 O % . 73 : g
. - Sos . 0 ¢ 315 . 4
In cast film .. .
PDOF 04 20 1o . 20
Random conformation Preferred-handed 5/1-helix " o " ¢
Y. Wang, T. Sakamoto, T. Nakano, Chem. Commun., 2012, 48, 1871-1873. o 0.5 .
A. Pietropaolo, Y. Wang, T. Nakano, Angew. Chem. Int. Ed., 2015, 54, 2688-2692. o 2 4 10 01 02 03 04 05 06 07
Relative irradiation energy sum Relative irradiation energy sum
Twisted-coplanar transition of Ar-Ar moiety Plots of g, and ee% vs. relative irradiation energy sum.
O LN . . analysis
: Polymerization e -
Twist Coplanar /cnch on Meusi
The ground state Excited states SEC analysis Aromatic o
A. Imamura, R. Hoffman, J. Am. Chem. Soc., 1968, 90, 5379-5385.
This work
Twisted-coplanar transition (TCT) of BINOL.
OH OH OH OH
- a. Before iradiation e
=, Irradiation O O b. Polymer 7T Moss
l l b. Irradiation for 1 h
Twisted Coplanar ot
Experimental omate hJ
(R)-BINOL ==  Solution (acetonitrile) == NPL Irradiation . Imadiation for 2 h -
10 8 6 4 2 0
: & (ppm)
Racemization HPLC analysis 1H NMR spectra: (a) (R)-BINOL taken in CDCly;
s d. rradiation for 3 h (b) the product obtained from (R)-BINOL upon
R irradiation in acetonitrile (1.0 X 10 M, in 5 mm
Changes in UV and CD spectra. o rradiation for 4 h [ cell, 5 h) taken in THF-dy. )
- N IR analysis
’&,a a. Racemic a. (R)-BINOL
] . Imadiation for 5 h
£
a
3]
o 5 10 15 20 25 30 5
Elution time (min}
SEC traces of 1,1-binaphthol in acetonitrile /s |
b-Befor iadiien (L0X10% M, in 5 mm cell) irradiated with A
NPL. [THF as eluent, r.t] 4000 2000 1500 1000 500
200 250 300 350 400 o Polymer n
Wavelength (nm) c. Ivadiation for 1 h
. e (e = 80%)
Changes in CD and UV spectra of 1,1’-binaphthol
upon irradiation in acetonitrile (1.0 X 104 M, in 4. Inagiation for 2 b _
1 mm cell). (ee = 60%) *
Chiral HPLC traces of 1,1’-binaphthol in e Inad\aﬂnn!ovi&h IR spectra: (a) (R)-BINOL; (b) the product obtained
acetonitrile (1.0X 103 M, in 5 mm cell) (ee = 44%) A \ from (R)-BINOL upon irradiation in acetonitrile
irradiated with NPL (IA column, hexane : T T T T T | (1.0X 1073 M, in 5 mm cell, 5 h) [KBr pellet] o
dichloromethane =50 : 50, . t. ). 0 5 1o s 2 ® 4000 2000 1600  100C 500
' Elution time (min) Wavenumber (o)
Conclusions
(R)-BINOL undergoes racemization and polymerization upon irradiation of NPL. The racemization may occur through twisted-coplanar
transition of BINOL due to photo excitation. This is the first report about co-occurring photo racemization and polymerization of
optically active BINOL.
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Solid-state Structure of mw-Stacked § [: |
Poly(dibenzofulvene) -

Hassan Nageh, Yue Wang and Tamaki NAKANO*
Institute for Catalysis (ICAT) and Graduate School of Chemical Science and Engineering,
Hokkaido University, N21, W10, Kita-ku, Sapporo 001-0021, Japan
1Tel: +81-11-7069155, Fax: +81-11-7069156, E-mail: tamaki.nakano@cat.hokudai.ac.jp

Free-radical
polymerlzatlon Insoluble polymer
' ' - n-Stacked chain conformation’
- Inter-chain alignment
DBF

- Surf hol
Poly(DBF) Surface morphology

1) Nakano, T., Takewaki, K., Yade, T., Okamoto, Y., J. Am. Chem. Soc., 2001, 123, 9182-9183
Nakano, T.; Yade, T. J. Am. Chem. Soc. 2003, 125, 15474—15484.

Objectives

We aim to study the solid-state structure of insoluble
poly(DBF) prepared by radical polymerization in four
different solvents, i.e., hexane, methanol, chloroform and
benzene, using a,a'-azobisisobutyronitrile (AIBN) as
initiator. Poly(DBF) is known to have a rigid, n-stacked
chain conformation.’

Table 1. Radical polymerization of DBF using AIBN at 80°C for 24 h*
Run  Solvent Atmosphere  Conv.  THF-insol. part THF-sol. part
)"~ Yield Surfage area Mt
(%) (e :

1 Hexane Air 50 41 86.02 730 F! !
2 Methanol Air 91 63 13.95 630 i
3 Chloroform Air >99 70 532 650 1
4 Benzene Air 92 55 4.65 680 5
5 Hexane N, 83 25 410 846 Sarene
6 Methanol N, 73 51 11,63 528 ‘
7 Chloroform N; >99 14 29.00 469
8 Benzene N, >99 85 3.95 752 )

DBF 2.25 mmol, solvent 2.6 mL, [DBF] 0.4 M, [AIBN] 0.005 M. "Determined by

'H-NMR analysis of ctude product. “Determined by BET. “Determined by GPC.
Fhig. 3. SEM fanmies anel DG-IDTA  preliles of insaldde
polyiIBEFs prepared by rdical polymerization in bexane (A,

meerleanal (B) chlorofom (O), msd bengrene (D) msder M, (e
12 3 45 12 3 45 :
—— A Hexane, ] | —— A Hexane
! —— B. Methanol o —— B. Methanol
120007 —— C. Chloroform —— C. Chloroform

6000

—— D. Benzene —— D. Benzene

100004
50004

Conclusio

1. Poly(DBF) was prepared through radical polymerization using
AIBN under N, flow and in the presence of air leading to mostly
insoluble products.

8000

4000
6000

1(an)
1(a.u)

3000
4000

20004
20004

10004

2. Solid-state structures appeared to be similar regardless of

T T T T T T T T T T T T T T T T T T T
10 15 20 25 30 35 40 45 50 55 10 15 20 25 30 35 40 45 50 55

2 theta (deg.) 2 theta (deg) reaction solvent from SEM and XRD. The polymers appear to
Fig 1. XRD patterns of poly(DBF) prepared in hexane, Fig 2. XRD patiere:s of poly(DBF) preparcd in hexanc. have a regular inter-chain alignment from the XRD profiles.
methanol, chloroform and benzene under N, flow. methanol, chloroform and benzene in the presence of air.

3. The polymer prepared in hexane under air in polymerization had
a noticeably larger surface area than the others.

Table 2. XRD data summary 4. Thermal properties of the polymers varied depending of reaction

Pcak 2thetaideg)  d-spacing (A)? solvent.
1 6.5 13.56 ; ;
5 1 304 } Inter-chain alignment
3 194 457 . . Acknowledgements. We are grateful for Advanced Graduate School of Chemistry
4 24.1 3.69 Intra-chain n-stacking and Materials Science (AGS) program of Hokkaido University and for the Government
5 26,7 3.35

of Japan (MONBUKAGAKUSHO: MEXT) scholarship.
#Source wave length = 1.5406 A
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Chirality Induction to Polymers Using Circularly Polarized Ligh RCRE

(AbEERPMEREFARAH) E v - PF R ) b

(Institute for Catalysis, Hokkaido University) Yue Wang and Tamaki Nakano O.O @ _(_(HS+ m
n 4 S

R
PDOF PDOP P3HT PDOPV

Random

Chirality Induction to PDOF

o i v/ 5,-Pitched helix formation E ¥ Chain-substrate interactions
Chirality of light i e V/ Left-handed helix induction by R-CPL
\ e L D - & omm
nfim - e

L (non-polarized light) Rondom racomicconormaton 2 Brofersedt-handec twist (hetix)

Amixture of L L E wl .
- v'5, helix conformation & - : i

CPL: (circularly-polarized light) —
Electronic dipole oscillates like a helix.

et )

¥'Chain-substrate interactions et
¥'Interchain interactions

of s suspensionf PDOF (M, 58,50) i tluenc.MeOHmixtue 5/1, /] LCPLfor 30 min.
Chiral

a- phase Proposed Mechanism

UV Spectra of PDOFs in Film e
Polymerizations Eco ) 4.8 % 107 @380 nm (a-phase) SO o

cp (max) 1.4 X 102 @430 nm (B-phase) s Twistes

CaHiCaHir CythzCaHr

bot0 \ oy
E, MO0k b1 €00 oo stz avaa oo — ] ST :
{eephase) il o B 3
Toluene | DMF Y f iy . @.@ o>
B O O

S a-phase onl NG i P

Table Synthesis of PDOF via Yamamioto Coupling Using Ni{COD), in a Toluene-DMF Mixture® s e L y

8 ol Setective excision
fun Ml NI Time Conv® it ieo T ¢ ) wen . Jre oo 1o oder

@ O ) v e ML M RALLSE  allogkt e Cattr Sotls B-phase
s T
1 00 oam 82 99500 2. W00 0.9061-4,336 = - Q.O o) " P
o =

D oD @ D D emD omnaan . *9”\ }4 305
a010]- OB signatat arourd 430 nm 7570 GafteCatly o e
3 005 om0 & S50 1600 0938145870 = o ,
. s
5

5 T P
005 om0 P 12200 st0 07T o)

G __ stacking / \
4 L L L R—
005 0950 075 52 11500 M0 075414412 & A e B ) _ stacking
6 005 0450 05 57 9400 3000 0.7204-3.922 Bla

300 400 i =

e 1070 NI~ =T o A e— e eeEh 0‘0 O'O
analysis of crude mixture. ¢ ' Sec o e e hy Sl St et 1 AC o, 2008, (217, 13811385 /p h =
izl s e KOy S nteriad o) FBors wi difen, molr mass e s e s

s 2 ol AL o S

Y. Wang, T. Sakamoto, and T. Nakano, Chem. Commun. 2012, 48 (13), 1871.  A. Pietropaolo, Y. Wang, and T. Nakano, Angew. Chem., Int. Ed. 2015, 127 (9), 2726,

Entry HT content My ity

Effects of HT Content on Chirality Induction
cal00% 19,600  1.09 ' ' PIHT-films
20,400 222 1

R
R
27,700 3.00 Poly{3-hexylthiophene) . twist (helix)
29,800 3.85 {P3HT)

HT = 100% (Synthesized by C K. Luscorbe et af, a5 reported by Macromolecules 2009, 42, 3387-9369;
HT = 94% (Purchasec from Aldrich]
HT = 82% (Synthesized via oxdalive coupling using FeCls for € § h al -45°

5% (Synthesized via oxidalive coupling using FeCly for € 5 h 1 23

W00

5
S

X 05
o

3

£

D [mdeg]

HNMR = rcet somi — e amia

90
PIHT Fims UV HE % HT (%)
HT~100%
) 8corVvs.-HT content plot for P3HTs on R-CPL irradiation.

5 2]

HU=94%
5 2]

300 E
Wavelangth [nen] etal, RSC Adv., 2013, 3, 33423351,

500 0
‘Wavatangtn [nm]

w W
Wavelength (nm]

o

//\”

3H NMR and UV spectra of P3HTs having 400 500 5 50 £ w0

different head-to-tail contents. Wavalangth [um) Wavetanth fom]
CD (top) spectra and UV (bottom) spectra of P3HTs in film measured before and after CPL irradiation Evolution of the relative intensity of the peak at 610
using Xe-Hg lamp at ambient temperature: (a) HT = 100%, taken every 10 min on irradiation using R-CPL nm (left) and g-value (right) in a CHC,/MeOH mixture
for 30 min duration; (b) HT = 94%, irradiated using L- and R-CPL for 20 min; (c) HT = 82%, irradiated
using L- and R-CPL for 30 min; (d) HT = 75%, irradiated using R-CPL for 60 min.

OGN R

LT

showing maximal Cotton effects in function of RR.

) . ) Thermal Properties Polarized microscopic textures
High photoluminescence quantum yield
- Fluorescence sensors Ped 0
- Light emitting diodes T = & T e SR
- Organic lasers (o

=t e -
4 et ot B A

.t ¥ Completely amorphous ) ¢ o
\ B [fluorene}[T3] = 0.4
Weak intermolecular interactions = e = = Y e 10[% ! VT3

o 1
[ C. lworene}73] = 3.2 ]

asug 1o

€D and UV spectra of T3 fim before and after
P.J. Skabara, et al.,J. Am. Chem. Soc. 2004, 126, 13695, irragiation using L-CPL during 0-180 min every 60 min.

Varaanaes i)

/" In Excited States (Emision spectra) 4 o2k ot
j L/ u A Pure lsorene: B.PuweTs ° :n. Inworeneyiis] = 4.8

o ang
- i o ™
0 i motecuie N —

Heat Flow [mW]

[ E. Pure fluorene
Enhancing intermolecular interactions using achiral, aid molecule Excimer (520 nm) e S8

e 50 00
L-CPL irradiation at a [fluorene]/(T3] = 3.2 R-CPL irradiation at a [fluorene]/[T3] = 3.2 EEA R R— v Vawctengin el Temp. [°C]
oo T

oo o @ = 3.3 1 10° C. [luorenehT3]=0 4 - Pure T3 T3-fluorene without crystal  T3-fluorene with crystal

wa* &5

— — "'{x i ;\A &ix
e e 7 <
Exciplex (531 nm) EEp (S ) -~ E
B

D [mdeg]
GO [mdeal

9
:
&
=, \»‘ -
pare
. Z e e P 3 e e S e
Wavetengtt: [nm] wavelength [rm] i
CD and UV spectra of fluorene-T3 mixture at [fluorene]/[T3] = 3.2 in film before and after
irradiation using L- (left) and R-CPL (right) during 0-240 min and 0-180 min, respectively.

£t ®
S0
RS AN
X
i
, ;

Crystal surface support
Fluorescence spectra of pure fluorene film (A), pure T3 ﬁlm (B), and ions. fluorene by stuffng the intermolecular T3 assume chiral conformation
fluorene-T3 mixture at [fluorene]/[T3] = 0.4 (C) and 3.2 (D).
Excitation wavelengths (I,,) were 282 nm in A and 380 nm in B-D.

Y. Wang, A. L. Kanibolotsky, P.J. Skabara, and T. Nakano, Chem. Commun. 2016, 52, 1919




;‘“” “‘"a«,i What is the origin for Mechanochromism of Gold () complex
z ©  (CgFsAu),(p-1,4-Diisocyano benzene) - Direct evidence for the

“apeo ¥ presence of Aurophilic interaction.
Natee Sirisit'?, Satoru Takakusagi'? and Kiyotaka Asakura®®’

"Department of Quontum Science and Englneering. Groduate school of fngineering, Hokioéto Unfversity, Japan
AInstitute for Catmlysis, Hokkakdo Unkversing Jopan *e-mail: askr@cat.hokudaiac.|p

Introduction

Mechanochromism is the phenomenon in which the solid compound ) Iz
undergoes the color change by mechanical treatment. The
mechanochromism draws @ lot of interest because it can be used as

recording and sensing materials, H. ito prepared the gold (1) complex,
[{C.Fau),(p-1,4-diisocyanobenzens)] (1), and found its reversible unigue
mechanochromic property [1]. They reported that its luminescance color
was changed from blue to yellow when the crystal (1) was ground to
amorphous state. The origin of the color change was postulated to be
due to the creation of Aurophilic interaction. However, the ground Au
complex structure remained unknown because of its amorphous ’
structure. The data of the structure in the amorphous state may lead us Prictigrihs shoving. Molll comebes 3 on S0 M THortsr pader UV

to better understanding of the unigue behavior of the mechanochromic lrradiation with black kght | 365 nm) (a, c-f) and ambsent light {b] [1}
DhEhﬁméﬂa- T} o et o 0 AN CrARE. SO0 OOME K1, 00§ 05
=
(C4F<Au),(p-1,4-diisocyanobenzene) Results A
J 1
RSV
wm-cn—G-m-w. 1 Malecular structure of 1. [1] Py -"_I TRYSAYY S
I u r | : ¥ I‘Il
e o g Pactial view of the erystal packing of a blue g . s sy o e e e o et e s
B e fuminescent crystal of 1. Thermat elligois fo. A a ho»
e “._..-x:? —= e were drawn at SO%-probatility level, [1] I JJI | I| | . Jﬂ | I' \ | I| '|I
W L = o4 N W N - T W e
Emeﬂmemal proce,dum ..—’i_ s e A g - o e e e e .
: f TR A
+ The samples were measured at beamling 12€ at photon factory, KER A ;I I A J1 N A J'II N\t o
+ The EXAFS spectra is measiured in A L3 edie by quéch transmission mode using LN W e 24N W mmn LY W hman e

lonizatian chamber a3 a detector. The Melum cryoatal was used to control the

samgde temperatisne during measuremant from 5K to 300K m-t.-_m nurtibe Distance [A) .
Sample ————
| 'E

Expeimantuiiuich —gpemsegmmm. & 20 13 03 200 317 289 005 007 003
Confirmation of the Au presen:e

|'ﬂ In:ludlngﬁu? ] maimﬂ
L]
ﬂ‘ﬂ-

Horne: The waibisr o Debrps- Walled o the sacheds Al iaec1rs nidd o b Nasd |5 sddet 1 gee The

*  Background subtraction and curse fitting wens performed using the REACI000 v2.6.0,

*  FEFF B.40 program wene used as an ab initio caleulation for thesretical standard By employing the Hamilton test (Byum, = 'f o Wt can determined whether the

* Rrange=1,34-3.08 A and k range = 3.0~ 14.5 A were used in the fitting procedura, |  ImProvement of R value s statistically significant

* Fitting were performed in back-tramstorm N ks T RN AR e
(] W tgwsiaan, A Dryar. 2R 307 [FRE3)

Conclusion

= There b 3 gold atom around 3 & in the ground semgile in contrast to the unground sample that the nesrest distant of the goid atom is arcund 5.3 A
* Thie red shilt of the phospharescence spectrs oocurrad when the comphes was groend may retlting Irom the Aurophilic interaction
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Fig. 1 Description of SILP catalyst. Catalyst is not anchored by

chemical bonding.
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— Catalysts
RuCl3 2
Ru3(CO)12 [RuClx(CO)s]2
Aldrich  9,950M/g 24,200M/g 62,200M/g
— lonic liquid

. FC,@,N',E‘LCF rc—‘cs‘—o' H:C-C-O
[Camim]X | FEF T T R

c
[NT] [Tfo] [Ac]
e, Facf‘gfo PFs BFg
[DCA] [TFA] G HSO.
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500 “CTHER - Rugif 78 umol £ 170 1158 RuCLIFZDFFTIHRIGAETLEM oA, COBEKT.
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— Summary
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=2OMED D TIERUCK(CORLABLE L MR E LR,
PANRBREToIECH FRDETIRLNZLOD, BERTIENAIEEHEMIFL.

RHA KFE e-mail : t-yasuda@cat.hokudai.ac.jp TEL : 029-861-4572

~w. HOKKAID
u |

NIVERSITY



RAMAEORFENRARGEZAVCSHES FER

Sa GEKRRSERR! RKEsIcs, I AR O )IIfEth, 12 ik
LCAT EICB

Lt T

_T.l'.'.ll\.’lﬂl' '.if.‘..:.l.' H—

*e
.

keI

p-' Introduction =

t fective bydiog

Imtermetalii compouwnds [ordered alloys)

#.4 RPL | ipace groun: Pimmm|

The aim of this study

Inarganks matecials that provides
wlal surface reattan anvirorments

Werhanose wudy on e |

nrigin nf rha masnier

(W H
{_} e s Develesenont o _ \ }.tdtmhl,

T R E—— 00 i e ok e i “N"

. 3 | e T R

=TT " ] Cl -

T TR = X ] ] r Specls wetian insthey Uiy

slien; 11 ' " u - v Nmetas conorol sl sk trcene; wtanes

AT, - - } [%1 L] {11 = Vigh Barogencoa s nrdenss] |::|:$ :'..:1:'—4--"‘ -.mﬁru:::l | ‘ rmmv“:..m.‘.-.:\-“

. ¥ . - - :--nl:-mhn = Loty t pleisis by il i L _h” S

v ol [T - [———

s s oo, whabling e Livw b

% Farghaws, I Takshawh, T Knmatsg
e 100, MALE T AR TR
g bghtinl i Fpryfuty, JO1B. 11 06T |

Tl

— o )

{ Substrate scope of RhIn/SiD, =

Kinetic studies

TEM mages and FFT of RileSi0,

i z | Suriate RN wtes
hia, Selectivity vs. adsorption energy | Eetcome concave
- « NI, BC L e ]

A ..I_ o ST, 2
NS |
-+ . .

| > " \\\L W
;‘:- = i A
TN T
& " — |
= | [

E ]

; \
T e

N e

ﬂ mﬁﬂﬁ

e,

E = = unfavorable

= Vird-sdiorption strongly depends on tha surface roughness,
= Mibte-adipnption s nat uw alfected by the surface gructune

Lpeoitic and ordered wrface bimetalic saciore of intemnetali
cormpeund fireries mdletular recagaiion stdiny

4. Selenn md b of othur Broug wirsd
*‘E Fatally inhilsitee By 1he Mtesic Fepulsin from commn setend metals
End-cey adseeption of ritm s allowed even at the concave site

L Entauie of the 11 snd thn moliculsr shaps,

Ealubn: BrbA S, - ;_j i D, (EAmany - intermolecular compatitive ydrogenation
o et e A |
. — T i b MY i
> SO e + - Miemian ¥
ha ™ o - a
K= ;.J.‘:.l"-h__ — 0 L AT re— e YOO
- - — tugrier
By pe——r————————— 1] B 4= Y Y
ARE x-’-r A o -
::_' RS0 '| T L B L T T m""':;'"'"
s scharba R, groa
it 3% seloctivity ; - - i TR ]
i wefoctiv .I"‘:\__{\:"“ : :r-..\_.
AP, Lt = - X A
:.h,;: RRiry5i0, it o jbn|  emRIR LA
AHw ITH sty Ta e Reaction order and kinetic isotope effect
RAhil 5 - -
] . - - -
LI . ] {subsinae] - i
a ] = o o i St b RN STRILERI AR LW o Irupei =
Cormsryion i 03 hicid & =
srberirarty 3 =% e (K| High activity, High selectivity, Wide sulbitrate isope e "iw
i, Tiop)—
F—l Characterization : DFT Calculations | M T m
et LI

# Saturation coeerage of wsirate

& Sapply of W, & rate-lmiting

Sefectivily deperds on which group b sdsorbed.
Thermcdyramic comnel with diference in aghurplion enengy.

¢ ¢

Bin/50,

fh/5i0,

Phytical meaning of thi relationship

& FT-IR specira
A 1 of adioched CO
[ o o
'}'“xf.___ -
& - g
Ly Ela
E-l‘ — in
i L)
T L]
="} —
o, =~
e i
| Py,
g

T i POOD. HE 186 VT
Wirssnumiar | cm "

T G0 GO0 817 2 v oo e el e A
s g ¥ | £

Lo o el ¥ 1 D tapeaiiieessd iy tl#te e (= el linn dreegy
Selectivity vs. electron state of Rh Experirnental and Theqrrl-ml Vi
- W gt g (B o R i
P " | - B B g 0U EW  [a] Vibratoead quency e e e
L ®m o, rs of 00wl el the T
'E e & weims n, a } - : & & ehetenn deraily of Rh
:E:wt- ad -y av g & -
o 2 1) peistiarrhig i
el TR a bréreed e Tweh the
L Ty Ak Pty el
b e of B

67



185 Re i L TOHILRLEEFRKFIEICESTILO—ILERK
Selective Hydrogenation Reactions of Carboxylic Acids Over A TiO,-Supported Re Catalyst
Takashi Toyan,®® 5. M. A Hakim Siddiki,®* Ken-ichi Shimizu **
Calat and i 21, W-10

Introduction

Hydrogananon of chebouy|

Results and discussion

. 3 ’
| '\-. e il v ik = T et
o N> athad > 0 3 pr
.
3 .
] ».
-
. -
.
-
a¥w
o =5 B E ™
S T
A e — =
i § i by =P
o o . ot o=
e b i = e
L Ll . [
AL ~ 1 ~
L L} Iy Li
e e e '
i - I
- L3 L
. ik -
sew mas mEw s B@ o e cry
. . R v “of = ot
I-= Lr 1 Lr

[ i i

F b ok et bk b Lok o CHEMISTRY

' ¢ « FHniTel, was deemc nled tO b sup ) il “atay ety it
% | I I | I ﬁ o TR ation of J-phanyiprogaank -

68



BRALF R RE~NDERBAAFOMHEREEDEHIEREIKRFE

(AL XRFRIRZR 2 - A RAES2 - ER I KRR O/MMHEXN - S E5H 2 SHE KaXE"?

B+EARKTFI—RABEBIEF2Y  spsmeemdzge
= B A DR EE
e, o\ BALRIS deporege KT HROMER
af ol B AR AEEE N ?;‘\ Rttt F IR IE DRI AETE
() 3 ‘ e o —RLELFEOEBHH
ii i R %ﬁ éj\ %ﬁ 7 Appl. Cata/ij IElnvr‘lun,, 13::(201 3) Chem. Asian. J., 8, 282 (2013) E'i' 5,&“ %E 5% 0) Eﬂ EEZI L
BLRIS: (001) TR (101} —ERBALF O & HIEF
W R F 4T HE RS 2 BT AT U=+ E A 1008 L £ £ 572
{001} ; _ n _ {ooth1oomE _ 148x% /2
""""" BRERILE = ) %A, BRER = o —omE —  1-2

s=1: FEIRMELZL
s> 1: {001} ICEBERIICIREE
s<1: {101} ICEEMICIREE

.

BER() =@/ 5D

SEMEIEE
*BR B R,
B &8 O |184| 032 | 12 | 0.14
Au Sanqr x [ 159 | 011 | 026 | 027 M
O | 159 | 0058 | 0.76 | 0.048 i
Eikag# | O | 196 79 | 15 | 026 ﬁ
Pt P x | 169 | 023 | 042 | 032
O [ 190 | 12 16 | 0.039
s<1 (101} RIRM S AT H e @ @
SeHTH - {101} BRI B HREERI/N
£BIA4K --- {101} :/RFELOT L {oo1]o>1%§z$ﬁ—‘:ﬁ;b“
{001} : B BEL A0 1 KECHD
wieei/0l  £anqr/x [T £ao4qk/ .
t£&/0  £aoq ¥ 2a04K/0 T

o e

[
wikEe®/OT meanqsr/x | @eanqro!  EMEAHE
. F_" = E L {101} : B HEMIZRE

{001} HREIRILF—

KBS BUE
{o1}EEERFFITREL

F L5

fEREsERMHMTFOBEER

E1DDBEH(n) = BFEDOEEMAT DR

BRSh-FRESEOMRH

HMHRERGREEEMAFORREL

50
40
i 30
1
%20
10
0 ‘ : |
0 20 40 60
HIEEFRE/N
BESEELBMIF
DHEEER

‘L. F ‘ \ 4

SHRORE
KEGRIBFEEL O HE

{001} REREDAE

HEREHICEHIEEEEL

B+ EA~NDEEMAFHH & B AR
SAREICKSTEAEDERK Hik FLATH £Ea0/RiEE
TiCl, + 0, — TiO, + 2Cl, i o *k
0, FARERIF £304F [BEI04F
e J | 200 °c 1200 °C SBE ﬁ‘gfff i“ﬁi‘(gts?vtf)gﬁ (2wtt) (2wth)
_ . B2 ) ) JIVEET | VIVERET
KIRATHRET
|X] >290 nm o O/x
Ticl | Tio, 7K &R KT B2 5 "
ARG 7 or - 7k;5’ﬁ;%= . SEM
o B S s EREE1E R
180 °C 1000 rpm, 2 h




Modification of titania with metallic bismuth for
enhancement of photocatalytic activity

(Graduate School of Environmental Science! and Institute for Catalysis2, Hokkaido University)
OShunsuke Shiba', Mai Takashima®’2, Bunsho Ohtani’2, Ewa Kowalska'2

Introduction Experimental

< Method for improving activity > 83 | ® Low toxicity < Preparation of bismuth-loaded titania >
-Surface modification with platinum | Bj ® Abundant mercury lamp | g
® Relatively cheap 16 types of TiO, a A> 290 nm - Bi ohot
. BICl, i photo-
<Purpose of this study> @ (dissolved in HCI) deposition
-High activity — 50vol% CH,OH under Ar
-Elucidation of action mechanism  ~~  Noproblems ™
~~_for practical use -~ BiCl¢* + 3e” — Bi + 6CI, CH;OH + 2h* — HCHO + 2H*
B. Ohtani, K. Iwai, S.-i. Nishimoto and S. Sato, J. Phys. Chem. B., 101, 3349 (1997). ® Washing with water — Freeze drying — Grinding and recovery

Summary and Conclusions

O For photocatalytic activity : Bi-loaded titania > Pt-loaded titania
O For bismuth-loaded titania : Two-electron reduction of oxygen
O Photocatalytic activity depends on titania particle size and the amount of bismuth

Results and Discussion

® Evaluation of photocatalytic activities : CH;COOH + 20, — 2CO, + 2H,0 (Mercury lamp : A > 290 nm)
@ Loading amount & Particle size
= 600 rgsTGmae ® Atomic absorption analysis - 60 riom Bare titania < 500 Bi-loaded titania
— B ST-G2-Bi - - - ’F @ anatase, O rutile < @ anatase, O rutile ST-G2
S 500 | oST-Go-Pt sample expected atomic absorption 5 50 P-6 Sa00 | 0O
g | ] name bismuth (wt%) measurement (wt% £ P25@ @sT41 £
@ 400 L] 0.1 0.10 Ja0 | = o oSt
S ca. 36-fold ST-G2-Bi ;'[1]2 = ST-F1 ©300 rFP-6  STFIO o
c 300 i th ’ c3 g ® c 25
S m increase than 5 4.97 15 s O STt QHr-0514
5 bare titania = ST-01 =200
S 200 . S20 t ST-F10  FLUKA 2 ST-F1 637262
3 " Expected amount = Measured amount | ('Y CREL ST-G2| 2 T10-11 °
~ 100 ¢ @10 | MT150A MERCK barzsrC | D00 (@S0 @ Tk
] < * Dependence on loading amount o HT-0514 " o yT10-6
O 4 R 3 TI0-6 ST-G1 o Tre0A
* Optimum loading amount — ca. 4wt% 0 - ; ; - ; !
o 1 2 3 4 5 &P 9 ’ 0 30 60 9 120 150 0 30 60 9 120 150
Loading amount (wt%) Crystallite size/nm Crystallite size/nm
Bi-loaded titania > Pt-loaded titania Possibility of multi-electron reaction
@ Light-intensity dependence  (UV-LED : A = 365 nm, max 320 mW)
6.0 . 6.0 . )
ST-G2-2wt%Bi ST-G2-2wt%Bi © * Changes in order
L ) I =5 MW
50 = Changes in order 50 r=>m 1-05-0
~40 | bismuth: 1 —-0.5—-0 ~40 F * Difference of threshold
£30 B bare : no change £330 | _ 5mW and 10 mW
5 — =
— y=00x+34| . Q
5 20 | y=05x+22 Excited electrons E 20

— _ g1
1= Iy = by = ks(@'®)
Jye = 10 MW JYWV_hen ks, @ are constant,
MT-150A-2wt%Bi| | W’ depends on particle size

= y = 1W move to bismuth =
£10 f 1.0
00 L y=03x-02 " Longlife improvement 00 |

of excited electrons

-1.0 ‘ ‘ ‘ ‘ ‘ -1.0 ‘
00 10 20 3.0 40 50 6.0 00 10 20 30 40 50 6.0
In(/mW) In(l/mW)
High activity by two-electron reduction Depends on titania particle size
@ Kinetic model
<PC>+ hv— <PC>(e") ly®  <PC> : photocatalyst | ® Low light intensity — ly'® < ks
- - * p : I : light intensity ! _ g _ p T
<PC>*(e ) +hv—<PC> e H @:quantum efficiency rl - /2‘#(# (D2k5 T+ ks[RH](/zi.UQU <D2k5 1k4 1)0'5
<PC>"+RH — <PC> +R - ki ! k- rate constant : When (i) << (ii) — r oc /1
R-+0,—RO," ky { RH: reactive substrate > Recombination and radical chain reaction
RO, - +RH - RO,H+R - Ky : v Az?b;c();l:pt)lon efficiency :
! <PC> i . . . . 5
2RO, - = ROR ki 1 @ absorption efficiency ® Medium light intensity — ly'® > kg
<PC>(e”) — <PC> ks i (<PCx(e) ! r, = lp® + ky[RH](lydk, )05
When (i) << (ii) » r o [05
2’ D2 2’2 0.5
r = M + Kk3[RH] % » Two-electron reduction and radical chain reaction
ly'® + kg Ky(lp'® + ks)
(i) Direct © High light intensity — No light intensity dependence
reaction of hole (if) Peroxyl radical chain reaction » Diffusion-limited access
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Theoretical Study of Rhodium-Catalyzed Hydrosilylation of Ketones:

Chalk-Harrod vs. Modified Chalk-Harrod Mechanism

Rhodium-catabyzed ydrosihdation of ketones yields siloxane
which is an important industrial product. From an analogy to
Rh-catalyzed hydrosilylation of alkenes,'!! it has long been
believed that the Rh-catalyzed hydrosilylation of carbonyl
through modified Chalk-Harmod  [MCH]
, although there & neither experimental nor
theoretical evidence. Recently, we also lound that the Pt
catalyied hydrosilylation of carbonyl group can ocour via
Chalk-Harrod  (CH} mechanism with a bifunctional
tydrosilane. ! Thus it is worth to theoretically investigate
which mechanksm is taken place in such reactions
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Rate-determining steps for the CH pathway and the MCH pathway are both of an acetone
inserthon process, with ensogy barriers £ =385 keal/mal and E =623 leeal il rEspEct iily,

D 1o the Lirge energy barrier in the MCH mechanism, the CH mechaniam is more favorable
The reason for the arger activation energy in the MCH mechanism can be explained by the fact that an sp” orbital of silicon and an sp* orbital of oxygen

must change their direction toward each other, while in the CH mechanism only an sp? osbital of a-carbon must change orbital direction to H
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I Method & Model
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In reaction 1, the bond energy of Rh-PMe, is
52.7 kcalfmeal. in reaction 2, the bond energy
of Rh-Acetone s 24.5 keal/mol, So the
stronger Rh-Phe, bond is the reason why 2b
15 mueh more stable than 4b

Important transition states
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f Outer-Sphere Mechanis |

= No transithon structure was found, Tor which the energy monotonically increases

g
o i
ST -
# L — =
EHil o N
o 3
o Duter-5phere H !--
Mechanism_ & W £ i
=] s
= R -
* =51 LI s
A=t K- i oW
o=
Bome " o =

AT B

e S
?u
{ ) ‘_'.F:.
LA
" i
Kaw'h

*:-.-'.

a% the 5i-H distance

* The energy difference between structures a and b was comparted to be 53,9 kcal/mol
= [Even though the intermediate exists the Outer-Sphere mechanism can be clearly ruled out

oo g
The rate-determining steps in the CH

and the MCH mechanisms are both
aceione insertion reaction.

There is no stable intermediate in the
outer-sphere mechanism leading to the
mechanism be ruled out.

The CH mechanism is favorable in the
Rh-catalyzed hydrosilylatioin of ketones.
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Design of heterogeneous catalyst that is comparable to homogeneous catalyst
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ITheoretical Study on Asymmetric Hydrosilylation

with Helical Poly{guinoxaline-2,3-diyl)

-!' Fastidte bod € abilyie
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! Institute for Catalysis, Hokkaido University, Kita 21, Nishi 10, Sapporo, Hokkaido 001-0021, Japan, UHIVERSITY
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- Introduction “o-mail: hasrgawa@eat hokudaiac jp
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MNew polymer-based chiral ligands: Polyquinoxaline-Based Helically Chiral Phosphine o mwm ™
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- Computational Details

ECD spectrum of 21-PQXs bearing chiral {R)-2-butoxy side chains

3 Mechanistic Study on the Active Site
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Efficient Production of Furfural from Xylose
in Water over Nb,O;

Kiyotaka NAKAJIMA, Navneet Kumar GUPTA, Atsushi FUKUOKA
TInstitute for Catalysis, Hokkaido University, 2Japan Science & Technology (JST) Agency, ALCA,

Kita 21 Nishi 10, Kita-ku, Sapporo 001-0021, Japan, Tel&Fax: +81-11-706-9136, e-mail: nakajima@cat.hokudai.ac.jp

1. Introduction Carbohydrates  VeW resources for

(Sugars] commedity chemicals
Cellulosic biomass e, JH oH o )
L r’ o |
Ho" é W
D-glucose %. HMF
" a]
e N
o
Furfural
Hyboss
! —

« Acid-catalyzed conversion of cellulose and its constituents, glucose
and xylose, results in the formation of useful furans, HMF and furfural.

« Various useful chemicals can be produced from furfural, such as THF,
1,4-butanediol, succinic acid, and some polymers (polybutylene
succinate).

Research objective

One-pot production of furfural from xylose aqueous
solution over easily separable and highly active solid acid
catalyst, Nb,Os.

2. Results and Discussion

2.1 One-pot synthesis of furfural from xylose using Lewis and
Brensted acid catalysts?

HO Q Catalyst o ?
HngH/OH Water \ / H + 3H,0
Xylose Furfural

Catalyst Solvent Acidity/mmol g-! Conv. Sel.
LAS?2 BASP (%) (%)
Nb,0;° H,0 0.03 0.14 93 48
HCI H,O - 9.90 31 39
Na*/Nb,O4 H,O 0.03 - 89 45
Sc(OTf), H,O 2.00 - 95 18
Sc(OTf)s HCl aq.¢ 2.00 - 79 38
Nb,O4 HCl aq.¢ 0.03 0.14 92 46

Reaction conditions: 75 mg xylose (0.5 mmol); 5 mL water; T = 393 K. bCatalyst weight,
20 mg. °Catalyst weight, 100 mg. 9All reactions were performed at 383-413 K.

2.2 Kinetic parameters of Nb,O; and reference catalysts for the
conversion of xylose to furfural?

Catalyst Rate for furfural formation2 Ead
/mmol g-cat! h' /kJ mol-
Nb,O; 2.10° 83
Sc(OTf), 0.54¢ 107
HCI 0.18¢ 131

aReaction conditions: 75 mg xylose (0.5 mmol); 5 mL water; T = 393 K. bCatalyst
weight, 20 mg. °Catalyst weight, 100 mg. 9All reactions were performed at 383-413 K.

+ The small activation energy for xylose conversion to furfural over
Nb,Oj clearly indicates that the NbO, tetrahedra in Nb,O5 promote
furfural formation more preferably than these homogenous
Brgnsted and Lewis acid catalysts at 383-413 K, while Nb,O5 has
only a small amount of Lewis acid sites.

2.3 Catalytic activities of Nb,O5 and Sc(OTf); for the formation of

furfural from xylose in D,0.2
MH

Dehydrallcn in

4 5 o
H | Furfuml
QS%LOH Dehydration in
Xyose oo, (_7/4 (_7/4 LZ/(H ’ w
Furfural D-contairing furfural
Substrate  Catalyst Conv. Sel. D content (%)
(%) (%) G Cs
Xylose - - - ND® ND®
Furfural Nb,O4 - - ND® NDb
Furfural Sc(0Tf)s - - NDP NDb
Xylose Sc(OTf)s 95 17 NDP NDb
Xylose Nb,O; 92 45 28 53

aReaction conditions: 75 mg xylose (0.5 mmol); 5 mL D,0; 100 mg catalyst (S/C=0.75);
T =393 K; t =3 h. °ND: not detected.

2.4 Proposed reaction pathways for the formation of furfural from
xylose

A: Sc(Otf), catalyzed dehydration (isomerization and dehydration)

NP
H /mo/ on o OH 0" Hydride shift
Po Sy-oH Ho AL —— Ho A0 —_—
H
OH 0
Xylose Xylose H
OoH O 5
HOJ\HKVOH Cyclization S_zl/< Dehydrahm
—_— EAtmang
3H20 / H
H,O H
Xylulose Furfural
B: Nb,O5 catalyzed dehydration (stepwise dehydration)
OH OH QH O
HO%OH HO O — o0 MO,
HO R -H,0 ! H
OH H
Xylose Xyloge LA
OH O Cyclization Dehydratlon O
—_— o —
HO Z oo / H

Dicarbonyl intermediate Furfural

H-D exchange between reactant and D,0
HO HO "
o o P
OH OH OH O — OH O
TR G o S
OH 0

2.5 Dehydration of xylose to furfural in biphasic systems using Nb,05.2

Solvent Conv. (%) Selectivity (%)
Organic Water Total

phase phase
Water 93 - 48 48
Water + Toluene >99 63 9 72
Water + Xylene 97 56 1" 65
Water + Toluene 89° 65 9 74
Water + Toluene 75¢ 55 8 63
Water + THF >99 44 44

aReaction conditions: 75 mg xylose (0.5 mmol); 2 mL water and 3 mL organic solvent; 100
mg catalyst (S/C = 0.75); T = 393 K; t = 3 h. 1 mmol (S/C = 1.5) and ©2 mmol (S/C = 3.0) of
xylose correspond to 7.5 and 15 wt% in the aqueous phase, respectively.

3. Conclusions

Lewis acid sites on Nb,O5 are crucial for the selective conversion of
xylose to furfural through a step-wise dehydration mechanism.




Drastic Phase Behavior of Liquid Crystalline Macrocyclic Compound
Induced by Metal Complexation
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1. Introduction ) This work

Qo P pproach toward ous liquid crystal _/"(\
N
i s 600 o g \ v
(N & 44 Ly q t
Crystalline Solid L Cyota Isotropic Liquid ’ .o \)\, e =
Tampa!.!lure |
i\ f’ f

Thermotropic columnar liquid crystals composed of one-dimensional stacked assembly of

T T ! macrocyclic compounds are particularly interesting because of the potential to self-organize A new series of shape-persi and the
! into supramolecular nanochannels in a flowable medium and the intrinsic soft property to metallomacrocycles were synthesized. Ssveml metal ions with square-planar
I as N undergo phase transitions. Recently, we reported the discrete macrocycle having the coordination geometry were introduced into the salen moieties of the macrocyclic
o g ;r‘ b alternating sequence of salphen and carbazole. The macrocycle showed the thermotropic mesogens. The macrocyclic organization and thermal properties of the corresponding
Uy and columnar liquid crystalline (LC) phases over a wide range of temperature.’ LC metallomacrocycles should be influenced by the atomic structural differences

around the metal complexes in the macrocycles.
Moore (1994) Hoger (2011) Gong, Yuan (2015) [1]. Kawano, Y. Ishida, K. Tanaka, J. Am. Chem. Soc. 137, 2295 (2015). ol ¥

5. Single Crystal X-ray Analysis of Model Macrocycles

2. Syntheses of Macrocyclic Metal Complexes }

S, Ni(OAC)2+4H20 :
OHC CHO Q
A3y P -
HO oH o (& N‘\A in E1OH o o’ Q o ° 2 B P . '
Nig(me) : 95% Ny ‘Dihedral angle (7 103 885 1o 082
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met . K 3 o
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nCHOE o y on b Nl
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3. Liquid Crystalline (LC) Metallomacrocycle

DSC (scan rate: 10 °C / min) Polarized optical images

nT ~17°C b
8] s smon
HICE i o P21 (No.4)

Ri:013 GOF:135 Z2

161°C
(21kJ/ mol)

via coordination of metal ions!

Planar structure in the macrocyclic mesogen '

Nig(me1)

(CHLOH,O)Ccbes
met R AN Ch.CH,01,0,abes
o

—
50 0 50 100 150
Temperature / °C

GIXRD Solid-state NMR
CuKa, 45 kV, 45mA, 128 °C " ( ‘ Cross-Polarization Magic Angle Torchia P2;2121 (No.19)
67 SA Spinning (CPMAS) (Tic measurement) Niq(mCZ) Ri:0.14 GOF:162 Z4
_ rd Table 1. Tcvalus forhecarbons
f ’ 85.4° I Nis(mc1), CPMAS |

3 f(ss.zv | B e : — = 3
s e N . -
3 ) ‘¢ b s e 6. Macroscopic Change of Thermotropic LC Macrocycles
g - ol e amyotllina phase  Nime n COC Triggered by Atomic Scale Differences
£ 8

G Prye. 2007 2002,

B [ »
20/ degree

4. Phase Diagrams of Macrocycle and Metallomacrocycles

(" . ,"

57 sA

P 5 i
ll 552A

Kawano, T. Hamazaki, A. Suzuki, K. Kurahashi, K. Tanaka, Chem. Eur. J, 22, 15674 (2016).
Selected as Frontispiece

Hslc o | L |
s 8aC .
Nide [ o 7. Summary and Perspectives
-7  The discrete macrocycles and metallomacrocycles having an inner space of ca. 1.0 nmin
Pdslc cr J . Colup) were syr ized and exhibited the thermotropic LC phases.
1o r
1%9°¢ 20 o The significant structural differences in in the macrocyclic mesogen were observed
Cusde [er ] Coln [e ] e the metal-free and the ocycles.
-9°C 125°C 189°C

T T T T T T 1 f Drastic phase differences among the macrocycles were observed. It might be attributed to
S0 ° so 100 150 200 250 the atomic scale difference in the metallosalen moieties of the macrocycles.
o
Temperature / °C 1 Five or Six-coordinate metal complex are under investigation.
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Heterogenelty In catalyst and catalysis Spatially-1esolved XAFS techniques for chwrmical knaging

4 e — m |

size Surface structure Tapard v
Shape Chemicalstate  Catalyic activty s
Morphology Local structure  Reaction selectivity
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Solid catalyst
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\
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Catalyst membrane iy » o g | E r..—...j‘- \
: e £ A s XAFS ot
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Beam profile e

[ tewrmronce sruanre @ son (ot mam e nosar o cavse
In situ spatially-resolved characterization is needed to know
the localized catalytic active or degraded area in material.

20 visualization of Ce valence states in singie catalys! particles

.

Siitfor X-ray transmission
+80°

Ci 0, solid solution (CZX) -
Ce,Zr,0, solid solution PN ——
ichi ic oxygen storage/rel reactions between Ce** and Ce** controls cz7

the oxygen contents in the reaction . 573K

[ Tre atachrnert of P catalyst strongly affects 10 he axygen dffuson

pyrochlore x-phase K 423K 3
| z 2 shift & broadenin

£ 4

Co** 21 0, 4
czs
Hz . .
a0 w5 w0 ws e 470 45 480 495 490 495

26 /deg. 26 /deg.

A. Suda, et al. J. Ceram. Soc. Jpn. 2002, 110, 126,
At 423 K, the shift and broadening of (440) dlffracnon peak were observed.

=The oxygen g partially pr

mapping 1
573K 573K \
v
E 30 visualization of Pteatalyst and ils Segeniins |
1
1
! ”" (Cathode)
1
1 O, +4M' s de
s60m h [ My > 2w e 2¢ | 22,0
1
1 Uwygen eouton
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—_ 1
r 00 So0nm .
1 -..m-« on  cie  Yeyvw (saode S
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31 34 37 40 31 34 37 40 31 34 37 40 31 34 37 40 1
e Comence o valence e valence I Major in PEFC icati In situ spatially-resolved characterization
2D-nano-XAFS techni fully visualized the non-uniform reaction mode and active I (1) Improvement of ORR performance To know the catalytic active and degraded parts
part in single catalyst pamcles : (2) Durability of cathode electrode under real PEFC operating conditions.

| Sampso | MEA before and after ADT

Practical MEA
® Cathode: TEC10ESOE (50 wt%-PUC, 0.5 mg cm?,)

® Anode: TECPA(ONLY)ESOE (50 t%-Pd/C, 0.5 mglem?
® PEM: Nafion NR212 (d = 50 pm)

® GDL: TGP-H-030 (d = 100 pm)

P ARI !"‘ ] CVs bafore and after ADT cycles
© Cell voltage: 1.0V |8 e

® Cathode: N, flow(600 mL min", RH = 93%) .
® Anode: H, flow(150 mL min", RH = 93%)
® Cell temperature: 80°C

ECsA /mig*

ECSA values before
nd after CT-XAFS for
each ADT cycle

b st To TS0 70800

40T eyde

Accelerate degradation test (ADT)
© Rectangle voltage between 0.6 and 1.0 V o
for 3 sec step
- Changes in ECSA before and after CT-XAFS
Cyclc voltammetry (CV) were negligible, indicating no X-ray damage.
® Voitage scan between 0.05 and 1.0 V every 50mV s

« Different 3D-morphological images in anode and cathode electrodes and PEM.
« The posrl/ons and patterns of cracks inside in MEA were similar during ADT, but their width and depth

were sig P after the de ion.
Cathode Cathode  pgy  Anode
GDL electrode electrode
=— before ADT;
+— after ADT
Pt aggregated

area (95-100%)

Main body of
cathode (20-95%)

Pt density (arb. units)
[

Crack part in
cathode (0-20%)

Tt 05 o s of cafhte et sad ST Yo

« Heterogeneous distribution of the Pt catalyst was typical for MEA and there were several domain structures in the cathode catalyst layer.
« Ptdistribution was relatively br d after the ADT cycles, suggesting the Pt migration and aggregation during degradation.

(1) H. Matsui, N. Ishiguro, K. Enomoto, O. Sekizawa, T. Uruga, M. Tada, Angew. Chem. Int. Ed. , 2016, 55, 12022-12025.
(2) H. Matsui and M. Tada, J. Vac. Soc. Jpn., 2016, 11, 307-314.
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INTRODUCTION

N\
Organic eletronics Organic field'effect transistors(OFETS)  The device property is considered to be also switched by the
. - electronic structure change of the semiconductor material
devices using organic semiconductor DOUED GIEREEIEIES ¢ CHAZD CEpet e e accompanied by the phase transition
relationship between the band structure of the :
semiconductor and the Fermi level of electrodes. i
exllcloapiciieldleticentansiston t i terial Mgrtlz'rlea—tlransfer complex anthracene-TCNQ
organic light emitting diode, (919122 CIEETIE ELEE] electron 9 = P
organic solar cell and etc. * Ca I -- decreasing temperature
Conduction band
Advantages: " hole ' ' CATPA I* i Lt 1 |
flexible, large area, low cost and etc. '. -’? Au - ‘
Flexible display rubrene VelEme et elfemibitzz AN: reorientational disorder at room temperature
s P-ype o _N-type o
= T Change of relative orientation between each molecule
W —Change of electronic structure
g WL Structural phase transitions occur by decreasing temperature,
§ 10 Ay which are related to order-disorder behavior.
a e e . 1!?-'. . In this study, we investigated the transfer characteristics of the
L "f‘ " e FET utilizing a charge-transfer complex which shows two step
Gaie Vokage (V) structural phase transitions by decreasing temperature.
Sony Co., Ltd. Takenobu et al.,Appl. Phys. Lett. 2007, 90 (1), 013507.
RE TS AND DISCUSSIO — 1)
Temperature dependence of transfer.characteristics
iGerfabricati [ decreasing temperature
Device fabrication n-type amblpolar type p-type amblpolar type
Single crystal  Thermal evaporation Ok i~ 03h | 15okd 100K
f,ey V=140V & 0.3 Vegp=200V .: . Vsp =200V 0.04 - Vsp =200 V N
30 & . Szl _ s
[> [> :> & 2 s Eoz—.' S| Eo2r 1 Toost &
G201 S o1 3 o s 8 . 3 g
Molecular TTE-TCNQ thin fil I S N : .-‘.. 01 * | e S
; - in film Palyrene C thin film  Au paste 10 d h 011 o b °, S
stacking - Tl . (¢ 2 J . . 5 ]
oxis sourceemrztl:\wes —paraelectric layer —gate electrode . ’_‘/‘ ‘ : : ‘ " 0.01 \/’ ‘
80 40 0 40 80 -100 -50 0O 50 100 -100 -50 0 50 100 -100 -50 . O(V) 50 100
Ve (V) Ve (V) Vs (V)
DSC measurement g - - -
XRD analysis OM: overlapping mode
; ; ; HTP (300 K): C2/m IMP (155 K): P2,/a LTP (100 K): P-1 OML.3TRON2 [M] [OMS] [OMB] OM7
4+ cooling q . F . A \ pot P o P 2 Overlap integral (107%)
Py yrmging N~ S 3.5 0,57 |09|83]87
sl | || EosEo woa ko R0 Roy [ howotiuo )
B : S : .
s of LTP B i | e T L nHOMO-LUMO: 14.3
; mirror A e ..,(«“‘ HTP
S 2L ]
< E— R . ’ i’ ’ 1, I oM1 oM2 oM3
4 heating 4 [ il 1 _“f’v“‘;:j ;‘:\(}:} &l’k ":(.I’i LUMO ____ A =
| , | —. . (TCNQ) cT = g =1 ﬁ:T
130 140 150 160 170 15 6V Y lcT
T(K) AN: disorder of 3 orientations AN: disorder of2 orientations AN: no disorder HOMO 5eV) 2.6 V) ¥
Two-step structural phase transitions ' et i"" Py Yy 5 nHOMO —H—*
at 139 and 160 K =loh =2 '; = ) ‘};} (AN)
. 73S 4 t,' g L] HOMO-LUMO and nHOMO-LUMO interactions
’ o - alternately occur by reorientational motion
OM1  OM2 OoM6 om7
UV/Vis spectra The number of the orientations of AN was decreased at low temperature
intramolecular transition of TCNQ (L stack)| | Relationship between'moleculardynamics.and.transfer characteristics
LUMO-nLUMO  HOMO-LUMO
g o i electron current  hole current electron current
nLUMO iz It/ i\
10° 8% hole currerit HY e i Y- L i
-T—LUMO k}r ,\\ :
44-+omo o 4 ] = ; ; =
10 3 i by
A " " .
——LUMO '\
1wl ]
% HOMO : . : -
F ‘ ° mnu/rB/K1 Ve(z\/b 50
s HTP~IMP LTP
' T 1 electron current: thermally activated behavior —effect of the trap sites  The large increase of I, at the transition temperature.
Picsior: sy £l hole current: temperature independent —disorder of transport orbitals  _, increase of ionic sites, overlap integral and 1-D fluctuation
Increase of ionic sites at LTP -
The dominant carriers are converted to holes from electrons. Slight hole transport is permitted, because the orbital of the ionic
(n-type—ambipolar-type—p-type) pair changes the trap into a molecular orbital for hole transport
)
g SUMMARY | \
A FET was fabricated using an AN-TCNQ single crystal, which underwent two phase transitions related to in-plane reorientational motion. The transfer
characteristics drastically changed when decreasing the temperature from room temperature to 90 K: n-type — ambipolar-type — p-type — ambipolar-type. The
drastic changes can be explained by molecular dynamics and charge fluctuation around the two structural phase transitions.
This work showed that molecular dynamics in crystals can induce drastic changes in device properties. This work also showed that transport characteristics of
\FET can be used to studythe change of molecular overlap and electronic structure.
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Introduction: Electron Accepting Ligands

Electron acceptor molecules ﬁ Spin r | cv
Limited molecular skeleton (acceptor ability) y %ﬁ e ]\ i 1,10-tdap0,
Excellent combination N N |7 |
: ; ; * Coordination site i 10 |
with paramagnetic metal ions : 21
. . . 1/0
Desired building block E 4,7-tdap0,
for molecule magnets |
1,10-tdapO, 4,7-tdap0, | 1mM tdapO,
- | o -1/0 | 0.1 M TBACIO,
Electron acceptor ability T I?:‘ e inMeCN '
————————————————————————————————————————————————————————————————————— - Stable 1e- reduced specie iV v oy
H H H H H
N§=<:>={N HHN | | 1,10-tdapo, ~ Solution EPR| s{'" 0349 014)
TcNQ TCNE i | | 0.148 (0.06)
Mn(TCNQ), V(TCNE), ! 11 i 0.050 (0.02)
. ' } A=, 0,152 (0.06)
= = | == i i | Delocalized unpaired electron | 0.025(0.01)
\ ; '
e o . ! 4,7-tdapO0, | 7
I i ' ‘ I ilj il ||| || |||. ||| 0.358 (0.15)
A ! ol STV | I|||"||I.||| -
I : I ""I|IIIJIII|.II|||| ||||”| Il il - 0.067 (0.03)
. T = S |
Ty=44K R.T. ferrimagnet : | cHel, solution | (el | % 0.033(001)
R. Clérac, et al., Chem. Mater,, 2003, J. M. Manriquez, et al., Science, 1991, ! T T T T i 0.126 (0.05)
15,1840 252,1415 L e 0.076 (0.03)

Molecular structure

Bond shrinkage
and expansion

Intermolecular compounds and salts Crystal structures

. Ke(1,10-tdap0,),
o R e

1 5
T iy Ay 1T R
g o

gl - g
[ ————-

Regular or dimerized m stacks

Coordination or hydrogen bonds

Magnetic properties

A | Pty o,
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Single-Step Extraction of Semiconducting Single-Wall Carbon Nanotubes
by Aqueous-Two Phase (ATP) System

Ryo Kitaura,! Yutaka Ohno, ™ and Hisanorl Shinbhara®™®

Tomohiko Komurg,! Haruka Omachi,’ Jun Hirotani,?
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Template Synthesis of m-Conjugated 1-D Nanomaterials
Using Inner Space of Carbon Nanotubes
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Growth and Evaluation of Transition Metal Dichalcogenide Atomic Layer
by Molecular Beam Epitaxy

O Takufo Tokuda', Takalo Hotta'. Zhao Sthan', Kenji Watanabe®. Takashi Taniguch? Hisanori Shinohara', Ryo Kitaura'

! Department of Chemistry. Nagoya University & Institute for Advanced Research, Nagoya 464-B802, Japan
2 Matfonal Institute for Malerals Science. Tsukuba 305-0044. Japan
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Folding Design of Diamide-Functionalized Polycyclic Aromatic Hydrocarbons toward Kinetically
Programmable Supramolecular Polymerization

Kentaro Matsumoto,! Soichiro Ogi,! and Shigehiro Yamaguchi'2
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20% denaturing PAGE analysis (1xTBE Buffer 7.5M urea), 20W const. 2h, Stains-All staining
pH 7.0 BEEERPICEWT, YUYy h—0FaMAATBHIKDNADR
100 $—0 ARG DREEE B L 72,
pH 6.0 TILBRABICL YDNARDOE/ZERIL, v FOREL%

75

FL2RDNAD /Y K DIBEELL(%)
(9]
o

,q FTAITEIETHROESWEFMELT,
pH 5.0

Conclusion

D) v AH-BTIZA MERAVWDIET, UVYERT I NES
033 EHTHDONAZGML 7o, BRIEEERT COMRORBEZ B
L, RYYH—DFOBISEMATHEL 7z, TORER, BEMETIC
T, BHETRREREIREDLZ LMD 57,

BEL LT, 2HBAEBEOBIEEEY v h—%AKk L, B

DEWI Y H—HFeRRY 2, $72) v h—HDFeBALATIIR
12 16 20 24 KB E AR L, MiEAVZRNATSHRICET 2EB%1T5,

time (h)
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Dinesh Sawant,'2 Susumu Saito*.12

Amide Condensation by Diboron Catalysts

IRCCS

'Graduate School of Science, 2Research Center for Materials Science, Nagoya University
The Noyori Laboratory

Diborone compunds as catalyst.

Low catalyst loading and shorter reaction time.

Wide substrate scope (> 30 substrates).

1 (0.5 mmol)

1. Introduction

Homogeneous catalyst

2 (0.5 mmol)

‘N
Abstract -N -
0 B-B
=N N- o
.R (2 mol%)
o Aon P |
Rj Toluene (5 mL)

Azeotropic reflux
air,7h

Heterogeneous catalyst

v
v
)LN'RZ v
v
v

(30 examples)

Rs

No need of molecular seives or inert conditions.

Simple work up and purification process.

Tetrakis(dimethyl

Thermally reaction is very slow (3%).

Confirms the role of diboron catalyst.

Easy product purification by acid and base work up (>98 % pure)
No need of inert condition

amido)diborane (Cat. 4) selected as best choice.

BuO, . OBu el .o Zeolite-HY Green Chem. 2000 —
TiZ . - N Cat. 4 x N =
Buo” ~OBu e Nanocrystalline-MgO  Cat. Lett. 2000 \O . a I P | P
2#. Org. Knim 1988 _ Chem. Comm. 2012 Fe(III)-monmorillonite Cat. Lett. 2001 105 mml 2 (05 o
cl Sulfated tungstate Green Chem. 2010 (0.5 mmol) (0.5 mmol) - - 3
L. 610 SO Alumina beds Green Chem. 2012 Entry  Solvent Temperature ~ Catalyst Time Yield
e u . (mL) (°C) (mol%)  (h) (%)
’ Effect of solvent:
Synthesis 2008 Nature comm 2016 Organo-catalyst /f fToluene (10) reflux 5 6 86
2 Xylene (10) reflux 5 6 65
F. B(OH B(OH), R B(OH
Limitations: (OH), @ (OH), \CE (OH), 3 Chlorobenzene (10)  reflux 5 6 23 > Toluene is best solvent.
3 i 4 THF (1 fl N ; H ide as
» Benzoic acid’s not well explored. | ¢ ~Z>no, SN < L4 io(xa?c (10) e g 2 1 ’Dl\lF i\l Deozylforpaniles
. S product.
> Limited substrate 'SCOPe F Chem. Rev. 2016 6 Acetonitrile (10) reflux 5 6 JSN > DMSO imine as product
» Need molecular sieves cl OH ¢l B(OH), 7 DMF (10) reflux 5 6 <1
> High Catalyst Loading B @ s 8 DMSO (10) reflux 5 6 <1
> Longer reaction time B(OH), | /> 9 Methanol (10) reflux 5 6 0
> Low yield till date >20 boronic acid catalyst reported 10 Ethanol (10) reflux 5 6 0
11 Water (10) reflux 5 6 0
H Effect of concentration (Solvent volume)
2. Screenlng of catalyst et e (30) onevol . P rong Influence of
12 Toluene (20) reflux 5 6 75 concentration.
Catalyst (5 mol%) 13 Toluene (15) reflux 5 6 Il > 5 mL of toluene is best
( OH HzN = ( /\(w 14 Toluene (5) reflux 5 6 95
~ Toluene (10 mL)
Azeotropic reflux E/f fect of Temperature
1 (0.5 mmol) 2 (0. 5mmol) 6 h, air Toluene (5) RT 5 6
16 Toluene (5) 60 5 6
9“ o o 17 Toluene (5) 80 5 6 > Azeotropic reflux is best
1o-B o BB BB 18 Toluene (5) 100 5 6
o o N N— 19 Toluene (5) 110 5 6
Cat. 1 (6%) N Effect of Catalyst loading
(10% cat) Cat. 2 (81%) Cat. 3 (34%) Cat. 4 (86%) 20 Toluene (5) reflux 4 6 91
21 Toluene (5) reflux 3 6 Bl >2 mol% cat. is sufficient
o 0\5759 O\BfB’o 22 Toluene (5) reflux 2 6 88 “
B, J o J o 23 Toluene (5) reflux 1 6 86
o Effect of Time
Cata. 7 (19%) 24 Toluene (5) reflux 2 4 64
Cat. 5 (2%) Cat. 6 (35%) éz ?:ucnc 8 regux % 3 gg » Reaction complete in 7 h
oluene reflux
aGC Yield (Chlorobenzene used as internal standard) 27 Toluene (5) reflux 2 8 98

aDried solvent ®’GC Yield (Chlorobenzene used as internal standard),

Final Optimized conditio

Benzoic acid derivative (0.5 mmol), Benzyl amine (0.5 mmol),
Tetrakis(dimethylamido)diborane (2 mol%), Toluene dry (5 mL),

Azeotropic reflux, air, 7 h.

™ N s X N

ACHBERAE
3ba (94% Bca (93%)

3aa (90%)

N o
‘ % I % 0 Q* S
FsC 3ga(87%) - '3ha(84% e 3|a(91%
/\CI \Q d \C ;0 soa 56%)
3ma (78%) 3na (96%) ~
A
; SO
RS m N
L Br -
6aa (50%) 7aa (90%) 8aa (96%)
o & ‘ o & ] o Q
S - N N
J e O
3ab (37%) 3ac (89%) 3ad (80%)

*isolated yields

IRCCS the 2nd Symposium (January 26-27, Hokkaido University) P36

4. Substrate scope

3da (70%)
0
R N~ =,
| H |
= P
3ja (38%)

Regne

0. 3a (96%)

=
3ae (95%)

5. Conclusion

0
P
N N X
“/\© HO Ho
~ =
s 3ea (84%) 3fa (73%)
° o
RSN X, TN =
\ T P . | J H | P
/v
0N 3ka (96%) ? 3la (32%)

o o
MN ‘ = MN =
\/S A = \/6 H ‘ =

4aa (80%) 5aa (96%)
i A
S N~ S
e 0
3af (95%) 3ag (65%)

v First example of Diboron as catalyst for amide synthe:

v’ Benzoic acid deriv

v Low catalyst loadi

v No need of molecular sie

atives reacted smoothly, wide substrate scope.

ng (2 mol%) and shorter reaction time (7 hour:

v Mechanistic and further application study in progress

s or inert conditions. Simple purification process.




Synthesis of Aryl C-Glycosides via Iron-
Catalyzed Cross Coupling of Halosugars and
Arylzinc Reagents

Laksmikanta Adak,' Shintaro Kawamura,'? Gabriel Toma,' Toshio Takenaka,! Katsuhiro Isozaki,' Hikaru Takaya,!
Ho C. Li,? Tony K. M. Shing,? and Masaharu Nakamura*-!-2
!Integrated Research Consortium on Chemical Science (IRCCS), Institute for Chemical Research (ICR), Kyoto Univerisity, Uji, Kyoto 611-0011, Japan

2Department of Energy and Hydrocarbon Chemistry, Graduate School of Engineering, Kyoto University, Katsura, Kyoto 615-8510, Japan
3Department of Chemistry and Center of Novel Functional Molecules, The Chinese University of Hong Kong, Hong Kong, China

INTRODUCTION

Ary1 C-Giycosides T Summary of Tis Work rom Catayzed Crose Coupling

o o )
g e o ‘ . " o Y Me i Ire cross-coupling reactions of .
7 cat. Fe(acac)s
Ho. ~ N N HRo. = < » F glycosyl chlorides and bromides with arylzinc reagents Akyl—MgCl + X—R (acac) Alkyl—R

THF/ NMP
Dapaglifiozin Canagliflozin » R = alkenyl, aryl
(first SGLT2 inhibitor) (Drug for the treatment of type 2 diabetes) sy~ o X=Br,Cl, |
- Unique bioactivity and high stability towards enzymatic degradation A - Cahiez, G.; Avedissian, H. Synthesis, 1998, 1199-1205.
P> Firstner, A.; Leitner, A Angew. Chem. Int .Ed., 2002, 41, 609-612.
AcO o gl vy \'/: . ) AcO o Ar
Nickel-Catalyzed C-glycosidation \;_Z/ i (é_, ;),r\ X_Z/ Iron-Catalyzed Cross-Coupling
QAc Ni(cod), (10 mol %) OAc » ) of or using bi: P (SciOPP)

A0 OAc g9 N AcO  OAc i
Q % Q -
Ac,ggﬁgﬁ ArznxLict HBUTerpy (15 mol %) “Omm FeCl,(TMS-SGiOPP) (3-5 mol %) Pselectivity
o DMF, it ACO e 64-86% FeCly(SciOPP) Q
B R _ R-M + X-Akyl —— "> R-Alkyl

= Ar-M R
Gong, H.; Gagne, M. R. J. Am. Chem. Soc. 2008, 130, 12177-12183. AZ?M (M = Zn, Al B) ACO o THF conditions 7 N g \R\fn
THF,0°C orrt A0 o

- X i i R—M = ArMgBr, Ar3AI-3MgCly, alkynylMgBr
Cobalt-Catalyzed C-glycosidation AcOcyBr) AcO amcﬁw—s(% yEBaLE A rey(piyn)/gBuu
f . : ' R=t Bu FeCl,(SCiOPP)
OAc Colacac); (5 mol %) OAc R =H, CH,0Ac ribopyranose: B-selectivity . R = SiMe: FeCl,(TMS-SciOPP)

A e} TMEDA (5 mol %) s} mannose, galactose, maltose: a-Selectivity § nayamura, M. et al. Chem. Commun. 2012, 48, 8376-0375.
05 + RMgBr ————— T2 Py AL R glucose: diverse af selectivity Nakamura, M. etal. Chem. Lett, 2011, 40, 103010

o THF, 0 °C—rt o 65-98% Nakamura, M. et al. Angew. Chem. Int. Ed., 2011, 55 1067410676,

Br \ Nakamura, M. et al. J. Am. Chem. Soc. 2010, 132, 10674-10676,

Cossy, J. etal. Angew. Chem. Int. Ed. 2012, 51, 11101-11104.

RESULTS AND DISCUSSION

Screening of Catalysts and Ligands Screening of Various Phenyl Metal Reagents Reaction of Various Halosugars
Ar,Zn(tmeda)-2MgBrCl (1.7 i
AcO— 0. Cl Ph,Zn(tmeda)2MgBrCI (1.7 equiv)  AcO—_ o_ Ph Fe catalyst ;ECTI(?J;&@%% (3(.5 mf,?g/:,‘;)
w iron catalyst OAc (8-5 mol %) glycosy! halides aryl C-glycoside
(RX)

S e e A,
\;_2/ Ph-M Aco R-} THF,0°Corrt
A0 DAc THF, 0°C, 16 h A OAc Awﬁ (1.7 equiv) Af\?o glycosyl halides aryl C-glycoside yield (%) (a/B)
’ —
1 1a (p-selectivities) 1 or AcO 700}, AcO. o o Ar=
r

.

iron catalyst (mol %) Vield (%)7 ___RSM (%) ) THF,0°C ACO \;_Z/ \q 4MeO-CgH, 84 (1/599)

FeClg (3) 30 o d e 4-F-CHy 76 (1/>99)
OAc /W/

glycosyl - %ylelda of RSM
;ZETE (3) +DPPE (3) ga g halide Ph-M C-glycoside (a/f)  (%)aP Ar=CgHs 86 (1/>99)
4,4biphenyl 80 (1/>99)
FeClj (3) + DPPP (3) 50 [ 1 Ph,Zn(tmeda)-2MgBrCI 81 (1/>99) 0 AcO  OAc ZVna;)‘I?thflTy 74 '(1;99;
FeCly (3) + DPPBz (3) 52 0 1 Ph3AI-3MgCl, 30 (1/>99) 0
FeCl3 (3) + TMS-SciOPP (3) 55 0 1 PhB(pin) + t-BuLi 22 (1/>99) 0 Ar=CgHg 98 (>99/1)
FeCl,(TMS-SciOPP) (3) 72 0 1 PhMgBr 0 0 Atlzggﬁﬁ Aﬂ@ 4-MeO-CgH, 96 (>99/1)
FeCl,(TMS-SciOPP) (5) 81 0 4-F-CgHy 90 (>99/1)
Yield: Y 3 by TH NMR " Bsoiated yiold and 2 Ph,Zn(tmeda)-2MgBrCI 96 (73/27) [¢] A
roaction wnarinatr Y analysis. Asolated yield an 2 Ph,Zn-2MgBICl 18 (70/30) 51 o
) 2 Ph3AI-3MgCl, 80 (50/50) 10 AcO. 89 (>99/1)
Php 2 PhB(pin) + t-BuLi 70 (76/24) 12 e Ao e
g g\ /@ R=EEEEESR? 2 PhMgBr 0 94 ©
0 OAc AcO’ O oac
R R=SiMey TMS-SCIOPP - - A% Ko
PhP  _~_-PPh, Ph,P"  PPh, ©/ Q’ aYields were determined by 'H NMR analysis. oTri-O-acetyl-D-glucal was AcOL, o AcOf, o 88 (82/18)
DPPP DPPBz obtained as the byproduct in case of using substrate 2. AcO! AcO!
ACOBr AEOPV
Reaction of Various Arylzinc Reagents Radical Probe Experiments
Qe o Ar,Zn(tmeda)-2MgBrCl (1.7 equiv) OAc o Cross coupling using radical probe 3
AS&/)%‘ FeCl,(TMS-SciOPP) (3 mol %) A“ﬂgﬁﬁ AcO. PhaZn(imeda) 2MGBICI (1.7 cqu) AcO
AcOg THF, 0°C AcO 2 Afx?o’%i\ FeCl,(TMS-SciOPP) AO %\ A;go
d (3 mol % or 21 mol %) 5
B ——M Ph
OAc P X THF, 0°C \
AcO ACO oL Ao 3 66% 13 mol %) o%
AcO Aco NT  AcO 86% (21 mol %) 0%
ACO
90% (a/ﬁ = 46/54) 76% (a/f = 25/75) 89% (u/ﬁ 45/55) Cross coupling using radical probe 5

(5 mol % Fe-cat)
Ph,Zn(tmeda)-2MgBrCI (1.7 equiv)

Me
i 9 e
xo o Q e FEOHTMSSIORI M%) gy, (e
AcO. AcO.
THF, 1, 14 h 6 7

94% (u/ﬁ 3/97 61% (a/p = 60/40) = 42.5% 44.6%
(10 mol % Fe-cat.) L y=Oeemer 0205 . A A
Depr ion of acetyl pr ing group s < A~ "
~ e, via | 05 Nakamura, M. et al. J. Am. Chem. Soc. 2015, 137, 7128.
one g:zS"O ™ o A E. . 8 8 Takaya, H.; Nakamura, M. et al. Bull. Chem. Soc. Jpn. 2015, 88, 410.
Acom N 4 /> g CHeg‘:v) Po. N K}’</ o Neidig, M. L. etal. J. Am. Chem. Soc. 2014, 136, 9132.
AcO- A '3t HO - ~—7 o 2 . 6 . o
AcO reflux, 24 h Canaglifiozin: 95% yield Catalyst (mol %) Nakamura, M. et al. J. Am. Chem. Soc. 2010, 132, 10674.
CODCIUSIOH R Ar,Zn(tmeda)-2MgBrCI (1.7 equiv) R - The first efficient sy is of aryl C-glycosi using i i
o} FeCl,(TMS-S¢iOPP) (3-5 mol %) AE‘\%M" reaction of glycosyl chlorides and bromides with aryl and heteroaryl metal reagents
AcO cyBr) THF, 0°Corrt AcO - The iron-bisphosphine complex, FeCl,(TMS-SciOPP) has proven as an effective
R =H, CH,0Ac Yield = 65-98% catalyst to give the C- p! in high to yield
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Iron-Catalyzed Enantioselective Cross Coupling

of Haloesters with Aryl Boron Reagents
Chiemi Okuzono, "2 Takahiro Iwamoto,'23 Laksmikanta Adak,'* Masayoshi Jin,%
Hikaru Takaya,'2 and Masaharu Nakamura®2
TInternational Research Center for Elements Science (IRCELS), Institute for Chemical Research, Kyoto University, Kyoto 611-0011
2Department of Energy and Hydrocarbon Chemistry, Graduate School of Engineering, Kyoto University, Kyoto 615-8520
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5Process Technology Research Laboratories, Pharmaceutical Technology Division, Daiichi Sankyo Co., Ltd., 1-12-1 Shinomiya,
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o— Introduction °
Our previous work
. 1: Iron-catalyzed cross coupling t-Bu +Bu
COH
ArJ*\n/OH COH .O COH O O ] 5 Bu—% H ,éLt Bu
o FeX,(SciOPP)
T . Alkyl-X + Ar-M ——— > Akyl-Ar tBu Fe” t-Bu
a-arylpropionic acid (S)-Dexibuprofen Cicloprofen Flurbiprofen t-Bu t-Bu
derivatives . . Fex2(SC|0PP)
— non-steroidal anti-inflammatory drugs (NSAIDs) Chem. Lett. 2011, 40, 1030.; Angew. Chem. Int. Ed. 2011, 50, 10973.;
J. Am. Chem. Soc. 2010, 132, 10674.;Chem. Commun. 2012 48, 9376.; Chem. Lett. 2015, 44, 486.
Fe|Co|Ni| 34 Transition metals are effective catalyst 2: The first ir talyzed ioselective cross coupling
Ru [Rh Pd for cross coupling of alkyl halides (R,R)-BenzP* (6 mol %) +Bu. Me
os| Ir | Pt in an enantioselective manner. OR Fe(acac)s (3 mol %) oR P
oL Br + ArMgBr A"/\r q D
THF,0°C o P
- . . e . . racemic (2.0 equiv) up to 92% yield Me M-Bu
I ve transitiol tal lyzed cross pling slow addition (1 h) upto919er (R R)-BenzP*
R J. Am. Chem. Soc. 2015, 137, 7128.
chiral ligand
x)\'rORQ + Ar-M Ni or Co cat. A,)*\IrORZ This work: Iron-catalyzed ioselective cross ipling with aryl boron reagents
LA LI -
(o}
racemic " © R
Ni cat.: Fu, G. C. etal. J. Am. Chem. Soc. 2008, 130, 3302. Ar. O ) Fe cat. A
Co cat.: Bian, Q. J. etal. J. Am. Chem. Soc. 2014, 136, 17662. Br)\n/ORZ @ [ : o i — Ar/*\n/ORz
o
o— Results and Discussion
— 1. Optimization of Reaction Conditions —— — 3. Synthesis of Pharmaceutical Products
o Fe salt screening Ot-Bu
Fe salt (5 mol %) Ot-Bu Ot-Bu
(R,R)-QuinoxP* (10 mo 1%) o)
. oLl gr-~y OtBuY
) Ph.. ® o] A, Ot-Bu
Ph—B{ + n-Buli——»| "B i Ph % (81: 1
‘o\\ji THE 0°C [Bu ‘oji L vaporated MgBr, in THF (20 mol %) /\g 95% (81 19en) 51% (78:22 er) 56% (8 9en
i iv) then i 24°C B
2, 2 2in THF 3
(205 equiv) (2equiv) 4 AR — 4. Proposed Mechanism
,Bu entn Fe salt time [h ield [%] (en)@ e Catalytic cycle ) N
' 1 FeCl, 28 >99 (76:24) dlspropomonatlon ,?, oh
@[ I 2 FeBry 28 95 (74:26) } /Fewph
3 FeCly 7 >99 (53:47) P PR P
Res 4 FeBr. 8 99 (52:48) (poFely, B
(R.R)- QumoxP 2 The yield and er value were determined by GC and HPLC, A
respectively. }\
e Ligand screening Br ‘1302"5 .
1) lithium borate 2 in THF (2 equiv) <. h ( “Fel-Ph
2) substrate 1 . Br\ /Fe” P
FeCly (5 mol %) 3) MgBra in THF (20 mol %) ApOrBu halogen transfer E o
chiral ligand (10 mol %) THF, 25 °C THF, 25 °C S transmetalation
30 min 3
entry chiral ligand time [n] yield [%] (en)? (,P/ ewph cozz Bu
1 (R,R)-QuinoxP* 5 94 (84:16) c .
Q(r \n><( 2 (R,R)-BenzP* 198 >99 (50:50) Py
3, j ﬁ‘ \e 3 (RA)-BenzP*(5mol%) 18  >99 (50:50) Ph Ph™~CO,t-Bu
. ey 4 (8,5)-BOX 1 28 95(76:24) ( SFell C bond formation
5 (5,5)-BOX 2 5 >99 (49:51) A ond formation
(8,9)- BOX1 (S S)-BOX 2 No Ligand 1 28
4 The yield and er value were determined by GC and HPLC, cf) Jin, M.; Adak, L.; Nakamura, M. J. Am. Chem. Soc. 2015, 137, 7128.
respectively.
e Ligand Effect on the background reaction
— 2. Scope of Aryl Boron Reagents .
lithium borate
FeCl, (5 mol %) OtBue— ,, _> X P .. Ot-Bu
o  (RA):QuinoxP* (10 mol %) Ar Fe~. <'P/ Sx —2>< ~Fes, —>A’/\for
OtBu + Ar\ 0. Li@ MgBr, (20 mol %) 3 E G 3
Br B THF, 25 °C , ) ) A ) )
' racemic more reactive  less reactive optically active
@ eq“'VJ . ) ) - )
S . * QuinoxP* is relatively electron deficient comparing to BenzP*.
O/:\'romu /@/\H,Ot-au wror-su — The reaction with iron species G proceeded to give optically active product 3.
MeN o MeO © OO o + In the case of BenzP* or electron-deficient aryl boron reagent
g’; 1:;bh 1:;°h — Diharoiron species G does not undergo transmetalation with 2,
89% (82:18 er) 81% (81:19 er) 72% (77:22 er) while iron species F catalyzed the reaction to give the racemic product 3.
Jij/g\'rO[-Bu Jij/E\IrOl-Bu S
&— Summar
FoC o Et0,C o Yy
3d 3e ol -1° )
23h 136 h 1) Ar\B, Liw 2in THF
74% (53:47 er) 55% (50:50 er) Bu” O (2 equiv)
The yield and er value were determined by 'H NMR and HPLC, respectively.
2) Ot-Buq
1000 FeCl, (5 mol %) il \_ots
2 (5 mol %, A -Bu
90101 NMe, OMe ': Elcctreniieran (R.R)-QuinoxP* (10 mol %) "THF, 25°C _ 3) MgBry in THF (20 mol%) A'/\or
80:20 * * ! L 30 min THF, 25 °C
— — high selectivity 3
9, 70:30 up to 94%
’ . up to 84:16 er
60:40 co.et Fs Electron-deficient Ar
50:50 2 *® — low selectivity = Iron-catalyzed enantioselective cross coupling with aryl boron reagents
08 -06 04 02 0 02 04 08 low reaction rate has been achieved by using FeCl, and chiral bisphosphine ligand, QuinoxP*.
0,: substituent constant * Several pharmaceutical products are synthesized in an optically active form.




FHMAREEZE I 5HE(0)HiE

(RKACH - ZERET - 3hKEEH)
OT’J‘W BsZ', BO BE", &)l —F', dF #X2, 1R F2,HF BE3, FF —HS, IE XF

1. IRAR - 2. IRER
cf M =Pd, Ni SN
2 a EeV) s v dOSEBEEIE, BE. NEAER (Td)BELNRE
Eind” el e L v TENAREEERT DI RARHEDTBLL
P i ond R E v R R TEL OB T ORATEE
& Li(THF,
square planar distorted tetrahedral 3d / . o il( s
)/ K& 8IEEBOUT =4tk :
s ol -4 (M>-: f53t d10)
v TERAMELEEEZL DD PH0) BHERR ) ) )
= R 0k L THELHE TR —
v AEAXRRICER T HIEE s-d B 104 TE 2 DR FE8E (3 H 1) (M= Fe, Ru)
+{ELYLUMO () #4 DR R 77 7 L VERIEF Li. J.: Schreckenbach, G.: Zics =re Ru
L) ., G.; Ziegler, T. _ N I _ "
=d,,, OEFEERNET Inorg, Chem. 1995, 34, 3245 ERZIE, TEAIALO Lit #5571 6 Bl ik square planar
= do,, ~OBFHEICEY FEEEEMM
Takeuchi, K.; Taguchi, H.; Tanigawa, L.; Tsujimoto, S.: Matsuo, T.; Tanaka, H.; Yoshizawa, K.; Ozawa, F. Angew. Chem., Int. Ed. 2016, 55, 15347. Le Floch, P. et al. Angew. Chem. Int. Ed., 2001, 40, 1251.; Chem. Commun., 2003, 1914.; New J. Chem., 2001, 28, 838,

[ 315

> Eindo- PN 5 & Pt(cod),] + PPh N—?
> Eind,BPEPD &R ginq.pc), Eind-PCl, > 10 E RO [Pl PPh . d,P(/(N%
toluene, —78 °C to rt in P‘\P\
] 1h PhaP” Eind
Zn dust (11 equiv) | THF Zn dust (11 equiv) | THF 1(25%)
. i n,1h PMe; (2.4 i m,1h °.
PMeg (2.4 equiv) e (24 equiv) 5p(P=C) 105.6 (d, 2Jpp = 389 Hz, Jpyp = 1594 Hz)
B
Eind-P=PMe; Eind-P=PMe; H AL NNy — of. —fEHIIIRR 7T LA stk 5, 230-260
Eind—P P—Eind
Eind,-BPEP
[PdCp(tr-allyl)] + PPhy =
) md—P\ N
o THF,0°Ctort O P—ging  THF, 0 °C tort Emd—P P~Eind [Ni(cod),] + PPhgy P ing
6h T ——
Eind-PNO Eind,-BPEP toluene, =78 °C to rt PhgP
74% (Isolated) 67% (|solated) 85 2763 instant
2 (M = Pd, 37%): 3(P=C) 231.4
For phospha-Wittig reaction, see: Shah, S.; Protasiewicz, J. D. Chem. Communm. 1998, 3, 1585. 3 (M = Ni, 35%): 8x(P=C) 224.7

Selected Bond Lengths (A) and Angles (°)
Pt Pd Ni

M-P1 2301(2)  2.349(1)  2.2552(9)
M-P2 2325(2)  2.341(2)  2.2594(9)
M-N 2082(5)  2.229(5)  2.056(2)
M-P3  2270(2)  2.306(2)  2.232(1)
P1-C1  1.717(8)  1.704(7)  1.706(3)
P2-C2  1.721(8)  1.705(7)  1.713(3)
C1-C3  1.40(1)  1.401(9)  1.427(3)
C2-C7  1.38(1)  1.420(7)  1.414(4)

N-M-P3 173.0(2) 156.2(1) 154.97(6)
P1-M-P2  158.71(7)  141.09(6)  148.26(3)

C8-P1-
166.8(6)  175.3(5)  175.4(2)
complex 1 complex 2 complex 3 Ccaéﬁ; i
P-1, R, =0.0651 P-1,R, = 0.0679 P-1,R, = 0.0553 Cocy  MB8(7)  175.1(5)  166.1(2)
square planar (sp) distorted tetrahedral (Td) distorted tetrahedral (Td) ™ 359 370 370
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Planar-Chiral Cyclic Amines

Dynamic Planar Chirality
R R'

R
NS :<
== — X \:_\/ P Ry
@R- /\Q 7N B

This Work

Substituent Effect on Stereochemical Behavior o) o

(R)-isomer (S)-isomer NN ;
X=0,N,Setc = > @ > e ] <§/\N
i N & N Z N Z X ‘R
HPLC separation i / ’
Ts Ts Ts <
R
tiz=2,110h Lip=352h tiz=8h
MBuLi y~2 Eg( mCPBA
Ts “N R ty» : half-life period of optical purity at 25 °C in hexane.
H

>98% ee, >98% dr >98% ee >98% ee, >98% dr

Stereospecific Tranformations into Central Chiral Molecules

1) J. Am. Chem. Soc. 2005, 127,12182.2) Org. Lett. 2006, 8, 693. 3) Chem. Lett. 2009, 38, 1028. 4) Org. Lett. 2011, 13, 4926.

Result

Design and Synthesis of Planar-Chiral Lactams
Analysis of Stereochemical Behavior

1. Synthesis

BnNH,

2. Switch of N-Substituent

(S)

Caleulation : BLYP/6-311G (d.p)
Energy Value : 4G (298 K) (keal mol”)

R) §as (s)

Et:N _#~~~_COOH w m L, lig.NH [/_w NaH, Mel /_w
BuyNI { - . - .
Br "X 4 HN " DCC \rr N THF, -78°C N THF, 1t N o a
iy Bn CH,Cl, N, I e 70% T 74% N e
n o) Bn a  coMe a  coMe 0 0 hv, ~7"C0Me
CHLCN, it
58% 89% hv, ~Z"coMe 32% hv, ~F~coMe 14% 37%
come @ hexane, rt | (RSM 66%) CHGCN, 1t | (RSM 84%) (RSM 56%)
- COMe Li, liq.NH NaH,BzCl, -
cat 1 hvsonm) /S D LM~ DMAR Y =~
. o N THE 786G N., “CHClprt
- N Bn “H  CHLCly 1t N. N
CH,Cl, N, hexane “Bn 80% B2
reflux o Bn & o o (o] o) o)
77% 329 2Y. Inoue, N.Yamasaki, T. Yokoyama, A. Tai, J. Org. Chem. 1992, 57, 1332-1345.
° (RSM 66%)
3. Stereochemical Behavior of Planar-Chiral Lactams
BnNH,
RN G § O, SO
sCl, Etjl BuyNI
HO/\/\ SO/\/\ 4 N/\‘/\ W H /N P>
CH,Cl, THF ! i
°C reflux Bn
90% 6% tip= 1 358 h t,=352h
COOH - | - | Vﬁ m
NN — N N. N. N.
cat. 2. “Bn Me Bz Bn
1,4-benzoquinone
Rhlincasias N ¢ 0 o 0 0
CH?C'2 N tolene : N\B h=157T1h | tp=1264h fip=143h fp=37h
n
I o e l l
83% % \ ! ! ! ! ! ! |
come @ ; 2,000 h 1,500 h 1,000 h 300h 200h 100 h 50h oh
] [
coMe 1 *Q%N N%f% slow fast
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o .1 t. 2
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2Y. Inoue, N.Yamasaki, T. Yokoyama, A. Tai, J. Org. Chem. 1992, 57, 1332-1345.
4. Racemization Mechanism 5. Transformation
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Alcoholysis of Amides
e N

o o
+ ROH — = R, + NHg
RXJ\ NH, R1/U\O/

Problems: high temp. and low seleo.

o o o o

Rf R R«)’\Rz FN)J\NHZ R,/L\ NH,
higher electrophilcity lower lectrophility —

« Alcoholysis of amides usually requires heating under strongly acidic or
basic conditions because of difficulty in cleaving thermodynamically stable
amide bonds.

« Synthetic application of amide solvolysis is limited.

* Various talytic methods of amide is have been reported,
they suffer from use of excess amount of promoter (such as HCI and
NaNO,) and generation of inorganic or organic wastes.

Proposed Mechanism

Ph HiC Nz Ph
" 0‘ CH3CONH, 9‘\ !

OO e OO s

PhCH,0H

ce ce
CH{COOCH,Ph 4&:90 Ea:mAl
Ph HiC
A o P:’\ I ™ o
Eaz12 O Ea=108 - 2
PEsENgY o 0’)/\, 4 O
O, OO, 1O O
Ce Ce’ “Ce” “Ce NHy Ce “ce” “Ce

Unit in keal/mol

Deamination of amide on the CeO, surface

X L
s Bt T Lo 2156
ossaf 46 133 - {1515
o IS Sa N
0.0 kcal/mol 10.8 kcal/mol —13.7 keal/mol

Nucleophilic attack of lattice oxygen on the
TiO, surface

Initial state Td intermediate (Oz)
0.0 keallmol 34.0 keal/mol

Tats

Td intermediate (Osc)
37.3 kealimol

Alcoholysis of Amides by CeO, catalyst

2 o CeO, (80 mg) o .
I W SRR
fmmol  mmol 22h
o 0 o o o
L U,ﬁ)‘ojz J\Y\OEZ J\\ﬁ?jz J\j)\osz PR o
- 8%  FN 85% Ol 81% Moo 88% 91%
e
g Leaching-resistance and reusability
M 100,
!
anf CeO, is the most &

effective catalyst.

s

N
Vo (mmol g* h1)

2 3 4
Cycle number
Shimizu and co-workers, RSC Adv., 2014, 4, 35803.

Deprotonation reactions on the CeO, surface

Deprotonation of water

L s
o =g 2en by axo K,

PEER O R

0.0 kealimol 6.0 keal/mol 4.5 kealimol

Deprotonation of benzyl alcohol

R

" 1162 *
! %
g e | e R ]
0.0 kcal/mol 4.3 keal/mol 2.6 keal/mol

Deprotonation reactions are assisted by the Lewis base sites of CeO,.

Ester formation on the CeO, surface
» by iy
. 4 {

< "
F-_5 el el =

P,
= £=
0.0 keal/mol 11.2 keal/mol 8.7 keal/mol
4 e
o
oy e S e B
17.7 keal/mol 6.9 kcal/mol

Nucleophilic attack of lattice oxygen
on the MgO surface

Tup})(' o

Td Intermediate 19.9 kcal/mol

Initial state 0.0 kcal/mol

Theoretical Methods
Program: DMol3 in Material Studio

Functional:
« Perdew-Burke-Ernzerhof functional with the

generalized gradient approximation (GGA-PBE)

Basis set:
* DND double numerical basis set plus a

for geometry optimization
« DNP double numerical basis set plus a

and p-function on all hydrogen atoms for single-
point energy calculations

Oxygen atoms in the
bottom layers are fixed.

Transition state search:
* The linear and quadratic synchronous transit

Ce0,(111) surface slab with
(LST/QST) complete search

9 atomic layers
p(3x3) surface unit cell
20 A vacuum height

Nucleophilic attack of lattice oxygen
on the CeO, surface

Nucleophilic attack of lattice oxygen

£
L‘-Ix-q L
™ e
% »
e ¥ 2516 e T

o
e
0.0 keal/mol 16.4 kcal/mol

Nucleophilic attack of -OH

y‘[’t” .'Iz”‘ ‘ ‘r’:m

6.8 keal/mol

i et 22 W ey
5% -y o £l | i, et A0
L e Al =T L
i — ] e,

0.0 kcal/mol 18.9 keal/mol 18.8 keal/mol

Lattice oxygen acts as a strong nucleophile on the CeO, surface and readily
activate the stable amide bond.

Correlation between O, binding energies

and reaction rates
10

Ceils

S

L
53 e

i, Hndng Ewergy J oy

Catalytic Interplay between Lewis Acid
and Base sites of metal oxides
* Reaction rate: Ce0, >>TiO, > MgO
* Basicity of metal oxides (Mulliken charge on lattice oxygen):
MgO (~0.45) > CeO, (~0.35) > TiO, (~0.29)
Stronger base (better) <-----> Weaker base
* Lewis acidity of metal oxides (Mulliken charge on carbonyl
carbon and C=0 distance of acetamide:
MgO (0.17) < CeO, (0.18) < TiO, (0.19)
MgO (1.247) < CeO, (1.253) < TiO, (1.261)
Weaker Lewis acid <-----> Stronger Lewis base (better)

The balanced Lewis acid and base strength of CeO, is essential to
activate the strong amide bond.

polarization d-function on all non-hydrogen atoms

polarization d-function on all non-hydrogen atoms

r‘?f#r,gg Pl
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1. Introduction

|
CHy
o@—é@—oomwcm
(‘2H3 O n

Epoxy resin Metal aluminum

Epoxy resin The origin of adhesion

interaction is
Chemical bond
Intermolecular force

Mechanisms of adhesion

- w

® ® O

Aluminum metal

Mechanical Coupling  Electrostatic Force  Molecular Diffusion Purpose of This Research

g . To investigate the role of water molecular
o 1s e layerin adhesion by quantum chemical
Chemical Bond Intermolecular force - ’ approaoh
2. Calculation Method 2. 2. Methods
2 1. Models Program DFTB+ (Materials Studio 6.1)
Adhesive molecule: epoxy resin Slater-Koster library matsci
Adherend surface: hydroxylated alumina surface k-point set 1x1x1
with or without adsorbed water Chgrge L 0
Spin Multiplicity 1

Atoms: 1566, 1776, 1986 /unit cell
Parameter: a=279 A, b=252 A

2. 3. Adhesive force calculation

1. The adhesive molecules were displaced perpendicular w
to the surface and the energies were plotted. &
The energy-displacement (E-Ar) plots were
approximated to potential curves.

E = De(1 —e™)?

Fao [

2. Potential curves were differentiated to obtain

dE/MdAr

<
o
o
E
E
B
§
o
S

el T e force-displacement (F-Ar) curves. Fmaxis defined
se st B ks
Water molecular - fayer R ---'f-rb"‘ﬁ as the maximum value of F.
1 R - - -alr(1_a-a
690 A 1 m :*&2&! ‘ F = dEMAr = 2Deae™ Y (1-¢9%) T e
Slab Model 3. Adhesion stress was obtained by F/A.
Hydroxylated y-al (00 1) surf
yarorylated yalumina ) surface (A: cross-sectional area of calculation model)
3. Results B ";FJL
Optimized structures it *,.-.?%
. )| B
. e ‘mjgzl :‘"I"ﬁ'..'"‘*‘ 7 "; i
. % S AT AT ) B
F R T, f.,‘ & e -.—.-—-:'P—HT-F r'-'—-_r'_-'_-_—_-': Hom i o Lo o s e
F-—-'{Jr e | % e el t:"* e ook 7 B M
| Ar=10 A Ar=34 A Ar=50
Model 3 A

1400

Model 1 Model 2 Model 3 Model 4
(thickness: 0 A)  (thickness: 3 A)  (thickness: 6 A)  (thickness: 9 A)

1200 |

1000 |-

X
\\\
N

Binding energy wol| /7
1. Resin/Metal (No water)

2. Resin/Water + Metal Table. Binding Energy (kcal/moal)

3. Resin + Water/Metal ',

Adhesion Stress (MPa)
8 g

Model| Egn | Eopy | B
1 319.8 - -

g

,_{*t-*»'

,_..J- o S 2 - 2886|3553 K S R S R o s E
it S 3 | - 25753471 v . vh
e EroTo i Total Energy — displacement Adhesive Stress - displacement
ﬁ,_t;f 4 - 255.4 | 349.7
plots curve

4. Conclusions
1. Hydrogen bonds play an important role for the adhesion between aluminum oxide surface and epoxy resin.
2. The interaction energy between epoxy resin and water is smaller than that between epoxy resin and aluminum oxide surface.
3. Water molecules have an important influence on the adhesion between aluminum oxide surface and epoxy resin.
4. The adhesion stress of the interface between epoxy resin and alumina surface decrease as the thickness of water molecular
layer increases.
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Anisotropic Change in the Magnetic Susceptibility of a Dynamic Single Crystal of a
Cobalt (1) Complex

Zi-Shuo Yao, Osamu Sato®
Institute for Matenals Chemistry and Engineering, Kyushu University
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Nucleophilic Substitution of Chiral Carbon
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Study on Stereochemical Course of Nucleophilic Substitution Reaction
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X-ray analysis
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Nucleophilic Substitution of Chiral Silicon
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Discussion
DFT Calculation
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