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Non-resonant two-photon absorption spectra of thioguanosine derivatives
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[ Abstract]

Thioguanosine derivatives are potential sensitizers for photodynamic therapy (PDT)
because of their high affinity for body and efficient singlet oxygen generation. However,
thioguanosine derivatives absorb a photon of UVA light, which is unable to penetrate into
deep biological tissues. Two-photon absorption of visible or near-infrared light should enable
treatments of cancers in deep region. In this study, we investigated the two-photon absorption
properties of tri-acetyl-protected thioguanosine and dithioguanosine (Fig. 1), such as the
excitation spectrum and cross-section by optical-probing photoacoustic spectroscopy (OPPAS)
and quantum chemical calculation. Simulated two-photon absorption spectra show that
taDTGuo has the most red-shifted and strongest two-photon absorption peak among them.
Two-photon absorption peak of taDTGuo was observed at 556 nm, which is in visible region
and two-photon absorption cross-section is determined to be 26 GM. Our results reveal
thioguanosine derivatives are potential photosensitizers for two-photon excited PDT.
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Fig. 3 One-photon absorption (black, Fig. 4 Simulated two-photon absorption
bottom and left axes) and two-photon spectrum of taDTGuo. A Lorentzian
absorption (red, top and right axes) function with a relaxation constant of 0.25
spectra of taDTGuo. eV was used as a line shape function.
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Ex vivo multimodal non-linear optical imaging of living tissue

with back-scattering configuration
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[Abstract] Spectroscopic imaging using nonlinear Raman scattering processes such as
coherent anti-Stokes Raman scattering (CARS) and stimulated Raman scattering (SRS) is a
powerful method of performing label-free microscopic molecular imaging. In particular,
multiplex CARS is capable of providing ultrabroadband spectral coverage of approximately
3000 cm !, which spans the entire region of the fundamental vibrational modes. Using this
technique, a new type of pathological diagnosis can be explored. In the present study, we
developed ultrabroadband CARS microspectroscopic system using a new supercontinuum light
source with sub 1 MHz repetition rate, and applied it to living tissue imaging with back-
scattering configuration.
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Fig.2 Label-free Ex-vivo nonlinear optical imaging of mouse
adipose tissue with back-scattering configuration.
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Orientation-sensitive IR imaging of feather p-keratins by an IR
super-resolution micro-spectroscopy based on non-linear optical process

Hirona Takahashi, Masanobu Miyoshi, Takeshi Fujimoto, oMakoto Sakai
Faculty of Science, Okayama University of Science

[ Abstract] Vibrational sum-frequency generation (VSFG) detected IR super-resolution
microscopy has the ability to measure the orientation-sensitive molecular image with
sub-micrometer scale spatial resolution. In this study, we applied VSFG-detected IR
super-resolution microscopy to feather B-keratins. Feather is generally known to consist of
rachis, barb and barbule regions from the root to the tip, and it has been reported that main
components of feather are B-keratins with B-sheet structures. On the other hand, the spatial
inhomogeneity of B-keratins could not be disclosed because of a lack of the spatial resolution
of previous analytical methods. Then, we aim to elucidate the spatial distribution and
orientation of P-keratins at each region of feather in the amide | band and verify those
differences at each region
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Relaxation Processes of Excited States and Photoreaction of Non-Steroidal
Anti-Inflammatory Drug Naproxen

oAya Suzuki, Tadashi Suzuki
Department of Chemistry and Biological Science, Aoyama Gakuin University, Japan
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[Abstract] Naproxen (NP, Fig. 1) is known as a non-steroidal HO

anti-inflammatory drug, but photosensitization on human skin was

reported as its side effect. To clarify its photoreaction mechanism,  Fig. 1 structure of naproxen.
we studied the reaction dynamics of NP with triethylamine (TEA)

both in the ground and the excited states by using laser flash photolysis. The acid-base
equilibrium state between NP and TEA was observed in the absorption spectra. Based on the
acid-base equilibrium, we successfully elucidated the relaxation and the reaction process in
the excited state both of NP carboxylic acid and its carboxylate ion. In addition, the formation
of NP radical was found in the basic condition, suggesting that the radical should be produced
from the carboxylate ion through decarboxylation. Besides, we also studied photoreaction of
NP and amino acids. These results will be great help with exploring photoreaction of NP,
causing photosensitization.

[F] 77 e%&> (NP, Figl) IZIEAT oA RAPIRIEREEO—FTHY ., &<
RAAACERIE L L THEH I T2, BIFEA & U CIAMEYERIBEUE S S S
THY . NP Ot OVEREFEIZ DWW THFZER D BTV 5 U HEIZ NP D
WEPEWLUN AT R )BT 440nm I B — 7 & H OWRIE N S v, — EIER SR A
FROFIN & 72D NP Ot —EIURIETH D LIRE S iz, L L., SHFIE=E Tl
WX AR SIVHIEEZ T -T2 8 2 A, Z OWIENZIL NP Ot = EIFREDMIZ
5 —ORIDBEFEIC LD NEENTWDLZERHLMNE o T, T Z TARIIET
IZ NP & TEA OFERMIETAr 2 v, ZORMOBERIZ OV THRFNZITo7-, £
NP &7 XV BEONSIENEIZ DN T H i, HEHEBUE O MIHLEFR I S\ CTigam -
L7,

[328%]

NP & TEA D A X ) — WIRIEDOWIL AT kL LEPEWIL AT SV ORIE, KON
—BHIAMEFE ORISR EZIT o T2, WPEWRIN AT FVHIE CIIEIEYEIZ XeCl
L—H— (308 nm) . MHEIZ Xe T > 72 Uiz, AR EHIE TR SEIR &
L T XeCl L —+#— (308 nm) % VT 1270 nm |Z351F B — EIARE SR O IT IR 2 1
LT, ZNHOMRIETITREZ 70 —SERRNLEREITH 2 & THEBMOEE S
BUY RN,

NP LTIV (EATFV Fryy, MV RNT7 7)) OV CEEEERK (PBS)
DEFRGFEERTIIKER Xe 7 7 Z PR E LTHW, KHIREFTHZOWRILA T K
NWEALZFIRT=, NP & & 2AF T (His) DBIEWIL AT FVHIE - TITo 72,
EERITT R T=HEIRTITo 7=,



[#ER - BE]

B 72 TEATRFEIZEBIT D NP D A X ) — VIEIRD 325 nm DWW % Fig. 2 12779,
WG I TEA BREER BN B2 o T L, TEAEBEN 10 M 2B 25 & —EH
Elpolz, ZO TEAREIZRT 2WNEZELE NP & TEA O R T 2 E LT
R (1) &N L=,

OD(R) = &5p[NP]od

([NP]o—[TEA]o)K—\/([NP]o—[TEA]q) “K* +4K[NP]o[TEA] 1)
2(K-1)

2T KT ES, e TR AT, MR RN ERER L L~ L
ZEMB, NP & TEAIZA X ) — VTR L o TWnWB EEZ NS, £T-
ST ER A 16 £3 Lk,

'EAffTTNP@ﬁE&WX~7%w%ﬂwbtk A, TEA BENHEINT 512
S, NP Ot =E\EIEIREEO Y — 2712440 mm 2H Ly R 7 M L72, ZHUELNP &
TEA ORIV TR 3 5 NP Dbt — B IR T%ék%@bto Z DWW &
S BICFENCHET L= 2 A, NP Dbt = %@h Wz, & 9 — 2RO EREI
KD H D Z LR oTlzy ZORMODIEIIE, NP D PBS AR D WL UL A~
7 FLVTHERIESHTEY, L—Y —FRERIFEEN S — %%ﬁ&féﬁﬁé Ebhy
ﬁ%ﬁmNPﬂtWW%u%F%ﬁm%i T2 L WIS ZORMOMTIEINP T

IINTHDHEEZT, FWEICB T 2RHEEE 5. NP T ¥ /L O EW UL A~
7 MVED TEBRIZHEE LT, — TR T NP 7V BV ERT 52 ik NP
DEWSEEZ RIB L TR | _minﬁiﬂitﬁLwr%a%t FIRIA &
EZHN5D, NP & TEA DA X ) — )VIRIRIZE T 5 —HIAER T OITIRIME N RE 217
S22 ZA, TEATFE T T Os DEN/NEL Ipolz, T —EHERE AR EFICER
DJRINTH D NP Dbl ZEIEREZ 1T TR NP IV A B THELH7-20TH
HEEZHND,

NP &7 2 /Fed PBS IRURIZE & 2 FRGT L. BRESRIZ OWIL AR Y R L& RIE L
72 NP & His O YRR RTZ QWL A2 MV DFEART kL% Fig. 312777, 200 ~ 400
nm TWEEE RN HENN L7228, His T74E F TIEWSEEZEN /NS L 7o -, AHIE 21T
ST “FEOT I i (Fuvr, NI T R770) IO THREBEOEENES
iz, F7= His Z 51 PBS A NP OiEEWIN A2 K LT, His F7E F T NP
FIOHNDBENEL 7polzy TNHDOZ EMMET I JERN NP T 2 VE IR
IR ZIE T 5 Z & T NP BURD RSB Z 52 TNWDH Z ERBH b E R

> 7,

+(55\.1rp‘ - Ei.qrp)d X

2.0
0.57 — = Q © Differential Spectra 0, 10, 60 min
— NP

0.54 — F 154 — NP + His
3
= 0.51 H 8
8 2 1.0
S 0.48 — <
-2 O NP Absorbance <

0.45 — — Acid-Base equilibrium Fitting function 05+

0.42 |

P —
T T T T 0.0 == T T T T
0 5 10 15 -3 200 250 300 350 400 450 500
20x10 Wavelenght /nm
[TEA] /M

Fig. 2. The plots of absorbance at 335 nm of NP in Fig. 3. Differential spectra of NP absorption

methanol against the concentration of TEA added. spectra before and after the irradiation with and
without His.
[5353CHER]

[1] F. Bosca et al., J. Photochem. Photobiol., 2001, 74, 637-655.



1P0O85

TS5 AXATRIZEFZH9—OUEREBEOFTA TSIV RIZET S
SFEHEHE

L, UKBHRRET
Ot RTkIA

Molecular dynamics calculations for the formation of Coulomb crystals in
plasmas

oKenji Furuya'?
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[Abstract] Classical molecular dynamics calculations were carried out to investigate the
formation dynamics of Coulomb crystals experimentally observed in the DC plasma equipment
originally developed in our laboratory. The one-component plasma model which takes only
highly charged pum-size particles interacting with each other under the Yukawa potential was
adopted. The results gave the bcc structure, but many defects appeared in comparison of the
observed one.
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Interaction between drug and shikohin Il : Analysis of interaction
between aripiprazole for treatment of schizophrenia and green tea

oHirohito Ikeda!, Tomonori Ohata®, Miho Yukawa®, Masao Fujisawa?, Hatsumi Aki*
! Faculty of Pharmaceutical Sciences, Fukuoka University, Japan
2 Faculty of Biology-oriented Science and Technology, Kindai University, Japan

[ Abstract] Green tea has long been popular as shikohin for Japanese people. As a
physiologically active substance contained in green tea, green tea polyphenol (GTP) attracts
attention. However, GTP may interact with drugs taken at the same time. Mixing aripiprazole
(ARIP) oral solution with green tea reduces the amount of dissolved ARIP in the mixed
solution. The formation of an insoluble complex between ARIP and GTP is thought to be a
factor that lowers the water solubility of ARIP. But, the mechanism of this interaction is not
clear. In order to estimate the formation mechanism and the physical properties of the
insoluble complexes, investigations were made using the density functional theory method
and the COSMO-RS method. As a result, it was found that ARIP forms the energetically
stable and hardly water-soluble complex with (-)-epigallocatechin gallate which is the most
abundant in green tea at a molar ratio of 1:1 and 2:1 (ARIP : EGCg).

[FF] BN E LT, SRIEES 0B LENTW D, FkOAEEIEEY S
ELT, FERARY 7=/ —v (GTP) IZHEENREFE > TWDHN, [FIEFCIRA L7723y
EMEERZSI R T AREERSH D, 7Y BT TV —L (ARIP; Fig.l) WK %k
RCHNT 2 &, IREWHET D ARIP ODEERENE T T 5, b2, 7y ML
7o FEBRIZB W T U RRIC L o T ARIP OTELEIEZHEMENME T35 2 EBARm Eig,
ZOJRKE LT, ARIP & GTP & ORNEMEEARTER N E 2 HALDH D, £ OFEILH]
TRV, GTP & L THRATIZHR S £ < & £ 5 (-)-epigallocatechin gallate

(EGCg ; Fig.1) 22\ T, KIEEHFIZEIT S ARIP L OEASIROI ki X OVAME
JEEHEET D720, BEEEER XU COSMO-RS EIZ L o #at 217> 7=,

OH
Q OH
HO o .
y — ' HN o oH
\_/ "-’/O
¢ d OH o OH
ARIP 0
EGC o
g OH

Fig. 1. Chemical Structure of ARIP and EGCg.



[ 5] BCEEMEMT « 4 C ORCEEAENTIZ CONFLEX Z i U7, BRIEMEHT OFE S L 0 |
FNENTZ RV =W EEDEEN D +12 kI/mol 72T E VW= VX —%FT 5
Bl AR U 7=, WSSl - PCM B Va2 L, BB X » Thitl & n -
BECJE DK TR RE L (B3LYP/6-31G(d) LX/L) % Gaussian09 T/T1-7-, &
(RO HIREEVER : COSMO-RS i% (#1174 : COSMOtherm) 12Xk » T, &K%
W 280 TOREEME S &I LTCESIEROYIIIEG 2 Fk LT, KICKHT 28
RS DHER : COSMO-RS {EZER L. AKIZxE 9 DI 2 HER L7z,

1. ARIP 3 X ' EGCq D ZZ EME I DOYIE : Chem3D 12 X - T ARIP 3 L OV EGCg
DOYHIREE 2 ER U, BLEEFENT 72 & ONCHEE il b 21TV, AKHIZEB W TR b L E R
ARIP 33 X OV EGCg DA 27 L 7=, 2. ARIP & EGCq IZ X DB A KD 2 EREIE D
PE : ARIP B8 L TNEGCY D ZEME A L, A LI EEKRB L OE VI 2:1
BEROYIIREE 2 ER LT, 1ERK L 7o RIS IZ DU\ T BLEEARNT 72 © DN i
BLZITV, BEAEOKPICEIT 2 L EMEZIE LT, 3. BEWERZET
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Fig. 2. The Most Stable Structure of AE in H2O.
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Electronic structure of DyClI studied by 4-component relativistic Cl

oShigeyoshi Yamamoto?!, Hiroshi Tatewaki?®
1School of International Liberal Studies, Chukyo University, Japan
2 Professor Emeritus, Nagoya-City University, Japan
3 Institute for Advanced Studies in Artificial Intelligence, Chukyo University, Japan

[Abstract] The ground and low-lying excited states of the DyCl molecule are investigated
by the four-component relativistic ClI methods. The X7.5 ground state is described as
Dy*[(4f)%(6s)?]CI-, but at large nuclear distance (R> 4.80 au), beyond the equilibrium nuclear
distance (4.724 au), the dominant configuration changes to Dy*[(4f)°(6s)!]CI~. Contrarily
the dominant configuration of Dy*[(4f)°(6s)?]F~ is retained in DyF beyond the equilibrium
nuclear distance (3.73 au). The Y[0.15]8.5, Z[0.85]7.5, and [0.97] states are found to have a
dominant configuration of [(4f)*°(6s)!], and the A[16.4]8.5 and B[15.4]Q states have
(41)0([6pw2,12])*.

[F] 7% 4 MMeaWix, @NEF254E U D8 ZRBREOEE N EE ST
W5, FIThH, B/ a bl AIIEARNR T V2 A FMeAEmE LTEETHS.
DyF 53 FIZ DWW T OMZERR[IEBEIZH R L TV, Al TIE DyCl o724 5 .
DyCl TIZBNL T CIm 28 F (2R THWTD, BEENEMEC D Z ENTFREEN
%. Kaledin 5[2]® LFT (Bl +5585) FHESC Linton 5 [3]1D L —H—43 D FEER N
WEINTWD., EEREEXA A FEE (Dy'ClH) TRINDH2, Dy #4500 ERE
S (40)%(6s)? TH DD, (4H06s) THILINKRIETH S, Fxld 4 loytaxtian Cl
AHEEZITY, TOBIEEEH LTS, £, Linton 52381 L7z Y[0.15]8.5,
Z[0.85]7.5, [0.97], B[15.4]Q2, A[16.4]8.5 “£DFIEIREEDRIE H1T 5. CRFEIMIN I k cm'?
HALO term energy, & DA IIAETIEOM. ) EEED (41)°(6s)2 TH 5 DYF & DFE
IZOWTHHLMNTT D, 7ok, AFIEO FEEIICE[4] TAEK L TV 5.

[3+E 51%] Dy 12i%, Dyall tz (30s 24p 16d 11f) (2 1d 29 Z 58 L 7= S ECR% 2 v
7=. Cl TiX KTM JLJE(16s 11p)iZ 1s1p 2d %Nz 7=. Dirac Hartree-Fock (DHF)&t%5i 35
J Y generalized active space configuration interaction (GASCI)# 513 DIRAC 7' 77 A
[5]T1T 5. DHF TiZ (4f)<‘:(63)0> 8 KPs (Kramers pairs)(Z average-of-configurations
(AOC) %34 5. = d 8KPs Ic 11 %% 5l L 7= CASCI % GASCI(8), = &12(6p)
%% 7= CASCI % GASCl(ll)&i‘%—aa“é GASCI(8)2e[l] 715, AE /LT FL¥—
20 au LL R 123 fEORAR KPs ~ 1+ 2 # 7-Jihikd ST GASCI(8|123) £ T %. 15 b7z
Cl #EhRI%L 2% L C f-shell Omega decomposition E[1]% 5@ L, £ D EFIREE
family (&7 j-multiplet D5y F~D 7+ o—) THETS.

[HR-EZ] §1 GASCI(11)
GASCI(1) 5, HEIRREEDQNER LRI U 7.5 TH D Z LR SLZ. 2 0fRkE



% X715 TEJ. X7.5 L OEB I AT— A2 b (TrM) @ J )V A3 KXV (0.8387 D)
WD =L F—2.44 eV OfEICA T SNz, Zd B[ISAIQRETHDH. £
DOEE (2.46eV) I TrM 23/ &0y (0.0872 D) IREENTELEL, TS A[16.4]8.5 HRAE
Thsd. MIKEE L b EREIT 4)0([6pr212])t THD2Y, Hed family IZET Z &2
o T

A[16.4]8.5 K HED T2, Q=85 DURAENN 1 S 1T H Y, 223 Y[0.15]8.5 K ETH 5.
Z[0.85]7.5 & [0.97]IR B, Y[0.15]8.5 (K #E & [F] U Family [ZJ&9°Q=7.5,6.5 DIRETH 5.
Y[0.15]8.5, Z[0.85]7.5, [0.97IKAED FACE 134T (41)°(6s)t TdH 5. A[16.4]8.5 IKAE &
X7.5, Y[0.15]8.5, Z[0.85]7.5 kA& & @ TrM fE (0.0509 D, 0.7623 D, 1.8760 D) 73 IEIZ /N
LTWAERBH SN A7 hL (Ref[3]D Fig. 1) L BSEALTWD.

§ 2. GASCI(8|123)
SHICEMRT RV —%215 572 GASCI(8]123)% 1T~ 7-. potential energy curves
(PECS)IZ -3 < HREIEMT DFE B4 Table 11252 % . FEECIREE X7.5 D Rl 4.724 au &
FHE S N7=. XTS5 ARFEIZE T 5 (40)°%(6s)? BLE D CI weight DA EHE 069 TH-7-. L
2L, R=4.95au TiE (4H)¥P(6s)'ALiE D Clweight DEFHE 077 TH Y, ReZHZ D &
TRECE DS (40%(6s)? 725 (41)106s)! (ZRUCE D Z LN gD . WREIREEIE (we) &L
T, FEBRE (233 cm?) ZIEFITHWVEREME (231 cm?) A bhis. 2o Z ki,
GASCI(8|123) D =B fE i A me L T\ 5.

Y[0.15]8.5, Z[0.85]7.5, [0.97]IRFED AL — % /L ¥ — (AE) DOFEHEEIZX, FEERD term
energy (Tv) 23TV (Tablel). ZiuH 3dREEIT= R LF—aIZiiEE L, FRESH ST
(4H)0(6s)! <, [ Family IZ@7. Z OfEFRIL GASCI(1) DGR LA L T 5.

[#38] GASCI(8]123) TlL(6p) N & RELE I & £ 72\ 7=, A[16.4]8.5, B[15.4]uIR
RBIX GASCI(11) & M\ Zifam L 7. Ffamax4 A, Wik Dy5s,5p & Cl3s,3p @ 8 KPs 726
D 1+ 2 FE A GASCI(8|123)ZE M2z 7= GASCI(8|8|123)F &R Iz >\ T & s
LHTETHD. 728, HEICIIFRRFIASAlOa B a—2ZFRH L.

Table 1. Vibrational analysis for the GASCI(8|123) wavefunctions.

Exptl. [3] Present computation
State  Char.® (Z(/b) o) Q N (:J) (AeE/; o) Rih% e
X7.5 0 233 7.5 1 4,724 0 231 f°s?
6.5 1 4857 0.032 158 f°s?
Y[0.15]8.5 f1% 0.019 291 8.5 1 4952 0.038 270 f1%
Z[0.85]7.5 f1% 0.106 284 7.5 2 4834 0.123 408 f1%
[0.97] f%  0.120 65 2 4808 0.151 427 1%

2 Character. ° Term energy. °© Sequential number in a given Q. ¢ Energy difference between the
v=0 state of each state and that of the X7.5 state. ° Character at R=4.72 au.

[53& 3CH#]
[1] S. Yamamoto and H. Tatewaki, J. Chem. Phys. 142, 094312 (2015).
[2] A. L. Kaledin et al., J. Mol. Spectrosc. 179, 310 (1996).
[3] C. Linton et al., J. Mol. Spectrosc. 232, 30 (2005).
[4] S. Yamamoto and H. Tatewaki, Theor. Chem. Acc. 137, 112 (2018).
[5] DIRAC, a relativistic ab initio electronic structure program, Release DIRAC16 (2016), written by H. J. Aa
Jensen et al.
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Theoretical study of photo-induced electrochromic reaction in
viologen-based polymer for designing optical switch

oKosuke Ishimoto, Yuuichi Orimoto, Yuriko Aoki
Interdisciplinary Graduate School of Engineering Sciences, Kyushu University, Japan

[ Abstract] Viologen(V)-based polymer was proposed as a candidate material for
telecommunication system. Laser induced quick and large absorption change of the polymer
was observed in near-infrared (NIR) region, and was considered to attribute to photo-induced
ion-pair charge transfer (IPCT)I. To clarify the mechanism, we theoretically examined
viologen derivatives and its salt with counter ions by time-dependent density functional
theory (TD-DFT) for calculating absorption spectrum. All the models with counter ions were
found to show NIR absorption coming from excitations from ions to molecule. The
importance of counter ions can be concluded from the fact that the NIR peak disappeared for
a system without ions. To simulate laser induced IPCT, geometry optimization was performed
to stabilize the excitation corresponding to laser wavelength. The structure of V was found to
change from twisted to planar form by the optimization. Simultaneously, the result showed
IPCT from ions to molecule and red-shift of NIR absorption probably due to twisted — planar
change. By comparing with biphenyl(BP) salt, it was found that VV and BP have different
properties regarding NIR peak position, transition components in excitation, and polarization
between ions and molecule.

[FF] iEdfbtbaoRsE s & HIGEE oM Rk (EEk, JREEk) HNaBes 7z
S>TWND, FRINEAAL v FHEE LT L —Y =0T LW ERIE(T + b= 7 arn
SAL)BARER B A v s & A R4y 1 Polymeric 2,7-bis(4-pyridiniumyl) fluorene(PFV)
(Fig. 1) B3 42E = LMl 7 & o 2 — o 2 (X) CH, CH.-

L D PRV (X)) D L —F =ik ic LV iEfE | \ ' =\
W b C b %3R4 0> 1400nm. 1800nm ke T O O LMy
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BT D T L IET DAL TN B, R Fig.1. Molecular structure of PFV?*
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[5¥E] o kit R(O)HF L~b, 9Ia
IV A7 s vix B3LYP ILEEE 2 v 7= /E/ (TPB(1) (a/ (TPE2)
TD-DFTIEIC K VIR U JEBECRIT (0 ) e 00
VR (O LanL2DZ ZEH L, fl @ Ha-chi—-:i*-. ala e*:-lrz_.N’;(rCHz)aof,CHg FVEX(TPB),
DEEIEFRIZIT 6-31G(d) & H V=, R

[%\:l!l:% * %%1 PFV @:E“;:‘/I/CE L/T 7/1/ (1) HsC._CHs )
Z]‘V:/(F)&I“—‘%/I/ﬁé(E)%/é\xU Vv %ﬁ% () e Néf‘:‘_'- — ::N‘—(CHZ),,O-I-:CHS FVEX(I),
R(FVE) & ERUCHER sh72T 77 = S
=)L AR Z > (TPB) ® i FVE*(TPB): (o Mot Neoh MVE(D),

(Fig.3@) = a7~ & Z A, TPB 25 FV & o, B

~ O EBAR A O RN IS @ne (o pupeeay, @ N pyridiniun
1547nmjlﬁ %ﬂ?’:(FIgA)O B 2 —A Fig.3. Model molecules for the calculations.

T OMREFRDI=D, T THE LD

FVEZ* (12 (Fig.3(0) b2 &, 1005 FV ~DiEB 27~ 1216nm OV 7 57
Bl(Fig.5), TPB |Ztt~2 LEREMNCY 7 F LTV 2 0B I DR & RIFE DT
RN &I C & 5, B X &2 & ERWE T VFHE D BT RIME ORI N TE LT 5
TEMDPoTEYD AT H—AF 2 XDITFRARINOFBIINETHDHEEZD
N5, KT NOERMOAMIL. FVEX(TPB), TIX[EH TPB(1):-0.64/TPB(2):-0.78,
FVE:+1.42]. FVE?(I) TIX[EfF 1(1):-0.82/1(2):-0.83, FVE:+1.65] & 720 | sy - ARIK L
X OB CRIBEOSWmA RT Z L b aholz, URBEEa X FE2MA 570 X =&
L CHENT 24T > 72, PFV OFEREZE TH 5 V OFFEIR 2 F L B4 1 7 2 (MV)(Fig.3(c)).
BOEHRLRBICEBEHRZ TV AFLE 7 = =/L(DMBP)(Fig.3(d)) Z <% & |
MV?2*(I")2 CiZ 1811nm (Fig.6). DMBP?*(I)2 TlZ 1212nm (2, X/ 5 MV/BP ~DER|C
KIS DRI S R ST, F72. L—F =400 nm)ZAE Y 4 2 bk D ER
FeA. MV (), TiZ LUMO, DMBP? (1), TiZ LUMO+1 L 8725 Z & S BIZEMY

i X MVZ()[ & 7 1:-0.82, MV:+1.64] . o | FVE*(TPB),
DMBP?(I)[ % 1 1:-0.28, MBP:+0.56] > & 5 1= 1 - )
DMBP D53y T-& X OpHER/hS Wz ez 0 e o
Y.BP & VIIRRDRMAROZ Lot B0 00 B
W, L= —FhE MRy A - WIS TPBoFV  |oof
ZDHEEE I 2 L— T 5D MVE(D) ISk 154/am o

L CEBRO L —F— 3 400nm)I 5 I E O T

- PSRN - . Excitation Energy (nm)
V(bag—bsu)(Fig.6) & 2 E AL S¥5 L5 TD-DFT T Fig.4. Absorption spectra of FVEZ(TPB")..
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Development of new Semi-Empirical Method
for Simulations of Active Oxygens and Antioxidants

oColin K. Kitakawa, Takashi Kawakami, Shusuke Yamanaka, Mitsutaka Okumura
Department of Chemistry, Osaka University, Japan

[Abstract] Because active oxygen and antioxidants are directly related to cancer, aging and
health, they have been studied in great depth for the past several decades. However, their effects
to our body and the reaction mechanisms are still largely unknown. This is because
determination of mechanism in vivo are faced with multiple difficulties. First, it is hard to
identify the molecules involved, because cell functions by interactions of many molecules.
Second, radicals are very hard to detect because they have a very short half-life (e.g. OH radical
has half-life in order of nanoseconds) much shorter than typical biological scale, which limits
effectiveness of biological procedures. One possible approach to this problem is molecular
simulation. Since both quantum effects and thermal fluctuations are necessary for discussion of
radicals in vivo, QM/MM multiscale MD must be utilized. The problem remains that 1 million
QM simulations are necessary for simulation of Ins. Since ab initio methods are too time-
consuming for this purpose, semi-empirical (SE) methods have attracted much attention [1].
However, existing SE methods are optimized for closed shell systems, and thus cannot simulate
radicals accurately. To overcome this problem, we have developed a new hybrid semi-empirical
method.

[F] {EHERECHIRIEE OB 5 EEN (in vivo) ORISITESEL, £ OMMoD
PR E OB THB S, MHELIFIE SN TE D, T OMKSHEEITZE < BRTZI
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B RDHEI Y 28T A —F T &2 72 R TESE) A E H STV 5[1],
Lo, BEfFED SE B2 Z R E L TWTT I hiEhz v, 2ok 5 7RPH
Mo, TYHNGFOHBET RN —IZESBITIEREECH Y | EERNT U5y
FORBEINIZNETITE A EMEES N TV, ZOMEERIT 570, Fex it
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[FER - BR] BELZLET 5729, Fig.l 12 0y 7 P H VOB 2 T 2 DFIE &
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DHEIFFCEX %, Fig. 2.Cld—HIH - —HEX v v 72k, EEL ki L=, 256
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—a— PM6
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Fig. 1. Comparison of dissociation curve of O radical anion
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Fig. 2. Comparison of difference of singlet-triplet gap from experimental data
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Reaction analysis of titanium binding peptide and oxide surface
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[ Abstract] Aptamers are molecules which make bonds only with specific molecules
selectively. To become easy to measure the concentration of metals in the blood which cannot
be measured without a large equipment, research on aptamers has been actively conducted.
Currently, it is necessary enormous experiment to develop new aptamer. Therefore, it is
required to predict its structure by numerical calculation and suppress development cost. Thus
it 1s necessary to understand how peptide aptamers interact with inorganics and how their
interactions are specific. In this study, the reaction analysis of existing titanium-binding
aptamer and the metal particle are carried out using molecular dynamics simulation. As a
result of the simulation, it is suggested that minTBP-1 cannot combine hydrated oxide surface
and it was found that minTBP-1 recognized difference of the intermolecular force of the
oxide.
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ML, BRI ANEMZ D720, BFEORTF RT 74~ — EEERO 5y -3 Rk
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EERR I DG DENEZLE LT,
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Theoretical study on the stability of self-assembled water-soluble
gear-shaped amphiphile molecules caused by counter anions

oTakuya Koide', Takako Mashiko', Shuichi Hiraoka?, Umpei Nagashima®,
Masanori Tachikawa'*

! Graduate School of NanobioScience, Yokohama City University, Japan
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[ Abstract] Recently, Hiraoka ef al. found that a cube-shaped hexamer, i.e. nanocube 15>
shown in Fig. 1, is formed from water-soluble gear-shaped amphiphile (GSA) molecules (1*).
The nanocube 14" has high thermal stability and maintains a cubic structure in water[1]. The
iodide ion is arranged as counter anion, since molecule 1° has positive charge on
methyl-pyridinium rings in GSA. However, it is difficult to elucidate the role of the counter
anion for the stability of the nanocube by experiment. Furthermore, the encapsulation
dynamics of counter anion(s) in the nanocube 14'* has not been clarified too. In this study,
thus, we aimed to elucidate the process of encapsulation of counter anion in nanocube
15" with molecular dynamics (MD) simulation. We have found that the reason of stability
is the iodide ion encapsulation into the nanocube lgﬁ

(7] 5. SR D 1K ES M D i H#

RIS ) T 12 AR b %

UG L, WU d—T=4r" @
BESUIRE ARG/ % 2—T o
12T 5 2 & 2 ERcms :
L[l =T/ % = 7RG Ui Molecule 12* ? Counter anion
};*Fﬁ 12 ¢ %b \?‘Lﬂﬁ?l\i%%ﬁ‘ - Fig. 1 Chemical structure of water-soluble gear-shaped

EBHHAL TS 2], LU ZYNER amphiphile molecule 1>" and iodide ion. Six molecules
NI —=T =N F ) F2—7  1* inaqueous solvent self-assemble and form nanocube

W5z AR EER TS TR A 16"*" encapsulating an iodide ion. Nanocube 15'>" has an
DIIREETH S, F2 T, Fexlih axis of S symmetry, and three methyl groups are located

N O o i N both poles of Sg axis.
UL —T A VRS ) Fa—T i
b2 D& EVE OB A w5 2 L2 AN E L, HHIE, Ao Z
=T =F BT ) X a—TWXAEINDI AN =L L HFEEDOEIZONT
W 2,
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AMBER16[3]% FIVNTor 8 )7 (MD)aH A &4 F21T L 7o, WIHIREIEIZ I, X BRAS At
TR L OV THANMR[IIC K W iESh=T / F=2—72H, 7/ F2—7DORNMAIC

In water

Nanocube 142+
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MD FtH % 25 RZENEI 10 T/ BET LT,

[FER B8RRI T D2 ELL 2 BH T 5 7= 012 I ¢ & FIHIREZI (= 0.0
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square deviation: RMSD)# 3% L, Fig.2 (Z/RL7z, ZDZ Z7 75, RMSD fElT 1.62
nsec TIE2.0 ALLEE 720 7.20 nsec. LARECTlE, FIHMEIZT W —E DO FEIEIZIR L
TWDZ ERProlz, £, TXTOIN IV =7 FPUIZBWT, 7/ F=2—733
TAbA F o wiET A Z b oTe, EDD, T F 2 —T OEENRITIE, =
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R T =R ENTED,
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Se XIPREAD MR ZALE S D 3 DD A FILEEDORM] 30 |
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M2 T 5 B g <
2 20t
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VA, oAbinA A &TF ) F 2 —TNEIC ‘
T D B
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Fig.3 Overview of molecular variation for encapsulation of iodide ion into nanocube 15 .
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Molecular Dynamics Simulations of Amorphous Silica/\Water Interfaces
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[Abstract] Silica is a most common material and plays a key role not only in geology but
also is used in electronic devices etc. Despite immense research thus far, the molecular-level
understanding of the silica/water interfaces remains elusive because of the limited means to
directly measure such a buried interface. To unravel the chemistry of such an interface at a
molecular level, the sum frequency generation (SFG) spectroscopy is a quite powerful means.
In addition, molecular dynamics simulations can provide further molecular-level insight into
structure and dynamics at interfaces. On the computational side, however, a major challenge
is the creation of the amorphous silica surface. Accordingly, the purpose of this study is to
understand how to generate interfacial structures by simulation and the structure at the
amorphous silica/water interfaces. We especially discuss the relation between the interfacial
structures and SFG spectra.

[FF] T U BiEmsL RO TEERMEITHY, ~( 7 aF v T EOBETFT A
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5T, HFEIFE (MD) I a2l —3a i3, RAEICBITAEER IO 1 F
T RCET O F LNV ORBRERMT L ENTED, LLRNG, KR
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Lo TAEMRLEZE.SFG ALY LA HIMD V2 2 L—y 3 2 X W EHET 5, (Fig.
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Theoretical Study on Twisted Angle Dependence of Correlations between
Push-Pull-Biphenyl Derivatives in Open-shell Nature, Charge Transfer,
and Nonlinear Optical Properties
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[ Abstract]

Recently, we have theoretically predicted that asymmetric open-shell singlet systems have a
potential to exhibit significantly enhanced nonlinear optical (NLO) properties compared to their
symmetric and closed-shell counterparts. In this study, we focus on a push-pull-biphenyl
derivative as a candidate of asymmetric open-shell singlet systems with tunable open-shell and
asymmetric characters through the control of twisted angle 6 between the donor and acceptor
parts. We here investigate 6 dependence of open-shell character, asymmetry and third-order

NLO properties of this system by using several quantum chemical calculation methods.
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Theoretical Study on the Photodissociation Reaction of Methanol
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[Abstract] In interstellar clouds, UV photolysis is a major sources of radicals, which
generate complex organic molecules on icy grains. We analyzed the photodissociation
reaction of methanol in the gas phase using quantum chemistry calculations to reveal the
details of the mechanisms, especially focusing on the formation of CH3;0 and CH,OH radicals.
Surface hopping simulations on the electronic excited states were performed at TDDFT level
of theory. We also analyzed the potential energy curves of the low-lying excited states along
the O-H or C-H bond elongation using CASPT2 method. We revealed that the formation of
CH30O + H occurs more frequently than that of CH,OH + H on S; state. On the other hand, the
ratio of CH,OH + H will be higher than that of CH3O + H during the reaction on the ground
state. We also discuss why CH,OH formed more frequently than CH3O in solid state in
contrast to the reaction in the gas phase.

[F] 2EMZEMIcBNT, 2 E T150 L Loy @il s b, Zodicix
BT EENTND, ZHD ) LEMRAEKR Y 13, KIS TIERL,
A A RNKREDOT VNS K S TEKT D EEZLNTWD, 7V HVRD
EHEAL T RV — 3R, 2EFZEROKIEERSE (10 ~ 100 K) THLEZITEZ Y
51, EEZEMIZEBT D ERT U HIVAERBEREIL, SBIMRC X D HBESOETH D
EEZDBNTWDS, Tz, BEDTONLFERISOFEMZBRET 5 Z L3, 2M
WO EEZ D ETHEETHD, AX /) —/WE, BEDKOEER S O—DT
SO FHEHIEFICBWTEERAKR S T Th b, A X —/VOSLMRBERISIZEE LTI,
FATEBRIZEIC LY . KPP TILCHO + H DA CHOH + H L W %< AT 5
((CH20 + 2H): (CH30 + H):(CH,0OH + H) = 1:0.25:0.15) —J5. K*H TIX CH,OH +H @
FFHRE L AT 5 ((CHz0+H):(CH,OH+H) =~ 1:5) Z &EARENTWA[2], L, &
FAH & AR ORI N B2 2B XA S STV ARy, ABFZETIE, &
HIZEIT 5 A% 7 — VOIERBERO)G D2, BT bFiHEEZH W THLNICT S 2
EEAMET D, 6, KEEOHR T, EHEF CORSIZEBWTEREL 5 X 55
KZ2EERS 252 LT, ZMT & EFTICBW TSI N R 2 2 BRI > T H
5T 5,

[5E: ] 37, Pk 2k ikiE %2 TDDFT/CAM-B3LYP/aug-cc-pVTZ & O
EOM-CCSD/aug-cc-pVTZ L~V CfEdT L7z, %l T, surface hopping simulation %
TDDFT L~UL T, NEWTON-X 7’1t 7 Z A[3] & VTIT - 7=, 100 FE D FIHIRRE 2 1
WT, S REEMLNB XA T I 7 AL I 2L —a U EBIBLT, SIREBICEDETO
BOGDFAZ T LTz, F72. O-H, C-H, KT C=0 #EaMBEICTE: D So ~ S IREED
T vy =& CASPT2 % VTR LTz,
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TR F— %L/J\pﬂﬂﬁfzﬂtﬁmb%é (SyofRTE :,t TDDFT“C 9.67 eV. EOM-CCSD
T10.38eV) 25, EMEMIZIFRISL TS Z & %‘rﬁﬁ?& Lice AT IT AT I 2 b —
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Theoretical study of dechlorination radical reactions of benzotrichloride by
B;-TiO,

oKenji Imamura', Yoshihito Shiota', Hisashi Shimakoshi?, Yoshio Hisaeda®, Kazunari
Yoshizawa'
"IMCE, Kyushu University, Japan
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[Abstract]

The cobalamin derivative (B;,)-TiO; hybrid catalyst for the dechlorination of trichlorinated
organic compounds has been developed. The covalently bound B, on the TiO, surface
transforms trichlorinated organic compounds into ester and amide under mild conditions. For
example, ester and amide are formed from benzotrichloride in air or nitrogen. Benzoyl
chloride, which is formed as one of intermediates, is detected by GC—MS. The dechlorination
radical reaction from benzotrichloride to benzoyl chloride is not understood. To determine the
dechlorination mechanism DFT calculations were performed.

Geometry optimizations were performed using the B3LYP functional combined with the
6-31G* basis set. Solvent effects are estimated for methanol by using the PCM method. The
Gaussian 09 program was used for all calculations.

According to our theoretical analysis, the dechlorination of benzotrichloride has two reaction
pathways.

[F]

AT I UFHEK Bp) LT HF AL DEEMBNE. N 7 oo FE A O
PHEEAIC 3T A BREEFIAAE A ML L THER Sh T, W — o &ttt
PENe D RINBESR 2 v BT D EREERAAUAE DB O - DI BB O I X > TR S
72, PUEbF % v OFMEIZH D B OIAFESIL MY 7 v a GHILA Y 2 B2k
TCOREFRESEL 2 ECTBEMDE D WL G L T AT AT I NI H#H
T&5, SENE NV 7 aufGEEEMD S by Y 7 a ) ROBMEECKSICE
HL7. T TCICINTHBETHLER A AN ELNEZ E1EGC-MS ITE» T
MBS TR R Ny v 7 m U RSN A IVICE D £ TORIGREE
IIREMH I TV e, Z2Z2CTHENL, XY M) 7 ul) ROBERIZBITL T
T VIS DR 2 FLER AR E LTz,
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Fig. 1. Reaction pathways for dechlorination
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Excited states of a free hgxcH molecule that shows Excited State
Intramolecular Proton Transfer (ESIPT) emission via coordination
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[ Abstract] Photoluminescence associated with an excited state intramolecular proton
transfer (ESIPT) has attracted many attentions due to its unique photophysical properties such
as dual emission that originate from an isomerization via ESIPT through intramolecular
hydrogen bonds. Many organic fluorescent molecules are known to show ESIPT emissions,
but only a few transition metal complexes have been known. In particular,
[Zn(hgxc)(DMSO)2]  (hgxc = 3-hydroxy-2-  qunoxalinecarboxylate, DMSO =
dimethylsulfoxide) shows an ESIPT emission in a solid state. In this study, we focus on i) the
structural change of the hgxcH ligand, ii) the emission mechanism of [Zn(hgxc)2(DMSO).]
and iii) the role of the zinc atom. Geometry optimizations are performed for excited states of
the hgxcH ligand and [Zn(hgxc)2(DMSO).] by using TDDFT calculations with Gaussian09
and Gaussian16 at the level of M06/cc-pVDZ. From the results, it is suggested that the zinc
atom prompts the structural change of the hgxcH ligand from the Lactam form to Enol form,
and both phosphorescence and fluorescence via ESIPT.

[FElbic ke~ = %8, (ESIPT; Excited State Intramolecular Proton Transfer)lZf¥ 5
BMEALSORIZ Ko T, B L LG RCROFEA BRI SN D Z L ARG STV 5D,
ZOBGUTENE T A I L Ao, B LRTE OREED D ORI D
B CThiuE, “ERNMIESWABLEAARTE L ZENmbLN TS 1],
7o BERREEZZT TR < WIHIREE T HRIERDOBIR AN R HAL 523, 0 pH SoHRfE
BIEA T ORI L > TERMERICHHIETRETH D Z L, A EL e E
VYR RS & AERVISHANEIRE STV D 2],

—J7C, ESIPT HEROILAZRTERGEMHIKL L OIS RN LT N TH D,
HFCH Zn?M 2k LT hgxe (3-hydroxy-2-qunoxalinecarboxylate) iz - 2 4y 7. DMSO
(dimethylsulfoxide) 7> ¥ 2 437 2SEIL L 72 7B\ A2 o> [Zn(hgxc)2(DMSO).] (Fig. 1)
T, BERREECTEIOLEZ R T Z &AM EINTND [3], D& DRI
X, 2 DOENL T Enol-Enol A7 5 5 D haxe BN 17215 23 441k L 7= Keto-Enol
RIZ72 D EHEE S CTE Y (Fig. 1), —FESEI1E Enol-Enol {& & Keto-Enol (2 L % H2
ThHHLEEZLNTWD, RN L1, hgxeH BUNLFHARTIE ESIPT Hisk
DOFRNEHBLIA ST, [Zn(hgxc)2(DMSO)JIZF 5 Z & TESIPT HKRDOFEN A 55
ZEBHEINT WD, hgxeH B 11X, HAKTIX Lactam KA THDH—F T
[Zn(hgxc)2(DMSO)2] Tl Enol fR~ EAEENR (L L TRV . Z O#EEZLA ESIPT H kK



DREHICEETHDH ERBINTWS (Fig. 2), LaL. (1) hgxcH BIAZ+-2Y Lactam
PRI ESIPT BRI S 720 2 L | (2) [Zn(hgxe)2(DMSO)s] 0 % e kikE . 35 L Ot
(3) Zn L DEENZSOWTFEL <II 0o TV, & 2 TAMFZE TR, BEiaatFEIC
& o T hgxcH BEAZF<° Zn(INEER DM EIR BRI LT~ 5 Z & T, ko 3o
DRI L TELET D, AWFZEIC L - T ESIPT HED I 2~ TR ER & B A D
BAFICEDN DA B 2 L 2 L 35,

Enol Hey, Keto _Ho H
o7 |
DMSO N O.. N o,
ESIPT / @[ ~ T s @: = H
= o] 20
@“/ s / s . y
DMSO o} OH
“ Enol H/ Enol Lactam Enol
Fig. 1 Eno-Keto isomerization via ESIPT. Fig. 2 Tautomerization in hgxcH.

[BFEFE] Biim X MEEMIraERES Mo T b hgxeH Bl 1 &
[Zn(hgxc)2(DMSO)2] (2% L. MO6/cc-pVDZ D 75 L ~L ¢ I & 77 %5 B 1L B ik
(TD-DFT)IZ & v hiE R BB IZ I 1T DG (b 21T > 7o, T REEOMH & Kk TIEIE
HilFRYE DFT #HHE 21T - 70, HERZXI%IZ, Gaussian 09 # HWCHEAZIT>7-, i
FRBEIC B 1T D EB IR OIS R L., IRC 35122V TiX Gaussian 16 & AV 7=,

[FE 5 - Z22] hoxcH BUN7 T~ B TlE ESIPT HSRDOIENE = & 2 WK 2 B & /2
T 572012, Lactam {K & Enol KD FhdIREEIZ >V T L 515 217 > 7=, Enol
K& el LT Lactam RO EMALBZBIZI I LR T L— MR L AREE/ICE D, &
PEURDY Sy fRAE & FLEIRIEDITVWN & Z A TR B, BN 2NN E 5 2 &)
5 ESIPT HED RN EZ R I RN ENRNgnote, ZORMKRORLEEIRIT S IRRETS
T, TOREETHIEBRICH Bz, £72. TIREETI Lactam (RO EREE 315
DAL, BT R X —3 195 eV L7220 EBRE 2.34 eV W2 &b, U GH
KOFENERLTNDZ ENEZ BT,

[Zn(hgxc)2(DMSO) ikt L CRIBRICEHR 24T - 72 & & A S1 iR HE Tl Keto-Enol & D
LBEMENG O, O L EORET= T —1L227 eV (f=0.0752) & 720 | FEEAE
235 eV LITVMENG BV, A FEUBONT G, FOLICEET 5 SkBBITEMAL

L 7= hgxc BCAZ 712 JATE L7 HOMO-LUMO . (nn*) D503 KE W BR300 o T2,
—7J7. T1iREETIZ Enol-Enol A3 L Y Keto-Keto ADZ2EREE NS B, = rL
X—ILZENE 2.99eV, 223eV L7200 | FEHRfE 258 ~2.92¢eV & 2.35eV & R —%
o LT, ZETEEMET &S TEGEMATS 2 DO hgxe AL FIZRTE LT
HOMO-LUMO #E# (an*)DEHENKE W LRy hotz, ZDOfE R 5 Enol-Enol &
B L ' Keto-Keto AH Sk D UV >t & Keto-Enol AHI SR Dz e AL & TN D 2 & AR X
Nl TAUTEBRCEL L HEIN T L 13805 2 k D, BEREHRIC L o
TR R T D 2 LITE LTe, £72. Zn i D& ENL, hgxeH BAiL 1 DO
EEEMSE, S UVEERTIETHDLZ L LER %*%7% RSN,
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Abstract

In this study, we investigated the reaction mechanism of asymmetric dehydrative
cyclization of w-hydroxy allyl alcohol and elucidated the origin of the high enantioselectivity
using DFT (wB97XD/SDD-6-31G(d,p)-PCM(DMA solvent) calculations. The CpRu(ll)
catalyst models using (R)-Cl-Napthalene-PyridineCOOH ligand were studied. We have
defined Rur and Rus diastereomers. The results indicated that the RDS step is the first step
(Oxidative addition or Dehydration step) with the intrinsic activation energy, 20.6 and 20.8
kcal/mol for Rur and Rus, respectively. However, the intrinsic activation energy of
both diastereomers gave similar values. Hence, we have calculated the apparent activation
energy(oE) and the turnover frequency(TOF) using the energetic span model. Finally, our
calculations results were consistent with the experimental data which revealed that this ligand
gave an enantioenriched the S-product.

Introduction
Kitamura group have developed an axially chiral ligand (R)-Cl-naph-pyCOOH ligand

with a Trost-type CpRu complex which achieved dehydrative intramolecular cyclization
o-hydroxy allyl alcohol with an excellent reactivity and high enantioselectivity.[1]
In this work, we have investigated three possible reaction pathways (Rur/C(1)-n-c-m,
Rur/C(3)-n-o-n, Rus/C(1)-n-c-n routes) for this mechanism using the CpRu(ll) catalyst
models with (R)-Cl-naph-pyCOOH ligand of the diastereomers (Rur and Rus) as given in
Fig.1 by DFT calculations.

Fig. 1 The CpRu(Il) catalyst models using (R)-Cl-naph-pyCOOH ligand
Diastereomers Rur (left) and Rus (right) were defined.

Moreover, we attempt to shed some light on the unclear mechanism of the n-o-n
isomerization step of this reaction Furthermore, the origin of high enantioselectivity was
elucidated.



Computational Methods
Geometry optimizations and frequency calculations were performed with the

®B97XD/6-31G(d,p) and the Stuttgart-Dresden(SDD) basis set used for the Ru metal atom.
Solvation effect of N,N-Dimethylacetamide(DMA) was evaluated with PCM model. Free
energies are evaluated at 25°C according to the method of Whiteside. [2] All calculations were
carried out with Gaussian 09 (Rev. E.01) program.

Results and Discussion
The calculation results revealed that the RDS step is the first step (Oxidative addition or

Dehydration step) with the intrinsic activation energy (Ea"P°) 20.6 and 20.8 kcal/mol for Rur
and Rus, respectively. However, the E."°° of both diastereomers gave similar values. Hence,
we have calculated the apparent activation energy (6E) and the turnover frequency (TOF)
using the energetic span model [3]. The results indicated that the catalyst model of the
Rur/C(1)-n-o-m route is the most preferable pathway (see Fig. 2) provides an S-product with
8E=20.6 kcal/mol and TOF=18 h™. While the Rur/C(3)-n-c-n route is the second favored
pathway (8E=22.6 kcal/mol and TOF=0.58 h) provides an R-product. The Rus/C(1)-n-6-n
route is disfavored pathway provides an R-product with §E=23.6 kcal/mol and TOF=0.11 h.,
Therefore, the ratios of calculated reaction rates are 96.3(S):3.1(R):0.6(R) which are in good
agreement with the experimental data with an S/R enantiomeric ratio (e.r.) of 97:3 with
6-exo-trig selectivity. [4]

TDTS
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| P -
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Fig. 2. Free energy profile of the most favorable pathway for R-CI-Naph-PyCOOH-CpRu-catalyzed
intramolecular O-allylation via Rur/C(1)-n-c-x route using the energetic span model. [3]
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Molecular dynamics calculations of low-temperature protonated water
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[ Abstract] The path integral centroid and the classical molecular dynamics (MD)
simulations using the multistate empirical valence bond model were performed for protonated
water clusters at 10-300 K. The quantum power spectra obtained from the centroid velocity
autocorrelation function of the shared hydrogen atom in the dimer at 10 K exhibit a redshift
from the result at 300 K. This is attributed to the fact that the effective centroid potential
becomes softer owing to quantization. The quantum power spectra of the center of excess
charge at 300 K show the low-frequency modes below 500 cm™ and the high-frequency mode
at 3500 cm™ in addition to the modes observed for the shared hydrogen atom. However, the
3500 cm™ mode vanishes at 10 K in the quantum regime. This is because the hydrogen atoms
located at the edge of the cluster can extend their Feynman necklaces rather freely at such low
temperature.
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[ Abstract]

A half-sandwich iridium complex [(Ir'"™(n°-CsMes){bpy(COOH)-}(H.0)]**, where
bpy(COOH) is 2,2’-bipyridine-4,4’-dicarboxylic acid, has an ability to oxidize both H; and
H20 molecules. The detailed reaction mechanisms of the H.O oxidation are investigated using
density functional theory (DFT) calculation. Here, O—O bond formation is especially focused.
DFT calculation shows that an iridium oxo complex forms a hydrogen peroxide complex using
one or two H>O molecules. In the path using one H.O molecules, a hydrogen of the H>O is
abstracted by oxo ligand to form two radical species, which occurs radical-radical coupling to
lead to an O—O bond. On the other hand, two H20 molecules react with oxo ligand as a substrate
and a catalyst to form an O—O bond through the water nucleophilic attack (WNA) mechanisms.
Compared with both paths, the path using two H.O molecules is energetically favored so that
an O-0 bond formation proceeds as the WNA mechanisms.
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Fig. 1. A half-sandwich iridium oxo complex
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Fig. 3. Computed reaction diagrams for H,O oxidation by a half-sandwich iridium complex. Black, red, and
blue lines correspond to closed-shell singlet, open-shell singlet, and triplet states, respectively.
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[Abstract] Ni is mainly used in the methane steam reforming processes because of its high
reactivity and low cost. The C-H cleavage of methane on Ni(111) surface was investigated by
Blaylock et al. with DFT calculation. The strong C-H bond of methane is cleaved on the Ni
surface, and further cleavage of C-H bonds leads to energetically stable CH* with low barriers.
The CH* is converted into CO using H,O in the conventional process. If CH3* and CH,* lie in
energy below CH* on an alloy surface, the direct conversion of methane into methanol, ethylene,
etc. can be achieved because of the extended lifetime of the CH3* and CH,* intermediates.
Based on this idea, we screened various binary alloys with DFT computations. We have found
6 kinds of binary alloys on which CH3* and CH,* are stable more than CH* so far.
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