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[Abstract] For condensed systems, the incorporation of quantum chemical solvent effects
into molecular dynamics simulations has been a major concern. To this end, quantum
mechanical/molecular mechanical (QM/MM) techniques are popular and powerful options to
treat gigantic systems. However, they cannot be directly applied because of temporal and spatial
discontinuity problems. To overcome these problems, in a previous study, we proposed a
corrective QM/MM method, size-consistent multipartitioning (SCMP) QM/MM, and
successfully demonstrated that, using SCMP, it is possible to perform stable molecular
dynamics simulations by effectively taking into account solvent quantum chemical effects. The
SCMP method is characterized by two original features: size-consistency of a QM region
among all QM/MM partitioning and partitioning update. However, in our previous study, the
performance was not fully elicited compared to the theoretical upper bound, and the optimal
partitioning update protocol and parameters were not fully verified. To elicit the potential
performance, in the present study, we simplified the theoretical framework and modified the
partitioning protocol.
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[ Abstract]) It is a promising extension of the conventional QM/MM approach to
incorporate the solvent molecules surrounding a QM solute into the QM region. However, the
solvent molecules initially placed within the QM region inevitably diffuse into the MM bulk
during the QM/MM simulation due to the entropy effect. There have been a lot of
developments to solve this problem. In this work, we developed a simple and effective
method, referred to as BCC (boundary constraint with correction), to prevent the QM solvent
from diffusion by applying one-body constraint potential. The principle underlying our
development is that the effect of the constraint potential on statistical properties completely
vanishes when the force field of the QM solvent coincides with that of the MM solvent. The
BCC method was applied to binary solutions described fully by classical force field to assess
the reliability and robustness of the approach.

(i =1 QM/MM ¥ S 2l —3 a vIiZBWT, IWEDAR ST ZDIEED
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T MM D23V 7 A EHRELL T L £ 9 RTEDE ICMNBES 2, ZOREZERT 5
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[Abstract] We have implemented a hybrid QM/MM method into a molecular dynamics (MD)
program, GENESIS, by interfacing with external quantum chemistry programs (Gaussian and
Q-Chem). The method is combined with SINDO, which generates the anharmonic potential
energy surface (PES) and performs vibrational self-consistent field (VSCF) and post-VSCF
calculations. The performance of anharmonic vibrational calculations based on the QM/MM
potential is assessed through pilot applications to phosphate ions in solution and internal water
molecules in bacteriorhodopsin.

[F] IEE ik, KEEE RO TMAEERZSBICREAETH D, ZA
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WERRFEDR TN TV D, 65 T, HimitBIC L DIRE) AT Mo FHllL, A7
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AL ab initio MD THEHN D) BTV =7 b U —HEBMREEEEZ KD, 0
T— ) ZEHIZ LD AT M ERHET A HELLSHOLRTW AR, ZO%HA.
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[ Abstract] Oxidative coupling of methane (OCM), an important catalytic reaction in natural
gas utilization, has been studied by theoretical approach. The OCM using Li-doped magnesia
was examined here. The kinetic parameters such as activation energy or reaction energy was
calculated by first principle density functional theory, and these are used in the further
microkinetics and reactor simulations. We clarified that higher CH4 conversion can be achieved
with the help of the Li doping, since O atom next to Li is effective in abstracting H atom from
CHa. Also, the selectivity of C> compounds against the total combustion pathway (CO and CO»
formation) will be discussed.

[F] 2% OEBEGBRIIRRT AOFHICB W TCEELRFECTH DL, TDOHFTY
OCM Z. LN E W OFERT a—F D 12EEFE26NTW5S, L
L. OCM OKEE LTRERBILORENH Y, =X« 2 F L U728 LAY DiE
REBTIHETELUETLTLEY, 2D CAEEWHN D COx (x = 1, 2)~DZEHITZ
BDORICEEPEEINDIN, EOX I RN EE RS> TWVDENIRMEHTH D,
Z DX D72 OCM DI SHERE OfENT Tlx, Bt AN EE 2 ERE 525, L,
MEAFOH— RIS L DD L 1T A X V OIEHALICOAREE L TR Y, BIREK
DTRNITE > TWARU[1,2], £72. BIRAPIEISEEERRIC X D258 TR ORI %
ZET AT DOFIRBO RN ATRETS A, = OFIEITISHEEEE e & O FEBREN VB
& T2 B T2 DM B~ D IS A O 33 2 b Zp s EEL U,

Z 2T AT OSHERICEET 537 A —% — %5 —FHEFHENOHEH L,
QMRS EER E Kby I 2L —a V2 EITTH 2 L2k v LR oBEHRM
THEOREEE TR L, BV FEOGHE IR 2 EBRMEE V5 2 & 7e < IEME L
REETRIT 5 70O TR & 25845,

[5:] i Li 2 R—7 L7 MgO & L, OCM
2CH4 + 02 — C2H4 +2H20
EAERR T D EMGE LTER 26 LA LD 109 [ OSKARSG & 13 {8 O 3R ik K& %
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Fig. 1 Computational model
for Li-doped MgO

Ui - 28] RAlc, & FRma B ORI % T e
B 570 AE DFEBRE & AR % Flk - (Fig 40 N
2), FEBRM 5 O FHREX R T 0.3 eV (30 2.0 ”/

KI/moDFEE T, IED Y I 2 b—v g IR LT
+oREETH S, WIT, Kb#RY I ab—3 3
VK VEE SN CHa sk R L IRFEGLAE
B DEIE % Fig. 3 127, X 800-1500K &
27, K E, CHaBALRITEIRIZe D & e
50%FREE T EF3 22, @R TILCO & COo A 403%$@@&40
ERERM LR C AR ORINENME T2 P
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Fig.3 Composition of C-containing compounds and CH4, O> conversion of the OCM, and their
dependence on (left) temperature and (right) catalyst weight.

[2%3CHR]

[1]J. Sun, G. B. Marin et al., Catal. Today, 137, 90 (2008)
[2] H. Aljama, J. K. Nerskov, et al., J. Phys. Chem. C, 121, 16440 (2017)
[3] T. Ito, J. H. Lunsford et al., J. Am. Chem. Soc., 107, 5062 (1985)



3E15

1,2,3,4,5-RUAAILARXZIoaARADOTY (PCCP) I2&B
AFMannich =it D ERAIBATE
LKL, PTURSEET
Ovlhims!, 7Bfesl?, & —pk

Theoretical Study on Asymmetric Mannich Reaction by

1,2,3,4,5-Pentacarboxycyclopentadiene (PCCP)

oTakashi Kamachi!, Masashi Saito?, Kazunari Yoshizawa?
! Faculty of Engineering, Fukuoka Institute of Technology, Japan
2 Institute for Materials Chemistry and Engineering, Kyushu University, Japan

[Abstract] Chiral Bransted acid catalysts are useful for a wide variety of enantioselective
transformations. Among them, a chiral phosphoric acid (CPA) derived from binaphthol
(BINOL) is the most frequently used catalyst for a number of enantioselective reactions. The
major drawback of CPA is the lengthy, laborious, and expensive protocol required for its
synthesis. Recently, a fundamentally new strategy on the design of chiral Brgnsted acid
catalysts was reported by Lambert and co-workers. The new catalyst class is based on
1,2,3,4,5-pentacarboxycyclopentadiene 1 (PCCP), which is readily prepared in one step using
naturally occurring (-)-menthol as a chiral pool compound. PCCP catalyzes the addition of
silyl ketene acetal 4 to imine 3 in ethyl acetate at —78°C in 1 hour to give an optically active
product 5 in 97% vyield and 97% enantiomeric excess. In this study, we performed a
systematic conformational search of the stereo-controlling transition states for the reaction to
uncover the origin of the enantioselectivity.

[F]

12,345- X2 HNAKR¥ a2y 1 (Fig. 1, PCCP) 137 LU A7 v R
PRk Tt DO E > TH Y .PCCP 1 mol%DFRNMIZ L YD 97% ee DEWTF U F 4
BIRME T~ = v b OGS 29 20 AKRAFFETIX PCCP Z WA~ =v B
JSIZB T D@ T U FARRMEO IR Z B 5 T 5 72 OB R R 21T - 72,
PCCP XK E 123 T T D L. RGN 30T R TH D72 DICEZEDOBENE
2D, I T, RRIIIRECEEMENT 21T > T2 R ICERBIREERR 21T H> 2 LIT LD,
T F AR DR B D B e E IRBE S A T E LT,

[FHEFE]

Fox MBI L TCWARLEMENT Y 7 R =7 ConFinder@ % T 345,
B 2 5- 2 HECEE(LA T major, minor &3 %)%&2 F 4 9357, 6253 fE1S7-%.
FNHETIZOWT DFT IET—mEHE 1T > 72, Z @ ConFinder 7' 11 7' 7 A3 /AKFE G
ART 7 TN T — LA NEROVEIE 2 X N CTIFMIZEIR TX %5 PM6-DH+EIZ S
W2 BLEERRNT 21T 5 DT, ZHUHEWHHAERZ 5 LA Ao RIZHE L T\ 5,
FNENDLETR B0 BRI DWW T FE BNV T 2 IREBMEER A2 20 A CEELE -
T B97-D BT L VG mEL A T o7z, S BICEER 30 HTDDORJEIZ DOV T,
PBEh-3c VA2 & U [AER D ik TS REL 21T - 72, FEJERHICIE TZVP Z iz,
BRI TE 7 20 AT D DEEIZ OV CERBIRRBIR R 21T - 1=,



[FER - BE]

major & minor O 22 E 7R Bl O = R L X —72 3.79 keal/mol I2 X 0, m\w=F o F
FIRMEZ A TE S, ZOZRLX—EDFRNEHLNIT D720, KEEDE
BARBEBIZ DWW, il LOE O A AR EH L ZNEN— AR EZ1To 70, £
B L OF BAEH = R L X — OE A BLEE 1 %2 I LR L7z, BCEEDZZ BRI,
fildit, FEE RO S OF EAFHIC LV ESHIZEE > TWD (Table 1), FFIZfibiji
DT RN FXF—DEBENREERDO RN X —IZHE5THT LA L, ZORkR
MD, RERBBIREBIZBWTL, R L0 ZEREEEZA L TWDZ ERH LN
Lo,

Me Me
i-P
“Pr O iPr O
. {5 .
M M
PCCP 1 highly stablized anion 2

T

HO _ 0
:@ QSI(CHs)s 4 o1 PcCP
+ s HN
N />OCHs ErOAG -
PR H Ee P S

97% yield
3 4 5 97%ee

Fig. 1. Enantioselective Mukaiyama—Mannich Reaction Catalyzed by PCCP.

Table 1. Low energy conformations for enantioselective Mukaiyama—Mannich reaction catalyzed by PCCP

energy of catalyst energy of substrate interaction
Conf. major/minor total energy part part energy
1 major 0.00 0.00 0.00 0.00
2 major 1.61 -1.02 -0.53 3.16
3 major 1.85 -0.88 -0.73 3.45
4 major 2.43 2.69 -0.45 0.19
5 minor 3.79 3.71 -1.00 1.08
6 minor 3.86 1.73 -0.62 2.76
7 major 4.01 2.76 -0.66 1.91
8 minor 4.01 4.70 -0.31 -0.38
[2%& 3R]
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The Elucidation of Reaction Mechanism of Polyalcohol Dehydration
in High Temperature Water with Metadynamics Calculations

oChang Yong Lik', Takehiko Sasaki', Motoyuki Shiga®
! Graduate School of Frontier Sciences, The University of Tokyo, Japan
? Japan Atomic Energy Agency, Japan

[ Abstract] The reaction mechanism of the polyalcohol dehydration of 1,2,5-Pentanetriol
(PTO) in high-temperature water (HTW) to tetrahydrofurfuryl alcohol (THFA) or
3-Hydroxytetrahydropyran (3-HTHP) was studied extensively with metadynamics
calculations. Experimental data have been reported on the polyalcohol dehydration using hot
water and CO, without inorganic catalysts, achieving stereoselectivity of products due to the
proposed Sn2 reaction pathway. We found that proton plays an important role for the
polyalcohol dehydration to proceed through Sn2 reaction, and the production of THFA is

favored over 3-HTHP. These findings are consistent with the experiment results.

[FF] AWIETld. A X XA F 7 AFHFEICE Y HIEKTIZET 5 PTO Ot
JEA T = R N OE R %47 5 72(K 1),

W L_Z, Hoﬂ B J/\Oj

573K, 20MPa

1,2,5-Pentanetriol Tetrahydrofurfuryl Alcohol 3-Hydroxytetrahydropyran
(PTO) (THFA) (8-HTHP)
Fig. 1. The polyalcohol dehydration of PTO.

ZDORISIZEWT, 5 BERAEBM LD 6 BERAERIIZOWNTENEI 2 DO RUSFER
DB 2 HIDHD(K 2), LUTF TIiE SPTO2 R OFEFRIZ OV THT 5, HEICL VB
BKINTESTYIab—yary Y7 b7 PIMDY BT, PTO 5 7K UUKS 1
3OMAMRT 20T AT A LT, EBRFEED L[ USRS IEGTIK,
20MPa)DtH & T, AX X AT I T AFHREEITH T,

[#E] A2 5 A F 37 2EO LIRS ERVBERCBIT HHT XL X —%
HET 0 rEIFEO—FfTh D, AR RV —m EIZB T 536 EEIZS U=
NATART v v NS A7 ABBOR) ZiRa 22 LT 2 & T, HfE=x
FILX—DARGET N D @S WIGETE TR VT 5 2 ENAEeEL 725, HIE
TRAX—HINA T ART Ty VRO S k5 EMFRIZRDDT, T DR/ E
B DR RE L IBERRIREE TN E NS E L. ZTOENLIEMALEEEZ R TE 5,
[ FiE] A7k, miEAT O PTO OBKSIGIZIET 5 H BT R LVX—H%FHHE



U7z BUGZ B HEEM RS L L C., 1) PTO 43 FDLAREE IC B> D C4-C3-Ca-04
THA D, 2) 03-Co,Cr-O7 FEE RN ARG HEEED 2 d, 3)OH JkD 7' 1 ki AkiZ
B DB n D=2 %3 ATZ(K 3),

e P & N
/; N ; )
OH OH
6PTO1 6PTO5

HO/Y\/\QH HOWOH
" OH. . #

OH
5PTO2 5PTO5
Fig. 2. The reaction pathways of PTO. Fig. 3. The collective variables of SPTO2.

[HER - ZL8] AR ALX—HOT 2K 4 12857, ZOKEY ., SPTO2 FREED
EBRIRREIY $=192° | d=0.0. n=2.0 FiTICHI., & DIEMALFEEEIL 34.5 keal/mol &
RS 54177, n=2.0 &%, PTO ®D—>® OH #2372 o AbE T OH, 127/ T
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5o, O:C FEBDOUIWr & Co0g Fl A DEREDNEIRFCHEIT L, 07-Co-Og DNEARIRIZ A2 o T
BY. SR HEORE#EERLTWS, ZOEBREZEZ 2 L. BRHL TRISHE
T AT R AR LT,
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Fig. 4. Free energy surface of SPTO2 reaction pathway.
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Reaction mechanism of oxygen and C-H bond activation processes

by a dicopper complex
oYuta Hori!, Yoshihito Shiota!, Tomokazu Tsuji?, Masahito Kodera?, Kazunari Yoshizawa*
LInstitute for Materials Chemistry and Engineering, Kyushu University, Japan
2 Graduate School of Science and Engineering, Doshisha University, Japan

[ Abstract ] A dicopper(ll) complex [Cuz(u-OH)(6-hpa)]**, where 6-hpa is
1,2-bis[2-[bis(2-pyridylmethyl)-aminomethyl]-6-pyridyl]ethane, generates an oxyl radical of
Cu''O" and catalyzes the selective hydroxylation of benzene to phenol. From the structural
similarity to methane-activation catalysts, it is expected to catalyze methane hydroxylation.
The catalytic performance for the hydroxylation of methane to methanol by this dicopper
complex is investigated by using DFT calculations. The whole reaction of the methane
conversion involves two steps without radical species; (1) C—H bond dissociation of methane
by the Cu''O" moiety and (2) C-O bond formation with methyl migration. The activation
barrier is 10.2 kcal/mol, which is low enough for reactions taking place under normal
conditions. The activation barrier by the other Cu'"O," moiety is higher than that by the Cu''O*
moiety, which should work to turn the next catalytic cycle. DFT calculations show that the
dicopper complex has a precondition to hydroxylate methane to methanol.

[F]

AR NS AZ ) = ~DOEEN KBTS PN S TH Y, TR
GIZTEIUE, THXNAF—NROBNWAHK ) — )LERBAREE 72D, LinL, A X
IHMEFENCLZETH Y, C-H A iRV (104 keal/mol)7= 8, KEgLimfe CHEEL 2D
C-HBIEHRXIZED A X AEHALIIREECH D, Tz, EREINTAX ) —ARES
IR L SN D BREE LN Z D Z EbREEE 2> TS, LIz o T, A X DER
HIKERA IR BE SO I B8 1T 2 I EERSAR I & ST\ b, —HF THARR TIZI A ¥ »KEE
{LEEZE (PMMOY RN FEIET D, T E TICHGRFHEFIC L D A & VKR O B RS f T
MG, §i AEA X VRN A X KB D SOSTEERE O —> & L CHE/ME L 25 2
ENDDo THBEL §i A VRIZ SR B IRER & D7-DIT, MR G 21T
9 b CHMEER S O BRI ERAR-C TN EIEE L 72 b, ARHFETIL, &R A Vil
RIZVER L, DFT 2 W T A & AEMALMERE D FLRH) 72 T 21T - 7=, i &4 E 4
X VUMK LTI, RoBUrAE T ) —VICKBILT A ERHMESISH TV,
[Cua(u-OH)(6-hpa)](Cl04)s (A)EZ R v kiF 7=,

[FH&E ]

A TOFHBEILDFT I X - TYTVY, Gaussian 09 % V7=, LB L LT B3LYP,
AT Cu 121X 6-311+G* % ZF DO D i+ 121% DI5** % 7=, $EK A D 2 DD
X 2 CH D72, B & MREIEIRIEZ L D KO A U RREA BB L=, B
Eﬁ@@@%%%%@,ﬁﬁm%@?é%@%ﬁwiﬁ,%%ﬁ%ﬁﬁﬁéiﬁﬂ%
ik L7z,
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Fig. 1. A proposed mechanism of H;O-
activation catalyzed by dicopper species.
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Fig. 2. Optimized structures with Mulliken
spin densities of 1 in [Cu,03]*2 moiety in
the triplet state. The units are in A.

PC

Fig. 3. Computed energy diagram for the methane hydroxylation
catalyzed by 1 in triplet and open-shell singlet states.
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