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Mechanistic Insights into metal- and enzyme-catalyzed reactions using hybrid
quantum chemical and information science approaches
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DFT

In this study, we aim to clarify the roles of non-covalent interactions,
effects of additives, and energy distributions due to stereoconformations, as well as statistical
mechanical effects and kinetic effects in homogeneous metal-catalyzed reactions that are important
in synthetic chemistry, and in enzyme reaction mechanisms that are also medically significant, by
integrating high-precision quantum chemical calculations with informatics analysis. As achievements
over the entire period, we have (1) conducted DFT calculations on various chemically-selective or
stereoselective molecular transformation reactions using metal catalysts, reported the elucidation
of mechanisms and prediction of rate-determining steps iIn various scientific papers, and (2)
examined the chemical properties of various enzymes, understanding the importance of
stereoconformations while combining multiphysics methods with informatics techniques.

QM/MM



X C—19,. F—19—1. Z—19 (58)

1. WHERAR S OE 5

AR AL O oy BF CHE B 7n @B IR - Sh R ARG D A A = X BT 5 'L
LEEI, KISORF Il > TS EME I N T & 72, D TEWRICOBERMEZ, WEE T
B D B IR R AR FECHII I T % 72, 2010 4ELAME, DFT 381 C I3 8ot A 7EH
DEBINTELIL DO, KICRBEITIZ X VBE C R > TE w5, EHEHAMHEER
EIRNTS 2 Fik e L CUETHEED R ZRE BT H D 72 RNT IR 2T & 4, G O RiTBR {4
BHIRECERYIC BT 2 G CHEEROMITICICH I N TE T, RS TFORENES
BRSO I Vb MHMH AR ER A KE 2 B3 2 L 3RZ BB TE 228, &1
TR % F W CRIT S 2 lidig & A B,

2. WHEOHB

AW TIE, BHRBAENT., v VB RO~ TF 74 Uy 7 20T (B FUYEHRE
OM/MM k72 &) %A Bbd T, 2 FRBERKICO KOG @ERYE, JEEER S AER O
BER AR DR R 2 ff#T T2 2 L 2 HINE T2, 2O DRI X Y| RIGPHBEGHCX
MoZ EDRHRFE NG,

3. MO HiE

=T LFEEE S QM/MM & I2E Gaussian 16 Rev. B. 01 ® % \» (X Rev. C 01, ORCA 5.0,
¥ X 18 GAMESS (September 30, 2022 R2 Public Release) 7’1 7° 7 L 2 7z, & &, (L4
GffTIcHv o s QTAIM filr, JERAREMMEEERAINCD oFKRicid, VMD s X O
Multiwfn 3.8 Z i\ 7z, BERKISCHEEEOITRICEL ik, 4 T78E7%¥ (MD) ¥ Ial—v 2
VRUOBTFHEEDTFHFDOAA4 7Y v F (OM/MM) §HHE % 1T - 72 132>, ONIOM-
ME(DFT:MM)&H&IC & b it 7 & 217 > 72,

(1) NFLYLFFVMBICX 2 3HAARFHA Y 7)) v I KIE

A7 v REYE. BRA BB clHIATEY, FFio, BESFICBWTHERHIATW 2,
CR:HZE AT 2 &, MBI, BACRRENICN I 2 ZEED M LRV C-F #if). Taa
Mom b ol ERILAMICEZ 22 EDNTE S, tert-u 4 > vh LHEI N =)
Schiff B T (N- Y F V) F v BRI T7) 2 ETAF VY NF 27 Ll L Togni id3(a v &
ZED)DMAEDbEEH T, HFRTAHL 74 v b)Y IrAu 2 FALORIGER T &
I L7z BRILEIE Y 7 g v X2 FAAURIGIC X 2 RERFZOMEII S TG E LTH®
Toflch s (K1),



1:R=tBu X_«O
2:R= 2,5-M6206H3

—N\@ 0
Br o’ (é);o—
3
(a R 0
5 mol%
/CF3 O -
N I V-catalyst _ O/N
+ +
O Ho N i-PrOH ~_ O
rt, Ar
1.5 equi 1.0 . CFs
> eauv POV 52% (88h, 87% ee (S) by catalyst 1)

68% (88h, 80% ee (R) by catalyst 2)

(b) OYO 7 R?
CF3 /N 1
X AN [ 00O 7 R2 5 mol % o 6 R
\©/\+ o+ T: = * . OR1 R2=B
- or =br
HO 6 R'  iProH (0.2 M) CF,
o]

i, A
' 12'CI-7-Br (X = Cl); 12'CI-6-Br (X = Cl)
13'Br-7-Br (X = Br); 13'Br-6-Br (X = Br)

1.2-1.4 equiv 1.7 equiv (N-OH)BOxzON

M1 ¥ FYyntFViliz vz, 25 L VEFEMR, Togni IT i & (a) N-hydroxy-
phthalimide (NHPI) & % % (b) 1-benzyl-quinazoline-2,4-diones (N-OH)BOxzON)D {5 = F ~ F 7%
FEIR R F V) 7 vt v 2 FAALRG

AF L v, NHPIN-t Fa ¥ 7 &1 4 I F)d % id 1-benzyl-quinazoline-2,4-diones((N-
OH)BOxzON) & 4L 7 4 v @ 34y 12-BE{Li b U 7 v v X F b o KICHE# et Lz &
22, Togni R¥ED O EINT CR 7P AADAL 7 4 VIEICHIML CTER LNV IV T
¥ 71 v 23 NHPI 2K D NOPI BLAz D O JEFICIEE L T 7 ¥ A VEIRIGHE ¥ 2 #5184 (Su2 X
JBH)) b ol bS5 LW EB0h o7z,

—J. BNL 1 C3 (LAMN2,5-dimethyl)phenyl FEDOfllt 2 % F /- 35A5(R)-15% FICAEKT 5 &
WO =S FARPRPEDRRICE LT, FEEAR A AR (NCDEHT B L 0%+ NI 10
73 (QTAIM)ENT 24T - 7-#5 8. (2,5-dimethyl)phenyl {E#i5L . NOPI o RIZHE ko
RUVNTVANBEEE D - EAER DR EETWDLZENHITED,

NHPI 75 (N-OH)BOxzON 271 v 7' ) v 78—+ F—=23% b 3 L I EREA A A ER 258
L. TFYFARREOH EAR LN S L# 2 6h 5 BiRNER 21572,

(2) ¥y LBIUNT Yy LI X 2 RFB-KBERAEEC 2B L RKnE 2 &S a—
~LAINEDAhy TV v IRIG

C—H # & OIEELRIE % & B BRALAIRIS 13, /R0 RIS IC e~ T, B % Faiic itk 3
ZREMR T KGO TREEHO T e TE 3720, AEAKOSIFICE W CIEEICER A
bDLiroTwd, Rhffilfi~L 4 I FD CH 7 AT = AMMERIBICE T, RV X7 I FofitmH
EnEbLs e, EEMIPRRRD EPERICK o TREI N, 7277 L. Th b D MICEEIZ
FREKRMBADOE o720 N-8-T I/ %/ ) =AY AT I Fiflifkds X N-Q-A F L FH)
7o ARV AT I FHEEEEMEIEE L W2, Rh fililii~L 4 I Fo C-H 747 =1t
K& (M2) o DFT 38 %17 - 7=,



(a) C-H alkylation of N-8-aminoquinolinyl benzamide

o [Rh(COD)(OAc)], 2.5 mol% @)
toluene, 160 °C, 12 h = N SN
R @AN D R H N
1~ H —
N N~ O
1a R ¢} R
2a 1.2 equiv. 3a 51-99 %
(b) C-H alkylation of N-(2-methylthio)phenyl benzamide
[Rh(COD)(OAc)], 5 mol% /
o /@ 2,3-difluorobenzoic acid 1 equiv. O 8
toluene, 160 °C, 24 h =
A , ,
38 . )
N S no oxidant, no solvent X
under air o N
1b — , o
ﬂ R’
O=>N"0
L 3b 27-91 %
R
2b 1.5 equiv.

X2 vy A0MEEEZACEZ~L A I F OB C-H 7 7 = AL KG

WENROKIGD . BILHIA RS A (OA/MI) D5 A ECALT-I/KFERBE) (LLHT) (<~
THAITH 2 Z &, D turnover %k ® 2 B2, LIS X NingiiACcH 5 Z &
b Do T,

RIT, 2020 FFICKIKRZDOEAHIC K o TR I NIV UL E A XD DD C-H #E&
WL ERB L7y aific X 2~ 4 3 F oM@ A B2 b s (X1)

IC2DWT, DFT §tH%Z1T- 72,
Pd(OPiv), 15 mol% 0
CuO 2 equiv
H O 0 PivOH 4 equiv H
NaOTf 1 equiv SMe
H + | NR -
SMe TCE, 160°C, 18h
H H ° O™ ™\"S0
R 1)
ZFOW T v b AL RV UMD C-HEEGERE L E T 2~ 4 I VoA A XD C-H
AWML (R ROE R, 2 L GEIUBEEZ &8 4 27 v 726 h 2180 b 7x
52 Lbdolz,

%}%) SYNVTFT 4Ty 7 AGHE EEREI I 2 A LT FIEO ., BER OB X OIS ~D
St

G-DEFICHEELHETH L 3a-t FEFLRT704 FFE P> —+¥Ba-HSD)DO X
AF 17 RE@EITIG (K 3) OES 25t RRENITAT o 72, FA IRIGHERRAL AL IC B 1 2 £5%
HoBE 2R 2 720178 (MD) v a2l —va Y RURTIEL D TIHEDAA
7Y v F (QM/MM) #8H%Z1To72, 100ns ® MD & 3 2L — 3 ViZBWTIE, fERICO»
T DBSCAN (Density-based Spatial Clustering of Applications with Noise)ik T2 7 2% Y v/ 7
BiTo72, Ebic, REMNR 7 7 XL =122\ T, ONIOM-ME(MO06-2X/def-2SVP:Amber) it
B X Y ERE 21T > 72, QM/MM FHREDOETHE b K v A ATIc X - T, ZITH
T®H 5 H#KT NADPH 0Ef#1C®H % Tyr216 BH i3, NADPH & Tyr2l6 ~ v ¥ vER ORI
AfEMHAERIC X > TRICOETZ BT, AR OLENICEHE T 5 & v 5 BREAKE
ormrmxnz (X3 (b)),



(b)
OH  Tyr216 /@OH

5q-dihydroteststerone 5¢-androstane-3c,17p-diol H w)

¢

Tyr55

3 Se-YbFBETFTRXFRTHEYDL, So-androstane-30,17f-diol ZEK T % 3a-k FuF X
FuAf FFe R oy —EhllloiE e o

F7. WELHAEFEAL W 2RO TF2a0, #@7s QM OB ENEECH S 2 LBHL
I TR o 77,
(3-2)7 =L F ¥ ¥ V{K{FIEHE PeyA LB CH e Y~y (BV: ~L0MYH) oA
F X U PcyAD105N-BV 55 X M I86D-BV HAKICH T 2, €V RAY v e ZORD 7w b v
{LIRBEIC DT, e i SRS AT & OM/MM 353 X O TD-DFT SE % A A b TR
#L72, & 5IC PeyA @ I86D-BV #HAMD 730 nm A CHGIIN Y — 27 2 o2 =— 2 72 7]
BBINA T b %R T e 2R L, QM(TD-DFT)/MM FH8EIC X 2 AEIRINA < 7 oL
DfFfT2> 5. BV © 4 DOBRD 5 bODRICHET 2 v =AMz 3T Glu76 EH2 7w + v
fkEnTndi3n, w2207 F VMUREEBEAL T3 2 LARBI Lz,

(3-3)  TaA—Hlx v EOEEICEET 5 EIRAL AT
TN—R R ED—TBTH B2 a7 FTRY v (PAz) 3EBETHELX V78 LTHILN,
EERNICE T 2 ERBFERICE VT, NoO % No~EGETT 2 HifiERCHEE~OB Tt 54k e L
T o BLEITEH S $rF.LICBUAL L 72 His81 ICBHE L T B X F 4 = v FEEE Metl6X (X =
Phe. Leu., Val, Ile) ZR{AERICOWT, FFNE %N L 72 AHAMEEIER (NCD ofhE
IR L7z (K4), Leu ZRMAIIEFMY). Phe ZEEIT L XY TI L AO N5, BEHEE W
7= Metl6X PAz D &4 fRAE X RSN 35 X O° QM/MM FHE +NCI i 2175 2 L ic X » T,
TS OREIE DS Metl6 DEHRIC X > TRELSFEEZITCWE T ERR LT,

M4 BHeFEtRicloTaifbsniz, =2 v K7 XY 8 RIS T S ERA
it A PR A O 530, 5 BB o7 X BROFEIC & o T S-n AHAAEN  n-n FHEAEH]
CH-n HAER AT TN RWIZE iz,



18 18 4 1

Shima Yuto Suzuki Takashi Abe Hitoshi Yajima Tatsuo Mori Seiji Shimazaki Yuichi 58

Non-innocent redox behavior of Cull-pi-dimethylaminophenolate complexes: formation and 2022

characterization of the Cul-phenoxyl radical species

Chemical Communications 6401 6404
DOl

10.1039/d2cc01409b

Yamakawa Yuki Ikuta Takashi Hayashi Hiroki Hashimoto Keigo Fujii Ryoma Kawashima Kyohei 87

Mori Seiji Uchida Tatsuya Katsuki Tsutomu

Iridium(l11)-Catalyzed Asymmetric Site-Selective Carbene C-H Insertion during Late-Stage 2022

Transformation

The Journal of Organic Chemistry 6769 6780
DOl

10.1021/acs. joc.2c00470

Joutsuka Tatsuya Nanasawa Ryota lgarashi Keisuke Horie Kazuki Sugishima Masakazu Hagiwara 299

Yoshinori Wada Kei Fukuyama Keiichi Yano Naomine Mori Seiji Ostermann Andreas Kusaka

Katsuhiro Unno Masaki

Neutron crystallography and quantum chemical analysis of bilin reductase PcyA mutants reveal 2023

substrate and catalytic residue protonation states

Journal of Biological Chemistry

102763 102763

DOl
10.1016/j . jbc.2022.102763

Skhiri Aymen Taborosi Attila Ohara Nozomi Ano Yusuke Mori Seiji Chatani Naoto 10
Experimental and theoretical studies of the rhodium(l)-catalysed C-H oxidative 2023
alkenylation/cyclization of N-(2-(methylthio)phenyl)benzamides with maleimides

Organic Chemistry Frontiers 1617 1625

DOl
10.1039/d3qo00023k




Sakai Naoki Ojima Kohei Mori Seiji Oriyama Takeshi 87

Integrated Experimental and Computational Studies on the Organocatalytic Kinetic Resolution of 2022

B -Unfunctionalized Primary Alcohols Using a Chiral 1,2-Diamine: The Importance of Noncovalent

Interactions

The Journal of Organic Chemistry 4468 4475
DOl

10.1021/acs. joc.1c03033

Taborosi Attila He Qiyuan Ano Yusuke Chatani Naoto Mori Seiji 87

Reaction Path Determination of Rhodium(l)-Catalyzed C-H Alkylation of N-8-Aminoquinolinyl 2021

Aromatic Amides with Maleimides

The Journal of Organic Chemistry 737 743
DOl

10.1021/acs. joc.1c02737

Takeyama Tomoyuki Suzuki Takashi Kikuchi Misa Kobayashi Misato Oshita Hiromi Kawashima 2021

Kyohei Mori Seiji Abe Hitoshi Hoshino Norihisa Iwatsuki Satoshi Shimazaki Yuichi

Solid State Characterization of One- and Two- Electron Oxidized Cull- salen Complexes with 2021

para- Substituents: Geometric Structure- Magnetic Property Relationship

European Journal of Inorganic Chemistry 4133 4145
DOl

10.1002/ejic.202100776

Udagawa Taro Murphy Rhys B. Darwish Tamim A. Tachikawa Masanori Mori Seiji 94

H/D lIsotope Effects in Keto-Enol Tautomerism of ( -Dicarbonyl Compounds: Importance of Nuclear 2021

Quantum Effects of Hydrogen Nuclei

Bulletin of the Chemical Society of Japan 1954 1962

DOl
10.1246/bcsj -20210083




Su Kuan-Hsuan Wu Chin-Teng Lin Shang-Wei Mori Seiji Liu Wei-Min Yang Hsiao-Ching

155

Calculation of CYP450 protein-ligand binding and dissociation free energy paths

2021

The Journal of Chemical Physics

025101 025101

DOl
10.1063/5.0046169

Sakai Naoki Kawashima Kyohei Kajitani Masashi Mori Seiji Oriyama Takeshi 23

Combined Computational and Experimental Studies on the Asymmetric Michael Addition of a - 2021

Aminomaleimides to B -Nitrostyrenes Using an Organocatalyst Derived from Cinchona Alkaloid

Organic Letters 5714 5718
DOl

10.1021/acs.orglett.1c01831

Chen Chien-Tien Su Yu-Cheng Lu Chia-Hao Lien Chien-1 Hung Shiang-Fu Hsu Chan-Wei Agarwal 11

Rachit Modala Ramuasagar Tseng Hung-Min Tseng Pin-Xuan Fujii Ryoma Kawashima Kyohei Mori

Seiji

Enantioselective Radical Type, 1,2-Oxytrifluoromethylation of Olefins Catalyzed by Chiral 2021

Vanadyl Complexes: Importance of Noncovalent Interactions

ACS Catalysis 7160 7175
DOl

10.1021/acscatal .1c01813

Mitsuizumi Hiroaki Mori Seiji 125

Combined MD and QW/MM Investigations of Hydride Reduction of 5a -Dihydrotestosterone Catalyzed 2021

by Human 3a -Hydroxysteroid Dehydrogenase Type 3: Importance of Noncovalent Interactions

The Journal of Physical Chemistry B 4998 5008

DOl
10.1021/acs. jpcb.1c01751




Hirato Misaki Yokoya Akinari Baba Yuji Mori Seiji Fujii Kentaro Wada Shin-ichi lzumi 25
Yudai Haga Yoshinori
Incorporation of a bromine atom into DNA-related molecules changes their electronic properties 2023

Physical Chemistry Chemical Physics

14836 14847

DOl
10.1039/D3CP01597A

Yamaguchi Takahide Taborosi Attila Sakai Chihiro Akao Kohei Mori Seiji Kohzuma Takamitsu

246

Systematic elucidation of the second coordination sphere effect on the structure and properties
of a blue copper protein, pseudoazurin

2023

Journal of Inorganic Biochemistry

112292 112292

DOl

10.1016/j -jinorgbio.2023.112292

Yoshimoto Rie Taborosi Attila He Qiyuan Ano Yusuke Chatani Naoto Mori Seiji 18

Theoretical Investigations of Palladium- Catalyzed [3+2] Annulation via Benzylic and meta C-H 2023

Bond Activation

Chemistry - An Asian Journal 202300531
DOl

10.1002/asia.202300531

Tauchi Daiki Kanno Katsuya Hasegawa Masashi Mazaki Yasuhiro Tsubaki Kazunori Sugiura Ken- 53

ichi Shiga Takuya Mori Seiji Nishikawa Hiroyuki

Aggregation-induced enhanced fluorescence emission of chiral Zn(ii) complexes coordinated by 2024

Schiff-base type binaphthyl ligands

Dalton Transactions 8926 8933

DOl
10.1039/D4DT00903G




Chen Chien- Tien Hung Shiang- Fu Tsai Bang- You Chen Tsung- Cheng Lein Chien- 1 Tseng Pin 366

- Xuan Chang Yu- Chang Chuang Chin- Wei Agarwal Rachit Hsu Chan- Wei Shimizu Yuto Fujii

Ryoma Mori Seiji

Asymmetric Cross Couplings of Trifluoromethyl Radical to Vinylarenes with <i>N</i>- Hydroxy- 2023

oxazinediones and Subsequent Aerobic Oxidative Homocoupling of 2- Naphthols Catalysed by Chiral

Vanadyl Complexes

Advanced Synthesis &amp; Catalysis 248 261
DOl

10.1002/adsc.202300901

Taniguchi Naoya Ueda Mitsuhiro Michigami Kenichi Mori Seiji Ohashi Masato 97

Asymmetric cyclization catalyzed by a chiral phosphoric acid-gold(l) hybrid complex as a 2024

multifunctional catalyst

Bulletin of the Chemical Society of Japan uoae026

DOl
10.1093/bulcsj/uoae026

22 4 3

Seiji Mori Chien-Tien Chen

Combined DFT and experimental studies on the importance of noncovalent interactions in vanadium-catalyzed oxidative

trifluoromethylation reactions of olefins

WATOC 2020

2022

Attila Taborosi Qiyuan He

[3+2] 2-

2022

2022




Chien-Tien Chen

1,2-

2022

2022
72
2022
Attila Taborosi Qiyuan He
[3+2]
72
2022
2022 in

2022




Christof Israel Marbella Fontanilla

103 (2023)
2023
1,2- B
102 (2022)
2022
Alkenyl Carboxylates
102 (2022)
2022

, Bang-You Tsai, Tsung-Cheng Chen, Chien-1 Lein, Yu-Chang Chang, Pin-Xuan Tseng, Chin-Wei Chuang, Rachit Agarwal,
Chan-Wei Hsu, Chien-Tien Chen,

1,2-

102 (2022)

2022




Theoretical Investigations of Palladium-Catalyzed Cross-Coupling of Alkenyl Carboxylates

2021

2021

Theoretical study on the asymmetric Michael addition of a -aminomaleimides to B -nitrostyrenes

2021

Computational Perspectives of Non-covalent Interactions in Transition Metal- and Enzyme-catalyzed Reactions

2021

PcyA- a

2022

2023




Attila Taborosi Qiyuan He

[3+2]
25
2023
MD Cp*Rh(I1T) NitrobindinHLH-Cp*Rh(I11)
73
2023
Christof Israel Marbella Fontanilla,
73
2023
-Au(l)
73

2023




-Au(l)

49

2023

Christof Israel Marbella Fontanilla, Koichi Nagata, Yuto Shimizu, Seiji Mori, Hisako Hashimoto

Molybdenum-Germanium Triple-Bonded Complex for Base-Free Catalytic Hydroboration of Aldehydes and Ketones

2023

Importance of noncovalent interactions in homogeneous and enzymatic catalysis

TCS Conference 2023

2023

Importance of noncovalent interactions in homogeneous and enzymatic catalysis

PACCON2024

2024




http://smori.sci.ibaraki.ac.jp/
1
https://www. ibaraki.ac.jp/news/2022/12/21011834 . html

http://smori.sci.ibaraki.ac.jp/
B
https://www. ibaraki.ac.jp/news/2022/03/07011531. html

4 1,4-
https://www. ibaraki.ac.jp/news/2021/06/22011254 . html

7th International Symposium of Quantum Beam Science at Ibaraki University

2022

2022




