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Automated Cooling Crystallization of Paracetamol Using

the ‘Calibration-Free’ Direct Supersaturation Control Method

(AFZ— -+ FLF) OHBERS, Roland Hass, Jon Goode, Ian Haley
J)—r78—70tX : FEERIGEMIC K DEEREILEDESR
EABET) OF FEC, /MABET:, Arun Kumar MANNA, {EEi5F, S,
MHAE, EHEFZE, Bz

FELED #RHWVEARED 7O0—IZ&KBRT—ILT7 v 7 LR H

(' oA /F77—=, ?Pharmira) OBEHF ', &I, FARFR®
DHENTAVITFROBADTFDER

(I ERSER, 2 BROKBER) OFFIER ', SEHEEA 2, ARHER

Asymmetric Synthesis of Eight-membered N-Heterocycles

via Auto-organocatalyzed Amplification

(" SANKEN, Osaka Univ., *Ibaraki Univ.) O Tin Zar Aye ', Masaru Kondo ?,
Hiroaki Sasai ', Shinobu Takizawa '
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I-1

Day 1 [(June 30]

Efficient and Unique Synthesis of Heterocycles Utilizing 1,3-Dipoles

Yutaka Ukaji*

Kanazawa University

I-2

Development of Novel and Efficient Catalytic Systems for C-H
Activation and Application to Practical Synthesis of Pharmaceuticals

Masahiko Seki*

Marketing Group, Research & Development Div., Tokuyama Corporation

C-H-Azidation

C-H-Arylation

candesartancilexetil

-3

Our Research Projects Based on 4’-Thionucleic Acids

Noriaki Minakawa*

Graduate School of Pharmaceutical Science, Tokushima University

-4

Development of Continuous Flow Synthesis Technology

Dealing with Various Properties for Manufacturing APIs

Masahiro Hosoya

 Homogeneous System
« Liquid-Llquid Biphasic System
& Solid-Liquid Biphasic {Slurry)

APl R&D Laboratory, CMC R&D Division, Shionogi & Co., Ltd. System

U]q:’
Continuous Stirred Tank Reactor

0> G-

Standard Tube Reactor

Taylor Vortex Flow Reactor

I-5

Computational Chemistry Analysis of Molecular Motion in Crystals and

Structural Phase Transitions

Hitoshi Goto*!, Shigeaki Obata?, Naofumi Nakayama?, Shinji Hamada!

Toyohashi University of Technology, CONFLEX Corp.




1-6

Design and construction of high-potency API plant
and process development
Ken Ikuno*

CMC Development Department, Pharmaceutical Division, UBE Corporation




1P-01
° Nay(PBTP) (R = Me)

Development of Magnesium(II) and Sodium(I) Bisphenoxide Catalysts R or

OMe  Mg(PBTP) (R = H)

g . (1-5 mol%)
for Transesterification of Methyl (Meth)acrylate * without solvent “WAOH‘
R'OH t, MS 5A
Kazumasa Kon,!>* Xue Zhao,> Manussada Ratanasak,’ Jun-ya Hasegawa,® Kazuaki Ishihara®>  ® O By By O B
1 Venture Business Lab., Nagoya Univ., 2 Grad. Sch. of Eng., Nagoya Univ., O,Mg o
O o] O-Na
3 Inst. for Catalysis, Hokkaido Univ. . By . O By
Mg(PBTP) Nay(PBTP)

1P-02

Kinetic Analysis of Ester Hydrolysis Using Automated Flow Reactor
Yoshihiro Takebayashi*, Kiwamu Sue, Fumitaka Kimijima, Toshitaka Funazukuri

AIST, Chuo University

1P-03

New Process for the Synthesis of Sodium Borohydride

Yuji Ota*!, Rene Yo Abe!, Kaoru Sugita®, Takehiro Matsunaga? 4Al+3NaBO,+6H,—2A1,03+3NaBH,
INippon Light Metal Co., Ltd.

2AIST Tsukuba Central 5

1P-04

Synthesis of y-aminobutiric acid esters by ring-opening

%\AO N,OSOZPh 1) cat. Brensted acid 0 R'R?
reaction of cyclobutanones derivatives RLT 7 o e 2) Bocprotection RO NHBoc
R? cl
Ishin Tomiya*, Kengo Hyodo J\/d/\
[o]
Department of Chemistry, Kindai University HO NHpHCI @ N HO!
Pregabalin He Baclofen
solid "homogeneous"
substrates  catalyst
Organic Solvent-free Asymmetric 1,4-Addition in Solid-State using 9.‘<3 oo M
. . [ ) o) *
Chiral Rhodium Catalyst Developed as a Homogeneous Catalyst o$O0® A 8L
Toshinobu Korenaga*, Hiroto Kori, Gaku Okamoto, Hidetoshi Hirahara, Masayuki Shirai
chiral
Faculty of Science and Engineering, Iwate University no product*
solvent !




1P-06

Sodium Borohydride Reduction
A Sustainable PAT System for Safe Operation

Yoichi Yamasaki*, Wittkamp Brian

AutoChem Business Unit, Mettler-Toledo

1P-07

Development of commercial manufacturing processes for amino thiazole part of Lusutrombopag
-Apply continuous processes and control impurities
Takanori Kurita*, Makoto Kakinuma

Amino thiazulé'part

Shionogi Pharma Co., Ltd. ’ SR NG NG

1P-08

Development of commercial manufacturing processes for carboxylic acid part of Lusutrombopag
-One pot reaction of formylation and Horner-Emmons reaction-

1) LOA
Takaharu Matsuura !, Yusuke Sato !, Makoto Kakinuma 2 Ha

3
HO.C C zjomc-N o ¥ )—PO)NOEY, HOC Ol
j— EtO.C _ 3
! Manufacturing Chemical Development, DME COEt

cl cl
Production Technology Department, Shionogi Pharma Co., Ltd. 2 Tokushima Plant, Shionogi Pharma Co., Ltd.

1P-09

s-PICA-catalyzed asymmetric hydrogenation of ketones:

J ér\ZB\r/Br
i i Ri
reactivity, stereoselectivity, and substrate scope o §P/ SN N
. . ) . Ar, N\)|\\/ B OH
1 Kanto Chemical Co., Inc. 2 Hokkaido University N M N
R~ + H o R——
Toshihisa Yasuda 1*, Noriyuki Utsumi 1, Toshihide Takemoto 1, Z Npg = base,solvent ~ NPg

Noriyoshi Arai 2, Kei Kawaguchi 2, Takanori Namba 2, Yuki Matsumnoto 2, Takeaki Katayama 1, Takeshi Ohkuma 2

1P-10

Development of an Efficient Method for the Synthesis of

Hsl0g
A . . . o 3 Ir cat. or
Chiral Amines by Using New Chiral Iridium Catalyst Q . R HCO,H _ NalO, NH2
) ) R1MR2 HZNJ*\/OH R1J\*R2
1 Kanto Chemical Co., INC. 2 Tokyo Institute of Technology up to S/C = 20,000 Ir cat. up to
. o . C s T 97% ee
Takuma Kawada 1*, Kenya Yabushita 1, Toshihisa Yasuda 1, Takeshi Ohta 1, Takaaki Yajima 1, Cl—ir,
=N NMs
Kouichi Tanaka 1, Noriyuki Utsumi 1, Yoshihito Kayaki 2, Shigeki Kuwata 2, Takeaki Katayama 1 @_é/\r




1P-11

OH
HO. S/OH
HO:K0

o/ﬁ/\OH
)ro

Efficient synthetic study of cyclic diglycerol

Mizuki Noda'*, Noriyuki Nakajima'*, Yasuhito Koyama'-2,
Masahiro Hamada'?

'Dept. of Pharm. Eng., Toyama Pref. Univ.,

2Biotech. & Pharm. Research Center, Toyama Pref. Univ.

OTs
4 steps

HO.

oy

OBn

6 steps HO.

Y|

base

BFy - Ot

1P-12

Discovery of New Functions of Plant-Derived Ingredients :
Asymmetric Ring-Opening Reaction of meso-Epoxides
Tatsuhiro Asano*, Kazuya Tsuzaki, Koichi Wada, Yuki Takeuchi
Technical Department, KYOWA PHARMA CHEMICAL CO.,LTD

d

o
R1\ ,RZ

=z

e.g.

Kinako

1P-13

Improvement of Plant-based Organic Molecular
Catalysis, and Challenge of Two-phase Reaction
Koichi Wada'*, Junichi Enoki?, Yasuhisa Asano?, O:O
Yasuo Kato?, Makoto Hibi?

'Kyowa Pharma Chemical Co., Ltd., 2Toyama Prefectural University

Plant-based

Organic Molecular

Catalyst

+ HN<] —— >

sat. NaCl aq./Toluene
two-phase system

“OH

Repeated
H >10 times
N Conversion
=90%
Selectivity
60%ee

1P-14

Kyohei Adachi **, Yuma Otake !, Taiki Shamoto !, Jun-ichi Ogawa ?,
Natsumi Iwanaga *, Yoshiaki Yamashita !, Yutaka Kobayashi ?,
Keiichi Masuya 2, Shinichiro Fuse 3, Atsushi Itou !, Daisuke Kubo *

! Yokogawa Electric Corp., 2 PeptiDream, Inc., * Nagoya University

Research and development of a system for continuous manufacturing of peptides

1P-15

Rapid and Efficient Synthesis of Unnatural Tryptophan Derivatives

using Continuous-flow Asymmetric Alkylation of Chiral
Nucleophilic Glycine Equivalent with Quaternary Gramine Salts
Daichi Koiwa,** Masayuki Ohira,* Bernardo Ignacio,? Noel Mansour,? et al.

"Hamari Chemicals, Ltd., ZHamari Chemicals USA, Inc.

Mel/DMSO

- Residence time < 2 min
- Yield > 80%, dr = 99:1
- Productivity 540 g/h

Cl

KOH/MeOH

— nanl
—>derivatives




1P-16

(2+2)-Cycloadditon of Ynolate and a,B-Unsaturated Carbonyl Using Flow Microreactor Technologies

Yousuke Yamaoka, Motoki Namioka*, R2

Z R3
1
t-BuLi W E* R OE

Aiichiro Nagaki, Kiyosei Takasu 1 R— oL 0
o R' >CBry - R2 R?
Kyoto University

o

1P-17

Development of Conformationally Fixed 2-Iodobenzamide HN conformationally
Catalyst for Oxidation of Alcohols fixed
Kanna Asakubo,* Mitsuha Uzu, Saki Murayama, Hema Naga Lakshmi

Perumalla, Tomoya Fujiawra, Hisanori Nambu, Takayuki Yakura I to improve

the reactivity
Faculty of Pharmaceutical Sciences, University of Toyama IBamide lactam-type IBamide

n=0-2
1P-18

Asymmetric Transfer Hydrogenation Catalysts on Activated Carbon:
Synthesis and Catalytic Properties

Shinji Tsukada'*, Naota Yokoyama', Hideki Nara!,

Yusuke Miyaji?, Sho Fujimoto?, Takefumi Chishiro?

ITakasago International Corporation, >Osaka Gas Chemicals Co., Ltd.

1P-19

Development of Efficient Manufacturing Process of Trisulfide Compounds

R-S-S-R One-pot NayS R-S-$-S-R

Shoichiro Tomonaga*, Takahiro Nuno, Ikumi Shimokawa, Hiroaki
disulfide trisulfide

. . oxidant ‘I?
Ishimaru, Takahiro Isobe or | R-Ss-sR
. ) R-SH _ T~
Technical Department, Kyowa Pharma chemical Co., Ltd. thiol sulfoxide  Na;Se  p_g.ge.5-R

selenotrisulfide
1P-20

Development of efficient D2O circulation system
X

under continuous-flow conditions |
L Tr

Yutaro Yamada*, Kwihwan Park, Takashi Ikawa, in solvent

Tsuyoshi Yamada, Hironao Sajiki D20 heterogeneous

catalyst

Gifu Pharmaceutical University




1P-21

Aerobic Photo-oxidation of Toluenes to Benzoic Acids by HBr—NaOCI * SH.0

Atsuhito Kitajima'*, Takumi Tanaka', Yuya Takamura', Sho Yamahara!, 48% HBr (2 eq.)
NaOCI5H,0 (2 eq.)
Kazuki Tujimoto!, Yoshikazu Kimura?, Masayuki Kirihara' | ~r M air, hv, BTF, r.t,, 24 hr. @/COZH
IShizuoka Institute of Science and Technology R/ Z WFL (15 W)or R
Blue LED (454nm, 40W) or
’Tharanikkei Chemical Industry Co. Ltd. UV LED (365, 385 nm, 10 W)

1P-22

Catalysts-free Aerobic Photo-oxidation of Aromatic Aldehydes to Benzoic Acids

Yuya Takamura'®, Atsuhito Kitajima!, Sho Yamahara', Naoki Kugisaki?,

Yoshikazu Kimura?, Masayuki Kirihara! CHO 10W LEItD (3_65 nm) O,H
open to air

IShizuoka Institute of Science and Technology R I-PrOAG (7 mL), rt =

*Tharanikkei Chemical Industry Co. Ltd. 5 mmol up to 95%

1P-23

Practical Synthesis of Sulfonyl Fluorides Using Potassium Fluoride

Sho Yamahara'*, Mai Watanabe!, Yoshikazu Kimura?, Masayuki Kirihara! 1) NaOCI+=5H,0 (8 eq.),
CO, (balloon), BTF
IShizuoka Institute of Science and Technology 12 R__s 2) Filtration & Condensation & ©
. . . “STUNR RN
’Tharanikkei Chemical Industry Co. Ltd. 3)KF (3 eq.) A
CH5CN-H,0 (5:1, viv) up to 91%
Automated sampling and quantitative analysis of process solution Easy Sampler HPLC
L . - h .
Makoto Michida*t, Yosuke Iwataf, Yusuke Nagaif Sampling gilfsazn Analysis

Process Technology Research Laboratories, Daiichi Sankyo. Co., Ltd. -
f & Y Automation

fAnalytical & Measuring Instruments Division, Shimadzu Corporation

1P-25

Development of Pd-supported catalysts based on graft
polymerization technology

Hiroaki Harakawa ™, Makoto Komatsu 1, Shoji Aoki 2, Junichi Kanno 2

1EBARA CORPORATION, 2ECE CO., LTD. :
TEM images of grafting samples




1P-26

A Chiral Vanadium(V) Complex-catalyzed Enantioselective Oxidative Homo- and Heterocoupling of

Hydroxycarbazole
% dinucl:_ar c:li;al Ho R mononuctl:_lear(c)hiral
vanadiumiv; / vanadiumiv;
Ganesh Tatya Kamble*, Makoto Sako, plbsrl X = e
X 7 X R

Hiroaki Sasai, Shinobu Takizawa homocoupling heterocoupling

SANKEN, Osaka University if‘R
Safe scale-up by in situ FTIR and reaction calorimetry
/‘\r Br S, MgBr
Atsushi Yamashita, Wittkamp Brian, Paul Scholl J\\/_,_,, THE | e
AutoChem Business Unit, Mettler-Toledo + Mg ——————————*

0

1P-28

Machine-learning-assisted Simultaneous Multiparameter Screening for Electrochemical Oxidation
Machine-learning-assisted

Md. 1. Khalid*,' M. Kondo,? A. Sugizaki,' H.
simultaneous multiparameter screening

D. P. Wathsala,'! K. Ishikawa,' S. Hara,! T. R? (:/H/ ﬁﬁ R? \/:[f 0 ,
Takaai,' T. Washio, H. Sasai,' S. Takizawa! 82: — 8; & o 't

oxidation

ISANKEN, Osaka University amlnes ket]m[nes
2Graduate School of Science and Engineering, Ibaraki University

minimum Bayesian
experiments optimization

1P-29

Safety by Design. We Learn from Reaction Calorimetry.
Yoshifumi Fujisawa*, Urs Groth

Mettler Toledo K.K.

1P-30

Unattended, Representative Sampling for a Wide Range of Chemical Reactions
Naomi Fukuda*, Dominique Hebrault?, David Place?, Kristin Wiglesworth?, Shu Yu?
1)AutoChem Dept., Mettler Toredo K.K., 2) Pfizer Worldwide R&D




1P-31

Dehydrogenative Cross-Coupling Reaction by Heterogeneous
Vanadium Catalyst
Kengo Kasama 1,2*, Karin Mizuno 2, Kyohei Kanomata 2, Shuji Akai 2,

Takayuki Yakura 1

Mesoporous SIIlca -supported
Oxovanadium (V-MPS4)

Rig
T \t : “oH o
= A

\I‘R >

up to 98% yield

1Gifu Pharmaceutical University, 2ZKobe Pharmaceutical University

1 University of Toyama, 2 Osaka University 19 examples
. . . . .y DMTrO
Oligonucleotide Synthesis by Using Amidite Block 5 sece ) o Base
. . .
Erika Uemura*, Yuya Yoshida, Haruna NET CEO\P\grS
. A . C1gH370. OH - O
Mizutani, Hideaki Umemoto 0/\n’ %{Basa /é/sase —» Oligonucleotide
CwBH370
Basic Technology Development Labs, CrahtarO o
~P
NPrQ
FUJIMOTO CHEMICALS Co., Ltd. Fujimat® Trlmer-Fu_/lmat® Trimer Amidite Block
. . . z "
Process development of aromatic amino acids for %n ) N?B,z (cat.)
. . . " dtbbpy (cat.
acceleration of mid-size molecule drug discovery ° ot + @ ey feat)
H4C o
X DMA s
Manabu Wadamoto* oSy ;é_(" rt H:,:)_o N
H,yC }—N o—, ° Fh
Discovery Chemistry Dept., Chugai Pharmaceutical Co., Ltd. o " Fh
Development of the Second Generation Polymeric Phenol Sulfonic
Acid Catalyst and Its Application to Batch and Flow Esterification
Yoichi M. A. Yamada **, Hao Hu !, Heeyoel Baek !, Toshiaki Mase 2, Yasuhiro Uozumi 2
1 RIKEN Center for Sustainable Resource Science, 2 Institute for Molecular Science.
Development of Lewis acid-catalyzed intramolecular hydride shift and M N
R? [eNge) R o) o
. . . . H
sequential cyclization reactions ‘ < OQ R
Tsuyoshi Yamada **, Akiko Fujii 1, Kwihwan Park !, Chikara Furugen *, R N (\H
RS o
. \
Akira Takagi 2, Takashi Ikawa %, Hironao Sajiki * 0]/\ °o HO7R




Day 2 [July 1]

I-7

Total Synthesis of Taxol
Noritaka Chida*

Faculty of Science and Technology, Keio University

O TH )
BzOpc5

taxol (paclitaxel: 1)

1-8

Gram-Scale Antibody Drug Conjugation Synthesis by

Site-Specific Chemical Conjugation, AJICAP®
Akira Chiba*

r

T Mewride

Conprg

1 1 >
e St | s e R

i
Ccap et
S
v T d i
-

e pets ¥
ede i, -

Research Institute For Bioscience Products & Fine Chemicals, AIINOMOTO CO., INC.

ety Yot

AJICAT At

ﬁ-f' '\]r’W-ﬁ

AJRAP a2




2P-01

Selective conversion method of nitriles to amines R NH,

under continuous-flow conditions y
RUNUR

Chikara Furugen *, Tsuyoshi Yamada, Kwihwan Park,

Primary Amines

Secondary Amines

Jing Jiang, Eisho Shimizu, Naoya Ito, Hironao Sajiki 3
NUR
. . L r
Gifu Pharmaceutical University R
Cyclohexane, 90 °C Tertiary Amines

2P-02

Synthesis and Application of N-Heterocyclic Carbene

Yokohama National University

Triethylborane Complexes R-N
. . . . \==( Vel T
Yoshitaka Yamaguchi*, Takashi Watanabe, Shintaro Ono, & % Py %
A\ /1 A\ /1
M Nak: Toru Hashimot N - N
asanao Nakano, Toru Hashimoto | LIBEt;H v ?
/\

2P-03

HYAc- 5E S-Type
(5% Ru-Al,03 powder)

Highly Active Ruthenium Catalyst for Ring Hydrogenation X Hz (<1 MPa)
R+ - .
Tomoteru Mizusaki*, Shinji Ueno, Akira Komatsu, Hiroyasu Suzuka, Z IPA, < 60 °C, time
Yoshiyuki Wada, Masatoshi Yoshimura Evv::rr:‘in;f;:tsl:;
lower amount of catalyst
Catalysts R&D Dept., N.E.CHEMCAT Corporation shorter reaction time

2P-04

In-situ PAT: A Perspective on Efficient Process Under standing & | mprovement
Maiko Kurisaki*, Ulrich Schacht, Jim Cronin, Brian Wittkam
AutoChem Team, Mettler-Toledo K K.

2P-05

Oligonucleotide Synthesis: Bridging the Gap Between Techniques for
Speed vs Specificity and Sensitivity
Yuki Hara*, Tyler Gable

AutoChem Business Unit, Mettler-Toledo




2P-06

Development of hydrogenation technology l Hz (Gas) _ -
P - H2

- - 4_CINMMN

using trickle bed reactor for continuous manufacturing

) o ) Catalyst
Shigeru Kado*, Toshiyuki Watanabe, Asako Kiryu, !
s . . (Solid)
Hideki Sato, Tomoyuki Taguchi Sso - Support
. . R 1
Chiyoda Corporation Liquid h Nano particle
Synthesis of Medium-sized /N-Heterocycles via a Double 3 . RPN ,
) R
O,
Decarboxylative Ring- Expansion process under Palladium g2 \)/;RS \C(g/
R! CN /N 17 examples
Catalysis. \Cfgzo Pd cat. TS Upto 98% yields
N o N
Yoshimitsu Kato*, Hiroto Uno, Daichi Fujimoto, Koki Kawai, Norio Shibata s }Ojo R 7
W/ -
Graduate School of Engineering, Nagoya Institute of Technology ¥ TSP 10 ::ammes

up to 91% yields

2P-08

Synthesis of Aziridines bearing Consecutive Tetra-substituted Stereogenic Centers by
Catalytic Enantioselective Oxazolones Addition Reaction }N
0 O»\R3 R‘och

Kazuki Fujita*, Masataka Miura, Shuichi Nakamura N

3 A Catalyst R2 N7<<1 s

AN T 4 RS 5.

R'0,C o 00
(o]

upto99:1er

Graduate School of Engineering, Nagoya Institute of Technology

Catalyst

2P-09

Development of New Aryl Boronate Stable under Various Conditions

Naoki Oka'™, Tsuyoshi Yamada?, Hironao Sajiki?, Shuji Akai, Takashi Ikawa?

Grad. Sch. Pharm. Sci., Osaka Univ.}, Gifu Pharm. Univ.?

ArB(Epin) @,B(pin) @,B(Epin)
2P-10

Direct Nucleophilic Substitution of Alcohols

Using Immobilized Oxovanadium Catalysts
T. Nishio, S. Yoshioka, K. Hasegawa, K. Yahata, K. Kanomata, S. Akai

Graduate School of Pharmaceutical Sciences, Osaka University




2P-11

Asymmetric Synthesis of Cyclic Ketals

Containing a gem-Difluoromethylene unit e ADTMCs ( -

o R
R o] \§ RH)J\

S} 0 _OF

F
: s Af)k("F Pd]/Ligand 0.__0
via Pd-catalyzed [4+2] Cycloaddition G [PdliLig A >*<(II:F > Ar>*<f'F
. : Regioselective r ' R
Taichi Araki*, Hiroto Uno, Koki Kawai, Norio Shibata cyclic or acyclic [4+2] R
difluoroketones hemike{a-l-adduct up to 95% yield
M 0, .
Nagoya Institute of Technology stabilized by fluorine P © 99% ee, >20:1 dr
Synthesis of Perfluoroalkyl-ketones using HFCs under KHMDS —» ~
in glyme
Microflow conditions HFC-23 i
or
Hiroto Iwasaki*, Yamato Fujihira, Yuji Sumii, Norio Shibata HFC-125 RO R
o) . 2:R;=CF;,
Department of Engineering, Life Science and Applied Chemistry RXOMe N 21 exam39|e$» u?zli 88% yield
*R¢=CoF5,
1 21 examples, up to 87% yield

Program, Nagoya Institute of Technology in glyme or THF

2P-13

Hypervalent-Iodine-Catalyzed Oxidative C-N Couplingfor Synthesis of Benzolactam Derivatives
Koyo Mori’*, Hirotaka Sasa’, Kotaro Kikushima’, Yasuyuki Kita?, Toshifumi Dohi’?

Lol
. . . . . . Sz
' College of Pharmaceutical Sciences, Ritsumeikan University I .
. . . . . . . /R2 -OMe R ="R 1(j\//R)"
2 Research Organization of Science and Technology, Ritsumeikan University R{D/ " N (L= ligand) R Nlo

h
co-oxidant OMe

(n=0-3) Up to 740 TON Benzolactam

2P-14

Acceleration effect of mild acids boric acid and biphenols

for several pericyclic reactions

Kenji Sugimoto*, Ryuhei Hada, Ryoga Yoshida, Yusei Wada,

Yuji Matsuya

L,
OH
O (10 mol%)

R
R

Inexpensive acid catalyst for

- 2-aza-Cope rearrangement
- Fischer indole synthesis
- asymmetric Nazarov reaction

B(OH); (30 mol%)

Faculty of Pharmaceutical Sciences, University of Toyama

2P-15

Deuterated Organocatalysts for Sustainable Organocatalytic Process
Sei Murayama,'” Huatai Liang,>* Zhurong Li,>* Yan Liu,>* Hiroshi Naka,' Keiji Maruoka'?3

Ar Ar'
S) [S]
OO e
BBU _Bu

®NZ ANJ

Bu Bu
D "y
D
Ar Ar'

(Ar = 3,4,5-F3-CgH,) (Ar' = 3,4,5-F3-CgH,)
(include 22% D in Ar')

IGrad. Sch. of Pharm. Sci., Kyoto Univ.;
2Sch. of Chem. Eng. and Light Ind., Guangdong Univ. of Tech.;

3Guangdong Prov. Key Lab. of Plant Res. Bio., Guangdong Univ. of Tech.




2P-16

P
i ; sty A Fine bubble ° 6
Fine Bubble Organic Chemistry: O = it generator | = o oo
. - . . s W/ (shearing) L
Creation of gas-liquid phase reaction mode for social application Bulk bubble LY Fine bubble

. . . g . H, Fine bubble
Tomoki Kozuka*, Hiroto Sakurai, Koichi Hamazoe, Kohei Sato catalyst H

) 9 ) ) X OH
: : MeOH OH
Tetsuo Narumi, Nobuyuki Mase H

. . L Yield: 94%, 1.1 kg
Graduate School of Integrated Science and Technology, Shizuoka University (Calculated Productivity: 4.5 kg/day)

2P-17

Spirobipyridine Ligand for Acceleration and Selectivity Control roof Akt NeAlkyD,

in Iridium-Catalyzed C—H Borylation ©\Bpm ©\Bpn
Sobi Asako*, Yushu Jin, Boobalan Ramadoss, Laurean Ilies OSl‘Pr

RIKEN Center for Sustainable Resource Science \ Lo OBI_NEIZ

2P-18

Synthesis of Aromatic Sulfonium Salts by Mesityl Iodonium(III) Salts ort

P
under Mild Conditions

Yusuke Yoto*, Takumi Hayashi, Naoki Miyamoto, Mesityl (Mes)
Kotaro Kikushima, Toshifumi Dohi lodonium(lll) Triflate ’

f
St~
Colledge of Pharmaceutical Science, Ritsumeikan University O/ Selective Aryl Transfer Ar1 \@

2P-19

Cyeclic hypervalent iodine-induced oxidative phenol and aniline couplings with phenothiazines

Hypervalent lodine(lll) Reagent

Koji Morimoto'?, Kana Yanase', Kentaro Toda', Hitoshi Takeuchi', P

N - R’
Toshifumi Dohi'2, Yasuyuki Kita? /©;<° [\\,]i}x
College of Pharmaceutical Sciences, Ritsumeikan University ]Q X - @[ ]©/ - @END/RZ
. . . Oxidative C-N Bond Forming Reaction
2Research Organization of Science and Technology, X = oM. NHR ¢ v

Ritsumeikan University

2P-20

K
Process development for the synthesis of BACE 1 inhibitor E2609 mi]% g e - .:>JO
Masayuki Omori*, Kazuhiro Yoshizawa, Hiroyuki Chiba, Akio Kayano - N\ng T e part @':
API Research Japan, Pharmaceutical Science & Technology ! :zsoe m); ]A = °mﬁju
Total yild 26% (10 t0p)
Core Function Units, Medicine Development Center, Eisai Co., Ltd. ngy'lai"“m..m y;: e

-Application of flow reaction to nitration




2P-21

Automated robustness study for ICHQ14, AQbD and DI
Kazuhide Konishi*, Yuko Aoki, Shigenori Sonoki, Sergey Galushko
ChromSword Japan Co. Ltd.
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Oxidative C—N bond cleavage of cyclic amines with ammonium hypochlorite

Yuya Kaieda'*, Hiroyuki Toguchi!, Natsumi Hanazawa!-2, R R ©

( e ( OH > o
Kosuke Yamamoto!, Masami Kuriyama!, Osamu Onomura! n acid " o e OCI
N Oxidative C-N N’ Me
Graduate School of Biomedical Sciences, Nagasaki University PG bond cleavage PG TMAOCI
2Tsukuba Research Laboratories, Tokuyama Corporation up o ggf,)/;zyi old
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Alkylation reaction with PM-BENAC-K and 2,4-DM-BENAC-K and subsequent selective o)

deprotection M

. . . N-alkylacetami
Rina Takenaka,* Yumika Koike, R- ﬁ — HC ﬁ alkylacetamides
0 Y

Atsunori Hira, Takeo Sakai, Yuji Mori HNJ\O
PM-BENACK (Y = H) .
2,4-DM-BENAC-K (Y OMe) R OMe

Moz- or Dmoz-protected amines

Faculty of Pharmacy, Meijo University
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Construction of Tricyclic Aminoketones by 3-Aza-Cope-Mannich Cascade and Synthetic Study of Neostenine

Rika Goto*, Chihiro Ueda, Takeo Sakai, Yuji Mori N OMe "
H i-PryNEt H o
Faculty of Pharmacy, Meijo University . K:C0, N
CH;CN "
Br
Br/\)\/Bf 65% neostenine

Arylation of N-methoxysulfonamides using TMP-iodonium(111) acetate OAc

|

1.
Aki Morita*, Elghareeb E. Elboray, Taeho Bae, Ar”TMP

0..0 (1.1 eq.) 0. O
Kotaro Kikushima, Toshifumi Dohi e N g -OMe K,COs Sy OMe
o N N

College of Pharmaceutical Sciences, Ritsumeikan University S Toluene -~ ~F A

&0 *C




2P-26

Chiral Hypoiodite Catalyzed © @

Base Free C-C Bond Formation Reaction Ar/HTH\E/\HJ\H N
Io Mori*, Kota Sugimoto, Minami Odagi, Kazuo Nagasawa R'\,’Q—QOZME Me ° Gf;r}g'g?ﬂg{;j cat. °
Graduate School of Engineering, 3,9 o Oﬁ@%

MeO,C -20 °C
Homo-coupling : up to 98% ee, dl : meso = 19:1
Hetero-coupling : up to 98% ee, d.r. =20:1

Tokyo University of Agriculture and Technology
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Development of New Catalytic One-Pot Synthesis of N-Unprotected o cat. So(0Tf)y WH
or cat.
. . . . JL + (TMS),NH ————— JL
Unnatural Amino Acid Derivatives RITOR? o TS);0 R OR?
1 o2 ow-reactive N-unprotected

% . . . R', R* = aryl, alkyl co-product ketimine

Yuta Kondo*, Tetsuya Kadota, Yoshinobu Hirazawa, Koki Yamada, o intermediates
11_OPh
. . . . . . . . H,N CN HoN PO -
Kazuhiro Morisaki, Hiroyuki Morimoto, Takashi Ohshima 2 *\¢ “OPh one-pot
R1 RZ R‘ R2

Graduate School of Pharmaceutical Sciences, Kyushu University N-unprotected unnatural

amino acid derivatives
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Phenol O-Arylation of in Water with Diaryliodonium(III) Acetates

N. Miyamoto*!, K. Kikushima', E. E. Elboray', Y. Kita?, T. Dohi'-? TMP—I‘
|
ICollege of Pharmaceutical Sciences, Ritsumeikan University OH OAc o
Na,CO,

> L . . . -
Research Organization of Science and Technology, Ritsumeikan e

. . or
University H,0
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Regioselective C—H Functionalization of Fused Triazoles

Naohito Tomita*, Masaki Kawabata?, Shuji Akai?, ol R -
. . cer . r,X { N 7\ Pd catalyst
Tsuyoshi Yamada®, Hironao Sajiki', Takashi Ikawa® N | P —_—
N [
! Gifu Pharmaceutical University X =C.N
0,
2 Graduate School of Pharmaceutical Sciences, Osaka University up to 99%
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Phosphazene Base-Catalyzed Intramolecular P(NMey)s
Y

Hydroalkoxylation of Hydroxyalkene (Me,N)sP=N—-P—N=P(NMe,);

OH
. . . . N—tBu
Noriko Yamashita, Miyu Kawamoto, Mio Yamanoue, 0.1 equiv 0
Akari Miyawaki, Junpei Matsuoka, Yasutomo Yamamoto*® X toluene \ TR
| /—R reflux, 1-2 days Y

Doshisha Women's College of Liberal Arts up to 85% yield
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Automated Cooling Crystallization of Paracetamol Using

Concentrafion

the ‘Calibration-Free’ Direct Supersaturation Control Method

Mayu Nakatsukasa*, Roland Hass, Jon Goode and Ian Haley _ T selbiy

Mettler-Toledo Ltd. Temperalure .

Solubility curve and MSZW (Mefosfable Zone Width)
Flow

Green Flow Processes: R-OH + Ac0 — > ROAc + AcOH
(1.05 eq) Heating

Optimizing Conditions by Unsteady Reaction Tracking Technique

1 exp.: 49 min Response surface
Naoki Miyashita*, Ryuji Kobayashi, Arun Kumar Manna, Kohei Sato, [ —— -

Tetsuo Narumi, Makoto Matsui, Kazuhiro Takeda, Nobuyuki Mase

Temp. (°C)

Lies

Graduate School of Integrated Science and Technology, Shizuoka University Flow rate (mL/min) >1 kgiday (yield: >90%)
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Circulation Flow system

Scale up of Photo Flow reaction using Blue LED and Catalyst design

Shohei Majima ', Satoshi Yoshikawa !, Toshikazu Hakogi o .

! Technology Department, Shionogi Pharma Co., Ltd. H A)L o UL
“eeee SR

2 Technology Department, Pharmira CO., Ltd Pharmaceu;gi)a::: igntermidiale New photo catalyst 98% conversion

(1 mol%)
447 nm LED
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Synthesis of New Helical Molecules Using Dispersion Interaction
dispersion controlled

Takashi Ikawal*, Yuto Masuda?, Shuji Akai? Qs
Gifu Pharm. Univ.}, Grad. Sch. Pharm. Sci., Osaka Univ.2 QQ _> 5
=
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Asymmetric Synthesis of Eight-membered N-Heterocycles via Auto-organocatalyzed Amplification

R

Tin Zar Aye*!, Masaru Kondo?, Hiroaki Sasai'!, Shinobu Takizawa! N
l

ISANKEN, Osaka University N_R1 /¢/ DH—

. L A\ Ring expansion N R2
2Graduate School of Science and Engineering, N "R2 > Ts
S Ts Auto-organocatalyzed 2: 70~94% ee
Ibaraki U g .
arakl University 1: 10~84% ee Amplification recovered 1: 7~84% ee
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Efficient and Unique Synthesis of Heterocycles Utilizing 1,3-Dipoles

Yutaka Ukaji*
Faculty of Chemistry, Institute of Science and Engineering, Kanazawa University
Kakuma, Kanazawa, Ishikawa, 920-1192, Japan

ukaji@staff.kanazawa-u.ac.jp

Toward the preparation of heterocycles utilizing 1,3-dipoles, the approaches have been generally limited to
concerted 1,3-dipolar cycloaddition. A strategy consisted of a stepwise addition to 1,3-dipoles followed by
cyclizaion could be an alternative pathway to synthesize of heterocycles. We have been interested in the fusion
of 1,3-dipoles and carbene or carbene-type species, and addition and/or formal “insertion” reactions were
developed. For examples, the reaction of C,N-cyclic-N’-acyl azomethine imines possessing isoquinoline
skeleton with isocyanides, sulfonium ylides, and diazo compounds, variety of heterocycles could be obtained.
A unique formation of 3,6-dihydro-2H-1,2-oxazines starting from a,f-unsaturated nitrones with sulfoxonium

methylide was also realized.
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RATHRER, FEE D D AINBRALSE, AR A S 2 WL L7z,

L3 BMBAFDOFTHHZIE= br o7 VY AF oA 203, RE-EBRZ EHEEET D 1,3-X
MTFThHV, BENFTXY RBEDHDVITA I EHITRN L TEMH L SN RE-EHE TS
ENCERT D 2 ENTE S, WYRREMMEISZIT, S HICREMICERILIGICE T2 5
ZENTENL, 1, 3B 2IE AT 2 EFBRABRCH -2k ZzHA 2N TELEEXLND

—J, AV T = RIIRBERFARMEE 2/ T LIV FRETH Y, FRFC 2 SO A
ERRPFRETHD ZEMbAMBMEFRTH Y, GEFRERELSRICTBNTHH I MBRIH ST
Woh, £ VT = ROANR=Z)VE LA I 2 EEWITHT D4IE0GE, £ £ 4 Passerini X

o



iy, Ugi St &E LTHBNTEY, KIGHETIZIZONVER BRIV ETHD Z ENMmbEN TS, A
V#/)/%%%ﬁ?éAKTVWT/%%/4‘/A®4/VT ROfMzEEI LTz & 25,
A VT = RO n e L 720, wa/EﬁLf%Bﬂmeﬁﬁﬂﬁ@ﬁ ZHEATL, A
L3 A XYV U RENETRELOND I EE R L, ?

<2 XViI:? Chz—S ,X//| ¥

= RNC R + CH,—SMePh N

\ N\N \ ~N. - 2 € \/N
)]\ )\ O/«Ph

RN® 07 ~Ph 07 Ph

ZORISELY, 1, 3BT & I ARURIEISRIOBAIC LY, EEBRARNATRE TIE/ZR Vs & %
L, fix OMAEIZ OV TR LT,

AV R, §< b6 N TN IARVEIKISEHITH Y, DAR=bEM E ORISTIE
TAHRFV D, A IMEEMEDKIETIET VI P Un, ZTNENELND Z ENMLILTWVD
FIRD N=-TINT I AF oA I ~ONINIE S B IEITT DD EE R, MEtLlic, Uik
FURAFNANALVK=T DX VBETDHHHEA Y ReDORISERARTE Z A, [5+HBRILESD D
BTN, TEAOBIEK LY 3-_UOATEEVHEEENELNL Z ENH LN E ot AL
RENAY ROSREEZE ESEH L, 3-_UXTEPEUVFEERNNERLS AL, Y K
X, 7Y AF A I THREA V) KRN UT-%, EFB0OREESRIC X0 AINRARY ch 5
TOU D= MEOERMESL L, BT AR = UEEIC K A REMRRKGICE Y, 3R X
TEECBRAERLEZLEDEEZ bND, AKISTHE, BB TIEIH L0 1,3- BB+ ThHoHT VAT
YA IUDCNFEERIC I NRUPRA LT, ERARTIENTE D,

—7, af-REafi= b r Ak LiiEA U REER IS & 25, HfliZ [5+1]BRLAINAE R <
b5 5,60k FaAFHh U8R cidiad, 3,6-VE Rut3 3 U riFEaERngons Z &
O ERoT2, Y WA Y R BALRFETIH AR = b U RE~OREMML, 72U P=0 A
WODOIEEL, #i< Meisenheimer SE(\IIC L VAR LB D EEZ BV,

4

— R3
O. +.R3
N N
|+ cH-800) i
N + CH,-S(O)Me _—
R2 RZ

KBTI, kA TWD 1 3-BRF & T VAL EM S D T 1 e~ U BROSHI D S IZ D
WTHHETHTETH D,

1) 42, WRH, AHEESHIEF =0, 2015, 73, 65. Y. Ukaji, T. Soeta, In Methods and Applications of
Cycloaddition Reactions in Organic Syntheses, N. Nishiwaki, Ed.; Wiley: Hoboken, NJ, 2014; Chapter 11.

2) T. Soeta, K. Tamura, Y. Ukaji, Org. Lett. 2012, 14, 1226.

3) T. Soeta, T. Ohgai, T. Sakai, S. Fujinami, Y. Ukaji, Org. Lett. 2014, 16, 4854.
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Development of Novel and Efficient Catalytic Systems for C-H Activation and Application to
Practical Synthesis of Pharmaceuticals

Masahiko Seki*
Marketing Group, Research & Development Div., Tokuyama Corporation
40, Wadai, Tsukuba, Ibaraki 300-4247, Japan
m.seki .tk@tokuyamagr.com

Over the past decade, C-H activation reaction in which a bond formation is accomplished by breaking
otherwise inert C-H bonds, has emerged as an ideal tool for constructing molecular framework of valuable
compounds such as drugs and natural products. While considerable efforts have been made to expand
scope of the methodology particularly on the type of accessible C-H bonds, there are still formidable
challenges that should be addressed to be involved in cost effective manufacturing process of the organic
molecules. This presentation describes our recent accomplishments to develop efficient catalytic systems
for the C-H activation and their application to practical synthesis of pharmaceuticals.
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Our Research Projects Based on 4’-Thionucleic Acids.

Noriaki Minakawa*
Graduate School of Pharmaceutical Science, Tokushima University, Shomachi 1-78-1, Tokushima, 770-8505,
Japan

minakawa@tokushima-u.ac.jp

4’-Thionucleic acids (4’-thioDNA and 4’-thioRNA) are chemically-modified nucleic acids having
sulfur atoms on the 4’-position of furanose ring oxygen. These artificial nucleic acids are designed to append
nuclease resistance and hybridization ability as well as bioequivalency with natural DNA/RNA. The
chemical synthesis of monomer units (4’-thioribonucleosides) of them is effectively achieved via the
Pummerer reaction between 4-thiosugar and nucleobases. With these units in hands, researches for medicinal
chemistry have been developed.

In this presentation, I would like to report their chemistry and biological applications.
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Development of Continuous Flow Synthesis Technology Dealing with
Various Properties for Manufacturing APIs

Masahiro Hosoya*
API R&D Laboratory, CMC R&D Division, Shionogi & Co., Ltd.
1-3, Kuise Terajima 2-chome, Amagasaki, Hyogo, 660-0813, Japan
masahiro.hosoya@shionogi.co.jp

Continuous manufacturing has a high potential to enable eco-friendly and low-cost production of APIs.
Despite this advantage, batch manufacturing still remains the mainstream choice for manufacturing APIs.
One of the main reasons is that various properties including slurry has to be handled during the synthesis of
APIs. To solve this problem, we have taken an approach for dealing with the various properties as they are
under continuous manufacturing rather than that for modification of the properties. In this presentation, we
will show some case studies for dealing with homogeneous, liquid-liquid biphasic, and solid-liquid biphasic
systems under continuous flow conditions using corresponding suitable configurations.
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Computational Chemistry Analysis of Molecular Motion in Crystals and
Structural Phase Transitions

Hitoshi Goto*!, Shigeaki Obata?, Naofumi Nakayama?, Shinji Hamada®
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Some of the computational chemical findings on crystal structure and phase transitions obtained in the two
research projects of soft crystals and crystal structure prediction are described. Here, we discussed the
accuracy of crystal structure prediction and that with the aid of PXRD, the problem of multiple crystal
polymorphs, and the difficulty of crystal calculation under external shear stress application.
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FE RSSO BT D R OMIICE Y A CTE T2, F/2. — T, U7 U v URRET —
At 42— (CCDC) NEMT HFEMEE TR T 74 RT A MIBML, Z67e0 SO T
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FMRFIZHILSBEAINTWD, 72720, TOHEET, @, KA E 738K 0470 IRkE
L TCORTHD, £lo, X7 /MMLEWCEERDMEZ ] O FEE NS LBCEEE LT, X #fs
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Design and construction of high-potency API plant and process development

Ken Ikuno*
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UBE has been studying a containment system for high-potency API for more than 20 years and installed a
containment system using soft-isolator into pilot plant in 2007. In 2021, No.5 APl Plant designed to
manufacture high-potency API [control level; OEL > 0.1 ug/m3] was constructed with three independent
working areas (synthesis, milling and kilometer |aboratory area). Here we introduce our commercia plant

and several practical experiences.
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Total Synthesis of Taxol

Noritaka Chida*
Faculty of Science and Technology, Keio University
3-14-1 Hiyoshi, Kohoku-ku, Yokohama 223-8522, Japan
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The total synthesis of taxol (paclitaxel) is reported. The tricarbocyclic framework of taxol was constructed
by Sml-mediated cyclization of aldehyde/allylic benzoate, prepared from 3-methoxytoluene and
cyclohexane-1,3-dione.  Double Rubottom oxidation of the bis(silyl enol ether) derived from the
tricarbocyclic diketone effectively installed a bridgehead olefin as well as C-5/C-13 hydroxy groups in a
one-step operation. The novel Ag-promoted oxetane formation, followed by installation of a side-chain and

global deprotection, furnished taxol.

AXY =L (N7 Y EZXELD)ITEAT VAL TFAOBELY SN T AR A4 R THY
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BIOERPHE I TR D, BIFEETEH 2015 FITERNEGRE RN LIZ 2, Z0F G T
I% (Scheme 1), Tri-O-7 B F/N-D-Z /L F—/v (2) ZHFEEEE U, Ferrier BRALKUG & 3 BordisG
bz ETe 19 TRIZT, 74T b R3I~GFE L, RIZHLEFEE L7z 4 & @ Shapiro 71> 7'V 7
WZCT U ARy z—h5 L LT, mvt Sml, Z AW FINBRMERISIC T 8 BERZMEEE LTZ (5
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SMe (0]
OBn OBn
s=( oxetane on Known
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S:'/\O 100 °C —— y Ph/\;)kon»
s 7 12 st O I 5
SMe O SH 2 48h o) GH 2 steps %Oﬁo: Y OH
- O Omowm oss O omom g
o (] o) ) .
Takahashi's intermidiate (9) taxol (paclitaxel: 1)
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- t
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1) Li, C.-C. et al. J. Am. Chem. Soc. 2021, 143, 17862, and references therein. 2) a) Chida, N. et al. Org. Lett. 2015,
17,2570; b) Org. Lett. 2015, 17, 2574; c) J. Antibiot. 2016, 69, 273. 3) Takahashi, T. et al. Chem. Asian J. 2006, 1,
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Gram-Scale Antibody Drug Conjugation Synthesis by Site-Specific Chemical Conjugation,
AJICAP®

Akira Chiba*

Material Development Section, Material & Technology Solutions Labs,
Research Institute For Bioscience Products & Fine Chemicals,
AJINOMOTO CO., INC.

1-1, Suzuki-cho, Kawasaki-ku, Kawasaki, Kanagawa Pref., 210-8681, JAPAN

akira.chiba.fy4@asv.ajinomoto.com

The development of antibody-drug conjugates (ADCs) is in great demand in the oncology field. To maximize
the therapeutic index, the conjugation technology to produce ADCs has been shifted to a site-specific manner.
We have developed a chemical conjugation platform termed “AJICAP” for site-specific ADC synthesis. Here,
we report the gram-scale ADC synthesis using AJICAP® technology employing a scale-down manufacturing
approach using tangential flow filtration. The minimum yield for each step was increased to 90 % after
optimizations. The analytical and biological data for the gram-scale synthesis were identical with the results
from a small-scale batch. The results indicate AJICAP® technology is amenable to relevant manufacturing

production scales.

PUAEY 51K (Antibody-Drug Conjugates, ADCs) EIPURIZ @GN/ K0 A EE LzE
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W5 ADC BEEIL, FUARE DT v F LI EIZEAZ 2V a S — S5 b D THY | ZDORER
ADC DFE L SN TWBJEWRIEIRENL (Therapeutic window) Z+/MCEH TE TV &&
A HNTWD, ZORBEARIT 572Dk % 7o LB R A 72 ADC SVEDBRAFE S 41, s b BUAM:
RTF R MWL FiE (AJICAPe ¥£) 2EBZR L, W LZ1T-> T\ 5, 4l Fxid AJICAPe £
D7 a AR TV, BE TRIISH FTRE R T/ T A A7 — /)L TORLEEIRAY ADC % 5L
L7, BERTEL, EBEofLE THW SIS Tangential Flow Filtration & A7 —/L& 7 v S+
7=b OV, AJICAP®YE K DRI N NRHNFRETE 5 2 & 2R LT-, R TRIE
(I TRORE(CORERE 2175 2 & T0%I < TR ELZ, ALY T DA —/1inid 2
NETOLERT—NLDEDE ED LRV, TUREM L, AWTEEE R T 2 & PSR TE T,
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Development of Magnesium(II) and Sodium(I) Bisphenoxide Catalysts
for Transesterification of Methyl (Meth)acrylate

Kazumasa Kon,'?* Xue Zhao®, Manussada Ratanasak,’ Jun-ya Hasegawa,3 Kazuaki Ishihara
1 Venture Business Laboratory, Nagoya University, Furo-cho, Chikusa, Nagoya 464-0814 (Japan),
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3 Institute for Catalysis, Hokkaido University, Sapporo, Hokkaido 011-0021 (Japan)
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Bulky magnesium(II) and sodium(I) bisphenoxides were developed for chemoselective transesterification of
methyl (meth)acrylates under mild conditions without solvents at the ambient temperature. Various primary
and secondary alcohols, diols, triols and thermal unstable alcohols provided the corresponding
(meth)acrylates in high yield without Michael adducts. The X-ray diffraction analyses of magnesium(Il) and
sodium(I) complexes were succeeded, and DFT calculations were conducted to understand reaction

mechanisms.
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it 925 Z L ZH LI LTV D L AlEl X0 EIEMER 6,6°-(7 130 22-U A V) EAQ,4-V-tert-
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Nay(PBTP) (for R = Me)
or
Mg(PBTP) (for R = H)

R Q . (1-5 mol%)
+ ROH
\H)kOMe without solvent
rt, MS 5A
- Mild conditions - High chemoselectivity
- High yield - No toxic metal or ligand

A O
OW/MQ ? o

o) R = Me, 0.5 h, >99% yield
[Na(BHT): 3 h, 99% yield]

3 h, >99% vield R =H, 24 h, >99% yield
[Na(BHT): 6 h, >99% yield]  [Mg(BHT),: 48 h, 90% yield]

tBU By

Mg(PBTP)

Me

Jf

2.5 mol%, 38 h,
[Na(BHT): 5 mol%, 48 h, >99% yield]

-Na

O-Na

B

Na,y(PBTP)

>99% yield

AP D SCHERE B9 D &2 15 5 72, Mg(PBTP) M (Y Nay(PBTP)D X it it i i 247
72 o 7=, THF HCREdbZ1T72 > 725558, Mg(PBTP)DRS fb ik i& 1L — & IREER[Mg(PBTP)THF], &

o TWNWDHZ EN BN

> 72, —J T, NayPBTP)iZ

H & (K 8 K

Nay(PBTP)*4(THF) & L THE(E
LTWHZEBHLMNERS

72. Nay(PBTP)*4(THF)i% 2

@ Na(I)-n’-benzene 1% A

LTHED, I Lo TREE Mg(PETP)-THF],
ERLZENL SN TV D EADRENTH D,

T XORRE SAER E AT I & o T DT AR 12 S-S T DFT
& O Nay(PBTP)fE L Z X 2 SO Z DN T EUSHEIEFRAT 21T 72 o T2, DR,

Nap(PBTP)+4(THF)

FH5 & VT Mg(PBTP)
AT (AF) 77V

L= EXRVUNT N a— L DRSS EETNVRIGEE LTc, £ DGR, Mg(PBTP)Z W2 ST
W7 v a— ol e kAl & REM MMM BRI Z 0 . REMMAESRERE CTH 25 Z E0NH G
MmETpoT-, —JF . NayPBTPWZ KA KJGSEM 7 v b oAb & R I RIRF LT3 D 2800 72

JGTHDHZ EIIRENTZ, EIZ, Mg(PBTP)& TN Nay(PBTP)
b BT 1 D BOS DR B B 3 1T DIE ML = R L —
Mg(BHT), & O Na(BHT)fit #1 JX % s & 0 K<
Mg(PBTP) X O} Nay(PBTP)7S L V) Eili 72 fililit ¢t 2 = & %

FHHEALFERINCNIGET D Z ST LTz,

Catalyst Ea®P[kcal/mol]
[Mg(BHT)(OBn)], 13.0
[Mg(PBTP)]» 10.8
Na(BHT) 214
Na(PBTP) 18.8

(1) Ng, J. Q.; Arima, H.; Mochizuki, T.; Toh, K.; Matsui, K.; Ratanasak, M.; Hasegawa, J.; Hatano, M.;

Ishihara, K. ACS Catal. 2021, 11, 199-207.
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Kinetic Analysis of Ester Hydrolysis Using Automated Flow Reactor

Yoshihiro Takebayashi*, Kiwamu Sue, Fumitaka Kimijima, Toshitaka Funazukuri
AIST, 1-1-1 Higashi, Tsukuba, Ibaraki, 305-8565, Japan
Chuo University, 1-13-27 Kasuga, Bunkyo-ku, Tokyo, 112-8551, Japan
y-takebayashi@aist.go.jp

An automated flow reactor controlled by a LabVIEW program was constructed and was applied to the kinetic
analysis of hydrolysis of p-nitrophenyl acetate catalyzed by base. In-line monitoring of the absorption spectrum
at various reaction times, temperatures, and base concentrations enabled us to determine the second-order rate
constant and the corresponding activation energy.

7 u—ROKEHEBE L, ROy FRIOGHER & T, RO m RGeS R - 15
DIEERIENFEETH D, £, R T OWEREE PCnL T 0l T AT 5 Z & THEMER
KO THY . BUSHREZZ KOO4/74/\ﬁT%ﬁ@T ZEEDD LTI SO E
FENTCSM DAL 2 N RAICHED D Z LN TE D, AFIETIX, D OFEZFIH L7z BE1E
Tu— RSB AER L. BT ARG E LTI AT VDMK RO AT I8 LT SO E
ER DR ERAAEZ PE LIEM b= L ¥ — 2R LT,

AiA i (] b (8 mE Al (c)

(a) R R
CH3COO‘©N02 @‘NOz + CchOO 8 8 0 20 |

10 10 0 20 J

c -

-~ '~ ":'~ E 0 60 -

0115t . WW i " s d
/\ 250 300 400 500 600 700
A 7 Ih}l/T 5’ Ef (nm)

M1 ()= AT NAONKGIRORIE, (b) B EE Y v —ISIEE ORI
QAT Y a— Vil & AT MVERIRO T 1 bRV



BTN E LT, K la IR TEHE p-= b 7 = = )V AT VO T )V U R X B Ko fiF
EREATRG L Uiz, AT D =ha 7=/ —)bA 47 400 nm (FTIZHERIE — 27 2 FFH> 2 L%
FIHL T, ZOREZEIEA T4 2 TRIE LT,

HEML 7 0 —SOSSEE O Z X 1b 1ITRd, = X7 LKEHR & NaOH KSR & Kk%, £ Eh
HPLC 7~ > 7°(JascoPU-2080i) & F\ T HTE Dt B T8I L 72, £ 9 NaOH /KA & 7K 2 PNAE 0.33 mm
® T 7 ¥ —(Swagelok SS-1F0-3GC)iZil L TIRA L, WM& DOimtb #4525 Z & T NaOH JR %
I L7z, IRE%D NaOH KA & = AT VKRR TN TN TEAEICE L CHR L%, 11
DR TIRG LTS ZBth S, TEVE L ROSEIZIE, AME 116 A »F, A 0.5mm DA
TULVABEERWL, ETREORIIISM, KISEORIIF4m Eoid2m & Le, KISREX
74—/ (Espec ST-110B1) & F\ T 50~80°C (ZHilf#l L 7=, MUGE DEFZIC _HEXOHHE 258 E
L. % 10°C £ TRHT D52 L CHRIGEEIESETZ, WERORIRZ EHE 10mm ofit@ao
HFEMIZEAL, T 7 A=K~ /VTFF ¥ x5 EER(Ocean Insight FLAME) % VN TWZIY
AR MVERIE LT, R 7O E BIED LabVIEW 7' 12 77 A% AW T 1c IR L 9 I
AV a— Vil L, BOSRES> NaOH R 2 2L SED DAY MLT — X ZIEE LTz,

BOGTREE S 50°C, NaOH A 3 mM @ & & ORI ALY MV ORI L %K 2a (2R d, K
ORI & b 722> T, eIcH kT2 270 nm AT OV E— 27 OFRERED L, Rb-> T
AR H KT D 400 nm AFUT OWRIN B — 27 OFREE 3 HE N L 7=,

R D — 7 WOt E ORI A LA X 2b (2R d, il TdH 2 NaOH OIS HIZ 2 L7
W EITEL LR OB ER A = A(l-eMERET DL, ERCORTIICRHFICT 4T 47
THIENTE, B IROBETEH K = ko[NaOH] 2% 0.168 £ 0.002 s &>k ed H A7z,

BOGIREER NaOH JREERCSE DR S22 2 T, RO FERZ B 272 o7, ROTHE—ROEE
EHC K 2 NaOH R CTHI > TR L2 ZIROMEEES ke D Arrhenius 7’2 > R & [X 3127~ F, LART
27 B —ERB L Oy FEETRIE Lz 25°C TORE VL EO THEHBTHEIFT L LN TE, TO
& 2> BIEME LT RV X —E, 23 49.6 + 0.5 kd/mol &R Hiu7=,

=" (b) ' _50180°C O7R—ik |
ey w | £ Eam 2 BN TR
L B8 06
35;1 R G9TAVYT g 35 ~g50°C
%g : f‘(\‘ 0.4 1 Alt) = A(1-e7Ky £
00l 02 Kk=0.168 § 5{EMLTRLE—
(s) oo +0.002 s i: E, = 49.60.5 kJ/mol
0050 300 350 400 430 500 550 0 10 20 30 40 50 28 290 30 31 32 33 34
E& (nm) RIGESTE t (s) 1000/T (K
2 @WL ALY L& (D) B O E— 2 WOILFE D 3 TIROBEEER ke O
BRI 2L (BOGTEE 50°C, NaOH 2 3 mM) Arrhenius 7' &2+ k

VBB, L T%A% 52 MIfkZF K4, LF215 (2021).
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New Process for the Synthesis of Sodium Borohydride

Yuji Ota*!, Rene Yo Abe!, Kaoru Sugita!, Takehiro Matsunaga?
"Nippon Light Metal Co., Ltd.
Urbannet Uchisaiwaicho Building, 1-1-13, Shimbashi, Minato-ku, Tokyo, 105-8681, Japan
2AIST Tsukuba Central 5
1-1-1, Higashi, Tsukuba, Ibaraki, 305-8560, Japan
yuji-oota@nikkeikin.co.jp

Sodium Borohydride (SBH) is used as a reducing agent for organic synthesis and for bleaching pulp. It is
also expected as a hydrogen carrier, but it is rarely used in practice due to its high cost. Therefore, we have
developed a new inexpensive and safe process for synthesizing SBH using aluminum and sodium metaborate
as raw materials. In this process, it was found that the reaction rate was improved when sodium was added
excessively to boron. It is considered that SBH is produced by repeating the production of NaH and the

reduction of B,Os; in the reaction system.

KFEAIEH FEF b U 7 L (NaBH; Sodium Borohydride, PL T~ SBH) (X 1 CHEIADILEM TH Y |
R ZE R TR 300°CE TLRER AR Th 5, BIELFH M & LT 4000t/year/world D
ERH Y . HHEAROBRETAIRC UL T OER R ISR TWD, £72. SBH TR RS
LI SN DA KFENBIERFT SN TVD
KFZEX¥ V7O bEbIEABREHIED
TRAFXF—EEEZAHFLTEY (Figure 1) 7K
FX vV T LELTHHIFIRTWER, =
A NBEWTEOEBIZERA SN T 54
3720 BIEFE b STV SBH #liE
FHiEX, WARTEF NI LR MY
7 A (Na) RO A Fa T LT-KSE
FFS T T 700°CITMBNL TS S E D H
% (Bayer 1£) &, /KFE{tF ~ U 724 (NaH)

K12 RN S, RUBR N XA F
Jb (B(OCH:)3) % F LT SBH #1525

Figure 1. £fKFEFX ¥ U 7 OH &K MEET RV
¥ — 5 Lk



1% (Brown-Schlesinger %) @ 2 f¥7 b 575, £ EivEmliinony U o ZITEELEET 5 Na
X NaH ZJFEHZ WA D a A hoEWTrER Lo TND,

ZITHRAIE, BT AI=U L (AD) EAXIEOEET RY U A (NaBOy) ZJFEHE L TKEER
PR CRUG S5, ZaMEO@WET L SBH BiliE 7% (SHALBO 15) 122\ TRt 2 5506 L 7=,

SHALBO VEDEARBISHITLL T DIEY Th 5,

4Al1+3NaBO,+6H,—2AL0; +3NaBH,

BB 2 ARG RIE Y OFFEHEA L T v FRIGA S (Figure 2) 1T A
L. KBEMEFEE & — 2 —T 520°CITMB L, HEER L72RA B IIS & Em
L7 A, BRIL20%REICEE ST, TITNa/BENLEEZ DT
DIZJFE R O Na YsINAI 22 U CRS 2R L7- & Z A, Na 2 imFEICis
4% &SN 5 2 L -72 Y, (Figure 3),

FOSZ R DOEFI/INTACO AR AR L TBY . Zihk XRD THIE __
L72fE 5 NaH 23t &7z 2, RICBUSAERM % SEM CTBIZE L= & 25, E
FSHIO Al FHIZ Na,Al 258 @0VER L TR Y SISHEIT 5Lz 3N
Do TEDREMNLEHRD iota-7 /LI F (NagerAlgOos3) D3R L TV D EET- Figure 2.
DHERTE T, EIISIZE VAR L7z SBH X Al OEN7Z1T T iota-7 8 F g se
V2 FOREREOIMINE HFEL TWD Z E -7, (Figure 4)

IS DORERD S SHALBO SIS ITEL T OARZR SOUSHRIEIC K 0 SR T NaH OAERL & B,Os DIE L)
M IKEINTSBH BAEMR L TND EEXBND,

@O Al £l O & NayO ORI X 2 iota-7 /L X F &R & D4Rk

@ FRRAERARIC X 0 BEH LT Al & NayO OFEfIE TG & 5 NaH DA AL

@ NaH & B0 DLUGIZ L %D SBH & Na,O DAL

~Yaih
‘A ‘v-'; % %
» & SBH

. o 0‘* e
NN
/‘ S
: &
- o

e

» 4
-l g

75 7
A

Tota- 7k 3 _,;{ ‘;Sn'

PONFS
g

L
: -

—

Figure 3. Na/B £t & K558 0 B4R Figure 4. SHALBO KU MR DO Wi SEM 4
BN

1) W02021/025068, 2) W02021/025069
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Synthesis of y-aminobutiric acid esters by ring-opening reaction of cyclobutanones derivatives

Ishin Tomiya*, Kengo Hyodo
Department of Chemistry, Kindai University
3-4-1 Kowakae, Higashi-Osaka, Osaka, 577-8502, Japan
hyodo@chem.kindai.ac.jp

y-Aminobutyric acid (GABA) has been known as neurotransmitters and compounds containing moiety of
y-aminobutyric acid such as baclofen, which is the derivatives, been also utilized as drug for the nervous
system. In this work, we attempted to develop novel synthetic method for esters of p-aminobutyric acid
derivatives by nitrogen-induced ring-opening reaction into cyclic ketones.

We previously developed bench-stable oxime reagents which worked as an equivalent of unstable and
explosive hydroxylamine derivatives. Using this reagent, we have achieved de-acetylative amination reaction
from acetyl arenes and alkanes in the presence of Brensted acid in methanol solution, and obtained
corresponding aromatic and aliphatic amines. In this work, we have performed de-acetylative amination
reaction using four-membered cyclic ketone with oxime reagent and obtained esters of y-aminobutyric acid

derivatives, which is the precursor of GABA. We will discuss the details in this presentation.

-7 2/ BEEE (GABA)IHMIRAGEWE L LCabh, TOEKEKTHI AN/ a7 22X 00
BRx g yp-7 XV RIBHEEZ AT AWM b EToMRSROIREEK S L TR STV D. ZHILETIS
WESN TS GABA EHOARKIEELTIE, P. Resende HITZEHRILL TEROF I /L7 -0- ALK
AL, Xy~ RN ET LT Ia T B ) UBRENER T AL In T 2 T B NER, DK
MR TR K> TR RL 2 BEPE TR 7 2% 22 %D R TR D, ZOMBHIRESN TS,
AT, EOFIRHMITREGHRIEL LT, BREEZATHE Fex i 7 I UifFEk MSH &
OEAMA L LTIRDEE S X 2R E LW, BT Mo Thorvrn7 s ) VEA~DEFRE
ANBIBRER SN L B 9-7 X B R = AT VIO B R EAT - 72D T, ZOFEHIC OV THRET 5.

INETICAEBIL, AF 282, 7L 2Ty FEBEEET, 7 o ROKEER
SHDHZLICEST, ZHRTIFEARLEY. ZONTIE, 7 bt aildl oot
X VARG EEZ L, TO®GIT TRy 7~ mfrN 2 0, RGN L72/KIC X 5 KFIK
SRS TEMT I RBREREND. 61T, $RT P2 B E LT, KORbVITAZ ) —L
EHWDE, Ry v UBNBRICAELDL =N VDAL AU RMT NV a— LV afRER 32 LT,



— T IUMMEL DL EEB BT LT (Figure 1)Y.

(a) Secondary amide synthesis®
H>0 (1.05 eq.)

0]
N-OS02Ph  TsOH-H,0 (2.5 mol%) H\[]/Me
X7 Me t | > o
i R
R1 _ EtO)\Me ] MeCN L o
-10 °C - reflux, 24 h 63-96%
(b) Primary amine synthesis®
N _OSO,Ph  TsOH-H,0 (10 mol%) NH
ar e - R-—
R P Et0” Me MeOH L
rt, 24 h
22-98 %
(c) aminobutyrate synthesis (This work)
O N/OSOZPh Bronsted acid 0 R
%/S Eto)\Me Solvent R'O)V/V

R

Figure 1. 7% ¥ A58 A2 FIW OB REEZHLUS. () k7 X RERK, (b) —%7 I Ak, (c) y-
7 X BT AT VAR

A TIE, 4 BEROBIRT o ~EMUGKEZ R L, EREZEALRDLRILKEITD, R
R-BHRMEGHEGWIL, v-7 X VBB AT VDA %1T-> 7= (Figure 2).

0 N/OSOZPh 1) Brgnsted acid 0
’ | > NHB
&R Eto)\ Me 2) Boc-Protection R'OJ\/J?V oc
Cl o
NHBoc
Q NHBoc z
S
NHBoc MeO 2
MeO
80% 68% 79%

Figure2. > 7 a7 % ) VIO D p-7 I BEE= A 7 )VEAD A R
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1) P. Resende, W. P. Almeida, F. Coelho, Tetrahedron: Asymm. 1999, 11, 2113-2118.
2) (a) K. Hyodo, K. Togashi, N. Oishi, G. Hasegawa, K. Uchida, Org. Lett. 2017, 19, 3005-3008; (b) K.
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4) K. Hyodo, G. Hasegawa, H. Maki, K. Uchida, Org. Lett. 2019, 21, 2818-2822.
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Organic Solvent-free Asymmetric 1,4-Addition in Solid-State using Chiral Rhodium Catalyst
Developed as a Homogeneous Catalyst

Toshinobu Korenaga*, Hiroto Kori, Gaku Okamoto, Hidetoshi Hirahara, Masayuki Shirai
Faculty of Science and Engineering, Iwate University
4-3-5 Ueda, Morioka, Iwate, 020-8551, Japan
korenaga@iwate-u.ac.jp

Organic solvent-free asymmetric 1,4-addition of arylboronic acids to coumarin substrates in solid-state gave
chiral 1,4-adducts in high yield with high enantioselectivities only by conventional stirring. The used chiral
Rh catalyst were developed as a homogeneous catayst, and the chiral ligand, (R)-MFF-MeO-BIPHEP, of the
catalyst was designed by computationally-led molecular design including calculations of transition-states.
The organic solvent-free reaction could be applied to gram-scale synthesis of synthetic intermediate for the
urological drug, Detrusitol, by performing a greener purification using a minimum necessary organic solvent.

B)— R IR B YA T C 2 B RN A RAE T 503, FEIRIE CIIIEM T & 37, A ME-OBPUE
MELIRTFTTL7ZOFATERY, TSR L, "=V INREDOAT ) IAN)—IZXDH
BLBRINTVDIN, FFAEOEBEZLE LT 51O KREAMICITERD D, SEIFKA X, KISTE
PERMRWN T ~ U VHE O Rh il A% 1,4-(HIN B 2 SR 70 25— Zfii. (RW/MFF-MeO-BIPHEP)

%ﬁwiéﬁ%aa IZKVBAFE LTz, & BIC 2 Offlilll A M - EARIEDO AR 1,4-(H IR
AWz & 2 A, @E OB OL THRINIIENPETT 22 2 RHL (KD, RERE Y ot

AN X B IE AR A R T AR (R)-3aa D27 T b A — VA RIS LD THlE+ 5,

Bl EF-BEFF14-IRE  [RhOH(Cod)],

(R)-MFF-MeO-BIPHEP O
X S/C = 1000 MeO PAr
m - PRB(OH), — ) TR veo A Pars
o o w/o organic solvent T EEmE aRE) O .

1a 2a H,O (substrate amt.) (R)- 3aa _
> 99% ee, gram scale Ar 'OCFf*
B B B MFF-MeO-BIPHEP

(FTEMIBIC L ZAFERMAFOMKE] Y B L2 1la & 2a ORFE LA-MITIE 3 mol%Lh
Ol A Bl U PR TEPE 72 RiVMeO-F-BIPHEP filtiit < ¢, S/IC = 1000 C(R)-3aa i% 23%
LG oizew (X2), Bk, DFT GRIC K 25805, AEERIE Rh-Ph 1 A~D la Off



ABJSET, FRUEDIASRENBE L TCND Z ENbhotz (K 3), £ 2 THAM S DERIRRE

& L. MF-MeO-BIPHEP (¥ 1) #&ZR L., EMREBAFHR LA, THIE wﬁau:fe la
O CH-n FHAEAEABN A BIL (K 3), fEREUL T L VFHALUSD AGTME T Lz, FEEEIZ Z Ofd
NFZE G LA LA AW & SIC=3000 DT HINE 91% N ER TE - (K 2),

B2 AFILDHIUY(1a)ANDAFE1,4-fF70 B3 it A DILERIREEFEDEFEINAE
[RhOH(cod)], (R)-3aa - L* Rh 2a 2 .
Ligand ' = ' |
1a + 2a . (R)-3aa H,0 Ph-H CE P Par
organic solvent ' _Rh '
) >99% ee : o o !
Ligand L*-Rh Ph HO |« Rh—Ph 'CF3 Hj),/,g/ 5
(R)-BINAP (S/C=1000): 0% 14 ! H Z -
(R)-MeO-F,-BIPHEP (S/C=1000): 23% \/h ___j / CHm
(R)-MFF-MeO-BIPHEP (S/C=3000): 91% ERBRE=HARS)-""""" [ interaction .

[EBREFRF 1, 4-FMRIE]? 2 mol%d RWVMFF-MeO-BIPHEP filifif 2 4 A1 4T 7 <~ U > 1b &
2a DIUSIZ AW & 2 A Bk CHEERT 27217 ©. I 95% T 99% ee D (R)-3ba 233 Hiviz, =
DA, 2a DR THRAELTENRUCBUCE Y KISREW DB RA IS TE2T2H, ZANEEEE L
THEREL 7= 2 B 2, IR BAE L 2-F 7 FudRn Uik 2b 2 VTR EI T 728 2 A, i

IFHEABERIRIEDO £ ETH o7, 93%INEK, 99% ee T(R)-3bb Gz (K4), &I,
[RhOH(cod)].. MFF-MeO-BIPHEP, B4 &N 2B ih-EARF1 4-f IR 2Np

b, 2b & AT, REFICH yEnoHCo @i -
L& 25, HBEO RV ERR O“’*z" wio organic solvent o O( ’
BETOREIZ S 0b 5T, 70%I% HO (substrate amt) 2y 3pb

. 91% ee T(R)-3bb G H iz, Ziud, AR ThHiE [RhOH(cod)]. & MFF-MeO-BIPHEP 73%
BRI D Z & TR S N 5 S MERE[RhOH((diphosphing)] 23, IREE23 72 < & & BB BIIC AR L

TR TEIEMETH D720, ERIRETHAF LAMIBISHET LI b D LB 2 BT,

CAEZBARALVEVEELR]? SREECMBSS 21T Th, KR TERBOBREAHH Lz T
TR EITE, 22T ERBASRTRIA (R)-3aa D T LR — )L TOMRBEARL L . AR
EMDMEAH LR RZR AT @5 SagRsLa-4m kU B0 80RgIcL 2555

(X 5), 0.1 mol%® il 2 i\ V4 solvent-free reaction (conventional purification)
e - e . = 2 Rh cat. column
/ﬁﬁrﬁ 14 B ATV BT 0.1 mol% Rh  extraction chromatography 3
. Az N Zp .Y, - 12 + 24 —mM8»— > » (R)-3aa
=73 ﬁ%@/ﬁ% Lo, ZivE 1.00g 533g "° solvent EtOAc EtOAc (50 mL) (1)40
TORBEAERH &0 265 mL 76, H,O (7 equiv) [ (15ML)  Hexane (200 mL) 9'90/ g
water > 0 ee
FTA3mL O &EE T, KIERE washing total 265 mL
BEEDOHIIZE ) LT, (R)-3aa (2% greener and  metal
) o purification|| |decanting scavenging filtration recrystn. (R)-3aa
. s s S A > > > > ;
Rh O7AF B ST, R3AREG EtOAc Scavenger alumina 126
A FIFH AT HE 7R BR B A 7 e \Scavenger= N(ané% 85430 ngi A (30 mg) géo/ g
i ® a 3 °C, >99% ee
ADFRENE AT 2 &R TET, ... Sliaets? DuT: NoEC total 3 mL_

References: 1) T. Korenaga, R. Sasaki, T. Takemoto, T. Yasuda, M. Watanabe Adv. Synth. Catal. 2018, 360, 322.
2) T. Korenaga, H. Kori, S. Asai, R. Kowata, M. Shirai ChemCatChem, 2020, 12, 6059.
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Sodium Borohydride Reduction
A Sustainable PAT System for Safe Operation

Yoichi Yamasaki*, Wittkamp Brian
AutoChem Business Unit, Mettler-Toledo
6F Ikenohata Nisshoku Bldg., 2-9-7 Ikenohata, Taito-Ku, Tokyo, 110-0008, Japan

Yoichi.yamsaaki@mt.com

Roche Ireland implements a Process Analytical Technology (PAT) application of in situ mid-infrared probe
based technology for the safe operation of a sodium borohydride reduction reaction. Methylfuranoside is a
starting material in the synthesis of the anticancer drug, Xeloda®. It is manufactured on large scale in
Roche Ireland. The manufacture of the methylfuranoside involves a hazardous reduction of the thermally
labile tosylfuranoside with sodium borohydride reagent as shown in Figure 1. The reaction is carried out
near 80 °C with hydrogen gas evolution, foaming and the precipitation of tosylate salts. The sodium

borohydride is converted to a borohydridetriethylamine complex during the reaction.

The original manufacturing process required the isolation and drying of the tosylfuranoside prior to the
reduction reaction (Double Isolation process). This isolation, drying, off-loading and re-charging was
extremely labor intensive, leading to reduced capacity. A major process improvement to eliminate the

isolation was developed in-house and tested on full production scale.

A PAT solution

In-situ FTIR (ReactIR™) had been used in

the laboratory to investigate the original

process. The reaction of the sodium borohydride

could be followed in great detail using inline

Mid-IR without interference from the evolved

gas, foaming and precipitated sodium tosylate
(Figure 2).
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Development of commercial manufacturing processes for amino thiazole part of Lusutrombopag
-Apply continuous processes and control impurities-

Takanori Kurital*, Makoto Kakinuma?
Manufacturing Solutions. Manufacturing Business, CDMO Business Department,
Shionogi Pharma Co., Ltd.
2Tokushima Plant, Shionogi Pharma Co., Ltd.
5-1, Mishima 2-chome, Settsu, Osaka, 566-0022, Japan
takanori.kurita@shionogi.co.jp

Lusutrombopag is drug substance, which is a thrombopoietin (TPO) receptor agonist which exhibits medicinal
actions by oral administration. Lusutrombopag is synthesized by coupling of two main fragments, amino
thiazole part and carboxylic acid part, and following hydrolysis. Amino thiazole part is produced from
2,6-dibromoanisole through five chemical steps without isolation of four intermediates. The process
development of continuous processes for amino thiazole part and control strategy of impurities are shown in
this presentation.

VA N ARRTIEIRR NG CHE AR ET K0 1 e AR AT (TPO) S AERIEEIZED
FHETHY BUE, ERNZZOELETHRTESILTWD,
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Development of commercial manufacturing processes for carboxylic acid part of
Lusutrombopag

-One pot reaction of formylation and Horner-Emmons reaction-

Takaharu Matsuura !, Yusuke Sato !, Makoto Kakinuma >
' Manufacturing Chemical Development, Production Technology Department, Shionogi Pharma Co., Ltd.
2 Tokushima Plant, Shionogi Pharma Co., Ltd.
1-3, Kuise Terajima 2-chome, Amagasaki, Hyogo 660-0813, Japan
yuusuke.satou@shionogi.co.jp

Herein was described that the development of the commercial manufacturing processes of carboxylic acid
part of Lusutrombopag. Six steps from 4-methylbenzoic acid in medicinal route of the part were improved to
two steps from 3,5-cichlorolbenzoic acid in primary campaign. Finally, the commercial manufacturing
process is one step composed of lithiation of 3,5-dichlorobenzoic acid with lithium diisopropylamide,
formylation with N-formylmorpholine, and Horner-Wadsworth-Emmons reaction with triethyl

2-phosphonopropionate.
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Medicinal Route
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Preliminary Campaign Route
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Commercial Manufacturing Process

References: Yasukata, T; Matsuura, T. Heterocycles, 2021, 3, 527-533.
Matsuura, T.; Sato, Y.; Nishino, Y.; Komurasaki, T.; Imamura, Y.; Kakinuma, M. Org. Process Res. Dev. 2020,
24,2651-2656.
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s-PICA-catalyzed asymmetric hydrogenation of ketones:
reactivity, stereoselectivity, and substrate scope

Toshihisa Yasuda 1 *, Noriyuki Utsumi 1, Toshihide Takemoto 1, Noriyoshi Arai 2, Kei Kawaguchi 2,
Takanori Namba 2, Yuki Matsumoto 2, Takeaki Katayama 1, Takeshi Ohkuma 2
1 Central Research Laboratory, Technology & Development Division, Kanto Chemical Co., INC.
7-1, Inari 1-chome, Soka, Saitama, 340-0003, Japan
2 Division of Chemical Process Engineering and Frontier Chemistry Center, Faculty of Engineering,
Hokkaido University, Kital3 Nishi8, Kita-ku, Sapporo, Hokkaido, 060-8628, Japan
yasuda-toshihisa@kanto.co.jp

The s-PICA catalysts have distinctive catalytic ability for the asymmetric hydrogenation of ketones. For
instance, these catalysts hydrogenate polysubstituted aromatic ketones and ketoesters efficiently to afford the
chiral alcohols and hydroxyesters, respectively. In the case of y- and o&-ketoesters, in addition to
enantioselective hydrogenation of ketone groups, hydrogenation of ester groups can be performed optionally
just by changing reaction conditions. Moreover, asymmetric hydrogenation of aromatic ketones with nitrogen-
based substituent at the alpha position proceeds via dynamic kinetic resolution and affords syn amino alcohol
derivatives with chiral centers at the alpha and beta positions.
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s-PICA catalysts

Skewphos derivative = Ar,Br
- XylSkewphos / P\R’l /Br
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Ze L N D & BB fEEEE (SIC) 20, 000 O .

SAETHTHRMNICHET L. 98U T 98% ee  potnely= 10w
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Cl OH
RuBr,[(S,S)-xylskewphos](3,5-dmpica) F
2-propanol, t-BuOK
1.0 MPa 40°C,20 h Cl
2
98% yield
98% ee
Condition A
1) H, (0.8 MPa) o
RuBr,[(S,S)-dipskewphos](3-amiq) )
EtOH, tBuOK (1 mM), 25°C,2—5h
Ph
2) tBuOK, toluene, 25 °C S/C = 5000
97% isolated yield
Condition B 97% ee
H, (2.0 MPa)
RuBr,[(S,S)-dipskewphos](3-amiq) OH
EtOH, tBuOK (50 mM), 40 °C, 24 h Ph OH
S/C =500

97% isolated yield
97% ee
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3 4 o
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[t-BuOK] = 30 mM
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1 ChemCatChem 2018, 10, 3955.
2 Angew. Chem. Int Ed. 2018, 57, 1386.
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Development of an Efficient Method for the Synthesis of Chiral Amines by Using New Chiral
Iridium Catalyst

Takuma Kawada 1*, Kenya Yabushita 1, Toshihisa Yasuda 1, Takeshi Ohta 1, Takaaki Yajima 1, Kouichi
Tanaka 1, Noriyuki Utsumi 1, Yoshihito Kayaki 2, Shigeki Kuwata 2, Takeaki Katayama 1
1 Central Research Laboratory, Technology & Development Division, Kanto Chemical Co., INC.
7-1, Inari 1-chome, Soka, Saitama, 340-0003, Japanl Kanto Chemical Co., Inc.,
2 Department of Chemical Science and Engineering, School of Materials and Chemical Technology, Tokyo
Institute of Technology, 2-12-1-E4-1 O-okayama, Meguro-ku, Tokyo 152-8552, Japan
kawada-takuma@kanto.co.jp

A convenient method for the asymmetric reductive amination of ketones by the combination of
newly-designed Cp*Ir complexes bearing a chiral ligand and readily available p-amino alcohols as chiral
auxiliary was developed. Asymmetric reductive amination of ketones with formic acid gave amines with
high diastereoselectivities. The amino alcohol moiety on chiral auxiliary was easily removed by mild
periodic oxidants, affording optically active primary amines (up to 97% ee). The excellent catalytic
performance was retained even by lowering the amount of catalyst to a substrate/catalyst (S/C) ratio of
20,000 and allowed to perform the amination on a large scale exceeding 100 g.
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Ir catalyst .
i R3 HCO,H HN)\/OH HslOg or NalOy4 NH, )
.
s OH . «
R'" "R? HZN)\/ solvent, 40-60 °C R1)\R2 MeNH,, MeOH, H,0 R1J\R2

chiral auxiliary

mild oxidative conditions
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— weg, \ Me HoN SANTRY RATRY RATAY oH
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LEREAEL S 2 lkET 5
TIUANEEWTET, Fle, 7= —
KEEFED X o gtk EREAx AT 0 8E b
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(S)-Ir-PSA36 (S/C = 5,000)

O HN_~gy HCO,H (3.0 equiv)
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MeO 1 (1.2 equiv)
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1) D.Y. Park, K.-H. Kim, C.-H. Cheon, Adv. Synth. Catal. 2018, 360, 462-467.
2) O. Bondarev, C. Bruneau, Tetrahedron Asymmetry 2010, 21, 1350-1354.
3) Y. Kanai, K. Saito, H. Ueno, JPH1072411A, Mar 17, 1998.
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Efficient synthetic study of cyclic diglycerol

Mizuki Noda'*, Noriyuki Nakajima'?, Yasuhito Koyama'?, Masahiro Hamada'*
'Department of Pharmaceutical Engineering, Faculty of Engineering, Toyama Prefectural University,
2 Biotechnology & Pharmaceutical Research Center, Toyama Prefectural University
5180, Kurokawa, Imizu, Toyama, 939-0398, Japan
hamada@pu-toyama.ac.jp

We have studied the structure well-defined synthesis of the cyclic polyglycerols, especially tri-, tetra-, penta-,
and hexa-glycerols toward the novel applications, such as ion sensors and ligands. In this presentation, we
achieved the synthesis of cyclic diglycerol by Lewis acid-mediated intramolecular epoxide ring opening
reaction, which method had reported by our group. A linear diglycerol derivative having an epoxy part and a
primary alcohol part as a cyclic precursor was prepared from solketal in 6 steps. The precursor was treated
with BF3;-OEt; (0.3 eq) in CH2Cl, to give a cyclic compound in 42% yield, but the structure was uncleared. We

tried to determine the structure by the spectroscopies. We will discuss about its details.
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Figure 1: Synthetic strategies of cyclic diglycerol.
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Scheme 1: Synthesis of cyclic diglycerol via route A.
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i) allylation iv) benzylation

ii) hydrolysis TRDPSO. v) desilylation HO o 0 H
%/j:)/\OH iii) silylation :& J/ vi) epoxidation :K BF + OFt, OO
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i, 5h
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Scheme 2: Synthesis of cyclic glycerol via route B.
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Discovery of New Functions of Plant-Derived Ingredients :
Asymmetric Ring-Opening Reaction of meso-Epoxides

Tatsuhiro Asano*, Kazuya Tsuzaki, Koichi Wada, Yuki Takeuchi
Technical Department, KYOWA PHARMA CHEMICAL CO.,LTD.
530, Chokeiji, Takaoka, Toyama, 933-8511, Japan

tatsuhiro.asano@kyowa-kirin.co.jp

The asymmetric ring-opening reaction of meso-epoxides with amines is an ideal method for obtaining
optically active -aminoalcohols, which are important constituent units of active pharmaceutical ingredients.
Here, we have discovered that plant powder has an asymmetric ring-opening reaction catalytic ability. This

catalyst was easily removed by filtration, was heat resistant (> 100 ° C) and was easy to reuse.
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Improvement of Plant-based Organic Molecular Catalysis,
and Challenge of Two-phase Reaction

Koichi Wada'*, Junichi Enoki?, Yasuhisa Asano?, Yasuo Kato?, Makoto Hibi?
'Kyowa Pharma Chemical Co., Ltd., 530, Chokeiji, Takaoka, Toyama, 933-8511, Japan
2Toyama Prefectural University, 5180 Kurokawa, Imizu, Toyama, 939-0398, Japan
koichi.wada@kyowa-kirin.co.jp

We have reported that some plant materials catalyse asymmetric amination of meso-epoxide. We named this
novel non-proteinaceous enzymatic catalyst as Plant-based Organic Molecular Catalyst (POMC). To remove
allergen found in a soy-based catalyst, we digested the catalyst under alkaline or acidic conditions while
keeping catalytic activity. Consequently, we could obtain allergen-free low-molecular-weight (LMW) POMC.
The LMW POMC was suitable for two-phase (sat. NaCl aq. / toluene) reaction system by eliminating gelling
properties. The two-phase reaction was successively repeated for ten times, during which the conversion and

the optical purity of product were maintained over 90% and 60%ee, respectively.

B IEZR(1P-12) Ty L72 & D IS, A DRLIERIR DS, 7 I ANz 5 =A% FOARFBIER
PGz 9% Z & 2 A Uiz, FRCHilROKEERTZHA(Y ¥ 7 7 A4 7 ™) O, =
P RAREISHTE 281 Tho7c, ZOMBERIZ, Z o "7 EMERERE TR ZhEE
DAY RS UCTERT % LHEE SNT-0 T, W kA 1Sy il (Plant-based Organic
Molecular Catalyst, POMC) & £ f11F 72, Z OfLIIHAERER B K THY , 7V —2 7 I AR
—~ORBPIFFSNDD, —FH T, RERHKREGDFLEMR DRI, T VT Ui EDs 3y
BoO7Tatv A~DIRANRS ST,
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Research and development of a system for continuous manufacturing of peptides

Kyohei Adachi '*, Yuma Otake ', Taiki Shamoto ', Jun-ichi Ogawa ',
Natsumi Iwanaga ', Yoshiaki Yamashita !, Yutaka Kobayashi 2,
Keiichi Masuya , Shinichiro Fuse *, Atsushi Itou ', Daisuke Kubo '
''Yokogawa Electric Corp., ' 2-9-32, Nakacho, Musashino-city, Tokyo, 180-8750, Japan,
2 PeptiDream, Inc., 3-25-23, Tonomachi, Kawasaki-ku, Kawasaki, Kanagawa, 210-0821, Japan,
3 Department of Basic Medicinal Sciences, Graduate School of Pharmaceutical Sciences, Nagoya University,
Furo-cho, Chikusa-ku, Nagoya, Aichi, 464-8601, Japan
Kyouhei.Adachi@yokogawa.com

In this project, a continuous-flow peptide chemical synthesis system was developed. Our system has three
units: synthesis, extraction, and concentration. The batch protocol was renovated to adapt to this flow system.
That is, solvents, reagents, amount of reagents and reaction times were optimized for flow reactor. As a result,
dipeptide was continuously synthesized by our protocol for 80 min. The obtained dipeptide could be directly
used for tripeptide synthesis. In addition, we developed in-line sensing systems. Its importance has been
indicated by the regulatory agency. Flow rate, pressure, temperature and NIR sensors were installed in our

flow system.

ARTF FEEMIRS FEIES, PUREISICR CRIMREKS & L THIfF S T0h a2, — &
Hy7e 7 F REFG G, fEE - BREOMR D K LIC X 2 TR, 3 & OV AR o8Nz
L AEa X NMCRERH 5, £ 2 TIEF TR, 200 OB 0T T2~ 7F RigFE S >
FERIE "R RESTRY, Lo REICHE L FiEmoBEA I D, ., T e
— BRI S v FHRE X O REE R FUSHIEAFTRE T VD | SOGSKHH ORGSR A » 7 A o
ZE DB RHLERC LA RIE T X PO CTE D, £, T r—ARIEIEESET A XIZLY
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— T F MU A REE O 21T o 1,
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Figure 1. BA% L 7 2EE DRERKX
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RIS DA T A FT=F Y o TIZOWNTHER LT,
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Reference)
1) H. Kurasaki, A. Nagaya, Y. Kobayashi, A. Matsuda, M. Matsumoto, K. Morimoto, T. Taguri, H. Takeuchi,
M. Handa, D. R. Cary, N. Nishizawa, and K. Masuya, Organic Letters 2020 22 (20), 8039-8043.
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Rapid and Efficient Synthesis of Unnatural Tryptophan Derivatives using
Continuous-flow Asymmetric Alkylation of Chiral Nucleophilic Glycine Equivalent

with Quaternary Gramine Salts

Daichi Koiwa 1*, Masayuki Ohira 1, Takahiro Hiramatsu 1, Hidenori Abe 1, Tetsuji Kawamoto 1,
Yuji Ishihara 1, Bernardo Ignacio 2, Noel Mansour 2, Todd Romoft 2
'Research and Development Division, Hamari Chemicals, Ltd.
1-19-40, Nankokita Suminoe-ku, Osaka 559-0034, Japan
daichi-koiwa@hamari.co.jp
*Hamari Chemicals USA, Inc.
11558 Sorrento Valley Rd Suite 3, San Diego, California, 92121, USA

Continuous-flow quaternization reaction of gramines with Mel and asymmetric alkylation reaction of chiral
nucleophilic glycine derived Ni-complex with the resulting quaternary gramine salts has been developed to
prepare the corresponding alkylated Ni-complexes in high yield (> 80%) and with excellent
diastereoselectivity (> 98%) for rapid and efficient synthesis of unnatural tryptophan derivatives, based on
the experimental results in batch process. The obtained alkylated Ni-complexes were disassembled readily
by acid catalyzed hydrolysis reaction to yield enantiopure unnatural tryptophan derivatives used widely for

peptide and protein drug discovery and development research.

FERRILNY 7 N7 7 VIHFERIZIANTTF R b NS F 237 EIREBFIFICIA < AV BT
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SREL RN Y 77 N7 7 VEREROFH R G AIEIC O W THE L7200, 1T UDIEy TG HR TORGHT
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& Gly-Ni £k (S)-(2)  DMSO IRIEIZ . 25 CTMel 2RI L 75 I VEFEIK 1 % 4 #HAL (K9 1 min)
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WA F ISR TOPMRFOREFIZE SN T, 77 I VFEER 1 o 4/8-E ke, ki<
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OB WERLEEOMN 2 B E L TR — T v 7 e EBRG LTofER, 7 v bR
(S, 25) -3 ZULR, SARERM: & HICHBEMHRE B OND Z & PR TE 7 (entries 2 and 3), 1%
BT (S, 28) -3 D VFHIEIZ LT > TH 772 Fmocfb R U 77~ 7 7 VEFER(S) -6 ARk LT=,

cl

Cl
Me
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N,

1,0.27 M; (S)-2, 0.22 M L1 (p;g =F mm)

in DMSO
e (o AmUmin | [ ™ (sec)
@\g . S’ANN j M1 / i L2 (¢;q = G mm)
N H (¢ia=D mm) Ty (sec)
Mel M2 :
1 o (s)2 O Lo (610, E mm)
(1:2eq) ||) :l'(l:]IOCOSU QA NHFmoo
1.5 M KOH é Batch N N
inMeOH e ST
iZ’T‘ZLleTqi)n 2% 10% AcOH aq.
(S)-5
Table 1. Synthesis of (S,25)-3 by continuous-flow asymmetric alkylation of (S)-2
Tube
Flow rate Micromixer Residence  Operation Yield
reactor
entry (mL/min) ¢id (mm) time (sec) time (S,25)-3 dr
¢id (mm)
(min) (g, (%))
A B C D E F G tl 2

1 1 0.33 0.33 05 05 1 1 60 60 10 1.25,(77.7) 99.9:0.1

2 223 743 743 1 1 435 435 60 48 10 22.3,(78.0) 99.4: 0.6

3 669 223 223 1 1 435 435 60 48 60 540.1, (84.4) 99.5:0.5

YL b i 7 o —RET VX IALRISZ R LT, flix OFIFRRIL N Y 7~ 7 7 CFFERA | iR
WP ONRELSERTED LT o1, BRI, XTF RN 37 EHEGBHFEF
FEDRIGZLNEBSHIFFTE D,

1) Zou,Y., etal. Eur. J. Org. Chem. 2021, 2962-2965.
2) Reinfelds, M, et al. Tetrahedron Lett. 2015, 56, 5882-5885.
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(2+2)-Cycloadditon of Ynolates and a,B-Unsaturated Carbonyl Compounds
Using A Flow Microreactor Technology
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Four-membered carbon rings, such as cyclobutane and cyclobutene, are highly valuable synthons and
scaffolds embedded in natural products and biologically active compounds. We have developed a new
method for generation of ynolates from o, a, a-tribromomethyl ketones treated with terz-butyl lithium, and it
applied to the synthesis of cyclobutenes via (2+2)-cycloaddition with a,B-unsaturated carbonyl compounds.
Flow chemistry is a useful technique with advantages of safety and efficiency in organic synthesis. In this
presentation, we are going to introduce this (2+2)-cycloaddition using a flow microreactor. This system has
been found to allow the reaction to proceed efficiently at room temperature, shortening the reaction time and

improving the chemical yield.

Urim] v ou 720 EORBMERIT, ROTHOREIZLY GORISEEZ R L, BRIARS
BRffE/ N, BRILKISIZ LD ZHk72 0 TAEBBARE TH D, £z, RFEMER BIR S RRYOESL
O ERICE L BbD, 2D, REFEMBERONRN AT, ARG oA
KE LTORARL, REBEWERICBWTEBEREEHZ R L TWD, YEETIEI N 7etsr
N2 REERE LA 2 77— FOFHEKEEZRH L, £ECA 77— & ap-REFIH LR
=k e E DR BALMINKISIC L 2 LBy 7 077 U EREGRIEEZHEL TV D
(Scheme 1), L UAKINZIBW T, SUSFFEOLEMECRISE DI EREN H 0 | i 72 X
ISR OBENREETH o7z, 2D, WFRE O FHSSKIG A 7 —/VOEFIZ L D SN
LIZLITREE 2o T&E T2, IO ORMERORIE . REGHRICE2EMEEZBRRL T, &K
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Scheme 1. (2+2)-Cycloaddition of ynolates with a,B-unsaturated carbonyl compounds
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Development of Conformationally Fixed 2-Iodobenzamide Catalyst for Oxidation of Alcohols

Kanna Asakubo,* Mitsuha Uzu, Saki Murayama, Hema Naga Lakshmi Perumalla, Tomoya Fujiawra,
Hisanori Nambu, Takayuki Yakura
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2-lodobenzamide (IBamide) was catalyzed alcohol oxidation with Oxone. Although IBamide can oxidize
various alcohols at room temperature, long reaction times are required to complete the reaction. To further
improve the reactivity of IBamide, we synthesized 5- to 7-membered lactam derivatives with a fixed
configuration of amide moiety and investigated the alcohol oxidation. The reactivity of the 5-membered
lactam derivative was lower than that of acyclic IBamide. In contrast, the reactivities of the 6- and
7-membered lactam derivatives got higher and the 6-membered lactam derivative showed the highest
reactivity among these lactam-type catalysts.

U, mEomWESBERIEAI O Y IZ, Dess-Martin periodinane <° IBX @ X 9 72 5 i D8
T I VHBRBIEFN L AVSLNTWS, LN LARRDL, ZHHIEEM T, IIER 72 @R 2 F o,
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catalyst (0.3 eq), Oxone (2.5 eq)

)O\H Buy,NHSO, (1 eq) )OJ\ To improve the catalytic reactivity of IBamide:
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N N e} I
H H // IBamide lactam-type
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structure®

I T, 5~7 BRI/ ¥ LEEERFOI— KT
L= URER A LTz, 2 Oftits 0.3 X &
ANT, =brAZr-Kk(83)F, 25 HEDOMLER
{EAIT&H % Oxone (2KHSOs-KHSO4-K,S04) 35 L Y 1
YD BUUNHSO4F/E T, BIERTOXR X R —
NDACSOS 2 1iat LT, £ ORER, FEEIRIE D
IBamide 12k, 5 BERT 7 ¥ AFHERTIILUSME
ML, 48 BEffE & HE DN A Fr—/L73
o7, 6 BERBIOT BER T 7 ¥ AFEKRTIX
e Easm L, IBamide DA L 0 & USRI A
A LT, FRIZ, 6 BEIRT 7 ¥ AR b E
FOGHEZ R LTz, BLEDFEREIY, 6 BRT 7 Z A |
ELTT X MEEEZREEE T 5 & BRIREED
SRIENZ TR S, MO SOSPEREE R LT & B2 6
N5, biZ, NUB VR EOBEBHINRIZHONT

catalyst (0.3 eq), Oxone (2.5 eq)
Buy,NHSO, (1 eq)

MeNO,-H,0 (8:3), rt

OH

PN

catalyst

o)

Ph Ph Ph Ph

time yield

48 h <61%

(SM recov. 39%)

55h 99%

9.5h 100%

LREETETH D,
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Zhdankin V. V., Koposov A. Y., Netzel B. C., Yashin N. V., Rempel B. P., Ferguson M. J., Tykwinski R. R., Angew.
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Asymmetric Transfer Hydrogenation Catalysts on Activated Carbon:

Synthesis and Catalytic Properties

Shinji Tsukada'*, Naota Yokoyama', Hideki Nara', Yusuke Miyaji?, Sho Fujimoto?, Takefumi Chishiro?
ITakasago International Corporation
1-4-11, Nishiyawata, Hiratsuka City, Kanagawa, 254-0073, Japan
2Osaka Gas Chemicals Co., Ltd.
5-11-61, Torishima, Konohana-ku, Osaka, 554-0051, Japan

shinji_tsukada@takasago.com

Immobilization of homogeneous catalysts is an important approach from the viewpoint of green chemistry
because it facilitates separation and removal of the catalysts from the products and subsequent reusability of
the catalyst. In this study, we immobilized chiral ruthenium diamine complexes on activated carbon via
adsorption. This immobilization enables facile recovery of the catalyst by decantation in transfer
hydrogenation of ketones, thereby reducing the amount of residual ruthenium impurities and providing
multiple reuse in the reaction. Furthermore, this immobilization was found to improve the asymmetric yield

for hydrogenation of some ketones.

(=1

P — RSB IE 2 F O 2D flBE RS 1T, UGS OfBEEI A REETH 0 | BB ~DOEBOEFN L
USRS LTHET oD, B—Re5A % FEFAHEA BICEE(E L, Ao ElEE 2 ffE 3 5
EWV o TmRBRIL, BBROEF ) AT BRI TE 57200 Tl O EFAMERES 272D o
7t A EORSEEZFELTEY REMEBL O ) =07 I 2 MU —OBE» L L ERIEVEDY
MATHD, AR T, RIHKTH DGR Z BEMAEEICEHRL D, WEICLDLT =0 A
VT I RO EAE AT AER, 7 N O ARF KBRBESINZINT BAF AR S A R
BT, AR D TIIOMEREEAT D EE R LIz THET 5,

[R5 R]

TEPEIR ~DOEFIZIL, Ts-DENEB*Z X UL E T HLT =0 A-UT I UK EHEH L7,
Ts-DENEB®® kL= /& ) — VISP . &R (RIRT A7 I 48 23l =R T
TWRAEBNER i LT, =Dtk BE - 82 R CIG MR HHEF Ts-DENEB SR 235 L 7= (LT,
Ts-DENEB®/AC), AMEAFIE T, K/ & / — VEEHEHR X Y U A &R eANHEH LofER, 7



Y b7z OBETHHEIT LTz (Table 1), 35N 72Oy Z2T BT —3 3 TR
ELTEDOL, bz & Te[E R ISV - RIS L ONE LA & BN 2 2 & Tl o BRI A3 AT RE
Th Y., B SRR ~DNVT =7 AEHEITHIAZEIZX LT 0.1%LL F & I QT
Holz, 7ok, BEEARBRBROME LY | ARRUSITEFIEY AL S UCHE L TV D 2 & 0VRE
ST,

Flo kRx 22 N DO ARFIKFEBESOS 2 Bt LR R, FoE OBk L Th)— Rtz A 25
AFIRTEILHEITT 5 Z LBRBO O TEY . EAHBKRTH DIEMK DSOS ORIFWECFTFHT 5 &
Vo T BLBRER OV LS B A7z,

Table 2. Effects of catalyst support on enantioselectivity of transfer hydrogenation

(R,R)-Ts-DENEB/AC (S/C = 200)

0

N

2 mmol

HCO.K (20 equiv. to substrate)

H,O/EtOH (2 : 1, 15 mL)
60 °C

OH

RO

Raw Material

CH

o~

QH

cL

OH

OH

(Without AC)

97.8%, 93.0% ee

98.3%, 79.1% ee

80.0%, 87.3% ee

34.7%, 45.6% ee

(150min) (300min) (300min) (420 min)
99.2%, 96.9% ee | 99.4%, 85.0% ee | 93.0%, 95.1% ee | 93.8%, 75.1% ee
Coconut shell (180min) (300min) (300min) (420 min)

Wood based

99.9%, 97.7% ee
(150min)

99.7%, 90.3% ee
(300min)

99.8%, 96.6% ee
(300min)

89.5%, 71.0% ee
(420 min)

References :

1. Eiichiro Takezawa, Satoshi Sakaguchi, Yasutaka Ishii. Org. Lett. 1999, 1, 713-715
2. Eunjung Choi, Chongmok Lee, Youngim Na, Sukbok Chang. Org. Lett. 2002, 4, 2369-2371
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Development of Efficient Manufacturing Process of Trisulfide Compounds

Shoichiro Tomonaga*, Takahiro Nuno, Ikumi Shimokawa, Hiroaki Ishimaru, Takahiro Isobe
Technical Department, Kyowa Pharma chemical Co., Ltd.
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Trisulfide compounds are known to be present in vivo. The role has been researched and has attracted great
attention in recent years. Among them, glutathione trisulfide is a particularly important compound, but no
efficient manufacturing method was present. Therefore, we have newly developed a synthetic method and
purification method using glutathione as a starting material and succeeded in the production of kilogram

scale.

1 Ex - BEY

AR B O RSHE LD b @ W LEEZ BT 25 Z & T LN DIEMEME S T (KU AL 7 4 R
(RSSS,H, n=1), /XS—A/L7 1 K (RSSH))IL, & DEMRNIZIIT HIEEE & & FifE B & o B 3 i
HIho2ob 0, ZNoO(EWE I L L TRHE IBRIEOBRBE AR SN TS D, 1 TH,
TNVEFA N) AT 4 R (GSSSGE, 0 ffidV L7 = Ui & AT S AE T CTh
D, BER/N—A)T 4 REEEA L LT, BEMLTHDE M NV Z T4 (GSH)RER(LAL 7 L X

FFH 2 (GSSG)LL LDk 2 722 WIFF CE 5, L22L722A 5, GSSSG D o
H 7R MBI AE AT, BRROTIE . GSSG & NaxSi0s & ORUG& Otz ™y gy v ™
FAVN BT U728, RIS, (IR, A OB AR &, B4 7S 3
bote, ¥io. GSSSC DM, ZORREHOES 10, ki~ [olThhy i o,
DOFENPME LT KEGEO TLIZIRECH 7=, £ T, TNHOFERE GSSSG

AR DL ORI 2 Hg & Lz,

(2) GSSSG DHULBAF L A Fr— VT v Stk
KHIZAFAREZ: GSSG #HEE & L, ISHFHEAE LTI ALT 4 ROFEGE TR LF—MEWN
AL F T R(GS(=0)SG) & #%H L, fitsaffi ARt & It & 5 GSSSG DA Z il AT, fES,
fbAl & LT Oxone®% | fiitili & LT Na,S ZfiH L7z & 2 A, HIfFE Y 22 /1Z One-pot SOt 231
17 L 7= (Figure 1),



3 15°C
0.2 M. H,80, aq rt, 30 min 5

Oxidant, Conditions [('5(=O)S(,I Reagent. Ml [GSSSG | 2HCI]QO{[ “

NaS,0;5 (1.0 eq. ) Crystallization
GSSG , > C-GSSSG : > GSSSG
H,0, 30°C H,0. 60°C to 1t
Entry Oxidant (eq.) Conditions GS(=0)SG (%)" Entry Reagent (eq.) GSSSG (%)

1 AcO2H (1.3)° 5°C,2h 87 1 NaSH (1.6) 92

2 H202(3.4) © 5°Ctort, 22 h 42 2 Na2S (1.2) 96

3 H20:(1.2)°, MeReOs (8 mol%) 5 °C, 10 min 87 a SR EDHPLC area%

4 Oxone” (1.2) 5 °C, 30 min 95

a [UGIRPOHPLC area% b 8.7% in AcOH ¢ 30%H202 aq.
Figure 1

F 72 GSSSG DAERLL, FFIEMTORAIC LY, B A2 T, 2R ekt AL LT,
I, Rt A b AEpEM, Zetnm B L2 & T L b aTEe/ ik & 72 5 7= (Table 1),
THA = TOREIZH P L, 15 kg/batch THESGTE 72,

Table 1
C-GSSSG& Al TR C-GSSSGFE#l T 72 I %)
r‘fﬁ\\ P22 (1)
PSR (h) 23tk o (m/ke)” | GSSSGRETESR (%) /EFENE (kg/day)”  GSSSGHUEE (%)
BIEA S 96 1x10" 84 0.07 97.5 46
ol B 451 1 3x10° 100 1.07 98.8 71

1) & =% O W 538 HAR BT GO BEREE © 0> 10" A3BPE EATF - a<10') 2240k O BMET TOM  3) 100g~1 kg RLikHE

3) MU RLVT ¢ RERRIEOEE —ME L DIt

ARD N Y ZANT ¢ RERBIEDEE — M2 Ml LIoR R, BUCERL E L TEROH L5 Y
ANT 4 FMEEWNOXIET D N Y AT ¢ FMEE DR EWN R Th o Te, P ANT
4 MEEMAFRREERGE, BRSO FF—/ b Oxone® DL TY ANVT 4 NMERZET
% Z LT, One-pot TD MY AT ¢ RALMBA[RETH >

NN R-S-S-R One-pot R-S$-S-S-R
7o E7 NaSe #FVDE. BL I UIAEFHY  gornae NasS

trisulfide
oxidan o
(GSSeSG) b AR TE /- = & T, EEM COMMBAY o < R-g-s-R>\
HENDEL Y ALT 4 K (SSeS)kamopE R witode | N o
A REBIFE ~D A3 2 FLH U 7= (Scheme 1), Schome 1 selenotrisulfide

(4) SHSIBARAT R OB REFRE 2 B & L7z S ZE RN (A4 5%
S L Na KV AR L Nax™S 2y, GS*SSG #INK 68% CTAMK Lz, BEOIIFD 7 Z 7 A
VNMERNTIZED, *S XNV ALT 4 RFRTHDH I EZ2/RE L, EiREILIERGF TH 72 (98.6%

enrichment),

Reference
1) Sawa, T.; Motohashi H.; Ihara H.; Akaike T.; Biomolecules 2020, 10, 1245.
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Development of efficient D20 circulation system under continuous-flow conditions

Yutaro Yamada*, Kwihwan Park, Takashi Ikawa, Tsuyoshi Yamada, Hironao Sajiki
Laboratory of Organic Chemistry, Gifu Pharmaceutical University
1-25-4 Daigaku-nishi, Gifu 501-1196, Japan
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Deuterium-labeled compounds are utilized in a wide variety of scientific fields. Various deuteration
reactions have been developed using D,O as the cheapest deuterium source. However, the practical
applications of these reactions have not been achieved enough because of the high price of D>O. A lot of energy
and labor is required to isolate D,O from H»O, which occupies a high synthetic cost. Therefore, it is essential
to develop a method for transferring deuterium atoms into substrates from D»O as long as possible. We have

tried to establish an efficient D,O circulation and reuse system under continuous-flow conditions.

HAKFE(D)IIKFE (H)O)if”m”ﬂuﬁif&b 0. AELAWTH O C-H 2 C-D ICE & #ib - I EKHE
WAL A DL EMET IR BT 5 GREE R IR A Zh ) ﬁaﬁﬁwﬂﬁ CEAKFEGAL T
A I S E T ;*iéuu%’r%éﬁb PE « M APEZ 18] b U 72 A8 EL 72 & ORSREMEM B O BRZFE 03K ATt D
SN TWA D, EKDONERIKKF DIELEEL D 150ppm%%ﬁ?mﬁ‘f%%ﬁﬁﬁ@kﬁ“ﬁ%ﬁm/—\%?
HY, FARERELTORBENAD v b3 5D, L, MEOEW DO 2155 7-012i3iEn
Bl L 72 HoO 2Dy BERE T 2 LR H 0 . 20 3 2 MIEBL S Ok IZ L&Lﬁﬁﬂ%éhé
2, LTeRno> T, EARZWART DEABRFZRAE CEEICEKES LT, EAEHAEZHETES
FEmOBRRPMLETH D, Fxld, 7

Scheme 1. Reaction system

0 —{EEFIH LT T ERALE Y OB RN S (\
FAEERIEEER LT D Y, s AP heterogencous b O
D0 & 2-7 1% ) — )L (Q2-PrOH:fil i@ fii kT sovent

J: D 7}(% }\‘j‘*“ & L/VC Yé) ﬁzﬁﬁ‘j‘é)@ D20 < (Ltal activation D,0 + DHO
RATEBIC YA LT, R — R A Sl vetel — 2o rotar
BRI LT — b U v ISR 1D xchande
D120 CEABERLEME AR TE |/: Metal * @Dn
Do H— kU w ONECRA LI ED R P20

\ J

KSR BRI 275 AL U T H-D SR SUS 323 K <HEFT3 5, LarL, DO & 2-PrOH 33k



REMETERT 272 OBUGHE D20 DA 2L - AT 5 Z LIZR#ETH D, £ 2 T D0 IR
L2 WEREIERE L D0 ZHAE T, KEH A L HITHEIET S D0 OEIYL « FRHY AT L%
A& L 72 (Scheme 1),

100mg D 5% 77 FFH—RE—=ZXPYCB)YZFRE L= H— ) v VIZ, V7 z=/LT—T )L
BRI LT=~T 2 IR E DO X2 NENRNOR Y T TRFEAA LB LIZE A, EIE,
120 CTHHRRE < BEARIERIEA~ LB I N, —HOEREITEKRFERL S HICM LT 54

ALY ANEE S Lk Table 1. Scope of substrates

IKBREF S FIBEC & 5 (Table substrate syringe pump
1), #E L7 E% T DO (050 mmol) ———(S——

0.02 mL/min
DL - FIRIARA 2% hepene o) -

0.08 mL/mi ?1@)5?&? substrate-d,
- .08 mL/min

L 7= (Table 2), D,O % [H]4Y L b0 S ,7_ o
T N %ﬁf: f‘ﬁ :‘/7 Tz =/bT— (4 mL) syringe pump H, gas (2 mL/min)

TIVDNT HZRIR &

- 99 99 OMe
e LT b EAFLROIK 99(:(0@ 09 4 ‘ ‘ 0 ° gﬁs
94
TiEEALRD LT, BT

89 g9 g9 89 Me0” 7 “oMe
/}\foﬁ < k %) 5 Ei < ii%l/ A 90% yield 98% yield 90% yield 79% yield

. 99 12 12

HAKFERZHERF L T 65 &1 65 12 O 12

10

66 66 - 0 0

62 62 ” 17 17

quant. @ 68% yield 90% yield ?)

a) AcOEt was used instead of heptane.
b) A mixture of heptane and AcOBu (0.5 mL each) was used instead of heptane.

Table 2. Reuse of D,O

o 1
syringe b 0 b '
pump 1

' D content (%)

D,0 _®7 | 120 °C aqueous layer Y 3rd 92 92 92
(4.0 mL) -

syringe
pump H; gas (2 mL/min)

4th 89 89 90

(0.50 mmol) _®— : run
h a b c
heptane (1.0 mL) 0.02 mL/min - E
5% Pt/CB % organic laver s 1st 96 97 96
0.08 mL/min (100 mg) | {  2nd 92 94 96

5th 86 86 86

st O R BB ESCE K BRI A OB ENARETHY . aA b MIbELD, 7V
—2 e RATAF TN I AN —OBRTHAHAMERE, S OICKINEEEZRKEEL TDO %
MR & CRIH 9 2 EZERR kR E LT T A2 YETH D,

Reference :
1) M. Beller et al. Chem Rev. 2022, 122, 6634  2) A FIE, Y4 RSl H AT /154558, 1980, 17
3) H. Sajiki et al. Bull. Chem. Soc. Jpn. 2021, 94, 600
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Aerobic Photo-oxidation of Toluenes to Benzoic Acids by HBr—NaOCI - SH:20
Atsuhito Kitajima'*, Takumi Tanaka', Yuya Takamura', Sho Yamahara', Kazuki Tujimoto’,
Yoshikazu Kimura?, Masayuki Kirihara!

"Department of Materials and Life Science, Shizuoka Institute of Science and Technology
2200-2 Toyosawa, Fukuroi, Shizuoka 4378555, Japan
2Research and Development Department, Tharanikkei Chemical Industry Co. Ltd.
5700—1 Kambara, Shimizu—ku, Shizuoka 421-3203, Japan
kirihara.masayuki@sist.ac.jp

Photo—irradiation of toluene derivatives with hydrobromic acid (HBr) (2 equiv.) and sodium hypochlorite
pentahydrate (NaOCl- 5H>O) (2 equiv.) in benzotrifluoride afforded the corresponding benzoic acid
derivatives in good yields. Fluorescent lamp, blue LED (454 nm), or UV (365 and 385 nm) LEDs were
performed in the photo—reaction. Sodium hypochlorite pentahydrates is a stable, titration unnecessary, and
preparation of aqueous high concentration solution. After the reaction, HBr aqueous solution can be

recovered and reusable. The plausible reaction mechanism will be discussed.

MV FHD A TFNIEZTAC L VAR VBRI DI, b~ T Wi ) U LA, 22XE{bdH
HUNMIIEFRALINAK I i 2 D R STV 508, BREE A2 2YEOBLS ) B Jii= 72 071k
WEENRTNWD, FxII ML I LT, BE (Bn), KB XOESFE T LRSS &
KT DHINVRBEPEINETAR TELZ 2 RHE LTS (Scheme 1) D,

Previous Work
Br; (2.1 eq.), air, hy

CH
©/ 3 BTF : H,0 = 5:1, r.t,, 24 hr. e COH
ARG FESEAT (15 W) or Blue LED (454nm, 40W)or A %

R UV LED(385 nm, 10 W)

Scheme 1
R=H, p-CN, p-Cl, p-F, p-Br, p-CF3, p-NO,, p-OAc, p-tBu, p-CO:Me
m-CN, m-Cl, m-Br, m-F, m-CF;, m-NO,, m-CO,Me
0-CN, 0-Cl, o-F, 0-NO,, 0-CO,Et,



AT, UG TH%IZoR e — NRIEET 5 7200 C, MR 5= VR k% BINER TH AL
THILENTED, e VL3, HIFEE LT L NS Z N TE DO TILENSA
RRFETHDHEBZTND,

L2y, B ld@mtEsim < ERMERERcH 20 TCREMAICII#ESH 5, /-, FIAET 2 HBr ©
BRHIE L 72 5, £ 2T, 48% RAV/KZEEE (HBr) & IR FEET Y 7 A 5KF4 (NaOCl 5H,0)
ZHAWT, KISFENT B 28 E SHERRORIGEIT o 7o, (KB RSEMEMFHRERERITRT,

-
This Work

CH, 48% HBr (2 eq.), NaOCI-5H,0 (2 eq.), air, hv

| X BTF, r.t., 24 hr. _ COzH
e Z €8 3547 (15 W) or Blue LED (454nm, 40W) or >

UV LED (365, 385 nm, 10 W)
Scheme 2

CH 48%HDBr-Oxidant
’ in BTF COH CHgBr CHBr,

t 2¢
CN rt 24h CN oN CN
5 mmol

ho HBr(eq) NaOCI-5H,0 (eq) Isolated yield (%)

UV365 2.0 2.1 96
Uv36s 1.2 2.1 GC 10 58 29
Visd54 2.4 2.1 92
UV365 2.4 2.1 (12% aq) 96
UV365 2.4 30% H,0,2.3  GC 38 35 26

ENFANLSEE G A RS RN

1) 48%HBr 2 X4 & & [E{R NaOCl- SH20 2 Y &% HWHEHIN T2 LR R S VAR VRS b,
2) RO NaOCl /KR (K9 12%) THEEDORERDBG LMD, 7 Y —DORISHTIONE E D Vo FE

ThHY ., FEAEKTH DO CTRBENENE N
3) HBr 2 Y& & 30% H0, 2 HETIL, [F—5RMF T THIR L EEOIERIEN,

AIISNTERT HTBETPAMIEY, D7 aEAF R (ArCHBry) PECHICERT D, £
IR, TEM L ENTZBRICL VRO T O NNDER LR, AFICZ V7T eI FE2RHmT 5
N— R, WL ODDOFEBFERIZE Y ERENSIATH DL EHELTWD, 7ot AMLEORMRT
W2 & UK RE%IZ 2 8D HBr KEHRA I SEERATRETH 5D T, HE SN D DI
NaOCl 7217 Th Y, B EKDBEIET L7 V= BREGTHD EF R 5,

Reference
1) WA E, STIRFER, RAHOREE, IR, AR — MRIEZ 25 47 EIRS & GO
R A, 102-412021, A>T A B,
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Catalysts-free Aerobic Photo-oxidation of Aromatic Aldehydes to Benzoic Acids

Yuya Takamura'*, Atsuhito Kitajima', Sho Yamahara', Naoki Kugisaki?, Yoshikazu Kimura?,
Masayuki Kirihara!
"Department of Materials and Life Science, Shizuoka Institute of Science and Technology
2200-2 Toyosawa, Fukuroi, Shizuoka 4378555, Japan
2Research and Development Department, Tharanikkei Chemical Industry Co. Ltd.
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Although oxidation of aldehydes to the carboxylic acids is seems to be generally easy, oxidation of aldehyde
bearing electron donating group such as 4-methoxybenzaldehyde and 4-phenoxybenzaldehyde give poor
results with most of the conventional oxidants except for the oxidants involving heavy metal. We found that
a solution of 4-methoxy benzaldehyde or 4-phenoxybenzaldehyde in ethyl acetate or isopropyl acetate by
irradiation with UV LED or visible blue LED under open air condition gave the corresponding carboxylic

acids in high yields.

Btk T N a— b LAXT AT B KD HIVR U EEA~OBRL)SIE, BN FER S D
NTEY, TEMICHICHAIEETH D LB 2 b REFMALIS W DG ST g 12,
—RENZIE, TS OFEEZHOIUI VR CEBRPERER GO DD, 4-X FF T T 2= VHED
ko RETHEMEFREZFHOENEAIE. TATE RLORISHIEE A EEITET. TLR BRI
RINRTLELNRW, Bz X, Travis HIX7 V7 & RiZxf LT, DMF #1C Oxone % )i &4
D e INVRUBR—IENZ 0% EORIETHEOLNLZ EaWMELTND D, L LR 4-
A RFIRUZT AT ROEEIL, 4-A NFVZEHFRIT 3% TLIAGELNRW Y, FBKS
X, RV T v a— Ik LT, BB KONV v 7 AT AR R T 30%im R b
KRFKRZIEEED & BREEWEDPIE 80%LL L THOLNDL Z L 2HE L TVWDHN, 4-A FF
RUDNNT TG 4- A N F VL BRI 5% T LG5I TR0 P (Scheme 1),

O Q 30% H,0,, cat. Na;WO,
H Oxone, DMF /@)‘\OH cat. Me(Oct)sNHSO, /O/\OH
. -
31% MeO 5% MeO

Scheme 1

MeO



AHEFR AL, 4-A REIRUOXTILTFTE RO L ) B EGEHERE T VT B Rioxt LT, &
AR 22 T OO 27210 C, REFBENSINETHRONDL Z L2 /L, 4-4 M %
TRURXTVT e REMWT, TW 385 nm LED THHKZH 2700, KISEHEHRFI L&A

(Table 1), 7k F=hFU/, e F /L, BEliA Y 7o B E2EEE L THWZSGAIZRW
ff*%iﬁ‘%%%hf:o O FTRERFHEAL TG ELT Lig o722 2D ZORISHEITT %

728 ERE EBBR ST BMATHLZ ERDND, R E LTENNY (HEA LED) & H
b\f%}iﬁu‘? AT LT,
Table 1 (o) 0

7 W LED (385 nm)
H > H
/©1)‘\ | solvent, open to air, rt, 5 h /©)‘\O
MeO mmol MeO

in 20 mL Pyrex Testtube

Isolated

Solvent® yield (%) Solvent? ;/Siglljt(%z)
CH3CN (5 mL) 93 iPrOAc-H,0 (2mL) 94
BTF (5 mL) 90P EtOAc-H,0 (2mL) 92
MIBK (5 mL) 78 EtOAc-H,0 (2mL) in the dark 0
MTBE (5 mL) 69 EtOAc-H,0 (2mL) under N, 4
iPrOAc (5 mL) 92 EtOAc under room light (LED) 70
EtOAc (1 mL) 92

3All solvents were used without distillation. °Colored brown
WIZ, FREEERET VT € Rk LT, BigA Y 7' a A TR 21T o 72, iR ik G
WThD 472 )XV 7 2 = VEOHEITNER S AR VBN E LR, ﬁ ZDOEE D
i, PERMET L7z, FriC= buko X ) BRIz AT 25813, 3L A SRS
LT L7 2 & ibhoTe,

Table 2
R—CHO 10 W LED (365 nm)

Smmol  jiPrOAc (7 mL), open to air, rt

/O/COZH /©/C02H /O/COZH
CH30 88% (16 h) CHs

> R_COZH

95% (5 h) 65% (5 h)
CO,H /©/002H CO,H
©/68% (8 h) 61% (5 h) /O/
73% (16 h) 73% (16 h)  O2N 7% (7 h)
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Practical Synthesis of Sulfonyl Fluorides Using Potassium Fluoride

Sho Yamahara!®, Mai Watanabe!, Yoshikazu Kimura?, Masayuki Kirihara!
"Department of Materials and Life Science, Shizuoka Institute of Science and Technology
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Sulfonyl fluorides are important materials in several scientific fields, as used in enzyme inhibitors,
fluorinating agents, or substrates for click chemistry (SuFEx). The conventional synthetic method of sulfonyl
fluorides is the reaction of the corresponding sulfonyl chloride with potassium hydrogen difluoride.
Potassium hydrogen difluoride is, however, corrosive and reacts with glassware, so that do not applicable for
a large-scale synthesis. We now report two convenient synthetic methods for sulfonyl fluorides, which are a
reaction of sulfonyl chloride with potassium fluoride (KF) in aqueous acetonitrile, or a reaction of sulfonyl
disulfides with sodium hypochlorite pentahydrate under a carbon dioxide atmosphere, and successive

reaction with KF in aqueous acetonitrile.

ANR= T NF Y R, AEFOB CRERIAEA 'L 7V v 277 I A~ —"SuFEX"D 7=
DOGIEE 2, PR 7 v F[LA] 37 & & U GIEREEENEH SN W A{LEamTh b, AL
K=V T A RO—REKREZ, Arvdk=1r7nl K7 vibkFEH Y 7L (KHF) %G
ERDLHENRAL L Z—RiZ>Tnb 4 Ll KHE ZEBMEORIKT, SHlch T AgmE L
RIS %78 EERELOKEAKIZIIARNE TH D,

Conventional Methods

P KHFz _ Qf Selectfluor, CHiCN-H0 or 112 Rig_S_
PN - ~ -€
RT7CL - CHEN-H,0  R7OF  Electrocell, KF, Pyridine or
Schemeq  CHaCN/ 1M HCI, 20mA R.SH

T, VALT 4 R EMMRRET 7 v FBEHEREICHWND ZAVE= VT VF Y KOG
55, BRNISEEEZ WD HFESHH S TS (Scheme 1),
Fxlid, ANKB= LT A Y ROFENOKEESRAIGER FIEEZRZETLH2H T, UTFTD 2 20



FikxE R LT,

1) Andk=nrul K& KFEEKTE M= RUH SETERET L7500 TRALR= VT VA
U R@EIETHELNE 7, ZhUEA VA= 7 vl RE KF KRRE KT 5 ERENEA VR =
LT FY RRELND L WD NS 82 e v N RS TR 21T > -5 Th 0 IRt
MTETz,

2—1) YALT ¢ REFHEHP T KF & EEFERET U A 5K (NaOCl SHO) % i &
HHE, ANK=LTNAY RBELND HEEZ R LR, KREORIE & FRELE 2 v iz
FEDWEETH > 7= DO THEDORINIE ST,

Previous Works

KF (8.0 eq.
(3\\3’/(\) KF (3.0 eq.) QP . ( q.) - R\S/s\
RTCl CH,CN-H,0 R™™>F  NaOCI-5H,0 (6.5 eq.) R
(5:1, viv), rt AcOH, r.t., 17 h
up to 92% Scheme 2 uo to 72%

2—2) VAT 4 R%& BTF H CO, XA FC NaOCl- SH.0 &S/ T, Audk=1rrnmal) R
~NETHL . BRIE A A L7212 BTF 28 E L, IRWT KF O&KTE® b= kU JVRIK & Kt
EHAHE, ANF=ATAFY RREINETEL L,

p
This Work
's tor 1) NaOCI-5H,0 (8 eq.), CO, (balloon), BTF
R 2) Filtration & Condensation 4
" Sy 3) KF (3 eq.), CHyCN-H,O (5:1, v/ = R
) (3 eq.), 3CN-H,0 (5:1, viv) up to 91%
Scheme 3

AR BERIEIZY Ry N TIERWS, OO RS 7 BTF 78 F=FU L& HW, @
TREMECTREICIRZ D —RE7e HETZ L B9,
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Automated sampling and quantitative analysis of process solution

Makoto Michida*+, Yosuke Iwatas, Yusuke Nagai+
+Process Technology Research Laboratories, Daiichi Sankyo. Co., Ltd.
Shinomiya 1-12-1, Hiratsuka-shi, Kanagawa, 254-0016, Japan
makoto.michida.wp@daiichisankyo.co.jp
tAnalytical & Measuring Instruments Division, Shimadzu Corporation

1, Nishinokyo Kuwabara-cho, Nakagyo-ku, Kyoto 604-8511, Japan

We have developed an automated sampling and quantitative HPLC analysis system by combining Mettler
Toledo's Easy Sampler with Shimadzu's HPLC and switching valve (FCV-20AH,).

Normally, the Easy Sampler collects reaction aliquots from solution, prepares diluted samples, and stores
them in a vial carousel for subsequent off-line analyses. In this study, instead of using the Easy Sampler vial
carousel, the tubing was connected to HPLC and investigated an automated on-line quantitative analysis in
real time. After optimizing the conditions, we confirmed that the accuracy and reproducibility were sufficient

for practical use.

FAHRA— h A= a3 VHEINE, 2 E TRFOBETEANCHENED DI CTE 72, FRHIITE
IX COVID-19 DEE L H 0 | EFRATEEAN, UV E— MENOFEEN I HIEE > T 5, BURIE,
EBROEEOHIELZ AL TX 2BEEEZEATHI L T EOIREZEGTCVDEMICH DN, 5%
S 675 HEME - R EED HT-DITIE, EER LA, ST 5 2 L NEERREE RS,
Alal, T RO TRAIRBREETH D, EROY 7V > 758 B 7 VR R
-HPLC E&/NHT] % BB CEMERIEE/R T AT L& BRI LTz,

(97U o 7B AV o ARG (XA R T —8LD Basy Sampler V5 Z & THEME
THZENHKD, REEX, BRERIAIVTTYHT I T E2ITV, K 12 RONSA T Z
ERAEER DN 7 VTG 5 2 LN REREN I EE TH DL, AR Lo 7L
Z. LD HPLC ~Dt v b, £ TOMEEICE L TUXTFETIT O LER H D,

—JF. B > T NVEREO 5T (oW T, midiEik s v~ 757 4— (HPLC) OA— h
YT T AT DL THGE T D 2 EMARETH D,

AlaFR AL, 2D Zo0EEAER, BEESEL I LICED . WROY T ) v 7 HPLC
TORNETO—HEOERIEL BELT 5 AT LD EITo 72, B#T 2BEFOHEIM & LTiE,



Easy Sampler 7»& HPLC O#% > FNAN—IZEEE AT S 2 & THEHT T 280l VisshE ST
WAN, Y TN — T NOVEHIREE D Basy Sampler DR 7 HREDEE A Z I 5 Z LD, o#T
DEBEMEICRE LR L T\, ZOMELRRT 272012, U PVEIRO—E A2 TEAN L THrd
HOTERL ERLEY L0428 %E HPLC 04— Mo 75 =2k v k LIz A3A T fic i
EL, R, RE L BICEMRAREEZRE LRI 2 & v ) i Chat 21T o 72,

B DR s
HERER A X 112777, Basy Sampler T L7238 | ey -

Sampler N\ / FCV-20AH,

Wz ATROSA T =T L REEY |

2307 (FCV-20AH,) %4 L TR HPLC A4 — Tyt
k77— (SIL-30ACFV) I8 L. 4 mL /3 A 7 /L € _ l
BT L T AR A T 5 -

. . ® Column Oven
Z @I-‘%S\ %%R/%E%Eﬁﬁﬁlé\b’@é 7%_?57)07_@] @ ;%52_ —Egg%:D C;g;j:l:c_ Detector
N S = SPD-M20A
WNIVTDEA I T HHE LT, —a—
Pump B

B4 1 LEGE DRERL

AILEOR R & LT, OB : RSD = 1%, OMIAEIL 50 AE THIGATEE, @MAITMmA]
A ARE. @Y o FVIRIHBIE S T T 57295 A T AH O ROEEN /NS, G
e EfR Cooar BBk (] : 1 RS 1B 2SATRE. e EAFT b D,

X512, HPLC ORI PC 2V E— b7 A7 by THHiTHZ &2 X0, RO S U €
— N TITH Z ENHKD,

ZOEIT, KVATAEEHA L CT—oORRTEMACHAET D 7Y 74k OfF
¥rHEMT 22 LT BT — 2 OEIGOHR 25T, I E & F oA RIS
LA R DIEE DN HIFCTE D,

ARFERTIT, VAT DO FORESRME, U1 B2 VT OFRMREEORFRER., b5,
WL D07 e ABABIINZ, KV AT LAOIEHT AT T EE2BNT 5,
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Development of Pd-supported catalysts based on graft polymerization technology

Hiroaki Harakawa *, Makoto Komatsu ?, Shoji Aoki 2, Junichi Kanno ?
! Strategic Technologies Research Department, EBARA CORPORATION,
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The use of flow synthesis for catalytic reactions is expected to improve safety and reduce costs in fine
chemical production. However, there are some issues in scaling up with flow synthesis, such as pressure loss
and non-uniform flow in the catalyst bed. We are developing a catalyst materiad by grafting
polyvinylpyrrolidone (PVP) onto non-woven fabrics and supporting Pd. Pd could be loaded via PVP with a
particle size of about 20 nm or less. In the hydrogenation of 1-octene by flow synthesis, the conversion to
octane was higher in samples with relatively fine Pd particles in the non-woven fabric.

7 v —USETRENER B3 A NGNS Ny FRUSIENERD 7 7 A 7 L B IV5y

B~OBHAPRE SN TN D, T MBS, USRI O SBEERIENRE L 70 D 2 &0 b,
7 —hE AW SIRIIRE N, Ll EEBBEO R — 7 v 7Tk, MRIROMEEZ 7 Z
LEEICTRE LT h, JERC, R —72iiVORENKE Z 0155720, o FEH-CH RIS
TRBMETH D, Fxld@ma IHEOREAEZRHW, 777 NEAHINZICHL TR VT A
(Pd) ZFHEFT 2 A B DB 21T - T 5, FAEFEICHRHERE 2 WD 2 & T HEilzh=R 53
BREHEOMEE 220152 12, Fio, PdE2LE L THEFT 272010, AEAICRY E=1ren
URy (PVP) #2777 38T, Z OMHERAEERE O G RGRE R & £ OFHEIZ OV TIRE T 5,

&I@ T R E AR T DERIC, PVPIT T/ Ki 1285 < BOAL T D 2 & TF /2 RiA-[7 £ D et A 40
THHERE LTHOENTNS 2, £7-, PVP DE /) ~—THAHN-E=/1-2-t'0 ) KT 9H
NEERESEERI AL T 4 7T 7 FEASEDHZENTE S,

ARFFETIE, RY = F L B (AARASA Y — 8 (L 245keV ., WINHR & 150kGy
DFEMTEFHRBIZITV, N-v=1-2-t'a V) F (AAfER) €/ ~—FRICER L, 60C,
60 Sy DEEGPIST VP % 7T 7 M LIc i aFi L7, 2D PVP 7'J 7 MNEGNEM~D Pd
OB AL, AT VT L EmHET B Y AL KBERT TS TS 2L T, T RIS
VUL () S hY A (NaPdCly) & L7ziiREEH Lz, ZOWIKIC PVP 72 7 N EA Rk



fizREL, =% ) —/ZXkb 80CTETLIED
ZETPdeRAME L, Tablel Glafting samples

Pd DfEERX, 7797 FESEZPVPE (/77 b Sample No. dg* Pd solution Pd content

o dg) HAATHE LRV NaPOCl R — 2 fwol)
B ATE L T EIT 572, (FRL7- PdiA > o 20 019
FE ARt 2 Tablel (27”7, ©) 20 20 0.20

TEM (2 & 0 ANlcAmidiit Lo Pk 728182 L7z & @ 64 60 0.42
=% (Figl) . PdKi i34k & LT 200nm L F oS- ® 64 10 0.16

JRFE L THEELTWAZ EB otz 757 *dg : degree of grafting

F$B[J§Ctt$§?‘5 L N NO@ (7? 7 }‘%2‘ 20%) D dg%: ((Wz _ WO)/ WO) x 100
BT ffER I < I PdRI - EHF L TERD W, : weight of base meterial

RIEIX T 7 RN 108% & 64% & Ll L CHE%H
IR E L o TN D,

W, . weight after grafting

Fig. 1 TEM images of grafting samples

NaoPdCl 4 IR FE % 18 < L 72 No.@ D PARL 1 Ml D FUBHZ L ~FE% IR A K & < AR Hh o
Pd B A =S EVRR &7,

AHRAT OREHELITH 30~40um TH 523, No.D & No.@DFEHIIBWTI, kiR 54 10
pm NERETY T 7 NEAEPETLTE Y, Pd K1 HHENTE £ CTHFE L Qe R0 OFF
e LT, No.D, @. ®IIF 3nm e e =27 23% 1) . No.®)., @DIZ- 2>\ TIEK 10nm F1ir D kz
BNZIRRETH o7z, F7o, Pd FHEFARRRAT ORIKIZ X 28R (1~4h) Tix, MikHiz TOC
X Amg/L LA, PdiZ 1ug/g BLF TH - 7272 ERE TO Pd R F-OBKIZENLE D L EZ BN 5,

IS Pd HEFESORIRRO B 5 K52 W TC, 7 e —MISIc kD 1-4 7 7 v OKRFEEE
R L 72, £ OFER, Pd EA EASFRTICE IRV No.®DFUEN T & L ~ DR 3K 80% T
bV, —Ji. PdEHEEOE NO.@DFRE CHAHAZR A 67% Th o7z, T ORGRIL Pd KL ORifE
YA AOENNZE DR TH D LHEM SN T,
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A Chiral Vanadium(V) Complex Catalyzed
Enantioselective Oxidative Homo- and Heterocoupling of Hydroxycarbazoles

Ganesh Tatya Kamble*, Makoto Sako, Hiroaki Sasai, Shinobu Takizawa

SANKEN, Osaka University, 8-1 Mihogaoka, Ibaraki-shi, Osaka 567-0047, Japan
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Bihydroxycarbazole derivatives have been of interest to many research groups owing to their bioactive
nature.! The bihydroxycarbazoles have also attracted attention as usage for Cp-symmetric chiral ligands.?
However, a few reports® address the enantioselective processes due to their high reactivity resulting in over-
oxidation reactions.* Herein we report their straightforward synthetic strategy via enantioselective oxidative-
coupling of hydroxycarbazoles using dinuclear vanadium(V) complex (R,S,5)-3 and mononuclear
vanadium(V) complex (Ra,S)-7.

Under air atmosphere, the dinuclear vanadium complex (R,,S,5)-3 promoted oxidative homocoupling of 4-
hydroxycarbazoles 1 to afford the corresponding bihydroxycarbazoles 2 in excellent yields with up to 90%

ee without formation of any side products (Scheme 1).°

R2
(Ra,S,S)-3 (5 mol%)

N R
Q O CHClj, air, 20 °C
R4

24-96 h
OH

80%, 90% ee

Me N Me N (S)-form
o s \\© (determined by X-ray analysis)
92%, 76% ee 68%, 71% ee

Scheme 1. The chiral dinuclear vanadium(V) complex (R,,S,5)-3 catalyzed oxidative homocoupling of 4-

hydroxycarbazoles 1



We have also developed a highly enantioselective and catalytic oxidative hetero-coupling of 3-
hydroxycarbazoles 4 with 2-naphthols 5 using a newly developed mononuclear vanadium(V)
complex (R.,S)-7 (Scheme 2).° With a 1:1 molar ratio of the two starting materials, this catalytic
system successfully and efficiently produced heterocoupling products 6 with up to 98% yield and
88% ee.

In this work, the mechanistic details for the chiral vanadium catalyzed homo- and heterocoupling

will be discussed.

H
g N
X
Hotw
(Ra,S)-7

H
N
ar)" O X
4 (1 0 eq) (10mol%)  HO Q
HO LiCl (3.0 eq) HO
1,4~ dloxane air

30 °C, 96 h
5(1.0
(1.0eq) up to 98% yield
88% ee
H H
g8 98 )
S0 S DY
HO l : HO I l HO O =
0 0 Bpin OO
84%, 88% ee 78%, 86% ee 72%, 74% ee

(R)-form
(determined by X-ray analysis)

Scheme 2. Chiral mononuclear vanadium(V) complex (R,,S)-7 catalyzed oxidative heterocoupling of 3-

hydroxycarbazoles 4 and 2-naphthols 5
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Safe scale-up by in situ FTIR and reaction calorimetry

Atsushi Yamashita, Wittkamp Brian, Paul Scholl
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Am Ende et al. report on a commercial-scale Grignard reagent conditioning reaction in the manufacture of
an active pharmaceutical ingredient for osteoporosis called Droloxifene. The focus is on addressing the
safety issues involved in Grignard reagent conditioning.

The Grignard reaction is usually carried out by adding an organohalide (R-X) to a reactor containing
magnesium and THF in a volume of 10% or less of the total volume, heating the mixture under reflux,
waiting for the reaction to start (the reaction is detected by an exothermic temperature rise), and adding
the remaining organohalide. However, in some cases, it is difficult to detect exotherm under reflux on a
large scale. Therefore, we decided to measure the reaction initiation and subsequent progress in real time
using in situ FTIR (ReactIRTM) to monitor the formation of organohalides and Grignard reagents.

T/%( Br | S, - MgBr
i . Mg THF :;/
@ S
Figure 1
The time evolution of each peak is shown along with the time evolution of the internal weight of the
reactor, clearly indicating that the reaction

started at 0.24 hr and the Grignard reagent (1556 cm-1) began to form.

The time evolution of R-X (1590 cm-1) increases at 0 hr, corresponding to the addition of 5 wt% aryl
halides.

Figure 2
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This data was compared to the heat of reaction data from the reaction calorimeter RC1. Figure 3 shows
the exothermic data for the initial stage of the 5 wt% addition of aryl halide. By comparing the IR data
(Figure 4), it is clear that the first exothermic peak is due to the addition of R-X, not the start of the
reaction, and that the second exothermic peak is due to the start of the reaction. It would be difficult to
monitor and scale up this reaction by measuring only the exotherm.

In the latter half of Figure 4, the reaction is traced by FTIR during the synthesis of Grignard reagent by
adding the remaining aryl halide reagent drop by drop. It can be seen that the reaction is progressing
steadily and that the accumulation of aryl halides can be monitored.

Figure 3 Figure 4

In situ real-time monitoring ensures that the reaction has started and detects accumulation of
organohalides when the reaction stalls, allowing continuous verification that the reaction is progressing
properly. and continuously verify that the reaction is progressing correctly.
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Machine-learning-assisted Simultaneous Multiparameter Screening for Electrochemical
Oxidation
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A highly efficient synthesis of a-ketiminophosphonates has been established for the electrochemical
oxidation of a-amino phosphonates with the utilization of machine-learning-assisted simultaneous
multiparameter screening. After brief experimental screening, the Bayesian optimization with the
experimental data (up to 12 entries) could rapidly predict the optimal conditions for the synthesis of

a-ketiminophosphonates and sulfonyl ketimines with aryl and alkyl groups.

FEEAWG BUS DB I T, RO mEINERIC T HANLEW &2 15 2 To OIS & &
HEFEAVICERR L C, sz T3 - IET DM ERH D, LLRRL, ?’7%%&/\7)‘“—5'%(75)§
<72 % & EBRBUIRBEIBANTHIN L | BAEIFIEE ORBRIZES S BRMEBIIA 7 J—=27Th
ZRIeWEM - 57f8) - B - =L F— - BFWa X N E2ET5H, £ TR TIEL, FERRT I/
feo% 7 VIUBHLIR FBRELRD T 0 X FVEEE 2 D 7 F IV OBMIBICE R E ET WIT, A X
WLIZ R DLW T VARBRZE L+ 2 b FZREITEC ORGSR R#Eb 2 st L !
NS X X, B0 bR WO R KR (F72iTm/IME) 2 BRI OMERGRIIT RO 5 F
ETHY, BRI TEBRIERM T A —Z DREILICAN EZ 2 DiILD, MDA 537216
WAFHIT 5 TERER ) & KR RAF R iEcA EAMICBUAIT 2 TEH ) 2RI E 75720
a0 12 <V, D2 TF — 2 BETHER T E FTRETH Y | UL SELR A2 T SRR R 21T
T EMB L AMSICRERFEOT L TY XAIZH L TN 5D 23,

F VIR TINFEE T 2 O A& EMRERLIZB T, Entries 1~5 (IR & 72 05 GhiA
240 A (mA) « 7 I URE (mM) - EBARRE M) - BUSKHE (min) - SOSIRE (°C) & 4%
BILDT T I UER DI 8~65%% 71 T — Z A Ak 1T -7 & 2 A, Entry 6 D i
FENRE S, R 60%ICRICTERIMD r F 2 & H 2 7=, IRIT Entries 1~6 O 54
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L EDBEDOWERZ FH T — 21T, X b 217 9 & Entry 7 ORISFREDRE S, REMHTIE
66%INRIZ T T I v a5 27, AMEEZBEVIEL, BINRE S 2 DMKRETHIET VEZTH L
TV Z & T, ma9ITIiR, EBERTT 12 B THEEINER 71%% 52 5 SOSS& (FBItfE 3 mA - 7
I UPREE 10.4 mM - FEAEIRE 0.19 M« SOSIREE 45 °C « S 120 min) 2 32 LR TE 7=,
. ZAVLL EEBREATHAHEC L THIEOR ERR NN L AR L TV D,

1. Ao AL DT X UBIERIS SR DZIRITE/N T LILERR

O
oL
$=0 Pt Pt S O
NH ~N

. P:ofpr ERIE@mA) O Pr
0O” “OPr — o Pr
73 (mM) BREEWM), 7 t*'J)I/ ’J’?E‘/

RIERE(C), RIGEFRE (min)

Entry ERMEMA) PIV(mM) BREEM? RIGEECC) RIGER(Min) NMR%IZE
1

1 10 0.05 60 180 8
2 2 20 0.2 25 60 16
3 3 10 0.1 40 120 65
4 4 15 0.1 40 60 38
5 5 5 0.05 25 120 26
6 4 11 0.22 50 130 60
7 3 11 0.13 45 120 66
8 1 18 0.05 45 120 3
9 3 9.7 0.12 45 120 65
10 5 10 0.21 45 120 41
1 2 10 0.06 45 120 50
12 3 10.4 0.19 45 120 72 (71%)

“BARH: LICIO, GRERBUTIL); CHAINE

BE 3R

1) Kondo, M.; Sugizaki, A.; Khalid, Md. 1.; Wathsala, H. D. P.; Ishikawa, K.; Hara, S.; Takaai, T.; Washio, T.;
Takizawa, S.; Sasai, H. Green Chem. 2021, 23, 5825.

2) Shields, B. J.; Stevens, J.; Li, J.; Parasram, M.; Damani, F.; Alvarado, J. . M.; Janey, J. M.; Adams, R. P,;
Doyle, A. G. Nature 2021, 590, 89.

3) Sugisawa, S.; Sugisawa, H.; Otake, Y.; Krems, R. V.; Nakamura, H.; Fuse, S. Chem. Methods 2021, 1, 484.

4) Naito, Y.; Kondo, M.; Nakamura, Y.; Shida, N.; Ishikawa, K.; Washio, T.; Takizawa, S.; Atobe, M. Chem.
Commun. 2022, 58, 3893.

— 103 —



1P-29

Safety by Design. We Learn from Reaction Calorimetry.

Yoshifumi Fujisawa*, Urs Groth
Mettler-Toledo K.K.
6F Ikenohata Nisshoku Bldg. 2-9-7 Ikanohata, Taito-ku, Tokyo 110-0008, Japan

Yoshifumi.fujisawa@mt.com

Developing new compounds and transferring them to manufacturing requires an understanding of the
chemical route, process and all its parameters. Therefore, knowing the scale-up as well as the safety-related
parameters is equally important to ensure a chemical process is safe at scale. Generally, the earlier critical
conditions are recognized, the easier and faster the process can be adjusted and properly designed and
implemented. The experiment results may even require scientists to choose a different route.

Ultimately, reducing time and resources as well as speeding the chemical workflow is the result of acquiring
better information earlier. In a simplified approach, the chemical and process development workflow begins
with “Chemical Synthesis” in which the chemical and physical information and chemical route are key.
Often a small quantity of the product is made for testing purposes as an integral part of this step before the
development workflow continues. Applying traditional development tools no longer supports today’s
requirements. Thus, both the technology as well as the procedure applied must be adapted to meet today’s
needs in full.

A thorough understanding of the chemistry, physical properties of the reactants and the reaction mass is
essential. Recently, synthesis workstations have become an increasingly common tool as they not only
ensure accurate and reproducible experiments, but provide a wealth of information at the same time. A
synthesis workstation, such as EasyMax or OptiMax, provides specifics including start and end of a reaction
and indicates the existence of induction. Information about precipitation or crystallization during the course

of the reaction is provided, along with mechanistic information.

Desired Reaction

Secondary Reaction

>

Temperature

tx (Cooling Failure)

+——TMRgg ——

—

Time >

From a scalability point of view, it is not only a question of how much heat is released, but also HOW the
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heat is released. In other words, even when enthalpy, the heat transfer coefficient, the specific heat of the

reaction mass etc. are known, the real heat release pattern is not necessarily understood at this point.

A Tp24
200.0 °C

Temperature

1

MTT
80.0 °C

Criticality
Calorimetric information is crucial when determining how chemical reactions can be transferred safely from
the lab to the plant. Along with the chemical development workflow, reaction calorimetry provides the basic
information needed for each of the individual steps and is subsequently converted into information to
evaluate the risk, scalability and criticality of a process. Reaction calorimetry helps identify issues related to
heat and mass transfer or mixing, and allows the determination of the correct temperature, stirring or dosing
profile online. It also uncovers unexpected behavior, e.g. temporary viscosity changes, precipitation, fouling

etc and makes other scalability issues (such as reagent accumulation) visible and quantifiable.
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Unattended, Representative Sampling for a Wide Range of Chemical Reactions

Naomi Fukuda*, Dominique Hebrault?, David Place?, Kristin Wiglesworth?, Shu Yu?
1)AutoChem Dept., Mettler Toredo K.K., 2) Pfizer Worldwide R&D
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Although sampling chemical reactions for offline analysis is standard practice, it is not always a precise and
reproducible operation and can be challenging with reactions at sub-ambient or elevated temperatures, or
when sampling slurries and other heterogeneous reactions. Delays in quenching can lead to variable results
and inaccurate analytical information. EasySampler was designed to eliminate these challenges by providing
an automated and robust inline method of taking representative samples from reactions, even under difficult
conditions. At Pfizer, scientists have been applying EasySampler for several months in their synthetic
chemistry and process development laboratories. Unattended sampling was applied in long-term stability
studies over several days and to reactions which require immediate quench-in-place operations at reaction

temperatures.

Though the palladium catalyzed C-H activation reaction is a thin slurry, and apparently easy to sample, the
reaction is oxygen sensitive. If oxygen is introduced to the headspace of the reactor, the reaction stalls, and
oxygen levels of 5000 ppm will result in a 50 % increase in reaction time. The goal was to understand the

kinetics profile, mechanism of impurity formation, and assign a reasonable endpoint.

0 Pd(DAc)s, Ligand

L + KBr
ik f=frmyl Aloohol, reflux

102*C

Fig.1 The palladium catalyzed C-H activation reaction
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The C-H activation reaction with a palladium catalyst was run in the presence of
palladiumacetate in an RCI1 reactor (Figure 2). The reaction was run at a
concentration of 33 mg/mL in t-amyl alcohol at 102 ° C. EasySampler was used to
sample the reaction in an automated manner in order to avoid the introduction of
oxygen to the (headspace of the) reaction. Twelve samples were acquired over a 24

hour period, and analyzed by UPLC.

The reaction profile gained by sampling over 24 hours (Figure 3) gave insight into interconnectivities of the
impurities observed in the mixture, and especially highlights the need for a tight reaction cycle time. Based
on this information, researchers were able to quickly set in-process controls to relate reaction time with
primary conversion and impurity levels. When the product reaches a maximum conversion at approximately
7 to 8 hours, the reaction system must be cooled immediately to 20 °C to avoid the cyano impurity formation.
If the mixture continues stirring too long, the Des- CN by-product forms suddenly and cannot be removed

easily in subsequent workup and reaction steps.

In all cases, EasySampler demonstrated reliability in sampling a wide range of chemical reactions. In
particular, with reactions that were challenging to sample by hand, EasySampler provided accurate and
precise reaction data for increased reaction understanding. The unattended 24 hour sampling provided
information throughout the course of the reaction, enabling chemists to make sound process decisions to

improve yield and reduce the level of undesired impurities.

The combination of automated reactor systems and EasySampler allows chemists to improve the way they
work in the laboratory by freeing up some of the time and focus required to do a time-dependent study.
While EasySampler continues to complete the tedious task of sampling reactions, scientists can devote more
time and resource to planning and starting the next study. Overall, EasySampler enables multi-tasking for a
more productive time in the lab, and facilitates meetings and other interruptions that require the researcher’ s

attention away from the lab.
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Dehydrogenative Cross-Coupling Reaction by Heterogeneous Vanadium Catalyst

Kengo Kasama 1,2*, Karin Mizuno 2, Kyohei Kanomata 2, Shuji Akai 2, Takayuki Yakura 1
1 Faculty of Pharmaceutical Sciences, University of Toyama; Sugitani, Toyama 930-0194, Japan.
2 Graduate School of Pharmaceutical Sciences, Osaka University; 1-6 Yamadaoka, Suita, Osaka 565-0871,
Japan
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Unprecedented cross-dehydrogenative coupling (CDC) reactions of heteroarenes using heterogeneous
catalysts are developed. Mesoporous silica-supported oxovanadium catalyst (V-MPS4) achieved the CDC
reaction of 3-hydroxycarbazoles to provide Ci-symmetric biaryls with high chemo- and regioselectivities.
V-MPS4 was reused while maintaining high yields. Furthermore, V-MPS4 catalyzed cross-dehydrogenative
coupling of 3-hydroxycarbazole with 2-naphthol was followed by the lipase-catalyzed kinetic resolution in

one-pot to synthesize the optically active heterocyclic biaryl compounds with high optical purity.

BHRELZAT LT U —/VERIL, RS EEMLER LGS N LIEF ICEER
B Th D, BEFOAKTIECIE, EBSEMELAE AW TR RROKRE- KEBM-END, BHHE, K
F- RFEEEET DHKRFERD » 7V o TROER D D, i, B)—FRA %V F 20 Lz
W AKFBER T > 7Y o T ROSDE AN ST WD, HTH, 2200825512 HWTT
IMKRFERL 7 a2 F 7Y 7 (CDC) S, BRI DO SEMEE REIMTHZENTELH720
HEHEIN TS, LLERDL BTN v T U T RIGOBAS, KOGALEOBRIRENEE 720 |
FIEETEREREICH S,

INETHEIESIT, AT VTLZMIAILE 4 nm DAV R—F AU BITHE LAY R
NPT T A (V-MPS4) ZBEFE L7-, V-MPS4 [3EAEET v a— VO T & J{RIEEIC BV T,
KIET DB —ROAF I ATy AEEL D b EWMBEEEZF T 5 2 2R LTS, 46
Tz ld, V-MPS4 OF -7 EBEE LT, 3-8 Ru v Y — VDR - KERE 200 E RN
W27 U — b TE AR R L (Fig. 1) % o, o raxy 7Y o 7R 4 12
LC, MK fREESR U N—B 2 AW CHREGRADE T 0% (KR) 37562 & T, FEFRITEVIFAMET
2ONTF UFF~v—%H/DHZ LI Lz, 2 VPS4 I KB CDC ik, U =Rtk b
KR D 2 DOGZ K L TIT O U Ry NS BBFE LD T, SEIZDOFHEMIIOVTHEET D,
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Mesoporous silica-supported @ @
Oxovanadium (V-MPS4) 4 5

One-pot reaction

up to 98% ee

1 K. Sugiyama, Y. Oki, S. Kawanishi, K. Kato, T. lkawa, M. Egi and S. Akai, Catal. Sci.
Technol., 2016, 6, 5023- 5030.

2 K. Kasama, K. Kanomata, Y. Hinami, K. Mizuno, Y. Uetake, T. Amaya, M. Sako, S. Takizawa,
H. Sasai and S. Akai, RSC Adv., 2021, 11, 35342- 35350.

3 K. Kasama, Y. Hinami, K. Mizuno, S. Horino, T. Nishio, C. Yuki, K. Kanomata, G. A.I.
Moustafa, H. Gréger, and S. Akai*. Chem Pharm. Bull., 2022, 70, 391- 399.
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Oligonucleotide Synthesis by Using Amidite Block

Erika Uemura*, Yuya Yoshida, Haruna Mizutani, Hideaki Umemoto
Basic Technology Development Labs, FUJIMOTO CHEMICALS Co., Ltd.
1-2-38, Kinrakuji-cho, Amagasaki, Hyogo, 660-0806, Japan
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Using fully protected di- or tri- nucleotide phosphoramidites (herein Amidite Block) as synthons is
advantageous in decreasing n-1, -2 side products in oligonucleotide synthesis. However, the Amidite Block
approach is more expensive than the general one by one linear oligonucleotide synthesis due to cost of the
Amidite Block. Our selectively removable pseudo-liquid phase oligonucleotide carrier, Fujimat®, enables
large-scale oligonucleotide synthesis, and we have successfully developed cost-effective large-scale Amidite
Block synthesis process using the Fujimat®. We confirm that the approach using synthesized Amidite Block
decreased the side products, compared to the general linear oligonucleotide synthesis.

Fxld, HRBETRPOTERRO V7 )V—7 L IFETH Y TR O AR T & 2 5RHE A K
LR Fijimat® & B L7z Y, Z @ Fujimat®Z i U 7= BERARIE Gk, A2 i+ 2 Lok
DHMZERE L CHEET 2 2 LN TE D, 20D, ABIZLVESGICREIFEEEZRET D Z
ENRTE, WHMARIEHGR E B2V EHE ORI 7 2R Z T 2 03N  fEITh R 237
BECH D, I BHIC Fujimat® i IR0V VR EORGERR A7 Lo SRS O A DRRENTE
DAMDOIRITITIR VKR E RN H D, Z OREAFIM L. Amidite Block Of#i {725 ik 2 BA%E L
7

Fujimat®

' d oo 453, 37 HE L b
o) FUIZEERBRAEE A EE

C18H37°j©*o/\n’°” | HOREEERULEHEESOBORENTLE
O

CraHarO 2. OB/ T—(CIEREBECEATES

C1gH370
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Process development of aromatic amino acids for acceleration of

mid-size molecule drug discovery
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Chugai Pharmaceutical is focusing attention on mid-size molecule drugs as a solution for unmet medical
needs that have been difficult to reach with conventional technologies like small molecule drugs.
Establishing an efficient method to synthesize a large number of cyclic peptides is one of the key to
accelerating the development of mid-size molecule drugs. In order to synthesize cyclic peptides efficiently, it
is important to obtain amino acids in large quantities with high purity. In this presentation, we show that the
decarboxylative cross-electrophile coupling of N-hydroxyphthalimide esters, reported by Weix et al. in 2016,
is useful in synthesizing the aromatic amino acids. In addition, we present the results of investigating the

reaction mechanism, developing a scalable process, and applying the results to novel amino acid synthesis.
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Development of the Second Generation Polymeric Phenol Sulfonic Acid Catalyst and

Its Application to Batch and Flow Esterification

Yoichi M. A. Yamada '*, Hao Hu 1, Heeyoel Baek !, Toshiaki Mase 2, Yasuhiro Uozumi >
1 RIKEN Center for Sustainable Resource Science, Wako, Saitama 351-0198, Japan
2 Institute for Molecular Science, Okazaki, Aichi 444-8787, Japan
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The second generation meta-phenolsulfonic acid-formaldehyde resin (PAFR II) catalyst was prepared by
condensation polymerization of m-phenolsulfonate and paraformaldehyde in an aqueous H>SOs4. The
reusable, robust, acidic resin catalyst was improved in both catalytic activity and stability, maintaining the
characteristics of the previous generation catalyst (para-phenolsulfonic acid-formaldehyde resin). PAFR 11
was applied in the batch-wise and continuous-flow direct esterification without water removal, affording
higher product yields in continuous-flow esterification than any other commercial ion-exchanged acid

catalysts tested.

Fxlx, KROTNVa— L ERETHZERSEEZAT LB N7 v 227 b2 RS
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Development of Lewis acid-catalyzed intramolecular hydride shift and

sequential cyclization reactions
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Catalytic transformation reaction based on intramolecular hydride shift/cyclization reaction is one of the
green and efficient synthetic methodologies. Indenone and phenanthrene skeletons are partial structures in
various biologically-active compounds, natural products, and functional materials. While some metal-
catalyzed cyclization reactions have been previously reported for the synthesis of indenone and phenanthrene
derivatives, there still be some issues concerning reaction conditions, such as regioselectivity, the use of
stoichiometric amounts of additives, and so on. We have developed Lewis acid-catalyzed cyclization
reactions of alkynyl cyclic acetals via intramolecular hydride shift subsequent cyclization reaction. The

reactions proceed without any additives in good to excellent yields.

IV A AR HEST 3 2 20 T NERNT « BRALEBUS L, BBEROEANARETY hAhxza ) I —
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BIRT B X — VB AN LT EE % o VA AL TR 2 & T2 X — L DOKFERT ILF I
AL L CAELD AT AR ZESAE LT, DI TNERILEIGICE DA VT ) VEKS T

A H
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=V N B E G D ik~ S IRBA LT
2-TNAXF= R AT LT B RO Table 1. SMERNA LT/ V&K ZHER

TSR LT, —fieshik I 5
R T (o T S G-~ e S P
HITLC, A>T/ UiFiERQa2n) 1 5 1 R )
INHETHRK L7z (Table 1) 2 Fiz, E {7 . {7 _ ] . O/Ag

T LV DFENENDHEEFER AL ML ’s OMe
T LBRT S A EEA LT ir\:eo 2a >99% 29 94% 2h >99% 2i >99%

4-Me 2b 93%

'E (3) EfiLED AgOTf TLEET 5 & H 2c 74%

. 0/\| R'= Me 2k >99%
R N o ) ek 4-F 2d 65% R O OMe 21 >99%
7 b LU ERa-4) IR E < scomMe 2e 74% Q OMe NO, 2m 94%

TR U7~ KEx 7P LA AR 2 MEt L 2-Me Zf >99%

LA ZT LR TR TF LT — “om weo—~_) CO‘ L)ome

T VEER(BF; - OEL) & . BRAL s 2 filt e 2% 74% 2n 7%

Lt N7 =) -
LTHIET S 4 BN o 2 L& f Table 2. LA AEEfIRI DT+ FLUEH - HEBEEA

Hi L7~ (Table 2) .2 $7p % FHelk 3

Condition A

" . S} 2 mol%),
HRIMEZ 75 AgOTE & BF:-OEL O S (e Aot miv) wsaa
R' ondition
EH5H %ﬁﬂiﬁi & LTHRILRIGAE A . BF3-OE(t:2 (Bd;oI%B), MS4A
7 LTIl DA I L . T e

M0 FUSHAC BB 5,
AR X A A
BFL BRI 0= 5 L — 5 72
VREMICHA LTzfER, 7 =) b

. . . A: 4a 90% (5a 10%) A: 4b 57% (5b 24%) A: 4c 75% (5¢ 17%) A: 4d 91% (5d trace)
LVUERBRNERT A A =A%, B: 42 91% (5a 7%) B:4b80% (5b 10%)  B:4c58% (5¢32%) B 4d 80% (5d 13%)

n VA ARRIZ L DT vF 2 OIEMAL
R L LT BRIERIS LV — RTET T
7o, A ARRAREERIIZBRIR T & ¥

VEEEAET DBRIEV— B AFIE i, (5025%)  A5(53% A 41 15% (61 9%)

-g‘ 6 \s & 753‘ 5’@ < i—\‘[]fb é j/lzf:’_o B: 4e 88% (5e 8%) B: complex mixture B: 4i 69% (5i 12%)
AT ) UHERE T 2 MU VRS RAOERIISE, T2 N U UEEEIZBIT D
AT = A LRETOFEM 2 R T D,

R=4-OMe
A: 49 >99% (59 0%)
B: 49 97% (59 3%)

R=3-OMe

A: 4h 32% (5h 20%)
B: 4h 74% (5h 12%)

5| 3Tk

1 (a) M. E. Domaradzki, Y. Long, Z. She, X. Liu, G. Zhang, Y. Chen, J. Org. Chem. 2015, 80,
11360—11368. (b) B. D. Mokar, D. B. Huple, R.-S. Liu, Angew. Chem., Int. Ed. 2016, 55, 11892—11896.

2 (a) T. Yamada, K. Park, T. Tachikawa, A. Fujii, M. Rudolph, A. S. K. Hashmi, H. Sajiki, Org. Lett. 2020,
22, 1883—1888. (b) T. Yamada, A. Fujii, K. Park, C. Furugen, A. Takagi, T. Ikawa, H. Sajiki, Bull. Chem. Soc.
Jpn. in press. doi:10.1246/bcsj.20220036
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Selective conversion method of nitriles to amines under continuous-flow conditions

Chikara Furugen *, Tsuyoshi Yamada, Kwihwan Park, Jing Jiang, Eisho Shimizu, Naoya Ito, Hironao Sajiki
Gifu Pharmaceutical University.
1-25-4 Daigaku-nishi, Gifu 501-1196, Japan
sajiki@gifu-pu.ac.jp

Continuous-flow synthesis using a heterogeneous catalyst is attracting attention in terms of high reaction
efficiency, safety, and scalability. Amines are primary functional groups in various biologically active
compounds, pharmaceuticals, and functional materials. Catalytic hydrogenation of nitriles is desirable for
amine synthesis due to its safety and less waste property. However, platinum group metal catalyst activity
would be degraded by coordinating amines and ammonia generated during the reaction under batch
conditions, so it was difficult to reuse. We have developed a selective and continuous conversion method of
nitriles to amines. Catalytic activity was maintained for at least 72 h by utilizing the advantages of

continuous-flow conditions.

TR HATRR 2 TR EES  BEREVE . 2 LN BT E ORRREME B 2 O HERE A TH D,
=huHLHVNET Y FERERE S L TSI ZER= N v T I R E LB E ik
3, BAENERG TLE - DIFRAVRTIETH L3, PRIEOA I VS HRIDOH —#k, H Hh7T7 IO
RELBZZ T TRAET 2720, BRI T I VA BIEOMNIIREE Ch o 72, VH—R 48 il
A L= U AVOKBCSOEDWE ST L3, U H o RO, mEkE ﬁ2®ﬁm
WETH Y | ARBEOEIFERE bR TH 2 72D FEHMITITIRENE D, PR — R &

it 7 v UG, TR — U >~ Scheme 1: Selective continuous-flow synthesis of amines
VISR E R LT, BERD & i i

EART B R T 5, MR RhC [ RTONH,
L HEl U732 T 0 56 KRR % R C & " AcOH,90°C  "rmary Amines
Bo filET — MU o DI I NN M B H

T OREE, 7 OB IZkERE  RTCEN RWC | ROUNIR
DR & B B 77 8 SIS SN D R ER IS Cyclohexane, 50 °C  Secondary Amines
M BT 5, FECEEREDNT A—X4 j
HHH S A5 T, RISEE YD & O il fx [ PdIC ]—> vaR

=] N == f VR EA
ETREZ AT & 5 70 E MR ik Cyclohexane, 90 °C
Tertiary Amines
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LUTHA SR TS, UHIEETHE, R —RESHMEEOE LN EL RN L= ) L os
%*fm’iéYQV%@@ﬁ%Aﬁ%ﬂy%&@%ﬁbfwém FUEDHEITI T L 2207
VEDTNE AT AT, ORI L ATEMHEIR T RNBEEICERD NS, T4 E 2 OffRE
DR T T 7u~&@ BT L0 A I & AT & B A B KRR L oo, 7S LKA
@ﬁéaﬁkﬁ—é %ﬂ%ﬁ@ﬁ?ﬁ@%%\é% E*E‘ Lf:o (SCheme 1)

PR R R ORER = Y

Table 1 : Optimized reaction conditions

N LIz 7 masF Y S H, gas (10~20 mL/min)
VIR A, 90 CITEA L7z .8 -
RT U KRS (PC) Fitr 050 mmol Catalyst N, M .
- + (100 mg) R RVR geNeg
H— K > f/ﬁ:ﬂ(%ﬁ% L Solvent 0.1 mL/min 2 3 4
“ S pofn —n (0.1 M) Temp. R = Decyl
HICBIETIVULE T
S UNERMICAERT D Z Entry  Catalyst Solvent Temp. Yieid (1:2:3: 4)
EMBH B M2 o7~ (Table 1, 1 10% Pd/C Cyclohexane 90 °C 0:0:trace: 99
Entry 1), £72. 07 LK 2lal 10% Rh/C  Cyclohexane 50 °C 0:trace : 98 :2
# RWC) fitfiiTix, 7 nm 35 10% Rh/C AcOH 90 °C 0:100:0:0
N Paramlben
~ '33 ‘ﬁ‘ /{ {151 EP T f&T [a] 0.05 M [b] The ratio of the corresponding N-Boc-protected amines.
U A~OFEIRAYEHL 5 Table 2 : Long-time experiments
SNps— . H, gas
PEEFT L7Z (Entry 2) 72 NorN R = Decyl
N e 2R “ 8 pump
%@‘lﬁﬁk %(ﬁﬁ% k @—h 1 Catalyst _NH, H $
RWC fhgErc 5 1‘&7 * Celite R RTR gy
- Solvent Temp 2 3 4
LUK T D '
(Entry 3) Tertiary Amines Secondary Amines Primary Amines
N TR % Time (h) Ratioof 1:2:3:4 Ratioof 1:2:3:4 Ratio®lof 1:2:3:4
ML =
WL A Bxkh= 0-24 0:0:7:93 0:5:91:4 0:100:0:0
MU VEEEREZHR T < 24-48 0:0:8:92 0:7:90:4 0:100:0:0
HIRAYISHE — e~ =ik 48-72 0:0:17:83 0:3:93:4 0:100:0:0
T I UICHEBGEBTE D 1otal yield 90% 80% 99%
Z éf %) Eﬁ % I 733 > 7LCO [a] The ratio of the corresponding N-Boc-protected amines.

72 P O R IFFNERHER S FRE TH 5, (Table 2),

PLE = MU ADDE kM BT I 2RI ERT 2k 7 v — B2 LT,
"Pd/C & RWC OB TTABEETEZE & IR A A G DE TERWBEREZ § X LT b, D
< &b T2 RERITERDEIR S ATRETH O . BEMO DT U — Gk & LTSRN A
s s o,

References:

1) M. Bhanage et al., Adv. Synth. Catal. 2015, 357, 883. 2) R. V. Jagadeesh et al., Chem. Sci. 2020, 11, 4332.
3) Org. Lett. 2004, 6,4977. 4) Org. Biomol. Chem. 2012, 10, 293. 5) J. Org. Chem. 2017, 82, 10939. 6) Adv.
Synth. Catal. 2018, 360, 1726. 7) ChemSusChem. 2022, 15, €202102138.
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Synthesis and Application of N-Heterocyclic Carbene Triethylborane Complexes

Yoshitaka Yamaguchi*, Takashi Watanabe, Shintaro Ono, Masanao Nakano, Toru Hashimoto
Department of Advanced Materials Chemistry, Graduate School of Engineering,
Yokohama National University
79-5 Tokiwadai, Hodogaya-ku, Yokohama, 240-8501, Japan
yamaguchi-yoshitaka-hw@ynu.ac.jp

The combination of N-heterocyclic carbenes (NHCs) with a variety of boranes is now receiving considerable
attention for organic chemistry and organometallic chemistry. The conventional preparative method for
BR3;-NHC complexes was the direct complexation of borane compounds with free NHCs and/or the reaction
of imidazolium salts with borohydride reagents. However, these procedures are limited, and the preparation
of various BR3-NHC is hampered due to the rigorous manipulation of free-NHCs and the lack of suitable
borohydrides. In order to develop a reliable procedure for the preparation of BR3-NHC, we investigated the
reaction of silver NHC complexes with boranes and thus this protocol is an effective procedure for the
preparation of borane complexes of imidazol- and benzimidazol-2-ylidenes. Employment of BEt;-NHC was
found to afford convenient route for the introduction of the carbene ligand to the transition metal complexes.

NAABTHDHART > (BRs) LA A THLEERRIRI L (NHC) 7672 D ek
A, BHEABRIEFECERE B ZOBENOER ZED T ALEWRETH D, ZbAHN
RO S —REIRERIEIIAR T & NHC L DEEKISTH D, LarL, NHC ITRRCEEFEITK L
TAREZERICEDN THDZ s, —RITEMR B FZ LB L T2, LV RAEE LT, NHC
AIBMACTH D7 U v 2 L AKEAR URRIEE AW AEERRE STV D, ZOESTIEK
FALR T FERENEIL L UTERAT2 L L BRI VoI L 225, LavL, AFAREARKFHEL
B UFRREIRONTEBY TR ERTEORBREENDS, £ 2T, A TIIZAEANEE SR
D NHC A A RRIZ W The b ILATE D @ NHC 24k & L TIEF 3 2 4R NHC ${k & 7R 7 > (BRs)
& DORUSNZ X 0 BRs-NHC KD ARk & Mimt L7z,

13-A VT aENAIE S —)2- 4 UT U ORGEIRE 2 4 ED BEz 2 THF F TGS E7= &

A, BWET D BE-NHC §5{k (1-BEts) % HAEA L LT 86%DINHK TH7=, NHC DE#itk b
LT246-FY AFNTx=)Ldh (AT ) 26T 5885KD5GE, BEGEEA (2-BEt:) 13 32%
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DIHETH o7, RIGEDOHEE L LT,
FREEMIC I 1T D ER-NHC A 28 Feli i
ETHDH L, SHICEBREONIEN
FERICED2HDEEZ TS, NHC D=
FEOBEHILLE L TAF LIS A F L A
CFNEERT HREEEROGA, BIFR
IR Cxtnd %5 BEt: #8514 3-BEts (78%)
B ELV4-BEt; (88%) %5 %7,
KFE(A 7 FERIE (LIBEGH) & M-
R IFY Y U LRI NHC O
AR CH DA I XV V= AL DX
JETIX AR E 95 BEt $EARIZ AT,
FAUW7Z LIBEtH 28k R U Rk LCfE
HALEHEORC XA IXT YU rB L
WA XV VrrEhzl-, 2Tk L,
R R IHY = 2-4 VT v DOREEK
& BEts & OIS TIL, 595 BEL 5K
(5-BEts) 2MXE 68% CTHELNTZ, A 2
2 2-A VT o OREERE VT
A, BEHERIRGYE 5 21208, I

Preparation of NHC-BEt; ")

2 eq. BEt;
AgX-NHC BEt3'NHC
THF
-78°C > rt
BEt; BEt; BEt;

iPr-N~ "N-Pr  Mes-N" N-Mes Me-N" N-Me

1-BEt; 2-BEt, 3-BEt,
(86%) (32%) (78%) 2
BEt, BEt, BEt,

I AP

Me-N~ "N-Mes ‘Pr-N" "N-Pr Pr-N~ "N-Pr
— -/
4-BEt, 6-BEt;

(88%) 5-BEt, (Not isolated) *)

(68%)

1) Reaction of silver NHC complex with two equivalents of BEt;.
Yield in parenthese.

2) Based on the azolium salt.

3) 6-BEt; was not isolated due to the formation of 6-H".

X0 BN EHERAABEMNT L2 24, HHYD BELSEK (6-BEts) 2NER L TW5 Z & R

L7z,

NHC D7 7 5K %2 W72 B8 E NHC S5 KD A p A it L 72, BEts: NHC $5{4 (1-BEts, 2-BEts
BELUE-BEt) &E YU 77 85K [Mo(bpy)(CO)4] (bpy=2,2-E'E U 2>) & DR %E Lz,
SRR A AT o7 & 2 A, WTHhOLGE S HIUEEA fac-[Mo(bpy)(CO)s(NHC)] 23 & EAIIZAERL L 72,
Z OFERIN G, BEts: NHC 5K ITIER &8 NHC $5A S RIZIB W TEEIZIR Y ] 5 Z & 23 ATHE72 NHC

AL LTHERS 2 2 L dbino T,

=S
oy CO

)\Et3 - (lzo - ?o
=N/, .CO - N/, .CO
R-N"°N-R %N’ ‘Mo %N’ ‘Mo

(N7 | Teo toluene e )\ co
reflux, 3 h R—N N—R
quantitative formation S

[2%3Cik] S. Ono, T. Watanabe, Y. Nakamura, H. Sato, T. Hashimoto, Y. Yamaguchi, Polyhedron 2017,

137, 296.
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Highly Active Ruthenium Catalyst for Ring Hydrogenation

Tomoteru Mizusaki*, Hiroyasu Suzuka, Yoshiyuki Wada, Shinji Ueno, Masatoshi Yoshimura
Catalysts Development Center, Catalysts R&D Dept.,
N.E. CHEMCAT Corporation/ Numazu Plant
678, Ipponmatsu, Numazu, Shizuoka, 410-0314, Japan

Tomoteru.mizusaki@ne-chemcat.co.jp

The hydrogenation of substituted aromatic rings using heterogeneous catalysts is an important transformation
in synthetic organic chemistry. The ring hydrogenation reactions often require harsh conditions, such as high
reaction temperature and hydrogen pressure due to the stability of aromatic rings. Therefore, the
development of a highly active catalyst which can be used under mild conditions is eagerly desired. As it was
found that the catalyst activity becomes higher along with the increase in Ru(0)/RuOx ratio on ruthenium on
alumina catalyst, the new catalyst “HYAc-5E S-Type” was prepared under the optimized condition to
maximize the Ru(0) content. This catalyst efficiently catalyzes the ring hydrogenation of various substrates

under mild conditions, hence it is industrially useful from the viewpoint of cost and environmental load.

HHEBORKFLIGIE, BRAMRICKFZOEEICHFATHY . ERPHAOEGKEIZLD
Bex 2B TR STV 5, Rhy Ru, Pt, Pd R L ASBEOEBRFA2T LI F, ¥V, I—R
VAR EOBRICE S HUCHE LAY — R AL, AIZ X0 USRFP P OESICRETE,
M IR UAE 23 F[RE T dd 2 7280 TR b A A i < | FRCEZKFEEARIZIEL Rh <° Ru 457
L7 iRl S D, BektiE 5%Ru TV TR Z T A Ty L BERRICHRGE - 1R L
TWDH, BKFLSEITER, MAEEEZE L, FHEZBEOMENVLEL 2R 0RH D120,
EEEHBL O A NEIZBWCHEE 725 Z EnZW, 2070, KRS EN T M
REZR il D = — AP E o Tz, TSk LEx id, MGRREE T2 —=2 7§25 2 & THUBEIEME
ZEbTE UL, 1ERE i LIRFIZR OGS T, HFEBRIEEWDOKFR R D B 2T,

Fila v 7 IS ETE LT, AEOTEEY A FTHD Ru ki F-REOMEIZER L, KRG
ZBHLA LTz, XBOEE 26 (XPS) 18X DT OFER, Tk TIIARMEZR mETE5 D Ru 1% 0 fffi Ru
41%, BREH (RuOx) : 58% & . /Ll ESER{E® (RuOx) & L CTIFEL Tz, & 2 Cfiiiafs %2
Fa—=r7 L, #2772 Ru(0)F PO RuFED H 5 0 ffi Ru DEIE) 2HT 5V 7 L%
L, V7=V AZ 1 WK BE RIS Uz, RSIRE 50°C, /KFHEE 0.2 MPa &\
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IRIET, BARBILRIGEIToT2E 2 A, Ru(0) D EH & & HIZiEEN M _E L, Ru(0) 3 78%LL
FCEFEBNERICKEILENTET T a UL A X U IS REEMICELNDS I 2R L,

H, (0.2 MPa)
5% Ru-Al,03 powder

(O 4 mol%)
IPA, 50 °C 2h

1

entry Ru((g)trlnl‘;:;Ox ) yielzd (%)* ,
1 16/83 56 35 9
2 35/65 32 45 23
3 43/ 57 26 44 30
4 63/37 15 40 45
5 78 /22 1 1 98

* calculated by peak areas obtained from GC

ZIHHIENG, Ru(0) BN RERE 72D X 5 HMELZ R b5 2 & T, #Fi 5%Ru 7L TR
(Bi5h4, - HYAc-5E S-Type) DBRFEIZAKEN L7z, AL, ROSIEEE 60°C, 7KEJE 0. 6MPa &9
PR HIREFN 22 OB SRIE T, AKBBHEST 2/ Ha G0 HEHERILEWICXT LT, ek L v & &g
RN

H, (0.6 MPa) _
HYAc-5E S-Type cat. yield (%)*
(1 0 mol%) 5
9 -
IPA, 60 c 1h 5%Ru-Al,05 powder (ref.) 73
HYAc-5E S-Type 100
4
H, (0.6 MPa) a0
HYAc-5E S-Type " " t yield (%)
(2 0 mol%) R H : 6 7 8
+
9 -
©/ \© IPA, 60 °C, 2h ©/ \O O/ \O 5%Ru-Al,0; powder (ref.) 20 32 48
HYAc-5E S-Type 2 13 85
7 8

* calculated by peak areas obtained from GC

AfRiE (B4 - HYAc-BE S-Type) ZffiH3 2% Z & T, RO &R, mAKRBERMLERHEL, >
Off AR USRI TE 2 2 &b, TNETREEKOME TH o lixfiim (5t
V77 2 =A%), ax il (EHXZR) ICEMTE 28525,

At (L4 HYAc-5E S-Type) 12N F T E I 1 7T LA — L TOEFERER L O

FIRMFEEN D D,
THIRO D 2 HTHRAL =, HHVIEHERTR T —AETICBIL LT <EEV,
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In-situ PAT: A Perspective on Efficient Process Understanding & Improvement

Maiko Kurisaki*, Ulrich Schacht, Jim Cronin, Brian Wittkam
AutoChem Team, Mettler-Toledo K.K.
6F lkenohata Nisshoku Bldg. 2-9-7 Ikenohata, Taito-ku. Tokyo, 110-0008, Japan
Maiko.Kurisaki@mt.com

Titanium dioxide is an important oxide used in a variety of manners such as pigment in paints, sunscreen,
and food coloring to name a few. The process method of TiO2 depends on the feedstock. In this example we
will focus on the sulfate method (batch process) using slag as the feedstock. The sulfate process utilizes
sulfuric acid to extract titanium oxysulfate (TiO2S04), which is then followed by a hydrolysis step to
generate the rutile form of TiO2. In this work, we demonstrate the key process parameters that dictate a
successful outcome of the desired rutile form of TiO2 versus the metastable (undesired) form of TiO2
through the use of in-situ Raman spectroscopy with supporting solution phase reaction information provided
by ReactIR.

Prior to performing the hydrolysis reaction, pure component reference spectra of the desired rutile form of
TiO2, undesired anatase TiO2 and the mother liquor were collected to assist with data analysis. Additional
literature review for Raman band assignments resulted with a unique peak assignment at 418 cm-1 for the
desired rutile form and 144 cm-1 for the undesired anatase form.
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Figure 4 shows the results from the entire hydrolysis reaction. The peak profile @1046cm-1 from the
ReactIR correlates to the H2SO4 that is produced as a by-product in the hydrolysis step. At relative time
02:45 there is a process shift indicated by the sudden drop in the ReactIR signal for H2SO4. Approximately
10min later the H2SO4 infrared signal reaches an inflection point and begins to increase. Correspondingly,
the ReactRaman measurements began to show the appearance of a new reaction component at 145cm-1,
which correlates to the undesired, anatase form of TiO2. The anatase concentration continued to increase
rapidly through two different Kinetic regions and eventually plateaued once the hydrolysis was stopped. The
results obtained from this single experiment suggests there is

€ correlation to H2SO4 solution concentration to anatase production

€ optimal endpoint to maximize rutile form and minimize anatase can be determined by following the

H2S04 by-product formation.

In conclusion, use of in-situ PAT technologies provides insight to identify and understand key reaction
parameters to produce TiO2. Additionally, the “characteristics” of this process lends itself to further
investigation of the heating profile, seed dispersion, and additional solution/solid phase monitoring can help
to further increase yield of desirable product and overall process efficiency. Key reaction parameters were
successfully identified and monitored in real time

— 127 —



2P-05

VY IXT VAF RERKIZEIT 5 PAT OIEA

ARNT7—+« NV (BK) A—FriaF—2A
OJEth#t « Tyler Gable

Oligonucleotide Synthesis: Bridging the Gap Between Techniques
for Speed vs Specificity and Sensitivity

Yuki Hara*, Tyler Gable
AutoChem Business Unit, Mettler-Toledo
6F Ikenohata Nisshoku Bldg., 2-9-7 Ikenohata, Taito-Ku, Tokyo, 110-0008, Japan
yuki.hara@mt.com

Automation plays a large role in oligonucleotide synthesis. The sheer number of reactions and requirement
for precise control are perhaps the greatest challenges. Critical insights are needed quickly to monitor and
take control of processes, to reduce cycle time, avoid batch failure, make efficient use of costly materials and
create processes that can be reproduced at manufacturing scale. Common analytical tools such as UV-Vis,
Conductivity and Refractive Index provide value in their speed of measurement while Chromatography and
Mass Spectrometry provide value in their specificity and sensitivity. In practice, however, critical
information gaps remain. The balance of speed, specificity and sensitivity can be addressed by inline and

real-time PAT such as FTIR and Raman spectroscopy.

Figure 1. Oligonucleotide synthesis. It is a series of phosphoramidite additions and couplings

in a specific sequence, repeated as a cycle, which create a growing molecule chain.
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We describe here, several uses of in-situ FTIR including phosphoramidite identification and dosing control,
process kinetics and control of reaction cycles, characterization of detritylation, activation, coupling,
oxidation and cleavage reaction kinetics. UV-Vis, conductivity, refractive index, chromatography and other
offline methods continue to retain their relevance in the reaction analysis toolbox. But complementary
real-time measurements that combine speed, sensitivity and selectivity highlight the burdens of manual
intervention, analytical bottlenecks and cycle time inefficiencies. ReactIR (Attenuated Total Reflectance
FTIR) and ReactRaman offer unique scientific and business impacts including speed to information,
optimization of process controls, and quantitative and orthogonal measurements without delay from
analytical services or offline methods. These PAT tools are especially valuable when implemented for
process feedback control, from development scale processes all the way through full-scale manufacturing.
Immediate process insight with automated control affords the most efficient, accurate and safe process

possible.

DCA \ A C G u ETT PADS
Solution Solution Selution Solution Solution Solution

000 = Qp— \.. ’

0.2

Conceantration

Q1000 00:20:00 O0:30:00 004000 05600 O01:00:00 01:10:00 01:2000 01:30
Relative Time

Figure 2. in-line FTIR monitoring of Oligonucleotide solid phase synthesis. Real-time PAT is

imperative to ensure that the correct amidite solution has been added into the reactor.
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Development of hydrogenation technology

using trickle bed reactor for continuous manufacturing

Shigeru Kado*, Toshiyuki Watanabe, Asako Kiryu, Hideki Sato, Tomoyuki Taguchi
Technology Development Department, Frontier Business Division, Chiyoda Corporation
3-13, Moriya-cho, Kanagawa-ku, Yokohama, Kanagawa, 221-0022, Japan
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Chiyoda has been developing hydrogenation technology, which is one of the important reactions for active
pharmaceutical ingredients and intermediates synthesis, using trickle bed reactor (TBR) for continuous
manufacturing. A contacting efficiency among gaseous hydrogen, solid heterogeneous catalyst and liquid
dissolving a raw material is expected to be improved by adopting TBR compared with batch reactor.
Achievement of development of apparatus, catalyst and reaction simulations are reported in this study when
selective hydrogenation of 4-chlolonitrobenzene (4-CINB) is employed. Developed catalyst showed high

selectivity to 4-chloloaniline (4-C1AN) with quite low activity for nitroso compounds formation.

TAREAL LTS & E 2 A0 5 & Kb U TR 3~ 2 B B AR H 00 |2 B 73 fiu
AL EHL 0D, EREBA 7 2 XTI TBR M H SN TH Y | AR O HIC /L
RTREBEBBIORB vNUEAGLTEY, ZhaERhEE 7 0 —ARICERT 2 2 & 2t
LTW5, KRR OT-OICE, BALRBREEE R, F7oAREEZ AW L iz=T
= btm~_E L (ENB) JKFEAMBS O HEHEER TR & 7R,

A) B)
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AIEE TIERWE B X OGO ERE L 7= KRS BiER O
R & b BBV & 7o TR Y AEREEN FRETH D, K
IFAIRT R D1, 70 FEfIC O VIR, BT, &, KL
IV B2 E L CIEER C & T, AREBR CIIABES Lok T2 o3 <
T HTOIT, BT U Clb g 722 ik 2 s LEs(ER0Y 100% 12 Fl E:j
L7 W TIT o7, ENB DlsfbsRzg® 4 1.5 & (X 1-B) | B
G, IFIE—EOBE TELRME T L TO S ETBRERTE 5, v
F 7o RO IS RISIZ £ B REEN D U, Al & 5
PETF L TSR TOKEEERE (HOICiEstaE L, ey
A EHAT ADOFEZED P OREE) 23D L TSR LR T M2 RISSaNiEEST
7o ETROGARMICERE L2 BVEXH I ENEZ A T 4 R T& 51 i 72 . 00 B
WER-TEY ., IX 2R T & 5 AR N OIRE /35 2 FE IR
FARETH D, ZHUC LY AL N O SOSHEITE ORERCMIGY R 2 b—3 3 Y OKFERT A—H
T4 T 4T ETHOTNL,

WA E DR D A — )L 7 7 (P& 12mm 7> B 30mm

AER) BRBRERICOWTIK 3 1TRT, RREAARIC L fil Jomme i.d. _
BB N OFBIRAE S LT B 7=, = =TIl P (R ' 30mmo i.d

SifziE (LH : Liquid Holdup) Z#EH L. LH #fiE L 7=

FAWERI 63 2 SO HERE (4-CINB BE{b2R) TR L 7=, i 5.

FOSERIZE S FTRBROMM AR LT Z &b, BEFMA T

=T w7 LT b RURE OBEMENFEN K E < EL LRV

PREXFI N AIRE T H D T L AR LT,

%212 4-CINB OiEHUKFA LA E T

VRO & LT iR A RE R 2 X 4 1R,

ARSTIEIMEZSETIC= brEok

KRBT HZ EITMA, 7a—IkIZHE L

TR DB 2 Hig & Lz, X4 /2

IR T XIS, RRISIFBER S TH 57

DS HEITT D (4-CINB #ifb 35 <

%) o, BRETHHHETH D

4-CIAN O OBMERNET LT =V B4 4-CINB BHUKFRLFE R

(AN) 3R T % T & T 4-C1AN OBREPME T J D A2 & 5, B ¥ L 72 CYD-2021 T\ 4-C1INB
A LERIZHB VDT H HRAY R 4-CIAN IR A MR 5 Z L 2R LT, £7o. ZOBRICREIET S
4~rmnm=hra Y _XB (4-CINSB) (2 2o\ CIEiBflt & bhi L CRIEICIHI e ch b 2 &
R L,

HETIIEE 2 T0RIEY I 2 L—y g VEREGIZ O W T HET 5,

M3 A&F¥—LT v TREBRER
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Synthesis of Medium-sized N-Heterocycles
via a Double Decarboxylative Ring- Expansion process

under Palladium Catalysis.

Yoshimitsu Kato®, Hiroto Uno, Daichi Fujimoto, Koki Kawai, Norio Shibata
Graduate School of Engineering, Nagoya Institute of Technology
Gokiso-cho, Showa-ku, Nagoya, Aichi, 466-8555, Japan
nozshiba@nitech.ac.jp

Medium-sized heterocycles are expected to be drug candidates due to their unique 3D structure. Here, we
present the synthesis of benzo-fused medium-sized N-heterocycles having a cyano group on the ring through
a double decarboxylative C-N bond cleaving/ring expansion system. The cycloaddition of N-tosyl-3-cyano

oxindoles with Pd-n-allyl zwitterions afforded the 7- or 8-membered N-heterocycles in high yields.

Pd-n-7" U )V RUEA A AT FIITSRIEEML & S RE N 2 BT 5720, @7 7 v 72 —%4F
MAEE5 ERBIMEEDDRTF LD, BIILEHOT T HERET BR(LEWITRF R 2 = kouhkiE 2 F
RCE D70, EERLEMLAEME L THEE SN TEY, T4, Pdn-7 U IVRMEA 42 % AVi-E
FHEBRILEYM OIS E I ThR T 5, BHFFRETIE, 33-V704atds A R
—MZXE LT, Pdn-T7 VIVRMEA F o2 EESED L, 77250 CN BEBRAEZRET L8RIL
KEJEDEITL, XU VRN ER T 7 b UVENMEOND Z L Z2MEL TS D, 2O TIE
2OD7 vH#EE NUVIVEOE %*%%#CNFA%W’gﬁﬁéikﬁbﬂofwéoik@%x
W2 R, FRETOT VALY 7 VA a B A2 A L TWDHD, BRgAEZ T2 L R<E
%L?:ﬁ/@*&ﬁmkPd@@ﬁ%%%ﬁﬁﬁbﬂlOE%ﬁﬁ%héo:ﬂ%®ﬂﬁﬂ%,%
FEFNT Y 7 A 2AFLrORDVIC eI VRT =4V ZERIREF TV T ) a2 b 8H
ERVIUL, 2 EHOBREE L FERILSET LT, BERTZREDWVFERMSEEZTEENSS
NHOTEHRWNEEZ, 3-2T J-N-Ts AF A > R—/b 1 ZHEFITHWTZBRIERBIG DO &
1T 72 (Scheme 1),

— 132 —



~Previos Work~

R o]
Cycllzatlon
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1 ZEICHWT, Pd fibEFEAE T, M%YUwﬂﬁ4ﬁV%W%2%%ﬁ?&ﬁéﬁtk:&
8 BRILEW 3 # BRIF IR THE LNz, ISl Li-tk, Y Bz LR, &
SR IEECE G MR A AT 2 EN D, EﬁﬁﬂéfSE%ﬁA%#ﬁ%ﬂt(&Mmﬂ)

o} R2CN
R? IS
R CN o Pd catalyst R R3
Q Ligand 8 | 17 examples
o + R3 up to 98% yields
N‘T N N
s Ts
1
2 3

Scheme 2

WIZ, 1 RFBEENIUEA A HIBRA 4 2 VT, PdVEEFAE R, 1 EBRIERKIGEZRE Lz s 2
A, TXYFVLT 4 VEML AR T BEBRILEW S NEFRINEKRTE LN, FBrxDFF A F—
NERWTEE - BEERFTILIZE 25, WThOBELREBRINETCZX VAL T 2R/ T 5
7BV DI BRIENZ LT, BEA A U RIBEE 4 DA L7 ¢ LIS EBRIE AT 258,
ZIKD 7 BBRACEMNEINERNOH T AT LA~ —THE b7 (Scheme 3),

R2 CN
Pd catalyst R!

ngand 7 10 examples
- 4 Up to 91% yields
N

!
.
s

Scheme 3
RA B —RETIE, MR EERFORE —MEIC OV THRET 5,

1) Shibata, N. et. al., ACS Catal. 2020, 10, 14117.
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Synthesis of Aziridines bearing Consecutive Tetra-substituted Stereogenic Centers

by Catalytic Enantioselective Oxazolones Addition Reaction

Kazuki Fujita*, Masataka Miura, Shuichi Nakamura
Graduate School of Engineering, Nagoya Institute of Technology
Gokiso, Showa-ku, Nagoya, 466-8555, Japan

snakamur@nitech.ac.jp

Optically active aziridines are useful structures often observed in biologically active compounds. One of the
efficient synthetic methods for chiral aziridines is the asymmetric nucleophilic addition reaction to
2H-azirines. However, there are only a few reports on highly enantioselective nucleophilic addition reaction
to 2H-azirines, especially, the construction of consecutive tetra-substituted stereogenic centers is rare.
Therefore, we examined the synthesis of chiral aziridines by asymmetric addition of oxazolones to
2H-azirines. After the optimization of reaction conditions, the reaction gave products with high diastereo-
and enantioselectivity by using cinchona alkaloid catalyst bearing 8-quinoline sulfonamide group, which

construct the advanced asymmetric reaction field by hydrogen bonding.

RHERFEAT DI FIEEIRICE W 2 NFRNZERT 2 EMIEL. 2 1D T4 7 A = 2%
KZDBENOLEETH D, 5 LOBRICH 285G BERITERN TR DIER 2 R THAERE
<\ ZDLOIFEMEIRAEAE W OIE Y 533 B ERIES G I T 2 ARG b7 0 EE R JeRRE
D—DLpoTWND, T, PEDOAFREZRANS Z & T, iR ERD—17 0O R % BIRIN AL
T DA AR F AT, BREEATREE TREL T 0EAEZED TN D, FTH, JEEMEA
T IMEAEMITEREMICR D ZE AONDEHRTHY . TOMROERTIEOBRRIC X 5 =K
i COEBMBHIfFIN D,

FEEEMER ZBRT IV Th T VU VU RARYSOE R & O AR EDE TICEET
LEEREHRTHY . TOMRMERTIEORERLEENTND, TORFHEET VU U DARL
FIEO—DIZ2H-7 2V U ~OfE AR F RG5O . 23V E TIThE & 7RSI & - iz
ﬁﬁ@ﬁiéhfwé#”\ikﬁ#9ﬁ<\Aﬁﬁ%ﬁm%%iﬁmﬁf%éo%:\@ﬁﬂﬁ
PARTFT IR SEAEE 2 O IRF-IRFREATERSOCE, BOGE « STIREIRMEFRE N RECH D72 D0I1F &
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A EFERIN TN 22 CARIFER A IE, REREAIE LTHIF Y m o2V 2H-T 2
2 SO ARF RTINS 2 Gt U R ERAFRFBL G T L7 VU VBRSO BA%E
ZHELT,

TYRT 7 VNMBR U 1a % THR B TIEV T 5 Z LI Lo TC2H-T Y 2a B L,
ZD%, - I8 CIHFTAFY YR 3aZ MR HFETHLADY aF T v A Nilla e L
R, Rx OWFFERTHIE LI 8-F /U AR T 2 REEAAT Ll 4c Z WD Z & T, K
EIEWET UV UV 5a & B R IGE - SERSERIRME TR D Z S ITEI LT (Scheme 1), X 5725 5:0F
BEtick v, 7V RTZ VAT Vb EAFH Y ar 3b NS 2 LT, IR - S REIRMED
B ERRSNTz, FEARGIATT Y a0 C2 AL TREEMICHEIT L, A 2 VFE~DOHD C-2 /i
BINAA X 0 UAMINETHD ZERALMNE 2 oTz, XY a3 0 C2HiB LN C-4 141
kR % TR BB Z G T D EBEIZOWTH ST 2 FAENET DU OV SN RAFRERTH L,

Scheme 1. Optimization of reaction conditions Ph
) R
o O 3a-b R' 0,C NH
N3 THF, 150 °C N | Catalyst4a-c (10 mol%) Ph %Q
R102C/§ in sealed tube, 30 min R1OQC/<l THF, -78 °C, 16 h j;o R2
1a:R'=Bn 2a-b 3a:R?=Ph
1b: R' = Et 3b: R2=3,5-(MeO),Ph only C- 2 addition
>20:1dr
W AN N\
N N
HO,, N hit
A
0]
| A
/
N [a] 1b and 3b were used.
4c
99% yield, -8% ee 93% vyield, 66% ee 91% yield, 86% ee — 99% yield, 96% ee [@

BT, TYUY 5 OFRRERARTI LTI Z A, BREE/ AL ) — LB W=7 U 20D
BHERIC LY B-T X /T va—)L6 %, Wilig//KEHWi-AxH Yy a ofEICEY B-7 h= 2T
NT R, FRENEFMEAEND Z LR BT 52 LITAE L7 (Scheme2) .,

Scheme 2. Transformations of azirine and oxazolone

Me HZSO4 EtOZC AcOH EtOZC

EtO,C = _NH
Phj//:N>(<\j/HOMe MeOH j/i >(<] H,0/iPrOH R{(Q
86% 2 88%
6 5 7

LB SR

1) Nakamura, S. Chem. Asian. J. 2019, 14, 1323.

2) Zhang, H.-J.; Xie, Y.-C.; Yin, L. Nat. Commun. 2019, 10, 1699.

3) Fujita, K.; Miura, M.; Funahashi, Y.; Hatanaka, T.; Nakamura, S. Org. Lett. 2021, 23, 2104.
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Development of New Aryl Boronates Stable under Various Conditions

Naoki Oka'*, Tsuyoshi Yamada?, Hironao Sajiki?, Shuji Akai!, Takashi Ikawa?
!Graduate School of Pharmaceutical Sciences, Osaka University,
1-6, Yamadaoka, Suita, Osaka, 565-0871, Japan
*Gifu Pharmaceutical University, 1-25-4 Daigaku-nishi, Gifu 501-1196, Japan
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We developed new aryl boronic acid 1,1,2,2-tetraethylethylene glycol esters [ArB(Epin)s] that are stable on
silica gel chromatography. We subjected the purified ArB(Epin)s to Suzuki—Miyaura coupling, which
provided higher yields of the desired biaryl products than those obtained using the corresponding aryl
boronic acids or pinacol esters. In this conference, we will present various examples of ArB(Epin)s

stability, reactivity, and synthetic methods.

B - HRY) H&EBEAR 2 VB2 ArB(OH), 1%, 88AR-EH B » 7Y o ZITRE SN DL 72 BUGD
EEE L THHENTWD, LA L, ERFE OB REA 7 VIR L HEER RS° NMR (T K 2 s e,
WA VRERFF LTS E TCOBRREEBLNNETCHL R EORSEZR/LTEY, RELLEF
A LTRR RN HE ST D, FTHLEEERAr U REF a2 —/L= 27 L ArB(pin) (1) IZILH &
NHRa U BEERO1S>THY, ZOFEN 7V U ITRIGOEEE L THHATES D, L
L. 1LEv VATV a~ N7 57 4 —IC X2 BERE R OIBFE T L CUCENME T T2 Z &35
< ZORNIT—BOEHALEY L 1ZR e D BINBLETH 72D, SEFEELIX Y BTV
7~ MBI 2 BEEERLRTE CHofE T, 2 < ORISR 2 5 2HHAEFREAR 7 VR AT )L
OB A B LT,

[ 51k - #ER] &85 51%. ArB(pin) )DARLEMITAR U HFE EOZBHEIC LD EE 2, 22iE %
SR, HOoBMICR#ET UL, VU ALY o RV EEEE R O EE S S S

By TV ORISR HERFTE S !
EWVWIOGED S &, ArB(pin) (1)D Me M % Me HY " QOAgM:Et

N . _ o] Me / o y
Et JRICET LHBAr VB AT L B " I:> Ar/a>o A
(O —T——"' _7//”1 3
ArB(Epin) Z i% & L 72(Scheme 1), ¥ 0 @H
p AX A - ° ArB(pin) 1 closed-ArB(Epin) 2 open-ArB(Epin) 2

Scheme 1. Concept of This Work.
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T 2 OAMIEERF L, LD 380 0 EE; (EtEt:Epm
EEBR LI () A ERA Uik Ba)z7et s 3 @ HO OH fom3a

HWAKRT AT b, () EFEREN 0T ALE D 7" BuLi,BOMe)y: N

. e . . X (ii) Epin B(Epin)
(DY 7Y — e ARG R DR ) AL i,
— e o 3 < == < B.Epi
&= T/l/,ﬂj\ (111) 3b D' {m‘ﬂ— ?Tﬁﬂ:(&) 50 v X =B(OH); 3a N\ (iii) P(2:| Cpalp.2 from3b / 2
: Br3b

T4 b ArB(Epin) (2) & =R X < B X 72(Scheme 2),
WISV VBTN T DR TD 27T Rn

Scheme 2. Three different syntheses of ArB(Epin)s 2.

FRT AT 1a & 2a OEEMEE I L, 7  TOnAeoREn 1a or2a

Hila & 2a &2 ) AT VRS SET2#%.2.5%10 <Wm>~\

om DX 7 L %ﬁlﬁﬁﬁ“iﬁljl/fﬁ%ﬁlﬂl{gﬁj étl? Eluted with EtOAc

72B2D 1a & 2a ORI A bl U 7= (Figure 1), £ }élﬁ:;%gp
DOFEFR Ta OEIRFITRE ET (22%) L7223 i \ o

2a TEEMICEIN E N, £/, lak 2a %) Q/ (pin) Q/B(EP'")

B4 TLC EICAKR Y b LT, ~FH v Hifig 1a 2a Recovery

Figure 1. Stability of ArB(OR), on silica gel.

TFN=9 : 1 TEMLLEIA, 1la [TKEL
F=U LR 238 T =V I Lol MDA VT 2T L O HEHERARE L
ArB(Epin) (2)i% ArB(pin) 1 £V &2 U A7 V7 a~ hHIZBWTRE T, HHf - ﬁ%ﬁ@%& &

N> 77 Table 1. Application of PyB(Epin) 2b to Suzuki couplings.?
E ) - CRREININ SN TR — : Pd(OAc),, SPhos
wWZIZ, BV YrRn g X7 L PyB(Epin) (2b) PYB(ERIn) + ABr ————— = Py Ar
EIE LT HAD v 7Y v 7 % it LTz (Table 1), 2 3 e

Z ORI, EORELFHEBRRFY Q)Dh v

VoI RIGMEREISHEITL.ET U —F A TDA O/Q/ O@
i (4a—dd) DR LS AR Lz, LMrL2<FED

4a, 99% 4b, 99%

FOSGERIFIZ OB L T BV ria Vet o e ) 9%from4PyB pin)
AV ERTFAREIC LS AIE T e (S0 om APyBOm):
U= ARDINRITFRELUL T Thole, £Z T, T
AR\ SR E Y S ) U AMEEET., hrx NS
JH,O PEIETT 110 “CTMBMERE L7= & =5, 2b 138 ¢
VAR E S a— VT ATV I BB ENED [
AT o e B R L e B e e G0 ot EsPOL (o v o
VEET AT IVTH DAL ENRI N, (10/1) at 110 °C for 24 h. "For 2 h.
LIb ARIBAZE L2 B &R b ke 27 /L ArB(Epin) 2)IZ, > U W7V 7 v~ NRZET

BB CHEERERI T A 2L, HESMAD 7V VT OREIZR D Z EBRHLMNI 5T, KREHRKT
%, EBREE R OFERCZ B G R~ DS 7 8o ORFFERE R & Ao g TIET 5,

[5IFHSCHR] 1) Deng, J. Z. et al. Org. Lett. 2009, 11, 345-347. 2) Hitosugi, S. et al. Chem. Lett. 2012, 41,
972-973. 3) Oka, N. et al. Org. Lett. in press. DOI: 10.1021/acs.orglett.2c01174

58% from 4-PyB(pin)
15% from 4-PyB(OH),

c, 96% Cl' 44, 73%"

0% from 4-PyB(pin)
0% from 4-PyB(OH),

53% from 3-PyB(pin)
0% from 3-PyB(OH),
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Direct Nucleophilic Substitution of Alcohols Using Immobilized Oxovanadium Catalysts

Tomoya Nishio*, Shin Yoshioka, Kai Hasegawa, Kenzo Yahata, Kyohei Kanomata, Shuji Akai
Graduate School of Pharmaceutical Sciences, Osaka University
1-6, Yamadaoka, Suita, Osaka, 565-0871, Japan
nishio-t@phs.u-osaka.ac.jp

Direct nucleophilic substitution of alcohols was achieved using a mesoporous silica-supported oxovanadium
catalyst (V-MPS4). Benzyl, propargyl and allyl alcohols were compatible in this reaction under mild conditions,
affording the products in high yields. The V-MPS4 catalyst showed excellent chemoselectivity toward alcohols
in the presence of acid-labile functional groups, which is in contrast to that observed for the commonly used
Lewis acid catalysts, which exhibit poor selectivity. The V-MPS4 catalyst could be reused by simple

centrifugation, and the catalytic activity was maintained over seven cycles.

TE-HW] 7T Aa—3LE. AFORS X, ﬁﬂﬁﬁk®%ﬁﬂ% AR A L LTI
HEINTWb, ZOR, KEBEAZMOEREIEICEMRT 272 DITIT@mE, PLEErED B ERIL I C
Lk&_kﬁpmﬁm%ﬁofﬁmw_m%#éo&%%ﬁ%&?i%wﬁ@k%#w\M$%ﬁ
BOEMALAZSLE L L, FFR0AMNROBENLHEME L IZE AR\, D4, T/La—
VKR IEDEHEN 2 BHIEICEERN S H, — ., ZNETIZ Au, Bi, In 72 EOBBERCOR VR
ZHLDRAE L CERMEZRAWND L, T a— LA EERICREER T 5 Z E03WmEInTn
Lo LN, ZHUDIIfED LA ZAFERPERTR -6, MO EREEOIAFIENMELS | BREARING 72
EHSSDOBRAFRENLEN TN D,

[RER-#ER] UFE=ETIT, AN

FUT BB AV R—F AV A (MPS)

AIFLN R AN B E AL L7z V-MPS % B %

L., 7/ha—oOT& Ifpfillit & LT

FERET D Z L A Lz, £/, ARfhllt

Y NR—=BIZLD=F T AR

T ARG LA G DR, BIRYEE

MBS~ R L CE R, Y

ez 13 V-MPS 23 KEg L & BOS L TED
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B2 w5 2 LK E L,
L72(X 1),
KEFE LT RT D FA—L
2a v, Ta—L1 LibicEA
DA BB TIRA L. V-MPS (4
mol%) & Iz, RIZEHLSIE & et
L7z, ROGIFERCEITL, B
BRI 3 BELIL. 1 A &L
leo—7v 4 BEIEWE L TAL
ko%ﬁiﬁmﬁﬁk4wm$mk

SHETLZENbhoTz, V7
o AL NS LR T 1.2
YEO2EZHANTY 3 NEIEEEN
WAL, 4 ORIEZFERITIZ 5
ZEMNTET,

AIBITI R DNT N a— L&D
LT, TUNAT L a—L, Fuas

T v 32— )L DEER LR EHR SIS~ ORI 2 B8 L THFE 2 Bl4s

OH V-MPS4 (4 mol%) Nu
, Nu-H 2 (1.2 eq) .
R RZR bR
CH,Cly, 1t
3
S-Cy5Hys S-1C,Hp5 S-"C5Hys SC15Hps
o~ OV O ,Kj&\m
86% (2h
85% e 79% 4n) 98% @4n) 80°C |n(DCE)
‘Bu
R\
$-"C,Hys /@
/@)\ x=H 58% (12h) s
F 78% (12n
X cl 62‘%: :24 h; /©)\ R=H 82% (1h)
MeO Me 94% (1h)

Br 60% (24 h)

80 °C in DCE

N

o : X i
MeO'

MeO MeO MeO

90% (1) 84% (1h)

88% (1hr)  MeO Boc 80% (2h)

R=H  899% (12h) 87% (24 n)
MeO 8396 (12 h) s0°c, bcE

CN 5690 (12 h) s0c, bce

2. ARZERRCOEE — %

VXL T N aA—LRE =R/ T N a— 7 I bEATE 2, A R— 7 EORBREZIR E D s

LT, T 53%5%x7-, £7-.

2 ORETN S V-MPS [ XLLF O
MEEZAETDHZ EBRbroT,

- KBEICHTIERERRY .
AcO KD L 9 7RBaMESR: CHLEEME D
BWERREAATD 5a LT va—
Jb 1a & OB REHSERINE & & Fl firk bt
WZDWTHNTZ(F 1), V-MPS I 1a
DKL FE 2 IR I B S T AL
7 4 F3aa 8L, 5a MFITEE
Feol-, —Ji, oLt 1a
& Sa UG L, A v R F Uy
LRI BUSYEDME D 5 72,

- RO EUREF A - Al T
&% V-MPS (%, il o[RS FEFI| H 23
AIRETH 5, fHfERE LD A T
fil A [N 3% Z & A3 ATRE
I e L7, 2

THY, 6 BIOHHMEIT>T2h,

ETRED R 5 2EOT L a— VL EMHEDED 2 & TK
ZET—T L INEIE T B L2 (X] 2),

®1. SMEOEEELRR MR

OH OAc Catalyst (4 mol%l) S-"C4,Hy5
)\ )\ 1C4,H,5SH 2a (1.2 equiv.) )\ J\ J\

Ar + Ar Ar + A7 TO7 Ar

1a 0 0 5a CH20|2, rt 3aa 4a

(5 °S ) Ar = C6H4-4-OMe
Molar ratio

Entry Catalyst Time (1a: 5a: 3aa : 4a)l!
1 V-MPS4 15 min 3: 48: 48 :trace
2 VOSSO, 24 hr 28:50: 8: 13
3l VO(OSiPhg)s 3hr 47: 42: nd: nd
4 B(Cst)g 15 min 19:28:43: 5
5l InCly 1hr 3: 27: 56 :trace
6 Na(AuCl,) 18 hr 18: 25: 51: nd
7t BiBr, 5 min nd: 3: 96:trace

[a] Unless otherwise noted, the reaction conducted with 1a (0.14 mmol), 5a (0.14mmol), 2a (1.2
equiv. to sum of the equivglents of 1a and 5a, 0.34 mmol), and the indicated catalyst (4 mol%,
0.011 mmol) in CH,Cl, (0.05 M each, 2.8 mL) at the room temperature. [b] Determined by "H NMR
of the crude reaction mixture with 1,1,2-trichloroethene as an internal standard. Yield of 4a is
represented based on the monomeric alcohol unit. nd: not detected. [c] Molecular sieve 3A (0.2g)
was added. [d] Catalyst loading was 1 mol%.

FBETEPEDME T 42 2 & e BRI

51 SCHR

1 S. Akai, J. Synth. Org. Chem. Jpn. 2017, 75, 441.
2 T. Nishio, S. Yoshioka, K. Hasegawa, K. Yahata, K. Kanomata, S. Akai, Eur. J. Org. Chem. 2021, 4417.
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Asymmetric Synthesis of Cyclic Ketals
Containing a gem-Difluoromethylene unit via Pd-catalyzed [4+2] Cycloaddition

Taichi Araki*, Hiroto Uno, Koki Kawai, Norio Shibata
Nagoya Institute of Technology
Gokiso-cho, Showa-ku, Nagoya, Aichi, 466-8555, Japan
t.araki.623@stn.nitech.ac.jp

Recently, the cycloaddition reaction using Pd-m-allyl zwitterion with interceptors has emerged as a powerful
strategy for accessing heterocyclic compounds. On the other hand, gem-difluoromethylene moieties have gained
much attention in medicinal chemistry, especially chiral gem-difluoroalkyl moiety. Thus, the development of the
practical asymmetric synthesis of heterocycles methods with a chiral gem-difluoroalkyl center is desirable. We
herein report the Pd-catalyzed asymmetric [4+2] cycloaddition of substituted 2-alkylidenetrimethylene carbonates
and a,0-gem-difluoroalkyl ketones. The cycloaddition provided cyclic and acyclic chiral 1,3-dioxanes with

tetrasubstituted gem-difluoroalkyl stereogenic centers in high yield with excellent regio- and enantioselectivity.

Sy FPNC AR Z 5> Pd-n-7 U AWEA A%, 7278 7% LAINBLRSZ2EZ LT, BEx
REREMBETZDHIENAOLNTEY, TFE, Pdrn-7 VALREAS U 2 HWT-EREARIEN K
ANHFFES LTS (Figure 1A), Pd-n-7 U VA A AV RIBEIRIZ 2-7 X VT R U A F LU
—ARF—k mnmm)%mwtﬁm,%%?é%@ﬁﬁ%&ﬂsﬁ%ﬁﬁ#étafﬁ<,ém
W3 EYEIR L 72 % (Figure. 1B), ®

®

o R - Pe [ P —

— fﬂz‘[\ii; U j\7 v }\ L\— J: D T}imﬂﬁ O_(O ligand |: ol Ca) (a(':\lcepfor) NU/E\O NC_E’O
O & VERESPEZ BT 5 2 L A0 o, " cyctoaddiion <N

T, WEICHIRME S Paabzitaton = ea b
ERtomERAEaRcEs0c  ©

R
R Pd° % R
FARNEFEAR LT, R P T \
A ligand NG Nu—E
(0] R. -2 R~ O * O

. A~ AN N 0] £
7, &7 v FEEWITIE RSN oo -co, a Lo Nu—E I Nu—E
0)7(«3 30% Wz =) jfj/b"(j% U ’ él 7 71‘\‘ (ADTMC) Pd-tr-allyl zwitterion via A viaB via G

IbLEY OFEZE I INENIZ D, 7  Figure 1. (A) Pd-r-allyl zwitterion. (B) Alkylidenetrimethylene carbonate (ADTMC).
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Tt a AT LR («CF-) 1, VR = VR R VR = Ve EOAY)FIEMmIAE L TES
FAMBRICHA SN TNDR, V7t a 2T LU EiEOERFICAFREH T HLEMDOERK
EOBRITFoICHEA TV, SRIFLE, Y7 Fa AF L oEE2a354 h o Pd filllt
RFVH > REFEET, ADTMC 2 G SEDH LT, Y74 a XA F LU aRINCHET D8RI X
— VAN ERIA AR G T 5 FIEA R Lc e olE T 5 |

VIO RV BT IVEICAV, PAPPh) RIEIEE T, TAA R hE
HILIZFF> ADTMC 2 & THF B SRR TG ZIT o728 25, KISm A ~OBRAbLINEIRAICHE
T UTAEA Y 3 IR 88% THLNT=, REY TV RORFTEITo TR, RAKLVT I XA R
UH > R L ZRWESAE, LAY 3 2@ iKER» D ETETOICETH LN, ISR
C CERALDEIT L7oALAW 4 BOTMNICTER LT, S DICEZREE LR, ARV I4 A
MUY T ROEFHE LOBEHEEZ A F VL, SmEWERIEICEX 72U T2 F L2 2 W51,
FOG A ~DOEALDPERANCHEIT L, @mICEPDEWARFIEETIREY 3 23557 (Figure. 2),

F
F
o 5 mol% Pdy(dba)s /
F N (0] 15 mol% Ligand o) f¢)
F 0o oF F
F F
3 0 4 O

THF, rt
o
1 2
(1.0 equiv) (2.0 equiv) (A type) (C type)
Entry  Ligand 3/4 S R dr
Yield (%) ee (%)

1 Pd(PPh3), >99/1 88 - >20:1

2 L1 89/11 62 78 >20:1
| 3 L2 >99/1 88 97 >20:1 |

Figure 2. Reaction conditions

RESRMO G &, EE Mz Rl L 72 R,

BEx BB OBK S I A AR T AR AT Y A}{ MYL1 Clgg
O, (0]

Eo D, BIEENOEWARFIER CTERIR T &4 — X 220 Os 00 08¢0 Ewe
. VRTINS R K N 3
ARFHNT, HIROT T AT AR D Ry N T O Fr O R Rm
(0]
%)ﬂb\fc%é\ﬁi; @?%&*F@W’ﬁ, %b‘xﬁﬂl/ﬁ’@ﬁ 16 examples 5 examples 3 examples
: . . up to 95% vyield up to 69% vyield up to 92% vyield
WX —PNEoNTz, £, — DAL R=)L up to 99% ee up to 99% ee up to 99% ee

a2 OBEFRKGIMERICE S AT IEE DY G E  Figure 3. substrate scope

FOSIFET L, FREND EIRENOEWAFICE TR T v ¥ — A3 G617 (Figure. 3),
HEETIIAHF Y T FROBUSSEEORGET, BE RO, JUSHE#ECHR NI LT

VA B VXV ACEMOFHEZOW T Z R~ D,

1. Shibata, N. et al., Angew. Chem., Int. Ed. 2022, in press
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Synthesis of Perfluoroalkyl-ketones using HFCs under Microflow Conditions

Hiroto Iwasaki*, Yamato Fujihira, Yuji Sumii, Norio Shibata
Department of Engineering, Life Science and Applied Chemistry Program, Nagoya Institute of Technology,
Gokisocho, Shouwa-ku, Nagoya, 466-8555, Japan
h.iwaski.527@stn.nitech.ac.jp

Hydrofluorocarbons (HFCs) are greenhouse gases; thus, developing novel, economical industrial methods of
decomposing HFCs is required. Our group has engaged in the research of perfluoroalkylation using HFC-23
(for trifluoromethylation) and HFC-125 (for pentafluoroethylation) as perfluoroalkyl sources in batch and
continuous flow systems. We herein develop the flow-perfluoroalkylation of esters using HFC-23 or HFC-
125. A variety of esters, including bioactive substance derivatives, were transformed to the corresponding
trifluoromethyl or pentafluoroethyl ketones in good yields under the combination of potassium base and

glyme solvent system with HFC-23 or HFC-125.

RE7 vy (HFC) IWMEBE0WE kA7 EITIRKFIH SN TE R, O TEWIREDR L FF
7o, VERIZ LV R LWEEHREEENHIIR 4, 1350 HFC I3 EICHRE ST b, HFC @
FE A EITBEAEE SN D 72, EREMNRZR W E D, HFC OFFIHEORENE TN TV 5,
WHFFER T, 7o ofh Ty, 7bAdnk s (HFC-23, CFH, GWP: 11,700) KOS ¥
7 )Arx & (HFC-125, CF;CF.H, GWP: 3,450) %MW, ~L 74 a7 % (Ry) JRE LT
BAHT 2 FELZRBE L CE e, —#EHOWREOHF T, 1Y v AEEROFHPIRATHY, &6
2 glyme @A WD Z E CRT =F A RENTELZ XA LTS 12, £72, HFC % H
WIS D 7 mt 24k &M LT, HFC Z W Refbnz 7 v —iE~RIA L TBY, ZHET
WZHE 2 DTIIVIR = AL RA I ST D RABISZHME L TWD 3, LaL, = AT /LITx
T 57 —RALBUNTIRAFE TH 722 &b AEIFMIT AT U3 5 HFC-23 3 KUY HFC-
125 ZfH W27 0 —RALISDBRBICEF LT, TAT L~ RfIZE W BEEN~ VL7 04
TR R BNKSRBRILEER 2D, ERLOELT 77y 7 & LTHH
EThD,
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p-T = ABRAF N ET L
HEIZHWT, LLRTICBI %
L7 HFC ZHWbH Ny T8
FO 7 v — KIS Gt % &K,
TATIVICHT D71 —X
ISR OBE 21T o7, £
7, HFC-23 ZH\W/=7nm—
U A a A FEBE
Lzt A, =271 (1)
O glyme &K & KHMDS O
glyme &I, 7 /LA kL L
%, FIBTF 3WRHES I
—ZHWTES T D &MERN

KHMDS
in triglyme (0.6 M)
0.5 mL/min

25 mUmin —> | BL—— 3 o
crt — [ 28 min —= | @) g
i ,\ = R™ "CF;

o
J_ _0.33 mL/min
R 1 OMe

— rt, V=0.81 mL

,,,,,,,,,,,,,,,,

in triglyme (0.6 M)

0+ CF; o

66% yield

0 o
o @)kCF3 CF3
—

12 examples
up to 67% yield

o) H 0 o
SN 387
X CF, 0Bn o cl

Clofibrate derivative
88% yield

80% yield 71% yield

Probenecid derivative
69% yield

3 examples
up tp 80% yield

Methyl Salicylate derivative
30% yield

KESFETh oo, KM DRE, Fix OFEFRT AT NOAT 0 FHEBRT AT W3 L THE
—fRMEERRET LR, FU 7 Fa AT AR (2) DHPRREND BIFRINERTE LN,

WIZ, HFC-125 %\ 7= 7
0—~_H 7)) AT )
b.D OGS G % f Gt L 72 fé
B, =275/ (1) ® THF &
%, KHMDS @ glyme 3 X O
THF OIRGEK, X% 7
NABrITH L E-30°CIZT3
R IR A3 % SR 3 i T
ool BE MM A R
L7zfE g, —HoRE T
WEThoTmbDD, 1T&
I EDT AT IS %I

KHMDS
in THF/triglyme (0.6 M)
0.5 mL/min

25 mL/min —> |

CF:CPoly _@ (5.2 equiv) 3
o}

R)I\OMS
1

in THF (0.6 M)

— -30°C,V=0.81mL

0.33 mL/min

(0] CF,CF
1) [©) 2CF3 o
N “CF,CF
s>iulecacdsslivaats

12 examples
up to 83% yield

0 H Q o
NP CF,CFy CF2CFs O?&cncm
NS
X CF,CF, OBn o”s‘\o cl

Clofibrate derivative
87% vyield

85% yield 81% yield 10% yield

Probenecid derivative
69% yield

Methyl Salicylate derivative
66% vyield

3 examples
up tp 83% yield

HRUBETNFa TN AR (3) BEHRIGETE LIV,
F7-, K7 o —RAbIZAEFIEMWE OF BRI L C#Ef e TH Y, HFC-23 £7-1% HFC-125
ZHWT, BHRIGEETHIST D R bR GO, HHIE, SR EE Iz

T, Mz REERT 5,

1) Shibata, N. et. al., Beilstein J. Org. Chem., 2021, 17,431. 2) Shibata, N. et. al., J. Org. Chem., 2021, 86,
5883. 3) Shibata, N. et. al., ChemistryOpen, 2019, 8, 406. 4) Shibata, N. et. al., J. Org. Chem., 2021, 86,

14044.
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Hypervalent-lodine-Catalyzed Oxidative C-N Coupling for
Synthesis of Benzolactam Derivatives

Koyo Mori’*, Hirotaka Sasa’, Kotaro Kikushima’, Yasuyuki Kita?, Toshifumi Dohi’’
!College of Pharmaceutical Sciences, Ritsumeikan University, Japan.
1-1-1, Nojihigashi, Kusatsu, Shiga, 525-8577, Japan.
“Research Organization of Science and Technology, Ritsumeikan University
1-1-1, Nojihigashi, Kusatsu, Shiga 525-8577, Japan.
ph0118pp@ed.ristumei.ac.jp

Benzolactams have unique biological activity and high utility in the synthesis of valuable compounds with
direct applicability to oxindole alkaloids and antibacterial agents. Despite recent advances in organic chemistry
and the growing number of reported methods for synthesizing benzolactams, their preparation still requires
multistep process. C-H amination reactions can convert aromatic C(sp®)-H bonds directly to C(sp*)-N bonds,
and this direct approach to C-N bond formation offers effective access to benzolactams. Hypervalent iodine
reagents are promising tools for achieving oxidative C-H amination. Motivated by our ongoing research efforts
toward the development of useful hypervalent-iodine-mediated oxidative transformations, we herein describe
an effective intramolecular oxidative C-H amination reaction based on u-oxo hypervalent iodine catalysis for

the synthesis of benzolactams bearing various functional groups.

RV T 7B NIIFH VIO G UL FER DICEBE R FE T =T Th Y . ZOfER A RIED
BIRIZE ENTWDH, ZiE TIZ, Buchwald-Hartwig 7 X /LGS Goldberg 7 X / ALUSNZ &
D, RV T IERNERRT D FERRE SN TND, Y RIETIIEMICR VT 7 X A3ts
55— T CNMELTHKT DIIEEOFEFREZHONCOFERA L L TB LERH D |
L VRN FIERRD DTV, THETIE CH 72 ALIGIC X DR T 7 2 KE ik
MG SN TND, RIETHTER EOKEREFRNCEREE T 5 2 &7 < C@sp’)-H FiH & B
C(sp”)-NFEH~E WS 2 Z EMATRER NN FIETH D, L LR o, MBEEH MR 2 &
WMz EREZMNEE LTERY MRS THEITT S C-H 7 X BRI E L TR ZEN
TWie,

ARl 3 U BROCHNTES BB LA & ALl L2 ROSEZ R U, BEMELS . B e d
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FOSHI T, ZHREHWZHEFERET I FMEOSFH CNI v 7' ZRISHHE S TWD, 9%
To RBECTAN S 0 HAREA AT CN 1y 7 U o 7 RS 5 12 & > TRl o 3
BENTND D88, IURAHEE (60%) |12& & E D 2 &R k< | ST A HERE 2 ik
VWEW D ETHEDORIATE STV, Box BB, 8IS % AT % B RS 711
I U EMIEE NS ERL T S FEOS TR CN T v 7V v Z RIS A WG Uiz, D400, Al
() CN 7 v 7 ) I RIS R TS~ LR LT 25, BRINCAY Y 57 2 5Bk
DTHET D,

A B 7w wig R AR (mCPBA) 72 £ OWEUIZRRILAI DAL T, RGN 3 7 #2273
REE %2 B+ 5 B FHBEALEMICR L THWEE 25, 9FHN CN B 7Y U FRISHEIT L, 1
mol%LL F ORfEE & TR DR T 7 X KRR ST,

co-oxidant
Lo /O\ L
1 1
7 N_ N\ 7 N7\
RA— —<R o NS
(L = ligand) )
,9 pn-oxo I(lll) catalyst precatalyst X /R)
Rl@f n H el > Z N“ 0
OMe
(n=0-3) Up to 740 TON Benzolactam
Noo N- o N° 0 II N“~o Meozcmo
ove OMe Ove Ome Ome
94% (55 %)? 85% 95% 99% 73%

a Precatalyst = Phl (0.5 mol%)

BOSSAE 2Rt Lol R, FR R ARG Al = & AR 2 W 72555123, fiied TA 7220 il
BEE (B 0.1 mol%) . 2o WA EIEAEL (K 740 TON) ([ CTHBIDR Y T 7 X DG A FE
Bll7o, 73 MUBICEMEAZ AT OREEZARUNIA LIcE ZA, RIST XY T 7 2 L0
BAFRR TR LN, BRMERTH DT AT VRO Tk, FRENS BAFRINERT
KT DR T 7B LERGT, Eio, MBI B URAHEER Lo X 5 R IEICARROG & R
Licl ZA, RIET XY 77 % ARRIFRIERTR LN, RRISIZED | D TH 72w il
LB b MR R R AL TR R Y T 7 X DO B RINATRE & 7e o 72,

2B R

1) C. V. Galliford, K. A. Scheidt, Angew. Chem. Int. Ed. 2007, 46, 8748. 2) Y. Kikugawa, Heterocycles, 2009,
78,571.3) B. H. Yang, S. L. Buchwald, Org. Lett. 1999, 1, 35. 4) W. Zhang et al. Tetrahedron, 2018, 74, 354.
5)J. Yu, M. Wasa, J. Am. Chem. Soc. 2008, 130, 14058. 6) K. Muiiiz et al. Adv. Synth. Catal. 2016, 358, 2093.
7) Y. Ishiwata, H. Togo, Tetrahedron Lett. 2009, 50, 5354. 8) T. Dohi et al. Synthesis, 2019, 51, 1185.
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Acceleration effect of mild acids boric acid and biphenols for several pericyclic reactions

Kenji Sugimoto*, Ryuhei Hada, Ryoga Yoshida, Yusei Wada, Yuji Matsuya
Faculty of Pharmaceutical Sciences, University of Toyama
2630 Sugitani, Toyama, Toyama 930-0194, Japan
ksugimo@pha.u-toyama.ac.jp

Recently we became interested in organocatalyzed Nazarov cyclization under mild conditions and finally
found a novel combination of bench-stable 2,2"-biphenol with inexpensive, nontoxic, and eco-friendly
reagent B(OH); for a catalytic Nazarov reaction. To evaluate the potential of our original catalytic system,
we further applied the combination of B(OH)3/2,2"-biphenol to the acid-catalyzed pericyclic transformations
2-aza-Cope rearrangement and Fischer indole synthesis. Furthermore, asymmetric Nazarov cyclization with

chiral biphenols was attempted. The preliminary results of these trials will be discussed.

UIFEE TIXZALE TIT, HERIRIRIC K DIEME(LA NI & ST E e 7RILRIS & IR 72
RIIZ L - THIT ST D SRR OBRR D, TNENTREICT R0 A UEE(pKa 9.1)VFB L O
22-Y7 = ) —)U(pKa 1.6 & &5 L u VBALRIEMEES D Z LA R LT D Y,

O OH O
ol X OH (10 mol%) L~ X
[ | I S [N g |
1 b P H b
k.::/*~ "\R — L‘¢:’¢J~~ \R
n B(OH)3 (30 mol%) n
up to 96%

MgSO, cis/trans = 92:8
toluene
reflux

T T BN AR BRSO A G DR TH DL R VEE BT = ) — VARBER S
JEEMEL LOCAFEN OB WICEELET 2B L LTHHAEETH 55, REEE1T o7,
AlElE, SEEEAMERET B XY BRIREIE~OHH & R TV e 7 s~ R L RA DT, 05
Mz OWNWTHREKT D,

1) 2-aza-Cope B&AZ St~ D1 H
RETVNLT I AL, FEFICERRELT o7 Tay 7 LT, TiAhhaA REREZIZLD, &
BEABICRIAS Hnbivd, £07H, TOAIEORITE < KB IMICED b, <0
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TERRESNTND, PTH, 7T RRLEGICHATREZR N-RET Y LA 2k TEek
RRET VLT I ~EFHETE D 2-aza-Cope BN ST, BRAMEEATIE T4 X U AERB M A2 & e —
HWOEME T Ry NTHEEAETH D Z ENbIHINTVWD, £ T, RESITK L TRV
STz ) — R AR L, RO TSRO E LTHRIEL 2 20MGEELT-, &
DOFER. 10 mol%®D 2,2 -biphenol & 30 mol%® B(OH); 347 F, flix ®7 /LT & NIZxLTI1,1-27
= NV3-TT T IV EENSED &L A I U ERTT U AVEROENLAEIT L, A TN
VT2 ) A IV ERFETHIET, BNETORET AT I URELILE,

2,2"-biphenol (10 mol%)

Ph
o) Pt P B(OH); (30 mol%) NHZOH ACOH NH,
)j\ + W > > N / Ph )\/\
R”H NH, MgSO, )' T Meon R X
toluene 50°C,1h uD to 87%
reflux p

2) Fischer A > R—/L& B~

B R V3R A OEEGLSCEDIEET Va4 RORME L /D720, ZHVE Tlokx 287K
IEDBAFE SAUTIR Y . FEIT Fischer £ & R— /L ERGEITRBEMEOEWEHEE LTLERA—/LTH
MWHENTWD, LU, MERMEEEDNEL D Z E0F —VIRORSHRMEM E 52 De &
OMEEPRRIN TS, £ T, BBEHAGOEEFR U/ ©7 = ) — LAl R T Fischer
A v R—=IVEREGE R I, ZDOFER. 10 mol%® 2,2 -biphenol & 30 mol%® B(OH); /7 F. E
KTVt RO TEH T & %ﬁu“j Lto

Ph
Ph
2,2"-biphenol (10 mol%)
B(OH)3 (30 mol%)

QLT T

N~ toluene

1

Bn

reflux

up to 84%

3) 7 Nazarov B2~

HEHEMEE 7 = 7 — V& D TR 7R an-B BRI 2T 5 X<, SRR e 7
x /) —/V% Nazarov BALSMHICHEH L7z, PEERMICAFIROLAEEY 7 = ) — LV CIIA &R
HHEEBETERD ST b DD, RICHE > THA I A s 7 =/ — v 2Bk, Axh7e e
Tz )= IVORBEITIR ST A, TRERD ORI Z I L, &K 72% ee ICTHHD
VIaReT ) Uk 5B A LT Z LIcEE Lz,

O
(@)
optically active biphenol I] )—Me Ie)
(10 mol%) 1)
Ph %
+ > > | Me
B(OH), {\/IIgSOA 30°C,120 h A
(30 mol%) oluene Ph

reflux, 30 min
up to 72% ee

References: 1) Schott, J.; Kretzschmar, J.; Tsushima, S.; Drobot, B.; Acker, M.; Barkleit, A.; Taut, S.;
Brendler, V.; Stumpf, T. Dalton Trans. 2015, 44, 11095. 2) Jonsson, M.; Lind, J.; Merényi, G. J. Phys. Chem.
A 2002, 106, 4758. 3) Sugimoto, K.; Oshiro, M.; Hada, R.; Matsuya, Y. Chem. Pharm. Bull. 2019, 67, 1019.
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Deuterated Organocatalysts for Sustainable Organocatalytic Process

Sei Murayama,'” Huatai Liang,>* Zhurong Li,>* Yan Liu,>* Hiroshi Naka,' Keiji Maruoka'??
!'Graduate School of Pharmaceutical Sciences, Kyoto University, Yoshida, Sakyo-ku, Kyoto 606-8304,
Japan; °School of Chemical Engineering and Light Industry, Guangdong University of Technology,
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Guangdong University of Technology, Guangdong 510006, China
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Site-selectively deuterated organocatalysts are expected to be more robust than the non-deuterated analogs. To
test this hypothesis, a synthetic route to optically pure, tetradeuterated simplified Maruoka catalyst has been
developed from commercially available optically pure binaphthol. Additionally, a dideuterated simplified
Maruoka catalyst has been prepared in one step from commercially available simplified Maruoka catalyst. The
chemical reactivity of deuterated simplified Maruoka catalysts has been investigated in comparison to that of
the original simplified Maruoka catalyst by carrying out deprotonation experiments on the acidic benzylic

hydrogens of the catalysts under basic conditions that induce the Stevens rearrangement.

BRI BT O 7 v LA R DR VWEE LAY — LV Thd, LoLiens, LIE
UNEBUGSME T CHE Y TR & N 25 SOSED @V C-H 0L D BAZ & £ > T 7o fil i 23
RS DIGAEPMEET D, T ORBEIC X DR &BIRMEOIK T 2 [BEiE9 572012, i Z O fif
EARHWGNDZ ENH DN, BFHEOBLENGIFE LWT 7' —F Tidew, 7ty +1cE
END DO FE C-H #Bi% C-F ° C-CH; IZE#T 2 Z LT, KISREEBE TG DHVIET
RN Z AL SE D FEL AN, BAAZ2W USRI 72885 X > TASKEIIFE S 2 il pse
M TERNZ ENDH D, ZORBEICK L TARF LI, pRokEEs C-H fie%x, KHE
DEEFRNMIARTH % EAFE (CH, D) Z#E5TeikE e C-D FEAMCERT 5 Z & T, Ao itto
MEEIFEAVEEZTICEERZM ESED R TEDEE 2T, BB, TEMNHIN G
Tl C & 2 fEFE R SLAARLE (1) PORMBESISSAM T2 T D0 RIS 2 R L, 388 L [
IZEEND X VNANL C-H fEAEZEAF(L L 1-D2 & 1-D4 Z#%F L, ZhbomEkFEfh
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BEANER K SEALAR & bl LT
EVRETHY, KUl & oNCE
cbmtssEsns e UL
AL L (K1) 8], Sﬂﬂﬁgﬁﬁwﬂ

7 S8 1R S e i (1) % ik
W NS TH A ML -50% KOH KIEKT, =
BCHUE L= 2 A, RUUMNION T 1 kAR
K9~ % Stevens HENI2NEITL, 7 X2 2 ME 87%
TH—OYUT AT LA~—L LTELNE (K2), 72
BYPIAEE L CTUW/= Hofmann WLEEIZEIT L 720 »
Too ZOMFICIEDE, RUSTMITIIT it DZ E
PR A2 B LT, R UL AR B LT il
1-D2 & 1-D4 =5 LT,

FNENOfik A T -50% KOH KIEKRF 0
°C THEEL, Z Dl Z ik Lz, ZORER,
KT Lo TR D Z2 eI E L, 1-D4 238
LEETHD I LnbhoTz (K3),

S BT, EEEORFMBER G35 2 HAR LD
BAEAHE L (X 4), 7'V v UBERONR ALK
MRV THREE 1 OfREEE2Y 0.1 mol% TiX, I
98%, T F AR 99%ee LENT-EERLE
2%, 0.005 mol% F TS & 2RI 5 &, IRIT
51%, =F U FAIBPEIZEIL 57%ee T TR L, —
77, 1-D4 OFE, fEEED 0.1 mol% TULHE 98%,
TF U F A WFIR 99% ee & i 30 AL ] sk 4t & [ 4
DFERA G 2, RS 0.005mol% Tih > THIULER
80%, T T AMEIE 90%ee THRIDX UL
RKPEFEOND Z LD anoT,

Tbb, I E EN D KSED VY C-H #
HEEKFENT DI LT, MBS T F A 38R

(R)-simplified Maruoka catalyst-d,

e

Ar'

D
D

Ar
(S)-simplified Maruoka catalyst-dy
(Ar' = 3,4,5-F5-CgHy) 1-D4
(include 22% D in Ar')
1-D2

B 1 AR TRV -HREEME & T OEKFRE

50% KOH aq.

Ar S
SO
toluene
_Bi 1:1 o
ey o
ot
Ar

(Ar = 3,4,5-F3-CgHy) 87%
1 Stevens rearrangement
product
2

B2 MLT—50% KOH /Kigi&kH T D RE N A%
D5 FE

50% KOH aq.
toluene
or (1:1) or
1-D2 _ 1-D2 + 2
or 0°C,0.5-12 h or

recovery yield (%) of catalyst

0 2 4 6 8 10 12
reaction time

31,1-D2,1-D4 # k)L T >-50% KOH Ki&i#&H 0°
THRE LT-[ED 1, 1-D2, 1-D4 D[EURE (%)

(@]

1o0r1-D4 p
PhYN _-CO,Bu BnBr (1.2 equiv.) PhYN\(COQ Bu
Ph 50% KOH aq.— Ph Ph
toluene (1:1)
(1.0 equiv.) 0°C
1 (0.1 mol%): 98% vyield, 99% ee in 2 h

):
1 (0.005 mol%): 51% yield, 57% ee in 48 h
1-D4 (0.1 mol%): 99% yield, 98% ee in 2 h
1-D4 (0.005 mol%): 80% yield, 90% ee in 48 h

4 J) O UEBERODFEANAVIMMERBIZE TS 1 &
1-D4 DfLEMEED LI

PEITHE R 9 2 &7 <, oM Z SIS E D, R 2B TE 52 LRI NT,

SE IR

[1] Gomez-Gallego, M.; Sierra, M. A. Chem. Rev. 2011, 111, 4857.

[2] Maruoka, K. Org. Process Res. Dev. 2008, 12, 679.

[3] Liang, H.; Li, Z.; Liu, Y.; Murayama, S.; Naka, H.; Maruoka, K. Tetrahedron Lett. 2022, 96,153753.
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Fine Bubble Organic Chemistry:

Creation of gas-liquid phase reaction mode for social application

Tomoki Kozuka*, Hiroto Sakurai, Koichi Hamazoe, Kohei Sato, Tetsuo Narumi, Nobuyuki Mase
Graduate School of Integrated Science and Technology, Shizuoka University,
3-5-1 Johoku, Naka-ku, Hamamatsu, Shizuoka 432-8561, Japan
mase.nobuyuki@shizuoka.ac.jp

Conventional gas-liquid phase reactions require high-pressure environments and intense mixing. Therefore,
we focused on fine bubbles with diameters of 100 pum or less, which can promote gas dissolution even under
ambient pressure conditions. This report confirmed that applying fine bubbles to organic reactions improved
the reaction efficiency of hydrogenation and oxidation reactions under mild conditions. Furthermore, the
application to gas-liquid flow reactions toward continuous synthesis was realized. The mechanism of the

reactivity-enhancing effect of fine bubbles was also discussed.

S — A BOS X RIR DO HAGIZ Lo TRISH B L, BREIC K > TRIGMEIET D, 7V —v 7
A MY —ICAI LR TH D, Lon L, 1ERETIIBERIKIRE M LS5 72005 EER
B, [IRRE AR EE 70D LW EZETH 2 ERRETH o2, £ THalL, BRE
100 pm LA FOHIKIE TH D 7 7 A 370 (FB) IZHH L7z, FBIZ 1 pm ML EDO~A 7 w7
/v (MB) & lum KO TN NT 7 7 A 2370 (UFB) ([ZHFE S, /NS 727 EEESRE 2l
RIFFE, KBRS ZREN ) &5 5 BRORNE L7 & WK DOWEMRZIRET 2R 8 A2 63 5,
Bx L2 E ClIe ke OeIcx LT FB FEZEH L. — i KA 4t4575 T 5 Bubbling
LT 5 2 LT AFEOFAMEERLTERZ ! (Fig. 1),

=Oxidation *Photo-oxidation *a-Hydroxylation of ketone
Air-FB OFB. h o 0,-FB o
OH TEMPO o] s 2775, v Q PTC, P(OMe); Et
J\ k R7OR? ° 1/8\ 2 & OH
R1OR2 30°C R OR? 30°C R R toluene / 50%NaOH aq
21 examples Bubbling : 1-48% 4 examples Bubbling : 16-38% Bubbling : 42%
Fine Bubble : 73-99% Fine Bubble : 76-97% Fine Bubble : 99%
-Hydrogenation -Imine coupling -H,0, synthesls (one-pot)
,-FB OH
H,-FB 0,-FB, hv
2 2 2 g
R \ PA/AIO; u R \ PP Pd/AI203 R
RA\(R B — RH\KR Ar/\NHZ - > ArAN/\Ar
R3 30°C R3H 30°C :/ <
H,0, 0,-FB OH
23 examples Bubbling : 2-48% 8 examples Bubbling : 23-56% (extracted with H,0) Yield : 62%
Fine Bubble : 87-99% Fine Bubble : 80-99% Conc. : 11 wt%

Fig. 1. Applications of the FB method to various reaction
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ABFZETIL, FhxF2AEZ LM L7z FB FEOW H ATREMEIZ DWW T, cinnamyl alcohol D/KFE LA E
TOVROG & Ly EED FB A U K Ddke &Rk « kg A7 —/vE izt Lz (Fig.2), HoifL
FATIIIEER N FROGIZ T 1.5 KR CUE 93%, U & 86 g (FHRMHE 2.1 kg/day) #1372, /N=H A
& X 8 TR BOKAEE FB L L CEATEZHENG, it 7 2 — G TR
94 %, 6 R CULE: 1.1kg (FHEE 4.5kg/day) #7157, £7-. =L A MEER (MSE) #H##E(C
L2 WA TIE, RGPS KM A B CcE 5 2 &b, Ny FRIGIZT 1 FE#T
INH 96%, N 46 g (FHHMHE 1.1 kg/day) %1572, MSE I LD HIZOWTIE, Mbas® CSTR AL
WLV 7 e —ARbAREE 70D, 2O LT, TRICTkg AT — VA AEER LIZZ &b,
#E) 72 FB AESTREH WD Z ETHBR DA —LT v THRHFGFTE 5,

H,-FB
A Catalyst A.25M,257C, 0.1 MPa, 1.5h
OH B.2.0 M, 50T, 0.3 MPa, 6.0 h
MeOH C.1.0M,25%C, 0.0 MPa, 1.0 h
Type A. Microporous Type B. Honeycomb i Type C. MSE mixer
Gas 5 N o amaN o i Z ||
s % % \ H b ° °o 1 2 o = o ©
— ° | Honeycom o i o <::] o
Liquid 0;) o Q > | /I (Shearing) ::> o5 i FBO o
”””””””””” Bulk bubble ammy FB | O = S O Bulkbubble
Yield: 93%, 86 g Yield: 94%, 1.1 kg Yield: 96%, 46 g
(Calculated Productivity: 2.1 kg/day) ! (Calculated Productivity : 4.5 kg/day) ! (Calculated Productivity : 1.1 kg/day)

Fig. 2. FB generation methods and applications

& BT, FB FHEIZ & 2 BUGEm B2 RN BTSRRI O EIZHR S 5 6 D)y, FB OFF 5
ERICHRT 2 b o0zt Lic (Fig.3), —MXAIZRKHME —HEOS TlE, BWAEKAERE (DG) 12
el U CROSPEDR R 5, £ 2T FBIREN /LD 3 FFIZHOWT DG & SUGTHED HBIREfR %2
Lo b 2 A, IR CORISEDZZRIIMA Th o 72h3, #fil/KkFE(L T FB /7L F CHE
FfE & D S WEUSEZ R T Z E R LN E R oTo, T HIIRIRS OERNER L HEH S5, FB
DRMAEENL DG 16 LT S%IEE TH » 72728, Rz KIS &3 5 SRR ~D s B 3
/J\‘(a%oto — 7T, HEAKFECDO BSOS X EARBER T TH 0 | BEERREAE DKM D F 05 SO
(CBIGT%, EARFEICATAE L7z FB I, BEEE L7 FB I mIRE DG Tk S D [H Ak
FINR] BAEL D 5, ZDT20, FB DKUKEDR D ThHh - Th, WIS ThH % BRSSO DG
MIFPFTHNTHER U, BOSHER R Rz B L7z EfEFa-S0 b, BRIV FB 2R 4 R L7,

Gas-Liquid phase reaction Gas-Liquid-Solid phase reaction FB @0,-DG 20,-FB @1®
0,-FB H,-FB H H condition (mg/L) (mg/L) (%)
hv, sensitizer 0 — Pd/C i -2
__Pdc _ Bubblin 35 8.8x10 0.3
HO >SS0y ———————= - NN OH 9
HO OH A 37 3.2x102 0.1

B 0,-Bubbling (1.0)

108 B H,-Bubbling (1.0) B 38 20 53
¥4 0,-FB condition A “ H,-FB condition C - -
O 0,-FB condition B O H,-FB condition D supersaturated
10 2 dissolved gas “Gas tunnel”
2.6 1111 1011 1011 1.4
/// / y

Y|eId Y|eld catalyst carrier

Normalized feature [-]

Fig. 3. Reactwlty enhancmg effects and mechanism in catalytlc hydrogenation reactions

1) Mase, N. et al. Chem. Commun. 2011, 47, 2086. 2) Mase, N. et al. Synlett 2013, 24, 2225. 3) Mase, N. et al.
Synlett 2017, 28, 2184. 4) Mase, N. et al. Synlett 2020, 31, 1919. 5) Wang, Y. et al. Langmuir 2019, 35, 15029.
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Spirobipyridine Ligand for Acceleration and Selectivity Control in
Iridium-Catalyzed C—H Borylation

Sobi Asako*, Yushu Jin, Boobalan Ramadoss, Laurean Ilies
RIKEN Center for Sustainable Resource Science
2-1 Hirosawa, Wako, Saitama 351-0198, Japan

sobi.asako@riken.jp, laurean.ilies@riken.jp

Transition-metal-catalyzed C—H activation has enabled the regioselective functionalization of arenes by the
use of “directing groups” with various attractive interactions or by electronically or sterically biasing the
substrate. However, the regioselective functionalization of simple arenes lacking in such interactions has
remained challenging. Specifically, meta-selective functionalization of a simple monosubstituted arene has
not been reported to date. We report herein a conceptually new ligand, roof-bearing SpiroBpy, that sterically
protects a para site to achieve meta-selective C—H activation in the iridium-catalyzed borylation. We also

found the iridium/SpiroBpy catalyst accelerates the C—H borylation reaction.

FE IR O BB R CITR R0 Tl 2 Ay TAERIE L 7 0B H 03, —ICm WL
BPMEO BT, KFHEAR Lewis BB-HE M AEA CTE DA LEICEATIHERH S, L
T2 o T, TAFARE D L) 72RO EAERNL Z © 727 VBT L — SO E RN 72
EREEREA LI, R SEERIRE CH D, AT & L ORI i i OB 12 FIH UL
RN B ZENTW A NI EBFREREET20IEH 20DV, A X &R ERER LT 5 2
CIEREETH -7z, AlRF AL, BB L T BEREEAY e Y DU R A U DT LG
REFLITHEE L U CHWD & BERIRIEKEZ DR U ZLRIGN A AN HEI T 5 Z & &2 A
ML72?, EBIZ, AR Y VUK BENR U BCRISICB W CBERINEDRE R &
ZHR LTz THETIRET 5,

1. AEREELIPUVENMNFIZL S A ZALEROS U RL
AV LB X DARB-KEMFAEBF Y BAERISICE W TEER BN FTh 5
4,4’ -di-tert-butyl-2,2’-bipyridyl (dtbpy) & HW 7236, EHIEOEMRAAIZSH D A 2L & X T % X
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THTLETERY, Bxld, ERAOSABREZHIET 5720 Ol & LT, FlEieiiiEz b
D22-EEY DA 3 RTIICHBE L= A r B Y VUSRI & 7e D BPin A ELY AT - ED
7 (SpiroBpy-Bpin) Z &%t L7z, AENL 1% W5 & | AL EIC L0 BB DT ik
DEENAFEIND —T7, AZKRITA VDT LPOLANFEETE D, TORK, —EHRT L—
DA ZNLIRIRAY 2 RFBEIKFERE SV & R REREDEANWREL R oTe, TAFAN B
T2V, T, TV YT T U LR AR BT AT OVERERTL O R HL e
FIBEBIRACKFZNA, BT 7 22D XS RERE DT OB 7RIS @A X NGEREICHET L7,

R HBpin (200 mol%) R
[IrOMe(cod)], (2 mol%)
= | Spirobpy-Bpin (4 mol%)
\ dioxane, 90 °C, 16 h Bpin
(1 equiv)
Bu SiMe, )\NJ\ OSl'Pr3 \ O ‘
Z _\—NEt . . .
| 2 “steric roof” meta C—H bond SpiroBpy-Bpin
Bpin Bpin X Bpin Bpm Bpin blocks para approach is still accessible

Caramiphen derivative . ) . . . ;
55% (84%) 77% (85%) 62% (75%) 66% (84%) 6?% (83%) The yields were deteremined by isolation. *H NMR yields are shown in parentheses.
23:1 18:1 22:1 21:1 20:1 The selectivity, expressed as meta + di / para, is shown.

2. A EEYUEMFIC XD RSE

—MRIZ, AV DT LB XD RFEKRFEREE SR T RCSIRTRBNT, EFEET L—rORIG
PEPMENE WS EN B D, LR AT T, ALY “/“‘/EE&%%SZFJiﬁS%j(% < ImES
HZEERHLE, $72bb, HEEHO SpiroBpy ZEMI & LTHWS L, TIAF AP,
Tz /)=, T2V UFEEKOLOORETEET L —OKR U RN dibpy X
3,4,7,8-tetramethyl-1,10-phenanthroline (tmphen) Bl 12 W\ 7256 L 0 & @R THEIT LT,

Vs -
I ) 2=
=N N =N N
dtbpy tmphen
MeQ Me,N
O O
MeO Me,N

90% vs 37%, 46%  82% vs 20%, 51% 78% vs 3%, 13% (70 °C)
Conditions: Arene (1 equiv), HBpin (200 mol%), [IrOMe(cod)], (2 mol%), ligand (4 mol%), THF (0.1 M), 50 °C, 16 h

235 ik
1) Saito, Y.; Segawa, Y.; Itami, K. J. A4m. Chem. Soc. 2015, 137, 5193.
2) Ramadoss, B.; Jin, Y.; Asako, S.; Ilies, L. Science 2022, 375, 658.
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Synthesis of Aromatic Sulfonium Salts by Mesityl lodonium (I1I) Salts
under Mild Conditions

Yusuke Yoto*, Takumi Hayashi, Naoki Miyamoto, Kotaro Kikushima, Toshihumi Dohi
College of Pharmasceutical Science Ritsumeikan University
1-1, Nojihigashi 1-chome, Kusatsu city, Shiga, 525-8577, Japan
*ph0120fv@ed.ritsumei.ac.jp

Aromatic sulfonium salts are useful arylating regents, which show high reactivity under heating conditions
or UV irradiation. In general, the sulfonium salts are synthesized from diarylsulfoxide with acid anhydride or
organomagnesium reagents, and the synthetic scope is limited. Recently, we have found aryl transfer
reactions using iodonium(IIl) salts having trimethoxyphenyl (TMP) ligand. Herein, we present the efficient

synthesis of aryl sulfonium salts using mesityl (Mes) iodonium(III) salts under cupper catalysis.

[#=]

HHEBEANVKR =T MR ZER T CLEREAETH D, MBS TR T W EZ R
e, TV ANVESBIGHAIONIRIE AR T U —AbAlR £ & LTIV THWb A TE Y. HE
AN =T DO BT E LT, 7V =L ZLRF Y RISk 5BEKMSCHEE~ 732w
LFOSFNC KD ROSWET biDd. L L 2D ORUS TIHEELMEE 2 W2 7280, BREAFFA MR
BEE LTSN T,

O A W WFEE LTI — F=U AHEZ AW AL T ¢ RO S—7 U —/UALKIEH 50 LA
EANCHE STV D 20 RFETIESISIEFPEIZIT WS T CEITL, ST 2B EFRANLVF=7 2
NEICHEOND. —F, ZROOWMETH LN I — =T A EIZERI BHY, ETEED LIL
BARZVEDOT U — L IEOE N IZREETH - 7=,

SlE], EESHT U — A Fa— R=ith (0D ZHV, BMREET, ALv7 4 RO S—T U
— b %1 T>72 (Scheme 1). AT F)d— K= il (III) ITEBREREMBAFET, A F L
DAL L2z ERmENTEY, 20RO 7TV —VEZRIRICKOGSELZ N TE 5 Y. X
AT DI — FAVF LU Z2HBET 2T, I— R BEBOFHENAETHD Y. KJETH
A— RAVFLUPNERMICEN - FRHATE 5720, 7V =P AT AT T AOBLEHS HERL TN .
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VTV ANLT 4 RBEXOA VT I — F=v sl (TID) |
25, HRRRIRTRLI.
TNAR= MY NVERT 2 ANE=T MRS TERTRETH - 7.
WA H T 2 EI2T Cide, BRIEOFEEZTOT VR ERSAT 0 S BRE BV I ERANLE=Y

i
A
Ard
Cu cat. | ' -OTf
S S+ +
Ar'T AR Ar'T AR

PRz T

Recyclable

Scheme 1. This work

LHIZOWTHEINETERARETH D Z Enoho7- (Table1).

[£753CiK]

0.50 mmol

Table 1. Substrate Scope
(I)Tf
|
Mes~ s (12 04

Cu(OAc), * H,0 (10 mol%) .

DCE (0.1 M), 100°C, 15 h  Ar1"S~ap2

ikt L, SRARRBEATE T, KSE TR L
M CRIGINEI TS D728, MK EENEIT LT o A
G E RS, RS IR E

R3
[\ :O (\ jS
“OTf “OTf
- st SN
gt OTf Ph”~~Ph Ph”~ “Ph
h™ "Ph

R3 = Me: 96%
R3 = CN: 80%
R3 = COOMe: 97%

92%? 65% R'=R2=Br: 95%
R' = R? = OMe: quant.?
R'=R?=CF3 7

a: Reaction was performed at 130 °C

1) N. Maulide et al, Chem Rev., 2019, 119, 8701.
2) M. A. Ciufolini et al,, Org. Lett, 2014, 16, 6382.

3) S. Sanford et al, J. Am. Chem. Soc., 2005, 127, 7330; M. J. Gaunt et al, Science, 2009, 323, 1593.

4) T. Dohi, T. Hayashi, Y. Kita et al., Tetrahedron, 2019, 75, 3617.
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Cyclic hypervalent iodine-induced oxidative phenol and aniline couplings with phenothiazines

Koji Morimoto!?2, Kana Yanase?!, Kentaro Toda?, Hitoshi Takeuchi?,

Toshifumi Dohil, Yasuyuki Kita2

1College of Pharmaceutical Sciences, Ritsumeikan University, 1-1-1 Nojihigashi, Kusatsu, Shiga, 525-8577, JAPAN
Research Organization of Science and Technology, Ritsumeikan University, 1-1-1 Nojihigashi, Kusatsu, Shiga, 525-8577, JAPAN

Aromatic amines are the backbone that can be identified in the useful compound such as natural
products, pharmaceuticals, and functional materials. C-H/N-H bond functionalization for direct
intermolecular aryl C-N couplings is a useful synthetic process. In this study, we achieved metal-free cross-
dehydrogenative coupling of phenols and anilines with phenothiazines using hypervalent iodine reagents.
This method affords selective amination products under mild conditions. Diverse substrates were tolerated,
affording moderate-to-high yields of N-arylphenothiazines. Aniline amination proceeded efficiently at

20 °C, a previously unreported phenomenon.

FERET I VHITRAY., FEER, EEEEMENCE BN ICFET 2ETh h . AAKICE Y
THICEALZED TWE, HEHEKRT I v OHERITIRAERAICHFE I N T 525, BET TICHE X
NTWBEFETRFZICHESAZERT DL hoT W3, HlziE. €@ %M\ 3 Buchwald-
Hartwig 7 I /LTl . WIST 2 v 7 AUERO A KICER TR 2 Z L. X 72 mfiffi 72 il 23 4 22
&b, 207%, C-H/N-H #&ERELEEZH W0 FRcoEEW R C-N 1y 7Y v 7 KIGD
FAF T AR IC B W CEERSRHECH 5, —77. BRI 2 v FZOCH IZEE O WEESE
LA L o KCEEZ R L, O RWREG R Lo, GEAKICEWTHELCHWLNT
e & s VC&& 3 ﬁlﬁ@ﬁ)ﬁ Hypervalent lodine(lll) Reagent
Tz v RRICH EH NS L 7 < .T o
J — VHEOWALSOCHA E R R < ”%<§X+(I%Cjw Fij& L»Q!XZ
fiysceeMoricl, Vi K\\\_y ~ v Oxidative C-N Bond Forming Reaction @[N]@/R
Lo RIGE EMEER RO 2s T 0 YT Y
. Scheme 1. 71/ — V8. PZUVEETI) FP IVDC-NAYTIVY
RIS L TWw5, RIETIE7 =
J =N T =) VEOC-CREAEKICE 2T Y —UbEY DGR 21T L T %28, Rk
F-BRMEOWICX 27 I 7LIGORFE I L Thian o, Sl FRlco7 2/ —
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VLT =) VHORHE - EREETERIICOFE % B L, #ET L 72 (Scheme 1),

¥ 3 2,3-dimethoxyphenol(la) & phenothiazine(2a) % F\» T, KIGSEMH D iE L % 1T > 72 (Scheme
2) o UHIOZ7 2/ —=nDhy 70 v ZRIGTHW STz hexafluoroisopropanol (HFIP) F C
phenyliodine diacetate(PIDA), % '\ 2 & TG IZ 2 EIT L b o7z, L LIEEEE LTV 2
owu X% yv(CHCl)Z w7z & &4, PIDA, phenyliodine bis(trifluoroacetate) (PIFA) % Fi\» 2 &
TR O PR

<TH E’géjﬁ;ﬂi% 3a MeO © lodine(lll) Reagent
- _ OMe H ) ) PIDA;76%
Boiz, THITL e )\: R @N]@ todine(lll Reagent (1 equlv. \©\OH PIFA; 67%

CH,Cl, N OAc
Fom bExHREL. OH ° Sh,rt @[:@ /@i"%\o R=H; 88%

S R = F;92%

3 ]7 ?E—ﬁ‘ }i pﬁ; %IJ % *ﬁ (1 equiv.) (1.2 equiv.) 3a ©
gﬂ' L7~ f»a:%‘ I;%llﬁ@ Scheme 2. RIG&HDHEL
7l = v B )GH] 1-acetoxy-1,2-benziodoxol-3(1 H)-one # A\ % & A7 5:F T CHMAERK
VERDE VIR THEOLNE Z EDBbh o7, EHICIAVEDANTNMNICFZEALZBRIRD I 7 HEK
mﬁu%ﬁﬁb‘é (1:\ ”Rz"fg‘&i IhﬁJ:L/ Table 1. EE}J‘LFH‘IE

720 e TEE PO I§\)Ac
0 1
CHiE L 7= (Table 1), Z DR, FL:E‘O o

Zli}iﬁ‘ﬂifif? f;'ﬁ‘é EEETS‘Z‘;: 7 [A ‘ Z\EX . CEH:()/RZ lodine(lll) Reagent (1 equiv.) Sea- \N .
=/ - ABCERT 5T L H X=VOH, NR, ) (;Hrf,crlz @[ng/
“G%JV-T U U T ) T T
VERBIFRINE TS Z LR OMe OH NEt,
%7, 1—naphthol % Meo\@[& Meo@ <>
S SO T =IEE CTHEAT L. AR
padonn, 11 7oy OO TOT QU0 Q00
FE DL XA % HFIP I 288 4% 85% 81% 85 %
a) HFIP was used as the solvent instead of CH,Cl,

5 L CRIGIFET L.
diethylaniline & phenothiazine £ ® C—N v 7Y v 7EARRIFRIETHONE Z L3bh o
720

LE, ShlFk4 3Rk avRICHzHWE7 27 570 ve 7)) =V ROT =Y VEHE O
LH) C—N 71 v 7Y v 7 ORFEICHKYI L 72, 5% b ICARRIGDILIRC ARG Z v 7- B RYE O
Bl E 2RI AN, RETL TV

(51 AX#E]

1. Kita,Y.etal.,J. Org. Chem. 1987, 52,3927; J. Am. Chem. Soc. 1992, 114,2175;J. Org. Chem. 1998, 63, 6625.

2. a)Kita, Y. J. Am. Chem. Soc. 2013, 135, 14078. b) Morimoto, K.; Sakamoto, K.; Ohshika, T.; Dohi, T.; Kita, Y.
Angew. Chem. Int. Ed. Engl. 2016, 55, 3652.
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Process development for the synthesis of BACE 1 inhibitor E2609

Masayuki Omori*, Kazuhiro Yoshizawa, Hiroyuki Chiba, Akio Kayano
API Research Japan, Pharmaceutical Science & Technology Core Function Units,
Medicine Development Center, Eisai Co., Ltd.
22 Sunayama, Kamisu-shi, Ibaraki 314-0255, Japan

m-omori@hhc.eisai.co.jp

An efficient process of BACE 1 inhibitor E2609 as a potential treatment for early Alzheimer’s disease has
been developed. The process consists of 10 chemical steps and overall yield is 29% from chiral 3-buten-2-ol.
The process features aminothiazine cyclization using diphenyl phosphoryl chloride and nitration by flow
reaction. In aminothiazine cyclization, generation of aminooxazine derivative is controllable compared with
original process using trifluoromethanesulfonic anhydride. In potentially hazardous nitration, safety
manufacturing has been operated under continuous flow technology control. Continuous flow type reactor

has been designed and installed as a GMP equipment and pilot-scale manufacturing has been achieved.

F2609 |, =—W 1 (k) TARI SN RHT Y o ~—TERAETR IR OBt &% <
HV . B-secretase BACE 1) DFHEIZ LW T AN, ~—IRDORERAYWE L E 2 bND57 I A KB
DEAIS 2 ERETF & LT b,

A&, 2 83 Thiazine B &2 AT 2 THF-core /X— h &V 7 Fu A FLEEHET S
Pyrazine /X— R B0 . FOHF TE THE-core 73— N DA AT ITEEE 72 ROSIEEE I L 5
Oxazine BIEIARZY) 8 OFIFEILEM /R MEA R U 7441 A & 2 Z LR Uk (TE0) D, BTERIIC
fEtE A2 AT % = s bSO A7 885 < OFENRH Y | TR DL EME 2 T 5 L TR
P BN RO EEOEWELEEOBFE AR D b Y,

o Br

OH
WNH, |:> )\/ " CI\AN/\ . @
" F
/‘ K/O
OH

THF-core part

X F |
N_ _Cl ssues
0 \Sr E2609 /N E z ‘ - Control of oxazine impurity
H | > o - Use of expensive reagent
SN N - Hazardous nitration
o o

HO
\ Pyrazine part
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B L SSZ 25 Thiazine 7 OARLTIL., F OEIRMEIC K @Jﬁﬁ%nnu%? W% 5.2 5 Oxazine Y
BIZER Y 8 NEIAET 5, FIHIELE TIX TE.0 2 U223, 8 DRI 72 1213k TR X S EE
ﬁ%&ﬁﬁ@fﬁmﬁﬁﬁé%gﬁ%oto%ﬁﬁ@&&@k@@ﬁ@ﬁaﬁ%%ﬁﬁbt&_%\
WHATLlie7 o0 ) VEERY 7 ==L (DPC) & AVD Z & T 8 ZEIESES Z L7l HIlHES 2
MBI & > T Thiazine BRE AR CE 5 L2 AL, /2, = bk 10 DAKTIE, =
2 AL DWEAER) IR JEFE SR & Fe/MRIZ T~ 7 — UG O5H 23 72, BEtofEHR, v~ 1 7 1
XV I L DEBRASZLELET, 10 LN OERFRIINES M RS % 58t S8, SJUSiRE 7
i/%WWA&&ALTH%%E®:Fm%10%@m%’¢ﬁmﬁéﬁéﬁ%%%ﬁbtoﬁ%
2R F SRS CE T 5720, MLz P=7 U 7R OO T, GMP #fiis LTh >
o — R OHE SO SE B A R - AL, K 170kg @ 10 OEGEAER LT-, UL EOS B EZF LT, 4
10 TR (RRUXE 29%) 2>5 72 % 2609 ORhRAI DB EVE « EaEZR 2k @\ W BUEE 2 Hesr LT,

BzCl + NaSCN

P

o Br 5 steps E
/ﬁ/ . CI\)LN/\ + @[ _ WNH, HO oH —
o F 0 R ag. NaOH
! HO OH
OH o y. 94%
1 2 4-Tartalate

+::::: ﬁ el g‘% e

Tf,0 condltlon 1.1%
DPC condition : N.D.

c. HNO3 HyS0,

CF3CO,H NO,
1) LiOH-H,0 Batch reaction Fe, Citric acid, cHCI
2) CF3CO2H F N. NH E Diammonium citrate
X2 H N NH, —————————
\ J vz S .
y. 85% (2 steps) S O Flow reaction o s y. 80% (2 steps)
H FsC~ “OH H
9-TFA 10
N._CHF; F
Ji N
T
HO,C n [ F
NH, 12 N ~
® N -Total yield 29% (10 steps)
E TsP £ -Highly selective thiazine cyclization
N._NH; NH -Use of accessible
O Y y. 91% o \( 2 & controllable reagents
S s -Application of flow reaction to nitration
H H
1 E2609

Abbreviations: BzCl = Benzoyl Chloride, Tf,O = Trifluoromethanesulfonic Anhydride, Py = Pyridine,
DPC = Diphenylphosphoryl Chloride, T3P® = Propylphosphonic Anhydride

References:
1) (a) Branko, M.; Dae-Shik, K.; Huiming, Z.; Mattew J., S.; Christopher N., F.; Kazuhiro, Y.

W02012/100179, 2012.; (b) Dae-Shik, K. et al. Org. Process Res. Dev. 2022, 26, 804—816.

— 159 —



2P- 21

ICHQ14, AQbD, T—Z A T 7 U T 4 (DI) KM LTz, BEERBROZEN

7 b — Ry okt
O/ —Z%, HARM 7, HAKHI, Sergey Galushko

Automated robustness study for ICHQ14, AQbD and DI

Kazuhide Konishi*, Yuko Aoki, Shigenori Sonoki, Sergey Galushko
ChromSword Japan Co. Ltd.
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Recently, Analytical Quality by Design (AQbD) is recognized to develop more robust HPLC condition in the
manufacturing process in pharmaceutical industry. Furthermore, multivariate analysis using various
parameters should be performed in the future ICHQI14 guideline in regulated data integrity (DI)
environments. However, the AQbD in the HPLC method development is required cumbersome process such
as DOE experiments with various HPLC parameters, statistical analysis and design space development. In
this presentation, automated robustness study based on AQbD by ChromSword® AutoRobust will be
reported for the future ICHQ14 guideline in DI environments.

VT4, HPLC(EfifiA 7 n~ v 77 7 4 =) BXOLC/NS (ks v~ N7 T 7 ¢ —/BE RN E)
X, HEEMDOTEND OIS HEFITEE, ERERLTEILHEAAOZ & fbhEi, B, B
b, REMBAZEOSIIZENT, MEEFHESCLEMEOMEAZILIUD, ® - h— X O
TH HPLC B L OVLC/M 13IEHE LT\ 5, HPLC 38 X OVLC/MS O FBEE L L3> TE Y, N HFE
(I 2 D 721, 41D HPLC R° LC/MS 132z d(ba & 1F, &

D EROEMEREIC R > TETWDEDIEWV I FTHRY, Th
5 HPLC <2 LC/MS ZANIEH T 5I12H7-10 . HPLC OFfEx D4y
WrkfEd7ebob, Wi, 17 40 W, BT MRE, 77V T
Y hEWSTeNRT A= F = b S AL, S BIZITEEEO &

UNHPLC D43HT A Y KD 538 - 53 8T Stk D 5y 7 D 3G B 72 e
SAFEELRREE STV 5,

BT, EHEGLORE 7 0 AFNITBNT QD 7 —F 2EA LEFiEEAWD Z T LY
EVVEREM:Z D HPLC O A Y v RERFET 5 Z LA ER SN TETW5D, FlZIXHPLC D A Y
v RBAE I, 4 HPLC OBEFER 228 2 WITEEMEDMERW 2012, R & a2 2 M 20T TR L7z
HPLC @D A Y RS it 5 WIEMEE OFT A3 % HPLC THELTE 7, HPLC A YV v REHE AR
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H4TZ Dby, FITELY AL—XHPLC DA Y v RBEOER A HZET-OI21E. QbD
T7u—F AL, X 0EEEOEVHPLC O A Yy REBIFT 5 Z &@ﬁimé

L22L QbD 7 7' e —F &6 L7 ok OB (AQDD) Tik, ZED 2T XA —X — (i, &
T NRE, WIS, VTV RARA v b AR, BRI R &) AL SR SEER L
DFKE, HPLC Z W =2 b D 4T, TG R OREEHIMEAT 7%4/x«%z®% Al X))
BHERMEERVECTH D, L INOIEEEDR Y ORI D120 Tl 7 — % OFRH
fENT 72 E DM T 7 = 7 I EN D DREENE R Z L HPLC DSAE% 5%7%17WTﬁj_&
LDt a—~vr 2T —DRAEERL ZRTFIERSRNWI Ll V—F AEEITHK & LiATelZ
ITEHEC LT LITFEREAZMNME L CVWAORBRTH D, S HITITEA TA RIA4 MR TESI
TW5 ICHQI4 TiE, 7 KV EAESHHEDRI “O—> Tk, ZEEMITEZITV., T A AN
%Xé%ﬁﬁb%mﬁﬁ%@s%aﬂﬂﬁbmw_}:éfairﬁbﬂ\é“ Vo FEInEADE T, BHEIBRET
DHFTROLENTWDET—FA LT 7 V7 4 ODICHRIETDLERH D,

ZIHWVolzEaod, X VEEEMEOEV HPLC O A Y v RBEEROEEMHIIESE Y >oH Y |
Fx I ZLRTLE D A Yy FEFEE L0 Bl Of#EIZIT9 Z &2 HRE L, ChromSword Auto # 1% U
¥, ReportViewer, AutoRobust EWo72HEIA Vv FBIEO h—4 1V a2a—v a0 V7 v =T
Z B - $Rflt LT & 7=, ChromSword Auto TR 7 m A2 5 Z L7, MMADAI 7/LF Y X
LCHET B HIZ HPLC D43 A Y > REAFRZ BB TIT 9 2 &R AEET, Rl bt — N TIEK
1-2 HRT HPLC D43 « TR 2 feNi 35 2 £ 3 T& %, F72. AutoRobust [XED Lo 727
fEMEFRBR OFRE N D . HPLC TORE A 7237 2 — & —Z 8L SETORIE, JIE# OEEMERER) D
THA VAN ZADOMEEE TE—K[EE T, »OHE;TIT) ZENAMRETH S, S HIZFDA 21 CFR
Part 11 %fJir, DI 23—V 3 > C&H A ChromSword 5.5 PowerStation ZHeflt L CTEBV . ZhEHW5
ZLTUICHQ4 DT A RT A Atk a AL TG L2 E & T — 207 A L AX—=2 L1
ST RO T — X 2 EDEELSBHFEIMEZ D LD EEXTND

AREFRTIE, FALEB ZB O TV BERIRT T R Y ORhR 72 5 TER % AQbD ~_— 2 T{TH
ZEEFHBE LT, AL 73 Y XAIZK Y BEI TR S 72, HPLC O3 A Vv R Ol
ETVA AR ADORERE A AEEENMET A N 7 b =7, AutoRobust T 9, 5 ICHE
BENTEZTHA LV ANR—REERT 52812k,

L O TEREEDO NI A Y > R OBRFEE & 5
HELBIZ, DI X—2 3 D ChromSword 5.5
PowerStation OIEHE &I T 5,

1) PDA journal of GMP and validation in Japan, Vol.22, No.2, 15-22,2020

2) PDA journal of GMP and validation in Japan, Vol.23, No.2, 45-52,2021
3) HIKFZE Folia Pharmacol. Jpn., 148, 322-328, 2016
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Oxidative C—N bond cleavage of cyclic amines with ammonium hypochlorite

Yuya Kaieda'*, Hiroyuki Toguchi', Natsumi Hanazawa'?,
Kosuke Yamamoto!, Masami Kuriyama!, Osamu onomura'
!Graduate School of Biomedical Sciences, Nagasaki University,
1-14 Bunkyo-machi, Nagasaki 852-8521, Japan
>Tsukuba Research Laboratories, Tokuyama Corporation,

40 Wadai, Tsukuba, Ibaraki 300-4247, Japan
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Oxidative cleavage reactions of cyclic amines are one of the most powerful methods for the synthesis
of remotely functionalized alkyl amines. Various approaches for oxidative cleavage have been reported such
as a C—C bond cleavage of cyclic amines using HNO;-TFA system and a C—N bond cleavages by oxone®
/HBr. We developed a C—N bond cleavage of cyclic amines with tetramethylammonium hypochlorite
(TMAOCI) as an oxidant, which provides N-Cl-w-amino acid derivatives in moderate to excellent yields. In
this presentation, we will report the details of the optimization study, substrate scope, derivatization of

obtained compounds, and plausible mechanism.

BHIWZAFAREZRERIRT X VOB LABR UG IE, R E R L S8R T I v oz
B RRIED—>2THD D, BRIRT I VD C-N #EGBZEIS E LT, SRS T v e=y 2%
W lco-"m T I U ~OZEHS, oxone®/HBr KIFKIZE Do-T X /7 AR ENMBITND
D, —, MAFGEEIL, MEE/ N Y T A e ERRAE OB T X OB ERY C-C A BRI SIZ
D N-BNVIv-o -T2 BEMIEZ#RE L2, A, Fx i, MeNOH &M HFHR L 72k
HIEERT F T AT LT =7 L (TMAOC]) KIFHZELHE L THWDS Z T, BIRT IV
D C-N SRRSO EIT L, N-Cl-o-7 X/ BRFEEIEOND Z &2 R LT,

N-Tosyl piperidine (PG = Ts, 1a) % €7 /L IE & U CRIR L, USSR O Ffb 217 - 72, £ OFE R,
CHCL A, 1a (Txf U CERTESRIE T TMAOCI ZER S 72 2 A, HEUY 2a & 64%IEHEIZT
155 Z LITRE L= (Scheme 1), ZDFE, C-C AN L2 AERMITEBR S o, BHR
PREIL 2 T L7, A R U LR = V(PG = Moc) & AV 72354012 2b B EEMICE BT,
WIZ, RFEOEEHEMAEH O 21T 572, 5 BB 7 BEROBRRTY I V2o hRED LIEA
WICRIZTHB 2¢2d M5BT, T, B DUBRANICEREZGT255I2B80THK
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JRIEFIEICHEIT L, 2e ZmINERTE X 2,

Scheme 1. Oxidative C-N bond cleavage of cyclic amines.

R R O
TMAOCI
( ﬁj acid (fn OH

N - Cl

| C-N bond cleavage f}l

PG PG

1a-e 2a-e
(0] 0] Me O
OH Q2
OH OH (\H/ (\//( OH
OH

'T‘/Cl N,CI O e N/CI
Ts Moc Moc”  Cl Moc Moc
64% (2a) 99% (2b) 99% (2c) 62% (2d) 96% (2e)

T, KFiEZdEE Lz 2a OFERNEH/ N ORE 21T o 72, (LAWY 1a 2B/ 57 2a (2%t
Uit D Z 2 L BRGRI A S8 7-%. U 2Ry M CTHEMESMEICHd Z & T N-Ts-proline
3a ~EEHT D Z LI Lo (Scheme 2), AFFR T, ROSSIFmwEl & B 6 FH P O FE,
BONTI N-Clo-7 X/ BIEEOE R 584 I X OHEEUSHEIZ DWW TG T 5,

Scheme 2. Derivatization of N-Cl-o-amino acid.

0 o]
OH radical initiator NOH base
Cl Cl
N NH
Ts Ts

2a

1) Roque, J. B.; Kuroda, Y.; Géttemann, L. T.; Sarpong, R. Science 2018, 361, 171.
2) (a)Roque, J. B.; Kuroda, Y.; Gottemann, L. T.; Sarpong, R. Nature 2018, 564, 244.

(b) Nishiguchi, Y.; Tomizuka, A.; Moriyama, K. Adv. Synth. Catal. 2020, 362, 5518.

0]

T
N

N

Ts

65% (3a)

3) (a) Onomura, O.; Moriyama, A.; Fukae, K.; Yamamoto, Y.; Maki, T.; Matsumura, Y.; Demizu, Y. Tetrahedron

Lett. 2008, 49, 6728.

(b) Yamamoto, K.; Toguchi, H.; Harada, T.; Kuriyama, M.; Onomura, O. Heterocycles 2020, 101, 486.
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Alkylation reaction with PM-BENAC-K and 2,4-DM-BENAC-K and
Subsequent Selective Deprotection

Rina Takenaka,* Atsunori Hira, Yumika Koike, Takeo Sakai, Yuji Mori
Faculty of Pharmacy, Meijo University, 150 Yagotoyama, Tempaku-ku, Nagoya, 468-8503, Japan
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Versatile equivalents for both N-acetamide anion and methoxybenzyl carbamate anion nucleophiles, PM-
BENAC-K and 2,4-DM-BENAC-K, were developed. Alkyl halides or alkyl sulfonates were subjected to
nucleophilic substitution with equimolar amount of PM- or 2,4-DM-BENAC-K, and the alkylation showed a
broad scope of substrates. The alkylated products were converted to N-alkylacetamides by removal of p-
methoxybenzylcarbonyl (Moz) or 2,4-dimethoxybenzylcarbonyl (Dmoz) groups under mild acidic conditions.

While, Moz- or Dmoz-protected amines were obtained after deacetylation using K,COs3 in MeOH.

T FT I FE ZL<ORBYREEMICIESAFET 2 RNRERETH D, "N T AT
FNNRT NVF AR FT— NPT 87 I R~OEWIZIEL, 7Y Me—#2oi—7 8 F ks
WO D TRREZRD Z EN—MRAVEA, 3 TRZET L5 S50 T ¥ R E BT 5 2
EBRRETH - T, Fex OHFIEETIL, benzyl N-acetylcarbamate potassium salt (BENAC-K) % Bf%E L |
SN2 Bt & BEfE TTIZ K DB Coz {hod 2 TRTT & b7 I REREIEA S EHT 2 FIEEZBFE L T
5 Dy AL BEVESAME T b BLARGED ATRE /R MBI A3 A L 7=, p-methoxybenzyl N-acetylcarbamate
potassium salt (PM-BENAC-K) & 2.4-dimethoxybenzyl N-acetylcarbamate potassium salt (2,4-DM-
BENAC-K) ZBi%E L. N—7 /L F /ALK D bt & Tiulioe < R OZERT LR RICON
THRE LI THET 2,

PM-3 £ O DM-BENAC-K (Z, N-7EFIAH NI VA F L ET T LU TONMEIC L 5=
TR E TV T L =7 %y RIFIZ XL 55 Y o AL 2 TR CTEA LT (Scheme 1), %
NE, 2 TRIBHE T8%B LU BROEIRTHMTE, V7 LHERARETHL LD,
NEN10gUEDAT— L THEMLTEY, BHICRKEBARTELOLHHRTH D,

Y

HO
O O Y O O Y
o o /\@ PM-BENAC-K (3aY = H)
OCHg A t-BuOK U 85% (2 steps)

— > H3C N o H3C N [e) A

H3C N OCH i H K | 2,4-DM-BENAC-K (3bY = OCHy)
3 N 3 i-PryNEt, xylene DME > 73% (2 st
reflux OCH5 It, 10 min OCH; 6 (2 step)

1 2aY = H, 2bY = OCH,

Scheme 1. PM-3 L O 2,4-DM-BENAC-K D&%
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W12, PM-BENAC-K & 2,4-DM-BENAC-K @ 7 L % WAL DO#E %4772 - 7= (Figure 1), F—fk 24k
T, HWALT VR TR b T — MK D Ot iE. DMF I CnEv-& 2 = & THEfT L,
W OHE S mUER TREE BSOS S HETT L7 (condition A), —J7, & ka7 AL7 L
RTNVFN MY 7T — bOGE, M DMF FCHIIEVT 2 L0 & 18-crown-6 Z i L CIEAmRME
I RO S /72 503 INERDS 7> 72 (condition B),

1 condition A

o condition A: o) ; 100% (Zy; = Moz) Br  81% (Zy = Moz)
L DMF, 60 °C oz, BnO” ""Br 790 (Zy = Dmoz) 849% (Zyy = Dmoz) !
R-X + . Zm Hae” SNCEM ‘
HyC” N I 3 ‘
K condition B: é
7 = Moz PM-BENAC-K toluene, 18-crown-6, rt ' ( ) 929% (2, = Moz)
m = Moz: - - ' 96% (Zy = Moz 0 (L =

Zy = Dmoz: 2,4-DM-BENAC-K | Bno” ™>""0Ts gaoq (7 = Dmoz) 2 ou (Zy =Dmoz) |
o] OCHg ‘

. condition B

"Mo o ‘ N
! B 72% () = Moz) OTBS  59% (2,, = Moz)
H (0] = Moz ] = Moz
o T e O
o

| 46% (Zy, = Dmoz, oTf 93% (Zy = Dmoz) |
. Me CO,CH M B M i
Moz Dmoz ; 278 solv. = MeCN) i !

Figure 1. PM- 3 J U8 2,4-DM-BENAC-K |2 & 5 7 /L3 L1k

DOWNWT, BN REERIKICEIT S a) Cbz, Moz, DmozOB TOREL ¥ F = DL#

B N N /\

Moz #:35 £ ' Dmoz AEDIERAIERE DR 1 N RCO,HICH,CI, (1:1) 1 N
#EfT7ol, Chz X CRCOH vy ™ m TN T oen
auAX O 11 BATIE &V D TEEME CFiCOH  HCOH  CHiCOH  TsOHeH,O (cat)®
LT TORBEETE DK L, Moz Zy = Cbz 26 h,83% no reaction

) Zy = Moz 1 h, 100% no reaction no reaction
FEIXXWe, Dmoz JEIIHERE ChrEFHET Zy=Dmoz ——— 24h,96% 241, 100%
Hol-, F7-. gD N L VERALEE T aReaction was performed with 20 mol% TSOH+H,0 in MeOH/CH,Cl, (1:1)
I% Dmoz D A M3 fr £ S 417z (Figure 2a), b) BLRIEHPIEMIRT TDDmMoz, Moz
DWT, BlbGtEZR AT 2 A, 1 N Ce(NH,),(NOg); 1 N

H3C N OBn H;C N OB

Moz £, Dmoz %30, EETODDQA bme crioN o
BTIRIZEAERICHEITL -T2, )OL N —— )OL N
—J T, Moz I3 CAN THEBLRMN-7= W 0~ o ACOEC HC R oen
23, Dmoz X CAN TRET 2 Z L A ATHE 08%

. e c) ZEFINEDERIRMBREIC L ZMozH LUDMOZIREI ) VY « PSZUADFHFE
T& -7 (Figure 2b), F7=. FARE TSR

(o}

BT, oo —7 110D Moz & H3CJ\N/\COZE1 CK;C(?: ZM\HACOZMG %nggzo:z?%o%

DR ST, —F . KaCOyMeOH o "

THEG 5 L BT 2 F AL D B3 1T i j\”3 KoCO3 /CI\H3 2 = Moz : 89%
\ R B M= Moz : 89%

L. Moz {33 0% Dmoz (LS h 7= 2 HiC EM COM oo N7 COpMe 2y = Doz : 50%

YURT 7 =B B AL (Figure 2c), Figure 2. Moz, Dmoz #35 X OV & F LV ORIN R £
Moz RS NT=T X/ BEDERICIZ.

A T 72 MozN3 72 & C7 X 5% Moz b T2 D — kI TH 505, Fex OF3KIE, Moz <> Dmoz
RESNeT I ~DEMEL LTHEAMTH D,

1) Sakai, T.; Tatematsu, T.; Fukuta, A.; Kasai, S.; Hayashi, K.; Mori, Y. Synthesis 2019, 51, 3638-3650.
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Construction of Tricyclic Aminoketones by 3-Aza-Cope —Mannich Cascade and
Synthetic Study of Neostenine

Rika Goto*, Chihiro Ueda, Takeo Sakai, Yuji Mori
Faculty of Pharmacy, Meijo University
150 Yagotoyama, Tempaku-ku, Nagoya 468-8503, Japan
sakait@meijo-u.ac.jp; mori@meijo-u.ac.jp

Neostenine is a tetracyclic alkaloid having antitussive activity. We carried out a synthetic study of neostenine
via the key tricyclic ketone 3, which is obtained via a 3-aza-Cope-Mannch cascade. In this report, we achieved
direct synthesis of the key ketone 3 from a simple monocyclic amine 8 and 1,2,4-tribromobutane (11) via a
new cascade reaction, which enabled rapid access to 3 in a gram scale. We also demonstrated the synthesis of
optically pure (—)-3 by cis-selective cyclization of alkyl triflate.

[#55=

Neostenine |%., Y ¥ 27 7RO Stemona tuberosa 7> & HBfREER E SN UBRMET v v A R
ThY, EREEREZ AT 2R TH L, ITHFE, Fox OWFFE=EIL, 3-aza-Cope-Mannich 7 A7 — R
YL T OMRT I AT EANTEY . DWEGL Tl Sl 2 7z =i 27— RiZ
£ 5 cephalotaxine DHLELERARIZ HEPI L TWAD D, 4Bl Z D 3-aza-Cope-Mannich 7 A 77— K
Bt % i U 72 neostenine DA% 71 L7= (Scheme 1), 37245, neostenine D77 / U FER
T 3BT b2 ZRBENVITHEEL, 202 & 3BT o 3 ORILKICE VG L Z ST
2o TLT, ZORTEAETHS 31E, E=LAERT U E=U A5 O 3-aza-Cope-Mannich (Z L Y
BRTELLMELZDIT TH D, HA TS, ZOT7 =7 L5 OHfi%a TCCP A A > il
CHLAE L, 3-aza-Cope-Mannich 77 A7 — RVNRAPITHEITL T U 3 BREIETHELNDG Z & %
AL TS, LoLRns, #EROFETIE, 1) HoMc7 8 IMen#iT 52 &2z, 2)
5 2R L U CTHBEL TW72DIo, RARICHNT TIRMENZ ERRIEE 72> TN, Z
ZTC, 5 ZHEET 20 TIERLS, 6 T NODORISOPFRIEL LTRINT D, KLV RIRRFIED
BRFSICHU D fTe Z Ll LTz,

( k?ﬁj{ ( Mannlch %:;:
OMe —
H H

Neostenine (1) 7

Scheme 1. Neostenme Di /\Eﬂifﬁﬂiﬁ

[ P 30HETERTO T ARK]

HIDIT, fifi 2 FHN T 6 @ endo BRIKIZ L - T 5 2384 S H % FE L 5T L7 (Scheme 2A), L
MLRNBG, RESa2LX L7 a3 RIZKD 8D N-T VX ALIE, BBERS & Bid3 57200
Lo b Lo To, TV IWAUKN D O A — REOSDOILE S A5 36% 0 BIERIEGWIZ IEE
STEY, BARICHWADITITNENHENTITRWEHBT L, T2 T, 738 V7=
N1l 2GS T3 E2EMT DRICEMETT 5 Z £IZ L7 (Scheme 2B), URIDOKENH, MU=
FNATIVIFETFTTOT I 8L M7 F11 EOIGIE, FHET =T 512 TEIETS
ZEDBHLMNTI o T D (entry 1), BBERNZ L1, HEAZ KoCOs IZEX T2 & 2 A, PRI
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FETEDIBE & Bnfr E CHEIT L, HAUD 3 8RS by 3 BN—2EIZAEK Liz(entry 2), 2F VD, 7 1E
K12 6 B =LK § ~OMBEICIE KoCOs BB E L TWD Z EVURIB XD, —FH., ERIOMBFHT
BT, E=ATUE=T LS OEND 3RS N2 3 ~OERALISIZEBW T, i-PnNEt Z i
LENENLE L LD, 2OV YRy MRIGTSH KoCO; IZHNZ T i-PNEt ZHINLIZ & 2
A WP RIEIZ EH L7z (entry 3)e KEGKFFIZIZ, 7 F 3 DAF L E=/LT—T /L9 X010 28
BB L7228, RS NENMKRDRT D2 & T, /INAr— VEE L RSO A2 FH &, BCR
MNDT T HNAT—IRBIT D, 3B N3 OGS AIREIZ 2o 7,

A) 7)LF > 6D5- endoﬁﬂs 3-aza-CopeE#rfii—Mannich 1 2 — K

AuCI(PPhg)
Et3 N OMe Ag[Cs(CN)sl
N DMSO/CHSCN " 12DCE
34% \\ Endo-cyclization

(+)-8

Z+

9 15% 1021%
B) 7Iv8&hUJOX l\11£<.<k%1tlili>§ﬂ5 fit#t — 3-aza- Cope%ﬂ—Manmch?JX’J‘ N
entry base temp (°C) time (h) 3 yield (%)
Br- Br-
N OMe H 1 EtN 60 24 0 (RISIE12TELE)
H (+)-8 + OMe H o 2 K,CO4 70 96 34
. N M OMe |, 3 KoCOg, i-Pr,NEt 100 (sealed tube) 67 64
B MeCN | § Z ) 4 KoCOj, i-Pr,NEt 82 (refulx) 68 65 (1.5 g scale)?
)\/ - \ / ’ 5 KoCOj, i-Pr,NEt 82 (refulx) 168 64 (1.6 g scale)?
Br ™ Br BRIE LT hYBDXFILT / —)LIT—T)L9M0%, TsOH-HyOfacetone THIK S
1 12 5-Br (+)-3 LI OA R

Scheme 2. 77 F > 3 OELEEARY

[3 DGR E TGS 72 DORE]

TH KD b3 EREICHED BN -T2, WISHEFE M2 3 OAME21T-7-, =
nNETO7rI KN 13 Z2RETHIETIE, BUKT > E=0 A~ EBRIET DB ERMIZIT O IE
WIBERIRIE 14 2T 5720, cis BILDBED 13- 7 XV T ARBNRRKREL D, VT AT LA
FEEDME T L2 b O L HEE LTV D (Scheme 3A), = DS, oY) 3 1X=F v FA4~—REW &

THLNUTLES, 22T, MV 77— FERIBICHWIUR, EICEL 13-7 F TV
D/NZ IR BVERBIREE 17 288 H LBRIEDSETT 5720, 73/ HbOBIUE S [ BT 5D Tlidze
PW&%MLKOV%“ﬁbwéﬂEOkﬁméﬁﬁ% . EHE K TOHZRIEE L Na[CsPh(CN)]IT &
HA A URHHE Z T o728 2 A, BT AT MY 77‘— N~ cis BRAVBRIL &5 k7 L%
w%U7§~F«@m®&aﬁmﬂi%fébt%mﬁ7/%%?Aﬁl9#\%ﬁ@@ﬁ DY
T AT VA~ —THLIT (Scheme 3B), ZMD7 /L=1—/L 19 %, Martin sulfurane THi/K SHE7ZD
B, BSOS E, 99:1 LW EWT S U F A TR LAM()-3 25D 2 LTk Lz,
RE. (-)-3 ORRISIARRLE L, FOCHEE 35 JOVEEE O FERFHEME O ([o]**p-148.2 (c 1.21,
CHCL); [a]**p —182.0 (B3LYP/6-311++G(2d,2p)/CHCL) 725, RRRIETH % EHEEL T D,

A) FUTOI RNMICEZAECORCIFEVEBREZRAT 2HIT AT LABREMELS, T N V3RIF Y FATY—REYICHD

O t [CsPh(CN),J™

-Pr,NEt
.. _OMe FFT2 /

O OMe + /Blr\/B =N NS S Mm — @ ome _M©
N H/ B " MeCN /\) H,/H‘//c‘: < / H/ toluene/
Br H 5 Br CHaCN
(R)-8 1 Br 100 °C

13 14 (Late TS) 15 (dr = 66:34)

B) hU 75— hOAFRALOREERVNEBREZREAL., BVWITRTLARRETETT S

m m_/ [CsPRCN)T e O #Pr,NEt
rOMe 2,6- Iutldlne N OMe - QE\{)ME aq NaHCO4 L“\ﬂr\(owle sulfurane Kj "’H/OMe H,O

_\_) CHZCIZ \ \:> ; Na[CsPh(CN),] Q CH,Cl, ( / toluene/
0 °C . OTf B ; extraction 93% _ CHCN

TfO orf w/ CHyCly OH  (;r=10:1) [CsPh(CN)I™ 100°C

16 17 (EarlyTS) 18 19 60% 15 (-)-3 70% (er = 99:1)

(dr>99:1)
Scheme 3.CFEMES b U(—)-3 DAL

1) Sakai, T.; Okumura, C.; Futamura, M.; Noda, N.; Nagae, A.; Kitamoto, C.; Kamiya, M.; Mori, Y. Org. Lett. 2021, 23,
4391-4395.

2) Sakai, T.; Noda, N.; Fujimoto, C.; Ito, M.; Takeuchi, H.; Nishiwaki, M.; Mori, Y. Org. Lett. 2019, 21, 3081-3085.
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Arylation of N-methoxysulfonamides using TMP-iodonium(111) acetate

Aki Morita*, Elghareeb E. Elboray, Taeho Bae, Kotaro Kikushima, Toshifumi Dohi
College of Pharmaceutical Sciences Ritsumeikan University
1-1-1 Nojihigashi, Kusatsushi, Shiga, 525-8577, Japan
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N-Arylsulfonamides are core structures contained in sulfa drugs and other pharmaceutical products, and the
development of synthetic methods to construct their framework is important in drug discovery research. A
common N-arylation process involves transition-metal-catalyzed coupling reactions, which are costly and
require careful removal of residual metals from the product. Diaryliodonium(lll) salts, which are one of
hypervalent iodine reagents, are highly versatile arylating agents capable of bond formation without using
transition metal. When a trimethoxyphenyl (TMP) group is introduced into one aryl group of a
diaryliodonium(l11) salt, another aryl group is selectively reacted. Reaction of N-methoxysulfonamides with
TMP iodonium(111) acetates in toluene in the presence of potassium carbonate gave the corresponding aniline
derivatives in high yields.

N=T7 U= VAR T I NI A7 7 HZ2IT 0D ETHEEMMIEENLHEED—DOTHY
Z DR B RIEORB R RO BN D, — M2 N—T U — bk E LT, 700 L0817 L
DEB SR E VDA T v 7Y U TRIERET b D Y, L LRRSL, I ANTHD
Z LT, AIBERFRICB W ISR DR SRBONERBREDNETH D L W o L8N H 5,

o.,0 o. .0
A\ ™ A\
- S\ /R2 ~ /RZ
Ar—X + R H > R ’Tj
Ar
Buchwald-Hartwig reaction X =Br ™ = Pd

Chan-Lam-Evans coupling X =B(OH), ™™ = Cu
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BB R ARV ) — ik e LT, BIR T3 VRGO —D2>THHY T Y —/3—
N=v A8 (AFAPRIPX) W25 FIERER STV %, Beringer Hid, ALK T I REDT Y
—/d—R=07 L7883 FR (PhI'Br) &EDOKISZED, ST DHN=T UV —ALEEDBF 5D
ZEEWELTND D, —F, RICOETITITEIRSMLETH O | 8 HEZ I TEBNR STz,
Fexidmit, 7V—AE L TR A RFYT72=L (TMP) J&, 7=4 L U RELTT®H
—FZ2EL TMP—a— =7 A7t % —F (A(TMP)IFACO) 73, 7 =/ — VD 0—7 U —/k
WIZEBWTEWRISHZRT ZEEHA LN L Y, ARIETIE, TMP X Tidend 9 —F07 VU —
V(AN DSBS EZ T 5 9 L& blZ, TMP IZX > TT7 X — ~ U H 2 RO MR
M EL, 2NN REBEEZENALT D2 TT U —bMEEE NS, 4, 2R T I Rlaxd
5, TMP—a3— R=o AT X% — 2Bz N—T7 UV —bKSE Rt LIz A, 7= v
HEAENENETHEOND Z LR R LT,

N—AFFT b 2R T I RETZ ==L (TMP) —3—R=v 4 (ll) 7k&Z— hDK
ISEIREET U U DFE T, bz Hi, 60 °C TiTo7c b 2A, ®d 27 =V U iFERN &R
TELNT. AEIGTFEIZ N—R2A NFIRAZ AR T I ROEA DO TMP— 3 — R=7 24 (1)
T =N ERHWESGAEICOAD Th ol ARUGIZEIT 2 FHMREHERCEERIIC OV TEEL
<HET D,

PN N N
Ar TMP H Toluene, 60 °C Ar
(1.1 eq.)
O @] (@) o..0
\\ // \\ // \\ // \\ //
/©/S\N/OMG /©/S\N/OMG /©/S\N/OMG /©/S\N/OMG
1
N~
CO,Me Cl Cl

2B R

1) (@) J. Yin, S. L. Buchwald, Org. Lett. 2000, 2, 1101.
(b) P. Y. S. Lam, C. G. Clark, S. Saubern, J. Adams, M. P. Winters, D. M. T. Chan, A. Combs, Tetrahedron
Lett., 1998, 39, 2941.

2) F. M. Beringer A. Brierley, M. Drexler, E. M. Gindler, C. C. Lumpkin, J. Am. Chem. Soc. 1953, 75, 2708.
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2017, 359, 3503.
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Chiral Hypoiodite Catalyzed Base Free C-C Bond Formation Reaction

Io Mori*, Kota Sugimoto, Minami Odagi, Kazuo Nagasawa
Graduate School of Engineering, Tokyo University of Agriculture and Technology
Naka-cho, Koganei, Tokyo 184-8588, Japan

The umpolung reactions are an attractive strategy for the construction of complex molecules including
natural and pharmaceutical products. Among them, the oxidative enolate coupling reaction of carbonyl
compounds serves 1,4-dicarbonyl compounds, which are usually difficult to synthesize. Hypoiodite salt is a
mild and environment-friendly oxidant and it can be generated in situ from the corresponding onium iodides
and oxidants such as alkyl peroxide. The hypoiodite oxidatively activates nucleophiles to form a C-C bond
in a umpolung manner, however, the enantioselective version of the reactions has not been well explored.
In this report, we described the development of enantio- and diastercoselective oxidative homo- and
cross-enolate coupling reaction of 2-oxindole derived- S -keto esters catalyzed by chiral hypoiodite salt

generated from chiral guanidinium-urea salt and CHP under the base free conditions.

[ B9] ftEisasOng, REEA OA AR W FEBRIED 1 O Th Y | YTk
WD Z & TIERIETILA R EE T & o 7o (b B W O R =R e s K OV, FrEL G ORI 2 "1
%o, TTHEUE, BIVAR=V a fZE T DRSS AN SN TR Y . LR = b
VMOWALR o> ) T — 1y 7V RIS, B EAMR LA-DANR= b EME /D T2 D
FEELTERENTWS, L L, RSO F o F RN 61T, REMBEEZ LELET5
Tk, BLORFMEE & b7 i & O AL ESBRILA 2 HAGbE - FIRICRONTE Y,
REFMOBL AN OHERH 5, BIE, BESBELZHVRW, =7 U FAERNR 14-TU LR =
JALE DB FRIERRD 5T B,

W = U REAOH)IL, FUGRHIZIBNT I Uk A 42 AL PRI E b b bR 512
T S N D BRERFR OBRLFITH D . YEIEMERE A W LR =)L o AL ORRPEER R 2 £ 9 BOG
DOBIFE DG ANHFIE ST D, ARSI R TlE, Wl E VRO T4 L L TR Tt
= LEERAND ZLICRY . 2 F U T AR R NKER D C- ~T roiH (£721L0) #HEE
FES A FIREIZ 72 DB, LinLehy b, Wil g U R a HWic—F o F AR 72 C-C #EG TR
ISBNIWVETNT D220, F70, WHEa UFEBREZHOWLRIGCE W T, B RSEIREE S 57290
DF T NFA =0 AEOREGEIZR OGN TR Y | HEMEEORKE A RO LTS, —F, HiFE=
TlE, M ED 7T =V =00 3 U KB & 27 CHP 2 LA D in situ CHEIND 7T

— 170 —



N PN/CERE S 3R IS
E LT, 13- R = U tEW
DL =) F— vV~
TRIGNZ LD 1,4V VR =)v
L&YW DOHHLE REZ ®E LT
WBHB Z ZTARNFZE T, kiR
SRVE 33N I IR i g
A v =)L 1 OSLAREIRAERAL,
W/ 77— 17 TG
%fémﬁ@%ﬁ®%*\
FEE— MO 21T o T,
(%ﬁ-%%]ifﬁﬁm%mﬁ
I B ik O FcE b 21T o 72,
7T = U o T & R
MEIToTE 2 A, YAFFEE T
BRI T =V -EAT LT fil
B2 AT BRI @O SOSME R OY
SARBRE T2 S b5 2 %
FH U7z (Scheme 1), & Z Chgii
ST, SHRETHHT XA
Y R—= I OFEFER EOBEHILIC
OWNWTHA RFT 21T o7& 25,
WO wf%mwi
B CROS DT 5 2 &
% WL U7z (Scheme 2a), IKIZ,
RHEREERET LA T A

Me Me

o o=N 0N
co,Me Catalyst (x mol%)
TBHP (0.75 eq.) MeO,C: ! MeO,C
0 ’ '''CO,Me CO,Me
N toluene (0.1 M) o o
Me 25°C N N
Oxindole 1 Me dl Me Mmeso
Bis-oxindole 2
o_® > © © ( ole
I\N/j ®N Ph H H | N " "
! ) NN j/ NN : NN
Bn N)\N “Bn ): /% Y pn AT \:/\N)\N/\( A
H H Ph H H H
) ( 0 Bn Bn O
Ar Ar
TBD - HI Cat. 3 Bis-Guanidium Cat. 4 Guanidine-Urea Cat. 5
(5.0 mol%) (2.5 mol%) (5.0 mol%)

99% yield, —1.8% ee
dl:meso=1.:1
25°C,2h

99% yield, -75% ee
dl: meso=3.5:1
25°C,7h
Ar = 3,5-bis-tBu-phenyl

Scheme 1. Screening of catalysts

99% vyield, 96% ee
dl:meso=6:1
0°C,4h
Ar = 3,5-bis-CF3-phenyl

Me

0N Guanidine-Urea Cat. 5 Me

T\@ (5.0 mol%) N— X
veo,e” 7R CHP (0.75 eq.) o | JR
CO,Me 4 - > MeO,C

R\«’Q—L toluene (0.1 M) I

=\ 0 -20 °C Z N

the 6-12h Me

a. Homo-coupling
Me Me\

N OMe
o< 10
MeO,C"}
('CO,Me
L
MeO N

\
Me Me

CFy Me
96% yield, 93% ee 97% yield, 98% ee 95% yield, 95% ee
dl:meso = 14:1 dl:meso =19:1 dl:meso =7.6:1

b. Hetero-coupling
Me Me\

N OMe
o<1
MeO,C'"} "
(''CO,Me ('CO,Me
(L (L
Br N Br N

Me Me be, M
88% yield, 95% ee 67% yield, 98% ee 55% yield, 93% ee
d.r. =20:1 d.r.=20:1 d.r. =6:1

Scheme 2. Substrate Scope

R—ARITOra Al v 7Y o T RIGOBEt 2 T> 1=, MatofER, &t 5o @E L b &E 1ok
BIMEDBEHE A G T4 A R—LlTrZ Rl v o T ROSHMES U TH#EIT L., e d 5

AR 705 1

WSLARTERME T S5 Z & & R L7=(Scheme 2b), AFUGTiE, IEMRECTH 5 KA
U RO EE OB IRBOENZ T L.
ENTRBI NI, Fo, ARG TIHEREZHWS Z LR ER
MDD I WERBERAITIEOS E W 2 D, A TR % 1 mol%l

—FHDOFX A RNV DI ER BT 5 =
MNCSSDEIT T Z D, BEIE

AT L T b SEASER RN R A48

PRV, 7T AR — )V TORINS BIFICHEITT A Z e, #iic7e 1,4-V VR = UL EW)

DERITIEL LTOAERMES EV,

(&35 3CHk] [1] Hye-Yong Jang.; Jun-Bae Hong.; David W. C. MacMillan.; J. Am. Chem. Soc. 2007,
129,7004. [2] Ishihara, K.; Uyanik, M. ChemCatChem. 2012, 4, 177. [3] Kato, T.; Yasui, K.; Odagi,
M; Nagasawa, K. Adv. Synth. Catal. 2017, 359, 2881. [4] Sohtome, Y. Nagasawa, K. Synlett, 2010, 1, 1.
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Development of New Catalytic One-Pot Synthesis of N-Unprotected Unnatural Amino Acid Derivatives

Yuta Kondo*, Tetsuya Kadota, Yoshinobu Hirazawa, Koki Yamada, Kazuhiro Morisaki,
Hiroyuki Morimoto, Takashi Ohshima
Graduate School of Pharmaceutical Sciences, Kyushu University
3-1-1 Maidashi, Higashi-ku, Fukuoka, 812-8582, Japan
ohshima@phar.kyushu-u.ac.jp

We achieved a catalytic one-pot synthesis of N-unprotected a,o-disubstituted-a-amino acid
derivatives from ketones via in situ-generated N-unprotected ketimine intermediates. This efficient process
was applicable even for the gram-scale synthesis in high yields, and the products were directly converted to

various useful nitrogen-containing compounds without protection and deprotection of the amino group.

a fLICEHRFEEZ AT D -7 I/ BEHERIT. Bl O RIS fEm I D) b & o 72
WMaEATHZLnb, XTF FERLOMKEERE L CGEFEHSN TS, Lo T, afilHE#:
a-7 X BRFERORRN R ERIEDIE L, BRI SALFICBIT 2 BERBEO —
DTH D, LU, ZOBRITIT—MRICIRELEOER CTENSVNETH Y | BEORMAEZTE L TV,

Tkt L, 7 bzt % Strecker SUSIE, BRPE LTT o E=T 2 HWDH Z & TEHR ER
BRGED o -7 X BEHERL BTN FIETH L, ZOEHR FEER -7 I /B
EIRE, REEOBER TREZRD Z EREETF Ry 7 Y U JICHEARRETH LD, AT
v7rTa)I—¢tT haza) I IEBENERET e AR D, LrL, UMb DTFTF I
DAERUT—MIZB)FHNCARTH Y . Ronizsr A L@ TE otz

ZOMEEMRT 5 FEE LT, Haidkil, ER2FELTEA(RI AFA I NT I &
WD ZET, Bix e r R b ER FIREHE S T I U BRI A R ATRE R BT A A B L2 |,
ARFIETIE, BERANTHAF AV a XV U N Ral AR T D 2 & 258 & LT, ASkE
TFHNIARITH D5 F I 2RNAERTE D, 612, HERMTHL~FHATF LY m
XY UNLBETHDH0, BHEFEGRHES F I U 2HEET 2 Z LK ROBISICHAVWS U ViR b
BRRA~DEHANFRETH - 7=, AhlF 41X, KFEEZT R > b Strecker UL E L TUVE Ra kAR
=ARIZEA L, @2 o ML UER « -7 2/ BEHER % A R ATREZFT LA i 7 1 & R & B
L7=DOTHET S 2,

FI. IBMIRERD 7 b AT 2 8% LIRRE S F L U ARIEOREb A B Z ko Te, EORE
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IR TR TS T &R LIRRES T I VAW ATRECTH L Z L2 R Lic, 204 A 1
%@# Strecker M fF LT & 2 A U ARy hTHESONICEARD a fiUEH o -7 X/ BRFHEAE
EEINRTEDL Z LI Ui, AFEET U —VESLEIRTAIAEORL LT, =F I UM
HEUIDHEIM - F2MTAIAVETERINZ, P ChbEAMTRETHY . BHHEGEESCE T
RO E G et x RERRENKFETH 72, £/o, ATERABGITT T DA — L ~Dii
HAEETHY , HFoncER FEREOEND L RELOENZRTICEOE FELELHT L L
T, B EEERE X M ROV TTF RRROICAEKR TE T,

I BT, KU VAR Y F7a& A Strecker GO A7 53, & Rk AR = /WA KIGIZ & 16 H AT
RETHY ., TERIETIINEMN AN L\ ER FIRAED o fUEH o -7 X ) ARARCBREY
BRI G 2 T2, AFEFRTIE, DL RISHFSCEE # I OFEM 72 Sl2 oW TR 5,

cat. Sc(OTf)3 H )
(0] or cat. TBAF N” H,N CN H,N |I:I><0Ph
JJ\ + (TMS),NH > _— >< X OPh
RT "R2 - (TMS),0 R R2 one-pot RVOR2 RITOR2
low-reactive
N-unprotected
R' R2= aryl, alkyl co-product o N-unprotected unnatural
vh ey P ~ ketimine amino acid derivatives
intermediates
up to 97% vyield
(0] (0] 41 examples
Q NH BOCHN\)J\ 9 OPh
OPh
0]
N
Bn
amino acid amide hydantoin peptidyl phosphonate
selected substrate scope (isolated yield over 2 steps)
H,N CN
H,N CN H2N CN HoN CN
O O OtBu
Me Me
11949, 89% 78-90% 97% 81% o
(0]
H OPh 2N II _OPh II _OPh 11_OPh
P oph H2N, P=opn
S
CF; \
@ O @ - ( ) @fb
87% 9% 81% 60%
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Phenol O-Arylation in Water with Diaryliodonium(III) Acetates

Naoki Miyamoto*!, Kotaro Kikushima', Elghareeb E. Elboray!, Yasuyuki Kita?, Toshifumi Dohi'*
1) College of Pharmaceutical Sciences, Ritsumeikan University, 2) Research Organization of Science and
Technology, Ritsumeikan University, 1-1-1 Nojihigashi, Kusatsu, Shiga 525-8577, Japan
*ph0126vh@ed.ritsumei.ac.jp

Diaryl ethers are important motifs in pharmaceutical and agrochemical compounds. The classical Ullumann
or Buchwald-Hartwig-type coupling reactions using aryl iodides and phenols require transition-metal
catalysts. Recently, diaryliodonim(III) salts have been employed as an efficient arylating agent for various
heteroatom nucleophiles. Especially, diaryliodonium(Ill) salts containing trimethoxy(TMP) group can
undergo selective aryl transfer, wherein the TMP group serves as a dummy ligand.

We have found new synergistic effect by TMP ligand and acetate counterion of aryl(TMP)-iodonium(III)
acetates to accelerate phenol O-arylation. The coordination of ortho-methoxy groups in TMP ligand to the
iodine(IIl) atom is the key to increase basicity of the acetate anion for activating the phenolic O-H group.

Various diaryl ethers are synthesized from various combinations of phenols and TMP-iodonium(III) acetates.

VTV =T VR EEGCREIE, BB SICEEN D EERER TH L, —RRY
TV —NVE—T VOFRTFIEELE LT, 07 VT A VW BB RAMBAFET, 7=/ —/VHE
e AT V= DBy T T ROERET BN D, L L) HEB B A =0
v 7 7 OGS TIHE—RICRIERECRIRE NV ETH D, —FH, U7V — a3 — K=v afiE=
flid 3 U FCEW N BRER—MD I UEAEMBERT D7D UEDENT U — L kAl & L
THWLZENTE, KVEMBREETTT Y —/HMERISEITO) ZENTE DY, FRZ MY A R
7= (TMP) EE2ATHYT UV —/a3— =0 AL TMP OB THEENEWTZH, R
EANY TMP R ESOSET, 5 —HFO7 U — AR EBRMICKET 5, ZNET7 =/ —/VEHD
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A
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— 7 U — AL b LT LT, Scheme 1. This Work
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OAc OAc
' AcOOH, AcOH { TMP-H |
- e -
> AcO —> | TP
CF3CH,0H CF3CH,0H
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(CF3),CHOH / CH,Cl, Diacetoxy lodoarene up to 99% yield

Scheme 2. Preparation of TMP-lodonium(lll) Acetates

W T, TMP—3—R=uA (II) 77X —F2HNWTHEADT7 = ) —)L, T 7 b= L%

1T ZA XETHYT U —/=T OAc
—FANENETHELNT, 7T LA mp/'
TV DR B4 B A 2 OH NacO o
SV S 2 R T s A B A B 2003 -
BTV T ST AAEL e
WY REED KRE WY T U —/)Lo— ;B
2

TIVDER S AIRE T d o 1o, SUSHEE
[ZOWTIE, flix OERERB IO AL
TMP— 33— =74 () 74—k ©0” "0 E - TMP-
D X A S SRR 912 X > C TMP “""°‘~~~j@/ OHGRH CHICO-Na
EoFn MioA bxv e avk /Cﬁgﬂza >~<
JEA & O RE 7 F BAEH D HERR | Me© - Na,CO; NaHCO,
NTED . FREIE A 2iRE L CRIE 8
ISHETT LTV D ATREME DN R S 7z
(Scheme 3)
[Z% 3R]
1) For a review, see; B. Olofsson et al., Angew. Chem. Int. Ed. 2009, 48, 9052.
2) M. J. Gaunt et al., Chem. Sci. 2015, 6, 1277.
3) T. Dohi, Y. Kita et al., Org. Lett. 2022, 24,1924. (7L A Y J —X)
4) Crystal structure of TMP-iodonium(1II) acetate 2: CCDC:1555121

Scheme 3. Proposed Mechanism
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Regioselective C—H Functionalization of Fused Triazoles

Naohito Tomita'*, Masaki Kawabata?, Shuji Akai?, Tsuyoshi Yamada', Hironao Sajiki', Takashi Ikawa'
! Gifu Pharmaceutical University,
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The development of synthetic methods for fused triazole derivatives is important to research because a
number of triazoles exhibit biological activity. On the other hand, transition metal-catalyzed C-H
functionalizations of heterocyclic compounds provide a new route to synthesize arylated heterocycles in
short steps. At this conference, we will present new regioselective C—H arylations of benzotriazoles and

triazolopyridines at the C-7 position using palladium catalysts.

Y- B] FERICEREEZEANT L HEO—2L LT, EBSRMEICLDHER CH 7

UV — AELDNERITTE SN TN D, XU A X — OoR S F7 ) — R EEND T V) — b
B (1) O C-HIEMERITHEGINZ < EReRMEL T a7 AT U — (2) & 2 2 THEE R
Wy 7V 7352 &% Previous work .

PRTOD (Scheme L2 IS Py o) e, oy gy
EHIEE AT o Ay N X X=0,8, NHetc N\=Ng

— @) EEEE LESAIIE ! 2 .
7 WEBERAIC C-H 7Y ~MI:75> <“j:0 2 %R — Ca

#1795 (Scheme 1-2)2, 4[al, 2 e N ———— , . 2
RN EERF T CEN - = EEFR 4 2 ;

WigE MU T — LER (6, X = This work

C) KU (1,X=N) zHELT5 b N

L. NNTZ U AR C-H 7Y %IN\N . I/@ Pd catalyst .
LB, SRR AATT X0 ”e

PRI HEITT D2 &2 AN 7(X=N)
L 7= (Scheme 1-3),

Scheme 1. Regioselective C—H functionalization of azoles
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[FBR - FER] - DR R TV —)L (6a) ZRE L LT, OIS O RS S %
HLL A, NIV LEL I — RRUY L 2a) ZHAEDEDZ LT, 7L C-H A 0NE
M L ZFL T, 8a MITEIRYIZFS  Table 1. Substrate scope of C—H functionalization of benzotriazoles 6

BT, RIZRUY R YTV R R
e XN Pd catalyst R\, ,\f
— VIR AR O HE — M A T e A - QI
WL E 2 A, IERBEVE 6 2 8
BHLHDHN, Wiy 7 % y
B9Z C—H 7 U — AL AT
*);’J (Table 1) i,ais/ LK{*;; O 7" ME/B" /B" /B“
< (Table 1), N IYA N, N, N, N,
BTV — AL S T R O o O N O a @

8a, 65% 8b, 65% 8c, 66% 8d, 77%

L EREINT 400 TALT

M AER LT, N, % : Me N
R NYTY VB 5 AL O s O Me 0 i

ICEBFEFEA LT - UL 8e, 58% 8f, 40% 8g, 35% 8h, 23%
KU T e Y riER
(7a) 2HE L LT, CH 7V

R Ar R?

—IALBUS O RS % Bt L RﬁN’N . Pd catalyst RﬁN’N

) r- > /)

oo TORER, 6 ZEHE L LTz NI ~N Ny,
7

AT, TR T U — 9

Table 2. Substrate scope of C—H functionalization of triazolopyridines 7

EEHATL 9a BB, g I
ﬁﬂ%f)ﬂ 4 (LB G IMEE, / Bn

it 5 i;@ww\ém_ 0w Q@ e g
'7“577 U — Vi (2a) & 9a, 93';, 9b, 84':A) 9c, 76% 9d, 83%
DTS EhHREL 747 C-H Me OMe Me  Me Me
7Y — ALASHEAT L, 1 i @
FOBHILICHOVTIL, 1- b b (e e VS
AR T aEY U (T9 e e e T
DEINZT V= VEEEANT 9e, 90% of, 71% 9g, 34% 9h, 99%

L EWRPIKRTT D08, 7L

XD EITIIRE 2722 RITRO N0 oz, 260 A MXFVEZEA LHEITH EIL
T TN C-HT Y — AL DG BTz (Table 2),

YLk, C-HIEMALZ WD T3 T U — U Abfigsg b U 7 Y — VB O E{E e & ik 2 N LTz, X
ISGAERRET, BOCHERE . BE —RIEOFEMEL A hE THET 5,

[51FHSCHR] 1) Basak, S. et al. Chem. Eur. J. 2021, 27, 10533-10557. 2) Abdellaoui, F. et al. ACS Catal.
2016, 6, 4248-4252.
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Phosphazene Base-Catalyzed Intramolecular Hydroalkoxylation of Hydroxyalkene

Noriko Yamashita, Miyu Kawamoto, Mio Yamanoue, Akari Miyawaki, Junpei Matsuoka,
Yasutomo Yamamoto*
Faculty of Pharmaceutical Sciences, Doshisha Women's College of Liberal Arts
Kodo, Kyotanabe, Kyoto, 610-0395, Japan
yayamamo(@dwec.doshisha.ac.jp

Phosphazene base-catalyzed intramolecular hydroalkoxylation of hydroxyalkenes was examined. The
reaction requires high reaction temperature and long reaction time, whereas microwave irradiation
dramatically improved reaction efficiency to give cyclized product in moderate yield. High basicity of
phosphazene P4-#-Bu is key to success to promote the cyclization process. Introducing electron-withdrawing
halogen group to the terminal aromatic group improved efficiency and regioselectivity of the reaction to give

5-exo cyclized products in good yields.

RATZ 7 BRI NI T I AV ARARART U alRa=y FETHAMIERTHY, 7a b
AR K VAT B HEEmS EEMZ A< IEREALTE D70 mWEEEZ RS D, A7 7BV
BRI o=y b SE 5 2 ECHlREMERES RV 22— REEER L TR, &
DA I ARART N 4-08ER; LT PA4-+-Bul3AHEGEIC B ILET 2@ WEEEZ A L T b,
FD—F, RAT 7B UMRIISERC N SE W T O REMEMEL | RISV ERERETF AN A R &
WORMLAL TS, £/, RATZ 7 BRI I D7 e b AL TER L7 =4 U RIEE
REMEZRT ZERHEINTEY, 2RI T AL THDHHRAT 7 B =7 LD IEE N & i i
WZIEREAL T B0 L ST g Y,

~ ~t - - ﬁ(NMez)s
., '
N N N N '
RLIEILIR T S T BN T vl i
P —P— —pP— +N=P— —P=N + '
NTETN 25T /N AR /LN |1 (MeN)PENTRN=P(NMe,),
N LN LN LN LN | N— By
Phosghgtzene 1 P4-t-Bu (pKgn+ = 42.7)
ni !

FxIIHRAT7 7 B IO S WEIME EERREHFRMEICEB L, 7 7041+ K
T I ERRNC L DA VA v R U ERHEEZ B LTz Y, £721T4 Bandar 5%, P4 MLtz
X7 a—ndRF LV UFFERA~O GBI G 2 HE LT 5 D, STk 21355 FHNICATF
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WS ERE R RFOT VA=V 1 OBALSUNIC L5 7 2 7 BRI R L7,
P4 15 )L (10 mol%) fFfE T b Fr O o P4 base O
o)

N e g (0.1 equiv) 9]
7V 1a % THF HCONEGEE LTz & | - +
. N N solvent
A2 AR TH ISR EITE TR O temp, time O O
BHEN TH - 7= (entry 1), FLxT <0 1a 2a 3a
FLrrHng & HIORLRINIE P R RAENR
\/@?ﬁ‘ L. 7 5 ? Vﬁ’%%ﬁ'ﬁ‘é 5-ex0 5% entry solvent temp (°C) time f 2a 3a f 1a
{14 20 78 38%ILHE TR DI (entries 2 1 THF 8 (reflo) 24 | 0% 0% | 9%
. 2 toluene 110 (reflux) 2d E 21% 0% E 68%
and 3), ¥ L T8 HFEMBGERT 3 xylene 144 (efl)  2d | 38% 0% | 36%
- ~ N 4 xylene 144 (reflux) 8d ' 15% 42% ! 6%
% & 5-exo BRALIK 2a (2N T 6-endo 5 mesitylene 165 (reflux)  2d 8% 38% : 15%
. S . A 6  dichlorobenzene 180 (reflux) 2d 1 26% 0% : 44%
BHEMR 3a AR L, BYLKRIZADET 7 DMF 153 (reflux) 2d 1 14% 0% @ 84%
57%15% B A7z (2a: 15%, 3a: 42%, entry 4), 8 xylene 144 (reflix)  1h L 1% 0% | 95%
9 xylene 180 (MW) 15min ' 27% 47% 18%
FOEBEDOA T LRV 7raX g xylene 180 (MW) Th | 31% 44% | 17%
112 xylene 180 (MW) 1th © 0% 0% : 100%

¥, DMF & AW THUEREm B L
7273 7= (entries 5-7)

Wz~ A 7 aPEBRE FIC K AR ZRE Lz, v LR, <A 7 oz B3z 1
ISEIWIIE8E: 27 i S é:fz%ﬂzﬁx 2a NDOTD 1%FONDEDHRTH ST (entry 8), ~A 7 o T
180 °C THUL S5 & 15 3R ICBRILIRIT 74%45 L7z (2a: 27%, 3a: 47%, entry 9) . S REE] % 1
%%Kﬁﬁéﬁf%%k%@ﬂ%%i@ﬁﬂ@ﬂ FEAEEDLRN- T2, T/ha—/b 1a
EERALIR (2a+3a) (X FHIZH D E THRISND (entry 10), FEBE, BRILIK (2a+3a) ZERILMISDOS
(G el o AN %m%(uﬂw :mzfﬁﬂﬂaﬁéﬁbtoitp4ﬁﬁﬁbfiﬁmmé<ﬁﬁ
Lo Toied, REISOETIZIE PA K OBWEREMENEE TH L EHE X HDH (entry 11),

Pl 2 EIC RO E L 2 3: % H

@ without P4 base

P4 base
equiv O
e L, B EICE TR E R (0.1 equiv) -
HAEA LT Tb-le 12T G % rofla, 1:2.d [ 3=

afLic, Zoga~q7wWsy 2

I EER L . hbx s FIIEGETE O
ETROSITEIT L. BIHRINERT
BAILIKNE O, ¥rZA IV LI
Cl

/\Ubir/%i;:é"j\ Lf:%gk_’.%b\fﬁi\ 2b: 71% 2¢: 79% 2d: 72% P
o , (3b: 6%, 1b: 23%) (1c: 13%) (1d: 20%) (le: 5%)

S-exo BHLIR2 O AR 3 51

7=

1) Schwesinger, R.; Schlemper, H. Angew. Chem. Int. Ed. 1987, 26, 1167. 2) Saame, J.; Rodima, T.; Tshepelevitsh,
S.; Kiitt, A.; Kaljurand, I.; Haljasorg, T.; Koppel, I. A.; Leito, 1. J. Org. Chem. 2016, 81, 7349. 3) Luo, C.; Bandar,
J.S. J. Am. Chem. Soc. 2018, 140, 3547. 4) Matsuoka, J.; Terashita, M.; Miyawaki, A.; Tomioka, K.; Yamamoto, Y.
Tetrahedron Lett. 2022, 89, 153599.
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Automated Cooling Crystallization of Paracetamol Using

the ‘Calibration-Free’ Direct Supersaturation Control Method

ARI-- LRtk &1

OH#EHE, Roland Hass, Jon Goode and Ian Haley

Many pharmaceutical and fine chemical compounds are manufactured via cooling crystallization from a
solvent. Obtaining the optimum crystal size is essential to achieve consistent product quality and desired
product performance. During a cooling crystallization the crystal size is governed by the relative rates of
nucleation and growth. These in turn are driven thermodynamically by the level of supersaturation. At high
supersaturation levels, nucleation tends to dominate, giving rise to a preponderance of smaller crystals. At

low supersaturation levels, growth tends to dominate, resulting in fewer but larger crystals.

Typically, a cooling crystallization will proceed by cooling at a constant pre-determined rate over a
predetermined temperature range. While this is quite straightforward from a process control perspective, it
often means that supersaturation levels — and thus the relative rates of nucleation and growth — can vary
during cooling. This can lead to batch-to-batch inconsistency and an undesired crystal size.

2 method where the temperature during a cooling

This poster describes the use of a ‘calibration-free’"
crystallization is controlled automatically in a water/IPA solvent in order to maintain a constant level of
supersaturation. In this work, a seeded solution of Paracetamol in water/IPA was cooled automatically using
two levels of supersaturation. The cooling was carried out in a OptiMax 1 litter synthesis workstation
together multiple real-time monitoring probes. A Mid IR-ATR (ReactIR 15) system was used to directly
measure the level of Paracetamol in solution - which acted as an input to the reactor temperature set-point
control during cooling. ParticleTrack G400 provided real time measurement of crystal size and crystal
population and a ParticleView V19 in situ imaging probe provided additional insight into particle shape and

particle structure.
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Experimental Setup

d.
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S e iControl
OpfiMax (1 L) ReactiR 15 ParticleView V19 ParticleTrack G400 R ———
Precision Synthesis Real-Time FTIR Analysis Inline PVM (Particle Vision | In situ FBRM Particle R T—
Workstafion and Measurement) Characterization 2
==
|| ¢ v.
iCIR

iC FBRM

Integrated Software
Approach

Through this method a better understanding, and possibly a shorter process development time, can be realized by

quickly isolating the ideal cooling profile and targeted particle size.

The thermodynamic and kinetic process map derived by this method can be applied to minimize cycle times
ParticleTrack and ParticleView facilitates a detailed understanding of nucleation and growth rate consistency
through tech transfers and scale-up

ReactIR enables automated supersaturation control via single peak height assessment

Using the ‘calibration-free’ method enables scientists to derive optimal cooling / anti-solvent profiles and ensures

product quality is maintained on scale

References

1. Du, D., Barrett, M., & Glennon, B. (2013). Novel, Calibration-Free Strategies for Supersaturation Control in Antisolvent
Crystallization Processes Published as part of a Crystal Growth and Design virtual special issue of selected papers.

2. Barrett, M., McNamara, M., Hao, H. X. H., Barrett, P., & Glennon, B. (2010). Supersaturation Tracking for the Development,

Optimization and Control of Crystallization Processes. Chemical Engineering Research and Design, 2010, 88 (8), pp 1108-1119
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Green Flow Processes: Optimizing conditions by unsteady reaction tracking technique

Naoki Miyashita*, Ryuji Kobayashi, Arun Kumar Manna,

Kohei Sato, Tetsuo Narumi, Makoto Matsui, Kazuhiro Takeda, Nobuyuki Mase
Graduate School of Integrated Science and Technology, Shizuoka University,
3-5-1 Johoku, Hamamatsu, Shizuoka, 432-8561 Japan
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The flow method has been attracting attention in recent years because of its advantages regarding safety and
heat transfer efficiency over the batch method. This method is also helpful in searching for optimal reaction
conditions since reaction conditions can be changed accurately and quickly, and an in-line device capable of
high-speed analysis can be incorporated. This report employed an unsteady flow reaction in which reaction
conditions are gradiently varied and high-speed sampling by an in-line analyzer. As a result, a rapid
optimization method for flow reaction conditions, the "gradient method," was developed by combining the

response surface method and exhaustive condition search.

TV = P 2T AF TN I AR — (GSC) OBENG, Ny TFIENLLENE « KOS ODME
EERIADD 70— IE~OBITHREENTVD |, GSC DEAMITIE, RUSSMARELA AR AT K TH
Do ZHETIT, Fx3FERGEVE (DOE) &ISEMhmELMAG DT 7 v — OSSR RE G F
5 19+4+1¥E) ZBHFE L CE 2% L L, EFIREOT —2 OFIMNG | FERRFRH - [E DN,
OGS EFREORIEDOEE PIETH - 72, £ 2T, FxIIMISEEREITICR T 5 7 a—ikD
BEFEIRREIZ L 2EBREOHIRICER L 3, R EIEEZ RS, inline TR & HAE
btnZ&T, 1 FOERTHEL RSKEOT —2 255 Uiz, BT =205 R— k7 ¥
—~ = (SVM) (T K 0 ISEdhim 2 FRk U, saiiscfb 2 Tl 2 177 o= ME) B3 LTz,

AIETTIL, NMP A T tert-BuOH & HEOKFERO T ¥ F b2 ET VRIS E L, 7 r—ED
7' a e A G A SBIC BAIRE R Y 7o 0 OUE A B Lic, £3. SR OREE 2 BEmEE L
TEFIRRE 25 T—H L BV 7Y U RIS X 0BRSS A i & ORI TR s
(RMSE: g/min) Tk L7~ (Fig. 1-A), DOE [ZHSW=H o7V o 7ki2 X% RMSE 1%, 041
(Regular Two-Level Factoria Design: TFD), 0.21 (Central Composite Designs: CCD). 0.25 (3-Level
Factorial Design: 3FD), 0.084 (9+4+1) & 720 | Fx 3BAFE L7z 9+l IEREEE ChH o7z, —.
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FEE KRB L FIEIZ X D RMSE 1, 0.051 (3-level temperature gradient: 3TG) . 0.057 (2 variable
gradient: 2VG), 0.052 (1 experiment gradient: 1G) & 720 | EHEIREFELFIEL D b mRERISE
fhm SR S L, AFIEOA MR S vz,
WIZ, 1G ka2 T Vv a—nOT B FALKISIZEMA L7z (Fig. 1-B), FEEROFIH 2 18E Uk
WU SR DOULERDY 90%LL T OFE . THIMLER 90% LA EOFEEIZ 31T 2 fe i &5 2 Tl L7z
(Fig. 1-B: entries 3 and 8) , & DOifE R, & 7 & F /WAL IE D Feii AR IZ B0 T L mUER T 1.3-9.8 kg/day
EER LI, LEhoT, 1 R CRERISSRMEZ TRITE 5 LW LT,

Fig. 1. (A) RMSE evaluation of response surface accuracy for different sampling methods with 25
steady-state condition data. (B) Productivity optimization at yields over 90%.

1) Fanelli, F.; Parisi, G.; Degennaro, L.; Luisi, R. Beilstein J. Org. Chem. 2017, 13, 520.

2) Vamosi, P.; Matsuo, K.; Masuda, T.; Sato, K.; Narumi, T.; Takeda, K.; Mase, N. Chem. Rec. 2019, 19, 77.
3) Aroh, K. C.; Jensen, K. F. React. Chem. Eng. 2018, 3, 94.
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Scale up of Photo Flow reaction using Blue LED and Catalyst design
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Recent years, many photo catalytic reactions have reported because of their unique reactivity. Toward
applying photo reaction for industrial process, we construct circulation flow system which consists of flow
reactor for photo reaction and batch reactor for surge tank. We achieved scale up of photo redox reaction
from mg scale to kg scale by using this system. Also, we synthesized new acridinium type photo redox

catalyst which shows better reactivity for decarboxylation than commercial catalyst.

AR, RIS 2 O 2 RS X8 ORI EED BIER SNTEB Y, ZHORISHHE S
TW5. —5 T, NTGEEEERE Ik U CHREBEIEICED T2 2 b, TETrEREHRMLT
A —=NT v T HERZER LTZFHIIR LN TN D, HRIED AT —vT v I 7 v —FR % TRt
ENDZENEZND, — T THRRISIIESICERMZ 8T 2 50 b %<, Bilin 7 o —F% TR
T 5 LD TUEALS, KiE Tid 2 &I X DA DO RE) — b, SHREIZ X 2%DRE E5A &
Wo T RN S -T2, FTHRAITHES I 2 b—2 g VT2 HWT 7 o — RS L Xy F RS
BaAGDOETER 7 0 —REMWET L 2 & CARMELZ R L, A photo redox KD mg
AR —)VIND kg AT — )V ~DARA—)VT v T EER LIEOTHRETH. £72, LEAICHITTK
IS A D DXL BAFE LT 7 V) =0 LROFEAE IZ oW T HRENT 5.
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Reference: (1) Shionogi & Co., Ltd., Shionogi Pharma Co., Ltd., PCT/JP2021/42019
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Synthesis of New Helical Molecules Using Dispersion Interaction
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London dispersion interactions are the attractive interactions among instantaneous dipoles of molecular
fragments. On the other hand, the (2+2) cyclodimerization of benzynes to biphenylenes has been known for a
long time although the reactions are generally low yielding. At this conference, we are going to present the
synthesis of novel helical biphenylenes through (2+2) cyclodimerizations of fused benzynes, which would be

fascinating for chemists as these compounds are potential skeletons for ligands, catalysts, and medicines.

5 - HAY] London Z3#i/)iZ, #AECBART- & FF AR - & OFINZ@ < B IMHAEEHR & LTS
NTEY, TF, ZLOMFEFEOREEEZEDTND Y, SEINL, §EN L L RRICEIRRECE
SHEMERICSESN, LVELSEBRESN TWANERKE LY bEBANSZDOMEREND, L
DU, rEOE, fRESOE OFRIRIE 2 A3 2 72D IR S D 2 E %<, i) E FEmr AL
FROSDOEEN S & UCHI LG E, 1 ZEAEHLILTWRY, —FH, XA o (2+2) £
BAL E(LISIE, BE7 2=V v 2525008 LTHLI D DBH I TS D, L, REE
TR A ANIFOERF THELDICHRL, BOoNLIE T ==L OIEMELS 25 Z ENRZ W
B, AN Z OGS EFIHAT D Z L IdREECH -7z, £ TEEOIL, BB 1 L0 SAEERAN
VWAL 2 BRAESEDL LT, Bk .

ER OGN Lo THhFERL 258 R

R R R R
. - N N . Y ’ 2
mEELZEnTENIX. proximal-3 @i . @L |© L )
LR LS DOBIRIC B TE D & X , )

EZ AFRICETLE (eq 1), 1 proximal-3
[J5: - f5] 9, THF 1, ~78 °C 12T MeLi 012 % = & CHIBR{A 1 & 0 5L X872 3 frichEx
IREWEE T LR A 2 O (242) NBAL T BAVBUL ZRiET L2 (Table 1), & OfEHR, 3-
A BRFIARUYA Y 2a) ZRAESEIGEEISUSRPEHET 2> T228 (entry 1), O ~TD
NS v 2b-2g T (242) FIMBRIL RHEEUESET L, ST 5 E7 ==L 3 2527
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(entries 2-7),

DL I, FREDHBAIZBWTLE

& EMEIR proximal-3 & distal-3 DIEAME 2D

. EOFRME L 3 ORILRITEHILIC L > TRES B> T, BfLICATFNEEZRT H

YA 2 2b ZRAESETLE. IRIT36% ERBRMEBIZE A ERBLL R >T-0

2), SPLIT R AF AV Y LIEEE
T 5 2¢ OHAITIE, FBRIZERER
PEToh ST PRI 85% & m< 7
o7z (entry 3), RIZ, KV H
\» TBDMS JEaH 4o ¥ A
2d L L7c& &, BEEANEE L
B = =1 proximal-3d % 3&{RAY
(7:1) 2o (80%) TH X7
(entry 4), T, 3AL7/LF/LE
HE R ZEmSLTVRIFE,
proximal JEIRMEDY E5H L (entries
57, TH~UITNEEATD 2g

BAITiT distal-3g 3 < B S
niginotz (entry 7)., HIZ, 28 &

\Zx L (entry

Table 1. (2+2) Cyclodimerization of 3-substituted benzynes 2.

R R! R1 R1
R2©[ ;;”:C | R2 — R? R? - 1
1 proximal-3 distal-3 R
ety @ R 23 Proxim;aliliof)distalﬁ yield (%)°
1 OMe H 1a, 2a, 3a —d -4
2 Me Me 1b, 2b, 3b 1.1 1 36
3 SiMes Me 1¢, 2¢, 3¢ 11 1 85°
4 Si{t-BuMe, Me 1d, 2d, 3d 7.0 ;1 80°
5 i-Pr i-Pr 1e, 2¢, 3¢ 7.7 01 51°
6 t-Bu Me 1f, 2f, 3f 16 1 52
7 Ad® Me 1g, 29, 39 >20 1 54

aConditions: 1 (1.0 equiv), MeLi (1.5 equiv) in THF (0.1 M) at =78 C for 15 min. ®Determined by
"H NMR. “Combined isolated yield of 3. “‘Complex mixture. ®Ad: adamantyl.

FAEIED 1g OBEEREE OTs ~E A E 45 Z & T proximal-3g DULRIT 74% F T EF L=,
RIZ, SPLEAR YA 2 DRV IZEZEANRCY A 5 20T, 20 (2+2) FHngElk—

BCSUGDNERIIZHEIT L, HHA
531 proximal-6 N AR TE 5 L& %
7z (Table 2), ZDfEFE, THI L
HY . distal KIZEBHRI ST,
58 AT proximal-6a—6f 7% &
BIROIZART D Z N TR, £
7o« REOSOIGRIZEHRIE OAES
FEEIC K BT EIER (62-87%) #
RoTHEY, YO THEEY | /K
TR OGS DL O 8 & SR
DRBLOMGIZHEE L TWDH L
MR R S To, KPS T, Al
BRI 4 OFNHEH) 70 B AR B RESRERT
BNE, BHRBVEIN 72 AT 24T o TR
Rip L KFOT—2 L bRk
THTETHD Y,

Table 2. Regioselective (2+2) cyclodimerizations of fused benzynes 5.¢
R1

e ™ X weLi | EX = &OQ
QQS 2R3 ? QQS 2R3 — .
R R -78°C R R 5
4 5
prox:mal 6

e Sy &

proximal-6a, 70% (87%)? proximal-6¢, 75%
X=1) (X=Br)

proxtmal -6b, 65%
(X =Br)

A\

proximal-6d, 62%
X=1)

proximal-6e, 78%
X=1)

proximal-6f, 73%°

X=1
aConditions: 4 (1.0 equiv), MeLi (1.5 equiv) in THF (0.1 M) at =78 °C for 30 min. ®Determined by 'H NMR.
©2.8 equiv of MeLi was used.

[51FHSTHR] 1) Schreiner P. R. et al. Angew. Chem. Int. Ed. 2015, 54, 12274. 2) Friedman, L. et al. Org.
Synth. 1973, Coll. Vol. 5, 54; 1968, Vol. 48, 12. 3) Ikawa, T. et al. J. Am. Chem. Soc. 2021, 143, 10853.
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Asymmetric Synthesis of Eight-membered N-Heterocycles
via Auto-organocatalyzed Amplification

Tin Zar Aye*', Masaru Kondo?, Hiroaki Sasai', Shinobu Takizawa'
'SANKEN, Osaka University, 8-1 Mihogaoka, Ibaraki-shi, Osaka 567-0047, Japan
’Graduate School of Science and Engineering, Ibaraki University, 4-12-1 Naka-narusawa, Hitachi-Shi
Ibaraki 316-8511, Japan

taki@sanken.osaka-u.ac.jp

Chiral tetrahydroazocinoindoles are a structural fragment in many alkaloids displaying a broad range of
biological activity. Although the major efforts by synthetic organic chemists have been directed toward the
development of methods to synthesize analogs of natural products,'* few asymmetric syntheses of
tetrahydroazocinoindoles have been reported to date. In this work, we report the first asymmetric synthesis of
tetrahydroazocino[5,4-bJindoles 1 via auto-organocatalyzed amplification.” We found that asymmetric
autocatalysis on ring expansion® of 10-70 % ees of tetrahydro-B-carbolines’ 2 with methyl propiolate (3)
produced tetrahydroazocino[5,4-b]indole 1 in 34 to 60% yields and up to 94% ee without using any chiral
reagents, together with recovery of unreacted 2 in 29 to 42% yields with 7 to 37% ees. In this presentation, we

will also report the substrate scope, limitations and plausible reaction mechanism.

NBn
o e $ 4
N % N i ‘coMe
Ts CO.Me benzoic acid s 2 recovery of unreacted 2
= (10 mol %) 2a (R =H, 42%, 7% ee)
+ 7, +  2b(R=CO,Me, 45%,15% ee)
R (3.0 eq) MeOH 2¢ (R=F, 36%, 37% ee)
2a (R =H, 10% ee) o 20°C.72 h R 2d (R = Br, 29%, 37% ee)
2b (R = CO,Me, 31% ee) 1a (R = H, 34%, 86% ce)
2¢ (R = F, 70% ee) 1b (R = CO,Me, 38%, 94% ee)
2d (R = Br, 70% ee) 1c (R =F, 55%, 91% ee)

1d (R = Br, 60%, 94% ee)
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Eur. J. Org. Chem. 2004, 3128.

3. L. G. Voskressensky, T. N. Borisova, L. N. Kulikova, E. G. Dolgova, A. 1. Kleimenov, E. A. Sorokina, A.
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