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Day 1 [Jun 24)]

I-01

£. colf biocatalyst

Syntheses of Fine Chemicals by Oxidation-reduction Biocatalysis R2

20 g
R! o Y
4

Nobuya Itoh*

A

Department of Biotechnology, Toyama Prefectural University

1-02
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New Aspects of Household Pyrethroids

d-allethrin prallethrin dimefluthrin
F F
Tatsuya Mori N F N F
|:> 0 o A=\ o o A—en
F F
F fo) F o
metofluthrin momfluorothrin

1-03

Radical-Based Approach for Synthesis of Complex Natural Products
Masayuki Inoue

Graduate School of Pharmaceutical Sciences, The University of Tokyo

1-hydroxytaxinine

1-04

Our Approach to Design a Manufacturing Method for Commerial Process with Concepts

Understanding
of Impurities. Short Time

Takafumi Y: i *
akafumi Yamagami GLEFY ‘ High Quality

of Materials
Mitsubishi Tanabe Pharma Corporation Low Cost
of Conditions

I-05

Trends in the synthesis of trifluoromethylpyridine derivatives and the

development of related bioactive substances

Hitoshi Nakayama*, Masamitsu Tsukamoto, Takayoshi Ando, Tadashi Nakamura, 2@

Hirohiko Kimura *Organic Manufacturing Division., Ishihara Sangyo Kaisha., Ltd. Pyridine Varlous blologleally,
active molecules




1-06

Development of Novel Hypervalent Iodine Catalysts co-oxidant

for Green Chemistry A
_ I (M or v) / Im
Takayuki Yakura* R/Zj/ R/gj/

Faculty of Pharmaceutical Sciences, University of Toyama substrate /

product




1P-01

R F
Introduction to the Lithiation Reaction by Compact Flow RW@H + o :QRZ n-Buli

Shinichi Furusato*, Toshiyuki Kawanabe

Compact Flow

Compact Flow Ho

Production Technology Dept., Ichihara, JNC petrochemical corporation n-BuLi DMF
MeO Br

1P-02

The investigation of ignition at limit test 2 for heavy metals in Japanese Pharmacopoeia

Kiichi Sato*, Ariyoshi Kubota
o H INa* 1) 450 degC

2)r.t, HNO,, H,SO,

Process Chemistry 2, Chemical & Biological Technology Labs. - o-

- 3) 500-600 degC
Astellas Pharma Inc. 0 ) eg

small explosion

1P-03

Development of an efficient process for Lacosamide

Chiral acid

Masaki Nagahama*, Kenta Saitou

using Isomerization-Crystallization Method ©/\ )K{\ __Racemization Agent__ @ANJH/\OME
N

NH,

+Chiral acid
Process Research & Development Laboratory
API Corporation oo
Cl

Development of Commercial Process for Delgocitinib: A Novel Me ° LHwos N
Atopic Dermatitis Drug ( — (
Hiromu Takiguchi*, Akinobu Higashi, Takashi Watanabe, Tsubasa Takeichi, o981z, ee 1%
Takashi Inaba. ) delgocitinib approved in 2020

3 . . 4 \ﬂACN - 39% overall yield via 9 steps
Product Development Laboratories, Central Pharmaceutical Research Institute, e no cryogenic conditions
Takatsuki Research Center, JAPAN TOBACCO INC. Lm e ommercial lovels

H

1P-05

Development of a One-Flow Synthetic Approach to the 1) R'NH,, Me,NBn
Unsymmetrical Sulfamides Utilizing Bayesian Optimization O\S,O CH,Cl,, 20°C,0.10 s

Naoto Sugisawa!*, Hiroki Sugisawa?, Yuma Otake?, 1”7 "cl 2) R?R*NH
Roman V. Krems*, Hiroyuki Nakamura®, Shinichiro Fuse! CH,Cl,, 20°C,5.0 s
'Nagoya University, 2Kanazawa University, one-flow
3Tokyo Institute of Technology, 4The University of British Columbia machine learning

0. .0

» SR’°RN" NHR'
15 samples
(45-71%)




1P-06

The development of SYNCSOL™, the new platform for Liquid-Phase Peptide Synthesis

A Practical Transferring Method from Batch to Flow Synthesis:
Case Study in Dipeptide Synthesis via Acid Chloride
Masahiro Hosoya*, Go Shiino, Naoki Tsuno

API R&D Laboratory, CMC R&D Division, Shionogi & Co., Ltd.

Nagaya, A. '*; Murase, S. '; Mimori, Y. ; Wakui, K. !; SYNCSOL™
Yoshino, M. !; Takeuchi, H. !; Kobayashi, Y. 2, Matsuda, A. ?; o I"” PO e Ay
Matsumoto, M. % Morimoto, K. %; Taguri, T. %, Kurasaki, H. 2; 3.\5!,/_e X X)\g::i 5 Iy n‘n"s/\r"”
Cary, D. R. %, Masuya, K. %, Handa, M. !; Nishizawa, N. ! R ESJ/ o P,
! Nissan Chemical Corporation, 2 PeptiDream, Inc. protection o o Cyclic peptide
1P-07
Total Residence Time: 68 s
ey s Isolated Yield: 94%

H o
Fmoc\u N\AOME

©

1P-08

Deoxyfluorination of Acyl Fluorides to Trifluoromethyl compounds with FLUOLEAD,

and the new work up method to remove its side product effectively

Osamu Nagata*, Norimichi Saito o F_UCAEOL 130 caubil
. o . F MHF-ZaHI N 150 &
Pharmaceutical Division, UBE Industries, Ltd. P

Fh mad 24 0TI

1a

Fhiv

2 YR d:ETE

1P-09

Development of automatic methods for synthetic peptides
by Al and practice of automatic robustness testing
Suzuki Masaaki*, Shigenori Sonoki, Yoko Aoki

Sales / Marketing Department ChromSword Japan Co., Ltd.

Al— Development of HPLC method

Al— Chromatogram simulation




Day 2 [(Jun 25]

1-07

Synthesis of Heterocycles via the Activation of Unreactive Bonds

o R—=—R o
o R
©ﬁLN,R Ni(0)/base N
H »Z
X X=H, F, OAr, SMe, CN R
as a Key Step - R
Naoto Chatani @\)\N,Ar
Ni
X

Department of Applied Chemistry, Faculty of Engineering, Osaka University

Ni ate complex

1-08

Utilization of continuous flow method for the production of agrochemical ClO,

o o
Eto)l\/U\OEt

O o

Eto)j\n/u\o Et

o)

intermediate ; One solution to hazardous reaction processes
Shinki Tani
Process Chemistry Research Center, KUMIAI CHEMICAL INDUSTRY CO., LTD.

1-09

NuH
¥ [CFa]* Nu

Reactions Forming More Than One Bond and Synthesis of Unique Molecules B A cr
Mikiko Sodeoka* , B R3
. . R "“//NtO' Nicat. RN,
RIKEN Cluster for Pioneering Research. + By — T\_ﬁ
CO0Bu w I-coBu
Y OH
I-10
o M ':, o 3:\“\
Processive Polymer Reactions Catalyzed by Metal Macrocycles N-Pd—N o
. o =, F\\
Toshikazu Takata o 'N—,ﬁ’ a
. . . . . . - N
Graduate School of Advance Science and Engineering, Hiroshima Univ. 0\/(-0'\): %‘*»;,““ ;\Hq
R
S

I-11

Drug substance impurity control approached by manufacturing process and starting material quality
Mio Iwahashi*, Takahiko Yabuzaki, Hiroshi Iwamura, Hitoshi Shimizu

Quality Development Dept., Chugai pharmamanufacturing Co., Ltd.
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Metagenomic Enzyme Discovery to Bioprocess Design and Scale-up ’.u",qm,m
Thomas S MOOdy .Sequence\dsnt\ﬁ[atmn
. . . . in vitre . Gene Synthesis & Cloning
Almac Sciences Ltd., 20 Seagoe Industrial Estate, Craigavon, BT63 5QD, United h
. Expressian & Assay
L}‘ﬁfﬁfﬁtm = . Functional Enzyme identified

Kingdom.




2P-01

(5644 ppm)

Study on clogging behavior in the flow synthesis using BuLi f (EKE)

Yu Ogawa*, Mai Hyakumura, Takahiro Ohishi

- (2135 ppm)

KANEKA CORPORATION, Engineering Research Laboratories

06 | (280 ppm)

20 40
R [min]

60

2P-02

Development of a Set of Typical Scenarios to Support
Hazard Scenario Specification Regarding Chemical

Reactivity Hazards

Yoshihiko Sato*, Yukiyasu Shimada, Haruhiko Itagaki

) ) . |;§m&| Freed | B IR E-ﬁ}%:w
National Institute of Occupational Safety and Health, Japan ;‘,,E,,é,%,- ﬁﬁﬁlfzgﬁ i JO)EEE,QJ

L Lo Lo~
2P-03

Continuous flow synthesis of tranexamic acid using concurrent

hydrogenation of cyano and aromatic groups 1) Hy, Ru / Al,O3, CeO,
90°C, 2.5 MPa, RT : 70 sec.
Masayuki Ohira,*! Ilhyong Ryu,? Takahide Fukuyama?® CO,Na 2)5590?& 6.0 MPa KT 15 i CO,Na
» 0. N N I
L . . HoN O/
'Research & Development Division, Hamari Chemicals, Ltd. NC/©/ Flow S

. . in aqueous iPrOH trans/ cis - 77/ 23
2Osaka Prefecture University

2P-04

prediction IEf#
Crystallinity-prediction of Compounds Using Machine Learning ~ \©\,

0 0
and Applicability to Process Study kr\’j/
=

Minetaka Isomura*, Akio Kayano

API Research Japan, Pharmaceutical Science & Technology, CFU, Medicine Development Center, Eisai Co., Ltd.

2P-05

PAT Solutions to Monitor Adsorption of Tetanus Toxoid with Aluminum Adjuvants
Maiko Kurisaki*!, Manyjit Haer?, Kirsten Strahlendorf2, Jessie Paynez, Ryan Jungz, Emily Xiao?,
Clementine Mirabel?, Nausheen RahmanZ, Przemek Kowal?, Gabriel Gemmiti2, James T. Cronin!,

Tyler Gable!, Kevin Park-Lee', Katherine Drolet-Vives!, Matthew Balmer?, Marina Kirkitadze>

TAutoChem Team, Mettler-Toledo K.K., 2Sanofi Pasteur




2P-06

Process Development of the Novel LpxC | \
Inhibitor T-1228

overall yield: 25%
chromatography-free |

polymorph control o) o NH
H
L N
Saol
H

Shinji Tsukada'*, Naota Yokoyama!, Hideki Nara!,
Yusuke Miyaji?, Sho Fujimoto?, Takefumi Chishiro?

ITakasago International Corporation, 2Osaka Gas Chemicals Co., Ltd.

. Ru-MACHO-DAc /

H
Actlvated Carbon (ﬁz CEH
0

T~

o) )
Yusuke Nagato* — P 0o
. I Z ~ 20
Toyama Pharmaceutical Research Department W . A/©/ . O o
Br HO - = i
FUJIFILM Toyama Chemical Co., Ltd. 0 OH or
2P-07
Pincer-Type Ruthenium Complex supported on
|/ "Ph
Activated Carbon: Synthesis and Catalytic Properties " A “Hy H
Ph’ N c ©)Lc

o

2P-08

Organic Synthesis Using Sodium Dispersion in Place of Lithium
Sobi Asako!~*, Tkko Takahashi!, Yoshiaki Murakami?, Laurean Ilies!, Kazuhiko Takai?

'RIKEN CSRS, ?Kobelco Eco-Solutions Co.,Ltd., *Okayama University

Na
dispersion

—X —

electrophile
— Na ——— —E
(catalyst)

2P-09

Multiphase flow synthesis using monolithic honeycomb catalysts
Yusuke Saito '*, Tomohito Mizukami !,
Koichi Hamazoe 2, Junko Fujimoto 2, Nobuyuki Mase 2

1) Cataler Corporation, 2) Shizuoka University

Monolithic honeycomb Catalyst

R,-CH-CH-R, + @ED::)

1kg/day, Yield >95%

R,-CH,-CH,-R,




RFEEE7OT7 11—V

F



-1

ﬁ} E§ ﬁ’ ‘752 Nobuya Itoh

B IRSLRY: %

(i

1980 4 FUAR RS R LRt sest T LR LR E T

FRR R A

1988 4F  AUAP KA+

1989-1997 4F 4@ H KF L ofalahl -

Bhds

1997-2021 45 B IR KRS L2522 /A L9 o % —5 (2012-2016 4F)

(= E JiE]
1995 4  HARRZFELEGNE
20044 ERISH AR U AW
2019 4F  HAEM T HEAREY THE

e I 0




ﬁ 3%& Tatsuya Mori
FERARS: (BR) R - REERE SRR 7 = v —

[msEE]

1985 4 44 iR K FE KRR B A T R - 1% AR AR R

1985 4F  {ERALZE (BR) AL (KR - FR3ERm s 3Emr S i es

2004 4 AL

2004 £~2005 4 K[EH) LA EARFHE LR (G.B.Hammond ##%)
2018 4 fltfE - RERSHFHEMIT T2 r—

HBU{EIZES

[ E ]
2008 4 H RIS ¥EHE
2010 /£ B AR LS ALFEHINE



#_[: 3{'—’]"?? Masayuki Inoue
HORR PR PRI R 508 g

(&£ ]
1989 = 4 J ARURF R LAY
1993 4F 3 A AU RZFELFHL 2R 26 5
1998 fF 3 H AR PR PBEE 7 RBFFRHE LRRAE T (R 8d) L) G
Hi PhE
1998 4£ 6 H Sloan-Kettering Institute for Cancer Research, [ +#f92E (Samuel J.
Danishefsky ##%)
2000 /£ 3 A HALKRFRFPEEFIER - BiF  CEMIEEHER)
2003 4F 7 A [RIBFSERY} - Ghil
2004 4F 4 A [RIBFSER} - Bh#EdR
2005 4F 10 A ~2008 4= 3 /] BHAHfiriRIUEERE - S ST HFSE TREEHIE & FERE) WFSEE
2007 4 H  HORKRFRF PR SR5ER - 2%
[ EJ#]
2001 4 55 1 BRI AREE SR E
2004 £ % 1 [5] Merck Banyu Lectureship Award
2004 4 5 54 [l B A L E R EARE
2004 4 Thieme Journal Award 2005
2007 4 Novartis Chemistry Lectureship 2008/2009
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Syntheses of Fine Chemicals by Oxidation-reduction Biocatalysis

Nobuya Itoh*

Biotechnology and Pharmaceutical Engineering Research Center and Department of Biotechnology,

Toyama Prefectural University, 5180 Kurokawa, Imizu, Toyama 939-0398, Japan

itohnobuyal23@gmail.com

There are many reports on the production of fine chemicals using bioprocesses, but only a few cases that use
oxidoreductase reaction as an industrial process. Compared to other enzyme systems, oxidoreductase
reactions require a coenzyme regeneration system such as NADH/NADPH for the reaction, the substrate
specificity of the enzyme is narrow and it is inferior in versatility, and many target substrates and products
are insoluble in water. Therefore, a sufficient production level cannot be achieved in these processes. In our
laboratory, we have been tackling these issues, developed various useful enzyme catalysts from
microorganisms and metagenomes, improved enzyme catalysts by evolutionary molecular engineering
techniques, and optimized redox processes in organic solvent-water systems. This lecture will explain
specific examples including the productions of chiral alcohols, chiral epoxides, indirubin derivatives, and

functional food materials using some oxidation-reduction biocatalysts.
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New Aspects of Household Pyrethroids

Tatsuya Mori

Health & Crop Sciences Research Laboratory, Sumitomo Chemical Co., Ltd.
4-2-1 Takatsukasa, Takarazuka, Hyogo 665-8555, Japan

morit7@sc.sumitomo-chem.co.jp

Modification of the alcohol moiety of d-allethrin and prallethrin originated from pyrethrin I has led the
discovery of dimefluthrin. Further modification of the acid moiety of dimefluthrin has led the discovery of

metofluthrin and momfluorothrin.
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d-allethrin prallethrin dimefluthrin
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1) T. Mori et al., Jpn J. Environ. Entomol. Zool., 25 (2), 81 (2014).

2) K.Ujihara et al., Biosci. Biotechnol. Biochem., 68 (1), 170 (2004).
3) T. Mori et al., Jpn J. Environ. Entomol. Zool., 28 (2), 87 (2017).
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Radical-Based Approach for Synthesis of Complex Natural Products

Masayuki Inoue
Graduate School of Pharmaceutical Sciences, The University of Tokyo
Tokyo 113-0033, Japan

inoue@mol.f.u-tokyo.ac.jp

Densely oxygenated natural products often exhibit potent bioactivities and are expected to function as
selective cellular probes and novel drug leads. Here we describe our efforts to perfect radical-based

convergent strategies for generic total syntheses of these exceedingly challenging structures.
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Scheme 1. Four Key Reactions of a-Alkoxy

Radicals Generated from a-Alkoxyacyl
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Our Approach to Design a Manufacturing Method for Commerial Process with Concepts

Takafumi Yamagami*
CMC Production Technology Laboratories, Production Technology & Supply Chain Management Division,
Mitsubishi Tanabe Pharma Corporation, 3-16-89, Kashima, Yodogawa-ku, Osaka 532-8505, Japan

yamagami.takafumi@mk.mt-pharma.co.jp.

Our challenge is to develop a valuable commercial process having concepts to supply drug product with a
high quality. Our proposed concepts mean shorter supply times, repeatable high quality, and cost savings.

This presentation will provide an example of process development for a PDE10A inhibitor.

ERLELELETHTXTOAOS LI 5101%, #E, /g Y, Weoy 774 F =
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Synthesis of trifluoromethylpyridine derivatives and

the developmental trend of active ingredients as key structural motif

Hitoshi Nakayama*, Masamitsu Tsukamoto, Takayoshi Ando, Tadashi Nakamura, Hirohiko Kimura
Organic Manufacturing Devision, Ishihara Sangyo Kaisha, Ltd.,
1 Ishihara-cho, Yokkaichi, Mie 510-0842, Japan
hi-nakayama@iskweb.co.jp

We will focus on trifluoromethylpyridine(TFMP) compounds among organofluorine compounds, and
outline the synthesis of their derivatives and their application as bioactive substances in pesticides,
pharmaceuticals and related industries.To date, more than 20 TFMP-containing pesticides have been
approved for use worldwide and are being effectively used for the main purpose of crop protection. In recent
years, the development and approval of TFMP derivatives as pharmaceuticals and veterinary drugs have
made remarkable progress, and many related candidate compounds are in clinical development.

The biological activity of the TFMP derivative is fused with the characteristics of the pyridine ring and the
characteristics of the trifluoromethyl group, and has the potential to express various physiological activities.
A variety of structural conversions are possible, and it is expected that many new TFMP applications will

continue to advance in the future.
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Scheme . Liquid-phase synthesis of TFMP
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Development of Novel Hypervalent Iodine Catalysts for Green Chemistry

Takayuki Yakura*
Fuculty of Pharmaceutical Sciences, University of Toyama
2630 Sugitani, Toyama 930-0194, Japan
yakura@pha.u-toyama.ac.jp

Catalytic hypervalent iodine oxidation reactions of phenols and alcohols with iodoarene-Oxone system were
developed. Oxone (2KHSOs*KHSO4°K>SO4) is well known as a safe and inexpensive oxidant.
4-lodophenoxyacetic acid (IPAA) is efficient for the phenol oxidations. IPAA is commercially available and
it is so soluble with a weak alkaline solution, such as saturated sodium bicarbonate solution, that it is easy
separable from the product. 2-lodobenzamide (IBamide) is efficient for the alcohol oxidations. The oxidation
reaction using IBamide with Oxone can be carried out at room temperature. The other two unique catalysts

were also developed.
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phenyliodine(lll) diacetate phenyliodine(lll) Dess-Martin periodinane 2-iodoxybenzoic acid
(iodobenzene diacetate) bis(trifluoroacetate) (DMP) (IBX)
(PIDA) [ioobenzene bis(trifluoroacetate) |
(PIFA)

Fig. 1 Representative hypervalent iodine compounds.

I B ORI LT, BIRAl 3 v FE LAY OMB A — DO L 725 (Fig.2) .V 207
B, BAEOSRICRIAET 2013 R bAaM 2t OIFT D EREE~O AR O X 0/ S 2l Al
L0 HFOBEE I ~ER L TRONICHWO D, MBS TH S0, Hnbhd 3 vEbamIx
RANEICMA B, SEECEENHEL 2D,

co-oxidant
y | | (Il or V) = | (D
R/\ R/\
substrate \ / > product

Fig. 2 Catalytic hypervalent iodine system.

2005, 2006 272> T m-7 0 ai@Z@ B&EE (mCPBA) & 2 WIXEMIRILAI TH DA F Y
(2KHSOs5*KHSO04°K>S04) # W THENTENZEN 3llid> VML 5D 3 7 3K & 5848 S 5 il
FRIE Tl 2 v RELEOS S FHR O TS S4u7z (Scheme 2), LArL, mCPBA % fV% 515 TIE,
MED m-7 0 ZBERPAREFEN & 70D, — 0, XY a2 W2 51ETIE, i & i3 %,
JERMED S D 5D I U FLEME 70 °C THET 5 LW I fElRtEZ R - T Y, FLEELHET
RERPFEINTW, LL, T Ol 2RI < OMBRIS I S, mCPBA °A
XV 120 Tl SRR L KSR ERE /e SO LRI O H b RE SN TN D,

Fox OWIFEE TITR TL LB S URBCSOCORFE L B L, 22— K7 L — Al
E LR DA F Y o DB E DRI 2T L, RER S, A% Y XL TwE TIY
WNDEG 2B THY, BV U LEHONTEEREAITH D720, £ OFEHES D 720
bThD, £z, LEBRERRIEH, BRAIREA SN ED, BIEAIZZRE S DGR TH
D, BTEM BRI Z R > T D70, BIREHEZRIT AN EV, 20728, =il CRISDET
T HRIGHROBAFRIC Z 72 » TR A B e o7z, I— K7 L—rv A F VY 20D 7 =/
— VOB LT Vv a— VEOBILIZ OV TR 2B 2R o ik, 3 — 7 L—r ok
EEMITAHZEICLY, BBRTINOOBLKISNET T2 2 2R ML, DIFIORTHHRZR I —
N7 L — il 2 BRI L7,



1. 7=/ — )VEORBLAEME TPAA

1.1 47 raxy 7z /) —NDp-F ) o ~D{L?

4-TNax T T = ) —/VEOBIT AN S UERIGIC K D% SHOARIE, 30 FH1D PIFA & 6

HWHERLISORE LUK, LU OIS #ZE @GS, ARRx /) CAliEDO—> L > T
%o Fxld, REOSOMBALZRFT LT, 3 — RT7 L—rOXRUBUR EOEBRERN A LN,
4 fLIZEFRGHEENOSZME TS 2 &4, AL, T 43— F7 =/ % U Filg
(4-iodophenoxyacetic acid, IPAA) &A% YV OMAEGDOENANTH Y, fafnRiEKET MU U A
KRIZ L DWHFIC LY, BHICMEZRETE L2 L2 /R Lz, 0.05 4ED IPAA & 4 Y &ED
XV ERAWTRY ZAadax ) —L—KPTOEL 4-TLaxs 7= ) — )VHEOBILK
JIENEIRTHEITL, ®ICETHIST D %/ VEI GO,

|
OH 0.05 eq \[::L (IPAA) 0
0"CO.H

// | 4 eq Oxone . |/ |
R CF4CH,0H-H,0(1 : 2) R
OR' room temperature 0]

1.2 4-TAXNVT =) =D p-F ) — L ~DBR{L?

4-TIFNT x ) =)D p-F ) — L ~OIBLSISIE 3D 23 U RG22 Ym0

TP TICEMRSNTNDD, HEICL > TUIHFMERRY ~—L L THEME T T 55605 5,
Tz 13 0.05~0.1 UED IPAA BL U4 B EOAX Y U ERRTHNSEDS E, BINET p-F /) —
ARFHNDZ EaM LT, BBRGHZ LIZEBE LT, T 8T8 RerJ v (THF) X 14-¥
FX VP URR ED T —T VRN TE LTz,

OH O
R1 R2 0.05-0.1 eq IPAA _ R R2
4 eq Oxone o
THF-H,O (1:5) or
R 1,4-dioxane-H,O (1:2) R OH

room temperature

13 p-PT7NaxsRUBrDp-x ) o~ Y

BHEIREED X /) VAT T =/ =V X0 RISHEDIRN T v ax o R B U E WD
TnE#H T 5, 3o vRLEY PIFA AW 2BLSOGHA T CICHE STl Y, HiftiZ p-
VAR IROBUDORIGEDEE, Y U ARBREA L D REIEN TS ZLIVRSNA TN D, 4-
THaxs 7z ) — )VEOBLOEE LIRRIZ, 0.05 48D IPAA & 4 4 EOFF Y %2 M) 7L
Auxl ) ==K (1:2) FRETISSED ERBERTHICT D p-F /7 VEME LN,



OR' 0

0.05eq IPAA
= | 4 eq Oxone - | |
K CF3CH,0H-H,0 (1: 2) W
R3 room temperature R3
OR? o)

2. Toa— ) VEOBRVAE IBamide, IBaAA

2.1 F BB LOE {7 a— OB S

TV 2=V OB ZBN T, ATk v 2-9 — FZEFBROMBHFI ARSI TEY, 7v
a— VAR D 2-9 — REEFBB I OA XY L 70 CTRIGEIED &, 3T DR =11
BB OLND, ZTDOHRB N OO T NV—T R E — KT L— U A RE L T\Wb, £ T,
IPAA— A%V 2 W TT )b a— VOB 2R L7272, 7 v a3 — L Ot RO TEIT L e
STelzh, FHx b 2-3— RLEERRE FRRIC 2B RFMEEEZEATHZ L &L, fMOMREDHE
ANZARBICTE AT I FEEZHAWAH Z LlZ Lz, ZORE, 41 Ve 2.3 — NZEFBT IR
(N-isopropyl-2-iodobenzamide, IBamide) 23 %) T, IBamide— 4% Y U RZHW5 E=ETT L=
—NVHEEEBLTE S Z RN o72, IBamide & 2-3 — NEZRFHROSUGEZ LT 5 L, BERZEND
Z Lz, 70 CTORIETIL 2-3 — REEFBLO TR RISHENEDS, EiR ClX IBamide O 5 53 KOG E
ﬁ)mb\ Lol (2-3— FEEFBIIRIR CIIRE L olo), E£7o, 44027 I REEZFFD
BWITRILESITR Z 59, I UR LT I FENAL N OBHRIZEE SN TWD Z EREWEES
MOFKBUBD CTHETHDH Z LR INT,

0.3eq @ff (IBamide)

OH 0
)\ 2.5 eq Oxone, 1 eq Buy,NHSO, )]\
R? R? MeNO,-H,O (8:3) Y R?
room temperature
R? = alkyl or H R? = alkyl or OH

22 7RI RuT T U-2-2 % ) — )VEHOBLHIBIZ ©

ThRIE RO T T U2 AR ) —)Vinby=T 7 b ~DEBITEMIEESFOA I LIELIEH
WHNTWD, EENZRBILHZIIZNE T OGRS 00, W biEE&ED 7
2 ARRACA & @IRNBET, 77 PR RS RWEER DD, D, BEIEMICT 7
NEBERI D HFENLIELIZHVWON S, £ 2C, IBamide— 4% Y U REBRaT L2 25, 014
2O IBamide & 542D A XV > % DMF F=IE TG S/ 5 L 25T -7 7 UGz,
L, BURKFRIDNE <, RN 10%REIZE EFE oo 2 &, I BITAERMY & Allo 5y Bl mE ¢



HolmZ b, SLRDISEOMRNENEEORES DM EEBfEL, I VEONRTNIEFHE
ST v ) KRR AR A VR I A28 A L2 IBaAA 2 A Lz, 75 &, 0.1 Y&
D IBaAA & 4 M EDAFX VA= A X —DMF (10:1) DIESEEMEEF, 50 °C TG SHES L,
EBINRT -7 7 b gL,
0
HO,C_O Nl\

0.05 eq | H
(IBaAA)

R\/_>\/OH 4 eq Oxone R-L
N - T,
) o)

MeNO,-DMF (10:1)
50 °C

3. Z Dol

3.1 BEMERR T ) KL HHR Al

A— RRUBURER LD [BIIY - B HZ X0 BT D7-0l, BbEgk) ki~ EE(k
IR Uiz, WaMEgk T /R 7R AR 30— R i 35 L O — Rl D = i o Bt & ff &
b HERS)— R AL L MEEN D, Z USSR ISR A e A — Rt T H BN, TR Th DT
DAMBEOREFEN K & <, B RSB ICET A5 2 H L TW5b, £, A EEE o7
DI D DA L DWMAENARETH Y, RBAKEBEDITHETE D720, AT HLARETH
HEWIREEZ Lo TWD, £22C, VVBZAT AL EZY L H—EL LT3 ¥4 b (Fes04) &
7:/~w@m ﬁ%ﬁﬂ%Ak% B ST R T — R L— U A SRk L7, fil
BT TPAA ERIFEREOMBLHE 2R L, XY UAFET, p-TAaxy 7= ) — )V EXIT 5 p-
&yf%/ymkﬁm$fwﬁbtoﬁﬁ%T%i@Ef%ﬁ%lﬁb@ﬁ#éﬁf?ﬁ%’%ﬁ
M E B BECE T, RAICRIGFRIDNER T2 b OO A 8 [BIfEH 35 Z &N TE T2,

magnetite
g 0.1eq 0

OH —o? /

Fe304 \/\/N

/\ | 1eq Oxone /

R ' CF3CH,OH-buffer* (1:2)
room temperature

* buffer: 0.1 M phosphate buffer
3.2 39— KRB+ 2,.2,6,6-Tetramethylpiperidine-1-oxyl (TEMPO) & & il

(IB-TEMPO) ¥
LA L CEEEE IV, ThAE — R P Ea Rl L CRIE TS v B e L, AR



LB I v EHSN TEMPO Dt R X I T I vilid AV T T A TF 4o~
fbL, 27 va— a3 5 &) B LVl (IB-TEMPO) #Bi% L7,

0
o N-O
Bl

° o

(IB-TEMPO)
0.1-0.3 eq
X | X
R™ R 9% CH3;CO3H in CH3CO,H R” "R"
R'=H or alkyl 30°C R"=0OH or alkyl

BHIiZ

Tax PR LW 203 — F7 b=t afir Lic, UL, MESRIIELEEWME T

L HbOTIIRL, SOITEEMERMBEAN BB ZER T LERDH L, I— K7 L— il
BHELR RN DB TN T 0 ADBG THONLOIG~EFERTHZ L 2o T 5,
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Synthesis of Heterocycles via the Activation of Unreactive Bonds as a Key Step

Naoto Chatani*
Department of Applied Chemistry, Faculty of Engineering, Osaka University, Suita, Osaka 565-0871, Japan

chatani@chem.eng.osaka-u.ac.jp

The Ni-catalyzed reaction of ortho-fluoro-substituted aromatic amides with alkynes results in C-F/N-H
annulation to give 1(2H)-isoquinolinones. A key to the success of the reaction is the use of a base to abstract
a proton from amide nitrogen atom. The reaction proceeds even in the absence of a ligand and under mild
reaction conditions (40-60 °C). The reaction was also applicable to phenoxy (C-O bond activation),
carbamate (C-O bond activation), methylthio (C-S bond activation), and cyano (C-CN bond activation)

groups as leaving groups in place of F.

BREALGWIL. IRFE KBRS, RFBE-IKFRHEG. KF—~T nfl S0 ERA G0 Bk
Dﬁofwé%ﬂ%ﬂui%n%@m%FA%ﬂmb-%Lfﬁ%%%%kﬁﬁ@#é:&f%ﬁ
IRHERERTE M b o T A bamE G L, HoFiIciiia+ 5 2 L THSICERL TE 2, L,
DO, TR TOREEAEESINCHH L TE b TidZen, b K56 0730 T,
NWRFTWES, DF U KISEOE WSS T 2> T& 7z, b L, JUSMEDIRWEES A, BHBTE
WCHBEE AL S 2 R TENIE, ARASIILTFOFTEROSEIERTREL 8D, DED . A
BARALZITIE, EEZL OFREERAE SN TV D, AHE TR, NEEREAEOEM L 2RI L
TZEFRBRA B L O ORI DWW TO DI DRI DR ERBIT %,

DO 2011 FlZ=y FAZ it e T 25 F/ET I NEET B F L v L OGS 2 Wi
7=V, ZOBRROKIGIE, BY UL VT =0 LR EEFINIE L ORI TR, =y
TV RN NI 0 o T, ORISR SND LRI, = v 7V &l & 3 2 R FE — K BREGE
PALBOGS D KERIE, 7 —VESOE ) DU BERD X 9 7RI E O W IEE IR STz 2,
Z DRGSO DFEE, & )y:/v%&u\iiﬁﬁam%%ﬂ%v\f:_&f&;éo FEEE. BU U UREY
NUBVRIZT D E R KISHET LR o T,

e} ——R 5 equiv o)
Ni(cod), 10 mol%
N | Y PPh; 40 mol% N | X
H N~ toluene T N~
160 °C R



7o TERLIAE N LB O DB D R A NE L LWL TORINE RO 5 2 &
MTE) RO KOBu 2T 52 & T 7 ROEREOKENRT v b LTHEET 5,
ERLTET I T = T =F D=y rVERIEL, =y T AT — MNEERPERKRT D, ZO=v 7L
T — REEROARD, AV MIRE —KEFBETEE O TH D, ZDZ L1, DFT#HENL H X
BEnTnsg Y, L, OSICIERKBRIOT LR AU TH Y | @O RE S KB Th - 7=,

R————R 10 equiv
oo Nitcodz 10 mol% o OMe
o ®  PPh, 20 mol%
KOBu 20 mol% N
N o
H m-xylene Z R
H 160 °C
_ R

Ni ate complex

Z T, =y 7T — MEERORISHENR 7R & TR — K G LIS O RIEH 2256 & biGTE T
ELDOTIFRWINEZ R, £ T AN MIZ T v RE2bOHEFET I AL, RISSER
LA IRRNLA D2 THRMREFMETRINT 2 Z N mholcd, LanL., HEN RS
TIHELS USBET L2V, RISOEREFAMEZEV, £ =y Z/VICBIERISINg 2 Z & 23
MOENTVDRA— A FXUREIE, KFE—7 vHE, KFE—TT /fEIEISES, A0 MLo
RFE—KFREAOHPRIRWNOET D, TEF LU HHFRT BF LT Tl BIET &
FLrbEHATE D,

R—=——R 1.2 equiv o OMe
o OMe  Ni(cod), 10 mol%
KO'Bu 1 equiv N
N DMF e
. 40-60 °C
R

\

RO R=H 90% 7
A OMe 77%?2 AT R=0OMe 89%2
Me 82%? _ Me  88%?
Zph F o819 Ph F o919
Ph CF3 94%?2 R Ph
o R=Me 98% FoQ 0
R Ar F  93%?2 A A
N~ CF; 93%?
Ao OH 76%° Zph NC Zpn
N NH, 77% F  Ph Ph
i 0,
Bpin 80% 70%° 94%3

2360 °C, 14 h. P KOBu 2equiv. °80°C, 24 h.



eHsEZ TIR LT, WENT I R 7 a b gl Xkdx, 7=F L ARNERT S, 1 4 &
DOEEZHANTWAED T, ADEBRORIGHEE THDH, A= T ANKIG L, T=F o=y
FVEER B DNERRT D, IRFE—T y%?ﬁ*’*\ﬁ” o T IVITEREEOTIN L, A% T3 A 7L C AR

T5, TEF LA, EITHINEEC RS DEL, =y VR EAET D, EFEE
LiéDHﬁﬁi\;@%%%iﬁbfwé F7-. DFT &I iékﬁﬁ 7 v Ak ORI
I E 7% DA LD D OEBEEDOIEH AT XL F—IXZEFRBRETH L Z L3
oto:@%%m\7:Fi@%@%@?»%/t@%@%@%%%%%k*ﬁ#éo
o o
d‘\H’R ‘BuO _ N’R
F ‘BuOH

0
N’R
P Ni(0)L,,
R
R
Q R
/
N
\
NiL,,
— N|L
R' R
D
0
— R ’}‘
NiL,
Cc

RlE. RFE— 7 v EREATEMEILZ G T cross-electrophile coupling®<°> Suzuki-Miyaura coupling”
HAT&oZ Enbholz,

ZD

(2% 3
NiCl, 10 mol%

dtbbpy 12 mol% 0

o OMe
/©/ LiOBu ; equiv A
N Zn equiv.
Ar— - H
H + AC g 2 equiv
E A

ZnCl, 30 mol% r
DMA 0.5 mL
0.25 mmol 2 equiv 80°C,14 h

% Ni(cod), 10 mol%
OMe O. _O PPh; 20 mol%
0 /©/ B KO'Bu 1 equiv Ar
H . CsF 1 equiv . H
. DMF 0.5 mL Ar

60 °C, 18 h
Ar = 4-MeC6H4

Ar' = 4-MeOCgH,

0.25 mmol Me
3 equiv



Tz, ZOTER, RFE-BBEHEESTEELICOBEHATEZY, RE—7 v BHEETEMEL & 1ZIZH
CRMET, RIGHEITT 5, WEET 27 =/ FUEHEEL LTE< o T, fMtEo LiOBu Tbh
SOt TS T3 5 25, &mmﬁiumﬁfﬁwkﬁﬁm’ﬁmbkw 7z ) XD H =

A—PMOLBEER & LTEi<, 51T —WidfE e, RE—V7 JREETEHEBICbETE S Z
MG o,
O
0 Ph Ni(cod), 10 mol% Ph
_Ph LO'Bu  1equiv N~
©5LH * |‘| DMSO  1mL o
40°C,5h
OPh Ph Ph
0.4 mmol 0.6 mmol
7\:5“ }\TZjAV%}iﬁﬁ:%g —a‘é &T '/—f\\ 7k/\\ )\'/—f\\ 7//\\ @‘&‘/\\ ?%_

isg, (RFE— 7T/ HEE7R EDRNEREE R R TEM bsh D 2 L ’Eﬁb ViZLTZ, W
b=y V7 — MERER TRICHET L TN D, EOFEZFIH L72H LRSS LSO
P HIfF SN D,
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Utilization of continuous flow method for the production of agrochemical intermediate

; One solution to hazardous reaction processes

Shinki Tani*
Process Chemistry Research Center, KUMIAI CHEMICAL INDUSTRY CO., LTD.
2256 Nakanogo, Fuji, Shizuoka 421-3306, Japan
shinki.tani@kumiai-chem.co.jp

Diethyl mesoxalate (DEMO), a key synthetic intermediate for new herbicide fenginotrione (EFEEDA®), was
found to be easily prepared from diethylmalonate with sodium chlorite in acetic acid. The oxidation, however,
is hazardous reaction due to generate an explosive chlorine dioxide. We have now found the oxidation could

be controlled through a continuous flow process, and accomplished a commercial process.

7 I T AL TR TAET RS2 @ TOWObLERARESTFVECSH] ZaxT—<L L
T, BIEHOLEMAGITE T DHREORIH LRIV A TWD, ElomnZethz R oR%E
DEHFE D AT 53 EIR TR - @O TEEESEO 7 7 A v L AV OBFERIR 1T > T b,

B ARBEIZBNT, IRXA M T UNTTRERAZI AN LTCOKIEORETH Y | 2270l
EEOFR L HETIIRE BN TH H, AFEER TIX 2019 2 B Sz BEFIRORLEIZ BV T,
Ta—5GIlK DA N T REAFEE FRRIC LT EIRO—3 20T 5,

OMe
I 7o AT 2 0o 0o O J::F
W2 TRA%E &7z fenginotrione (EFFEEDA®) A4 % % . N

VR Y R EFRE TS U o N ROFBBREAIT, H o N
{LIEIR & 7~ §° 4-HPPD FLEHITH 5 (Figure 1), ALS HLHUIEMER
CHmWEERZ R LR L, BRUKFRIOS L CidmWyWie etz
A2 EaRHME LTS, Fxid, ZOFOTEMBEN Figure 1 fenqginotrione
BWCTHEEHRIATHS DEMO (Scheme 1) % 7247221 filik
THTREAZERIET D LV I IEICEY HAT,

Cl

TIF )L A Y FH L— NDEMO)IE— R MG O/L G T 5 73, fenginotrione Al D 772 537,
SHEMOEAT 47T uy s L LT, HERAGHRAOFMPHE SN TWS Y, DEMO 13



LAV TIAFTER b OOHERITEM T, FEEAr— L TOAFIIO THRETH > 72, Fx
IZ. ¥ 9 DEMO OZAh 72 & iEDBZIZETF LT,

2. DEMO DA kiR %€

T2 Mt L7l . B2l 7o~ 0 ViR Y = F )L (DEM) & iR R Y — # D, mICR CiEME
AF LUy R T D FiEE R LT Y ARSI ROERTT LU AT v RIRO A2 5T,
A ZAETHRICDNEITT 5 2 L2 WE LTS 7,

25% NaClO,aq. fo) fo)
o) (o] cat. AcOH 0 0 A
> > Eto)j\n/u\OEt
EtO)j\/U\OEt EtoHO 0HOEt Solv. I
DEM DEMO

Scheme 1 Synthesis of DEMO by sodium chlorite

3. Hfgt 7 1 —¥EI2 X D DEMO O 8EEORENT

Scheme 1 Dt CRIAET 2 “FRLIER T APRD TRREOEVHE TH Y Ny F 7 AT
DA —)T v FIIREEEZ DT, £ T, Y7 7 I v 7 THENERIITOIL TCWe~A 7
a7 XL s T7a—7akRIIE .
AR EcEF LR 9 [ ] T
S K 5 1S BR RILASEE T8, |
ER7ZR IS TH D] LD e ABL)

DWET TWMEVEZAT S 2 & T, KU
FENTHSNICEITT 5 Z L0 B
Elpole V) IBEFIFHLE D L) P P
Ny FHENREODEZ PG, HRD Iy
R AIFE LR 1 — 7 E
TEIZE o T AITEEE OIS X A 7~ T,
D% LR A RN, A —LT v T Figure 2 Outline of DEMO reactor
HARRIERICITE, FEAEE T EDT A2 N TE T, ARISORREICE MR ZENL T,
OB L THEfHE 7 0 —7 a 2MAZRE L TV 5,
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Reactions Forming More Than One Bond and Synthesis of Unique Molecules

Mikiko Sodeoka*
RIKEN Cluster for Pioneering Research
2-1 Hirosawa, Wako, Saitama 351-0198, Japan
sodeoka@riken.jp

Reactions that can form more than one bond at once, such as reactions that form two or more C-C bonds and
C-heteroatom bonds, are very attractive reactions from the viewpoint of efficient synthesis of molecules. In
addition, the unique functionalized molecules that can be synthesized by a novel such type of reaction are also
useful as a library for searching bioactive molecules. In this talk, I would like to introduce difunctionalization-
type fluoroalkylation reactions and catalytic asymmetric (3 + 2) cycloaddition reactions that we recently

developed.
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Effective Reaction Inspired by Biomolecular System: Processive Polymer Reactions
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Kagamiyama, Higashi-Hiroshima 739-8527, Japan
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Abstract: Two successive reactions of polymers proceeding in a processive mode in the
artificial molecular systems using macrocycle catalysts are presented. Polymer reactions are a
very important method for the synthesis of functionalized polymers, but often suffer from a
negative polymer effect that causes low conversions, incomplete progression, and/or slow
reaction rates. In contrast, polymer reactions in living systems often proceed efficiently in
processive mode, which usually achieves 100% conversion by overcoming the negative polymer
effect. Developing processive polymer reactions in artificial systems thus represent a
long-standing objective in this area. Here, we present the first processive polymer reactions
with complete conversion, rate-acceleration in the second half of the reaction, independence
from the substrate concentration, and an unprecedented dependency on the molecular weight,
whereby higher-molecular-weight polymers reach completion faster.
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Drug substance impurity control approached by manufacturing process and starting material

quality.

Mio Iwahashi*, Takahiko Yabuzaki, Hiroshi Iwamura, Hitoshi Shimizu
Chemistry group, Quality Development Dept., Chugai pharmamanufacturing Co., Ltd.
5-1, Ukima 5-chome, Kita-ku, Tokyo, 115-8543, Japan
iwahashi.mio82@chugai-pharm.co.jp

Starting material and manufacturing process is a key factor to control drug substance quality, as described in
ICH guideline Q11. Questions and answers document have been effective in 2018 for more clarification on
the selection and justification of starting materials. In this presentation, general principles of starting
materials are introduced and practical approaches are demonstrated referring actual achievement from the

latest pharmaceutical development.
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Metagenomic Enzyme Discovery to Bioprocess Design and Scale-up

Thomas S. Moody
Almac Sciences Ltd., 20 Seagoe Industrial Estate, Craigavon, BT63 5QD, United Kingdom and Arran Chemical
Company, Unit 1 Monksland Industrial Estate, Athlone, Co. Roscommon, Ireland
tom.moody@almacgroup.com

The speed at which metagenomes can be annotated is changing the way we access DNA code and its transformation
into functional enzymes for bioprocessing. Enzyme technology and its applications are evolving at a significant
pace and are becoming prevalent in many areas of chemical processing. Functional metagenomics and enzyme
application for chemical processing will be presented from discovery through to bioprocess design and scale-up
and subsequent manufacture. The presentation will highlight:

1) Introduction to metagenomic enzyme discovery,

2) Key considerations for enzyme engineering & process development,

3) Bioprocess design and scale-up examples,

4) Quality Control requirements for enzyme processes including testing for enzyme residue, testing for

intermediates or API and cleaning.

Our approach to metagenomic enzyme
discovery is shown in the diagram to
the right and involves the use of a
leader gene sequence of known
enzyme activity to aid in the
refinement of a unique library of genes

' Unique Library
from a given metagenome that has

certain enzyme activity characteristics. .
This information is retrieved and e

: . Sequence Identification
refined using computational power to
deliver a small focused library of genes °
that have the potential for certain ) .
enzyme activities. The identified genes Gene Synthesis & Cloning
are then gene synthesized, cloned and o

expressed (typically in £ coli) and then
Expression & Assay

in silico

in vitro

assayed for the given chemical
transformation required. The focused

screen then identifies the best lead
enzyme(s) and a functional enzyme is

L ]
Industrial
App[icat10n<:| . Functional Enzyme identified

then identified for subsequent
industrial application. At this stage the process can be repeated using this newly identified Lead Sequence to
continue a further round of identification. '3

1 Sophie A. Newgas, Jack W. E. Jeffries, Thomas S. Moody, John M. Ward and Helen C. Hailes; Advanced Synthesis &
Catalysis (2021), Ahead of Print; “Discovery of new carbonyl reductases using functional metagenomics and applications
in Biocatalysis”.

2 Hailes, Helen; Leipold, Leona; Dobrjevic, Dragana; Jeffries, Jack; Bawn, Maria; Moody, Tom; Ward, John M.; Green
Chemistry (2019), 21(1), 75-86. “The identification and use of robust transaminases from a domestic drain metagenome”.
3 Jeffries, Jack W. E.; Dawson, Natalie; Orengo, Christine; Moody, Thomas S.; Quinn, Derek J.; Hailes, Helen C.; Ward,
John M.; ChemistrySelect (2016), 1(10), 2217-2220. “Metagenome Mining: A Sequence Directed Strategy for the Retrieval
of Enzymes for Biocatalysis”



Following on from identification of the

Lead Sequence, direct movement to Rational design of a (S)-Selective Transaminase
process development can be undertaken
or alternatively enzyme engineering can
be conducted. Our approach to enzyme
engineering begins with in silico
modeling of the active site and docking
studies of the substrate, product and
intermediate(s). From this modelling,
critical interactions can be identified to
start an iterative process to make mutant
libraries of enzymes to increase
performance of the enzyme and make it
process ready.*>¢

Having identified an active and stable
enzyme, the next stage is to begin chemical process development to deliver a process that can be scaled in multi-
purpose chemical reactors. Key to success involves consideration into the following:

Development effort and time in relation to an off-the-shelf vs a bespoke biocatalyst
Catalyst cost contribution in relation to the choice of enzyme formulation
Space-time-yield and requirement of CAPEX vs manufacturing cost and process design
Biotransformation productivity limitations including:
o Mass transfer in heterogeneous systems
o Enzyme stability and deactivation
o Substrate/product inhibition
o Thermodynamics
e Investigation into the choice of starting material, route and enzyme class &
Product isolation, purification, and reduction of bioburden. Deliver of the desired quality of product.”,%,’

4 Dourado, Daniel ; Pohle, Stefan; Carvalho, Alexandra; Dheeman , Dharmendra; Caswell , Jill ; Skvortsov, Timofey ;
Miskelly, Iain; Brown, Rodney; Quinn, Derek; Allen, Christopher; Kulakov , Leonid ; Huang, Meilan; Moody, Thomas S.,
ACS Catalysis (2016), 6(11), 7749-7759.. "Rational design of a (S)-selective-Transaminase for asymmetric synthesis of
(18)-1-(1,1'-biphenyl 2-yl)ethanamine".

5 Beatriz C. Almeida, Pedro R. Figueiredo, Daniel F.A.R. Dourado, Stephanie Paul, Derek Quinn, Thomas S. Moody,
Andreia F. Sousa, Armando J. D. Silvestre and Alexandra T. P. Carvalho; ChemRxiv (2021), 1-32.; “Rational engineering
of a carboxylesterase for the synthesis of polyesters for biomedical applications”.

6 Carvalho, Alexandra T. P.; Dourado, Daniel F. A. R.; Skvortsov, Timofey; de Abreu, Miguel; Ferguson, Lyndsey J.; Quinn,
Derek dJ.; Moody, Thomas S.; Huang, Meilan, Physical Chemistry Chemical Physics (2017), 19(39), 26851-26861.
“Catalytic mechanism of phenylacetone monooxygenases for non-native linear substrates”.

7Wells, Andrew S.; Wong, John W.; Michels, Peter C.; Entwistle, David A.; Fandrick, Keith; Finch, Gregory L.; Goswami,
Animesh; Lee, Heewon; Mix, Stefan; Moody, Thomas S., Organic Process Research & Development (2016), 20(3), 594-601,
“Case Studies Illustrating a Science and Risk-Based Approach to Ensuring Drug Quality When Using Enzymes in the
Manufacture of Active Pharmaceuticals Ingredients for Oral Dosage Form”

8 Stefan Mix, Thomas S. Moody and Stephen J Taylor; Chemical Knowledge Hub, 16th August 2020,
https://www.chemicalsknowledgehub.com/article/14595/ “Biocatalysis — How secret should it be?”.

9 Moody, Tom; Mix, Stefan, Specialty Chemicals Magazine (2019), Feb 2019, 22-25, “Managing and redesigning chemical
processes with enzymes”.
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Introduction to the Lithiation Reaction by Compact Flow

Shinichi Furusato*, Toshiyuki Kawanabe
Production Technology Dept., Ichihara, JNC petrochemical corporation
5-1, Goi Kaigan, Ichihara, Chiba, 290-8551, Japan

s.furusato@jnc-corp.co.jp

Compact flow is a technique to increase manufacturing efficiency by utilizing technical features of
micro flow reactor and making equipment and processes compact. Low-temperature lithiation
reactions have been reported as examples of utilization of high mixing efficiency, high heat transfer
efficiency, and precise residence time control, which are characteristics of microflow reactors. On the
other hand, there was also a demerit of being easy to block the flow channel, and as a
countermeasure, it was found that the operation time can be extended by a technique using a

high-precision double-tube nozzle mixer.
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The investigation of ignition at limit test 2 for heavy metals in Japanese Pharmacopoeia

Kiichi Sato*, Ariyoshi Kubota
Process Chemistry 2, Chemical & Biological Technology Labs., Astellas Pharma Inc.
160-2, Akahama, Takahagi city, Ibaraki, 318-0001, Japan

kiichi.sato@astellas.com

It is described in Japanese Pharmacopoeia that the limit test 2 for heavy metals should be used for measuring
the heavy metals amount in trisodium citrate dihydrate. But there was a case of causing the ignition even
when the operation was done in the right way, so the research for investigating the reason of the ignition was
needed from the safety point of view. As a result of the investigation by using IR etc., it turned out that the
lack of time for the carbonization cause the ignition in the operation of the incineration.

According to the additional study, it is assumed that the violent redox reaction between remained organic
compounds and sodium nitrate cause the ignition.

Today, we would like to introduce the details of the investigation for the ignition.

AARSER T OB RBHABRIZIL, H1ENSE 4ED 4 SORRIER DY, 7 UB=F ) UL
KR, 2 IECERBREZ ST A BRI SN TWA, EAERRE 2 LT, TRE A AR
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FHLTZ, —F, RIEDDOS5HTIZ oW TIX IR(IdentifyIR™ Smiths Detection Group Ltd. fl) %
ER L7,
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L, A TR % FEhid 9 IS ilis R & OWile 2 N L CIRIb TRE 2 K35 L 3 KT 2B NEH
Nicted, 72 W=7 8V U LK DORICAAR A3 Th o= rlgetEnmn EHER S, Z
Z T, BRI CTORMLIER, BKOEE, AWM IR A7 hLVE L TR O EREOFMBINE%
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Figure 1. The operation when the incident was caused

Trisodium citrate dihydrate
25¢g

heated weakly and carbonized in a crucible
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heated weakly and carefully for incineration
small explosion
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Development of an efficient process for Lacosamide

using Isomerization-Crystallization Method

Masaki Nagahama*, Kenta Saitou
Process Research & Development Laboratory, Technology Division, API Corporation
955, Oaza-Koiwai, Yoshitomi-cho, Chikujo-gun, Fukuoka, Japan

nagahama.masaki@mb.api-corp.co.jp

The Isomerization-crystallization that combines optical resolution and asymmetric synthesis is an ideal
process and a highly desirable method for industrial production. This method was applied to a synthetic
route of Lacosamide, an API for epilepsy treatment, and a new efficient process of it was successfully
developed. At first, resolving agents and racemization conditions for an amine intermediate were
investigated and it was found that some conditions worked very well.  Finally, Isomerization-crystallization
method based on the above results was able to convert the racemic amine intermediate to its desired

diastereomeric salt, with both over 99% diastereomeric purity and over 80% yield.
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Development of Commercial Process for Delgocitinib: A Novel Atopic Dermatitis Drug

Hiromu Takiguchi*, Akinobu Higashi, Takashi Watanabe, Tsubasa Takeichi, Takashi Inaba.
Product Development Laboratories, Central Pharmaceutical Research Institute, Takatsuki Research Center,
JAPAN TOBACCO INC.

1-1, Murasaki-cho, Takatsuki, Osaka, 569-1125, Japan

hiromu.takiguchi@jt.com

Delgocitinib (Corectim®) is a novel atopic dermatitis drug launched by JT in Jan. 2020. Delgocitinib possesses a
unique spirodiamine skeleton with vicinal tertiary and quaternary chiral centers posing a great synthetic challenge
especially in commercial production. We successfully constructed this unique structure in optically pure form via
the highly diastereoselective cyclization of the suitably designed substrate 4 to the azetidinone 5 and the subsequent

efficient transformation to spirodiamine 8.

FIVISFZITHE (AL IFLEE) (FAREETEE (BK) ([CTRIRSNIEHFEYDOIE JAK
FREFITHD., 7 hE—MERERICH T DHFCIEERERSE LT 2020 F 1 BICAARTRISIRGTAZE SN
IEETH D,
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_ | — " | XJJ\/CN
Me™ = Me"
A B C

delgocitinib (Corectim®)
- unique spirodiamine skeleton
- vicinal quaternary and tertiary chiral centers

Figure 1
FILISF_JFEOOEVUZS>I-w A, SPJBEI—wv b C. TUCREOZTZ=>1Y
RBD31=w bh5pkD (Figure 1) . TOHRTERFERLBRAEOBE SEGRAFTTLZE T D B DERK
(C(&. ZOBEENRENS [ERTIX N v MMERRIGOEA]. [ZEEOERK] FD% < DREN
Hofc V. SEl. INBIRTORBZBRRUITNERNEME ?Z2REUBRAREEE U THEIITDSC
ECRHRIIULIZDT., ZOMEZIRE T D (Scheme 1),
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ERME IR TEN S MEoNd 2 EZ2zRE L. KiREZRRUIZ. SO ZEEEUTHND
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Scheme 1
1) Noji, S.; Shiozaki, M.; Miura, T.; Hara, Y.; Yamanaka, H.; Maeda, K.; Hori, A.; Inoue, M.; Hase, Y.; Int. Patent
Appl. WO2011/013785, Feb. 03, 2011.
2) Takiguchi, H.; Higashi, A.; Inaba, T.; Watanabe, T.; Takeichi, T.; Petersen, Anders K.; Vedsoe, P.; Jensen, Kim
L.; Bornholdt, J.; Ebdrup, S.; Int. Patent Appl. WO2018/117152, Jun. 28, 2018.
Takiguchi, H.; Higashi, A.; Watanabe, T.; Takeichi, T.; Shimazaki, T; Inaba, T. Org. Process Res. Dev. 2021, 25,
342—-348.
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Development of a One-Flow Synthetic Approach to the Unsymmetrical Sulfamides

Utilizing Bayesian Optimization

Naoto Sugisawa*, Hiroki Sugisawa, Yuma Otake,

Roman. V. Krems, Hiroyuki Nakamura, Shinichiro Fuse

Department of Basic Medicinal Sciences, Graduate School of Pharmaceutical Sciences,
Nagoya University, Nagoya, 464-8601, Japan
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A one-flow synthesis of unsymmetrical sulfamides was achieved. The reaction conditions producing >75%
yield were identified by a machine learning approach using Bayesian optimization (BO). It was demonstrated
that BO produced the desired reaction parameters with a small number of experiments (< 100) and yields
Gaussian process (GP) models describing the relationships between combinations of reaction parameters and
reaction outcomes. These models can be used for gaining valuable insights into synthetic reactions. We
demonstrated that, for the title reactions, GP models produced by BO identify the critical role of viscosity as

determined by temperature and concentration.
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FEXHANLT 7 I RS IFEELE L TEETHD, SOAHIELELT, 7Iv2 (FLEF7IV
W) 1Zxt LT b AL 7 U () & ERSE T CREIEHSE 2 FIED, 287 nm ALKy
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. R i yield = 77% e Max yield

”@M@S@ﬂ&“m S A T R T R S T S S
hL 7= (45-71%), number of experiments number of experiments
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The development of SYNCSOL™, the new platform for Liquid-Phase Peptide Synthesis

Akihiro Nagaya '*, Shota Murase ', Yuji Mimori ', Kazuya Wakui !, Madoka Yoshino ', Hisayuki Takeuchi ',
Yutaka Kobayashi 2 Ayumu Matsuda 2 Masatoshi Matsumoto 2, Koki Morimoto 2, Tomonori Taguri 2
Haruaki Kurasaki 2, Douglas R. Cary 2 Keiichi Masuya 2 Michiharu Handa !, Naoki Nishizawa !,

! Chemical Research Laboratories, Nissan Chemical Corporation, 2-10-1, Tsuboi-Nishi, Funabashi, Chiba
274-8507, Japan
2 PeptiDream, Inc., 3-25-23 Tonomachi, Kawasaki-ku, Kawasaki, Kanagawa 210-0821, Japan

nagayaa@nissanchem.co.jp

The peptides containing unnatural amino acids are one of the key elements of the next-generation drug
modality. We developed a new and efficient convergent liquid-phase synthetic strategy for manufacturing the
peptides containing N-methyl amino acids. The model cyclic peptide containing several N-methyl amino
acids was synthesized with the newly developed isostearyl mixed anhydride coupling method (R-Coupling)
and a novel silyl ester protecting group (SIPS).

HERRT X/ ez B TR~ TTF NI SYNCSOL™
55 R ORI R B F ; j%
WHRAIEE 2 U F ¢ & LTI ST X

WohH, LU G, N-AFNVT I R }E_é X H T
72 EOIERIRT I WG IR T 5 #E C;TTAiZW
BARE, BINRIZ X 0 Bk~ 7 F ROER (Sizég;mi) (IS{X?;fﬁpﬁlg?;ﬁ) BT F R 2

LTS <  KREMBICITIRER H 5 &

INTWD, HERFETTF R =A%, FRSTF ROMZEINGE & 85 Btk 0L EAEDE
Bz iR L CHFEEZITO A Y AT T U T A Rae 077 F REREH R-Coupling™,
WO > U NWARERLZ W =T F KRBT SIPS™ 572 5 HE<7F AT 7 v b
74— SYNCSOL™ ZBH¥E L7z,

1) Organic Letters 2020, 22 (20), 8039-8043. (Highlighted in SYNEACTS 2021, 17(1), 103.)

2) Organic Process Research & Development, in submission.
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1) R-Coupling™ : A Y A7 7 U VEENT A RERHWTEXTTF RERETT

R" o R* R® O

PG’N\)LN/H('\I‘\;)J\OH

| R4 RZ RS 0 R
X OH: Bsa
HN:kﬂ/ double
R O insertion
R® H- or CHs-
;
R o ISTA-X (X Cl and Br) RE O © R o0 R
N L oM worw o
PG""" o g2 —— P& YN
R2 MeCN, toluene RZ R® O

Peptide Fragment
N-AFNT I B EO@mmnT X BRI, IBEEREKYIEIZ T D6 RO BRI D <RI
KT D, £, Zi7e C RinERET X /BT 256 BRSO DN BLETH L, Fx
X, IEMALANCA Y AT TV VAT A R (STA-X) Z2HAT 52 6T NNAFAT I VR TORE
INRAMEEITHRII Lz, B2, C RIBEMRET I JBEE NO-EA RN AF AL IATE RT IR
(BSA) ZlAGHLED Z LT, BRI ZIH L7 ZMMH B TR TORXTF RT7Z 7 A hOE
kA FER LT, P

2) SIPS™ : o U JUERGEIL A T2~ T7 T R & RET

o R /\\/

. 1 . .
H Deprotection of PG o R peptide elongation \l/
AN ST e A ALY, e *W LA

= 0 32
R3R20/|\ R RZ O R® Rc O

PG = Boc, Fmoc, Cbz
R = isobutyl-, cyclohexyl- % DKP formation \ Selective Deprotection
R2 = H- or CH3-

O

RS, _R? H
' #N PG. N OH
HN N TN
R H

e}
DKP Desired peptide

RTF REICBIT 207 b7 Y0¥ (DKP) OERIEIL, BRI OICR K OV 2 KiIEICK
TSH5, B TH, CRMEN N-ATFTNT I BOYH, DKP ORIAENBEEFICEZ 5, Fixix, C
KimtriE I mEm WY U RERLZ T 5 2 & ¢ DKP OFIEZ S L7z ~7'F RMARIZHkZ L
7o ARFERIT, X7 F FEEZICIERM L O@IRMICHiEET 5 2 L3 T& | i R-coupling™ &
MAHbEDZ LT, BHMEDSTF e A ER L, ?

AEWEFAND Z LT, /EROTF REALE 0 2SRRI 72 AR A RS 2 & 5 2 &3]
REL 720 | AEEED E DR WRRA T T RIZE W T b Rkl 2 VI TR S22l CRdh &

REWMEFENT DT ENTE o, ARKTIEL, BB LIEINOME L Zh 2 W7 F R G
FAZ DWW TR T 5,
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A Practical Transferring Method from Batch to Flow Synthesis:
Case Study in Dipeptide Synthesis via Acid Chloride

Masahiro Hosoya*, Go Shiino, Naoki Tsuno
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

This work proposes a technical approach for seamlessly setting the conditions of continuous flow synthesis
from batch data. We directly detected the acid chloride formation from Fmoc-L-Phe-OH in batch using the
in-line monitoring technology ReactIR and logically calculated the residence time under continuous flow
conditions based on kinetic study. Assisted by this simulation method, the sequential flow operations, which
consist of acid chloride formation from Fmoc-L-Phe-OH, cooling and coupling with Fmoc-L-Phe-Cl and

H>N-L-Phe-OMe, were completed in approximately 1 min.

T, DEZMEOFIEZMGET 5 L WO MESERFICL Y, X RRCEREATIE TE HE
o7 m— GBI ER SIS L O I TET. ‘ﬁfﬁj{'7 n—EEHEEL TV LYo T, i
KONy FERITENTHRE LRI O RN T 0 =2 ED D 2 LR TEIUL, Hi 7
0 — G OE LI L, ZOEMSIOm BIZEN S Z LIS, £ THAE, B
074 RERHT 50T TF REMEBMIZ, Ny TR0 67 a0 —RE~OEHZ et LT,

Fmoc-L-Phe-OH % Fmoc-L-Phe-Cl {ZZ#t L, HoN-L-Phe-OMe & 7 v 7'V 7 &H 52 LT
Fmoc-L-Phe-L-Phe-OMe % 55 St DWW T, 2Ny FERRIZE T D EaE bstic L W Fad Scheme (2
AN ARNLRAS - ST SUSet Y

HoN \)J\OMe

— — *HCI
SOCl, (1.5 equiv.) ::
N, N- dlmethylformam|de o HCI+H,N-L-Phe-OMe (HCl+3) O H \i
‘\ OH (DMF) (1.0 equiv.) O O)J\H cl “(1,8 equiv.) . OMe

MeCN 0 N,N-diisopropylethylamine .
50°C, 10 min (DIEA) O
(5.0 equiv.)

20°C, 1 min
Fmoc-L-Phe-OH (1) Fmoc-L-Phe-Cl (2) Fmoc-L-Phe-L-Phe-OMe (4)




T — iz o T, [EZRBR06 SRR Z I8 < T2 N1 DRA U M el b,
1y 7Y T ROSIFFEFIZE S 1 min LN THAEMT 203, B2 074 F{EIZIE 50°C, 10 min #2
EEBEFTDHZ Enyino Tz, £2 T, Ny FERKIZET 5 ReactlR % V7 In-line IR I EIZ &
D, B T A NMEDOMISEREGRENT 217V, 7T L= X7y MLV EiREEIC BT 5 SOnE
EERENNEL, Y Ial—arrELE.

ARBOSITEEEE LT MeCN 2 VTR Y, JFEEGEIZ W TR 2B 2 5 TNy FE AT
I EIFRETH LD, 7 —HRICBWTIEEZENT S Z L TRk - mIESRTEZ RS ICFEBT
5. PR LIBEHIMAATEREIC L DK 98%RETE D RO Mh-o TS, HEEL LT 2%
JREHR A E LTz, EORER, 90°C, 50 B CIRAEHEN 2% U T2 Z LR M I (K1 4£).

heated to 70°C
= [e]
\ O)I\N OH preree e .
H o +  Jacket temperature: 90°C &
9.55 mL/min : H
Fmoc-L-Phe-OH (1) (1: 0.0541 mmol/mL) i x%p;'f_r;ec Standard Reactor 3
in MeCN T-Mixer [ :
20.0 with DMF (1.0 equiv) : Residence time
56s i
18.0
—0-80°! SOCL Al | eeeressescesesdeseseseea
80°C in MeCN '"pFA P -
(1.5 equiv) . H tube water bath 20°C &
16.0 1.07 mL/min * pre-cooling H
—0—90°C (0.7233 mmol/mL) i 90 1020°C
L . (0.82mL)
14.0 : (length 105 cm) PFA tube Reactor
—4—100°C ! Residence time (1.49 mL)
12.0 5s . (length 190 cm)
o H T-Mixer H
2 HZN\)J\ : Residence time
X 100 Y~ "OMe H 7 H
< i H s
*HCI H
et :
( 29 HI
8.0 \© :
...................................................
3 =8 HCI*H,N-L-Phe-OMe (3) 2.61 mL/min
6.0 b -_- in MeCN (HCI+3: 0.3561 mmol/mL) BPR
Q b (1.8 equiv) 3.0 bar
9 Y with DIEA (5.0 equiv)
4.0 RN pers
... 'I"'
2.0
0t 2 o o
{ Do AR,
0.0 . h R 12017 Isolated Yield: 94% . Ho§ ©
0 20 40 60 80 O \©

Residence time (s) Fmoc-L-Phe-L-Phe-OMe (4)

K1 EEras4 Mty Iab—yay (), 7a—iEESERet F)

VIal—rva URRICEDSE T o =R EREL, ERICT e —FEREIToTLEZA, VIa
L—3a Vil ) OFOSERSE (R 1.5 area%), Ny FLREORE 717 7 A /L (96.4 area%)
ERECISGERTHZEnTE (K1 fH).

77 vvar IA M= E 1 BUT TRISHTER LamWREZIR A L & T 5 BEmEOS,
70 —RDORANRENEEET L L) T B R KISRICBWTE, ZOfMio7zolic 7 a—5
AW T — 2 BB L OREREDLETHL EEXLND. L LAKIGRO L 212 —%
DRI O E IR A NFEEZER LRV RIZEBNT, Ny FRETEHG LT —# 0 HIRE -
WEERME - YEREELREL, 7 —FMETOT ) | ERMEREZIT O O THAMIZIT T = —510F
RETH I EDRHRD. REANy FRIENFR Th 2 EFEMLFAFEME I TRBNT, A7 7m—Fn
70— BRSSO N— BV E T, i 7 m— A IR O ERICERTE 25D EEZTVND.
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1P-08

ToBFIINFTY — REFERA LT A Y 7RG,/ N 704 R

Fv (CF3) FEDOBRIE L RISEIEY DHRARREIFEITOWVT

FEHB L PE (R 1= R H 550
OFf M 75k E

Deoxyfluorination of Acyl Fluorides to Trifluoromethyl compounds with FLUOLEAD, and
the new work up method to remove its side product effectively

Osamu Nagata*, Norimichi Saito
Pharmaceutical Division, UBE Industries, Ltd.
1-2-1, Shibaura, Minato-ku, Tokyo, 105-8449, Japan
33058u@ube-ind.co.jp

A new protocol has been developed, enabling the formation of trifluoromethyl compounds from acyl
fluorides. A combination of Fluolead (4-tert-butyl-2,6-dimethylphenylsulfur trifluoride) and Olah’s reagent
(a mixture of 70% hydrogen fluoride and 30% pyridine) in solvent-free conditions at 70°C initiated
significant deoxyfluorination of the acyl fluorides and resulted in the corresponding trifluoromethyl products
with high yields (up to 99%). Moreover, we developed a new successful work-up method based on the use of
amino alcohol which can completely remove the side product of Fluolead, Aryl-sulfinyl fluoride (Ar-SOF),

by converting it to a water soluble salt.

1950 AR EVIZI U E o L EHE G ~D 7 v FOB AL, 2 30 R OFIEIZIB W TILE D 22%7H
7o REGLEERLTHY, BIZ 2015 FE050 SEMIZBWTIXZDOEIRIL 35%ICETEHE- T
Wp Y, ZOEAEOLIX, —2DOT7 vHRRTFHLWIELCF3 L WoTm 7 vHE2 AT HERER
LLTEAIND, ZORIZBWT, AIFEOWITERFE DR LR T ERRIC T v REFH D0
X7 v REHBEREOEREZREE T2 7 v RANTIEFITHEHTH D,

KIE IMT R & 44N EF TR L7274 Y 7 o FAI 7 b4 U — Rid, 170CE TOE O EL
BEMZATLHZ LD, ZOMBEOREN T v FHITH D DAST TIIRIETE RV EIRTO 7
v FRICEATE, DAVRCEE ((CO2H) M HXIET D CF3 EE~DE#Z AR L TWnD Y, 20D
EWOSIE, TV NTNATA R (R-COF) A&l L7z 2 BefED 7 » BACLRIS DALY | SR
DO b #X 5 HAY T, R-COF % % & LIzt 217 - 7=,

R-COF & LTC[LI-E 7 == ]4-HVR=/v 74T 4 K (la) ZFEEE L, CF3{LAMQ2a)%
D1 OOFRMIRE 1T 72 (FR), KISEINFITH 547 —ik3E (nHF - pyridine) O # (entry
1) EhomAlomEs (7 2), B (7 3), SOSK# (R 4) . ROSIREE (7 5) ZMatLz, &



Ry BOSEIAE LTAT —REL ML L, TROAF—AIRTHHAEICT, EEE, 70C,
24 BRI ORI THM & 95 CF3LAM(2a)% 99% D EmIE TG 2R A2 572, 7o, ZDOAF
—AZBWT, 74V —RIRZA T, BxDOTA4x Y 7 v FEbAlZEHA LizL 2 A, DAST T
FIL25%. EOMO7 v FATIIERIMEEL RN TE ol (A 6) Y,

0 FLUOLEAD (3.0 equiv) CF,
F nHF+pyridine (5.0 equiv)
Ph/©)\ neat, 24 h, 70 °C ] Ph/©/
1a (0.3 mmol) 2a (Yield:>99%)
Entry | Deviation from the standard condition Yield (%)

1 No nHF-pyridine 0
2 Using NEt;-(HF) 3 instead of nHF-pyridine 37
3 Using MeCN, DMF, THF, toluene, DCM, instead of neat 0, 0,0, 65,26
4 Reaction time: 17 h, 3 h or 1 h instead of 24 h 55,22,9
5 Reaction temperature: 40 °C, 50 °C, 100 °C instead of 70 °C 9, 68, 85
6 Using DAST, DeoxoFluor, Xtalfluor-E, TBAT instead of FLUOLEAD | 25,0,0,0

13BN SRR OEE OPERMEICOWTRE Lz, RUBVERE T TR, 472 28T
HEFBERSOBHEDOT VTNV AT A RIZBWCHOHEHAMRETH D Z 2B Uiz, 72, JFED
TUNTINETA RIE, ST DT A RIS TR RIES @ 2D TERBETO N R Y
YVEND ZE, BT, ARV TR T A= ART AT e RS b 5T b
TNF T A RICEMT HFENRESND 72 E, ZOWHAEDBIENY >2H 5 Y,

INF U —F (Ar-SF3) X257 v RICKIUEEDREIEMTHDHLANVT 4 = VT NVET A R
(Ar-SOF) DFREJEIZHOWTIRARD, Ar-SOF O5RT V7 VI X DMK fEME, BigE 32521
7 4 VW (Ar-SO2H) %5272\, Ziud. MK REE CEBO RIS 22T 5720 T, &
PN IIEMETR S-U T U V- A VIR ) F 4T — b [Ar-S(02)-S-Ar] & 5-2 5, Z ORLIG % BEGT
fEfERRREELE LT, T /T a— v a M U= 0BtE 2% L, T2 7 I/ 7 ra—n
X7 X /ML Ar-SOF & DS EBET D72 DIZ3k T 2 /7 EEATHHONREE L KIgHIZ T,
T XTI 3=V ROSHE O ROSRICEBRINT 2 BES) . ROSIFTEEICET L, ALT
A VBB AT AN END, TOTATI)VICHERZ RN 2 & KEPEOFRREN BRI L. £
D%EDOKFELIRIZ LV ERIZREN TR TH D, —FH T, BiRICRA THEBRAMEN L7256, K
ICREDENTERR S L, JERIZ X DBRENRFNTH 5,
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Practice of Automated Method Development and Automated Robustness Test of
Synthetic Peptides by Al

Suzuki Masaaki*, Shigenori Sonoki, Yoko Aoki
Sales / Marketing Department ChromSword Japan Co., Ltd.
1-10-10, Nihonbashimuromachi, Tyuou-ku, Tokyo, 103-0022, Japan

suzuki-m@chromsword.co.jp

In recent years, biopharmaceuticals have been studied by many researchers as molecular
target drugs. In particular, peptide medicines are attracting attention as a medium molecular
medicine. Peptide drugs, unlike antibody drugs, can be synthesized and are useful in
production as are low molecular weight drugs. However, a great deal of labor is required for
the separation from by-products and reagent-derived substances generated in the synthesis
process. In this report, we have developed an automated method for synthetic peptides using

Al, and reported its usefulness.

ARTF RERT, PUREIRE L RIS, BOBRBRHEBICR L, ZOEPFFII TS, KRS
FIERIED D72 < BRIRAR T T R EIEZEMEICENTZ L ORH Y | S HITIEROEERRETH
D, BB TH LR EDAY v ML | EFEEAITHERER SN TND, LLRRG,
BRI AT DRIEY, R OSBERAVETH 5, T ORRITEIL, —i%IZ HPLC 25
&I, DT HA0D XY v RERRICITZL < ORI A2 5, Ythid, HPLC D=0 D AL IZ L D H
A Yy RBRFY 7 b =7 PN T 20 LU EDER 2R, T CICE L O —F— |2 &
NTWD, A1l DEWNTF FOHEI X Y > FHFE 2) 2~ P2 FZAD I 2 b—29 025
DEEDIK . 3) HBYEEE G ATV T OANMELHERERT-DO T, TIIXHET D, £ 4
[l T A TR T2 722 JITSUBO MRS HHARIC KT L, ER<SEIHH L BT £,

DEWATF FOBHEIA Y v FBIJE

AL YR LI-BE A Y RBZ Y 7 b v =7 (ChromSword Auto) Z i/ L7z, ChromSword
Auto LIFHPLC =y hr—/L L B HARAT Z HVWTHEIA Y v FIEREZFTRBICT 2V 7 b U =
T T, BEA—D—DOWPLCZLA L7 har ha—i L, ofrt—F (OfudkEt,. @@n 1
{bE O E A . @Rapid Extended optimization for large molecule r (5—6run) . @H >
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Study on clogging behavior in the flow synthesis using BuLi

Yu Ogawa*, Mai Hyakumura, Takahiro Ohishi
KANEKA CORPORATION, Engineering Research Laboratories
1-8, Miyamae-cho, Takasago-cho, Takasago, Hyogo, 676-8688, Japan
Yu.Ogawa@kaneka.co.jp

The flow synthesis has various advantages over the conventional batch process. However, in the case of the
reaction solution containing solid substance, such as a synthesis using n-BuLi, clogging is a big issue to solve.
In this study, we investigated the clogging behavior by monitoring the pressure drop in the reactor. To study
the effects of operating conditions and water contents on the clogging behavior, THF with various water
contents and #-BuLi in hexane are mixed in a flow reactor. The mechanism of clogging is also discussed based

on the differences in pressure behavior and solid particle size.

Y F 0 LRI THD nBuli FIAARICEB W THIE « REEHAI - U FAHLHI7e & ORGEK
ELTHFICERTHD, LrLans, 7a—U 77X —7T pBuli 2T 254, KbtRF
KPFET D & EHANCAE e LiOH 23 L, RBRICHERE 2 Z L IC Kk 2 RNDES ER &
DPAENBREIND, BRI OEGHEISCIEE~D A — VT v T 24T I BRI Z 0N K& 72
MR E 70D, £ I CARME TR, BNENE=X Y U TIC ;é%%ﬁ%®ﬁm&ﬁﬂ%ﬁok¢@ﬁ
DEKED THF & nBuli O~FH ARG E 7a— 07T 7 X — BT HETNEREH W, E
HR SRR B K S P ZE 25 E) | ﬁxé%ﬁ_owfﬁﬁbk®f%®ﬁﬁ_owfﬁ%#éoik\
JE B CIETE DRI D ZER NGB AZED A J1 = X BIZHONWT HEER

BEOMRICB W TCRNDOENEREE=2Y) 7 T5Z ET)T?&%@%%%ﬁﬁE%?
XL ENREINTEY ., AFRICBONTH ZOFEEZHWE Y, Fig 1 IR EBRER %2 £/

L. fxOFEKED THF & pBuli O~NFH U RAE 7 —U 7 72— CREG L, EJEF (P1)
IZBWTHIE SN D RNOE B RIT L S FEGEIER S PAZEZREENC G 2 2 2T OV TR L
oo XY —ELTCRTFEIXFY—2HEA L, BiIREFLE LT, Ux 7y MRE, V77 ¥ —%
W, BUOSHR O EIRARREE . THF FOFKED 4 IOV TR 21T > 72,



Fig.1 &7 /L £

R, ¥ 7y MREIZOWTIHMRIRIZ L, BUEE, BRI OV TIIRE WIE EPAZENIIH S
NHZERHSNE RS2, U EOKRIIBEZITHRETE DD THo72A, THF GAKEIZHONT
IRBLRIR O EBRFE NG D7z, Fig 2 I8N 1.0 mm OFRMIZB W T, Fx OEKED THF %2 H
W BT VEROEREZRT, 77 7 W MO PHZEHE XIS Lo E TR ORENT — 4 %
UK TCT7 4T AT LD THD, 77710, GKREEZKTIEDHZ & CHEEE T/
S 72TV A3, 2000 ppm LA T OARIK 7y EFEIRIZ W TIE, PAZEEEN KR E S RDOBERDHE LN
Too ETZF OEBUCB W TR RN ZRENFEBORREA R b, ZOMEEEZ T 57
W, THF F17k 5> & 432 ppm & 3162 ppm CTHA U 7= [E 5 ORIEHIE 21T > 72,

Fig. 312, MR/K/ &5 (423 ppm) & H/KESAE (3162 ppm) DOFHET/VERIZBWNT, ARk
ST B DRIRPEDRER 2T, 77 7 X0 ARAKG &SR (423 ppm) & @K EBSF (3162
ppm) TIXAER SN DB DR REBRKE L B -TEY . @A ESRFETIIRE RRROBEE S
DERSNTND Z ERHALMNE 25T,
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Development of a Set of Typical Scenarios to Support Hazard Scenario

Specification Regarding Chemical Reactivity Hazards

Yoshihiko Sato*, Yukiyasu Shimada, Haruhiko Itagaki
National Institute of Occupational Safety and Health, Japan
1-4-6, Umezono, Kiyose, Tokyo, 204-0024, Japan
sato-yoshihiko@s.jniosh.johas.go.jp

In order to prevent fire and explosion incidents due to chemical reactivity hazards, it is necessary to specify
fault propagation scenarios from hazards (regarding plant facilities and equipments, and plant operations) to
possible incidents, but it is often difficult to comprehensively specify scenarios. In order to support the
specification of scenarios, we have summarized typical scenarios related to runaway reactions and chemical

incompatibility that can occur in and around reactors of batch/semi-batch process.
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Continuous flow synthesis of tranexamic acid using concurrent hydrogenation of

cyano and aromatic groups

Masayuki Ohira,*' Ilhyong Ryu,” Takahide Fukuyama?
'Research & Development Division, Hamari Chemicals, Ltd.,
1-19-40, Nankokita Suminoe-ku, Osaka 559-0034, Japan,
masayuki-ohira@hamari.co.jp
’Osaka Prefecture University,

1-1 Gakuen-cho, Naka-ku, Sakai, Osaka 599-8531, Japan

Continuous hydrogenation reaction of both cyano and aromatic groups of sodium 4-cyanobenzoate has
successfully been achieved over Ru/Al,03-CeO; catalyst in a packed-bed reactor, affording a mixture of
sodium salts of 4-trans and cis-4-(aminomethyl)cyclohexanecarboxylic acids  (89%, trans/cis = 32/68). The
following continuous treatment of the resulting solution over CeO catalyst in a packed-bed reactor at 250 °C
brought about an isomerization to increase the ratio of the trans isomer (tranexamic acid) (trans/cis = 74/26).
The present continuous flow synthesis method would give rise to a convenient and practical synthesis of

tranexamic acid used popularly as anti-inflammatory, anti-allergic, and hemostatic drugs.

N7 3 %4 AlE (trans—4) (ZPIRIE - P17 LAXF—ERACILIERA 2R/ 5, EHEME L TAL
MENTHD, MBI 437 ) BEEBA F LG, OV 7T /) EOKFE, QAT VEDONNKSY
iR, @G HFERDOKFE, QRO LETHOTIEE In-line THFHMIZIT) [N T RFFABOT
Tua—4&m) YEREL TS, AR X0 EENOEN LR T R ARROM R T v — A RE
ZRH L0 THRET S,

HEWEE LTT BV MWEMETT 47 VZERBA TV I & EAREBEA O DS m
4= T ) EBEmR L ZHV, 1 O (0.5 M in 7PrOH/NaOH aq.) &/KFEH A L % Pd/C il 2 58
HLEZAT LT 7 X—TCT=l, 1.8 MPa TUERL-E Z A, V7 E0VKFELEITZ 2 LIRTE
BICIR 3 WL EITAR LTz (Table 1, Entry 1), RIZ 1 DK (0. 20 M) % Ru/AL.0, filtfi 2 FE4E L 72
HTL)T I H—=T90 C, 2.5 MPa THEL L7= & Z AWK 90 B CTo 7 /M b BB F
(B I STz 4Na MUER 90% CEMEIRDIR G (trans/cis = 27/73) & LTHRLND Z L& R
L7z (Entry 2), & HIZ Ru/Al0s & CeOy OfMEZFRIE L7721 T LU T 7 Z—% HWTZa121E 1
DVEHK (0. 35 M) 23 FHFRERFREIF 70 F TR B < 4Na |CH#IC A T & 5 2 L AVHI L7z (Entry 3),



4-Na

BPR COyNa CO,Na CO,Na
2.5 MPa Hsz©/ + /©/ + HZN\/O/
90°C 2-Na 3-Na

iPrOH / H,0 ‘

NaOH (1.1 eq.)

H, gas Pd or Ru or Ru + CeO,

Table 1. Continuous hydrogenation reactions of 1 using a packed-bed reactor containing catalyst

Flow rate (mL/min %3
Entry  Cat. C(o’\;)c_ (01;;) (Mi’a) (sF:z-I(;.) Solution (Hz gas) 1 2.Nam;|.y£ 4-Na frans / cis®
1 Pd/C 050 rt 1.8 34 0.07 10 6 44 49 0
2 Ru / Al,O3 020 90 25 90 0.2 20 0 0 0 90P 27773
3 Ru/Al,03+CeO, 035 90 25 90 0.2 30 0 0 4 93 26/74

2 Determined by "H-NMR, ° unknown aliphatic impurities 10%

b TR FH LFRO T ARMARZE TRy & DIREY 4-Na I, EF| D NaOH, Ca(OH),. Ba(OH),%
DIRT NH VAFAE FTIEAT 5 L BN Z 0, BE T2 b7 A EOFEIERENT 52 &R
WMEINTND, LA LRRD b7 33 ARk L R OB & O SBECIIA 4 0 AZHE * <0
R AN K 5 TR OLIE P72 ERMEETH Y | KRR O M ECEEMHIRER E OB D
FAFEIZB O TYEET DRMAFEIN TN D,

ZF T BB T VR ) BRI B A LRV b T R AEEA~O RO FIEICOWTHE 4
et L7z& 2 A, MM Z R BB CH D Ced! ZFH LT- 250 COAT LV T 7 X —IZ L
UG DNTIRAY ANa DVRIR 2 EHHRIT 5 DI TRMELDEIT L, b7 23V L8 % T &
T Di1REY (trans/cis = T7/23) IZHEICECEH Z L2 R LT,

CO,Na
\/O/ —bﬁ—» i\\\COZNa
H,N 6.9 MPa
HoN

4-Na
trans /cis = 26/ 74 250‘°C _ trans 4-Na
iPrOH / H,0 RT: 15 min trans | cis = 77/ 23

W 2 AR AP T2 HT R e b T R AR OERE 7 1 — B RRE TR, TERE & ik L T LR
i, A E LB TE ., ERORBE, BROES Lholz, FIMEREL Y b miRE O
Wik cE, AEEbRM ELIZZ &b, REE~OBEMPHFFETE S LEDND,

CO,Na
CO,Na S
- s
H,N
Tranexamic acid sodium salt
iPrOH / H,0
0,

NaOH (1.1 eq.)

H, gas Ru + Ce

D #S  AALEEE 99 HFES 2019, 2F4-16, b T RFV LABEROU V7 0 —45
2) Naito et al. U.S. Patent 3499925 A, 1970.

3) Xie et al. Org. Process. Res. Dev. 2015, 19, 444.

4) Tamura et al. Nat. Commun, 2015, 6, 8580.
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Crystallinity-prediction of Compounds Using Machine Learning and Applicability to Process
Study

Minetaka Isomura*, Akio Kayano
API Research Japan, Pharmaceutical Science & Technology, Core Function Units
Medicine Development Center, Eisai Co., Ltd.
5-1-3, Tokodai, Tsukuba-shi, Ibaraki, 300-2635, Japan

m-isomura(@hhc.eisai.co.jp

Crystalline intermediates play critical roles in process development in terms of efficient manufacturing
process and quality control. Therefore, prediction of crystallinity would enable prioritization of
investigational efforts in advance of initiating synthesis efforts. While referencing previous research,
predictive model was established using an available chemical database. Using the predictive model
established, crystallinity of various in-house’ molecules were retrospectively evaluated and many of them
could be predicted with good precision. On the other hand, unsatisfactory results were also observed for
certain types of molecules and further expansion of training set as well as close investigation of evaluation

method seemed necessary in the future. In this presentation, our preliminary results will be explained.

Ta ZEIZEB N T, MmO R R T 5 Z &k, WEL— MR T S ET—20HE
BRIEL 2D, VATV a~ N7 T 7 =R E LT, fdbIZEN TR —7 70
ThHO, K7 a7 7 A NREEDE R EOME 2y ha—b S BIIFRESCHE R &Y T
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W25 Z & AHRAVUE, D BEE DAL — N OBEJRNARAHT, 2) ffbRaHc T R & ffEo
FRE. 3)FEAKIC X Dl fatERTATRR . OBLRIZB W TEBROMIIER#H 2155 F N TE 5,

HeATRIRgE L L C, 2015 A1 Oxford KD Cooper HIT K - T, #kFH 2 72L& Ok shtd
THICBIF 2 #EN SN TND Y, Public ZMEBMOYIET — 2 X—2A&2H 7 —2 L LTHNDS
Z & T, ALEWORERENMEE TS 2T T AV EER L, FHli G LA ORE & BAF e RS C
FHILTWD, T2 T, ZOFEEZSEICT 0w AWFIRICEIT D8P RERO FRICTEH kS
DTV EB 2 PRI AT > 72,
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800
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VERR LT 7 — 2B S S (%) 7 VOREE1T > 72, Python O EH 7 A
77U Tdh b Scikit-learn ZHNT, REMART LI XLEZHANTET VAR L, Bif/oH
A3 « AUC (Area Under the ROC Curve) (Z CHAFMET LAMEE L=, FRIZHI 230, THIXS
DALEWTHKE LT, [FEFRIZ RDkit Z HWTHEEGLR 25 HE L, MELLEET LIS TEDH T &
T, fEeMEO TR (0 FEREA. 1 KA RREE o7,

prediction IEff

W L= BT VO FRIREZ FHE T =<, DWW 52D FRAIS % L CRIBER R BREE 21T - 7=,
RS RIT T AR D T LA THEET D05, Fkx IbEWITx L CRAFRTRIBEZFFD Z L300 |
HCH R T — Z DLy 853AT (100-400) 128 E AT x L CidEmn FRIGEE FFo
MR RO, —FHT, B TEOREWEMERLAEDS, —HMOEREEE - B2 LEmITKR L
TR TE D THREZ RIS eholz, 2O, WHAFKHZ LT 51213 ) ERdr¥EET 2y
FNOEFEE T A L 2) BT ARFHMEDR ., I ENRNELEZ bz, 5%, 7 rEAFED
FEHIGICHB T 52 FRNEH A~ B LT,
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PB4 DIERI DT Y | WS K (AT — 4 % DRI & & LI AU T b
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S35 3R
1) Jerome G. P. Wicker and Richard 1. Cooper, CrystEngComm, 2015, 17, 1927-1934.
2) RDKit: Open—Source Cheminformatics Software, http://www. rdkit.org/.
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PAT Solutions to Monitor Adsorption of Tetanus Toxoid with Aluminum Adjuvants
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2Sanofi Pasteur

Aluminum-based adjuvants, including AIPO4and AIOOH, are frequently used in vaccines to augment
immunogenicity. The biochemical interaction between vaccine adjuvants and antigen, including the
adsorption of antigen to adjuvant, plays a role in the adjuvant’s ability to enhance immune response.
Characterizing the antigen-adjuvant complexes is a key attribute (a physicochemical characteristic that
should be within an appropriate range to ensure the desired product quality) and lot-to-lot consistency during
manufacturing. Furthermore, understanding the adsorption process, described as a formation of a film of the
protein antigen on the surface of the aluminum adjuvant, and the associated biophysical changes in the
antigen-adjuvant complex becomes critical in optimizing adsorption processes. This also becomes critical in
understanding the implication of the precise mechanism of adsorption and how this mechanism impacts the
ability to elicit an immune response.

The mechanism by which immune response is enhanced by aluminum adjuvants is not well understood.
Until now, there has been noway to monitor these reactions and, by extension, trend changes in adjuvant and
antigen chemical character, in real time. Technological advancements in PAT that utilizes biochemical and
biophysical analyses make it possible to monitor processes in-line and in real time. The implementation of
PAT to monitor antigen adsorption may facilitate new product development and life cycle management,
further process understanding, and reduce lost batches by allowing for continuous monitoring and

decision-making in real time. It will also accelerate and streamline testing processes by reducing downtime



of waiting for test results to release a batch, and providing robust, continuous data collection. During
development of formulations, it can be used in scaled-down models and then used to verify characteristics at
full scale, simplifying and accelerating process definition.

Particle size is a quality attribute of adjuvanted vaccines that requires monitoring during processing as large
adjuvanted particles can potentially decrease potency of a vaccine. In this study it was shown that
ParticleTrack and EasyViewer probes with iCFBRM and iC Vision software, respectively, detect differences
between a normal adjuvanted formulation and one that contains aggregates. They are also able to detect
subtle particle size distribution changes during the antigen adjuvant adsorption processes. Measurements
were made using both the real-time probes and with off-line benchtop laser diffraction instrument as an
orthogonal testing assay to understand similarities.

The use of real-time measurements for the exploration and manufacturing of new vaccines enables new
efficient ways to gain initial understanding on the association of adjuvant with an antigen of interest.
Currently, the utility of an adjuvant to a given vaccine anti-gen is determined on a case-by-case basis. By
characterizing and trending the adsorption process in real time, PAT has the potential to dramatically reduce
precious investigation time required for next generation vaccine manufacturing by providing a mechanism of
visualizing antigen-adjuvant complex chemical structure changes. This technology may also assist in
selecting the most suitable adjuvant for the antigens being adsorbed. The regulatory regulatory support of
PAT implementation stands to facilitate the next generation of vaccine manufacturing that employs these
technologies.

The results of this study provided insight on future business and technological advances that Sanofi Pasteur
foresees. In-lineprocess analytical probes such as the EasyViewer and ParticleTrack provide a simplified way
to obtain real-time data and the potential use for process control. Improving efficiencies in both process
development and manufacturing operations remain paramount, yet operational conditions continue to evolve.
Limitations on laboratory and manufacturing operations imposed by capacity, schedule or even infrastructure
are partially remediated by in-line process analysis, including the laborious logistics behind sample
acquisition, analysis, and reporting. The benefits of in-line analysis are not limited to obtaining data for
product knowledge and lot-to-lot consistency. In-line analysis is also capable of tracking endpoints of many
reactions that occur in a manufacturing process, thus, increasing efficiency and productivity to meet vaccine
production demands. The digitization can be further applied to gain better knowledge of the process which
will lead to optimization and cost reduction. Hence, in-line technologies such as those described here have
the potential to streamline the development of new adjuvanted vaccines, as well as facilitate efficient life

cycle management of marketed products.
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Process Development of the Novel LpxC Inhibitor T-1228

Yusuke Nagato*
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A scalable manufacturing process of T-1228, a LpxC inhibitor for the treatment of infectious diseases caused
by multidrug-resistant Gram-negative bacteria, was developed. The two chiral center were established via an
enzymatic desymmetrization of diester intermediate and a CBS reduction of phenylethanone intermediate.
The newly developed process involved mitigating safety hazards and eliminating the column
chromatography purification. The developed process route enables multikilogram scale manufacturing of

T-1228 with high purity and desired polymorph.
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Figure 2. Medicinal chemistry route to T-1228
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)(O OH

Figure 3. Process chemistry route to T-1228

References: 1) Shoji, M.; Sugaya, N.; Yasobu, N. WO2014/142298A1, 2014. 2) 5 Helk, R #, Kz #r 4F
B 2017-14199, 2017. 3) Nagato, Y.; Baba, Y. W0O2017/170884A1, 2017. 4) Baba, Y.; Nagato, Y.; Koseki, Y.
WO02017/170885A1, 2017.
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Pincer-Type Ruthenium Complex supported on Activated Carbon:
Synthesis and Catalytic Properties
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Immobilization of homogeneous catalysts is an important approach from the viewpoint of green chemistry
because it facilitates separating of catalyst from products and consequently reduces metal contamination. In
this study, we immobilized pincer-type ruthenium complexes on activated carbon via adsorption. This
immobilization enables facile recovery of the catalyst in hydrogenation of esters and dehydrogenation of
alcohols, thereby reducing the amount of residual ruthenium impurities and providing multiple reuse in the

reaction.
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) — REEIR MR 2 F N 2 RS HA T, BOGTE OfMEERIIN A N EETH 0 . - ~D B DFRIEN
BEEE LCHT NS, B R RE EFEHE RICEE(E L, Mo RIERIEEZ @ELLT 5 Lo
TRAE, ZOXIRERBOEFE) A7 BB TE 272100 T2l MlEoFR ALz ESE5 2
EMD, RFEMERB IO =07 I A N —OBENLEREVIRVMAATEH S, AFETIE, K
SRHOR Th AIEMER Z EAHERICHEH L D, WaEIC L5 v —RL 7 =0 LGSR Ru-MACHO® ™
B E(L &R ATz, fER, AREEY, = ATV OKRFEB LT Va2 — VO RKFEILS)SHRIZEBWNT
IRy & bR B35 2 & 23 Al e kﬁw AR ~DFRAFABIRADNH X5 2 & A3 iR &
Nz, SHIT, EI S AR TR0 IR LA ATRETH D 2 & AR L7,

[t ] H, /_\P Ph | H, /'_\P Ph
‘ ] - 1 -~
EE R~ D FF 21X, Ru-MACHO®SE (R DMk CTdh 5 E/"Ph E/a’Ph

IhMMHO@R@%%@%LtOKMMGMONNwanPw;ﬁl0 PM,OM

VB )= VERIEH ., TEPER (KRR A7 S fl) 23 Ru-MACHO® | Ru-MACHO-OAc




ML, SR IS TUE B EZ £l Lo, D%, vhi - ozt TIHPERAEEF Ru-MACHO-OAC #i
Rzl L7z (LLF. Ru-MACHO-OAC/AC), AFRIEAF(E T, LEFMRA F N OKFUIZ L D
UNT I )VERPHEITT D Z L3R S LT (Table), E7o. BUSHE DRI 52T 71 0T —
TaCTRELEDD, 2 ST EF IS - i KO8T 2 2 & o
FHABARE T o7z, S BIS, BEMRD DI S ~DNT =0 MEHEIZI T OTNTH D,
FHHAZE D Km0 ENED LT,

Table. Catalytic activity and reusability of Ru-MACHO-0OAc/AC for ester hydrogenation.

Ru-MACHO-OAc/AC (granular) Run Conv.)) Select.l) Leaching of

(S/C = 500) /% /% Ru species?)
0 H. (5 MPa) /%
o tBuOK (0.2 eqg. to Substrate) s 1t 97 96 1.0
Toluene 2nd 97 97 0.70
100 °C, 24 h
) ! 3rd 98 94 1.4
Decantation ©/\0H 4th 95 94 0.14
ot v : Sth 94 89 0.05
atalyst recycling
+ Substarate 6t o1 90 0.04
+ Solvent LDetermined by GLC. 2Determined by ICP-AES

+ Base

F o AKX, T a— L EEEE LI LR USRS, VA — BRI LT oD
% & o Tl & KB SOSIZR LT H AR TH - 72(Scheme), ZIH DSIZBNTH, Ktk
DODNVT =T AOEHEIT TS ENTHY | ARSCT I T —v 3 v eV i 72 FEIZ L0 bl
OFFFHANFRETH 7,

Ru-MACHO-OAc/AC (powder) 0
(S/C = 1000)
Conv. >99%, Select. >99%%1
©/\OH KOH (3.0 eq. to Substrate) R ©)ko|( Leaching <0.1%2)
toluene Reusable (~3 times)
Reflux, 2 h
Ru-MACHO-0OAc/AC (powder)
(S/C = 4000) o
Conv. 92%, Select. 93%%)
COH KOH (0.05 eq. to substrate) . Leaching <0.4%3)
OH  toluene Reusable (~2 times)
Reflux, 3 h

UDetermined by GLC.
2)Determined by ICP-AES

Scheme. Catalytic activity and reusability of Ru-MACHO-0OAc/AC for dehydrogenation.
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Organic Synthesis Using Sodium Dispersion in Place of Lithium
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During the last century, organolithium chemistry has played a dominant role in organic synthesis, both for
laboratory and industry. However, lithium is not abundant, unevenly distributed globally, and its price is
increasing because the competing consumption of lithium is expected for the production of lithium-ion
batteries. To find sustainable alternatives to lithium, we have been reexploring organosodium chemistry
using sodium dispersion (SD), and we report here the methods for the preparation of organosodium

compounds using SD and their applications to organic synthesis.

AL FIZB N TRERAIR AR Y 77 MEEWIL, Bkx e GBS G e BL S A2 AR
L7290 Bt E e L TR SN D, ERE, TEFBTHAHEIND ZOHER) T UL
IbemaF MU T MMEEHTRIEL, T R D AEZREMETEV AT A F T NERE ST~ HF
FECHHAA TS, BEV F U LAORICEN T T MU 7 MMEZORBENET HICHT- 0 # L
RBHDOIE, BT MY ULAGHUR (SD) OFHTH D 12, Fxr OHWDTF MU U LAGHIE (K 26
wt%) [ZILM I B S AR (<10 pm) T, SRR R U U A XD S HREENRKE < KOG
DEWIZHEDL LT, ZOREIZEBWTKE DEUSHTRH R T2, 1HPIET Buli RBIRT F Y
7L E D B fERMEOIRNE 4 J056 3 RIS SN D, ERETIIHAT TRV U
WTHERFRETE S, TEMETHLIVZ DT NI ULAZRETE DLV oEH LORRESR
T2

[1] BHF Y I LEEMDRE

GHED F 7 2MEAEHORENZ2FRIE L LTE (A)AX OFYR LI I X 2 2 E 18I0 Y, (B) ArX
L BuLi i &2 X-Li &&#e 9, (O Lidfiliic L2 AH BT v b 903biF bivd, ZibeTomH
FNEIZB N T F U LA T MY ULICEMEZ D Z LTI L, ZERHEHT Y U MEE WA fhE
PHTE D L5107 o7 (M 1A-C), HBE A TlX, ATAES - ZliTh 2 0 MUIEHE R A HIE LY



23 0-30 °C & WO IRFIRFEAETE SD RIS L, ST 5T b v MbeWE b5 2., wmemnT b
VU LMEEHOFE G A[RETH 5, AR 2 HIEHEE L+ 2 ML B TIX, x4 F o
U RESDDLRPTEDOERM LR AXF LT R T LEANDZ ET, BRRATREZ2 BT
FU D LMEEMDO L= =S RELS BB oTe, Y VA NI VYIA, T EFITYVFENVoT
BEEFTT U U LM SNIALEW DORNRN LB RS FREIC R o 7o, e E o mv—7'e k
vEbLOREEH VWA ML ¢ TiIE. T AF S B U 7 AL NaTMP (TMP:
2,2,6,6-tetramethylpiperidine) ZHifk s L THWDO 7 = b U BOSIZ XY | ST 57 U U AkE
MaERRT 52 LN TE D,

(2] BHFT YD LILEYMERERLETHIORADY T VIRIE
LFRROGIETHELUIZAKT M) U MeEWiE. KREFH & OEESOSICFIHTE 51E2>, #idn
LRV FECEY~RPTEWT D L RT D0 MMREAFAE T AR E 72380 — EIH OGS LT
L. kxR i o 7V o THEBE D Ry STHRLNTZ, 612, AT N v 2MbaWmE 2D F
FHWEEE Na B > 7 ) 7 OGH#EIT L2 (K 1D) 349, ARSI~ > Ao, #k 290 b, =
v T VEOF B S RAESOG~ b B TE 5720 B AT A T T VA RO GBI 22 0 15
HEZEZTND,

BT MU UL EEMORR BT MUOLEEMOFIA

ANOT LT Y —ILD2EFETT (X=Cl) D Z7ORNvyTUYIRIH =

Na % 8k (x\,,e-i
O O e
0-30 °C

BADY Y —SEZH (X=Br, | C'@

alkyl-Na fh gt
O O 100
C7L—yo7Ory BEENaRG /

alkyl-Na RERIG with ZnX,
H ——> Na . .
<:> R,N-Na SR —ERRIG with B(OR)3 &BF b UILSEIE (SD)

1) De, P. B.; Asako, S.; Ilies, L. Synthesis 2021, doi: 10.1055/a-1478-7061.

2) SD Super Fine™ & L CH ALK THEB L OE L7 AV ARDEREK L 0 kST b,
3) Asako, S.; Nakajima, H.; Takai, K. Nat. Catal. 2019, 2, 297.

4) Asako, S.; Takahashi, I.; Nakajima, H.; Ilies, L.; Takai, K. Commun. Chem. 2021, 4, 76.

5) Asako, S.; Kodera, M.; Nakajima, H.; Takai, K. Adv. Synth. Catal. 2019, 361, 3120.
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Multiphase flow synthesis using monolithic honeycomb catalysts
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Monolithic honeycomb catalysts are used to purify automobile exhaust gases. The honeycomb structure
brings together lower pressure loss and improved structural durability. Therefore, honeycomb catalysts are
more suitable for scale-up and continuous operation compared to pellet or powder packed catalysts in flow
synthesis. The hydrogenation of cinnamyl alcohol to 3-phenyl-1-propanol was demonstrated in a single reactor
or CSTR (continuous stirred tank reactor) using Pd monolithic honeycomb catalysts. High yields (>95%) and
high productivity (>1 kg/day) were achieved. Furthermore, the pressure loss in the flow method was

maintained at the low level.

7 a0 — GRSy FERIC AR T et B TREEEEO AV v 3B Y, SDGs 97 U —
V2T 4T TN IARN) —OBENOERINTWS, ton A7 —/LOAMETTZ 2 My
T7r—FETERERS>TWDLN, kg A7 —)V BIZIXT7 7427 IV TOERBIIR ST
W5, FRICARYE A2 D OB Tlt, EREY A XANHDO R —uT v FIZB W Tl EOM S
Wb, TROHL—MITHW G D MRAEC~ L > ML, 2R & HITER L. A Ui
PFOBFEEVIZE > TENBEROER, FEAREZEZTZ ENZ0, EBORNE 2 ZHA 5
AT R 77y 7 TR A b ERSC, EREHSI OB ML EOEND 5,

IO OMBEIRRT D720, Fox T BB YT A LAt Z2 VT kg 27—V DA Z R
Irl=, BENEHEN 2V b, BEiEEO T DU bHEH SN D T A oA EYE A EEr
LIeODE /YTy 7 RERMETH S, ZRORISTKEZ KRlo=7 LMEEZ L TEY, =
VUM ERR DR OIZENERMELS | BEEICEE S AL TORBEMIZm 2 5 720125
VAEIETIAPE 2§ 2 TV 5D, Flo, N AEEORE ST kg A —/VERICHE LIz A—4%—T
Y| BRI I T A E RTRE TH D, (Figure 1),
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WIRE TR Z Bl SRS T7 7 A4 XTIV E TR
T3, Ty AN TOFRERITIEE S D
BEREMWINEESLL 2D | KISTITIRNC T 74~

Ultra fine bubble
(% 107 Particles/mL)
Determined by nano sight
w

BHFE Lo = AEERE T 7 7 A4 N7 L DA 6
AW RIE RS & OFMENR . N AR ICR 7 3
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NI NEMHETE D (Figure 2), 0

AMEIZIBNT, N=T AEEREE O R I Liquid flow rate (mL/min
NS & LT 7 A U N T IVRAERENE RS 4 1E  Figure 2. N=0 ABBKFOETEIZ LD
L., HEE Ay T 725 TNT CSTR (continuous 77 A VT IVIEELL

stirred tank reactor) M DIGT AT ABAFIZED #LATZ, BEARAIIZIE, Pd $HFF =0 LR b
WBELR T ORIEN NI L 72 B (E)-2 T IAT I a— Va2 EE L TR, L7 ¢ EIREKE
BINBUS Zat Lic, ZTORER, A X —Ad ] JFEHRE 1M, ROSIRE 50°CI2T, L7 4D
ERARTTE ER LT, BRAERM TH D 3-7 = =b-1-7a X ) — )L &2 ApEM | kg/day TEEM

(>95%) IZBRK LT, 7 7 A XTI IVDERERT 72D, KU AT A TIEEIKRDEE (>100 mL/min)
TSR 2 =7 LA~ L5 L T DI H 0 b bT . 2OV AT AZBIT HIENHEKIE
0.IMPa FRFEIZHNI A AL TED | kg AT — VAR EZFEBTEHVATLE L THIRF NS,

H,,
AN OH Pd honeycomb catalys; OH >1kg/day
50°C (Yield:>95%%*)
Cinnamyl alcohol 3-Phenyl-1-propanol  *Determined by GC-FID

m MeOH (1M)

Scheme 1. > F I LT )L a— ) LDIiEILX IS

ZE 3R

1) (a) lio, T.; Nagai, K.; Kozuka, T.; Sammi, A. M.; Sato, K.; Narumi, T.; Mase, N., Synlett 2020, 31 (19),
1919-1924; (b) Mase, N.; Nishina, Y.; Isomura, S.; Sato, K.; Narumi, T.; Watanabe, N., Synlett 2017, 28
(16), 2184-2188; (c) Mase, N.; Isomura, S.; Toda, M.; Watanabe, N., Synlett 2013, 24 (17), 2225-2228;
(d) Mase, N.; Mizumori, T.; Tatemoto, Y., Chem. Commun. 2011, 47 (7), 2086-2088.

2) AN« (BR) ®¥ & 77—« FrlRE, HBIE K ERAN - BEEES - G2, T7 7 A4 T
NV AW TESOSHE K OBOGTT 5] FFRT 6712732 (FFI 2018-169969)
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Y (E MTHP THF 2Me-THF CPME
e [°C] 105 65 80 106
5l:A 8 [°C) 7 -15 -11 -1 m |
KN DERE 1.5 oo 14 1.1 ~——MTHP
[wt%]
! H,0
Hiks [°C) 85 64 88 84 =
/H,0 %) (19wt%) (6wt%)  (15wWt%) (16Wt%)
SP{#E [(cal/cm3)1/2] 9.0 9.5 8.9 8.4
et [ S ZRIHTS
ZEMN
HCl 10% 96% 2
H,0 40% g o4 25°C g
Solvent50% © g E(rBALERIEL >
50°C 3
90%
0 s8] 100
H
| =—MTHP —m—THF —a—MTHF GPME

et HRaHos 5L ]
BY; ®a SHERNICE 5
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ichihiro.aratani@kuraray.com
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Value from Innovation

7 O— R AR

ERIA Pd/C, BRI Pt/C

W RIFER 200 um DEKIRD Pd/C, Pt/C
U BiFaRE T 0 - R TERDNE S
W IRIAD =8, HNEHDGLRE - RWRVLHES

TELLEEL,

Risn—4Hl

Pd/C, beads

o/\/\© EtOH (0.13 M), H2 flow (30 mL/min)
flow condition
flow rate 0.1 mL/min, 25°C

. HO/\/\O

>99% conversion

: "NH2

>99% conversion

Pt/C, beads
EtOH (0.1 M), NH2NH2 - H20 (10 eq.)

L
>

flow condition
flow rate 0.1 mL/min, 80°C

NO2

BEDLE

N

$5X50 mm

T@

—gH97%Pd/C : 6 MPa

0.1 M substrate
EtOH sol.
0.5 mL/min

product

H2 gas AEE : <0.1 MPa
10 mL/min

J—K No. s 5=

169-28861 5
Pd/C, Beads (Pd 5%) &
167-28862 25¢g

162-28851 5
Pt/C, Beads (Pt 5%) &
160-28852 25¢g
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&8 7U—5'1¥I)L 0120-052-099

S L 71)VA X FHERINEIT

A 4 T540-8605 ABRMHHRXEEEII=TE 1% 25 TEL:06-6203-3741 (({X)
REAE T103-0023 REFBPRXREAAEFEAL_TEHA4ZE 1S TEL: 03-3270-8571 (KK)

#{2E URL : https://labchem-wako.fujifilm.com
E-mail : ffwk-labchem-tec@fujifilm.com
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APl related Services of SPERA

FEEHNSHEETD )
One-stop Service

AP
REBEEDRFE E MERE
Formulation
A - AT SRURIC
BOTIARIEGMPREE

Analysis, Quality
RO i S RGBS E CO)
B e S LR s
DREH LU REHH

JO0—/\)VEREE DB &
g rvnimhson
[RERELEADRAF

API-process R&D from "zero-level” which meets
the requirement for global regulatory filing

HIREIRD SHGRHREE & C\
Ei MDD B RED
STt R - REHRG
Seamless and consistent APl manufacturing
process with the quality design
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f robust manufacturing process using QbD approach,
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E-mail : coontact@spera-pharma.co.jp

HP: https://www.spera-pharma.co.jp/inquiry/
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ERBREESICTYTIL— R 588 AT — BE. RFRERISD R T VAT LB —AEhEL
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Vapourtec 70— X AM)— A7 LOFFE

O = EHEE X IG(~200bar)
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Q=7 O— DB k5. BERMEA R - ZERIEDBED A HE
@SEP-10(1Z#£8Y) (I Total Flow rate: 0~12ml/min. SEP-200(%20~200ml/min.
SEP-3000(%200~3,000mIl/min <3 i

QOHEEDT—I AT —Ibt/\L—42— : SEP-40KH ERFEREHA
ElE~40,000ml/minl XS
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Organic Recycle

g
pH Organic
Adjustment Extractant
Reverse O

Ph rganic - y
ase X
Chromatography ’ Evaporation :
I Purified C di T Dry Pure e -
" leAqlf::ls:un " . — Product .?}[/9:17'—‘/1_ w k : MS10-5

Waste Aqueous Waste

BARKREE MSstHEAY1I2R37
ﬁfﬁ T651-0046 EE R MR T HRREABEHET4-1-1 R—b7152 FEIL2F
.u.) [TEL] 078-593-5880 [FAX] 078-330-1247
nrronsaincecoreco - [Mail] info-sc@science-core.jp [URL] http://science-core.jp
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http://science-core.jp/products/%e3%83%95%e3%83%ad%e3%83%bc%e3%82%b1%e3%83%9f%e3%82%b9%e3%83%88%e3%83%aa%e3%83%bc%e3%83%bb%e3%82%b7%e3%82%b9%e3%83%86%e3%83%a0/
http://science-core.jp/products/sep10-1a/
http://science-core.jp/products/sep10-1a/
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