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Crystallization Recipe Engineering for Separation and Purification

Hiroshi Takiyama*
Department of Applied Physics and Chemical Engineering,
Tokyo University of Agriculture and Technology (TUAT)
24-16 Nakacho-2, Koganei, Tokyo 184-8588, Japan
htakiyam@cc.tuat.ac.jp

In the field of chemical manufacturing and new material development, operations to produce crystalline
particles, called "precipitation" or "recrystallization" are performed for the purpose of separation and
purification. However, minor differences in these operation recipes have a significant impact on the
properties and productivity of the final product. For example, properties such as purity, polymorphism,
particle size distribution, and shape are affected by operation recipes. The process technology that builds
these properties into crystalline particles is '"crystallization operation" and "recipe engineering for
crystallization”. The operation strategies for precise control of crystalline particles’ properties which is

indispensable in separation and purification are introduced with examples of actual operations.
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Process Understanding and Prediction for Non-Linear, Exothermic

Fast Chemical Reactions based on Mechanism-Oriented Kinetic Analysis

Yuya Orito*
Process Technology Research Laboratories, Daiichi Sankyo Co., Ltd.
1-12-1 Shinomiya, Hiratsuka, Kanagawa 254-0014, Japan
yuya.orito.k6@daiichisankyo.co.jp

Process understanding is an emerging issue in modern process development. Since QbD approach has been
introduced by ICH guidelines, predictive and quantitative reaction analysis is demanded in designing chemical
process. Recently, numerical simulation using reaction kinetic model is attracting broad interest due to its
unique capability of extrapolation in prediction derived from the nature of physical model, whilst it requires
detailed theoretical and experimental understanding about rate law for each chemical reaction. In this talk,
extensive example of practical applications of kinetic model simulation in reaction development and scale-up

based on physical organic chemistry approach is presented.
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Development of mRNA medicine based on Chemistry

Hiroshi Abe
Graduate School of Sciences, Nagoya University, Institute for Glyco-core Research (iGCORE).
Furo, Chikusa, Nagoya 464-8602, Japan
abe.hiroshi.p4@f.mail.nagoya-u.ac.jp

During the coronavirus crisis, mRNA vaccines have demonstrated their effectiveness, leading to increased
attention towards mRNA therapeutics. However, the current mRNA vaccines have been granted emergency
use authorization, and it's recognized that there are several challenges to be addressed for their broader
application. Specifically, (D the delivery technology and @ the improvement of mRNA stability and
translation function are highlighted as crucial challenges. The delivery method for (D has been developed
for some time for nucleic acid drugs such as RNA interference and antisense nucleotides, and some of this
knowledge has been applied to mRNA therapeutics. Additionally, many researchers are in the process of
developing their own unique mRNA delivery methods. On the other hand, concerning (@), the stability and
translational function of mRNA, since the manufacturing method for the large molecule mRNA has been
limited to biological techniques, there has been little development in molecular design methods. The amount
of protein synthesis from mRNA depends on its stability and translational efficiency. We have identified a
methodology that can improve both the stability and translational efficiency of mRNA by applying chemical
modifications and higher-order structural designs, proposing a unique molecular design approach. Moreover,
we have developed a new method called PureCap to produce capped mRNA with high purity. We report on

these recent achievements.
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Process Development of Ensitrelvir, COVID-19 Antiviral

Akihito Kijima*, Nobuaki Fukui, Shuichi Yanagisawa, Kazushi Agura, Takahiro Kawajiri, Satoshi Goda,
Takayuki Tsuritani
API R&D Laboratory, Research Division, Shionogi & Co., Ltd.
1-3, Kuise Terajima 2-chome, Amagasaki, Hyogo 660-0813, Japan
akihito.kijima@shionogi.co.jp

We established the practical manufacturing process of Ensitrelvir which was discovered as a SARS-CoV-2
antiviral. The synthetic route had several issues in the early research and development stage that needed to be
solved for robust scale-up manufacturing. Herein, we introduce the results in the process development of
Ensitrelvir. We, entire API R&D laboratory team, have worked on the development at the unprecedented
speed in only one year from the first creation of the compound to the application toward the regulatory

approval in Japan.
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Challenges to intensify the chemical processes using flow microreacotr technology
~ Approaches to improve the functionality of proteins and antibodies ~

Yuichi Nakahara*
Research Institute for Bioscience Products & Fine Chemicals, Ajinomoto CO., INC.
1-1 Suzuki-cho, Kawasaki-ku, Kawasaki, Kanagawa, 210-8681, Japan

Yuichi.nakahara.s5k@asv.ajinomoto.com

Continuous flow micro reactors, which allow chemical reactions in shielded pipes and tubes, overcome
limitations of traditional batch reactors. This study reports the antibody-drug conjugate (ADC) synthesis
mediated by a continuous flow process. The optimized mixer type, reaction time, and mixer diameter were
explored, resulting in clinically relevant ADCs. The process used a stepwise mixing system for sequential
reduction/conjugation processes. The methodology was applied to combinations of different antibodies and
payloads, showing consistent trends. The results highlight that continuous flow chemistry can develop

reliable processes for ADC production.
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Digitalization-driven Transformative Organic Synthesis (Digi-TOS) in Process Research

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

Digitalization of organic reactions is essential for developing the next generation of organic synthesis with
the assistance of artificial intelligence (Al) and machine learning (ML) methods. In this regard, we have
recently launched the "Digitization-driven Transformative Organic Synthesis (Digi-TOS)", a unique
digitization platform that promotes the fusion of different fields of experimental chemistry and information
science for diverse organic synthesis. We are developing automated methods (molecular design, synthetic
pathway search, optimization of reaction conditions, batch-to-flow conversion, and autonomous synthesis
systems) that thoroughly utilize Al techniques to accelerate innovation for creating novel reactions and
molecules. We are also constructing our own database (DB) optimized for ML in organic chemistry. In this
presentation, I will mainly present our recent activities in Digit-TOS that are closely related to process

research.
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Application of Membrane Separation Technology to Concentration and Organic Solvent

Exchange in Pharmaceutical Manufacturing Processes
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Compared with distillation, membrane separation process is simple and requires very little energy to separate
solvents. However, there has been no systematic study on what type of membranes should be used in
separating a wide variety of organic solvents. In this study, we evaluated membrane separation in various
organic solvent solutions or solvent mixtures using commercial and Kobe University-developed membranes
with the aim of applying membrane separation technology to concentration and solvent exchange in the

small molecule pharmaceutical manufacturing process.
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Development of the Asymmetric Total Synthesis of (-)-Emetine for Scale-up Manufacturing
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A scalable asymmetric total synthesis of (—)-emetine, a natural product alkaloid from ipecac species and one
of the main active ingredients in ipecac syrup used in emetics, has been accomplished. The synthetic route
featured a total of 13 steps of highly efficient chemical reactions, including catalytic asymmetric allylation
and an industrial deoxygenation of an aliphatic compound, which obviated the need for any chromatographic
purification. (-)-Emetine * 2HCI was obtained in 12% overall yield and over 93.2% HPLC purity. The
synthesis was easily scaled up to 237.1 g and should be amenable to the production of larger quantities for
ongoing drug development, while the compound is currently provided as natural ipecac syrup for a clinical

use.
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MeO
OMe

(-)-Emetine (1)

Figure 1. Chemical Structure of (-)—Emetine (1)
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Scheme 1. Ito’ s Synthesis of (-)-Benzoquinolizidine 10
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Scheme 2. Tietze’ s Synthetic Method for (-)-Emetine
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Scheme 3. Our Synthetic Method for (-)-Emetine
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BN T AT VONIKRIRIZ TSI VR U 20 12, WPER ORIBE) O BB 2 2 & SR
HCTholloh, 7L Aa— 7 TT I MeRIE~FE LT, EnNmALrr vl REORGTRME



K ZRRBMT 2 HEZBRLT I P I A~EBH L, ZRERITICTHBEL 72 (99. 3HPLC area%).,
PLBE X Tietze © @ FIEIZHE - 7=, Bischler-Napieralski I )i (M & T R 412 AT L
O-methylpsychotrine (12) & " HEFRIE & U CHEE L 721% . BHEARZKFZBENVRLL (dr=95/5) TH)-
TAFUNEFEL, KEZ, - AF 2 TIRRER 240 g DR =T v TERTE LI L
o, BEEE L TOBRER LR T 22N TET,

References:

1))
2)
3)
4)

Siddique, M. A.et al., Arterioscler Thromb Vasc Biol. 2019, 39, 2367-2385.
Yamada, M. et al., Org. Process Res. Dev. 2023, 27, 343-357.

Tietze, L. F. et al., Angew. Chem. Int. Ed. 2003, 42, 4254-4257.

Itoh, T. et al., Org. Lett. 2006, 8, 1295-1297.






(JSPCZFE 3)

Ny ay RY U2ERRE%E E7130 OFE 7 v+ R % & 158 R SRt

o —HA (KR, 21— —=FK
o RIELN !, J\BEHE= 2, BEAIEST !, HERME, BREARRST, B, ik,
TAARZRIT !, PRATIEE !, Voo RREREY, fRILW !, =R, B, SRR, A
PREPAL Y, FAFDRFIA Y, APIERISS Y, OKEERY, BERESR ', [LARBEE ', AR Y, OKMEER
AEIESE !, JERMEE ', SRMIE !, REHE ', MEIA, mloeh !, KRR, FEAC

Rapid Process Development of E7130 Drug Substance to Supply Clinical Trials
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Halichondrins are marine polyether macrolides with complex and unique structures. With the recent
progress in total synthesis of halichondrins led by Harvard University, we have started drug discovery and
development from intact halichondrins and discovered E7130, an anti-cancer drug candidate, by total
synthesis. Through close collaboration, timely information sharing, and intensive process research between
Harvard University and Eisai, GMP manufacturing of E7130 was achieved on multi-gram scale about 1.5
years after its first total synthesis on a milligram scale in the early stages of drug discovery. In this
manufacturing, 11.5 g of highly pure (99.8%) E7130 drug substance was successfully synthesized without

any HPLC purification, which was used in a Phase 1 clinical trial.
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Figure 1. Structures of the halichondrin B and
E7130 drug substance.

Scheme 1. Overview of the GMP-1* manufacturing of E7130 drug substance.
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Scheme 2. Evolution of total synthetic route of E7130 drug substance.

medicinal chemistry: milligram scale
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