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Continuous manufacturing technology has been attracting increasing attention in the pharmaceutical

drug substances (DS), development field. While continuous techniques are being utilized in various unit

operations of DS manufacturing, application of continuous manufacturing technology to the chemical

synthesis step, also known as flow chemistry, can the potentially to enable the development of highly

productive manufacturing processes that were not possible with conventional batch-type reactors alone.

We herein, we introduce a case study in which continuous manufacturing technology was utilized to

develop a manufacturing process for EPI-589, a current drug candidates in our small molecule pipeline.

Introduction

Medicines administered to treat specific diseases are
formulated so that the active pharmaceutical ingredient
(API) can act in the body both effectively and safely.
The quality design of the API and its formulations,
establishment of manufacturing methods, and
preparation of approval applications are collectively
referred to as chemistry, manufacturing, and controls
(CMC) research. Such research must consider not
only product quality but also cost and safety. For
instance, the API (small molecule) manufacturing
process typically involves the following unit
operations: (1) preparation, (2) reaction, (3) extraction,
(4) concentration, (5) crystallization, (6) filtration,
(7) drying, and (8) milling. Optimizing these unit
operations represents an important aspect of CMC
research. In recent years, there has been a growing
trend toward applying “continuous manufacturing
technology” (CMT) to these unit operations, and
commercial-scale production using such methods has

been progressing (Fig. 1).

sk Retired at the time of publication.

SUMITOMO KAGAKU (English Edition) 2025, Report 1

CMT differs from conventional batch manufacturing
in that reactions and other unit operations are performed
seamlessly within a microscopic space. Employing
this technology offers the potential for substantial
benefits in terms of safety, quality, and cost efficiency.
In particular, in drug-discovery manufacturing, CMT
exerts the greatest influence on the (2) reaction and (5)
crystallization unit operations. CMT for the (2) reaction
unit operation, which is also known as “flow synthesis”
or “flow chemistry,” has been extensively studied by
industry, government, and academia". It should be
noted that there are significant differences between the
CMT process-development approaches for APIs and
their formulations.

As an additional note, Sumitomo Chemical Co.,
Ltd. was among the first companies in Japan to
recognize the advantages of flow-synthesis technology,
as highlighted in a previous publication”. Moreover,
in 1996, the “Flow Microsynthesis Study Group””
was established within the Kinki Chemical Society to
promote collaboration among industry, government,
and academia on this technology. The Dohgane
Award is presented to researchers who have produced

exceptional achievements. This award was named

Copyright © 2025 Sumitomo Chemical Co., Ltd. 1
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Unit Operations in Conventional
Batch Manufacturing Process

1. Preparation

2. Reaction

3. Extraction

5. Crystallization

6. Filtration

7. Drying

8. Milling
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Unit Operations in Fully

Continuous Manufacturing Process

1. Preparation }

2. Flow Synthesis (Flow Chemistry)

3. Continuous Extraction

6. Continuous Filtration

7. Continuous Drying

{4. Continuous Concentration
[8. Milling
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Continuous manufacturing applied to small molecules in the pharmaceutical industry

in honor of Iwao Dohgane, a former Director of
the Sumitomo Chemical Industry Co., Ltd. Organic
Synthesis Research Laboratory and former President
and CEO of Sumika Technical Information Service,
Inc., who played a key role in forming this study group.
The Sumitomo Chemical Group takes great pride in
having been an early adopter of this technology.

These trends show that CMT and flow synthesis
have been gaining widespread attention. Therefore, in
this article, we introduce an example of how CMT has

been applied to develop manufacturing processes for

(R)-Troloxamide Quinone
EPI-589

B Chemical structure of EP1-589
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APIs, using the case of the small-molecule compound
EPI-589.

About EPI-589

Many pharmaceutical companies are actively
developing pharmaceuticals aimed at curing or
alleviating neurodegenerative diseases such as
Parkinson’s disease and amyotrophic lateral sclerosis
(ALS). EPI-589 is one of these pharmaceutical
candidates. It is a small-molecule compound designed
and developed by Edison Pharmaceuticals, Inc. (now
PTC Therapeutics) in the United States and licensed to
Sumitomo Dainippon Pharma Co., Ltd. (now Sumitomo
Pharma Corp.) through a licensing agreement. Fig. 2
shows its chemical structure.

The first-generation manufacturing process for EPI-
589 was designed based on the synthesis route shown

in Fig. 3, but it encountered two major challenges,

CH3
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First generation process for EPI-589 synthesis
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which were as follows.

1) The use of (1S,25)-pseudoephedrine as a resolving
agent: This compound serves as a raw material
for stimulants, and its use is restricted in Japan
and numerous other countries.

2) Numerous separation and purification steps in
the oxidation reaction: The oxidation reaction
using iron(IIl) chloride necessitated over nine
separation and purification steps, which posed a
serious challenge to productivity.

To overcome these challenges, we began investigating
resolving agents to replace (1§,2S5)-pseudoephedrine,
along with process improvements for the oxidation

reaction.

Development of a second-generation
manufacturing process for EPI-589

In response to the above-mentioned challenges, our
Process Chemistry Division conducted manufacturing
studies and successfully established the following
second-generation manufacturing process (Fig. 4).

In this new manufacturing process, (R)-1-
phenylethylamine (henceforth, “(R)-PEA”) was used as
the resolving agent instead of (1S5,25)-pseudoephedrine.
We also replaced iron(IIT) chloride hexahydrate with
iron(III) nitrate nonahydrate as the oxidizing agent.
As a result, we substantially reduced the number of
separation and purification steps (from nine in the first-
generation process to four in the second-generation

process). Notably, we discovered a novel optical-

resolution phenomenon during the optical-resolution
process. We incorporated this discovery into the
manufacturing process, thereby successfully developing
a practical manufacturing process. Specifically, the
desired stereoisomer (R)-Trolox and (R)-PEA formed a
salt, and N-methylpyrrolidone (NMP) also coordinated
with the compound, resulting in a ternary complex
salt and stable optical resolution (Fig. 5). Ordinarily,
NMP is a highly soluble solvent and is generally
avoided, particularly in optical-resolution procedures.
However, in this case, the low solubility of the NMP
complex salt enabled isolation and purification through
crystallization.

Prior to the identification of a stable optical
resolution through the NMP complex salt, (R)-
Trolox could not be obtained using (R)-PEA during
crystallization, and only the racemic Trolox was
recovered as crystals. X-ray crystallography analysis
of the resulting racemic crystals revealed the structure
illustrated in Fig. 6.

Figs. 5 and 6 show that (R)-PEA forms salts with
both the (R) and (S) forms of Trolox. Furthermore,
the carboxyl group of (R)-Trolox and phenolic
hydroxyl group of (S)-Trolox interact via hydrogen
bonds, leading to the precipitation of (R)-Trolox, (S)-
Trolox, and 2 (R)-PEA (racemate). NMP prevents this
hydrogen-bonded association by forming a salt as a
solvate, which results in the stable precipitation of (R)-
Trolox, (R)-PEA, and NMP, allowing a reproducible
optical resolution. The development of this three-
component optical-resolution method represents
a highly innovative technique from a scientific
standpoint.

{ Innovative Three-Component Optical Resolu;tion]
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Second generation process for EPI-589
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X-ray crystal structure analysis of (R)-
Trolox revealed the association of NMP

and (R)-PEA

New challenges with second-generation
manufacturing process (nitrosamine
formation and contamination)

The second-generation manufacturing process
described in the previous section can be implemented
without issues even at scales exceeding 80 kg and has
been established as an excellent, highly reproducible
process. However, although the Pharmaceuticals and
Medical Devices Agency (PMDA) later issued the
guideline “Evaluation and Control of DNA-Reactive
(Mutagenic) Impurities in Pharmaceuticals to Reduce
Potential Carcinogenic Risk” (ICH M7)”, at the early
stage of this program’s development, the regulatory
concept for evaluating and controlling contamination by
nitrosamine, which was considered more carcinogenic,
had not yet been fully established. Therefore, the EPI-
589 produced using the second-generation process
was also evaluated for nitrosamine formation and
contamination risk as described below.

The second-generation manufacturing process for
EPI-589 employs NMP and iron(III) nitrate. Although
these two compounds are not used in equivalent
quantities within the same process step, residual NMP
from the optical-resolution process may carry over to
downstream steps, where it could react with the nitrite
ions present in the iron(III) nitrate used in the oxidation
reaction, leading to the formation of the nitrosamine

Q .9 HO_ OH
+ +
iN/CHg, H fN/CH3 H.0 iN/CHg.
H H

Proposed route to NMBA from NMP
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N-nitroso-N-methyl-4-aminobutyric acid (NMBA)
(Fig. 7).

Based on this risk assessment, we quantified the
NMBA content in the EPI-589 manufactured using the
second-generation process and detected NMBA in the
API, although its concentration was below the limit of
quantitation (less than 5 ppm).

The acceptable intake level of NMBA has been
estimated to be 96.0 ng/day”’. From a toxicological
perspective, it would have been theoretically feasible
to continue development while carefully evaluating
the contamination levels. Nonetheless, given the
expected long-term continuous administration of this
drug to patients with Parkinson’s disease and ALS, we
concluded that the risk of NMBA contamination should
be completely eliminated and chose to further improve
the manufacturing process.

Development of third-generation
manufacturing process for EPI-589

(1) Reverting to the iron(IIT) chloride method

As described earlier, the second-generation
manufacturing process led to the development of an
excellent new optical-resolution method. However, it
was found that the NMP coexisting with the solvated
crystals could react with nitrite ions originating from
the iron(IIl) nitrate used in subsequent steps, causing

@ 0
0 H N=0 0 N7
. 3
"CHs -H" HO e
NMBA 3
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nitrosation and contamination (NMBA). When
considering the entire manufacturing process, optical
resolution using NMP was found to be excellent in
terms of both the yield and reproducibility. Therefore,
we decided to leave the optical-resolution step
unchanged while improving the oxidation step to
prevent contact with nitrite ions. At this point, we
revisited the first-generation manufacturing process.
In the first generation process, iron(III) chloride
was employed as the oxidizing agent. As previously
mentioned, this oxidation required more than nine
analytical steps during manufacture. The main reasons
for this are outlined below.

When the final intermediate (4249.B) dissolved in
the organic layer came into contact with an aqueous
iron(IIT) chloride solution and separated to promote
oxidation, the addition and separation of this aqueous
iron(IIT) chloride solution had to be repeated at least
four times.

Moreover, unreacted iron(III) chloride and by-
products such as iron(II) chloride and hydrochloric
acid generated after oxidation had to be removed, and
multiple neutralization, separation, and purification
steps were required to remove these inorganic materials.

Although this oxidation reaction necessitated at
least four iterative analyses, our group suspected that
it might be an equilibrium reaction and performed the

CHs 1. FeClz aq. (4.2 eq.) o)

CH
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3. HCI (excess)
i
PrOAc HsC
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Confirmation of Reduction after Oxidation

i3
:.CONH,
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o 1 | After adding FeCl, 00 792
2 After adding FeCl, 0.2 781
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HsC
+2FeCly + HyO =——
HsC

following verification experiment (Fig. 8).

When 4249.B in isopropyl acetate solution
was oxidized with iron(III) chloride (Entry 1), the
subsequent addition of iron(Il) chloride caused a slight
regeneration of the raw material, 4249.B (Entry 2).
More interestingly, when excess hydrochloric acid
was introduced into the reaction mixture, the reverse
reaction proceeded and produced 4249.B at an area
percentage of 26.4% (Entry 3). This observation
strongly suggested that the oxidation reaction was an
equilibrium process, as illustrated in Scheme 1.

Focusing on this equilibrium behavior, we
hypothesized that by shifting the equilibrium to the
product side, the reaction could be accelerated and the
numerous separation steps used in the first-generation
process could be reduced. Specifically, we theorized
that adding a base during the reaction would capture
the hydrochloric acid formed and thereby drive the
equilibrium to the product side. Through various
experiments, we found that introducing 2.1 equivalents
of a base (aqueous sodium hydroxide solution) shifted
the reaction to the product side and enabled the efficient
formation of the desired EPI-589 (Scheme 2).

(2) Challenges with iron(III) chloride method and flow-
synthesis technology
As explained in the previous section, the addition

+2FeCly + 2 HCI

EPI-589

m The oxidation reaction of 4249.B as an equilibrium reaction

CHs

CH

3
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HO

CHs
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+2FeCly + 2 NaOH ——»

+ 2 FeCl, + 2 NaCl + H,O

EPI-589

BT Accelerating oxidation of 4249.B to EPI-589 by FeCl; & base
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Solidification of the reaction mixture
during the oxidation step

of a base to the oxidation using iron(IIT) chloride was
shown to move the equilibrium toward the product
side. However, this approach also presented one major
challenge. During this reaction, the introduction of a
base produced a slurry, and depending on the timing of
its addition, solidification could occur inside the reactor,
as shown in Fig. 9.

If a typical manufacturing reactor experiences
the situation shown in Fig. 9, it becomes extremely
difficult to remove the contents, and in the worst case,
the reactor might need to be destroyed. Therefore, the
timing of the base addition was considered critical,
and we examined various reaction conditions. Even
when bases other than sodium hydroxide were tested,
solidification still occurred.

In this reaction, hydrochloric acid is generated
quantitatively as the oxidation with iron(III) chloride
progresses. Neutralizing this hydrochloric acid with a

FeCl; + 3 NaOH

EIETE) Side reaction of FeCl; with Base (NaOH)

CHs
CHj
HaC OG.CONH,

HO

base shifts the equilibrium reaction toward the product
side. However, the timing of the base addition is
critical. If it is added too early or too late, insufficient
hydrochloric acid may be captured. In such cases,
unreacted iron(IIl) chloride reacts with the aqueous
sodium hydroxide, producing a precipitate, as shown
in Scheme 3. This obstructs the desired oxidation
reaction and complicates the removal of the product
from the reactor.

Based on these observations, we decided to focus
our research on developing a process in which iron(III)
chloride reacts at the optimal time, with sodium
hydroxide added at precise intervals. Flow-synthesis
technology is particularly well-suited for controlling
both the timing and mixing with high precision.
Therefore, we carried out a series of studies using flow-
synthesis technologies and ultimately determined that
the oxidation reaction could proceed quantitatively and
consistently under the following conditions (Figs. 10
and 11).

Specifically, 4249.B was prepared as a 0.5 M
solution in dimethyl sulfoxide (DMSO), with a 4 mol/
L aqueous solution of iron(IIT) chloride prepared
separately. These solutions were delivered at flow rates
of 10 and 5.25 mL/min, respectively, and combined
in the first mixer, which had an internal diameter of
0.5 mm. The mixed solution then flowed through a
25-cm-long tube with an internal diameter of 1 mm,
giving a residence time of 0.77 s, after which it was
combined with a 5.0 mol/L aqueous sodium hydroxide

Fe(OH); | +  3NaCl

CHy e |
4249.B T-shaped mixer :

. $.4. =05 mm
0.5 M in DMSO
10 mL/min

g =1.0mm
Residence time = 0.77 sec !
L=25cm

$4.= 1.0 mm
Residence time = ca. 1.3 sec

T-shaped mixer
=1.0mm
FeCl3 aq. ha
40M
5.25 mL/min
(4.2eq.)

NaOH (aq.) ;
50M
4 mL/min

(4eq)

FEON  Flow system of the oxidation step

<75 £5°C>

O Ho_ CHs
<__NH,
cHy  ©
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| To surge tank iﬁ Temperature sensor N

SN Flow reactor for the oxidation step

solution in the second mixer, which had an internal
diameter of 1.0 mm. Finally, the reaction mixture was
collected in a flask. Under these conditions, the solution
exiting the flow reactor remained a slurry that could
be stirred, confirming the progress of a stable reaction.
After reaching the reaction endpoint, the mixture
was post-treated by adding water or a small amount
of acid to dissolve all of the inorganic salts. This
allowed a state in which only EPI-589 crystals were
stirred in the solution, enabling the selective isolation
and acquisition of EPI-589 by simple filtration. This
approach is here referred to as the third-generation
manufacturing process. Fig. 12 shows a comparison
of the first-generation (original process) and third-
generation processes. Ultimately, the nine separation
and purification steps were entirely eliminated. We
also found that high-quality EPI-589 could be obtained
merely by adding hydrochloric acid and water to the
solution after the flow reaction to dissolve inorganic
salts. Furthermore, this method facilitated the
establishment of a process that theoretically does not

generate nitrosamines (NMBA).
Building on these lab-scale studies, multi-kilogram
demonstration experiments and their extension to GMP

manufacturing are described below.

(3) Scaling up the third-generation manufacturing
process

The previous section discussed how we designed an
EPI-589 manufacturing process using flow synthesis
with iron(III) chloride as the oxidizing agent. However,
all of the prior studies were conducted on the gram
scale (small scale). Therefore, before implementing
GMP manufacturing using this manufacturing process,
we performed non-GMP production on a multi-
kilogram scale to demonstrate the CMT.

This manufacturing process involves a reaction that
produces a slurry. Therefore, the internal diameter of
the flow reactor was enlarged to 10 mm to prevent
blockage. The linear velocity used in the lab-scale
study was maintained, but the raw-material feed rate
was increased 100-fold (Figs. 13, 14, 15, and 16). In
this demonstration, the flow reactor was connected to a
mixer and tubing made of PFA, which is a fluororesin
material. As a result, continuous operation was
successfully maintained for 2 h, with the manufacture
completed without any blockage.

Based on these results, we concluded that a further
scale-up was feasible using the basic design of the flow
reactor, and we proceeded with GMP manufacturing.

(4) GMP manufacturing using third-generation
manufacturing process

GMP manufacturing of this developed compound

was conducted in collaboration with Hamari Chemicals,

Original process

2nd generation process

Reaction with FeCl; by batch
(Solvent: 2-MeTHF, Separation 4 times)

Reaction with Fe(NO;), by batch
(Solvent: AcOPr, Separation 1 time)

Purification
Washing with Citric acid aq.: 3 times
Washing with NaHCO, aq.: 1 time
Washing with H,0: 1 time

[

Purification
Washing with Citric acid aq.: 1 times
Washing with NaHCO; aq.: 1 time
Washing with H,0: 1 time

[

Crystallization

Solvent swap to IPA (AcOPr only)
(Concentration) [
‘ Filtration
Crystallization I
(IPA - H‘eplane) Drying
‘ Filtration ‘ l
] 80% of crude EPI-589
‘ Drying ‘

\ 79% of crude EPI-589
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3rd generation proecss

Reaction with FeCl, by flow
(Solvent: DMSO, No Separation)

[

Crystallization
(DMSO - H,0)
[

\ Filtration \

[
‘ Drying ‘

\ 85% of crude EPI-589 \

gAY Comparison of the oxidation step in the original, 2nd & 3rd Processes
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4249.B ‘ T-shaped mixer ha =10mm o =10mm
0.5 M in DMSO ‘ ¢ =10mm L=70cm L=3m
. ; )
1000 mL/min ﬂdence time = 2.2 sec: Residence time = 7.3 sec
i T-shaped mixer
FeCl; aq. ; 4o v 10 mm
40M —
525 mL/min
(4.2eq)
NaOH (80) e, Submerged in ot water |
50M <75 £5°> EPI-589
400 mL/min 13.2kg (83%)
(4eq.)

Multi-kg Scale Manufacturing using a PFA Flow Reactor (Operation Time: 2 hours)

FEES TACMINA, PL series pump

SN Inside the installation bath for the flow
(PLFYD2-1-TTXX-FWX-A32)

reactor

& Lo\
| Trai‘:sn
-
| ,Da,
@Pw Tank for

Dwersnon

NaOH aq. ? T
FeCl; aq. °

Blueprint of flow reactor for EPI-589 non-GMP manufacturing
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Ltd. and its affiliate, Hamari PFST Co., Ltd. The above-
mentioned non-GMP production was conducted at our
facilities with PFA flow-reactor components. For GMP
manufacturing, the equipment was constructed with
assistance from Hokusetsu Kakoki Seisakusho Co., Ltd.
using a corrosion- and heat-resistant alloy (Fig. 17).

We employed the same Tacmina Corp. PL series
pump (PLFYD2-1-TTXX-FWX-A32, Fig. 14) for precise
flow control as used in the non-GMP manufacturing,
along with a Proline Promass A 300 Coriolis flow meter
from Endress+Hauser Japan (Fig. 18).

In implementing the GMP manufacturing, we
coordinated with stakeholders to define lots and other
details, referencing the ICH Harmonized Guidelines
for Continuous Manufacturing of Drug Substances
and Drug Products (ICH Q13, step ¥ at the time),
before commencing production. Manufacturing
instructions were created to specify that each lot would
undergo continuous operation for approximately 9—13
h, depending on the capacity (size) of the reactor
receiving the flow-reactor discharge-solution output,

and manufacturing was conducted in three lots.

As shown in Fig. 19, crude EPI-589 API quantities
of 58.0, 74.2, and 88.3 kg were obtained. These
were subsequently subjected to the final process
(recrystallization) to yield the API without any quality

issues in all cases.

Summary of development of third-generation
manufacturing process

As outlined above, during the development of the
EPI-589 manufacturing process, we established a novel
optical-resolution approach based on the discovery of
a ternary complex salt. Additionally, to mitigate the
nitrosamine (NMBA) risk, the oxidizing agent was
switched to iron(III) chloride. To address the potential
reaction-termination risk, the conventional batch
reactor was converted to a flow reactor, which resulted
in a manufacturing method utilizing CMT”. Although
this approach successfully produced over 200 kg of the
target product, which indicated its high commercial

potential, the program was discontinued as a result of

portfolio-related strategic decisions.

SENAY corrosion-resistant and heat-resistant
alloy flow reactor (inner diameter 10 mm)

CHs
QHa
HaC OS.CONH,

HO 1 T-shaped mixer
CHs 1 $.q. =10 mm

S Endress+Hauser, Proline Promass A 300,
coriolis flow meter

4. =10 mm $q =10 mm
L=70cm L=3m
Residence time = 2.2 sec Residence time = 7.3 sec

1000 mL/min } '
(1100 kg/min)

. T-shaped mixer o
FeCls aq. $q =10 mm HO .CH;
Oxidant (aq.) HiC NH,
525 mL/min (¢]
(0.775 kg/min) HaC CHs
. [¢]
Naor (aa)——___|___ Submerged nhotwater _
Additive(ag.) <75*25°C> <45£25°C> | 4 5g.0kg (81%)
400 mL/min Lot 2: 74.2 kg (81%)

(0.480 kg/min)

Lot 3: 88.3 kg (86%)

GMP Manufacturing of the API (EPI-589) using a Flow System
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Further prospects

As described, we developed a process suitable
for commercial-scale EPI-589 production using the
third-generation manufacturing process. Nonetheless,
additional improvements were needed to reduce waste,
as observed before its discontinuation. While evaluating
new technologies for the oxidation process, we
considered the potential of electrolytic oxidation, which
is a technique that is rarely applied in pharmaceutical
synthesis. In fact, applying oxidation to 4249.B using
an electrolytic device such as that shown below (IKA
ElectraSyn 2.0) at the milligram scale confirmed that an
excellent yield of EPI-589 could be obtained (Fig. 20,
Scheme 4).

Because examples of electrochemical process
development in the pharmaceutical industry remain
scarce, we expect future growth in this area. However,

m Anodic oxidation using an ElectraSyn 2.0
apparatus

scaling up will require the careful selection of
electrodes and electrolytes, control and suppression
of side reactions near the electrodes, and design of
scalable equipment. Thus, as with any conventional
batch reactor scale-up, multiple scale-up factors need to
be considered. Nonetheless, combining flow-synthesis
technology with an electrolytic oxidation method is
expected to facilitate the scale-up of this method.

This electrolytic oxidation + flow synthesis approach
was developed in collaboration with Asymchem
Laboratories. Following extensive planning, the system
shown below was constructed and successfully scaled
to 1 kg (Fig. 21).

The crude EPI-589 API obtained via this electrolytic
oxidation + flow synthesis method can be subjected
to a final recrystallization step, similar to the third-
generation process, in order to yield a high-quality API
(Scheme 5).

-+

DC power

Pump Flow frame cell

L]

Reservoir tank

m Set-up of the flow electrochemical reaction
using a frame cell

HaC
i) (+)Pt/(-)GC
LiBr(electrolyte, 1.0 equiv)
CHs 42498 (0.1 M) in MeCN / H,O (6 /1)
dBAAE r.t., 30 mA (2 F/mol of 4249.B) EPI-589
(SM) >90%

BN Feasibility study of the anodic oxidation of 4249.B

CHs

CHs @ ,
HaC Z.CONH, HaC

Recrystallization

EPI-589 (API)
HO anode(+) | cathode(-) HaC IPA - Heptane
CH3
92%
4249.B EPI-589 (crude) (Isolated Yield)
Final Intermediate 93%
1.0 kg (Isolated Yield: 81%, 874 g) 368 g from 400 g of crude EPI-589

m Scale-up and quality confirmation of EPI-589 synthesized by electrochemical process
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In production using 1 kg of 4249.B, no blockage
occurred even after 17.5 h of continuous operation,
demonstrating the feasibility of further scaling up the
process’. We had intended to submit an application
for EPI-589 using a third-generation process and, after
market launch, file an application for a partial change
to medical device manufacturing and sales approval
items (a partial change application) to notify authorities
of the manufacturing change. However, as previously
mentioned, the development was discontinued, which
halted the progress on these electrosynthesis methods.

Conclusion

This article focused on “continuous manufacturing,”
which was illustrated using an example of flow-
synthesis technology applied to the development
of a pharmaceutical process and realization of a
manufacturing technology. CMT can overcome
challenges that are impossible to overcome with
conventional batch reactors alone and is compatible
with electrochemical technology, which is a promising
future technology. Thus, continuous manufacturing and
flow synthesis can enhance productivity and quality,
not only in pharmaceutical development but also
across diverse chemical-synthesis fields. We anticipate
that chemical processes that utilize these technologies
will become widely implemented, producing many

successful examples.

PROFILE

Kazuki HASHIMOTO

Sumitomo Pharma Co., Ltd.
Research and Development
R&D Management

CMC Management Group
Group Manager, Ph.D.

SUMITOMO KAGAKU (English Edition) 2025, Report 1

References

1) H. Usutani, SUMITOMO KAGAKU, 2024, 69 (2024).

2) H. Okamoto and A. Hashizume, SUMITOMO
KAGAKU, 2001-I1, 32 (2001).

3) Group for Research on Automated Flow and
Microreactor Synthesis, http:/flowmicro.com/index.
html (Ref. 2025/3/19).

4) Pharmaceuticals and Medical Devices Agency,
"ICH M7 Assessment and Control of DNA Reactive
(Mutagenic) Impurities in Pharmaceuticals to Limit
Potential Carcinogenic Risk", https://www.pmda.
go.jp/int-activities/int-harmony/ich/0036.html (Ref.
2025/3/19).

5) European Medicines Agency, "Procedure under
Article 5(3) of Regulation EC (No0)726/2004
Nitrosamine impurities in human medicinal
product", https://www.ema.europa.eu/en/documents/
opinion-any-scientific-matter/nitrosamines-emea-h-
a53-1490-assessment-report_en.pdf(Ref. 2025/3/19).

6) Pharmaceuticals and Medical Devices Agency,
"ICH Q13 Continuous Manufacturing of Drug
Substances and Drug Products", https://www.pmda.
go.jp/int-activities/int-harmony/ich/0097.html (Ref.
2025/3/19).

7) H. Usutani, et al., Org. Process Res. Dev., 29, 1197
(2025).

8) H. Usutani, ef al., Org. Process Res. Dev., 29, 1211
(2025).

ﬂ\ Hirotsugu USUTANI
{ s Sumitomo Pharma Co., Ltd.
; Research and Development
- Process R&D Unit

N Group Manager, Ph.D.
‘ § (Retired by the publication of this article)

Copyright © 2025 Sumitomo Chemical Co., Ltd. 11




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


