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Sophisticated production of high-value active pharmaceutical ingredients through integration of flow

technologies
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In Japan, a leading nation in longevity, achieving healthy aging through high-quality healthcare is crucial. Pharmaceuticals
play a vital role in extending healthy lifespan, and outsourcing production overseas for cost-effective supply is common.
However, overreliance on foreign production poses significant risks, highlighted by recent pandemic-related supply
disruptions. To ensure stable and cost-effective domestic pharmaceutical and precursor production, reducing production costs
through the streamlining of individual processes is imperative. Additionally, in a country facing a declining workforce, labor-
efficient short-process manufacturing is essential for sustainable societal development. By integrating synthesis, separation,
and purification processes into a single continuous flow, challenges such as environmental impact, cost, and labor shortages
can be addressed, laying the groundwork for Japan's future pharmaceutical supply.

In this study, we addressed the urgent need for domestic pharmaceutical manufacturing by advancing individual
technologies previously pursued independently—namely, flow synthesis (Nagaki), membrane separation (Sawamura), flow
purification (Sotowa), analysis (Sugi), and fluid delivery (Shimazaki). Our goal was to integrate these technologies into a
unified pharmaceutical manufacturing process using flow methods, focusing on quality control and inline analysis to establish
innovative foundational technologies capable of continuous production of high-value pharmaceuticals, scalable from
kilograms to tons.

Sophistication of flow synthesis focused on large-scale synthesis of boronic acids, achieving over 10 g/hour production.
Utilizing flow microreactors, we synthesized 4-cyanophenylboronic acid at a productivity of 19 g/hour, surpassing traditional
flask reactions. We also explored the continuous synthesis of boronic acids and cross-coupling reactions, achieving high yields
and productivity (3.7 g/hour) of biaryls, precursors to sartan-based pharmaceuticals. Additionally, we successfully synthesized
biaryls precursor to diflunisal at a productivity of 6.5 g/hour. The reaction time was approximately 2.5 minutes, demonstrating
potential for on-demand synthesis.

Sophistication of flow separation techniques involved developing membrane-incorporated modules for liquid-liquid
separation. By transmitting mixed solutions of water and organic solvents, we established a technique for separating water
and organic solvents. Furthermore, we aimed to streamline post-reaction processing by validating the separation of reaction
products dissolved in organic solvents and salts dissolved in water. We conducted similar studies using solutions of boronic
acid and biphenyl, achieving over 95% recovery rates, indicating applicability to actucal reactions.

Sophistication of flow purification techniques included the development of a continuous crystallization device for
purifying highly crystalline boronic acids. We successfully constructed a system that continuously creates crystals in the main
tank by continuously feeding reagent solutions and recovers crystals by opening electromagnetic valves as needed, achieving
stable production of 10 g/hour of crystals.

Sophistication of flow analysis techniques involved implementing flow IR and flow NMR analyses as inline analysis
methods to develop a foundation for reaction analysis. By employing machine learning to construct prediction models, we
established a system capable of predicting yields in-line with the accuracy equivalent to outline analysis, such as GC and LC,
enabling inline yield prediction using inline NMR.

Sophistication of fluid delivery techniques involved developing a fluid delivery system for addressing the aforementioned



challenges. We developed a pump to suppress pulsation and utilized it for continuous operation over several hours. Monitoring
of fluid delivery using inline pressure and flow meters revealed the ability to deliver fluids without significant pulsation.
Additionally, we demonstrated that PAT, monitoring of reaction systems using inline monitoring, is feasible.

In this project, we achieved the sophistication of flow technologies for pharmaceutical manufacturing—flow synthesis,
separation, purification, analysis, and fluid delivery—originally intended. Furthermore, through their integration, we obtained
results that could serve as milestones for fully automated pharmaceutical production. Moving forward, we will further advance
these technologies and develop high-precision pharmaceutical synthesis by integrating synthesis, separation, purification, and
analysis. Our aim is to establish a foundational technology that enables the direct transition from flow synthesis reaction

solutions to flow separation and purification, followed by inline analysis for quality assurance.



