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This research is to bring a revolutionary change into pharmaceutical manufacturing process
involving cross-coupling reactions by utilizing flow microreactor technology, specifically by
controlling organolithium reactions in a highly-precise manner. The goa of this research was to
develop an environmentally sustainable manufacturing process which can be used for stable mass
industrial production.

The primary applicant has worked on control of extremely fast reactions using flow microreactors,
and successfully built unique control methods, for example, "Time-space control” achieved by precise
residence-time-control, and "Reaction integration” achieved by spatially connecting multiple reactions,
both of which are leading-edge technol ogies of flow synthetic chemistry. Also, the development of the
mass production process of organolithium reactions has demonstrated the huge potential of
microreactor as an easily industrialized process technol ogy.

It will be a fundamental technology of pharmaceutical synthesis to develop a cross-coupling
reaction, a key reaction of high-vaue-added compound synthesis such as pharmaceutical
intermediates, with higher efficiency and less environmental burden. On the other hand, there already
are anumber of problems to apply the coupling reaction for industrial production processes.

In this research, such problems in cross-coupling reactions which are not able to be solved by a
batch process, was overcome by utilizing our abundant experimental data and know-how on flow
microreactor technology.

Extremely low reaction temperatures were required to synthesize organoboron compounds which
are used for Suzuki coupling reactions. In addition, complex purification process involved in the use
of organoboron compounds led to significant yield loss. These problems were solved by improving
organoboron compound synthesis, developing reaction control method for generation of unstable
organolithiums and utilization thereof, and integrating multiple reactions into one flow process. The
cross-coupling reaction process will be drastically enhanced by developing " Suzuki-Miyaura coupling
reaction technology” and "Murahashi coupling reaction technology” in a flow microreactor.
Furthermore, manufacturing process more suitable for on-demand production was developed by
constructing a continuous production system with "Stable pumping method”, and "Reaction
monitoring method".

Thefeasibility of the above-mentioned production system was demonstrated by producing synthetic
precursors of garenoxacin in several dozen kilograms.

This research is only possible with original microreactor technologies developed by the primary
applicant, hence it is highly unique not only nationally but internationally. Developing cross-coupling
reaction process with high efficiency and less environmental burden can largely contribute to

pharmaceutical synthesis.






