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To create a technical guideline for a Process Analytical Technology (PAT), examples of PAT implementation in
solid-type pharmaceutical processes were surveyed. The evaluation targets (characteristics) in each process, analysis
tools that are commonly used to evaluate those characteristics, and candidate PAT analysis tools that can be applied
to these evaluations were organized.

For development of a PAT system for continuous and high-speed pharmaceutical manufacturing processes, process
evaluation and sensing tools were introduced into a flow synthetic system. To develop contactless evaluation system
into a flow synthetic equipment, a jig which is connected with a flow tube was produced.

This dig was tested using a flow synthetic system equipped with a Raman spectrometer and successfully detected
the characteristic Raman shifts of raw materials and product. Raman spectroscopy and near-infrared spectroscopy
were used to perform 5 min interval measurements in a flow synthesis process modeled on an aldol condensation
reaction. The characteristic peaks were observed for the raw materials and product using these spectrometers, and
the characteristic of the model flow synthesis can be tracked. The technical requirements for an aldol condensation
reaction by flow synthetic system were acquired using a contactless real time monitoring method.

In this study, we focused on enantioselective Michael addition reactions using solid catalysts and solid catalytic
hydrogenation-reduction methods as examples of sequential synthetic processes in the production of APIs. Analytical
methods such as NMR and flow-cell IR measurements were used to determine the reaction yield and catalyst stability.
However, although we initially attempted flow synthesis of pregabalin, we changed the model of the consolidated
flow reaction to aldol condensation + hydrogenation-reduction due to difficulties in obtaining the reagents necessary
for the catalyst. Specifically, Amberlyst A26 was used as the catalyst for the aldol condensation of benzaldehyde and
a-tetralone in step 1, and Pd was used as the catalyst for the hydrogenation reduction of the C=C bond in step 2. The
appropriate amount of catalyst was determined by NMR measurement of the reaction products. Discussions were
held with corporate collaborators regarding technical requirements using the flow synthesis method that has been
developed so far. The document has not been finalized at this time.

Aiming to develop pharmaceutical inspection technology through the spectroscopy in sub-terahertz
frequency range, two types of terahertz light sources were compared and the difference frequency
generation (DFG) method in Gallium Phosphide (GaP) crystal was selected. Using the spectrometer
with the GaP DFG light source, we acquired temperature-dependent broadband terahertz spectra for
245 pharmaceuticals and published. Due to low absorption in the sub-terahertz frequency range, we
developed a new method for preparing high-concentration samples. This method enabled us to obtain
temperature-dependent spectra in sub-terahertz frequency range for 101 high-concentration samples

and published. As a typical, a plane shape single crystal of y-aminobutyric acid / galactitol was grown
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and applied terahertz polarized spectroscopy, the absorption lines were assigned to molecular
vibration with the support of Quantum Chemical Calculations.

We faced difficulties in conducting low-temperature measurements due to the global shortage of
liquid helium. However, this led to the discovery that some pharmaceuticals exhibit sharp absorption
spectra in the sub-terahertz range even at room temperature. Consequently, our developed techniques
for crystallinity evaluation and trace impurity detection have not only proven effective as analytical
instruments but have also increased their applicability as PAT monitoring tools.

Photoluminescence measurements were performed using standard solid and liquid samples. Differences in
photoluminescence quantum yield (PLQY) and fluorescence spectra were observed depending on the type and quality
of the pharmaceuticals. The PLQY values were stable even in measurements of solid and liquid dispersion systems
using standard cells and in-line measurements. It was considered that this method has a certain degree of utility as a
PAT evaluation technology. Both the cell installation method inside the integrating sphere and the cell installation
method outside the integrating sphere were recognized as highly usable as PAT tool, but it was considered that it is
necessary to select the cell installation method that is suitable for the pharmaceutical manufacturing process control.
It was concluded that photoluminescence measurement using a cell installation method inside the integrating sphere
is preferably applied to the pharmaceutical manufacturing process using a static measurement model for powders,
granules, and solid states. On the other hand, photoluminescence measurement using a cell installation method outside
the integrating sphere, it was found to be highly applicable to dynamic measurement models that are close to the
actual pharmaceutical manufacturing process. The measurement results for the cell installation method inside the
integrating sphere and the cell installation method outside the integrating sphere were summarized. Specific technical
requirements for standardization of absolute PLQY measurement were organized. We evaluated its applicability as a

PAT tool, and we examined a standard introduction approach of photoluminescence measurement.



