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Flow synthesis through photoreaction and continuous spherical crystallization for

integrated pharmaceutical manufacturing system

[Purpose] In the pharmaceutical industry, batch manufacturing is the mainstream, production costs are high, and it is
necessary to improve the efficiency of the manufacturing process, but it is necessary to establish a pharmaceutical
manufacturing method that is oriented toward green sustainable chemistry. In recent years, flow synthesis and continuous
formulation have been attracting attention as a method for drastically improving the production efficiency of small molecule
drugs, but the effect is low only by improving some processes. In this project we aimed to develop an integrated
pharmaceutical production system, which is the entire process from drug substance synthesis utilizing photoreaction flow

system to formulation by continuous crystallization using a complete mixed tank reactor (MSMPR) is continuously integrated.

[Flow synthesis of ibuprofen through photoreaction] The synthetic strategy for ibuprofen was a total of two steps, with the
Friedel-Crafts acylation reaction in the first step and the metal-free photo Favorskii reaction in the second step. Using a high-
speed solvent distiller, a robot arm, and a liquid-liquid flow separation device for work up of the reaction, we succeeded in
fully automating all steps (flow) from starting material to product purification, and obtained the desired ibuprofen in a total

yield of 40%.

[Flow synthesis of artemisinin through photoreaction] For the synthesis of artemisinin, a tandem reaction was carried out
in an oxygen atmosphere, a reaction with singlet oxygen under light irradiation, and a reaction with triplet oxygen under
thermal reaction conditions. Since the reaction rate of the thermal reaction (triplet oxygen) is very slow, we used a reservoir
incorporated into the flow system and oxygen bubbling to complete the reaction. Using a high-speed solvent distiller, and the

desired artemisinin was successfully obtained in a total yield of 37%.

[Establishment of PAT| React IR was incorporated into the final step of the flow synthesis system to detect the product. As
a result of detailed examination, we successfully found characteristic peaks that can be distinguished ibuprofen and

artemisinin from raw materials or solvents.

[Spherical crystallization of ibuprofen] Spherical granules of ibuprofen were prepared by the emulsion solvent diffusion
method. Spherical crystals were prepared by dropping ibuprofen solution dissolved in DMSO into polymer solution. The
spherical crystallization was performed as a continuous process by MSMPR based on the conditions optimized in the batch.
The system reached a steady state within about 5 hours after the start of continuous crystallization, and spherical granules

were successfully produced continuously.

[Spherical crystallization of artemisinin] Spherical granules of artemisinin with an average particle size of about 200 pm
were continuously prepared by the MSMPR emulsion solvent diffusion method. PAT of the continuous spherical

crystallization process was performed by FBRM.

[Flow synthesis of carbamazepine through photoreaction] Using acetyl-protected iminodibenzyl as a substrate, we

succeeded in obtaining carbamazepine in the total yield of 58% through 3 steps.

[Spherical crystallization of carbamazepine]| Spherical granules of carbamazepine were prepared by dropping a drug
solution dissolved in a mixture of ethanol and isopropyl acetate into distilled water. Continuous production by MSMPR was

achieved by using HPMC solution as a poor solvent.

[Integration of carbamazepine manufacturing process] When the spherical crystallization method was applied to the
purification of crude carbamazepine prepared by flow precision synthesis, spherical crystal granules of carbamazepine could

be prepared, and at the same time, improvement in drug purity could be confirmed.

6



