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Research Summary of

Sophistication of Flow Fine Synthesis toward Continuous Manufacturing of Active Pharmaceutical Ingredients

In this study, we aimed to construct a manufacturing process for commercial production of drug substances that have been
achieved via continuous-flow processes. Specifically, the goal is to develop basic technology to a practical level and to
incorporate engineering designs to bring it closer to implementation. Furthermore, our research was carried out with an
intention of the new technology developed here into a highly versatile one that can be applied to the continuous production
of other drug substances and synthetic intermediates. This research consisted of two major items: 1) Manufacture of
tamsulosin hydrochloride, and 2) Manufacturing of cefazolin sodium. The results of each item are described below.

1) Manufacture of tamsulosin hydrochloride

Diastereoselective synthesis of tamsulosin was achieved using the substrate ketone bearing an N-t-butylsulfonamide group.
This route utilizes hydrogenation reactions consisting of a diastereoselective reductive amination reaction with a chiral amine,
a subsequent deprotection reaction, and a reductive introduction of the desired alkyl group. Detailed investigations were
conducted to improve the yield, and it was confirmed that the optical purity was improved by recrystallization, and finally,
the experiment with 1.25 g/h mL of space-time-yield was possible, indicating the feasibility of continuous production in a 50
g scale. On the other hand, the design of the continuous solvent exchange system was completed, and it was confirmed that
there was no problem in the operation of the system for continuously injecting the solution into the concentration tank. We
also developed a prototype of liquid-liquid separator for in-line separation/extraction using a hydrophobic membrane and
confirmed separation from a water/organic solvent mixed phase. In addition to these, we were able to increase the feasibility
of implementing this research by finding out that the intermediate raw materials are relatively inexpensive and available.

We have also demonstrated that a heterogeneous iridium catalyst combining with a chiral phosphoric acid and a
heterogeneous chiral rhodium catalyst enabled the asymmetric synthesis of amines corresponding to the intermediate of
tamsulosin under continuous flow conditions. Especially in the latter case, more than 99% yield with 99%ee were achieved
for >90 h (TON: catalyst turnover number 10,000) under continuous flow conditions. In addition, with a view to developing
the synthesis of other active pharmaceutical ingredients by the asymmetric synthesis method, we developed an
enantioselective Mannich-type reactions using a chiral strong base catalyst system. We believe that these results not only lead
to the expansion of research on asymmetric synthesis in the major item 1), but are also important results that may develop
into the asymmetric synthesis of B-lactam antibiotics in the future.

2) Manufacturing of cefazolin sodium

Commercially available 7-aminocephalosporanic acid, thiadiazole derivatives, and tetrazole acetic acid derivatives were
sequentially connected to give the desired cefazolin in around 70% overall yield, and this continuous-flow synthesis of
cefazolin could realize 3 g/h-scale synthesis with a laboratory-scale system. In addition, we verified that it is possible to
operate this continuous-flow system for about 4 hours, and confirmed that the target pilot scale is sufficiently feasible.
Purification of the flow-products was also investigated. It was finally confirmed that the product cefazolin produced by the
above-described sequential and continuous-flow system could be converted to cefazolin sodium with a purity comparable to
that of existing products by recrystallization. In addition, in the research meetings we discussed in detail and designed a pilot-
scale system, taking into consideration quality control. At the same time, specific issues such as experimental data that should

be obtained before actual implementation were identified in terms of a production management.



