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Research Summary of

Development of highly functional heterogeneous catalysts directed toward flow fine synthesis

Chemical production of pharmaceuticals has been carried out by organic synthesis using nearly 100% batch methods;
however, the shift to continuous-flow methods, which are more environmentally friendly, more efficient and safer, has
become an urgent need worldwide. However, in general synthesis by flow methods is more difficult than by batch
methods. Indeed, it has generally been considered that synthesis by flow methods can be applicable for the production
of simple gasses but that it is difficult to apply to the synthesis of complex molecules such as active pharmaceutical
ingredients (APIs). The purpose of this research project is further development of this technology for synthesizing four
APIs with utilizing highly efficient heterogeneous catalysts and highly atom-economical chemical transformation.

1. Sequential continuous-flow synthesis of Pregabalin was firstly tested and found that both racemic and enantioenriched
ones could be synthesized by well combining dehydrative condensation, 1,4-addition, and hydrogenation reactions.
Especially, the enantioenriched key intermediate was found to be obtained continuously by using newly developed Ni-
chiral diamine/mesoporous silica composite as a heterogeneous enantioselective catalyst.

2. Tamsulosin hydrochloride was set as a second target drugs. By utilizing uniquely developed heterogeneous precious
metal catalysts into hydrogenation reactions, the backbone of this secondly amine drug molecule could be synthesized
via two sequential reductive C-N bond forming

reactions without any substitution reactions. Two Sequential Continuous-Flow Synthesis

kind of methods for creating chiral center of Heterogeneous Catalysts
Tamsulosin were examined; diastereoselective

X . . . . . Substrates [ —_—
asymmetric reductive amination with chiral

auxiliary and enantioselective chiral induction

. c g . . . Rea ent A ReagentB  Reagent C
with supported-iridium/chiral phosphoric acid- g 9 9
catalyzed asymmetric hydrogenation reaction.

Both two successfully gave the key chiral Y
4 N\
intermediate amine.
3. The enantioselective flow synthesis of
_COH EtO
Baclofen, a B-aryl-type GABA compound, was E NH MeO NSO
2 H
achieved via dehydrative  condensation — HN<g Me
enantioselective  1,4-addition — chemo- 0:
) ) Pregabalin Tamsulosin
selective hydrogenation sequence. The key of
success of the synthesis was nitro-group
. . _COH Me,N
selective hydrogenation over hydro- 2 OH
o . . . ~_NH
dechlorination using polysilane-Pt/activated /©/\/ 2
carbon-calcium phosphate catalyst. cl MeO
4. Primary amine-selective hydrogenation of Baclofen Venlafaxine
. J

nitrile was finely applied into sequential flow
synthesis of Venlafaxine. The mail structure of
this drug was synthesized by aldol condensation with alkyl nitrile and ketone using basic resin catalyst.

This research revolutionizes pharmaceutical manufacturing, which is now centered on conventional batch methods,
toward more efficient and flexible flow methods. This research will establish Japan's unique and originale technology
centering on the flow methods, and it is greatly expected that "Monodzukuri Japan" will revive.
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