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Research Summary of Development of Synthetic Methods for Active Pharmaceutical Ingredients Using

Flow Fine Synthesis

The synthesis of complicated organic molecules, such as APIs, have been conducted through
multi-step batch reactions and purification processes. Flow methods possess various advantages over
batch methods from various aspects. Among flow methods, packing heterogeneous catalysts into
column and passing substrates through them to afford products in amost pure form, “flow fine
synthesis’, isideal. However, development of heterogeneous catalysts with high performancesto meet
such a high requirement of “flow fine synthesis’ is desired. Investigators applied continuous-flow
methods using these catalysts to the synthesis of key intermediate of Ezetimibe (trade name: Zetia,
hyperlipemia agent), Nateglinide (trade name: Fastic, oral antidiabetic drug), and (R)-Baclofen (trade
name: Gabalon, antispasticity drug). The purpose of this research is one of them will be produced in
gram-scale over 100 hours continuously under flow conditions. These compounds have chiralities and
their markets are quite large both in Japan and over the world, and achievement of flow synthesis of
them will provide great impact in both economy and human society.

1. Synthesis of Ezetimibe Key Intermediate

Indium iodide promoted 1,4-addition reaction of ketene silyl acetal to akenyl alkynyl imine to
give the desired akenyl iminocyclobutenone in moderate yield under batch conditions. The
chemoselective reduction of alkenyl iminocyclobutenone and the subsequent thermal rearrangement
of resulting alkenyl aminocyclobutenones in the presence of polymer-supported piperazine provided
the B-lactam intermediate in 61% yield (>99% purity).

2. Synthesis of Nateglinide

Heterogeneous Rh—Pt bimetallic nanoparticle catalysts for the hydrogenation of arenes with
inexpensive polysilane as support were developed. The catalysts could be used in both batch and
continuous-flow systems with high performance under mild conditions and showed wide substrate
generdlity. In the continuous-flow system, the product could be obtained by simply passing the
substrate and H> through a column packed with the catalyst. Remarkably, much higher catalytic
performance was observed in the flow system than in the batch system (up to 27 times). The
continuous-flow hydrogenation of TBS protected benzylic alcohol for the synthesis of Nateglinide
using the catalysts for 7.5 hours gave the desired reduction product in conversion yield of more than
90%. The continuous flow deprotection of TBS protected reduction product for 7.5 hours using
Chromatorex SOsH provided the desired alcohol in conversion yield of more than an average of 80%.
The sequentia continuous-flow of TBS protected benzylic alcohol using the catalysts for 7.5 hours
successfully afforded the desired intermediate alcohol for the synthesis of Nateglinide in conversion

yield of more than an average of 80%.

3. Synthesis of (R)-Baclofen
We developed a novel heterogeneous catalyst, in which both chiral diene ligand and Rh



nanoparticle were immobilized together in order to achieve asymmetric 1,4-addition of aryl boronic
acidto o,B-unsaturated carbonyl compounds. Newly developed heterogeneous catalyst showed high
activity and high enantio-selectivity for asymmetric 1,4-addition of various aryl boronic acids.
Substrate generality wasquitewideand o, B-unsaturated ketones, aldehydes, esters, and amideswere
utilized as electrophile. The catalyst could be recovered and reused without loss of activity and
selectivity for many runs. In addition, the heterogeneous catalyst was simply packed in a column and
substrates were passed it for continuous-flow systems. The continuous-flow system gave desired
product in >90% yield and 98% ee over 18 hours.

On the other hand, we newly developed a heterogeneous catalyst in which Rh nanoparticles are
immobilized on acomposite support of polysilane and alumina. The newly developed catalyst showed
high activity and high enantioselectivity for asymmetric 1,4-addition of aryl boronic acids to B,y-
unsaturated-ox-ketoesters.






