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Background of the research project

Peptide drugs have garnered much attention because they have both merits of antibody drugs and
traditional low-molecular weight drugs. In particular, medium sized oligopeptides consisting of <11 amino
acids account for roughly a half of marketed peptide drugs. The medium sized, N-methylated cyclic peptides
that enable oral administration will grow increasingly important. There are growing needs of scalable, low-
cost synthetic process for peptide drugs. However, the present synthetic process for peptides have problems
including generation of a lot of waste, high cost, low yields in amidation of N-methyl amino acids.

The most conventional approach for coupling amino acids is based on the mild activation of an amino acid
using expensive reagents. This approach usually takes rather long time to obtain desired peptides. On the other
hand, we developed original micro-flow amidation by activating an amino acid strongly and rapidly (< 0.5
sec) using inexpensive reagents. Our developed micro-flow technology enabled precise control of such short
reaction time and reaction temperature. In addition, our developed process emits only CO, and HCI those can
be easily removed. Moreover, this process should be readily scaled-up by either continuous running or by the
numbering-up of the reactors. However, our developed process had one drawback. Namely, excess amount of
an amino acid for generating active species was necessary. Therefore, we developed a novel micro-flow
amidation that enables high-yielding coupling of N-methyl amino acids using inexpensive and less wasteful

reagents.

Major achievements in this project

* Development of amidation for N-methyl amino acids via mixed carbonic anhydride formation
We developed amide bond formation using inexpensive and less wasteful reagents. The developed approach
used highly active mixed carbonic anhydride that tended to cause undesired reactions. However, those side
reactions were successfully suppressed by using micro-flow technologies including precise temperature and
reaction time control. We achieved synthesis of various N-methylated peptides in high yield. Two patents
application was completed.

* Scaled-up peptide chain elongation and photo-induced macrolactamization
We demonstrated scaled-up amidation (gram scale) by simply extending pumping time. Photo-induced
macrolactamization was performed in a micro-flow reactor. The developed method avoided the problematic
purification of cyclization precursor containing both amino- and carboxyl groups. In addition, the addition
of excess amount of expensive coupling agents was not necessary.

* Automated purification
We successfully purified obtained peptides using liquid-phase automated purification technology. We also
performed the purification process in a micro-flow reactor.

* Development of continuous-flow amidation system
We developed the micro-flow reactor system that enabled precise temperature control. The reactor is highly
resistant to variety of chemicals. We developed special temperature sensor and achieved accurate
measurement of the temperature of reaction mixtures in the micro-flow reactor.

* In-line measurement of the yield of the desired peptides
In order to achieve in-line real-time monitoring of the yield of the desired peptides, we tried to detect the
desired peptide in the reaction mixture by using NIR analysis. We successfully identified the absorption
wavelength that is attributable to the change of the amount of the desired peptide. The obtained results

paved the way for real time in-line monitoring of the amidation.
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