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Introduction

Solid-phase peptide synthesis (SPPS) remains the dominant approach for peptide production, but its very high process mass intensity (PMI, ~13,000) poses a significant challenge to
sustainable manufacturing. In addition, the extensive use of N,N-dimethylformamide (DMF), a key solvent in SPPS, is now subject to increasingly strict requlatory restrictions in Europe. Tag-
assisted liquid-phase peptide synthesis (LPPS) has therefore attracted attention as a low-PMI, DMF-free, and more sustainable alternative to SPPS. However, the linker moieties of most
existing LPPS tags were originally designed for solid-phase synthesis, resulting in limitations such as acid instability and difficulties in chemoselective deprotection without side reactions.
Consequently, these tags are not well suited for the preparation of fully protected peptide fragments for convergent synthesis or C-terminal modification. To address these challenges, we
developed a new liquid-phase synthesis tag, FMSE, featuring a linker architecture specifically optimized for LPPS.
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FMSE: Alkyl silane-based solubilizing tag
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SPPS/LPPS Hybrid Strategy for Tirzepatide Manufacturing
Tirzepatide Fragments (SPPS synthesis)
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Issues in LPPS Coupling with Lipidated Lys Building Blocks Bidirectional Extension for Lipidated
Peptide Manufacturing
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Alternative Strategy for Fragment 2 Synthesis
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Stepwise LPPS and FMSE deprotection
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Take-home Message

» FMSE enables DMF/NMP-free LPPS with low-PMI potential
> Fluoride-mediated FMSE removal provides protected

neptide fragments without C-terminal epimerization
» Stepwise Lys side-chain construction expands access
to lipidated peptide intermediates
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FMSE-based stepwise side-chain construction
> Avoids costly pre-functionalized PEG—alkyl Lys building blocks
> Efficient coupling from less hindered Lys intermediates

> Enables clean aqueous workup with favorable phase separation

» Improves robustness in downstream peptide elongation
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> Bidirectional elongation via Fmoc/Boc/Cbz
chemistry

» Cbz removal after side-chain extension
enables N-terminal LPPS

» Customized PEG-alkyl side chains without
pre-assembled building blocks
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