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The annual production of more than 12 million tonnes of aldehydes via olefin hydroformylation underscores
the central role of this homogeneous catalytic process in the chemical industry — serving as a key entry
point to alcohols, plasticizers, and a broad range of value-added chemicals.[1] However, the conventional
process relies on synthesis gas (CO/H,), whose supply is tied to large-scale, centralized infrastructure and
predominantly fossil carbon sources. As the chemical industry seeks more flexible and resilient supply
chains, alternative C1 feedstocks are gaining strategic importance.[2]

Methanol — increasingly accessible from renewable and distributed production routes — offers a compelling
alternative. The methanolation reaction exploits methanol as an in situ syngas source, integrating methanol
reforming and olefin hydroformylation into a single, atom-efficient tandem process.[2] Applied to 1-octene as
a model substrate, the system delivers alcohol yields of up to 80% with outstanding linear selectivity (I:b =
93:7), a rhodium-based turnover number exceeding 17,000, and operation under mild conditions (<10 bar
total pressure). Successful scale-up from 5 mL to a 250 mL miniplant demonstrates the robustness and
industrial viability of the approach.[2]

Building on these results, this contribution presents mechanistic investigations of the tandem system using
multinuclear operando FlowNMR spectroscopy. By directly monitoring catalyst speciation and key reaction
intermediates under working conditions, this study aims to establish a molecular-level understanding that
guides the rational design of future methanol-based processes for the resilient supply of carbon carriers and
chemicals.
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