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ABSTRACT

In almost all man-made chemical products, the carbon skeletons originate from unsustainable fossil
resources. As a green transition gains traction, introducing CO:2 as a feedstock for organic synthesis will be
one of the keys to a carbon-neutral chemical industry. However, redesigning large scale processes for
alternative feedstocks is challenging. Methanol sourced from CO: is presently becoming available, linked to
the emergence of a methanol economy utilising it as circular fuel. This presents an ideal entry point to rethink
the highly interconnected chemical production chains.

Here, we report that interlocking a ruthenium-catalysed methanol-to-syngas reforming with a low-
pressure rhodium-catalysed hydroformylation in a two-reactor setup affords oxo products in high yields and
selectivity. This study elucidates the kinetics and selectivity of syngas formation and their key role in matching
both catalytic cycles. If combined with methanol-to-olefin processes and green methanol production, oxo-
products could thus be generated using solely CO: as the carbon feedstock through a methanol platform.

Syngas release ~ H X
W MeOH CO+H, O/\/\ﬁ/ o o

=h (@) Isomerized Hydrogenated
Olefin 1a Hydroformylation Aldehydes (/:b) olefin olefin

T
H  ,— Ph
AN

T

1 1

Z I: "Ru !

! P” I Yco !

Ph—
1 /I H 1
MeO

1 1

1 1

1 1

Ph  TBHj3
Ru-MACHO-BH (1.0 mol%)
Toluene (1.0 mL), 150 °C, 16 h

Estragole, olefin 1a

Rh(acac)(CO), (0.67 mol%)  6-DPPon (3.3 mol%)
used in the optimization

Tetrahydrofyran (2.0 mL), rt, 16 h

ACKNOWLEDGEMENTS

We are highly appreciative of the financial support from the Danish National Research Foundation
(grant no. DNRF118), the Novo Nordisk Foundation CO2 Research Center that was funded by the Novo
Nordisk Foundation (grant no. NNF21SA0072700), NordForsk (grant no. 85378), and Aarhus University.

REFERENCES

Huo, J.; Wang, Z.; Oberschelp, C.; Guillén-Goséalbez, G.; Hellweg, S. Net-zero transition of the global chemical industry with CO,-
feedstock by 2050: feasible yet challenging. Green Chem. 2023, 25 (1), 415-430. DOI: 10.1039/D2GC03047K
Lopez, G.; Keiner, D.; Fasihi, M.; Koiranen, T.; Breyer, C. From fossil to green chemicals: sustainable pathways and new carbon
feedstocks for the global chemical industry. Energy Environ. Sci. 2023, 16 (7), 2879-2909. DOI: 10.1039/D3EE00478C
Olah, G. A. Beyond Oil and Gas: The Methanol Economy. Angew. Chem. Int. Ed. 2005, 44 (18), 2636-2639. DOI:
10.1002/anie.200462121



mailto:authorA@gmail.com

