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The formation of C(sp3)–C(sp3) bonds, central to many organic 
compounds, remains a significant challenge in organic synthe-
sis, particularly in cross-electrophile coupling reactions. Tradi-
tional approaches rely heavily on transition-metal catalysis and 
preformed organometallic intermediates, often facing limitations 
in functional group compatibility and substrate scope. Here, the 
researchers report a novel, transition-metal-free platform for 
C(sp3)–C(sp3) bond formation, enabled by an unconventional 
single-electron transfer within a frustrated ion pair. This strat-
egy circumvents the need for activating or stabilizing groups on 
the coupling partners and exhibits remarkable functional group 
tolerance, allowing the coupling of fragments traditionally chal-
lenging in transition-metal-catalyzed processes. Furthermore, 
this mechanistic innovation provides a foundation for designing 
new reactions, showcasing its potential to address long-standing 
challenges in organic synthesis. Their findings highlight a broad-
ly applicable reactivity pattern that could expand the toolkit for 
constructing complex organic molecules in a more efficient and 
versatile manner.

Authors’ comments:
“In this work, we introduce a new approach for cross-electrophile 
coupling reactions. We hope that the underlining mechanistic con-
cept will inspire further reaction development.”
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Deciphering signaling pathways is key to understanding cellu-
lar communication. This study presents modular polymer-based 
protocells that mimic retinal photoreceptor signaling, offering a 
robust model for spatiotemporally defined signal transduction. 
Using microfluidics, protocells are constructed with specialized 
artificial organelles enabling hierarchical organization. In one 
protocell population (sender), light-activated molecular motors 
embedded in organelle membranes release signaling molecules, 
into the sender cavity. From there, these signals are transferred 
intercellularly to receiver protocells containing catalytic organ-
elles, where signal conversion takes place and is modulated by 
environmental calcium. By segregating different organelles in 
distinct protocells, a sequential signaling chain is achieved, mim-
icking natural communication pathways. This approach provides 
insights into cellular signaling and advances integration between 
synthetic and living systems, with precise bio-relevant control 
over individual steps. The model offers a valuable tool for explor-
ing signaling dynamics and developing bioinspired technologies.

Authors’ comments:
“Our strategy advances bio-inspired artificial organelles and pro-
tocells by combining diverse and carefully selected synthetic 
(e.g. amphiphilic copolymers, molecular motors) and natural 
(enzymes, proteins, peptides, DNA) building blocks to achieve 
multifunctionality and adaptability that replicate cellular commu-
nication.”
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Iron-exchanged zeolites are used industrially to mitigate nitric 
oxide (NO) and nitrous oxide (N

2
O) emissions, but the active 

sites and mechanisms for their simultaneous removal are not well 
understood due to Fe species heterogeneity. Combining catalyt-
ic experiments with advanced spectroscopic techniques (XAS, 
DRIFTS, EPR), researchers identified square-planar Fe2+ sites 
at β-cationic positions as key for N

2
O activation and redox cy-

cling. These sites interact with tetrahedrally coordinated Fe2+ at 
γ-cationic positions, enabling NO adsorption and oxidation. NH

3
 

adsorbed on nearby Brønsted acid sites regulates the reaction rate 
by modulating the NO oxidation sequence. This dual-site mecha-
nism enhances the cooperative redox processes, ensuring efficient 
conversion of both NO and N

2
O.

Authors’ comments:
“This work required multiple techniques, the collaboration with 
skilled individuals, and patience to gradually build up this reac-
tion mechanism. It was immensely gratifying when we assembled 
all pieces of the puzzle and finally understood the full picture of 
what we investigated over four years.”
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Recent advances in on-surface synthesis have made it possible to 
produce atomically precise low-dimensional materials, some of 
which are not accessible to wet chemistry. Although porphyrins 
have been thoroughly investigated for their properties of peripher-
al functionalisation and central metal exchange in both on-surface 
and wet chemistry, extending the π-system of porphyrins with 
anthracenyl groups has remained a challenge. The authors report 
an in vacuo temperature-controlled cyclodehydrogenation of bis- 
and tetraanthracenyl Zn(II) porphyrins on an Au(111) surface. 
Gradual temperature increase induces sequential dehydrogena-
tion, resulting in fused anthracenyl porphyrin products. At high 
molecular coverage, bowl-shaped porphyrins form, accompanied 
by Zn-Au transmetalation. These results enable the creation of a 
range of π-extended anthracenyl-containing porphyrins, with po-
tential applications in molecular (photo/electro)catalysis, (opto)
electronics, and spintronics.

Authors’ comments:
“The possibility of utilizing on-surface dehydrogenation to fuse 
anthracenyl units with porphyrins was anticipated, but it was 
never imagined that a complete range of π-extended anthracenyl-
containing porphyrins could be achieved.”


