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The proposed iridium-based compound can effectively store "electrons" from
hydrogen and hold them in solid state at room temperature for months. These
stored electrons can then be released to catalyze cyclopropanation reactions that
do not produce metal waste. Credit: Kyushu University/Seiji Ogo

Researchers from Kyushu University have developed a hydrogen energy
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carrier to address some of the biggest hurdles in the path toward a
sustainable hydrogen economy. As explained in a paper published in 
JACS Au, this novel compound can efficiently "store electrons" from
hydrogen in a solid state to use in chemical reactions later.

Hydrogen is a promising source of clean energy with a lot of untapped
potential applications in industry and everyday life. Unlike conventional
fuels, hydrogen can be used to generate electricity without producing
greenhouse gases. It can also be used in various chemical reactions such
as hydrogenation, that is, as a source of hydride ions or hydrogen atom
electrons.

However, storing and transporting hydrogen in either gaseous or liquid
states is extremely challenging, requiring expensive equipment and
cooling systems.

Professor Seiji Ogo from Kyushu University's WPI-International
Institute for Carbon-Neutral Energy (WPI-I2CNER) has been developing
innovative solutions to these problems. In their most recent study, Ogo
and his colleague from Kindai University took inspiration from nature to
develop an iridium-based compound with peculiar and remarkably
useful properties.

"We have been actively exploring hydrogen energy carriers that can be
easily synthesized and used as-is. These compounds are based on the
hydrogenase enzyme found in nature, which can catalyze hydrogen into
protons and electrons at room temperature," explains Ogo. "A core idea
of our approach that led to a breakthrough was to view hydrogen not as a
source of negatively charged hydride ion or hydrogen atom, but as
electrons."
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After carefully examining many combinations of metal ions and organic
ligands, the research team crafted an iridium-based compound which,
when exposed to hydrogen incorporates it into the metal center after
losing an iodide ion. In this way, the proposed compound can effectively
extract and store electrons from hydrogen.

These changes are readily reversible under the right conditions, and the
stored electrons can be easily extracted and used in chemical reactions to
synthesize valuable molecules. In this study, the researchers focused on
using the electrons stored in the compound to catalyze cyclopropanation
reactions.

Cyclopropanes are molecules with a three-membered carbon ring
structure and represent important structural units in various
pharmaceutical drugs and organic compounds. However, conventional
cyclopropanations have produced large amounts of waste metals as
byproducts. The proposed hydrogen energy carrier circumvents this issue
entirely.

"The cyclopropanation reactions performed in our study use hydrogen
rather than metals as the reductant and thus produce no metal waste. This
is a major advantage of the proposed compound over established
techniques," remarks Ogo.

Notably, this study also marks the first time that a reaction between
hydrogen and alkenes—hydrocarbons containing a carbon double bond
—produces cyclopropanes rather than the much simpler alkanes.

After extensive testing, the team found that the proposed energy carrier
can capture electrons from hydrogen and store them for over three
months in a solid state at room temperature.

In future work, Ogo and colleagues plan to focus on developing a similar
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energy carrier using iron-group elements, which are cheaper and more
abundant than iridium. By promoting industry-academia collaborations,
their next efforts will aim to develop scalable solutions for practical
problems surrounding upcoming hydrogen economies.

"We sincerely believe that the present achievement will contribute to the
realization of a carbon-neutral society," concludes Ogo.

  More information: Seiji Ogo et al, Cyclopropanation Using Electrons
Derived from Hydrogen: Reaction of Alkenes and Hydrogen without
Hydrogenation, JACS Au (2024). DOI: 10.1021/jacsau.4c00098
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