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One of the most fundamental chemical phenomena in existence is

that of the carbon-carbon bond. It gives carbon atoms the ability to
form the backbone of all organic chemistries; without it, life itself
could not exist. Therefore, understanding how to make, break and
manipulate this crucial bond is the secret to unlocking endless

potential options for chemical synthesis. Professor Jeremy May and

his team at the University of Houston, USA, have been developing
methods to control the formation of these bonds, significantly
furthering the field of organic synthesis.

The Importance of Carbon-Carbon
Bonds

The entire field of organic chemistry
revolves around the study and synthesis
of chemical species, primarily made

up of oxygen, hydrogen, nitrogen, and,
most crucially, carbon. Carbon is a
special element due to its ability to form
multiple bonds, including bonds to
other carbon atoms, which allows it to
form the fundamental skeleton behind
all organic compounds. Therefore,

itis no exaggeration to say that the
carbon-carbon bond is one of the most
important in existence.

Not only is the ability to manipulate
carbon-carbon bonds intellectually
interesting, but it carries with it an
untold number of practical uses. It
has allowed scientists to recreate
natural compounds in a laboratory
environment and has revolutionised
areas of pharmaceutical and
medicinal development. In order to
progress scientific fields, including
the development of new drugs and

medicines, as well as polymers and
other synthetic materials, it is essential
to understand how to best utilise these
carbon-carbon bonds.

The difficulty comes in creating these
bonds, especially in the ways we need
them. It can be extremely difficult to
ensure that only the correct bonds
form, which is an issue when the final
compound needs to have specific
features, such as the chemical groups
itincludes, its size, shape and even
symmetry. Therefore, when designing
new molecules and altering existing
ones, it comes down to the scientist to
find a way to make it work in practice.

Professor Jeremy May, and his team

at the University of Houston, have
been tirelessly working in this field to
understand the formation of carbon-
carbon bonds and find more effective
ways to control their synthesis. This
research has the potential to transform
the fields of organic, synthetic,
biological and medicinal chemistry.
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Gallium Catalysed Organic Reactions

When it comes to organic chemistry,

a lot of emphasis is put on the use of
suitable catalysts. These are additives
which help to speed up reactions and,
in some cases, can even influence the
direction of the reaction and the end
product it makes. This is especially true
when it comes to developing quaternary
carbons - carbon atoms which are
bonded to four other carbon atoms.
These exist in nature but are notoriously
difficult to produce in the laboratory,
due to the shape that these molecules
take. The ‘arms’ of carbon spread out in
four directions, making the molecules
extra bulky and difficult to produce.
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This means any catalyst used to produce them needs to exhibit
suitable reactivity in order to assist with the reaction. Therefore,
itisimportant to be able to choose the right catalyst for the job.

Professor May and his team have been researching different
catalysts based around the metal gallium, which is heavier
relative to aluminium. Their goal was to develop a method
which could produce useful tertiary and quaternary carbon
centres in molecules. While methods of doing this previously
existed, those used expensive reagents and often weren’t
suitable for creating molecules with certain chemical groups on
them. The hope was that using an inexpensive gallium-based
catalyst would help to allow this reaction to occur with the
specificity that they required.

The team tested a number of different gallium-based catalysts
under various reaction conditions. They found that certain
conditions worked particularly well, managing to achieve as
high as 90% conversion of their starting material to product
within 2 hours, which represents a very successful reaction. Not
only this, but they found that this method was suitable for a
variety of reagents and, therefore, could be used to produce a
variety of end results.

This was not the only time the team had used gallium-based
catalysts to produce quaternary carbons. In another study, they
showed how it could ‘open’ up some carbon rings and allow a
wide variety of different groups to be inserted in the process.
These studies illustrate the variety of end results that can be
achieved and represent its usefulness as a synthetic tool for
creating specific chemical species.
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A One-pot Recipe for Cyclic Ketones

Ketones are one of the most interesting and versatile organic
chemical species. They are responsible for many of the distinct
smells and tastes we experience, especially those that we
associate with fruit and other natural flavours. However, they
have even more fascinating chemistries, being useful across

a wide range of organic synthesis routes, particularly when it
comes to drug development and synthesis of natural products.
This is especially true of special, cyclic ketones, where the
characteristic carbonyl group (formed from a carbon and
oxygen atom linked with a double bond) is part of a larger

ring of carbon atoms. These cyclic ketones are notoriously
difficult to synthesise when trying to incorporate specific other
chemical groups in the ring in a position far away from the
ketone motif.

Professor May and his team have been investigating a way to
synthesise such substituted cyclic ketones from appropriate
starting molecules. The idea here is to begin with a simple
acyclic molecule which contains part of the desired final
structure, and then conduct a series of substitutions to reach a
desired end result. The goal was then to reduce the number of
steps required and produce the most straightforward method,
which would result in the desired product in the largest
quantities and highest efficiencies.

They began by testing a number of different catalysts for their
ability to add new functional groups to their starting materials.
Once they had found the best catalyst, they then tested a
number of reagents and recorded the final cyclic products they
would produce, and in what quantities. Once they had a better




idea of how these conditions would
affect the reaction, they managed to

design a one-pot synthesis which could
take them directly from their starting
material to the desired cyclic ketone
product in a single reaction.

This approach showed not only how the
team was able to simplify and improve
the overall method of synthesis, but also
demonstrated how, through intelligent
planning and thorough consideration,
they were able to control the
parameters of the reaction and produce
highly useful final results. These results

will likely lead to further improvements
in planning this sort of synthesis, Elemental Gallium.
and thus, drive forward meaningful
developments in organic and synthetic
chemistry.

A Suitable Catalyst for Polyene
Synthesis

Polyenes, a chemical group containing
multiple carbon-carbon double

bonds, are very important to synthetic
chemistry. The double bonds can react
and attach to different chemical species,
meaning that polyenes are excellent
starting points when synthesising new

compounds. Once again, this makes
them a very important group across
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countless industries and areas of
research, where the ultimate goal is to

design and produce new molecules went about testing a number of use specific catalysts to control the

of interest from scratch. Therefore, catalysts and, importantly, found that symmetry of the products they produce.
the ability to create new polyenes TetraBromoBiphenol, also known This can have a massive impact on their
with specific groups attached to as TBBol, an organic compound applications, especially when it comes
them remains a challenge of modern containing carbon rings and bromine to medicine and biochemical research.

atoms, performed exceptionally well.

chemistry.

They found that this catalyst was able This is an incredibly exciting
Previously, this has been performed to produce the same end result as the development. Every time a new
with a variety of transition metal- metallic counterparts - without the compound is produced, or a new
based catalysts with varying results. additional risks. Furthermore, they method is created, this information can
Unfortunately, these often require harsh found that the reaction was more be stored for future use. This means
reaction conditions and can lead to tolerant of certain chemical groups, that when it comes to future research
heavy metal toxicity and environmental which comparable methods were not. and development, scientists won't have
issues, which make them unsuitable This represents a new and exciting to start from scratch, and can instead
for large-scale use. In a recent study, methodology that, in the future, will look to compounds and methods which
Professor May investigated how this allow scientists to use these building have been recorded. By creating new
process can be improved to make it blocks to create more varied products. methods and generally improving the

more approachable and reduce its knowledge of carbon-carbon bond

environmental impact.

The goal here was to find a suitable,
less harmful catalyst which could
still enhance the reaction. The team

However, this is far from where formation, Professor May and his team
Professor May and his team’s research have helped to provide insights with the
ends. In more recent studies, they potential to fuel endless discoveries and
have been looking into how they can developments in the scientific world.
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