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Streamlined process opens drug development to a new class of
steroids
September 25, 2017, Dartmouth College
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Introduction to steroid structure and synthesis. a, The general steroid tetracyclic skeleton. b,
Examples of natural steroids. c, Selected approaches to steroid synthesis using semisynthetic
and de novo strategies. Credit: (c) Nature Chemistry (2017). DOI: 10.1038/nchem.2865
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Researchers at Dartmouth College have developed a technique to produce
synthetic steroids that could pave the way for a cascade of new drug
discoveries. The process, published in the journal Nature Chemistry,
facilitates access to rare, mirror-image isomers of naturally occurring steroid
structures.
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The technique, based on a series of new chemical reactions, significantly
reduces the expense and time needed to develop therapeutics from a
pharmaceutically privileged yet underexplored collection of molecules.
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"This is a fundamentally new molecular strategy for steroid construction," said
Glenn Micalizio, the New Hampshire Professor of Chemistry at Dartmouth.
"This technology allows the preparation of either mirror-image isomer with
equal ease, but with unprecedented efficiency."
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The core molecular structure of steroids is a proven backbone in drug
development. More than 100 different steroid molecules are approved by the
U.S. Food and Drug Administration as therapeutics for a wide range of
symptoms and diseases including inflammation and pain, cancer and
bacterial infection.
Steroidal therapeutics arguably make up the most successful class of
medicine inspired by a natural product. All known drugs in this class share a
common structure comprised of only one of two possible mirror image
skeletons - known as enantiomers. Such agents are typically available from
chemical transformations of natural and readily available steroids.
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According to researchers, molecules based on the unnatural mirror image
isomer of steroids form the foundation of a vast collection of underexplored
potential medicines. While these compounds share the basic drug-like
physical properties of the natural class, they boast complementary 3-D
structures with broad potential in the clinic.
"With this advancement, we now have the opportunity to investigate fertile
regions of chemical space for the identification of untold numbers of unique,
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medicinally relevant agents," said Micalizio.
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The process developed in the Micalizio Laboratory at Dartmouth, produces
steroidal structures of either enantiomer with what researchers describe as
unprecedented efficiency. Using inexpensive and abundant starting materials,
the new class of synthetics can be produced in as few as five chemical steps.
The advance is based on a chemical reaction discovered in 2014 by Micalizio
that forges half of the steroid structure. The breakthrough was made possible
by inventing a simple procedure to advance these intermediates to steroid
structures of either mirror image series.
While chemical synthesis has previously been described as a route to
unnatural enantiomers of steroids, the process pioneered at Dartmouth
allows scientists to more easily investigate their medicinal properties.
Importantly, the time and cost of preparing collections of new compounds in
this class - a requirement of most modern drug discovery efforts - has been
drastically reduced.
"This is by far the most concise and flexible route to make a wide variety of
novel steroids," said Micalizio.
To show the value of the technology inbiomedical science, the research
team demonstrated that one of the molecules prepared in their initial study
has potent and selective growth inhibitory properties against three different
human cancer cell lines.
"We're not just saying these things have potential," said Micalizio, "here is
one example from the relatively small number of compounds that we
produced that proves their potential value as anti-cancer agents."
Since synthetic mirror image isomers are not readily available from natural
sources, pursuit of this class of drugs and their clinical value is dependent on
the efficiency with which organic chemists can prepare them.
"The science of synthetic organic chemistry is an essential component of
drug discovery, and advances in this field are directly responsible for our
recent discovery," said Micalizio.
"Without the ability to create new collections of molecules, it is difficult to
pursue many potentially exciting new directions in drug discovery. As such,
advances in chemical synthesis, like this one, can have profound and rippling
effects on biomedical science," Micalizio added
Building on the challenge to invent chemistry that fuels discovery in
biomedical science, Micalizio's lab hopes to develop a new technology
platform to explore unnatural isomers of steroids for the development of
therapeutics.
Explore further: Chemists create new pathway to potential medicines
More information: Wan Shin Kim et al, Synthetic nat- or ent-steroids in as
few as five chemical steps from epichlorohydrin, Nature Chemistry (2017).
DOI: 10.1038/nchem.2865
Journal reference: Nature Chemistry
Provided by: Dartmouth College
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Chemists create new pathway to potential
medicines May 8, 2015
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Dartmouth researchers have discovered a new chemical reaction that has the Scientists have managed to separate two liquids in a mixture using a laser,
which they claim will lead to new ways of manipulating matter and creating
potential to facilitate the search for pharmaceutical drugs.
crystals for industry.

Scientists discover method to potentially repair
nerve damage January 21, 2016

Engineering a new spin for disease diagnostics

Nerve damage from neurodegenerative disease and spinal cord injury has
largely been considered irreversible, but Dartmouth researchers report
progress in the effort to synthesize rare natural products that promote
regeneration ...

Researchers at the National University of Singapore have created a new
platform with the potential to extract tiny circulating biomarkers of disease from
patient blood. This simple, fast and convenient technique could help ...

Scientists develop new class of small molecules
through innovative chemistry November 20, 2011
Inspired by natural products, scientists on the Florida campus of the Scripps
Research Institute have created a new class of small molecules with the
potential to serve as a rich foundation for drug discovery.

Scientists break barrier to creating potential
therapeutic molecules May 24, 2010
Scientists from The Scripps Research Institute have created a novel
technique that for the first time will allow the efficient production of a
molecular structure that is common to a vast array of natural molecules. This
...

The asymmetric synthesis of halogenated
compounds from carboxylic acids is world first
July 19, 2017

Toyohashi University of Technology researchers led by Associate Professor
Shibatomi developed new catalytic reaction to produce chlorine-containing
organic molecules in isomerically pure (left- or right-handed) form

New chemical synthesis method can produce an
exciting range of novel compounds July 5, 2017
Chemists at Nagoya Institute of Technology have developed an innovative
chemical reaction system, which could have applications for developing
starter molecules for additional synthetic procedures in organic chemistry, as
...
User comments

Commenting is closed for this article.

March 6, 2018

'Rheostat' identified that helps regulate cell death
versus survival decisions March 6, 2018
St. Jude Children's Research Hospital scientists have determined how a
protein's disordered region serves as a molecular rheostat to help regulate cell
survival.

Researchers show a cancer defense mechanism
could be turned back to attack tumors March 6, 2018
UCLA engineers and scientists have engineered a type of synthetic protein—a
chimeric antigen receptor, or CAR, that responds to soluble protein targets.
The advance shows great promise for helping the body's immune system ...

The degradation status of modern polymeric
museum artifacts can be classified by their smell
March 6, 2018

Breath analysis in disease diagnostics is a promising research field, and the
advances in instrumentation allows the accurate detection of metabolites. But
not only the health status of patients, but also the preservation ...

Chemists use technology to decode language of
lipid-protein interaction March 6, 2018
Technology has a massive impact on our day-to-day lives, right down to the
cellular level within our own bodies. Texas A&M University chemists are using
it to determine how lipids talk to each other when they interact with ...
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