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1. Introduction: Space chemistry

Have you ever wondered if chemistry is different
in space than on the ground?

Chemistry on Earth environment can be per-
formed either in flasks or flow systems. This is not
the case under microgravity where the solution in
a flask wouldn’t mix well and reactions will not be
reproducible.

Flow chemistry is an advanced branch of syn-
thetic chemistry and amenable to both automation
and synthesis in space and also under harsh con-
ditions. Flow chemistry is performed by mixing
two or more liquid/gas reagents under heating or
cooling or under pressure in a reactor producing a
continuous stream.!

Space chemistry is producing chemical trans-
formations (including formulations) in space,
mostly via flow chemistry. Space chemistry is rel-
atively new field, which goes back to the mid
2010’s. The first scientific conference on the topic
was organized by the American Chemical Society
(ACS) in San Francisco, CA, USA in 2017.2 The
first summary paper was published in 2017°. The
most recent review on space chemistry is a book
chapter*.

2. Research areas covered so far

The pharma industry has been profiting from
space chemistry and formulation in many ways.
Rapid alteration in gene expression in osteoblasts
furthermore checking the atrophy tissue metabo-
lism in space helps e.g. the understanding of the
ageing process in space and on earth. Better un-
derstanding of these phenomena may lead to dis-
covery of novel drugs and therapies.> Interesting-
ly, many important response, like musculoskele-
tal, cardiovascular, immune and other responses

to microgravity are similar to the changes experi-
enced at ageing. They are, however, sometimes 10
times faster in space than on Earth.®

The exploitation of the advantages of micro-
gravity in protein crystallization is a very rapidly
developing area.’

Synthetic chemistry experiments performed in
microgravity environment have been scarce so far.
Until recent years, performing controlled chemical
syntheses in space has not been possible due to
the lack of an appropriate equipment to do that. In
2019-20, the first flow chemistry platform for syn-
thetic reactions on the ISS was developed by the
Beeler Research Group (Boston University) and
Space Tango.®

3. The SpaceMedChem Consortium and selected
results

The real challenge of using synthetic chemistry
and formulation development in space is the com-
parative fine tuning of experiments on orbit with
the experiments on Earth and fitting the space ex-
periments properly to the usual drug discovery
and development pipeline. This aim is targeted
exactly by the SpaceMedChem Consortium.

The Consortium is aiming to solve important,
decade long, unsolved drug discovery problems
starting on precompetitive levels. An important
target is also to create a uniform platform which is
synchronizing the drug discovery platforms on
orbit and Earth. Participants of the Consortium
are from the space community (e.g., service corpo-
rations) as well as from the pharmaceutical com-
munity, from large to small pharmaceutical corpo-
rations, furthermore drug discovery CROs. InnoS-
tudio Inc.’, one of the pioneers of space chemistry
in recent years, is the founding member of the
consortium.
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Figure 1 A 3D printed model of the first flow chemistry
instrument targeted to automated and remotely controlled
operation on orbit.

The first and most important result from the
SpaceMedChem Consortium is an interesting an-
ti-COVID study related to remdesivir re-formula-
tion under microgravity (for details, see our DDRS
2021 poster “Space medicinal chemistry against
SARS-CoV-2: SpaceMedChem — Project 17).

InnoStudio and its sister company Thalesnano
have recently developed the first demo equip-
ments of a modular, miniaturized and remotely
controllable flow reactor system for space applica-
tions and space pharmaceutical manufacturing
(Figure 1), capable of performing diverse chemical
reactions and syntheses, including reactions high-
ly demanded by the pharmaceutical industry.
Also, InnoStudio is developing the very first min-
iaturized reactor with coupled analytical tool that
will be able to follow synthesis of a world top 200
medicine in space.

Further result of the SpaceMedChem Consorti-
um is that InnoStudio Inc., in collaboration with
Japan Manned Space Systems Corporation
(JAMSS), is now organizing the first ever webinar
series dedicated to pharmaceutical research and

drug discovery in space with speakers from large
pharma and space industry corporation will ac-
count on their latest results. '

4. Conclusions

In recent years, numerous research studies have
shown that microgravity and other space effects
are promising tools to develop and/or improve
pharmaceutical compounds and processes either
for space purposes or applications on Earth. We
believe that in the coming decade, the enhanced
collaboration of the pharmaceutical and space in-
dustry, both at national and international level,
will offer both novel R&D and commercial oppor-
tunities for the development of so far unknown
APIs and other compounds of the pharmaceutical
research and industry. The present poster summa-
rizes the concept and the latest results of space
medicinal chemistry and introduces the Space-
MedChem Consortium as an emerging platform
for synchronizing drug discovery related research
on orbit and on Earth.
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