
 

Chemists develop new method for
introducing fluorinated components into
molecules
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With their newly developed method, chemists can precisely incorporate a
difluoromethyl group (highlighted in light blue) regioselectively, i.e. at certain
positions, into pyridine rings – either in the para-position (yellow arrow) or the
meta-position (blue arrow). The nitrogen atom within the pyridine ring is shown
in dark blue. Credit: Studer Group

A team of chemists at the University of Münster has developed a
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synthesis method for the site-selective integration of the biologically
relevant difluoromethyl group into pyridines.

The difluoromethyl group often determines the properties of bioactive
molecules and is therefore particularly interesting for drug research. This
atomic group consists of carbon, two fluorine atoms and a hydrogen
atom. Derivatives of the chemical compound pyridine are particularly
suited for inclusion in difluoromethyl groups.

If a hydrogen atom in pyridines is replaced by such a group,
difluoromethylated ring structures can be obtained in an uncomplicated
way, which are potential candidates for new drugs and agrochemicals. In
terms of efficacy, the position of the difluoromethyl group within the
molecule plays a vital role.

A team of researchers led by Prof Dr. Armido Studer from the Institute
of Organic Chemistry at the University of Münster (Germany) has now
presented a new strategy with which the difluoromethyl group can be
precisely introduced into pyridines at specific sites. The results have
been published in the journal Nature Communications.

Pyridine is an important building block in the pharmaceutical and
agrochemical industry for the production of biologically active
substances. Pyridine and its derivatives contain rings with five carbon
atoms and one nitrogen atom. Using the new method, the difluoromethyl
group can be introduced either at the meta-position (two atoms away
from the nitrogen) or at the para-position (three atoms away from the
nitrogen).

The method is promising because the regioselective difluoromethylation
of pyridines is considered a challenge in the chemistry field. There were
no previously known methods for site-selective meta- and para-
difluoromethylation which could be switched between the two positions.
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"Our study solves the problem of direct difluoromethylation of the
pyridine ring at the meta-position, which is particularly difficult to
access in complex compounds," explains Studer.

As pyridines are rather inert compounds, the chemists applied a strategy
of temporary dearomatization. The dearomatized active intermediates
react with reagents containing difluoromethyl groups to form the
chemically functionalized pyridines. This method is also suitable for the
difluoromethylation of pyridine-containing drugs at the end of the
synthesis sequence. The pyridine derivatives can therefore be easily
converted instead of having to be painstakingly reconstituted.

"Our method is practical and can be carried out with inexpensive,
commercially available reagents. This should make our method relevant
for drug design," says postdoctoral researcher Dr. Pengwei Xu. "We
expect that our approach will find application in the pharmaceutical and
agrochemical industries."

  More information: Pengwei Xu et al, Introduction of the
difluoromethyl group at the meta- or para-position of pyridines through
regioselectivity switch, Nature Communications (2024). DOI:
10.1038/s41467-024-48383-1
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