
 

Successful synthesis of rare isotopic
atropisomers with high rotational stability
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Isotopic atropisomers based on CH3/CD3 discrimination. The left and right hands
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indicate the inherent chirality in the system. A new study conducted by
researchers from Shibaura Institute of Technology is one of the first to lead to
the successful preparation of isotopic atropisomers with high rotational stability
and slight optical rotation, based on ortho-CH3/CD3 discrimination. Credit:
Shibaura Institute of Technology

Stereochemistry, or the study of spatial arrangements of the atoms in a
molecule, is a highly explored subdiscipline of organic chemistry. It has
led to the synthesis of numerous chiral compounds—compounds with
non-superimposable mirror images or enantiomers—which have found
applications in fields ranging from biosensing to nanotechnology and
drug delivery.

For instance, deuterated (deuterium-containing) isotopic chiral
compounds, most of which bear an asymmetrical carbon atom, are
widely used as probe molecules for the mechanistic study in biochemical
and synthetic reactions.

In contrast to well-known centrally chiral deuterated compounds,
isotopic atropisomers, i.e., compounds formed as a result of sterically
hindered rotation around a single bond, are very rare. At present,
isotopic atropisomers with high rotational stability and stereochemical
purity have not been reported.

The detection of isotopic chiral compounds is generally difficult owing
to the minute differences between the chemical and physical properties
of their H and the D atoms. In the case of atropisomers, this difficulty is
enhanced further, due to their low rotational stability and the spatial
distance between their H and D atoms.

Recently, a team of researchers from Japan, including Professor Osamu
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Kitagawa of Shibaura Institute of Technology and his students Shota
Miwa and Ryunosuke Senda, conducted a study to synthesize isotopic
atropisomers with high rotational stability and optical purity. Their
paper, published in The Journal of Organic Chemistry on October 10,
2022 was chosen as one of the four featured articles of 2022, from over
a thousand publications in this journal.

"I have always been interested in preparing organic molecules with
unique structures. I was particularly curious about the verification of
rotationally stable isotopic atropisomers," says Dr. Kitagawa while
discussing his motivation behind the study.

For the study, the team used N—C axially chiral
3-(2-bromo-4,6-dimethylphenyl)-2-ethylquinazolin-4-one—a racemic
mixture, i.e., a mixture that contains equal amounts of left and right
enantiomers. First, they conducted kinetic optical resolution of the
racemic mixture through a chiral palladium-catalyzed
hydrodebromination reaction followed by optical purification to get
optically pure enantiomers.

Subsequently, Suzuki-Miyaura cross-coupling of the enantiomers with
CD3B(OH)2 gave the desired
3-(2-CD3-6-methylphenyl)quinazolin-4-ones possessing a slight optical
rotation. However, since the prepared enantiomers could not be
separated through high-performance liquid chromatography (HPLC)
using a chiral column, their optical purity and rotational stability were
not determined. This led the team to prepare the diastereomeric
quinazolinone derivatives.

As a result, the diastereomeric 3-(2-trideuteriomethyl-4,6-dimethylphen
yl)-2-(1-phenylpropan-2-yl)quinazolin-4-ones with an atropisomerism
and chiral carbon were prepared.
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Through proton nuclear magnetic resonance (NMR) measurements, the
team detected a clear difference of ortho-methyl hydrogens between the
diastereomers (the isotopic atropisomerism based on CH3/CD3
discrimination). In addition, they found that the prepared diastereomeric
quinazolinones have high enantio- and diastereomeric purity and high
rotational stability.

"Our work is the first to demonstrate the asymmetric synthesis of
isotopic atropisomers and to verify rotationally stable isotopic
atropisomerism. These results might be too preliminary to contribute to
real-life applications soon. However, I sincerely hope that more
scientists get inspired by our work and contribute to similar research,"
concludes Dr. Kitagawa, while discussing the relevance of these
findings.

  More information: Shota Miwa et al, Asymmetric Synthesis of
Isotopic Atropisomers based on ortho-CH3/CD3 Discrimination and
Their Structural Properties, The Journal of Organic Chemistry (2022). 
DOI: 10.1021/acs.joc.2c02185
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