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Outline of the work:

Homochirality is the overwhelming predominance of a single enantiomer. Typical
examples are biomolecules in living systems; proteins are composed of L-amino acids, and
nucleic acids are composed of D-sugars. How and when homochirality emerged on Earth in
relation to the origin of life are interesting, unsolved questions. Various hypotheses, such as
chirality being triggered by circularly polarized light or quartz, have been proposed over
time. However, experiments related to this subject have yielded unconvincing results
because products were formed with very low enantiomeric excess (ee), often below the
detection limit. No method of correlating the effect of a certain chiral trigger to chiral
products with a very high ee has yet been reported.

Dr. Kenso Soai made a seminal contribution to this field by discovering an asymmetric
autocatalytic reaction, now known as the Soai reaction, that resulted in an extraordinary
increase in ee. This discovery led to several hypotheses about the mechanism by which
homochirality emerged.

In 1995, Dr. Soai discovered an asymmetric autocatalytic reaction that resulted in an
increase in ee. Although autocatalytic reactions, in which the product serves as a catalyst for
its own generation, are known, no asymmetric version of this type of reaction, resulting in
the self-replication of a chiral molecule with an increase in ee, has been reported. In 1953,
Frank proposed the possibility of such a reaction but did not mention any specific chemical
structures. Over 40 years elapsed before the first example of this type of reaction was
reported by Dr. Soai.

The Soai reaction has three key features:

(1) Autocatalysis: During the reaction of diisopropylzinc with pyrimidine-5-
carbaldehyde, the addition product serves as an asymmetric autocatalyst, significantly
accelerating the reaction.

(2) Fidelity of chirality: The chirality of the autocatalyst is faithfully transmitted to the
product, 5-pyrimidyl alkanol. For example, when the asymmetric autocatalyst has an ee
greater than 99.5%, the ee of the product is also greater than 99.5%.

(3) Dramatically increased enantiomeric purity: Even when the reaction starts with an
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autocatalyst with an extremely low ee (e.g., 0.00005%), the ee is increased to more than
99.5% after three consecutive cycles of asymmetric autocatalysis. Clearly, the Soai reaction
exponentially amplifies the initial chirality bias to form a highly enantioenriched product.

Inspired by these extraordinary features, Soai began investigating the origins of
homochirality. It was found that the Soai reaction could overcome the limitations of the
abovementioned unfruitful attempts to induce chirality by chiral triggers. By using various
chiral initiators, Soai established a correlation between the chirality of the initiators and the
absolute configuration of the highly enantioenriched product. The chiral initiators included
(1) right- and left-handed quartz, (2) irradiation with right- and left-circularly polarized
light, (3) chiral crystals formed from achiral organic compounds, and (4) chiral compounds
with isotopically substituted carbon, oxygen, etc. In each case, a small chirality bias was
amplified via asymmetric autocatalysis, resulting in a product with a very high ee. Thus, the
chirality of the initiators was correlated with the absolute configuration of the highly
enantioenriched product for the first time.

Surprisingly, spontaneous absolute asymmetric synthesis was observed. When a
prochiral substrate reacts in the absence of a chiral factor, a racemate, i.e., an equimolar
mixture of both enantiomers, is expected to form. However, counterintuitively, the Soai
reaction afforded enantioenriched products via asymmetric autocatalysis without the
intervention of any chiral factor. This surprising result was attributed to stochastic
fluctuations of the chirality of the initial products, which was greatly amplified to generate a
stochastic distribution of left- and right-handed products. This was the first example of a
spontaneous absolute asymmetric synthesis resulting in a high ee.

In summary, the discovery by Dr. Kenso Soai of asymmetric autocatalysis resulting in
an increased ee has had a profound impact on multiple scientific disciplines. The ability of
the Soai reaction to increase very low ee values to achieve enantiopurity may help explain
the origin of homochirality. The Soai reaction has thus attracted widespread interest not only
in chemistry but also in other fields.
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