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Enantioselective Synthesis of
(R)-3-Hydroxycarboxylic Acids

An optimization of the biotechnological process for the pro-
duction of (R)-3-hydroxycarboxylic acids (RHAs) starting from
fatty acids or carbohydrates as a “carbon source”. In a first
step, bacterial cells (e.g. Pseudomonas putida GPo1) are cul-
tivated with fatty acids to produce polyhydroxyalkanoates
(PHAs), which are further in vivo degraded into RHAs by di-
rectly adjusting the pH of the culture broth. The crude RHAs
are further purified with solvent extraction, and if necessary,
column chromatography. RHAs with different chain length,
double bonds or phenyl group were produced. Such biotech-
nological process is easy to handle, safe, and gives products
with high purity (more than 98%) and high enantiomeric ex-
cess (more than 99%).

Chemical preparations of RHAs generally afford starting materials and optically active cat-
alysts which are not readily available and therefore often require a multi-step synthesis
and/or result in high costs. Furthermore, such optically active catalysts may require vigorous
reaction conditions such as high pressure, highly flammable reaction media, or cryogenic
conditions and, therefore, are not convenient for large scale production.

Other biotechnological processes have also been reported for RHA production. These ap-
proaches include biocatalytic reduction of B-keto acids / esters using bakers’ yeast or other
microorganisms, oxidation of aliphatic glycols using Gluconobacter, Arthobacter, etc, and
microbial B-hydroxylation of carboxylic acids using Candina rugosa. However, the first two



processes often give a relatively low optical purity, and the third one is only suitable for production of (S)-3-
hydroxycarboxylic acids and short chain length (R)-3-hydroxycarboxylic acids.

Advantages The biotechnological process developed represents a promising platform for RHA production, since
B RHAs with different chain lengths (C4 to C14) and functional groups can be produced
B A variety of starting materials from sugar to fatty acids or even waste oil is readily available
B Pseudomonas putida is a wild-type, non-pathogenic, readily available bacteria
B Conditions for RHA production and purification are mild and safe
B The produced RHAs have high purity and enantiomeric excess
Applications RHAs can be used as chiral building blocks for synthesis of
B Antibiotics (such as p-lactams, elaiophylin, norpyrenophorin and viscosin)
B Pharmaceuticals (such as hypocholesterolemic agent)
| Vitamins
B Flavors
B Pheromones
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of materials science and technology development including important environmental aspects. Empa'’s
R&D activities focus on the requirements of industry and the needs of society, therefore bridging the gap
from science to engineering and from research to industry and society. As a result, Empa is capable of
providing its partners with help to improve the quality of life for the public at large. Safety, reliability and
sustainability of materials and systems are cross-sectional topics permeating all Empa activities. As such,
Empa plays a key role in Switzerland's research and innovation landscape.
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