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Figure 1 Asymmetric C-C bond formation reaction catalyzed by
hydroxynitrile lyases and the chemical transformation of the corre-
sponding products (color online).
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Table 1 Examples of recombinant HNL and their properties”
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Figure 2 Schematic of available high throughput screening methods
for activity assays of hydroxynitrile lyases. Based on the cyanohydrin
cleavage, high throughput screening can be carried out either by (a)
determination of the formed aromatic aldehydes/ketones, or quantifica-
tion of the HCN by (b) fluorescenceprobe, (c) N-chlorosuccinimide/
isonicotinic acid/barbituric acid based colorimetric reaction, (d) Feigl-
Anger assay. (e) Based on the cyanohydrin synthesis reactions, 2-
aminobenzamidoxime (ABAO) cycling assay can be used for
quantification of residual aldehydes after enzymatic reactions (color
online).
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Figure 3 Synthesis of (R)-2-Cl-mandelonitrile, the key chiral inter-
mediate for Clopidogrel (color online).
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Figure 4 Synthesis of (R)-2-hydroxy-2-(4-(methylthio)phenyl)aceto-
nitrile, the key chiral intermediate for thiampenicol and florfenicol
(color online).
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Figure 5 Asymmetric hydrocyanation of the substituted furfurals to
access the key intermediate for tetrahydroisoquinolines (color online).
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Figure 6 Asymmetric hydrocyanation of 7-ethylbenzofuran-2-carbal-
dehyde to access the key chiral intermediate for (S)-bufuralol (color
online).
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Figure 7 Synthesis of (S)-3-phenoxymandelonitrile, the key chiral
precursor of cypermethrine (color online).
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Figure 8 Asymmetric hydrocyanation of 2-(benzo[d][1,3]dioxol-5-yl)
acetaldehyde to access the key chiral precursor of benzodiazepine (color
online).
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dehyde for the synthesis the classic P,-adrenergic receptor agonists
(color online).
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Figure 10 Asymmetric hydrocyanation of hydroxypivaldehyde to
access the (R)-pantolactone, the key precursor of vitamin B5 derivates
(color online).
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“prils”, the ACE inhibitors (color online).
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synthesis of ephefrine (color online).
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Figure 13 Asymmetric nitroaldol addition of benzaldehyde and the
synthesis of ephefrine (color online).
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Recent progress in hydroxynitrile lyases: utilization in the synthetic
chemistry
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Abstract: As one of the few biocatalysts which can catalyze asymmetric C—C bond formation, hydroxynitrile lyases
have emerged as attractive biocatalysts in terms of their high chemo- and enantioselectivity for the synthesis
cyanohydrins and B-nitro alcohols under mild conditions. With the enabling technology on molecular biology and
protein engineering, the application of hydroxynitrile lyases in asymmetric synthesis has been greatly expanded. We
herein summarized the basic traits and principles of biocatalytic asymmetric hydrocyanation and nitroaldol reactions. In
addition, the representative examples of recent biocatalytic asymmetric synthesis of bioactive compounds via
hydrocyanation or nitroaldol reaction as key steps are exemplified, and the future directions are briefly discussed.

Keywords: hydroxynitrile lyase, chiral cyanohydrin, asymmetric catalysis, unnatural substrates, protein engineering
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