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Hydroxy amino compounds,1–3 as well as various non-protein 
amino acids,4,5 are of great practical importance due to their 
diverse physiological activities. On the other hand, the 
introduction of fluorine is widely used to modify the biological 
properties of various compounds.4,6–9 Monofluorinated 3,4-di
hydroxyphenylalanine (DOPA) derivatives are of interest for the 
diagnostic screening of Parkinson’s disease using PET (Positron 
Emission Tomography).1,4 Now 6-[18F]-l-DOPA is a well-
proven neurotracer with a wide range of applications.4,10 
Ecological biocatalysis,11–17 cleavage of racemates into 
enantiomers,5,18 and combined chemical-enzymatic methods19,20 
are currently used to obtain a variety of hydroxy amino 
compounds. The application of these environmentally friendly 
approaches to the production of amino acids and their 
derivatives,5,21–23 in particular, l-DOPA,24–26 l-Phe fluoro 
derivatives,4,7 6-fluoro-l-DOPA,27 is well known; however, for 
obtaining 5-fluoro-l-DOPA 1, these methods have not been used 
previously.

Syntheses of various fluorinated amino acids are multiply 
documented.4 Monofluorinated DOPA derivatives are mainly 
obtained from the corresponding fluorine derivative of tyrosine 
and its subsequent oxidation to the target product. Previously,28 
3-fluoro-l-tyrosine was obtained from 2-fluorophenol using 
tyrosine phenol lyase (TPL). It was found29,30 that the presence 
of fluorine in position 3 of the aromatic fragment of tyrosine 
sharply decelerated its oxidation in the course of obtaining 
5-fluoro-l-DOPA 1. Moreover, fluorophenols themselves are 
oxidized with the release of fluoride ion, which leads to a side 
cyclization into 5,6-dihydroxy-2-carboxyindole. The further 
works were focused on obtaining 6-fluoro-l-DOPA, since the 
oxidation of 2-fluorotyrosine proceeded easier. 6-Fluorinated 
derivatives of l-DOPA were also obtained by direct fluorination 
of the amino acid,31 however, this approach was unacceptable for 
the preparation of 5-fluoro-DOPA.3 The asymmetric synthesis of 
5-fluoro-l-DOPA32 by stereoselective alkylation of a chiral 
glycine synthon under phase transfer conditions includes many 

steps with a total yield of 31%. Thus, the known methods for 
preparing the 5-fluoro-l-DOPA derivative are very limited. At 
the same time, the use of enzymes in the stereoselective 
preparation of compounds of various classes has become 
widespread.33,34

The aim of this work was to develop a chemical-enzymatic 
method for obtaining labile 5-fluoro-l-DOPA 1 under mild 
conditions, which makes it possible to exclude the use of toxic 
starting reactants and by-products of oxidation. The general 
transformations carried out to obtain enantiomerically pure 
5-fluoro-l-DOPA 1 based on available 2-fluorophenol 2 are 
shown in Scheme 1.

It the first enzymatic step, 2-fluorophenol 2 was coupled with 
potassium pyruvate and ammonia to produce 3-fluoro-l-tyrosine 
329,30 by analogy with data12 using a live cell culture. Cells of 
bacteria Citrobacter freundii containing the enzyme tyrosine 
phenol lyase were used immediately after cultivation in a nutrient 
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The title compound, 5-fluoro-3,4-dihydroxy-l-phenylalanine, 
was prepared in four steps, with the key step having been 
the enantiospecific production of 5-fluoro-l-tyrosine by the 
chemoenzymatic reaction between 2-fluorophenol, potassium 
pyruvate and ammonia promoted by the live culture of 
Citrobacter freundii cells. 5-Fluoro-l-tyrosine was 
hydroxylated by sequential nitration, reduction and 
diazotization followed by hydrolysis.
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Scheme  1  Reagents and conditions: i, NH3, Me(CO)CO2K, lipase TPL; 
ii, HNO3; iii, Sn, HCl; iv, Ba(NO2)2, CuSO4, boiling.
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medium. The isolated 3-fluoro-l-tyrosine 3 was further nitrated 
to 3-fluoro-5-nitro-l-tyrosine 4 in the usual way,35 and 
subsequent reduction gave 3-amino-5-fluoro-l-tyrosine 5. The 
last step consisted in the diazotization of amine 5 followed by 
hydrolysis of the diazonium compound without isolation with 
the formation of the target 5-fluoro-l-DOPA 1 with 68% yield 
and high stereoselectivity under mild process conditions. The 
overall yield for all steps was 53%. DOPA and its derivatives are 
easily oxidized under the action of atmospheric oxygen into 
DOPA-quinones.29,30 The use of 5-fluoro-3-tyrosine 5 in the last 
step and an inert atmosphere allowed us to avoid the side reaction 
of a quinone formation. The results of the 1H and 19F NMR study 
showed the absence of an impurity of oxidized compounds. To 
generate nitrous acid, barium dinitrite that formed an insoluble 
precipitate of barium sulfate with sulfate anion in a solution was 
used, which simplified the isolation of the product 1. Nitrous 
acid was taken in an equimolar amount to aminotyrosine 5, while 
diazotization proceeded selectively at the aromatic amino group.

In conclusion, an environmentally friendly chemical-
enzymatic method for obtaining 5-fluoro-l-DOPA based on 
2-fluorophenol was proposed and implemented. The 
characteristic features of the transformations carried out were 
mild reaction conditions under inert atmosphere, high 
stereoselectivity of the process and yields of the target product, 
elimination of the oxidation of the intermediate product leading 
to side compounds, and simplification of the isolation of pure 
products.
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