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Preparation of Labeled Aromatic Amino Acids via Late-Stage      
18F-Fluorination of Chiral Nickel and Copper Complexes 
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Heike Endepols,a,b,d Bernd Neumaier,a,b,c* and Boris D. Zlatopolskiya,b,c  

A general protocol for the preparation of 18F- -

methyl-AAAs applying alcohol-enhanced Cu-mediated 

radiofluorination of Bpin-substituted chiral complexes using Ni/Cu-

BPX templates as double protecting groups is reported. The chiral 

auxiliaries are easily accessible from commercially available 

starting materials in a few synthetic steps. The versatility of the 

method was demonstrated by the high-yielding preparation of a 

series of [18F]F-AAAs and the successful implementation of the 

protocol into automated radiosynthesis modules. 

Positron emission tomography (PET) has gained great 

importance as a prominent non-invasive imaging modality in 
+-emitting 

radionuclide, PET may provide real-time visualization of 

complex biochemical processes at the molecular level, with high 

sensitivity and excellent image quality. Fluorine-18 has been 
+-emitting radionuclide for 

PET, mainly due to its efficient large-scale cyclotron production 

in the form of [18F]fluoride, relatively long half-life (109.7 min), 
+-decay 

branching intensity (97%).1  

For decades, 18F-labeled aromatic amino acids (AAA) 

including O-(2-[18F]fluoroethyl)-L-tyrosine ([18F]FET), 3,4-

dihydroxy-6-[18F]fluoro-L-phenylalanine (6-[18F]FDOPA), and 2-

[18F]fluoro-L-tyrosine (2-[18F]FTyr) have played a significant role 

in clinical diagnostics of cancer and neurodegenerative 

disorders using PET.2-4 In combination with MRI and CT, [18F]F-

AAA-PET has been demonstrated to be a sensitive tool for 

effective tumor diagnosis and staging.5,6 In addition, 6-

[18F]FDOPA, 6-[18F]fluoro-meta-L-tyrosine (6-[18F]FMT), and 7-

[18F]fluoro-L-tryptophan (7-[18F]FTrp) have been used as 

neurotracers for the visualization of the dopaminergic and 

serotonergic systems.7,8  

Accordingly, a significant amount of research has been 

devoted to the development of convenient and versatile 

protocols for the production of 18F-labeled AAAs. Despite the 

substantial effort, the majority of the published protocols lack 

efficacy and are too impractical for routine applications. 

Consequently, the potential of 18F-labeled AAAs has not been 

fully explored.  

Selected recent preparations of 18F-labeled AAAs (shown in 

Scheme 2) highlight challenges including multi-step precursor 

syntheses, low RCYs, and regioselectivity issues. The group of 

DiMagno reported the use diaryliodonium salts towards 6-

[18F]FDOPA ([18F]7) and 4-[18F]FPhe preparation, although 

lengthy precursor synthesis and fair RCYs limited these 

approaches (Scheme 2 A).9,10 Liang et al. accessed 18F-labeled 

AAAs via spirocyclic iodonium(III) ylides; unfortunately, 

demanding precursor synthesis also reduced the practicality of 

this method.11 Tsushima and co-workers applied an 

electrophilic radio -[18F]FMePhes despite 

giving rise to multiple 18F-labeled products and low specific 

activities (As).12  

 

Scheme 1 Application of Ni/Cu-BPX templates for the late-stage preparation of 18F-

labeled AAAs. 
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Figure 2. PET image of 3-[18F]FPhe uptake in rat brain; average of n=3 healthy rats, 0-30 

min p.i. Upper row: Projection of the PET image onto an MRI template in horizontal (A) 

and sagittal view (B). Lower row: The same PET image in horizontal (C) and sagittal view 

(D) with brain contour (dashed line). Abbreviations: 4V: areas around the 4th ventricle, 

Cer: cerebellum, FC: frontal cortex, IC: inferior colliculus, Ob: olfactory bulb, Occ: 

occipital cortex, Th: thalamus. 

In summary, alcohol-enhanced Cu-mediated 

radiofluorination of Bpin-substituted Ni-BPX-AAA complexes is 

a simple, yet powerful method for the fast production of 

structurally diverse radiolabeled AAAs. The attractiveness of the 

procedure is highlighted by an efficient precursor synthesis, 

high RCYs, and amenability to automation. The utilization of M-

BPX complexes facilitates precursor synthesis and allows a 

series of AAA tracers to be accessed in a short time and practical 

manner. In addition, the use of chiral Cu(II) complexes towards 

radiofluorinated AAAs has been described for the first time. The 

proposed protocol could be easily implemented also for the 

preparation of radiofluorinated D-AAAs owing to accessibility of 

the corresponding BPX-AA complexes. Notably, 3-[18F]FPhe 

showed higher or similar uptake in tumor cells, and higher brain 

uptake in healthy rats compared to the clinically-established 

PET-tracer [18F]FET. 
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