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Desirable properties of radiotracers 

Minimal difference in 

biological activity from 
the ordinary biomolecule 

Stability of attachment 

between radionuclei and 
biological molecules. 

2 



Labeling compounds with 18F nuclei is attractive 
due to its several advantageous properties 

• Lowest energy positron emission leads to greatest spatial resolution of 
PET and decrease of risk for patient. 

• Half-life of 109.8 min allows for synthesis and delivery from external 
site to the PET centers and finds a balance to allow for a minimized 
dose of radioactive substance to a patient.  

• Strong bond between fluorine and carbon. 

• Usually minimal effect on the biological activity of the compound to 
be labeled, C-F bond usually mimics C-O bond quite well.   
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Desirable properties of chemical reactions 

• Chemo- and regioselectivity 

• As quick a reaction as possible –18F decays, therefore it is desirable to 
put the 18F on the very last stage (or withing trivial and fast 
transformations) 

• Ease of product purification 
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There are several strategies and modifications 
of the labeling compounds with 18F  

Most common reactions are nucleophilic substitutions: 

• Nucleophilic substitution at saturated carbons – SN2 

• Nucleophilic substitution in aromatic ring- SNAr 

Electrophilic aliphatic/aromatic reactions with 18F2  

Organometallic chemistry can be used  

• Catalysis or organometallic substrates 

• Coordination complexes can be used for labeling some metabolites readily 

Electrochemical routes have been proposed and shown to work 

Prosthetic groups can be used for indirect incorporation of 18F 
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Nucleophilic substitution at saturated carbons – 
SN2. Putting 18F in the molecule.  
 General Reaction   

 

Applied conditions: 

• Kryptofix 2.2.2  

• Polar aprotic solvents  

• Weak, non-nucleophilic base, K2CO3 or Cs2CO3 

• Elevated temperatures, usually 100 – 150 ºC  

6 



Common schemes  
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Exemplification 
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Common Schemes  
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Exemplification 
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Exemplifications  
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α-carbon substitutions (rate enhanced due to 
orbital reasons)  

Nucleophiles attack α-carbon rather than carbonyl carbon if carbonyl group is compatible, in this case, even if fluoride  

attacked carbonyl, this attack is reversible, while attack on saturated carbon is not.   
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Application of α-carbon substitution  
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Automation of process  

Total process time 110 min with a radiochemical yield of 12 ± 6% (n = 4, decay corrected), 

radiochemical purity > 95%, molar activity of 146 ± 32 GBq/μmol (at the end of synthesis), an 
average mass of GE179 at 2.2 μg/batch, and total impurities less than 0.5 μg/batch (n = 4) 
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Challenges with automation  
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Challenges with labeling via SN2 reaction 
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Eliminations and, sometimes, hydrolysis can 
happen 
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Nucleophilic substitution reaction in aromatic 
ring- SNAr 
 

• Pyridines and pyrimidines  

• Benzene rings with strongly electrowithdrawing groups 

 

 

Variety of activating (electrowithdrawing) and leaving 
groups 
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Common schemes for SNAr substitutions 
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Synthetic pathways for SNAr 
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Electrophilic aliphatic/aromatic reactions 
with 18F2 or [18F] acetyl hypofluorite. 
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Organometallic reactions  

27 

Reference [14] 

 

Reference [15] 

 



Coordination complexes can be made 
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Electrochemical methods have been proposed 
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Prosthetic groups can be used for 18F incorporation 
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Synthetic Ingenuity and various methods 
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