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Overview 

The development of methods for the nucleophilic radiofluorination of electron-rich 
arenes represents a long-standing challenge for the radiochemistry community. 

 

 

 

 

[18F]F2 

maximum theoretical RCY limited 
to 50%, because on every 18F atom 
there is a 19F atom as well 

highly reactive and attacks 
plastic and glass making 
handling problematic 

high reactivity affects regio-selectivity 
and conversion to selective 
fluorination agents is often needed 

use of fluorine gas as a carrier in 
the production of [18F]F2 leads to 
products with low molar activity 

So, the development of new strategies for the fluorination of heteroarenes has been a very active field. 
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Overview 
Late-stage radiofluorination strategies showing appropriated tolerance to electron-poor, -neutral and -rich arenes 

Cu-mediated oxidative 
fluorination of aryl 
boronic esters 

deoxyfluorination of 
phenol-derived Ru-
coordinated complexes 



Nuclear Medicine and Molecular Imaging 

Cu-mediated oxidative [18F]fluorination of aryl boronic esters 

 110º / 120ºC 
 

 DMF / DMA / alcohols 
 

 K2CO3 / K2CO3 / K2C2O4 / CF3SO3K 
 

 6.3 to 15 mg 
 

 various proportions 

 

 

 

? 

(Cu pyridine triflate) 
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Cu-mediated oxidative [18F]fluorination of aryl boronic esters 

  Practical challenges 

The use of large quantities of base to elute [18F]F- from anion-exchange SPE is 
problematic  for  Cu-mediated radiofluorination reactions. 

 

3.15 mg K222, 0.05mg K2CO3 and 0.5 mg K2C2O4 in 1 ml of 80% ACN solution 

 

 

 

 

 

Quaternary methyl ammonium 
(QMA) 
130 mg Sorbent 
Elution efficiency: <40% 

Polystyrene-divinylbenzene in HCO3
- 

(45-PS-HCO3
-) 

45 mg Sorbent 
Elution efficiency: >90% 

benzaldehyde boronic ester derivative 

Optimization: 
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Cu-mediated oxidative [18F]fluorination of aryl boronic esters 

  Practical challenges 

“goldilocks zone” 
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Cu-mediated oxidative [18F]fluorination of aryl boronic esters 

  Potentialities 
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Cu-mediated oxidative [18F]fluorination of aryl boronic esters 

  Practical challenges 

n-Butanol-enhanced Cu-mediated oxidative [18F]fluorination of aryl boronic esters 
(Zischler J. et al., Chem. Eur. J. 2017, 23:3251) 

azeotropic distillation skipped 
 
fluorination yields under same 
conditions enhanced 
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Cu-mediated oxidative [18F]fluorination of aryl boronic esters 

  Advantages and potentialities 

- Can avoid azeotropic drying step; 

- Allows rapid radiolabelling of a broad range of (hetero)arylboronic ester 
substrates; 

- Good potential for automation (warning: stirring needed!); 

- Described molar activities up to 60 GBq.µmol-1; 

 

- Presence of primary amines (protic hydrogens) may hamper fluorination by 
causing a decrease in the reactivity of [18F]F-; 

- The use of more complex arylboronic ester substrates drastically reduce 
[18F]fluorination yields. 
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Deoxy[18F]fluorination of phenol-derived Ru-coordinated complexes 

activation of the aromatic ring via a 
Ru-complex coordination  
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Deoxy[18F]fluorination of phenol-derived Ru-coordinated complexes 

Cl(cyclooctadiene)(cyclopentadienyl)Ru 

however, 

3 eq., 30 min, 85˚C, EtOH 
prompt for fluorination  

  Practical challenges 

+ (a) 

(a) 

activation of the aromatic ring via a 
Ru-complex coordination  

complexation with the phenol-containing precursor is relatively 
easy and can be done immediately before the radiolabelling 
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Deoxy[18F]fluorination of phenol-derived Ru-coordinated complexes 

  Practical challenges 

<10% elution efficiency 

~50% elution efficiency 

~80% elution efficiency 

Polystyrene-divinylbenzene in HCO3
- 

(45-PS-HCO3
-) 

45 mg Sorbent 

load unload 

automation 
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Deoxy[18F]fluorination of phenol-derived Ru-coordinated complexes 

  Potentialities 
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  Advantages and potentialities 

- Activation by π-coordination to a Ru center ensures large functional-group-
tolerance expanding the substrate scope to even the most electron-rich 
phenols; 

- Tolerant to the presence of primary amines (protic hydrogens); 

- Good potential for automation (warning: stirring needed; anion-exchange cartridge!); 

- Can avoid azeotropic drying step; 

- Described molar activities up to 92 GBq.µmol-1; 

 

- Ru-complex counterpart for the synthesis of precursor not commercially 
available and not trivially synthesised. 

Deoxy[18F]fluorination of phenol-derived Ru-coordinated complexes 
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Thank you for your attention! 


