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Abstract

Fluorine-18 labeled fluoronicotinic acid-2,3,5,6-tetrafluorophenyl ester has been successfully 

synthesized in an unprecedented way by flowing an acetonitrile solution of its quaternary 

ammonium salt precursor (N,N,N-trimethyl-5-((2,3,5,6-tetrafluorophenoxy)carbonyl)pyridin-2-

aminium trifluoromethanesulfonate, 1) through an anion exchange cartridge. The fluorination 

reaction proceeded at room temperature without azeotropic drying of the fluoride. Over 75% 

conversion was observed with 10 mg of precursor in 2:8, acetonitrile: t-butanol in 1 min. The total 

synthesis time was 5 min which is ~30 min shorter than the current literature method.

1. Introduction

Positron emission tomography (PET) is one of the most powerful clinically established 

noninvasive imaging modalities, which provides not only information on biochemical, 

physiological and pharmacological processes but also offers the opportunity to study 

pharmacokinetics, metabolism, and mechanisms of action of novel and established drugs. 

Among the available PET radionuclides, fluorine-18 is favored for in vivo imaging for small 

molecules as it offers most suitable nuclear and chemical properties and its minimal 

perturbation to drug structure when substituted on to low molecular weight drugs.[1-5]

Fluorine-18 substitution can be done by electrophilic fluorination with 18F2 or by 

nucleophilic fluorination with [18F]fluoride. For electrophilic fluorination 18F2 is produced 

along with non-radioactive fluorine gas as a carrier,[6, 7] so radiopharmaceuticals prepared 

using 18F2 have low specific activities,[8, 9] while only half of the activity of 18F2 can be 

electrophilically substituted. The most useful route to obtain 18F-labeled compounds of high 

specific activity is through nucleophilic fluorination by no-carrier-added [18F]fluoride.
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[10-19] The first step of the nucleophilic fluorination is to pass the fluorine-18 containing 

target water through an anion exchange resin to trap the activity as [18F]fluoride. The 

activity can be eluted as [18F]-salt from the anion exchange resin with a base solution. 

Depending on the type of base used the eluted [18F]fluoride salt could be [18F]KF, [18F]CsF 

or [18F]TBAF.[2, 13] The next step is to dry the activity with acetonitrile (1 mL × 3, 

azeotropic drying). This azeotropic drying takes 15-20 min with some loss of activity due to 

normal decay and evaporation. Dried [18F]-salt and base mixture is then heated with the 

precursor at elevated temperature (40-180 °C) in an organic solvent medium to obtained 

fluorine-18 labeled tracers. Many precursors cannot withstand the temperature in highly 

basic medium. This multistep and harsh fluorine-18 labeling procedure restricts the access to 

the many useful fluorine-18 labeled PET imaging agents. Various modifications have been 

made to improve these standard protocols such as the use of ionic liquid media [20], the 

effect of additives [21, 22], green fluorination [23], titania-catalyzed radiofluorination [24], 

minimalist approach [25] or fluorination of diaryliodonium tosylates under aqueous-organic 

conditions [26] but these modifications have not been widely accepted by the PET 

community. Therefore, there is a clear need of the development of quicker and milder 

nucleophilic fluorination method for the extended use of fluorine-18 PET tracers in nuclear 

medicine.

Fluorine-18 radiolabeled fluoronicotinic acid-2,3,5,6-tetrafluorophenyl ester (2) is very 

useful synthon to radiolabel temperature sensitive biomolecules. This was first reported by 

Olberg et al.[27] Since then it has been used by our and other group to radiolabel protein and 

peptides.[28, 29] However, the precursor was not stable in K222/K2CO3. This issue was 

overcame by using less basic TBA-HCO3 but due to the limited amount of base used in this 

radiolabeling there is a significant amount of loss of radioactivity. While searching for a 

better procedure we have discovered an unprecedented fluorine-18 labeling technique to this 

precursor. In our surprise, we found out that [18F]fluoride activity from the sep-pak can be 

eluted by the quaternary ammonium triflate precursor (1), and the eluted compound is the 

fluorine-18 labeled product 2. Nucleophilic fluoride substitution happened inside the Sep-

Pak instantly at room temperature. Herein we report the unique fluorine-18 labeling 

procedure to develop this useful fluorine-18 labeled prosthetic group.

2. Materials and Methods

Tetrabutylammonium hydrogen carbonate (0.075 M) used for radiochemical work was 

purchased from ABX (Radeberg, Germany). All other chemicals and solvents were received 

from Sigma Aldrich (St. Louis, MO, USA) and used without further purification. The 

precursor N,N,N-trimethyl-5-((2,3,5,6-tetrafluorophenoxy)carbonyl)pyridin-2-aminium 

fluoromethanesulfonate (1) and cold standard fluoronicotinic acid-2,3,5,6-tetrafluorophenyl 

ester were prepared according to a previously described method.[27, 28] Fluorine-18 was 

purchased from National Institutes of Health cyclotron facility (Bethesda, MD, USA). 

Chromafix 30-PS-HCO3 anion-exchange cartridge was purchased from Macherey-Nagel 

(Düren, Germany). Columns and all other the Sep-Pak cartridges used in this synthesis were 

obtained from Agilent Technologies (Santa Clara, CA, USA) and Waters (Milford, MA, 

USA), respectively. Oasis MCX Plus cartridge was conditioned by passing 5 mL ethanol, 10 

mL air and 10 mL water. Analytical HPLC analyses for radiochemical work were performed 
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on an Agilent 1200 Series instrument equipped with multi-wavelength detectors using an 

Agilent Eclipse plus C18 column (4.6 × 150 mm, 3.5 µm). Mobile phase: 20 - 80% 

acetonitrile (0.1% TFA) in water (0.1% TFA) in 12 min with a flow rate of 1.0 mL/min.

2.1. Radiosynthesis of [18F]fluoronicotinic acid-2,3,5,6-tetrafluorophenyl ester (2)

Fluorine-18 labeled target water was diluted with 2 mL water (10-25 mCi) and passed 

through an anion-exchange cartridge (Chromafix 30-PS-HCO3). Cartridge was washed with 

anhydrous acetonitrile and dried for 1 min. The [18F]fluoride from the sep-pak was eluted 

with its quaternary ammonium triflate precursor in 1 mL acetonitrile as fluorine-18 

radiolabeled fluoronicotinic acid-2,3,5,6-tetrafluorophenyl ester. To the solution was added 5 

mL water and passed through a preconditioned Oasis MCX Plus cartridge and the cartridge 

washed with 5 mL of water. The trapped [18F]fluoronicotinic acid-2,3,5,6-tetrafluorophenyl 

ester was eluted from the Sep-Pak cartridge with 2 mL 65% acetonitrile.

3. Results and Discussion

Although there are a few reports of direct fluorine-18 labeling of peptide,[30-33] fluorine-18 

labeling of proteins are mostly done by an indirect approach using different fluorine-18 

labeled small molecules.[34, 35] Therefore it is important to have a convenient synthetic 

method to prepare a labeled synthon in high yield in a short time. Fluorine-18 radiolabeled 

fluoronicotinic acid-2,3,5,6-tetrafluorophenyl ester (2) is one of the most useful synthons to 

radiolabel protein and peptide. It was prepared in one step without time consuming HPLC 

purification.

Precursor and cold standard were synthesized by literature method.[27, 28] Fluorine-18 

labeling was achieved on the sep-pak (scheme 1). Specifically, fluorine-18 containing target 

water from cyclotron was passed through an anion exchange cartridge (PS-HCO3) and 

washed with 3 mL anhydrous acetonitrile. Over 70% activity was incorporated in to the 

product by passing 10 mg of quaternary ammonium triflate precursor (1) in 1 ml acetonitrile 

through the sep-pak in 1 min. Fluoride incorporation efficiency was tested using different 

conditions (Table 1). Better elution of the product was observed with mixture of solvents 

(2:8 acetonitrile, t-butanol). Slight improvement of yield was observed with increase in 

precursor amount (15 mg). No significant improvement of yield was observed with further 

dilution of the precursor (2 mL).

In this new method, fluorine-18 labeling was achieved without azeotropic drying of 

[18F]fluoride. It saved 15-20 min in comparison to conventional nucleophilic radiolabeling 

method. Therefore, the loss of activity due to evaporation and normal decay is negligible. 

Moreover, as no base is used and fluorination is happening at the room temperature, the 

stability of the precursor in basic medium and/or at high temperature will not be an issue.

HPLC chromatogram of the crude product (Figure 1a) prepared using Sep-Pak reaction 

technique was almost identical with that of compound 2 prepared following the literature 

method (Figure 1b). The peak at ~4 min is for the precursor and ~12 min is the side product 

bis(2,3,5,6-tetrafluorophenyl) pyridine-2,5-dicarboxylate.[27] The quantification of the side 

product was not performed but from relative HPLC integration ratio of the precursor to side 
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product it is obvious that side product is less for the current method compared to the 

literature method (1:0.6 vs. 1:2).

The overall radiochemical yield was 72 ± 3% (uncorrected, n = 3) in a 5 min synthesis time 

with a radiochemical purity of >98% by analytical HPLC. The identity of the product (2) 

was confirmed by comparing its HPLC retention time with co-injected, authentic 

nonradioactive fluoronicotinic acid-2,3,5,6-tetrafluorophenyl ester (Figure 2, supporting 

information). The formation of the product (2) was further confirmed by conjugation with 

N-(2-aminoethyl)maleimide to form a known compound [18F]N-(2-(2,5-dioxocyclopent-3-

en-1-yl)ethyl)-6-fluoronicotinamide [36] (supporting information).

4. Conclusion

We have successfully developed the highly reproducible synthetic strategy for 

[18F]fluoronicotinic acid-2,3,5,6-tetrafluorophenyl ester (2) with in very short synthesis time 

(5 min). In a view of the importance of compound 2 as prosthetic group to prepare 

fluorine-18 labeled large biomolecules, this method is very attractive as it requires very short 

time with high radiochemical yields. Versatility of this method will be tested with other 

precursors.
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Figure 1. 
HPLC analysis of the crude reaction mixture of a) 2 prepared by sep-pak method; b) 2 
prepared following the literature method. Solid line, in-line radiodetector; dotted line, UV 

detector at 254 nm.
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Figure 2. 
HPLC analysis of 2, co-injected with the non-radioactive standard. Solid line, in-line 

radiodetector; dotted line, UV detector at 254 nm.
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Scheme 1. 
Synthesis of [18F]fluoronicotinic acid-2,3,5,6-tetrafluorophenyl ester (2)
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Table 1

Elution conditions from the Sep-Pak to prepare [18F]2

Amount of precursor 1
(mg)

Solvent
(1 mL)

Eluted from the Sep-Pak

(%)
a

Acetonitrile 75 ± 3
b

15 2:8, acetonitrile : t-butanol 83 ± 2
b

DMSO 47

10
c 2:8, acetonitrile : t-butanol 67

Acetonitrile 72 ± 1
b

10 2:8, acetonitrile : t-butanol 78 ± 3
b

DMSO 34

Acetonitrile 59

5 2:8, acetonitrile : t-butanol 57

DMSO 24

3 Acetonitrile 30 ± 2
b

a
Radiolabeling was carried out with 10-20 mCi of fluorine-18

b
n = 3

c
Literature method
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