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 Radiosynthesis of 6-[18F]fluoro-3,4-dihydroxyphenyl-L-alanine (6-[18F]Fluoro-L-DOPA) using acetonitrile as a solvent
Supaporn Sawadjoon,1* Akkapob Ngamlamiad, 1  Jiradanai Sarasamkan, 1 Pattanapong Kongsakorn, 1 Rujaporn Chanachai1 
1National Cyclotron and PET Centre, Chulabhorn Cancer Centre, Bangkok 10210, Thailand
18F-labeling of the amino acid analogue 6-fluoro-3,4-dihydroxyphenyl-L-alanine (6-fluoro-L-DOPA) was developed to investigate the dopaminergic system in human by Positron Emission Tomography.  6-[18F]fluoro-L-DOPA was synthesised by passing [18F]fluorine gas through the solution of N-(Formyl)-3,4-di(tert-butoxycarbonyloxy)-6-(trimethylstannyl)-L-phenylalanine ethyl ester in acetonitrile and subsequently hydrolyzed by using hydrochloric acid.  Radiochemical yield at the end of the synthesis is 10.52% and radiochemical purity was greater than 99%.  The specific activity of the final product was greater than 800 mCi/mmole at the end of the synthesis at pH 4.
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Introduction
Recently, positron emission tomography (PET) has been extensively used for functional characterization of various tumors.  18F-labeling of the glucose analogue fluoro-2-deoxy-D-glucose ([18F]FDG) is the most commonly used radiopharmaceutical for PET scan.  However, [18F]FDG-PET has limited role in neuroendocrine tumors due to their low glycolysis rate.  In this case, an analog of L-DOPA radiotracer 6-[18F]fluoro-3,4-dihydroxyphenyl-L-alanine (6-[18F]fluoro-L-DOPA) is reported to be useful for imaging neuroendocrine tumors.1 Therefore, the need for reliable and simple production of this tracer had led to the improvement of routine production.  Various electrophilic and nucleophilic methods for the synthesis of this radiopharmaceutical have been reported in past two decades.  Nowadays, the electrophilic fluorometalation has been preferred as a reliable and simple method especially via fluorodestannylation that is stereoselective and give a good radiochemical yield.2,3.4  Freon 11 is widely used as a solvent to dissolve a precursor in the radiofluorination step.  Because the solvent depletes ozone, it is important to use deuterated chloroform instead of Freon 11.5  However, this solvent is a carcinogen, therefore, it would be advantageous for occupational health to use acetonitrile instead of chloroform, because acetonitrile is a less hazardous solvent. 

Experiment
Materials 
N-(Formyl)-3, 4-di(tert-butoxycarbonyloxy)-6-(trimethylstannyl)-L-phenylalanine ethyl ester and were purchased from ABX (Germany).  Hydrochloric acid (32%), sodium acetate and acetic acid were purchased from Merck (Germany).  The [18F]fluorine gas was done by PETtrace cyclotron (General Electric Medical Systems, Sweden).  Methanol and acetonitrle were purchased from Fisher Scientific (UK).  All chemicals were used without further purification. IC-Chelate cartridge (Alltech, USA) was used to remove organotin compounds.  Limulus amebocyte lysate (LAL) reagent was obtained from LONZA (USA).  Millex GS-vented 0.22 µm sterile filters were obtained from Millipore (USA).

The synthesis and purification parts were performed by Tracerlab-FX-FDOPA (General Electric Medical Systems).  Total activity at the end of synthesis was determined by using an ionization chamber dose calibrator (CRC-15PET, USA).  The specific activity and radiochemical purity were analyzed by using Agilent 1200 series High Performance Liquid Chromatography (USA) with UV detector at 282 nm and Raytest radioactivity detector (Germany) on reverse phase µBondapak C18 column (300 mm ( 3.9 mm, 10 µm, Waters, USA) eluted with 0.1% acetic acid in 2% of methanol.  The residual solvent was analyzed by using Agilent 6850 series Gas Chromatography (USA) with a DB-200 capillary column (30 m(0.25 mm, Agilent, USA).  
[18F]F2 production 
The delivery line of [18F]fluorine gas was flushed with 1% F2 in neon before irradiation.  The target chamber (60 mL) was first filled with 1% F2 in pure neon gas to 50 psi. and then filled with pure neon gas to 150 psi.  [18F]fluorine gas was produced by the nuclear reaction 20Ne(d,()18F with 8.4 MeV deuterons from PETtrace cyclotron.  The target gas was immediately released into the Tracerlab FX-FDODA module after the bombardment (1 hr, 40 µA).  Then the target chamber was filled with pure neon (150 psi) one more time and emptied directly into the module.

6-[18F]fluoro-L-DOPA production
The synthesis of 6-[18F]fluoro-L-DOPA was performed by using Tracerlab FX-FDOPA in hot cell. The schematic of the synthesis module was shown in Fig. 1.  N-(Formyl)-3,4-di(tert-butoxycarbonyloxy)-6-(trimethylstannyl)-L-phenylalanine ethyl ester (45 mg) was dissolved with 5 mL of acetonitrile at 5 (C.  The solution was bubbled with
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[18F]fluorine gas for 6 min.  Then the solvent was evaporated at 80 (C in vacuum system.  2 mL of 5 M hydrochloric acid was added to the residue at 130(C for 10 min. 2 ml of acetate buffer (112 mM NaOAc and 112 mM HOAc) was added to the residue for adjusting the pH when the reaction vessel was cooled down to 40 (C.  After decreasing temperature, the residue was passed through an IC-Chelate cartridge, pre-column filter cartridge before passing to purification part.  The solution was purified by HPLC on two semi-preparative reverse phase C18 columns (Phenomenex, Polymerx, 10 μm, 250 mm×10 mm) using acetate buffer as an eluent, at flow of 3.5 ml/min.  The eluate from the column was monitored for UV absorption at 280 nm and gamma radioactivity.  The fraction of 6-[18F]fluoro-L-DOPA was transferred in a vial  (retention time 13-16 min).  The fraction was sterilized by filtration through a 0.22 (m membrane filter.
Quality control of 6-[18F]fluoro-L-DOPA
The radiochemical purity of 6-[18F]fluoro-L-DOPA (Fig. 2) was analyzed by using High Performance Liquid Chromatography with a radioactivity detector and a UV detector (282 nm).  The residual solvent (acetonitrile) was determined by Gas Chromatography.  The specific activity of 6-[18F]fluoro-L-DOPA was determined by using HPLC with UV detector (282 nm).  The pyrogenicity of the final product solution was checked by LAL test using a gel-clot method.  The sterility of the final product was tested to confirm the absence of bacterial and fungal contaminants.
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Results and discussions

The synthesis of 6-[18F]fluoro-L-DOPA  was successfully completed by using the Tracerlab FX-FDOPA module.  From 190 -250 mCi [18F]F2, the method produced 12-17 mCi of 6-[18F]fluoro-L-DOPA at the end of synthesis.  The total synthesis time was 40-50 min.  The 6-[18F]fluoro-L-DOPA was eluted between 13-16 min.  The HPLC chromatogram was shown in Fig. 3 (E and G).  The total volume of the final product was around 6-7 mL. The quality control of the 6-[18F]fluoro-L-DOPA  solution was evaluated by HPLC, GC and other physical and chemical characteristics with good  results. The radiochemical purity 
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was greater than 99% obtained from HPLC and TLC (Fig. 2).  The retention time of 6-[18F]fluoro-L-DOPA  was 7 min.  The pH was around 4.  The organotin content in the product was 0.4 ppm.  The stability of 6-[18F]fluoro-L-DOPA in acetate buffer solution was analyzed after the end of synthesis (EOS). 6-[18F]fluoro-L-DOPA showed the high stability (radiochemical purity >95%, 5 h after EOS).  The radiochemical purity was more than 99% and the specific activity was greater than 800 mCi/mmole.  The electrophilic fluorodestannylation reaction was preferred for 6-[18F]fluoro-L-DOPA  production.  The method was simple for production and purification, and gives a good radiochemical yield.  It was developed to fully automated synthesis by de Vries et al.2   Recently, Fuechtner et al5 reported the used of Chloroform-d (silver stabilized) as a solvent instead Freon 11 (scheme 1).  Because it was a carcinogen, acetonitrile was used as a
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Scheme1. Synthesis of 6-[18F]fluoro-L-DOPA  

solvent for Chloroform.  Therefore, we have attempted to produce 6-[18F]fluoro-L-DOPA by using acetonitrile as a solvent for clinical use.  Although the radioactivity decreased during the evaporation step of the solvent, the amount of 6-[18F]fluoro-L-DOPA is enough for patient. 
Conclusion

The reproducibility and simplicity of the production of 6-[18F]fluoro-L-DOPA were improved for a  routine production by using acetoitrile as a solvent.
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Figure 2. HPLC chromatograms (A) radioactive chromatogram of 6-[18F]fluoro-L-DOPA (B) UV chromatogram





Figure1. Schematic of the 6-[18F]fluoro-L-DOPA synthesis module.
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Figure 3. Record data of the synthesis of 6-[18F]fluoro-L-DOPA (A) Heater sensor at the reaction vessel, (B) Pressure gauge at the reaction vessel, (C) radioactivity detector at the reaction vessel, (D) radioactivity detector at the product vial, (E) Gamma detector in HPLC part, (F) UV detector in HPLC part.
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