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Abstract  O-(2-[*®F]fluoroethyl)-L-tyrosine ([*®F]FET), one of radiolabelled amino acids, is a very promising brain
tumor positron emission tomography (PET) imaging agent and holds clinical potential. This paper described out a

comparative and optimized radiosynthesis of [*®F]FET, concerning three aspects of its two-step preparation method,

including reaction components, heating methods and reaction models. As a result, good radiochemical yield (about

45%, no-decay-corrected) and radiochemical purity (more than 95%) were achieved, and total synthesis time of
[*®F]FET was shortened within 20 min and radiation exposure time also decreased.
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1 Introduction

Over the past few years, clinica interest in
metabolic imaging of tumor has been growing. The
most typical example is the increasing demand and
application of 2-[*®F]fluoro-deoxyglucose([**F]FDG)
and positron emission tomography (PET). Another
interesting target for tumor metabolic imaging is the
increased protein metabolism and amino acids trans-
port in cancer cells, which is just the reason for the
rapid increasing of studies on radiolabelled amino
acids.

Almost al amino acids have been radiolabelled
to study their potential imaging characteristics, espe-
cially for PET imaging, because the replacement of
carbon atom by C does not change the chemical,
biological and physical features of the molecule it-
self.l! However, the physical half-life of *'C is short,
only 20.5 min. Comparatively, *®F, which has a longer
half-life (ty, = 109.7 min), matchs better with the
synthesis of its labeled compounds and relatively slow
process of PET imaging. A number of “®F-labeled
amino acids are being investigated and the genera

tendency in quantity is increasing, of which the most
widely studied are tyrosine and its derivatives. Mgjor
8F_|abeled tyrosine are as follows: L-2-['*F] fluoro-
tyrosine (L-[*®FIFT),*¥ L-3-[*®F] fluoro-a-methyl
tyrosine ([**F]FMT) “* and O-(2-[*®F] fluoroethyl)-L-
tyrosine ([*®F]FET).[%7]

Of the 'F-labeled tyrosine derivatives, only
["®F]FET was synthesized by nucleophilic displace-
ment reaction. The radiochemical yield was 40%, a
value much higher than those of L-[**F]FT and
["®F]FMT which were both from electrophilic substi-
tution reaction. Moreover, a series of model animal
experiments®™ and clinically preliminary PET im-
aging of tumor patients ** about [**F]FET all
showed encouraging results. Consequently, it is nec-
essary to further develop means of the synthesis of
["®F]FET including shorter synthesis time and a sim-
plified operation process to protect operator from ra
diation exposure to the maximum. For this purpose,
we have carried out a comparative and optimized ra-
diosynthesis of [**F]FET, according to its two-step
synthesis procedure, including three aspects such as
reaction components, heating methods and reaction
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2 Experimental

2.1 Materials

Aminopolyether Kryptofix 222 (4, 7, 13, 16, 21,
24 hexaoxal, 10-diazabicyclo [8.8.8] hexacosan,
K222), dimethyl sulfoxide (DMSO) and dry acetoni-
trile were purchased from Acros Chemical Co., Ltd.,
Belgium, L-tyrosine from GL Biochem (Shanghai)
Ltd. Other chemicals including sodium hydroxide,
potassium carbonate, acetonitrile and chloroform were
of spectral anaysis grade or HPLC grade, obtained
from Shanghai Chemical Company, China. All of the
chemicals and solvents was used directly without fur-
ther purification.

Sep-Pak silica plus cartridge and Sep-Pak Al,O3
plus cartridge for solid phase extraction and
Mini-Vials were purchased from Waters Corporation,
USA and Alltech Associates, Inc. USA, respectively.
GF254 silica gl plate based on glass came from Hui-
you Silica Development Co., Ltd., Yantai, Shangdong,
China.

High performance liquid chromatography (HPLC)
system consisting of P680 HPLC pump was equipped
with PDA-100 photodiode array detector (Dionex
summit HPLC), Bioscan flow-count detector (Bioscan
Ins. USA), and analytical Vydac C18 column (10um,
2.5mmx250mm, Shimadzu Corporation, Japan). Other
instruments are Bioscan AR-2000 radio-TLC Scanner
(Bioscan Ins. USA), FJ-391A2 radioactivity counter
(Beijing Nuclear Instruments Factory, Ching) and Hi-
tachi MR-8207 microwave oven (Hitachi Ltd. Japan).

22  Preparation of [*®F]FET

No-carrier-added agqueous **F was produced by
irradiation of a 1.5 mL water target on a Cyclotron-30
(IBA, Belgium) using a 16.5MeV proton beam on
enriched [®*0]H,0 by **O(p, n)*®F reaction. The acti-
vation of ®F was carried out as described in litera-
tUI’eS.[M’ 15]

According to literatured”*®*® the synthesis
route of [*®*F]FET was slightly modified and deter-
mined asin Fig.l.
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To the residue containing the dried complex
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Fig.l A two-step synthesis procedure of [¥F|FET.

Reaction conditions: 1) K»,,/K,COs, CNCHs, oil bath at 90
or microwave oven; 2) a solution of L-tyrosine and agueous
NaOH in DM SO or di-Na-salt of L-tyrosinein DMSO; oil bath
a 90 or microwave oven.

/K ,,5,/K,COs, a solution of 1,2- ditosyloxyetane
(8~10 mg) in CH3CN (500 pL) was added. The reac-
tion mini-vial was sealed with a Teflon-silicon septum,
located in oil bath at 90  or in microwave oven until
the desired reaction time. Then, the reaction mixture
at different reaction time was spotted on GF,s, silica
gel plate with a capillary tube, which was developed
in a development chamber containing pure CHCI; and
scanned by radio-TLC Scanner to determine the la
beling efficiency. The final reaction mixture was ei-
ther right dried under N, flow or purified with
Sep-Pak silica plus cartridge to participate in the next
reaction.

The labelled intermediate 2-[**F]Fluoroethyl to-
sylate was confirmed by both HPLC and radio-TLC
mentioned above, and compared with cold reference
compound. The mabile phase for HPLC (1mL/min of
flow rates) and TLC was CH3;CN/H,O (V/V:50/50)
and 100% chloroform, respectively, and trand R was
8.2min and 0.36. The labelling efficiency was over
80% post 10 min for oil bath heating or 1 min for mi-
crowave heating and both of radiochemical yields
were more than 85% on the average. The radiochemi-
cal purity was >97% measured by HPLC and Ra-
dio-TLC (Fig.2).

222 Steptwo

The solution of L-tyrosine (9.1 mg) and 10%
aqueous NaOH (40 pL) in DMSO (500 pL) or
di-Na-salt of L-tyrosinein DMSO (500 pL, 18 mg/mL)
as reactant was added to the above reaction mini-vial
containing either the dried original mixture or sepa-
rated intermediate in Step one. The vial was closed
and heated at the desired temperature in an oil bath or
in microwave oven until the required reaction time.
The reaction mixture at different reaction time was
spotted on GFs,4 Silica gel plate with a capillary tube,
which was developed in a development chamber con-
taining the mixed solvent of CH3CN and water
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(VIV: 95/5) and scanned by radio-TLC Scanner to
measure the labeling efficiency. The reaction solution
passed through one Sep-Pak silica plus cartridge for
two-pot reaction model and Sep-Pak silica plus car-
tridge and Sep-Pak Al,Os plus cartridge connected in
series for one-pot reaction model, which was eluted by
CHCI3; and phosphate buffer saline (PBS, pH=7.4) in
turn.
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Fig.2 Spectra of HPLC and radio-TLC of the labelled inter-
mediate 2-[*®F] Fluoroethy! tosylate from Step one.

The final product [*®*F]FET was confirmed using
HPLC and radio-TLC mentioned above, and com-
pared with cold reference compound. The mobile
phase for HPLC (ImL/min of flow rates) and TLC
was ethanol/water/acetic acid (V/V/V: 10/87.5/2.5) and
CH3CN/HO (VIV: 95/5), respectively, and tgr and R
was 4.1min and 0.06. The labelling efficiency was
over 80% upon 15 min in oil bath heating or 2 min for
microwave heating, and both of radiochemical yields
were almost about 62% on the average. The radio-
chemical purity was >97% measured by HPLC and
Radio-TLC (Fig.3).

3 Resultsand discussion

3.1 Experiments on influence of reaction com-
ponents

Wester et a.l” first synthesized [®F]FET by a

two-step procedure including nucleophilic ra-
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Fig.3 Spectra of HPLC and radio-TLC of the final product
[*®F]FET from Step two.
diofluorination of 1,2-ditosyloxyethane and fluoro-
ethylation of unprotected L-tyrosine, where the reac-
tant was the solution of di-Na-salt of L-tyrosine in
DMSO (reactant 1). Recently, the mixture of
L-tyrosine and agueous NaOH in DM SO was taken by
Tang Ganghua et al.™® as the starting materials (reac-
tant 11). In theory, above two reaction systems are
identical, because the mechanism for both can be at-
tributed to that the free anion of L-tyrosine was selec-
tively fluoroethylated on the site of phenolic hydroxyl.
However, in our experiments, it was found that the
reaction rate for reactant || was nearly as two times as
that of reactant | (Fig.4, curve O vs curve G) when
thermal oil bath was employed as heating method. The
figure showed that the former needed only 10 min
whereas the latter needed more than 20 min when
lableling efficiency was equally up to 80%. The la-
beling efficiency was more than 95% and the reaction
was almost completed within 20 min for reactant Il,
whereas the labeling efficiency was less than 85%
within 30 min for reactant I.

For reactant Il, di-Nasalt of L-tyrosine was
formed in situ and there was a small quantity of water,
thus the anion of L-tyrosine was free and the reaction
site was nude, which aided the reaction. However, for
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reactant |, the starting materials was just the solution
that solid di-Nasalt of L-tyrosine dissolved in pure
DMSO, adipolar aprotic solvent. Anion in DM SO has
a greater tendency to form ion pairs, because of their
unsolvated state™® which is one of the factors in di-
minishing the reactivity of a nucleophile® Among a
typical study on selective O-alkylation of L-tyrosine,
Solar et al.! took also reactant 11 as the starting ma-
terials.
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Fig.4 Curves of time vs labeling efficiency for different syn-
thesis methods of [*®F]FET.

Note: Curves C and J from Step one, heated by microwave or
oil bath, respectively; curves D, O and G from Step two, heated
by microwave, oil bath or il bath, respectively, with the former
two using reactant |1 and the last using reactant 1.

3.2 Experimentson influence of heating method

Microwave dielectric heating makes use of elec-
tromagnetic energy to directly heat the reaction media.

In recent years, microwaves have had a huge impact
on how experimental organic or medicinal chemistry
is performed.”*® Microwave-enhanced radiochemis-
try can provide a faster, cleaner, more selective and
highly atom-efficient methodology. The shorter reac-
tion time coupled with other benefits, such as higher
product purity, due to reduced reaction mixture de-
composition and the promotion of otherwise sluggish
reactions, make it an ideal tool to be explored in ra-
diochemistry with short lived positron-emitters.[*2

By so far, the traditional heating methods such as
oil bath and water bath are still the most widely used
in synthetic chemistry including radiochemistry where
physical haf-life of radiolabelled nuclide is often
considered as a limited factor for the synthetic process.
Especialy for the shorter half-life of positron-emitter,
finding a rapid synthesis route to shorten reaction time
isaways a pursuit of nuclear chemists in the synthetic
field of PET tracers. In the practice of synthesis of
[|F]FET, we compared the above-mentioned two
heating conditions by microwave and oil bath (Fig.4,
Table 1). Microwave heating enhanced the reaction
rate by 5~6 times both for Step one (curve C vs curve
J) and Step two (curve D vs curve O). Each step could
finish within 2~3 min rather than 15~20 min by mi-
crowave heating. Thus, the reaction time decreased
enormously, which was a meaningful event for the
preparation of [*°F]FET.

Table1l Timedistribution and total time of different synthesis processes of [*°F]FET

Thermally hested by oil bath

Heated by microwave oven

Two-pot method  One-pot method Two-pot method One-pot method

Stepone  Reactiontime 10min 10 min 2min 2min

Separation time 5min 5min
Steptwo  Reactiontime  Reactant (I1)  15min 15 min 2min 2min

Reactant (1) 30min 30 min 2min 2min

Separation time 5min 5min 5min 5min
Tota synthesistime 50min for (1) 45min for (1) 14minfor (I) or (1) 9 minfor (1) or (I1)
(not including *°F activation) 35min for (11) 30min for (1)

Notes: (1) and (1) are representative of reactant | and reactant |1, respectively.

3.3  Experimentson influence of reaction model

2-[*®F]Fluoroethyl tosylate is a key intermediate
for introduction of ®F into target molecule, due to its
easy preparation, good stability and wide applicabil-

ity.? In the field of labeling compounds with fluo-
rine-18 for PET, it is widely used as a reagent for O-,
N- and Sluoroalkylations.!” ¥ %5273 |t was reported

that it is suitable for the one-pot procedure synthe-
S 3[27’ 37,39
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Generally, the synthesis of [“®F]FET adopted
two-step reaction without exception. In brief,
2-[*®*F]Fluoroethyl tosylate was transferred from the
first reaction mini-via into a Sep-Pak cartridge to be
separated after its reaction. The eluant was collected
into the second reaction mini-vial, then dried and
added the reactant to the next step.

It isimportant to protect operator from the radia-
tion exposure to the maximum, in particular when
handling sample by hand. Thereby, we introduced
one-pot method to simplify the preparation procedure
of [*®F]FET, and compared with two-pot in different
conditions (Table 1). Total synthesis time of the for-
mer was decreased by about 5 min. Loss of radioac-
tivity was diminished because only one reaction
mini-vial and one Sep-Pak cartridge was used, which
helps to increase radiochemical yield.

4 Conclusion

This paper reported a comparative and optimized
radiosynthesis of [**F]FET, according to three aspects
of its two-step synthesis method, which include reac-
tion components, heating methods and reaction mod-
els. The optimized conditions were as follows:
L-tyrosine, aqueous NaOH and DMSO as reaction
components, microwave heating, one-pot method as
reaction model. As aresult, good radiochemical yield
of 45% was reached on the average and radiochemical
purity was up to 95%, total synthesis time of [**F]FET
was shortened to within 20 min and radiation expo-
sure time also decreased.
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