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Abstract. The isotope 18F is one of the attractive positron emitters with commercial cyclotron production by the 
following nuclear reaction 18O (p, n) 18F. Basically, the radionuclide 18F is used for the production of 18F-labeled 
radiopharmaceuticals applied in positrone-emission tomography (PET). The most widely used among them is  
18F-fluorodeoxy-glucose (18F-FDG). 18F-FDG as glucose analog can be used to assess the metabolism in the brain and 
heart, and also to study malignancies. It plays an important role in the planning of radiation therapy for pathologies 
such as lung cancer, head and neck cancer, colon cancer. 18F-fluorodeoxy-glucose has been used in recent years as a 
prosthetic group for indirect radiofluorination of biomolecules such as peptides and proteins under relatively mild 
reaction conditions, which allows the development and synthesis of more specific PET radio tracers. A method has 
been developed to directly modify 18F-FDG in the clinic environment and equipment. Simple and reliable procedure 
was done with formation of an oxime chemical bond with a bifunctional compound. The optimal reaction conditions 
were carried out by varying the buffer, temperature and catalyst used. The progress of the reaction is monitored by 
radio TLС - chromatography. 
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1. INTRODUCTION 

18F is one of the attractive radionuclides used in 
positron emission tomography. Most often, for the 
purposes of radiopharmaceutical synthesis, 18F is 
obtained in a cyclotron by proton bombardment of 18O 
enriched water by the reaction 18O(p,n)18F. 18F is a 
positron emitter and its half-life is about 110 minutes 
[1]. Its main application is for the production of 18F-
labeled radiopharmaceuticals. The decay of the 
radionuclide leads to the production of 18O by the 
following reaction:  

189F → 188O + e+  + υ 

Positron emission tomography is used for imaging 
diagnostics of various diseases. Its principle consists in 
the detection of radioactive elements - positron 
emitters, as a result of which two- and three-
dimensional images of the spread of radioactivity in the 
patient's body are reconstructed. PET-CT is considered 
to be one of the imaging techniques that provide 
quantitative information about biochemical and 
physiological processes. The technique can not only 
give a complete assessment of the patient's condition, 
but also give guidelines for personalized therapy. It 
makes it possible to accurately determine the site of 

biopsy, to assess the effect of treatment already 
performed [2].  

2. 18F-FDG - CHARACTERISTICS AND METHODS OF 

SYNTHESIS 

The most widely used PET radiopharmaceutical in 
most Nuclear Medicine Centers is 18F-deoxyglucose 
(18F-FDG). 18F-FDG is an analog of glucose and enters 
cells by the same mechanisms. It is also 
phosphorylated to give 18F-FDG-6-phosphate. And 
here is the difference in the behavior of the 
phosphorylated analogue. The second enzyme of the 
glycolytic cycle cannot act on 18F-FDG-6-phosphate 
because it lacks the OH group at the second C-atom 
and therefore remains in the cytoplasm of the cell. And 
this is what is used to obtain images in PET 
diagnostics. Cancer cells use more glucose than normal 
cells [3]. The structure of the molecules is shown in 
Figure 1.  

The use of PET-CT with [18F]-FDG plays an 
important role in the planning of radiation therapy in 
pathologies such as lung cancer, head and neck cancer, 
colon cancer, Hodgkin's lymphoma [4]. 18F-FDG allows 
assessment of glycolytic activity, which is more potent 
in tumor cells than in normal cells. It is also used in the 
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assessment of heart and neurological diseases. 
Fluorodeoxy-glucose [18F]FDG is used as a universal 
marker in the study of any type of tumor. Nevertheless, 
it is not a highly tumor-specific radiopharmaceutical. 
There are other physiological processes in which large 
amounts of glucose are absorbed, such as infectious or 
inflammatory processes, which can give false positive 
results [5]. This is a major reason to seek and develop 
new, more specific radiopharmaceuticals based on 
[18F]FDG. 
 

               
 

 

Figure 1. Structure of glucose and fluoro-deoxyglucose 

The synthesis of [18F]FDG can be carried out by 
both electrophilic and nucleophilic radiofluorination 
mechanisms. The first synthesis of [18F]FDG was based 
on electrophilic radifluorination with a fluorinating 
reagent [18F] F2 or with the less reactive electrophile 
[18F] FOAc [6]. This method of synthesis was developed 
by Reivich et al., 1979 [7], who used 3,4,6-tri-O-acetyl-
D-glucal as a precursor. The resulting difluoroglucose 
was isolated and subjected to hydrolysis with 
hydrochloric acid to give the desired product 2-fluoro-
2-deoxyglucose [8]. The synthesis of 18F – FDG can 
also be performed by nucleophilic fluorination. One 
variant was developed by Hamacher et al., 1986 [9], 
who used the so-called Kryptofix222 (K222) as a 
catalyst for the reaction. [10]. Mannose triflate is used 
as a precursor. Nucleophilic fluorination is the more 
commonly used method for the synthesis of 18F-FDG 
due to the higher yield, better selectivity and the 
possibility of easy automation [8]. 

3. 18F – FDG - APPLICATION AS A PROSTHETIC GROUP 

Apart from being a universal PET 
radiopharmaceutical, 18F-FDG can also be used as a 
prosthetic group for indirect labeling of biomolecules 
such as peptides, proteins and others under relatively 
mild reaction conditions. Despite the convenient 
automated synthesis and good availability of [18F] FDG, 
there are few examples using the molecule as a 
prosthetic group for indirect radiofluorination. The 
introduction of [18F] FDG as a sugar moiety into 
peptides may improve the pharmacokinetics of 
radiolabeled products [11]. Labeling of peptides and 
proteins with the 18F positron emitter is important for 
PET diagnosis. However, direct radiofluorination is 
difficult due to the lack of functional groups required 
for nucleophilic substitution. The high temperatures in 
these reactions may denature proteins tertiary 
structure. Therefore, their labeling is done indirectly by 
[18F]-containing prosthetic groups [12]. The use of 
[18F]FDG as an 18F-containing building block is based 

on the equilibrium observed in aqueous solutions 
between the cyclic and acyclic forms (Figure 2). 
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Figure 2. Equilibrium of 

glucopyranose in aqueous solution 

The isomerization process between the two 
anomers proceeds with the formation of an acyclic 
aldehyde form. It allows the reaction with aminooxy 
groups to give the corresponding oximes [11]. 
[18F]FDG, like p-fluorobenzaaldehyde, can form a 
chemoselective oxime bond. The formation of such a 
bond is usually carried out in an aqueous medium at 
pH 2-4 and temperatures between 60 and 100°C. 
Under these conditions, large biomeolecules are 
unstable, so this method of fluorination is suitable for 
simpler peptides and proteins or oligonucleotides [13]. 
The formation of hydrazone and oxime bonds between 
α-nucleophiles (eg hydrazines, alkoxyamines) and 
carbonyl compounds is convenient and widely used in 
many fields of study. While the reagents are simple, a 
significant drawback is the relatively slow reaction at 
neutral pH. A strategy for accelerating these reactions 
is described using bifunctional buffer compounds that 
not only control the pH but also catalyze the reaction. 
Buffers can be used at pH 5–9 (5–50 mM) and 
accelerate reactions by several orders of magnitude 
[14]. Such catalysts with higher activity not only 
increased the reaction rate, but also their low 
concentrations lead to suppression of potential toxicity 
and background reactions that may occur at high 
concentrations [15]. 

Like other types of imine formation, oxime 
formation is a reversible reaction. However, due to the 
nitrogen effect in the aminoxy group, the reaction 
equilibrium favors the formation of an oxime bond and 
in many cases the reactions can reach completion. The 
efficiency of the oxime bond reaction can be 
dramatically increased with a number of catalysts (e.g. 
aniline). Aniline forms a Schiff base with an aldehyde 
or ketone and undergoes rapid transification to the 
oxime through the formation of an intermediate [16]. 

4. MATERIALS AND METHODS 

4.1. Production of [18F]FDG 

In the production of 18F-FDG in the Clinic of 
Nuclear Medicine at the University Hospital "St. 
Marina" is used cyclotron model ABT BG-75, complete 
with automated radiochemical synthesis module and 
automated QC-system. In the first stage of the 
production cycle, the production of the radionuclide 18F 
is carried out by bombarding 18O-enriched water with 
protons with an energy of 7.5 eV. 18F is obtained in the 
form of an anion in aqueous solution, which in the next 
step enters the synthesis module. The radiochemical 
process is performed, after which the quality control is 

glucose 18F-fluoro-desoxyglucose 
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carried out. The synthesis is based on the nucleophilic 
method for radiofluorination. The reaction is shown in 
Figure 3. 
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Figure 3. Synthesis of [18F] FDG 

For the chemical process, a reagent kit is used, 
which is loaded once when the device is started, and 
disposable synthesis cards. After 18F enters the reactor, 
Kryptofix2.2.2 and acetonitrile are added successively. 
This is followed by azeotropic drying at 110oC. The role 
of Kryptofix2.2.2 is to convert the fluorine anion from 
the aqueous to the organic phase and to shorten the 
time of azeotropic drying. In the next step, the 
precursor mannose triflate is added, in which the 
competing OH groups are protected with acetate. The 
radiofluorination is performed at a temperature of 
about 80oС. Acid hydrolysis was performed with  
2M HCl to remove acetate protection. The product is 
diluted with water for injection and passed through a 
chromatographic column for purification. It is then 
passed through a sterile 0.2 μm filter and fed into a 
syringe as a ready-to-inject dose.   

4.2. Modification of [18F]FDG by oxime 
conjugation. 

Development of a methodology for modification of 
the [18F] FDG using a bifunctional derivative of 
tetrazine will provide clickable fluorination agent for 
bioactive trans cyclooctene moieties. Part of the [18F] 
FDG synthesized in the clinic, which was not 
administered to patients, was used for our experiment. 
The idea is to carry out the process under clinical 
conditions, the labeling of tetrazine should be simple 
and take place at a not very high temperature and for a 
relatively short time, given the half-life of 18F. A scheme 
of the reaction can be seen in Figure 4b. 

The used aminooxy functionalized tetrazine (O- {4- 
(6-phenyl- [1,2,4,5] tetrazin-3-yl) -phenoxy] -decyl} -
hydroxylamine used) was synthesized on order from 
the organic synthesis group at Sofia University St. 
Kliment Ohridski, part of the current project group. 
The purified and NMR-H characterized compound was 
used for further synthesis. The structure of the 
tetrazine used is shown in Figure 4a. 
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Figure 4а. Structure of tetrazine used 

From the point of view of radiation safety, the 
experiments were performed with low starting 
radioactivity of [18F] FDG (in the range of 50-200 uCi). 
So far, we are conducting experiments in a tenfold 
excess of glucose relative to the amount of tetrazine. To 
compensate for the low concentration of [18F] FDG, an 
amount of non-radioactive glucose was added as 

carrier. The syntheses were carried out by varying the 
reaction conditions - temperature, buffer and the type 
of catalyst used. The buffers used are sodium acetate, 
phosphate (PBS) and HEPES, and aniline and p-
methoxyaniline are used as catalysts. The reactions are 
performed in a clinical setting, not in a specialized 
radiochemical laboratory therefor we used only thin 
layer chromatography (TLC) and radio TLC for 
monitoring progress of reaction. The reaction 
temperature is between 40 and 80°C, and the heating 
is performed in a thermostated water bath. Working 
under this manner we define optimal condition for the 
modification of [18F] FDG and finally the reaction was 
run without carrier and monitored by radio TLC. 

The procedure of the performed syntheses is as 
follows: Prepare 0.2 M catalyst solutions in appropriate 
buffers. 0.5 ml of the resulting solutions are taken and 
transferred to the reaction vessel. To this was added 
the required amount of inactive glucose together with 
[18F]FDG in some of the experiments or only [18F]FDG 
in a larger amount. Heat for 15-20 minutes at the given 
temperature, then add tetrazine at a concentration of 
about 700 ppm, previously dissolved in CH3CN. Heat 
the reaction system again for another 15 minutes, then 
read the result by TLC. 
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Figure 4b. Modification of [18F]FDG by oxime conjugation 

5. RESULTS AND DISCUSSION 

To date, only the course of the oxime formation 
reaction between [18F]FDG and the aminooxy 
derivative of tetrazine has been qualitatively 
established by TLC. In the eluent using DCM, the 
catalysts and tetrazine are moved to the front, and the 
glucose and the resulting product (different color spot) 
are registered at the start. Radioactivity was reported 
in the newly obtained color spot, which confirmed the 
successful course of the reaction. 

 
Figure 5. Chromatograms of 

performed syntheses with inactive glucose carrier 
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Chromatograms show that at pH 4.5-5.5 there is 
binding, while at pH 7.5, the reaction does not proceed. 

Once the conditions were established, the syntheses 
were performed in larger quantities and with higher 
radioactivity of [18F]FDG without the use of inactive 
glucose. We changed the polarity of the elution phase 
to achieve better separation of the spots on the TLC 
plate. DCM/methanol (1:1) was used as eluent in these 
experiments. Under these conditions, only FDG 
remains at the start, and the remaining substances 
move to the front. The results are presented in Figure 
6. Approximate radiochemical yield of the product 
(between 25 and 35%) was calculated based on radio-
TLC. 

 

 

Figure 6. Radiochromatogram of  
performed syntheses without carrier 

Reaction conditions will be optimized to improve 
process efficiency and radiochemical yield. 

6. CONCLUSIONS 

 Based on the obtained results, the following 
conclusions can be made:  

 18F-FDG is a convenient prosthetic group for 
indirect fluorination;  

 Oxyme formation is a practical method of 
modification;  

 Of the catalysts used, p-methoxy-aniline is 
more effective;  

 Better binding is observed at pH 4.5-5.5.  
 The modification of FDG makes it possible to 

develop new, more specific PET 
radiopharmaceuticals. 
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