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Positron emission tomography is a technique of non-invasive imaging of a body utilizing positron 

emitting radionuclides. Among the many radionuclides used in positron emission tomography, fluorine-

18 has proven to be extremely suitable for it due to its beneficial properties of a relatively long half-life 

of 109.8 minutes and low maximum positron emission energy of 635 keV. Fluorine-18 can be used in 

the radiolabeling of compounds via either a nucleophilic or electrophilic approach. The use of 

electrophilic fluorine-18 labeling has the advantage of higher reactivity while suffering from lower 

molar activity when compared to the nucleophilic method. Several different electrophilic 18F-

fluorinating reagents have been developed to aid in the use of electrophilic fluorine-18, among them 

[18F]fluoro-benziodoxole. 

[18F]Fluoro-benziodoxole is an electrophilic 18F-fluorinating reagent capable of the umpolung of 

fluorine-18. This ability allows for the combining of the nucleophilic and electrophilic methods via an 

inversion of polarity, by first producing fluorine-18 as a nucleophile and then converting it to an 

electrophilic form. Due to this fluorine-18 can be produced in high starting molar activities afforded by 

the nucleophilic fluorine-18 and then utilizing the high reactivity of the electrophilic form. [18F]Fluoro-

benziodoxole has not been widely applied in the field radiopharmaceutical chemistry, and one of the 

aims of this work is to tests it in the synthesis of the radiotracer [18F]UCB-J. 

[18F]UCB-J is a radiotracer for the imaging of synaptic vesicle glycoprotein 2A that has been previously 

used as mainly a carbon-11 labeled radiotracer but recently a fluorine-18 labeled version has also been 

developed. In addition to testing the use [18F]fluoro-benziodoxole for the synthesis of [18F]UCB-J, this 

work also includes a study of the radiometabolism of [18F]UCB-J using rats as test animals. 

When comparing the results of the [18F]fluoro-benziodoxole synthesis of [18F]UCB-J to the reference 

HPLC chromatogram, no produced [18F]UCB-J could be detected. This shows that the [18F]fluoro-

benziodoxole synthesis of [18F]UCB-J does not work. The analyzed results of the radiometabolism study 

of [18F]UCB-J were analyzed by reverse and normal phase radioTLC and radioHPLC. The results of the 

radiometabolism study show large degrees of radiometabolism in the liver and plasma of the test animals 

while showing the least radiometabolism in the brain and liver of the test animals. In addition to this the 

reverse phase radioTLC method afforded better separation of radiometabolites than the normal phase 

radioTLC method. 

Though the synthesis of [18F]UCB-J via the [18F]fluoro-benziodoxole method was not successful, 

[18F]fluoro-benziodoxole should not be ruled out as an electrophilic 18F-fluorinating reagent. Further 

testing is required to chart the full potential uses of [18F]fluoro-benziodoxole in the field of fluorine-18 

radiolabeling chemistry. 
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1 Introduction 

Positron emission tomography (PET) is an imaging technique utilizing radioactivity that can be used 

for the study and diagnosis of the body in the medical field. The basic principle of PET imaging is 

the utilization of the annihilation reaction between an emitted positron and an electron. Positron 

emitting radionuclides are bound to a radiotracer that targets a specific site in the body. The 

annihilation creates two gamma photons of 511 keV in opposite directions. An image of the 

distribution of the positron emitters in the body can be created by detecting the photons. This way 

various sites in the body can be studied in a non-invasive way. A variety of positron emitting 

radionuclides are utilized in PET imaging, some of the most prominent being fluorine-18, carbon-11 

and gallium-68. Among them fluorine-18 is a radionuclide of interest for its relatively long half-life 

of 109.8 minutes and the relatively low maximum positron of energy of 635 keV. These qualities give 

fluorine-18 an advantage over other positron emitting radionuclides by affording more synthesis and 

transport time and yielding better spatial resolution when used in PET imaging. 

1.1 Fluorine-18 

Fluorine-18 can be used in radiolabeling with two different main methods, either nucleophilically or 

electrophilically. Both 18F-fluorination methods have their advantages and downsides. Nucleophilic 

fluorine-18 can be generally produced in higher starting molar activities than electrophilic fluorine-

18, but it is less reactive than electrophilic fluorine-18. The reactivity of electrophilic fluorine-18 can 

also be a downside leading to lower regioselectivity. Electrophilic fluorine-18 is most commonly 

produced via two different nuclear reactions using a cyclotron. 

1.1.1 Fluorine-18 production 

The 20Ne(d,α)18F reaction produces electrophilic fluorine-18 from neon gas while the 18O(p,n)18F 

reaction uses a gaseous [18O]O2 target to produce electrophilic fluorine-18 or a liquid [18O]H2O target 

to produce nucleophilic fluorine-18. In both reactions the target, 20Ne or 18O is bombarded by 

cyclotron accelerated particles. Another method utilizing the 6Li(n,α)3H and subsequent 16O(t,n)18F 

nuclear reactions to produce nucleophilic fluorine-18 also exists. In this method the target lithium is 

activated by thermal neutron bombardment causing it to emit tritiums that are used in the 16O(t,n)18F 

nuclear reaction.1 When using the 20Ne(d,α)18F or 18O(p,n)18F reactions for electrophilic fluorine-18 

production stable carrier fluorine isotope fluorine-19 needs to be added to form the desired [18F]F2 

gas. This added carrier reduces the molar activity that can be obtained when compared to producing 

nucleophilic fluorine-18. This addition of fluorine-19 is also the reason that [18F]F2 gas has a 
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maximum radiochemical yield of only 50% as only half of the produced fluorine is fluorine-18. The 

main focus of this work is various different methods employed in electrophilic fluorine-18 labeling, 

starting with the simplest method of direct 18F-fluorination via [18F]F2 gas. 

1.2 Electrophilic fluorine-18 labeling 

1.2.1 [18F]F2 gas 

To address the problem of low starting molar activities when producing electrophilic fluorine-18 a 

post-target method utilizing a high voltage electrical discharge has been developed by Bergmann and 

Solin2. In this method fluorine-18 is produced in nucleophilic fluoride-18 form via the 18O(p,n)18F 

nuclear reaction using oxygen-18 enriched water as the irradiation target. The produced [18F]F- is then 

dried azeotropically in a reaction vessel containing potassium carbonate, kryptofix 2.2.2 and 

acetonitrile. After drying methyl iodide is added to form [18F]methyl fluoride ([18F]CH3F) as a gas 

which is purified and then trapped in a stainless steel loop via cooling. After collection the [18F]CH3F 

is then transferred to a discharge chamber using neon sweep gas that contains a known amount of 

carrier fluorine-19. In the discharge chamber a high voltage discharge of 20-30 kV is used to break 

the bonds of the carrier fluorine-19 F2 gas and the [18F]CH3F leading to reformation of the molecules. 

This reformation affords [18F]F2 gas in molar activities of up to 55 GBq µmol-1, higher than what can 

be achieved via cyclotron produced [18F]F2 gas.2 This method is presented in figure1. Using similar 

methodology but substituting the high voltage discharge for UV photons generated by an eximer laser 

has also been successful3. 

Though [18F]F2 gas is used by itself in labeling of certain radiopharmaceuticals such as 6-[18F]fluoro-

L-DOPA4 and [18F]FDG5, it is an extremely reactive molecule with poor regioselectivity. In order to 

improve the regioselectivity of the electrophilic 18F-fluorination many different kinds of 18F-

fluorinating reagents have been developed to curtail the reactivity of [18F]F2 gas and open a wider 

variety of radiopharmaceuticals for production via electrophilic fluorine-18. 

Figure 1: Post-target synthesis of [18F]F2 using high voltage discharge 
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1.2.2 [18F]CF3OF 

One of the first electrophilic fluorinating reagents developed was [18F]trifluoromethyl hypofluorite 

([18F]CF3OF) (fig.2). [18F]CF3OF can be produced from [18F]F2 gas and CF2O using CsF or KF as a 

catalyst. In this method a NiF2 coated target is filled with 0.5 g of the catalytic material, either CsF 

or KF, and then filled with 2000 mmHg of neon gas after which it was irradiated by 10.4 MeV 

deuterons to produce [18F]F2 gas. After the bombardment and evacuation of excess Ne, F2 gas and 

CF2O are added to form [18F]CF3OF. Using this method 97% of the CF2O starting material was found 

to be converted to CF3OF when using a CsF catalyst with a 1:0.9 ratio of F2 and CF2O. Of the received 

activity 98% was determined to be [18F]CF3OF and 2% of the activity being the side product 

[18F]CF3OOCF3 and less than 0.05% to be from the side product [18F]CF4.
6 [18F]CF3OF is not as 

reactive as [18F]F2 gas and tolerates water making it a more suitable fluorinating reagent for use in 

synthesis of radiolabeled molecules7. One of the down sides of this method is that only a third of the 

[18F]CF3OF activity is in the -OF part of [18F]CF3OF. This hypofluorite function is the one that 

contains the electrophilic fluorine and this fact has a lowering effect on radiochemical yields when 

using [18F]CF3OF to produce radiolabeled molecules.6 

1.2.3 [18F]FClO3 

Another electrophilic 18F-fluorinating reagent is [18F]perchloryl fluoride ([18F]FClO3) (fig. 3) that can 

be used particularly in the 18F-fluorination of aryl-lithium structures. [18F]FClO3 was first 

synthesized8 by producing [18F]F2 gas via the 20Ne(d,α)18F nuclear reaction and then reacting the 

produced [18F]F2 gas with KClO3 in column at 90°C by rapid gas flow of 200 ml/min. Produced 

[18F]FClO3 gas was purified by flowing it through two solid phase scrubbers, one containing NaOH 

and the other Na2S2O3. Using this method [18F]FClO3 could be produced in average yields of 23% 

regardless of the reaction parameters such as concentration of carrier F2, temperature or purge gas 

flow rate.8 The major downside of [18F]FClO3 is that it is a strong oxidant capable of exploding9, 

adding an extra safety consideration when utilized for 18F-fluorination. 

Figure 2: [18F]CF3OF synthesis 
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[18F]Perchloryl fluoride has been used in the synthesis of 2-[18F]fluoro-diethyl malonate and 

[18F]fluorobenzene, but these resulted in low radiochemical yields due to a different no carrier added 

method that was used for [18F]perchloryl fluoride production.10 

1.2.4 [18F]CH3COOF 

[18F]Acetyl hypofluorite ([18F]CH3COOF) (fig. 4) is an electrophilic 18F-fluorinating reagent that was 

first synthesized11 by producing [18F]F2 gas through the 20Ne(d,α)18F reaction and bubbling the 

product through a mixture containing 950 µmol of ammonium acetate in 15 ml of anhydrous acetic 

acid. This method was used in conjunction with producing 6-[18F]fluoro-L-DOPA radiotracer which 

necessitated the use of acetic acid as a solvent11, but CFCl3 can also be used in the synthesis of  

[18F]CH3COOF12. Compared with previously discussed electrophilic 18F-fluorinating reagents 

[18F]CH3COOF is dissolved in solution and not in gaseous state at room temperature allowing for 

easier handling of produced activity.11 [18F]CH3COOF is capable of 18F-labeling aryl-tin compounds 

by cleavage of the aryl-tin bond13. 

[18F]CH3COOF has been used for the synthesis of many radiolabeled compounds, such as  the 

previously mentioned 6-[18F]fluoro-L-DOPA14,15,16,17,18 as well as [18F]FDG19,20, 4-borono-2-

[18F]fluoro-L-phenylalanine-fructose21 and [18F]2-oxoquazepam22. In addition to these, 

[18F]CH3COOF has been used to synthesize a variety of 18F-labelled N,N-dimethylamphetamine 

analogues23 and 5-fluoro-5,6-dihydrouracil nucleosides24 as well as 2-deoxy-2-([18F]fluoro)-D-

galactopyranose25 and both 6-[18F]- and 4-[18F]fluoro-L-m-tyrosines26. 

1.2.5 [18F]XeF2 

[18F]Xenon difluoride ([18F]XeF2) is a milder electrophilic 18F-fluorinating reagent than [18F]F2 gas27. 

[18F]XeF2 was first synthesized28 by utilizing an isotopic exchange of fluorine between XeF2 and 

[18F]HF, [18F]AsF5 or [18F]SiF4. In this method fluorine-18 is first produced as [18F]F- via the 

Figure 3: Synthesis [18F]FClO3 

Figure 4: Synthesis of [18F]CH3COOF 
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6Li(n,α)3H and subsequent 16O(t,n)18F nuclear reactions1 where [6Li]Li2CO3 is bombarded with 

thermal neutrons and then dissolved in 4 M sulfuric acid. This solution was then heated and water 

that contained [18F]HF and trace amounts of sulfuric acid was distilled from the solution. The distilled 

water was then neutralized by addition of aqueous Bu4NOH and evaporated to dryness in a vacuum 

at 50°C creating a residue of [18F]Bu4NF and (Bu4N)2SO4. This residue was then dissolved in dry 

acetonitrile and evaporated to dryness at 40°C in a vacuum. Afterwards spectroscopic grade SO2ClF 

was condensed on the resulting residue at a temperature of ­196 °C. Afterwards anhydrous HF was 

condensed on to the residue as well and the mixture was heated to 40°C for 20 minutes. SO2ClF and 

[18F]HF were then vacuum distilled from this solution to a vessel that contained XeF2 and heated for 

20 minutes at 40°C to allow for the exchange of fluoride between XeF2 and [18F]HF. After heating 

SO2ClF and HF were removed by dynamic vacuum at ­48°C affording [18F]XeF2. This method was 

tested to also work using AsF5 or SiF4 in place of HF.28 Figure 5 shows this method for production 

of [18F]XeF2. 

Another less complicated method to synthesize [18F]XeF2 was developed29 by producing [18F]F2 gas 

via the 20Ne(d,α)18F nuclear reaction and then transferring the [18F]F2 gas to a high pressure nickel 

vessel that had been charged with xenon gas. The nickel vessel was then heated for 30 minutes at 

390°C after which it was cooled to ­40°C affording [18F]XeF2 and unreacted neon, xenon and [18F]F2 

gasses were released. [18F]XeF2 produced via this method was used or the 18F-fluorination of [18F]2-

fluoro-2-deoxy-D-glucose.29 [18F]XeF2 is a solid at room temperature and this allows for an easier 

handling when compared to gaseous electrophilic 18F-fluorinating reagents. Figure 6 shows this 

method for production of [18F]XeF2. [
18F]XeF2 has been previously used in the successful synthesis 

of [18F]FDG29. 

Figure 6: Synthesis of [18F]XeF2 utilizing [18F]F2 gas as starting material 

1.2.6 1-[18F]Fluoro-2-pyridone 

1-[18F]Fluoro-2-pyridone (fig. 7) is an electrophilic 18F-fluorinating reagent capable of fluorinating 

organo-lithium compounds. 1-[18F]Fluoro-2-pyridone was first prepared by bubbling [18F]F2 gas 

prepared via the 20Ne(d,α)18F reaction through a solution of 2-(trimethylsiloxy)-pyridine in CFCl3 at 

a temperature of ­78°C. After reaction the produced crude 1-[18F]Fluoro-2-pyridone could be purified 

Figure 5: Synthesis of [18F]XeF2 utilizing isotopic exchange 
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using direct sublimation without a significant loss of its reactivity or purity and achieving purities 

greater than 92%. Yields of up to 48% could be achieved using this method with a synthesis time of 

35 minutes.30 

1.2.7 N-[18F]Fluoro-N-alkylsulfonamides 

N-[18F]Fluoro-N-alkylsulfonamides are a group of electrophilic 18F-fluorinating reagents that have 

the general chemical formula of  RSO2
18FNR’, where R and R’ are various alkyl structures. N-

[18F]Fluoro-N-alkylsulfonamides were first synthesized31 by producing [18F]F2 gas via the 

20Ne(d,α)18F nuclear reaction and bubbled through a solution of sulfonamide (RSO2HNR’) in CFCl3 

at a temperature of ­78°C. After this, the solvent was evaporated by passing nitrogen gas through the 

solution at room temperature and the remaining residue was dissolved in anhydrous diethyl ether and 

analyzed using radioHPLC and radioTLC. This method is presented in figure 8. Using this method 

radiochemical yields of up to 45% were achieved. N-[18F]Fluoro-N-alkylsulfonamides produced this 

way were found to be capable of 18F-fluorination of various Grignard and organolithium reagents.31 

1.2.8 N-[18F]fluorobenzenesulfonimide ([18F]NFSI) 

N-[18F]fluorobenzenesulfonimide ([18F]NFSI) (fig. 9) is another [18F]N-F type electrophilic 18F-

fluorinating reagent like 1-[18F]Fluoro-2-pyridone. It was first synthesized32 by producing [18F]F2 gas 

through the 18O(p,n)18F nuclear reaction with 0.2% added carrier F2. [
18F]F2 gas produced this way 

was then passed through a 0.01 M NaN(SO2Ph)2 solution in acetonitrile and water [9:1] for 10 minutes 

affording a crude product. An impurity of [18F]NaF was detected but it does not interfere with the 

electrophilic 18F-fluorination and the crude product was thus dried azeotropically and dissolved in 

acetonitrile and used in further testing without additional purification. A non-decay corrected 

radiochemical yield of 40% was achieved with a synthesis time of around 30 minutes. [18F]NFSI 

produced this way was used to label allylsilanes and silyl enol ethers to create 18F-labeled allylic 

Figure 7: Synthesis of 1-[18F]fluoro-2-pyridone 

Figure 8: Synthesis of N-[18F]fluoro-N-alkylsulfonamides 
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fluorides and α-fluorinated ketones. [18F]NFSI is tolerant to water but prefers anhydrous conditions 

for maximum reactivity.32 [18F]NFSI has been used in the 18F-labeling of the  unprotected, branched 

aliphatic amino acids 4-[18F]fluoroleucine methyl ester, 5-[18F]fluorohomoleucine, 5-[18F]fluoro-β-

amino-homoleucine, 3-[18F]fluorovaline and 3-[18F]fluoroisoleucine33. In addition to these, 

[18F]NFSI has also been used in the 18F-labeling of leucine containing unprotected peptides34. 

1.2.9 N-[18F]Fluoropyridinium triflate 

N-[18F]Fluoropyridinium triflate (fig. 10) is an electrophilic 18F-fluorinating reagent capable of 

fluorinating Grignard reagents and related carbanions and enolates.35 It was first synthesized35 by 

producing [18F]F2 gas via the 20Ne(d,α)18F nuclear reaction from neon gas that was mixed with 1% F2 

gas. After production the created [18F]F2 was bubbled through a solution of trimethylsilylpyridinium 

triflate in dry acetonitrile at ­42 °C. After the [18F]F2 gas was passed through, the solution was 

evaporated to dryness and the remaining residue mixed with a small amount of diethyl ether. The 

diethyl ether was removed soon after addition by inverse filtration using a Schlenk tube equipped 

with a frit. After this the frit was backwashed using acetonitrile to recover the remaining N-

[18F]fluoropyridinium triflate. Using this method a radiochemical yield of 46 % could be achieved.35 

1.2.10 [18F]Selectfluor bis(triflate) 

[18F]Selectfluor bis(triflate) (fig. 11) has in recent years become one of the premiere electrophilic 18F-

fluorinating reagent not only due to its milder reactivity and improved regioselectivity when 

compared to [18F]F2 gas but also due to a high level stability36,37 and ability to fluorinate structures 

that other N-F type 18F-fluorinating reagents are not capable of38. [18F]Selectfluor bis(triflate) was 

first synthesized38 by producing [18F]F2 gas via the 18O(p,n)18F nuclear reaction using both 0.2% 

added carrier F2 method and also the Bergman and Solin method2 of high voltage discharge that was 

Figure 9: Synthesis of [18F]NFSI 

Figure 10: Synthesis of N-[18F]fluoropyridinium triflate 
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described previously in the [18F]F2 section. [18F]Selectfluor bis(triflate) was produced by bubbling 

the obtained [18F]F2 through a 0.02 M solution of 1-chloromethyl-4-aza-1-azoniabicyclo[2.2.2]octane 

triflate and lithium triflate in acetonitrile at -10 °C. [18F]F2 gas produced both ways was tested and 

found to work, but the Bergman and Solin method2 produced higher activities, 3-7 GBq when 

compared to 1-2 GBq using a carrier added method. After production the [18F]Selectfluor bis(triflate) 

was dried by nitrogen gas flow at 80°C and afterwards the residue was dissolved in acetone. Analysis 

was done using radioHPLC, 19F NMR of decayed product and high-resolution electron impact mass 

spectrometry. [18F]Selectfluor bis(triflate) produced using this method was used for the 18F-

fluorination of silyl enol ether and Stannyl structures.38 In a separate study by the same group 

arylboronic structures were also 18F-fluorinated to synthesize the radiotracer 6-[18F]fluoro-L-

DOPA39. 

In addition to 6-[18F]fluoro-L-DOPA, [18F]Selectfluor bis(triflate) has been used in the 18F-labeling 

of the norepinephrine transporter tracer [18F]NS1213740 as well as [18F]F-DPA41 and 6-[18F]Fluoro-

marsanidine42. 

1.2.11 Transition metal electrophilic 18F-fluorination reagents 

The electrophilic 18F-fluorinating reagents described in the previous section were all metal free, but 

an electrophilic 18F-fluorinating reagent that utilizes palladium(IV) has also been developed. This 

reagent, benzo[h]quinolinyl (tetrapyrazolylborate) Pd(IV) [18F]fluoride trifluoromethanesulfonate, 

works on the basis of performing an umpolung or polarity inversion of fluorine-18, transforming it 

from a nucleophilic form to an electrophilic form. This way it is possible produce fluorine-18 first in 

nucleophilic form to afford a greater starting molar activity, but also to have the great reactivity of 

electrophilic fluorine-18, combining the good sides of both methods while also mitigating the bad 

sides.43 

Benzo[h]quinolinyl (tetrapyrazolylborate) Pd(IV) [18F]fluoride trifluoromethanesulfonate is 

synthesized by first producing [18F]F- via the 18O(p,n)18F nuclear reaction from 18O enriched water 

and loaded onto a solid phase extraction cartridge and washed with ultrapure water. After this the 

trapped [18F]F- is eluted out with a solution of KHCO3 in ultrapure water and diluted with acetone to 

Figure 11: Synthesis of [18F]Selectfluor bis(triflate) 



9 
 

get a 4:1 mix of acetone and water. A solution of 18-crown-6 in acetonitrile is then added to this 

solution and the mixture is evaporated to dryness at 108 °C under a nitrogen gas stream. When dry, 

acetonitrile was added three times and each time the mixture was evaporated to dryness before another 

addition of acetonitrile. After this drying, the residue was cooled before benzo[h]quinolinyl 

(tetrapyrazolylborate) Pd(IV) 4-picoline trifluoromethanesulfonate dissolved in acetone was added to 

it. The mixture was sonicated and then stirred at 23 °C for 10 minutes. After stirring the mixture was 

loaded via glass pipette onto another glass pipette that contained cotton and JandaJel™-polypyridine 

that had been suspended in acetone for 15 minutes. The reaction vessel was washed with acetone and 

the acetone used in the wash was added to the JandaJel™-polypyridine and the combined reaction 

and wash mixture wash pushed through the cotton and JandaJel™-polypyridine to a new vial. The 

previous reaction vial was washed again with acetone and also pushed through cotton and the 

JandaJel™-polypyridine and added with the rest.43 

To use benzo[h]quinolinyl (tetrapyrazolylborate) Pd(IV) [18F]fluoride trifluoromethanesulfonate in 

radiolabeling another palladium complex must be used, this time one that utilizes palladium(II) 

instead of palladium(IV). An example of such a compound and its reaction in radiolabeling with 

benzo[h]quinolinyl (tetrapyrazolylborate) Pd(IV) [18F]fluoride trifluoromethanesulfonate is provided 

in figure 12.43 The necessity of using two palladium complexes to make use of this umpolung method 

is a hinderance to it, any benefit that is gained using this method in simplifying the 18F-labeling is lost 

in developing and synthesizing the palladium complexes needed for reactions with 

benzo[h]quinolinyl (tetrapyrazolylborate) Pd(IV) [18F]fluoride trifluoromethanesulfonate. 

Nevertheless, these palladium reagents have been used to successfully 18F-label the small drug-like 

molecules of paroxetine and a 5-HT2C agonist44. 

Figure 12: Typical synthesis of a 18F-labeled compound using palladium complexes 
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1.2.12 [18F]Fluoro-benziodoxole 

[18F]Fluoro-benziodoxole (fig. 13) is an electrophilic 18F-fluorinating reagent that functions by the 

same principle as the previously described palladium(IV) reagent by performing an umpolung of the 

fluorine-18 from nucleophilic to electrophilic. The crucial advantage of [18F]fluoro-benziodoxole 

when compared to the palladium(IV) is the relative simplicity of its synthesis and use in radiolabeling. 

[18F]Fluoro-benziodoxole was first synthesized45 by producing [18F]F- via the 18O(p,n)18F nuclear 

reaction from oxygen-18 enriched water. [18F]F- was subsequently trapped in an anion exchange solid 

phase extraction cartridge and then eluted out by using a solution Bu4NHCO3 in a 1:1 mixture of 

acetonitrile and water. After elution the activity was obtained as [18F]Bu4NF and after addition of 

acetonitrile it was dried for four minutes at 120 °C using a nitrogen gas flow. This drying was repeated 

two more times for two and three minutes respectively each time adding more acetonitrile before 

drying. After drying the residue was dissolved in dichloromethane and added to a vial containing 1-

tosyloxy-3,3-dimethyl-1,3-dihydro-λ3-benzo[d][1,2]iodoxole and the mixture was stirred at room 

temperature for five minutes. After mixing the solution was dried under nitrogen gas flow for ten 

minutes. n-Hexane was added to the mixture before it was completely dry to ensure the formation of 

a solid. After drying more n-hexane was added to the solid and the mixture was stirred at 70 °C for 

one minute. After this the mixture was extracted using a syringe and filtered through a 1 mL IST 

Phase Separator®. The [18F]fluoro-benziodoxole produced this way was used in the radiolabeling of 

various o-styrilamide structures to create different fluorobenzoxazepines.45 

[18F]Fluoro-benziodoxole has not been used in the radiolabeling of many structures. The only other 

reported radiosynthesis that uses [18F]fluoro-benziodoxole, was to radiolabel diazoketone structures 

via a rhodium mediated method46. And so one of the aims of this work was to test the potential use 

of [18F]fluoro-benziodoxole in the synthesis of the radiotracer [18F]UCB-J to see whether [18F]Fluoro-

benziodoxole could see larger use in the future of electrophilic 18F-chemistry. 

Figure 13: Synthesis of [18F]fluoro-benziodoxole 
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1.3 UCB-J 

UCB-J is radiotracer that is used for the imaging of the synaptic vesicle glycoprotein 2A density and 

as mentioned previously the aim of this work was to synthesize 18F-labeled UCB-J using the 

electrophilic 18F-fluorinating reagent [18F]fluoro-benziodoxole. UCB-J as a radiotracer has been 

previously used as 11C-labeled [11C]UCB-J47, however due to the beneficial qualities if fluorine-18 

such as a longer half-life and good energy resolution, a 18F-labeled version is of interest. Previous 

attempts to label UCB-J using nucleophilic fluorine-18 have not been successful or have resulted in 

low radiochemical yields48. However a working electrophilic method has been developed to 18F-

radiolabel UCB-J utilizing the electrophilic 18F-fluorinating reagent [18F]Selectfluor bis(triflate)49. 

The advantage of a [18F]fluoro-benziodoxole mediated method over this [18F]Selectfluor bis(triflate) 

method would be the ability to achieve higher molar activities due to the ability of [18F]fluoro-

benziodoxole to perform an umpolung of fluorine-18 without the need for isotopic dilution with 

fluorine-19. In addition to this, the potential for a wider use of electrophilic 18F-labeling as 

[18F]fluoro-benziodoxole could allow for already existing facilities that employ mainly nucleophilic 

methods to adopt it in use and employ electrophilic synthesis. 
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2 Experiment 

2.1 Aims of the work 

The aim of this work was to study the viability of producing [18F]UCB-J using [18F]fluoro-

benziodoxole as a direct fluorinating reagent. For this purpose four different [18F]fluoro-benziodoxole 

precursors were synthesized to find the most suitable one for the production of [18F]UCB-J. In 

addition to testing the viability of producing [18F]UCB-J via [18F]fluoro-benziodoxole the other aim 

of this work was to study the metabolism of [18F]UCB-J in rats. 

2.2 Synthesis of [18F]fluoro-benziodoxole precursors 

The goal was to synthesize four different hypervalent iodine compounds using the method of Koser 

et al.50 as a basis. The compounds are presented in figure 14: 1-tosyloxy-3,3-dimethyl-1,3-dihydro-

λ3-benzo[d][1,2]iodoxole (1), 3,3-dimethyl-1λ3-benzo[d][1,2]iodaoxol-1(3H)-yl 2,2,2-

trifluoroacetate (2), 3,3-dimethyl-1λ3-benzo[d][1,2]iodaoxol-1(3H)-yl acetate (3) and 1-

(chloromethyl)-4 -(((3,3-dimethyl-1λ3-benzo[d][1,2]iodooxol-1(3H)-yl)oxy)carbonyl)-1,4-

diazabicyclo[2.2.2]octane-1,4 -diium (4). 

Compound 1 was synthesized using the method of Koser et al.50 with the amounts used by Geary et 

al.51 Thus 0.6 mL of 2-iodophenylpropan-2-ol (3.68 mmol) and 1.58 g of 

hydroxy(tosyloxo)iodo]benzene (4.03 mmol) were added to 19 mL of DCM and the solution was 

stirred at room temperature overnight. The resulting product was evaporated to dryness in a rotary 

Figure 14: [18F]Fluoro-benziodoxole precursors 1, 2 ,3 and 4 
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evaporator to give a solid product, which was washed three times with 10 mL of hexane. An amount 

of 0.95 g (2.19 mmol) of product was obtained with a yield of 59%. The product was analyzed by 

NMR.  

Compound 2 was synthesized by mixing 0.15 mL (0.95 mmol) of 2-iodophenylpropan-2-ol and 420 

mg (0.98 mmol) of PIFA in 19 mL of DCM. The solution was stirred overnight, after which it was 

evaporated to dryness in a rotary evaporator and was washed three times with 10 mL of hexane. An 

amount of 291 mg (0.78 mmol) of product was obtained, the yield being 81%. The product was 

analyzed by NMR. 

The synthesis of Compound 3 was attempted in the same way as 2 by adding 0.15 mL (0.95 mmol) 

of 2-iodophenylpropan-2-ol and 302 mg (0.94 mmol) of PIDA to 19 mL of DCM. The solution was 

stirred overnight and dried on a rotary evaporator. From this reaction 229 mg of recovered solid 

compound was obtained and this was analyzed by NMR. 

Compound 4 was synthesized by mixing together 35.5 mg (0.079 mmol) of bis(4-(chloromethyl)-1,4-

diazabicyclo[2.2.2]octan-1,4-diium-1-yl)iodate(I) and 6 µL (0.94 mmol) of 2-iodophenylpropane -2-

ol  together with 1 mL of DCM and the solution was allowed to stir at room temperature overnight.  

An amount of 19.3 mg (0.046 mmol) of the product was obtained with a yield of 54%. The product 

was analyzed by NMR. 

 

2.3 Synthesis of [18F]UCB-J 

Synthesis of [18F]UCB-J was performed using all four [18F]fluoro-benziodoxole precursors. 

Syntheses were done using a synthesis device following the general methodology published by 

Gonzáles et al. and products were analyzed using radioHPLC. The general synthesis scheme is 

presented in figure 15. 

Figure 15: General synthesis scheme of [18F]UCB-J where R = different precursor substitutes 
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2.3.1 [18F]Tetrabutylammonium fluoride production 

Synthesis of [18F]UCB-J was first done using 1 as the [18F]fluoro-benziodoxole precursor. 

[18F]Tetrabutylammonium fluoride was synthesized by first preparing a Sep-Pak Plus Light QMA 

Cartridge by wetting it with 10 mL of water and then cyclotron produced [18F]F- in 10 mL of water 

was trapped in it. After trapping the cartridge was washed with 10 mL of acetonitrile and after 

washing the trapped [18F]F- was eluted out by 500 µL of a 50:50 mixture of acetonitrile and 0.075 M 

tetrabutylammonium carbonate. This elution was dried three times azeotropically by adding 200 µl 

of acetonitrile each time. After drying the formed product was dissolved in 700 µL of 

dichloromethane. 

2.3.2 [18F]UCB-J production 

The produced [18F]tetrabutylammonium fluoride was then added to 4.9 mg of tosylate precursor and 

stirred at room temperature for five minutes. After stirring, 200 µL of the mixture was portioned off 

and the remaining 500 µL was evaporated to dryness and the resulting solid was redissolved in 500 

µl of hexane and stirred for five minutes. This hexane solution was then divided in two 200 µL 

portions. The rest of the reagents were added to each portion in amounts presented in table 1 

Table 1: Reagents for [18F]UCB-J synthesis using 1 as [18F]fluoro-benziodoxole precursor 

Denomination Solvent (200 µL) Me3Sn-UCB-J 
(mg) 

(NH4)2S2O8 (mg) 

Reaction 1 DCM 0.8 3.7 

Reaction 2 Hexane 1.1 3.4 

Reaction 3 Hexane 1.0 3.0 

Reactions 1 and 2 were stirred at 70°C for 10 minutes before being analyzed by radioHPLC. Reaction 

3 was evaporated to dryness under argon gas flow for five minutes and then dissolved in 400 µl of 

acetone-d6 and stirred at 70°C for 10 minutes before being analyzed by radioHPLC. 

The [18F]tetrabutylammonium fluoride was prepared as described in the previous section for reactions 

4 and 5. The dry solid [18F]tetrabutylammonium fluoride was dissolved in 750 µL of acetone-d6. From 

this solution two stocks of 250 µL were then taken for further reactions. The rest of the reagents were 

added in the amounts presented in table 2.   
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Table 2: Reagents for synthesis of [18F]UCB-J using 1 and 2 as [18F]fluoro-benziodoxole precursor 

Denomination [18F]Fluoro-benziodoxole precursor Me3Sn-UCB-J (mg) (NH4)2S2O8  (mg) 

Reaction 4 2.4 mg (1) 0.88 5.2 

Reaction 5 4.14 mg (fluoro-benziodoxole) 1.03 4.09 

Both reactions 4 and 5 were then stirred at 60 °C for 10 minutes before being analyzed by radioHPLC. 

The [18F]tetrabutylammonium fluoride was prepared as described in the previous section for reactions 

6-9. The dry solid [18F]tetrabutylammonium fluoride was then dissolved in 1.5 mL of acetone-d6. 

From this solution four stocks of 250 µL were then taken for further reactions. The rest of the reagents 

were added in the amounts presented in table 3. 

Table 3: Reagents for synthesis of [18F]UCB-J using 2 and 4 as [18F]fluoro-benziodoxole precursors 

Denomination [18F]Fluoro-benziodoxole precursor Me3Sn-UCB-J (mg) (NH4)2S2O8  (mg) 

Reaction 6 3.09 mg (2) 0.78 1.19 

Reaction 7 1.99 mg (4) 0.83 0.96 

Reaction 8 1.92 mg (4) 0.75 1.03 

All reactions were stirred at 70 °C for 10 minutes before being analysed by radioHPLC. 

2.4 [18F]UCB-J radiometabolism in rats 

2.4.1 [18F]UCB-J synthesis 

[18F]UCB-J for the radiometabolism study was produced using the method published by Keller at 

al.49 presented in figure 16 and purified by preparatory HPLC. 

Figure 16: Synthesis of [18F]UCB-J utilizing [18F]Selectfluor bis(triflate) 
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The study was approved by the Regional State Administrative Agency for Southern Finland (license 

number ESAVI-33741-2019_muutospäätös-011119_ESAVI-16273-2019). The animal studies were 

performed on three 68-day old female Sprague Dawley rats of the TgF344-AD rat model. The animals 

were group-housed under standard conditions (temperature 21 ± 3 °C, humidity 55 ± 15 %, lights on 

from 06:00 until 18:00) at the Central Animal Laboratory, University of Turku, Turku, Finland. 

The three rats were injected with [18F]UCB-J and sacrificed one hour after injection. After sacrifice 

biodistribution of radioactivity was studied from animal blood, plasma, erythrocytes, tail, brain, liver 

and urine. This was done by weighing each sample organ whole except the liver from where only a 

sample was taken from the organ and weighed and measuring radioactivity from each organ. Results 

are reported as percentage of injected dose per gram (%ID/g) after decay correction. 

2.4.2 [18F]UCB-J radiometabolism studies 

Radiometabolism of the injected [18F]UCB-J was studied by taking samples from the plasma, brain, 

liver and urine of the animals that were sacrificed one hour after injection. The test animals were 

injected with 9.24 ± 3.22 MBq of activity. The samples were analyzed by using normal and reverse 

phase radioTLC and radioHPLC. 

For the radioTLC analysis the blood samples were taken in Li-heparin tubes and diluted with 

acetonitrile to reach a 1:2 plasma acetonitrile solution in order to precipitate proteins present in the 

plasma. The blood samples were then centrifuged for 90 seconds at 14100 g and a sample of the 

supernatant was applied to aluminum backed silica gel 60 RP-18 1.0559.0001 TLC plates for reverse 

phase TLC and silica gel 60 1.05553.0001 TLC plates for normal phase TLC (Merck Millipore, 

Darmstadt, Germany). The urine samples were diluted also using acetonitrile to get a 1:3 urine 

acetonitrile solution and also centrifuged for 90 seconds at 14 100 g and the sample of the supernatant 

was applied to the TLC plates. The brain samples were homogenized using a 1:1 solution of water 

and methanol and then centrifuged for 3 minutes at 14100 g after which a sample of the resulting 

supernatant was applied to the TLC plates. Liver samples were also homogenized using a 1:1 solution 

of water and methanol and centrifuged for 3 minutes at 14 100 g before the resulting supernatant was 

sampled to the TLC plates. The amounts of sample applied to the TLC plates are presented in table 

4. 
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Table 4: Applied sample amounts for radioTLC, where RP = reverse phase, NP = normal phase and Std = 
standard 

Animal RP 
Std 
(µL) 

RP 
Plasma 
(µL) 

RP 
Brain 
(µL) 

RP 
Liver 
(µL) 

RP 
Urine 
(µL) 

NP 
Std 
(µL) 

NP 
Plasma 
(µL) 

NP 
Brain 
(µL) 

NP 
Liver 
(µL) 

NP 
Urine 
(µL) 

Rat 1 2 12 18 18 1 3 18 18 18 1 

Rat 2 2 12 18 12 1 2 18 18 12 0.5 

Rat 3 2 12 18 12 0.5 2 18 18 12 0.5 

The eluent used for reverse phase radioTLC was 75:25 mixture of acetonitrile and 0.2 M ammonium 

fluoride. For reverse phase radioTLC the used eluent was a 5:1 mixture of dichloromethane and 

methanol with 0.1 % of trifluoroacetic acid added in. The TLC plates were eluted for 6 cm with an 

average elution time of around 5 minutes. After elution the TLC plates were pressed for two fluorine-

18 half-lives against imaging plates (Fuji BAS Imaging Plate TR2025, Fuji Photo Film Co., Ltd., 

Tokyo, Japan) to create an autoradiography image of the TLC plates. The imaging plates were read 

using BAS-5000 (Fuji, Japan) imaging system with a resolution of 50 µm and the created images 

were analyzed with TINA software (version 2.10 g, Raytest, Isotopenmessgeräte, GmbH, 

Straubenhardt, Germany). 

In addition to radioTLC the samples from plasma, brain, liver and urine of the test animals were also 

analyzed using radioHPLC. Samples from the plasma, brain and urine were analyzed from each test 

animal but only one liver sample from a single animal was analyzed by radioHPLC. Injected amounts 

of homogenized sample are presented in table 5. The used eluent was a 5:1 mixture of water and 

35:65 acetonitrile:water. 

Table 5: Amount of injected sample for radioHPLC analysis 

Animal Sample Amount injected (µL) 

Rat 1 Plasma 500 

Rat 1 Brain 80 

Rat 1 Urine 10 

Rat 2 Plasma 400 

Rat 2 Brain 70 

Rat 2 Urine 5 

Rat 3 Plasma 750 

Rat 3 Brain 90 

Rat 3 Urine 6 

Rat 1 Liver 50 
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3 Results 

3.1.1 Synthesis of [18F]Fluoro-benziodoxole precursors 

The yields for the [18F]fluoro-benziodoxole precursor compounds 1-4 is presented in table 6. The 

[18F]fluoro-benziodoxole precursors were characterized using 1H-NMR. The yield for the synthesis 

was good with all being over 50% and even reaching 80%. 

Table 4: Yields for [18F]fluoro-benziodoxole precursor compounds 1-4 

[18F]Fluoro-benziodoxole precursor Yield 

1 59 % 

2 81 % 

3 0 % 

4 54 % 

The 1H-NMR spectrum for compound 1 was: δH (500 MHz, DMSO) 1.57 (6H, s, 2 x CH3), 2.29 (3H, 

s, CH3), 7.11 (2H, d, ArH), 7.45 (1H, d, ArH), 7.47 (2H, d, ArH), 7.60 (1H, d, ArH), 7.62 (1H, s, 

ArH), 7.66 (1H, t, ArH).  

 The 1H-NMR spectrum for compound 2 was: δH (500 MHz, CDCl3) 1.60 (6H, s, 2 x CH3), 7.21 (1H, 

dd, ArH), 7.52 (1H, dt, ArH), 7.58 (1H, dt, ArH), 7.74 (1H, dd, ArH).  

The 1H-NMR spectrum for solid compounds recovered during the synthesis of compound 3 was: δH 

(500 MHz, CDCl3) 2.03 (3H, s, CH3), 7.28 (1H, s, ArH), 7.50 (1H, t, ArH), 7.60 (1H, t, ArH), 8.10 

(1H, d, ArH). This corresponds to the NMR for the PIDA starting material. 

The 1H-NMR spectrum for compound 4 was: δH (500 MHz, DMSO) 1.61 (6H, s, 2 x CH3), 3.21 (44H, 

t, CH2), 3.45 (47H, t, CH2), 5.33 (14H, s), 5.7 (2H, s, DCM), 6.90 (1H, t, ArH), 7.35 (1H, t, ArH), 

7.75 (1H, d, ArH), 7.92, (1H, d, ArH). ). The spectrum images are included in attachments as 

attachments 1-4. 

The spectra for compounds 1 and 2 show the expected number of protons and within the expected 

ranges and can be identified as the desired products. The spectrum for the recovered solid from the 

synthesis of compound 3 is missing six protons corresponding to the two methyl groups in the base 

hypervalent iodine structure that should be visible at around 1.60 ppm if this solid was compound 3, 

this means that the recovered solid is just the unreacted starting material PIDA, and the synthesis 

failed. Compound 4 has a messy spectrum with wide peaks, indicating an impure product, but it has 
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the expected peaks in the expected ranges, although showing an incorrect number of protons in the 

case of the peaks at 3.21 ppm and 3.45 ppm. 

3.1.2 [18F]UCB-J synthesis via [18F]fluoro-benziodoxole 

The radioHPLC chromatogram results for the reactions 1-8 are presented here. For each reaction 

product an ultraviolet (UV) and radioactivity (RA) chromatogram are presented and when compared 

to the reference chromatogram the result of the reaction can be determined. The UV chromatogram 

is shown in black and the RA chromatogram in red in each figure. The reference chromatogram (fig. 

17) was created by injecting 17 µL of non-labelled UCB-J with a mass concentration of 0.1 mg ml-1.  

For a successful synthesis of [18F]UCB-J a peak matching the main peak from the reference 

chromatogram should be present in both the ultraviolet and radioactivity chromatogram.  

UV

0 5 10 15 20

t (min)
 

Figure 17: UCB-J reference chromatogram 

In figure 17 three we can see a major peak at around 6.5 minutes corresponding to UCB-J, alignment 

with this peak is desired in the product chromatograms. The radioHPLC results for reaction 1 are 

presented in figure 18, where we can see that a corresponding peak is not present in the UV 

chromatogram. A slightly earlier peak corresponding to a hydride of SnMe3-UCB-J, which does not 

have a corresponding radioactivity peak as it is not labelled with fluorine-18 but rather with a 

hydrogen. 
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Figure 18: radioHPLC chromatogram for Reaction 1 

The radioHPLC results for reaction 2 are presented in figure 19 where we can see that both the UV 

and radioactivity chromatograms are messy with wide peaks, an undesirable result as we cannot 

distinguish a peak corresponding to the reference from either chromatogram. 
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Figure 19: radioHPLC chromatogram for Reaction 2 

The radioHPLC results for reaction 3 are presented in figure 20 where we can see an earlier peak 

corresponding to the hydride of SnMe3-UCB-J but no peak corresponding to the reference gram in 

either UV or radioactivity chromatogram. 

0 5 10 15 20

t (min)
 

Figure 20: radioHPLC chromatogram for Reaction 3 
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The radioHPLC results for reaction 4 are presented in figure 21 where again there is no peak 

corresponding to the reference, only for the hydride of SnMe3-UCB-J. 

0 5 10 15 20

t (min)
 

Figure 21: radioHPLC chromatogram for Reaction 4 

The radioHPLC results for reaction 5 are presented in figure 22 where no peak matching the reference 

is seen, only the SnMe3-UCB-J hydride peak. 
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Figure 22: radioHPLC chromatogram for Reaction 5 

The radioHPLC results for reaction 6 are presented in figure 23, where no peak matching the reference 

can be seen. 
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Figure 23: radioHPLC chromatogram for Reaction 6 

The radioHPLC results for reaction 7 are presented in figure 24, where no peak corresponding to the 

reference can be seen but a peak corresponding to the hydride of SnMe3-UCB-J is visible. 

0 5 10 15 20

t (min)
 

Figure 24: radioHPLC chromatogram for Reaction 7 

The radioHPLC results for reaction 8 are presented in figure 25 where no peak corresponding to the 

reference is visible only a peak corresponding to the hydride of SnMe3-UCB-J can be seen. 

0 5 10 15 20

t (min)
 

Figure 25: radioHPLC chromatogram for Reaction 8 
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No produced [18F]UCB-J could be detected in any of the radioHPLC chromatograms. Based on this 

it can be concluded that the [18F]fluoro-benziodoxole method does not work for [18F]UCB-J 

production. 

  

3.1.3 Selectfluor synthesis of [18F]UCB-J for metabolism studies 

The [18F]UCB-J used in the metabolism studies was produced via a selectfluor mediated method due 

to the uncertainty of whether the [18F]fluoro-benziodoxole method would work. For this reason, a 

method that is known to work49 was chosen. 

 

3.1.4 Biodistribution of injected activity 

The results of the biodistribution of injected activity study are reported in figure 26 per tissue for each 

test animal using the unit percentage of injected dose per gram of tissue (%ID/g). From these results 

we can determine the distribution of [18F]UCB-J in the test animals one hour after injection. From 

figure 27 it can be seen that most of the activity and therefore the injected [18F]UCB-J is concentrated 

in the urine, liver, cortex and brain of the test animals with only minimal amounts in the blood, plasma 

and erythrocytes. The tail of the test animals are included as it was the injection site for the [18F]UCB-

J. 
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Biodistribution of activity
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Figure 26: Percentage of injected activity per gram of tissue for each studied organ 

These results are within expectations, most of the activity is present in the urine of the animals as the 

injected [18F]UCB-J has been metabolized and become ready for secretion. The liver has activity 

present as it is one of the body’s main organs for metabolizing compounds and the injected [18F]UCB-

J would gather there before being secreted. The brain and cortex of the animals has activity present 

as they contain the binding sites for [18F]UCB-J is meant to target, the synaptic vesicle glycoprotein 

2A. The blood, plasma and erythrocytes contain small amounts of activity as the blood veins are 

transporting the activity and the [18F]UCB-J has no reason to concentrate in them. The same goes for 

the tail which is the injection site, as the injected [18F]UCB-J has been transported away for the body 

to process. 

3.1.5 Radiometabolism study 

The results of the radioTLC are presented in figures 27, 28 and 29, where the chromatograms of the 

radioTLC plates are overlayed with autoradiography images of the TLC plates. From these figures 

the degree of radiometabolism from each sample can be determined by comparing it with the 

reference [18F]UCB-J chromatogram. From the elution time we can see that the radiometabolites 

interacted more with the reverse phase TLC plates as the peaks in those chromatograms are seen 

earlier than in the normal phase chromatogram, from this we can deduce that the radiometabolites are 
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more polar than non-polar.  The larger the peak for each sample that is aligned with the reference 

peak, the more the sample has non-metabolized [18F]UCB-J. We can see that the brain and liver 

samples have in general the largest amount of non-metabolized [18F]UCB-J with the plasma samples 

having some amount of non-metabolized [18F]UCB-J and the urine samples containing almost no 

non-metabolized [18F]UCB-J. The brain samples containing non-metabolized [18F]UCB-J is a good 

sign as [18F]UCB-J images the synaptic vesicle glycoprotein 2A in the brain and a large degree of 

metabolism would result in a lower resolution PET image. The liver containing non-metabolized 

[18F]UCB-J  is also to be expected as [18F]UCB-J would be concentrated there for metabolism. The 

plasma sample has a small amount of non-metabolized [18F]UCB-J present as the blood veins are 

used for transporting both the metabolized and non-metabolized [18F]UCB-J to their destinations. The 

urine sample has almost no non-metabolized [18F]UCB-J because the metabolized [18F]UCB-J  has 

been concentrated in the urine for excretion.  
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Figure 28: radioTLC chromatograms overlaid with autoradiography of TLC plates taken from Rat 2 

Figure 29: radioTLC chromatograms overlaid with autoradiography of TLC plates taken from Rat 3 

Figure 27: radioTLC chromatograms overlaid with autoradiography of TLC plates taken from rat 1 
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The radiometabolism of [18F]UCB-J was also analysed using radioHPLC, where the degree of 

radiometabolism can be detected by comparing the sample chromatograms to the reference 

chromatogram presented in figure 30. The reference chromatogram was created by injecting a 1:4 

[18F]UCB-J:acetonitrile sample containing 0.375 MBq µL-1 of activity to the HPLC. In figure 31 we 

see a major peak in the radioactivity chromatogram at around 8.5 minutes corresponding to the 

injected [18F]UCB-J. Alignment with this peak is the indicator for the presence of non-metabolized 

[18F]UCB-J in the sample. 
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Time (min)
 

Figure 30: [18F]UCB-J reference radioHPLC chromatogram 

The radioHPLC chromatograms from rat 1’s plasma, brain, urine and liver samples are presented in 

figure 31. There we can see from the plasma chromatogram that multiple peaks corresponding to 

several radiometabolites are present. In addition to this un-metabolized [18F]UCB-J is also present as 

can be seen from the peak at 8.5 minutes that aligns with the reference. We can also see from the 

brain chromatogram that the major peak corresponds to the reference chromatogram indicating that 

present [18F]UCB-J is mostly un-metabolized. In the urine chromatogram we can see that the sample 

contains mostly metabolized [18F]UCB-J as the major peak does not correspond to the reference. The 

liver chromatogram shows a large peak aligning with the reference indicating the presence of non-

metabolized [18F]UCB-J, but also several smaller peaks that indicate multiple radiometabolites to be 

present. 
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Figure 31: RadioHPLC chromatograms or Brain, Plasma and Urine samples from rat 1 

The radioHPLC chromatogram from the plasma, brain and urine samples of rat 2 are presented in 

figure 32. We can see that the results from the plasma chromatogram are similar to the sample from 

rat 1 showing both multiple radiometabolites and non-metabolized [18F]UCB-J to be present. The 

brain sample of rat 2 that matches also closely with the brain sample from rat 1, indicating mostly 

non-metabolized [18F]UCB-J. The urine sample of rat 2 again matches closely with the radioHPLC 

chromatogram from rat 1’s urine sample, indicating mostly metabolized [18F]UCB-J to be present. 
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Figure 32: Plasma sample radioHPLC chromatogram from rat 2 
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Figure 33 shows the radioHPLC chromatogram from the plasma, brain and urine samples of rat 3. 

The plasma chromatogram matches the chromatograms of the previous two samples from rat 1 and 

2, indicating presence of both several radiometabolites and non-metabolized [18F]UCB-J. The brain 

chromatogram again shows a close match the samples from rat 1 and 2, showing a peak that aligns 

with the reference and indicating the presence of mostly non-metabolized [18F]UCB-J. The urine 

chromatogram matches the results from rat 1 and rat 2 indicating mostly metabolized [18F]UCB-J to 

be present. 
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Figure 33: Plasma sample radioHPLC chromatogram from rat 3 

From these radioHPLC chromatograms we can see that they largely align with each other, suggesting 

that the brain sample contains mostly un-metabolized [18F]UCB-J and the urine mostly metabolized 

[18F]UCB-J while the plasma and liver contain both. This corresponds to the results obtained from 

the radioTLC tests. In future tests radioHPLC might provide more replicable results as it is a more 

robust method than radioTLC. 

  



30 
 

4 Conclusions 

The synthesis of the hypervalent iodine compounds 1, 2 and 4 can be deemed successful based on the 

results of the 1H-NMR spectra, the synthesis of compound 3 was not successful. The synthesis of 

[18F]UCB-J was tested for each of the compounds 1, 2, and 4 in the reactions 1-8, the results of which 

were analysed using radioHPLC. Based on the results of the radioHPLC analysis, no reaction was 

successful in synthesizing [18F]UCB-J. A possible reason for the unsuccessful synthesis could be the 

instability of the I-F bond to water when present with TBAF, a phenomenon that is also used to detect 

minuscule amounts of water in samples52.  

The results of the bio-distribution of activity show that most activity is concentrated in the urine, 

liver, cortex and brain of the test animals one hour after injection. The radioTLC study of 

radiometabolites shows the greatest degree of radiometabolism in the urine and plasma samples, with 

the least amount of radiometabolism in the brain and liver samples of the test animals. In addition, 

the reverse phase radioTLC afforded better separation of peaks than the normal phase radioTLC 

method. This indicates that the metabolites are mostly polar compounds and interact more with the 

polar material of the reverse phase TLC plates than the non-polar normal phase TLC plates. The 

radioHPLC results of the radiometabolite study show that the urine samples contain the mostly 

metabolized [18F]UCB-J, with the plasma samples showing the second most radiometabolism of 

[18F]UCB-J. The brain samples of the radioHPLC radiometabolism study show mostly un-

metabolized [18F]UCB-J with the singular liver sample containing also a large degree of un-

metabolized [18F]UCB-J. The results of the radioHPLC radiometabolism study might prove more 

replicable than the results of the radioTLC study due to the more robust HPLC method. 

The results of the radiometabolism study are largely in alignment with each other, indicating that 

[18F]UCB-J does not present a large degree of radiometabolism in the brain of the test animals, leading  

to good resolution when potentially conducting PET-imaging of the synaptic vesicle glycoprotein 2A 

in the brain. In addition, the result show that the urine of the test animals contains mostly 

radiometabolized [18F]UCB-J, indicating it to be the major secretion pathway for radiometabolized  

[18F]UCB-J. 

Though the synthesis of [18F]UCB-J using [18F]fluoro-benziodoxole produced from the various 

hypervalent iodine compounds 1, 2 and 4 did not work, the promise of a simple umpolung performing 

electrophilic 18F-fluorinating reagent is still an attractive one and these results are not by themselves 

enough to discount [18F]fluoro-benziodoxole. Further testing of [18F]fluoro-benziodoxole would still 
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need to be performed to find out the full scope of what [18F]fluoro-benziodoxole is capable of in the 

field of radiopharmaceutical fluorine-18 chemistry. 
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6 Attachments 

6.1 List of attachments: 

Attachment 1: 1H-NMR spectrum of 1-tosyloxy-3,3-dimethyl-1,3-dihydro-λ3-

benzo[d][1,2]iodoxole (1) 

Attachment 2: 1H-NMR spectrum of 3,3-dimethyl-1λ3-benzo[d][1,2]iodaoxol-1(3H)-yl 2,2,2-

trifluoroacetate (2) 

Attachment 3: 1H-NMR spectrum of 3,3-dimethyl-1λ3-benzo[d][1,2]iodaoxol-1(3H)-yl acetate (3) 

Attachment 4: 1H-NMR spectrum of 1-(chloromethyl)-4 -(((3,3-dimethyl-1λ3-

benzo[d][1,2]iodooxol-1(3H)-yl)oxy)carbonyl)-1,4-diazabicyclo[2.2.2]octane-1,4 -diium (4) 
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Attachment 1: 1H-NMR spectrum of 1-tosyloxy-3,3-dimethyl-1,3-dihydro-λ3-

benzo[d][1,2]iodoxole (1) 
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Attachment 2: 1H-NMR spectrum of 3,3-dimethyl-1λ3-benzo[d][1,2]iodaoxol-1(3H)-yl 2,2,2-

trifluoroacetate (2) 
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Attachment 3: 1H-NMR spectrum of crude product of precursor 3 synthesis 
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Attachment 4: 1H-NMR spectrum of 1-(chloromethyl)-4 -(((3,3-dimethyl-1λ3-

benzo[d][1,2]iodooxol-1(3H)-yl)oxy)carbonyl)-1,4-diazabicyclo[2.2.2]octane-1,4 -diium (4) 
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