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Summary

The feasibility of synthesizing compounds containing the P–18F bond has

been demonstrated by labelling the pesticide, cholinesterase inhibitor Dimefox

(N,N,N0N0-tetramethylphosphorodiamidic fluoride) with F-18. Radiolabelling was

achieved in high radiochemical yield (96%) by nucleophilic substitution of the

chloro group attached to phosphorus, in the oxidation state P(V), by 18F� (activated

with tetrabutylammonium carbonate in acetonitrile). Given the large number of

important biological molecules possessing phosphorus such as oligonucleotides,

phospholipids as well as phosphorylated proteins, sugars and steroids, this new

labelling chemistry may provide an additional route to radiolabelling these

biologically important compounds for use in PET. Copyright # 2005 John Wiley

& Sons, Ltd.
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Introduction

Compounds containing the phosphorus–fluorine bond have been used in

biological studies1 and as poisons.2,3 An extensive literature exists on the

chemistry of the P–F bond, with special attention being paid to fluorinated

oligonucleotide analogs.4 None of these compounds, however, has yet to be

labelled with the no-carrier-added (n.c.a.) positron emitter fluorine-18 (half-

life, 110min) or used as a PET radiotracer. Commonly, most of the fluorine-18

PET radiotracers contain a C–18F bond.5,6 As an exception, radiotracers

containing an Si–18F bond have been proposed.7 However, until now these
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compounds have found limited application. A synthesis of sodium fluoropho-

sphate double labelled with 18F and 32P, accomplished via the high

temperature (8008C) solid-phase reaction of the carrier-added [18F]NaF with

carrier-added [32P]NaPO3, has been described back in the earlier 1960s.8

Before the development of any new radiotracer labelled with fluorine-18 the

question of stability must be answered. Although some oligonucleotide

fluorophosphodiesters are hydrolytically unstable for in vivo use,9 a negative

charge on the oxygen adjacent to the P–F bond renders fluorophosphomo-

noesters stable. For example, an AZT analog containing a P–F bond was

sufficiently stable to be considered as a potential therapeutic drug.10,11

(Storage of this compound in aqueous solution for 3 days did not lead to any

decomposition. The most ‘aggressive’ bacterial media studied decomposed it

with a 2 h half-life.)11

A simple model compound, Dimefox, (tetramethylphosphorodiamidic

fluoride; pesticide/cholinesterase inhibitor) was chosen to demonstrate the

feasibility of n.c.a. radiofluorination of [18F] P–F compounds.

Experimental

All chemicals were acquired from Sigma-Aldrich, TCI America, Lancaster

or Acros, unless noted otherwise. Dimefox was purchased from Riedel de

Haen. The chemical and radiochemical purity were determined by radio

TLC (Macherey-Nagel, G/UV254 plastic-back TLC plates, 4�8 cm, Bioscan

system 200). Ninhydrin spray was applied to visualize the compounds on the

TLC plate.

Preparation of reactive dried [18F]F� (fluoride activated with tetrabutylammo-
nium carbonate)

Tetrabutylammonium carbonate (10 ml of 1.5M solution in acetonitrile

prepared as per literature)12 was added to the aqueous [18F]F�, and the

solution was evaporated under argon (oil bath temperature 808C). Acetonitrile

(3�0.3ml) was added and evaporated to ensure complete removal of water.

[18F]Dimefox {[18F]N,N,N0,N0-tetramethylphosphorodiamidic fluoride,
%
2, Scheme 1}

The solution of N,N,N0,N0-tetramethylphosphorodiamidic chloride (
%
1, 10ml,

67mmol) in acetonitrile (0.4ml) was added to the dried [18F]F� activated with

tetrabutylammonium carbonate, and the mixture was left at room temperature

for 5min. After a small sample was taken for analysis, the solution was heated

at 758C for 10min. Analysis of the reaction and proof of the product identity

was accomplished by three different radioTLC conditions: Silica, 1:1 acetone:

hexane, Rf ð
%
2Þ 0.47, (chloride precursor) 0.55. Alumina-N, 1:1 acetone: hexane,

Rf ð
%
2Þ 0.60. C18, 30mM ammonium acetate–40% acetonitrile, Rf ð

%
2Þ 0.60. The

spots of unlabelled Dimefox and its chloride precursor were visualized by
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spraying TLC plates with a freshly prepared 1:2 concentrated aqueous HCl:

2% ninhydrin in acetone followed by heating.13 This treatment produced red–

brown spots on the light-red background on Silica; the brown spots were

observed on the white and the gray backgrounds in the case of Alumina-N and

C18 plates accordingly. Conversion of the solubilized [18F]F� into
%
2 was 96%.

Assessment of hydrolytic stability: An aliquot (50 ml) of the reaction mixture

was mixed with water (50 ml). TLC analysis was done at 10 and 30min time

points.

Results and discussion

Because of the lack of publications on the synthesis of phosphorus–fluorine-18

containing compounds (except for carrier-added [18F]sodium fluoropho-

sphate),8 we limited the studies to a simple, readily obtainable precursor and

reference standard. Acetonitrile was used as the reaction solvent, while [18F]F�

was activated with tetrabutylammonium carbonate (for mild 18F-fluor-

ination).12 The synthesis of phosphorofluoridates can be achieved starting

with either P(III) or P(V) precursors. Although P(III) compounds are

more reactive, it is advantageous to use P(V)-containing precursors for 18F-

labelling since the later compounds, in general, have better stability. More-

over, the use of the P(III) precursors necessitates an additional step (typically

oxidation14 or sulfurization15) to bring phosphorus to a stable oxidation state

P(V).

To investigate the possibility of radiolabelling P(V) compounds, the P(V)–Cl

bond containing precursor of Dimefox was chosen for the initial tests.

Radiolabelling of Dimefox (
%
2, Scheme 1), resulted in conversion of 96% of

soluble [18F]F� into the product at room temperature.

Assessment of the hydrolytic stability of 18F-labelled Dimefox showed that

it did not undergo an immediate defluorination in aqueous solution. More

than 75% of n.c.a. [18F]dimefox remained unchanged after 30min of storage

in aqueous media. It is anticipated that future P–18F bond-based PET

radiotracers, possibly containing phosphorofluoridatemonoester groups,

would possess higher hydrolytic stability. (A negative charge on the oxygen
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18
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Scheme 1.
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attached to phosphorus disfavors nucleophilic attack on the phosphorus

atom.)

Conclusions

The no-carrier-added radiotracer Dimefox containing a P–18F bond

was synthesized in high radiochemical yield (96%), demonstrating that

P(V) compounds can be labelled with n.c.a. F-18. Although molecules of

biological interest have not yet been labelled via this P–18F chemistry it

suggests that this new labelling method may provide an alternate method

for the radiolabelling of phosphorus-containing biomolecules for use in

PET.
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