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Summary

2-[18F]fluoroadenosine (2-[18F]FAD), a potential radioligand for assessment of

adenylate metabolism, was synthesized by carrier-added and no-carrier-added

procedures via nucleophilic radiofluorination of 2-fluoroadenosine and 2-iodoadeno-

sine. The radiochemical yield, specific radioactivity and radiochemical purity of

carrier-added and no-carrier-added 2-[18F]FAD were 5%, 22–30mCi/mmol and 99%,

and 0.5%, 1200–1700mCi/mmol and 99%, respectively. Copyright # 2006 John

Wiley & Sons, Ltd.
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Introduction

Fludarabine phosphate (Fludara, 2-fluoroadenosine-5-phosphate) 1 (Figure 1)

is a well-established medication for treatment of leukemia and other types of

cancer.1–12

Compound 1 is a pro-drug that is rapidly converted in the blood to the free

nucleoside 2-fluoroadenosine, 213 (Figure 1) which enters cells and accumu-

lates mainly as the 5’-triphosphate, F-ara-ATP. The mechanism of action of

F-ara-ATP is complex and mostly targets DNA and includes incorporation

into DNA resulting in repression of further DNA polymerization, inhibition

of ribonucleotide reductase and inhibition of DNA ligase and DNA primase.14

If radiolabeled with [18F]fluorine, compound 2 would appear to be an

interesting candidate for assessing adenylate metabolism by positron emission

tomography (PET). Abnormal adenylate metabolism is associated with a

*Correspondence to: Andrew G. Horti P.h.D, Division of Nuclear Medicine, Department of Radiology and
Radiological Sciences, Johns Hopkins Medicine, Baltimore, MD, USA. E-mail: ahorti1@jhmi.edu

Copyright # 2006 John Wiley & Sons, Ltd.



variety of disorders including cancer, cystic fibrosis, diabetes and cardiac

disease.15 There are currently several radiotracers synthesized having potential

for PET imaging of adenylate metabolism (see the latest references in the

paper by Mathew et al.16). Nevertheless, a radiotracer with better imaging

properties is needed. Here we present a synthesis of 2-[18F]fluoroadenosine

[18F]2 using a nucleophilic radiofluorination procedure.

Results and discussion

Known methods for the preparation of compound 2 utilize the Schiemann

reaction (dediazotisation-fluorination) through the 2,6-diaminopurine ribo-

side, 3 (Figure 2).17–19 Our attempt to apply the conditions of the Schiemann-

type radiofluorination to compound 3 did not reveal detectable amounts of

[18F]2. In contrast, a substitution of fluorine in the molecule of 2 with

[18F]fluoride via the conventional nucleophilic radiofluorination in DMSO

solution at 1508C gave radiolabeled [18F]2. The optimal heating time was

7min. The radiofluorination was sluggish at lower temperatures, while at 165–

1808C an unidentified by-product prevailed. It is noteworthy that 2 rapidly

decomposes under the reaction conditions yielding the by-product. The

optimal amount of K2CO3 was 0.7mg, whereas in the presence of larger or

smaller amounts of K2CO3 lower yields of [
18F]2 were observed (Figure 3). An

attempt of carrier-added radiofluoriation in anhydrous acetonitrile gave less

than 1% of [18F]2. Under optimal radiofluorination conditions the carrier-

added [18F]2 was obtained with radiochemical yield of about 5%, specific

radioactivity of 22–30 mCi/mmol and radiochemical and chemical purities

greater than 99 and 94%, respectively.

No-carrier-added radiofluorination of 2-iodoadenosine 4 under the same

reaction conditions gave the target product [18F]2 with lower yield (0.1–0.5%),

radiochemical and chemical purities greater than 99%, and specific radio-

activity of 1200–1700 mCi/mmol. It is likely, that radiofluorination of O- and

N-protected 2-iodoadenosine followed by removal of protective groups should

increase the radiochemical yield of [18F]2.
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Figure 1. Fludarabine phosphate 1 and 2-fluoroadenosine 2 (F-ara-A)
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Experimental

Materials and methods

Most reagents and all solvents used were purchased from Aldrich Chemical

Co. (Milwaukee, WI). 2-Fluoroadenosine 2 was obtained from SynQuest
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Figure 2. Radiosynthesis of 2-[
18
F]fluoroadenosine, [

18
F]2
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Figure 3. Carrier-added radiosynthesis of [18F]2. Influence of the amount of

K2CO3 on the radiochemical yield of [
18
F]2 (filled triangles) and the ratio of

[
18
F]2/[

18
F]by-product (open squares)
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Laboratories, Inc. (Alachua, Florida), and 2-iodoadenosine 4 was obtained

from TRC Inc. (North York, Canada). HPLC analysis and purification were

performed with two HPLC pumps (model 600/610, Waters, Milford, MA), an

in-line Waters UV-detector (254 nm), and a single two-inch NaI crystal flow-

count radioactivity detector (Bioscan 3200, Washington, DC). HPLC

chromatograms were recorded by a dual channel control/interface module

connected to a PC with Galaxy software (Varian). A dose calibrator (model

CRC-35R, Capintec, Ramsey, NJ) was used for all radioactivity measure-

ments. [18F]Fluoride was prepared using a GE PETtrace cyclotron. The

radiofluorination was performed using an automated radiochemistry module

(MicroLab, GE).

Radiochemistry

2-[18F]fluoroadenosine ([18F]2): carrier-added radiosynthesis. An aqueous

solution of [18F]fluoride (prepared by 16MeV proton irradiation of 98%

enriched H2
18O), 25mg of Kryptofix 222, and 0.7mg potassium carbonate was

added to a 10ml reaction vessel. The mixture was heated at 120–1308C under a

stream of argon while water was evaporated azeotropically using addition of

acetonitrile. A solution of compound 2 (2mg) in anhydrous dimethylsulfoxide

(0.9ml) was added to the reaction vessel and heated at 1508C for 7min. The

reaction mixture was cooled, diluted with 1ml of 0.1% aqueous acetic acid,

injected onto a semi-preparative Hamilton PRP-1 HPLC column, 10mm,

7� 305mm (Reno, NV) and eluted with a mixture of CH3CN:0.1M

ammonium formate 3.5:96.5 at a flow rate of 6 ml/min. The radioactive peak

with a retention time of 10min corresponding to [18F]2 was collected, the

solvent was removed on a rotary evaporator (60–808C), and the final product

was formulated with 5ml of saline.

An aliquot of the final solution of known volume and radioactivity was

applied to a Hamilton PRP-1 HPLC column, 10mm, 7� 305mm. A mobile

phase (CH3CN:0.1M ammonium formate 3.5:96.5) at a flow rate of 6ml/min

was used to elute the radioligand, which had a retention time of 10min. The

radiochemical purity was greater than 99%. The area of the UV absorbance

peak at 254 nm corresponding to carrier product was measured and compared

to a standard curve of compound 2 relating mass to UV absorbance.

No-carrier-added radiosynthesis was done under the same reaction condi-

tions. Compound 4 (2mg) was used as a precursor.

Conclusion

2-[18F]fluoroadenosine 2, a potential radioligand for assessment of adenylate

metabolism, has been synthesized via both carrier-added and no-carrier-added

procedures. Further optimization of the radiosynthesis is warranted if this

radiotracer proves to be useful in animal studies.
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