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ABSTRACT - Purpose: In order to facilitate the 
use of the PET-based ‘Strauss test’ for 5-FU 
sensitivity, a rapid and facile synthesis of [2-
11C]5-fluorouracil ([2-11C]5-FU), based on 
[11C]phosgene ([11C]COCl2), is reported. 
Methods: The key intermediate (E)-β-
benzoylamino-α-fluoroacrylamide (1) and 
[11C]phosgene was submitted to cyclo-
condensation to give [2-11C]5-fluorouracil. 
Results: [2-11C]5-Fluorouracil was synthesized in 
17 min with high (~25%) radiochemical yield. 
Conclusion: The present study provides a rapid, 
simple, and efficient synthesis of [2-11C]5-FU, 
that would serve as a useful prognostic PET tracer 
for 5-FU chemotherapy. 
 
INTRODUCTION 
 
The original synthesis of 5-fluorouracil (5-FU), 
one of a new class of antitumor fluoroprymidines, 
was reported in 1957 (1,2). 5-FU-mediated 
inhibition of thymidylate synthetase (3) was 
subsequently shown to be one of the major 
mechanisms responsible for the antitumor activity 
of these compounds. Detailed studies have 
pointed to 5-FU interference with DNA and 
protein synthesis, as a result of conversion to the 
corresponding ribose nucleoside and substitution 

into RNA, as an equally important mechanism of 
toxicity (4). The first clinical studies of 5-FU were 
reported in 1958 (5). Radiolabeled 5-FU ([2-14C]5-
FU) (6) and [6-14C]5-FU (7) have been used for 
biodistribution studies in animals and [2-14C]5-FU 
biodistribution has been studied in cancer patients 
(8). 
 
Today, almost 50 years later, 5-FU remains front-line 
therapy, alone or in combination with other drugs or 
radiation, for gastric (9,10), colorectal (11,12) and 
other cancers including advanced pancreatic cancer 
(13). In light of the limited success of cancer 
chemotherapy in general, including 5-FU, it is 
surprising that the medical community has not 
demanded, and relied upon, a rational basis for the 
prediction of more successful outcomes when 
selecting a chemotherapeutic drug. It has been 
demonstrated, for example, that tumor uptake of 
fluorine-18 labeled 5-FU ([18F]5-FU) serves a 
positive prognostic role in selection of patients for 5-
FU therapy (Strauss [18F]5-FU test) (14, 15). Under-
utilization of the ‘Strauss [18F]5-FU test’ may be due, 
in part, to the proposed need for complex kinetic 
modeling rather than simple tumor uptake (16), 
and/or to the electrophilic F-18 radiosynthetic 
method developed in the early 1970’s [17]. The latter 
method remains the sole method of 5-FU 
radiosynthesis today, and is thus not popular in units 
using the 18O(p,n)18F nuclear reaction to produce 
aqueous radiofluoride for routine clinical 
radiofluorinations. The ease of use of the latter 
approach has resulted in a largely ‘nucleophilic’ F-18 
labeling world. 
 Since only F, N, O, H and C can be used to 
radiolabel 5-FU without altering its biochemistry, F-
18 and C-11 offer the only opportunity for nuclear 
(positron emission tomographic; PET) imaging. 
Pyrimidine nucleosides have been labeled with C-11 
at C-2 (18,19), and PET studies using C-11 
nucleosides have been reported (20), but [2-11C]5-FU 
is not among those reported. In order to facilitate the 
use of the PET-based ‘Strauss test’ for 5-FU 
sensitivity, a rapid, facile synthesis of [2-11C]5-
fluorouracil ([2-11C]5-FU), based on [11C]phosgene 
([11C]COCl2) (21), has been developed and is now 
reported (Figure 1). 
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Figure 1. Synthetic route for [2-11C]5-fluorouracil. 
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Figure 2: Synthesis of the 5-fluorouracil precursor (1). 
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Figure 3. Synthesis of 5-fluorouracil (5-FU). 
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Figure 4. Synthesis of [2-11C]5-FU. 
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MATERIALS AND METHODS 
 
Chemicals  
Triphosgene was purchased from Aldrich Chemical 
Co. Ltd. (St. Louis, MO).  All solvents were reagent 
grade and distilled using the appropriate methods. 
[11C]COCl2 was synthesized from [11C]CH4 via 
[11C]CCl4 according to our previously reported 
method [21]. Bombardment was carried out with a 
10 μA beam of 18 MeV protons for 10 min. The 
yield of [11C]COCl2 was estimated to be about 1500 
MBq based on the yield of [11C]diphenylurea 
produced with aniline under the same conditions. 
 
RESULTS 
 
Synthesis of (E)-β-benzoylamino-α-fluoroacrylic 
amide (1) 
Our first goal was the synthesis of the key 
intermediate 1, which would undergo 
cyclocondensation with [11C]phosgene at the final 
step into [2-11C]5-FU: Treatment of ethyl 2-fluoro-
3-hydoxyacrylate sodium salt (2) [22] with 
ammonia (NH3) and ammonium chloride in 
methanol gave rise to the formation of β-
aminoacrylate (3) [23]. Benzoylation of the 
resulting 3 with benzoyl chloride in pyridine 
afforded (Z)-ethyl β-benzoyl-amino-α-
fluoroacrylate (4), wherein the ethoxy-carbonyl 
group and the benzoylamino group occupy the 
trans-stereochemistry on the ethylene moiety. In 

order to effect geometric isomerization of the Z-
isomer 4 into the E-isomer 5, 4 was irradiated with 
a high-pressure mercury lamp, to afford the 
equilibrium mixture of 5 and 4 in the ratio of 1: 9. 
The E-isomer 5, having a convenient 
stereochemistry for the ring closure with phosgene, 
was further treated with NH3, resulting in the 
production of the key intermediate 1 in quantitative 
yield with the desired stereochemistry (E-form) 
(Figure 2).  
 
Synthesis of cold 5-FU 
The sodium salt of the key intermediate 1 was 
subjected to cyclocondensation with triphosgene at 
room temperature, followed by the hydrolysis with 
2 M NH3 in methanol, resulting in the formation of 
5-FU in high yield (75%, after purification on 
HPLC) (Figure 3). 
 
Synthesis of [2-11C]5-FU 
The key intermediate 1, activated as the sodium 
salt, was subjected to cyclocondensation with 
[11C]COCl2 (23) on the same automated synthesis 
system used for the production of S-[11C]CGP-
12177 (24). The total synthesis took 17 minutes 
from the end of bombardment to isolation of [2-
11C]5-FU. The yield of [2-11C]5-FU was 380 MBq 
at EOS (Figure 4).  The radiochemical yield of [2-
11C]5-FU was approximately 25%. The radio-HPLC 
trace is shown in Figure 5. 

 
 

 
 
Figure 5. Chromatographic data for the analysis of [2-11 C]5-FU. [2-11C]5-FU was analyzed by 
reverse-phase HPLC (Inertsil ODS-3, 250 mm x 4.6 mm i.d.) with elution of 3% ethanol in water at a 
flow rate of 0.5 mL/min. The chromatogram was monitored continuously based on radioactivity (RLC-
700, Aloka, Tokyo, Japan) and absorbance at 270 nm (SPD-10 Avp, Shimadzu). 
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DISCUSSION 
 
[2-11C]5-FU was synthesized by the 
cyclocondensation of newly developed (E)-β-
benzoylamino-α-fluoroacrylic amide (1) with 
[11C]COCl2. The success in the synthesis lies in 
the synthesis of the key intermediate 1 bearing 
proper stereochemistry, and on the application of 
highly reactive species [11C]COCl2 for 
cyclocondensation in the final step. These 
radiochemical yields (25%) compare favorably 
with yields (23%) reported previously for the 
synthesis of [2-11C]thymine using [11C]COCl2 
(23).  Importantly, the radiochemical yields are 
adequate for in vivo studies of [2-11C]5-FU uptake 
in patients, and would appear sufficient for 
analysis of 1-h time-activity curves (20)using the 
catenary, three-compartment, five-parameter 
model developed for 5-[18F]FU in vivo (16). 
 
CONCLUSION 
 
The present study demonstrates the first efficient 
synthesis of [2-11C]5-FU, which would be a useful 
PET-tracer for the assessment and prediction of 
outcomes of 5-FU in chemotherapeutic treatment.  
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