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Carbon-�� is an ultra-short lived isotope (half-life �0.34 min) which must be produced immediately 
before use by an adjacent low or medium energy sized cyclotron. The ��C-labelling facilities should also 
preferentially be in close vicinity to the PET facility, with a maximum transport time of �0-30 minutes. 
��C-radiopharmaceuticals offer unique advantages:

- The radiation dose that the studied subject receives is low when compared to �8F-radiopharmaceu-
ticals. 

- The short half-life of carbon-�� enables several studies in the same subject during the same day. 

- In a clinical setting the use of several different ��C-radiopharmaceuticals can give more specific 
information of the disease stage.

- In a research setting the same ��C-radiopharmaceutical is often used in multiple studies with phar-
macological interventions or other activations between the studies.

Carbon is an endogenous element and it forms the backbone of all organic molecules. The use of ��C thus 
gives the possibility of labelling endogenous and exogenous compounds without changing their physical 
properties. The option to choose between several labelling positions in the same molecule often gives 
the possibility to optimize the radiopharmaceutical with regard to metabolic stability, i.e. to improve 
target to background ratios in PET studies of tumours or receptors. Specific radioactivity can also often 
be improved by changing the labelling position in the molecule.

Production of ��C-radiopharmaceuticals must be performed within 60 min (usually �5-40 min) including 
HPLC purification, evaporation and formulation. All reactions are performed on-line in closed systems as 
the labelled starting materials as well as the labelling precursors are gases. Lead shielded environments, 
i.e. hot-boxes and remote or automated control systems are used to minimize radiation to the opera-
tor and to obtain standardised production procedures. European and FDA regulations for GMP have to 
be considered when developing production of PET radiopharmaceuticals. The production procedure is 
reviewed by national authorities which ensure that these regulations have been followed and that the 
quality of the product is such that the product can safely be administered intravenously to humans and 
experimental animals.

The two cyclotron produced precursors [��C]carbon dioxide and [��C]methane can be converted to a large 
number of labelling precursors. [��C]Methyl iodide ([��C]MI) and [��C]methyl triflate ([��C]MT) are the 
most commonly used due to their versatility in reactions with a large variety of functional groups. Many 
laboratories are presently replacing the original method for the production of [��C]MI from [��C]carbon 
dioxide with the new gas-phase method from [��C]methane. This new method is more adaptable to 
automation, and gives a substantially higher specific radioactivity of the products, which is especially 
important for the production of new high-affinity tracers like [��C]FLB 457. [��C]MT has higher reacti-
vity than [��C]MI, and enables fast labelling at relatively low temperature and pressure. Labelling with 
[��C]MT is carried out using smaller amount of des-methyl precursors which simplifies the final purifica-
tion of products. 

[��C]Carbon dioxide is used as labelling precursor in the production of carboxylic acids such as [��C]acetate 
and [��C]palmitic acid. [��C]Carboxylic acids are also intermediates in the synthesis of [��C]acyl halides, 
that are used in production of a number of tracers such as [��C]WAY �00635. A few other labelling 
precursors such as [��C]phosgene, [��C]hydrogen cyanide and [��C]acetone have found limited use in the 
routine preparation of ��C-radiopharmaceuticals for PET.
��C-Radiochemistry has during the last �0 years moved from the work bench to the production line.
��C can be routinely produced even by relatively small cyclotrons (�0 MeV). Targetry for production of 
[��C]methane and [��C]carbon dioxide and for the production of ��C-radiopharmaceuticals using ��C-pre-
cursors such as ��C-methyl iodide and ��C-methyl triflate is commercially available.




