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[N-Methyl-11C]choline by on-column reaction:
a study on [11C]CH3I incorporation and the
residual amount of precursor in the product
A. Bogni,a O. Crispu,a L. Fugazza,b C. Cucchi,a L. Laera,a R. Iwata,c
F. Crippa,a E. Bombardieri,a and C. Pascalia
[N-Methyl-11C]choline has been synthesized at room temperature by the reaction of [11C]CH3I with 2-dimethylaminoethanol
(DMAE), with the latter directly loaded on a weak cation-exchange cartridge. Most of the efforts have been directed to
reduce the amount of residual precursor in the product’s final solution in order to make this tracer more suitable to brain
studies. In the process, radiochemical yields and residual DMAE have been placed in relation with both the starting amount
of precursor and the rinsing conditions used and compared with the more ‘traditional’ loading of the precursor on either a
C18 cartridge or a loop. Comments and indications on the most convenient analytical technique and conditions for
quantitative analysis, with particular emphasis on the precursor, are also reported. Under what we believe to be a fair
compromise, [11C]CH3I incorporation yields of ca. 90% were easily achieved with a residual amount of starting material in
the 8- to 12-ppm range.
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Introduction
The use of [N-methyl-11C]choline in Positron Emission Tomography as an effective radiotracer for the imaging of a variety of
tumours is well established and it is based on the characteristics
of an increased content of choline kinase, an upregulated key
enzyme of choline metabolism, and an augmented phosphatidylcholine turnover shown by this type of cells. Moreover, this
radiotracer has the advantage of higher target-to-background
signal ratios when compared with the more popular [18F]FDG.
As a result, [N-methyl-11C]choline, as well as its fluorine-18
labelled analogoues, have found application in the detection of
prostate, brain, breast and lung tumours1–5 and, more recently,
also hepatocarcinoma.6
However, the gain in popularity of [N-methyl-11C]choline is
mostly due to the improvements accomplished to its synthesis,
as high radiochemical yields can now be achieved quite easily
on a routine basis and with no need for HPLC purification.7–9
The only major restraint left can be the residual amount of
precursor 2-dimethylaminoethanol (DMAE) accompanying the
final product. That is because, although harmless and sometimes used as a nutrition additive, excess amount of DMAE may
compete with [N-methyl-11C]choline for brain uptake.10 In fact,
DMAE has shown in rats a 5- to 10-fold greater affinity than
choline for transport across the blood–brain barrier. Thus, for
brain studies with [N-methyl-11C]choline, it is both important to
(a) implement a radiosynthesis that minimize the residual DMAE
in the final product, and (b) set up a sensitive assay able to
accurately determine this amount.
The works published in the last few years on this tracer have
shown a relatively high degree of variability and inconsistency
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on this matter, partly because of often different and probably
not optimized analytical conditions.
The aim of this work, which follows on from several years
of our original publication on the on-column preparation of
[N-methyl-11C]choline,7 is to update, in view of the experience
gained, the reaction conditions reported at that time and to
optimize them in terms of simplicity, radiochemical yield and
residual DMAE. A short discussion on the pro and cons of the
methods used for its analysis will be also presented.

Experimental
Materials
s

Ascarite (20–30 mesh), DMAE (99%), dry THF (99.9%), H2SO4,
acetone (99.8%) and LiAlH4 (1 M in dry THF) were purchased
from Aldrich. The latter was diluted to 0.15 M and filled in singleuse vials operating in a glove-box under dry and inert
conditions. Methanesulfonic acid (98%) and glycerol (498%)
were obtained from Fluka. Ethanol (99.9%), HI (57%), NaOH (5 N)
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