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A General 11C-Labeling Approach Enabled by Fluoride-Mediated
Desilylation of Organosilanes
Nat. Commun. 2020, DOI: 10.1038/s41467-020-15556-7
Positron emission tomography (PET) is an important imaging
modality for the non-invasive investigation of biochemical
and molecular events in living organisms. Because of the
ubiquitous presence of carbon atoms in organic molecules,
carbon-11 (11C, t1/2 = 20.4 min, Eβ+ = 1.98 MeV) labeled organic
compounds with well-characterized biological and pharmacological properties (i.e., metabolism, drug pharmacokinetics,
receptor binding affinity, enzyme substrate affinity, etc.) could
be used for clinical and pre-clinical studies with much fewer
hurdles, compared with compounds labeled with other radioisotopes (such as fluorine-18, iodine-123 and bromine-76).
In addition, the short half-life of 11C allows the performance
of multiple studies on the same subject in a single site visit,
which represents a great advantage in clinical studies. To
produce the desired 11C-labeled compounds in high radiochemical and chemical purities, as well as with high molecular activity, there is a still unmet demand to develop fast
and reliable approaches for introducing 11C into molecules
with diversified structures. Among them, the development of
a new 11C-carboxylation approach for the direct use of [11C]
CO2 as radiosynthon would be especially attractive. Recently,
Professor Wenhao Qu at Stony Brook University (USA) and
his colleagues reported a general 11C-labeling strategy using
a fluoride-mediated desilylation (FMDS) process to generate

reactive nucleophiles for nucleophilic 11C-carboxylation and
C-methylation (Scheme 1, a).
In early 2017, during the development of a protocol for
preparing [11C]acetoacetic acid to support a clinical imaging
study, Professor Qu and his colleagues occasionally noticed an
unexpected amount of chemical impurities when they used
an existing literature method for the lithium enolate 11C-carboxylation. “To circumvent this problem, we explored alternative methods and eventually identified conditions for enolate
formation mediated by fluoride ion desilylation that could represent a milder and general [11C]CO2 incorporation method,”
explained Professor Qu. He continued: “The optimal reaction
conditions were obtained following careful and extensive
modifications and this updated synthesis method led to the
formation of [11C]acetoacetic acid with good radiochemical
and chemical purities, and also dramatically improved radiochemical yield in a similar production time frame ( Scheme 1,
b).”
This success triggered the group’s interest in employing
this FMDS approach for 11C-carboxylation further, with different organosilanes as labeling precursors. “It turned out that
a variety of organosilanes with trialkylsilyl group attached
at sp-, sp2-, and sp3-carbon atoms could all afford the corres
ponding 11C-carboxylic acids with fair to excellent yields,”
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Scheme 1 Fluoride-mediated desilylation for (a) 11C-carboxylation and 11C-methylation of organic molecules and (b) FMDS
11
C-carboxylation for synthesizing [11C]acetoacetic acid.
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remarked Professor Qu. He continued: “The presence of different reactivities among these organosilane substrates was
readily explained by the pKa values of the conjugate acids of
these anionic nucleophiles generated by the fluoride-desilylation. In addition, we also found that the newly formed 11C-carboxylic acids could be converted into the corresponding ester
or a
 mide in a simple and fast manner (Figure 1, a).”
Encouraged by the success of using the FMDS 11C-labeling
strategy to afford various 11C-carboxylic acids, which was even
more remarkable considering that previously many of them
could be prepared only with difficulty, Professor Qu and his
co-workers further extended their FMDS approach for 11Cmethylation. “We found that the [11C]CH3- group could be
attached to specific positions (oxygen, sulfur, nitrogen and
carbon atoms) of organic molecules through a FMDS 11Cmethylation process under very mild reaction conditions in a
straightforward manner (Figure 1, b),” explained Professor Qu.
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Professor Qu commented: “This FMDS 11C-labeling
approach not only provides radiochemists with a fast and easy
access to various 11C-carboxylic acids, but also presents itself
as an ideal alternative for 11C-methylation of organic mole
cules with attractive biological activities.” He concluded: “In
the end, I expect that our group will apply this newly established 11C-labeling approach to develop synthetic protocols for
radiotracers of high clinical interest where regular production
is very difficult using currently reported methods.”

Figure 1 Selected 11C-labeling examples and the radiochemical yields (RCYs, n = 3).
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