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11 Summary 

Humankind has always been seeking to understand biological processes within our body to diagnose 

and treat diseases. For a long time, surgery was the only way to see what was going on inside a human 

body. That changed about a century ago with the emergence of molecular imaging, allowing us to 

observe processes at a molecular level, without the need for invasive procedures. Positron emission 

tomography (PET) is one of these techniques, which uses small molecules called tracers that are 

injected into the body and can be directed towards disease-specific markers. These tracers also 

contain a radioactive element; this is essential as the radioactive decay of this element will emit a 

signal that travels through the human body and will be detected by a scanner. From the signal 

received by the scanner, it is possible to locate and quantify the amount of tracer present in the body 

and detect any abnormalities, which may possibly be indicative of a disease. Because these 

radioactive elements are unstable and rapidly degrade towards stable, non-radioactive elements, 

tracers cannot be bought or produced in advance, but instead they require on-site production. 

Carbon-11 and fluor-18 are two radioactive elements discussed in this thesis that can be used to 

make PET tracers. However, they degrade fast – within minutes to a few hours – and therefore they 

need to be incorporated into tracer molecules with ultrafast methods. 

The focus of this thesis was to discover new methodologies to incorporate the radioactive elements 

carbon-11 and fluor-18 into PET tracer molecules. These ultrafast reactions are not typically common 

in traditional synthetic chemistry, and if methods have been successfully translated to incorporate 

radioactive elements, the tracer molecules accessible are still restricted, creating a necessity for 

additional reactions. 

In chapter 1 we looked at the state-of-the-art of current methodologies to introduce carbon-11 and 

fluor-18. Noticing the prominence of a single type of reactivity used in the synthesis of carbon-11 PET 

tracers, we identified the need to explore different transformations for the incorporation of carbon-

11. Looking at the advances in fluor-18 chemistry, we found interest in reactions able to be performed 

on complex molecules with mild conditions. 

In chapter 2 we established a so-called cross-coupling reaction to incorporate carbon-11 using a very 

reactive, single carbon-containing reagent: [11C]methyllithium; prepared from an available carbon-11 

source: [11C]methane. From this reagent we were able to synthesize PET tracers for the diagnosis of 

several diseases, from neurodegenerative diseases to breast cancers, depending on the molecule 

reacting with [11C]methyllithium. Developing such reactions is challenging not only because the 

reaction has to be fast (5 minutes in our case), but also because the amount of the initial Carbon-11 

source, [11C]methane, is very limited. Therefore, any impurities or water traces can be a problem 

when employing highly reactive [11C]methyllithium. 
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In chapter 3 we applied this same methodology to synthesize a series of compounds with application 

in the imaging of neurodegenerative diseases. These compounds were evaluated in biological assays, 

identifying a promising PET-tracer candidate that we labelled with carbon-11. 

In chapter 4 we established a protocol to yield compounds that are renowned to be incompatible 

with methyllithium in cross-coupling reactions. We achieved it by having a metallic intermediate 

acting as a shield, covering the final product, until the cross-coupling reaction with an organolithium 

reagent or the radioactive [11C]methyllithium is completed. 

In chapter 5 we look at creating complexity in a molecule in a single reaction pot, using once again 

the very reactive organolithium reagents. We were able to develop an atom efficient protocol, 

producing non-toxic waste products, yielding compounds of interest for medicinal chemistry. 

In chapter 6 we introduced alkyne functionalities into the range of what can be obtained from the 

cross-coupling of organolithium reagents. This functionality is of particular interest as it is a common 

intermediate in organic synthesis, and it also has direct application in optoelectronic materials, for 

example. We were pleased to find that our protocol could be performed in 45 minutes at ambient 

temperature while the standard conditions for such reaction typically requires several hours of 

heating. Moreover, the scope of molecules that could be successfully employed under these 

conditions was particularly large, including compounds that are usually incompatible with typical 

organolithium reagents. 

In chapter 7 we explored potential synthesis routes towards the labelling with carbon-11 of a moiety 

present in corticosteroids and related drugs. These drugs are associated with long terms side effects 

that are yet to be fully understood, and labelling them with carbon-11 can provide crucial information 

about their behaviour in our body. In addition, this can reveal specific patterns in different patients, 

potentially helping the clinician choose an adequate treatment. Unfortunately we were not able to 

find a suitable method, but we drew important conclusions paving the way for future investigations. 

In chapter 8 we use light to label molecules with fluor-18. As opposed to similar labelling methods 

using toxic metals or reagents that have to be removed at the end of the reaction, our labelling 

reaction required only irradiation of our two key reagents by LEDs for 60 seconds in a flow system. 

By applying this method, we labelled several molecules with fluor-18. Most notably, we labelled a 

potential tracer for the detection of bacterial infection, the first fluor-18 labelled tracer based on one 

of the most used antibacterial agent: Vancomycin. 

In chapter 9 we looked at the synthesis of a fluor-18 labelled PET tracer that would not directly 

recognize a disease-specific marker, but instead would recognize an engineered antibody. The 

engineered antibodies are composed of two heads, recognizing our fluor-18 tracer on one head and 

the disease-specific marker on the other. Due to this we can perform so-called pretargeting protocols 
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by first injecting the antibody that reaches the disease-specific biomarker, followed by the radioactive 

tracer which co-localize with the antibody. The main advantage of this strategy is to reduce the 

radiation dose for the patient, and it has great potential in PET imaging as well as for radiotherapy 

treatments.


	Summary



