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10 Conclusions and outlook 

10.1 The role of cross-coupling for radiolabelling 

The potential of cross-coupling reactions for the introduction of carbon-11 has been identified in 

chapter 1 and is expected to have a growing role amongst various labelling methods available. In this 

thesis, we explored in depth the cross-coupling of [11C]methyllithium with aryl bromides and 

successfully labelled different families of clinically-relevant PET tracers. By adapting the method to 

afford aldehydes, we expanded the scope of the reaction beyond the structures traditionally 

accessible via organolithium cross-coupling. While this work strongly supports that the cross-coupling 

of [11C]methyllithium is a suitable route to access 11C-labelled PET tracers, limitations regarding the 

scope of the reaction and it feasibility in very small scale (below 0.1 mmol) became apparent. Indeed, 

the very reactive nature of organolithium reagents with water became a problem when downscaling 

the radiolabelling protocol by automation, where the moisture in the air was sufficient to completely 

quench the organolithium reagent. Generalization of strictly inert environment for radiolabelling or 

the use of specific material, tubing, and valves, inert to such reactive compounds, would help in 

further downscaling this reaction. Alternatively, advances in organolithium cross-coupling are aimed 

towards increasing the feasibility of such reactions in aqueous media,1 or report greatly enhanced 

functional group tolerance combined with short reaction times when the reaction is performed in 

flow system.2 Building on these fundamental principles, we envision that the current drawbacks of 

organolithium cross-coupling for 11C-labelling will become less limiting as the field develops towards 

faster and more robust reactions and that the ultrafast reactivity of methyllithium as a coupling 

partner will be exploited to its full potential. Concurrently with our work, a novel protocol based on 

the Negishi reaction employed [11C]MeZnI as coupling agent was developed for the synthesis of 

[11C]thymidine, thereby already illustrating the functional group tolerance and potential general 

applicability of this labelling protocol.3 Similarly to our work, this demonstrates that highly reactive 

organometallic compounds can be valuable intermediates in 11C-radiochemistry. Moreover, 11C-

organometallic intermediates are directly reacted with an aryl bromide precursor at low 

temperatures, offering an interesting alternative to the more established Suzuki-Miyaura and Stille 

coupling reactions that require the synthesis of the organoboron and organotin precursors 

respectively and often proceed at elevated reaction temperatures. Suzuki and Stille coupling 

reactions are routinely performed over long reaction times as they use precursors of low reactivity 

that are not optimal for labelling purposes. Building on recent studies on the kinetics of the Suzuki 

reaction should greatly improve the efficiency of this reaction as a labelling procedure.4 For example, 

using neopentylboronic esters in combination with potassium trimethylsilanolate as a base instead 

of the traditional, sterically hindered, pinacol ester precursors allows to perform Suzuki cross-

coupling reactions at ambient temperature within minutes. Altogether, there is a great opportunity 

for cross-coupling methodologies, particularly Suzuki and Negishi cross-couplings, to develop further 
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in the coming years, gaining in practicality and generality for the labelling of 11C-PET tracers, thereby 

progressing as clinically relevant approaches.  

10.2 Advances in organolithium chemistry for synthetic purposes 

In this thesis, we also investigated various ways of harnessing the high reactivity of organolithium 

compound for synthetic purposes, developing methodologies to access various functionalized 

structures via one-pot procedures in short reaction times. Describing the cross-coupling of lithium 

acetylenes as an alternative to the Sonogashira reaction further illustrates the synthetic advantages 

of organolithium reagents over less reactive compounds, by reducing reaction time and allowing 

transformation to proceed at room temperature in many cases. Although there might be more 

suitable methods for the late-stage functionalization of complex molecules, we have demonstrated 

that the scope of accessible structures via organolithium chemistry can include electrophilic centers 

by bearing functionalities such as epoxides, esters, amides, nitriles or aldehydes. 

 

10.3 Orthogonal reactions for 18F-PET probe synthesis and applications 

Translating a photochemical reaction into a viable radiolabelling procedure for the synthesis of 18F-

PET tracers, we added a valuable synthesis path to the toolbox of biorthogonal indirect labelling 

methodologies. This was proven to be a particularly powerful synthesis method as it became key to 

the development of a vancomycin-based 18F-PET probe, a tracer of clinical relevance for the imaging 

of bacterial infections. This transformation will be further studied to find optimal substitution 

patterns enabling to perform the photoclick reaction in even shorter reaction times and under 

irradiation with longer wavelengths, certainly increasing reaction efficiency and reducing potential 

degradation of biomolecules. For example, extending the conjugation on the diketone compound 

would result in a red-shift in the absorption spectra of the diketone, allowing its excitation by longer 

wavelengths, and should be tried in the future. Next, an important step towards the generalization 

of this method would be the automation of the complete labelling procedure, including the vinyl 

ether synthesis and purification. Comparing this method with existing bioortoghonal reactions used 

in labelling, it has the advantages of metal free and additive free methods. Moreover, this reaction 

employs stable, cheap, and accessible building blocks, being easily radiolabelled and conjugated with 

various drugs, a notable advantage when compared with the tetrazine trans-cyclooctene system. The 

labelling method relies on principles of photochemistry in a flow microreactor, concepts that already 

had a positive impact on radiolabelling opportunities and is expected to play an even greater role in 

the future. The rapid development of photochemistry and particularly photoredox reactions are 

broadening the scope of what can be achieved by simple light irradiation.5 Moreover, these reactions 

often perform well in small scale, under diluted reaction conditions, are selective, and are enhanced 

by their translation from batch to flow setups as the irradiation of the reaction mixture becomes 

more efficient in microfluidic systems. All these characteristics makes photochemical transformations 

particularly attractive in radiochemistry and from an automation point of view. 
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10.4 ImmunoPET and pretargeting strategies for imaging 

ImmunoPET emerged in the field of PET imaging to harness the high targeting specificity of 

antibodies. Currently, ImmunoPET-probes that successfully reach the clinical stage are largely 

dominated by 89Zr-labelled monoclonal antibodies. While 89Zr-mAbs undeniably represent a major 

advance in the field, concerns about radiations doses received by healthy tissues as the result of a 

long circulating time of the radioactive probe remain a key limitation for their implementation. The 

high radiation dose is also a major restriction for the evaluation of novel 89Zr-mAbs in healthy 

volunteers. To tackle this problem, pretargeting strategies are particularly attractive as they allow 

the antibody to reach is target before the injection of the small-molecule, radionuclide-containing 

PET probe, thereby limiting the circulation of radioactive material in the body. In this thesis, we 

explored such approach by combining bispecific antibodies with a 18F-fluorescein probe. Ultimately, 

we were pleased to observe the specificity and versatility of the method, enabling to target various 

specific cancer biomarkers depending on the antibody fragment chosen in combination with the scFv-

fragment used for 18F-fluorescein binding. We focused on using this approach for imaging, but there 

is also great potential for such strategy to be used in theranostics and radioimmunotherapy, where 

limiting the exposure of healthy tissue to radiations is crucial.6 In addition to the use of bispecific 

antibodies, several pretargeting strategies are developing rapidly and can be expected to have a 

prominent role in the future of PET-imaging and radioimmunotherapy. Among these approaches, the 

advances in the IEDDA reaction using trans-cyclooctenes and tetrazine derivatives are particularly 

impressive and reached kinetic rates compatible for pretargeting in a human body.7 
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