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Molecular Imaging Probe Design 

• 1. High binding affinity to target 

          Molecular imaging generally favors the acquisition of the images at early time 
after administration of a molecular probe. To obtain high uptake of the imaging probe 
to the target within limited circulation time frame requires that the imaging probe has 
binding property of fast on-rate (Kon) and slow off-rate (Koff). 
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Molecular Imaging Probe Design 

• 1. High binding affinity to target 

• 2. High specificity to target 

         In contrast, target-specific molecular imaging probes can interact with particular 
biomarkers, such as enzyme, receptor, and transporters, which are involved in various 
biological processes associated with particular cell populations and subcellular 
compartments. 
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Molecular Imaging Probe Design 

• 1. High binding affinity to target 

• 2. High specificity to target 

• 3. High sensitivity 

          To detect the biochemical process of the disease, especially at an early stage,  

           frequently requires spying on the aberrant of a very small amount of targets. 
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Molecular Imaging Probe Design 

• 1. High binding affinity to target 

• 2. High specificity to target 

• 3. High sensitivity 

• 4. High contrast ratio. 
          High contrast images with high target-to-background or signal-to-noise ratio  

          ensure appropriate interpretation of physiological and pathological  

          conditions of the diseases. 
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Molecular Imaging Probe Design 

• 1. High binding affinity to target 

• 2. High specificity to target 

• 3. High sensitivity 

• 4. High contrast ratio 

• 5. High stability in vivo 

          Although only trace amount of imaging probe is normally given to the living 
subjects, maintenance of the intact structure of an imaging probe is a big challenge 
because numerous enzymes or proteases present in serum or targeted tissue may 
degrade the imaging probe. The image information given from the metabolites of 
the imaging probe undoubtedly complexifies the imaging readout and usually makes 
the understanding of disease highly vague. 
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Molecular Imaging Probe Design 

• 1. High binding affinity to target 

• 2. High specificity to target 

• 3. High sensitivity 

• 4. High contrast ratio 

• 5. High stability in vivo 

• 6. Low immunogenicity and toxicity 

          A molecular imaging probe should have minimal or acceptable level of   

         immunogenicity and toxicity before it can be safely employed in human. 

• 7. Production and economical feasibility 

         The low cost and excellent availability of molecular imaging probes are  

         advantageous for their wide distribution and clinical routine use. 
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正子藥物生產流程 
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Radionuclides for positron emission tomography (PET) 



• The Radiopharmaceutical Chemistry of Carbon-11: Basic 
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The Radiopharmaceutical Chemistry of Carbon-11: Basic 

Principles 

Historic View on Carbon-11 Chemistry 

Carbon-11 was produced for the first time in 

1934 by Crane and Lauritsen. 

Decay Characteristics of Carbon-11 



Carbon-11 Precursors for Labeling 

Production of Carbon-11 

Secondary Precursors 

In-Target-Produced Primary Precursors 

[11C]Carbon Dioxide: Starting Point for Labeling PET Radiopharmaceuticals 
http://dx.doi.org/10.5772/intechopen.72313 



The Radiopharmaceutical Chemistry of Carbon-11: Tracers and 

Applications 

Technical Aspects of Carbon-11: Commercially Available Synthesizers and Optimization 

Overview of the four necessary procedures for a successful radiosynthesis 



The four essential parts of carbon-11 radiosynthetic modules 

General Considerations for Radiotracer Production and the Setup of Synthesizers 

Reactors and Reagent Vessels 



“Gas-phase” 

production of [11C]methyl 

iodide. (a) Direct delivery of 

[11C]CH3I into the reactor and 

(b) online passage of [11C] 

CH3I through AgOTf for 

conversion into [11C]CH3OTf 



Radiochemical synthesis of [11C]MET 

Article in Neurologia medico-chirurgica · 

December 2013 



Reaction pathways to [11C]CO2 fixation products yielding in high oxidation 

state functional groups 



1. Grignard Reactions in Carbon-11 Radiochemistry (In-Loop) 

2. Moisture Sensitivity, Solvents, and Preparation 

3.   Technical Considerations: Reaction Vessels Versus In-Loop Syntheses for Grignard 

 

 

Scheme of in-loop syntheses for (a) a one-step reaction and (b) a multistep synthesis of (+)-

[11C]PHNO 



Reaction pathways to 

less-common carbon-11 

precursors 

Overview of Other Methodologies for the Production of 11C-

Labeled Radiotracers 



Automatical synthesis equipment in lead-shielded fume hoods 

[11C]Carbon Dioxide: Starting Point for Labeling PET Radiopharmaceuticals 
http://dx.doi.org/10.5772/intechopen.72313 



Automatical synthesis equipment in lead-shielded fume hoods 



• The Radiopharmaceutical Chemistry of Carbon-11: Basic 

Principles 
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The Radiopharmaceutical Chemistry of Fluorine-18: 

Nucleophilic Fluorinations 

Introduction of Fluorine-18 

Decay scheme of 18F 

1. Nucleophilic 18F-Substitution 

2. General Aspects of 18F-Labeling 

3. 18F-Preprocessing 

4. Aliphatic 18F-Substitution 



SN2 mechanism with Walden inversion 



Nucleophilic synthesis – of [18F]FDG 

Journal of Ovarian Research volume 12, Article number: 12 (2019)  

https://ovarianresearch.biomedcentral.com/


Synthesis of [18F]FLT from the corresponding precursor using a nosyl leaving group and 

tertbutoxycarbonyl and dimethoxytrityl protecting groups for the amide and hydroxyl, 

respectively 

Diagnostics 2020, 10(1), 26 



Synthesis of 18F-Labeled Arenes by Aromatic Nucleophilic 18F-Substitution (SNAr) 

Aromatic nucleophilic substitution (SNAr) 



Three multistep, nucleophilic syntheses 

of 6-[18F]FDOPA 

J. Neurosci., July 25, 2007 • 27(30):8080–8087 



Prerequisites for nucleophilic 18F-substitutions 



The Radiopharmaceutical Chemistry of Fluorine-18: 

Electrophilic Fluorinations 

Structures of 2-[18F]FDG (left) and 6-[18F]F-DOPA (right) 

The Fundamentals of Electrophilic Radio-fluorination Chemistry 



Influence of molar activity on the quality of the imaging signal 

The Fundamentals of Electrophilic Radio-fluorination Chemistry 



Secondary Labeling Precursors and Building Blocks for Electrophilic Radio-

fluorinations with 18F 

Secondary precursors for electrophilic 18F-labeling derived from [18F]F2  



Ag-mediated radiofluorinations with [18F]Selectfluor®  bis(triflate) 









The Radiopharmaceutical Chemistry of Fluorine-18: Next-Generation Fluorinations 

Comparison of the bond dissociation energies (kJ/mol) of the bond between fluorine and 

carbon as well as some heteroatoms 



Thank you for  

                 your attention!! 
 


