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Central Nervous System Acting Drugs 

1. Lipophilicity 

2. Metabolic Stability 

3. Distribution 

4. Target-Selectivity 

5. Central versus Peripheral-Selectivity 
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Acid/Base Properties  

• Directly affect distribution, metabolism, and 

excretion.  
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Acidic Compounds 
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Basic Compounds 
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Acid/Base Properties 
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Acid/Base Properties 
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Water Solubility  

• The solubility of a drug molecule in water greatly affects 

the routes of administration available and its 

absorption, distribution and elimination.  

• Hydrogen bond forming potential of the functional 

groups and the ionization of functional groups.  
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Water Solubility vs Counter Ion 
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Lipophilicity: logP  

P  = 
Corganic 

Caqueous 

logP  = 
Corganic 

Caqueous 

log 



15 

Lipophilicity: logP 
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Lipophilicity: logP 
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Stereochemistry and Drug Action  

• Not only what functional groups are responsible 

for the drug's activity, but also what three-

dimensional orientation (3D) of these groups is 

also needed.  
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Stereochemistry and Drug Action  
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Stereochemistry and Drug Action  

• Enantiomers show significant differences in their 

pharmacokinetic and pharmacodynamic 

behavior. Such differences can result in adverse 

side effects or toxicity due to one of the 

isomers or the isomers may exhibit significant 

differences in absorption (especially active 

transport), serum protein binding and 

metabolism. 
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The World of Chirality 

The World of Achirality 

Ignoring Chirality? 



Design of a PET Radiotracer 

b+ 

Selection of Radionuclide ! 
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Design of a PET Radiotracer 
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Nucleophilic Substitution with Fluoride 
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Nucleophilic Aromatic Substitution 
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Destannylfluorination 

11:47 
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[18F]-Fluoroethylcholine 
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M2 Receptor PET tracer 



[18F]-FP-TZTP 



[18F]-FP-TZTP 

 P-TZTP showed a Ki of 23 nM for M1 and 1.5 nM 

for M2. 

 [18F]-FP-TZTP showed a Ki of 7.4 nM for M1 and 

2.2 nM for M2; it did not bind to M3 receptors or 

other biogenic amine receptors. 



[18F]-FP-TZTP 

 A major concern in PET studies is that the 

radioligand will metabolize to radioactive 

metabolites. 

 To quantify receptors accurately, the time course 

of the parent compound in blood must be 

determined.  

 Verify that radioactive metabolites do not cross the 

BBB.  



[18F]-FP-TZTP 

 In rats, only 5% of plasma radioactivity was parent 

compound by 15 min post-injection. 

 One metabolite was almost as lipophilic as the 

parent compoud as measured by TLC, suggesting 

that it might cross the BBB. 

 Parent compound was found to represent greater 

than 95% of extracted radioactivity in rat brain 

through 30 min and greater than 90% at 45 and 

60 min. 



The Validation of FP-TZTP 



The Validation of FP-TZTP 

Neuropharmacology 44 (2003) 653–661 



The Validation of FP-TZTP 

 Similar studies with M1 KO, M3 KO and M4 KO vs 

WT did not reveal a significant decrease in grey 

matter uptake. 

 The metabolic profile of FP-TZTP was studied in 

rat and human hepatocytes using liquid 

chromatography and mass spectrometry and, 

compared with independently synthesized 

standards. 



[18F]-FP-TZTP Studies in Non-human Primates 

 These experiments 

were used to develop 

the methodology and 

analysis techniques 

for human studies. 



[18F]-FP-TZTP Studies in Humans 



[18F]-FP-TZTP Studies in Humans 

 In the first clinical studies, an age-related increase 

in M2 receptor binding potential was observed. 

 A reasonable hypothesis for the increased volume 

of distribution in elderly normal subiects with 

Apoe-E4 positive is a decreased concentration of 

ACh in the synapse. 

 The use of [18F]-FP-TZTP can be considered an 

in vivo measurement of muscarinic systems 

biology, rather than the receptor density alone. 



Novel Serotonin Transporter (SERT) 

Imaging Agents for PET 

Bioorg. Chem., 2020, 97, 103654.  



Introduction 

 Serotonin (5-HT) plays important roles in a wide variety of 

physiological functions through interaction with 14 serotonin 

receptor subtypes.  

 In CNS, serotonin transporters (SERT) reuptake the released 

5-HT from the synapse into the presynaptic nerves to 

terminate its downstream. 

 Dysregulation of serotonin transmission is known to be 

involved in depression, anxiety, obsessive-compulsive 

disorder, eating disorder, addiction, Parkinson’s disease, and 

Alzheimer’s disease.  



5-HT Synaptic Terminals 

41 Torres, G. E. et al. Nature Reviews Neuroscience 2003, 4, 13.  



Introduction 

 SERT is the target of selective serotonin reuptake inhibitor 

(SSRIs), which is among the most commonly prescribed class 

of antidepressants in last decades. 

 There is a lag time before the onset of antidepressant effect 

of SSRIs and more than 30% of patients are nonresponders.7. 

 By estimation of the drug occupancy of SERT binding sites by 

the antidepressant, in vivo PET or SPECT imaging studies could 

assist in the development of more effective approaches to the 

treatment of depression. 

Bioorg. Chem., 2020, 97, 103654.  



SERT PET Tracers 

1. SERT selectivity 

2. 11C vs 18F 

3. Synthetic feasibility 



Drug Design 

1. Synthetic feasibility 

2. Drug-like properties 



Scheme 1 

Bioorg. Chem., 2020, 97, 103654.  



Binding Affinity 

Bioorg. Chem., 2020, 97, 103654.  



Lipophilicity and BBB permeability 

Bioorg. Chem., 2020, 97, 103654.  



Metabolic Stability 

compd n R1 R2 

Parent 

compound left 

after 30 min, 

(%)a 

LogD7.4 

7a 1 Me H 41 3.64 

7b 2 Me H 60 3.53 

7c 3 Me H 62 3.43 

7d 2 H H 54 3.37 

7f 2 F H 64 3.70 

8a 1 Me Cl 18 4.55 

3 - F H 0 3.87  

Bioorg. Chem., 2020, 97, 103654.  



Scheme 4 
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Bioorg. Chem., 2020, 97, 103654.  



Radiosynthesis using Synthesizer 

Bioorg. Chem., 2020, 97, 103654.  



PET Imaging in Rat Brain 

Bioorg. Chem., 2020, 97, 103654.  



SUV 

Distribution in Rat Brain 

SUR SUV SUR 

[18F]7b     [18F]7b     

[18F]7c     [18F]7c     [18F]7a     [18F]7a     

[18F]3     [18F]3     

Bioorg. Chem., 2020, 97, 103654.  



SUR SUV 

[18F]7b     [18F]7b     

Bioorg. Chem., 2020, 97, 103654.  

Distribution in Rat Brain 



Summary 
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 Two novel series of fluoropegylated diarylsulfide 

derivatives were synthesized and possessed 

potent and selective SERT binding affinity. 

 The target compounds demonstrated high BBB 

permeability in PAMPA assay. 

 In PET study, [18F]-7b exhibited significant BBB 

uptake and selective accumulation in SERT–rich 

regions in the rat brains.  



Early in vivo Pharmacokinetic Study 

for Drug Discovery 



• 0~60 min 
• 300 X 

tail vein injection 
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Dynamic Distribution using PET 



Dynamic Distribution using PET 

• Most accumulated in abdominal organs 

• Peripheral selectivity may result in less potential 
toxicity. 

0~60 minutes after tail vein injection 
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