Synthesis and Separation Of Chiral Compounds In the Preparation Of a PET
Radiotracer Targeting Synaptic Vesicle Glycoprotein 2A (SV2A)
Background

Racemic Synthesis Scheme

Positron emission tomography (PET) is a promising technology
that utilizes radiotracers for producing detailed, 3D images of the
brain, tumors and other parts of the body. Radiotracers are
compounds that have atom(s) replaced with a radioactive
isotope. Developing radiotracers for the PET technology is
challenging research.
Radiotracers must have high specificity and affinity for the
target, while also having relatively short synthesis times. The
radiotracer must also be labeled with radioisotopes, with short
half lives, such as 11C, or 18F, under reasonable temperatures and
conditions, such that the cold precursor does not change
structure.

SDM-8 as an Alternative

Figure 3. UCB-J was labeled with 18F (results shown above). The
comparison between two enantiomers showed that the (R)enantiomer is in fact active in the brain, not the (S)-enantiomer.
The graph of the (R)-enantiomer shows distributed activity in
different brain regions, whereas the graph of the (S)-enantiomer
does not show differentiation in activity between the brain
regions. The PET scans to left illustrate similar results. The in vivo
studies and PET scans were provided as preliminary results by
researchers at the institution listed in form 1C. Please refer form
1C for details.

Figure 10. The radiosynthesis of 18F-UCB-J was challenging and
the radiotracer racemized at 120 oC. Therefore, a library of new
compounds was prepared. Of the compounds in this library,
SDM-8 had close binding affinity as UCB-J, (0.58 vs. 0.27 nM, in
vitro) to the SV2A protein. Radiotracer 18F-SDM-8 showed similar
behavior to that of 11C-UCB-J in a PET study in the monkey brain
(time activity curves and PET images are shown below.). Given
the results, the focus on the enantiomeric pure synthesis shifted
from UCB-J to SDM-8. The in vivo studies and PET scans were
courtesy of the researchers at the institution listed in form 1C.
Please refer form 1C for details.

Synaptic Vesicle Glycoprotein 2A
Figure 1. A. SV2A is involved in the presynaptic release of
neurotransmitters. SV2A is spread throughout and has high
concentration in the brain. SV2A is connected to synaptic
density. Synaptic density change has been linked with
Alzheimer’s disease (AD), autism, epilepsy and other
neurodegenerative disorders. Courtesy of Purdue University. Please refer
to bibliography for full citation.

Figure 4. To the right is the racemic synthesis scheme for the
radiotracer in this project. The portion highlighted in red is
where the chiral center forms. This chiral center persists
throughout the remainder of synthesis steps without any
racemization or change on the chiral center, as marked by the
red asterisks. The aim was to produce an enantiopure compound
in the step highlighted in red.

Chiral Separation Using HPLC
Figure 5. The racemic
compound Geradi-A25 was prepared
through the Michael
addition reaction. The
proton nuclear
magnetic resonance
(HNMR) spectrum (to
the left) confirmed the
structure and purity of
Geradi-A-25.
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Figure 1. B. 11C-UCB-J is a chiral PET radiotracer and was used in
the first PET imaging of SV2A that was used to monitor synaptic
density in living subjects. The use of the radioisotope 11C (half
life 20.3 min.) required a cyclotron on site, which reduced
accessibility. Therefore, there was a need to label this
radiotracer with a different isotope, such as 18F (half life 110.9
min.). My project focuses on the 18F labeled version of this
radiotracer, 18F-UCB-J.
Synaptic density as a biomarker can be used to diagnose
Alzheimer’s disease earlier and more accurately than current
biomarkers, which are beta-amyloid and tau tangle formation. In
previous studies it has been confirmed that loss of synaptic
density precedes beta-amyloid deposition. Therefore, the
radiotracer I worked on could help diagnose Alzheimer’s disease
earlier, given that it detects synaptic density. Furthermore, beta
amyloid deposition is not a completely reliable biomarker for
Alzheimer’s disease. According to a correspondence published in
Science, approximately 30% of people with no manifestation of
Alzheimer’s have higher levels of beta amyloid. The radiotracer
studied in this project could also help more reliably diagnose and
monitor Alzheimer’s disease. The US Food & Drug
Administration, in its most recent guidelines on Alzheimer’s
disease, has emphasized the need for biomarkers for earlier
stages of Alzheimer’s. The radiotracer studied in this project
serves as a biomarker for the earlier stages of Alzheimer’s
disease.

Figure 6. A HPLC system was used to separate the 2
enantiomers of the racemic compound. A picture of the
system, including the injection site and solvent ports, as well
as a picture of the user interface of the Galaxie software,
which manages the conditions of separation, are shown.

Asymmetric Synthesis Using Chiral Catalysts
Figure 12. To the right is the asymmetric synthesis scheme, using
the quinidine catalyst, which was prepared in a one-step
demethylation. The enantiomeric ratio will be determined with
chiral HPLC analysis. The final compound shown in the scheme
was synthesized following a racemic scheme (without the
quinidine catalyst). The racemic compound is Geradi-B-24.
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Conclusions
Figure 8. The reactions shown above are asymmetric Michael Additions that use enantioselective catalysts. Reaction A and reaction B are from reference 1 and reference 2
(please refer references in the research paper), respectively. Similar ideas from these references were adapted in this project. Two catalysts were chosen and applied in the
synthesis of the above-mentioned compound aiming to achieve the enantiomeric pure product.
Figure 9. Below are the structures of the 2 selected catalysts and the results of the reactions conducted with these catalysts. The solvent used in the reaction was varied in each
condition. These catalysts yielded racemic compounds under the conditions tested.

Mirror

This project aims to synthesize an enantiopure compound in
preparation of a chiral PET radiotracer targeting SV2A. The
specific objectives in this project were:
• Produce a racemic precursor of the radiotracer
• Separate the enantiomers of the racemic precursor using a
chiral high performance liquid chromatography (HPLC) column
• Produce an enantiopure precursor through asymmetric
synthesis, utilizing chiral catalysts
• Develop a precursor which can be radiolabeled with 18F under
reasonable temperatures and conditions

• The racemic compound Geradi-A-25 (in preparation of 18 FUCB-J) was successfully synthesized and separated using
the chiral OJ-H HPLC column.
• The synthesis with catalysts 1 and 2, under the conditions
tested, produced a racemic compound.
• An alternative difluoro compound Geradi-B-24 was shown
to have comparable characteristics with UCB-J.

Figure 2. A molecule is considered chiral when the mirror images
of that molecule cannot be superimposed. Enantiomers are the
distinct mirror images of a chiral molecule, labeled R and S. A
compound is racemic when it is a mixture of equal quantities of
the R and S enantiomers. 56% of drugs on the market are chiral.
Usually, one of the enantiomers of a chiral drug is active in the
body.

Objective

Figure 11. The reaction shown above utilizes the quinidine
catalyst for enantioselectivity in a Michael Addition on a similar
structure as the proposed compound in this project. The
reaction above was obtained from reference 7 (please refer
research paper) and inspired the use of the quinidine catalyst in
this project.

Figure 7. Shown above are chromatograms displaying various degrees of separation of the enantiomers of Geradi-A-25 obtained using the HPLC system and chiral columns.
Conditions required for separation using the HPLC system were optimized by testing varying combinations of organic solvents (0–100%), in conjunction with different chiral
columns and flow rates (0.1 –2 mL/min). The leftmost chromatogram depicts no separation, indicated by the single peak. The middle 2 chromatograms have slight
separation, shown by the dips in the peak. The rightmost chromatogram depicts successful, complete separation of the enantiomers, illustrated by 2 individual peaks. Full
separation was achieved on a CHIRACEL OJ-H column eluting with 25/75 ethanol/hexane with 0.1 % TEA at a flow rate of 1.0 mL/min.

Chirality
The radiotracer studied in this project is chiral. Only 1 of the
enantiomers of my project’s radiotracer is active in the brain and
can be viably used to target SV2A. When the radiotracer is
synthesized a racemic mixture of both enantiomers is produced.
This is not ideal as it ultimately increases the dosage of the
radiotracer that must be administered during a PET scan and
consequently increases cost. Therefore, it is vital to develop a
method to produce an enantiopure compound in the synthesis
of this radiotracer.

The Quinidine Catalyst

• The racemic form of the alternative compound Geradi-B-24
was successfully synthesized.

Reaction

Cat.

Solvent

Base

Temperature/Time

Result

Geradi-A-37

1

Toluene

CsF, DBU -40°C/2hr, -20°C/2hr, 0°C/16hr

Racemic

Geradi-A-46

1

N/A

CsF, DBU -40°C/2hr, -20°C/2hr, 0°C/16hr

Racemic

Geradi-A-47

1

MeCN

CsF, DBU -40°C/2hr, -20°C/2hr, 0°C/16hr

Racemic

Geradi-A-48

2

N/A

CsF, DBU -40°C/2hr, -20°C/2hr, 0°C/16hr

Racemic
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• The quinidine catalyst has preliminarily yielded an
enantiomeric ratio of 90/10. I am currently researching the
quinidine catalyst for enantioselectivity on SDM-8 further.
The quinidine catalyst is very promising and is showing
potential.

Discussion and Future Work
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I have synthesized the alternative difluoro compound (SDM-8),
using the quinidine catalyst and am working on improving the
enantiomeric ratio. I am planning on testing a series of
conditions by varying the solvent and temperature to improve
the enantiomeric ratio. I am plan to test other chiral catalysts, or
cinchona based catalysts for enantioselectivity on the precursors
to these radiotracers.
Unless otherwise noted, all graphs and images were created by the student researcher

