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Abstract: Colony-stimulating factor 1 receptor (CSF1R) is almost exclusively expressed on microglia in the human brain and thus, has
promise as a biomarker for imaging microglia density as a proxy for neuroinflammation. [*!C]CPPC is a radiotracer with selective affinity
to CSF1R, and has been evaluated for in-human microglia PET imaging. The flourine-18 labeled CPPC derivative, 5-cyano-N-(4-(4-(2-[*¢F]
fluoroethyl)piperazin-1-yl)-2-(piperidin-1-yl)phenyl)furan-2-carboxamide ([*8F]FCPPC), was previously synthesized, however, with a low
radiochemical yield using manual radiosynthesis. In this work, we report a fully automated radiosynthesis of [*®F]FCPPC on a Synthra
RNplus research module. In a total synthesis time of 50 min, [*¥F]FCPPC was obtained in decay corrected radiochemical yields of 26.8 +
0.1% (n = 3) with >99% radiochemical purities. Quality control testing showed that [*®F]FCPPC met all release criteria. In sum, we report
the first fully automated radiosynthesis of [*®F]FCPPC, a promising radiopharmaceutical for imaging microglia in humans.
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Introduction

Neuroinflammation is an immune response within the
Central Nervous System (CNS) associated with activation
and proliferation of glial cells, especially microglia.
Microglia are the resident macrophages in the human
brain and play a crucial role in the development and
homeostasis of the CNS [1, 2]. Upon detection of inflam-
matory stimuli, microglia activation is critical for the initia-
tion of a neuroinflammatory response and restoration of
homeostasis [3, 4]. Neurodegenerative diseases, such as
Alzheimer’'s disease (AD), are associated with chronic
neuroinflammation and microglial activation [5, 6]. Hence,
improved understanding of the role of neuroinflammatory
signaling in psychiatric and neurological disorders, includ-
ing neurodegenerative diseases, may lead to novel thera-
peutics and improved clinical outcomes.

Colony-stimulating factor 1 receptor (CSF1R) is a subfam-
ily of tyrosine kinase receptor activated by binding to col-
ony-stimulating factor 1 or interleukin 34, and plays a sig-
nificant role in survival, homeostatic functions, and prolif-
eration of microglia. CSFA1R is almost exclusively
expressed on microglia in the human brain, and thus,
holds considerable potential as a cell-specific imaging
biomarker of neuroimmune state in humans [7-9]. Many
lead compounds targeting CSF1R have been developed
and evaluated as CSF1R inhibitors, and showed promis-
ing profiles as potential therapeutic agents to prevent
neurodegeneration. As such, Positron Emission Tomo-
graphy (PET) imaging of the CSF1R has been proposed as
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an in vivo technique for quantifying human microglial acti-
vation and proliferation [10-12]. Several CSF1R-targeting
radiotracers have been previously developed (Figure 1)
[12-19]. One of these radiotracers is [*'C]5-cyano-N-(4-(4-
methylpiperazin-1-yl)-2-(piperidin-1-yl)phenyl)furan-2-car-
boxamide ([*'C]CPPC), which has been shown to exhibit
selective CSF1R-affinity as well as suitable kinetic proper-
ties for PET imaging in humans [20]. Despite its promising
biological properties for CSFAR imaging, the use of [*!C]
CPPC is limited by the short half-life of carbon-11 (tl/2 =
20.4 min). In 2022, Lee and co-workers developed a fluo-
ride-18 labeled CPPC derivative, 5-cyano-N-(4-(4-(2-[18F]
fluoroethyl)piperazin-1-yl)-2-(piperidin-1-yl)phenyl)furan-
2-carboxamide ([*®F]FCPPC) for CSFAR imaging [21]. In
the preclinical evaluations, [*°*F]JFCPPC showed high
CSF1R binding affinity with IC_, of 3.42 + 0.33 nM, and
[*8F]FCPPC exhibited significantly increased brain uptake
over the control mice. The radiosynthesis of [*8F]FCPPC
was performed manually with non-decay corrected radio-
chemical yields of 8-8.5%, providing an opportunity for
further optimization and automated radiosynthesis.

Previously, we reported an high-yield radiosynthesis of
[1*C]CPPC for in-human microglia PET imaging [22]. In the
present study, we report an automated radiosynthesis of
[*8F]FCPPC with improved yield over the reported manual
synthesis method (Figure 2), and three validation runs to
support its clinical translation for CSFAR PET imaging.
Synthra RNPlus research module is designed to allow
multi-step radiosyntheses of research radiotracers and
our approach utilized its versatile functions, which
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Figure 1. Representative chemical structures of CSF1R-targeting radiotracers.
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Figure 2. Scheme of automated radiosynthesis of [*®F]FCPPC from its Cl-form precursor. Ra-
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MQ-cm at 25°C) was generated
from Milli-Q Direct water purifica-
F tion system (Millipore Sigma,
Billerica, MA, USA), and used for
the preparation of all the stan-
Q dard and eluent solutions. The
K,,,/K,CO, stock solution for
[*8FIfluoride elution was prepared
with K, ,, (240 mg) and K,CO,
(40 mg) in acetonitrile (19.4 mL)
and deionized water (0.6 mL),
and passed through a Millex-LG
PTFE filter (Millipore Sigma, St.
Louis, MO, USA). Prior to use,
QMA and alumina N cartridges
were conditioned with 5 mL
deionized water, and tC18 car-
tridge was conditioned with 5 mL
ethanol and 5 mL deionized
water. Radioactivity was deter-
mined with a Capintec® CRC-
712M dose calibrator (Capintec,
Inc., Florham Park, NJ, USA).
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diosynthesis conditions: MeCN, 100°C, 5 min. Decay-corrected yield at EOS: 26.8%.

enabled a streamlined process encompassing one-pot
radiofluorination, semi-preparative HPLC purification, and
solid phase extraction (SPE) assisted formulation.

Materials and methods
Chemicals and supplies

Unless otherwise stated, reagents, solvents, and chemi-
cals were purchased from commercially available vendors
and used without further purification. The 5-cyano-N-
(4-(4-(2-fluoroethyl)piperazin-1-yl)-2-(piperidin-1-yl)phenyl)
furan-2-carboxamide (FCPPC) reference standard and
5-cyano-N-(4-(4-(2-chloroethyl)piperazin-1-yl)-2-(piperidin-
1-yl)phenyl)furan-2-carboxamide (pre-FCPPC) precursor
were synthesized in-house following the reported method
[21]. Acetonitrile (MeCN; anhydrous 99.8%), potassium
carbonate (KZCO3; 99.995% trace metals basis), and 0.22
um Millex-GV syringe-driven filter unit were purchased
from Millipore Sigma (St. Louis, MO, USA). Acetonitrile
(MeCN; HPLC grade) was purchased from Fisher Scientific
(Hampton, NH, USA). Kryptofix 2.2.2 (K,,,; chemical
grade) and [**0]H,0 (=98%) was purchased from ABX
(Radeberg, Germany). QMA carbonate plus light cartridge
(46 mg sorbent per cartridge; 40 um), alumina N Plus
Light cartridge, and tC18 plus short cartridge (400 mg
sorbent per cartridge; 37-55 um) were purchased from
Waters (Milford, MA, USA). Absolute ethanol (EtOH; USP
grade) was purchased from Greenfield Global USA Inc.
(Shelbyville, KY, USA). Sterile water for injection, USP and
0.9% sodium chloride (NaCl) for injection were purchased
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Chromatographic method

Semi-preparative high-performance liquid chromatogra-
phy (HPLC) was carried out using an RNplus Research
module (Synthra, Hamburg, Germany), which included a
built-in semi-preparative HPLC system with ultraviolet
(UV) and radioactivity detectors. [*8F]FCPPC purification
was conducted on a Reeperbahn C18 column (5 ym, 250
x 10 mm; Synthra, Hamburg, Germany) at the UV wave-
length of 254 nm. The HPLC loop volume was 3 mL and
the mobile phase was a mixture of acetonitrile and 10
mM ammonium formate in water (v/v = 55/45) at a flow
rate of 6 mL/min. The retention time of [*8F]JFCPPC was
about 15 min.

Analytical Acquity ultra-performance liquid chromatogra-
phy (UPLC) system (Waters, Milford, MA, USA) equipped
with ultraviolet (UV) and Ortec-556 radioactivity detectors
(Oak Ridge, TN, USA) was used to determine radiochemi-
cal purities and identities, and chemical impurities on an
analytical ACQUITY BEH C18 column (1.7 ym, 2.1 x 100
mm; Waters, Milford, MA, USA) at the UV wavelength of
254 nm. The sample injection volume was 10 pL and the
mobile phase was a mixture of acetonitrile and 50 mM
ammonium formate in water (v/v = 65/35) with a flow rate
of 0.3 mL/min. The retention time of [*8F]FCPPC on ana-
lytical HPLC was about 2.2 min.

Module configuration for [*8FJFCPPC radiosynthesis

The module configurations for [*8F]FCPPC radiosynthesis
are detailed in Figure 3. In the optimized module configu-
rations, vials A1-A3, C1-C3 and reaction vessel were used

Am J Nucl Med Mol Imaging 2024;14(6):351-356
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Figure 3. Diagram of synthra RNplus research module for [*®F]FCPPC production. A1l: 1 mL of K, ./K,CO, solution; A2: 2 mg of pre-
FCPPC precursor in 1 mL of MeCN; A3: 1 mL of deionized water; B1: QMA cartridge (46 mg); B2: alumina N Plus Light cartridge; B3: tC18
cartridge; C1: 10 mL sterile water; C2: 1 mL ethanol; C3: 10 mL of 0.9% NaCl; D1: HPLC eluent; E: semi-preparative HPLC column; F: 30
mL water and 1 mL 100 mg/mL ascorbic acid in water; G: Millex-GV 0.22 ym filter; and H: 30 mL product vial.

for [*8F]FCPPC radiosynthesis followed by HPLC purifica-
tion (Figure 4), and subsequently formulated via solid
phase extraction (SPE). Vials S1-S3 were used for system
cleaning.

Radiosynthesis, purification, and formulation of [18F]
FCPPC

By irradiation of [*0]water with a GE PETtrace 800 cyclo-
tron (15 min irradiation at 60 pA), [*8F]fluoride was gener-
ated and delivered to Synthra RNPlus Research module
for [*F]FCPPC radiosynthesis. The received [*®F]fluoride
was extracted with a QMA cartridge (46 mg) and eluted
with 1.0 mL of Kryptofix 2.2.2 (12 mg, 32 ymol) and
potassium carbonate (2 mg, 14 pmol) solution, and then
dried by azeotropic evaporation at 70-100°C under a flow
of helium and/or vacuum. The reaction vessel containing
dried [*8F]fluoride was cooled to 50°C. A solution of the
pre-FCPPC precursor (2 mg) in anhydrous acetonitrile (1
mL) was added to the reaction vessel for radiofluorination
at 100°C for 5 minutes. After cooling to 50°C, the crude
[*8F]FCPPC solution was diluted with 1 mL of deionized
water, passed through an alumina N cartridge to remove
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unreacted [*8F]fluoride, and loaded onto a semi-prepara-
tive HPLC column for purification. The [*¥F]FCPPC HPLC
fraction (Rt = 15-16 min) was collected and diluted with
30 mL of water and 1 mL of 100 mg/mL ascorbic acid
solution, and extracted with a tC18 cartridge. The retained
[18F]FCPPC was washed with 10 mL of sterile water, and
then eluted off the tC18 cartridge with 1.0 mL of ethanol
and formulated with 10 mL of 0.9% NaCl. The final formu-
lated drug product [*8F]FCPPC was delivered to the 30 mL
product vial through a sterilizing 0.22 um Millex-GV filter.

Quality control and stability test of [*8F]FCPPC

A sample of ~0.5 mL was taken from the finished final
product for QC tests following United States Pharmacopeia
and GMP guidelines.

Results
Radiosynthesis

Three consecutive batches of [*®F]FCPPC product were
obtained in 7.2 + 0.1 GBq (196 + 3 mCi) at the end of

Am J Nucl Med Mol Imaging 2024;14(6):351-356
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over 99% were determined by
non-presence of long-lived iso-
topes in the product after 72
hours decay. The residual sol-
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mined to be 6.0-6.2% ethanol by
gas chromatography. The integri-
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sure. The formulated products
were sterile and nonpyrogenic
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the repeated assessment of

20

1819

| [°F]FCPPC
L ’
*_,\,/J

appearance, radiochemical iden-
tity/purity, chemical purity, pH,
and bacterial endotoxin. A sum-
mary of the stability tests was
given in Table S1, showing no sig-
nificant changes at 4 hours post
EOS.

Discussion

During manual optimization, the
mass of pre-FCPPC precurosr,
solvent, reaction temperature
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Figure 4. Representative semi-preparative HPLC chromatograms for [*8F]FCPPC purification.

(A) Radioactivity channel and (B) UV channel.

synthesis (EOS), from estimated starting activity of 37
GBq (1000 mCi) in three consecutive validation runs. [*8F]
FCPPC radiosynthesis were completed in a total synthesis
time of 50 min from the end of bombardment (EOB), with
15 min irradiations at 60 yA. The final product was formu-
lated in volumes of 10.5 + 0.2 mL containing 10 mL 0.9%
NaCl and 6% ethanol. The radiochemical yields were 26.8
+ 0.1% decay corrected to the end of bombardment (EOB).

Quality control

The QC results showed that the produced [*®F]FCPPC met
all the release criteria. As indicated in Table 1, all three
batch products were clear, colorless solutions, and free
from particulate matter. The pH and half-life values were
within the ranges of 4.0-7.0 and 105-115 min. From ana-
lytical HPLC results (Figure 5), excellent radiochemical
and chemical purities were achieved. The radiochemical
purities were over 99% and the molecular activity was
1330 + 200 GBqg/umol (36 = 5 Ci/umol) at EOS. The non-
radioactive mass of [*°F]FCPPC were 0.22 + 0.02 ug/mL
and the total unknown impurities were 0.40 + 0.03 ug/

354

and time were evaulated to im-
[min] prove the conversion yield. The
highest conversion yield on radio-
TLC (~88%) was achieved using 2
mg of pre-FCPPC precursor in 1.0
mL acetonitrile and heating at
100°C for 5 min (Table S2, Entry 7 and Figure S1). The
conversion yield slightly decreased with more pre-FCPPC
precursor or higher temperature. These optimized condi-
tions were used for automated radiosynthesis of ['8F]
FCPPC in the present study.

20

With a starting activity of ~37 GBq (1000 mCi) obtained
from a 15 min irradiation at 60 pA, the automated radio-
synthesis of [*®F]FCPPC produced 7.2 + 0.1 GBq (196 + 3
mCi) of labeled compound, with a yield of 26.8 + 0.1%
(decay corrected to EOB), which is higher than the report-
ed manual radiosynthesis (8-8.5%, non-decay corrected)
[241]. The radiosynthesis yield may be higher than the cal-
culated yield because the starting activity for yield calcu-
lation was not calibrated at arrival of Synthra RNPlus
module, but obtained from the cyclotron bombardment
report. Limited by the facility layout, the hot cell and mod-
ule for [*8F]FCPPC synthesis were located 60 meters from
the cyclotron, resulting in activity loss during [*8F]fluoride
delivery.

In the automation test run, we observed a radiochemical
impurity on analytical HPLC (~10%; rt = 0.9 min; Figure

Am J Nucl Med Mol Imaging 2024;14(6):351-356
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Table 1. Summary of QC results from three [*8F]FCPPC validation runs

o Result
QC Test Acceptance Criteria
Run 1 Run 2 Run 3
Appearance Clean, colorless and no particles Pass Pass Pass
Concentration >74 MBqg/mL (2 mCi/mL) at EOS 703 MBg/mL (19 mCi/mL) 666 MBg/mL (18 mCi/mL) 703 MBqg/mL (19 mCi/mL)
Filter integrity Bubble point 2310 kPa (45 psi) Pass Pass Pass
Radionuclidic identity Half-life: 105-115 min 110.2 min 109.8 min 109.6 min
Radionuclidic purity >99.5% observed gamma emission should Pass Pass Pass
correspond to 0.511 and 1.022 MeV
pH pH value: 4.0-7.0 5.0 5.0 5.0
Radiochemical purity [*8F]FCPPC peak: >290% >99% >99% >99%
Radiochemical identity RSD of [8F]FCPPC Rt values: <10% 4.1% 4.6% 4.4%
Chemical purity FCPPC mass: <10 pg/mL 0.25 pg/mL 0.22 pg/mL 0.19 pg/mL
Impurities: <10 pg/mL 0.36 pg/mL 0.41 pg/mL 0.43 pg/mL
Chemical purity: residual solvent Ethanol <10% (w/V) 6.1% 6.2% 6.0%
MeCN <0.041% (w/v) 0% 0% 0%
Chemical purity: K, ,, Intensity is less than K, , STD Pass Pass Pass
Pyrogen test LAL Endotoxins test: <175 EU/vial Pass Pass Pass
Sterility test No growth after 2 weeks incubation Pass Pass Pass
A It is worth mentioning that [‘8F]
15.00 [18F]FCPPC FCPPC is a lipophilic compound
and may stick to plastic materials
g 10007 due to precipitation. In our prac-
tice, [*® F]JFCPPC dose was pre-
5.004 . . .
pared just prior to use, and avoid-
0.001 ed unnecessary dilution, and left-
B over activity in syringe and/or
045 extension loop was measured
FCPPC and subtracted to get the cor-
%9 rected activity.
<
0051 Conclusions
0.00+—mM—————~ .
0.00 050 1.00 150 2.00 250 3.00 350 4.00 450 5.00 A fully automated production
Minutes of [*8F]FCPPC was achieved wi-

Figure 5. Representative analytical HPLC chromatograms of [*8F]FCPPC and reference co-

injection. (A) Radioactivity channel and (B) UV channel.

S2) due to the radiolysis at increased radioactivity con-
centration, which was inhibited by addition of 1 mL 100
mg/mL solution of ascorbic acid along with 30 mL of
water in HPLC fraction collection vial during the purifica-
tion. We successfully achieved >99% radiochemical puri-
ty in the final product, and observed excellent stability at
4 hours post EOS. Radiolysis was also inhibited by the
presense of ethanol used in the formulation of [*8F]FCPPC
product.

The pre-FCPPC precursor is highly reactive and gradually
decomposes in presence of water. Monitoring via HPLC
analysis, gradual decomposition of the pre-FCPPC precur-
sor (dissolved in 50% of acetonitrile in water) was
observed in injections of the same sample at different
intervals. Therefore, the pre-FCPPC should be stored free
from mositure while not in use.
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th excellent radiochemical and
chemical purity as well as radio-
chemical yield. Three consecu-
tive [*®F]FCPPC validation runs
and quality control results demonstrated the efficacy of
our automated approach for future CSFAR PET imaging
applications.

Acknowledgements

This work has been supported by Karmanos Cancer
Institute and Wayne State University School of Medicine.
The Cyclotron and Radiochemistry Core is supported, in
part, by NIH Center grant P30 CA022453 to the Karmanos
Cancer Institute at Wayne State University. Additional
support is generously provided by the National Institute
on Drug Abuse (NIDA): ROO DA048125 (awarded to EW).

Disclosure of conflict of interest

None.

Am J Nucl Med Mol Imaging 2024;14(6):351-356



Fully automated radiosynthesis of [*F]FCPPC

Address correspondence to: Huailei Jiang, Cyclotron and
Radiochemistry Core, Karmanos Cancer Institute, Detroit, Ml,
USA. E-mail: jiangh@karmanos.org

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

)

(10]

(11]

[12]

356

Jessen KR and Mirsky R. Glial cells in the enteric nervous
system contain glial fibrillary acidic protein. Nature 1980;
286: 736-7.

Lenz KM and Nelson LH. Microglia and beyond: innate im-
mune cells as regulators of brain development and behav-
ioral function. Front Immunol 2018; 9: 698.

Webers A, Heneka MT and Gleeson PA. The role of innate
immune responses and neuroinflammation in amyloid ac-
cumulation and progression of Alzheimer's disease.
Immunol Cell Biol 2020; 98: 28-41.

Streit WJ, Mark RE and Griffin WS. Microglia and neuroin-
flammation: a pathological perspective. J Neuroinflamma-
tion 2004; 1: 14.

Zhang L, Chang RC, Chu LW and Mak HK. Current neuroim-
aging techniques in Alzheimer’s disease and applications
in animal models. Am J Nucl Med Mol Imaging 2012; 2:
386-404.

Filippi L, Chiaravalloti A, Bagni O and Schillaci O. *8F-labeled
radiopharmaceuticals for the molecular neuroimaging of
amyloid plaques in Alzheimer’s disease. Am J Nucl Med
Mol Imaging 2018; 8: 268-281.

Spangenberg E, Severson PL, Hohsfield LA, Crapser J,
Zhang J, Burton EA, Zhang Y, Spevak W, Lin J, Phan NY,
Habets G, Rymar A, Tsang G, Walters J, Nespi M, Singh P,
Broome S, lbrahim P, Zhang C, Bollag G, West BL and
Green KN. Sustained microglial depletion with CSF1R in-
hibitor impairs parenchymal plaque development in an
Alzheimer’s disease model. Nat Commun 2019; 10: 3758.
Pyonteck SM, Akkari L, Schuhmacher AJ, Bowman RL,
Sevenich L, Quail DF, Olson OC, Quick ML, Huse JT, Teijeiro
V, Setty M, Leslie CS, Oei Y, Pedraza A, Zhang J, Brennan
CW, Sutton JC, Holland EC, Daniel D and Joyce JA. CSF-1R
inhibition alters macrophage polarization and blocks glio-
ma progression. Nat Med 2013; 19: 1264-1272.
Olmos-Alonso A, Schetters ST, Sri S, Askew K, Mancuso R,
Vargas-Caballero M, Holscher C, Perry VH and Gomez-
Nicola D. Pharmacological targeting of CSFAR inhibits mi-
croglial proliferation and prevents the progression of
Alzheimer’s-like pathology. Brain 2016; 139: 891-907.
Zhu L, Ploessl K and Kung HF. PET/SPECT imaging agents
for neurodegenerative diseases. Chem Soc Rev 2014; 43:
6683-6691.

Carson RE, Naganawa M, Toyonaga T, Koohsari S, Yang Y,
Chen MK, Matuskey D and Finnema SJ. Imaging of synap-
tic density in neurodegenerative disorders. J Nucl Med
2022; 63 Suppl 1: 60S-67S.

Horti AG, Naik R, Foss CA, Minn |, Misheneva V, Du Y, Wang
Y, Mathews WB, Wu Y, Hall A, LaCourse C, Ahn HH, Nam H,
Lesniak WG, Valentine H, Pletnikova O, Troncoso JC,
Smith MD, Calabresi PA, Savonenko AV, Dannals RF,
Pletnikov MV and Pomper MG. PET imaging of microglia by
targeting macrophage colony-stimulating factor 1 receptor
(CSF1R). Proc Natl Acad Sci U S A 2019; 116: 1686-1691.

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

Bernard-Gauthier V and Schirrmacher R. 5-(4-((4-[*¢F]
Fluorobenzyl)oxy)-3-methoxybenzyl)pyrimi dine-2,4-diami-
ne: a selective dual inhibitor for potential PET imaging of
Trk/CSF-1R. Bioorg Med Chem Lett 2014; 24: 4784-4790.
Tanzey SS, Shao X, Stauff J, Arteaga J, Sherman P, Scott
PJH and Mossine AV. Synthesis and initial in vivo evalua-
tion of [**C]AZ683-A novel PET radiotracer for colony stim-
ulating factor 1 receptor (CSF1R). Pharmaceuticals (Basel)
2018; 11: 136.

Knight AC, Varlow C, Zi T, Liang SH, Josephson L, Schmidt
K, Patel S and Vasdev N. In vitro evaluation of [*H]CPPC as
a tool radioligand for CSF-1R. ACS Chem Neurosci 2021;
12:998-1006.

Zhou X, Ji B, Seki C, Nagai Y, Minamimoto T, Fujinaga M,
Zhang MR, Saito T, Saido TC, Suhara T, Kimura Y and
Higuchi M. PET imaging of colony-stimulating factor 1 re-
ceptor: a head-to-head comparison of a novel radioligand,
11C-GW2580, and *C-CPPC, in mouse models of acute
and chronic neuroinflammation and a rhesus monkey. J
Cereb Blood Flow Metab 2021; 41: 2410-2422.

van der Wildt B, Miao Z, Reyes ST, Park JH, Klockow JL,
Zhao N, Romero A, Guo SG, Shen B, Windhorst AD and
Chin FT. BLZ945 derivatives for PET imaging of colony
stimulating factor-1 receptors in the brain. Nucl Med Biol
2021; 100-101: 44-51.

van der Wildt B, Nezam M, Kooijman EJM, Reyes ST,
Shen B, Windhorst AD and Chin FT. Evaluation of car-
bon-11 labeled 5-(1-methyl-1H-pyrazol-4-yl)-N-(2-methyl-5-
(3-(trifluoromethyl)benzamido)phenyl)nicotinamide as PET
tracer for imaging of CSF-1R expression in the brain.
Bioorg Med Chem 2021; 42: 116245.

Mathews WB, Wu Y, Horti AG, Naik R, Hall AW, Holt DP and
Dannals RF. Radiosynthesis and validation of [5-cyano-
N-(4-(4-[*1C]methylpiperazin-1-yl)-2-(piperidin-1-yl)phenyl)
furan-2-carboxamide] ([**C]CPPC), a PET radiotracer for
imaging CSF1R, a microglia-specific marker. J Labelled
Comp Radiopharm 2019; 62: 903-908.

Coughlin JM, Du Y, Lesniak WG, Harrington CK, Brosnan
MK, O'Toole R, Zandi A, Sweeney SE, Abdallah R, Wu Y,
Holt DP, Hall AW, Dannals RF, Solnes L, Horti AG and
Pomper MG. First-in-human use of [**C]CPPC with positron
emission tomography for imaging the macrophage colony-
stimulating factor 1 receptor. EJNMMI Res 2022; 12: 64.

Lee H, Park JH, Kim H, Woo SK, Choi JY, Lee KH and Choe
YS. Synthesis and Evaluation of a ‘8F-Labeled Ligand for
PET Imaging of Colony-Stimulating Factor 1 Receptor.
Pharmaceuticals (Basel) 2022; 15: 276.

Jiang H, Roy P, Guo Y, Muzik O and Woodcock EA.
Automated radiosynthesis of [**C]CPPC for in-human PET
imaging applications. Am J Nucl Med Mol Imaging 2024;
14: 144-148.

Am J Nucl Med Mol Imaging 2024;14(6):351-356


mailto:jiangh@karmanos.org

Fully automated radiosynthesis of [*®F]FCPPC

Manual optimization

We performed manual optimization to find the suitable condition for radiolabeling of FCPPC. [*8F]Fluoride was transferred
to a reaction vial from QMA cartridge (46 mg), using 1.0 mL of Kryptofix 2.2.2 (12 mg, 32 umol) and K,CO, (2 mg, 14 umol)
solution and dried by azeotropic evaporation at 100°C under gentle flow of N,. The reaction vial was then cooled down to
50°C and a solution of precursor was added to it. Radiolabeling was done by heating the reaction mixture to a particular
temperature for several minutes. Crude conversion yield was obtained from radio-TLC. Several manual radiosynthesis were
performed with varying solvent, precursor weight, reaction temperature, solvent volume, and reaction time (Table S2). The
highest conversion yield (88%) was achieved using 2 mg of pre-FCPPC precursor in 1.0 mL of acetonitrile and heating at
100°C for 5 min (Table S2, Entry 7). We used this optimized condition for the automated radiosynthesis.

Table S1. Summary stability results at 4 hours after EOS of [*8F]FCPPC validation runs

o Result
QC Test Acceptance Criteria
Run 1 Run 2 Run 3

Appearance Clean, colorless and no particles Pass Pass Pass
Radionuclidic identity Half-life: 105-115 min 109.4 min 109.5 min 109.6 min
pH pH value: 4.0-7.0 5.0 5.0 5.0
Radiochemical purity [*8F]FCPPC peak: 290% 100% 100% 100%
Radiochemical identity RSD of [*¥F]FCPPC Rt values: < 10% 4.2% 4.7% 4.8%
Chemical purity: FCPPC mass: < 10 pg/mL 0.23 pyg/mL 0.25 pg/mL 0.20 pg/mL

Impurities: < 10 pg/mL 0.40 pg/mL 0.42 pg/mL 0.43 pg/mL
Chemical purity: K, , Intensity is less than K, ,, STD Pass Pass Pass
Pyrogen test LAL Endotoxins test: < 175 EU/vial Pass Pass Pass
Table S2. Manual optimization for the radiosynthesis of [*®F]FCPPC
Entry Solvent Vol. of solvent (mL) Precursor wt. (mg) Temp. (°C) Time (min) %Conversion
1. DMSO 0.5 1.0 100 10 25.8
2. MeCN 0.5 1.0 100 10 40.9
3. DMF 0.5 1.0 100 10 20.7
4., MeCN:'‘BuOH (1:1) 0.5 1.0 100 10 2.0
5. MeCN 0.5 1.0 100 5 53.3
6. MeCN 0.5 2.0 100 5 65.9
7. MeCN 1.0 2.0 100 5 88.0
8. MeCN 1.0 3.0 100 5 80.4
9. MeCN 1.0 2.0 110 5 79.4
10. MeCN 1.0 2.0 90 5 69.1
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Figure S1. Radio-TLC of crude [*®F]FCPPC during manual optimization.
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Figure S2. Analytical HPLC chromatograms of [*®F]FCPPC at increased radioactivity concentration in radioactivity channel.



