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ABSTRACT

Objective: The present research describes a new radiosynthesis of 5-(4-((4-[*®F]fluorobenzyl)oxy)-3-methoxybenzyl)pyrimidine-
2,4-diamine as a potential radioligand for colony-stimulating factor 1 receptor (CSF-1R) and tyrosine kinase B/C (TrkB/C)

neuroreceptors.

Methods: Radiofluorination of a boronic acid precursor followed by thermal deprotection of Boc-protecting groups avoided acid-

catalyzed protodeboronation in 8.7 + 2.8% radiochemical yield.

Results: Competitive autoradiographic binding research indicated a high unspecific binding, and that binding to TrkB/C could be
blocked while binding to CSF-1R was not. In a rat model, a positron emission tomography (PET) scan indicated a moderate brain

uptake and slow clearance rate.

Conclusion: Moreover, the poor pharmacokinetic features of 5-(4-((4-[*¥F]fluorobenzyl)oxy)-3-methoxybenzyl)pyrimidine-2,4-
diamine prevented its utilization as a PET radioligand in brain scanning, but 1-pot synthesis (which is a strategy to improve the
effectiveness of the chemical reaction occurring by the use of copper, **F-fluorination, and Boc deprotection) is an approach to the

radio-synthesis of PET tracers (which are sensitive to acid).
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Background

Researchers have considered tyrosine kinase (Trk) recep-
tors as one of the families of 3 receptor tyrosine kinases
that are stimulated by 1 or more four neurotrophins,
involving brain-derived neurotrophic factor (BDNF), neu-
rotrophins 3 and 4 (NT-3 and NT-4), and nerve growth
factor. Furthermore, the survival of various cells, outcome
neural precursors, proliferation or rapid growing, dendrite
and axon growth, the composition according to a pattern,
and activities and production of functionally significant
proteins (such as ion channel and neurotransmitter recep-
tors) are regulated by neurotrophin signaling via these
receptors. On the other hand, in the adult nervous system,
synaptic plasticity and strength are regulated by Trk recep-
tors [1]. By binding to cognate neurotrophin ligands, Trk
receptors are actuated and experience dimerization with
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an unliganded monomeric shape assumed to be stable
in the phosphorylated dimeric condition [2], which is of
crucial importance and regulates the downstream intracel-
lular biochemical actions of neurotrophins and respective
receptors [3,4]. In fact, TrkB is one of the single-pass type
1 membrane proteins that can be incorporated into endo-
somes upon ligand binding. Downregulation of the Trk
receptor was seen in some central nervous system (CNS)
dysfunctions such as Alzheimer disease (AD) and other
similar mental-related disorders [5]. Colony-stimulating
factor 1 receptor (CSF-1R) was considered to be one
of the cell surface proteins encoded by the CSFIR gene
(also called C-FMS) in humans [6]. This protein is one of
the receptors for a cytokine known as a CSF. In fact, the
encoded protein is a receptor of the Trk membrane and
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thus can be categorized as a CSF1/platelet-derived growth
factor family, which belongs to the tyrosine-protein
kinase [7,8].

Researchers have seen greater CSF-1R in microglia
in AD following damage to the brain. Higher levels of
receptor expression result in greater activity of micro-
glia [9]. Thus, CSF-1R inhibition offers an opportunity
to survey neurodegenerative diseases due to microglia
[10]. Imaging equipment is being used for a major review
of CSF-1R action and Trk in the in vivo brain and esti-
mation of the outcome of receptor-mediated treatments.
Ex vivo post-mortem analyses or invasive techniques are
exclusively applied to analyze, investigate, and quantify
Trk receptors in neurodegenerative illnesses and can-
cers. Moreover, more information should be collected
on prototypical radioligands, such as ['*FJTRACK and
["'C]-(R)-IPMICF16, which show a moderate brain uptake
in humans, to understand if they are suitable for clinical
neuroimaging, and if they can supply well-founded CNS
TrkB/C estimates or sufficiently identify declines in the
density of the receptor.

Although tracers have the highest level of brain dis-
cernment and volume of distribution values, or binding
potential will be favorable for the spatial and temporal
assessments of Trk expression under situations such as
AD, these novel tracers were advantageous in conditions
wherein Trk was overexpressed; for instance, in multiple
human cancers in CNS and PNS. Continual expansion
of positron emission tomography (PET) radiotracers for
imaging neuroinflammation leads to promising, noninva-
sive strategies that may result in initial diagnosis, tracking
disease expansion, and helping in creating a reasonable
design and clinical evaluation of the patient’s response
to treatment interventions [11]. As a result, a PET agent
would be a worthwhile option to develop new treatment
choices for neuroinflammation, specifically those that
target CSF-1R and prepare a noninvasive, iterable read
out in patients and measure the target’s involvement [12].
Primary preclinical PET scanning in rodents and nonhu-
man primates demonstrated a lower brain signal of [''C]
AZ683. In general, PET imaging outputs propose that the
association of CSF-1R imaging with neuroinflammation
using ["'C]AZ683 may be difficult, and it focused that
the increased affinity, acceptable selectivity, and good
drug-like characteristics would not guarantee that this
compound would become an acceptable radiopharmaceu-
tical for in vivo brain PET. Researchers have also found
the potential use of [''C]AZ683 for imaging peripheral
CSF-1R to determine its role in brain inflammation [13].
The first compound, which simultaneously suppresses
Trk/CSF-1R receptors and was thought to be a radio-
tracer for these 2 receptors, is 5-(4-((4-["*F]fluorobenzyl)
oxy)-3-methoxybenzyl)pyrimidine-2,4-diamine [14].

Furthermore, 5-(4-((4-["*F]fluorobenzyl)oxy)-3-meth-
oxybenzyl)pyrimidine-2,4-diamine, as a type II tyrosine
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kinase inhibitor (TKI), has better pharmacokinetic prop-
erties than radiotracers, which are type I TKIs. The
number of procedures for incorporating fluorine into
(hetero)-arenes has increased since 10 years ago because
such structural motifs were generally observed in the
pharmaceutical options to elevate metabolic robustness
[15]. The main purpose of this study was to investigate
the effective radiolabeling of the *F-fluorinated derivative
of dual inhibitor GW2580. In the next step, this inhibitor
was used as a candidate for PET detection to identify and
image 2 neuroreceptors (tropomyosin receptor kinase and
CSFR) involved in the pathophysiology of neurodegener-
ative diseases.

Material and Methods
Materials

All chemical materials were purchased from Merck or
Fluka. SPSS 20 (SPSS Inc, Chicago, IL). The chemicals
and solvents were of the highest purity and analytical grade
and used without further purification. All reactions were
monitored with analytical reverse-phase high-performance
liquid chromatography (RP-HPLC) on a JASCO 880-PU
intelligent pump HPLC system (Tokyo, Japan) and NMR
and high-resolution mass spectrometry (HRMS). The PET
images were acquired using a CTI Concorde R4 micro-
PET scanner for small animals (CTI, Siemens, Munich,
Germany). Anesthesia was first induced using isoflurane
at 5% with a 2- to 3-I/minute oxygen flow and then main-
tained for the duration of the scan at 1.5%-2.5% isoflurane
with a 0.8-1/minute oxygen flow. Male Wistar rats were
obtained from the Research Center and Experimental
Animal House of Tehran University of Medical Sciences
(TUMS) for microPET imaging experiments. The auto-
radiography used in this study was performed according
to the Biospace Lab Company and BetalMAGER model.
The reagents were purchased from commercial centers
and utilized with no more purification unless otherwise
specified. Flash column chromatography was performed
by applying silica 60 A (particle size 40-63 um) as the
stationary phase.

Compounds were visualized under UV light; compounds
that could not be visualized by UV light were treated with
KMnO, stain. All 'H, *C, and "F NMR spectra were doc-
umented on a 2-channel Bruker 400 or 500 MHz AVIIIHD
device with an Ascend magnet equipped with a Bbfo Plus
Smartprobe (Bruker Corporation) at a constant temperature
of 298 K. COSY, DEPT, HSQC, and HMBC experiments
were applied to aid structural determination and spectral
assignment. Chemical shifts (J) are described in millions
(ppm) and compared based on the maximum residual sol-
vent. Coupling constants (J) are described in hertz (Hz) to
the closest 0.5 Hz. Standard abbreviations showing multi-
plicities are as follows: br, broad; d, doublet; m, multiplet;
p, pentet; q, quartet; s, singlet; and t, triplet.
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HRMS data were collected by a Bruker Maxis
Impact Q-TOF by ESI-MS in a positive or negative ion-
ization mode. Radiosynthesis and HPLC purifications
were performed using an automated radiosynthesis unit
(Scintomics, GRP), which had a semi-preparative HPLC
module (Knauer) fitted with a Phenomenex LUNA C18
column (100 A, 250 x 10 mm, 10 um). Analytical HPLC
was conducted by an Agilent 1200 series HPLC by apply-
ing a Phenomenex Prodigy ODS-3 column (250 x 4.6
mm, 10 pm). Outputs were controlled with UV and radi-
oactivity detectors.

Experimental section and methods

As a type II TKI, this PET tracer candidate was hypothe-
sized to display improved pharmacokinetics compared to
Trk tracers based on type I inhibitors due to reduced endog-
enous competition with ATP. As a type II TKI, this PET
tracer candidate was hypothesized to display improved
pharmacokinetics compared to Trk tracers based on type
I inhibitors due to reduced endogenous competition with
ATP. Notably, GW2580 exhibits one of the most specific
kinase inhibition profiles among known kinase inhibitors
(no supplementary inhibition of other kinases with Kd <3
uM), which, when considering PET imaging, represents
an advantageous target selectivity.

Synthesis

Synthesis of intermediate

As indicated in Figure 1, boronic acid pinacolate is one
of the necessary materials for making 5-(4-((4-["*F]
fluorobenzyl)oxy)-3-methoxybenzyl)pyrimidine-2,4-di-
amine and synthesized as follows: The reaction of
1-(bromomethyl)-4-iodobenzene with 4-hydroxy-3-meth-
oxybenzaldehyde (vanillin) to form compound 1, and
consecutive condensation with 3-morpholinopropioni-
trile. Then, the substitution of the morpholino group with

vanillin was performed. Finally, annulation with guan-
idine efficiency 4 was done. Then, diamino-pyrimidine
moiety should be safeguarded using 4-dimethylamino-
pyridine (DMAP)-catalyzed putting in of 4 tert-butyl for-
mate categories (5), which leads to subsequent Miyaura
borylation (6) and ultimate labeling reaction to continue
no intervention with free amines.

Compound 6, as a precursor to producing 5-(4-
((4-["*F]fluorobenzyl)oxy)-3-methoxybenzyl)pyrimi-
dine-2,4-diamine and another by-product (BOMPyD),
was synthesized with 38% efficiency. This compound was
synthesized by applying para-iodobenzyl bromide with
the reactions noted in Figure 1. To separate fluoride com-
pounds-'"F from target ["*O] H,O, we applied the “mini-
malistic method,” which was first introduced by Zischler
et al. [16]. In brief, ["*F] F~/H,0 was moved through a
Sep-Pak Accell plus QMA Carbonate plus Light cartridges
(46 mg, Waters), which contains a carbonate counter ion
and a silica-based, hydrophilic robust anion exchanger.
Then, we utilized 3 ml of anhydrous methanol (MeOH)
to prevent the impact of water. "*F-fluoride was eluted by
applying 450 pul, 1 mg/ml, MeOH in the opposite direction
to tetraecthylammonium bicarbonate solution. Then, 500 pl
of pure and fresh MeOH was poured into a reaction vial
where reactions take place. Afterward, we deleted the sol-
vent during decreasing pressure at 90°C. The procedure
was performed under argon gas.

To provide the best and most efficient radiolabeling,
a solution of compound 6 (8.6 mg, 10 umol) and tetrakis
(pyridine) copper (II) bis (trifluoromethanesulfonate)
in a mixture of dimethylacetamide (DMA)/I-butanol
(1-BuOH) solvent (2:1, 450 IL total) were poured into
dried ["*F] TEAF/TEAHCO,. Then, the obtained mixed
solvent was gradually heated to 110°C, and then the tem-
perature rose to 130°C. The advancement of the reac-
tion was controlled using radio-TLC. HPLC undertook
the purification with the following specifications: brand:
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Figure 1. Synthesizing precursor 6. under conditions of (a) Caesium carbonate, p-iodo- bro-
momethylbenzene (Solvent): Acetonitrile (methyl cyanide), Heating the chemical reaction for
a certain period of time and continuously cooling the vapor produced by using a condenser
to become a liquid , (b) 3-morpholino-propionitrile, Sodium hydride (Solvent): dimethylsulfox-
ide, 75°C, (c) Benzenamine - Hydro chloride,(Solvent): 2-propanol, 40°C, (d). Iminomethan-
ediamine (HNC(NH2)2) - hydrochloride, Sodium methoxide, (Solvent): ethanol, Heating the
chemical reaction for a certain period of time and continuously cooling the vapor produced
by using a condenser to become a liquid (reflux), (e) di-tert-butyl dicarbonate, 4-dimethyl-
aminopyridine,(Solvent): tetrahydrofuran, (f) B,pin,, Pd(dppf)CI2, KOAc, (Solvent): dimethyl

sulfoxide as dipolar aprotic solvent, 80°C.
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Phenomenex Luna; stationary phase: C18 (2); the size of
the particle: 10 um; the size of the pores: 100 A; length:
250 mm; internal diameter: 10 mm.

The mobile phase was the mixture of acetonitrile/
methyl cyanide (MeCN) and 20 mM aqueous NaH, PO,
(30:70) with a flow rate of 4 ml/minute. When the radi-
otracer was provided, the formulation was done in 10%
ethanol, and its stability was evaluated by radio-HPLC
analysis. The column specifications were as follows:
brand: Prodigy; phase: ODS-3; size of the particle: 5 pm;
size of the pores: 100 A; length: 100 mm; internal diam-
eter: 4.6 mm; stationary phase: C18; solid support: com-
pletely porous silica; format: column; separation mode:
reversed phase; recommended use: small molecules.

The mobile phase was the mixture of MeCN and 0.1%
aqueous trifluoroacetic acid (TFA) with a flow rate of 0.7
ml/minute (Figure 2).

BF Synthesis

4-((4-Iodobenzyl)oxy)-3-methoxybenzaldehyde:
Compound 1

To obtain compound 1, 0.543 g of 4-iodo-benzyl bromide
(1.82 mmol), 0.306 g of vanillin (2.01 mmol), and 0.894 g
of Cs,CO; (2.74 mmol) were suspended in 18.5 ml MeCN
in a 50-ml flask, which was fitted with a condenser. Then,
the solvent was refluxed for 1 hour and then removed
under decreased pressure, and the solids separated into
water and ethyl acetate (EtOAc). The organic phase was
rinsed once with brine. Then, it was dried using Na,SO,
and filtered; after decreasing pressure, the solvent was
removed. Afterward, flash chromatography (silica, 20%
EtOAc/petroleum ether) was used to purify the obtained
product, yielding the product as 0.672 mg of white, crys-
talline solid in quantitative yield. '"H NMR [500 MHz,
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Figure 2. HPLC trace (UV in blue, radioactivity in red) of (A) [® FJFOMPyD, (B) ["*F]FOMP-
yD coinjected with cold FOMPyD, and (C) protodeboronation side-product BOMPyD on

a Phenomenex Prodigy ODS-3 column (250 x 4.6 mm, 10 um), 40:60 MeCN:0.1% TFA, 0.7
ml-minute~’, monitored at 210 nm. The solvent feature at 3.8 min is the DMSO matrix used for

the standard cold injection.
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dimethylsulfoxide (DMSO)-d,]: 6 9.84 (s, 1 H), 7.79-7.75
(m, 2 H), 7.53 (dd, /=8.2, 1.9 Hz, 1 H), 742 (d,J=1.9
Hz, 1 H),7.29-7.25 (m,2 H), 7.23 (d,J=8.3 Hz, 1 H), 5.19
(s, 2 H), 3.84 (s, 3 H). "C NMR (126 MHz, DMSO-d,)
0 191.4, 152.9, 149.4, 137.3, 136.2, 130.1, 129.9, 125.8,
112.7, 109.8, 94.2, 69.3, 55.6. HRMS (Atmospheric
Pressure Chemical Ionization *): m/z calcd for C H IO,
([M+H]"): 368.9982; found: 368.9990.

2-(4-((4-Iodobenzyl)oxy)-3-methoxyben-
zyl)-3-morpholinoacrylonitrile: Compound 2

To obtain compound 2, 673 mg of compound 1 (1.8
mmol) and 247 pl of 4-morpholinopropionitrile were
dissolved in 5 ml of DMSO in a Wheaton vial. Seventy-
three milligrams of NaH (3.04 mmol; 60% dispersion in
mineral oil, 0.3 eq.) was mixed. In the following, the sus-
pension was heated with vigorous stirring to 70 °C for 30
minutes. Afterward, the reaction mixture was quenched
into brine, and the obtained suspension was extracted
2x with EtOAc. The organic phase was separated, dried
over Na,SO,, and filtered; after achieving declined pres-
sure, the solvent was removed. To obtain the product as a
670-mg yellow solid in a 75% yield, flash chromatogra-
phy (silica, 0%-50% EtOAc/petroleum ether) was used to
purify the crude product. 'H NMR (500 MHz, DMSO-d,):
07.77-7.72 (m, 2 H), 7.26-7.22 (m, 2 H), 6.93 (d, /= 8.2
Hz, 1 H), 6.84 (d, /=2.0 Hz, 1 H), 6.78 (s, 1 H), 6.70 (dd,
J=8.2,2.0Hz, 1 H), 5.02 (s, 2 H), 3.76 (s, 3 H), 3.61 (dd,
J=5.7,4.0Hz, 4 H), 3.45-3.40 (m, 4 H), 3.26 (s, 2 H). *C
NMR (126 MHz, DMSO-d,): 5 149.7, 149.0, 146.2, 137.2,
137.1,133.4,129.8,121.7,119.9, 113.9, 112.4,93.8, 73.0,
69.3, 65.6, 55.6,48.8, 37.9. HRMS(APCI+): m/z calcd for
C,H,,IN,O, ([IM+H]"): 491.0826; found: 491.0838.
2-(4-((4-Iodobenzyl)oxy)-3-methoxyben-
zyl)-3-(phenylamino)acrylonitrile: Compound 3
To obtain compound 3, 670 mg of compound 2 (1.37
mmol) and 177 mg of aniline hydrochloride (1.36 mmol)
were suspended in 5 ml isopropanol. In order to achieve
reflux, the mixture was heated for half an hour. Then, it
was put at room temperature. The flask was then cooled
to —5°C for 30 minutes. Afterward, filtration was used to
collect the precipitate in order to reach the target com-
pound as 653 mg of off-white powder (96%) of sufficient
purity for use in the following step: '"H NMR (500 MHz,
DMSO-d,): 6 9.10 (d, J = 12.6 Hz, 1 H), 7.78-7.71 (m, 2
H), 7.61 (d, J=12.6 Hz, 1 H), 7.28-7.23 (m, 4 H,), 7.20-
7.15 (m, 2 H), 6.95 (d, /= 8.2 Hz, 1 H), 6.93-6.88 (m, 1
H), 6.90 (d, /= 2.1 Hz, 1 H), 6.75 (dd, /= 8.2,2.0 Hz, 1
H), 5.02 (s, 2H), 3.76 (s, 3 H), 3.42 (s, 2 H). *CNMR (126
MHz, DMSO-d,): ¢ 149.1, 146.2, 142.4, 141.8, 137.2,
132.9, 129.9, 129.2, 121.2, 120.1, 119.5, 115.2, 113.9,
112.5, 93.8, 80.7, 69.4, 55.6, 36.0. HRMS(ESI+): m/z
caled for C,H, IN.NaO, ([M+Na]"): 519.0540; found:
519.0534.
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5-(4-((4-Iodobenzyl)oxy)-3-methoxybenzyl)py-
rimidine-2,4-diamine: Compound 4

To obtain compound 4, 653 mg of compound 3 (1.3 mmol)
and 188 mg of guanidine hydrochloride (1.96 mmol) were
suspended in 12 ml EtOH in a 25-ml round bottom flask.
Furthermore, 4.0 ml 0.5 M sodium methoxide (NaOMe)
solution (2 mmol) was mixed with stirring, and the
obtained mixture was fitted using a condenser. Then, it
was stirred at reflux for 20 hours, following maintenance
at 5°C for 30 minutes, and the resulting precipitate was
then collected by filtration and washed with cold EtOH.
Flash chromatography [silica, 0%-10% MeOH/dichlo-
romethane (DCM)] was applied to purify the crude prod-
uct (silica, 0%-10% MeOH/DCM) and isolated as 480
mg of white powder in a 79% yield. '"H NMR (500 MHz,
DMSO-d,): 6 7.76-7.72 (m, 2 H), 7.46 (s, 1 H), 7.25-7.21
(m, 2 H), 6.91-6.87 (m, 2 H), 6.67 (dd, J = 8.2, 2.0 Hz,
1 H), 6.19 (s, 2 H), 5.81 (s, 2 H), 4.99 (s, 2 H), 3.73 (s,
3 H), 3.52 (s, 2 H). "C NMR (126 MHz, DMSO-d,): &
162.3, 161.6, *154.3, 149.0, 145.8, 137.2, 137.1, 133.0,
129.8, 120.2, 113.9, 112.9, 106.2, 93.8, 69.4, 55.5, 32.2;
‘only observed in HSQC/HMBC spectra. HRMS(ESI+):
m/z caled for C H,IN,O, (IM+H]"): 463.0625; found:
463.0619.

Di-tert-butyl(5-(4-((4-iodobenzyl)oxy)-3-methox-
ybenzyl)pyrimidine-2,4-diyl)bis((tert-butoxycar-
bonyl)carbamate): Compound 5

To obtain compound 5, 103 mg of compound 4 (0.22
mmol), 490 mg of di-tert-butyl dicarbonate (Boc,0O; 2.24
mmol), and 5.5 mg of DMAP (0.045 mmol) were sus-
pended in 3.5 ml degassed tetrahydrofuran (THF) in a
Wheaton vial. Then, the solvent was stirred under argon
for 72 hours until it was judged complete by TLC (40%
EtOAc/petroleum ether); then, the volatiles were deleted
under declined pressure. Flash chromatography (silica,
0%-50% EtOAc/petroleum ether) was used to purify the
crude product, yielding 189 mg of pure product in a 98%
yield. 'H NMR (500 MHz, DMSO-d,): ¢ 8.90 (s, 1 H),
7.77-7.70 (m, 2 H), 7.25-7.18 (m, 2 H), 6.91 (d, J = 8.2
Hz, 1 H), 6.80 (d, J=2.1 Hz, 1 H), 6.61 (dd, J= 8.3, 2.0
Hz, 1 H), 5.00 (s, 2 H), 3.79 (s, 2 H), 3.72 (s, 3 H), 1.38
(s, 18 H), 1.27 (s, 18 H). "C NMR (126 MHz, DMSO-d,):
0 161.7, 159.0, 156.2, 150.3, 149.1, 149.0, 146.3, 137.2,
137.0, 130.4, 129.8, 120.7, 113.8, 113.0, 93.8, 83.3, 83.2,
69.2, 55.3,33.1, 27.3, 27.1. HRMS (ESI+): m/z calcd for
C,,H,IN, O, ([M+H]"): 863.2723; found: 863.2703.
Di-tert-butyl (5-(3-methoxy-4-((4-(4,4,5,5-te-
tramethyl-1,3,2-dioxaborolan-2-yl)benzyl)oxy)
benzyl)pyrimidine-2,4-diyl)bis((tert-butoxycar-
bonyl)carbamate): Compound 6

To obtain compound 6, 98 mg of compound 5 (0.11
mmol), 35 mg bis(pinacolato)diboron (B,pin,; 0.137
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mmol), 17 mg of [1,1"-bis(diphenylphosphino)ferrocene]
dichloropalladium(II) [Pd(dppf)CL,] (0.023 mmol), and
22 mg of potassium acetate (KOAc; 0.224 mmol) were
sealed in a vial. The vial was then purged with argon, and
2.5 ml degassed DMSO was added. The vial was heated
to 80°C with stirring for 18 hours, followed by cooling
at room temperature. Afterward, the solvent was diluted
with EtOAc, washed twice with brine, and then dried
using Na,SO,. The volatiles were then removed after
achieving declined pressure, and flash chromatography
(silica, 0%—40% EtOAc /petroleum ether) was applied to
purify the crude product to yield the product as 68 mg in
a 69% yield. '"H NMR (500 MHz, DMSO-d,): 6 8.90 (s, 1
H), 7.69-7.62 (m, 2 H), 7.44-7.38 (m, 2 H), 6.90 (d, J=8.3
Hz, 1 H), 6.80 (d, J=2.1 Hz, 1 H), 6.60 (dd, J = 8.2, 2.1
Hz, 1 H), 5.07 (s, 2 H), 3.79 (s, 2 H), 3.73 (s, 3 H), 1.38
(s, 18 H), 1.28 (s, 12 H), 1.27 (s, 18 H). *C NMR (126
MHz, DMSO-d,): ¢ 161.7, 159.0, 156.2, 150.3, 149.1,
149.0, 146.4, 140.6, 134.5, 130.3, 129.8, 126.8, 120.7,
113.8, 113.0, 83.6, 83.3, 83.1, 69.7, 55.3, 27.3, 27.1, 24.6.
HRMS(ESI+): m/z caled for C H,BN,O, ([M+H]"):
863.4608; found: 863.4578.

5-(4-((4-Fluorobenzyl)oxy)-3-methoxybenzyl)
pyrimidine-2,4-diamine: FOMPyD

The synthetic procedure was previously reported in refer-
ence 2. '"HNMR (500 MHz, DMSO-d,): 6 7.49-7.44 (m, 2
H), 7.46 (s, 1 H), 7.23-7.17 (m, 2 H), 6.92 (d, /= 8.2 Hz,
1 H), 6.89 (d,/J=2.0 Hz, 1 H), 6.68 (dd, /= 8.2,2.0 Hz, 1
H), 6.21 (s, 2 H), 5.83 (s, 2 H), 5.00 (s, 2 H), 3.73 (s, 3 H),
3.52 (s, 2 H). "C NMR (126 MHz, DMSO-d,): 6 162.4,
161.7 (d, J=243.4 Hz), 161.5, 154.1, 149.0, 146.0, 133.6
(d,J=2.9 Hz), 133.0, 129.9 (d, /= 8.3 Hz), 120.2, 115.2
(d, J=21.3 Hz), 113.9, 112.9, 106.3, 69.3, 55.5, 32.2. F
NMR (471 MHz, DMSO-d,): J -114.54 to -114.67 (m).
HRMS(ESI+): m/z caled for C H,FN,O, ([M+H]"):
355.1565; found: 355.1572.

Synthesis of the protodeboronation product

The synthesis of 5-(4-(benzyloxy)-3-methoxyben-
zyl) pyrimidine-2,4-diamine is schematically shown in
Figure 3.

4-(Benzyloxy)-3-methoxybenzaldehyde: Com-
pound 7

To obtain compound 7, 226 ul of benzyl bromide (1.9
mmol), 0.304 g of vanillin (1/998 mmol), and 0.394 g of
potassium carbonate (2.85 mmol) were suspended in 18.5
ml MeCN in a 50-ml flask. Then, a condenser was used to
fit the flask, and, to reflux with stirring for 180 minutes,
the mixture was heated. The solvent was then removed in
declined pressure, and the solids were suspended in tol-
uene for loading on a flash column. Flash chromatogra-
phy (silica, 0%-20% EtOAc/petroleum ether) was used to
purify the crude product, which resulted in a pale yellow
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oil in a 94% yield. 'H NMR (500 MHz, DMSO-d,): 6 9.84
(s, 1 H), 7.54 (dd, J= 8.2, 1.9 Hz, 1 H), 7.50-7.43 (m, 2
H),7.42 (d,J= 1.9 Hz, 1 H), 7.44-7.38 (m, 2 H), 7.39-7.32
(m, 1 H), 7.27 (d, J= 8.3 Hz, 1 H), 5.22 (s, 2 H), 3.84 (s,
3 H). C NMR (126 MHz, DMSO-d,): § 191.4, 153.2,
149.4, 136.3, 129.8, 128.5, 128.1, 128.0, 125.9, 112.6,
109.7, 70.0, 55.6.

2-(4-(Benzyloxy)-3-methoxybenzyl)-3-(phenyl-
amino)acrylonitrile: Compound 8

The preparation of 2-(4-(benzyloxy)-3-methoxyben-
zyl)-3-morpholinoacrylonitrile was as follows: 0.450 g
of compound 7 (1.9 mmol) and 251 pl of 4-morpholino-
propionitrile (1 eq.) were dissolved in 4.5 ml DMSO in
a round-bottom flask; 22 mg of NaH (60% dispersion in
mineral oil, 0.3 eq.) was mixed, and the suspension was
heated at 70°C for 30 minutes. The reaction solvent was
quenched into brine, and the obtained suspension was
extricated 2x with EtOAc. The organic phase was sep-
arated, dried over Na,SO,, and filtered; the solvent was
deleted in declined pressure. Flash chromatography (sil-
ica, 0%-80% EtOAc/petroleum ether) was used to purify
the crude product, which resulted in 0.579 g yellow solid
in an 86% yield. The resulting compound was used imme-
diately for the preparation of compound 9.

2-(4-(Benzyloxy)-3-methoxybenzyl)-3-mor-
pholinoacrylonitrile: Compound 9

To obtain compound 9, 0.579 g of compound 8 (1.6 mmol)
and 0.226 g of aniline hydrochloride (1.74 mmol) were
suspended in 6 ml isopropanol. The obtained solvent was
heated to reflux for half an hour and cooled at room tem-
perature. Water (1 ml) was added dropwise, then the flask
was put at —5°C for half an hour, and the precipitate was
extracted using filtration. Flash chromatography (silica,
0%-50% EtOAc/petroleum ether) was applied to purify
the crude product to yield 0.428 g of product as a beige
solid in a 73% yield. '"H NMR (500 MHz, DMSO-d,): &
9.10 (d, J = 12.6 Hz, 1 H), 7.62 (d, J = 12.6 Hz, 1 H),
7.47-7.41 (m, 2 H), 7.42-7.35 (m, 2 H), 7.36-7.29 (m, 1
H), 7.29-7.22 (m, 2 H), 7.21-7.15 (m, 2 H), 6.98 (d, J =
8.2 Hz, 1 H), 6.94-6.87 (m, 1 H), 6.90 (d, J = 2.1 Hz, 1
H), 6.76 (dd, J = 8.2, 2.0 Hz, 1 H), 5.05 (s, 2 H), 3.76
(s, 3 H), 3.42 (s, 2 H). "C NMR (126 MHz, DMSO-d,):
0 149.1, 146.5, 142.4, 141.8, 137.3, 132.7, 129.2, 128.4,
127.77, 127.75, 121.2, 120.1, 119.5, 115.2, 113.8, 112.5,
80.8, 70.0, 55.6, 36.0.

5-(4-(Benzyloxy)-3-methoxybenzyl) pyrimi-
dine-2,4-diamine: BOMPyD

To obtain BOMPyD, 0.428 g of compound 9 (1.2 mmol)
and 0.110 g of guanidine hydrochloride (1.15 mmol) were
suspended in 12 ml EtOH in a 25-ml round bottom flask;
3.5 ml 0.5 M NaOMe solution (0.75 mmol) was added
with stirring, and the resulted mixture was fitted with a
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Figure 3. HPLC trace (UV in blue, radioactivity in red) of (A) ["®FJFOMPyD, (B) ["®F]FOMPyD coin-
Jjected with cold FOMPyD, and (C) protodeboronation side-product BOMPyD on a Phenomenex
Prodigy ODS-3 column (250 x 4.6 mm, 10 um), 40:60 MeCN:0.1% TFA, 0.7 ml-minute~', monitored at
210 nm. The solvent feature at 3.8 min is the DMSO matrix used for the standard cold injection.

condenser and stirred at reflux for 20 hours. The solution
was put at room temperature; 1.5 ml 2 M NaOH solution
was mixed. Then, the mixture was put at 5°C for half an
hour. The obtained precipitate was aggregated using fil-
tration and washed with cold EtOH. Flash chromatogra-
phy (silica, 0%-15% MeOH/DCM) was applied to purify
the crude product and isolated as 0.303 g of pale yellow
powder in an 89% yield. "H NMR (500 MHz, DMSO-d,):
0746 (s, 1 H), 7.44-7.41 (m, 2 H), 7.40-7.36 (m, 2 H),
7.34-7.29 (m, 1 H), 6.92 (d, /=8.2 Hz, 1 H), 6.89 (d, J
=2.0 Hz, 1 H), 6.68 (dd, J=8.2, 2.0 Hz, 1 H), 6.25 (s, 2
H), 5.88 (s, 2 H), 5.02 (s, 2 H), 3.73 (s, 3 H), 3.53 (s, 2 H).
BC NMR (126 MHz, DMSO-d,): 6 162.4, 161.4, 153.8,
149.0, 146.1, 137.3, 132.8, 128.4, 127.8, 127.7, 120.2,
113.8, 112.9, 106.4, 70.0, 55.5, 32.2.

Radiolabeling and quality control

Without adding carrier aqueous, ['®F] fluoride was devel-
oped using an 80 (p, n) "¥F nuclear reaction on augmented
['*O] H,O in a liquid target (Nitra XL) of the cyclotron
(IBA Cyclone 18/9 MeV). The drying, labeling, and puri-
fication of ["*F] fluoride were performed on a synthesis
module (Scintomics GRP) that contained a preparative
HPLC (Knauer) with UV and radioactivity detectors uti-
lizing a semi-automated disposable manifold setup. [**F]
F7/H,0 (200-500 mCi) from the target was passed through
an unconditioned Sep-Pak Light QMA cartridge (46 mg,
Waters) from the male side. Afterward, the cartridge was
flushed with anhydrous MeOH (3 ml) to find and remove
traces of water. Next anhydrous ['*F] fluoride was mixed
with TEAB solution in MeOH (450 pL, 1 mg/mL). Then,
the obtained solvent was mixed with neat MeOH (500
pL) from the female side into a 5-mL conical Wheaton
vial. Afterward, in a vacuum environment, the solvent
was deleted at 100 °C, initially using a stream of argon
(100 mL/min, 8 minutes) and thereafter in a closed sys-
tem (2 minutes). Finally, we quenched the vacuum with
air. Then, we charged the reaction vial with a freshly-pre-
pared solution of boronate precursor 6 (8.6 mg, 10 umol)
and Cu(OTf),Py, (6.8 mg, 10 umol) in a mixture of DMA
(300 pL) and 1-BuOH (150 pL), and the solution could
react for 10 minutes at 110 °C and then for an additional
similar period at 130 °C.
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The resulted crude mixed solvent was cooled and diluted
with HPLC eluent (1.5 mL). Then, it was injected into the
semi-preparative HPLC system (30% MeCN: 70% 20 mM
NaH,PO,, 4 mL/min). Purified ["*FIFOMPyD was col-
lected from the HPLC (rt = 22-24 minutes), diluted with
20 mL H,0, and trapped in a preconditioned (5 mL EtOH,
followed by 10 mL water) Sep-Pak C18 Light cartridge.
The cartridge was washed with 10 mL of water to elimi-
nate all traces of MeCN; then, the tracer was eluted with
0.5 mL EtOH, and its density was reduced using saline.
The resulting dose of [*FJFOMPyD (300-450 MBq) was
used in the microPET and autoradiography procedures.
The quality control of the isolated ['*FJFOMPyD was per-
formed by applying an Agilent 1200 analytical HPLC sys-
tem (Phenomenex Prodigy ODS-3, 250 X 4.6 mm, 10 um
column; 40% MeCN: 60% 0.1% TFA, 0.7 mL/min).

Animal Study

Autoradiography

Male Wistar rats weighing 400-500 g aged 11 months were
provided from the Research Center and Experimental
Animal House of TUMS for autoradiography experiments.
Animals were kept in a standard condition with a 12-hour
light/dark cycle with ad libitum access to water and food.
The interventions were confirmed by the Animal Care
Committee of TUMS. In addition, we followed the Iranian
Council on Animal Care Guidelines. Human brain tissues
were obtained from the brain bank of the Iran University
of Medical Sciences. All subjects were sacrificed by
decapitation, and the brains were rapidly detached, frozen
at -80 °C, and sliced into 20-um-thick pieces. After thaw-
ing and pre-incubation in either PBS (17 mL) or a block-
ing solution (100 uM, 17 mL) for 1 hour, ["*F]JFOMPyD
was added to bring the radioactivity concentration to 37
kBg/mL, and the slides were incubated in the tracer solu-
tion for an additional 2.5 hours. After a rinse with cold
buffer (3 x 3 minutes, 0 °C), followed by cold water (1
minute, 0 °C), the marked samples were dried and put
on phosphor-imaging plates with standards related to the
industrial tritium activity. After 20 minutes of exposure, a
plate reader (BAS 5000; Fuji or Typhoon Trio + Variable
Mode Imager) was used to scan all plates.
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MicroPET

The male Wistar rats weighing 300-400 g aged 2-3 months
were provided from the Research Center and Experimental
Animal House of TUMS for microPET imaging exper-
iments. All PET images were modified using a CTI
Concorde R4 microPET scanner for small animals (CTI,
Siemens, and Munich, Germany). All interventions were
confirmed by the Animal Care Committee of TUMS
(protocol code: 2017-7914). Besides, they were consist-
ent with the Iranian Council on Animal Care Guidelines.
Initially, anesthesia was applied by isoflurane at 5% with
a 2-3 L/min oxygen flow, which was adjusted and main-
tained at 1.5%-2.5% isoflurane with a 0.8 L/min oxygen
flow for the duration of the scan. The rats’ brains were
located at the middle of the field of view (FOV), and the
90-minute dynamic scan was performed in 32 frames (8 x
30 seconds, 6 x 60 seconds, 5 x 120 seconds, and 13 x 300
seconds) concomitantly with the bolus injection of [**F]
FOMPyD in a tail vein. The average activity of injected
tracer was 17.5 MBq, and the average injected volume
was 0.7 mL. A 9-minute transmission scan preceded each
emission scan with a 57Co point source to correct for the
attenuation.

Image Analysis

We reconstructed all images using Maximum A Posteriori
(MAP) algorithm. In addition, all images were modified
for scattering, dead time, and perish. Processing and anal-
ysis of images were performed by MINC tools. Eyes, nose
bones, and skull base were applied as markers to co-doc-
ument the PET-to-MRI images. Delineation of the region
of interest (ROI) was due to the Waxholm Space atlas of
the rat brain. Radioactivity counts were normalized to
the weight of animals, and the injected radioactivity was
expressed in Standardized Uptake Value (SUV) due to the
following equation:

Radioactivity Counts * Body Weight ( g)

SUV =
Injected Dose(Bq)

The trapezoidal approach was applied to compute the area
under the curve (AUC) of time-activity curves (TAC).

Statistical Analysis

A two2-tailed paired #-test was performed using SPSS to
identify the difference in ['*F]JFOMPyD binding between
baselines and blocking experiments, measured with PET
imaging technique. Considering in vitro autoradiography
data, a 2-sided unpaired ¢ test was performed to identify
the significance of various blocking agents-induced var-
iations in ['8F]JFOMPyD binding in rat and human brain
tissues.

Results
Due to different analyses, the BOC (tert-butyloxycar-
bonyl) protecting group, chemically a Boc O, is regarded
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to be the most probable and popular amine-protecting
group in nonpeptide chemistry. On the other hand, the
reaction situations to protect amine have suitable flexi-
bility, and the method usually results in a high yield and
quick conversion under relatively mild conditions. In gen-
eral, it is run in water/THF, water, MeCN, or THF in the
existence of a base under moderate heat (40 °C) or at room
temperature.

Furthermore, the study indicated that MeOH and diox-
ane work as solvents for the reaction, whereas reflux of
a biphasic mixture of water and chloroform with sodium
bicarbonate is regarded as one the most effective and
widely used methods. Thus, the usual transformation bases
include DMAP, sodium bicarbonate, and sodium hydrox-
ide. On the other hand, deprotecting a Boc-protected
amine was proposed as convenient carbamate hydrolysis
under acidic situations. Hence, starting material’s disso-
lution was observed in an organic solvent such as DCM,
EtOAc, toluene, or water. The concentrated hydrochloric
acid or TFA the reaction is rapid run and occurs at room
temperature. Therefore, it is possible to utilize the bipha-
sic systems with a protected amine, which was dissolved
in the natural phase blended with an aqueous solvent of
an acid.

Two other popular deprotection techniques avoid
applying strong acid, and, consequently, they may be
profitable for acid-labile compounds. On the other hand,
the trade-off was introduced as one of the relatively more
complicated reaction setups, and it prolongs the reaction
duration from 2 to 3 days. Thus, the 2 applied reagents
involve zinc bromide and trimethylsilyl iodide (TMSI),
and dissolution of starting substance is seen in an organic
solvent such as DCM accompanied by a reagent (TMSI
is generally mixed gradually). Thus the reaction contin-
ues by shaking at room temperature for 12 to 24 hours.
Based on the results of a study of the reactions of amines
copper-mediated ["*F]fluorination, these reactions need
an acid-catalyzed Boc-deprotection, and their acid is usu-
ally concentrated HI or HCI at a temperature of 130 °C.
Therefore, this catalysis is not proper for several acid-sen-
sitive (even those with less sensitivity) compounds. The
purpose is to use thermal fission of 4 Boc-protecting fam-
ilies to inhibit acid-catalyzed de-carboxylation. Thus, a
novel synthesis approach is needed to delete the acidic
deprotection of bis-Boc '*F-labeled intermediary (synthe-
sis through conventional SNAr ['*F]fluorination such as
['®F]T807 and ["®F]MK-6240). It decreased the number
of operations needed to synthesize, as well as the losses
that occur in the course of deprotecting and neutraliz-
ing the obtained mixture before purification of HPLC.
Furthermore, the synthesis process is automatically done
with a single-use cassette on an IBA Synthera+ synthesis
module that prepares the radioligand with a reliable radi-
ochemical yield (RCY)), high radiochemical purity (RCP),
and increased molar activity.
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Discussion

Researchers have generally used ["*F]MK-6240 synthe-
sized with the mentioned method (n > 60) in human and
animal PET imaging investigations [17]. Thus, the coor-
dinated copper-mediated ["*F]fluorination of the boronic
acid esters with tert-butyloxycarbonyl protecting group’s
deprotection has not yet been investigated by the best sci-
entific approach. This problem was proved by the step-
by-step heating approach (110 °C — 130 °C) as reported
earlier. The 2.6-13.1 GBq of ["®*F] F~ was provided, and
then the ["*FJFOMPyD complex was provided with an
RCY of 8.7 +2.8%, molar activity (Am) = 187000+£93000
MBg/pmol, and RCP greater than 99% (n = 4). One of
the most important findings of this study is that the [*F]
FOMPyD complex is free of unreacted compound 6 and
other non-radioactive impurities, involving BOMPyD, as
a side-product of the chemical bond cleavage reaction by
acids, which is the main and most well-known side-prod-
uct in this reaction [18]. This approach indicates an impor-
tant advancement following the 4 previously reported
steps, and, for the first time, it makes it possible to assess
the ["FJFOMPyD complex by autoradiography in the
dead brain tissues of humans and rats (in vitro), as well as
PET imaging in wild rats (in vivo).

At the onset of in vitro autoradiography experimenta-
tions on the rats’ brain tissues, the ["*FJFOMPyD complex
was fully bonded to almost all regions. This obstruction,
which is almost the same in all the areas, is a common
characteristic of moderate binding because the signal in
all analyzed areas (P < 0.05), especially in all the areas
of the cerebral cortex (A=37.4%, P < 0.001) (Figure 4),
could be blocked by non-radioactive FOMPyD (100 uM).

To study the binding selectivity deeper, heterologous
occlusion examinations were done on the rats and brain
samples of the human against a group of kinase inhibitors.
These inhibitors involve the side-generation of protodebo-
ronation (BOMPyD), ["'C]-(R)-3 (["'C]-(R)-IPMICF16),
which is a first-in-class PET TrkB/C-targeting radio-
labeled kinase inhibitor (TrkB/C IC, = 0.57/0.37 nM,
respectively) [19]. It is one of the most potent and periph-
erally selective limited Pan-Trk inhibitors (PF-06273340)
(TrkA/B/C IC,, = 6/4/3 nM, respectively) [20] and
4-[2((1R,2R)-2-hydroxycyclohexylamino)-benzothiazol-
6-yloxyl]-pyridine-2-carboxylic ~ acid  methylamide
(BLZ945) that is one of the small molecule inhibitors
of the CSF1R kinase activities [21]. The BOMPyD (as a
by-product of the protodeboronation reaction), which is
an analog of the GW2580 compound and inhibits both
CSF1 receptors and Trk, blocks almost all of these recep-
tors throughout the rats’ cortex region with a maximum
affinity (A =42.1 + 6.8%; 7 [28] = 10.574, p < 0.001, n =
15).

PF-06273340, which is a selective suppressor of Trk,
indicated a considerable occlusion (A = 13.2 + 9.7%; ¢
[28] = 2.460, p < 0.05, n = 15), whereas (R)-IPMICF22,
which is another inhibitor in this category, decreased the
ability of the ["*F]JFOMPyD complex for binding, and thus
its efficiency is significantly lower (A = 10.9 £ 15.9%, ¢
[28]=1.948, p=0.06, n =15). BLZ945 (A=-0.1 + 8.6%,
¢t [28]=0.010, p = 0.99, n = 15) has no important impact
on the declined binding of the ["!F]JFOMPyD complex.
BOMPyD is the most efficient blocking agent in rats’ cor-
tex and the posterior cingulate cortex regions of human
brain tissue (A=41.1+17.3%, t[6] =3.170, p <0.05, n =
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Figure 4. In vitro description of ["*FJFOMPyD over the brain sections of the rats: incubation of
the sagittal samples (20 um) with 5-(4-((4-[18F] fluorobenzyl) oxy)-3-methoxybenzyl) pyrimi-
dine-2, 4-diamine and dimethylsulfoxide. (A). Regional quantification for in the glass autora-
diography of 5-(4-((4-[18F] fluorobenzyl) oxy)-3-methoxybenzyl) pyrimidine-2, 4-diamine in
the normal rats' brains. (B). Indicative in-glass autoradiography of 5-(4-((4-[18F] fluorobenzyl)
oxy)-3-methoxybenzyl) pyrimidine-2, 4-diamine in the rats' brains. The base-line and 5-(4-
((4-[18F] fluorobenzyl) oxy)-3-methoxybenzyl) pyrimidine-2, 4-diamine self-obstructing were
compared. Moreover, * and ** respectively imply the p < 0.05 and p< 0.001.
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Figure 5. Description of [18F]FOMPyD binding blockage applying the in-vitro autoradiogra-
phy with 4 distinct Trk or CSF-1R suppressors (100 uM). (A). The rats' cortical regions in 20
um slices, (B). The humans' posterior cingulate cortex (PCC, 20 um slices). Moreover, * and **
respectively show the p < 0.05 and p< 0.001. Figures S4 and S5 indicate the source images,
and fig. S6 shows the chemical compounds of inhibitors.

«») ['8FIFOMPyD brain uptake —«  Giobal
—=— Cortex
0.8 { —=— Cerebellum
> 06 Thalamus
= |
w o4
02
o
o 20 40 . 60 80 100
Time, min
() ['8FIFOMPYyD self-blocking (cortex)
o8
> 06
=
@ o4
—e— Baseline (Am >370 GBqg/pmol) )
0.2 —e»—FOMPyYD 4 pg/’kg (Am ~3.7 GBqg/umol)
o —e—FOMPyD 30 pg/kg (Am ~0.37 GBqg/pmol)
o 20 0 80 100

40 _ 6
Time, min

Figure 6. Time-activity graphs of 5-(4-((4-[18F] fluorobenzyl) oxy)-3-methoxybenzyl) py-
rimidine-2, 4-diamine in the Wistar rats' brains. (A). The regional dispersion at the base-line
imaging (n= 2, Figure S7 indicates the source image). (B). self- obstructing by 5-(4-((4-[18F]
fluorobenzyl) oxy)-3-methoxybenzyl) pyrimidine-2, 4-diamine resulted in a smaller uptake
decline in the cortical regions (AAUC40-90 = 11.1+0.7%; t (2) = 74.01,p < 0.001; n = 3) at
certain dose concentrations ranging between 0/004 and 0/03 mg/kg (obstructing information

has been presented in one of the rats).

4), while the efficiency and effectiveness of PF-06273340
(A=30.6+17.8%, t[6] =2.529, p <0.05, n =4) are higher
in the human cortical tissues compared to the rat brain
tissue (Figure 5). As mentioned in Figure 5, blockage by
IPMICF22 (A=24.2+10.7%, t [6] =1.958,p=0.098, n =
4) efficiently decreases ["*FJFOMPyD binding; neverthe-
less, this obstruction is not statistically significant. At last,
BLZ945 (A=3.2+3.3%, t[6] =0.332, p =0.75, n = 4),
as another CSF-1 or TKI, did not decrease ["*F]FOMPyD
binding, which is consistent with the data from the rat cor-
tex (Figure 5).

Due to in vitro data, the function of the inhibitors that
affect the binding of ['*F]JFOMPyD complex is as follows:

Kinase inhibitors, such as FOMPyD and BOMPyD,
whose bases and chemical structures are due to GW2580
chemical structure, have indicated the highest efficiency
and effectiveness in decreasing the binding to the ["*F]
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FOMPyD complex. The blocking efficiency of type I TKI
(IPMICF22) was statistically less and lower due to quan-
tity and quality, respectively. Therefore, the CSF-1 recep-
tor inhibitor (BLZ945) had almost no significant impact
on the binding of the ["F]JFOMPyD complex, neither in
the cortex of wild-type rats nor in the human brain tissues.
The first microPET scans of the research indicated just
medium absorbent of the [ FJFOMPyD complex in the
wild rats (totality brain SUVmax = 0.71 + 0.04, n = 2)
with the most persistence in the cortex (Figure 6).

Conclusion

The preparation of 5-(4-((4-['®F] fluorobenzyl)
oxy)-3-methoxybenzyl)pyrimidine-2,4-diamine is indi-
cated for PET imaging of the TrkB/C receptor. Thus, as
a potential theory, this combination can be applied to
identify degenerative diseases and subsequently prevent
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shortage of [I8F]JFOMPyD due to many reasons, such as
high cost and different difficulties in production, this com-
pound can be applied as a PET detector for CNS imaging.
Thus, poor pharmacokinetic features of 5-(4-((4-[18F]
fluorobenzyl)oxy)-3-methoxybenzyl)pyrimidine-2,4-di-
amine prevented its utilization as a PET radioligand in
brain scanning likely, but 1-pot synthesis is a strategy to
improve the effectiveness of the chemical reaction that
occurs by the use of copper, 18F-fluorination, and Boc-
deprotection, is an approach for the radio-synthesis of
PET tracers which are sensitive to acid.
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NMR and HRMS data
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Compound 2 HRMS

Hassanpour... 02/21/19 08:15:34
Hassanpour-SH #347-352 RT:0.82-0.83 AV:6 NL: 1.68E9
T: FTMS + p Afsl corona Full ms [150.0000-500.0000]
368.99898

100

80

60

40 371.00391

2 216.95078

15105482 16207052 18406852 21408982 | 23093060 24210184 _ 26024753 279.15065 30308505 _323.01027 336.34272_356.99802 383.011439 399 00938 41523895 44101501 468.06706 497.07236
L T ——— — T T e T
160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500
miz
Hassanpour-SH #347-352 RT: 0.82-0.83 AV: 6
T: FTMS + p APCI corona Full ms [150.0000-500.0000]
m/z= 368.98606-369.01053
m/z Intensity Relative Resolution Charge Theo. Mass Delta RDB Composition
(ppm) equiv.

368.99898 1681457920.0 100.00/29211.32 1.00 368.99821 2 07 8.5/C15 H14 03 T
Hassanpour— #347-352 RT: 0.82-0.83 AV: 6
$H FTMS + p APCI corona Full ms [150.0000-500.0000]
m/z= 216.94215-216.95809

m/z Intensity Relative Resolution Charge Theo. Mass Delta RDB Composition
(ppm) equiv.
216.95078 190143104.0 100.00/35497.21 1.00 216.95087 -0.42 4.5C7He I
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Compound 3 HRMS

Hassanpour-SH... 02/20/19 16:20:05
Hassanpour-SH-1-63 #764.790 RT:1.80-186 AV: 27 SB: 50 1.54-166 NL:7.02E7
T: FTMS + p ESI Full ms [150.0000-1000.0000]
3 519.05377
1004 8
5
1 2
1 B
S
12
04 3
] K}
T
T o
60 |
40 -
20
1 19710695 53502174
] 497.07162
15308249 $16.05048 6113005 30799219 378.26328 44404494 ||, bo227956 59617607 669.40969 84520482 88529375 91081667 080.38505
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Hassanpour-SH-1-63 #764.790 RT: 1.80-186 AV:27 SB: 50 1.54-166 NL:7.02E7
T: FTMS + p ESI Full ms [150.0000-1000.0000]
8 51005377
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1
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-
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L e T e PP e [P e e e TS LAk
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Hassanpour-SH-1-63 # RT:1.80-1.8@AV:27

SB:501.54-1.66
T:FTMS + p ESI Full ms [150.0000-1000.0000]
m/z= 519.03073-519.08074
m/z IntensityRelativ®esolutionCharge Theo. Mass Delta RDB
(ppm) equiv.

519.0537770660392.0 100.023084.81 1.00 519.05399 -0.42 14.%24H2102N2INa
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190220-Hassanpour-SH............c.ccceeeenens . 02/20/19 16:13:51
190220-04Hassanpour-SH-. -1-68239-262 RT:056-061 AV:24 SB:29 0.21-0.27 NL: 1.50E8
T: FTMS + p ESI Full ms [150.0000-2000.0000]
.1 88525235
100 -4
4 3
] 2
] 3
80 ;
] 5
T
7 o
60
4 863.27029
40
20 84320443 | 93635929
] 663.16652 763.21766 980.38504 17401500
- 21695018 316.60360 463.06205 533.03122 1 ‘ \ 1] 1063.60825 115271758 131243912 1439.67655 152742295 172552997[ 184167151 1948.06648
e S O o B o I o B S i 2 [ 2 I [ O 1 I e I G 5 O I ) R e i e P i e B e P
200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000
m/z
190220-Hassanpour-Sh-._______.__._______.. 1-68239-262 RT:056-061 AV:24 SB: 29 0.21-027 NL:7.00E7
T: FTMS + p ESI Full ms [150.0000-2000.0000]
3 863.27029
100 -4
5
a1 e
] ]
80 ;
] &
T
7 ['4
60
] 864.27361
40
20
4 86527619
1 86627938
o ~—T—T—T—TT TV T T T T T—TT T T T T T T T T T T T T T TT T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T TT
863.0 8632 8634 8636 8638 864.0 8642 864 4 864.6 864.8 865.0 8652 8654 8656 865.8 866.0 866.2 866.4
miz
190220-Hassanpour-SH-1-69 #239-262RT:0.56-0.61AV:24
SB29 0:21~0:27
T:FTMS + p ESI Full ms [150.0000-2000.0000]
m/z= 863.22267-863.31779
m/z IntensityRelativ®esolutionCharge Theo. Mass Delta RDB Composition
(ppm) equiv.
863.2702970264664.0 100.007445.06 1.00 863.27226 -2.29 15.%39H52010NaT

863.27361 -3.85 15.0C41H54011NT
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190220-Hassanpour-SH..........c.ccoiieiiiienieinennane 02/20/19 16:00:32
190220-03-Hassanpour-SH...._..... 171 #170 RT:039 AV:1 NL:2.35E8
T: FTMS + p ESI Full ms [150.0000-2000.0000]
? 88543988
100 - g
] B
13
04 3
1 ['4
60 |
40 - 86345776
2 E 77534912 1747.89050
1 66930701 763.40546 2
f16904p13 30113956 46306055 sp330444 || | Ul 141 743‘ 9\81'57093 1435.01880 153175330 1637-80225 1963 60974
L L e B e I e
200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000
miz
190220-03Hassanpour-SH-1-71 HI70 RT:039 AV:1 NL:8.93E7
T: FTMS + p ES Full ms [150.0000-2000.0000]
— g 86345776
] B
12
80 P
103
['4
60 |
] 864.46112
0
] 86246338
" 865.46277
] 866.46112
L A A i s s B L MY Mo Lo LS Laia AASad Matad Lasl RS Matas LSS MRed AN LR L R o A wasas Lo WA EEAR LEaeN A ACAY AR A A AL A Lo RS LA LSS MRS M) LAse) RARI AL
8620 8625 863.0 8635 864.0 864.5 865.0 8655 866.0 866.5 867.0
mz
190220-03Hassanpour-SH-1-71 #170RT:0.39
T:FTMS + p ESI Full ms [150.0000-2000.0000]
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863.4577691050248.0 100.0@9106.00 1.00 863.46083 -3.55 16.345H64012N4B
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2. HPLC data
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Figure S1. HPLC calibration curve of FOMPyD cold standard.

3. Radio-TLC data
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Figure S2. Radio-TLC trace of [18F]JFOMPyD. (a) 10 minutes at 110°C, 23% 18F incorporation, 11% as
[18F]BocxFOMPyD (x = 1 —4); (b) 20 minutes at 110°C plus 10 minutes at 130°C, 26% 18F incorpora-
tion, <1% as [18F]BocxFOMPyD.TLC conditions: 10% MeOH/DCM.
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4. Supplemental autoradiography and MicroPET
data

Baseline BOMPyD PF06273340 IPMICF22 BLZ945

Figure S3. In vitro autoradiography investigation of 18F-FOMPyD on rat brain samples (0/02 mm) at the baseline by four
various tyrosine kinase or Colony stimulating factor 1 receptor inhibitors (0/1 mM); see Figure S5 for the chemical structure of
the blocking agent.

Baseline BOMPyD PF06273340 IPMICF22 BLZ945

Figure S4. In vitro investigation of 18F-FOMPyD on human brain samples (posterior cingulate cortex, 0/02 mm) at the baseline
by four multiple tyrosine kinase or Colony stimulating factor 1 receptor inhibitors (0/1 mM); see Figure S5 for the chemical
structure of the blocking agent.
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Figure S5. Chemical structures of blocking agents applied in this research.

0.5

Axial Saggital Coronal

Figure S6. Figures indicate axial, sagittal, and coronal microPET slices of baseline the wild-type rat brain scans with 18F-FO-
MPyD tracer, superimposed over an MRI image.
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