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Abstract
Fully automated synthesis and initial PET evaluation of a TSPO radioligand, [11C]PBR28 (N-(2-
[11C]methoxybenzyl)-N-(4-phenoxypyridin-3-yl)acetamide), are reported. These results facilitate
the potential preclinical and clinical PET studies of [11C]PBR28 in animals and humans.
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Translocator protein 18 kDa (TSPO, formerly known as the peripheral benzodiazepine
receptor)1 is a protein found in lung, liver, heart, spleen, kidney, adrenals, brain, glial cells,
masts cell and macrophages, and is implicated in numerous nervous system disorders such as
epilepsy, cerebral ischemia, nerve injury and neurodegenerative diseases, and immune system
diseases such as cancer.2 Brain TSPO density increases in several neuropathological conditions
and after experimental injuries to the central nervous system as well.3 TSPO is an attractive
target for molecular imaging of neuroinflammation like Alzheimer's disease and tumor
progression using the biomedical imaging technique positron emission tomography (PET).4
The prototypical TSPO-selective PET radioligand is [11C]PK11195; however, it is reported to
have many limitations such as low brain uptake and low sensitivity.4 These limitations have
motivated investigators to search for new TSPO PET radioligands. Promising candidates
progressing to human PET studies include [11C]DAA1106, [18F]FEDAA1106 and [11C]
PBR286-8 as indicated in Figure 1. [11C]PBR28 (N-(2-[11C]methoxybenzyl)-N-(4-
phenoxypyridin-3-yl)acetamide, IC50 0.658 nM) was originally developed by Innis and Pike
et al. at the National Institute of Mental Health (NIMH).8-11 Wishing to study this compound
in our laboratory, we investigated a fully automated synthesis of [11C]PBR28 using [11C]
methyl triflate ([11C]CH3OTf)12,13 and performed initial PET imaging in an animal model of
traumatic brain injury (TBI), which overexpresses TSPO.
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The precursor N-(2-hydroxybenzyl)-N-(4-phenoxypyridin-3-yl)acetamide (desmethyl-
PBR28, 4a) and reference standard N-(2-methoxybenzyl)-N-(4-phenoxypyridin-3-yl)
acetamide (PBR28, 4b) were prepared according to the procedures outlined in Scheme 1. The
route taken was generally based on the literature methods with slight modifications.11,14,15

Displacement of 4-chloride by phenol was readily achieved by treatment of 4-chloro-3-
nitropyridine with phenol in the presence of K2CO3 to give 3-nitro-4-phenoxypyridine (1) in
97% yield. Reduction of nitro group of compound 1 was performed efficiently with SnCl2 and
concentrated HCl instead of 6 N HCl in MeOH to afford 4-phenoxy-3-pyridinamine (2)16 in
92% yield. Condensation of compound 2 with o-salicylaldehyde or o-anisaldehyde in MeOH,
followed by reduction with NaBH4 afforded 2-((4-phenoxypyridin-3-ylamino)methyl)phenol
(3a) and N-(2-methoxybenzyl)-4-phenoxypyridin-3-amine (3b) in 91% and 90% yield,
respectively. PBR28 (4b) was obtained directly by acetylation of the amine 3b with acetyl
chloride in CH2Cl2 in 84% yield. Acetylation of the amine and phenolic hydroxyl groups of
compound 3a with acetyl chloride, subsequent hydrolysis of its acetate with LiOH in MeOH
provided desmethyl-PBR28 (4a) in 78% yield. As depicted in Scheme 2 PBR28 (4b) can be
achieved by direct O-methylation of desmethyl-PBR28 (4a) involving anion formation with
NaH, followed by CH3I in DMF in 36% yield.

Synthesis of the target tracer [11C]PBR28 ([11C]4b) is indicated in Scheme 3. The phenolic
precursor 4a was labeled using [11C]CH3OTf12,13 through O-[11C]methylation17 under basic
conditions (NaH) and isolated by a semi-preparative HPLC method18 to produce the
corresponding pure radiolabeled compound [11C]4b in 70-80% radiochemical yield, decay
corrected to end of bombardment (EOB), based on [11C]CO2. In comparison with the results
reported in the literature,11 several significant improvements in the radiosynthesis have been
made. [11C]CH3OTf was used as a radiolabeled precursor, which is a proven methylation
reagent with greater reactivity than commonly used [11C]methyl iodide ([11C]CH3I).11 NaH
was used as a strong base instead of (tBu)4NOH, and CH3CN was used as the reaction solvent
instead of MeOH. The reaction temperature 80 °C was higher than room temperature, and the
reaction time was only 3 min, shorter than 7 min in the literature. We also used a “vial” method
instead of the reported “loop” method. Therefore, the radiochemical yields for [11C]PBR28 in
our method is much higher than that reported previously (26%).11 The radiosynthesis was
performed in an in-house automated multi-purpose 11C-radiosynthesis module, allowing
measurement of specific radioactivity during synthesis.19,20 The overall synthesis, purification
and formulation time was 25-30 min from EOB. The specific radioactivity was in a range of
5-15 Ci/μmol at EOB. Chemical purity and radiochemical purity were determined by analytical
HPLC.21 The chemical purity of the precursor and reference standard was > 96%. The
radiochemical purity of the target tracer was > 99% determined by radio-HPLC through γ-ray
(PIN diode) flow detector, and the chemical purity of the target tracer was >93% determined
by reverse-phase HPLC through UV flow detector.

The characterization data for compounds 1-4 and experimental details for the tracer [11C]4b
are given.22

Initial PET evaluation of [11C]PBR28 was performed in rats. Three female Sprague-Dawley
rats were imaged. Two animals received a moderate controlled cortical impact (2 mm
deformation) to the left parietal cortex (TBI). The third animal received a sham surgery (SHM;
incision, skull preparation with no impact). Animals were scanned seven days after surgery.
Animals were anesthetized with isoflurane and placed on a stereotaxic-like head-holder.23 The
PET scan was performed right after an intravenous (IV) tail vein injection of 0.31 ± 0.07 mCi
[11C]PBR28 (0.58 ± 0.35 nmol/kg). Dynamic data were acquired for 90 minutes on the
IndyPET III scanner, a small animal PET scanner designed and developed in the Department
of Radiology at Indiana University School of Medicine.24-26 The raw data collected from 40-90
min was used to generate the images for analysis. Standardized uptake value (SUV) images
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were created by normalizing intensity values at each voxel by body weight and injected dose.
Regions of interest (ROIs) indicated by the green arrows, approximating the left and right
parietal cortices, were drawn on each SUV image. An ellipse (superior-inferior radius = 3 mm;
anterior-posterior radius = 4.5 mm) was placed on the approximate anterior-posterior location
of the parietal cortex. The ellipse was placed on sequential sagittal slices so that the final ROI
spanned the entire lateral to medial extent of each hemisphere. Across all three animals (2 TBI,
1 SHM), SUV values were 16.9 ± 2.23 % higher in the left ROI relative to the right. [11C]
PBR28-PET images in 2 TBI and 1 SHM rats are shown in Figure 2.

In conclusion, an efficient and convenient automated synthesis of [11C]PBR28 was developed,
and PET evaluation of [11C]PBR28 was performed in a rat model of TBI. These results warrant
that the automated preparation of [11C]PBR28 is suitable for preclinical and clinical studies in
animals and humans using PET.
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Figure 1.
Chemical structures of PET TSPO radioligands.
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Scheme 1.
Synthesis of desmethyl-PBR28 and PBR28. Reagents, conditions, and yields: (a) phenol,
K2CO3, DMF, 80°C, 97%; (b) SnCl2, conc. HCl, MeOH, 80°C, 92%; (c) for 3a: o-
salicylaldehyde, 90°C, then NaBH4, MeOH, room temperature (rt), 91%; for 3b: o-
anisaldehyde, 100°C; then NaBH4, MeOH, rt, 90%; (d) for 4a: acetyl chloride, DMAP,
CH2Cl2, rt, then sat. LiOH, MeOH, rt, 84%; for 4b: acetyl chloride, DMAP, CH2Cl2, rt, 78%.
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Scheme 2.
Alternate synthetic approach for PBR28. Reagents, conditions, and yields: (a) NaH, CH3I,
DMF, rt, 36%.
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Scheme 3.
Synthesis of [11C]PBR28. Reagents, conditions, and yields: (a) NaH, [11C]CH3OTf, CH3CN,
80 °C, 3 min, 70-80%.
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Figure 2.
[11C]PBR28-PET images in 2 TBI and 1 SHM rats.
A. TBI.001. 40-90 min integrated image. Crosshairs positioned at putative site of lesion: left
parietal cortex. Green arrows indicated ROIs in the rat brain.
B. TBI.002. 40-90 min integrated image. Crosshairs positioned at putative site of lesion: left
parietal cortex. Green arrows indicated ROIs in the rat brain.
C. SHM.001. 40-90 min integrated image. Crosshairs positioned at roughly the same
coordinates as in A and B. In this animal, there was no visible left-side lesion.
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