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Introduction:Alzheimer's disease is a commonneurodegenerative disease that is characterized by the presence of
Aβ plaques in the brain. The FDA has approved the use of Amyvid (florbetapir f18, AV-45) as a PET imaging agent
for detecting Aβ plaques in the living human brain. In an attempt to reduce N-demethylation in vivo by taking
advantage of more stable C-D bonds, an analog of AV-45, [18F]D3FSP ([18F]7), was synthesized to improve
image contrast for detecting and monitoring the Aβ plaques. A convenient and improved preparation of [18F]
D3FSP ([18F]7) is needed for widespread clinical application. We report herein the optimization of the
radiosynthesis and solid-phase extraction (SPE) procedure.
Methods: Radiosyntheses of [18F]D3FSP ([18F]7) under different fluorination conditions were evaluated, and the
intermediate, containing anN-Boc protecting group, was deprotected using different acids. One of themajor ob-
jectiveswas to simplify thefinal purification step via SPE to avoid the commonly employedHPLC purification and
maximize the radiochemical yields of [18F]D3FSP ([18F]7) while simultaneously removing several chemical im-

purities (pseudocarriers). Washing various solid-phase cartridges with different combinations of ethanol/
water and acetonitrile/water was explored to optimize the purification step. To evaluate the potential interfer-
ence in Aβ plaques imaging from the presence of pseudocarriers, each chemical was identified and quantified
by LC/MS and HPLC. An in vitro binding assay was employed to evaluate the binding affinities of [18F]D3FSP
([18F]7) and the pseudocarriers to Aβ plaques using postmortem AD brain tissue.
Results: Using the optimized radiosynthesis method and SPE purification, the final dose of [18F]D3FSP ([18F]7)
was obtained in 50 min with a very low content of pseudocarriers (21.7 ± 5.5 μg). The radiochemical yield
was 44.4 ± 5.7% (decay corrected), and the radiochemical purity was N95%. SPE-purified doses of [18F]D3FSP
([18F]7) displayed excellent binding affinity and specificity for Aβ plaques as measured in an in vitro binding
assay using AD brain homogenates, and the OH-pseudocarrier, 8 (Ki = 19.5 ± 0.5 nM), and the Cl-
pseudocarrier, 10 (Ki = 18.6 ± 3.9 nM), showed lower binding affinities for Aβ plaques than those of AV-45
(Ki = 8.6 ± 0.5 nM) and D3FSP, 7 (Ki = 9.8 ± 0.5 nM).
Conclusions: An optimized radiosynthesis and fast SPE purificationmethod suitable for the preparation of clinical
doses of [18F]D3FSP ([18F]7) was accomplished. The results of quality control tests and binding studies suggested
that the SPE-purified doses of [18F]D3FSP ([18F]7) are appropriate for imaging Aβ plaques in the human brain.

© 2019 Elsevier Inc. All rights reserved.
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1. Introduction

Alzheimer's disease (AD), a neurodegenerative disease, is character-
ized by progressive memory loss and cognitive impairment and has be-
come a major public health concern worldwide. It is not clear what
causes AD, but deposition ofβ-amyloid (Aβ) peptide andneurofibrillary
tangles are pathological hallmarks of AD. According to the amyloid hy-
pothesis, the accumulationof Aβpeptides in thebrain is a definingpath-
ologic feature in the pathogenesis of AD. Currently, the definitive
method for diagnosingAD requires postmortemhistopathology to dem-
onstrate the presence of Aβ plaques in the brain [1–6]. Position emission
tomography (PET) is a useful in vivo imaging tool for mapping Aβ
plaques in the brain of AD patients [7,8]. Therefore, the development
of Aβ plaque imaging probes for the early diagnosis of AD and evalua-
tion of treatment efficacy has been one of themost attractive challenges
in the field of brain imaging over the past fifteen years [9–11]. The re-
cently reported “NIA-AA Research Framework: Toward a biological def-
inition of Alzheimer's disease” suggested using biological definitions,
such as PET imaging of Aβ plaques in the brain, instead of clinical neuro-
logical observations to define the presence of AD [12,13]. This advance-
ment using PET imaging of AD biomarkers, i.e., Aβ plaques in the brain,
will likely improve the diagnosis of AD [14] and further facilitate the de-
velopment of therapeutic agents [15,16].

A diverse group of core structures have been reported, including PIB
and SB-13, which are labeled with 11C, and AV-45 (florbetapir f18,
Amyvid), AV-1 (florbetaben f18, NeuraCeq), GE-067 (flutemetamol
f18, Vizamyl), NAV4694 and FC119S, which are labeled with 18F.
Among them, [18F]AV-45 (florbetapir f18, Amyvid), [18F]AV-1
(florbetaben f18, NeuraCeq), and [18F]GE-067 (flutemetamol f18,
Vizamyl) have been commercially developed and approved by the U.S.
Food and Drug Administration (FDA) for detecting Aβ plaques in the
brain (Fig. 1) [17–23]. [18F]AV-45, first approved in 2012, demonstrated
high binding affinity for Aβ plaques in the brain and could be useful for
monitoring Aβ plaques, following disease progression and providing
further evidence for therapeutic intervention in AD patients [24–28].
One of the major metabolites of [18F]AV-45 (Ki = 2.87 ± 0.17 nM) is
the N-demethylated product, [18F]AV-160 (Ki = 54 ± 5 nM, Fig. 2).
This metabolite, formed in the peripheral system, can cross the blood-
brain barrier and displays high affinity for Aβ plaques, increasing the
total nonspecific binding in the image. The in vivo metabolism of [18F]
AV-45 in humans may reduce the plasma concentration of the radio-
tracer available for binding to Aβ plaques in the brain [29,30]. Therefore,
Fig. 1. Chemical structures of reported PET imaging agents for Aβ plaques in the brain. Among th
GE-067 (flutemetamol f18, Vizamyl) have been approved by the FDA.
slowing in vivo metabolism might improve brain retention and reduce
nonspecific binding.

Replacement of the hydrogen atoms in the N-methyl group with
deuterium atoms might increase drug stability by reducing the rates
of enzymatic metabolism [31–33]. The FDA recently approved deuter-
ated tetrabenazine (SD-809, Austedo) for the treatment of Huntington's
disease [34]. In the past few decades, there have been a number of re-
ports on using deuterium/hydrogen substitution to improve the
in vivo stability of PET imaging agents. (S,S)-[18F]FMeNER-D2 showed
excellent pharmacokinetic properties for clinical norepinephrine trans-
porter (NET) imaging [35]. [18F]Fluororasagiline-D2 and [18F]
fluorodeprenyl-D2, both used for mapping monoamino oxidase B
(MAO-B) distribution in the human brain, are successful examples of
enhanced metabolic stability by incorporating carbon-deuterium
bonds [36]. In addition, [18F]D6-FP-( )-DTBZ, for vesicular monoamine
transporter 2 (VMAT2) imaging, and [18F]D12FPBM, for serotonin trans-
porter imaging, have also been reported (Fig. 3) [37,38].

In an attempt to reduce the formation of the N-demethylated prod-
uct in vivo by taking advantage of more stable carbon-deuterium bonds,
we designed a deuteratedN-methyl derivative of AV-45, namely, D3FSP,
7. We hypothesize that [18F]D3FSP ([18F]7) might display a similarly
high binding affinity for Aβ plaques in the human brainwhile beingme-
tabolizedmore slowly in the peripheral organs, avoiding increased non-
specific signals in the brain.

In the package inserts of the three FDA-approvedAD imaging agents,
the recommended chemical doses for [18F]AV-45 (florbetapir, Amyvid),
[18F]AV-1 (florbetaben, NeuraCeq), and [18F]GE-067 (flutemetamol,
Vizamyl) are in “mass doses” no higher than 50 μg, 30 μg and 20 μg, re-
spectively [39]. High specific activity (SA) is critical for AD imaging.
Semipreparative high-performance liquid chromatography (HPLC) is
generally used for improving chemical and radiochemical purities in
the preparation of radiotracers. In addition, the synthesis of radiophar-
maceuticals for PET requires short reaction times, simplemanipulations
and facile purifications due to the short-lived radionuclides, such as 11C
(t1/2 = 20.3 min) and 18F (t1/2 = 109.8 min) [40,41]. In an attempt to
simplify the preparation process, solid-phase extraction (SPE) for the
purification of [18F]FDG was reported and used in routine clinical appli-
cations, and this method avoided time-consuming HPLC purifications
[42,43]. In recent years, SPE has been widely used in the purification
and formulation of radiopharmaceuticals, including [11C]MTO, [18F]FET
and [18F]FMZ [44–46]. The SPE purification of [18F]AV-45 has been eval-
uated and reported. [18F]AV-45 was prepared on a radiosynthesis
em, [18F]AV-45 (florbetapir f18, Amyvid), [18F]AV-1 (florbetaben f18, NeuraCeq) and [18F]



Fig. 2. TheN-demethylated product, [18F]AV-160, is one of themajormetabolites of [18F]AV-45 (Amyvid) in human blood. It shows a lower binding affinity for Aβ plaques in the brain and
likely contributes to increased nonspecific binding.
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module and purifiedwith a SPE cartridge (Oasis HLB)with a non-decay-
corrected yield of 33.6 ± 5.2%, while 510 ± 162 μg of the OH-
pseudocarrier remained after preparation [47], and this yield was
higher than the total mass of chemical (50 μg) recommended in the
package insert.

To facilitate clinical trials and future applications of [18F]D3FSP ([18F]
7), our efforts are focused on (1) optimizing the radiosynthesis and
(2) using SPE purification instead of HPLC purification to reduce the
amounts of chemical impurities (total mass of chemical below 50 μg
per synthesis batch) and simplify the preparation process.Washing var-
ious solid-phase cartridges with different combinations of ethanol/
water (EtOH/H2O) or acetonitrile/water (ACN/H2O)was explored to op-
timize the purification step. To evaluate the potential interference in Aβ
plaque imaging from the presence of pseudocarriers, each chemical was
identified and quantified by LC/MS and HPLC. An in vitro binding assay
was employed to evaluate the binding affinities of [18F]D3FSP ([18F]7)
and the pseudocarriers for Aβ plaques using postmortem AD brain
homogenates.

2. Experimental section

2.1. General

All reagents and solvents used were commercial products and were
used without further purification unless otherwise indicated. Generally,
crude compounds were purified by flash chromatography (FC) using
Fig. 3. Chemical structures of deu
silica gel (Aldrich). 1H NMR, 13C NMR and 19F NMR spectra were ob-
tained on a Bruker AVANCE II 400 Spectrometer at 400, 100 and
376.5 MHz, respectively. Chemical shifts are reported in units of parts
per million (ppm, δ) with the coupling constant, J, in Hz. The multiplic-
ities are given as singlet (s), doublet (d), triplet (t), broad (br) or multi-
plet (m). High-resolution mass spectrometry (HRMS) data were
obtained with an Agilent (Santa Clara, CA) G3250AA LC/MSD TOF sys-
tem. Thin-layer chromatography (TLC) separations were performed
using Merck silica gel 60 F 254 plates. SPE cartridges were purchased
from Waters and Macherey Nagel. Postmortem AD human samples
were obtained from the National Disease Research Interchange (NDRI,
Philadelphia, PA, USA).

2.2. Chemistry

AV-45 and [18F]AV-45were prepared as previously reported [48,49].
2-(2-(2-((5-Iodopyridin-2-yl)oxy)ethoxy)ethoxy)ethan-1-ol (1)

and tert-butyl (4-vinylphenyl)carbamate (2)were prepared as previ-
ously reported [50].

2.2.1. tert-Butyl(methyl-D3)(4-vinylphenyl)carbamate (3)
To a solution of p-(tert-butoxycarbonylamino)styrene (2, 2.19 g,

10 mmol) in 15 mL of DMF was slowly added a 60% NaH dispersion in
mineral oil (60%, 600 mg, 15mmol). After stirring at room temperature
(rt) for 0.5 h, deuterated iodomethane (2.90 g, 20 mmol) was added.
The reaction mixture was stirred at rt for 2 h, and then the reaction
terated PET imaging agents.
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mixture was quenched with 40 mL of saturated ammonium chloride
(NH4Cl) solution at 0 °C. The mixture was then extracted with 60 mL
of EtOAc. The organic layer was washed with H2O as well as brine
(40 mL), dried with Na2SO4, and filtered. The filtrate was concentrated,
and the residue was purified by FC (EtOAc/hexane= 2/8) to give 3 as a
colorless oil (2.2 g, 96.1%). 1H NMR (400 MHz, CDCl3) δ: 7.33–7.26 (m,
2H), 7.17–7.07 (m, 2H), 6.67–6.60 (m, 1H), 5.68–5.64 (m, 1H), 5.18–
5.16 (m, 1H), 1.44 (s, 9H). 13C NMR (100 MHz, CDCl3) δ: 154.680,
143.352, 136.208, 134.638, 126.365, 125.351, 113.559, 80.326, 28.381.
HRMS (ESI) calcd for C28H32D6N2NaO4 [2 M Na] , 495.3106; found,
495.3052.

2.2.2. tert-Butyl(E)-(4-(2-(6-(2-(2-(2-hydeoxyethoxy)ethoxy)ethoxy)
pyridine-3-yl)vinyl)phenyl)(methyl-D3)carbamate (4)

A solution of 3 (1 g, 4.1 mmol), 2-[2-[2-[(5-iodo-2-pyridinyl)oxy]
ethoxy]ethoxy]ethanol (1.47 g, 4.1 mmol), potassium carbonate
(0.69 g, 5.0 mmol), tetrabutylammonium bromide (1.29 g, 4.0 mmol),
and palladium acetate (22 mg, 0.10 mmol) in 15 mL of DMF was deox-
ygenated by purging with nitrogen for 15 min and then heated at 65 °C
for 2 h. The solutionwas cooled to rt, dilutedwith 80mL of ethyl acetate,
and washed with brine (20 mL). The organic layer was dried with
Na2SO4 and filtered. The filtrate was concentrated, and the residue
was purified by FC (EtOAc/hexane = 8/2) to give 4 as a white solid
(1.27 g, 65.2%). 1H NMR (400 MHz, CDCl3) δ: 168.04 (d, J = 2.0 Hz,
1H), 7.85 (s, 1H), 7.65–7.62 (m, 1H), 7.31–7.29 (m, 2H), 7.10–7.08 (m,
2H), 6.82 (s, 2H), 6.67–6.64 (m, 1H), 4.37–4.36 (m, 2H), 3.73 (t, J =
2.0 Hz, 2H), 3.59–3.55 (m, 6H), 3.49–3.47 (m, 2H), 1.34 (s, 9H). 13C
NMR (100 MHz, CDCl3) δ: 163.244, 154.862, 145.822, 143.353,
135.601, 134.297, 127.538, 126.996, 126.640, 125.644, 124.669,
111.652, 80.635, 72.692, 7.0901, 70.609, 69.950, 65.389, 62.000,
28.555. HRMS (ESI) calcd for C25H31D3N2O6 [M H] , 462.2683; found,
462.2703.

2.2.3. (E)-2-(2-(2-((5-(4-((tert-Butoxycarbonyl)(methyl-D3)amino)
styryl-D3)pyridine-2-yl)oxy)ethoxy)ethyl 4-methylbenzenesulfonate (5)

To a solution of 4 (1 g, 2.1 mmol) in 20 mL of DCM at 0 °C were se-
quentially added 2 mL of Et3N, TsCl (1.64 g, 8.7 mmol) and 10 mg of
DMAP, and the reaction was stirred at 0 °C for 0.5 h and then at rt over-
night. The solution was then washed with brine (20 mL), and the or-
ganic layer was dried with Na2SO4 and filtered. The filtrate was
concentrated, and the residue was purified by FC to give 5 as a light-
yellow oil (1.24 g, 93.2%). 1H NMR (400 MHz, CDCl3) δ: 8.04 (d, J =
2.4 Hz, 1H), 7.81–7.77 (m, 3H), 7.44 (dd, J = 1.6 Hz, 2H), 7.11 (dd, J =
1.6, 2H), 7.23 (d, J = 8.8 Hz, 2H), 6.96 (d, J = 2.4 Hz, 2H), 6.79 (d, J =
8.8 Hz, 1H), 4.48–4.46 (m, 2H), 4.17–4.15 (m, 2H), 3.83–3.81 (m, 2H),
3.70–3.60 (m, 6H), 2.43 (s, 3H), 1.47 (s, 9H). 13C NMR (100 MHz,
CDCl3) δ: 163.240, 154.837, 145.814, 144.953, 143.334, 135.555,
134.268, 133.223, 129.991, 128.165, 127.515, 126.947, 126.621,
125.621, 124.634, 111.611, 80.615, 70.959, 70.813, 69.950, 69.433,
68.910, 65.415, 28.533, 21.811. HRMS (ESI) calcd for C32H37D3N2O8S
[M H] , 616.2772; found, 616.2741.

2.2.4. (E)-2-(2-(2-((5-(4-((tert-Butoxycarbonyl)(methyl-D3)amino)
styryl-D3)pyridine-2-yl)oxy)ethoxy)ethoxy)ethyl fluoride (6)

A solution of 5 (0.1 g, 0.16mmol) and tetrabutylammonium fluoride
(0.25mL, 1.0M in THF) in 1.5mL of THFwas stirred at 70 °C for 4 h. The
reaction mixture was concentrated under vacuum, and the residue was
purified by FC to give 6 as a white solid (64 mg, 85.4%). 1H NMR
(400 MHz, CDCl3) δ: 8.19 (d, J = 2.0 Hz, 1H), 7.81–7.79 (m, 1H), 7.64–
7.44 (m, 2H), 7.28–7.23 (m, 2H), 6.98 (d, J = 2.0 Hz, 2H), 6.79 (d, J =
8.4 Hz, 1H), 4.63 (d, J = 4.0 Hz, 1H), 4.53–4.50 (m, 3H), 3.90–3.87 (m,
2H), 3.83–3.72 (m, 6H), 1.48 (s, 9H). 13C NMR (100 MHz, CDCl3) δ:
163.313, 154.877, 145.863, 143.360, 135.549, 134.316, 127.512,
126.946, 126.646, 125.657, 124.698, 111.652, 84.220, 82.540, 80.648,
71.067, 70.947, 70.769, 70.574, 70.017, 65.487, 28.563. 19F NMR
(376.5 MHz, CDCl3) δ: -75.461. HRMS (ESI) calcd for C25H30D3FN2O5

[M H] , 464.2640; found, 464.2619.

2.2.5. (E)-2-(2-(2-((5-(4-(Methyl-D3)amino)styryl-D3)pyridine-2-yl-
oxy)ethoxy)ethoxy)ethyl fluoride (7)

A solution of 6 (30 mg, 0.06 mmol) and 1 mL of trifluoroacetic acid
(TFA) was stirred at rt for 10 min. The reaction mixture was concen-
trated under vacuum, and the residue was purified by FC to give 7 as a
white solid (19 mg, 81.5%). 1H NMR (400 MHz, CDCl3) δ: 8.51 (s, 1H),
8.23 (d, J = 2.0 Hz, 1H), 8.01 (dd, J = 2.4 Hz, 1H), 7.65 (dd, J = 1.6 Hz,
2H), 7.31 (dd, J = 1.6 Hz, 2H), 7.15 (d, J = 3.2 Hz, 2H), 6.85 (d, J =
8.4 Hz, 1H), 4.59 (t, J = 4.0 Hz, 1H), 4.47–4.45 (m, 3H), 3.88–3.86 (m,
2H), 3.78–3.86 (m, 2H), 3.78–3.09 (m, 6H). 13C NMR (100 MHz,
CDCl3) δ: 162.936, 145.161, 144.406, 135.855, 131.292, 127.962,
127.861, 127.328, 122.888, 116.650, 111.642, 84.219, 82.540, 71.054,
70.954, 70.766, 70.571, 69.975, 65.835. 19F NMR (376.5 MHz, CDCl3) δ:
-75.650. HRMS (ESI) calcd for C20H22D3FN2O3 [M H] . 364.2116;
found, 364.2097.

2.2.6. (E)-2-(2-(2-((5-(4-((Methyl-D3)amino)styryl-D3)pyridin-2-yl)
oxy)ethoxy)ethoxy)ethan-1-ol (8)

A solution of 4 (100 mg, 0.217mmol) in 0.9 mL of TFA and 0.1 mL of
dimethyl sulfide was stirred at rt for 1 h. The reaction mixture was con-
centrated under vacuum, and the residue was purified by FC (DCM/
MeOH = 95/5) to give 8 as a yellowish oil (67 mg, 85.5%). 1H NMR
(400 MHz, CDCl3) δ: 8.16 (d, 1H, J = 2.2 Hz), 7.78 (dd, 1H, J = 2.4 Hz,
J = 8.8 Hz), 7.36 (d, 2H, J = 8.4 Hz), 6.78–6.95 (m, 3H), 6.62 (d, 2H,
J = 8.4 Hz), 4.51–4.53 (m, 2H), 3.88–3.90 (m, 2H), 3.71–3.77 (m, 6H),
3.63–3.66 (m, 2H). 13C NMR (100 MHz, MeOD) δ: 164.001, 151.292,
145.871, 136.834, 130.280, 129.733, 128.778, 127.641, 120.640,
113.725, 112.198, 73.865, 71.882, 71.580, 70.898, 66.685, 62.390.
HRMS (ESI) calcd for C20H24D3N2O4 [M H] , 362.2159; found, 362.2196.

2.2.7. tert-Butyl(E)-(4-(2-(6-(2-(2-(2-chloroethoxy)ethoxy)ethoxy)
pyridin-3-yl)vinyl)phenyl)(methyl-D3)carbamate (9)

LiCl (8.3 mg, 0.195 mmol) was added to a solution of 5 (40 mg,
0.065mmol) in 20mL of DMF. After stirring at 60 °C for 5 h, themixture
was poured into 50 mL of EtOAc and washed with H2O (20 mL × 2) as
well as brine (20 mL). The organic layer was dried with Na2SO4 and fil-
tered. The filtrate was concentrated, and the residue was purified by FC
(EtOAc/hexane = 1/1) to give 9 as a white solid (25 mg, 80%). 1H NMR
(400MHz, CDCl3) δ: 8.20 (d, 1H, J = 2.6 Hz), 7.80 (dd, 1H, J = 2.2 Hz, J=
8.6 Hz), 7.45 (d, 2H, J= 8.4 Hz), 7.23 (d, 2H, J= 8.6 Hz), 6.98 (s, 2H), 6.81
(d, 1H, J = 8.4 Hz), 4.50–4.52 (m, 2H), 3.87–3.90 (m, 2H), 3.71–3.79 (m,
6H), 3.63–3.66 (m, 2H), 1.47 (s, 9H). 13C NMR (100 MHz, CDCl3) δ:
163.311, 154.871, 145.866, 143.372, 135.571, 134.320, 127.536,
126.970, 126.655, 125.665, 124.7000, 111.659, 80.653, 71.642, 70.919,
70.039, 65.480, 42.920, 29.910, 28.571. HRMS (ESI) calcd for C25H31D3-

ClN2O5 [M H] , 480.2345; found, 480.2349.

2.2.8. (E)-4-(2-(6-(2-(2-(2-Chloroethoxy)ethoxy)ethoxy)pyridin-3-yl)vi-
nyl)-N-(methyl-D3)aniline (10)

A solution of 9 (25 mg, 0.052 mmol) in 0.9 mL of TFA and 0.1 mL of
dimethyl sulfide was stirred at rt for 1 h. The reaction mixture was con-
centrated under vacuum, and the residue was purified by FC (DCM/
MeOH = 92.5/7.5) to give 10 as s yellowish oil (15 mg, 75.9%). 1H
NMR (400 MHz, CDCl3) δ: 8.22 (d, 1H, J = 2.2 Hz), 7.83 (dd, 1H, J =
2.4 Hz, J = 8.8 Hz), 7.47 (d, 2H, J = 8.4 Hz), 7.13 (d, 2H, J = 8.0 Hz),
6.95 (s, 2H), 6.84 (d, 1H, J = 8.4 Hz), 4.51–4.53 (m, 2H), 3.88–3.90 (m,
2H), 3.71–3.77 (m, 6H), 3.63–3.66 (m, 2H). 13C NMR (100 MHz,
CDCl3) δ: 163.268, 145.659, 139.971, 135.843, 135.363, 127.999,
126.925, 126.724, 125.190, 120.068, 111.697, 71.604, 70.887, 69.941,
65.768, 42.916. HRMS (ESI) calcd for C20H23D3ClN2O3 [M H] ,
380.1820; found, 380.1805.



Scheme 1. Synthesis of deuterated styrylpyridine derivatives 4–10.
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2.3. Optimization of the fluorination conditions of O-tosylated compound 5

2.3.1. Fluorination of O-tosylated compound 5 under different temperatures
and times

O-Tosylated compound 5 (1 mg, 1.6 μmol) dissolved in 1 mL of
DMSO was added into a reaction vial containing the dried K[18F]F/
K222 complex (11–37 MBq). The mixture was heated at different tem-
peratures (90, 110, 130 and 150 °C). Aliquots of the mixtures (20 μL)
were taken at different time points (5, 10 and 20 min), quenched in
ice water and analyzed by HPLC. The radiochemical yield (RCY) of
Boc-[18F]D3FSP ([18F]6) and the residual amount of unreacted precursor
5 were determined by HPLC.

2.3.2. Fluorination of O-tosylated compound 5 in different solvents
Solutions of O-tosylated compound 5 (1 mg, 1.6 μmol) in different

solvents (DMSO, DMF or DMA, 1 mL) were mixed with dried K[18F]F/
Scheme 2. Radiosynthesis of [18F]D3FSP ([18F]7). The byproducts, OH-pseudocarrier (8)
and Cl-pseudocarrier (10), were produced after the radiosynthesis.
K222 complex (11–37 MBq). The mixtures were heated at 130 °C for
10 min (Scheme 2). Aliquots of the mixtures (20 μL) were periodically
taken, quenched in ice water and analyzed by HPLC. The RCY of Boc-
[18F]D3FSP ([18F]6) was determined by radio-HPLC.

2.3.3. Deprotection conditions of Boc-[18F]D3FSP ([18F]6)
To remove theN-Boc group of Boc-[18F]D3FSP ([18F]6), different acid

solutions (3 M HCl, 2 M H2SO4 or 1 M TsOH) were added to vials con-
taining solutions of Boc-[18F]D3FSP ([18F]6) in DMSO. The mixtures
were heated at 100 °C for 5 min (Scheme 2). Aliquots of the mixtures
(20 μL) were periodically taken, quenched in ice water and analyzed
by HPLC. The remaining amounts of Boc-[18F]D3FSP ([18F]6) were de-
termined by radio-HPLC.

2.4. SPE purification of [18F]D3FSP ([18F]7)

The crude product solution was neutralized and diluted with 10 mL
of 0.3 M NaOH solution to reach a total volume of 12 mL. The mixture
was passed through Sep-Pak® light tC18, Sep-Pak® light tC2, Oasis
HLB 3 cc, Sep-Pak® light C8, CHROMAFIX® C18 hydra, CHROMAFIX®
C18 or CHROMAFIX® C4 cartridges (pretreated with 10 mL of EtOH
followed by 10 mL of H2O). Then, each cartridge was rinsed with 2 mL
of different concentrations of EtOH/H2O or ACN/H2O. The eluates were
analyzed by HPLC. The appropriate cartridges and optimized eluents
were determined based onwhich offered the lowest amount of residual
OH-pseudocarrier (8) and the greatest retention of the desired product,
[18F]D3FSP ([18F]7). To improve the efficiency the SPE purification, the
selected cartridges were washed with increasing volumes of EtOH/
H2O and ACN/H2O. The eluates were then analyzed by HPLC.



Table 1
RCY of Boc-[18F]D3FSP ([18F]6) and amounts of chemical impurities under different fluori-
nation temperatures and times using DMSO as the solvent (n = 3).

Temp
(°C)

Time
(min)

RCY of [18F]
6a

Amount of residual
precursor, 5 (μg)b

Amount of produced
Boc-OH-pseudocarrier, 4
(μg)b

90 5 47.3 ± 4.2% 404.0 ± 16.9 166.5 ± 46.7
10 61.3 ± 4.3% 207.6 ± 72.2 293.0 ± 101.3
20 63.2 ± 6.9% 65.6 ± 44.1 467.1 ± 9.0

110 5 76.2 ± 4.4% 217.5 ± 33.1 294.7 ± 2.9
10 79.5 ± 4.8% 56.3 ± 11.8 409.8 ± 39.0
20 71.1 ± 6.3% 0.0 ± 0.0 498.3 ± 31.4

130 5 89.5 ± 2.4% 28.4 ± 18.0 447.8 ± 54.1
10 89.4 ± 1.7% 0.0 ± 0.0 553.2 ± 20.1
20 82.7 ± 5.4% 0.0 ± 0.0 507.8 ± 16.9

150 5 85.4 ± 10.1% 0.0 ± 0.0 527.4 ± 32.8
10 90.3 ± 1.9% 0.0 ± 0.0 504.2 ± 26.5
20 83.6 ± 12.0% 0.0 ± 0.0 507.6 ± 45.3

a RCY of Boc-[18F]D3FSP ([18F]6) was determined by HPLC.
b Amounts of chemical impurities were calculated based on calibration curves (sup-

plementary Fig. S7).

Table 3
Amount of Boc-[18F]D3FSP ([18F]6) remaining in the reaction mixture when using differ-
ent acids for the deprotection for 5 min (n = 3) (data derived from HPLC, see Fig. S2).

Acid [18F]6

3 M HCl 0%
2 M H2SO4 0%
1 M TsOH 0%
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2.5. RCY, RCP and pseudocarriers in [18F]D3FSP ([18F]7) using the optimized
radiosynthesis and SPE purification method

The RCY and radiochemical purity (RCP) were measured by an
Agilent 1200 series HPLC system equipped with a gamma ray
radiodetector (Bioscan) and a UV/Vis detector (Agilent 1200 series).
The pseudocarriers remaining in the SPE-purified [18F]D3FSP ([18F]7)
product were identified by LC/MS, and the amounts were calculated
using calibration curves. HPLC chromatograms were acquired using an
Agilent Ascentis-C18 column (150 × 4.6 mm) and UV spectroscopic de-
tection at 350 nmwith a flow rate of 1 mL/min and the following gradi-
ent: 0–2 min: 95% A, 5% B; 2–5 min: 95%–30% A, 5%–70% B; 5–10 min:
30%–1% A, 70%–99% B; 10–15 min: 1%–95% A, 99%–5% B; and 15–
20min: 95% A, 5% B.Mobile phase Awaswater with 10mMammonium
formate buffer (AFB) andmobile phase B was ACN. LC/MS data were re-
corded in ESI positive ion mode on an Agilent G3250AA LC/MSD TOF
system (Santa Clara, CA). An Agilent Poroshell 120 EC-C18 column (50
× 3.0 mm) with UV spectroscopic detection at 350 nm were used with
a flow rate of 0.4mL/min and the same gradient conditions as described
above for the HPLC separation.

2.6. In vitro binding assay of [18F]D3FSP ([18F]7)

Postmortem AD brain tissues were homogenized and frozen at
−80 °C until being used in the binding assay. A competitive binding
assay was performed in PBS (pH = 7.4, containing 0.1% BSA) using
[18F]D3FSP ([18F]7) and 10−10–10−5 M cold competing drugs (“cold”
AV-45, D3FSP (7), OH-pseudocarrier (8), and Cl-pseudocarrier (10)).
Nonspecific binding was defined with 5.5 μM IMPY. After incubation
at 37 °C for 2 h, the bound and free radioactive material were separated
by vacuum filtration through GF/B filter paper using a Brandel M-24R
cell harvester. The filter papers were washed twice with cold Tris-HCl
buffer (50 mM, pH = 7.4), and the radioactivity on each filter paper
was counted with a gamma counter (Wizard2, Perkin-Elmer) with
50% efficiency. Competition experiments were analyzed using a
Table 2
RCY of Boc-[18F]D3FSP ([18F]6) in different solvents (n = 3).

Solventa RCY of [18F]6b

DMSO 73.9 ± 14.3%
DMF 44.6 ± 10.8%
DMA 15.8 ± 2.8%

a DMSO = Dimethyl sulfoxide; DMF = N,N-Dimethylformamide; DMA = N,N-
Dimethylacetamide.

b RCY of Boc-[18F]D3FSP ([18F]6) was determined by HPLC (Supplementary Fig. S1).
nonlinear regression algorithm, and the Cheng-Prusoff equation was
used to obtain the inhibition constant (Ki) values.

3. Results and discussion

3.1. Chemistry

Deuterated styrylpyridine derivatives 4–10 were successfully syn-
thesized by the reactions described in Scheme 1. Iodomethane-D3 was
reacted with tert-butyl (4-vinylphenyl)carbamate (2) to give deuter-
ated compound 3 in 96% yield. Compound 3 was coupled with 2-(2-
(2-((5-iodopyridin-2-yl)oxy)ethoxy)ethoxy)ethan-1-ol (1) to yield 4
in 65% yield. O-Tosylated compound 5 was assembled by the reaction
of compound 4 and m-toluenesulfonyl chloride in 93% yield and was
converted to fluoride compound 6 and chloride compound 9 with
tetrabutylammonium fluoride and lithium chloride in 85% and 80%
yields, respectively. Subsequently, the tert-butyl protecting groups of
4, 6 and 9 were removed by TFA to give 8, 7 and 10 in 86%, 82% and
76% yields, respectively. The major impurities in the intermediate,
Boc-[18F]D3FSP ([18F]6), were N-Boc protected 4 and 9; the final prod-
uct, [18F]D3FSP ([18F]7), contained OH-pseudocarrier 8 and Cl-
pseudocarrier 10. Authentic samples of these impurities were prepared,
and their LC/MS and HPLC profiles were determined to facilitate chem-
ical analysis.

Initially, N-Boc protected O-tosylate precursor 5 was prepared for
the fluorination reaction. A preliminary fluorination reaction with
[18F]F− was carried out. The intermediate, Boc-[18F]D3FSP ([18F]6), and
the final product, [18F]D3FSP ([18F]7), contained small amounts (20
and 2 μg per batch) of chloride derivatives 9 and 10. The compounds
were identified by comparison with authentic samples of 9 and 10
that had been prepared separately (using both LC/MS and HPLC pro-
files). It was suspected that the chloride impurities might be produced
during the initial fluorination and HCl deprotection reactions. However,
further studies using sulfuric acid and toluenesulfonic acid, which lack
chloride ions, for deprotection of the N-Boc group afforded similar
amounts of the chloride impurity (1–2 μg of Cl-pseudocarrier 10), sug-
gesting that HCl was not the source of Cl-pseudocarrier 10. To rule out
the possibility that N-Boc protected O-tosylated precursor 5 was not
the source of Cl-pseudocarrier 10, 5was further purified by HPLC to re-
move any impurities. When repurified 5 was labeled using the same
fluorination and deprotection strategy with HCl, the same amount of
Cl-pseudocarrier (1–2 μg of 10) was observed. Thus, by a process of
elimination, the most likely source of Cl-pseudocarrier 10 was the
[18F]F− solution, which was obtained from the PET/cyclotron at the Uni-
versity of Pennsylvania. Fortunately, the amount of Cl-pseudocarrier 10
in the final product ([18F]D3FSP ([18F]7)) was very small (2 ± 1 μg per
batch). One may also consider that a chloride containment might be
present in many other 18F tracers similarly produced from other O-
tosylated precursors.

One of the most important and widely used 18F labeling reactions is
the labeling of mannose 2-O-triflate for the synthesis of [18F]FDG
(Juelich method) [51]. Similarly, it was reported that a chloride impu-
rity, ClDG, was one of the impurities in final doses of [18F]FDG
[42,52,53]. It was suggested in that report that “it is unlikely that the
presence of small quantities of ClDG found in typical FDG preparations
(ca. 100 μg) would have adverse pharmacological or toxicological con-
sequence” [52].



Table 4
Removal of OH-pseudocarrier 8 and retention of [18F]D3FSP ([18F]7) on the cartridgewhen the SPE cartridgewaswashedwith 2 mL of increasing concentration of EtOH/H2O andACN/H2O.
The appropriate ranges of ACN/H2O and EtOH/H2O concentrationsweredefined as those thatmaximized the removal of OH-pseudocarrier 8 and the retention of [18F]D3FSP ([18F]7) on the
cartridge.

SPE cartridge 2 mL of ACN/H2O as the eluent 2 mL of EtOH/H2O as the eluent

Concentration of ACN/H2O Removal of 8 Retention of [18F]7 Concentration of EtOH/H2O Removal of 8 Retention of [18F]7

SPE c1 30–40% 0–91.0% 97.3–91.2% 30–40% 1.4–98.7% 4.1–97.3%
SPE c2 20–30% 71.8–98.3% 89.2–44.2% 30–40% 77.0–88.8% 66.3–46.3%
SPE c3 30–40% 25.5–98.7% 92.7–83.6% 70–80% 6.9–97.2% 97.0–35.4%
SPE c4 20–30% 65.9–96.6% 70.8–27.4% 20–30% 40.9–92.1% 79.3–23.2%
SPE c5 50–60% 81.4–95.7% 32.1–6.6% 50–60% 66.4–88.4% 40.3–14.1%
SPE c6 40–50% 42.3–98.0% 10.5–0% 40–50% 49.2–91.0% 64.1–13.6%
SPE c7 30–40% 5.3–95.9% 93.7–55.0% 30–40% 4.8–87.0% 96.3–31.2%

Note: SPE c1: Sep-Pak® light tC18 cartridge; SPE c2: Sep-Pak® light tC2 cartridge; SPE c3: Oasis HLB 3 cc cartridge; SPE c4: Sep-Pak® light C8 cartridge; SPE c5: CHROMAFIX® C18 hydra
cartridge; SPE c6: CHROMAFIX® C18 cartridge; SPE c7: CHROMAFIX® C4 cartridge.
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3.2. Fluorination reaction conditions of O-tosylated compound 5

A series of studies were carried out to determine the optimal fluori-
nation conditions. The radiochemical yield (RCY) of Boc-[18F]D3FSP
([18F]6) and the amounts of residual O-tosylated precursor 5 and pro-
duced Boc-OH-pseudocarrier 4 generated using different temperatures
and times were determined (Table 1). One objective of this study was
to maximize the RCY and to minimize the residual O-tosylated precur-
sor (residual precursor may complicate the solid-phase extraction
step). As shown in Table 1, the RCY of Boc-[18F]D3FSP ([18F]6) improved
with increasing reaction temperature (61% at 90 °C, 79% at 110 °C, 89%
at 130 °C and 90% at 150 °C in DMSO for 10 min). When fluorination
was carried out at 110 °C (20 min), 130 °C (10 min, 20 min) and
150 °C (5 min, 10 min, and 20 min), the precursor was completely con-
sumed, and comparable RCYs of Boc-[18F]D3FSP ([18F]6)were observed.

The RCY of Boc-[18F]D3FSP ([18F]6) was also dependent on the sol-
vent. As shown in Table 2, the RCYwas 74% in DMSO, whichwas higher
than those obtained in DMF and DMA (45% and 16%, respectively).
Therefore, DMSO was the solvent of choice. The optimized conditions
for fluorination were heating at 130 °C for 10 min, an under these con-
ditions O-tosylated precursor 5 was completely consumed.
3.3. Deprotection conditions of Boc-[18F]D3FSP ([18F]6)

The second step in the synthesis, the N-Boc deprotection reaction of
Boc-[18F]D3FSP ([18F]6), was carried out at 100 °C for 5 min using three
different acids, 3 M HCl, 2 M H2SO4 or 1 M TsOH, to give [18F]D3FSP
([18F]7). As shown in Table 3, all three acids showed comparable high
efficiencies (100% deprotection in 5 min). The reason for testing differ-
ent acids for removing the N-Boc protecting group was the possible in-
troduction of Cl-pseudocarrier 10when hydrochloric acid was used for
the deprotection (the introduction of Cl- ions into the solution might
have led to production of the undesired Cl-derivative). However, all
three acids effectively catalyzed the deprotection without introducing
additional undesired Cl-pseudocarrier 10 (Supplementary Figs. S2, S3
and S4). It is likely that the Cl- ions were introduced by the initial [18F]
fluoride solution. Considering the ease of use, HCl solution was used
for the deprotection via hydrolysis.
Table 5
Second optimized SPE purification using three different cartridges under different combination
N80% of [18F]D3FSP ([18F]7).

SPE cartridge Eluent

Sep-Pak® light tC18 cartridge 6 mL 30% ACN/H2O
6 mL 35% ACN/H2O
2 mL 40% ACN/H2O

Sep-Pak® light tC2 cartridge 6 mL 25% ACN/H2O
Oasis HLB 3 cc cartridge 8 mL 35% ACN/H2O
3.4. SPE purification of [18F]D3FSP ([18F]7)

After deprotection of the N-Boc group, the crude reaction mixture
was purified using SPE. Based on the UV-HPLC chromatogram of the
crude product, three major chemical impurities were expected
(Fig. 5B). They are OH-pseudocarrier 8 (530 ± 170 μg), D3FSP (7, 2 ±
1 μg) and Cl-pseudocarrier 10 (2 ± 1 μg). The goal of the SPE method
was to reduce the amount of chemical impurities and to minimize the
loss of [18F]D3FSP ([18F]7) asmuch as possible. Different concentrations
and volumes of EtOH/H2O and ACN/H2O were tested in conjunction
with seven different reversed-phase SPE cartridges (SPE c1: Sep-Pak®
light tC18 cartridge; SPE c2: Sep-Pak® light tC2 cartridge; SPE c3:
Oasis HLB 3 cc cartridge; SPE c4: Sep-Pak® light C8 cartridge; SPE c5:
CHROMAFIX® C18 hydra cartridge; SPE c6: CHROMAFIX® C18 car-
tridge; and SPE c7: CHROMAFIX® C4 cartridge).

First, 2 mL of different concentrations of EtOH/H2O and ACN/H2O
were used to wash the SPE cartridges (to maximize the removal of
OH-pseudocarrier 8 and the retention of [18F]D3FSP ([18F]7) on the car-
tridge). The appropriate ranges of ACN/H2O concentrations when using
a Sep-Pak® light tC18 cartridge, a Sep-Pak® light tC2 cartridge and an
Oasis HLB 3 cc cartridge were 30–40% ACN/H2O, 20–30% ACN/H2O and
30–40% ACN/H2O, respectively, and these solvent systems resulted in
N95% removal of OH-pseudocarrier 8 and N 80% retention of [18F]
D3FSP ([18F]7) on the cartridge, as shown in Table 4 (Supplementary
Fig. S5).

To enhance the efficiency of the SPE purification, three types of car-
tridges (Sep-Pak® light, tC2 andOasis 3 cc cartridges)were tested in de-
tail. They were washed with increasing volumes of the combinations of
solvents listed in Table 5. After HPLC analysis of the eluate, the opti-
mized SPE purification conditions were selected based on maximizing
the retention of [18F]D3FSP ([18F]7) and removing undesired OH-
pseudocarrier 8. As shown in Table 5, N95% of OH-pseudocarrier 8 was
removed, and N80% of [18F]D3FSP ([18F]7) was retained when the tC18
cartridge was washed with 6 mL of 30% ACN/H2O, 6 mL of 35% ACN/
H2O and 2 mL of 40% ACN/H2O; the tC2 cartridge was washed with
6 mL of 25% ACN/H2O; or the Oasis 3 cc cartridge was washed with
8 mL 35% of ACN/H2O. Among these SPE purification conditions, wash-
ing the tC18 cartridge with 6 mL of 30% ACN/H2O was selected as the
most efficient SPE purification conditions, as 98.0 ± 0.8% of the OH-
of conditions resulted in the removal of N95% of OH-pseudocarrier 8 and the retention of

Removal of 8 Retention of [18F]7

98.0 ± 0.8% 92.8 ± 0.1%
97.2 ± 0.1% 91.9 ± 1.7%
96.5 ± 2.4% 87.4 ± 3.5%
97.9 ± 0.2% 85.8 ± 3.1%
98.5 ± 0.0% 82.3 ± 5.2%



Fig. 4.Removal of OH-pseudocarrier 8 (red line) and retention of [18F]D3FSP ([18F]7) (blue
line) when the Sep-Pak® light tC18 cartridgewaswashedwith increasing volumes of 30%
ACN/H2O. Using the optimal conditions, as indicated by the dotted circle, 98.0 ± 0.8% of
OH-pseudocarrier 8 was removed, while 92.8 ± 0.1% of [18F]D3FSP ([18F]7) was
retained on the cartridge. When the Sep-Pak® light tC18 cartridge was washed with
6 mL of 30% ACN/H2O, it provided the best result in terms of maximizing the retention
of [18F]D3FSP ([18F]7) and removing undesired OH-pseudocarrier 8. (For interpretation
of the references to colour in this figure legend, the reader is referred to the web version
of this article.)
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pseudocarrier, 8, was removed and 92.8 ± 0.1% of [18F]D3FSP ([18F]7)
was retained on the cartridge (Supplementary Fig. S6).

Finally, the optimal purification of the crude reactionmixture of [18F]
D3FSP ([18F]7) could be achieved by loading the mixture onto a Sep-
Pak® light tC18 cartridge (pretreated with 10 mL of EtOH and 10 mL
of H2O). The cartridge was rinsed with 6 mL of 30% ACN to elute
unreacted [18F]F− and most of the OH-pseudocarrier, 8, and then the
cartridge was washed with 10 mL of H2O and 10 mL of 10% EtOH/H2O
to remove the residual ACN on the cartridge (see Fig. 4, the black dotted
circle). The desired product, [18F]D3FSP ([18F]7), was obtained by rins-
ing the cartridge with 2 mL of 50% EtOH/saline into a vial containing
8 mL of normal saline for injection.

3.5. RCY, RCP and pseudocarriers in [18F]D3FSP ([18F]7) using the optimized
radiosynthesis and SPE purification method

The optimized preparation of [18F]D3FSP ([18F]7) was implemented
in the following sequence. (1) The [18F] fluoride (37 to 370 MBq) was
trapped on a Sep-Pak® light QMA cartridge (preactivated with 10 mL
of 0.5 NNaHCO3 and 10mL of H2O) and elutedwith 1.1mL of the eluent
(K222 (11 mg)/K2CO3 (2 mg) in 0.93 mL of ACN and 0.17 mL of H2O)
into a reaction vial. The mixture was concentrated at 100 °C under a
stream of argon and azeotropically dried twice with the addition of
1 mL of anhydrous ACN. (2) The fluorination was initiated by adding
1 mg of the precursor, 5, dissolved in 1 mL of DMSO to the activated K
[18F]F/K222 complex. The reaction mixture was heated for 10 min at
130 °C. The reaction vial was cooled for 1 min, and then 1 mL of 3 M
HCl solution was added to remove the N-Boc group. The mixture was
heated at 100 °C for 5 min. After cooling to rt, the reaction mixture
was neutralized and diluted with 10 mL of 0.3 M NaOH solution. (3)
The SPE purification was carried out as follows: the reaction mixture
was loaded onto a Sep-Pak® light tC18 cartridge (pretreated with
10 mL of EtOH and 10 mL of H2O). The cartridge was rinsed with 6 mL
of 30% ACN to elute unreacted [18F] fluoride and most of OH-
pseudocarrier 8 and then with 10 mL of H2O and 10 mL of 10% EtOH/
H2O to flush out residual ACN from the cartridge. (4) The final product,
D3-[18F]FSP ([18F]7),was elutedwith 2mLof 50% EtOH/saline into a vial
containing 8 mL of normal saline for injection. The purity of the SPE-
purified [18F]D3FSP ([18F]7) for injection was analyzed by HPLC (Fig. 5).

Using this method, the RCY of [18F]D3FSP ([18F]7) was 44.4 ± 5.7%
(decay corrected, n = 10) with RCP N95% in 50 min. The labeling reac-
tion was carried out at a radioactivity level of 18–444 MBq. The HPLC
chromatograms of unpurified [18F]D3FSP ([18F]7) and SPE-purified
[18F]D3FSP ([18F]7) are shown in Fig. 5. There were 2 ± 1 μg of “cold”
carrier D3FSP (7) and 19 ± 5 μg of OH-pseudocarrier 8 (the quantity
of each was determined using calibration curves, see Supplementary
Fig. S7). The total mass in the 10 mL of SPE-purified [18F]D3FSP ([18F]
7) product was 21 ± 5 μg (per batch, n = 10), which is below the
total mass of chemical (50 μg) as indicated in the package insert of
[18F]AV-45 (florbetapir f 18, Amyvid).

In the future, clinical preparations of [18F]D3FSP ([18F]7) will be pre-
pared by an automatic synthesizer at a higher radioactivity level
(N3.7 GBq). There will be multiple clinical doses (the recommended
dose for Amyvid is 370 MBq) prepared in one run, and it is likely that
single doses will contain only a fraction of the 21 ± 5 μg measured
mass in one batch of preparation. The chemicalmass is unlikely to inter-
fere with Aβ plaque binding in the brain after iv injection. Similar to the
commercial production of [18F]FDG, the whole sequences of fluorina-
tion and SPE purification of [18F]D3FSP ([18F]7) as described above
will be easily translated to automation in a hot cell under GMP produc-
tion conditions. The step established in this paper for the preparation of
[18F]D3FSP ([18F]7) is suitable for implementation by regional
radiopharmacies, which will facilitate widespread clinical application
in a large patient population in China or in other locations around the
world.

3.6. In vitro binding assay of D3-[18F]FSP ([18F]7)

An in vitro binding assay was used to measure the binding affinities
of [18F]D3FSP ([18F]7) and the pseudocarriers using postmortem AD
brain homogenates. The inhibition constants (Ki, nM) of drugs that com-
petitively inhibit the binding of [18F]D3FSP ([18F]7) to Aβ plaques are
shown in Table 6. D3FSP, 7, displayed an excellent and comparable
binding affinity to that of AV-45 for Aβ plaques. OH-pseudocarrier 8,
which remained in the SPE-purified [18F]D3FSP ([18F]7) product, and
Cl-pseudocarrier 10 showed slightly lower binding affinities for Aβ
plaques than AV-45 and D3FSP (7). The presence of OH-pseudocarrier
8 was known, but the small amount of Cl-pseudocarrier 10 in the fluo-
rination reaction is not well established. Limiting the total chemical
mass in a single dose (b50 μg) for PET imaging studies is achievable.
The binding data reported in Table 6 also support the contention that
the chemical impurities will not interfere with the binding to Aβ aggre-
gates in AD brain.

Preliminary studies in humans (Dr. DeanWong, Johns Hopkins Uni-
versity, unpublished data, IND #137713) suggested that there were no
significant differences in the in vivo metabolic N-demethylation of
[18F]D3FSP ([18F]7) and [18F]AV-45. However, [18F]D3FSP ([18F]7)
displayed facile binding to Aβ plaques in AD patients similar to what
is observed with [18F]AV-45 in the same AD patient, and the pharmaco-
kinetic characteristics of the drugs were comparable [54]. [18F]D3FSP
([18F]7) appears to be a promising PET imaging agent for mapping Aβ
plaques in the brain. The originally hypothesized mechanism for im-
proving Aβ plaque imaging based on deuterium substitution of hydro-
gens on the N-methyl group to slow in vivo metabolism might not be
realized. In the case of this deuteratedN-methyl group, replacing hydro-
gen with deuterium offers no advantage. Although improving the phar-
macokinetic properties by deuteration for drug development has led to
a number of successes, this strategy is unlikely to be universally applica-
ble. Future applications of deuteration approaches require careful con-
sideration of the in vivo kinetics and metabolism. However,
preliminary results suggested that [18F]D3FSP ([18F]7) might serve as
a useful Aβ plaque imaging agent with comparable in vivo targeting
properties to those of [18F]AV-45 (florbetapir f18, Amyvid).

Since there are already three FDA-approved PET imaging agents
(Fig. 1) for imaging Aβ plaques, the obvious question of why another
me-too imaging agent is needed remains a relevant concern. A simple
answer is that there is no commercially available Aβ plaque imaging
agent in China. There are estimated to be over ten million AD patients
in China, and there is an urgent unmet clinical need for using PET Aβ
plaque imaging as a diagnostic tool. The population in China is aging
rapidly, and the potentialmarket for the diagnosis of patients suspected
of havingAD is larger than themarkets in theU.S. and Europe combined.
The commercial development of Aβ plaque-targeting imaging agents to



Fig. 5.HPLC profiles of (A) [18F]D3FSP ([18F]7) with radio detection, (B) unpurified [18F]D3FSP ([18F]7) with UV detection @ 350 nm and (C) SPE-purified [18F]D3FSP ([18F]7) with UV detection @ 350 nm. Threemain chemical impurities remained in
the crude product, including 530±170 μg of OH-pseudocarrier 8, 2± 1 μg of D3FSP 7, and 2±1 μg of Cl-pseudocarrier 10. Using SPE purification, themajority of the Cl-pseudocarrier, 10, was removed, and the amount of residual chemical impurities
was reduced to 21 ± 5 μg in the final 10-mL dose of [18F]D3FSP ([18F]7).
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Table 6
Inhibition constants (Ki values) of drugs competitively inhibiting the binding of [18F]D3FSP
([18F]7) to Aβ aggregates in AD brain homogenates (n = 3).

Drug Ki (nM)

AV-45 8.6 ± 0.5
D3FSP, 7 9.8 ± 0.5
OH-pseudocarrier, 8 19.5 ± 0.5
Cl-pseudocarrier, 10 18.6 ± 3.9
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serve patients in China is in great demand. Although there are anecdotal
reports of human studies performed in local Chinese hospitals as part of
research studies by individual neurologists, there is no widespread use
of Aβ plaque imaging for facilitating AD diagnosis. The logistics of set-
ting up regional radiopharmacies and registering this new product in
China are exceedingly challenging. However, as it stands, without
these efforts, there will be no routine clinical studies using PET Aβ
plaque imaging available for millions of Chinese patients requiring
these tests. Developing [18F]D3FSP ([18F]7) as a new Aβ plaque imaging
agent for the Chinese market might bypass thorny patent issues, allevi-
ate the unmet clinical need and serve a large number of patients
suspected of having AD in China. This is only a small step in meeting
the medical needs in a country with a massive population, but it is a
worthy effort.

4. Conclusion

In summary, the radiosynthesis and purification of [18F]D3FSP ([18F]
7) were optimized. Applying this improved method, a Sep-Pak® light
tC18 cartridge was rinsed with 6 mL of 30% ACN to eliminate unreacted
[18F] fluoride and most of OH-pseudocarrier 8. The final product, [18F]
D3FSP ([18F]7), was eluted with 2 mL of 50% EtOH/saline. The desired
product [18F]D3FSP ([18F]7) was obtained in a good radiochemical
yield and purity (RCY was 44.4 ± 5.7%, decay corrected; RCP was
N95%) in 50 min, instead of the 105 min required for HPLC purification
[55]. The product contains a very low content of pseudocarriers
(21.7 ± 5.5 μg per batch), and it will be suitable for human use. This
new simplifiedmethodmight ease the burden of daily routine prepara-
tion under GMPmanufacturing for clinical applications and facilitate the
diagnosis of Alzheimer's disease.
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