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Abstract

Accumulation of g-amyloid aggregates (Ag) in the brain is linked to the pathogenesis of
Alzheimer’s disease (AD). We report a novel approach for producing 1,4-diphenyltriazoles as
probes for targeting AS aggregates in the brain. The imaging probes, a series of substituted
tricyclic 1,4-diphenyltriazoles showing excellent binding affinities to Ag aggregates (Kj = 4-30
nM), were conveniently assembled by “click chemistry.” Two radioiodinated probes, [12°1]10a
and [251]10b, and two radiofluorinated probes, [18F]17a and [*8F]17b, exhibited moderate
lipophilicities and showed excellent initial brain penetrations and fast washouts from the normal
mouse brain. In vitro autoradiography of postmortem AD brain sections and homogenates showed
that these triazoles were binding to Ag plaques. Preliminary results strongly suggest that use of
click chemistry, which led to a 1,4-diphenyltriazole-based core, is a highly convenient and flexible
approach for assembling novel imaging agents for targeting AS aggregates in senile plaques in the
living human brain.

Introduction

Alzheimer’s disease (AD)2 is a neurodegenerative disorder of the brain predominantly
affecting the older population. Diagnosis of this disease is based on neurological
observations, which are often difficult and unreliable. There is an urgent unmet need for
specific probes targeting markers in the brain, which can facilitate the diagnosis of this
disease. It is generally believed that the accumulation of g-amyloid (ApB) aggregates (major
protein aggregates of senile plaques) in the brain is the hallmark of AD.1-3 Probes targeting
these AB aggregates in the brain may greatly facilitate the diagnosis of AD. Indeed,
radionuclide-labeled agents targeting the A8 aggregates have already been developed.*> A
diverse group of core structures (Figure 1) have demonstrated high in vivo and in vitro
binding to the AB aggregates present in the AD brain, including 4-A-methylamino-4'-
hydroxystilbene (1, SB-13),67 6-iodo-2-(4"-dimethylamino)phenyl-imidazo[1,2-4]pyridine
(2, IMPY),89 and 2-(4-methylaminophenyl)-6-hydroxybenzothiazole (3, PIB).1011 2-[1-(6-
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[(2-Fluoroethyl)(methyl)amino]naphthalen-2-yl)ethylidene]-malononitrile (4, FDDNP)12.13
binds to both plaques and tangles ( z aggregates). Additional core structures have been
reported,®10:14-21 g ggesting that there are a number of potential small molecules that can
fit into the binding pockets of Ag aggregates in the senile plaques of AD patients. It is
generally assumed that the p- AV-methyl- or p- M, A-dimethylaminophenyl-group is critical for
successful binding affinity. Modifications of the phenyl group on the other end of structures
1-3 are tolerated and may not alter the binding affinity.

Recently, we have reported a series of novel tricyclic 2,5-diphenylthiophene derivatives, 5a—
d, that contain a p- N-methyl-or p- N, A=dimethylaminophenyl- group (Figure 2).22 Some of
these diphenylthiophene compounds displayed excellent binding affinities (ranging from 3.9
to 31 nM, depending on the substitution patterns on the phenyl ring). The fluoroethyl-
substituted 2,5-diphenylthiophene, 5¢, showed excellent binding affinity. However, due to
the high lipophilicity associated with thiophenes, they were not evaluated further. To reduce
the lipophilicity, we modified the thiophene ring by substituting the ring with triazoles,
which can be quickly assembled by “click chemistry”. The use of “click chemistry”,
modified Huisgen condition,23 to quickly assemble various interesting molecules has
attracted a lot of interest as an approach for drug development.24-30 Click chemistry
reactions, which commonly employ a Cu(l)-catalyzed azide—alkyne cycloaddition
(CuAAC), have several distinctive advantages, including use of modular and fragment-
based reagents, wide scope, stereospecificity, easy separation, and high yield.31-33
Resveratrol, 6, is a natural antioxidant normally present in red wine, which may modify the
metabolism of lipoproteins and may have beneficial effects of antioxidants.2% A group of
compounds, 7, triazole-modified analogues of 6, were prepared by click chemistry and
tested (Figure 2). This quick assembly method is particularly suited for generating
diversified substitution groups and developing novel agents for studying biologically
important processes and targeted binding sites. The reaction shows great promise for
discovery applications because it combines the synthesis and screening of libraries, which
can be done by microfluidics.24:34

Recently, “hot click reactions” have been applied in the preparation of radiopharmaceuticals
in situ.35-37 In these reports, radiolabeling fragments were “clicked” to form the F-18
labeled radiopharmaceuticals. Besides, the click reaction have also been utilized to assemble
the chelates, which were further used for the radiolabeling.38:39 Herein we used “cold” click
chemistry to assemble a novel series of diphenyltriazoles as probes for the investigation of
specific binding site(s) on A protein aggregates. Following a “cold” click approach, several
diphenyltriazole derivatives as analogues of stilbenes (previously tested AS plaque-specific
imaging agents) were prepared, subsequently radiolabeled, and evaluated as potential
candidates for positron emission tomography (PET) or single photon emission computerized
tomography (SPECT) imaging of amyloid plaques.

The rationale for using “cold” click chemistry for developing new radiopharmaceuticals is
based on several unique features: (1) synthesis can be broken down to fragments and the key
assembling step can readily be accomplished by “click” reaction; (2) the reaction can be
adapted to fragments with various substitution groups and therefore facilitate the assembly
of diversified groups of substituting groups; (3) the core structure (tricyclic ring system of
diphenyltriazole) contains three nitrogens, which reduce the lipophilicity as compared to
thiophene analogues; (4) additional variations of the triazole ring, containing combinations
of an assortment of nitrogen and oxygen atoms, may further extend the range of five-
membered rings suitable for providing probes with high binding affinities; and (5) various
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substitution groups on the tricyclic ring systems may modulate the biological kinetics, thus
leading to probes with improved signal-to-noise ratios in PET or SPECT imaging.

The Cu-catalyzed method reported by Sharpless and coworkers?® was introduced to
assemble the iodinated ligands 10a (70%) and 10b (98%) (Scheme 1). A combination of
copper-(I1) sulfate/sodium ascorbate was utilized in situ to prepare the copper(l) species, and
a “click reaction” was achieved in 1 day at the room temperature. Subsequently, a
palladium-catalyzed trans-stannylation afforded the tributyltin precursors 11a and 11b for
radiolabeling with 45% and 66% yields, respectively. In order to radioiodinate the ligands,
the standard iododestannylation reactions, using sodium [12I]iodide, hydrogen peroxide,
and hydrochloric acid, were successfully applied to yield [12°1]-10a and [1251]10b with
excellent yields (80-85%) and greater than 95% radiochemical purities.

A one-pot two-step approach reported by Fokin and coworkers*0 was utilized to synthesize
the fluoro- and hydroxypegylated diphenyltriazole derivatives 13a,b (Scheme 2). By directly
reacting alkylated iodobenzene 12a,b, terminal alkyne 8a,b, and sodium azide in one pot,
the desired diphenyltriazoles 13a,b were synthesized with acceptable yields (62% and 65%).
Furthermore, the reaction between 13b and diethylaminosulfur trifluoride (DAST), which
was performed under 0 °C over 0.5 h, provided the fluoropegylated ligand 13c in 20% vyield.

The desired diphenyltriazole derivatives 15a,b were prepared by a modified one-pot two-
step approach (Scheme 3), which was developed by Liang and co-workers.# In this
reaction, a chelating ligand trans-N, N -dimethyl-1,2-cyclohexanediamine, copper(l) iodide,
and an equal amount of sodium ascorbate were used as the catalysts. The desired reactions
were accomplished at room temperature in 3 h, with yields of 99% and 92%, respectively.
The alcohols 15a,b were then converted to the tosylates 16a,b (96% and 90%), and a
microwave-assisted fluorination reaction afforded final products 17a,b (80% and 99%).

To obtain [18F]17a and [*8F]17b, the corresponding tosylated precursors 16a and 16b were
reacted with [18F]fluoride in the presence of Kryptofix 222 and potassium carbonate in
DMSO at 120 °C for 4 min. The resulting F-18 labeled crude products were purified by
HPLC (Figure 3). The desired products were obtained in 70 min, and the specific activities
at the end of synthesis were 600 and 800 mCi/umol for [18F]17a and [18F]-17b,
respectively. The radiochemical purities were >99% for both ligands, and the radiochemical
yields were 50% for [18F]-17a and 30% for [18F]17b (decay-corrected).

Biological Studies

Several of the diphenyltriazoles here synthesized displayed excellent to good binding
affinities (Table 1). Two iodophenyltriazole derivatives, 10a and 10b, effectively competed
with [1221]2 binding, showing comparable and lower K; values of 4.0 + 0.4 and 8.0 = 1.6
nM, respectively.

In order to simplify the radiolabeling of F-18 agents and modulate lipophilicity of potential
probes targeting AB aggregates, we had previously developed a series of fluoropegylated
stilbene and styrylpyridine derivatives.18:4243 The “hot” fluorination reaction can be readily
accomplished by a nucleophilic substitution of a mesylated or tosylated terminal leaving
group by an activated fluoride ion. When a fluoropegylated chain was added to one end of
the phenyl group, it led to two active diphenyltriazoles, 13a and 13c. A higher binding
affinity was observed for 13c (K; = 8.4 + 1.7 nM) as compared to 13a (K = 30.0 £ 6.0 nM).
Compared to 13c, a slightly lower binding affinity for the hydroxypegylated derivative 13b
was obtained (K = 16.5 = 3.3 nM). Similarly, two fluoroalkyl triazoles 17a and 17b had K;
values of 5.0 £ 1.0 and 6.2 + 1.2 nM, respectively, indicating that they could effectively
compete with [12%1]2 binding to amyloid plaques. After replacement of the fluoro group of
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17a or 17b with a hydroxy group, the binding affinities of the resulting triazoles showed a
slight (Kj = 10.0 £ 2.0 nM for 15a) to a significant reduction (Kj = 75.0 £ 10 nM for 15b).

On the basis of the encouraging in vitro binding data obtained for 10a, 10b, 17a, and 17b,
we chose to carry out further biological evaluations on the corresponding I-125 or F-18
labeled probes. It was anticipated that eventually the 1-125 or F-18 labeling probes would be
suitable for imaging with SPECT or PET. Because the probes need to penetrate the brain
easily after iv injection, the partition coefficient (PC, commonly measured as log A) is an
important factor for consideration. A moderate lipophilicity (log £= 1-3.5) is highly
desirable. The radiofluorinated diphenyltriazoles [1F]17a and [18F]17b had lower PCs (log
P=2.7 for both) as compared to the two radioiodinated triazoles, [1251]10a and [*251]10b,
which had log Pvalues of 3.0 and 3.4, respectively. When normal mice were evaluated for
whole animal distribution, these radiolabeled triazoles displayed excellent initial brain
penetrations (6-9.5% ID/g at 2 min) (Figure 4). The initial high brain uptakes (at 2 min after
the injection) observed for these radiolabeled probes, especially for the radioiodinated
probes [125]]10a and [1221]10b, were subsequently followed by rapid washout with less than
0.5% ID/g remaining in the brain at 2 h after the injection. [18F]-17a and [*8F]17b appeared
to show fast washouts initially, but this was followed by gradually slower rates of clearance
from the mouse brain, resulting in higher residual radioactivities (1-2% ID/g at 2 h after
tracer injection). Thus, the two iodinated probes [12°1]10a and [12°1]10b had higher and
better brain washout indexes (brainomin/brainsgmin) of 5.66 and 3.72, respectively. [18F]17a
and [*8F]17b had lower indexes of 2.34 and 2.31, respectively, which is less favorable for
Ap plaque detection,>10

It is worth noting that there was a significant amount of in vivo defluorination (reflected by
bone uptake) observed with [18F]17a (4.64% ID/g, Supporting Information) and [18F]17b
(18.59% 1D/g, Supporting Information). These values are 5-10 times higher as compared to
the values reported for previous PET ligands.18:2043 The unfavorable in vivo stability of
these two fluoroalkylated triazoles make them less attractive as potential imaging agents. It
has been previously demonstrated that F-18 labeled stilbene and styrylpyridine derivatives
containing three PEG units are not significantly defluorinated in vivo.18:2042:43 \we are
currently evaluating [18F]13c (which contains three PEG units) as an improved PET imaging
agent. The preliminary data clearly indicated the more stable nature of [18F]13c. Detailed
evaluations of this ligand as a more suitable PET ligand will be reported in a separate
publication.

To investigate the ability of these probes to bind with Ag aggregates in human brain tissues,
we have carefully constructed a macroarray block of postmortem human brain samples
consisting of seven confirmed AD cases. After sectioning of this macroarray block, adjacent
sections, which reflect a comparable pathophysiology, were used. In vitro film
autoradiography was carried out using these novel 1-125 or F-18 labeled diphenyltriazole
probes. Among the probes examined, [18F]17a and [18F]17b exhibited the most distinctive
Ap plaque-labeling and a minimal level of background in the white matter areas of AD brain
(Figure 5). The labeling pattern was consistent with that observed by immunohistochemical
labeling with an antibody (4G8) specific for AB (data not shown). In addition to plaque
labeling, [*2°1]10a displayed significant white matter labeling under a similar incubation
condition. A similar pattern was also observed for [12°1]10b (data not shown). The higher
background labeling observed for [12°1]10a and [12°1]10b may be related to their higher
lipophilicity (log A= 3.0 and 3.4, respectively).

To further characterize the specificity of plaque binding, we evaluated [12°1]10a and
[18F]17a with a direct in vitro binding assay using homogenates (from different brain
regions) prepared from AD and control brain tissues. For both ligands the signal for specific
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binding was detected predominantly in the gray matter homogenates of AD. In contrast, in
white matter homogenates of AD brain, the binding signals for both [12°1]-10a and [18F]17a
were very low or nonexistent (Figure 6). In the homogenates of control brain tissues (both
gray and white matters), the specific binding signal was low, suggesting that the specific
binding was highly selective to the AD brain due to the presence of AS plaques in these
brain samples.

In conclusion, by use of convenient click chemistry, a series of substituted tricyclic
diphenyltriazoles were successfully prepared as potential PET and SPECT imaging agents
for targeting AB plaques in the brains of patients with AD. These diphenyltriazole
derivatives showed excellent binding affinities to Ag plaques (K in the nanomolar range).
The radiolabeled diphenyltriazoles, especially 1-125 labeled 10a and 10b, also had very
good in vivo properties—high initial uptake and fast washout in normal mice. Specific
plaque-binding was clearly delineated by 1-125 or F-18 labeled diphenyltriazoles. Taken
together, these diphenyltriazole probes demonstrate promising in vitro and in vivo
characteristics and they may provide a convenient platform for development of new imaging
agents targeting amyloid plaques in the brain.

Experimental Section

General Information

All reagents used were commercial products and were used without further purification
unless otherwise indicated. Flash chromatography (FC) was performed on silica gel 60
(230-400 mesh, Sigma—Aldrich). Preparative thin-layer chromatography (PTLC) was
performed on silica gel plates with a fluorescent indicator that was visualized with light at
254 nm (Analtech). For each procedure, “standard workup” refers to the following steps:
addition of the indicated organic solvent, washing the organic layer with water and then
brine, separation of the organic layer from the aqueous layer, drying off the combined
organic layers with sodium sulfate or magnesium sulfate, filtering off the solid, and
concentrating the filtrate under reduced pressure. Microwave-assisted reactions were
performed in a Initiator microwave reactor (Biotage). *H NMR spectra were obtained at 200
MHz, and 13C NMR spectra were recorded at 50 MHz (Bruker DPX spectrometer).
Chemical shifts were reported as & values (parts per million) relative to internal
tetramethylsilane (TMS). Coupling constants are reported in hertz. The multiplicity is
defined by s (singlet), d (doublet), t (triplet), br (broad), or m (multiplet). High-resolution
MS experiments were performed at the McMaster Regional Centre for Mass Spectrometry
on a Micromass/Waters GCT instrument (GC-EI/CI time-of-flight mass spectrometer).
Elemental analyses were performed by Atlantic Microlab INC. Analytical HPLC analysis
was carried out on an Agilent 1100 series LC. Two systems were used to confirm the purity
of some compounds listed in this section. System A conditions: Phenomenex Gemini 5u
C18 110A reverse-phase analytical column (250 x 4.6 mm, 5 zzm), 70/30 CH3CN/1 mM
ammonium formate (pH = 7) water buffer, 1.0 mL/min, UV 292 nm. System B conditions:
Phenomenex silica column (4.6 x 250 mm, 5 zm), EtOAc/hexanes (from 30/70 to 80/20),
1.0 mL/min, UV 292 nm. All compounds reported in this paper showed greater than 95%
purity in both systems.

4-[1-(4-lodophenyl)-1H-1,2,3-triazol-4-yl]-N-methylbenzenamine (10a)—Alkyne
8a (0.042 g, 0.32 mmol), azide 9 (0.32 mmol, 0.079 g), and sodium ascorbate (0.16 mL,
fresh prepared 1.0 M solution) were added into t-butanol/H,0 (1/1 v/v, 2 mL) and the whole
mixture was degassed with nitrogen for 10 min. Copper(ll) sulfate (CuSQy,, 1.0 M aqueous
solution, 16 uL) was added and the reaction mixture was vigorously stirred at room
temperature (rt) for 24 h. After dilution with ice-cold water (10 mL), the mixture was
filtered and washed with cold water and ice-cold Et,O. The solid was dried under vacuum to
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afford 10a (0.084 g, 70%) as a pale green solid. 1H NMR [(CD3),CO] 68.75 (s, 1H), 7.99
(d, 2H, J=8.8 Hz), 7.82-7.72 (m, 4H), 6.69 (d, 2H, J= 8.7 Hz), 5.19 (br s, 1H), 2.85, 2.83
(s, 3H, -NCH3). 13C NMR (DMSO0-a) 6150.0, 148.4, 138.5, 136.4, 126.4, 121.6, 117.3,
117.0,111.7, 93.7, 29.6. HRMS calcd for C15H13IN,4 (M*), 376.0185; found, 376.0168.

4-[1-(4-lodophenyl)-1H-1,2,3-triazol-4-yl]-N,N-dimethylbenzenamine (10b)—
Following the procedure in the preparation of 10a, compound 10b was prepared from alkyne
8b (0.073 g, 0.50 mmol) and 9 (0.147 g, 0.60 mmol) as a pale yellow solid (0.191 g, 98%
yield). 1H NMR [(CD3),CO] 68.81 (s, 1H), 7.99 (d, 2H, J= 8.9 Hz), 7.86-7.73 (m, 4H),
6.84 (d, 2H, J= 8.9 Hz), 3.00 (s, 6H). 13C NMR (DMSO-a) §150.3, 148.1, 138.5, 136.4,
126.2,121.6, 121.5, 117.7, 117.3, 112.3, 93.8. HRMS calcd for C1gH15IN4 (M), 390.0341;
found, 390.0332. Anal. (C1gH15IN4) C, H. N: calcd, 14.36; found, 14.47.

N-Methyl-4-[1-(4-tributylstannylphenyl)-1H-1,2,3-triazol-4-yllbenzenamine (11a)
—A mixture of 10a (0.041 g, 0.11 mmol), bis(tributyltin) [(BusSn),, 0.319 g, 0.55 mmol],
and palladium tetrakistriphenylphosphine [Pd(PPhs)4, 0.013 g, 10 mol %] in toluene was
heated at 100 °C for 4 h. The reaction solution was cooled to rt and treated with 5 mL of
10% KF. After vigorous stirring for an additional 0.5 h, the standard workup with EtOAc
and following PTLC (EtOAc/hexanes, 30/70) afforded 11a as a pale yellow solid (0.026 g,
45%). IH NMR (CDCl3) 68.05 (s, 1H), 7.77-7.70 (m, 4H), 7.62 (d, 2H, J= 8.3 Hz), 6.70
(d, 2H, J=8.6 Hz), 3.86 (br s, 1H), 2.91, 2.90 (s, 3H, -NCH3), 1.66-1.50 (m, 6H), 1.45-1.27
(m, 6H), 1.15-1.01 (m, 6H), 0.91 (t, 9H, J= 7.2 Hz). 13C NMR (CDCl3) §149.7, 149.1,
143.4,138.1, 137.8, 137.4, 137.3, 127.2, 120.3, 119.9, 119.6, 119.5, 116.1, 112.7, 30.8,
29.5,29.3,29.1, 28.1, 27.5, 27.0, 13.9, 13.4, 13.2, 10.0, 6.7, 6.5. HRMS calcd for
Co7H41N4Sn (M+ + H+), 541.2353; found, 541.2366.

N,N-Dimethyl-4-[1-(4-tributylstannylphenyl)-1H-1,2,3-triazol-4-yl]lbenzenamine
(11b)—In accordance with the procedure for the preparation of 11a, compound 11b was
prepared from 10b (0.039 g, 0.1 mmol) as a light yellow solid (0.037 g, 66% yield). 1H
NMR (CDCl3) 68.06 (s, 1H), 7.81-7.72 (m, 4H), 7.62 (d, 2H, /= 8.4 Hz), 6.81 (d, 2H, J=
8.9 Hz), 3.02 (s, 6H), 1.66-1.50 (m, 6H), 1.45-1.24 (m, 6H), 1.15-1.02 (m, 6H), 0.91 (t, 9H,
J=7.1Hz). 13C NMR (CDCls) §150.7, 149.0, 143.4, 138.1, 137.7, 137.4, 137.3, 127.2,
127.0, 120.3, 119.9, 119.5, 118.7, 116.1, 112.7, 40.6, 29.4, 29.2, 29.0, 28.1, 27.5, 26.9, 13.8,
13.3,13.2,9.9, 6.7, 6.5. HRMS calcd for Cy7H49N4Sn (M), 554.2431; found, 554.2433.

4-(1-[4-(2-[2-(2-Fluoroethoxy)ethoxy]ethoxy)phenyl]-1H-1,2,3-triazol-4-yl)-N-
methylbenzenamine (13a)—To a 20 mL scintillation vial were added alkyne 8a (0.040
g, 0.3 mmol), iodobenzene 12b (0.106 g, 0.3 mmol), Na,CO3 (0.003 g, 0.03 mmol), L-
proline (0.0035 g, 0.003 mmol), NaN3 (0.029 g, 0.45 mmol), sodium ascorbate (0.006 g,
0.03 mmol), CuSOq4 (1.0 M aqueous solution, 0.015 mL), and 1.0 mL of mixed solvent
DMSO and H,0 (9/1 v/v). After being purged by nitrogen 10 min, the reaction mixture was
heated to 65 °C for 24 h. It was cooled down to rt, poured into diluted ammonia (20 mL),
and extracted with EtOAc (3 x 15 mL). The combined organic phase was washed with brine
(2 x 10 mL), dried over Na,SOy, filtered, and concentrated. The residue was submitted to
FC (EtOAc/hexanes, 70/30) to afford a light brown solid 13a (0.745 g, 62%). 1H NMR
(CDCl3) 67.97 (s, 1H), 7.76-7.63 (m, 4H), 7.06 (dt, 2H, /4 = 9.0 Hz, 4 = 2.7 Hz), 6.72(d,
2H, J= 8.6 Hz), 4.72-4.68 (m, 1H), 4.49-4.44 (m, 1H), 4.20 (t, 2H, J= 2.5 Hz), 3.94-3.68
(m, 8H), 2.90 (s, 3H). 13C NMR (CDCl3) §159.0, 149.6, 148.9, 131.0, 127.1, 122.1, 119.5,
116.4, 115.6, 112.6, 85.0, 81.6, 71.04, 71.00, 70.8, 70.4, 69.8, 68.0, 30.7. HRMS calcd for
Cp1Ha5FN4O3 (M*), 400.1911; found, 400.1895.
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2-(2-[2-(4-[4-(4-Dimethylaminophenyl)-1H-1,2,3-triazol-1-yl]-
phenoxy)ethoxylethoxy)ethanol (13b)—In accordance with the procedure for the
preparation of 13a, compound 13b was prepared from 12a (0.176 g, 0.5 mmol) as a light
yellow solid (0.135 g, 65% yield). 1H NMR (CDCl3) §7.97 (s, 1H), 7.76 (d, 2H, J=8.7
Hz), 7.64 (d, 2H, J= 8.9 Hz), 7.02 (d, 2H, /= 8.9 Hz), 6.79(d, 2H, J= 8.6 Hz), 4.17 (t, 2H, J
= 4.6 Hz), 3.85 (t, 2H, J= 4.6 Hz), 3.72-3.60 (m, 8H), 2.99 (s, 6H), 2.61 (br s, 1H). 13C
NMR (CDCl3) §159.0, 150.5, 148.8, 131.0, 129.4, 126.9, 122.1, 116.5, 115.6, 112.8, 72.6,
71.0, 70.5, 69.8, 68.0, 61.9, 40.7. HRMS calcd for C,H,gN404 (MY), 412.2111; found,
412.2106.

4-(1-[4-(2-[2-(2-Fluoroethoxy)ethoxy]ethoxy)phenyl]-1H-1,2,3-triazol-4-yl)-N,N-
dimethylbenzenamine (13c)—To a stirred solution of 13b (0.062 g, 0.15 mmol) in
CH,Cl; (5 mL) cooled with an ice bath (0 °C) was added diethylaminosulfur trifluoride
(DAST, 0.039 mL, 0.30 mmol) dropwise. After addition, the reaction mixture was
maintained at 0 °C for 0.5 h and was submitted to PTLC (EtOAc/hexanes, 70/30) to provide
13c as a light brown solid (0.013 g, 21%). 1H NMR (CDCl3) §7.99 (s, 1H), 7.79 (d, 2H, J=
8.7 Hz), 7.68 (d, 2H, J=9.0 Hz), 7.06 (d, 2H, J= 9.0 Hz), 6.86 (d, 2H, J= 8.1 HZz), 4.70 (t,
1H, J=4.2 Hz), 4.46 (t, 1H, J=4.2 Hz), 4.21 (t, 2H, J= 4.7 Hz), 3.93-3.68 (m, 8H), 3.02 (s,
6H). 13C NMR (CDCls3) §159.2, 148.8, 131.1, 127.1, 122.2, 116.6, 115.7, 113.4, 85.0, 81.7,
71.2,71.1,70.9, 70.5, 70.0, 69.8, 68.1, 41.1. HRMS calcd for Cy,H,7FN4O3 (M™),
414.2067; found, 414.2067.

2-(4-[4-(4-Dimethylaminophenyl)-1H-1,2,3-triazol-1-yl)phenoxy]-ethanol (15a)—
To a 15 mL two-neck flask were added alkyne 8b (0.145 g, 1.0 mmol), iodobenzene 14a
(0.264 g, 1.0 mmol)), trans-N, N -dimethyl-1,2-cyclohexanediamine (0.024 mL, 0.15 mmol),
NaN3 (0.072 g, 1.1 mmol), sodium ascorbate (0.02 g, 0.10 mmol), Cul (0.019 g, 0.10
mmol), and 3 mL of mixed solvent DMSO and H,O (5/1 v/v). The reaction mixture was
purged by nitrogen for 10 min and then was vigorously stirred at rt for 3 h. After dilution
with ice-cold water (15 mL), the solution was filtered and washed with ice-cold water and
ice-cold Et,0. The solid was dried to afford a pale yellow solid 15a (0.323 g, 98%

yield). IH NMR [(CD3),-CQ] 68.64 (s, 1H), 7.87-7.76 (m, 4H), 7.16 (dt, 2H, J/; = 9.1 Hz,
b =2.8Hz), 6.83 (dt, 2H, 4 = 9.0 Hz, . = 2.1 Hz), 4.17 (t, 2H, J= 4.8 Hz), 4.03-3.88 (m,
3H, -OH, -CH5), 3.00 (s, 6H). 13C NMR [(CD3),CO] 6§160.1, 151.6, 149.4, 131.9, 127.4,
122.5,120.0, 117.6, 116.4, 113.4, 71.2, 61.4, 61.3, 40.6. HRMS calcd for C1gHo9N40,
(M%), 324.1586; found, 324.1583.

3-(4-[4-(4-Dimethylaminophenyl)-1H-1,2,3-triazol-1-yl]phenoxy)propan-1-ol
(15b)—In accordance with the procedure for the preparation of 15a, compound 15b was
prepared from iodobenzene 14b (0.278 g, 1.0 mmol) as a pale yellow solid (0.310 g, 92%
yield). IH NMR [(CD3),CQ] 68.64 (s, 1H), 7.85-7.78 (m, 4H), 7.15 (dt, 2H, J;, = 9.0 Hz, J
=2.7Hz), 6.83 (d, 2H, J=8.9 Hz), 4.20 (t, 2H, J= 6.3 HZz), 3.75 (t, 2H, J= 6.0 HZz), 2.99 (s,
6H), 2.00 (pentet, 2H, J= 6.2 Hz). 13C NMR [(CD3),CO] §160.2, 151.6, 131.8, 127.4,
122.6, 120.0, 117.7, 116.3, 113.4, 66.2, 59.1, 58.9, 40.6, 33.4. HRMS calcd for C1gH»3N40;
(M + H*), 339.1822; found, 339.1825.

2-(4-[4-(4-Dimethylaminophenyl)-1H-1,2,3-triazol-1-yl]|phenoxy)ethyl 4-
Methylbenzenesulfonate (16a)—To a stirred solution of 15b (0.162 g, 0.5 mmol) in
CH,Cl; (5 mL) cooled with an ice bath (0 °C) were added Et3N (0.35 mL, 2.5 mmol), p-
toluenesulfonyl chloride (TsCl, 0.143 g, 0.75 mmol) and a catalytic amount of 4-
dimethylaminopyridine (DMAP, 0.005 g). After the solution was maintained at 0 °C for 10
min, the ice bath was removed, and the reaction was kept at rt for 3 h and then submitted to
standard workup (solvent, CHCIl3/MeOH 90/10). The crude product was purified by FC
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(CHCIl3/MeOH 97/3) to provide a pale white solid (0.228 g, 96%). 1H NMR (CDCls) 5§8.01
(s, 1H), 7.86-7.79 (m, 4H), 7.67 (d, 2H, J= 9.0 Hz), 7.37 (d, 2H, J= 8.5 Hz), 6.96-6.91 (m,
4H), 4.44-4.40 (m, 2H), 4.25-4.21 (m, 2H), 3.05 (s, 6H), 2.47 (s, 3H). 13C NMR (CDCls) &
158.3, 148.8, 145,3, 132,8, 131.3, 130.0, 128.1, 126.9, 122.2, 116.8, 115.6, 113.2, 68.1,
66.0, 40.8, 21.7.

3-(4-[4-(4-Dimethylaminophenyl)-1H-1,2,3-triazol-1-yl]phenoxy)propy! 4-
methylbenzenesulfonate (16b)—In accordance with the procedure for the preparation
of 16a, compound 16b was prepared from alcohol 15¢ (0.169 g, 0.5 mmol) as a pale white
solid (0.221 g, 90% yield). 1H NMR [(CD3),CO] 68.65 (s, 1H), 7.84-7.77 (m, 6H), 7.40 (d,
2H, J=8.0 Hz), 7.03 (dt, 2H, /4, = 9.0 Hz, », = 2.8 Hz), 6.83 (d, 2H, /= 8.9 Hz), 4.29 (t, 2H,
J=6.0 Hz), 4.08 (t, 2H, J=5.9 Hz), 2.99 (s, 6H), 2.38 (s, 3H), 2.16 (pentet, 2H, J=6.0

Hz). 13C NMR [(CD3),CO] 6159.6, 151.6, 145.9, 131.0, 128.7, 127.4, 126.1, 122.5, 120.0,
117.7,116.2, 113.4, 68.2, 64.7, 40.6, 21.6.

4-(1-[4-(2-Fluoroethoxy)phenyl]-1H-1,2,3-triazol-4-yl)-N,N-
dimethylbenzenamine (17a)—To a solution of tosylate 16a (0.096 g, 0.20 mmol) in
THF (1 mL) was added TBAF solution (1.0 M in THF, 1.0 mL). The reaction solution was
heated in the microwave reactor at 110 °C for 0.5 h. After cooling and standard workup with
EtOAcC, the residue was purified by PTLC (EtOAc/hexanes, 50/50) to afford 8c as a light
brown solid (0.052 g, 80%). 1H NMR [(CD3),CO] &8.65 (s, 1H), 7.90-7.78 (m, 4H), 7.20
(dt, 2H, 4, = 9.1 Hz, /b = 2.8 Hz), 6.83 (d, 2H, J= 8.9 Hz), 4.96-4.923 (m, 1H), 4.72-4.68
(m, 1H), 4.48-4.44 (m, 1H), 4.33-4.29 (m, 1H), 3.00 (s, 6H). 13C NMR [(CD3),CO] &
159.6, 151.7, 149.4, 132.3, 127.4, 122.6, 120.0, 117.7, 116.4, 113.4, 84.6, 81.3, 69.0, 68.6,
40.6. HRMS calcd for C1gH19FN4O (M™), 326.1543; found, 326.1532.

4-(1-[4-(3-Fluoropropoxy)phenyl]-1H-1,2,3-triazol-4-yl)-N,N-
dimethylbenzenamine (17b)—In accordance with the procedure for the preparation of
17a, compound 17b was prepared from tosylate 16b (0.099 g, 0.2 mmol) as a white solid
(0.068 g, 100% yield). 1H NMR [(CD3),CO] 68.64 (s, 1H), 7.88-7.78 (m, 6H), 7.18 (dt,
2H, /; = 6.8 Hz, 5, = 2.8 Hz), 6.83 (d, 2H, J=8.9 Hz), 4.79 (t, 1H, J=5.9 Hz), 4.56 (t, 1H, J
=5.9 Hz), 4.23 (t, 2H, J= 6.2 Hz), 2.99 (s, 6H), 2.28 (pentet, 1H, /= 6.0 Hz), 2.15 (pentet,
1H, J= 6.0 Hz). 13C NMR [(CD3),CO] 6§159.8, 151.6, 149.4, 132.1, 127.4, 122.6, 120.0,
117.7,116.3, 113.4, 83.1, 79.9, 65.0, 40.6, 31.4, 31.0. HRMS calcd for C1gH»oFN4O (M +
H*), 341.1779; found, 341.1776.

Radiolabeling

(1) Radioiodination—The radioiodinated compounds [12°1]10a and [12°1]10b were
prepared via iododestannylation reactions from the corresponding tributyltin precursors 11a
and 11b according to the method described previously.*44® Hydrogen peroxide (50 L, 3%
w/v) was added to a mixture of 50 uL of the tributyltin precursor (4 pg/uL EtOH), 50 uL of
1 N HCI, and [12%1]-Nal (1-5 mCi purchased from Perkin-Elmer) in a sealed vial. The
reaction was allowed to proceed for 10 min at room temperature and terminated by the
addition of 100 uL of saturated NaHSO4 solution. The reaction mixture neutralized with 1.5
mL of saturated NaHCO3 solution was loaded on a small preconditioned C-4 minicolumn.
After sequential rinsing with 10% and 20% EtOH solutions, the desired products [12°1]10a
and [1251710b were obtained. The radiochemical purity was checked by HPLC on a
reversed-phase column (Phenomenex Gemini C18 analytical column, 4.6 x 250 mm, 5 zm,
CH3CN/ammonium formate buffer (1 mM) 8/2; flow rate 0.5 mL/min). The no-carrier-
added products were stored at =20 °C up to 6 weeks for animal studies, homogenate
binding, and autoradiography studies.
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(2) Radiofluorination—[18F]Fluoride was produced by the JSW typeBC3015 cyclotron
via O-18(p,n) F-18 reaction and passed through a Sep-Pak Light QMA cartridge (Waters) as
an aqueous solution in 0-enriched water. The cartridge was dried by airflow, and the F-18
activity was eluted with 1.3 mL of Kryptofix 222 (K222)/K,COj3 solution (11 mg of K222
and 2.6 mg of K,CO3 in CH3CN/H,0 1.12/0.18). The solvent was removed at 120 °C under
an argon stream. The residue was azeotropically dried with 1 mL of anhydrous CH3CN
twice at 120 °C under a nitrogen stream. A solution of tosylate precursor 16a or 16b (2 mg)
in DMSO (0.2 mL) was added to the reaction vessel containing the dried F-18 activities. The
mixture was heated at 120 °C for 4 min. Water (5 mL) was added and the mixture was
passed through a preconditioned Oasis HLB cartridge (3 cm3) (Waters). The cartridge was
washed with 10 mL of water and the labeled compound was eluted with 2 mL of CH3CN.
The eluted compound was purified by HPLC [Phenonemex Gemini C18 semipreparative
column (10 x 250 mm, 5 um), CH3CN/water 7/3, flow rate 3 mL/min, &g = 11 min]. The
radiochemical purity and specific activity were determined by analytical HPLC
(Phenomenex Gemini C18 analytical column (4.6 x 250 mm, 5 zzm), CH3CN/ammonium
formate buffer (10 mM) 8/2; flow rate 1 mL/min; #& = 4.8 min for [18F]17a, 5.7 min for
[18F]17b). Specific activity was estimated by comparing the UV peak intensity of the
purified F-18 labeled compound with reference nonradioactive compound of known
concentration.

Preparation of Brain Tissue Homogenates

AD postmortem brain tissues were obtained from the University of Washington Alzheimer’s
Disease Research Center. The neuropathological diagnosis was confirmed by current criteria
(NIA-Reagan Institute Consensus Group, 1997). Homogenates were then prepared from
dissected gray matters from four pooled AD patients in phosphate-buffered saline (PBS, pH
7.4) at the concentration of approximately 100 mg of wet tissue/mL (motor-driven glass
homogenizer with setting of 6 for 30 s). The homogenates were aliquoted into 1-mL portions
and stored at —=70 °C for up to 2 years without loss of binding signal.

Binding Studies

The ligand [12°1]2, with 2200 Ci/mmol specific activity and greater than 95% radiochemical
purity, was prepared by the standard iododestannylation reaction and purified on a
simplified C-4 minicolumn as described previously. Binding assays were carried out in 12 x
75 mm borosilicate glass tubes. For competition studies, the reaction mixture contained 50
uL of pooled AD brain homogenates (20-50 1g), 50 uL of [1221]2 (0.04-0.06 nM diluted in
PBS) and 50 wL of inhibitors (107°-10710 M diluted serially in PBS containing 0.1% bovine
serum albumin) in a final volume of 1 mL. Nonspecific binding was defined in the presence
of 600 nM 2 in the same assay tubes. The mixture was incubated at 37 °C for 2 h, and the
bound and free radioactivity were separated by vacuum filtration through Whatman GF/B
filters by use of a Brandel M-24R cell harvester followed by 2 x 3 mL washes of PBS at
room temperature. Filters containing the bound 1231 ligand were counted in a y-counter
(Packard 5000) with 70% counting efficiency. Under the assay conditions, the fraction that
was nonspecifically bound was less than 20% of the total radioactivity. The results of
inhibition experiments were subjected to nonlinear regression analysis by use of equilibrium
binding data analysis, with which K; values were calculated.

Similarly, the specific binding of radioiodinated and radiofluorinated ligands (0.06 nM for
[1251]probe and 0.5 nM for [18F]probe) to homogenates, prepared from the gray and white
matters of AD and control brain tissues, were carried out as described above. Nonspecific
binding was determined in the presence of 2 uM of the corresponding nonradioactive
probes.
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In Vitro autoradiography

To compare different probes using similar sections of human brain tissue, human
macroarray brain sections from six confirmed AD cases and one control subject were
assembled. The presence and localization of plaques on the sections was confirmed with
immunohistochemical staining with monoclonal Ag antibody 4G8 (Sigma). The frozen
sections were incubated with [12°1] and [18F]tracers (200 000-250 000 cpm/200 L) for 1 h
at room temperature. The sections were then dipped in saturated LiOH in 40% EtOH (two 2-
min washes) and washed with 40% EtOH (one 2-min wash), followed by rinsing with water
for 30 s. After drying, the 1-125 or F-18 labeled sections were exposed to Kodak Biomax
MR film overnight.

Organ Distribution in Normal Mice

While the mice were under isoflurane anesthesia, 0.15 mL of a 0.1% bovine serum albumin
solution containing [12°1] or [18F]tracers (5-10 xCi) was injected directly into the tail vein
of ICR mice (22-25 g, male). The mice (n =3 for each time point) were sacrificed by
cervical dislocation at designated time points postinjection. The organs of interest were
removed and weighed, and the radioactivity was counted with an automatic y-counter. The
percentage dose per organ was calculated by a comparison of the tissue counts to suitably
diluted aliquots of the injected material. The total activity of the blood was calculated under
the assumption that it is 7% of the total body weight. The % ID/g of samples was calculated
by comparing the sample counts with the count of the diluted initial dose.

Partition Coefficient

Partition coefficients were measured by mixing the [12°1] or [*8F] tracer with 3 g each of 1-
octanol and buffer (0.1 M phosphate, pH 7.4) in a test tube. The test tube was vortexed for 3
min at room temperature, followed by centrifugation for 5 min. Two weighed samples (0.5 g
each) from the 1-octanol and buffer layers were counted in a well counter. The partition
coefficient was determined by calculating the ratio of cpm/g of 1-octanol to that of buffer.
Samples from the 1-octanol layer were repartitioned until consistent partitions of coefficient
values were obtained. The measurement was done in triplicate and repeated three times.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Structures of four agents (1-4) reported for imaging AS aggregates in the brain. Kj values
indicate the in vitro binding affinities to AD brain homogenates.?
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Figure 2.

Diphenylthiophenes, a tricyclic ring system, also displayed excellent binding affinities to Ag
aggregates (K; = 3.9-31 nM). It was recently reported?? that, by use of click chemistry, 6
was modified. The tricyclic structure diphenyltriazoles, 7, retained many aspects of
interesting antioxidant properties. Using the same concept, the click chemistry derivatives of
1 led to the formation of tricyclic diphenyltriazoles that showed excellent high binding
affinities to A aggregates comparable to those observed for 1 and 5.
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Figure 3.

HPLC profiles of [18F]17a (top) and 17a (bottom). HPLC conditions: Agilent 1100 series;
Gemini C-18 analytical column (4.6 x 250 mm, 5 um), CH3CN/ammonium formate (10
mM) 8/2, 1 mL/min, 265 nm, & = (UV) 4.5 min, () 4.8 min. The slight difference in
retention time between the radioactive peak and the UV peak is due to the configuration of
the detector system).
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Figure 4.
Brain uptakes and washouts of radiolabeled triazole probes in normal mice. Data are
presented as % ID/g of three mice + standard deviation.
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Figure 5.

In vitro film autoradiography of macroarray brain sections constructed from six AD and one
control (marked by arrowhead) cases. The AgB plaques were clearly visualized with low
background labeling with the two radiofluorinated probes [18F]17a and [18F]17b. High
white matter labeling was observed with the iodinated probe [12°1]10a in addition to plaque
labeling.
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Figure 6.

Specific binding of (A) [12°1]10a and (B) [18F]17a to pooled AD and control brain tissue
homogenates. Gray and white matter was dissected from the cortical regions. High specific
binding was detected mainly in the gray matter of AD brain. Relatively low binding was
measured in the white matter homogenates of AD brain as well as in gray and white matter
homogenates of the control brain.
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Scheme 1la.
4 Reagents and conditions: (a) CuSQy,, sodium ascorbate, £BUOH/H,0, rt, 24 h; (b)
(Bu3Sn),, Pd(PPhs)s, toluene, 100 °C, 4 h; (c) H,0,, Nal23I, HCI, EtOH.
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Scheme 2a.
4 Reagents and conditions: (a) NayCOs3, sodium ascorbate, CuSQy, L-proline, NaN3, DMSO/
H,0, 65 °C, 24 h; (b) DAST, CH,Cl,, 0 °C, 0.5 h.
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Scheme 3a.

2Reagents and conditions: (a) NaNg, trans-N,N -dimethyl-1,2-cycloexanediamine, Cul,
sodium ascorbate, DMSO/H,0, rt, 3 h; (b) TsClI, EtsN, DMAP, CH,Cl,, 0 °C to rt, 3 h; (c)
TBAF, THF, 110 °C, 0.5 h, microwave heating; (d) [18F]HF, K222, K,CO3, DMSO, 120
°C, 4.0 min.
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Potencies (K;) of Compounds Competing with [1251]2 Binding to Amyloid Plaques in AD Brain

Table 1

Homogenates?
compound  K;j(nM * SEM)

10a 40+04
10b 8.0+1.6
13a 30.0+6.0
13b 16.5+3.3
13c 8417
15a 10.0+2.0
15b 75+ 10

17a 50+1.0
17b 6.2+1.2

a . . ] .
Each value was determined three times with duplicates for each measurement.
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