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A series of18F fluoropegylated diphenylacetylenes as probes for binding to Aâ plaques were successfully
prepared. These relatively rigid acetylenes,12a, 12b, 14a, and14b, displayed high binding affinities in
postmortem AD brain homogenates (Ki ranging from 1.2 to 2.9 nM). In vivo biodistribution in normal mice
exhibited excellent initial brain penetrations (4.42, 4.55, 5.41, and 6.78% dose/g at 2 min for [18F]12a, 12b,
14a, and14b, respectively). [18F]12band [18F]14b, with a longer fluoropegylated unit, that is,n ) 3, showed
faster brain washout at 30 min postinjection (0.42 and 1.57% dose/g) as compared to the shorter
fluoropegylated chain ligands, that is, [18F]12aand [18F]14a(1.03 and 3.69% dose/g). Autoradiography and
homogenate binding confirmed the high binding signal due to Aâ plaques. These preliminary results suggest
that the novel diphenylacetylenes may be potentially useful for imaging of Aâ plaques in the brain of patients
with Alzheimer’s disease.

Introduction

Alzheimer’s disease (ADa) is a neurodegenerative disease
affecting millions of elder people. Major neuropathology
observations of postmortem AD brains depict the presence of
senile plaques (containingâ-amyloid (Aâ) aggregates) and
neurofibrillary tangles (highly phosphorylated tau proteins). The
exact mechanisms leading to the development of AD are not
fully understood, however, the formation of Aâ plaques,
consisting ofâ-sheets of Aâ protein aggregates, in the brain is
a pivotal event in the pathology of Alzheimer’s disease.1-7

Developing specific probes for in vivo imaging studies of Aâ
plaques may be important for the diagnosis and monitoring of
AD patients.1,8-11 The imaging technique could improve
diagnosis by identifying potential patients with Aâ plaques in
the brain that are likely to develop AD. When antiplaque drug
treatments become available, the imaging of Aâ plaques in the
brain may serve as an essential tool for monitoring the
progression and the treatment of the disease.

Development of Aâ plaque-specific imaging agents has been
reported previously (for review see refs 10-14). Different PET
(positron emission tomography) and SPECT (single photon
emission tomography) tracers, such as [11C]PIB, 1,15 [11C]SB-
13, 2,16 [18F]FDDNP, 3,17,18 and [123I]IMPY, 4,19 have been
tested clinically and demonstrated the potential utility of in vivo
imaging of Aâ plaque deposition in the brain. Using PIB/PET
to study the relationship between Aâ plaque burden and AD
neurological measurements, the results seem to suggest that there

are some mild cognitive impairment cases that convert to AD,
while those with lower PIB uptake in the cortex appear to have
less propensity to convert to AD.20-22 Additional tracers labeled
with 18F (T1/2 ) 110 min, â+, commonly produced by a
cyclotron) may be even more useful as PET imaging agents
for detection and quantification of Aâ aggregates since the half-
life of 18F (110 min) is 5.5 times longer than11C (T1/2 ) 20
min, â+). Using18F tracers, the manufacturing and distribution
can be centralized, which will significantly simplify the clinical
application.

A highly lipophilic tracer, [18F]FDDNP, 3 (Figure 1), for
binding to both tangles and plaques has been reported.23

Preliminary studies in humans suggested that [18F]FDDNP
showed a higher retention in regions of the brain suspected of
having tangles and plaques,17,24-26 therefore, it is not selective
for measuring Aâ burden in the AD brain. Fluorinated PIB and
related neutral thioflavin derivatives, such as BTA-1, have also
been reported.11,27 However, clinical studies of the18F-labeled
PIB have not yet been published in a full paper.

We have recently prepared potential PET imaging probes
based on stilbene,5, and styrylpyridines,28-30 6, (see Figure
1). The fluoropegylated group or simply an ethylene glycol
group was retained to reduce the lipophilicity and maintain
neutrality. As part of the continuing effort in developing probes
for imaging Aâ plaques in the brain, we have prepared a series
of fluoropegylated diphenylacetylenes, which mimic the struc-
ture of fluoropegylated stilbenes. The diphenylacetylene deriva-
tives employed in the present study are a simplified version of
SB-13, 2; the double bond in the SB-13,2, is replaced by a
triple bond. Two reasons prompted us to investigate this class
of compounds. They can be synthesized by Sonogashira
reaction, which is tolerant to a wide variety of functional groups.
The second and more important reason is the nonexistence of
geometrical isomers, which is an often-encountered problem
with their double-bonded counterparts.31 The diphenylacetylenes
are relatively rigid; therefore, the degree of freedom around the
triple bond is limited, leading to a tight fit to the binding pocket
at theâ-sheets. An additional impetus came from the fact that
none of the Aâ plaque imaging agents so far reported have been
based on a triple-bonded (diphenylacetylene) structure.
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The desired diagnostic imaging agents of AD based on Aâ
plaque-specific binding can be defined as ligands with the
following properties: (a) high binding affinity to Aâ aggregates;
Ki < 10 nM; (b) high binding selectivity;Ki for other sites>
100-fold; (c) readily labeled with nuclide for imaging; (d) small
(mol wt < 600), lipophilic (P.C.) 100-1000) and neutral
molecules; (e) desirable pharmacokinetics; good initial brain
uptake (>4% dose/g at 2 min post iv injection in normal mice)
and fast washout (less than 30% of initial uptake remaining at
30 min in the brain of normal mice); (f) in vivo stability as
evaluated by in vitro metabolism studies (metabolite in the brain
is less than 5% of parent ligand).

Initially, we have prepared limitedp-N,N-dimethylamino-
diphenylacetylene derivatives, which have not been reported
previously, to see if they showed reasonably good binding
affinities toward Aâ plaques. Once it became apparent that
suitably substituted diphenylacetylene structures indeed showed
excellent binding to Aâ plaques in vitro, we proceeded to
synthesize fluorine-containing derivatives. These molecules have
two distinct parts, planar or easily planarized diphenylacetylene,
bearing a nucleophilic group (NH2, NHMe, NMe2, OH, or OMe)
for binding and the second part containing a fluoropolyethyl-
eneglycol (FPEG) for carrying the radio tracer, [18F]fluorine,
in the present study. It is also worth mentioning that the
lipophilicity of these molecules could be fine-tuned by varying
the length of the PEG chain until a molecular weight ceiling of
600 Da is reached. We herein report a series of18F-labeled
diphenylacetylenes as PET imaging probes for detecting Aâ
plaques in the brain.

Experimental Section

General Methods.1H NMR spectra were recorded on Bruker
DPX 200 MHz spectrometer in CDCl3 or CD3OD, chemical shifts
were reported asδ values with respect to residual solvent protons
unless otherwise mentioned. The coupling constants (J) were
reported in Hz. The multiplicity is defined by s (singlet), d (doublet),
t (triplet), br (broad), and m (multiplet). High-resolution mass
spectrometry (HRMS) was performed at the McMaster Regional
Centre for Mass Spectrometry, McMaster University, using a
micromass/Waters GCT instrument (GC-EI/CI time-of-flight mass
spectrometer). The microwave reactions were carried out in biotage
initiator microwave synthesis system. Commercially available
reagents were used as received without further purification. Crude
products were purified by either flash chromatography using 230-
400 mesh silica gel (Aldrich grade 9385, 60 Å) or preparative TLC
(Analtech, 20× 20 cm, 2000 microns). The reported chemical
yields were not optimized. The purities of compounds9(a,b),
11(a,b), 12(a,b), 14(a,b), 17, 19b, 20(a,b), and23(a,b), which were
used for biological evaluations, were determined using both reverse
phase and normal phase HPLC (Agilent 1100 series LC), and all
of them were determined to be>95% pure. Analytical HPLC was
performed using a Hamilton PRP-1 reverse phase column (4.1×
250 mm, 10µm) eluted with an acetonitrile/aq buffer (1 mM
ammoniumformate, pH 7) mobile phase mixture or a Phenomenex
Silica normal phase column (4.6× 250 mm, 5µm) eluted with an
ethylacetate/hexane mobile phase mixture. Both columns were

eluted at flow rates of 1.0 mL/min. The chromatographic systems
were fitted with UV detectors set at 280 nm.

General Procedure for Sonogashira Reaction: Method A:
This procedure is followed when the acetylene used in the reaction
is 4-ethynylaniline (7a). To a mixture of PdCl2(PPh3)2 (1 mol %
with respect to iodoarene), CuI (2 mol % wrt iodoarene), and
iodoarene (0.5 mmol) in 3 mL of anhyd THF (degassed with argon)
was added, at room temperature under argon, 4-ethynylaniline7a
(0.6 mmol). Ammonia solution (0.5 M aq; 2 mL, 1 mmol) was
then added dropwise, and the mixture was stirred at room
temperature for 4 h. Diethyl ether (20 mL) and water (20 mL) were
then added to the reaction. The organic layer was separated and
the aqueous layer was further extracted with ether (3× 10 mL).
The combined organic layer was dried (MgSO4) and concentrated,
and the residue was purified by silica gel column chromatography
(appropriate mixture of hexane-ethyl acetate).

Method B: This procedure is followed when the acetylene used
in the reaction is 4-ethynyl-N,N-dimethylaniline (13). A mixture
of PdCl2(PPh3)2 (2 mol % with respect to iodoarene), CuI (2 mol
% wrt iodoarene), and iodoarene (0.5 mmol) were taken in a round-
bottomed flask equipped with a reflux condenser, and the whole
set up was degassed and back-filled with a gaseous mixture of
approximate 1:1 H2 and Ar. THF followed by TEA were then
syringed in and the mixture was heated to 60°C. A solution of
4-ethynyl-N,N-dimethylaniline (0.5 mmol) in 2.5 mL of THF was
then added under the reducing atmosphere of 1:1 H2 and Ar. After
refluxing the mixture for 16 h, the solvents were evaporated and
the residue was purified by silica gel column chromatography
(appropriate mixture of hexane-ethyl acetate).

4-(4-Amino-phenylethynyl)-phenol (9a).Compound9a was
prepared according to method A: yield 54%.1H NMR (200 MHz,
CD3OD, δ ppm): 6.64 (d,J ) 8.7 Hz, 2H), 6.74 (d,J ) 8.8 Hz,
2H), 7.18 (d,J ) 8.7 Hz, 2H), 7.27 (d,J ) 8.8 Hz, 2H). HRMS
calcd for C14H11NO (M+), 209.0841; found, 209.0851.

4-(4-Methylamino-phenylethynyl)-phenol (9b).Compound9b
was prepared using similar procedure as for12a: yield 88%.1H
NMR (200 MHz, CDCl3, δ ppm): 2.74 (s, 3H), 6.53 (d,J ) 8.7
Hz, 2H), 6.74 (d,J ) 8.7 Hz, 2H), 7.18-7.30 (m, 4H). HRMS
calcd for C15H13NO (M+), 223.0997; found, 223.0996.

4-(4-Methoxy-phenylethynyl)-phenol (9c).Compound9c was
prepared according to method A: yield 52%.1H NMR (200 MHz,
CDCl3, δ ppm): 3.82 (s, 3H), 6.75-6.90 (m, 4H), 7.36-7.47 (m.
4H). HRMS calcd for C15H12O2 (M+), 224.0837; found, 224.0841.

4-(4-Amino-phenylethynyl)-phenylamine (9d).Compound9d
was prepared according to method A: yield 68%.1H NMR (200
MHz, CDCl3, δ ppm): 6.58-6.64 (m, 4H), 7.26-7.33 (m, 4H).
HRMS calcd for C14H12N2 (M+), 208.1000; found, 208.1011.

4-(4-Methoxy-phenylethynyl)-phenylamine (9e).Compound9e
was prepared according to method A: yield 50%.1H NMR (200
MHz, CD3OD, δ ppm): 3.80 (s, 3H), 6.62 (d,J ) 8.7 Hz, 2H),
6.73 (d,J ) 8.8 Hz, 2H), 7.18 (d,J ) 8.7 Hz, 2H), 7.24 (d,J )
8.8 Hz, 2H). HRMS calcd for C15H13NO (M+), 223.0997; found,
223.0991.

4-(4-(2-(2-Fluoro-ethoxy)-ethoxy)-phenylethynyl)-phenyl-
amine (11a).Compound11a was prepared according to method
A: yield 68%. 1H NMR (200 MHz, CDCl3, δ ppm): 3.72-3.91
(m, 4H), 4.15 (t,J ) 4.4 Hz, 2H), 4.59 (dt,J ) 47.6, 4.2 Hz, 2H),
6.62 (d,J ) 8.6 Hz, 2H), 6.87 (d,J ) 8.8 Hz, 2H), 7.31 (d,J )

Figure 1. Chemical structures of various probes previously reported for imaging Aâ aggregates.
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8.6 Hz, 2H), 7.41 (d, 8.8 Hz, 2H). HRMS calcd for C18H18FNO2

(M+), 299.1322; found, 299.1313.
4-(4-(2-(2-(2-Fluoro-ethoxy)-ethoxy)-ethoxy)-phenylethynyl)-

phenylamine (11b).Compound11b was prepared according to
method A: yield 72%.1H NMR (200 MHz, CDCl3, δ ppm): 3.65-
3.86 (m, 8H), 4.09-4.16 (m, 2H), 4.56 (dt,J ) 49.7, 3.5 Hz, 2H),
6.62 (d,J ) 8.6 Hz, 2H), 6.86 (d,J ) 8.8 Hz, 2H), 7.30 (d,J )
8.6 Hz, 2H), 7.41 (d,J ) 8.8.Hz, 2H). HRMS calcd for C20H22-
FNO3 (M+), 343.1584; found, 343.1572.

(4-(4-(2-(2-Fluoro-ethoxy)-ethoxy)-phenylethynyl)-phenyl)-
methylamine (12a).Under argon atmosphere, sodium methoxide
(33 mg, 0.60 mmol) was added to a solution of compound11a(40
mg, 0.12 mmol) in methanol (8 mL), followed by paraformaldehyde
(18 mg, 0.60 mmol). The solution was heated to reflux for 2 h.
After cooling the mixture to 0°C, sodium borohydride (23 mg,
0.60 mmol) was added in portions, and the mixture was refluxed
further for 1 h. The mixture was then poured into crushed ice and
extracted with ethyl acetate (3× 10 mL). The combined ethyl
acetate layers were dried over MgSO4, concentrated, and purified
using preparative thin layer chromatography to afford12a in 88%
yield. 1H NMR (200 MHz, CDCl3, δ ppm): 2.85 (s, 3H), 3.72-
3.76 (m, 1H), 3.87-3.91 (m, 3H), 4.14 (t,J ) 4.4 Hz, 2H), 4.59
(dt, J ) 47.6, 4.2 Hz, 2H), 6.54 (d,J ) 8.7 Hz, 2H), 6.87 (d,J )
8.9 Hz, 2H), 7.34 (d,J ) 8.7 Hz, 2H), 7.42 (d,J ) 8.9 Hz, 2H).
HRMS calcd for C19H20FNO2 (M+), 313.1478; found, 313.1467.

(4-(4-(2-(2-(2-Fluoro-ethoxy)-ethoxy)-ethoxy)-phenylethynyl)-
phenyl)-methylamine (12b).Compound12bwas prepared in 90%
yield from11b following the same procedure as described for12a.
1H NMR (200 MHz, CDCl3, δ ppm): 2.84 (s, 3H), 3.66-3.88 (m,
8H), 4.11 (t,J ) 4.4 Hz, 2H), 4.56 (dt,J ) 47.6, 4.2 Hz, 2H), 6.54
(d, J ) 8.7 Hz, 2H), 6.86 (d,J ) 8.8 Hz, 2H), 7.34 (d,J ) 8.7 Hz,
2H), 7.41 (d,J ) 8.8 Hz, 2H). HRMS calcd for C21H24FNO3 (M+),
357.1740; found, 357.1724.

(4-(4-(2-(2-Fluoro-ethoxy)-ethoxy)-phenylethynyl)-phenyl)-
dimethylamine (14a).Compound14awas prepared according to
method B: yield 80%.1H NMR (200 MHz, CDCl3, δ ppm): 2.97
(s, 6H), 3.74 (t,J ) 4.2 Hz, 1H), 3.87-3.91 (m, 3H), 4.13-4.17
(m, 2H), 4.59 (dt,J ) 47.6, 4.2 Hz, 2H), 6.65 (d,J ) 8.8 Hz, 2H),
6.87 (d,J ) 8.7 Hz, 2H), 7.35-7.44 (m, 4H). HRMS calcd for
C20H22FNO2 (M+), 327.1635; found, 327.1635.

(4-(4-(2-(2-(2-Fluoro-ethoxy)-ethoxy]-ethoxy)-phenylethynyl)-
phenyl]-dimethylamine (14b). Compound 14b was prepared
according to method B: yield 84%.1H NMR (200 MHz, CDCl3,
δ ppm): 2.97 (s, 6Η), 3.65-3.68 (m, 8Η), 4.14 (t,J ) 4.8 Hz,
2H) 4.56 (dt,J ) 48.5, 3.2 Hz, 2H), 6.65 (d,J ) 8.8 Hz, 2H), 6.86
(d, J ) 8.8 Hz, 2H), 7.35-7.43 (m, 4H). HRMS calcd for C22H26-
FNO3 (M+), 371.1897; found, 371.1882.

(4-(2-(2-(2-Fluoro-ethoxy)-ethoxy)-ethoxy)-phenylethynyl)-tri-
methylsilane (15).To a solution of10b (354 mg, 1 mmol) and
TMSA (0.207 mL, 1.5 mmol) in triethylamine (10 mL) was added
PdCl2(PPh3)2 (5 mol %) and CuI (3 mol %) at 0°C under an argon
atmosphere. The mixture was stirred at 0°C for 2 h and then at
room temperature overnight. After evaporation of the solvent, the
crude residue was purified using silica gel column (20% ethyl
acetate in hexanes) to afford15 in 78% yield.1H NMR (200 MHz,
CDCl3, δ ppm): 0.22 (s, 9H), 3.66-3.86 (m, 8H), 4.12 (t,J ) 4.4
Hz, 2H), 4.54 (dt,J ) 47.6, 4.2 Hz, 2H), 6.82 (d,J ) 8.8 Hz, 2H),
7.38 (d,J ) 8.8 Hz, 2H).

1-Ethynyl-4-(2-(2-(2-fluoro-ethoxy)-ethoxy)-ethoxy)-ben-
zene (16).To a solution of15 (162 mg, 0.5 mmol) in methanol (8
mL) was added KOH (66 mg, 1 mmol) in methanol (4 mL). The
mixture was stirred at room temperature for 10 h. The residue, after
the evaporation of the volatiles, was purified using silica gel column
chromatography (20% ethyl acetate in hexanes) to afford16 in 82%
yield. 1H NMR (200 MHz, CDCl3, δ ppm): 2.98 (s, 1H), 3.64-
3.88 (m, 8H), 4.05-4.13 (m, 2H), 4.55 (dt,J ) 47.6, 4.2 Hz, 2H),
6.85 (d,J ) 8.8 Hz, 2H), 7.41(d,J ) 8.8 Hz, 2H).

4-(4-(2-(2-(2-Fluoro-ethoxy)-ethoxy)-ethoxy)-phenylethynyl)-
phenol (17).Compound17 was prepared according to method A:
yield 58%.1H NMR (200 MHz, CDCl3, δ ppm): 3.66-3.88 (m,
8H), 4.11 (t,J ) 4.4 Hz, 2H), 4.56 (dt,J ) 47.6, 4.1 Hz, 2H), 6.78
(d, J ) 8.6 Hz, 2H), 6.83 (d,J ) 8.8 Hz, 2H), 7.36 (d,J ) 8.6 Hz,
2H), 7.42 (d,J ) 8.8 Hz, 2H). HRMS calcd for C20H21FO4 (M+),
344.1424; found, 344.1426.

2-(2-(4-(4-Amino-phenylethynyl)-phenoxy)-ethoxy)-ethanol
(19a).Compound19awas prepared according to method A: yield
52%. 1H NMR (200 MHz, CDCl3, δ ppm): 3.64-3.88 (m, 6H),
4.09-4.16 (m, 2H), 6.62 (d,J ) 8.4 Hz, 2H), 6.86 (d,J ) 8.7 Hz,
2H), 7.30 (d,J ) 8.4 Hz, 2H), 7.41 (d,J ) 8.7 Hz, 2H).

2-(2-(2-(4-(4-Amino-phenylethynyl)-phenoxy)-ethoxy)-ethoxy)-
ethanol (19b).Compound19b was prepared according to method
A: yield 64%. 1H NMR (200 MHz, CDCl3, δ ppm): 3.58-3.75
(m, 8H), 3.83-3.88 (m, 2H), 4.09-4.15 (m, 2H), 6.62 (d,J ) 8.6
Hz, 2H), 6.86 (d,J ) 8.8 Hz, 2H), 7.30 (d,J ) 8.6 Hz, 2H), 7.41
(d, J ) 8.8 Hz, 2H). HRMS calcd for C20H23NO4 (M+), 341.1627;
found, 341.1621.

4-(4-(2-(2-(tert-Butyl-dimethyl-silanyloxy)-ethoxy)-ethoxy)-
phenylethynyl)-phenylamine (19c).Compound19cwas prepared
according to method A: yield 62%.1H NMR (200 MHz, CDCl3,
δ ppm): 0.07 (s, 6H), 0.89 (s, 9H), 3.59-3.63 (m, 2H), 3.76-
3.88 (m, 4H), 4.09-4.14 (m, 2H), 6.62 (d,J ) 8.6 Hz, 2H), 6.86
(d, J ) 8.8 Hz, 2H), 7.31 (d,J ) 8.6 Hz, 2H), 7.41 (d,J ) 8.8 Hz,
2H).

4-(4-(2-(2-(2-(tert-Butyl-dimethyl-silanyloxy)-ethoxy)-ethoxy)-
ethoxy)-phenylethynyl)-phenylamine (19d).Compound19dwas
prepared according to method A: yield 66%.1H NMR (200 MHz,
CDCl3, δ ppm): 1H NMR (200 MHz, CDCl3, δ) 0.61 (s, 6Η), 0.89
(s, 9Η), 3.53-3.88 (m, 10H), 4.10-4.15 (m, 2H), 6.61 (d,J ) 8.6
Hz, 2H), 6.86 (d,J ) 8.8 Hz, 2H), 7.31 (d,J ) 8.6 Hz, 2H), 7.40
(d, J ) 8.8 Hz, 2H).

2-(2-(4-(4-Methylamino-phenylethynyl)-phenoxy)-ethoxy)-
ethanol (20a).Compound20a was prepared in 85% yield from
19a following the same procedure as described for12a. 1H NMR
(200 MHz, CDCl3, δ ppm):2.84 (s, 3H), 3.64-3.88 (m, 6H), 4.11-
4.16 (m, 2H), 6.54 (d,J ) 8.6 Hz, 2H), 6.87 (d,J ) 8.7 Hz, 2H),
7.34 (d,J ) 8.6 Hz, 2H), 7.42 (d,J ) 8.7 Hz, 2H). HRMS calcd
for C19H21NO3 (M+), 311.1521; found, 311.1521.

2-(2-(2-(4-(4-Methylamino-phenylethynyl)-phenoxy)-ethoxy)-
ethoxy)-ethanol (20b).Compound20bwas prepared in 92% yield
from 19b following the same procedure as described for12a. 1H
NMR (200 MHz, CDCl3, δ ppm): 2.84 (s, 3H), 3.59-3.75 (m,
8H), 3.83-3.88 (m, 2H), 4.09-4.16 (m, 2H), 6.55 (d,J ) 8.6 Hz,
2H), 6.86 (d,J ) 8.8 Hz, 2H), 7.33 (d,J ) 8.6 Hz, 2H), 7.42 (d,
J ) 8.8 Hz, 2H). HRMS calcd for C21H25NO4 (M+), 355.1784;
found, 355.1789.

(4-(4-(2-(2-(tert-Butyl-dimethyl-silanyloxy)-ethoxy)-ethoxy)-
phenylethynyl)-phenyl)-methylamine (20c).Compound20cwas
prepared in 90% yield from19c following the same procedure as
described for12a. 1H NMR (200 MHz, CDCl3, δ ppm): 0.07 (s,
6H), 0.89 (s, 9H), 2.85 (s, 3H), 3.60-3.63 (m, 2H), 3.76-3.88
(m, 4H), 4.09-4.14 (m, 2H), 6.54 (d,J ) 8.7 Hz, 2H), 6.86 (d,J
) 8.9 Hz, 2H), 7.34 (d,J ) 8.7 Hz, 2H), 7.41 (d,J ) 8.9 Hz, 2H).

(4-(4-(2-(2-(2-(tert-Butyl-dimethyl-silanyloxy)-ethoxy)-ethoxy)-
ethoxy)-phenylethynyl)-phenyl)-methylamine (20d).Compound
20d was prepared in 94% yield from19d following the same
procedure as described for12a. 1H NMR (200 MHz, CDCl3, δ
ppm): 0.66 (s, 6H), 0.89 (s, 9H), 2.83 (s, 3H), 3.56 (t, 5.3 Hz,
2H), 3.69-3.87 (m, 8H), 4.10-4.14 (m, 2H), 6.53 (d,J ) 8.6 Hz,

Scheme 1a

a Reagents and conditions: (i) PdCl2(PPh3)2/CuI, 0.5 M NH4OH, THF,
rt, 4 h; (ii) (a) NaOMe, (CH2O)n, MeOH, reflux, 2 h; (b) NaBH4, reflux, 1
h.
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2H), 6.85 (d,J ) 8.6 Hz, 2H), 7.33 (d,J ) 8.6 Hz, 2H), 7.41 (d,
J ) 8.6 Hz, 2H).

(4-(4-(2-(2-(tert-Butyl-dimethyl-silanyloxy)-ethoxy)-ethoxy)-
phenylethynyl)-phenyl)-methyl-carbamic Acid tert-Butyl Ester
(21c). A solution of 20c (106 mg, 0.25 mmol), di-tert-butyl
dicarbonate (110 mg, 0.50 mmol), and catalytic DMAP (10 mg)
was refluxed in anhydrous THF (4 mL) for 16 h. Another portion
of di-tert-butyl dicarbonate (55 mg, 0.25 mmol) was then added,
and the mixture was refluxed again for 10 h. The volatiles were
then removed under reduced pressure, and the resulting residue was
purified by silica gel column chromatography (20% EtOAc in
hexanes) to afford12c in 52% yield.1H NMR (200 MHz, CDCl3,
δ ppm): 0.73 (s, 6H), 0.89 (s, 9H), 1.45 (s, 9H), 3.26 (s, 3H),
3.60-3.65 (m, 2H), 3.77-3.89 (m, 4H), 4.10-4.15 (m, 2H), 6.88
(d, J ) 8.7 Hz, 2H), 7.20 (d,J ) 8.5 Hz, 2H), 7.42-7.47 (m, 4H).

(4-(4-(2-(2-(2-(tert-Butyl-dimethyl-silanyloxy)-ethoxy)-ethoxy)-
ethoxy)-phenylethynyl)-phenyl)-methyl-carbamic Acidtert-Butyl
Ester (21d).Compound21d was prepared in 58% yield from20d
following the same procedure as described for21c. 1H NMR (200
MHz, CDCl3, δ ppm): 0.63 (s, 6H), 0.89 (s, 9H), 1.45 (s, 9H),
3.26 (s, 3H), 3.56 (t, 5.4 Hz, 2H), 3.64-3.88 (m, 8H), 4.11-4.16
(m, 2H), 6.88 (d,J ) 8.7 Hz, 2H), 7.20 (d,J ) 8.5 Hz, 2H), 7.41-
7.46 (m, 4H).

Methanesulfonic Acid 2-(2-(4-(4-(tert-Butoxycarbonyl-methyl-
amino)-phenylethynyl)-phenoxy)-ethoxy)-ethyl Ester (22c).Com-
pound21c (36 mg, 0.07 mmol) was dissolved in 1 mL dry THF,
and the solution was cooled to 0°C. Tetrabutylammonium bromide
(0.17 mL, 1 M solution in THF) was then added, and the mixture
was stirred at room temperature for 2 h and after which was
quenched with ice. The mixture was then extracted with EtOAc (3
× 8 mL), and the combined organic layer was dried (MgSO4) and
concentrated. The crude residue was dissolved in dry dichlo-
romethane (4 mL) and cooled to 0°C. Triethyl amine (40µL, 0.28
mmol) and MsCl (17µL, 0.21 mmol) were added to the reaction
mixture and stirred at room temperature for 3 h. After quenching
with cold water, the reaction mixture was extracted with DCM (3
× 5 mL). The combined organic layer was dried, concentrated,
and purified by PTLC (60% EtOAc in hexanes) to afford22c in
80% yield over two steps.1H NMR (200 MHz, CDCl3, δ ppm):
1.45 (s, 9H), 3.04 (s, 3H), 3.26 (s, 3H), 3.81-3.90 (m, 4H), 4.12-

4.16 (m, 2H), 4.37-4.42 (m, 2H), 6.86 (d,J ) 8.7 Hz, 2H), 7.21
(d, J ) 8.5 Hz, 2H), 7.42-7.47 (m, 4H).

Methanesulfonic Acid 2-(2-(2-(4-(4-(tert-Butoxycarbonyl-
methyl-amino)-phenylethynyl)-phenoxy)-ethoxy)-ethoxy)-eth-
yl Ester (22d). Compound22d was prepared in 94% yield from
21d following the same procedure as described for22c. 1H NMR
(200 MHz, CDCl3, δ ppm): 1.45 (s, 9H), 3.04 (s, 3H), 3.26 (s,
3H), 3.68-3.87 (m, 8H), 4.11-4.16 (m, 2H), 4.35-4.39 (m, 2H),
6.87 (d,J ) 8.6 Hz, 2H), 7.20 (d,J ) 8.4 Hz, 2H), 7.42-7.47 (m,
4H).

2-(2-(4-(4-Dimethylamino-phenylethynyl)-phenoxy)-ethoxy)-
ethanol (23a).Compound23awas prepared according to method
B: yield 80%.1H NMR (200 MHz, CDCl3, δ ppm): 2.97 (s, 6H),
3.65-3.89 (m, 6H), 4.10-4.16 (m, 2H), 6.65 (d,J ) 8.8 Hz, 2H),
6.86 (d,J ) 8.8 Hz, 2H), 7.34-7.44 (m, 4H). HRMS calcd for
C20H23NO3 (M+), 325.1678; found, 325.1675.

2-(2-(2-(4-(4-Dimethylamino-phenylethynyl)-phenoxy)-ethoxy)-
ethoxy)-ethanol (23b).Compound23bwas prepared according to
method B: yield 82%.1H NMR (200 MHz, CDCl3, δ ppm): 2.97
(s, 6H), 3.47-3.65 (m, 8H), 3.79-3.84 (m, 2H), 4.10-4.17 (m,
2H), 6.70 (d,J ) 8.9 Hz, 2H), 6.94 (d,J ) 8.8 Hz, 2H), 7.32 (d,
J ) 8.9 Hz, 2H), 7.39 (d,J ) 8.8 Hz, 2H). HRMS calcd for C22H27-
NO4 (M+), 369.1940; found, 369.1934.

Methanesulfonic Acid 2-(2-(4-(4-Dimethylamino-phenylethy-
nyl)-phenoxy)-ethoxy)-ethyl Ester (24a).A solution of 23a (20
mg, 0.06 mmol) in dry DCM was cooled to 0°C, and TEA (22
µL, 0.15 mmol) was added followed by MsCl (6µL, 0.07 mmol).
The reaction mixture was stirred initially at 0°C and then at room
temperature for 2 h. After quenching the reaction with cold water,
the organic layer was separated. The aqueous layer was further
extracted with DCM (2× 5 mL). The combined organic extracts
were dried (MgSO4) and concentrated, and the residue was purified
by PTLC (50% EtOAc in hexanes) to afford24a in 78% yield.1H
NMR (200 MHz, CDCl3, δ ppm): 2.97 (s, 6H), 3.08 (s, 3H), 3.65-
3.75 (m, 4H), 3.82-3.89 (m, 2H), 4.07-4.16 (m, 2H), 6.65 (d,J
) 8.9 Hz, 2H), 6.85 (d,J ) 8.8 Hz, 2H), 7.34-7.44 (m, 4H).

Methanesulfonic Acid 2-(2-(2-(4-(4-Dimethylamino-phenyl-
ethynyl)-phenoxy)-ethoxy)-ethoxy)-ethyl Ester (24b).Compound
24b was prepared in 84% yield from23b following the same
procedure as described for24a. 1H NMR (200 MHz, CDCl3, δ
ppm): 2.97 (s, 6H), 3.09 (s, 3H), 3.62-3.84 (m, 8H), 4.12-4.18
(m, 2H), 4.32-4.37 (m, 2H), 6.71 (d,J ) 8.9 Hz, 2H), 6.95 (d,J
) 8.8 Hz, 2H), 7.32 (d,J ) 8.9 Hz, 2H), 7.40 (d,J ) 8.8 Hz, 2H).

(4-(4-(2-(2-[18F]Fluoro-ethoxy)-ethoxy)-phenylethynyl)-phen-
yl)-methylamine, [18F]12a. [18F]Fluoride was produced by the JSW
typeBC3015 cyclotron using18O(p,n)18F reaction and passed
through a Sep-Pak Light QMA cartridge (waters) as an aqueous
solution in [18O]-enriched water. The cartridge was dried by airflow,
and the18F activity was eluted with 2 mL of Kryptofix 222 (K222)/
K2CO3 solution (13.2 mg of K222 and 3.0 mg of K2CO3 in CH3-
CN/H2O 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

Scheme 2a

a Reagents and conditions: (i) PdCl2(PPh3)2/CuI, 0.5 M NH4OH, THF, rt, 4 h; (ii) (a) NaOMe, (CH2O)n, MeOH, reflux, 2 h; (b) NaBH4, reflux, 1 h.

Scheme 3a

a Reagents and conditions: (i) PdCl2(PPh3)2/CuI, TEA, THF, Ar + H2, 60 °C, 16 h.

Scheme 4a

a Reagents and conditions: (i) PdCl2(PPh3)2/CuI, TEA, 0 °C-rt, 16 h;
(ii) KOH, MeOH, rt, 16 h; (iii) p-iodophenol, PdCl2(PPh3)2/CuI, 0.5 M
NH4OH, THF, rt, 4 h.
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solution of mesylate precursor22c(1 mg) in DMSO (0.5 mL) was
added to the reaction vessel containing the dried18F activities. The
mixture was heated at 120°C for 4 min. To remove the Boc
protecting group, the mixture was further irradiated with microwave
at 100 W (Resonance Instruments Model 521) at 150°C for 3 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 labeled compound
was eluted with 2 mL of CH3CN. Eluted compound was purified
by HPLC. [Phenonemex Gemini C18 semi-prep column (10× 250
mm, 5µm), CH3CN/water 7/3, flow rate 3 mL/min, rt) 9.6 min.]
The entire preparation procedure took approximately 90 min. The
radiochemical yield was 20% (decay corrected). The radiochemical
purity and specific activity were determined by analytical HPLC.
[Phenomenex Gemini C18 analytical column (4.6× 250 mm, 5
µm), CH3CN/ammonium formate buffer (1 mM) 8/2; Flow rate 1
mL/min; rt ) 5.3 min.] The radiochemical purity was>99%.
Specific activity was estimated by comparing UV peak intensity
of purified [18F]-labeled compound with reference nonradioactive
compound of known concentration. The specific activity was in
the range of 600-1300 mCi/µmol after the preparation.

(4-(4-(2-(2-(2-[18F]Fluoro-ethoxy)-ethoxy)-ethoxy)-phenylethy-
nyl)-phenyl)-methylamine (12b), [18F]12b. The above-described
procedure for [18F]12a was applied for precursor22d. The
final compound was purified and analyzed by HPLC (same
conditions). Rt (semi-prep)) 9.3 min, (analytical)) 5.2 min. The
preparation took approximately 90 min. The radiochemical yield
was 20% (decay corrected). The radiochemical purity was>99%.
Specific activity was approximately 600 mCi/µmol after the
preparation.

(4-(4-(2-(2-[18F]Fluoro-ethoxy)-ethoxy)-phenylethynyl)-phen-
yl)-dimethylamine (14a), [18F]14a.The procedure for [18F]12awas
followed for precursor2a up to the initial reaction of2a with 18K/
K222 by heating. After the initial heating was complete, water (5
mL) was added and the mixture was passed through a precondi-
tioned 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 and
analyzed by HPLC (same condition). Rt (semi-prep)) 13,8 min
(4 mL/min), (analytical)) 7.6 min. The preparation took ap-
proximately 60 min. The radiochemical yield was 30% (decay
corrected). The radiochemical purity was>99%. Specific activity
was in the range of 1100-4600 mCi/µmol after the preparation.

(4-(4-(2-(2-(2-[18F]Fluoro-ethoxy)-ethoxy)-ethoxy)-phenylethy-
nyl)-phenyl)-dimethylamine (14b), [18F]14b. Same procedure for
[18F]14a was applied for precursor12b. The final compound was
purified and analyzed by HPLC. Rt (semi-prep column)) 14.0
min (4 mL/min), (analytical)) 7.3 min. The preparation took
approximately 60 min. The radiochemical yield was 30% (decay
corrected), and the radiochemical purity was>97%. Specific
activity was approximately 980-4000 mCi/µmol after the prepara-
tion.

Preparation of Brain Tissue Homogenates.AD postmortem
brain tissues were obtained from University of Washington Alzhe-
imer’s Disease Research Center, and 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 wet
tissue/mL (motor-driven glass homogenizer with setting of 6 for

Scheme 5a

a Reagents and conditions: (i) PdCl2(PPh3)2/CuI, 0.5 M NH4OH, THF, rt, 4 h; (ii) (a) NaOMe, (CH2O)n, MeOH, reflux, 2 h; (b) NaBH4, reflux, 1 h; (iii)
(Boc)2O, DMAP, THF, relux, 24 h; (iv) (a) TBAF (1 M in THF), 0°C-rt, 2 h; (b) MsCl, TEA, DCM, 0°C-rt, 3 h.

Scheme 6a

a Reagents and conditions: (i) PdCl2(PPh3)2/CuI, TEA, THF, Ar + H2, 60 °C, 16 h; (ii) MsCl, TEA, DCM, 0°C-rt, 2 h.

Scheme 7a

a Reagents and conditions: (i) (1)18F-/K222, DMSO; (2) microwave, 100 W, DMSO, (ii)18F-/K222, DMSO.
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30 s). The homogenates were aliquoted into 1 mL portions and
stored at-70 °C up to 2 years without loss of binding signal.

Binding Studies. [125I]IMPY, 4, with 2200 Ci/mmol specific
activity and greater than 95% radiochemical purity was prepared
using the standard iododestannylation reaction and purified by a
simplified C-4 mini column as described previously.32 Competition
binding assays were carried out in 12× 75 mm borosilicate glass
tubes. The reaction mixture contained 50µL of pooled AD brain
homogenates (20-50 µg), 50µL of [ 125I]IMPY, 4, (0.04-0.06 nM
diluted in PBS), and 50µL of inhibitors (10-5-10-10 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 IMPY, 4, in the same assay tubes. The mixture was
incubated at 37°C for 2 h, and the bound and the free radioactivity
were separated by vacuum filtration through Whatman GF/B filters
using a Brandel M-24R cell harvester followed by 2× 3 mL washes
of PBS at room temperature. Filters containing the bound I-125
ligand were counted in a gamma counter (Packard 5000) with 70%
counting efficiency. Under the assay conditions, the non-specific-
ally bound fraction was less than 15% of the total radioactivity.
Inhibition experiments were repeated three times, and the results
were subjected to nonlinear regression analysis using equilibrium
binding data analysis, whichKi values were calculated.

Similarly, specific binding of [18F]12b (0.001-0.4 nM) to
homogenates, prepared from gray matters of four pooled AD
patients, were carried out as described above. Nonspecific binding
was determined in the presence of 800 nM of nonradioactive12b.

Film Autoradiography. To compare different probes using
similar sections of human brain tissues, a human brain macro-array
from six confirmed AD cases and one control subject was
assembled. The presence and localization of plaques on the sections
were confirmed with immunohistochemistry stained with mono-
clonal Aâ antibody 4G8 (Signet Lab. Inc. Dedham, MA). The
sections were incubated with [18F]tracers (300 000-600 000 cpm/
200µL) for 1 h atroom temperature. The sections were then dipped
in saturated Li2CO3 in 40% EtOH (2 min wash× 2) and washed
with 40% EtOH (2 min wash× 1), followed by rinsing with water
for 30 s. After drying, the18F-labeled sections were exposed to
Kodak Biomax MR film overnight.

Organ Distribution in Normal Mice. While under isoflurane
anesthesia, 0.15 mL of a 0.1% bovine serum albumin solution
containing [18F]tracers (5-10 µCi) 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
gamma counter. The percentage dose per organ was calculated by
a comparison of the tissue counts to suitably diluted aliquots of
the injected material. Total activities of blood were calculated under

the assumption that they were 7% of the total body weight. The %
dose/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 [18F]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.

Results and Discussion

Chemistry and Radiochemistry. The synthesis of the
diphenylacetylene core structures was easily achieved as given
in Scheme 1. The key step in the synthesis of these compounds
was the Pd(0)/Cu(I)-catalyzed (Sonogashira) coupling of the
suitably substituted iodobenzenes8(a-c) with appropriately
functionalized phenyl acetylenes7(a,b). Dimerization of acety-
lene was a side reaction under these conditions, and dimers are
typically formed in 10-20% yield.

The coupling of amino-substituted phenylacetylene7a with
para-F-PEG iodobenzenes10(a,b) in THF using 0.5 M NH4-
OH (Method A,33 see Experimental Section) as base afforded
compounds11(a,b). Subsequent monomethylation of the NH2

group in 11(a,b) under standard conditions afforded monom-
ethylated derivatives12(a,b; Scheme 2).

However, the coupling ofN,N-dimethyl-substituted acetylene
13 with 10(a,b) under similar conditions yielded appreciable
amounts of dimer, the desired products were formed only in
negligible amounts. To circumvent this, Sonogashira reaction
was carried out under a reducing atmosphere.34 Thus, under a
gaseous mixture of hydrogen (10-50%) and argon, the reaction
proceeded to afford the desired products14(a,b) in good yields
(Scheme 3).

The synthesis of hydroxy-substituted derivative17 started
with the coupling of TMS acetylene with10b, which afforded
the substituted phenylacetylene16. The subsequent removal of
the TMS group in15 followed by the coupling withpara-
iodophenol afforded the hydroxy derivative17 (Scheme 4).

The synthesis of the precursors to the corresponding [18F]-
labeled compounds ofN-monomethyl derivatives is depicted
in Scheme 5. Compounds19(a-d), obtained by the coupling
of acetylene7a with iodocompounds18(a-d), were monom-
ethylated under the standard conditions to afford20(a-d). The
amino groups in the TBS-protected compounds20(c,d) were
then protected with Boc group. The subsequent removal of the
TBS group followed by the mesylation of the resulting free
hydroxy groups yielded precursors22(c,d). Compounds22(c,d)
serve as the immediate precursors for the [18F]-labeled12(a,b)
(Scheme 5).

The precursors for [18F]14(a,b) were obtained by the coupling
of the phenylacetylene13with iodobenzene derivatives18(a,b)
under reducing conditions (Scheme 6). The mesylation of the
hydroxyl groups present in23(a,b) afforded the precursors
24(a,b) (Scheme 7).

To obtain [18F]12a and [18F]12b, precursors (22c and22d,
respectively) were reacted with [18F]fluoride in the presence of
Kryptofix 222 and potassium carbonate in DMSO at 100°C
for 4 min. The resulting [18F]-labeled intermediates were
irradiated with microwaves to deprotect the Boc group to
provide the desired labeled compounds (Scheme 7). The crude
product was purified by HPLC. The procedure took 90 min for

Figure 2. HPLC profiles of [18F]14b (top) and14b (bottom). HPLC
condition: Agilent 1100 series; Gemini C-18 column CH3CN/am-
monium formate (10 mM) 8/2 1 mL/min, 254 nm,tR ) (UV) 7.04
min, (_) 7.29 min. The slight difference in retention time between the
radioactive peak and the UV peak is due to the configuration of detector
system).
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both compounds, and the specific activity at the end of synthesis
was 600-1300 mCi/µmol for [18F]12a and ∼600 mCi/µmol
for [18F]12b (radiochemical purity> 99%, radiochemical yield
∼ 20%, decay corrected). The purified product showed an HPLC

profile consistent with the “cold” carrier (Figure 2). To obtain
[18F]14aand [18F]14b, the desired products were obtained in a
one step reaction from22a and 22b, respectively. The crude
product was purified by HPLC. The procedure took 60 min for
both compounds, and the specific activity at the end of synthesis
was 1100-4600 mCi/µmol for [18F]14a and 980-4000 mCi/
µmol for [18F]14b (radiochemical purity> 97%, radiochemical
yield ∼ 30%, decay corrected).

Biological Evaluation. The binding affinities (Ki, nM) of the
diphenylacetylene compounds are evaluated via competition
with [125I]4 binding for Aâ plaques, and the results are presented
in Table 1. Most of these derivatives showed excellent binding
affinities toward Aâ plaques. The presence of a nucleophilic
group such as amino or hydroxy, attached directly to one of
the phenyl rings, is necessary but not sufficient for these
structures to show desirable binding characteristics. By compar-
ing theKi values for the core structures (left-hand side of the
table), it is clear that diphenylacetylene (9) without any
substituents showed a moderate affinity (175( 35 nM).
Simultaneously introducing NH2 and OH groups (9a) at
the 4-position on both phenyl rings increased the binding affinity
(Ki ) 106 ( 6 nM). However, adding anN-methyl group to
the amine moiety (9b) increased the binding affinity (Ki ) 1.5
( 0.1 nM) about 100-fold. A comparable increase in binding
affinity is also observed when the OH group in9a is replaced
by an OMe group (9e; Ki ) 2.9 ( 0.4 nM). The intro-
duction of a methyl group to the NH2 or OH group plays a
critical role in improving the binding affinities of PEGylated
derivatives as well (Table 1). Compounds11aand11b, having
an unsubstituted amino group, showedKi values of 12 and 21.5
nM, respectively. In comparison, theirN-methylamino analogs,
12a and12b, haveKi values of 1.2 and 1.9 nM, respectively.
This significant improvement in binding affinities may be
attributed to the increase in lipophilicity of the molecule, with
the introduction of the methyl group. However, adding one
more methyl group to the amine moiety, that is, theN,N-
dimethylamino derivatives, did not bring about any appreciable
change in the binding properties compared to the monomethyl
derivatives. The FPEGylated compound17, where the nucleo-
philic group is OH, however, showed a comparatively lower
binding affinity (Ki ) 16.5 ( 3.5, see Table 1). Consistent
with the stilbene series of ligands,28,31the hydroxyl substitution
of the fluoro group at one end of phenyl ring by a pegylated
chain did not affect the binding affinity toward Aâ plaques
(20a, 23a vs 12a and 14a; 20b and 23b vs 12b and 14b). It
is important to note that these seemingly extremely simple
diphenylacetylenes appeared to bindâ-sheets formed by Aâ
peptide aggregates. The binding affinity of such simple diphen-
ylacetylenes to peptide aggregates has not been reported before.

Based on the encouraging binding data obtained with12a,
12b, 14a, and14b, we chose to further carry out the biological

Table 1. Inhibition Constants (Ki, nM) of Compounds on [125I]IMPY, 4, Binding to Amyloid Plaques in ad Brain Homogenatesa

a Values are mean( SEM of three independent experiments, each in duplicate.

Table 2. Biodistributions in ICR Mice after iv Injections of
[18F]Tracersa

[18F]12a(Log P) 3.48)

organ 2 min 30 min 1 h 2 h

blood 7.89( 1.12 7.90( 0.93 10.3( 0.11 7.84( 0.33
heart 4.73( 1.06 2.84( 0.10 3.54( 0.20 2.60( 0.06
muscle 0.79( 0.22 1.26( 0.38 1.38( 0.25 1.26( 0.06
lung 6.57( 0.51 4.77( 0.45 6.01( 0.41 4.67( 0.31
kidney 5.55( 0.75 4.78( 0.66 6.17( 0.38 5.55( 0.68
spleen 3.74( 0.38 3.60( 0.61 3.78( 0.33 3.30( 0.04
liver 29.6( 1.36 18.3( 2.21 15.6( 2.43 11.7( 0.91
skin 0.94( 0.11 2.11( 0.36 2.55( 0.22 2.04( 0.12
brain 4.42( 0.88 1.03( 0.15 0.99( 0.09 0.82( 0.03
bone 1.54( 0.28 1.46( 0.21 1.92( 0.16 2.07( 0.14

[18F]14a(log P) 3.12)
organ 2 min 30 min 1 h 2 h

blood 7.33( 0.43 6.13( 0.35 5.68( 0.75 5.17( 0.39
heart 10.5( 1.13 2.82( 1.13 2.48( 0.36 2.11( 0.13
muscle 0.91( 0.26 1.38( 0.15 1.21( 0.17 1.03( 0.09
lung 11.1( 0.99 4.66( 0.37 3.82( 0.55 3.38( 0.43
kidney 12.9( 1.51 4.75( 0.13 4.79( 0.82 4.16( 0.69
spleen 5.12( 0.95 2.94( 0.41 2.38( 0.43 2.31( 0.27
liver 19.3( 1.14 11.2( 0.49 9.99( 1.76 8.85( 0.72
skin 0.85( 0.15 2.23( 0.36 1.71( 0.70 1.67( 0.44
brain 5.41( 0.84 3.69( 0.25 2.06( 0.33 1.34( 0.12
bone 1.78( 0.15 1.41( 0.08 1.36( 0.29 1.65( 0.27

[18F]12b (log P) 3.07)
organ 2 min 30 min 1 h 2 h

blood 3.28( 0.63 3.28( 0.57 3.22( 0.19 3.17( 0.62
heart 4.21( 0.79 1.40( 0.17 1.24( 0.19 0.96( 0.19
muscle 1.97( 1.15 0.61( 0.10 0.62( 0.07 0.39( 0.14
lung 4.64( 0.76 2.10( 0.30 2.04( 0.28 1.72( 0.27
kidney 4.74( 1.22 2.90( 0.99 2.40( 0.22 1.80( 0.62
spleen 2.69( 0.60 1.22( 0.04 0.95( 0.04 1.02( 0.15
liver 25.8( 2.80 14.8( 4.12 10.2( 4.00 9.14( 3.24
skin 1.24( 0.29 1.40( 0.23 0.95( 0.11 0.60( 0.17
brain 4.55( 0.82 0.42( 0.13 0.37( 0.02 0.38( 0.07
bone 1.50( 0.16 0.66( 0.12 0.65( 0.09 0.82( 0.15

[18F]14b (log P) 3.18)
organ 2 min 30 min 1 h 2 h

blood 5.72( 0.51 2.97( 0.10 2.51( 0.35 2.35( 0.39
heart 9.97( 1.51 1.49( 0.14 1.04( 0.07 0.84( 0.10
muscle 0.79( 0.24 0.67( 0.10 0.51( 0.08 0.42( 0.05
lung 8.38( 1.28 2.26( 0.25 1.26( 0.90 1.47( 0.19
kidney 12.4( 2.37 2.68( 0.08 2.53( 0.21 2.02( 0.50
spleen 4.61( 0.76 1.39( 0.14 1.13( 0.07 1.17( 0.17
liver 23.2( 3.53 13.8( 0.92 8.13( 1.69 6.58( 0.43
skin 0.68( 0.17 1.41( 0.24 1.28( 0.06 0.68( 0.18
brain 6.78( 1.16 1.57( 0.13 0.77( 0.07 0.42( 0.03
bone 1.51( 0.34 0.64( 0.04 0.56( 0.10 0.70( 0.11

a Percent dose/g, avg of three mice( SD.
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evaluations using18F-labeled diphenylacetylenes as probes for
Aâ aggregates. All of the diphenylacetylenes measured under
the experimental conditions showed relatively high partition
coefficients (P.C.) 3.07-3.48), a reflection for the lipophilic
property of the18F diphenylacetylenes. Nonetheless, biodistri-
bution studies done in the normal mice (Table 2) clearly
indicated that all four diphenylacetylenes, [18F]12a, 12b, 14a,
and14b, readily penetrated intact blood-brain barrier showing
excellent initial brain uptakes (4.42, 4.55, 5.41, and 6.78%
dose/g for [18F]12a, 12b, 14a, and14b, respectively, at 2 min
after a tracer injection). The high brain uptakes were subse-
quently followed by rapid washouts (except [18F]14a) with less
than 1% dose/g remaining in the brain at 2 h after injection
(Table 2). The difference in brain kinetics between chain length
of PEG was also noted:n ) 3 ligands [18F]12b and [18F]14b
exhibited faster brain washouts as compared ton ) 2 ligands,
[18F]12a and [18F]14a. The brain washout forN,N-dimethy-
lamino ligands, that is, [18F]14aand [18F]14b, was also slower
as compared toN-methylamino ligands, that is, [18F]12a and
[18F]12b (Table 2). The in vivo defluorination, as reflected by
the bone uptake, for all four diphenylacetylene probes is low;
particularly for probes with a longer PEG unit, that is, [18F]-
12b and [18F]14b, the bone uptake was low (<1% dose/g at 2
h after injection). Consistently, blood levels for [18F]12a and
[18F]14a ligands appeared to be higher than [18F]12band [18F]-
14b, and the blood activity was sustained throughout the
experimental period (up to 2 h). ComparingN,N-dimethylamino
with N-methylamino ligands, we also noted that the latter
showed better and faster kinetics. A good initial brain uptake
combined with a rapid washout in normal mouse brain (presum-
ably no Aâ plaques for extra binding of these probes) is a highly
desirable property for Aâ plaque targeting imaging agents
similar to that reported for stilbene28 or styrylpyridine analogs.30

The diphenylacetylene probes reported here, especially [18F]-
12b and [18F]14b, met the criteria and could be favorably

considered as potential imaging agents targeting Aâ plaques in
vivo.

We carefully constructed human macro-array sections from
six confirmed AD cases plus one control subject. After
sectioning, adjacent sections would reflect comparable patho-
physiology. In vitro film autoradiography was carried out with
18F-labeled diphenylacetylene probes and reported using these
brain sections. Consistent with 4G8 (antibody for Aâ) immu-
nohistochemical labeling, four diphenylacetylene probes, [18F]-
12a, 12b, 14a, and14b, all exhibited distinctive and matching
plaque labeling (Figure 3) with minimal background labeling.
The control case (marked by the arrowhead, Figure 3) was
clearly void of any notable Aâ labeling, suggesting the
specificity of plaque labeling with these novel18F-labeled
diphenylacetylene probes. Furthermore, [125I]IMPY, 4, a well
characterized SPECT imaging agent for amyloid plaques,35

displayed a similar pattern of Aâ plaque labeling on these array
sections. These results confirmed the specific binding of these
diphenylacetylene probes for Aâ plaques. To further characterize
the specific nature of plaque binding, we chose [18F]14b to carry
out a direct in vitro binding assay using AD brain homogenates.
As expected, [18F]14bdisplayed a specific and a saturable high
binding (data not shown).

In conclusion, a new series of novel18F-labeled dipheny-
lacetylene derivatives, containing an end-capped fluoropoly-
ethylene glycol (n ) 2 andn ) 3), were successfully prepared
as potential PET imaging agents for AD. These fluorinated
diphenylacetylenes displayed excellent binding affinities to Aâ
plaques (Ki in the nM range). The radiofluorinated probes
showed desirable in vivo kinetic properties in mouse brain. A
specific plaque-labeling signal was clearly indicated by these
probes in postmortem AD brain sections as well as in brain
tissue homogenates. Taken together, the results suggest that
novel diphenylacetylene series ligands could be potentially
useful for in vivo PET imaging of Aâ plaques in living human
brain.
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