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Radioiodinated aza-diphenylacetylenes as potential
SPECT imaging agents for b-amyloid plaque detection
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Abstract—Two new iodinated fluoro- and hydroxy-pegylated aza-diphenylacetylene derivatives, 1 and 2, targeting b-amyloid (Ab)
plaques have been successfully prepared. In vitro binding carried out in tissue homogenates prepared from postmortem AD brains
with [125I]IMPY (6-iodo-2-(4 0-dimethylamino)phenyl-imidazo[1,2-a]pyridine) as the radioligand indicated good binding affinities
(Ki = 9.2 and 16.8 nM for 1 and 2, respectively). Brain penetrations of the corresponding radioiodinated ligands, evaluated in
the normal mice, showed good initial brain penetrations (3.55% and 5.67% ID/g for [125I]1 and [125I]2 at 2 min post-injection).
The washout from normal mice brain was relatively fast (0.33% and 0.91% ID/g at 2 h post-injection). The specific binding of these
radioiodinated ligands to b-amyloid plaques was clearly demonstrated using film autoradiography of AD brain sections. Taken
together, these preliminary results strongly suggest that these novel iodinated aza-diphenylacetylenes may be potentially useful
for imaging Ab plaques in the living human brain.
� 2007 Elsevier Ltd. All rights reserved.
Formation and accumulation of aggregated protein
deposits is a common feature of a number of neurode-
generative diseases.1,2 Major neuropathology observa-
tions of postmortem Alzheimer’s disease (AD) brains
depict the presence of senile plaques (containing b-amy-
loid (Ab) aggregates) and neurofibrillary tangles (highly
phosphorylated tau proteins).3,4 The exact mechanisms
leading to the development of AD are not fully under-
stood; however, the formation of Ab plaques, consisting
of b-sheets of Ab protein aggregates, in the brain is a
pivotal event in the pathogenesis of AD.5–8 Thus, devel-
oping Ab plaque-specific probes for in vivo imaging may
be important for the diagnosis and treatment monitor-
ing of AD.4,9,10

Positron emission tomography (PET) imaging with
[11C]PIB (2-(4 0-(methylaminophenyl)-6-hydroxybenzo-
thiazole)) has demonstrated the feasibility of visualizing
Ab plaques in patients suffering from AD.11,12 However,
the short half-life (20 min) of C-11 limits the usefulness
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of the agent for a widespread clinical application. To
achieve a widespread availability, one major focus of
our effort is in the development of I-123 (T1/2 = 13 h) la-
beled Ab plaque-specific imaging agents that can be
used for single photon emission tomography (SPECT)
imaging. The development of [123I]IMPY (6-iodo-2-(4 0-
dimethylamino-)phenyl-imidazo[1,2-a]pyridine), a un-
ique thioflavin derivative with an [1,2,a]imidazopyridine
ring, showed the feasibility of developing SPECT imag-
ing agents for targeting Ab plaques.13,14 However, cer-
tain undesirable characteristics of [123I]IMPY, which
include high lipophilicity, less in vivo stability, and
insufficient signal to noise ratio, prompted us to pursue
the development of a second generation of I-123 labeled
SPECT imaging agents. In addition to the benzothiazole
series, we have also explored radioiodinated derivatives
of other backbone structures, including stilbenes15 and
fluorenes.16 So far these attempts have met with a lim-
ited success. Recently, we reported a novel series of
iodinated styrylpyridine derivatives showing promising
results.17 Based upon the successful results obtained
from the fluorinated diphenylacetylene ligands for
PET,18 we decided to further extend our search of
SPECT ligands using a similar aza-diphenylacetylene
structure. Several iodinated aza-diphenylacetylene deriv-
atives, in which one of the phenyl rings was replaced

mailto:kunghf@sunmac.spect.upenn.edu


R1

N

+

I Br

OR2
R1

N

Br

OR2

R1

N

SnBu3

OR2

4a. R2=(CH2CH2O)2CH2CH2F
4b. R2=CH2CH2OH

3a. R1=(CH3)2N
3b. R1= CH3NH

a

5a. R1=(CH3)2N, R2=(CH2CH2O)2CH2CH2F
5b. R1=(CH3)2N, R2=CH2CH2OH
5c. R1= CH3NH, R2=(CH2CH2O)2CH2CH2F
5d. R1= CH3NH, R2=CH2CH2OH

R1

N

I

OR2

6a. R1=(CH3)2N, R2=(CH2CH2O)2CH2CH2F
6b. R1=(CH3)2N, R2=CH2CH2OH
6c. R1= CH3NH, R2=CH2CH2OH

1. R1=(CH3)2N, R2=(CH2CH2O)2CH2CH2F
2. R1=(CH3)2N, R2=CH2CH2OH
7. R1= CH3NH, R2=CH2CH2OH

b

c

d

R1

N

125I

OR2

[125I]1. R1=(CH3)2N, R2=(CH2CH2O)2CH2CH2F
[125I]2. R1=(CH3)2N, R2=CH2CH2OH

OTHP

N

+
I Br

O
THPO

N

Br

O
a HO

N

Br

O
e

8 9 10 11

OH
OH OH

Scheme 1. Reagents and conditions: (a) Pd(PPh3)4, CuI, Et3N, CH3CN, 0 �C–rt; (b) (Bu3Sn)2, Pd(PPh3)4, toluene, 110 �C; (c) I2, THF, 0 �C–rt; (d)

H2O2, Na125I, HCl, EtOH; (e) PPTS, EtOH, 55 �C, 3 h.
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with a pyridine ring, were prepared and tested for their
plaque binding affinities. Reported herein are the syn-
thesis and the initial biological evaluations of these
iodinated aza-diphenylacetylene ligands for targeting
amyloid plaques.

Synthesis of the aza-diphenylacetylene derivatives is
illustrated in Scheme 1. The key step in the synthesis is
Table 1. Potencies (Ki) of compounds on competition of [125I]IMPY

binding to amyloid plaques in AD brain homogenates

Compound Ki (nM ± SEM)

1 16.8 ± 1.8

2 9.2 ± 1.7

5a 11.2 ± 0.8

5b 6.7 ± 1.3

5c 13.1 ± 1.9

5d 1.6 ± 0.5

7 12.5 ± 2.5

11 6.2 ± 1.2

IMPY 5.0 ± 0.419

Each value was determined three times with duplicate for each

measurement.
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Figure 1. Structures of two iodinated aza-diphenylacetylene

derivatives.
using a palladium catalyzed Sonogashira coupling reac-
tion. All bromo-substituted compounds (5a–d, 10) were
readily assembled at room temperature by reacting alky-
nes (3a–b, 8) with iodo-substituted pyridine compounds
(4a–b). The phenol compound 11 was obtained from 10
through pyridinium p-toluenesulfonate catalyzed depro-
tection of tetrahydropyran (THP) protecting group.
Next, the desired organotin compounds (6a–c) were suc-
cessfully prepared by using the palladium catalyzed
Table 2. Biodistribution in normal mice after an iv injection of

[125I]ligand (%ID/g, mean ± SD, n = 3 mice per group)

Organ 2 min 30 min 1 h 2 h

[125I]1 (logP = 2.60)

Blood 4.23 ± 0.67 2.84 ± 0.32 3.19 ± 0.41 2.70 ± 0.09

Heart 15.8 ± 3.83 2.59 ± 0.68 1.53 ± 0.24 1.07 ± 0.03

Muscle 0.95 ± 0.27 1.43 ± 0.31 0.99 ± 0.20 0.67 ± 0.08

Lung 12.9 ± 3.20 4.00 ± 1.39 2.84 ± 0.43 2.07 ± 0.13

Kidney 16.3 ± 2.96 3.56 ± 0.82 2.78 ± 0.68 1.94 ± 0.10

Spleen 4.99 ± 0.21 1.76 ± 0.36 1.73 ± 0.34 1.46 ± 0.15

Liver 24.1 ± 4.06 11.2 ± 0.31 3.07 ± 0.62 1.76 ± 0.27

Skin 0.89 ± 0.07 2.12 ± 0.40 2.85 ± 0.23 2.75 ± 0.24

Brain 3.55 ± 0.91 3.10 ± 0.38 1.36 ± 0.10 0.33 ± 0.01

[125I]2 (logP = 2.80)

Blood 3.45 ± 0.29 3.38 ± 0.51 2.71 ± 0.43 3.29 ± 0.61

Heart 13.0 ± 2.47 2.31 ± 0.37 1.41 ± 0.33 1.33 ± 0.26

Muscle 0.98 ± 0.30 1.23 ± 0.20 0.71 ± 0.09 0.78 ± 0.11

Lung 13.0 ± 2.32 4.03 ± 0.41 2.60 ± 0.56 2.77 ± 0.86

Kidney 16.6 ± 2.48 4.10 ± 0.54 2.85 ± 0.50 2.40 ± 0.47

Spleen 6.33 ± 1.03 1.98 ± 0.34 1.42 ± 0.40 1.73 ± 0.45

Liver 17.2 ± 2.86 11.2 ± 1.59 5.21 ± 2.05 2.24 ± 0.45

Skin 0.87 ± 0.14 2.22 ± 0.64 2.46 ± 0.27 3.18 ± 0.17

Brain 5.67 ± 1.49 4.51 ± 0.56 2.14 ± 0.21 0.91 ± 0.17



Figure 2. In vitro autoradiography to detect amyloid plaques with [125I]1. The human macroarray brain sections were constructed from six

postmortem AD cases plus one control (marked by arrowhead). The plaques were confirmed with 4G8 antibody immunohistochemistry staining.
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trans-stannylation from their bromide precursors (5a–b,
5d). The subsequent iododestannylation reaction affor-
ded iodinated targets (1, 2, 7).17,20

The binding affinities of the non-radioactive ligands (1–
2, 5a–d, 7, 11) were screened via the binding competition
with [125I]IMPY using postmortem AD brain homoge-
nates.19 All the brominated and iodinated aza-diphenyl-
acetylene derivatives examined displayed excellent to
good binding affinities in comparison to [125I]IMPY
binding. It was evident that all of the brominated deriv-
atives and the corresponding iodinated ligands displayed
similar excellent binding affinities (Ki values shown in
Table 1 between series 5b and 5d vs 2 and 7).

The hydroxyl pegylated derivatives, i.e., 5b, 5d, 11, 2,
and 7, competed effectively with [125I]IMPY binding
with Ki values of 6.7 ± 1.3, 1.6 ± 0.5, 6.2 ± 1.2,
9.2 ± 1.7, and 12.5 ± 2.5 nM. The addition of a fluorop-
egylated chain to the 2 0-position of the pyridine group
displayed similar binding affinities to b-amyloid plaques.
Compounds 5a, 5c, and 1 showed Ki values of
11.2 ± 0.8, 13.1 ± 1.9, and 16.8 ± 1.8 nM (Table 1). Sim-
ilarly, there is no significant difference in the binding
affinities between N,N-dimethylamino derivatives, 5b,
2, and N-monomethylamino derivatives, 5d, 7. In addi-
tion, after replacing the substituted amino group with
a hydroxy group attached to the 4-position of one end
of the phenyl ring, the binding affinity remained the
same (Ki = 6.2 ± 1.2 and 6.7 ± 1.3 nM for 11 and 5b,
respectively) Figure. 1.

On the basis of the encouraging binding data observed
for these series of ligands, we chose two representatives,
1 and 2, to carry out further biological evaluations with
the I-125 labeled probes. Radioiodination was success-
fully carried out with the corresponding tributyltin pre-
cursors, following the standard iododestannylation
reaction, using hydrogen peroxide as the oxidant
(Scheme 1).13 The final HPLC-purified ligands, [125I]1
and [125I]2, showed greater than 98% radiochemical
purities with high overall yields (>60%) and high specific
activities (�2000 Ci/mmol). The two radioiodinated
probes measured under the experimental conditions
showed moderate lipophilicity17 (logP = 2.6 and 2.8), a
desirable property for Ab-targeting imaging agents.
When evaluated for whole animal biodistribution after
an iv injection in normal mice, [125I]1 and 2 displayed
good initial penetrations of the intact blood–brain bar-
rier with excellent initial brain uptakes (3.55% and
5.67% ID/g at 2 min after tracer injection). The high
brain uptakes of these iodinated ligands were subse-
quently followed by relatively fast washouts with
0.33% and 0.91% ID/g remaining in the brain at 2 h after
the tracer injection (Table 2). The kinetics of fast brain
uptake and washout from normal brain (containing no
Ab plaques) is highly desirable for an Ab plaque-target-
ing imaging agent.10

To confirm the specific labeling of radioiodinated aza-
diphenylacetylenes for Ab plaques, we performed the
in vitro film autoradiography. A human brain macro-
array containing both AD and control cases allowed
us to efficiently compare the plaque labeling with vari-
ous radiolabeled probes. As shown in Figure 2, [125I]1
distinctively labeled plaques on AD brain sections with
low background labeling, but not for the control sec-
tion (indicated by an arrow), which is consistent with
the immunohistochemistry staining with Ab antibody
4G8.

In conclusion, we have demonstrated that iodinated aza-
diphenylacetylenes can be successfully prepared. They
showed high binding affinities to b-amyloid plaques by
in vitro binding assay. The radioiodinated derivatives,
[125I]1 and [125I]2, displayed desirable in vivo properties,
with excellent brain penetrations and relatively fast rates
of washout in normal mice (resulting in low background
signal). Specific Ab plaque labeling was clearly demon-
strated by in vitro autoradiography of postmortem
AD brain section. This series of SPECT probes warrants
further investigation to confirm the usefulness for imag-
ing amyloid plaques in AD.
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