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We report a novel series of ''C-labeled imidazo[2,1-b]benzothiazoles (IBTs) as tracers for imaging of
cerebral f-amyloid (Af) deposits in patients with Alzheimer’s disease (AD) by means of positron
emission tomography (PET). From a series of 11 compounds, candidates were identified to have a high
binding affinity for AB. Selected compounds were prepared as O- or N-[''C]methyl derivatives and
shown to have a high initial brain uptake in wild-type mice (range 1.9—9.2% I[.D./g at 5 min).
2-(p-[''C]Methylaminophenyl)-7-methoxyimidazo[2,1-b] benzothiazole ([''C]5) was identified as a lead
based on the combined favorable properties of high initial brain uptake, rapid clearance from normal
brain, and high in vitro affinity for Af_40 (K; = 3.5 nM) and Af3;_4> (5.8 nM), which were superior to
the Pittsbur%h compound B (1a). In an APP/PS1 mouse model of AD (Tg), we demonstrate a specific
uptake of [''C]5 in AB-containing telencephalic brain regions by means of small-animal PET that was
confirmed by regional brain biodistribution, ex vivo autoradiography, and immunohistochemistry.
Analysis of brain sections of Tg mice receiving a single bolus injection of [''C]5 and [*H]1a together
revealed that the tracers bind to AS plaques in the brain of Tg mice in a comparable pattern. Taken
together, these data suggest that IBTs represent useful PET imaging agents for high-sensitivity detection

of AfS plaques.

Introduction

Alzheimer’s disease (AD)? is a progressive neurodegenera-
tive disorder characterized by cognitive decline, memory loss,
disorientation, and language impairment. Senile plaques (SP),
consisting of B-amyloid peptides (Af), and neurofibrillary
tangles are the two major neuropathological hallmarks of
AD.'73 Excessive production of Af via proteolysis of the
amyloid precursor protein (APP) and the subsequent oligo-
merization and aggregation to yield AS plaques in the brain
are considered to be initial neurodegenerative events in AD
and causally involved in the generation of the disease. Cur-
rently, these pathological abnormalities can only be verified
by post mortem assessment of brain tissue. A remaining cha-
llenge is to provide a clinically applicable method for in vivo
monitoring of these pathological features and, in that, to ide-
ntify subjects at risk of developing AD*® and to monitor
potential effects of AS-modulating experimental treatments.” !

During the past two decades, there has been a major interest
in the development of tracers suitable for imaging of Af
plaques using positron emission tomography (PET) or single-
photon emission tomography (SPECT).'>"?' Because it en-
ables quantitative information, PET is held to have the highest
potential for clarifying causal events in the development of

*E-mail: G.Henriksen@lrz.tum.de. Tel: +49 89 4140 2986. Fax: +49
89 4140 4841.

“ Abbreviations: AD, Alzheimer’s disease; PET, positron emission
tomography; PiB, Pittsburgh compound B; IBT, imidazo[2,1-
b]benzothiazole; Ap, é—amyloid plaque; APP/PS1 Tg, f-amyloid pre-
cursor protein, APP”>'S/presenilin-1, PSIM™Y/Tg “transgenic; tg/tg,
homozygous; SP, senile plaques; ROI, region of interest; uPET, small-
animal PET; uCT, small-animal computed tomography.
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AD.* Currently, reports from clinical studies in humans with
seven PET tracers are available, including the thioflavin-T
derivative (N-[''C-methyl])-6-OH-BTA-1, termed Pittsburgh
compound B ([''CJPiB, 1a),%* the "*F-labeled benzothiazole
(BTA)-derivative  3-['"SF]FPiB  (flutemetamol, GE-067,
1b),>%% "'C- and '®F-labeled versions of the Congo-Red
derivative SB-13 (1c¢),?® florbetaben (BAY94—9172, 1g),'>?’
florbetapir (AV-45, 1), ['®F]BF228 (1e),*! and the ami-
no-naphthyl derivative ['SFJFDDNP (1d)** (Chart 1). Despite
the high concentrations of Af plaques in advanced AD cases,
the uptake of these tracers in brain regions known to contain
the target is in the range 1.3 (1d)*? to 2 (1a)*** relative to that
obtained in healthy controls. Therefore, there is still a need for
evaluating new pharmacophores in the search for new tracers
with improved initial brain uptake and rapid clearance of the
tracer from the regions of brain without the AfS target,
combined with a high stability in vivo and high binding affinity
to ApS plaques.

Up to now, the preclinical evaluation of candidate tracers
for AB plaques has been limited to the determination of
affinity for Af precipitates in vitro and biodistribution studies
in wild-type (WT) mice. The recent improvement of small-
animal PET cameras (uPET) has facilitated the in vivo imaging
of small animals which, in combination with the available
transgenic mouse (Tg) models of AD, represents a valuable
method for the translation of candidate Af tracers from
preclinical research into their clinical assessment.**** Recent
studies*** indicate the feasibility of imaging Af plaques in
transgenic mouse models of AD, which potentially allows for
evaluating the major properties of new tracers already at an
early stage of the preclinical development.
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Chart 1. PET Tracers Evaluated in Clinical Trials
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We here report the synthesis of a series of imidazo[2,
1-b]benzothiazoles (IBTs) with variations to their hydrogen
bond donating and accepting substituents and their lipophi-
licity. The compounds were tested for their binding affinities
to Ap fibrils in vitro, and selected compounds were obtained as
1C-labeled versions for evaluation of their brain uptake
kinetics in Balb-C mice. The properties of the identified lead
compound were investigated in a Tg model of AD by means of
a multimodal evaluation protocol.

Results

The IBTs 3a—e were synthesized by the direct coupling of
6-methoxybenzo|d]thiazol-2-amine and 4-substituted phena-
cyl bromide building blocks 2a—e in ethanol at reflux tem-
perature (Scheme 1) and used for syntheses of further IBT
derivatives.

As a model demethylation reaction, compound 3a was
reacted with an excess of BBr3 (1.5equiv) at room temperature
(Scheme 2). Even after 16 h, the reaction was not completed.
Therefore, microwave heating was employed. Optimal results
with respect to isolated yields and purities of the product were
obtained when a mixture of 3a and BBr3 (1.5 equiv) in dry
CH,Cl, was irradiated at 150 °C for 30 min.

Compound 3d was deacetylated by treatment with 2 M
NaOH at 100 °C for 30 min under microwave heating. Alte-
rnatively, the intermediate 3e was reduced to 4-(7-methox-
yimidazo[2,1-b]benzothiazol-2-yl)-benzenamine, 4d, by an ex-
cess of SnCl, (5 equiv) in EtOH at reflux temperature under
nitrogen (Scheme 3). Intermediate 4d was demethylated to 6
using BBr3 in CH,Cl, and methylated by Mel to yield 5.

The IBTs were obtained in moderate to excellent isolated
yield (35—95%) in a high purity (>95% by HPLC). All
compounds were characterized by means of LC-MS and

1f ['8F]Florbetapir

1g ["®F]Florbetaben

NMR and further used for the in vitro inhibition assay. IBTs
4a—d and 6 were used as precursors for ' 'C-radiomethylation
and IBTs 3a—c, 5, and 7 as standard for quality control
analyses.

For screening the affinity of the compounds, fibrils of
Af1—40 and AB|_4, were prepared from the respective mono-
mers according to a published procedure®® and confirmed by
transmission electron microscopy at 10 and 100 4uM concen-
tration. For initial screening, we employed a 10 uM concen-
tration of the fibrils in combination with a single concen-
tration (100 nM) of the test compounds for determining the
percentage inhibition of [*’H]1a binding (Table 1).

Based on inhibition values at 100 nM, compounds 3a—c, 5,
and 7 were selected for further investigations in biodistribu-
tion studies as their ''C-labeled versions. The O-''C-methy-
lated version of selected IBTs 3a—c¢ were prepared from the
respective phenolate salt of 4a—c in DMF, followed by
reaction with [''C]JCH;I at 90 °C for 5 min (Scheme 4). The
N-"'"C-methylated versions of 5 and 7 were prepared from 4d
and 6, respectively, by reacting the primary amines with
[''CJCH;OTf in acetone at 60 °C (Scheme 4).

After HPLC purification, the ''C-methylated IBTs (3a—c,
5, and 7) were obtained in high radiochemical yields (25—
50%) and high radiochemical and chemical purity (>98%).
The ''C-methylated IBTs were used for comparison of brain
uptake kinetics with [''C]1a at 5 and 30 min postinjection (p.i.)
(Figure 1) in biodistribution analyses. The log P pps values
of these ''C-labeled IBTs were determined (Table 2). Among
these compounds, [!'C]5 was identified to possess the most
suitable in vivo brain uptake kinetics (Figure 1).

Knowledge of the fate of the label is important for the
application as an imaging agent. HPLC analyses of blood and
mouse brain homogenates (n=3) 10 and 30 min after injection
of [''C]5 and [''C]1a into Balb-C mice according to a pre-
viously reported procedure®’ showed good in vivo stabilities
(Table 3).

The inhibition constants, K;, of 5 and of 1a versus [°H]la
were determined by utilizing a competitive binding assay as
reported previously®® (Table 4).

To prove the feasibility of in vivo Af imaging with [''C]5
and to further confirm suitable properties for imaging, ex vivo
regional brain biodistribution and dual-tracer digital auto-
radiography experiments were used to supplement the proto-
cols comprising uPET/CT. These experiments were
performed in two 22 month old female homozygous APP/
PS1 mice and two age-matched control mice.

The Tg and control animals were injected with a single
bolus of a mixture consisting of [''C]5 (Tg, 46.8 & 4.8 MBq;
controls, 73.8 & 18.3 MBq) and [*H]1a (7.2 £ 0.5 MBq) into
the tail vein and scanned in docked Siemens Inveon yPET/CT
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Table 1. Inhibition (%) of [*H]la Binding to Afi_40 and A4
Peptides at 100 nM Concentration of the Test Compound”

compound
la 32 3b 3¢ 3d 4a 4b 4c 4d 5 6 7

APi—g0 88 91 79 89 44 91 79 85 57 95 48 46
APi—4p 83 82 91 91 64 91 91 86 74 97 48 73

“Mean £ SD; SD < 5.

Scheme 4. Radiosynthesis of Selected IBTs by O- or N-''C-
Methylation
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Figure 1. Brain uptake of selected ''C-labeled IBTs compared with
the reference tracer [''C]1a in normal male Balb-C mice at 5 and 30
min postinjection (n = 5).

for 30 min. In order to better visualize the unspecific tracer
accumulation, control animals were injected with higher doses
of [''C]5. Each uPET/CT data set was coregistered to an
average of five age-, gender- and model-matched MRI data
sets (Figure 2A,_3,C,_3) for regional anatomical allocation of
tracer uptake and also for defining region of interest (ROI).

The time—activity curves (TACs) from telencephalon and
cerebellum were measured with high temporal resolution
during the first three minutes in all animals (Figure 2A4,C,).
The shapes of TACs demonstrate a more rapid washout of the
tracer in control animals.

Thirty minutes after the injection of the [''C]5/*H]la
cocktail, the animals were decapitated, the brain was imme-
diately removed, and the hemispheres were separated. One hem-
isphere was taken for dual-label digital autoradiography; the
other was dissected for regional brain biodistribution. ROI-ratio
analysis of dual-label autoradiography (tritium and carbon-11)
and brain biodistribution verified the cortical [''C]5 tracer
uptake values as measured by #PET and also that the [''C]5
uptake represents true binding of [''C]5 to cortical AS plaques
(Figure 2B,E and Table 5). The trittum and carbon-11 auto-
radiography channels and immunohistochemistry stains
(Figure 2C,F) showed excellent agreement with the binding
patterns of [°H]1a.

Discussion

Current efforts are being made to develop therapies aimed at
reversing, halting, or even preventing Af deposition in AD
patients. Therefore, the ongoing development of specific and
selective PET imaging agents is essential for early diagnosis,
development, and monitoring of small changes in Af load in AD
brain. So far, information on the distribution of Af in AD brain
has been provided by PET imaging using ''C- and '®F-labeled
tracers. Most of the currently studied '®F-labeled Af tracers
show relatively high retention in white matter, which potentially
limits their applicability for detecting low concentrations of A3
plaques, encountered at early stages in the development of AD.

In order to expand the possible pharmacophores from BTA
and IMPY for the development of improved tracers for
imaging of Af plaques, IBT is attractive due to the presence
of two nitrogens and a sulfur in the core heteroaromatic
system. Thus, the structural motif is electron-rich and planar
with lipophilic properties similar to that of the 2-phenylbenzo-
[d]thiazole (BTA) and 2-phenylimidazo[1,2-a]pyridine (IM-
PY) series. The predicted lipophilicity properties (LogP,
CLogP) and polar surface area (tPSA) (using ChemDraw Ultra
11.0) of 2-phenylimidazo[2,1-h]benzothiazole (IBT), 2-phen-
ylimidazo[1,2-a]pyridine (IMPY), and 2-phenylbenzo|d]thia-
zole (BTA) backbones (Figure 3) show that the IBT core pos-
sesses comparable lipophilicity and polar surface area to BTA
and IMPY, respectively. This supports the hypothesis that
IBTs, when fitted with appropriate substituents, may repre-
sent suitable Af imaging agents.
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Table 2. Log P pps Values of Selected Compounds®
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compound

3a 3b

5 7 1a

log Poct/pBs 1.9 £0.05 22£0.11

1.9 £0.06

1.7 £0.05 1.2 £0.08 1.5£0.11

“Mean £ SD;n = 6.

Table 3. Speciation of Radioactivity in Brain and Blood of Mice
Injected with [''C]5 or [''C]1a (% Intact Tracer)

tissue

blood, 10 min blood, 30 min brain, 10 min brain, 30 min

"c)s 15£5 742 95+2 9143
[''C]1a 2045 1142 96+ 1 9243

Table4. K;Values(nM) Determined for Inhibition of [°H]1a Binding to
Ap Fibrils

compound
5 la
Ki, ABi-a0 3.5 6.0
Ki, ABi—4 5.8 13.0

The small library of IBTs (listed in Table 1) was synthesized
in an overall yield in the range 35—95%, and the compounds
were evaluated in inhibition assays versus [°’H]1a at a 100 nM
concentration. The data in Table | demonstrate that 3a—cand
their corresponding O-demethylated compounds 4a—c¢ com-
pete strongly with [*’H]1a for binding to A fibrils.

Five IBTs, 3a—c, 5, and 7, were selected for further studies.
These compounds were readily obtained as their ''C-labeled
versions by O- or N-''C-methylation in >50% RCY and
>98% radiochemical and chemical purity. The brain uptake
in WT Balb-C mice at 5 min p.i. of these compounds was in the
range 1.9% and 9.2% ID/g. The clearance of free and nons-
pecifically bound tracer was measured by remaining brain
levels 30 min p.i., which ranged between 0.7% and 2.9% ID/g.
The clearance kinetics from brain for 3a—c is slower than that
for S and 7. The 5/30 min ratio observed for 5 (% ID/g 5 min/
30 min = 9.1) was comparable to the values observed for
[''C]1a. In contrast, the relatively low lipophilicity of 7 may
explain the relatively low initial brain uptake.

On the basis of these initial findings, compound 5 has been
identified as a lead IBT in this study. This compound shows
high in vitro binding affinities for Af1_49 (K; = 3.50 nM) and
Af—4 fibrils (K; = 5.80 nM), as well as high initial brain
uptake and fast clearance from the brain of WT mice.

The in vivo stabilities of [''C]5 and [''C]1a were determined
at 10 and 30 min p.i. in samples of blood and brain tissue. Both
tracers showed relatively fast metabolism in the periphery
while remaining highly stable in the brain; more than 90% of
the activity was identified as the intact tracer after 30 min
(Table 3).

IBTs are structurally related to IMPY-type compounds.
The latter have been shown to suffer from a fast N-demethy-
lation in vivo.*® Although it cannot be excluded that N-de-
methylation maybe relevant also for IBTs, the results from the
speciation of radioactivity in brain and blood after i.v. injec-
tion of [''C]5 in mice in the present study indicate a high
stability of the compound in mice.

For evaluation of the specificity of IBTs for A plaques, we
employed a specific activity of [''C]5 comparable to that
applied with [''C]1a in studies of AD patients (average = 25
GBq/umol, range = 7.4—76.7 GBq/umol) and also compared
data obtained with [''C]5 and [’H]1a administered together in

in vivo and ex vivo studies. Two homozygous APP/PS1 (B6;
CB-Tg(Thyl-PSENI*M146V|Thyl-APP*swe)l0Arte (ART-
EI10)) and two age- and gender-matched control mice were
used in this evaluation (Figure 2, Table 5). The ARTEI0 tg
mouse model of AD has been recently demonstrated to show
promising properties for in vivo amyloid imaging.>>* After a
bolus injection of a cocktail consisting of [''C]5 and [*H]1a, we
used in vivo uPET/CT coregistered to a matched MRI tem-
plate, regional brain biodistribution of one brain half, and ex
vivo dual-tracer digital autoradiography of the other brain
half from the same mouse to identify the underlying basis of
the tracer signal. This combined multimodal approach de-
rived from in vivo/ex vivo experiments in a single animal was
chosen to obtain maximal correlation information as a proof-
of-concept Af imaging for [''C]5. The results of this analyses
indicate that [''C]5 displays a specific binding to AS plaques in
telencephalic regions of Tg mice. The time—activity curves
demonstrated appropriate initial brain uptake and clearance
profile. Starting from about 5 min p.i. and to the end of the
UPET examination (30 min), an excellent differentiation bet-
ween cortex and cerebellum was observed facilitating®** the
determination of specific binding by VOI-based analyses, using
the cerebellum as the plaque-free reference region (Supple-
mentary Figure 2, Supporting Information) in this APP/PS1
mouse.>> When inspected together, these results and those from
the regional brain biodistribution of [''C]5 in Tg mice and
autoradiography modalities (Table 5) suggest that [''C]5 and
[*H]1a bind to the same target regions (Table 5). Finally, the
high ratio of radioactivity in telencephalon over that in cer-
ebellum obtained from ex vivo autoradiography analysis and
regional brain biodistribution (Table 5) in the Tg model,
relative to that obtained in controls, is consistent with a
specific uptake of [''C]5 to brain regions in Tg animals that
have high concentration of the target.

Summary

We have developed ''C-labeled IBTs with high in vitro and
in vivo binding affinities for Af aggregates. The lead com-
pound [''C]5 was shown to possess the combined properties of
good brain entry, rapid clearance from normal brain, suitable
in vivo stability, and high affinity to target. A multimodal
experimental approach demonstrated excellent agreement of
in vivo signal, ex vivo tracer distribution, and amyloid deposi-
tion, thus confirming specific plaque-labeling. Taken to-
gether, the present results suggest IBTs in general and
particularly [''C]5 to have potential as tracers for PET-based
imaging of Af plaques in vivo.

Experimental Section

General Methods. All commercial reagents and solvents
were used without further purification unless otherwise spe-
cified. Microwave reactions were performed in dedicated vials
with an Initiator EXP (Biotage, Uppsala, Sweden). LC/MS
experiments were performed with an Ion-trap 500 Varian
system with ESI (Varian Deutschland GmbH, Darmstadt,
Germany), and NMR experiments were done with Bruker
Avence 360/500 MHz.
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Figure 2. In vivo/ex vivo correlation of [''C]5 retention in 22 month old animals, Tg no. 1 and control no. 1, after bolus injection of a
[''C]5/PH]1a cocktail. (A, B, C) female C57BL6/J control (weight = 28.9 g; injected dose of ['!C]5 = 86.8 MBq); (D, E, F) female tg/tg APP/
PS1 (ARTE10) (weight = 25.2 g; injected dose [''C]5 = 50.2 MBq); (A, D) small-animal [''C]5 PET/CT (summed 20—30 min) coregistered to
matched cranial 1.5 T MRI template showing axial (A, D,), sagittal (A,, D»), and coronal (A3, D3) views and corresponding cortical (yellow)
and cerebellar (purple) time—activity curves (A4, D) with an inset showing the tracer dynamics on a smaller time scale (over 3 min) depicting
the peak of uptake; (B, E) ex vivo digital dual-label autoradiography with optical scan of a half 12 ym axial brain section of the same animal
killed immediately after «PET (30 min p.i). Automated separation of isotope signals shows [*’H]1a (B;, E,) and [''C]5 (B,, E) individually and
colocalized (B3, E3). White outlined squares in B;_3 and E;_; are of I mm size and magnified in B4_¢ and D4_4. Locations have been chosen to
show differences in nonspecific binding (B4—¢) and identical plaque constellations (E4—s). Additional scale bars (yellow) are 100 um. Color
lookup-tables: green, [*H]1a; red, [''C]5, ranges of minimum to maximum of each acquisition. Cerebral ex vivo biodistribution values from the
same experiment (other half of brain) are shown in Table 5. (C, F) Ex vivo immunohistochemistry images with the same sections. Anti-Af (x-40)
(Cy, Fy) and anti-Ap (x-42) (C,, F») antibodies stain individually and colocalized (Cs, F3). White outlined squaresin C;_3 and F;_z are of | mm
size and magnified in C4—¢ and F4_¢. Locations have been chosen to verify autoradiography results (C4—¢) and (F4—¢). Additional scale bars
(yellow) are 100 um.
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Table 5. [''C]5 Uptake Ratios Telencephalon/Cerebellum of Four Series of Multimodal Experiments

mouse

Tgno. 1 Tgno. 2 control no. 1 control no. 2
UPET (20—30 min) 1.42 1.28 0.94 0.98
biodistribution 2.34 1.93 0.87 0.88
autoradiography 245+£0.72 2.54+0.23 1.06 £0.16 0.84 £ 0.08

Log P: 2,99
tPSA: 15.6
CLogP: 3.50434

XN

2-phenylimidazo[1,2-a]pyridine (IMPY)

N

@[ \>—© Log P: 4,3

s tPSA: 12.36
2-phenylbenzo[d]thiazole (BTA) ClogP: 4.178

s

7:N Log P: 4,51

N~ tPSA: 15.6
CLogP: 4.85882

2-phenylimidazo[2,1-b]benzothiazole (IBT)

Figure 3. Anticipated lipophilicity and total polar surface area of
IMPY, BTA, and IBT scaffolds.

The purity of all compounds were measured on two different
HPLC systems: System 1 was a Chromolith RP18 4.6 x 100 mm
reverse phase column (VWR) eluted with acetonitrile/0.1 M
ammonium formate (50:50, v/v) mobile phase mixture at flow
rate of 5.0 mL/min (HPLC 1). System 2 was a Chromolith
reverse phase column (4.6 x 100 mm) eluted with acetonitrile/
0.1 M ammonium formate (37.5:62.5 v/v). The flow rate was
SmL/min. (HPLC 2). Both chromatography systems were fitted
with a UV detector (Sykam model S3210 set at 254 nm; Sykam,
Fuerstenfeldbruck, Germany).

General Procedure. 2-Phenyl-imidazo[2,1-b]benzothiazoles
were prepared from the substituted 2-aminobenzothiazoles and
the appropriately substituted phenacylhalides as shown in
Schemes 1 and 2 (Table 1 for a full list of compounds). Treatment
of the substituted 2-aminobenzothiazole with an equimolar
amount of substituted phenacylhalides in ethanol at refluxing
temperature afforded 2-phenylimidazo[2,1h]benzothiazoles in
moderate to excellent yields (35—95%). All the products and inter-
mediates were characterized by mass spectrometry, '"H NMR, and
'3C NMR, and their purities were checked by HPLC (=95%);
detailed information is included in Supporting Information.

2-(4-(Pyrrolidin-1-yl)phenyl)-7-methyoxyimidazo[2,1-b]ben-
zothiazole (3a). A mixture of 6-methoxybenzo[d]thiazol-2-
amine (180 mg, 1 mmol) and 2-bromo-1-(4-(pyrrolidin-1-yl)
phenyl)ethanone (268 mg, 1 mmol) in 5 mL of EtOH was hea-
ted overnight at reflux. The reaction mixture was cooled to
room temperature, filtered, and washed with 2 mL of diethy-
lether, and the precipitate was dried under vacuum (295 mg,
84% yield in a purity >98% as measured by HPLC). ESI-MS
[M + 1] = 350.2; DMSO-ds '"H NMR 6 1.97 (4H,t), 3.28 (4H,
t), 3.85(3H.s), 6.66 (2H,d), 7.28 (1H,d), 7.61 (2H,d), 7.83 (1H,
s), 8.05 (1H,d), 8.78 (1H,s); DMSO-dg '>*C NMR 6 25.8, 48.4,
56.8, 108.3, 110.4, 112.6, 115.8, 126.4, 126.9, 127.5, 131.0,
131.5, 141.9, 145.9, 148.5, 158.6.

4-(7-Methoxyimidazo[2,1-b]benzothiazol-2-yl)- NV, N-diethyl-
benzenamine (3b). A mixture of 6-methoxybenzo[d]thiazol-2-
amine (180 mg, 1 mmol) and 2-bromo-1-(4-(diethylamino)phe-
nyl)ethanone (270 mg, 1 mmol) was reacted similarly to com-
pound 3a, and the resulting precipitate was dried under vacuum
(263 mg, 75% yield, > 95% as measured by HPLC purity). ESI-
MS [M+1]=352.1; DMSO-d; '"H NMR 6 1.07 (6H.t), 3.63 (4H,
q), 3.83 (3H.,s), 7.18 (2H,d), 7.72 (2H,s), 7.93 (2H, d), 8.80 (1H,
s), 11.22 (1H.s); DMSO-dg '*C NMR 6 11.3, 56.8, 100.0, 102.2,
108.2, 114.9, 115.0, 126.6, 126.9, 131.4, 148.9, 158.0.

4-(7-Methoxyimidazo[2,1-b]benzothiazol-2-yl)- NV, N-dimethyl-
benzenamine (3c). A mixture of 6-methoxybenzo[d|thiazol-2-
amine (180 mg, 1 mmol) and 2-bromo-1-(4-(dimethylamino)ph-
enyl)ethanone (242 mg, 1 mmol) was reacted and worked up
similarly to compound 3a, and the resulting precipitate, 3c, was
dried under vacuum (246 mg, 76% yield, purity >95% as
measured by HPLC). ESI-MS [M + 1] = 324.1; DMSO-d, 'H
NMR 0 3.06 (6H,s), 3.85 (3H,s), 6.55 (2H,d), 7.38 (2H,d), 7.72
(3H,m), 7.98 (2H, d), 8.80 (1H,s); DMSO-d, '>*C NMR 6 43.0,
56.8,108.3,109.4,110.4,111.6, 113.0, 115.3,126.5, 126.7, 131.4,
146.1, 158.3.

2-(p-Acetamidophenyl)-7-methoxyimidazo[2,1-b]benzothiazo-
le (3d). A mixture of 6-methoxybenzo[d]thiazol-2-amine (180
mg, 1 mmol) and N-(4-(2-bromoacetyl)phenyl)acetamide (256
mg, 1| mmol) was reacted and worked up similarly to that
performed for compound 3a, and the resulting precipitate, 3d,
was dried under vacuum (318 mg, 94% yield, HPLC purity of
>98%). ESI-MS [M + 1]=338.1; "H NMR (500 MHz, DMSO-
dg) 010.03 (1H,s), 8.68 (1H,s), 7.93 (1H, J=8.9Hz,d), 7.75 (2H,
J=8.8Hz,d),7.71 (1H, J=2.5Hz,d), 7.66 2H, J = 8.8 Hz, d),
7.19(1H, J=8.9,2.6 Hz, dd), 3.85 (3H, s), 2.07 (3H, 5); °C NMR
(126 MHz, DMSO-dg) 0 168.7,157.6, 146.6, 144.7, 139.3, 130.90,
127.9, 126.3, 125.6, 119.7, 114.6, 110.2, 109.9, 109.0, 56.4, 24.6.

4-(7-Methoxy-imidazo[2,1-b]benzothiazol-2-yl)-nitrobenze-
ne (3e). A mixture of 6-methoxybenzo|[d]thiazol-2-amine (180
mg, 1 mmol) and 2-bromo-1-(4-nitrophenyl)ethanone (244
mg, 1 mmol) was reacted similarly to compound 3a, and the
resulting precipitate, 4-(7-methoxy-imidazo[2,1-b]benzothi-
azol-2-yl)-nitrobenzene 3e, was dried under vacuum (309
mg, 95% yield with HPLC purity of >98%). LC-MS-ESI [M
+1]=1326.1; DMSO-ds '"H NMR 6 3.83 (3H.s), 7.16 (1H,dd),
7.66 (1H,d) 7.88 (1H,d), 8.03 (2H,d), 8.25 (2H,d), 8.97 (1H, s);
DMSO-ds '*C NMR 6 55.9,109.5, 110.2, 113.4, 124.3, 124.5,
125.1, 130.7, 147.5, 157.3, 162.8.

2-(4-(Pyrrolidin-1-yl)phenyl)-7-hydroxyimidazo[2,1-b]benz-
othiazole (4a). 2-(4-(Pyrrolidin-1-yl)phenyl)-7-methyoxyimida-
z0[2,1-b]benzothiazole, 3a (105 mg, 0.3 mmol), was reacted with
1.5 mol equiv of BBr3 (I M solution) in 10 mL of dichloro-
methane with microwave irradiation at 150 °C for 30 min. The
reaction mixture was quenched by adding 1 N HCI and ex-
tracted with 3x 10 mL of CH,Cl,. The combined organic phase
was washed with saturated sodium bicarbonate solution (20
mL), dried over sodium sulfate, and evaporated. The crude
product was recrystallized from MeOH (89 mg, 88% yield) and
further used for ''C-methylation reaction. ESI-MS [M + 1] =
336.1; DMSO-ds "H NMR 6 1.86 (4H,s), 3.14 (4H.s), 5.32 (OH,
br), 6.46 (2H,d), 7.12 (1H,d), 7.39 (2H.d), 7.61 (1H,s), 8.00 (1H,d),
8.84 (1H,s); DMSO-d, *C NMR 6 25.7, 48.4,108.4, 111.9, 116.0,
116.7,125.1, 127.0, 127.6, 131.4, 131.7, 140.1, 145.4, 148.0, 156.2.

4-(7-Hydroxyimidazo[2,1-b]benzothiazol-2-yl)- NV, N-diethyl-
benzenamine (4b). The compound 3b (105 mg, 0.3 mmol) was
reacted with BBr; following a procedure similar to that for 4a,
yielding 4b (92 mg, 91% yield), which was used for further ''C-
methylation reaction. ESI-MS [M + 1]=1338.1; DMSO-ds 'H
NMR 6 1.10 (6H,t), 3.35 (4H,q), 6.69 (2H,d), 6.92 (1H,d), 7.35
(1H.s), 7.62 (2H,d), 7.73 (1H.d), 8.35 (1H,s), 9.83 (1H.s); *C
NMR 6 11.4, 44.5, 107.1, 111.6, 112.4, 114.4, 115.1, 122.1,
125.9, 126.7, 131.0, 146.2, 147.5, 147.6, 155.7.

As an alternative procedure, 4b was also prepared by using 3
equiv of 1 M solution of BBrj in dichloromethane at room tem-
perature during 48 h.
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4-(7-Hydroxyimidazo|2,1-b]benzothiazol-2-yl)- NV, N-dimethyl-
benzenamine (4¢). Compound 3¢ (97 mg, 0.3 mmol) was reacted
with BBr; following a procedure similar to that for compound
4a. The crude product was recrystallized from MeOH (87 mg,
90% yield) and used further for ''C-methylation reaction. LC-
MS-ESI[M + 1] =310.1; DMSO-d, '"H NMR 6 2.89 (6H.s), 5.88
(1H,s), 6.26 (1H,s) 6.77 (2H,d), 7.65 (2H,d), 7.88 (1H,m), 8.41
(1H, ), 9.85 (1H, s); DMSO-d, '*C NMR 6 38.0, 107.4, 111.6,
113.3, 114.5, 114.9, 125.5, 128.6, 129.3, 130.2, 133.3, 134.6,
136.8, 147.3, 155.8.

4-(7-Methoxyimidazo[2,1-b]benzothiazol-2-yl)-benzenamine (4d).
A mixture of the nitro derivative 3e (321 mg, 0.99 mmol) and SnCl,
(5 equiv, 690 mg) in 20 mL of EtOH was heated for 2 h at reflux
temperature under nitrogen. The reaction mixture was concentrated
under vacuum, and the residue was taken up in 200 mL of ethyl
acetate, the organic phase was washed with 1 M NaOH solution,
followed by water, and subsequently dried over sodium sulfate, and
the solution was concentrated. The crude product was purified by
flash chromatography in DCM/methanol; then the solvents were
evaporated under reduced pressure and dried under high vacuum
(223 mg, 73% yield with HPLC purit?/ of >98%) and directly used
as precursor for radiosynthesis of [''C]5. LC-MS-ESI [M + 1] =
296.1; DMSO-ds 'H NMR 6 3.81 (3H.s), 5.16 (2H, s), 6.61 (2H.d),
7.11 (1H,dd) 7.48 (2H,d), 7.63 (1H,d), 7.82 (1H,d), 8.37 (1H, s);
DMSO-ds *C NMR 6 55.8,106.2, 109.4, 113.5, 113.9, 121.9, 125.6,
130.2, 145.5, 147.2, 148.0, 156.6).

Alternatively, 4d was prepared by deprotection of 3d under
microwave heating conditions with 2 M NaOH at 100 °C for 30
min in 81% yield.

2-(p-Methylaminophenyl)-7-methoxyimidazo[2,1-b]benzothia-
zole (5). Compound 4d (295 mg, 1 mmol) was dissolved in DMF
(10 mL) and treated with potassium carbonate (anhydrous, 2
equiv, 280 mg). One equivalent of methyl iodide was added to
the mixture at 80 °C. The reaction mixture was cooled to room
temperature, 50 mL of water was added, and the resulting mixture
was extracted with dichloromethane (3 x 50 mL). The combined
organic phase was washed with brine, dried over sodium sulfate,
and concentrated. The crude product was purified by flash chr-
omatography. (108 mg, 35% yield with HPLC purity of > 98%).
ESI-MS [M+1]=310.1; "H NMR (DMSO-dg) 6 2.7 (d, /=5 Hz,
3H),3.3(s,3H), 5.7 (brs, 1H), 6.6 (d, /=8.5Hz,2H), 7.1 (q, Jo=
8.5,J5=2.5Hz, 1H), 7.6 (m,4H), 8.4 (s, 1H); '*C NMR (DMSO-
dg) 0 30.2, 56.3, 106.8, 109.9, 112.1, 114.1, 118.8, 122.2, 126.1,
126.6, 130.7, 146.1, 147.6, 149.7, 157.1.

4-(7-Hydroxyimidazo[2,1-b]benzothiazol-2-yl)-benzenamine (6).
The compound 4d (59 mg, 0.2 mmol) was reacted with BBr3
and workup following a procedure similar to that for 4a, which
afforded the product (52 mg, 93% yield in >98% HPLC purity)
confirmed by LC-MS-ESI [M + 1] =282.1; DMSO-ds 'H NMR
07.02(1H,dd), 7.39 (4H,m) 7.85 (3H,m), 8.07 (1H,dd), 8.85 (1H,
s); DMSO-d, >*C NMR 6 94.8,108.0, 109.7, 114.4, 117.3, 123.0,
125.5, 130.5, 140.5, 142.5, 146.2, 155.7.

2-(p-Methylaminophenyl)-7-hydroxyimidazo[2,1-b] benzothia-
zole (7). The compound 5 (62 mg, 0.2 mmol) was reacted with 1.5
mol equiv of BBr; (1 M solution) in 5 mL of dichloromethane
under microwave heating at 150 °C for 30 min. The reaction
mixture was quenched with 10 mL of 1 N HCI and extracted
with 3 x 10 mL of CH,Cl,. The combined organic phase was
washed with saturated sodium bicarbonate solution (20 mL),
dried over sodium sulfate, and evaporated. The product (45 mg,
76% yield in >98% HPLC purity) was confirmed by LC-MS-
ESI[M + 1] = 296.1; '"H NMR (500 MHz, DMSO-dq) 6 8.33
(IH,s), 7.72 (1H, J = 8.7,0.4 Hz, dd), 7.57 (2H, J =8.7 Hz, d),
7.34(1H,J =2.4,0.4Hz,dd), 6.93 (1H,J =2.9,0.4 Hz, dd), 6.57
(2H, J =9.1 Hz, d), 3.33 (1H, s), 2.70 (3H, s); >*C NMR (126
MHz, DMSO-ds) 6 155.2, 150.5, 148.3, 147.4, 130.6, 126.4,
126.0, 125.5, 122.3, 114.7, 112.2, 111.3, 106.7, 30.4.
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