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7 Rabhit s a Mode! for the Study of Human Diseases

7.4.3  Rabbit Models for Infectious Diseases and Deficiency
af Immunological System

Manabe ot al. {Manabe et al, 2008) showed that New Zealand white rabbits arc
psefud animal For haman ket tubereulosis, The global epidemic of wberculosis
claims more than two million Hves yearly, Mycobacterinm wbercalosis Intently
infeets one third of the world population. They examined acrosol-infected rabbits
with Mycobacrerivm mberculosis and showed the formation of caseous lung
prapbomas which are strikingly similar to wiberculous lung lesions in humans,
The lung burden of infection peaked w5 weeks after acrosol infection followed
by a host containment of infection that oequrred in all rabhits, Corticosteroid-
induced immunosuppression initiated alter the disease containment resulted
in & reactivation of discase. They also characterized the Jung cellubar immune
response to inhaled Myepbacterium juberculosis in the susceptible inbred
Thorbecke rabbit (the genomically sequenced straind and compared it to outhred,
Myeobucteriam tuberenfosis-resistant, New Zealand white rabbits (Mendez et al.
2008}, The development and severity of the immune reconstitution infTammatory
syidrome was dependent on the antigen load at the time of immunosuppression
and the subseguem bacillary rephicaiion during the contigosteroid-induced immu-
nosuppression, This cortcosteraid model 15 the only animal model 1o study the
immune reconstitntion inflanmatory syndrome. The lung granulomas of inhred
rubbits B o significantly higher number of cells expressing MHC Class 11 and
CD b, snd 2 lower nuuber of CD8 + T cells than the outbred vontrols, Effective
utitization of this rabhitmodel could lead © a new taberculosis diagnostic as well
as to the clucidation of important correlates of protective immunity.

Human papillomavirus infections resull in more than 250,000 deaths from
cervical cancer in women worldwide. Hu ef al. (2007) established a rabbit trans-
genic madel expressing the human major histocompatibility complex (MHC-1)
gene (HLA-AZ 11 These tansgenic rabbits expressed the HLA protein at @ high
Jevel and HLA-A2.L restricted rabbit CDE cells were induced in these animals.
Soathern bot analysis demonsirated that the HLA-AZLL gene was integrated into
the rabbit genome and similay expression patterns of HLA-A2.1 and rabbit MHC
class-1 was observed in the three Hnes of transgenic rabbits, They demonstrated
that HLA-AZ.T transgenic rabhits sbowed s susceptibility 1o cottontail rabbit papil-
fomavirus infection akin 0 that of normal domestic mbbits, They also reported tha
a human papillomaviens type 16 B7 epitope can be engineered to be introduced into
the gottontal rabbit papillomavirus E7 gene of the rabbit papillomavirus genome.
This hybrid genome retained the ability 1o initiate paplillomas. The cottontail rabbit
papillomavires/HLA-AZLT rabbit model has the potential 10 be used to screen
HLA-A2 [-restricted immunogenic epitopes from human papillomaviruses in the
context of in vivo papillomavirus infection, These studies suggested that rabhit is
an excellent model 1o assess both natural and induced tmmunity 1w papillomavirus
infections and that the transgenic rabbits may have otility for assessment of immu-
nity to other human pathogons that are permissive in rabbits,
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Rother reported the existence of a mutant rabibit which was deficient in the sixth
componetit of complement (Rother et al, 1966). Current studies based on the use
of the & complement-deficient rabbits suggested that this component is involved in
the activity of the immune system, the activation of the inflammatory response and
the hemolytic activity, Chartrand et al. (1979) demonstrated that delayed rejection
was observed in the puppy hearts engrafied 1o Co-deficient rabbits, Schmiedt et al.
{1998} suggested thut Co-deficient rabbits delayed the development of atheroscle-
rosis by cholesterol feeding due to the weak inflammatory responses of arterial
cells. Therefore, Co-deficlent rabbits may contribute to study human diseases
selated to the immune system and the inflammatory responses,

7.4.4  Rabbit Models for Human Articular Lesions
and Therapeutics

Patients with articular cartilage lesions caused by injury or degenerative joint
diseases become increased recently and these defeets do not repair spontancously.
Swudies using rabbits have been contributed o tenttively develop therapentics
against the diseases. Theda et al, (2009) showed that rabbits arc useful to examine
the effect on porosity and of the mechanical properties of a synthetic polymer
(DL-actide-coglycolide) scalfold on repair of osteochondral defects, They treated
rabbits suffering from osteochondrad defects in the femoral condyle with three
types of scaffolds. Their study suggesied that higher porosity allowing bone
marcow cells to migrate o the seaffold is imporant in repairing osteochondral
defects, Nakavama et al. (2009) purformed a mechanical analysis of the effects of
fibroblast growth factor-2 (FGE-2) on autologous osteochondral transplamtation
in an artificial rabbit model. They induged u full-thickness cartilage delect in the
right femoral condyle and treated with osteochondral transplantation using an
asteochondral plug taken from the lelt femoral condyle. Awlologous osteochondral
srafts transplanted with gelatin hydrogel containing FGF-2 acquired adequate stiff-
ness at early postoperative phase. Tn addition, Ishida et al. (2007) demonstrated
that platelet-rich plasma eohances the healing of meniscal defects in rabbits. These
studies demonstrate that rabbits are useful for studies to develop therapeutics abow
human articular lesions.

7.4.5  Rabbit Models for Vascular Surgery

Rabbits are also useful for studies 1o develop technigue Tor vaseular and respiratory
surgery, Kawanishi et al. (2007) showed that the prevention of back-bleeding from
intercostal arleries and lumbar arteries during thoracoabdeminal aortic surgery
was considered 1o reduce spinal ischemic injury. They examined the effects of
huck-tleeding in spinal cord by comparing rabbits without back-bleeding from
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the lumbar arterics by draining from the aona during aortic clamping with rabbits
in which back-bleeding was pot drained. Forty-eight hours Tater, the number of
TUNEL-positive cells in rabbits draining back-bleeding was significantly smaller
than those in rabbits with back-bleeding. Masegawa ot al, (2007) implanted auto-
logous fibrin-coated vascular prostheses andfor xenologous fibrin-coated vascular
prostheses in the bilateral carotid arteries of TW rabbits, As o result, autologous
fibrin coating in thrombin-free fibrin-coated vascular prostheses improved
amtithrombogenceity, Thewr study suggesied that auwtologous {ibrin coating in
thrombin-free fibrin-conted vascular prostheses have a potential for elinical use in
hybrid smudl-caliber vascular grafis.

7.4.6  Rabbit Models for Tumor Study

Several transplantable rabbit womors have been reporied and VX7 tumor has been
used in some studies. The VX2 carcinoma arose as the result of spontancous trans-
formation ol a virus-induced skin papilloma in a domestic rabbit (Kidd and Rous
19405 and is a type of dermatologioal squamous cancer induced by the Shope virus,
In general, the VX2 wmor had o high malignant potential. with capacity for rapid
reproduction, infiltration and melastasis, VX2 tmors bave been transplanted into
Tung, liver, and other organs in rabbits, These rubbit VX2 tumors have been studied
for establishing therapoutics and disgnostics. Virmani et al, (2008) demonsirated
that hypoxia caused by wanscatheter arterial embolization of VX2 liver tumors
setivates the hypoxin-inducible factor-1 alpha, o ranseription factor that in tam
regulates other pro-angiogenic factors. Hang et al, (2008) reported that the hemo-
dynamic changes in the Hiver caused by rabbit VX2 hiver tumor can be detectable
after tumor inoculation and that functional CT can evaluate the physiological char-
avteristics of early angiogenesis, In addition, Obira et al. (2008) demonstrated tha
FDG-PET was useful for monitoring the early effects of radiofrequency ablation
in YX2 rabbit lumors implanted into the back muscles, These stushies have demon-
steated that rabbits are also useful for studies of wmor,

7.5 Conclusions

Clenetically modified mice is playing an essential role in the clarfication of the
expression and fanctions of individual gene. However, to translate or extrapolate
the resulis of animal studies to humans, it is necessary that key zene expression and
function are equivalent 1o human rather than the outward features or phenotype. For
example, to study human hypercholesterolemin, not only the hyperlipidemia itself,
the characleristics of the lipeprotein profiles and enzymes tn the lipoprotein meta-
bolism of antmal models is vitally important for ranslationnl rescarches. In addi-
tion, histopathological and/or immunohistochersical features similar 1o humans are
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alse bmportant, Several rabbit models for some human diseases deseribed i this
chapter are useful in tanslational researches, Applying these animal models in
translational researches will contribute 10 elucidation of the mechanism of human
diseases and development of novel compounds, therapeutics, or disgnoestic instry-
menis containing lesion imaging echniques.
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Flavone brains.

In vivo imaging of B-amyloid (AB) aggregates in the brain may lead to early detection of Alzheimer’s dis-
ease (AD) and monitoring of the progression and effectiveness of treatment. The purpose of this study
was to develop novel '®F-labeled amyloid-imaging probes based on flavones as a core structure. Fluorop-
egylated (FPEG) flavone derivatives were designed and synthesized. The affinity of the derivatives for Ap
aggregates varied from 5 to 321 nM. In brain sections of AD model mice, FPEG flavones with the dimeth-
ylamino group intensely stained B-amyloid plaques. In biodistrubution experiments using normal mice,
they displayed high uptake in the brain ranging from 2.9 to 4.2%ID/g at 2 min postinjection. The radioac-
tivity washed out from the brain rapidly (1.3-2.0%ID/g at 30 min), which is highly desirable for p-amyloid
imaging agents. FPEG flavones may be potential PET imaging agents for B-amyloid plaques in Alzheimer's

2009 Elsevier Ltd. All rights reserved.

1. Introduction

Alzheimer's disease (AD) is a progressive neurodegenerative
disorder characterized by cognitive decline, irreversible memory
loss, disorientation, and language impairment. The presence of
B-amyloid (AB) aggregates in the brain is generally accepted as a
hallmark of AD."? Since the only definitive diagnosis of AD is by
pathological examination of postmortem staining of affected brain
tissues, the development of techniques which enable one to image
B-amyloid plaques in vivo has been strongly desired.>®

Recent success in developing radiolabeled agents targeting Ap
aggregates has provided a window of opportunity to improve the
diagnosis of AD. Preliminary reports of positron emission tomography
(PET) imaging suggested that [''C]4-N-methylamino-4*-hydroxy-
stilbene (SB-13).57 [''C] 2-(4%-(methylaminophenyl)-6-hydroxy
benzothiazole (PIB),%° and [''C]2-(2-[2-dimethylaminothiazol-5-
yllethenyl)-6-(2-[fluoro]ethoxy)benzoxazole (BF-227)'° showed
differential uptake and retention in the brain of AD patients as
compared to controls. But ''C is a positron-emitting isotope with
a short tq,» (20 min), which limits its clinical application. Recent
efforts have focused on the development of comparable agents
labeled with a longer half-life isotope, '®F (t1/2: 110 min). Preliminary

* Corresponding authors. Tel.: +81 75 753 4608; fax: +81 75 753 4568 (M.O.);
tel./fax: +81 95 819 2441 (M.N.).
E-mail addresses: ono@pharm.kyoto-u.ac.jp, mono@net.nagasaki-u.ac.jp (M. Ono)
morio@nagasaki-u.ac.jp (M. Nakayama).

0968-0896/$ - see front matter
doi:10.1016/j.bmc.2009.01.025

2009 Elsevier Ltd. All rights reserved.

45

studies with ['®F]-2-(1-(2-(N-(2-fluoroethyl)-N-methylamino)-
naphthalen-6-yl)ethylidene)malononitrile (['®FJFDDNP)'"'? showed
differential uptake and retention in the brain of AD patients for the
first time. More recently, a stilbene derivative, ['®F][BAY94-9172,
has been shown to be useful for the imaging of B-amyloid plaques
in living human brain tissue in clinical trials."®

To search for more candidates for '8F-labeled B-amyloid imag-
ing agents for PET, we planned to evaluate a new series of flavone
derivatives previously reported as useful for imaging B-amyloid by
single photon emission computed tomography (SPECT).'* The
derivatives showed good affinity for Ap aggregates in vitro in bind-
ing experiments using synthetic Ap aggregates and neuropatho-
logical staining of AD brain sections, suggesting these classes of
radioiodinated flavones to be potential imaging agents.

Recently, Kung et al. exploited a novel approach by using
fluoro-pegylation (FPEG) of the core structure for '8F labeling of
derivatives.'® Since this approach offers a simple and easy way to
incorporate '®F into the target without an appreciable increase in
lipophilicity, we planned to apply it to the labeling of flavone deriv-
atives. In addition to the structural characteristics of flavone as the
pharmacophore, it has been shown that electron-donating groups
such as amino, methylamino, dimethylamino, methoxy, or hydroxy
groups play a critical role in the binding of AB aggregates.®®'6"7
With these considerations, we designed 12 fluorinated flavones with
a fluorine or FPEGylation at position 4 and an electron-donating
group at position 4*(Fig. 1).
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Compound R; R,
8a FCHZCHZO N(CH3)2
8b F(CH,CH0), N(CHas)2
8c F(CH,CH,0)s N(CHj3).
12 FCH,CH,0 NH,
13 FCH,CH;0 NHCH;
15b F(CH,CH,0), NH,
15¢ F(CH,CH,0)3 NH,
17b F(CH.CH,0); NHCH;
17¢ F(CH,CH,0)3 NHCH;
21 F NH,
22 F NHCH;3
23 F N(CHs)2

Figure 1. Chemical structure of FPEG-flavone derivatives.

We report here the in vitro and in vivo evaluation of a new ser-
ies of flavone derivatives as agents for imaging p-amyloid with PET.

2. Experimental

All reagents were commercial products and used without fur-
ther purification unless otherwise indicated. "H NMR spectra were
obtained on a Varian Gemini 300 spectrometer with TMS as an
internal standard. Coupling constants are reported in hertz. Multi-
plicity is defined by s (singlet), d (doublet), t (triplet), br (broad),
and m (multiplet). Mass spectra were obtained on a JEOL IMS-DX
instrument.

2.1. Chemistry

2.1.1. 4-Nitrobenzoic acid 2-acetyl-4-methoxyphenyl ester (1)
To a stirring solution of 4-nitrobenzoyl chloride (1.8¢,
10 mmol) in pyridine (20 mL) was added 2-hydroxy-5-methoxy-
acetophenone (1.6 g, 10 mmol). The reaction mixture was stirred
at room temperature for 3 h, and poured into a 1 N aqueous HCI/
ice solution with vigorous stirring. The precipitate that formed
was filtered and washed with water to yield acetophenone 1
(2.9g, 90.4% yield). '"H NMR (300 MHz, CDCly) &: 2.54 (s, 3H),
3.89 (s, 3H), 7.15-7.16 (m, 2H), 7.38 (d, J = 2.0 Hz, 1H), 8.37 (s, 4H).

2.1.2. 1-(5-Methoxy-2-hydroxyphenyl)-3-(4-
nitrophenyl)propane-1,3-dione (2)

A solution of acetophenone 1 (2.9 g, 9.0 mmol) and pyridine
(50 mL) was heated to 50 C, and to it was added pulverized potas-
sium hydroxide (2.5 g, 45.2 mmol). The reaction mixture was stir-
red for 90 min, and when it had cooled, 30 mL of 10% aqueous
acetic acid solution was added. The yellow precipitate that formed
was filtered to yield 2 (2.5g, 88.1% yield). '"H NMR (300 MHz,
CDCl3) &: 3.85 (s, 3H), 6.84 (s, 1H), 6.99 (d, ]=6.9 Hz, 1H), 7.15-
7.18 (m, 1H), 7.22 (d, }= 2.2 Hz, 1H), 8.10 (d, J = 6.6 Hz, 2H), 8.35
(d, }=6.6 Hz, 2H), 11.5 (s, TH).

2.1.3. 6-Methoxy-4*nitroflavone (3)

A mixture of the diketone 2 (2.5 g, 8.0 mmol), concentrated sul-
furic acid (2 mL), and glacial acetic acid (40 mL) was heated at
100 C for 2 h and cooled to room temperature. The mixture was
poured onto crushed ice, and the resulting precipitate was filtered
to yield 3 (1.5 g, 63.5%). "H NMR (300 MHz, CDCl3) 6: 3.93 (s, 3H),
6.92 (s, 1H), 7.31-7.37 (m, 1H), 7.54-7.61 (m, 2H), 8.11 (d,
1=9.3Hz, 2H), 8.39 (d, 1= 9.3 Hz, 2H).
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2.1.4. 6-Methoxy-4-aminoflavone (4)

A mixture of 3 (3.0 g, 10.2 mmol), SnCl; (7.6 g, 39.8 mmol), and
EtOH (30 mL) was stirred under reflux for 40 min. After the mix-
ture had cooled to room temperature, 1M NaOH (50 mL) was
added until the mixture became alkaline. After extraction with
ethyl acetate, the combined organic layers were washed with
brine, dried over Na,SO4, and filtered. The solvent was removed,
and the residue was purified by silica gel chromatography (hex-
ane/ethyl acetate = 1:2) to give 1.3 g of 4 (65.3% yield). 'H NMR
(300 MHz, CDCl3) &: 3.91 (s, 3H), 4.11 (s, broad, 2H), 6.69 (s, 1H),
6.75 (d, J = 6.6 Hz, 2H), 7.24-7.27 (m, 1H), 7.47 (d, } = 6.6 Hz, 1H),
7.59 (d, )= 2.2 Hz, 1H), 7.75 (d, J = 6.6 Hz, 2H).

2.1.5. 6-Methoxy-4*-dimethylaminoflavone (5)

To a mixture of 4 (401 mg, 1.5 mmol) and paraformaldehyde
(450mg, 15mmol) in AcOH (10mlL) was added NaCNBHj;
(471 mg, 7.5 mmol) in one portion at room temperature. The
resulting mixture was stirred at room temperature for 1.5 h, and
the addition of 1 M NaOH was followed by extraction with CH;CL
The organic phase was dried over Na,;S0O4. The solvent was re-
moved, and the residue was purified by silica gel chromatography
(CHCI3/MeOH = 20:1) to give 371 mg of 5§ (83.7% yield). TH NMR
(300 MHz, CDCl3) 4: 3.07 (s, 6H), 3.91 (s, 3H), 6.70 (s, 1H), 6.75
(d, J=9.0Hz, 2H), 7.24-7.26 (m, 1H), 7.47 (d, J=9.0 Hz, 1H), 7.59
(d, J=2.2Hz, 1H), 7.81 (d, } = 9.0 Hz, 2H).

2.1.6. 6-Hydroxy-4*dimethylaminoflavone (6)

To a solution of 5 (371 mg, 1.5 mmol) in CH,Cl; (10 mL)at 10 C
was added BBr; (7.5 mL, 1 M solution in CH,CI,) dropwise in an ice
bath. The mixture was allowed to warm to room temperature and
was stirred for 12 h. Water was added while the reaction mixture
was cooled in an ice bath to keep the reaction temperature at 0 C.
After extraction with CH,Cl,, the combined organic phase was dried
over Na,S0y4. The filtrate was concentrated and the residue was puri-
fied by silica gel chromatography (CHCl3/MeOH =20:1) to give
303 mg of 6 (71.8% yield). "H NMR (300 MHz, CDCl,) &: 3.05 (s,
6H), 6.74 (d, 1=9.3Hz, 2H), 7.26 (d, 1=3.0Hz, 1H), 7.45 (d,
1=9.0Hz, 1H), 7.58 (d, } = 3.0 Hz, 1H), 7.77 (d, ] = 9.0 Hz, 2H).

2.1.7. 6-Hydroxyethoxy-4*-dimethylaminoflavone (7a)

To a solution of 6 (85 mg, 0.30 mmo!) and ethylene chlorohy-
drin (100 pL, 1.50 mmol) in DMSO (3 mL) was added anhydrous
K2C03 (41 mg, 0.0 mmol). The reaction mixture was stirred at
120 C for 48 h, then poured into water. After extraction with chlo-
roform, the organic layers were combined and dried over Na,SO,.
Evaporation of the solvent afforded a residue, which was purified
by silica gel chromatography (CHCI3/MeOH = 33:1) to give 30 mg
of 7a (30.5%). '"H NMR (300 MHz, CDCl3) &: 3.06 (s, 6H), 3.98-
4.05 (m, 2H), 4.17-4.23 (m, 2H), 6.69 (s, 1H), 6.76 (d, )= 9.3 Hz,
2H), 7.28 (d, 1=3.0Hz 1H), 7.47 (d, }=9.0Hz, 1H), 7.60 (d,
J=3.0Hz, 1H), 7.80 (d, } = 9.0 Hz, 2H).

2.1.8. 6-(2-(2-Hydroxy-ethoxy)-ethoxy)-4*
dimethylaminoflavone (7b)

To a solution of 6 (82 mg, 0.29 mmol) and ethylene glycol
mono-2-chloroethyl ether (37 pl, 0.35 mmol) in DMF (3 mL) was
added anhydrous K,CO; (120 mg, 0.87 mmol). The reaction mix-
ture was stirred at 120 C for 11 h, then poured into water. After
extraction with chloroform, the organic layers were combined
and dried over Na,SO,. Evaporation of the solvent afforded a resi-
due, which was purified by silica gel chromatography (hexane/
ethyl acetate=10:1) to give 107 mg of 7b (99.3%). '"H NMR
(300 MHz, CDCl3) 5: 3.07 (s, 6H), 3.69 (t, J=5.1Hz, 2H), 3.79 (s,
2H), 3.91 (t, J=4.5Hz, 2H), 4.26 (t, J=4.5Hz, 2H), 6.69 (s, 1H),
6.75 (d, }=9.0 Hz, 2H), 7.27-7.30 (m, 1H), 7.47 (d, J = 9.0 Hz, 1H),
7.64 (d, 1=2.2, 1H), 7.81 (d, 1 = 9.0 Hz, 2H).
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2.1.9. 6-(2-(2-(2-Hydroxy-ethoxy)-ethoxy)ethoxy)-4*
dimethylaminoflavone (7c)

To a solution of 6 (100 mg, 0.36 mmol) and 2-[2-(2-chloroeth-
oxy)ethoxylethano! (62 pt, 0.43 mmol) in DMF (3 mL) was added
anhydrous K,CO3; (148 mg, 1.07 mmol). The reaction mixture was
stirred at 120 C for 17 h, then poured into water. After extraction
with chloroform, the organic layers were combined and dried over
Na,S0,. Evaporation of the solvent afforded a residue, which was
purified by preparative TLC (CHClz/MeOH = 20:1) to give 76 mg
of 7¢ (51.1%). 'H NMR (300 MHz, CDCl3) &: 3.07 (s, 6H), 3.62-
3.76 (m, 8H), 3.91 (t, ) = 4.5 Hz, 2H), 4.26 (t, J=4.5Hz, 2H), 6.69
(s, 1H), 6.77 (d, 1=9.3Hz, 2H), 7.28-7.33 (m, TH), 7.47 (d.
J=9.0Hz 1H), 7.60 (d, J = 2.2, 1H), 7.81 (d, § = 9.0 Hz, 2H).

2.1.10. 6-Fluoroethoxy-4*-dimethylaminoflavone (8a)

To a solution of 7a (30 mg, 0.09 mmol) in ethylene glycol di-
methyl ether (3 mL) was added dimethylamino sulfur trifluoride
(DAST) (30 pL, 0.23 mmol) in a dry ice-acetone bath. The reaction
mixture was stirred for 6 h at room temperature. The mixture
was then poured into a saturated NaHSO; solution and after
extraction with chloroform, the organic phase was separated, dried
over Na,SQ,, and filtered. The residue was purified by silica gel
chromatography (hexane/ethyl acetate = 2:1) to give 16 mg of 8a
(53.0%). 'H NMR (300 MHz, CDCl3) &: 2.93 (s, 6H), 4.26-4.40 (m,
2H), 4.70-4.92 (m, 2H), 6.71 (s, TH), 6.76 (d, J = 9.0 Hz, 2H), 7.29-
7.35 (m, 1H), 7.50 (d, 1= 9.0 Hz, 1H), 7.59 (d, J = 3.3 Hz, 1H), 7.82
(d, 1= 9.3 Hz, 2H). EI-MS m/z 327 (M").

2.1.11. 6-(2-(2-Fluoro-ethoxy)-ethoxy)-4*
dimethylaminoflavone (8b)

To a solution of 7b (29 mg, 0.08 mmol) in 1,2-dimethoxyethane
(DME) (5 mL) was added DAST (21 pt, 0.16 mmol) in a dry ice-ace-
tone bath. The reaction mixture was stirred for 1.5 h at room tem-
perature. The mixture was then poured into a saturated NaHSO3
solution and after extraction with chloroform, after the organic
phase was separated, dried over Na,SO,, and filtered. The residue
was purified by preparative TLC (CHCl3/MeOH =20:1) to give
15mg of 8b (51.5%). '"H NMR (300 MHz, CDCl3) &: 3.07 (s, 6H),
3.79 (t, J = 4.2 Hz, 1H), 3.89-3.96 (m, 3H), 4.26 (t, J = 4.8 Hz, 2H),
454 (t, }=42Hz), 469 (t, I1=42Hz), 6.70 (s, 1H), 6.76 (d,
1=9.0Hz 2H), 7.27-7.33 (m, 1H), 7.49 (d, J = 9.3 Hz, 1H), 7.59 (d,
1=3.0, 1H), 7.81 (d, J = 9.0 Hz, 2H). EI-MS m/z 371 (M").

2.1.12. 6-(2-(2-(2-Fluoro-ethoxy)-ethoxy)ethoxy)-4*-dimethyla-
minoflavone (8c)

To a solution of 7¢ (141 mg, 0.34 mmol) in DME (5 mL) was
added DAST (80 pL, 0.68 mmol) in a dry ice-acetone bath. The reac-
tion mixture was stirred for 1 h at room temperature. The mixture
was then poured into saturated NaHSO; solution and extracted
with chloroform. After the organic phase was separated, dried over
Na,S0,4 and filtered, the residue was purified by preparative TLC
(hexane/ethyl acetate = 1:5) to give 21 mg of 8c (14.9%). 'H NMR
(CDCl3) §: 3.08 (s, 6H), 3.69-3.81 (m, 6H), 3.91 (t. } = 4.8 Hz, 2H),
4.24 (t, J=4.8Hz, 2H), 449 (t, J=4.5Hz, 1H), 465 (1, J=4.5Hz,
1H), 6.69 (s, 1H), 6.76 (d, J= 9.0 Hz, 2H), 7.27-7.33 (m, 1H), 7.48
(d, J=9.0Hz, 1H), 7.59 (d, = 2.2, 1H), 7.81 (d, = 9.0 Hz, 2H). EI-
MS m/z 415 (M™).

2.1.13. 6-Hydroxy-4*-nitroflavone (9)

The same reaction as described above to prepare 6 was used,
and 560 mg of 9 was obtained from 3 and BBrs. EI-MS m/z 283
(M)

2.1.14. 6-(2-Hydroxy-ethoxy)-4*nitroflavone (10a)
The same reaction as described above to prepare 7a was used,
and 40mg of 10a was obtained from 9 in a yield of 9.9% 'H
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NMR (300 MHz, CDCls) &: 3.88-4.02 (m, 2H), 4.13-4.20 (m, 2H),
6.89 (s, 1H), 7.38-7.41 (m, 1H), 7.59 (d, )= 9.3 Hz, 1H), 7.67 (d,
J=3.3 Hz, 1H), 8.12 (d, ] = 9.0 Hz, 2H), 8.46 (d, J= 9.0 Hz, 2H).

2.1.15. 6-(2-(2-Hydroxy-ethoxy)-ethoxy)-4*nitroflavone (10b)

The same reaction as described above to prepare 7b was used,
and 830 mg of 10b was obtained from 9. TH NMR (300 MHz, CDCl3)
8:3.70 (t, ) = 5.1 Hz, 2H), 3.79 (s, 2H), 3.93 (t, } = 5.0 Hz, 2H), 4.28 (1,
J=4.8Hz, 2H), 6.90 (s, 1H), 7.37-7.41 (m, 1H), 7.56 (d, ] = 9.3 Hz,
1H), 7.66 (d, J=3.3Hz, 1H), 8.10 (d, J=9.0Hz, 2H), 8.40 (d,
J1=9.0 Hz, 2H).

2.1.16. 6-(2-(2-(2-Hydroxy-ethoxy)-ethoxy)ethoxy)-4*
nitroflavone (10c)

The same reaction as described above to prepare 7¢ was used,
and 10c was obtained from 9 in a yield of 83.1% 'H NMR
(300 MHz, CDCl3) §: 3.64 (t, J=4.5Hz, 2H), 3.71-3.78 (m, 6H),
3.93 (t, J= 4.8 Hz, 2H), 4.27 {t, J= 4.5 Hz, 2H), 6.90 (s, T1H), 7.38-
7.42 (m, 1H), 7.55 (d, J = 9.0 Hz, 1H), 7.61 (d, J = 3.1 Hz, 1H), 8.10
(d, J=8.7 Hz, 2H), 8.39 (d, J = 8.7 Hz, 2H). EI-MS m/z 415 (M").

2.1.17. 6-(2-Fluoro-ethoxy)-4*nitroflavone (11)

The same reaction as described above to prepare 8a was used,
and 24 mg of 11 was obtained from 10a in a yield of 41.6%. 'H
NMR (300 MHz, CDCl3) 4.26-4.41 (m, 2H), 4.71-4.92 (m, 2H),
6.91 (s, 1H), 7.42-7.44 (m, 1H), 7.56-7.61 (m, 2H), 8.11 (d,
J=9.0 Hz, 2H), 8.39 (d, J = 9.3 Hz, 2H).

2.1.18. 6-(2-Fluoro-ethoxy)-4*-aminoflavone (12)

The same reaction as described above to prepare 4 was used,
and 22 mg of 12 was obtained from 11 in a yield of 41.6%. 'H
NMR (300 MHz, CDCl3) 4.10 (s, 2H), 4.27-4.39 (m, 2H), 4.71-4.88
(m, 2H), 6.70 (s, 1H), 6.76 (d, J= 9.0 Hz, 2H), 7.29-7.35 (m, TH),
7.49 (d, J = 9.3 Hz, 1H), 7.58 (s, 1H), 7.75 (d, 1 = 9.0 Hz, 2H). EI-MS
m/z 299 (M*).

2.1.19. 6-(2-Fluoro-ethoxy)-4-methylaminoflavone (13)

To a solution of 12 (22 mg, 0.07 mmol) in DMSO (2 mL) were
added methy! iodide (0.14 mL) and K,CO; (50.8 mg, 0.37 mmol).
The reaction mixture was stirred at room temperature for 5h,
and poured into water (30 mL). After extraction with ethyl acetate
(2 30mL), the organic layers were combined and dried over
Na,SO4. Evaporation of the solvent afforded a residue, which was
purified by reversed phase HPLC (acetonitrile/H,0 = 3:2) to give
10 mg of 13 (43.4% yield). "H NMR (300 MHz, CDCl3) 2.93 (s, 3H),
4.22 (s, 1H), 4.26-4.40 (m, 2H), 4.70-4.91 (m, 2H), 6.71 (s, 1H),
6.76 (d, } = 9.0 Hz, 2H), 7.29~7.35 (m, 1H), 7.50 (d, } = 9.3 Hz, 1H),
7.58 (s, 1H), 7.78 (d, J = 8.7 Hz, 2H). EI-MS m/z 313 (M").

2.1.20. 6-(2-(2-Hydroxy-ethoxy)-ethoxy)-4*-aminoflavone (14b)

The same reaction as described above to prepare 4 was used,
and 251 mg of 14b was obtained from 10b in a yield of 37.9%. 'H
NMR (CDCl3) &6: 3.69 (t, J=5.1Hz, 2H), 3.79 (s, 2H), 3.91 (t
J=4.5Hz, 2H), 4.09 (s, 2H), 4.27 (t, J= 4.2 Hz, 2H), 6.69 (s, 1H),
6.76 (d, = 8.7 Hz, 2H), 7.27-7.32 (m, 1H), 7.48 (d, J = 9.3 Hz, 1H),
7.65 (d, ] = 3.0 Hz, 1H), 7.75 (d, } = 8.4 Hz, 2H). EI-MS m/z 387 (M*).

2.1.21. 6-(2-(2-(2-Hydroxy-ethoxy)-ethoxy)ethoxy)-4*-amino-
flavone (14c)

The same reaction as described above to prepare 4 was used,
and 553 mg of 14c was obtained from 10c in a yield of 58.8%. 'H
NMR (300 MHz, CDCl3) é: 3.62-3.65 (m, 2H), 3.71-3.78 (m, 6H),
3.91 (t, 1 = 4.8 Hz, 2H), 4.11 (s, 2H), 4.25 (t, J = 4.5 Hz, 2H), 6.68 (s,
1H), 6.75 (d, J= 8.7 Hz, 2H), 7.27-7.32 (m, 1H), 7.50 (d, } = 9.0 Hz,
1H), 7.59 (d, J=2.2Hz, 1H), 7.74 (d, 1=8.7 Hz, 2H). EI-MS m/z
387 (M).
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2.1.22. 6-(2-(2-Fluoro-ethoxy)-ethoxy)-4-aminoflavone (15b)

The same reaction as described above to prepare 8b was used,
and 10 mg of 15b was obtained from 14b in a yield of 9.1%. H
NMR (CDCl3) 6: 3.79 (t, J = 4.2 Hz, 1H), 3.86-3.95 (m, 3H), 4.11 (s,
2H), 4.25 (t, J=4.5Hz, 2H), 453 (t. J=42Hz, 1H), 470 (t,
J=4.2Hz, 1H), 6.68 (s, 1H), 6.75 (d, J= 9.0 Hz, 2H), 7.28-7.33 (m,
1H), 7.47 (d, 1=9.0Hz, 1H), 758 (d, 1=3.0Hz, 1H), 7.74 (d,
J=8.4 Hz, 2H). EI-MS m/z 343 (M").

2.1.23. 6-(2-(2-(2-Fluoro-ethoxy)-ethoxy)ethoxy)-4*amino-
flavone (15c)

The same reaction as described above to prepare 8 was used,
and 85 mg of 15¢ was obtained from 14 in a yield of 81.3%. H
NMR (CDCl3) §: 3.62-3.65 (m, 2H), 3.70-3.78 (m, 7H), 3.82 (L,
J=3.9Hz 1H), 3.90 (t, J = 4.5 Hz, 2H), 4.22 (t, } = 4.5 Hz, 2H), 4.49
(t, J=4.2Hz, 1H), 466 (t, J=4.2Hz 1H), 6.68 (s, 1H), 6.756 (d,
}=8.7 Hz, 2H), 7.27-7.32 (m, 1H), 7.46 (d, J = 9.3 Hz, 1H), 7.57 (d,
1=2.2Hz 1H), 7.73 (d, 1 = 8.7 Hz, 2H).

2.1.24. 6-(2-(2-Hydroxy-ethoxy)-ethoxy)-4*
methylaminoflavone (16b)

The same reaction as described above to prepare 13 was used,
and 41 mg of 16b was obtained from 14b in a yield of 37.9%. H
NMR (CDCl3) 8: 3.49 (s, 3H), 3.69 (t, J= 3.6 Hz, 2H), 3.77-3.79 (m,
2H), 3.91 (t, J= 4.8 Hz, 2H), 427 (t, }=4.0Hz, 2H), 6.65 (s, 1H),
6.68-6.69 (m, 2H), 7.29-7.32 (m, 1H), 7.47 (d, J=9.0Hz, 1H),
7.65 (d, J = 3.0 Hz, TH), 7.78 (d, J = 9.0 Hz, 2H). EI-MS m/z 355 (M").

2.1.25. 6-(2-(2-(2-Hydroxy-ethoxy)-ethoxy)ethoxy)-4*
methylaminoflavone (16¢)

The same reaction as described above to prepare 13 was used,
and 145 mg of 16¢c was obtained from 14c in a yield of 64.8%. H
NMR (CDCl3) &: 2.92 (d, J=3.0Hz, 3H), 3.63 (t, J=5.4Hz 2H)
3.72-3.76 (m, 6H), 3.91 (t, J=5.1Hz, 2H), 4.25 (t, J = 4.8 Hz, 3H),
6.65 (s, 1H), 6.68 (s, 2H), 7.28-7.32 (m, 1H), 7.46 (d, J=9.3 Hz,
1H), 7.59 (d, J = 2.2 Hz, 1H), 7.77 (d, J = 8.7 Hz, 2H).

2.1.26. 6-(2-(2-Fluoro-ethoxy)-ethoxy)-4*-methylaminoflavone
(17b)

The same reaction as described above to prepare 8 was used,
and 9 mg of 17b was obtained from 16b in a yield of 21.9%. H
NMR (CDCl3) 8: 2.93 (d, J=5.1Hz, 3H), 3.79 (t, J=4.2Hz, 1H),
3.85-3.95 (m, 3H), 4.26 (t, J=4.8Hz, 3H), 453 (t, ]= 4.2 Hz, 1H),
4.70 (t, J=4.5Hz, 1H), 6.65 (s, 1H), 6.68 (s, 2H), 7.28-7.32 (m,
1H), 7.47 (d, 1=9.0Hz, 1H), 7.59 (d, J=3.0Hz, 1H), 7.78 (d,
J=9.0 Hz, 2H). EI-MS m/z 357 (M").

2.1.27. 6-(2-(2-(2-Fluoro-ethoxy)-ethoxy)ethoxy)-4*-
methylaminoflavone (17¢)

The same reaction as described above to prepare 8 was used,
and 20 mg of 17c was obtained from 16¢ in a yield of 13.8%. H
NMR (CDCls) 6: 2.92 (d, J = 4.8 Hz, 3H), 3.69-3.76 (m, 5H), 3.82 (t,
J=45Hz 1H), 3.91 (t, J = 4.8 Hz, 2H), 4.25 (t, } = 4.2 Hz, 3H), 4.50
(t, )= 4.2 Hz, 1H), 4.66 (t, J = 4.5 Hz, 1H), 6.65 (s, 1H), 6.68 (s, 2H),
7.28-7.31 (m, 1H), 7.46 (d, J = 9.3 Hz, 1H), 7.59 (d, } = 3.0 Hz, 1H),
7.77 (d, J = 8.7 Hz, 2H). EI-MS m/z 401 (M").

2.1.28. 4-Nitrobenzoic acid 2-acetyl-4-fluorophenyl ester (18)

The same reaction as described above to prepare 1 was used, and
2.5 g of 18 was obtained from 2-hydroxy-5-fluoroacetophenone and
4-nitrobenzoyl chloride inayield of 85.6%. THNMR (300 MHz, CDCl5)
8: 2.56 (s, 3H), 7.23-7.34 (m, 2H), 7.56-7.60 (m, 1H), 8.37 (s, 4H).

2.1.29. 1-(5-Fluoro-2-hydroxyphenyl)-3-(4-
nitrophenyl)propane-1,3-dione (19)

The same reaction as described above to prepare 2 was used,
and 2.5 g of 19 was obtained from 18 in a yield of 96.3%. H NMR

48

M. Ono et al./Bioorg. Med. Chem. 17 (2009) 2069-2076

(300 MHz, CDCI3) 6: 6.81 (s, 2H), 7.02 (d, 1=9.0Hz, 1H), 7.45 (d,
J=9.0Hz, 1H), 768 (s, 1H), 8.11 (d, J=87Hz, 2H), 8.36 (d,
J=8.7Hz, 2H), 11.7 (s, TH).

2.1.30. 6-Fluoro-4*nitrofiavone (20)

The same reaction as described above to prepare 3 was used,
and 2.0 g of 20 was obtained from 19 in a yield of 85.3%. EI-MS
miz 285 (M*).

2.1.31. 6-Fluoro-4~aminoflavone (21)

The same reaction as described above to prepare 4 was used,
and 944 mg of 21 was obtained from 20 in a yield of 67.4% 'H
NMR (300 MHz, CDCl3) 8: 4.13 (s, broad, 2H), 6.74 (s, 1H), 6.76
(d, )=9.0 Hz, 2H), 7.35-7.42 (m, 1H), 7.51-7.56 (m, 1H), 7.75 (d,
J=8.7 Hz, 2H), 7.82-7.85 (m, 1H).

2.1.32. 6-Fluoro-4-methylaminoflavone (22)

To a mixture of 21 (300 mg, 1.2 mmol) and paraformaldehyde
(179 mg, 5.9 mmol) in MeOH (15 mL) was added a solution of
NaOMe (0.34 mL, 28 wt % in MeOH) dropwise at 0 C. The mixture
was stirred under reflux for 1 h. After addition of NaBH, (246 mg,
6.5 mmol), the solution was heated under reflux for 45 min. To
the cold mixture, 1M NaOH was added followed by extraction
with CHCI3. The organic phase was dried over Na,SO, and filtered.
The solvent was removed, and the residue was purified by silica gel
chromatography (hexane/ethyl acetate = 5:3) to give 314 mg of 22
(99.2%). "H NMR (300 MHz, CDCl3) é: 2.91 (s, 3H), 4.37 (s, broad,
1H), 6.63 (s, 1H), 6.66 (s, 2H), 7.32~7.39 (m, 1H), 7.49-7.53 (m,
1H), 7.74 (d, 1 = 8.7 Hz, 2H), 7.82-7.85 (m, 1H).

2.1.33. 6-Fluoro-4*-dimethylaminoflavone (23)

The same reaction as described above to prepare 5 was used,
and 203 mg of 23 was obtained from 21 in a yield of 61.0%. 'H
NMR (300 MHz, CDCl3) &: 3.08 (s, 6H), 6.69 (s, 1H), 6.76 (d,
J=9.3Hz, 2H), 7.35-7.41 (m, 1H), 7.561-7.56 (m, 1H), 7.81 (d.
J=9.0 Hz, 2H), 7.83-7.86 (m, TH).

2.1.34. 6-(2-Tosyloxyethoxy)-4*-dimethylaminoflavone (24a)
To a solution of 8a (136 mg, 0.28 mmol) in pyridine (4 mL) was
added tosyl chloride (122 mg, 0.65 mmol) inan ice bath. The reaction
mixture was stirred for 32 h at room temperature following the reac-
tion in an ice bath for 1 h. The organic phase was dried over Na,SO4
and filtered. The solvent was removed, and the residue was purified
by silica gel chromatography (chloroform/MeOH = 20:1) to give
50 mg of 24a (36.8%). TH NMR (300 MHz, CDCly) &: 2.45 (s, 3H),
3.07 (s, 6H), 4.23 (t, 2H, J= 4.5 Hz), 4.41 (t, J=5.1 Hz, 2H), 6.68 (s,
1H), 6.75 (d, J= 9.0 Hz, 2H), 7.12-7.18 (m, 1H), 7.35 (d, J=8.1 Hz,
2H), 7.43-7.56 (m, 2H), 7.82 (t, } = 9.0 Hz, 4H). EI-MS: m/z 479 [M*].

2.1.35. 6-(2-(2-Tosyloxyethoxy)ethoxy)-4*>
dimethylaminoflavone (24b)

The same reaction as described above to prepare 24a was used,
and 111 mg of 24b was obtained from 8b in a yield of 34.1%. 'H
NMR (300 MHz, CDCl3) &: 2.41 (s, 3H), 3.08 (s, 6H), 3.76-3.85 (m,
4H), 4.12 (t, 1=5.1Hz, 2H), 4.22 (t, J=5.1 Hz, 2H), 6.70 (s, 1H),
6.76 (d, }=9.0 Hz, 2H), 7.25-7.33 (m, 3H), 7.47 (d, 1 = 9.0 Hz, 1H),
7.55 (d, J = 3.0 Hz, 1H), 7.79~7.83 (m, 4H). EI-MS m/z 523 (M").

2.1.36. 6-(2-(2-(2-Tosyloxyethoxy)ethoxy)ethoxy)-4*
dimethylaminoflavone (24c)

The same reaction as described above to prepare 24a was used,
and 35 mg of 24c was obtained from 8c in a yield of 39.9%. 'H NMR
(300 MHz, CDCly) é: 2.43 (s, 3H), 3.08 (s, 6H), 3.62-3.73 (m, 6H),
3.87 (1, J=4.8Hz, 2H), 4.16-4.21 (m, 4H), 6.70 (s, 1H), 6.76 (d,
}=9.0Hz, 2H), 7.28-7.33 (m, 3H), 7.47 (d, } = 9.0 Hz, 1H), 7.60 (d,
1=22Hz, 1H), 7.79-7.83 (m, 4H). EI-MS m/z 567 (M").
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2.2. Radiolabeling

[*®F]Fluoride produced by an ultracompact cyclotron (CYPRIS
model 325R; Sumitomo Heavy Industry Ltd) via an *0(p.n)'F
reaction was adsorbed to a strong-base anion exchange resin
(Bio-Rad), and was eluted with 500 pL of K,COj5 solution (33 mM)
into 1mL of acetonitrile containing Kryptofix 222 (K222)
(20 mg). The solvent was removed azeotropically with anhydrous
acetonitrile at 120 C under a nitrogen stream. A solution of tosyl-
ate precursor 24(a-c) (0.2 mg) in 400 pL of DMSO was added to
the reaction vessel containing ['®FIFluoride. The mixture was
heated at 160 C for 5 min. The reaction mixture was purified by
the reversed phase HPLC system (a Shimadzu LC-6A isocratic
pump, a Shimadzu SPD-6A UV detector and an Aloka NDW-351D
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scitillation detector) on a YMC Hydrosphere C18 column
(20 150 mm) with acetonitrile/water (70:30) at a flow rate of
9.0 mL/min to obtain ['®F]8(a—c). The radiochemical purity and
specific activity were determined by analytical HPLC on a YMC
Pack Pro C18 column (4.6 150 mm, acetonitrile/water (60:40),
1.0 mL/min).

2.3. Binding assays using the aggregated Ab peptide in solution

A solid form of AB(1-42) was purchased from Peptide Institute
(Osaka, Japan). Aggregation of peptides was carried out by gently
dissolving the peptide (0.25 mg/mL) in a buffer solution (pH 7.4)
containing 10 mM sodium phosphate and 1 mM EDTA. The solu-
tions were incubated at 37 C for 42 h with gentle and constant

Scheme 1. Reagents: (a) pyridine; (b) KOH, pyridine; (c) Hz504. AcOH; (d) EtOH, SnCla: (e) (CH,0)n, NaCNBH;, AcOH;

(h) DAST, DME; (i) DMSO, CHsl, K,COs.
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shaking. Binding experiments were carried out as described previ-
ousty.™ ["?IIDMFV ({'?*1]6-iodo-4-dimethylaminoflavone) with
81.4 TBg/mmol specific activity and greater than 95% radiochemi-
cal purity was prepared using the standard iododestannylation
reaction.'® A mixture containing 50 pL of test compounds
(0.2 pM-400 UM in 10% EtOH), 50pL of 0.02nM [*°IIDMFV,
50 pL of AB(1-42) aggregates and 850 pL of 10% EtOH was incu-
bated at room temperature for 3 h. The mixture was then filtered
through Whatman GF/B filters using a Brandel M-24 cell harvester,
and the radioactivity on the filters containing the bound "2°| ligand
was measured in a gamma counter (Aloka, ARC-380). Values for
the half-maximal inhibitory concentration (ICso) were determined
from displacement curves of three independent experiments using
GraphPad Prism 4.0, and those for the inhibition constant (K;) were
calculated using the Cheng-Prusoff equation:'® K;=ICso/(1 + [L1/
Kq), where [L] is the concentration of ['2°1JDMFV used in the assay,
and Kq is the dissociation constant of DMFV (12.3 nMv)."

2.4. Staining of amyloid plaques in transgenic mouse brain
sections

Animal studies were conducted in accordance with institu-
tional guidelines and approved by the Kyoto University Animal
Care Committee. Tg2576 transgenic mice (femmale, 20-month-
old) were used as an Alzheimer's model. While under isoflurane
anesthesia, the mice were sacrificed by decapitation, and the
brains were immediately removed and frozen in powdered dry
ice. The frozen blocks were sliced into serial sections 10 pm thick
using a cryostat (Leica Instruments, CM1900). Each slide was
incubated with a 50% ethanol solution (100 uM) of compound
8a, 8b, or 8¢, which have the characteristics to emit fluorescence.
The sections were washed in 50% ethanol for 3 min two times,
and examined using a microscope (Nikon, Eclipse 80i) equipped
with a B-2A filter set (excitation, 450-490 nm; dichronic mirror,
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505 nm; longpass filter, 520 nm). Thereafter, the serial sections
were also immunostained with DAB as a chromogen using mono-
clonal antibodies against B-amyloid (Amyloid B-Protein Immuno-
histostain kit, WAKO).

2.5. In vivo biodistribution in normal mice

A saline solution (100 plL) containing ethanol (5 uL) of radiola-
beled agents (18.5 kBqg) was injected directly into a tail vein of
ddY mice (5-week-old, 22-25 g). While under isoflurane anesthe-
sia, the mice were sacrificed at various time points postinjection.
The organs of interest were removed and weighed, and radioactiv-
ity was measured with an automatic gamma counter (Packard Co-
bra Auto-Gamma Counter 5003).

3. Resuits and discussion

The target FPEG flavone derivatives were prepared as shown in
Scheme 1. The most common method of synthesizing flavones is
known as the Baker-Venkataraman transformation.'® In this pro-
cess, a hydroxyacetophenone is first converted into a benzoyl ester
1, and this species is then treated with a base, forminga 1,3-diketone
2. Treatment of this diketone with acid leads to generation of the de-
sired flavone 3. In the route for the synthesis of dimethylamino
derivatives, the free amino derivative 4 was readily prepared from
3 by reduction with SnCl,. Compound 5 was converted to 6 by
demethylation with BBr; in CH,Cl,. To prepare compounds with 1-
3 ethoxygroups as the PEG linkage, commercially available chlorides
were coupled with the OH group of 6 to obtain 7(a—c), respectively.
The fluorinated flavones, 8(a-c), were successfully obtained by
reacting 7(a—c) with DAST in DME or ethylene glycol dimethyl ether.
Inthe route for the synthesis of monomethylated derivatives and the
primary amino derivatives, the demethylation of 3 with BBrzandthe
introduction of 1-3 ethoxy groups into 9 gave 10(a-c). To prepare

24(a-c)

[**F18(a-c)

Scheme 3. Reagents: (a) tosyl chioride, pyridine; (b) K.COs, ["*FIF , kryptofix[222], DMSO/acetonitrile.
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the FPEG flavone with one ethoxy group (n = 1) (12 and 13), the fluo-
rination of 10a with DAST, the reduction of 11 with SnCl, and the
methylation of 12 were performed. The primary amino derivatives
of FPEG flavones (n =2 and 3) (15b and 15c) were synthesized by
the fluorination of 14b and 14c with DAST following the reduction
of the nitro group in 10b and 10c. The monomethylated FPEG flav-
ones (n =2 and 3) (17b and 17c) were synthesized by the methyla-
tion of 16b and 16c following the fluorination of 14b and 14c with
DAST. We successfully synthesized the flavone derivatives (21, 22,
and 23) with fluorine directly bound to the phenyl group according
to a procedure reported previously (Scheme 2). To make the desired
8F_|abeled FPEG flavones, ['®F]8(a—c), the tosylates 24(a—c) were

Table 1
Inhibition constants (K;, nM) of compounds for the binding of ["2511DMFV to AB(1-42)
aggregates®

Compound Ki (nM) Compound K;i (nM)

8a 5.3+08 15¢ 234.0 + 60.6
8b 144 +25 17b 54.5+10.3
8c 19.3+40 17c 451+5.8
12 234.3 +63.5 21 260.5 + 43.3
13 99.0+11.8 22 110.0+47.4
15b 32111744 23 739+53

@ Values are the mean + standard error of the mean for 4-9 experiments.

Table 2

Biodistribution of '®F-labeled flavones in normal mice®

Organ 2min 10 min 30 min 60 min
['®F18a

Blood 2.80 + 0.41 271+0.13 2.53+0.17 3.25+0.31
Brain 417 £0.77 3.62+£0.21 1.89+0.13 219+0.18
Bone 2.02 £+ 0.53 2.83+0.23 4.51 +0.55 6.21+0.84
['®F18b

Blood 2.09 £+ 0.35 2.30 £ 0.07 2.50 +0.21 2.94 +£0.27
Brain 3.54 + 0.54 2.75+0.21 2.00 +0.20 2.13+0.10
Bone 1.13+0.22 1.65+0.10 2.42 +0.38 3.74+0.30
['8F]18¢c

Blood 2.35+0.54 1.50 + 0.26 1.40 £ 0.04 1.88 +0.08
Brain 2.89+0.74 2.23+0.36 1.31£0.14 1.37 £ 0.11
Bone 1.563+0.52 2.38+0.39 4.06 +0.49 5.21+0.98

3 Expressed as % of injected dose per gram. Each value represents the mean + SD for
4-5 mice at each interval.
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employed as the precursors. The free OH groups of 8(a-c) were con-
verted into tosylates by reacting with TsCl in the presence of pyridine
togive 24(a-c) (Scheme 3). Each of the tosylates, 24(a—c), was mixed
with ['8F]fluoride/potassium carbonate and Kryptofix 222 in DMSO
and heated at 160 C for 5 min. The crude product was purified by
HPLC (radiochemical purity >99%, radiochemical yield 5-13%, decay
corrected). The total synthesis time was 70 min, and the specific
activity was estimated to be 33.3-55.5 GBg/mmol at the end of
synthesis.

In vitro binding experiments to evaluate the affinity of the FPEG
flavones for AR aggregates were carried out in solutions with
['2°1]DMFV as the ligand. The affinity of flavone derivatives for
AB aggregates varied from 5 to 321 nM (Table 1). The flavone deriv-
atives had affinity for Ap(1-42) aggregates in the following order:
the dimethyamino derivatives (8a, 8b, 8c, and 23) > the monom-
ethylamino derivatives (13, 17b, 17c, and 22) > the primary amino
derivatives (12, 15b, 15¢, and 21). The results of the binding exper-
iments are consistent with those of previous reports.'*?*?" The K;
values indicated that the affinity for Ap(1-42) aggregates was af-
fected by the substituted group at position 4*in the flavone struc-
ture, not by the length of the PEG introduced into the flavone
backbone. We selected the dimethylamino derivatives (8a, 8b,
and 8c), which showed greater binding affinity than the monom-
ethylamino derivatives and the primary amino derivatives, for
additional study.

Three '8F FPEG flavones (['®F]8a, ['®F18b, and ['®F]8c) were
examined for their biodistribution in normal mice (Table 2). All
three ligands displayed high uptake from the brain 2.89-4.17%ID/
g. at 2 min postinjection, indicating a level sufficient for imaging.
In addition, they displayed good clearance from the normal brain
with 1.89, 2.00, and 1.31%ID/g at 30 min postinjection for ['®F]8a,
['®F18b, and ['®F]8c, respectively. These values were equal to
45.3%, 56.5%, and 45.3% of the initial uptake peak for ['®F]8a,
['8F18b, and ['®F]8c, respectively. A rapid initial uptake in normal
brain coupled with a fast washout are highly desirable properties
for B-amyloid-imaging probes, as they lead to a high signal to back-
ground ratio. ['®F18(a—c) showed the bone uptake (3.74-6.21%ID/
g) at 60 min postinjection, suggesting there may be in vivo defluo-
rination. However, the free fluorine was not taken up by brain tis-
sue; therefore, the interference from this free fluoride is expected
to be relatively low for brain imaging.??

To confirm the affinity of FPEG chalcone derivatives for f-amy-
loid plaques in the brain, neuropathological fluorescent staining

Figure 2. Neuropathological staining of flavone derivatives 8a (A), 8b (B), and 8c (C) in 10-pm brain sections of Tg2576 mice. Immunohistological staining with an antibody

against B-amyloid (D, E, and F) in the adjacent sections of A, B, and C, respectively.

51



2076

with 8a, 8b, and 8c was carried out using the Alzheimer's model
(Fig. 2A-C). Many fluorescence spots were observed in the brain
sections of Tg2576 transgenic (female, 20-month-old) mice, while
no spots were observed in the brain sections of wild-type (female,
22-month-old) mice (data not shown). The fluorescent labeling
pattern was consistent with that obtained by immunohistochemi-
cal labeling with an antibody specific for Ap (Fig. 2D-F), indicating
that FPEG flavones show specific binding to f-amyloid plaques in
the mouse brain.

In conclusion, we successfully designed and synthesized novel
18 Jabeled flavones with the FPEG strategy for PET imaging of B-
amyloid in the brain. The affinity of the derivatives for Ap aggre-
gates varied from 5 to 321 nM. When in vitro plague labeling
was carried out using sections of brain from Tg2576 mice, FPEG
flavones intensely stained B-amyloid plaques. In addition, they dis-
played good uptake into and a rapid washout from the brain after
injection in normal mice. The combination of high binding affinity
for g-amyloid plaques, high brain uptake, and good clearance in
mice of the FPEG-flavone derivatives may provide a series of prom-
ising in vivo amyloid imaging agents for PET.
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This paper describes the synthesis and biological evaluation of a new series of 2,5-diphenyl-1,3,4-oxadi-
azole (1,3,4-DPOD) derivatives for detecting p-amyloid plaques in Alzheimer's brains. The affinity for -
amyloid plaques was assessed by an in vitro binding assay using pre-formed synthetic AB42 aggregates.
The new series of 1,3,4-DPOD derivatives showed affinity for AB42 aggregates with K; values ranging from
20 to 349 nM. The 1,3,4-DPOD derivatives clearly stained B-amyloid plaques in an animal model of Alz-
heimer's disease, reflecting the affinity for AB42 aggregates in vitro. Compared to 3,5-diphenyl-1,2,4-oxa-
diazole (1,2,4-DPOD) derivatives, they displayed good penetration of and fast washout from the brain in
biodistribution experiments using normal mice. The novel radioiodinated 1,3,4-DPOD derivatives may be
useful probes for detecting B-amyloid plaques in the Alzheimer's brain.

2009 Elsevier Ltd. All rights reserved.

1. Introduction

Alzheimer's disease (AD) is a progressive neurodegenerative
disorder pathologically characterized by the deposition of B-amy-
loid (AB) peptides as senile plaques in the brain."? Since the depo-
sition of AB plaques is an early event in the development of AD, a
validated biomarker of AB deposition in the brain would likely
prove useful for identifying and following individuals at risk for
AD and assist in the evaluation of new anti-amyloid therapies cur-
rently under development. Therefore, the quantitative evaluation
of AB plaques in the brain with non-invasive techniques such as
positron emission tomography (PET) and single photon emission
computed tomography (SPECT) could lead to the presymptomatic
detection of AD and new anti-amyloid therapies.>™®

In the past few years, several groups have reported potential
AB-imaging probes for the detection of Af plaques in vivo. Tracers
such as [''CIPIB®7 [''CISB-13%° ['®F]BAY94-9172,'° [''C]BF-
227,"" ["®FIFDDNP,"'2""* and ['2*1]IMPY"*~"® have been tested clin-
ically and demonstrated utility. ['2*I]IMPY is the only tracer for
SPECT, the other five tracers are AB-imaging probes for PET. Since
SPECT is more valuable than PET in terms of routine diagnostic
use, the development of more useful AB-imaging agents for SPECT
has been a critical issue.

* Corresponding authors. Tel.: +81 75 753 4608; fax: +81 75 753 4568 (M.0.); tel./
fax: +81 95 819 2441 (M.N.).
E-mail addresses: ono@pharm.kyoto-u.ac.jp (M. Ono), morio@nagasaki-u.ac.jp
(M. Nakayama).
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Recently, we successfully designed and synthesized a new ser-
ies of 3,5-diphenyl-1,2,4-oxadiazole (1,2,4-DPOD) derivatives as
SPECT probes for the in vivo imaging of Ap plaques in the brain.'®
The 1,2,4-DPOD derivatives are categorized into AB-imaging agents
with the three-aromatic-ring linked system.?°~?2 The derivatives
displayed excellent affinity for Ap aggregates in in vitro binding
experiments. The degree to which the DPOD derivatives penetrated
the brain was also very encouraging. However, nonspecific binding
in vivo reflected by a slow washout from the normal mouse brain
makes them unsuitable for the imaging of AB plaques. The less than
ideal in vivo biodistribution results in normal mice indicate that
there is a critical need to fine-tune the kinetics of brain uptake
and washout. Additional structural changes, that is, reducing the
lipophilicity, are necessary to improve the in vivo properties of
the DPOD derivatives.

In an attempt to further develop novel ligands for the imaging
of AB plaques in AD, we designed a series of 2,5-diphenyl-1,3,4-
oxadiazole (1,3,4-DPOD) derivatives, which are structural isomers
of 1,2,4-DPOD and less lipophilic than 1,2,4-DPOD (Fig. 1). To our

N-0 N-N
I ) I
N (o]
I Ry | Ry
1,2,4-DPOD 1,3,4-DPOD

Figure 1. Chemical structure of 1,2,4-DPOD reported previously and 1,3,4-DPOD
reported in this paper. Ry = NHp, NHCH3, N(CH3)z, OCH3, OH; R; = N(CH3)2, OCHg,
OH, OCH,CH,0H, (OCH,CH2),0H, (OCH>CH,)30H.
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knowledge, this is the first time the use of 1,3,4-DPOD derivatives
in vivo as probes to image Ap plaques in the AD brain has been pro-
posed. Described herein is the synthesis of a novel series of 1,3,4-
DPOD derivatives and the characterization as Ap-imaging probes
in comparison with 1,2,4-DPOD derivatives.

2. Results and discussion

The synthesis of 1,3,4-DPOD derivatives is outiined in Schemes
1 and 2. We used the one-pot synthesis method of producing 2,5-
diphenyl-1,3,4-oxadiazoles.?® The 2,5-diphenyl-1,3,4-oxadiazoles
(3 and 4) were prepared by 4-iodobenzhydrazide with 4-dimethyl-
aminobenzaldehyde and 4-methoxybenzaldehyde in the presence
of ceric ammonium nitrate (CAN). Compound 4 was converted to
6 by demethylation with BBr3 in CH.Cl; (49% yield). Direct alkyl-
ation of 6 with ethylene chlorohydrin, ethylene glycol mono-2-
chloroethyl ether, or 2-[2-(2-chloroethoxy)ethoxylethanol with
potassium carbonate in DMF resulted in 7-9. The tributyltin deriv-
atives (2 and 5) were prepared from corresponding compounds (1
and 4) using a halogen to tributyltin exchange reaction catalyzed
by Pd(0) for yields of 8.2% and 6.5%, respectively. The tributyitin
derivatives were used as the starting materials for radioiodination
in the preparation of ['?°(13 and ['?*114. Novel radioiodinated 1,3,4-
DPOD derivatives were obtained by an iododestannylation reaction
using hydrogen peroxide as the oxidant which produced the de-
sired radioiodinated ligands (Scheme 3). It was anticipated that
the no-carrier-added preparation would result in a final product
bearing a theoretical specific activity similar to that of 25
(2200 Ci/mmol). The radiochemical identity of the radioiodinated
ligands was verified by co-injection with non-radioiodinated com-
pounds from their HPLC profiles, ['?°1]3 and ['?°1]4 were each ob-
tained in a radiochemical yield of >45% with a radiochemical
purity of >95% after purification by HPLC.

The affinity of 1,3,4-DPOD derivatives (3, 4, 6-9) was evaluated
based on inhibition of the binding of ["**1]IMPY to AB42 aggregates.
As shown in Table 1, all 1,3,4-DPOD derivatives showed inhibitory
activity toward AP aggregates. The affinity of 1,3,4-DPOD deriva-
tives for AB aggregates varied from 20 to 349 nM. Compound 3
with the dimethylamino group and 4 with the methoxy group
showed high binding affinity with a K; of 20 and 46 nM, respec-

tively, while no marked affinity was observed for 6-9. Compound
3 displayed almost equal affinity for AP aggregates as the
1,2,4-DPOD  derivative with the dimethylamino group
(4-(3-(4-iodophenyl)-1,2,4-oxadiazole-5-yl)-N,N-dimethylamine;
1,2,4-DPOD-DM, K; = 15 nM)."®

To confirm the affinity of 1,3,4-DPOD derivatives for Ap plaques
in the brain, fluorescent staining of sections of mouse brain from
an animal model of AD was carried out with compound 3
(Fig. 2). Many fluorescence spots were observed in the brain sec-
tions of Tg2576 transgenic mice (female, 28-month-old) (Fig. 2A),
while no spots were observed in the brain sections of wild-type
mice (female, 28-month-old) (Fig. 2B). The fluorescent labeling
pattern was consistent with that observed with thioflavin S
(Fig. 2C). These results suggested that 3 shows specific binding to
Ap plaques in the mouse brain. In the fluorescent staining of
Tg2576 mouse brain sections, 4 also showed specific binding to
AB plaques in the brain (data not shown).

Next, ['2°113 and ['?5114 were evaluated for their in vivo biodis-
tribution in normal mice. A biodistribution study provides critical
information on brain penetration. Generally, a freely diffusible
compound with an optimal log P value of 2 3 will have an initial
brain uptake of 2 3% dose/whole brain at 2 min after iv injection.
{25113 and ['?®1]4 examined in this study displayed optimal lipo-
philicity as reflected by log P values of 2.43 and 2.58, respectively
(Table 2). As expected, these ligands displayed good brain uptake
ranging from 3.8% to 5.9% ID/g brain at 2-10 min postinjection,
indicating a level sufficient for brain imaging probes (Table 3). In
addition, they displayed good clearance from the normal brain
with 1.8% and 0.36% ID/g at 60 min postinjection for ['?*1]3 and
{25114, respectively. These values were equal to a peak in brain up-
take of 30% and 9.6%, respectively. Additionally, all of the other or-
gans or tissues displayed a good initial uptake and a relatively fast
washout with time. To directly compare the brain uptake and
washout of [1%°1]1,2,4-DPOD and ['2°(]1,3,4-DPOD, a combined plot
is presented in Figure 3. It is apparent that ['?°1]1,2,4-DPOD
showed a lower initial uptake with a longer retention, while
[2%111,3,4-DPOD displayed a higher initial uptake but with a faster
washout from the brain. At 2 or 10 min after iv injection, the up-
take of [1%%1]1,3,4-DPOD reached a maximum after which the activ-
ity in the normal brain was washed out. It is important to note that
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Table 1 Table 2
Inhibition constants (K;) for binding of 1,3,4-DPOD derivatives determined using Partition coefficients for 1,2,4-DPOD and 1,3,4-DPOD derivatives
["2*11IMPY as the ligand in AP42 aggregates
Compound Log P?
a
Compound Ki® (nM) 3 2.43+0.07
3 20125 4 2.58 + 0.06
4 46.1 +12.6 1,2,4-DPOD-DM 3.22+0.01
6 229.6 +47.3 1,2,4-DPOD-OMe 3.37 £ 0.04
7 282.2+61.4
8 3486+ 51.7 @ Qctanol/buffer (0.1 M phosphate-buffered saline, pH 7.4) partition coefficients.
9 257.7+34.8 Each value represents the mean + SD for 2—-3 experiments.

3 Values are the mean +standard error for the mean for 4-6 independent
experiments.

the ideal Ap-imaging agent should have good brain penetration to
deliver the intended dose into the brain, while maintaining a fast
washout from normal tissues. Because the normal brain has no
AB plaques to trap the agent, the washout from the brain should
also be fast. Once the high affinity ligand is delivered into the re-
gions containing the AB plaques, imaging agents such as ['*°1]3
and ['2°(]4 are expected to be trapped in this region longer due
to its high binding affinity. The differences between the kinetics
in normal and AB plaque-containing regions will result in a higher
signal to noise ratio (target to non-target ratio) in the AD brain.
Based on the data presented for ['%°1]1,3,4-DPOD, it is predicted
that the brain trapping of ['2°1]1,3,4-DPOD in AB-containing re-
gions will be much better than that of ['*°I]1,2,4-DPOD. The log P
values of 1,3,4-DPOD derivatives (log P =2.43 and 2.58 for 3 and
4, respectively) were lower than those of 1,2,4-DPOD derivatives
(logP =3.22 and 3.37 for 1,2,4-DPOD-DM and 1,2,4-DPOD-OMe,
respectively). Although many factors such as molecular size, ionic
charge, and lipophilicity affect the uptake of a compound into
the brain, the difference in lipophilicity may be one reason for
the difference in brain uptake and washout between 1,3,4-DPOD
and 1,2,4-DPOD. Further structural modifications, that is, decreas-
ing the lipophilicity by introducing the hydrophilic group, should
improve the in vivo properties of 1,3,4-DPOD derivatives.

3. Conclusion
In conclusion, we successfully designed and synthesized a new

series of 1,3,4-DPOD derivatives as probes for the in vivo imaging
of AB plaques in the brain. In in vitro binding experiments, these

Table 3
Biodistribution of radioactivity after injection of ['2°]1,3,4-DPOD derivatives in
normal mice®

Tissue Time after injection (min)
2 10 30 60

[125]]3
Blood 3.28 (0.46) 3.51 (0.29) 2.53 (0.28) 2.21 (0.41)
Liver 15.87 (3.49) 19.12 (2.43) 12.64 (2.44) 10.01 (1.64)
Kidney 9.14 (1.60) 7.80 (0.64) 5.71 (1.35) 3.81 (0.64)
Intestine 2.28 (0.55) 11.34 (1.61) 12.58 (2.35) 16.22 (2.51)
Spleen 3.56 (0.96) 4.10 (0.40) 2.63 (0.54) 2.05 (0.41)
Pancreas 5.32 (0.98) 4.39 (2.17) 2.50 (0.56) 2.14 (0.90)
Heart 3.99 (3.10) 3.55 (1.86) 2.03 (0.30) 1.54 (0.31)
Stomach® 1.40 (0.10) 4.73 (1.86) 4.79 (1.12) 5.50 (0.51)
Brain 2.98 (0.53) 5.93 (0.76) 3.16 (0.69) 1.78 (0.41)

[125”4
Blood 1.84 (0.30) 1.60 (0.30) 1.26 (0.26) 0.80 (0.20)
Liver 9.60 (1.73) 12.60 (1.14) 8.07 (1.66) 4.65 (1.34)
Kidney 7.14 (1.46) 4.85 (0.48) 4.36 (1.12) 2.48 (0.37)
Intestine 2.07 (0.36) 4.49 (0.60) 10.06 (1.81) 19.85 (4.71)
Spleen 2.44 (0.28) 1.51 (0.26) 0.80 (0.10) 0.60 (0.26)
Pancreas 4.74 (0.63) 1.98 (0.37) 0.96 (0.03) 0.57 (0.14)
Heart 4.80 (1.33) 1.73 (0.27) 0.92 (0.25) 0.43 (0.11)
Stomach® 0.71 (0.13) 1.41 (0.91) 3.12 (0.90) 2.90 (1.57)
Brain 3.75 (0.78) 2.74 (0.37) 1.04 (0.14) 0.36 (0.13)

@ Expressed as % injection dose per gram. Each value represents the mean (SD) for
4-6 animals.
© Expressed as % injected dose per organ.

1,3,4-DPOD derivatives showed affinity for AB42 aggregates. The
1,3,4-DPOD derivatives clearly stained AB plaques in an animal
model of AD, reflecting their affinity for A aggregates in vitro.
Compared to 1,2,4-DPOD, they displayed good penetration of and
a fast washout from the brain in biodistribution experiments using

Figure 2. Neuropathological staining of compound 3 on 10-pm AD model mouse sections (A) and wild-type mouse sections (B). Labeled plaques were confirmed by staining

of the adjacent sections with thioflavin S (C).
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Figure 3. Comparison of brain uptake of ['*%1]3, ['#1}4, ['2%1]1,2,4-DPOD-DM and
[%51]1,2,4-DPOD-OMe in normal mice. The kinetics of the uptake of ['*®1}3 and
['2°1]4 may provide a better pattern for the localization of A plaques in the brain.

normal mice. Taken together, the present results suggested that
the novel radioiodinated 1,3,4-DPOD derivatives may be useful
probes for detecting AP plaques in the AD brain.

4. Experimental
4.1. General

All reagents were commercial products and used without fur-
ther purification unless otherwise indicated. *H NMR spectra were
obtained on a Varian Gemini 300 spectrometer with TMS as an
internal standard. Coupling constants are reported in hertz. Multi-
plicity is defined by s (singlet), d (doublet), t (triplet), and m (mul-
tiplet). ®C NMR spectra were obtained on an AL400 JEOL
spectrometer with TMS as an internal standard. Mass spectra were
obtained on a JEOL IMS-DX,

4.1.1. 4-(5-(4-Bromophenyl)-1,3,4-oxadiazol-2-yl)-N,N-
dimethylbenzenamine (1)

To a solution of 4-bromobenzhydrazide (215 mg, 1 mmol) and
4-dimethylaminobenzaldehyde (149 mg, 1 mmol) in dry CH.Cl,
(10 mL) was added CAN (548 mg, 1 mmol). The reaction mixture
was stirred under reflux for 24 h. Water was added and following
extraction with CHCI3, the organic phase was dried over Na,SOj.
The solvent was removed and the residue was purified by silica
gel chromatography (hexane/ethy! acetate = 4:1) to give 12 mg of
1 (3.5%). 'H NMR (300 MHz, CDCl3) & 3.08 (s, 6H), 6.76 (d,
1=9.0Hz, 2H), 7.66 (d, J=8.4Hz, 2H), 7.98 (dd, ]=5.4, 4.5Hz,
4H). MS m/z 362 (M*).

4.1.2. 4-(5-(4-Tributylstannyl)phenyl)-1,3,4-oxadiazol-2-yl)-
N,N-dimethylbenzenamine (2)

A mixture of 1 (19 mg, 0.06 mmol), bis(tributyltin) (0.04 mL)
and (PhsP)4Pd (3 mg, 0.002 mmol) in a mixed solvent (6 mL, 1:1
dioxane/EtsN) was stirred under reflux for 4.5 h. The solvent was
removed, and the residue was purified by silica gel chromatogra-
phy (hexane/ethyl acetate = 3:1) to give 2.5mg of 2 (8.2%). 'H
NMR (300 MHz, CDCl3) ¢ 0.87-1.6 (m, 27H), 3.07 (s, 6H), 6.77 (d,
1=9.0Hz, 2H), 7.61 (d, ] = 8.4 Hz, 2H), 8.01 (dd, ] = 9.0, 8.1 Hz, 4H).

4.1.3. 4-(5-(lodophenyl)-1,3,4-oxadiazol-2-yl)-N,N-
dimethylbenzenamine (3)

The same reaction as described above to prepare 1 was used,
and 14 mg of 3 was obtained in a 1.8% yield from 4-iodobenzohyd-
razide and 4-dimethylaminobenzaldehyde. 'H NMR (300 MHz,
CDCl3) 6 3.07 (s, 6H), 6.76 (d, J=3.0Hz, 2H), 7.85 (d, J=12.0Hz,
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4H), 7.97 {(d, }=3.0Hz, 2H). *3C NMR (400 MHz, CDCl3) § 40.1,
97.8, 110.7, 111.6, 123.9, 128.0, 128.4, 138.2, 152.5, 162.9, 165.5.
HRMS m/z C16H44N30I found 391.0191/ calcd 391.0182 (M*).

4.1.4. 2-(4-lodophenyl)-5-(4-methoxyphenyl)-1,3,4-oxadiazole
4)

The same reaction as described above to prepare 1 was used,
and 40 mg of 4 was obtained in a 8.8% yield from 4-iodobenzohyd-
razide and 4-methoxybenzaldehyde. TH NMR (300 MHz, CDCl3)
3.89 (s, 3H), 7.03 (d, J=2.9 Hz, 2H), 7.86 (q, }= 7.8 Hz, 4H), 8.03
(d, J= 3.0 Hz, 2H). 13C NMR (400 MHz, CDCl3) § 55.5, 98.2, 114.6,
116.2, 123.6, 128.1, 128.8, 138.3, 162.5, 163.6, 164.7. HRMS m/z
C15H11N202| found 377.9877, calcd 377.9865 (M“)

4.1.5. 2-(4-(Tributylstannyl)phenyl)-5-(4-methoxyphenyl)-
1,3,4-oxadiazole (5)

The same reaction as described above to prepare 2 was used,
and 6mg of 5 was obtained in a 6.5% yield from 4. 'H NMR
(300 MHz, CDCl3) 6 0.87-1.58 (m, 27H), 3.91 (s, 3H), 7.04 (d,
J=3.1Hz 2H), 7.63 (d, ] = 2.6 Hz, 2H), 8.06 (q, ] = 6.6 Hz, 4H).

4.1.6. 4-(5-(4-lodophenyl)-1,3,4-oxadiazol-2-yl)phenot (6)

BBr; (0.6 mL, 1 M solution in CH»Cl,) was added to a solution of
4 (36 mg, 0.1 mmol) in CH,CI, (16 mL) dropwise in an ice bath. The
mixture was allowed to warm to room temperature and stirred for
5 days. Water (50 mL) was added while the reaction mixture was
cooled in an ice bath. The mixture was extracted with CHCls
(30 ml) and the water layer was extracted with ethyl acetate.
The organic phase was dried over Na,S0, and filtered. The solvent
was removed, and the residue was purified by silica gel chromatog-
raphy (hexane/ethyl acetate = 2:1) to give 17 mg of 6 (49.0%). H
NMR (300 MHz, CDCl3) 6 6.98-7.06 (m, 2H), 7.86-7.91 (m, 4H),
8.02-8.09 (m, 2H). HRMS m/z C14HgN,0,l found 363.9712, calcd
363.9709 (M").

4.1.7. 2-(4-(5-(4-lodophenyt)-1,3,4-oxadiazol-2-
yl)phenoxy)ethanol (7)

A mixture of 6 (22mg, 0.06 mmol), potassium carbonate
(24.5 mg, 0.18 mmol) and ethylene chiorohydrin (4 pt, 0.06 mmol)
in anhydrous DMF (3 mL) was stirred under reflux for 6.5 h. After
cooling to room temperature, water was added, and the reaction
mixture was extracted with CHCl;. The organic layer was sepa-
rated, dried over Na,SO, and evaporated. The resulting residue
was purified by silica gel chromatography (hexane/ethyl ace-
tate = 2:3) to give 11 mg of 7 (44.6%). "H NMR (300 MHz, CDCl3)
6 4.03 (q, J=5.0Hz, 2H), 4.18 (d, J = 3.0 Hz, 2H) 7.06 (d, J = 3.0 Hz,
2H), 7.87 (q, 1=8.0Hz, 4H), 8.07 (d, }=3.0Hz 2H). HRMS m/z
C16H13N203l found 407.9983, calcd 407.9971 (M*).

4.1.8. 2-(2-(4-(5-(4-lodophenyl)-1,3,4-oxadiazol-2-
yl)phenoxy)ethoxy)ethanol (8)

The same reaction as described above to prepare 7 was used,
and 9 mg of 8 was obtained in a 25.9% yield from 6 and ethylene
glycol mono-2-chloroethyl ether. 'TH NMR (300 MHz, CDCly) &
370 (t, J=3.1Hz 2H), 3.79 (q, J = 4.8 Hz, 2H), 3.92 (t, J=3.2 Hz,
2H), 423 (t, J=3.1Hz, 2H), 7.06 (d, J=3.1Hz, 2H), 7.87 (g,
1=7.6Hz 4H), 8.70 (d, }=3.1Hz, 2H) HRMS m/z CqgH17N204]
found 452.0244, calcd 452.0233 (M*).

4.1.9. 2-(2-(2-(4-(5-(4-lodophenyl)-1,3,4-oxadiazol-2-
yl)phenoxy)ethoxy)ethoxy)ethanol (9)

The same reaction as described above to prepare 7 was used,
and 7.8 mg of 9 was obtained in a 44.7% yield from 6 and 2-[2-
(chloroethoxy)ethoxylethanol. TH NMR (300 MHz, CDCl3) ¢ 3.61-
3.77 (m, 8H), 3.91 (t, J=3.1Hz), 4.23 (t, 1= 3.2Hz 2H), 7.06 (d,
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J=3.0Hz 2H),7.87 (q,} = 7.8 Hz, 4H), 8.06 (d, | = 2.3 Hz, 2H). HRMS
m/z CooH21N2O5! found 496.0525, calcd 496.0495 (M*).

4.2. lododestannylation reaction

The radioiodinated forms of compounds 3 and 4 were prepared
from the corresponding tributyltin derivatives by iododestannyla-
tion. Briefly, to initiate the reaction, 50 piL of H,0, (3%) was added
to a mixture of a tributyltin derivative (50 ug/50 gL EtOH),
{"51]Nal (0.1-0.2 mCi, specific activity 2200 Ci/mmol), and 50 pL
of 1N HCI in a sealed vial. The reaction was allowed to proceed
at room temperature for 3 min and terminated by addition of NaH-
S04, After neutralization with sodium biocarbonate and extraction
with ethyl acetate, the extract was dried by passing through an
anhydrous NazSO4 column and then blown dry with a stream of
nitrogen gas. The radioiodinated ligand was purified by HPLC on
a Cosmosil Cq5 column with an isocratic solvent of Hy,O/acetonitrile
(4:6) at a flow rate of 1.0 mL/min.

4.3, Binding assays using the aggregated Ab peptide in solution

A solid form of AB42 was purchased from Peptide Institute
(Osaka, Japan). Aggregation was carried out by gently dissolving
the peptide (0.25 mg/mL) in a buffer solution (pH 7.4) containing
10 mM sodium phosphate and 1 mM EDTA. The solution was incu-
bated at 37 C for 42 h with gentle and constant shaking. Binding
assays were carried out as described previously.® ['Z*1]IMPY
(6-iodo-2-(4'-dimethylamino)phenyl-imidazo[1,2]pyridine) with
2200 Ci/mmol specific activity and greater than 95% radiochemical
purity was prepared using the standard iododestannylation reac-
tion as described previously.’® Binding assays were carried out in
12 75 mm borosilicate glass tubes. A mixture containing 50 plL
of test compound (0.2 pM-400 uM in 10% EtOH), 50uL of
["251]IMPY (0.02 nM diluted in 10%EtOH), 50 pt of AB42 aggregates,
and 850 pL of 10% ethanol was incubated at room temperature for
3 h. The mixture was then filtered through Whatman GF/B filters
using a Brandel M-24 cell harvester, and the filters containing
the bound 2% ligand were placed in a gamma counter (Aloka,
ARC-380). Values for the half-maximal inhibitory concentration
(ICs0) were determined from displacement curves of three inde-
pendent experiments using GraphPad Prism 4.0, and those for
the inhibition constant (K;) were calculated using the Cheng-Prus-
off equation.?®

4.4. Neuropathological staining of model mouse brain sections

The experiments with animals were conducted in accordance
with our institutional guidelines and were approved by Nagasaki
University Animal Care Committee. The Tg2576 transgenic mice
(female, 28-month-old) and wild-type mice (female, 28-month-
old) were used as the Alzheimer's model and control mice, respec-
tively. After the mice were sacrificed by decapitation, the brains
were immediately removed and frozen in powdered dry ice. The
frozen blocks were sliced into serial sections, 10 pm thick. Each
slide was incubated with a 50% EtOH solution (100 M) of com-
pounds 3 and 4 for 30 min. The sections were washed in 50% EtOH
for 1 min two times, and examined using a microscope (Nikon
Eclipse 80i) equipped with a UV-1A filter set (excitation, 365-
375 nm; diachronic mirror, 400 nm; longpass filter, 400 nm).
Thereafter, the serial sections were also stained with thioflavin S,
a pathological dye commonly used for staining AB plaques in the
brain, and examined using a microscope (Nikon Eclipse 80i)
equipped with a B-2A filter set (excitation, 450-480 nm; dia-
chronic mirror, 505 nm; longpass filter, 520 nm).
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4.5. Determination of partition coefficient determination

Partition coefficients were measured by mixing ['?°]3 and
['?5114 with 1.5 mL each of 1-octanol and buffer (0.1 M phosphate,
pH 7.4) in a test tube. The test tube was vortexed for 20's three
times. Two weighed samples (1 mL each) from the 1-octanol and
buffer layers were measured for radioactivity with a gamma coun-
ter. The partition coefficient was determined by calculating the ra-
tio of cpm/1 mL of 1-octanol to that of the buffer.

4.6. In vivo biodistribution in normal mice

A saline solution (100 pL) of radiolabeled agents (0.2-0.4 uCi)
containing ethanol (10 pb) was injected intravenously directly into
the tail of ddY mice (5-week-old, 22-25 g). The mice were sacri-
ficed at various time points postinjection. The organs of interest
were removed and weighed, and radioactivity was measured with
an automatic gamma counter (Aloka, ARC-380).
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