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Prion diseases are fatal neurodegenerative disorders associated with the deposition of 

abnormal prion protein aggregates (PrPSc) in the brain tissue. Here, we report the 

development of 125I-labeled iodobenzofuran (IBF) derivatives as single photon emission 

computed tomography (SPECT) imaging probes to detect cerebral PrPSc deposits. We 

synthesized and radioiodinated several 5-IBF and 6-IBF derivatives. The IBF derivatives 

were evaluated as prion imaging probes using recombinant mouse prion protein (rMoPrP) 

aggregates and brain sections of mouse-adapted bovine spongiform encephalopathy 

(mBSE)-infected mice. Although all the IBF derivatives were strongly adsorbed on the 

rMoPrP aggregates, [125I]5-IBF-NHMe displayed the highest adsorption rate and potent 

binding affinity with an equilibrium dissociation constant (Kd) of 12.3 nM. Fluorescence 

imaging using IBF-NHMe showed clear signals of the PrPSc-positive amyloid deposits in 
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the mBSE-infected mouse brains. Biodistribution studies in normal mice demonstrated 

slow uptake and clearance from the brain of 125I-IBF derivatives. Among the derivatives, 

[125I]6-IBF-NH2 showed the highest peak brain uptake [2.59% injected dose (ID)/g at 10 

min] and good clearance (0.51% ID/g at 180 min). Although the brain distribution of IBF 

derivatives should still be optimized for in vivo imaging, these compounds showed 

prospective binding properties to PrPSc. Further chemical modification of these IBF 

derivatives may contribute to the discovery of clinically applicable prion imaging probes.

KEYWORDS: Prion disease, PrPSc, benzofuran, single photon emission computed 

tomography (SPECT)
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Prion diseases, also known as transmissible spongiform encephalopathies, are fatal 

neurological disorders that affect humans and animals.1-2 The hallmarks of these diseases 

include abnormal prion protein accumulation in the brain, spongy vacuolation, and severe 

neuronal loss.3 Prion diseases have the unique characteristic of being induced by 

infectious or inherent factors, or both. Bovine spongiform encephalopathy (BSE) in cattle 

and chronic wasting disease (CWD) in deer are known as animal prion diseases. Human 

prion diseases have been classified into Creutzfeldt-Jakob disease (CJD), Gerstmann-

Sträussler-Scheinker syndrome (GSS), fatal familial insomnia (FFI), and kuru.4-5 

Misfolding of the normal cellular prion protein PrP (PrPC) into pathogenic scrapie PrP 

(PrPSc) is considered to play a key role in the disease progression.6 Although PrPC has a 

predominantly F0���G structure, PrPSc is rich in H0����� content and has propagating 

properties.7 The infiltration of PrPSc into the body is suggested to initiate the dysregulation 

of calcium homeostasis and unfolded protein response followed by neuronal dysfunction 

and apoptosis.8 In addition, infectious PrPSc has been reported to activate p38-mitogen-

activated protein kinase (MAPK) and subsequent neurodegeneration.9 However, a 

detailed mechanism of prion diseases has not yet been elucidated. Currently, a definite 

diagnosis of prion diseases still relies on the detection of PrPSc in the postmortem brain 

tissue.10 Recently, real-time quaking-induced conversion (RT-QUIC) that detects PrPSc 
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from the cerebrospinal fluid, olfactory mucosa, or both of patients with clinically 

suspected prion diseases has been proposed as an ultrasensitive and specific ante mortem 

diagnostic method for prion diseases.11-12 However, further clinical trials of multiple 

patients with prion diseases at an early stage may be necessary to establish RT-QUIC as 

a standard diagnostic method. One of the neuropathological features of prion disease is 

amyloid plaque deposition consisting of PrPSc in the brain. Accordingly, visualization of 

PrPSc deposits in the living human brain could facilitate monitoring of prion disease 

progression and its characterization. Noninvasive imaging techniques such as single 

photon emission computed tomography (SPECT) and positron emission tomography 

(PET) are considered useful for visualizing prion deposition in the brain. Because PrPSc 

has a high beta-sheet content similar to beta-amyloid >�H? plaques, which are a hallmark 

of Alzheimer's disease (AD),13 imaging probes for �H have been used to visualize PrPSc 

in patients with prion diseases. However, a few samples and contradictory results 

including negative reports, have hampered their usefulness in clinical practice, which has 

not been confirmed.14 Actually, [11C]PIB and [11C]BF-227, which are �H imaging agents 

could not visualize patients with GSS and CJD, respectively.15-16 Recently, we developed 

several radioligands, including flavonoid- and quinacrine-related compounds, as new 

prion imaging probes.17-18 Among them, [123I]SC-OMe (Fig. 1), a styryl chromone 
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derivative, could be used to visualize the prion deposits of mouse-adapted bovine 

spongiform encephalopathy (mBSE)-infected mice using a small animal SPECT/CT 

imaging system.17 However, it may be necessary to develop new imaging agents with 

improved brain distribution, binding affinity, or both for PrPSc to obtain clearer and PrPSc-

specific images.

Iodinated benzofuran (IBF) derivatives have been reported to exhibit potent binding 

affinities for �H1-40 aggregates with Ki values of 0.4-9.0 nM and moderate brain uptake 

(>1.1% injected dose [ID]) in normal mice.19 Since PrPSc forms a H0����� rich structure 

similarly to �H aggregates, we considered that IBF backbone could be used for the 

development of PrPSc imaging probes. The 5-hydroxy-2-(4-

methyaminophenyl)benzofuran, another benzofuran derivatives with lower lipophilicity, 

displayed high binding affinity for �H aggregates (Ki= 0.7 nM), excellent brain 

penetration (4.8%ID/g at 2 min after injection in mice), and rapid washout from normal 

brains (0.2%ID/g at 60 min).20 Furthermore, 6-IBF derivatives exhibited a higher binding 

affinity for �H1-40 aggregates than 5-IBF derivatives.19 Therefore, the lipophilicity and 

position of iodine atoms may be important factors in the binding affinity to amyloid and 

brain distribution of these derivatives. Thus, we designed IBF derivatives with several 

substituents, including amino groups and an ethyleneoxy group, in the 1N0�������� and 
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Chemistry.  The IBF derivatives were prepared as shown in scheme 1. Nucleophilic 

substitution of 4-nitrobenzyl bromide with 5-bromosalicylaldehyde or 4-

bromosalicylaldehyde, followed by dehydration condensation to an aldehyde group 

formed phenyl benzofuran 1a and 1b with a yield of 79% and 39%, respectively. Each 

nitro group of 1a and 1b was reduced using tin chloride (SnCl2) to obtain 2a and 2b with 

a yield of 20% and 69%, respectively. Treatment of 2a and 2b with tributyltin hydride 

[(SnBu3)2] and tetrakis(triphenylphosphine)palladium(0) [(PPh3)4Pd] generated the 

tributyltin derivative 3a and 3b (27% and 28% yield, respectively). Monomethylation of 

the aniline group of 2a and 2b with paraformaldehyde, sodium methoxide (NaOMe), and 

sodium tetrahydridoborate (NaBH4) produced 4a and 4b at 90 and 85% yields, 

respectively. Compounds 2a and 2b were converted to the dimethyl derivatives 6a and 

6b using paraformaldehyde, sodium cyanoborohydride, and acetic acid (74% and 74% 

yield, respectively). The tributyltin derivatives 5a, 5b, 7a, and 7b were prepared using a 

method similar to the one used to produce 3a with yields of 39%, 39%, 55%, and 55%, 

respectively. The target IBF derivatives 5-IBF-NH2, 6-IBF-NH2, 5-IBF-NHMe, 6-IBF-

NHMe, 5-IBF-NMe2, and 6-IBF-NMe2 were synthesized from the corresponding 

tributyltin derivatives at yields of 63%, 63%, 59%, 35%, 47%, and 39%, respectively. 

The 5-IBF-NHEtOH was synthesized as shown in scheme 2. Compound 2a was alkylated 
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derivatives increased in a concentration-dependent manner to the rMoPrP aggregates and 

the bound 125I-compound to 500 nM of aggregates ranged from 19.9 to 40.5%, indicating 

that all of the IBF derivatives showed potent absorptivity to rMoPrP aggregates. The 

adsorption rates of [125I]5-IBF derivatives tended to be higher than those of [125I]6-IBF 

derivatives. Since [125I]5-IBF-NHMe exhibited the highest binding rate for rMoPrP 

aggregates, we further characterized the binding of [125I]5-IBF-NHMe to rMoPrP 

aggregates using a saturation binding assay (Fig. 4). The binding of [125I]5-IBF-NHMe to 

rMoPrP aggregates showed a saturated binding curve and linear Scatchard plot that fitted 

the single-binding site model. The equilibrium dissociation constant (Kd) of [125I]5-IBF-

NHMe was higher than that of [125I]SC-NMe2, which exhibited high affinity to PrPSc in 

the previous study17 (Kd = 12.3 nM and 36.7 nM, respectively). Next, the inhibition 

constant (Ki) values of non-radioactive IBF derivatives for rMoPrP aggregates and �H1-

42 were evaluated using displacement studies of [125I]5-IBF-NHMe. As shown in Table 1, 

the [125I]5-IBF derivatives exhibited high affinities for rMoPrP aggregates in the order of 

[125I]5-IBF-NHMe (Ki = 12.1 nM) > [125I]5-IBF-NHEtOH (Ki = 34.1 nM) > [125I]5-IBF-

NMe2 (Ki = 47.0 nM) > [125I]5-IBF-NH2 (Ki = 58.6 nM). The Ki values of [125I]6-IBF 

ranged from 100 to 167 nM, which indicated that the introduction of an iodine atom in 

the 6 position diminished the binding interaction with rMoPrP aggregates. Both the 
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adsorption and inhibitory binding assays showed similar tendencies in the rank order of 

binding affinities. These results indicated that 2-ethanolamino at the 1N0�������� could 

maintain the binding affinity, but the most suitable substituent was N-monomethyl amino 

group for binding interaction with rMoPrP aggregates. In addition, it is thought that the 

introduction of iodine at the 5 rather than 6 position of IBF derivatives is advantageous 

for the binding affinity to rMoPrP rather. For �H1�42 aggregates, all IBF derivatives 

exhibited strong binding affinities, which ranged from 0.51 to 21.8 nM of Ki values. It is 

reported that the binding affinities of 6-IBF derivatives for �H1�40 aggregates are stronger 

than those of 5-IBF derivatives.19 On the other hand, our study demonstrated that 5-IBF 

derivatives have slightly higher affinities than those of 6-IBF derivatives for �H1�42 

aggregates. It is unclear why these differences occur in the binding affinities of IBF 

derivatives among �H1�40, �H1�42 and rMoPrP. However, 5-IBF derivatives are possibly 

preferable PrPSc and �H1�42 imaging probes, whereas 6-IBF derivatives could preferably 

serve as �H1�40 imaging probes. 
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Table 1. The Ki values of IBF derivatives for the binding of [125I]5-IBF-NHMe to rMoPrP 

and �H1-42 aggregates.

a Data represent the mean ± standard error of the mean for three independent experiments.

Ki (nM)a 

Compound

rMoPrP �H1-42

5-IBF derivatives

5-IBF-NH2 58.6 (13.6) 11.8 (1.70)

5-IBF-NHMe 12.1 (1.90) 3.79 (0.15)

5-IBF-NMe2 47.0 (14.5) 0.51 (0.02)

5-IBF-NHEtOH 34.1 (3.74) 3.14 (1.26)

6-IBF derivatives

6-IBF-NH2 112 (7.43) 21.8 (2.09)

6-IBF-NHMe 100 (14.0) 8.90 (0.51)

6-IBF-NMe2 167 (3.09) 4.78 (0.34)
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Fluorescence staining of 5-IBF derivatives in mBSE-infected mouse brain 

sections.  Next, we evaluated the neuropathological fluorescence staining of 5-IBF 

derivatives in the brain sections isolated from mBSE-infected and mock-infected mice. 

Thioflavin T (ThT) was used for the identification of amyloid aggregates of PrPSc in the 

mouse brain sections similar to our previous studies.18 As shown in Figure 5, each of the 

four 5-IBF derivatives (5-IBF-NH2, 5-IBF-NHMe, 5-IBF-NMe2, and 5-IBF-NHEtOH) 

showed clear fluorescence signals (Fig. ��O�? at the ThT-labeled regions (Fig. �;O)? in 

the corpus callosum region of mBSE-infected mouse brain sections. Regarding 5-IBF-

NHMe, immunohistochemical analysis of PrPSc was further performed to confirm the 

binding site of 5-IBF-NHMe as a PrPSc-composed amyloid. As shown in Figure 6, 

fluorescence spots of 5-IBF-NHMe in the brain sections of mBSE-infected mice (Fig. 

6A) corresponded to PrPSc deposit regions (Fig. 6B).
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In vivo biodistribution in normal mice.  Clinically available in vivo imaging 

probes for amyloid are expected to show good brain penetration and low nonspecific 

binding to the off-target regions in the brain.21 In a previous study, the in vivo 

biodistribution studies of several 125I-IBF derivatives ([125I]5-IBF-NHMe, [125I]5-IBF-

NMe2, and [125I]6-IBF-NMe2) were reported.19 These tracers showed moderate initial 

brain uptake but slow clearance from the normal brain. Although IBF derivatives, 

especially 5-IBF-NHMe showed prospective binding affinity to PrPSc deposits in vitro, 

[125I]5-IBF-NHMe may not be a suitable in vivo tracer for visualization of PrPSc. 

Therefore, we performed biodistribution studies of 125I-labeled 5-IBF and 6-IBF 

derivatives, including the newly developed compounds (5-IBF-NH2, 5-IBF-NHEtOH, 6-

IBF-NH2, and 6-IBF-NHMe) to identify scaffolds of useful in vivo imaging probes with 

an IBF backbone. We did not evaluate the in vivo biodistribution of [125I]6-IBF-NMe2 

because this compound has already been demonstrated to show quite poor blood-brain-

barrier (BBB) permeability.19 As shown in Figures 8 and 9, the brain distribution and 

peripheral region data were expressed as the percentage injected dose per gram (%ID/g), 

respectively. The brain uptake of IBF derivatives tended to improve with decreasing 

lipophilicity. Specifically, [125I]6-IBF-NH2 showed the highest peak brain uptake (2.59% 

ID/g, 10 min) and good clearance (0.51% ID/g, 180 min). [125I]5-IBF-NHEtOH showed 
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greater brain uptake than any of the other 5-IBF derivatives did, but considerable 

radioactivity was still retained in the brain 180 min after the injection (1.72 ID/g). Both 

5-IBF and 6-IBF derivatives showed high uptake into the lungs and peaked at 2 min in 

the following order of increasing magnitude: NMe2 forms > NHMe forms > NH2 forms. 

The brain uptake of these IBF derivatives increased gradually after administration and 

reached the maximum value after 10 to 60 minutes, which may have been due to delayed 

brain inflow from peripheral tissues. In fact, the pulmonary radioactivity gradually 

decreased, which may be one of the reasons for the delayed brain accumulation of IBF 

derivatives. The uptake of these [125I]IBF derivatives in the thyroid gland gradually 

increased and reached 28.0�199% dose/g 180 min after the injection (Fig. 9), indicating 

that these radioligands were deiodinated in vivo. Since the brain uptake decreased after 

60 min, it seemed unlikely that the metabolites accumulated in the brain. Radiotracers 

with a low molecular weight (MW) (< 500 Da) and moderate lipophilicity {log P 

(partition coefficient) values, 2.0�3.5} have been reported to show optimal passive brain 

entry in vivo.22-23 The molecular weights of these IBF derivatives were within 500 Da, 

but their calculated log P values were higher than the optimal range. In this study, we 

observed three IBF derivatives, [125I]5-IBF-NH2, [125I]5-IBF-NHEtOH, and [125I]6-IBF-

NH2, with suitable lipophilicity for BBB permeability with Clog P values of 3.93, 3.72, 
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and 3.93, respectively (Table 2), which showed preferable brain uptake compared with 

that of other more lipophilic IBF derivatives. We observed that the clearance of the new 

125I-IBF derivatives from brain was still slow, indicating that these compounds may have 

other off-target binding sites in the brain as suggested in a previous study of IBF 

derivatives.19 Recently, a central nervous system multiparameter PET optimization (CNS 

PET MPO) algorithm has been built to predict the favorable physicochemical properties 

of clinically useful CNS PET tracers.24,25 Therefore, we also calculated the ClogD 

(calculated distribution coefficient at pH = 7.4), HBD (number of hydrogen bond donors), 

and pKa (ionization constant of the most basic center) as shown in Table 2. Zhang et al. 

proposed that desirable ranges were defined as ClogP ] 2.8, ClogD ] 1.7, MW ] 305.3, 

44.8 < TPSA ] 63.3, HBD ] 1, and pKa ] 7.2. They set the desirability scores of each 

parameter ranging from 0.0 to 1.0 and CNS PET MPO scores >3 have been shown to 

increase the overall probability of success for CNS PET ligand development in their 

database.24 Although the CNS PET MPO scores of all seven IBF derivatives in this study 

were below 3, it is demonstrated that the 5-IBF-NH2 and 6-IBF-NH2 with the highest CNS 

PET MPO values (2.6) have relatively high BBB permeability. As an exception, the CNS 

PET MPO of [125I]5-IBF-NHEtOH that showed the highest brain uptake among 5-IBF 

derivatives was 2.0. In our previous study, a 11C-labeled benzofuran derivative in which 
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the iodine atom of [125I]5-IBF-NHMe was substituted with a hydroxyl group showed high 

brain penetration and rapid disappearance from the brain tissue.20 In addition, two 18F-

labeled benzofuran derivatives with a pyridyl group ([18F]FPYBF-2 and [18F]FPHBF-2) 

have been reported to show high brain penetration and good clearance properties.26 

Considering that the CNS PET MPO scores of these three PET radioligands were 

calculated to range from 3.7 to 4.0, this algorithm may be a strong predictor for the 

development of new benzofuran derivatives as amyloid imaging probes. Taken together, 

further reduction in lipophilicity and/or molecular weight with minimum hydrogen bond 

donors of IBF derivatives due to the introduction of various hydrophilic substituent 

groups without hydrogen donors and large substituents could improve the initial brain 

uptake and rapid clearance with reduced non-specific binding to off-target regions. On 

the other hand, the basic structure of IBF derivatives is similar to that of PIB and BF227. 

Therefore, it should be taken in consideration that IBF derivatives recognize the H0����� 

structure in amyloid fibrils and can bind to both PrPSc and �H deposits in the living brain. 

In fact, we observed that IBF derivatives have high binding affinities to both �H and 

rMoPrP aggregates in this study. It is reported that PrP deposition was detected in the 

cerebral neocortex of sCJD patients.27 In GSS patients, numerous PrP plaques were 

detected not only in the cerebrum but also in the cerebellum, and PrPSc and �H deposit 
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were simultaneously present in the cerebral cortex.28 The appearance of �H deposits in 

the neocortex originated from the early phase, but deposits in the cerebellum were 

detected only in the end phase of AD patients.29 Therefore, detection of amyloid plaques 

in the cerebellum by non-selective amyloid imaging probes may facilitate distinction of 

GSS from other amyloid diseases in some cases. However, it is considered desirable to 

use amyloid selective imaging probes to accurately distinguish between CJD and AD. 

Since the IBF derivatives exhibited excellent binding affinity and could detect PrPSc 

deposits in the brain tissues, optimization of PrPSc selectivity and CNS PET MPO scores 

of IBF derivatives could be potentially useful in vivo imaging probes for PrPSc.
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organs of mice. Data are expressed as percent injected dose per gram (%ID/g). Each value 

represents the mean (standard deviation) of 5�7 mice.

Table 2. Individual CNS PET MPO parameters of 125I-IBF derivatives.

a The physicochemical properties of each compound was calculated using a 

ChemBioDraw Ultra 13.0.

Compound ClogPa ClogDb TPSAa Mw HBD pKab

CNS

PET

MPOc

5-IBF-NH2 3.93 4.57 35.25 335.14 1 3.52 2.6

5-IBF-NHMe 4.23 5.02 21.26 349.17 1 3.88 2.0

5-IBF-NMe2 5.02 5.42 12.47 363.2 1 4.27 2.0

5-IBF-NHEtOH 3.72 4.73 41.49 379.2 2 3.48 2.0

6-IBF-NH2 3.93 4.56 35.25 335.14 1 3.52 2.6

6-IBF-NHMe 4.23 5.01 21.26 349.17 1 3.87 2.0

6-IBF-NMe2 5.02 5.41 12.47 363.2 1 4.27 2.0
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b The physicochemical properties of each compound was calculated using a SPARK on 

line calculator.

c The CNS PET MPO of each compound was calculated according to the literature. 24

ClogP, calculated partition coefficient; ClogD, calculated distribution coefficient at 

pH=7.4; MW, molecular weight; TPSA, topological polar surface area; HBD, number of 

hydrogen bond donors, pKa, ionization constant of the most basic center.

CONCLUSION

We synthesized and evaluated a series of 5-IBF and 6-IBF derivatives as prion 

imaging probes. All the IBF derivatives investigated exhibited potent adsorption to 

rMoPrP aggregates, especially [125I]5-IBF-NHMe, which had an excellent binding 

affinity with a Kd value of 12.3 nM. Fluorescence imaging and autoradiography studies 

of 5-IBF-NHMe showed clear signals at the PrPSc-positive amyloid deposits in the mBSE-

infected mouse brain model. Although further structure-activity relationship studies 

should be done to optimize the in vivo brain distribution, IBF derivatives have prospective 

properties as prion imaging probes.
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EXPERIMENTAL SECTION

Materials.  All reagents were commercial products and were used without further 

purification, unless otherwise indicated. [125I]NaI was purchased from Muromachi 

Yakuhin (Tokyo, Japan). The 1H NMR spectra were obtained using a Varian Gemini 300 

spectrometer or a JEOL JNM-AL 400 spectrometer with tetramethylsilane (TMS) as an 

internal standard. The mass spectra were obtained using JMS-T100TD or JMS-700N 

mass spectrometer (JEOL, Japan). High-performance liquid chromatography (HPLC) 

analysis and purification were performed using a Shimadzu HPLC system (LC-10AT 

pump with SPD-10A UV detector, ^ = 254 nm). An automated gamma counter with a 

NaI(Tl) detector (2470 WIZARD2, PerkinElmer, MA, USA) was used to measure the 

radioactivity. The experiments with animals were conducted in accordance with our 

institutional guidelines and were approved by Nagasaki University Animal Care 

Committee.

Chemistry.

5-Bromo-2-(4-nitrophenyl)benzofuran (1a). A mixture of 5-bromosalicylaldehyde 

(3.0 g, 15.0 mmol) and K2CO3 in DMF (20 mL) was added 4-nitrobenzyl bromide (3.24 

mg, 15.00 mmol) and heated at 80 °C for 6 h. After the mixture cooled to room 
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temperature, the reaction mixture was filtrated and washed with water. The residue was 

collected and dried by vacuum pump to give 1a (3.76 g, 79%) as a yellow solid. 1H NMR 

(300MHz, CDCl3) _ 7.18 (s, 1H), 7.46-7.45 (m, 2H), 7.78 (d, J= 0.6 Hz, 1H), 8.00 (d, J= 

9.0 Hz, 2H), 8.33 (d, J = 9.0 Hz, 2H). MS (DART) m/z 319 [M+H]+

6-Bromo-2-(4-nitrophenyl)benzofuran (1b). The procedure used for preparation of 1a 

was employed to obtain compound 1b (614 mg, 39%) from 4-bromosalicylaldehyde (1.0 

g, 5.0 mmol). 1H NMR (300MHz, CDCl3) _ 7.20 (s, 1H), 7.41 (dd, J= 8.0 Hz, 1.6 Hz, 

1H), 7.51 (d, J= 8.4 Hz, 1H), 7.74 (s, 1H), 7.99 (d, J= 8.0 Hz, 2H), 8.32 (d, J= 8.0 Hz, 

2H). MS (DART) m/z 316 [M+H]+.

5-Bromo-2-(4-aminophenyl)benzofuran (2a). A mixture of 1a (2.0 g, 6.31 mmol), 

SnCl2 (5.98 g, 31.6 mmol), and ethanol (20 mL) was stirred under reflux for 3 h. After 

the mixture cooled to room temperature, 1 M NaOH (20 mL) was added and extracted 

with ethyl acetate. The combined organic layers were dried with Na2SO4 and evaporated 

to dryness. The crude product was subjected to chromatographic purification on silica gel 

using EtOAc/hexane/Et3N (50:50:1) to give 2a (360 mg, 20%) as a pale yellow solid. 1H 

NMR (300MHz, CDCl3) _ 3.84 (bs, 2H), 6.75 (d, J= 8.4 Hz, 2H), 7.21 (s, 1H), 7.30 (dd, 

Page 31 of 54

ACS Paragon Plus Environment

ACS Infectious Diseases

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



Fuchigami et al. Page 1/51

32

J= 8.1, 1.2 Hz, 1H), 7.34 (d, J= 8.2 Hz, 2H), 7.65 (d, J= 8.7 Hz, 2H). MS (DART) m/z 

289 [M+H]+.

6-Bromo-2-(4-aminophenyl)benzofuran (2b). A mixture of 1b (500 mg, 1.58 mmol) 

and 10% Pd/C (31.5 mg) in EtOAc was vigorously stirred under hydrogen atmosphere at 

room temperature for 13.5 h. The crude product was subjected to chromatographic 

purification on silica gel using EtOAc/hexane (1: 3) to give 2b (312 mg, 69%).  1H NMR 

(400MHz, CDCl3) _ 3.87 (br, 2H), 6.73 (s, 1H), 6.75 (s, 1H), 6.76 (s, 1H), 7.30 (m, 2H), 

7.63 (s, 2H), 7.65 (s, 1H). MS (DART) m/z 286 [M+H]+. 

5-(Tributylstannyl)-2-(4-aminophenyl)benzofuran (3a). A mixture of 2a (300 mg, 

1.05 mmol), (Bu3Sn)2 (2.64 mL, 5.23 mmol), and (Ph3P)4Pd (242 mg, 0.21 mmol) in a 

solvent mixture (5 mL, 3:1 dioxane/Et3N) was stirred under reflux for 6 h. The solvent 

was removed, and the residue was purified by silica gel chromatography using 

CHCl3/hexane (1:4) to yield 3a (141 mg, 27%) as a yellow oil. 1H NMR (300MHz, 

CDCl3) _ 0.89 (t, J= 7.2 Hz, 9H), 1.08 (dd, J= 8.4, 8.1 Hz, 6H), 1.34 (sext, J= 7.8 Hz, 

6H), 1.55 (sext, J= 7.9 Hz, 6H), 3.79 (bs, 1H), 6.71 (d, J= 8.4 Hz, 2H), 6.78 (d, J= 0.9 

Hz, 1H), 7.30 (dd, J=8.0, 0.9 Hz, 1H), 7.46 (d, J= 8.0 Hz, 1H), 7.61 (s, 1H), 7.66 (d, J= 
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8.4 Hz, 2H). MS (DART) m/z 500 [M+H]+.

6-(Tributylstannyl)-2-(4-aminophenyl)benzofuran(3b). The procedure used for 

preparation of 3a was employed to obtain compound 3b (12 mg, 28%) from 2b (25 mg, 

0.087 mmol). 1H NMR (300MHz, CDCl3) _ 0.86-0.91 (m, 9H), 1.06-1.11 (m, 6H), 1.30-

1.38 (m, 6H), 1.51-1.59 (m, 6H ), 3.81 (br, 2H), 6.73 (d, J = 8.7Hz, 2H), 6.79 (s,1H), 7.26 

(d, J = 7.2Hz, 1H), 7.51 (d, J = 7.2Hz, 1H), 7.59 (s, 1H), 7.67 (d, J = 8.7Hz, 2H). MS 

(DART) m/z 500 [M+H]+.

5-Iodo-2-(4-aminophenyl)benzofuran (5-IBF-NH2). A solution of iodine in CHCl3 

(1.0 mL, 1.0 M) was added to a solution of 3a (50 mg, 0.1 mmol) in CHCl3 (1.5 mL) at 

room temperature, and the mixture was stirred at room temperature for 10 min. A 

saturated NaHSO3 solution (10 mL) was added, and then 1.0 M aqueous KF solution (10 

mL) was added. organic layer was separated and the aqueous layer was extracted with 

CHCl3. The combined organic layers were dried with Na2SO4 and evaporated to dryness. 

The crude product was subjected to chromatographic purification on silica gel using 

CHCl3/hexane (2:3) to give 5-IBF-NH2 (21 mg, 63%) as a white powder. 1H NMR 

(300MHz, CDCl3) _ 3.95 (bs, 2H), 6.74 (d, J= 8.4 Hz, 2H), 6.74 (s, 1H), 7.28-7.36 (m, 
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2H), 7.63 (s, 1H), 7.65 (d, J= 8.7 Hz, 2H). 13C NMR (100MHz, CDCl3) _ 157.7, 153.9, 

147.3, 132.4, 129.0, 126.6, 124.4, 120.3, 115.0, 112.8, 97.5, 86.2 MS (DART) m/z 336 

[M+H]+.

6-Iodo-2-(4-aminophenyl)benzofuran(6-IBF-NH2). The procedure used for 

preparation of 5-IBF-NH2 was employed to obtain 6-IBF-NH2 (5.0 mg, 63%) from 3b 

(12 mg, 0.02 mmol). 1H NMR (400MHz, CDCl3) _ 1.64 (br, 2 H), 6.74 (d, J = 8.8Hz, 2 

H), 6.76 (s, 1 H), 7.27 (d, J = 8Hz, 1 H), 7.49 (d, J = 8Hz, 1 H), 7.64 (d, J = 6Hz, 2 H), 

7.83 (s, 1 H). 13C NMR (100MHz, CDCl3) _ 157.7, 154.7, 146.5, 131.7, 129.4, 126.5, 

121.6, 120.3, 120.0, 115.0, 98.3, 85.7 MS (DART) m/z 334 [M+H]+.

5-Bromo-2-(4-methylaminophenyl)benzofuran (4a). To a mixture of 2a (381 mg, 1.33 

mmol) and paraformaldehyde (199 mg, 6.64 mmol) in MeOH (15 mL) was added a 

solution of 28 wt % NaOMe in MeOH (0.35 mL, 1.99 mmol) dropwise at 0 °C. The 

mixture was stirred under reflux for 1 h. After addition of NaBH4 (191 mg, 5.31 mmol), 

the solution was heated under reflux for 1 h. After the mixture cooled to room temperature, 

1 M NaOH (30 mL) was added followed by extraction with CH2Cl2 (30 mL × 2). The 

combined organic layers were dried with Na2SO4 and evaporated to dryness. The crude 
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product was subjected to chromatographic purification on silica gel using EtOAc/hexane 

(1:3) to give 4a (358 mg, 90%) as a yellowish brown powder. 1H NMR (300MHz, CDCl3) 

_ 2.90 (s, 3 H), 4.10 (bs, 1 H), 6.66 (d, J= 8.7 Hz, 2 H), 6.72 (d, J= 0.9 Hz, 1 H), 7.26-

7.35 (m, 2 H), 7.62 (d, J= 1.5 Hz, 1 H), 7.68 (d, J= 9.0 Hz, 2 H). MS (DART) m/z 303 

[M+H]+.

6-Bromo-2-(4-methylaminophenyl)benzofuran (4b). The procedure used for 

preparation of 4a was employed to obtain 4b (225 mg, 85%) from 2b (252 mg, 0.88 

mmol). 1H NMR (300MHz, CDCl3) _ 2.90 (s, 3 H), 4.03 (bs, 1 H), 6.66 (J= 9.0 Hz, 2 H), 

6.74 (d, J= 1.2 Hz), 7.28 (d, J= 1.8 Hz), 7.31 (d, J = 1.5 Hz, 1 H), 7.35 (s, 1 H), 7.63 (s, 

1 H), 7.67 (d, J = 9.0 Hz, 2 H). MS (DART) m/z 303 [M+H]+.

5-(Tributylstannyl)-2-(4-methylaminophenyl)benzofuran (5a). The procedure used 

for preparation of 3a was employed to obtain compound 5a (199 mg, 39%) from 4a (300 

mg, 1.00 mmol). 1H NMR (300MHz, CDCl3) _ 0.89 (t, J= 7.2 Hz, 9H), 1.07 (dd, J= 8.4, 

8.1 Hz, 6H), 1.34 (sext, J= 7.8 Hz, 6H), 1.44-1.78 (m, 6H), 2.82 (s, 3H), 3.85 (bs, 1H), 

6.62 (d, J= 9.0 Hz, 2H), 6.76 (d, J= 0.9 Hz, 1H), 7.27 (d, J= 8.1 Hz, 1H), 7.46 (d, J= 8.1 

Hz, 1H), 7.61 (s, 1H), 7.68 (d, J= 8.7 Hz, 2H). MS (DART) m/z 513 [M+H]+.
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6-(Tributylstannyl)-2-(4-methylaminophenyl)benzofuran (5b). The procedure used 

for preparation of 3a was employed to obtain 5b (150 mg, 39%) from 4b (225 mg, 0.88 

mmol). 1H NMR (300MHz, CDCl3) _ 0.89 (t, J= 7.5 Hz, 9H), 1.02-1.42 (m, 12H), 1.44-

1.78 (m, 6H), 2.88 (s, 3H), 3.90 (s, 1H), 6.65 (d, J= 8.7 Hz, 2H), 6.76 (d, J= 0.9 Hz, 1H), 

7.25 (d, J= 7.2 Hz, 1H), 7.50 (d, J= 7.8 Hz, 1H), 7.59 (s, 1H), 7.70 (d, J= 9.0 Hz, 2H). 

MS (DART) m/z 513 [M+H]+.

5-Iodo-2-(4-methylaminophenyl)benzofuran (5-IBF-NHMe). The procedure used for 

preparation of 5-IBF-NH2 was employed to obtain 5-IBF-NHMe (40 mg, 59%) from 5a 

(100 mg, 0.19 mmol). 1H NMR (300MHz, CDCl3) _ 2.90 (s, 3 H), 4.02 (bs, 1 H), 6.66 (d, 

J= 8.7 Hz, 2H), 6.70 (s, 1H), 7.24 (d, J= 8.2 Hz, 1H), 7.47 (dd, J= 8.1, 1.5 Hz, 1H), 7.67 

(d, J= 8.7 Hz, 2H), 7.83 (d, J= 1.5 Hz, 1H). 13C NMR (100MHz, CDCl3) _ 158.0, 153.9, 

149.9, 131.6, 128.9, 126.5, 123.1, 118.8, 112.7, 112.2, 97.0, 86.2, 30.5. MS (DART) m/z 

350 [M+H]+.

6-Iodo-2-(4-methylaminophenyl)benzofuran(6-IBF-NHMe). The procedure used for 

preparation of 5-IBF-NH2 was employed to obtain 6-IBF-NHMe (24 mg, 35%) from 5b 
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(100 mg, 0.20 mmol). 1H NMR (300MHz, CDCl3) _ 2.90 (s, 3H), 3.99 (bs, 1H), 6.65 (d, 

J= 8.7 Hz, 2H), 6.73 (s, 1H), 7.26 (d, J= 7.8 Hz, 1H), 7.48 (dd, J= 8.1, 1.5 Hz, 1H), 7.67 

(d, J= 8.7 Hz, 2H), 7.82 (s, 1H). 13C NMR (100MHz, CDCl3) _ 157.4, 155.0, 149.9, 131.6, 

129.5, 126.5, 121.5, 120.0, 118.9, 112.2, 97.8, 85.9, 30.5. MS (DART) m/z 350 [M+H]+.

5-Bromo-2-(4-dimethylaminophenyl)benzofuran (6a). To a stirred mixture of 2a (300 

mg, 1.05 mmol) and paraformaldehyde (251 mg, 8.36 mmol) in AcOH (13 mL) was 

added NaCNBH3 (328 mg, 5.23 mmol) in one portion at room temperature. The resulting 

mixture was stirred at room temperature for 3 h, and 1 M NaOH (50 mL) was added 

followed by extraction with EtOAc (25 × 2 mL). The combined organic layers were dried 

with Na2SO4 and evaporated to dryness. The crude product was subjected to 

chromatographic purification on silica gel using CHCl3/hexane (2:3) to give 6a (245 mg, 

74%) as a yellowish brown powder. 1H NMR (300MHz, CDCl3) _ 3.03 (s, 6H), 6.72 (s, 

1H), 6.76 (d, J= 8.7 Hz, 2H), 7.29 (d, J = 0.9 Hz, 1H), 7.32 (s, 1 H), 7.62 (d, J = 1.8 Hz, 

1H), 7.71 (d, J = 8.7 Hz, 2H). MS (DART) m/z 317 [M+H]+.

6-Bromo-2-(4-dimethylaminophenyl)benzofuran (6b). The procedure used for 

preparation of 6a was employed to obtain 6b (82 mg, 74%) from 2b (100 mg, 0.35 mmol). 
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1H NMR (300MHz, CDCl3) _ 3.01 (s, 6H), 6.77 (J= 9.6 Hz, 2 H), 7.31 (dd, J= 8.7, 1.9 

Hz, 1H), 7.37 (d, J = 8.0 Hz, 1H), 7.64 (s, 1H), 7.71 (d, J = 9.0 Hz, 2H). MS (DART) m/z 

317 [M+H]+.

5-(Tributylstannyl)-2-(4-dimethylaminophenyl)benzofuran (7a). The procedure used 

for preparation of 3a was employed to obtain compound 7a (202 mg, 55%) from 6a (220 

mg, 0.70 mmol). 1H NMR (300MHz, CDCl3) _ 0.89 (t, J= 7.2 Hz, 9H), 1.07 (dd, J= 8.4, 

8.1 Hz, 6H), 1.34 (sext, J= 7.5 Hz, 6H), 1.56 (sext, J= 6.7 Hz, 6H), 3.02 (s, 6H), 6.77 (d, 

J= 8.2 Hz, 2H), 6.78 (s, 1H), 7.27 (d, J= 8.0 Hz, 1H), 7.47 (d, J= 7.8 Hz, 1H), 7.61 (s, 

1H), 7.74 (d, J= 9.0 Hz, 2H). MS (DART) m/z 527 [M+H]+.

6-(Tributylstannyl)-2-(4-dimethylaminophenyl)benzofuran (7b). The procedure used 

for preparation of 3a was employed to obtain 7b (75 mg, 55%) from 6b (82 mg, 0.35 

mmol). 1H NMR (300MHz, CDCl3) _ 0.89 (t, J= 7.2 Hz, 9H), 1.09 (dd, J= 8.4, 8.1 Hz, 

6H), 1.28-1.42 (m, 6H), 1.52-1.68 (m, 6H), 3.03 (s, 6H), 6.77 (d, J= 9.3 Hz, 2H), 6.78 (s, 

1H), 7.25 (d, J= 6.9 Hz, 1H), 7.50 (d, J= 7.0 Hz, 1H), 7.59 (s, 1H), 7.74 (d, J= 9.3 Hz, 

2H). MS (DART) m/z 528 [M+H]+.
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5-Iodo-2-(4-dimethylaminophenyl)benzofuran (5-IBF-NMe2). The procedure used 

for preparation of 5-IBF-NH2 was employed to obtain 5-IBF-NMe2 (65 mg, 47%) from 

7a (200 mg, 0.38 mmol). 1H NMR (300MHz, CDCl3) _ 3.03 (s, 6H), 6.72 (s), 6.78 (d, J= 

8.1 Hz, 2H), 6.78 (dd, J= 8.7, 1.5 Hz, 1H), 7.72 (d, J= 9.3 Hz, 1H), 7.83 (d, J= 1.5 Hz, 

1H). 13C NMR (100MHz, CDCl3) _ 157.8, 153.9, 150.8, 131.5, 128.8, 126.3, 123.0, 117.8, 

112.7, 112.1, 97.0, 86.2, 40.3. MS (DART) m/z 364 [M+H]+.

6-Iodo-2-(4-dimethylaminophenyl)benzofuran(6-IBF-NMe2). The procedure used 

for preparation of 5-IBF-NH2 was employed to obtain 6-IBF-NMe2 (7.0 mg, 39%) from 

7b (25 mg, 0.05 mmol). 1H NMR (300 MHz, CDCl3) _ 3.03 (s, 6H), 6.74 (s, 1H), 6.76 (d, 

J = 8.8 Hz, 2H), 7.25 (s, 1H), 7.48 (dd, J = 8.0, 1.2 Hz, 1H), 7.71 (d, J = 8.8 Hz, 2H), 

7.83 (s, 1H). 13C NMR (100MHz, CDCl3) _ 157.5, 155.0, 150.7, 131.6, 129.6, 126.3, 

121.5, 120.0, 117.8, 112.1, 97.7, 85.8, 40.3. MS (DART) m/z 364 [M+H]+.

4-(5-Bromobenzofuran-2-yl)-N-(2-((tert-butyldimethylsilyl)oxy)ethyl) aniline (8). To 

a stirred mixture of 2a (1.00 g, 3.53 mmol) and K2CO3 (975 mg, 7.05 mmol) in DMF (20 

ml) was added (2-bromoethoxy)-tert-butyldimethylsilane (3.78 ml, 17.63 mmol) and 

heated at 90 °C for 7 h. After the mixture cooled to room temperature, satd NaHCO3aq 
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(30 mL) was added followed by extraction with CHCl3 (30 mL × 2). The combined 

organic layers were dried with Na2SO4 and evaporated to dryness. The crude product was 

subjected to chromatographic purification on silica gel using CHCl3/hexane (2:3) to give 

8 (628 mg, 40%) as a white powder. 1H NMR (300MHz, CDCl3) _ 0.08 (s, 6H), 0.93 (s, 

9H), 3.29 (t, J= 5.1 Hz, 2H), 3.85 (t, J= 5.7 Hz, 2H), 6.71 (d, J= 9.0 Hz, 2H), 6.72 (s, 1H), 

7.34-7.25 (m, 2H), 7.63 (d, J= 1.5 Hz, 1H), 7.67 (d, J= 9.0 Hz, 2H). MS (DART) m/z 447 

[M+H]+.

N-(2-((tert-butyldimethylsilyl)oxy)ethyl)-4-(5-(tributylstannyl)benzofuran-2-yl) 

aniline (9). The procedure used for preparation of 3a was employed to obtain compound 

9 (319 mg, 43%) from 8 (502 mg, 1.13 mmol). 1H NMR (300MHz, CDCl3) _ 0.08 (s, 

6H), 0.89 (t, J= 7.5 Hz, 9H), 0.92 (s, 9H), 1.07 (dd, J= 8.7, 8.3 Hz, 9H), 1.34 (sext, J= 5.7 

Hz, 6H), 1.55 (sext, J= 6.1 Hz, 6H), 3.27 (t, J= 5.4 Hz, 2H), 3.83 (t, J= 5.7 Hz, 2H), 4.25 

(s, 1H), 6.67 (d, J= 9.0 Hz, 2H), 6.77 (s, 1H), 7.28 (d, J= 7.4 Hz, 1H), 7.46 (d, J= 7.8 H, 

1H), 7.60 (s, 1H), 7.68 (d, J= 8.7 Hz, 2H). MS (DART) m/z 658 [M+H]+.

4-(5-Iodobenzofuran-2-yl)-N-(2-((tert-butyldimethylsilyl)oxy)ethyl)aniline (10). The 

procedure used for preparation of 5-IBF-NH2 was employed to obtain 10 (67 mg, 28%) 
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from 9 (319 mg, 0.49 mmol). 1H NMR (300MHz, CDCl3) _ 0.08 (s, 6H), 0.93 (s, 9H), 

3.28 (t, J= 5.1 Hz, 2H), 3.84 (t, J= 5.1 Hz, 2H), 4.25 (s, 1H), 6.67 (d, J= 8.3 Hz, 2H), 6.70 

(s, 1H), 7.26 (d, 8.0 Hz, 1H), 7.47 (dd, J= 8.4, 1.3 Hz, 1H), 7.66 (d, J= 8.7 Hz, 2H), 7.83 

(d, 1.3 Hz, 1H). MS (DART) m/z 494 [M+H]+.

5-Iodo-2-(4-(2-ethanolamino)phenyl)benzofuran (5-IBF-NHEtOH). To a solution of 

10 (62 mg, 0.13 mmol) in THF (3 ml) tetrabutylammonium fluoride in THF (1.26 mL, 

1.0 M) was added and reacted at room temperature for 1 h. The reaction mixture was 

quenched by satd NH4Claq (15 mL) was added followed by extraction with CHCl3 (20 

mL × 2). The combined organic layers were dried with Na2SO4 and evaporated to dryness. 

The crude product was subjected to chromatographic purification on silica gel using 

CHCl3/MeOH (49:1) to give 5-IBF-NHEtOH (7.0 mg, 17%) as a white powder. 1H NMR 

(300MHz, CDCl3) _ 3.38 (t, J= 5.4 Hz, 2H), 3.89 (t, J= 5.4 Hz, 2H), 6.71 (d, J= 8.9 Hz, 

2H), 6.71 (s, 1H), 7.24 (d, J= 7.2 Hz, 1H), 7.47 (dd, J= 8.4, 1.3 Hz, 1H), 7.67 (d, J= 9.0 

Hz, 1H), 7.84 (d, J= 1.8 Hz, 2H). 13C NMR (100MHz, CDCl3) _ 157.4, 147.1, 144.6, 

134.9, 131.6, 129.4, 120.6, 116.4, 112.9, 112.1, 97.1, 81.6, 53.1, 45.8. MS (DART) m/z 

380 [M+H]+.
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Radiolabeling. The 125I-labeled IBF derivatives were prepared according to the 

previous study 30. Briefly, to initiate the reaction, 50 µL of H2O2 (3%) was added to a 

mixture of the tributyltin derivative (50 µg in 50 µL EtOH), [125I]NaI (0.1�0.2 mCi, 

specific activity = 2200 Ci/mmol), and 1 M HCl (50 VW? in a sealed vial. The reaction 

was allowed to proceed at room temperature for 3-20 min and was terminated by addition 

of NaHSO3. After alkalization with 400 VW of 1.0 M NaOH and extraction with ethyl 

acetate, the extract was dried via passage through an anhydrous Na2SO4 column, and it 

was then blown dry with a stream of nitrogen gas. The radioiodinated ligands were 

purified by HPLC on a Cosmosil C18 column at a flow rate of 1.0 mL/min.

Binding assay using rMoPrP aggregates. Expression of the rMoPrP and 

aggregation of rMoPrP were carried out as described previously11, 31. The binding assays 

of IBF derivatives for rMoPrP aggregates and �H1-42 were performed according to our 

previous studies 17-18. The adsorption assays were performed by mixing of 125I-IBF 

derivatives >3�106�9 kBq) and an appropriate concentration of rMoPrP aggregates (10-500 

nM) in NaCl/HEPES buffer (50 mM HEPES/KOH, 300 mM NaCl, pH 7.5) containing 

20% (v/v) DMSO. After incubation for 2 h at room temperature, the mixture was then 

filtered through Whatman GF/B filters using a Brandel M-24 cell harvester and washed 
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with the assay buffer 4 times. Each assay tube before filtration and the filters containing 

the bound 125I ligand were measured by an automatic gamma counter and the bound/free 

ratio of [125I]ligand was calculated.  The saturation assays were performed by mixing an 

appropriate concentration of 125I-labelled flavonoid derivatives (0.15�8.75 kBq, 6�350 

nM) and rMoPrP aggregates or �H1-42 (100 nM) in the same buffer with adsorption assays. 

Incubation, filtration and washing of filters were conducted as same conditions with 

adsorption assays. The dissociation constant (Kd) and binding capacity (Bmax) of 

compounds were estimated by Scatchard analysis using PRISM4 (GraphPad Software 

Inc., CA, USA). For competitive binding assays, the mixture contained [125I]5-IBF-

NHMe (0.02 nM), test compound (4.0 pM�1.0 V M), and rMoPrP aggregates (100 nM) 

in the assay buffer. After incubation for 2 h at room temperature, the mixture was filtrated 

and the filters were measured using the gamma counter. Nonspecific binding was defined 

in the presence of 10 V M for nonradioactive of 5-IBF-NHMe. Values for the half 

maximal inhibitory concentration (IC50) were determined from displacement curves of 

three independent experiments using PRISM4, and those for the Ki were calculated using 

the Cheng�Prusoff equation.

Animals. All animals were supplied by Kyudo Co., Ltd. (Saga, Japan). The mBSE 
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infectious animal experiments were conducted under biosafety level 3 (BSL3) 

containment in accordance with the institutional guidelines. mBSE-infected and mock-

infected mice were treated as previously reported.32-33 Experiments using animals were 

conducted in accordance with our institutional guidelines and were approved by the 

Nagasaki University Animal Care Committee.

Fluorescence staining immunohistochemical analysis of mBSE-infected and 

mock-infected mouse brain sections. The animals used for the in vitro experiments were 

exsanguinated via transcardial perfusion with saline under ether anesthesia, and their 

brains were subsequently excised and frozen in an EtOH ice bath. The frozen blocks were 

sliced into �80V
0����� serial sections. The sections were incubated with a 20% DMSO 

solution (100 V!? of IBF derivatives for 24 h. Each section was washed with 20 % DMSO 

twice. The fluorescence images were obtained using an Eclipse 80i microscope (Nikon 

Corp., Tokyo, Japan) with a B-2A filter set (excitation, 450�178S�
Q dichromic mirror, 

�8�S�
Q longpass filter, �38S�
?� Then, the deposits of PrPSc in the serial sections were 

detected by fluorescence staining by ThT (50 µM) or immunohistochemical staining 

using SAF32 anti-PrP antibody as described in our previous papers. 17-18
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In vitro autoradiography in mouse brain sections.  Each brain section was 

incubated in 20% (v/v) DMSO solution containing [125I]ligand (20.8 kBq, 0.02 nM) for 1 

h. The slices were rinsed for 2 min, three times each, with 50% (v/v) DMSO solution, and 

subsequently dipped into cold water for 20 s. The sections were dried under a steam of 

cold air and placed in contact with imaging plates (BAS-MS 2040; GE Health Care) for 

24 h. Distribution of radioactivity on the plates were analysed using the Fluoro Image 

Analyzer (FLA5100; GE Health Care). Thereafter, serial sections were incubated with a 

50% DMSO solution of Th-S (50 µM) for 24 hours. The sections were washed in 50% 

DMSO for 5 min twice.

In vivo biodistribution in normal mice. A saline solution (100 VW? of 125I-IBF 

derivatives (7.4-14.8 kBq) containing DMSO (20 VW? was injected directly into the tail 

vein of ddY mice (male, 5 weeks old, 20-25 g). The mice were sacrificed at 2, 10, 30, 60 

and 180 min post injection. The organs of interest were removed and weighed, and the 

radioactivity was measured using a gamma counter (PerkinElmer, 2470 WIZARD2). 

CNS PET MPO score calculation. ClogP and TPSA were calculated using a 

ChemBioDraw Ultra 13.0. ClogD and pKa were calculated using a SPARK on line 
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calculator. The CNS MPO score calculation has been carried out according to the 

literature.24 
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