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Tissue Probe Preparation
Human hippocampal tissue fixed in 10% buffered formalin solution and embedded in paraffin was cut to 4 μm sections in a microtome and mounted on standard microscope slides. Subsequent deparaffinization was carried out in xylol (15 min), ethanol 100 % (10 min), ethanol 96% (10 min) and ethanol 70% (10 min). Until subsequent processing the slides were stored in water.

Immunohistochemical Staining
Immunohistochemical staining was performed on 4 m sections by using a Ventana Benchmark automated stainer (Ventana, Tuscon, AZ) applying the antibodies anti-PHF-Tau clone AT8 mAb (Thermo Scientific Pierce Protein Research Products, Rockford, IL, USA), TAU Ab-3 (Neomarkers, Freemont, CA) and Amyloid A4 (BAM10, Sigma, St. Louis, MO) and the Ultraview Universal DAB Detection Kit (Ventana, Tuscon, AZ).

Histochemical Staining with Fluorescent Dyes
The staining procedure comprises the following steps of brain section treatment: nucleus staining with acidic haemalm (10 min), blue annealing by water wash-up (5 min), application of the dye solution (2.5 mM) (10 min), ethanol wash-up, water-bath (5 min), 1% acetic acid-bath (15 min), water wash-up and covering with standard glass covers.

Light Microscopy and Fluorescence Microscopy
4 m sections stained with fluorescence probes were analysed by indirect fluorescence microscopy using an Axioskop microsocope with a HBO100 fluorescence illuminator (Carl Zeiss, Oberkochem, Germany) with the bandpass filter set 09 BP450-490, FT510, LP515, the filter set 02 G365, FT395, LP420 and the filter set 15 BP546, FT580, LP590 (all Carl Zeiss, Oberkochem, Germany). 
Digital image processing was done with a Leica DFC 300FX fluorescence camera (Leica Microsystems, Heerbrugg, CH) and the software ImageAcces Premium Version 5 (Imagic AG, Galttbrugg, CH).

Thiazine Red R Displacement Assay
Recombinant human microtubule associated tau protein purified from E.coli was aggregated at a concentration of 5 μM with arachidonic acid (100 μM) in Tris 10 mM pH8, 24h at 37°C. Synthetic Aß40 was aggregated at a concentration of 50 μM with arachidonic acid (100 μM) in Tris 10 mM pH8, for three days at 37°C, under shaking at 150 rpm.

Thiazine Red R was added at the concentration corresponding to the Kd of the respective aggregated protein binding site to induce a fluorescent signal that can be inhibited by the addition of a displacer compound. (Kd for aggregated tau = 18 nM, Kd for aggregated Aβ = 49 nM).

To determine the affinity of a displacer compound to the Thiazine Red R binding sites of the aggregated proteins, the compound was added at different concentrations to the assay ranging from 0.1 nM to 10000 nM. For the inhibition curve, the compound was measured together with the aggregated proteins and Thiazine Red R. The fluorescence of some dyes overlapped with the fluorescence of Thiazine Red R when measured at 595 nm. Therefor, compounds were also measured together with the aggregated proteins, but without Thiazine Red R (autofluorescence curve). Net-fluorescence was calculated by subtracting the fluorescence of the wells without Thiazine Red R from the fluorescence of wells containing Thiazine Red R (inhibition curve). As negative control Thiazine Red R and aggregated protein was used. As positive control, Thiazine Red R, reference compound with known activity (see Table 1) and aggregated protein was used.

The assay was performed in Perkin Elmer OptiPlate 384, black, 45 mL assay volume. As assay buffer DPBS (no CaCl2 no MgCl2) (GIBCO N. 14020) was used. The tested compounds were diluted in DMSO and 2 μL of the solution was added to the assay (5% DMSO final). The assay was started by the addition of the aggregated protein (competitive condition). The plates were shortly shaked (1 min with Sterico variomag teleshake) and incubated at room temperature for 30 min. Measurements were performed with En:Vision (Perkin Elmer), at Excitation 531 nm / Emission 595 nm. 

Experimental Conditions
All chemicals were purchased as reagent grade from commercial suppliers and used without further purification, unless otherwise noted. Proton (1H NMR) and carbon (13C NMR) nuclear magnetic resonance spectra were recorded on Bruker DRX 500 at 500 MHz and 125.75 MHz respectively at 293 K. The chemical shifts are given in parts per million (ppm) on the delta scale (d) and are referenced to tetramethylsilane (d = 0 ppm), 1H NMR. Abbreviations for NMR data: s = singlet; d = doublet; t = triplet; q = quartet; qi = quintet; dd = doublet of doublets; dt = doublet of triplets; dq = doublet of quartets; tt = triplet of triplets; m = multiplet. Mass spectra were recorded on a Finnigan MAT 95 magnetic sector spectrometer. Thin layer chromatography (TLC) was performed using Merck TLC silica gel 60 F 254 (0.2 mm) on  Aluminium sheets. Silica gel columns for chromatography were prepared with E. Merck silica gel 60 (0.063-0.20 mesh ASTM). UV/vis-spectra in methanolic solution were recorded using a Shimadzu UV-2401 PC UV-VIS Recording Spectrometer, fluorescence spectra in methanolic solution were recorded using a Shimadzu RF-1501 Spectrofluorophotometer. 2D fluorescence spectra were recorded on a Tecan Infifite® M1000. HPLC analysis was carried out using: 1) an Agilent 1100 with a reversed phase column (Zorbax Eclipse XDB-C8; 4.6*150 mm) and a 254 nm detector. The eluent is composed of H2O (1% TFA) (A) and acetonitrile (B) with a gradient: 30 to 90%.


2-Methoxybenzene-1,4-dioic acid 4


2,5 dimethylanisole (7.00 g, 46.0 mmol) was dissolved in hot water (700 ml). KMnO4 (25,46 g, 161,0 mmol) was added in small portions over 1 h at 100°C to the vigorously stirred solution. The reaction mixture was stirred over night at 100°C. The precipitated MnO2 was filtered off from the hot solution and washed twice with boiling water. The combined filtrates were acidified with concentrated hydrochloric acid and and cooled to 7°C. The precipitated diacid was filtered off after 20 h (6.10 g, 63%).

melting point: 274.4°C
1H NMR (500 MHz, DMSO) δ = 7.69 (d, 4J = 7.8 Hz, 1H), 7.60-7.53 (m, 2H), 3.87 (s, 3H) ppm.
13C NMR (125 MHz, DMSO) δ  = 166.6, 166.3, 157.2, 134.2, 130.0, 125.4, 120.6,
112.2, 55.5 ppm.

Dimethyl 2-methoxyterephthalate 5


2-Methoxybenzene-1, 4-dioic acid 4 (6.00 g, 28.3 mmol) was dissolved in methanol (80 mL), cooled to 0°C and SOCl2 was added dropwise under vigorous stirring. The reaction mixture was consecutively stirred for 30 min at 0°C, 2 h at RT and finally heated to reflux for 1 h. K2CO3 (2.99 g, 28.3 mmol) and Na2 CO3 (3.90 g, 28.3 mmol) were added to the reaction mixture which was heated to reflux for 3 h. The reaction mixture was cooled to RT, quenched with ice cold water and extracted with dichloromethane. The combined organic phases were consecutively washed with 2N NaOHaq and brine (three times each), dried over MgSO4. The solvent was evaporated in vacuum to provide 5.30 g (92%) of dimethyl 2-methoxyterephthalate 5 as colorless solid.

1H NMR (300 MHz, DMSO) δ  = 7.73 (d, 3J = 8.4 Hz, 1H), 7.59 (m, 2H), 3.88 (s, 6H), 3.81
(s, 3H) ppm.
13C NMR (75 MHz, DMSO) δ  = 165.3, 165.0, 157.3, 133.3, 130.4, 124.2, 120.5, 112.1, 55.6, 52.2, 51.9 ppm.
MS (m/z, 70eV, EI) = 225 (M+), 193, 180, 149.

(2-Methoxy-1,4-phenylene)-dimethanol 6


Dimethyl 2-methoxyterephthalate 5 (5.30 g, 23.6 mmol in 25 mL dry tetrahydrofurane) was added dropwise to a stirred suspension of LiAlH4 (5.40 g, 141.9 mmol) in abs. THF (15 mL). The reaction mixture was heated to reflux for 1 h then cooled to RT. To the suspension were added slowly 6 mL of water, then 12 mL of 10 % NaOHaq and again 24 mL of water: The suspension was stirred for 1 h. The aluminum salts were filtered off using a pressed plug of Celite. The combined filtrates were acidified with 2N H2SO4, extracted with ethylacetate five times. The combined organic phases were washed with brine, dried over MgSO4 and the solvent was removed in vacuo to provide 3.4 g (75%) of (2-methoxy-1, 4-phenylene) dimethanol 6.

1H NMR (300 MHz, CDCl3) δ  = 7.18 (d, 3J = 7.5 Hz, 1H), 6.86-6.81 (m, 2H), 4.71-4.52
(m, 4H), 3.81 (s, 3H) ppm.

13C NMR (75 MHz, CDCl3) δ  = 157.5, 142.2, 128.6, 128.2, 118.8, 108.9, 65.0, 55.3 ppm.

MS (m/z, 70eV, EI) = 219 (M+ + Na)

Tetraethyl (2-methoxy-1,4-phenylene)bis(methylene)diphosphonate 3


(2-methoxy-1, 4-phenylene) dimethanol 6 (3.4 g, 15.5 mmol) was suspended in dichloromethane and SOCl2 (3.05 mL, 43.4 mmol) was added dropwise. The reaction mixture was stirred at RT over night. The reaction mixture was filtered over silica, washed with DCM twice and the solvent was removed under vacuum. The resulting dichloride was dissolved in triethylphosphite (20 mL) and stirred 16 h at 140°C. The excess of triethylphosphite was removed via distillation at 2 mbar at 150°C to provide 5.43 g (86%) of tetraethyl (2-methoxy-1,4 -phenylene)bis(methylene)diphosphonate 3 as clear oil, slowly crystallizing as colorless solid.

1H NMR (500 MHz, CDCl3 ) δ = 7.22 (dd, 3J = 7.6 Hz, 4J = 2.7 Hz, 1H), 6.83-6.79 (m, 2H), 4.06-3.93 (m, 8H), 3.81 (s, 3H), 3.22 (d, 3J = 1.1 Hz, 1H), 3.15 (d, 3J = 1.1 Hz, 1H), 3.13 (d, 3J = 1.1 Hz, 1H), 3.06 (d, 3J = 1.1 Hz, 1H), 1.24-1.18 (m, 12H) ppm.
13C NMR (125 MHz, CDCl3) δ = 157.2, 131.7, 131.1, 121.9, 112.9, 62.1, 55.5, 33.8 (d, J = 136.7 Hz), 26.4 (d, J = 137.8 Hz), 16.3 ppm.
MS (m/z, 70eV, EI) = 408 (M+ + Na), 271


Synthesis of bisphenolic distyrylbenzene-derivatives 7

An oven-dried (140°C, 24 h) 2.5 mL Wheaton-vial was charged with KOtBu (430.5 mg; 0.83 mmol), dry DMF (1 mL), and tetraethyl (2-methoxy-1,4-phenylene)bis(methylene)-diphosphonate (200 mg, 0.48 mmol) dissolved in 0.5 mL DMF. The mixture was stirred at ambient temperature for 30 min. The corresponding aldehyde (0.83 mmol dissolved in 0.5 mL dry DMF) was added dropwise to the suspension. The reaction mixture was stirred at ambient temperature over night. The reaction mixture was transferred with 20 mL of 1N hydrochloric acid to an extraction funnel and extracted with ethyl acetate (3x 50 mL). The combined organic phases were consecutively washed with 1N hydrochloric acid, brine, dried over Na2SO4 and the solvent was removed under vacuum. The crude product was purified by column chromatography (hexane/ethyl acetate; 2/1) to yield the desired product.

4,4'-(1E,1'E)-2,2'-(2-methoxy-1,4-phenylene)bis(ethene-2,1-diyl)diphenol (Methoxy-XO4) 7a


1H-NMR (DMSO, 300 MHz): δ = 7.57 (d, 3J = 8.1 Hz, 1H), 7.42 (d, 3J = 8.6 Hz, 2H), 7.37 (d, 3J = 8.6 Hz, 2H), 7.19 (d, 3J = 16.5 Hz, 2H), 7.17 (d, 4J = 1.5 Hz, 1H) , 7.12 (dd, 4J = 1.5 Hz, 3J = 8.1 Hz, 1H), 7.10 (d, 3J = 16.5 Hz, 1H), 7.00 (d, 3J = 16.5 Hz, 1H), 6.77 (d, 3J = 8.6 Hz, 2H), 6.76 (d, 3J = 8.6 Hz, 2H,), 3.90 (s, 3H) ppm.

13C-NMR (DMSO, 75 MHz): δ = 157.2, 157.1, 156.3, 137.6, 128.6, 128.2, 127.8, 127.6, 125.8, 125.0, 124.8, 119.3, 118.8, 115.5, 108.5, 55.4 ppm.
MS (EI, 70 eV): m/z = 344 (M+)

4-(4-(4-(Dimethylamino)styryl)-3-methoxystyryl)-N,N-dimethylbenzamine 7b


HPLC tR = 4.26 min (90%).
1H-NMR (DMSO-d6, 500 MHz): δ = 7.49 (d, 3J = 8.0 Hz, 1H), 7.40-7.37 (m, 4H), 7.25 (d, 3J = 8.8 Hz, 1H), 7.19-7.16 (m, 1H), 7.06-6.99 (m, 4H), 6.83-6.75 (m, 3H), 6.64 (d, 3J = 8.9 Hz, 1H), 3.90 (s, 3H), 2.96 (s, 12H) ppm.
MS (EI) m/z = 398.4 [M]+.

1-(4-(4-(4-Methylpiperazin1-1yl)styryl)-2-methoxystyryl)phenyl)-4-methylpiperazine 7c


HPLC tR = 4.65 min (83 %).
1H-NMR (CDCl3, 500 MHz): δ = 7.54 (d, 3J = 8.0 Hz, 1H), 7.44 (t, 3J = 8.2, 8.2 Hz, 4H), 7.32 (d, 3J = 16.5 Hz, 1H), 7.05-7.02 (m, 5H), 6.93-6.88 (m, Hz, 4H), 3.94 (s, 3H), 3.36-3.30 (m, 8H), 2.72-2-67 (m, 8H), 2.45 (s, 3H), 2.44 (s, 3H) ppm.
13C-NMR (CDCl3, 125MHz) δ = 155.8, 149.3, 149.0, 136.8, 128.9, 128.0, 127.3, 127.0, 126.5, 125.5, 124.6, 124.2, 123.5, 123.3, 122.4, 122.2, 118.1, 107.4, 54.1 ppm.


3-(3-Methoxy-4-((E)-2-(pyridin-3yl)vinyl)styryl)pyridine 7d


HPLC tR = 1.44 min (90 %).
1H-NMR (CDCl3, 500 MHz): δ = 8.76 (s, 2H), 8.51 (d, 3J = 3.8 Hz, 1H), 8.48 (d, 3J = 3.8 Hz, 1H), 7.95 (d, 3J = 8.0 Hz, 1H), 7.88 (d, 3J = 8.0 Hz, 1H), 7.60 (d, 3J = 8.0 Hz, 1H), 7.55 (d, 3J = 16.6 Hz, 1H), 7.37-7.32 (m, 2H), 7.16-7.12 (m, 5H), 3.98 (s, 3H) ppm.
13C-NMR (CDCl3, 125 MHz): δ = 155.9, 146.5, 146.4, 145.7, 145.3, 136.4, 132.7, 132.3, 131.7, 129.5, 125.5, 124.6, 124.2, 123.5, 123.3, 122.4, 122.2, 118.1, 107.4, 54.1 ppm.
MS (ESI) m/z = 314 [M]+, 299.

5-(4-((E)-2-(6-Chloropyridin-3-yl)vinyl)-2-methoxystyryl)-2-chloropyridine 7e


HPLC tR = 9.33 min (87 %).
1H-NMR (CDCl3, 500 MHz): δ =8.43 (d, 3J = 2.4 Hz, 1H), 8.40 (d, 3J = 2.4 Hz, 1H), 7.78-7.73 (m, 2H), 7.51 (d, 3J = 8.1 Hz, 1H), 7.41 (d, 3J = 16.6 Hz, 1H), 7.26 (d, 3J = 8.3 Hz, 1H), 7.23 (d, 3J = 8.3 Hz, 1H), 7.08-7.06 (m, 2H), 7.04 (d, 3J = 2.8 Hz, 1H), 7.00 (d, 3J = 3.1 Hz, 1H), 6.96 (s, 1H), 3.90 (s, 3H) ppm.
13C-NMR (CDCl3, 125 MHz): δ = 156.3, 149.1, 148.8, 147.3, 147.2, 136.7, 134.3, 134.2, 131.6, 130.9, 130.1, 126.1, 124.9, 124.8, 123.3, 123.2, 123.1, 122.9, 118.6, 107.9, 54.6 ppm.
MS (EI) m/z = 382 [M]+, 367.

1,4-Bis(4-bromostyryl)-2-methoxynezole 7f


HPLC tR = 9.85 min (90 %).
1H-NMR (CDCl3, 500 MHz): δ = 7.48 (d, 3J = 8.0 Hz, 1H), 7.41-7.35 (m, 4H), 7.32.7.29 (m, 4H), 7.04 (d, 3J = 8.1, Hz, 2H), 7.00-6.93 (m, 4H), 3.87 (s, 3H) ppm.
13C-NMR (CDCl3, 125 MHz): δ = 157.2, 137.8, 136.9, 136.1, 131.8, 131.7, 129.2, 128.0, 127.9, 127.8, 127.5, 126.7, 125.8, 123.8, 121.4, 121.1, 119.4, 108.8, 55.6 ppm.
MS (EI) m/z = 470 (468, 472) [M]+.

4-(4-(3,5-Dibromo-4-hydroxystyryl)-3-methoxystyryl-2,6-dibromphenole 7g


HPLC tR = 9.85 min (90 %).
1H-NMR (DMSO-d6, 500 MHz): δ = 7.81 (s, 2H), 7.74 (s, 2H), 7.58 (d, 3J = 8.1 Hz, 1H), 7.28 (d, 3J = 16.5 Hz, 1H), 7.21 (d, 3J = 10.6 Hz, 3H), 7.15 (dd, 3J = 16.0, 12.6 Hz, 2H), 3.91 (s, 3H) ppm.
13C-NMR (DMSO-d6, 125 MHz): δ = 156.7, 150.0, 149.8, 137.7, 132.5, 132.0, 130.0, 129.8, 128.3, 126.7, 125.9, 125.8, 124.7, 122.9, 119.2, 112.3, 109.1, 55.5 ppm.
MS (EI) m/z = 660 [M]+.

1,4-Bis(4-fluorostyryl)-2-methoxybenzene 7h


HPLC tR = 10.13 min (80 %).
1H-NMR (CDCl3, 500 MHz): δ = 7.56 (d, 3J = 8.0 Hz, 1H), 7.51-7.46 (m, 4H), 7.38 (d, 3J = 16.5 Hz, 1H), 7.12-7.09 (m, 2H), 7.06-7.02 (m, 6H), 6.90-6.87 (m, 1H), 3.95 (s, 3H) ppm.
13C-NMR (CDCl3, 125 MHz): δ =161.4, 157.1, 137.8, 134.2, 133.4, 128.3, 128.3, 128.0, 128.0, 127.8, 127.8, 127.5, 126.5, 125.9, 122.9, 119.3, 115.8, 115.6, 115.4, 114.7, 108.7, 55.6 ppm.
MS (EI) m/z = 348 [M]+.

1-(4-(3,5-Difluorostyryl)-3-methoxystyryl)-3,5-difluorobenze 7i


HPLC tR = 10.28 min (90%).
1H-NMR (CDCl3, 500 MHz): δ = 7.48 (d, 3J = 8.0 Hz, 1H), 7.38 (d, 3J = 16.4 Hz, 1H), 7.05-7.02
(m, 2H), 6.99-6.91 (m, 7H), 6.65-6.58 (m, 2H), 3.88 (s, 3H) ppm.
13C-NMR (CDCl3, 125 MHz): δ = 163.3, 163.2, 161.3, 161.2, 156.4, 140.4, 139.6, 136.6, 129.9, 126.1, 125.9, 124.6, 118.6, 108.2, 108.1, 108.0, 107.9, 101.9, 101.9, 101.3, 54.6 ppm.
MS (EI) m/z = 384 [M]+.

4-(4-(3,5-Difluoro-4-hydroxystyryl)-3-methoxystyryl)-2,6-difluorophenole 7j


HPLC tR = 7.93 min (81 %).
1H-NMR (CDCl3, 500 MHz): δ = 7.41 (d, 3J = 8.01 Hz, 1H), 7.18 (d, 3J = 16.4 Hz, 1H), 6.99 (d, 3J = 8.2 Hz, 1H), 6.94 (d, 3J = 7.9 Hz, 4H), 6.88 (d, 3J = 8.8 Hz, 2H), 6.84 (d, 3J = 5.9 Hz, 2H), 3.85 (s, 3H) ppm.
13C-NMR (CDCl3, 125 MHz): δ = 156.0, 152.7, 150.7, 136.5,132.8, 132.7, 132.4, 128.1, 128.0, 127.2, 127.1, 127.0, 126.0, 125.8,125.5, 125.1, 124.5, 121.7, 118. 2, 108.4, 107.6, 54.5 ppm.
MS (EI) m/z = 416 [M]+, 276.

2,2‘-(4,4‘-(1E,1‘E)-2,2‘-(2-Methoxy-1,4-phenylen)bis(ethendiyl)bis(4,1-phenylene))
bis(oxy)diacetate 7k


HPLC tR = 9.05 min (63%).
1H-NMR (CDCl3, 500 MHz): δ = 7.47 (d, 3J = 8.14 Hz, 1H), 7.41 (d, 3J = 8.5 Hz, 2H), 7.39 (d, 3J = 8.5 Hz, 2H), 7.28 (d, 3J = 16.4 Hz, 1H), 7.03 (d, 3J = 8.14 Hz, 1H), 7.01 (d, 3J= 16.4 Hz, 1H), 6.99 (d, 3J = 1.5 Hz, 1H), 6.93 (s, 1H), 6.90 (d, 3J = 15.9 Hz, 1H), 6.84 (d, 3J = 8.5 Hz, 2H), 6.83 (d, 3J = 8.5 Hz, 2H), 4.59 (s, 2H), 4.58 (s, 2H), 3.87 (s, 3H), 3.75 (s, 3H), 3.74 (s, 3H) ppm.
13C-NMR (CDCl3, 125 MHz): δ =168.4, 168.3, 168.3, 156.5, 156.4, 156.2, 155.9, 136.8, 131.0, 130.3, 127.1, 126.8, 126.7, 126.2, 125.3, 124.9, 120.8, 118.2, 113.9, 113.8, 107.6, 64.4, 64.3, 54.5, 51.3, 51.2 ppm.
MS (EI) m/z = 488 [M]+.

2,2'-(4,4'-(1E,1'E)-2,2'-(2-Methoxy-1,4-phenylene)bis(ethene-2,1-diyl)bis(4,1-phenylene))bis(4,4,5,5-tetramethyl-1,3,2-dioxaborolane) 7l


HPLC tR = 6.65 min.
1H-NMR (CDCl3, 500 MHz): δ = 7.80 (t, 3J = 8.80 Hz, 4H), 7.60 (d, 3J = 8.0 Hz, 1H), 7.55 (d, 3J = 8.0 Hz, 1H), 7.53 (d, 3J = 7.0 Hz, 4H), 7.17 (d, 3J = 16.3 Hz, 2H), 7.16 (d, 3J = 16.3 Hz, 2H), 7.05 (s, 1H), 3.96 (s, 3H), 1.36 (s, 24H) ppm.
13C-NMR (CDCl3, 125 MHz): δ = 157.2, 140.7, 139.9, 137.9, 135.2, 135.1, 131.7, 129.5, 129.0, 128.7, 126.7, 126.1, 125.9, 125.8, 124.1, 119.5, 108.84, 83.8, 55.6, 24.9 ppm.
MS (EI) m/z = 564 [M]+.
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