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Figure 3.1. Diverse Hsp70 inhibitor scaffolds have differing effects on tau levels. 

(A) Representative western blot analysis of HEK293T cells transiently transfected 

WT4R0N tau and treated with each Hsp70 inhibitor at indicated concentrations for 24 h. 

(B) Quantification of tau levels in panel (A) as a percentage of vehicle treated ± standard 

error of the mean (SEM), n=3. By linear regression analyses, *** indicates p<0.001, ** 

indicates p<0.01. 
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Table 3.2. Summary of published tau aggregation inhibitor scaffolds. 

Scaffold  Nomenclature 
(Compound Name) 

Compound Structure Anti-Tau 
Aggregatio
n Inhibitory 

Activity 
Reported 

Tau 
Mutant 
Targete

d 

Intracellula
r Anti-Tau 
Activity 

Reported 

Carbocyanine 3,3′-Diethyl-9-
methylthiacarbocyanine 
iodide 
(C11) 

 

(Congdon et 
al., 2009; 
Duff, Kuret, 
& Congdon, 
2010) 

Wild 
Type 

(Congdon 
et al., 2009) 

Aminothienopyridazi
ne 

5-amino-3-(4-
chlorophenyl)-N-
cyclopropyl-4-oxo-3,4-
dihydrothieno[3,4-
d]pyridazine-1-
carboxamide 
(ATPZ) 

 

(Ballatore et 
al., 2010; 
Crowe et 
al., 2009) 

Wild 
Type; 
P301L; 
K311D 

Unknown 

Polyphenol (2S,3E,4S)-3-Ethylidene-
2-(β-D-
glucopyranosyloxy)-3,4-
dihydro-5-
(methoxycarbonyl)-2H-
pyran-4-acetic acid 2-
(3,4-
dihydroxyphenyl)ethyl 
ester 
(Oleuropein)  

(Daccache 
et al., 2011) 

P301L Unknown 
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Table 3.2 (Continued) 
Polyphenol 2-(3,4-

Dihydroxyphenyl)ethanol, 
3,4-Dihydroxyphenethyl 
alcohol 
(Hydroxytyrosol) 

 

(Daccache 
et al., 2011) 

P301L Unknown 

Anthraquinone 1,2,5,8-Tetrahydroxy-
9,10-anthraquinone, 
1,2,5,8-
Tetrahydroxyanthraquino
ne 
(Quinalizarin) 

 

(Duff et al., 
2010; 
Pickhardt et 
al., 2005) 

Wild 
Type; 
ΔK280 

Unknown 

Rhodanine 2-((Z)-5-((5-(3-
chlorophenyl)furan 
-2-yl)methylene)-4-oxo-2-
thioxothiazolidin-3- 
yl)ethanoic acid 
(Compound 1)  

(Bulic et al., 
2007; Bulic, 
Pickhardt, 
Mandelkow, 
& 
Mandelkow, 
2010) 

Wild 
Type; 
ΔK280 

Unknown 
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Figure 3.2. Diverse tau aggregation inhibitor scaffolds have differing effects on tau 

levels. (A) Representative western blot analysis of HEK293T cells transiently transfected 

WT4R0N tau and treated with each tau aggregation inhibitor at indicated concentrations 

for 24 h. (B) Quantification of tau levels in panel (A) as a percentage of vehicle treated ± 

standard error of the mean (SEM), n=3. By linear regression analyses, *** indicates 

p<0.001, ** indicates p<0.01, * indicates p<.05. 
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Figure 3.3. Diverse Hsp70 inhibitor scaffolds have differing effects on tau 

aggregation in vitro. (A) anti-Hsp70 compounds; quantification of in vitro ThT assay 

using recombinant P301L tau incubated with drug at increasing concentrations for one 

hour prior to addition of 20 µM heparin which was then incubated for 24 h. Data are 

average ± standard error of the mean (SEM), n=3. (B) Non-denaturing gel electrophoresis 

of anti-aggregation ThT samples from (A). (C) Quantification of tau aggregate levels from 

(B). Data are average ± standard error of the mean (SEM), n=3. 
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Figure 3.4. Tau aggregation inhibitor scaffolds do not inhibit Hsp70 ATPase 

activity.  Hsp70 Quantification of ATPase activity using recombinant human Hsp70 and 

DnaJA2 protein. Activities are a percentage of vehicle treated ± standard error of the 

mean (SEM), n=3. 
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Figure 3.5. Determination of LDH cytotoxicity of Hsp70 and Tau aggregation 

inhibitors in HEK293T cells. HEK293T cells (10,000 cells per well) were plated in a 96-

well plate and incubated overnight at 37°C. After 24 h, increasing concentrations of 

inhibitors were added to the culture media and incubated for 24 h at 37°C. LDH 

cytotoxicity was measured using the Pierce LDH Cytotoxicity Assay Kit. Values are 

relative to DMSO control. 

3.4 Materials and Methods 

3.4.1 Cell Culture 

HEK293T cells were maintained in DMEM plus 10% FBS (Life Technologies), 1% 

Penicilin Streptomycin (Invitrogen), and 1% Glutamax (complete media; Thermo 

Scientific). Transfections were performed following the Invitrogen Plasmid DNA 

Transfection protocol using Opti-MEM. All cells were treated as indicated and were 

harvested as previously described.9 Cells were washed twice in ice-cold PBS, then 
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scraped in cold mammalian protein extraction reagent (M-PER; Fisher Scientific) 

containing PMSF, protease and phosphatase inhibitors.  Samples were incubated on ice, 

vortexed, then centrifuged at 10,000 rpm for 5 min at 4°C to clear debris. Assays were 

run in triplicate and statistical significance was assessed by t-test. 

 

3.4.2 Aggregation Kinetics (Thioflavin T) Assay and Immunoblot 

Samples consisting of 10 µM purified human recombinant Tau P301L, 2 mM 

diothiothreitol, indicated drug concentration, 10 µM heparin, and 10 µM thioflavin T in 100 

mM sodium acetate buffer at pH 7.4 were prepared. 200 µL of indicated sample was 

added to a black, sealed, clear-bottom 96 well plate (Corning costar 3603). Plates were 

incubated at 37°C and fluorescence (440 emission, 490 excitation) was observed over a 

24 h time course, with periodic readings using a BioTek Synergy H1 microplate reader. 

Following ThT analyses, recombinant fibrils were analyzed by Native-PAGE (non-

denaturing conditions), followed by immunoblotting for tau. Specifically, samples 

incubated with 30µM of each compound were analyzed in this way. 

 

3.4.3 Hydrogen Peroxide Assay 

Hydrogen peroxide production was measured as previously described. 29 Briefly, 

recombinant human P301L tau (10 µM) was incubated with 30 µM rhodacyanine or 

equivalent vehicle (DMSO). Hydrogen peroxide production was measured using the 

PeroXQuant assay (Pierce 23280) according to manufacturer instructions. 
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3.4.4 Hsp70 ATPase Assay 

Recombinant human Hsp70 and DnaJA2 were used in a malachite green assay. A master 

mix of Hsp70:DnaJA2 at 1 µM prepared in assay buffer (0.017% Triton X-100, 100 mM 

Tris–HCl, 20 mM KCl, and 6 mM MgCl2, pH 7.4). An aliquot (14 μL) of this mixture was 

added into each well of a 96-well plate. To this solution, 1 μL of either compound (3, 10, 

30, 100, or 200 μM) or DMSO was added and the plate was incubated for 30 min at 37 

°C before adding 10 μL of 2.5 mM ATP to start the reaction. Thus, the final reaction 

volume was 25 μL and the conditions were 1 μM Hsp70, 1 μM DnaJA2, 4% DMSO, 0.01% 

Triton X-100, and 1 mM ATP. After 3 h incubation at 37 °C, 80 μL of malachite green 

reagent was added into each well. Immediately after this step, 10 μL 34% sodium citrate 

was used to stop the nonenzymatic hydrolysis of ATP. The samples were mixed 

thoroughly and incubated at 37 °C for 15 min before measuring OD620 on a BioTek 

Synergy H1 microplate reader as previously described.21 

 

3.4.5 Lactate Dehydrogenase (LDH) Assay 

LDH cytotoxicity was measured using the Pierce LDH Cytotoxicity Assay Kit. Values are 

presented as the percent of LDH release compared to DMSO (Vehicle) treated cells. 

 

3.4.6 Western Blotting 

After normalization of protein concentration by bicinchoninic acid (BCA) (ThermoFisher), 

samples were run on 10% SDS-PAGE gels (for non-denaturing gel electrophoresis 

samples were run without β- mercaptoethanol on a 4-15% gradient PAGE gel) and 

transferred to PVDF membranes (Immobilon, EMD Millipore).  Membranes were blocked 
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for 1 h in 7% nonfat dry milk in TBS-T before being probed with antibodies directed against 

total tau (H150; 1:1000; Santa Cruz Biotechnology), tau phosphorylated at S396/404 

(PHF1; 1:500; provided by P. Davies), ß-actin (1:1000; Sigma-Aldrich), or GAPDH 

(1:1000; Biodesign). Primary antibodies were detected by species appropriate secondary 

antibodies (Southern Biotech) and chemiluminescence was detected by ECL 

(ThermoFisher). Scion Image software was used to calculate densitometry of all western 

blots. All values are shown as percent vehicle following actin normalization ± standard 

error of the mean. 
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benzyl 
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2-CF3 ethyl H 13-pyridyl No 
Change 
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Figure B.1. Synthetic racemic 1 reduces tau levels in a tauopathy cell model with 

low µM potency. Representative western blot of lysates from HEK293T cells stably 

overexpressing P301L tau (HEK P301L tau) treated with indicated concentrations of 

synthetic 1 for 24 h. 
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Figure B.2. (continued on next page) LC-MS spectra of 3 treated cell lysates. (A) 

Total ion current (TIC) chromatogram of untreated sample, (B) TIC of vehicle sample and 
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(C) TIC of the vehicle sample spiked with 3 at 300 µM. (D) Electrospray ionization (ESI) 

positive mode spectrum of the peak at the retention time (RT) 3.91 min representing the 

internal standard 3. (E) Overlaid extracted ion chromatogram (EIC) of 3 at m z-1 359.2 for 

cell lysates from HEK P301L cells treated with 3 at 30 µM for 1, 6 and 24 h incubation. 

 

Table B.1. Top activated and inactivated upstream regulators as determined by IPA 

software. The upstream regulators are chemicals or molecules predicted by IPA to 

explain the upregulated and downregulated genes observed in our dataset. Their 

activation state is determined by examining the known targets of each upstream regulator 

in our dataset and comparing those targets’ changes to expectations derived from IPA.  

The p-value of overlap is a measure of statistical significance with respect to the upstream 

regulator for our dataset and a reference set of molecules from IPA (which define the 

molecules that could possibly have been upstream regulators). The p-value is calculated 

with the right-tailed Fisher's Exact Test. 

Table B.1 Top activated and inactivated upstream 
regulators as determined by IPA software. 
Upstream Regulator Predicted 

Activation 
State 

p-value of 
overlap 

sirolimus/rapamycin Activated 4.19E-43 
PDGF (family) Activated 2.21E-06 
miR-1 (and other miRNAs 
w/seed GGAAUGU) 

Activated 1.75E-05 

nitrofurantoin Inhibited 6.40E-08 
methapyrilene Inhibited 4.38E-07 
mono-(2-
ethylhexyl)phthalate 

Inhibited 1.44E-05 

 
Table B.2. Top canonical pathways as determined by IPA software. The canonical 

pathways are well-characterized metabolic and cell signaling pathways established in 

IPA. The p-value is a measure of statistical significance with respect to each canonical 
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pathway for our dataset and a reference set of pathways from IPA (which define the 

molecules that could possibly have been pathways). The p-value is calculated with the 

right-tailed Fisher's Exact Test. 

Table B.2 Top canonical pathways as 
determined by IPA software. 
Top Canonical Pathways P-Value 
EIF2 Signaling 9.95E-

50 
Regulation of EIF4 and p70S6K 
Signaling 

3.13E-
24 

mTOR Signaling 1.23E-
16 

 
Table B.3. Upregulated or downregulated kinases as determined by IPA software. 

Negative values represent downregulated kinases and positive values represent up 

regulated kinases in in neuronal cells treated with 3 for 24 h relative to vehicle treated 

cells. The relevance to tau column shows the sites at which the specific kinases are 

known to phosphorylate tau. 

Table B.3 Upregulated or downregulated kinases as determined by IPA software. 
Fold 
Chang
e 

Symbol Entrez Gene Name Kinase Function 
based on UniProt 

Relevance to 
tau 

-1.064 TWF1 twinfilin actin-binding 
protein 1 

protein tyrosine 
kinase 9 

Unknown/NA 

-1.063 MAPK1 mitogen-activated protein 
kinase 1 

serine/threonine 
kinase 

pT153, 
T175/181, S422, 
S46, S212/214, 
S199/S202/T205
, S396/404 

-1.039 PRKAR1A protein kinase, 
regulatory, type I, alpha 

cAMP dependent 
protein kinase A  

T231, S262, 
S212/214, 
S199/S202/T205 

-1.017 CSNK2A1 casein kinase 2, alpha 1 
polypeptide 

serine/threonine 
kinase 

S199/S205/T205
, S396/404 

1.090 ALDH18A
1 

aldehyde dehydrogenase 
18 family, A1 

gluatmate 5-kinase 
activity 

Unknown/NA 

1.372 PKM pyruvate kinase, muscle ATP generating 
kinase 

Unknown/NA 
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Table B.4 Crystal data and structure refinement for Racemic (2 and 3). 
Identification code CSmyR 
Empirical formula C21H28O6 
Formula weight 376.43 
Temperature/K 99.98 
Crystal system monoclinic 
Space group P21/c 
a/Å 10.2863(7) 
b/Å 18.1078(13) 
c/Å 10.1523(7) 
α/° 90.00 
β/° 94.602(4) 
γ/° 90.00 
Volume/Å3 1884.9(2) 
Z 4 
ρcalcg/cm3 1.327 
µ mm-1 0.792 
F(000) 808.0 
Crystal size/mm3 0.05 × 0.03 × 0.02 
Radiation CuKα (λ = 1.54178) 
2Θ range for data collection/° 8.62 to 133.12 
Index ranges -11 ≤ h ≤ 12, -21 ≤ k ≤ 21, -12 ≤ l ≤ 12 
Reflections collected 21398 
Independent reflections 3327 [Rint = 0.0463, Rsigma = 0.0299] 
Data/restraints/parameters 3327/0/266 
Goodness-of-fit on F2 1.034 
Final R indexes [I>=2σ (I)] R1 = 0.0391, wR2 = 0.0877 
Final R indexes [all data] R1 = 0.0571, wR2 = 0.0948 
Largest diff. peak/hole / e Å-3 0.32/-0.21 

 

Table B.5 Crystal data and structure refinement for enantiopure 2. 
Identification code CS_pl_SmyR_thf_hex_0m 
Empirical formula C98.91H133.82O24.1 
Moiety formula 4(C21H26O5), 3.73(C4H8O), 0.37(O) 
Formula weight 1708.39 
Temperature/K 100(2) 
Crystal system hexagonal 
Space group P61 
a/Å 49.7851(12) 
b/Å 49.7851(12) 
c/Å 6.7498(2) 
α/° 90.00 
β/° 90.00 
γ/° 120.00 
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Table B.5 (Continued) 
Volume/Å3 14488.4(7) 
Z 6 
ρcalcg/cm3 1.175 
µ mm-1 0.675 
F(000) 5520.0 
Crystal size/mm3 0.5 × 0.03 × 0.02 
Radiation CuKα (λ = 1.54178) 
2Θ range for data collection/° 6.14 to 134.84 
Index ranges -59 ≤ h ≤ 58, -56 ≤ k ≤ 56, -7 ≤ l ≤ 7 
Reflections collected 75183 
Independent reflections 15952 [Rint = 0.1407, Rsigma = 0.1116] 
Data/restraints/parameters 15952/290/1242 
Goodness-of-fit on F2 1.038 
Final R indexes [I>=2σ (I)] R1 = 0.0862, wR2 = 0.2079 
Final R indexes [all data] R1 = 0.1303, wR2 = 0.2372 
Largest diff. peak/hole / e Å-3 0.45/-0.28 
Flack parameter 0.1(3) 

 

Table B.6 Results of Bijvoet-Pair Analysis and Bayesian Statistics for 
enantiopure 2.  
Space Group P61 
Wavelength    1.54178 
  
Bijvoet Pairs    6574 
Coverage ...       84 
DiffCalcMax.   448.66 
Outlier Crit   897.31 
Sigma Crit..     0.25 
Select Pairs        3 
Number Plus         1 
Number Minus        2 
Aver. Ratio     0.910 
RC .........    0.726 
  
Normal Prob. Plot 
Sample Size.     6395 
Corr. Coeff.    1.000 
Intercept ..    0.176 
Slope ......    0.906 
  
Bayesian Statistics 
Type ....... Gaussian 
Select Pairs     6395 
P2(true)....    1.000 
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Table B.6 (Continued) 
P3(true)....    0.937 
P3(rac-twin)    0.063 
P3(false) ..  0.2E-05 
G ..........   0.8473 
G (su) .....   0.3583 
Hooft y ....     0.08 
Hooft (su) .     0.18 

 

Table B.7 Crystal data and structure refinement for 13. 
Identification code MYR_R16_6_0m 
Empirical formula C21H26O5 
Moiety Formula C21H24O4, H2O 
Formula weight 358.42 
Temperature/K 99.99 
Crystal system tetragonal 
Space group I41/a 
a/Å 22.3255(10) 
b/Å 22.3255(10) 
c/Å 14.2555(7) 
α/° 90 
β/° 90 
γ/° 90 
Volume/Å3 7105.3(7) 
Z 16 
ρcalcg/cm3 1.340 
μ mm-1 0.771 
F(000) 3072.0 
Crystal size/mm3 0.18 × 0.15 × 0.14 
Radiation CuKα (λ = 1.54178) 
2Θ range for data collection/° 7.358 to 145.338 
Index ranges -27 ≤ h ≤ 27, -25 ≤ k ≤ 27, -17 ≤ l ≤ 17 
Reflections collected 21368 
Independent reflections 3529 [Rint = 0.0537, Rsigma = 0.0348] 
Data/restraints/parameters 3529/4/254 
Goodness-of-fit on F2 1.027 
Final R indexes [I>=2σ (I)] R1 = 0.0445, wR2 = 0.1166 
Final R indexes [all data] R1 = 0.0529, wR2 = 0.1231 
Largest diff. peak/hole / e Å-3 0.30/-0.23 
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B.10 Supplementary Methods 

B.10.1 Compound Synthesis 

4-(4-Benzyloxy-3-iodophenyl)butan-2-one (8). To a stirring suspension of 4-(4-

benzyloxy-phenyl)butan-2-one (7) (25.0 g, 98.4 mmol) in chloroform (150 mL) was added 

silver trifluoracetate (25.0 g, 113 mmol). A solution of iodine (28.7 g, 113 mmol) in 

chloroform (750 mL) was added dropwise over 2 h. After complete addition, the reaction 

was allowed to stir for 16 h after which the mixture was filtered and the filtrate was washed 

with saturated aqueous sodium thiosulfate (250 mL). The organic phase was dried over 

magnesium sulfate, filtered and concentrated at reduced pressure. The resulting crude 

product was purified through silica gel (300 g cartridge) eluting with a gradient of 0 to 40% 

ethyl acetate in hexanes. The pure fractions were combined and concentrated at reduced 

pressure to give 3 as a tan solid (24.0 g, 64%). 1H NMR (300 MHz, CDCl3) δ 7.62 (d, J= 

2.1 Hz, 1H), 7.51-7.45 (m, 2H), 7.42-7.28 (m, 3H), 7.08 (dd, J= 2.1, 8.2 Hz, 1H), 6.76 (d, 

J= 8.2 Hz, 1H), 5.11 (s, 2H), 2.82-2.68 (m, 4H), 2.13 (s, 3H). LRMS (ESI) [M+H]+ m z-1 

381.0. 

4-[4-Benzyloxy-3-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)phenyl]butan-

2-one (9). A stirring solution of 8 (10.0 g, 26.3 mmol), bis(pinacolato)diboron (8.0 g, 31.5 

mmol) and potassium acetate (7.75 g, 79.0 mmol) in anhydrous dimethyl sulfoxide (100 

mL) was degassed with nitrogen for 10 min. 1,1'-Bis(diphenylphosphino)ferrocene-

palladium(II)dichloride dichloromethane complex (2.15 g, 2.63 mmol) was added and the 

resulting suspension was heated at 80 °C for 2 h. The reaction mixture was cooled to 

ambient temperature and water (500 mL) was added. The mixture was extracted with 

ethyl acetate (3 x 350 mL). The organic extracts were combined, dried over magnesium 

sulfate, filtered and concentrated at reduced pressure. The resulting crude product was 
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purified through silica gel (300 g cartridge) eluting with a gradient of 0 to 20% ethyl acetate 

in hexanes. The pure fractions were combined and concentrated at reduced pressure to 

give 9 as a white solid (6.2 g, 62%). 1H NMR (300 MHz, CDCl3) δ = 7.60 (d, J= 7.3 Hz, 

1H), 7.59 - 7.57 (m, 1H), 7.50 (d, J= 2.3 Hz, 1H), 7.39 - 7.25 (m, 4H), 7.21 (dd, J= 2.5, 

8.4 Hz, 1H), 6.85 (d, J= 8.5 Hz, 1H), 5.09 (s, 2H), 2.87 - 2.81 (m, 2H), 2.76 - 2.70 (m, 2H), 

2.13 (s, 3H), 1.56 (s, 1H), 1.37 (s, 12H). LRMS (ESI) [M+H]+ m z-1 381.3. 

 3-(2-Benzyloxy-3,4-dimethoxyphenyl)propionaldehyde (5).  A stirring solution 

of 2-benzyloxy-1-bromo-3,4-dimethoxybenzene (4) (16 g, 49.5 mmol), allyl alcohol (3.70 

mL, 54.4 mmol), N-methyldicyclohexylamine (11.7 mL, 54.4 mmol), 2-(di-tert-butyl-

phosphanyl)-1-phenyl-1H-indole (1.00 g, 2.96 mmol) in DMF (192 mL) was degassed with 

nitrogen for 10 min. Bis(dibenzylideneacetone)palladium(0) (571 mg, 0.99 mmol) was 

added and the resulting suspension was heated at 100 °C for 3 h. The reaction mixture 

was cooled to ambient temperature and poured into dilute hydrochloric acid (0.5 N, 500 

mL). The mixture was extracted with ethyl acetate (3 x 250 mL). The organic extracts 

were combined, dried over magnesium sulfate, filtered and concentrated at reduced 

pressure. The resulting crude product was purified through silica gel (180 g cartridge) 

eluting with a gradient of 0 to 20% ethyl acetate in hexanes. The pure fractions were 

combined and concentrated at reduced pressure to give 5 as an amber oil (6.2 g, 53%). 1H 

NMR (300 MHz, CDCl3) δ = 9.69 (s, 1H), 7.46 - 7.31 (m, 5H), 6.86 - 6.78 (m, J= 8.5 Hz, 

1H), 6.66 - 6.59 (m, J= 8.5 Hz, 1H), 5.09 (s, 2H), 3.89 (s, 3H), 3.86 (s, 3H), 2.82 (t, J= 7.5 

Hz, 2H), 2.61 (t, J= 7.2 Hz, 2H). LRMS (ESI) [M+H]+ m z-1 301.2. 

3-(2-Benzyloxy-5-iodo-3,4-dimethoxyphenyl)propionaldehyde (6). To a 

stirring suspension of 3-(2-benzyloxy-3,4-dimethoxy-phenyl)propionaldehyde (5) (7.0 g, 
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23.3 mmol) in chloroform (50 mL) was added silver trifluoracetate (5.66 g, 25.6 mmol). A 

solution of iodine (6.5 g, 25.6 mmol) in chloroform (250 mL) was added dropwise over 2 

h. After complete addition, the reaction was allowed to stir for 16 h after which the mixture 

was filtered and the filtrate was washed with saturated aqueous sodium thiosulfate (150 

mL). The organic phase was dried over magnesium sulfate, filtered and concentrated at 

reduced pressure. The resulting crude product was purified through silica gel (180 g 

cartridge) eluting with a gradient of 0 to 30% ethyl acetate in hexanes. The pure fractions 

were combined and concentrated at reduced pressure to give 6 as a tan oil (7.3 g, 

74%). 1H NMR (300 MHz, CDCl3) δ = 9.70 (s, 1H), 7.44 - 7.33 (m, 5H), 7.29 (s, 1H), 5.07 

(s, 2H), 3.92 (s, 3H), 3.87 (s, 3H), 2.81 - 2.74 (m, 2H), 2.64 - 2.56 (m, 2H). LRMS (ESI) 

[M+H]+ m z-1 427.1. 

7-(2-Benzyloxy-5-iodo-3,4-dimethoxyphenyl)-1-[4-benzyloxy-3-(4,4,5,5-

tetramethyl-[1,3,2]dioxaborolan-2-yl)phenyl]hept-4-en-3-one (10). To a solution of 

diisopropylamine (0.81 mL, 5.76 mmol) in tetrahydrofuran (20 mL) under nitrogen at 0 °C 

was added n-butyllithium (2.5 M in hexanes, 2.2 mL, 5.5 mmol). After 15 min, the mixture 

was cooled to -78 °C and a solution of 9 (2.0 g, 5.24 mmol) in tetrahydrofuran (20 mL) 

was added dropwise over 15 min. After 45 min, a solution of 6 (2.14 g, 5.0 mmol) in 

tetrahydrofuran (20 mL) was added dropwise over 15 min. After 45 min, the reaction 

mixture was poured into saturated aqueous ammonium chloride (100 mL) and the mixture 

was allowed to warm to ambient temperature. The mixture was poured into water and 

was extracted with ethyl acetate (3 x 75 mL). The organic extracts were combined, dried 

over magnesium sulfate, filtered and concentrated at reduced pressure. The crude 

product was dissolved in toluene (60 mL), p-toluenesulfonic acid (100 mg) was added 
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and the mixture was heated at 90 °C for 3 h. The mixture was cooled to ambient 

temperature, diluted with ethyl acetate (75 mL) and extracted with saturated aqueous 

sodium hydrogen carbonate (50 mL). The organic extract was dried over magnesium 

sulfate, filtered and concentrated at reduced pressure. The resulting crude product was 

purified through silica gel (80 g cartridge) eluting with a gradient of 0 to 30% ethyl acetate 

in hexanes. The pure fractions were combined and concentrated at reduced pressure to 

give 10 as a colorless oil (1.55 g, 39% over 2 steps). 1H NMR (300 MHz, CDCl3) δ = 7.59 

(d, J= 7.3 Hz, 2H), 7.45 - 7.30 (m, 1H), 7.28 - 7.25 (m, 9H), 7.20 (dd, J= 2.3, 8.4 Hz, 1H), 

6.85 (d, J= 8.5 Hz, 1H), 6.74 (td, J= 6.8, 15.8 Hz, 1H), 6.01 (d, J= 15.8 Hz, 1H), 5.09 (s, 

2H), 5.04 (s, 2H), 3.90 (s, 3H), 3.88 (s, 3H), 2.85 - 2.73 (m, 4H), 2.68 - 2.53 (m, 2H), 2.35 

(q, J=  7.5 Hz, 2H), 1.36 (s, 12H). LRMS (ESI) [M+H]+ m z-1 789.3. 

3,15-Bis-benzyloxy-16,17-dimethoxy-tricyclo[12.3.1.12,6]nonadeca-

1(18),2,4,6(19),10,14,16-heptaen-9-one (11). A stirring solution of 10 (1.40 g, 1.78 

mmol), and potassium acetate (579 mg, 6.0 mmol) in anhydrous dimethyl sulfoxide (177 

mL) was degassed with nitrogen for 10 min. 1,1'-Bis(diphenylphosphino)ferrocene-

palladium(II)dichloride dichloromethane complex (150 mg, 0.18 mmol) was added and 

the resulting suspension was heated at 80 °C for 2 h. The reaction mixture was cooled to 

ambient temperature and water (700 mL) was added. The mixture was extracted with 

ethyl acetate (3 x 350 mL). The organic extracts were combined, dried over magnesium 

sulfate, filtered and concentrated at reduced pressure. The resulting crude product was 

purified through silica gel (80 g cartridge) eluting with a gradient of 0 to 20% ethyl acetate 

in hexanes. The pure fractions were combined and concentrated at reduced pressure to 

give 11 as a white solid (207 mg, 22%). 1H NMR (300 MHz, CDCl3) δ = 7.59 (d, J= 8.5 
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Hz, 1H) 7.52 - 7.47 (m, 2H), 7.45 - 7.26 (m, 8H), 7.05 (dd, J= 2.3, 8.5 Hz, 1H), 6.94 - 6.80 

(m, 2H), 6.54 (s, 1H), 6.39 (d, J= 15.5 Hz, 1H), 5.13 (br. s, 2H), 5.05 (br. s, 2H), 3.96 (s, 

3H), 3.79 (s, 3H), 3.22 -3.05 (m, 3H), 2.85 - 2.72 (m, 2H), 2.70 - 2.49 (m, 3H). LRMS (ESI) 

[M+H]+ m z-1 535.2. 

3,15-Dihydroxy-16,17-dimethoxy-tricyclo[12.3.1.12,6]nonadeca-

1(18),2,4,6(19),14,16-hexaen-9-one (myricanone, 12). A suspension of palladium on 

carbon (10%, 160 mg) in acetic acid (6 mL) was added a solution of 11 (182 mg) in acetic 

acid (10 mL). This suspension was shaken on a Parr apparatus under hydrogen (55 psi) 

for 20 h. The mixture was filtered through Celite, the bottle and filter cake was rinsed with 

methanol and the combined filtrates were concentrated at reduced pressure. The crude 

product was purified through silica gel (20 g cartridge) eluting with a gradient of 0 to 40% 

ethyl acetate in hexanes. The pure fractions were combined and concentrated at reduced 

pressure to give 12 as an oil which solidified on standing to a white solid (75 mg, 61%). 1H 

NMR (300 MHz, CDCl3) δ = 7.64 (s, 1H), 7.05 (dd, J= 2.2, 8.1 Hz, 1H), 6.88 (d, J= 8.2 

Hz, 1H), 6.74 (d, J= 2.1 Hz, 1H), 6.61 (s, 1H), 5.83 (s, 1H), 3.99 (s, 3H), 3.81 (s, 3H), 3.07 

- 2.97 (m, 2H), 2.83 - 2.70 (m, 6H), 1.98 - 1.82 (m, 4H). LRMS (ESI) [M+H]+ m z-1 357.2. 

16,17-Dimethoxy-tricyclo[12.3.1.12,6]nonadeca-1(18),2,4,6(19),14,16-

hexaene-3,9,15-triol (synthetic myricanol, 1). To a solution of myricanone (12) (75 mg, 

0.21 mmol) in tetrahydrofuran (4 mL) under nitrogen at -78 °C was added dropwise a 

solution of K-Selectride (1.0 M in THF, 0.84 mL, 0.84 mmol) and the reaction was allowed 

to warm to ambient temperature over 1 h. The reaction mixture was diluted with saturated 

aqueous ammonium chloride (15 mL) and extracted with ethyl acetate (3 x 25 mL). The 

combined organic extracts were dried over magnesium sulfate, filtered and concentrated 
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at reduced pressure. The crude product was purified through silica gel (12 g cartridge) 

eluting with a gradient of 0 to 50% ethyl acetate in hexanes. The pure fractions were 

combined and concentrated at reduced pressure to give 1 (60 mg, 80%). 1H NMR (300 

MHz, CDCl3) δ = 7.66 (s, 1H), 7.19 (d, J= 2.0 Hz, 1H), 7.10 (dd, J=  2.2, 8.2 Hz, 1H), 6.91 

(s, 1H), 6.90 (d, J= 8.2 Hz, 1H), 5.82 (br. s, 1H), 4.16 - 4.06 (m, 1H), 4.00 (s, 3H), 3.88 

(s, 3H), 2.94 – 2.85 (m, 2H), 2.81 (dt, J= 18, 2.4 Hz, 1H), 2.62 - 2.50 (m, 1H), 2.41 - 2.28 

(m, 1H), 2.00 - 1.88 (m, 3H), 1.76 - 1.66 (m, 2H), 1.62 - 1.52 (m, 3H). LRMS (ESI) 

[M+H]+ m z-1 359.1. 

(11S)‐4,5‐Dimethoxytetracyclo[9.7.1.02,7.015,19]nonadeca‐

1(18),2(7),3,5,15(19),16‐hexaene‐6,18‐diol (13). Myricanol (1) (50 mg) was treated in a 

solution of 10 mL of toluene with 79 mg of para toluene sulfonic acid. The solution was 

boiled for 24 h, cooled, diluted with hexane, washed successively with saturated solutions 

of NaHCO3 and NaCl, dried over MgSO4, and evaporated. The mixture was first purified 

by HPLC using normal phase with 3% ethyl acetate/hexane. The second fraction was 

separated using the same reverse phase condition and provided 21 mg of 13.  

White powder; [α]D21= 0.0 (c = 0.1, chloroform); UV (MeOH) λmax 286, 244 nm; IR (ATR, 

thin film) 3443, 2933, 2864, 1655, 1581, 1510, 1469, 1424, 1361, 1268, 1245, 1141, 1115, 

735 cm-1; 1H NMR (600 MHz, CDCl3) δ = 7.04 (H16, d, J= 8.3 Hz, 1H), 6.82 (H15, d, J= 

8.3 Hz, 1H), 6.35 (H2, s, 1H), 6.04 (5-OH, s, 1H), 4.99 (17-OH, brs, 1H), 3.98 (H21, s, 

3H), 3.83 (H20, s, 3H), 3.01 (H7b, dd, J= 13.2, 8.0 Hz, 1H), 2.89 (H13b, ddd, J= 16.8, 

8.0, 2.7 Hz, 1H), 2.80 (H13a, ddd, J= 17.3, 10.0, 8.0 Hz, 1H), 2.42 (H10, dt, J= 9.5, 3.1 

Hz, 1H), 1.99 (H12b, m, 1H), 1.97 (H8b, m, 1H), 1.86 (H7a, m, 1H), 1.72 (H12a, m, 1H), 

1.65 (H9, m, 2H), 1.60 (H11, m, 2H), 1.46 (H8a, m, 1H); 13C NMR (125 MHz, CDCl3) δ = 
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150.0 (C3), 149.9 (C17), 147.6 (C5), 142.8 (C18), 135.1 (C4), 130.1 (C16), 129.1 (C19), 

126.9 (C14), 125.1 (C1), 124.3 (C6), 112.5 (C15), 104.0 (C2), 61.0 (C21), 55.8 (C20), 

37.1 (C9), 34.3 (C10), 31.9 (C11), 27.5 (C8), 27.3 (C13), 25.2 (C7), 16.9 (C12). 70 eV 

HRMS (EI) [M+] m z-1 340.1653 (calcd for C21H24O4 340.1675). White powder re-

crystallized as colorless needles from acetonitrile/ water at room temperature. 

Crystallographic data for 13 registered as CCDC #1026945) can be obtained free of 

charge from The Cambridge Crystallographic Data Centre 

via www.ccdc.cam.ac.uk/data_request/cif. 

6,18-Dihydroxy-4,5-dimethoxytricyclo[13.3.1.02,7]nonadeca-

1(18),2(7),3,5,15(19),16-hexaen-12-one (isomyricanone, 15).  Myricanone (12, 41 mg, 

1.15 mmol) was added to boron trifluoride diethyl etherate (2.7 mL) under nitrogen and 

the reaction was heated at 45 °C for 48 h. The reaction mixture was cooled to ambient 

temperature and poured into water (25 mL). The aqueous layer was extracted with diethyl 

ether (3 x 25 mL) and the combined organic extracts were dried over magnesium sulfate, 

filtered and concentrated at reduced pressure. The crude product was purified through 

silica gel (4 g cartridge) eluting with a gradient of 0 to 25% ethyl acetate in hexanes. The 

pure fractions were combined and concentrated at reduced pressure to give 15 as a white 

solid (24 mg, 59%). 1H NMR (300 MHz, CDCl3) δ  = 7.13 (dd, J =8.4, 2.2 Hz, 1H), 7.11 

(d, J =8.4 Hz, 1H), 6.79 (d, J =2.3 Hz, 1H), 6.39 (s, 1H), 5.96 (s, 1H), 4.85 (s, 1H), 3.95 

(s, 3H), 3.84 (s, 3H), 3.02 (dt, J =3.4, 13.0 Hz, 1H), 2.80 (tt, J =13.5, 4.2 Hz, 1H), 2.57 (dt, 

J =3.4, 13.0 Hz, 1H), 2.41 (m, 2H), 2.11 (m, 2H), 1.95 (m, 2H), 1.75 (dt, J =2.7, 12.3 Hz, 

1H), 1.39 (m, 1H), 1.13 (m, 1H). 13C NMR (75 MHz, CDCl3) δ = 213.5, 151.4, 50.4, 148.8, 

http://www.ccdc.cam.ac.uk/data_request/cif
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135.4, 132.1, 130.6, 130.4, 129.1, 126.8, 122.4, 116.1, 104.5, 61.1, 56.0, 44.6, 42.8, 33.4, 

26.9, 25.1, 21.0.  

4,5-Dimethoxy-tricyclo[13.3.1.02,7]nonadeca-1(18),2(7),3,5,15(19),16-

hexaene-6,12,18-triol (isomyricanol, 16). To a solution of isomyricanone (15, 20 mg, 

0.056 mmol) in methanol (0.60 mL) was added sodium borohydride (13 mg, 0.337 mmol) 

under nitrogen and the reaction was stirred at ambient temperature for 1 h. The reaction 

mixture was then quenched with water (15 mL) and the aqueous layer was extracted with 

ethyl acetate (3 x 20 mL). The combined organic extracts were dried over magnesium 

sulfate, filtered and concentrated at reduced pressure to give the product as a white solid 

(18 mg, 89%). 1H NMR (300 MHz, CDCl3) δ = 7.05 (dd, J= 8.4, 2.3 Hz, 1H), 6.94 (d, J= 

8.4 Hz, 1H), 6.89 (d, J= 2.1 Hz, 1H), 6.45 (s, 1H), 5.98 (s, 1H), 4.72 (s, 1H), 3.95 (m, 3H), 

3.84 (s, 3H), 3.69 (t, J= 8.8 Hz, 1H), 2.85 (tt, J= 13.4, 4.0 Hz, 1H), 2.66 (dt, J= 3.5, 13.1 

Hz, 1H), 2.48 (m, 1H), 1.95 (tt, J= 13.5, 4.0 Hz, 1H), 1.89-1.43 (m, 5H), 1.32 (m, 1H), 1.14 

(m, 1H), 0.92 (m, 1H), 0.66 (br t, J= 12.1 Hz, 1H). 13C NMR (75 MHz, CDCl3) δ = 151.1, 

150.4, 148.6, 135.4, 133.0, 131.5, 131.1, 129.3, 126.7, 122.5, 115.9, 104.6, 72.4, 61.1, 

56.0, 40.1, 35.2, 33.8, 26.7, 25.4, 24.0. HRMS (EI) [M+] m z-1 358.1823 (calcd for 

C21H26O5 348.1780) 

 

B.10.2 Chiral Separation 

Racemic myricanol (1) ([α]D20= +46.4) was separated by HPLC using a chiral 

column under solvent system 1 and the separation yielded 2 fractions eluting at 30.9 min 

and 47.4 min, corresponding to 2 [α]D22= +55.0 (c = 1.0, chloroform) and 3 [α]D22= -55.0 

(c = 1.0, chloroform). The scalemic 1 was dissolved in warm ethanol/ water then slowly 

cooled in the freezer at -20oC to provide high quality co-crystal needles wherein the co-
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former molecules are enantiomers 2 and 3. Racemic 13 was separated by HPLC using a 

chiral under solvent system 2 and the separation yielded 2 fractions eluting at 25.8 min 

and 29.8 min, corresponding to (-)-13 [α]D20= - 93.8 (c = 0.08, chloroform) and (+)-13 

[α]D20= +100 (c = 0.09, chloroform). And the pure enantiomer 2 was recrystallized from 

terahydrofuran/ hexane at 4oC. Crystallographic data for the racemic mixture 1 

(enantiomers 2/ 3 [1:1]) and the pure enantiomer 2 (registered as CCDC #1026943 and 

CCDC #1026944, respectively) can be obtained free of charge from The Cambridge 

Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif. 

 

B.10.3 X-ray crystallography 

The X-ray diffraction data for the racemic (2 and 3), the pure enantiomer 2, and 

the racemic 13 were measured on a Bruker D8 Venture PHOTON 100 CMOS system 

equipped with a CuKα INCOATEC Imus micro-focus source (λ = 1.54178 Å). Indexing 

was performed using APEX21 (Difference Vectors method). Data integration and 

reduction were performed using SaintPlus 6.01.2 Absorption correction was performed by 

multi-scan method implemented in SADABS.3 Space groups were determined using 

XPREP implemented in APEX2.1 The structure was solved using SHELXS-97 (direct 

methods) and refined using SHELXL-97 4 (full-matrix least-squares on F2) contained in 

APEX2,1, 4 WinGX v1.70.01 4-7 and OLEX2.4, 8 All non-hydrogen atoms were refined 

anisotropically. Hydrogen atoms of –CH, -CH2 and -CH3 groups were placed in 

geometrically calculated positions and included in the refinement process using riding 

model with isotropic thermal parameters: Uiso(H) = 1.2(1.5)Ueq(-CH,-CH2(-CH3)). 

Racemic (2 and 3): Hydrogen atoms of water molecule and hydroxyl groups have 

been found from difference Fourier map and were freely refined. The remaining hydrogen 

http://www.ccdc.cam.ac.uk/data_request/cif
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atoms were placed in geometrically calculated positions and included in the refinement 

process using riding model with isotropic thermal parameters: Uiso(H) = 1.2Ueq(-CH, -

CH2) and Uiso(H) = 1.5Ueq(-CH3). Crystal data and refinement conditions are shown in 

Table B.7. 

Enantiopure 2: Disordered THF molecules that are located in the structural voids 

have been refined using geometry and ADP restraints. Additionally the occupancy of 

disordered THF molecules has been refined as free variable for all but one disordered 

THF for which it was set to be 0.25. The hydrogen atoms were placed in geometrically 

calculated positions and included in the refinement process using riding model with 

isotropic thermal parameters: Uiso(H) = 1.2Ueq(-CH, -CH2) and Uiso(H) = 1.5Ueq(-CH3). 

There are four molecules of myricanol in asymmetric unit. The absolute configuration has 

been additionally verified by Bijvoet-Pair Analysis and Bayesian Statistic method 

implemented in program Platon,9, 10 in which the value of P2(true) gives the probability 

(scale 0 to 1) that the current absolute structure is the correct one, assuming that the 

compound is enantiopure. As can be seen from Table B.9 the P2 parameter equals 1 

suggesting the absolute configuration of the molecule is correct. Crystal data and 

refinement conditions are shown in Table B.8. 

Racemic 13: Hydrogen atoms of water molecules have been found from difference 

Fourier map and were refined using distance restraint and with Uiso(H) = 1.5Ueq(OH2O). 

One hydrogen atom of water molecule is disordered over two positions. Crystal data and 

refinement conditions are shown in Table B.9. 

 
B.10.4 SILAC sample preparation and analysis 
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Trypsin digestion: Samples were digested using a modified version of the filter 

aided sample preparation (FASP) method.11 Briefly, equal amounts of protein extract from 

each biological replicate were combined and diluted to ≤ 0.5% SDS in 8 M urea, 50 mM 

ammonium bicarbonate (AmBic). Samples were loaded onto 30 kDa molecular weight 

cutoff filters (Expedeon, San Diego, CA, USA) for buffer exchange to 8 M urea, 50 mM 

AmBic prior to alkylation of Cys residues by addition of iodoacetamide to 10 mM and 

incubation in the dark for 20 min at RT. Alkylation buffer was exchanged to 50 mM AmBic 

prior to addition of Promega (Madison, WI, USA) sequencing grade trypsin at a ratio of 

1:50 trypsin:protein. Digestions were performed by incubation at 37 °C overnight (16 – 20 

h). Trypsin activity was halted by addition of formic acid to 1% v/v.  

Desalting of digests: Desalting of peptide suspensions was performed on 

MacroSpin 300 Å C18 solid-phase extraction (SPE) spin columns (The Nest Group, Inc., 

Southborough, MA, USA) followed by “speed-vac” centrifugal vacuum concentration at 

50°C (Labconco, Kansas City, MO, USA). Samples were resuspended in 0.1% formic 

acid in water to a final concentration of 1 mg mL-1 for HPLC-MS/MS analysis.  

High-performance liquid chromatography-tandem mass spectrometric (HPLC-

MS/MS) analysis: Each duplex SILAC replicate was separated by nano-flow reversed-

phase HPLC on an Eksigent NanoLC 1D Plus system (Dublin, CA, USA). Five 

micrograms of each replicate was loaded onto a New Objective (Woburn, MA, USA) 150 

μm i.d. × 2.5 cm C18 capillary trap (5 µm particle, 300Å pore). Peptide ions were then 

transferred to and eluted from a CMP Scientific (Hoboken, NJ, USA) 75 μm i.d. × 10 cm 

analytical column with C18 on 5 μm silica beads with 300 Å pores by linear gradient of 2% 

- 40% acetonitrile, 0.1% formic acid over 180 min at a flow rate of 300 nL × min-1. Eluates 
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were delivered by electrospray ionization (ESI) at 2.5 kV and analyzed in positive ion 

mode on a hybrid linear ion trap-orbitrap mass spectrometer (LTQ XL Orbitrap, Thermo 

Scientific, San Jose, CA, USA) equipped with XCalibur (version 2.0.7) data acquisition 

software. Full MS scans were performed on m z-1 300 – 2000 at 60,000 resolution (FT 

analyzer) followed by data-dependent tandem MS (MS/MS) scans of the top-ten most 

intense precursor ions in the linear ion trap. Dynamic exclusion duration was set for 30 s 

with one repeat, a list size of 500, and a mass width of ± 10 ppm. Raw MS/MS spectral 

data were searched against a UniProt human FASTA database (148254 entries) including 

randomized and reversed sequences using MaxQuant version 1.3.0.5 (Max Planck 

Institute of Biochemistry, Martinsreid, Germany)12 Cys carbamidomethylation was 

selected as a fixed modification and Acetyl-protein N-terminus and Met-oxidation were 

selected as variable modification. Tryptic peptide pairs identified with a monoisotopic 

mass of 8 Da (Lys) or 10 Da (Arg) were selected for quantitation. Precursor FTMS 

tolerance was set for 6 ppm with ion trap tolerance set for 0.5 Da. Identification thresholds 

for both peptide and protein identifications were specified for ≤ 1 % false-discovery rate 

(FDR).  

 

B.10.5 Liquid Chromatography Mass Spectrometry (LC-MS) 

HEK293T P301L Cells were treated with 30 µM of 3 for 1, 6 and 24 h. Cells were 

lysed and harvested as described in cell culture section of the methods. One vehicle 

sample was spiked with a 10x concentration (300 µM) of 3 and used as positive control.  

Each cell lysate was first treated by a 5-minute centrifugation time at 14,000 g. The 

supernatant was then filtrated through a Hydrosart membrane (30,000 MWCO) during a 

15-minute centrifugation time at 14,000 g and 10 µL of the resulting filtrate was injected 
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on Agilent 1100 series LC-MS 6120 single quadrupole (LRESIMS) using a Phenomenex 

Kinetex C18 (2.6 µm, 3.0 x 50 mm) at 30oC under a linear gradient condition of 10% - 

100% ACNaq (+0.05% Formic acid) over 7 min, finishing at 100% ACNaq (+0.05% Formic 

acid) over 3 min at a flow rate of 1 mL × min-1. A full scan was performed on m z-1 100-

1000 amu for data acquisition using the Chemstation software and Mass Hunter software 

was used for data analysis. 
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APPENDIX C: 
 

Supporting Information for Chapter Three 

 

Figure C.1. Effects of Select Tau Modulating Compounds on P301L Tau stably 

transfected HEK293T Cells. Cells were treated with indicated concentrations of each 

compound or vehicle (-) for 24 h. Lysates were analyzed by western blot for tau and actin 

levels. A representative blot is shown for actin. 
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Figure C.2. Rhodacyanine does not significantly alter hydrogen peroxide 

production in the presence of tau, suggesting that cysteine oxidation is not 

occurring. Recombinant human P301L tau was incubated with compound for 1 h and 

levels of hydrogen peroxide were measured. Values are shown ± SEM. 
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Figure C.3. Hsp70 inhibitor compounds that also reduce tau aggregation are the 

most potent tau lowering agents. Correlation analyses comparing % tau lowering and 

% tau aggregation inhibition were performed for all Hsp70 inhibitors. A positive correlation 

was demonstrated between these two variables as determined by R square values after 

linear regression. 
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