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Abstract

Dysregulation of the Amyloid Precursor Protein (ARIRocessing leading to toxic species of
amyloid B peptides (B) is central to Alzheimer’s disease (AD) etiologyf peptides are
produced by sequential cleavage of APP [pgecretase (BACE-1) ang-secretase.
Lysosomotropic agent, chloroquine (CQ), has bepaorted to inhibit A peptide production.
However, this effect is accompanied by an inhibitiof lysosome-mediated degradation
pathways. Following on from the promising activity two series of APP metabolism
modulators derived from CQ, we sought to develow series of compounds that would
retain the inhibitory effects onfAproduction without altering lysosome functionsréie, we
applied a ligand-based pharmacophore modeling approoupled with de novo design that
led to the discovery of a series of biaryl compaur@tructure-activity relationship studies
revealed that minor modifications like replacingpigeridine moiety of compound0 by a
cyclohexyl (compoundl) allowed for the identification of compounds withe desired
profile. Further studies have demonstrated thatpmamds30 and31 act through an indirect
mechanism to inhibi-secretase activity. This work shows that it isqilole to dissociate the
inhibitory effect on A peptide secretion of CQ-derived compounds from Iyfs@some-
mediated degradation effect, providing a new peadil indirect3-secretase inhibitors.

Keywords:
Alzheimer’'s disease, Amyloid Precursor Protein,oobdjuine, lysosome, autophagf;
secretase, BACE-1, indirect inhibitor, phenotypic



1. Introduction

Alzheimer’s disease (AD), the most frequent formdefmentia, is characterized by a slow
decline of cognitive and behavioral abilities. Tweuropathological lesions provide the
definite diagnosis of AD: neurofibrillary tanglesidca amyloid deposits [1]. Neurofibrillary
tangles are characterized by intraneuronal accuionlaand aggregation of abnormally
modified isoforms of the microtubule-associated panteins. Parenchymal amyloid deposits
are composed of amylofgl-(AB) peptides, which derive from its precursor, thecabed
amyloid precursor protein (APP) (for a compreheasaview see ref. [2]). Current treatments
for AD remain symptomatic and provide only limitbénefits to the patients. Therefore,
alternative therapeutic options are urgently neetleti over the past few years, much effort
has been dedicated to the development of diseaddyimg therapeutics [3]. One such
strategy consists of reducing the levels of toxecses of A peptides by targeting APP
processing and more specifically secretases teavel APP to producepApeptides. Indeed,
the metabolism of APP involves the action of seve@cretases and is sub-cellularly
compartmentalized. APP is known to undergo proteolprocessing through two main
pathways: the non-amyloidogenic pathway, initiateg oa-secretase cleavage and the
amyloidogenic pathway initiated b¥+secretase cleavage (Figure 1) [4,5]. Both searetas
mediated steps release soluble ectodomains of ARPRy and sAPB) and membrane-
bound carboxyl-terminal fragments (APP-CTFs), knaaguCTF andBCTF. The latter are
further cleaved by-secretase to give p3 and peptides, respectively, along with the APP
intracellular domain (AICD).

Redirection of APP processing can be achieved reibhye blocking the amyloidogenic
pathway or by promoting the non-amyloidogenic pathw Because amyloidogenic
processing is initiated by the cleavage of APP pksecretase f{site amyloid-precursor-
protein-cleaving enzyme 1, BACE-1), this proteaas been suggested as an attractive target
to lower A3 levels and the resulting amyloid plaques [6,7]cd&ly, a mutation in APP
(APP-A673T) that protects against the developmémi® and age-related cognitive decline
has been identified, providing further evidence tkducingp-secretase cleavage of APP may
protect against AD [8,9]. Most efforts regardipgecretase inhibitors have been focused on
active site binders [10], and althoufksecretase inhibitor drug development has proven
challenging, several inhibitors are currently undimical development [3,11]. Given thpt
secretase has multiple substrates involved in itaporcellular and tissue functions, its
inhibition may produce mechanism-based side effgfitsAs an alternative, a recent study

showed thathe anticancer drug Gleevec lowerf kvels through indirect inhibition d3-



secretase processing of APP [12]. Another recentysttaking advantage of the
compartmentalization of APP processing, showed fiksdcretase inhibitors can be designed
to specifically inhibit APP processing in the endlmsl compartment with no effect on non-
amyloid substrates [13]. Indeed, the endosomaklys@l compartments are known to be of
importance for APP metabolism, APP degradation af as for the production of A
peptides [14-16]. In this context, the lysosomatroggent, chloroquine (CQ) has been
reported to inhibit & peptide production [17,18]. However, the alkalgiproperty of CQ
also leads to the inhibition of lysosome-mediategjrddation pathways, resulting in the
accumulation of APP-CTFs and AICD [14,19,20], amdhie disruption of the autophagic flux
[21]. Autophagy-lysosomal pathway dysfunction ha&erb suggested to play a detrimental
role in the pathophysiology of AD [22—24]. TheredpICQ-derived compounds that would
maintain the effect on [ peptides without disrupting lysosomal functionswdo be of
interest.

We have recently developed two series of compouadisyed from either CQ (series A) or
amodiaquine (AQ, series B) that demonstrated axgtiohibitory effect on both By.40 and
APi1.42 secretions [17,25-28]. The lead compound of sekéas currently ending phase |
clinical trials. However, as observed for CQ, the$ects were accompanied by a strong
increase in the levels ofCTFs and AICD suggesting an alteration of lysosofuattions.
Therefore, based on these earlier works, we sawgtievelop new series of compounds that
would retain the effects onpAproduction without affectingCTFs and AICD stabilities. To
that purpose, in the absence of a defined moledalayet of the previously developed
compounds, a ligand-based pharmacophore modelipgpagh [29], coupled witlde novo
design was implemented. Herein, we describe a mei@ssof compounds based on a biaryl
scaffold decorated with amino side chains. Amoreséhcompounds, several were shown to
inhibit Ap peptides secretion and to promet€TFs and AICD stabilities, as the parent
compounds (series A and B). However, the strucactvity relationship (SAR) study
allowed for the discovery of compounds that kepteffect on A peptides but had no impact
onaCTFs and AICD stabilities. Further studies on twourally very close compound30(
and 31) with different profile regardingCTFs and AICD stabilities suggest that an indirect
[B-secretase inhibitory effect can be achieved withthe alkalizing property which is

associated with the disruption of lysosomal funtio

2. Results and discussion



2.1. Ligand-based pharmacophore modeling

A ligand-based approach was applied to determowranon pharmacophoric model between
the two series of compounds developed previousyu(E 2A). Because no model was able
to predict compounds with the desired profile (dese of & peptides secretion with no
impact onaCTFs and AICD stabilities), the pharmacophore stiabk into account the sole
inhibitory effect on A production. Hence, a set of 51 compounds of séifl/,28] and 35

of series B [25,30] (Data and structures shownahl@s S1 and S2) was chosen regarding the
ability of the compounds to inhibit A4, secretion (subsequently named anf)}A
Compounds were classified into 4 classes: 2 (highdyive), 1 (moderately active), O
(inactive) and ND (not determined). The dominantl aommon property to all of the
molecules is their high positive formal charge, ethis comprised between +2 and +4. This
ionization state could be ambiguous when prediptea get closer to physiological pH 7.4, in
particular for both nitrogens of a piperazine graupfor nitrogens of benzimidazole and
qguinoline heterocyclic moieties. In order to in@eathe possibility of pharmacophore
detection on the basis of positively ionized feasurthe ionization state with the highest
formal charge was selected for each molecule. 3@rmpacophore models were scored based
on their ability to discriminate between active andctive compounds (Table S3). The best
model, describing four spatial points Positive/BesiPositive/Aromatic (PPPA), was
computed from the 18 molecules with the highestbibdry activity of AB;.4> expression.
This 3D pharmacophore model seemed more efficrembmparison with the 3-points PPA
pharmacophores. Using the PPPA pharmacophoric maogleral substructure were
considered. This paper focuses on a biaryl-basadssef compounds (Figure 2B). This
biphenyl scaffold was substituted on the first pthe@ing by N-piperidinylethoxy and 3N-
piperidinyl)propanamino side chains and a benziditiary amine in ortho position of the
second phenyl ring. Structural modifications arotimd scaffold included, i) the modulation
of the nature (piperidine, morpholine, dimethylaeiand N-methylpiperazine) and the
position (ortho, meta and para) of the benzylicidey amine, ii) the length of the linker
separating the piperidine moieties from the fidsemyl ring (n, m = 2 to 4), iii) replacement

of the second phenyl group by a pyrrole, and iepwsise removal of the three tertiary amines.

2.2. Synthetic chemistry
Compounds24-37 were obtained as described in Scheme 1. Commigrcaadailable
benzoxazol-2-one was regioselectively brominategasition 6 (Bg/AcOH), followed byN-

alkylation, ring opening under alkaline conditidB4]. In this case, dioxane was used instead



of MeOH to avoid side product®-alkylation using NaH as a base gave intermeditbsin
moderate to good yields. Subsequent Suzuki-coupéagtion with appropriate boronic acids
afforded compound45-23 and 37. The last step consisted in a reductive aminatidmch
was performed using two different procedures. Iddemmpounds24-31 were obtained
performing the reaction in DCE and using NaBH(Oya9 the reductive agent (procedure A),
while compounds32-36 required the addition of titanium isopropoxideEtOH and the use
of NaBH, as the reductive agent (procedure B [32]).

Compounds39, 41 and44 were obtained as described in Scheme 2. Thesfeptconsisted in
a nucleophilic substitution (eitheD-alkylation or N-alkylation) followed by a Suzuki-
coupling reaction to give compoun@8, 40 and43. Subsequent reductive amination under
procedure A afforded final compoundls and44.

Compound51 was obtained as outlined in Scheme 3. Benzoxazwie2was first nitrated
regioselectively in position 6 with nitric acid, limwved by N-alkylation and ring opening
under alkaline conditions to give intermedidie SubsequenD-alkylation using KCO; as a
base, and nitro reduction with ammonium formateegé®. The latter was subjected to a
Clauson-Kaas reaction with 2,5-dimethoxy-3-tetrabfigrancarboxaldehyde in acetic acid to
form pyrrole intermediat®0 [33]. The last step consisted in a reductive atronain DCE

and using NaBH(OAg)as the reductive agent to give compo6hd

2.3. Structure-Activity Relationship studies

Final compounds were evaluated for their abilitym@dulate APP processing on SY5Y
human neuroblastoma cell line stably expressingnéngronal isoform of human wild-type
APP?® (SY5Y-APPwt). A levels (140 and ABi.4p) after treatment with reference and
tested compounds were measured by ELISA (Tabl®d&3ults are expressed asd@alues
which correspond to the concentration of a givemmound that inhibits B expression by
50% (either 140 Or ABi1.47). APP carboxy-terminal fragmentsGTFs and AICD) levels
were assessed by Western-blotting (WB). The efiéseference and tested compounds on
aCTFs and AICD are expressed as the intensity afesponding WB bands. Compounds
effect was measured at various concentrations,(103.uM, Figure 3) and compared to the
effect of CQ at 3uM (Table 1). First, when considgrthe effect on B levels, regardless of
the modulations, all synthesized compounds decatdeégelevels with I1Gy values ranging
from 1.2 to 13.7 uM. While compourd® (AB1-4¢ ICs0=9.1 uM and RBi.42 ICs0 = 13.7 uM)
displayed similar activity to CQ (-0 ICs0= 7.0 uM and RBi.42 ICs0 = 12.7 uM), all other

evaluated compounds were found to be more actg (anging from 1.2 to 5.2 uM). The



different modulations applied, including the mocHfiion of the position of the piperidine
borne by the second phenyl group (com@e26 and27), the replacement of the piperidine
by other tertiary amines (compa2é vs 25 and26-29) and the modification of the length of
both piperidine alkyl chains on the other sidehs molecule 30 vs 32-36) had little impact
on AB levels. Finally, replacing one of the phenyl rid$80 (AB1-4¢ ICs0 = 2.8 uM and A;.

42: 1Cs50 = 3.4 uM) with a pyrrole (compouril) led to a two-fold decrease in activity[{Aso
ICs0 = 5.0 uM and R;.42 ICs0 = 6.5 pM). The main factor that appears to infeeethis
activity is the number of tertiary amines. Indeéil,(two tertiary amines, Py.4o I1Cs0 = 1.5
UM and A31.42 ICso = 1.2 uM) was 10-fold more active thd8 (one tertiary amine, B\ 4o
ICs0 = 9.1 uM and Ri.42 1Cso = 13.7 uM), while adding an extra tertiary amind dot
improve activity (e.g. compadl, ABi.40 I1Cso = 1.5 pM and B;.42: ICs0 = 1.2 uM and33,
APB14c 1Cs0 = 1.4 UM and B;.42 1Cs50 = 1.2 uM). Hence, with regard topAevels, two basic
centers are required in this series to get an iefficinhibitory activity. Interestingly,
compounds displaying one or two tertiary amines litdd (41 and44) or no impact §1 and
39) on AICD andaCTFs stabilities while compounds with three tegtiamines significantly
promote AICD andCTFs stabilities. Indeed, as can be seen from Thhled Figures 2A and
2B, compounds displaying three tertiary aming$30, 32-36 and51) were all more potent
than CQ (3 uM) in increasing AICD andCTFs levels (up to 6 fold, Table 1). For example,
compared to control conditions, compoud@ and 32 (3 pM) increasediCTFs levels by
almost 30 and 50-fold, respectively and AICD levélg more than 40 and 30-fold,
respectively. On the other hand, replacing onerpe of compound30 by a cyclohexyl
group @1) completely abolished AICD an@CTFs activities as compouri had a similar
profile as the untreated conditions. This resutivehthat it is possible to retain the effects on
AP secretion without affectingCTFs and AICD stabilities and encouraged us tohéurt

refine APP processing profile of compourgfsand31.

2.4 Effects of compounds 30 and 31 on APP metabolism

Following this primary screening and structure \atstirelationship analysis, a detailed and
comparative analysis of compoun88 and 31 was performed. First, toxicity assays were
performed with both compounds on SY5Y-APPwt celid &n primary neurons. Compounds
were tested up to 5 uM and no toxicity was obse(¥egure S1). Effects of both compound
was then assessed simultaneously on APP metaboksifitlength APP proteins were
resolved and detected with the APP-C17 antiserumwasbands at 110 kDa and 115 kDa.

The lowest APP band corresponds to the neosynttesiz immature form of APP whereas



the highest band corresponds to the glycosylaiaety the mature form of APP. Both were
guantified, and no modification of immature APPdisvwas observed with either compounds
(Figure 4A, D and F). While compour8l did not modify the expression of mature APP,
compound30 significantly increased mature APP expression @19y 221% (Figure 4A, C
and E). These results were confirmed using primaryronal cultures in which treatment with
compound30 at 3 and 5uM induced a significant increase in mature APP 30% when
compared to the control condition (Figure S2A, @) primary neurons, compourl had
also no effect on total APP expression (Figure 2A,

Full-length APP is further processed &y p- andy-secretases to generate APP-CTFs and
AICD. A significant accumulation of APP-CTFs andG® was observed following treatment
with compound30 (Figure 4B, G, H). This accumulation of APP-CTFasvalso observed in
primary neurons (Figure S2A and D). Surprisinglgmpound31 did not demonstrate any
effect on APP-CTFs or AICD expression in both SYAFPwt cells and primary neuronal
cultures (Figure 4B, |, J and Figure S3A, F).

As shown previously (Table 1), compour8fksand31 significantly reduced By-40 and AB;-4>
production (Figure 4K-N). This reduction offAproduction may be caused by either an
increase of the-secretase cleavage or a decrease of eithgl-tbey-secretase cleavage of
APP. Thus, we assessed the secretion of sARRI SAPB, which are the shedded
byproducts ofa- and p-secretase, respectively. Both compouiisand 31 were found to
significantly reduce sAHP concentration (Figure 4P and R). On the oppos#RRx
concentration was significantly increased by conmab30 and to a lesser extend by
compound3l (Figure 40 and Q). Together these results strosgfgest that compoun@8
and 31 reduce B1.40 and A3;.4> Secretion by repressirysecretase cleavage of APP while
increasing the secretion of sA®RP

To determine whether compoun@8 and 31 were direct BACE-1 inhibitors, an enzymatic
assay monitoring the cleavage of a fluorogenic iepgubstrate (Mca-S-E-V-N-L-D-AE-F-
R-K(Dnp)-R-R-NH) was performed [34]. In contrast to reference OA29(1Cso = 59 nM),
under the assay conditions (cf. experimental se)tioeither compoun80 nor 31 inhibited
the cleavage of the fluorogenic peptide even abrecentration of 10 uM (% inhibition <
10%). All together, these data show that compowd@dsnd 31 are acting through an indirect
mechanism to inhibi§-secretase activity.

Although compound80 and 31 derived from the same pharmacophore, only comp@&@ind
increased the expression of mature APP, APP-CTHSAMGD, suggesting that compounds
30 and 31 operated through different mechanisms. CQ is d-kmgiwn inhibitor of the



autophagic flux and lysosomal degradation pathway, compounds of series A derive from
a CQ library of molecules. Therefore, we assesshdthver the activity of compoung0
involved a repression of lysosomal activities tbatild explain the observed accumulation of
mature APP, APP-CTFs and AICD. To address thistoqueswve studied the effect of both
compounds30 and 31 on the autophagic flux. To that purpose, we assk$so markers
associated with autophagy: p62 and LC3-| lipidatiat® LC3-II, which is characterized by
the appearance of a second band at 14 kDa undé&CiBé band of 18 kDa. Treatment with
compound30 at 5uM induced an increase of p62 expression by 476%oagared to the
control condition (Figure 5A and B). LC3-I lipidati into LC3-1l was also increased by
591% (Figure 5A and D). Similar results were ol#dinn primary neurons starting at a
concentration of 3M of compound30 (Figure S2B, G and H). In sharp contrast, compound
31 showed no effect on these two autophagy markeestlier cell systems (Figure 5A, C, E
and Figure S3B, | and J). As the increase of p&@RlaB3 lipidation suggest an inhibition of
the autophagic flux, we co-treated the cells widmpound30 and Bafilomycine Al (BafAl),

a well-known inhibitor of the autophagic flux [33h co-treatment with BafAl, compoui30
demonstrated similar accumulations of p62 and LIC&slwith BafAl alone (Figure 5F, G
and H). Indeed, no additive effect of co-treatmemés observed for p62 expression or LC3
lipidation, showing that compoun8D display an inhibitory effect on the autophagicxflu
Inhibition of the autophagic flux and accumulatmfip62 and LC3 were further confirmed by
immunofluorescence in SY5Y-APPwt cells (Figure Btal) and in primary neurons (Figure
S2K and L). Treatment with compouB0 at 5uM displayed a significant accumulation of
p62 and LC3 positive vesicles inside these twoedsfit cell models. Together, these results
demonstrate that compour) acts as an inhibitor of the autophagic flux, ahdst of
lysosomal degradation properties. Importantly, couma 31, which displays a similar

activity than compoun80 toward A3 reduction, does not bear this later property.

3. Conclusion

This work reports the design, synthesis and inouttiological evaluation of a biaryl-based
series of modulators of APP processing. SAR studiesaled that all compounds were able
to decrease f\secretion but minor modifications like replacingiperidine moiety 080 by a
cyclohexyl (compound3l) totally abolished AICD andiCTFs stabilities. The effect of
compound30 and related analogues on AICD ar@TFs stabilities was shown to be linked to
an alteration of lysosomal functions. Compowiid on the other hand, behave as an indirect

B-secretase inhibitor with no effect on lysosomespdrtantly, this work shows that it is



possible to dissociate the lysosomotropic effecCQ-derived compounds from their action
on AB secretion, providing a new profile of indirgsecretase inhibitors. Although the exact
mechanism of action remains to be elucidated, nbigel series provides an opportunity for

the development of nov@tsecretase inhibitors potentially useful for theatment of AD.



4. Experimental sections

4.1. Chemistry

The reaction monitoring was performed by thin lageromatography (TLC) on Macherey-
Nagel Alugram® Sil 60/UV254 (thickness 0.2 mm). Tiu@re revealed by UVAi(= 254 nm)
and/or the appropriate stain (iodine, nynhydrif®)rification of the compounds was carried
out by column chromatography (either flash or mé@nulanual chromatography was
performed using Macherey-Nagel silica gel (0.0468.0mm of particule size). Flash
chromatography was performed on a Reveleris® Fl@sinomatography System using
Macherey-Nagel Chromabond flash RS columns. NMRctspevere recorded on a Bruker
DRX 300 spectrometer (operating at 300 MHz fldrand 75 MHz for*C). Chemical shifts
are reported in parts per million (ppm) relative @n internal reference (either
tetramethylsilane or residual deuterated solv&tsignals). Each signal is reported with its
chemical shift §), multiplicity (s = singulet, d = doublet, t =piet, g = quartet, m = multiplet,
br = broad), coupling constant (n Hz, when applicable) and relative integral. The
attributions of protons and carbons were achiewedralysis of 1D and 2D experimentsi
3¢, COSY, HQC and HMBC). LC-MS were performed onaai¥n triple quadrupole 1200W
mass spectrometer equipped with a non-polar C18-g&8kKSuper ODS (4.6 x 50 mm)
column, using electrospray ionisation and a UV clete(diode array). Elution was performed
at a flow rate of 2 mL/min with water-formic acigH = 3.8) as eluent A and ACN-formic
acid (pH = 3.8) as eluent B, employing a 0.25 matgau with 0 % B and a linear gradient
from 0 % B to 98 % B in 3.25 min, followed by a @rn plateau with 98 % B. Then, column
re-equilibration was performed for 1 min. HRMS weeeorded on a Hight Resolution Mass
Spectrometer (HRMS) Thermo Scientific™ Exactive ™afysed compounds were dissolved
in methanol and directly injected in the ionisatewurce ESI, in positive or negative mode
according to the analyzed compound, and recordearfe minute. The Xcalibur software
was used to determine the elementar compositionanh pics of the spectrum. The purity of
final compounds was determined by high pressurgdighromatography (HPLC) using two
columns: C18 Interchrom UPTISPHERE and C4 IntenchidPTISPHERE. The HPLC
analysis was carried out on a Shimadzu LC-2010A¥#8tesn equipped with a UV detector
set at 254 and 215 nm. The compounds were dissotv&dO pL of buffer B and 900 uL of
buffer A. The eluent system used was: buffer AQHFA, 100:0.1) and buffer B
(ACN/H,O/TFA, 80:20:0.1). Retention times (tr) were obgairat a flow rate of 0.2 mL/min
for 37 min using a gradient form 100% of buffer #eo 1 min, to 100 % buffer B over the
next 30 min, to 100% of buffer A over 1 min and ¥90f buffer A over 1 min. All tested



compounds showed a purity of 95%. The melting point analyses were performed on
Barnstead Electrothermel Melting Point Series I1A®20d were not corrected.

All final compounds were transformed into their hychloride salt forms (before testing)
using the following procedure: the compound wasalieed in MeOH and 2N HgJ was

added dropwise until pH1. The solvent was evapdratel the compound was freeze-dried.

6-Bromo-3H-1,3-benzoxazol-2-ond)

3H-1,3-Benzoxazol-2-one (5.00 g, 37.00 mmol) wasalNesl in acetic acid (50 mL) and
bromine (1.9 mL, 37.0 mmol) was added dropwise. rEaetion mixture was stirred at 20 °C
for 4 h. The reaction mixture was poured onto ioel ghe precipitate was collected by
filtration, washed with water and air-dried to giagink powder (7.48 g, 34.8 mmol, 94%).
Mp 191.6 — 192.3 °CH NMR (300 MHz, DMSO¢g): ¢ 11.81 (s, 1H), 7.57 (dd,= 1.9 Hz,J

= 0.3 Hz, 1H), 7.30 (dd] = 8.3 Hz,J = 1.9 Hz, 1H), 7.04 (dd] = 8.3 Hz,J = 0.3 Hz, 1H).
% NMR (75 MHz, DMSO+dg): 0 154.5, 144.5, 130.3, 126.9, 113.5, 113.2, 111CME m/z
calc for [M-HJ": 211.9, 213.9, found: 211.8, 213.8.

General procedure for the synthesis of compounds 2 and 3. 6-bromo-3-1,3-benzoxazol-
2-onel (5.00 g, 23.36 mmol) was suspended in ACN (150 arnd KCO; (9.69 g, 70.09
mmol) was added. The reaction mixture was stirred8@ °C for 30 min. 1-(2-
Chloroethyl)piperidine hydrochloride (4.30 g, 23.3@mol) or 3-chloropropylpiperidine
hydrochloride (5.5 g, 28 mmol) was added and tlaetren mixture was stirred at 80 °C for
another 12 h. The inorganics were removed by fittreand the solvent was evaporated. The
residue was purified by flash chromatography (DCMOMH(NHs), 9.8:0.2 (v/v)) to afford

compound® and3.

6-Bromo-3-[2-(piperidin-1-yl)ethyl]-1,3-benzoxazatone @)

Beige solid (7.58 g, 23.1 mmol, 99 %). Mp 85.1-88%C.*H NMR (300 MHz, CDC)): &
7.36 (d,J = 1.8 Hz, 1H), 7.31 (dd] = 8.3, 1.8 Hz, 1H), 6.92 (d,= 8.3 Hz, 1H), 3.90 (] =
6.6 Hz, 2H), 2.64 (t) = 6.6 Hz, 2H), 2.51 — 2.38 (m, 4H), 1.60 — 1.35 @H)*C NMR (75
MHz, CDCk): 6 154.1, 143.1, 130.7, 126.6, 114.4, 113.5, 10%9,%4.7, 40.3, 26.0, 24.2.
LCMS m/zcalc for [M+HJ: 325.1, 327.1 found: 325.1, 327.1.

6-Bromo-3-[3-(piperidin-1-yl)propyl]-1,3-benzoxazatone @)



Colorless oil (7.76 g, 22.9 mmol, 98%H NMR (300 MHz, CDC}): ¢ 7.36 (d,J = 1.8 Hz,
1H), 7.30 (dd,) = 8.3 Hz,J = 1.8 Hz, 1H), 6.98 (d] = 8.3 Hz, 1H), 3.88 () = 6.7 Hz, 2H);
2.35—2.28 (m, 6H), 1.98 — 1.89 (m, 2H), 1.60514(m, 4H), 1.46 — 1.38 (m, 2HY'C NMR
(75 MHz, CDCh): 6 154.1, 143.1, 130.8, 126.6, 114.4, 113.5, 10%7%,%4.5, 40.6, 25.9,
24.8, 24.4. LCMSn/zcalc for [M+H]": 338.1, 340.1, found: 338.9, 340.8.

6-bromo-3-[4-(piperidin-1-yl)butyl]-1,3-benzoxazatone &)

To a solution of 1-bromo-4-chlorobutane (2.17 m&,7ammol), KCO; (3.87 g, 28.04 mmol)
in ACN (1 mL) was added dropwise at a solution -dfrémo-3H-1,3-benzoxazol-2-ond) in
ACN (3 mL). The mixture was heated at 80 °C forhL2The inorganics were removed by
filtration and the solvent was evaporated. The dusi was purified by column
chromatography (cyclohexane/ethyl acetate), 9:0)\\o afford 6-bromo-3-(4-chlorobutyl)-
1,3-benzoxazol-2-one as a white solid (1.2 g, 30@dol). Mp 61.9 — 62.4 °C"H NMR (300
MHz, CDCh): 6 7.39 (d,J = 1.8 Hz, 1H), 7.34 (dd] = 8.3, 1.8 Hz, 1H), 6.88 (d,= 8.3 Hz,
1H), 3.87 (t,J = 6.8 Hz, 2H), 3.60 (t) = 6.1 Hz, 2H), 2.27 — 1.74 (m, 4HYC NMR (75
MHz, CDCh): 6 154.1, 143.1, 130.2, 126.9, 114.8, 113.8, 109.4,777.0, 76.6, 44.0, 41.6,
29.2, 25.0. LCMSn/zcalc for [M+ACN+H]: 345.6, 347.6, found: 345.1, 347.1.
6-Bromo-3-(4-chlorobutyl)-1,3-benzoxazol-2-one (12 3.94 mmol) was dissolved in
piperidine (19 mL) and refluxed for 12 h. The mrguvas concentrateih vacuoand the
residue was dissolved in 1IN NaOH (20 mL) and extcavith DCM (3 x 60 mL). The
combined organic layers were dried over MgSfitrated and concentrated vacuo The
residue was purified by column chromatography (DRIRDH(NH;), 9.5 :0.5 (v:v)) to afford
a beige powder (1.07 g, 3.0 mmol, 16% over twosjteydp 100.2 — 101.0 °CH NMR (300
MHz, CDCk): ¢ 7.37 (d,J = 1.8 Hz, 1H), 7.32 (dd] = 8.3, 1.8 Hz, 1H), 6.88 (d,= 8.3 Hz,
1H), 3.83 (t,J = 7.2 Hz, 2H), 2.38 — 2.27 (m, 6H), 1.86 — 1.7Q 2H), 1.66 —1.42 (m, 8H).
3C NMR (75 MHz, CDCY): ¢ 154.0, 143.1, 130.4, 126.7, 114.6, 113.6, 109845,58.4,
54.6, 42.3, 42.2, 30.0, 25.8, 24.4, 23.9. LCM& calc for [M+H] *: 353.1, 355.1, found:
353.1, 355.1.

General procedure for the synthesis of compounds 5-7 is exemplified by the protocol
used for the synthesis of 5. To a solution of 6-bromo-3-[2-(piperidin-1-yl)eth1,3-
benzoxazol-2-one2f (4.0 g, 12.3 mmol) in dioxane (19 mL), aqueodsE\2NaOH (98.4 mL,
246 mmol) was added. The mixture was stirred &tQ@or 12 h. After cooling to 0 °C, a 1N

HCI solution was added to reach pH 8. After 30 mirstirring, the mixture was extracted



with DCM (3 x 100 mL). The combined organic layesere dried over MgS©and
evaporated to afford 5-bromo-2-((2-(piperidin-1eghjyl)amino)phenob as a beige solid (3.1
g, 10.4 mmol, 84%) that was used without furtherifipation. Mp 126.8 — 127.5 °CH
NMR (300 MHz, CDC}): 6 6.95 (d,J = 2.1 Hz, 1H), 6.87 (dd} = 8.3, 2.1 Hz, 1H), 6.66 (d,

= 8.3 Hz, 1H), 3.25 - 3.15 @,= 5.7 Hz, 2H), 2.60 — 2.31 (m, 6H), 1.75 — 1.64 {id), 1.56
—1.45 (m, 2H)*C NMR (75 MHz, CDCJ): 6 151.1, 135.8, 122.7, 120.9, 119.8, 113.8, 57.3,
54.3, 44.7, 25.0, 23.9. LCM@$/zcalc for [M+H]": 299.1, 301.1, found: 299.1, 301.1.

5-Bromo-2-([3-(piperidin-1-yl)propyl]amino)phendb)

Brown oil (2.16 g, 6.9 mmol, 95%)H NMR (300 MHz, MeOD)s 6.82 — 6.78 (m, 2H), 6.49
(d,J = 8.1 Hz, 1H), 3.15 (] = 6.7 Hz, 2H), 2.57 — 2.52 (m, 6H), 1.89 — 1.80Q M), 1.69 —
1.62 (m, 4H), 1.54 — 1.50 (m, 2HC NMR (75 MHz, MeOD)s 145.8, 136.7, 122.1, 115.9,
111.5, 107.6, 56.7, 53.9, 41.8, 25.0, 24.7, 23@MB m/z calc for [M+H]": 313.1, 315.1,
found: 312.9, 314.9.

5-bromo-2-[(4-(piperidin-1-yl)butyl)amino]phenol

Beige solid (246 mg, 0.75 mmol, 50%). Mp 130.3 0.93°C."H NMR (300 MHz, DMSO-
dg): 6 6.79 — 6.73 (m, 2H), 6.40 (d,= 9.0 Hz, 1H), 3.02 () = 6.5 Hz, 2H), 2.39 — 2.22 (m,
6H), 1.59 — 1.27 (m, 12H)3C NMR (75 MHz, DMSOsg): ¢ 145.2, 137.1, 121.9, 115.7,
110.6, 105.4, 58.0, 53.9, 42.5, 40.3, 40.1, 399%85,339.2, 39, 38.7, 26.3, 25.4, 24.0, 23.8.
LCMS m/zcalc for [M+H]": 327.1, 329.1 found: 327.2, 329.2.

General procedure for the synthesis of compounds 8, 9, 11-14 is exemplified by the
protocol used for the synthesis of 8. To a solution of 5-bromo-2-([2-(piperidin-1-
yhethyllJamino)pheno(5) (550 mg, 1.84 mmol) in DMF (23 mL), at 0 °C, N§H7 mg, 3.68
mmol) was added. After stirring the mixture for 30in, 1-(2-chloroethyl)piperidine
hydrochloride (338 mg, 1.84 mmol) was added at OTl@& reaction mixture was stirred for
another 12 h at rt. The mixture was diluted withn20 of water and extracted with DCM (3 x
60 mL). The combined organic layers were dried dMgSQ, and evaporated. The residue
was purified by column chromatography (DCM/MeOH@H9.5:0.5 (v:v)) to afford 4-
bromo-2-(2-(piperidin-1-yl)ethoxyN-(2-(piperidin-1-yl)ethyl)aniline § as a brown oil (587
mg, 1.43 mmol, 78 %YH NMR (300 MHz, CDCJ): § 6.96 (ddJ = 8.4, 1.9 Hz, 1H), 6.86 (d,
J=1.9 Hz, 1H), 6.43 (d] = 8.4 Hz, 1H), 4.91 (s, 1H), 4.10 &= 5.8 Hz, 2H), 3.22 — 3.05
(m, 2H), 2.82 (tJ = 5.8 Hz, 2H), 2.68 — 2.34 (m, 10H), 1.71 — 1.62 8H), 1.51 — 1.39 (m,



4H). *C NMR (75 MHz, CDGJ): § 146.9, 138.0, 124.0, 114.1, 110.8, 107.3, 66.7,5%.3,
54.9, 54.4, 40.3, 26.1, 26.0, 24.5, 24.2. LCkt& calc for [M+H]: 410.4, 412.4 found:
410.2, 412.2.

4-BromoN-[2-(piperidin-1-yl)ethyl]-2-[3-(piperidin-1-yl)prpoxy]aniline Q)

Brown oil (450 mg, 1.06 mmol, 32 % NMR (300 MHz, CDCJ): ¢ 6.95 (dd,J = 8.4, 2.1
Hz, 1H), 6.85 (dJ = 2.1 Hz, 1H), 6.43 (d] = 8.4 Hz, 1H), 4.81 (t) = 5.0 Hz, 1H), 4.01 (1)

= 6.2 Hz, 2H), 3.14 (m, 2H), 2.69 — 2.25 (m, 12R{),1 — 1.91 (m, 2H), 1.73 — 1.31 (m, 12H).
¥C NMR (75 MHz, CDGJ): 6 147.0, 137.8, 123.7, 113.7, 110.8, 107.5, 67.5,5%7.2, 56.1,
54.7, 40.3, 26.8, 26.1, 25.9, 24.4. LCM8z calc for [M+H]": 424.2, 426.2 found: 424.3,
426.2.

4-Bromo-2-[2-(piperidin-1-yl)ethoxyN-[3-(piperidin-1-yl)propyl]aniline {1)

Brown oil (2.30 g, 5.42 mmol, 79 %X NMR (300 MHz, CDCJ): 6 6.95 (dd,J = 8.4 Hz,J =
2.2 Hz, 1H), 6.86 (dJ = 2.2 Hz, 1H), 6.45 (d] = 8.4 Hz, 1H), 4.73 (br s, 1H), 4.09 Jt= 6.2
Hz, 2H), 3.13 (tJ = 6.7 Hz, 2H), 2.76 (tJ = 6.1 Hz, 2H), 2.51 — 2.36 (m, 10H), 1.88 — 1.79
(m, 2H), 1.64 — 1.57 (m, 8H), 1.49-1.41 (m, 4HC NMR (75 MHz, CDGJ): 6 146.2, 138.1,
124.1, 114.4, 110.7, 107.2, 66.6, 57.9, 57.4, %42&, 26.3, 26.0, 24.3. LCMS m/z calc for
[M+H] *: 424.2, 426.2, found: 424.3, 426.2

4-Bromo-2-(3-(piperidin-1-yl)propoxyN-(3-(piperidin-1-yl)propyl)aniline 12)

Brown oil (940 mg, 2.1 mmol, 56 %)H NMR (300 MHz, CDCY)): 6 6.94 (dd,J = 8.4, 2.1
Hz, 1H), 6.85 (dJ = 2.1 Hz, 1H), 6.44 (d] = 8.4 Hz, 1H), 4.55 (s, 1H), 4.01 {= 6.4 Hz,
2H), 3.22 — 3.03 (m, 2H), 2.55 — 2.20 (m, 12H),72-01.95 (m, 2H), 1.90 — 1.76 (m, 2H),
1.70 — 1.55 (m, 8H), 1.50 — 1.40 (m, 48 NMR (75 MHz, CDC}): § 146.7, 137.7, 123.7,
113.7, 110.6, 107.3, 67.1, 57.4, 55.9, 54.7, 54264, 29.7, 26.8, 26.3, 25.9, 24.4. LCMthz
calc for [M+H]': 438.2, 440.2, found:438.3, 440.2.

4-BromoN-[4-(piperidin-1-yl)butyl]-2-[2-(piperidin-1-yl)etbxy]aniline (L3)

Brown oil (513 mg, 1.17 mmol, 55 % NMR (300 MHz, CDCY): 4 6.96 (dd,J = 8.4, 2.1
Hz, 1H), 6.87 (dJ = 2.1 Hz, 1H), 6.44 (d] = 8.4 Hz, 1H), 4.37 (s, 1H), 4.08 {= 5.9 Hz,
2H), 3.12 (s, 2H), 2.76 ( = 5.9 Hz, 2H), 2.58 — 2.27 (m, 10H), 1.78 — 1.86 {6H)."*C

NMR (75 MHz, CDC}): ¢ 146.5, 138, 124.2, 114.6, 110.7, 107.1, 66.8, 39719, 55, 54.6,
43.5, 27.4, 26.0, 24.5, 24.2. LCM$zcalc for [M+H]": 438.2, 440.2, found 438.3, 440.3.



4-Bromo-2-(2-cyclohexylethoxyiN-(3-(piperidin-1-yl)propyl)aniline 14)

Brown oil (80 mg, 0.19 mmol, 59 %)4 NMR (300 MHz, CDCJ): § 6.96 (dd,J = 8.4 Hz,J

= 2.1 Hz, 1H), 6.83 (d) = 2.1 Hz, 1H), 6.45 (d] = 8.4 Hz, 1H), 3.99 (1) = 6.75 Hz, 2H),
3.13 (t,J = 6.6 Hz, 2H), 2.47 — 2.43 (m, 6H), 1.90 — 1.6Q {3H), 1.50 — 1.44 (m, 3H), 1.25
— 1.22 (m, 3H), 1.04 — 0.97 (m, 2HC NMR (75 MHz, CDC}): § 146.9, 137.9, 123.5,
113.5, 110.5, 107.4, 66.6, 57.3, 54.7, 42.5, 38468, 33.3, 26.5, 26.2, 26.1, 25.7, 24.3.
LCMS m/z calc for [M+H]: 423.2, 425.2, found: 423.2, 425.0.

4-Bromo-2-(4-chlorobutoxyN-(2-(piperidin-1-yl)ethyl)aniline 10)

To a solution of 5-bromo-2-([2-(piperidin-1-yl)etlgmino)phenol %) (1 g, 3.34 mmol) in
DMF (42 mL), at 0 °C, NaH (334 mg, 8.36 mmol) wakled. After stirring the mixture for
30 min, 1-bromo-4-chlorobutane (0.43 ml, 3.34 mnIlPMF (5 ml) was added dropwise at
0 °C. The reaction mixture was stirred for anoth2th at rt. The mixture was diluted with 40
mL of water and extracted with DCM (3 x 60 mL). Té@mbined organic layers were dried
over MgSQ and evaporated. The residue was purified by coluchnomatography
(DCM/MeOH(NH;z), 9.8 :0.2 (v:v)) to afford 4-bromo-2-(4-chlorobuiy)-N-(2-(piperidin-1-
yl)ethyl)aniline as a colorless oil (450 mg, 1.1&01). *H NMR (300 MHz, CDGJ): 6 6.97
(dd,J=8.3, 2.1 Hz, 1H), 6.84 (s, 1H), 6.44 (dd; 8.3, 1.5 Hz, 1H), 4.88 (s, 1H), 4.06 — 3.97
(m, 2H), 3.70 — 3.58 (m, 2H), 3.21 — 3.07 (m, 2BKB1 (t,J = 5.2 Hz, 2H), 2.48 — 2.35 (m,
4H), 2.12 — 1.94 (m, 4H), 1.68 — 1.44 (m, 6HC NMR (75 MHz, CDC}): 6 146.8, 137.9,
123.9, 113.6, 110.9, 107.4, 67.4, 57.1, 54.3, 4072, 29.4, 26.7, 26.2, 24.5. LCM$zcalc
for [M+H]™: 389.1, 391.1, 393.1, found: 389.1, 391.1, 393.2.
4-Bromo-2-(4-chlorobutoxyN-(2-(piperidin-1-yl)ethyl)aniline (438 mg, 1.12 mihowas
dissolved in piperidine (11 mL) and was refluxed I& h. The mixture was concentraied
vacuoand the residue was dissolved in 1N NaOH (20 nmd) extracted with DCM (3 x 60
mL). The combined organic layers were dried overSKlg filtrated and concentrateit
vacua The residue was purified by column chromatograd¢€M/MeOH(NHg), 9.8 :0.2
(v:v)) to afford10 as a brown oil (246 mg, 0.56 mmol, 18% over tweps).'*H NMR (300
MHz, CDCk): 6 6.95 (dd,J = 8.4, 2.1 Hz, 1H), 6.83 (d,= 2.1 Hz, 1H), 6.43 (d] = 8.4 Hz,
1H), 4.81 (s, 1H), 3.98 (§ = 6.3 Hz, 2H), 3.27 — 2.98 (m, 2H), 2.60Jt 6.3 Hz, 2H), 2.49
— 2.27 (m, 10H), 2.00 — 1.78 (m, 2H), 1.76 — 1.82 {0H), 1.50 — 1.39 (m, 4H)*C NMR
(75 MHz, CDC}): ¢ 147.0, 137.9, 123.6, 113.6, 110.7, 107.5, 68.3),597.2, 54.6, 54.4,



40.8, 27.5, 26.2, 25, 24.5, 23.5. LCM¥z calc for [M+H]": 438.2, 439.2, found: 438.3,
440.3.

General procedure for the synthesis of compounds 15-23 is exemplified by the protocol
used for the synthesis of 15. 2-Formylbenzeneboronic acid (63 mg, 0.42 mmol)s wa
dissolved in a mixture of toluene (8 mL) and EtG&2(mL). K;COs (62 mg, 0.45 mmol) and
4-bromo-2-[2-(piperidin-1-yl)ethoxyN-[3-(piperidin-1-yl)propyl]aniline {1) (150 mg, 0.35
mmol) were added and the reaction was stirred ©om& and deoxygenated by passing a
stream of N through it. Pedba (7 mg, 0.01 mmol) and B{ol); (22 mg, 0.07 mmol) were
added and the mixture was refluxed for 18 h. Aftmoling to rt, the mixture was poured into
water, extracted with ethyl acetate. The combing@mic layers were dried over Mgpénd
evaporated. The residue was purified by flash cltography (PE/EtOAc/MeOH(NH)
10:0:0 to 5.2:4.4:.0.4 v(v)) to afford 3'-(2-(piperidin-1-yl)ethoxy)-4'-((P{peridin-1-
yh)propyl)amino)-[1,1'-biphenyl]-2-carbaldehydé&5f as a brown oil (146 mg, 0.32 mmol,
92%)."H NMR (300 MHz, CDGJ): 6 10.03 (s, 1H), 7.99 — 7.961, 1H); 7.62 — 7.58m, 1H);
7.47 —7.38 (m, 2H), 6.87 (dd=7.9 HzJ= 1.9 Hz, 1H,), 6.82 (d] = 1.9 Hz, 1H), 6.67 (d]

= 7.9 Hz, 1H), 4.98 (br s, 1H), 4.16 Jt= 6.1 Hz, 2H), 3.25 (1) = 6.7 Hz, 2H), 2.81 (L) =
6.1 Hz, 2H), 2.53 — 2.41 (m, 10H), 1.94 — 1.85 2id), 1.68 — 1.58 (m, 8H), 1.49 — 1.43 (m,
4H). 3C NMR (75 MHz, CDCJ): ¢ 193.2, 146.6, 145.8, 139.0, 133.8, 133.3, 13(26,5],
126.7, 125.0, 124.2, 113.0, 109.3, 66.6, 58.0,,55449, 42.4, 26.4, 25.9, 24.3. LCMf/z
calc for [M+H]": 450.3, found: 450.1.

3'-(2-(piperidin-1-yl)ethoxy)-4'-((3-(piperidin-1kpropyl)amino)-[1,1'-biphenyl]-3-
carbaldehydelp)

Brown oil (600 mg, 1.33 mmol, 96%X NMR (300 MHz, CDCY): 6 10.07 (s, 1H), 8.05 ({]

= 1.6 Hz, 1H), 7.81 (m, 1H), 7.75 (dt= 7.7 Hz,J = 1.6 Hz, 1H), 7.55 (t) = 7.7 Hz, 1H),
7.18 (dd,J = 8.2 Hz,J = 2.0 Hz, 1H), 7.07 (d] = 2.0 Hz, 1H), 6.68 (d] = 8.2 Hz, 1H), 4.95
(br s, 1H), 4.22 (tJ = 6.2 Hz, 2H), 3.24 (1) = 6.7 Hz, 2H), 2.83 () = 6.2 Hz, 2H), 2.56 —
2.41 (m, 10H), 1.91 — 1.8%, 2H); 1.67 — 1.59 (m, 8H), 1.49 — 1.45 (m, 4HJC NMR (75
MHz, CDCk): ¢ 192.7, 146.4, 142.5, 139.1, 136.8, 132.2, 12%3,3, 120.4, 110.0, 66.6,
58.1, 57.4,55.1, 54.7, 42.4, 26.4, 26.0, 24.3. IS3Mzcalc for [M+H]": 450.3, found: 450.3.

3'-(2-(piperidin-1-yl)ethoxy)-4'-((3-(piperidin-1kpropyl)amino)-[1,1'-biphenyl]-4-
carbaldehydel(7)



Brown oil (285 mg, 0.63 mmol, 88%H NMR (300 MHz, CDCJ): 6 10.01 (s, 1H), 7.89 (d,

J = 8.4 Hz, 2H), 7.69 (d] = 8.4 Hz, 2H), 7.23 (dd] = 8.4 Hz,J = 2.1, 1H), 7.10 (dJ = 2.1

Hz, 1H), 6.67 (d) = 8.4 Hz, 1H), 5.05 (br s, 1H), 4.23Jt= 6.3 Hz, 2H), 3.27 () = 6.6 Hz,
2H), 2.86 (tJ = 6.0 Hz, 2H), 2.61 — 2.39 (m, 10H), 1.93 (m, 2HY,5 — 1.58 (m, 8H), 1.53 —
1.43 (m, 4H)*C NMR (75 MHz, CDCJ): 6 191.9, 147.6, 146.2, 139.6, 134.0, 133.3, 127.0,
126.4,121.1, 110.0, 66.5, 57.9, 57.2, 54.8, 4518, 25.5, 24.1. LCM$&/zcalc for [M+H]":
450.3, found: 450.2.

3'-(2-(piperidin-1-yl)ethoxy)-4'-((2-(piperidin-1kethyl)amino)-[1,1'-biphenyl]-2-
carbaldehydel®)

Brown oil (459 mg, 1.05 mmol, 92% NMR (300 MHz, CDGC}): 6 10.03 (s, 1H), 7.98 (dd,
J=7.8,1.4Hz, 1H), 7.59 (td,= 13.1, 6.5 Hz, 1H), 7.45 - 7.41 (m, 2H), 6.87,(@d 8.0, 1.9
Hz, 1H), 6.81 (dJ = 1.9 Hz, 1H), 6.66 (d] = 8.0 Hz, 1H), 5.13 (s, 1H), 4.16 &= 5.8 Hz,
2H), 3.25 (m, 2H), 2.85 (1 = 5.8 Hz, 2H), 2.66 () = 6.3 Hz, 2H), 2.59 — 2.50 (m, 4H), 2.49
—2.40 (m, 4H), 1.67 — 1.39 (m, 12¥C NMR (75 MHz, CDCY): 6 193.2, 146.7, 146.1, 139,
133.8, 133.3, 130.6, 127.5, 126.7, 125.2, 124.9,4,(66.6, 58.1, 57.4, 55, 54.4, 40.2, 26.1,
26, 24.5, 24.2. LCM®/zcalc for [M+H]": 436.3, found 436.3.

4'-((2-(piperidin-1-yl)ethyl)amino)-3'-(3-(piperidi1-yl)propoxy)-[1,1'-biphenyl]-2-
carbaldehydelQ)

Brown oil (378 mg, 0.84 mmol, 92%). Brown oil (378g, 92%).'H NMR (300 MHz,
CDCly): 6 10.04 (s, 1H), 7.98 (dd, = 7.8, 1.3 Hz, 1H), 7.65 — 7.54 (m, 1H), 7.50 377(m,
2H), 6.86 (dd,) = 8.0, 1.8 Hz, 1H), 6.80 (d,= 1.8 Hz, 1H), 6.66 (d] = 8.0 Hz, 1H), 5.02 (t,
J=4.9 Hz, 1H), 4.07 (1) = 6.2 Hz, 2H), 3.25 (dd] = 11.5, 6.0 Hz, 2H), 2.66 {,= 6.2 Hz,
2H), 2.57 — 2.32 (m, 10H), 1.67 — 1.54 (m, 8H),21-51.41 (m, 4H)**C NMR (75 MHz,
CDCl): 0 193.3, 146.7, 146.2, 138.8, 133.8, 133.3, 13@7,5], 126.7, 125.2, 123.8, 112.2,
109.3, 66, 57.3, 56.2, 54.7, 54.4, 40.2, 26, 22629, 24.5, 24.4. LCM$&/zcalc for [M+H]":
450.6, found 450.38

3'-(4-(piperidin-1-yl)butoxy)-4'-((2-(piperidin-1Hethyl)amino)-[1,1'-biphenyl]-2-
carbaldehyde20)

Brown oil (150 mg, 0.32 mmol, 71%X NMR (300 MHz, CDCY): 6 10.04 (s, 1H), 7.98 (dd,
J=7.8, 1.3 Hz, 1H), 7.65 — 7.56 (m, 1H), 7.49 387(m, 2H), 6.86 (dd] = 8.0, 1.8 Hz, 1H),
6.78 (d,J = 1.8 Hz, 1H), 6.66 (d] = 8.0 Hz, 1H), 5.01 (dl = 4.8 Hz, 1H), 4.04 (1} = 6.2 Hz,



2H), 3.31 — 3.18 (mJ = 11.6, 4.6 Hz, 2H), 2.66 (§,= 6.2 Hz, 2H), 2.54 — 2.24 (m, 10H),
1.94 — 1.79 (m, 4H), 1.79 — 1.53 (m, 8H), 1.53371(m, 4H)**C NMR (75 MHz, CDCJ): 6
193.3, 146.8, 146.2, 138.8, 133.8, 133.3, 130.7,5,226.7, 125.2, 123.7, 112.2, 109.4, 68.2,
59.1, 57.3, 54.6, 54.4, 40.3, 26.2, 25.9, 24.%.23CMS m/z calc for [M+H]": 464.3, found
464.4.

3'-(3-(piperidin-1-yl)propoxy)-4'-((3-(piperidin-§hpropyl)amino)-[1,1'-biphenyl]-2-
carbaldehydel)

Brown oil (573 mg, 1.24 mmol, 80%)} NMR (300 MHz, CDC)): § 10.02 (s, 1H), 7.98 (d,
J=7.6 Hz, 1H), 7.59 () = 7.6 Hz, 1H), 7.49 — 7.36 (m, 2H), 6.85 (dd; 8.0, 1.7 Hz, 1H),
6.80 (s, 1H), 6.67 (d] = 8.0 Hz, 1H), 4.79 (s, 1H), 4.07 {t= 6.4 Hz, 2H), 3.25 (d] = 6.2

Hz, 2H), 2.58 — 2.33 (m, 12H), 2.07 — 1.99 (m, 2HY6 — 1.79 (m, 2H), 1.61 (m, 8H), 1.51 —
1.41 (m, 4H)*C NMR (75 MHz, CDCJ): § 193.3, 146.8, 145.9, 138.7, 133.8, 133.3, 130.7,
127.5, 125.1, 123.8, 112.3, 109.2, 67.0, 57.4,,96408, 54.7, 42.4, 26.9, 26.5, 25.9, 24.5.
LCMS m/zcalc for [M+H]":464.3, found 464.4.

4'-((4-(piperidin-1-yl)butyl)amino)-3'-(2-(piperidi1-yl)ethoxy)-[1,1'-biphenyl]-2-
carbaldehyde2@)

Brown oil (439 mg, 0.94 mmol, 97%H NMR (300 MHz, CDC}):  10.02 (s, 1H), 7.98 (dd,
J=17.8, 1.5 Hz, 1H), 7.59 (td,= 7.5, 1.5 Hz, 1H), 7.45 (dd,= 8.0, 1.2 Hz,1H), 7.40 (d,=
7.5 Hz, 1H), 6.86 (dd] = 8.0, 1.9 Hz, 1H), 6.82 (d,= 1.9 Hz, 1H), 6.66 (d] = 8.0 Hz, 1H),
4.61 (s, 1H), 4.14 (1] = 5.9 Hz, 2H), 3.21 (d] = 6.1 Hz, 2H), 2.80 (1) = 6.0 Hz, 2H), 2.63 —
2.26 (m, 10H), 1.77 — 1.38 (m, 16HYC NMR (75 MHz, CDCJ): § 193.2, 146.6, 145.7,
139.0, 133.8, 133.3, 130.6, 127.5, 126.7, 125.@,2012113.1, 109.2, 66.6, 59.1, 58.0, 55.0,
54.6, 43.4, 27.5, 26.0, 24.6, 24.5, 24.2. LCMR&calc for [M+H]": 464.65, found 464.45

3'-(2-cyclohexylethoxy)-4'-((3-(piperidin-1-yl)prghamino)-[1,1'-biphenyl]-3-carbaldehyde
(23)

Brown oil (748 mg, 1.67 mmol, 80%H NMR (300 MHz, CDCJ): 6 10.03 (s, 1H), 7.99 (d,
J=7.4 Hz, 1H), 7.60 — 7.57 (m, 1H), 7.48 — 7.4], @H), 6.86 — 6.66 (m, 3H), 4.77 (br s,
1H), 4.06 (tJ = 6.8 Hz, 2H), 3.26 (m, 2H), 2.48 (m, 6H), 2.46.97 (m, 21H)*C NMR (75
MHz, CDCk): ¢ 193.3, 146.8, 146.0, 138.6, 133.8, 133.3, 13®6,5l 126.6, 125.2, 123.6,
112.0, 109.1, 66.5, 57.4, 54.7, 42.4, 36.7, 34333,36.4, 26.2, 25.7, 24.3. LCM8B/zcalc
for [M+H]": 449.3, found 449.4.



General procedure for the synthesis of compounds 24-30 is exemplified by the protocol
used for the synthesis of 24. 3'-(2-(piperidin-1-yl)ethoxy)-4'-((3-(piperidin-1
yhpropyl)amino)-[1,1'-biphenyl]-4-carbaldehyd& (290 mg, 0.65 mmol) was dissolved in
DCE (12 mL). Piperidine (96 pL, 0.97 mmol) was atldéfter 2 h at rt, NaBH(OAg)(206
mg, 0.97 mmol) and acetic acid (56 pL, 0.97 mmatyavadded. After 16 h at rt, saturated
NaHCG; solution was added. The reaction mixture wasestifior another hour. DCM was
added and the layers were separated. The orgamicuas washed three times with saturated
NaHCG; solution. The organic layer was dried over Mg®@d evaporated. The residue was
purified by flash chromatography (DCM/MeOH(NH 10:0 to 9:1 ¥/v)) to afford 2-[2-
(Piperidin-1-yl)ethoxy]N-[3-(piperidin-1-yl)propyl]-4-[4-(piperidin-1-
ylmethyl)phenyl]aniline24 as a colorless oil (260 mg, 0.50 mmol, 77%) NMR (300 MHz,
CDCl3): 6 7.51 (dJ = 8.5 Hz, 2H), 7.32 (d] = 8.5 Hz, 2H), 7.13 (ddl = 8.1 Hz,J = 1.9 Hz,
1H), 7.04 (dJ = 1.9 Hz, 1H), 6.66 (d] = 8.2 Hz, 1H), 4.20 (1) = 6.0 Hz, 2H), 3.50 (s, 2H),
3.22 (t,J = 6.7 Hz, 2H), 2.81 (1) = 6.0 Hz, 2H), 2.54 — 2.34 (m, 14H), 1.93 — 1.8% RH),
1.66 — 1.38 (m, 18H}°C NMR (75 MHz, CDCJ): 6 146.2, 140.2, 138.3, 136.1, 129.6, 129.1,
126.0, 120.2, 110.1, 66.6, 63.6, 58.1, 57.5, 3415, 42.5, 26.6, 26.0, 24.4. LCMf¥/zcalc
for [M+H]™: 519.4, found: 519.3. HR-MS: m/z Calculated: 5084, found: 519.4060
[M+H] " = GaaHs1N4O.

4-(4-[(Dimethylamino)methyl]phenyl)-2-[2-(piperidib-yl)ethoxy]N-[3-(piperidin-1-

yh)propyl] aniline @5)

In the present case dimethylamine 2 M in THF wasdusnd the product was obtained as a
colorless oil (130 mg, 0.27 mmol, 61%i NMR (300 MHz, CDCJ): 6 7.49 (d,J = 8.4 Hz,
2H), 7.31 (dJ = 8.4 Hz, 2H), 7.12 (dd] = 8.2 Hz,J = 2.1 Hz, 1H), 7.04 (d] = 2.1 Hz, 1H),
6.65 (d,J = 8.2 Hz, 1H), 4.20 () = 6.1 Hz, 2H), 3.45 (s, 2H), 3.23 {t= 6.8 Hz, 2H), 2.82
(t, J = 6.1 Hz, 2H), 2.55 — 2.41 (m, 10H), 2.25 (s, 3HRO0 — 1.85 (m, 2H), 1.66 — 1.58 (m,
8H), 1.51 — 1.44 (m, 4H)*C NMR (75 MHz, CDCJ): 6 146.2, 140.4, 138.3, 136.4, 129.5,
129.0, 126.4, 120.2, 110.0, 66.4, 64.1, 58.1, 55448, 45.3, 42.5, 26.4, 25.8, 24.3. LCMS
m/z calc for [M+H]: 479.3, found: 479.4. HR-MS: m/z Calculated: 47448 found:
479.3716 [M+H] = GsoHa7N4O.

2-[2-(1-piperidyl)ethoxy]-4-[3-(1-piperidylmethyljenyl]-N-[3-(1-piperidyl)propyl]aniline
(26)



Brown oil (17 mg, 0.03 mmol, 5%JH NMR (300 MHz, CDCJ): § 7.49 — 7.47 (m, 1H), 7.45
— 7.43 (m1H), 7.33 (tJ = 7.5 Hz, 1H), 7.24 — 7.20 (m, 1H), 7.5 (dds 8.1 Hz,J = 1.8 Hz,
1H), 7.06 (dJ = 1.8 Hz, 1H), 6.66 (d] = 8.1 Hz, 1H), 4.22 (t) = 6.0 Hz, 2H), 3.54 (s, 2H),
3.23 (t,J = 6.9 Hz, 2H), 2.83 (t) = 6.7 Hz, 2H), 2.6 2.4 (m, 14H); 1.89 (quint, J = 6.7 Hz,
2H), 1.70 — 1.50 (m, 12H), 1.50 — 1.40 (m, 6HE NMR (75 MHz, CDCY): § 146.2, 141.4,
138.4, 129.2, 128.4, 127.3, 127.0, 125.0, 120.8,311110.0, 66.6, 64.0, 58.1, 57.4, 55.1,
54.7, 54.5, 42.5, 26.5, 26.0, 25.9, 24.4, 24.2. ICVz calc for [M+HT]: 519.4, Found:
519.3. HR-MS: m/z Calculated: 519.3985, found: 8080 [M+H'] = Ca3sH5:N4O0.

2-[2-(Piperidin-1-yl)ethoxy]N-[3-(piperidin-1-yl)propyl]-4-[2-(piperidin-1-
ylmethyl)phenyl]aniline 27)

Colorless oil (114 mg, 0.22 mmol, 669 NMR (300 MHz, CDCJ): § 7.54 — 7.51 (m, 1H),
7.29 —7.25 (m, 3H), 6.93 (d,= 1.8 Hz, 1H), 6.89 (dd} = 8.0 Hz,J = 1.8 Hz, 1H), 6.64 (dJ

= 8.0 Hz, 1H), 4.98 (br s, 1H), 4.15 Jt= 6.1 Hz, 2H), 3.42 (s, 2H), 3.23 {t= 6.8 Hz, 2H),
2.80 (t,J = 6.1 Hz, 2H), 2.52 — 2.30 (m, 14H), 1.90 (quiht 6.7 Hz, 2H), 1.68 — 1.38 (m,
18H). *C NMR (75 MHz, CDGJ): ¢ 145.3, 143.1, 137.1, 136.1, 130.1, 129.5, 12&3,8,
113.0, 109.3, 66.4, 60.8, 58.1, 57.4, 54.9, 54246,426.6, 26.0, 24.3. LCM8/z calc for
[M+H] *: 519.4, found: 519.2. HR-MS: m/z Calculated: 5084, found: 519.4056 [M+H]=
Cs3H51N40.

4-[2-(Morpholin-4-yImethyl)phenyl]-2-[2-(piperidid-yl)ethoxy]N-[3-(piperidin-1-
yh)propyl]aniline £8)

Colorless oil (126 mg, 0.24 mmol, 40% NMR (300 MHz, CDC}): d 7.53 —7.48 (m, 1H);
7.29 —7.26 (m, 3H), 6.94 — 6.89 (m, 2H), 6.64J(d,8.6 Hz, 1H), 4.80 (br s, 1H), 4.14 Jt5
6.0 Hz, 2H), 3.68 (&) = 4.4 Hz, 4H); 3.45 (s, 2H); 3.23 (t, J= 6.8 Hz, 2H); 2.79 (t, J = 6.0 Hz,
2H); 2.52 — 2.38 (m, 14H), 1.90 (quind,= 6.8 Hz, 2H), 1.66 — 1.56 (m, 8H), 1.50 — 1.42 (m
4H). 3C NMR (75 MHz, CDCJ): ¢ 145.4, 143.3, 137.8, 135.1, 130.3, 129.2, 12622,8],
112.9, 109.3, 67.2, 66.3, 60.5, 58.1, 57.5, 543%4,542.6, 26.6, 26.0, 24.3. LCM8B/zcalc
for [M+H]": 521.4, Found: 521.4. HR-MS: m/z Calculated: 58%® found: 521.3852
[M+H] " = GaoH49N40s.

4-(2-[(4-Methylpiperazin-1-yl)methyl]phenyl)-2-[Z{peridin-1-yl)ethoxy]N-[3-(piperidin-1-
yl) propyl]aniline @9)



Colorless oil (213 mg, 0.40 mmol, 54%) NMR (300 MHz, CDCJ): § 7.48 — 7.45 (m, 1H),
7.27 — 7.24 (m, 3H), 6.94 — 6.90 (m, 2H), 6.63)¢d, 8.0 Hz, 1H), 4.13 () = 6.1 Hz, 2H),
3.44 (s, 2H), 3.22 (1) = 6.8 Hz, 2H), 2.79 (t) = 6.1 Hz, 2H), 2.50 — 2.27 (m, 21H), 1.88
(quint, J = 7.5 Hz, 2H), 1.66 — 1.56 (m, 8H), 1.48 — 1.42, @hi). '*C NMR (75 MHz,
CDCl3): 0 145.3, 143.3, 137.8, 135.5, 130.3, 129.3, 12622.8, 113.0, 109.2, 66.5, 60.1,
58.1, 57.5, 55.0, 46.1, 42.6, 26.7, 26.0, 24.3)MISOm/z calc for [M+H']: 534.2, found:
534.4. HR-MS: m/z Calculated: 534.4166, found: 8320 [M+H'] = Ca3Hs52N50.

4-(2-[(Dimethylamino)methyl]phenyl)-2-[2-(piperidib-yl)ethoxy]N-[3-(piperidin-1-

yh)propyl] aniline 30)

In the present case 13 equiv. of dimethylamine @NIHF was used. Compound was obtained
as a colorless oil (162 mg, 0.34 mmol, 51%).NMR (300 MHz, CDC}): 6 7.51 — 7.49 (m,
1H), 7.30 — 7.25 (m, 3H), 6.91 (@= 1.8 Hz, 1H), 6.85 (dd} = 8.0 Hz,J = 1.8 Hz, 1H), 6.65
(d,J = 8.0 Hz, 1H), 4.74 (br s, 1H), 4.14 Jt= 6.2 Hz, 2H), 3.39 (s, 2H), 3.23 {t= 6.7 Hz,
2H), 2.80 (t,J = 6.2 Hz, 2H), 2.54 — 2.40 (m, 10H), 2.18 (s, 6HY3 — 1.84 (m, 2H), 1.67 —
1.57 (m, 8H), 1.50 — 1.42 (m, 4HYC NMR (75 MHz, CDCJ): § 145.4, 142.9, 137.7, 136.3,
130.0, 129.4, 126.5, 122.7, 112.9, 109.3, 66.31,688.1, 57.5, 54.9, 45.4, 42.6, 26.6, 26.0,
24.3. LCMSm/z calc for [M+H]: 479.3, Found: 479.3. HR-MS: m/z Calculated: 3744,
found: 479.3741 [M+H] = CsoHa7 N4O.

General procedure for the synthesis of compounds 31-36 is exemplified by the protocol
used for the synthesis of 31. To a solution of 3'-(2-cyclohexylethoxy)-4'-((Bhoeridin-1-
yl)propyl)amino)-[1,1'-biphenyl]-3-carbaldehy@8 (300 mg, 0.67 mmol) and dimethylamine
hydrochloride (110 mg, 1.34 mmol ) in EtOH (2 mLasvadded triethylamine (186 pL, 1.34
mmol) and titanium isopropoxide (400 pL, 1.34 mmadhe mixture was stirred for 12 h at rt.
NaBH; (51 mg, 1.34 mmol) was then added and the mixtuas further stirred for 2 hours.
The reaction was quenched by pouring the mixtute agueous ammonia (2.5 mL) and
extracted with DCM (3 x 10 mL). The combined orgalaiyers were dried over Mg@nd
evaporated. The residue was purified by flash clatography (DCM/MeOH(NB), 10:0 to
9:1 (viv)) to afford 3-(2-cyclohexylethoxy)-2'-(fdethylamino)methyIN-(3-(piperidin-1-
yl)propyl)-[1,1'-biphenyl]-4-amine as a colorles# (157 mg, 0.33 mmol, 49%H NMR
(300 MHz, CDC}): 6 7.53 — 7.49 (m, 1H), 7.33 — 7.28 (m, 3H), 6.91)(¢,1.8 Hz, 1H), 6.85
(dd,J =8.0 Hz,J = 1.8 Hz, 1H), 6.65 (d] = 8.0 Hz, 1H), 4.64 (br s, 1H), 4.05 Jt= 6.8 Hz,
2H), 3.40 (s, 2H), 3.24 (§ = 6.4 Hz, 2H), 2.49 — 2.40 (m, 6H), 2.18 (s, 6HB4 — 1.85 (m,



2H), 1.80 — 1.60 (m, 11H), 1.54 — 1.42 (m, 3H);31=31.10 (m, 3H), 1.06 — 0.92 (m, 2H}C
NMR (75 MHz, CDC}): ¢ 145.6, 143.0, 137.4, 136.3, 130.2, 129.9, 12926.6, 126.4,
122.2,112.2, 109.1, 66.3, 61.1, 57.6, 54.8, 4824/, 36.8, 34.8, 33.4, 26.6, 26.5, 26.2, 25.9,
24.4. LCMSm/z calc for [M+H]": 478.4, Found: 478.3. HR-MS: m/z Calculated: 4783
found: 478.3799, [M+H]= CsoHag N3O.

2'-((Dimethylamino)methyl)-3-(3-(piperidin-1-yl)ppoxy)-N-(3-(piperidin-1-yl)propyl)-[1,1'-
biphenyl]-4-amine 32)

Brown oil (75 mg, 0.15 mmol, 47%MH NMR (300 MHz, CDC)): 6 7.54 — 7.47 (m, 1H), 7.35

— 7.24 (m, 3H), 6.91 (d] = 1.8 Hz, 1H), 6.85 (dd] = 8.1, 1.8 Hz, 1H), 6.64 (d,= 8.1 Hz,
1H), 4.58 (s, 1H), 4.05 (f = 6.5 Hz, 2H), 3.39 (s, 2H), 3.23 {t= 6.7 Hz, 2H), 2.59 — 2.34
(m, 12H), 2.19 (s, 6H), 2.09 — 1.97 (m, 2H), 1.95.82 (m, 2H), 1.69 — 1.53 (m, 8H), 1.51 —
1.39 (m, 4H).°C NMR (75 MHz, CDGJ): 6 145.5, 143.0, 137.4, 136.4, 130.2, 129.9, 129.6,
126.6, 126.4, 122.4, 112.4, 109.2, 66.9, 61.1,,55662, 54.8, 54.7, 45.4, 42.6, 27.0, 26.7,
26.0, 24.5. LCMSm/z calc for [M+H]: 493.4, found: 493.4. HR-MS: m/z Calculated:
493.3901, found: 493.3906 [M+H¥ Cs1H49N4O.

2'-((Dimethylamino)methyl)-3-(2-(piperidin-1-yl)ebly)-N-(2-(piperidin-1-yl)ethyl)-[1,1'-
biphenyl]-4-amine 3)

Brown oil (25 mg, 0.05 mmol, 30%JH NMR (300 MHz, CDC})): 6 7.51 (dd,J = 4.7, 2.3
Hz, 1H), 7.33 — 7.24 (m, 3H), 6.91 @ 1.8 Hz, 1H), 6.87 (ddl = 8.0, 1.8 Hz, 1H), 6.63 (d,
J = 8.0 Hz, 1H), 4.96 (s, 1H), 4.15 {= 5.8 Hz, 2H), 3.40 (s, 2H), 3.25 {= 6.1 Hz, 2H),
2.84 (t,J =5.8 Hz, 2H), 2.73 — 2.39 (m, 10H), 2.19 (s, 6HB6 — 1.56 (M, 8H), 1.46 (d,=
5.1 Hz, 4H).2*C NMR (75 MHz, CDCY): ¢ 145.59, 142.95, 137.63, 136.40, 130.17, 129.91,
129.49, 126.59, 126.47, 122.65, 112.71, 109.3345/7/7.03, 76.60, 66.41, 61.11, 58.21,
57.65, 54.93, 54.46, 45.39, 40.37, 26.14, 26.0%®44.21. LCMSn/z calc for [M+HT"
465.3, found 465.4. HR-MS: m/z Calculated: 493.390found: 493.3906 [M+H] =
Ca1H49N4O.

2'-((Dimethylamino)methyIN-(2-(piperidin-1-yl)ethyl)-3-(3-(piperidin-1-yl)pgwoxy)-[1,1'-
biphenyl] -4-amine 34)

Brown oil (36 mg, 0.07 mmol, 30%JH NMR (300 MHz, CDCJ): 6 7.58 — 7.43 (m, 1H),
7.37 — 7.24 (m, 3H), 6.92 (d,= 1.8 Hz, 1H), 6.86 (dd] = 8.0, 1.8 Hz, 1H), 6.63 (d,= 8.0
Hz, 1H), 4.86 (s, 1H), 4.05 @,= 6.2 Hz, 2H), 3.40 (s, 2H), 3.33 — 3.16 (m, 2PK6 (t,J =



6.3 Hz, 2H), 2.59 — 2.32 (m, 10H), 2.19 (s, 6HL®@- 1.97 (m, 2H), 1.70 — 1.53 (m, 8H),
1.53 — 1.40 (m, 4H)'*C NMR (75 MHz, CDGJ): ¢ 145.7, 143.0, 137.5, 136.4, 130.2, 129.9,
129.6, 126.6, 126.5, 122.4, 112.3, 109.3, 66.8,817.6, 56.3, 54.7, 54.5, 45.4, 40.4, 27.1,
26.2, 26.0, 24.5. LCM®n/z calc for [M+H]:479.4, found: 479.4. HR-MS: m/z Calculated:
479.3744, found: 479.3742 [M+H¥ CyoH47N4O.

2'-((Dimethylamino)methyl)-3-(4-(piperidin-1-yl)boty)-N-(2-(piperidin-1-yl)ethyl)-[1,1'-
biphenyl]-4-amine ¥5)

Brown oil (35 mg, 0.07 mmol, 28%JH NMR (300 MHz, CDC)): § 7.61 — 7.41 (m, 1H),
7.40 — 7.19 (m, 3H), 6.90 (d,= 1.6 Hz, 1H), 6.86 (dd] = 8.0, 1.6 Hz, 1H), 6.63 (d,= 8.0
Hz, 1H), 4.86 (s, 1H), 4.16 — 3.91 (m, 2H), 3.362d), 3.32 — 3.16 (m, 2H), 2.66 = 6.3
Hz, 2H), 2.39 (ddJ = 19.5, 12.2 Hz, 10H), 2.19 (s, 6H), 1.96 — 1.88 {6H)."*C NMR (75
MHz, CDCk): ¢ 145.7, 143.0, 137.5, 136.4, 130.2, 129.9, 1295.6], 126.4, 122.3, 112.3,
109.3, 68.0, 61.2, 59.2, 57.6, 54.6, 54.5, 45.4,,407.7, 26.2, 26.0, 24.5, 24.5, 23.6. LCMS
m/z calc for [M+HJ: 493.4, found 493.5. HR-MS: m/z Calculated: 49889 found:
493.3906 [M+H] = Ca1H49N4O.

2'-((Dimethylamino)methyIN-(4-(piperidin-1-yl)butyl)-3-(2-(piperidin-1-yl)etbxy)-[1,1'-
biphenyl]-4-amine 36)

Brown oil (75 mg, 0.15 mmol, 47%MH NMR (300 MHz, CDC}): § 7.54 — 7.47 (m, 1H), 7.35
—7.24 (m, 3H), 6.91 (dl = 1.8 Hz, 1H), 6.85 (dd] = 8.0, 1.8 Hz, 1H), 6.64 (d,= 8.0 Hz,
1H), 4.58 (s, 1H), 4.05 (f = 6.5 Hz, 2H), 3.39 (s, 2H), 3.23 {t= 6.7 Hz, 2H), 2.59 — 2.34
(m, 12H), 2.19 (s, 6H), 2.09 — 1.97 (m, 2H), 1.95.82 (m, 2H), 1.69 — 1.53 (m, 8H), 1.51 —
1.39 (m, 4H).°C NMR (75 MHz, CDGJ): 6 145.5, 143.0, 137.4, 136.4, 130.2, 129.9, 129.6,
126.6, 126.4, 122.4, 112.4, 109.2, 66.9, 61.1,,556&2, 54.8, 54.7, 45.4, 42.6, 27.0, 26.7,
26.0, 24.5.L.CMS m/z calc for [M+H]: 493.4, found: 493.4. HR-MS: m/z Calculated:
493.3901, found: 493.3906 [M+H¥ Cs1H49N4O.

3-(2-(Piperidin-1-yl)ethoxyN-(3-(piperidin-1-yl)propyl)-[1,1'-biphenyl]-4-aming7)

To a solution of benzeneboronic acid (108 mg, 8&ol) in a mixture of toluene (8 mL) and
EtOH (3 mL), KCOs; (132 mg, 0.96 mmol) antil (156 mg, 0.37 mmol) were added. The
reaction was stirred for 30 min and deoxygenatedoagsing a stream of;Nhrough it.
Pd.dba (6.73 mg, 0.007 mmol) and d{ol); (22 mg, 0.073 mmol) were added and the

mixture was refluxed overnight. After cooling, thexture was poured into 1IN NaOH and



extracted three times with dichloromethane. The lioed organic layers were dried over
MgSO, and evaporated. The residue was purified by flashromatography
(DCM/MeOH(NH), 10:0 to 95:5 (v/v)) to afford a brown oil (110yrD.26 mmol, 71 %)'H
NMR (300 MHz, CDBCl,): 6 7.61 — 7.53 (m, 2H), 7.44 — 7.36 (m, 2H), 7.30 227m, 1H),
7.15 (ddJ = 8.2, 2.0 Hz, 1H), 7.09 (d,= 2.0 Hz, 1H), 6.68 (d] = 8.2 Hz, 1H), 4.94 (s, 1H),
4.18 (t,J = 6.0 Hz, 2H), 3.24 (t) = 6.7 Hz, 2H), 2.78 (1) = 6.0 Hz, 2H), 2.60 — 2.31 (m,
10H), 1.91 — 1.75 (m, 2H), 1.70 — 1.55 (m, 8H),51-51.38 (m, 4H)**C NMR (75 MHz,
CD.Cl,): 0 148.3, 143.4, 140.7, 130.5, 128.0, 127.8, 122122, 111.6, 68.6, 60.0, 59.1,
56.9, 56.6, 44.2, 28.2, 28, 27.8, 26.3, 26.2. LOWIScalc 422.3 for [M+H]: 422.3 , found..
HR-MS: m/z Calculated: 422.3093, found: 422.3156-F]I' = C,7H40N3O.

1-(2-(3-Bromophenoxy)ethyl)piperidin8g)

3-Bromophenol (1.63 g, 9.42 mmol) was suspendedGN (50 mL) and KCOs; (3.91 g,
28.3 mmol) was added. The reaction mixture wasestiat 80 °C for 30 min. Then 1-(2-
Chloroethyl)piperidine hydrochloride (2.43 g, 13r2nol) was added. The reaction mixture
was stirred at 80 °C for 12 h. The inorganics weraoved by filtration and the solvent was
evaporated. The residue was dissolved in DCM (50 amd washed twice with a 1IN NaOH
solution. The organic layers were combined andddoier MgSQ, filtrated and concentrated
in vacuo to afford38 (2.45 g, 8.57 mmol, 91%). The product was used witHfarther
purification in the next stegH NMR (300 MHz, CDCJ): 6 7.14 (d,J = 8.1 Hz, 1H), 7.08 —
7.04 (m, 2H), 6.83 (ddd] = 8.1, 2.5, 1.4 Hz, 1H), 4.08 (= 6.1 Hz, 2H), 2.75 (tJ = 6.1,
2H), 1.65 — 1.53 (m, 6H), 1.49 — 1.39 (m, 2H). LCM calc for [M+H]: 286.1, 288.1
found: 286.0, 288.0

N-(2-(piperidin-1-yl)ethyl)-[1,1'-biphenyl]-4-amin&9)

3-Phenylphenol (1.02 g, 6.02 mmol) was suspende8idih (50 mL) and KCOs; (2.49 g,
18.0 mmol) was added. The reaction mixture wasestiat 80 °C for 30 min. Then 1-(2-
Chloroethyl)piperidine hydrochloride (1.55 g, 8.4Znol) was added. The reaction mixture
was stirred at 80 °C for 12 h. The inorganics weraoved by filtration and the solvent was
evaporated. The residue was dissolved in DCM (50 amd washed twice with a 1N NaOH
solution. The organic layers were combined andddoier MgSQ, filtrated and concentrated.
The residue was purified by flash chromatographycl@exane/AcOEt), 10:0 to 5:5 (v/v)) to
afford a yellow oil (690 mg, 2.45 mmol, 41 %M NMR (300 MHz, CDCJ):  7.64 — 7.56



(m, 2H), 7.44 (tJ = 7.6 Hz, 2H), 7.35 (1 = 7.6 Hz, 2H), 7.22 — 7.14 (m, 2H), 6.91 (ddd;
8.2, 2.5, 0.8 Hz, 1H), 4.18 (,= 6.1 Hz, 2H), 2.82 () = 6.1 Hz, 2H), 2.61 — 2.46 (m, 4H),
1.72 — 1.57 (m, 4H), 1.53 — 1.41 (m, 2tC NMR (75 MHz, CBCL,): 6 159.2, 142.7, 141.1,
129.7,128.7, 127.4, 127.2, 119.7, 113.7, 113.3),68.0, 55.1, 26, 24.2. LCM8/zcalc for
[M+H]*: 282.2 found: 282.1. HR-MS: m/z Calculated: 2839 %ound: 282.1846 [M+H]=
Ci19H24NO.

3'-(2-(Piperidin-1-yl)ethoxy)-[1,1'-biphenyl]-2-daaldehyde 40)

To a solution of 2-formylbenzeneboronic acid (898, .95 mmol) in a mixture of toluene
(113 mL) and EtOH (45 mL), ¥CO; (891 mg, 6.45 mmol) an88 (1.4 g, 4.96 mmol) were
added. The reaction was stirred for 30 min and ggemated by passing a stream of N
through it. Padba (91 mg, 0.02 mmol) and &¢ol); (302 mg, 0.99 mmol) were added and
the mixture was refluxed for 2 h. After coolingetmixture was poured intdN\LNaOH and
extracted three times with dichloromethane. The lwoed organic layers were dried over
MgSQO, and evaporated to afford an orange oil which wseduwithout further purification
(1.27 g, 4.11 mmol, 83 %)H NMR (300 MHz, CDC}): ¢ 10.00 (dJ = 0.8 Hz, 1H), 8.04 (d,
J=7.5Hz, 1H), 7.63 (d] = 7.5 Hz, 1H), 7.50 — 7.34 (m, 3H), 6.99 — 6.93 8H), 4.17 (tJ

= 5.9 Hz, 2H), 2.83 (t) = 5.9 Hz, 2H), 2.56 (m, 4H), 1.65 — 1.60 (m, 4HB0 — 1.44 (m,
2H). LCMSm/zcalc for [M+H]": 310.1, found: 310.12.

N,N-Dimethyl-1-(3'-(2-(piperidin-1-yl)ethoxy)-[1,1'-phenyl]-2-yl)methanaminetl)

To a solution o#0 (925 mg, 2.99 mmol) in DCE (37 mL), dimethylam&® M in THF (15
mL, 29.9 mmol), NaBH(OAg) (950 mg, 4.48 mmol) and acetic acid (0.26 mL, 48ol)
were added and the mixture was stirred at rt foh.1Zhe reaction was quenched by pouring
the mixture into saturated NaH@®olution (25 mL) and extracted with DCM (3 x 50 nL
The combined organic layers were dried over Mg3@0d evaporated. The residue was
purified by flash chromatography (DCM/MeOH(M10:0 to 97:3 (v/v)) to afford a brown
oil (266 mg, 0.79 mmol, 26 %fH NMR (300 MHz, MeOD):s 7.51 (dd,J = 7.4, 1.6 Hz,
1H), 7.39 — 7.27 (m, 3H), 7.25 - 7.19 (m, 1H), 66 1H), 6.92 — 6.84 (m, 2H), 4.17 {t=

5.7 Hz, 2H), 3.45 (s, 2H), 2.80 &= 5.7 Hz, 2H), 2.57 (d] = 5.2 Hz, 4H), 2.10 (s, 6H), 1.64
(m, 4H), 1.50 (m, 2H)*C NMR (75 MHz, CDCJ)): § 158.4, 142.9, 142.2, 136.3, 129.8,
128.8, 127.3, 126.6, 122.1, 122.1, 115.9, 113.1366, 58, 55.1, 45.4, 26, 24.2. LCM8z
calc for [M+H]": 339.2, found: 339.2. HR-MS: m/z Calculated: 3388, found: 339.2422
[M+H]" = Co2H31N20.



4-BromoN-(2-(piperidin-1-yl)ethyl)aniline42)

To solution of 4-bromoaniline (1.34 mL, 12 mmol) BMF (50 mL), KCOs (3.2 g, 23
mmol), Nal (8.7 g, 58 mmol) and 3-chloropropylpipére hydrochloride (3.4 g, 18 mmol)
were added. The reaction mixture was stirred at ID@r 24 h. DMF was removed under
reduced pressure and the residue was taken up mL26f water. The aqueous layer was
extracted with DCM (3 x 60 mL). The combined orgalayers were dried over MgQ@nd
evaporated. The residue was purified by column rolatography (EtOAc/MeOH, 8.5:1.5
(v:v)) to afford a brown oil (779 mg, 2.76 mmol, 28.*H NMR (300 MHz, CDCJ): J 7.23
(d,J = 8.8 Hz, 2H), 6.47 (d] = 8.8 Hz, 1H), 3.15 () = 6.2 Hz, 2H), 2.67 — 2.41 (m, 6H),
1.97 — 1.76 (m, 2H), 1.77 — 1.44 (m, 6C NMR (75 MHz, CDCJ): 6 147.7, 131.9, 114.1,
108.4, 57.7, 54.5, 43.4, 29.7, 25.5, 24. LCM&calc for [M+H]": 283.1, 285.1 found: 283.1,
285.1

4'-((3-(piperidin-1-yl)propyl)amino)-[1,1'-bipheny2-carbaldehyde43)

To a solution of 2-formylbenzeneboronic acid (79d, /.27 mmol) in a mixture of toluene
(35 mL) and EtOH (17 mL), ¥COs; (724 mg, 5.24 mmol) and? (779 mg, 2.62 mmol) were
added. The reaction was stirred for 30 min and ggemated by passing a stream of N
through it. Pddba (133 mg, 0.055 mmol) and ¢ol); (395 mg, 0.48 mmol) were added and
the mixture was refluxed for 96 h. After coolingpet mixture was poured into water and
extracted with dichloromethane. The combined omgdayers were dried over MgQ@nd
evaporated. The residue was purified by semi-pegp@ chromatography (eluent,®
formic, ACN formic, 100 :0 to 70:30 (v/v)) to afdrorange oil (341 mg, 1.05 mmol, 40%).
'H NMR (300 MHz, CDG)): 6 10.02 (d,J = 0.7 Hz, 1H), 8.57 (s, 1H), 7.98 (db= 7.7, 1.0
Hz, 1H), 7.64 — 7.55 (m, 1H), 7.47 — 7.35 (m, 2HR2 — 7.14 (m, 2H), 6.71 (d,= 8.6 Hz,
2H), 3.34 — 3.23 (m, 2H), 3.11 — 2.99 (m, 6H), 2(d8,J = 13.9, 6.5 Hz, 2H), 1.97 — 1.84
(m, 4H), 1.72 — 1.53 (m, 2H}3C NMR (75 MHz, CDCJ): § 193.2, 168.3, 148.2, 146.4,
133.6, 133.4, 131.3, 130.6, 127.5, 126.7, 126,3,BA.1, 53.1, 40.9, 23.8, 23.1, 22.6. LCMS
m/zcalc for [M+H]": 323.2, found 323.2.

2'-((Dimethylamino)methyIN-(3-(piperidin-1-yl)propyl)-[1,1'-biphenyl]-4-amin@4)

To a solution 0f43 (156 mg, 0.42 mmol) and dimethylamine hydrochler(®9 mg, 0.85
mmol) in EtOH (1 mL) was added triethylamine (0., 0.85 mmol) and titanium
isopropoxide (0.25 mL, 0.85 mmol). The mixture vetisred at rt for 12 h. NaBH(32 mg,



0.85 mmol) was added and the resulting mixture fietber stirred for 2 h. The reaction was
guenched by pouring the mixture into aqueous aman@b mL) and extracted with DCM
(3x10 mL). The combined organic layers were dreaeér MgSQ and evaporated. The
residue was purified by flash chromatography (DCMOMH(NHs), 10:0 to 98:2 (v/v)) to
afford brown oil (119 mg, 0.34 mmol, 40%H NMR (300 MHz, CDC}): § 7.60 — 7.45 (m,
1H), 7.37 — 7.23 (m, 3H), 7.20 (@~ 8.6 Hz, 2H), 6.65 (d] = 8.6 Hz, 2H), 5.08 (s, 1H), 3.41
(s, 2H), 3.24 (tJ = 6.3 Hz, 2H), 2.47 (ddl = 14.0, 7.5 Hz, 6H), 2.18 (s, 6H), 1.96 — 1.74 (m,
2H), 1.74 — 1.57 (m, 4H), 1.49 (d,= 5.1 Hz, 2H).**C NMR (75 MHz, CDCJ): 6 147.8,
142.7, 136.5, 130.5, 130.1, 130, 129.7, 126.6,5.26.2.0, 61.0, 58.3, 54.7, 45.4, 43.9, 26.2,
25.8, 24.5. LCMSm/z calc for [M+HJ: 352.3, found 352.3. HR-MS: m/z Calculated:
352.2747, found: 352.2743 [M+H¥ CysHasNs.

6-Nitro-3H-1,3-benzoxazol-2-onelb)

70% Nitric acid (50 mL, 0.80 mol) was cooled to® &nd 3-1,3-benzoxazol-2-one (5.00 g,
37 mmol) was added. The reaction mixture was stiatat for 4 h and then poured in ice. The
resulting precipitate was collected by filtratiomashed with water and dried to give a pink
solid (5.80 g, 32.5 mmol, 87 %). Mp > 250 “ElL NMR (300 MHz, DMSOds): 6 12.41 (s,
1H), 8.20 (dJ = 2.2 Hz, 1H), 8.13 (dd] = 8.6 Hz,J = 2.2 Hz, 1H), 7.28 (d] = 8.6 Hz, 1H).
13C NMR (300 MHz, DMSOdg): § 154.7, 143.2, 142.5, 137.2, 121.2, 109.8, 105@VIE
m/z calc for [M-HJ: 179.0, found: 179.0.

6-Nitro-3-[3-(piperidin-1-yl)propyl]-1,3-benzoxaz@-one 46)
6-Nitro-3H-1,3-benzoxazol-2-onet$) (6.30 g, 35 mmol) was suspended in ACN (150 mL)
and KCO; (6.91 g, 50 mmol) was added. The reaction mixtas stirred at 80 °C for 30
min. 3-Chloropropylpiperidine hydrochloride (3.9620 mmol) was added and the reaction
mixture was stirred at 80 °C for another 5 h. Tingrganics were removed by filtration and
the solvent was evaporated. The residue was pdrifiiy flash chromatography
(DCM/MeOH(NHg), 9.8:0.2 ¢/v)) to give compound6 as a beige solid (5.98 g, 19.6 mmol,
98%). Mp 81.1 — 81.7 °CH NMR (300 MHz, CDC}): 6 8.21 (dd,J = 8.7 Hz,J = 2.1 Hz,
1H), 8.10 (dJ= 2.1 Hz, 1H), 7.25 (dJ= 8.7 Hz, 1H), 4.00 (t)= 6.5 Hz, 2H), 2.38 — 2.28
(m, 6H), 2.02 — 1.98 (m, 2H), 1.56 — 1.53 (m, 4H%5 — 1.41 (m, 2H)**C NMR (75 MHz,
CDCl): 0 154.1, 143.0, 141.9, 137.3, 120.7, 108.0, 106614,%4.4, 41.1, 25.9, 24.4, 24.3.
LCMS m/zcalc for [M+H]": 306.2, found: 306.2.



5-Nitro-2-([3-(piperidin-1-yl)propyl]Jamino)phenotq)

To a solution of 6-nitro-3-[3-(piperidin-1-yl)profjyl,3-benzoxazol-2-one 46) (1.0 g,
3.28 mmol) in dioxane (5 mL), aqueous 2.5N NaOH @6, 65.5 mmol) was added. The
mixture was stirred at 20 °C for 48 h. After coglito O °C, a 1N HCI solution was added to
reach pH 8. After 30 min of stirring, the mixturasvextracted with EtOAc (3 x 100 mL). The
combined organic layers were dried over Mg@@d evaporated. The residue was purified by
flash chromatography (DCM/MeOH(NM 9.5:0.5 ¢/v)) to give compound}7 as an orange
solid (715 mg, 2.56 mmol, 78%). Mp: 152.3 — 1530 H NMR (300 MHz, CDC}J): J 7.69
(dd,J=8.7 Hz,J = 2.4 Hz, 1H), 7.49 (d] = 2.4 Hz, 1H), 6.32 (d] = 8.8 Hz, 1H), 3.23 (1]=
6.5 Hz, 2H); 2.67 — 2.57 (m, 6H), 1.95 — 1.91 (H),21.71 — 1.67 (m, 4H), 1.53 — 1.48 (m,
2H). 13C NMR (75 MHz, CDCJ): 6 145.4, 144.3, 136.7, 118.5, 108.8, 106.4, 56.3],,51.2,
25.1, 24.5, 23.5. LCM®&/zcalc for [M+H]": 280.2, found: 280.1.

4-Nitro-2-[2-(piperidin-1-yl)ethoxy|N-[3-(piperidin-1-yl)propyl]aniline 48)
5-Nitro-2-([3-(piperidin-1-yl)propyllamino)phenol{) (200 mg, 0.72 mmol) was suspended
in ACN (6 mL) and KCO; (300 mg, 2.15 mmol) was added. The reaction mextues stirred
at rt for 10 min. 1-(2-Chloroethyl)piperidine hydidoride (160 mg, 0.86 mmol) was then
added and the reaction mixture was stirred at 6GotCanother 5 h. The inorganics were
removed by filtration and the solvent was evaparaiehe residue was purified by flash
chromatography (DCM/MeOH(N$), 9.8:0.2 ¢/v)) to give a brown oil (200 mg, 0.52 mmol,
72%).*"H NMR (300 MHz, CDCY): ¢ 7.86 (dd,J = 8.9 Hz,J = 2.4 Hz, 1H), 7.62 (d] = 2.4
Hz, 1H), 6.46 (dJ = 8.9 Hz, 1H), 6.19 (br f]= 4.9 Hz, 1H), 4.17 ()= 6.1 Hz, 2H), 3.28 (m,
2H), 2.77 (tJ= 5.8 Hz, 2H), 2.48 (m, 4H), 2.45 — 2.33 (m, 6HB5L— 1.82 (m, 2H), 1.65 —
1.54 (m, 8H), 1.49 — 1.39 (m, 4HYC NMR (75 MHz, CDCJ): § 145.1, 144.3, 136.3, 120.3,
106.48, 106.3, 66.4, 57.6, 57.2, 54.8, 54.5, 4508, 25.7, 24.2. LCM®&/zcalc for [M+H]":
391.3, found: 391.1.

2-[2-(Piperidin-1-yl)ethoxy]N-[3-(piperidin-1-yl)propyl]benzene-1,4-diaminé9)
4-Nitro-2-[2-(piperidin-1-yl)ethoxy]N-[3-(piperidin-1-yl)propyl]aniline 48) (100 mg, 0.255
mmol) was dissolved in MeOH (5 mL). Pd/C 10 % (2@, mol%) was added and the
reaction mixture was stirred at 40 °C for 30 miheTcatalyst was filtered through a celite pad
and the filtrate was evaporated to gd@ as a purple oil which was used in the next step
without further purification'H NMR (300 MHz, CDCJ): § 6.43 (d,J = 8.2 Hz, 1H), 6.30 —
6.20 (m, 2H), 4.03 () = 6.3 Hz, 2H), 3.63 (br s, 3H), 3.06 {t= 7.1 Hz), 2.74 () = 6.3 Hz,



2H), 2.47 — 2.44 (m, 4H), 2.42 — 2.31 (m, 6H), 1=7/8.73 (m, 2H), 1.62 — 1.52 (m, 8H), 1.47
—1.35 (m, 4H)**C NMR (75 MHz, CDC}): § 147.2, 137.3, 131.8, 111.8, 108.0, 111.4, 66.3,
58.0, 57.5, 55.0, 54.7, 43.5, 26.7, 26.0, 24.3. ISqMzcalc for [M+H]: 361.3, found: 361.1.

1-(3-[2-(Piperidin-1-yl)ethoxy]-4-([3-(piperidin- ¥ propyllamino)phenyl)-H-pyrrole-3-
carbaldehydebQ)
2-[2-(Piperidin-1-yl)ethoxy]N-[3-(piperidin-1-yl)propyl]benzene-1,4-diamine 49 was
dissolved in acetic acid (5 mL). 2,5-Dimethoxy-3rfyl-2,3,4,5-tetrahydrofuran (38(L,
2.71 mmol) was added and the reaction mixture veasda at 90 °C for 2 h. The solvent was
then evaporated and the residue taken up in satldHCQsolution (50 mL). The agueous
layer was extracted with EtOAc (3 x 50 mL). The tomed organic layers were dried over
MgSO, and evaporated. The residue was purified by flashromatography
(DCM/MeOH(NH), 9.8:0.2 {/v)) to afford50 as a brown oil (410 mg, 0.93 mmol, 43 %).
NMR (300 MHz, CDCJ): 6 9.81 (s, 1H), 7.54 (ddl= 2.1 Hz,J= 1.7 Hz, 1H), 6.95 (dd]=
2.9 Hz,J= 2.2 Hz, 1H), 6.89 (dd] = 8.2 Hz,J = 2.3 Hz, 1H), 6.81 (d] = 2.3 Hz, 1H), 6.74
(dd,J= 2.8 Hz,J= 1.8 Hz, 1H), 6.59 (d] = 8.4 Hz, 1H), 4.91 (br s, 1H), 4.15 Jt= 6.1 Hz,
2H), 3.21 (tJ= 6.6 Hz, 2H), 2.80 ()= 6.2 Hz, 2H), 2.59 — 2.35 (m, 10H), 1.84 — 1.89 (M
2H), 1.69 — 1.53 (m, 8H), 1.53 — 1.38 (m, 4HC NMR (75 MHz, CDC}): 6 185.5, 146.3,
138.5, 129.0, 127.7, 127.3, 123.0, 114.8, 109.8,9,0105.8, 66.8, 57.9, 57.4, 55.0, 54.7,
42.5,26.2, 25.9, 24.2. LCM@/zcalc for [M+H]": 439.3, found: 439.2.

4-(3-[(Dimethylamino)methyl]-1H-pyrrol-1-yl)-2-[2giperidin-1-yl)ethoxy]N-[3-(piperidin-
1-yl) propyl]aniline 61)

To a solution of 1-(3-[2-(piperidin-1-yl)ethoxy]-¢43-(piperidin-1-yl)propylJamino)phenyl)-
1H-pyrrole-3-carbaldehydeés) (85 mg, 0.19 mmol) in DCE (2 mL), dimethylamimeTHF
(2M, 144 uL, 0.29 mmol) was added. After 1 h 3Gtifring at rt, NaBH(OAQ (61 mg, 0.29
mmol) and acetic acid (17 pL, 0.29 mmol) were adddter 5 h at rt, saturated NaHGO
solution was added. The reaction mixture was stifoe another 1 h. DCM was added and the
layers were separated. The organic layer was wastied with saturated NaHCGolution.
The organic layer was dried over Mg&Sénd evaporated. The residue was purified by semi-
preparative chromatography (eluenfGHformic, ACN formic, 9:1 to 1:9 (v/v)). to afford
compound 51 as a yellow oil (28 mg, 0.06 mmol, 31%)NMR (300 MHz, CDCJ): § 6.91
—6.85 (m, 3H), 6.82 (d] = 2.3 Hz, 1H), 6.58 (d] = 8.4 Hz, 1H), 6.23 (dd] = 2.0 Hz,J =

2.1 Hz, 1H), 4.68 (br s, 1H), 4.15 &= 6.2 Hz, 2H), 3.40 (s, 2H), 3.19 (= 6.7 Hz, 2H),



2.80 (t,J= 6.2 Hz, 2H), 2.53 — 2.41 (m, 10H), 2.29 (s, 6HB7 — 1.84 (m, 2H), 1.65 — 1.58
(m, 8H), 1.49 — 1.42 (m, 4HY>C NMR (75 MHz, CDCJ): ¢ 146.3, 137.1, 130.9, 121.4,
119.5, 113.9, 110.5, 109.7, 105.5, 66.7, 57.9, 55655, 549; 45.0, 42.7, 26.5, 26.0, 24.4.
LCMS m/zcalc for [M+H]": 468.4, found: 468.3. HR-MS: m/z Calculated: 4683 found:
468.3696 [M+H] = CgHa6ONsO.

4.2 Computational methods

Training chemical dataset. An in-house dataset including 51 compounds froreseA and
35 from series B was used for the computation @frplacophore models for inhibition of
ABi-42secretion (Table S1, Figure S1). Sketching, 3D ewsion and conformer generation of
the 86 molecules was performed with ChemAxon (Marvil4.8.11, 2014,

http://www.chemaxon.com).

Pharmacophor e detection. Common pharmacophore features were generatedtfeonmng
set usingAlign-It program [36] onto a linux workstation for pharmplore perception of
anti-ABi-.42 compounds. This program takes advantage of detedaf positively charged
atoms and allows to customize the nature of phavptemre features by specifying the
argumentfuncGroup CHARGEIn this, hydrogen bond donor features were nkénanto
account in order to avoid the redundant and noormétive features because of overlapping
with positive charge features. We chose a 3-feat(fP@sitive/Positive/Aromatic) or a more
restrictive 4-features (Positive/Positive/Positiv&fromatic) layout for generation of
pharmacophores models. B_.1 and B _10 were choseneraplates for 3D flexible
superimposition of other molecules. Among the 86lamdes of the entire dataset,
pharmacophore detection was computed from a redseedf molecules including only
highly active (HA) compounds or from a larger setluding also moderately active (HMA)

compounds for anti-py4, activities.

Pharmacophore evaluation. Learned only from active molecules, 3D pharmacogho
models were evaluated by their efficiency to diedmate active and inactive compounds.
Briefly, the robustness of pharmacophore models wealuated by screening all the
conformers of 86 reference molecules against 3Drnpaeophore models witilign-it

program. The matching molecules were ranked aaegrdi a Tanimoto fitting value between

pharmacophore features and concerned atoms ofl fittelecules whereas for each non-



matched molecule was conferred an arbitrary highSRWalue. ROC scores depict the area

under the curve of the plot true positive = f(fghgesitives) according to ranking (Table S4).

4.3 Biological evaluations

Antibodies. Primary antibodies used in this study for westaot-analysis included a well-

characterized homemade rabbit antiserum againstagiel7 amino acids of APP, named
APP-Cter-C17 (1/5000) [14,19,37]. Aritactin (1/10 000) was obtained from Sigma. Anti-
LC3B (1/2000) and anti-p62/SQSTM1 (1/2000) antilesdiwere purchased from Cell
Signaling Technology. Secondary antibodies (pemsadabelled goat anti-rabbit 1gG,
1/5000 or peroxidase-labelled horse anti-mouse M60000) were obtained from Vector

Laboratories.

Cell culture and treatment. The human neuroblastoma cell line SY5Y-APPT was
maintained in Dulbecco’s modified Eagle medium (DMIEhigh glucose, pyruvate —
GIBCO, Life Technologies) supplemented with 10%&béovine serum, 2 mM L-glutamine,
1 mM non-essential amino acids and penicillin/stegycin (GIBCO, Life Technologies) at
37 °C in a 5% C@ humidified incubator [14]. For compounds treatmemtl0 mM stock
solution was diluted in freshly supplemented DMEMdium to obtain the precise final
concentration of drug. Bafilomycin Al (Ba), the vacuolar 362 type H+ ATPase inhibitor,
was purchased from Merck Millipore and was used fihal dilution of 100 nM. Cells were
plated at a density of 5.1@ells per well into 12-well plates and culturedthwil mL
supplemented DMEM cell medium for 24 h before dexgosure. The following day, cell
medium was replaced with fresh medium containinggdr diluted at the indicated
concentrations. Cells were treated for 24 h. Atehd of treatments, the cell medium was
collected and kept at -80 °C until use, cells wansed once with PBS and extracted in 100
pL of Laemmli buffer (10 mM Tris, 20% glycerol ai28 Sodium dodecyl sulfate) using a
cell-scraper. The cell lysate was further sonic&8&dpulses of 0.5 s, 60 Hz) for 5 min. Total
protein concentration was determined using thecBi@8CA Protein Assay Kit (Thermo
scientific) according to the manufacturer’s instioles. Samples were stored at -80 °C until

analysis.

Primary neuronal cultures and drug treatment. Primary neuron cultures were obtained
from C57BL6 wild-type mice as described previo8§]. Briefly, females were sacrificed at

18.5 days of gestation to collect forebrains oftdises. Dissection was performed under a



microscope in ice-cold Hank’s balanced salt sofuttmntaining 0.5% w/v D-glucose and
25mM Hepes buffer. Cells were dissociated mecharidalldissection medium containing
0.01% wi/v papain, 0.1% w/v dispase II, and 0.01% BMase and incubated at 37 °C twice
for 20min. Cells were then centrifuged at 2209 for 5 @it °C, resuspended in Neurobasal
medium supplemented with 2% B27, 1 mM sodium pyrewa00units/ml penicillin,
100ug/ml streptomycin, 1M Glutamax (Invitrogen), filtered through a 4t cell strainer,
counted, and plated on poly-L-ornithine- and lamicoated 12-well plates at a density of
5+10° cells per well. New medium was added at a ratit:8fof starting volume every 3 days
until the end of experiments. Drug treatments \8@fand31 at 1, 3 or 5 uM were performed

directly in the conditioned cell media for 24 hi&tdays in vitro (DIV).

Cytotoxycity assays. Determination of cell toxicity was assessed by memment of lactate

dehydrogenase (LDH) release (CytoTox 96® Non-Radiea Cytotoxicity Assay — Promega)

according to the manufacturer’s instructions. SYSYPP®WT

cells were plated into a 96-well
plate at 2*10cells per well with 100 pL of DMEM supplemented rived. Cells were treated
as described above and LDH measurement was pedoamthe end of treatment. Primary
neuronal cultures were plated into a 48-well piita density of about 1.5x10ells per well
with Neurobasal supplemented medium. Cells wertud and treated as described above.

LDH measurement was performed at the end of traa@tme

Western Blot Analysis. Cell protein lysates were prepared for westerm-bloalysis by
diluting the sample with 1 volume of NUPAGE® litmudodecyl sulfate (LDS) 2X sample
buffer supplemented with 20% NuPAGE® sample redycgents (Invitrogen). Samples
were heated 10 min at 100 °C. 10 pg of total pnstger well were loaded onto precast 4-
12% Criterion XT Bis-Tris polyacrylamide gels (BRad) and electrophoresis was achieved
after applying a tension of 150 V during 90 minngsia Criterion electrophoresis Cell with
the NUPAGE® MOPS SDS running buffer (1X). Proteiere transferred to a nitrocellulose
membrane of 0.4 uM pore size (G&E Healthcare) usireg Criterion blotting system and
applying a tension of 100 V for 45 min. To resopreteins of low molecular weights such as
carboxy-terminal fragments of APP, 12% Criterion Bis-Tris polyacrylamide gels (Bio-
Rad) were used and electrophoresis was performedgdd0 min at 150 V in a NUPAGE®
MES SDS running buffer (1X). Proteins were transf@rto a nitrocellulose membrane of 0.2
pm pore size (G&E Healthcare) at 100 V for 40 nMuolecular weights calibration was

achieved using molecular weight markers (Novex Badjic Marks, Life Technologies).



Protein transfer and quality were determined by\wersible Ponceau Red coloration (0.2%
Xylidine Ponceau Red and 3% Trichloroacetic acM@mbranes were then blocked in 25
mM Tris-HCI pH 8.0, 150 mM NaCl, 0.1% Tween-20 (V/(TBS-T) and 5% (w/v) of
skimmed milk or 5% (w/v) of bovine serum albumirpdading on the antibody during 1 h.
Membrane was rinsed three-times 10 min in TBS-Totgefincubation with the primary
antibody overnight at 4 °C. Membrane was rinsedngg¢ 10 min with TBS-T and then
incubated with the secondary antibody for 45 min rabm temperature (RT). The
immunoreactive complexes were revealed using thé ®OWestern Blotting Detection
Reagents (G&E Healthcare) and image acquisitionge vperformed with the Amersham
Imager 600 (G&E Healthcare). Quantifications oftpno expression levels were performed

with ImageJ Software (NIH).

Quantification of secreted APi401-42 and sAPPa/sAPPB. Conditioned media of SY5Y-
APP*WTcollected at the end of treatments were centriftaget000g for 5 min to eliminate
cells debris. B1.40 and AB1.4> peptide concentrations in pg/mL were determinethgus
amyloid-beta 40 and 42 Human ELISA kits (Invitropeactcording to the manufacturer’s
instructions after 1:10 and 1:2 dilution of supéamés in ELISA buffer, respectively. SARP
and sAPB concentrations in ng/mL were determined using $A®R/SAPRH kit (Meso
Scale Diagnostics, MSt) according to the manufacturer’s instructions.

PWT cells were plated at 3xi@ells per well on poly-D-

I mmunofluorescence. SY5Y-AP
lysine coated glass coverslip with 1 mL of DMEM plgmented medium. Primary neurons
were plated at 2.5x®ells par well with 1 mL of Neurobasal supplementaddium.
Treatment with compoun8D at 5 uM was performed following the same protoc@scribed
above. At the end of treatments, cells were fixét oo paraformaldehyde in PBS during 15
min at rt and rinsed 3 times 5 min with PBS. Celisre then permeabilized using 0.25%
Triton X-100 during 15 min at rt and rinsed with B times for 5 min before blocking in
1% BSA in PBS for h at rt. After 3 washes with PBS, cells were indabawith primary
antibodies directed against LC3-B (1/200) and p®&2Q0) at 4 °C overnight in a PBS
solution containing 1% BSA and 0.02% Triton X-10he following day, coveslips were
rinsed with PBS and incubated with anti-IgG secopngmtibodies coupled to Alexa Fluor
568 (1/500) (Invitrogen). Nuclei were visualizedings DAPI (Thermo Scientific). Images
were acquired on a Zeiss Axio Imager Z2 microsq@paal Zeiss, Germany) equipped with a

Hamamatsu ORCA-Flash4.0 digital camera (HamamalsoRics, Japan) and ApoTome.2



system (Carl Zeiss, Germany). For Apotome imageuliaitpn, the Axio Imager was used

with optical plan-apochromat 63x/1.4 oil M27.

B-secretase in vitro activity assay. These experiments were performed on human
recombinant BACE-1 protein at Eurofins Cerep (CGelwescault, France), with minor
variations to the experimental protocol describgdEmolieff, J. et al. [34]. The cleavage of
fluorescent Mca-S-E-V-N-L-D-AE-F-R-K(Dnp)-R-R-Ntsubstrate to Mca-S-E-V-N-L-NH
was monitored after 60 min incubation at rt in ffresence or absence of test molecules.
Compounds30 and 31 were evaluated at concentrations of 1 and 10 udh Bompounds
were found totally inactive (% inhibition < 10%)nder the assay conditions, reference OM
99-2 displayed an I§g value of 59 nM.

Statistical Analysis. For statistical analysis, the non-parametric ManhitWéy test was
selected using GraphPad Prism 6 (GraphPad Softwarkptatistical significance was set at
*p<0.05, **p<0.001, **p<0.001 and ****p<0,0001. Aldata are reported as meaSEM.

ASSOCIATED CONTENT
Supporting Information. Supplementary tables S1-S3, figures S1 & '62and*C NMR
spectroscopic data and HRMS spectra for all fioahgounds

Corresponding authors:

Dr. Jamal El Bakali

Inserm UMR-S1172 - Onco and Neurochemistry teanmo8icof Pharmacy, 3 rue du Pr.
Laguesse — BP 83 — 59006 Lille cedex — France +32Il(0)3 20 96 49 66.

e-mail : jamal.el-bakali@univ-lille.fr

Dr. Valerie Vingtdeux
Inserm UMR-S1172 - Alzheimer & Tauopathies teaneandPierre Aubert Research Centre -
rue M. Polonowski - 59045 Lille cedex — France +#H83(0)3 20 29 88 91

e-mail : valerie.vingtdeux@inserm.fr

Funding Sour ces
This work was supported by Inserm and the UniversitLille. Grants were obtained from
ANR (VIDALZ), Laboratory of Excellence Labex DISTAlLand France Alzheimer. Marion



Gay, Caroline Evrard and Florian Descamps are #dwpient of fellowships from the
University of Lille 2. The 300 MHz NMR facilities @&re funded by the Région Nord Pas-de-
Calais (France), the Ministére de la Jeunesse;Etridation Nationale et de la Recherche
(MJENR) and the Fonds Européens de Développemagioied (FEDER).

Notes

The authors declare no competing financial interest

ACKNOWLEDGMENT

We expressed our thanks to C. Mésangeau, N. Degkin€opper and L. Barber for their
contribution in organic synthesis, F. Sauve, Acfiles and R. Dufossez for their help with
the in vitro experiments. We thank the animal dality (animal facilities of Université de
Lille-Inserm) of “Plateformes en Biologie Santé dale” as well as C. Degraeve, M.
Besegher-Dumoulin, J. Devassine, R. Dehaynin antiaillieu for animal care.

ABBREVIATIONS
AD, Alzheimer’s disease; AICD, APP intracellular domain; APP, amyloid precursor protein;
CTF, carboxyterminal fragment; CQ, chloroquine.

References

[1] A. Serrano-Pozo, M.P. Frosch, E. Masliah, Bdyman, Neuropathological alterations
in Alzheimer disease., Cold Spring Harb. Perspdet. 1 (2011) 1-23.
doi:10.1101/cshperspect.a006189.

[2] B. De Strooper, Proteases and Proteolysis #hdimer Disease: A Multifactorial View
on the Disease Process, Physiol. Rev. 90 (2013)4%85
doi:10.1152/physrev.00023.2009.

[3] J.Cummings, G. Lee, T. Mortsdorf, A. Ritter, Khong, Alzheimer’s disease drug
development pipeline: 2017, Alzheimer's Dement.nBtaRes. Clin. Interv. 3 (2017)
367-384. doi:10.1016/j.trci.2017.05.002.

[4] R.J. Andrew, K.A.B. Kellett, G. Thinakaran, N.Mooper, A Greek tragedy: The

growing complexity of Alzheimer amyloid precursaptein proteolysis, J. Biol.



[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

Chem. 291 (2016) 19235-19244. doi:10.1074/jbc. RMBN32.

H.S. Nhan, K. Chiang, E.H. Koo, The multifacteature of amyloid precursor protein
and its proteolytic fragments: friends and foestaAdeuropathol. 129 (2015) 1-19.
doi:10.1007/s00401-014-1347-2.

R. Vassar, D.M. Kovacs, R. Yan, P.C. Wong, T8ecretase Enzyme BACE in Health
and Alzheimer’s Disease: Regulation, Cell Biologynction, and Therapeutic
Potential, J. Neurosci. 29 (2009) 12787-127941801'523/JINEUROSCI.3657-
09.20009.

R. Yan, R. Vassar, Targeting tiesecretase BACEL for Alzheimer’s disease therapy,
Lancet Neurol. 13 (2014) 319-329. do0i:10.1016/S14422(13)70276-X.

T. Jonsson, J.K. Atwal, S. Steinberg, J. Snhdtlav. Jonsson, S. Bjornsson, H.
Stefansson, P. Sulem, D. Gudbjartsson, J. Maldfeioyte, A. Gustafson, Y. Liu, Y.
Lu, T. Bhangale, R.R. Graham, J. Huttenlocher, @rriddottir, O.A. Andreassen,
E.G. Jonsson, A. Palotie, T.W. Behrens, O.T. MagonsA. Kong, U.
Thorsteinsdottir, R.J. Watts, K. Stefansson, A momain APP protects against
Alzheimer's disease and age-related cognitive decNature. 488 (2012) 96-99.
doi:10.1038/nature11283.

J.A. Maloney, T. Bainbridge, A. Gustafson, $iafig, R. Kyauk, P. Steiner, M. Van
Der Brug, Y. Liu, J.A. Ernst, R.J. Watts, J.K. Atwslolecular mechanisms of
Alzheimer disease protection by the A673T allelamiyloid precursor protein, J. Biol.
Chem. 289 (2014) 30990-31000. doi:10.1074/jbc.M389069.

A.K. Ghosh, H.L. Osswald, BACEB<{secretase) inhibitors for the treatment of
Alzheimer’s disease, Chem. Soc. Rev. 43 (2014) 66853.
doi:10.1039/C3CS60460H.

R. Vassar, BACEL1 inhibitor drugs in clinicaiads for Alzheimer’s disease,
Alzheimer’s Res. Ther. 6 (2014) 1-14. doi:10.1188195-014-0089-7.

W.J. Netzer, K. Bettayeb, S.C. Sinha, M. HefjpoP. Greengard, V. Bustos, Gleevec
shifts APP processing frompacleavage to a nonamyloidogenic cleavage, Prod. Nat
Acad. Sci. 114 (2017) 1389-1394. doi:10.1073/pr&0963114.

S. Ben Halima, S. Mishra, K.M.P. Raja, M. With, A. Baici, K. Simons, O. Bristle, P.
Koch, C. Haass, A. Caflisch, L. Rajendran, Spedifiabition of B-Secretase
Processing of the Alzheimer Disease Amyloid PremuiPsotein, Cell Rep. 14 (2016)
2127-2141. doi:10.1016/j.celrep.2016.01.076.

V. Vingtdeux, M. Hamdane, A. Loyens, P. Gété Drobeck, S. Bégard, M.C. Galas,



[15]

[16]

[17]

[18]

[19]

[20]

[21]

A. Delacourte, J.C. Beauvillain, L. Buée, N. Sergealkalizing drugs induce
accumulation of amyloid precursor protein by-pradun luminal vesicles of
multivesicular bodies, J. Biol. Chem. 282 (2007198-18205.
doi:10.1074/jbc.M609475200.

T. Hamano, T.F. Gendron, E. Causevic, S.H.,X&rL_. Lin, C. Isidoro, M. Deture,
L.W. Ko, Autophagic-lysosomal perturbation enhaneesaggregation in transfectants
with induced wild-type tau expression, Eur. J. Msar. 27 (2008) 1119-1130.
doi:10.1111/j.1460-9568.2008.06084.x.

J.H.K. Tam, R.M. Cobb, C. Seah, S.H. Pasteriigkosine binding protein sites
regulate the intracellular trafficking and procegsof amyloid precursor protein
through a novel lysosome-directed pathway, PLoS. @h¢2016) 1-24.
doi:10.1371/journal.pone.0161445.

P. Melnyk, V. Vingtdeux, S. Burlet, S. Eddacka, M.E. Grosjean, P.E. Larchanché,
G. Hochart, C. Sergheraert, C. Estrella, M. BarNerPoix, P. Plancq, C. Lannoo, M.
Hamdane, A. Delacourte, P. Verwaerde, L. Buée,ddgé&nt, Chloroquine and
Chloroquinoline Derivatives as Models for the Dasi Modulators of Amyloid
Peptide Precursor Metabolism, ACS Chem. Neuros@065) 559-569.
doi:10.1021/cn5003013.

C. Evrard, P. Kienlen-Campard, R. OpsomerT &iaux, J.-N. Octave, L. Buée, N.
Sergeant, V. Vingtdeux, Contribution of the endoablysosomal and proteasomal
systems in Amyloid3 Precursor Protein derived fragments processirif,§R
doi:https://doi.org/10.1101/300921.

V. Vingtdeux, M. Hamdane, S. Bégard, A. LoyeAsDelacourte, J.C. Beauvillain, L.
Buée, P. Marambaud, N. Sergeant, Intracellulargmtilates amyloid precursor protein
intracellular domain accumulation, Neurobiol. [i8.(2007) 686—696.
doi:10.1016/j.nbd.2006.09.019.

A.E. Gonzalez, V.C. Mufioz, V.A. Cavieres, HBustamante, V.H. Cornejo, Y.C.
Januario, I. Gonzalez, C. Hetz, L.L. Dasilva, Aj&sFernandez, R.T. Hay, G.A.
Mardones, P. V. Burgos, Autophagosomes cooperdteidegradation of intracellular
C-terminal fragments of the amyloid precursor protea the MVB/lysosomal
pathway, FASEB J. 31 (2017) 2446—2459. doi:10.1i026/1600713R.

D.J. Klionsky, D.J. Klionsky, K. Abdelmohsef, Abe, M.J. Abedin, H. Abeliovich,
A.A. Arozena, H. Adachi, C.M. Adams, P.D. Adams,ACeli, P.J. Adhihetty, S.G.
Adler, G. Agam, R. Agarwal, M.K. Aghi, M. Agnell®, Agostinis, P. V. Aguilar, J.



Aguirre-Ghiso, J. Aguirre-Ghiso, E.M. Airoldi, E.Miroldi, S. Ait-Si-Ali, T.
Akematsu, E.T. Akporiaye, M. Al-Rubeai, G.M. Albata, C. Albanese, D. Albani,
M.L. Albert, J. Aldudo, H. Algul, M. Alirezaei, lAlloza, I. Alloza, A. Almasan, M.
Almonte-Beceril, E.S. Alnemri, C. Alonso, N. Altdonnet, D.C. Altieri, S. Alvarez,
L. Alvarez-Erviti, S. Alves, G. Amadoro, A. AmanG, Amantini, S. Ambrosio, I.
Amelio, A.O. Amer, M. Amessou, A. Amon, Z. An, F.Anania, S.U. Andersen, U.P.
Andley, C.K. Andreadi, N. Andrieu-Abadie, A. An&,K. Ann, S. Anoopkumar-
Dukie, M. Antonioli, M. Antonioli, H. Aoki, N. Apowlova, S. Aquila, K. Aquilano,

K. Araki, E. Arama, A. Aranda, J. Araya, A. Arcai®, Arias, H. Arimoto, A.R.
Ariosa, J.L. Armstrong, T. Arnould, I. Arsov, K. Asuma, V. Askanas, E. Asselin, R.
Atarashi, S.S. Atherton, J.D. Atkin, L.D. Attaré, Auberger, G. Auburger, L.
Aurelian, R. Autelli, L. Avagliano, L. Avagliano, M. Avantaggiati, L. Avrahami, S.
Awale, N. Azad, T. Bachetti, J.M. Backer, D.H. Bas5. Bae, O.N. Bae, S.H. Bae,
E.H. Baehrecke, S.H. Baek, S. Baghdiguian, A. Bagska-Zadworna, H. Bai, J. Bai,
X.Y. Bai, Y. Bailly, K.N. Balaji, W. Balduini, A. Bllabio, R. Balzan, R. Banerjee, G.
Banhegyi, H. Bao, B. Barbeau, M.D. Barrachina, &rrBiro, B. Bartel, A. Bartolomé,
D.C. Bassham, M.T. Bassi, R.C. Bast, A. Basu, \Bdtista, H. Batoko, M. Battino,
K. Bauckman, B.L. Baumgarner, K.U. Bayer, R. Bedlg, Beaulieu, G.R. Beck, G.R.
Beck, C. Becker, J.D. Beckham, P.A. Bédard, P.dnBeski, T.J. Begley, C. Behl, C.
Behrends, G.M.N. Behrens, K.E. Behrns, E. Bejaran@elaid, F. Belleudi, G.
Bénard, G. Berchem, D. Bergamaschi, M. BergamBd&khout, L. Berliocchi, A.
Bernard, M. Bernard, F. Bernassola, A. Bertol@tE. Bess, S. Besteiro, S. Bettuzzi,
S. Bhalla, S. Bhattacharyya, S.K. Bhutia, C. Biatpo$1.W. Bianchi, M.W. Bianchi,
M.W. Bianchi, M. Biard-Piechaczyk, V. Billes, C.mioletto, B. Bingol, S.W. Bird,

M. Bitoun, I. Bjedov, C. Blackstone, L. Blanc, G.Blanco, H.K. Blomhoff, E. Boada-
Romero, S. Bdckler, M. Boes, K. Boesze-Battagli#.lBoise, L.H. Boise, A. Bolino,
A. Boman, P. Bonaldo, M. Bordi, M. Bordi, J. Bosthiyl. Botana, J. Botti, G. Bou,
M. Bouché, M. Bouchecareilh, M.J. Boucher, M.E. Bown, S.G. Bouret, P. Boya, M.
Boyer-Guittaut, P. V. Bozhkov, N. Brady, V.M.M. Bya, C. Brancolini, G.H. Braus,
J.M. Bravo-San-Pedro, J.M. Bravosan-Pedro, J.Mv@gan-Pedro, J.M. Bravosan-
Pedro, L.A. Brennan, E.H. Bresnick, P. Brest, DdBes, M.A. Bringer, M. Brini,
G.C. Brito, B. Brodin, P.S. Brookes, E.J. Brown,Bfown, H.E. Broxmeyer, A.
Bruhat, A. Bruhat, P.C. Brum, J.H. Brumell, N. Betin-Pierri, N. Brunetti-Pierri, R.J.
Bryson-Richardson, S. Buch, A.M. Buchan, H. Budaky. Bulavin, D. V. Bulavin,



D. V. Bulavin, S.J. Bultman, G. Bultynck, V. Bumiravic, Y. Burelle, R.E. Burke,
R.E. Burke, M. Burmeister, P. Btikofer, L. Cabéido K. Cadwell, M. Cahova, D.
Cai, J. Cai, Q. Cai, S. Calatayud, N. CamougrandCimpanella, G.R. Campbell, M.
Campbell, S. Campello, S. Campello, R. Candauahi@ia, L. Cantoni, L. Cao, A.B.
Caplan, M. Caraglia, C. Cardinali, S.M. Cardos8, Carew, L.A. Carleton, C.R.
Carlin, S. Carloni, S.R. Carlsson, D. Carmona-Gtd¢e L.A.M. Carneiro, O.
Carnevali, S. Carra, A. Carrier, B. Carroll, C. &as). Casas, G. Cassinelli, P. Castets,
S. Castro-Obregon, G. Cavallini, I. CeccheriniCEcconi, F. Cecconi, F. Cecconi, A.l.
Cederbaum, V. Cefia, V. Cefia, S. Cenci, S. Cen€@getella, D. Cervia, S. Cetrullo,

H. Chaachouay, H.J. Chae, A.S. Chagin, C.Y. Chaf, Chai, G. Chakrabarti, G.
Chamilos, E.Y.W. Chan, M.T.V. Chan, D. ChandraCRandra, C.P. Chang, R.C.C.
Chang, T.Y. Chang, J.C. Chatham, S. Chatterje€h&uhan, Y. Che, M.E. Cheetham,
R. Cheluvappa, C.J. Chen, G. Chen, G. Chen, G.énGh. Chen, H. Chen, J.W.
Chen, J.K. Chen, J.K. Chen, M. Chen, M. Chen, BnCR. Chen, Q. Chen, S. Der
Chen, S. Chen, S.S.L. Chen, W. Chen, W.J. Chen, ®@n, W. Chen, X. Chen,

Y.H. Chen, Y.G. Chen, Y. Chen, Y. Chen, Y. ChenC¥ien, Y.J. Chen, Y.Q. Chen,
Y. Chen, Z. Chen, Z. Chen, A. Cheng, C.H.K. Che¢hgZheng, H. Cheong, S. Cherry,
J. Chesney, C.H.A. Cheung, E. Chevet, H.C. Chi, €I, F. Chiacchiera, H.L.
Chiang, R. Chiarelli, M. Chiariello, M. Chiariell®y). Chiariello, M. Chieppa, L.S.
Chin, M. Chiong, G.N.C. Chiu, D.H. Cho, S.G. Cho,GNCho, Y.Y. Cho, Y.S. Cho,
A.M.K. Choi, E.J. Choi, E.K. Choi, E.K. Choi, E.Khoi, E.K. Choi, J. Choi, M.E.
Choi, S. Il Choi, S. Il Choi, T.F. Chou, S. Choudib Choubey, V. Choubey, K.C.
Chow, K. Chowdhury, C.T. Chu, T.H. Chuang, T. ChidnChung, T. Chung, Y.L.
Chung, Y.J. Chwae, V. Cianfanelli, R. Ciarcia, I@&iechomska, M.R. Ciriolo, M.
Cirone, S. Claerhout, S. Claerhout, M.J. Clagu€jaria, P.G.H. Clarke, R. Clarke, E.
Clementi, E. Clementi, C. Cleyrat, M. Cnhop, E.M.cCia, T. Cocco, P. Codogno, J.
Coers, E.E.W. Cohen, D. Colecchia, D. ColecchiaC8lecchia, L. Coletto, N.S. Coll,
E. Colucci-Guyon, S. Comincini, M. Condello, K.Lo&k, G.H. Coombs, C.D.
Cooper, J.M. Cooper, I. Coppens, M.T. CorasanitiQdrazzari, M. Corazzari, R.
Corbalan, E. Corcelle-Termeau, M.D. Cordero, C.r@&léRamos, O. Corti, O. Corti, A.
Cossarizza, P. Costelli, S. Costes, S.L. Cotmaiato-Montes, S. Cottet, S. Cottet,
E. Couve, L.R. Covey, L.A. Cowart, J.S. Cox, F.Bx@n, C.B. Coyne, M.S. Cragg,
R.J. Craven, T. Crepaldi, J.L. Crespo, A. CriolfloCrippa, M.T. Cruz, A.M. Cuervo,
J.M. Cuezva, T. Cui, P.R. Cutillas, M.J. Czaja, MCRyzyk-Krzeska, R.K. Dagda, U.



Dahmen, C. Dai, W. Dai, Y. Dai, K.N. Dalby, L.D. Mg G. Dalmasso, M. D’amelio,
M. Damme, A. Darfeuille-Michaud, C. Dargemont, V.Blarley-Usmar, S. Dasarathy,
B. Dasgupta, S. Dash, C.R. Dass, H.M. Davey, L.lsviBs, D. Davila, R.J. Davis,
T.M. Dawson, T.M. Dawson, V.L. Dawson, P. DazajelBelleroche, P. de
Figueiredo, P. de Figueiredo, R.C.B.Q. de Figueyddde la Fuente, L. De Martino,
A. De Matteis, G.R.Y. De Meyer, A. De Milito, M. D®anti, W. de Souza, V. De Tata,
D. De Zio, J. Debnath, R. Dechant, J.P. DecuypkRe,Decuypere, S. Deegan, B.
Dehay, B. Del Bello, D.P. Del Re, R. Delage-Mouxou.M.D. Delbridge, L.
Deldicque, E. Delorme-Axford, Y. Deng, J. Dengjdl, Denizot, P. Dent, C.J. Der, V.
Deretic, B. Derrien, E. Deutsch, T.P. Devarennd, Revenish, S. Di Bartolomeo, N.
Di Daniele, F. Di Domenico, A. Di Nardo, S. Di PapA. Di Pietro, L. Di Renzo, A.
Di Antonio, G. Diaz-Araya, |. Diaz-Laviada, M.T. &i-Meco, J. Diaz-Nido, C.A.
Dickey, R.C. Dickson, M. Diederich, P. Digard, likiz, S.P. Dinesh-Kumar, C. Ding,
W.X. Ding, Z. Ding, L. Dini, J.H.W. Distler, A. Dian, M. Djavaheri-Mergny, K.
Dmytruk, R.C.J. Dobson, V. Doetsch, K. DokladnyP®kudovskaya, M. Donadelli,
X.C. Dong, X. Dong, Z. Dong, T.M. Donohue, T.M. Dwwe-Jr, K.S. Doran, G.
D’orazi, G.W. Dorn, V. Dosenko, S. Dridi, L. Druakd. Du, L.L. Du, L. Du, A. du
Toit, P. Dua, L. Duan, P. Duann, V.K. Dubey, M.Rudben, M.A. Duchosal, H. Duez,
[. Dugail, V.I. Dumit, M.C. Duncan, E.A. Dunlop, W. Dunn, N. Dupont, L. Dupuis,
L. Dupuis, R. V. Duran, T.M. Durcan, S. Duvezin-®at} U. Duvvuri, V. Eapen, D.
Ebrahimi-Fakhari, A. Echard, L. Eckhart, C.L. Edeis, A.L. Edinger, L. Eichinger,
T. Eisenberg, A. Eisenberg-Lerner, N.T. Eissa, VEEIDeiry, V. El-Khoury, Z.

Elazar, H. Eldar-Finkelman, C.J.H. Elliott, E. Ermnate, U. Emmenegger, N. Engedal,
A.M. Engelbrecht, S. Engelender, J.M. EnserinkRImann, J. Erenpreisa, R. Eri,
J.L. Eriksen, A. Erman, R. Escalante, E.L. Eskaljrie Espert, L. Esteban-Martinez,
T.J. Evans, M. Fabri, G. Fabrias, C. Fabrizi, Acdfaano, N.J. Feergeman, A.
Faggioni, W.D. Fairlie, W.D. Fairlie, W.D. Fairli€. Fan, D. Fan, J. Fan, S. Fang, M.
Fanto, A. Fanzani, T. Farkas, M. Faure, F.B. FaWdB. Favier, H. Fearnhead, M.
Federici, E. Fel, T.C. Felizardo, H. Feng, Y. FevigFeng, Y. Feng, T.A. Ferguson,
A.F. Fernandez, M.G. Fernandez-Barrena, J.C. Fdaz@heca, J.C. Fernandez-
Checa, A. Fernandez-Lépez, M.E. Fernandez-Zapic&etn, E. Ferraro, C.V.
Ferreira-Halder, L. Fesus, R. Feuer, F.C. Fiesél, Eilippi-Chiela, G. Filomeni, G.
Filomeni, G.M. Fimia, G.M. Fimia, J.H. Fingert, J.Hngert, S. Finkbeiner, S.
Finkbeiner, T. Finkel, F. Fiorito, F. Fiorito, P.Bisher, M. Flajolet, F. Flamigni, O.



Florey, S. Florio, R.A. Floto, M. Folini, C. Foll&.A. Fon, F. Fornai, F. Fornai, F.
Fortunato, A. Fraldi, R. Franco, A. Francois, Aafeois, A. Frangois, L.B. Frankel,
I.D.C. Fraser, N. Frey, D.G. Freyssenet, C. Fre3a, Friedman, D.E. Frigo, D.E.
Frigo, D. Fu, J.M. Fuentes, J. Fueyo, Y. FujitdhiFujiwara, M. Fujiya, M. Fukuda,
S. Fulda, C. Fusco, B. Gabryel, M. Gaestel, P.Izd. Gajewska, S. Galadari, S.
Galadari, G. Galili, I. Galindo, M.F. Galindo, GalBciotti, L. Galluzzi, L. Galluzzi, L.
Galluzzi, L. Galluzzi, L. Galluzzi, V. Galy, N. Ganoh, S. Gandy, S. Gandy, A.K.
Ganesan, S. Ganesan, I.G. Ganley, M. Gannagée@a®.F. Gao, J.X. Gao, L.G.
Nannig, E.G. Véscovi, M. Garcia-Macia, C. GarciazRA.D. Garg, P.K. Garg, R.
Gargini, N.C. Gassen, D. Gatica, D. Gatica, E. iGattGatti, E. Gatti, J. Gavard, E.
Gavathiotis, L. Ge, P. Ge, S. Ge, P.W. Gean, Vn@tl, A.A. Genazzani, J. Geng, P.
Genschik, L. Gerner, J.E. Gestwicki, D.A. Gewif$z,Ghavami, E. Ghigo, D. Ghosh,
A.M. Giammarioli, A.M. Giammarioli, F. Giampieri,.@GGiampietri, A.
Giatromanolaki, D.J. Gibbings, L. Gibellini, S.BibSon, V. Ginet, A. Giordano, A.
Giordano, F. Giorgini, E. Giovannetti, E. Giovarthe$.E. Girardin, S. Gispert, S.
Giuliano, S. Giuliano, C.L. Gladson, A. Glavic, Bleave, N. Godefroy, R.M. Gogal,
K. Gokulan, G.H. Goldman, D. Goletti, M.S. GoligkysA. V. Gomes, L.C. Gomes,
H. Gomez, C. Gomez-Manzano, R. Gomez-Sanchez, DGoRgalves, E. Goncu, Q.
Gong, C. Gongora, C.B. Gonzalez, P. Gonzalez-Aldyr&onzalez-Cabo, P.
Gonzalez-Cabo, R.A. Gonzalez-Polo, I.S. Gopingz@rbea, N. V. Gorbunov, D.R.
Goring, A.M. Gorman, S.M. Gorski, S.M. Gorski, Sor@ppi, S. Goto-Yamada, C.
Gotor, R.A. Gottlieb, I. Gozes, D. Gozuacik, Y. GaaM. Graef, G.E. Granato, G.D.
Grant, S. Grant, G.L. Gravina, D.R. Green, A. Gherrgh, M.T. Greenwood, B.
Grimaldi, F. Gros, C. Grose, J.F. Groulx, F. GrulserGrumati, P. Grumati, T. Grune,
J.L. Guan, K.L. Guan, B. Guerra, C. Guillen, C. liemi, K. Gulshan, J. Gunst, C. Guo,
L. Guo, M. Guo, W. Guo, X.G. Guo, A.A. Gust, A.Bu§afsson, E. Gutierrez, M.G.
Gutierrez, H.S. Gwak, A. Haas, J.E. Haber, S. Hadish Hagedorn, D.R. Hahn, A.J.
Halayko, A. Hamacher-Brady, K. Hamada, A. HamaiHamann, M. Hamasaki, |.
Hamer, Q. Hamid, E.M. Hammond, F. Han, W. Han, Bldnda, J.A. Hanover, M.
Hansen, M. Harada, L. Harhaji-Trajkovic, J.W. HarpeH. Harrath, A.L. Harris, J.
Harris, U. Hasler, P. Hasselblatt, K. Hasui, R.@wiey, T.S. Hawley, C. He, C.Y. He,
F. He, G. He, R.R. He, X.H. He, Y.W. He, Y.Y. H&KJHeath, M.J. Hébert, R.A.
Heinzen, G.V. Helgason, M. Hensel, E.P. Henské{&Z, P.K. Herman, A. Hernandez,
C. Hernandez, S. Hernandez-Tiedra, C. Hetz, C.,HReR. Hiesinger, K. Higaki, S.



Hilfiker, B.G. Hill, J.A. Hill, W.D. Hill, W.D. Hill, W.D. Hill, W.D. Hill, K. Hino, D.
Hofius, P. Hofman, G.U. Hoglinger, G.U. Hoglingdr Hohfeld, M.K. Holz, M.K.
Holz, Y. Hong, D.A. Hood, J.J.M. Hoozemans, T. Hep@. Hsu, C.Y. Hsu, L.C. Hsu,
D. Hu, G. Hu, H.M. Hu, H. Hu, M.C. Hu, Y.C. Hu, ZWu, F. Hua, Y. Hua, C.
Huang, C. Huang, H.L. Huang, K.H. Huang, K.Y. HuaBgHuang, S. Huang, W.P.
Huang, Y.R. Huang, Y. Huang, Y. Huang, T.B. HuldeB. Huber, T.B. Huber, P.
Huebbe, W.K. Huh, J.J. Hulmi, J.J. Hulmi, G.M. Hiutd. Hurley, Z. Husak, S.N.A.
Hussain, S.N.A. Hussain, S. Hussain, J.J. Hwangw#ng, T.l.S. Hwang, A.
Ichihara, Y. Imai, C. Imbriano, M. Inomata, T. InM. lovane, J.L. lovanna, R. V.
lozzo, N.Y. Ip, J.E. Irazoqui, P. Iribarren, Y. ksa A.J. Isakovic, H. Ischiropoulos, H.
Ischiropoulos, J.S. Isenberg, M. Ishaq, H. Ishidkshii, J.E. Ishmael, C. Isidoro, K.I.
Isobe, E. Isono, S. Issazadeh-Navikas, K. Itah@ntiakura, A.l. lvanov, A.K. V. lyer,
J.M. Izquierdo, Y. lzumi, V. Izzo, V. 1zzo, V. Izz¥. Izzo, M. Jaéattela, N. Jaber, D.J.
Jackson, W.T. Jackson, T.G. Jacob, T.S. Jacqudsgannath, A. Jain, A. Jain, N.R.
Jana, B.K. Jang, A. Jani, A. Jani, B. Janiji, PdRnig, P.J. Jansson, S. Jean, M.
Jendrach, J.H. Jeon, N. Jessen, E.B. Jeung, K..Jl&, H. Jiang, H. Jiang, L. Jiang,
T. Jiang, X. Jiang, X. Jiang, X. Jiang, Y. JiangJiang, Y. Jiang, Y. Jiang, A.
Jiménez, C. Jin, H. Jin, L. Jin, M. Jin, M. JinJ&, U.K. Jinwal, E.K. Jo, T. Johansen,
D.E. Johnson, G.V.W. Johnson, J.D. Johnson, Esébn&. Jones, L.A.B. Joosten, J.
Jordan, A.M. Joseph, B. Joseph, A.M. Joubert, DJJdu, H.F. Juan, K. Juenemann,
G. Juhasz, H.S. Jung, J.U. Jung, Y.K. Jung, H.Qlutlg H. Jungbluth, H. Jungbluth,
M.J. Justice, M.J. Justice, B. Jutten, N.O. Kaakp#s Kaarniranta, A. Kaasik, T.
Kabuta, B. Kaeffer, K. Kagedal, A. Kahana, S. Kajim O. Kakhlon, M. Kalia, D. V.
Kalvakolanu, Y. Kamada, K. Kambas, V.O. Kaminskiyii. Kampinga, M. Kandouz,
C. Kang, C. Kang, R. Kang, T.C. Kang, T. Kanki, TKanneganti, H. Kanno, A.G.
Kanthasamy, M. Kantorow, M. Kaparakis-Liaskos, @pKy, V. Karantza, M.R.
Karim, P. Karmakar, A. Kaser, S. Kaushik, T. KawwlaVl. Kaynar, A.M. Kaynar,
P.Y. Ke, Z.J. Ke, J.H. Kehrl, K.E. Keller, J.K. Keer, A.K. Kenworthy, O. Kepp, A.
Kern, S. Kesari, D. Kessel, R. Ketteler, I. do @tt€lhut, B. Khambu, M.M. Khan,
V.K.M. Khandelwal, S. Khare, J.G. Kiang, A.A. Kigeék. Kihara, A.L. Kim, C.H.

Kim, D.R. Kim, D.H. Kim, E.K. Kim, E.K. Kim, H.Y. Km, H.R. Kim, J.S. Kim, J.H.
Kim, J.H. Kim, J.C. Kim, J.H. Kim, J.H. Kim, K.W. ik, M.D. Kim, M.M. Kim, P.K.
Kim, S.W. Kim, S.Y. Kim, Y.S. Kim, Y. Kim, A. Kimch A.C. Kimmelman, T.
Kimura, J.S. King, K. Kirkegaard, V. Kirkin, L.A. iKshenbaum, S. Kishi, Y. Kitajima,



K. Kitamoto, Y. Kitaoka, K. Kitazato, R.A. Kley, W. Klimecki, M. Klinkenberg, J.
Klucken, H. Knaevelsrud, E. Knecht, L. Knuppertt, Ko, S. Kobayashi, J.C. Koch,
C. Koechlin-Ramonatxo, U. Koenig, Y.H. Koh, K. Kéh| S.D. Kohlwein, M. Koike,
M. Komatsu, E. Kominami, D. Kong, H.J. Kong, E.Gonétantakou, B.T. Kopp, T.
Korcsmaros, L. Korhonen, V.1. Korolchuk, N. V. Kdsha, Y. Kou, M.I.
Koukourakis, C. Koumenis, A.L. Kovacs, T. Kovacs,MKovacs, D. Koya, C. Kraft,
D. Krainc, H. Kramer, T. Kravic-Stevovic, W. Krek, Kretz-Remy, C. Kretz-Remy,
C. Kretz-Remy, R. Krick, M. Krishnamurthy, J. Kiest-Vizi, G. Kroemer, G.
Kroemer, G. Kroemer, G. Kroemer, M.C. Kruer, R. #&u, N.T. Ktistakis, K.
Kuchitsu, C. Kuhn, A.P. Kumar, A. Kumar, A. Kumé&r, Kumar, D. Kumar, R.
Kumar, S. Kumar, M. Kundu, H.J. Kung, H.J. Kung,KkAino, S.H. Kuo, J. Kuret, T.
Kurz, T. Kwok, T. Kwok, T.K. Kwon, Y.T. Kwon, I. Kgmizi, A.R. La Spada, A.R. La
Spada, F. Lafont, T. Lahm, A. Lakkaraju, T. LamLamark, S. Lancel, T.H.
Landowski, D.J.R. Lane, J.D. Lane, C. Lanzi, P.deqpette, L.R. Lapierre, J. Laporte,
J. Laukkarinen, G.W. Laurie, S. Lavandero, S. Laeaaq, L. Lavie, M.J. Lavoie,
B.Y.K. Law, H.K.W. Law, K.B. Law, R. Layfield, P.ALazo, P.A. Lazo, L. Le Cam,
L. Le Cam, L. Le Cam, K.G. Le Roch, H. Le Stunff, k¢ Stunff, V. Leardkamolkarn,
M. Lecuit, B.H. Lee, C.H. Lee, E.F. Lee, E.F. LEeF. Lee, G.M. Lee, H.J. Lee, H.
Lee, J.K. Lee, J. Lee, J.H. Lee, J.H. Lee, J.H, Med ee, M.S. Lee, P.J. Lee, S.W.
Lee, S.J. Lee, S.J. Lee, S.Y. Lee, S.H. Lee, &, &.S. Lee, S.J. Lee, S. Lee, Y.R.
Lee, Y.J. Lee, Y.H. Lee, C. Leeuwenburgh, S. Lef@rtLegouis, J. Lei, Q.Y. Lei,
D.A. Leib, G. Leibowitz, I. Lekli, S.D. Lemaire,Jl.Lemasters, M.K. Lemberg, A.
Lemoine, S. Leng, G. Lenz, P. Lenzi, L.O. Lermari,.Barbato, J.I1.J. Leu, H.Y.
Leung, H.Y. Leung, B. Levine, B. Levine, P.A. LewisA. Lewis, F. Lezoualch, C.
Li, F. Li, F.J. Li, J. Li, K. Li, L. Li, M. Li, M. Li, Q. Li, R. Li, S. Li, W. Li, W. Li, X.

Li, Y. Li, J. Lian, C. Liang, Q. Liang, Y. Liao, Liberal, P.P. Liberski, P. Lie, A.P.
Lieberman, H.J. Lim, K.L. Lim, K.L. Lim, K. Lim, R.. Lima, R.T. Lima, R.T. Lima,
C.S. Lin, C.S. Lin, C.F. Lin, F. Lin, F. Lin, F.Cin, K. Lin, K.H. Lin, P.H. Lin, T.

Lin, W.W. Lin, Y.S. Lin, Y. Lin, R. Linden, D. Lindolm, L.M. Lindqvist, P. Lingor,
A. Linkermann, L.A. Liotta, M.M. Lipinski, V.A. Lia, M.P. Lisanti, P.B. Liton, B.
Liu, C. Liu, C.F. Liu, F. Liu, H.J. Liu, J. Liu, J. Liu, J.L. Liu, K. Liu, L. Liu, L. Liu,
Q. Liu, R.Y. Liu, S. Liu, S. Liu, W. Liu, X. De LiuX. Liu, X.H. Liu, X. Liu, X. Liu,

X. Liu, X. Liu, X. Liu, Y. Liu, Y. Liu, Z. Liu, Z. Liu, J.P. Liuzzi, G. Lizard, M. Ljujic,
[.J. Lodhi, S.E. Logue, B.L. Lokeshwar, Y.C. Loigj,Lonial, B. Loos, C. Lopez-Otin,



C. Lopez-Vicario, M. Lorente, P.L. Lorenzi, P.L.demzi, P. L&rincz, M. Los, M.T.
Lotze, P.E. Lovat, B. Lu, B. Lu, J. Lu, Q. Lu, S.My, S. Lu, Y. Lu, F. Luciano, S.
Luckhart, J.M. Lucocq, P. Ludovico, P. Ludovico,lAigea, N.W. Lukacs, J.J. Lum,
J.J. Lum, J.J. Lum, A.H. Lund, H. Luo, J. Luo, 80ol.C. Luparello, T. Lyons, J. Ma,
Y. Ma, Y. Ma, Z. Ma, J. Machado, G.M. Machado-S#nte. Macian, G.C.
Maclintosh, J.P. MacKeigan, K.F. Macleod, J.D. Madhihg, L.A. MacMillan-Crow,
F. Madeo, M. Madesh, M. Madesh, J. Madrigal-MatéAteMaeda, T. Maeda, G.
Maegawa, E. Maellaro, H. Maes, M. Magarifios, K. &éai, T.K. Maiti, L. Maiuri,
M.C. Maiuri, C.G. Maki, R. Malli, W. Malorni, W. Marni, A. Maloyan, F. Mami-
Chouaib, N. Man, N. Man, J.D. Mancias, E.M. Mand&lk M.A. Mandell, A.A.
Manfredi, S.N. Mani¢é, C. Manzoni, C. Manzoni, K. M&. Mao, Z. Mao, Z.W. Mao,
P. Marambaud, A.M. Marconi, Z. Marelja, G. Marfe, Margeta, E. Margittai, M.
Mari, F. V. Mariani, C. Marin, S. Marinelli, G. M#io, I. Markovic, R. Marquez, A.M.
Martelli, S. Martens, K.R. Martin, S.J. Martin, Ii8artin, M.A. Martin-Acebes, P.
Martin-Sanz, C. Martinand-Mari, W. Martinet, J. Maez, N. Martinez-Lopez, U.
Martinez-Outschoorn, M. Martinez-Velazquez, M. Ntagz-Vicente, W.K. Martins,
W.K. Martins, H. Mashima, J.A. Mastrianni, G. Matae, G. Matarese, P. Matarrese,
R. Mateo, S. Matoba, N. Matsumoto, T. Matsushitaatsuura, T. Matsuzawa, M.P.
Mattson, S. Matus, S. Matus, S. Matus, N. Mauderilauvezin, A. Mayer, D.
Maysinger, G.D. Mazzolini, M.K. McBrayer, K. McCalC. McCormick, G.M.
Mclnerney, S.C. Mclver, S. McKenna, J.J. McMahoA, McNeish, F. Mechta-
Grigoriou, J.P. Medema, D.L. Medina, K. Megyeri, Mehrpour, J.L. Mehta, Y. Mei,
U.C. Meier, A.J. Meijer, A. Meléndez, G. Melino, Melino, S. Melino, E.J.T. de
Melo, M.A. Mena, M.D. Meneghini, J.A. Menendez,NMenezes, R. Menezes, L.
Meng, L.H. Meng, S. Meng, R. Menghini, A.S. MenkF.S. Menna-Barreto, M.B.
Menon, M.A. Meraz-Rios, G. Merla, L. Merlini, A.NWerlot, A. Meryk, S. Meschini,
J.N. Meyer, M.T. Mi, C.Y. Miao, L. Micale, S. Micle&, C. Michiels, A.R. Migliaccio,
A.S. Mihailidou, A.S. Mihailidou, D. Mijaljica, KMikoshiba, E. Milan, E. Milan, L.
Miller-Fleming, G.B. Mills, 1.G. Mills, I.G. Mills,1.G. Mills, G. Minakaki, B.A.
Minassian, X.F. Ming, F. Minibayeva, E.A. MininaPJ Mintern, S. Minucci, A.
Miranda-Vizuete, C.H. Mitchell, S. Miyamoto, K. Magawa, N. Mizushima, K.
Mnich, B. Mograbi, S. Mohseni, L.F. Moita, M. Moan, M. Molinari, M. Molinari,
A.B. Mgller, B. Mollereau, F. Mollinedo, M. Mongdl M.M. Monick, S. Montagnaro,
C. Montell, C. Montell, D.J. Moore, M.N. Moore, Rlora-Rodriguez, P.l. Moreira, E.



Morel, M.B. Morelli, S. Moreno, M.J. Morgan, A. Misr Y. Moriyasu, J.L. Morrison,
L.A. Morrison, E. Morselli, J. Moscat, P.L. Mose|&y. Mostowy, E. Motori, D.

Mottet, J.C. Mottram, C.E.H. Moussa, V.E. MpakouNtukhtar, J.M.M. Levy, S.
Muller, R. Mufioz-Moreno, C. Mufioz-Pinedo, C. MUMZE. Murphy, J.T. Murray, A.
Murthy, 1.U. Mysorekar, I.R. Nabi, M. Nabissi, G.Nader, Y. Nagahara, Y. Nagai, K.
Nagata, A. Nagelkerke, P. Nagy, S.R. Naidu, S.,NhiNakano, H. Nakatogawa, M.
Nanjundan, G. Napolitano, N.I. Nagvi, R. Narda€cP. Narendra, M. Narita, A.C.
Nascimbeni, R. Natarajan, L.C. Navegantes, S.T.rdekV, T.Y. Nazarko, V.Y.
Nazarko, T. Neill, L.M. Neri, M.G. Netea, R.T. Natdlaier, B.M. Neves, P.A. Ney,
[.P. Nezis, H.T.T. Nguyen, H.P. Nguyen, A.S. Niddt,Nilsen, H. Nilsen, P. Nilsson,
P. Nilsson, M. Nishimura, I. Nishino, M. Niso-Samta H. Niu, R.A. Nixon, V.C.O.
Njar, T. Noda, A.A. Noegel, E.M. Nolte, E. NorbeKyK. Norga, S.K. Noureini, S.
Notomi, L. Notterpek, K. Nowikovsky, N. Nukina, Ndrnberger, V.B. O’donnell, T.
O’donovan, P.J. O'dwyer, I. Oehme, C.L. Oeste, ida®a, B. Ogretmen, Y. Ogura,
Y.J. Oh, M. Ohmuraya, T. Ohshima, R. Ojha, K. Okeond. Okazaki, F.J. Oliver, K.
Ollinger, S. Olsson, D.P. Orban, D.P. Orban, P.oBed, I. Orhon, L. Orosz, E.J.
O’rourke, H. Orozco, H. Orozco, A.L. Ortega, E. @4, L.D. Osellame, J. Oshima, S.
Oshima, H.D. Osiewacz, T. Otomo, K. Otsu, J.H.J. QE. Outeiro, D.Y. Ouyang, H.
Ouyang, M. Overholtzer, M.A. Ozbun, P.H. OzdinBrOzpolat, C. Pacelli, P.
Paganetti, G. Page, G. Pages, U. Pagnini, B. PBjdRajak, S.C. Pak, K. Pakos-
Zebrucka, N. Pakpour, Z. Palkov4, F. PalladinoRPHKllauf, N. Pallet, M. Palmieri, S.R.
Paludan, C. Palumbo, S. Palumbo, O. Pampliegaahi.W. Pan, T. Panaretakis, A.
Pandey, A. Pandey, A. Pantazopoulou, Z. PapackavaPapademetrio, I.
Papassideri, A. Papini, N. Parajuli, J. Pardo, VP¥rekh, G. Parenti, J.I. Park, J. Park,
O.K. Park, R. Parker, R. Parlato, R. Parlato, P&ys, K.R. Parzych, K.R. Parzych,
J.M. Pasquet, B. Pasquier, K.B.S. Pasumarthi, BcRan, C. Patterson, S. Pattingre,
S. Pattingre, S. Pattison, A. Pause, H. Pavengta®avone, Z. Pedrozo, F.J. Peiia,
M.A. Pefalva, M. Pende, J. Peng, F. Penna, J.MiiRger, A. Pensalfini, S. Pepe,
G.J.S. Pereira, P.C. Pereira, V.P. de la Cruz, Méfez-Pérez, D. Pérez-Rodriguez, D.
Pérez-Sala, C. Perier, A. Perl, D.H. PerlmuttePelrrotta, S. Pervaiz, S. Pervaiz, S.
Pervaiz, M. Pesonen, J.E. Pessin, G.J. Petersetdtden, |. Petrache, B.J. Petrof, G.
Petrovski, G. Petrovski, G. Petrovski, J.M. PhavigPiacentini, M. Pierdominici, P.
Pierre, P. Pierre, P. Pierre, P. Pierre, V. Piger&arle, F. Pietrocola, F. Pietrocola, F.

Pietrocola, F. Pietrocola, F.X. Pimentel-Muifios, Rihar, B. Pineda, R. Pinkas-



Kramarski, M. Pinti, P. Pinton, B. Piperdi, J.Mré?j L.C. Platanias, L.C. Platanias,
H.W. Platta, E.D. Plowey, S. Pdggeler, M. PoirotPBEic, A. Poletti, A.H. Poon, H.
Popelka, B. Popova, |. Poprawa, S.M. Poulose, Jltétg S.K. Powers, T. Powers, M.
Pozuelo-Rubio, K. Prak, R. Prange, M. PrescottPNault, S. Prince, R.L. Proia, T.
Proikas-Cezanne, H. Prokisch, V.J. Promponas, ¥/KRenk, R. Puertollano, S.
Pugazhenthi, L. Puglielli, A. Pujol, A. Pujol, Aupl, J. Puyal, J. Puyal, D. Pyeon, X.
Qi, W. Bin Qian, Z.H. Qin, Y. Qiu, Z. Qu, J. Quddtero, F. Quinn, N. Raben, H.
Rabinowich, F. Radogna, M.J. Ragusa, M. RahmanRad{na, S. Ramanadham, R.
Ramesh, A. Rami, S. Randall-Demllo, F. Randow, &d®w, H. Rao, V.A. Rao, B.B.
Rasmussen, T.M. Rasse, E.A. Ratovitski, P.E. Raldti Rautou, P.E. Rautou, P.E.
Rautou, S.K. Ray, B. Razani, B. Razani, B.H. RéedReggiori, M. Rehm, A.S.
Reichert, T. Rein, D.J. Reiner, E. Reits, J. RerR&n, M. Renna, J.E.B. Reusch,
J.E.B. Reusch, J.L. Revuelta, L. Reyes, A.R. ReRiieRichards, D.R. Richardson,
C. Richetta, M.A. Riehle, B.H. Rihn, Y. Rikihisa,B Riley, G. Rimbach, M.R.
Rippo, K. Ritis, F. Rizzi, E. Rizzo, P.J. RoachRdbbins, M. Roberge, G. Roca, M.C.
Roccheri, S. Rocha, C.M.P. Rodrigues, C.I. Roddg&eR. de Cordoba, N.
Rodriguez-Muela, J. Roelofs, V. V. Rogov, T.T. RpBnRohrer, D. Romanelli, L.
Romani, P.S. Romano, M.I.G. Roncero, J.L. Ros&dsello, K. V. Rosen, K. V.
Rosen, P. Rosenstiel, M. Rost-Roszkowska, K.A. R6tiRoué, M. Rouis, K.M.
Rouschop, D.T. Ruan, D. Ruano, D.C. Rubinsztei, Rucker, A. Rudich, E. Rudolf,
R. Rudolf, M.A. Ruegg, C. Ruiz-Roldan, A.A. RupaaeP. Rusmini, D.W. Russ, G.L.
Russo, G. Russo, R. Russo, T.E. Rusten, T.E. Rugtdryabovol, K.M. Ryan, S.W.
Ryter, D.M. Sabatini, M. Sacher, M. Sacher, C. SacM.N. Sack, J. Sadoshima, P.
Saftig, R. Sagi-Eisenberg, S. Sahni, P. Saikumasaito, T. Saitoh, K. Sakakura, M.
Sakoh-Nakatogawa, Y. Sakuraba, M. Salazar-RoaalBr®ni, A.K. Saluja, P.M.
Salvaterra, R. Salvioli, A. Samali, A.M.J. Sanchk#. Sanchez-Alcazar, R. Sanchez-
Prieto, M. Sandri, M.A. Sanjuan, S. Santaguidé&antambrogio, G. Santoni, C.N.
Dos Santos, C.N. Dos Santos, S. Saran, M. Sard@ll8argent, P. Sarkar, S. Sarkar,
M.R. Sarrias, M.M. Sarwal, C. Sasakawa, M. SaddkiSass, K. Sato, M. Sato, J.
Satriano, N. Savaraj, S. Saveljeva, L. Schaefdt, Bchaible, M. Scharl, H.M. Schatzl,
R. Schekman, W. Scheper, W. Scheper, W. Schep&gcliavi, A. Schiavi, H.M.
Schipper, H.M. Schipper, H. Schmeisser, J. Schrhi@®hmitz, 1. Schmitz, B.E.
Schneider, E.M. Schneider, J.L. Schneider, E.A08cM.J. Schonenberger, A.H.
Schonthal, D.F. Schorderet, D.F. Schorderet, Bré&fgr, S. Schuck, R.J. Schulze, M.



Schwarten, T.L. Schwarz, S. Sciarretta, S. Sciarr&t Sciarretta, K. Scotto, A.l.
Scovassi, R.A. Screaton, R.A. Screaton, M. Scrdeeca, H. Seca, H. Seca, S.
Sedej, L. Segatori, L. Segatori, N. Segev, P.Oleded.M. Segui-Simarro, J. Segura-
Aguilar, I. Seiliez, E. Seki, C. Sell, C.F. Semewikb, G.L. Semenza, U. Sen, A.L.
Serra, A. Serrano-Puebla, H. Sesaki, T. Setogcisettembre, J.J. Shacka, A.N.
Shajahan-Hagq, .M. Shapiro, S. Sharma, H. She, JC3hen, C.C. Shen, H.M. Shen, S.
Shen, W. Shen, R. Sheng, X. Sheng, Z.H. Sheng,Sh€pherd, J. Shi, J. Shi, Q. Shi,
Q. Shi, Y. Shi, S. Shibutani, K. Shibuya, Y. ShiddjJ. Shieh, C.M. Shih, Y. Shimada,
S. Shimizu, D.W. Shin, M.L. Shinohara, M. Shintahi Shintani, T. Shioi, K. Shirabe,
R. Shiri-Sverdlov, O. Shirihai, G.C. Shore, C.Wu$b. Shukla, A.A. Sibirny, A.A.
Sibirny, V. Sica, V. Sica, V. Sica, V. Sica, C.lg@dson, E.M. Sigurdsson, P.S.
Sijwali, B. Sikorska, W.A. Silveira, S. Silvente-Ra, G.A. Silverman, J. Simak, T.
Simmet, A.K. Simon, H.U. Simon, C. Simone, M. SirapA. Simonsen, R. Singh, S.
V. Singh, S.K. Singh, D. Sinha, S. Sinha, F.A. &ope, A. Sirko, K. Sirohi, B.J.N.
Sishi, A. Sittler, P.M. Siu, E. Sivridis, A. Skwégs R. Slack, I. Slaninov4, N. Slavov,
S.S. Smaili, K.S.M. Smalley, D.R. Smith, S.J. Soei®&A. Soleimanpour, A. Solhaug,
K. Somasundaram, J.H. Son, A. Sonawane, C. Sor&prig, H.K. Song, J.X. Song,
W. Song, K.Y. Soo, A.K. Sood, A.K. Sood, T.W. Sopkg Soontornniyomkij, M.
Sorice, F. Sotgia, D.R. Soto-Pantoja, A. Sotthibundv.J. Sousa, H.P. Spaink, P.N.
Span, A. Spang, J.D. Sparks, P.G. Speck, S.A. &p&eiD. Spies, W. Springer, D.S.
Clair, A. Stacchiotti, B. Staels, M.T. Stang, DStarczynowski, P. Starokadomskyy,
C. Steegborn, J.W. Steele, L. Stefanis, J. Ste@a, Stellrecht, H. Stenmark, T.M.
Stepkowski, S.T. Stern, C. Stevens, B.R. StockvigeR. Stockwell, V. Stoka, Z.
Storchova, B. Stork, V. Stratoulias, D.J. StravappD.J. Stravopodis, P. Strnad, A.M.
Strohecker, A.L. Strom, P. Stromhaug, J. Stuli.YSu, Z. Su, C.S. Subauste, S.
Subramaniam, C.M. Sue, S.W. Suh, X. Sui, S. Suks@&eSulzer, F.L. Sun, J. Sun, J.
Sun, S.Y. Sun, Y. Sun, Y. Sun, Y. Sun, V. Sunda@thy, J. Sung, H. Suzuki, K.
Suzuki, N. Suzuki, T. Suzuki, Y.J. Suzuki, M.S. &a@n, C. Swanton, K. Sward, G.
Swarup, S.T. Sweeney, P.W. Sylvester, Z. SzatBafzegezdi, P.W. Szlosarek, H.
Taegtmeyer, M. Tafani, E. Taillebourg, S.W.G. THit,Takacs-Vellai, Y. Takahashi,
S. Takats, G. Takemura, N. Takigawa, N.J. Talbof,&nagno, J. Tamburini, C.P.
Tan, L. Tan, M.L. Tan, M.L. Tan, M. Tan, Y.J. Tan,J. Tan, K. Tanaka, M. Tanaka,
D. Tang, D. Tang, G. Tang, |. Tanida, K. Tanji, Bannous, J.A. Tapia, |. Tasset-

Cuevas, M. Tatar, I. Tavassoly, N. Tavernarakis] &ernarakis, N. Tavernarakis, A.



Taylor, G.S. Taylor, G.A. Taylor, G.A. Taylor, G.Aaylor, G.A. Taylor, J.P. Taylor,
M.J. Taylor, E. V. Tchetina, A.R. Tee, F. Teixeltterc, F. Teixeira-Clerc, S. Telang,
T. Tencomnao, B.B. Teng, R.J. Teng, F. Terro, Gtaheanti, A.L. Theiss, A.E.
Theron, K.J. Thomas, M.P. Thomé, P.G. Thomes, AdrBirn, J. Thorner, T. Thum,
M. Thumm, T.L.M. Thurston, L. Tian, A. Till, A. Ty J.P.Y. Ting, J.P.Y. Ting, V.l
Titorenko, L. Toker, S. Toldo, S.A. Tooze, I. Tdpwic, I. Topisirovic, M.L.
Torgersen, M.L. Torgersen, M.L. Torgersen, L. Tardsicci, A. Torriglia, M.R.
Torrisi, C. Tournier, R. Towns, V. Trajkovic, L.Hravassos, G. Triola, D.N. Tripathi,
D. Trisciuoglio, R. Troncoso, R. Troncoso, I.P. Ugakos, A.C. Truttmann, K.J. Tsai,
M.P. Tschan, Y.H. Tseng, T. Tsukuba, A. Tsung, ASetkov, S. Tu, H.Y. Tuan, M.
Tucci, D.A. Tumbarello, B. Turk, V. Turk, R.F.B. finer, A.A. Tveita, S.C. Tyagi, M.
Ubukata, Y. Uchiyama, A. Udelnow, T. Ueno, M. Umeka R. Umemiya-Shirafuji,
B.R. Underwood, C. Ungermann, R.P. Ureshino, R.idd&) V.N. Uversky, N.L.
Uzcategui, T. Vaccari, M.l. Vaccaro, L. Vachova,\Hakifahmetoglu-Norberg, R.
Valdor, E.M. Valente, F. Vallette, A.M. Valverde, &an den Berghe, L. Van Den
Bosch, G.R. van den Brink, F.G. van der GootMah der Klei, L.J.W. van der Laan,
W.G. van Doorn, M. van Egmond, K.L. van Golen, Kvn Golen, K.L. van Golen,
L. Van Kaer, M. van L. Campagne, P. Vandenabeeley&idenberghe, W.
Vandenberghe, I. Vanhorebeek, I. Varela-Nieto, M/Hsconcelos, M.H. Vasconcelos,
M.H. Vasconcelos, R. Vasko, D.G. Vavvas, |. Vegaeda, G. Velasco, A.D.
Velentzas, P.D. Velentzas, T. Vellai, E. VellenlgaH. Vendelbo, K. Venkatachalam,
N. Ventura, N. Ventura, S. Ventura, P.S.T. VerasWerdier, B.G. Vertessy, A. Viale,
M. Vidal, H.L.A. Vieira, R.D. Vierstra, N. Vigneswan, N. Vij, M. Vila, M. Vila, M.
Vila, M. Villar, V.H. Villar, J. Villarroya, C. Virdis, G. Viola, M.T. Viscomi, G.
Vitale, D.T. Vogl, O. V. Voitsekhovskaja, C. von &fan, K. von Schwarzenberg, D.E.
Voth, V. Vouret-Craviari, K. Vuori, J.M. Vyas, C. &éber, C.L. Walker, M.J. Walker,
J. Walter, L. Wan, L. Wan, X. Wan, B. Wang, C. Wa@gY. Wang, C. Wang, C.
Wang, C. Wang, D. Wang, F. Wang, F. Wang, G. Wahg, Wang, H. Wang, H.G.
Wang, H. Wang, H.D. Wang, J. Wang, J. Wang, M. Wah®. Wang, P.Y. Wang, P.
Wang, R.C. Wang, S. Wang, T.F. Wang, X. Wang, Wang, X.W. Wang, X. Wang,
X. Wang, Y. Wang, Y. Wang, Y. Wang, Y.J. Wang, Yalg, Y. Wang, Y.T. Wang,
Y. Wang, Z.N. Wang, P. Wappner, C. Ward, D.M.V. Wa&. Warnes, H. Watada, Y.
Watanabe, K. Watase, T.E. Weaver, C.D. Weekesgl. WWeide, C.C. Weihl, G.
Weindl, S.N. Weis, L. Wen, X. Wen, X. Wen, Y. Wéh,Wen, B. Westermann, C.M.



[22]

[23]

Weyand, A.R. White, E. White, J.L. Whitton, A.J. W¥orth, J. Wiels, F. Wild, M.E.
Wildenberg, T. Wileman, D.S. Wilkinson, S. WilkingdD. Willbold, D. Willbold, C.
Williams, C. Williams, K. Williams, P.R. WilliamsqrK.F. Winklhofer, S.S. Witkin,
S.E. Wohlgemuth, T. Wollert, E.J. Wolvetang, E. Wo&.W. Wong, R.W. Wong,
V.K.W. Wong, E.A. Woodcock, K.L. Wright, C. Wu, Wu, G.S. Wu, J. Wu, J. Wu,
M. Wu, M. Wu, S. Wu, W.K.K. Wu, Y. Wu, Z. Wu, C.P.Ravier, C.P.R. Xavier, R.J.
Xavier, G.X. Xia, T. Xia, W. Xia, W. Xia, Y. Xia, HXiao, J. Xiao, S. Xiao, W. Xiao,
C.M. Xie, Z. Xie, Z. Xie, M. Xilouri, Y. Xiong, CXu, C. Xu, F. Xu, H. Xu, H. Xu, J.
Xu, J. Xu, J. Xu, J. Xu, L. Xu, X. Xu, Y. Xu, Y. XZ.X. Xu, Z. Xu, Z. Xu, Y. Xue, T.
Yamada, A. Yamamoto, K. Yamanaka, S. Yamashin&a&ashiro, B. Yan, B. Yan,
X.Yan, Z. Yan, Y. Yanagi, D.S. Yang, J.M. Yang,Yang, M. Yang, P.M. Yang, P.
Yang, Q. Yang, W. Yang, W.Y. Yang, X. Yang, Y. Yang Yang, Z. Yang, Z. Yang,
M.C. Yao, P.J. Yao, X. Yao, Z. Yao, Z. Yao, Z. Y&o$. Yasui, M. Ye, B.
Yedvobnick, B. Yeganeh, E.S. Yeh, P.L. Yeyati, K.LY Yi, X.M. Yin, C.K. Yip,

Y.M. Yoo, Y.H. Yoo, S.Y. Yoon, K.I. Yoshida, T. Ybsnori, K.H. Young, H. Yu, J.J.
Yu, J.T. Yu, J. Yu, L. Yu, W.H. Yu, X.F. Yu, Z. YJ, Yuan, Z.M. Yuan, B.Y.J.T.
Yue, J. Yue, Z. Yue, D.N. Zacks, E. Zacksenhaugdffaroni, T. Zaglia, Z. Zakeri,
V. Zecchini, J. Zeng, M. Zeng, Q. Zeng, A.S. ZenddD. Zhang, F. Zhang, G. Zhang,
G.C. Zhang, H. Zhang, H. Zhang, H. Zhang, H. Zh&hgZhang, J. Zhang, J. Zhang, J.
Zhang, J. Zhang, J.P. Zhang, L. Zhang, L. Zhanghlang, L. Zhang, L. Zhang, M.Y.
Zhang, X. Zhang, X.D. Zhang, Y. Zhang, Y. ZhangZ¥iang, Y. Zhang, Y. Zhang, Y.
Zhang, M. Zhao, W.L. Zhao, W.L. Zhao, W.L. Zhao,2hao, Y.G. Zhao, Y. Zhao, Y.
Zhao, Y.X. Zhao, Z. Zhao, Z.J. Zhao, D. Zheng, Xheng, X. Zheng, B.
Zhivotovsky, B. Zhivotovsky, Q. Zhong, Q. ZhongZA5Zhou, G. Zhou, H. Zhou, S.F.
Zhou, X.J. Zhou, X.J. Zhou, X.J. Zhou, H. Zhu, HhuZW.G. Zhu, W. Zhu, X.F. Zhu,
Y. Zhu, S.M. Zhuang, X. Zhuang, E. Ziparo, C.E.<di. Zoladek, W.X. Zong, A.
Zorzano, A. Zorzano, A. Zorzano, S.M. Zughaier, d&lines for the use and
interpretation of assays for monitoring autophegyy edition), Autophagy. 12 (2016)
1-222. doi:10.1080/15548627.2015.1100356.

S. Ghavami, S. Shojaei, B. Yeganeh, S.R. Adde, Jangamreddy, M. Mehrpour, J.
Christoffersson, W. Chaabane, A.R. Moghadam, H.&ksh&ni, M. Hashemi, A.A.
Owiji, M.J. Los, Autophagy and apoptosis dysfunciioneurodegenerative disorders,
Prog. Neurobiol. 112 (2014) 24-49. doi:10.101644mobio.2013.10.004.

S.C. Correia, R. Resende, P.l. Moreira, C.krdita, Alzheimer’'s Disease-Related



[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Misfolded Proteins and Dysfunctional Organellesfatophagy Menu, DNA Cell

Biol. 34 (2015) 261-273. doi:10.1089/dna.2014.2757.

A. Peric, W. Annaert, Early etiology of Alzimer’s disease: tipping the balance
toward autophagy or endosomal dysfunction?, Actardfgathol. 129 (2015) 363—-381.
doi:10.1007/s00401-014-1379-7.

P. Melnyk, S. Burlet, N. Le Fur, A. Delacourtdéeterocycle compounds and uses
thereof for the treatment of diseases involvingrfation of amyloid plaques and/or
where a dysfunction of the APP metabolism occu& 38,680,095 B2, 2014.
doi:10.1126/science.Liquids.

P. Melnyk, N. Sergeant, L. Buée, A. Delacouldse of 1,4-bis(3-
aminoalkylyl)piperazine derivatives in the treatrhehneurodegenerative diseases.,
WO 2006 051489, 2006.

P. Melnyk, P. Carato, S. Burlet, T.H. Nguyén,Verwaerde, N. Sergeant, C. Estrella,
Beta and gamma-carbolines derivatives for therreat of neurodegenerative
diseases., WO 2014 207240, 2014.

M. Barrier, L. Buée, S. Burlet, A. Delacourt, Estrella, P. Melnyk, N. Sergeant, P.
Verwaerde, Sulfate salts of N-(3-(4-(3-(diisobutyiao)propyl)piperazin-1-yl)propyl)-
1H-benzol[d]imidazol-2-amine, preparation thereal ase of the same., WO 2014
102339, 2014.

S.Y. Yang, Pharmacophore modeling and apptioatin drug discovery: Challenges
and recent advances, Drug Discov. Today. 15 (2048)-450.
doi:10.1016/j.drudis.2010.03.013.

M. Gay, P. Carato, M. Coevoet, N. Renault,.R.&chanche, A. Barczyk, S. Yous, L.
Buée, N. Sergeant, P. Melnyk, New phenylanilinevé@¢ives as modulators of amyloid
protein precursor metabolism, Bioorganic Med. Ch2én(2018) 2151-2164.
doi:10.1016/j.bmc.2018.03.016.

P. Carato, P. Depreux, D. Lesieur, M. Mill&n,Newman-Tancredi, M.C. Rettori,
D.H. Caignard, Synthesis and binding studies oava series of arylpiperazino
benzoxazol-2-one and benzoxazin-3-one deriv-atigeselective D4 ligands, Drug
Des. Disc. 17 (2000) 173-181.

S. Bhattacharyya, Reductive Alkylations of @ithylamine Using Titanium(IV)
Isopropoxide and Sodium Borohydride: An EfficieBgfe, and Convenient Method for
the Synthesis of N,N-Dimethylated Tertiary AmingsQrg. Chem. 60 (1995) 4928
4929. doi:10.1021/jo00120a044.



[33]

[34]

[35]

[36]

[37]

[38]

G. Sbardella, A. Mai, M. Artico, R. Loddo, M.Getzu, P. La Colla, Synthesis and in
vitro antimycobacterial activity of novel 3-(1H-pgt-1-yl)-2-oxazolidinone analogues
of PNU-100480, Bioorganic Med. Chem. Lett. 14 (200837-1541.
doi:10.1016/j.bmcl.2004.01.010.

J. Ermolieff, J.A. Loy, G. Koelsch, J. TangpEeolytic activation of recombinant pro-
memapsin 2 (pr@-secretase) studied with new fluorogenic substr&eshemistry.

39 (2000) 12450-12456. d0i:10.1021/bi001494f.

A. Yamamoto, Y. Tagawa, T. Yoshimori, Y. Moaigna, R. Masaki, Y. Tashiro,
Bafilomycin Al Prevents Maturation of Autophagicddmles by Inhibiting Fusion
between Autophagosomes and Lysosomes in Rat Hepdl@thLine, H-4-1I-E Cells,
Cell Struct. Funct. 23 (1998) 33-42. d0i:10.124f72333.

J. Taminau, G. Thijs, H. De Winter, PharaocafPhacophore alignment and
optimization, J. Mol. Graph. Model. 27 (2008) 16691
doi:10.1016/j.jmgm.2008.04.003.

N. Sergeant, J.P. David, D. Champain, A. GéastA. Wattez, A. Delacourte,
Progressive decrease of amyloid precursor protainoxy terminal fragments (APP-
CTFs), associated with tau pathology stages, iléitner’s disease, J. Neurochem. 81
(2002) 663—-672. d0i:10.1046/j.1471-4159.2002.00Q01.

M. Domise, S. Didier, C. Marinangeli, H. Zhd®, Chandakkar, L. Buée, B. Viollet, P.
Davies, P. Marambaud, V. Vingtdeux, AMP-activateot@in kinase modulates tau
phosphorylation and tau pathology in vivo, Sci. Re2016) 1-12.
doi:10.1038/srep26758.



ACCEPTED MANUSCRIPT

Non Amyloidogenic Pathway Amyloidogenic Pathway
A
[ 1 r — 4 \
T N-t
er Amyloid
Deposits

T a-secretase

sAPPa

y-secretase

y-secretase

------------------------------------------------

......................................................

APP-CTFo. | Cter APP-CTFB
AICD APP AICD

Figure 1. Amyloid protein precursor (APP) processing.
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Figure 4. Comparison of compounds 30 and 31 effect on APP metabolism in SY5Y-APP®*WT
cells. SY5Y-APR,; cells were treated for 24h with increasing con@dittins of compound 30 (Cpd 30)
or compound 31 (Cpd 31) as indicated. Cell lysatese immunolabeled with the following
antibodies: APP-Cter-C17 affidactin as loading control (pan&l andB). Densitometric analysis and
guantification of immature and mature APP levelangd C, D, E andF), APP a-carboxy-terminal
fragments and AICD (pan&, H, | andJ). Conditioned medium was analysed by ELISA to reas
secreted Bi40 and ABi4, peptides (paneK, L, M and N) and by electro-chemiluminescence
immunoassay to measure secreted SARRI SAPB (panelO, P, Q andR). Histograms indicate the
mean + SD. a. u., arbitrary units, n=6 *p<0.05,<601, ***p<0.005, ***p<0.001 Mann-Whitney.
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Figure 5. Effect of compound 30 on the autophagic flux in SY5Y-APP,, cells. SY5Y-APR,, cells
were treated for 24h with increasing concentratiohsompound 30 (Cpd 30) or compound 31 (Cpd

Ctrl

Cpd 30
5uM

31) as indicated and co-treated with Bafilomycingé @afy;) at 100nM or not. Cell lysates were
immunolabeled with the following antibodies: p6Z;3-B andB-actin, used as loading control (panel
A andF). Densitometric analysis and quantification of f6actin (paneB andC) and LC3-II/LC3-I
ratio (panelD, E, G andH) expressed in % to control. Histograms indicat itiean + SD. a. u.,
arbitrary  units. n=6 *p<0.05, **p<0.01, ***p<0.005, ***p<0.001 Mann-Whitney.
Immunofluorescence staining of p62 (red, pddeind LC3-B (red, panel) in SY5Y-APP*" cells
after 24h of compound 30 treatment at 5uM verstieated cells. Scale bars = 25um.



Scheme 1. Synthesis of compoun@g-37

o= — o=< _ N - HN
o Br O:\/ j@\
Br HO Br
1 2:n=2 5:n=2
3:n=3 6:n=3
4:n=4 \ 7:n=4
eorf
' HN HN
HN R; h 8 j@
N o //CHO o Br
9 ) R I $ N Cd X n m
xm X O O 8 N 2 2
Q 24-36 1523 8-14 9 N 2 3
10 N 2 4
1 N 3 2
X n m Ry Gpd X n m  CHO g L2
{N‘R substituent 13 Nnoao2
z 14 CH 3 2
24 N 3 2 p-CH,-piperidine 15 N 3 2  oCHO O
25 N 3 2 p-CH,-N(Me), 6 N 3 2 m-CHO N
26 N 3 2 m-CH,-piperidine 17 N 3 2 p-CHO
27 N 3 2 0-CH,-piperidine 8 N 2 2 o-CHO
28 N 3 2 0-CH,-morpholine 19 N 2 3 0-CHO HN
29 N 3 2 0-CH,-N-methylpiperazine 20 N 2 4 0-CHO O O
30 N 3 2 0-CH,-N(Me), 21 N 3 3 oCHO N
31 CH 3 2 0-CH,-N(Me), 2 N 4 2 0-CHO
32 N 3 3 0-CH,-N(Me), 23 CH 3 2 0-CHO
33 N 2 2 0-CH,-N(Me), 37
3 N 2 3 0-CH,-N(Me),
35 N 2 4 0-CH,-N(Me),
3 N 4 2 0-CH,-N(Me),

8 Reagents and conditionga) Br, AcOH, rt, 4 h, 94%; (b) 1-(2-Chloroethyl)pipemndi
hydrochloride or 3-chloropropylpiperidine hydroctitte, K;CO;, ACN, 80 °C, 5 h, 98-99%;
(c) i) 1-Bromo-4-chlorobutane, 03, ACN, 80 °C, 12 hiji) Piperidine, reflux, 12 h, 16%;
(d) 2.5N NaOH, dioxane, rt, 12 h, 50-95%; (e) 16 @oroethyl)piperidine hydrochloride or
3-chloropropylpiperidine hydrochloride or 2-brommdtyclohexane, NaH, DMF, rt, 12 h,
32-79%; (i) 1-Bromo-4-chlorobutane, NaH, DMF, rt, 12ii),Piperidine, reflux, 12 h, 18%;
(g) Corresponding boronic acid 803, P(-tol)s, Pddba, toluene, EtOH, reflux, 18 h, 71-
97%; (h) Procedure A: corresponding secondary anNaBH(OAc)}, AcOH, DCE, rt, 18 h,
5-77%. Procedure B) Dimethylamine hydrochloride, B, Titanium isopropoxide, EtOH,
rt, 12 h,ii) NaBH,, rt, 2 h, 28-47%.



Scheme 2°. Synthesis of compoun@®9, 41 and44.
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8 Reagents and condition@) 1-(2-Chloroethyl)piperidine hydrochloride,&0s;, ACN, 80
°C, 12 h, 41-91%; (b38, 2-Formylphenylboronic acid, A0, P(-tol)s, Pddbas, toluene,
EtOH, reflux, 18 or 96 h, 40-68%; (c) Procedure Bimethylamine 2M in THF,
NaBH(OAc), AcOH, DCE, rt, 18 h, 26%. Procedure B:Dimethylamine hydrochloride,
EtzN, Titanium isopropoxide, EtOH, rt, 12 hj) NaBH, rt, 2 h, 40%; (d) 3-
Chloropropylpiperidine hydrochloride, Nal 803, DMF, 100 °C, 24 h, 23%.



Scheme 3%. Synthesis of compourfd.
a Ca
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H H c HN
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48:R=NO
5 50 e [s 49 R=NH;

% Reagents and conditionga) 70% HNQ, rt, 4 h, 87%; (b) 3-Chloropropylpiperidine
hydrochloride, KCOs, ACN, reflux, 5 h, 98%; (c) 2.5N NaOH, dioxane, rt, 48 h, 50-95%; (d)
1-(2-Chloroethyl)piperidine, ¥COs, ACN, 5 h, 60°C, 72%; (¢) HCOONH,, EtOH, reflux,

1 h 30, 39% (f) 2,5-Dimethoxy-3-tetrahydrofuranacatbdldehyde, AcOH, 90C, 2 h, 43%; (g)
Dimethylamine 2M in THF, NaBH(OAg) AcOH, DCE, rt, 18 h, 31%.



Table 1. Effects of compounds 24-37, 39, 41, 44 and 51 on AB1.40 and Ap1.42 Secretion

o G JOL B 3 B
j’ ) R ~"o O Q'V\o]@\h@,\ﬁ

G
39:R=H

24-37 41: R = -CHy-N(Me), 51
aCTF AICD
Cpd X n m {N\’R1 AP0 Abr-az vs CQ vsCQ
Ry ICs0 (LM)? ICs0 (UM)? A b
(BuM)™ (3uM)™
CQ 7.0 12.7 1 1
Al 1.7+£0.2 2105 1.3 1.8
Bl 51+0.1 11.2+42 21 2.5
24 N 3 2 p-CH,-piperidine 21+06 3.3+£21 26 2.5
25 N 3 2 p-CHo-N(Me), 15+01 1.7+04 21 25
26 N 3 2 m-CHy-piperidine 43+0.7 48+06 3.3 2.6
27 N 3 2 0-CHa-piperidine 26+0141+£13 43 2.7
28 N 3 2 0-CH,-morpholine 28+1242+15 31 1.7
29 N 3 2 0-CHx-N-methylpiperazine 2.6+0.22.7+0.8 5.1 3.7
30 N 3 2 0-CH,-N(Me), 28+12 34+19 6.4 3.6
31 CH 3 2 0-CH-N(Me), 21+03 28+0.1 0.1 0.1
32 N 3 3 0-CHx-N(Me), 21+03 20+0.1 45 5.1
33 N 2 2 0-CH,-N(Me), 14+05 1.2+0.6 5.0 4.8
34 N 2 3 0-CH,-N(Me), 20+0.2 1.8+x0.7 45 3.4
35 N 2 4 0-CH,-N(Me), 1601 1603 44 4.8
36 N 4 2 0-CH,-N(Me), 1.7+03 16+08 4.2 3.0
37 N 3 2 / 52+0.1 40x04 24 2.1
39 91+06 13.7+3.3 0.1 0.2
41 15+03 1.2+0.3 0.6 0.7
44 39+10 36+0.1 0.9 0.8
51 50+09 6.5+2.0 3.6 2.0

& Compound concentration inhibiting 50% o/ or AB1.42 peptide secretion in SY5Y cells.
ICso values are expressed as mean + SD of at leastxperiments performed in triplicat®.

Mean values calculated on the basis of at leasethmdependent experiments with less than



10% deviation® CTFa increase compared to chloroquine ([CTF]compountICQ) at 3
M. ¢ AICD increase compared to chloroquine ([AICD]corapd/[AICD]CQ) at 3 uM



Applied aligand-based pharmacophore modeling approach coupled with de novo
design

Synthesized biaryl-based compounds that were able to inhibit Ap peptides secretion
and promote aCTFs and AICD stabilities

Discovered compounds that kept the effect on Ap peptides but had no impact on
aCTFsand AICD stabilities

Showed that the key compounds act through an indirect mechanism to inhibit -
secretase activity



