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Description
FIELD OF THE INVENTION

[0001] The presentinvention relates to spirocyclic acylguanidines and their use as inhibitors of the 3-secretase enzyme
(BACE1) activity, pharmaceutical compositions containing the same, and these therapeutic agents for use in the treatment
of neurodegenerative disorders, disorders characterized by cognitive decline, cognitive impairment, dementia and dis-
eases characterized by production of 3-amyloid deposits or neurofibrillary tangles.

BACKGROUND OF THE INVENTION

[0002] [B-Amyloid (also referred to herein as "Abeta" or "AB") deposits and neurofibrillary tangles are two major path-
ologic characterizations associated with Alzheimer’s disease (AD), including the genetically linked early onset familial
forms due to mutations in amyloid precursor protein (APP), presenilin 1 and 2, as well as late onset sporadic AD. Clinically,
AD is characterized by the loss of memory, cognition, reasoning, judgment, and orientation. Also affected, as the disease
progresses, are motor, sensory and linguistic abilities until global impairment of multiple cognitive functions occurs.
These cognitive losses take place gradually, but typically lead to severe impairment and eventual death in 4-12 years.
[0003] B-Amyloid deposits are predominantly an aggregate of Abeta peptide, which in turn is a product of the proteolysis
of APP. More specifically, A peptide results from the cleavage of APP at the C-terminals by one or more y-secretases,
and at the N-terminus by -secretase enzyme (BACE1), also known as aspartyl protease and memapsin2, as part of
the f-amyloidogenic pathway.

[0004] BACE activity is correlated directly to the generation of A peptide from APP, and studies increasingly indicate
that the inhibition of BACE inhibits the production of A} peptide.

[0005] Amyloidogenic plagues and vascular amyloid angiopathy also characterize the brains of patients with Trisomy
21 (Down Syndrome), Hereditary Cerebral Hemorrhage with Amyloidosis of the Dutch-type (HCHWA-D), and other
neurodegenerative disorders. Neurofibrillary tangles also occur in other neurodegenerative disorders including dementia-
inducing disorders.

[0006] Recently, Abeta has been reported to be implicated in the development of retinal ganglion cell (RGC) apoptosis
in glaucoma, with evidence of caspase-3-mediated abnormal amyloid precursor protein processing, increased expression
of Abeta in RGCs in experimental glaucoma and decreased vitreous A levels (consistent with retinal A deposition) in
patients with glaucoma. Amyloid deposits have also been associated with macular degeneration in patients suffering
from dry age-related macular degeneration (AMD) and in animal models of AMD.

[0007] WO 2010/021680,W02011/106414and WO 2010/105179 disclose spirocyclicacylguanidines with a spirocyclic
scaffold as inhibitors of beta-secretase.

SUMMARY OF THE INVENTION

[0008] The present invention provides compounds that are BACE1 inhibitors and are useful as therapeutic agents in
the treatment of a disease or disorder characterized by elevated -amyloid deposits or B-amyloid levels in a patient. The
disclosed BACE1 inhibitors are not only highly potent inhibitors of the BACE1 enzyme (assay 1) but also show:

(1) highly potent inhibitory activity in the cellular Abeta assay (assay 2),

(2) selectivity against the cardiac hERG channel in a cellular assay (assay 3), and

(3) a low propensity to cause phospholipidosis in a cellular phospholipidosis assay (assay 4), as well. Thus, the
present invention provides compounds which show a combination of high potency as BACE1 inhibitors, high selec-
tivity against the cardiac hERG channel, and low phospholipidosis activity.

[0009] One embodiment of the invention is a compound represented by a structural formula selected from:

N=
H,N :>
),‘N/_(RI /
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or a pharmaceutically acceptable salt of any of the foregoing compounds. The immediately foregoing compounds are
referred to herein as "compounds of the present invention”.

[0010] Another embodiment of the invention is a compound of the present invention or a pharmaceutically acceptable
salt thereof for use as a medicament.

[0011] Another embodiment of the invention is a pharmaceutical composition comprising a compound of the present
invention or a pharmaceutically acceptable salt thereof in admixture with a pharmaceutically acceptable adjuvant, diluent
or carrier.

[0012] Another embodiment of the invention is a compound of the present invention or a pharmaceutically acceptable
salt thereof for use in the treatment of a BACE1 mediated disorder or disease in a subject. Another embodiment of the
invention is the use of a compound of the present invention or a pharmaceutically acceptable salt thereof for the man-
ufacture of a medicament for the treatment of a BACE1 mediated disorder in a subject.

[0013] Another embodiment of the invention is a pharmaceutical composition for treatment of a BACE1 mediated
disorder or disease in a subject comprising a compound of the present invention.

[0014] Also disclosed is a method of treating a subject with a BACE1 mediated disease or disorder, comprising
administering to the subject an effective amount of a compound of the present invention or a pharmaceutically acceptable
salt thereof.

[0015] Yet another embodiment of the invention is an intermediate used in the preparation of a compound of the
present invention. These intermediates are represented by a structural formula selected from:

0O 0 O
Br Br Br /
X io X i-'IOH X i--lo
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or a salt of any of the foregoing compounds.
DETAILED DESCRIPTION OF THE INVENTION

[0016] The compounds of the present invention exhibit potent activity against the BACE1 enzyme and Abeta formation
together with the selectivity against the hERG channel and the low propensity to cause phospholipidosis. For example,
the compounds of the present invention show a BACE1 inhibition with an IC55 < 15 nM, a cellular Abeta production
inhibition with an IC5y of <2 nM, a hERG inhibition of <50% at 10 .M, and phospholipidosis with a First Effect Concentration
(FEC) of > 150 u.M. These combined properties make the compounds of the present invention useful for the treatment
of pathological states in humans, in particular, for the treatment of Alzheimer’s disease as well as other disorders and
diseases mediated by BACE1.

[0017] Inhibition of the hERG (human Ether-a-go-go-Related Gene) channel by xenobiotics and subsequent delayed
cardiac repolarization is associated with an increased risk for a specific polymorphic ventricular tachyarrhythmia, torsade
de pointes, as established by Sanguinetti et al. (1995, Cell, Apr. 21, 81(2):299-307) and a large body of subsequent
evidence. To avoid this risk early on, screening against hERG interaction in an in vitro system using heterologous
expression of the hERG channel is common practice and an assay of this type is also an important part of later preclinical
candidate profiling as recommended by the ICH guideline S7B (International Conference on Harmonization (2005): ICH
Topic S 7 B The nonclinical Evaluation of the Potential for delayed Ventricular Repolarization; (QT Interval Prolongation)
by Human Pharmaceuticals (www.ich.org/products/guidelines/safety/article/safety-guidelines.html)). As such, low hERG
channel inhibition, such as that shown by the compounds of the present invention, is highly desirable for therapeutics.
[0018] Phospholipidosisis a lipid storage disorderin which excess phospholipids accumulate within cells. Drug-induced
phospholipidosis is an undesirable drug reaction. Therefore, in order to avoid detrimental side effects, compounds with
low phospholipidosis potential are preferred for human therapeutic use.

[0019] Data provided in Table 1 below show that compounds of the present invention have this combination of potent
BACE1 cellular activity, selectivity against cardiac hERG and low propensity to cause phospholipidosis. It is believed
that the compounds exemplified in WO 2010/021680 and WO 2010/105179 do not have this combination of desirable
properties. In addition, Table 2 provides data showing that certain compounds of the present invention have significantly
lower IC 5 inhibitory values in a BACE1 enzymatic assay and also in a cellular Abeta assay relative to certain comparator
compounds described in WO 2010/105179.

[0020] Terms not specifically defined herein should be given the meanings that would be given to them by one of skill
in the art in light of the disclosure and the context. As used in the specification, however, unless specified to the contrary,
the following terms have the meaning indicated and the following conventions are adhered to.

[0021] When a compound of the present invention is depicted by name or structure without indicating all tautomeric
forms, it is to be understood that the compound and its pharmaceutically acceptable salts shall encompass all tautomers.
[0022] When a compound of the present invention is depicted by name or structure without indicating the stereochem-
istry, it is to be understood that the compound and its pharmaceutically acceptable salts shall encompass all stereo,
optical and geometrical isomers (e.g., enantiomers, diastereomers, E/Z isomers, etc.) and racemates thereof, as well
as mixtures in different proportions of the separate enantiomers, mixtures of diastereomers, or mixtures of any of the
foregoing forms.

[0023] When a stereo, optical or geometric isomer is depicted by name or structure, it is to be understood that the
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stereo, optical and/or geometric isomeric purity of the named or depicted stereo, optical or geometric isomer is at least
60%, 70%, 80%, 90%, 99% or 99.9% pure by weight. Stereo, optical and geometric isomeric purity is determined by
dividing the weight of the named or depicted stereo, optical and geometric isomer in a mixture by the total weight of all
stereo, optical and geometric isomers in the mixture.

[0024] When a compound of the present invention or its pharmaceutically acceptable salt is named or depicted by
structure, it is to be understood that solvates, hydrates and the anhydrous form of the compound and solvates, hydrates
and anhydrous form of its pharmaceutically acceptable salt are included in the invention. "Solvates" refer to crystalline
forms wherein solvent molecules are incorporated into the crystal lattice during crystallization. Solvate may include water
or nonaqueous solvents such as ethanol, isopropanol, DMSO, acetic acid, ethanolamine, and EtOAc. Solvates, wherein
water is the solvent molecule incorporated into the crystal lattice, are typically referred to as "hydrates." Hydrates include
stoichiometric hydrates as well as compositions containing variable amounts of water. "Anhydrous form" refers to com-
pounds with no solvent or water or substantially no solvent or water incorporated into the crystal structure (e.g., less
than 1:10, 1:20; 1:100; or 1:200 molar ratio of solvent or water to compound).

Salts

[0025] The phrase "pharmaceutically acceptable" is employed herein to refer to those compounds, materials, compo-
sitions, and/or dosage forms which are, within the scope of sound medical judgment, suitable for use in contact with the
tissues of human beings and animals without excessive toxicity, irritation, allergic response, or other problem or com-
plication, and commensurate with a reasonable benéefit/risk ratio.

[0026] As used herein, "pharmaceutically acceptable salts" refer to derivatives of the disclosed compounds wherein
the parent compound is modified by making acid or base salts thereof. Examples of pharmaceutically acceptable salts
include, but are not limited to, mineral or organic acid salts of basic residues such as amines; alkali or organic salts of
acidic residues such as carboxylic acids; and the like. For example, such salts include salts from ammonia, L-arginine,
betaine, benethamine, benzathine, calcium hydroxide, choline, deanol, diethanolamine (2,2’-iminobis(ethanol)), diethyl-
amine, 2-(diethylamino)-ethanol, 2-aminoethanol, ethylenediamine, N-ethyl-glucamine, hydrabamine, 1H-imidazole,
lysine, magnesium hydroxide, 4-(2-hydroxyethyl)-morpholine, piperazine, potassium hydroxide, 1-(2-hydroxyethyl)-pyr-
rolidine, sodium hydroxide, triethanolamine (2,2’,2"-nitrilotris(ethanol)), tromethamine, zinc hydroxide, acetic acid, 2.2-
dichloro-acetic acid, adipic acid, alginic acid, ascorbic acid, L-aspartic acid, benzenesulfonic acid, benzoic acid, 2,5-
dihydroxybenzoic acid, 4-acetamido-benzoic acid, (+)-camphoric acid, (+)-camphor-10-sulfonic acid, carbonic acid, cin-
namic acid, citric acid, cyclamic acid, decanoic acid, dodecylsulfuric acid, ethane-1,2-disulfonic acid, ethanesulfonic
acid, 2-hydroxy-ethanesulfonic acid, ethylenediaminetetraacetic acid, formic acid, fumaric acid, galactaric acid, gentisic
acid, D-glucoheptonic acid, D-gluconic acid, D-glucuronic acid, glutamic acid, glutaric acid, 2-oxo-glutaric acid, glycer-
ophosphoric acid, glycine, glycolic acid, hexanoic acid, hippuric acid, hydrobromic acid, hydrochloric acid, isobutyric
acid, DL-lactic acid, lactobionic acid, lauric acid, lysine, maleic acid, (-)-L-malic acid, malonic acid, DL-mandelic acid,
methanesulfonic acid, galactaric acid, naphthalene-1,5-disulfonic acid, naphthalene-2-sulfonic acid, 1-hydroxy-2-naph-
thoic acid, nicotinic acid, nitric acid, octanoic acid, oleic acid, orotic acid, oxalic acid, palmitic acid, pamoic acid (embonic
acid), phosphoric acid, propionic acid, (-)-L-pyroglutamic acid, salicylic acid, 4-amino-salicylic acid, sebacic acid, stearic
acid, succinic acid, sulfuric acid, tannic acid, (+)-L-tartaric acid, thiocyanic acid, p-toluenesulfonic acid and undecylenic
acid. Further pharmaceutically acceptable salts can be formed with cations from metals like aluminium, calcium, lithium,
magnesium, potassium, sodium, zinc and the like (see also Pharmaceutical salts, Berge, S.M. et al., J. Pharm. Sci.,
(1977), 66, 1-19).

[0027] The pharmaceutically acceptable salts of the present invention can be synthesized from the parent compound
which contains a basic or acidic moiety by conventional chemical methods. Generally, such salts can be prepared by
reacting the free acid or base forms of these compounds with a sufficient amount of the appropriate base or acid in water
or in an organic diluent like ether, ethyl acetate, ethanol, isopropanol, or acetonitrile, or a mixture thereof.

[0028] Salts of acids other than those mentioned above which for example are useful for purifying or isolating the
compounds of the present invention (e.g., trifluoro acetate salts) also comprise a part of the invention.

Biological Data
BACE1 Assay (Assay 1)

[0029] The inhibitory activity of compounds was assessed by a fluorescence quench assay of BACE1 activity using
commercially available substrate HiLyte Fluor™488-Glu-Val-Asn-Leu-Asp-Ala-Glu-Phe-Lys-(QXL™ 520)-OH (SEQ ID
NO:1) AnaSpec, San Jose, CA) and truncated human beta-secretase, BACE1 (amino acids 1-454) fused to a myc-his
tag and secreted from HEK293/BACE. cells into OptiMEM™ (Invitrogen). The substrate was dissolved at 1 mg/ml in
DMSO.



10

15

20

25

30

35

40

45

50

55

EP 2 822 930 B1

[0030] The assay was performed in the presence of OptiMEM (supernatant collected over 24 h and cleared from
cellular debris by centrifugation) containing the ectodomain of BACE1, 25 pl water containing the desired 2-fold con-
centration of test compound and 2% DMSO, 1 uM substrate peptide, 20 mM NaOAc, pH 4.4, and 0.04% Triton-X100
in a total assay volume of 50 .l in a 384 well plate. In general, 25 .l of compound dilution were given to the plate followed
by the addition of 10 ul of BACE1 containing OptiMEM™ diluted 1:10 in water with 0.2% Triton X-100. The reaction was
started with the addition of 15 ul substrate in NaOAc buffer. The reaction was incubated at rt (dark) in an Envision®
multilabel reader (Perkin Elmer) and the cleavage of the substrate was recorded as kinetic for 60 min at ex: 485 nm,
em: 538 nm. Blank wells containing no enzyme were included on each plate.

[0031] The intensity of fluorescence was regressed against time in order to derive velocities of reaction in all 384 wells.
These velocities were used for calculating percent control using an uninhibited control containing 1% DMSO as 100%
and blank control performed in the absence of enzyme as 0%. IC5, values were calculated by fitting percent control vs.
test compound concentration using Assay Explorer.

H4-APPwt Cell-Based Assay (Assay 2)

[0032] Cellular potency of the compounds of the invention was assessed in an assay monitoring production of Abeta1-
x peptides in the H4 neuroglioma cell line (ATCC, Cat. #HTB-148) stably expressing human APP, using an immunoassay
such as AlphaLISA (PerkinElmer, Cat.# AL288). Tested compounds were dissolved in DMSO and pre-diluted in the
culture medium (DMEM containing 10% FBS and 1% penicillin/streptomycin) to achieve twice the final concentration of
the compounds in the assay. Equal volumes of the 2x solutions of the tested compounds and cell suspension were
added to a 96-well culture plate, so that each well contained ~10,000 cells in a final volume of 200 p.l. Final concentration
of DMSO in the assay was 0.2%. The plates were incubated for 5 hrs at 37°C, 5% CO, to allow cells to attach to the
bottom of the wells in the presence of the tested compounds. Then the media was removed and replaced with fresh
media containing tested compounds at the same final concentration. The plates were incubated for 18 hrs at 37°C, 5%
CO,. Concentrations of Ab1-x were determined using AlphaLISA immunoassay (PerkinElmer, Cat.# AL288) following
manufacturer’s protocol. Concentrations of Abeta1-x in the wells containing either DMSO or 10 uM beta-secretase
inhibitor (BACE inhibitor IV, EMD Bioscience, Cat. #565788) were used as uninhibited and background controls, corre-
spondingly, for calculating percent inhibition values for each well with the tested compounds. These percent inhibition
values were regressed against compound concentrations using four-parameter curve fitting, and the IC50 values (con-
centration of a compound at which 50% of the inhibitory effect was observed) was calculated as the compound concen-
tration corresponding to the inflection point on the curve.

hERG-Channel Assay (Assay 3)

Cells:

[0033] HEK (human embryonic kidney) 293 cells were stably transfected with hERG cDNA.
Pipettes and solutions:

[0034] Cells were superfused with a bath solution containing (mM): NaCl (137), KCI (4.0), MgCl, (1.0), CaCl, (1.8),
Glucose (10), HEPES (10), pH 7.4 with NaOH. Patch pipettes were made from borosilicate glass tubing using a horizontal
puller and filled with pipette solution containing (mM): K-aspartate (130), MgCl, (5.0), EGTA (5.0), K,ATP (4.0), HEPES
(10.0), pH 7.2 with KOH. Resistance of the microelectrodes was in the range between 2 and 5 MQ.

Stimulation and recording:

[0035] Membrane currents were recorded using an EPC-10 patch clamp amplifier and PatchMaster software. hERG-
mediated membrane currents were recorded at 35°C, using the whole-cell configuration of the patch-clamp technique.
Transfected HEK293 cells were clamped at a holding potential of -60 mV and hERG-mediated inactivating tail currents
were elicited using a pulse pattern with fixed amplitudes (activation/inactivation: 40 mV for 2000 ms; recovery: -120 mV
for 2 ms; ramp to 40 mV in 2 ms; inactivating tail current: 40 mV for 50 ms) repeated at 15 s intervals. During each inter-
pulse interval 4 pulses scaled down by a factor of 0.2 were recorded for a P/n leak subtraction procedure. R, compensation
was employed up to a level that safely allowed recording devoid of ringing.

Compound preparation and application:

[0036] The different concentrations of the test compound were applied sequentially on each of the different cells
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investigated. A steady state level of baseline current was measured for at least 6 sweeps prior to the application of the
first test compound concentration.

[0037] The test compound was dissolved in DMSO to yield a master stock solution which was diluted further in DMSO
to stock solutions needed for the lower concentrations. Final dilutions in extracellular buffer were prepared freshly from
these stocks by a 1:1000 dilution step each before starting the experiments.

Data analysis:

[0038] Peak current amplitudes were measured 3 ms after the ramp to +40 mV. For baseline and each concentration
the peak currents of the three last sweeps before application of the next concentration were averaged. Residual currents
(/1) were calculated for each cell as the fraction of actual average peak current and average baseline peak current.
Results are presented as percent (%) inhibition (1-1/15)*100% at 10 M.

In vitro Phospholipidosis Assay (Assay 4)

[0039] The phospholipidogenic potential of test compounds was assayed using the human hematopoetic U937 cell
line. The test principle was to analyze the phospholipid content by staining the cells with the fluorescent dye Nile red.
[0040] U937 cells were seeded into cell culture plates at 0.5 x 108 cells/mL in RPMI medium containing 10 % FBS, 1
% DMSO, and 0.005 % gentamicin. The cells were then cultivated with or without different concentrations of test com-
pounds for 48 h under standard culture conditions.

[0041] For harvesting the cells were centrifuged at 130x g for 4 min and washed once with PBS. Then 2x 0.5 mL cell
suspension was prepared for non-fixed cell measurement (0.5 mL for propidium iodide (PI) viability measurement and
0.5 mL for Nile red measurement).

[0042] The remaining cells were fixed with 3.7 % formaldehyde for 30 min. After a further centrifugation step cells
were resuspended with 1.3 mL Nile red working solution (1 wg/mL) and incubated for 5 min at rt. The cell suspension
was then washed twice with 3 mL PBS and centrifuged with 130x g for 4 min. The supernatant was discarded and the
cells were resuspended with 0.5 mL PBS and kept for flow cytometry measurement.

[0043] For Nile red staining of the 0.5 mL non-fixed cell samples, 50 pL of a ready to use Nile red solution (10 wg/mL)
were added per sample. Samples were kept on ice for 5 min. Thereafter, they were washed once with 4 mL PBS (4°C,
250x g for 8 min) and finally resuspended in 400 pL PBS and kept for flow cytometry measurement.

[0044] For the viability measurement, 12.5 pL of the ready to use Pl solution (10 wg/mL) were added to the 0.5 mL
non-fixed cell suspension. After 15 min of incubation on ice, the samples were measured by flow cytometry using a
Coulter Epics XL/MCL flow cytometer.

[0045] The viability of the cells of each sample was determined by flow cytometry measurement of the PI content at
channel 2 (568-590 nm). Cut-off gates for the fluorescence-dependent differentiation between live and dead cells were
defined based on the analysis of cell culture medium control samples.

[0046] Only samples with a cell viability of >= 90 % relative to control samples were analyzed for phospholipidosis.
For that, each Nile red sample (non-fixed and fixed samples) was measured by flow cytometry at channel 1 (504-541
nm) and channel 4 (660-680 nm).

[0047] For each channel, relative Nile red fluorescence intensity of a test sample was calculated compared to control
samples and expressed as percentage of control fluorescence intensity. The assessment of the phospholipidogenic
potential and the first effect concentration (FEC) of a test compound was done manually based on the fluorescence
intensities at both wavelengths for the fixed cells as well as for the non-fixed cells.

Rat Brain A3 Lowering Assay (Assay 5)

[0048] The in vivo efficacy of compounds of the invention was demonstrated in a rat brain Af lowering (reduction)
assay, and the data are presented in Table 3. Male Sprague-Dawley rats, 5 to 6 weeks of age, were used to demonstrate
the ability of compounds of the invention to reduce brain amyloid peptides AB1-x. Compounds were administered via
oral gavage in 1% Polysorbate-80 and 0.5% Natrosol®, at the single dosages indicated in Table 3. The animals were
sacrificed 3 hrs after dosing, and brains were excised, dissected into cerebellum and left and right cerebra and flash-
frozen in liquid nitrogen.

[0049] The cerebrum was homogenized (5 volumes per weight) in 20 mM Tris-HCL, pH 8.5, 0.2% Triton-X100 sup-
plemented with protease inhibitors (cOmplete, Roche Applied Science) at 4°C using a glass Dounce homogenizer. The
homogenate was centrifuged at 120,000xg for 60 min at 4°C, and the supernatant was collected and analyzed for Ab1-
X using immunoassay with chemiluminescent detection (Meso-Scale Discovery, Rockville, MD (MSD)).

[0050] Streptavidin 96-well plates (MSD) were pre-blocked with 5% Blocker A solution (MSD) for 1 hr at rt on an orbital
shakerandwashed 4 times with phosphate buffered saline (PBS). The wells were pre-coated with 20 ng/well of biotinylated
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antibody SIG-39155 (Clone M3.2, specific for amino acids 10-15 of the rodent AB) for 1 hr at rt and washed 4 times with
PBS. For AB1-x analysis, 25 pl of either the cleared brain lysates or AB1-40 standards (8-500 pg/ml, with 2x increment)
were incubated for 1 hr at rt with constant shaking. The wells were washed 4 times with PBS, and 25 p.l of the detection
antibody (Sulfo-TAG labeled anti-Af340 antibody supplied by MSD) was added and incubated for 1 hr at rt. After 4 washes
with PBS, 150 pl of the chemiluminescence detection reagent (Read Buffer T, MSD) was added, and the plate was read
on an MSD Sector Imager 6000 instrument. The calibration curve was fit into a non-linear four-parameter regression
model, and the AB1-x concentrations were calculated for each well containing the cleared brain lysates. The percent of
Ap lowering was calculated based on the difference with the average A} concentration obtained for the brains from the
animals treated with vehicle alone.

[0051] Table 1 shows the following properties of the compounds of the present invention: BACE1 inhibitory potency
as measured in assay 1, cellular inhibitory potency as measured in assay 2, hERG inhibition as measured in assay 3,
and first effect concentration (FEC) of phospholipidosis as measured in assay 4.

Table 1. Biological properties of compounds of the present invention

Example BACE1ICsnM | H4-APPwt cell IC;, | hERG % inhibition@ | Phospholipidosis FEC IC5,
(assay 1) nM (assay 2) 10 pM (assay 3) wM (assay 4)
1 11 0.76 8 200
2 8 0.29 22 200
3 10 0.57 9 > 200
4 5 0.28 0 N 400
5 8 0.90 7 200
6 11 1.24 35 200
7 2 1.42 8 400
8 5 0.49 16 > 200
9 9 1.90 16 400
10 9 1.12 38 200
1 4 0.35 6 > 400
12 3 1.10 11 400
13 9 0.92 18 200
14 5 0.12 20 > 200
15 11 0.11 11 200
16 11 0.20 6 200
17 14 0.89 12 > 200
18 9 1.02 17 > 400
19 6 0.40 8 400
20 - 0.28 8 > 400
21 5 0.48 24 400
22 8 0.26 9 > 400
23 12 0.18 16 > 200
24 5 0.65 23 200
25 0.99 10 200
26 9 0.20 8 > 200
27 6 0.95 19 > 200
28 05 9 400
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(continued)

Example BACE1IC5y nM H4-APPwt cell IC4, hERG % inhibition @ Phospholipidosis FEC ICg,
P (assay 1) nM (assay 2) 10 wM (assay 3) 1M (assay 4)
29 0.3 7 200

[0052] Table 2 provides data showing that certain compounds of the present invention have significantly lower I1C5

inhibitory values in the BACE1 enzymatic assay (Assay 1) and in the cellular Abeta assay (Assay 2) relative to certain

comparator compounds described in WO 2010/105179.

Table 2.

Compounds of the present invention

Example 5

Example 7

Example 14

Example 8

Example 11

Example 12

[0053] The ability of compounds of the invention to reduce brain A was demonstrated in rats, as described in Assay

Example 18

Example 15

11

Comparison examples:

example 281 in

WO 2010/105179

BACE IC5 (assay 1) 35 nM

H4-Cell assay (assay 2) 7.0 nM

hERG (assay 3) 16% at 10 uM
HN O~

example 259 in

WO 2010/105179

BACE IC5( (assay 1) 49 nM
H4-Cell assay (assay 2) 16 nM

example 121 in

WO 2010/105179

BACE IC5 (assay 1) 107 nM
H4-Cell Assay (assay 2) 16 nM

o)
HZN)/_N ,_Q

example 320 in

WO 2010/105179

BACE ICg (assay 1) 415 nM
H4-Cell Assay (assay 2) 16 nM
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5, and the in vivo efficacy data are presented in Table 3.

Table 3.

Example Dose (mg/kg) | % Ap Reduction
2 30 42
4 25 75
6 50 60
8 25 37
9 25 37

12 25 39
13 30 47
14 25 67
15 25 62
17 25 70
18 25 56
20 25 73
21 50 59
22 12.5 45
23 25 68
26 25 71
28 12.5 30
29 25 78

Method of Treatment

[0054] The present invention is directed to compounds which are useful in the treatment of disorders or diseases
characterized by elevated f-amyloid deposits or f-amyloid levels in a subject wherein the inhibition of the activity of the
B-secretase enzyme (BACE1) is of therapeutic benefit, including but not limited to the treatment, amelioration or prevention
of neurodegenerative disorders, disorders characterized by cognitive decline, cognitive impairment, dementia, and dis-
eases characterized by production of 3-amyloid deposits or neurofibrillary tangles.

[0055] Compounds of the present invention are useful for treatment of Alzheimer’s disease, Trisomy 21 (Down Syn-
drome), Hereditary Cerebral Hemorrhage with Amyloidosis of the Dutch-type (HCHWA-D), senile dementia, cerebral
amyloid angiopathy, degenerative dementia, dementias of mixed vascular and degenerative origin, dementia associated
with Parkinson’s disease, dementia associated with progressive supranuclear palsy, dementia associated with cortical
basal degeneration, diffuse Lewy body type of Alzheimer’s disease, dry age related macular degeneration (AMD), and
glaucoma. The "dry" form of AMD, also known as "central geographic atrophy", results from atrophy to the retinal pigment
epithelial layer below the neurosensory retina, which causes vision loss through loss of photoreceptors (rods and cones)
in the central part ofthe eye. No medical or surgical treatment is currently available for this condition. Treatments available
so far (e.g., suggested by the National Eye Institute) include the use of vitamin supplements with high doses of antioxi-
dants, lutein and zeaxanthin, which may slow the progression of dry macular degeneration. Glaucoma is a disease
where fluid pressure inside the eye increases, causing irreversible damage to the optic nerve and loss of vision. Abeta
colocalizes with apoptotic retinal ganglion cells in experimental glaucoma and induces significant retinal ganglion cell
apoptosis in a dose- and time-dependent manner.

[0056] Accordingly, the present invention relates to a compound or a pharmaceutically acceptable salt thereof for use
as a medicament.

[0057] Furthermore, the presentinvention relates to a compound for use in the treatment of a disease and/or condition
wherein the inhibition of the activity of the B-secretase enzyme (BACE1) is of therapeutic benefit.

[0058] Furthermore, the present invention relates to a compound for use in the treatment of neurodegenerative dis-
orders, disorders characterized by cognitive decline, cognitive impairment, dementia, and diseases characterized by
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production of -amyloid deposits or neurofibrillary tangles.

[0059] Therefore, the present invention relates to a compound of the present invention for use in the treatment of
Alzheimer’s disease, Trisomy 21 (Down Syndrome), Hereditary Cerebral Hemorrhage with Amyloidosis of the Dutch-
type (HCHWA-D), senile dementia, cerebral amyloid angiopathy, degenerative dementia, dementias of mixed vascular
and degenerative origin, dementia associated with Parkinson’s disease, dementia associated with progressive supra-
nuclear palsy, dementia associated with cortical basal degeneration, diffuse Lewy body type of Alzheimer’s disease, dry
AMD, and glaucoma.

[0060] Also disclosed is a method for the treatment of a disorder related to or associated with excessive BACE1 activity
in a patient in need thereof which comprises administering to said patient an effective amount of a disclosed compound
or a pharmaceutically acceptable salt thereof. Disclosed are further methods for inhibiting the activity of BACE1 in a
subject in need thereof, comprising administering to a subject and/or contacting a receptor thereof with an effective
amount of at least one disclosed compound or a pharmaceutically acceptable salt thereof. Described are also methods
of ameliorating -amyloid deposits in a subject in need thereof, comprising administering to said subject an effective
amount of at least one disclosed compound or a pharmaceutically acceptable salt thereof.

[0061] Described is a therapeutic method for treating or ameliorating a BACE1 mediated disorder in a subject in need
thereof comprising administering to a subject in need thereof an effective amount of a compound of the invention
described herein, or pharmaceutically acceptable salts thereof or composition thereof.

[0062] As used herein, the term "subject” and "patient" may be used interchangeably, and means a mammal in need
of treatment, e.g., companion animals (e.g., dogs, cats, and the like), farm animals (e.g., cows, pigs, horses, sheep,
goats and the like) and laboratory animals (e.g., rats, mice, guinea pigs and the like). Typically, the subject is a human
in need of treatment.

[0063] As used herein, the term "treating" or ’treatment"” refers to obtaining desired pharmacological and/or physio-
logical effect. The effect can be prophylactic (i.e., reducing the likelihood of developing the disorder or disease) or
therapeutic, which includes achieving, partially or substantially, one or more of the following results: partially or totally
reducing the extent of the disease, disorder or syndrome; ameliorating or improving a clinical symptom or indicator
associated with the disorder; or delaying, inhibiting or decreasing the likelihood of the progression of the disease, disorder
or syndrome.

[0064] The dose range of the compounds according to the present invention applicable per day is usually from 0.1 to
3000 mg, preferably from 1 to 2000 mg , more preferably from 10 to 1000 mg, most preferably, 50 or 500 mg. Each
dosage unit may conveniently contain from 0.1 to 1000 mg, preferably 25 to 250 mg. The actual pharmaceutically effective
amount or therapeutic dosage will of course depend on factors known by those skilled in the art such as age and weight
of the patient, route of administration and severity of disease. In any case, the combination will be administered at
dosages and in a manner which allows a pharmaceutically effective amount to be delivered based upon patient’s unique
condition.

Pharmaceutical Compositions

[0065] Suitable preparations for administering the compounds of the present invention will be apparent to those with
ordinary skill in the art and include for example tablets, pills, capsules, suppositories, lozenges, troches, solutions, syrups,
elixirs, sachets, injectables, inhalatives and powders, etc. The content of the pharmaceutically active compound(s) should
be in the range from 0.1 to 95 wt.-%, preferably 5 to 90 wt.-% of the composition as a whole.

[0066] Suitable tablets may be obtained, for example, by mixing one or more compounds of the invention with known
excipients, for example inertdiluents, carriers, disintegrants, adjuvants, surfactants, binders and/or lubricants. The tablets
may also consist of several layers.

Combination Therapy

[0067] In one embodiment, the present invention includes combination therapy for treating or ameliorating a disease
oradisorder described herein. The combination therapy comprises administering a combination of at least one compound
of the present invention with one or more agent selected from the group of, for example, gamma-secretase inhibitors or
modulators; amyloid aggregation inhibitors blocking the formation of Abeta oligomers or Abeta fibrils (e.g., ELND-005);
directly or indirectly acting neuroprotective and/or disease-modifying substances; anti-oxidants (e.g., vitamin E or
ginkolide); antiinflammatory substances (e.g., Cox inhibitors, NSAIDs additionally or exclusively having Abeta lowering
properties); HMG-CoA reductase inhibitors (statins); acetylcholinesterase inhibitors (e.g., donepezil, rivastigmine, ta-
crine, galantamine,; tacrine); NMDA receptor antagonists (e.g., memantine); AMPA receptor agonists; AMPA receptor
positive modulators, AMPAKines, monoamine receptor reuptake inhibitors, substances modulating the concentration or
release of neurotransmitters; substances inducing the secretion of growth hormone (e.g., ibutamoren mesylate and
capromorelin); CB-1 receptor antagonists or inverse agonists; antibiotics (e.g., minocyclin or rifampicin); PDE2, PDE4,
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PDE5, PDE9, PDE10 inhibitors, GABAA receptor inverse agonists, GABAA receptor antagonists, nicotinic receptor
agonists or partial agonists or positive modulators, alpha4beta2 nicotinic receptor agonists or partial agonists or positive
modulators, alpha7 nicotinic receptor agonists or partial agonists or positive modulators; histamine H3 antagonists, 5
HT-4 agonists or partial agonists, 5HT-6 antagonists, alpha2-adrenoreceptor antagonists, calcium antagonists, mus-
carinic receptor M1 agonists or partial agonists or positive modulators, muscarinic receptor M2 antagonists, muscarinic
receptor M4 antagonists, metabotropic glutamate-receptor 5 positive modulators, antidepressants, such as citalopram,
fluoxetine, paroxetine, sertraline and trazodone; anxiolytics, such as lorazepam and oxazepam; antiphychotics, such as
aripiprazole, clozapine, haloperidol, olanzapine, quetiapine, risperidone and ziprasidone, and other substances that
modulate receptors or enzymes in a manner such that the efficacy and/or safety of the compounds according to the
invention is increased and/or unwanted side effects are reduced. The compounds according to the invention may also
be used in combination with immunotherapies (e.g., active immunisation with Abeta or parts thereof or passive immu-
nisation with humanised anti-Abeta antibodies or nanobodies) for the treatment of the above-mentioned diseases and
conditions. Combination therapy includes co-administration of the compound of the invention with one or more other
agent, sequential administration of the compound and one or more other agent, administration of a composition containing
a compound and one or more other agent, or simultaneous administration of separate compositions containing the
compound and one or more other agent.

EXPERIMENTAL SECTION
Methods of Preparation of Compounds

[0068] Compounds of the invention can be prepared employing conventional methods that utilize readily available
reagents and starting materials. The reagents used in the preparation of the compounds of this invention can be either
commercially obtained or can be prepared by standard procedures described in the literature.

[0069] Microwave reactions were carried out in CEM reactor using discovery SP system.

[0070] Where NMR data are presented, spectra were obtained in Varian -400 (400 MHz) and are reported as ppm
downfield from tetramethylsilane with number of proton, multiplicities and coupling constants indicated parenthetically
along with reference to deuterated solvent.

[0071] Compounds were purified by basic preparative HPLC method as described below.

Method 1:
[0072]
Mobile phase A: water with 0.05% ammonia solution; Mobile phase B: ACN; Flow rate: 25 mL/min;

Detection: UV 220 nm / 254 nm; Column: Phenomenex Gemini C18 250*30mm*5um
Column temperature: 30°C

Time in min %A %B
0.0 68 32
12.00 38 62
12.20 0 100
13.5 0 100
13.7 20 10

Method 2:

[0073]

Mobile phase A: water with 0.05% ammonia solution; Mobile phase B: ACN; Flow rate: 25 mL/min;
Detection: UV 220 nm / 254 nm; Column: Durashell C18 250*30mm*5um; Column temperature: 30°C

Time in min %A %B
0.0 67 33
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(continued)

Timein min %A %B
12.00 47 53
12.20 0 100
13.5 0 100
13.7 90 10

[0074] LC-MS data were obtained by utilizing the following chromatographic condition:
HPLC System: Waters ACQUITY; Column: Waters ACQUITY CSH™ C18 1.7 uM
Guard column: Waters Assy. Frit, 0.2uM, 2.1 mm; Column tem: 40 °C

Mobile Phase: A: TFA: Water (1 : 1000, v:v) Mobile phase B: TFA: ACN (1: 1000, v:v); Flow Rate: 0.65 mL/min;
Injection Volume: 2 pL; Acquisition time: approximately 1.5 min.

Gradient Program:
[0075]

Time (min) B%

0 10
0.8 90
1.20 90
1.21 10

Mass Spectrometer Parameters

[0076] Mass Spectrometer: Waters SQD; lonization: Positive Electrospray lonization (ESI); Mode Scan (100-1400
m/z in every 0.2 second); ES Capillary Voltage:3.5 kv; ES Cone Voltage: 25 v Source Temperature : 120 °C; Disolvation
Temperature: 500 °C; Desolvation Gas Flow: Nitrogen Setting 650 (L/h); Cone Gas Flow: Nitrogen Setting 50 (L/h)
[0077] For Example 10, step 2, and the alternative synthesis of intermediate 38, step 1 and 2, the following chro-
matographic conditions and instrumentation were used:

LC-MS data were obtained by utilizing the following chromatographic condition:

HPLC System:  Agilent 1100 Series

Column: Zorax Eclipse XDB-C8, 2.1x50mm

Column tem: 35°C

Mobile Phase: A:FormicAcid :Water (1 : 1000, v:v)
B: Formic Acid : ACN (1: 1000, v:v)

Gradient Program:
[0078]

Time (min) B%

0 5
3 95
4.5 95
5.0 5
Flow Rate: 0.60 mL/min

Injection Volume: 2 L
Retention Times:  Approximately 1-4 min
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(continued)

Acquisition time: approximately 5 min
Mass Spectrometer Parameters
Mass Spectrometer: Agilent 77
[0079]
lonization Positive Electrospray lonization (ESI)
Mode Scan (100-800 m/z in every 0.2 second)
ES Capillary Voltage: 3.5 kv
ES Cone Voltage: 25v
Source Temperature 120 °C
Disolvation Temperature: 500 °C
Desolvation Gas Flow: Nitrogen Setting 650 (L/h)
Cone Gas Flow: Nitrogen Setting 50 (L/h)

[0080] For Example 27 the following chromatographic conditions and instrumentation were used:

HPLC System: Waters Alliance / DA- und MS-Detector
Column: Waters XBridge C18,4.6 x 30 mm, 3.5um
Gradient Program: Time % Sol % Sol Flow [ml/min]  Temp [°C]

[min] [H20,0.1%TFA]  [Methanol]

0.0 95 5 4 60

1.6 0 100 4 60

1.85 0 100 4 60

1.9 95 5 4 60

[0081] SFC separation and characterization of compounds were carried out under the following method.
Method A:

[0082] Instrument: Thar SFC 80; Column: AD 250mm*30mm, Sum; Mobile phase: A: Supercritical CO,, B: IPA (0.05%
DEA), A: B =80:20 at 60ml/min; Column Temp: 38 °C; Nozzle Pressure: 100 Bar; Nozzle Temp: 60 °C; Evaporator Temp:
20 °C; Trimmer Temp: 25 °C; Wavelength: 220nm.

Method B:

[0083] Instrument: SFC MG2; Column: OJ 250mm*30mm, 5um; Mobile phase: A: Supercritical CO,, B: MeOH(0.05%
DEA), A:B =90:10 at 70ml/min; Column Temp: 38 °C; Nozzle Pressure: 100 Bar Nozzle Temp: 60 °C; Evaporator Temp:
20 °C; Trimmer Temp: 25 °C; Wavelength: 220nm

[0084] The following techniques, solvents and reagents that may be referred by their following abbreviations:

Abbreviation Meaning

ACN acetonitrile

Boc tert-butoxy carbonyl or t-butoxy carbonyl
brine saturated aqueous NaCl

DCM methylene chloride

DIEA diisopropyl ethyl amine

DMF dimethyl formamide
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(continued)

Abbreviation

Meaning

DMSO

dimethyl sulfoxide

dppf 1,1-bis(diphenylphosphino)ferrocene
EDCI 1-(3-dimethylaminopropyl)-3-ethylcarbodiiimide hydrochloride
Etl ethyl iodide

Et ethyl

Et,O ethyl ether

EtOAc ethyl acetate

EtOH ethanol

HPLC high performance liquid chromatography
LDA lithium diisopropylamide

MeOH methanol

Mel methyl iodide

Me methyl

Me,S dimethyl sulfide

MsCI methane sulfonyl chloride

NaOMe sodium methoxide

PdCl,dppf [1,1-bis(diphenylphosphino)ferrocene] dichloropalladium(ll)
Pd2(dba), tris(dibenzylideneacetone)dipalladium(0)
PE petroleum ether

rt room temperature

SFC super critical fluid chromatography
t-BuOK potassium tert butoxide

t-BulLi tert butyl lithium

t-BuNH,-BH3 tert butylamin-borane complex

t-BuOOH tert butyl peroxide

TFA trifluoroacetic acid

TFAA trifluoroacetic acid anhydride

THF tetrahydrofuran

TLC thin layer chromatography

Ti(OEt), titanium tetraethoxide
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Step 1: Synthesis of intermediate 3

[0086]

O  tBuOK,THF
Br methyl acrylate Br L|CI DMSO
DMF CH3CH,l 140 °C
CO,Me

[0087] A mixture of compound 1 (50.0 g, 236 mmol) and methyl acrylate (42.0 g, 472 mmol) in anhydrous THF (900
mL) was pre-cooled at 0°C and -BuOK (31.8 g, 284 mmol, 1.1 eq) was added in equal portion over 30 min, the mixture
was then warmed up to rt over 1 h and was stirred for 40 min at rt. DMF (200mL) and Etl (74 g, 472 mmol) were added
to this reaction mixture, and stirred at rt overnight. THF was removed under reduced pressure. The residue was diluted
with H,O (300 mL) and extracted with EtOAc, concentrated to afford the crude compound 2 (120.0 g). This product was
used as is for next step.

[0088] A mixture of compound 2 (120.0 g, 310 mmol) and LiCI (130.0 g, 3100 mmol) in DMSO (200 mL) was refluxed
overnight. The mixture was quenched with water (3L) and extracted with EtOAc (3 X 400 mL). The separated organic
phase was dried and concentrated under reduced pressure. The residue was purified by column chromatography on
silica gel (petroleum ether: EtOAc = 20:1) to give intermediate 3 (15 g, 20%).

TH NMR: (CDCl3): § 7.91 (s, 1H), 7.74 (dd, J = 8.0 Hz, 1H), 7.41 (d, J = 8.0 Hz, 1H), 3.80 (s, 2H), 2.48-2.53 (m, 2H),
2.33-2.49 (m, 1H), 2.15-2.23 (m, 1H), 1.75-1.95 (m, 4H), 1.21-1.40 (m, 1H), 0.88 (t, J = 8.0 Hz, 3H).

Step 2: Synthesis of intermediate 5

[0089]

O NaH,DMF
Br NaBH,, OH —
O MeoH

[0090] To a mixture of THF (20 mL) and MeOH (5 mL) at-78 °C was added intermediate 3 (6.0 g, 18.7 mmol), NaBH,
(355 mg, 9.3 mmol) and CeCl,;.7H,0 (70 mg, 0.19 mmol). The mixture was stirred at -78 °C for 20 min, quenched with
satd. NH,Clsolution (30 mL), and extracted with EtOAc (400 mL X 4). The EtOAc phases were combined and concentrated
to afford a crude compound 4 (6.5 g, crude).

To a mixture of compound 4 (6.5 g, 20.0 mmol) and NaH (3.2 g, 80.0 mmol) in DMF (100 mL) at 0°C was added Mel
(11.4 g, 80.0 mmol). The mixture was stirred at rt overnight. The mixture was quenched with H,O, extracted with EtOAc,
concentrated to afford the crude product, which was purified by column on silica gel (eluent: petroleum ether: ethyl
acetate from 20: 1 to 15: 1) to afford intermediate 5(3.5 g, 56%).

LC-MS: tg = 1.315 min, MS (ESI) m/z 339.1 [M+H]*.

TH NMR: (CDCly): § 7.88 (s, 1H), 7.69 (dd, J = 8.4, 2.0 Hz, 1H), 7.31 (d, J = 8.4 Hz, 1H), 3.39 (s, 3H), 2.97 (s, 2H),
2.88-2.94 (m, 1H), 2.21-2.26 (m, 1H), 1.81-1.87 (m, 1H), 1.70-1.78 (m, 1H), 1.40-1.59 (m, 4H), 1.12-1.39 (m, 2H), 0.88
(t, J = 8.0 Hz, 3H).
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Step 3: Synthesis of intermediate 6A & 6B

[0091]

0 .

yo

0O .S
Br HaN" o)
' 'OCH3 —_—
Ti(OEt)4
THF, reflux

[0092] The mixture of intermediate 5 (3.5 g, 10.4 mmol) and titanium (IV) ethoxide (23.7 g, 104 mmol) in dry THF (40
mL) was stirred at rt for 1 h. (S)-N-tert-butylsulfinamide (1.6 g, 11.6 mmol) was added and the resulting mixture was
stirred at 80 °C under N, atmosphere overnight. The reaction mixture was then cooled and water (400 mL) was added
and filtered. The aqueous layer was extracted with EtOAc (3 X 400 mL). The separated organic phases were combined
and dried and concentrated under reduced pressure. The residue was purified by column chromatography on silica gel
(petroleum ether: EtOAc = 20:1) and compounds eluted in the following order to give intermediate 6A (1.5 g, 33%) and
6B (1.5 g, 33%).

Step 4: Synthesis of intermediate 7B

[0093]

OEt

1) LiT

—_—

6B 7B

[0094] To a mixture of ethoxy-ethene (1.3 g, 17.0 mmol) in anhydrous THF (20 mL) at -78 °C under a N, atmosphere,
t-BuLi (13.0 mL, 17.0 mmol, 1.3 M in hexane) was added drop wise and stirred for 20 min. The resulting mixture was
then stirred at 0 °C for an additional 45 min. To this mixture at -78 °C, intermediate 6B (1.5 g, 3.4 mmol) was added
drop wise in anhydrous THF (20 mL) and stirred for 2.5 h. The reaction was quenched with sat. NH,CI (60 mL) and
extracted with EtOAc (3 X 300 mL). The organic phases were combined and concentrated to give the residue and which
was purified by column on silica gel (petroleum ether: EtOAc = 20: 1) to afford intermediate 7B (1.2 g, 69%).

Step 5: Synthesis of intermediate 8B

[0095]

i 03, CH2C|2, -78°C Br.

ii. DMS, -78 °C tor t.
7B 8B

[0096] Intermediate 7B (1.2 g, 2.4 mmol) was added to DCM: MeOH (5:1, 20 mL), the mixture was chilled to - 78 °C
and ozone was bubbled through the mixture for 20 min. The mixture was then purged with N, and treated with Me,S at
-78 °C. The reaction was then allowed to warm to rt and stirred for 3 h. The solvent was removed under vacuum, the
residue was purified by preparative TLC (petroleum ether: EtOAc = 3: 1) to give compound 8B (860 mg, 70%).
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LC-MS: tg = 1.351 min, MS (ESI) m/z 516.1 [M+H]*.Step 6: Synthesis of intermediate 9B

8B 9B

[0097] To compound 8B (860 mg, 1.7 mmol) in MeOH (10 mL) was added a 4 M HCI solution in dioxane (2 mL). The
resulting mixture was stirred for 30 min. Solvent was removed under reduced pressure to afford crude compound 9B
(800 mg). The residue was used for next step without further purification.

Step 7. Synthesis of intermediate 10B

[0098]

OFEt

Br NC

Zn(CN),, Pd(dba);

110CH3 >
Zn, dppf, DMF

9B 10B
[0099] A suspension of intermediate 9B (500 mg, 1.9 mmol), Zn(CN), (300 mg, 2.6 mmol), Pd,(dba); (150 mg, 0.16
mmol), dppf (160 mg, 0.32 mmol) and Zn dust (60 mg, 0.9 mmol) in DMF (15 mL) was heated under 120 °C for 3 h in

CEM microwave reactor. The mixture was concentrated under vacuum and the residue was purified by column on silica
gel (eluent: petroleum ether: EtOAc from 20: 1 to 8: 1) to afford compound 10B (150 mg, 40%).

Step 8: Synthesis of intermediate 11B

[0100]

10B 1B

[0101] Intermediate 10B (150 mg, 0.42 mmol) was added to DCM (10 mL), H,O (10 mL) and NaHCOg4 (350 mg, 4.2
mmol). To this mixture was added thiophosgene (100 mg, 0.84 mmol) under vigorous stirring, and stirred for 50 min at
rt and extracted with DCM (3 X 40 mL). The organic layer was washed with brine (2 X 40 mL), dried and solvent was
removed under reduced pressure to afford crude compound 11B (150 g, 93%), which was used for next step without
further purification.

Step 9: Synthesis of intermediate 128B

[0102]
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N
=
_— >

11B 12B
[0103] To a mixture of compound 11B (150 mg, 0.32 mmol) in THF (5 mL) was added 2-aminomethylpyrimidine (67
mg, 0.78 mmol) and TEA (395 mg, 3.90 mmol). The mixture was stirred overnight at rt. The reaction was diluted with

water and extracted with EtOAc (30 mL). The residue was purified by column chromatography (petroleum ether: ethyl
acetate = 10: 1) to afford 12B (100 mg, 70%). LC-MS: tg = 1.204 min MS (ESI) m/z 462.2 [M+H]*.

Step 1: Synthesis of Example 1

[0104]

t-BUOOH, NH3-H20 NC
\OCHs MeOH

12B

[0105] Compound 12B (100 mg, 0.22 mmol) in MeOH (10 mL) and NH,OH (3 mL) was added followed by t-BuO,H
(1 mL). After the addition, the mixture was stirred at rt for 24 h. To the mixture was quenched with saturated Na,S,04
(0.5 mL) solution. The residue was partitioned between EtOAc (20 mL) and H,0 (10 mL). The organic layer was separated
and washed with brine (10 mL), dried, filtered and concentrated under vacuum. The residue was purified by HPLC
(method 1) to give compound Example 1 (14.60 mg, 15%).

LC-MS: tg = 0.933 min, MS (ESI) m/z 445.2 [M+H]*.

H NMR: (CD40D): § 8.74 (d, J = 5.2 Hz, 2H), 7.61 (dd, J = 7.6, 1.6 Hz, 1H), 7.52 (s, 1H), 7.45 (d, J = 8.0 Hz, 1H), 7.35
(t, J = 5.2 Hz, 1H), 4.94 (s, 2H), 3.38 (s, 3H), 3.17 (s, 2H), 2.80-2.87 (m, 1H), 2.08-2.13 (m, 1H), 1.90-1.94 (m, 1H),
1.38-1.85 (m, 2H), 1.22-1.39 (m, 3H), 1.12-1.18 (m, 2H), 0.76 (t, J = 8.0 Hz, 3H).

Example 2

[0106]

[0107] This compound was synthesized from intermediate 10B from Example 1 as shown in scheme below.
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/

EDCI, DIEA, DMF, rt.

10B 14 Example 2

Step 1: Synthesis of intermediate 13

[0108] To a stirred solution of thiourea (23 g, 302 mmol) in THF (5.0 L) under argon at 0 °C were added sodium hydride
(29.9 g, 755 mmol, 60% in mineral oil). After 5 min, the ice bath was removed, and the reaction mixture was stirred at
room temperature for 10 min. The mixture was cooled to 0 °C again, di-tert-butyl dicarbonate (138 g, 635 mmol) was
added, and the ice bath was removed after 30 min of stirring at that temperature. The resulting slurry was stirred for
another 2 h atrt. Then the reaction was quenched with an aqueous solution of saturated NaHCO4 (500 mL). The reaction
mixture was poured into water (5.0 L) and extracted with EtOAc (3 X 2.0 L). The combined organic layer was dried,
filtered, and concentrated in vacuo to give intermediate 13 (80 g, 96%) as a white solid, which was used for next step
without further purification.

[0109] To a mixture of intermediate 13 (4.14 g, 15.0 mmol) and anhydrous THF (300 mL) was added NaH (60% in
mineral oil, 720 mg, 18.0 mmol) at 0 °C. The reaction mixture was stirred at 0 °C for 1 h, then TFAA (3.47 g/2.33 mL,
16.5 mmol) was added and the stirring continued for an additional 1 h. Then, 4-(aminomethyl)tetrahydropyran (2.5 g,
16.5 mmol) and Et3N (3.03 g/4.16 mL, 30.0 mmol) in anhydrous THF (130 mL) was added and the resulting reaction
was stirred at rt overnight. H,O (150 mL) was added to quench the reaction and the mixture was extracted with EtOAc
(3 X 200 mL). The combined organic layers were dried, and the solvent was removed under reduced pressure. The
residue was purified by flash column chromatography to afford compound 13 (3.54 g, 86%) as a white solid.

LCMS: tg = 0.973 min; MS (ESI) m/z 219 [M-t-Bu]*.

Step 2: Synthesis of intermediate 14

[0110] To a mixture of compound 10B (2.5 g, 7.0 mmol) in 30 mL of DMF was added compound 13 (2.3 g, 8.4 mmol),
EDCI (2.5 g, 14.0 mmol) and DIEA (1.7 g, 14.0 mmol). The mixture was stirred at rt overnight. It was extracted with
EtOAc (3 X 80 mL), washed with brine (3 X 50 mL), dried and the solvent was removed under reduced pressure. The
residue was purified by column chromatography (petroleum ether: ethyl acetate = 5: 1) to afford 14 (2.7 g, 75%).
LC-MS: tg = 0.972 min, MS (ESI) m/z 495.3 [M-t-Bu]*.

Step 3: Synthesis of Example 2

[0111] To a mixture of intermediate 14 (2.7 g, 4.9 mmol) in DCM (30 mL) was added TFA (6 mL). After the addition,
the mixture was stirred at rt for 1 h. The reaction mixture was adjusted by NaHCO;, solution to pH 8.0-9.0. The organic
layer was concentrated under reduced pressure. The residue was purified by column chromatography (petroleum ether:
ethyl acetate = 1: 1) to give compound Example 2 (1.83 g, 83%) as a white solid.

LC-MS: tg = 0.897 min, MS (ESI) m/z 451.2 [M+H]*.

TH-NMR: (CD40D): § 7.66 (dd, J = 8.0, 1.6 Hz, 1H), 7.51 (d, J = 7.6 Hz, 1H), 7.33 (s, 1H), 3.92-3.98 (m, 2H), 3.37-3.43
(m, 7H), 3.20 (m, 2H), 2.78-2.83 (m, 1H), 2.16-2.20 (m, 1H), 1.87-2.03 (m, 1H), 1.71-1.77 (m, 1H), 1.58-1.62 (m, 1H),
1.51-1.54 (m, 2H), 1.28-1.37 (m, 7H), 1.09-1.10 (m, 1H), 0.76 (t, J = 7.6 Hz, 3H).

Example 3

[0112]

22



10

15

20

25

30

35

40

45

50

55

EP 2 822 930 B1

Synthesis of intermediate 18

[0113]
0 OH F , F
MeMgBr DAST, CH,Cl, HCl-dioxane
NHBoc ————™ NHBoc ——— NHBoc —
\OJ\/ THF -78°C-rt. }\/ >K/NH2 HCl
15 16 17 18

Step 1: Synthesis Intermediate 16

[0114] Mixture of compound 15 (2.0 g, 10.6 mmol) in anhydrous THF (20 mL) was added to a solution of methyl
magnesium bromide (14 mL, 42 mmol, 3.0 M in Et,0) at -30 °C under a nitrogen atmosphere. The mixture was stirred
at -30 °C for 4 h, and then quenched by addition of water (40 mL) and aq. HCI (50 mL, 1 M) with stirring at 0 °C. The
mixture was separated, and the aqueous layer was extracted with EtOAc (2 X 50 mL). The combined organic layers
were washed with brine (2 X 50 mL), dried, filtered and concentrated under vacuum to give the crude intermediate 16
(2.1 g, 100% crude) as a colorless oil, which was used directly in next step without purification.

TH NMR: (CDClg): § 4.97 (br, 1H), 3.10 (s, 2H), 2.17 (br, 1H), 1.44 (s, 9H), 1.20 (s, 6H).

Step 2: Synthesis of Intermediate 17

[0115] To a mixture of intermediate 16 (3.0 g, 15.9 mmol, crude) in anhydrous DCM (50 mL) was added DAST (2.3
mL, 17.4 mmol) at -78 °C under a nitrogen atmosphere. The mixture was stirred at-78 °C for 1 h, and allowed to warm
to rt overnight. The mixture was then cooled to 0 °C, and quenched by addition of saturated aqueous layer NaHCO; (30
mL) with stirring at 0 °C slowly. The mixture was separated, and the aqueous layer was extracted with DCM (2 X 20
mL). The combined organic layers were washed with brine (2 X 30 mL), dried, filtered and concentrated under vacuum
to give the crude intermediate 17 (2.5 g, 76% crude), which was used directly in next step without purification.

TH NMR: (CDCl3): § 4.82 (br, 1H), 3.30-3.35 (d, J = 6.0 Hz, 1H), 3.24-3.26 (d, J = 6.0 Hz, 1H), 1.44 (s, 9H), 1.37 (s, 3H),
1.35 (s, 3H).

19F NMR: (CDCl3 400 MHz): 5-144.93.

Step 3: Synthesis of Intermediate 18

[0116] To a mixture of intermediate 17 (2.0 g, 10.5 mmol, crude) in anhydrous DCM (10 mL) was added a mixture of
HCl-dioxane (10 mL, 40 mmol, 4 M in dioxane) with stirring. The mixture was stirred at rt for 2 h after which time the
solvent was concentrated under vacuum The residue was washed with a mixture of DCM: petroleum ether (1:1) (3 X
10 mL), and the precipitate was collected and dried under vacuum to give the crude compound 18 (1.1 g), which was
used directly in the next step without purification.

TH NMR: (CD50D): § 3.15-3.25 (d, J = 20.0 Hz, 2H), 1.51 (s, 3H), 1.48 (s, 3H).

19F NMR: (CDCl3 400 MHz): 5-147.59.

Example 3

[0117]

[0118] Example 3 was synthesized from intermediate 11B from Example 1 following the same procedure as in Example
1 and utilizing intermediate 18 in step 9 of Example 1.

LC-MS: tg = 1.12 min, MS (ESI) m/z 427 [M+H]*.

TH-NMR: (CD40D) § 7.65 (dd, 1H, J =8, 2 Hz), 7.51 (d, 1H, J = 8 Hz), 7.31 (s, 1H), 3.72 (dd, 2H, J = 22, 4 Hz), 3.37 (s,
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3H), 3.20 (ap q, 2H, J = 16 Hz), 2.82 (m, 1H), 2.18 (m, 1H), 1.90 (m, 1H), 1.79-1.70 (m, 1H), 1.52-11.22 (m, 10H),
1.21-1.09 (m, 1H), 0.77 (t, 3H, J = 7 Hz).

Example 4

[0119]

Synthesis of intermediate 25

[0120]
o) o_CN :‘0 CN F—OH
CICH,CN HF/Pyridine NaBH,
—_— >
DCM 2-Propanol:H,0=4:1 0
0] o) 0
19 20 21 22
F OMs F NH,
MsCI, Et;N _NaN; _Pdc
—>
o NaHCO3 Ha o
z 24 25

Step 1: Synthesis of intermediate 20

[0121] A mixture of dihydro-2H-pyran-4(3H)-one (19, 50.0 g, 500 mmol) and 2-chloroacetonitrile (35.0 g , 350 mmol)
in tert-butanol (50 mL) was stirred for 30 min. To this mixture was added a solution of ~BuOK (60 g, 550 mmol) in tert-
butanol (500 mL) over 40 min. The reaction mixture was stirred at rt for 16 h. It was diluted with water and quenched
with 10% HCI. The reaction mixture was concentrated to one-third of its original volume, and extracted with diethyl ether
four times. The combined organic layers were washed with brine, dried over MgSQ,, filtered, and concentrated to afford
intermediate 20 (57 g), which was used directly in next step without purification.

Step 2: Synthesis of intermediate 21

[0122] Intermediate 20 (57 g) was mixed with dichloromethane (200 mL) in a polypropylene bottle. The bottle was
cooled to 0 °C and 70% hydrogen fluoride-pyridine (50 mL) was added slowly. The mixture was allowed to warm to room
temperature overnight. The reaction mixture was diluted with ethyl acetate (500 mL) and poured into saturated aqueous
NaHCO,. Additional solid NaHCO4 was used to neutralize the mixture carefully until bubbling ceased. The organic layer
was isolated, and the aqueous layer was extracted with ethyl acetate (3 X 500 mL). The combined organic layers were
washed with 1% aqueous HCI solution, brine, dried (MgSQy,), filtered and concentrated to give crude intermediate 21
(54 g), which was used directly in the next step without purification.

TH NMR: (CDCly): § 4.37 (m, 2H), 3.96-2.70 (m, 4H), 1.97-1.81(m, 4H).
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Step 3: Synthesis of intermediate 22

[0123] To a mixture of intermediate 21 (54 g; 340 mmol) in 2-propanol (1000 mL) and water (250 mL) at 0°C was
added sodium borohydride (20 g, 509 mmol). The mixture was stirred and allowed to warm to rt over 3 h. The reaction
was quenched with acetone, and stirred for another 1 h. The clear liquid was separated from solid by decanting. Additional
EtOAc was used to wash the solid, and was decanted. The combined organic solution was concentrated. The residue
was purified with flash column chromatography on silica gel eluting with 5-20% EtOAc in hexanes to give intermediate
22 (22 g, 40% for 3 steps) as a liquid.

TH NMR: (CDCly): 8:3.82-3.77 (m, 4H), 3.72-3.52 (dd, J = 20.8, 6.4 Hz, 2H), 2.69(s, 1H), 1.82-1.60 (m, 4H).

Step 4: Synthesis of intermediate 23

[0124] To a mixture of intermediate 22 (20 g, 150 mmol) and triethylamine (22.7 g, 225 mmol) in DCM (200 mL) was
added MsCI (25.8 g, 225 mmol) at 0 °C. The mixture was stirred at rt for 2 h, and then water was added. The aqueous
layer was extracted with DCM (2 X 200 mL). The solvent was dried and removed to afford crude intermediate 23 (30 g,
100%), which was used for the next step without further purification.

TH NMR: (CDCly): 8:4.22 (d, J = 20.0 Hz, 2H), 3.87-3.82 (m, 4H), 3.06(s, 3H), 1.88-1.68 (m, 4H).

Step 5: Synthesis of intermediate 24

[0125] To a mixture of intermediate 23 (10 g, 47 mmol) with DMF (150 mL) was added NaN; (16 g, 250 mmol) and
NaHCO3; (9.3 mg, 100 mmol) at 120 °C. The mixture was stirred at 120 °C for 20 h, the reaction quenched with water,
extracted with EtOAc (2 X 300 mL). The solvent was dried and removed under vacuum to afford crude intermediate 24
(8 @), which was used for the next step without further purification.

Step 6: Synthesis of intermediate 25

[0126] To a mixture of intermediate 24 (8 g, 50 mmol) in ethyl acetate (100 mL) was added Pd/C (0.8 g, 10% content)
under a nitrogen atmosphere, the mixture was degassed and exchanged with hydrogen for 3 times. The final mixture
was stirred at room temperature under 1 atm. hydrogen atmosphere for 24 h. The catalyst was filtered off through a pad
of Celite® and washed with EtOAc (2 X 50 mL). The combined filtrate was concentrated under reduced pressure to give
intermediate 25 (5.3 g, 80%). "H NMR: (CD50D): § 3.83-3.79 (m, 4H), 2.76-2.71 (d, J = 8.0 Hz, 2H), 1.83-1.65 (m, 4H).
19F NMR: (CD30D, 400 MHz) &: -169.66.

Example 4

[0127]

[0128] Example 4 was synthesized from intermediate 11B following the same procedure as described for Example 1
utilizing intermediate 25 instead of 2-pyrimidylmethanamine in step 9.

LC-MS: tg = 0.98 min, MS (ESI) m/z 469 [M+H]*.

TH-NMR: (CD30D) & 7.64 (d, 1H, J = 8 Hz), 7.50 (d, 1H, J = 8 Hz), 7.31 (s, 1H), 3.84-3.65 (m, 6H), 3.36 (s, 3H), 3.19
(ap q, 2H, J =16 Hz), 2.81 (m, 1H), 2.17 (m, 1H), 1.89-1.66 (m, 6H), 1.50-1.37 (m, 3H), 1.34 (m, 2H), 1.20-1.11 (m, 1H),
0.76 (t, 3H, J = 8 Hz).

Example 5

[0129]
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Step 4: Synthesis of intermediate 7A

[0130]

[0131] To a mixture of ethoxyethene (1.3 g, 17.0 mmol) in anhydrous THF (20 mL) at -78 °C under a N, atmosphere
was added dropwise £-BulLi (13.0 mL, 17.0 mmol, 1.3 M in hexane) and the mixture stirred for 20 min. The resulting
mixture was then stirred at 0 °C for another 45 min and compound 6A (1.5 g, 3.4 mmol) in anhydrous THF (20 mL) was
added and stirred for 2.5 h. The reaction was quenched with sat. NH,CI (50 mL) and extracted with EtOAc (3 X 300
mL). The organic phases were combined and concentrated to give a crude product. It was purified by column on silica
gel (petroleum ether: EtOAc= 20: 1) to afford compound 7A (1.2 g, 69%) which was used as is for the next step.

Step 5: Synthesis of intermediate 8A

[0132]

e
:J"§4 OEt

i. 03, CH2C|2, -78 OC Br

[
'

ii. DMS, -78 °C to r.t.

[0133] A mixture of compound 7A (1.2 g, 2.4 mmol) in DCM: MeOH = 5:1 (20 mL), was chilled to -78 °C and ozone
was bubbled through the mixture for 20 min. The mixture was purged with N, and treated with Me,S (5 mL) at -78 °C,
then allowed to warm to rt and stirred for 3 h. The solvent was removed under vacuum, the residue was purified by
preparative TLC (petroleum ether: EtOAc= 3: 1) to give compound 8A (860 mg, 70%). LC-MS: tg = 1.333 min; MS (ESI)
m/z 516.1 [M+H]*.

Step 6: Synthesis of intermediate 9A

[0134]
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4M HCl in Dioxane Br

>

[0135] To a mixture of compound 8A (860 mg, 1.7 mmol) in MeOH (10 mL) was added a 4 M HCI solution in dioxane
(2 mL). The resulting mixture was stirred for 30 min at rt. Solvent was removed under reduced pressure to afford crude
compound 9A (800 mg) which was used for the next step without further purification. LC-MS: tg = 0.976 min; MS (ESI)
m/z 361.1 [M+H]*.

Step7: Synthesis of intermediate 10A

[0136]

Zn(CN),, Pd(dba)s
Zn, dppf, DMF

! IOCH3

9A 10A

[0137] A mixture of compound 9A (500 mg, 1.9 mmol), Zn(CN), (300 mg, 2.6 mmol), Pdy(dba); (150 mg, 0.16 mmol),
dppf (160 mg, 0.32 mmol) and Zn dust (60 mg, 0.9 mmol) in DMF (15 mL) was heated to 120 °C for 3 hin CEM microwave
reactor. The mixture was concentrated under vacuum and the residue was purified by column on silica gel (eluent:
petroleum ether: EtOAcfrom 20: 1 to 8: 1) to afford compound 10A (300 mg, 40%). LC-MS: tg = 0.880; MS (ESI) m/z
308.1 [M+H]*.

Step 8: Synthesis of intermediate 11A

[0138]

10A 1A

[0139] To a mixture of 10A (300 mg, 0.84 mmol) in DCM (10 mL), H,O (10 mL) and NaHCO4 (655 mg, 8.4 mmol) was
added thiophosgene (180 mg, 1.68 mmol). The mixture was stirred for 50 min, then extracted with DCM (3 X 40 mL),
washed with brine (2 X 40 mL), dried and the solvent was removed under reduced pressure to afford crude compound
11A (300 g,), which was used for the next step without further purification.

Step 9: Synthesis of intermediate 12A

[0140]
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1A 12A

[0141] Tocompound11A (200 mg, 0.50 mmol) in THF (10 mL) was added to R-(2-aminomethyl)tetrahydrofuran (6 1mg,
0.6 mmol) and triethylamine (2 mL, 5.0 mmol). The mixture was stirred at rt overnight. The reaction was diluted with
water and extracted with EtOAc (30 mL). The residue was purified by column chromatography (petroleum ether: EtOAc=
10: 1) to afford 12A (180 mg, 79%).

Step 10: Synthesis of Example 5

[0142]

12A

[0143] A mixture of intermediate 12A (250 mg, 0.54 mmol) in MeOH (10 mL) and NH,OH (3 mL) was added a solution
of £BuO,H (1 mL, 9M in hexane) and stirred at rt for 24 h. The reaction was quenched by saturated Na;S,04 (0.5 mL).
The residue was partitioned between EtOAc (20 mL) and H,O (10 mL). The organic layer was separated and washed
with brine (10 mL), dried, filtered and concentrated under vacuum. The residue was purified by HPLC (method 1) to give
Example 5 (89.10 mg, 52%).

LC-MS: tR = 0.971 min, MS (ESI) m/z 437.2 [M+H]*.

TH NMR: (CD30D): § 7.60 (dd, J = 8.0, 1.6 Hz, 1H), 7.46 (d, J = 7.6 Hz, 1H), 7.28 (s, 1H), 4.08-4.01 (m, 1H), 3.63-3.90
(m, 4H), 3.33 (s, 3H), 3.09-3.20 (m, 2H), 2.74-2.79 (m, 1H), 1.80-2.06 (m, 5H), 1.65-1.78 (m, 1H), 1.55-1.64 (m, 2H),
1.29-1.35 (m, 3H), 1.07-1.29 (m, 1H), 0.89-0.96 (m, 1H), 0.85 (t, J = 7.6 Hz, 3H).

Example 6

[0144]

Step 1: Synthesis of intermediate 27

[0145]
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tBuOK, THF 0
methyl acrylate  Br L|CI DMSO Br
DMF, CH3| 0 140 OC

26 COzMe

[0146] An oven dried 3 L flask charged with of 6-bromo-1-indanone (100 g, 473.8 mmol), methyl acrylate (86.4 g, 90
mL, 995 mmol, 2.1 eq) and anhydrous THF (800 mL), the flask was immersed in an ice-water cooling bath and stirred.
Initially, tBuOK (0.5 g) was added carefully, after 2 min, second portion of tBuOK (0.5 g) was added. The cooling bath
was removed and remaining tBuOK (63 g) was added in even portions over 20 min (total 64 g, 568.6 mmol, 1.2 eq).
The mixture was stirred for another 2 h at rt. DMF (240 mL) was added to the reaction mixture, followed by Mel (134.6
g, 60 mL, 947.6 mmol, 2.0 eq) and the mixture was stirred for another 2 h. The reaction was quenched with 10% citric
acid solution. Then the reaction mixture was concentrated under reduced pressure to remove most solvent before it was
filtered. The cake was washed with water, followed by MeOH to give the crude intermediate 26 (200 g) which was used
in the next step directly.

_LiOHH0 |
THF/HZO 1:1
CO,Me

[0147] To a solution of compound 26 (200 g, 547.6 mmol, crude) in THF/H,O (1.8 L/1.8 L) was added LiOH.H,0 (92
g,2190 mmol, 4.0 eq). The mixture was stirred for 16 h at rt and then 12 h at 70°C. The reaction mixture was concentrated
under reduced procedure to remove THF and filtered. The cake was washed with H,O, and then it was stirred with
MeOH (50 mL) for a few min and filtered again, and washed with additional amount of MeOH (50 mL). The solid was
collected to give intermediate 27 (75 g, 51.7%).

Step 2: Synthesis of intermediate 29

[0148]

o
Br. NaH, DMF
NaBH, CeCly7HO O
27

[0149] A three neck flask was charged with CeCl3.7H,0 (1.2 g, 3.3 mmol) and anhydrous MeOH (60 mL) under a
nitrogen atmosphere and stirred to yield clear solution. Compound 27 (10.0 g, 32.6 mmol) and anhydrous THF (240
mL) were added under nitrogen atmosphere, the mixture was cooled down to -78 °C. NaBH, (0.4 g, 13.0 mmol) was
added at -78 °C under a nitrogen atmosphere with vigorous stirring. The mixture was stirred at -78 °C for 20 min. The
reaction mixture was quenched by addition of saturated aqueous NH,CI (100 mL) and H,O (200 mL) at -78 °C with
stirring. The mixture was slowly allowed to warm to ambient temperature. The mixture was extracted with EtOAc (3 X
150 mL). The combined organic layers were washed with H,O (2 X 200 mL), brine (2 X 200 mL), dried, filtered and
concentrated under vacuum, the residue was purified by column chromatography on silica gel eluting with petroleum
ether: EtOAc (20: 1 to 3: 1) to give intermediate 28 (7.5 g, 75%). LC-Ms: tg = 3.195 min: MS (ESI) m/z 311.0 [M+H]*.
TH NMR: (CDCly): 8 7.59 (s, 1H), 7.22-7.25(d, J =8.4 Hz, 1H), 7.08 (s, 1H), 6.88-6.91 (dd, J = 2.4, 8.4 Hz, 1H), 6.80-6.81
(d, J = 2.4 Hz, 1H), 5.84 (s, 1H), 4.87 (s, 2H), 4.31-4.36 (m, 2H), 3.50-3.55 (q, J = 6.8 Hz, 2H), 3.15-3.25 (m, 1H),
3.09-3.14 (d, J = 15.6 Hz, 1H), 3.00-3.06 (d, J = 15.2 Hz, 1H), 1.90-2.10 (m, 3H), 1.25-1.50 (m, 5H), 1.15-1.25 (t, J =
6.4 Hz, 3H).
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Br K NaH, CHsl  Br <
\ GIOH ———» N 110CH;
DMF
28 29

[0150] To a mixture of compound 28 (6.18 g, 20 mmol) in DMF (20 mL) was added NaH (60% in mineral oil, 0.96 g,
40 mmol) at 0 °C. Then the mixture was stirred at 0 °C for 2 h, then Mel (3.5 mL) was added to the mixture and stirred
overnight. The mixture was diluted with EtOAc (40 mL) and H,O (40 mL), extracted with EtOAc (2 X 60 mL). The
combined organic phases were dried and the solvent was removed to give intermediate 29 (5.0 g).

Step 2: Synthesis of intermediate 30A & 30B

[0151]

(S)-+-BuSONH,
Ti(OEt),

1OMe T10Me

THF

30B

29 30A

[0152] To a solution of intermediate 29 (5.0 g, 15.3 mmol) in THF (100 mL) was added Ti(OEt), (35.0 g, 153 mmol).
After being stirred at rt for 1 h, (S)-N-tert-butylsulfinamide (7.4 g, 61.2 mmol) was added. The reaction mixture was stirred
at reflux overnight and the mixture was partitioned between H,O (80 mL) and EtOAc (80 mL). The mixture was filtered
and the filtrate was extracted with EtOAc (3 X 80 mL). The combined organic layers were washed with brine (50 mL),
dried and concentrated to the residue. The residue was purified by column chromatography on silica gel (petroleum
ether: EtOAc = 20:1) eluted in the following order to give intermediate 30A (1.6 g, 35%) and 30B (1.4 g, 33%).

Synthesis of Example 6

[0153]

-t O\

[0154] Intermediate 30A was further elaborated as illustrated in steps 4 through 10 in Example 5. In step 9, 2-ami-
nomethylpyrimidine was used instead of R-(2-aminomethyl)tetrahydrofuran.

LC-MS: tR = 1.05 MS (ESI) m/z 431.4 [M+H]*.

TH NMR: (CD;0D):  8.78 (d, J = 4.8 Hz, 2H), 7.76 (s, 1H), 7.75 (dd, J = 6.0, 1.6 Hz, 1H), 7.56 (d, J = 8.4 Hz, 1H) 7.44
(t, J =5.2 Hz 1H), 5.16 (m, 2H), 3.38 (s, 3H), 3.24 (m, 2H), 2.79 (m, 1H), 2.15 (m, 1H), 1.74 (m, 1H), 1.65(d, J=6.8
Hz, 1H), 1.39-1.57 (m, 4H), 0.99 (d, J = 6.4 Hz, 3H).

Example 7

[0155]
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[0156] Thiswas synthesized by a procedure similar as described in Example 6. Intermediate 30A was further elaborated
as described in Example 1 through steps 4-10. (2-methoxy) ethylamine was used in step 9 followed by oxidation as
described in step 10 to yield Example 7.

LC-MS: tR = 1.08 min, MS (ESI) m/z 397 [M+H]*.

H NMR: (CD;0D) § 7.74 (d, 1H, J =8 Hz), 7.63 (d, 1H, J = 1 Hz), 7.57 (d, 1H, J = 8 Hz), 4.02-3.95 (m, 1H), 3.89-3.83
(m, 1H), 3.54 (m, 2H), 3.36 (s, 3H), 3.35 (s, 3H), 3.24 (ap q, 2H, J = 16 HZz)), 2.75 (m, 1H), 2.10 (m, 1H), 1.79 (dt, 1H,
J =13, 2 Hz), 1.56 (m, 1H), 1.41 (m, 3H), 1.14 (t, 1H, J = 13 Hz), 1.01 (d, 3H, J = 6 Hz).

Example 8

[0157]

[0158] This was synthesized by a procedure similar as described in Example 6. (3-methyloxetan-3-yl)methanamine
was used as described in Example 1 in step 9 followed by oxidation as described in step 10 to yield Example 8.
LC-MS: tR = 0.930 min, MS (ESI) m/z 423.0 [M+H]*.

H NMR: (CD;0D): § 7.66-7.64 (d, J = 7.2 Hz, 1H), 7.51-7.49 (d, J = 7.6 Hz, 1H), 7.34 (s, 1H), 4.72-4.67 (m, 2H),
4.29-4.25 (m, 2H), 3.74-3.59 (m, 2H), 3.37 (s, 3H), 3.25-3.14 (m, 2H), 2.74-2.67 (m, 1H), 2.08-2.03 (m, 1H), 1.80-1.53
(m, 3H), 1.30 (m, 5H), 1.08 (m, 1H), 0.90 (m, 3H).

Example 9

[0159]

[0160] This was synthesized by a procedure similar as described in Example 6. 4-(aminomethyl)pyrimidine was used
as described in Example 1 in step 9, followed by oxidation as described in step 10 in Example 6 to yield Example 9.
LCMS: tg = 0.88 min, MS (ESI) m/z 431.2 [M+H]*.

TH NMR: (CD30D): 8 9.05 (s, 1H), 8.70-8.71 (d, J= 5.2 Hz, 1H), 7.60-7.62 (d, J = 7.6 Hz, 1H), 7.44-7.47 (m, 3H), 4.86
(s, 2H), 3.35 (s, 3H), 3.10-3.20 (q, 2H), 2.70-2.71 (m, 1H), 2.04-2.06 (m, 1H), 1.70 (m, 2H), 1.491 (m, 1H), 1.30-1.33
(m, 2H), 1.15-1.18 (m, 1H), 0.95-0.96 (d, J = 6.0 Hz, 3H).

31



10

15

25

30

35

40

45

50

55

EP 2 822 930 B1

Example 10

[0161]

Step 1: Synthesis of intermediate 32

[0162]
1) KOtBu, THF
5 P oCtort o ; O COMe
r
2) methyl methacrylate | B CO,Me r
3) methyl acrylate 0
4) Mel
1
O  COMe
Br LOHH,0 ©BF
o —»
THF, H,0
31

[0163] To a mixture of 6-bromo-indan-1-one (100.00 g, 473.8 mmol) in anhydrous THF (1 L) at 0°C was added -BuOK
(58.5 g, 521.2 mmol, 1.1 eq), 2 min later the mixture was warmed up to rt and was stirred for another 10 min before
methyl methacrylate (49.8 g, 53.2 mL, 497.5 mmol, 1.05 eq) was added in one portion. After 2h, methyl acrylate (49.0
g, 51.2 mL, 568.6 mmol, 1.2 eq) was added to the reaction mixture. After 3 h at rt, Mel (101 g, 44.3 mL, 710.7 mmol,
1.5 eq) was added to the reaction mixture, and it was stirred for 16 h. H,O (1 L) was added followed by LIOH*H,O (79.5
g, 1895.2 mmol, 4.0 eq), the mixture was stirred for 28 h atroom temperature. THF was removed under reduced pressure.
The residue was diluted with H,O (1 L) and filtered, washed with H,O until the filtrate was neutral. The product was
washed with MeOH to afford 50 g of intermediate 32.

Step 2: Synthesis of intermediate 33

[0164]
O 0 0
B
r B NaBH,CN, FeCly_ °" B Br B
CH;CN "OH OH
32 33 33A

[0165] To a mixture of intermediate 32 (60.0 g, 186.9 mmol) and FeCl; (33.0 g, 205.5 mmol, 1.1 eq) in THF (600 mL)
was added NaBH3CN (29.4 g, 367.1 mmol, 2.5 eq) at 0 °C. The mixture was allowed to warm to room temperature and
stirred for 1h at rt. The reaction was quenched by addition of water and THF was removed under vacuum. It was extracted
with DCM (3 x 200 mL). The combined organic phases were washed with H,O and brine, dried, and concentrated under
vacuum to give the crude product, which was purified by column chromatography on silica gel to generate compound
33(25.2g,42%) and 33A (12.0 g).
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LC-MS: tR = 1.239 min, MS (ESI) m/z 323.1 [M+H]*.
TH-NMR (CDCly): &: 7.889-7.894 (s, 1H), 7.671-7.696 (d, 1H), 7.311-7.332 (d, 1H), 3.605 (s, 1H), 2.981 (s, 2H),
1.769-1.797 (m, 4H), 1.072-1.082 (m, 2H), 1.019-1.056 (m, 6H)

Step 2: Alternative synthesis of intermediate 33

[0166]
0 t-BuNH,-BH, 5 O
Br FeCls r
\ o ———— N OH
THF, -10 3
°C
32 33

[0167] A mixture of FeCl; (6.0 g, 37.0 mmol) with toluene (60 mL) was cooled to 0 °C. A mixture of compound 32 (11.9
g, 37.0 mmol) in THF (48 mL) was then added to the mixture. The mixture was stirred for 5 min at 0 °C and then cooled
to -10 °C. A solution of -BuNH5,-BH;3 (3.5 g, 40.7 mmol) in THF (12 mL) was added dropwise to the reaction mixture at
-10 °C. The reaction mixture was stirred at about -10 °C for 30 min, quenched with 6N aq HCI solution (10 mL), stirred
at about 0 °C for 30 min, and then allowed to warm to room temperature. The mixture was concentrated to remove THF,
and toluene (60 mL) was added. The aqueous layer was removed, and the organic phase was washed with water (3 x
60 mL). The organic phase was concentrated to %2 volume, heated to 50 °C to obtain a solution, and then cooled to 0
°C over 1 h and held at 0 °C for 1 h. The solid was filtered and washed with cold (0 °C) toluene (12 mL), and dried under
vacuum to give compound 33 (9.93 g, 83%).

LC-MS: tR = 2.36 min, MS (ESI) m/z 323.0/325.0 [M+H]*

Step 3: Synthesis of intermediate 34

[0168]

o S NaH, Mel, DME_ =" S by
N\ )OH —————> \ )"0

33 34
[0169] To a mixture of compound 33 (20.0 g, 61.9 mmol) with DMF (200 mL) was added NaH (5.0 g, 123.8 mmol, 2.0
eq) at 0°C. Then it was stirred for 15 min at 0°C and Mel (17.6 g, 123.8 mmol, 2.0 eq) was added at 0°C. Then it was
warmed to rt and stirred for 1.5 h at rt. The mixture was quenched with H,O and extracted with EtOAc. The combined
organic phases were washed with H,O and brine, dried, concentrated to afford crude product, which was purified by
column on slica gel (eluent: petroleum ether: EtOAcfrom 100/1 to 5/1) to afford intermediate 34 (20 g, 96.2%).

Step 4: Synthesis of intermediate 35

[0170]

O R
0 L) N—Sg
Br < y NH Br /. /
> e - N 10
Ti(OEt)4, THF reflux
34 35
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[0171] The mixture of compound 34 (20.0 g, 59.3 mmol) and titanium (IV) ethoxide (108.2 g, 474.4 mmol) in dry THF
(200 ml) was stirred at rt for 1 h. (S)-N-tert-butylsulfinamide (29 g, 237.2 mmol) was added. The resulting mixture was
stirred at 80 °C under N, atmosphere overnight. The reaction mixture was then cooled and water (400 ml) was added.
The mixture was filtered and the aqueous layer was extracted with EtOAc (3 X 400 mL). The separated organic phase
was dried and concentrated under reduced pressure to give crude product. The residue was purified by column chro-
matography on silica gel (petroleum ether: EtOAc= 20:1) to give intermediate 35 (18.4 g, 70.5%).

Step 5: Synthesis of intermediate 36

[0172]
N’SQ
Br. /. 10 eq Ethyl vinyl ether
3 / 5 eq t-Buli
o |o [
THF, -78 C
35 26 36A

[0173] {#BuLi (131 mL, 170.3 mmol, 1.3 M in hexane) was added dropwise to a solution of ethyl vinyl ether (12.3 g,
170.3 mmol, 5.0 eq) in anhydrous THF (100 mL) at -78 °C under N, and stirred for 20 min. The resulting mixture was
then stirred at 0 °C for another 45 min. The solution was re-cooled to -78 °C and compound 35 (15.0 g, 34.1 mmol) in
anhydrous THF (50 mL) was added dropwise and the mixture was stirred for 2 h at -78 °C. The reaction mixture was
quenched with sat. NH,CI (50 mL) and extracted with EtOAc (3 X 300 mL). The organic phase was concentrated to
give the residue, which was purified by silica gel column chromatography to afford intermediate 36 (11 g, 64.7%) and
36A (1.441 g, 100% purity).

LC-MS tR = 5.676 min; MS (ESI) m/z 514.2 [M+H]*.

TH-NMR (CD3OD): & 7.546 (s, 1H), 7.454-7.479 (d, 1H), 7.208-7.228 (d, 1H), 4.620-4.755 (d, 1H), 4.373-4.381 (m,
1H),4.048-4.055 (m, 1H), 3.844-3.903 (m, 2H), 3.458-3.474 (s, 3H), 2.986-3.000 (m, 2H), 2.326-2.377 (m, 1H),
1.969-2.001 (m, 1H), 1.671 (s, 1H), 1.457-1.520 (t, J = 12 Hz, 3H),1.373-1.408 (m, 2H), 1.328 (s, 9H), 1.169-1.278 (m,
5H), 1.073-1.106(d, 3H).

Step 5: Synthesis of intermediate 37

[0174]

NH
Br: ‘. K / i. 03, CH20|2, -78 °C Br:
= '
'O i DMS, -78 °Ctor.t.
36

[0175] A mixture of intermediate 36 (4.8 g, 9.37 mmol) in DCM:MeOH = 5:1 (40 mL), was chilled to -78 °C and ozone
was bubbled through the mixture for 20 min. The mixture was then purged with N, and treated with Me,S (10 mL) at
-78 °C, then allowed to warm up to rt and stirred for 3 h. The solvent was removed under vacuum, the residue was
purified by column chromatography on silica gel (petroleum ether: EtOAc= 20:1 to 8:1) to give intermediate 37 (3.5 g,
72.9%).

LC-MS tR = 1.297 min; MS (ESI) m/z 516.1 [M+H]+.

H NMR (CDCl3): 8 7.84 (s, 1H), 7.42-7.44 (d, J =8.0 Hz, 1H), 7.09-7.11 (d, J = 8.0 Hz, 1H), 4.40 (s, 1H), 4.26-4.39 (m,
2H), 3.44 (s, 3H),2.93-2.97 (d,J =15.6 Hz, 1H), 2.70-2.74 (d, J = 15.2 Hz, 1H), 2.22-2.30 (t, = 10.0 Hz, 1H), 1.75-1.79
(m, 1H), 1.61-1.66 (m, 1H), 1.54-1.57 (m, 2H),

1.32-1.38 (m, 4H), 1.14 (s, 9H), 1.06-1.08 (d, J = 6.0 Hz, 3H), 0.89-0.91 (d, J = 6.0 Hz, 3H), 0.67-0.74 (m, 1H).
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Step 6: Synthesis of intermediate 38

[0176]

Br 4M HCl in Dioxane

B 'OCH3

37

[0177] To compound 37 (860 mg, 1.7 mmol) in MeOH (10 mL) was added a 4 M HCI solution in dioxane (2 mL). The
resulting mixture was stirred for 30 min. Solvent was removed under reduced pressure to afford crude intermediate 38
(800 mg). The residue was used for the next step without further purification.

Alternative synthesis of intermediate 38

Step 1: Synthesis of intermediate 39

[0178]

?
AVY OFt
N CN
Br / OFt
" ﬁ
S 'OMe ™| DA, THF
6

[0179] A mixture of intermediate 6 (5.00 g, 11.4 mmol), diethoxyacetonitrile (3.5 mL, 24.4 mmol) and THF (50 mL)
was cooled to -7 °C and treated dropwise with LDA (25.0 mL, 45.0 mmol, 1.8M in THF/heptane/ethylbenzene). The
mixture was stirred at -7 to -2 °C for 2 h, and then quenched with water (60 mL) and saturated aqueous NH,CI (25 mL).
Hexanes (100 mL) was added, and the layers were separated. The organic layer was washed with water, brine, and
was concentrated to give crude intermediate 39 (9.00 g, 139%) which was used directly in the next step.

LC-MS: tR = 3.74 min, MS (ESI) m/z 523.2/525.2 [M-OEt+H]*

Step 2: Synthesis of intermediate 38

[0180]

HCl, H,0
EtOH

—

75°C

[0181] A mixture of above intermediate 39 (9.00 g, 11.4 mmol) in EtOH (30 mL) was treated with 6N aqueous HCI (20
mL). The reaction mixture was heated at 75 °C for 24 h and cooled to rt. The reaction was extracted with toluene (50
mL), and the aqueous phase was then basified to pH = 8 with 2N aqueous NaOH (~60 mL). Toluene (100 mL) was
added, and the layers were stirred and separated. The organic layer was washed with agueous NaHCOg3 and brine and
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concentrated. Hexanes was added and the solution was concentrated again to give crude intermediate 38 (3.47 g, 74%)
which was used directly in the next step. LC-MS: tR = 0.86 min, MS (ESI) m/z 410.2/412.2 [M+H]*

Step 7: Synthesis of intermediate 40

[0182]

Zn(CN),, Pd(dba); >
Zn, dppf, DMF

[0183] Intermediate 40 was synthesized in an analogous fashion as described in step 7 of intermediate 10A. It was
used directly in the next step.

Step 8: Synthesis of intermediate 41

[0184]

N32C03

CSCly, DCM

[0185] Intermediate 41 was synthesized in an analogous fashion as described in step 8 of intermediate 11A. The
crude intermediate 41 was used directly in the next step.

Step 9: Synthesis of intermediate 42

[0186]

41 42

[0187] Intermediate 42 was synthesized in an analogous fashion as described in step 9 of intermediate 12A. The
crude intermediate 42 was used directly in the next step.

Step 10: Synthesis of Example 10

[0188]
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[0189] To a solution of intermediate 42 (400 mg, 0.8 mmol) in EtOH (8 mL) was added NH3-H,0 (1 mL) and fert-butyl
hydroperoxide (1 mL). After addition, the mixture was stirred at room temperature for 12 h. The solvent was removed
by evaporation under vacuum. The residue was purified by preparative HPLC method 1 to give Example 6 (65.0 mg,
20% vyield).

LC-Ms: tg = 0.945 min, MS (ESI) m/z 463.2 [M+H] *.

H NMR: (CD30D) § 8.65-8.70 (s, 2H), 7.60-7.65 (d, J = 7.2 Hz, 1H), 7.45-7.55 (m, 2H), 4.95-5.00 (s, 2H), 3.40-3.45 (s,
3H), 3.10-3.20 (m, 2H), 2.30-2.40 (m, 1H), 1.70-1.80 (m, 3H), 1.45-1.55 (m, 1H), 1.25-1.35 (m, 2H), 0.90-1.00 (m, 6H).
19F NMR (400 MHz, MeOD): -141.57

Example 11
[0190]

A()o

IN
N o)
NP

>
S
&

H,N
'Te)
N\

[0191] Example 11 was synthesized as per procedure described in Example 10. In step 9, (3-methyloxetan-3-yl)
methanamine was used instead of (5-fluoropyrimidine)-2-methylamine to yield Example 11

LC-MS: tg = 0.96 min, MS (ESI) m/z 437 [M+H] *.

TH NMR: (CD30D): § 7.75 (dd, J = 7.6, 1.6 Hz, 1H), 7.68 (d, J = 1.6 Hz, 1H), 7.56 (d, J = 7.6 Hz, 1H), 4.60 (d, J = 6.4
Hz, 2H), 4.32 (dd, J = 8.0, 6.4 Hz, 2H), 3.97 (d, J = 15.6 Hz, 1H), 3.69 (d, J = 15.6 Hz, 1H), 3.44 (s, 3H), 3.25 (m, 2H),
2.44 (t,J =10.0 Hz, 1H), 1.81-1.75 (m, 2H), 1.67 (m, 1H), 1.41 (s, 3H), 1.36 (m, 1H), 1.30-1.21 (m, 2H), 1.07 (d,J =6.4
Hz, 3H), 0.98 (d, J = 6.4 Hz, 3H).

Example 12

[0192]

0
H,N y)

IN
N (0]
\\ N

.
&

R

&

-t O\

[0193] Example 12 was synthesized as per procedure described Example 10. In step 9, 2-aminooxetane was used
instead of (5-fluoropyrimidine)-2-methylamine to yield Example 12

LC-MS: tg = 0.91 min, MS (ESI) m/z 409 [M+H] *.

TH NMR: (CD50D): § 7.75 (dd, J = 7.6, 1.2 Hz, 1H), 7.71 (d, J = 1.2 Hz, 1H), 7.56 (d, J = 7.6 Hz, 1H), 5.28 (m, 1H), 5.13
(dd, J = 14.0, 6.8 Hz, 2H), 4.87 (dd, J = 8.0, 6.4 Hz, 2H), 3.44 (s, 3H), 3.26 (m, 2H), 2.43 (t, J = 10.0 Hz, 1H), 1.85-1.77
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(m, 2H), 1.68 (m, 1H), 1.35-1.18 (m, 3H), 1.03 (d, J = 6.4 Hz, 3H), 0.97 (d, J = 6.4 Hz, 3H).
Example 13

[0194]

[0195] Example 13 was synthesized as per procedure described Example 10. In step 9, oxetan-3-ylmethanamine was
used instead of (5-fluorpyriminde)-2methylamine to yield Example 13.

LC-MS: tg = 0.904 min; MS (ESI) m/z 423.3 [M+H]*.

TH NMR: (CD3OD): § 7.60-7.62 (d, J = 8.0 Hz, 1H), 7.45-7.47 (d, J = 8.0 Hz, 1H), 7.27 (s, 1H), 4.69-4.73 (d, J = 7.2 Hz,
2H), 4.44-4.49 (d, J =7.2 Hz, 2H), 3.85-3.91 (m, 1H), 3.74-3.80 (m, 1H), 3.42 (s, 3H), 3.34-3.38 (m, 1H), 3.08-3.22 (m,
2H), 2.32-2.37 (t, J = 10.0 Hz, 1H), 1.61-1.71 (m, 3H), 1.38 (m, 1H), 1.19-1.23 (m, 1H), 0.92-0.99 (m, 7H).

Example 14

[0196]

[0197] Example 14 was synthesized as per procedure described Example 10. In step 9, (S)-2-(aminomethyl)-tetrahy-
drofuran was used instead of (5-fluoropyrimidine)-2-methylamine to yield Example 14. LC-MS: tg = 1.02 min, MS (ESI)
m/z 437 [M+H] *.

TH NMR :(CD30D): § 7.75 (d, J = 7.6 Hz, 1H), 7.53 (d, J = 7.6 Hz, 1H), 7.35 (s, 1H), 4.16 (m, 1H), 3.96 (m, 1H), 3.83
(m, 1H), 3.70 (m, 2H), 3.50 (s, 3H), 3.30 (d, J=15.6 Hz, 1H), 3.19(d, J = 15.6 Hz, 1H), 2.42 (t, J = 10.0 Hz, 1H), 2.08-1.95
(m, 3H), 1.88-1.1.63 (m, 4H), 1.55 (m, 1H),1.40-1.30 (m, 2H), 1.05 (d, J = 6.4 Hz, 3H), 1.01 (d, J = 6.4 Hz, 3H).

Example 15

[0198]

O
H,N

IN
N\\ N, :O

LLL O\

[0199] Example 15 was synthesized as per procedure described in Example 10. In step 9, (R)-2-(aminomethyl)-tet-
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rahydrofuran was used instead of (5-fluoropyrimidine)-2-methylamine to yield example 15. LC-MS: tg = 1.02 min, MS
(ESI) m/z 437 [M+H] *.

H NMR: (CD50D): § 7.61 (d, J = 8.0 Hz, 1H), 7.46 (d, J =8.0 Hz, 1H), 7.25 (s, 1H), 4.07 (m 1H), 3.88 (m, 1H), 3.73 (m,
1H), 3.66 (dd, J = 14.8, 3.2 Hz, 1H), 3.57 (dd, J = 14.8, 6.8 Hz, 1H), 3.42 (s, 3H), 3.23 (d, J = 16.0 Hz, 1H), 3.10 (d, 16.0
Hz, 1H), 2.35 (t, J = 10.4 Hz, 1H), 2.01-1.86 (m, 3H), 1.76-1.50 (m, 4H), 1.44 (t, J = 13.2 Hz, 1H), 1.24 (m, 1H), 1.03 (t,
J=12.8 Hz, 1H), 0.98 (d, J = 6.4 Hz, 3H), 0.93 (d, J = 6.4 Hz, 1H).

Example 16

[0200]

[0201] Example 16 was synthesized as per procedure described in Example 10. In step 9, 2-(aminomethyl)-tetrahy-
dropyran was used instead of (5-fluoropyrimidine)-2-methylamine to yield Example 16

LC-MS: tg = 0.958 min, MS (ESI) m/z 451.3 [M+H]*.

THNMR (CD30D): § 7.62-7.65 (d, J=7.6 Hz, 1H), 7.48-7.50 (d, J=8.0 Hz, 1H), 7.30 (s, 1H), 3.93-3.96 (m, 2H), 3.37-3.45
(m, 7H), 3.23-3.27 (d, J = 16.0 Hz, 1H), 3.11-3.15(d, J = 16.0 Hz, 1H), 2.35-2.40 (t, J = 10.0 Hz, 1H), 1.96-2.03 (m, 1H),
1.53-1.80 (m, 5H), 1.23-1.46 (m, 4H), 0.92-1.08 (m, 7H).

Example 17

[0202]

H,N Nl_é':
o

>
S
&

N~
IN

(L]} 0\

[0203] Example 17 was synthesized as per procedure described in Example 10. In step 9, intermediate 18 was used
instead of (5-fluoropyrimidine)-2-methylamine to yield Example 17.

LC-MS: tg = 0.969 min, MS (ESI) m/z 427.2 [M+H]*.

TH NMR: (CD;0D): § 7.63-7.65 (d, J = 8.0 Hz, 1H), 7.49-7.51 (d, J = 8.0 Hz, 1H), 7.30 (s, 1H), 3.70-3.76 (m, 2H), 3.45
(s, 3H), 3.13-3.28 (m, 2H), 2.36-2.41 (t, J = 10.0 Hz, 1H), 1.65-1.84 (m, 3H), 1.48-1.51 (m, 1H), 1.37-1.42 (m, 6H),
1.26-1.33 (m, 1H), 1.02-1.09 (m, 1H), 0.92-1.00 (m, 6H). 19F NMR: (CD30D): § -139.58.

Example 18

[0204]
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Step 9: Synthesis of intermediate 43

[0205]

OEt

e B ———
Et;N, THF

43A

41

[0206] To a solutionofcompound 41 (1g,2.51 mmol)in THF (25 mL) was added compound 2-(2-aminomethyl)oxetane
(262 mg, 3.01 mmol) and triethylamine (760 mg, 7.53 mmol). The mixture was stirred at rt overnight. The reaction mixture
was diluted with EtOAc (45 mL), followed by saturated aqueous NaHCO3 (2 X 35 mL) and brine (2 X 35 mL). Solvent
was removed after dried to give crude compound 43 and 43A which was purified under SFC-method A. The diastereomers
were separated by a SFC-method B. The desired diastereomer 43 was isolated as a second peak under these conditions.
This was further elaborated as described in step 10 of Example 10 to yield Example 18.

LC-MS: tg = 0.863 min, MS (ESI) m/z 423.1 [M+H]*.

TH NMR: (CD30OD): § 7.61-7.63 (d, J = 8.0 Hz, 1H), 7.47-7.49 (d, J = 7.6 Hz, 1H), 7.30 (s, 1H), 4.95-5.01 (m, 1H),
4.65-4.70 (m, 1H), 4.52-4.58 (m, 1H), 3.73-3.85 (m, 2H), 3.43 (s, 3H), 3.22-3.26 (d, J = 16.0 Hz, 1H), 3.10-3.14 (d, J =
16.4 Hz, 1H), 2.64-2.72 (m, 1H), 2.33-2.45 (m, 2H), 1.59-1.76 (m, 3H), 1.40-1.49 (m, 1H), 1.22-1.27 (m, 1H), 0.93-1.07
(m, 7H).

Example 19

[0207]

Synthesis of 3-((2-amino)ethyl)oxetane

[0208]
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Pth/ Raney Ni
o =0 <>—\
MeOH

NH,

O
45

Step 1: Synthesis of intermediate 44
[0209] To 3-oxanone (0.42 g, 6 mmol) in DCM (20 mL) was added 2-(triphenylphosphoranylidene) acetonitrile (1.8 g,
6 mmol) and stirred overnight at rt. After which time, the solvent was removed under reduced pressure to afford crude

product (260 mg, crude), which was purified by chromatography on silica gel (petroleum: EtOAc, 3:1) to give intermediate
44 (260 mg, yield 46%) as a white solid.

Step 2: Synthesis of intermediate 45

[0210] To a mixture of intermediate 44 (260 mg, 2.74 mmol) in MeOH (10 mL) was added Raney-Ni (100 mg) and
stirred at rt under hydrogen atmosphere for 12 h. The mixture was then filtered through a pad of Celite®. The filtrate was
concentrated to give intermediate 45 (200 mg, crude).

Example 19

[0211]

[0212] Example 19 was synthesized as per procedure described in Example 10. In step 9, intermediate 45 was used
to yield Example 19.

LCMS: tR = 2.358 min, MS (ESI) m/z 437.3 [M+H]*.

TH NMR: (CD30D): § 7.64-7.6 (d, 1H), 7.49-7.51 (d, J = 8.0 Hz, 1H), 7.31 (s, 1H), 4.74-4.79 (d, 2H), 4.40-4.43 (d, 2H),
3.49-3.52 (m, 2H), 3.45 (s, 3H), 2.95-3.27 (m, 3H), 2.36-2.41 (m, 1H), 1.97-2.05 (m, 2H), 1.21-1.80 (m, 5H), 1.01-1.09
(m, 4H), 0.92-0.99 (m, 3H).

Example 20

[0213]

Step 1: Synthesis of Intermediate 46

[0214]

1



10

15

20

25

30

35

40

45

50

55

EP 2 822 930 B1

[0215] To asolution of compound 41 (100 mg, 0.25 mmol) in dry THF (3 mL) was added 2-aminoacetone hydrochloride
(41 mg, 0.377 mmol) and triethylamine (76 mg, 0.754 mmol). The mixture was stirred overnight at rt. The reaction was
quenched by adding water (3 mL) and extracted with EtOAc (2 X 5 mL). The combined organic layers were dried and
evaporated under vacuum. The crude material was purified by prep-TLC to afford compound 46 (50 mg, 24%).

Step 2: Synthesis of Intermediate 47

[0216]

HO OH
—_— >

p-TsOH, toluene

[0217] To a solution of compound 46 (50 mg, 0.118 mmol) in toluene (3 mL) was added ethylene glycol (0.03 mL) and
p-toluene sulfonic acid (1.1 mg, 0.0068 mmol). The solution was heated to reflux for 2 days. The reaction mixture was
cooled to rt and brine (3 mL) was added. The mixture was extracted with EtOAc (2 X 5 mL). The combined organic
layers were dried and evaporated under vacuum. The crude material was purified by prep-TLC to afford compound 47
(51 mg, %).

Step 3: Synthesis of Example 20

[0218]

s>\N /J<Zj

H2N>/\N /J<Oj

t-BuOOH, NH3-H,0

MeOH

47

[0219] To a mixture of compound 47 (51 mg, 0.113 mmol) in MeOH (2.5 mL) was added aqueous ammonia (0.8 mL),
t-BuOOH (2.5 mL). The mixture was stirred overnight atrt. Then sat. Na,S,03 (2.5 mL) was added to quench the reaction.
The mixture was extracted with EtOAc (2 X 5 mL). The combined organic layers were dried and evaporated under
vacuum. The crude material was purified by basic prep-HPLC to afford Example 20 (12.8 mg, 25%) as a white solid.
1H-NMR (CD30D): 6 7.60 (d, J = 8.1 Hz, 1H), 7.50 (d, J = 8.1 Hz, 1H), 7.22 (s, 1H), 3.86-4.01 (m, 4H), 3.64-3.75 (m,
2H), 3.42 (s, 3H), 3.03-3.23 (m, 2H), 2.34 (t,1H), 1.61-1.84 (m, 3H), 1.43 (s, 1H), 1.20-1.37(m, 4H), 0.89-1.08 (m, 7H).
LC-MS tR = 0.891 min, MS (ESI) m/z 453.3 [M+H]*
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Example 21

[0220]

0
HoN /—O
YN SO
N (0]
NPT g

w O\

[0221] Example 21 was synthesized as per procedure described in Example 10. In step 9, (R)-(1,4-dioxan-2-yl)meth-
anamine was used to yield Example 21.

LC-MS: tg = 0.928 min, MS (ESI) m/z 453.3 [M+H]*.

TH NMR: (CD;0D): § 7.63-7.61 (dd, J = 1.6 Hz, 4.0 Hz, 1H), 7.48 (d, 1H), 7.3 (s, 1H), 3.6-3.8 (m, 6H), 3.6-3.5 (m, 2H),
3.45 (s, 3H), 3.3-3.1 (m, 3H), 2.4 (m, 1H), 1.8-1.6 (m, 3H), 1.6-1.4 (m, 1H), 1.3-1.2 (m, 1H), 1.1 (m, 1H), 0.9-1.01 (m, 6H).

Example 22

[0222]

[y

HN, 7\
N (o]
TN

N,

”"

&
S
&

CLl} O\

[0223] Example 22 was synthesized as per procedure described in Example 10. In step 9, (S)-(1,4-dioxan-2-yl)meth-
anamine was used instead of (5-fluoropyrimidine)-2-methylamine to yield Example 22.

LC-MS: tg = 0.928 min, MS (ESI) m/z 453.3 [M+H]*.

TH NMR: (CD30D): § 7.63-7.61 (dd, J = 1.6 Hz, 4.0 Hz, 1H), 7.48 (d, 1H), 7.3 (s, 1H), 3.6-3.8 (m, 6H), 3.6-3.5 (m, 2H),
3.45 (s, 3H), 3.3-3.1 (m, 3H), 2.4 (m, 1H), 1.8-1.6 (m, 3H), 1.6-1.4 (m, 1H), 1.3-1.2 (m, 1H), 1.1 (m, 1H), 0.9-1.01 (m, 6H).

Example 23

[0224]

[0225] Example 23 was synthesized as per procedure described in Example 10. In step 9, intermediate 25 was used
to yield Example 23.

LC-MS: tR = 0.918 min, MS (ESI) m/z 469.2[M+H]*.

TH NMR: (CD30D): & 7.62 (d, J = 8.0 Hz, 1H), 7.48 (d, J = 8.0 Hz, 1H), 7.27 (s, 1H), 3.88-3.79 (m, 3H), 3.73-3.62 (m,
3H), 3.43 (s, 3H), 3.25-3.09 (m, 2H), 2.36 (t, 1H), 1.81-1.60 (m, 7H), 1.46 (m, 1H), 1.23 (m, 1H), 1.06 (m, 1H), 0.99-0.92
(m, 6H). 19F NMR: (CD30D 400 MHz): § -160.19.

43



10

15

20

25

30

35

40

45

50

55

EP 2 822 930 B1

Example 24

[0226]

[0227] Example 24 was synthesized as per procedure described in Example 10. In step 9, 3-pyrimidylmethanamine
was used instead of (5-fluoropyrimidine)-2-methylamine to yield Example 24.

LC-MS: tg = 0.867 min, MS (ESI) m/z 445.1 [M+H]*.

TH NMR: (CD30D): § 9.08 (s, 1H), 8.74 (d, J = 5.2 Hz, 1H), 7.65 (d, J = 7.6 Hz, 1H), 7.48 (m, 3H), 4.90 (s, 2H), 3.46 (s,
3H), 3.12-3.24 (m, 2H), 2.41 (m, 1H), 1.63-1.75 (m, 3H), 1.49 (m, 1H), 1.28 (m, 2H), 1.02 (d, J = 6.4 Hz, 3H), 0.96 (d, J
=6.4 Hz, 3H).

Example 25

[0228]

[0229] Example 25 was synthesized in a method similar to Example 18. In step 9, (tetrahydrofuran-3-yl)methanamine
was utilized and the two diastereomers were separated by SFC-Method B. Further elaboration of intermediate arising
out of the second peak from the SFC-Method B yielded Example 26.

LCMS: tR = 0.845 min; m/z 430.3[M+H]*.

TH NMR: (CD30D): § 7.63-7.66 (m, 1H), 7.49-7.51 (m, 1H), 7.31 (s, 1H), 3.84-3.93 (m, 1H), 3.71-3.81 (m, 2H), 3.48-3.63
(m, 3H), 3.43 (s, 3H), 3.11-3.31 (M, 2H), 2.51-2.78 (m, 2H), 1.22-2.09 (m, 7H), 1.00-1.06 (m, 4H), 0.93-0.99 (m, 3H).

Example 26

[0230]

[0231] Example 26 was synthesized in a method similar to Example 1. In the synthesis of Example 28, in step 1 of
Example 1, methyl methacrylate was used instead of methyl acrylate. In step 3, the corresponding polar isomer 6B was
isolated and further elaborated as described in Example 1. In step 9, intermediate 17 was utilized to yield Example 28.
LC-MS: tg = 1.16 min, MS (ESI) m/z 441 [M+H]*.

TH NMR (CD3OD): § 7.64 (dd, 1H, J = 8" 2 Hz), 7.50 (d, 1H, J = 8 Hz), 7.30 (s, 1H), 3.73 (dd, 2H, J = 22, 4 Hz), 3.44 (s,
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3H), 3.19 (ap q, 2H, J = 16 Hz), 2.49 (t, 1H, J = 10 Hz), 1.82-1.72 (m, 2H), 1.71 -1.63 (m, 1H), 1.55 (m, 1H), 1.42-1.33
(m, 8H), 1.22-1.12 (m, 1H), 1.08 (t, 1H, J = 13 Hz), 1.01 (d, 3H, J = 6 Hz), 0.79 (t, 3H, J = 7 Hz)

Example 27

[0232]

[0233] Example 27 was synthesized by a method as described in Example 6. (1,4-dioxan-2-yl)methanamine was used
in step 9 followed by oxidation as described in step 10 to yield Example 27.

LC-MS: tR = 0.68 min, MS (ESI) m/z 439 [M+H]*

TH NMR: (CD30D, 400 MHz) § 7.67 (not resolved, 1H), 7.48 (d, 1H), 7.20 (not resolved, 1H), 6.66 (s, 2H), 3.78 - 2.97
(m, 14H), 2.59 (m, 1H), 1.92 (m, 1H), 1.66 (m, 2H), 1.42 (m, 1H), 1.28 - 1.03 (m, 2H), 0.89 (d, 3H), 0.88 (m, 1H)

Example 28

[0234]

[0235] Example 28 was synthesized from intermediate 11B from example 1 following the same procedure asin example
1 and utilizing-S-2-(aminomethyl) dioxane in step 9 of example 1.

LC-MS: tR = 0.894 min, MS (ESI) m/z 453.2 [M+H]*

TH NMR: (CD30D): 8 7.63 (dd, J = 7.6, 1.2 Hz, 1H), 7.48 (d, J = 7.6 Hz, 1H), 7.28 (s, 1H), 3.61-3.85 (m, 8H), 3.58 (s,
3H), 3.56 (s, 1H), 3.17 (m, 2H), 2.77-2.82 (m, 1H), 2.10-2.17 (m, 1H), 1.85-1.88 (m, 1H), 1.69-1.75 (m, 1H), 1.37-1.45
(m, 3H), 1.24-1.34 (m, 2H), 1.09-1.15 (m, 1H), 0.75 (t, J = 7.6 Hz, 3H).

Example 29

[0236]

[0237] Starting with 6-Fluoro-3-indanone, Example 29 was synthesized in a method similar to Example 20.
LC-MS tg = 1.02 min; MS (ESI) m/z 446 [M+H]*.
TH NMR (CD50D): § 7.26 (dd, J = 8.4, 5.2 Hz, 1H), 6.95 (m, 1H), 6.62 (dd, J = 8.4, 2.4 Hz , 1H), 4.02-3.89 (m, 4H), 3.70
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(d, J = 14.8 Hz, 1H), 3.65 (d, J = 14.8 Hz, 1H), 3.42 (s, 3H), 3.12 (d, J = 15.2 Hz, 1H), 2.98 (d, J = 15.2 Hz, 1H), 2.34 (t,
J =10.0 Hz, 1H), 1.79-1.60 (m, 3H), 1.43 (m, 1H), 1.34 (m, 1H), 1.32 (m, 1H), 1.30 (s, 3H), 1.00 (m, 1H), 0.99 (d, J =
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6.8 Hz, 3H), 0.94 (d, J = 6.0 Hz, 3H).

SEQUENCE LISTING

[0238]

<110> BOEHRINGER INGELHEIM INTERNATIONAL GMBH VITAE PHARMACEUTICALS, INC.
<120> INHIBITORS OF BETA-SECRETASE
<130> 120573-00420

<140> NEW APPLICATION
<141> Concurrently Herewith

<150> 61/606,786
<151> 2012-03-05

<160> 1
<170> Patentln version 3.5

<210> 1

<211>9

<212> PRT

<213> Artificial Sequence

<220>
<221> source
<223> /note="Description of Artificial Sequence: Synthetic peptide"”

<220>

<221> MOD_RES

<222> (1)..(1)

<223> HiLyte FluorTM488-Glu

<220>

<221> MOD_RES

<222> (9)..(9)

<223> Lys-(QXLTM520)-OH

<400> 1

Glu Val Asn Leu Asp Ala Glu Phe Lys
1 5

Claims

1.

A compound represented by a structural formula selected from:
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or a pharmaceutically acceptable salt thereof.
A compound according to claim 1 or a pharmaceutically acceptable salt thereof for use as a medicament.

A pharmaceutical composition comprising at least one compound according to claim 1 or a pharmaceutically ac-
ceptable salt thereof in admixture with a pharmaceutically acceptable adjuvant, diluent and/or carrier.

A compound according to claim 1 or a pharmaceutically acceptable salt thereof for use in the treatment of a BACE1
mediated disorder or disease.

A compound or a pharmaceutically acceptable salt thereof for use according to claim 4, wherein the BACE 1 mediated
disorder ordisease is selected from the group consisting of a neurodegenerative disorder, cognitive decline, cognitive
impairment, dementia, and disease characterized by the production of -amyloid deposits or neurofibrillary tangles.

A compound or a pharmaceutically acceptable salt thereof for use according to claim 5, wherein the disorder or
disease is selected from the group consisting of Alzheimer’s disease, Trisomy 21 (Down Syndrome), Hereditary
Cerebral Hemorrhage with Amyloidosis of the Dutch-type (HCHWA-D), senile dementia, cerebral amyloid angiop-
athy, degenerative dementia, dementias of mixed vascular and degenerative origin, dementia associated with Par-
kinson’s disease, dementia associated with progressive supranuclear palsy, dementia associated with cortical basal
degeneration, diffuse Lewy body type of Alzheimer’s disease, dry age related macular degeneration (AMD), and
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EP 2 822 930 B1
glaucoma.

A compound or a pharmaceutically acceptable salt thereof for use according to claim 6, wherein the disorder or
disease is Alzheimer’s disease.

A compound or a pharmaceutically acceptable salt thereof for use according to claim 6, wherein the disorder or
disease is glaucoma.

Use of a compound according to claim 1 or a pharmaceutically acceptable salt thereof for the manufacture of a
medicament for the treatment of a BACE1 mediated disorder in a subject.

Use of a compound according to claim 9 or a pharmaceutically acceptable salt thereof, wherein the BACE1 mediated
disease ordisorder is selected from the group consisting of a neurodegenerative disorder, cognitive decline, cognitive
impairment, dementia, and disease characterized by the production of f-amyloid deposits or neurofibrillary tangles.

Use of a compound according to claim 10 or a pharmaceutically acceptable salt thereof, wherein the disorder or
disease is selected from the group consisting of Alzheimer’s disease, Trisomy 21 (Down Syndrome), Hereditary
Cerebral Hemorrhage with Amyloidosis of the Dutch-type (HCHWA-D), senile dementia, cerebral amyloid angiop-
athy, degenerative dementia, dementias of mixed vascular and degenerative origin, dementia associated with Par-
kinson’s disease, dementia associated with progressive supranuclear palsy, dementia associated with cortical basal
degeneration, diffuse Lewy body type of Alzheimer’s disease, dry age related macular degeneration (AMD), and
glaucoma.

Use of a compound according to claim 11 or a pharmaceutically acceptable salt thereof, wherein the disease or
disorder is Alzheimer’s disease.

Use of a compound according to claim 11 or a pharmaceutically acceptable salt thereof, wherein the disease or
disorder is glaucoma.

A compound selected from the group consisting of:

Br Br Br
(@] 110H 110

Br
wQCHg Br
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or a salt thereof.

Patentanspriiche

1.

Verbindung, dargestellt durch eine Strukturformel, ausgewahit aus:
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oder ein pharmazeutisch annehmbares Salz davon.

Verbindung gemass Anspruch 1 oder ein pharmazeutisch annehmbares Salz davon zur Verwendung als Arznei-
mittel.

Pharmazeutische Zusammensetzung, die zumindest eine Verbindung geméss Anspruch 1 oder ein pharmazeutisch
annehmbares Salz davon in Abmischung mit einem pharmazeutisch annehmbaren Hilfsstoff, Verdinnungsmittel
und/oder Trager umfasst.

Verbindung gemass Anspruch 1 oder ein pharmazeutisch annehmbares Salz davon zur Verwendung bei der Be-
handlung einer durch BACE1 vermittelten Stérung oder Erkrankung.

Verbindung oder ein pharmazeutisch annehmbares Salz davon zur Verwendung gemass Anspruch 4, wobei die
durch BACE1 vermittelte Stérung oder Erkrankung aus der Gruppe bestehend aus einer neurodegenerativen Sto-
rung, kognitivem Verfall, kognitiver Beeintrachtigung, Demenz und Erkrankungen, die durch die Produktion von f3-
Amyloid-Ablagerungen oder Neurofibrillenblindeln gekennzeichnet sind, ausgewahilt ist.

Verbindung oder ein pharmazeutisch annehmbares Salz davon zur Verwendung gemass Anspruch 5, wobei die
Stoérung oder Erkrankung aus der Gruppe bestehend aus Alzheimer-Krankheit, Trisomie 21 (Down-Syndrom), he-
reditarer Hirnblutung mit Amyloidose vom niederlandischen Typ (HCHWA-D), seniler Demenz, zerebraler Amyloid-
Angiopathie, degenerativer Demenz, Demenz gemischten vaskularen und degenerativen Ursprungs, Demenz in
Verbindung mit Parkinson-Krankheit, Demenz in Verbindung mit progressiver supranuklearer Lahmung, Demenz
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in Verbindung mit kortikaler basaler Degeneration, Alzheimer-Krankheit vom diffusen Lewy-Korper-Typ, trockener
altersbedingter Makuladegeneration (AMD) und Glaukom ausgewahlt ist.

Verbindung oder ein pharmazeutisch annehmbares Salz davon zur Verwendung gemass Anspruch 6, wobei die
Stérung oder Erkrankung Alzheimer-Krankheit ist.

Verbindung oder ein pharmazeutisch annehmbares Salz davon zur Verwendung gemass Anspruch 6, wobei die
Stoérung oder Erkrankung Glaukom ist.

Verwendung einer Verbindung gemass Anspruch 1 oder eines pharmazeutisch annehmbaren Salzes davon bei der
Herstellung eines Arzneimittels zur Behandlung einer durch BACE1 vermittelten Stérung in einem Individuum.

Verwendung einer Verbindung gemass Anspruch 9 oder eines pharmazeutisch annehmbaren Salzes davon, wobei
die durch BACE1 vermittelte Erkrankung oder Stérung aus der Gruppe bestehend aus einer neurodegenerativen
Stérung, kognitivem Verfall, kognitiver Beeintrachtigung, Demenz und Erkrankungen, die durch die Produktion von
B-Amyloid-Ablagerungen oder Neurofibrillenbiindeln gekennzeichnet sind, ausgewahlt ist.

Verwendung einer Verbindung geméass Anspruch 10 oder eines pharmazeutisch annehmbaren Salzes davon, wobei
die Stérung oder Erkrankung aus der Gruppe bestehend aus Alzheimer-Krankheit, Trisomie 21 (Down-Syndrom),
hereditarer Hirnblutung mit Amyloidose vom niederlandischen Typ (HCHWA-D), seniler Demenz, zerebraler Amy-
loid-Angiopathie, degenerativer Demenz, Demenz gemischten vaskularen und degenerativen Ursprungs, Demenz
in Verbindung mit Parkinson-Krankheit, Demenz in Verbindung mit progressiver supranuklearer Lahmung, Demenz
in Verbindung mit kortikaler basaler Degeneration, Alzheimer-Krankheit vom diffusen Lewy-Korper-Typ, trockener
altersbedingter Makuladegeneration (AMD) und Glaukom ausgewahlt ist.

Verwendung einer Verbindung geméass Anspruch 11 oder eines pharmazeutisch annehmbaren Salzes davon, wobei
die Erkrankung oder Stérung Alzheimer-Krankheit ist.

Verwendung einer Verbindung gemass Anspruch 11 oder eines pharmazeutisch annehmbaren Salzes davon, wobei
die Erkrankung oder Stérung Glaukom ist.

Verbindung, ausgewahlt aus der Gruppe bestehend aus:

Br Br Br /

.
7 14
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OEt

10 oder einem Salz davon.

Revendications

15 1. Composé représenté par une formule structurelle choisie parmi les suivantes :
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ou sel pharmaceutiquement acceptable de ce composé.

Composé selon la revendication 1 ou sel pharmaceutiquement acceptable de celui-ci pour utilisation comme mé-
dicament.

Composition pharmaceutique comprenant au moins un composé selon la revendication 1 ou un sel pharmaceuti-
quement acceptable de celui-ci en mélange avec un adjuvant, un diluant et/ou un véhicule pharmaceutiquement
acceptable(s).

Composé selon la revendication 1 ou sel pharmaceutiquement acceptable de celui-ci pour utilisation dans le trai-
tement d’une maladie ou d’un trouble médié(e) par une béta-sécrétase (BACE1).

Composé ou sel pharmaceutiquement acceptable de celui-ci pour utilisation selon la revendication 4, dans lequel
la maladie ou le trouble médié(e) par une BACE1 est choisi(e) dans le groupe constitué par un trouble neurodégé-
nératif, un déclin cognitif, une déficience cognitive, la démence et une maladie caractérisée par la production de
dépdts de B-amyloide ou de dégénérescences neurofibrillaires.

Composé ou sel pharmaceutiquement acceptable de celui-ci pour utilisation selon la revendication 5, dans lequel
la maladie ou le trouble est choisi(e) dans le groupe constitué par la maladie d’Alzheimer, la trisomie 21 (syndrome
de Down), 'hémorragie cérébrale héréditaire avec amylose de type néerlandais (HCHWA-D), la démence sénile,
'angiopathie amyloide cérébrale, une démence dégénérative, les démences a la fois d’origine vasculaire et dégé-
nérative, la démence associée a la maladie de Parkinson, la démence associée a 'ophtalmoplégie supranucléaire
progressive, la démence associée a la dégénérescence cortico-basale, le type de la maladie d’Alzheimer a corps
de Lewy diffus, la dégénérescence maculaire séche liée a 'age (DMA) et le glaucome.
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Composé ou sel pharmaceutiquement acceptable de celui-ci pour utilisation selon la revendication 6, dans lequel
la maladie ou le trouble est la maladie d’Alzheimer.

Composé ou sel pharmaceutiquement acceptable de celui-ci pour utilisation selon la revendication 6, dans lequel
la maladie ou le trouble est le glaucome.

Utilisation d’'un composé selon la revendication 1 ou d’'un sel pharmaceutiquement acceptable de celui-ci pour la
préparation d’'un médicament destiné au traitement d’un trouble médié par une BACE1 chez un sujet.

Utilisation d’'un composé selon la revendication 9 ou d’'un sel pharmaceutiquement acceptable de celui-ci, dans
laguelle la maladie ou le trouble médié(e) par une BACE1 est choisi (e) dans le groupe constitué par un trouble
neurodégénératif, un déclin cognitif, une déficience cognitive, la démence et une maladie caractérisée par la
production de dépbts de B-amyloide ou de dégénérescences neurofibrillaires.

Utilisation d’'un composé selon la revendication 10 ou d’un sel pharmaceutiquement acceptable de celui-ci, dans
laguelle la maladie ou le trouble est choisi(e) dans le groupe constitué par la maladie d’Alzheimer, la trisomie 21
(syndrome de Down), ’hémorragie cérébrale héréditaire avec amylose de type néerlandais (HCHWA-D), ladémence
sénile, 'angiopathie amyloide cérébrale, une démence dégénérative, les démences a la fois d’origine vasculaire et
dégénérative, la démence associée a la maladie de Parkinson, la démence associée a 'ophtalmoplégie supranu-
cléaire progressive, la démence associée a la dégénérescence cortico-basale, le type de la maladie d’Alzheimer a
corps de Lewy diffus, la dégénérescence maculaire séche liée a 'age (DMA) et le glaucome.

Utilisation d’'un composé selon la revendication 11 ou d’un sel pharmaceutiquement acceptable de celui-ci, dans
laguelle la maladie ou le trouble est la maladie d’Alzheimer.

Utilisation d’'un composé selon la revendication 11 ou d’un sel pharmaceutiquement acceptable de celui-ci, dans
laquelle la maladie ou le trouble est le glaucome.

Composé choisi dans le groupe constitué des suivants :

O o)
Br Br. Br /
QO 2 10M ile]

)
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