10

15

20

25

30

WO 20131/128455 PUT/EP2ZUT /056068

Novel compounds for the treatrment of

diseases associaied with amyloid or amyloid-like proteins

Field of the invention

The present invention relates to novel compounds that can be employed in the treatment of a
group of disorders and abnormalities associaled with amyloid protein, such as Alzheimer's
disease, and of diseases or conditions associated with amyloid-like profeins. The present
invention further relates to pharmaceutical compositions comprising these compounds and to
the use of these compounds for the preparation of medicaments for the treatment of diseases or
conditions associated with amyloid or amyloid-like proteins. A method of ireating diseases or

conditions associated with amyloid or amyloid-like proteins is also disclosed.

The compounds of the present invention can alsc be used in the treatment of ocular diseases
associated with pathological abnommalities/changes in the tissues of the visual system,
particularly associated with amyloid-beta-related pathological abnormalities/changes in the
tissues of the visual system, such as neuronal degradation. Said pathological abnormalities may
oceur, for example, in different tissues of the eye, such as the visual cortex leading to cortical
visual deficiis; the anterior chamber and the optic nerve leading to glaucoma; the lens leading to
cataract due o beta-amyloid deposition; the vitreous leading to ocular amyloidosis; the retina
leading o primary retinal degeneration and macular degeneration, for example age-related
macular degeneration; the optic nerve leading to optic nerve drusen, optic neuropathy and optic

neuritis; and the comea leading to lattice dystrophy.
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Background of the invention

Many diseases of aging are based on or associated with amyloid or amyloid-like proteins and
are characterized, in part, by the buildup of extraceliular deposits of amyloid or amylocid-like
material that contribute to the pathogenesis, as well as the progression of the disease. These
diseases include, but are not limited to, neurclogical disorders such as Alzheimer's disease
(AD), diseases or conditions characterized by a loss of cognitive memory capacity such as, for
example, mild cognitive impairment (MCl), Lewy body dementia, Down's syndrome, hereditary
cerebral he-morrhage with amyloidosis {(Dutch type); the Guam Parkinson-Dementia complex.
Other diseases which are based on or associated with amyloid-like proteins are progressive
supranuclear palsy, multiple sclerosis; Creutzfeld Jacob disease, Parkinson's disease, HIV-
related dementia, ALS (amyotropic lateral sclerosis), inclusion-body myositis (IBM), Adult Onset
Diabetes; senile cardiac amyloidosis; endocrine tumors, and cther diseases, including amyloid-
associated ocular diseases that target different tissues of the eye, such as the visual cortex,
including cortical visual deficits; the anterior chamber and the optic nerve, including glaucoma;
the lens, including cataract due to beta-amyioid deposition; the vitreous, incuding ocular
amyioidosis; the retina, including primary retinal degenerations and macular degeneration, in
particular age-related macular degeneration; the optic nerve, including optic nerve drusen, optic

neuropathy and optic neuritis; and the cornea, including lattice dystrophy.

Although pathogenesis of these diseases may be diverse, their characteristic deposits often
contain many shared molecutar constituents. To a significant degree, this may be attributable to
the local activation of pro-inflammatory pathways thereby leading to the concurrent deposition of
activated complement components, acuie phase reactants, immune modulators, and other

inflammatory mediators.

Alzheimer's disease (AD) is a neurological disorder primarily thought to be caused by amyloid
plaques, an accumulation of abnormal deposit of proteins in the brain. The most frequent type of
amyioid found in the brain of affected individuals is composed primarily of AB fibiils. Scientific
evidence deronstrates that an increase in the production and accumulation of beta~-amyloid
protein in plaques leads to nerve cell death, which contributes fo the development and
progression of AD. Loss of nerve cells in strategic brain areas, in tumn, causes reduction in the
neurofransmitfers and impairment of memory. The proteins principally responsible for the

plague build up include amyloid precursor protein (APP) and two presenilins (presenilin | and
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presenilin [). Sequential cleavage of the amyloid precursor protein (APP), which is constitutively
expressed and catabolized in most cells, by the enzymes § and y secretase leads {o the release
of a 39 to 43 amino acid AR peplide. The degradation of APPs likely increases their propensity
to aggregate in plaques. 1t is especially the AB(1-42) fragment that has a high propensity of
building aggregates due fo fwo very hydrophobic amino acid residues at its C-terminus. The
AR(1-42) fragment is therefore believed fo be mainly involved and responsible for the initiation of
neuritic plaque formation in AD and to have, therefore, a high pathological potential. There is

therefore a need for specific molecules that can target and diffuse amyloid plaque formation,

The symploms of AD manifest slowly and the first sympiom may only be mild forgetfulness. In
this stage, individuals may forget recent events, activities, the names of famitiar people or things
and may not be able to solve simple math problems. As the disease progresses, symptoms are
more easily noticed and become serious enough fo cause people with AD or their family
members 1o seek medical help. Mid-stage symptoms of AD include forgetting how to do simple
tasks such as grooming, and problems develop with speaking, understanding, reading, or
writing. Later stage AD patients may become arxious or aggressive, may wander away from

horne and ultimately need total care.

Presently, the only definite way to diagnose AD is fo identify plaques and tangles in brain fissue
in an autopsy after the death of the individual. Therefore, doctors can only make a diagnosis of
*possible” or “probable” AD while the person is still alive. Using current methods, physicians can

diagnose AD correctly up to 90 percent of the time using several tools to diagnose "probable”

.AD. Physicians ask questions about the person's general health, past medical problems, and

the history of any difficulties the person has carrying out daily activities. Behavioral tests of
memory, problem solving, attention, counting, and language provide information on cognitive
degeneration and medical tests such as tests of blood, urine, or spinal fluid, and brain scans

can provide some further information.

The management of AD consists of medication-based and non-medication based treatments.
Treatments aimed at changing the underlying course cof the disease (delaying or reversing the
progression) have so far been largely unsuccessful. Medicines that restore the deficit (defect),
or malfunctioning, in the chemical messengers of the nerve cells (neurofransmitters), in
particular the cholinesterase inhibitors (ChEls) such as tacrine and rivastigmine, have been

shown to improve symptoms. ChEls impede the enzymatic degradation of neurotransmitters
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thereby increasing the amount of chemical messengers available to transmit the nerve signals
in the brain.

For some people in the early and middle stages of the disease, the drugs tacrine (COGNEX®,
Morris Flains, NJ), donepezil (ARICEPT®, Tokyo, JP), rivastigmine (EXELON®, East Hanover,
NJ), or galantamine (REMINYL®, New Brunswick, NJ) may help prevent some symptoms from
becoming worse for a limited time. Another drug, memantine (NAMENDA®, New York, NY), has
been approved for treatment of moderaie 0 severe AD. Medications are also available to
address the psychiatric manifestations of AD. Also, some medicines may help control behavioral
symptoms of AD such as sleeplessness, agitation, wandering, anxiety, and depression. Treating
these symptoms often makes patients more comfortable and makes their care easier for
caregivers. Unfortunately, despite significant freatment advances showing that this class of
agents is consistently better than a placebo, the disease continues o progress, and the average
effect on mental functioning has only been modest. Many of the drugs used in AD medication
such as, for example, ChEls also have side effects that include gastrointestinal dysfunction, liver
toxicity and weight loss.

Other diseases that are based on or associated with the accumulation and deposit of amyloid-
like protein are mild cognilive impairment, Lewy body dementia (LBD), amyotrophic lateral
sclerosis (ALS), inclusion-body myositis (IBM) and macular degeneration, in particular age-

related macular degeneration (AMD).

Mild cognitive impairment (MCl) is a general term most commonly defined as a subtle but
measurable memory disorder. A person with MCl experiences memory problems greater than
normally expected with aging, but does not show other symptoms of dementia, such as

impaired judgment or reasoning.

Lewy body dementia (LBD) is a neurodegenerative disorder that can occur in persons oider
than 65 years of age, which typically causes symptoms of cognitive (thinking) impairment and
abnormal behavioral changes. Symptoms can include cognitive impairment, neurclogical signs,
sleep disorder, and autonomic failure. Cognitive impairment is the presenting feature of LBD in
most cases. Patients have recurrent episodes of confusion that progressively worsen. The
fluctuation in cognitive ability is often associated with shifting degrees of atlention and alertness.

Cognitive impairment and fluctuations of thinking may vary over minutes, hours, or days.
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Arnyotrophic lateral sclerosis (ALS) is characterized by degeneration of upper and lower motor
neurons. In some ALS patients, dementia or aphasia may be present (ALS-D). The dementia is
most commonly a frontotemporal dementia (FTD), and many of these cases have ubiquitin-
positive, tau-negative inclusions in neurons of the dentate gyrus and superficial layers of the

frontal and temporal lobes.

inclusion-body myositis (IBM) is a crippling disease usuaily found in people over age 50, in
which muscle fibers develop inflammation and begin to atrophy — but in which the brain is
spared and patients retain their full intellect, Two enzymes involved in the production of amyloid-
{3 protein were found o be increased inside the muscle cells of patients with this most common,

progressive muscle disease of older people, in which amyloid-{§ is also increased.

Macular degeneration is a common eye disease that causes deterioration of the macula, which
is the central area of the retina (the paper-thin tissue at the back of the eye where light-sensitive
cells send visual signals to the brain). Sharp, clear, 'straight ahead' vision is processed by the
macula. Damage fo the macula results in the development of blind spots and blurred or
distorted vision. Age-refated macular degeneration (AMD) is a major cause of visual impairment
in the United States and for people over age 65 it is the leading cause of legal blindness among
Caucasians. Approximately 1.8 million Americans age 40 and older have advanced AMD, and
another 7.3 million people with intermediate AMD are at substantial risk for vision ioss. The
government estimates that by 2020 there will be 2.9 million people with advanced AMD. Victims
of AMD are often surprised and frustrated to find out how iittle is known about the causes and

treatment of this blinding condition.

There are two forms of macular degeneration: dry macular degensration and wet macular
degeneration. The dry form, in which the cells of the macula slowly begin to break down, is
diagnosed in 85 percent of macular degeneration cases. Both eyes are usually affected by dry
AMD, although one eye can lose vision while the other eye remains unaffected. Drusen, which
are yeliow deposils under the relina, are common early signs of dry AMD. The risk of
developing advanced dry AMD or wet AMD increases as the number or size of the drusen
increases. i is possible for dry AMD fo advance and cause loss of vision without turning into the
wet form of the disease; however, it is also possible for early-stage dry AMD to suddenty

change into the wel form.
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The wet form, although it only accounts for 15 percent of the cases, results in 90 percent of the
biindness, and is considerad advanced AMD (there is no early or intermediate stage of wet
AMD). Wet AMD is always preceded by the dry form of the disease. As the dry form worsens,
some people begin to have abnormal blood vessels growing behind the macula. These vessels
are very fragile and will leak fluid and blood (hence ‘wet' macular degeneration), causing rapid

damage to the macula.

The dry form of AMD will initially often cause slightly blurred vision. The center of vision in
particular may then become blurred and this region grows larger as the disease progresses. No
symptoms may be noticed if only one eye is affected. In wet AMD, straight fines may appear

wavy and central vision loss can occur rapidly.

Diagnosis of macular degeneration typically involves a dilated eye exam, visual acuity test, and
a viewing of the back of the eye using a procedure called fundoscopy to help diagnose AMD,
and —~ if wet AMD is suspected — fluorescein angiography may also be performed. If dry AMD
reaches the advanced stages, there is no current {reatment to pravent vision loss. However, a
specific high dose formula of antioxidants and zinc may delay or prevent intermediate AMD from
progressing 1o the advanced stage. Macugen® (pegaptanib sodium injection), laser
photocoagulation and photodynamic therapy can control the abnormal blood vessel growth and
bleeding in the macula, which is helpful for some people who have wet AMD; however, vision
that is already lost will not be restored by these techniques. If vision is already lost, low vision

zids exist that can help improve the gquality of life.

One of the earliest signs of age-related macular degeneration (AMD) is the accumulation of
exiraceliular deposits known as drusen belween the basal lamina of the retinal pigmenied
epithelium (RPE) and Bruch's membrane (BM). Recent studies conducted by Anderson et al.
have confirmed that drusen contains amyloid beta (Experimental Eye Research 78 (2004) 243-
256).

Prions cause neurodegenerative diseases such as scrapie in sheep, bovine spongiform
encephalopathy in catfle and Creutzfeldi-Jacob disease in humarns. The only known component
of the particle is the scrapie isoformn of the protein, PrPSc. Although prions multiply, there is no

evidence that they coniain nucleic acid. PrPSc is derived from the non-infectious, ceflular
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rotein PrieC by a posttransiational process during which PrPC undergoes a profound
p Y ! g g p

conformational change.

The scrapie protein PriPSc has a critical role in neuronal degeneration and during disease
development undergoes a three stage transition as follows: PrPC (normal cellular isoform of

protein) —~ PrPSc: infectious form (scrapie isoform of protein) — protein PriP27-30.

Such a cascade of events occurs during the developrnent of Creutzfeldi-dacob disease (CJD),
Kuru, Gerstmann-Straussler-Scheinker Syndrome (GSS8), fatal familial insomnia in man, scrapie

in sheep and goats, encephaiopathy in mink and bovine spongiform encephalopathy in cattle.

The cellular non-foxic protein (PrPC) is a sialoglycoprotein of molecular weight 33000 o 35000
that is expressed predominantly in neurons. In the diseases mentioned above, PrPC is
converied into an altered form (Pri°Sc), which is distinguishable from its normal homologue by
its relative resistance io protease digestion. PrP3c accumulates in the central nervous system

of affected animals and individuals and its protease-resistant core aggregates extracefiularly.

Amyloidosis is not a single disease entity but rather a diverse group of progressive disease
processes characterized by exiracellular tissue deposits of a waxy, starch-like protein called
amyloid, which accumulates in one or mere organs or body systems. As the amyioid deposits
build up, they begin to interfere with the normal function of the organ or body system. There are
at least 15 different types of amyloidosis. The major forms are primary amyioidosis without
known antecedent, secondary amyloidosis following some other condition, and hereditary

amyloidosis.

Secondary amyloidosis cccurs in peopie who have a chronic infection or inflammatory disease,
such as fuberculosis, a bacterial infection called familial Mediterranean fever, bone infections
{osteomnyslitis), rheumatoid arthrilis, inflammation of the small intestine (granulomatous ileitis),

Hodgkin's disease, and leprosy.

Glaucoma is a group of diseases of the oplic nerve involving loss of retinal ganglion cells
{(RGCs) in a characteristic pattern of optic neuropathy. Glaucoma is often, but not always,
accompanied by an increased eye pressure, which may be a result of blockage of the circulation

of aqueous or its drainage.
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Although raised intraccular pressure is a significant risk factor for developing glaucoma, no
threshold of intraocular pressure can be defined which would be determinative for causing

glaucoma.

The damage may also be caused by poor blood supply to the vital optic nerve fibers, a
weakness in the structure of the nerve, and/or a problem in the health of the nerve fiber

themselves.

Untreated glaucoma leads to permanent damage of the optic nerve and resultart visual field

loss, which can progress to blindness.

RGCs are the nerve cells that transmit visual signals from the eye to the brain. Caspase-3 and
Caspase-8, two major enzymes in the apoptotic process, are activated in the process leading to
apoptosis of RGCs. Caspase-3 cleaves amyloid precursor protein (APF) fo produce neuroloxic
fragmenis, including Amyloid B. Without the protective effect of APP, Amyloid B accumulation in

the retinal ganglion cell layer results in the death of RGCs and irreversibie loss of vision.

The different types of glaucomas are classified as open-angle glaucomas, if the condition is
chironic, or closed-angle glaucomas, if acute glaucoma occurs suddenly. Glaucoma usuaily

affects both eyes, but the disease can progress more rapidly in one eye than in the cthar.

Chrenic apen-angle glaucoma (COAG), also known as primary open angle glaucoma (POAG),
is the most common type of giaucoma. COAG is caused by microscopic blockage in the
trabecular meshwork, which decreases the drainage of the aqueous outflow into the Schiemm's
canal and raises the intraccular pressure (I0P). POAG usually affects both eyes and is strongly
associated with age and a positive family history. its frequency increases in elderly people as
the evye drainage mechanism may gradually become clogged with aging. The increase in
infraccular pressure in subjects affected by chronic open-angle glaucoma is not accompanie

by any symptoms untll the loss is fell on the central visual area.

Acute Angle Closure Glaucoma (AACG) or closed-angle glaucoma is a relatively rare type of
glaucoma characterized by a sudden increase in intraccular pressure to 35 to 80 mmbg,

leading to severe pain and irreversible loss of vision. The sudden pressure increase Is caused
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by the closing of the filtering angle and blockage of the drainage channels. Individuals with
narrow angles have an increased risk for a sudden closure of the angle. AACG usually ocours
monocularly, but the risk exists in both eyes. Age, cataract and pseudoexfoliation are also risk
factors since they are associated with enlargement of the lens and crowding or narrowing of the
angle. A sudden glaucoma atfack may be associaled with severe eye pain and headache,

inflamed eve, nausea, vomiting, and blurry vision.

Mixed or Combined Mechanism Glaucoma is a mixture or combination of open and closed
angle glaucoma. it affects patients with acute ACG whose angle opens after iaser iridotomy, but
who continue to require medications for 1OP confrol, as well as patients with POAG or

nseudoexfoliative glaucoma who gradually develop narrowing of the angle.

Normal tension glaucoma {NTG), also known as low tension glaucoma {LTG), is characterized
by progressive oplic nerve damage and loss of peripheral vicion similar to that seen in cother
types of glaucorna; however, the intraccular pressure is in the normal range or even below

normat.

Congenital (infantile) glaucoma is a relatively rare, inherited type of opern-angle glaucoma.
Insufficient develepment of the drainage area resulls in increased pressure In the eye that can
lead to the loss of vision from oplic nesve damage and o an enlarged eye. Early diagnosis and
treatment are critical to preserve vision in infants and children affected by the disease.

o

Secondary glaucoma may result from an ocular injury, inflammation in the iris of the eye (iritis),

"

diabetes, cataract, or use of sleroids in steroid-susceptible individuals. Secondary glaucoma

may also be associated with retinal detachment or retinal vein occlusion or blockage.

Pigmentary glaucoma is characterized by the detachment of granules of pigment from the iris.
The granules cause bilockage of the drainage systemn of the eve, leading fo elevated intraccuiar

pressure and damage to the optic nerve.

Exfoliative glaucoma (pseudoexfoliation) is characterized by deposits of flaky material on the

anterior capsule and in the angie of the eye. Accumulation of the flaky material blocks th

D

drainage system and raises the sye pressure.

w
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Diagnosis of glaucoma may be made using various tesfs. Tonometry determines the pressure in
the eye by measuring the tone or firmness of its surface. Several types of tonometers are
available for this test, the most common being the applanation fonometer. Pachymetry
determines the thickness of the comea which, in turn, measures intraocular pressure.
Gonicscopy altows examination of the fittering angle and drainage area of the eye. Gonioscopy
can also determine if abnormal blood vessels may be blocking the drainage of the aqueous fiuid
out of the eye. Ophthalmoscopy allows examination of the optic nerve and can detect nerve
fiber layer drop or changes in the oplic disc, or indentation {cupping) of this structure, which may
be caused by increased intraocular pressure or axonal drop oul. Gonioscopy s also useful in
assessing damage to the nerve from poor blood flow or increased intraocular pressure. Visual
field testing maps the field of vision, subjectively, which may detect signs of glaucomatous
damage to the oplic nerve. This is represented by specific patierns of visual field loss. Qoular
coherence tomography, an objective measure of nerve fiber layer loss, is carried out by looking
at the thickness of the optic nerve fiber layer (altered in glaucoma) via a differential in light

transmission through damaged axcnal tissue.

Oplic nerve drusen are globular concretions of protein and calcium salts which are felt o
represent secretions through congenilally altered vascular structures affecting the axonal nerve
fiber layer. These accumulations ocour in the peripapillary nerve fiber layer and are fell io
damage the nerve fiber layer either direclly by compression or indirectly through disruptions of
the vascular supply to the nerve fiber layer. They usually become visible after the first decade of
ife in affected individuals. They occur most often in both eyes but may also affect one eye, and

may cause mild loss of peripheral vision over many vears.

Cplic neuropathy is a disease characterized by damage to the optic nerve caused by
demyelination, blockage of bload supply, nutritional deficiencies, or toxins. Demyelinating optic
neuropathies {see optic neuritis below) are typically caused by an underlying demyelinating
process such as muitiple sclerosis. Blockage of the blood supply, known as ischemic opfic
neuropathy, can léad to death or dysfunciion of oplic nerve cells. Non-arteritic ischemic optic
neuropathy usually occurs in middle-age people. Risk factors include high blood pressure,
diabetes and atherosclerosis. Arteritic ischemic optic neuropathy usually occurs in cider people
following inflammation of the arteries (arteritis), particulary the temporal artery (tempora

arteritis). Loss of vision may be rapid or develop gradually over 2 to 7 days and the damage

10
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may be to one or both eves. In people with optic neuropathy caused by exposure o a toxin or fo

a nutritional deficiency, both eves are usually affected.

About 40% of people with non-arteritic ischemic optic neuropathy experience spontansous
improvement over time. Non-arteritic ischemic optic neuropathy is treated by controlling blood
pressure, diabetes and cholesterol levels. Arteritic ischemic optic neuropathy is treated with high

doses of corticosteroids to prevent loss of vision in the second eve.,

Optic neuritis is associated with mild or severe vision loss in one or both eves and may be
caused by a systemic demyelinating process (see above), viral infection, vaccination,
meningitis, syphilis, multiple sclerosis and infraocular inflammation {uveitis). Eye movement may
be painful and vision may detericrate with repeat episodes. Diagnosis involvaes examination of
the reactions of the pupils and determining whether the optic disk is swollen. Magnetic
resonance imaging (MRI) may show evidence of multiple sclerosis or, rarely, a fumor pressing
on the oplic nerve, in which case vision improves once the tumor pressure is relieved. Most
cases of oplic neuritis improve over a few months without treatment. In some cases, treatment

with intravenous corticosteroids may be necessary.

A cataract is an opacity that develops in the crystalline lens of the eye or in its envelope.
Cataracts typically cause progressive vision loss and may cause blindness if left untreated. In
the Morgagnian Cataract, the cataract cortex progressively liquefies to form a milky white fluid
and may cause severe inflammation if the lens capsule ruptures and leaks. If left untreated, the
cataract may also cause phacomorphic glaucoma. Cataracts may be congenilal in nature or
caused by genetic factors, advanced age, long-term ultraviclet exposure, exposure to radiation,

diabetes, eye injury or physical trauma.

Extra-capsular (ECCE) surgery is the most effective treatment to freat cataract. In the surgery,
the lens is removed, but the majority of the lens capsule is left intact. Phacoemulsification, a

small incision on the side of the cornea, is typically used to break up the lens before extraction.

Ocular amyioidosis is a hereditary disorder associated with Type | Familial Amyloidotic
Polyneuropathy (FAP) and characterized by abnormal conjunctival vessels, keratoconjunctivitis
sicca, pupillary abnormalities and, in some cases, vitreous opacifies and secondary glaucoma.

Type | FAP is associated with mutations in fransthyretin (TTR), a tetrameric plasma protein

i
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{prealbumin) synthesized in the liver, the retinal pigment epithelium2 and thechoroid plexus of
the brain. Different mutations cause transthyretin o polymerize into a pleated struciure of
amyloid fibril, leading to hereditary amyloidosis. The most frequent mutation is TTR-met303, in

which methionine repiaces valine at position 30 in transthyretin.

Type IV FAP is associated with iattice corneal dystrophy (LCD). Lattice corneal dystrophy is an
inherited, primary, usually bilateral corneal amyioidosis characterized by the presence of
rafractile lattice lines with a double contour in the coreal stroma. L.CD type | (Biber-Haab-
Dimmer) is an autesomal dominant, bilaterally symmetrical corneal disorder characterized by
the presence of numerous transiucent fine latlice lines with white dots and faint haze in the
supetficial and middie layers of the central stroma. The symptoms start during the first or
second decades of life, causing a progressive loss of vigsion. Most patients require a corneal
transplant by 40 years of age. LCD type Il is associated with systemic amyloidosis (Meretoja's
syndrome) and is characterized by the presence of thick latflice lines in the limbus, central
cormea and stroma. Vision is not affected untll later in life. LCD type il affects middie-age
people and is characlerized by the presence of thick latiice lines that extend from fimbus to
fimbus. LCD type I A is characlerized by the accumulation of amyloid deposits in the stroma
and the presence of ribbons of amyloid between the stroma and Bowman's layer. LCD type it A
differs from LCD type Hl because of the presence of comeal erosions, the occurrence in whites

and the autosomal dominant inhetitance pattarn.

Down's Syndrome (DS) or irisomy 21 is fhe most common genetic disorder with an incidence of
about 1:700 live births, and is often associated with various congenital anomailies. The disorder,
which is caused by the presence of an extra chromosome 21, is associated with premature
deposits of the plague-forming protein amyloid-beta and development of Alzheimer's disease by
middie age. Furthermore, many people affecied by DS suffer from cataracts beginning in
childhood and many suffer from congenital glaucoma. Since the gene for amyloid precursor
protein, which is cleaved to form amyloid beta, is located on the fong arm of chromosome 21 in
humans, overexpression of this gene may lead to increased levels of amyloid precursor protein
and amyloid deposition in Down's syndrome,

There is no cure for glaucoma. Medications for the trealment of giaucoma include agents that
decrease production of the agueous humor in the eye, such as beta blockers (Timoptic,

i

Betoptic), carbonic anhydrase inhibitors (Trusopt, Azopt), and alpha agonists (Alphagan,
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jopicineg), and agenta that redirect drainage of the aquecus humor through a different pathway
at the back of the sye, such as prostaglandin (Xalatan). Laser surgeries include trabeculoplasty,
a procedure that helps the agueous humor leave the eye more efficiently. According to the
Glaucoma Foundation, nearly 80% of the patients respond well enough to the procedure to
delay or avoid further surgery. However, pressure increases again in the eyes of half of all
patients within two years after faser surgery, according to the National Eye Institute. Incisional
surgery is performed if medicafion and initial laser treatments are unsuccessful in reducing
pressure within the eye. One type of surgery, a trabeculectomy, creates an opening in the wall
of the eye so that aqueous humor can drain. Howsver, about one-third of trabeculectomy
patients develop cataracts within five years, according to the Glaucoma Foundation. f the
trabeculectomy fails, additional incisional procedures include placing a drainage tubs into the
sve between the cornea and iris and the use of a laser or freezing treatment to dostroy fissue in
the eye that makes aqueous humor. Surgery may save the remaining vision in the patient, but it

does not improve sight. Vision may actually be worse following surgery.

Age-related macular degenerafion (AMD) is a major cause of blindness among Caucasians over
age 65. Although much progress has been made recently in macular degeneration research,
there are no treatments that rescue neuronal cell death that occurs during the course of the

,

disease. There are also no definitive treatmenis other ocular diseases associated with
amyloid beta-related neuronal degradation, such as cortical visual deficits, optic nerve drusen,

optic neuropathy, optic neuritis, ocular amyloidosis and lattice dystrophy.

Amvioid deposits typically contain three components. Amyloid protein fibrils, which account for
about 90% of the amyloid material, comprise one of several different types of proteins. These
proteins are capable of folding into so-called "beta-pleated” sheet fibrils, a unigue protein
configuration which exhibits binding sites for Congo red resulling in the unigue staining
properties of the amyloid protein. In addition, amyloid deposits are closely associated with the
amyloid P {peniagonal) component (AP), a glycoprotein related to normal serum amvyioid P
(SAP), and with sulphated glycosaminoglycans (GAG), complex carbohydrates of connective

tissue,

One development towards the freatment of Alzheimer's disease and prion dissases has been
the design of molecules that bind the abnormal f-sheet conformation of AR and PP,

respectively, thereby preventing aggregation of these molecules. The B-sheet conformalion of

——
joxl



[@}]

20

25

(8
[en]

peptides is characierized in that hydrogen bonds are formed in a regular pattern between
neighboring amino acid strands. This arrangement leads to a stable three dimensional structure.
H-bond acceptors (C=0 group) and H-bond donors {(NH group) alternate in naturally occurring
ﬁ—sheﬁf pep‘tédes with the atoms {o be bonded being roughly in one line, Within each amino acid
strand, the distances between neighboring H-bond donors and H-bond acceptors fall within
sspeciﬁc ranges. In particular, the distance between the H-bond donor (NH group) and the H-
bond acceptor {C=0 group) within one amino acid residue is from 3.5 to 4.0 A. The distance
between the H-bond acceptor (C=0 group) of one amino acid residue and the H-bond donor
(NH group) of the following amino acid residue participating in the inter-strand bonding is from
2.6 10 2.9 A In other words, the distances between neighboring H-bond donors and H-bond

acceplors within one amino acid strand alternate between the following ranges:

H-bond donor (amino acid 1) - H-bond acceptor (amino acid 1) = 3.5 t0 4.0 A;

H-bond accepter (amino acid 1) — H-bond donor 2 (amino acid 2) = 2.6 to 2.9 A

Ligands that are designed fo bind f-sheets ideaily have an order of H-bond donors and H-bond
acceptors that is complementary to the order of M-bond donors and H-bond acceptors in the

amino acid strands of the B-sheet.

WO 2007/002433 describes certain pyrrolo[2,3-Blpyridine derivatives which are stated to be

sujtable as protein kinase inhibitors.

it was an object of the present invention to provide compounds that can be employed in the
treatment of diseases or condifions associated with amyioid or amyloid-like proteins, including
amyloidosis. The compounds should be able to pass the blood-brain barrier. Furthermore, they
should be pharmaceutically acceplable, in paticular, they should not have mutagenic or

carcinogenic properties or be metabolically unstable.

A further object of the invention is to provide improved treatment options for subjects affected by
ocular diseases associated with pathological abnormalities/changes in the tissues of the visual
systern, particularly associated with amyloid-beta-related pathological abnormalities/ changes in
the tissues of the visual system, such as, for exampie, neuronal degradation. Said pathological
abnormalities may occur, for example, in different tissues of the eye, such as the visual corlex

leading to cortical visual deficits; the anterior chamber and the optic nerve leading to glaucoma;

14
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the lens leading to cataract due to beta-amyloid deposition; the vitreous leading to ocular
amyloidosis; the retina leading to primary retinal degeneration and macular degeneration, for
example age-related macular degeneration; the optic nerve leading to optic nerve drusen, optic
neuropathy and optic neuritis; and the cornea leading to lattice dystrophy.

The present inventors have surprisingly found that these objects can be achieved by the
compounds of the general formula (1) as described hereinafter.

Summary of the invention

Accordingly, the present disclosure relates to a compound of general formula (1).

In one aspect, the present invention relates to a compound of formula (1);

A-L~B 0)

and all stereoisomers, racemic mixtures, pharmaceutically acceptable salts, hydrates,
solvates and polymorphs thereof;

wherein

A is selected from the group consisting of:

15
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R2 , R?  and
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wherein
15 R, R%, R® and R* are each independently selected from the group consisting of

hydrogen, halogen, CN, CF3, ~CONR¥R?", -N(R*)~C(O)}-R*', alkyl, ~O-alkyl, ~C(0)0O—
atkyl, cycloalkyl, cycloalkylalkyl, heterocycioalkyl, fluoroalkyl, heterocycioatkyialkyi,
alkenyl, alkynyl, aryl, heteroaryi, arylalkyl and heteroarylalkyl, wherein alkyl, cycloalkyl,

15a



10

15

20

25

30

cycloalkylalkyl, heterocycloalkyl, fluoroalkyl, heterocycloalkylalkyl, alkenyl, alkynyl, aryl,
heteroaryl, arylalkyl and heteroarylalkyl can be optionally substituted, or if any of the
groups R/RYR®/R* are adjacent, they can optionally be taken together and can form a
5- to 8-membered ring containing carbon atoms and optionally one or more heteroatoms
selected from O, S, or N or optionally one or more heteroatom (e.g., N, O and/or S)-
containing moieties and wherein the 5- to 8-membered ring may be substituted by
NR®R?" or —~O-alkyl, wherein the alkyl can be optionally substituted, or by

e

3

for each occurrence, R? is independently selected from the group consisting of
hydrogen, alkyl, haloalkyl, S(O)YNR¥R*, S(O)R¥*, C(O)OR¥, C(O)R¥*, and
C(OINR¥RY";

for each occurrence, RP is independently selected from the group consisting of:
hydrogen, halogen, CN, CFi;, CONR™R®', alkyl, —O-alkyl, ~C(O)O~alkyi, cycloalkyl,
cycloalkylalkyl, heterocycloalkyl, fluoroalkyl, heterocycloalkylalkyl, alkenyl, alkynyl, aryl,
heteroary], arylalkyl and heteroarylalkyl, wherein alkyl, cycloakkyl, cycloalkylaikyl,
heterocycloalkyl, fluoroalkyl, heterocycloalkylalkyl, alkenyl, alkenyl, alkynyl, aryi,
heteroaryl, arylalkyl, heteroarylalkyl and aminoalkyl can be optionally substituted;

for each occurrence, R®, R* R? and R? are each independently selected from the
group consisting of: hydrogen, alkyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl,
fluoroalkyl, heterocycioalkylalkyl, alkenyl, alkynyl, aryl, heteroaryl, arylalkyi,
heteroarylaikyl and aminoalkyl, wherein alkyl, cycloalkyl, cycloalkylalkyl,
heterocycloalkyl, fluoroalkyl, heterocycloalkylalkyl, alkenyl, alkynyl, aryl, heteroaryl,
arylalkyl, heteroarylalkyl and aminoalkyl can be optionally substituted, or wherein R*
and R?', when taken together with the nitrogen to which they are attached, can form a 3-
to 8-membered ring containing carbon atoms and optionally one or more further
hetercatoms selected from O, S, or N or optionally one or more heteroatom (e.g., N, O
and/or S)-containing moieties and wherein the 3- to 8-membered ring may be optionally
substituted;
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X and Y are each independently selected from the group consisting of CR” and N;

tis1or2;and

V is absent or NR*°R%
Zis1or2.

In a further aspect, the present invention relates fo a radiopharmaceutical formulation
comprising a compound according to the present invention comprising a radionuclide.

In a further aspect, the present invention relates to a pharmaceutical composition comprising a
compound according to the present invention wherein the pharmaceutical composition further
comprises a pharmaceutically acceptable carrier or excipient. Also disclosed is a
pharmaceutical composition or a radiopharmaceutical formulation comprising a compound of
general formula (I).

In a further aspect, the present invention relates to the use of the compound according to the
present invention, for the preparation of a medicament for treating or preventing a disease or
condition associated with an amyloid and/or amyloid-like protein, wherein the disease is a
neurological disorder selected from the group consisting of Alzheimer’s disease (AD), Lewy
body dementia (LBD), Down’'s syndrome, hereditary cerebral hemorrhage with amyloidosis
(Dutch type), the Guam Parkinson-Dementia complex or mild cognitive impairment (MCl) or
wherein the disease is progressive supranuclear palsy, multiple sclerosis, inclusion-body
myositis (IBM), Creutzfeld Jacob disease, Parkinson's disease, HIV-related dementia,
amyotropic lateral sclerosis (ALS), inclusion-body myositis (IBM), adult onset diabetes, senile
cardiac amyloidosis, endocrine tumors, glaucoma, ocular amyloidosis, primary retinal
degeneration, macular degeneration (such as age-related macuiar degeneration (AMD)), optic
nerve drusen, optic neuropathy, optic neuritis, or lattice dystrophy.

Also disclosed herein is the use of a compound of general formula (1) for the preparation of a

medicament for the treatment of diseases or conditions associated with amyloid or amyloid-like
proteins, including amyloidosis.

15¢
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In a further aspect, the present invention relates to the use of the compound according to the
present invention for the preparation of a medicament for treating or preventing an ocular
disease or condition associated with a pathological abnormality/change in the tissue of the
visual system, particularly associated with an  amyloid-beta-related pathological
abnormality/change in the tissue of the visual system, wherein the ocular disease or condition
is selected from the group consisting of neuronal degradation, cortical visual deficits, glaucoma,
cataract due to beta-amyloid deposition, ocular amyloidosis, primary retinal degeneration,
macular degeneration, for example age-related macular degeneration, optic nerve drusen, optic
neuropathy, optic neuritis, and lattice dystrophy.

Also disclosed herein is a method of treating diseases or conditions associated with amyloid or
amyloid-like proteins, comprising administering to a subject in need of such treatment an

effective amount of a compound of general formula (1).

Also disclosed herein is the use of a compound of general formula (1) for the preparation of a
medicament for treating or alleviating the effects of ocular diseases associated with pathological
abnormalities/changes in the tissues of the visual system.

Also disclosed herein is a method of freating or alleviating the effects of ocular diseases
associated with pathological abnormalities/changes in the tissues of the visual system
comprising administering to a subject in need of such treatment an effective amount of a
compound of general formuia (1).
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The ocular diseases associated with pathological abnormalities/changes in the tissues of the
visual system are particularly associated with amyloid-beta-related pathological
abnormalities/changes in the tissues of the visual system, such as, for example, neuronal
degradation. Said pathological abnormalities may occur, for example, in different tissues of the
eye, such as the visual cortex leading to cortical visual deficits; the anterior chamber and the
optic nerve leading to glaucoma; the lens leading to cataract due to beta-amyloid deposition; the
vitreous leading to ocular amyloidosis; the retina ieading to primary retinal degeneration and
macular degeneration, for example age-related macular degeneration; the optic nerve leading to
optic nerve drusen, optic neuropathy and optic neuritis; and the cornea leading to lattice
dystrophy.

In a further aspect the invention relates to a mixture comprising a compound according to the
present invention and optionally at least one further biologically active compound and/or a
pharmaceutically acceptable carrier andfor a diluent and/or an excipient, wherein the further
biologically active compound is selected from the group consisting of antibodies, vaccines,
compounds against oxidative stress, anti-apoptotic compounds, metal chelators, inhibitors of
DNA repair such as pirenzepin and metabolites, 3-amino-1-propanesulfonic acid (3APS), 1,3-
propanedisulfonate (1,3PDS), a-secretase activators, - and y-secretase inhibitors, tau proteins,
neurotransmitters, B-sheet breakers, attractants for amyloid beta ciearing / depieting celiular
components, inhibitors of N-terminal truncated amyloid beta including pyroglutamated amyloid
beta 3-42, anti-inflammatory molecules, or cholinesterase inhibitors (ChEls) such as tacrine,
rivastigmine, donepezil, and/or galantamine, M1 agonists and other drugs including any amyloid
or tau modifying drug and nutritive supplements. Also disclosed herein is a mixture (such as a
pharmaceutical composition) comprising a compound according to the present invention and
optionally at least one further biologically active compound andior a pharmaceutically
acceptable carrier and/or a diluent and/or an excipient. The further biologically active substance
can be a known compound used in the medication of diseases and disorders which are caused
by or associated with amyloid or amyloid-like proteins including amyloidosis, a group of
diseases and disorders associated with amyloid or amyloid-like protein such as the AP protein
involved in Alzheimer's disease.

The further biologically active substance or compound may exert its biological effect by the

same or a similar mechanism as the compound according to the invention or by an unrelated

mechanism of action or by a multiplicity of related and/or unrelated mechanisms of action.

16
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In a further aspect, the present invention relates to an in vitro method of collecting data for the

diagnosis of an amyloid-associated disease or condition in a sample or a patient is also

disclosed which comprises:

(a) bringing a sample or a specific body part or body area suspected to contain an amyioid
protein into contact with a compound according to the present invention;

(b) allowing the compound fo bind to the amyloid protein;

(¢} detecting the compound bound to the protein; and

(d) optionally correlating the presence or absence of compound binding with the amyloid
protein with the presence or absence of amyloid protein in the sample or specific body

part or area.
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In yet a further aspect the invention relates to an in vifro method of determining the extent of

amyloidogenic plague burden in a tissue and/or a body fluid comprising:

(@)
(b)

()
(d)

providing a sample representative of the tissue and/or body fluid under investigation;
testing the sample for the presence of amyloid protein with a compound according to the
present invention;

determining the amount of compound bound to the amyloid protein; and

calculating the plaque burden in the tissue and/or body fluid.

A further aspect relates to an in vitro method of collecting data for determining a predisposition

to an amyloid-associated disease or condition in a patient comprising detecting the specific

binding of a compound according to the present invention to an amyloid protein in a sample or

in situ which comprises the steps of:

(@)

(b)

(e)

bringing the sample or a specific body part or body area suspected to contain the amyloid
protein into contact with a compound according to the present invention, which compound
specifically binds to the amyloid protein;

allowing the compound to bind to the amyloid protein to form a compound/protein
complex;

detecting the formation of the compound/protein complex;

optionally correlating the presence or absence of the compound/protein complex with the
presence or absence of amyloid protein in the sample or specific body part or area; and
optionally comparing the amount of the compound/protein complex to a normal control
value.

Yet another aspect of the present invention is an in vitro method of collecting data for monitoring

minimal residual disease in a patient following treatment with an antibody or a vaccine

composition, wherein the method comprises:

(a)

bringing a sample or a specific body part or body area suspected to contain an amyloid
protein into contact with a compound according to the present invention, which compound
specifically binds to the amyloid protein;

allowing the compound to bind fo the amyloid protein to form a compound/protein
complex;

detecting the formation of the compound/protein complex;
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(d} optionally correlating the presence or absence of the compound/protein complex with the
presence or absence of amyloid protein in the sample or specific body part or body area;
and

(e} optionally comparing the amount of the compound/protein complex to a normal control
value.

Yet another aspect of the present invention is an in vifro method of collecting data for predicting
responsiveness of a patient being treated with an antibody or a vaccine composition is also
described which comprises:

(a) bringing a sample or a specific body part or body area suspecied to contain an amyloid
protein into contact with a compound according to the present invention, which compound
specifically binds to the amyloid protein;

(b) allowing the compound to bind to the amyloid protein to form a compound/protein
compiex;

(¢} detecting the formation of the compound/protein complex;

(d) optionally correlating the presence or absence of the compound/protein complex with the
presence or absence of amyloid protein in the sample or specific body part or body ares;
and

(e) optionally comparing the amount of the compound/protein complex to a normal control

value.

Also disclosed is a test kit for detection and diagnosis of an amyloid-associated disease or
condition comprising a compound according to the present invention.

In another aspect of the present invention a compound according to the present invention is for
use in inhibiting protein aggregation, in particular for use in inhibiting Ap1-42 aggregation, Tau

aggregation or alpha-synuclein aggregation

In one aspect of the invention the use of the compound according to the present invention is
disclosed for the preparation of a medicament for (a) reducing the B-amyloid plaque load, and/or
(b) inhibiting the formation of B-amyloid plaques and/or (c¢) retarding the increase of amyloid
load in the brain of a patient.

18



A further example of the present disclosure provides a method of (a) reducing the B-amyloid
plaque load, and/or (b) inhibiting the formation of B-amyioid plaques and/or (c) retarding the

increase of
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amyloid load in the brain of a subject comprising administering to a subject in need of such
treatment an effective amount of a compound according to the present invention.

in yet another example a compound according to the present disclosure is for use in (a) the
reduction of the B-amyloid plaque load, and/or (b) the inhibition of the formation of B-amyloid
plaques and/or (c) the retardation of the increase of amyloid load in the brain of a patient.

Also disclosed is the use of the compound according o the present invention for the preparation
of a medicament for retaining or increasing cognitive memory capacity in a subject suffering
from memory impairment.

Also disclosed is a method of retaining or increasing cognitive memory capacity in a subject
suffering from memory impairment comprising administering to a subject in need of such

treatment an effective amount of a compound according to the present invention.

Yet another aspect of the present invention relates to a compound according to the present
invention for use in the retention or increase of cognitive memory capacity in a subject suffering
from memory impairment.

Preferred embodiments of the invention are summatrized in the dependent claims.

The individual compounds which are known from WO 2007/002433 are not included in the

scope of the claims relating to the compounds or the pharmaceutical composition. The
compounds are, for example, listed in the following:

19
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and
These compounds can be included in the scope of the other claims or they can be disclaimed
from the scope of the other claims. The compounds can be disclaimed either alone, in
combination of two or more or all of the compounds can be disclaimed from any of the other
claims.

Brief description of the figures

Figure 1 shows the quantification of corfical (a and b) and hippocampal (¢ and d) BE10

immunoflucrescence.

in Figures 2A and 2B, APPV171] transgenic mice that had been treated with PBS and ACI-836

have been analysed.

Figure 3 shows the separation of Boc-protected precursor of compound 26 by chiral HPLC.
Figure 4 shows the early enantiomer after separation.

Figure 5 shows the late enantiomer after separation.

Figure 6 shows the racemic mixture (di-hydrochloric acid salts) before crystallization.

Figure 7 shows the early eluting enaniiomer A {di-hydrochloric acid salt) after crystallization.
Figure 8 shows the late eluting enantiomer B (di-hydrochioric acid salt) after crystallization.
Figure 9 shows the Boc-protected precursor of compound 214b derived from late diastereomer.

Figure 10 shows the Boc-protected precursor of 214a derived from early diastereomer.
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Figure 11 shows the "M-NMR data of the early diastereomer (only aromatic region, impurities

present in the region 7.1-7.3 ppm).

Figure 12 shows the 'H-NMR data of the late diastereomer (only aromatic region, impurities

present in the region 7.1-7.3 ppm).

Definitions
Within the meaning of the present application the following definitions apply:

"Alkyl" refers to a saturated organic moisty consisting of carbon and hydrogen atoms. Examples
of suitable alkyl groups have 1 {o 6 carbon atoms, preferably 1 to 4 carbon atoms, and include

methwi, ethyl, propyl and butyl.

"Cycloalkyl" refers to a cyclic organic moiety consisting of carbon and hydrogen atoms.
Examples of suitable alkyl groups have 5 to 10 carbon atoms, preferably 5 or 6 carbon atorns,

and include cyclopentyl and cyclohexyl.

"Heterocycloalkyl” refers fo a cycloalkyl group as defined above in which at least one of the
carbon atoms has been replaced by a heteroatom which is, e.q., selected from N, O or 8§, or
heterocatom (e.g., N, O and/or S)-containing moiety. Examples of possible heterocycloalkyl

groups include pyrrolidine, tetrahydrofuran, piperidine, etc.

“Alkenyl” refers 1o an organic moiety consisting of carbon and hydrogen atoms which inctudes at
least one double bond. Examples of suitable alkenyl groups have 2 to 6 carbon atoms,

preferably 2 to 4 carbon atoms, and include propenyl and butenyl.

"Alkynyl" refers to an organic moiety consisting of carbon and hydrogen atoms which includes at
least one triple bond. Examples of suitable alkinyl groups have 2 to § carbon atoms, preferably

2 1o 4 carbon afoms, and include propinyt and butinyt.

"Aryl" refers te an aromatic organic moiety consisting of carbon and hydrogen atoms which
preferably has 5 to 10 carben atoms, more preferably 5 or 6 carbon atoms. An example is a

phenyl ring.

24
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"Heteroaryl” refers to an aryl group as defined above in which at least one of the carbon atoms
has been replaced by a heteroatom which is, e.g., selected from N, O or §, or heterocatom (e.g.,
N, O and/or S}-containing moiety. Examples of possible heteroaryl groups inciude pyridine, etc.
"Alkoxy" refers to the group —O--alkyl.

"Aminoatkyl" refers to the group —alkyl-NR'R%

"Hal" or "halogen” refers to F, Cl, Br, and [. Preferred Hal are F and Cl, more preferably .
"Arylatkyl” refers to a group aryl-alkyl—.

"Cycloalkylalkyl" refers 1o a group cycloalkyl-alkyi~.

"Fuoroalkyl” refers to an alkyl group in which one or more hydrogen atoms have been replaced

by fluoro atoms.

"Haloalkyl" refers 1o an alkyl group in which one or more hydrogen atoms have been replaced

by halogen atoms.
"Hateroarylalkyl" refers io a group heteroaryl-alkyl—.
"Heterocycioalkylalkyl” refers to a group heterocycloalkyi-—atkyl-.

"Heterocatorn-containing moieties are moieties which comtain e.g., N, O and/or 8. Examples of
such moieties include ~C{O)—, —C{O)Y0O- and =N(R™)- in which R® is, for each occurrence,
independently selected from the group consisting of R?, S(O}NR™ R, S(O}R®, C(OYOR™,
C(ORPC(=NRINRPRY, C(=NR¥INR?'R?, C(=NOR™R?' and C{OINR?™R?'. Specific examples
include ~C(O)-, ~C(0O)O- and ~N(R¥)- in which R is, for each occurrence, independently

selected from the group consisting of H or Cy_; alkyl.

If a group is defined as being "optionally substituted” it can have one or more substifuents
selected from Hal, G4 atkyl, Cy_g alkoxy, —SO,~alkyl, ~NH,, -NH(C.5 alkyl) or -N(C4_5 altkyl)..
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Compounds of the present invention having one or more optically active carbons can exist as
racemates and racemic mixtures, stereoisomers (including diasterecmeric mixtures and
individual diastereomers, enantiomeric mixtures and single enantiomers, mixtures of conformers
5  and single conformers), tautomers, atropisomers, and rotamers. All isomeric forms are included
in the present invention. Compounds described in this invention containing olefinic double
bonds include £ and Z geometric isomers. Also included in this invention are all salt forms,

polymorphs, hydrates and solvates.

10 The solvent included in the solvales is not particularly limited and can be any pharmaceutically

acceptable solvent. Examples include water and C.4 alcohols (such as methanol or ethanot).

The patients or subjects which can be treated in the present invention are typically animals,
particularly mamrnais, more particularly humans.

15
The preferred definitions given in the "Definition"-section apply fo all of the embodiments

described below unless stated otherwise.

20 Detailed description of the invention

The present invention relates to a compound of formula (1)

Al B 0
25
and all stereoisomers, racemic mixtures, pharmaceutically acceptable salts, hydrates, solvates
and polymorphs thereof.
A is selected from the group consisting of:
30
R xRN R RY
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() (i) (iii) (iv)
R 1
Ra‘ R \\ /\\\ /L‘g
TN N /J:/ | (/\NF@
P?M&J\\/l R® D\ < RY h s‘ﬁﬁ "W
- }
R , RT : R’ and RS
(v) (vi) (vii) (viii)

5 L, is directionally selected from the group consisting of;

”‘7.% 3 ,
"%@]\ N«/ = 5‘?\\ N/} 4,
B2 13)

(2) B

The term "directionally” means that the bond shown on the left of formula (a) and the two bonds
shown on the left of formula (b) are bound to A, while the bond shown on the right of formula (a)
10 and the bond shown on the right of formula (b) are bound to B. As is immediately evident {o a
skitled person, formula (b) is only fo be combined with formula (vii) as the option of A In a

preferred embodiment L4 is (a).

B is selected from the group consisting of;

15
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m/L RQ: ? " W N
Ra Ra
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(xif) (xii1)

R' is each independently selected from the group consisting of hydrogen, halogen, CN, CF;,
—CONR™R® _N(R¥)-C(O)}-R?, alkyl, ~O-alkyl, ~C(0)O-alkyl, cycloalkyl, cycloalkylaliyl,
heterocycloalkyl, fluoroalkyl, heterocycloalkyialkyl, alkenl, atkynvl, aryi, heteroaryl, arylatkyl and
hetercarylalkyl, wherein alkyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl, fluoroalkyl,
heterocycloalkylalkyl, alkenyl, alkynyl, aryl, heteroaryl, arylalkyl and heteroarylalkyl can be
optionally substituted. In a preferred embodiment R' is each independently selected from
hydrogen, halogen (such as F), CN, CFj; ~CONRYRY —NR®-C(ORRY, ~O-alkyl,

N A\ /N
NH NC 1.4 & | kyi =N O
heterocycloalkyl (such as -/ , -/ or N/ ). More

NH
preferably R' is each independently selected from hydrogen, F, CN, CF;, ‘_‘<~——/

<“""““\ /N
B NC 4 _4,::31}(5/5 N O
~..MJ/ and \_..,/ .

R? is each independently selected from the group consisting of hydrogen, halogen, CN, CF3,
~CONR¥R®' | -N(R¥)~C(O)}-R”", alkyl, —O-alkyl, —C({O)0-alkyl, cycloalkyl, cycloalkylalkyl,
heterocycloatkyl, fluoroalkyl, heterocycloalkylalkyl, atkenyl, alkynyl, aryl, heteroarvl, aryialkyl and
heteroarylalkyl, wherein alkyl, cycloalkyl, cycioalkylaikyl, heterocycloalkyl, flucroalkyl,
heterocycloalkylalikyl, alkenyl, alkynyl, aryl, heteroaryi, arylalkyl and heteroarylatkyl can be
optionally substituted. In a preferred embodiment R” is each independently selected from
hydrogen, halogen (such as F), CN, CFi -CONRYRY ~N(R¥)-C(O-R, —~O--alkyi,

O N = (
—— NH NC 4 _salky
heterocycloalkyl (such as \._._/ \mm/ or N/ in a
preferred embodiment R® is each independently selected from hydrogen, F, CN, CFj,

\/‘—\ /N /N
— NH B ;‘4{;1“45311(% —N O

CONR¥RY, —O-alkyl, p— and N/

H

R® is each independently selected from the group consisting of hydrogen, halogen, CN, CF,,
~CONRYRY, _N(R¥*)~C{O)-R*", alkyl, ~O-alkyl, ~C(O)O-alkyl, cycloalkyl, cycloalkylatkyl,
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heterocycloalkyl, fluoroalkyl, heterocycloalkylalkyl, alkenyl, alkynyl, aryl, heteroaryl, arylalkyl and
heteroarvialkyl, wherein alkyl, cycloalkyl, oycloalkylalkyl, heterocycloalkyl, fluoroalkyl,
heterocycloalkylatkyl, alkenyl, alkenyl, alkynyl, aryl, heteroaryl, arylalkyl and heteroarylalky! can
be optionally substituted. In a preferred embodiment R® is each independently selected from
hydrogen, halogen (such as F), CN, CFj; -CONR¥™RY N(R*)-C(O}-R, ~O-alkyl,

N\ AN /TN
_“‘< NH —/ NC1_4aikyi —N O
heterocycloalkyl (such as —/ , \———/ or o/ ). More

/4 _\NH

preferably R® is each independently selected from hydrogen, F, ~O-alkyl, CF,, \’/

<m\Nc lky! N 0
- 1.4 80KY! i
———/ and \—/ .

R* is each independently selected from the group consisting of hydrogen, halogen, CN, CFj,
~CONR¥ R _N(R™)-C(O}-R”, alkyl, ~O-alkyl, —C(0)O-alkyl, cycloalkyl, cycloalkylalky!,

heterocycloalkyl, fluoroalkyl, heterocycloalkylalkyl, alkenyl, atkynyi, aryl, hetercaryi, aryiaikyl and

heteroarylaikyl, wherein alkyl, cycloalkyl, cycloalkylatkyl, heterocycloalkyl, fluoroalkyl,
heterocycloalkylalkyl, alkenyl, alkynyl, aryl, heteroaryl, arylalkyl and heteroarylaikyl can be
optionally substituted. In a preferred embodiment R' is each independently selected from

hydrogen, halogen (such as CFj;, —~CONR¥RY, N(R“‘O)MQ{O} R¥, ~O-alkyl,

F), CN,
“"\
NH < NC,_yalkyl ~-~~N
heterocycloalkyl (such as _/ or . ~/ ). More

preferably R* is hydrogen.

In a further embodiment if any of the groups R'/RYRYR* are adjacent, they can optionally be

taken together and can form a 5- to 8-membered ring containing carbon atoms and optionally

one or more hetercatoms selected from O, S, or N or a heferoatormn (N, O and/or S)-containing

rmoiety wherein the 5~ to 8-membered ring may be substituted by NR*R*" or ~O-alkyl, wherein
2N

- S0,
the alkyl can be optionally substituted, or by _Q—/ . In one embodiment R and R?
when {aken together can form a &- to 8-membered ring containing carbon atoms such as a 6-

membered carbocyclic ring. The ring can be saturated or include one or more double bonds
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(including aromatic rings). Examples of the groups which form a ring are —(CHy)s— (le., a
saturated 5-membered ring), —(CHj)sy—, ~O—~(CH,-O- These rings can be optionally

substifuied.

Examples of the optional substituents of the 5- o 8-membered ring include —O-alkyl, ~OC-alkyl-
Hal, ~O—alkyl-O-alkyl, -NH-alkyl-O-alkyl, and —alkyl~-SO,alkyl.

R? is each independently selected from the group consisting of hydrogen, alkyl, haloalkyl,
SOWNRPRY, S(OWRY, CIOYOR™, COIR™, and C(OINR™R®. In a preferred embodiment R? is

hydrogen or alkyl.

For each occurrence R is each independently selected from the group consisting of: hydrogen,
halogen, CN, CFs CONR¥R®¥ alkyl, —O-alkyl, —C(0)O-alkyl, cycloalkyl, cycloalkylalky!,
heterocycloaliyl, fluoroalkyl, heterocycloalkylalkyl, alkenyl, alkynyl, aryl, heteroaryl, arylalkyl and
heteroarylalkyl, wherein alkyl, cycloalkyl, cycloalkylaikyl, heterocycloalkyl, fiuoroalkyl,
heterocycloalkylalkyl, alkenyl, alkynyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl and aminoalkyl
can be optionally substituted. In a preferred embodiment R is hydrogen, halogen {such as F),
CONR™R¥ or alkyl.

For each occurrence R™ is each independently selected from the group consisting of: hydrogen,
alkyl, cycloalkyl, cycioalkylalkyl, heterocycloalkyl, fluoroalkyl, heterocycioalkylalkyl, alkenyl,
alkynyl, aryl, heteroaryl, arylalkyl, hetercarylalkyl and aminoaltkyl, wherein alkyl, cycloalkyl,
cyctoalkylatkyl, heterocycloalkyl, fluorcalkyl, heterocycloalkylalkyl, alkenyl, alkynvl, aryl,
heteroaryl, arylatkyl, heteroarylaikyl and aminoalkyl can be optionally substituted. In a preferred

embodiment R% is hydrogen or alkyl.

For each occurrence R is each independently selected from the group consisting of: hydrogen,
alkyl, cycloatkyl, cycloalkylalkyl, heterocycloalkyl, fiuorcalkyl, heterocycloalkylalkyi, alkenyi,
alkynyl, aryl, heteroaryl, arylalkyl, hetercarylalkyl and aminoalkyl, wherein alkyl, cycloalkyl,
cycloalkylalkyl, heterocycloalkyl, fluoroalkyl, heterocycloalkylalkyl, alkenyl, alkynyl, aryl,
heteroaryl, arytaikyl, heteroarylalkyl and aminoalkyl can be optionally substituted. In a preferred

embodiment R is hydrogen or alkyl.

30



10

20

25

30

W 2011128455 PCEEPZIB /56068

In one embodiment R* and R* when taken together with the nitrogen to which they are
attached can form a 3- to 8-membered ring containing carbon atoms and optionally one or more
further heteroatoms selected from O, S, or N or a heteroatom (N, O and/or 3)-containing moiaty
and wherein the 3- to 8-membered ring may be optionally substituted. The ring can be saturated
or include one or more double bonds (including aromatic rings). In one embodiment the ring is
carbocyclic apart from the nitrogen atom to which R* and R*' are attached. In a different
embodiment the ring includes one further heteroatom (such as N or O) in addition to the

nitrogen atom to which R% and R?' are attached.

For each occurrence R™ is each independently selected from the group consisting of: hydrogen,
alkyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl, fluorcalkyl, heterocycloalkylalkyl, atkenyi,
atkynyl, arvl, heterocaryl, arylalkyl, heteroarylalkyl and aminoalkyl, wherein alkyl, cycloatkyl,
cycloalkylatkyl, heterocycloalkyl, fluoroalkyl, heterocycloalkylalkyi, alkenyl, alkynyl, aryl,
heteroaryl, arylatkyl, heteroarylalkyl and arninoalkyl can be optionally substituted. In a preferred
embodiment R™ is hydrogen or alkyl.

For each occurrence R*' is each independently selected from the group consisting of: hydrogen,
alkyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl, fluorcalkyl, heterocycloalkylalkyl, alkenyl,
alkynyl, aryl, heteroaryl, arylalkyl, hetercaryialkyl and aminocalkyl, wherein alkyl, cycloalkyl,
cycloalkylalkyl, heterocycloalkyl, fluoroalkyl, heterocycloalkylalkyl, alkenyl, alkynyl, aryi,
heteroaryl, arylalkyl, heteroarylalkyl and aminoalkyl can be optionally substituted. in a preferred

embodiment R*' is hydrogen or alkyl.

When a nitrogen atom is present in the ring formed by R'/R¥R¥/R* or the ring formed by R* and

R it can be in any suilable form. Possible forms include —N(R*)-, and —N=.
X is each independently selected from the group consisting of CR® and M.

Y is each independently selected from the group consisting of CR® and N.
tis 1 or2.

pis 0, 1 or 2. In one embodiment p is 0.
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In a preferred embodiment A is selected from the group consisting of:

RZG RQG
i N
J W,
2 E ot
" J b w//l"?«i g SN
3N /}\Fg =, N \ 4, \
R Y a b

oY
-
R\f/’\\},ﬂ
RS//J\/\HV’:Y
i/;
5 and R
Ly is
s
ﬁfjd\N/“L,_‘
Ra
10
B is selected from the group consisting of:
QZO 820
) -
oy O ok
Y, N F o ~Fp “ i
*’LL% ?‘\i N\ ’H‘L, l"&\ Y \?q\
Rﬁ ;;za Ra
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wherein;

5 RURYRYRY R RY Xand Y have the same meanings as above:

V is absent or NR¥R? and

zis1or2.
10
Any combination of the above mentioned definitions iIs also envisaged in the present
specification.
In one embodiment A has the formula (i)
15
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Preferred embodiments of the formula (i) include
R2 R'R \/[ \ﬁ
RB

2 =1
R (/,,/j\//R
RIS

formula (i) is . in another preferred embodiment the formula (i) is

iIn one preferred embodiment the

(@)
ey
A
<
p=
2 \

In this embodiment R', R?, R® and R® are as defined above.

in one embodiment A has the formula (if)

10
g
2
Rz‘%:ﬁ /lE\ 55
NN
wa

Preferred embodiments of the formula (i) include those in which R® is hydrogen or C_; alkyl. In

further preferred embodiments R' and R* are hydrogen or preferably R' and R? together form

- NH
15 ~(CHy)e- In an alternative smbodiment R* and R* are hydrogen and R' is ‘<—~~-/ ,
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/N /N
NC1_4€tikyl ~—N O
./

or N/ , preferably R* and R® are hydrogen and R' is

{_\ NH { G salky
™ T 1-48KY
.._/ ar .

fn one embodiment A has the formula (iii)

Preferred embodiments of the formula (ifi) include those in which R? is hydrogen or Cy_4 alkyl. In

further preferred embodiments R' and R? are hydrogen or preferably R? is hydrogen and R’ is

e NH NCq_4atkv N O
\—/ \ or \———/ . in one preferred embodiment

N\ A\
NH ~ — NC 4 _yalkyl
oreferably R* is hydrogen and R'is /o _/ .

In one embodiment A has the formula {iv)

Preferred embodiments of the formuta (iv) include those in which R® is hydrogen or C,4 alkyl. In

further preferred embodiments R' and R* are hydrogen or preferably R? is hydrogen and R’ is

(e 3]
&2
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A\ A\ VRN
NH -~ NC 5_4"11 yl “’“”‘““‘N O
s . in one preferred embodiment

3

—d{ NH —‘< N‘Cq 4a|ky1
preferably R? is hydrogen and R is

In one embodiment A has the formula (v)

[

! “\

NN
oy
eyl
R i

Preferred embodiments of the formula (v) include those in which R™ is hydrogen or G4 alkyl. In

further preferred embodiments R' and R* are hydrogen or preferably R? is hydrogen and R' is

( W\NH ———{/ _____ ‘\'\IC ikt N/—__\O
— NC _galky —
\ N

10 pu- , oF . in one preferred embodiment

N\ N\
— NH NC 4 yalkyl
preferably R? is hydrogen and R is /o _/ .

fn one embodiment A has the formula (vi)

R;’a‘
\\!
N~
RAQ L b
/ “}f’
15 R

Preferred embodiments of the formula (vi) include those in which R® is hydrogen or C._4 alkyl. In

further preferred embodiments R' and R? are hydrogen or preferably R? is hydrogen and R is
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—C\ﬁ { _—\Nc liyl N/-m\
T 148K —
/ 4

, . In one preferred embodiment

A<R NH ~—<_—\ch salkyl
preferably R* is hydrogen and R' is

In one embodimant A has the formula (vii)

PCT/EPZOT/HE6008

Preferred embodiments of the formula (vii) include that in which R', R?, R® and R* are hydrogen.
Further preferred embodiments of the formula {vi)

Mal

1’ ; l \ / ] g/g <()\ ;/\L (i}\ N
19 Mel \)\“‘J N L\" S / {}/H\/ /l\,)\a

in one embodimeant A has the formula (viii)

include

" R
\/\/

RB

Preferred embodiments of the formula (vili) include that in which R® is F and R? is hydrogen or in
which R® and R” are hydrogen.
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in one embodiment Ly has the formula (&)

2,
= 2
ba
@) . In a preferred embodiment p = 0,

In one embadiment B has the formula (ix)

R’E

Preferred embodiments of (ix) include those in which R* is hydrogen or C,4 alkyl. In further

preferred embodiments R and R? are hydrogen. In further preferred embaodiments R is as

,mm\l
NH
defined in the general definition above (examples are CN, ~CQO(C.4 alkyl),
2 /N \
—{  NCiakdy —N 0 - NH
\ / n/ more preferably ~ CN, /

I k] Y

3

form @ ring which is optionally substituted. Examples of R' and R* which form a ring are —

(CH.)a— and —(CH,),— which can be optionally substituted.
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in one emboediment B has the formula (x)

R
Ny~
I R?
“&llk)/\//[* N

R

Preferred embodiments of (x) include those in which R® is hydrogen or Cq.. alkyl. In further

preferred embediments R' and R* are hydrogen. In further preferred embodiments R' is as

"\
—— NH
defined in the general definition above (examples are CN, -COO(C,.4 alkyl), ,
VAR SN TN S\
— NCqgalkdl  —N O N O e NH
\——J R \——«-/ \--~/ ; more preferably CN, —— ,

-~<:\/Nc.§ alkyl
y and R? is hydrogen. In further preferred embodiments R' and R? can

form a ring which is optionally substituted. Examples of R' and R® which form a ring are

—(CHa)s— and —(CH,).— which can be optionally substituted.

n one embodiment B has the formula (xi)

R1
N
TN
\
Ra

Preferred embodiments of (xi) include those in which R® is hydrogen or Cy., alkyl. In further

oreferred embodiments R' and R? are hydrogen. In further preferred embodiments R is as
TN

Ay
~~~~~ -< NH
defined in the general definition above (examples are CN, ~COG(Cy4 alkyl), — \

A\ /N /N N\
— NCq 48kl —N O —N O - NH
N/ o/ S ; more preferably CN, S

K
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= NC4_galkyl
) and R® is hydrogen. In further preferred embodiments R* and R? can

form a ring which is optionally substituted. Examples of R and R® which form a ring are -

{CHy)s— and —~{CH,)4— which can be optionally substifuted.

in one embodiment B has the formula (xii}

!

S
\@f\g—-mz
Z N
\
@
Preferred embodiments of (xif) include those in which R® is hydrogen or Cy.4 alkyl. In further

preferred embodiments R' and R? are hydrogen. In further preferred embodiments R' is as

— NH
defined in the general definition above (examples are CN, ~COO(C,_4 alkyl), <-»~/

\ /N /N /N
NCyyallket ——N 0O —N O '~—\ NH
-~-~/ \~~-/ kw/ ; more preferably CN, -——/

2

el NG yakyl
-/ )y and R? is hydrogen. In further preferred embodiments R’ and R? can

form a ring which is optionally substituted. Examples of R" and R* which form a ring are —

(CHaz)a— and —(CHz)y— which can be optionally substituted.

in one embodiment B has the formula (xiii)
=y
Y

Y
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Preferred embodiments of (xill) include those in which R® is hydrogen or Cy; alkyl. In further

preferred embodiments R and R* are hydrogen. In further preferred embodiments R' is as

R NH
defined in the general definition above (examples are CN, —~COO(C,_4 alkyl), C

N /N /N
NCqgalkyt  —N O —N O NH
~~~~~ / s ./ N/ ; more preferably CN, ,

— NC 1-4a lkyi
)y and R* is hydrogen. In further preferred embodiments R’ and R? can

form a ring which is optionally substituted. Examples of R' and R* which form a ring are

~{CHy)—~ and -{CH,)s;~ which can be optionally substituted.
in one embodiment the compound of the present invention preferably has the formula (1):
A-L,—B (1)

and all stersoisomers, racemic mixtures, pharmaceutically acceptable salts, hydrates, solvates

and polymorphs thereof;

wherein A is;
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Bis:
NHRZ  NHRA?

Y\r e rﬁ”@ ),

Ra Ré}

20
:PJrV o N/ <\ N
O/ A\ /Q )Z )/ L A\ /(J )

R? er ‘e

wherein

R" and R? are each independently selected from the group consisting of hydrogen, halogen, CN,
CF;  CONR™R™,  alkyl, cycloatkyl, oycloalkylalkyl,  heterocycloalkyl,  fiuoroalkyl,
heterocycloatkylalkyl, alkenyl, alkynyl, aryl, heteroaryl, arylalkyl and heteroarylalkyl, wherein
alkyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl, fluoroalkyl, heterocycloalkylalkyl, alkenyl,
alkynyl, aryl, heteroaryl, arylalkyl and heteroarylaliyl can be optionally substituted, or if R' and
R? are adjacent, they can optionally be taken together and can form a 5~ or 6-membered ring
containing carbon atorns and optionally one or two heteroatoms selected from O, 8, or N or the
heteroatorn-containing moiety NR";

R* is hydrogen or halogen;

R® is hydrogen or alkyl;

for each occurrence, R® is independently selected from the group consisting of: hydrogen,
halogen, CN, CF,, CONR™R* alkyl, ~O-alkyl, —C(O)O-alkyl, cycloalkyi, cycloalkylalkyi,
heteracycloalkyl, fluoroalkyl, heterocycloatkylatkyl, alkenyl, alkynyl, aryl, heteroaryl, arylalkyl and
heteroarylalkyl, wherein alkyl, oycloatkyl, ocycloalkylalkyl, heterocycloalkyl, fluoroalkyl,
heterocycloalkylalkyl, alkenyl, alkenyl, alkynyl, aryl, hetercaryl, arylalkyl, heteroarylalkyl and
arninoalkyl can be optionslly substituted;

for each accurrence, R, R*, R® and R*' are each independently selected from the group
consisting of hydrogen, alkyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl, fluoroalkyl,
heterocycloalkylalkyl, alkenyl, alkynyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl and aminoalkyi,

wherein alkyl, cycloalkyl, cycloalkylalkyl, heterocycioalkyl, fluoroalkyl, heterocycloalkylaikyi,
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alkenyl, alkynyl, aryl, heteroaryl, arylalkyl, hetercarylalkyl and aminoalkyl can be optionally
substituted;

R is for each occurrence R, S(O)NRPR™, S(O)R™, C(OYOR™, C(OR™C(=NRINR* R,
C(=NR®INR?'R?, C(=NOR®)R* or C(O)NR* R

Y is each independently CH or N

tis 1 or2; and

zis 1 or2.
In another embodiment the compound of the present invention preferably has the formula (1)
A-L4-B M

and all stereoisomers, racemic mixtures, pharmaceutically acceplable salts, hydrates, solvates

and polymorphs thereof;

wherein A is:

L1 IS
yr;‘f\N%
¥
Bis
NHR??
S
g2
NN
\ .
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wherein

R" and R* are each independently selected from the group consisting of hydrogen, halogen, CN,
CF;  CONR™R®,  alkyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl,  fluoroalkyl,
heterocycloalkylalkyl, alkenyl, alkynyl, aryl, heteroaryl, arylalkyl and heteroarylalkyl, wherein
alkyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl, fluoroalkyl, heterocycloatkylalkyl, alkenyl,
allkynyl, aryl, heteroaryl, arylalkyl and heteroarylalkyl can be optionally substituted, or if R' and
R* are adjacent, they can optionally be taken together and can form a 5- or 6-membered ring
containing carbon atoms and optionally one or two heteroatoms selectad from O, 8, or N or the
heteroatom-containing motety NR®;

R? is hydrogen or halogen;

R" is hydrogen or alkyl;

for each ocourrence, R® is independently selected from the group consisting of: hydrogen,
halogen, CN, CF; CONR¥R®, alkyl, —-O-alkyl, ~C(O)O-alkyl, cycloalkyl, cycloalkylalkyl,
heterocycloalkyl, fluoroalkyl, heterocycloatkylatkyl, atkenyl, atkynyl, aryl, heteroaryl, arylatkyl and
heteroarylalkyl, wherein alkyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl, fluoroalkyl,
heterocycloaikylalkyl, alkenyt, alkenyl, alkynyl, aryl, heteroaryl, arylalkyl, hetercarylafkyl and
armninoalkyl can be optionally substituted;

for each occurrence, R, R*, R and R are each independently selected from the group
consisting of hydrogen, alkyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl, fuoroalkyl,
heterocycloatkylalkyl, alkenyl, alkynyl, aryl, heteroaryl, arylalkyl, heteroaryialkyl and aminoalkyl,
wherein alkyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl, fluoroalkyl, heterocycloalkylalkyl,
alkenyl, alkynyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl and aminoalkyl can be optionally
substituted,;

R is, for each occurrence, R, S(O)NR™ R, S(OYR™, C(OORY, C(O)RPC(=NRHNRPR?
CENRONRY R, C=NOR™IR? or C(OINRPR?:

Y is each independently CH or N;

{is 1 or 2; and

zis1or2
In a further embodiment the compound of the present invention preferably has the formula (I):

A-Ly-B ()
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and all stereoisomers, racemic mixtures, pharmaceutically acceptable salts, hydrates, solvates

and polymorphs thereof;

whereain A is:

B is:

NHR?

" a,%/\ky A N\
CHs

wherein

R' and R? are each independently selected from the group consisting of hydrogen, halogen,
CN, CF;, CONR¥™R®  alkyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl, fluoroalkyl,
heterocycloalkylaikyl, alkenyl, alkynyl, aryi, heteroaryl, arytalkyl and hetercarylalkyl, wherein
alkyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl, fluoroalkyl, heterocycloalkylalkyl, alkeny,
atkynyl, aryl, heteroaryl, arylalkyl and heteroarylalkyl can be optionally substituted, or if R' and
R? are adjacent, they can optionally be taken together and can form a 5- or 6-membered ring
containing carbon atorms and optionally one or two hetercatoms selected from O, 8, or N or the
heteroatom-containing moiety NR™;

R? is hydrogen or halogen;

R is hydrogen or alkyt;
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for each occurrence, R° is independently selected from the group consisting of: nydrogen,
halogen, CN, CF; CONRYR™ alkyl, ~O-alkyl, —~C(O)O-alkyl, cycloalkyl, cycloatkylalkyl,
heterocycloalkyl, fluoroalkyl, heterocycloalkylalkyl, alkenyl, atkynyl, aryl, hetercaryl, arylalkyl and
heteroarylalkyl, wherein alkyl, cydloalkyl, cydloalkylaltkyl, heterocycloalkyl, fluoroalkyl,
heterocycloalkylalkyl, alkenyl, alkenyl, alkynvl, aryl, heteroaryl, arylatkyl, heteroarylalkyl and
aminoalkyl can be optionally substituted;

for each occurrence R, RY, R? and R?*' are each independently selected from the group
consisting of hydrogen, alkyl, cycloalkyl, cycloalkylalkyl, heterccycloalkyl, fluoroalkyi,
heterocycloaikylalkyl, alkenyl, alkynyl, aryl, heteroaryl, arylalkyl, heteroarylatkyt and aminoatkyl,
wherein alkyl, cycloalkyl, cycloalkyialkyl, heterooycloalkyl, fluoroalkyl, heterocycioalkylalkyl,
atkenyl, alkynyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl and aminoalkyl can be opticnally
substifuted,;

R™ is, for each occurrence, R%, S(OWNRYM R S(O)R?, CO)ORY, CIORPC(=NR*NR* R,
C(=NR¥INRY'R® C(=NOR™R* or C(CINR¥R?;

Y is each independently CH or N; and

tis 1 or 2.

Any combination of the above mentioned embodiments is alsoc envisaged in the present

specification.

Preferred compounds are summarized in Table 6.

The compounds of the present inverition can be synthesized by one of the general meihods
shown in Schemes 1 o 20. These methods are only given for illustrative purposes and are not

limiting.

General synthetic schemes for the preparation of 8-amino- or 8-bromo-7-azaindole building

blocks are shown in the following.
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R4 . m-CPBA Ry HMDS Ry ey Ry
A soivent {J/\/\&R solvent j’ﬁ/‘yq A o
P 2 /.Z 2 — P ¥ 2 T Fom ~ H ""“i 2
NN 2. hase “T)\i‘j O, -Br Br NAE\\S solvent Y Y
O- S8 H
x/i\ ﬁﬁ‘t\/NU !
L N

1. DMS, solvent

—a

. NaH, solvent

O —
Ny

2. NHy, solvent . TIPS-CI
Rq iaf
N =
HoBT TN N Br™ N I\ll
H TIPS

Commerdlally available 7-azaindole or an appropriately substituted 7-azaindole derivative were
treated with meta-chlioroperbenzoic acid in a suitable solvent fo afford the corresponding N-
oxide/meta-chlorobenzoic acid salts. Treatment of the N-oxide/salts with dimethyisulfate in a
suitable solvent followed by reaction of the intermediate with ammonia in a suitable sclvent

afforded the desired 6-amino 7-azaindele bullding blocks.

Treatment of the N-oxide salts with base in a suitable solvent afforded the N-oxide after
purification. Reaction of the N-oxides with hexamethyldisilazane and benzoyibromide in a
suitable solvent vielded the corresponding N'-benzoyl protected 6-bromo 7-azaindole
derivatives. Saponification of the protecting group with sodium hydroxide in a suitable solvent
afforded the corresponding 6-bromo 7-azaindole derivatives afier purification. Pro’teoti)on of the
N'-position with the triisopropylsilyl moiety vielded the desired N'-protected 6-bromo 7-
azaindole derivatives after purification.

General synthetic scheme for the preparation of 3-substituted &-bromo 4-azaindole and 6-bromo
indole building blocks with R = Bog, CHy and X = CH, N.



10

15

W 2011/128453 PCT/EP2011/03606¢
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Commercially available 6-bromo 4-indole (X = CH) was ftreated with sodium hydride in a
suitable solvent, followed by addition of triisopropylsilyl chloride o afford the N'-protected

derivatives after purification.

Commercially available 6-bromo 4-indole (X = CH) or 6-bromo 4-azaindole (X = N) were treated
with N-Boc-piperidin-4-one or N-methyl-piperidin-4-one and an appropriate base in a suitable
solvent o afford the condensation products after purification. Hydrogenation of the double bond
using a suitable catalyst and scivent afforded the corresponding reduction products after
purification. Protection of the N'-position with the triisopropyisilyl maiety vielded the desired 3-

substituted and N'-protected derivatives after purification.

General synthetic scheme for the preparation of 3-substituted 5-bromo 7-azaindole and 5-bromo
7-indole building blocks with R = Boc, CHa.
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Scheme 3
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Commercially available 5-bromo indole (X = CH) or 5-bromo 7-azaindole (X = N) were treated
with N-Boc-piperidin-4-one or N-methyl-piperidin-4-one and an appropriate base in a suitable
solvent to afford the condensation products after purification. Protection of the N’»posi‘tion with
the triisopropylsilyl moiety afforded the corresponding compounds. Hydrogenation of the double
bond using a suitable catalyst and solvent afforded the desired N'-protected derivatives after

purification.

General synthetic scheme for the preparation of 3-substituted 6-amino indole building blocks of

this invention with R = Bog, GH,

Scheme 4
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Commercially available 6-nitro indole was treated with N-Boc-piperidin-4-one or N-methyl-

piperidin-d-one and an appropriate base in a suitable solvent to afford the condensation product

solvent afforded the desired 6-amino indole derivatives after purification. Protection of the N'-
position of the nitro derivatives from the initial condensation with the triisopropylsilyl moiety
afforded the corresponding compounds, which were used for hydrogenation without purification.
Reduction of the nitro group and double bond using a suitable catalyst and solvent afforded the
desired N-TIPS protected 8-amino indole derivatives after purification. Protection of the N'-
position of the nitro derivative from the initial condensation containing an N-Boc protected
piperidine moiety with a methyl group afforded the desired compound after purification. Catalytic
reduction of the nitro group and double bond using a suitable catalyst and solvent afforded the
desirad N'-methyl protected 6-amino indole derivative after purification where the nitrogen of the

piperidine moiety is protected with a Boc-moiety.
General synthetic scheme for the preparstion of tricyclic 2-bromo or 2-amino tetrahydro-
pyridof2,3-blindol buiiding blocks when R" and R” taken together form a 5- or 6-membered ring

containing carbon atoms.

s B
Soheme 5

P P
gy "N Br solvent Br” RN solvent

H

/"t
m _ﬁ?Hifﬁf_fi‘_ /H/\\:L ﬁ C RN microwave ~
A NH, ﬁ n= — 4,
H g} = B. . .

migrowave
Ca, O, NH,OH
solvent

L PN

HpNT NN
Commercially available 2,6-dibromo pyridine was treated with hydrazine hydrate in a suitable
sotvent to afford the mono hydrazine derivative. Condensation with an appropriate cyclic ketone

in a suitable solvent afforded the desired hydrazone compounds. A thermal Fischer-indole

synthesis afforded the tricyclic cydclization products after purification. A copper(i}-oxide mediated
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exchange of the bromo derivative with ammonia yielded the desired fricyclic 2-amino pyrido{2,3-

blindol derivatives after purification.

General synthetic scheme for the preparation of tricyclic 2-bromo tetrahydro-pyrido[2, 3-blindol
(X =N, Y = Br, Z=H) or 6-bromo tetrahydro-carbazol (X = CH, ¥ = H, Z = Br) or 7-bromo
tetrahydro-carbazol (X = CH, Y = Br, Z = H) building blocks when R' and R? taken together form
a 6-membered ring containing carbon atoms and the G-membered ring is substituted with
NCHBoc.

General synthetic scheme for the vpreparation of protected 4-amino- and 4-

hydroxycyclohexanone derivatives and unprotected 4-hydroxycyclohexanone derivatives.
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Commercially available 4-amino-cyclohexanol hydrogen chioride salt was converted to the
corresponding phthalimide-protected 4-amino-cyclohexanol using a phthalimide reagent and
potassium carbonate in an appropriate solvent. Oxidation of the alcchol to the ketone with
pyridinium chlorochromate in an appropriate solvent afforded the phthalimide-protected 4-
amino-cyclohexancne  afler purification.  Commercially  available  1,4-cyclohexanedione
monoethylene acetal was treated with sodium borohydride in an appropriate solvent to afford
the corresponding alcohol. Treatment of the alcohol with phthalimide employing Mitsunobu
reaction conditions afforded the desired compound after purification. Cleavage of the acetals
was achieved by refluxing the starting material with a frace amount of p-toluene sulfonic acid in
an appropriate solvent mixture to afford the corresponding phthalimide-protected 4-amino-
cyclonexanone, Treatment of the alcohol reduction product with benzoyt chloride followsd by
cleavage of the acetals using a trace amount of p-loluene sulfonic acid in an appropriate solvent
rmixture at reflux afforded the corresponding benzoyl-protected 4-hydroxy-cyclohexanone.
Treatment of the alcohol reduction product using a trace amount of p-toluene sulfonic acid in an

appropriate solvent mixiure at reflux afforded the corresponding 4-hydroxy-cyclohexanone.

General synthetic scheme for the preparation of tricyclic 2-bromo tetrahydro-pyrido[2,3-blindol
=N, Y = Br, Z=H) or 3-bromo tefrahydro-pyrido[2,3-blindol (X = N, Y = H, Z = Br) or 6~
bromo telrahydro-carbazol (X = CH, Y = H, Z = Br) or 7-bromo tetrahydro-carbazol (X = CH, Y =
Br, Z = H) building blocks when R" and R* taken together form a 6-membered ring containing

carbon atoms and the B-membered ring is substituted with NR*Boc.
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5  Condensation of 2-bromo-6-hydrazino pytidine (X = N, Y = Br, Z = H} or 3-bromo-6-hydrazine
pyridine (X = N, Y = H, Z = Br} or 4-bromo-phenylhydrazine (X = CH, Y = H, Z = Br) or 3-bromo-
phenylhvdrazine (X = CH, Y = Br, Z = M) with the phthalimide protected 4-amino-cyclohexancne
derivative in a suitable solvent afforded the desired hydrazone condensation products. A

thermal Fischer-indole synthesis of the hydrazone afforded the tricyclic cyclization products
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after purification. The phthalimide protecting group was removed by treatment with hydrazine
hydrate in an appropriate solvent to afford the prirary amines. Treatment of the free amine with
Boc-anhydride and a suiable base in an appropriate solvent afforded the mono-Boc and bis-
Boc protecied derivatives after purification. Treatment of the mono-Boc derivatives with sodium
hydride in a suitable solvent followed by rnethyl iodide afforded the desired di-methyt tricyelic
derivatives after purification. The bis-Boc-protected compounds were freated with sodium
hydride in a suitable scolvent followed by the addition of a suitable alkylating agent to afford the
mono-alkylated products after purification for X = CH. Depending on the reactivity of the
alkylating agent the reaction proceeds at room temperature or requires elevated temperatures.
Selective cleavage of the Boc protection group attached to the pyrrole ring for X = N was
achisved by adding a suitable base in an appropriate solvent 1o afford the desired compounds.
Protection of the NH-moiety of the pyrrole ring with a trilsopropylsilyl moiety afforded the desired

tricyclic derivatives for X = N after purification.

General synthefic scheme for the preparation of tricyclic 2-bromo tetrahydro-pyrido[2,3-blindol
(X =N, Y =Br, £=H)or 3-bromo tetrahydro-pyridof[2,3-blindol (X = N, Y = H, Z = Br) building
blocks when R' and R? taken together form a 6-membered ring containing carbon atoms and the

8-membered ring is substituted with NR*Boc.
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Heating of commercially available 2,6-di-bromo pyridine (X = N, Y = Br, Z = H) or 2,5-di-bromo
pyridine (X = N, Y = H, Z = Br} with a suitable hydrazine derivative in an appropriate solvent
affords the corresponding 2-bromo-6-hydrazino pyridine or 3-bromo-6-hydrazino pyridine
derivatives after purification. Condensation of the hydrazine derivatives with commercially
available 4-(methylaminoleyclohexanone 2,2-dimethyltrimethylene ketal hydrochloride in a
suitable solvent under acidic conditions employed for the Fischer-Indole synthesis affords the
tricyclic cyclization products. Treatment with base affords the corresponding tricyclic cyclization
products as free base. Treatment of the free amine with Boc-anhydride and & suitable base in

an appropriate solvent affordad the mono-Boc protected derivatives after purification.

General synthetic scheme for the preparation of tricyclic 2-bromo-8,9-dimethyl-tetrahydro-
pyrido[2,3-blindol (X = N, Y = Br, Z = H) when R" and R? taken together form a 6-membered ring
containing carbon atoms and the 6-membered ring is substituted at the same position with —CH,
and NR*Boc.
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Commercially available 4-hydroxycyclohexane carboxylic acid ethyl ester is freated with
triisopropylisilyl-chloride in & suitable solvent with an appropriate base o afford the silyl-
protected compound. Saponification of the ester maoiety with base in a suitable solvent afforded
the corresponding carboxylic acid. Treatment of the carboxylic acid with an excess of lithium
dilsopropylamine, prepared in situ by the action of n-butyllithium on diisopropylamine, afforded
the anion which was quenched by the addition of methy! iodide to afford the C-1 methylated
carboxylic acid after purification. The carboxylic acid was then converted o a protected amine
via a Curtius-rearrangement reaction. Treatment of the isocyanate intermediate of the Curtius
rearrangement with an appropriate nucleophile, i.e. potassium fert-butylate, in a suitable solvent

afforded the desired protected amine after purification. Treatment of the protected amine with
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tetra-butyl ammoenium fluoride in a suitable solvent afforded the desired 4-hydroxyl-derivatives
after purification. Oxidation of the hydroxyl molety with pyridinium chlorochromate in a suitable
solvent afforded the corresponding cyclohexanone derivative after purification. Conciensation-of
the ketone with a suitable hydrazine derivative afforded the hydrazone compound. The
hydrazone compound was then lreated under the conditions of a thermal Fischer-Indol
synithesis in suitable sclvent to afford the cyclization product which directly treated with di-feri-
butyl dicarbonate in a suitable solvent. The reaction afforded a mixture of the mono- and bis~
Boc-protected products which were separated by chromatography. The bis-Boc derivative was
converied to the mono-Boc derivative via treatment with base in a suitable solvent. The mono-
Boc derivative was treated with sodium hydride in a suitable solvent to afford the corresponding
sodium salt which was treated with an alkylating agent to afford the desired product after
purification. Depending on the reactivity of the alkylating agent the reaction proceeds at room
ternperature or requires elevated temperatures.

General synthetic scheme for the preparation of tricyclic 2-bromo tetrahydro-pyrido[2,3-blindol
(X =N, Y = Br, £=H) or 3-bromo tetranydro-pyrido[2,3-blindol (X = N, ¥ = H, Z = Br) or &~
bromo tetrahydro-carbazol (X = CH, Y = H, Z = Br) or 7-bromo fetrahydro-carbazol (X = CH, Y =
Br, Z = H) building blocks when R' and R? taken together form a 6-membered ring containing

carbon atoms and the 6-membered ring is substituted with OR.
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Schems 14
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Benzoyl protected 4-hydroxycyclohexanone is treated with a suitable hydrazine-derivative in an
appropriate solvent to afford the condensation product. The hydrazone-derivatives are freated
under the conditions of a thermal Fischer-Indole synthesis using a microwave to afford the
tricyclic cyclization products after purification. Treatment of the tricyclic productis with sodium
hydride in a suitable solvent jollowed by the addition of methyl iodide afforded the desired
products after purification. Cleavage of the ester protecting group was accomplished by heating
with base in a suitable solvent using & microwave to obtain the desired hydroxyl-compounds.
Alkylation of the hydroxyl-group was performed with suitable alkylating agents in an appropriate
solvent, after activation of the hydroxyl group into its sodium salt using sodium hydride.
Depending on the reactivity of the alkylating agent the reaction proceeds at rcom femperature or
requires elevated temperatures. The desired products were obtained after purification.

General synthetic scheme for the preparation of tricyclic 2-bromo tetrahydro-pyrido[2,3-blindol
(X =N, Y = Br, Z=*H) or 3-bromo tetrahydro-pyrido{2,3-blindol (X = N, Y = H, Z = Br) or &-
bromo tetrahydro-carbazol (X = CH, Y = H, Z = Br) or 7-bromo tetrahydro-carbazol (X = CH, Y =
Br, Z = H) building blocks when R" and R? taken together form a 6-membered ring containing

carbon atoms and the 6-membered ring is substituted with OCHa.
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Unprotected 4-hydroxycyclohexanone is freated with a suitable methyl-hydrazine-derivative in
5  an appropriate solvent to afford the condensation product. The methyl-hydrazone-derivatives
are treated under the conditions of a thermal Fischer-indole synthesis using a microwave {o
afford the ftricyclic cyclization products after purification. Treatment of the tricyclic products with
sodium hydride in a suitable solvent followed by the addition of methyt iodide afforded the
desired products after purification.
10

General synthetic scheme for the preparation of compounds of this invention.

15 Scheme 12
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The N-protected bromo building blocks with (X = CH, Y = N, Z= N, W = CH; or TIPS) or (X = N,
Y=CH Z=CHW=CHyor TIPS)or (X, Z=CH, Y =N, W =CHzor TIPS)or (X, Y, Z = CH,W
= CH; or Boc) were reacted with suitable amines or amine building blocks with (X, Y = CH, s =
O)or(X=N,Y=CH,s=0)or (X=CH, Y =N, s=0,1, 2) utilizing Pd-coupling chemistry with an
appropriate Pd-catalyst and an appropriate ligand in a suitable solvent to afford the desired
amination products after purification. Deprotection of the N-TIPS protected compounds with
tetra-n-butyl ammonium fluoride in a suitable sojvent yielded the desired compounds after
purification. Treatment of the N-unprotected cornpounds with hydrogen chloride in a suitable
solvent afforded the final compounds. For compounds with W = CH, or Boc treatment with

hydrogen chloride in a suitable solvent afforded the final compounds.

General synthetic scheme for the preparation of compounds of this invention.

Scheme 13
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The N-protected bromo building blocks (Y = CH, W = CH,, TIPS or Bocor Y = N, W = CHj or
TIPS) were reacted with suitable amines or amine building blocks with (X, Z = CH}or (X =N, Z
= CH) utilizing Pd-coupling chemistry with an appropriate Pd-catalyst and an appropriate ligand
in a suitable solvent to afford the desired amination products after purification. Deprotection of
the N-TIPS protected compounds with tetra-n-butyl ammonium fluoride in a suitable solvent
vielded the desired compounds after purification. Treatment of the N-unprotected compounds
with hydrogen chioride in a suitable solvent afforded the final compounds. For compounds with
W = CHy or Boc treatment with hydrogen chloride in a suitable solvant afforded the final

compounds.

General synthetic scheme for the preparation of compounds of this invention.

80



W 201 1/128455 PCT/EPZG11/056068

Scheme 14
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5 The N-protected bromo building blocks with (X = CH, Y = N, W = CHs or TIPS) or (X =N, Y =
CH, W = CH; or TIPS) or (X, Y = CH, W = CH; or TIPS) were reacted with suitable amine
building blocks with (£ = CH, W = H or CHz or TIPS) or {(Z = N, W = H or CH; or TIPS) utilizing
Pd-coupling chemistry with an appropriate Pd-catalyst and an appropriate ligand in a suitable
solvent fo afford the desired amination products afier purification. Deprotection of the N-TIPS

10 protected compounds with tetra-n-butyl ammonium fluoride in a suitable solvent yielded the
desired compounds after purification. Treatment of the N-unprotected compounds with
hydrogen chloride in a suitable solvent afforded the final compounds. For compounds with (W =

H or CHy) freatiment with hydrogen chioride in a suitable solvent afforded the final compounds.

15 General synthstic scheme for the preparation of compounds of this invention.
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The N-protected bromo building blocks with (X' = CH, W = CH; or TIPS) or X = N, W = CHj or
TIPS) were reacted with suitable amine building blocks with (Z = CH, W = H or CH; or TIPS) or
(Z = N, W = H or CHsy or TIPS) utilizing Pd-coupling chemistry with an appropriate Pd-catalyst

and an appropriate ligand in a suitable solvent to afford the desired amination products after
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purification. Deprotection of the N-TIPS protected compounds with tetra-n-butyl ammonium
fluoride in a suitable solvent yielded the desired compounds after purification. Treatment of the
N-unprotected compounds with hydrogen chloride in a suitable solvent afforded the final
compounds. For compounds with (W = H or CHy) treatment with hydrogen chloride in a suitable

solvent afforded the final compounds.

General scheme for the preparation of 2-bromo-tetrahydro-pyrido]2,3-bjindole building blocks

when R'and R? taken together form a (n+4)-membered ring containing carbon atoms.

Scheme 46
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Commercially available 2,6-dibromo pyridine was treated with hydrazine derivatives (R=H, CHaj)
in a suitable solvent to afford the mono hydrazine derivative. Condensation with an appropriate
cyclic ketone in a suitable solvent afforded the desired hydrazone compounds. A thermal

Fischer-indole synthesis afforded the tricyclic cyclization products after purification.

General synthetic scheme for the preparation of tricyclic 7-bromo teirahydro-pyridof4, 3-blindole
(X = Br, Y = H) or 8-bromo tetrahydro-pyrida[4,3-bjindole (X = H, Y = Br) building blocks when

R"and R* taken together form a (n+4)-membered ring containing carbon atoms and NR?.
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Commercially available phenyihydrazine derivatives were treated with an appropriate cyclic
ketonie in a suitable solvent fo afford the desired hydrazone compounds. A Fischer-indole
5 synthesis afforded the tricyclic cyclization products after purification. Treatment of the tricydlic
detivatives with sodium hydride in a suitable solvent followed by an appropriate halogenated
alkyl afforded the corresponding MN-alkylated product. A subsequent deprotection of the
carbamate derivatives was achieved by adding sodium hydroxide in an appropriate sclvent
under reflux conditions o afford the desired compounds. Finally the aliphatic NH derivaiives
10 were derivatized by treating them with scdium hydride followed by the addition of an appropriate

halogenated alkyl in a suitable solvent to afford the desired tricyclic derivatives.

General synthetic schems for the preparation of {ricyclic 2-bromo-tetrahydro-pyrrolo{2,3-b:4,5-
cldipyridine (X=N, Y=H, Z=Br}, 3-bromo-tetrahydro-pyrrolo[2,3-b:4,5-c'ldipyridine (X=N, Y=Rr,

15 Z=H), 7-bromo tetrahydro-pyrido[4,3-blindole (X = CH, Y = H, Z= Br) or 8-bromo teirahydro-
pyridof4,3-blindole (X = CH, Y = Br, Z=H) building blocks when R' and R?* taken together form a

(n+4)-mernbered ring containing carbon atloms and NR¥.
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A

Commercially available hydrazine derivalives were treated with an appropriate cyclic ketone in
ihe presence of a suitable acid in a suilable solvent to afford after purification the desired

compounds via an acidic Fischer-indole synthesis.

General synthetic scheme for lhe preparation of tricyclic 2-bromo-tetfrahydrothiopyranol3',4":4,5]-
pyrrolo[2,3-blpyridine-6,6-dioxide  (X=Br, Y=H) or 3-bromo-tetrahydrothiopyranc{3',4"4,5}-
pyrrolo[2,3-blpyridine-6,8-dioxide (X=H, Y=Br) building blocks when R' and R? taken together

form a (n+4)-membered ring containing carbon atoms and SO,.
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Commercially available phenylhydrazine derivatives were treated with an appropriate cyclic
ketone in a suitable solvent to afford the desired hydrazone compounds. A Fischer-indole
synthesis afforded the tricyclic cydlization products after purification. Treatment of the tricyclic
derivatives with sodium hydride in & suitable solvent followed by an appropriate halogenated
atkyl afforded the corresponding N-alkylated product. A subsequent oxidation of the suifur

derivatives using an appropriate oxidant afforded the desired sulfone compounds.

Seneral synthetic scheme for the preparation of
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Commercially available methylthicalcohol derivatives were treated with an appropriate oxidant in
a suitable solvent to afford the desired hydroxysulfone derivatives. The primary alcohols
cornpounds were converted to the corresponding halogen derivatives using Appel conditions in

a suitable solvent.

All reagents and solvents were obtained from commercial sources and used without further
purification. Proton ("H) spectra were recorded on a Bruker EPX 400 MHz NMR specirometer in
deuterated solvents. Mass spectra (MS) were recorded on a Finnigan MAT TSQ 7000
spectrometer. Flash purification was conducted with a Biotage Isolera One flash purification
system using HP-5il SNAP cartridges (Biotage) and the solvent gradient indicated in specific
examples. Thin layer chromatography (TLC) was carried out on silica gel plates with UV
detection. Preparative thin layer chromatography (Prep-TLC) was conducted with 0.5 mm or 1
mm silica gel plates (Anealtech: Uniplate, Fa4) and the solvents indicated in the specific

examples.

While it is possible for the compounds of the present invention o be administered alone, it is
preferable to formulate them into a pharmaceutical composition in accordance with standard
pharmaceutical practice. Thus, the invention also provides a pharmaceutical composition which
comprises a therapeutically effective amount of a compound of formula (1) in admixture with a

pharmaceutically acceptable excipient.

Pharmaceutically acceptable excipients are well known in the pharmaceutical art, and are
described, for example, in Remington's Pharmaceutical Sciences, 15" Ed., Mack Publishing
Co., New Jersey (1991). The pharmaceutical excipient can be selected with regard to the
intended route of administration and standard pharmaceutical practice. The excipient must be

acceptable in the sense of being not deleterious to the recipient thereof.

Pharmaceutically useful excipients that may be used in the formulation of the pharmaceutical

composition of the present invention may comprise, for example, carriers, vehicles, diluents,
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solvents such as monohydric alcohols such as ethanol, isopropanol and polyhydric alcohols
such as glycols and edible oifs such as soybean oil, coconut oil, olive oil, safflower oil
cotionseed oil, oily esters such as ethyl oleate, isopropyl myristate, binders, adjuvants,
solubilizers, thickening agents, stabilizers, disintegrants, glidants, tubricating agents, buffering
agents, emulsifiers, welling agents, suspending agents, swestening agents, colorants, flavors,
coating agents, preservalives, antioxidants, processing agents, drug delivery modifiers and
enhancers such as calcium phosphate, magnesium state, Izle, monosaccharides,
disaccharides, starch, gelatine, cellulose, methyicellulose, sodium carboxymethyl cellulose,
dextrose, hydroxypropyi-3-cyclodextrin, polyvinylpyrrolidone, low melting waxes, and ion

exchange resins.

The routes for administration (delivery) of the compounds of the invention include, bul are not
fimited to, one or more of: oral (e. g. as a tablet, capsule, or as an ingestible solution), topical,
mucosal {e. g. as a nasal spray or aerosol for inhalation), nasal, parenteral (e. g. by an
injectable form), gastrointestinal, intraspinal, intraperiioneal, intramuscular, intravenous,
intrauterine, intraccular, intradermal, intracranial, intratracheal, intravaginal,
intracerebroventricular, intracerebral, subcutaneous, ophthalmic (including intravitreal or

infracameral), transdermal, rectal, buccal, epidural and sublingual.

For example, the compounds can be administered orally in the form of tablets, capsules, ovules,
elixirs, solutions or suspensions, which may contain flavoring or coloring agents, for immediate-,

delayed-, modified-, sustained-, pulsed- or controlled-release applications.

The tablets may confain excipients such as microcrystalline cellulose, lactose, sodium citrate,
calciumn cavbonate, dibasic calcium phosphate and glycine, disintegrants such as starch
(preferably corn, potato or tapicca starch), sodium starch glycollate, croscarmellose sodium and
certain  complex silicates, and granulation binders such as  polyvinylpyrrolidone,
hydroxypropylmethyicellulose (HPMC), hydroxypropyleellufose (HPC), sucrose, gelatin and
acacia. Additionally, lubricating agents such as magnesium stearate, stearic acid, glyceryl
behenate and talc may be included. Solid compositions of a similar type may also be employed
as fillers in gelatin capsules. Preferred excipients in this regard include lactose, starch, a
cellulose, milk sugar or high molecular weight polyethylene glycols. For agueous suspensions

and/or elixirs, the agent may be combined with various sweetening or flavoring agents, coloring
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matier or dyes, with emuisifying andfor suspending agents and with diluents such as water,

ethanol, propylene glycol and giycerin, and combinations thereof.

If the compounds of the present invention are administered parenteraily, then examples of such
administration include one or more oft intravenously, intraarterially, intraperitoneaily,
intrathecally, intraventricularly, intraurethrally, intrasternally, intracranially, intramuscularly or
subcutaneously administering the compounds: and/or by using infusion techniques. For
parenteral administration, the compounds are best used in the form of a sterile aqueous solution
which may contain other substances, for example, enough salts or glucose to make the solution
isotonic with blood. The aqueous solutions should be suitably buffered (preferably to a pH of
from 3 to 9), if necessary. The preparation of suitable parenteral formulations under sterile
condifions is readily accomplished by standard pharmaceutical techniques well known to those

skilled in the art.

As indicated, the compounds of the present invention can be administered intranasally or by
inhalation and are conveniently delivered in the form of a dry powder inhaler or an aerosol spray
presentation from a pressurized container, pump, spray or nebulizer with the use of a suitable
propeflant, e.g. dichlorodifiluoromethane, trichiorcfiuoromethane, dichlorofetrafluoroethane, a
hydrofluorcalkane  such  as 1,11, 2-tetraflucrosthane  (HFA134AT) or  1,1,1,2,3,3,3-
heptafluoropropane (HFA 227EA), carbon dioxide or other suitable gas. In the case of a
pressurizad aerosol, the dosage unit may be determined by providing a valve 1o deliver a
metered amount. The pressurized container, pump, spray or nebulizer may contain a solution or
suspension of the active compound, e. g. using a mixiure of sthanol and the propellant as the
solvent, which may additionally contain a lubricant, e. g. sorbitan trioleate. Capsules and
cartridges {made, for example, from gelatin} for use in an inhaler or insufflalor may be
formulated o contain a powder mix of the compound and a suitable powder base such as

lactose or starch.

Alternatively, the compounds of the present invention can be administered in the form of a
suppoesitory or pessary, or it may be applied topically in the form of a gel, hydrogel, lotion,
solution, cream, oiniment or dusting powder, The compounds of the present invention may also

be dermaily or transdermally administered, for example, by the use of a skin patch.
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They may also be administered by the pulmonary or rectal routes. They may also be
administered by the ocular route. For ophthalmic use, the compounds can be formulated as
micronized suspensions in isotonic, pH adjusted, sterile saline, or, preferably, as solutions in
isotonic, pH adjusted, sterile saline, optionally in combination with a preservative such as a
benzylalkonium chioride. Alternatively, they may be formulated in an ointment such as
petrolatum.

For application topically to the skin, the compounds of the present invention can be formulated
as a suitable ointment containing the active compound suspended or dissolved in, for example,
a mixture with one or more of the following: mineral oil, liquid petrolatum, white petrolatum,
propylene glycol, emulsifying wax and water. Alternatively, they can be formulated as a suitable
lotion or cream, suspended or dissolved in, for example, a mixture of one or more of the
following: mineral ofl, sorbitan monostearate, a polysthylene glycol, liquid paraffin, polysorbate

60, cety! esters wax, cetearyl alcohol, 2-octyldodecanol, benzyl alcohol and water.

Typically, a physician will defermine the actual dosage which will be most suitable for an
individual subject. The specific dose level and frequency of dosage for any particular individual
may be varied and will depend upon a variety of factors including the activity of the specific
compound employed, the metabolic stability and length of action of that compound, the age,
body weight, general health, sex, diet, mode and time of administration, rate of excretion, drug

combination, the severity of the parficular condition, and the individual undergoing therapy.

A proposed dose of the compounds according to the present invention for administration to a
human (of approximately 70 kg body weight) is 0.1 mg to 1 g, preferably 1 mg to 500 mg of the
active ingredient per unit dose. The unit dose may be administered, for exampls, 1 to 4 times
per day. The dose will depend on the route of administration. It will be appreciated that it may be
necessary to make routine variations to the dosage depending on the age and weight of the
natient as well as the severity of the condition to be freated. The precise dose and rouie of

administration will ullimately be af the discretion of the attendant physician or veterinarian.

The compounds cof the invention may also be used in combination with other therapeutic agents.
When a compound of the invention is used in combination with a second therapeutic agent
active against the same disease the dose of each compound may differ from that when the

compound is used alone.
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The combinations referraed to above may conveniently be praesented for use in the form of a
pharmaceutical formulation. The individual components of such combinations may be
administered either sequentially or simultansously in separate or combined pharmaceutical
formulations by any convenient route. When administration is sequential, either the compound
of the invention or the second therapeutic agent may be administered first. When administration
is simultaneous, the combination may be administered either in the same or different
pharmaceutical composition. When combined in the same formulation it will be appreciated that
the two compounds must be stable and compatible with each other and the other components
of the formulation. When formulated separately they may be provided in any convenient

formulation, conveniently in such manner as are Known for such compounds in the art.

The pharmaceutical composifions of the invention can be produced in a2 manner known per se
to the skilled person as described, for example, in Remington's Pharmaceutical Sciences, 15"
Ed., Mack Publishing Co., New Jersey (1991).

Diseases that can be freated with the compounds of the present invention can be associgted
with the formation of abnormal protein structures, in particular abnormal -sheel structures. In
the context of the present invention, an abnormal protein structure is a protein structure that
arises when a protein or peplide refolds from the three-dimensional structure, which it generally
adopts in healthy individuals, into a different three-dimensional structure, which is associated
with a pathological condition. Likewise, an abnormal B-sheet structure in the context of the
presant invention is a P-sheet siructure that arises when a protein or peplide refolds from the
ihree-dimensional structure, which it generally adopls in healthy individuals, into a B-sheet

structure, which is associated with a pathological condition.

in particular, in one embodiment diseases that can be treated with the compounds of the

present invention are diseases or conditions asscciated with amyloid or amyloid-like proteins.

This group of diseases and disorders include neurclogical disorders such as Alzheimer's
disease (AD), diseases of condilions characterized by a loss of cognitive mermory capacity such
as, for example, mild cognitive impairment ( ChH, Lewy body dementia, Down’s syndrome,
heraeditary cerebral hemorrhage with amyleidosis (Duich type); the Guam Parkinson-Dementia
complex. Other diseases which are based on or associated with amyloid-like proteins are

progressive supranuclear palsy, snuitiple sclerosis; Creutzfeld Jacob disease, Parkinson's
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disease, HiV-related dementia, ALS (amyolropic lateral sclerosis), inclusion-body myositis
(IBM), Adult Onset Diabetes; senile cardiac amyloidosis; endocrine tumors, and other diseases,
including amyloid-asscciated ocular diseases that target different tissues of the eye, such as the
visual cortex, including corfical visual deficits; the anterior chamber and the optic nerve,
including glaucoma; the lens, including cataract due to beta-amyloid deposition; the vitreous,
including ocular amyloidosis; the relina, including primary retinal degenerations and macular
degeneration, in particular age-related macular degeneration; the optic nerve, including optic

nerve drusen, optic neurcpathy and optic neuritis; and the cornea, including lattice dystrophy.

in a preferred embodiment the compounds of the present invention can be employed for the
treatment of Alzheimer's disease, mild cognitive impairment (MC), Lewy body dementia (L.BD),
amyotropic lateral scierosis (ALS), inclusion-body myositis (IBM) and age-related macular
degeneration (AMD). In a particulary preferred embodiment the compounds of the present

invention can be employed for the treatment of Alzheimer's disease.

The ability of a compound {o inhibit the aggregation of AR can, for example, be determined
using flucrescence correlation spectroscopy as described in Rzepecki et al,, J. Biol. Chem,,

2004, 279(48), 47487-47505 or by using the thioflavin T specirofiuorescence assay.

In ancther embodiment the compounds of the present invention can be used for treating or
allevigting the effects of ocular diseases associated with pathological abnormalities/changes in
the tissues of the visual system, particularly associated with amyloid-beta-related pathological
abnormalifies/changes in the iissues of the visual system, such as, for example, neuronal

degradation. Said pathological abnormalities rnay occur, for example, in different tissues of the
eve, such as the visual cortex leading to cortical visual deficits; the anterior chamber and the
optic nerve leading to glaucoma; the lens leading fo cataract due o beta-amyloid deposition; the
vitreous leading to ocular amyloidosis; the retina leading to primary retinal degeneration and
macular degeneration, for example age-related macular degeneration; the optic nerve leading to
agic, nerve drusen, optic neurcpathy and oplic neuritis, and the cornea leading to lattice

ystrophy.

The compounds according to the present invention can also be provided in the form of a mixture

with at jeast one further biologically active compound andior a pharmaceutically acceptable
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carrier and/or a diluent and/or an excipient. The compound and/or the further biclogically active

compound are preferably present in a therapeutically effective amount.

The nature of the further biologically active compound will depend on the intended use of the
mixture. The further biologically active substance or compound may exert ifs biological effect by
the same or a similar mechanism as the compound according fo the invention or by an
unrelated mechanism of action or by a multiplicity of related and/or unrelated mechanisms of

action.

Generally, the further biologically active compound may include neutron-fransmission
enhancers, psychotherapeutic drugs, acetylcholine esterase inhibifors, calcium-channel
blockers, biogenic amines, benzodiazepine tranquillizers, acelylcholine synthesis, storage or
release enhancers, acetylcholine posisynaptic receptor agenists, monoarmine oxidase-A or -B
inhibitors, N-methyl-D-aspartate glutamate recepltor antagonists, non-steroidal anti-inflammatory
drugs, anlioxidants, and serotonergic receptor antagonists. In particular, the further biclogically
active compound can be selectsd from the group consisting of a compound used in the
treatment of amyloidosis, compounds against oxidative stress, anti-apoptolic compounds, metal
chelators, inhibitors of DNA repair such as pirenzepin and metabolites, S-amino-1-
propanesulfonic acid (BAP3), 1,3-propanedisulfonate (1,3PDS), u-secretase activators, B- and
y-secretase inhibifors, tau proteins, neurctransmitter, B-sheet breakers, aitractanis for amyloid
beta clearing / depleting cellular components, inhibitors of N-terminal truncated amylcid beta
including pyroglutamated amytoid beta 3-42, anti-inflammatory molecules, or cholinesterase
innibitors (ChiEls) such as tacrine, rivastigming, donepezil, and/or galantamine, M1 agonists,
other drugs including any amyloid or tau modifying drug and nuiritive supplements, an antibody,
including any funciionally equivalent antibody or functional parts thereof, an AR antigenic
peptide fragment consisting of a single or repetitive siretch of a plurality of configuous amino

acid residues from the N-terminal part of the AR peptide.

in a further embodiment, the mixtures according to the invention may comprise niacin or
memantine together with a compound according to the present invention and, optionally, a

harmaceutically acceptable carrier and/or a diluent and/or an excipient,
Y p

in still anothar embodiment of the invention mixtures are provided that comprise as a further
p

biclogically active compound “atypical antipsychotics” such as, for example clozapine,
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ziprasidone, risperidone, aripiprazole or olanzapine for the treatment of positive and negative
psychotic symptoms including hallucinations, delusions, thought disorders (manifested by
marked incoherence, derailment, tangentiality), and bizarre or disorganized behavior, as well as
anhedonia, flattened affect, apathy, and social withdrawal, together with a compound according
to the invention and, optionally, a pharmaceutically acceptable carrer and/or a diluent and/or an

excipient.

Other compounds that can be suitably used in mixitures in combination with the compound
according to the present invention are, for example, described in WO 2004/058258 (see
especially pages 16 and 17) including therapeutic drug targets (pages 36 1o 39), alkanesulfonic
acids and alkanolsulfuric acids (pages 39 o 51), cholinesterase inhibitors (pages 51 to £8),
NMDA receptor antagonists (pages 56 to 58), estrogens (pages 58 to 59), non-steroidal anti-
inflammatory drugs (pages 60 and 61), antioxidants (pages 61 and 82), peroxisome
proliferators-activaied receptor (PPAR) agonists (pages 83 1o 67), cholesterol-lowering agents
(pages 68 io 75), armyloid inhibitors (pages 75 to 77), amyloid formalion inhibitors (pag‘es 77 to
78), metal chelators (pages 78 and 79), anfi-psychotics and anti-depressants (pages 80 to 82},
nutritional supplements (pages 83 fo 89) and compounds increasing the availability of
biologically active substances in the brain (see pages 89 to 3) and prodrugs (pages 93 and 94),

which document is incorporated herein by reference.

in one preferred embodiment the further biclogically active compound is an anfibody inciuding
any functionally equivaient antibody or functional parts thereof. The antibody can preferably be

monocional, chimeric or humanized.

In a further aspect of the invention, a mixiure is provided comprising in addition fo the
compound of the invention an antibody including funclicnat parts thereof, or, more particularly, a
monoclonat antibody including functional parts thereof, which recognizes and binds to amvloid B
(AR), particutarly to the native conformation of amyloid 8, that is to amyloid ofigomers and fibers,

but not to not linearized amyloid spacies.

in particular, said antibodies are capable of inhibiting, in vitro and in vivo, the aggregation of
amyloidogenic monomeric peplides, specifically B-amyloid monomeric pepiides such as, for
example, AP monomeric peplides 1-39; 1-40, 1-41, 142, or 1-43, bul espedcially AP

monomeric peptides, into high molecular polymeric amylold fibrils or filaments. Through the
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inhibition of the aggregation of amyloidogenic monomeric peptides these antibodies are capable
of preventing or slowing down the formation of amyloid plaques, particutarly the amyloid form (1-
42), which is known to become insoluble by change of secondary conformation and to be the

major part of amyloid plaques in brains of diseased animals or humans.

in another aspect of the invention, the mixture comprises antibodies which, upon co-incubation
with preformed high molecular polymeric amytoid fibrils or filaments formed by the aggregation
of amyloid monomeric peptides, spécifically B-amyloid monomeric peptides such as, for
example, AB monomeric peptides 1-39; 1-40, 1-41, 1-42, or 1-43, but especially ABra
monomeric peplides, are capable of disaggregating said high molecular polymeric amyloid fibrils
or fitaments. Through the disaggregation of amyloidogenic polymeric fibrils or filaments these
antibodies are capable of preventing or slowing down the formation of amyloid plaques which
leads to an alleviation of the symptoms associated with the disease and a delay or reversal of

its prograssion.

In still another aspect of the invention, the mixiure comprises an antibody, but especially a
monoclonal antibody or functional parts thereof, which antibody is bifunclional or bispecific in
that it exhibits both an aggregation inhibition property as well as a disaggregation property as

defined herein before, particularly paired with a high degree of conformational sensitivity.

In one embodiment, the mixiure comprises an antibody which recognizes and binds to a
conformational epitope, particularly a conformational epitope which is present in the N-terminal
part of the amyloid B peptide, particularly embedded into the following core region of the N-

terminal part of the amyloid B peptide:

Val-  Hig—= His—  Gin— Lys~ leu— Vak Phe- Phe- Ala— Glu- Asp—
12 13 14 15 16 17 18 19 20 21 22 23

Particularly an epitope localized in a region of the B-amyloid protein between amino acid residue
12 to 24, particularly between residues 14 {0 23, more particularly between amino acid residues
14 and 20, comprising three distinct recognition and binding sites which residues are
predominantly involved in the binding of the $-amyloid protein and located at position 18, 17,

and at position 19 and 20, and at position 14, respectively.
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in a specific embodiment the mixiure of the present invention comprises, in addition to the
compound of the invention, an antibody, particularly a bifunctional antibody, but especially a
monoclonal antibody, particularly a bifunctional monoclonal antibody, including any functionally
equivalent antibody or functional parts thereof, which antibody has the characteristic properties
of an antibody produced by a nybridoma cell line selected from the group consisting of FP
12H3, FP 12H3-C2, and FP 12H3-G2 deposited on Decamber 01, 2005 and December 09,
2005, respectively, as DSM ACCZ2752, DSM ACC 2750 and DSM ACC2751, respectively, ET
7E3 deposited on December 08, 2005 as DSM ACC2755, and EJ 7H3 deposited on December
08, 2005 as DSM ACC2766.

Mare particularly, the invention relates to an antibody including any functionally equivalent
antibody or functional parts thereof produced by a hybridoma cell line selected from the group
consisting of FP 12H3, FP 12H3-C2, and FP 12H3-G2 deposited on December 01, 2005 and
December 08, 2005, respectively, as DSM ACC2752, DSM ACC 2750 and DSM ACC2751,
respectively, ET 7E3 deposited on December 08, 2005 as DSM ACCZ755, and EJ 7H3
deposited on December 08, 2005 as DSM ACC2756.

The above antibodies are described in the published international application WO 2007/068412,

which is incorporated herein by reference.

In a further aspect, the antibody which is comprised in the mixture according to the invention is

a chimeric antibody or a fragment thereof, or a humanized antibody or a fragment thereof.

- These and further antibodies that can be suitably used within the mixtures according to the

present invention are described, for example, in international application PCT/AUS2007/073504
filed July 13, 2007.

If the antibody is a humanized antibody, it preferably exhibits a light chain and a heavy chain as
depicted in SEQ ID No. 2 and SEQ ID No. 4 of International Application No.
PCTAIS2007/073504 or exhibits a light chain variable region and a heavy chain variable region
as depicted in SEQ D No. 1 and SEQ ID No. 3 of International Application No.
PCT/AUS2007/073504. These sequences are also shown in the attached sequence listing.

in still another aspect of the invention, a mixiure is provided which comprises, in addition to the

compotind according o the invention and as described herein before, a peptide fragrment from
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the N-terminal part of the AR peptide, particularly an AB peptlide fragment consisting of a single
or repetitive stretch of between 13 and 15 contigucus amino acid residues from the N-terminal
part of the AR peplide, but particutarly an AR peptide fragment consisting of amino acid residues
selected from the group consisting of residues 1-15, 1-14, and 1-13 from the N-terminal part of
the AB peptide, moare particularly of residue 1-15, including functionally equivalent fragments
thereof, but especially a AR peplide fragment as mentioned herein before aftached to, or
incorporated or reconstituted in a carrier particle/adjuvant such as, for example, a liposome. The
peptide fragment can be comprised in a vaccine composition. in particular, the peptide antigen
is modified by a tipophilic or hydrophobic moiety, that facilitates insertion into the lipid bilayer of
the liposome carrier/immune adjuvant, particularly by a lipophilic or hydrophobic moiety which
functions as an anchor for the peptide in the liposome bilayer and has a dimension that leads to

the peplide being positioned and stabilized h close proximity to the liposome surface.

In a further embodiment of the invention, the lipophilic or hydrophobic moiely is a falty acid, a
friglyceride or a phospholipid, but especially a fatty acid, a triglyceride or a phospholipid. In
particular, the hydrophobic moiety is palmitic acid and the liposome preparation may in addition
contain an adjuvant such as, for example, lipid A, alum, calcium phosphate, interfeukin-1, and/or
microcapsules of polysaccharides and proteins, but particularly a detoxified lipid A, such as

rmonophosphoryl or diphosphoryl lipid A, of aluim.

These and further compositions that can be suilably used in the mixtures of the present
invention are described, for exampie, in the published intemational application
WO 2007/068411.

Diagnosis of an amyloid-associated disease or condition or of a predisposition to an amyloid-
associated disease or condition in a patient may be achieved by deteciing the specific binding of
a compound according fo the invention to the amyloid protein in a sample or in sifu, which
includes bringing the sample or a specific body part or body area suspected {o contain the
amyloid antigen into contact with a compound of the invention which binds the amyloid protein,
alfowing the compound of the invention fo bind fo the amyloid proiein to form a
compound/protein complex, detecting the formation of the compound/protein complex and
correlating the presence or absence of the compound/protein complex with the presence or
absence of amyloid protein in the sample or specific body part or area, optionally comparing the

amount of said compound/protein complex to a normal controf value, wherein an increase in the
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amount of said aggregate compared 10 a normal control value may indicate that said patient is

suffering from or is at risk of developing an amyloid-associated disease or condition.

Monitoring minimal residual disease in a patient following treatment with a compound or a
mixture according to the invention may be achieved by detecting the specific binding of a
compound according to the invention to the amyloid profein in a sample or in sifu, which
includes bringing the sample or a specific body part or body area suspected to contain the
amyloid antigen into contact with a compound of the invention which binds the amyloid protein,
allowing the compound to bind io the amvicid protein to form a compound/protein complex,
detecting the formation of the compound/protein complex and correlating the presence or
absence of the compound/protein complex with the presence or absence of amyloid protein in
the sample or specific body part or area, optionally comparing the amount of said
compound/protein complex to a normat control value, wherein an increase in the amount of said
aggregate compared 1o a normal control value may indicate that said patient may still suffer

from a minimal residual disease.

Predicting responsiveness of a patient to a trealment with a compound or composition or a
mixture according to the invention may be achieved by detecling the specific binding of a
compound according to the invention to the amyloid protein in a sample or in sffu, which
includes bringing the sample or a specific body part or body area suspected to contain the
amyloid profein into contact with a compound of the invention which binds the amyloid protein,
allowing the compound to bind to the amyloid protein to form a compound/prelein complex,
detecting the formation of the compound/protein complex and correlating the presence or
ahsence of the compound/protein complex with the presence or absence of amyloid protein in
the sample or specific body part or area, oplionally comparing the amounit of said
compound/protein complex before and after onset of the treatrment, wherein a decrease in the
arnount of said aggregate may indicate that said patient has a high potential of being responsive

fo the treatment.

125124 B or 1BEY, These compounds can be useful for in vivo diagnosis or

radionuclide (e.g.,
imaging of amyloid-associated diseases, preferably of Alzheimer's disease, for example in
methods such as single photon emission computed tomography (SPECT imaging) or positron

emission tomagraphy (PET).
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In radiopharmaceutical applications, the compound of the present invention is preferably
administered in a radiopharmaceutical formulation comprising the compound of the invention. A
“radiopharmaceutical  formulation” is defined in the present invention as a formulation
comprising compound of the present invention (such as a compound of formula (1) or a salt
thereof) In a form suitable for adminisiration to mammals such as humans. Preferably a
radiopharmaceutical formulation further comprises a physiologically acceptable excipient.
Administration s preferably carried out by injection of the formulation as an agueous solution.
Such a formulation may optionally contain further ingredients such as buffers; pharmaceutically
acceptable solubilisers {e.g., cyclodextrins or surfactants such as Pluronic, Tween or
phospholipids); pharmaceutically acceptable stabilisers or antioxidants {such as ascorbic acid,
gentisic acid or para-aminobenzoic acid). The dose of the compound of the present invention
will vary depending on the exact compound fo be administered, the weight of the patient, and
cther variables as would be apparent to a physician skilled in the art. Generally, the dose would

lie in the range 0.001ug/kg to 10 pglkg, preferably 0.01 pa/kg to 1.0 pgikg.

Biological samples that may be used in the diagnosis of an amyloid-associated disease or
condition for diagnosing a predisposition to an amyloid-associated disease or condition or for
rmonitoring minimal residual disease in a patient or for prediciing responsiveness of a patient to
a treatment with a compound or a composition or a mixture according to the invention and as
describad herein before are, for example, fluids such as serum, plasma, saliva, gastic
secretions, mucus, cerebrospinal fluid, lymphatic fluid, and the like, or tissue or cell samples
obtained from an organism such as neural, brain, cardiac or vascular tissue. For determining the
presence or absence of the amyloid protein in a sampie any immunoassay known to those of
ordinary skill in the art (see Harlow and Lane, Antibodies: A Laboratory Manual (Cold Spring
Harbor Laboratory, New York, 1988, 555 to 612) may be used such as, for example, assays
which utilize indirect detection methods using secondary reagents for defection, ELISA’s and
immunoprecipitation and agglutination assays. A detailed description of these assays is, for
example, given in WO96/13590 to Maertens and Stuyver, Zrein ef al. (1988} and W(86/29605.

For in sifu diagnosis, the compound or compostion or mixture according to the invention and as
described herein before may be administered {o the organism fo be diagnosed by methods
known in the art such as, for example, intravenous, intranasal, intraperitoneal, intracerebral,

intraarterial injection such that a specific binding between the compound according to the
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invention and the amyloid antigen may occur. The compound/protein complex may be detected

through a labe! attached to the compound.

The immunoassays used in diagnostic applications or in applications for diagnosing a
predisposition to an amyloid-associated disease or condition or for monitoring minimal residual
disease in a patient or for predicting responsiveness of a patient to a treatment with a
compound or composition or a mixture according to the invention and as described herein
before, typically rely on labelled antigens, antibodies, or secondary reagents for detection.
These proteins or reagents can be jabelled with compounds generally known to those skilled in
the art including enzymes, radioisotopes, and fluorescent, luminescent and chromogenic
subsiances including colared particles, such as colloidal gold and latex beads. Of these,
radicactive labelling can be used for almost all types of assays and with most variations.
Enzyme-conjugated labels are particularly useful when radioactivity must be avoided or when
quick results are needed. Fluorochromes, aithough requiring expensive equipment for their use,
provide a very sensitive method of detection. Antibodies useful in these assays include

monoclonal antibodies, polyclonal antibodies, and affinity purified polyclonal antibodies.

Alternatively, the compound of the invention may be labelled indirectly by reaction with labelled
substances that have an affinity for immunogiobulin, such as protein A or G or second
aritibodies. The antibody may be conjugated with a second substance and detected with a
fabelled third substance having an affinity for the second substance conjugated to the antibody.
For exampie, the antibody may be conjugated to biotin and the antibody-biotin conjugate
detected using labelled avidin or strepiavidin. Similarly, the antibody may be conjugated t© a

hapten and the antibody-hapten conjugate detected using labelled anti-hapten antibody.

Those of ordinary skill in the art will know of these and other suitable labels which may be
employed in accordance with the present invention. The binding of these labels to antibodies or
fragments thereof can be accomplished using standard technigues comrmeonly known to those of
H., et al, 1976 (Clin.
Chim. Acta 70:1-31), and Schurs, AL H. W, M., et al. 1877 (Clin. Chim Acta 81:1-40). Coupling

technigues rmentioned in the latler are the glutaraidehyde method, the periodate method, the

ordinary skill in the art. Typical techniques are described by Kennedy, J.

dimaleimide method, and others, all of which are incorporated by reference herein.
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Current immunoassays ulilize a double antibody method for detecting the presence of an
analyte, wherein the antibody is labelled indirectly by reactivity with a second antibody that has
been labelled with a deteciable {abel. The second antibody is preferably one that binds to
antibodies of the animat from which the monaoclonal antibody is derived. In other words, if the
monocional antibody is @ mouse antibody, then the labelled, second antibody is an anti-mouse

ntibody. For the monoclonal antibody to be used in the assay described below, this label is
preferably an aniibody-coated bead, particularly a magnelic head. For the polyclonal antibody to
be employed in the Immunoassay described herein, the label is preferably a detectable

maolecule sucty as a radicactive, fluorescent or an electrochemiluminescent subsiance.

An alternative double antibody system, often referred {o as fast format systems because they
are adapied to rapid determinations of the pressnce of an analyle, may also be employed within
the scope of the praesent invention. The system requires high affinity between the antibody and
the analyle. According to one embodiment of the present invention, the presence of the amyloid
anligen is determinad using a pair of antibodies, each specific for amvloid antigen. One of said
pairs of antibodies is referred fo herein as a "detector antibody” and the other of said pair of
antibodies is referred to herein as a "caplure antibedy". The monoclonal antibody can be used
as either a caplure antibody or a detector antibody. The monoclonal antibody can also be used
as both capture and detector antibody, together in a single assay. Ons ernbodiment of the
present invention thus uses the double antibody sandwich method for detecting amyloid antigen
in a sample of biological fluid. In this method, the analyte (amyloid antigen) is sandwiched
between the detector antibody and the capture antibody, the capture antibody being irreversibly
immobitized onto a solid support. The detector antibody would contain a detectable label, in
order to identify the presence of the antibody-analyte sandwich and thus the presence of the

analyte,

Exemplary solid phase substances include, but are not limited to, microtiter plates, test tubes of
polystyrene, magnetic, plamw or glass beads and slides which are well known in the field of
radioimmunocassay and enzyme immunoassay. Methods for coupling antibodies fo solid phases
are also well known to those skilled in the art. More recently, 2 number of porous materiai such
as nylon, nitrocellulose, cellulose acetate, glass fibers and other porous polymers have been

employed as solid supports,
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The plague burden in the tissue and/or body fluid (such as the retinal ganglion cell layer of an
animal, particularly a mammal, but especially a human suffering from an ocular disease
associated with pathological abnormalities/changes in the tissues of the visual system,
particularly associated with amyloid-beta-related pathological abnormaliies/changes in the
fissifes of the visual system) can be calculated by methods known in the art such as that
disclesed in Ding, J. et al, "Targeting age-related macular degeneration with Alzheimer's
disease based immunotherapies: Antl-amyloid-h antibody attenuates pathologies in an age-
related macular degeneration mouse rmodel”, Vision Research (2007),
doi: 10,1016/ visres.2007.07.025.

A compound according to the present invention can also be incorporated into a test kit for
detecting an amyloid protein. The test kit typically comprises a container holding one or more
compounds according to the present invention and instructions for using the compound for the
purpose of binding to an amyloid protein to form a compound/protein complex and detecting the
formation of the compound/protein combplex such that presence or absence of the

campound/protein complex correlates with the presence or absence of the amyloid protein.

The term "test kit" refers in general to any diagnostic kit known in the art. More specifically, the

fatter term refers to a diagnostic kit as described in Zrein ef al. {1998).

The inhibition of aggregation of AB,,, by the compounds of the present invention may be
measured using any suitable assay known in the art. A standard in vitro assay for measuring the

inhibition of aggregation is described.

{

The synthesis of compounds of the invention inhibiting the aggregation of ARz and their
biological activity assay are described in the following examples which are not intended to be

imiting in any way.

-
Examuolas
BB

All reagents and solvents were obtained from commercial sources and used without further

purification. Profon ("H) spectra were recorded on a 400 MHz NMR spectrometer in deuterated
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solvents. Mass spectra (MS) were recorded on a Finnigan MAT TSQ 7000 spectrometer.
Chromatography was performed using silica gel (Fluka: Silica gel 60, 0.063-0.2 mm) and
suitable solvents as indicated in specific examples. Flash purification was conducted with a
Biotage Isclera One flash purification system using HP-Sil SNAP carlridges (Biotage) and the
solvent gradient indicated in specific examples. Thin layer chromatography (TLC) was carried
out on sifica gel plates with UV detection. Preparative thin layer chromatography (Prep-TLC)
was conducted with 0.5 mm or 1 mm silica gel plates (Anattech: Uniplate, F.s.) and the solvents
incicated in specific examples.
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Step
Step A

Commercially avallable 7-azaindole (1.98 g, 16.8 mmol) was dissolved in a mixture of 1,2-
dimethoxyethane and n-heptane (30 mL, 1:2) and the mixture was placed in a cold water bath.
19.5.

stirring. A precipitate was formed after the addition of half of the m-chioroperoxybenzoic acid.

Then m-chioroperoxybenzoic acid (5.1 g, mmol, ~77 %) was added in portions with
After the addition was completed, the mixture was stirred at room temperature overnight. The
ik, 1:2)

white solid

precipitate was collected by filtration, washed with 1,2-dimethoxyethane/n-heptane (1
and air dried fo afford the m-chloroperoxybenzoic acid salt of the title compound as a
(441 g, 91 %). The salt was suspended in water (45 mL) and agueous potassium carbonate
solution was added until pH ~ 9. The solvents were removed and the residue was purified by
chromatography on silica using dichloromethane/methanol (9/1) as a mobile phase to afford the

titte compound as an off-white solid (2 g, 81 %).

TH-NMR (400 MHz, DMSO-dg): & = 6.80 (d
(d, 1H)

,1H), 7.07 (dd, 1H), 7.45 (d, 1H), 7.64 (d, 1H), 8.12
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Step B

The title compound from Step A above (1 g, 7.46 mmol) was dissolved in toluene (150 mL). To
this solution were added dropwise at the same time a solution of hexamethyldisilazane (1.56
mi., 7.46 mmol) in toluene (75 ml) and a solution of benzoylbromide (2.24 mL, 18.64 mmol) in
toluene (75 mL). After the simultaneous addition was completed, the mixiure was stirred at room
termnperature for 1 h. The reaction mixiure was washed with saturated sodium bicarbonate (30
ml.), brine (30 mL) and the organic phase was separated. The organic phase was dried over
Na,SQy, filtered and the sclvents were removed. The residue was purified by chromatography
on silica using ethyl acetale/n-heptane (10/90) to afford the title compound as a white solid (1.48

g, 65 %}, which was directly used in the next step.
Step ©

The title compound from Step B above (1.48 g, 4.9 mmol) was dissolved in methano! (90 mL)
and a 1 M sodium hydroxide solution was added. The mixture was stirred at room temperature
overnight and filtered to remove insoluble material. The filtrate was evaporated and the residue
was suspended in dichloromethane {100 mL). The mixiure was sonicated and then stirred at
room temperature for 30 min. The midure was fillered and the filirate was evaporated. The
residue was purified by chromatography on silica using dichloromethane/methancl! (9/1) as a

mobile phase 1o afford the fitle compound as a white solid (0.59 g, 60 %).

"H-NMR (400 MHz, CDCls): 8 = 6.53-8.56 (m, 1H), 7.286 (d, 1H), 7.39-7.42 (m, 1H), 7.84 (d, 1H),
10.5 (br-s, 1H)

The fitle compound from Step C above {0.59 g, 2.99 mmol) was dissolved in tetrahvdrofurane
(10 mi.) and the solution was cooled to 0 “C. At 0 °C sodium hydride (0.08 g, 3.3 mmol) was
added in portions. After the addition was completed the mixture was stirred at room temperature
for 15 min. Then trilsopropylsilyl-chloride (0.4 mbL, 3 mmol) was added and the mixture was
heated at ~85 °C in a sand bath for 3 h. The mixture was diluted with ethyl acetate (50 mL) and

brine {15 mL). The organic phase was separaled, dried over Na,S0,, filtered and the solvents



o

10

15

SO 201 1/128455 PCTIEPZOTI056068

weare removed. The residue was purified by chromatography on silica using sthyl acetate/n-

heptane (10/90) to afford the title compound as a colorless oil (0.53 g, 50 %).

TH-NMR (400 MHz, CDCl): 8 = 1.10-1.12 (m, 18H), 1.73-1.82 (m, 3H), 6.51 (d, 1H), 7.17 (d,
1H), 7.23 (d, 1H), 7.70 {d, 1H)

Step

The title compound from Preparation Step D above (0.045 g, 0.127 mmol) and commercially
available 2-(2-amincethyl)-pyridine (0.015 g, 0.127 mmol) were dissolved in toluene (2 mL) and
treated with 2,2-bis-(diphenylphosphine)-1,1-naphthalene (0.016 g, 0.025 mmol) and sodium
tert-butylate (0.031 g, 0.33 mmol}. The reaction mixture was then degassed by bubbling argon
through the reaction mixture followed by the addition of tris(dibenzylidensacetone)dipalladium
chioroform corplex (0.011 g, 0.0126 mmol). The reaction vessel was sealed and the mixture
was heated at ~115 °C in a sand-bath for 45 minutes. The reaction mixture was diluted with

thyl acetate (20 ml.), saturated sodium bicarbonate (5 ml.) and brine (5 mL). The organic
phase was separated, dried over Na,50,, filtered and the solvents were removed. The residue
was purified by chromatography on silica using ethyl acetate/n-heptane (20/80) to eiute less
polar by-products, followad by ethyl acelate/n-heptane (40/60) to afford the title compound as a

pale orange oil (0.04 g, 80 %).

H-NMR (400 MHz, CDCl): & = 1.10-1.12 (m, 18H), 1.81-1.88 (m, 3H), 3.10 (1, 2H), 3.78 (t, 2H)
i 1H)

4.45-487 (br-s, 1H), 6.20 (d, TH), 6.37 (d, 1H), 6.94 (d, 1H), 7.10-7.14 (m, 2H), 7.56 (d
7.58 (dt, 1H), 8.56 (d, 1H)

)

E H

Preparative Examunle 2
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Step A

The fitle compound from Preparative Example 1 Step D (0.045 g, 0.127 mmol) and
commercially available 2-(aminomethyl)-pyridine (0.015 g, 0.127 mmol) were dissoived in
toluene (2 mL) and treated with 2,2-bis~(diphenylphosphino)-1,1-naphthalene (0.016 g, 0.025
miniol) and sodium tert-butylate (0.031 g, 0.33 mmol). The reaction mixture was then degassed
by bubbling argon through the reaclion mixture followed by the addition of
tris(dibenzylideneacetone)dipalladium chloroform complex (0.011 g, 0.0126 mmol). The reaction
vessel was sealed and the mixture was heated at ~115 °C in a sand bath for 45 minutes. The
reaction mixture was diluted with ethyt acetate (20 ml), saturated sodium bicarbonate (5 ml)
and brine (5 mi.). The organic phase was separated, dried over Na,50,, filtered and the
solvents were removed. The residue was purified by chromatography on silica using ethyl
acetate/n-heptane (20/80) o elule less polar by-products, followed by ethyl acetate/n-heptane

(40/80) to afford the title compound as a pale orange oil (0.044 g, 80 %).

H-NMR (400 MHz, COCL): § = 1.10-1.12 (m, 18H), 1.62-1.76 (m, 3 H), 4.71 (s, 2H), 5.02-5.08
(br-s, H), 6.33-6.37 (m, 2H), 6.92 (d, 1H), 7.10-7.14 (m, 1H), 7.30 (d, 1H), 7.56 (dt, 1H), 7.61
(d, TH), 8.53 (d, 1H)

"

A Do 11 dimethyisulate »
\. -/_X i'?’ﬁ“‘i\i:;‘ngﬁﬂﬁ /éL o \ L ] K:Hgﬁﬁ’ f\\f \>
’ ] @, i z ; g

£ i

|

|
%) - ) S
S ﬂ 2.7 M NH,, MeOH oM™ N

Gtep B

To a solution of commercially available 7-azaindole (5 g, 42.3 mmol) in diethvl ether (350 ml)
was added m-chioro perbenzoic acid (11 g, 63.4 mmol) in portions at room temperature. The
reaction mixture was stirred at room temperature for 5 h. The precipitated product was filtered

off and washed with diethyl ether (50 mL). The solid was collected and dissolved in a mixture of
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water/acetone (50 mi/10 mL) with heating. The mixture was cooled o 8 ‘C and the crystallized

product was filtered and air dried to afford the title cornpound (11.7 g, 96 %).

THANMR (400 MHz, CDCh): 8 = 6.53 (d, 1H), 7.07 (dd, 1H), 7.46 (d, 1H), 7.66 (d, 1H), 8.14 (d,
AH), 12.4 (5, 1H).

To a suspension of the title cormpound from Step A above (2 g, 6.92 mmol) in dry acetonitrile
(15 ml) was added dimethylsulfate (0.885 g, 6.82 mrmol). The reaction mixture was heated at
70 C for 8 h. Then the clear solution was cooled to room temperature. The solution was
distributed in three sealed tubes and cooled to 0 'C under an argon atmosphere, Then a 7 M
solution of ammonia in methanol (5 mL) was added to each tube. The sealed tubes were healed
at 50-60 'C for 48 h. The solvent was removed and the residue was dissolved in ethyl acetate
(200 mL) and the organic phase was washed with dilute Na,CO; solution, water, and brine. The
organic phase was dried over Na,50.. The solvent was evaporated and the crude product was
purified by chromatography on silica using ethyl acetate (o afford the title compound (0.5 ¢, 54
%o ).

"H-NMR (400 MHz, CDCl): 8 = 4.33 (m, 2H), 6.35 (dd, 1H), 6.38 (d, 1H), 6.99 (dd, 1H), 7.71 (d,
1H).

Prevarative Example 4

i o~
Ci i . o
. S O_n | 1. dimethyisuliate
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i i P — A @ i i —3
Kﬁ(\é’% THF { NTOH OS] 2.7 M, MeoH  HoNT \’“i/L
‘0‘1 ’. . it i
Step A © Step B
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To a solution of commerdally availabie 3-cyano-7-azaindole (2 g, 13.9 mmol) in
tetrahydrofurane (150 ml) was added m-chloro perbenzoic acid. The reaction mixture was
sitrred al room ternperature for 16 h. The precipitate was filtered off and dried {o afford the title

compound (1.89 g, 86 %).

H-NMR (400 MHz, DMSO-de): & = 7.26 (d, 1H), 7.74 (d, 1H), 8.30 (d, 1H), 8.40 (s, 1H)

A suspension of the title compound from Step A above (1.89 ¢, 11.8 mmol) in dry acetonilrile
(15 mi) was added dimethylsulfate (1.5 g, 11.8 mmol) and the reaction mixture was heated at
80 'C overnight. The clear solution was cooled to room temperature and transferred into three 5
mi tubes. Then a 7 M sclution of ammonia in methano! {5 ml) was added {o each tube. The
sealed tubes were heated at 70 'C for 48 h. The reaction mixture was concentrated under
reduced pressure and the residue was crystallized from ethyl acetate and n-heptane to afford

the title compound (0.9 g, 48 %).

TH-NMR (400 MHz, CDCla): 5 = 3.33 (br-s, 2H), .00 (s, 1H), 6.42 (d, 1H), 7.64 (d, 1H), 7.83 (s,
1H)

arative Example &

X
A
[%}

N
f‘é’ﬂ/\v’/\ B O P o N/\\ﬁ ¥
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Step A PR

To a solution of commercially available 6-bromoindole (0.5 g, 2.55 mmol) in tetrahydrofurane

(20 mL) was added sodium hydride (0.095 g, 3.22 mmol) portionwise at room termperature. The
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suspension was stirred at room temperature for 10 minutes and trilsopropylsilyl chloride (0.489
g, 2.55 mmol) was added slowly. The reaction mixture was stirred at room lemperature for 30
minutes. The reaction mixiure was quenched with water and the solvent was removed under
reduced pressure. The residue was dissolved in ethyl acetate (150 mL) and washed with water,
brine and dried over Nap,S04. The solvent was removed under reduced pressure o give a
esidue, which was then purified by silica gel column chromatography (ethyl acetale/ n-haptane

25/75} to afford the title compound (0.880 g, 99 %).

—

H-NMR (400 MHz, CDCL): § = 1.17 (d, 18H), 1.68-1.71 (m, 3H), 6.61 (d, 1H), 7.22-7.24 (m,
2H), 7.51 (d, 1H), 7.65 (s, 1H)

Preparadive Examnie §
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To a solution of cornmercially available 6-bromoindole (2.5 g, 12.7 mmol) in methancol (15 mlL)
was added a solution of 25 % sodium methoxide in methanot (2 ml) and the reaction mixture
was heated at 80 C for 2 days. Then, the reaction mixture was concentrated to 1/3 of its volume

and poured into ice water (100 mlL) and exiracted with ethyl acetate (3 x 100 mL). The organic
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phase was washed with water, brine and dried over Na,S0O,. The solvent was removed under
reduced pressure to give the crude product, which was then purified by column chromatography

on silica (ethy! acetate/n-heptane (20/80)) to afford the title compound (3.5 g, 72 %).

TH-NMR (400 MHz, CDChL): 8 = 1.50 (s, OH), 2.56 (m, 2H), 3.67 (&, 2H), 413 (d, 2H), 8.1 (s,
1H), 7.15 (d, TH), 7.24 (d, 1H), 7.53 (d, 1H), 7.73 (d, 1H), 8.16 (s, 1H)

To a solution of the fitte compound from Step A (1.5 g, 3.97 mmol) in methanol (25 mbL) was
added triethyl amine (0.8 g, 7.94 mmol) and the mixiure was degassed. Then, platinum(iV)-
oxide (0.18 g, 0.78 mmol) was added to the reaciion mixture, followed by evacuation and back
filling with hydrogen gas. The procedure was repeated for 2-3 times and the reaction mixture
was kepl under a hydrogen atmosphere overnight. Then, the reaction mixture was filtered off
through a celite pad. The filtrate was concentrated and dissolved in ethyl acetate (200 mL) and
the organic phase was washed with water, brine and dried over Na,80,. The solvent was
removed under reduced pressure to give the crude product, which was then purified on a silica

gel column 1o afford the title compound (0.95 g, 83 %).

"H-NMR (400 MHz, CDClg): 8 = 1.48 (s, 9H), 1.64 (m, 2H), 1.99-2.02 (m, 2H), 2.86-2.91 (m, 3H),

4.11-4.22 (m, 2H), 6.93 (d, 1H), 7.21 (dd, 1H), 7.48 (d, 1H), 7.51 (d, 1H), 8.09 (s, 1H)

Step ©

To a solution of the title compound from Step B above (0.7 g, 1.84 mmol) in tetrahydrofurane
{10 ml) was added sodiumn hydride (0.088 g, 3.68 mmol) and the suspension was stirred for 10
minutes. Then triilsopropylsilyl chloride (0.353 g, 1.84 mmol) was added. The reaction mixture
was stirred for 30 minutes. The reaction mixture was poured in sthyl acetate (200 mbL) and
washed with water, brine and dried over Na,SO,. The solvents were removed under reduced
pressure 1o yield the crude product, which was then purified on a silica ge! column using ethyl

acetate/n-heptane (5/85 to 50/50) to afford the fitle compound (0.8 g, 81 %).

H-NMR (400 MHz, CDCLY): & = 1.13 (d, 18H), 1.48 (s, OH), 1.62-1.66 (m, 5H), 1.99-2.04 (m,
2H), 2.88-2.92 (m, 3H), 4.21-4.23 (m, 2H), 6.92 (s, 1H), 7.18 (dd, 1H), 7.45 (d, 1H), 7.58 (d, 1H)
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Preparative Example 7

Bog Boo
C 9
A N My, PO A
{j j[ NaOCHz, MeOH /™" 2 P10, 7~
N S \E'f A . f P Etg%. MialOH /){\)\
H Bocf\z\—}f:} N Br ' N~ N g,
' Step B H f
fep A | .
1N THF
2. Ti”ﬁnbi
= 5
%pc v Step C
i
20
TN N
?5 o By
TIPS

To a solution of commercially available 6-bromo-4-aza-indole (3 g, 15.3 mmol) and 1-Boc-4-~
piperidone (3.8 g, 19 mmol) in methanol (30 mL) was added a solution of 25 % sodium
methoxide in methanol (4 mi., 18.5 mmol). The reaction mixture was then stirred at 80 'C for 3
h. At this time the reaction mixture was cooled to room temperature, poured into ice water (20
ml} and extracted with ethyl acetate (350 ml). The organic phase was washed with water, and
brine solution. The organic phase was dried over Na,S0O,4 and the solvent was removed under
reduced pressure 1o yield the crude product, which was then purified on silica gel column to
afford the title compound (3 g, 52 %).

"H-NMR (400 Mz, CDClg): 1
2H), 7.22 (s,1H), 7.44 (d, 1H), 7.91

<

[ =
o=

0 (s, 8H), 2.85 (1, 1H), 2.66 (m, 2H), 3.81 (m, 21}, 4.27 (d,
d, 1H), 8.63 (d, 1H), 8.97 (s, 1H)

(
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Step B

To a solution of the tifle compound from Step A above (0.45 g, 1.19 mmol)} in methano! (15 mL)
was added triethylamineg (54 mg, 0.53 mmol) and the mixture was degassed. After the addition
of platinum(IV)-oxide (0.062 g, 0.185 mmol}, the reaction mixture was evacuated and back filled
with hydrogen gas (repeated two more times). The reaction mixture was stirred under a
hydrogen atmosphere for 16 h. The reaction mixiure was filtered off through celite and the
filtrate was concentrated. The residue was then purified on a silica gel column using ethyl
acetate/n-heptane (10/90) to afford the title compound (0.185 g, 42 %).

H-NMR (400 MHz, CDCly): 8 = 1.50 (s, 9H), 1.69 (m, 2H), 2.15 (m, 2H), 2.97 (m, 2H), 3.23 (m,
1), 4.22 (m, 2H), 7.18 (d, 1H), 7.82( d, 1H), 8.26 (brs, 1H), 8.51 (d, 1H)

Step C

To a solution of the title compound from Step B above (0.110 g, 0.28 mmol) in tetrahydrofurane
{5 mi) was added sodium hydride (0.014 g, 0.56 mmol). The suspension was stirred at room
temperature for 10 minutes. After the addition of triisopropylsilyl chioride (0.055 g, 0.28mmol),
the reaction mixture was stirred af room temperature for 30 minutes. At this fime, the reaction
mixture was quenched with water, poured into ethyl acetate {150 mlL), washed with water and
brine solution. The organic phase was separated, dried over Na,50, and the solvent was
evaporated under reduced pressure. The crude product was purified on a silica gel column o

afford the title compound (0.105 g, 70 %).
"H-NMR (400 MHz, CDCls): 8 = 1.13 (d, 18H), 1.47 (s, 9H), 1.63-1.64 (m, 5H), 2.04-2.12 (m

2H), 2.90-2.95 (m, 2H), 3.16-3.20 (m, 1H), 4.20-4.21 (m, 2H), 7.15 (s, 1H), 7.82 (d, 1H), 8.45 (d,
1H)
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Proparative Example B
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To a solution of commercially available 5-bromo-7-azaindole (3 g, 15.2 mmol) and 1-Boc-4-
piperidone (4.2 g, 21.1 mmol) in methanol (25 mlL) was added a solution of 25 % sodium
methoxide in methanol (4 mL, 18.5 mrol). Then, the reaction mixiure was stirred at 80 C for 2
days. The reaction mixiure poured in ethyl acetate (350 ml) and washed with water, and brine
solution. The organic phase was dried over Na,80C, and the solvent was removed under
reduced pressure to vyield the crude product, which was then crystalized from an ethyl

acetate/n-heptane mixture to afford the title compeound (4.2 g, 73 %).

TH-NMR (400 MHz, CDCL): § = 1.52 (s, OH), 2.55 (s, 2H), 3.70 (t, 2H), 4.16 (m, 2H), 6.11 (s,
1H), 7.32 (s, 1H). 8.32 (d, 1H), 8.38 (d, 1H), 9.40 (brs, 1H) -

,,,,,

at room temperature for 10 minutes. Then triisopropylsiltyl chloride (1.62 ¢, 8.4 mmol) was

added slowly. The reaction mixture was stirred at room temperature for 2 h. At this fime, the
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reaction mixture was quenched with water and concentrated under reduced pressure. The
residue was dissolved in ethyl acetate (250 ml) and washed with water and brine sotution. The
organic phase was dried over Na;S0,. The removal of solvent yielded the crude product, which

was puriiied on a silica gel column to afford the tille compound (3.3 g, 75 %).

"H-NMR (400 MHz, CDCL): 6 = 1.13 (d, 18H), 1.52 (s, OH), 1.83 (m, 2H), 2.56 (s, 2H), 3.51 (s,
2H), 3.71 (m, 2H), 4.16 (s, 2H), 7.04 (s, 1H), 7.26 (s,1H), 8.22 (s, 1H), 8.30 (dd, 1H)

To a sciution of the title compound from Step B above (1.63 g, 3.0 mmol) in methano! (20 mL)
was added triethylamine (0.6 g, 6.0 mmol). The mixiure was degassed and platinum(IV)-oxide
(0.14 g, 0.6 mmol} was added. Then the flask was evacuated twice and back filled with
hydrogen gas. The reaclion mixiure was stirred under a hydrogen atrnosphere for 16 h. The
heterogeneous reaction mixture was filtered off through celite. The fillrate was concentrated
under reduced pressure o give the crude product, which was purified on a silica gel column to

afford the title compound (0.240 g, 50 %).

THNMR (400 MHz, CDCL): 8 = 1.11 (d, 18H), 1.49 (s, 9H), 1.76-1.86 (m, 7H), 2.17-2.22 (m,
2H), 3.23 (m, 2H), 3.88-3.90 (m, 2H), 7.07 (s, 1H), 8.21 (d, 1H), 8.27 (d, 1H)
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To a solution of commercially available 5-bromoindole (3.5 g, 17.9 mmol) in methanol (50 mlL.)
was added 1-Boc-4-piperidone (5.1 g, 25.6 mmol) and a solutlon of 25 % sodium rmethoxide in
methanol (8 mL, 37 mmol) and the reaction mixture was heated at 80 C for 2 days. The
reaction mixture was filtered off. The solid was washed twice with ethyl acetate and dried under
10 vacuum {o give the fitle compound (3 g). The filtrate was diluted with ethyl acetate (250 mL) and
washed with waler, bring and dried over Na,50,. The solvent was removed under reduced
pressure to yield the crude product, which was purified on a silica gel colurnn to afford additional

fitle compound (2.9 ¢g). The combined yield was 5.9 g, 86 %.

15 TH-NMR (400 MHz, CDCL): § = 1.52 (s, 9H), 2.55 (m, 2H), 3.69 (t, 2H), 4.16 (s, 2H), 8.12 (s,
1), 7.19 (s, 1H), 7.26-7.33 (m, 2H), 8.01 (s, 1H), 8.29 (br-s, 1H)

20 To a degassed solution of the fitle compound from Step A above (1.8 g, 4.7 mmol) in ethyl
acetate (50 ml) was added platinum(iV)-oxide (0.2 g, 0.88 mmal). The reaction mixture was

evacuated and back filled with hydrogen gas. The procedure was repeated twice and the
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reaction mixture was Kkept under a hydrogen atmosphere af room temperature overnight. The
reaction mixiure was filtered off through celite, and the filtrate was concentrated. The crude
product was purified on a silica gel column using ethyl acetfate/n-heptane (10/90 to 50/50) to
afford the title compound (0.75 g, 42 %).

"H-NMR (400 MHz, CDCla): 6 = 1.52 (s, 9H), 2.04 (m, 2H), 2.91 (m, 3H), 3.75 (m, 2H), 4.23-4.29
(m, 2H), 6.98 (s, 1H), 7.28 (m, 2H), 7.76 (s, 1H), 8.11 (s, 1H)

To a solution of the title compound from Step 8 above (0.6 g, 1.58 mmol) in tetrahydrofurane
(20 mL) was added sodium hydride (0.056 g, 2.37 mmol), and the suspension was stirred at
room temperature for 10 minutes. Then frilsopropylsilyl chioride (0.34 g, 1.58 mmol) was added
and the mixture was stirred for 1 h at room temperature. The reaction mixiure was guenched
with water and concentrated. The residue was dissolved in ethyl acetate (100 ml.), washed with
water and brine solution. The organic phase was dried over Na,SO,; and the solvent was
removed under reduced pressure fo yield the crude product, which was purified on a silica gel

column using ethyl acetate/n-heptane (10/90) to afford the title compound (0.6 g, 70 %).
-NMR (400 MHz, COCh): & = 1.13 (d, 18H), 1.51 (s, 8H), 1.65-1.66 (m, 5H), 2.01-2.05 (m,

2H), 2.89-2.94 (m, 3H), 4.25- 4.26 (m, 2H), 6.98 (s, 1H), 7.23 (dd, 1H), 7.34 (s, TH), 7.36 (s,
1H), 7.72 (s, 1H)

Preparative Exgmole 10
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To a solution of title compound from Preparative Example 9 Step B (0. 625 g, 1.64mmat) in THF
{10 ml) was added NaH (0.059 g, Z.4mmol). The suspension was stirred for 5 minutes. Then
methyliodide (0.346 g, 2.46 mmol) was added slowly. The the reaction mixture was stirred at
room temperature for 1 h. Then, the reaction mixture was poured into ethyl acetate (150 ml.)
and washed with water and brine. The organic phase was dried over Na,S0,.The solvent was
concentrated under reduced pressure, and the crude product was purified on silica gel column

(20- 50%; EtOAC to heptane) to give the tifle compound (0. 485 g, 75 %).

TH-NMR (400 MHz, COCly): 8 = 1.51 (s, 9H), 1.61-1.65 (m, 2H), 1.99-2.02 (m, 2H), 2.87-2.95
(m, 3H), 8.74 (s, 3H), 4.24- 4.25 (m, 2H), 8.82 (s, 1H), 7.16 (d, 1H), 7.32 (d, 1H), 7.74 (s, 1H)

N

Progarative Exampis 1

To a solution of title compound (500 mg, 0.1.31mmol) in THF (10 mi) was added NaH (63mg,
.6 mmol) and the suspension was stirred for bmin. Methyt iodide (185 mg, 0.1.31 mmol) was
added and the reaction mixture was stirred for 30min. Then, the reaction mixture was guenched
with water and extracted with ethyl acetate (50ml x 3). The organic phase washed with brine
and dried over Na,50, and solvent was removed under reduced pressure. The crude product
was purified on sitica gel column (EtOAC: heptane; 20:30) to give the tille compeund (485mg,
94%).
M ONMR (400 MHz, CDCI2) 8 7.50-7 46 (m, 2H), 7.21 (dd, J = 8.4, 1.7 Hz, 1H), 6.80 (s, 1H), 4.25
(s, 2H), 3.73 (s, 3H), 2.89 — 2.87 (m, 3H), 2.03-1.99 {m, 2H), 1.67-1.63 (m,2H), 1.51 (s, 9H).
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To a solution of 5-pbromoindole (5 g, 25.3 mmol), and 1-methylpiperidin-4-one (4.3g, 38.2 mmol)
in methanol (50 mL) was added (28%) NaOMe in methanol (10 mL) and the reaction mixiure

was heated at 90 'C for 2 days. The product was precipitated, was fittered off and dried under

vacuum to give the title compound (6.3 g, 85 %)

TH-NMR (400 MHz, CDCly): 2.28 (s, 3H), 2.55 (m, 2H), 3.04 (d, 2H), 3.34 (m, 2H), 6.07 (s, 1H),
21 (d, 1H), 7.35 (d, 1H), 7.45 (s, 1H), 7.92 (s, 1H)

Step B

To a solution of fitle compound from Step A above (0.5 g, 1.72 mmol) in THF (100 mil.) was
added sodium hydride (0.1 g, 4.28 mmol} portionwise and the suspension was stirred at room
temperature for 10 minutes. Then tritsoproyplsilyl chloride (0.33 g, 1.72 mmal) was introduced
slowly and the reaclion mixture was stirred at rcom temperature for 10 minutes. The reaction
mixture was quenched with water and the sotvent was removed. The residue wag dissolved in
ethyl acetate (150 mb). The organic phase was washed with water and brine and was dried over
Na,S0.. The solvenis were removed and the residue was purified on a silica gel column

{methano! lo EtOAc 10% to 20%) to give the title compound (0.498 g, 65 %).

H-NMR (400 MHz, CDCly): 8 = 1.13 (d, 18H), 1.67-1.89 (m, 3H), 2.45 (s, 3H), 2.64 (brs, 2H),
2.72 (1, 2H), 3.19 (s, 2H), 6.12 (s, 1H), 7.18 (s, TH), 7.23 (d, 1H), 7.34 (d, 1H), 7.98 (s, 1H)

A solution of title compound from Step B above (0.49C g, 1.08 mmol) in ethyl acetate (50 ml)

was degassed and platinum(IV)-oxide was added (0.150 g, 0.67 mmol). The reaction mixture
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was evacuated and back filled with hydrogen gas. The procedure was repeated 2-3 times and
the reaction mixture was stirred under a hydrogen atmosphere overnignt. The reaction mixture
was filtered through an acelite pad. The filtrate was concentrated and dissolved in ethyl acetate
{200 mL). The organic phase was washed with water and brine and dried over Na,5Q,. The
selvent was removed under reduced pressure to give the crude product, which was then purified
on silica gel column (MeOH to ethyl acetate 5% to 12%) to afford the title compound (0.15 g, 30
%),

TH-NMR (400 MHz, CDCla): 3 = 1.12 {d, 18H), 1.62-1.89 (m, 3H), 2.0-2.12 (m, 4H), 2.47 (£, 2H),
2.56 (s, 3H), 2.81-2.89 (m, 1H), 3.24 (d, 2H), 7.03 (s, 1H), 7.23 (d, 1H), 7.34 (d, 1H), 7.70 (s,
1H)

oy

Freparative Example 13
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To'a solution of 8-bromoindole (3 g, 15.3 mmol), and 1-methylpiperidin-4-one (3.4 g, 30.6 mmol)
in methano! (50 mL) was added (28%) NaOMe in methanol (10 mL) and the reaction mixture
was heated at 90 'C for 2 days. The precipitated product was filtered off and dried under

vacuum to afford the title compound (4.1 g, 91 %)

H-NMR (400 MHz, CDCL): § = 2.28 (s, 3H), 2.51-2.56 (m, 4H), 3.03 (s, 2H), 6.1 (s, 1H), 7.14
(d, TH), 7.41 (s, 1H), 7.56 (s, 1H), 7.74 (d, 1H)

To a solution of title compound from Step A above (2 g, 6.8 mmol) in THF/dioxane {100 mL/10

mL) was added sodium hydride (0.25 g, 10.3 mmol) porfionwise and the suspension was stirred
7 id
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at room temperature for 10 minutes, Then, triisopropylsilyl chloride (1.3 g, 6.8 mmol) was
introduced slowly and the reaction mixture was stirred at room ternperature for 10 minutes. The
raaction mixture was quenched with water and the solvent was removed, and the residue was
dissolved in ethyt acetate (200 ml.). The organic phase was washed with water and brine and
was dried over Na,S0,. The solvents were removed and the residue was purified on silica gel

column (methanol to EtOAc 5% to 20%) to afford the title compound (2.9 g, 95 %).

TH-NMR (400 MHz, CDCly): 8 = 1.12 (d, 18H), 1.61-1.69 (m, 3H), 2.41 (s, 3H), 2.61 (brs, 2H),
2.69 (1, 2H), 3.15 (d, 2H), 6.11 (s, 1H), 7.13 (s, 1H), 7.21 (d, TH), 7.58 (s, 1H), 7.69 (d, 1H)

A solution of the title compound from Step B above (2.8 ¢, 6.2 mmol) in ethyl acetate (50 mL)
was degassed and platinum{lV)-oxide was added (0.18 g, 0.78 mmol). Then, the reaction
mixture was evacuated and back filled with hydrogen gas. The procedure was repeated for 2-3
times and the reaction mixture was stirred under a hydrogen atmosphere overnight. Then, the
resction mixture was fillered off through a celite pad. The filtrate was concentrated and the
residue was disscived in ethyl acetate (200 mL). The organic phase was washed with water and
brine and was dried over Na,50C,. The solvent was removed under reduced pressure to give the
crude product, which was then purified on silica gel column (methanol to ethyl acetate 5% to

12%) to afford the fille compound (2.3 g, 85 %).

H-NMR (400 MHz, CDClg): § = 1.13 (d, 18H), 1.61-1.69 (m, 3H), 1.84-1.88 (m, 2H), 2.03-2.06
(m, 2H), 2.16 (t, 2H), 2.37 (s, 3H), 2.78 (tt, 1H), 2.89 (d, 2H), 6.97 (s, 1H), 7.19 (d, 1H), 7.47 (d,
M), 7.59 (s, 1H)
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To a solution of commercially available 7-azaindole (2 g, 16.8 mmol) in methanol (20 mL) were

added 1-{f-butoxycarbonyl)-4-piperidone (6.75 g, 34 mmol) and 25 % methanol sclution of
sodium methoxide (21.6 mL, 100 mmol) and the solution was heated under reflux for 2.5 h. The
reaction solution was poured into 50 mi of ice water, exiracted with ethyl scetate and the
organic layer was washed with water, dried and concentrated. The resulting residue was

crystallized from n-hexane/ethyl acetate 1o give the compound (3.4 g, 87%).

TH-NMR (400 MHz, CDCly): 8 = 1.46 (s, 9H), 2.56 (brs, 2H), 3.68 (1, 2H), 4.13 (d, 2H), 6.13 (s,
1H), 7.12 (dd, TH), 7.34 (s, 1H), 8.20 (dd, 1H), 8.31 (dd, 1H), 11.28 (brs, 1H).
MS (ESI); miz = 299.94 (MH")

Step 8

To a solution of the fitle compound from Step A above (1 g, 3.34 mmol) in 65 mi of methanol
were added 1 ml of acetic acid, followed by 500 mg of 10% Pd/C. The mixture was stirred under
hydrogen atmosphere for 48h. The calalyst was filtered through Celite and the solvent was
removed under reduced pressure. The obtained residue was dissolved in ethyl acetate and

washed with aqueous solution of NaHCO,. The organic phase was evaporated to give a
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yellowish compound which was purified using the Biotage flash chromatography system (ethyl

acetate/n-heptane: 20 to 66%) to afford a yellowish compound {0.92 g, 91%).

H-NMR (400 MHz, CDClL): § = 1.47 (s, 9H), 1.63-1.75(m, 3H), 1.99-2.04 (rm, 2H), 2.86-2.99 (m,
3H), 4.24 (brs, 2H), 7.07 {m, 2H), 7.95 (d, 1H), 8.32 (brs, 1H), 9.57 (brs, 1H).
MS (ESI); miz = 301.97 (MH")

m-Chioroperbenzoic acid (0.568 g, 1.69 mmol) was added {o a cold solution (0°C) of the title
compound from Step B above (0.51 g, 1.69 mmol) in 20 mL. of dichloromethane. The reaction
mixture was warmed o room femperature and then stirred for 12 h. A saturated agueous
solution of sodium bicarbonate was added fo the reaction mixture and extracted with
dichloromethane. The organic phase was dried over anhydrous sodium sulfate, filtered and then
concentrated. The obtained residue was purified using the Blotage flash chromatography

systemn (methanol/dichforomethane: 3 to 10%) to afford a white compound (0.4 g, 74%).

TH-NMR (400 MHz, CDCl,): 8 = 1.47 (s, 9H), 1.61-1.65 (m, 2H), 1.96 (d, 2H), 2.86-2.90 (m, 3H),
4.21 (brs, 2H), 7.02 (1, 1H), 7.16 (s, 1H), 7.88 (d, 1H), 8.18 (d, TH).
MS (ESI); m/z = 317,96 (MH")

Step D

To a solution of the titfle compound from Step C above (0.38 g, 1.19 mmol) in 24 m! of toluene,
were added simultaneously hexamethyldisilazane (0.25 ml, 1.19 mmol} dissolved in 12 mb of
toluene and benzoyl bromide (0.42 ml, 3.59 mmol) in 14 mi of toluens, The reaction mixture was
stirred at room temperature for 12 h. The residue obtained after sclvent evaporation was
dissolved in 10 mb. of methanol and treated with 3.5 mL of 1M sodium hydroxide solution. After
stirring for 2 heurs, a saturated agueous solulion of citric acid (10 mL) was added. The agueous
phase was extracted with ethyl acetate (100 mb). The organic phase was washed with sodium
bicarbonate and water and was then dried. The residue obtained after solvent removal was
purified using the Biotage flash chromatography system (methanol/dichloromethane: 1 to 5%) fo

give a white compound (0.185 g, 40 % for two steps).
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TH-NMR (400 MHz, CDCly): § = 1.48 (s, 9H), 1.63-1.67(m, 2H), 1.97 (d, 2H), 2.84-2.90 (m, 3H),
4.22 (d, 2H), 6.96 (s, 1H), 7.14 (d, TH), 7.69 (d, 1H).
MS (ESI); mfz = 381.85 (MH")

The ftitle compound from Step D above (01 g, 0.263 mmol) was dissolved in NN-
dirnethylformamide (6 ml.) and the solulion was cooled to 0 °C. At 0 °C sodium hydride 95%
(0.007 g. 0.288 mmol) was added in portions. After the addition was completed the mixture was
stirred at room temperature for 1 hour. Then friisopropyisilylchloride (0.06 mi., 0.289 mmol) was
added and the mixture was stirred at room temperature for 19 h. The mixture was diluted with
water (650 mL). The aqueous phase was extracted with ethyl acetate, The organic phase was
separated, dried over Na,S0;, filtered and the solvents were removed. The residue was purified
by chromatography on silica using methanol/dichloromethane: 1 to 5% fo afford the ttle

compound as a white solid (0.1g, 71 %).
TH-NMR (400 MHz, CDCLY: & = 1.10-1.11 {m, 18H), 1.86 (s, 9H), 1.67-1.63 (m, 2H), 1.80-1.73

(m, 3H), 1.97 (d, 2H), 2.90-2.84 (m, 3H), 4.22 (d, 2H), 6.96 (s, 1H), 7.14 (d, 1H), 7.69 (d, TH).
MS (ESI); mjz = 537.95 (MH")

Proparative Example 15
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0 & solution of the title compound from Preparative Example 14 Step U (1 g, 2.63 mmol) in dry
tetrahydrofuran (25 ml) was added at 0°C sodium hydride 60% (0.111 g, 2.89 mmol)
portionwise. The mixture was stirred at room temperature for 30 min then methyl iodide (0.491
mi, 7.89 mmol) was added. Upon completion, which was checked by TLC plate, the solution

was concentrated io dryness. The residue was purified by flash chromatography in
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ethylacetate/n-heptane 15% to 40% to give the compound as a white solid (0.984 ¢, 95 %).

MS (ESI); miz = 394.48/396.48 (MH")

1o a solution of the title compound from Step A above (0.688g, 1.745 mmol) in dichloromethane
{50 mi) was added hydrogen chloride 2 M in diethyl ether (8.72 ml, 17.45 mmol). The resulting
mixture was stirred at room {emperature for 12 h. The reaction mixture was concentrated to

dryness to afford a beige solid compound (0.654g, 99%).

MS (ES1); miz = 294.60/296.60 (MH")

To a solution of the title compound from Step B above (0.854 g, 2.223 mmol) in MeOH (50 mi)
was added {friethylamine (0.781 ml, 5.56 mimol), formaldehyde solution (0.1986 ml, 2.445 mmol)
and sodium triacetoxyborohydride (0.565 g, 2.67 mmol) sequentially. The resulting mixiure was
stirred at room temperature for 12 h. The mixiure was concentrated to dryness, and then the
residue was diluted with water and ethyl acetats. An extraction was performed with NaOH 1 M
and brine. The organic layers were collected, dried over Na,S0,, filiered and concentraied to

dryness to lead to the expected compound as a yellowish solid (0.411g, 60%).

"H-NMR (400 MMz, CDClL): 8= 1.81 (t, J=11.6Hz, 2H); 1.96 (d, J=11.6Hz, 2H); 2.08 (,
J=11.2Hz, 2H); 2.33 (s, 3H); 2.71 (t, J=11.2Hz, 2H); 2.96 (d, J=9.6Hz, 2H): 3.80 (s, 3H); 6.88 (s,
w)- 7.08-7.19 (m, 2H); 7.69-7.83 (m, 1H)

S (ESI), m/z = 308.59/310.59 (MH")

Preparative example 18

P F /
- 1\ N7 N
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Step A
To a solution of title compound (220mg, 0.55 mmaol) in MeOH (3 mL) was added 3N HCI in
MeOH (0.5mb) and stirred the reaction mixture for overnight. The solvent was removed under

reduced pressure to give the title compound (180mg, 98%).

Step B

To a solution of compound (220mg, 0.75mmol} in MeOH (5 ml) was added NaCNBH; ( 200mg,
3. 4immol). The reaction mixture was stirred for overnight. The solvent was removed and the
crude product was purified on a silica gel column using Biotage isolera One purification system
employing an MeOH/DCM gradient (1/99 => 5§/85) {o afford the title compound (92 mg, 30%).

"H-NMR (400 MHz, CDCL): 7.46 (m, 2H), 7.20 (s, 1H), 6.89 (s, 1H), 3.72 (s, 3H), 3.48 (s, 3H),

2.94 (m, 111), 2.68-2.63 (m, 3H), 2.21-2.04 (m, 5H).
MS (ESH): m/z = 307.6 (M+H).

Praparative Example 17

N gy
) ( (D {
— HCI in diethyiether } - -
o T T " TS S N
/L Pl r;\ DCM A MieOH J b b
Br” ¥ Step A Br” N H Step B Br ) ﬁ ar N s
Step A

Jcobooendt S-S

To a solution of the title compound from Preparative Example 14 Step D (0.500 ¢, 1.315 mmol)
in dichloromethane {10 ml) was added hydrogen chloride 2 M diethyl ether (3.28 mi, 8.57
mmol). The resulling mixture was stirred at room temperature for 12 h. After completion the

slurry was concentrated to dryness 1o give the compound as a beige sclid (0.443g, 95%).

e . — ey /8 ardt
M3 {‘"Sf), miz = 280.53/282.52 (1 (Vi

fN—

To a sotution of the title compound from Step A above (0.443 g, 1.255 mmol) and triethylamine

{0.353 mi, 2.509 mmoal) in methanot (5 mi) was added formaldehyde solution (0.121 mi, 1.506



10

Py
(O

20

[N~
Ut

W 2011/128458 POTRPIOTHO56063

mmaol) then soaium triacetoxyborohydride (30.99 g, 1.882 mmal). The resulting mixiure was
stirred at room temperature for 12 h. The mixiure was concentrated o dryness, and then the
residue was diluted with water and ethyl acetate. An exiraction was performed with NaOH 1M
and prine. The organic lavers were collected, dried over Na,SO,, filtered and concentrated to

dryness o lead io the expected compound as a white solid (0.328g, 89%,).

MS (ESD); miz = 294.59/296.59 (MH")

To a soition of the fitle compound from Step B above (0.328 g, 1.115 mmol) in dry
telrahydrofuran (10 mil) was added sodium hydride 80% (0.045 g, 1.171 mmol) portionwise. The
resulting mixiure was stirred at room temperature for 30min then trilsopropylsiivl chioride (0.255
mil, 1.204 mmol) was added. The reaction mixture was further stirred at room temperature for
3h. The reaction mixture was concentrated to dryness then the residue was purified by fash
chromatography in DCM/MeOH 97:3 o 90: 10 to afford the expecied compound as a white

amorphous solid (0.184 ¢, 37 %).
TH-NMR (400 MHz, CDCLY. &= 1.00-1.23 (s, 18H); 1.69-1.87 (m, 3H); 1.95-2.12 (m, 4H); 2.25-
240 (m, 2H); 2.47 (s, 3H); 2.70-2.88 (m, 1H}; 3.08-3.28 (m, 2H}); 6.99 (sl, 1H) 7.08-7.17 {(m,

1H); 7.67-7.79 (m, 1H)

MS (ESI), miz = 450.63/452.63 (MH")
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Commercially available 6-nitroindele (2.15 g, 13.27 mmol) was dissolved in methanol (10 mL)
and commercially available N-Boc-4-piperidone (3.93 g, 19.8 mmol) was added. After the
addition of a 25 %-solufion of sodium methoxide in methanal (8.22 mi., 38 mmol), the mixiure
was heated at ~100 °C in a sand-bath overnight. The mixture was diluled with ethyl acetate
(150 mL) and washed with salurated sodium bicarbonate (40 ml) and brine (40 mL). The
organic phase was separated, dried over Na,80,, filtered and the solvents were removed. The
residue was purified by chromatography on silica using ethyl acetate/n-heptane (40/60) to elute
starting material followed by ethyl acetate/n-heptane (60/40) to afford the tille compound as a

veliow sotid (2.56 g, 56 %).

H-NMR (400 MHz, DMSOg): 8 = 1.39 (s, 9H), 2.48-2.51 (m, 2H), 3.54
2H), 6.16-6.19 {m, 1H), 7.84-7.90 (m, 2H), 7.98 (d, 1H), 8.31 (s, 1H), 11.8
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To a solution of the title compound from Step A above (2.2 g, 6.3 mmol) in tetrahydrofurane (50
ml.) was added sodium hydride (0.18 g, 7.56 mmol). The black suspension was stirred for 10
minutes, and then triisopropylsilyl chloride (1.24 g, 6.3 mimol) was added. The reaction mixture
was stirred at roorn temperature for 1 h. At this time, the reaction mixture was quenched with
water and concentrated. The resulting residue was dissolved in EtOAc (300 mL) and washed
with water and brine. The organic phase was dried over Na,50, and the solvent was
evaporated under reduced pressure to afford the crude product, which was then purified on a

silica gel column to afford the title compound (1.5 g, 46 %).

TH-NMR (400 MHz, CDCL): &= 1.17 (d,18H), 1.52 (s, 9H), 1.73-1.79 (m, 3H), 2.59 (s, 2H), 3.72
(t, 2H), 4.17 (s, 2H), 6.16 (s, TH), 7.46 (s, TH), 7.88 (d, 1H), 8.06 (d, TH), 8.47 (s, TH)
MS (ESI) m/z 500 (MH) 501 (M+2H).

To a solution of the title compound from Step B above (1.5 g, 3.0 mimol) in ethyl acetate (50 mb)
was added 10 % Pd/C. The mixture was degassed under vacuum and back filled with hydrogen
The reaction mixture was stirred under a hydrogen almosphere overnight. The reaction mixiure
was filtered off and the solvent was evaporated. The residue was then purified by
chromatography on silica using an ethyl acetate/n-heptane gradient (20/80 -> 50/50) to afford

the title compound as a solid {(0.51 ¢, 36 %).

"H-NMR (400 MHz, CDCL): § = 1.16 (d, 18H), 1 0( OH), 1.65-1.69 (m, 5H), 2.02-2.05 (m,
2H), ), 2.87-2.93 (m, 3H), 4.22-4.23 (m, 2H), 6.59 (d, 1H), 6.61 (d, 1H), 6.78 (s, 1H), 6.83 (s,
1)
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Sten A Step &

The title compound from Preparative Example 17 Step A (0.93 ¢, 2.71 mmol) was dissolved in
NN -dimethylacetamide (10 mb} and the mixture was cooled to 0 °C. At 0 °C sodium hydride
(0.085 g, 3.45 mmol) was added and the mixture was stirred at 0 °C for 5 minutes and then 15
minutes at room temperature. After addition of methyl jodide (0.175 mL, 2.72 mmot), the mixture
was stirred at room temperature for 18 h. The mixiure was diluted with sthyl acetate (100 ml)
and water (30 ml). The organic phase was separated, dried over Na,SQ,, fillered and the
solvent was removed. The residue was purified using the Biotage systern employing an ethyl
acetals/n-heptane gradient (5/25 -> 40/60) to afford the fitle compound as a yellow solid (0.87 g,
90 %).

TH-NMR (400 MHz, CDCla): 8 = 1.54 (s, 9H), 2.55-2.60 (m, 2H), 3.70 (t, 2H), 3.90 (s, 3H),
4.14.417 (m, 2H), 815 (s, 1H), 7.30 (s, TH), 7.90 (d, 1H), 8.04 (dd, 1H), 8.31 (d, 1H)

To a soclution of the title compound from Step A above (0.87 g, 2.44 mmol) in ethanol (50 mi)

was added 10 % PJ/C catalyst (0.4 g). The mixture was degassed under vacuum and back filled

with hydrogen. The reaction mixiure was stirrec under a hydrogen almosphere overnight. The

reaction mixture was filtered off and the solvent was evaporated. The residue was purified using
oy 't

the Biotage system employing an ethyl acetate/n-heptane gradient (5/95 -> 100/0) to afford the

fitle compound as a pale pink foam (0.3 g, 38 %).

H-NMR (400 MHz, CDCl): § = 1.52 (s, 9H), 1.58-1.86 (m, 3H), 2.00 (d, 2H), 2.85-2.91 (m, 3H),
3.64 (s, 3H), 4.15-4.27 (br-s, 2H), 6.56-6.62 (3 H), 7.40 (d, 1H)
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Proparatve Example 20
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Commercially available 6-nitroindole {2.15 g, 13.27 mmol) was dissolved in methanol (15 mi)
and commercially available N-methyl-4-piperidone (2.19 mi, 19.8 mmol) was added. After the
addition of a 25 %-soiution of sodium methoxide in methanol (8.22 mL, 38 mmol), the mixture
was heated at ~100 °C in a sand-bath for 30 h. The mixture was diluted with water (100 mL)
and stirred at room temperature for 10 minutes. The precipitate was collected by filtration,
washed with methanol (26 mlL) and air-dried to afford the title compound as an orange solid
(247 g, 72 %).

TH-NMR (400 MMz, DMSOQg):
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1H), 7.88 (d, 1H), 7.97 (d, 1H), 8.31 (s

P
2,
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Step B

To a solution of the title compound from Step A above (1.1 g, 4.32 mmal) in tetrahydrofurane
(25 mL) was added sodium hydride (0.136 g, 5.5 mmol) at 0 °C. The biack suspension was
stirred for 5 minutes at 0 °C and 15 minutes at room temperature. Then {rilsopropylsilyl chioride
{0.58 ml, 4.35 mmol) was added. The reaction mixture was stirred at ~85 °C in a sand-bath for
2 h. The reaction mixfure was diluted with ethyl acetate (50 mL) and washed with saturated
bicarbonate (25 mbL) and brine (25 mL). The organic phase was separated, dried over Na,S0y,
filtered and the solvenis were removaed to afford a mixture of the title compound and starting

material. This mixiure was directly used for the next step.

To a solution of the mixture from Btep B above in ethanol (30 mL) was added 10 % Pd/C
catalyst (0.4 g). The mixture was degassed under vacuum and back filled with hydrogen. The
reaction mixiure was sitirred under a hydrogen atmosphere overnight. The reaction mixiure was
filtered off and the solvent was evaporated. The residue was then purified by chromatography
on sitica using dichioromethane/methano! (9/1) fo afford a mixture of the title compound together
with a compound where the double bound had not been reduced (0.22 g). This mixiure was
again hydrogenated in ethanol (15 mi.) using 10 % Pd/C catalyst (0.11 g) as described above.
Filtralion of the solution and evaporation of the solvent afforded the title compound as a

colorless glass (0.2 g, 19 % for 2 steps).
H-NMR (400 MHz, DMSOg): 8 = 1.04-1.07 (m, 18H), 1.59-1.69 (m 5H), 1.88 (d, 1H), 2.13-2.18

(m, 2H), 2.26 (s, 3H), 2.57-2.66 (m, 2H), 2.90 (d, 2H), 4.58-4.67 (br-s, 2 H), 6.38 (d, 1H), 6.69-
6.72 (m 2H), 7.17 (d, 1H)
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Bronarative Fxample 271
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Step A

Cornmercially available 4-amino benzoic acid (5 g, 36 mmol) was dissolved in 1 M sodium
hydroxide solution (40 mL, 40 mmol} and 1,4 dioxane (30 ml.). After the addition of di-tert-butyl
dicarbonate (7.85 g, 36 mmol), the mixture was stirred at room temperalure over the weekend.
The dioxane was removed in vacuo and the residue was diluted with water (100 mL}. Then
concentratad hydrochloric acid (~37 %) was added unitl pH~3. The precipiiate was collected by
filration, washed with water {100 mL) and air-dried o afford the title compound as a white solid
(6.3g,72%).

The titla compound from Step A above (0.43 g, 1.8 mmol) was suspended in tetrahydrofurane
(10 mi) and treated with carbonyldiimidazole (0.37 ¢, 2.26 mmol). The mixture was stirred atl
room temperature for 1 h. To the clear sclution was then added & 2 M solution of dimethylamine
in tetrahydrofurane (2.25 mk, 4.5 mmot). Stirring was conlinued overnight and the solvents were
removed. The residue was dissolved in ethyl acetate (50 mL) and washed with a solution of 10
% citric acid in water (15 ml) and brine (15 ml). The organic phase was separated, dried over
MNa,50,, fillered and the solvents were removed to afford the title compound as a coloriess foam
{0.46 g, 86 %).

TH-NMR (400 Mz, CDCl): § = 1.54 (s, 9H), 3.00-3.12 (m, 6H), 6.63 (br-s, 1H), 7.39-7.41 (m,
4H)
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Step ©

The title compound from Step B above (0.46 g, 1.75 mmol) was dissolved in dichloromethane
(2.2 mL) and treated with a 4 M solution of hydrochioric acid in 1,4-dioxane (2.2 mL, 8.8 mmol).
The mixture was stirred at room femperature for 3 h and diluted with ethyl acetate (20 ml).
Saturated aqueows sodium carbonate was then added until pH~10. The organic phase was
separated, dried over Na,50,, fillered and the solvents were removed. The residue was purified
by chroma‘tograpi‘}y on silica using ethyl acetate to afford the title compound as an off-white
solid (0.18 g, 55 %).

TH-NMR (400 MHz, CDClLL): 8 = 3.04 (s, 6H), 3.80 (br-s, 2H), 6.67 (m, 2H), 7.31 (m, 2H)

Preparalive Example 27

N TN

S _fff%%ﬁ AAAAAAAAA . O }/§j
N 2 ioxane Lf
NHBoe Step © Mk

Commercially available 3-amino benzoic acid (5 g, 36 mimol) was dissoived in 1 M sodium
hydroxide solution (40 mL, 40 mmol) and 1,4-dioxane (30 mL). After the addition of di-tert-butyl
dicarbonate (7.85 ¢, 36 mmol), the mixture was stirred at room temperature over the weekend.
The dioxane was removed in vacuo and the residue was dilufed with water (100 mL) Then
concentrated hydrochloric acid (~37 %) was added unitl pH~3. The precipitate was collected by
filtration, washed with water (100 mL.) and air-dried to afford the fitle compound as a white solid
(7.3 g, 84 %).

step B

The title compound from Step A above (0.43 g, 1.8 mmol} was suspended in tetrahydrofurane

(10 mL) and treated with carbonyldiimidazole (0.37 g, 2.26 mmol). The mixture was stirred at

-
Y
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room temperature for 1 h. To the clear soiution was then added a 2 M solution of dimethylamine
in tetrahydrofurane (2.25 mL, 4.5 rmmol). Stirring was continued overnight and the solvents were
removed. The residue was dissolved in ethyl acetate (50 mlL)} and washed with a solution of 10
% citric acid in water (15 mL) and brine (15 mi). The organic phase was separated, dried over
Na,SO,, filtered and the solvents were remcved to afford the title compound as a colorless foam
(0.36 g, 75 %).

H-NMR (400 MHz, CDCla): § = 1.55 (s, SH), 3.00 (s, 3H), 3.13 (s, 3H), 6.67 (br-s, 1H), 7.08 (dt,
1H), 7.32 (t, 1H), 7.40-7.48 (m, 2H),

The fitle compound from Step B above (0.36 g, 1.37mrmol) was dissolved in dichloromeathane (2
ml) and treated with a 4 M solution of hydrochloric acid in 1,4-dioxane (2 mL, 8 mmol). The
mixture was stirred at room temperature for 3 h and diluted with ethyl acetate (20 mi).
Saturated aqueous sodium carbonate was then added unti pH~10. The organic phase was
separated, dried over Na:SQy, filtered and the solvents were removed. The rasidue was purified
by chromatography on silica using ethyl acetate to afford the title compound as off-white solid
(0.08 g, 36 %).

THANMR (400 MHz, CDCL): § = 3.00 (s, 3H), 3.11 (s, 3H), 6.70-6.74 (m, 2H), 6.77 (dt, 1H), 7.18
t, 1H)

Preparative Exvample 23
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step A

i

To a suspension of the title compound from Preparative Example 3 Step A (2 g, .92 mmol) in
dry acetonitrile (15 mbL) was added dimethylsulfate (0.885 g, 6.92mmol). The reaction mixture
was heated at 70 'C for 8 h. Then, the clear solution was cooled to room temperature. The
solution was distributed in three sealed tubes and cooled to O 'C under an argon atrmosphere.
Then a solution of 4-amino piperidine-1-carboxylicacid tert-butyl ester (0.1 g) in mathanol (5 mL)
was added io each of the sealed tubes and heated at 50-60 'C over 2 days. The solvent was
rernoved and the residue was dissolved in ethyl acetate (200 ml). The organic phase was
washed with dilute Na,CQ3 solution, water, and brine and dried over Na,50,. The solvent was
evaporated and the crude product was purified on silica gel (EtOAc) to give the title compound
{0130 g}

TH-NMR (400 MHz, CDCls): & = 1.59 (s, 9H), 2.23 (m, 2H), 3.09 (m, 2H), 3.81 (m, 1H), 4.23 (m,
2H), 4.44 (d, 1H), 6.37 (d, 1H). 6.47(d, 1H), 7.24 (d, 1H), 7.38 (s, 1H), 8.16 (d, 1H)

Franarative Examole 24

“
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Step A
Commercially available 2,6-dibromopyridine (4.12 ¢, 18.6 mmol) was suspended in ethanol (40

H

mi) and hydrazine hydrate (10 mi, 97.6 mmol) in water (~50-60 %) was added. The mixture

was healed in a sand-bath at ~115 °C for 18 h. The solvent was removed and the residue was
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purified by chromatography on silica using ethyl acetate/n-heptane (60/40) o afford the tifle

compound as an off-white solid (3.05 g, 93 %).

H-NMR (400 MHz, CDCL): § = 3.00-3.33 (br-s, 2H), 6.00 (br-s, 1H), 8.67 (d, 1H), 6.83 (d, 1H),
7.33 (4, 1H)

Step B

The title compound from Step A above (0.84 ¢, 4.49 mmol) was dissolved in ethanol (16 mb)
and water {4 mi). After the addition of cyclohexancne (0.54 mil., 5.1 mmol), the mixture was
stirred at room temperature for 1 h. The precipilate was collected by filtration, washed with

ethanol (& ml.) and air-dried to afford the title compound as a white sciid (0.88 mg, 73 %).

TH-NMR (400 MHz, DMSO-dg): 8 = 1.50-1.64 (m, 6H), 2.20-2.23 (m, 2H), 2.39-2.41 (m, 2H),
8.80 (d, 1H), 7.00 (d, TH), 7.42 (1, 1H), 9.83 (s, 1H)

The title compound from Step B above (0.2 g, 0.75 mmol) was suspended in diethylene glycol
(2 mL) and heated at 250 °C for 30 minutes using a Biotage Initiator microwave. The mixture
was diluted with ethyl acetate (40 mL) and water (15 mL). The organic phase was separated,
washed with brine (10 mL), dried over Na;80,, filtered and the solvents were removed. The
residue was purified employing a Biotage Isolera One system using an ethyl acetate/n-heptane

(5/95 —> 30/70) gradient to afford the fitle compound as an off-white solid (0.096 mg, 51 %).

"H-NMR (400 MHz, DMSO-dg): § = 1.73-1.85 (m, 4H), 2.57 (t, 2H), 2.68 (t, 2H), 7.05 (d, 1H),
7.63 (d, 1H), 11.40 (s, 1H)

The title compound from Step C above (0.06 g, 0.24 mmol) was suspended in ethylene glycol (2
miky and 30 % ammonium hydroxide solution (3 mbL). Affer the addition of copper{l}-oxide (0.005
g, 0.035 mmol), the mixture was heated at 150 "C for 45 minutes using a Blotage Initiator

microwave. The reaction mixiure was diluted with ethyl acetate (30 mbL) and a mixture of
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water/ammonium hydroxide (10 mbL, 1/1). The organic phase was separated, difed over
Na,S0O,, filtered and the solvents were evaporated. The residue was purified by PREP-TLC
using dichloromethane/methanol (95/5) to afford the fitle compound as a brown solid (0.022 g,
50 %).

"H-NMR (400 MHz, Dmsmﬁ) 3 = 1.67-1.78 (m, 4H), 2.46 (t, 2H), 2.55 (1, 2H), 5.26 (s, 2H),
6.12 (d, 1H), 7.34 (d, 1H), 10.30 (s, 1H)

10 Praparabive Exampls 28
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To a solution of the fitle compound from Preparative Example 23 Step A (1 g, 5.37mmaol) in
ethanot (50 mlL) was added cyclopentanone (0.45 g, 5.37 mmol) and the reaction mixture was
stirred for 3 h at room temperature. At this time, the solvent was removed under reduced

pressure 1o give the fitle compound {1.36 g, guantitative).

20 'H-NMR (400 MHz, CDCL): 8 = 1.74-1.80 {m, 2H), 1.85-1.92 (m, 2H), 2.24 (t, 2H), 2.46 (1, 2H),
B.86 (d, 1H), 7.10 (d, 1H), 7.37 (1, 1H), 7.54 (s, 1H)
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A solution of the title compound from Step B above (0.65 g, 2.55 mmol) in disthylene glycol (11
mL) was sealed in a microwavable glass tube (20 mbL). Then, the reaction mixture was heated at
250 "C using microwaves for 90 minutes. The reaction mixture was cooled and poured info
ethyl acetate (120 ml) and washed with water and brine. The organic phase was dried over
Na,SQy4 and the solvent was removed under reduced pressure to give the crude product, which

was purified on silica gel column {dichloromethane) to give the title compound (0.120 g, 20 %).

TH-NMR (400 MHz, CDCly): 8 = 2.48-2.55 (m, 2H), 2.82 (t, 2H), 2.99 (t, 2H), 7.18 (d, 1H), 7.60
(d, TH), 10.1 (s, 1H)

The title compound from Step C above (0.1 g, 0.42 mmol) was dissolved in diethylene glyeol (2
ml.) and 25 % ammonium hydroxide solution {3 mL} and copper{l)-oxide (0.008 g, 0.058 mmol}
was added. Then, the reaction mixture was heated at 150 C using a Biotage Initiator microwave
for 80 minutes. The reaction mixture was diluted with dichloromethane (200 mL), washed with
water and brine solulion. The organic phase was separated, and dried over Na,S0O4 The
residue was purified on silica gel column (1/10, methanol/ dichioromethane) to afford the fille

compound (0.06 g, 83 %).

THANMR (400 MHz, COCL): 8 = 2.46-2.49 (m, 2H), 2.78 (t, 2H), 2.87 (t, 2H), 6.36 (d, 1H), 7.55
(d, 1H), 8.35 (s, 1H)

Freparative Example 28
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To a suspension of 2-6-dibromopyridine (5 g, 21.11 mmol} in ethanol (50 mL) was added
&

methylhydrazine (3.33 mi, 63.3 mmol). The resuling mixture was warmed 1o 100°C for 20 h,
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The reaction mixiure was concentrated to dryness and the residue was purified by flash
chromatography (2 x} using ethyl acetate/n-heptane (15% fo 35%). The product was obtained

as a pale reddish liquid (2.1g, 49%).

o a mixture of the title compound from Step A above {(0.500 g, 2.475 mmol) and
cyclohexanone (0.256 mi, 2.475 mmol) was added ethanol (Ratio: 1.000, Volume: 10.00 mi).
The resulting solution was stirred at room temperature for 2h, then the solvent was removed
under vacuum. The ol was diluted with diethyiene glycol (Ratio; 1.000, Volume: 10 mi) and the
resulting mixture warmed by microwaves at 250°C for 35min. The dark solution was poured info
water and filtered. The solid was purified by flash chromatography in ethyl acetate/n-heptane

{10% 1o 30%) to alford the expected compound as a white solid (0.307g, 47%).

"H-NMR (400 MHz, CDCly): 8= 1.76-2.05 (m, 4H); 2.54-2.80 (m, 4H): 3.67 (s, 3H); 7.10 (d,
J=8.0Fz, 1H); 7.54 (d, J=8.0Hz, 1H)

MS (ESI): miz = 265.69/267.69 (MH™)

N -

Prevarative BEvample 37

}/\\; Cyclopentanone T/\//\g 7
By - N//\\ w7 My * Br P [\ N%“"m al
| Disthylens glveol \
Siep A

Step A

To a mixdure of the fitte compound from Preparative Example 25 Step A {0.500 g, 2.475 mmol)
and cycloperntanone (0.208 g, 2.475 mmol) was added ethanol (Ratio: 1.000, Volume: 10.00
mi). The resulting solution was stirred at room temperature for 2 h. Then the solvent was
removed under vacuurm. The oil was diluted with diethylene glycol (Ratio: 1.000, Volume: 10 mi)

and the resuliing mixture warmed by microwaves at 250°C for 35 min.
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The dark solution was poured intc water and fitered. The solid was purified by flash

chromatography in ethyl acetate/n-heptane (10% to 30%) to afford the expected compound as a

yetlowish solid (0.264 g, 42 %).

5 MS (ESI): miz = 251.66/253.67 (MH")

Hrenarative Example 28
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Commercially available 1,4-cyclohexadione monoethylene acetal (5 g, 32 mmol) was dissolved
in methanal (65 mb) and the midiure was placed in a cold-water bath. Sodium borohydride (1.9
g, 80 mmol) was addad in small porttions (exotherm). After the addition was completad, the
mixture was stirred at room temperature for 2 h. The solvent was removed and the residue was
dissolved in ethyl acetale (150 mlb), water (40 ml.y and 1 M NaOH (10 mL). The organic phase
was separated and the aqueous phase was exiracted with ethyl acetate (4 x 75 mi). The
combined organic phase was dried over Na,S0y, filtered and the solvent was removed to afford

the fitle compound as a colorless liquid (4.8 g, 94 %).

TH-NMR (400 MHz, CDCh): § = 1.53-1.70 (m, 4H), 1.78-1.95 (m, 4H), 3.77-3.83 (m, 1H), 3.94-
3.97 (m, 4H)

friphenylphosphine (12.57 ¢, 48.6 mmol) and phihalimide (3.56 g, 24.22 mmol) were dissolved
in tefrahydrofurane (80 mbL) and the mixture was cooled to 0 °C. At 0 °C a solufion of the tille
compound from Biep A above (3.84 g, 24.2 mmol) in tetrahydrofurane (90 ml) was added
foliowed by the addition of a ~40 %-solution of diethyl azodicarboxylate in toluene (19.9 mlL,
48.6 mmol). The mixture was slirred at 0 "C for 10 minutes and then at room temperature
avernight. The solvents were removed and the residue was purified by chromatography on silica

using ethyl acetate/n-heptane (20/80) as a mobile phase lo afford the title compound as an off-
white solid {3.5 g, 50 %).

H-NMR (400 MHz, GOl 8 = 1.61-1.76 (m, 4H), 1.85-1.90 (m, 2H), 2.50-2.62 (m, 2H), 3.93-
4.02 (m, 4H), 4.18 (tt, 1H), 7.66-7.71 (m, 2H), 7.80-7.83 (m, 2H)

Step ©

The title compound from Step B above (3.5 g, 12.1 mmol) was suspended in {etrahydrofurane
(30 mL) and water (20 mL). After the addition of p-ioluene sulfonic acid (6.13 g, 0.87 mmol), the
mixture was heated at ~115 °C in a sand-bath for 2 h. The mixture was diluted with ethyl

acetate (200 mL) and a

_C)

neous solution of sodium bicarbonate was added until pH~8-9. The
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organic phase was separated and the aqueous phase was exiracted with ethyl acetate (3 x 50
mL)}. The combined organic phase was dried aver Na,5C,, fillered and the solvent was removed

to afford the title compound as an off-white solid (3 g, quant.).

"H-NMR (400 MHz, CDCly): 8 = 2.17-2.24 (m, 2H), 2.80-2.71 (m, 4H), 2.80-2.90 (m, 2H), 4.78
(it, 1H), 7.84-7.83 (m, 2H), 7.97-8.02 (m, 2H)

The {itle compound from Preparative Example 23 Siep A (1.54 g, 8.23 mmol) was dissolved in
ethanol {50 ml) and the title compound from Step C above {2 g, 8.23 mmol) was added. The
mixture was stirred at room temperature for 1 h to becorne a suspension. The solvent was

removed to afford the title compound as an off-white solid (3.3 g, quant.).

H-NMR (400 MHz, DMSO-de): 8 = 2.00-2.18 (m, 3H), 2.27-2.43 (m, 2H), 2.50-2.63 (m, 2H),
3.30-3.38 (m, TH), 4.46 (i, 1H), 7.00 (d, 1H), 7.18 (d, 1H), 7.62 {t, 1H), 7.93-8.00 (m, 4H), 10.1

The title compound from Step D above (1 g, 2.42 mmol) was suspended in diethylene glycol (10
mi.) and heated at 250 °C for 35 minutes using a Biotage Initiator microwave. The reaction
mixture was diluted with ethyl acetate {100 mbL) and biine (20 mbL). The organic phase was
saparated, dried over Na,80Qy, filtered and the solvent was removed. The reaction was run 2
more tirmes as described above and the combined crude product was treated with methanol (15
ml.). The precipitate was collected by fiitration, washed with methanol (5 mL) and air-dried to

afford the title compound as a beige salid (1.57 g, 49 %).
'H-NMR (400 MHz, DMSO-dg): & = 2.20-2.24 (m, 1H), 2.71-2.82 (m, 1H), 2.96-3.10 (m, 3H),

3.32-3.48 (m, 1H), 4.54-4.61 (m, 1H), 7.27 (3, 1H), 7.80 (d, 1H), 7.97-8.03 (m, 4H), 11.70 (s,
1H)
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The title compound from Step E above (1.57 g, 3.96 mmol) was suspended in ethanol (50 mlL)
and freated with a 50-60 % aqueous solution of hydrazine-hydrate (12 mlL, 118 mmol). The
mixfure was stirred at room temperature overnight 1o become a clear solution. The solvents
were removed and the residue was treated with dichloromethane (150 mbL). The mixture was
sonicated for 5 minutes and then stired at room lemperature for 30 minutes. The precipitate
was collected by filtration and washed with dichloromethane (15 ml). The combined filtrate was

evaporated to afford the title compound as a beige solid (0.74 g, 70 %).

THNMR (400 MHz, DMSO-dg): § = 1.53-1.62 (m, 1H), 1.90-1.95 (m, 1H), 2.20-2.28 (m, 1H),
2.69-2.73 (mn, 2H), 2.80 (dd, 1H), 3.00-3.06 (m, 1H), 7.10 (d, 1H), 7.68 (d, 1H), 11.33-11.41 (br-
s, 1H)

Step G

The title compound from Step F above (0.87 g, 3.28 mmol) was dissolved in tetrahydrofurane
(60 mL) and treated with triethylamine (1.1 mL) and di-tert-butyl dicarbonate (2.7 g, 12.4 mmol).
The mixture was heated at ~40 °C in a sand-bath overnight. The solvent was removed and the
residue was treated with diethylether (20 ml.). The precipitate was collected by fillration and the
solid washed with diethylether (10 mL) fo afford the mono-Boc protecied intermediate as a white
solid (0.86 g). The filtrale was evaporated to afford the crude title compound. The mono-Boc
intermediate {0.86 g) was dissolved in ietrahydrofurane (60 mbL) and treated with triethylamine
(2.2 mlL) and di-tert-butyl dicarbonate (5.4 g, 24.8 mmol). The mixture was stirred at room
temperature overnight, the solvents were removed and the crude product was combined with
the material from the initial run. Furification of the crude product on silica using a Bictage Isolera
One system employing an ethyl acetate/n-heptane gradient (5/85 -> 30/75) afforded the tille

compound as a white solidffoam (1.16 g, 76 %).
HANMR (400 MHz, CDCLY: & = 1.44 (s, 8H), 1.89 (s, 9H), 1.84-1.92 (m, 1H), 2.07-2.15 (m, 1H),

2.50 (dd, 1H), 3.00 (dd, 1H), 3.10 (1, 2H), 4.00-4.08 (m, 1H), 4.62-4.66 (m, 1H), 7.31 (d, 1H),

7.51 (d, 1H)

122



15

20

W 201 1/128455 POT/ER201EBE60G68

Mono-Boc intermediate: "H-NMR (400 MHz, DMSO-dg): § = 1.38 (s, o), 1.69-1.75 (m, ih),
1.93-2.00 (m, 1H), 2.41 (dd, 1H), 2.72-2.79 (m, 2H), 2.87 (dd, 1H), 3.66-3.72 {m, 1H), 7.00 (d,
1H), 7.11 (d, 1H), 7.70 (d, 1H), 11.47 (s, 1H)

The fitle compound from Step G above (1.16 g, 2.5 mmol) was dissolved in NN-
dimethylacetamide (8 mL) and the mixture was cooled to 0 °C. At 0 °C sodium hydride (0.07 g,
3 mmol) was added and the mixiure was stirred at 0 °C for 1 h. Methyliodide (0.2 mi, 3.32
mmol) was added at 0 °C and the mixiure was stirred at room temperature for 2 h. The mixture
was ditufed with ethyl acetate (80 mL) and brine (20 mL). The organic phase was separated,
dried over Na,50,, filtered and the solvent was removed. The residue was purified by
chromatography on silica using a Biotage Isolera One system employing an ethyl acetate/n-
heptane gradient (5/95 -> 15/85) to afford the title compound as a colorless foam (0.73 g, 61 %),
together with starting material (0.23 g, 20 %) and the corresponding N'-methyl-derivative (0.053

g, 5 %, white solid).

TH-NMR (400 MHz, CDCL): § = 1.46 (s, 9H), 1.59 (s, 9H), 1.91-2.04 (m, 2H), 2.62-2.77 (m, 2H),
2.84 (s, 3H), 3.00-3.10 (m, 1H), 3.22 (dd, 1H), 4.24-4.46 (br-m, TH), 7.31 (d, 1H), 7.50 (d, 1H)

N'-methyl-derivative: "H-NMR (400 MHz, CDCls): § = 1.46 (s, 9H), 2.00-2.10 (m, 2H), 2.70-2.90
(m, 7H), 3.70 (s, 3H), 4.21-4.50 (br-m, 1H), 7.12 {d, 1H), 7.54 (d, 1H)

The fitle compound from Step H above {0.88 g, 1.83 mumol) was dissolved in tetrahydrofurane
(15 mL) and methanol {15 mL). After the addition of 1 M sodium hydroxide solution (15 ml, 15
mmol), the mixture was stirred at room temperature overight. The organic solvents were
removed and the residue was diluted with water (20 mL). The precipilate was collected by
fittration, washed with water (5 mbL) and air-dried to afford the title compound as a white solid
(0.67 g, 26 %).
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TH-NMR (400 MHz, DMSO-dg): 8 = 1.40 (s, 9H), 1.86-1.90 (m, 1H), 1.95-2.04 (m, 1H), 2.66-2.71
(m, 2H), 2.78 (s, 3H), 2.80-2.85 (m, 2H), 4.13-4.27 (br-m, 1H), 7.18 (d, 1H), 7.75 (d, 1H), 11.55

The fitle compound from Step | above {0.38 ¢, 0.88 mmol) was suspended in tetrehydrofurane
(5 mL) and the mixture was cooled to 0 °C. Al 0 °C sodium hydride (0.028 g, 1.15 mmol) was
added and the mixfure was stirred at 0 °C for 5 minutes and at roorm temperature for 15 minules
1o become a clear solution. After the addition of triisopropyisilyl-chloride (0.12 mb, 0.9 mmol},
the mixture was heated at ~85 °C in a sand bath for 1 h. The mixture was diluted with ethyl
acetale (50 mL) and brine {15 mL). The organic phase was separated, dried over Na,80,
filtered and the solvents were removed. The residue was purified by chromatography on silica
using a Biolage Isclera One system employing an ethyl aceiate/n-heptane gradient (5/95 >
100/0) to afford the fitle compound as a colorless oil (0.27 g, 52 %), fogether with starting

material (0.14 g, 39 %, white solid).

THNMR (400 MHz, CDCL): 8 = 1.12-1.16 (m, 18H), 1.51 (s, 9H), 1.81-1.90 (m, 3H), 1.98-2.03

(m, 2H), 2.72-2.80 (m, 2H), 2.85 (s, 3H), 2.97-3.08 (m, 2H), 4.25-4.57 (br-m, 1H), 7.12 (d, 1H),
7.48 (d, 1H)
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Step A

To a solution of commercially available 4-bromophenyl hydrazine (1.468g, 6.5 mmol) in ethanol
(50 ml) was added preparative example 28 step C (1.6g, 6.5mmol) in ethanol (15 mL). The
reaction mixture was stirred for 2h at room temperature. The solvent was removed to give the

title compound as a solid (2.9g, quantitative).

HANMR (400 MHz, DMSO-dg): & = 7.85-7.86 (m, 4H), 7.31 (d, 8.4Hz, 2H), 7.00 (d, 2H), 4.32-
4.38 (m, 1H), 3.42-3.15 (m, 1H), 2.36-2.51 (m, 2.19-2.28 (m, 2H), 1.92-2.06 (m, 3H).

Step B

A solution of the title compound from step A (2.9g, 7.0 mmol) in diethyleneglycol (45 mL) was
sealed in microwavable glass tubes (20 mi). Then, the reaction tubes were heated at 250 ¢
using microwaves for 55 min. The reaction was performed in three batches. The combined
reaction mixiure was collected and was dissolved in ethyl acetate (250 mbL) and washed with
water and brine. The organic phase was dried over Na,30, and the solvent was removed under
reduced pressure to give crude product, which was purified on silica gel column (ethyl

acetate/n-heptane 20%-40%) to give the title compound (2.1g, 72%).

"H-NMR (400 MHz, GDCLY): & = 7.88-7.90 (m, 2H), 7.84 (brs, 1H), 7.75-7.78 (m, 2H), 7.53
(d,1H); 7.22 (dd, 1H), 7.17 (d, 1H), 4.64-4.71 (m, 1H), 3.44-3.51 (m, 1H), 2.90-2.96 (m, 3H), 2.07
(rn, 1H), 1.28 (brs, 1H).

Step C

To a stirred solution of the compound from step B (2 g, 5.0 mmol) in THF (50 mL) was added
NHNH» H,O (500 mg 10 mmol) and the reaction mixture was stirred overnight. The precipitate
was filtered off and the filtrate was concentrated and used in the next step without further

purification and characterization.

Step D

To the compound from step C (2.01 g) in THF (50 mi) was added (Boc)O (2¢, 9.1mmol) and
triethyiamine (1g, 10mmol). The reaction mixture was stirred at room temperature overnight.
removed and crude product crystallized from ethyl acetale and heptanes
mixture to give a mono-Boc derivative (1.15g). The crystallized mono-Boo derivative was

dissolved in THF (50 ml.) and an excess of {Boc),0 (5g, 22.9 mmol) and triethylamine (1.5mi)
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was added and the reaction mixture was stirred for 2 days. The solvent was removed and the
crude product was purified on silica gel column chromatography (ethyl acetate/n-heptane 10-

20%) to give the title compound (1.35 g).

TH-NMR (400 MHz, CDCly): 8 = 7.99 (d,1H), 7.49 (d,1H), 7.34 (dd,1H), 4.68 (brs, 1H), 4.09 (brs,
1H), 3.11 (brs, 2H), 2.99 (dd,1H), 2.49 (dd,1H), 2.10-2.12 (m, 1H), 1.88-1.96 (m, 1H), 1.68 (s,
9H), 1.48 (s, OH).

Step E

A solution of the title compound from step D (370 mg, 0.79 mmmol) in DMA (7 mL) was cooled
to ice bath temperature then NaH (40 mg, 1.58 mmol) was added portionswise. The reaction
mixture was stirred at room temperature for 30min and cooled to lce bath tempsrature and
methyt iodide (222 mg, 1.58 mmol) was added. The reaction mixture was brought io room
temperature and stirred for 3h. The reaction mixture was dissolved in dichloromethane (250 mL)
and washed with water and brine and dried over NMa,80,. The solvent was removed and the
residue was purified by silica gel colurmn chromatograghy (07100 1o 15/85; EtOAc/heptane
mixture) to give the title compound as a white foam (271 mg, 71%).

"H-NMR (400 MHz, DMSO-dg): & = 7.97 (d,1H), 7.67 (s, 1H), 7.38 (d,1H), 4.18-4.32 (m, 1H),
3.1-3.22 {m, 1H), 2.88-3.02 (m, 1H), 2.78 (3, 3H), 2.68-2.70 (m, 2H), 1.92-1.97 {m, 2H)
9H), 1.42 (s, OH).

*
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Commercially available 4-aminocyclohexanol hydrogen chioride salt (25 g, 164 mmol) was
dissolved in water (350 mL). Then potassium carbonate (72 g, 328 mmol) was added, followed
by a solution of commercially available N-carbethoxyphthalimide in tetrahydrofurane (300 mi.)

’ s

he reaction mixture was then vigorously stirred at room temperature for 3 days.

T
Tetrahydrofurane was evaporated under reduced pressure and the remaining aqueous phase

~

was exfracted with dichioromethane (2 x 300 mlL} until the aqueous phase was clear. The
combined organic phase was dried over Na,S0,, fillered and the solvents were evaporated

under reduced pressure o afford the title compound as a white soiid (28 g, 69 %).
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HANMR (400 MHz, CDCL): § = 1.32-1.43 (m, 2H), 1.70-1.75 (m, 2H), 2.04-2.09 (m, 2H), 2.25-
2.38 (m, 2H), 3.87-3.77 (m, 1H), 4.05-4.13 (m, 1H), 7.63-7.7.68 (m, 2H), 7.76-7.7.80 (m, 2H)

Step B

The title compound from Step A above (28 ¢, 114 mmol) was dissolved in dichloromethane (990
mk.) and pyridinium chiorochromate (33.6 g, 157 mmel) was added in portions. The reaction
mixture was stirred at room temperature for 8 h. Then another batch of pyridinium
chiorochromate (10.4 g, 48.6 mmol) was added in portions and stirring at room temperature was
continued for 18 h. The reaction mixture was fillered through a pad of Celite and the Celite pad
was washed with dichlormethane (400 mL). The combined filtraie was concentrated under
reduced pressure and the residue was purified by chromatography on silica using ethyl
acetate/n-heptane (60/40) as a mobile phase to afford the title compound as a white solid (24.62
g, 88 %)

HNMR (400 MHz, CDCL): & = 2.17-2.24 (m, 2H), 2.60-2.71 (m, 4H), 2.80-2.90 (m, 2H), 4.78
{it, 1H), 7.84-7.88 (m, 2H), 7.97-8.02 (m, 2H)

The title compound from Preparative Examnple 23 Step A (19 g, 101 mmol) was dissolved in
ethanol (§70 mL) and the title compound from Step B above {24.6 g, 101 mmol) was added.
The mixture was stirred at room temperature for 2 h to become a suspension. The sclvent was

removed to afford the title compound as an off-white solid (41.8 g, quant.).

"H-NMR (400 MHz, DMSO-dg): § = 2.00-2.18 (m, 3H), 2.27-2.43 (m, 2H}, 2.50-2.63 (m, 2H),
3.30-3.38 {m, 1H), 4.46 (i, 1H), 7.00 (d, 1H), 7.18 (d, 1H), 7.62 (1, 1H), 7.93-8.00 (m, 4H), 10.1
The title compound from Step C above (1.3 g, 3.15 mmol) was suspended in diethylene glycol

{13 mL) and was healed at 245 °C for 35 minutes using a Biotage Initiator microwave. The

reaction mixture was diluted with water (90 mL), the precipitate was collected by filtration and air
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dried. This reaction sequence was repeated uniil the title compound from Step C above (41.8 ¢)
was consumed to afford the title compound as a grey solid (34.2 ¢, 85 %). The crude material

was direcily used for the next step.

The fitle compound from Step D above (34.2 g, 86.36 mmol) was suspended in ethano! (1080
mL) and treated with a 50-60 % aqueous solution of hydrazine-hydrate (185 mL, 1990 rmmol).
The mixture was sfirred al room temperature for 2 days. The precipitate was separated by
filtration and washed with ethanol {150 mL.). The combined filtrate was concentrated to ~150 mL
and exiracted with dichloromethane (2 x 450 ml). The organic phase was dried over Na,30,,
filtered and the solvents were removed to afford the crude title compound as a dark solid (22.87

g, guant.).

The title compound from Step E above (22.97 g, 0.1 mmol) was dissolved in tetrahydrofuran
(1000 mL) and treated with triethylamine (64 mlL) and di-lert-buiyl dicarbonate (79 g, 367 mmol).
The mixture was stirred at room temperature for 18 h and the solvents were removed under
reduced pressure. The residue was freated with disthylether (8006 ml) and stirred at room
iemperature for 30 minutes. The precipifate was collected by filtration, washed with diethylether

(250 mL) and air-dried to afford the tifle compound as a white solid (11 ¢, 33 %):

H-NMR (400 MHz, DMSO-de): § = 1.38 (s, 9H), 1.69-1.75 (m, 1h), 1.93-2.00 (m, 1H), 2.41 (dd,
TH), 2.72-2.79 (m, 2H), 2.87 (dd, 1H), 3.66-3.72 (m, 1H), 7.00 (d, 1H), 7.11 (d, 1H), 7.70 (d,
1H), 1147 (s, 1H)
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Preparative Example 31

MHBoes “WBoc \?xﬁi?(‘}c Hy
/, ..... - X /__Jx
TN 1. NaM, DA f\!r N/ 1 HCHDCM “ \[r N/
0 Sy 2. CHyl e T 2 CHCOGH, TEA, DOM Br Sy~ N
H Step A ' Step B !

The title compound from Preparative Example 30 Step F (11 g, 30 mmol) was dissolved in NN~
dimethylacetamide (140 mL) and the mixture was cooled to 0 °C. At 0 °C sodiumn hydride (2.2 g,
92 mmol) was added and the mixture was stirred at 0 °C for 2 h. Then methyl iodide (9 mL, 145
mmol} was added, the mixture was stirred at 0 °C for 5 minutes. The ice bath was removed and
after ~5 minutes an exotherm was observed. The reaction mixture was briefly placed in a water
bath and sfirred at room temperature overnight. The reaction mixture was diluted with water
(760 mL.) and the precipitate was collected by filtration. The solid material was further purified by
chromatography on silica using dichloromethane/acetone (88/2) to afford the title compound as

a white solid {10.6 ¢, 85 %).

"H-NMR (400 MHz, CDCls): 8 = 1.46 (s, 9H), 2.00-2.10 (m, 2H), 2.70-2.90 (m, 7H), 3.70 (s, 3H),
4.21-4.50 (br-m, 1H), 7.12 (d, 1H), 7.54 (d, 1H)

The title compound from Step A above (0.1 g, 0.253 mmol) was dissclved in dichloromethane (2
mL) and freated with 2 2 M solution of hydrogen chloride (0.5 mbL, 1 mmol) in diethylether. The
mixture was stirred at room temperature overnight. Then triethyl amine (0.07 mL, 0.316 mrnot)
and acetyl chioride (0.316 ml., 1.034 mmol) were added to the reaction mixture. The stirring was
continued for another 2 h, then the mixture was diluted with dichloromethane and washed with a
saturated agueous solution of sodium carbonate. The organic phase was separated, dried over
Nap50,, filtered and the solvents were removed to give a residue which was purified using a
Biotage flash chromatography system {methanol/dichloromethane: 0->5%) to afford the title

comnpound as a white solid (0.065 g, 75% for 2 steps).
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TH-NMR (400 MHz, CDCL): 8 = 1.99-2.03 (m, 1H), 2.12-2.19 (m, 4H), 2.67-2.73 (m, 1H), 2.81
(dd, 1H), 2.87-2.90 (m, 2H), 2.94-2.98 (m, 4H), 3.70 (d, 3H), 7.14 (dd, 1H), 7.53 (dd, 1H).

Preparative Example 32

N\
NH
g 1.10 % H,80
pL {ag"“!ﬁ‘z!;-‘;"MHz ‘T/’j {ﬁfo;anze 4 i N {
_ B
Br” N Br EtOH Er/kN/ 3\‘{?*% 7((3 /__> PR N
5 - ~piH
Step A —ON" X HCH
2. NaOH
3. CHLCly
. Boo,O
Step B ) ez AZ
Step C | 11
AN
wMBoC
f\\f\Q
By \N""‘N\
Step A

To a suspension of commercially available 2,6-dibromopyridine (10 g, 42.2 mmol) in ethanol (50
ml) was added commercially available methylhydrazine (11.11 mL, 211 mmol). The mixture
was heated at 80 °C (reaction mixiure temperature) for 48 h. The reaction mixture was
concentrated to dryness and the residue was purified by chromatography on silica using a
Biotage isolera One purification system employing an ethyl acetate/n-heptane gradient (15/75 -
> 35/65) to afford the fitle compound as a reddish oil which becomes a solid by standing at room

ternperature (7.6 g, 89 %)

H-NMR (400 MHz, CDCl): 8 = 3.23 (s, 3H), 4.00 (br-s, 2H), 8.70 (d, 1H), 6.82 (d, 1H), 7.27 (t,
1H)
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Step B

A suspension of  commercially  available  4-(methylamino)cyclohexanone-2,2-
dimethyltrimethylene ketal hydrochloride (3.7 g, 14.8 mmol) and the tfitle compound from
Step A above (3 g, 14.8 mmol) in dioxane (30 mlL) were placed in an ice bath. To the stirred
suspension was slowly added concentrated H,30, (3 mL). After the addition of H,50, was
complated, the reaction mixture was heated at reflux temperature for 5 h using a sand bath
(~140 °C). The reaction mixture was cooled to room temperature. the dioxane layer was
discarded, and ice water (20 mL) was added. The mixture was stirred until the gummy
material was dissolved. Then the pH of the reaction mixture was adjusted to pH = 14 using
aq. NaOH solution. The aqueous layer was exiracted with dichloromethane (200 mL) and the
organic phase was washed with water and brine. The organic phase was separated, dried
over Na,50, and the solvent was removed under reduced pressure to afford the crude iitle

compound as an off-white solid (4.7 g, quant.).
Step ©

To a solution of the crude title compound from Step A above (4.7 g) in tetrahydrofuran (50 mi)
was added friethylamine (5 mlL) and di-tert-butyl dicarbonate (10 g, 45.8 mmol). The reaction
mixture was stirred at room temperature overnight. Then, the reaction mixture was concenvirated
and the residue was dissolved in dichlorornethane (200 mb). The organic phase was washed
with water, brine and dried over Na,S0,. The organic solvent was removed under reduced
pressure and the residue was purified on silica gel using a Biotage Isolera One purification
system employing an ethyl acetate/n-heptane gradient (20/80 -> 50/50) to afford the title

compound as a white solid {(3.55 g, 61 % for 2 steps).

TH-NMR (400 MHz, CRCly): & = 1.46 (s, 9H), 2.00-2.10 (m, 2H), 2.70-2.80 {m, 7H), 3.70 (s, 3H),
4.21-4.50 (br-m, 1H), 7.12 (d, TH), 7.54 (d, 1H)
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Freparafive Example 33
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Commercially available 4-hydroxy-cyclohexane carboxylic acid ethyl ester (10.32 g, 59.92
mmot} was dissolved in NNV -dimethylformamide (50 ml) and imidazole (8.16 g, 119.5 mmol)
was added. After the addition of triisopropyisilylchioride (14.1 mlL, 65.9 mmol), the reaction
mixiure was stirred at room temperature overnighl. The reaction mixiure was diluted with
diethylether {150 mi) and washed with a 1 M hydrochloric acid solution (150 mL). The arganic
phase was separated and the aqueous phase was extracted with diethylether (150 mL). The

combined organic phase was washed with 1 M hydrochioric acid solution (150 mbL) and brine
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(150 mL). The organic phase was dried over Na,SOy,, filtered and the solvents were removed (o

afford the crude title compound as a colorless liquid (18.7 g, 95 %).
Step B

The crude ftitle compound from Step A above (187 g, 6517 mmol) was dissolved in
tetrahydrofuran (90 mL) and methanol (80 mL). After the addition of lithium hydroxide hydrate
(5.47 g, 130.6 mmol), the reaction mixture was heated at ~70 °C for 2 h using a sand-bath and
at roorn ternperature overnight. The solvenis were removed and the residue was dissclved in
water (100 mL). The pH of the reaction mixture was adjusted to pH ~3-4 using 1 M hydrochloric
acid and the aqueous phase was exiracted with sthyl acetate (2 x 200 mb). The combined
organic phase was dried over Na,80,, filtered and the solvents were removed o afford the

crude title cormnpound as a pale yellow oil (16.65 g, 97 %).
Step C

Diisopropylamine (9 mL, 65 mmol) was dissolved in tetrahydrofuran (100 mL) and the mixiure
was cooled o 0 °C. At 0 °C a 1.6 M solution of n-butyllithium in n-hexane (38.5 mL, 61.6 mmol)
was added and the reaction mixture was stirred at 0 °C for 15 minutes. The reaction mixture
was then cooled to -78 °C and a solution of the crude title compound from Step B above (8.3 g,
30.¢ mmotl) in tetrahydrofuran (30 mbL) was added dropwise. After the addition was completed,
‘ihé cooling bath was removed and the reaction mixture was heated at ~60 °C in a sand bath for
2 h. The reaction mixtwe was again cooled to -78 °C and methyliodide (2.1 ml, 34 mmol) was
added. The reaction mixiure was stirred at -78 °C for 2 h and then allowsd to warm o room
temperature overnight. The reaction mixture was poured into a mixture of diethylether (500 mL)
and 1 M hydrochloric acid (500 ml). The organic phase was separated and the aqueocus phase
was exiracted with diethylether (2 x 200 ml). The combined organic phase was dried over
Na,50y, filtered and the solvents were removed. The residue was purified by chromatography
on silica using ethyl acetate/n-neptane/methanol (15/84/1) as a mobile phase to afford the title
compound as a pale yellow oil (4.35 g, 50 %) and recovered starting material as a pale yellow
oil (1.51 g, 18 %).

TH-NMR (400 MHz, CDCly): 8 = 1.03 (s, 18H), 1.17-1.24 (m, 7H), 1.43-1.52 (m, 2H), 1.64-1.71
(m, 1H), 1.77-1.84 (m, 2H), 2.18-2.23 (m, 2H), 3.65-3.73 (m, 1H)
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recovered starting material:
"H-NMR (400 MHz, CDCls): & = 1.03 (s, 18H), 1.20-1.80 (m, 7H), 1.94-2.05 (m, 4H), 2.28-2.33
{rn, 1H), 3.62-3.88 (m, 1H)

The title compound from Step C above (2.18 g, 6.82 mmol) was dissolved in toluene (25 mlL)
and Tnei’hylamme (1.08 mL, 7.7 mmol) was added. After the addition of diphenyl-
phos phcrvl azide (1.63 ml, 7.54 mmol), the reaction mixture was heated at ~115 °C in a sand-
bath for 1 h until the evoiution of nitrogen was completed. The mixture was cooled to 0 °C and
washed with saturated sodium bicarbonate (15 mbL), water (15 mi) and brine (15 ml). The
organic phase was separaied, dried over NaySOy, filtered and the solvents were evaporated to
afford the crude isccvanaie intermediate. The crude intermediate was dissolved in NN~
dimethylacetamide (10 mbL) and pofassium tert-butoxide (0.8 g, 7.13 mmol) was added in
portions. After the addition was completed, the reaction mixture was stirred at room temperature
overnight. The reaction mixture was diluted with ethyl acetate (80 mlL) and water (30 mL). The
organic phase was separated and washed with water (20 mL) and brine (20 mL). The organic
nhase was dried over Na,80,, filtered and the solvents were removed. The residue was purified
by chromatography on silica using ethyl acetate/n-heptane (10/90) as a mobile phase to afford

the title compound as a colorless oil (1.57 g, 59 %).

"H-MMR (400 MHz, CDCLY: 8 = 116 (s, 18H), 1.37-1.45 (m, 3H), 1.43 (s, 3H), 1.56 (s, OH),
1.58-1.66 (m, 4K), 1.82-1.88 (m, 2H), 2.13-2.20 (m, 2H), 3.76-3.81 (m, 1H), 4.48 (brs, 1H)

Step &

The title compound from Step D above (1.45 g, 3.77mmol) was dissolved in acetoniirile (25 mL)
and a 1 M solution of tetra-butyl ammonium fluoride in tetrahydrofuran (14.8 mL, 14.8 mmol)
was added. The reaction mixiure was stirred at room temperature overnight and the solvents
were removed. The residue was purified by chromatography on silica using ethyl acetate/n-
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"H-NMR (400 MHz, CDCly): & = 1.42 (s, 3H), 1.54 (s, 9H), 1.57-1.70 (m, 3H), 1.85-1.93 {m, 3H),
2.19-2.24 (m, 2H), 3.70-3.73 (m, 1H), 4.45 (br-s, 1H)

The title compound from Step E above (0.86 g, 3.76 mmol) was dissolved in dichloromethane
{40 ml.) and pyridinium chiorochromate (1.18 g, 5.48 mmol) was added in portions. The reaction
mixture was stirred at room temperature for 18 h, filtered through a pad of Celite and the Celite
was washed with dichloromethane (20 ml). The combined filirate was concentrated under
reduced pressure and the residue was purified by chromatography on silica using ethyl
acetate/n-heptane (60/40) as a mobile phase to afford the title compound as a colorless oil (0.76
g, 89 %)

TH-NMR (400 MHz, CDCla): § = 1.42 (s, 3H), 1.45 (s, OH), 1.77 (dt, 2H), 2.23-2.50 {m, OH), 4.48
(br-s, TH)

The title compound from Preparative Exampie 23 Step A (0.63 g, 3.35 mmol) was dissolved in
ethanol (20 mL) and the title compound from Step F above (0.76 g, 3.35 mmol) was added. The
imixture was stirred at room temperature for 1 h to become a clear solution. The solvent was

removed to afford the title compound as a dark yellow oil (1.33 g, quant.).

"H-NMR (400 MHz, CDCL): 8 = 1.40 (s, 3H), 1.47 (s, OH), 1.52-1.67 (m, 3H), 2.15-2.23 (m, 2H),
2.40-2.50 (m, 3H), 4.45 (br-s, 1H), 6.90 (d, 1H), 7.15 (d, 1H), 7.40 (¢, 1H), 7.85 (br-s, 1H)

The title compound from Step G above (0.7 g, 1.76 mmol) was dissolved in disthylene glycol (10
mb) and heated at 245 °C for 60 minufes using a Biotage Initiator microwave (pressure: 10-11
bar). The reaction mixture was diluted with water (15 mL) and dichloromethane (40 mL). The
organic phase was separated, dried over Na,SOy, filtered and the solvents were removed {o
afford the crude fitle compound as a dark ofl. This procedure was repeated one more fime and

the combined crude material was directly used for the next step.
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Stepl

The crude title compound from Step H above was dissolved in tetrahydrofuran (45 mi) and
treated with triethylamine (1.7 mL) and di-tert-butyl dicarbonate (2 g, 9.3 mmol). The mixture
was stirred at room temperature for 18 h and the éo!vents were removed under reduced
pressure. The residue was purified by chromatography on silica using a Biotage Isolera One
purification systern employing an ethyl acetate/n-heptane gradient (5/95 > 30/70) to afford 3

different fractions.

Fraction I: Bis-Boc derivative; yellow oil (0.15 g, 9 %)

"H-NMR (400 MHz, CDCly): 8 = 1.39 (s, 9H), 1.45 (s, 3H), 1.64 (s, OH), 1.70-1.75 (m, 1H), 2.41-
2.46 (m, 1H), 2.70 (d, 1H), 2.83 (d, 1K), 2.88-3.05 (m, 2H), 4.45 (br-s, 1H), 7.27 (d, 1H), 7.48 (d,
1H)

Fraction I recovered title compound from Step G; yellow oil (0.13 g, 9 %)

Fraction II: Mono-Boc title compound; off-white solid (0.26 g, 18 %)
"H-NMR (400 MHz, CDCly): § = 1.45 (s, 9H), 1.54 (s, 3H), 1.76-1.83 (m, 1H), 2.60-2.65 (m, TH),
2.80-2.80 (m, 4H), 4.55 (s, 1H), 7.18 (d, 1H), 7.59 (d, 1H), 9.75 (br-s, 1H)

Stepd

The bis-Boc derivative from Step | above (0.15 g, 0.32 mmol) was dissolved in letrahydrofuran
(2.6 mL) and methanol (2.6 mL). After the addition of 1 M aqueous sodium hydroxide solution
(2.6 mL, 2.6 mmol), the reaction mixture was stirred at room temperature overnight and the
solvents were evaporated. The residue was treated with water (20 mL), the precipitate was
collected by filtration, washed with water (5 mbL) and air-dried to afford the mono-Boc title

compound from Step | as a white sofid (0.09 g, 76 %).
Step K
The mono-Boc title compound from Step | above (0.35 g, 0.94 mmol) was dissolved in N,N™

dimethylacetamide (5 mL) and the mixture was cooled to 0 °C. At 0 °C sodium hydride {0.068 g,

2.8 mmol) was added and the mixture was stirred at 0 *C for 90 minutes. Then methy! iodide
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(0.27 mi, 4.45 mmol) was added at 0 °C, the ice bath was removed and the reaction mixture

was stirred at room temperature overnight. The reaction mixture was dituted with ethyt acetate

(50 mL) and water (20 mL). The organic phase was separated and the aguecus phase was

extracled with sthyl acetate (20 ml). The combined organic phase was dried over Nay,5Q,,

filtered and the socivents were removed. The residue was purified by chromatography on silica

using a Biotage Isolera One sysiem employing an ethyl acetate/n-heptane gradient (5/95 -»

30/70) to afford the title compound as a white solid {(0.31 g, 81 %).

H-NMR (400 MHz, CDCls): & = 1.49 (s, 3H), 1.86-1.94 (m, 1H), 2.68-2-74 (m, 3H), 2.72 (s, 3H),

3.07-3.18 (m, 2H), 3.72 (s, 3H), 7.15 (d, 1H), 7.57 (d, 1H)

Preparative Exampie 34
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The title compound from Preparative Example 28 Step A (12 g, 75.9 mmol) was dissolved in
dichloromethane (240 ml) and triethylamine (14.5 mlL) was added. After the addition of
benzoylchloride (12.7 g, 81.2 mmaol), the reaction mixture was stirred at room {emperature
overnight. The reaction mixture was diluted with dichloromethane (100 mbL) and washed with
water (80 mL) and a 10 % agueous citric acid solution (2 x 80 mL). The organic phase was
separated, dried over Na,S04, filtered and the solvents were evaporated under reduced

pressure to afford the crude fitle compound as a oil.

The crude title compound from Step A above was dissolved in tetrahydrofuran (85 mL) and
water (250 mL). Then p-loluene sulfonic acid (1 g, 5.8 mmol} was added and the mixture was
heated at ~115 “C in a sand bath for 4 h. The mixfure was cooled o room temperature, diluted
with ethyl acetate (250 mL) and the organic phase was separated. The organic phase was dried
over Na,S0,, filtered and the solvents were removed. The residue was purified by
chromatography on silica using ethyl acetate/n-heptane (20/80) as a mobile phase to afford the

title compound as a white solid (10.7 g, 64 % for 2 steps).

H-NMR (400 MHz, CDClL): 8 = 2.27-2.45 (m, 4H), 2.52-2.61 (m, 2H), 2.74-2.84 (m, 2H), 5.55-
5.60 (m, 1H), 7.60 (t, 2H), 7.73 (t, 1H), 8.21 (d, 2H)

The title compound from Preparative Example 23 Step A (3.69 g, 19.6 mmol) was dissolved in
ethanot (85 mi) and the fitle compound from Step B above (4.28 g, 18.6 mmol} was added. The
mixture was stirred at room temperature for 1 h and the solvents were removed under reduced

pressure to afford the title compound as a yellow foam (7.6 g, quant.).

+
=
£
Y
o
<
=
N
N
O
O
O
o7
el
jod)
1]
P
-t
N
]
i
Ny
<D
=
=
i
T
Pl
Y
[y
@
N
(&)
3
N
I
‘:--/
[39]
jo)]
@
co
N
——
3
3]
I
Y
i
D
N
a

139



¢}

10

20

25

30

WO 2011/328453 PCT/EP2011/056068

Step D

The title compeound from Step C above (0.95 g, 2.45 mmol) was dissolved in diethylene glycol
(9.5 ml) and heated at 245 °C for 35 minutes using a Biotage Inifiator microwave. The reaction
mixture was diluted with water (25 mbL) and ethyl acetate (100 mbL). The organic phase was
separated, washed with brine (25 mL), dried over Na,$Q,, filtered and the solvents were
removed. This procedure was repeated seven more times and the combined crude material was
purified by chromatography on silica using dichloromethane/acetone (98/2) as a mobile phase

to afford the fitle compound as an off-white solid (3.4 g, 46 %).

"H-NMR (400 MHz, CDClg): § = 2.23-2.38 (m 2H), 2.95-3.27 (m, 4H), 5.60 (5.57-5.61 (m, 1H),
7.22 (d, 1H), 7.44-7 A7 (m, 2H), 7.58 (t. 1H), 7.65 (d, 1H), 8.06 (d, 2H), 9.88 (br-s, 1H)

Step E

The fitle compound from Step D above (34 g, 919 mmol) was dissclved in NN-
dimethylacetamide (40 mL) and the sclution was cocled to 0 °C. At 0 °C sodium hydride (0.29
g, 11.95 mmol) was added in portions. The mixture was stirred at 0 °C for 1 h and methy! jodide
(1.19 mL, 19.14 mmol) was added. The mixture was stirred at 0 °C for 5 minutes then at room
temperature for 16 h. The reaction mixture was diluted with ethy! acetate (250 ml), 10 %
agqueous solution of citric acid (80 mbL) and brine (50 mL). The organic phase was separated,
washed with brine (50 mL), dried over Na,SOy, fillered and the solvents were removed. The
residue was purified by chromatography on silica using a Biotage Isolera One purification
systemn employing an ethyl acetate/n-heptane gradient (5/85 -> 30/70) to afford the title

compound as an off-white solid (2.42 g, 68 %).

H-NMR (400 MHz, CDCL): § = 2.25-2.34 (m, 2H), 2.85-3.00 (m, 3H), 3.18 (dd, 1H), 3.75 (s,
3H)Y, 5.52-5.57 {m, 1H), 7.18 (d, 1H), 7.42 (, 2H}, 7.53-7.57 (m, 2H), 8.00-8.04 (m, 2H)
Step F

~ o

The titie compound from Step & above (0.33 g, .86 mmol) was dissolved in tetranhydrofuran (8
mb) and water (8 mL). After the addition of potassium hydroxide (0.75 g, 13.4 mmal), the

mixture was heated at 140 °C for 30 minutes using a Biotage Initiator microwave. The reaction
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mixture was diluted with ethyl acetate (30 ml) and water (10 mL). The organic phase was
separated, washed with brine {10 mL), dried over Nay,S0,, filtered and the solvents were
removed. This procedure was repeated six more times to afford the title compound as an off-
white solid {1.74 g, 98 %).

"H-NMR (400 MHz, CDCL): & = 2.00-2.16 (m, 2H), 2.68 (dd, 1H), 2.75-2.80 (m, 1H), 2.88-2.93
(m, 1H), 3.06 (dd, 1H), 3.71 (s, 3H), 4.25-4.30 {m, 1H), 7.13 (d, 1H), 7.56 (d, 1H)

~

The ftitle compound from Step F above (0.2 g, 0.71 mmol) was dissolved in NN-
dimethylacetamide (3 mlL) and the solution was cooled to 0 °C. At 0 °C sodium hydride (0.023
g, 0.92 mmol) was added. The mixture was stirred at 0 °C for 1 h and methyl iodide (0.08 mi,
1.47 mmol) was added. The mixture was stirred at room temperature for 16 h. The reaction
mixture was diluted with ethyl acetate (30 mL), 10 % aqueous solution of ciiric acid {8 ml) and
brine (5 mL). The organic phase was separated, washed with brine (5 mL), dried over Na,50,,
fikered and the solvents were removed. The residue was purified by chroratography on silica
using a Biotage Isolera One purification system empiloying an ethyl acetate/n-heptane gradient
(595 -> 40/60 ->100/0) to afford the title compound as a pale orange oft which becomes a solid

by standing at room temperature (0.13 g, 63 %).

H-NMR (400 MHz, CDCls): § = 2.05-2.19 (m, 2H), 2.70-2.78 (m, 2H), 2.86-2.93 (m, 1H), 3.30
(dd, 1H), 3.47 (s, 3H), 3.71 {5, 3H), 3.75-3.78 (m, 1H), 7.14 (d, 1H), 7.56 (d, 1H)
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Preparative Example 35
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Step A

To a solution of commercially available 4-bromopheny! hydrazine (2.6g, 11.6mmol) in sthanol
(50 mL) was added ketone derivative (2.54g, 11.6 mmol). The reaction mixture was stirred for
2h at room temperature. The solvent was removed to give the title compound as a solid (4.5g,

quantitative). The cormmpound was used in the next step without any purification.

Step B

A solution of the iitle compound from the above step (4.4g, 11.3 mmol) in diethyleneglycol (45
ml.) was sealed in three different microwavable glass tubes (20 ml). Then, the reaction fubes
were heated at 250 'C using a microwave for 55 min. The combined reaction mixture was
collected and was dissolved in DCM (200 mL.) and washed with water and brine. The organic
phase was dried over Na,S0, and the solvent was removed under reduced pressure 1o give
crude product, which was purified on a silica gel column (ethyl acetate/n-heptane 20%-30%) to
give the title compound (1.77g, 42%).

'H NMR (400 MHz, DMSO-dg) § 7.95 (d, 1H), 7.65 (1, 1H), 7.52 (dd, 1H), 7.24 (¢, 1H}, 7.12 (d,
TH), 5.46 (s, TH), 3.34 (s, 3H), 3.13 (dd, 1H), 2.98 — 2.78 (m, 1H), 2.51 (s, 2H), 2.18 (d, 1H).
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Step C

To a stirred solution of the compound from above step B (200 mg, 0.54 mmol} in THF (50 mL)
was added NaH (25mg, 1.0mmoi). The suspension was stirred for 10min. Then the methyl
iodide solution (75mg, 0.5mmol) was added and the reaction mixfure was stirred for 1h. The
reaction mixture was quenched with water and exiracted with ethyl acetate (100 mbL). The
organic phase was washed with brine and dried over Na,80,. The solvent was removed and
crude material was purified on a silica gel column (eluent: 10:90 EtCAc: heptane) to give the

tite compound (200mg, 96%).

TH-NMR (400 MHz, CDCL): 8 = 8.10 — 8.00 (m, 2H), 7.59-7.55 (m, 2H), 7.46-7.42 (m, 2H), 7.26-
7.28 (m, 1H), 7.16 (d, 1H), 5.59 - 5.56 {m, 1H), 3.86 (s, 3M), 3.21 (dd, 1H), 3.01 — 2.92 (m, 3H),
2.33-2.27 (m, 2H

Step D

To a solution of the compound from step C (200rg, 0.52 mmol) in THF:H,O (1:1, 8 mL) was
added KOH (450mg, 7.8 mmel). The reaction mixture was heated at 140 °C using a microwave
for 30 min. The reaction mixture was exiracted with ethyl acetate (150 mL) and washed with
water and brine and dried over NaS0,. The solvent was evaporated and the crude material
was purified on & silica gel column (eluent: 10:90 EtOAc:heptane) o give the title compound
(137mg, 69%).

TH-NMR {400 MHz, CDCL): 8 = 7.56 {d,1H), 7.23 (dd 1H), 7.10 (d,1H), 4.48 — 4.07 (m, 1H),

3.60 (s, 3H), 3.05 (dd,1H), 2.88 (dt, 1H), 2.83 — 2.61 {m, 3H), 2.20 ~ 1.96 (m, 2H).

Step &

To a solution of the compound from above step D (130 mg, 0.46 mmol) in THF (10 mlL) was
added NaH (22 mg, 0.92 mmol). The suspension was stirred for 10 min at room temperature.
Then the methyl iodide solution (129mg, 0.92mmol) was added and the reaction mixiure was
stirred for 1h. Then the reaction mixture was quenched carefully with water and exiracted wiih

ethyl acetate (150 mL). The organic phase was washed with brine and dried over Na,50,. The

‘,.

solvent was removed ana purified on a silica gsl cotumn {elu

115 mg, 85.8%).

41"\
f

the title compound
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" NMR (400 MHz, CDClL) & 7.57 (d,1H), 7.21 (dd, 1H), 7.09 (d,1H), 3.87 — 3.72 (m, 1H), 3.59
(s, 3H), 3.46 (s, 3H), 3.03 (dd,1H), 2.90-2.83 (m, 1H), 2.77-2.68 (m, 2H), 2.18-2.12 (m, 1H),
2.19 - 1.98 (m, 1H).

Preparative xampia 38
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Step A

To a solution of cormnmercially available 3-bromophenyl hydrazine (2g, 9.1 mmol) in ethanol (50
mL) was added ketone derivative (2 g, 9.1 mmol). The reaction mixture was stirred for 2h at
room temperature. The solvent was removed o give the title compound as a solid (3.52g,

quantitative). The product was used in the next step without any further purification.

Step B

A solution of the title compound (3.5g, 9.tmmol} in diethyleneglycol (12 mlL) was sealed in a
microwavable glass tube (20 mL). Then, the reaction mixture was heated at 245 'C using a
microwave for 50 min. The reaction mixture was dissolved in ethyl acetate (250 ml.) and
washed with water and brine. The organic phase was driad over Nay,SO, and the solvent was
removed under reduced pressure, and the orude product was purified on a silica gel column

(ethyl acetate/n-heptane 10%-40%) to give two regioisomers (1.17, 32%).

Regioisomer A (7-bromo-2,3,4,9-tetrahydro-1H-carbazol-3-yl benzoate) (670mg)

"H-NMR (400 MHz, CDCLy): 8= 8.05 (d, 1H), 7.83 (s, 1H), 7.57 (m, 1H), 7.47 — 7.42 (m, 2H),
7.32 (d, TH), 7.21 (dd, 1H), 5.62-5.58 (m, 1H), 3.22 (dd, 1H), 3.10 — 2.76 {m, 3H), 2.56 - 2.07
{m, 2H).
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Regioisomer B (5-bromo-2,3,4,8-tetrahydro-1H-carbazol-3-yl benzoate) (500mg)

"H-NMR (400 MHz, CDCla): 8 = 8.08 (d, 1H), 7.92 (s, 1H), 7.57 (m, 1H), 7.45 (1, 1H), 7.24 (t,
1H), 6.97 (t, 1H), 5.61 {m, 1H), 3.65 (dd,1H), 3.38 (dd, 1H), 3.17 ~ 2.66 (m, 2H), 2.45 — 2.07 (m,
2F).

Step C

To a stirred sclution of compound regiomer A from step 2 (450mg, 1.2 mmol) in THF (15 mL)
was added NaH (58mg, 2.4 mmal). The suspension was stirred for 10min. Then the methyl
jodide solution (338 mg, 2.4 mmol) was added and the reaction mixiure was stirred for 2h. The
reaction mixture was quenched with water and exiracted with ethyl acetate (200 mL). The
organic phase was washed with brine and dried over Na,30,. The solvent was remaved and
the crude malerial was purified on a silica gel column (ethyl acelate/n-heptane 10%-30%) to
give the title compound (357 mg, 77.6%).

THANMR (400 MHz, CDCl): 8 = 8.06-8.03 (m, 1H), 7.62 — 7.52 (m, 1H), 7.49 — 7.38 (m, 2H),
7.33 (d, TH), 7.20 (dd, 1H), 5.76 — 5.41 {m, TH}, 3.65 (s, 3H), 3.23 (dd, 1H), 3.13 - 2.73 (m, 3H),
2.56 - 211 {m, 2H).

Step D

To a solution of the compound from step 3 (357mg, 0.92 mmol) in THF:HO (111, 8 mL) was
added KOH (450mg, 7.8 mmol). The reaction mixiure was heated at 140 °C using a microwave
for 30min. The reaction mixture was extracted with ethyl acetaie (150 mL) and washed with
water and brine and dried over Nap,S0;. The solvent was evaporated and the crude material
was purified on a silica gel column (ethyl acetate/n-heptane 10%-40%) to give the flitle
compound (160 mg, 62%).

"M NMR (400 MMz, CDCly) 8 = 7.42 (d,1H), 7.32 (d,1H), 7.19 (dd, 1H), 4.38 — 4.21 (m, 1H),
3.61 (s, 3H), 3.09 (dd, 1H), 2.82 - 2.70 (m, 3H), 2.16 ~ 1.96 (m, 2H).

Step E

To a solution of the compound from step 4 (160 mg, 0.57 mmof) in THF (5 mL) was added NaH
(122 mg, 5.0 mmol). The suspension was stirred for 10 min at room temperature. Then the
methyl iodide solution (400 mg, 2.83mmol) was added and the reaction mixture was stirred for
4h. Then, the reaction mixture was quenched carefully with water and exiracted with ethyi

acetate (150 mb). The organic phase was washed with brine and dried over Na,30,. The
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solvent was removed and purified on a silica gel column (acetate/n-heptane 10%-40%) to give
the title compound (120 mg, 71.8%).

TH-NMR (400 MHz, CDCl;): 8 = 7.40 (d, TH), 7.32 (d, 1H), 7.18 (dd, 1H), 3.84 - 3.71 (m, 1H),
3.60 (s, 3H), 3.48 (s, 3H), 3.08 (dd, 1H), 2.87 (df, 1H), 2.74-2.70 (m 2H), 2.20 -~ 2.03 (m, 2H).

Preparative Example 37
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regioisomer A regicisomer B

Step A

o a solution of the title compound (5g, 31.6 mmol) in THF (100 mL) was added NaH (1.2g, 50
mmol). The suspension was stirred for 10 min at room temperature. The methy! iodide solution
(5.5g, 39 mmol) was added slowly and the reaction mixture was stirred for 3h. Then, the
reaction mix{ure was quenched with water carefully, and the reaction mixiure was concentrated.

The residue was dissolved in EtCAC (200 mbL) and washed with water and brine and dried over

silica ge! column using a Biotage itsolera One punﬁcat;@n sysiem empioy;ng an EtOAc/n-
0/50) to afford the title compound (4.3g, 80%).

"H-NMR (400 MHz, CDCl,) 8: 3.95 (s, 3H), 3.35-3.29 (m, 5H), 1.87-1.80 (m, 4H), 1.75-1.68 (m

2H), 1.60-1.52 (mm, 2H).

heptane gradient (15/85 -> &

Step B
To a solution of the title compound (6.4g, 37.2mmal) in THF: HyO (1:1; 50mL) was added p-

toluene sulfonic acid (640mg, 3.86mmol). The reaction mixture was heated at 100 °C overnight.
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The reaction mixture was extracted with ethyl acetate ( 200 mL). The organic phase was
washed with water, brine and dried over Na,SQO, The solvent was removed under reduced
pressure and the residue was purified on a silica gel column using a Biotage Isolera One
purification system employing an EtOAc/n-heptane gradient (20/80 -> 50/50) to afford the fitle
compound {4.2g, 89%).

TH-NMR (400 MHz, CDCls) 8: 3.64-3.62 (m, 1H), 3.42 (s, 3H), 2.62-2.54 (m, 2H), 2.31-2.26 (m,
2H), 2.14-2.06 (m, 2H), 1.99-1.92 {m, ZH).

Step C

To a solution of 4-methoxycyclohexanone (1.4g, 10.8mmol) from step B was added (3-
bromophenyl)hydrazine hydrochioride (2.4g, 10.8mmol) in ethanol (50 mL). Then the reaction
mixture was stirred at room lemperature for 4h. Then the solvent was rernoved under reduced
pressure 1o give the title compound (3.1g, guantitative). The product was used in the next step

without any purification.

Step D

A solution of the title compound from step D (3.1g, 104 mmol) in diethyleneglycol (12 mL) was
sealed in microwavable glass tube (20 mL). Then, the reaction mixiure was heated at 250 C
using a microwave for 50 min. The reaction mixiure was dissolved in ethyl acetate (250 mt.)
and washed with water and brine. The organic phase was dried over Na,80, and the solvent
was removed under reduced pressure, and the orude product was purified on a silica gel
column using a Biotage [solera One purification system employing an E1OAc/n-heptane gradient

(20/80 -» 30/70) to afforded a mixture of two regioisomers (1.6g, 53%).

Step E

To a solution of the title compound from above step D (1.4g, 4.99mmol) in THF (30 mL) was
added di-tert-butyl dicarbonate (1.3g, 5.Smmol) and a calalytic amount of dimethylamino
pyridine (5 mg). Then, the reaction mixture was stirred for 1h. The solvent was removed, the
crude product was purified on a silica gel column using a Biotage Isolera One purification
system employing an EICAc/n-heptane gradient {5/95 -> 25/75) to afford the two regicisomers.
The fast eluting compound was regioisomer A (T00mg,37%), and the slow eluting compound

- 4 . s 4 o
was regiomer B {1.1g 58%).
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Regioisomer A: tert-butyl 5-bromo-3-methoxy-3,4-dihydro-1H-carbazole-8(2H}-carboxylate:
H-NMR (400 MHz, CDCI3)8: 8.15 (d,1H), 7.34 (d, 1H), 7.06 (1, 1H), 3.77-3.71 {m, 1H), 3.48 (s,
3H), 3.47-3.42 (m, 1H), 3.18-3.11 (m, 2H), 3.05-2.97 (m, 1H), 2.10-1.85 (m, 21), 1.67 (s, 9H).

Reagioisomer B: tert-buty! 7-bromo-3-methoxy-3,4-dihydro-1H-carbazole-8(2H)-carboxylate:
H-NMR (400 MHz, CDCl3) & = 8.35 (d,1H), 7.34 (dd,1H), 7.23 (d,1H), 3.78-3.73 (m, 1H), 3.47
{8, 3HY, 318342 (m, 1H) 3.00-2.95 (m, 2H), 2.69-2.83 (m, 1H), 2.15-2.098 (m,1H), 2.05-1.98 {m,
1H) 1.68 (s, 9H).

Prenarative Example 38
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Siep A

A solution of the title compound (11g, 70mmol) in THFHO (100 mi., 1:1) was heated at 110 °C
overnight. The reaction mixture was extracted with ethyl acetate (250mL). The organic phase
was washed with water and brine and dried over Na,S0,. The solveni was removed under

reduced pressure 10 give the title compound (5.2g, 65%).
Slep B

Ta a solution of 2-bromo-6-(1-methythydrazinyl)pyridine (5.2g, 25.7 mmol) in THF (50 ml.) was

added 4-hydroxycyciohexanone (3.1¢g, 27.1 mmol). The reaction mixture was stirred for 1h, The
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solvent was removed under reduced pressure to give an oily cormpound (7.6g, quantitative). The

compound was used in the next step without any purification.

Step ©

A solution of the title compound from step B (7.65g, 25.7 mmol} in diethylensgiycol (45 mL) was
sealed in microwavable glass tubes (20 mL). The reaction fubes were heated at 250 'C using a
microwave for 55min. The reaction was performed in 3 baiches. The combined reaction mixture
was collected and was dissolved in ethyl acetate (250 mlL) and washed with water and brine.
The organic phase was dried over Na,S0, and the solveni was removed under reduced
pressure o give crude product, which was purified on a silica gel column (ethyl acetate/n-

heptane 20%-40%) to give the titte compound (3.6, 50%).
"H- NMR (400 MHz, CDCI3) 8 7.58 (d, J = 8.0 Hz, 1H), 7.16 (d, J = 8.0 Hz, 1H), 4.29-4.28 (m,

1H), 3.69 {s, 3H), 3.08 (dd, J = 15.4, 4.2 Hz, 1H), 2.93-2.85 (m, 1H), 2.80-2.86 (m, 2H), 2.17 —
1.99 (m, 3H).

Freparative Examole 39

— Ts-CHPyridine —
. » /
OH F OTs
Sisp A Step A

§

To a solution of 2-luoroethanc! (0.32 mL, 5mmol) in pyridine and toluene (5 mL, 1:1) mixture
was added p-tolunesulfony! chloride at 0°C. The reaction mixture was stirred overnight. The
reaction mixture was dissclived in EtOAc (150 ml) and washed with water and brine and dried
over Ma,50,. The solvent was removed under reduced pressure, and the crude product was
purified on a silica gel column using Biotage Isclera One purification system employing

EtOAc/n-heptane (5/95=>30/70) to give the title compound as a colorless liquid (1.54q, 67%).

1 NMR (400 MHz, CDCL) 5= 7.85 (m, 2H), 7.40 (m, 2H), 4.65 (m, 1H), 4.55 (m, 1H), 4.35 (m,
1H), 4.25 (m, 1H), 2.48 (s, 3H).
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Freoarative Examnle 40

O /TN
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NTH Step B /
Step A
5 To a solution of the fifle compound from preparative example 38 step C (150 mg, 0.53 mmol) in

THF (16 mb) was added Nak (25 mg, 1.06 mmol) and the suspension was stirred for 5min.
Then, the solution of the compound {116mg, 0.53 mmol) from step A was added. The reaction
mixture was heated ai 100 °C for overnight. The reaction mixture was dissoived in EtOAc (100
mi), and washed with water and brine and dried over NayS0,. The product was purified on a

10 silica gel column using Biotage Isolera One purification system employing an EtOAc/n-heptane
gradient (10/20 => 20/80) to afford the fitle comnpound (78 mg, 45%).

"H NMR (400 MMz, CDCls) 8 7.57 (d, 1H), 7.15 (d, 1H), 4.72 ~ 481 (m, 1H), 4.67 (t, 1H), 4.55 {t,

TH), 3.87 = 3.91 {m, 1H), 3.90 (, 1H), 3.83 (t, H) 3.71 (s, 3H), 3.07 (dd, 1H), 2.83-2.88 (m, 1H),
15 2.80-272(m, 2H), 2.22 - 2.20 {m, 1), 2.14-2.05 (m, 1),

Freparative Example 41
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Step A

To a solution of the title compound (5.6g, 35.4 mmol} in Z-icdopropane (28 mlL) was added
Ag,Q (16g, 69.2 mmol) and the reaction mixiure was stivred for 4 days. Then the reaction
mixiure was diluted with diethyl ether and filtered off and the filirate was concenirated under
reduced pressure and the crude product was purified on a silica gsel column using Biotage
Isolera Cne purification system employing an EtOAc/n-heptane gradient (5/95 => 20/80) fo

afford the tfitle compound (2.6g, 57% based on starting material recovery).

1 NMR (400 MHz, CDCL) 5 3.95 (s, 4H), 3.80 — 3.50 (m, 1H), 3.48 (s, 1H), 1.81 (d, 4H), 1.76 —
1.61 (m, 3H), 1.56 (d, 2H), 1.15 (d,6H).

Step B

To a solution of the title compound from step A (3g, 15.0 mmol) in THF: H,O (20 mi., 1:1) was
added p-tolune sulforic acid (0.5g, 3 mmol) and the reaction mixture was heated at 100 °C
overnight. The reaction mixiure was exiracted with EtOAc (200 ml.). The organic phase was
washed with water and brine and dried over Na,80,. The solvent was removed and the crude
product was purified on a silica gel column using Biotage Isolera One purification system
employing an EtOAc/n-heptane gradient (20/80 => 50/50) to afford the title compound (2.1g,
91%).

TH-NMR (400 MHz, CDCL) 8 3.78 {d, 1H), 2.61 (s, 1H), 2.29 (s, 1H), 2.18 — 1.80 (m, 2H), 1.35 —
1.07 (m, 4H).

Step C

To a solution of commercially available 2-bromo-6-(1-methythydrazinyl)pyridine (620, 3.08
mmot) in THF (6 mbL) was added ketone derivative from step B (0.62g, 3.06 mmot). The reaction
mixture was stirred for 2h at room temperature. The solvent was removed o give the title
compound as an oily material {(1g, quantitative). The product was used in the next step without

any further purification
Step D

A solution of the titfle compound from step C (1g, 3.9 mmal) in diethyleneglycol {12 ml) was

sealed in a microwavable glass tube (20 mi). Then, the reaction mixture was heated at 245 C
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using a microwave for 50 min. The reaction mixture was dissolved in ethyl acetate (250 ml)

and washed with water and brine. The organic phase was dried over Na,SQ, and the solvent

was removed under reduced pressure, and the crude product was purified on a silica gel

column using Biotage lIsolera One purification system by employing an EIOAc/n-heptane
5 gradient (10/90 => 50/50) to afford the title compound {258mg, 26%).

TH-NMR (400 Mz, CDCly) 5 7.57 {d, 1H), 7.14 (d, 1H), 3.99 - 3.79 (m, 2M), 3.71 (s, 3H), 3.11 —
2.98 (m, 1H), 2.90 (dt, 1H), 2.79 = 2.72 (m, 1H), 2.69 ~ 2.62 (m,1H), 2.20 - 2.11 (rn,1H), 2.08 ~
1.93 (m,1H), 1.23 (d,3H), 1.22 (d,3H).

10
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tep A
To a solution of commercially available 3-bromopheny! hydrazine (2.74g, 12.2 mmol) in ethanol
(100 mi) was added ketone derivative (3g, 12.2 mmol) in ethanol (50 mL). The reaction mixture
was stirred for 5h at room temperature. The solvent was removed 1o give the titte compound as

a solid (5g, quantitative). The product was used in the next step without any purification.

Step B

A solution of the tifle compound from step A (8g, 12.1 mmol) in diethyleneglycol (12 mlL) was
sealed in microwavable glass tube (20 mL). Then, the reaction mixture was heated at 245 C
using microwaves for 50 min. The reaction was performed in 3 batches. The combined reaction
mixture was dissoived in ethyl acelate (250 mlb.) and washed with water and brine. The organic
phase was dried over Na,30, and the solvent was removed under reducsd pressure, and the
crude product was purified on a silica gel column using Biotage Isolera One purification system
empioying an EtOAc/n-heptane gradient (10/90 => 55/45) {o afford the title compounds as two

regioisomers (3.39, 70%).

Regioisomer A {1.9g) (2-(7-bromo-2,3,4,9-tetrahydro-1H-carbazol-3-yilisoindoline-1,3-dione)
"M NMR (400 MHz, CDCls) 8 7.89 (m, 2H), 7.82 — 7.65 (1, 2M), 7.46 (s, 1H), 7.2-7.26 (m, 1H),
7.19(d, TH), 4.71-4.66 (m, 1), 3.52-346 (m, 1H), 3.00 — 2.91 (m, 4H), 2.11 — 2.07 {m, 1H).

Regioisomer B (1.4q) (2-(5-bramo-2,3,4,9-tetrahydro-1H-carbazol-3-yl)iscindoline-1,3-dione)
"M NMR (400 MHz, CDCly) 8 7.82 (dd, 2H), 7.70 (dd, 2H), 7.18 (d,1H), 7.10 (d, 1H), 6.86 (1, 1H),
487 (m, 1H), 3.63 = 3.57 {m, 1H), 3.53 - 3.25 {m, 1H), 3.08 — 2.65 {m, 3H), 1.99 (d, 1H}.

Step C

To a stirred selution of compound regioisomer A from above step B (980 mg, 2,48 mmol) in THF
(25 ml) was added NHNH, (2mL). The reaction mixture was stirred for 2 days. The solid was
filtered off. The filtrate was concentrated under reduced pressure, and the crude product was
dissolved in DCM (200mL.). The organic phase was washed with water and brine and dried over
Na,S0,. The solvent was removed under requced pressure, the crude product was used in the

next step without any further purification.

o
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Step D

To the crude product from the above step (1.1 g) in THF (25 ml) was added (Boc),O (4.5g, 20.6
mmol) and triethylamine (2.5 mbL). The reaction mixture was stired at room ternperature
overnight. The solvent was removed and the crude product was purified on a silica gel column
using Biotage Isolera One purification system employing an EtOAc/n-heplane gradient (20/80
=> 50/50) to afford fast eluting compound as di-Boc-(650 mg) and slow eluting compound as

mono-Bac-(830 myq) protected compound.

Di-Boe:{ 650 mg)

tert-butyl 7-bromo-3-(tert-butoxycarbonylamine)-3 4-dihydro-1H-carbazole-8(2H}-carboxylate

"1 NMIR (400 MHz, CDCly) 8 8.35 (d, 1H), 7.35 (dd, 1H), 7.23 (d,1H), 4.68 (s, 1H), 4.10 (s, 1H),
.09 — 3.01 (m,3H), 2.53 (dd, 1H), 2.13 — 2.00 (m, 1H), 2.03 — 1.75 (m, 1H), 1.69 (s, 9H), 1.48
(s, 9H).

Mono-Boc: (830 mg)

tert-butyl 7-bromo-2,3,4,S-tetrahydro-1H-carbazol-3-ylcarbamate

TH NMR (400 MHz, CDCly) 5 7.45 (d,1H), 7.30 (d, 3H), 7.20 (dd, 1H), 4.70 (s, 1H), 4.12 (s, 1H),
3.08 (dd, 1H), 2.85-2.81 m, 3H), 2.57 (dd, 2H), 2.15 = 2.12 (m, 1H), 2.01-1.93 (m, 1H), 1.48 (s,
9H).

Step E

A solution of di-Boc protected compound from the above step (630 mg, 1.35 mmal) in DMA (5
ml) was cooled to ice bath temperature and NaM (65 mg, 2.7 mmol) was added portionswise.
The suspension was stirred at room temperature for 5 min and methy! jodide sclution (380 mg,
2.7 mmol) was added. The reaction mixture was stirred at room temperature for 2h. The
reaction mixture was dissolved in dichloromethane (250 mL) and washed with water and brine
and dried over Na,S0,. The solvent was removed and the crude product was purified on a silica
gel column using Biotage Isolera One purification system employing an EtOAcd/n-heptane
gradient (20/80 => 50/50) fo afford the title compound (435 mg, 67%).

"H-NMR (400 MHz, CDCly) & 8.34 (s, 1H), 7.35 (d, 1H), 7.23 (d, 1H), 4.50 (m, 1H), 3.28-3.24
(m, 1H), 3.08-3.0 (m, 1H), 2.87 (s, 3H), 2.75 (m , 2H), 1.98 (dd, 3H), 1.68 (s, 9H), 1.50 (s, 9H).
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Preparative Example 43

Bog ‘ Bog,
[

Mel/DMA/MaH

&
Foio g

Step A Q \>'
Step A

To a solution of monoprotected compound from preparative example 41 step D (750 mg, 2.05

mmmot) in DMA (6 ml.) was added NaH (65 mg, 2.7 mmol) portionswise. The suspension was
stirred at room temperature for 5 min and methy! iodide solution (380 mg, 2.7 mmol) was added.
The reaction mixture was stirred at room temperature for 1h. The reaction mixture was
dissoived in dichloromethane (150 mb} and washed with water and brine and dried over
Nap,50,4. The solvent was removed and the crude product was purified on a silica gel column
using Biotage Isolera One purification system employing an EtOAc/n-heptane gradient (20/80

=> 50/50) to afford the fitle compound (455mg, 56%).

H NMR (400 MHz, CDCly) & = 7.40 (d, TH), 7.31 (d, 1H), 7.18 (d, 1H), 4.50-4.33 (m, 1H), 3.59
(s, 3H), 2.88-2.74 (m, 7TH), 2.08 (brs, 2H), 1.50 (s, 9H).
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Preparative Example 44

0 RBr \
, 10 Br S i
T o U R S
step A N e Stop B L, @
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Step € diethylenegiycol
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A .
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Step A

5  To a solution of 2 5-dibromopyridine (15g, 64 mmol) was added NH,NH, H,O (20 mL). The
reaction mixture was refluxed for 2 days. The solvent was removed under reduced pressure,
and the crude product was dissoived in DCM (200 mL) and washed with water and brine and
dried over Na,S0O,. The solvent was removed and the crude product was purified on a silica gel
column using Biotage Isolera One purification system employing an EtOAc/n-heptane gradient

10 (20/80 => 50/50) o afford the title compound (5.1g, 59% based on starting material recovery).
'H NMR (400 MHz, CDCly) 8 8.16 (s, 1H), 7.56 (d,1H), 6.69 (d,1H), 6.04 (brs, 1H), 3.7 (brs, 2H).

Step B
15 To a solution of the title compound from above step A {1.5g, 6.7 mmol) in ethanot (100 mL) was
added ketons derivative (1.6g, 6.7 mmol) in ethanol (50 mL). The reaction mixture was stirred

LA GO A

for Bh at room temnerature. The solvent was removed to (“El\l he title compound as a solid /’% 1,
1Of piemp O 10 e e CoOmp a

quantitative). The product was used in the next step without any purification.
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Step C

A solution of the fitle compound from above step B (3.7g, 8.9 mmol) in diethyleneglycol (12 mL)
was sealed in a microwavable glass tube (20 mL). Then, the reaction mixture was heated at 245
‘C using a microwave for 50 min. The reaction was performed in 3 batches. The combined
reaction mixture was dissolved in ethy} acetate (250 mL) and washed with water and brine. The
organic phase was dried over Na,S0, and the solvent was removed under reduced pressure,
and the crude product was purified on a silica gel column using Biotage Isolera One purification
system employing an EtOAc/n-heptane gradient (20/80 => 70/30) fo afford the title compounds
as two regioisomers (1g, 28.5%). The product was used in the next step without any

characterization.

Step D

To a stirred solution of compound from above step C (1.2 mg, 3.0 mmol) in THF (50 mL) was
added NHNH, (5 mb). The reaction mixture was stirred for 2 days. The solid was filtered off.
The filtrate was concentrated under reduced pressure, and the crude product was dissolved in
DCM (200mL). The organic phase was washed with water and brine and dried over Na,SO,.
The solvent was removed under reduced pressure, the crude product (890mg) was used in the

next step without any further purification.

Step E

To the crude product from above step D (0.89g) in THF (20 mL) was added (Boc),G (2g, 9.1
mmol} and triethylamine (5 ml). The reaction mixiure was stirred at room temperature
overnight. The solvent was removed and the crude product was purified on a silica gel column
using Blotage Isolera One purification system employing an EtOCAc/n-heptane gradient (20/80

=> §0/40) to afford the tifle compound (0.77¢, 24% overall yield from 3 sleps).

TH NMR (400 MHz, CDCL) 8 11.50 (s, 1H), 8.12 (d 1H), 7.98 (d 1H), 7.01 (d, 1H), 3.78 ~ 3.69
(m, 1H), 3.32 (s, 3H), 2.91-2.86 (m, 1H), 2.77-2.70 (m, 2H), 2.47-2.41 (m, 1H), 2.01 — 1.97 (m,
1H), 1.79 = 1.69 (m, 1H), 1.41 (s, 9H).

Step F
To a seolution of Boc-protected compound from above step E (700 mg, 1.9 mmmol) in DMA (10

mi) was added NaH (180 mg, 7.5 mmol) portionswise. The suspension was stirred at room

temperature for 10 min and methyl iodide solution (1.2g, 8 mmol) was added. The reaction
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mixture was stirred at room temperature for 2h. The reaction mixture was dissolved in ethyl
acetate (250 ml.) and washed with water and brine and dried over Na,SO,. The solvent was
removed and the crude product was purified on a silica gel column using Bictage Isolera One
purification system employing an EtOAc/n-heptane gradient (25/75 => 80/20) to afford the title
compound {(435mg, 67%).

"H NMR (400 MHz, DMSO) 6 8.20 (d, 1H), 8.06 (d, 1H), 4.26 (m, 1H), 3.65 (s, 3H), 3.00-2.88
(m, 2H), 2.79 (s, 3H), 2.73-2.70 (m, 2H), 2.04 -1.99 (m, 2H), 1.42 (s, 9H).

Praparative Example 45

Va
&
f\I/\g; ,}‘ E%;k/ \/Q\ WE@, / i \ -
Br NN Step A Br NN

Step A

To a sciution of the title compound (0.25g, 0.88 mmol} in DMA (5 mL) was added NaH (60 mg,
2.5 mmal) and the suspension was stirred for 5 min. Then, the solution of 1-bromo-2-
methoxyethane (245 mg, 1.77 mmol) was added. The reaction mixture was stirred for 3h at
50 °C on a sand bath. The reaction mixture was dissolved in EtOAc (150 mL), and washed with
water and brine and dried over Na,SC,. The product was purified on a silica gel column using
Biotage Isolera One purification system by emploving an EtOAc/n-heptane gradient (20/80 =>
80/20) to afford the title compound (0.255g, 85%).

H NMR (400 MHz, CDCly) § 7.56 (d,1H), 7.14 (d,1H), 3.91 — 3.85 (m, 1H), 3.77 — 3.74 (m, 2H),

3.70 (s, 3H), 3.59 (t, 2H), 3.42 (s, 3H), 3.07 (dd,1H), 2.93-2.86 (m, 1H), 2.78 — 2.69 (m, 2H),
2.24 —2.21 (m, 1H), 2.10 — 2.01 (m, 1H).
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Froparative Example 486

2
Mp-Boc 0 NBoc 3 M-Roc
- T\ g _
— Br \/ _ _
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B SN N NaH/DIIAIG0°C ‘N S /\ﬁl
HBoc Sten A o
’ H-Boc derivative Mono-Boc derivative
|
!
Step B g Matt/DViA
SN
— {3 {\H&oc
-
A .
g T M
¥
Step A

To a solution of the title compound from preparative example 28 step G (400 mg, 0.858 mmol)
in DMA (5 ml) was added NaH (31 mg, 1.29 mmol). The suspension was stirred for 5 min at
room temperature and 1-bromo-Z-methoxyethane {120 mg, 0.869 mmol) was added. The
reaction mixture was heated at 50 °C overnight.  The reaction mixture was cooled, and
dissolved in ethyl acetate (150 mlL) and washed with water and brine and dried over Na,30,.
The solvent was removed under reduced pressure and the crude product was purified on a
sifica gel column using Biotage Isolera One purification system employing an EtOAc/n-heptane

gradient (1/99 => 20/80) to afford the title compound (150 mg, 41%).

H-NMR (400 MHz, CDCly) 8 7.50 (d, 1H), 7.10 (d, 1H), 4.69 (d, 1H), 4.38 ~ 4.14 (m, 2H), 4.04
(s, 1H), 3.65 (1, 2H), 3.24 (s, 3H), 3.01 (dd, 1H), 2.85-2.82 {m,1H), 2.50 (dd,1H), 2.19 — 2.06 (m,
1H), 1.95-1.86 (m, 1H), 1.42 (s, OH)

Step B

To a solution of mono-Boe derivative from the above step (80 mg, 0.188 mmal) in DMA (2 mL)
was added NaH (7 mg, 0.28 mmol). To this suspension methyl iodide (39 mg, 0.28 mmol) was
added. The reaction mixture was stirred for Zh. Then the reaction mixiure was dissolved in ethyi
acetate (150 mL) and washed with water and brine and dried over Na,50,. The solvent was
removed and the crude product was purified on a silica gel column using Biotage solera One

purification system employing an EtOAc/n-heptane gradient (10/90 => 60/40) to afford the title
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compound (70 mg, 85%).

H-NMR (400 MHz, CDCls) 8 7.53 (d 1H), 7.13 (d 1H), 4.49-4.24 (m,4H), 3.70- 3.67(m, 2H),
3.27 (s, 3H), 3.27 - 2.70 (m, 6H), 2.04-2.03 (m, 2H), 1.48 (s, 9H).

Preparative Exampls 47

r“G O t a I: ¥
///\IL CF {COOER, LDA, l(/“ \(\” Hy, PO, S /\2“ sGCl, CF,
L . ) - = i - N — =t 2 A
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Step B

Step A

To a solution of LDA solution 1.8 M (33.0 mL, §9.3 mmel) in tetrahydrofuran {150 mL) at -75°C
was added commercially available 2-fluorepyridine (4.25 mL, 49.4 mmol). The mixiure was
stirred for 4 h at this temperature. To the resuiling suspension, ethyl trifluoroacetate (7.08 mi,
58.3 mmol) was added, during which the internal ternperature should not rise above -45 °C. The
reaction mixture was warmed to room temperature. Nitromethane (5.31 mb, 99 mmol} was
added and the reaction mixture was stirred at room temperature overnight. The slurry was
dituted with ethyl acetate (100 ml) and 50 mL of 1.2 M HCI. The organic layer was separated,
dried over Na&,30,, fitered and concentraled to dryness. The residue was suspended in
dichioromethane and filtered to afford the title compound as white crystals (6.14 g). The mother
liguor was concentrated to dryness and purified by flash chromatography in ethyl acetate/n-
heptane (20/80 to 35/65) yielding additional material (4.45 g). The overall yield was 10.58 g (84

%).
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The title compound from step A above (4.45 g, 17.51 mmol) was dissolved in ethanol (50 mL)
and stirred under hydrogen (0.141 g, 70.0 mmol) with platinum(iV) oxide hydrate (0.388 g, 1.751
mmol). After the consumption of the theoretical amount of hydrogen, the solution was filtered,
and the filtrate was refluxed overnight. Subsequently, the solvent was removed under reduced
pressure. The title cornpound was obtained after chromatographic purification using a gradient

of dichioromethane/methanol (98/2 to 9/1) to afford the title compound (1.2 g, 34 %).

MS (ES1); miz = 204.86 (MH")

To a solution of the title compound from Step B above (1.2 g, 5.88 mmol) in tetrahydrofuran (15
mbL) and pyridine (0.951 mb, 11.76 mmol) was added thionyi chloride (0.858 mL, 11.76 mmol) at
0 °C. The resuiting mixture was stirred at room temperature for 24 h. The reaction mixture was
poured into ice water. The mixiure was neutralized (pH 8) with a salurated solution of sodium
carbonate. The aqueous layer was extfracted with dichloromethane. The organic layers were
collected, dried over Na,S0,, filtered and concentrated to dryness. The residual pyridine was
removed by addition of toluene and conceniration to dryness 3 fimes to afford the tille

compound as a brown solid (1.13 g, 100 %).

MS (ESI); m/z = 186.88 (MH")

Step D
To a sclution of 3-chloroperbenzoic acid (1.571 g, 8.11 mmol) in tetrahydrofuran (50 ml) was
added at 0° C the fitle compound from Step C above (1.130 g, .07 mmol) in portions. The
resulling solution was stired at room temperature for 4 h. The reaction mixture was
cancenirated to dryness. The crude product was triturated in diethyl ether and then filtered (this
was repeated several times). The mother liquor was concentrated to dryness and purified by

flash chromatography using dichlaromethane/methanol to afford the fitle compound (1.37 g, 67

%).
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MS (ESI) m/z = 202.84 (MH")
Step k£

To a solution of the fitle compound from Step D above (0.513 g, 1.430 mmol) in dry foluene (30
ml) was added at the same time a solution of hexamethyldisilazane (0.6 mL, 2.86 mmol) in
toluene and a solution of benzoyl bromide (0.421 mL, 3.58 mmol) in toluene. The resulting
mixture was stired at room temperature for 3 h. The reaction mixiure was concentrated 1o
dryness, The residue was purified by flash chromatography using ethyl acetate/n-heptane
(15785 to 35/65) to afford the title compound as a white solid (0.190 g, 36 %).

Step F

To a solution of the fitle compound from Step E above {0.19 g, 0.515 mmol) in methanol (10 mi)
was added a 1 M aqueous solution of sodium hydroxide (1.544 ml., 1.544 mmol). The resulling
solution was stirred at room temperature for 10 h. The methano! was then removed under
reduced pressure. The residue was dissolved in ethyl acetate and saturated sodium
bicarbonate. The organic layer was separated, dried over Na,SO, and concentraled to dryness

to afford the title compound as a white solid (0.122 g, 89 %).
Step &

To a solution of the title compound from Step F above (0.122 g, 0.460 mmol) in dry
tetrahydrofuran (10 mi) was added at 0 °C sodium hydride 60% (0.019 g, 0.483 mmol) in
portions. The reaction mixture was stirred at rcom temperature for 20 minutes and then
triisopropylsilyt chloride (0.099 mL, 0.460 mmol) was added. The resulting mixture was stirred at
room temperature for 2 h. The reaction mixture was concenirated to dryness. The residue was
dituted with ethyl acetate. An extraction was performed with saturated bicarbonate and brine.
The organic layers were collected, dried over Na,SO, filtered and concentrated fo dryness. The
crude product was purified by flash chromatography using ethyl acetate/n-heptane (15/85 to
40/60) to afford the title compound as a white solid {0.188 g, 99 %).

"H NMR (400 MHz, CDCL): & =1.12 (d, 18H); 1.82 (h, 3H); 3.91 (s, 3H); 7.31 (d, 1H); 7.94 (s,
1H); 8.21 (d, 1H) ‘
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*C NMR Dept135 (400 MHz, CDCL): 8= 11.89; 17.99; 51.31; 121.62; 131.43; 137.75

Preparaiive Exampis 48

N/ CHLL B N
Boc Boc
Step A
Step A

[y E OH
L)Q _HF, pyridmﬁ_ ,)€ Tos-Cl

o

g M

0

Boc

A mixture of 0.6 mL of a ~70 % solution of hydrogen fluoride in pyridine and dichloromethane

(10 mL) was cooled to -10°C, and a solution of commercially available epoxide (2 g, 9.38 mimol)

in dichloromethane (10 mbL) was added dropwise. Then the mixture was stirred at room

temperature for 4h, diluted with dichloromethane and washed with a saturated aqueous solution

of sodium carbonate. The organic phase was

separated, dried over Na,30,, fitered and the

solvents were remmoved {o give a residue which was purified by chromatography on silica using

an ethyl acetate/n-heptane gradient (20/80 -» 50/50) to afford the title compound as a yellow oil

(1.44 g, 66 %).

"H-NMR (400 MHz, CDCls): § = 1.44 (s, 9H), 1.47-1.63 (m, 2H), 1.85 (m, 2H), 3.08 (m, 2H), 3.56

(s, 1H), 3.61 (s, 1H), 3.92 (brs, 2H).

MS (ESI): miz = 233.98 (MH")

puEY
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Step B

The title compound from Step A above (1.44 g, 6.17 mmol) was dissolved in pyridine (6 mL) and
the solution was cooled to 0°C. p-Toluenesulfonyl chioride (1.29 g, 6.79 mmol) was added and
the mixture was stirred at room temperature for 4 h. The reaction mixture was diluted with
dichloromethane (250 mL) and washed with water (50 mL). The organic phase was dried over
Na,S0y, filtered and the solvent was removed. The residue was purified using a Biotage flash
chromatography system (ethyl acetaie/n-heptane: 20/80 -> 50/50) to afford the fifle compound

as a yellow oif (2.2 g, 92 %).

H-NMR (400 MHz, CDCL): § = 1.47 (s, OH), 1.49-1.63 (m, 4H), 1.80 (m, 2H), 2.46 (s, 3H), 3.03
(m, 2H), 3.96 (brs, 2H), 7.36 (d, 2H), 7.79 (d, 2H).

Step C

The title compound from Step B above (2.2 g, 568 mmol) was dissolved in NN~
dimethylformamide {22 mL). Potassium phthalimide (1.052 g, 5.68 mmol) was added and the
rixture was heated at 150°C for 12 h. After cooling to room temperature, water (100 ml) was
added and the mixture was extracted with ethvl acetate (3 x 250 mL). The organic phase was
dried over Nay,50,, filtered and the solvent was removed to afford the title compound as a white

solid (2.45 g) which was directly used for the next step.
MS (ESI); miz = 362.9 (MH")

Step D

The title compound from Step C above (2.45 g) was suspended in ethanolamine (6 mL). The
mixture was heated at 60°C for 2.5 h. After codling to room temperature, water (50 mL) was
added and the mixiure was exiracted with ethyt acetate (3 x 250 ml.). The organic phase was
dried over Na,SQ,, filtered and the solvent was removed. The residue was purified using a
Biotage flash chromatography system {methanol/dichloromethane: 20/80 -> 50/50) to afford the

title compound as a yellow oft {0.87 g, 46 % for 3 steps).

164



WO 2011/128455 POT/EP201L/056068

TH-NMR (400 MHz, CDCls): § = 1.44 (s, 9H), 1.56 (m, 4H), 1.84 (m, 2H), 3.06 (m, 2H), 3.94 (brs,
2H).
MS (ESI): miz = 177.04 (M-+-Bu+H"), 217.96 (M-Me+H"), 233.01 (M+H*)

5
Preparative Examoie 49
Boc Boc
—p N
f\,[r N\ 1. Mabi, T*Eib (/ 1 A\
N ,,/! S T )
Bro NN 2. CHy! gr” NN
Sten A
10 Step A
To a solution of the title compound from Preparative Example 14, Step D (1 g, 2.63 mmol) in dry
tetrahydrofuran (25 mi) was added af 0 °C sodium hydride (0.111 g, 2.8% mmol, 60 % in mineral
oil} in portions. The mixture was stirred at room temperature for 30 minutes, then methyl iodide
S

15 (0.481 ml, 7.89 mmol} was added. The solution was concentrated to dryness. The residue was
purified by flash chromatography in ethyl acetate/n-heptane (15 % to 40 %) to afford the title

compound as a white solid (0.98 g, 95 %).

MS ESI: 394.48/396.48 (M+H)

20
Freparative Example 50
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Step A

1,2-dimethoxyethane (3 mL) was added fo a mixture of the title compound from Preparative
Example 3 (0.021 g, 0.156 mmol), the title compound from Preparative Example 1, Step D
(0.050 g, 0.141 mmol), tris(dibenzylideneacetone)dipalladium chioroform complex (0.013 g,
0.014 mmol), 4.5-bis(diphenylphosphino)-9,9-dimethylxanthene (Xantphos, 0.008 g, 0.014
mmol) and cesium carbonate (0.09 g, 0.283 mmol). The reaction mixture was degassed for 3
minutes at room temperature under argon and subjected to sonication. The vial was then
warmed to 100 °C for 1 h. The reaction mixture was extracted with ethyl acetate and brine. The
organic layers were coliected, dried over Na,S0Qy, filtered and concentrated to dryness. The
residue was purified by flash chromatography using an ethyl acetate/n-hentane mixture to afford

the title compound as a white solid (0.07 g, 12 %).

MS ESI: 406.06 (M+H)

Praparative Example 51

Boc
r/N\ Boc Roc Boc
] [ [She M
Y 9 ) (
3 il i . ——
(/\\\ﬁ’\/?\i(}z _____ o ™ NO 1. MaH, THF A NO Ha, BA/C b
i - e . PR - .
e NaOGH, / \j'/\x/[ 2 P a Q-\l/i 2 S ~NH,
H MeOH NN NN HelH NN
H Biep B J Step C |
Step A fiPs g Ps

Step A

To a solution of commercially available 5-nitro-indole (3.4 g, 20.9 mmiol) and 1-Boc-4-piperidone
(6 g, 31.3 mmol) in methanol (50 mL) was added (28 %) sodium methoxide in methanol (10 mL)
and the reaction mixture was heated at 80 C for 2 d. The precipitated product was fitered off

and dried to afford the title compound as a yellow solid (5.1 g, 72 %)

"H-NMR (400 MHz, DMSO-dg): § = 1.42 (s, 9H), 3.2 (m, 2H), 3.56 (t, 2H), 4.0 (m, 2H), 6.17 (s,
1H), 7.54 (d, 1H), 7.69 (s, 1H), 8.00 (d, 1H), 8.69 (s, 1H)
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Step B

To a solution of the title compound from Step A above (4 g, 11.6 mmol} in tetrahydrofurane (150
mlL) was added sodium hydride (0.42 g, 17.4 mmol) in portions. The dark red colored
suspension was stirred at room temperature for 10 minutes. Then trilsopropylisilyl chioride (2.23
g, 11.6 mmot) was added and the reaction mixture was stirred at room temperature overnight.
The reaction mixture was quenched with water and the solvenis were removed. The residue
was suspended in ethyl acetate (200 mL) and the starling material was removed by filtration.
The filirate was concentrated and the residue was purified on a silica gel column (sthyl
acetate/n-heptane (20/80) -> (60/40)) to afford the title compound (2 g, 66 %).

"H-NMR (400 MHz, DMSO-de): 8= 1.14 (d, 18H), 1.51 (s, 9H), 1.67-1.71 (m, 3H), 3.69-3.75 (m,
4H), 417 (s, 2H), 6.18 (s, 1H), 7.30 (s, TH), 7.49 (d, 1H), 8.06 (d, 1H), 8.78 (s, TH)

Sten C

To a solution of the title compound from Step B above (2 g, 4 mmol) in ethyl acetate (150 mi)
was added 10 % Pd/C (0.5 g). The flask was evacuated and back filled with hydrogen gas.
Then, the reaction mixiure was stirred under hydrogen atmosphere overnight. The reaction
mixture was filtered off and dried to afford the crude product, which was purified by a sifica gel
column using ethyl acetate/n-heptane (20/80 -> 50/50} fo afford the title compound (1.31 g, 69

%3,
"H-NMR (400 MHz, CDCL): 8 = 1.14 (d, 18H), 1.51 (s, 9H), 1.61-1.69 (m, 5H), 2.02-2.05 (m,
1

2H), 2.89-2.91 (m, 3H), 4.23-4 24 (m, 2H), 6.68-6.70 (m, 1H), 6.92 (s, 1H), 8.95 (d, 1H), 7.30 (d,
1H)
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Preparative Example 52

0
OH
A
i MaH, THF 0 <’D
I’/\(\ B {3/1\\1:} - o \\/
i /I N D Step A [ )\ AN
Br M \ B N/ ‘N\
5 SlepA

To a solution of the title compound from preparafive example 33 step F (0.150 g, 0.534 mmol) in
dry tetrahydrofuran (Volume: 10 ml) was added sodium hydride 60% (0.022 g, 0.560 mmol}
portionwise. After 30min at room temperature d3-icdomethane (0.040 mi, 0.640 mmol) was
added dropwise. The resulting mixture was stirred at rcom temperature for 12h. The reaction
10 mixture was concentrated to dryness. The residue was purified by flash chromatography in ethyl
acetate/n-heptane 15% to 50% to afford the expected compound as a yellowish solid (0.95 g,
60%).

MS (ESI); miz = 298.65/300.68 (MH")

15
Preparative Example 53
BT\/ﬁ : FOOEL cooet
= EtOH N Mel, Natl, THF ~
[ oy & O~ e oo o Br. /‘ ! e ar.
K%ﬁ.r\m;ct Ucooev; St \f\/\yj o . \1(% 7
- ep A S ﬁ Step B RNy
1
20
tep A

To stirred ethanol (45 mL) was added ethyl carbethoxy-4-piperidane (8.81 ml, 58.4 mmot) and
4-bromophenythydrazine hydrochloride (13.06 g, 584 mmol). The resulting mixture was
warmed fo 140°C for 2h, then stirred af room temperature overnight. The slurry was filtered and
25 rinsed with EtCH/water 1.1. The cake was dried at 120°C for 1h to afford the title compound as
an off-white solid (12.75 g, 67 %).

MS (ESI); miz = 323.54/325.54 (MH")
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Step B

To a solution of the title compound from step A (2.5 g, 7.74 mmol) in tetrahydrofuran (75 mL)
was added sodium hydride 80% (0.311 g, 8.12 mmol) portionwise at 0°C. After 30 min at rcom
femperature, iodomethane (0.532 mi, 851 mmol) was added dropwise and the resulting
mixture was stirred at room temperature for 4 h. The reaction mixiure was concentraied to
dryness. The residue was purified by flash chromatography in ethyl acetate/n-heptane {15 to

35%) to afford the title compound as a white solid (2.52 g, 87 %).

MS (ESI); m/z = 337.66/339.61 (MH")

Preaparative Example 54

COOEt CODEL
1 f\/,\ SN £tOH N, BocsO. DCM N
L () T e G A e e
Ho HO Step A B NN Step B or Ly
H Roc
{ K,C04, MeOH
Step G
¥
¥
COOEL COOEt
fN Mel Nail, THF N
i \I/y) e i A /\3"’)
By /\N‘ Step D - Ay
Step A

To stirred ethanol (45 ml) was added ethyl carbethoxy-4-piperidone (4.41 ml, 29.2 mmol) and
3-bromophenylhydrazine hydrochloride (6.53 g, 29.2 mmol). The resuiting mixiure was warmed
o 140°C for 12 h, then stirred at room temperature overnight. The slurry was filtered and rinsed

with EtOH/water 1:1 to afford the title product as a mixture of 2 isomers (2.98 g, 32 %).

Step B

To a solution of the title compound from step A (2.978 g, 9.22 mmol) in dichloromethane (150
mi) was added DMAP (0.056 g, 0.461 mmol} and then Boc,0O (2.68 ml, 11.52 mmol). The
resulting solution was stirred at room temperature for 2 h. The reaction mixiure was
concentrated to dryness. The residue was purified by flash chromatography (2 x) using ethyl

acetate/n-heptane (10% to 20%) fo afford the title compound as a white solid (1.82 g, 47 %).
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H-NMR (400 MHz, CDCls): 8= 1.30 (t, J=8.0Hz, 3H); 1.66 (s, 9H): 3.08 (sl, 2H); 3.79 (sl, 2H);
4.20 (q, J=8.0Hz, 2H), 4.59 (s, 2H): 7.23 (d, J=8.0Hz, 1HY; 7.34 (dd, J1=1.6Hz, J2=8.0Hz, 1H);
8.36 (sl, 1H)

Step C

To a suspension of the title compound from Step B (1 g, 2.362 mmol) in methanol (25 ml.) was
added potassium carbonale (0.979 g, 7.09 mmol}, The resulting mixture was refluxed for 3 h.
The reaction mixture was concentrated to dryness. The residue was exiracted with ethyl acetate
and brine. The organic layers were collected, dried over Na,SO,, filtered and concentrated to
dryness. The crude product was purified by flash chromatography in ethyl acetate/n-heptane
mixture to afford the title compound as a white solid (0.746 g, 98 %).

MS (ESH); m/z = 323.60/325.61 (MH")

Step D

To a solution of the titte compound from Step C {0.7486 g, 2.308 mmol) in dry tetrahydrofuran (25
mi.) was added at 0°C sodium hydride 60 % (0.101 g, 2.424 mmol) portionwise. After 30 min
stirring at room temperature, iodomethane (0.166 mi, 2.65 mmol) was added dropwise. The
resulting mixture was stirred at room temperature for 4 h. The resulling mixiure was
concentrated o dryness and the crude product was buri’r’ied by flash chromatography in ethyl
acetate/n-heptane mixiure o afford the expected compound as a white solid (0.657 g, 84 %).
MS (ESI); m/z = 337.66/339.56 (MH™)
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Preparative Example 58

_
g
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1
\/03

S o E{OH s Mel, NaH, THF
=10 B tel, NaH,
\@N,an . Y\l N : NP {—}
“N
H

H o He ~ Step A P Step B
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Peracetic acid, EA

Step C

S0,
Br.
Y
NN
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Step A

To a mixture of (4-bromophenylhydrazine, HCl (1 g, 4.47 mmol) and dihydro-2H-thiopyran-
4(3H)-one (0.520 g, 4.47 mmol) was added absolute ethanol (Volume: 20 mi). The resulting
slurry was stirred at room temperature for 2h. The resulting slurry was concentrated to dryness
to lead to the corresponding hydrazone. The solid was partitioned in microwave vials and
suspended in ethanol (Volume: 15 mi). The resulting slurry was warmed by microwaves {o
125°C for 25min. The reaction mixture was dropped into water under vigorous stirring. The
resuliing beige suspension was filtered and then dried under air overnight. The crude product
was crystallized in ethanol. The remaining product in the mother liquor was recovered by flash
chromatography in DCM/MeOH 2% to 5%. It afforded the fitle compound as a white solid
(4.18g, 87%).

"H-NMR (400 MHz, CDCly): 6= 3.02 (s, 4H); 3.82 (s, 2H); 7.16 (d, J=8.4Hz, 1H); 7.24 (dd,
J1=1.6Hz, J2=8.4hz, 1H); 7.58 (d, J=2.0hz, 1H); 7.82 (s}, 1H)
PC-NMR (400 MHz, CDCly): 8= 22.53; 25.17; 25.57; 111.89; 120.28; 124.42

Step B

To a solution of the title compound from Step A (0.809 ¢, 3.02 mmol} in dry tetrahydrofuran
{Volume: 50 mi}) was added at 0°C sodium hydride 80% (0.139 g, 3.32 mmol). The resuliing
mixture was stirred at room temperature for 30min, then iodomethane (0.283 ml, 4.53 mmol)
was added. The resulting solution was stirred at room temperature for 12h. The mixture was
concentrated to dryness and the crude product was purified by flash chromatography in ethyi

acetate/n-heptane 10-30% to afford the title compound as a yellow solid (0.811g, 95%).
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Step C

To a solution of the title compound from Step B (0.5 g, 1.772 mmol) in ethyl acetale (Volume: 4
ml) was added peracetic acid (0.706 mi, 3.72 mmol) dropwise at 0°C. The light yeliow slurry was
stirred at room temperature for 4h. The reaction mixture was concentrated fo dryness. The
crude product was purified by flash chromatography in ethyl acetate/n-heptane 40% 1o 85% fo

afford the expected compound as a yellowish solid (0.320g, 57%).

TH-NMR (400 MHz, DMSO-d8): 6= 3.31 (1, J=6.4Hz, 2H); 3.52 (1, J=6.4Hz, 2H); 3.66 (s, 3H);
4.46 (s, 2H): 7.26 (dd, J1=2.0Hz, J2=8.8Hz, 1H); 7.43 (d, J=8.8hz, 1H); 7.68 (d, J=2.0Hz, 1H)

Preparative Examaple 58

i N Okr”\ E{OM /—"'5 Mel, NaH, THF -
e > %\%‘MHZ + ,\ & ‘|/\ —'\>_.) . ?\E N
Ho He - Step A T Step 8 80 A
2% H \
I3
|L Peracetic acid, EA
b
| Step C
¥
30,
D
: F
Br \
Step A

To a mixture of (3-bromophenylihydrazine, HCI (1 g, 4.47 mmol) and dihydro-ZH-thicpyran-
4(3H)-one (0.520 g, 447 mmol) was added absolute ethanol (Volume: 20 ml). The resulting
slurry was stirred at room femperature for 2h. The resulting siurry was concentrated to dryness
to lead to the corresponding hydrazone. The solid was partitioned in microwave vials and
suspended in sthanol (Volume: 15 mi). The resulting siurry was warmed by microwaves to
125°C for 25min. The mixiure was dropped into water under vigorous stirring. An exiraction in

DCM was performed with HCl 1M and water. The organic layers were collected, dried over

~t [ .

rude product was puriied by flash

o~ £1 o N T P ot L ey . B e P Py NP
NagSOm filtered and concenirated 1o d yhess. i

chromatography in DCM/MeCH 95:5 to afford the title compound as a beige solid (0.328 g,
27%).
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"H-NMR (400 MHz, CDCl): 5= 3.02 (s, 4H); 3.84 (s, 2H); 7.13-7.38 (m, 2H); 7.43 (s, 1H); 7.78
(st, TH)

Step B

To a solution of the title compound from Step A (0.298 g, 1.111 mmol) in dry tetrahydrofuran
{Volume: 20 ml) was added at 0°C sodium hydride 60% (0.0488 g, 1.187 mmol). The resulting
mixture was stirred at room temperature for 30min then iodomethane (0.076 mi, 1.222 mmol)
was added. The resulting solution was stirred at room ternperature for 12h. The mixture was
concentrated fo dryness and the crude product was purified by flash chromatography in ethyl

acetate/n-heptane 10-30% to afford the title compound as a white sofid (0.310 g, 99%).

Step &

To a solution of the title compound from Step B (0.3 g, 1.063 mmol) in ethyl acetate (Ratio:
1.000, Volume: 20 ml) was added a solution of peracetic acid {0.403 ml, 2.126 mmoi) in ethyi
acetate (Ratio: 1.000, Volume: 20.00 mi) dropwise at room temperature. The resulling mixture
was stirred at room temperature for 12h. The reaction mixture was exiracted with water and a
saturated solution of Na,COj. The organic layers were collected, dried over Na,SOy, fittered and
concentrated to dryness. The residue was purified by flash chromatography in ethyl acetate/n-

heptane 40% to 65% to afford the expected compound as a white solid {0.160 g, 48%).

HNMR (400 MHz, CDCly): 5= 3.35 (sl, 4H); 3.62 (s, 3H); 4.33 (sl, 2H): 7.21 (sl, 2H); 7.42 (s,
1H)

Preparative Example 57

mCPBA, DCM 1o, PPhg, Imidazole, DCM
HOL g e HO\/\/\//&{ 2, PP, Ir &M g
Step A o0 Step B g o
Step A

To an ice-cooled solution of 4-(methylthio)butan-1-ol (2.5 g, 20.80 mmal) in dry dichloromethane
(Volume: 250 mi) was added meta-chloroperoxybenzoic acid {mCPBA; 9.32 g, 41.6 mmol)
portionwise. The resulting mixture was stirred at room temperature for 20h. The solution was

concentrated to dryness. The residue was dissolved in a mixture of diethyl ether and water. The
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benzoic acid was extracted in diethyl ether. The water layer was concentrated to dryness. The
residue was diluted with DCM and the concentrated solution was loaded on a samplet. The
crude product was purified by flash chromatography in DCM/MeOH 3 to 10% to afford the title

compound as a colortess oil (2.95g, 93%).

TH-NMR (400 MHz, CDCl3): 8= 1.59-1.75 (m, 2H); 1.85-2.01 (m, 2H); 2.67 (sl, 1H); 2.90 (s, 3H);
3.06 (dd, J1=J2=8.0Hz, 2H); 3.64 (q, J=5.6Hz, 2H)
BC-NMR Dept135 (400 MHz, CDCLy): 8= 22.17; 33.89; 43.46; 57.39; 64.50

Step B

To a mixture of the title compound from step A (2.95 g, 18.38 mmol), triphenyiphosphine (7.62
g, 29.1 mmol) and imidazote (1.978 g, 28.1 mmol) in dichloromethane (Volume: 250 mi) was
added a solution of iodine (7.38 ¢, 29.1 mmol) dropwise. The resulting solution was stirred at
room temperature for 24h. The reaction mixiure was concentrated to half, then water was
added. The slurry was filtered and the extraction was performed with a solution of Na,S0;. The
organic layers were collected, dried over Na,SQy, filtered and concentrated ta dryness. The
residue was purified by flash chromatography in ethyl acetate/n-heptane 40% 1o 60% to afford

the expected compound as a white solid (1.2g, 24%).
TH-NMR (400 MHz, CDCls): 8= 1.93-2.10 (m, 4H); 2.94 (s, 3H); 3.05 (t, J=7.6Hz, 2H); 3.23 (1,

J=6.2Hz, 2H)
BC-NMR Dept135 (400 Mz, CDCL,): 8= 4.84; 23.47; 31.56; 40.66 (CH3): 53.45

Freparative Example 58

Following the procedure described in Preparative Example 54, except using the propyi-

derivatives indicated in the scheme below, the following compound was prepared.

mCPBA, DCM bz, PPhy, Imidazole, DOM
po SN ? no’/\\’/\\/&(
Step A & 0

l/\/\\s/
. !
Step B o]
Yield: 72%

H-NMR (400 MHz, CDCly): § = 2.26-2.40 (m, 2H); 2.91 (s, 3H): 3.12 (1, J=7.6Hz, 2H); 3.28 (1,
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J=6.8Hz, 2H)
“C-NMR (400 MHz, CDCL): 5= 3.11; 26.00; 41.11 (CH3); 55.21

Freparative Example 58

0 HO

O mCPBA, DCM Sy NaBH,, MeOH

Y\l R k/ S—;O B \@:‘O
P Step A \(\) 5

Io, PPha, Imidazole, DCM
Step €

}
\i/\}
S &\\\::O
O

Step A

To a mixture of dihydro-2H-thiopyran-4(3H}-one (5 g, 43.0 mmol) in acetone {Volume: 100 mi)
was added OXONE (52.9 g, 86 mmol). The resulting mixture was stirred vigorously at room
femperature for 12h. The slurry was filtered and the solid was rinsed with acetone. The organic

layer was concentrated to dryness to afford the title compound as a white solid (5.83g, 91%).

Step B

To a mixture of the title compound from step A (2 g, 13.50 mmol) in methanoi (Volume: 50 mi)
was added at 0°C sodium borohydride (0.511 g, 13.50 mmol). The resulting mixture was stirred
at room temperature for 1h. The solution was concentrated to dryness. The residue was purified
by flash chromatography in DCM/MeOH 0% to 5% to afford the title compound as a white soiid
(1.74g, 86%).

PC-NMR Dept135 (400 MHz, CDCls): 8= 31.18: 46.74; 62.57

Step ©

To a mixture of the fitle compound from step B (1.0 g, 6.66 mmol), triphenyiphosphine (2.62 g,
9.89 mmol) and imidazole (0.680 g, 9.99 mmal} in dichioromethane (Volume: 50 ml) was added
a solution of jodine (2.53 g, 9.99 mmol) dropwise. The resulting solution was stirred at room
temperature for 24h. The reaction mixiure was filtered, then concentrated to dryness. The
residue was purified by flash chromatography in ethyl acetate/n-heptane 40% to 75% to afford

the expected compound as a white solid (0.684 g, 39%).

175



[$x]

10

20

W 2011/128455 PCT/EP2011/056068

'H-NMR (400 MHz, CDCls): 8= 2.40-2.53 (m, 4H); 2.93-3.06 (m, 2H); 3.25-3.42 (m, 2H); 4.56-
470 (m, 1H)
PBC-NMR Dept135 (400 MHz, CDClL): 8= 24.74; 35.35; 50.40

Pronarative Example 60

M i ;
/o PA(DAC), XPhos /T f\f\
N \\ILB : Q\ﬂ ﬁjz )

g B M
e e r dioxane i %ﬁ N H
TIPS e qpg B
D
HNT NN
Step A

An oven-dried Schlenk flask was evacuated and back filled with argon gas. The procedure was
repeated for 3-4 times. At room temperature dioxane (3 mL) was added by a syringe and
degassed by bubbling argon through the mixture. Then 2-dicyclohexylphosphino-2'.4'6' -
triisopropylbiphenyl (XPhos, 0.054 g, 0.112 mmol) and palladium{il) acetate (0.009 g,
0.037mmol) were added together. The mixture was heated at 110 °C for 1 minute. The reaction
mixture became a clear red color solution. Then the title compound from Preparative Example 3
(0.050 g, 0.375 mmol), commercially available 6-bromo-1-(triisopropylsityl}-1H-pyrrolo]3,2-
blpyridine (0.132 g, 0.375 mmol) and sodium tert butoxide (0.12 g, 1.25 mmol) were added
together under an argon atmosphere. The reaction mixture was heated at 110 °C for 2 h. The
reaction mixture was diluted with ethyt acetate (150 ml). The organic phase was washed with
water, brine, and was dried over Na,S0,. The solvent was removed and the residue was
purified by chromatography on silica using ethyl acetate to afford the title compound {0.045 ¢,
30 %).
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"H-NMR (400 MHz, CDCly): 8 = 1.13 (d, 18H), 1.61-1.68 (m, 3H), 6.35 (dd, 1H), 6.60 (d, 1H),
6.80 (d, 1H), 6.94 (dd, 1H), 7.10 (brs, TH), 7.39 (d, 1H), 7.73 (d, 1H), 8.20 (s, 1H), 8.54 (s, 1H),
9.27 (s, 2H)

Prenarative Examples 61 1o 140

Following the Pd-coupling procedure described in Preparative Example 57, except using the
bromo-derivatives and amines indicated in the table below, the following compounds were

prepared.
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Bromo-derivative

Amine

Product
Preparative Example

1. Yield

2. "H-NMR
(CDCly)

3. MS (ESI) m/z

e/

7N

N By

&1

pa 2

LTy
S S R
NTONTNT T

1.39 %

2. 10.6 (s, 1H), 9.31
(s, 1H), 8.3 (d, 1H),
7.86 (d, 1H), 7.75 (d,

1H), 7.64 (¢, 1H), 7.20 |
L (m, 1H), 7.08 (d, 1H),

6.87 (dd, 1H), 6.45
(dd, 1H)

| 62

1. 47 %

2. 0= 8.63 (brs, 1H),
742 (dd, 2H), 7086
{m, 2H), 6.58 (d, 1H),
6.41(brs, 2H).

83

1.6 %

2.8 = 8.37 (d, TH),
8.04 (d, 1H), 7.75 (d,
1H), 7.32 (d, 1H),
7.01 (s, 1H), 6.96
(brs, 1H), 6.59 (d, 1H
6.52 (d, 1H) 6.41
(brs, 1H), 6.37 (dd,
TH), 1.90 (m 3H),
1.16 (d, 18H).

)

1. 14 %

2.8=8.89 (s, 1H),
7.76 (s, 1H), 7.73 (d,
1H), 7.80 (d, 1H),
724 (d, 1H), 7.04
(dd, 1H), 6.95 (d, 1H)
6.68 (d, 1H), 6.62 (d,
1H), 6.38 (d, 1H),

1.71 (m, 3H), 1.19 (d, |

18H).

H

-
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L0

HoNT NN

65

1.7 %

2.5 = 8.89 (s, 1H),
7.70 (d, 1H), 7.67 (s,
1H), 7.47 (d, 1H),
7.14 (d, 1H), 7.02 (s,
1H), 6.91 (s, 1H),
6.66 (d,1H), 6.59 (d,
1H), 6.48 (s, 1H),
8.35 (d, 1H),1.68-
176 (m, 3r), 1.17 (d,
18H).

3. 405

11.50%

2. 6= 8.34 (d, 1H),
7.67 (s, 1H), 7.48 (d,
1H), 6.84 (d, 1H),
6.40 (m, 2H), 6.28

[ (m, TH), 6.02 (s, 1H),
1,66 (m, 3H), 1.17 (d,
| 18H).

HoM ™ M

&7

P 1.94 %
3. 252

SN
Ign)
Hol ?«;

147 %

2.8 =7.92 (s, TH),
7.50 (d, 1H), 7.43 (d,
2H), 7.25 (d, 1H),
7.11 (s, 1H), 7.0 (s,
1H), 6.98 (d, 1H),
6.86 (d, 1H), 6.54 (d,
1H), 6.48 (s, 1H),
1.70 {m, 3H), 1.14 (d,
18H).

3. 404
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1.30 %
B 2.5=10.5 (s, 1H),
20% 7.76 (d, 1H), 7.56 (s,
Boc

1H), 7.54 (s, 1H),
7.11(d, 1H), 8.96 (s,
1H), 8.75 (s, 1H),
6.69 {d, 1H), 8.54 (s,
1H), 4.23-4.24 (m,
2H), 2.90-2.93 (m,
3H), 2.04 {m, 2H),
1.61-1.64 { m, SH),
1.49 (s, OH), 1.12 (d,
18H).

1.17.6 %

1 2.8 =8.62 (brs, 1H),

7.84 (d, 1M), 7.76 (d,
1H), 7.72 (d, 1H),
7.50 (s, 1H), 7.43 (s,

CAM), 7.09 (s, 1H),

6.64 (d, 1H), 6.44 (d,
1H), 4.13-4.15 (m,
2H), 3.1-3.2 (m, 2H),
2.8-2.9 (m, 2H), 2.0-
2.4 (m, 2H), 1.55-
1.80 (m, 2H), 1.41 (s,
9H), 1.08 (d, 18H).

71

1.13 %

2.6=8.37 (s, 1H),
8.10 (s, 1H), 7.93 (s,
1H), 7.54 (d, 1H) 7.09
(s, 1H) 6.51 (d,
1H),6.44 (s, 1H),
4.20-4.22 (m, 2H),
3.16-3.22 (m, 1H),
2.90-2.96 (m, 2H),
2.61-2.68 (m, 4H),
2.13 (m, 2H), 1.83~
1.88 (4H), 1.60-1.66
{m, 5H) 1.47 (s, 9H),

1.12 (d, 18H).
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Boo
B

1.75 %

2.8 =747 (d, 1H),
7.40 (d, 1H), 7.30 (d,
M), 7.04 (d, TH),
7.00 (d, 1H), 6.98 (d,
1H), 6.96 (s, 1H),
6.88 (d, 1H), 6.86 (d,
1H), 6.81 (s, 1H) 4.23
(m, 4H), 2.88-2.91 |
(m, 6H), 2.02-2.07
(m, 4H), 1.64-1.68
(m, 8H), 1.54 (s, OH),
1.52 (s, 9H), 1.17 (d,
18H), 1.06 (d, 18H).
3. 927

1 1.30 %

2.8=8.58 (brs, 1H)
8.28 (s, 1H), 8.0 (s,
1H), 7.61 (d, 1H),
7.04 (s, 1H), 6.78 (s,
'IH), 6.47 (d, 1H),

A4.23-4.25 (m, 2H),
2 87-2.92 (m, 2H),
2.69-2.71 (m, 2H),
2.63 (bs, 2H) 1.84-
1.99 (m, 12H), 1.52
(s, OH), 1.13 (d, 18H)
3. 643

Boo

/\4’)\
NJ = |

TIPS

1.18 %

2.8=9.4 (brs, 1H),
8.52 {brs, 1H), 8.27
{d, 1H), 7.60 (d, 1H),
7.50 (s, 1H), 7.01-
7.04 {m, 2H), 6.70 (d,
1H), 4.20-4.25 (m
2H), 2.89-3.0 (m, 5H),
2.63-2.84 (m,, 2H),
2.18-2.24 (m 2H),
2.04-2.07 (m, 2H),
1.65-1.70 {m 6H),
1.51 (s, 9H), 1.15 (4,
18H).
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Boc

|
TIPS

TIPS

76

1.21 %

2.8 =8.33 (s, 1H),
7.65 (d, 1H), 7.53 (d,
1H), 7.42 (d, 1H),
7.98 (dd, 1H), 6.98 (s,
TH), 6.58 (d, 1H),
6.35 (s, 1H), 4.20-
4.25 (m, 2H), 2.84~
2.92 (m, 4H), 2.77 (1,
2H), 2.45-2.49 (m,
2H), 2.01-2.05 {m,
2H), 1.863-1.72 {m,
6H), 1.49 (s, OH),
1,15 (d, 18H).

1.31%

2.8=8.30 (s, 1H),

1 7.59 (d, 1H), 7.43 (d,
iH), 7.26-7.31 (m,
2H), 6.91-6.99 (m,
2H), 6.04 (brs, 1H)
4.25-4.28 {m, 2H),
2.893-2.97 (m, 3H),
2.04-2.08 (m, 2H),
1.63-1.70 {m, 5H),
1.51 (s, 9H), 1.14 (d,
18H).

1.
2.5=8.4 (brs, 1H),
8.22 (d, 1H), 8.08 (d,
1H), 7.56 (d, 1H),
7.03 (s, 1H), 6.50 (d,
1H), 4.21-4.27 (m,
2H), 2.85-2.92 (m,
BH), 2.77-2.81 {m,
2H), 2.42-2.50 {m,
2H), 1.99-2.02 (m,
2H), 1.68-1.73 (m,
3H), 1.49

1.13 (d, 1
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Bon

LA

78

1.75%
2.8=7.54{d, 1H),
7.25 (s, 1H), 7.00-~
7.04 {m, 1H), 6.93 (s,
1H), 6.82-6.87 (m,
1H), 6.61-6.66 (m,
1H), 5.64 (brs, 1H),
42.4-425 (m, 2H),
2.92-2.95 (m, 3H),
2.04-2.07 {m 2H),
1.81-1.67 (m, 8H),
1.51 (s, 9H), 1.14 (d,
18H).

1,55 %

2.8=7.42 (d, 1H),
7.33 (brs, 1H), 6.94-
7.03 (m, 3H), 6.74
(ddd, 1H), 6.57 (m,
1H), 6.57 (d, H),
4.22—4.25 (m, 2H),
2.87-2.93 (m, 3H),

2,01 (d, 2H), 1.81-

1.72 {m, 8H), 1.50 (s,
9H), 1.15 (d, 18H).
3. MS (ES1): m/z

1 2.5=8.30 (s, 1H),
- 7.43-7.49 (m, 3H),

7.22 (d, 1H), 7.03 (s,

L 1H), 6.98 (d, 1H),

6.03 (s, 1H), 4.24 -
4.25 {m, 2H), 2.87-
2.94 (m, 3H), 2.01-
2.04 (m, 2H), 1.66-
1.73 {m, 5H), 1.50 {s,
OHY, 1.17 (d, 18H).
3.617.16

183




o
<2
~
-

21128455 PLT/EPROT1/036668

1.71%
1 2.8= 7.37 (s, 1H),
PO 1726 (d, H), 7.04 (d,

N 1H), 6.97 (aba, 1H),
E ] B.84 (s, 1H), 6.68
P - H - (ddd, 1H), .53 (d,
i \

1H), 5.61 (brs, 1H),

L ' 4.24 (prs, 2H), 3.77
N (s, 3H), 2.86-2.95 (m,

| 3H), 2.0-2.03 (m, 2H),

81 1.86-1.89 (m, 2H),
1.50 (s, 9H).
3. 442
Boc! 1. 78 %
- 3. 785.41
%f:}f:
;o = -
)

N B
S “
\4:[ PN N
R b
2 |
TIPS

1.7 %
2.8 =848 (s, 1H),
7.67 (s, 1H), 7.52 (d,

| ), 7.25 (d, 1H),
M ///\/@ 747 (d, 1H), 6.81 (s,
P Q %J\N N b ;fH}, 6;52 (d,1H), 6.33
\ - : \j/\ NTOM s, 1H), 4.17-4.22
Y A { g (brs. 2H), 3.76 (s,
NN | HNT N Boch 3H), 2.76- 2.91(m,

| - 5H), 2.44-2.47 (m,

| 2H), 1.89-2.07 (m,

L 2H), 1.65-1.71 (m,
2H), 1.49 (s, OH).

3. 486

1. 51 %

i 2.8=7.41(d, 1H),
N 7.35 (s, 1H), 6.93-
1 7.02(m, 3H), 6.74

| e 3 (ddd, 1H), 6.56-6.58
"7\\/E3T F /’//\\ H \\g// \i]/- - ] \\’/\ (ﬂ'h »;H), 5 57 (8, 1 H),
T \\J\ PN A 2.99 (d, 2H), 2.71- |
A >, | T 1 2.78 (m, 1H), 2.37 (s,

“&*gpg 3HY, 215 (1, 1H), 2.04
(d, 2H), 1.85-1.88 (m,

84 2H), 1.84-1.71 (m,

3H), 1.14 (d, 18H).
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3. 489

1.47 %

2.8 =754 (d, 1H),
7.25 (s, 1H), 6.96-
7.03 {m, 2H), 6.77-
6.86 (m, 2H), 8.60-
8.61 (m, 1H), 5.63 (s,
1H), 3.00 (d, 2H),
2.76-2.82 (m, 1H),
2.38 (s, 3H), 2.17 (t,
2H ) 2.07-2.10 (m,
2H), 1.87-1.93 (m,
2H), 1.58-1.66 (m,
3H), 1.13 (d, 18H).

> 179 %

3. 841, 842

1.48 %
3. 841, 842

185
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1.63%
2.8=7.49 (d, TH),
7.14 (s, 1H), 6.90

}N\\ (s.1H), 6.84 (d, TH),
\ 8.78 (d, 1H), 6.66 (s,
1H), 6.59 (d, 1H),
o 5.50 (s, 1H), 3.87 (s,
/@ Y 3H), 3.83 (s, 3H),
y IR IR . 3.02 (d, 2H), 2.78 (m,
| Br) O NH2 1H), 2.40 (s, 3H),
TIPS 2.17-2.22 (m, 2H),
2.07-2.10 (m, 2H),
1.88-1.91 (m, 2H),
1.56-1.83 (m, 3H),
1.11 (d, 18H).
3. 523
v 1.45 %
C‘““\ 3. 501
a0
%\3 Br
TIPS
Boo 1. 45%
. f\%j 3. 587
Z T TNH
;\/ t i
1.55 %
L (DMSO-dg): § = 8.73
Boc TIPS O (s, 1H), 8.63 (5, TH),
N N, 2 j $7.56 (d, 1H), 7.35 (d,
(\f\. “y-Boc 9 AQ I ;\E}; 1K), 7.09 (d, 1H),
NH A~ /{_> -~ oY 7.04 (s, 1H), 6.52 (d,
Ve s ( 1H),4.10-4.10-4.13
e B NN N (m, 3H), 3.65 (s, 3H),
i Boc 2.67-2.91 (m, 10H),
TIPS 91 1.93-2.01 (m, 4H),

1.63-1.75 (m, 5H),
1.42 (s, 18H), 1.08 (d,
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18H).
3. 785

1.29%

2. (CDCly ) 3 7.45-

Boc | 7.40 (m, 2H), 7.32 —
N 17.21 (m, 3H), 6.80-

,N’BOC 6.78 (m,2H), 6.59 (d,

1H), 5.02 (t, 1H), 4.27
{/) NH, >9e 1 10,

~4.22 (m,2H), 3.87
- | N, ’j\ /@\\ (s, 1H), 3.10 - 3.03
/OL\> Ll [Ny N (m, 1H),2.98 — 2.89
B LN . N (rn, 5H), 2.59-2.51
PS TS A, 2.07-2.04
(m, 3H), 1.69-1.58
(m, 6H), 1.51 (3,8H),
1.15 (d, 18H).

92

1.51%

2.(CDCl,) 5 7.56

Boc (d,1H), 7.32 (s, 1H),
N | 6.88-6.84 (m, 2H),

- - 6.57 (d,1H), 4.
i A AN S é** 4.46 (s, 1H), 3.92 (s,
(T e e A L)
N, ¥ | 3.67 (s, 3H), 2.87-
2.72 (s, 3H} 2.06 -
‘204( 2H), 1.66-
(s H), 1.50 (s,

93
9H).

1.22%

2.(CDCly) B 7.57-7.53
(m, 2H ), 7.06 (d,1H),
Boc, s 6.95-6.81 (m, 1H),
L 6.50 (d,1H), 6.39 (s,

N SR 1H), 4.44 -4.42 (m
\/j\\ J )\)\ F/\/kﬁ/\ﬁf N 1H), 3.90 (s, 3H),
N 3.66 (s, 3H), 2.87 (s.
' o4 6H), 2.2.82.2.78 (m,
1H), 2.05 (s, 2H),
1.51 (s, 9H).

|
|
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1.65%

2. ( DMSO-dg) 6 7.49
(d, 1H), 7.04 (d, 1H),
6.95 (s, 1H), 8.92 (d,
1H), 6.83 (dd, TH),
6.79 (d,1H), 8.70
(dd,1H), 4.11 (d, 2H),
3.78 (s, 3H), 3.76 (s,
3H), 3.66 (s, 3H),
2.99-2.94 (m, 3H),
1.99 (d, 2H), 149 (s,
11H).

3. 466.7 (M+H).

1.75%

2. (CDClg): & = 7.51

(d, 1H), 6.98-6.75 (m,
8H), 4.25 (m, 2H),
3.87 (s, 3H), 3.67 (s,
3H), 2.97-2.87 (m,
2H), 2.04-2.01 (m,
2H), 1.74-1.62 (m,
3H), 1.51 (s, OH).

3. 454.61 (M+H).

\\//2\

Kj\ NH,

- v | ’
|
oSNy
H
05
fBoC
N
5
pe N
gNoR
F; R N \V/\N
H |
96
/
e
|
F NN
H l
TIPS
97

1. 48%

2.(CDCly ) 6 7.62 (d,
1H), 7.31 (s, 1H),
7.03 (s, 1H), 6.99 -
6.89 {m, 1H), 6.80-
8.78 (m,1H), 5.64 (s,
1H), 5.64 (s), 3.97 (s,
3H), 3.16 ~ 3.13 (m,
2H), 2.93 — 2.90 (m,
1H), 2.33-2.31 (m,
2H), 2.21-2.18 (m,
2H), 2.03- 2.0 (m,
2H), 1.73 ~ 1.69 (m,
3H), 1.23 (d, 18H).
3. 510.68 (M+H).

188
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\O»’

88

N~

L

1. 56%

2.{CDCI3) & 7.60 (s,
1H), 7.37 (d, 1H), |
7.01 (s,1H), 6.85-6.80
{(m, 2H), 8.72 (s, 1H),
6.52-6.50 (m, 1H),
3.71 (s, 3H), 3.68 (s,
3H), 3.15 ~ 3.08 (m,
2H), 2.79-2.68 (m,
2rt), 2.01-1.97 (m,
2H), 1.84 - 1.78 (m,
2H), 1.76 - 1.65 {m,

2H), 1.09 (d,18H).

§

- TH),
1 7.00 (s, 1H), 6.94 ~
1 6.83

| 2.44 (s, 3H), 2.29 (t,

1. 45%
2.(CDCly): § =7.40 (d,
7.30 (s, 1H),

(m, 2H), 6.78
(d,1H), 6.66 (d,1H),
3.86 (s, 3H), 3.12 (d,
2H), 278 (1, 1H),

2H), 210 — 1.91 (m,
44), 1.71-1.63
(mn,3H), 1.14 (d, 18H),
3.510.7 (M+H)

(A, AH), 815 (s, 1H),

1. 39% :
2. (CDCly): § = 7.70
(d, 1H), 7.47 (d, 1H),
6.94 -8.78 (m, 2H),
6.78 (s, 1H), 6.50

4.24-4.23 (m  1H),
3.91 (s, 3H), 2.90 —
2.80 (m., 3H), 2.02 —
1.99 (m, 2H), 1.86 — |
1.78 {m, 3H), 1.69 —°
1.66 (m, 2H), 1.51 (s, |
9H), 1.11 (d,18H).

3. 897.67 (M+H).

189
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1. 39%

, (CDC!g) § = 7.76-
Boe | 773 (m, 1H) 7.55

Boc Y (brs, 1H), 7.07 (brs

N ' 1H), 6.97-8.85 (m,

\,
) i} 1H), 6.69 (s, 1H),
J 0
- - @\ 1 6.52-6.50 (m, 1H)
5 O = R , ‘
p’/g » e |7 \/\&l ( ji\ 4.93-4.20 (m,
' e S e 2H),3.91 (s, 8H), 3.79
H | I (s, 3H), 2.89-2.87 (m
164 44), 2.00-1.97 (m,
2H), 1.66-1.63 (m,
2H),1.50 (s, 9H)

/ 1.50%
! 3. 380.7 (M+H).

T3 N0 TUNH,
Br~ \/\T
162
] 1 57%
/ N
N

O
~A T, |
NN =S
l (= Nf‘fg

e N N LR
| 193
|
| 1.87%
- 2, (D;\/ii‘si“)wds): B o=
‘ e | 787 (d, TH), 777,
e y /,,_< 1H), 7.02 (s, 1H),
Ou_ N 6.84 (d, 1H), .68 (s
PR P N )
-*\”/\/«f} 5 z""’o\/\ﬁ 8 E Iy N 1H), 6.62 (d, 1H),
- ; N N 3.71 (s, 3H) X
LA Vel S NH, | O | 3.71 (s, 3H), 3.70 (s,
L Boc 3H), 3.15-317 (m,
1H), 3.07-2.83 (m,
104 2H), 2.68-2.55 (m,
2H), 2.43-229 (m,
B 1H), 2.10-1.85 (m,

190
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| 2H), 1.85-1.66 (m,
2H), 1.61(s, 9H) 142
(s, 9H).

3. 552.69 (M+H).

1.84%

2. (CDCLY: & = 8.01

(d, 1H), 7.02 (s, 1H),

6.95 (d, 1H), 6.92-

Boc, 6.81(m, 2H), 6.77-
N—— | 871 (m, 2H), 5.57 (s,

8 . X M), 453420 (m,
N «S O V;\g/ NN TH), 47647 (m,
A Q\ L LMY, 3.88 (s, 3H),
N, - FTYTUNA 328 (d, 1H) 3.18
Boc 2.95 (m, 1H), 2.81-
105 252 (m, 2H), 2.21-
1.87 (m, 2H), 1.68 (s,

9H), 1.5 (s, OH).

3. 440.68 (M+H).

1.77%
2. (400 MHz, CDCly): |
§=18.01(d, 1H), 7.52 |
(d, TH), 741 (s, A1),
7.02-7.03 {m, 1H),

Boo, | Bac 6.88-6.99 (d, TH),
Ny 6.71 (s, 1H), 4.25 (m,
o A - 3H),3.65 (s, 3H), 3.2-
PN PPN 3.3 (m, 1H), 3.1-2.89
I /L/ (m 4H), 2.85 (s, 3H),
L 2.78-2.55 (m, 3H),

2.18-1.84 (m, 6H)
108 1.68 (s, OH), 1.52 (s,
9H), 1.50 (s, 9H).
3. 72874 (M+H).
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107

1 59%

2. (CDCly): 8 = 7.89
(d, 1H), 8.61-6.57 (m,
2H), 4.32 (m, 1H),
3.34-3.24  {(m, 2H),
3.02 (m, 1H), 2.86 (s,
3H), 2.65-2.72
(m,2H), 2.32 (s, 3H),
2.09-2.18 (m, 6H),
1.95-1.99 (m, 4H),
1.66 (s, 9H), 1.50 (s,
9H).

3.513.71 (M+H).

L 1.40%
i 2.(CDCIL) 6 8.

R.04 (s,
1H), 7. %4( TH),
7.45 - 7.36 (m, 2H),
7.28-7.27 {m,1H
7.08 {(d, 1H), 6.¢
6.88 (m, 2H), 5.
1H), 4.14 (d, 1H),
313 ~ 341 (my, 2H),
288~ 2.77 (m, 1H), |
2.48 (s, 3H), 2.29 —
2.24 (m, 2H), 2.14 -
1.99 (m, 4H), 1.63 -
1.59 (m, 3H), 1.13 (d,
18H).

),
g8 —
76 (s,

3. 503.65 (M+H).

i 1.42 (m, 2H), 1.40 (s,

1.48%

2. (DMSO-dg ) & 8.60
(s, TH), 8.07 (5, 1H),
7.58 (d, 1H), 7.47 (d,
1H), 7.36 (s. 1H),
712 (d, 1H), 7.07 (s,
1H), 6.95 (s,1H), 6.84
(d, 1H), 4.05 (m 1H),
3.63 (s, 3H), 3.07 —
2.70 (m,3H), 1.95-
1.92 (m, 2H), 1.44
{
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OH).
3. 447.7 (M+H).

1.73%

2.(CDCI;) 8 7.54 (d,
1H), 7.03 - 6.93 (m,
2H), 8.87 (dd, 1H),
68.78 - 6.70 (m, 2H),
8.55 (ddd, 1H), 5.71
{s, 1H), 4.27 (s, 1H),
3.84 (s, 3H), 3.68 (s,
3H), 2.99 - 2.92 (m,
4H), 2.05 (d, 2H),
1.76-1.64 (m, 2H),
1.53 (s, 9H).

3. 454.69 (M+H).

z

1. 80%

2. (CDClL) & 7.57 (d,
1H), 7.27 (d,1H), 6.99
(s, 1H), 6.88-6.85 (m,
1H), .52 — 6.48 (m,
1H), 5.71 (s, 1H),

1 3.16-3.13 (m, 2H),

| 2.88-2.82 (m, 1H),
247 (s, 3H), 2.33 (t,
2H), 2.13 — 1.99 (m,
4H), 1.67 — 1.60 (m,
3H), 1.14 (d, 18H).

3. 518.67 (M+H).

12

1.74%

2. "H NMR (400 MHz,
' CDCls) & 7.54 (d,1H),
7.20 (d,1H), 6.98 -
8.85 (m, 2H), 6.63
(dd,1H), 6.52 — 6.48
{m, 1H), 5.58 (s, 1H),
383 (s, 3H), 3.04-
13.01 (m, 2H), 2.80
(t,1H), 2.39 (s, 3H),
2.21-205 (m, A4H),
1.94-185 (m, 2H),

193
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1.65-1.58 (m,
1.13 (d, 18H).

3H),

3. 510.75 (M+H)

1. 76%
3. 455.66 (M+H)

14

1.80%

2. {CDCI5): 8§ = 8.03
{d, 1H), 7.06 (d, 1H},
6.97 (dd, 2H), 6.67
(dd, 1H), 6.55-6.51
{m, 1H), 5.58 (brs,
1H), 4.66-4.28 {m,
1H), 3.84 (s, 3H),
3.28 (dd, 1H), 3.18-
2.97 (m, 1H), 2.86 (s,
3H), 2.80-2.56 (m,
1H), 2.19-1.89 (m,
1H), 1.68 (s, 8H),1.5
(s, 9H).

540.68 (M+H).

\N/Boc

o~ D
7t N\

TS

15

-

(v

“4
1

~

4%

2. (CDCLY)y & =7.57
(d, 1H), 7.54 (d,1H),
7.057.0 (m, 1H),
6.95 (s, 1H), 6.85
(d,tH), 643 (s,1H),
3.73 (s, 3H),3.66 (s,
3H), 3.02-2.99 (m,
2H), 2.87 (s, 3H),
2.83-277  (m2H),
2.37 (s, 3H), 2.19-
2.04 (m, 6H), 1.88-
1.83 {(m, 2H), 1.83-
1.65 (m, 5H).1.51 (s,
gH), 1.13 (d,18H).

t

164



PCT/EP2811/656068

3. 699.68 (M+H)

%7
AT

tes

ke
k7]

~z

e L, L

T‘ PS

1. 46%
3.752.7 (M+H)

F1.84%
2. (CDCl): 8§ =745
{d, 2H), 7.07 (s,
2H),6.96 (d, 2H), 6.88
{s, 2H), 5.83 (brs
1H),3.07-3.05 (rn,
AH} 2.83-.2.80 (m,
2H) 2.42 (s, 6H),
2.26 2.21 (m, 4H),
1.95-1.92 (m, 4H),
1.61-1.57 (m, 6H),
1.11 {d,36H).
3. 754.7 (M+H).

1. 75%

1H), 7.24 (d,1H), 6.92
~ 6.90 (m, 1H), 6.82
(d, 1H), 6.77 (d1H),
6.67 (dd,1H), 5.59 (s,
TH), 4.52 - 4.32 (m, |
1H), 3.88 (s, 3H),
3.86 (s, 3M), 3.25
(dd,1H), 3.11 ~ 2.98
(m, 1H), 2.87 (s, 3H),
2.83 Cin)
2H

R

i
e
[e9]
[0)]
.53
.
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O 11.88%

Vs . NI NN
§ O A NH; | L A
- \\

Y N . O/ N \

T1.60%.

2. (DMSO-dg) 5 7.26
(d, 1H), 7.07 (s, 1H),
7.01 - 6.89 (m, 1H),

: | 6.86 (d, 1H), 6.64
0— H . 1,1H), 6.39 (d, 1H
p—— N O-.\ ,N ~ ((”’ ! )1 Q.5 ( [l ' )7
3 O ANH, |7 i hdhd g*”@ © 3.82 ~ 3.58 (1, 3H),
C [y I e i ©3.55 (s, 3H), 3.31 (s,
NN N \ 3H), 2.91 (dd, 1H),
2.85—2.61 (m, 3H)},
120 2.09 - 2.05 (m, 1H),
1.88-1.82 (m, TH).

3.355.72 (M+H)

1.66%

! 2. (CDCly): & 7.37
? (d,1H), 6.96 (d,1H),
6.84-6.79 (m, 2H),
O— | 8.71 (d,1H), 6.60 (dd,
— | 1H), 557555 (m,

P O~ , N ,
- o, AN, P tH), 3.87 (s, 3H) !
/Aﬂ:{,§ g I\l \0/1 l\/i\f\%’J\\jfi\} 382 (s, 2H), 3.77-
N b | £ 3.69 (m, 1H), 3.13
! (dd, 1H), 2.89-2.86
(m, 1H), 2.76-2.70
(m, 2H), 2.22-2.18
(m, 1H), 2.05-2.02
{m, 1H).

121

-

w

196
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1.79%

2. (400 MHz, CDCGL):
&= 7.41(d, 1H), 7.01
(s, 1H), 6.95 (dd, 1H),
6.87 (dd, 1H), 6.67
(dd,TH), 8.55 - 841
(m, TH), 5.62 (s, 1H),
3.81 (s, 3H), 3.79-
3.77 {m, 1H), 3.56 (s,
3H), 350 (s, 3H),
3.13 (dd, 1H), 2.91-
2.88 (m, 1H), 2.80 -
272 {m, 2H), 2.23-
2189 (m, 1H), 2.08-
2.03 {m, TH).

){"> <O\ P
L .
O”/i\"/sz

1.48%
2. (CDCly) 6: 7.20 (s,
1H), 747 (s, 1H),

| 6.95 (m, 1H), 6.71 (d,

1H), 6.57 (brs, 1H),
6.39 (brs, 1H), 5.91
(brs, 2H), 3.79-3.74 |
(m, 1H), 3.68 (brs,

2H),

3.48 (s,

3.08-3.06
2.92-2.86
2.80-2.69
2.23-2.147

{m,
(m,
(m,
m,

o~

3H),
1H), |
1H),
2H),

H),

2.09-2.00 {m, 1H).

o
OO
07 N NH,

1. 48%
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/\rQ -

/\\/\N

1. 78%

2. (DMSO-dg) §7.85
(s, TH), 7.77 (s, 1H),
7.24 (d, 1H), 6.86
{(dd,1H), 6.75 (d, 1H),
6.68 ~ 6.48 (m, 2H),
4.20 {dd, 4H), 3.68
{m, TH), 3.33 (s, 4H),
3.02-2.90 (m, 2H),
2.03-2.0 (m, 1H),
1.84-1.83
{m,1H),1.57 (s, 9H).

128

1.98%

2. (CDClL) 8 7.81 -
7.67 (m, 1H), 7.61 (d,
H), 7.15-6.95 (m
2H}, 6.51 (d,1H), 6. v5
(s, 1H), 4.68 (s, 1H),
4.56 (s, 1H), 3.91 (s,
2H), 3.83 (s, TH),
3.68 (s, 3H), 3.10
(d,1H), 2.84-2.92 (m,
1H), 2.86 ~ 2.63 (m
?H) 225-219(m,
1H), 2.09 - 1.96 (m,
1H).

127

1. 70%

1. 52%

2.(CDCly) & 7.55 (d,
1H), 7.15 (d, 1H),
6.89 - 6.78 (m, 2H),
8.55 (d, 1H), 6.24 (s,
1H), 4.68 (t, 1H), 4.56
(t, 1H), 4.37 — 4.23
(m.4H), 3.91-3.88 (m,
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2H), 3.84-3.81 (m
1H), 3.66 (s, 3H),
3.08 (dd, 1H), 2.89
(dt, 1H), 2.85 — 2.61
{m, 2H), 2.31 ~2.17
(m, 1H), 2.11 - 1.93
{m, 2H).

1.82%

2.(CDCl3) 8 7.56 (d,
B H), 7.33 (s, 1H),
#—( i o | 6.87 (m, 2H), 6.51 (d,

A . 1H), 6.30 (brs, 1H),

0 PNy - { 3.91 (m, 2H), 3.90 (s,

A J\ | I3 3H), 3.05 - 3.01 (m,
/C I > ~o NH, | N S Sy Sy TN 1H), 2.87-2.76 (m,

oSN H | w), 2.62-2.58 (m,
1H), 2.19-2.17 {m,
125 1H), 1.94 (m, TH),

| 1.24 (s, 3H), 1.23 (s,
3H).

L/
7\
(>_,,>

1.68%
2. (CDCHL) 5 7.80 (d,
1H), 7.22 (d, 1H),

Boc, 6.93 (dd, 1H), 6.79
e, N— | (@, 1H), 8.69 (d, TH),
N . Q 6.61 (dd, 1H), 5.55 (s,

- o % ﬂ«f), 451 (s, 1H),

o0 |Cn, (GO0 e,
B \/\:,4 'O/\V//\NHZ 0 § H 347323 {m, 1H),
Bo 3.06-3.04 {m, 1H),

130 2.87 (s, 3H), 2.78-

2.64 (m, 2H), 2.04 ~
1.84 (m, 2H), 1.62 (s,
9H), 1.50 (s, 9H).

Boc, ; 'i 77%
Bog, N 2.(CDCL) 57.35(d,
e o \ ‘ 5 m), 6.96 (s, 1H),
1 O O l/\’g, L 6.86 ~ 6.78 (m, 2H),
YN | l S \,\/\/I\N 6.72 (d, 1H), 6.61
o N N2 H | (dd, 1H), 5.57 (s, 1H), |
4.54-4.33 (m, 1H),
131 3.88 (s, 3H), 3.83 (s,
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3H), 3.54 (s, 3H),
2.93 - 2.80 (m, TH),
2.13 = 2,00 (m, 1H),
1.74 (s,1H), 1.51 (s,
OH).

! = &

1.80%

2. (CDCls) 6 8.10 (s,
1H), 7.53 (s, 1H),
6.98 (dd, 1H), 6.61
(ddd, 1H), 6.59-6.49 |
(m, 1H), 5.62 (s, 1H), |
4.44-4.36 (m, 1H),
3.74 (s, 3H), 2.93 —
2.75 (m, 7H), 2.08 (s,
2H), 1.50 (s, OH).

1.62%

2{CDCl;) 5 8.10 (d,
H), 7.49 (s, 1H),
6.77 (d, 1H), 6.55 (d,
1H), 6.46 (dd, 1H),
5.45 (s, 1H), 4.42-
4.33 (m, 1H), 3.85 (s,
3H), 3.81 (s, 3H),
3.72 (s, 3H), 2.91~
2.58 (m, 7H), 2.10-
2.08 (s, 1H),1.87-1.80 |
(m, TH), 1.50 (s, 9H).

1.98%
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1. 94%
2. (CDCl) 6 8.17 (d,
Boc M), 7.81 (d, 1H),
Bo | - 6.85 (d, 1H), 6.63 —
A P BN 3 6.46 (m, 3H), 547
Br\.,/“\ —\§> ( l A |\ 1 J L N (brs, 1H), 4.61 (brs,
! ~ L~ I T 1H), 4.41 — 4.27 (m
‘ 5H), 3.82 (s, 3H),
3.01 - 2.84 (m, 9H),
135 1.60 (s, 9H).

Boo, | 1.74%

| 1.90%
% 2.(CDCL) 57.43 (4,
Booy 1 1H), 7.38 (s, 1H),
o / 7.06 (s, 1H), 6.93-
D=l o g N 1687 (m, 2H), 6.73 -
| /\l\ (1) [ T Y~ 663(m2H),457-
Ay N 4.35 (m, 4H), 3.85 (s,
B S Ny | 0T ] 4H), ;)04 2.239 (m,(
ESH) 5-2.13 (m,
137 H), 2 92 1.81 {m,
?H) 1.60 (s, w)

1.74%
Boc | 2. (CDCIy) 5 7.39 (d,
N | 1H), 7.04-8.9 (m, 2H),

. 6.87 {d, 1H), 6.79
/---JS RSN P, SN j (ddd, 1H), 6.67 — 6.53
i [ I (m, 1H), 5.64 (s, TH),
B~ N . \;7 i, | F ~F ;\z ~ \ 4.54-4.36 {m, 1H),
' 3.58 (s, 3H), 3.06 —
2.65 (m, 8H), 2.06 (d,
138 2H), 1.51 (s, 9H).

/

>._..._..
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1.89%

2."H NMR (400 MHz,
CDCl3) 8 7.78 (ddd,
- H), 7.58 (d, 1H),
—d  N-Boe | 7.07 {dd, TH), 7.02

_/’/ ) . ~— 6.93 (m, 1H), 6.51 (d,
™ ™S /g_) | 1H), 6.40 (s, 1H),

. Sy : 4.57 - 4.23 (m, 3H),
\NH2 M \ 3,7‘4 {8, 2H), 3.51 (s,
2H), 3.38-3.35 {m,

; | 3%"1) 2.94 - 275 (m,
! ; 8H), 2.05-2.03 (m,
! | L 2H), 1.51 (s, OH).

ot
fad
el

1.73%
2. (CDCL) & 7.55-
; 7.53 (m, 1H), 7.40 (s,
N 1H), 6.86 (s, 2H),
B 6.52-8.50 {m,1H),
o /\/_< \ 6.28 (s, 1H), 4.35 —
A N ) ™ LU a2t m o), s020,
A ! I Ve 3H), 3.90 (s, 3H)
Z N, H ' NN
3.70 (s, 2H), 3.51 (s,
2H), 3.32 (s, 3H),
2.92-278 (m, 6H),
2.07 -2.04 (m, 2H), |
1.51 (s, OH).

i

1.98%
— 1 2. {CDClyy 8 7.37 (d,

O

o ~§ 2H), 6.94-6.86 (m,

. F 5H), 3.80-3.73 (m
£ D 5H), {m,

~ /<§ NN | | N 1H), 3.56 (s, 3H),

L ! : S

L L N 3.49 (s, '), 3.11-

2.75 (m, 4H). 2.22-

2.19 (m, 1H), 2.17-

144

1.99 {m, H'%'L
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Preparative Exampie 142

Bos Boc Boc
—§ B I
N
) ; J - ]
- — £
i*\/)\h Ir\[\ IBAR F% C[\ 1. MaH, THF /'\ |/‘\
i i ! —— oo il
SN N THF A T 2. CHat v N
H TIPS H H o \
Step A Step B

Step A

To a solufion of the title compound from Preparative Example 75 (0.120 g, 0.2 mmol) in THF (1
ml.) was added tetra-butyl ammonium (0.052 g, 0.2 mmol). The reaction mixiure was stirred for
1 h. Then the reaction mixture was concentrated. The crude product was purified using a silica

gel column (1:1, EtOAG: heptane) to afford the title compound (0.08 g, 94 %).

TH-NMR (400 MHz, CDCL): § = 1.48 (s, OH), 1.68-1.71 (m, 2H), 2.01-2.17 (m, 2H), 2.89-2.95
(m, 3H), 4.23 -4.25 (m, 2H), 6.65 (m, 1H), 6.83-6.89 {m, 2H), 6.98-6.99 (m, 1H), 7.10 (s, 1H),
7.52 (d, 1H), 7.91 (s, 1H)

To a solution of the titlle compound from Step A above (0.08 g, 0.187 mmol) in THF (3 mL) was
added sodium hydride (0.007 g, 0.28 mmol) followed by addition of meihyl iodide {0.026 g,
0.187 mimol) and the resulting reaction mixiure was stirred for th. Then, the reaction mixture
was quenched with water and extracted with ethyl acetate (3 x 50 mL). The organic phase was
washed with brine and dried over Nay,S0Q4 znd the solvent was removed under reduced
pressure. The crude product was purified on a silica gel column (EtOCAc: heptane; 40:60) to

afford the title compound {0.025 g, 30 %).

"H-NMR (400 MHz, CDCl): § = 1.51 (s, 9H), 1.66-1.72 (m, 2H), 2.02-2.05 (m, 2H), 2.88-2.99
(m, 3H), 3.70 (5, 3H), 4.24-4.27 (m, 2H), 6.66 (d, 1H), 6.77 (s, 1H), 6.81-6,88 (m, 2H), 6.99-7.06
(m, 2H), 7.54 (d, 1H)
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Preparative Examples 143 and 144

Eoc
J

\
i N‘w/\\
w0
2. CHyf DA
O s

Ea

Step A

To a solution of the title compound from Preparative Example 69 (0.3 g, 0.323 mmol) in THF (3
ml.) was added tetrabutylammonium fluoride (0.08 g, 0.323 mimol) and the reaclion mixture was
stirred at room temperature for 1 h. The solvent was removed and the residue was purified on a
sitica gel column (EIOAC to heptane; 20 -100%) to afford the title compound (0.127 g, 64 %).

TH-NMR (400 MHz, DMSO-dg): & = 1.49 (s, 9H), 1.51 (s, OH), 1.66 (m, 4H), 2.06 (m, 4H), 2.90
(m, 4R), 4.23 (m, 4H), 6.80 (d, 1H), 6.83 (dd, 1H), 6.94 (d, TH), 6.96 (d, 1H), 7.07 (dd, 1H), 7.30
(d, 1H), 7.42 (d, 1H), 7.50 (d, TH), 7.75 (s, 1H), 7.99 (s, TH)

ESIMS (MH): 614

To a solution of the title compound from Step A above (0.05 g, 0.081 mmol) in THF (5 mL) was
added sodium hydride (06.004 g, 0.16 rmmol) foliowed by methyl iodide {(0.022 g, 0.15 mmoi}.
The reaction mixture was stirred overnight at room temperature. Then the reaction mixture was
quenched with a drop of methanol, and the solvents were removed. The crude mixiure was
purified on a silica gel column to afford the dimethylated title compound (0.021 g) and the

trimethylated title compound (0.010 g).

204
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dimethylated compound 143, ESI MS (MH): 642 (M+H), 643 (M+2H), 644 (M+3H)

trimethylated compound 144, ESI MS (MH): 656 (M+H) 657 (M+2H), 658 (M+3H)

Freonarative Example 1458

Fa{OAc),, XPhos

§7:
/L/ N\ +BUOH, KyCOy }1\@ ﬁ%
S~ p . " \\ - H
By M i‘(ﬁ 5 \N/\ N
i L T'%

]

S

o

B pax

l
s

St

D A

i

Teri-butanol (2 mL) was degassed by sonication for 1 min while a stream of argon was passed
through the solution. To the degassed tert-butanct {1 mL) was added palladium(ll) acetate
(0.003 g, 0.0127 mmaol) and 2-dicyclochexylphosphino-2',4',8'-triisopropyibiphenyl (XPhos, 0.018
g, 0.638 mmol). This mixture was heated at ~100 °C in a sand-bath for 1 min to generate the
catalyst. To the faint red catalyst solution was then added a solution of the title compound from
Preparative Example 1, Step D (0.045 g, 0.127 mmol) and commercially available 3,4-difluoro
aniline (0.019 g, 0.15 mmol) in degassed tert-butanot (1 mbL). Affer the addition of potassium
carbonate (0.039 g, 0.28 mmol), the mixture was heated in a sand-bath at ~110 °C for 3 h. The
mixture was diluled with ethyl acetate (30 ml.), water (10 mL) and brine (10 mL). The organic
phase was saparated, dried over Na,SQ,, filtered and the solvents were removed. The residue
was purified by chromatography on silica using ethyl acetate/n-heptane (20/80) to afford the fitle

compound as an off-white solid (0.045 ¢, 87 %).

"H-NMR (400 MHz, CDCl): 8 = 1.12-1.16 (m, 18H), 1.80-1.90 (m, 3H), 6.22 (br-s, 1H), 6.47 (d,
1H), 6.53 (d, 1H), 6.90-6.94 (m, 1H), 7.0 (1, 1H), 7.10 (d, 1H), 7.60-7.67 (m, 1H), 7.75 (d, 1H)
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Following the Pd-coupling procedure as described in Preparative Example 145, except using

the bromo-derivatives and amines indicated in the table below, the following compounds were

prepared.

Table 2:

[ Bromo derivative

Amine
derivative

Product
Preparative Example

1. Yield !
2. "H-NMR
(CDCL)

\ F“3{.r\

SWe -

145

DY, 8.51 (d, 1H)

3. MH"(ESH
177 %

2.8 =113-1.16 (m,
18H), 1.80-1.88 (m,
3H), 6.52 (d, TH),
6.55 (br-s, 1H}, 6.66
(d, 1H), 7. ‘57(d TH),
7.58 (d, 1H), 7.83 (d,
1H), 8.32-8.37 (m,

191 %
2.6=113-1.17 (m
?8}“}) 1.84-1 93{ ,
3H), 8.37-6.42 (m,
2H), 6.49 (d, 1H),
8.57 (d, 1H), 7.07-
7.2 {m, 2H), 7.15
(d, 1H), 7.78 (d, 1H) 1

E"L S
1458

18H), 1.80-1.88 (m,
' 3), 3.00 (s,

1,90 %
2.8=1.12-1.16 (m

3H),
3.12 (s, 3H), 6.35
{br-s, 11, 6.47 {d,
1H), 6.63 (d, 1H),
6.99 {d, 1H), 7.10 (d.
1H), 7.32 (t, 1),
7.41-7 44 (m, 1H),
7.52-7.56 (m, 1H),
7.78 (d, 1H)
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NN
TIPS

By

149

1.83%
2.5=112-1.17 (m,
18H), 1.84-1.92 (m,
3H), 3.10 (s, 6H),
6.43 (br-s, 1H), .49
(d, 1H), 6.64 (d, 1H),
7.41(d, 1H), 7.39-
7.51 (m, 4H), 7.77
{d, 1H)

N
NEoo

1.66 %
2.8=1.08-1.15 (m,
18H), 1.50 (s, OH),
1.91-2.03 (m 5H),
2.70-2.88 (m, S‘r-!),
2.93-3.05 (m, 2H),

4.25-4.56 (br-m, 1H),

6.07 (br-s, 1H), 6.54
(d, 1H), 6.88-6.92

{(m, ’1H) 7.08 (q, 1H),

7.25-7.3% (:u, 1k {;

7.55(d, 1H)

1.61 %
2.3=1.10-1.15 (m
18&—‘) 1.51 (s 9%—‘)
1.83-2.04 (m 5H),
2.70»2.86 {m, 5H),
2.96-3.04 (m, 2H),
4.25-4.54 {br-m, 1
6.40 (s, 1H), 6.68 (d,
TH), 7.55 (d, 1H),
7.62 (d, 1¥), 7.97~

18,02 (m, 1H), 8.50

(d, 1H)

H),

i
1

N
NEOC

L
oM

1,96 %

2.5 =151 (s, 9H),
2.04-2.11 (m, 2H),
2.70-2.91 (m, 7H),
3.66 (s, 3H), 4.25-

4.55 (br-m, 1H), 6.38

(ors, 1H),6.51 (0,

xf”) 6.98-7.03 ¢ U,

H). 710 (g, 1H),

7&) (d 1H), 7.71-
77 {m, 1H)
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z‘%ﬁ}m

1. 82 %
2.86=111-1.15 (m,
18H), 1.52 (s, 9H),
1.95 2 02 (m, 5H),
2.70-2.80 (m, 2H),
2.87 (s, 3H), 2.94-
3.03 {m, 2H), 4.25-
4.35(m 1H), 6.16
(br-s, 1H), 6.54 (d,
1H), 6.96-7.02 (m,
TH), 7.60 (d, 1H),
777-7.84 {m, 1H)

1.94 % j
2.8 =153 (s, 9H),
2.00-2.08 (m, 2H),

2.75-2.90 (m, 7H),

3.72 (s, 3H), 4.25-
4.55 (m, 1H), 6.48-
6.51 (m, 2H), 6.95-

701 (m, 1H), 7.64 |

(d, 1H), 8.62-8.68

F2. OO ? 04 (m, 2H),

1.51 (s, 9H),

2.72-2.90 (v, 7TH),
3.65 (s, 3H), 4.25-
4.50 (m, 1H), 6.36 (t,
1H), 6.51-6.54 (m
2HY, 7.13-7.17 (i,
2H), 7.60 (d, 1H)

1. 96 %

2.8 =151 (s, 9H),
1.97-2.04 (m, 2H),
2.68-2.90 (m, TH),
3.85 (s, 3H), 4.25-
4.50 (m, 1H), 8.38
(br-s, 1H), 6.45 (d,
1H), 7.26-7.30 (m,
2H), 7.80 (d, 1H)
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~NBo¢

/\\\5"/ 3
ERT N
TIPS

1.79 %
2.6=1.12-1.18 (i,
36H), 1.51 (s, 18 H},
1.63-1.72 (m, 2H),
1.90-2.00 (m, 6H),
2.04-2.12 (m, 2H),
2.75-3.08 (m, 12H),
4,18-4.53 (br-m, 3H),

| 6.15 (br-s, 1H), 6.68
L(d, TH), 6.93 (s, 1H),

7.02 (d, 1H), 7.35 (s,
1H), 7.46 (d, 1H),
7.55 (d, 1H)

1.22%
3. 802

1.78 %
3. 688

.82 %
. 583

[ES =Y
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Boc N Boc | 1.66 %
L B ¢ nac
“ i 3. 589
,) NH, J
P
Br” N |
T1PG L /\N)\N/)\?g
H TIPS
161
Boc| (O~ Boc | 1.32%
AN Y I -M]3.592
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Boc 7Y T NH, 1.92%
i‘ﬂ\ Boch._ 2.670
,
EN
0
Br N N AN
TIPS 3
Booh.
168
Boc 1. 81 %
- 3. 585
B
S
TP s
1. 58 %
3.618
155 %
3.926
7 1.70 %

3. 547

211




WO 2011/128455

PO/ /056068

Boe N Boc 1. 90 %
EAN A N 3. 588
J NH, /7
”/\\ AN \A SN A
Br N @\/l\ /l\/j\
TIPS - N
H TIPS
174
Bos | 1.98%
i
Boo! 3. 443
<w> : )
%":: // //QWH;) o .
~ 1) RO
ﬁ/\J\\ w2 N j\\ N /J\
P NN N
Bro N ?FE i \
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Boc Boc | 1.98 %
’“j 3\( ! N, [3.450.99
A 07N wp
Br AN’ -. s B
173 “
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“

7 ’J\*/)\B;ﬂ

\/
LB

Fah”

1. 48 %

2. 86 = 1.50 (s, 9H),
1.66 (m, 2H), 2.02
(m, 2H), 2.86-2.97
(m, 3H), 3.12 (m,
4H), 3.84 (s, 3H),
3.82 (m, 4H), 4.23
(brs, 2H), 6.44 (dd,
1H), 6.56 (dd, 1H),
6.61 (m, TH), 6.71 (s, .
iH), 6.89 (dd, 1H), :
7.06 (m, 1H), 7.14 (1,
H), 7.51 (d, TH).

3. 492

—
) |

1.33%

3.643.25

1.77 %
2.404

s 11,28 %
D402

1.82 %

| 2.633
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1.25%

2. (MeOD) & = 1.78~
1.87 (m, 2H), 2.01-
2.05 (m, 2H), 2.40-
245 (m, 5H), 2.80
(m, 1H), 2.99 (brs,
4H), 3.08-3.10 (m,
2H), 356 (s, 3H),
3.72 (brs, 4H), 6.37
{d, 1H), 6.57 (d, 1H},
6.62 (s, TH}), 6.77 (s, |
1H), 6.83 (d, 1H), !
7.01-7.05 (m, 2H9,
7471 (d, TH).
3.405.75

e 7 N /ﬁ\,/)

STUNH, | O

181

-

B1 %

3. 547

-

.66 %
3. 560

ISR
SUNH, M
182
/
..... ¥

0y

.61 %
. 534

N
/(//\Y\ =
L5oni '\\/;LN h= \/\Q/

iiz‘i ;;1&5 Bt
183
/
-N_
A
g J
/ g/i"m\f//\_\
&i \ L\{,.,‘JQ\,
H N7 TN =

—

.48 %
3. 533
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B F 1.52%
Ll /<
E : M
TIPS
NBoo P
N N | 1.83%
# N N g 3 505
/[j[;{aj e 08 A NSy 3.505
Bem MDA N N
........... 186
1.91%
2. (CD(CE"}) § = 1.802
Cim, 2H), 1.80 (m, |
_ | 2H), 2.57-2.62 (m,
A > Oue | BeO 4H), 3.80 (s, 3H),
/1/\ | e | 3.84 (s, BH), 6.47-
Br NN " N/\/\O% 6.48 (s, 1H), 6.82
2 (brs, 1H), 6.88 (m,
187 2H), 7.76-7.77 (m,
1H), 9.59 (s, H).
3.338
AN
MBoc
4} 5 J/j ; 1.45 %
Ty TP N | Sy 5.492
Br7 TR H Lo i H
\ P O/
188
5 1.69 %
2. (CD.Ch) 6= 1.44
(s, 9H),1.96-1.98 (m,
2H), 2.29 (s, 3H),
WBoo | . TN 2.53-256 (m, 5H),
§J> | s‘i\/ \N SN %.8(8-2(.88 (m\, 2%;),
AN L 2.80 (m, 4H), 3.10
a’\wlN @W (m, 4H), 3.56 (s, 3H),
‘ el 6.41-6.43 (d, 2H),
159 6.86-6.88 (d, 2H),

737739 (d, 2H),
7.47-7.49 (d, 1H).
3. 505
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1.82%

2. 0= 148 (s, 9H),
N 2.02-2.03 {m, 2H),
NBog | 218 (m, 2H), 2.76

“NBoc o 6 (m, 2H), 2.85 (s, 3H),
o 3.64 (s, 3H), 4.16-
= = ’ '
z /\<§ s > < :\“ ﬂ/g 421 {(m, 5H), 6.54

I N - -
5 SN H,N 0 o) Efja N N\ (d, 1H), 8.93 (m, 1H),
6.98 (m, 1H), 7.17
. {(brs, 1H), 7.52 (brs,
190 1H).
3. 479
AN
N NEoc
MBoc o H
Ho Lo N M 1.45 %
G \:3 s N:fu T L L é\g:_ 3. 478
;af/\\m/‘f\i\ H,N Z0 o ?ﬁ;! NN
191
N
NiBoco
MBoc
o Q:L O Ie @ 1.53%
= "\ / 3 t 4
oAl MM : :N 0 | NS SN
Br NN 2 H H H
192
/
/
1 ~H
o ﬁ ot 1.88 %
N X O N P 3.533
g8 ~o | /E\NL& \T Y/\;] i /'L\
e = T2 e
Br Tips SO TNTNN
b TIPS
193
\? .
N .
| OMe | MeO N &
®Y k] 1 & )
e | O S e
§ i . i
S Z > 0Ole MeO” P N N
TIPS rPs
194 |
N\
NCOGHs | ™ o~ NCOCH; | 4 oo,

B8r
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1

25

1.70%

2. (DMSO-dg)
1.75-1.76  (m,
1.83-1.85 (m,
2.55-2.56 {(m,
2.65-2.66 {(m, 2H),
2.99-3.01 (m, 4H),
3.57 (s, 3H), 3.72-
274 {m, 48, 6.45
(d, 1H), 6.87-6.90
{rm, 2H), 7.52 (d, 1H),
7.66 (m, 2i), 8.58 (s,
1H).

3. 363

S =
2H),
2H),
2H)

Br

1

87

£ 2.56 (m,
: <m7 2H}7

1.75 %

2. (DMSO-d) & =
175176 {m. 2H),
1.83-1.84 (m, 2H),
2.24 (s, 3H), 2.54-
2H), 2.66
3.03 (m,
4H), 3.58 (s, 3H),
6.45 (d, 1H), 6.86-
6.88 (m, 2H), 7.51
(d, 1H), 7.63-7.65
{m, 2H}, 8.56 (s, 1H).
3. 376

1.95 %

2. (DMSQ-dg) & =
1.75-1 2H),
85- 2H),

78 \“;,

1.85-1.87 (m,
2.55-2.58 (m, 2H),
2.67-2.70 (m, 2H),
3.59 (s, 3H), 4.53 (s,
2H), 8.49 (d, 1H),
6.79 (d, 1H), 7.22
(dd, 1H), 7.57 (d,
1H), 7.73 (d 1H),
8.82 (s, 1H), 10.5 (s,
1H).

3.349
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Br

1.78%

2. (DMSO-dg)
1.75-1.78 (m,
1.84-1.87 (m, )
2.55-2.57 (m, 2H
2.67-270 (m, 2H),
3.63 (s, 3H), 4.48 (s,
2H), 6.48 (d, 1H),
6.84 (d, 1H), 7.09
{dd, 1H), 7.54 (d,
HY, 7.74 (d 1H),
8.76 (s, 1H), 10.83
(s, TH).

3. 349

N Ay O

H),
M
)

|

1. 71%

2. {(DMBO-dg)
174178 (m,
1.84-1.86 (m,
2.54-2.57 (m,
2.66-2.68 (m,
3.57 (s, 3H), 5. 93
2H), 647 (d, 1%1)
6.81 (d, 1H),
(dd, 1H), 7.55
1H), 7.66 (d,
8.73 (s, 1H).
3.322

(d,
1H),

7.08 |

201

1.78%

2. (DMSO-ds} &
1.76-1.77 {(m, 2H),
1.84-1.85 (m, 2H),
2.04 (s, 3H), 2.55-
257 {(m, 2H)2.66-
2.68 (m, 2H), 2.96-
2.98 (m, 2H), 3.03-
3.05 {m, 2H), 3.55-
359 (m, 7H), 6.46
(d, 1H), 6.91 8d, 1H),
7.53 (d, 1H), 7.67 (d,
2H), 8.59 (s, 1H).

3. 404

1. 67%

2. (DMSO-dg) § =
2.22 (s, 3H), 2.35-
2.42 (m, 2H), 2.45-
247 (m, AM), 2.70-

218
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273 (m, 2H), 2.82-
202 2.85 (m, 2H), 3.02-
3.04 (m, 4H), 3.63 (s,
3H), 6.47 (d, 1H),
6.88 (d, 1H), 7.50 (d,
1H), 7.63 (d, 2H),!
8.55 (s, 1H). ;
3. 382

1.74 %

2.8 = 202210

{mm,1H), 2.17-2.22

O— {(m, 1H), 2.65-2.79

O~ B (m, 2H), 2.86-2.94
: « {m, 1H), 3.03 (dd,

. -
L )9 ?“\/C S |1 sde o o
i ¢ N i i
N B

i
£ /\‘N/ ~n \&,’i\vg}?: - \ - B, 3.67 (S, SH), 3.75-
‘ A\ F NHz | F NTTNT N 378 (m, 1H), 6.36
263 “ (brs, 1H), 6.51 (d,
" 1H), 6.90-7.11 (m,
2HY), 7.62 (d, 1H),
7.71 (ddd, 1H)
- P
MS o X LD / .
: ‘\I\* Tl ¢ ‘]// j F\(’\B Not characterized as
AN N L s ; ! . s hase
BN f%\ o Z HH, o \/\N’\Néj -4 free hase
H
204
1.40 %
2. &= 1.96-2.23 (m,
2HY); 2.69-2.77 (m,
N C2HY 2.77-2.90 (m,
% O [4H) 2.92-3.05 (d,
O~ _ J=14 4Hz, TH);
ié/\‘fl\ [ U [»Oj,\/\] (',/‘Q\\ //\( 3.45 %S, BH},) 3.66-
i S \ 1 3.82 (m, 4H);, 4.20
B NT TN © NH2 | o \‘)\1\; NN (s, 4H): 652 (d,
o H J=7 6Hz, 1H); 6.82
0

(sl 2H) 7.01 (s,
CH): 781 (4,
J=7.2Hz, 1H)

3. 366.70
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’? 9‘3 %
= 146 (s, 3H),
148 (s 9H), 1.85-
1.92 (m, 1H} 2.65-
JBec | 12,73 (m, 3H), 2.73 (s,
A S NN | 3H), 3.01-3.04 (m,
/&/\N - . 1H), 343 (d, 1H),
Br oW = MH, 3.66 (s, 3H), 6.30
(br-s, 1H), 6.48 (d, :
5085 TH), 6.96-7.08 (m,
2H), 7.58 (d, 1H),
7.70 (ddd, 1H)
1.78 %
2.8 = 1.48 (s, 3M),
1.50 (5, 9H), 1.85-
/%;«%m: 1.82 (m, 1H), 2.66-
o R
P o, Az ‘ [ 3H), 3.02-3.08 (m,
/%/\83 AN ;/\;, |\/ N’ CTH), 343 (d, 1H),
Br W’ N ~ /j”\\/ we, | 07T TONTNT TN 3.66 (s, 3H), 3.87 (s,
\ O M, # o
2 3H)., 392 (s,
. 3H)L6.25 (br-s, TH),
207 652 (d, 1H), 6.85.
6.90 (m, 2H), 7.34
(dd, 1H), 7.54 (d, TH)
200 o 1.99%
[a ) 2.606.17
! ,7 2 e
S\ N i H )\N D
A / H H TIPS
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Ef;c s Nj 2.588.17
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N S 1.
DERFPN ) 2. 365.71
! < m On? Ry A
A o NH, { \Ji\l’ f\!/ S
/,L g o \/KN \E//\N
B NT N NN e
Me 212
Me Ve 1.
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/ / 1. 82%
Nj “i‘) 2.520.74
i/\\\’/O\ : o " N
sr/i\/)\o) = l AN '%[ ‘ 1 | - )
\\ N
HoNT XN © N TIPS
TIPS 918
) N 1.88%
N ‘ 2. 8617.70
A5
I %)\ R
B ! “Boc /@E[\T Boc:r\(\/j\\ l N/J\/\Is\‘[;?%
RN TN H 5
TIPS 244
7 1.71%
/ ] 2.480.73
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F o
2 F
P 1 g »@ ¥
o i N A
TSN N fies
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; \s/ 1.67%
N '1 ‘7 2.516.73
e
N._= -
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[ ’ ' <N‘i\/l N N
Br //"‘V\! / H TIPS
TIPS 291
1. 109%
NBoc NEoc 2. 464.56
O o
i T O~ 1 \~_/‘<\~
@\-r\f HNT 07 L RO A Ay
BN N o NN e
222
AN \NBO 1.95%
NBoc 00 1 2.45180
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\ 1. 85%
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\ 1. 92%
\
Noc NBoc 1o 46173
S lea s
(\’ b <N ! NH /l\m i N
Br/\r\y/“,\i\j’,E / 2 N/‘\/\_N)\Ngl\m
Me / N YR
225
1, 97%
) NBog NBoc 5 451 71
v
N R
)ﬁﬁf ) MeO™ | NH, PSP >
B N e * | MeO” ﬁ N\
276
1.29%
2. 131 (1, J=7.2Hz,
3H); 2.86 (t, J=6.0hz,
| 2H) 3.85 (s, 3H):
~ - H NCOOEt | 3.89 (t, J=6.0hz, 2H);
Moo= F 4.20 (g, J=7.2hz

ar.
\f\! \,_) F
S~y
\ F NH,

eSS A )
_

2H), 4.63 (s, 2H):

e AN N 6.58-6.67 (m, 1H):
e k 8.67-6.78 (m, 1H});
227 6.92-7.07 (m, 2H):
716  (d, J=1.6Hz,
1HY,  7.30 (d,
J=8.8hz, 1H)
) [ 3.386.70
NCOOE MNCCOD 1. 69%
\6{) (0\1/ | [/u\{/\%/j ; \\/\g_) I 2.408.75
- N\ %\O \Q}\NHA O/F\\/ (o~ N\
228
—NGOOEt it 1. 44%,
’ 2. 408.70
jons S eeBes
8r § NH, o”\/\\f\/\
229
NCOOEL NPOOE‘ 1. 66%
I“/\g’§) F\F/\ e { 2. 386.76
A L RN R \
. 230
/ 1.79%
_f( —d 2.1.22 (s, 3H); 1.24
o o P (s, 3H); 1.87-2.03
NS 1H); 2.12-2.24
| §| /o\(//\ /‘\\ S (ma I
R S i i { - {m, 1H); 2.61 {dd
: \{§ o NH L LY im, ihy; {da,
AL Ay ‘ \O/\)\[};)\NIN\ J1=8.0Hz, J2=
A 232 | 14.8Hz, 1H); 2.69-
8 | 2.83 (m, 1H): 2.89

223
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T(dt, J1=5.2Hz,

J2=16.4Hz, 1H);
3.04 (dd, J1= 4. 8Hz,
J2=14.8Hz, 1H);
3.65 (s, 3H); 3.79-
3.93 (m, 2H); 4.23-
4.36 (m, 4H}); 6.22
(sl, 1H); 6.54 (d,
J=8.0Hz, 1H); 6.78-
6.80 (m, 2H); 7.10-
7.19 (m, 1H); 7.55
(d, J=8.4Hz, TH)
3.394.70

Br/U\N//I\ . ~

Me

N NH,
§

1. 83%

2.1.75-1.81 (m, 1H);
2.02-2.16 {m, 1H);
2.42-2.50 (m, 1H);
2.63-2.84 (m, 2H);
2.93 (dd, J1=4.8Hz,
J2=15.2Hz, 1H);
3.01 (1, J=4.4Hz,
4HY; 3.33 (s, 3H);
3.57 (s, 3H); 3.60-
3.69 (m, 1H); 3.73 (4,
J=4.4Hz, 4H); 6.47
(d, J=8.4Hz, 1H);
6.89 (d, J=8.8Hz,
2H); 7.54 (d,
J=8.4Hz, 1H); 7.66
{d, J=8.8Hz, 2H);
8.60 (s, 1H)

3, 393.70

D

G

it TN
Br/KN/\P‘E

1. 56%

1 2.1.95-2.06 (m, 1H):
2.12-2.25 (m, TH);
2.60-2.80 (m, 2H);
2.81-293 (m, 1H);
3.04 (dd, J1=4.8Hz,
J2=14.8Hz, 1H);
3.65 (5, 3HY); 3.69-
3.79 (m, 1H), 4.21-
4.34 (m, 4H); 6.22 (s,
1H); 6.54 (d,
J=8.4Hz, 1H), 6.77-
6.89 (m, 2H); 7.13
{d, J=2.0Hz, 1H),
7.55 (d, J=8.4Hz,
H)

3.369.70
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1. 62%

2. 1.70-1.94 (m, 4H);
2.54-2.62 (m, 2H);
2.64-2.75 (m, 2H);
3.65 (s, 3H); 3.80 (s,
3H); 6.57 (d,
J=8.4Hz, 1H); 7.20
(dd, J1=2.0Hz,
J2=8.8Hz, 1H); 7.49
(d, J=8.4Hz, 1H);
7.58 (d, J=8.0Hz,
TH), 7.99 (s, TH);
8.59 (d, J=2.0hz,
1H); 8.95 (s, 1H)
3.332.74

NN,

/N\//‘\;)\ NH,

1/‘ \ N \..>

- N \/<\?’/ N

: i \
[ 236

1.80%
2. 1.79-2.03 {m, 4H});
2.49 (s, 3H); 2.62-
2.77 (m, BH); 2.91 (1,
i J=6.0Hz, 2H); 3.47
( TH); 3.60 (s, 2H);
65 (s, 3H}; 8.35 (sl
TH); 6. 60 (d
J=8.40hz, 1H), 7.05
{d, J=8.0Hz, 1H});
7.13-7.24 (m, 2H),
7.58 (d, J=8.0hz, 1H)
3.347.77

C/\,l fgas

A
o
=

48%

2.2.33-2.52 (m, 2H);
2.72-2.93 (m, 4H);
3.67 (s, 3H); 4.15-
4.33 {m, 4H); 6.17 (s,
1HY; 6.62 (d,
J=8.4Hz, 1H): 6.73-
6.86 (m, 2H); 7.10
(d, J=2.0Hz, 1H):
7.50 (d, J=8.4Hz,
1H)

3.322.73

/\ﬁ”
ANA

N/\/QL f\‘

238

—.

1. 33%

2. 2.44-2.54 (m, 5H);
2.72 (t, J=6.0Hz,
2H); 2.80-2.86 (m,
2H); 2.86-2.94 (m
4H), 3.60 (s, 2H);
3.71 (s, 3H); 6.31 (sl
TH); 6.60 (d,
J=8.4hz, 1H); 7.06
(d, J=8.4Hz, 1H);

C 74725 (m, 2H);

225
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7.56 (d, J=8.4hz, 1H)
3.333.77

1. 28%

2.2.49 (p, J=6.8Hz,
2H): 2.82 (t,
J=6.8Hz, 2H); 2.90
(t, J=6.8hz, 2H); 3.76
(s, 3H); 3.90 (s, 3H);
8.61 (d, J=8.4Hz,
1HY; 7.27 (dd,
J1=1.2Hz, J2=8 4Hz,
1HY; 7.56 (t,
J=8.0Hz, 2H); 8.03
(sl, 1H); 8.44 (sl, 1H)
3. 318.73

e ﬁ’\ HaN N
B N N\ \
/—’—SOQ
8|\ - - "
I O
N Y .
\ F7N NN,

1.28%

2. 3.30 (sl, 2H); 3.50
(sl, 2H}); 3.65 (s, 3H);
4.45 (s, 2H); 6.60-
8.71 (m, 1H); 6.73~
6.86 {m, 1H); 6.95
{d, J=7.6Hz, 1H),
7.17 (g, J=9.2Hz,
THY, 7.2 (s, 1H);
7.40 {d, J=7 BHz,

1H); 7.98 (sl, 1H)

3.363.73

1. 45%

2. 3.28 (1, J=B.4Hz,
ZH); 3.49 {4,
J=6.4Hz, 2H); 3.63
{s, 3H); 4.14 (d,
J=8.2Hz, 2H); 4.17
(d, J=5.2Hz, 2H);
4.39 (s, 2H), 6.41-
6.50 (m, 2H); 6.67
(d, J=9.2Hz, 1H);
6.88 (dd, J1=2.0hz,
J2=8.8Hz, 1H), 7.07
(d, J=2.0hz, 1H);
7.32 fd J=8.8hz,
1H): 760 (sl, 1H)
3. 38571

80,
N, NN
/i\} \O/‘\\/

1.69%

2.2.03 (s, 3H); 3.28
(t, J=6.4Hz, 2H);
349 (t, J=6.4Hz,
2HY; 3.84 (s, 3H),
3.69 (s, 3H); 4.40 (s,
2H); 6.44 (dd,
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| J1=2.0Hz, J2=8.0Hz,

1H); 6.55 (d,
J=2.0Hz, 1H); 6.87
(d, J=8.0Hz, 1H);
6.94 (dd, J1=2.0hz,

1J2=8.8Hz, 1H); 7.17

(d, J=2.0Hz, 1H);
7.34 (d, J=8.4Hz,
1H): 7.71 (s, 1H)
3.371.72

/\/“’\H/\/

/\

| 243

,4"9,
N/

1.71%
2. 3.42 (t, J=8.0Hz,

L 2H); 3.48 (4,

J= 6 OHz, 2H); 3.72
(s, 3H); 4.40 (s, 2H):
741 (dd, J1=2.0Hz,
J2=8.4Hz, 1H); 7.27-
7.36 (m, 2H): 7.40
(d, J=8.8Hz, 1H):
7.49 (d, J=8.8Hz,
1H): 8.20 (d,
=2.8Hz, 1H)
396.67

.67%

. 243 (s, 3H); 2.73
J=6.0Hz, 2H);

85 (I, J=6.0Hz,

HY, 3.37 (1,

=5.0Hz, 2H); 3.45
t, J=6.0Hz, 2H);
3.51 (s, 2H); 3.66 (s,
3HY, 4.33 (s, 2H);
6.66 (s, 1H}; 6.80
{dd, J1=2.0Hz,
J2=8.0hz, 1H); 6.94
(d, J=8.4Hz, 1H});
7.01 (dd, J1=1.6Hz,
J2=8.4Hz, 1H); 7.08-
745 {m, 1H), 7.27
(d, J=8.8hz, 1H)
3,396.74

P NN D e

~—

1. 14%

2. 3.40 (t, J=6.0Hz,
2H); 3.48 (1,
J=6.0Hz, 2H); 3.71
(s, 3H); 3.94 (s, 3H);
4.39 (s, 2HY; 7.05-
7.16 (m, 2H); 7.28
{d, J=8.8Hz, 1H);
7.32 (s, 1H); 7.39 (d,
J=8.4Hz, 1H); 7.58
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(d, J=

!\\/t%e

7

ﬂ I Jry
br-\:r/\y/\ \N/
E\/J‘“‘N\ SN

\

e
XL
S

8.
3.
1.

2.2.22 (s, 3H); 245
(t, J=4.8Hz, 4H);
2.99 (1, J=4.8Hz,
4HY; 3.27 (t,
J= 6 4Hz, 2H); 3.49
{t, J=6.4Hz, 2H),
3.62 (s, 3H); 4.38 (s,
?H) 8.78-6.84 (m,
2HY; 6.84-6.94 (m
'3{"!) 7.05 (s, 1H)
7 OO d J=8.4Hz,
(oi, TH)

o~

,Z

\/\é )

\//l ‘N\

)

N\

2

-%-F:-v
\O“\‘

5%
2‘ 3.29 (t, J=6.0Hz,
2H); 3.50 (1,
J=6.0Hz, 2H); 3.65
(s, 3H); 4.43 (s, 2H);
6.50-7.00 (m, 2H);
7.19 {d, J=1.6hz,
1H); 7.39 (d,
J=8.8Hz, 1H), 7.44-
7.52 (m, 1H); 7.79

(sl, 1H): 8.03 (s, 1H)

3 346.77

1 74%
2.2.96 (1, J=4.4Hz,

LAM); 3.27 (1,

J=6.0Hz, 2H): 3.48
(t, J=6.0Hz, 2H);
3.62 (s, 3H); 3.72 (¢,
J= 44E~fz 4H): 4.37
(s, 2H); 6.78-6.95

! (m, 5H); 7.06 (sl

1H); 7.30 (d,
J=8.8hz, 1H); 7.48
(sl, 1H)

3. 412.69

249

1.75%
2.5.95 (s, 2H); 6.55
(dd, J1=2.0Hz,

+ J2=8.4Hz, 1H); 6.69

(d, J=2.0MHz, TH};
B.74 (1, J=7.2Hz,
1H); 6.81 (d,

| J=8.4Hz, TH); 6.90-

228
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6.99 (m, 2H); 7.12-
7.23 (m, 2H); 7.91
(sl, 1H)

3.214.82

1. 54%

2.5.95 (s, 2H), 6.52
(dd, J1=2.0Hz,
J2=8.0Hz, 1H); 6.54-
6.59 (m, 1H); 6.63
(d, J=2.0Hz, 1HY;
6.68-6.75 (m, 1H);
6.75 (d, J=6.0Hz,
1H): 6.99 (q,
J=8.0Hz, 1H)

3. 250.69

1.60%
2.5.92 (s, 4H); 6.42

| (dd, J1=2.0Hz,
. J2=8.4Hz, 2H); 6.58

(d, J=2.0Hz, 2H),
6.77 (d, J=8.4Hz,
2H) (2 d overlap);
7.67 (sl, 1H)
3.258.71

1. 66%

2.2.99 (1, J=4.8Hz,
4HY, 3.72 (1,
J=4.8Hz, 4H); 5.91
(s, 2H); 6.40 (dd,
J1=2.0Hz, J2=8.0Hz, |
1H); 8.55 (d,
J=2.0Hz, 1H); 6.74
(d, J=8.0Hz, 1H});
6.85 (d, J=9.2Hz,
2H): 6.92 (d,
J=9.2Hz, 2H); 7.58
(s, 1H)

3. 299,71

1. 69%

2.2.35 (s, 3H); 2.43-
2.55 (m, 4H}; 3.60-
3.75 (m, 4H); 6.98-
7.09 (m, 4H), 7.12-
7.21 (m, 2H);, 7.32
(dt, J1=2.2Hz,
J42=8.8Hz, 2H)
3.314.75
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1.76% ,

! 2,2.34 (s, 3H); 2.42-

, | 2.54 (m, 4H); 3.58-

& rNW 3.76 (m, 4H); 5.93 (s,
r ] L 2H); 6.64 (dd,

A0 L N J1=2.0Hz, J2=8.0Hz,

> N 1HY, .72 (d
NP O . X Hy, 6. ,
o N0 o < i ( j/% J=2.4Hz, 1H); 6,77
| O Ny (d, J=8.4Hz, 1H):
HoN H 6.95 (d, J=8.8Hz,

254 2H), 7.28 (d,
J=8.8Hz, 2H)
3. 340.70
1. 56%

2.1.10 (d, 18H);

1.57-1.60 (m, 3H);

1.86-1.92 (m, 2H);

| 2.05-2.08 (m, 2H);
%}/j,é 2.13-2.19 (m, 2H);
N 2.37 (s, 3H); 2.74-
\/*\%f 2.80 (m, 1H), 2.99-

3.08 (m, o“-{} ’3 87

{(brs, 4H), 6.81-6.87
{m, 4H), 6. 99 (brm,
2H), 7.14 (brs, 1H),

7.48 (d, 1H),
3. 547.66
’> 1.40%
2. 1.82-1.86 (m, 2H);
7o \</ 1.90-1.94 (m, 2H);

2.63-2.69 (m, 4H);
3.50-3.52 (m, 4H);
5 61 (s, 3H); 3 88-

>J.:£
/
SE
| i
L
o
AN
/
=
)
=
\Y
i

.

;{_‘)

o
who

256 (d, 1H), 7.59 (d, 1H).
Precarafive Example 258
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Step A

To a solution of the title compound from Preparative Example 66 {0.056 g, 0.091 mmol) in THF
{1 mlL) was added tetrabutylammonium fluoride (0.024 g, 0.081 mmol) and the reaction mixiure
was stirred al room temperature for 30 minules. The reaction mixture was concentrated and the
residue was purified on a silica gel column (25%-100% EtOAc/heptanes: isccratic mixiure) to
afford the title compound (0.026 g, 63 %).

THNMR (400 MHz, CDCL): § = 1.40 (s, OH), 1.50 (m, 2H), 1.94 (m, 2H), 2.89 (m, 2H), 4.1 (m,

2H), 6.76 (d, 1H), 6.96 (d, 1H), 7.16 (dd, TH), 7.43 (d, 1H), 7.94 (d, TH), 8.96 (s, 1H), 10.5 (s,
1H), 12.2 (s, 1H)

Preparative Example 258

N \
- HEBoC 3 Moo
\'15 J \\[ \/ — CH.ON ,- \L%Jﬁj l ,\[ NS
SUNTNTTH - SN N
H ”;"giﬂﬁ; Step A ¢ H

Step A

LM

The title compound from Preparative Example 150 (0.049 ¢, 0.08 mmol) was dissolved in
acetonitrite (1 mlL) and dichloromethane (1 mL} and freated with a 1 M solution of
tetrabutylammonium fivoride (0.1 mL, 0.1 mmol, 1.25 eq. per TiPS-group) in tetrahydrofurane.
The mixture was stirred at room temperature for 1 h and the solvents were removed. The
residue was purified by chromafography on silica using dichloromethane/acetone (95/5) to
afford the fitle compound as a pale yellow glass (0.029 g, 82 %).
H-NMR (400 MHz, CDCls): 6 = 1.48 (s, 3H), 1.94-2.08 {(m, 2H), 2.70-2.95 (m, 7H), 4.25-4.56
(br-rn, 1H), 6.33 (br-s, 1H), 6.56 (d, 1H), 8.92-7.03 {m, 1H), 7.06 (g, 1H), 7.55-7.66 (m, 2H), 8.04
(br-s, 1H)

3]
(@6
—
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Preparative Example 250

_ { |
P fluoride, polymer .
Ty supportad _ TN K 4
i~ \ \/ ;/ h H |
T i

y B, S P 3
£ N X THE F NN
i £ . =
: TIOG & §
’ Sten A

10 Slep A

To a sclution of the fitle compound from Preparative Exarnple 82 (0.150 g, 0.3 mmol) in THF (5
mb} was added fluoride, polymer supporied (Aldrich 387789) (0.4 g). The mixture was agitated
overnight, filtered and ihe solvent was evaporated. The solvent was filtered off and

15 conocentrated, and the residue was purified on a silica gel column (methanol to dichloromethane;

5 10 15%) io afford the title compound (0.075 g, 73 %).

H-NMR (400 MHz, DMSO-dg): 8 = 1.66-1.69 (m, 2H), 1.89-1.92 (m, 2H), 1.99-2.04 (m, 2H),
2.20 (s, 3H), 2.63-2.69 (m, 1H), 2.84- 2.87 (m, 2H), 6.72-6.77 (m, 2H), 6.85-6.90 (m, 1H), 6.96
20 (s, 1H), 7.07 (s, 1H), 7.20 (abq, 1H), 7.44 (d. 1H), 8.09 (s, TH), 10.5 (s, 1H)

4

Sroparative Exarapnles 2671 1o 330

25  Following a procedure similar to that described in Preparative Examples 258(A), 259 (B), 260
(C), except using the compounds from the Preparstive Examples indicated in the table below,

the following compoeunds were prepared.

232
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Table 3

Starling Material | Product 1. Yield
Preparative Preparative Example 2. TH-NMR
Example (CDCH)

3. MH(ES)
4. Deprotection

i 151 MiBog | - B4 %
MROC ) 5 5= 1.50 (s, OH), 1.96-2.05 (m,

- e - 2H)Y, 2.70-2.95 (m, 7H), 4.25-4.55
BN I\Lf N (br-m, 1H), 6.60 (d, 1H), 6.70-6.76
Mo P, (br-s, 1H), 7.60 (d, 1H), 7.63-7.67
NN (m, 1H), 8.11 (br-s, 1H), 8.29 (d,
961 ja ), 8.72 (5. 1H)
N ]
153 < 1.83%

NBOC |9 5 = 156 (s, OH), 2.082.17 (m,
oH), 2.79-3.03 (m, 7H), 4.41-4.65

f“\(%\r/‘“ q N (m, 1H), 6.54 (br-s, 1H), 6.62 (d,
I g ./ LAFD, 703741 (m, M), 7.70 (d,
S 1H), 8.16 (br-s, 1H), 8.53-8.59 (m,
' 1H)
4.8
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157 Boc 1.69 %
) \ 2.8 = 151 (s, 18H), 1.94-2.07 (m,
{ NBOG | 41), 2.65-3.00 (m, 12H), 4.15-4.55 |
. i {br-rm, 3H), 6.50 (br-s, 1H), 6.63 84, ;
(/\ﬂ /[\ i\ 1H), 6.89 (s, 1H), 7.00 (d, 1H),
e T 7.52-7.57 (m, 2H), 7.95 (br-s, 1H),
H b H 8.22 (br-s, 1H)
4.8
253
158 Boc 1.74 %
N~ 2. (CDL0B) 8= 1.50 (s, OH); 1.64
\2 (dg, 3H); 2.05 (d, 2H), 2.9-3.1 (m,
COOMe | 3H); 3.88 (s, 3H); 4.20 (d, 2H): 6.74
I \/\S (d, TH); 6.93 (s, 1H); 7.09 (dd, 1H);
NG - 7.49 (d, 1HY): 7.71 (s, 1H); 7.81 (4,
o NONN 1HY: 8.10 (d, 1H)
s o 3. 490
264 4.8
67 Boch- 1.83 %
C 2o s=841(d, 1H), 813 (d, TH),
- GN 778 (d, 1H), 7.74 (d, 1H), 7.49 (s,
s TS | 1), 744 (5, 1H) 706 (5, 1H), 6.66
C A A L) [(d M), 6.45 (d, 1H), 4.12-4.15 (m,
b MOOUNT N | 2H), 3.10-3.15 (s, 2H), 2.86-2.91
© i {m, 2H), 1.99-2.07 (m, 2H), 1.54-
265 1.63 (m, 2H), 1.42 (s, OH).
4. A
68 BocN 1.63 %
& M o //"l\ 2 ;i87
7Y T \\i/\,w—/
NN N TN
L ¥ 5
] g"‘i ;"E
266
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69 Boc | 1.64%
M 2. (DMSO-dg): 8= 7.99 (s, 1H),
J 7.75 (s, 1H), 7.50 (d, 1H), 7.42 (d,
y 1H), 7.30 (d, 1H), 7.07 (dd, 1H),
! 6.96 (d, 1H), .94 (d, 1H), 6.83 {dd
] N M ) : : LU,
’\%j\ { N 1H), 6.80 (d 1H), 4.23 (rn, 4H), 2.90 |
T S T (m, 4H), 2.06 (m, 4H), 1.66 (m, 4H),
by t 1.51 (s, 9H), 1.49 (s, 9H),
( 3. 614
4.
S h
| Boo
i;aii‘?
159 ! Goc |1.72%
— i 4. B
|
l
i
{
160 57 %
3. 437
B
161 74 %

433
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162 Boc | 1.58%
M 3.436
4.B
{?‘\
<a A A
o NN
H x
274
176 Boc | 1.97 %
~N_ 3,487
( 4.B
N |
eVes
B NI 5' ‘--N
i o NONONog
272
70 Boc "1.35% |
N~ . 3. 387
{ ) 4 A
B H
No_Mo N
AN S i
SR ove
Ny A
H A
273
7 Boc T1759%
Waa | 2.8 =8.56 (s, 1H), 7.96 (s, 1H),
S > 7.53-7.58 (m, 2H), 6.98 (d, 1H),
- 6.88 (s, 1H), 6.84 (d, 1H), 6.53 (s,
) A 1H), 4.24-4.25 (m 2H), 2.91-2.96
%4 T\’ /(\/(\F (m 4H), 2.77-2.85 (m, 4H), 2.45-
N bd\ SNgPTN 248 (m, 2H), 1.67-1.69 (m 2H),
H N B 151 (s, 9H).
4. A
274
72 Ho ) 1.36 %
<33\(/E\ [ A 2.5 = 8.38 (brs, 1H), 7.97 (brs, 1H),
s N gy 7.69 (s, 1H), 7.53 {(d, 1H), 7.33 (d, |
S TH), 7.45(d, 1H), 8.97 (s, 1H), 6.54
[ o (d, 1H), 6.37 (s, TH), 4.23-4.25 (m,
. 2H), 2.78-2.94 (m, 7H), 2.45-2.49
! f:'f,‘ (m, 2H), 2.01-2.04 (m, 2H), 1.76-
B0 1.79 (m, 2H), 1.49 {s. OH).
275 4. A
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185 B Boc 1. 67 %
N N 3.615
Q ) les
T U
W 3 A
276
73 NBoe 1 1.80%
2.8 =863 (d, 1H), 8.02 (s, 1H),
7.62 (d, 1H), 7.46 (d, 1H), 7.31 (d,
Fal P 1H), 6.95-6.89 (m, 2H), 6.1{brs,
\Y%\p )'\ T 1H), 4.25-4.28 (m, 2H), 2.89-2.99
Na Sy N (m, 3H), 2.04-2.08 (m, 2H), 1.67-
M b 1.71 (m, 2H), 1.57 (s, SH).
- 4. A
Tes T T 1.52 %
3. 514
4.B
i/\\ -~ ] 1
278
74 Ho o 1 1.86%
N2 /I;\/\\w’ S 1252 951 (brs, 1H), 9.34 (brs,
&\/\} AL A 1H), 8.3 (brs, 1H),7.57 (d, 1H), 6.86
/ NN (s, 1H), 8.49 (s, 1H), 6.47 (s, 1H),
(/‘ i 4.41-4.18 (m, 2H), 2.76-2.85 (m,
S OH), 2.44-2.47 (m, 2H) 1.86-1.89
N (m, 2H), 1.48 (s, 9H).
Hoc 4 A
| 279
75 | ~NBoc 1 1.70%
/ 2.8=7.91 (s, 1H), 7.52 (d, 1H),
F - 7.10 (s, 1H), 6.98-6.99 (m, 1H),
- . 6.83-6.89 (m, 2H), 6.65 (m, 1H),
¥ o AN \
\K\{ J@ S 4.23 -4.25 (m, 2H), 2.89-2.95 (m,
\)\Fk 2 3H), 2.01-2.17 (m, 2H), 1.68-1.71
H H (m, 2H), 1.48 (s, OH).
o 4. A
Lald
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76 MNEoe 1. 90 %
2. 6= 7.99 (brs, 1H), 7.39 (brs, 1H),
P - 7.34 (d, 1H), 6.98-7.03 (m, 4H),
£ b 6.69-6.72 (m, 1H), 6.55-6.57 (m,
Y \;/\\r N 1H),4.22-4.26 (o, 2H), 2.86-2.93
/K) K//L\;gg (m, 3H), 2.01-2.05 (m, 2H), 1.58-
H | 170 (m, 2H), 1.50 (s, OH).
| 4. A
77 % w;m* 1.0 %
N 2. 8= 8.47 (brs, 1H), 8.26 (s, 1H),
7.41-7 44 (m, 2H), 7.35 (d, 1 H),
| 714 (d, 1H), 7.00-7.04 (m, 2H),
6.12 (s,1H), 4.21-4.22 (m, 2H),
‘ 2.87-2.91 (m, 3H), 1.97-12.0 {m,
’ 2H), 1.61-1.64 (m, 2H), 1.48 (s,
9H).
4. A
79 1,60 %
2.8 =774 (brs, 1H), 7.47 {d, 1H),
; S| 745 (s, TH), 7.24(d, 1H), 7.08 (¢,
: 1H), 6.97 (s, 1H), 6.81-6.84 (m,
\*\ N J 2H), 4.22-4.23 (m, 4H), 3.73 (s,
/\\ 3H), 2.87-2.94 (m, 6H), 1.99-
/ 2.07(m, 4H), 1.61-1.71(m, 6H}, 1.51
) (s, 9H), 1.49 (s, 9H).
Bochi— 3. 628
P 2R3 405 !
167 : Boc 1.68 % |
—N 3.429
() 4B
LN 5 ; AN (
PSS AN
N\ M
F M H
284
168 oo 1.72 %
— i 3. 462
ij 4.B
5\3\)\ /(w’ 3
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164 Boc | 1.84%
~N 2.8 =1.49 (s, 9H), 1.85 (m, 21}, 2.01-
4 > 2.04 (m, 2H), 2.86-2.96 (m, 3H), 3.1
~ (m, 4H), 3.81 (M, 4H), 4.22 {brs, 2H),
; 8.44 (d, 1H), 6.55 (d, 1H), 6.50 (s, 1H),
= i °
/[j\ /@ \g 6.84 (5. 1H). 6.89 (d, 1H), 7.10-7.14
K\“ Ny Sy (m, 2H), 7.51 (d, 1H), 8.04 (brs, 1H).
I /} H b 3. 477
O 4. B
| 286
169 =lsle Boc | 1.61%
P~ —N 3. 614
A / ) |48
aeNon
NS NN N
¥4 i H
83 Hoo 01,92 %
& 3.528
j 4.C
H -
Mo AN
U R
»/‘\57\ Q{/\\\\ /1\-”
% e
/ H H
S
N
/
288
170 / 1. 98%
—N 2. 394
{ 4c
= N
{/\N NN “n \/\;}i
o .
289
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81 / 11.92%
~N 2.8=18.23(s, 1H), 7.39 (s, 1H),
. -~ 7.32 (d, 1H), 6.94-7.01 (m, 3H),
Fuor N 6.68 (ddd, 1H), 6.52-6.54 (m, 1H),
f\/g[ L TN 5.58 (s, 1H), 2.99 (d, 2H), 2.74-2.80
= X TR {m, 1H), 2.36 (s, 3H), 2.14 (1, 2H),
H 2.03 (d, 2H), 1.84-1.91 (m 2H).
280 4.C
171 Zog 1.83%
N 3. 433
MR
~ / ’\ A
CIOL U
S
;’% g‘i $
204 ?
85 7T %
[“?‘? 2.8 = B.00 (s, 1H), 7.51 (d, 1H),
\ 7.01 (d, 1H), 6.86 (d, 1H), 6.83 (d,
- — 1H), 6.79 (d, 1H), .71 (d, 1H), 6.63
/b\(/\q Fyé (dd, 1H), 5.55 (s, 1H),3.87 (s, 3H),
P L 3.83 (s, 3H), 3.06 (m, 2H), 2.82 (i},
"o \/\ixa & N 1H), 2.43 (s, 3H), 2.32-2.87 (1, 2H),
i o 2.07-2.10 (m, 2H), 1.93-2.00 (m,
292 2H).
3. 366
4.C
84 /11.43%
['N\ 3. 528
/] ac
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174 Boc | 1.81%
N 3. 478

o™ ] aa

NN R
H
294
87 Boc 1.41%
g 3.433
Q i
AT
Lo H
<
| 295
179
oY
LN~
“ |
296
88 1.80%

2. (DMSBO-dg): & = 10.55 (s, 1H),

AN
) MBOG | 862 (s, 1H), 8.59 (s, 1H), 7.88 (m,
y TH), 7.54 (d, 1H), 7.21 (d, 1H), 7.05
EAZEN /TQ (d, 1H), 7.03 (s, 1H) 6.50 (d,
1H),4.10-4.12 (m, 3H), 3.64 (s, 3H),

B 0 \ 2.67-2.91 (m, 10H), 1.92-1.2.01 (m,
( > 4 H), 1.58-1.64 (m, 2H), 1.42 (s,
P 18H)
Bon 3. 829

4. A
297
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181 N | 1-56%
’ 2. (CD,Ch): § = 1.71-1.82 (m, 1H),
N 214247 (m, 1H), 2.37 (s, 6H),
TS T 2.53-2.58 (m, 1H), 2.73-2.84 (m,
(\N/\/ SN 4r1), 3.01 (brm, 4H), 3.80 (brm, 4H),
A M 5.48 (s, 1H), 6.80-6.82 (m, 3H),
N 6.90-6.92 (m, 2H), 7.09 (s, 1H),
7.45 (d, 1H), 8.09 (s, 1H).
298 3. 391.67
4.C
182 S | 1. 70%
:f;;‘ { 4, C
. N
IR @
N ST
/M\/J ]
183 / 159 % i
N 3.378
) lac
GeNes
0 S N \/[\?\f/
- H g,,,g
300 | )
184 / 1.52 %
bl 3. 377
() lic
N - ~
[ N s [% %‘ \B
‘ @/‘K\ \?é/\\\\/ \:jé
: it :
| 301
185 / 1.86 %
: N 2. (CD,Cl/MeOD): 3 = 1.19 (s, 3H),
E / L 1.93-2.02 (m, 2H), 2.19-2.22 (m,
?\/k. 2H), 5,35~2.4O {m, 2H), 2‘9413.00
N @\ {m, 1H), 2.14-3.16 (m, 2H), 7.03 (d,
| K/"\ng s . 1H), 7.13 (m, 3H), 7.31 (ors, 1H),
i N N 7.72 (d, 1H).
‘ Fo 3. 360
l 302 4.C

242
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193 T3 %
M l4c
H
Y
Q%/iv; l/, [ // /\
S e 3
M H
303
194 S | 167 %
’ 3.366.78
- [ - 4.C
Mg.a,TA\ \/T\é
| MeQ” K/\%\}
b
304
7153 MBoe | 1-83% ;
JUEOT o5 = 156 (s, OH), 2.08-2.17 (m,
. . 2H), 2.79-3.03 (m, 7H), 4.41-4.65
W 1 S (m, 1H), 6.54 (br-s, 1H), 6.62 (d,
Lo 1H), 7.03-7.41 {m, 1H), 7.70 (d,
7N T X i Vth f1 :
FONONTONTT 1H). 8.16 (br-s, 1H), 8.53-8.59 (m,
. ) 1H)
w3 ., l; B
89 [ 1173%
N 12, "H-NMR (400 MHz, CDClg): § =
L 8.00 (s, 1H), 7.51 (d, J =8.4Hz, 1H),
7.01 (d, J =1.6Hz, 1H), 6.86 (d, J=
O A 1.6Hz, 1H), 6.83 (d, J =2.0 Hz, 1H),
L] 16.79 (d, J = 8.4Hz, 1H), 6.71 (d, J |
SN NN S N | =2.4¢z, 1H), 6.83 (dd, J = 2.4Hz, J
. H = 8.4Hz, 1H), 5.55 (s, 1H),3.87 (s, |
o 3H), 3.83 (s, 3H), 3.06 (m, 2H), |
2.82 (tt, 1H), 2.43 (s, 3H), 2.32-
2.87 (t, J = 10.4Hz, 2H), 2.07-2.10
(m, 2H), 1.93-2.00 (m, 2H).
4. C
90 vt | 1- 80%
H -
N Sy o ‘4’. C
SOWe s
S e

243
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91

/
N

| 1. 43% |

2. "H-NMR (400 MHz, CDCl3): §
= 8.0 (s, 1H), 7.88 (s, 1H), 7.47
(d, 1H), 7.41 (s, 1H), 7.30 (d,
1H), 7.05 (d, 1H), B.94 (d, 1H),
6.82 (s, 1H), 5.64 (brs, 1H),
4.22-4.24 (m, 2H), 3.26-3.28 (i,
2H), 2.87-2.93 (m, 5H), 2.48-
2.58 (m, 5H), 2.15-2.20 (m, 2H),
2.00-2.03 (m, 2H), 1.66-1.69 (m,
2H), 1.49 (s, OH).

4. G

92

1. 68%

|4 A i

2.(CDCL )6 7.76 (s, 1H), 7.46 — |
741 (m, 2H), 7.32 - 7.26 (m, 2H), |
7.24-7.21 (m, 1H), 6.77 (s, 1H), ,
6.72 (s, 1H), 6.60 (d, 1H), 5.07 {t, |
1H), 4.29 — 4.22 (m, 2H), 3.09-3.02 |
(r, 1H), 2.97-2.89 (m, 4H), 2.68 —
2.58 (m, 1H), 2.09 ~ 2.02 (m), 1.98
(dd,1H), 1.77 — 1.62 (m), 1.52 (s).

- 2. "H~ NMR (400 MHz, CDCL;)

L (m, TH), 5.56 (s, 1H), 3.87 (s, 3H),

1. 55%

8.01 (s, 1H), 7.55 (d, 1H), 7.06 (d,
1H), 6.90-6.81 (m, 2H), 6.79 — 6.69

3.02 (d, 2H), 2.83 — 2.77 (m, 1H),
2.38 (s, 3H), 2.19-2.06 {m,2H),
2.13-2.06 {m, 2h), 1.92-1.85

(rn,2H).

4.0
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|98 / T T7%
—N | 2. TH-NMR (400 MHz, DMSO-ds ) d
’ 10.58 (s), 7.48 (s, 1H), 7.24-722
PN N~ (m, 1H ), 7.01 (s, TH), 6.83 (d, J =
\O/Q/ 1 P 8.8 Mz, 1H), 6.78 (d, J = 8.6 Hz,
. 1H), 6.65 (s, 1H), 6.46 ~ 6,42 (m,
S :
C1H), 3.68 (s, 3H), 3.67 (s, 3H), 2.85
(d, J=10.6 Hz, 2H ), 2.68-2.59 (m,
1H), 2.20 (s, 3H), 2.04-1.98 (m,
2H), 1.93 — 1.84 (m, 2H), 1.72 -
1.68 (m, 2H).
4.C
256 / 1. 50%
—N 3.391
o™ J 4. A
\/.MW/ ’ A
\/’L N/’\\\/""&g
H o
342
99 / 1.
N 3.
Q 4.C
o }—‘i 7
Pj/«\l N\f\\ .,--.%
Sy Sy N
O H
,,,,,,,,,, 39;3 —_—
100 f&oc 1.76%
N 2. (CDCl) § 8.28 (s, 1H), 7.77 (d, J
{/j = 85 Hz, 1H), 747-7.43 (m, 1H),
y 7.04 (d, J = 8.7 Hz, 1H), 6.96-6.92
O~ /\\\/g (m, 1H), 6.77 (s, 1H), 6.54 (d, J =
N EL /i ;\E\g 8.5 Hz, 1H), 6.30 (s, 1H), 4.30 —
S g N 4.25 (n~ 2H), 3.90 (s, 3H), 2.92-
314 : 2.86 (m, 3H), 2.01 (d, J = 12.7 Hz,
) 2H), 1.88-1.66 (m, 2H), 1.51
(m,8H).
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14, A
108 N 1. 55%
() lan
&L O
N ! .
Ny N Z N
H H
315
111 / 1.80%
—N_ 2. (CDCly) 8 7.97 (s, TH), 7.62 (d,
// 1H), 7.15 (d, 1H), 6.98 (d, 1H), 6.88
F (dd, , 1H), 6.53 (dd, 2H), 5.68 (s,
F 1H), 3.03 (d, ,2H), 2.89 - 2.72 (m,
j'// | - ) A\ 1H), 2.39 (s, 3H), 2.21-2.07 (m,
PN N . 4H), 1.93-1.85 (m, 2H).
F N iwt
H
el
10 4.C
112 [ 173%
N\ 2. "M NMR (400 MHz, CDCly) &
C// | 7.89 (s, 1H), 7.56 (d, J = 8.4 Hz,
L1H), 7.09 (d, J = 1.8 Hz, 1H), 7.00 -
. 6.84 (m, 2H), 6.70 (dd, J = 7.4, 2.6
S ) 7 [N [Hz 1H), 657 ~ 6.51 (m, 1H), 560
AL NP N (s, 1H), 3.84 (s, 3H), 3.14-3.11 (m,
O N H [ 2H), 2.88-2.82 (m, 1H), 2.46 (s,
3H), 2.30 (s, 2H), 2.13-2.10 (m,
317 2H), 2.04 — 1.98 (m, 2H).
4.C
115 \ 1.73%
(N \e-Boc | 2+ (CDCL): & 8.15 (s, 1H), 7.58-
A < 7.56 (m, 2H), 7.04 (d, 1H), 6.89 (s,
= . 1H), 6.63 (d, J= 8.4Hz, 1H), 6.47
o =
{\@ P §’/ (s, 1H), 3.64 (s, 3H), 3.02 2.99 (m,
NS N T 2H),2.87-2.77 H), 2.37
H H b - )= : . (m1 9 )’ . (S:
3H),2.19-2.06 (m, 8H) 1.51 (s, 9H).
318 4.C

246




WO 2011/128435 PUT/EPZOT /056068
116 / 1. 68%
N 2. "H-NMR (400 MHz, CDClL,): § =
7.48 (d, =8.4Hz, 2H), 7.4 (s, 2H),
" N 6.97 (d, 2H), 6.94 (s, 2H), 6.77 (d,
Ny ] TN 2H), 3.49-3.46 {m, 4H), 3.13- 3.07
N A~ TN (m, 4H), 2.98-2.97 (m, 2H), 2.12-
H 2.11 (m, 4H), 1.94-1.87 (m, 4H).
h 4.C
319
117 \ / 1. 80%
N N 2. (CDCly): & = 8.06 (brs, 2H), 7.52
(d, 2H), 7.06 (s, 2H), 6.85 (d, 2H),
6.78 (s, 2H), 5.68 (s, 2H), 3.00-2.98
/T ~ Z N\ (m, 4H), 2.80-2.77 (m, 2H), 2.35 (s,
NP SN 8H),2.16-2.03 (m, 8H), 1.89-1.83
H H (m, 4H).
320
4.C
208 Boc
N 4. A
g LU D ij
)LN NTNTTN
H H H
321
209 ~ poc 1. 83%
] 2. 432,60
— 4. A
\/}\N/ NN
B H
322
219 e 1.77%
2.461.75
\,") 4. A
. TR
Boc@in\/f\N
H H
323

247
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214 Wie WZET
N 2. 5= 1.97-2.18 (m, 4H): 2.18-2.40
< j (m, 4H): 2.94 (s, 3H); 2.96 (s, 3H);
3.09-3.31 (m, 6H); 3.64 (t,
7 A J=12.4Hz, 4H); 3.89 (s, 3H): 6.73
| ; (d, J=8.8Hz, 1H); 7.06-7.13 (m,

] 2H), 7.23 (s, 1H); 7.45-7.51 (m,
1H): 7.75-7.82 {m, 1H); 8.33 (d,
J=8.8Hz, 1H)

3. 457.79
4.C

218 / 1 51%

2.5= 2.07 (dg, J1=2.8Hz,
J2=12.8Hz, 2H): 2.29 (d, J=14.0Hz,
2H); 2.93 (s, 3H); 3.14-3.28 (m,

[Of\i ;[/\ N 3H); 3.63 (d, J=12.0Hz, 2H); 4.28
sy Ay (s, 4H) 6.88-7.04 (m, 4H): 7.08 (d,
O N b J=8.0MHz, 1H); 7.301 (s, 1H); 7.78-
H 7.88 (m, 1H)
325 3.364.74
4.C
221 / 1. 76%
i //N 2.2.07 (dq, J1=3.6Hz, J2=13.2Hz,
2H); 2.32 (d, J=13.2Hz, 2H); 2.93
(s, 3H); 3.10-3.28 (m, 3H); 3.56- |
Nz . 3.69 (m, 2H); 3.96 (s, 3H); 6.97 (d,
¢ TjL Ji/ N J=8.4Hz, 1H): 7.06 (s, 1H): 7.25 (s,
NSNS TN 1H); 7.28 (s, 1H); 7.29 (d, J=8.8Hz,
/ » = 1H); 7.61 (m, 2H); 9.10 (s, 1H)
228 . 3. 360.68
4.C
270) / 1. 76%

2. 2.55-2.71 (m, 4H); 3.08 (s, 3H};
3.42-3.55 (m, 1H); 3.55-3.69 (m,
2H), 4.00 (d, J=11.6Hz, 2H); 7.30
(d, J=8.4Hz, 1H); 7.51 (s, 1HY;
7.53-7.63 {m, 5H); 8.10 (d,
J=8.4Hz, 1H); 11.18 (sl, 2H)
3.324.73

4.
4.

o0

217 7

S,

248
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POT/RPIOTHO56808

66 ”w%é’ﬂ%“\ 4. A
N
NN X
,./5/()’\%3 i ?\E//LN?;
H 5 0 H
328
211 {}\/ﬁfi\ j}we 4.0
L 00
i .
NSy N
i~
i H
330
Preparative Example 339
Bac
. \
Boc\ N
0 < /'O\ 27N ,/\\ - §
SeNss : U0
| > e N IR
ISEEN \N-»J\/ ~N step 10 S ﬁ ﬁ
H {
Boc
Fromarative Example 332
L RO By roiH
F T/\/N\ﬁ/\\] 3 ) NaOH g\{;ﬁ/ﬁ\] = ,\\ J
i D ; —
. 1 /
g \/mi EtOH F NN
Step A
Step A

To a solution of the title compot

und from preparative

axample 227 (0.127 g, 0.330 mmol) i

absolute ethanol (Volume: 10 mi) was added sodium hydroxide (0.132 g, 3.30 mmot). The

resulting mixture was warmed by microwaves to 180°C for 20min. The solufion was

concentrated to dryness. The product was exiracted with ethyl acetate and brine. The organic

layers were collected, dried over Na;SQOy, filiered and conicentrated to dryness. The residue was
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purified by flash chromatography in DCM/MeOH to afford the title compound as a reddish solid
(0.070g, 68%).

MS (ESI); miz = 314.71 (MH")

Praparative Examples 333 to 335

Following the deprotection procedure described in Preparative Example 332, excapt using the

carbarnate-derivatives indicated in the table below, the following compounds were prepared.

Table 4;

Starting 1. Yield (%)
Material [ 2. MS ES] {(MeOH)
Preparative | Product | 3. TH NMR (CDCI3)

Example ¢ Preparative Example

230 NHT 1. 04%
Fm jf\/\j\/@ 2. 314.81
F ™ N s -g\‘g
H \
| 333
229 1.97%
o NEL 2. 336.82
[]/j\ /E*\Yg,/ 3. 2.74 (t, J=6.0Hz, 2H); 3.27 {1,
oS Ay J=6.0Hz, 2H); 3.54 (s 3H); 4.06 (s, 2H);
H \ 4.20-4.33 (m, 4H); 6.55 (dd, J1=2.8Hz,
J2=8.8Hz, 1H); 6.62 (d, J=2.8Hz, 1H);
»y .78 (d, J=8.4Hz, 1H); 6.81 (dd,
J1=1.6Hz, J2=10.0Hz, 1H); 6.98 (d,
i J=1.6Hz, 1H); 7.30 (d, J=8.4Hz, 1H)
228 5 f —NE T 1. 90%
¢ Iffj/ D \_j 2.336.81
L.Q N N
\
435

N>
Oy
O
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101 M TBAF

Q00 288 o 0y

AN Ful P ,‘ N AT < T,
NN 201 MG NN NN
"g yf-g%::}c:} b . /1 E“:y gs
EEp A x 2HCI

The title compound from Preparative Example 1 (0.048 g, 0.125 mmol) was
dissolvedisuspended in acetonitriie (1 mbl) and freated with a 1 M solution of
tetrabuiylammonium fluoride (0.15 mb, 0.15 mmol) in tetrahydrofurane. The mixture was stirred
at room temperature for 1 h and the solvents were removed. The residue was purified by PREP-
TLC using ethyt acetate to afford the free base as an orange oil. This material was treated with
a 1 M agueous solution of hydrogen chloride (3 mL). The solvent was removed using a freeze

dryer to afford the title compound as a pale yellow sclid (0.028 g, 73 %).
TH-NIMR (400 MMz, D,0) 6= 3.32 (f, 2H), 3.78 (i, 2H), 6.41-6.44 (m, 2H), 7.02 (d, 1H), 7.79 {,

1H), 7.87 (d, 1H), 8.00 (d, 1H), 8.38 (¢, 1H), 8.53 (d, 1H)
MS (ESI); miz = 239.83 (MH™).

EYAMPLES 2 TO 23

Following a similar procedure as that described in Example 1, except using the compounds from

the Preparative Examplies indicated in the table below, the following compounds were prepared.

For preparative examples without TIPS-protecting group only the agueous hydrogen chiloride
freatment was conducied. For Examples 19 to 23 polymer supported fluorine was usad for the

cleavage of the TIPS-protecting group.

All Example compounds below were obtained as thelr HCl-salts unless indicated otherwise.
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Table 5;

POTIEP20T1/656068

Example

Compound
Preparative
Example

Product

. Yield

TH-NMR
(DMSO-dg/D,0)

MH" (ESI)

N —a

2

NN e

67 %

§=5.07 (s, 2H),
50-6.55 (m, 2H),
3 (s, TH), 7.91 (1,
1H), 8.00 (d, 1H),
8.13 (d, 1H), 8.49 (1,
1H), 8.68 (d, 1H)

3. 224.91

&3

145

1.69 %

2.8 =6.30 (d, 1H),
6.59 (d, 1H), 7.10 (d,
M), 7.26-7.30 (d,
2H), 7.78 (d, 1H),

| 8.14-8.21 (m, 1H)

3. 247.86

4

1. 66 %

2.8 =6.34 (d, 1H),
6.70 (d, 1H), 7.17 (d,
1H), 7.72 (d, 1H),
7.86 (d, 1H), 8.52
(dd, TH), 8.99 (d, 1H)
3.279.87

149

1.63 %

2.2.98 (3, 6H), 6.33
(d, 1H), 6.68 (d, 1H),
7.12-7 .44 (m, 1H),
7.36 (d, 2+, 7.78 (d,
2H), 7.85 (d, 1H)
3.282.93

o

147

1.687 %
2.8=6.32(d, TH),
8(dt 1H), 8.63
,i Hy, 7.14 {d, 1H),
51-7.56 (m, 2H),
82 (d 1)

o4 87

1

wﬂm

u(? "’*J

252
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| 148
|

1.57 %

2.8 =293-3.00 (m,
6H), 6.33 (d, 1H),
6.66 (d, 1H), 6.89 (d,
1H), 7.10-7.12 {m,
1H), 7.33 (t, 1H),
7.72 (dd, 1H), 7.79-
7.81 {m, 1H), 7.84
{d, 1H)

B

47

1. 48 %

2. (CD,00) 8= 648
(m, 1H); 6.69 (m,
2Ky, 7.40 (m, 2H);
7.80 (m, 1H); 8.1
{rn, 2H)

3. 249.89

B

58

174 %

2. (DMSO-dg): 5 8.37
(d, 1H), 8.18 (td, 1H),
8.12 (d, 1H), 7.54 (d,
1H), 7.44 (4, 1H),
7.25 (t, 1H), 7.0 (d,
1H), 6.91(s, 1H),
6.48 (dd, TH).

10

/
\
Y

1.64 %

2. (D?\/ﬁSO”d@) o=
11.18 (s, 1H), 8.9
(s, 1H), 7.79 (d, 1H),
778 (d, 1H), 7.73 (d,
1H), 7.06-7.10 (m,
3H), 6.55 (d, 1H),
6.6 (rm, 1H)

11

60

1.73 %

2. (DMSO-dg): & =
12.4 (s, 1H), 11.3 (s,
1H), 8.84 (s, 1H),
8.70 (s, 1H), 7.93
1H), 7.66 (1, 1H),
7.44 (1, 1H), 8.71 (d,
1H), 6.67 {(m, 1H),
8.63 (dd, 1H)

(d,

=
N

61

1. 850 %

3.248.9

253
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13 57 gy N 171 %
as i N 3. 250
M NN N R ’7'\«%\;
3 NN
H L H
14 63 & 1.81%
| 2. 246
i )\[ N
R NT N
| " N H
15 64 M 1.73%
LN 3.252
Py N
NTN N
i k
18 65 H 1.54 %
i L BN oy 3. 248
L CD
Q\ fd ’”')\/E““}
: H H
17 177 1. 84%
2. (DMSO-dg): § =
;/\\\\_/ 6.30 (s,2H); 6.80 {(dd,
(/ I j ),\)\\3 2H); 7.05-7.18  (m,
b 3 o 4H), 7.37 (d, 2H);
' o ' 768 (s, 1H);, 10.71
(s, 2H)
18 62 ¥ 1.58 %
N P 3. 248
G S
NN
19 292 7 1.62 %
, { 2. (DMSO-dg) § =

10.5 (s, TH) 7.49 (d,
1H), 7.02 (d, 1H),
8.93 (s, 1H), .82 (d,
1H), 6.75 (dd, 1H),
6.70 (d, 1H), 6.59
(dd, 1H), 3.71 (s,
3H), 3.69 (s, 3H),

| 3.50-3.57 (m, 2H),

3.13-3.17 {m, 2H),
2.94-2.96 (t, 1H),
2.78 (d, 3H), 2.10-

L 2.13 (m, 2H), 1.97-

2.00 (2H).
3. 366
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20 170

1,55 %

2.8 = 1.97 (m, 2H),
2.33 (d, 2H), 2.92 (s,
3H), 3.17-3.23 (m,
3H), 3.62-3.64 (m,
6H), 4.08 (m, 4H),
6.99 (d, 2H), 7.13
(m, 2H), 7.19 (s, 1H),
7.30 (s, 1H), 7.42 (m,
1H), 7.66 (d, 1H).

3. 390.98

21 81

1.70 %

2.8=10.9 (s, 1H),
7.39-7.48 (m, 2H),
7.22-7.29 (m, 2H),
6.98 (m, 1H), 6.79

- {ddd, 1H), 6.69 {in,

1H), 3.56 (d, 2H),
3.17-3.26 (m, 2H),
3.05-3.1 (t, 1H), 2.88
(s, 3H), 2.20 (m, 2H),
2.03-2.06 (m, 2H).
3.341, 342

22 82

1.83 %

2. (DM8O-dg): 6 =
10.6 (s, 1H), 7.56 (d,
1HY, 7.17 (m, 1H),
7.09 (s, 1), 7.00 (s,
1H), 6.89 (ddd, 1H),
6.73-6.79 (m, 1H),
3.44-3.47 (m, 2H),
3.08-3.13 (m, 2H),

| 2.95-2.97 (m, 1H),

| 2.75 (d, 3H), 2.07

(m, 4H).
3. 341, 342

R
L
ANF N

t

/%:\\ PN
[ >

\/1

N
“t

1.68 %
3.345

255



10

—u
%

20

25

WO 2011/128455 PLT/ERLOT VOR6068

EXAMPLE 24

e e e

IMHCLELD  p N
\\v N Al ™ ?\a {..:i'“g ZC 3‘2 &//\\ mii “é’\ 5‘2

1, '4 “ Ny
533{@53 A i H ¥ 2 MO

Step A

The title compound from Preparative Example 258 (6.03 g, 0.07 mmol) was dissolved in
dichloromethane (1 ml) and treated with a 2 M solution of hydrogen chioride (1 mlL) in
diethylether. The mixture was stirred at room temperature overnight and the precipitate was
collected by filtration. The solids were washed with diethylether (5 mL) and then dried under

reduced pressure to afford the fitle compound as an off-white solid (0.021 g, 75 %).
TH-NMR (400 MHz, D,0): § = 1.93-2.05 (m, 1H), 2.20-2.59 (m, 1H), 2.65-2.80 (m, 6 H), 3.10
(dd, 1H), 3.48-3.55 (m, 1H), 6.64 (d, 1H), 6,94-7.02 (m, 1H), 7.15-7.21 (m, 2H), 7.80 (d, 1H)

MS (ESI): miz = 328.95 (MH").

EXAMPLES 25 7O 203

Following a similar procedure as that described in Example 24, except using the compounds
from the Preparative Examples indicated in the table below, the following compounds were
prepared. In case no precipitate was formed, the solvents were removed and the residue was
dissolved in water (5 mi). Evaporation of the aqueous sclution using a freeze dryer afforded the
titte compounds. All Example compounds below were obtained as their HCl-salts, except

indicated otherwise.
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Table 8:

PCTIEP2011/056068

Example | Compound | Product 1. Yield
' Preparative 2. "H-NMR
Example (Dz(_))
3. MH(ESD
25 261 N 1,78 %
_NH 2.8 = 1.88-1.95 (m, 1H), 2.20-
. 2.23 (m, 1H), 2.60-2.75 (m,
VNS 0N 6H), 3.03 (dd, 1H), 3.39-3.44
Mo ,l\ A (m, 1H), 6.60 (d, 1H), 7.51 (d,
NoON g 1H), 7.72-7.77 (m, 2H), 8.32
(s, TH)
3.361.94
26 152 Nt 1.75 %
. A 2.8 =1.94-2.08 (m, 1H), 2.22- |
" ! 2.30 (m, 1H), 2.65-2.80 {m,
%“\(\ - = 6H), 3.08 <dé, 1H), 4.43-{3.50
&J\/'\// ag (m, 4H), 6.55 (d, 1H), 6.91~
NN 6.97 (m, 1H), 7.10-7.20 (m,
; b ZH), 7.81 (d, 1 H)
3. 342.97
27 262 N 11.62 %
MH 2.8 = 1.95-2.02 (m, 1H), 2.22-
"ﬁ 2.26 (m, 14}, 2.65-2.69 (m,
A //’\“/’ /\H\/\gw/ 1H), 2.69 (s, 3H), 2.75-2.80
S G N G (m, 2H), 3.10 (dd, 1H), 3.47-
CETYTN TN N 3.51 (m, 1H), 6.55 (d, 1H),
| o 7.10-7.16 (m, 1H), 7.40-7.46
(m, 1H), 7.85 (d, 1H)
3. 347.58
28 154 \ 1.87 %

2. (DMSO-de/D,0): = 1.85-
1.91 (m ,1H), 2.20-2.26 (m,
1H), 2.60-2.84 (m, 1H), 2.63
(s, 3H), 2.71-2.80 (m, 2H),

| 3,10 (dd, 1H), 3.35-3.40 (m,

1H), 3.52 (s, 3H), 6.65 (d,

| 1H), 7.27-7.35 (m, 1H), 7.65
(d, 1HD, 8.53-8.60 (m, 1H)

3. 361.56
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'1.79 %
2 (OMSEO-de/D,0); 6 = 1.85~
1.91 (m, 1H), 2.22-2.27 (m,
1H), 2.58-2.64 (m, 1H), 2.63
(s, 3H), 2.73-2.87 (m, 2H),
3.10 (dd, 1H), 3.35-3.40 (m,
1H), 3.54 (5 3;—1) 6.45-6.51
(m, 1H) 5 (d, 1H), 7.40-
7.46 (m, zr%) 7.65 {d, 1H)
3. 343.59

L
f

1.78 %

2. (DMSO-dg/D,0); 8 = 1.85-
1.91 (m, 1H), 2.21-2.28 (m,
1H), 2.58-2.64 {m, 1H), 2.63
(s, 3H), 3.08 (dd, 1H), 3.33-
3.39 (m, 1H), 3.53 8s, 3H),
6.50 (d, 1H), 7.55-7.60 (m,
2H), 7.65 (d, 1H)

3.361.56

(A%
ity

1.68 %

§2.8=1.81-2.04 (m 3H), 2.18-
2.23 (m, 3H), 2.65-2.82 (m,
BHY, 3.10-3.17 (m, 4H), 3.42-
1 3.52 (m, 3H), 6.64 (d, 1H),
7.0 {d, 1H), 7.21 (s, 1H),
7.38 (s, 1H), 7.88 (¢, 1H),
7.94 (d, 1H)

3.415.03

284

= COOMe

1. 76 %

2. ﬁwr§58177(m 2H); 1.94-
m, 7H} 2.81 (sl, 1H);
t, a-z) 3.39 (d, 2K}, 3.7
HY; 6.49 (d, 1H); 67’2(,
?H) 6.91 (s, 1H); 7.086 (s,
1H); 7.31 (s, 1H): 7.45 (s,
1H); 7.88 (d, 1H)

i

a3

338

| 3.380.86
1

(DMSO-de): 6= 12.2 (s,
) 10.66 (s, 1H), 8.94 (brs,
M), 7.95 (d, 1H), 7.80 (s,
HY, 7.78 {s, 1H), 7.53 (d,

1), 720 (dd, 11, 6.97 (s,
H} 6.79 (d, 1H), 4.7 (m, 2H),
(m, QH\ 3 02 z’m ‘DH\

a7
207 (m, 2H), 1.94(m, 2H).

__.L_,«\
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34 265
HN 2. (DMSO-dg): 8= 8.61 (s, 1H),
oN 8.06 (s, 1H), 7.97 (d, J=
" 8.8Hz, 1H), 7.65 (s, H), 7.57
ath N (s, 1H), 7.51(s, 1H), 7.31 (d,
NP A Py 1H), 6.62 (d, 1H), 6.42 (d,
4 NNy 1H), 3.55 (m, 2H), 3.2 (m,
‘ 2H), 3.1 (m, 1H), 2.26 (m,
| 2H), 1.84-1.91 (m, 2H).
35 266 N .91 %
\ ' 3.386
o O
¥ NN g
35 267 H 71 %
?“»?7 P3.A14
T D
o H H
43«’
37 268 H 1,99 %
N 2. (CD50D): & = 1.88-2.36 {m,
] 8H); 3.12-3.30 (m, 5HY; 3.45
(d, 2H): 3.53 (d, 2H); 3.83 (d,
A 2H); 6.81 (', H} 7.03 (s,
| F o M7 1HY; 8.34 (d, 1H) -
HN. s 2"
38 142 *1 quart.
-NH 2. (CDCL): & = 8.86 (brs, 1H),
( ) 8.72 {brs, 1H), 7.55 (d, 1H),
e - 7.20 (ABqg,1H), 7.09 (s, 1H),
7.09(s, 1h), 6.90-6.98(m, 1H),
1N .
/J\zl l?/\\‘;/\é L 6.81(d, 1H), 677 (d, 1H),
NN ' 3.66(s, 3H), 3.34-3.37(m, 2H),
N B 3.0-3.08 (m, 3H), 2.05-2.08
& (m, 2H), 1.84-1.93 (m, 2H).
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Lk
©a

| 269

<
o

O~

7 N\

[

(.70 %

2. (CH,0DY): & = 1.89-2.05 (m,
2H); 2.25 (d, 2H); 3.13-3.28
{m, 3H), 3.52 (d, 2H); 6.08 (s,
2HY, 6.76 (d, 1H); 6.87-7.06
(m, 3H); 8.37 {d, 1H)

270

e g"u{

1. 98 %

2. (CDL0DY: & = 1.89-2.05 (m
2H); 2.17 {d, ’?H) 2.25 (d,
2H); 2.99 (q, J=7.6Hz,
AHY,3.13-3.28 (m, 3H); 3.52
(d, 2H), 6.79 (d, 1H); 7.03 (s,
1H), 7.16 (d, TH); 7.28 (s,

1H), 7.39 (d, 1H); 8.36 (d, 1H)

271

o

1.56 %

2. (CDODY. & = 1.93-2.09 (m,
2HY; 2.27 (d, 2H): 3.16-3.30
(m, 4H); 3.52 (d, 2H); 6.05 (s,
2HY) 6.95 (s, 2H); 7.08 (d,
1H): 7.27 (s, 1H): 7.48 (s,
1H): 7.77-7.85 (m, 2H)

A2

163

1,81 %

2.6=2.11-2.13 (m, 1H), 2.36-

"1 2.39 (m, 1H), 2.82 (s, 3H),

2.84-2.87 (m, 2H), 3.21 (d,
THY, 3.59-3.64 (m, 5H), 3.74
(brs, 4H), 415 (brs, 4H), 6.78

(d, TH), 7.6 (brs, 4H), 7.98 (d,
[ 1H)

3. 391.85

43

22

170 %

2. (DMSO-dg): &= 4.00-4.02
{m, 1H), 3.32-3.35 (m, 2H),
2.97-3.04 (m, 2H), 2.02-2.06
(m, 2H), 1.86-1.82 (m, 2H)

44

1

1. 83 %

12.5=161(m, 2H), 1.81-1.92
C(m, 4H)Y, 2.18-2.26

(
2.45 (m, 2H), 3.16 (m, 3H),
3.54 (d, 2H), 6.50-6
2H), 7.01 (s, 1
?h) 7.94 (d, 1
3.387.00

H)

260
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273

HM

1.61 %
3.387

L 274

1.90 %

2.5=7.83(d, 1H), 7.64 (d,
1H), 7.32 (s, 1H), 7.17 (s,
1H), 6.95 (d, 1H), 6.56 (d,
1H), 3.44-3.47 (m, 2H) 3.08-
3.13 (m, 3H), 2.68-2.71 (m,
2H),2.60-2.63 (m, 2H), 2.33-
2.36 (m, 2H), 2.21-2.22 (m,
2H), 1.81-1.89 (m, 2H).

275

1.98%

3.372

48

1. 72 %

2. (DMSO-dg): § = 1.86-2.13
(m, OHY; 2.92-3.13 (m, 7H);
3.26-3.43 (m, 5H); 6.69 (d,
1), 6.89 (s, 1H); 7.08 (s,
iHY) 7.12 (d, 1H); 7.64 (d,
1H); 7.65 (s, 1H); 8.02-8.20
(m, TH); 9.04 (sl, 4H}); 10.88
(s, 1H); 11.11 (s, 1H)

43

277

1.76 %

2.8 =8.02 (brs, 1H), 7.47
(d,1H), 7.38 (d, 1H), 7.24 (brs,
1H), 7.09 (brs, 1H), 7.03 (brs,
1H), 6.79 (brs, 1H), 3.41-3.44
(m, 2H), 2.99- 3.09 (m, 3H),
2.11-2.15 (m, 2H), 1-77-1.83
(m, 2H).

278

1.97 %
2. (CDLODY: & = 1.58 (q, 2H);
1.97 (dq, 2H): 2.08-2.19 (m,
3H); 2.45 (d, 2H): 3.06 (1, 2H);
3.13-3.27 (m, 3H); 3.39-3.58
(m, 6HY, 6.73 (d, 1H); 7

1H); 8.30 (d, 1H)

H), 7.0
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514

279

171 %

2. 8=28.33 (s, 1H), 8.30 (s,
1H), 7.82 (d,1H), 7.42 (s, 1H),
6.54 (d,1H) 3.45-3.48 (m, 2H),
3.08-3.14 (m, 3H), 2.71-2.74
(r, 2H), 2.60-2.62 (m, 2H),
2.35-2.38 (m, 2H), 2.18-2.22
(m, 2H), 1.84-1.90 (m, 2H).

52

280

hH

i

"1

1. 82 %

2. (DMSO-dg): 6 = 10.6 (s,
1H), 8.88 (brs, 1H), 8.72 (brs,
1H), 7.56 (4, 1H), 7.23 (abq,
1H), 7.10 (s, 1H), 7.01 (s,
1H), 6.90 (ddd, 1H), 6.74-6.80
(m, 2H), 3.33-3.36 (m, 2H),
3.08-3.17 {m, 3H), 2.06-2.09
(m, 2H), 1.89-1.91 (m, 2H).

3. (M+H): 327

Az}
fa

1. 46 %
| 3.442, (M/2+H) 221

| 144

%“

e

32 %
3. 456, (M/2+H) 228

L5
P

281

WH
N

pemes

1. 50 %

2. (DMSO-dy/D,0): 6 = 7.32-

7.34 {m, 2H), 7.11-7.18 (m,

2H), 6.87 {d, 1H), 8.70 (ddd,
H), 6.59 (d, 1H) 3.32 (d, 2H),

3.00-3.06 {m, 3H), 2.05 (d,

TH), 1.77-1.87 (m, 2H).

3. ESEMS (MH) 327.93

i

262
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282 176 %

HH 2.5 = 8.02 (brs, 1H), 7.47

(d,1H), 7.38 (d, 1H), 7.24 (brs,

— 1H), 7.09 (brs, 1H), 7.03 (brs,

“ 1H), 6.79 (brs, 1H), 3.41-3.44
= ﬂ/ LT (m, 2H), 2.89- 3.09 (m, 3H),
S Y 2.11-2.15 (m, 2H), 1-77-1.83

FaC M i (m, 2H).

78 1. 80% |
NH 2. (DMSO-dy/D;0): 8§ = 7.43~

7.46 (m, 2H), 7.22 (ABq, 1H),
j 7.7 {s, 1H), 7.02 {d, 1H),

N H 6.81 (ddd, 2H), .69 (d, 1H),
NN TINTR 3.79 (s, 3H), 3.41-3.44 (m,
| 2H), 3.09-3.15 (m, 3H), 2.14-

217 (m, 2H), 1.86-1.95 (m,
2H)

1.83 %
3. 472.21

) 188 %
2. (DMSOds): 5 = 7.84 (d,
| 1H), 7.56 (s, 1H), 7.43 (d,
N 1H), 7.12-7.15 (m, 2H), 6.52
5{ T ~ T N | (6 1H), 3.70 (s, 31, 3.44-3.49

- N SN (m, 2H), 3.06-3.12 (m, 3H),

- b H 2.73 (brs, 2H), 2.66 (m, 2H),
{ 2.39 (m, 2H), 2.16 (m, 2H),
FHN 1.78-1.85 (m 2H).

3. 386.01

o
el

284 = H 178 %
-N 2. (CD,0D): 6 =
] 2.26 (d, 2H); 3.15
) ~ 3H); 3.53 (d, 2H)
g.‘\:@ X \> THY 7.10 (s, 1HY);
. /h\/E e 1H); 7.42 (q, 1 H)

NN ﬁ (rn, 1H); 8.40 (d, 1

1.9
5-3.
6.
7

263
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[ 285

g

1 81 %

2. (CD0D): § = 1.90-2.10 (m,
2H); 2.85 (d, 2H): 3.14-3.28
(m, 3H); 3.53 (d, 2H); 6.89 (d,
1H), 713(;1%!) 7.82 (d,
1H): 8.17-8.30 (m, 1H); 8.37
(d, 1H): 8.94 (s, 1H)

286

P

1.53%

2.8=1.91(m, 2H), 2.26 (d,
ZH) 3.18 (m, 3H), 3.55 (m,
),360(m,4 1), 4.05 (m,
4H), 6.95-6.98 (m, 2H), 7.10
(m, 2H), 7. 1? (brs, 1H), 7.27
(brs, 1H), 7.39 (brs, 1H), 7.64
{d, 1H).

3. 376.98

jezs:'»s

| 287

1,99 %

2. (DMQO de): 8= 1.85-2.00
(m, 4H): 2.07 (d, 4H); 2.92-
3.13 (m, 6H): 3.33 (d, 4H);
8.87 (d, 2H): 7.00 (s, 2H);
7.20 (s, 2H); 7.56 (d, 2H):
8.88-9.20 (m, 4H); 10.72 (s,
2H)

64

| 288

1. 56 %
3.428.6

291

1. 67 %

2.(CD00) 6 = 1.83-2.08 (m,
2H); 2.13 (p, 2H); 2.28 (d,
2H); 2.95 {t, 4H); 3.15-3.30
{m, 3H); 3.52 (d, 2H); 7.09 (d,
1H); 7.22 (d, 1H); 7.25-7.33
(m, 2HY), 7.37 (d, 1H); 7.50 (8],
1H); 7.82 (d, 1H)

264




WO 2011/128455

PCT/EPZOLI056068

68

173

1.78 %

2. (CD,ODY: § = 1.91-2.09 (mn,
2H); 2.21 (d, 2H); 3.09-3.26
(m, 3HY; 3.57 (d, 2H); 3.90 (s,
3H); 6.05 (s, 2H); 6.67 (d,
1H); 6.81-6.96 (m, 3H); 7.05
(s, 1H); 8.33 (d, 1H)

87

172

P 2H); 2.24 (d, 2H); 3.13-3.28

L 3H);
L) 7.26 (m, 1H); 7.35 (q,
).

1.67 %
2. (CD,OD): § = 1.91-2,08 (m,

{m, 3H}; 3.52 (d, 2H); 3.88 (s,
6.79 (d, 1H); 7.12 (s,

1H); 7.58 (sh, 1H); 8.32 (m,
1H)

293

1. 74 %
3. 428

69

294

1.98 %

2.8=1.92(m, 2H), 2.82 (m,
20, 3.20 (m, 3H), 3.83 (m,
H), 4.07 (brs, 4H), 6.82 (d,

H), 7.09 (s, 1H), 7.50 {m, !
H), 8.22 (d, 1H)

6
1
4),
3. 378.66 (MH), 379.68(M+2)

1. 96 %

| 2H), 7.08-7.12 (m, 3H), 7.21
(brs, TH), 7.40 (brs, 1H), 7.64-

2.8=1.90(m, 2H), 2.25 (m,
2H), 3.21 (m, 3H), 3.53 (m,
2H), 3.60 (m, 4H), 3.67 (s,
3H), 4.08 (m, 4H), .97 (m,

7.66 (m, 1H)
3. 391.64 (MH), 392.68(1V+2)

265



WO 2011/128455

PUT/EP211/056068

74 178 M 11.72%
?5 2. 8= 1.90 (m, 2H), 2.24 (m,
2H), 3.19 (m, 3H), 3.54 (m,
i}(\' | 2H), 3.72 (s, 3H), 3.76 (m,
M2 AN 4H), 4.14 {m, 4H), 6.79 (m,
o i N H), 7.05 (s, 1H), 7.63-7.59 (m,
NTUNT N 4H), 8.14 (d, 1H).
i 3. 392.58 (MH)
72 295 H 1.78 %
M 2.332
/\i N
Uy
73 296 H 1.75 %
NG 3378
® .
M N
L\J s | >
N~ K
74 297 N1 80%
_ j‘”"‘ 2. (DMSO-dy/D,0): 6 = 8.27
H (s, 1H), 7.85 (s, 1H), 7.61 {d,
Moy /(\/\gj 1H), 7.28 (d, 1H), 7.12 (d,
\ ] . < ,L\ 1H), 7.07 (s, 1H), 6.50 (s,
| NN R 1H), 3.59 (s, 3H), 3.35-3.39
(/ & (m, 3H), 3.02-3.08 (m, 4H),
| o 2.75-2.80 (m, 3H), 2.62 (s,
| M 3H), 2.18-2.29 (m, 3H), 1.81-
| o 1.92 (m, 3H).
: 3.429
| 1.94 %
r / 2.8 = 1.90 (m, 2H), 2.25 (m,
//N 2H), 3.21 (m, 3H), 3.53 (m,
? 2H), 3.680 (m, 4H), 3.67 (s,
) >/‘ 3H), 4.06 (m, 4H), 6.97 (m,
75 180

2H), 7.08-712 (m, 3H), 7.21
{brs, 1H), 7.40 (brs, 1H), 7.64-
7.66 (m, 1H)

3. 405

266




WO 2011/128455

PUTIEP2011/856068

1.70 %
76 298 B 3. 391
o
AN
iﬁ,_,
H 1.77 %
77 299 7S Moz s 3. 404
(/\wi o \k\\//!\ %
N ‘
/
N
| 7 1.63 %
78 1300 0 P 3.378
'f ( 7 /1:\11’\
o S NS
b B
) 1.57%
Y 2.8=1.76-1.85 (m, 2H), 2.07-
{ 24, 2H), 276 (s, 3H)
i F B 2.84 (m, 3H), 3.43-3.45 (d,
79 302 Fo /f\ . 2H), 6.76 (d, 1H), 6.88-6.92
2 \ (m, 2H), 7.03 (brs, 2H), 7.39
Sy N (d, 1H). |
g H b 3. 360 -
1.72 %
2.6 =146 (m, 1H), 1.22 (m,
H), 2,13 (m, 1H), 2.37 (m,
NH | 1H), 2.81 (s, 3H), 2.89 (m,
2H), 2.86 (s, 3H), 3.16-3.20
. AN A (m, 2H), 3.20-3.27 (m, 2H), |
B0 156 Q i /1\\< 3.54 (m, 1H), 3.64 (m, 1H), |
P M T Vi Vi 3.67 (s, 3H), 3.85-3.88 (m,
3 i [ [IRY e WA By AL nA4
it i 2&1], 6.79-6.81 {mn, 1||), RONES
A 7.04 (m, 3H), 743 (m, 1H),
8.05-8.07 (m, 1H).
1.56 %
OMe - 2. (CD,CL) § = 1.80 (m, 2H),
| MeO . o~ 3 1.90 (m, 2H), 2.57-2.62 (m,
81 187 o Jl N 4H), 3.80 (s, 3H), 3.84 (s,
S S TN BH), 6.47-6.48 (s, 1H), 6.82
H \ (brs, 1H), 6.88 (m, 2H), 7.76-
7.77 (m, 1H), 9.59 (s, H).
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3.338
NH
1. 45 %
82 188 P = | /E/w N 3.392
i (\NA\\/ ?% \N/\i\
ﬁ\ 1
] 1. 99 %
2.8 =212 (m, 1H), 2.36-2.38
\MH (m, 1H),2.80 (s, 3H), 2.84-
~ 2.88 (m, 2H), 2.88 (s, 3H),
_— 3.19-3.23 (m, 3H), 3.30 (m,
83 189 \/M“/ ) - Ii/\ 2H), 3.54 -3.56 (m, 7H), 3.86-
K\/Lw/*;\;/g\m 3.87 (m, 2H), 6.69 (d, 1H),
4 \ 7.20 {m, 2H), 7.36 (m, 2H),
8.02 (d, 1H).
3. 405
\.
NH
1,38 %
84 190 ({}\&j\ A 3.379
~0 YN . N
| 7755 %
2. (DMSO-dg) 8 = 1.94-2.01
(m, 1H), 2.23-2.36 (m, 1H),
i | 264 (M, 3H), 2.69-2.92 (m,
g / 3H), 3.10 (dd, 1H), 3.39-3.43 :
o ; {m, 1H), 3.61 (s, 3H), 4.53 (s,
85 191 @irh'\/\p = [/\§> 2H), 6.55 (d, 1H), 6.80 (d,
\@)\\V}W SWE 1H), 7.23 (dd, 1H), 7.63 (d,
¥ \ 1H), 7.73 (d, 1H8, 9.13-9.20
(m, 2H), 10.55 (s, 1H).
3. 378
i AN
-: NH
| —{ 1. 90 %
88 l 197 O A $3.378
| //[ L
| 0NN
I ] )

268
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87

| 303

L3377

1.20 %
2. (DMSO-de/MeOD) § = 1.88-
1.96 (m, 2H), 2.15-2.18 (m,
2H), 2.92 (s, 3H), 2.99 (m,
1H), 3.05-3.11 (m, 2H), 3.47- |
3.50 (m, 2H), 859 (m, 2H),
6.66-8.72 (m, 2H), 6.88 (brs,
1H9, 7.02 (brs, 1H), 7.41 (d,
1H).

304

—

. 36 %
3. 366

89

208

1.76 %

2. (DMSO-dg/D,0): 3 = 1.29
(s, 3H), 2.00-2.05 (m, 2H),
2.56 (s, 3H), 2.75-2.85 (m
4H), 3.80 (s, 3H), 6.55 (d,
1H), 7.22-7.36 (m, 2H), 7.65
(d, 1H), 8.13 (ddd, 1H)

3. 357.81

| 207

1.88 %
2. (DMSO-d/D,0): & = 1.30
(s, 3H), 2.00-2.05 (m, 2H),
2.56 (s, 3H), 2.75-2.85 (m,
4H), 357 (s, 3H), 306 (s,
3H), 3.76 (s, 3H), 6.50 (d,
H), 6.85 (d, 1H), 709 (dd

1H), 7.61 (d, 1H), 7.75 (d, 1H)
3. 382.83

91

292

1. 5:33%

2. "H-NMR (400 MHz, DMSO-
day: & = 10.5 (s, 1H), 7.49 (d,
1H), 7.02 (d, 1H), 6.83 (s,
iH), 6.82 (d, 1H), 6.75 {dd,
iH), 6.70 (d, 1H), 6.60 (dd,
TH), 3.71 (s, 3H), 3.69 (s,
3H), 3.13-3.17 {m, 2H), 3.50-
357 (m, 2H), 2.94-2.96 (,
1H), 2.78 (d, 3H), 2.10-2.13
(m, 2H), 1.97-2.00 (2H).

269
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82 297

1.80%

2. (DMSO-de.D,0): & = 8.27
(s, 1H), 7.85 (s, 1H), 7.61 (d,
1H), 7.28 (d, 1H), 7.12 (d,
1H), 7.07 (s, 1H), 6.50 (s,
1H), 3.59 (s, 3H),3.35-3.39
(m, 3H), 3.02-3.08 (m, 4H),
2.75-2.80 (m, 3H), 2.62 (s,
3H), 2.18-2.29 (m, 3H), 1.81-
1.92 (m, 3H).

93 293

HN

1.92%

2. (DMSO-dg): 8 = 7.48 (d,
1H), 7.41 (s, 1H), 7.32 (d,
TH), 7.12 (s, 1H), 7.02 (s,
TH), 6.95 (s, 1H), .92 (s,
1), 6.76 (d, 1H) 3.46-3.48
(m, 2H), 3.32-3.36 (m,2H),
3.00-3.10 {m, 6H), 2.78 (s,
3H), 2.08-2.13 (m, 4H), 1.18~
1.93 {m, 4H).

G4 309

1.99%
2. (DMSO-ds) & 7.75 (d, 1H),
7.37-7.34 (m, 2H), 7.26 (s, 1H),

§ 7.20 (brs, 2H}, 7.03-7.01 (m,
i 2H), 515 (dd, 1H), 3.37-3.34 (m,

2H), 3.13 - 2.92 (m, 5H), 2.88-
2.80 (m, tH), 2.36-2.26 {m ,1H),
2.20-2.09 (m, 3H), 1.87-1.77
{m,2H).

FIN-—

1.91%.

2. (DMSO-dg) 5 9.28 ~ 9.16
(m, 1H), 7.78 (s, 1H), 7.63 (d,
1H), 7.14 (d, 1H), 6.88 (d,
1H), 6.55 (d, 1H), 3.80 (s,
3H), 3.71 (s, 3H), 3.62 (s,
3H), 3.41-3.36 (m, 1H), 3.13-
3.08 (m, 1H), 2.92 — 2.88 (m,
1H), 2.80 —2.70 (m, 2H),
2.65-2.62 (m, 5H), 2.36 -2.33
(m, TH), 2.03 — 1.93 (m, 1H),

270
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96

94

1.60%

2. (DMSO-ds) 8 7.95 (dd, 1H),
7.64 (d, 1H), 7.46 - 7.34 (m,
1H), 7.11-7.39 {m 1H), 6.56
(d, 1H), 3.79 (s, 3H), 3.62 (s
3H), 3.45-3.39 (m, 1H), 3.13-
3.08 (m, 1H), 2.92-2.88 (m,
1H), 2.82 = 2.70 (m, 1H),
2.65-2.62 (m, 3H), 2.37-2.33
(m, TH).

95

1.quantitative

2.(DMSO +D,0 ) 8 7.46 (d,
1H), 6.88-6.80 (m, 6H), 3.68
(s, 3H), 3.58 (s, 3H), 3.35-
3.33 {m, 2H), 3.05-2.99 {m,
3H), 2.07-2.04 {m, 2H), 1.85 —
1.79 {m, 2H).

£

96

1.86%

2. (DMSO-dg) B 7.49 (d, 1H),
7.00-6.75 (m, 6H), 3.72 (s,
3H), 3.58 (s, 3H), 3.33 (d,
2H), 3.02 (1, 4H), 2.08 (d, 3H),

£ 1,79 (dd, 3H).

99

310

1.65%

2. (DMSO-dg): 5 7.48 (d, 1H),
7.13 — 8.91 (m, 3H), 6.86 —
6.68 (m, 3H), 3.73 (s, 3H),
347 (d, 2H), 3.15-2.96 (m,
3H), 2.78 (s, 3H), 2.14-2.11 |
(m, 2H), 1.93-1.83 (m,2H).

160

311

1.65%

2. (DMSO-dg) 8 7.32 {d, 2H),
7.10 (s, TH), 8.91 (d, 1H),
£.82 (s, 1H), 6.69 (s, 1H),
3.66 (s, 6H), 3.47-3.44 (m,
2H), 3.15 - 2.95 (m, 3H), 2.77
(s, 3H), 2.13-2.10 (m, 3H),
1.90-1.81 (m,2H).




WO 2011/128455

PCT/EPZO1 1056068

104

L 313

| 2H),

1.58%

2. (DMSO-de): & 7.30 (d,1H),
7.08 (s, 1H), 6.98-6.93 (m,
1H), 6.86 (d, 1H), 6.69-6.63
(m, 2H), 5.61 (s, 1H), 3.70 (s,
3H), 3.46 (d, 2H), 3.11-2.94
{m,3H), 2.77 (s, 3H), 2.13-
2.10 (m, 2H), 1.89-1.80 (m,

e
o
S

314

1.69%
2. (DMSO-ds) 6 11.08 (s, 1H), |
8.92 (brs, 1H), 7.98 — 7.90 (m, |
2H), 7.27-7.24 (m,1H), 7.10-
7.05 (m, 1H), 6.88 (d, 1H),
6.58-6.55 (m, 1H), 3.80 (s,
3H), 3.38 — 3.32 (m, 2H), 3.02
~2.96 (m, 3H), 2.06 - 2.03
(m, 2H), 1.96-1.90 (m,2H).

1453

101

1 3.68 (s, 3H), 3.35-3.32 (m,
[ 2H), 3.05-2.99 (m, 3H), 2.08-

1.80%

2.(DMSO-de): & 7.96-7.92
(m,1H), 7.85-7.82 (m, 1H),
7.39-7.37 (m, 1H), 7.09-7.07
(m, 1H), 8.92 (s, 1H), 6.54-
6.53 (m, 1H), 3.81 (s, 3H),

2.04 (m, 2H), 1.83-1.80 (m,
2H),

104

1.84%

2.(CDCL) 5 7.53 (d, 1H), 6.95
(d, 1H), 6.82 (dd, 2H), 6.75 (d,
1H), 8.72 (s, 1H), 6.84 (dd,
1H), 3.88 (s, 3H), 3.83 (s,
3H), 3.85 (s, 3H), 3.02 ~ 2.99
(m, 2H), 2.81 - 2.72 {m, 1H),
2.36 (s, 3H), 2.19 - 2.04 (m,
6H), 1.90-1.83 (m, 2H).
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165

103

104

HN—

1.70%

2. (CDCL): & 9.00 (s, 1H),
8.00-7.97 (m, 1H), 7.79 (s,
1H), 7.39 (s, 1H), 7.11-7.09
(m, 1H), .91 (s, 1H), 6.54 (s,
1H), 3.79 (s, 3H), 3.71 (s,
3H), 3.0-2.95 (m, 2H), 2.69
(m, 1H), 2.51 (s, 3H), 2.34-
2,25 (m, 2H),1.92-1.90 (m,

| 2H), 1.72-1.70 (m, 2H).

166

1.42%

2. (DMSO-dg, D,0): & 7.20 (d,
1H), 7.07 (s, 1H), 6.79-6.81
(m, 2H), 6.81 (s, 1H); 6.48 (d,
1H), 3.66 (s, 3H), 3.65 (s,
3H), 3.42-3.41 (m, 1H), 3.09-

3.04 (m, 1H), 2.8 (m, 2H),

2.22 -2.20 (m, 2H), 1.88-1.87
{m, 1H).

107

105

1.61%

2. (DMSO-dg+D,0): § = 7.21
(d, 1H), 7.13-7.07 (m, 1H),
6.96 (1, 1H), 8.79 (d, 1H), 6.69
(dd, 2H), 3.71 (s, 3H), 3.44-
3.39 (m, 1H) 3.08 (dd, 1H),
2.81 (m, 1H), 2.65 (s, 3H),
2.62-2.581 (m 1H), 2.26-2.22
{m, 1H), 1.92-1.83 {m, 1H).

108

106

1.78%

2. { DMSO-dg): & = 7.50-7.52
(m, 1H), 7.27-7.21 (m, 2H),
7.02 (m, 1H), 6.91-6.94 (m,

| 2H), 6.81-6.83 (m, 1H), 3.58
Cs, 3H),3.47-3.24  (m,

A,
3.40-2.99 (m, 4H), 2.82 (m,
1H), 2.65 (s, 3H), 2.21-
2.24(m, 1H), 2.06-2.09 (m,
2H), 1.75-1.95 (m, 4H).
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109

107

1.quantitative

2. (DMSO-dg): 8 = 7.43-7.42
{m, 2H), 7.07-7.08 (m, 1H),
3.71-3.66 {m, 1H), 3.49-3.46
(m, 2H), 3.38-3.36 (m, 2H),
3.16-3.13 (m, 1H), 3.00-2.99
(m, 2H), 2.86 (m, 2H), 2.75 |
(m, 4H), 2.67 (m, 2H), 2.29-
2.26 (m, 1H), 2.10-2.07 (m,
2H), 1.94-1.92 (m, 2H).

110

315

161%

2. DMSO-dg) B 7.47 (d, 1H),
6.98 -6.88 (m, 8H), 8.72-6.70
(m, TH), 3.48-3.45 (m, 2H),
3.11-2.98 (m, 3H), 2.14-2.11
(m, 2H), 2.89-1.83 (m, 2H).

111

I 109

1.58%
3. 347.67 (M+H).

112

110

1.68%

2. (DMSO-dg) & & 7.50-7.48
(m ,1H), 7.01.6.93 (m, 2H),
6.80 - 6.75 (m, 3H), 6.56 — |
8.54 (m, 1H)), 3.74 (s, 3H), |
3.60 (s, 3H), 3.39 — 3.24 (m,
2H), 3.12 — 2,96 (m, 3H), 2H,
247 - 2.00 (m, 2H), 1.91 —
1.89 (m, 2H).

113

316

1.74%

2. (CDCLY: & 7.57 (d, 1H),
743 (s, 1H), 7.04 (s, 1H),
6.81-6.78 (m, 1H), 6.68-6.64
(m, TH), 3.83 (s, 3H), 3.49-
3.46 (m, 2H), 3,17-3.01 (m,
2H), 2.79 (s, 3H), 2.15-2.12
(m, 2H), 1.90-1.87 (m, 2H).
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TV 317 /1 164%

N_ |2 (DMSO-dg) 8 7.50 (d, J =

8.5 Hz, 1H), 7.08 (d, 1H), 7.04

| - 6.95 (m, 2H), 6.79 — 6.73

. L (m, 2H), 6.55 ~ 6.50 (m, 1H),

AN 3.75 (s, 3H), 3.50-3.47 (m,

- jg\ —~y 2H), 3.14 (t, 2H), 2.98 (1, 1H),
O H 2.79 (s, 3H), 2.12 (d, 2H),

1.97-1.88 (m,2H),

115 113 N 1.76%

} 2. (DMSO-dg): 3 8.02-8.00
] (m, TH), 7.65 (d, 1H), 7.06 (m,
NG ﬁ@ 2H), 6.54-8.52 (m, 1H), 3.97

A | . (s, 3H), 3.81 (s, 3H), 3.69 (s,
O NN 3H), 3.59-3.41 (m, 1H), 3.12-

3.08 (m, 1H), 2.91-2.85 (m,

2H), 2.65 (s, 3H), 2.33-2.27

(m, 1H), 1.99-1.85 (m, 1H)

116 114 AN-— i1.80%
' 1 2. (DMSO-de): 8 = 10.75 (s,

/
it

0 ?\;\(,N// :> 1H), 9.16 (s, 1H), 7.21 (d,
| \ 1H), 7.12 (d, 1H), 6.97 (dd.
1H), 6.83 (dd, 1H), 6.868 (dd,

H), 6.47-6.36 (m, 1H), 3.74

‘ (s, 3H), 3.41-3.50 (m, 1H),
f 3.13-3.08 (dd, 1H), 2.82 (s,
1H), 2.69-2.63 (m, 4H), 2.31-
2.29 (m, 1H), 2.01-1.19 (m,

1H).
117 318 y 170%
N | 344374 (M+H),
( \\ NH

= =

DO
N /\Ni \I‘\x’)\f‘f

E..
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| 118

316

1.60%.

2. (DMSO-dg): & = 7.48 (d,
2H), 7.4 (s, 2H), 6.97 (d, 2H),
6.94 (s, 2H), 6.77 (d, 2H),
3.49-3.46 (m, 4H), 3.13- 3.07
(m, 4H), 2.98-2.97 (m, 2H),
2.12- 2.11 (m, 4H), 1.94-1.87
(m, 4H).

3. 442.75 (M+H).

s
-
&

320

1.80%

2. (400 MHz, CDCly): & = 8.06
(brs, 2H), 7.52 (d, 2H), 7.06
(s, 2H), 6.85 (d, 2H), 6.78 (s,

2H), 5.68 (s, 2H), 3.00-2.98
(m, 4H), 2.80-2.77 (m, 2H),

2.35 (s, BH),2.19-2.03
8H), 1.89-1.83 (m, 4H).

(m,

118

178%

2. (DMSO-ds) 5 10.58 (s, 1H),
9.15 (s, 1H), 7.24 (d, 1H),
7.01 (s, 1H), 6.84 (d, 1H),
6.85-6.71 (m, 2H), 6.60 (d,
1H), 4.08 (s, 1H), 3.70 (s,
8H), 3.15 - 3.09 (m, 1H), 2.80
~2.77 (m, 1H), 2.65 (m, 3H),
2.30-2.29 (m, 1H), 1.99 — 1.92
{m, 1H).

121

1.45%

2. (CDCl): & = 7.26 (d, 1H),
6.88-6.66 (m, 5H), 3.67-3.73
{m 6H), 3.55 (s, 3H), 3.31 (s,
3H), 2.92-2.88 (m, 1H), 2.77-
2.68 (m, 2H), 2.08-2.08 (m,
TH), 1.91-1.81 (m, 1H).

120

O N
FNS

1.51%

2. (DMSO-ds) & 7.26 (d, 1H),
7.08 (s, 1H), 7.01 — 6.82 (m,
1H), 6.86 {(d, 1H), 6.64 (d,
1H), 6.39 (d, 1H), 3.82 ~ 3.58
{m, 3H), 3.55 (s, 3H), 3.31 (s,
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3H), 2.91 (dd, 1H), 2.85 ~
2.61 (m, 3H), 2.09 ~ 2.05 (m,
1H), 1.88-1.82 (m, 1H).

123 121 O— 11.79%
2.{CDCls)y: & = 7.37 (d, 1H),

/o:@ ~A 6.96 (d, 1H), 6.84-6.79 (m,
R 2H), 6.71 (d, 1H), 6.60 (dd,
SO i\_{/\ N 1H), 5.57-5.55 (m, 1H), 3.87

(s, 3H), 3.82 (s, 3H), 3.77-
3.69 (m, 1H), 3.13 (dd, 1H),
2.89-2.86 (m, 1H), 2.76-.2.70
(m, 2H), 2.22-2.18 (m, 1H),
2.05-2.02 (m, 1H).

124

122

79%

1.
. 3. 355.7 (M+H)

125

123

1.75%

2. (DMSO-ds) & 7.27 (d,

7.09 (s, 1H),
6.76 (s, 1H),
6.45 (s, 1H),
3.58 (s, 3H),
3.08-3.06 (m,

6.87 (s,
.60 (s,
591 (s,
3.33 (s,

1H),
1H),
TH),
2H),
3H),

H),

2.93-2.86

(m, 1H), 2.80 — 2.69 (m, 2H),
2.24 — 247 {m, 1H), 2.09 —

2.00 (m, 1H).

126 124 O— 11.82%

2. (DMSO-dg) 8 7.28 (s,1H),
7.27 (s, 1H), 7.10 (s, TH),
6.87 (s, 1H), 8.72 (s, 1H),

i 6.53 (s, 1H), 4.19 (brs, 4H),

| 3.68-3.67 (m, 1H), 3.58 (brs,
2H), 2.92 (brs, 1H), 2.83-2.69
(m, 2H), 2.10-2.08 (m, 1H),
1,92 - 1.83 (m, 1H).

277
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127

125

Om.

1.46%

2. (CDCly) 8 7.58 (s, 1H), 7.34
{d, 1H), 8.97 (s, 1H), 6.89 ~
6.69 (m, 2H), 6.62 (s, 1H),
6.54 (s, 1H), 425 (s, 5H),
3.76 (brs,1H), 3.49 (s, 3H),
3.09 (brs, 1H), 2.82-2.70 (m,
3H), 2.16 (m, 1H), 2.01 - 1.99
(m, 1H).

128

126

SUes

AN TN

1.65%

2. (CDCly) & 8.15-8.10 (m,
1H), 7.63 (d.1H), 7.34-7.23
(m, 2H), 6.52 (d, 1H), 4.57 (s,
1H), 4.56 (s, 1H), 3.7 (s, 1H),
3.58 (s, 3H), 2.97-2.93 (m,
1H), 2.76-2.71 (m, 2H), 2.08
(s, 1H), 1.87 (s, 1H), 1.21-
1.14 (m, 2H).

1.65%

2. "H NMR (400 MHz, DMSO)
& 7.68 (d, J = 8.0 Hz, 1H),
7.60 (s, 1H), 7.04 (s, 1H),
8.89 (d, J = 8.2 Hz, 1H), 6.52
(d, J = 7.2 Hz, 1H), 4.57 (s,
~’IH), 445 (s, 1H), 3.85 (s,
L 3H), 3.77 (s, 3H), 3.70 (s,
3H), 3.58 (s, 3H), 2.94 (d, J =
14.7 Hz, 1H), 2.74 (m, 2H),
2.07-2.04 (s, 1H), 1.95 — 1.83
(m, 1H).

130

128

1.68%

(DMSO-dg) & 7.59-7.57
(m,2H), 7.04 (dd, J = 87,24
Hz, 1H), 6.75 (d, J = 8.8 Hz, |
1H), 6.49 (d, J = 8.4 Hz, 1H),
4.60 (t, J = 4.0 Hz, 1H), 4.48
(t, J = 4.0 Hz, 1H), 431 —
4.16 (m, 4H), 3.86 —~ 3.80 (m,
2H), 3.73-3.73 (m, 1H) 2.97
(dd, J = 15.1, 4.5 Hz, 1H),

278
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2.83-2.68 (m, 2H), 2.18 — 2.06
(m, 1H), 2.12 - 2.10 (m, 1H)
1.93-1.86 (m, 1H).

131 129 ,< 1.65% ;
5 |2 (DMSO-ds) 5 7.80 (s, 1H)
| | 7.58 (d, J = 8.3 Hz, 1H), 7.11
i o [ (d, J= 8.6 Hz, 1H), 8.87 (d, 4
- Q J\/]/\ /| 288 ke 1H), .49 (0, J= 8.4
oSN Sy N Hz, 1H), 3.85 — 3.78 (m, 6H),
H t 371 (s, 3H), 3.60 (s, 3H),

3.49 (s, 3H), 2.93 — 2.76 {m,
M), 2.71 — 2.85 (m, 2H), 2.46
— 240 {m, 1H), 2.07 — 1.99
(m, 1H), 1.86 (m, 1H), 1.12 (d,
J =28 Hz 3H), 1.11 (d, J =
2.8 Hz, 3H).

132 130 HN—11.94%
2. "H NMR (400 MHz, DMSO)
PN~ S A 5 10.58 (s, 1H), 9.18 (s, 1H),
| 7.23 (d, J = 8.3 Hz, 1H), 6.98 |
(s, 1H), 6.82 ~ 6.64 (m, 2H),
| 6.62 - 6.34 (m, 2H), 4.21-4.16
(m, 5H), 3.41-3.36 (m, 1H),
i 3.10 (dd, J = 14.8, 4.7 Hz,
1H), 2.79 (s, 1H), 2.73-2.63
| (m, 4H), 2.51 (s, 3H), 2.36-
; 2.27 (m, 1H), 2.02 = 1.90 (m,
1H).

133 131 HN—"11 84%
— 2. (DMSO-dg) 5 9.06 (s, 1H),
7.26 (d, J = 8.3 Hz, 1H), 7.02
— (s, 1H), 6.83 (d, J = 8.6 Hz,
5 | 1H), 6.76 (d, J = 8.4 Hz, 1H),
.71 (d, J = 2.2 Hz, 1H), 6.60
(dd, J = 8.5, 2.3 Hz, 1H), 3.70 |
(s, 3H), 3.69 (s, 3H), 3.69 —
3.68 (m, 1H), 3.51 (s, 3H),
3.41 (m, 1H), 3.11 (dd, J =
14.4, 4.8 Hz, 1H), 2.91-2.87
(m, 1H), 2.76-2.64 (m, 1H),
2.66 (s, 3H), 2.37 — 2.28 (m,
1H), 2.01-1.90 (m, 1H).
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134

132

H
L
H
H

HN—

o} —
NN\
F N7 “‘i\ii

1.78%

2. (DMSO-dg) 5 9.19 (s, 1H),
8.03 (d, J = 2.3 Hz, 1H), 7.71
(s, TH), 7.22 (dd, J = 19.8,9.2 |
Hz, 1H), 6.79 (ddd, J = 18.2, |
7.0, 2.5 Hz, 1H), 6.65 (d, J =
9.0 Hz, 1H), 3.68 (s, 3H), 344
—3.38 (m, 1H), 3.17 (dd, J =
15.1, 4.8 Hz, 1H), 3.00-2.96
(m, 1H), 2.87 —2.72 (m, 2H),
2.65 (1, J = 5.0 Hz, 3H), 2.38-
2.34 (s, 1H), 2.06 — 1.96 (m,
1H).

s
Lo
&

133

1.76%

2. (DMSO-ds)) 6 9.29 (s, 1H),
7.98 (d, J = 1.9 Hz, 1H), 7.71
(s, 1H), 6.84 (d, J = 8.6 Hz,
1H), 6.65 (d, J = 2.2 Hz, 1H),
6.53 (dd, J = 8.5, 2.2 Mz,
1H),3.70 (s, 9H), 3.43 (s, 1H),
3.23 - 3.08 (m, 1H), 2.99-2.95 |
(m, TH), 2.85 — 2.62 (m, 2H),
2,84 {t, J = 5.1 Hz, 2H), 2.38-
2.35 (m, 2H), 2.05-1.96 (m
1H).

134

1.54%

2. (DMSO-ds) 5 9.20 (brs,
1H), 8.18 (ddd, J = 14.5, 7.5,
2.5 Hz, 1H), 7.64 (d, J = 8.3
Hz, 1H), 7.38 — 7.26 (m, 3H),
6.54 (d, J = 8.3 Hz, 1H), 3.80
~3.76 (m, 2H), 3.46 (1, J= 4.0
Hz, 2H), 3.26 (s, 3H), 2.96
(dd, J = 15.2, 4.5 Hz, 1H),
2.89 - 2.63 (m, 3H), 2.12 —
2.08 (m, 1H), 1.91-1.82 (m,
1H).
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135

Hi—

1 83%

2. (DMSO-de) 5 9.25 (s, 1H),
7.96 (d, J=2.2 Hz, 1H), 7.87
(d, J=1.9Hz 1H), 6.73 (d, J
= 9.3 Hz, 1H), 6.60 — 6.28 (m,
2H), 4.20-4.16 (m, 4H), 3.69
(s, 3H), 3.43 (s, 1H), 3.15 (dd,
J=14.8, 5.0 Hz, 1H), 2.87-
2.94 (m, 1H), 2.87 — 2.73 (m,
1H), 2.84(t, J = 5.2 Hz, 2H),
2.37-2.36 (m, 1H), 2.05-1.95
(r, 1H).

136

1.73% ,
2. (DMSO-dg) 8 9.20 (s, 1H), |
8.02 (d, J= 2.3 Hz, 1H), 7.70
(d, J=2.1Hz, 1H), 7.01 (dd,
J= 114, 8.8 Hz, 1H), 6.68
(dd, J=7.8, 2.5 Hz, 1H), 6.55
~6.26 (m, 1H), 3.76 (s, 3H),
3 68 (s, 3H), 3.44-3.41 (m,
H), 3.18-3.14 (m, 1H), 2.96-
?88(m, H), 2.84 - 2.71 (m,
2H), 2.38-2.35 (d, J = 12.9
" Hz, 1H), 2.05-21.96 (m, 1H).

i

139

137

1.68%
3. 364.8 (M+H)

140

2. ( DMSO-ds) 8§ 9.03 (s, 1H),
7.29 (d, J = 8.3 Hz, 1H), 7.21
~7.10 (m, 1H), 7.05 (s, 1R),
6.82 {(ddd, J= 13.5, 7.0, 2.6
| Hz, 1H), 6.77 (dd, J= 8.3, 1.5 l
| Hz, 1H), 6.77-6.36 (m, 1H),

L 3.51 (s, 3H), 3.41-3.35 (m,
C1H), 3.09 (dd, J = 14.8, 4.6
Hz, 1H), 2.88-2.84 (m, 1H),
2.75-2.65 (m, 2H), 2.30 - 2,27

1
|
i
! (rmy, 1H), 1.97 — 1.87 (m, 1H).
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144

139

1.67%

2. (DMSO-dg) 8 8.10 (dd, J =
13.5, 7.3 Hz, 1H), 7.64 (d, J =
8.3 Hz, 1H), 7.22 (d, J = 5.6
Hz, 2H), 6.53 (d, J = 8.4 Hz,
1H), 4.21 - 4.11 (m, 2H), 3.61
(t, J = 5.0 Hz, 2H), 3.40-3.35
(m, 1H), 3.18 (s, SH) 311 -
3.06 (m, 1H), 2.89 — 2.72 {m,
3H), 2.67 ~ 2.55 (m, AH), 2.31
~2.21 (m, 1H), 1.89-1.82 (m,
1H),

140

/N

1.76%

2. (DMSO) 5 8.97 (s, 1H),
7.90 (d, J = 2.2 Hz, 1H), 7.62
(d, J= 8.4 Mz, 1H), 7.02 (dd,
J=8.6,2.2 Hz, 1H), 6.86 (d, J
= 8.7 Hz, 1H), 6.55 (d, J = 8.4
Mz, 1H), 4.32 — 4.17 (m, 3H),
| 3.80 (s, 3H), 3.71 (s,2H), 3.63
(t, J= 5.8 Hz, 1H), 3.49 -
3.33 (m, 1H), 3.23 (s, 3H),
3.10 (dd, J = 14.8, 4.9 Hz,
1H), 2.96 — 2.91 (m, 1H), 2.83
~2.78 (m, 1H), 2.44 - 2.24
(m, 1H), 2.03 — 1.85 (m, 1H).

321

1.81%
2.8= 176 (s, 1H); 1.86-2.15
(m, 5H): 3.00 (m, 3H); 3.32 (d,
J:13.2H7 2H); 3.52-3.88 (m,
2H); 6.72 (d, J= 88H2 1H):
6.93 (s, 1H); 7.15 (i, J=8.0Hz,
THY; 7.22 (t, J= SOHZ 1H);
7.53 (d, J=7.6Hz, 1H); 7.77

9.11 (sl, 2H): 10.04 (s, 1H);
| 11.20 (s, 1H)
| 3.350.71

(s, 1H); 8.09 (d, J=8.4Hz, 1H); |
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{44 291

1. 66%

2.1.93-2.08 (m, 2H); 2.13 (p,
J=7 2Hz, 2H): 2.28 (d,
J=13.6Hz, 2H); 2.95 (1,

J=7 2Hz, 4H); 3.15-3.30 (m,
3H); 3.52 (d, J=12.8Hz, 2H);
7.09 (d, J=8.0Hz, 1H); 7.22
(d, J=7.8Hz, 1H), 7.25-7.33
(m, 2HY; 7.37 (d, J=8.0Hz,
1H): 7.50 (sl, 1H); 7.82 (d,
J=8.4Hz, 1H)

3.332.67

210

1. 26%

2.1.87-2.08 {m, 2H); 2.28 (d,
J=13.2Hz, 2H); 3.16-3.29 (m,
3H); 3.33 (s, 3H); 3.52 (d,
J=12.8Hz, 2H); 3.81 (sl, 2H);
5.83-6.35 (sl, 2H); 6.70-7.25
(), 3H): 7.74-7.82 (m, 1H)

3. 349.91

148 173

1. 78%

2.1.91-2.08 (m, 2H); 2.21 (d,
J=13.6Hz, 2H); 3.09-3.26 (m,
3H); 3.51 (d, J=12.8Hz, 2H);
3.90 (s, 3r); 6.05 (s, 2H);
6.67 (d, J=9.2Hz, 1H); 6.81-
6.96 (m, 3H); 7.05 (s, 1H);
8.33 (d, J=9.2Hz, 1H)

3. 351.61

172

1. 67%

2.1.91-2.08 (m, 2H}); 2.24 (d,
+J=13.6Hz, 2H); 3.13-3.28 (m,
3H); 3.52 (d, J=12.8Hz, 2H);
3.88 (s, 3H); 6.79 (d,
J=10.0Hz, 1H); 7.12 (s, 1H);
7.26 {m, TH); 7.35 (q,
J=8.8Hz, 1H); 7.58 (s, 1H);
8.32 (m, 1)

3. 343.61

148

[V
O3
3

1. 59%

2.2.98-2.21 (m, 4H); 2.22-
2,40 {m, 4H); 2.95 (s, 3H);
2.97 (s, 3H); 3.11-3.31 (m,
6H); 3.65 (1, J=11.2Hz, 4H);
6.81 (d, J=8.8Hz, 1H); 7.01
(s, 1HY; 7.08 (dd, J1=1.6Hz,
J2=8.4Hz, 1H); 7.26 (s, 1H);
7.47 (d, J=1.6Hz, 1H); 7.85
(d, J=8.4Hz, 1H); 8.38 (d,
J=8.8Hz, 1H)
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3.443.73

149

212

| 8.32 (m, 1H)

1. 70%

2.2.02 (g, J=13.6Hz, 2H):
2,28 (d, J=14.4Hz, 2H); 2.94
(s, 3H); 3.07-3.28 {m, 3H);
3.64 (d, J=12.4Hz, 2H); 3.85
(s, 3H); 6.03 (s, 2H); 6.66 (d,
J=8.8Hz, 1H): 6.85-6.99 (m,
2H): 7.00-7.15 (m, 2H); 8.16-

3. 365.71

156

213

1. 70%

2. 1.95-2.13 (m, 2H); 2.28 (d,
J=13.2Hz, 2H); 2.94 (s, 3H);
3.08-3.29 (m, 3H); 3.63 (d,
J=12.4Hz, 2H); 3.86 (s, 3H);
4.30 (s, 4H); 6.68 {d,
J=8.8Hz, 1H); 6.84-6.97 (m,
2H); 7.00 (d, J=2.0Hz, 1H);
7.06 (s, 1H); 8.28 (d,
J=8.8Hz, 1H)

3.379.74

i 151

216

P 1. 72%

2. 1.96-2.15 (m, 2H); 2.28 (d,
J=13.6Hz, 2H); 2.94 (s, 3H);
3.08-3.29 (m, 3H); 3.83 (4,
J=12.0Hz, 2H); 3.86 (s, 3H);
6.75 (d, J=8.8Hz, 1H); 7.08
(s, TH); 7.22-7.37 (m, 2H);
7.62-7.77 (m, 1H); 8.23 (d,
J=8.8Hz, 1H)

3.357.73

ke

1. 70%

2.1.98-2.15 {m, 2H); 2.28 (d,
J=14.0Hz, 2H); 2.94 (s, 3H);
3.05-3.29 {m, 8H); 3.41-3.55
(m, 1H); 3.64 {d, J=11.6Hz,
2H); 3.75-3.85 {m, 1H), 3.87
(s, 3H); 4.40 (d, J=15.2Hz,
1H); 4.61 (d, J=15.2Hz, 1H);
6.81 (d, J=8.4Hz, 1H); 7.09
(s, 1H); 7.35 (d, J=8.4Hz, 1H);
7486 (d, J=8.4Hz, 1H), 7.45 1
(s, 1H); 8.28 {d, J=8.4Hz, 1H)
3.380.75
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153

] 1. 40%

2.2.05 (dq, J1=3.2Hz,
J2=12.4Hz, 2H); 2.30 (d,
J=14.4Hz, 2H); 2.94 (s, 3H);
3.14-3.28 (m, 3H); 3.63 (d,
J=12.4Hz, 2H); 6.04 (i, 2H); |
6.92 (d, J=10.8Hz, 2H); 7.05 |
C(sl, THY; 7.26 (sl, TH); 7.75-
7.83 (m, 1H)

3.350.73

154

323

1. 45%

2.2.07 (q, J=12.8Hz, 2%—!);
2.31 (d, J=14.4Hz, 2H); 2.9
(s, 3H): 3.09 (sl, 2H); 3.13-
3.29 (m, 3H); 3.50 (.
J=6.4Hz, 2H); 3.63 (d,
J=11.6H7, 2H); 4.32 (s, 2H);
96 (d, J=6.8Hz, 1H); 7.05
1H); 7.08-7.18 (m, 2H);
(d, J=6.8Hz, 1H); 7.31
H); 765 (d, 4=7.8Hz, 1H)

)
£y
7

361.

. 81%
2.2.04-2.19 (m, 1H); 2.35-
2.50 (m, 1H); 2.73-2.86 (m,
TH), 2.83 (s, 3H); 2.87-3.04
(m, 2H); 3.25 (dd, J1=3.6Hz,
J2=15.6Hz, 1H}; 3.51-3.64
(m, 1H); 3.75 (s, 3H); 4.28 (s,
4H), 6.65 (d, J=8.4Hz, ‘1H)
6.80-7.00 {m, 3H); 8.06 (d,
=8.8Hz, 1H)
3.365.70

s
(43
g

[
]
w

1. 84%

2. 1.88-2.06 (m, 1H), 2.33 (dl,
J=11.2Hz, 1H); 2.57.2.67 (m,
3H); 2.67-2.81 (m, 2H); 2.88
(dl, J=16.8Hz, 1H); 3.09 (dd,
J1=4.4Hz, J2=14.8Hz, 1H);
3.31-3.46 (m, 1H) ;, 3.60 (s,
3H); 5.95 (s, 2H); 6.55 (d,
J=8.4Hz, 1H); 6.83 (d,
J=8.4Hz, 1H); 7.09 (d,
J=8.4Hz, 1H), 7.681 (s, 1H):
764 (d, J=8.4Hz, 1H); 9.21-
9.45 (sl, 2H)

3.351.72

158

224

1. 92%
2. 906?28(m 1H); 2.31-
2.56 (m, 1H); 2.85 (s, 3H);




WO 207 1/128455

PCEEPZOT H056068

L 2.93-3.25 {m, 7H); 3.42-3.70
(m, 2H); 3.82 (s, 3H); 4.42 (s,
1H); 4.63 (s, 1H); 6.84 (sl,
TH); 7.27-7.53 (m, 3H); 8.14
(sl, 1H)

- 3.376.78

|

pe%
(=
=4

225

1. 74%

2. 1.89-2.00 (m, 1H); 2.18-
2.37 (m, 1H); 2.60-2.75 (m,
AHY; 2.76-2.95 (m, 2H); 2.99-
3.16 (m, 1H); 3.37-3.57 (m
1H); 3.67 {s, 3H); 4.01 (s,
1H); 6.59 {d J=8.4Hz 1H);
7.51 (dd, J1=2.0Hz,
J2=8.8Hz, 1H); 7.62 (1,

- J=8.4Hz, 2H); 8.96 (d,
- J=2.0Hz, 1H); 9.14 (s, 1H)

3. 361.71

160

225

1. 99%

2.1.88-2.02 (m, 1H); ZOb (s
3H), 2.32 (d, J=13.2Hz, 1H);
2.65 (t, J=5.2Hz, 3H); 2. 68~
2.96 (m, 3H}); 3.11 {dd,
J1=58.2Hz, J2=15 2Hz, 1H);
3.37-3.47 (m, 1H); 3.62 (s,
3H); 3.82 {s, 3H); 6.57 (d,
J=8.8Hz, 1H); 6.98 (d,
J=8.4Hz, 1HY, 7.03 (dd,
J1=2.0Hz, J2=8.0Hz, 1H);
7.64 (d, J=8.4Hz, 1), 7.86
(d, J=2.0Hz, 1H); 8.89-8.08
(m, 2H)

. 351,73

o

162

312

1. 74%
- 391.76

(e8]

. 163

256

Free base

¢ Analytical data as described

for the corresponding
preparative exampie

not included in the claims
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164 195 « 9 | Analytical data as described
Y { | for the corresponding
G/\ - preparative example
H
\/N\//’\ = /‘<
LI
= \?«* NN
Free base
165 196 @/\ Analytical data as described
% for the corresponding
K/ \/L /[/\’ ﬂ} preparative example
Free baso
L 168 197 gxg”\¥ ¢ Analytical data as described
| for the corresponding
. \i\[s "’4\|‘§”<>’:,> nreparative example
Sy S
: Free base
187 . 198 H - Analytical data as described
Q\\[ N = | = | /\{ > for the corresponding
s - nreparative example
07 mJ TN o ’
H \
Free base .
188 108 ﬂ Analytical data as described
4 ~F for the corresponding
/\\ preparative example
Eree bafe
165 200 » Analytical data as described
/{3’ /KJ/ i for the corresponding
C) preparative example
B
z‘%
- ; Free base
170 201 GO Analytical data as described
/ﬂ\ for the corresponding
preparative example
______ Free base
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171 202 \N/\\ Analytical data as described
K/;\,} for the corresponding
\@ = ] \/’ preparative example
\ N
NN N |
H \
Free base '
172 235 N Analytical data as described
Mo = = N for the corresponding
</ | | preparative example
i N N/-\\N/\\N
H \
Fre¢base o+
173 237 0 Analytical data as described
1/ 7 /E/'\/[ N\ ,] for the corresponding
\54«} A N \N “N preparative example
s N \
Free base
174 238 ) ANy Analytical data as described
K\//\’ /\]i’"y_/ for the corresponding
P \A )\E\i )\\N /LM preparative example
b \

Free base

175 239 _ Analytical data as described
«Nﬂ A for the corresponding
! reparative exampie
| = N)\\m N e }
#

N N
/ \
Free base
178 240 H — 502 Analytical data as described
*I’\\:/N\‘/\ A for the corresponding
i B 4 .
J | i preparative example
£ 7 \/\‘N\
\
Free base
177 2441 | A 5Qe Anatytical data as described
? (O\T”‘\\/ \h \ > for the corresponding
W NPy preparative example
Free base
178 242 i —5Q2 Analytical data as described
' /O\”/\]/N N \_) for the corresponding
A7 LA " preparative example
Free base
174 243 N \/\/(—1532 Analytical data as described
g/YN N\ for the corresponding
o /“\N A L . preparative example
| Free base
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. Py
CTY Cr
0Ny S

]
Free base

180 244 y — 802 Analytical data as described
\N/\ﬁ/\/ \H/\Y\g'” for the corresponding
K/\,/) AN preparative example
\
Free base
181 | 245 \ 1 802 Analytical data as described
Y \il/\ SN\ for the carresponding
NAS LA preparative example
\
Free base
182 246 4 ,»’3'53 Analytical data as described
E\j/ \ﬁ/\\\’*\>¢ for the corresponding
! (\,f # ’\/L +f preparaiive exampie
. Mei\!\) K
Free base
183 247 o "802 Analytical data as described
T/\/N\E/\‘ for the corresponding
§ ’ - preparative example
o /’l\w\ F P
Free base
184 | 248 1 8¢z : Analytical data as described
; N \| S §ﬂ_ | for the corresponding
b} j ! " 1 P
e IT/\// N \.N\ preparative example
é‘\/J
185 249 L O Analytical data as described
< for the corresponding
o preparative eyample
not included in the claims
P 188 250 . Anatytical data as described
~ for the corresponding
O preparative example
not included in the claims
187 251 0 Analytical data as described
< for the corresponding
0 preparative example
not included in the claims
188 | 252 Analytical data as described

for the corrasponding
preparative example

not included in the claims
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189 I 253 | Analytical data as described |
N for the corresponding
E 7 preparative example
N7 [
N | | S /\I\O not included in the claims \
L\ NN
Free base
150 254 | Analytical data as described
N for the corresponding
[ j | preparative example
N |
not included in the claims
191 144 £
T )
192 234 Bop Analytical data as described
' T % for the corresponding
preparative example
[O\/“‘? ﬁ’@
oSN
" H \
Free base
183 233 o Analytical data as described
07y { for the corresponding
i e
K\/N\t///\| A preparative example
‘\\ LN 5 N
H \
Free base
194 301 / Analytical data as described
—h for the corresponding
, ) preparative example
i —
= A
1 ;(\ﬂ ok
. AN oI v
Free base
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195 27 [ N
NP AR
T C ?
L .
il
188 324 e ,
; ° EN_q_ NMe
(\M M)
ad N
T
NSRS N
: H \
187 325 —NMe
| /
O~ N
L O
]\O/\\ N 2N
H H
168 205 N | Analytical data as described
O | for the corresponding
e preparative example
Ple; . 2
Y ) f j:” N,
S, f'j // -
’\\O/ ‘\\,» \N-" \N N
H \
Free base
199 227 : COOEt Analytical data as described
M N for the corresponding
F.\E N E/\\\l/<, ) preparative example
/J bi\\kﬁ :
] F ' f
i Me '
Free base
200 326 /
N
Q I 4
Z N
H
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201 236 Analytical data as described
( 1 for the corresponding
/N\/?‘\/!\N N preparative example
H
Free base
202 334 o Analytical data as described
X for the corresponding
( ‘} /\Ig"/ preparative example
: Free base
203 232 : </
O ;
= !
O - PN
S 5 ~
( /1 2 /E\ /[\ /]/\ ;
07 XTNTONT N
H \
EXAMPLE 204
0 O

xHCl
m . =y
AN~ . HC Y ™
SRR . .
. NV n N NN
% \

e Ry Ny Xf/m% o SN
F MOONTOR MeOH F NN
Step A "

The title compound from Preparative Example 203 (0.032 g, 0.093 mmol} was dissolved in
methanol (2 mL) and concentrated agueous hydrogen chloride solution was added. The clear
solution was frozen in fiquid nitrogen and the solvents were evaporated using a freeze-dryer to

afford the title compound as an off-white solid (0.029 g, 81 %).

TH-NMR (400 MHz, DMESOwd@/D;O): o = 1.79-1.87 (m, 1H), 2.02-2.08 (m, 1H), 2.46-2.50 (m,
1), 2.83-2.77 (m, 21), 2.88 (dd, 1H), 3.26 (s, 3H), 3.55 (s, 2H), 3.60-3.65 (m, 1H), 6.50 (d, 1H),
7.22-7.40 {m, 2H), 7.62 (d, 1H), 8.10 (ddd, 1H)

MS (ESI), m/z = 344,77 (MH")
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EXAMPLE 205

esWy @ B<r:g,m€5>

The same procedure as described for Example 204 was applied, except using the title

compound from Preparative Example 204.

Yield: 76 %

TH-NMR (400 MHz, DMSO-de/D,0): & = 1.80-1.86 (m, 1H), 2.03-2.10 (m, 1H), 2.45-2.51 (m
1), 2.85-2.76 {m, 2H), 2.88 (dd, 1), 3.30 (s, 3K, 3.55 (s, 3H), 3.61-3.66 (m, 1H), 5.90 (s, 2,
8.46 (d, 1H), 6.81 (d, 1H), 7.04 (dd, 1h), 7.57-7.61 (m, 2H)

MS (ESI); miz = 352.69 (MH")

EXAMPLE 208

B RAVRE R o 20

) H —'N? H N,
fw\q/\\\\[‘/ N \\C\I\{/J HOHO, NaBH(OA ) MaOH }'\\;[,/5\\?/ N\i‘//‘\\\r/\ )
! ; : i ’”
- /\% Pz N\ Steop A : F ANF k’)\‘f‘ﬁ\ He
HCH

To a solution of the ttle cornpound from preparative example 332 (0.070 g, 0.223 mmol) in
methanol (Volume: 4 mi) was added formaidehyde solution (0.020 ml, 0.246 mmol). The
reaction mixture was stiyred at room temperature for 30min then sodium iriacetoxyborohydride
(0.0568 g, 0.268 mmol) was added portionwise. The resulting mixiure was stirred at room
temperature for 12h. iml of HCI 1.2M in water was added. After Smin stirring at room
temperature, the solution was poured into a mixture of water, saturated Na,CQO; and brine. An

extraction was performed with ethyl acetaie 3 times. The organic layers were collected, dried

over Na,S0y, filtered and concentrated to dryness. The crude product was purified by flash
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chromatography in DCM/MeOH 98:2 to 90:10. The product was dissolved in DCM and HCI in
ether was slowly added in order to from the corréesponding HCI salt. The solvent was
concentrated 1o dryness and the solid was dried under vacuum to afford the expected

compound as & purple solid (0.028 g, 34%).

H-NMR (400 MHz, MeOD): 5= 3.07 (s, 3H); 3.14-3.23 (m, 2H); 3.47-3.60 (m, 1H); 3.66 (s, 3H);
3.77-3.91 (m, 1H); 4.28 (d, J=14.0Hz, 1H); 4.63 (d, J=14.0Hz, 1H); 6.70 (sl, 1H); .79 (sI, 1H);
6.94-7.10 (m, 2H); 7.23 (sl, 1H); 7.35 (d, J=8.8Hz, 1H)

MS (ESI); miz = 328.71 (MH")

N

P /N KyCOs, THEIACN /’/
O -

N . O LA

T st A goWess

O/"\ Nig N\
al

Step A

To a mixture of the title compound from preparative example 334 (0.035 g, 0.107 mmol), the {itle
compound from preparative example 54 (0.0281 mg, 0.107 mmol) and potassium carbonate
(0.0297 mg, 0.215 mmol) was added tetrahydrofuran (Ratio: 1.000, Volume: 2 mi), then
acelonitrile (Ratio: 1.000, Volume: 2.000 mi). The resulting mixture was stirred at room
temperature for 2h. The reaction mixture was concenirated to dryness. The residue was purified
by flash chromatography in DCM/MeOH 0% to 10%. The product was dissolved in DCM and
HC in ether was added. The sluiry was concentrated o dryness. The residue was dissolved in
a few drops of MeOH and ethyl acetate was added in order to induce precipitation. The slurry

was concentrated to dryness to afford the expected compound as a beige solid (0.020g, 37%).

"H-NMR (400 MHz, DMSO): 8= 1.73-1.87 (m, 2H); 1.88-2.02 (m, 2H): 3.00 (s, 3H); 3.06-3.17
(m, 2H); 3.21 (t, J=7.6Hz, 2H); 3.24-3.35 (m, 2H); 3.38-3.51 (m, 1H): 3.56 (s, 3H); 3.69-3.84 (m,
1HY, 4.12-4.30 (m, 5H); 4.56 (d, J=13.6Hz, 1H); 6.52-6.62 (m, 2H): 6.68-6.83 (m, 2H); 7.01 (s,
1H); 7.26-7.36 (m, 1H); 10.62 (sl, NH)

MS (ESI); miz = 470.68 (MH")

EXAAMPLES 208 TO 210
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using the lodo-derivative as indicated in the Table balow.

Tabis ¥:

POIEPZOT /056068

The title compounds were prepared according to the procedure described in the Example 207

Example

Compound
Preparalive

Example

fodo-

derivative

Product

1. Yield

2. TH-NMR
(DMSO-d6/D20)

3. MH+ (ES])

—NH

ey

PN SOk

ENIA

2. 177 (quint, J=7 6Hz,
2H7y;, 1.94 (quint,
J=7.6Hz, 2H); 2.64 (1,
J=7.2Hz, 2H), 2.78- '
2.85 (m, 2H); 2.85-2.92
{m, 5H); 3.06 {dd,
J1=7 2Hz, J2=7 8Hz,
2H); 3.60 (s, 3H); 3.63
(5, 2H); 6.44-8.54 (m,
1H); 6.63 (ddd,

J1=2 8Hz, J2=6.8Hz,
J3=12.8Hz, 1H); 6.86-
8.99 (m, 2H); 7.13 (s,
1H); 7.19 (d, J=8. 4;%2
4 L—{\

3. 448 69

ra
Lol
<]

AN

SOshie

1. 40%
2. 1.68-1.82 (m, 2H);
1.84-1.97 (m, 2H); 2.63
{t, J=6.8hz, 2H), 2.75-
2.83 {m, 2iH), 2.83-2.81
(m, 5H); 3.04 (t,
J=8 0Hz, %ﬂl) 3.55 (s,
3H); 3.62 (s, 2H): 4.10-
4,25 {im, 45 1}, 6.42 '/d(],
Ji=2.8Hz, JZ2=8.8Hz,
1H); 6.48 (d, J=2.8Hz,
1H); 8.70 {d, J=8.4Hz,
1H); 6.88 (dd,
Ji~ 1.6Hz, J2=8.4Hz,
H); 7.07 {d, J=1.6hz,
1H}; 7.13 {d, J=8.4Hz,
TH)
3. 470.72

[yl
(o]
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210

peWss®

/\«/‘N

|7 SO

SO, e

P =

L 42%

. 1.79 (quint, J=7 2Hz,
H); 1.94 (quint,
7.2Hz, 2H); 2.66 (t,
J=7. QHZ, 2HY; 2.77-
2.85 (m, 2H); 2.85-2.94
{m, 5H); 3.07 {dd,
J1=7. 21“17 J2=7 6Hz,
Z2H); 3.54 (s, 3H); 3.68
(q 2H); 6.54-6.62 (m,
1HY; 6.74 (ddd,

J1=2.8Hz, J26.8Hz,

J3=12.8Hz, 1H); 6.82
(d, J=8.4Hz, 1H); 6.91-
7.02 (m, 2H); 7.30 (d,
J=8.0Hz, 1H)

3. 448.66

EXAMPLES 21170 2148

If one were to freat the title compounds from the Preparative Examples with the iodo-derivatives

as descrived in the Example 207, one would obtain the desired Exampies as indicated in the
b

Table balow.

Table 8

Example | Compound @
Preparative lodo-derivative Product
Example
244 i ! EC e
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?'% 2 N S0
212 .
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EXAMPLES 218 TO 222

If one were to treal the title compounds from the Preparative Examples with t

derivatives according to Ref. WO2008/150799, one wouid obtain the desired title compounds as

indicated in the table below.

he vinylsulfone

Comoauad

i
i Preparative

vinylsulfone-derivative

Product
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Example
249 _ H g SO0
¥ "\\/I pp—
e
> SN N SCyMe E i / N
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222 e SOpMe
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Compounds of the present invention having one or more optically active carbons can exist as
racemates and racemic mixtures, diasteromeric mixiures and individual diasteromers,

enantiomeric mixiures and single enantiomers, tautomers, atropisomers and rotamers, with all

isomeric forms being included in the present invention. Compounds described in this invention
containing olefinic double bonds include both E and Z geometric isomers. Also included in this
invention are all salf forms, polymorphs, hvdrates and solvates. Al of the above-mentioned

compounds are included within the scope of the invention.

Datermination of inhibition of ABY-42 aggragation

The capacity of the example compounds of the invention to inhibit the aggregation of Ab1-42
peptide was determined by using the thioflavin T spectrofluorescence assay (ThT-assay) as

described below.

Preparation of AS peptide fiim
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AR1-42 tyophilized powder (Bachem) was reconstituted in hexafluorcisopropanel (HFIP) to 1
mM. The peptide solution was sonicated for 15 min at room temperalure, agitated overnight,
and aliquots were made into non-siliconized microcentrifuge tubes. The HFIP was then
evaporated under a stream of argon. The resulting peptide film was dried under vacuum for 10

min, tightly sealed and stored at -80°C until used.

inhibition of Afaggregation measurement!-42

To assay the small molecule-mediated inhibition of AR1-42 aggregation, the small molecules
from the examples were dissolved pravious to each experiment in anhydrous dimethyl sulfoxide
{(DMSO, Sigma-Aldrich) to reach a concentration of 7.4 mM. Ap1-42 peptide film was dissolved
in DMSO to reach 400 uM. An Assay solution in PBS was prepared in non-siliconized incubation
wubes o reach the foliowing concentrations: 330 pM small molecule, 33 pM AB1-42, 10 pM
thioflavin T (ThT}, and 12.8% DMSQO. Therefore, the final molar ratio of small molecule to AR1-
42 was 10:1. A positive conirol without a small molecule was prepared to measure maximum
RFU. A negative control without A1-42 was prepared for each small molecule. The 3-amino-
pyrazote trimer (Rzepecki et. al. Synthesis 2003, 1815) was tested as a reference compound in
all assays to ascertain reproducibility between independent experiments., The solutions were
then incubated for 24 hrs at 37°C, and the spectrofluorescence {relative fluorescence units;
RFU) werg read in six replicates in black 384-well assay plates (Perkin-Elmer) on a Perkin-
Ehmer FluoroCount spectrofluorcmeter. The inhibition of aggregation is expressed as mean %

inhibition + 1 standard deviation (8D) according to the following equation:

% inhibition = {RFU of positive confrol - REU of neqative controf) ~ {RFL of sample with AR1-42 - REU of sample without AR1-42) x 100

{RFU of positive controt — RFU of negative controf)

The following example campounds were measured:
Tabla 10

| Example Inhibition at 330 uM
1 7]
] 2N P 69.5 4.5
P &
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Inhibiion of ABR1-42 aggregation of preformed AP1-42 fibers could not be determined for

examples 5 and 7 due fo very strong auiofluorescence.

Example 241 Effect of ACHE38 on plague formation of hAPPSEL transgenic mice

The objective of this study was the assessment of the properties of the ACIB36 regarding

inhibition of plague formation and disaggregation of existing plaques.

2111 Methods

Transgenic {Tg) mice cver-expressing human amyloid profein (hAPP) are suitable models o
study the influence of drugs on amyloid production, sequestration, and deposition. For the
study, mice over-expressing the 751 amino acid form of hAPP with London (V7171) and
Swedish (KMB70/67 1NL) mutations under the control of the murine Thy-1 promoter (hAPPSL
mice) were used. The hAPPSL mice show an age-dependent increase of the B-amyloid
peptides (AR) and develop plaques consisting of amyloid depositions in early age (starting at 4 —
8 months). Severity of the brain pathology correlates with increasing age and behavioral deficits,
Starting at 13 to 14 months of age, female hAPPSL Tg mice were treated once daily by gavage

with 10 mg/kg of ACI-636 as described in the following table:

Group Mouse n Genotype | T Application reatment | Age at Tissue
sirain route paricd start sampling
Blood
A 10 Ty PBS | o aih 14 days {plasma),
hAPPSL ?{;;{gf(‘;'jéa 131014 | brain
Tg mice ' y months Blood
B 10 Tg ACIB36 | p-0. 14 days (plasma),
i brain

collected. The effects of ACI-636 on AR levels (ABR38, ABR40, AP42) in four different brain
homaogenate fractions (TBS, Triton X-100, 8DS and FA) were measured with an AB-kit from
Mesoscale Discovery. Furthermore, amyloid deposifions were determined  immunchisfo-
chemically in brain sampled detected by ©E10 antibody. AR levels were evaluated in

comparison to a peplide standard as pg/mg wet brain weigth.

w
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211.2 Results

Overall, animals receiving ACI-636 for 14 days showed a tendency toward increased soluble AR
fevels (TBS and Triton X-100 fractions) but decreased insoluble AR levels (SDS and FA
fractions) compared to the PBS treated animals. The effect of treatment of the animals with ACI-
836 as compared fo vehicls (PBS) is referred as "treatment induced difference”. The
quantification of cortical {(a and b) and hippocampal (c and d) 6E10 immunofluorescence is
shown in Figure 1. The effect of treatment to fernale mice treated for 14 days affects number
and total area of plagues (note: minimum object size > 150 um?). Abbreviations: Vehicle (A);
ACI-636 10 mgfkglday (B).

Compared io vehicle, freatment with ACI636 consistently reduced plague load in female Tg

I

mice after 14 days of {reatment.
211.3 Conclusions

Animais receiving ACIS36 for 14 days showed a tendency towards increased soluble A levels
(TBS and Triton X-100 fractions) but decreased inscluble AR leveis (SDS and FA fractions)
compared to the vehicle treated animals. ACI636 selectively reduced amylold burden in female
hAPPT751SL fransgenic mice, if administered for 14 days, in both extraceliular plaque load and
total amyloid burden, including intracellular amyloid. The effect was more pronounced in the

cortex than in the hippocampus.

he objective of this study was to determine the efficacy of ACH-836 in a mouse model of
Alzheimer's disease. The influence of treatment on memory capacity was assessed by the

space recognition test (SRT)

212.1 Methods
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21211 Space recognilion test (SRT)

The novel object recognition test (ORT) is an in vivo test for investigation of effects of a test
substance on memory in rodents (mice, rais). This test was introduced to measure non spatial
memory in rodenis by their ability fo recognize a novel object in an otherwise familiar
environment (Ennacewr, A. and Delacour, J. Behav. Brain Res. 1888, 31, 47-59). The test gives
information on short~term or long term memory, a promnesic or amnesic effect of a test
substance and exploratory behavior, which is related to attention. In the leaming phase of the
test, the animal is confronted with two identical objects, placed in an open field, in order o get
famiitarized with the objects. In the retention {memory) phase, the animal is exposed to two
dissimilar objects placed in the open field: one familiar object, used in the learning phase, and
one novel obiect, In the retention phase, the fime spent exploring each of the obiects is
measured. Exploration of an object is defined as time spent with the head oriented towards and
within 2 centimeters of the object. Non-amnesic animals will spend more time exploring the
novel object than the familiar one. In order {o increase the challenge for the animals the ORT
test was modified to include a spatial memory component (space recognition test (SRT)) using
two identical objects. in the SRT-setling one object remains in the retention phase at the same
place as before in the learning phase while the other object is placed at a different position. A
total of 24 fernale APPVIT711 transgenic mice (10 months old) were treated by gavage once
daily (12 mice freated with ACI-636; 10 mg/kg)) and with PBS (12 mice treated). The SRT-test
was performed after 21 days of treatment in a grey polypropylene maze (circular open field,
diameter 40 om, height 32.4 ¢m) using Iwo different objects (1 cube of lego (2.9 cm x 5.8 cm)

and a black glass bottle (5.3 cm x 5.3 cm}). The experiment was designed as foliowed:

day

— Habituation to the apparatus (10 minutes) for each animal without object.

Day 2:

Learning session: two idenfical objects (cube of lego or black glass boiile) were
presented (10 minutes) on one side of the maze.

— Retention iest (3 hours post learning): one of the identical objecis was moved to the

opposite side of the maze and was presented (10 minutes).
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212.2 Resulis

In Figures 2A and 2B, APPV171 transgenic mice that had been treated with PBS and ACI-636
have been analysed. The statistical analysis of Recognition index (Rl) for duration and
frequency (Figures 2A and 2B) using a paired t-est analysis showed a significant difference

hetween APPV171! transgenic mice that had been freated with PBS and ACI-636 (p < 0.05).
212.3 Conclusions

In the space recognition test (SRT), APPV171! transgenic mice treated with ACI-836 spemnt
more time exploring the moved object than the famillar object compared to APPVIT1U
transgenic mice ireated with vehicle (PBS) demonsirating an effect of ACI-638 on short term

memory retention with the space recognition test.

Exampie 213: Preparation of compound 2132 and 2130 {enantiomers of compound 28):

Chiral separation

Separaiion of the Boc-protected precursor of compound 28 {N2-~(3,4~c}if!uoro;}henyi‘wﬁ'g--
dimethyi-6,7,8,9-tetrahydro-5H-pyrido[2,3-blindole-2,6-diamine hydrogenchloride; racemate) by

HPLC using a chiral phase
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Late {-}-Enantiomer

Late Enanfiomer Compound 25b

The enantiomers of the Boc-protected precursor of compound 26 (0.110 g, racemate) were
separaied. A total of 0.040 g of the early enantiomer and 0.033 g of the late enantiomer were

obtained. Each enantiomer contained < 1 % of the other enantiomer as judged by chiral HPLC.

Chiral HPLC conditions

. Chiralpak 1A, 4.6 x 250 mm, 5 um

o Mobile phase: n-heptane/isc-propanol (95:5)
. Flow rate: 1 mi/min

o Wavelength: 254 nm

Figure 3 shows the separation of Boc-protected precursor of compound 26 by chiral HPLC
R (early enantiomer): 22.7 Min

R, (late enantiomer): 31.6 Min

Figure 4 shows the early enantiomer after separation, while Figure 5 shows the late enantiomer

after separation.
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All reagents and solvents were oblained from commercial sources and used without further
purification. Proton ("H) spectra were recorded on a 400 MHz NMR spectrometer in deuterated
solvents. Mass spectra (M8) were recorded on a Finnigan MAT TSQ 7000 spectrometer.
Optical rotation of the enantiomers was recorded in methanol on a JASCO polarimeter at 25 °C

using a wavelength of 588 nm.

213.3.1 Preparation of cormpound 213a

The early enantiomer after HPLC separation (0.038 g, 0.088 mmol) was dissolved in
dichioromethane (1.2 mL) and treated with a 2 M solution of hydrogen chioride (1.2 mL) in
diethylether. The mixture was stirred at room temperature overnight and the precipitate was
collected by filtration. The solids were washed with disthylether (5 ml) and dried under reduced

pressure to afford the title compound as an off white solid (0.029 g, 88 %).

"H-NMR (400 MHz, DMSO-dg/D,0): 8 = 1.80-2.02 (m, 1H), 2.27-2.36 {m, 1H), 2.65-2.73 (m
4H), 2.75-2.94 (m, 2H), 3.10-3.18 (m, 1H), 3.42-3.48 (m, 1H), 3.63 (s, 3H), 6.60 (d, 1H), 7.25-
7.33 (m,1H), 7.36-7.42 {m, 1H), 7.70 (d, 1H), 8.14-8.20 (m, 1H)

MS (ESI); m/z = 343.70 (MH"

[0 = + 45.4° (¢ 0.066, MeOH)

213.3.2 Preparation of compound 213b

The late enantlomer after HPLC separation (0.022 g, 0.05 mmol) was dissolved in
dichloromethane {1 mL) and treated with a 2 M solution of hydrogen chloride (1 mlL) in
diethylether. The mixture was stirred at room temperature overnight and the precipitaie was
collected by filiration. The solids were washed with diethylsther (5 mL) and dried under reduced

pressure to afford the title compound as an off white solid (0.018 g, 71 %).

TH-NMR (400 MHz, DMSO-do/D,0): & = 1.90-1.98 (m, 1H), 2.26-2.33 (m, 1H), 2.62-2.72 (m,
4H), 2.77-2.93 (m, 2H), 3.10-3.16 (m, 1H), 3.40-3.47 (m, 1H), 3.62 (s, 3H), 6.58 (d, 1H), 7.25-
7.33 (m, 1H), 7.36-7.41 (m, 1H), 7.70 (d, 1H), 8.11-8.18 (m, 1H)

MS (ESI); m/z = 343.68 (MH")
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[0]?5 = - 37.5° (¢ 0.064, MeOH)

213.4 Conclusions

The racemic Boc-protected precursor of compound 26 was successfully separated into its two
enantiomers. Cleavage of the protecting group of the early eluting enantiomers vyisided (+)-
enantiomer compound 213a, while the late eluling enantiormer yielded (-)-enantiomer compound
2136,

bromo--

3.

Preparative Example 338: Preparation of single enantiomers of fertbutyl-(2-

mathyl-6,7,8 Stelrahydro-Sipyride]2 3.blindol-B-yhimethyilcarbamate by separation of

F

diasterpomers

3351 Objactive and Design of the Study

The aim of this study was to develop a method for preparation of single enantiomers of tert-
butyl-(2-bromo-g-methyl-6,7,8,9-tetrahydro-5H-pyrido[ 2, 3-blindol-6-yiymethylycarbamate via

separation of diastereomers.

3422 Wethods

i~
0
o
™
"
=
=

&

inle of enantiomers separation

The racemic compound was reacted with an optically active reagent L. (amino acid-derivative) to
yield a mixture of diastereomers (RL and 5L) which was separated by chromatography. The
chiral reagent was subsequently removed by acidic freatment to generate the enatiomerically

enriched buiiding block.

Bynthesis scheme for the preparation of enantiomerically enriched {(fert-butyi-{Z-bromo-

S-methyl-g,7,8,5-tetrahydro-8M-pyridolZ, 3-blindol--yi}-methyiicarbamaie

‘;
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sarly + {ats enanticmers

Pregaration of the chiral auxifary (8}2-{(Z 4-dinitrophenvilaminoi-2-shenvinropanois
£ 3 i iy ; jrwe PYOF

acid

To a mixiure of L-phenylalanine (8.88 g, 53.7 mmol) and 1-fluoro-2,4-dinitrobenzene (3.24 mi,
26.9 mmol) was added tristhylamine (7.86 mi, 56.4 mmol). The resulting mixture was warmed
using a Biotage Initiator microwave to 100 °C for 4 min. The solid was diluted with MeOH and
the slurry was dropped into distilled water. Dichloromethane was added to the slurry and the
organic phase was separated. The organic phase was further extracted with 1.2 M hydrogen

chloride solution and brine. The organic phase was dried over Na,SO,, filtered and the solvents
were evaporated. The residue was diluted with dichlormethane and the slurry was filtered. The
precipitate was then washed with a small amount of dichlormethane. The combined filtraies
were evaporated and the residue was purified by flash chromatography using a

dichioromethane/methanol gradient (0% to 5%) to afford the fitle compound.

MS ESI MeOH (Neg): 329.96 (M-H) / 375.99 (M+FA-H)/ 661.13 (2M-H) / 892.32 (3M-H)

Step A

To a solution of racermic fert-butyl-(2-bremo-8-methyl-6,7 .8, 8-tetrahydro-5H-pyrido[2,3-blindol-6-
yvhimethyljcarbamate (0.9 g, 2.28 mmol) in 20 ml of dichloromethane, 11.34 ml (22.8 mmol) of a
2 M solution of hydrogen chloride in disthyiether were added and the reaction mixture was

stirred at room temperature for 12 h. After dilution with dichloromethane, the solution was

basified with agueous sodium hydroxide solution untit pH 13-14. The organic phase was
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separated and the aqueous phase was exiracted with dichloromethane (4 x 100 mL). The
combined organic phase was dried over Na,SOy, filtered and the solvent was removad o afford

the title compound as a brownish oil.

Step B

The crude | title compound from Step A above (228 mmol) was dissolved in NN-
dimethytformarmide (14 ml). (S)-2-((2,4-Dinitrophenyljamino)-3-phenylpropanocic acid (0.944 g,
2.85 mmol) was added, followed by HBTU (1.08 g, 2.85 mmol) and triethyl amine (0.68 mL, 5.01
mmol). The solution was stirred at room temperaturse for 12 h. The reaction mixture was diluted
with dichloromethane (500 mi) and washed with water (100 mbL). The organic phase was
separated and the aqusous phase was extracted with dichloromethane (4 x 100 mL). The
combined organic phase was dried over Na,50,, fillered and the solvent was removed fo afford

the crude product as an orange solid.

Diastereomer separation by Flash Chromatography on silica

The mixiure of diastereomers from Step B above was separated using a Biotage Isolera One
flash chromatography system to yield 0.64 g of early diasterecisomer and 0.7 g of fate

diastereoisomer.

The following conditions were useach

Cariridge Loading. 256 rg — 500 mg of mixture applied to 100 g HP-Sil SNAP cartridge

Selvent gradient. £tOAc [ n-Heptane : 30-50%

The chromatographic separation of the mixture of diasteromers was conducted on silica-gel

(Flow rate: 50mi/min}) using an ethylacetate / n-heptane gradient (30/70->60/40).

'
A

the early diasterecmer (only aromatic region, impurities present in the region

7.1-7.3 ppm) is presented in Figure 11.
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HNMR (400 MHz, DMSO-de): 8 = 7.07 (d, 1H), 7.35 (d, 1H), 7.51 (d, 1H), 7.71-7.76 (dd, 2H),
8.21-8.25 (m, 2H), 8.87-8.88 (m, 1H), 9.25-9.33 (dd, 2H).

"H-NMR data of the late diastereomer (only aromatic region, impurities present in the region 7.1-

7.3 ppm) is presented in Figure 12.

H-NMR (400 MHz, DMSO-ds): § = 7.17 (d, TH), 7.36 (d, TH), 7.48 (d, 1H), 7.43 (d, 1H), 7.80 (d,
1H), 8.14 (dd, TH), 8.23 (dd, 1H), 8.87 (dd, 1H), 9.32 (1, 2H).

The late diasterecisomer (0.7 g, 1.15 mmol) from Step C above was dissolved in 18 mbL of
glacial acetic acid and then 18 mL of concentrated hydrochloric acid (36-38%) were added. The
mixture was heated at 120°C in a sand batn for 5 days. The reaction mixture was cooled at
room temperature and then diluted with 400 mi. dichloromethane and basified with 1 M agqueocus
sodium hydroxide solution until pH 13-14. The organic phase was separated and the agueous
phase was exiracted with dichlorormethane (4 x 100 mb). The combined organic phase was
dried over NapS0,, filtered and the solvent was removed to afford the crude product as a

brownish oil.

Step E

The crude compound from Step D above (1.15 mmol) was dissolved in tetrahydrofurane (18
mb) and treated with triethylamine (0.176 ml) and di-tert-butyl dicarbonate (0.95 g, 12.4 mmol).
The mixture was af room temperature overnight, Tha solvent was removed and the residue was
purified using Biotage purification system (EtOAc/n-heptane: 10-40 %) to afford the Boc-
protected tricyclic building block derived from the late diastereomer as an off-white solid (0.22 g,
24 % for 4 steps).

TH-NMR (400 MHz, DMSO-dg): 8 = 1.41 (s, 9H), 1.91-2.06 (m, 2H), 2.71 (m, 2H), 2.78 (s, 3H),
2.96-2.83 (m, 2H), 3.62 (s, 3H), 4.25 (br-m, 1H), 7.17 (d, 1H), 7.78 {d, 1H).
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The early diastereomer was treated as described above (Step D and Step E) to vield the

corresponding early enantiomer tricyclic building block.

TH-NMR (400 MHz, DMSO-dg): 8 = 1.41 (s, 9H), 1.91-2.06 (m, 2H), 2.71 (m, 2H), 2.78 (s, 3H),
2.96-2.83 (m, 2H), 3.82 (s, 3H), 4.25 (br-m, 1H), 7.17 (d, 1H), 7.78 (d, 1H).

Preparative Example 337: Preparation of single enantiomers of feributyl-{2-bromo-8-
methyb8,7,8,9-4elrabydro-SH-pyride[2, 3-blindol-8-yBmethylicarbamate by separation of
diastersomeric salts

337.1 Onjective and Design of the Study

The aim of this study was to develop a method for the separation of racemic tert-butyl-(2-bromo-
9-methyl-8,7,8,8-tetrahydro-5H-pyridof2, 3-blindol-6-ylimethyljcarbamate  via  diastereomeric
sailts.

337.2 Methods

337.2.1 Principle of enanticmers separation

The racemic compound as free base was reacted with an optically active acid 1o vield a mixture
of diastereomeric salts (R™L,” + 8"L.¢). Crystallization of the diasteromeric salts with a suitable

solvent and removal of the chiral auxiliary yielded the individual enantiomers.

Synthesis scheme for the peparation of the individual enanticmers of ferf-butyi-{2-bromo-

G-rnathyl-6,7 .8, 8-tetrahydro-5H-pyridol?, 3-blindol-6-ylimethylcarbamale
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A solution of racemic terl-butyl-(2-bromo-9-methyl-6,7.8,9-tetrahydro-5H-pyrido[2,3-blindol-8-
yhmethylcarbamate (12.48 g, 31.87 mmal) in 300 mi of dichloromethane was cooled 1o 0 °C.
Then 150 mi (300 mmol) of a solution 2 M solution of hydrogen chioride in diethylether was
added at 0 °C. After the addition was completed, the ice-bath was removed and the reaction
mixture was stirred at room temperature for 16 h. The precipitate was collected by filtration,
washed with diethyiether (160 ml) and aii~dried o afford the di-hydrochloride salt as an off-
white solid (11.5 g, quant.). To a 250 mb flask equipped with a magnetic stirrer containing the
di-hydrochloride sali (3.65 g, 10 mmol) as a suspension in water (37 mL) was added an
agueous solution of sodium hydroxide (1.27 g, 32 mmol of NaOH in 22 ml. water) (addition
time 1 min). Then the flask containing the sodium hydroxide solution was rinsed with
additional water (2 x 3 ml.). The resulting white suspension was stirred vigorously for 5 min
before adding dichloromethane (65 mi.). The resulting mixture was stirred vigorously for 5
min. Organic phase was recovered and the aquecus phase was extracted with 3 x 65 mbL
dichloromethane, The combined crganic phases were dried over Mg30, and evaporaied

under vacuum at room temperature {o dryness vielding 2.63 g (30 %) of the litle compound

s 2 yellow solid.
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Enantiomer separation via diasteromeric salts:

Step B (Reaction with (S)-(+)-mandelic acid to obtain enantiomer B, R, = 26.1 Min)

To a 250 ml flask equipped with a magnetic stirrer containing the title compound from Step
A above (546 g, 18.6 mmol) dissolved in methanol (30 mL) at 35 °C, was added (S)-(+)-
mandelic acid {1.35 g, 8.9 mmol) dissolved in methanol (50 mL). The resuiting mixiure was
stirred at 35 °C (internal temperature) for 24 h and then filtered through a sintered glass
funnel. Mother liguors were separated and the resulting white solid was washed with
methanof at room temperature {3 x 20 mL). The salt was dried under vacuum to afford 2.55 ¢
(31 %} of the title compound (enantiomer B and (S)-(+}-mandelic acid, HPLC 97 % ee) as a
white solid. Mother liquors were evaporated to dryness before adding 0.5 M agueous sodium
hydroxide sofution (20 mL). The agueous soiution was exiracted with dichloromethane (3 x
10 ml), the combined organic phases were dried over MgSO, and evaporated under vacuum
at room temperature to afford a vaellow-brown paste corresponding to a 7:3 {enantiomer A:
enantiomer B) mixture of the enantiomers (3.24 g, 59 %). (Reaction of the mother liquors
with (R)-{-}-mandelic acid to obtain enantiomer A, R, = 24.3 Min)

To a 100 ml flask equipped with a magnetic stirrer containing a solution of a 7:3 (enantiomer
A: enantiomer B) mixture of the enantiomers (3.24 g, 11 mmol) in methanol (30 mL) at 35 °C
was added {R)-(-}mandelic acid (1.09 ¢, 7.2 mmol) dissclved in methanol (36 mL). The
resulting mixture was stirred at an internal temperature of 35 °C for 24 1. The crystallized
solid was filtered through a sintered glass funnel, washed with methanol at room temperature
(3 x 16 mL) and dried under vacuum to afford 3.08 g (83 %) of the fitle compound

(enantiomer A and (R)-(-}-mandelic acid, HPLC 97 % ee) as a white solid.

Formation of the dihydrochloride of enantiomer A from the corresponding mandelate

To a 250 mbL flask equipped with a magnetic stirrer containing the mandelate salt of
enantiomer A (3.08 g, 6.9 mmol) was added 1 M sodium hydroxide solution (30 mlb.) and
dichloromethane (60 mL). After 5 min of vigorous stirring, the organic phase was recovered
and the aqueous phase was extracied with dichloromethane (2 x 60 mbL). The combined
organic phases were washed with brine (30 mL), dried over MgSC, and evaporated io
dryness at room temperature. The resufting brown-yellow paste was dissolved in 1 M
aqueous nhydrogen chioride soiution {50 mL) and the solvent was evaporated to dryness o
afford a white solid. When this solid was dried under high vacuum at 25 °C until constant

weight, it mefted and re-crystallized to afford the title compound as a yellow solid (1.97 g, 78
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%, HPLC 97.8 % ee).

Formation of the dihydrochioride of enantiomer B from the carresponding mandelate

To a 100 mb flask equipped with a magnetic slirer containing the mandelate salt of
enantiomer B (2.1 g, 4.7 mmol) was added 1 M sodium hydroxide sclution (20 mL) and
dichloromethane (40 mbL). After 5 min of vigorous stirfing, the organic phase was recovered
and the agueous phase was exiracied with dichioromethane (2 x 40 mbL). The combined
organic phases were washed with brine (20 ml), dried over MgSO, and evaporated fo
dryness at room temperature. The resulling brown-vellow paste was dissolved in 1 M
aquecus hydrogan chloride solution (30 mL) and the solvent was evaporated o dryness {o
afford a white solid. When this solid was dried under high vacuum at 25 °C until constant
weight, it melted and re-crystallized afford the fitle compound as a yellow solid (1.57 g, 21 %,.
HPLC 97.7 % ee).

Chiral HPLOC conditions:

Sample: 2 mg eq. base/ml. in n-heptane/{ethancl-0.2 % DEA) {50:10)

Coturnn: Chiracel AD-H

Solvent: n-heptane/(sthancl-0.2 % DEA) (80:10)

Flgure 8 shows the racemic rixiure (di-hydrochloric acid salis) before crystallization
R {early elufing enantiomer A} 24.3 Min

., (late sluting enantiomer B): 26.1 Min

Figure 7 shows the early eluting enantiomer A (di-hydrochloric acid salt) after crysiallization

Figure 8 shows the late eluting enantiomer B (di-hydrochioric acid salt) after crystallization

Boc-protection of early eluling enantiomer A
2-Bromo-A° 8-dimethyl-8,7,8,9-tetrahydro-5H-pyrido[2, 3-blindol-6-amine di-hydrochloride
(ﬂ 0

A o
u.oh G

™

58 mimol; enantiomer A) was dissolved in tetrahydrofuran (80 mL) and treated with
triethylamine (1.95 mi, 13.9 mmol) and di-terf-butyl dicarbonate (1.8 g, 8.55 mmol). The

mixture was stirred at room temperature overnight. The solvent was removed and the

w
N
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residue was purified using a Biotage Isolera One purification system emploving an ethyl
acetate/n-heptane gradient (5/95 to 30/70) to afford the title compound (enantiomer A) as an
off-white solid (0.969 g, 96 %).

H-NMR (400 MHz, DMSO-dg): 8 = 1.41 (s, 9H), 1.91-2.06 (m, 2H), 2.71 (m, 2H), 2.78 (s, 3H),
2.96-2.83 {m, 2H), 3.62 (s, 3H), 4.25 (br-m, 1H), 7.17 (d, 1H), 7.78 (d, 1H).

"H-NMR (400 MHz, CDClL): 6 = 1.80 (s, 9H), 2.10-2.23 (m, 2H), 2.82-3.01 (m, 7H), 3.81 (s, 3H),
4.38-4.64 (br-m, 1H), 7.25 (d, 1H), 7.67 (d, 1H).

Boc-protection of late eluting enantiomer B

The late eluting enantiomer B was treated as describad above (Step C and Step D) {o yield the
corresponding Boc-protected tricyclic building block.

TH-NMR (400 MHz, DMSO-dg): 8 = 1.41 (s, 9H), 1.91-2.06 (m, 2H), 2.71 (m, 2H), 2.78 (s, 3H),

2.96-2.83 (m, 2H), 3.62 (s, 3H), 4.25 (br-m, 1H), 7.17 (d, 1H), 7.78 (d, 1H).

337.3 Conclusions
Enantiomerically pure building blocks were prepared via separation of the racemic mixture via
crystallization of diastereomeric salts. The purity of the individual enantiomeric building blocks

was 97.8 % es for enantiomer A and 87.7 % ee for enanticmer B.

Example 214 Preparation of compounds 2148 and 214b {enantiomers of compound 28)

¥ s av

using the title compounds from Preparative Example 338 {diastersomer separation}

214.1 Objective and Design of the Study

The aim of this study was fo synthesize compounds 214a and 214b, the two enantiomesrs of
compound 26 using enantiomerically enriched building blocks prepared via diastereomer

separation.

214.2 Bynthesis scheme of enantiomaearically enriched compound 214b
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AN \ N\
MBoc MNBoc NH
- Pd{OAC),, XKPhos '

q”*& K,COy, tBUOH F\//j\ /<r> 2 M HCI, B0 "\/\ i/\rx
h F N

B NN N CH,Cl, Sy
7\ .
HQN_Q} " Step © % 2HC!
Step F
Step A

Tert-butanol {2 mb) was added to a mixture of 2-dicyclochexyiphosphino-2'4'6
triisopropytbiphenyl (XPhos, 0.036g, 0.075 mmol) and pafladium(ll) acetate (0.0056 g, 0.025
mmol). The mixture was degassed by scnication for 1 min while a stream of argon was passed
through the solution. This mixiure was heated at ~100 °C in a sand-bath for 1 min to generate
the catalyst. To the faint red catalyst solution was then added the title compound of Preparative
Example 336 obtained from the late diastereomer (0.1 ¢, 0.25 mmaol), commercially available
3,4-diffuoro aniline (0.041 g, 0.31 mmol) and potassium carbonate (0.086 g, 0.625 mmoi). The
mixture was heated in 2 sand-bath at ~110 °C for 3 h. The mixture was diluted with ethy!
acetate (100 mL) and water (10 mL). The organic phase was separated, dried over Na,S0,,
filtered and the solvenis were removed. The residue was purified twice using Bictage Isolera

flash purification (MeOH/DCM: 0-1% f{ollowed by EtOAc/n-heptane: 10-30%) system to afford

the tille compound as an off-white solid (0.087 g, 97%).

"H-NMR (400 MHz, CDCl): 5 = 1.49 (s, 9H), 2.04 (m, 2H), 2.69-2.85 (m, 7H), 3.70 (s, 3H), 4.26-
4.50 (br-m, 1), 6.51 (d, 1H), 7.00-7.02 (m,{H), 7.05- '7’!2(m, 1H), 7.6 (m, 2H).
MS (ESI): miz = 443.64 (MH")

Figure 8 shows the Boc-protecied precursor of compound Z14b derived from late diastereomer

The title compotnd of Step A above (0.08 g, 0.045 mmol) was dissalved in dichicromethane
(2.0 ml) and treated with a 2 M solution ot hydrogen chloride (2 mL) in diethylether. The mixiure
was slirred at room temperalure overnight and the precipitate was collected by filiration. The
solids were washed with diethylether (5 mlL) and dried under reduced pressure to afford the title

compound as an off white soiid (0.068 g, 87 %).
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H-NMR (400 MHz, DMSO-de/D,0): 5 = 1.90 (m, 1H), 2.25-2.28 (m, 1H), 2.50-2.64 (m, 1H),
2.64 (s, 3H), 2.75-2.88 (m, 2H), 3.10 (dd, 1H), 3.40 (m,1 H), 3.57 (s, 3H), 6.54 (d, 1H), 7.20-7.27
(m, 1H), 7.31 (m, 1H), 7.65 (d, 1H), 8.10-8.05 (m, 1H).

214.3 Bynthesis scheme of enantiomerically enriched compound 214a

N\ \ AN
MNBoo MNBon WNH
~% Pd(OAL),, XPhos - )
E\_/é ..... / KoCO; tBuOH  F ) /AW { _2MHCLERO T & /\l/\ B
Br NN F 'r"/\\\‘/l\ij/\\N/\N\ CH,Cl, F \\\)\ﬁ)\\w N
b
Hzr\z—( N Sten G
= ' x 2HCI
Step F

The same procedure for Step A as described for the synthesis of compound 214b was applied
for the enantiomerically enriched building block derived from the early diastereomer of

Preparative Exarnple 336, yielding the Boc-protected precursor of compound 214a.

TH-NMR (400 MHz, CDCls): 8 = 1.49 (s, 9H), 2.04 (m, 2H), 2.69-2.85 {m, 7H}), 3.70 (s, 3H), 4.29-
4.50 (br-m, 1H4), 6.51 (d, 1H), 7.00-7.02 {m,1H), 7.05-7.12 {m, 1H), 7.61 (m, 2H). MS (ES!);, m/z
= 443.64 (MH")

Figure 8 shows the Boc-protected precursor of 214a derived from early diastereomer

The same procedure for Step B as described for the synthesis of compound 214b was applied
for the enantiomerically enriched building block derived from the early diastereomer, yielding
compound 214a,

TH-NMR (400 MHz, DMSO-ds/D,0): § = 1.90 (m, 1H), 2.25-2.28 (m, 1H), 2.50-2.64 {m, 1H),
2.64 (s, 3H), 2.75-2.88 (m, 2H), 3.10 (dd, 1H), 3.40 (m,1 H), 3.57 (s, 3H), 6.54 (d, 1H), 7.20-7.27

(m, H), 7.31 (m, 1H), 7.65 (d, 1H), 8.10-8.05 (m, 1H).

214.4 Conclusions

348



10

15

2

[

P

0

0

WO 2011/128455 BOT/EP2O11/056068

Enantiomerically enriched compounds 214a and 214b were prepared using the building blocks
obtained from the separation of diastersomers. The building block derived from the early
diastereomer yielded an enantiomerically enriched compound (Boe-protected compound 214a)
containing 89 % of the early enantiomer and 10.6 % of the late enantiomer. The building block
derived from the late diastereomer yielded an enantiomerically enriched compound {(Boc-
protected compound 214b} containing 28.5 % of the early enantiomer and 69.4 % of the late

enantiomer.

“xample 215: Preparation of compounds 2153 and 215b {snantiomers of compound 28)

mnq he Hitle compounds from Preparative Exarmpls 337 {separation by crystatiization)

2151 Objective and Design of the Study

The aim of this study was fo synthesize compounds 215a and 215b, the two enantiomers of
compound 26 using enantiomerically pure building blocks prepared via crystallization of

diastereomeric safls.

245.2 Bynthesis schame of enantiomerically pure compound 215b

MBoc \!iiaoc
Po{0Ac),, XPhos

/
/N r - ‘«
S/ Ko CO 4, tBuOH F\/\L /\j 1»6 2 M HCLEGD N Jf ,\é /
N F pUN NN CH,Cl, F N
A\ ¥
!«%zi\l”""(d_‘ F Step B

N A

from enantiomer A X 2HCH

Step A

Tert-butanol (13 mL) was added fo a mixiure of 2-dicyclohexylphosphino-2' 4,6
triisopropylbiphenyl (XPhos, 0.119 g, 0.25 mmol) and palladium(ll) acetate (0.0198 g, 0.084
minot). The mixture was degassed by sonication for 1 min while a stream of argon was
passed through the solution. This mixture was heated at ~100 °C in a sand-bath for 1 min to
generate the catalyst. To the faint red catalyst solution was then added ihe titte compound

from Preparative Example 337 obtained from the early eluting enantiomer A (0.33 g, 0.84
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mmol), commercially available 3,4-difluoro aniling (0.125 g, 0.99 mmol) dissolved in 1 mL of
tert-butanol and potassium carbonate (0.257 g, 1.85 mmol). The mixture was healed in a
sand-bath at ~110 °C for 3 h. The mixture was diluted with ethy! acetate (250 mL) and water
(25 mL). The organic phase was separated, dried over Na,S0,, filtered and the solvenis were
removed. The residue was purified using a Biotage Isolera One purification system employing
an ethyl acetate /n-heptane gradient {5/85 to 30/70) to afford the title compound as an off-
white solid (0.35 g, 95 %).

"H-NMR (400 MHz, DMSO-dg): & = 1.42 (s, 9H), 1.92-2.04 (m, 2H), 2.67 (m, 2H), 2.78-2.92
(m, TH), 3.61 (s, 3H), 4.08-4.34 (br-m, 1H), 6.53 (d, 1H), 7.25-7.33 (m, 1H), 7.35-7.38 (m, 1H),
7.65 (d, 1H), 8.17 (dd, 1H), 9.16 (s, TH).

TH-NMR (400 MHz, CDCly): 8 = 1.58 (s, 9H), 2.10-2.18 (m, 2H), 2.82-3.00 (m, 7H), 3.7 (s,
3H), 4.34-4.63 (br-mn, 1H), 6.48 (br-s, 1H), 6.80 (d, 1H), 7.09-7.12 (m, 1H), 7.13-7.22 (m, 1H),
7.67 (d, 1H), 7.85 (ddd, 1H).

MS (ESI); m/z = 443.64 (MH")

Step B

The title compound of Step A above (0.35 g, 0.78 mimol) was dissolved in dichioromethane (8
ml.). The solution was cooled at 0°C and then treated with a 2 M solution of hydrogen chioride
(8 mbL) in diethylether. The mixiure was stirred at room temperature overnight and the
precipitate was collected by filiration. The solids were washed with diethylether (15 mL) and

dried to afford the fitle compound as an off white solid {0.32 ¢, 85 %).
TH-NMR (400 MHz, DMSO-dg/D,0): § = 1.85-1.85 (m, 1H), 2.25-2.28 (m, 1H), 2.59-2.64 (m,
1H), 2.64 (s, 3H), 2.73-2.88 {m, ZH) 3.10 (dd, 1H), 3.40 (m,1 H), 3.57 (s, 3H), 6.54 (d, 1H),
7.20-7.27 (m, 1H), 7.32-7.34 (m, 1H), 7.65 (d, 1H), 8.10-8.05 (m, 1H).

[0 = - 54.0° (¢ 0.1, MeOH)

215.3 Bynthesls scheme of enantiomerically pure compound 2152
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Ord) fsewmer | Py oyl ) mmiamo, Py oy
Be” N ‘*l F F/\/\ﬁAN \N.\ crel, ?% ?‘{
ol N F )
) HQNGF Step B )
from enantiomer B 3 2HTCH

Step A
Tert-butanol (4 mbk) was added to a mixture of 2-dicyclohexylphosphino-2',.4'.8"
triisopropylbiphenyl (XPhos, 0.031 g, 0.065 mmol) and palladium(ll) acetate (0.0049 g, 0.022
mmol). The mixture was degassed by sonication for 1 Min while a slream of argon was
passed through the solution. This mixture was heated at ~100 °C in a sand-bath for 1 Min to
generate the catalyst. To the faint red catalyst solution was then added the fitle cornpound
from Preparative Example 337 obtained from the late eluting enantiomer B (0.086 g, 0.218
minol), commercially available 3,4-difluoro aniline (0.024 mi, 0.240 mmol) dissolved in 1 mlL of
tert-butanol and potassium carbonate (0.060 g, 0.436 mmol). The mixture was heated in a
sand-bath at ~110 °C for 3 h. The mixture was diluted with ethyl acetate (250 mi.) and water
(25 mi.). The organic phase was separated, dried over Na,S0,, filtered and the solvents were
removed. The residue was purified using a Biotage isolera One purification system employing
an ethyl acetate /n-heptane gradient (10/90 to 30/70) to afford the title compound as an off-
white solid (0.095 g, 88 %).

H-NMR (400 MHz, CDCL): 8 = 1.49 (s, 9H), 2.04 (m, 2H), 2.69-2.85 (m, 7H), 3.70 (s, 3H),
4.29-4 50 (br-m, 1H), 8.51 (d, 1H), 7.00-7.02 (m,1H), 7.05-7.12 (m, 1H), 7.61 (m, 2H).
MS (ESI); miz = 443.68 (MH")

Step B

The title compound of Step A above (0.085 ¢, 0.21 mmol) was dissolved in dichloromethane (4
ml.}). The sclution was cooled at 0°C and then treated with a 2 M sclution of hydrogen chioride
(2 mL) in diethylether. The mixture was stired at room temperature overnight and the
precipitate was collected by filtration. The solids were washed with diethylether (10 mL) and

dried to afford the title compound as an off white solid (0.078 g, 87 %).

H-NMR (400 MHz, DMSO-dg/D,0): & = 1.82-2.00 {m, 1H); 2.21-2.35 (m, 1H); 2.57-2.70 {m,
4HY, 2.72-2.93 (m, 2H); 3.10 (dd, 1H); 3.34-3.48 (m, 1H); 3.58 (s, 3HY; 8.56 (d, 1H); 7.25 (q,

[&5]
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1H); 7.31-7.40 (m, 1H); 7.66 (d, 1H); 8.10 (dd, 1H)
MS (ESH); m/z = 343.78 (M+H)
[0]%s = + 20.0° {c 0.1, MeOH)

215.4 Conclusions
Enantiomerically pure compounds 218a and 215b were prepared using the enantiomeric

building blocks obtained via crystallization of diastereomeric salis.

Example 216: Preparation of compounds 216a and 218b {enantiomars of compound 42)

using the title compounds from Preparative Example 338 (diastersomer separation)

216.1 Objective and Design of the Bludy

The aim of this study was o synithesize compounds 216a and 2160, the two enantiomers of
compound 42 using enanticmerically enriched building blocks prepared via diastereomer
separation.

216.2 Synthesis scheme of enantiomericaily enriched compound 216b

\ \ N
NBoo ~ NBOG SN MNH
— PA(OAG), XPhos O st T ) < J>
| \/\Q d> K00, BuOH L\/N I/\ f}/ ‘\> / 2 M HCELEGO ~ TL/\?I {/‘\fr‘\/__
- R N SR R 1 0
s /\‘M “““ \/‘\ TN R T N
B N\ an NN
¢ \ . (__\ Ao NONTH CH,CH, N \
WL e Step B ¥ 2HCL
Siep &
Step A
Tert-butanol {2 mL) was added to a mixture of 2-dicyclioh (y*ph phing-2" 4' 5'-

0017 g, 0.0076

of argon was passed

triilsopropylbipheny! (XPhos, 0.0108 g, 0.022 mmol) and palladium(il) a

mmal). The mixture was degassed by sonication for 1 min while a sfream

[S%]
&3]
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through the solution. This mixture was heated at ~100 °C in a sand-bath for 1 min to generate
the catalyst. To the faint red catalyst solution was then added the title compound of Preparative
Example 336 obtained from the late diastereomer (0.03 g, 0.076 mmol), commercially available
4-morpholinoanitine {0.0168 g, 0.095 mmol) and potassium carbonate (0.0262 g, 0.19 mmol).
The mixture was heated in a sand bath at ~110 °C for 3 h. The mixture was diluted with ethyl
acetate (100 mL) and water (10 mL). The organic phase was separated, dried over Na,S0,,
filtered and the solvents were removed. The residue was purified twice using Biotage Isoclera
flash purification (MeOH/DCM: 0-1% followed by EtOAc/n-heptane: 10-30%) system to afford
the title compound as an off-white solid (0.024 ¢, 84%).

H-NMR (400 MHz, CDCly): § = 1.49 (s, OH), 2.02 (m, 2H), 2.76-2.86 (m, 6H), 3.02-3.32 (m, 2H),
3.63 (s, 3H), 3.88 (m, 4H), 4.31-4.52 (br-m, 1H), 6.93 (brs, 1H), 7.17-7.19 (m, 1H), 7.24-7.27 (m,
1H), 7.52 (brs, 1H).

MS (ES1); miz = 492.72 (MH")

Step B

The title compound Step A above (0.02 g, 0.040 mmol) was dissoived in dichioromethane (2.0
mi.) and treated with a 2 M solution of hydrogen chloride (0.5 mL) in diethylether. The mixture
was stirred at room temperature overnight and the precipitate was collected by filiration. The
solids were washed with diethylether (5 mL) and dried under reduced pressure 1o afford the fitle

compound as an white solid (0.016 g, 99 %).

TH-NMR (400 MHz, D,0) 8 = 2,11 (m, 1H), 2.36 (m, TH), 2.71-2.79 (m, 6H), 3.06-3.13 (m, 1H),
3.53 (mn, 8H), 4.0 (m, 4H), 6.59 (s, 1H), 7.4 (m, 2H), 7.55 (m, 2H), 7.77 (s, 1H).

216.2 Bynthesis scheme of enantiomerically enriched compound 216a
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Step A
The same procedure for Step A and B as described for the synthesis of compound 2186b was
applied for the enantiomerically enriched building block derived from the early diastereomer of
Preparative Example 336, vielding compound 2186a.

MS (ESI); m/z = 351.89 (M+H)

218.4 Conclusions
Enantiometrically enriched compounds 216a and 216b were prepared using the building blocks

obtained from the separation of diastereomers.

Zxampis 217 Preparation of compounds 217a and 217b {enantiomers of compound 1586)
o

using the title compounds from Preparative Example 338 {diastereomer separation)

2171 Objectlve and Design of the Study
The aim of this study was 1o synthesize compounds 217a and 217b, the two enantiomers of
compound 156 using enantiomerically enriched building blocks prepared via diastereomer

separation.

217.2 Bynthesis schemea of enantiomerically enriched compound 2170

h \ \
NBoo NBoc MH
— Pd{OAC),, XPros - -
S "’g, K,COs, tBUCH ro\ N '/\ﬂj\{» _2MHOLELO i.ffl’«@ r/\ﬂ/ )
- . i ’ T ! o e
B NN 0’”‘~> R AT CH,T, 07NN
TRV A \ "
/O Step G % 2HEL
Step F
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Step A

To a mixiure of XPhos (0.0108 mg, 0.023 mmol) and palladium(ll) acetate (0.0017 g, 0.008
mmol) was added 4 mlL of degased fert-butanol (sonicated under an argon stream). The
resulting solution was warmed 1o 88 "C for 80 s (until a deep red color could be observad). The
activated catalyst was transferred into a second vial containing the title compound of
Preparative Example 336 obtained from the late diastereomer above (0.030 g, 0.076 mmol),
2,3-dinydrobenzo[blj1,4ldioxin-6-amine (0.0115 g, 0.076 mmol) and potassium carbonate
(0.021g, 0.152 mmol). The resulting mixture was warmed to 110 °C for 3 h. The reaction mixiure
was concentrated to dryness. The residue was purified by Biotage flash chromatography in
EtOAc/n-heptane 15% 1o 30% system fo afford the title compound as a beige foam (0.036 g,
100%).

MS (ESI); mfz = 465.70 (M+H)

Step B

To a solution of the tile compound of Step A above (0.034 g, 0.073 mmol) in 4 mi of
dichiormethane was added a 2 M solution of hydrogen chloride in diethyl ether (0.183 mi, 0.366
mmol) and 0.050 ml of methanol. The resulting mixture was stirred at room temperature for 12
fh, Upon completion, the mixture was concentrated to dryness and a few drops of MeCH were
added in order o dissolve the residue. Finally EfOAc was added in order to precipitate the
nroduct. The slurry was filtered and dried under vacuum for 2 h affording the tifle compound as
a yellow solid (0.016 ¢, 50 %).

TH-NMR (400 MHz, MeOD): § = 2.03-2.17 (m, 1H); 2.36-2.48 (m, 1H); 2.70-3.03 {m, 6H); 3.18-
3.30 (m, 1H); 3.51-3.83 (m, 1H); 3.74 (s, 3H); 4.27 (s, 4H); 6.64 (d, J=8.0Hz, 1H); 6.78-7.05 (m,
3HY; 8.05 (d, J=8.0Hz, 1H)

MS (ESI); miz = 365.75 (M+H) / 406.79 (M+ACN+H)
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N\ N N
NBoc MBoc NH
- PA{OAG),, XPhos
. o 3 8} -; KTell G
/\@{ K,C0,, tBuGH ‘ L( f\P {;\“ 4 M HC, Fi}&( \/\h /\, g‘
Br” W N 0‘} Re M Vi Vg CH,C, R R Vi
' </ § H \ M
HoN- ~0 Step G
= % 2HC
Step F

The same procedure for Step A as described for the synthesis of compound 217b was applied

for the enaniiomerically enriched building block derived from the early diastereomer of

Preparative Example 336, vielding the Boc-protected precursor of compound 217a.

MS (ESI); miz = 465.70 (M-+H)

Step B

The same procedure for Step B as described for the synthesis of compound 217b was applied
for the enantiomericaily enriched building block derived from the early diastereomer, vielding
compound 217a (0.015 g, 42 %).

TH-NMR (400 MHz, MeODY: 5 = 2,.03-2.19 (m, 1H); 2.34-2.49 (m, 1H); 2.70-3.06 (m, 6H}; 3.18-
3.36 (m, 1H); 3.50-3.65 (m, 1H); 3.74 (s, 3H); 4.26 (s, 4H); 6.64 (d, J=8.0Hz, 1H); 6.77-7.05 (m
3H); 8.05 (d, J= 8.0Hz, 1H)

MS (ESI); m/z = 365.74 (M+H) / 406.77 (M+ACN+H)

217 A Conclusions

Enantiornerically enriched compounds 217a and 217b were prepared using the building blocks

obtained from the separation of diasieresomers,

Example 218! Preparation of compounds 218a and 218k (enantiomer of compound 156)

using the title compound from Preparative Example 337 (separation by crystallization)

2181 Objective and Design of the Study



10

-
(8]

20

25

30

W Z011/128455 PCT/REPZOT/G56068

The aim of this study was to synthesize compounds 218a and 218b, the two enantiomers of
compound 156 using enantiomerically pure building blocks prepared via crystallization of

diasterecmeric salts

248.2 Synthesis schame of enantiomericaily pure compound 218b

N AN N\
NBoc NBoe NH
I PA(OAC), XPhos §
SN GO, Bt o. ~ L E Oz )
gl/j‘/ N K, 00, 1BuOH N r !/ i !,/'\g N _if}ii!-{-(-,itizp“b" [ :{/\j\ ( | /\g,_»
Sr/ \M \N\ O-> '\O/l\\\/ \M/“QN/\ N\ CH;C!Z o . ﬁf ™ RH\
Ziq—@o " Step B
= x 2HCH

H
Sten A

To a mixture of XPhos (0.0272 mg, 0.057 mmol) and palladium(ll) acetate (0.0042 g, 0.019
mmol) was added 4 mi of degassed iert-butanol (sonicated under an argon stream). The
resulting solution was warmed to 80 °C for 80 s (until a deep red color could be observed). The
activated catalyst was transferred into a second vial containing the title compound of
Preparative Example 337 obtained from the early eluting enantiomer A (0.075 g, 0.180 mmaol),
2,3-dihydrobenzolbl{1,4ldioxin-6-amine (0.0288 mg, 0.190 mmol} and potassium carbonate
(0.0526 mg, 0.380 mmol). The resulting mixture was warmed to 110 °C for 3 h. The reaction
mixture was concentrated to dryness. The residue was purified by Biotage flash
chromatography in EtOAc/n-heplane 15% to 35% system o afford the title compound as a white

solid {0.083 g, 94%).

ME (ESH; miz = 465.70 (M+H)

Step B

To a solytion of the title compound of Step A above (0.082 g, 0.177 mmol) in 4 mi of
dichlormethane was added a 2 M solution of hydrogen chioride in diethyl ether (0.183 mil, 0.366
mmol) and 0.050 mi of methanol. The resuifing mixture was stirred at room temperature for 12
h. Upon completion, the mixiure was concenirated to dryness and a few drops of MeOH were

added in order to dissolve the residue. Finally EtOAc was added in order to precipitate the
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product. The slurry was filtered and dried under vacuum for 2 h affording the title compound as
a yellowish sofid (0.074 g, 96 %).

TH-NMR (400 MHz, DMSO-d6): § = 1.88-2.07 (m, 1H); 2.27-2.40 (m, 1H); 2.62 (1, J=5.2Hz, 3H);
2.67-2.95 {m, 3H); 3.10 (dd, J1=5.2hz, J2=15.2HMz, 1H); 3.33-3.48 (m, 1H); 3.60 (s, 3H), 4.15-
4.27 (m, 4H); 6.53 (d, J=8.4Hz, 1H); 6.75 (d, J=8.8Hz, 1H); 7.06 (dd, J1=2.4Hz, 8.4Hz, 1H):
7.87 (s, 1H); 7.62 (d, J=10.0Hz, 1H);;7.60 (d, J=2.4Hz, 1H}); 7.62 (d, J=8.4Hz, 1H); 8.23 (sl, 2H)
MS (ESI), m/z = 365.75 (M+H) / 406.79 (M+ACN+H)

£18.3 Bynthesis scheme of enantiomerinally enriched compound 218a
\ N \
Moo MNBoG PH
Pd(DAc), XPhos A . I
/['\\/ﬁﬂ RKpC0q BUOH D /\‘l/\'\\/ J _2WiHCLELD, (Vﬂ “r N/
- H i ! ot — % H i "
L H j § [ A
NN G‘w SO W NN CHaCly "o NN N
Hob {§ d " i
BT - Qo
2 Step B X 2HCH
St-p A

The same procedure for Step A as described for the synthesis of compound 218b was applied
for the enantiomerically pure building block derived from the late eluting Enantiomer B of

Preparative Exampie 337, yielding the Boc-protected precursor of compound 218a.
MS (ESI); miz = 465.70 (M+H)

Step B

The same procedure for Step B as described for the synthesis of compound 218b was applied
for the enantiomerically pure building block derived from the iate eluting enantiomer B, yielding

compound 218a (0.068 g, 85 %) as a light yellow sclid.

"H-NMR (400 MHz, DMSO-d6): § = 1.89-2.05 (m, 1H); 2.26-2.40 (m, TH); 2.64 (1, J=5.2Hz, 3H);
2.67-2.95 (m, 3H); 3.10 (dd, Ji=4.4hz, J2=14.4Hz, 1H); 3.33-3.48 (m, 1H); 3.60 (s, 3H); 4.13~
4.27 {m, 4H, under water peak); 6.53 (d, J=8.4Hz, 1H); 6.76 (d, J=8.8Hz 1H); 7.05 {(dd,
J1=2.4Hz, 8.4Hz, 1H); 7.61 (s, 1H); 7.62 (d, J=10.0Hz, 1H); 9.18 (sl, 2H)

MS (ESH), miz = 365.74 (M~+H) / 408.77 (M+ACN+H)

358



W 211/128455 PCTIEPO1I/GS6068

Example 218: inhibiion of amyloid beta {AB).4 peptide aggregation {(ThT assay)

Racemic compounds and their enantiomers were tested for their ability to inhibit amyloid peptide
aggregation using the ThT assay. To defermine the 1Cs, the following dilutions of the
compounds were usad in the ThT assay described above:

330 pM, 82.50 piM, 20.63 uM, 5.16 uM, 1.20 uM, 0.32 uM and 0.08 uM

Exampls 05 LiME 1Cxp 1l
15 agsay 2" assay
26 N 12.2 16.8
D
- i f N
e ' N
- 214a Prepared using the early eluting | 354 33.5
: diastereomeric  building  block  of the
| diastereomer separation
214b Prepared using the late eluting | 13.4 7.7
diastereomeric  building block of the
diastereomer separation 5
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42 /\ N* i 83.0 111.8
i‘m!
H

216a i Prepared using the early  eluting 1 99.3 54.9

diasterecmeric  building  block of the

diastereomer separation

216b Prepared using the fate eluting | 45.0 34.5
diastereomeric  building  block  of  the

diastereomer separation

156 N 39.7 26.7
N i
\
?\!
H
217a EPrepared using the early  eluting | 28 23.6

diastereomeric  building  block  of the

diastereomer separation

2170 I Prepared using the late eluting | 6.6 5.9

diastereomeric building bhlock of the

diastereomer separation
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ftems of the invention are summarized in the following:

1. A compound of formula (1)

5 A-L~B ()

and all stereoisomers, racemic mixtures, pharmaceutically acceptable salts, hydrates,

solvates and polymorphs thereof;

10 wherein

Ais selected from the group consisting of

2 R R
R< > Y
o
i ? L, I 0T
5 N /\,Jf NS
F{ :’{a Rﬂf s
15 {0 . (i) (i) (iv)
R’
g

N R RAL o %

R | R2 | 3 \r/ .
%/L\vj\f J&“’L\\\/\;f R /\E & /g\)
R? il ! i a4 and 523

(v) (vi) {wit) (viif)
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L¢ is directionally selected from the group consisting of:

ﬁ{(/% iE\i}%’ EN N}Zi

R

(a) and (b)

B is selected from the group consisting of:

Ut

4 =1

E:{
Vst Won <m ol

?'LL‘ \
, ré
(ix) {x) (xi)
Rt R
5 /\\ J"J NS
Kﬁ N N2 \h\/\ N2
I~ A
M NN
\ \
R%  and R2
0 {xii) {xii)
wherein

R', R?, R® and R* are each independently selected from the group consisting of hydrogen,
15 halogen, CN, CF;, CONR¥ R, alkyl, ~O—alkyl, —C(0Q)O-alkyl, cycloalkyl, cycloalkylaikyl,
heterocycioalkyl, fluoroalkyl, heterocycloalkylalicyl, alkenyl, alkynyl, aryl, heteroaryi,
arylalkyl and heteroaryialkyl, wherein atkyl, cycloalkyl, cycioalkylalkyl, heterocycloaikyl,
fluoroalkyt, heterocycloalkylalkyt, alkenyl, alkynyl, aryl, hetercaryl, arylalkyl and
hetercarylalkyl can be opiionally substituied, or if any of the groups R/RYRYR* are
20 adjacent, they can optionally be taken together and can form a 5- to 8-membered ring
containing carbon atoms and optionally one or more heteroatoms selected from O, 8, or N
or optionally one or more heteroatom (e.q., N, O and/or S)containing moieties and

wherein the 5- to 8-membered ring may be substituted by NR™R?":
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for each pcourrence, R? is independently selected from the group consisting of hydrogen,
alkyl, haloalkyl, S(O)NRYR? | S{O)WR¥, C(OYORY, CIOR®, and C{ONR* R,

for each occurrence, R is independently selected from the group consisting of: hydrogen,
halogen, CN, GF3, CONR™RY, alkyl, ~O-alkyl, ~C{O)O~alkyl, cycloalkyl, cycloalkylalkyl,
heterocycloalkyl, fluoroalkyl, heterocycloalkylalkyl, alkenyl, alkynyl, aryl, heteroaryl,
arylalkyl and heteroarylalkyl, wherein alkyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl,
fluoroalkyl, heterocycloalkylalkyl, alkenyl, alkenyl, alkynyl, aryl, heteroaryl, arylalkyl,

heteroarylalkyl and aminoalkyl can be optionally substituted;

for sach occurrence, R¥ R*', R™ and R*' are each independently selected from the group
consisting of. hydrogen, alkyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl, fluoroalkyl,
heterocycloalkylalkkyl, alkenvl, alkynyl, aryl, heteroaryl, arylalkyl, hetercarylalkyl and
aminoalkyl, wherein alkyl, cycloalkyl, cycloalkylatkyl, heterocycloalkyl, fluorcalkyl,
heterocycloalkylalkyl, alkenyl, alkynyl, aryl, heteroaryl, arvialkyl, hetercarylalkyl and
aminoalkyl can be optionally substituted, or wherein R? and R*', when taken together with
the nitrogen to which they are attached, can form a 3- to 8-membered ring containing
carbon atoms and optionally one or more further heteroatoms selected from O, 8, or N or
optionally one or more hetercatom (e.g., N, O and/or S)-containing moisties and whersin

the 3- fo 8~membered ring may be oplionally substituted;

X and Y are each independéntly selected fram the group consisting of OR" and N;
tis 1 or 2; and

pisO, 1or2

with the proviso that the following compounds are excluded:

12 b
b ? ¢
2 e, - - % P
7R N Ry £ Ry
i § i & i ; | k]
H y 3 i 3% ! i EH ra
A e, K N T e,
e R mx’*"’-’- ) F o T g 1 gg

4 =

[63]
[
(93]
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OH, A
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e o WS g
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2. The compound of item 1, wherein

A is selected from the group consisting of.

5
REG E:;iQG
> Y
] 1!
{ "L,_L/'\ ~ N = T
Q3// \YL =, N ﬁs\ ", ?3\
ﬁﬁf} g2l
2 ‘Zﬁ
e P R A
h *\)\ ) ﬁ : N
o = : £
A\ N i 4 g
R? : RA and R
10 Lo is
n,
JJJ’{\ N/‘yﬂ
R
15
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W
& ~
™~
aent
Y/ N\
Rr2 :
wherein:
5

R R? R® RY R® R?™ X and Y have the same meanings as in item 1,
V is absent or NR?R*" and
zis 1 or 2.

10 3. The compound of item 1 or 2, wherein A has the formula (i).

4. The compound of any of the preceding items, wherein L, has the formula (a) and

preferably pis 0.

15 5. The compound of any of the preceding items, wherein R', R* R® and R* are each
independently selected from hydrogen, halogen {such as F), CN, CF,, CONR¥*R®, —O-

N\ \
atkyl, heterocycloalkyl  (such  as , or
/ \

—N O

20 6. The compound of item 1, wherein formuia (vii} in A is selected from
el ‘j/\\\ r’Y% I//,/\‘//\N /i‘zL <0 \Ti//\\\ § /Q NN

i Ao L I
Moo ¥ HNVA\"/\W‘ N 0 \/\H‘ LO/K//%J»
7. The compound of any of the preceding items, whersin R® is hydrogen or Cq_4 alkyl.
25
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The compound of item 1, wherein A has the formula (i)

RAK R
L
R Sy

g:(l
N
5.2?." 7200 \|'
NS
/ 5
pa

The compound of itern 1, wherein A has the formula (iv)

R

Ra
\\.’\“i /;‘v.%! Tl
R? §
R ’
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43.  The compound of item 1, wherein A has the formula (Vi)

5
14,
15.

10
16.

15

The compound of item 1, wherein A has the formula (vil)

The compound of itern 1, wherein L, has the formula (a)

ml
LLH% N F’*«i\
pa
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17.  The compound of item 1, wherein B has the formuia (x)

R’
i
st
"z,zlzl’ P N\
R a .

5 18. The compound of item 1, wherein B has the formula (xi)

Ty

$ g
Y N\
'{”{a

19.  The compound of itern 1, wherein B has the formula (xii}

10
R1
| T H-r2
NN
\
R
20.  The compound of itern 1, wherein B has the formula (xiii)
R’i
A
i Ny RZ
>
NN
N
15 R®
21.  The compound of iterm 1 having the formula (i)
A-ly-B {1
20
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and all sterecisomers, racemic mixtures, pharmaceutically acceplable salts, hydrates,

solvates and polymorphs thereof;

wherein A is:

Rb
2 1
R\//Ki /R

RN

R
*‘ﬁf\{r\ dy %/\JL )

\a or

wherein

R" and R® are each independently selected from the group consisting of hydrogen,
halogen, CN, CF; CONRY™R  alkyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl,
fluoroalkyl, helerocycloalkylalkyl, alkenyl, alkynyl, aryl, hetercaryl, arylalkyl and
heteroarylatkyl, wherein alkyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl, fluoroaikyl,

heterocycloalkylalkyl, atkenyl, alkynyl, aryl, heteroarvi, arylalkyl and heteroarylalkyl can be
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optionally substituted, or if R" and R? are adjacent, they can optionally be taken together
and can form a 5- or 6-membered ring containing carbon atoms and optionally one or two
heteroatoms selected from O, S, or N or the heteroatom-containing moiety NR%:

R¥is hydrogen or halegen;

R® is hydrogen or alky!;

for each occurrence, R® is independently selected from the group consisting of: hydrogen,
halogen, CN, CF3, CONR™R™ | alkyl, ~O-alkyl, ~C(O)O~alkyl, cycloalkyl, cycloalkylaikyl,
heterocycloalkyl, fluorcalkyl, heterocycloalkyialkyt, alkenyl, alkynyl, aryl, heteroaryl,
arylalkyl and heteroarylalkyl, wherein alkyl, cycloalkyl, cycloaikylaikyl, heterocycloalkyi,
fluoroalkyl, heterocycloalkylalkyl, alkenyl, alkenyl, alkynyl, aryi, heteroaryl, arylalkyl,
heteroarylalkyl and aminoalkyt can be optionally substituted;

for each occurrence, R*, R*, R* and R are each independently selected from the group
consisting of hydrogen, alkyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl, fluoroalkyl,
heterocycloalkylalkyl, alkenyi, alkynyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl and
aminoalkyl, wherein alkyl, oycloalkyl, cycloalkylalkyl, heterocycloalkyl, fluoroalkyl,
heterocycloalkylalkyl, alkenyl, alkynyl, aryl, heteroaryl, arylalkyl, heteroarylalkyl and
amincalkyl can be oplionally substituted;

RY s for each occurrence R*  SOWNRPRY,  SOWR®,  C(O)ORY,
COIRPC(=NRIHNRPRY, C(=NR*INRYR?, C(=NOR™R*' or C(OINRPR?";

Y is each independently CH or N

tis1or2; and

zis 1or?2.
A compound of item 1 having the formula (1)
Al B m

and all sterecisomers, racemic mixtures, pharmaceutically acceptable salfs, hydrates,

sclvates and polymorphs thereof;

373



10

15

20

WO 2011/128453 PCT/EP2G11/056068

wherein A is:

[_4, is
s A
y@“"’ \gTE/L'HL
H
Bis
NHR??
~r$d)
Z
£ \\{/ N\
Ra
wherein

R' and R? are each independently selected from the group consisting of hydrogen,
halogen, CN, CFj, CONR¥™RY, alkyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl,
fluoroalkyl, heterocycloalkylalikyl, afkenyl, alkynyl, aryl, hetercaryl, arylalkyl and
heteroarylalkyl, wherein alkyl, cycloalkyl, cycloalkylalkyl, heterocycioalkyl, fluoroalkyl,
heterocycloalkylalkyl, alkenyt, alkynyl, aryi, heteroaryl, arylalkyl and heteroarylalkyl can be
optionally substituted, or if R" and R* are adjacent, they can optionally be taken together
and can form a 5- or 6-membered ring containing carbon atoms and optionally one or two
heteroatoms selected from O, S, or N or the heteroatom-containing moiety NR™;

=2® is hydrogen or halogen;

R®is hydrogen or alkyl,

for each occurrence, R” is independently selected from the group consisting of: hydrogen,
halogen, CN, CF;, CONR¥™R? | alkyl, ~O-aikyl, -C(0)0O-alkyl, cycloalkyl, cycloalkylalkyl,
heterocycloalkyl, fluoroalkyl, heterocycioalkylalkyl, alkenyl, alkynyl, aryl, heteroaryi,
arylalkyl and heteroarylalkyl, wherein alkyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyt,
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fluoroalkyl, heterocycloalkylalkyl, alkenyl, alkenyl, alkynyl, aryl, hetercaryl, arylalkyl,
heteroarylalkyl and aminoalkyl can be optionally substituted:

for each occurrence, R¥, R*", R*® and R*' are each independently selected from the group
consisting of hydrogen, alkyl, cycloalkyl, cycloalkylalioyl, heterocycloalkyl, fiuoroalkyt,
heterocycloalkylalkyl, alkenyl, alkynyl, aryl, hetercaryl, arylalkyl, heteroarylalkyl and
aminoalkyl, wherein alkyl, cycloaikyl, cycloalkylalkyl, heterocycioatkyl, flucroalkyl,
heterocycloalkylalkyl, alkenyl, alkynyl, aryl, heteroaryl, arvlaikyl, hetercarylalkyl and
aminoalkyl can be optionally substituted;

R® is, for each occurrence, R¥, SOWNR™RY, S(OWR™, C(O)ORY,
CIORPC(=NRHNR™RY, C(=NRINRYR?, C(=NOR*R?" or C(ONRPR?";

Y is each independently CH or N;

tis 1 or 2; and

zistor2
A compound of item 1 having the formula (I):
A~L~B )

and all sterecisomers, racemic mixtures, pharmaceutically acceptable salts, hydrates,

solvates and polymorphs thereof;

wherein A is:
RD
2 ! i
~. //f\\r\
n ¢
R Y};ﬁ”
b

L is:

RN

§

ko T
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B is:

wherein

R" and R? are each independently selected from the group consisting of hydrogen,
halogen, CN, CFa, CONR¥™R®  alkyl, cycloalkyl, cycloalkylalkyl, heterocycloaliyl,
fluoroalkyl, heterocycloalkylalkyl, alkenyl, alkynyl, aryl, heteroaryl, arvialkyl and
heteroarylatkyl, wherein alkyl, cycloalkyl, cycloatkylalkyl, heterocycioaltkyl, fluoroaliyl,
heterocycloalkyialkyl, atkenyl, alkynyl, aryl, heteroaryl, arylalkyl and heteroarylalkyl can be
optionally substituted, or if R" and R” are adjacent, they can optionally be taken together
and can form a 5- or 6-membered ring containing carbon atoms and optionaily one or two
heteroatoms selected from O, S, or N or the heteroatom-containing moiety NR™;

R’ is hydrogen or halogen;

R* is hydrogen or alkyh

for each occurrence, R” Is independently selected from the group consisting of: hydrogen,
hatogen, CN, CF,, CONR¥R?'| alkyl, ~O-atkyl, ~C(0)O~alkyl, cycloalkyl, cycloalkylalkyl,
heterocycloalkyt, fluoroalkyl, heterocycloalkylalkyl, alkenyl, alkynyl, aryi, heteroaryl,
arylatkyl and heteroarylalkyl, wherein alkyl, cycloatkyl, cycioalkylalkyl, heterocycloalkyi,
fluoroalkyl, heterocycioalkylalkyl, alkenvl, alkenyl, alkynyl, aryl, heteroaryl, arylalkyl,
heteroarylaikyl and aminoalkyl can be optionally substituted;

20

for each occurrence R, RY, R* and R*" are each independently selected from the group
consisting of hydrogen, alkyl, cycloalkyl, cycloalkylalkyl, heterocycloaikyl, fluoroalkyl,
heterocycloalkylalkyl, alkenyl, alkynyl, aryl, heteroaryl, arylalkyl, heteroaryiaikyl and
aminoalkyl, wherein alkyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl, fluoroaikyl,
heterocycloalkylalkyl, alkenyl, alkynyl, aryl, hetercaryl, arylalkyl, hetarcarylalkyl and
aminoalkyl can be optionally substituted;

R¥ s, for each occurrence, RY,  SOWNRTRY,  SONRY®,  C(OOR®
CORPC(=NRINR™ R, C(=NRPINR?'R?, C(=NOR¥™)R? or C(OINR®R?;

Y is each independently CH or N; and

1
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tis 1 or 2.

A compound of item 1 having the formula (1):

A-L—B (1)

and all stersoisomers, racemic mixtures, pharmaceutically acceptable salts, hydrates,

solvates and polymorphs thereof;

wherein A is:
F F
R A SRy
L 0L SO Y
g.‘:/ = rﬁ \/I\Hr = =4 F/\/// \;r;r"
Ey , 5

“ﬁo\f \f*“m O\
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25.  The compound of any of the preceding items, wherein the compound is selected from the

group consisting of
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28,

30.

31.

32.

A compound as defined in any one of items 1 io 25 comprising a radionuclide wherein the

compounds disclaimed in item 1 are disclaimed,

A radiopharmaceutical formulation comprising a compound as defined in any one of items
1 to 25 comprising a radionuclide wherein the compounds disclaimed in item 1 are

disclaimed or are not disclaimed.

A pharmaceutical composition comprising a compound as defined in any one of items 1 o

25 wherein the compounds disclaimed in item 1 are disclaimed,

The pharmaceutical composition of item 28 further comprising a pharmaceudically

acceptable carrier or excipient.

Use of the compound as defined in any one of items 1 to 25 wherein the compounds
disclaimed in itern 1 are disclaimed or are not disclaimed for the preparation of a
medicament for treating or preventing a disease or condition associated with an amyloid

and/or amyloid-iike protein.

The use of item 30, wherein the disease is a neurological disorder.

The use of item 31, wherein the neurological disorder is Alzheimer's disease (AD), Lawy
body dementia (LBD), Down’s syndrome, hereditary cerebral hemorrhage with

amyloidosis (Dutch type), the Guam Parkinson-Dementia complex or mild cognitive

impairment (MCI).

383



Ut

10

25

(%]
<

33.

34.

36.

37.

WO 2011128455 : PCT/EPZO11/056068

The use of item 32, wherein the neurological disorder is Alzheimer’s disease.

The use of item 30, wherein the disease is progressive supranuclear palsy, muitiple
sclerosis, inclusion-body myositis (IBM), Creutzfeld Jacob disease, Parkinson's disease,
HIV-related dementia, amyotropic lateral sclerosis (ALS), inclusion-body myositis (1IBM),
adult onset diabetis, senile cardiac amyloidosis, endocrine tumors, glaucoma, ocular
amyloidosis, primary retinal degeneration, macular degeneration (such as age-related
macular degeneration (AMDY}), oplic nerve drusen, oplic neuropathy, optic neuritis, or

[attice dystrophy.

A method of treating or prevenling a disease or condition associated with an amyloid
and/or amyloid-like protein comprising administering to a subject in need of such
treatment an sffective amount of a compound as defined in any one of items 1 1o 25

wherein the compounds disclaimed in item 1 are disclaimed or are not disclaimed.
The method of item 35, wherein the disease is a neurclogical disorder.

The method of itern 36, wherein the neurological disorder is Alzheimer's disease (AD),
Lewy body dementia (LBD), Down’s syndrome, hereditary cerebral hemorrhage with
amyloidosis (Duich type), the Guam Parkinson-Dementia complex or mild cognitive

impairment (MCI).
The method of item 37, wherein the neurclogica!l disorderigs Alzheimer's disease.

The method of item 35, wherein the disease is progressive supranuclear palsy, multiple
sclerosis, inclusion-body myositis (IBM), Creutzfeld Jacob disease, Parkinson's disease,
HiV-related dementia, amyotropic lateral sclerosis (ALS), inclusion-body myositis (IBM),
adult onset diabetis, senile cardiac amyloidosis, endocrine tumors, glaucoma, ocular
amyloidosis, primary retinal degeneration, macular degeneration (such as age-related
macular degeneration (AMD)), optic nerve drusen, optic neuropathy, optic neuritis, or

fattice dystrophy).
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The compound as defined in any one of items 1 to 25 wherein the compounds disclaimed
in item 1 are disclaimed or are not disclaimed for use in the treatment or prevention a

disease or condition associated with an amyloid and/or amyloid-like protein.

The compound of item 40, wherein the disease is a neurological disorder.

The compound of item 41, wherein the neurological disorder is Alzheimer's disease (AD),
Lewy body dementia (LBD), Down's syndrome, hereditary cerebral hemorrhage with
amyloidosis (Dutch type), the Guam Parkinson-Dementia complex or mild cognitive

impairrment (MCH),

The compound of item 42, wherein the neurclogical disorder is Alzheimer’s disease.

The compound of item 40, wherein ithe disease is progressive supranuclear palsy,
multiple sclerosis, inclusion-body myositis (IBM), Creutzfeld Jacob disease, Parkinson's
disease, HiV-related dementia, amyotropic lateral sclerosis (ALS), inclusion-body myositis
(IBM), adult onset diabetis, senile cardiac amyloidosis, endocrine tumors, glaucoma,
ocular amyloidosis, primary retinal degeneration, macular degeneration (such as age-
related macular degeneration (AMD)), optic nerve drusen, optic neuropathy, optic neuritis,

or lattice dystrophy.

A mixture comprising a compound as defined in any one of items 1 1o 25 wherein the
compounds disclaimed in item 1 are disclaimed or are not disclaimed and optionally at
least one further biclogically active compound and/or a pharmaceutically acceptable

carrier and/or a diluent and/or an excipient.

The mixture according 1o item 45, wherein the further biclogically active compound is a

compound used in the treatment of amyloidoesis.

The mixture according 1o item 45 or 46, wherein the further biologically active compound
is selected from the group consisting of antibodies, vaccines, compounds against

inhibitors of DNA repair such

} [=H AR L]
3 T

oxidative stress, anti-apoptotic compounds, metal chelators
as pirenzepin  and metabolites, 3-amino-T-propanesulfonic  acid  (3APS), 1,3~

nropanedisulfonaie (1,3PDS), a-secretase activators, $- and y-secretase inhibitors, tau
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proteins, neurofransmitters, B-sheet breakers, atfractants for amyloid beta clearing /
depleting ceflular cornponents, inhibitors of N-terminal truncated amyloid beta including
pyroglutamated amyloid beta 3-42, anti-inflammatory molecules, or cholinesterase
inhibitors (ChEls) such as tacrine, rivastigmine, donepezil, and/or galantamine, M1
agonists and other drugs including any amyloid or fau modifying drug and nutritive

supplements.

The mixture according to item 47, wherein the further biologically active compound is a

cholinesterase inhibitor (ChEl).

The mixture according to item 47, wherein the further biologically active compound is
selected from the group consisting of tacrine, rivastigmine, donepezil, galantamine, niacin

and memantine,

The mixture according to item 45, wherein the further biclogically active compound is an
antibody, particularly a monoclonal  antibody, including any functionally equivalent

antibody or functional parts thereof.

The mixiure according fo tem 50, wherein the antibody, particularly the monocional
antibody, including any functionally equivalent antibody or functional parts thereof, is an

antibody which binds amyloid B.

The mixture according to item 50 or 51, wherein the antibody, particularly the monodional
antibody, including any functionally equivalent antibody or functional parts thereof, is an
antibody which antibody, upon co-incubation with amyloid monomeric and/or polymeric
soiuble amyloid peptides, particularly with B-amyloid monomeric peplides such as, for
example, AR manomeric peptides 1-39; 1-40, 1-41, or 1-42, and/or a polymeric soluble
p-amyloid peptide comprising a plurality of the AR monomeric units, but especially with an
AB1.a2 monomeric and/or an A polymeric soluble amyloid peptide comprising a plurality of
the ARy monomeric units, inhibits the aggregation of the AR monomers into high
molecular polymeric fibrils or filaments and, in addition, upon co-incubation with preformed

high molecular potymeric amyloid fibrils or filaments formed by the aggregation of amyloid
h

monomeric peptides, particularly B-amyloid monomeric peptides such as, for example, AR
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monomeric peplides 1-39; 1-40, 1-41, or 1-42, but especially AR+, monomeric peptides,

is capable of disaggregating preformed polymaeric fibrils or filaments.

The mixture according to item 50, wherein the antibody is a chimeric antibody or a

functional part thereof, or a humanized antibody or a functional part thereof.

The mixture according io item 50, wherein the antibody is a monoclonal antibody selected

from the group of antibodies having the characteristic properiies of an antibody produced

by the hybridoma cell line:

a) FP 12H3, deposited on December 01, 2005 and December 09, 20085, respectively,
as DSM ACC2752;

b) FP 12H3-C2, deposited on December 01, 2005 and December 08, 2005,
respectively, as DSM ACC2750;

¢y FP 12H3-G2, deposited on December 01, 2005 and December 08, 2005,
respectively, as DSM ACC2751;

dy  ET 7E3, deposited on December 08, 2005 as DSM ACC2755; and

e} EJT7H3, deposited on Dacember 08, 2005 as DSM ACC2756.

The mixiure according fo item 50, wherein the antibody is a monoclonal antibody selected

from the group of antibodies produced by the hybridoma cell line:

ay FP 12H3, deposited on December 01, 2005 and December 09, 2005, respeclively,
as DSM ACC2752;

by FP 12H3-C2, deposited on December 01, 2005 and December 09, 2005,
respectively, as DSM ACC2750;

cy FP 12H3-G2, deposited on December 01, 2005 and Dscember 09, 2005,

respectively, as DSM ACC2751;

ET 7E3, deposited on December 08, 2005 as DSM ACC2755; and

EJ 7H3, deposited on December 08, 2005 as DSM ACC2756.

(O oS
S e

The mixiure according fo item 50, wherein the antibody is a humanized antibody exhibiting
a light chain and a heavy chain as depicted in SEQ ID No. 2 and SEQ 1D No. 4 of
international Application No. PCT/US2007/073504.
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The mixture according fo itern 50, wherein the antibody is a humanized antibody exhibiting
a light chain variable region and a heavy chain variable region as depicited in SEQ 1D No.
T and SEQ ID No. 3 of International Application NO. PCT/US2007/073504.,

The mixture according to item 45, wherein the further biologically active compound is an
AR antigenic peptide fragment consisting of a single or repetitive stretch of a plurality of
contiguous amino acid residues from the N-terminal part of the AR peptide, particularly a

stretch of between 13 and 15 contiguous amino acid residues.

The mixture according o item 58, wherein the AB anfigenic peplide fragment is an

AB145 peplide antigen.

The mixture according fo item 58, wherein the AB..45 peptide antigen is a palmitoylated
AB1.4s peptide antigen modified by covalently attached palmitoyl residues, particularly
between 2 and 4, more particularly 4 residues, at each end of the peptide reconstituted in

a liposome,

The mixture according fo any one of itams 45 to 680, wherein the compound and/or the

further biologically active corpound are present in a therapeutically effective amount.

A method of collecting data for the diagnosis of an amyloid-associated disease or

condition in a sample or a patient comprising:

{a) bringing a sample or a specific body part or body area suspected o confain an
amyloid protein into contact with a compotnd as defined in any one of claims 1o 25

wherein the compounds disclaimed in claim 1 are disclaimed or are not disclaimed;

(b} allowing the compound to bind 1o the amyloid protein;
(¢} detecting the compound bound to the protein; and
{d) optionally correlating the pressnce or absence of compound binding with the

amyloid protein with the presence or absence of amyloid protein in the sample or

specific body part or body area.
A method of determining the extent of amyloidogenic plaque burden in a tissue and/or a

body fluid comprising:

{a) providing a sample representative of the tissue and/or body fluid under investigation;
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(b) testing the sample for the presence of amyloid protein with a compound as defined
in any one of items 1 fo 25 wherein the compounds disclaimed in item 1 are
disclaimed or are not disclaimed;

(¢} determining the amount of compound bound to the amyloid protein; and

(dy calculating the plaque burden in the tissue and/or body fluid,

The method according to itern 63, wherein the determination in step (¢) is conducted such
that presence or absence of the compound binding with the amvloid protein correlates

with presence or absence of amylold protein.

A method of collecling data for determining a predisposition fo an amyloid-associated

disease or condition in a patient comprising detecting the specific binding of a compound

as defined in any one of claims 1 to 25 wherein the compounds disclaimed in claim 1 are

disclaimed or are not disclaimed to an amyloid protein in a sample or in situ which

comprises ihe steps of:

(a) bringing the sample or a specific body part or body area suspected to contain the
amyloid protein into contact with the compound as defined in any one of items 1 to
25 wherein the compounds disclaimed in item 1 are disclaimed or are nof
disclaimed, which compound specifically binds 1o the amyloid protein;

(by allowing the compound to bind to the amyloid protein to form a compound/protein
complex; |

(¢} detecting the formation of the compound/protein complex;

{dy optionally correlaling the prasence or absence of the compound/protein complex

with the presence or absence of amyloid protein in the sample or specific body part

or body area; and

(e} optionally comparing the amount of the compound/protein complex to a normal

control value.

A method of collecting data for monitoring minimatl residual disease in a patient following
treatment with an antibody or a vaccine composition, wherein the method comprises:

{a) bringing a sample or a specific body part or body area suspected to contain an

-

[N
&)
o

amylold protein inte contact with a compound as defined in any one of lems 1 to 25
wherein the compounds disclaimed in itern 1 are disclaimed or are not disclaimed,

which compound specifically binds to the amyloid protein;
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(b) allowing the compound to bind o the amyloid protein to form a compound/protein
complex;

(c) detecting the formation of the compound/protein complex;

(dy optionally correlating the presence or absence of the compound/protein complex
with the presence or absence of amyloid protein in the sampie or specific body part
or body area; and

(e} optionally comparing the amount of the compound/protein complex to a normal

control value.

A method of collecting data for predicting responsiveness of a patient being treated with

an antibody or a vaccine composition comprising:

(a) bringing a sample or a specific body part or body area suspected o contain an
amyloid protein into contact with a compound as defined in any one of items 1 to 25
wherein the compounds disclaimed in item 1 are disclaimed or are not disclaimed,
which compound specifically binds to the amyloid protein;

(b) allowing the compound to bind to the amyloid protein to form a compound/protein
complex;

{c) detecting the formation of the compound/protein complex;

(d} optionally correlating the presence or absence of the compound/protein complex
with the presence or absence of amyloid protein in the sample or specific body part
or body area; and -

(e) optionally comparing the amount of the compound/protein complex {0 a normal

control value,

A test kit for detection and/or diagnosis of an amyioid-associated disease or conaition
comprising @ compound as defined in any one of items 1 to 25 wherein the compounds

disclaimed in item 1 are disclaimed or are not disclaimed.

The test kit according to item 68 comprising a container holding one or more compounds
as defined in any one of items 1 to 25 wherein the compounds disclaimed in item 1 are
disclaimed or are not disclaimed and instructions for using the compound for the purpose
of binding to an amvyicid protein to form a compound/protein complex and delecling the

formation of the compound/protein complex such that presence or absence of the
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compound/protein complex correlates with the presence or absence of the amyloid

protein.

Use of the compound as defined in any one of items 1 to 25 wherein the compounds
disclaimed in itlem 1 are disclaimed or are not disclaimed for the preparation of a
medicament for treating or preventing an ocular disease or condition associated with a
pathological abnormality/change in the tissue of the visual system, particularly associated
with an amyloid-beta-related pathological abnormality/change in the tissue of the visual

gystem.

The use of item 70, wherein the ocular disease or condition is selected from the group
consisting of neuronal degradation, cortical visual deficits, glaucoma, cataract due to
beta-amyloid deposition, ccular amyloidosis, primary retinal degeneration, macular
degeneration, for example age-related macular degeneration, optic nerve drusen, optic

neuropathy, optic neuritis, and lattice dystrophy.

A method of treating or preventing an occular disease or condition associated with a
pathological abnormality/change in the tissue of the visual system, particularly associated
with an amyloid-beta-related pathological abnormality/change in the tissue of the visual
system comprising administering to a subject in need of such treatment an effective
amount of a compound as defined in any one of items 1 to 25 wherein the compounds

disclaimed in item 1 are disclaimed or are not disclaimed.

The method of item 72, wherein the ocular disease or condition is selected from the group
consisting of neuronal degradation, cortical visual deficits, glaucoma, cataract due to
beta-amyloid deposition, ocular amyloidesis, primary retinal degeneration, macular
degeneration, for example age-related macular degeneration, optic nerve drusen, optic

neurcpathy, oplic neuritis, and lattice dystrophy.

A compound as defined in any one of items 1 to 25 wherein the compounds disclaimed in
itemn 1 are disclaimed or are not disclaimed for use in the treatment or prevention of an
ooular disease or condition associated with a pathological abnormality/change in the

tissue of the visual system, particularly assoclated with an amyloid-beta-related

pathological abnormality/change in the tissue of the visual system.
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The compound of item 74, wherein the ocular disease or condition is selected from the
group consisting of neuronal degradation, cortical visual deficits, glaucoma, cataract due
{0 beta-amyloid deposition, ocular amyloidosis, primary retinal degeneration, macular
degeneration, for example age-related macular degeneration, optic nerve drusen, optic

neuropathy, optic neuritis, and tattice dysitrophy.

A compound as defined in any one of iterns 1 to 25 wherein the compounds disclaimed in
item 1 are disclaimed or are not disclaimed for use in inhibiting protein aggregation, in
particular for use in inhibiting AB1-42 aggregation, Tau aggregation or alpha-synuclein

aggregation.

Use of the compound as defined in any one of items 1 1o 25 wherein the compounds
disclaimed in ftem 1 are disclaimed or are not disclaimed for the preparation of a
medicament for (a) reducing the B-amyloid plague load, and/or (b) inhibiting the formation
of B-amyloid plagques and/or (c) retarding the increase of amyloid load in the brain of a

patient.

A method of (a) reducing the B-amyloid plaque load, and/or (b} inhibiting the formation of
B-amyloid plagues and/or (¢) retarding the increase of amyloid foad in the brain of a
subject comprising administering to a subject in need of such ireatment an effective
amount of a compound as defined in any one of items 1 to 25 wherein the compounds

disclaimed in item 1 are disclaimed or are not disclaimed.

A compound as defined in any one of items 1 to 25 wherein the compounds disclaimed in
item 1 are disclaimed or are not disclaimed for use in (a) the reduction of the B-amyloid
plaque foad, and/or (b} the inhibition of the formation of B-amyloid plaques and/or (c) the

retardation of the increase of amyloid load in the brain of a patient.

The use of ftem 77, the method of item 78 or the compound of item 79, wherein reducing
the B-amyloid plague load, inhibiting the formation of B-amyloid plagues and/or refarding
the increase of amyloid oad lead to a reduction and/or amslioration of the effects of a
disease or condition caused by or associated with the formation and deposition of g-

arnyloid plagues in the brain.
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Use of the compound as defined in any one of items 1 to 25 wherein the compounds
disclaimed in item 1 are disclaimed or are not disclaimed for the preparation of a
medicament for retaining or increasing cognitive memory capacity in a subject suffering

from memory impairment.

A method of retaining or increasing cognitive mermory capacity in a subject suffering from
mermory impairment comprising administering o a subject in need of such treatment an
effective amount of a compound as defined in any one of items 1 fo 25 wherein the

compounds disclaimed in item 1 are disclaimed or are not disclaimed.

A compound as defined in any one of items 1 to 25 wherein the compounds disclaimed in
itern 1 are disclaimed or are not disclaimed for use in the retention or increase of cognitive

mermory capacity in a subject suffering from memory impairment.

The use of item 30, the method of item 35 or the compound of ftem 40, wherein the

amyloid-assaciated condition is characterized by a loss of cognitive memory capacity.

The use, method or compound of item 84, wherein the freatment of the amyloid-
associated condition characterized by a loss of cognitive memory capacity leads o an

increase In the retention of cognitive memory capacity.
The useg, method or compound of item 84, wherein the treatment of the amyloid-

associated condition characterized by a loss of cognitive memory capacity leads to a

complete restoration of cognitive memory capacity.

393



CLAIMS

1. A compound of formula (}):

A-L—B (M

and all stereocisomers, racemic mixtures, pharmaceutically acceptable salts, hydrates,

solvates and polymorphs thereof;

wherein

A is selected from the group consisting of:

RZO

304



B is selected from the group consisting of:

RZO R20
5 N
AL RS

\
Ra

wherein

R', R? R® and R* are each independently selected from the group consisting of
hydrogen, halogen, CN, CF3, ~CONR*R®", -N(R*)-C(O}-R™, alkyl, ~O-alkyl, ~C(O)O-
alkyl, cycloalkyl, cycloalkylalikyl, heterocycloalky!, fluoroalkyl, heterocycloalkylalkyl,
alkenyl, alkynyl, aryl, heteroaryl, arylalkyl and heteroarylalkyl, wherein alkyl, cycioalkyt,
cycloalkylalkyl, heterocycloalkyl, fluoroalkyl, heterocycloaikylalkyl, alkenyl, alkynyl, aryi,
heteroaryl, arylalkyl and heteroarylalkyl can be optionally substituted, or if any of the
groups R/RYR’/R* are adjacent, they can optionally be taken together and can form a
5- to 8-membered ring containing carbon atoms and optionally one or more heteroatoms
selected from O, S, or N or optionally one or more heteroatom (e.g., N, O and/or S)-
containing moieties and wherein the 5- to 8-membered ring may be substituied by
NR®R? or ~O-alkyl, wherein the alkyl can be optionally substituted, or by

O

for each occurrence, R® is independently selected from the group consisting of
hydrogen, alkyl, haloalkyl, S(OYNR¥R®, S(O)R¥, C(O)OR¥*, C(O)R*, and
C(ONR*R*
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for each occurrence, R° is independently selected from the group consisting of:
hydrogen, halogen, CN, CF;, CONR¥R®" alkyl, ~O-alkyl, ~C(O)O-alkyl, cycloalkyl,
cycloalkylalkyl, heterocycloalkyl, fluoroalkyl, heterocycloalkyialkyl, alkenyl, alkynyl, aryl,
heteroaryl, arylalkyl and heteroarylalkyl, wherein alkyl, cycloalkyl, cycloalkylalkyl,
heterocycloalkyl, fluoroalkyl, heterocycloalkylalkyl, alkenyl, alkenyl, alkynyl, aryl,
heteroaryl, arylalkyl, heteroarylalkyl and aminoalkyl can be optionally substituted;

for each occurrence, R, R*', R and R?' are each independently selected from the
group consisting of. hydrogen, alkyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl,
fluoroalkyl, heterocycloalkylalky!l, alkenyl, alkynyl, aryl, hetercaryl, arylalkyl,
heteroarylalkyl and aminoalkyl, wherein alkyl, cycloalkyl, cycloalkylalkyl,
heterocycloalkyl, fluoroalkyl, heterocycloalkylalkyl, alkenyl, alkynyl, aryl, heteroaryl,
arylalkyl, heteroarylaikyl and aminoalky! can be optionally substituted, or wherein R%
and R?, when taken together with the nitrogen to which they are attached, can form a 3-
to 8-membered ring containing carbon atoms and optionally one or more further
heteroatoms selected from O, S, or N or optionally one or more heteroatom (e.g., N, O
and/or S)-containing moieties and wherein the 3- o 8-membered ring may be optionally
substituted;

X and Y are each independently selected from the group consisting of CR® and N;

tis 1 or2; and

V is absent or NR®R?'

zis 1or2.
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The compound of claim 1, wherein R', R?, R® and R* are each independently selected
from hydrogen, halogen (such as F), CN, CFs, CONR¥*R®', ~O-alkyl, heterocycioalky!

——<:>NH ——C)NCMaIkyl —N O
(such as , or \-——-/ .

The compound of claim 1, wherein A is selected from

O, 00,0070, 00,

The compound of any of the preceding claims, wherein R* is hydrogen or C,., alkyl.
The compound of claim 1 having the formula (1)
A-L-B U

and all sterecisomers, racemic mixtures, pharmaceutically acceptable salts, hydrates,
solvates and polymorphs thereof;

wherein A is:

Bis:
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wherein

R? and R® are each independently selected from the group consisting of hydrogen,
halogen, CN, CF;, CONR¥™R®, alkyl, cycloalkyl, cycioalkylalkyl, heterocycloalkyl,
fluoroalkyl, heterocycioalkylalkyl, alkenyl, alkynyl, aryl, heteroaryl, arylalkyl and
heteroarytalky!, wherein alkyl, cycloalkyl, cycloalkylalkyl, heterocycioalkyl, fluoroalkyt,
heterocycloalkylalkyl, alkenyl, alkynyl, aryl, heteroaryl, arylalkyl and heteroarylalkyl can
be optionally substituted, R? and R® can optionally be taken together and can form a 5-
or 6-membered ring containing carbon atoms and optionaliy one or two heteroatoms
selected from O, S, or N or the heteroatom-containing moiety NR®;

R'is hydrogen or halogen;

R® is hydrogen or alkyl;

for each occurrence, R® is independently selected from the group consisting of:
hydrogen, halogen, CN, CFs;, CONR¥R¥, alkyl, ~O-alkyl, —C(O)O-alkyl, cycloalkyl,
cycloalkyialkyl, heterocycloalkyl, fluoroalkyl, heterocycloalkylalkyl, alkenyl, alkynyl, aryl,
heteroaryl, arylalkyl and heteroarylaikyl, wherein alkyl, cycloalkyl, cycioalkylalkyi,
heterocycloalkyl, fluoroalkyl, heterocycloalkylalkyl, alkenyl, alkenyl, alkynyl, aryl,
heteroaryl, arylalkyl, heteroarylalkyl and aminoalky! can be optionally substituted;

for each occurrence, R*, R, R® and R¥ are each independently selected from the
group congisting of hydrogen, alkyl, cycloalkyl, cycloalkylalkyl, heterocycioalkyi,
fluorcalkyl, heterocycloalkylalkyl, alkenyl, alkynyl, aryl, heteroaryl, aryialkyl,
heteroarylalkyl and aminoalkyl, wherein alkyl, cycloalkyl, cycloalkylalkyl,
heterocycloalkyl, fluoroalkyl, heterocycloalkylalkyl, alkenyl, alkynyi, aryl, heteroaryl,
arylalkyl, heteroarylalkyl and aminoalkyl can be optionally substituted;
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R¥ is for each occurrence R%  S(ONRPR?  SO)R®  C(O)ORY,
C(O)RPC(=NR*INRR?, C(=NRZ)NR?'R?, C(=NOR*)R? or C(O)NR*R?";

Y is each independentty CH or N

tis 1 or 2; and

zis1lor2,
A compound of claim 1 having the formula (I):
A-L—B 0

and all stereoisomers, racemic mixiures, pharmaceutically acceptable salts, hydrates,

solvates and polymorphs thereof;

wherein A is;
Rb
R4 R’
R3
Rb
Liis:
ﬂNH/E
H
Bis:
NHR?®
=
<),
\Ra
wherein

R? and R® are each independently selected from the group consisting of hydrogen,
halogen, CN, CF;, CONR¥R®, alkyl, cycloalkyl, cycloalkylalkyl, heterocycloalkyl,

fluoroalkyl, heterocycloalkylalkyl, alkenyl, alkynyl, aryl, heteroaryl, arylalkkyl and
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heteroarylatkyl, wherein alkyl, cycloalkyi, cycloalkylalkyl, heterocycloalkyl, fiuoroalkyl,
heterocycloalkylalkyl, alkenyl, alkynyi, aryl, heteroaryl, arylalkyl and heteroarylalkyl can
be optionally substituted, or if R' and R® are adjacent, they can optionally be taken
together and can form a 5- or 6-membered ring containing carbon atoms and optionally
one or two heteroatoms selected from O, S, or N or the heteroatom-containing moiety
NR®:

R is hydrogen or haiogen;

R? is hydrogen or alkyt;

for each occurrence, R® is independently selected from the group consisting of:
hydrogen, halogen, CN, CF;, CONR¥R®, alkyl, —O-alkyl, —C(O)O-alkyl, cycloalkyl,
cycloalkylalkyl, heterocycloalkyl, fluoroalkyl, heterocycioalkylalkyl, alkeny!, alkynyl, aryl,
heteroaryl, arylalkyl and heteroarylalkyl, wherein alkyl, cycloalkyl, cycloalkylalkyl,
heterocycloalkyl, fluoroalkyl, heterocycioalkylalkyl, alkenyl, alkenyl, alkynyl, aryi,
heteroaryl, arylalkyl, heteroarylalkyl and aminoalky! can be optionally substituted;

for each occurrence, R¥, R*' R® and R* are each independently selected from the
group consisting of hydrogen, alkyl, cycloalkyl, cycloalkylalkyl, heterocycioalkyl,
fluoroalkyl, heterocycloalkylalkyl, alkenyl, alkynyl, aryl, heteroaryl, arylalkyl,
hetercarylalkyl and aminoalkyl, wherein alkyl, cycloalkyl, cycloalkylalkyl,
heterocycloalkyl, fluoroalkyl, heterocycloalkylalkyl, alkenyi, alkynyl, aryl, heteroarvl,
arylalkyl, heteroarylalkyl and aminoalkyl can be optionally substituted;

R® is, for each occurrence, R® S(OWNR®RY, S(O)R? C(O)ORZ,
CORPC(=NRHNRPR?', C(=NR*)NR?'R?, C(=NOR?)R?' or C(O)NR¥R?";

Y is each independently CH or N;

tis 1 or2; and

zis1or2.

A compound of claim 1 having the formuia (I):
A-L-B (1)

and all stereocisomers, racemic mixtures, pharmaceutically acceptable salts, hydrates,
solvates and polymorphs thereof;

wherein A is:
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R? R’
R3
Rb
L1 is
A
\
‘H
Bis:
NHR?
N
N
hf \
CHs
wherein

R" and R? are each independently selected from the group consisting of hydrogen,
halogen, CN, CF;, CONR¥®R® alkyl, cycloalkyl, cycioalkylalkyl, heterocycloalkyl,
fluoroalkyl, heterocycioalkylaikyl, alkenyl, alkynyl, aryl, heteroaryl, arylalkkyl and
heteroarylalkyl, wherein alkyl, cycloalkyl, cycloalkylalkyl, heterocycioalkyl, fluoroalkyl,
heterocycloalkylalkyl, alkenyl, alkynyl, aryl, heteroaryl, arylalkyl and heteroarylalkyl can
be optionally substituted, or if R' and R? are adjacent, they can optionally be taken
together and can form a 5- or 6-membered ring containing carbon atoms and optionally
one or two heteroatoms selected from O, S, or N or the heteroatom-containing moiety
NRSO;

R?® is hydrogen or halogen;

R® is hydrogen or atkyl;

for each occurrence, R° is independently selected from the group consisting of:
hydrogen, halogen, CN, CF;, CONR*R¥, alkyl, ~O-alkyl, —~C(O)O-alkyl, cycioalky!,
cycloalkylalkyl, heterocycloalkyl, fluoroalkyi, heterocycloalkylalkyl, alkenyl, alkynyl, aryi,
heteroaryl, arylalkyl and heteroarylalkyl, wherein alkyl, cycloalkyl, cycloalkylalky!,
heterocycloalkyl, fluoroalkyl, heterocycloalkyialkyl, alkenyl, alkenyl, alkynyl, aryl,

heteroaryl, arylalkyl, heteroarylalkyl and aminoalkyl can be optionally substituted;
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for each occurrence R*, R¥, R® and R?' are each independently selected from the
group consisting of hydrogen, alkyl, cycloalkyl, cycioalkylalkyl, heterocycioatkyi,
fluoroalkyl, heterocycloalkylalkyl, alkenyl, alkynyl, aryl, heteroaryl, arylalkyl,
heteroarylalkyl and aminoalkyl, wherein alkyl, cycloalkyl, cycloalkylalkyl,
heterocycloalkyl, fluoroalkyl, heterocycloalkylalkyl, alkenyl, alkynyl, aryl, heteroaryl,
arylalkyl, heteroarylalkyl and aminoalkyl can be optionally substituted;

R* is, for each occurrence, R% SONR®RY, SO)R®, C(OORZ,
C(O)R®C(=NR*NRPR? | C(=NRPINR¥R? C(=NOR™)R*' or C(O)NR®R?";

Y is each independently CH or N; and

tis1 or 2.

A compound of claim 1 having the formula (!):

A-L~B )
and all stereocisomers, racemic mixtures, pharmaceutically acceptable salts, hydrates,
solvates and polymorphs thereof;

wherein A is:

F F
N F F P F
O, D0, 0, T,
oY oY N
"N NN SN
o, o, Yo,
O 0 o]
\OD\H‘;’ | <o©\ff or [0;©\ rﬁf

Lsis:
A
H

and

Bis:
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, or

9.  The compound of any of the preceding claims, wherein the compound is selected from
the group consisting of

/
N
HNHNH
H
H
N\ _
NNg
N H
74 ;\
N N/N N
“ N H H
N 4 NH
FsC/
N “~N >N
H N N § H H
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10.

11.

12.

13.

A compound as defined in any one of claims 1 to 9 comprising a radionuciide.

A radiopharmaceutical formulation comprising a compound as defined in any one of

claims 1 to 9 comprising a radionuclide.

A pharmaceutical composition comprising a compound as defined in any one of claims
1 to 9 wherein the pharmaceutical composition further comprises a pharmaceutically

acceptable carrier or excipient.

Use of the compound as defined in any one of claims 1 to 9, for the preparation of a
medicament for freating or preventing a disease or condition associated with an amyloid
and/or amyloid-like protein, wherein the disease is a neurological disorder seiected
from the group consisting of Alzheimer's disease (AD), Lewy body dementia (LBD),
Down’s syndrome, hereditary cerebral hemorrhage with amyloidosis (Dutch type), the
Guam Parkinson-Dementia complex or mild cognitive impairment (MCl) or wherein the
disease Is progressive supranuclear palsy, multiple sclerosis, inclusion-body myositis
(IBM), Creutzfeld Jacob disease, Parkinson's disease, HIV-related dementia,
amyotropic lateral sclerosis (ALS), inclusion-body myositis (IBM), adult onset diabetes,
senile cardiac amyloidosis, endocrine tumors, glaucoma, ocular amyloidosis, primary
retinal degeneration, macular degeneration (such as age-related macuiar degeneration

(AMD)), optic nerve drusen, optic neuropathy, optic neuritis, or lattice dystrophy.
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14.

15.

16.

17.

18.

19.

The use of claim 13, wherein the neurological disorder is Alzheimer's disease.

The compound, as defined in any one of claims 1 to 9, for use in the treatment or
prevention of a disease or condition associated with an amyloid and/or amyioid-like
protein.

The compound of claim 15, wherein the disease is a neurological disorder selected from
the group consisting of Alzheimer’s disease (AD), Lewy body dementia (LBD), Down’s
syndrome, hereditary cerebral hemorrhage with amyloidosis (Dutch type), the Guam
Parkinson-Dementia complex or mild cognitive impairment (MCI) or wherein the disease
is progressive supranuclear palsy, multiple sclerosis, inclusion-body myositis (IBM),
Creutzfeld Jacob disease, Parkinson's disease, HiV-related dementia, amyotropic
lateral sclerosis (ALS), inclusion-body myositis (IBM), adult onset diabetis, senile
cardiac amyloidosis, endocrine tumors, glaucoma, ocular amyloidosis, primary retinal
degeneration, macular degeneration (such as age-related macular degeneration

(AMD)), optic nerve drusen, optic neuropathy, optic neuritis, or lattice dystrophy.
The compound of claim 16, wherein the neurological disorder is Alzheimer’s disease.

A mixture comprising a compound as defined in any one of claims 1 {o 9 and optionally
at least one further biologically active compound and/or a pharmaceutically acceptable
carrier and/or a diluent and/or an excipient, wherein the further biologically active
compound is selected from the group consisting of antibodies, vaccines, compounds
against oxidative stress, anti-apoptotic compounds, metal chelators, inhibitors of DNA
repair such as pirenzepin and metabolites, 3-amino-1-propanesulfonic acid (3APS), 1,3-
propanedisulfonate (1,3PDS), a-secretase activators, B~ and y-secretase inhibitors, tau
proteins, neurotransmitters, B-sheet breakers, attractants for amyloid beta clearing /
depleting celiular components, inhibitors of N-terminal truncated amyloid beta including
pyrogiutamated amyloid beta 3-42, anti-inflammatory molecules, or cholinesterase
inhibitors (ChEls) such as tacrine, rivastigmine, donepezil, and/or galantamine, M1
agonists and other drugs including any amyloid or tau modifying drug and nutritive
supplements.

The mixiure according fo claim 18, wherein the further biologically active compound is a
compound for treating of amyloidosis.
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20.

21.

22.

23.

24.

The mixture according to claim 19, wherein the further biologically active compound is a
cholinesterase inhibitor (ChEl).

An in vitro method of collecting data for the diagnosis of an amyloid-associated disease

or condition in a sample comprising:

(a) bringing a sample suspected to contain an amyloid protein into contact with a
compound as defined in any one of claims 1 t0 9;

(b) allowing the compound to bind to the amyloid protein;

(c) detecting the compound bound to the protein; and

(d) optionally correlating the presence or absence of compound binding with the
amyloid protein with the presence or absence of amyioid protein in the sample.

An in vitro method of determining the extent of amyloidogenic plague burden in a tissue

and/or a body fluid comprising:

{a) testing a sample representative of the tissue and/or body fluid under investigation
for the présance of amyloid protein with a compound as defined in any one of
claims 1to 9;

(b) determining the amount of compound bound to the amyloid protein; and

(c) calculating the plague burden in the tissue and/or body fiuid.

The method according to claim 22, wherein the determination in step (b) is conducted
such that presence or absence of the compound binding with the amyioid protein

correlates with presence or absence of amyloid protein.

An in vitro method of collecting data for determining a predisposition to an amyioid-
associated disease or condition in a patient comprising detecting the specific binding of
a compound as defined in any one of claims 1 fo 9 {0 an amyloid protein in a sample
which comprises the steps of:

(a) bringing the sample suspected fo contain the amyloid protein into contact with the
compound as defined in any one of claims 1 to 9, which compound specifically
binds to the amyloid protein;

(b) allowing the compound to bind to the amyloid protein to form a compound/protein
complex;

(c) detecting the formation of the compound/protein complex;
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25,

26.

27,

(d)

optionally correlating the presence or absence of the compound/protein complex
with the presence or absence of amyloid protein in the sample or; and

optionally comparing the amount of the compound/protein complex to a normal
control value.

An in vitro method of collecting data for monitoring minimal residual disease in a patient

following treatment with an antibody or a vaccine composition, wherein the method
comprises:

(a)

bringing a sample suspected o contain an amyloid protein into contact with a
compound as defined in any one of claims 1 to 9, which compound specifically
binds to the amyloid protein;

allowing the compound to bind to the amyloid protein to form a compound/protein
complex;

detecting the formation of the compound/protein complex;

optionally correlating the presence or absence of the compound/protein complex
with the presence or absence of amyloid protein in the sample; and

optionally comparing the amount of the compound/protein complex to a normal
control vaiue.

An in vitro method of collecting data for predicting responsiveness of a patient being

treated with an antibody or a vaccine composition comprising:

(a)

(b)

(c)
(d)

(e)

bringing a sample suspected o contain an amyloid protein into contact with a
compound as defined in any one of claims 1 to 8, which compound specifically
binds to the amyloid protein;

allowing the compound to bind to the amyloid protein to form a compound/protein
complex;

detecting the formation of the compound/protein complex;

optionally correlating the presence or absence of the compound/protein complex
with the presence or absence of amyloid protein in the sample; and

optionally comparing the amount of the compound/protein complex to a normal
control value.

Use of the compound as defined in any one of claims 1 to 9 for the preparation of a

medicament for treating or preventing an ocular disease or condition associated with a

pathological abnormality/change in the tissue of the visual system, particularly

associated with an amyloid-beta-related pathological abnormality/change in the tissue of
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28.

20.

30.

31.

32.

33.

34,

the visual system, wherein the ocular disease or condition is selected from the group
consisting of neuronal degradation, cortical visual deficits, glaucoma, cataract due to
beta-amyloid deposition, ocular amyloidosis, primary retinal degeneration, macular
degeneration, for example age-relaied macular degeneration, optic nerve drusen, oplic

neuropathy, optic neuritis, and lattice dystrophy.

A compound as defined in any one of claims 1 to 9 for use in the treatment or
prevention of an ocular disease or condition associated with a pathological
abnormality/change in the tissue of the visual system, particularly associated with an
amyloid-beta-related pathological abnormality/change in the tissue of the visual system.

The compound of claim 28, wherein the ocular disease or condition is selected from the
group consisting of neuronal degradation, cortical visual deficits, glaucoma, cataract
due to beta-amyloid deposition, ocular amyloidosis, primary retinal degeneration,
macular degeneration, for example age-related macular degeneration, optic nerve

drusen, optic neuropathy, optic neuritis, and lattice dystrophy.

A compound as defined in any one of claims 1 to 9 for use in inhibiting protein
aggregation, in particular for use in inhibiting AB1-42 aggregation, Tau aggregation or
alpha-synuclein aggregation.

A compound as defined in any one of claims 1 to 9 for use in (a) the reduction of the B-
amyloid piagque load, and/or (b) the inhibition of the formation of B-amyloid plagues
and/or (¢) the retardation of the increase of amyloid load in the brain of a patient.

The compound of claim 31, wherein reducing the B-amyloid plague load, inhibiting the
formation of B-amyiloid plaques and/or retarding the increase of amyloid ioad lead to a
reduction and/or amelioration of the effects of a disease or condition caused by or

associated with the formation and deposition of B-amyloid plagues in the brain.

A compound as defined in any one of claims 1 to 9 for use in the retention or increase of

cognitive memory capacity in a subject suffering from memory impairment.

The use of claim 13 or the compound of claim 15, wherein the amyloid-associated
condition is characterized by a loss of cognitive memory capacity and the treatment of

the amyloid-associated condition leads to an increase in the retention of cognitive
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memory capacity or a complete restoration of cognitive memory capacity.
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