N- METHYL) -1H- PYRAZOL- 3 -AMINE, N- METHYL) -PYRIDIN-2-AMINE AND N-
(METHYL) -THIAZOL-2-AMINE DERIVATIVES FOR THE TREATMENT OF
DISEASES ASSOCIATED WITH AMYLOID OR AMYLOID-LIKE PROTEINS, LIKE
E.G. ALZHEIMER'S

The present invention relates to novel compounds that can be employed in the treatment of a
group of disorders and abnormalities associated with amyloid protein, such as Alzheimer’s
disease, and of diseases or conditions associated with amyloid-like proteins. 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 treating diseases or

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

The compounds of the present invention can also be used in the treatment of ocular diseases
associated with pathological abnormalities/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
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 amyloidoses; the
retina leading to primary retinal degeneration and macular degeneratioh, 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.
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Many diseases of aging are based on or associated vsnth amyloid or amyloid-like proteins and

are characterized, in part, by the buildup of extracellular deposits of amyloid or amyloid-like
material that contribute to the pathogenesis, as-well as the progressib‘n of the disease. These
diseases include, but are not limited to, neurological disorders such as Alzheimer’s Disease

(AD), diseases or conditions characterized by a loss of cognitive memory capacity such as, for

“example, mild cognitive vimpéirmeut MCD, Lewy body dementia, Down’s syndrome,

hereditary cerebral hemorrhagé with amyloidosis (Dutch type); the Guam Parkinson—Demenﬁa

complex. Other diseases which are based on or associated with amylaid-iike proteins are -

o progressive supranuclear §alsy, ‘multiple sclerosis; Creutzfeld Jacob disease, Parkinson's
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disease, HIV-related dementia, ALS {amyotropic lateral sclerosis), inclusion-body myositis
(IBM), Adult Onset Diabetes; senile cardiac amyloidosis; endocrine tumors, and other 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~amylbid deposition; the vitreous,

including ocular amyloidoses; t_hé retina, inclading primary retinal degenerations and macular

degeneration, in particular age-related macular degeneration; the épiio nerve, including optic

nerve drusen, optic neuropathy and optic netmitis; and the cornea, inéiuding lattice dystrophy.

Although pathogenesis of these discases may be diverse, their characteristic deposits often
contain many shared molecular constituents. To a significant degree, this may be atiributable to
the local aéﬁvation of pm&nﬁammatory pathways thereby leading to the concurrent deposition
of activated coinﬁlement compoﬁe:ﬂts, acute phase reactants, immune modulators, and other

inﬂammatéry mediators.

Alzheimer’s Disease (AD) is aﬁeurbiogical éi#érder primarily thought to be caused by amyioici
plagues, an accumulation of abnormal deposit of proteins’ it the br&ﬁn. The most frequent type .
of amyloid found in the brain of affected individuals is composed primarily of AB fibrils.
Scientific evidence demonstrates that an increase in the production and accumulation of beta-

amyloid protein in plaques leads to nerve cell death, which contributes to the development and

‘progression of AD. Loss of nerve ceils in strategic brain areas, in turn, causes reduction in the

neurotransmitters and impairment of memory. The proteins principally responsible for the

plague build up incl';ide amyloid precursor protein (APP) and two presenilins (presenilin I and
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presenilin II). Sequential ciea\fage of the amyloid precursor protein (APP), which is
constitutively exprassed and catabéiized in most cells, by the enzymes B aﬁd v secretase leads
to the release of a 39 to 43 amino acid A peptide. The degradation of APPs likely iﬁcreases
their propensity to aggregate in plaques. It is especially the AB(1-42) fragment that has a high
propensity of building aggregates due to two very hydrophobic amino aci& residues at its C-
terminus. The AB(1-42) fragment 1is therefore believed to be mainly involved and responsible
for the initiation of newritic plague formation in AD and to have, therefore, a high pathoiogical'
potential, 'Ihere is therefore a need for specific molecules that can target and diffuse amyloid

plaque formation.

The symptoms of AD manifest slowly and the first symptom may oniy be mz}d forgetﬁziness In
this stage, individuals may forget recent events, activities, the names of familiar people or
things and may not be able to solve simple math problems. As the disease progresses,
symptoms are more'casiiy noticed and become serious enoﬁgh o cause people with AD or their
family members to seek medical help. M}'d_-étagc symptoms of AD include forgetting how to do
sin}plév tasks such as g;oomipg, and problems develop with speaking, uﬁdcrstands’ng, reading,

‘or writing, Later stage AD paticnts may become anxious or aggressive, may wander away from

home and ultimately need total care.

- Presently, the only definite way to diagnose AD is to identify plaques and tangles in brain

tissue in an autopsy after death of the individual. Therefore, doctors can only make a diagnosis |
of "possible” or "probable” AD while the person is still alive. Using current methqu,
physicians can diagnose AD comectly up to 90 percent of the time using several tools 1o
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 .oAf memory, problem solving, attention, counting, and langnage provide -
information on cognitive degeneration and medical tests such as iests of blood, urine, or staI

fluid, and bram 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 of the disease {delaying or reversing the

pmgression} have so far been largely unsuccessful. Medicines that restore the deficit (defect),
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or malfunctioning, in the chemical messengers of the nerve cells (neurotransmitters), in

particular the cholinesterase inhibitors (ChEIs) such as tacrine and rivastigmine, have been
shown to improve symptoms. ChEls impede the enzymatic degradation of neurotransmitters
thereby increasing the amount of chemical messengers available to transmit the nerve signals in

the brain.

For some pcopie in the early and middle stages of the disease, the drugs tacrine (COGNEX®
Moms Plains, NJ), donepezil (ARICEPT®, Tokyo, JP), nvastlgmme (EXELON@ East
Hanover NI) or gdiantazmne (REMINYL®, New Brunswick, NJ) may help prevent some .
Symptoms from becotming worse for a limited time. Another drug, memamme (NAMENDA®
New York, NY), has been approved for treatment of moderate to severe AD. Medications are
also available to address the psychmtnc manifestations of AD. Also, some medicines may help
control b@ahaﬁoml symptoms of AD such as slecplessness, agitation, wandering, anxiety, and
depression. Treating thesé symptoms often makeé i)atieats more comfortable and makes their

care easier for caregivers. Unfortunately, despite significant treatment advances showing that

this class of agents is consistently better than a placebo, the disease continues to progress, and -

the ‘average effect on mental functioning has oﬁly been nmdest. Many of the drugs used in AD

medication such as, for exarnplc, ChEls also have side effects that include gastrointestinal

dysfunction, liver toxicity and weight loss.

Other diseases‘ tha;t are based on or associéted with the accurnulation and dcpésit of amyloid-
like protein are mild cognitive impairment, L_ewy body dementia (LBD), amyotrbphic lateral
sclerosis (ALS), inclusion-body mygsms (IBM) and macular degeneration, in partmular age-
related macular degeneration (AMD).

Mild cognitive :imisairmént (MCI) is a general term most commonly defined as 2 subtie but
measurable memory disorder. A person with MCI experiences memory problems greater than
normally expected with aging, but does not show other symptoms of dementia, such as

impaired judgment or reasoning.
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Lewy body dementia (LBD) is a neurodegenerative disorder that can occur in persons older

- than 63 years of age, which typically» causes symptoms of cognitive (thinking) impairment and

abnormal behavioral changes. Symptoms can include cognitive impatrment, ncurélogical signs, |
sleep disorder, and autonomic failure. Cognitive impairment is the presenting feature of LED in
most cases. Patients have recurrent episodes of confusion that progressively worsen. The
flucteation in cognitive ability is often associated with. sh_iftixig- degrees of attention and
alertness. Cognitive Impairment and fluctuations of thmkmg may vary over minutes, hours, or
days. ' ' |

Amyotrophic lateral sclerosis (ALS) is characterized by degeneration of upper and lower motor
neurons. In some ALS patients, dementia or aphasia may be pl;esent (ALS—D}. The dementia is
most coﬁlmonly a frontotemporal dementia (FID), and many of these cases have ubiquitin-
positive, tau-negative inclusions in neurons of the dentate gyrus anci superﬁcxal layers of the
ﬁontal and temporal lobes.

‘Inclusio:_l-bbdy myositis (IBM) is a crippiingdisease usually found in people over age 50, in '
which muscle fibers &eveiop 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

aryloid-8 protein were found to be increased inside the muscle cells of patients with this most

common; progressive muscle disease of oldér people, in which amyloid-8 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 to the macula results in the development of blind spots and blurred or
distorted vision. Age-related 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 '_
blindrae-ss' axizohg‘(?aucasians. 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 loss. 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 Sttle is

known about the causes and ireatroent of this blinding condition.
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There are two forms of macular degenération: dry macular degeneration 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 casés. Both eyes are nsually affected by dry ,
AMD, although one eye can lose vision while the other eye remains uﬁaffected. Drusen, which
are vellow deposits under the retina, are common early signs of -dry Akﬂ) The risk of
deveioping_advénced dry AMD or wet AMD increases as the number or size of the drusen
increases. It is possible for dry AMD to advance and cause loss of vision with‘but turning info
the wet form of the disease; however, it is-also possible for eariy—stage dry AMD to suddenly

change into the wet form.

The wet form, aIthough 1t only accounts for 15 percent of the cases, results in 90 percent of the

~bhminess, and is conszdewd advanced AMD (there-is no eatly or mtennedxate 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 Qowing behind the macﬁia. 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 bhxrred and this region erows larger as the disease progresses. No
symptoms may be noticed if only one eye is affected. In wet AMD, strazg.ht lines may appear

wavy and central vision loss can occur rapidly. -

Diagnosis of macular degeneration typicalfy involves a dilated eye exam, visual acuity test, and
a viewing of the back of the éye using a pr‘oceduré called fundoscopy to help diagnose AMD,
and — if wet AMD is suspected — fluorescein angiography xfu:xay also be performed. If dry AMD
reaches the advanced stages, there is no current treatment to prevent vision loss. However, a
.speciﬁc high dose formula of antioxidants and zinc may delay or prevent intermediate AMD
from progressing to the advanced stage. Macugen®: (pegaptanib sodium injection), laser
photocoagulation and photodynamic therapy can control the abnormal blood vessel growih and
bleeding in the macula, whlch is helpful for some people who have wet AMD; however, vision
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that is already Iost will not be rcstored by these techmques vaxsmn is already lost, low vision

" aids exist that can help improve the quahty of llfe

One of the carliest signs of age-related macular de‘geﬁefati_en (AMD) is the accumulation of
extracellular deposits known as drusen between the basal iérnina-of the retinal piémented
epithelium (RPE) and Bruch’s membrane (BM). Recent studiés co_nciuéteci by Andelrsbn etal
have confirmed that drusen contains amyloid beta. (Experimental Eye Research 78 (2004) 243~

Prions cause néurqdegenerative diseases such as écraliie in sheep, bovine épo:zgifonn
encephalopathy in cattle and Creutzfeldt-Jacob disease in humans. The only known component
of the pa:ticlé is the scrapie isoform of the protein, PrPSc. Aithough prions ﬁmitipiy, there is no
evidence that they céntain hﬁcleic acid. PrPSe is derived from the noﬁ~infecﬁ0us, cellular
protem PiPC by a postﬁ‘anslatzonal process dumag wlnch PrPC wundergoes a profound
conformational cha.nge ' ' '

The scrapie protein PrPSc has a critical role in neuronal degeneration and during disease

development undergoes a three stage transition as follows: PEPC (normal cellular isoform of

_protein) — PrPSc: infectious form (scrapie isoform of protein) — protein PrP27-30.

Such a cascade of events occurs during the development of Creutzfeldt-Jacob disease (CID),

Kury, Gerstmann- Sh’:mssier—Schemker Synds:ome {GSS), fatal familial insomnia in man,

scrapie in sheep and goats, encephalopathy in mmk and bovine spong,lfonn encephalopathy in

cattie

The cellular non-toxic protein (PrPC) is a sialoglycoprotraih of molecular weight 33000 to
35000 that-is expressed predominantly in neurops. In the diseases mentioned above, PrPC is

" converted into an altered form (i"rPSc}, which is distingnishable from its normal homologue by
' its relative resistance to protease digestion. PrPSc accumulates in the central nervous system of

- affected animals and individuéis and its pr.otﬁasé-resistaﬂt core aggrégates éxmcellu&éﬂy.
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Amyloidosis is not a singie disease ‘entity but'raih-er a diverse group of progressive disease
processes characterized by extracellular tissue deposits of a -waxy,'st_arcill-ii'ke pratein' called
amyloid, which accumulates in one or more organs or body systems. As the amyloid 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. I;Ime;najor forms are primarj;f amyloidosis without -
known antecedent, 'sewﬁdary aniyiqfdosis folldwin'g- some other condition, and hereditary

amyloidosis.

Secondary amyloidosis ocours in péOple who have a chronic infection 'or inflamnmatory discase,

such as tuberculosis, 2 bacterial infection called familial Mediterranean fever, b_én‘c infections

(osteomyelitis), thewmatoid arthritis, inflammation of the small intestine (gramulomatous

iieitis), Hodgkin's disease, and leprosy.

Glaucoma is a group of diseases of the opﬁc nerve involving loss of retinal ganglion cells

(RGCs). m a characteristic pattern of optic neuropathy. Glancoma is often, but not always,

acbompanied_ by an increased eye pressure, which may be a result of blockage of the circulation

. of aqueous, or ifs drainage.

Although raised intraocular 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 fibers

themselves.

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

loss, which can progress to biindness.

RGCs are the nerve cells that transmit visual signals from the eye fo the brain. Caspase-3 and

' Caspase-8, two major enzymés-in the apoptotic process,are activated in the p.ifoce'sé leading to

apoptosis of RGCs. Ca.épaée-B cleaves amyloid precursor protein (APP) to produce neurotoxic: -
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pseuﬁde}ifoliative glaucoma who gradually develop narrowing of the angle. .

9

ﬁ‘agrﬁents, 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 irreversible loss

of vision.
The different types of glaucomas are classified as open-angle glaucomas, if’:fhe_ condition is
chronic, or closed-angle glancomas, if acute glaucoma occurs suddenly. Glaucoma usnally

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

Chronic open—ang]e glaucoma (COAG), also known as primary open angle glauwfna (POAG),

is the most common type of glaucoma. COAG is caused by mlcroscoplc blockage in the
trabecular meshwork, which decreases the drainage of the aqueous outflow into the Schiemm's
canal and raises the intraocular pressure (IOP). POAG usua]}y affects both eyes and is strongly

. associated with age and a positive family hisiory. Its frequency increases in eiderly people as

the eye drainége rischanism. may gradually become clogged ‘with aging. The increase in
intraocular pressure in subjects affected by chronic open-angle glaucoma is not accampamed by '
any s:;mptoms until the loss is felt on the centra[ visual ares. '

Acute Angle Closure Glaucoma (AACG) or closed-angle glaucoma is a relatively rare type of
glancorha characterized by a sudden increase in intraocular pressure to 35 to 80 mmHg, leading
to severe pain and irreversible loss of vision.. The sudden pressure increase is caused by the
;:Iosing 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 occurs

. 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 attack may be associated with severe eye pain and headache,

inflamed eye, nausea, vomiting, and blurry vision.

Mixed or Combined Mechanism Glaucoma is a mixfure or combination of open and closed
angle glaucoma. It affects patients with acute ACG whose angle opens after laser iridotomy,

but who continue to require medications for IOP control, as well as patients with POAG or
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Normal tension glancoma (NTG), also known as low tension glancoma (LTG), is characterized

~ by progressive optic nerve damage and loss of peripheral vision similar to that seen in other

. types of glaucoma; however, the intraocular pressure is the normal range or even below normal.

Congenital (infantile) glaucoma is a relatively rare, inherited type of open-angle glaucoma.

Insufficient development of the drainage area results in increased pressure in the eve that can

lead to the loss of vision from optic nerve damage and to an eniargea eye. Eaﬁy diagnosis and
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treatment are critical to preserve vision in infants and children affected by the disease.

~ Secondary glaucoma may result from an ocular injury, inflammation in the iris of the eye

' (mtts), ‘diabetes, cataract, or use of steroids m 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 canse blockage of the drainage system of the eye, leading to elevated intraocnlar

 pressure and damage to the optic nerve.

Exfoliative glaucoma (pseudoexfoliation) is cliaxactcrizgd‘ By debosits of flaky material on the -
anterior capsile and in the angle of the eye. Accumulation of the flaky material blocks the

drainage system and raises the eye pressure.

Diagnosis of glaucoma may be made using various tests. Tonometry détermines the pressure in

the eye by measuring the tone or firmness of its surface. Several types of tomometers are

~ available for this .ftest, the most comimon being the applanation tonometer. Pachymetry

determines the thickness of ﬁ1c cornea which, in turn, measures intraocular pressure.
Gonioscopy allows examination of the fiitering angle and drainage area of the eye. Gonioscopy
can also detérmine if abnormal blood vessels may be blocking the drainage of the aqueous fluid
out of the eye. Ophthalmoscopy allows examination of the optic ﬁewe and can detect nerve
fiber layer droﬁ or changés in the opfic disc, or indentation (cupping) of this structure, which

may be caused by in,creésed iﬁtmocular pressure or axonal drop out. Gonloscopy is also useful

in assessing darnage 1o the nerve from poor blood flow or increased intraocular pressure. Visnal

Field tesﬁng.maps:'the field of vision, subjéctively, which ‘may detect signs of glautomatous
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damage to the oplic nerve. This is represented by specific patterns of visual field loss. Ocular

coherence tornography, an objective measure of nerve fiber layer less, is carried out by looking

at the thickness of the optic nerve fiber layer (altered in glaucoma) via a differential in hght

| 'txansmtssmn through damaged axonal tissue.:

Optic nerve drusen are globular concretions of protein and calcium salts which are felt to
represent secretions throngh congenitaily altered vascular structures affecting the axonal nerve
fiber layer. These accumulations occur in the peripapillary nerve fiber layer and are felt to

damage the nerve fiber layer either directly by compression or indirectly through disruptions of

- the vascular supply to the nerve fiber layer. They usually become visible after the first decade
_of life in affected individuals. They occur most ofien in both eyes but may also aﬁ‘ect one eye,

and m&y cause mild loss of peripheral vxsnon OVer many years.

Optic ncuropathy is a disease characterized by damage to the optic nerve caused by
demyelination, blockabe of blood supply, nutritional deficiencies, or toxins. Demyelinating
optic neuropazhies (see optic neuritis below) are typically caused by an underlying

demyelinating process such as multiple sclerosis. Blockage of the blood supply, known as

ischemic optic neuropathy, can lead to death or dysfunction of optic 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

-older people following inflammation of the arteries (arteritis), particularly the temporal artery
(temporal arteritis). Loss of‘\risii;n may be rapid or develop gradually over 2 to 7 days and the

damage may be to one or both eyes. In people with optic neuropathy' caused by exposie t0 a
toxin or to a nutritional deﬁciéncy, both eyes are usually affected. -

About 40% of people with non-arterific ischemic optic neuropathy experience spontaneous
improvement over time, Non-arteritic ischemic optic neuropathy is treated by controlling blood
pressure, diabetes and cholesterol levels. Arteritic ischemic optic nemo;ﬁathy is freated with

high doses of corticosteroids to prevent loss of vision in the second eye.

30 .
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Optic neuritis is associated with mild or severe vision loss in one or both eyes and may be

caused by a systernic demyelinéﬁng process (see above), viral infection, vaccination,"

‘ meningitis, syphilis, multiple sclerosis and intraocular inflammation (uveiﬁs) Eye movement
may be pa.mﬁli and vision may detericrate with repeat epxsodes Dxagnoms involves

. examination of the reactions of the pupils and detemnmng whether the optzc disk is swollen.

Magnetic resonance imaging (MRI) may show evidence of mtﬂtipie sclerosis or, rarely, a tumor

pressing on the optic nerve, in which case vision improves once the tumor pressure is relieved.

Most cases of optic 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 crystailine lens of the eye or in its envelope.
Cataracts typically cause progressive vision loss and may cause blindness if left untreated. In
the Morgagnian Cataxﬁcf{, the cataract corfex pmgressiveiy‘ iiquefies to, form a mﬂky white fluid
and may cause severe inflammation if the lens capsule ruptures and leaks, ¥ eft untreated, the
cataract may also -cause g;hacomorphic ‘glaucoma. Cataracts may be congézxitai in nature or
caused by geneﬁc factors, advanced age, iong—term ultraviolet exposure, e*{po'mw o radiatzou,

dmhates, eye injury or physical trauma,

Extra-capsular (ECCE) surgéxy is the most effective treatment to treat cataract. In the surgery,

the lens is removed, but the majority of the lens capsule is Jeft mtact Phacoemulsification, a

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

Ocular amyloidosis 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 opacities and secondary gIaucoma..,‘
Type 1 EAP is assoéiated with mutations in transthyretin (TTR), a tetrameric plasma protein
(prealbumin) syﬁthesized in the liver, the retinal pigment epithelium? and thechoroid plexus of
the brain. Different mutations cause uansthyre'tin to polymerize into a pleated structure of
amyloid fibril, leading to hereditary a.mquid_o'sis. The most frequent mutation is TTR-met303,
in which methionine replaces valine at position 30 in transthyretin, |
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Type IV FAP is associafed with lattice corneat dystrophy (LCD). Lattice corneal dystrophy is
an inhetitéd; primary, usually bilateral comeal amyloidosis characterized by the presence of

refractile lattice Tines with a double contour in the corneal stroma. LCD type 1 (Biber-Haab-
Dimmer) is an antosomal dominant, bilaterally symmetrical corneal disorder characterized by

the presence of numerous translucent fine lattice lines with white dots and faint haze in the
superficial and middle Iayers of the central stroma; The symptoms start durmg the first or
second decades of life, causmg a progressive loss of vision. Most patzents rcqmrc a corneal
transplant by 40 years of age. LCD type I is assocxated with systemic amyloidosis (Meretoja's
syndmmc} and is characterized by the presence of thick lattice iinés in the limbus; central
cornez and stroma. Vision is not affected until later in life. LCD type I affect middle-age
people and is c}:taxacterized by the presence of thick lattice lines that extend from limbus to
limbus. LCD type IIL A is characterized by the accumulation of amyloid deposits in the stroma -

and the presence of nbbons of amylozd between the stroma and Bowman's layer, LCD type Il

A differs ﬁcm LCD type I because of the presence of eomcal erosions, the occurrence in

whxtes and the autosoma} dominant inhentance pattem.

Down's Syndrome (DS) or frisomy 21 is the most common genefic disorder with an incidence
of about 1:700 live births, and is often assoctated with various congenital anomalies. The
disorder, which is caused by the presence of an extra chromosome 21, is associated with
prematﬁm deposits of the plaque«forming protein amyloid-beta and development of
Alzheimer's disease by middle age. Furthermore, many peei)ic affected by DS suffer from
cataracts beginning in childhood and many suffer from congenital glaucoma. Since the gene for
amyloid préc&rsor protein, which is cleaved to form amyloid beta, is located on the long arm of
chromosome 21 in humans, overexpression of this gene may lead to increased levels of

amyloid precursor protein and amyloid depositién in Down's syndrome.

There is no cwe for glaimoma. Medications for the treatment of glaucoma include agents that
decreéée production of the agueous humor iﬁ the eye, such as beta blockers (Timoptic,
Betoptic), carbonic anh‘fdrase inhibitors (Trusopt, Azopt), and alpha agonists(Alphagan,
lopidine), and agents that redirect drainage of the aqueous humor through a different pathway
at the back of the eye, such as prostag}andm (Xalatan). Laser surgeries include trabeculoplasty,

a procedure that helps the agueons humor leave the eye more efficiently. According to the
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Glaucoma Foundation, near!j} 80% of patients respond well enough to the procedure to delay or
avoid further surgery. However, pressure increases again in the eyes of half of all patiénts
within two years after laser surgery, according to the National Eye Institute. Incisional surgery

is performed if medication and initial Iaser treatments are unsuccessful in reducing pressure

- within the eye. One type-of surgery, a trabeculectomy, cn?zites an opening in the wall of the eye

so that aqueous humor can drain. However, about one-third of trabeculectomy patients develop

cataracts within five years, according to the Glaucoma Foundation. Ff the fz‘abecuiectomj; fails,

additional incisional procedures: include placing a drainage tube into the eye between the
cornea and iris and the use of a laser or freezing treatment 1o destroy tissue 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 degérxcraxion (AMD) isa major cause of blindness among Cauvcasians over
age 65. Although much progress has been made recently in macular degeucration. research,

there are no treatments that rescue newronal cell death that occurs during the course of the

* disease. There are also' no definitive treatments for 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.

Amyloid deposits typically contain three components. Amyloid protein fibrils, which account
for about 90% of the aﬁyiqid material, comprise one of several different types of proteins.
These proteins are capable of folding ipt{) so-called "beta-pleated” sheet fibrils, a unique

protein configuration which exhibits binding sites for Congo red resulting in the umique

‘staining properties of the amyloid protein. In aédition, amyloid deposits are closely associated

with the amyloid P (pentagonal) component (AP), a glycoprotein related to normal serum
amyloid P (SAP), and with sulphated glycosaminoglycans (GAG), complex carbohydrates of

connective fissue,

One development towards the treatment of Alzheimer’s disease and prion diseases has been the
design of melecules that bind the abnormal B-sheet conformation of AP and P1P, respectively,
thereby preventing aggregation of these molecules. The B-sheet conformation of peptides is

characterized in that hydrogen bonds are formed in a regular pattern between neighboring
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amino acid strands. This arrangement leads to a stable three dimensional structure. H-bond
acceptors {C=O group) and H-bond donors (WH group) alternate in naturally occurring B-sheet

' péf)ﬁdcs with the atoms to 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 specific
ranges. In particular, the distance. between the H-bond donor (NH group) and the H—boz_ld
acceptor (C=O group) within one amino acid residue is from 3.5 to 4.0 A. The distance

* between the H-bond acéepto_r (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 to 2.9 A. In other words, the distances between neighboring H-bond donors and H-

bond acceptors within one amino acid strand alternate between the following ranges:

H-bond denor (amino acid 1)~ H-bond acceptor (amino acid 1) =3.5 t0 4.0 A;
“H-bond acceptor (amino acid 1) — H-bond donor 2 (amino acid 2) =2.6t0 2.9 A.

Ligand_s that are désigncd to bind B-sheets ideally have an order of H-bond donors and H-bond
acceptors that is complementary o the order of Hubohd*‘&bnors» and H-bond acceptors in the

amino acid strands of the B-sheet.

In WO 03/095429 and Rzepecki et al., Synthesis (2003) 12, 1815-1826 synthetic molecules are
described which are said to bind the B-conformaﬁon' of AB or PrP, thereby preventing their

- aggregation, To this end, certain molecules were synthesized containing {wo or more amino

pyrazole mofeties linked by carbony! group-containing linkers, e.g. “AmpOx” and “Trimer”,

HeC AO O
i T > - é ’ C H3
| \i//>_ﬂ T
HN\N H H N-NH

“® AmPOX’Q
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“Trimer™’

Som° of the molecules described in WO 03/095429 are said to have an inhibiting effect on the

. formatmn of aggrepates of AB in two bxophysmai assays, According to Reepecki et al.,
Synthesis (2003} 12, 1815- 1826 one of the molecules described therein was able 1o reduce the
aggrégaﬁon'.'éf a recombinant PrP€ in solution: Physicochemical piopertieé, however, were not
investigated in these studie;. | ' '

Phy;icoehemicai properties play a key role in the penetration of the blood-brain barrier by

. neurotherapeutics. Factors relevant to the success of CNS drugs have been reviewed '

"Pajoubiesh anid G. R. Lenz, NeuroRx®: J. Am. Soc. Exp. Neurother. (2005) Vol. 2, 541). These
include the partition’ coefficient between water and n-octanol (LogP), ie.. basically the.
ﬁpﬂpﬁiﬁcﬁty of the compound. Some of the compounds described'in WO 03/095425 and
Raepeck et al, Synthesis (2003) 12, 1815-1826 have a unfavorabis calculated LogP and are,

* therefore, not expected to pess the blood-brain barrier. In partlcular “AmpOx” has a calculated

LogP below zero. ; '

Other compounds described in the above documents have properties that make them unsuitable
for administration fo a patient due 1o their deletanous side-effects. For example “Trimer”
' mutagenic, carcinogenic and metabolically unstabie

Summary

In one aspect, there is provided a compound having the general formula (11a) or (IIb)

5 > 2 1
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whersin

pis2or3;

cach finker K is independently C,; alkoylene which is optionally substitut=d by one or
more Cj alkyl groups; i

the heterocyclic ring B is 'o‘ptionally substituted by one or more substifusnts selectsd
from Cy. alkyl, Cy4 alkoxy, mono- and di-C, 4 alkyl amino, Cs.y cycloalkyl amino, and
i~ or 6- membered saturated heterocyclyl, or two substituents may be joined to form =
saturated, unsaturated or aromatic 5- to 7-membered ring which is fused with the

heterocyclic ring B;

R! is selectzd from ~H, ~halogen, -C;4 alkyl, ~NH,, -NH-C, ¢ alkyl, ~C;.¢ alkylene-
NHa, ~C 1. alkylene-NH—Cy alkyl, ~aryl, ~aryl-R>, ~C,.; alkylene~aryl, ~Cy.4 alkylene~.
aryl-R>, ~heteroaryl, —hetercaryl-R®, mNH~C;.4 alkylene—aryl, -NH-C,4 alkylene-aryl-
23, ~OH and ~0-Cy4 2lkyl; and

R is Cy alkyl, halogen, OH or O-Cy4 alkyi:

R’ is -FL, ~Cy.4 alkyl, ~aryl or 2 group of the formula (=) or (Ib)

_ .
B | . :
X r:l___.’ o o rLs
(Q\EghKJr R r §— '<\ BJ}‘ESJ—[KJ]' R
q g
| )

(ti=)

wherzin B, K and R'are 2s defined above, g is 0 or 1 and ris 0 or 1,

In another aspect, there is provided a pharmaceutical composition comprising a
compound as defined above,
In yet another aspect, there is provided the use of a compound as defined above for the preparation of a2 medicament for
treating or preventing a disease or condition associated with an amyloid and/or amyloid-

. like protein, wherein the disease is a newrological disorder, preferably selected from
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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 (MCT); or wherein the disease is progressive
supranuclear paisy, multiple sclérosis, inclusion-body myesitis TBM), Crewzfeld Jacob '
disease, Parkinson's disease, HIV-related dementia, amyotropic lateral sclerosis (ALS),
inclusion-body myositis ((BM), adult onset diabetes, senile cardiac amyloidosis,
endocrine tumors, glaucoma, ocular amyloideses, primary retinal degeneration, macular
degeneration (such as age-related macular degeperation (AMD)), optic nerve drusen,
optic neuropathy, optic newritis, or lattice dystrophy.

! In yet another aspect, there is provided the compound as defined above for use in treatment or prevention of a
disezse or condition associated with an amyloid and/or amyloid-like protein, wherein the
disease is a neurological disorder, preferably selected from Alzheimer’s Disease (AD),
L;:wy body dementia (LBD), Down’s syndirome, hereditary cerebral hemorrhage with
amyloidosis (Dutch type), the Guam Parkinson-Dementia complex or mild cognitive
impairment (MCI); or wherein the disease is progrcssivé supranuclear palsy, multiple
scierosis, inclusion-body myositis (BM), Creutzfeld Jacob disease, Parkinson's disease,
HIV-related dementia, amyotropic latera]l sclerosis (ALS), inclusion-body myositis
(IBM), adult onset diabetes, senile cardiac amyiéidcsis, endocrine tumors, glancome,
ocular amyloidoses, primary refinal degenerafion, macular degeneration (such as age-
related macular degeneration (AMD)), optic nerve drusen, optic neuropathy, optic
neuritis, or lattice dystrophy.

In yet another aspect, there is provided a mixture comprising a compound as defined above and optionally at least one
further biologically active compound and/or a pharmaceutically acceptable carrier andlor
a diluent and/or zn excipient.

In yet another aspect, there is provided an in vifro method of collecting data for the diagnosis of an amyloid-associated disease or

condition in a sample comprising:

(a) bringing a sample suspected 1o contain an amyloid protein into contact with a
compound as defined above;

(b) aliowing the compound fo bind to the amyloid proteiz;

(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 amyloid prot=in in the sample.
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In yet another aspect, there is provided a in vitro method of determining the extent of amyloidogenic plaque burden in a sample
comprising: ‘
(a) providing a sample representative of a tissue and/or body fluid under investigation;
(b) testing the sample for the presznce of amyloid proiein with 2 compound as defined
above;
(c) determining the amount of compound bound to the amyloid protein; and

(d) calculating the plague burden in the tissue and/or body fluid.

In yet another aspect, there is provided 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 2
compound as defined above to an amyloid protein in a sample which comprises |
the steps of:

(a) ' bringing the sample suspected to contain the amyloid protein into contact with a
compéund as defined above, which compound specifically binds to the
amyloid protein;

(b) allowing the compound to bind to the amyloid protein to form 2 compound/protein
complex; '

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

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

(¢) optionally comparing the amount of the compound/protein complex to a normal
contro] value,

In yet another aspect, there is provided an in vitro method of collecting data for monitoring minimal residual disease in a patient
A following treatment with an antibody or a vaccine composition, wherein the method

comprises:

(2) -bringing a sample suspected to contain an amyloid protein info contact with 2
compound as defined above, which compound specifically binds to the
aniyloid protein;

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

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

(d) optonally cormrelating the presence or absence of the bompcund/protein complex

with the presence or absence of amyloid protein in the sample; and
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() optionally comparing the amount of the compound/protein cornplex to 2 normal

control value,

In yet another aspect, there is provided an in vitro method of collecting data for predicating responsiveness of a patient being

treated with an antibody or & vaccine composition comprising:

() bringing 2 sample suspected to contzin an amyloid protein into contast with &
compound as defined above, which compound specifically binds to the
amyloid protein;

(b) =allowing the compound to bind to the amyloid protein to form 2 compound/protein
complex; |

(c) detscting the formation of the comipound/protein complex;

(d) optionally correlating the presence or absence of the compound/protein complex
ﬁth the presence or absence of amyloid protein in the sample; and

(¢) optionally comparing the amount of the compoﬁndjprotcin complex to a nomal
control value.

In yet another aspect, there is provided a test kit for detection and/or diagnosis of an amyloid-associated disease or condition comprising a

compound as defined above, wherein the disease is a neurological

disorder, preferzbly selected from Alzheimer's Disease (AD), Lewy body dementia
(LBD), Down’s syndrome, hereditary cerebral hemorrhage with amyloidesis (Dutch
type), the Guam Parkinson-Dementia complex or mild cognitive impairment (MCI); or
wherein the disease is progressive supranuciear palsy, multiple sclerosis, inclusion-body
myositis ((BM), Creutzfeld Jacob disease, Parkinson's disease, HIV-related dementia,
amyotropic lateral sclerosis (ALS), inclusion-body myesitis (IBM), aduit onset diabetes,
gsenile cardiac zmyloidosis, endocrine tumors, glaucoms, ocular amyloidoses, primeary
retinal degenerafion, macular degeneration (such as age-related macular degeneration
(AMD)), optic nerve drusen, optic neuropathy, opfic neurits, of i:mice dystrophy.
In yet another aspect, there is provided the use of the compound as defined above 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 @
amyloid-beta-related pathological abnon_najity/;hzngc in the tissue of the visual system,
wherein the ocular disezse or condition is selected from the group consisting of neuronal
degradation, cortical visual deficits, glancoma, cataract due fo beta-amyloid deposition,

ocular amyloidoses, primary refinal degeneration, rmacular degeneration, for example
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age-related maculaf degeneration, optic nerve drusen, optic neuropathy, optic neuris, -
and lattice dystrophy. '

In yet another aspect, there is provided a compound as defined above for treating or preventing an ocular disease or
condifion 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
coﬁdiﬁon is selected from the group consisting of neuronal degradation, cortical visual
deficits, glaucoma, cataract auc to b&’ta—myimd deposition, ocular amyloidoses, pnmary
retinal  degeneration, ma.,ular degeneration, for example age-related macular

degeneration, optic nerve drusen, optic neuropathy, optic neritis, and lattice dystrophy.

Detailed description

— K3

It wa's an object of the present invention to providc compoﬁnds that can be e:mpioyed in the -
-treatment of diseases or conditions associated with amyloid or amyiozd-hkc proteins, mcludmg o
amyimdosxs The oompounds should be abie-to pass the blood-brain hamer Furthermore, they
. should be pharmaceutically acceptable, in particular, they should not have. mutagenic or
carcinogenic properties or be metabolically unstable.
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A further objecf of the invention is to provide improved treatment options for subjects affected
by ocular diseases associated ﬁ’th pathological abnormalities/changes in the tisspes of the
visual system, particularly associated with amyloid-beta-related pathological abnormalities/
changes in the tissues of the visual system, sucﬁ as, for example, neuronal degradation. Said
pathoiogzcal abnormalities may occuf, for example in different tissues of the eye, such as the
visual cortex leading to cortical visual deficits; the antenor chamber and the optic nerve leading
to glaucoma; the lens leading to cataract due to beta-amyloid deposition; the vitreous leading to
ocular amyloidoses; the retina leading to primary retinal .degeneraﬁon and macular

degeneration, fo;" example agé-related macular degeneration; the optic nerve leading to optic

. nerve drusen, optic neuropathy and optic ﬁenritis; and the cornea leading to lattice dystrophy.

The present inventors have surpnsmgly found that these objects can be acmeved by the

compounds of the general formula {I]) as described hereinafter.

Accordingly, the present invention relates to a compound of general formula (IT).-

In a further aspect, the present invention relates to a pharmoaceutical composition comprising a

compound of general formula (I1).

Yet another aspect of the present invention relates to the use of a compound of general formula
() for the prepariﬁon of a medicanient for the treatinent of diseases or conditions associated

with amylbid or amyloid-like proteins, including amyloidosis.

Also disclosed herein is 2 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 (I).

Yet another aspect of the present invention relates to the use of a compound of general formula

(D) 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. '
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Also disclosed herein is a method of treating or alleviating the. effects of ocular diseases
associated with pathological abnormalities/changes in the tissues of the visual system

-comprising administering fo a subject in need of such treatment an effective amount of a

compound of general formula (I)

" The ocular diseases associated with pathological abnormaliﬁeslchahgcs in the tissues of the

visual system ere partioulartly . essociated 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 c"hamber and the
optic nerve leading to glaucoma; the lens Jeading to cataract due to 'beta-amyloid deposition;
the vitreous leading to oéﬂar amyloidoses; the retina leading to primary retinal degeneration
and macular deéenexation, for example age-related maculat decene:aﬁon' the optic nerve

leading to optic nerve drusen, optic nemopathy and optic neurms, and the comea leadmg to

Iamce dystmphy

In a fﬁrﬂier aspect the invention relates to a mixture {such a8 a phmaceutxca} composition) -
comprising a compound according to the present invention and optionally af least one further
biologically active compound and/or ba 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 d:seases and disorders which are caused by or associated with amyloid or

amylowd-like proteins mcludmo amyloidosis, a group of chseascs and disorders associated with

amylozd or amyloid-like protein such as the AB protein mvolvcd in Alzhclmcr s disease.

The further biologically active substance or compound may exert its bidiogical 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.

- A 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) brnging a sample or a specific body part or bbdy area suspected to contain an amyloid

protein into contact with a compound according to the present invention;
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allowing the compound to bind to the amyloid protein;
detecting the compound bound to the protein; and
optionally correlating the presence or absence of compound binding with the amyloid

protein with the presence or absence of amyloid protein in the s;é:éple or specific body

s
¢

Another embodiment of the present invention is a method of determining the extent of

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

@
®

(©)
(@)

providiﬁg a sample represeritative 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 plagne burden in the tiséue and/or body fhuid.

A further aspect relates to a 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 sifu

which comprises the steps oft

@

(®)

©

(D

‘(e)A

brmgmg the sample or a specific body part or body area suspected to contain the amy}md

_ proﬁem info contact with a compound according to the present invention, which

compound specifically binds to the amylmd protein;

allowing the compound to bind to the amyloid protein to form a comﬁound/protein
compiex, |

detecting the formation of the compound/protem complex;

optlonally oorrelatmg the presence or absence of the compound/protein complex with the
presence Of 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 a method of coiieéﬁng data for monitoring

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

composition, wherein the method comprises:
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{(a) Dbringing a sample or a specific body part or body area suspected to contain an émyloid

protein into contact with a compound according to the present invention, which

compound specifically binds to the a:ﬁyloid profein; '

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

: cémplex; ‘

(c¢) detecting the fonnatidn of the compound/protein complex;

(@ optlonally correlating the presence or absence of the compound/protein complex with the
presence or absence of amyloxd protein in the sample or specific body part or body ares;
and. ‘

{e) optionally cﬁgmparing the amount of the compouﬁd/protein comp}efc 1o a normal control -

value.

A method of collecting data for pred;ctmg respunsweness of a patient bemg treated with an

-antibody or a vaccine composition is aIso described which comprises:

(a) bnngmg a sample or a specific body part or body area suspected to contam an amyloid
" protein into conptact with a compound accqrdmg to the present invention, which
* compound specifically binds to the amyloid protein;
) alloWing the compound to bind to the amyloid protein fo form a compound/protein
complex; ' -

(¢)  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 'samble or "épeciﬁc body part or body area;
and
(6} optionally comparing the amount of the compound/protein complex to a normal control

value.

A further aspect of the present invention is a test kit for detection and diagnosis of an amyloid-

associated disease or condition comprising a compound according to the present invention..
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' fn a first embodiment the present invention relates to a compéund of the genéfal formula ()

:;.Q: independently represents a single bond or a double bond. It is evident that the selection
of the two === should lead to a compound having sufficient stability for phanmmnaceutical
applications. Therefore, in a first preferred alfemativepnc == is a double bond and the other
=== isa single bond or in a second prefer'fed altcrﬁaﬁve both = are a single bond. It will
be understood that the first preferred alternative, wherein one = is a double bond and the
other === is a single bond, includes embodiments, wherein ﬂie two =55 are part of an

aromatic system.
pisl,2or3

Each linker K is independently Cyz alkylene which is optionally substituted by one or more
Ci.4 alkyl groups. Preferably, each linker X is —~CHy—, ~CHoCHy— or ~CH,CH>CH—.

Each B is independently a 5- or 6-membered saturated or unsaturated heterocyclic ring, wherein,
the heterocyclic ring B is optionally substituted by ome or more, preferably one or two,

.subsﬁtugnts selected from Cj.4 alkyl, Ci4 alkoxy, mono- and di»CM alkyl amino, Cs.

cycloalkyl arnino, and 5- or 6-membered saturated heterocyclyl, or two substituents may be

joined to form a saturated, unsaturated or arematic 5- to 7-membered ring which is fused with

the heterocyclic ring B, and wherein the heterocyclic ring B may contain in addition to the units
V and W one or more, preferably one or two, heteroatoms, selected from N, NR, S and O,
wherem Ris selected from H and CM alkyl. :

The 5~ or 6—membered saturated heterocyelyl group oontams carbon atoms and 1 or more,
preferabiy 1 or 2, beteroatoms selected from N, NH, O and S. The nitrogen and sulfur atoms
may optionally be oxidized. The 5- or 6-membered saturated heterocyclyl group may be
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attached to its pendant group at any heteroatom or carbon atom. Examﬁles of the 5- or 6-
membered saturated heterocyclyl group include, but are not limited to, pyrrolidinyl, piperidiny!
and morpholinyl.

5 ' Preferably, each heterocyclic ring B is independently selected from optionally substituted:-:
indoline, optionally substituted pyr#quyleﬁc, optionally substitated pyridinylene, optionally
substituted 2-;;Srﬁdinonylene, optionally substituted Zpiperidonyiene, optionally substituted
thiazoijfiene and optionally substituted isothiazolylene. Moie preferably, each heterocyclic ring
B is independently selected from the foliowing groups:

[(U '

These groups need not be incorporated in the indicated direction but can also be incorporated in
the opposite direction. E.g., '
15 ‘
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can.also be incorporated as

however, they are incorporated in the given direction.

- R! is selected from —H, —hakfgen —Ci4 alkyL ~NH;, fNH—C1.4 alkyl —-C;_,; alkyleneuNHz,

CM aikyicna—NH«CM alkyl, —aryl, —aryi—R"' ~Cia. alkylene—aryl, -«CM alkylene—aryl-R>,

~heteroaryl, —heteroaryI—R —N}{—CM alkylene—aryl, —NH—-CM alkyIene---arylw}l3 ~OH and.
'-o-JcM alkyl. R is preferaniy 5, -—cm, —Nh—CH ah(yl or«-C rNHmCH@ - : '

R® is Cy.4 alkyl, halogen, OH or O-Ci alkyl.

R? is -H; ~aryl, ~C14 alkyl or a group of the formula

wherein B, V, W and K are as defined above, g is-{} orlandrisOorl.

Preferably, R% is H or aryl.

Each unit V is independently optional and, if present, is independently 2 H-bond donor. Each
unit V is preferably NH. :

- Arylis preferably a 5- to 7-membered aryl such as phenyl.

Heteroaryl is preferably a 5-to 7-membered heteroaryl (preferably a 5-membered heteroaryl),

which includes af least one heteroatom selected from O, S or N. Examiples are

.. Preferably, = »

Each mnit W 1s independently a H-bond acceptor. Preferably, each unit W is independently N or



 Halogen is preferably F or CL.

5 Inone emi)odimént' the sf.:ompovmnd;v,‘-Ofj the formula a haye'—f_fhe formula am
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== xndependenﬂy represents a smgle bond or a double bond. It is evident that the selection-
of the two === should lead to a coropound having sufficient stability for pharmaceuucal
apphcatms Therefore, in a first prefeaed alternative one = s a double bond and the other
=== is a single bond orin a seécond preferred alternative bdth === are a single bond. It will

- be understood that the first preferred alternative, wherein one = is a double bond and the

other == is a single bond, includes embodiments, wherein the two === are part of an

aromatic system.

‘p is2or3.

Each linker X is independently C,.; alkylene which is optionaﬂy_substituted by one or more
C1.4 alkyl groups. Preferably, each linker K is ~CHz- or ~CHCH—.

Each B is independently a 5- or 6-membered heterocyclic ring, wherein the heterocyclic ring B
is optionally substituted by one or more, preferably one or two, substituents selected from CQ B
alkyl, C§_4_ a}kdxy; mono and di Ci4 alkyl amino, Ciy cycloalkyl amine, and 5~ or 6~membered .

saturated heterocyelyl,- or two substituents ‘;'Iﬁay be. joined to form a saturated, unsaturated or
aromatlc 5-to 7-membered ting which is fused with the hetarocychc rmg B, and wherein the
hcterocychc HRg B may ccntam in addition to the units V and W one or more, preferably- one or
two, heteruatoms selected from N, NR, S and O, whemm Ris seiﬁcted from H and CH alkyi
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preferably 1 or 2, hétefoatqms selected from N, NH, O and S. The nitrogen and sulfur atoms

..Imay optionally be oxidized. The 5- or 6-membered saturated heterocyclyl group may be
’ :'éﬁached t0 its pendant group at any heteroatom or carbon atom. Examples of the 5- or 6-

membered saturated heterocycly? grdipinchide, but are not limited to, pyrrolidinyl, piperidinyl

_ and morpholinyl. .

Prefcrably, each hetemcychc rmg B xs mdependenﬁy selccted from optionaily substituted -

4 pyrazoiyfene, optlonaliy substituted pyndmyiene optxonally subsututed 2-pyndmony1ene
optionally subsnmted 2—p1pendonylene, optionally substituted thzazolyicne and _optionally” -

substituted 1soth:azolylene More prefembly, each heterocyclic ring B is mciepemienﬂy selected

‘fmm the foﬂowmg groups:

R'is selected fgc_nn H, Ciu alkyi, NHz, NH-Cj.4 atkyl, Cig alkylene-NH;, Cs— alkylene~-NH—
C1.4 alkyl, OH and O=C .4 alkyl: R is preferably H, CH;, NH~CH; or CHr-NH-CH;.

%@{—}

R%isH, ora group of the formuda -

: wberem 8» V W and K are as deﬁned above and q.is'0 or 1.

Preferably, R*is H.
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- Rach unit W is independently 2 H-bond acceptor. Preferably, each unit W is independéntly N or
C, '0- . Y . ' - ’

Each unit V is independently optional and, if present, is independently a H-bond donor. Each
unit V is preferably NH. ”

¢

Preferred compounds are summarized in the following table.
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In the compounds of the érescn‘t nvention H-bond donors and H-bond acceptors are prcférabiy
arranged in a péﬁcm’ ‘which is eéseﬂtiaﬁy complementary to the pattern of H-bond donors and
H-bond acceptors present m the amino acid strands of 3»sheet structures as -set out in the
introductory part. In particﬁlar, the distances between neighboring H—bond donors and H-bond
acceptors in the compounds of the present invention are preferably within the range of 2.6 to
29Aor35t040A. | | |

The distances between neighboring H-bond donors and H-bond acceptors in the compounds of
the present invention can, for example, directly measured from the Dreiding models of the

cémpdundé. Alternatively, moieéula;‘ modeling computer programs, such as MacroModel 7.2,

“can be used for the distance determination.

The compounds of the present invention do not only feature a H-bond donor/acceptor paitern -
which promotes their binding to the amino acid strands of B-sheet structures, they also have
favorable physicochemical - properties which facilitate their use as. neurotherapéuﬁi:s. In

particular, their lipophilicity is in a range which should enhance their.penetration of the blood= :
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brain barrier. Preferably, the calculated partition coefficient {milogP) between water and n-

. 'éctanel of the- compounds of the present invention is in the range. of from 0 and 4, more -

preferably from 1 to 3.

miﬁ)g? values can be calculated according to the software available on the world wide web

(http/fwww. mchnsglrailon com), provided by P. Extl of Novartxs Pharma AG. A copy of the
software is alsé available from the applicant. - :

| In aé_idition to Iipéphil'icity, the polar surface area (PSA) of a molecule is an important factor for

10" - the determination of the suitability of a compound as a neurotherapeutic (H Pajouhesh et al.,

NeuraRx®: J. Am. Soc. Exp. Neurother. (2005) Vol. 2, 541). The PSA is defined as the surface
area (A?) occupied by mtmgen and oxygen atoms and the polar hydrogens attached to them, It '
is strongly reflective of hydrogen bonding capacity and poianiy While PSA takes mto account
the three-dimensional structure of a molecule, topoiogwal PSA (TPSA) is based on- the
corresponding two-dimensionai strncture. PSA and T?SA provide similar results, with TPSA
enabling a sxgmﬁcantly larger throughput due to its computationally less intensive two-
dzmens:onas represenmnon The compounds of the present invention generally have a TPSA

~ which facilitates penetration of the blood-brain barrier. Preferably, the TPSA of the compounds

of the present invention is equal to or below 90 A%

. TPSA values can be calculated éocording to the software aﬁai%abié on the world wide web

(http://www.molinspiration.com), provided by P. Ertl of Novartis Pharma AG. A copy of the
software is also available from the applicant. '

The compounds of the general formula (I) can be built stepmse via formation of peptide bonds

and subsequent reduction with boranc dimethylsulfide complex to yze]d the secondary amines.

While it is possible for the compounds of the present invention to be administered alone, it is

preferable to formulate them into a phanmaceutical composition in accordance with standard

- pharmacentical practice. Thus the-invention also provides a phazmaccuﬁcai composition which

compnscs a thcrapeuncally eﬂ?ecuve amount of a compoungd of formuia {II} in admxxmre with &

- pharmaceut;cally acceptable exclp:ent
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. Pharmaceutically acceptable excipients are well known in the pharmaceuntical art, and are
* described, for example, in Remington's Pharmaceutical Scierices, 15" Ed., Mack Publishing
-Co., New Jersey (1991). The phazmaceutxcal excxpxent can be selected with regard 1o the
intended route of administration and stanéard phannaceutxcai practice. The excxpaent must be

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

Pharmaceutically useful exbi;iients that may be used in the formulation of the phartaceutical
composiﬁon of the present invention may cbmgn’sé, for example, Cﬁem; vehicles, diluents,
solvents such as mox}ohydnc aleohols such as ethanol, isopropanol and polyhydric alcohols
such as g!ycols and edible oils such as soybean 011 coconut 011 olive oil, safflower oil
coitonseed oﬂ, oily esters such as.ethyl oleate, 1sopropyl myristate, binders, adjuvants
solubilizers, thxckemng agents, stabilizers, disintegrants, glidants, lubricating agents, buﬁ'cnng
agents, emulsiﬁers; wetting agents, suspending agénts, sweetening agents; colorants, flavors,
coatmg agents, preservatives, antxomdants, processing agents, drug delivery modifiers and A
enhancers such as caiczmn phosphate, magnesium state, tajc, monosacchaﬂdcs, zilsacchandcs,

starch, gelatine, cellulose methylcel‘lﬁose, sodinm carboxymethyl cellnlose, dextrose,

_ hydromropyi»ﬁ«cyclodexmn, polyvmylpyrrohdone, iow meltmg Waxes, and ion exchanoe

“resins.

The routes for administration (delivery) of the compounds of the invention includé, but are not
limited to, one or more of: oral (e. g.-as a tablet, capsule, or as an ingestible soiuﬁon), topical,
mucosal (e. g. as a nasal spray or acrosol for inhélation), nasal, parenteral (e. g. Sy an injectable
form), éasﬁointésﬁhal, intraspinéi, intraperitopeal, intramuscular, intravenous, inﬁauterine,
intraocular, intradermal, intracranial, intratracheal, intravaginal, intracerebroventricular,
intzacerebra;l, subcutaneous, ophthalmic (including intravitreal or intracameral), transdermal,
rectal, buccal, epidural and sqbiingual.

For exaraple, the compounds can be administered oralty in 1he form of tablels, capsules, ovules,

elixirs, so]utmns or suspensmns which may contain ﬂavonng or colormg agents, for

immediate-, delayed-, mcdlﬁ_ed-, spstameda, pulsed- or controlled-release applications. -

s
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The tablets may contain excipients such as microcrystalline cellulose, lactose, sodium citrate,

calcium carbonate, dibasic calcium phosphate and glycine, disintegrants sich as. starch

 (preferably corn, potato or tapioca starch), sodium starch giycollaté, croscarmellose sodium and

certain  complex silicates, and granulation “binders such as polyvinylpyrrolidone,

“ hydfoxypropylme,thy}celluiose (HPMC), hyd:oxypropyfceﬂulgse (HPC), sucrose, gelatin and

acacia. Additionally, lubricating agents such as magnesium stearate, stearic acid, glyceryl

behenate and talc may be included. Solid comﬁosiﬁons of a similar type may also be employed

" as fillers in gelatin capsules. Preferred excipients in this regard include Jactose, staré}x, a

cetludose, milk sugar or high molecular wéight polyethylene giycéls: For agu'ebi:s suspensions

and/or elixirs, the agent may be combined with various sweetening or flavoring agénts

~ coloring matter or dyes, with emulsxf}qng and/or suspendmg agents and with diluents such as

. water, ethaaol propylene glycol and giycerm, and combmauons thereof.

If the compounds of the present invention are administered pareqtcrpiiy,,t'hen e;xamples of such
administration include | one or more .of:. inﬁavenqnsiy,; intraarterially, intraperitoneaily,
intrathecally, intraventricularly, inﬁéurefhxally, intrastemailj}, intracraniaily, intramuscularly or
subcutaneously administering the compounds; and/or by using infusion techniques. For
paxenteral adminisiration, the compounds are best used in the form of a sterile agqueoug 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 preparaﬁbn of suitable parenteral formulations under sterile
conditions is readily accomplished by standard pharmaceutical techmques well known to those
sk;]lcd in the art.

As indicated, the compounds of the present invention can bé administered intranasally or by A
inbalation and are conveniently delivered in the form of a dry powder inhaler or an aerosol
spray presehtation from a pressurized cbutainer, pump, spray or nebulizer with the use of a
suitable propellant, e, g. d.lchlorodiﬂuuromethane trichlorofluoromethane, d:chlorotetra—
ﬁuoroethanc, a hydrofluoroalkane such as  1,1,1,2-tetrafluoroethane (HI‘A134AT) or
1,1,1,2,3,3,3-heptafluoropropane (HFA 227EA), carbon dioxide or other suitable gas. In the

case of 2 pressurized. aerosol, the dosage unit may be determined by pmv1dmg a valve. to

: delwer a metered amoimt. The pressunzed container, pump, spray or nebuhzer may contain a ‘
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solution or suspension of the active compound, e. g. using a mixture of ethanol and the

propellant as the solvent, which may adiiiﬁonal%j! contain a lubricant, e. g. sorbitan trioleate.
Capsuies and cartridges (made, for example, from gelatin) fdr use in an inhaler or insufflator
may be fonnulated to confain a powder mix of the compound and a sustabie powder base such

as laciese or starch

Alternatively, the compounds of the present invention can be administered in the-form of a

supposﬂoxy or pessary, or it may be apphed topically in the form of a gel, hydrogel, lotion,

' solutaon, cream, ointment or dusting powder The comipounds of the present mventxon may also

be dcrmally or transdennally administered, for example, by the use of a skin patch.

. They may ‘also be administered by the pulmonary or rectal rouies They may also be

administered by the ocular route. For ophthaknxc use, the compounds can be formulated as
micronized suspensions in isotonic, pI-I adjusted, sterile saline, or, preferably, as solutions in
isotonic, pH adjusted, sterile saline, optmnaiiy in combination” thh a preservatwe such -as a
benzylalkonium chloride. Altematzvely, they may be formulated in an ‘ointment such as

petrolatum

For application topically to the skin, the compoﬁnés of the present invention can be formulated

as a suitable ointment containing the active compound suspended or dissolved in, for example,

propylene giyéol, emulsifying wax and water. Alternatively, they can be formulated as a
suitable ipﬁor; ot crearn, suspended or dissélvgad in, for exémple, a mixture of one or more of
the following: mineral oil, sorbitan monostearate, a polyethylene glycol, liquid paraffin,
polysorbate 60, cetyl esters wax, cetearyl alcohol, 2-octyldodecanol, benzyl alechol and water.
TypiéaBy, a physician will determine the actual dosage which will be most suitable for an
md:vxdual subject. The specific dose level and &eqnency of dosage for any particular individual
may be varied and will depend upon a vanetv of factors including the activity of the specific
compound employed, the metabohc stability and length of action of that compoumi the age,
body weight, geﬁeral health, sex, diet, mode and time of administration, rate of excretion, drug
combination, the sevemy of the pamcular cc}ndltxon, and the individual Lmdergomg therapy.
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A proposed dose of the compounds according to the presem'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 example, 1 to 4 times

per day. The dose will depend on the route df administration. It will be appreciated that it may
be necessary to make rqutihe variations to the dosage depending on the age and weight of the
patient as well as the severity of the condition to be treated. The precise dose and route of

administraticn will uitimaieiy be at the discretion of the attendant physician or veterinarian.

The campoxmds of the invention may alsc be used in combmauon with other thcrapeutzc

agents. When a compound of the invention is used in ccmbmation thh a second therapeutlc

-aoent active agamst the same disease the dose of each compound may differ from that when the

compound is used alone

The combinations referred to above may convemenﬂy be presented for use in the form of a

phannaceuucal formulation. The md1v1dual components of such combipations may be

: admxmstered either sequentially or simultaneously in separate or combined pharmaceutxcal

formulanons 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 simuifapeous, the combination may be administered either in the s_éme or
different pharmaceutical compoéiﬁen. 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 separateiy they may be provided in any
convenient formulation, conveniently in such manner as are known for such compounds in the

art.

The pharmaceutical compositions of the invention can be produced in a manner known per se
to the skilled person as described, for example, in Remington's Pharmaceutical Sciences, 15

Ed., Mack Publishing Co., New Jerséy (1991).

" Diseases that can be treaxed with the compoxincfs of the present inventiﬁn can be as'soci:ated.

with the fonnauon\of abnormal protein stmctures, pamcuiar abnormal B~shcet structures. In
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the context of the present invention, an abnormal protein structure is a prbtéiﬁ stracture that

. arises when a protein or peptide refolds from the three-dimensional s&ucnﬁe, which it generally

adopts in healthy individuals, into a different three-dimensional structure, which is associated
with a pathological coﬁdiﬁon.- Likewise, an abnormal B-sheet structure in the context of the
present inventic;i is a B-sheet structure that arises when a protein or peptide refolds from the
three-dimensional structure, which it generally adopts in ikealthy individuals, into a B-sheet
structure, which is‘ assaeiated 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 associated with amyloid or amyloid-like proteins. .

This group of diseases and disorders include neurological disorders such as Alzheimer’s

Disease (AD), diseases or cénditions characterized by a loss of cognitive memory capacity such

as, for example, mild coguitive impairment (MCI), Lewy body dementia, Down’s syndrome,-

hereditafy cerebral hemorrhage with amyloidosis (Dutch type); the Guam Parkinsbg-{)emcntia
complex. Other diseases which are based on or"gssociated with amyloid-like proteins are
progressive supranuclear pa};sy,;m;'zlﬁpie sclerosis; Creutzfeld Jacob disease, Parkinsdn‘s ’
disease, HIV-related dementia, ALS {amyotropic lateral sclerosis), inclusion-body myositis
(IBM), Adult Onset Diabetes; senile cardiac amyloidosis; endocrine tumors, and other diseases,

inciuding azilyioianssociated ocular diseases that target different tissues of the eye, such as the’

. visual cortex, incliiding cortical visual deficits; the anterior chamber and the optic nerve,

including giaucomé; the lens, ihcluding cataract due to beta-amyloid deposition; the vitreous,
including ocular amyloidoses; the retina, including primary retinal degenerations and macular
degencration, in particular age—reiatéd macular degeneration; the optic nerve, including optic

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

Ina preferred embodiment the compounds of the present invention can be employed for the

30

fréatment of Alzheimer’s diseass; mild “cognitive impaitment (MCH: Eewy-body-dementia -

(LBD), amyotropic lateral sclerosis (ALS), inclusion—bddy myositis (IBM) and age»ralated

' macular degeneration (AMD). In a particulary preferred’ embodlment the compounds of the

- present invention can be employed for the treatment of Aizhelmcr 8 dlsease

-
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- The aiyiiity of a c:impoun{i to inhibit the aggregation of AR can, for example, be detcrminéd

using fluorescence correlation spectroscopy as described in Rzepecki et al., J. Biol. Chem.,
2004, 279(46), 47497-47505 or bj' using'the thioflavin T spectrofluorescence assay.

In another embediment the ce;ﬁpé;‘mds, of the present invention can be used for treating or.

alleviating the effects of ocular diseases associated with pathological abpormalities/changes in

 the tissues of the visual system, particularly associated with amyloid-beta-refated pathe}égicé.[

abnormalities/changes in the tissues of the visual system, such as, for example, neuronal

degrédation, Said pathological é_tbnqrmaiities may occur, for example, in different tissues of the

eye, such as the 'visx_xél cortex leading to cortical visual deficits; the anterior chamiber and the - -

bpﬁc nerve leading to glaucoma; the lens leading to cataract due to beta-amyloid deposition;
‘the vitreous leading to ocular amyloidoses; the retina leading to primary retinal degenerati&in

and macular degeneration, for example age-related macular degeneration; the optic nerve
leading to optic nerve drusen, optic neuropathy and optic'neuﬁti's; and the cornea leading to
lattice dystrophy. . ' ‘ i ' '

.. The camﬁ)ounds according to the present invention can also be provided in the form of a
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" mixture with at least one further biclogically active compound and/or a pharmaceutically

acceptable carrier and/or a diluent and/or an excipient. The compound andfor the further

biologically aéﬁve compound are preferably present in a therapeutically effective amount.

The nature of the further biologically active compound will depend on the intendcci use of the
mixture. 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 mgchénism of action or by a multiplicity of related and/or unrelated mechanisms of

action.

Generally, the further biologically ‘active compound may include neutron-transmission

- enhancers, psychotherapeutic drugs, acetylcholine _esterase inhibitors, - calcium-channel

blockers, biogenic amines, benzodiazepine tranquillizers, acetylcholine synthesis, storage or
felease enhancers, acetylcholine postsynaptic receptor agonists, monoamine oxidase-A or -B

inhibitors, N-methyl-D-aspartate glutamate recaptor.- antagonists, non-steroidal anti-
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mﬂammatory drugs, anhoxxdants and serotonerglc receptor anTagcmsts In parncular, the - .-

- further bmiogxca.lly active compound can be selected from the group consisting of a compound
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used in the treatment of amyloidoses, 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), . o-secretase . -

activators, B- and y-secretase 'in}ﬁbitors, tau proteins, newrotransmitter, B-sheet breakers,
atﬁ-act'énts for amyloid beta clearing / depleting cellular components inhibitors of N-terminal
tnmcawd amyloid beta mcludmg pymgiutamated amylmd beta 3-42, anti-inflammatory
molecules,.or cholinesterase inhibitors (ChEIs) such as tacrine, nvasngxmne donepezil, and/or
galantamine,’ Mi'agoms‘ts, other drugs including any amyloid or tau modifying drug and
nutritive sﬁppiements,’ an antibody, including any ﬁmcﬁoqally equivalent antibody or
functional parts thereof, an AP antigenic peptide fragmezit consisting of a singl;z' or repetitive |
stretch of a plurality of contiguous 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

phannaceuticaﬂj acceptable carrier and/or a diluent and/or an ex;:ipiént._

In still another embodiment of the invention mixtures are provided that comprise as a further

biologically active- componnd “atypical anﬁpsfchoﬁcs” such as, for éxample clozapine,

ziprasidone, risperidone, aripiprazole or olanzapine for the treatment of positive and negative

psychotic symptoms including haﬁucinations,'delusibns, thought disorders (manifested by

~ marked incoherence, derailment, tangentiality), and bizarre or dlsorgamzed behavior, as well as

anhedonia, flattened affect, apathy, and social withdrawal, togefher thh a compound according

-to the invention and, optionally, a pharmaceutically acceptable carrier and/or a diluent and/or

- an excipient.

~ Other compounds that can be suitably used in mixtures in combination with the compound

according. to the preéénﬁ invention are, for example, described in WO 2004/058258 (see
especially pages 16 and 17) including therapeutic drug targets (pages 36 to 39), alkanesulfonic .
acids and alkanolsulfuric acids (pages 39 to.51), cholinesterase inhibitors (pages 51 to 56),
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NMDA receptor antagonists (pages 56 to.58), estrogens (pages 58 to 59), non-steroidal -.é;nti-»'

" inflammatory drugs (pages 60 and 61), antioxidants (pages. 6l and 62), peroxisome

proliferators-activated receptor (PPAR) agonists (pages 63 to 67), cholesterol-lowering agéﬁts‘
(pages 68 to 75), amyloid inhibitors (pages 75 to 77), amyloid forttiation inhibitors (pages 77 to
78); tmetal chelators (pages 78 and 79), anti-psychotics and dnti-depressants (pages 80 to 82),
nuﬁ:iﬁonal_suppieménts (pages 83 to 89} and cqmpounds 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 .ené- preferred embodiment the further biélog‘ié:ally active compound is an antibody inciu&ing
any functionally equivalent antibody or functional parts thersof. The antibody can preferably be

monoclonal, chimeric or humanized.

Ina ﬁlrther\_aslﬁect of the invention, a mixture is provided comprising in addition to the

compound of the invention an antibody including f_'unctional parts thereof, or, more particularly,

a monoclonal antibody including functional parts thereof, which recogrﬁbes and binds to

amyloxd B (AP), particularly to the native ‘conformation of amyloid {i, that 13 o amylozd

~ oligomers and fibers, but not to not linearized amylold. species.

In ga&iét;lar, said antibodies are capable of inhibiting, in vitro and in vive, the aggrégation of
amyloidogenic monomeric peptides, specifically $-amyloid monomeric peptides such as, for
example, AB monomeric peptides 1-39; 1-40, 1-41, 1-42, or 1-43, but especially AP
monomeric peptides, into high molecular potymeric amyloid fibrils or filaments. Through the
inhibition of the aggregation of amyloidogenic monomeric peptides these antibodies are
capable of preventing or slowing down the formation of amyloid' plaques, particulacly the
amyloid form '(1 -42), which is know to become insoluble by change of secondary conformation

and to be the major part of amyloid plaques in brainé of diseased animals or humans.

Tn another apect of the invention, the mixture comprises antibodies which, upon co-incubation
with preformed bigh molecular polymeric amyloid fibrils or filaments formed by the
aggregation of amyloid monomeric peptides, spéciﬁcalfy B-amyloid monomeric i:cptides such

s, for example, AP monémeric peptides 1-39; 1-40, 1-41, 1-42, or 1-43, but especially A4
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monomeric 'peptides', afe capéble of disaggregéﬁng said high molecular po]yméric amyloid

- fibrils or filaments. 'Ihrough the dlsaggregatlon of amyloidogenic polymeric fibrils or filaments:
these antibodies aré capable of preventmg or siowmv down the formatxon of amyimd plaques T

which leads to an allev;atmn of the symptoms associated with the dxsease and a delay or

reversal of its proarcsszon

‘In still another aspect of the invention, the mixture comprises an antibody, but especially a

monoclonal antibody or functional parts thereof, which antibody is bifunctional or bispecific in }

‘that it exhibit 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 mixture comprises an antibody which recognizes and binds to 2

" conformational epitope, particularly 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:

Va- His- His= Glo- Lys= Leu- Vab Phe- Phe- Ale- Gl Asp-
12 13 14 15 . 16 17 18 - 19 200 20 2 07

Particularly an epitope localized in a region of the B-amyloid protein between amino acid
residue 12 to.24; particularly between' residues 14 to 23, more particutarly between amino acid
residues 14 and 20, comprising three distinet recognition and binding sites which residues are-

predominantly involved in the binding of the B-amyloid protein and located at position 16, 17,

“and at Position 19'and 20, and at position 14, respectively.

- In a specific embodiment the mixture 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 mwonoclonal antibody, including any .
functionally equivalent. antibody or functiopal paris thereof, which antibody has the
characteristic properties of an antibody produced by a hybridoma cell ling selected from the
group consisting of FP 12H3, FP 12H3-C2, and FP 12H3-G2 deposited on December 01, 2005
and December 09, 2003, respg:ctively, as DSM ACC2752, .DSM ACC 2750 and DSM
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ACC2751, respectively, ET 7E3 deposited on Dé?;ember 08, 2005 as DSM ACC’Z?SS, and EJ

" 7H3 deposited on Decermber 08; 2005 as DSM ACC2756.

" More pérticularly, the invention .raiajlfes to an antibody incfuding any functionally equivalent
: ahtélj;ody or functional parts thereof produced by a hybridoma cell line selected from the group

consisting of FP 12143, FP'12H3-C2, and FP. 12H3-G?2 deposited on December 01, 2005 and
December 09, 2005, respectively, as DSM ACC2752, DSM ACC 2750 and DSM ACC2751,
fes;:ecﬁvely, ET 7E3 deposited on December. 08, 2005 as DSM. ACC2755, and E} 7H3
deposited on December 08, 2005 as DSM ACC2756. o "

The abovc an’abodles are descnbed in the pubhshed international apphcanen WO .

' 2007/068412, which is incorporated herein by reference.

In a further aspect, the antibody which is comprised in the mixwre'azcbrding to the invention is
a chimeric antibody or a fragment thereof, or a humanized antibody or a fragment thereof.
These and further annbodms that can- be suitably used ‘within- me mixtures accordmg to the
present mventzon are descnbed, for example, m international apphcatxon PCTAIS2007/073504
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 Intematlonal Apphcatlon No.

PCT/US2007/073504 or exhibits a light chain variable region and a heavy cham variable region
as depicted in SEQ ID No. 1 and SEQ ID No. 3 of International Application No.
PCT/US2007/073504, These sequences are also shown in the attached sequerice listing.

-In still another aspect of the invention, a mixture is provided which compriseé, in addition to

the pompound according to the invention -and as described herein before, a peptide fragment

from the N-terminal part of the AP pepﬁde; particularly an AP peptide fragment consisting of

_ sin.gie or repetitive stretch of bé:tween 13 and 15 contiguous amino a_gid resic’iﬁes from the N-

terminal part of the AP peptide, but particularly an AP peptide fragrnent consisting of amino
acid residues selected from the group capjsisting of residues 1-15, 1-14, and 1-13 from the N-
terminal part of the AP peptide, more particularly of residue 1-15, including functionally
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equivalent fragments thereef. but especially a AB peptide fragment as mentioned herein before
attached to, or incorperated or reconstituted in a carrier jzarﬁc}e/adjuvan't'such as, for example,

a liposome. The peptide fragment can be comprised in a vaccine composition. Iit particular, the

' pepude antigen is modified by a Ilpopthc or hydrophobic momty, that facilitates insertion into

' the lipid bilayer . of the liposome camer/zmupe adjuvant, particularly by 2 hpophﬂ*c or

hydrophobic moiety which functions as an anchor for the peptide in the hposome bilayer and

- ~ has a dimension that leads to the peptzde being positioned and stablhzed in close proximity to
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the hposome surface.

In a further embodiment of ﬂxe‘inﬁention,:the‘ lipophilic or hydrophobic rioiety is a fatty acid, a
triglyceride or & pﬁospholi?id but especially & fatty acid, a trigiyceride or a phospholipid. In
partzcuiar, the hydrophobxc mmety is palmitic acid and the hposome preparation may in -
addition ‘confain an adjuvant such as, for example hpid A, alum, calcium phesPhate
interleukin 1, and/or microcapsules of poiysacchandes dand proteins, but particularly a
detoxified lipid A, such as monophosphoryl or diphosphoryl ﬁpid A, or alum.

These and further compositions that can be suitably used in the _miﬁ;tures of the present

invention .are described, for example, in the published international app}icaﬁoﬁ_
WO 2007/068411.

Diagnosis of an amyloid-associated disease or condition or of a predisposition to an amyloid-
aésgciated disease or condition in a patient may be achieved by detecting the specific binding of
a compound according to the invention to the amyloid.protein in a sample or in sity, 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 of the invention to bind to the amyloid éortein to form a
mmpound!protem complex, detecting the formation of the compound/protein complex and
correlating the prcsenw 01" absence of the compound/protcm complex with the presence or
absence of amyimd pmtem in the sampie or specific body part or area, opnonaily corparing
the amount of said compound/protein complex to a normal control value, wherein an increase
in the amount of said aggregate compared to a normal control value may indicate that said

patient is suffcriﬁg from or is at risk of devéibping an amyloid-associated disease or cqnditicn.'
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Monitoring minimal residual disease in'a patient foiiowing treatment with acompound 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 protein in & sample or in sitw, which

- includes bringing the sample or-a sgediﬁc‘body part or body area suspected te contain the

amyloid antigen into contact with a compound of the invention which binds the amyloid
protein, allowipg the compéund,to‘bind to the amyloid protein to form an compound/protein -
comﬁléx,- ciatecting the formation of the’ compound/protein complex and correlating the
pfesence ‘or absence of the compouizd/pmteén bcmplex with the presence or absence of ainyioid

protein in the sarnple or SpeC-lﬁG body part or area, opuonally comparing the amount of said

- compound/protein complex to a normal confrol value, whcrem an increase in the amount of

said aggregate compared to a normal control value may indicate that said patwnt may still -

suffer from a minimal residual disease,

Predicting responsiveness of a patient to a treatment with a compound or composition or a
mxxture accbrding to the inventioft may be achieved by detecting the specific binding of a
compound according ‘to the invention to the amyiqid protein in é‘ sample or in situ, v%hich,
includes bringing the sample or a specific body pm or body area suspecied {o coniain the
amyloid protein into contact with a compound.of the invention which binds the amyloid

protein, allowing the compound to bind to the amyloid protein to form an compound/protein

- complex, detecting the formation of the compound/protein complex and correlgting 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 ares, optionally comparing the amount of sa.td :

‘compound/protein complex before and after onset of the treatment, wherein an decrease in the

amount of said aggregate méy indicate that said patient has a high potential of being responsive

to the treatment.

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

- monitoring minimal residual disease in a patient or for predicting responsiveness of a patient to

. a treatment with a compound or a composition or a mixture according to the invention and as

described herein before are, for example, fluids such as serum, plasma, saliva, gastric
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) se{:r@ﬁons;‘mﬁ;us, cerebrospinal fluid, lymphatic fluid and the like or tiésue or cell samples

- obtained from an organisin such as nétiral, brain, cardiac or vascular tissue. For determining the

presence or absence of the amyloid protein in a sample 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 sxich as, for example, aSsay_s .
whick uﬁlizé indirect detection methéds using ﬁecdﬁdaiy reagents for detection, ELISA’S and

 immunoprecipitation and agglutination assays. A detailed description of these as'saysﬂ is, for
_ example; given in WO?G 13390 to Maertens and Stuyveﬁ, Zrein et al. (1998) and W(96/29605.

For in situ diagnosis, the compowsd or compostion or mixture according to the invention and as

described herein before may be administered to the organism to be diagnosed by methods

~ known in the art such as, for example, mimvenous intranasal, mtrapentoneai intracerebral,
mtraartenal mjection such that a specific binding between the compound accordmg to the - -

mvenhon and the amyloid antxgcn Tay oCeur. The ccmpoundfprotem comiplex may be detected

through a labe] attached to the compound.

The immunoassays used in diagnostic applications or in appiiéations 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 & treatment with a compound
or composiﬁoﬁ or a mixture according to the invention and as'described herein before, typically
rely on labelled antigehs, antibodies, or secondary reagents for detection. These. proteins or
reagents can be labelled with compounds generally known to those skilled in the art including
enzymes, radioisotopes, and fluorescent, iuminescent and chromogenic substances including.
colored particles, such as colloidal gold and latex beads. Of these; radioactive labelling can be
used for almost all types of assays and with most vanations Enzyme-congugated Iabels are

- pamcularly useful when rad;oacnvxty must be avoided of when qmck results are needed

Fluorochromes, allhough requiring expensive equipment for their use, nrcmde a very sensitive

‘method of detec’uon. Antibodies useful in these assays include mcmoclonal antibodies,

polyclonal amlbodses and affimty purified polyclonal antibodies.
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Aitemaﬁx}e'ly, the compound . of the in'ventiaﬁ ‘may be labelled indirectly by reaction ‘with

labelled subs?a.nces that have an afﬁmty for immunoglobulin, such as protein A or G or second

antlbodles The antrbody may be con}ugated with a second substance and detected with a
labelled third substance having an affinity for the seccmd substance conjugated to the antabody

: Fm: example, the antibedy may be conjugated to- biotin and the antibody-biotin conjugate

detected using labelled av:dm or streptawdm Similarly, the antibody may be ccnjuaated ioa

| hapten and the antibody-hapten conjugate detected us_mg labelled anti-hapten antibody.

-"Those_of ordinary skill in the art will know of these and other suitable labels which may be
* employed in accordanée with the present iﬁvcnﬁon' ‘ihe'binding of these labels to antibodies or

ﬁ'agments thereof can be accomplished using standard techmques commonly known to those of

b ordinary skxil in the art. Typical techmques are described by Kennedy, L H, etal, 1976 (Chn

Chim. Acfa 70:1-31), and Schurs, A. H. W. M, et al. 1977 (Chin. - -Chim Acta 81:1-40).

- Coupling techniques mentioned in the latt_ef are the glutaraldehyde method, the periodate

method, the dimaleimide method, and others, all of which are incorporated by reference herein.

" Current immunoassays utilize a double éﬁﬁboiiy method for detecting the pres:cnée of an

analyte, wherein the antibody is labelled indirectly by reactivity with a second antibody that has
been labelled with a detectable label. The second antibody is preferably one thdt binds to
antibodies of the animal from which the monoclonal antiBody is derived. In other words, if the
monoslonal antzbody is & mouse antibody, then the labelled, second antibody is an anti-mouse
antlbody For the monoclonal antibody to be used in the assay described below, this label is .
preferably an antibody-coated bead, pamcularly a magnetic bead. For the polyclonal antibody

0 be employed ‘in the immunoassay described herein, the label is preferably a detectable

molecule such as a radioactive, fluorescent or an electrochemiluminescent substance.

Axn alternative double aﬁﬁbody svstem, often referred to as fast format systems because they are
adapted o ;a};id determinations of the presence of an analyte, may also be employed within the
scope of the present invention. The system requires high affinity between the antibody and the ..

~ analyte. According to one embodiment of the present invention, the presence of the amyloid

antigen is determined using a pair of antibodies, each specific for amyloid antigen. One of said

pairs of antibodies is referred to herein as a "detector antibody" and the other of said pair of
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antibodies is referred to herein as a "capture antibody". The monoclonal antibody can be used
as either a capture antibody ot a detector antibody. The monoclonal antibody can also be used
as both capturé and detector antibody, together in a single assay. One embodiment of the

present invention thus uses the double antibody sandwich methbd for detecting amyloid antigen

- in & 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

immobilized onto a solid support. The detector antibody would contain 2 detectable label, in
order to identify the presence of the antibody-analyte sandwich and thus the presence of the
analyte. ' ' '

Exemﬁlax‘jkvseiid ﬁhaée substances include, but ax‘e,notilimited to, microtiter plates, test tubes-of

poiystyrene, magnetic, plastic or giass beads and slides which are well known in the fieid of

m&ounmunoassay and enzyme zrmnunoasv.ay Methods for coupling antibodies to solid phases

aré als6 well known 1o those skilled in the art. More recently, 4 number of porous material such

as nylon, nitrocellulose, cellulose acetate, glass fibers and other porous polymers have been

_employed as solid supports,

—

The plaque burden in the tissue and/or body finid (such as the re‘anai ganglion cell layer of an

animal, particularly a mammal, but especially a human suﬁ:’erzng from an ocular disease
associated with pathological abnommlmes/changes in the tissues of the visual system,

'partlctﬂarly assoczated with amyloxdmbetwrelated pathological abnormalities/changes in the .

tissues of the v1sual system) can be calculated by methods knmown in the art such as that

~ disclosed in Ding, J. -D. et al., "Targe:ting' age-related macular degeneration with Alzheimer’s

disease based immunotherapies: Anti-amyloid-b antibody aiténuates pathologies in an age-

related  macular  degemeration mouse. ~model", = 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 cornpound for the

purpose of binding to an amyloid protein to form a compound/protein complex and detecting



10

15

207

47

the formation of the compound/protein complex such that presence or absence of the

compound/protein complex.gerrelates 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,

‘ t1_1e Intter term refers to 2 diégx;ostic kitas described in Zrein et al. (1998).

EXAMPLES
The present invention is illustrated by the following nonrli.mifcing_‘ examples. -

Preparation of 2a:

| 5-p-Tolyl-N-((5-p-tolyl-1H-pyrazol-3-ylymethyl)-LH-pyrazol-3-amine ditrydrochloride

AeCHLK,CO, [""\‘M \ MeOH / H,0(2:1)
———————— e . - B e -
© MeCN, sefiux —’U \N/N RT

3 O ‘
F%\o( 1) 3 4-Dihydropyran, TFA, MeCN, reflux

2) KOH, BtOH/ H:0, refhix

P

Acetyl chloride (6.16 mL, 86.60 mmol) was added dropwise to a suspension of S-amino-3-(4-

methylphenylipyrazole (5 g, 28,86 mmol) and potassium carbonate (14 .g,, 101.03 mmol) in

“anhydrous MeCN (100 mL). The reaction mixture was refluxed for 16-hrs. The solvent was

evaporated and thé residue was resuspended in CHCl;, and washed mth IN HCI, sat. aqg.
NaHCO,, HyOand brine and dried over Na;SO,. The solvent was evaporated and the.crude N-
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(l-acetyl»S-ptéiyl«IH~pyra201-3—yl)acetaﬁiide was used without any further purification in the
next step. ‘

Crude N»(l«acetyl»5~p~¢olyl-IH-pyrazol-3—yI)a§etanﬁde_ ‘was dissolved in a mixture of
MeOH/THF/HO (2:2:1, 150 mL) with 2 drops of 33% ammonia solution. The reaction
mixture was stirred for. 16 hrs, then the solvents ‘were evaporated and the crude N-(S.-p—toviyl—
1H-pyrazol-3 -»y})acetamidetwas used without any further purification inthe next step.
MS (ESD): m/z: 216.29 [ME']. B

A mixture of orude N-(s-p.tolyLzH-pyrazJoz-&yl)ace‘_tamidg‘(28.86 mmol), 3,4-dihydzé-2ﬁ-
pyran (6.7 mL, 72.15 mmol) and triffuoroacefic acid (43 pL, 0.58 mmol) in anhydrous MeCN
(60 ml) was refluxed for 16 hrs. The solvent was evéporated and the résidue was resuspended
in CH,Ch (56 mL), washed with H;Oand brine and dried over NaySOs. The solvent was
evaporated and the crude N»(S-tolyl—l—(tetrahydro-2H-pf;rén—2-§i)-1H»py;azol-3-yl)acetamide
was used without any further puriﬁcatién in the next step.

MS (ESI): m/z: 300.33 [MH']. -

Crude N-(5-methyl-1-(tetrahydro-2H-pyran-2-y1)-1H-pyrazol-3-ylacetamide (28.86 mmol) was
dissoived in EtOH[[{zO (2:3, 100 mL) together with potassium ﬁydroxide'(ll-g, 202 mmol)
and was-l-reﬂuxe-d for 16 hrs. The reaction mixture was concentrated and then extracted with
CHCl3. The combined organic layers were washed with brine and dried over NaySOs. Soiveﬁt
evaporation and pgriﬁcation By silica gel column chromatography {?EnEtOAc, 7:3 10 3:7) ga{re
S-tolyl-I-{tetrahydro-2H-pyran-2-yl)-1 H-pyrazol-3-amine (2.99 g regioisomer A and 439 g

regioisomer B, 99% over 4 »steps}.

Regioisomer A:
"H-NMR (400 MHz, CDCl): § {(ppm) = 7.63 (d, /= 7.7 Hz, 2FD), 7.16(d,J=8.6 Hz, 2H), 5.81
(s, 1H), 5.38 (dd, = 8.9 Hz, J = 2.6 Hz, 1H), 4.01 (bm, 3H), 3.68 (4, /= 11.5 Hz, J=2.6 Hz,

©1H), 2.38 (m, 1H), 2.35 (s, 3H), 2.03-2.14 (m, 2H), 1.62-1.71 (m, 3H).
" MS (ESI): m/z: 258.37 [MHE'].
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Regloxsomer B: _ :
'H—NMR@OOMHZ, CDClsy: § (ppm) = 736(d,J~—80Hz 2H), 7.24 (d J= 8 OHz 2H), 5.69
(s, 1H), 5.03 (dd, J= 10.2 Hz, J = 2.5 Hz, 1H), 4.11 (m, 1H ), 3.69 (bs, 2H), 3.54 (dt, /= 12.0

Hz,J=2.5 Hz, 1H), 246 (m, 1H), 2.4 (s, 3H), 1.70-1.79 (m, 2H), 1.50-1.59 (m, 3H)
MS (ESI) m/z: 258,37 {MH‘]

1) H,80,, MeOH

2) DHP, MeCN
3) LiOH, MeOH /THF/ H,0

A

Mukaiyama's reagent,
DXE‘{,DCM KT .

1) BMS, THF, reflux

¥

2) Methanolic HCl

5-p-Tolyl-1H-pyrazole-3-carboxylic acid (250 mg, 1.24 mmol) and sulfuric acid (120 uL, 1.48
ramol) in methanol (5 mL) were heated to reflux for 16 hrs. The solvent was evaporated and
the residue was resuspended in CH,Cl,. The residue was filtrated and the filtrate was ‘washed

w1th waterand brine and dried over Na;SO4. Solvent was evaporated and the white solid was

" combined with the precipitate collected previously. Methyl S5-p-tolyl-1H-pyrazole-3- .

carboxylate (224 mg, 84%) was obtained as a white solid.'H-NMR (400 MHz, CDCl): &
{(ppm) = 7.56 (d, J = 7.6 Hz, 2H), 7.22 (d, J = 8.0 Hz, 2H), 7.02 (s, 1H), 3.91 (s, 3H), 2.36 (s,

-3H).
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" BCNMR (100 MBz, CDCl:): § (ppm) = 129.61, 125.45, 105.03, 52.02,21.19.

A mixture of methyl 5-p-tolyl-1H-pyrazole-3~carboxylate (224 mg, 1.03 mmol), 3,4-dihydro-

2H-pyran (190 pL, 2.07 mmol) and trifluoroacetic acid (2 pL, 0.02 mmol) in anhydrous MeCN

B mL) was reﬂuxed for 2 hrs. The solvent was evaporated. The residue was resuspended in

CH,Cl, (50 mL) and was washed with H,O and brine. After drymg with Na,SOy, solvent
evaporation and- slhca gel column chromatography (PE-EtOAc, 6:4) methyl I»Ctetrahydro»ZH-
pyran-2-yh)- S—p—iolyl 1H- pyrazole-3-carboxy1ate (363 mg, 68%) was obtamcd

"H-NMR (400 MHz, CDC13):;_,.§ (ppm) = 7.40 (d, J= 8.0 Hz, 2H), 7.27 (d, J = 8.0 Hz, 2H), 6.82

(s, 1H), 5.25 (d, /= 10.0 Hz, 1H), 4.11 (m, 1H), 3.92 (s, 3H), 3.57 (t, J = 10.8 Hz, 1H), 2.61

(m, 1H), 2.41 (s, 3H), 2.03 (m, 1H), 1.82 (d, J= 8.06 Hz, 1H), 1.58-1.52 (m, 3H).

Methyl 1-—(teirahydro—M—pyrari—%yl}S~p~to§y1» 1H~pyrazo§373—cé:rboxylaté (363 mg, 0.70
mmol) was dissolved in a mixture of MeOH / THF [ H0 (1:2:1, 4 mL). Lithium hydroxide

was added and the reaction mixture was stirred for 16 hrs. The reaction mixture was dituted

with water and washed with DCM. The aqﬁeous phase was evaporated. 1-(T étcahydro~2H~
pyran-2-yl)-5-p-tolyl-1H-pyrazole-3-carboxylic acid (205 mg, quantitative) was obtained as a.-
white solid which was used without further purification in the next step,

'H-NMR (400 MHz, CDCL): § (ppm) = 7.13 (d, J= 6.8 Hz, 2H), 7.04 (¢, J = 6.8 Hz, 2H), 6.60
(s, 1H), 4.92 (d, J = 9.6 Hz, 1H), 389 (4, J = 8.4 Hz, 1H), 3.35 (1, /= 10.8 Hz, 1H), 240 (m,
1H), 2.31 (s, 3H), 1.75 (m, 1H), 1.54.(m, 2H), 1.25 (m, 2H).

S-Tolyliiw(tgtrahydré-ZH»j:yranaayI)»1H~pyrazoi—3-amine {compound A, 81 mg, 031 mmol)
was added to a solution of 1-(teu*ahydm-ZH-p}"ran-Z—yl}-S-p-tolyl-1H—pyxaéoi¢~3~carboxylic
acid (100 mg, 0.34 mmol), 2—chléro-1-meﬂ1yipyridi1ﬁmn iodide (122 mg, 0.47 mmol) and
N, N’-diisopropylethylamine {163 gL, 0.94 mmol) in DCM (10 ﬂiL). The reaction mixture was

" stirred at RT for 16 hrs. The fegction mixture was diluted with water and extracted with DCM.

The organic layer was washed with brine, dried over Na;SO, and concentrated. The crude

product was purified by silica gel column chromatography (PE-EtOAc, 9:1) and gave 1-
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o (tetrahydro»ZH«pyranQ«y})—N{l (tctrahydm-ZH—pyraw—Zwyl)«S-p-toiyi-1H~pyrazal-3-yi}-5~p~

tolyl—lH~pyrazole-3-carboxarmde (76 mg, 43%). - :
"H-NMR (400 MHz, CDCly): § (ppm) = 9.37 (s, (}.-SH), 9.34 (s, 0.5H)}, 7.43 {m, 4H), 7.28 (m,

| 4H), 6.95 (s, 0.5H), 6.94 (s, 0.5H), 6.90 (s, 1H), 5.24 (m, 2H), 4.15 (m, 2H), 3.60 (m, 2H), 2.45

(m, 2H), 2.42 (5, 6H), 1.80 (m, 2H); 1.56 (m, 4E), 1.25 (m, 4H).

1 -(Teﬁahydr9~2H~pyran-2-yl)-N~t1 ~(tetrahydro-2 H-pyran-2-yl)-5-p-tolyl-1 H-pyrazol-3-y1)-5-p-

 tolyl-1H-pyrazole-3-carboxamide (142 mg, 0.27 mmol) was suspended-in anhydrous 'I'HF (10 -
'mL) and borane dmzethylsulﬁde compiex (177 ulL,.1.86 mmol) was addcd dropwrsa The

reaction m:xture was stirred under reﬂux for 16 brs. The reaction mixture was then oooled

down to 0°C and MeOH (500 pL) was added. " The mixture was then stirred for 10 min.

“Concentrated hydrochloric acid (12 N) was added, until a pH < 2 was obtained, and the
,‘rg’,S}ﬂ.ﬁng mixture was stired under reflux for 16 hrs. 'T_h‘e mixture was cooled to room

. temperature and the precipitate was filtered and added into an aqueous solution of sodium

hydroxide {I1M). The aqueous phase was extracted with DCM (3 x 10 mL) aﬁer drying the
organic layers with. Na2804, the solvent -was evaporatei The residue was purified by
ch:romatography on silica gel coiumn (eluent: EtOAc), -p~toly}-N-((5~p-toly}- I—I—pyrazsl~3~

imethyl)- LH-p3 ,1320‘—3—&!3.}1» was obtained as a white solid.

5~p~Tolj/l—N-((5-p~tdIyi-1H~pyrazol»3-yi)meﬂ1yl)—IH-pyrazoi—S-anﬁne (27 mg, 0.078 mmol)
was recrystallized in methanolic HCI (3 N, 1 mL). The solid was filtered, washed with E,O
and dried in vacuo; white solid. Mp = 132°C. '

'H NMR (400 MHz, DMSO-ds): § = 7.73 (d, J= 8.0 Hz, 2H), 7.62 (d, /= 8.0 Hz, 28)), 7.33 (d,
J=8.0 iz, 2H), 7.22 (4, J = 8.0 Hz, 2H), 6.63 (s, 1H), 6.30 (s, 1H), 442 (s, 2H), 2.36 (s, 3H),
231 (s, 3H). : » : / -
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Preparatmn of 2¢: _
NS -Propyl -N -((6»((6-(propylamxno}pyndm-3~yk)methylammo)pyndm—?y-
yl}methy!)pyndxne—2,5-d:amme

o ’ A ‘, o]
? i N HO a \BF . \0 i N o]
= * 1 . —-—-—-|--—h— “
NH, Br ] .
i) ) P
2 . % N Br

. o /'Q-\ [ ! L
. N li_vi |)\__ ] \“Aﬂ/\o\
N .

Reagénts: i} 2-chioro-1-methylpyridinium iodide iy KOR/EOH/MH,O i) 8/ 2-chloro-
5 - 1-methylpyridinium iodide iv) n-propyl aminefreflux, 16h v) BMS/THF/32h

Z-Chlom-l-metﬁyipyﬁdinimn iodide (2.99 g, 10 mmol) and DI?EA (3mL) were added to a
mixture of methyl 6-aminonicotinate 1 (760 mg, 5 mmol) and 6-bromonicotinic acid 2 (1 g, 5
mmol) in THFE (150mL}). The reaction mixture was stirred at rt (=room temperature) for 4 days.
10 At the conclusion of the reaction, the reaction mixture was conceh&éted to 1/3 of its volume
" and the. precipitated product was filtered off. The filtrate was concentrated, diluted with -
chloroform (100 ml), washed with water and brine and dne.d over Na;SQy4. Evaporation of the
solvent gave a crude yellow product, which crystalhzed in EtOAc to give methyl 6-(6-
- bromonicotinamido)nicotinate 3 as a white solid (1 g, 65.4 %). Mp. 234 - 235 °C.

s
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H-NMR (400 MHz, CDCl;): 5—-115(5,4}1;5896(& J= ZOHz IH),893(S 1H), 8.36 (dd,

C = ZOHZJ SGHZ,IH) 8.33(d, J=12Hz, 11—1),828(dd,I 24Hz, I = SGHZ 1H),7837_

(d,] =84 Hz, 1H),3.88 (5, 3H).
MS (BSD: m/z = 338 (M+2H)

KOH pellets (5 g) were addeci to a suspension of meﬁlyl 6-(6-bromonicotinamido) nicotinate 3 ‘
(5 g, 14.8 mmol) in methano! and water (150/50 ml). The reéction mixture was stirred for 4
hours. Then the solvent was evaporated and the pH was adjusted to below 2. The white solid
was filiered off and washed with cold water and dried under vacuum to give 6-(6- -
bromonicotinamido)nicotinic acid 4 (1.8 g, 37%).Mp. 270-272 °C.

THNMR (400 MHz, DMSO-d): 8 =11.52 (s, 1H), 8.95- (s. 1H), 8.91 (s, 1H), 8.29 (m, 3H),
7.83 (d, J=8.0 Hz, EH}MS(ESI) m/z =322 (M),

2-chloro-1-methylpyridiniom iodias (2.37-g,' 18.6 mmol} was added t0a suspensiaxi of 6-(6-
bromonicotinamido)nicotinic acid 4 (2 g, 6.21 mimol) and 2-amino-5-bromopyridine 5 (1.07 g,
6.21 mmol) in THF (iOO ml), fGlIb\F;’ed by DIPEA (2.4 g, 18.6 mn‘;oi). "fﬁe mmﬁon mixtare
was stirred for 4 days at RT. The suspension was filtered off and wé.shed‘ with water (25mi).
The filtrate was concéntrated, ﬂdiluted in chloroform, washed with wafer andand brine, and then
dried over Na;SOq4. The product precipitated-during evaporation and was dried under vacuum

to give &bromo-Nw(S-{5-bromopyndm—2—yicarbamoy£)pymdm Z-yi)mcotmamxde 6as.a yellow

- solid (400 mg, 14 %).Mp. 245-247 °C.

'H-NMR (400 Mz, DMSO-de): & = 11.1 (br s, 1H), 10.8 (br s, 1H), 9.0 (s, 1H), 8.7 (s, 1HD),
8.53 (s, 1H), 8.41 (d, T = &415{2, 1H), 8.30 (4, J = 8.8 Hz, 1H), 8.21 (4, J =84 Hz, 1H), 8.1 (d,
1=92 Hz, 1H), 8.01 (4, = 8.8 Hz, 1H), 7.32 (br s, 1H), 6.51 (d, 1= 88Hz),32(d,3 6.0
Hz, 4H), 1.57 (q, = 7.2 Hz, 4H), 092 (t, ] = 72Hz,6H)

MS (ESD: m/z = 478 (M+H).

6-Bromo-N-(5-(5-bromopyridin-2-ylearbamoyl)pyridin-2-ylnicotinamide 6 (350 mg, 0.73
mmol) was dissolved in neat n-propylamine. The reaction mixture was heated for 3 days at
reflux temnperature. Then the solvent was evaporated to give a crude product, which was

crystallized  in EtOAcw ‘to give 6»(pr0pyiamim)~N—(5-(5~(propy}amino}pyridin-zﬁ
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ylcarbarnqyi)pﬁzﬁdi:i;ﬁuyi)nicoﬁnanﬁdeA7 (122 mg, 38 % yield) as a white solid. Mp. 249-250

'HNMR (400 MHz, DO+ DMSO-dg): § = 8.95 (d, J = 2.0 Hz, 1H), 8.68 (d, J = 2.0 Hz, 1H),
8.50 (4, J = 2.0 Hz, 1H), 8.36 (dd, J; = 2.2, J,= 8.8 Hz, 1H), 8.24 (d, J = 8.8 Hz 11), 8.15 (d, J
= 8.8 Hz, 1H), 8.06 (dd, J;=2.2, }y = 9.2 Hz, 1H), 7.96 (dd, J;= 1.6, J,= 8.8 Hz 1H), 6.51 (d, J
=8.8 Hz, 1H), 3.25 (t, J = 4.0 Hz, 4H), 1.54 (m, 4H), 0.90 (t, ] = 7.3 Hz, 6H).

MS (ESI): m/z = 457 (M+Na).

BMS (129 ul 1.73 mmol) was added fo a solution of 6-(propylamino)-N-{5-(5-
(propylamino)pyridin-2-ylcarbamoyl)pyridin-2-yhnicotinamide 7 (75 mg, 0.173 mmol) in THF -
(15 ml). The reaction mixture was refluxed over night and cooled, then MeOH was added

. followed ‘by conc. HCL. The mixture was refluxed again for another 16 hrs. Then the reaction

mixture was concentrated, the residue was. diluted in water (5 ml) and the pH was adjusted to
14 using NaOH solution. The aqueous layer was extracted with chloroform (50 ml x 3) and the

oonibinéd ofganic layers were washe_d with water and brine and then dried over NapSOs,.

* Evaporation of ‘the spl#cnt yielded 3 residue ‘that was purified on silica gel (2‘;98.,‘

MeOH:EfOAc) to give a brown sticky material (5 mg, 7 %). Then it was treated with

HCI/MeOH to give N’-propyl-N’-((6-((6-(propylamino)pyridin-3-ymethylamino)pyridin-3- .

yhmethyl) pyridine-2,5-diamine hydrochloride salt 8 (5 mg) as a2 gummy material.
"H-NMR (400 MHz, D,0+ DMSO-dg): § = 8.48 (s, 3H), 7.88 (d, T = 8.8 Hz 3H), 6.33 (4, J =
8.8 Hz, 3H), 6.08 (brs, 2H) 5.04 (brs, 2H), 3.42 (m, 2H), 3.27 (m, 2H), 1.63 (i, 4H), 1.03 (m,

6H)
MS (ESI): m/z = 408 (M+3H)
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Preparatmn of 2h: . .
N- Benzyt—S—((S-p-tolylthrazol-Z-yiamma)methyl)thxazol-«z-amme
d'hydrochlonde
_ : ‘ ® : .
a ~7 . s
% | h&-g, CID ' I }-—1}{_{’;{\&
DIEA, DMF, t :

+ 5-p- tnlylthmm}l-ame 2bmmoﬁmzo!e»5~cartmxylicacid

: /.
;gs:“:fzﬁ%‘ }*\NH SJ\;:E;/\O 1-3;;1?: ' l}ﬂé{)\%
mHG W#a -
MeOH s - . B

2-Cbloro-1—methylpyrid:mium iodide (0.55 g, 2.2 mmol), DIEA (0.37 g, 2.9 mmol) and 5-p-
tolylthiazol-2-amine (0.27 g, 1.44 mmol) were added to a suspension of 2-bromothiazole-5--

| .Qé;‘boxylic iii:id:(f}_;30 g, 1.44 mmol) in DMF (5 mlL). The resulting solution was stirred atRT .

till completion of theireacﬁon. ,Thé mixture was then diluted with AcOEt, washed with water, -
dried with Na;SO4 and concentrated. The crude‘pmduct was purified by column (30 %
AcOEY/PE), yielding 2»bromq~N-(5—p»tolylthiazol-Z-yl)thiazoie-S—carboxamide (250 mg, 46%)

as a solid. -

H-NMR (400 MHz, CDCl): S(ppm) 8.19 (s, 1H), 7.6 (d, J = 8 Hz, 2H), 7.15 {d J= 8 Hz,
2H), 7.04 (s, 1H), 2.31 (s, 3 H).

BCNMR (100 MHz, CDCls): 8(ppm):157.89, 149.44, 147.77, 144.33, 143.16, 141.99, 138.10,
13738, 131.07, 12932, 125.87, 107.34, 20.93.

MS (ESD): m/z (%): 379.87 [MH L.
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Benzylamine (0.143 mL, 1.32 mmol) was added to a solution of 2-bromo-N~(5-p-tolylthiazol-

"2-ylythiazole-5-carbexamide (250 mg, 0.66 mmol) in DMF (4 mL). The reaction mixture was

stirred at reflux for 2 brs. Then it was diluted with AcOEt and washed with water, dried with
N2,80, and concentrated. The crude product was purified by precipitation (AcOEYPE),

 yielding 2-(benzylamino)-N-(5-p-tolylthiazol-2-yljthiazole-5-carboxamide (190 mg, 71%) as a

- solid.

'H-NMR (400 MHz, CDCL): (ppm): 8.85 (bs, 1 H), 8.25 (s, TH), 7.80 (d, J = 8 Hz, 2H), 7.46
(s, 1 H), 7.35 (m, 3H), 7.28, (m, 2 H), 7.23 (d, J = 8 Hz, 2H), 4.53 (5, 1 H), 2.33 (s, 3H).

- BENMR (100 MHz, CDCL): §(ppm): 172.44, 158.89, 148.82, 145.74, 145.06, 137.99,

136.75, 131.58, 128.97, 128.15, 127.19, 126.92, 125.46, 118.98, 106.83, 47.44, 2049
MS (ESY): m/z (%): 407.36 [MH"].

BMS (0.2 mL, 2.1 mmol) was added to a solution of 2-(benzylamino)-N-(5-p-tolylthiazol-2-

yl)thi_‘azole-S—ca:boxamide_(l?O mg, 0.42 mmol) in THF (6 mL) at RT. The resulting sofution
was stirred at reflux overnight. The reaction was then quenched with MeOH (2 mL) and IN

~ HCI was added until the pH reached 2. After stirring the reaction mixture at reflux temperature

for 12 hrs, the organic solvents were éﬁporated and the aqueous‘éo’lﬁtion was neutralized with

1IN NaOH, extracted with CHCl, dried with Na;S04 and concentrated. The crude product was

purified by column (AcOEL), yielding N-benzyl—S»((S~p-tolylthiazoI—2~ylaminp)methy£}tiﬁazol-

2~amine (30 mg, 18%).

H-NMR {400 MHz, CDCly): s(ppm) 7.59 (&, J= SI-IZ,ZH) 7.23 (m, 5.5, 7.11 (d I= st,
2H), 6.93 (s, 1H), 6.58 (5, 1 H), 4.40 (s, 2 H), 4.32 (5, 2 H), 3.41 (bs, 2 H), 2.29 (s, 3 H). |
BC.NMR (160 MHz, CDCls): §(ppm): 197.01, 170.75, 151.05, 137.39, 137.26, 137.03,
131.82, 129.07, 128.48, 127.48, 127.41,125.75, 121.99, 100.46, 49. 30, 41.95,20.99.

MS (ESD: m/z: 393.28 [MH*]

N-Benzyl-5-((5-p-tolylthiazol-2-ylamino)methyl)thiazol-2-amine (20 mg, 0.05 mmol) was
dissolved in methanolic HCI (3 N, 1 mL) and CHCly/AcOEt was added. The precipitated solid
was ﬁItered by decantation and dried in vacuo, ‘yielding N-benzyl-5-((5-p-tolylthiazol-2~
ylamino)methyl)thiazol—%amiﬁc dihydrochloﬁde as a white solid (11 mg, 10%}).Mp. 105-106

°C.
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‘Preparation of 2j:

N-Benzyl-5-((4-p-tolylthiazol-2-ylaminoymethylthiazol-2-amine dihydrochloride

' Compound 2j was prepared as described for 2h starting from 4-p-tolylthiazol-2-amine and 2~

bromoﬂﬁazole~5~carboxylic acid: (3.5 mg, 59%). Mp. 106-108 °C.

H-NMR (400 MHz, CDCl): S(ppm): 7.61 (d, J = 8 Hz, 2H), 728 (m, 5 1), 7.13 (4, J = snz
2H), 6.95 (5, 1H), 6.60 (s, 1 H), 442 (5,2 H), 4.34 (5, 2 H), 3.01 (bs, 2 H), 2.31 (s, 3 HD.
BC-NMR (100 MHz, CDCL): §(ppm): 170.68, 168.62, 151,1 1, 138.15, 137.48, 137.23,
131.86, 129.12, 128.55, 127.56, 127.74, 125.80, 122.0'76, 100.53, 49_.33,'40.07, 21.07.

- MS (ESD): m/z (%): 393.29 [MH].
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Preparation of Zk:
N-Bcnzyl~5~((5—(4—ﬂuorophenyl)—lH~pyrazol~3~ylammo)methyl)ﬂamzol-z-amme
d:hydruchlonde

nﬁ,}‘“ﬂz + HO)/U\ Igh;\c
Vi s
. N . -

Bog” W 0

DEEA, DMF, it

BuliH,
———
dioxane -

85C

- 3NHCUMeOH

2-Ch10r0—1-methylpynduumn iodide (0.84 g, 3.3 mmol), DIPEA (0.78 mL, 4.4 mmol) and tert-

* butyl 3~amino-5-(4-fluorophenyl)-1 H-pyrazole-1 -carboxylate (0.5 g, 2.2 mmol) were added to a

solution of 2-bromoﬂnazoie—5~carboxyhc acid {(0.45 g, 2.2 mmoi} in DMF (6 mL}. The
resulfing solution was stirred at RT till completion of the reaction. Then the mixture was

diluted with AcOEE, washed with water, dried with Na;SO4 and concentrated. The crude

product was purified by columm (50%-~100% AcQOEYPE gradient), vielding tert-butyl 3-(2-
bromothiazole-5-carboxamido)-5-(4-fluorophenyl)-1H-pyrazole-1-carboxylate (160 mg, 20%) -
as a white solid. V A

'"H-NMR (400 MHz, CDCl): §(ppm): 11.39 (s, 1 NH), 8.56 (s, 1 H), 7.79 (t, J = 7 Hz, 2 H),
7.31 (1, J=8.6 Hz, 2H), 6.96 (s, 1 H), 1.71 (s, 9H).

Benzyiamine"(i}.l ml, 0.87 mmol} was added to 2 solution of tert-butyl 3~(2~bromoﬂ1iazo}c-5-‘
carboxamido)-5-(4-fluorophenyl)- 1H—p§razole~1wéérboxylate (160 mg, 0.43 mmol} in dioxane
(3 mL). The resulting solution was stirred at 85 °C for 24 hrs. The solvent was evaporated and
ﬂ:lxe~ cxj-qde p%odﬁct was purified by column (0-10% MeOIii!AcOEt‘ gradient), yielding 2-
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(benzyiamine)-N-(5-(4-fluorophenyl)-1 H-pyrazol-3-yl)thiazole-5-carboxamide (180 mg, 90%)
as a solid. A
"H-NMR (400 MHz, CDCls): 8(ppm): 7.85 (s, 1H), 7.64 G5, 2}'1), 7.34-7.27 (m, SH), 7.08 (1, J
=8.6 Hz, 2 H), 6.71 (s, 1 H), 4.51 (s, 2H),439(s,2H)
MS (ESI) m/z : 394.37 [MH'].

" BMS was added to a solution of 2-(benzylamino)-N-(5- (4~ﬂuorophény1)~]H—pyrazol~3~

yI)thmzoie—S-carboxazmde (50 mg, 0.13 mmol) in THF (1 mL). The resulting solution was
stu"red at RT overnight. The reactiqs: RS then quenched with MeOH (0.5 mL) and IN HCl was
added until pH 2. After stirring the reaction. xmxmre at RT for 3 hrs, the organic solvents

‘were evaporated and the aqueous solution was neutralized with a NaHCO; saturated agqueous
_solution, extracted with AcOEt, dried with Na,80; and concentrated, The cmde product was ...

punﬁed by column (0-2%MeOH/AcOFt gradient), yielding N benzyl-5-((5—(4~ﬂuorophenyl)— .
IH~pyzazol-3~ylmn1no}methyk}thlazoi~2~ammc {59 mg, 98 %).

H-NMR (400 MHz, CDCI/CD;0D): 8(ppm): 7.49 (s, 2H), 7.30-7.27 (m, 5H), 7.03 ( tL,J=8§
Hz, 2H), 694 (s, 1 H),5.82 (s, | H), 435(5,2]—1),428(3-21—1}
MS (ES): m/z : 380.34 [MH].

N-Benzyl- 5-((5-(4-fluoroplinyl)-1H-pyrazol-3-ylamino)methyl)thiazol-2-amine (59 mg, 0.13
mmol) was dissolved in methanolic HCI (3 N, 1 mL) and AcOEt was added. The precipitated

~ solid was filtered by-decantation and dried in vacuo, yielding N-benzyl-5-((5-(4-fluorophenyl)-

lI—I-pyrazol—3»ylammo)memyi)thxazoi—z ~amine dzhydrochlonde as a yellow sohd (14 mg, 25%).
Mp 78-80 °C.

Preparation of 2ns
N-Methyi-5-((4-p-tolyithiazol-2-ylaminc)methyl)thiazol-2-amine dihydrochloride

Py e
g .
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Compound 2n was prepared as described for 2w, starting from 4-p-tolylthiazol-2-amine and 2-
{inethyl(tetrahydi*o-ZH—pyranQ-yi)amino)thiazéler_ﬁ-carba};iahyde: (28 mg, 80%). Mp. 114-116
H-NMR (400 MHz, CDCls): §(ppm): 7.97 (1, J = 5.6 Hz, 1H), 7.75 (4, J = 8 Hz, 2H), 7.33 (m, .
1H), 7.18 (4, J= 8 Hz, 2H), i6'.99 (s, 1 H), 6.96 (s, 1H), 446 (4, /= 5.6 Hz, 2H), 2.76 (4, J= 4.3

| Hz, 3H), 2.30 (s, 3H)."

BCNMR' (100 MHz, CDCly): 8(ppm): 169.73, 167.45, 149.76, 137.43, 136.43, 132.15,
128.97, 125.53, 121.96, 100.52, 40.5%; 30:62,20.76. ‘
MS (ESD: m/z : 317.24 ((MH'].

Preparation of 2Zo:
N- Methy}-&((&p-tofyithxazol-il-‘ylammo)methyl)thlazol-Zwamlne dlhydmchlande

_wﬂ

Hoyo”

~ Compound 2o was prepared as described for 2w, starting from 5-p-tolylthiazol-2-amine and 2~
(methyl(tctaﬁyéro»25~pyraﬁ»2-y1)amino)thiazoie~5-éarba}de}xyde: (70 g, 78%). Mp. not
~.determined (it decomposes above 140 °C). '

H-NMR (400 MHz, CDCL): §(ppm): 797{t,J 56?;2,1H),77S(6J 8 Hz, 2H), 7.33 (m,
1H), 7.19 (d, J = 8Hz,2H),700(s,1H),696(s,1H) 446 (d,J =56 Hz, 2H), 2.75 (4, J= 5

 Hz, 3H), 2.31 (s, 3H).

BC-NMR (100 MHz, CDCL): S(ppm): 170.65, 168.37, 150.68, 138.36, 137.35, 133.08,
129.89, 126.45, 122.89, 101.45, 41 .44, 31.55, 21.68.

MS (ESI): m/z: 317.38 ((MH'].
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. Preparation of 2p:

_N—(Pyndm~2-y1)~5-((thrazo!~2~ylammo)methyl)thxazol-z-amme tnhydmchlonde

DIBAL-H " . . 10,
5{0\‘([&‘ DCM0C (QMF . cHey eﬁ'&—g
oH

ethyl 2- brommmazgie-so
carboxylate

[ E%m X gw E‘H“Q 0

toiue:ne reflux

i. NaBH ' 2?]%:“!:
hotEtOH ’
_NHCL ["Q/ ,ﬁ'\ N/Q
McOH
S po HCI H

DLBAL-H (IM in-hexanes, 16 88 ml, 16.88 mmol) was added to a solution of ethyl: 2—‘ |
bromoﬁnamie— -carboxylate (2 g, 8.44 mmol) in CH,CL (16 mL) at 0 °C. The mixture was .
stirred to RT for 6 hrs. After quenching with MeOH (6 mL), EtyO and a saturated solution of
Rochelle’s salt were added, the reaction mixture Waé stirred until the two phases were clearly

. sqpafated. The organic phase was dried, concentrated and pﬁriﬁgd By co}mﬁn chromatography

(30%-100% AcOEYPE gradient), yielding (2-bromothiaml-5~y1)mcthan01 (1.44 g, 88%) as an
pil. o ) :

'H-NMR (400 MFHz, CDCL3): §(ppm): 7. 25 (s, 1H), 4.93 (bs, 1 H), 4.69 (s, 2 H).

BC-NMR (100 MHZ, CDCL): 8(ppm): 144 25 139.58, 136.89, 57.19.

MS (ESI): m/z : 193 83 {MH’j

MnO; (3.8 g, 37.10 mmol) was added to a solution of (2-bromothiazol-5-yl)methanol (1.44 g,
7.42 mmol) in CHCls (20 mL). The resulting mixture was stirred at RT for 3 days. Then the
solution was filtered through celite and concentrated, yielding 2-bromothiazole-5-carbaldehyde
(870 mg, 61 %) as a white solid.

'H-NMR (400 MHz, CDCly): 8(ppm): 9.95.(3, 1H),8.16 (s, 1 H).

BCNMR (100 MHz, CDCL): $(ppm): 180.93, 155.47, 145.48, 142.91.
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‘MS. tESI): m/z : 192.31' (IMHD.

A soiution of 2-bromothiazole-5-carbaldehyde (150 mg, 0.78 munol) ané Z—amino-tbiazolé 78
mg, 0,78 mmotl} in taluene (7 mL) and BA molecules s&eves were stirred at reflux overnight. -
The strong yellow solution of the conespandms imine was then poured over NaBH, (147 mg,
39 mmol) in hot EtOH (50 mL). The colorless solution was filtered, concentrated and purified

by columm chromatography (30% AcOEYPE) yielding N-((2-bromothiazol-5-yl)methyljthiazol-

16
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2-amine (110 mg, 51%) as a solid. -

'HNMR (400 MHz, CD;0D/CDCL): 8(ppm): 733 (s, 1H) 6.95 (&, J = 3.7 Hz, 1H), 6.40 (&, J
=37Hz, 1H), 449 (s, 2H), 29 (bs, 1H). ‘
PCNMR (100 Mz, CD;OD/CDCE): 8(ppm): 169.00, 140.64, 139.95 138.38, 136.27,
107.53, 41.29.

R

MS (ESI): m/z : 276.30 (IMH'T).

2-Aminopyridine (0.150 g, 1.6 mmol) was added to a suspension of NaH (64 mg, 1.6 mmel) in

THF (4 mL). The resulting solution was stirred at 65 °C for 45 min. Then N-((2-bromothiazol-

- 5-yDmethyl)thiazol-2-amine (110 mg, 0.4 mmol) was added and the reaction mixture was

stirred at 65 °C ovexmght The reaction was quenched with water and the reaction mixture was
extractc,d wnh AcOEL. The organic phase was drled, concentrated “and pzmﬁed by column
chromatography (in. AcOEt). Precipitation from CHCI;; was conducted to eliminate excess 2-
aminopyridine N~ (Pyndm—Z-yl}-S—((thxazol-Z-ylammo)meﬂlyljthlazol—z‘amme was obtained as
a wealdy yellow solid (15 mg, 14%).

H-NMR (400 MHz, DMSO-dg): 8(ppm)' 11.12 (bs, 1H), 8.24 (d, J=4.4 Hz, 1H), 7.97 (s, 1H),
7.67(t,J=8 Hz, 1H),726(s 1H), 7.05 (d, J = 3.2 Hz, 1H), 7.02 (4, /= 8.4 Hz, 1H), 688 (t, J
=3.6 Hz, 1H), 664(d,J 4.4 Hz, 1H), 4.53 (d, J= 4.8 Hz, 2H).

BCNMR (100 MHz, DMSO-dg): S(ppm): 168.17, 159.06, 151.41, 146.15, 138.34, 137.51,
135.44, 126.24, 115.52, 110.34, 106.35, 39.96. ‘

MS (ESI): m/z : 290.52 ([MH].

N~(Pyridin-2 »yl)—S~({thi’azol—2—ylamino)methyl}thiazol-z-amine (15 mg, 0.05 mmol) was
dissolved in methanolic HC! 3N, mL) and Et,0 was added. The prempztat.,d solid was
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filtered b}} decanitation and dried vacuum, yielding N-(pyridin-2-y1)-5-((thiazol-2-
ylamino)methyl)thiazoi-2'-amiﬁe trihydrochloride (14 mg, 2%, 95.5 % pure by HPLC).

" Mp. decomposition >145 °C.

APrepéraﬁon of 2q: -

N-Benzyl-5-((5-fludropyridin-2-ylamine)methyl)pyridin-2-smine

N B 71 % \(j\
1 | 2

“F. ' ‘ - . 92%

ity 13% - F y
P

' ' w) MeOHML,E H A

IZ

Reagents: i) -2-chloro-1 -meihylpynd:mum iodide fDiPEA/THF—“f 24h RT i) BenzyiaminefMO °c.

iy BMS/THF/reflux, 24h iv) MeOHIHC!IRTI 1h

2;Ch]oro-i-methyip$rridixﬁum iodide (2.2 g, 9.8 mmol) and DIPEA (1 mi) were added to a
mixture of 5-flugropyridin-2-amine 1 (554 mg, 4.9 mmol) and 6jbr0monicotinic acid 2 (1 g,
4.9 mmol) in THF. The reaction mixture was stirred at rt for 2 days. At the conclusion of the
reaction, the reaction mixture was- concentrated to 1/3 of its volume and the precipitated
product was filtered off. The filirate was concentrated, diluted with chloroform (100 ml),
washed with water and brine and then dried over Na,SOs. Evaporation of the solvent gave a
crude yellow ﬁroduct, wbi;:h crystallized in EtOAc to give 6-bromo-N-(5-fluoropyridin-2-
yDnicotinamide 3 (1.05g, 71 %) as a white solid. Mp. 173-174°C.

'"H-NMR (400 MHz, CDCL): § = 1 1.2’7 (s, 1H), 8.94 (s, IH), 8.43 (s, 1H), 8.27 (d, J=8.0 Hz,

1H), 8.2 (d, I = 12 Hz, 1H), 7.83 (m, 2H). ;
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MS (ESD: m/z = (297, M+H).

The 6-brom0-N—(5+ﬁuoropyridi§1—2-yi)nicotinamidé 3 (500 mg, 1.68 mmol) was dissolved in
benzyl aminé (2 ml), and heated at 140 °C for 48h. Then the reaction mixture was concentrated.

The product was recrystaiﬁzzd from: ethyl acetate and pet-ether to give &(benzyiénﬁno};Nu(S—

fluoropyridin-2-yDnicotinamide 4 (500mg, 92%) as a white solid. -
Mp, 167-168°C. ‘

"H-NMR (400 MHz, CDCL): 8 = 10.5 (s, 1H), 8.69 (s, 1H), 8.36 (s, 1H), 8.17 (s, 1H}, 7.79 (s,

1H) 7.24 - 7.70(m, 7H), 6.57 (d, J = 8.0 Hz, 1H) 4.18 (5, 2H).

MBS (ESD: m/z = (323, M+H) '

BMS (400 plL) was added to a solution of 6—(benzy1anﬁno)—N—(5~ﬂubr0pyridin-2v.:- :
yl)nicoﬁnmﬁde 4 in THF (ZO’mL). The reaction mixture was refluxed for 16 hrs. Then the
reaéﬁon'mixture was cooled to RT. MeOH {2 mL), followed by conc. HCI were added. The
reaction mixture was refluxed for § hrs, concentrated and diluted with water (2 mL). The pH

-was adjusted to 14 and the reaction mixture was extracted with chloroform (50 mL X 2). All

organic phases were washed with brine and dried over Na,SOq. Evaporation of thé solvent

- gave a crude product which was purified on silica gel (1:1, EtOAc: Pet-ether) 1o give N-
. Benzyl-5-((S-fluoropyridin-2-ylaminoymethylpyridin-2-smine 5. This was meated. with

HCIMeOH to give the corresponding salt (50 mg 13 %) as a white solid. Mp. 166-168 °C.
'H-NMR (400 MHz, CDCly): 3 = 8.11 (d, J = 1.6, 1H) 7.99 (d, ] =2.8, 1H)-7.46 (dd, T = 2.4,

| J=8.4 Hz, 1H) 7.33-7.37 (m, 3H),7.28 (m,3H ), 7.20 (dt, = 3.2, J = 8.0 Hz, 1H) 6.35- 6.40 (m,

2H) 4.96 (brs, 1H) 4.61 (s, 1H), 4.53 (d, T = 6.0 Hz, 2H), 4.34 (d, J = 5.2 Hz 27H)
MS (ESI): m/z = (309, M+H)
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Preparation of 2s:

WQA@ Qﬁmiﬁvf@

"HC!

Reagents: :) 2-chioro- 1-methyipynd1mum iodide DIPEART/3days i) Benzylamme/‘l 10 °C/ ovem:ght
i) BMS/ THF! MeOHMCI iv) MeOH/HCI

To 2 sixspension of 5-(4-fluorophenyl)-1-(tetrahydro-2H-pyran-2-yl)-1H-pyrazole-3-carboxylic
acid 1 (400 mg, 1.37 mmm} and 2—chloro— -methylpyndmzum 1odzde {524 mg, 2.0 mmol) in
THF (20 ml), DI?EA {0 A6 ml) foiiowed by S-bromopyndm-Z-amme 2 (237 mg, 1.37 mmol)

~ were added.. The ¢ susp_ensmn was. stirred for 72 hrs, Then the reaction mixture was concentrated,

difuted in water (10 mi) and extracted with dichloromethane (50 ml x 2). All organic phases

were washed with water and brine, dried bver N2;SO;4 and concentrated. The residue was

. purified on a silica gel column (EtOAc: pet-ether 1:4) fo give N-(6-bromopyridin-2-yl)-5-(4~

fluorophenyl)- 1-(tetrahydm~2H~pyran—2~yi) 1H~pyrazole-3~carboxamzde 3 (180mg) as a whxte"'_'
solid. Mp. 151-152 °C.

TH-NMR (400 MHz, CDCly): § =9.53 (s, 1H), 8.31 (d, I =8.0 Hz, 1H), 7.83 (dd, T =5. 2 J=8.8

Hz,2H),764(t,5 8.0 Hz, 2H), 7.30 (m, 2H) 7.13 (t, J = 9.2 Hz, 2H), 6.04 (dd, ] = 2.4 Hz, J
~ 10 Hz, 1H), 426 (4, T = 11,0 Hz, 1H), 386{t,3-116Hz,1?1),252-260(111,1H) 2.112.16
(m, 2H), 1.27-1.57 (m, 2H).

N-(6-Bromopyridin-2-y1}-5-(4-fluorophenyl)-1-(tetrahydro-2H-pyran-2-yi}- 1 H-pyrazole-3-
carboxamide 3 (300 mg, 0.67 munol) was dissoived in benzylamine (3' ml). The reaction

~ mixture was heated for 24 hrs at 130 °C. Then the reaction mixture was punﬁed on a silica gel

column (1:5 EtOAc: Pet-ether) to give N«(é«{benzylam:no}pyndma*yl}— -(4-ﬂu0ropheﬁyi)~i—
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‘(teirahydro-ZH-pyran—2~yi)~lH~pyx*azo1e—3-carboxam1de 4 as a white sohd (187 mg, 59%) Mp

66

139-140°C.
H-NMR (400 MHz, CDCly): & = 7.79 (brs, 2H), 7.18-7.39 (m 8H), 7.09 (t, T = 7.6 Hz, 2H),
6.94 (s, 1H), 6.84 (d, J = 8.0 Hz, 1H), 6.43 (4, J= 8.0Hz, 1H), 5.98 (&, T = 96Hz,lH),464(s,

" 2H), 3.96 (@ 1= 108 Ha, 11, 3.54 (4, J = 10.4 Hz, 1H), 2.54 (m, 1E), 2.02- 2.10 (m, m*,

1.56- 1.67 (m, 3H).

Boran dlmeﬂlylsuﬁde (50 pl) was added to a solution of N—(6—(benzylanuno)pmdm-2—yl)—5-
(4-fluorophenyl)-1- (tetrahydro~2H—pyran~2~yI)~ H-pyrazole»3~carboxannde 4 (180 mg, 0.38
mmol) in THF (10 ml). The reaction mixture was refluxed over night and cooled. MeOH was
added, followed by cone. HCi and the reaction mixture was heated for 5 hrs. Then the reaction - »
mixfure was concentrated in vacuum, diluted with water (5 ml) and extracted with chloroform
(50 ml x 2). The combined organic Iayers were washed with water and brine, then dried over

© N2;804 and concentzated under reduced pressure The crude product was purified on silica gel

(50% EtOAc pet-cther) to give N>-benzylN -((5-(4—ﬂuorophenyl)—1H—pyrazol 3

© yhmethyl)pyridine-2,6-diamine 5 (20 mg) as an oily material, which was treated with

methanolic hydrochloric acid for 2 hrs. The solvent was evaporatgad_under reduced pressure o -

give a gurnany material (20 mg).

"H-NMR (400 MHz, CDCL): § = 775(dd,1m56HzI 841&,2}{),?28«73’7@11,81{}, .

7.11 (t, T =8.8 Hz, 2H), 6.4 (s, 1H), 3.93 (s, 25D, 3.87 (s, 2H).
MS (ESD): m/z = 374 (MHH) ‘ .
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Preparatmn of 2t: .
N—Benzyl-ﬁ-((su(a#«ﬂuorophenyl)uipryrazelé;»ylammo}methyl)pyndm—l—amme

: NH2 ’ .
~OT o LA, 2 -
.y Lo 50% e/ Ak

1

2T .

| 8‘4?/»}“0 |

O 2O *Q ae

—N
HN p—t

{W@ @

3Hel ©

Reagents: i) 2-chloro-1-methylpyridinium iodide /DIPEA/RT/3days §i) Benzylamine/110 °C/ ovemight
ity BMS/ THF/ MeOH/HC)

ZfChIoroél—'xriemy}pfyridinium iodide (950 mg, 3.7 mmoly and DIPEA (0.7 mi,) were-added to
a §ohitian of 6-bromopicolinic acid 2 (SCG mg, 2.47 mmel) in dry DCM/DMF {30/5 mlL). The
reaction mixture was stirred for 1 hr. fert-Butyl 3-amino-5-(4-fluorophenyl}-1H-pyrazole-1-
carboxylate 1 was added (650 mg, 2.47 mmol). The resulting yellow reaction mixture was
stitred for 3 days. Then the reaction mixture was concentrated under reduced pressure, the

residue was diluted in chloroform and washed with water and brine, and then dried over

"Na;804. The resuiting crude mixture was purified on silica gel (EtOAc: pet-ether, 1:3) to give

6-bromo-N-(5-(4-fluoropheny!)-1H-pyrazol-3-y1) picolinamide 3 (450 mg, 50 %)as a “white
solid. |

Mp. 245-247 °C.
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’H-Nm (400 MHz, CDCh): 5 =103 (s, 1H), 8.15(d, 7= 7.6 Hz {H), 8.02 (t, ] = 7.6 Hz, 1H),
7.95 (d, ] = 8.0 Hz, 1H), 7.82 (dd, J = 5.2 Hz, J= 8.0 Hz, 2H), 7.32 (t, J = 8.8 Hz 1H), 7.05 (s,
1H). | 4 |
MS (ESI} mz=361(MH). s

6-Bromo-N-(S-(4~ﬂuo§-ophenyl)~lH~pyrazol$—yl)picoiinamide'_ 3 (200 mg, 0.55 mmol) was

 dissolved in neat benzylamine (5 ml). The reaction mixture was heated for 24 hrs. Then the

solvent was evaporated and the residue was ;Suriﬁed on silica gel (EtOAc: pet-ether, 1:4) to

‘glve 6~(b5nzyla.rmno)~?\¥-(5-(4—ﬂuoropheny1} 1H-pyrazol-3-yl) pwoimamndc 4 (180 mg, 84 %)

Mp 185-187°C. S -

H-NMR (400 MHz, CDCLy): 8 10.1 (brs, 1H), 781(d.¥ 5.6,7=8.4 Hz, 2H),760(t,J 76 -
21{),?44{& =72 Hz2H), 7.28- 736(m,5H),723 (tJ=72Hz 1H), 702(brs, 1H), 6.79 (d, ‘
J=18.4 Hz 1H), 4.58 (s, 2H) '
MS(ESI):;n/zf—'388(M+H}.

" Boron dlmethyisulﬁde (50 mg, 0.66 mmol) was added to a solution of 6-(benzylammo)—N-(5—

(4-ﬂuoropheny§)~1H~pyrazol-3-y1)plcohnarmde 4 (150 mg, 037 mmol} The reaction mixture
was refluxed for 16 hrs. After cooling the reaction mixture to RT MeOH (ZmlL), followed by
conc. HCl were added."fhe reaction mivture was. refluxed for another 12 brs. The reaction -
mixture was concentrated and. dituted with water (4 mif) and the pH wa§ adjusted fo 12 using

" NaOH solution. The reaction mixture was extracted with chloroform (40 x 3 mL). All organic

layers were tﬁea washed with water and brine, then dried over N2,SOy, and the crude product
was purified on silica gel column (100% EtOAc) fo give an oily material (40 mg, 27%), which
was then treated with HCI/MeOH to give N-benzyl-6-((5-(4-fliorophenyl)-1H-pyrazol-3-
ylamino)methyl)pyridin-2-amine hydrochloride salt 6 (20 mg, 39 %),

 Mp. 133-134°C.

'H-NMR (400 MHz, CDCls): = 8.88 (br, 1H) 7.82 (brs, 2H), 7.40 (m, 5H), 6.99 (4, J = 5.2
Hz 1H), 6.87 (brs, 1H), 6.2 (brs, 1H), 5.76 (brs, 1H), 4.69 (brs, 2H), 4.52 (brs, 2H).
MS (ESD: m/z = 374 (M+H). ‘ |
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Preparation of Zu:
' Préparﬁﬁén ©oof 3—(2,3~dahydmﬁnophcn—z-yI)-N—((:s-{d-ﬁuorophenyl)-1H«pyrazal-»S—

yl)methv!)-lH—pyrazol—S—amme N

Reagents: i) FIOH, Ho80« Refiux 16h iy DHP/TFAITHF/Reflux 16h iii} LIOH/H,OMeOH -

NH ™
O—@f .
N/N
/
c

V o~ AT
__.__< f{ e 7 ] H \j
N/N XHC{ ‘ » <:> <N,N .

H

Reagents: i)'znch‘lam»a»memytpyridinium jodide OCMIDIPEA i) BMS/THF/refiux i) HCUMeOH

3-4 i)rops of cone, HoSO4 were added to a. solution of S~(4-ﬂuor0phenylj*lH-«pyrazole—-ii-
carboxylic acid 1 in EtOH. The reaction mixture was refluxed for 2 days. The reaction mixture
was concenn-atéd and diluted with chloroform (100 ml) and washed with saturated NaHCO;
solution, water and brine, and dried over Na,SO;. Evaporation of the solvent under vacuum
gave ethyl 5-(4-fluorophenyl)-1H-pyrazole-3-carboxylate 2 as a brown solid (1.05 g, 93%).

Mp. 148-150 °C. '
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NMR(4{}GMHZ,CDC13)8 777(dd3 SGHz,I 84Hz,2ﬂ),713(:.1 84Hz,‘

'-;ZH) 7.06 (s, 1H), 4.41 (q,J 7.2 Hz, 2H), 1402, 1= 72H2,3H)

BCNN{R(I{)(}MHZ, CDCIg) & 164.5, 162£ 160.6, 1279 127.8,116.3, 116.1, 105.8, 61.8,
146 : S

MS (BSD): m/z =235 (M+H).
DHP (20.4 mmol, 1.7 ml) was added to 2 soluiion of ethyl 5-(4-flucrophenyl)- 1H~pyrézo§e~3~

ca:boxylate 2 (800 mg, 34 mmol) in dry THF (50 ml), followed by a catalytic amount of TFA.

20 ;.tL) Then the reattion mixture was refluxed for 2 days. The reaction’ mixture was

‘concentrated, diluted with chloroform (100 ml), washed with water and brine, and dried over

Na;S0,. Purification of the crude product on silica gel (Pet-ether:BtOAc, Q:'i) gave ethyl 5-(4-

fluorophenyl)-1 (tctrahydro-ZH—pyran-Z-yi)—lH~pyrazole-3-carboxylate 3 (60(}mg, 55.5%) as a

white solid. Mp. 95-96 °C. ‘
NMR(400MH2 CDCL): 6=784(dd, J =5.6,J = 84Hz, 2H), 7.15 (s, 1H), 7.10 (1, J =

" 8.8 Hz, 2H), 6.33 (dd, J = 24, 1 = 9.6 Hz, 1H), 440 (g, J = 7.2 Hz 2H), 4.09-4.16 (m, 2H),

3.75-3.80 (m, 1H), 2.56-2.61 (m, 1H), 2.15 (m, 1H), 2.0 (4, J = 12.8 Hz, 1H), 1L.56-1.78 (m,
OH), 1.42 (£, T=72 Hz, 3H). :

LiOH (120 mg, 5 mniol) was added to a solution of ethylﬁ.—@-ﬂti@mphenyi}—i-(tetr,ahydro&ﬁﬁ

pyran—.?.—yl)-}H—pyrazole-}qarbcxylate 3 (1.1 g 3.4 mmeol) m THFH,O (1:1, 5 ml). The

reaction mixture was stirred over night. The clear solution was concentrated, and suspended in
chioroform (25 ml), “The solid was filtered off and dried under vacoum to give 5-(4-

ﬁuarophenﬂ)—ia(ﬁetrahydroQH-pyran»Lyl}-lH«pyrazole&»carbaxy*lic acid 4 (987 mg, 99 %)

as a white solid. Mp. 188-150°C. ‘

"H-NMR (400 MHz, CDCls): & = 7.88 (dd, ] = 5.6 Hz, ] = 8.8Hz, 2H), 7.20 (t, J = 8.8 Hz, 2H),

6.82 (d, 7 = 8.8 Hz, 1H), 6.71 (s, 1H), 3.90 (4, T = 11.2 Hz, 1H), 3.55 (m, 1H), 2.31 (m, 1H),

2.02 (d, T = 12Hz, 1H), 1.76 (d, ] = 12.8 Hz, IH),ISZ ~1.65 (m, 2H).

MS (ESD: m/z =291 M.
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2-Chloro-1-methylpyridinium jodide (650 mg, 2.5 mmol). was added to a solution of 5-(4~
fluorophenyl)-1-(tetrahydro-2H-pyran-2-yl)- 1 H-pyrazole-3-catboxylic_acid 4 (500 mg, 1.72

 maol) in THR/DMF (2072 ml), followed by DIPEA (0.5 mi). The reaction mixture was stirred

for 30 min, then tertwbutyl 3- a.rnmo-S (tb:cphen~2~yl)—1H—pyrazole-1~carboxylate 5 (456mg, »

1. 72 mmoi) was added. 'I}Je reaction mixtare was stitred for 2 days The reaction mixtire was

' concentrated, diluted with chloroform (100 ml) and washed with water and brine, dne_ci over
N2,80; and the solvent was evaporated. The crude product was dried well and dissolved in

THF (10 ml), subscquentiy BMS (0.3 mi} was added. The reaction mixture was heated for
overnight and cooled, then MeOH and cong. HCI were added. The reaction mixture was again.
heated for anot}zet 5 hrs. The reaction mixtire was cooled, concentrated and diluted with water
(5 mb), the pH was adjusted to 14 with NaOH pellets, and extracted with chloroform (50 mlx
2). All organic 1ayers were washed with water and bnne, dried over Na,SOy4 and the soivent

was evaporated. The crude product was purified on 2 sﬂ:ca gel column (4:1, EtOAc: pet—ether)

10 give N-((5~(4-ﬂuoropheny1)-iH~pyrazol- ~yl)methyl) S{duophcn-z-yl) 1H-pyrazol-3-amine

7 {66 mg, 11 % overall). Mp 128-130 °C ‘ .
H-NMR (400 MHz, CDCL): § =4.76 (s, 2H), 633 s, ZH), 7.02-7.06 (m, 3H), 7.28-7.50 (m,

2H), 7.73-7.74 (m, 2H).
MS. (ESD: m/z = 340 (M+H}
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Preparation of 2w

N- Methyl-:a-((thxazoi—z*ylammo)methyl)thmzole~2-amme dxhydrochlonde

. N
5'97/(4}\ DR, TFA__ Or(}\ Nab, THE D)/[B\ -
0/ g NHy CH ON e Mg, It’i\lx

L!K

i

V. A 3‘\1« [&\ Ha
LiAlH, I/Q\’{/ MaO, (él/(s \< mluene molecsieves | %f\{\ ﬁ

B - reflux
THF.0C oo P oo . TP BN,

hot z:!OH

) HCL
" SUTRACHCY EN>_‘ M gl /\Q

HCl H

- TFA (22 uL, 03 ‘mx.nol) and DHP (3.9 mL, 43.5 mmol) were adcied to.a suspension of ethyl 2~

aminothiazole-5-carboxylate (5 g, 29 mmol) in CH;CN (40 mL) at RT. The resulting mixture
was stirred at reflux overmight. The reaction mixture was concentrated and dissolved in
ACOEUPE and kept at 4C overnight. The resultant white solid was filirated and washed with
PE, yielding ethy] 2-(tetrahydro-2H-pyran-2-ylamino)thiazole-5-carboxylate (4.73 g, 64 %).
"H-NMR (400 MHz, CDCl): 8(ppm): 7.85 (s, 1HD, 6.69 (bs, 1H), 4.75 (4 J = 3.5 Hz,1H), 4.29
(q; J = 4.5 Hz, 2H), 3.97 (m, 1H), 3.60 (e, 150, 1.96 (m, 2 H), 1.58 (m, 4H), 1.34 (t, J= 4.5
Hz,3H). ‘

BCNMR (100 Milz, CDCl): S(ppm): 173.26, 161.98, 145.98, 117.41, 83.63, 65.19, 60.82,
30.39, 24.88, 21.62, 14.33. -

MS (ESD): m/z (%): 257.31 ((MH'], 100%)

Ethyl 24(tetrailydr§—2f{-pyran-2-ylamino}thiazole—S—carbOxylatc (4.73 g, 18.5 mmol} was added

to a suspension of NaH (740 mg; 18.5 mmol) in THF (20 mL) at 0°C, followed by methyl |
jodide (1.15 mL, 18.5 mmol), The resulting mzxmre was heated at reflux during 3 hrs. Afier
guenching with water and extracting with AcOEt; the crude product was p!.mﬁPd by coh.mn
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chroma’edgraphy (30 % AcOEUPE), yieidmg ethyl Z{meﬁiyl(Ietrahydro-ZH-pyran 2~

' yl)ammo}t}nazo}e~5-carboxy§ate (2.02 g, 40 %} as an oil.

H-NMR (400 MHz, CDChy): 8(ppm} 7.89 (s, 1H), 529 (t /=38 Hz, 1H), 429 (g, J = 4 5

“ Hz, 2H), 4.07 (4, J = 7.3Hz,, IH} 365(Id,.f 7 Hz, 2 Hz, 1H), 3(}9(8,3}'1) 1.96 (m, 1 H).

1.75-1.55 (m, SH), 1.34 (t, J = 4.5Hz, 3H).
BONMR (100 MHz, CDCly): $(ppm): 174.19, 162.02, 147.40, 116.83, 87. 06, 68.37, 60. 61,
32.47, 28.69, 24.97, 23.03, 14.30.

© MS (ESI): m/z (%): 271.38 (IMH'], 100%).

LiAlH, (425 mg, 11.20 mmol) was added to a solution of ethyl 2-(methyl(tetrahydro-2 H-pyran-
2-yI}amixzo)thiazo{e-»S-car‘boxyiate (2.02 g, 7.47 mmol) in THF (20 mL) at 0°C in small

 portions. After stirring at 0'C for 30 min, the reaction was quenched slowly by Hzol (1 k), 5%

NaOH (3 mL) and again HyO (5 mL). Then AcOEt was added. The reaction mixture was dried
with NaySOy and filtered through celite. The ﬁltrate was concentrated and purified by column
chromatography (30 %-50 % AcOEY/PE gradient), yxeidmg (2~(methyi—(teﬁ‘ahydro«2}f pyran-2- -
}’l)anuno)ﬁuazol— -yDrnethanol (1. 5¢,93 %)as an oil. ‘
NMR(400 MHz, CDCly): $(ppm): 7.00 (s, 1H), 5.16 (m, IH) 4.65 (s, 2H), 4.06 d, J= 7
Hez, TH), 3.63 (td, J= 7.3 Hz, 2 Hz, 1H), 3.46 (s, 1 H), 3.04 (s, 3H), 1.95-1.52 (m, 6H).
BOONMER (106 MHz, CDCL): §(ppm): 171.68, 137.27, 126.45, 87.64, 68.308, 57.61, 32.34,
28.91,25.11,23.30.
MS (ESI): m/z (%): 229.29 (IMH ], 100%).

MnO; (3 g, 34.82 mmoi). was added to a solution of (2-{methyl{tetrahydro-2H-pyran-2-
ylamino)thiazol-5-ylymethanol (1.59 g, 6.96 mmol) in CHCl; (50 mL). The resulting mixture
was stirred at RT for 2 days. Then the solution was filtered through celite and concentrated,
vielding 2-{methyl;{ietrahydro~2H~pyran-2»yl)anﬁno)ﬂﬁazolc-s-carba}dehydc (1.5¢,96%)asa
yellow oil. '

"H-NMR (400 MHz, CDCls): 8(ppm): 9.70 (s, 1 H), 7.88 (s, 1H), 5.35 (t, J = 3.8 Hz, 1H), 4.08
(d,J=7Hz, 1H), 3.65 (td, J= 7.3 Hz, 2 Hz, 1H), 3.12 (s, 3H), 1.97-1.55 (m, 6H).

BC-NMR (100 MHz, CDCls): 8(ppm): 180.21, 175.18, 152.36, 128.35, 86.66, 67.92, 32.38,
28.11, 24.44, 22.44. - ‘

MS (ESI): m/z (%): 227.31 ((MH'], 100%).
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A solution éf 2-(metbyl(;etrahydm~2H;pyxan~2—yl)aHﬁnG)ﬂﬂazole~S_»carbaidchyde (250 mg,
1.10 mmol) and 2-aminothiazole (110 mg, 1.10 mmol) in toluene (11 mL) and molecular sieves
3A were stirred at reflux overnight. The strongly yellow solution of the corresponding imine
was then poured over NaBHs (212 mg, 5.61 MOE} in hot EfOH (80 mL). The c'eioriess'
solution was ﬁltered, concentrated and purified i)y colurnn chromatography yielding N-methyl-

. N-{tetrahydro-2H-pyran-2-yl)-5-({(thiazol-2-ylamino)methylthiazol -2-ammine (50 mg, 17 %) as a-
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solid.

"HNMR (400 MHz, €D:OD/CDCLY: §(ppm): 7.1 (d, J = 2.5 Hz , 2H), 6.50 (4, J = 2.3 Hz,
1H), 5.73 (bs, 1 H), 5.14 (dd, J = 5.8Hz, 1.8 Hz, 1H),4.50 (s, 2 H), 4.03 (d, /= 7.3 Hz , 1H),
3.61 (id, J="7.0 Hz, 2 Hz, 1H), 3.02 (s, 3H), 1.97-1.52 (m, 6H).

PC-NMR. (100 MHz, CD;OD/CDCL): 8(ppm): 17131, 169.33, 138.83, 138.08, 122.57,
106.98, 87.54, 68.32, 42.34, 32.31, 28.89, 25.11, 23.28.

MS (ESD: m/z.(%): 311.35 ([MH‘] 100%). -

. A solution of N~methyl-Né(te&abydro-ZH@yranQ-yI)—Sf((ﬂﬁa‘qu—Z-ylamino)ﬁethyi} thiazol-2-

amine (50 mg, .16 mmol) in 10% TFA in CHCl; (5 mL) was stirred at RT overnight. After
evaporating the solvent, the residue was dissolved in MeOH, neutralized with Na;CO3 and
extracted. with CHCls. The organic phase was dried, éoncenﬁated and purified by column
chromatography yielding N.«methyl—5-((thiazol-2—y1amino)methyl)thiazol-2—anﬁ:zé (28 mg,
77 %) as a solid. o - :

TH-NMR (400 MHz, CD;0D/CDCls): 8(ppm): 7.02 (d, J=2.3 Hz , 1Hj, 6.92 (s, 1H), 6.44 (d,
J=23Hr 1H), 438 (s, 2 H), 3.37 (bs, 2 H), 2.84 (s, 3H).

BCNMR (100 MHz, CD:OD/CDCL): §(ppm): 171.95, 169.74, 138.18, 137.23, 121.48,
106.87, 42.08, 31.6.

MS (ESD): m/z (%): 227.29 (ME'], 100%).

N-Methyl-5-({thiazol-2-ylamino)methyl thiazol-2-amine (28 mg, 0.12 mmol) was dissolved in
methanolic HCl (3 N, | ml) and Et,yO was added. The precipitated solid was filtered by
decantation and dried in vacuo, yielding N-methyl-5-((thiazol-2-ylamino)methyl)thiazol-2-
amine dihydrochloride as a white solid (29 mg, 79 %). Mp. 128-130 °C.
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Px‘e:»p'araﬁ_o:-l of 2y:
Nz—((ﬁ»(bénzylamino)pyrjdm—s-yi)methyl}pyridine—z,ﬁ-diami-ne e

. o ’ : / ,
. : : . o :
< HO / i !
+ [ — N AP
A . Br N 3
87 N TNH : N e B4% H I
: : %
1 : 2 3 N 8r
- 62.3% l i

,,QQ 2N oL

Reagents: l) Mukayama reagert/Tl HFIDIPEA!R? Zdays it) Benzyiam{neIMG 5C 16h i) BMS/THE/24h
v} HCIMeO H!RT Ish .

" 2-Chloro-1-methylpyridinium iodide (2.18 g, 9.8 mmol) and DIPEA (2.1 ml 11.5 mmol) were

added to a mixture of 6-brome pyridin-2-amine 1 (1 g, 5.7 mmol) and 6-bromonicetinic acid 2
(.16 g, 5.7 mmol) in THF. The reaction mixture was stired at RT for 2 days. At the

- conclusion of the reaction, the reaction mixture was concentrated, dituted with chloroform (150

mly aﬂu washed with water and brine, aﬁd‘ then dried over Né;SCL;. Evaporation of the solvent
gave a crude yellow product, which crystallized in EtOAc to give 6—bromo‘N-(6-bromopyndm~
2—yi}mcotma1mde 3. 1 g, 54 %) as a white solid.
Mp 173173 °C

H-NMR (400 MHz, DMSO-dg): & = 8.94 (d, J = 2.0 Hz, 1H), 8.26 (4d, J = 2.4, ] = 8.0 Hz,
2H), 7.80- 7.84 (m, 2H), 7.45 (d; J = 7.6 Hz, 1H).
MS (EBL): m/z = (357 M+H)

6-Bromo-N-(§-bromopyridin-2-ylnicotinamide . (650 mg, 1.8 mmol) 3 was dissolved in
benzyia:hine {2 mi) and was heated at 140 °C for 24 hrs. Then the reacion mixture was

concentrated, and the product was recrystallized from ethyl acetate and pet-ether to give 6-
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“(bcnzylammo)—N-(6~(benzyla1nmo)pyndme-2~yl)mcotmam1dc 4 (450 mg, 62 %} as a white
solid. Mp. 132-133 °C. s

'"H-NMR (400 MHz, DMSO-de): 5 = 8.72 (bs, 1H), 8.54 (s, 1H), 7.86 (s, 1H), 7.61 (d, J = 8.4
Hz, TH), 7.61 (s, 1H) 7.23-7.32 (m, 11H), 6.53 (4, ] = 8.8 Hz 1H), 4.53 (s, 2H), 4.44 (s, 2H).

MS (ESD): mz =410 (M—f—I—I}

BMS (2.2 mmol, 165 yL) (400 pL) was added to a solution of &bmmo-N—(é—-bromopyﬁdiﬂ-L

| yhyricotinamide 4 (300 mg, 0.73 mmol) in THF (20 mi). The reaction mixture was refluxed for

16 hrs. Then the reaction mixture was cooled to RT, MeOH (2 ml) was added, followed by
conc. HCL and the reaction mixture was refluxed for 8 hrs. The reaction zmxture was
concentrated and diluted with water (2 mI), the pH adjusted to 14 and the reaction mixture was
extracted with chioroform (50 ml x 2). The combined organic phases were washed with brine,
d:ied over Na;SOq. Evaporation of the so]veﬁt gave a crude product that was purified on silica

gel (1:1, EtOAc: pet-ether) to gwe a white sohd which was treated with MeOH/HCl 1o give NA

' ((6~(benzyiammo}pyndm~3«yi}meﬂxyl)pyndmeQ G-mamme 5, hydrochlonde salt (50 mg, 49

%) as a white solid.Mp. 261-262 °C.

"H-NMR. (400 MHz, CDCL): & = 9.62 (brs, 1H), 8.1 (s, 1), 7.86 (brs, 1FD, 7.54 (m, 2H),
7.28-7.37(m, TH), 6.89 (brs, 1H), 4.61 (brs, 2H), 4.13 (brs, 2H), 4.06 (brs, 2H).

MS (ESI): m/z = 304(M+H). '

Pmpafaﬁoz’x of 2z:
N~{Pync’:‘1n~2—yi}-5~((4—p~to}ylthzazol-2~ylammo}methyi}thxazoid-amme trihydrochioride

HCl HCE = ;
>-NH N X
b N

HCI

. Compound 2z was prepared as described for 2p stafﬁng from i*bromc“)t}ziazdiga-S«caibaldehyde
and 4-p-tolylthiazo}-2-amine: (29 mg, 38%). Mp. 169-170°C.
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LRMR (400 MHz, mviso{ze) S(ppm): 11. 13 (s 1H), 8.19 (d, J=483Hz, 1 H),8.09(t,J=
64 Hz, H)7.79 (d, J= 8Hz 2H), 767(t,J 81—12 1H), 7.32 (s, 1H),’720(d J= SHZ,ZH),
7.08 (s, 1H), 7.02 (s, LH), 6.88 (t, /= 6.4 Hz, 1H), 460((?,} 48Hz,2H),233(s,3H)

MS (ESI): m/z (%): 380.34 (IMH; 100%). |

Prepar:mon of Zaa
4-(4»Chiorophenyl}*M((Z-(methylammo)tbzazol—5—y!)methyl) thiazol-2-amine

dlhydrochlarzde
Q{ r—O\ -

Compound 2aa was prepared as described for Zw stamng from 2u(mcﬁiy1 ~{tetrahydro-2H-
pyran- -,J!)ammo}ﬂmzole—)»carba,dahﬁe and 4—(4—chloro phenyl)thzazol-’?wamme (30 mg,

77%) Mp. 122-123°

H-NMR (400 MHz; €DCl): $(ppm): 7.65 (d, J = 8 Hz, 1H} 7.27 (d, J= 8 Hz, 2H) 6.93 (s, 1
H), 6.63 (s, 1H), 4.43 (s, 2H), 2.8 (s, 3H).
PC-NMR (100 MHz, CDCh): 8(ppm): 172.03, 168.77, 149.84, 136.63; 133.19, 133.11,
128.52, 127.13, 121.69, 101.67, 41.84, 31.65.
MS (ESI: m/z (%): 337.38-([MH'], 100%).
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?reparahon of Zab
N’5~Propyl-N w((ﬁ-(propy!ammo)pyndm-3~yl)methyI)pyndme—Za»dlammc ‘

_BV\E’;‘L.‘ HO,i\’)\ \(\/l\)k(j\

Nitp N B -
4 5 d 81% 3 N
)] 91%
©H
AN f\ )
N g8 <D 6%

L
N N/"\/ IV
g H

Reagents: i) é~¢hioro-1—meﬁ1y§pyridqh:m iodide/D! PEAIRTM days
i} n-propylamine THF/DMSO/B0-70°C/ 24 iif) BMS/THF/HC! 24hours
v} MeOH/HCI rif3h

DIPEA (5.5 ml, 29 mmol) and 2-chloro-1-methylpyridinium iodide (8 g, 26 mmol) were added
to a solution of 5-bromopyridin-2-amine 1 (2.56 g, 14.8 mmol) and 6-bromonicotinic acid (3 g,

14.8 mmol) 2 in THF (150 ml). The reaction mixture was stirred at RT for 4 dé,ys. Then the

precipitate was filtered off. The filtrate was concentrated and dissolved in chloroform (250 ml),

... washed. with water. and brine and dried over Na;SOy. The solvent was evaporated 1o give a

crude product, which was recrystallized from ethyl acetate to give 6~bromo—N—(5~
bromo;;yridin-}yf)mcommmde 3 (4.3 g, 81 %) as a white solid. Mp. 204 -205 °C.

"H-NMR (460 MHz, CDCL): & = 11.33 (s, 1H), 8.93 (s, 1H), 8.54 (5, 1H), 8.25 (d J=8.8 Hz
1H), 8.17(d, J--XSHZIH) 8.11(4, T = 6.4Hz, 1H), 7.82 (d, J= 8.4Hz 1H).

MS (ESD): m/z =357 (M)

A solution of 6-bromo-N-(5-bromopyridin-2-yDnicotinamide 3 (1.1 g, 3.0 mmol) in n-
propylamine (neat, 5 ml) was heated at 80 °C for 2 days. Then the solvent was evaporated to

_give 6—(prcpylamme)—Nv(S-(propyiamme)pyndm~2~yl)mcotmanude 4 as a white solid (880 mg

91 %). Mp. 134-135 °C.
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TH-NMR (400 MHz, DMSO-dg): § = 10.6 (s, 1H), 8.69 (d, J=2.4Hz, 1H), 847 (d, ] =2.4Hz,

1, ‘_8.16 (d, J= 8.8 Hz, 1H), 8.03 (dd, J1 = 2.4, 2= 8.8 Hz, 1H), 7.97 (d, J = 8.8Hz, 1H),
7.67 (brs, 2H), 7.30 (¢, J= 5.2Hz, 1H), 6.5 (¢, ] = 8.8 Hz, 1H), 3.27 (¢, J= 6.8 Hz, 2H), 2.74 (¢,
" §=72Hz, 2H), 1.54 (m, 4H), 0.91 (t, J = 5.6 Hz, 6H).

MS (ESI): m/z = 335 (M+Na)

- BMS (215 p,L) was added to a solution of 4 (180 mg, 0.575 ﬁuﬁol) in THF (10 mi). The

reaction mixture was stirred at reflux temperamre over night. The reaction mixture was cooled

to.RT. Then methanol-(2 1) was added.slowly. foﬂgweci by cone. HCI 3. mL}& The. r@acnan v

. mixture was refluxed for another 5 hrs. Then the reaction mixture was cooled, concenh’ated

under reduced pressure, and diluted with cold water and the pH was adjusted fo 14 with KOH
pellets and extracted with chloroform (50 ml X 3)'I’he organic phase was washed with brine

solution and dxicd over Na;804. The solvent was evaporated to give a-crude product, which

was purified on a sﬂxca gel column (EtOAc PE, 80: 20) to give the product (10 mg, 6.3 %).
Mp. 129-130 °C.
'H'NMR (400 MHz, DMSO de): & = 8.14 (d, I =1.6Hz, 1H), 8.0 (s, 1H), 6.42 (d, J = 8.8Hz,

1H), 6.32 (¢, J 8.8 Hz, 1H), 5. 0 (br s, 1H), 4.9 (br s, 1H), 433 (d, § =5.2 Hz, 2H), 3.25 (¢, J

=6.4 Hz, 4H), 1.66 (g, J = 7.2 Hz, 4H), 1.01 (¢, J = 7.2 Hz 6H).

MS (ESD: mfz = 321 (M+ Na).-
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Preparation of 2ac:

- Preparafion of N-benzyl-ti—((s-(thmphen~2~yl)—1H-pyrazoi~3-yiamxno)methyl)pyndm-z-

amme (5}

- AN
NEiz | D
N_/ HOY@ e I\ / “(ENlBr
) _ ‘
" Boc 4

7 : 3

5 xHC

Reagents: i) 2-chloro-1-methyipyridinium iodide /DIPEA/RT/3days i} Benzylamine/ 120 °C/ 16h
iily BMS/ THF/ MeOHiHCi iv) HC/MeDH

2-Chloro-1-methylpyridinium iodide (580 wl, 2.2 mmol) and DIPEA (0.4 mL) were added to 2
solution of 6-bromopicolinic acid 2 (304 mg, 1.5 mmol) in a mixture of dry DCM/DMF (20/2
mL). The reaction mixture was stirred for 1 hr before ferr-butyl 3-amin6—5~(f}ﬁophenw2wyl)*lﬂ»
pyrazole-1-carboxylate 1 (400 mg, 1.5 mmol) was added. The resulting yellow reaction mixture
was stirred for 3 days. Then the reaction mixture was concentrated under reduced pressure. The
residue was diluted in chloroform. and washed with water and brine, and dried over Na;SOs.
After evaporation of the solvent, the crude product was purified on a silica gel column (EtOAc:
pet-ether,. 1:1) to give 6~bromo—N~(5~(ﬁ1iophen-2~yl}~1H~pyrazol—3~yl}pico}inamide 3, (307 mg,
58 %). _ '

MS (EST): m/z = 349 (M+H) 350.8 (M-+2H)

The 6-bromo-N-(5-(4-fluorophenyl)-1H-pyrazol-3-y1} picolinamide 3 (307 mg, 0.88 mmol)
was dissolved in neat benzylamine (3 mlL) without further characterization. The reaction
mixture was heated at 130 °C for 24 hrs. Then the solvent was evaporated and the residue was

punﬁed on s;hca gei (BtOAc: pet-ether, 1:4) to gwe O-Cbenzyj.ammo}N‘(S—(tma;:he:nﬁ-yi)—1Hu

pyrazol-3-yl)picolinamide 4 as a sticky solid (200 mg, 58 %).
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‘HNMR(%@MHZ CDCLY: & = 10.1 (s, 1}1),759 (m, 2H) 7.33 (m, SH), 7.09 (s, 1H), 6.64

_ (d,J=8.0 Hz, 1), 5.11 (brs, 1H), 4.60 (5, 2H)."

MS (ESI): m/z = 376 (M+H).

Borane dix'ricthyisulﬁdé (8\5 pL, 1.06 mmol) was added to a solution of 6-(benzylamino)-N-(5- "
(4-flucropbenyl)- 1H-pyrazol-3-yl)picolinamide 4 (200 mg, 0.53 mmol). The reaction mixture
was refluxed for 16 hrs. The reactidn mixturé was cooled to RT and MeOH (2 fnL) followed by
cone. HCI (2 mL) were added and the reaction mixture was refluxed for another 4 hrs. The

" reaction mixture was concentrated and diluted with water (4 ml) and the pH was adjusted to 14

using NaOH solution and subsequently the reaction mixture was extracted with chloroform (40
ml x 3). All organic layers were then washed with water and bz.;ine, dried over Na,SO;. Afier
evaporating the solvent, the crude product was recrystallized from EtQAc and pet-ether to give
N-benzyl-6-((5-(4-fluorophenyl)-1 H-pyrazol- 3-ylamino)methyDpyridin-2-amine, (80 meg, 41
%). Mp.117-118 °C. o

20 mg of the composition were then treated with HCI/MeOH 1o give 5, N-benzyl-6-((5-(4~
fluorophenyl)-1H-pyrazol-3-ylamino)methyDpyridin-2-amine hydmchloriéé salt; Mp 120-122
'H—NMR-(40(} MHz, CDCly): & = 7.23-7.42 (m, 8I1) 7.06 (d, J = 1.6 Hz, 1H), 6.63 (d,J=6.8

Hz, 1H), 630 (4, J = 8.0 Hz, 1H), 5.79 (s, 1K), 5.1 (brs, IH), 4.74 (brs, 1H), 4.52 (brs, 2H),

4.30 (s, 2H).
MS (BST): m/z = 362 (Mi+H)
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Preparatwn of Zad:

N-Prepyl-5- ((5-((4-p-toky¥thxaza[-Z-ylammo}methy!}thiazoi-2~yiammo)methyl}thxamiwz-

amine trikkydrochloride

. . ' Boc, : 11 KO w )
M}.\Nﬁz e WNHBO:: NrSos

Eic DMAP EbN EtOHIH 0 HO
ethyl 2~amino:hiazc!e~5—carhaxylatc

ﬁii.

Oy y P wzf;a ‘V&y&%

SO |
~ ’Cm Oﬂvﬁﬂﬂ\q e

aii\l@ o

m\f_w 3\(\ f“ viEMS Tﬂ!\(-\j/n\/(} /\(:z

vili. HCYMeDH \@\(m ‘
N, H H!
A < i / 1 7~

o | RN
5 ©H

DMAP (35 mg, 0.29 mmol), Et;N (16 ml, 116 mmol) and di-tert-butyl dicarbonate (13 ml, 58
mmol) were added to a solution of ethyl 2-aminothiazole-5-carboxylate (10 g, 58.1. mmol) in
THF (100 ml}. The resulting solution was stirred at RT until completion of the reaction. The

10 solvents were evaporated and the crode product was purified by precipitation with PE, yielding
ethyl 2-(tert-butoxycarbonylamino)thiazole-5-carboxylate (14.2 g, 90%) as a white solid.
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H-NMR (400 MHz CDCL): 8(ppm): 8.03 {s 1H), 4.32 (q, J= 7.2 Hz, 2H), 1.597 (s 9H),
1.35 (t, J= 6.8 Hz, 3H).
MS (ESY): m/z (%): 273.37 [MH.

A'soiuﬁon of etiéyi 2~(tez’t«butoXycarbﬁnyiamEnb)thiazoi'e‘asrca'rboxy}afe Geg 18.36 mmel) and:
KOH 4(.10.3 g, 184 mmol) in BOF/H,0 (1:1) (60 mL) was stirred at RT for 12 hrs. The
solution was acidified with IN HCl aﬁd the precipitate was filtered and dried, yielding 2—(tért~
butoxycaxbdgyla:qino)thia?,o}c-S-cafboxylic acid (3.84 g, 86%) as a white solid.

... "HNMR (400 MHz, DMSO-dg): 8(ppm): 12.0 (bs, 1H), 7.94 (s, 15, 1.5 (s, 9H0).

MS (EST): m/z (%): 245.35 [MH].

2-Chloro-1-methylpyridinium jodide (0.47 g, 1.84 mmol), DIEA (0.44 mL, 2.5 mmol) and 4-p-

tolylthtazol-2-amine (024 g, 1.23 mmol) were added to a solution of 2-(terr-
butoxycarbonylamino)thiazole-5-carboxylic acid (0.30 g, 1.23 mmol) in DMF (5 mL). The
resulting solution was stirred at RT until completion of the reaction. Then the reaction mixture
was diluted with AcOB, washed with water, dried with Na:SO and concentrated. The crudé. -

- product was purified by coh#mn (100% AcOEY), yielding rers-butyl 5;(4-p¥toiylﬂﬁgzoln2—

ylcarbamoyl)thiazol-2-ylcarbamate (80 mg, 17%) as a solid.
'HNMR (400 MHz, CDCly): §(ppra): 10:8 (s, 28, 7.76.(5, 1H), 7.61 (d, J= 8 Hz, 2H), 7:15 -

@, J=8Hz 2H), 7.09 (s, 1 H), 2.35 (s, 3H), 1.42 (s, OH).
 MS (BSD): m/z (%): 417.32 [MH'L.

TFA (0100 ml) was added to a solution of - fert-butyl 5~(4-p-tolyithiazol-2~
yicarbamoyljthiazol-2-ylcarbamate (8¢ mg, .19 mmol) in CHClL; (I mL). The resulting

solution was stirred at RT overnight. Then the solvents were evaporated and the crude product

- was dissolved in H;O. After neutralization with NaHCO; saturated aqueous solution, it was

extracted with AcQOEt, dried and concentrated. Purification by column chromatography (100 %

 AcOEY) yielded 2-amino-N-(4-p-tolylthiazol-2-ylithiazole-5-carboxamide (40 mg, 67%) as a

whxte sohid.
H-NMR (400 MHz, CDCl/CD;0D): B{ppm} 7 67 {s, 1}1), 747 (4, J=8 Hz, 2H) 6.97 (d I =
z, 2 H), 6.87 5, 1 H), 2.13 {5, 3H). ’
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BCNMR (1‘.00_ MHz, CDCl/CD;OD): $(ppm): 173.92, 159.45, 158.36, 149.58, 143.45,
137.53, 13135, 129.00, 125.59; 119.89, 106.58, 20.60.
MS (ESD: m/z (%): 317.33 [ME']. ’

2~Chioro—iéniéﬂ1y1§yﬁdinim iodide (0.048 g, 0.18 mmol), DIEA (0.045 mL, {);23 mmbi) and
2-amino-N-(4-p-tolylthiazol-2-yl)thiazole-5-carboxamide (0.04 g, 0.126 mmol) were added to &
solution of 2-bromothiazole»5~éarboxyl~ic acid (26 mg, 0.126 mmol) in DMF (1 mL). The
res‘ulting‘ solution was stirred at RT until completion of the reaction. Then a solid was
precipitatcd with AcOEt and the solid was separated by centrifugation, yielding 2—bromo~N (5~
(4-p-tolylt‘tuazol-Z«ylcarbamoyi)t}uazoi-z-yl)ttuazoie-S—mrboxanude (20 mg, 30 %) as a solid
that was used in the following step without further purification.

TH-NMR (400 Mz, DMSO-de): 8(ppm): 8.65 (s, 1H), 7.95 (s, 1H), 7.82 (d, J = 8 Hz, 2H),
7.61 (s, 1 H), 7.25 (4, J=8 Hi, 2H), 2.33 (s, 3H). .

A solution  of 2—bromo~N~(_5~(4—p¢olylthiazol-2—ylcarbamoyl)ﬁ:iaszZ~§1)thiazolc—5-

- .carboxamide (15 mg, .03 mmol) in neat propylamine (0.5 mL) was stirred_ at reflux for 24 hrs.

The solvent was evaporated and the crude product was purified by column chromafog:raphy 0
% - 5 % MeOH/AcOEf) yielding 2-(propylamino)-N-(5-(4-p-tolylthiazol-2-ylcarbamoyl)-
ﬂuazoi~2-yl)ﬂuazole—5—carbcxamrde (15mg, 17 %)

H-NMR (400 MHz, CDCls/CD;OD): 3(ppm): 8.12 (s, 1 F; 7.86 (s, 1H), 7.56 (d J=8Hz, 2

H), 708, J= 8Hz,2H),698(s,1H),363(bs, IH) 3. i3 (t,J 64Hz 2H), 2.23 (s, 3 H),

1.55 (q, J = 6.4 Hz, 2H), 0.86 (t, /= 6.4 Hz, 3H).”
MS (ESI: m/z (%): 485.33 [MH'].

BMS (0.015 mL, 0.15 mmol) was added to a. solution of 2-(propylamino)-N-(5-(4-p-
fslylthiazol~2~ylcarbamoyi)thiazol~2»y1)thiazole«5~carboxamide (15 mg, 0.03 mmal) in THF (1
mL) at RT. The resulting solution was stirred at RT overnight. The reaction was then quenched

© with MeOH (0.5 mL). IN HCI was added until pH = 2. After stirring the reaction mixture at

"RT for 12 hrs, the organic solvents were evaporated and the aqueous solution was neutralized

with a NaHCQ} ‘s‘aturated aqueous solution, exﬁ'ac;ted with AcOFEt, dried with Na,SQ. and
concentrated. The crude product was purified by column chromatography (0 % - 5 %

o
e
tral
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A MeOH/AcOEt) yielding  N-propyl-5-((5-((4-p-tolylthiazol-2-ylamino)methyljthiazol-2-

y!amno)methyl)ﬂuazol—z-amma (5 mg, 32 %).
H-NMR (400 MHz, CDCly/CD;0D): 8(ppm): 7.68 (d, J = 8 Hz, 2H), 7.17 (d, J 8 Hz, 2H),
7.05 (s, 1H), 6.96 (s, 1H), 6.66 (s, 1H), 4.52 (s, 2H), 4.42 (s, 2H), 3.41 (bs, 1H), 3.15 (. J=6.4

'Hz, 2H), 2.34 (5, 3 H), 1.62 (m, 2H), 0.96 (t, J = 6.4 Hz,3H).

MS (ESD: m/z (%): 457.29 [MH'].

N-Propyl-5-((5-((4-p-tolyithiazol-2-ylamino)methyl)thiazol-2-ylamino)methyl)-thiazol-2-amine.

(5 mg, 0.01 mmol) was dissolved in methanolic HCI (3 N, 0.5 mL) and EtzO was added. The
precipitated solid was ﬁltered by deéantation and dried in vacuo, yielding N-propyl-5-((5~((4-p-
tolylthxazol-2—ylam1na)methyl)ﬂuazol~7~y1ammo)mcthyi)thxazol—2—ammc inhydrochlonde as a
white solid (1.6 mg, 32 %).

Mp. > 135°C decomposition.

Preparation of 2ae:
4-Benzyl-N-((2-(benzylamino)thiazol-5-yDmethyl)thiazoi-2-amine dihydrochioride
' HCi

) H
j O

Co{npomd 2ae was prepared as described for 2h, starting from 4-benzylthiazol-2-amine and 2-
bromothiazole-5-carboxylic acid: (10 mg, 25%). Mp. 78-79 °C.

'H-NMR (400 MHz, CDCl/CD3ODY): §(ppmy): 7. 34-7.20 (m, 108, 6.99 (s, 1H), 5.99 (s, IH),
4.42 (s, 41), 3.88 (s, 2 H).

MS (ESD: m/z (%): 393.30 ([MH'], 100%).



10

15

20

86

' Preparatmn of 2af:
‘ 4-Benzyl-N-((2-(methy}ammo}th;azolmsmvi}methyl)tbmzo}d«amme d:hydroehionde

HCI

AT

' Compound 2af was prepared as described for 2w starting from Lbeniyiﬂa‘iazol-}ammé and 2-

(mcthﬁ{tetrahydro-zH-pyran&—yl)amino}ﬂxiazOle-S#carbaideﬁyde: (50 mg, 46%). Mp. 126-127
"H-NMR (400 MHz, CDCls): §(ppm): 7.15-7.13 (m, 5 H), 6.85 (s, 1 H), 5.87 (s 1 H), 428 (s,
2H), 3.81 (s, 2H), 3.76 (s, 2 H), 2.78 (s, 2 HD). '
MS (BSI): m/z (%): 317.30 ([MIH'], 100%).

Preparation of 2ag:
5-Benzyl-N-((2-(benzylamino)thiazol-5-yDmethylthiazol-2-amine dibydrochloride

‘ ’ » HC / I (o I '
[eUssat W
S H

- Comp;}imd 2ag was prepared as described for Zh' starting from S-Eenzylﬂﬁmi-Z—arnine and 2-
, b*'omsghia&, fe-S-carboxylic acid: (25 me, 69%). Mp. 96-97 °C.

H-NMR (400 MHz, CDCl5/CD;OD): 8(pm): 7.27-7.14 {m, 10H), 6.88 (s, 1H) 6.73 (s, 1H),
433 (s, 2H), 4.29 (s, 21), 3.88 (s, 2 H).
MS (ESI): m/z (%): 393.30 ({ME'], 100%). .
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Preparatmn of Zah: - ‘
S-Benzy}i»N«((Zu(metkyiammo)thmzoi-s-yl)methyl)thxazol-l—amme dlhydrochlonde :

HCE

Compound 2ah was prepared as described for 2w starting from S-benzylthiazol-2-amine and 2- o

(methyl-(tetrahydro-2H.-pyrén-2-yl)amino)thiazole-S-carbaldehyde (55 mg, 69 %). Mp. 76-77
oC. A

"H-NMR (400 MHz, CDCL3): $(ppm): 7.20-7.13 (m, 5H), 6.84 (s, 1H), 6.71 (s, 1 H), 428 (5, 2
H), 3.85 (s, 4H), 2.78 (s, 3 H). _ .
BCNMR (100 MHz, CDCh): §(ppm): 171.79, 168.97, 139.47, 136.87, 134.74, 12830,

-_128.08, 126.35, 125.83, 121.50, 41.65, 33.01; 31.38.

MS (ESI): m/z (%): 317.30 ([MH'], 100%).

eparatne of 2ais -
5-p-Tolyl-N- ((5-((S~p~tolyl»lH»pyrazol—S-yl)methyIammo)-1H—pyrazol—3—y!)methyl)-1H-
pyrazol-3-amine {ribydrochleride

1. Synthesis of 1-(tetrahydro-2H-pyran-2-y1)-5-p-tolyl-1H-pyrazol-3-amine: .
1 ~{tetrahydro-2H-pyran-2-yi}-5-p-tolyl-1H-pyrazol-3-amine was prepared as described for

compound 2a.

I-(tetrahydro-2 H-pyran-2-yl)-5-p-tolyl-1H-pyrazole-3-catboxylic  acid was prepared as

described preﬁously for 2a.

2. Synthesis of  S-p-tolyl-N-((5-((3-p-tolyl-1 H-pyrazol-3-yDmethylamino)-1 H-pyrazol-3-
yhmethyl)-1 H-pyrazol-3-arhine trihydrochloride ‘
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5-Nitro-3-pyrazole-carboxylic acid (8 g, 50.90 mmol} and sulfuric acid (5 mL, 1.48 mmol) in

methanol (269 mL} were heated, to reflux for 4 hrs. The solvent was evaporated and the residue

was resuspended in CH>Cly and washed with '§vafsr and brine and dried Na,SO4 Methyl 5-

mtro—lH—pyrazole~3~carboxylate (7 5 g, 86%) was obtained as a white soh& |
H-NMR (400 MHz, CDCl3): & (ppm) 7. 40 (s 11—1}, 4.00 (s, EH}

A mixture of methyi 5-nitro-1H-pyrazole-3-carboxylate (7.5 g, 43.8 mumol), 3,4-dihydro-2H-
pyran (8 mi, 87.7 mmol) and trifluoroacetic acid (65 uL, 0.9 mmol) in anhydrous MeCN (100

mL) was refluxed for 16 hrs. The solvent was evaporated and the reszdue was resuSpended in

- CHyCL (50 mL) and washed ‘with H;0 “and brine. Afier drying thh Na,SOs, solvent
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evaporatxon and silica gel column chromatography (PE—EtOAc, B8 1} meﬁryi I-(tetmhydro-‘.lﬁ-
pyran—Z-yl)-5~mtro~1H—pyra701€-3-carb0xyiate (3.71 mg, 33 %) was obtamed

'H-NMR (400 MHz, CDCls): & (ppm) = 7.41 (s, 1H), 6.35 (dd, /= 9.2 Hz, J = 2.4 Hz ,1H),
401 (d,J=9.6 Hz, 1H), 3.94 (s, 3H), 3.73 (t, /= 8.0 Hz, 1H), 2.43 (m, 1H), 2.13 (m, 1H), 2.01
(m, 1H), 1.74-1.62 (m, 3H). '
Methyl 1-(tetrahydro-2H-pyran-2-y1)-5-nitro=1H-pyrazole-3-carboxylate (500 mg, 0.70 mmol)
was dissolved in a mixture of MeOH / THF / H,O (1:2:1, 20 mlL). Lithium hydroxide (56.3 mg,
2.35 mmol) was added and the reaction mixture was stirred for 16 hrs. The reaction mixture
was diluted with-water and washed with DCM. The aqueous phase was evaporated which gave

~(tetxahydro—2H-pyran—2-yI)—5-mtrodH«pymzole&-carboxyhc acxd (300 mg, 64%) as 2 wlm:c
solid wh:ch was used without further purification in the next step. #

H-NMR (400 MHZ CDCls): & (ppm) = 7. 22 (s, 1H), 6.61 (dd, J= 9.2 Hz, J= 2.4 Hz ,1H),

3.94 {d, /=112 Hz, 1H), 365 {t,J= 104Hz,1H),235(m, IH),209(m, 1H), 1.92 (m, 1H),
1.71-1. 54 (m, 3H).

5~T01y1-1—(tetrahydro»ZHﬂpyran—Z-yl)-IH-ﬁm;ZoI-B-amine (97 mg, 0.38 mmol) was added to a
solution of I-(tetiahydro72H-pyran~2~y})~5-nitro-lepyrazole%—carboxylic acid (100 mg, 0.41

mimol); -+ 2-chloro-1-methylpyridinium.. “iodide (145 mg, 056 mmol) and NN .

diisopropylethylamine (193 pL, 1.13 mmol) in DCM (10 mL). The reaction mixture was stirred
at room temperature for 16 hrs. The reaction was diluted with water and extracted with DCM.

" The organic layer was washed w1th Sﬂne,“dﬁed"? with Na;804 and concentrated. The crude

product was puriﬁgd by silica gel column chromatography (PE-EtOAc, 8:2) and gave 5-nitro-1-
(tgtrahydroQM-pyrézi'-Z—yI}-N-(l ~(tetrahydro-2 H-pyran-2-yl}-5-p-tolyl-1 H-pyrazo}-3-yl}- 1 H-
pyrazole-3-carboxamide (60 mg, 33%). .

TH-NMR (400 MHz, cﬁiﬁzs)’:'éj‘{{;pm) =9.50 (s, 0.5H), 9.39 (s, 0.5H), 7.43 (d, /= 6.4 Hz, 2H),

7.38 (s, 0.5H), 7.34 (s; 0.5H), 7.28 (d, J = 8.0 Hz, 2H), 6.87 (5, 1H), 6.16 (dd, J = 10.0 Hz, J=

' 2.4 Hz ,1H), 6.14 (dd, J=10.0 Hz, J= 2.0 Hz ,1H), 5.17 (4, J = 10.4 Hz, 1H), 5.16 (d, /=84

Hz, 1H), 3.8 (m, 2H), 3.60 (m, 2H), 2.42 (5, 3H), 2.13 (m, 2H), 1.78-1.56 (m, 8H).

Methanol (5 mL) and Pd/C were added to a solution of 5-nitro-1-(tetrahydro-2H-pyran-2-y1)-N-

{1-(ietrabydro-2H-pyran-2-y})-5-p-tolyl-1 H-pyrazol-3-yl}-1 H-pyrazole-3-carboxamide (183 mg,
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(}.3'8\mm01) in THF.. The flask was then evacuated and filled with hydrogen. The reaction
mixture was stirred for 16 hrs. The catalyst was filtered on celife and the solution was-
concentrated and dried fo give 5-amino-1-(tetrahydro-2H-pyran-2-yI)-N-(1-(fetrahydro-2H-
pyran-2-y})-5-p-tolyl-1 H-pyrazol-3-y1}-1 H-pyrazole-3-carboxamide (170 mg, qﬁanﬁtative). ‘
"H-NMR (400 MHz, CDCl): § (ppm) = 8.94 (s, 0.5H), 8.83 (s, 0.5H), 7.43 (d, /= 6.8 Hz, 2H),
7.28 (d, J = 8.0 Hz, 2H), 6.95 (s, 1H), 6.41 (s, 1H, 1H), 6.06 (m, 2H), 5.17 (d, J = 10.0 Hz, 2H),
3.73 (m, 2H), 3.59 (t, J= 11,2 Hz, 2H), 2.42 (s, 3H), 2.05 (m, 2H), 1.80-1.54 (m, §H):

MS (ESD: no/z: 45132 [ME'). -

S-Amino-l—(tettahydr_o—ZH—pyranQ-yl)-N—(1~(£eh‘ahydxoﬁ2H~pyran-2-yl)‘S-p.;tQIyl-1H-pyrazol-
3-yl)-1H-pyrazole-3-carboxamide (102 mg, *0.23 mmol) was added to a solution of I-
(tetrahydro-2H-pyran-2-yi)-5-p-tolyl-1 H-pyrazole-3-carboxylic acid (59 mg, 0.20 mmeol), 2-
chioro—l—méthyipyﬁdinium iodide (79 mg, 0.31 mmol) and N,N -diisopropylethylamine (105
nL, 0.62 mmol) in DCM (10 mL). The reaction mixture was stirred at room temperature for 16
hrs. The reaction mixture was diluted With water and extracted with DCM, The organic layer
was washed thh ‘brine, dried with NapSOy4 and comentratgd. The_ crude product. was purified
by silica gel column chromatography (PE-EtOAc, 7:3) and gave I-(tetrahydro-2/4-pyran-2-yl)-
N-(1-(tetrahydro-2 H-pyran-2-yl)-3-(1-(tetrahydro-2 H-pyran-2-yl)-5-p-tolyl-1 H-pyrazol-3-

' yicarbamoyl)- 1 H-pyrazol-5-yl)-5-p-tolyl-1H-pyrazole-3-carboxamide (25 mg, 15%).

'H-NMR (400 MHz, CDCh): 8 (ppm) = 9.42 (s, 1H), 940 (s, 1HD), 7.43 (m, 4H), 7.37 (s, 0.5H,
0.5H), 7.28 (m, 4H), 6.93 (5, 1H), 6.88 (5, 1H), 5.20 (m, 3H), 4.14 (m, 3H), 3.7 (, /= 11.2
Hz, 1H), 3.62 (t, J = 11.6 Hz, 1H), 3.59 (5, /= 10.0 Hz, TH), 243 (s, 6H), 2.06 (m, 3H), 1.74
(m, 3H), 1.54 (m, 6H), 1.24 {m, 6H). : o

 MS (BSD: m/5: 719.39 [MH].

1-(Tetrahydro-2 H-pyran-2-yl)-N-(1-(tetrahydro-2 H-pyran-2-yI)-3-(1-(tetrahydro-2 H-pyran-2-
yI)-5-p-tolyl-1H-pyrazol-3-ylcarbamoyi)-1 H-pyrazol-5-yl)-5-p-tolyl-1 H-pyrazole-3-
carboxamide (28 mg, 0.04 mmol) was suspended in anhydrous THF (500 pL) and borane
dimethyisulfide complex (26 pL, $.27 mmol) was added dropwise. The reaction mixture was
stirred under reflux for 16 hrs. The reaction mixture was then cooled down to 0 °C and MeOH
{50 pL) was added and the mixtare was stirred for 10 min. Concentrated hydrochloric acid (12
N) was added until pH <2 was obtained The fesulting mixfure was stirred at 50 °C for 16 hrs.
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‘The mixture was codlcd to room tempéerature and the solvent was gvaporated. The residue was
resuspended in THF and the precipitate was filtrated and washed with cold THF 5~p~Tonl-N— )
({(5-((5~p-tolyl- iH~pyrazoI-3—yi)meﬂ1y}ammo)~lH pyrazol~3-y])methyl) 1H—pyrazol-3~ammc
was obtained as a white solid.

5-p-Tolyl-N- ((3»((5»p»toly1—1H~pyrazoI— ~yt)m*thyxammo)-IH pyrazol—B—yl)methyi}-iH—
pyrazol-3-amine (10 mg, 0.023 mmoi} was recrystallized in methanohc HCI(3N,0.5mL). The
solid was filtered, washed with Et,O and dried in vacuo to give a white solid. Mp. = 167°C.
"H NMR (400 MHz, DMSO-de): 5 = 7.68 (d, /= 8.0 Hz, 2H), 7.60 (4, J = é.e Hz, 2H), 7.29 (d,
J=8.0 Hz, 24}, 7.21 (d, J= 8.0 Hz, 2H), 615}7 (s, 1), 6.23 (s, 1H), 5.80 (5, 1H), '4.49 (s, 20D,
434 (s, 2H), 2.34 (5, 3H), 231 (s, 3H).

" MS (ESD): m/z: 439.36 [MH'].

o >Preparatmn of 2aka

15

20

25

N-—Ben7yl-5-((4—(4-chlorophenyl)th;azol-z-ylammo)methy!)thmzol-2~amme
dlhydrochlonde

HCI H(;; : )
h}“NH /\O
Compomd 2ak was prepared as described for 2h starting from 4-(4-chlorophenyl)thiazol-2-

amine and 2~bromot}uazole—5-carboxyhc acid (31 mg, 49 %). Mp. 105—106 °C.
1H-NMR (400 MHz, CDClL): O(ppm): 7. 64 (4, J=28Hz, 2H), 7. 27-7.24 (m, 7 H} 6.91 (s, 1

HD, 6:63 (s, 1 H), 442 (5, 2H), 4.33 (5, 1 H), 4.21 (bs, 4. .

MS (ESD): m/z (%): 413.35 (MH'], 100%).
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Preparatmn of 2al:

i N- Benzyl-s ((4-(thlophen-zwyl)ﬂuazol-z-y}ammo)metbyl)tblazel-z-amme dlhydrochionde

HCI HCI

.1“%,“_

Compound 2al was prepared as described for 2h, starting " from 4'~(thiophén—2-yl)thiazol-2-
amine and 2~bromothiazole«5«carboxy]ic acid (6 mg, 50%); mp 97-99 °C. ‘

H-NMR (400 MHz, CDCls): §(ppm): 7.29-7.25 (m, 6 H), 7.17 (d, /= 4. 8 Hz, 1H), 6. 98 (d,J=
52Hz,2H),656(s,1H),442(s,2H) 4.36 (s, ZH)
MS (ESD): m/z (%): 385.38 ([MH'T, 100%).

Preparation of 2am: . _
N-Butyl-6-((5-(4-fluorophenyl)-1H-pyrazol-3-ylamino)methyl)pyridin-2-amine

\

\/\/\/\/\

. 3HCI-

.

3

&1

HN"”

-..,Ompo""d 2Zam was synthesized as descnbed for 23 (59%). Mp 93-94 °C.

H-NMR (500 MHZ, CDOCLY): 8 = 7.57 (dd, J = 7.0 Hz, I = 11 Hz 2H), 7.40 (t. J=10.5 Hz,
1H), 7.05 (t, 10.5 Hz, 2H},658 {, J=9OH2, 1H), 6.58 (d, 5=90_1H} 626(d;J =105 Hz,
1H), 5.81 (s, 1H), 4.72 (brs, 1H), 4,29 (s, 2H) 3.22 (m, 2H), 1.60 (m, 2H), 1.43 (m, 2H), 0.95
(t, § =9.5Hz 3H). '

MS (ESD): m/z = 340 (M+H)
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The mﬂogP and TPSA values- of vanous compounds arg mdlcatcd in table 1. mﬂogP and TPSA
values were calculated according to the soﬁware available on the world wide web -

(http:/fwww.molinspiration.com), provided by P. Ertl of Novartis Pharma AG.

Tablel
Compound milogP TPSA
22 L 456 69.39
2e 340 - | 8678
2h 516 | 4984
2 492 49.84 .
2% | a8 65.63
2n 1352 ] 4984
20 3.77 49.84
2p 2.63 62.73 .
2q 2.99 49.84
2 435 65.63
2t 396 6563
Tow | 36l . 69.39
2w 1.40 49.84
2y 248 | 7586
2z 4.75 62.73
22a - 3.75 49.84
2ab - 3.04 61.86
2ac 3.58 65.63
2ad 495 | 7476
2ae 499 49,84
2af 360 |0 4984
2ag 499 49.84
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2ah 360 - 49.84
2ai 4.56. 110.10
Daj 444 | 6187
2ak | 515 49.84 .
21 435 | 4984
Jam C4.00 65.63

Example 2:

" A number of the small molecules were tfested for their capacity to inhibit the aggregation of

amyloid beta (AB) 1-42 peptide using a thioflavin T spectrofluorescence assay.

" Preparation of (413) pepﬂde film

Ap1-42 lyophﬂmd powder (Bachem) was reconstituted in hexaﬂuomlsopmpanol (HFIP) to 1
M. The peptide solution was somcated for 15 min at room temperature, agitated ovenught, )

- and aliguots wérefplaced into non-siliconized microcentrifuge tubés. 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 af 2 Aﬂl —42 aggregaﬁon

To assay for the small molecule-mediated inhibition of AP1-42 aggregatxon, the small
molecules were dissolved before each experiment in anhydrous dxmethyi suifoxide (DMSO,

‘Slgma%ldnch) to reach a concentration of 7.4 mM. A{31~42 peptlcie film was dissolved in

DMSO to reach 400 pM Assay solution in PBS buﬁ’er was prepared in non—sﬂzcemzed
incubation tubes to reach the following concentrations: 330 pM small molecule, 33 M ABI-
42, 10 uM thioflavin T (ThT), and 12.8% DMSO. Therefore, the final molar ratio of small
iﬁolecule to AB1-42 was 10:1. A positive control without a small molecule was prepared to
measure maximum RFU, A negative control without Af31-42 was prepared for each small
méleculc. 3-Aminopyrazole trimer (Trimer) was tested in all assays to ascertain reproducibility
between indcpendent expeﬁments. The solutions were incubatéﬁ for 24 hrs at 3'7"(3, and the

spectrofluorescence (relative fluorescence units; RFU}Y was read in six replicates in black 384~
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Wel] assay plaies (Perkm—Elmer) on a Perkin-Elmer FluoroCount spectroﬂuorometer Inhxbltzon
L of aggregatlon is expressed as mean % mlubmcn ot x1 standard dewatxon (SD) accordmg to

the foﬂowmg equation

% inhibition =

"(RFU of positive control — RFU of negative control)

Cut-off criterium for the selection of functional molecules was defined at 50 % inhibition
capacity. ' .

1G
Results

The small molecules were tested for their capacity-to inhibit aggregation of AB1-42 in the ThT
_ ‘assay. The results for the molecules are summarized in the following table. All the small
15  molecules synthesized inhibited the aggregation of AP1-42 in the THT assay to some extent and

a number of the molecules tested demonstrated an inhibition capacity over 50 %.

Compound | % inhibition

a* 653426
2¢ - 770+53

2h - C319%101
2j C 707+6.8
2k 81.2+73
n 27.8+9.9
20 396428
2p 3.6+2.1
2q ‘ 45.0:+ 8.3
2s* : 55.1+ 6.4
2t 86.8+29
u - 55310
2w 1394129
2y 570159
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2z 58.7+3.0
2a8 415+9.6
2ab L7211
2ac 785+ 1.3
2ad 82122
228 512415
2af 413%92
Dag 34216
2ah 3574 5.6
228 - | 848%00
22k 372148
2al 66.1%15.4
2am 68.2+9.7

* Fluorescent compound in absence of Amyloid B1-42

Table: Inhibition of AB1-42 aggregation and disaggregation of ﬁrefonned AB1-42 fibers by

small molecuies

The small molecules were evaluated for their capacity to mediate inhibition of A§31~42
aggregation at a 10:1 small.molecule to AB1-42 molar ratio. The results are expressed as mean
+ standard deviation of two independent experiments.

Example 3
PCS-Assay with 5 nM Ofegeu Green labelied Afl-peptide

In order to analyse for the disaggregating properties of the ‘componnds, preformed aggregates
were used, which were i‘nduced‘straight before the FCS-measurement by diluting SO-OAIBM‘
DMSO;stoék séluﬁons of Oregon Green labelled AB1-42 1:1 with deionized water, The final
concentration of Oregon Green labelled AB-peptide was 5 nM in 1 x PBS and 3% DMSO. In
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. order 10 mprove the reproducszhty of the measurcments of the concentraﬁon dﬁandSnCICS of

all samples were prepared fourfcld

Table: FCS-Measurements: percentége of the "number of peaks” value obtained for the control

réaction without added compound. -

Compound | 200eM | 100nM
o2 67.2 nd
2¢ 512 294 |

nd: not done

Tabie FCS—Mcasmements percentage of the "peaks X height” value obtamed for the controi

reaction vmthout added compound.

Compound | 200nM | 100nM
2t © 533 nd
2e 451 26.6
nd: not done
Example 4

Effect of 2 compound of the invention on cultured retinal ganglion cell (RGC) ipo;:tosis

To assess the in vitro capacity of 4 compound of the imvention to reduce retinal ganglion cell

(RGC) death related to ocular diseases associated with pathological abnormalities/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, for example, neuronal

degradation, cultured RGCs from rats and mice are used.
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- To isolate the cells, at sacrifice the_araimais are anesthesized, their eyes are remqved and the '

retin is dissected and incubated in 2 mg/ml papain solution for 25 misutes at 37°C to break

down the extracellular matrix. At the end of treatment, the cells are v;'ashed' three times mth
RCG medium in the presence of a protease inhibitor to stop the papain action. The tissue is

then triturated by passing it quickly up and down throngh a Pasteur pipette until the cells are

. “dispersed. A commercially available Coulter counter is used to determine cell density in the

cell suspension, before culturing the cells in 95% air/5% CO; at 37°C.

In order to mimic . the damage from ocular diseases assoéiateci with pathological
abnormalities/changes in the tissues of the visual system, particularly associated with amyloid-
beta-related pathological abriormalitics/changes i the tissues of ffié visual system, such as, for
example, neuronal degradation, and - assess the preventive effect of a compound of the
invent;'on, the cells are incubated with L-glutamate for three days in the presence or absence of

a compound of the invention. Cells cultured in buffer alone serve as control.

To determine RGC survival,‘at the end of the incubation period the cells are fixed with 3.7%
formaldehyde 'in'phosphat—é buffered saline (PBS) at room teraperature for 30 minutes, rinsed
three times in PBS and incubated for 1 hour in PBS containing RGC specific markers Thy1.1
or NF-L antibody. The antibody is ﬁi{‘;’fl removed by washing and the cells are incubated for 30
minutes ‘with 'ﬂuorgscence—labeled secondary antibodies goat anti-mouse IgG, goat anti-rabbif .

1gG or rabbit anti-goat IeG. At the end of the incubation, the cells are washed, stained for 5

- minutes with DAPI solution and rinsed. Surviving RGCs are counted by fluorescence

ICroscopy.

Example 5

Effect of a compound of the invention on retinal ganglion cell (RGC) apoptesis in vive

To assess the in vivo eapacity of a compound of the invention to reduce retinal ganglion cell
(RGC) death in individuals affected by ocular diseases associated with pathological
abnormalities/changes in the tissues of the visual system, particularly associated with amyloid-
béta-related pathological abnormalities/changes in-the tissues of the visual system, such as, for

example, neuronal degradation, rats and mice are used for 2 2 to a 16 week long induced intra-
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ocu]ar pressure (IOP) study. Retmal ganghon cell death is measured at the end of the study by
boﬂ:s in vzvo s.ma.gmg and lnstoioglcal cndpomt analysxs :

In order’ to mimic the i mcrcase in mtra—ocuiar pressure assomawd with gertain ocular dlseases

" associated with pa‘thoiogicai abnormahtzes/changes in the tissues of the visual systern,

particularly associated with amyloid-beta-related pathological abnormaht}ss/changes in the
tissues of the visual system, such as, for example, neuronai degradation, glaucoma in particular,
ihe animals are first anesthetized with intraperitoneal ketamine (75 mg/kg) and xylazine (5
mg/kg) and topical proparacaine 1% eye.drops, Two alternative methods are then used to
artificially elevate JOP in one eye (unilatérally) in rats and mice. In the first method, the
anesthetized animals receive laser-induced injury to the trabecular meshwork by treating the

- aqueous outflow area with a 532-nm diode laser at the slit lamp perpendicular 1o the trabeculae

and parallel to the ixis. The animals receive an initial treatment of 40 to 50 spots of 50-pm size,
04 W, and 0.6 second duration. In the ‘second method to artificially increase IOP, the
anesthesized animals receive a 50 pl injecfion of hypertonic saline solution into the episcleral

veins in one eye using a microneedle with a force just sufficient to blanch the vein.

To measure IOP, a commercially available handheld tonomer \wnopnn ] XL-VET) is used. The
measurements are’ taken Whﬂe the animals are under anesthesia as the average of 10 readings
immediately before laser treatment, 1 day afcer and then weekly for the duration of the
experiment. If, at an interval of one week, the difference in the IOP between the two eyes of the
animals is less than 6§ mm Hg, the animals are not further included in the study.

In order toA evaluate the preventive effect of a compound of the invention on RGC apopfosis,
half of the animals receiving the IOP-inducing treatment receive an intravitreal or intravenous
injection of a cornpound of the invention at the time of TOP elevation. Half of the animals serve
as control. The number of RGCs is measured by both ir vive imaging and histological endpoint
analysis at 2, 4, 8 and 16 weeks after induced elevation of IOP. Analysis of RGCs undergoing
apoptosis in vivo ié performed by the DARC method. The DARC method copsists in
administering intravitreally fluorophore-conjugated Annexin 5, which specifically binds to
apoptotic cells, to the animals and visualizing the RCGS undergoing apoptosis in vivo, If

necessary, this method may be used in conjunction with ﬁbacklabelling of the optic nerve from
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the SCN to identify live RCGs which no longer possess an intact axon and have lost

coppectivity with their targets. - -

In addition, in order to measure the total number of RCGs, endpoint histological analysis of the
retina and optic nerve is performed at sacrifice. The ‘retinas of the animals are fixed in 4%
paraformaldehyde and stained in sections or whole mount using the RGC specific markers,

| such as Thyl.1, NF-L and SMI 32, as well as antibodies specific for cells undergoing apoptosis,

In each 0{ these methods, the total number of RGCs is measured at 2, 4, and 8, and 16 weeks
affer surgical elevation of IOP..

To measure the number of RGC axons remaining in the optic nerve after YOP elevation, the
optic nerves of the animals are dissected and the nerves are fixed in 4% paraformaldehyde,

sectioned, and stained with foluiding blue for analysis.
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CLAIMS

A compound having the general formula (I1a) or (IIb)

wherein
pis2or3;

each linker K is independently C;.; alkylene which is Optionally' substituted by one or
more Cy4 alkyl groups;

the heterocyclic ring B is optionally substituted by one or more substituents selected
from C,4 alkyl, Ci4 alkoxy, mono- and di-Ci4 alkyl amino, C;.7 cycloalkyl amino, and
5~ or 6~ membered saturated heterocyclyl, or two substituents may be joined to form a
saturated, unsaturated or aromatic 5- to 7-membered ring which is fused with the

heterocyclic ring B;

R' is selected from —H, —halogen, —Ci4 alkyl, -NH,, ~-NH-C, 4 alkyl, ~C, alkylene~
NH,, —C alkylene-NH~C; 4 alkyl, —aryl, —aryl-R?, ~Ci alkylene~aryl, —C; . alkylene—.
aryl-R>, heteroaryl, -heteroaryl—-R3, -NH-C;4 alkylene-aryl, -NH-C, alkylene-aryl-
R*, —OH and ~0-C,, alkyl; and
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R is C1 alkyl, halogen, OH or O-C;.4 alkyl;

R? is -H, ~C1 alkyl, —aryl or a group of the formula (ITfz) or (IIIb)

2 5 I
> N K_j—va’ R A S
H et ” \ BN/ H o 4

(ifia) (ko)
wherein B, K and R'are as defined above, g isOor 1 andris 0 or 1.

The compound according to claim 1, wherein:

each linker K is independently ~CHj—, ~CH,CHy~ or -CH,CH,CH,—; and/or R is -H,
~CHj, ~NH~C; alkyl or ~CH,-NH-CHj; and/or R? is 2 group of the formula (Ila) or
(LIb).

A pharmaceutical composition comprising a compound as defined in claim 1 or 2.

Use of a compound as defined in claim 1 or 2 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, preferably selected from
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 diabetes, senile cardiac amyloidosis,
endocrine tumors, glaucoma, ocular amyloidoses, primary retinal degeneration, macular
degeneration (such as age-related macular degeneration (AMD)), optic nerve drusen,

optic neuropathy, optic neuritis, or lattice dystrophy.
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The compound as defined in claim 1 or 2 for use in the treatment or prevention of a
disease or condition associated with an amyloid and/or amyloid-like protein, wherein the
disease is a neurological disorder, preferably selected from 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 diabetes, senile cardiac amyloidosis, endocrine tumors, glaucoma,
ocular amyloidoses, 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 claim 1 or 2 and optionally at least one
further biologically active compound and/or a pharmaceutically acceptable carrier and/or

a diluent and/or an excipient.

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 claim 1 or 2;

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

(c) detectiné 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.

A in vitro method of determining the extent of amyloidogenic plaque burden in a sample
comprising:

(a) providing a sample representative of a tissue and/or body fluid under investigation;
(b) testing the sample for the presence of amyloid protein with a compound as defined

in claim 1 or 2;
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determining the amount of compound bound to the amyloid protein; and

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

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 as defined in claim 1 or 2 to an amyloid protein in a sample which comprises

the steps of:

(a)

(b)

©
CY

N
3
N’

bringing the sample suspected to contain the amyloid protein into contact with a
compound as defined in claim 1 or 2, 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

ptionally 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:

(@)

(&)

()
(d)

(e)

-bringing a sample suspected to contain an amyloid protein into contact with a

compound as defined in claim 1 or 2, 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.
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11. An in vitro method of collecting data for predicting responsiveness of a patient being

12.

13.

treated with an antibody or a vaccine composition comprising:

(a) bringing a sample suspected to contain an amyloid protein into contact with a
compound as defined in claim 1 or 2, which compound specifically binds to the
amyloid protein;

(v) 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; and

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

control value,

A test kit for detection and/or &iagnosis of an amyloid-associated disease or condition
comprising a compound as defined in claim 1 or 2, wherein the disease is a neurological
disorder, preferably selected from 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 diabetes,
senile cardiac amyloidosis, endocrine tumors, glaucoma, ocular amyloidoses, primary
retinal degeneration, macular degeneration (such as age-related macular degeneration

(AMD)); optic nerve drusen, optic neuropathy, optic neuritis, or lattice dystrophy.

Use of the compound as defined in claim 1 or 2 for the preparation of a medicament for
treating or preventing an ocular disease or condition associated with a pathological
abpormality/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, glancoma, cataract due to beta-amyloid deposition,

ocular amyloidoses, primary retinal degeneration, macular degeneration, for example
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age-related macular degeneration, optic nerve drusen, optic neuropathy, optic neuritis,

and lattice dystrophy.

A compound as defined in claim 1 or 2 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 wvisual 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 amyloidoses, primary
retinal degeneration, macular degeneration, for example age-related macular

egeneration, optic nerve drusen, optic neuropathy, optic neuritis, and lattice dystrophy.



