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SPIRC-[1,3-OXAZINES AND SPIRO-[1.4-0XAZEPINES AS BACET AND/OR BACE2
INHIBITORS

Backeround Art

Alzheimer’s disease (AD} is a neurodegenerative disorder of the central nervous systern
and the leading cause of a progressive dementia in the elderly population. Its clinical symptoms
are impairment of memory, cognition, temporal and local orientation, judgment and reasoning
but also severe emoticnal disturbances. There are currently no treatments available which can
prevernt the disease or ifs progression or stably reverse its clinical symptoms. AD has become a
major health problem in all societies with high life expectancies and also a significant economic

burden for their heatth systems.

AD 18 characterized by 2 major pathologies in the central nervous systern (CNS), the
occurrence of amyloid plagues and neurofibrillar tangles (Hardy et al., The amyloid hypothesis
of Alzheimer's disease: progress and problems on the road to therapeutics, Science. 2002 Jul
19;297(5580):.353-6, Selkoe, Cell biology of the amyloid beta-protein precursor and the
mechanism of Alzheimer's disease, Annu Rev Cell Biol. 1994,10:373-403 ). Both pathologies are
also commonly observed in patients with Down’s syndrome (trisomy 21), which also develop
AD-like symptoms in early life. Neurofibrillar tangles are intracellular aggregates of the
microtubule-assoctated protein tan (MAPT). Amyloid plaques occur in the extracellular space;
their principal components are Af-peptides. The latter are a group of proteolytic fragments
derived from the f-amyloid precursor protein {APP) by a series of proteoiytic cleavage steps.
Several forms of APP have been identified of which the most abundant are proteins of 695, 751
and 770 amino acids length, They all arise [rom a single gene through differential splicing, The
Ap-peptides are derived from the same domain of the APP but differ at their N- and C-termini,
the rain species are of 40 and 42 amino-acid length, There are several lines of evidence which
strongly suggest that aggregated Af-peptides are the essential molecules in the pathogenesis of
AD: 1) amyloid plaques formed of AP-peptides are invariably part of the AD pathology; 2) Aj-
peptides are toxic for neurons; 3) in Familial Alzheimer’s Disease (FAD) the mutations in the
disease genes APP, PSNI1, PSN2 lead to increased levels of Af-peptides and early brain
amyloidosis; 4) transgenic mice which express such FAD genes develop a pathology which bears
many resemblances to the human disease. Af-peptides are produced from APP through the
sequential action of 2 proteolytic enzymes termed - and y-secretase, p-Secretase cleaves first in
the extracellular domain of APP approximately 28 amino acids outside of the trans-membrane
domain {TM) to produce a C-terminal fragment of APP containing the TM- and the
cytoplasmatic domain (CTER). CTFR is the substrate for y-secretase which cleaves at several

adjacent positions within the TM to produce the AR peptides and the cytoplasmic fragment. The
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y-secretase is a complex of at least 4 different proteins, its catalytic subunit is very likely a
presenilin protein (PSEN1, PSENZ2). The B-secretase (BACEL Asp2; BACE stands for B-site
APP-cleaving enzyme) is an aspartyl protease which is anchored into the membrane by a
transmembrane domain (Vassar et al., Beta-secretase cleavage of Alzheimer's amyloid precursor
nrotein by the transmembrane aspartic protease BACE, Science. 1999 Oct 22;286(5440):735). It
is expressed in many tissues of the human organism but its level is especially high in the CNS.
Genetic ablation of the BACEI gene in mice has clearly shown that its activity is essential for
the processing of APP which leads to the generation of Af-peptides, in the absence of BACE]
no AB-peptides are produced (Luo et al, Mice deficient in BACEIL, the Alzheimer's beta-
secretase, have normal phenotype and abolished beta-amyloid generation, Nar Newurosci, 2001
Mar;4(3):231-2, Roberds et al., BACE knockout mice are healthy despite lacking the primary
beta-secretase activity in brain: implications for Alzheimer’s disease therapeutics, Hum Mol
Genetl, 2001 Jun 1;10(12):1317-24). Mice which have been genetically engineered to express the
human APP gene and which form extensive amyloid plaques and Alzheimer's disease like
pathologies during aging fail to do so when P-secretase activity is reduced by genetic ablation of
one of the BACE! alleles (McConlogue et al., Partial reduction of BACET has dramatic effects
on Alzheimer plaque and synaptic pathclogy in APP Transgenic Mice. J Bio! Chem. 2007 Sep
7;282(36).26326). 1t is thus presumed that inhibitors of BACE] activity can be useful agents for

therapeutic interveniion in Alzheimer’s disease (AD),

Type Z diabetes {12D) is caused by insulin resistance and inadequate insulin secretion from
pancreatic B-cells leading to poor blood-ghucose control and hyperglycemia (M Prentid & ]
Noian, “Islet beta-cell failure in type 2 diabetes.” L Clin. Investig. 2006, 116{7), 1802-1812).
Patients with T2D have an increased risk of microvascular and macrovascular disease and a
range of related complications including diabetic nephropathy, retinopathy and cardiovascular
disease. In 2000, an estimated 171 million people had the condition with the expectation that this
figure will double by 2030 (S Wild, G Roglic, A Green, R.Sicree & H King, “Global prevalence
of diabetes”, Diabetes Care 2004, 27(5), 1047-1053), making the disease a major healthcare
problem. The rise in prevalence of T213 is associated with an increasingly sedentary lifestyle and
high-energy food intake of the world’s population (P Zimmet, KGMM Alberti & I Shaw,
“(3lobal and societal implications of the diabetes epidemic” Natare 2001, 414, 782-787).

p-Cell failure and consequent dramatic decline in insulin secretion and hyperglycemia
marks the onset of T2D. Most current treatments do not prevent the loss of f-cell mass
characterizing overt T2D. However, recent developments with GLP-1 analogues, gastrin and
other agents show that preservation and proliferation of B-cells is possible to achieve, leading to
an improved glucose tolerance and slower progression to overt T2D (LL Baggio & DJ Drucker,
“Therapeutic approaches to preserve islet mass in type 2 diabetes”, Annu. Rev. Med. 2006, 537,
265-281).
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Tmem?27 has been identified as a protein promoting beta-cell proliferation (P Akpinar, §
Kuwajima, I Kriitzfelde, M Stoffel, “Tmem27: A cleaved and shed plasma membrane protein
that stimulates pancreatic [ cell proliferation”, Cell Metab. 2005, 2, 385-397) and insulin
secretion {K Fukui, Q Yang, Y Cao, N Takahashi et al., “The HINV-1 target Collectrin controls
insulin exocytosis by SNARE complex formation™, Cell Metab, 2005, 2, 373-384). Tmem27 is a
42 kDa membrane glycoprotein which is constitutively shed from the surface of f-cells, resulting
from a degradation of the full-length cellular Tmem27. Overexpression of Tmem27 in a
transgenic mouse increases B-cell mass and improves glucose tolerance in a diet-induced obesity
DIC model of diabetes, Furthermore, siRNA knockout of Tmem27 in a rodent B-cell
proliferation assay (e.g. using INSle cells) reduces the proliferation rate, indicating a role for

Tmem27 in control of p-cell mass,

In the same proliferafion assay, BACEZ2 inhibitors also increase proliferation. However,
BACEZ inhibition combined with Tmem27 siRNA knockdown results in low proliferation rates.
Therefore, it ts concluded that BACE2 is the protease responsible for the degradation of
Tmem27. Farthermore, in vitre, BACEZ cleaves a peptide based on the sequence of Tmem?27.
The closely related protease BACE]L does not cleave this peptide and selective inhibition of

BACE] alone does not enhance proliferation of B-cells.

The close homolog BACEZ is a membrane-bound aspartyl protease and is co-localized
with Tmem27 in human pancreatic 3 -cells (G Finzi, F Franzi, C Placidi, F Acquati et al.,
“BACE2 is stored in secretory granules of mouse and rat pancreatic beta cells”, Ultrastruct
Pathol. 20038, 32(6), 246-251). 1t is also known to be capabie of degrading APP (I Hussain, D
Powell, D Howlett, G Chapman et al., “ASP1 (BACEZ) cleaves the amyloid precursor protein at
the f-secretase site” Mol Cell Nearosci. 2000, 16, 609-619), IL-1R2 (P Kuhn, E Marjaux, A
[mhof, B De Strooper et al., “Regulated intramembrane proteolysis of the interleukin-1 receptor
H by alpha-, beta-, and gamma-secretase” J. Biol, Chem. 2007, 282(16), 11682-11595) and
ACE2. The capability to degrade ACEZ indicates a possible role of BACE2 in the coatrol of

hypertension.

Inhibition of BACE2 is therefore proposed as a treatment for T2D with the potential to
preserve and restore f-celi mass and stimulate insulin secretion in pre-diabetic and diabetic
patients. It is therefore an object of the present invention to provide selective BACEZ inhibitors.
Such compounds are useful as therapeutically active substances, particularly in the treatment

and/or prevention of diseases which are associated with the inhibition of BACE2,

Furthermore, the formation, or formation and deposition, of B-amyloid peptides in, on or
around neuroiogical fissue (e.g., the brain) are inhibited by the present compounds, i.e. inhibition
of the Af-production from APP or an APP fragment.
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The present invention provides novel compounds of formula I, their manufacture,
medicaments based on a compound in accordance with the invention and their production as well
as the use of compounds of formula I in the control or prevention of illnesses such as
Alzheimer’s disease and type 2 diabetes. The novel compounds of formula I have improved

5 pharmacological properties.

Field of the Invention

The present invention provides spiro-[1,3]-oxazines and spiro-[1,4]-oxazepines having
BACE! and/or BACE2 inhibitory properties, their manufacture, pharmaceutical compositions
containing them and their use as therapeutically active substances.

10 Summary

The present disclosure provides a compounds of formula I,

wherein the substituents and variables are as described below and in the claims, or a

pharmaceutically acceptable salt thereof.

15 In a first aspect, there is provided a compound of formula I,

wherein
\Y% is -CR™*R™-;
W is -CR®R?-
20 X is -CR"™R'"-, -O-, -S- or -$0,-;
Y -NH-C=0-;
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Z is selected from the group consisting of
1) heteroaryl,
i) heteroaryl substituted by 1-4 substituents individually selected from R®
1i1) aryl, and
1v) aryl substituted by 1-4 substituents individually selected from RS,
R™ is selected from the group consisting of
1) hydrogen,
i1) halogen, and
ii1) Ci¢-alkyl;
R 15 selected from the group consisting of
1) hydrogen,
ii) halogen, and
1i1) Cyg-alkyl;
R*® 15 selected from the group consisting of
1) hydrogen, and
i) Ci-¢-alkyl;
R® s selected from the group consisting of
1) hydrogen,
i1} aryl, and
1i1) Ci¢-alkyl;
or R* and R™ together with the C they are attached form a heterocycelyl;
R’  ishalogen,
R*  ishalogen,
R’ 1s selected from the group consisting of
1} hydrogen, and
iy Ce-alkyl,
R® 1s selected from the group consisting of
1} hydrogen, and
1)  Ciealkyl,
R is selected from the group consisting of
i) hydrogen, and
i) Ci¢-alkyl;
R™ is selected from the group consisting of
i)  hydrogen, and
1) C¢-alkyl;
R? 1s selected from the group consisting of
1} cyano,
1) cyano-Crg-alkyl,
1ii) halogen,
iv) halogen-Cy.¢-alkoxy,
V) halogen-C; ¢-alkyl,

b
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Vi) Ci.¢-alkoxy,

vii)  Cj¢-alkoxy-C;g-alkyl,
viil)  Cog-alkynyl, and

ix) C;¢-alkyl;

n isOorl;
m isOorl;
P is O or1;

or pharmaceutically acceptable salts thereof.

In a second aspect, there is provided a process for preparing a compound of formula I as
defined above, which process comprises reacting a compound of formula I' to 2 compound of

formula |

I I

wherein V, W, Y, Z, n, p, R’ R? R’, R*, R® and R®are as defined above and m is 1.

In 2 third aspect, there is provided a compound of formula I as defined above. whenever
-

prepared by a process as defined above.

In a fourth aspect, there is provided a compound of formula I as defined above for use as

therapeutically active substance.

In a fifth aspect, there is provided a compound of formula | as defined above for the use as
therapeutically-active substance for the therapeutic and/or prophylactic treatment of diseases and
disorders characterized by elevated B-amyloid levels and/or f-amyloid oligomers and/or B-
amyloid plaques and further deposits or Alzheimer's disease.

In a sixth aspect, there is provided a compound of formula I as defined above for the use as
therapeutically active substance for the therapeutic and/or prophylactic treatment of diabetes or

type 2 diabetes.
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In a seventh aspect, there is provided a pharmaceutical composition comprising a
compound of formula [ as defined above and a pharmaccutlcaﬂy acceptable carrier and/or a

pharmaceutically acceptable auxiliary substance.

In an eighth aspect, there is provided the use of a compound of formula I as defined above
for the manufacture of a medicament for the therapeutic and/or prophylactic treatment of

Alzheimer's disease.

In a minth aspect, there is provided the use of a compound of formula I as defined above for

the manufacture of a medicament for the therapeutic and/or prophylactic treatment of diabetes.

The present compounds have Asp2 (B-secretase, BACEl or Memapsin-2) in_hibitory
activity and can therefore be used in the therapeutic and/or prophylactic treatment of diseases
and disorders characterized by elevated B-amyloid levels and/or B-amyloid oligomers and/or
p-amyloid plaques and further deposits, particularly Alzheimer's disease. And/or the present
compounds have BACE2 inhibitory activity and can therefore be used in the therapeutic and/or
prophylactic treatment of diseases and disorders such as type 2 diabetes and other metabolic

disorders.

Detailed Description of the Invention -

The present invention provides a compound of formula I and their pharmaceutically
acceptable salts thereof, the preparation of the above mentioned compounds, medicaments
containing them and their manufacture as well as the use of the above mentioned compounds in
the therapeutic and/or prophylactic treatment of diseases and disorders which are associated with
inhibition of BACEI and/or BACE?2 activity, such as Alzheimer’s disease and type 2 diabetes.
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Furthermore, the formation, or formation and depesition, of B-amyloid plagues in, on or around
neuyological tissue (e.g., the brain) are inhibited by the present compounds by inhibiting the AP

production from APP or an APP fragment.

The following definitions of the geperal terms used in the present description apply

irrespectively of whether the terms in question appear alone orin combination with other groups,

Unless otherwise stated, the following terms used have the definitions given below. It must
i, 0 X3 )

be noted that, as used in the specification and the appended claims, the singular forms “a”, “an,

and “the” include plural referents unless the context clearly dictates otherwise.

The term "Cy 4-alkyl”, alone or in combination with other groups, stands for a hydrocarbon
racdical which can he linear or branched, with single or multiple branching, wherein the alkyl
isopropyl (i-propyl), n-butyl, i-butyl (isobutyl), 2-butyl (sec-butyl}, t-butyl (tert-butyl}, isopentyl,
2-ethyl-propyl, {,2-dimethyl-propyl and the fke. The term "Cys-alkyl”, ajone or in combination
with other groups, stands for a hydrocarbon radical which can be linear or branched, wherein the
alkyl group comprises 1 to 3 carbon atoms. Particular examples are “C; g-allyl” are "Cj s-alkyl"

Specific examples are methyl and ethyl. Maost specific group is methyl,

The term “cyano-Cg-alkyl”, alone or in combination with other groups, refers to €y ¢
alkyl as defined heremn, which iy substituted by one or multiple cyano, particularly 1-5 cyano,

more particularly | eyane. Examples are cyaro-methyl and the like.

The term “halogen-Ci s-alkyl”, alone or in combination with other groups, refers to Cy -
atkyl as defined herein, which is substituted by one or multiple hatogen, particularly 1-5 halogen,
more particularty 1-3 halogen, most particularly 1 halogen or 3 halogen. The term “halogen-C,.3-
alkyi”, alone or in combination with other groups, refers to C;3-alkyl as defined herein, which is
substituted by one or multiple halogen, particularly 1-5 halogen, more particularly 1-3 halogen,
most particularly 1 halogen or 3 halogen. Particular halogen is fluoro. Particular “halogen-C).¢-
alkyl” is fluoro-Cy.e-alkyl and particular “halogen-Cia-alkyl” s fluoro-C s-alkyl. Examples are

difluoromethyl, chloromethyl, fluoromethyl and the like. A specific example is trifluoromethyl.

The term “Cyg-alkoxy-C, s-atkyl”, alene or in combination with other groups, refers to Cy.
s-alkyl, which is substituted by one or multiple Ci¢-alkoxy as defined herein. Examples are
MeO-Me, TMeQ-Ft, 2MeQ-Et, 1MeQ-2E{G-propy!l and the like.

The term “cyano”, alone or in combination with other groups, refers to N=C-{CN).

The term "halogen”, alone or 1In combination with other eroups, deneotes chloro (C), iodo
i s 2 H

(1), fluoro (Fy and bromo (Br). Particular “halogen™ are Cl and F. Specific “halogen” is F.
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The term "heteroaryl”, alone or in combination with other groups, refers to an aromatic
carbecyclic group of having a single 4 to & membered ring or multiple condensed rings
containing 6 to 14, in particular 6 to 10 ring atems and containing 1, 2 or 3 heteroatoms
individually selected from N, O and S, in particular N and O, in which group at least one
heterocyclic ring is aromatic. Examples of “heteroaryl” include benzofuryl, benzoimidazolyi,
1H-benzoimidazolyl, benzooxazinyl, benzoxazolyl, benzothiazinyl, benzothiazolyl, benzothienyl,
benzotriazoiyl, faryl, imidazolyl, indazolvl, 1H-indazelyl, indolyl, isoguinolinyl, iscthiazolyl,
isoxazolyl, oxazolyl, pyrazinyl, pyrazolyl (pyrazyi), LH-pyrazolyl, pyrazolo{l,5-ajpyridinyl,
pyridazinyl, pyridinyl, pyrimidinyl, pyrrolyl, quinclinyl, tetrazolyl, thiazolyl, thienvl, triazolyi,
6,7-dihydro-5H-[ t]pyrindinyl and the like. Particular "hetercaryl” are pyridinyl, pyrimidinyl and
1H-pyrazolyl. Specific groups are pyridin-2-yl, pyridin-3-yl, pyridin-4-y1, pyrimidin-5-yl and
1H-pyrazol-5-yl.

The term “aryl” denotes a monovalent arematic carbocyclic mono- or bicyclic ring system
comprising 5 to 10 carbon ring atoms. Examples of aryl moieties include phenyl and naphthyi,

Particular “ary?” is phenyl.

The term “heterocyelyl”, alone or in combination with other groups, denotes a monovalent
saturated or partly unsaturated mene- or bicychic ring system of 4 to 9 ring atoms, containing 1,
2, or 3 ring heteroatoms selected from N, O and S, the remaining ring atoms being carbon.
Bicyclic means consisting of two cycles having two ring atoms in common, te. the bridge
separating the two rings is either a single bond or a chain of one or two ring atoms. Examples for’
monocyclic saturated heterocyclyl are azetidinyl, pyrrolidinyl, tetrahydrofuranyl, tetrahydro-
thienyl, pyrazolidiny, imidazolidinyl, oxazolidinyl, isoxazolidinyl, thiazolidinyl, piperidinyl,
tetrahydropyvranyl, tetrahydrothiopyranyl, piperazinyl, morpholinyl, thiomorpholinyl, 1,1-dioxo-
thiomorpholin-4-vl, azepanyl, diazepanyl, homopiperazinyl, or oxazepanyl. Examples for
bicyclic saturated heterccvciyl are 8-ara-bicyclo[3.2.1)octyi, quinuclidinyi, 8-oxa-3-aza-
bicyclo[3.2.1joctyl, 9-aza-bicyclo[3.3.1[nonyi, 3-oxa-9-aza-bicyclo[3.3. nonyl, or 3-thia-9-aza-
bicyelo[3.3. 1 ]nonyl. Examples for partly unsaturated heterocyclyl are dihydrofuryl, imidazolinyi,
dihydro-oxazolyl, tetrahydro-pyridinyl, or dihydropyranyl. Particelar  “heterocyelyl” s
tetrahydrofuranyl.

The term "Cie-alkoxy”, alone or in combination with other groups, stands for an
-0-Cyg-alleyi radical which can be linear or branched, with single or muitiple branching, wherein
the alkyl group in general comprises 1 to 6 carbon atoms, for example, methoxy (OMe, Me(),
ethoxy (OFEt), propoxy, isopropoxy (i-propoxy), n-butoxy. i-butoxy (iso-butoxy),
2-butoxy (sec-butoxy), t-butoxy (tert-butoxy), isopentyloxy (i-pentyloxy) and the ke, Particular

“Cjg-alkoxy” are groups with | to 4 carbon atoms. Specific examples are methoxy and ethoxy.

The term “halogen-Ci_¢-alkoxy”, alone or in combination with other groups, refers to Cys-

alkoxy as defined herein, which is substituted by one or multiple halogens, in particular fluoro.
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Particular “halogen-Cy.s-alkoxy™ are fluoro-Cis-alkoxy. Specific groups are difluoromethoxy

and trifluoromethoxy.

The term “Co.g-alkynyl”, alone or in combination with other groups, denotes a monovalent
linear or branched saturated hydrocarbon group of 2 to 6 carbon atoms, in particular from 2 to 4
carbon atoms, and comprising one, two or three triple bonds. Examples of Cig-alkynyl include

ethynyl, propynyl and n-butynyl. Specific examples are ethynyl and propynyl.

The term "pharmaceutically acceptable salts” vefers to salts that are suitable for use in
contact with the tissues of humang and animals. Examples of suitable salts with inorganic and
organic acids are, but are not limited to acetic acid, citric acid, formic acid, fumaric acid,
hydrochloric acid, lactic acid, maleic acid, malic acid, methane-sulfonic acid, nitric acid,
phosphoric acid, p-toluenesulphonic acid, succinic acid, sulfuric acid, sulphuric acid, tartaric
acid, trifluoroacetic acid and the like. Specific examples are formic acid, triflaoroacetic acid and

hydrochloric acid, Particular are hydrochloric acid, trifluorcacetic acid and fumaric acid.

The terms “pharmaceutically acceptable camier” and “pharmaceutically acceptable
auxiliary substance” refer to carriers and auxiliary substances such as diluents or excipients that

are compatible with the other ingredients of the formulation.

The term "pharmaceutical composition” encompasses a product comprising specified
ingredients in pre-detenmined amaounts or proportions, as well as any product that results, directly
or ndirectly, [rom combining specified ingredients in specified amounts, Particularly it
encompasses 2 product comprising one or moie active ingredients, and an optional carrier
comprising inert ingredients, as well as any product that resuits, directly or indirectly, from
combination, complexation or aggregation of any two or more of the ingredients, or from
dissociation of one or more of the ingredients, or from other types of reactions or interactions of

one or more of the ingredients,

The term “inhibiter” denotes a compound which competes with, reduces or prevents the
binding of a particuiar ligand to particular receptor or which reduces or prevents the inhibition of

the function of a particular protein,

The term “half maximal inhibitory concentration” {HCsp) denotes the concentration of a
particuiar compound required for obtaining 50G% inhibition of a biological process in vitro. ICsg
values can be converted logarithmically to plCsy values (-log 1CTs), in which higher values
indicate exponentially greater potency. The ICsy value is not an absclute value but depends on
experimental conditions e.g. concentrations employed. The ICsy value can be converted to an
absolute inhibition constant (Ki} using the Cheng-Prusoff equation (Biochem. Pharmacol. (1973)
22:3099). The term “inhibition constant” (Ki) denotes the absolute binding affinity of a
particalar inhibitor to a receptor. It is measured using competition binding assays and is equal to

the concentration where the particular inhibitor would occupy 50% of the receptors if no
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competing ligand (e.g. a radioligand) was present. Ki values can be converted logarithmically to

pKi values (-log Ki), in which higher values indicate exponentially greater potency.

“Therapeutically effective amount” means an amount of a compound that, when
administered to a subject for treating a disease state, is sufficient to effect such treatment for the
disease state, The “therapeutically effective amount” will vary depending on the compound,
disease state being treated, the severity or the disease treated, the age and relative health of the
subject, the route and form of administration, the judgment of the attending medical or veterinary

practitioner, and other factors.

The term “as defined herein” and “as described herein” when referring to a variable
incorporates by reference the broad definition of the variable as well as preferred, more preferred

and most preferred definitions, if any.

The terms “geating”. “contacting” and “reacting” when referring to a chemical reaction
means adding or mixing two or more reagents under appropriate conditions to produce the
indicated and/or the desired product, It should be appreciated that the reaction which produces
the indicated and/or the desired product may not necessarily result directly from the combination
of two reagents which were initially added, ie., there can be one or more intermediates which
are produced in the mixtare which ultimately leads to the formation of the indicated and/or the

desired produet.

The term “protecting group” denotes the group which selectively blocks a reactive site in a
muitifunctional compound such that a chemical reaction can be carried out selectively at another
unprotected reactive site in the meaning conventionally associated with it in synthetic chemistry.
Protecting groups can be removed at the appropriate point. Exemplary protecting groups are
amino-protecting groups, carboxy-protecting groups or hydroxy-protecting groups. The term
“amino-protecting group” denctes groups intended to protect an amino group and includes
benzyl, benzyloxycarbonyl (carbobenzyloxy, CBZ), 9-Fluorenylmethyloxyearbonyl (FMOC), p-
methoxybenzyloxyearbonyl, p-nitrobenzyloxyearbonvl, tert-butoxyearbonyl (BOC),
triphenylmethyl (Tr), 4-monomethoxytrityl (MMTr), 4.4-dimethoxy-trityl {DMTr), 444"
trimethox ytrityl and triflyoroacetyl. Further examples of these groups are found in T. W, Greene
and P. G. M. Wats, “Protective Groups in Organic Synthesis”, 2nd ed., John Wiley & Sons, Inc.,
New York, NY, 1991, chapter 7; E. Haslam, “Protective Groups in Organic Chemistry”, J. G. W,
McOmie, Ed., Pleoum Press, New York, NY, 1973, Chapter 3, and T.W. Greene, “Protective
Croups in Organic Synthesis”, John Wiley and Sons, New York, NY, 1981. The term “protected
amino group” refers to an amine group substituted by an amino-protecting groups. Particular

amino-protecting groups are tert-butoxycarbonyl group and dimethoxvirityl.

The term “leaving group” denotes the group with the meaning conventionally associated

with 1t in synthetic organic chemistry, l.e., an atom or group displaceable under substifution
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reaction conditions. Examples of leaving groups include halogen, in particular bromo, alkane- or
arylenesulfonyloxy, such  as  methanesulfonviexy,  ethanesulfonyloxy,  thiomethyl,
benzenesulfonyloxy, tosyloxy, and thienyloxy, dihalophosphinoyloxy, optionally substituied
benzyloxy, isopropyloxy, and acyloxy.

The term “aromatic” denotes the conventional idea of aromaticity as defined in the
literature, in particular in [UPAC - Compendivm of Chemical Terminelogy, 2nd, A. D.

McMNaught & A. Wilkinson (Eds). Blackwell Scientific Publications, Oxford (1997).

The term “‘pharmaceutically acceptable excipient” denoles any ingredient having no
therapeutic activity and being non-toxic such as disintegrators, binders, fillers, solvents, buffers,
tonicity agents, stabilizers, antioxidants, surfactants or lobricants used in formulating

pharmaceutical products,

Whenever a chiral carbon is present in a chemical structore, it iy intended that all

sterecisomers associated with that chiral carbon are encompassed by the structure.

The invention alse provides pharmaceutical compositions, methods of using, and methods

of preparing the aforementoned compounds.
All separate embodiments can be combined.

One embodiment of the invention is a compound of formula 1,

V%o r®
H,N n o
\

N

1

wherein
Y is -CR™R™"-;
W s -CRMR™
X is -CR™R™-, -0-, -8- or -80,-
Y -NH-C=0-;
Z is selected from the group consisting of

i) heteroaryl,

ii) heteroaryl substituted by 1-4 substituents individually selected from R*,

11} aryl, and
v) aryi substituted by 1-4 substituents individually selected from R,
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is selected from the group consisting of
i) hydrogen,

i1 halogen, and

1) Crgalkyl;

is selected from the group consisting of
i) hydrogen,

i} halogen, and

i) Crg-alkyl;

is selected from the group consisting of
1) hydrogen, and

11} Cyalkyl;

is selected from the group consisting of
1) hydrogen,

i) aryl, and

i) Cygalkvl;

PCT/EPZO1Z/H59088

R* and R™ together with the C they are attached form a heterocyelyl;

is selected from the group consisting of
i) hydrogen, and

1) halogen,

is selected from the group consisting of
1) hydrogen. and

if)  halogen,

is selected from the group consisting of
i) hydrogen, and

iy Cpg-alkyl,

is selected from the group consisting of
iy hydrogen, and

ity  Crg-alkyl,

is selected from the group consisting of
1 hydrogen, and

i) Cg-allovi;

is selected from the group consisting of
1) hydrogen, and

ii) Cy s-alkyl;

is selected from the group consisting of

i) Cyano,
i1) cyano-{y g-allyl,
11} halogen,

1v) halogen-(y g-alkoxy,

V) halogen-Cy4-alkyl,
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vi) Crs-alkoxy,

vii) Crg-alkoxy-Chg-alleyl,
viii)  Cog-alkynyl, and

%) Cyg-alkyt;

isOori:

isOorl:

wlori;

or pharmaceutically acceptable salts thereof.

v
W
X
Y
Z

R la

R'Ia

A certain embodiment is & compound as described herein, wherein

is -CR™R™-

is -CR¥R™-;

is -CR™R'"-, -O-, -§- or -S03-;
NH-C=0-;

is selected from the group consisting of

1) heteroaryl,
i) heteroaryl substituted by 1-2 substituents individually selected from R®, and
1it) aryl substituted by 1-2 substituents individually selected from R,

is selected from the group consisting of
i} hydrogen,

ii) halogen, and

111} Cg-alkyl;

is selected from the group consisting of
1) hydroeen,

i) halogen, and

1it) Cyg-alkyl;

‘is selected from the group consisting of

1) hydrogen, and

i) Cg-alkyl;

is selected from the group consisting of
i) hydrogen,

i1} phenyl, and

iii} Cis-alkyl; _
R* and R™ together with the C they are attached form tetrahydropyranyl;
is halogen;

is halcgen;

iy hydrogen;

is hydrogen;

is hydrogen;
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R is hydrogesn;
R is selected from the groap consisting of
1 Cyano,
i) halogen,

iil) halogen-Cys-allkyi, and
iv) Cig-alkoxy,
n wslorl;
m 1sOorl;
p isOorl;
or pharmaceutically acceptable salts thereof.

A cerfain embodiment is a compound as described herein, wherein

v is -CR™R™.;

W is-CR*R™-
X s -CRUR™-
Y -NH-C=0-;
Z 18 selected from the group consisting of
1) heteroaryl,
1) heteroaryl substituted by 1-2 substituents individually selected from R?, and

1) aryl substituted by 1-2 substitnents individually selected from R”,
R'* s selected from the group consisting of
i) hydrogen,
i) halogen, and
i) s gmalkvis
R is selected from the group consisting of
i) hydrogen,
H) halogen, and
1ii) Cysmalkyl;
R*™ s selected from the group consisting of
n hydrogen, and
1) Oy g-alkyl:
R*® s selected from the group consisting of
1) hydrogen,
i) phenyl, and
1i1) Crgalkyl;

R’ is halogen;
R is halogen;

) .
R is hydrogen;

5 .
R” is hydrogen;
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R™  ishydrogen;
R™  is hydrogen;
R® is selected from the group consisting of
1) cyane,
ii}) halogen, and

iii) halogen-C_s-alkyi;

n isQori;
m isOor i
p is0or i

or pharmaceutically acceptable salts thereof,

A certain embodiment is a compound as described herein, wherein

X is -CRMR™-;

Y “NH-C=0-;

Z is hetercaryl substituted by R®,
R™  ishydrogen;

R"™  ishydrogen;

R’ is halogen;

R is halogen;

R’ is hydrogen;

R® is hydrogen;
R™  ishydrogen;

R™  ishydrogen;

R® is selected {rom the group consisting of
i} cyane, and
i) halogen, and

n 5 0

o is 1;

p is G;

or pharmaceutically acceptable salts thereof,
A certain embodiment is a cormpound as described herein, wherein nis G
A certain embodiment is a compound ag described herein, whereinn is 1.
A certain embodiment is a compound as described herein, wherein m is 0.
A certain embodiment 1s a compound as described herein, wherein m is 1.

A certain embodiment is a compound as described herein, wherein p is 0.
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A certain embodiment is a compound as described herein, wherein p is 1.

A certain embodiment is a compound as described herein, wherein X is -CR™R™- and R™

and R™® are both hydrogen,
A certain embodiment 1s a cornpound as described herein, wherein X is SCRYR™.
A certain embodiment is a compound as described herein, wherein R* is hydrogen.
A certain embodiment is a compouad as described herein, wherein R™ is halogen,
A certain embodiment is a compound as described herein, wherein R™ is F.
A certain embodiment is a compound as described herein, wherein R s Crg-alkyl.
A certain embodiment is a compound as described herein, wherein R™ is methyl.
A certain embodiment is a compound as described herein, wherein R™ig hydrogesn.

- . - . - . i
A certain embodiment is a compound as described herein, wherein R

is halogen.
A certain embodiment is a compound as described herein, wherein R™5s F.

A certain embodiment is a compound as described herem, wherein R™ i ) galkyl.
A certain embodiment is a compound as described herein, wherein R™ is methyl.

A certain embodiment is a compound as described herein, wherein R ig Cyg-alkyl,
A certain embodiment is a compound as described herein, wherein R* 5 methyl,

A certain embodiment is a compound as described herein, wherein R* is hydrogen.
A certain embodiment is a compound as described herein, wherein R i Cyg-atkyl,
A certain embodiment is a compound as described herein, wﬁerein R™ is methyl,

A certain embodiment is a compound as described herein, wherein R is hydrogen.
A certain embodiment is a compound as described herein, wherein R* is aryl.

. - - - . - 2h .
A certain embodiment is a compeound as described herein, wherein R* is phenyl,

. . . . , . . 2 2
A certain embodiment is a compound as deseribed herein, wherein R* and R* form

together with the € to which they are afiached form heterocyclyl,
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- - - .. . . p 2 .
A certain embodiment is a compound as described herein, wherein R™ and R™ form

together with the C to which they are attached tetrahydropyranyl.
A certain embodiment is a compound as described herein, wherein X is -O-.
A certain embodiment 15 a compound as described herein, wherein X is -S-.
A certain embodiment is a compound as described herein, wherein X is -SO5-.

A certain embodiment i1s a compound as described herein, wherein p is 1, W isg -CRYR™.
L 2 2
and R* and R™ are both hydrogen.

A certain embodiment is a compound as described herein, wherein V is ~CRR™- and R™
and R"" are both hydrogen,

A certain embodiment is a compound as described herein, wherein V is ~CR™*R™-.
A certain embodiment is a compound as described herein, wherein R is hydrogen.
A certain embodiment is a compound as described herein, wherein R™ is hydrogen.
A certain embodiment is a compound as described herein, wherein W is “CR¥R®..
A certain embodiment is a compound as described herein, wherein R is halogen.
A certain embodiment is a compound as described herein, wherein R* is F.

A certain embodiment is a compound as described herein, wherein R” is halogen.
A certain embodiment is a compound as describad herein, wheiein R s B

A certain embodiment is a compound as described herein, wherein R is hydrogen.
A certain embodiment is a compound as described herein, wherein R is hydrogen.
A certain embodiment is a compound as described herein, wherein Y is -NH-C=0-.

A certain embodiment is a compound as described herein, wherein Z is hetercaryl

substituted by halogen or cyano,

A certain embodiment is a compound as described herein, wherein Z is 2-chloropyridinyl,
3,5-dichlorophenyl,  3,5-dichloropyridinyl,  3-cyano-phenyl,  4-chloro-1H-pyrazoleyl, 5-
chloropyridinyl, S-chloropyridinyl, 5-cyanopyridinyl, S-cyanopyridinyl, 5-fluoropyridinyl, 5-
flucropyridinyl, 5-methoxypyridinyl, S-trifluoromethylpyridinyl or pyrimidinyl.
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A certain embodiment is a compound as described herein, wherein Z is 2-chioropyridin-4-
yl, 3,5-dichlorophenyl, 3,5-dichloropyridin-2-yl, 3-cyano-phenyl, 4-chloro-1H-pyrazole-5-yi, 5-
chloropyridin-2-yl,  5-chloropyridin-3-yl,  S-cyanopyridin-2-yl,  S-cyanopyridin-3-yi,  5-
[luoropyridin-2-yl, 5-flucropyridin-3-yl, S-methoxypyridin-3-yl, S-trifluoromethytpyridin-2-yi or
pyrimidin-3-yl.

A certain embodiment is a compound as described herein, wherein Z is 5-cvanopyridin-2-

yl, 5-chloropyridin-2-yi, 5-chtoropyridin-3-yl or 5-fluoropyridin-2-yl,
A certain embodiment is a compound as described herein, wherein 7, is heteroaryl.
A certain embodiment is a compound as described herein, wherein Z is pyrimidinyl.

A certain embodiment is a compound as described herein, wherein Z is heteroaryl

substituted by 1-2 substituents individually selected from R®.

A certain embodiment is a compound as described herein, wherein Z is 1H-pyrazolyl,

pyridinyl or pyrimidinyl.

A certain embodiment is a compound as described herein, wherein Z is 1H-pyrazoel-3-yi,

pyridin-2-yl, pyridin-3-yl, pyridin-d-yl or pyrimidin-5-yl.
A certain embodiment is a compound as described herein. wherein 7. is aryl.

A certain embodiment is a2 compound as described herein, wherein 2 1s aryl substituted by
1-4 substituents individualily selected from R,

A certain embodiment is a compound as described herein, wherein 7. is phenyl substituted

by 1-2 substituents individually selected from chioro and cyano,
A certain embodiment is a compound as described herein, wherein R® is cyano.
A certain embodiment is a compound as described herein, wherein R®is halogen.
A certain emboediment is a compound as described herein, wherein R” is chioro.
A certain embodiment is a compound as deseribed herein, wherein R® is fluoro.
A certain embodiment is a compound as described herein, wherein R® is halogen-C,_g-alkyl.
A certain embodiment is a compound as described herein, wherein R® is trifluoromethyl.
A certain embodiment is a compound as described herein, wherein R¥is (1 ¢-alkoxny,

. - - . < - . g -
A certain embodiment is a compound as described herein, wherein R* 13 methoxy.
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A certain embodiment is a compound as described herein, selected from the group

consisting of

{R)-7-(5-chloropyridin-3-yD)-5",5-difluero-3,4,5",6"-tetrahydro-2H-spiro[naphthalene-1,4'-
[1,3]oxazin}-2"-amine,
(2'R,4R)-6"-(5-chloropyridin-3-y1)-3,5-difluoro-3,5",6,0"-tetrahydro-4"H-dispiro[ 1,3-oxazine-
4.4'-chromene-2',3"-pyran}-2-amine formate,
(2RS,4R)-5".5-difluoro-2-phenyl-6-(pyrimidin-5-yi}-5,6'-dihydrospiro[chroman-4,4'-
[1,3loxazin]-2-amine,
(2RS4R)-6-(3,5-dichlorophenyl)-5",5-difluore-2-phenyl-57,6-dihydrospiro{chroman-4,4'-
[1.3}oxzzinl-2-amine,

(2RS,4R)-6-(3,5-dichlorophenyl)-6".6'-difluoro-2-phenyl-6",7-dih ydro-2'E-spiro[chroman-4,5'-
{1,4]oxazepin]-3"-amine,
(2RS,4R)-6-(5-chloropyridin-3-y1)-5',5'-difluore-2-phenyl-5".6"-dihydrospiro[chroman-4,4'-
[1.3]oxazin]-2'-amine,

(2RSS, 4R -6-(5-chloropyridin-3-y1}-6".6"-difluore-2-phenyl-6'7-dihydro-2'H-spirofchroman-4,5'-
[1.4]oxazepin]-3'-amine,
(ZRS,4R)-6",6-difluoro-2-phenyl-6-(pyrimidin-5-y1)-6",7'-dihydro-2 H-spiro[chroman-4,5'-
[1.4]oxazepini-3'-amine,
2'8,4R)-6"(5-chloropyridin-3-y1}-5,5-ditluoro-5,5",6,6 - tetrahydro-4"H-dispiro{ 1, 3-oxazine-
4,4'-chromene-2",3"-pyran]-2-amine formate,
(R)-3-(2-Amino-5,5-difluore-2,3,5.0'-tetrahydrospiroindene-1,4"-[ 1. 3 ]oxarine}-6-
vlybenzonitrile,

(R)-4,4.5" 5" tetrafluoro-7-(5-fluoropyridin-3-y1)-3,4,5",6"-tetrah yvdro-2H-spiro[ naphthalene- 1 4'-
1, 3ioxazin}-2'-amine,

(R)-5-(2'-amino-4,4,5' 5" tetrafluoro-3,4,5",6'-tetrahydro-2H-spiro[naphthaiene- | 4"
[1,3}oxazine}-7-ylmicotinonitrile,

(R)-5-(2"-amino-5".5"-diflucre-2,3,5",6 - tetrah ydrospiro [indehe~ 1,4"-F1,3]oxazinel-6-
ylinicotinonitrile,

(R3-5-(2-amino-3",5"-diflzoro-3,4,5" 6 tetrahydro-2ZH-spiro[naphthalene- { 4'-[1,3]oxazine]-7-
ylnicotinonitrile,
(R)-5'.5"difluoro-6-(5-methoxypyridin-3-yi)-5',6-dihydrospiro[chroman-4,4"-[ 1 3]oxazin]-2"-
amine,

(R)-53"5-diflvoro-6-{pyrimidin-5-y1}-2,3.5 .6 - tetrahydrospirofindene- 1,4'-[ 1, 3]oxazin}-2'-amine,
(R)-5",5'-difluore-6-(pyrimidin-5-y1)-5'",6 -dihvdrospiro{chroman-4.4'-[ 1 3 joxazin]-2'-amine,
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(R)-6-(2-chloropyridin-4-y1)-5'. 5 -difluoro-2,3,5", 6"  tetrahydrospire[indene- 1,4'-[ 1 ,3loxazin]-2'-
amine,
(R)-6-(3,5-dichlorophenyD)-5'5"-diflaoro-2,3,5" 6'-tetrahydrospiro[indene- 1,4'-[1,3Joxazin]-2'-
amine,
(R)-6-(3,5-dichlorophenyl)-5",5" difluoro-5,6"-dihydrospiro[chroman-4,4"[ 1, 3joxazin]-2-amine,
(R)-6-(3,5-dichlorophenyl)-0',6'-difluoro-6",7'-dihydro-2'H-spiro[chroman-4,5'-[ 1,4 ]oxazepini-3'-
amine,
(R)-6-(5-chloropyridin-3-y1)-5",5 -difluore-2,2-dimethyl-3',6"-dihydrospirofchroman-4,4'-
[1.31oxazini-2"-amine,
(R)-6-(5-chloropyridin-3-y13-3',5-difluoro-2,3,5",6 - tetrahydrospiro[indene-1,4"-[ 1.3]oxazin]-2'-
amine,
(R)-6-{5-chioropyridin-3-y1}-5,5-difluoro-5,6-dihydrespiro[[ 1,3]oxazine-4,4'-thiochroman]-2-
amine,
(R)-6-(5-chloropyridin-3-y1)-5'.5-difluorc-5",6 -dihydrospiro[chroman-4,4'-[ 1,3joxazin]-2'-amine,
(R)-6-(5-chloropyridin-3-y1)-6',6-difluore-6"7"-dihydro-2'H-spiro[chroman-4,5-[ 1,4l oxazepini-
3amine,
(R)}-7-(5-chloropyridin-3-yl)-4,4,5'" 5 -tetrafluorc-3,4,5',6 - tetrahydro-2H-spiro{naphthalene-1,4"-
[1,3}oxazin]-2"-amine,
(R)-M-{2"-aminc-3",5"-difluoro-2,2-dimethyl-3",6"-dihydrospiro[chroman-4,4'-[ 1 3ioxazine]-6-yi)-
S-chloropicolinamide,
(R)-N-{2'-amino-5",5-difluoro-2,2-dimethyl-57.6"-dihydrospiro{chroman-4,4'-[ 1,3 }oxazine |-6-v1 )-
S-cyanopicclinamide,
(R)-N-(2"-amino-3',5-diflvorc-2,3,5" 6 tetrahvdrospirolindene- 1,4™-[1,3loxazine]-6-y1)-5-
cyanopicolinamide,
(RY-N-(2'-amine-5",5'-diftuoro-2,3,5",6 - tetrahydrospiro{indene-1,4'-[ 1,3 }oxazine]-6-y1)-5-
chlorepicolinamide,
(R)-N-(2"-amino-5",5"-difiuore-2,3,5' 6" tetrahydrospirelindene- | ,.4'-[ 1,3 ]oxazine}-6-vl 3-5-
fluoropicelinamide,
(R)-N-(2'-amino-5',5"-difluoro-2,3,5,6'-tetrah ydrospirolindene- 1,4'-{ 1,3 Joxazine|-6-y1)-5-
{trifluoromethyl)picolinamide, '
(R)-N-(2'-amino-5",53"-difluoro-3,4,5',6 - tetrahydro-2H-spiro[naphthalene-1,4"-[1,3loxazine]-7-
yii-5-chloropicolinamide,
{R)-N-(2'-amino-5",5-difluore-3,4,5,6'- tetrahydro-2H-spiro[naphthalene-1,4'-[1,3Joxazine]-7-

y)-5-cyanopicolinamide,
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(R)-N-(2"-aminc-3" 5"-difluoro-4,4-dimethyl-3,4,5",6'-tetrah ydro-2H-spiro[naphthalene- 1,4~
[1.3]oxazine}-7-yl}-5-cyanopicolinamide,

(R)-N-(2-amino-3.5-difluoro-5,6-dihydrospirof[ 1, 3]oxazine-4,4'-thiochroman]-6'-y1i-5-
chloropicolinamide,
(R)-N-(2-amino-3,5-difleoro-5,6-dihydrospiro[[1,3]oxazine-4, 4" -thiochroman]-6'-y1}-5-
cyanopicolinamide,

(R)-N-(Z'-amino-3',5"difluoro-5',6"-dihydrospire[chroman-4.4'-[ 1,3]oxazine]-6-y1}-5-
chloropicolinamide,

(R)-N-(2-amino-5", 5" difluoro-5",6"-dihydrospiro[chroman-4,4'-[1,3]oxazine]-6-y1}-3-
cyanopicolinamide,

(R)-N-(2'-amino-5".5-difluore-5'",6dihydrospiro[chroman-4,4"-1 1,3 ]oxazine]-6-yl)-4-chlore-1H-
pyrazole-5-carboxamide,

{R)-N-(3"-amino-6',6-difluoro-3,4,6",7-tetrahydro-2H,2 H-spiro[naphthalene-1,5'-
i1,4]oxazepine]-7-yl)-5-cyanopicolinamide,

(R)-N-(3-amino-6'",6"difluoro-3,4,6', 7 -tetrahydro-2H,2 H-spivo[naphthalene-1,5'-
[1,4]Joxazepine]-7-yl}-5-chloropicolinamide,
{(R)-N-(3"amino-6",6"-difluoro-6",7-dihydro-2'H-spiro[chroman-4,5'-[ 1 4 ]oxazepine]-6-y1)-3-
cvanopicolinamide,

{R}-N-(3-amino-6",6-diflucro-6",7-dihydro-2'H-spirolchroman-4.5'-[ 1 .4 oxazepine]-6-v1)-5-
chloropicelinamide,

(R)-N-(3"-amino-6',6"-diflnoro-6",7'-dthydro-2'H-spiro[chroman-4,5'-{ 1 .4 loxazepine]-6-y1)-3,5-
dichloropicolinamide,

3-((ZRS,4R)-1"-amino-5.5"-difluoro-2-phenyl-5",6 -dihvdrospiro{chroman-4,4'-[ } 3Joxazine]-6-
yhybenzonitrile,
3-{(ZRS,4R)-3"-amino-6",6'-difluoro-2-phenyl-6',7'-diftydro-2'H-spiro[chroman-4,5"-
[1,4}oxazepine}-6-yl)benzonitrile,
3-[(2R,4R)-2-amino-5,5-diflucre-5,5",6,6"-tetrahydro-4"H-dispiro{ 1, 3-oxazine-4,4'-cliromene-
2.3 "pyran]-6'-yl]benzonitrile formate,
5-({2RS5,4R}-2'-amino-3",5'-difluoro-2-phenyl-5',6'-dihydrospiro[chroman-4.4"-[ 1, 3Joxazine]-6-
ylnicotinonitrile,
5-((ZRS,4R)-3"-amino-6",6'-difluoro-2-phenyl-6",7'-dihydro-2'H-spiro{chroman-4,5'-
{1,4]oxazepine]-6-yi)nicotinonitrile, |

N-((2R or 25,4R)-2"-amino-5",5"-difluoro-2-phenyl-5.,6'-dihydrospiro[chroman-4,4 "

[1,3]exazine]-6-y1)-5-chloropicolinamide,
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N-((ZR or 25,4R)-2"-amino-5",5"-difluoro-2-phenyl-5,6'-dihydrospiro[chroman-4,4 -
[1,3]oxazire]-6-y)-3-cyanopicolinamide,
N-((ZR or 25,4R)-2"-amino-5",5"-diflucro-2-phenyl-5'.6'-dihydrospirofchroman-4,4'-
[1.3]oxazine]-6-v1)-3-fluoropicolinamide,
N-{(ZR or 25,4R}-2"-amine-5",5"-difluoro-2-phenyl-5",6'-dih ydrospirofchroman-4,4'-
[1,3)oxazine]-6-y1)-5-{triflucromethyl)picolinamide,
N-((ZRS,4R)-3"-amino-6"6-difluoro-2-phenyl-6',7"-dihydro-2 'H-spiro{chroman-4,5'-
[1.4]oxazepinel-6-y)-5-(triflucromethyiypicolinamide,
N-((2RS 4R)-3"-amino-6"6"-difluore-2-phenyl-6', 7 -dikydro-2H-spirofchroman-4,5'-
[1,4]oxazepine]-6-yi)-3-cyanopicolinamide,
N-[ERRAR)-2-amino-5,5-difluero-5,5",6,6"-tetrah ydro-4"H-dispirof 1, 3~oxazine-4,4'"-chromene-
2", 3"pyran]-6-yli-5-cyanopyridine-2-carboxamide,
N-[{(4R)-2-amine-5,5-difluoro-1',1-dioxido-2',3",5, 6-tetrah ydrospiro[ 1 ,3—0xazine.—4.,4*—
thicchromen-4'-yl}-5-chicropyndine-2-carboxamide, and
N-{(4R)-2-amino-5,5-difluoro-1", I'-dioxido-2".3",5.6-tetrah ydrospiro[ 1,3 -oxazine-4,4'"-

thiochromen]-6'-yli-5-cyanoopyridine-2-carboxamide,

or a pharmaceutical acceptable salt thereof.

A certain embodiment is a compound as described herein,, selected from the group

consisting of

(R)-IN-(2-Amino-3"5"-diftuore-2,3,5",6 - tetraltvdrospirofindene-1,4'-[1,3]axazine]-6-y1)-3-
cyanopicolinamide,

(R)-6-(5-Chloropyridin-3-y1)-5".5"-difluore-5" 6'-dihvdrospiro[chroman-4 4°-[ 1,3 ]oxazin]-2 -
amine,

(R)-N-(2-Amino-5",5"-difluoro-2,3,5'.6 -tetrahydrospiro[indene-1,4-{ 1,3loxazine]-6-y1}-5-
chiorepicolinamide, and

(R)-N-(2'-Amino-57,5"-difluoro-2.3,5",6 -tetrahydrospiro[indene-1,4'-[ 1,3]oxazine]-6-y1)-5-

fluoropicolinamide,
or a pharmaceutical acceptable salt thereof.

A certain embodiment of the invention provides a process as described below,
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wherein V, W, Y, 7, n, p, RI, Rg, RS, R4, R and R are as described herein and 1 is 1.

A certain emboediment of the invention provides a compound of formuia 1 as described

herein, whenever prepared by a process as defined above.

A certain embodiment of the invention provides a compound of formula T as described

herein for use as therapeutically active substance.

A certain embediment of the invention provides a compound of formula | as described
herein for the use as inhibitor of BACEI and/or BACE? activity.

A certain embodiment of the invention provides a compound of formula I as described

herein for the use as inhibitor of BACUET activity.

A certain embodiment of the invention provides a compound of formula 1 as described

herein for the use as inhibitor of BACEZ activity.

A certain embodiment of the invention provides a compound of formula I as described
herein tor the use as inhibitor of BACE] and BACEZ activity.

A certain embodiment of the invention provides a compound of formula { as described
berein for the use as therapeutically active substance for the therapeutic and/or prophylactic
treatment of diseases and disorders characterized by elevated fi-amyloid levels and/or B-amyloid

oligomers and/or B-amyloid plaques and further deposits or Alzheimer's disease.

A certain embodiment of the invention provides a compound of formula T ag described
herein for the use as therapeutically active substance for the therapeutic and/or prophylactic

treatment of Alzheimer's disease,

A certain embodiment of the invention provides a compound of formula [ as described
herein for the use as therapeutically active substance for the therapeutic and/or prophyvlactic

treatment of diabetes or type 2 diabetes.
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A certain embodiment of the invention provides a compound of formula I as described
herein for the use as therapeuiically active substance for the therapeutic and/or prophylactic

treatment of diabetes,

A certain embodiment of the invention provides a compound of formula 1 as described
herein for the use as therapeutically active substance for the therapeutic and/or prophylactic

treatment of diabetes or type 2 diabetes.

A certain embodiment of the invention provides a compound of formula 1 as described
herein for the use as therapeutically active substance for the therapeutic and/or prophylactic

ireatment of Alzheimer's disease, diabetes or type 2 diabetes.

A certain embodiment of the invention provides a pharmaceutical composition comprising
a compound of formula I as described herein and a pharmaceutically acceptable carrier and/or a

pharmaceutically acceptable auxiliary substance.

A certain embodiment of the invention provides the use of a compound of formula T as
described herein for the manufacture of a medicament for the use in inhibition of BACE] and/or
BACE2 sctivity.

A certain embodiment of the invention provides the use of a compound of formula T as
described herein for the manufacture of a medicament for the use -in inhibition of BACEI1

activity.

A certain embodiment of the invention provides the ase of a compound of formula T ag
described herein for the manufacture of a medicament for the use in inhibition of BACE2

activity,

A certain embodiment of the invention provides the use of a compound of formula T as
described herein for the manufacture of a medicament for the use in inhibition of BACEL and
BACE2 activity.

A certain embodiment of the mvention provides the use of a compound of formula I as
described herein for the manufacture of a medicament for the therapeutic and/or prophylactic
treatment of diseases and disorders characterized by elevated ff-amyloid levels and/or B-amyloid

oligomers and/or B-amyloid plagues and further deposits or Alzheimer's disease.

A certain embodiment of the invention provides the use of a compound of formula I as
described herein for the manufacture of a medicament for the therapeutic and/or prophylactic

treatment ot Alzheimer's disease.
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A certain embodiment of the inveniion provides the use of a compound of formula I as
described herein for the manufacture of a medicament for the therapeutic and/or prophylactic

treatment of diabetes or tvpe 2 diabetes.

A certain embodiment of the invention provides the use of a compound of formula I as
described herein for the manufacture of a medicament for the therapeutic and/or prophylactic

treatment of diabetes,

A certain embodiment of the invention provides the use of a compound of formula T as
described herein for the manufacture of a medicament for the therapeutic and/or prophylactic

treatment of diabetes or type 2 diabetes.

A certain embodiment of the invention provides the use of a compound of formula T as
described herein for the manufacture of a medicament for the therapeutic and/or prophylactic

treatment of Alzheimer's disease, diabetes or type 2 diabetes.

A certain embediment of the invention provides the use of a compound of formuala I as
described herein for the manufacture of a medicament for the therapeutic and/or prophylactic

treatment of Alzheimer's disease.

A certain embodiment of the invention provides the use of a compound of formula I as
described herein for the manufacture of a medicamest for the therapeutic and/or prophylactic

treatrent of diabetes or type 2 diabetes.

A certain embodiment of the invention provides the use of a compound of forraula T as
described herein for the manufacture of a medicament for the therapeutic and/or prophylactic

treatment of diabetes.

A certain embodiment of the invention provides the use of a compound of formula T as
described herein for the manufacture of a medicament for the therapeutic and/or prophylactic

treatment of type 2 diabetes.

A certain embodiment of the invention provides a compound of formula T as described
herein for the use in inhibition of BACET and/or BACE2 activity.

A certain embodiment of the invention provides a compound of formula I as described

herein for the use in inhibition of BACET aclivity.

A certain embodiment of the invention provides a compound of formula [ as described

herein for the use in inhibition of BACEZ activity.

A certain embodiment of the invention provides a compound of formula [ as described

herein for the use in nhibition of BACET and BACEZ activity.
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A certaln embodiment of the invention provides a compound of formula [ as described
herein for the use in the therapeutic and/or prophylactic treatment of diseases and disorders
characterized by elevated B-amyloid levels and/or B-amyloid oligomers and/or B-amyloid
plagues and further deposits or Alzheimer's disease.

A certain embodiment of the invention provides a compound of formula I as described

herein for the use in the therapeutic and/or prophylactic treatment of Alzhetmer's disease.

A certain embodiment of the invention provides a compound of formula T as described

herein for the use n the therapeutic and/cr prophylactic treatment of dizbetes or type 2 diabetes.

A certain embodiment of the invention provides a compound of formula I as described

herein for the use in the therapeutic and/or prophylactic treatment of diabetes.

A certain embodiment of the invention provides a compound of formula [ as described

herein for the use in the therapeutic and/cr prophylactic treatment of diabetes or type 2 diabetes.

A certain embodiment of the invention provides a compound of formula 1 as described
herein for the wvse in the therapeutic and/or prophylactic treatment of Alzheibmer's disease,

diabetes or type 2 diabetes.

A certain embodiment of the invention provides a method for the use in inhibition of
BACE!® and/or BACE2 activity, particularly for the therapeutic and/or prophylactic treatment of
diseases and disorders characterized by elevated P-amyloid levels andfor P-amyloid oligomers
and/or B-amyloid placues and further deposits, Alzheimer's disease, diabetes or type 2 diabetes,
which method comprises administering compound of formula I as described herein to a human

being or animal.

A certain embodiment of the invention provides a method for the use in the therapeutic
and/or prophyiactic treatment of Alzheimer's disease, diabetes or type 2 diabetes, which method
comprises administering a compound of fonmuia I as described herein to a human being or

animal.

A certain embodiment of the invention provides a method for the vse in the therapeutic
and/or prophylactic treatment of Adzheimer's disease, which method comprises administering a

compound of formula I as deseribed herein to a human being or animal.

A certain embodiment of the invention provides a methed for the use in the therapeutic
and/or prophylactic treatment of diabetes, which method comprises administering a compound of

formula I as deseribed herein te a human being or animal.
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A certain embodiment of the invention provides a method for the use in the therapeutic
and/or prophylactic treatment of type 2 diabetes, which method comprises administering a

compound of formula I as described herein to a human being or animal.

Furthermore, the invention includes all optical isomers, ie. diastereoisomers,
diastereomeric mixtures, racemic mixtures, all their corresponding enantiomers and/or tautomers

as well as their solvates of the compounds of formula L

The skilled person in the art will recognize that the compounds of formula I can exist in

tautomeric forms, e.g. in the following tautomeric form:

Vb o RC

El N n 5

R

R 4
Y 3
/:“’/E R
Al

X Y

All tautomeric forms are encompassed in the present invention.

The compounds of formula I can contain one or more asymmeiric ceniers and can therefore
ococur as raccmales, racemic mixtures, single epnantiomers, diastereomeric mixtures and
individual diastereomers. Additional asymmetric centers can be present depending upon the
nature of the various substituents on the molecule. Fach such asymmetric centre will
independenty produce two optical isomers and it is intended that all of the possible optical
womers and diastereomers in mixtures and as pure or partially purified compounds are included
within this invention. The present invention is meant to encompass all such isomeric forms of
these compounds. The independent syntheses of these diastereomers or their chromatographic
separations can be achieved as known in the art by appropriate modification of the methodology
disclosed herein. Their absolute stereochemistry can be determined by the x-ray crystallography
of crystalline products or crystalline intermediates which are derivatized, if necessary, with a
reagent containing an asymmetric centre of known absolute configuration. If desired, racemic
mixtures of the compounds can be separated so that the individual enantiomers are isolated. The
separation can be carried ouf by methods well known in the art, such as the coupling of a racemic
mixture of compounds to an enantiomerically pure compound to form a diastereomeric mixture,
followed by separation of the individual diastereomers by standard methods, such as fractional
crystallization or chromatography. Particular examples of isomers of a compound of formula T is
a compound of formula In wherein the residues have the meaning as described in any of the

embodiments.
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In the embodiments, where optically pure enantiomers are provided, optically pure
enanfiomer means that the compound contains > 90 % of the desired isomer by weight,
particularly > 95 % of the desired isomer by weight, or more particularly > 99 % of the desired
isomer by weight, said weight percent based upon the total weight of the isomer(s) of the
compound. Chirally pure or chirally enriched compounds can be prepared by chirally selective
synthesis or by separation of enantiomers. The separation of enantiomers can be carried out on

the final procduct or alternatively on a suitable intermediate.

The compounds of formula T can be prepared in accordance with the following schemes. The
starting material is comumercially availabie or can be prepared in accordance with known
methods. Any previously defined residues and variables will continue to have the previously

defined meaning unless otherwise indicated.

Sulfinyi imines of general formula AZ, wherein X is -CR"R™ (R R™ are hydrogen,

in analogy to T.P. Tang & J.A. Eilman, J. Org. Chem. 1999, 64, 12, by condensation of an aryl
ketonpe Al and a sullinamide, e.g. an alky! sulfinamide, most particularly (R)-(+)-tert-
butyisulfinamide, in the presence of a Lewils acid such ag e.g. a titanium(TV)alkexide, more
particularly titanivm(IV)ethoxide in a solvent such as an ether, e.g. diethyl ether or more

particularly tetrahydrofuran.

The conversion of the sulfinyl imine A2 (o the sulfinamide ester A3 proceeds
stereoselectively by the chiral directing group as described by Tang & Ellman. The sulfinyl
imine AZ can be reacted in a Reformatsky reaction with a zine enolate generated from e.g. an
alkyl bromodifluoroacetate, particularly ethyl bromodifluoroacetate, and activated zine powder
at ambient to elevated temperature, particularly at 23 to 60 °C in a solvent such as an ether, e.g.

diethyl ether or more particularly tetrahydrofuran.

The alcehol of formula A4 can be prepared by the reduction of an ethylester of formula A3
with an alkali hydride, particularly lithium borohydride or lithium aluminium hydride, in a

solvent such as an ether, e g, diethyl ether or more particularly tetrahydrofuran,
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Hydrolysis of the chiral directing group in the sulfinamide alcohol of formula A4 to give
the amincalcohol of formula A5 can be accomplished with & mineral acid, e.g. sulfuric acid or
particularly hydrochloric acid, in a solvent such as an ether, e.g. diethyl ether, tetrahydrofuran or

more particularly 1,4-dioxane.

The aminooxazine of formula A6 can be prepared by reaction of an aminoalcohol of

formula AS with cyanogen bromide in a solvent such as an aleohol, particularly ethanol.

The reduction of derivatives of formula A6, wherein @ is a nitro group, to give anilines of
formula A7 can be accomplished by hydregenation using a catalyst, sach as palladium on carbon,

in protic solvents, such as alcohols, in particular ethanol or methanol,

R

0 }
§ QOOB

for € : NO,

Z-COOH

Scheme A: Synthesis of compounds of formula 1.1 and L2,

Target amines of formula L1 can be prepared by palladium-catalyzed cross coupling

between compounds of formula A6 and derivatives of formula Z-R”, wherein R" has the meaning
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of a boronic acid or ester under conditions {Suzuki-Miyaura-coupling) known to those skilled in
the art.

Target amides of formula L2 can be prepared by selective coupling of anilines of formula
A7 and & carhboxylic acid of formula Z-COOH with 4-(4.6-dimethoxy{1.3.5]triazin-2-yl)-4-
methylmorpholinium chloride hydrate {DMTMM) as the condensating agent in a solvent such as

methanol,

Another tvpical procedure for the preparation of anilines of formula A7 via N-protected

intermediates is 1llustrated in Scheme A.1.

Protection of the amino group in compounds of formula A6, wherein Q is bromine, to

produce aryl bromides of formula A6.1 can be performed with triarylmethy! chlerides, such as

triphenylmethyl chloride (Ty-Cl), p-methoxyphenyidiphenyimethyl chloride (MMTr-Cl), dip-
methoxyphenylphenyimethyl chloride (DMTr-C1) or wi{p-methoxyphenylimethyt chloride
(TMTr-Cl, particularty DMTr-Cl, under basic conditions, e.g. in the presence of an amine, such
as tricthvlamine or diisopropylethylamine, in a chlorinated selvent, such as dichloromethane or

chloroform, at temperatures between O °C and ambient temperatare.

Aryl bromides of formula A6.1 can be reacted with ammonia equivalents, such as
benzophenone imine, in the presence of a suitable fransition metal cataiyst, such as
bis(dibenzyiideneacetone)palladium (0) ((dba)Pd) or tris{dibenzylideneacetona)dipalladium (0)
((dha);Pdy)), and a suitable ligand, such as rac-2,2-bis(diphenyiphosphine)-1,1-binaphthyl (rac-
BINAP),  2-dicyciohexyiphosphino-2' 4.6 -triisopropylbiphenyl  (X-PHOS) or  2-di-ters-
butylphosphino-2°.4',6™-triisopropylbiphenyl (t-Bu X-PH{OS), in the presence of a base, such as
sodium ferf-butoxide, potassimm phosphate or cesium carbonate, in a suitable solvent, such as
toluene or 1.4-dioxane, under an inert atmosphere, such as nifrogen or argeon, at temperatures

between 80 and 110 °C, to produce compounds of formula A6.2.

Deprotection of both amino groups in compounds of formula A6.2 can be achieved by a one-
pot procedure by first reacting it with a strong organic acid, such as trifluoroacetic acid, in
chlorinated sclvents, such as dichloromethane or chloroform, under anhydrous conditions at
temperatures between 0 °C and ambient temperature to cleave the Pi~g1‘011_p. Then the addition of
water to cleave the benzophenone imine and reaction at ambient temperature produces diamines
of forpmuia A7,
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Scheme A.l: Altemative synthesis of intermediate anilines of formula A7,

Suifinyl imines of general formula B2, wherein X is O or $ and W is ~CR™R™ (withp= 1,
R™ R™ are hydrogen. lower alkyl, phenyl, or taken together with the C they are attached fo form
a heterocyelyly can form a heterocyclealkyl), can be prepared in analogy to T.P, Tang & J.A.
Eltman, J. Org. Chem. 1999, 64, 12, by condensation of an ary! ketone B1 and a suifinamide, e.g.
an alkyl sulfinamide, most particuiarly (R)-(+)-tert-butylselfinamide, in the presence of a Lewis
acid such as e.g. a ttanium(IV)alkoxide, more particularly fitanivm{IV)ethoxide in a solvent

such as an ether, e.g. diethyl ether or mote particulasty tetrahydrofuran.,

The conversion of the suifinyl imine B2 to the sulfinamide ester B3 proceeds
stereoselectively by the chiral directing group as described by Tang & Ellman. The sulfinyl
imine B2 can be reacted in a Reformatsky reaction with a zinc enolate generated from e.g. an
alkyl bromodiflucroscetate, particularly ethyl bromodiffuoroacetate, and activated zinc powder
at ambient to elevated temperature, particularly at 23 to 60 °C in a solvent such as an ether, e.g.

diethyl ether or more particularly feirahydrofuran,

The alcohol of formula B4 can be prepared by the reduction of an ethylester of formula B3
with an alkali hydride, particularly lithium borohydride or lithfomn aluminium hydride, in a

solvent such as an ether, e.g. diethyl ether or more particularly tetrahydrofuran.

Hydrolysis of the chiral directing group in the suifinamide aicohol of formula B4 to give
the amingalcohol of formula BS can be accomplished with a mineral acid, e.g. sulfuric acid or
particularly hydrochloric acid, in a solvent such as an ether, e.g. diethyl ether, tetrahydrofuran or

more particularly 1,4-dioxane.
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The amincozrazine of formula BS can be prepared by reaction of an aminoalcohol of

formula BS with cyanogen bromide in a solvent such as an alcohol, particularly ethanol.

The reduction of derivatives of formula B, wherein Q i$ a nitro group, to give anilines of

formula B7 can be sccomplished by hydrogenation using a catalyst, such as palladium on carbon

in protic sclvents, such as alechols, in particular ethanol or methanol.

0 Reo 120
o S0 87 Co0R
O :-;+ \i R ¥
Q LN R Q I
bt et B —
AW X/{W}i, X/(W ),
B B2 B3
( =Br, NO, R= C ) ealkyl, in particular t-buty!
X=0,§
R 4.0  _OH
0

HN

for Q 1 NO,

Z-C00H

e

Scheme B: Synthesis of compounds of formula L3 and 1.4,

Target amines of formula L3 can be prepared by palladium-catalyzed cross coupling
between compounds of formula B6 and derivatives of formula Z-R*, wherein R® has the meaning
of a boronic acid or ester under conditions (Suzuki-Miyaura-coupling) known to those skilled in

the art.

Target amides of formula 1.4 can be prepared by selective coupling of anilines of formula
B7 and a carboxylic acid of formula Z-COOH with 4-(4.6-dimethoxy[1.3.5]tnazin-2-v1)-4-

H



20

)
LA

WO 2012/163796 POT/EPZO12/059688
-31- '

methylmorpholinium chioride hydrate (DMTMM) as the condensating agent in a solvent such as

methanol.

Target amides of formula 1.3 or L4, wherein X is SO, can be prepared from compounds of
formula L3 or 1.4, wherein X 1s S, by oxidation in inert solvents at temperatures between () °C

and ambient temperature using e.g. potassium peroxomonosulphate as the oxidizing agent.

Alternatively, anilines of formula B7 can be prepared via N-protected intermediates as
illustrated in Scheme B.1.

Protection of the amino group in compounds of formula A6, wherein (@ is bromine, to
produce aryl bromides of formula B6.1 can be performed with triarylmethvi chlorides, such as
triphenylmethyl chloride (Tr-Cl), p-methexyphenyidiphenylmethyl chloride (MMTr-Cl), di(p-
methoxyphenyljphenylmethyl chloride (DMTr-Cl} or tri{p-methoxyphenylimethyl chloride
(ITMTr-CY), particularly DMTr-Cl, under basic conditions, e.g. in the presence of an amine, sach
as tricthylamine or diisopropylethylamine, in a chlorinated solvent, such as dichloromethane or

chloroform, at temperatures between 0 “C and ambient temperature.

Aryl bromides of formula B6.1 can be reacted with ammonia equivalents, such as
benzophenone imine, in the presence of a switable transition metal catalyst, such as
bis(dibenzylideneacetone)palladivm (0) ((dba);Pd) or nis{dibenzylideneacetone)dipalladium (0)
((dba)sPd,)), and a suitable ligand, such as rac-2,2-bis(diphenylphosphino)-1,1"-binaphthyl (rac-
BINAP), Z-dicyciohexylphosphine-2'.4° 6% tiisopropylbiphenyl  (X-PHOS)  or  2-di-rert-
butylphosphino-2'4",6-triisopropyibipheny! (-Bu X-PHOS), in the presence of a base, such as
sodium fert-butoxide, potassinm phosphate or cesium carbenate, in a suitable solvent, such as
toluene or 1d-dioxane, under an inert atimosphere, such as nitrogen or argon, at temperatures

between 80 and 110 °C, to produce compounds of formula B&.2.

Deprotection of both amino groups in compounds of formula B6.2 can be achieved by a one-
pot procedure by first reacting it with a strong organic acid, such as wifluoroacetic acid, in
chlorinated solvents, such as dichloromethane or chloroform, under anhydrous conditions at
temperatures between O °C and ambient temperature to cleave the Pl-group. Then the addition of

water to cleave the benzophenone imine and reaction at ambient temperature preduces diamines
of formula B7.
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Scheme B.1: Alternative synthesis of intermediate anitines of formula B7.

Alkylation of alechols of formula A4 or B4 to nitriles of formula C1 can be accomplished
with a suitable mild base particulmly silver(l) oxide in a solvent such as tetrahydrofuran or
dichioromethane, more particularly dichloromethane, in the presence of an alkylating catalyst

such as tetra-butyl ammonivm lodide.

Hydrolysis of the chiral directing group in mitriles of formula C1 to give amine nitriles of
formula C2 can be accomplished with a mineral acid, e.g. sulfuric acid or pasticularly

tiydrochloric acid in a solvent such as an ether, ¢.g. diethyl ether or more particularly 1.4-dioxane.

Aminooxazepines of formula £3 can be prepared by the reaction of amino nitriles of
formula CZ and trimethyl aluminivm in a solvent such as a xylene or toluene, particularly

toiuene.

The reduction of derivatives of formula C3, wherein Q is a nitro group, to give anilines of
formula C4 can be accomplished by hydrogenation using a catalyst, such as palladium on carbon,

in protic solvents, such as alcohols, in particular ethancl or methanol.
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Scheme C: Synthesis of compounds of formula 1.5 and 1.6.

Target amines of formula L5 can be prepared by palladium-catalyzed cross coupling
between compounds of formula C3 and derivatives of formula Z-R*, wherein R" has the meaning
of a beronic acid or ester under conditiens (Suzuki-Miyaura-coupling) known 1o those skilled in
the art.
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Target amides of formula 1.6 can be prepared by selective coupling of anilines of formula
C4 and a carboxylic acid of formula Z-COOH with 4-(4,6-dimethoxy{1.3 5]triazin-2-yl)-4-
methyimorpholinium chioride hydrate (DMTMM) as the condensating agent in a solvent such as

methanol,

The corresponding pharmaceutically acceplable salts with acids can be obtained by standard
methods known to the person skilled in the art, e.g. by disselving the compound of formula I in a
suitable solvent such as e.g. dioxane or tetrahydrofuran (THE) and adding an appropriate amount
of the corresponding acid. The products can usuaily be isolated by filtration or by
chromatography. The conversion of a compound of formula Tinto a pharmaceutically acceptable
salt with a base can be camied out by treatment of such a compound with such a hase. One
possible method to form such a salt is e.g. by addition of 1/n equivalents of a basic salt such as
e.g. M{OH),, wherein M = metal or ammonium cation and n = pumber of hydroxide anions, to a
solution of the compound in a suitable solvent (e.g. ethanol, ethanol-water mixture,
tewahydrofuran-water mixture) and to remove the solvent by evaporation or lyvophilisation.

Particular salts are hydrochloride, formate and triffuoroacetate.

Insofar as their preparation is not described in the examples, the compounds of formula I as
well ag all intermediate products can be prepared according to analogous methods or according
to the methods set forth herein, Starting matertals are commercially available, known in the art or

can be prepared by methods known in the art or in analogy thereto.

It will be appreciated that the compounds of general formula I in this invention can be
derivatised at functional groups fo provide denvatives which are capable of conversion back to

the parent compound in vive.

Pharmacolpgical Tests

The compounds of formula 1 and their pharmaceutically acceptable salts possess valuable
pharmacological properties. It has been found that the compounds of the present invention are
associated with inhikition of BACE! and/or BACEL activity. The compounds were investigated

in accordance with the test given hereinafter.
Cellutar AR-lowering assay:

a) Human HEK 293 celis which are stably transfected with a vector expressing a cDNA of
the human APP wt gene (APP0O95) were used to assess the potency of the compounds in a
celiular assay. The cells were seeded in 96-well microtiter plates in cell culture medium (Iscove,
plus 10% (v/v) fetal bovine serum, glutamine, penicillin/streptomycin) to about §0% confluence
and the compounds were added at a 10x concentration in 1/10 volume of medium without FCS
containing 8% DMSO (final concentration of DMSO was kept at 0.8% v/v). After 18-20 hrs

incubation at 37 °C and 5% CO; in a humidified incubator the culture supermatant was harvested
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for the determination of AB40 concentrations, 96well ELISA plates (e.g., Nunc MaxiSorb) were
coated with monoclonal antibody which specifically recognize the C-terminal end of AB40
(Brockhaus et al., NeuroReport 9, 1481-1486; 1998). After blocking of non-specific binding sites
with e.g. 1% BSA and washing, the culture supernatants were added in suitable dilutions
together with a horseradish peroxidase-coupled AP detection antibody (e.g., antibody 408,
Senetek, Maryland Heights, MG) and incubated for 5 to 7 hrs. Subsequently the wells of the
microtiter plate were washed extensively with Tris-buffered saline containing 0.05% Tween 20
and the assay was developed with tetramethylbenzidine/H, O, in citric acid buffer. After stopping
the reaction with one volume of IN H,8(0, the reaction was measured in an ELISA reader at 450
am wavelength. The concentrations of AR in the culture supernatants were calculated from a

standard curve obtained with known amounts of pure A peptide.

b) Alternatively, the Abeta 40 Alphal.ISA Assay can be used, The HEK293 APP cells were
seeded in 96 well Microtiter plates m cell culture medium Tscove’s, plus 10% (v/v) fetal bovine
serum, penicillin/streptomycin ) to about 80% confiuency and the compounds were added at a 3x
concentration in 1/3 volume of culture medium ( final DMSO concentration was keptat 1 % viv),
After 18-20 hrs incubation at 37°C and 3% €0, in a humidified incubator, the culture
supernatants were harvested for the determination of AP 40 concentrafions using Perkin-Elmer
Human Amyloid beta 1-440 (high specificity ) Kit { Cagt AL275C ).

In a Perkin-Elmer White Optiplate-384 ( Cat# 6007290 ), 2ul culture supernatanis were
combined with 2j1 of a 10X AlphallISA Anti-hAPAcceptor beads + Biotinylated Antibody Anti-
AR 1-40 Mix { 50 pe/mL/ 5aM ). After 1 howr room temperature incubation, 16! of a 125 X
preparation of Streptavidin (SA) Doneor beads (25pg/ml. ) were added and incubated for 39
minutes in the Dark. Light BEmission at 615 nm was then recorded using EnVision-Alpha Reader.
Levels of AP 40 in the culture supernatants were caleuiated as percentage of maximum signal
{cells treated with 1% DMSO without inhibitor), The IC50 values were calculated using the
Excel XL{it software,

Assay for BACE inkibition by measaring cellolar TMEMZ7 cleavage:

The assay uses the principle of inhibition of human TMEM27 cleavage by endogenous
cellular BACEZ in the Tnsle rat cell line and shedding from the cell surface into the culture
medium, followed by detection in an ELISA assay, Inhibiticn of BACEZ prevents the cleavage
and shedding in a dose-dependent manner,

The stable cell fine “INS-TMEM27” represents an INSle-derived cell line with inducible
expression (using the TetOn system} of full-length hTMEM27 in a doxveyeline-dependent
manner. The cells are cultured throughout the experiment in RPMT1640 + Glutamnax (Invitrogen)

Penicillin/Streptomycin, 10% Fetal bovine serum, 100 mM pyruvate, 5 mM  befa-
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mercatptoethanol, 100 micrograms/m! G418 and 100 microgram/ml hygromycin and are grown

inadherent culture at 37 °C in a standard CO5 cell culture incubator.

INS-TMEM?27 cells are seeded in 96-well plates. After 2 days in culture, BACEZ2 inhibitor
is added in a range of concentrations as required by the assay and after a further two hours,
doxyeycline is added to a final concentration of 500 ng/mi. The cells are incubated for a further
46 hours and the supernatant harvested for detection of shed TMEM27.

An ELISA assay {using a pair of mouse anti-human-TMEM27 antibodies, raised against
the extraceliular domain of TMEM?27) is used for detection of TMEM27 in the culture medium.
An ECs for BACEZ inhibition is calculated using the ELISA readout for each inhibitor

concentration with standagd curve-fitting software such as XLFit for the Excel spreadsheet

program.
BACET BACE?
cell act. cell act.
Exam. Structare AB4D

s !850

[uM] [uM]

1 g.100% 0.543
2 0.080% 0.526

3 2 5RO -
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BACET BACE?2
) call act. cell act,
Exam. Stracture Ap40
1Can ICsp
[1M] [LLM
4 5.690% .
3 2.770% -
6 1.360% -
7 2.370% .
8 2.450% 2.730
9 0.790% 3.580
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J_‘,gm
BACE] BACEZ2
cell act. cell act.
Exam. strueture AB4D
150 iCs
[Ld] (L]
10 0.950% -
11 3.380%
12 0.02p% -
13 0.0058% 0.116
14 1.110% 13.034
15 0.510%
Cln_~
16 ™ 2.490% -
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BACE? BACE2
. calf act. cell act.
Exzam. Strocture ABAQ
iCso ECSD
[uM] [:M]
18 0.660% -
19 0.380% 0.124
20 2.020% 3.095
21 5,140 -
22 2.780% 0.926
23 0.420% -
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BACE BACE?
cell act. cell act.
Exam. Structure AB4Q
!Cao !CSO
BV M
24 0.098% -
25 1.580%
26 2.868% -
27 0.260% -
_ HMN. O
N 2
28 N o, F 2.530% .
1
ok
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BACE1 BACED
cell act. cell act.
Exam. Structore AR40 _
icao |C50
[uM] (1]
29 4.430" -
36 6.580" -
31 9.000 -
32 0.676% 1.947
Cn__z
33 N 0.360% 0.986
NC._z
34 % 0.080% 1.924
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BACEI BACE2
cell act. cell act.
Exam. structure ABAD
1Csg ICsq
[pM] [M]
35 1.250% -
Ci
36 0.195% .

37 ’ 0.070% :
O

F sy
“ i
38 0.570% -
F.C Ay
~ |
30 0.280% .
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BACET BACE2
cefl act. cell act.
Exam. Structure Ap40
Cen Csy
[LM [LM]
'8 Ay
| -
40 2 2.260% -
' O
NC
41 0.230% -
42 0.035% 0.438
43 0.010% 0.148
44 51729 -
45 £.960% -
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BACE1 BACEZ
cell act. cell act.
Fxam. Structure AB4Q
ICS(} Ec’f}D
{uM] [LM]
NC ~
46 = 3.400° ]
NC
47 0.240% -
Cl
48 0.450%
NC
49 2 0.830% .
1
50 2.130% -
1
51 1.681% 5.866
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BACET BACE2
cell act, cell act.
Exam. Structure AB40
IC s ICso
[ulVi} (]
XN
Sy
52 3.380% -
53 0.470% -
54 1.160%
55 3.830% 10.525
- 56 2.100% -
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BACE? BACE2
call act. call act.
Exam. Structure ARB4D
|C§O i(:50
[LM] [uM]
57 6.280% -
58 1.280% -
59 0.340% -
60 1.040% -

Table 1 ICs values of selected examples, » and ™ indicate the respective cellular assay used

Pharmaceutical Compositions

The compounds of formula I and the pharmacentically acceptablie salts can be nsed as
therapeuntically active substances, e.g. in the form of pharmaceutical preparations. The
pharmaceutical preparations can be administered orally, e.g. in the form of iablets, coated tablets,

dragées, hard and soft gelatin capsules, solutions, emulsions or suspensions. The administration
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can, however, also be effected rectally, e.g. in the form of suppositories, or parenteraily, e.g. in

the form. of injection solations.

The compounds of formula I and the pharmaceutically acceptable salts thereof can be
processed with pharmaceutically inert, inorganic or organic carriers for the production of
pharmaceutical preparations. Lactese, corn starch or derivatives thereof, tale, stearic acids or its
salts and the like can be used, for example, as such carriers for iablets, coated tablets, dragées
and hard gelatin capsules. Suitable carriers for soft gelatin capsules are, for example, vegetable
oils, waxes, fats, semi-solid and liquid polyols and the like. Depending on the nature of the
active subsiance no carriers are however usually required in the case of soft gelatin capsules,
Suitable carriers for the production of sclutions and syrups are, for example, water, polyols,
glyeerol, vegetable oil and the like. Suitable carriers for suppositories are, for example, natural or

hardened oils, waxes, ats, semi-liguid or liquid polyols and the like.

The pharmaceutical preparations can, moreover, contain pharmaceutically accepiable
auxiliary substances such as preservatives, solubilizers, stabilizers, wetting agents, emulsifiers,
sweeteners, colorants, flavorants, salts for varying the osmotic pressure, buffers, masking agents

or antioxidants. They can also contain still other therapeutically valuable substances.

Medicaments coniaining a compound of formula T or a pharmacecutically acceptable salt
thereof and a therapeutically inert carrier are also provided by the present invention, as is a
process for their production, which comprises bringing one or more compounds of formula I
and/or pharmaceutically acceptable salis thereof and, if desired, one or more other
therapeutically valuable substances into a galenical administration fonmn together with one or

more therapeutically inert carriers.

The dosage can vary within wide Umits and will, of course, have to be adivsted 1o the
individual requirements in each particular case. In the case of oral administration the dosage for
adults can vary from about 0.01 mg to about 1000 mg per day of a compound of general formuia
1 or of the corresponding amount of a pharmaceutically acceptable salt thereot. The daily dosage
can be administered as singie dose or in divided doses and, in addition, the upper limit can also

be exceeded when this is found to be indicated.

The following examples iilustrate the present imvention without limiting it, but serve
merely as representative thereof. The pharmaceutical preparations conveniently contain about 1-
500 me, particularly 1-100 mg, of a compound of formula I Examples of compositions

according to the invention are:

Example A

Tablets of the following composition are manrafactured in the usual manner:
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ingredient mg/tablet
5 25 100 500

Compound of formula 1 3 25 100 500
Lactose Anhydrous BTG 125 105 30 150
Sta-Rx 1500 6 b 6 60
Microcrystalline Cellulose 30 30 30 450
Magnesinm Stearate I 1 1 1
Total 167 167 167 831

‘Fahle 2: possible tablet composition

Manufacturing Procedure

i Mix ingredients 1, 2, 3 and 4 and granulate with purified wates,

2 Dry the granules at 50°C.

3. Pass the granaies through saitable milling equipment.

4 Add ingredient 5 and muix for three minutes; compress on a suitable press,

Example B-1

Capsules of the following composition are manufactured:
ingredient meg/fcapsule

5 25 100 500

Compound of forrnula I 5 25 100 500
Hydrous Lactose 159 123 148 -
Corn Starch 25 35 40 70
Talk 10 Is 10 25
Magnesium Stearate ] 2 2 5
Total 200 200 300 600

Table 3: possible capsule ingredient composition

Manufacturing Procedure

Mix ingredients 1, 2 and 3 in a suitable mixer for 30 minutes.

!
2. Add ingredients 4 and & and mix for 3 minutes.
3

Fill into a suitable capsule.

The compound of formula I, lactose and corn starch are firstly mixed in a mixer and then in
a commminuting machine. The mixture is returned to the mixer; the tale is added thereto and
mixed thoroughly, The mixture is filled by machine into suitable capsules, e.g. hard gelatin

capsules.
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Example B-2

Soft Gelatin Capsules of the following composition are manuofactured:

ingredient mg/capsule
Compound of formula | 3
Yellow wax &

Hydrogenated Soya bean oil

Partially hydrogenated plant oils 34
Soya bean oil 110
Total 165

Table 4: possible soft gelatin capsule ingredient composition

ingredient me/capsule
Gielatin 75

Gilycerol 85 % 32

Karion 83 8 (dry matter)

Titan dioxide 0.4

Tron oxide yellow 1.}

Total 116.5

Table 3: possible soft gelatin capsule composition
Manufacturing Procedure

The compound of formula 1 is dissolved in a warm melting of the other ingredients and the
mixture 1s {illed into soft gelatin capsules of appropriate size. The filled soft gelatin capyules are
treated according to the usual precedures,

Example C

Suppositories of the following composition are manufactured:

ingredient mg/supp.
Compound of formula I 135

Suppository mass 1285

Total 1300

Table 6: possible suppository composition

Manufacturing Procedure




WO 2012/163750 PCT/EP2012/059688
“50-

The suppository mass is melted in a glass or steel vessel, mixed thoroughly and cooled to
45°C. Thereupon, the finely powdered compound of formula I is added thereto and stirred until it
has dispersed completely. The mixture is poured into suppository moulds of suitable size, left to
cool; the suppositories are then removed from the moulds and packed individually in wax paper

or metal foil,
Example D

Injection solutions of the following composition are manulactared:

ingredient mg/injection solution,
Compound of formula [ 3

Polyethylene Glycol 400 150

acetic acid q.s. ad pH 5.0

water for injection solutions ad 1.0 mi

Table 7: possible injection solution composition
Manufacturing Procedure

The compound of formula 1is dissolved in a mixture of Polyethylene Glycol 400 and water
for injection {part). The pH is adjusted to 5.0 by acetic acid. The volume is adjusted to 1.0 mi by
addiion of the residual amount of water. The solution is filtered, filled into vials using an

appropriate overage and sterilized.

Example E

Sachets of the following composition are manufactured:,

ingredient mg/sachet
Compound of formula | 50

Lactose, fine powder 1015

Microcrystalline celiulose (AVICEL PH 102) 1400

Sodinm carboxymethyl cellulose 14

Polyvinylpyrrolidon K 30 110

Magnesium stearaie 10

Flavoring additives |

Total 2500

Table &: possible sachet composition

Manufocturing Procedure
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The compound of formula 1 is mixed with lactose, microcrystaliine cellulose and sodiuvm
carboxymethyl cellulose and granulated with a mixture of polyvinylpyrrolidone in water. The

granulate is mixed with magnesium stearate and the flavoring additives and filled into sachets.

Eyperimental Part

5 The following examples are provided for illusiration of the invention. They should not be

copsidered a8 limifing the scope of the invention, but merely as being representative thereof,

MS: Mass spectra (MS} were measured either with ion spray positive or negative (ISP or
ISN) method on a Perkin-Elmer SCIEX API 300 or with electron {mpact method (EL 70 eV) on
a Finnigan MAT 55Q 7000 spectrometer.

10 Svathesis of the infermediate sulfiny] imines A2

General procedure

To a solution of the (R)-(+)-tert-butylsulficamide (66 mmol} in tetrahydrofuran (350 ml)
was added subseguently the ketone A1 (72.6 mmol) and titanivm{IV)ethoxide (132 mmol) and
the solution was stirred at reflux temperature for 5 h. The mixture was cooled to 22 °C, treated

15 with brine (400 ml), the suspension was stirred for 10 min and filtered over Dicalite®. The layers
were separated, the aqueous Jayer was exfracted with ethyl acetate, the combined organic layers
were washed with water, dried and concentrated in vacuo. The residue was purified by

chromatography on silica using cylohexane/ethyl acetate as the eluent to give the pure suifiny!

imine A2,
20 Intermediate A2.1 (X =-CR™R™ R"™ R = H; W = .CR* R R* R®=H:p=1)
Q
.S,

Starting from 7-bromo-3,4-dihvdro-2H-naphthalen- -one {CAS[32281-97-31}
(intermediate Al.1), the product (R)-2-methyl-propane-2-sulfinic acid [7-bromo-3,4-dihydro-
2H-naphthalen-(1E)-ylidene]-amide (64% yield) was obtained as a yellow solid. MS (ISP): m/z

25 =328.1IM+H] and 329 9 IM+2+HI,

Intermediate A2.2 (X = -CRUR", R R =H; W = -CR* R R* R =H;p=1)

Starting from 7-nidro-3,4-dihydro-2H-naphthalen-1-cne {CAS{403533-34-2]} (intermediate
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Al.2), the product (R)-2-methyl-propane-2-sulfinic acid [7-nitro-3,4-dihydro-2H-naphthalen-

(1Ey-ylidenel-amide (62% yield) wags obtained as a yellow solid.

Itermediate A2.3 (X = -CR¥ R" R R® = CHy W = -CRPR™, R¥ R =H;p=1)

Q
A

O.N

3 Starting  from 4, 4-dimethyl-7-nitro-3,4-dihydro-2H-naphthalen-1-one  (WQ03095430)
(intermediate AL3), the product (R}-2-methyl-propane-2-sulfinic acid [4,4-dimethyl-7-niwo-3,4~
dihydro-2H-naphthalen-(1E)-ylidenel-amide (66% yield) was obtained as a vellow solid. MS
(ISP): m/z = 323.5 {M-+H}".

Intermediate A2.4 (X = -CR* R R™ R =F, W = -CR*R™ R* R =H;p=1)
Q
A

10 mor

Br

Starting from 7-broma-4.4-difluoro-3,4-dihydro-ZH-naphthalen-1-one (intermediate AL4),
the product (R)-Z-methyl-propane-2-sulfinic acid [7-bromo-4.4-difluoro-3,4-dihydro-2H-
aaphthalen-(1E)-ylidenel-amide (97% yield) was obtained as a light brown solid. MS (ISP): m/z
= 365.9 [M+H]".

15 The 7-bromo-4,4-difluorc-3,4-dihydro-2H-naphthalen-t-one  (intermediate Al4) was

obtained as follows:

a1} 6'-Bromo-3",4"-dihydro-2'H-spiro[[ },3]dithiolane-2,1"-naphthalene]
Br .

A solution of 6-bromo-3,4-dihydro-2H-naphthalen-1-one (CAS[66361-67-91) (0.9 g, 4.00
20 mmol} in dichloremethane (8 ml) was cooled to 0 °C and treated with 1,2-ethandithiol (769 mg,
686 pl, 8.00 mmol) and boron trifluoro etherate (284 myg, 247 ul, 2.00 mmol). The reaction
mixture was left (o warm to room temperature and stirred for 15 hours. For the workup, the
reaction mixture was poured into a solation of sodmm hydroxide (IN) followed by extraction
with dichloromethane (40 mi). The organic layer was dried over sodinm sulphate and evaporated.
25 The crude product was purified by chromatography on silica gel uginga gradient of heptane/ethyl
acetate = 100:0 to 70:30 as the eluent. The 6'-brome-3'4"-dihvdro-2H-spiro{{ 1,3]dithiclane-2,1'-
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naphthalenel (1.06 g, 88% yieid) was obtained as a light red oil.

b) 6-Bromo-1,1-diftuoro-1,2,3 A-tetrahydro-naphthalene
Br o

P
O

A suspension of N-iodosuccinimide (1.78 g, 7.9 mumol) in dichloromethane (15 mi) was
cooled to -70 “C. Hydrogen fluoride-pyridine (1.57 g, 1.42 ml, 15.8 mmol) was added dropwise.
A cold solution {-70 “C) of &'-bromo-3'4'-dihivdro-2'H-spiro{[ 1,3 dithiclane-2,1'-naphthalene]
(1.19 g, 3.93 mmol) in dichloromethane (10 ml) was added dropwise and the white suspension
changed to a brown. The mixture was stirred at -70°C for 15 minuvtes. For the workup, the dark
red solution was poured into a mixtare of hexane (50 ml) and dichioromethane (10 ml), The
deeply colored solution was first passed through a layer of silica gel, then through a layer of a
silica-NH; phase and Dicalite®. The resulting colorless solulion was evaporated and the crude
product purified by chromatography on silica gel vsing a gradient of heptane/ethyl acetale =
160:0 to 90:10 as the eluent. The 6-bromo-1,1-difluore-1,2,3 4-tetrahydro-naphthalene (668 mg,
68% yield) was obtained as a pale yellow oil.

¢} 7-Bromo-4 4-difluoro-3,4-dihydro-2H-naphthalen-1-one
)
Br N
| =
For

A solution of H-bromo-1,1-difluoro-1,2,3 4-tetrahydro-naphthatene (691 mg, 2.8 mmol) in
tert-butancl (7 ml). A solution of potassium dihydrogenphosphate (769 mg, 5.5¢ mmol) in water
(2 ml) and a solution of sodium phosphate heptahydrate (1.51 g, 5.59 mmol) in water (2 ml)
were added. Thereafter, potassium permanganate (670 mg, 4.2 mmol) was added and the
reaction mixtare stured at room temperature for 15 hours. For the workuop, the mixture was
dituted with ethyi acetate (200 ml), the organic layer separated, washed with water (10 ml) and
brine {10 ml), finally dried over sodium sulphate and evaporated at reduced pressure. The crode
product was purilied by chromatography on sitica gel using a gradient of heptane/ethyl acetate =
10G:0 0 8(:20 as the eluent. The 7-brome-4,4-difluore-3,4-dihydro-2H-naphthalen-1-one {515

mg, 71% vield) was obtained as a coloriess oil.

Intermediate AZS5 (X = -CR® R R R =1, p=0)

0
A

Starting from 6-hromo-indan-1-one {CAS[14548-39-11} (intermediaie A15), the product
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(R)-2-methyl-propane-2-sulfinic acid [6-bromo-indan-(1E}-ylidenej-amide (34% vyield) was
obtained as a yellow solid, MS (ISP): m/z = 314.2 [M+F]".
Intermediate A2.6 (X = -CR™R™® R™ R =H; p=0)

Q
A

3 Starting from 6-nitro-indan-I-one {CAS [24623-24-3}} (intermediate A1.8), the product
(R)-2-methyl-propane-2-suifinic  acid  [6-nitro-indan-(1E)-ylidene]-amide (51% vield) was
obtained as a blackish semi-solid. M5 (I8P): vz = 281.0 [M+H]".

Svnthesis of the intermediate sulfinamide esters A3

General procedure (via Reformatsky reaction)

10 In a dry apparafus a suspension of freshly activated zinc powder (1.63 g, 24.9 mmol) in dry
tetrahydroforan {70 ml) was heated under an inert atmosphere to refiux, A solution of the
sulfinyl imine A2 (24.9 mmol) and the bromo-acetate (24.9 mmol) in dry tetrabydrofuran (15 ml)
was added dropwise over a period of 15 min and the suspension was heated to reflux for 5 h (5
hours}. The cooled mixture was partitioned between a saturated aqueous solution of ammonium

15 chloride and ethyl acetate, the organic layer was dried and evaporated. The crude material was
puritied by {flash chromatography using heptane/ethyl acetate as the eluent to give the

sutfinamide ester A3,

Intermediate A3.1

20 Stariing from (R)-2-methyl-propang-2-sulfinic acid [7-bromo-3,4-dihydro-2H-naphthalen-
(1E)-ylidene]-amide (intermediate AZ.1), the product [(R)-7-bromo-1-((R)-2-methyl-propane-2-
sulfinylamino}-1.2,3 4-tetrahydro-naphthalen-1-yl]-difluoro-acetic acid ethyi ester (90% yield)
was obtained as a light brown oil, MS (ISP): m/z = 452.1 [M+H|" and 4541 [M+2+5]".

Intemmediate A3.2
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F

Starting from (R}-2-methyl-propane-2-sulfinic acid [7-mitro-3,4-dihydro-2H-naphthalen-
(1E)-ylidene]-amide {intermediate A2.2), the product diffuoro-[(R)-1-((R)-2-methyl-propane-2-
sulfinylamino)-7-nitro-1,2,.3,4-tetrahydro-naphthalen-[-yl]-acetic acid ethyl ester (83% vield)

5 was obtained as a yellow oil. MS (J5P): m/z = 415.2 IM+H]".

Intermediate A3.3

| 0
*B”""“ﬁ; COOEL
R

Starting from (R)-2-methyl-propane-2-sulfinic acid [4.4-dimethyl-7-nitro-3,4-dihydro-2H-
naphthalen-{1E)-ylidene}-amide (intermediate A2.3), the product [(R)-44-dimethyl-1-((R}-2-
10 methyl-propane-2-sulfinylamino )-7-nitro-1,2,3 4-tetrahydro-naphthalen- 1-yl-diftuoro-acetic
acid ethyl ester {73% yield) was obtained as a vellow oil, MS (ISP): m/z = 447.5 [M+H]".

Intermediate A34

Starting from (R)-2-methyl-propane-2-sulfinic acid [7-bromo-4,4-difluoro-3,4-dihydro-2H-

15 paphthalen-(1E)-ylidenej-amide (intermediate A2.4) and ethyl 2-bromo-2,2-difluoroacetate, the

product [(R)-7-bromo-4.4-difluoro-1-((R)-2-methvl-propane-2-sulfinylamino}-1,2,3,4-

tetrahydro-naphthalen- 1-yli-difluoro-acetic acid ethyl ester (58% vield) was obtained as a brown
solid. MS (ISP): m/z = 488.1 [ M+ and 490.0 [M+H]*,

fntermediate A3.5
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Atarting from (R)-2-methyl-propane-2-sulfinic acid [6-bromo-indan-(1E)-ylidene]-amide
{ntermediate A2.5), the product [(R)-6-bromo-1-((R)-2-methyl-propane-2-sulfinylamino)-indan-
1-yi}-difluorc-acetic acid ethyl ester (43% vield) was obtained as a deep brown solid. MS I8P):

5 miz=438.0 [M+H]"

Intermediate A3.6

Bu %
BUm~g COOT
F

Starting from (R)-Z-methyl-propane-Z-sulfinic acid [6-nitro-indan-(1E)-vhidene]-amide

(intermediate  A2.6), the vroduct difluoro-[(J)-1-((R)-2-methyl-propane-2-sulfinyiamino}-6-

10 nitro-indan-1-yij-acetic acid ethyl ester (60% yieid) was obtained as a blackish semi-solid. MS
(ISP): m/z = 405.0 [M+H]".

Synthesis of the intermediate sulfinamide alcohols A4

General procedure

A solution of the sulfinamide ester A3 (12.7 mmol) in dey tetrahydrofuran (5C ml) was

i
LA

treated at O °C with fithium borohydride (25.3 mmol) and stirring was continaed at 0 °C for 4 h.
The reaction mixiure was quenched by addition of acetic acid (2 ml} and water (30 mi), exiracied
with ethyl acetate and the organic layer was dried and evaporated. The residue was purified by
chromatography on silica using a mixture of n-heptane and ethyl acetate as the eluent o give the

pure intermediate sulfinamide alcohol Ad,

26 Intermediate Add

Starting from [{R)-7-bromo-1-((R)-2-methyl-propane-2-sulfinylamino)-1,2,3,4-tetrahydro-
naphthalen-1-yli-difluoro-acctic acid cthyl ester (intermediate A3.1), the product (R)-2-methyi-
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propane-2-sulfinic  acid  [(R)-7-bromo-1-(1,1-diflucre-2-hydroxy-ethyl)-1,2.3 4-tetrahydro-
naphthalen-1-yll-amide (43% yield) was obtained as a white solid. MS (ISP): m/z = 410.]
IM+H] and 412,71 [M+2+H] "

Intermediate A4.2

Starting  from difluore-{(R)-1-((R)-2-methyl-propane-2-sulfinylamnino)-7-nitro-1,2.3,4-
tetrahydro-naphthalen- 1-vi]-acetic acid uhyl ester {intermediate A3.2), the product (R)-2-
methyi-propane-2-sulfinic acid [{(R)-1-(1,1-difluoro-2-hydroxy-ethyl}-7-nitro-1,2.3 4-tetrahydro-
naphthalen-1-yl}-amide (92% yield) was obtained as a brown solid. M5 (IdP): m/iz = 3774

10 [M+H]™

Intermediate A4.3

Starting from {(R)-4,4-dimethyl-1-((R)-2-methyl-propane-Z-sulfinylamino)-7-nitro- 1,2, 3,4~
tetrahydro-naphthalen- 1-yl]-difluoro-acetic acid ethyl ester (intermediate A3.3), the product (R)-

15 2-methyl-propane-2-sulfinic  acid  [(R)-1-(1,1-difluoro-2-hydroxy-cthyl)-4,4-dimethyl-7-nitro-
1.2,3,4-tetrahydro-naphthaien-1-vij-amide {50% yield) was obtained as a light brown solid. M5
(ISP): m/z = 405.5 [M+H]".

Intermediate A4.4
20 Starting  from  [(R)-7-bromo-4,4-diftuoro-1-((R)-2-methyl-propane-2-sulfinylamino)-

1,23, A-tetrahydro- naphih&]m L-ylj-difluoro-acetic acid ethyl ester (intermediate A3.4), the
product (R)-2-methyl-propanc-2-sulfinic acid [(R})-7-bromo-1-(1,1-difluoro-2-hydroxy-ethyl}-
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4,4-diflvoro-1.2,3 4-tetrahydro-naphthalen- i-yi]-amide (100% vyield) was obtained as a grey
foam. MS (ISP): m/z = 446.0 [M+H]" and 447.9 [M+H]".

Intermediate A4S

Starting from [{R}-6-bromo-1-((R)}-2-methyl-propane-2-sulfinylamino)-indan- 1 -vi]-
difluoro-acetic acid ethyl ester (intermediate A3.5), the product (R}-2-methyl-propane-2-sulfinic
acid [(R)-6-bromo-1-(1,1-difluoro-2-hydroxy-ethyl)-indan-1-yl]-amide (77% vield) was obtained
as a deep brown solid. MS (ISP): m/z = 395.8 [M+I11",

Intermediate A4.6

Starting from diffuoro-[(I)-1-((R)-2-methyl-propane-2-sulfinylamino)-6-nitro-indan-1-v1]-
acetic acid ethyl ester (intermediate A3.6), the product (R)-2-methyl-propane-2-sulfinic acid
[R)-1-(1, 1-dilTuoro-2-hydroxy-ethyD-6-nitre-indan-1-vi]-amide (84% vield) was obtained as a
deep brown solid. MS (ISP): m/z = 363.2 [M+H]".

Svnthesis of the infermediate amino alcohols AS

General Procedure:

A solution of the sulfinamide alcohols A4 (10.3 mmol) in methanol or tetrahydrofuran {30
to 60 ml) was treated with a solation of hydrochloric acid in 1,4-dioxane 4 M, 10-13 ml) and
stirring was continued at 23 °C for 2 to 18 h. The mixture was partiticned between ethyl acetate
and an agueous solution of sodium carhonate {2 M), the organic layer was dried over sodium
sulphate, filtered and evaporated to give a residue which was purtfied by chromatography on
silica using a mixture of n-heptane and ethyl acetate as the eluent to give the pure aminoalcohols
A5

Intermediate AS.1
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Starting  from  (R¥»-2-methyl-propane-2-sulfime  acid  [(R)-7-bromo-1-(1,1-diflucre-2-
hydroxy-ethyD)-1,2,3 4-tetrahydre-naphthalen- T-yll-amide  (intermediate A4.1), the prodoct 2-
{(R)-1-amino-7-bromo-1,2,3 4-tetrahydro-naphthalen-1-v1-2,2-diftuore-cthanol (25% yield) was

5 obtained as a pale vellow gum. M8 {ISP): m/z = 306.0 IM-+HT" and 308.1 [M+2+H]".

Intermediate AS.2

Ozl

HN Q K
ON -

. %
' F
‘s

Starting from (R)-Z-methyl-propane-2-sulfinic acid [{R}-1-(1,1-difluoro-2-hydroxy-ethyl)-

7-nitre-1,2.3 4-tetrahvdro-naphthalen-T-ylj-amide (ntermediate A4.2), the product 2-((R)-1-

10 amino-7-nitro-1,2,3 4-tctrahydro-naphthaico-1-yD)-2.2-difluore-cthanol  {(74%  wyield)  was
obtained as a pale yeliow solid. MS (BSN): m/z = 271.3 [M-H]".

Intermediate AS.3

Starting from (R)-2-methy!-propane-2-sulfinic acid [(R)-1-(1,1-diftnoro-2-hydroxy-ethyt)- .
15 4.4-dimethyl-7-nitro-1,2,3,4-tetrah ydro-naphthalen-1-yl]-amide (intermediate A4.3), the product
2-((R)-t-amino-4 4-dimethyl-7-nitro-1,2,3,4-tetrah ydro-naphthalea-1-yD-2,2-difTuoro-ethanel
(49% yield) was obtained as an off-white foam. MS (ISP): m/z = 301.4 [M+H]".

Intermediate A5.4
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Starting from {R)-2-methyl-propane-Z-sulfinic acid [(R)-7-bromo-1-(1,1-difluoro-2-
hvdroxy-ethyl)-4,4-difluoro-1,2,3,4-tetrahydro-naphthalen-1-yi]-amide (intermediate A4.4), the
product 2-{(R)-1-amino-7-bromo-4.4-diftuoro-1,2,3,4-tetrahydro-naphthalen-1-v1)-2,2 -difluoro-
ethanol (44% yield) was obtained as a vellow oil. MS (ISP): m/z = 342.0 [M+H]" and 344.0

5 {M+24H]

Itermedijate ABS

Br

Starting  from  {R)-Z-methyl-propane-2-sulfinic  acid [(R.}—()—bmmo— 1-(1, 1-difleore-2-
hydroxy-ethyD-indan-1-ylj-amide (intermediate A4.5), the product 2-{(R)-i-amino-6-bromo-
10 indaw-1-y13-2,2-ditfluoro-ethanol (81% yield) was obtained as a deep brown solid. MS (I8P): m/z

= 261.0 [M+H]"

Intermediate AS.6

Starting from (R)-2-methvi-propane-2-sulfinic acid [(R}-1-(1,1-difluoro-2-hydroxy-ethyl)-

15 Genitro-indan-l-yll-amide (intermediate A4.6), the product 2-((R)-1-amino-6-nitro-indan-1-yl)-

2,2-difluoro-ethanol (70% yield) was obtained as a deep brown solid. MS (ISP): m/z = 258.9
[M+H]".

Svantheses of the intermediate amino oxazines AS

Cieneral procedure

20 A dried tube was charged with a mixture of the amino alcohol AS (18.8 mmol), cyanogen
bromide (33.9 mmol) and ethanol (61 ml). The tube was sealed and heated at 90 °C for 16 hours,
For the workup, the reaction mixture was cooled and evaporated at reduced pressure. 'The residue
was partitioned between ethyl acetate (150 ml) and a saturated aquecuos solution of sodivm
carbonate (50 mi). The aqueons layer was separated and re-extracted with ethyl acetate (2 x 50
25 mi). The orgenic lavers were washed with brine (50 mi), then combined, dried over sodium
sulphate and evaporated at reduced pressure. The product was used in the next step without

further purification,

Intermediate A6.1
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Starting  from  2-((R)-1-amino-7-bromo-1,2,3.4-tetrah ydro-naphthalen-1-v1)-2 2-difluoro-
ethanol {intermediate AS8.1), the product (R)-7-bromo-5,5-difluoro-3,4,5",6-tetrahydro-2H-
spiro[naphthalene-1,4'-[1,3]oxazin]-2-amine (50% yield) was obtained as a white solid. MS

5 (ISP miz = 331.0 [M+H]" and 333.0 [M+2+H]".

Intermediate AG.Z

Starting  from  2-{(R}-1-amino-7-nitro-1,2,3,4-tetrahydro-naphthalen-1-y1)-2,2-difluoro-

athanol {intermediate AS5.2), the produoct (R)-5.5-diflaoro-7-nitro-3,4,5",6'tetrahydro-2H-

10 spiro[naphthalene-1,4'-1,3]oxazin}-2"-amine (62% yield) was obtained as a white solid. MS
(I8P). m/z = 298 2 [M+H]".

Intermediate AG.3

Starting  from  2-((R)-1-amino-44-dimethyl-7-nitro-1,2,3,4-tetrabvdro-naphthalen- 1-yl)-
15 2.2-difluore-ethanol {mtermediate AS5.3), the product (R)-5.5-dilluore-4,4-dimethyl-7-nitro-
3,456 1etrahydro-2H-spire[naphthalene-1,4'-[1,3]oxazin]-2-amine (51% vield) was obtained

as a pale yeliow gum. MS (ISP): m/z = 326.5 {M+H]".

Intermediate A4




WO 2012/163750 PCT/EP2Z03 /059688
62

Starting from  2-((R)-1-amino-7-bromo-4.4-difluoro-1,2,3.4-tetrah ydro-naphthalen-1-v1)-
2,2-diflnoro-ethanol {intermediate AR.4), the product (R)-7-bromo-4,4,5" 5" -tetrafluoro-3,4,5,6"
tetrahydro-2H-spiro{naphthalene- 1,4'-[1,3}oxazin]-2-amine (65% yield) was obtained as a white

solid, MS (ISP): m/z = 366.9 [M+H]" and 369.0 {M+H]".

5 Intermediate AS.5

Starting  from  2-{(R)-1-amino-6-bromo-indan- 1-y1)-2 2-difluoro-ethane!  (intermediate
A5}, the product (R)-6-bromo-5'.5'-difluoro-2,3,5 6~ tetrahvdrospirolindene-1,4'-[ 1,3 ]oxazin]-
2-amine {64% yield) was obtained as an off-white sclid. MS (ISP): m/z = 346.8 [M+H]".

10 Intermediate AS.6

ay (R-1-(1,1-Difluoro-2-hydrox y-ethyl)-6-nitro-indan- 1 -yi-cyanamide

A mixtue of 2-((R)-1-amino-G-nitro-indan-I-yD-2,2-difluore-ethanol (nlenmediate A5.6),
(1.6 g, 6.2 mmol) and sodiem acctate {1.54 g, 18.6 mmel) in ethancl {30 mly was warmed to
40°C. The mixture was then treated with cvanogen bromide (724 mge, 6.82 mmoi) and allowed to
stir at 40°C for 16 hours. Removal of the soivent at reduced pressure followed by purification of
the resultant crude material by column chromatography on silica gel using a 3:2-mixture of
hexane and ethyl acetate as the eluent yielded the (R)-1-(1,1-difluoro-2-hydroxy-ethyl}-6-nitro-
indan-1-yl-cyanamide (B0 mg, 42% vield) as colorless sticky solid. MS (ISP): m/z = 284.0
200 [M+H]".

by (R)-5,5-Diffworo-6-nitre-2,3,5",6-tewahydrospirofindene-1,4"-{ 1,3joxazin|-2-amine

In a tube, 2 solution of {(R)}-1-{1,1-diftuoro-2-hydroxy-ethyh-6-nitro-indan- 1 -yl-cyanamide
(1.0 g, 3.535 mmol) in methanol (10 mly was treated with ammonium hydroxide (23% in water, 3
), The tube was sealed and heated at 60°C for 16 hours. For the workup, the reaction mixture
25 was evaporated at reduced pressure, The crude matesnial was purified by column chromatography
(NH-biotage} nsing a 93:5-mixiure of dichloromethane and methancl as the eluent. The (R)-5",5'-
difluoro-6-nitro-2,3,5",6'-tetrahydrospirol indene- 1, 4-[1,3Joxazin]-2'-amine (500 mg, 50% yield)

was obtained as a white solid. MS (ISP mv/z = 283.4 [M+H]".
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Syntheses of the infermediate anilines A7

General procedure

A solution of the nitro oxazine A6 (3 mmol) in ethanol (31 ml) was hydrogenated at
atmospheric pressore using paltadium (10% on carbon) (159 mg, 130 pmol) as the catalyst, After

5 90 minutes the reaction was complete. The reaction mixture was filtrated over a layer of Dicalit,
which was washed with ethanel (3 x 2G ml}. The combined solutions of ethanel were evaporated

at reduced pressure. The product was engaged in the step without further purification.

Intermediate A7.1

10 Starting from (R)-3.5"-difluoro-7-ntro-3.4.5°. 6" tetrahydro-2 H-spiro[naphthalene-1,4'-
[1,3]oxazinl-2-amine (intermediate A6.2}, the product (R)-5',5"-difluore-3,4,5',6"-tetrahydro-2H-
spiro[naphthajene-1,4-[1 3joxazine]-2"7-diamine (58% yield) was oblained as a light brown
solid, MS (ISP): m/fz = 268.3 [M+H]",

Intermediate A7.2

L3
Htarting from {R)-5.5"-difluoro-4 4-dimethyl-7-nitro-3,4,5".6'- tetrahydro-2 H-
spiro[naphthalene-1,4'-[1,3]Joxazin]-2-amine (intermediate A6.3), the product (R)-5".5-diflnoro-
4,4-dimethyl-3,4,5,6'tetrahydro-2H-spiro[naphthalene- 1,4'- 1 3 Joxazine|-2',7-diamine (R8%
yield) was obtained as a pale yellow foam, MS (I8P} m/z = 206.4 [M+11"
20 Intermediate A7.3

H,N.__O

h

Starting from (R)-3",5-difluoro-6-nitro-2,3,5',6'-tetrahydrospiro[indene-1,4'-] 1,3 ] oxazin]-
Z'-amine (ntermediate A46.6), the product (R)-5'.5%difluero-2,3,5",6"-tetrahydrospiro[indene-1,4'-
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[1,3]oxazine]-2',6-diamine (75% vield) was obtained as a vellow sticky liquid. MS (ISP} m/z =
254.0 [M+H]

Example 1

{R)-7-(5-Chloropyridin-3-y1)-5',5"-diffuero-3,4,5" .8 - tefrah ydro-ZH-spiro naphthalene-1,4'-
[1.3loxazin]-2'-amine

In a tube a mixture of (R)-7-bromo-55-difluore-3,4,5",6' -tetrahydro-2H-
spiro[naphthalene-1,4-[1.3]oxazin]-2-amine (intermediate A6.1) (35 mg, 106 umol), 5-
chloropyridin-3-yiboronic acid {17 mg, 106 pmol), and cesium carbonate (138 mg, 423 umol) in
tetrahydrofuran (2.8 ml} and water (1.4 ml)y was purged with argon for 5 minutes. Thereafter,
[1,1-bis(diphenylphosphino)ferrocene]dichioropalladium(il} (3.9 mg, 5.3 pmol) was added, the
tube was sealed and the mixture heated at 80 °C for 25 minutes, For the workup, the reaction
mixture was diluted with ethyl acetate apd washed with water. The organic layer was separated,
dried over sodium sulphate and evaporated at reduced pressure, The residue was purified by
chromatography on silica gel using a gradient of heptane/ethyl acetate = 100:0 to G:109 as the
eluent. The (R)-5-(2-amino-4,4.5 5 -tetrafluoro-3,4.5,6 -tetrahydro-2H-spiro[naphthaicne-1,4'-
[1.3]oxazine]-7-yhnicotinenitiile (24 mg, 63% yield) was obtained as an off-white solid. MS
(ISP): my/z = 364.1 [M+H]".

Example 2
{(R)-3-(3"-Amino-5"5"-difluore-3,4.5 0 {tetrahydro-ZH -spire[naphthalene- 1 4'-
[1,3}oxazine [« 7-yDnicotinonitrile

In a mapner anajogous to that described in Example L. the cross-coupling reaction of (R)-
7-bromo-5',5'-diflvore-3,4,5' 6 - tetrah ydro-2H-spiro[naphthalene-1,4°-{1,3]oxazin]-2'-amine
{intermediate A6.1) with 5-14,4.5 5-tetramethyl-1,3,2-dioxaborolan-2-vlnicetinonitrile yielded
the title compound (72% yield) as an off-white solid. MS (ISP): m/z = 355.2 [M+H1".

Exampie 3
{(R)-7-(8-Chioropyridin-3-y1)-4,4,5",5' -tetrafluere-3,4,5".6 - tetrabvdro- 211~
spire{naphthalene-1,4"-[1,3]loxazin]-2'-amine

In a manner analogous to that described in Example 1, the cross-coupling reaction of (R)-
7-bromo-4,4,5", 5 -tetrafluoro-3,4,5",6 - tetrahydro-2H-spirolnaphthalene-1,4'-[ 1,3joxazin -2
amine (intermediate A6.4) with 5-chioropyridin-3-ylboronic acid yielded the title compound
(28% vield) as a white solid. MS (ISP} m/z = 399.9 [M+H]".

Example 4

(R)1-4.4,5 5 Tetrafluore-7-(5-flaoropyridin-3-¢13-3,4,5" 6 -tetrahydro- 23 -

spiro[naphthalene-1,4"'-[1,3Joxazin}-2'-amine

In a manner analogous to that deseribed in Example 1, the cross-coupling reaction of (R)-
7-bromo-4.,4.,5",5" - tetraftnore-3,4,5" 6 -tetrahydro-2H-spiro[naphthalene-1,4"-[ 1 3]oxazin]-2-
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amine (intermediate A6.4) with 5-fluoropyridin-3-ylboronic acid yielded the title compound
(32% yield) as a pale yellow solid. MS (ISP): m/z = 384.0 [M+H]".

Example 5

(R)-5.(2'-Amino-4.4,5" 5 -tetrafluore-3,4,5",6' -tetrahydro-2H-spiro{naphthaiene-1,4"-
11, 3]oxazine]-T-yhnicotinonitrile

In a manner analogous to that described in Example 1, the cross-coupling reaction of (R)-
7-bromo-4,4,5" 5 tetrafluore-3,4,5",6 - tetrahydro-2H-spirof naphthalene- 1,4-{1,3}oxazin]-2 -
amine (intermediate A6.4) with 5-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yDnicotinonitrile
yielded the title compound (51% vield) as a yellow solid. MS (ISP): m/z = 390.3 [M]".

Example 6

{(R)-6-(2-Chloropyridin-d-y1-5" 8 -diflaore-2,3,5 .6 -tetrahydrospive[indene-1 4'-

1, 3loxazinl-2'-amine

In a manner analogous 1o that described in Example 1, the cross-coupling reaction of (R)-
6-bromo-5",5-difluoro-2,3,5",6 - tetrahvdrospirof indene- 1,4'-[ 1, 3]oxazinl-2'-amine  {intermediate
A6.5) with S-chioropyridin-3-ythoronic acid in a 3:1-mixture of 1,2-dimethoxyethane and water
as the sojvent yielded the title compound (25% vyieid) as an off-white solid. MS {ISP): m/z =
349.8 IM+H]"

Hxample 7

(R)-5", 5" Diflucroe-8-{pyrimidin-5-y1)-2,3.5' ' -tetrahydrospirolindene- 1 4'-{ 1, 3loxazin]-2'~
aming

In a mammer analogous to that desceribed in Example 1, the cross-coupling reaction of (R)-
6-bromo-5',5'-difluore-2,3,5",6"-tetrahydrospirofindene-1,4'-[1 3ioxazin]-2'-amine - (intermediate
A6.5) with pyrimidin-3-ylboronic acid in a 3:1-mixwmre of 1,2-dirnethoxyethane and water as the
solvent vielded the titde compound (19% vield) as an off-white solid. MS (ISP} m/z = 317.0
IM+HI"

Example 8
(R)-6-(3,5-DichlorophenyD-5',5"-difluore-2,3,5,6 tetrahydrospirolindene-1,4-[1,3 |oxazin |-
2'-amine

In a manner analogous to that described in Example 1, the cross-coupling reaction of (R)-
&-bromo-3".5-difluoro-2,3,5 .6 -tetrah ydrospiro[indene-1,4'-[1,3loxazin]-2-amine  (intermediate
A6.5)y with 3,5-dichlorophenylboronic acid in a 3: I-mixture of 1,2-dimethoxyethane and water as
the solvent yielded the title compound (15% yield) as an off-white solid. MS (ISP): nv/z = 382.8
IM+H1"

Example 9

(B)-o-(5-Chloropyridin-3-y1}-5",5 -difluore-2,3,5",6 - {efrahydrospire[indene-1,4'-
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[1,3loxazin]-2'-amine

In a manner analogous to that described in Example 1, the cross-coupling reaction of (R}-
6-bromo-5",5'-difluoro-2,3,3,6 - tetrah vdrospirof indene- 1,4'-[1,3Joxazin}-2"-zmine  (intermediate
AG.5) with 5-chloropyridin-3-viboronic acid in a 3:1-mixture of 1,2-dimethoxyethane and water
as the solvent yielded the title compound (19% yield) as a white solid. MS (ISP): m/z = 349.8
[M-+HY.

Exarmple 10

{(B)-3-(2"-Amino-5,5 -difluoro-2,3,5" 8" -tetrahydrospivolindene-1,4' 1,3 loxazine]-6-
yhbenzonitrile

Iz a manper analogous to that described in Exampie 1, the cross-coupling reaction of {R)-
6-bromo-5',5-diftuore-2,3,53" 6" tetrahydrospirolindenc-1,4'-11,3]oxazin]-2-amine  {intermediate
A6.5) with 3-cyanophenylboronic acid in a 3:1-mixture of 1,2-dimethoxyethane and water as the
solvent yielded the title compound {10% vyield) as an off-white solid. MS (ISP): m/z = 340.2
IM+HT"

Example 11
(R)-8-(2'- Amino-5" 5 «diffnoro-2,3,5' 0" -ietrahydrospiro[ indene- 1 4'-{ 1,3 loxazine 6.
yhinicotinonitrile
In 2 manuner analogous to that described in Example !, the cross-coupling reaction of (R)-
&-bromo-5,5-diflucro-2,3.5 .6 - tetrahvdrospirolindene- L4'-[ 1, 3loxazin]-2-amine  {intermediate

A$.5) with 5-cyanopyridin-3-ylboronic acid in a 3:1-mixture of 1,2-dimethoxyethane and water
as the solvent yvielded the title compound as an off-white solid,

General procedure for the prepayation of amides of formula 1.2:

A solution of the carboxylic acid (0.23 mmol) in methanol (5 ml) was cocled to € °C. 4-
(4,6-Dimethoxy[1.3 5jriazin-2-yl)-4-methylmorpholinium chleride hydrate (DMTMM) (80 mg,
0.27 mmol) was added and the solution was stirred at 0 °C for 30 minutes. Thereafter, a solation
of the intermediate diamine A8 (0.21 mmol) in methano? {5 mi) was added dropwise at O °C via
syringe. The reaction mixture was stirred at 23 °C for 18-60 hours. For the workup, the reaction
mixture was peured into a solution of sodium carbonate (1M) fellowed by the extraction with
ethyl acetate. The organic layer was separaied, washed with brine and dried over scdinm
sulphate, Removal of the solvent at reduced pressure left a residue which was purified by
chromatography on silica gel or on a silica-NH; phase using a mixture of dichloromethane and

methanol {0-10%) to give the pure amides of formula 1,
Example 12

(B)-N-2'-Amine-5" 5" -difluore-3,4,5" 8 tetrahydro-ZH-spirolnaphthalene-1,4'-
[1,3]oxazine}-7-yi)-S-chioropicelinamide '
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The condensation of (R)-5.53%difluoro-3,4.5%6"-tetrahydro-2H-spiro[naphthalene-1.4'-
[1,3]oxazine}-2"7-diamine (ntermediate A7.1) and 5-chloropicolinic acid yielded the title
compound (42% vield) as & white solid. MS (ISP): m/z = 407.2 [M+H]".

Hxample 13
{R)-M-(2'«Amino-5'.5' -difluoro-3,4,5' 6 -tetrahydro-2H -spiro{naphthalene-1,4'-
[1,3]oxazine]-7-y)-5-cyanopicolinamide

The condensation of (R}-5.5-difluore-3,4,5,6 tetrahydro-2H-spiro[naphthalene-1,4'-
1,3]loxazine}-2',7-diamine (intermediate A7.1) and 3-cvanopicolinic acid vyielded the title
compound (38% yield) as & white solid. MS (ISP): m/z = 398.2 [M+H]".

Example 14
{R}-N-(Z'-Amino-5' 5" -difluoro-4 4-dimethyi-3,4,5°,6 -tetrahydro-2H-spire[raphthalene-
1,4'[1,3]oxazinel-7-y)-5-cyanopicolinamide

The condensation of (R)-55"-difluoro-4,4-dimethyl-3,4.5".6'-tetrahydro-2H-
spiro[naphthalene-1,4"-[1,3]oxazine]-2",7-diamine (intermediate A7.2) and S-cyanopicolinic acid
yielded the title compound (65% vield) as a pale vellow solid. MS (ISP): m/z = 426.0 [M+H]"

Example 15
{R)-M-(3'-Amino-5' 5 -diftuore-2,3,5",6 -{etrahydrospirelindene-1,4'-[ 1,3 oxazine]-6-y1)-5-
cyanopicolinamide

The condensation of (R}-5",5"difluere-2,3,5%,6-tetrahydrospiro[indene-1,4'-{1,3}oxazinel-
2.6-dlamine (Intermediate A7.3) and S-cvanopicolinic acid yielded the title compound {27%
yield) as an off-white solid. MS (ISP): m/z = 384.2 [M+H]".

Exampie 16
(R)-N-(2'-Amino-5'.5"-difluoro-2,3,5",6'-tetrahvdrospivo[indene-1,4"-[1,3]oxazine]-6-yi)-5-
chicropicolinamide
The condensation of (R)-5,5-difluoro-2.3,5" 6 -tetrahydrospiro[indene-1,4"-{1 31oxazine]-2",6-
diamine (intermediate A7.3) and 5S-chloropicolinic acid yielded the title compound (16% vield)
as an off-white solid. MS (ISP): m/z = 393.0 [M+H]".

Example 17

(R)-M-(2'-Amino-5' 8 -difluore-2,3,5",6'-tetrahydrospirofindene-1,4'.[1,3}oxazine}-6-y1 -5~
fluoropicolinamide

The condensation of (R)-5.5'-diftuoro-2,3.5" 6 -tetrahydrospiro[indene- 1,4'-{1,3]oxazine]-
2.6-diamine (intermediate A7.3) and S-flucropicolinic acid yiclded the title compound (17%
yield) as an off-white solid. MS (ISP): m/z = 377.2 [M+H]",

Example 18
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{R)-N-(2'-Amipo-5",5"-difluoro-2,3,5",6 - tetrahydrospiro]indene-1,4'-1,3]oxazine]-6-y1)-5-
(trifluoromethyhpicolinamide

The condensation of {R)-5".5"difluore-2,3,5" 6 tetrahydrospiro[indene- 1 4'-[ 1 3]oxazinel-
2.6-diamine {intermediate A7.3}) and S-{uiflucromethylipicclinic acid yielded the title
5 compound (15% vyield) as an off-white solid. MS (ISP): m/z = 427.2 [M+H]".

bynthesis of the intermediate sulfinyl imines B2

Cieneral procedure

To a sofhution of the (R)-(+)-tert-butylsulfinamide (66 mmol) in tetrahydrofuran (350 mi)

was added subsequently the ketone BY (72.6 mmol) and titanivm(IV)ethoxide (132 mmol} and

10 the solution was stirred at reflux temperature for 3 b, The mixture was cooled to 22 °C, weated
with brine {400 ml), the suspension was stirred for 10 min and filtered over Dicalite®, The layers
were separated, the aqueous layer was extracted with ethyl acetate, the combined organic layers
were washed with water, dried and concentrated in vacuo. The residue was purified by
chromatography on silica using cylohexane/ethyl acetate as the eluent to give the pure sulfinyl

15 imine B2

Intermediate B23 (X = O; W= -CR®*R™: R¥* R®=H:p=1)

il
O

Starting from  O-bromo-chroman-4-one {CAS[49660-57-31) (intermediate BL.1), the
product (R)-Z-methyl-propane-2-suifinic acid [6-bromo-chroman-(4E)-ylidene]-amide (69%
20 yield) was obtained as a pale yellow oil. MS (ISP): nvz = 332.0 [M=+HT"

7

Intermediate B2.2 (X = W = -CR™R™: R* R® =H;p= 1)

Q
NG /<
G

Starting from 6-nitro-chroman-4-one {CAS[68043-53-8]} (intermediate B1.2}, the product

(R)-2-methyl-propane-2-suifinic acid [9-nitro-chroman-(4E)-vlidene]-amide (83% vield) was
25 obtained as a vellow oil. MS (ISP): m/z = 297.2 [M+H]".

Intermediate B2.3 (X = O; W = -CR™R™; R* = phenyl, R®® = H; p=1)
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Starting from (RS)-6-bromo-2-phenyi-chroman-4-one fCAS[56414-11-9],
WOZG10021680) (intermediate B1.2), the product (R)-2-methyl-propane-2-suifinic acid [(RS)-
H-bromo-2-phenyi-chroman-{4E)-ylidene]-amide {64% yieid) was obtained as a vellow solid.

5 MS (SP): m/z =407 [M+H]".

Intermediate B2.4 (X = O; W = -CR¥ R R = phenyl, R® =1 p=1

Starting  from  (RS)-G-nitro-2-phenyl-chroman-4-one  {CAS{3034-03-5]} (intermediate
Bi.4), the product (R)-2-methyl-propane-2-sulfinic acid [(RS)-6-nitro-2-phenyi-chroman-(4)-
10 yiidene]-amide (43% vield) was obtained as a yellow solid. MS (ISP): m/z = 373 [M+H]".

Fntermediate B2.5 (¢ = O; W = -CR¥® R™: % RP = methyl, R® = H; p=1)

9
A

r/\
0

Starting from 6-bromo-2,2-dimethyi-chroman-4-one {CAS{99853-21-11, WO2010021680}
(intermediate B1.5), the product (R)-2-methyi-propane-2-sulfinic acid [6-bromo-2,2-dimethyl-
15 chroman-(45)-ylidene]-amide (55% vield) was obtained as a yellow solid. MS (ISP): m/z =
358.1 [M+HT" and 360.2 [M+2+HT".
Intermediate B2.6 (X = O; W = -CR™R™; R*, R® = methyl, R® = I p=1)
O

NS /<

O

Starting from 2,2-dimethyl-6-nitro-chroman-4-one {CAS[111478-49-0171} (intermediate

20 BLG), the product (R}-2-methyl-propane-2-sulfinic acid [2,2-dimethyl-G-nitro-chroman-(4E)-
ylidene]-amide (64% yield) was obtained as a vellow seolid. MS (ISPy: m/z = 325.2 [M+H]"
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SI0-
intermediate B2.7
Q
A
Br
0 0
Starting from 6-bromo-2",4".5", 6 tetrah ydrospiro[chroman-2,3"-pyrani-d-one

[CAS[1212017-68-9]; WO2010621680} (intermediate B1.7), the product (R,E)-N-{6-bromo-
5 20415 6 tetrahydrospiro[chroman-2,3pyran]-4-ylidene}-2-methyipropane-2-sulfinamide  (67%
vield) was obtained as a vellow solid. MS (ISP): m/z = 400.1 IM-+HT" and 402.2 [M-+H]".

Intermediate B2.8 (X = $; W = -CR* R™ R* R® =H; p = 1)

0

A

BE‘M
P |

\\f\s/

Starting from 6-bromo-thiochroman-4-one {CAS[13735-13-2}} {intermediate B1.8), the
10 product (R)-2-methyl-propane-2-sulfinic acid [6-bromo-thiochroman-(4E)-ylidene]-amide (73%
vield) was obtained as a yellow solid. MS (ISP): m/z = 346.0 [M+H]".

sSvnthesis of the intermediate sulfinamide esters B3

CGeneral procedure (via Reformatsky reaction)

In a dry apparatus a suspension of freshly activated zinc powder (1.63 g, 24.9 mmol) in dry

15 tetrahydrofuran (70 ml} was heated under an inert atmosphere to reflux. A solution of the
sulfinyl imine B2 (24.9 mmol) and the bromo-acetate (24.9 mmol) in dry tetrahyvdrofuran (15 ml)

was added dropwise over a peried of 15 min and the saspension was heated to refiux for 5 h. The
cooled mixture was partitioned between aqueous saturated ammonium chloride and ethyi acetate,

the organic layer was dried and evaporated. The crude material was purified by flash

20 chromatography using heptane/ethvl acetate as the eluent to give the sulfinamide ester B3,

Intermediate B3.1

0
Bum o™ cOOR

1 y%’
, HN '
BrCE e B
OJ

Starting  from (R)-2-methyl-propane-2-sulfinic  acid [6-bromo-chroman-(4E}-ylidene]-
amide (intermediate B2.1), the product [(R)}-6-bromo-4-{{R)-2-methyl-propane-2-sulfinylamino)-
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chroman-4-yl]-difluoro-acetic acid ethyl ester (63% yield) was obtained as a yellow oil. MS
(ISP): m/z = 456.1 [M=H]"

Intermediate B3.2

By A
um-g COOEL

| 2

HN»){ F

()2N\©[ '.»”‘ 1:
UJ

3 Starting from (R)-2-methyi-propane-2-sulfinic acid [6-nitro-chroman-(4E)-ylidene}-amide
{intermediate  B2.2). the product difluoro-[{R}-4-((R)-2-methyl-propane-2-suifinylaminoe)-6-

nitro-chroman-4-yil-acetic acid ethyl ester {52% yield) was obtained as a red oil.

Internmediate B33

O

r
Bu~g”  COOR
F
E
I AN
L
1) Starting  from  (R)-2-methyl-propane-2-sulfinic acid [(RS)-6-bromo-2-phenyl-chroman-

(dt)-vlidene]-amide (intermediate B2.3), the product [{ZRS4R)-6-bromo-4-({R}-2-methyi-
propane-2-sulfinylamino)-2-phenyi-chroman-4-yi]-diffvore-acetic acid ethyl ester (82% yield)
was obtained as a yellow solid, MS (ISP): m/z = 532 [M+H]",

[ntermediate B3.4

— O
‘“‘*’*ﬁ; COOR

13
Starting from (R)-2-methyl-propane-2-sulfinic acid [(RS)-G-nitro-2-pheayl-chroman-(4k)-
ylidene]-amide (intermediate BZ.4), the product diftucro-[(ZR5,4R)-4-((R)-2-methyl-propane-2-
sulfinylamino)-6-nitro-2-phenyi-chroman-4-yi]-acetic acid ethyt ester (42% yield) was obtained

as a yellow solid. M8 (I5Py m/z =497 [M+H]™.

20 Intermediaie B3.5
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Starting from (R)-2-methyl-propane-2-suifinic acid [6-bromo-2,2-dimethyl-chroman-(4E)-
ylidene]-amide (intermediate B2.5), the product [(R)-6-bromo-22-dimethyl-4-((R)-2-methyl-

propane-2-sulfinylamino)-chroman-4-ylj-difluoro-acetic  acid  ethyl ester (33% yield) was
5 obtained as a pale yellow solid. M8 (ISPY: m/z = 482.2 [M+-H]" and 484.3 [M+2+H]",

ntermediate B3.6

B A
"”“’“fi'; COOFL
F

Starting from (R}-Z-methyl-propane-2-sulfinic acid [Z,2-dimethyl-6-nitro-chroman-(4L)-

viidenel-amide (intermediate B2.6), the product [{R)-2.2-dunethyl-6-nitro-4-{(R}-2-methyi-

10 propane-2-sulfinvlamino)-chroman-4-yij-difluoro-acetic acid ethyl ester (56% vield) was
obtained as a red oil. MS (ISP): m/z = 4492 [M+H]",

Intermediate B3.7

Starting from (R.E}FN-(6-bromo-2'4°,5"6-tetrahydrospiro{chroman-2,3"-pyranj-4-ylidene}-
15 2-methylpropane-2-suifinamide (intermediate B2.7), the product ethyl 2-({4R)-6-bromo-4-({R)-
1,1-dimethylethyisulfinamido)-2".4".5".6'“tetrah ydrospiro[chroman-2, 3 -pyranj-4-y1)-2.2-
difluorcacetate {58% vyield) was obtained as a pale yellow foam. MS (ISP): m/z = 524.2 IM+H]*
and 526.1 [M+H1",

Intermediate B3.8
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Starting from (R)-2-methyl-propane-2-sulfinic acid [6-bromo-thiochroman-(4E}-ylidene]-
aride (intermediate B2.8), the product [(R)-6-bromo-4-((R)-2-methyl-propane-2-sulfinylamine)-
thiochroman-4-yl]-diftuoro-acetic acid ethyl ester (77% yicld) was obtained as a yellow, viscous

S oil. MS (ISP): m/z = 470.2 [M+H] and 472.2 [M+2+H]".

Synthesis of the intermediate sulfinamide alcohols B4

{ieneral procedure

A solution of the sulfinamide ester B3 (12.7 mmol) in dry tetrahydroforan (50 ml) was

treated at § °C with Hthium borohydride (25.3 mmol) and stirring was continued at 0 °C for 4 h,

10 The reaction mixtare was quenched by addition of acetic acid (2 mi) and water (50 m1}, extracted
with cthyl acetate and the organic layer was dried and evaporated. The residue was purified by
chromatography on silica using 2 mixture of n-heptane and ethyl acetate as the cluent to give the

pure intermediate sulfinamide alcohol B4.

Intermediate B4.1

Br

15 O

Starting  from  [(R)-6-bromo-4-((R)-2-methyl-propane-2-sulfinylamino)-chroman-4-yl]-

diffuoro-acetic acid ethyl ester {intermediate B3.1), the product (R)-2-methyl-propane-2-sulfinic

acid  [(R)-6-bromo-4-(1,1-difluoro-2-hydroxy-ethyl)-chroman-4-ylj-amide (96% vield) was
obtained as a white solid. MS (ISP): m/z = 414.1 [M+H]".

20 Intermediate B4.2

Starting from difluoro-[(R)-4-((R)-2-methyl-propane-2-sulfinylamino )-6-nitro-chroman-4-
yll-acetic acid ethyl ester (intermediate 83.2), the product {R)-2-methyl-propane-2-sulfinic acid
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[(R)-4-(1,[-diftvoro-2-hydroxy-ethyl}-6-nitro-chroman-4-yi}-amide (78% yield) was obtained as
a red oil. MS {(ISP): m/z = 379.2 [M+H]".

Intermedinie B4.3

3 Starting  from  [(ZRS.4R)-6-bromo-4-{(R)-2-methyl-propane-2-sulfinylamino)-2-phenyl-
chroman-4-yl]-difluoro-acetic acid ethyl ester (intermediate B3.3), the product (R)-2-methyl-
propane-2-sulfinic acid [(ZRS.4R)-6-bromo-4-(1, L-difluoro-2-hydroxy-ethyl)-2-phenyl-
chroman-4-yl]-amide (78% vield) was obtained as a white solid. MS (ISP): m/z = 490 [ M=+11]".

Intermediate B4.4

10
Starting  from  diftuoro-[(ZRS,4R)-4-((R)-2-methyl-propane-2-sulfinylamino)-6-nitro-2-
phenyi-chroman-4-yli-acetic acid ethyl ester (intermediate B3.4), the product (R)-Z-methyl-
propane-2-sulfinic acid [(2RS,4R)-4-(1,1-diftuero-2-hydroxy-ethyl}-6-nitro-2-phenyl-chroman-
A4-yi}-amide (64% vield) was obtained as a vellow sticky liquid. MS (18P): m/z = 455 [M+H1]".
15 Intermediate B4.5

Starting  from  {{R)-0-bromo-2,2-dimethyl-4-((R)-2-methyl-propane-2-sulfinylamino)-
chroman-4-yl|-difluorc-acetic acid ethyl ester (intermediate B3.5), the product (R)-2-methyl-
propane-2-sulfinic acid [(R)-6-bromo-4-(1,1-difluoro-2-hydroxy-ethy])-2,2-dimethyl-chroman-4-

20 ylj-amide {99% yield) wuas obtained as a white powder. MS (ISP): m/z = 4402 [M+H]" and
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442.2 [M+2+H]",

Intermediate B4.6

Starting from [(R)-2,2-dimethyl-6-nitro-4-((R)-2-methyl-propane-2-sulfinylamino)-

5 chroman-4-yi]-difluoro-acetic acid ethyl ester (intermediate B3.6), the product (R)-2-methyl-

propane-2-sulfinic acid {(R)-4-(1,1-difluoro-2-hydroxy-ethyl)-2,2-dimethyl-6-nitro-chroman-4-
yl]-amide (59% yield) was obtained as a red oil. MS (ISP): m/z = 4073 [M+HT",

Intermediate B4.7

i Starting  from  ethyl  2-({(4R)-6-bromo-4-({R)-1,1-dimethylethylsulfinamido)-2',4"5",6'
tetrahydrospirofchroman-2,3-pyranj-4-y1)-2,2-difluoroacetate (intermediate B3.7), the product
(R}-N-({4R)-6-bromo-4-(1, 1-diffucro-2-hydroxyethyl)-2',4',5",6 ~tetrah ydrospiro[ chroman-2,3'-
pyran}-4-yl)-Z-methylpropane-2-sulfinamide (98% yield) was obtained as a white solid. MS
(ISPY: m/z = 482.2 [M+H]" and 484.1 [M+H}.

i5 Intermediate B4.8

Starting from [(R)-6-bromo-4-((R)-2-methyl-propane-2-sulfinylamino}-thiochroman-4-y11-
difluoro-acetic acid ethyl ester (intermediate B3.8), the product (R)-2-methyl-propane-2-sulfinic
acid [{R}-6-brome-4-(1,1-difluoro-2-hydroxy-ethyl}-thiochroman-4-yl]-amide (94% vyield) was

20 obtained as a white foam. MS (ISP): m/z = 428.2 {M+H]" and 430.2 [M+2+H]".
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Svnthesis of the intermediate amino aleohols BS

General Procedure:

A solution of the sulfinamide alcohols B4 (10.3 mmol) in methanol or tetrahydrofuran {30

to 60 ml) was treated with a solution of hydrochloric acid in 14-dioxane (4 M, 10-13 mi) and

5 stirring was continued at 23 °C for 2 to 18 h. The mixture was partitioned between efhvl acetate
and an agueous solution of sodium carbonate (2 M), the organic layer was dried over sodium,
sulphate, filtered and evaporated to give a residue which was purified by chromatography on
silica vsing a mixture of n-heptane and ethyl acetate as the eluent to give the pure aminoalcohols

B35,
10 Internmediate B5.1

Starting  from  (R)-2-methyl-propane-2Z-sulfinic  acid [(R)-6-bromo-4-(1,1-difluoro-2-
hydroxy-cthyi-chroman-4-yll-amid (intermediate B4.1), the product 2-((R)-4-amino-0-bromo-

chroman-4-y1)-2,2-dilluoro-cthanol (73% yield) was obtained as a pale yellow oil.

15 Intermediate 85,2

Starting from (R)-2-methyl-propane-Z-sulfinic acid [(R)-4-(1,1-diflncro-2-hydroxy-ethyl)-
G-nitro-chroman-4-ylj-amide (intermediate B4.2), the product 2-{{R}-4-amino-6-nitro-chroman-
d-yl3-2 2-difluoro-ethanol (25% vield) was obtained as a vellow oil. M8 (ISP): m/z = 2751

20 [M+H]N

Intermediate B5.3

Br
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Starting from (R}-2-methyl-propane-2-suifinic acid [(2RS 4R}-6-bromo-4-(1, [-difluore-2-
hydroxy-ethyl}-2-phenyl-chroman-4-yif-amide (intermediate B4.3), the product 2-((2RS,4R)-4-
amino-6-bromo-2-phenyl-chroman-4-vi)-2,2-difluoro-ethanol (70% yield) was obtained,

Intermediate B5.4

2

3
Starting from (R)-2-methyl-propane-2-sulfinic acid [(2RS,4R)-4-(1,1-difluoro-2-hydroxy-
ethyl)-0-nitro-2-phenyl-chroman-4-ylj-amide (ntermediate B4.4), the product 2-((2RS,4R)-4-
armnino-G-nitro-2-phenyl-chroman-4-yl)-2,2-difluoro-cthanol (50% yield) was obtained as a pale
yellow solid. MS (ISP): mvz = 351.2 [M+HY™.
10 Intermediate B3.5

Starting  from  (R)-2-methyl-propane-2-sulfinic  acid [(R)-6-bromo-4-(1,1-difluoro-2-
hydroxy-ethyl}-2,2-dimethyl-chroman-4-ylj-amide (intermediate B4.5), the product 2-((R)-4-
amino-6-bromo-2,2-dimethyl-chroman-4-y1)-2.2-difluoro-cthanol {47% vield) was obtained as a

15 viscous, pale yellow oil. MS (ISP): m/z = 310.0 [M+H]" and 321.0 [M+2+H]".

Intermediate B5.6

Starting from (R)-2Z-methyl-propane-2-sulfinic acid [(R)-4-(1,1-difluoro-2-hydroxy-ethyl)-

2,2-dimethyl-6-nitro-chroman-4-yl}-amide (intermediate B4.6), the product 2-(R)-4-amino-2,2-

20 dimethyl-6-nitro-chroman-4-y1)-2,2-difluoro-ethanol (69% yield) was obtained as a red oil. MS
(ISP): m/z = 303.1 {M+I1]".

Intermediates BS.7A and B5.7B




10

L35

20
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B5TA

Starting from (R)-N-((4R)-6-bromo-4-(1, 1 -difluore-2-hydroxyethy)-2",4'5",6'-
tetrahydrospirofchroman-2,3"-pyran]-4-yl)-Z-methylpropane-2-sulfinamide (intermediate B4.7),
and after chromatography on silica gel using a gradient of heptane/ethyl acetate = 100:0 to =100
as the eluent the 2-((2R 4R}-4-amino-6-bromo-2'.4",5'.6"- tetrahvdrospiro| chroman-2 3 pyran]-4-
yD-2.2-difluorcethanol (47% vyield} {intermediate B5.7A)Y was obtained as the first eluting isomer
as a white foam; M8 (ISP m/z = 378.0 [M+HI" and 380.0 [Mu24H)". The second eluting
isomer, 2-({25 4R)-4-amino-6-bromo-2.4" 5.6 tetrahydrospiro[chroman-2,3 - pyran]-4-vi}2,2-
difluoroethanol (27% vield) {intermediate B5.78) was also obtained as a white foam; MS (I5P):
m/fz = 378.0 [M+H]" and 380.0 [M+2+H]".

Intermediate B5.8

Starting  from  (R)-2-methyl-propane-2-sulfinic  acid  [{R)-6-bromo-4-(1,1-difTuoro-2-
hvdroxy-ethyl)-thiochroman-4-yil-amide (intermediate B4.8), the product 2-((R)-4-amino-6-
bromo-thiochroman-4-viy-2,2-diffuoro-ethanol (85% vield) was obtained as a colorless, viscous
oil. MS (ISP): m/z = 324.0 [M=+H]".

Svniheses of the intermediaie aming oxazines BO

(General procedure

A dried tube was charged with a mixture of the amino alcohol BS (18.8 mumel), cyanogen
bromide (33.9 mmol) and ethanol {61 ml), The tube was sealed and heated at 90 °C for 16 hours.
For the workup, the reaction mixture was cooled and evaporated at reduced pressure. The residoe
was partitioned between ethyl acetate (150 ml} and a saturated aqueous solution of sodmum
carbonate {50 mi). The aqueous layer was separated and re-extracted with ethvi acetate (2 x 50
mi}. The organic layers were washed with brine (50 mi), then combined, dried over sodium
sulphate and evaporated at reduced pressure. The product was used in the next slep without

further purification.
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Intermediate B9, 1

Starting from 2-((R)}-4-amino-0-bromo-chroman-4-y13-2,2-difhzoro-ethanol (intermediate
B5.1), the product (R)-6-bromo-5"5"-diflucro-5'.6 dihydrospiro[chroman-4,4'-[1,3]oxazin]-2'-
5 amine (15% yield) was obtained as a colorless. MS (ISP): my/z = 331.1 IM+H}™

Intermediate B6.2

Starting  from  2-((R}-4-amino-6-nitro-chroman-4-v1)-2.2-difluoro-ethanol  (intermediate
B5.2). the product (R)-53.5%-difluoro-6-nitro-5,6"-dihvdrospire[chroman-4,4'-[1,3]oxazin]-2'-
10 amine (24% yield) was obfained as a pale yellow solid. MS (ISP): m/z = 300.1 [M+H]".

Intermediate 6.3

Starting from 2-{(ZRS,4R)-4-amino-6-bromo-2-phenyi-chroman-4-y11-2,2-difluoro-sthanol
(intermediate B5.3), the product (2RS,4R)-6-bromo-5',5-difluoro-2-phenyl-5.6"
15 dihydrospiro[chroman-4.4-[1,3]oxazin]-2"-amine (30% yield) was obtained.

Intermediate B6.4
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Starting from  2-{(2RS,4R)-4-amino-6-nitro-2-phenyl-chreman-4-y1)-2,2-difTuoro-ethanol
(intermediate B5.4), the product (ZRS,4R}-55-difluoro-6-nitro-2-phenyl-5',6'-

dihydrespire[chroman-4,4'-[1,3]oxazin]-2'-amine was obtained.

3 Intermediate B6.5

Starting  from  2-({R)-4-amino-6-bromo-2,2-dimethyl-chroman-4-y1)-2,2-difluoro-ethanel
{(intermediate B&.5), the product (R)-6-bromoe-3",5“difluore-2.2-dimethyl-3.6"-
dihydrospiro[chroman-4.4'-[1,3loxazin]-2-amine (35% yield) was obtained as z pale yellow

10 solid. MS (ISP): m/z = 361.1 [M+H]" and 363.1 {M+2+H1",

Intermediate B6.6

Starting from  2-{(R)-4-amino-2.2-dimethyl-6-nitro-chroman-4-y1)-2.2-difluoro-ethanol

{(intermediate B5.6), the product (R)-5".5"-difluoro-2,2-dimethvl-6-nitro-57,6'

15 dihydrospirofchroman-4,4'-{1 3]Joxazin]-2-amine (50% yield) was obtained as a yellow oil. MS
(ISP): m/z = 328.1 [M-+H]".

Intermediate 56.7
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Starting from 2-{(2R,4R}-4-amino-6-bremo-2"4, 5,6 -tetraly ydrospire{chroman-2,3pyran]-
4-y1)-2,2-difluoroethanol {intermediate B3.7A)}, the product (2R.4R)-6-bromo-3,5-difluoro-
5,5",6,6"-tetrahydro-4"H-dispiro[ {,3-oxazine-4,4"-chromene-2,3"-pyran]-2-amine  (45% yield)

5  was obtained as a white foam; MS (ISP): m/z = 403.3 [M+H]" and 405.2 [M+2+H]".

Intermediate B6.8

Starting from 2-{(25,4R}4-amino-6-bromeo-2'.4. 3.0 - tetrahvdrospirofchroman-2,3 -pyran]-

4-y1)-2.2-difluoroethanol (intermediate B5.7B), the product (2'S,4R)-6-bromo-5,5-ditluoro-

10 5,5",6,6"-tetrahydro-4"H-dispire[ 1,3-oxazine-4,4'-chromene-2",3"-pyran]-2-amine  (47% yield)
was obtained as a white foam; MS (ISP): m/z = 403.0 {M+H?" and 405.0 [M+2+H]".

Intermediate B6.9

I, 0

Na~

N
Br

Starting from 2-{(R)-4-amino-O-bromo-thiochroman-4-yh)-2,2-difluoro-ethanel

15 (intermediate B5.9), the product (R)-6'-bromo-3,5-difluoro-5,6-dihydrospira[[1,3]oxazine-4,4'"

thiochroman]-2-amine (29% yield) was obtained as a colorless, waxy solid. MS (ISP): m/z =
349.1 [M+H]" and 351.0 [M+2+H]".

Svntheses of infermediate anilines B7 (via reduction of nifro oxazines)

General procedure

20 A solution of the nitro oxazine B& (3 mmeol) in ethanol (31 mi) was hydrogenated at
atmospheric pressure using paliadiem (10% on carbon) (159 mg, 130 pmol) as the catalyst. After

90 minutes the reaction was complete. The reaction mixture was filtrated over a layer of Dicalit,
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which was washed with ethanol (3 x 20 ml). The combined solutions of ethanol were evaporated

at reduced pressure. The product was engaged in the step without further purification.

Intermediate B7.1

3 Starting  from  (R)-5".5-difluoro-6-nitro-5",6-dihydrespiro[chroman-4.4'-[1, 3Joxazin]-2'-
amine  (intermediate B6.2), the product (R)-53'.5'-difluoro-5"6"-dihvdrospiro[chroman-4,4'-
[1,3]oxazine]-2',6-diamine (67% vield) was obtained as a vellow solid. MS (ISP): m/z = 270.3
(M+H]",

Iermediate B7.2

16
Starting from (2RS.4R)-5.5-difluoro-6-nitro-2-phenyl-5'6"-dihydrospiro[chroman-4.4'-
[1.3loxazin]-2-amine (intermediate B6.4), the product (2RS,4R)-55'-diflzoro-2-phenyi-5.,6'-
dihydrospirolchroman-4,4-[1,3]oxazine]-2 6-diamine (81% yield) was obtained as a brown
solid.
15 Intermediate B7.3

Starting  from  (R)-5'.5-difluoro-2,2-dimethyi-6-nitro-5".6"-dihydrospiro[chroman-4,4'-
[1.3]oxazin]-2-amine (intermediate B£.6), the product (R)-5".5-diflvoro-2,2-dimethyl-5.6'-
dihydrespiro[chroman-4,4°-[1,3]lexazine}-2',6-diamine (64% vield} was obtained as a yellow cil.

20 MS (ISP} m/z = 298.2 [M+H]".

Svntheses of intermediate anilines B7 (via Buchwald-Hartwig cross coupling reaction)

Intermediate B7.4
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{R)-5,5-Difluoro-5,6-dihydrospirof] 1,3]oxazine-4,4'-thiochroman]-2,6"-diamine

gy (R)-N-(bis(d-methoxyphenyh{phenylmethyD-0'-bromo-3,5-difluore-5,0-dihydrospiro-

[[1,3]oxazine-4,4-thiochromani-2-amine {intermediate B6.1)

A solution of (R)}-6-bromo-3,5-difluoro-5,6-dihydrospiro[[1,3]oxazine-4,4'-thiochroman]-
2-amine Gntermediaie B6.9) (460 mg, 1.32 mumol) and triethylamine (267 mg, 2.63 mmol}) in
dichloromethane {10 mb) was cooled to 0 °C and 4,47 -dimethoxytritylchloride (469 mg, 1.38
mmol) was added. The reaction mixture wag left fo warm to room temperature and stirred for 15
hours. For the workup, the reaction mixture was evaporated and the residue directly purified by
chiromatography on silica gel using a gradient of heptane/fethy! acetate = $:100 to 60:40 as the
cluent. The (R)-MN-(bis(4d-raethoxyphenyDiphenyDimethyl)-6-bromo-3,5-difluore-3,6-
dihydrospire{[ 1,3 Joxazine-4,4'"-thiochroman]-2-amine (V8% mg, 92% vield) was obtained as a
vellow foam. MS (ISP): m/z = 651.0 [M+I]" and 353.0 [M+2+1{]",

by  (R}-NI-(bis(d-methexyphenyli{phenyDmethyl)- NO-(diphenylmethvlene)-5 5-diflucro-
3,6-dihydrospirol[1,3]oxazine-4,4"-thiochreman]-2,6"-diamine (intermediate $$6.2)

In a dry iwbe under an atmosphere of argon to a solution of (R)-N-(bis(4-
methoxyphenylh{phenylimethyl)-6"-bromo-5,5-diftnore-5,6-dithydrospiro[[ 1,3 Joxazine-4,4'-
thiochroman]-2-amine (789 mg, 1.21 mmoel) in toluene (10 ml) were added consecutively
benzophenone imine {439 mg, 2.42 mmol), sodivm teri-butoxide (349 mg, 3.63 mmol), 2-di-fert-
butylphosphino-2',4"6"-triisopropyibiphenyl {TAS [564483-19-8]} (51.4 mg, 121 umol), and
tris(dibenzylidencacetone)dipalladium(0) chloroform adduct {CAS [52522-40-4]) (37.6 mg,
36.3 umol). The tube was sealed and the reaction mixture stirred at 110 °C for 15 hours. For the
workup, the solvent was evaporated at reduced pressure and the residue purified by
chromatography on silica gel using a gradient of heptane/ethyl acetate = 0:100 to 70:30 as the
elient. The  (Rp-N2-(bis(d-methoxyphenyli{phenyhmethyl)-NG'-(diphenvlmethylene)-3,5-
diftuoro-5,6-dihyvdrospirof| 1,3]Joxazine-4,4' -thiochroman}-2,6'-diamine (613 mg, 67% vield) was
obtained as a yellow solid. MS (ISP): m/z = 752.5 (M+H]".

¢y {(R)-5.5-Difluore-5,6-dihydrespire| | 1,31oxazine-4,4'- thiockroman|-2,6-diamine

A solution of (R)-N2-(his(4-methoxyphenyli(phenylmethyl}-No'-(diphenylmethylene)-
5,5-diflooro-5,6-dihydrospiro[[1,3]oxazine-4,4"-thiochroman]-2,6"-diamine (613 mg, 815 umoi)
in dichloromethane (10 ml) was treated with trifluoroacetic acid (930 mg, 8,15 mmol), The
orange colored solution was stirred at room temperature for 15 hours. Thereafter, the reaction

mixture was diluted with dichloromethane {18 ml) and washed with a 1M-solution of sodinm
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carbonate (5 ml). The organic layer was separated, dred over sodium sulphate and evaporated.
The resuiting yellow oil was dissolved in dioxane (8 ml), then hydrochloric acid (4N in dioxane,
2.04 ml) was added dropwise. A precipitate was formed, which dissolved after addition of
hydrochloric acid (4N in dioxane, 2.0 mi). The orange colared solution was stured at room
temperature for 15 hours. For the workup, the solution was evaporated at reduced pressure and
the residue dissolved in ethyl acetate {30 ml). The organic layer was washed with hydrochloric
acid (1IN, 8 ml), the agueous layer was separated and adjusted to pH 9 by addition of sodium
hydroxide (2N). Thereafter, the aqueons layer was extracted with ethyl acetate {3 x 30 ml), the
organic layers combined and dried over sodium suiphate. After evaporation at reduced pressure,
the (R}-5.5-difluore-5,6-dihydrospiro{[},3]Joxazine-4,4'-thiochroman]-2,6'-diamine (230 mg,
89% vield) was obtained as a yellow solid pure enough to be used in the next step without
further purification. MS (ISP): m/z = 286 1 [M+H]".

Intermediate B7.5

In close analogy to the procedure described for the synthesis of Intermediate B7.4 | the
(2'R,4R5-5,5-difluore-5,5",6,6"-tetrahydro-4"H-dispiro{ 1,3-oxazine-4,4'-chromene-2' 3"-pyran|-
2.6'-diamine was obtained as follows:

a) (2 RAR)-IN-[bis(4-methox yphernyD(phenyDmethyll-6"-bromo-5,5-diffuore-5,5",6,6"-
tetrahydre-4"H-dispiro[ 1,3-oxazine-4,4"-chromene-2' 3"-pyran]-2-amine

Starting from (2'RARY-6-bromo-5,5-difluore-5,3",0,6™-tetrah ydro-4"H-dispiro 13-
oxazine-4.4'-chromene-2',3"-pyran-2-amine {(intermediate 36.7), the title compound (80% yield)
was obtained as a white foam. MS (1SP): m/z = 705.2 [M+H]" and 707.2 [M4+2+H]".

by (2R AR-N~2~-[bis(d-methox yphenyh){ phenyhimethyi]-N~6~"-(diphenylmethyiidene)-
5,5-difluoro-5,5",6,6"-tetrahydro-4"H-dispiro{ 1,3-oxazine-4,4-chromene-2",3"-pyrani-2.6'
diamine

Starting from  (2R,AR»N-[bis(d-methoxyphenyl(phenyDimethyl}-6'-bromo-35,5-difluore-
5,3",6,6" -tetrahydro-4"H-dispirol 1,3-oxazine-4,4-chromene-2' 3™pyran]-2-amme,  the  title
compound {54% yield) was obtained as a yellow solid. MS (ISP): m/z = 806.5 [M+H]".

¢) (2'RAR)-5.5-diflucro-5,57,0,6"-tetrahydro-4"H-dispiro[ 1,3-0xazine-4,4"-chromene-2",3"-

pyran}-2,6-diamine

Starting from (2R, AR)-N~2~-[bis(4-methoxyphenyl}{phenylimethyl}-N~6~'-
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(diphenvimethvlidene)-3,5-diffuoro-5,5",6,6"-tetrah ydro-4"FH-dispiro[ 1,3-oxazine-4.4'-chromene-
2" 3"-pyran]-2,6"-diamine, the title compound (34% yield) was obtained as a pale yellow solid.
MS (ISP): m/z = 340, 1 [M+H]"

Fxample 19
{(R)-6-(5-Chlorepyridin-3-y1}-5°,5"-difluore-5',6 -dihydrospiro[chroman-4,4°-[1,3]oxazin]-2'-

amine

o a wbe a mixture of (R)-6-bromo-5.5"difluoro-5",6"-dihydrospiro{chroman-4,4'-
[1,3loxazin]-2"-amine (intermediate B&.1) (20 mg, 60 pmol), 5-chloropyridin-3-yiboronic acid
(11 mg, 72 pmel), and cesium carbonate (78 mg, 240 pmol) in fewabydrofuran (1.2 m1) and
water {039 mlby was purged with argon for 5 minutes. Thereafter, 1,1
bis(diphenylphosphino)ferroceneidichloropaliadiumilt) (2.2 mg, 3.0 umol) was added, the tube
was sealed and the mixtare heated at 80 °C for 30 minutes. For the workup, the reaction mixture
was diluted with ethyl acetate and washed with water. The organic layer was separated, dried
over sodinm sulphate and evaporated at reduced pressure. The residue was purified by
chromatography on a silica-NH, phase using a gradient of heptane/ethyl scetate = 100:0 to 0:100
as the eluent. The (R)-5-(2-amine-4,4,5", 5 tetrafluore-3,4,57,6"-tetrahydro-2H-spiro[naphthalene-
1,4-[1,3]oxazine]-7-yhinicotinonitrile (12 mg, 55% yield) was obtained as a pale yellow solid.
MS (ISP m/z = 366.0 [IM+H}".

Example 20

{(R)-6-(3,5-dichloropheny]).5', 5 wdifluore.5".6 -dihvdrospiro{chroman~-4,4'-[1,3]oxazin}-2'-
amine
In a manner analogous to that described in Example 19, the cross coupling reaction of
(R)-6-brome-5.5"-difTuoro-5',6'-dihydrospiro[chroman-4,4'-[ 1,3)oxazin]-2'-amine  (intermediate
B&.1) with 3,5-dichlorephenylboronic acid yielded the title compound (58% yield) as a pale
yellow solid. MS (ISP): m/z = 399.1 [M-+H]".
Example 21
(R)-5" 8"difluoro-6-(pyrimidin-5.y1)-8°,6"-dihydrospire[chroman-4,4"-[1,3loxazin]-2 -amine
In a manner analogous to that described in Example 19, the cross coupling reaction of
(R)-6-bromo-5"5"-difluore-5",6'-dihydrospire[chroman-4,4'-[1,3]oxazin]-2-amine  (intermediate
B6.1) with pyrimidin-5-ylboronic acid yielded the title compound (55% vield) as a pale yellow
solid. MS (ISP} m/z = 333.1 (M+H]".
Exarple 22
(R)-5",5-difluorc-6-(5-methoxypyridin-3-y1)-5',6'-dibydrospire[chroman-4,4'-[1,3loxazin}-
2'-amine

In 2 manner analogous to that described in Example 19, the cross coupling reaction of

{R)-6-bromo-5".5"-difluoro-3",6'-dihydrospiro[chroman-4,4'-[ 1, 3Joxazin]-2"-amine  (intermediate
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B6.1) with 5-methoxypyridin-3-ylboronic acid yielded the title compound (60% vield) ag a pale
yeltow solid. MS (1SP): m/z = 362.2 [M+H]™.

Example 23

ZRS4R) G- (5-chioropyridin-3-yh)-5' 5'-difluore-2-phenyl-5' 6 -dihydrospirof chyoman-4,4'-
[1.3loxazin-2 -amine
In & manner analogous to that described in Example 19, the cross coupling reaction of
(ZRS,4R5-0-bromoe-5, 5 -diflucro-2-phenyl-3",6-dithydrospiro[chroman-4,4'-11, 3loxazini- 2"
amine {intermediate B8.3) with S-chloropyridin-3-ylboronic acid yielded the title compound
{16% vield) as a grey solid. MS (ISP} m/z = 442.3 [M+H]".
Example 24

S-((2RS 4RI -amino-5" 5 -diffuoro-2-phenyl- 5.6 -dihydrospire[chroman-4.4'-
11 3loxazing]-4-vDnicofinonifrile
In a manner analogous to that described in Example 19, the cross coupling reaction of
(2RS,4R)-6-bromo-5'",5"-difluoro-2-phenyl- 5.6 -dihydrospiro[chroman-4,4'-[ 1,3]oxazin] -2
amine (intermediate B6.3) with 5S-cyanopyridin-3-ylboronic acid vielded the title compound
(16% vield) as a white sclid, MS (ISP): m/z = 433.3 [M+H]".
Example 25

{ZRS,483-5' 5" -difluoro-2-phenyl-6-{pyrimidin-5-y1)-5" 6 -dihydrospiro[chroman-4,4"-
%, 3loxazin]-2'-amine
In & manner analogous to that deseribed in Example 19, the cross coupling reaction of
(2RSS, 4R )-6-bromo-5"5-diflucro-2-phenyl-5"6 -dilydros pirolchroman-4,4-[ 1,3 loxazin]-2'-
amine (intermediate B6.3) with pyrimidin-3-ylboronic acid yielded the title compound (22%
yield) as a white solid. MS (ISP): m/z = 409.3 {M+}".
Exzample 26

(ZR5,41)-6-(3,5-dichioropheny}-5",5' -difluore-2-phenyl-5',6' -dihydrospiro{chroman-4,4'-
[1,3]oxazin]-2"-amine

In a manner analogous to that described in Example 19, the cross coupling reaction of
(ZRS.4R)-0-bromo-5',5"-diflucro-2-phenyl-3',6"-dihydrospiro[chroman-4,4'-[ 1,3 ]oxazini-2"-
amine (intermediate 86.3) with 3,5-dichlcrophenylboronic acid yielded the title compound (17%
yield) as a white solid. MS {ISP): m/z = 475.0 [M+H]".

Example 27

3-((ZR5,4R)-2 -amino-5",5 -difivore-Z-phenyt-5.6'-dihydrospire] chroman-4,4' -
[1.3loxazine|-6-yl)benzonitrile

In a manner analogous to that described in Example 19, the cross coupling reaction of
(2RSS AR)-6-bromo-5" 5" -difluoro-2-phenyl-5'6'-dihydrospiro[chroman-4,4'-[ 1,3 ]oxazin}-2'-
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amine (intermediate B6.3) with 3-cyanophenylboronic acid yielded the title compound {(13%
yield) as a white solid. M& (ISP); m/z = 432.2 [M+H]".

Example 28

(H )6~ {5-chloropyridin.3-yh.5' 8 -difluoro-2,2-dimethyi-5",6 -dihydrospiro[chromamn-4,4° -
i1,3loxazin-2"-amine
In a manner analogous to that described in Example 19, the cross coupling reaction of
{(R)-G-bromo-3,3-difluore-2,2-dimethvi-5',6" dihydrospiro{chroman-4,4'-[ 1, 3joxazinj-2'-amine
{intermediate B6.5) with S-chloropyridin-3-yiborenic acid yielded the title compound {(78% yield)
as a white powder. MS (ISPy: m/z = 394.1 [M+H]".
Fxample 29

{Z' R ARG -(5-Chloropyridin-3-yD)-5,5-difluoro-5,5" 0,6 tetrahydro-4" H-dispirol 1,3-
oxazine-4 4 -chromene-2" 3" "-pyranl-Z-amine Tormale

In a2 manner analogous to that described tn Example 19, the cross coupling reaction of
(2R AR -bromo-5,5-difluore-5,5",6,6"-tetrahydro-4"H-dispirol 1, 3-oxazine-4.4'-chromene-
2 3"-pyran]-Z-amine  {intermediate  B6.7} with  5-chloropyridin-3-ylboronic  acid  and
chromatography on preparative HPLC yielded the dtle compound [(66% yield) as an off-white,
amorphoas material. MS {ISP): m/z = 436 [M+H]" and 438 [M+2+H]".

Exanmle 30

A2 R AR)-2.- A ming-5,5.difluoro-5,5" 6,0 tetrahydro-4" H-dispirol 1,3-oxazine-4,4' -
chromene-2',3' Lpyran]-6-ylibenzonitrile formate

In a manner analogous to that described in Example 19, the cross coupling reaction of
(2R, 4R)-6"-bromo-5,5-diflucro-5,5",6,6"-tetrahydro-4"H-dispiro[ 1, 3-oxazine-4,4'-chromene-
2,3"-pyran}-Z-amine (intermediate B6.7) with 3-cyanophenylboronic acid and chromatography
on preparative HPLC vielded the title compound (25% yield) as a pale yellow sclid. MS (ISP}
mfz = 4262 [M+H]"

Example 31

(275,480 (5-Chloropyridin-3-yD-5,5-difluore-5,5",6,6"-tetrah ydro-4' " H-dispiro[1,3-
oxarine-4,4-chromene-2' 3"-pyran}-Z-aming formate

In & manner analogous to that described in Example 19, the cross coupling reaction of
(2°5,4R)-6"-brome-5,5-difluoro-5,5",6,6 - tetrahydro-4"H-dispiro{ 1,3-oxazine-4,4"-chromene-
2.3"pyran}-2-amine (ntermediate  B6.8) with 5-chloropyridin-3-ylboronic  acid and
chromatography on preparative HPLC yielded the title compound (66% vield) as an off-white,
amorphous material, MS (ISP): m/z = 436 [M+H]" and 438 [M+2+H]".

Erampie 32

(B)-6"-(5-Chloropyridin-3-yD-5,5-diflnoro-8,6-dihydrospire{{ 1,3 loxazine-4,4'-
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thiochromanj-2-amine

In a2 manner analogous to that described in Example 19, the cross coupling reaction of
(R)-6'-bromo-5,5-diffuore-3,6-dihydrospiro[{ 1,3]oxazine-4,4'-thiochroman]-2-amine
{intermediate B6.9) with 5-chloropyridin-3-ylborosic acid yielded the title compound (70% yield)
as a white solid. MS (ISP): m/z = 382.0 {M+H]".

Creneral procedure for the preparation of amides of formula L4:

A solation of the carboxylic acid (.23 mmel)y in methanel (5 ml) was cocled o O °C. 4-
(4,6-Dimethoxyl 1.3.51triazin-2-y1)-4-methylmorpholinium chloride hydrate (DMTMM) (80 mg,
0.27 mmol) was added and the solation was stirred at 0 °C for 30 minutes. Thereafter, a solution
of the intermediate diamine B7 (0.21 mmol) in methanol (5 ml}) was added dropwise at 0 °C via
syringe. The reaction mixture was stirred at 23 °C for 18-6{ hours. For the workup, the reaction
mixture was poured into a selution of sodmm carbenate (1M) followed by the extraction with
ethy! acetate. The organic layer was separated, washed with brine and dried over sodium
sulphate. Removal of the solvent at reduced pressure left a residue which was purified by
chromatography on silica gel or on a silica-NH, phase using a mixture of dichloromethane and

methanoi (0-10%:}) to give the pure amides of formula I
Example 33

(R)-N-(2'-Aminoe-5' 5 -difluoro-5',6"-dihydrospiro{chroman-4,4'.[1,3 loxazine - 6-y1)-5-
chloropicolinamide

oo ot

The condensation of (K)-5.5"-difluoro-5"6"-dihydrospiro{chroman-4,4'-[1,3}oxazine]-
2'.6-diamine (intermediate B7.1) and S-chloropicoiinic acid yielded the title compound (56%
yield) as a white solid. MS (ISP): m/z = 409.2 [M+H]".

Example 34
(R)-N-(2'-Amine-55 -diflsoro-5.,6" -dihydrospiro[chroman-4,4'-[1 3loxazinel-6-y1)-5-
cyanopicolinamide

The condensation of (R)-5.3-difluoro-36-dihydrospiro[chroman-4,4"-11,3]oxazine}-
2'.6-diamine (intermediate B7.1) and 5-cyanopicolinic acid yielded the title compeound (74%
yield) as a yellow solid. MS (ISP): m/z = 400.2 [M+H]".

Example 35

(R)-MN-(2'- Amino-5",5"-difluore-57,6"-dihvdrospirefchroman-4,4"-[ 1,3 Joxazine - 6-yi)-5-
cyanopicolinamide

The condensation of (R)-5,5-difluoro-5.6"-dihydrospiro[chroman-4,4'-[1,3loxazine}-
2" 6-diamine {intermediate B7.1} and 4-chloro-1H-pyrazole-5-carboxylic acid yielded the title
compound (34% yield) as a pale yellow solid. MS (ISP): m/z = 368.1 {M+H]",

Example 36
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M-{(2R or 258,4R)-2"-Amino-8',5" -difluore-2-phenyi-5',6'-dihydrospiro[chroman-4,4'-
[1,3|oxazine]-6-yi-S-chioropicolinamide
The condensation of (ZRS.4R)-57,53-diflnore-2-phenyl-5',6'-dihydrospiro[chroman-4,4'-
[1.3]oxazine]-2"6-diamine (intermediate B7.2) and S-chloropicolinic acid vielded the title
compound (21% vield) as an off-white solid. MS (ISP} m/z = 485.1 [M+H]".
Example 37
M-{(2R or 254K -2 -Amino-5", 5 -diflnore-2-phenyl-5.,6" dihydrospirol chroman-4,4'-
[1,3loxazinel-6-y)-B-cyanopicolinamide
The condensation of (ZRS,4R)-5'.5-diflucro-2-phenyl-5',6-dihydrospiro{chroman-4,4'-
[1,3]exazinel-2" 0-diamine (intermediate B7.2Z) and 5-cyanopicolinic acid yielded the title
compound (33% vield) as an off-white solid. MS (ISP): m/z = 476.1 [M=+H]".
Example 38
N-{(ZR or  25A4AR}-2'-Amino-5"5"-difluore-2-phenyl-5' 6 -dihydrospire] chroman-4 4’
(i, 3loxazine}-&-vD)-5-fluoropicolinamide
The condensation of (2RS5,4R)-55%difluoro-2-phenyl-5',6"dihydrospirofchroman-4,4'-
[1,3joxazine]-2",6-diamine (intermediate B7.2) and S-fluoropicolinic acid vieided the fitle
compound (26% yield) as an of f-white solid. MS (ISP m/z = 469.2 [M+H]".
Example 39
MN-{(ZR or 25,482 -Amine-5", 5 difluoro-Z-phenyl-5,6 -dibhydrospiro{chroman-4,4'-
[1,3]oxazine]-6-v)-S-(irifluoromethyl)picolinamide
The condensation of (2RS4R)-5",5-difluoro-2-phenyi-576"-dihydrospiro[chroman-4.4'-
[1,3Joxazine]-2 6-diammne (intermediate B7.2) and S-fluoropicolinic acid yielded the title
compound (27% yield) as an off-white solid.
Example 40
{(B)-N-(2'-Amino-5' 5 -difluore-2,2-dimethyl-5' 6 -dihydrospiro[chroman-4,4'-[ 1,3 loxazine |-
6-vi)-5-chioropicolinamide
The condensation of (R)-55"-diflucro-2.2-dimethyi-8",6"-dihydrospirof{chroman-4,4'-
[1.3}oxazine]-2" 0-diamnine (intermediate B7.3) and S-chloropicelinic acid yielded the ttle
compound (85% yield) as a white solid. MS (ISP): m/z = 437.1 [M+H]",
Fxample 41
(R)-N-(2'-Amine-5",5"-difluoro-2,2~-dimethyl-5',6" -dihydrospiro[chroman-4,4'.T1, 3oxazine]-
&-vi)}-S-cyanopicolinamide
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‘the condensation of (R}-5',5-difluoro-2,2-dimethyl-5,6"-dihydrospirofchroman-4.4'-
[1,3loxazine}-2" 6-diamine (intermediate B7.3) and S-cvanopicolinic acid yielded the title
compound (78% yield) as a yellow solid. MS (ISP): m/z = 428 .3 [M+H]".

Example 42

(B)-M-(2-Amino-5,5-dillnore-5,6-dihydrospivol[ 1, 3loxazine-4 4" - thiochroman]-6'-y1}-5-
chiloropicelinamide

The condensation of (R)-57,5-diftvore-2.2-dimethyl-5",6-dihydrospiro[chroman-4.4-
[1,3]oxazine}-2'" 6-diamine (intermediate B7.4) and S5-chleropicolinic acid yielded the title
compound (35% vyield) as a white solid. MS (I5P): m/z = 424.9 [M+H]".

Example 43

{(B)-M-(2- Amning-5,5-diftuoro-5 6-dihydrospiro{{ 1.3 oxazine-4,4 - thiochroman [-6"-y1-5.

cyanopicolinamide

The condensation of (R)-3,5%diflwore-2.2-dimethyl-5",0dihydrospiro[chroman-4,4"-
[1,3]oxazine]-2 6-diamine {intermediate B7.4) and 5-cvanopicolinic acid yielded the title
compound (57% yield) as a yellow solid. MS (ISP): m/z = 415.9 [M+H]".

Example 44

MN-[(Z'R,4AR)-2-Amino-3,5-¢iflucro-5,5"".6.6 " -tetrahydro-4" H-dispiro{ 1,3-oxazine-4,4'-

chromene-2'3" -pyrani-6’-vi}-S.cyanopyridine-2-carboxamide

The condensation of (2'R,4R)-5,5-difluoro-5,5",6,6"-tetrahydro-4"H-dispiro{ 1.3-oxazine-
4. 4'-chromene-2',3"pyran]-2,6'-diamine {infermediate B7.5) and S-cyanopicolinic acid yielded
the title compound (64% yield) as a yellow solid. MS (ISP): m/z = 470.3 [M-+11]".

Exsmple 45

N-[(4R)-2-amino-5,5-difluore-1',1 -dioxido-2",3" 5 6-tetrabydrospirol 1,3-oxazine-4,4'-
thiochromen]-4'-yll-5-chloropyridine-2-carboxamide

A solution of {(R)-N-{Z-amino-3,5-difuoro-5,0-dihydrospire[[1,3Joxazine-4,4'-
thiochreman]-6"-yl)-5-chloropicolinamide {Example 42) (30 mg, 70.6 pmol} in methano! (2 ml)
was treated with potassium peroxomonosulphate (32.1 mg, 84.7 umol). The suspension was
stured at room temperature for 5 days. For the workup, the reaction mixture was evaporated at
reduced pressure and the residue directly purified by chromatography on a silica-NE; phase
using & gradient of heptane/ethyl acetate = 100:0 to 20:80 as the eluent. The title compound (30
mg, 93% yield) was obtained as a white golid. MS (ISP): m/z = 457.2 [M+H]™

Example 46

M4 2-amino-5,5-difluoro-1", 1 -dioxido-2",3" 5,6 -{etrahydrospire[ L.3-oxazine-4,4'-
thicchromenl-6'-y1]-5-cyancepyridine-2-carboxamide
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In a manner analogous to that described in Example 45, the oxidation of the N-[(2'R,4R)-
2-amine-5,5-difluore-5,5",6,6"-tetrahydro-4"H-dispire]1,3-oxazine-4,4'-chromene-2', 3"-pyran]-
6'-yl]-5-cyanopyridine-2-carboxamide {(Example 44} yielded the title compound (74% vield) as a
white solid. MS (ISP): m/z = 4482 [M+H]".

Svnthesis of the intermediaie sullinamide nigrile C1

Ceneral procedure

A solution of the sulfinamide aleohol A4 (4.1 mumol} in dichloromethane (23 mi) was
subsequently treated at 22 °C with 2-bromoacetonitrile (6.2 mmol), silver(I) oxide (1.9 g) and
tetrabutylammonivm iodide (0.30 g), and stiring was continued for 2 hours, For the workup, the
suspension was filtered and the filtrate was washed with an aqueous saturated solution of sodiuvm
hydrogencarbonate. The organic layer was dried and evaporated to give the crude sulfinamide

nitrile C1 which was used without further purification,

Intermediate €11

Y

il

Starting from (R)-2-methyl-propane-2-sulfinic acid [(R)-1-(1, I-difluore-2-hydroxy-ethyl)-
7-mitro-1,2,3 A-tetrahydro-naphthaien-1-ylJ-amide  (intermediate  A4.2), the product (R)-Z-
methyl-propane-2-sulfinic  acid  [(R)-1-(2-cyanomethoxy-1, I-difluore-ethyl)-7-nitro-1,2,3.4-
tetrahydro-naphthalen- 1-yl]-amide (68% vield) was obfained as a brown oil. M5 (ISP): nvz =
416.3 [M+H]". |

Intermediate C1.2

starting  from  (R)-Z-methyl-propane-2-sulfinic  acid  [{R)-6-bromo-4-(1,1-diflnoro-2-
hydroxy-ethyl)-chroman-4-ylj-amide (intermediate B4.1), the product (R)-2-methyl-propanc-2-
sulfinic acid [(R)-6-bromo-4-(2-cyanomethoxy- 1, 1-difluoro-ethyl-chroman-4-ylj-amide (64%
yield) was obtained as an off-while waxy solid. MS (ISP m/z = 451.0 [M+H]" and 453.0
[M+2+H].

Intermediate CL3
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Starting from (R)-2-methyl-propane-2-sulfinic acid [(R)-4-(1,1-difluoro-2-hydroxy-ethyl)-
G-pitro-chroman-4-yll-amide (intermediate B4.2), the product (R)-2-methyl-propane-2-sulfinic
acid [(R}-4-(2-cyanomethoxy-1,1-diftuore-ethyD)-6-nitro-chroman-4-yl]-amide (79% vyield) was

5 obtained as a hrown oil. MS (ISP} m/z = 418.2 [M+H]".

ntermediate C1.4

Starting, from (R)-2-methyi-propane-2-sulfinic acid [{2RS . 4R)-6-bromo-d-(1,1-diflucro-2-
hydroxy-ethyD)-2-phenyl-chroman-4-yl]-amide (intermediate B4.3}, the product (R)-2-methyl-
10 propane-Z-sulfinic  acid  [{25,4R)-6-bromo-4-(2-cyanomethoxy-1,1-difinoro-ethyl)-2-phenyl-

chroman-4-yl]-amide (79% yield)was obtained as 4 white solid,

Intermediate C1.8

Starting from (R)-2-methyl-propane-2-suifinic acid [(2RS,4R}-4-(1,1-diftuorc-2-hydroxy-
15 ethyl)-6-nitro-2-phenyl-chroman-4-yl]-amide (intermediate B4.4), the product (R)-2-methyl-
propane-2-sulfinic  acid  [(2RS,4R)-4-(2-cyanomethoxy-1, I-diflaoro-ethyl}-6-nitro-2-phenyl-

chroman-4-yl]-amide (76% yield) was obtained as a sticky yellow liguid.

Syothesis of the Intermediaie aming nitrile C2

Cieneral procedure

20 A solution of the sulfinamide nitrile €1 (425 mmol) in 1 4-dioxane {20 ml) was treated
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with a solution of hydrochloric acid in 1,4-dioxane (4 M, 5.3 ml), and stirring was continued at
22 °C for 1 hour, For the workup, the mixture was diluted with ethyl acetate and washed with a
saturated aqueous solution of sodium carbonate. The organic layer was dried and evaporated.
‘The crude material was purified on silica using a mixture of n-heptane and ethyl acetate as the

5 eluent to give the pure amino nitrile C2.

Intermediate C2.1

Starting from (R)-2-methyl-propanc-2-sulfinic acid {{R)-1-(Z-cyanomethoxy-1,1-difluoro-
ethyl)-7-nitro-1,2,3 4-tetrshydro-naphthalen-i-ylj-amide (intermediate €1.1), the product [2-
1 ((R}1-amino-7-nitro-1,2,3,4-tetrahvdro-naphthalen- 1-¢13-2,2-difluoro-ethoxy[-acetonitrile (76%

1dy was obtained as a light brown oil. MS (ISP m/z = 312.1 [M+HT",

Intermediate C2.2

Starting {rom (R)-2-methyl-propane-2-sulfinic acid [(R)-6-hromo-4-(2-cyanomethoxy-1,1-
15 difleoro-ethyl)-chroman-4-yll-amide Gatermediate C1.2), the product [2-{(R)-4-amino-6-bromo-
chroman-4-y1)-2,2-difluoro-ethoxy]-acetonitrile (50% yield) was obtained as an off-white oil.

MS (ISPY: m/z = 347.0 IM+H]* and 349.2 [M+2+1]".

Intermediate C2.3

24 Starting from (R}-2-methyl-propape-2-sulfinic acid [(R)-4-(2-cyanomethoxy-1,1-difluoro-
ethyl)-6-nitro-chroman-4-yl]-amide (intermediate C1.3), the product 12-{({R)-4-amino-6-nitro-
chroman-4-y1}-2.2-difluorc-ethoxyj-acetonitrile (87% yield) was obtained as a yellow oil. MS
(I5P) m/z = 313.9 [M+H]".

Intermediate C2.4
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Starting  from (R)-Z-methyl-propane-2-sulfinic  acid [(ZRS 4R)-b-bromo-4-(2-
cyanomethoxy-1,1-diflucro-ethyl)-2-phenyl-chroman-4-yl}-amide  {imtermediate C1.4), the
product [2-((2RS,4R)-4-amino-6-bromo-2-phenyl-chroman-4-v1)-2,2-diflucro-ethox yl-

3 acetonitrile (62% vield) was obtained as a pale yellow solid.

Intermediate C2.5

Starting from (R)-2-methvl-propane-2-sulfinic acid [(ZRS4R)-4-(2-cyanomethoxy-1,1-
difluoro-ethyl)-6-nitro-2-phenyl-chroman-4-ylJ-amide  (intermediate C1.5), the product [2-
10 ((2RS.4R)-4-amino-6-nitro-2-phenyl-chroman-4-yi}-2.2-difluoro-ethox vi-acetonitrile (63% vield)

was obtained as a brown solid.

Synthesis of the infermediate 1.4-oxazenine C3

General procedure

A solution of the amino nitrile C2 (2.20 mmol) in toluene {38 mi) was treated at 22 °C with
15 a solution of trimethylalurninium in toluene {2 M, 1.2 ml) and the mixture was heated to 80 °C
for 1 hour. For the workup, the mixture was cooled to 0 °C, diluted with a saturated agueouns
solution of sodium carbonate. The aqueous layer was extracted with ethyl acetate, the organic
jayers were combined, dried, and evaporated. The residue was purified by chromatography on a
sitica-NH, phase using a mixture of n-heptane and ethyl acetate as the eluent to give the pure

20 1,4-oxazepine C3.

[ntermediate €3.1
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Starting  from  [2-((R)-1-amino-7-nitre-1,2,3,4-tetrahydro-naphthalen-1-y1)-2,2-difluoro-
ethoxvy)-acetonitrile  (intermediate €2.1), the product (R)-6'6-difluore-7nitro-3,4,6.7"-
tetrahydro-2H, 2 H-spiro[naphthalene-1,5-[ 1.4 Joxazepin}-3'-amine (7% yield) was obtained as a

5 light brown foam. M8 ISPy m/z = 312.1 [M+H]".

Intermediate £3.2

Ny
/\O/

Starting  from  [2-((R)-d-amino-6-bromo-chroman-4-y1)-2,2-difluoro-ethox y]-acetonitrile
(intermediate C2.2), the product (R)-0-bromo-6.6-difluoro-6"7" -dihydro-211-spiro[chroman-
10 4,5-{1.4)oxazepin]-3-amine was obtained in quantitative vieid as an off-white foam. MS (ISP

m/z = 3471 [M+H]" and 349.1 IM+2+117.

Intermediaie £3.3

Starting  from  [2-({R)-4-amino-6-nitro-chroman-4-yH-2. 2-difluoro-ethoxy]-acetonitrile
15 (ntermediate CZ.3), the product (R)-6.6%diffuoro-6-nitro-6',7'-dihydro-2'T-spiro{chroman-4,5'-
[1,41oxazepin]-3"-amine (98% vield) was obtained as a red oil. MS (ISPh: m/z = 313.9 [M+1].

Intermediate £3.4

Starting from  [2-((2RS.4R)-4-aminc-6-bromo-2-phenyl-chroman-4-v1)-2,2-difluoro-
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ethoxyl-acetonitrile (ntermediate C2.4), the product (2RS,4R)-6-bromo-66'-diflucro-2-phenyl-
&', 7-dihydro-2'H-spiro[chroman-4,5-[1,4loxazepin]-3'-amine (67% vield) was obtained as a
yellow semi-solid. MS (ISP): m/z =422.9 [M+H]",

Intermediate 3.5

5
Starting frem [2-({2RS,4R}-4-amine-6-nifro-2-phenyl-chroman-4-yi)-2,2-difluoro-ethox y]-
acetonitrile (intermediate CZ2.5), the product (ZREAR)-66'-difluore-6-nitro-2-phenyl-6',7'-
dihydro-2'H-spiro[chroman-4,5'-[ 1,4]oxazepin]-3-amine (37% vyield) was obtained as a brown
solid, MS (ISP): m/z = 300.0 [M+H]".
10 Syantheses of infermediate anilines C4 (via reduction of nitro 1.4-oxazepines)

(eneral procedure

A solution of the nitro oxazepine C3 (3 mmol) in cthanol (31 mi) was hydrogenated at
atmospheric pressure using palladium (10% on carbon) (159 mg, 150 pmol) as the catalyst. After

90 minutes the reaction was complete. The reaction mixture was filtrated over a layer of Dicalit,

15 which was washed with ethanol (3 x 20 mi). The combined solutions of ethanol were evaporated

at reduced pressure. The product was engaged in the step without further purification.

Iintermediate 4.1

Starting from (R)‘é',6’mdi£],uc>m~7~nitr()~3,4,,6',7‘~1etra.hydm—?}l,Z’E--?ﬁ-sp_im[nap_htha.hm&1,5’-~
20 |1.4]oxazepin}-3-amine (intermediate C3.1), the product (R)-6,6"-difluoro-3,4,6,7'-letrahydro-
2H, 2 H-spiro{naphthalene-1,5'-{1,4]oxazepine]-3",7-diamine was obtained in quantitative yield as

a yellow foam. MS (15P): m/z = 282.2 [M+H]".

Intermediate C4.2
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Starting from (R)-6",6-difluoro-6-nitro-6',7-dihydro-2 H-spiro[chroman-4,5'-
[1,4toxazepin}-3'-amine (intermediate C3.3), the product (R)-6%6"-difluoro-6,7-dihydro-2'F-
spiro[chroman-4,5'-[1,4}oxazepine]-3",6-diamine (95% yield) was obtained as a vellow solid, M&

5 (ISP m/z =284.1 [M+H]",

Intermediate C4.3

Starting  from  (2RS4R)-6",6-difluoro-6-niwoe-2-phenyl-6',7-dihydro-2'H-spiro[chroman-

4.5%11 4loxarzepin]-3'-amine (ntermediate C3.5), the product (ZR5,4R)-6".6"-difluoro-2-phenyl-

W 6.7 dihydre-2H-spirolchroman-4,5"-11 4loxazepine}-3',6-diamine (54% yield) was obtained as a
brown solid. M& (ISP m/z = 360.0 [M+I1]".

In analogy to the general procedure for the preparation of amides of formula I, the reaction

of the intermediate anilines of formula C4 with acids by 4-(4,6-dimethoxy[1.3.5triazin-2-v1}-4-

methylmorpholintum  chloride hydrate (DMTMM) as the condensating agent vielded the

15 following compounds:
Example 47
(R)-MN-(3"-Amine-5"6"-difluoro-3,4,0",7 tetrabydro- 21,2’ H-spiro naphthalene- 1,5
L1, 4joxazeping]-7-yi)-5-cyanopicolinamide
The condensation of (R)-6.,6"-difluore-3,4,0", 7 -tetrahydro-2H, 2 H-spiro[naphthalene- 1,5
20 [l 4]oxazepine}]-3’,7-diamine (intermediaic C4.1) and 3-cyanopicolinic acid yielded the iitle
componnd (37% yield) as an off-white solid. MS (ISP): m/z = 412.2 [M+H]".
Example 48
(B)-IN-(3'-Amino-6" 6" -difluore-3,4,6',7 -ietrahydro-2H, 2 H-spivo[naphthalene-1,5".
[1.4loxazepine . 7-yi-8-chioropicolingmide
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The condensation of (R}-6".6'-difluore-3,4,6".7"-tetrahydro-2H,2'H-spiro{naphthalene-1,5'-
[1,4]oxazepine]-3.7-diamine (intermediate C4.1) and 5-chloropicolinic acid yielded the title
compound (45% vield) as an oft-white solid. MS {ISP): m/z = 421.1 [M+11]".

Hxample 49

(R-N-{3-Amine-6 6 -difluoro-6', 7 -dihydro-2 H-spive[ chroman-4,5-[{ 4loxazepine]-6-v1)-
S-cyanopicolinamide
The condensation of (Ry-6,6-difluore-0.,7-dihydro-2 H-spirofchroman-4,5'-
[[.4)oxazepine]-3',6-diamine (intermediate C4.Z) and 3-cyanopicelinic acid vielded the title
compound (31% yield) as a yeliow solid. MS (ISPy: m/z = 414.3 [M+HT".
Example 59

(R)-N-(3'-Amine-6",8' -difleoro-6',7 -dihydro-2 ' H-spirc[chroman-4,5"-[ 1 4]oxazepine]-6~yi -
S.chloropicolivamide

The condensation of (R)-&",6'-difluoro-6',7-dihydro-2'H-spiro[chroman-4,5"-
[1.4]loxazepine]-3',6-diamine (intermediate C4.2) and 5S-chloropicolinic acid yielded the title
compound (54% yield) as a pale yellow sclid. MS (ISP): m/z = 423.2 [M+H]".

Example 51

{R)3-N-(3"-Amino-6",6 -difluore-6",7 -dihydre-2'H-spirei chroman-4.5'-[ 1 4 joxazepine |-6-v1}-
3. 5.dichlorepicclinamide -
‘The condensation of (R)-6",6-difluore-6',7-dihydroe-2'H-spiro[chroman-4,5'-
{1, 4]oxazepine]-3'.6-diamine (intermediate C4.2) and 3,5-chloropicolinic acid yielded the dtle
cormpound (38% yield) as a pale vellow solid. MS (ISP): m/z = 457.2 [M+H]" and 459.2
IM+2+H] .
Example 52

N-{(ZB5A4R)-3 ~-Amino-6",6 ~difluore-2-phenyl-6".7 -dihydro-2'H-spiro[chroman-4,5 -
i1 4loxazeping]-6-yi-5-(IriffeoromethyDpicolinamide

The condensation of (2ZRSAR)-6,6'-difluore-2-phenyi-6',7-dihydre-2'H-spirofchroman-
4,5-[1,4]oxazepine]-3 6-diamine  (intermediate C4.3) and S-triffuoromethyl-pyridine-2-
carboxylic acid yielded the title compound {7% yield) as a light brown solid. MS (ISP): m/z =
532.8 [M-+HT".

Example 53

N-((ZR5AR)-3"-Aming-6"6'-difluore-2-phenyl-6', 7' -dih ydro-2' H-spirol chroman-4,5'-
[i.4]oxazeping|-6-yi}-5-cyanopicolinamide

The condensation of (ZRSAR)-6,6-difluoro-2-phenyl-6' 7 -dihydre-2'H-spiro[ chroman-
4,5'-[1,4]Joxazepine]-3',6-diamine (infermediate C4.3) and 5-cyanopicolinic acid yielded the title
compound as an of f-white solid. MS (ISP): m/z = 490.2 [M+H]".
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In a manser analogous to that described in Hxample 19, the following compounds were

obtained:
Example 54

(R}-6-(5-Chlovopyridin-3-yi-6",6"-difluoro-6', 7 -dihydro-2' H-spiro{chroman-4,5"-
[14joxazepinf-3-amine

The cross coupling  reaction  of  (R)-6-bromo-6.,6"-difluore-6",7-dihydro-2'T]-
spirofchroman-4.5-[1 4loxazepin]-3-amine  (intermediate C3.2) with  3-chloropyridin-3-
ylboronic acid yielded the title compound (35% yield) as a light brown, amorphous material. MS
(ISP): m/z = 380.2 [M+H]".

Example 55

{(R)-6-(3,5-Dichiorophenyl})-6",6 -diftluors-6',7' -dihydro-2'H-spiro{chroman-4,5'-
[1,4loxazepin]-3 -amine

The rcross  coupling reaction of  (R)}-6-bromo-9,6%difluore-6',7-dihydro-2H-
spiro[chroman-4,5-[ 1 4Joxazepinl-3-amine (ntermediate C3.2) with 3,5-dichlorophenyiboronic
acid yielded the title compound (4G% yield) as a light brown foam. MS (ISP): m/z = 413.2
IMAH] and 415.2 IM42+H]".

Example 56
{ZRSAR-5-(5-Chloropyridin-3-yh-6'.6'-difluore-Z-phenyl-o',7 -dihydro-2"H-
spivolchroman-4, 5 [1,4loxazepin}-3'-amine

The cross couopling reaction of (2RS4R)-0-bromo-6',6"-difluore-2-phenyl-0',7-dihydro-
2'H-spiro[chroman-4,5'-[1.4]oxazepin]-3-amine {(ntermediate C3.4) with 5-chloropyridin-3-
ylboronic acid yielded the title compound (7% yield) as & white solid.

Example 57

{ZRE, 4R )-6-13,5-Dichlorophenyl}-6',6"-difluoro-2-phenyl-6 ', 7 -dihydro-2"H-spiro[chroman-
4,5'-{1,4loxazepin]-3'-amine

The cross coupling reaction of (ZRS,4R})-6-bromo-6',6"-difluoro-2-phenyl-6',7'-dihydro-
2H-spiro[chroman-4,5"-[1,4]oxazepini-3'-amine {intermediate C3.4) with 3,5-
dichiorophenylboronic acid vielded the title compound (8% yield) as a white solid. MS (ISP):
m/z = 489.4 [M+H".

Example 58

(2R5.4R)-6".6"-difluoro-2-phenyl-6-(pyrimidin-5-y1)-6',7 -dihydro-2' H-spiro[chroman-4,5'-
L 4loxazepin]-3 -amine

The cross coupling reaction of (ZR5,4R}-6-bromo-¢',0'-difluore-2-phenyl-6',7 -dihydro-
2'H-spiro[chroeman-4,5'-[1,4]oxazepin]-3-amine (intermediate 3.4} with pyrimidin-5-ylboronic
acid yielded the title compound {12% yield), MS d8P): m/z = 423.0 {M+H]",
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Example 59

5-((ZRB4AR)-3 -amino-6",6'-difluoroe-2-phenyl-6", 7 -dihydro- 2 H-spiro[ chroman-4,5 '
[1,4]oxazepine]-6-yimicotinoniiriie

The cross coupling reaction of (2RS,4R)-6-bromo-6".6 diflucro-2-phenyl-6'7-dihydro-
2H-spiro[chroman-4,5-[{ 4joxazepin]-3'-amine (intermediate C3.4) with S-cyanopyridin-3-
yiboronic acid yielded the title compound (15% yield) as a coloriess solid. MS (ISP: m/z =
447 4 [M+H]".

Exzample 60

3-{{ZR5,4R)-3"-amino-6"5'-dilluoro-2-phenyl-¢',7 -dihydro-2' H-spiro| chroman-4,5'-
L 4loxazeping |-6-vibenzonitrile

The cross coupling reaction of (ZRS,4R)-6-bromo-6',6'-difluore-2-phenyl-67,7-dihydro-
2H-spire[chroman-4,5"-[1,4]oxazepini-3-amine (intermediate C3.4) with 3-cvanophenviboronic
acid yielded the title compound (10% vield) as a colorless solid, M5 (ISP): m/z = 446.0 [M+H]".
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Claims

I. A compound of formula I,

wherein

\% is -CR™R™-;

W is-CR®*R™-;

X is -CR"“R""-, -0-, -S- or -80,-;

Y -NH-C=0-;

Z is selected from the group consisting of

i} heteroaryl,
i) heteroaryl substituted by 1-4 substituents individually selected from R®,
1ii) aryl, and
iv) aryl substituted by 1-4 substituents individually selected from R,
R'™  is selected from the group consisting of
i) hydrogen,
i) halogen, and
11} Cis-alkyl;
R'"™ s selected from the group consisting of
1) hydrogen,
i) halogen, and
iii) Cjs-alkyl;
R* is selected from the group consisting of
i) hydrogen, and
1) Cyg-alkyl;
R* is selected from the group consisting of
i) hydrogen,
i) aryl, and
i) C¢-alkyl;
or R* and R*" together with the C they are attached form a heterocyclyl;
R? is halogen,

(1188091 _1):CCY
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is halogen,

is selected from the group consisting of
1) hydrogen, and

1)  Cje-alkvl,

is selected from the group consisting of
1)  hydrogen, and

1)  Cygalkyl,

is selected from the group consisting of
1) hydrogen, and

i1) Cyg-alkyl;

is selected from the group consisting of
i} hydrogen, and

i) Cig-alkyl;

1s selected from the group consisting of
1) cyano,

i) cyano-Cje-alkyl,

111} halogen,

v) halogen-C, s-alkoxy,

V) halogen-C, ¢-alkyl,

Vi) Cy4-alkoxy,

vil)  Cjg-alkoxy-Cje-alkyl,

viti)  Cag-alkynyl, and

1x) Ci¢-alkyi;

is O or 1;

isOorl;

isOorl;

or pharmaceutically acceptable salts thereof.

2. A compound according to claim 1, wherein

N o< X g <

is -CR™R™-;

is -CR*R™-;

is -CR™R'"-, -0-, -S- or -SO-;
-NH-C=0-;

is selected from the group consisting of

1) heteroaryl,

ii) heteroaryl substituted by 1-2 substituents individually selected from R®, and
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iii) aryl substimated by 1-2 substituents individually selected from RS
R is selected from the group consisting of
D hvdrogen,
i1) halogen, and
5 iii) Cgalkyls
R'™  is selected from the group consisting of
b)) hydrogen,
i1} halogen, and
i)  Cis-alkyl:
10 R*™  is selected from the group consisting of

i) hydroges, and

i} Cygalkyl;
R* is selected from the group consisting of
i) hydrogen,
15 1) phenyl. and
iit) Cig-alkyl:

or R* and R* to gether with the C they are attached form tetrahydropyranyl;
R’ is halogen;
R*  is halogen;
20 R’ 1s hydrogen;
R® 18 hydrogen;
R ishydrogen;

R is hydrogen;
R® 1s selected from the group conststing of
25 1) cyano,
i) hategen,

1if) halogen-Cie-alkyl. and
iv) Cg-alkoxy,

n isOorl;
30 m is0orl;
P isOori;

or pharmaceutically acceptable salts thereof.
3. A compound according to any of claims 1-2, wherein nis 0.

4. A compound according to any of claims 1-3, wherein X is -CR™R™- and R™ and R™ are
35 both hydrogen.

3. A compound according to any of claims 1-4, wherein pis 0.
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6. A compound according to any of claims 1-3, wherein X is -O-.

7. A compound according to claim 1-2 and 6, wherein p is 1, W is ~CR*R*- and R* and R*®

are both hydrogen.
8. A coméound according to any of claims 1-7, wherein R? is F.
9. .A compound according to any of claims 1-8, wherein R*isF.
10. A compound according to any of claims 1-9, wherein R’ is hydrogen.
11. .A compound according to any of claims 1-10, wherein R® is hydrogen.
12. A compound according to any of claims 1-11, wherein m is 0.
13. A compound according to any of claims 1-11, wherein m is].

14. A compound according to any of claims 1-13, wherein Z is heteroaryl substituted by

halogen or cyano.

15. A compound according to any of claims 1-14, selected from the group consisting of
(R)-7-(5-chloropyridin-3-yl)-5',5'-difluoro-3,4,5',6'-tetrahydro-2H-spiro{ naphthalene-1,4'-
{1,3]oxazin]-2"-amine,

(2R, 4R}-6'-(5-chloropyridin-3-y1}-5,5-difluoro-5,5",6,6"-tetrahydro-4"H-dispiro[ 1,3-oxazine-

4,4'-chromene-2',3"-pyran]-2-amine formate,

(2RS,4R)-5',5'-difluoro-2-phenyl-6-(pyrimidin-5-yl)-5',6'-dihydrospiro| chroman-4,4'-
[1,3]oxazin}-2"-amine,
(2RS,4R)-6-(3,5-dichlorophenyl)-5',5"-difluoro-2-phenyl-5',6'-dihydrospiro{ chroman-4,4'-
I1,3]oxazin}-2"-amine,

(2RS,4R)-6-(3,5-dichlorophenyl)-6',6'-difluoro-2-phenyl-6', 7'-dihydro-2'H-spiro| chroman-4,5'-
[1,4]oxazepinl-3'-amine,

(2R S, 4R }-6-(5-chloropyridin-3-y1)-5',5"-difluoro-2-phenyl-5',6'-dihydrospiro[ chroman-4,4'-
[1,3]oxazin]-2"-amine,
(2RS,4R)-6-(5-chloropyridin-3-y1)-6',6'-difluoro-2-phenyl-6',7'-dihydro-2'H-spiro[ chroman-4,5'-
[1,4]oxazepin]-3'-amine,
(2RS,4R)-0",6'-difluoro-2-phenyl-0-(pyrimidin-5-y1)-6',7'-dihydro-2'H-spiro[ chroman-4,5'-

[1,4]oxazepin]-3'-amine,

(1188091 1):CCY
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(2'S,4R)-6'-(5-chloropyridin-3-y1)-5,5-difluore-5,5".6,6"-tetrahydre-4"H-dispiro[ 1,3-0xazine-
4, 4'-chromene-2'.3"-pyran}-2-amine formate,

(R)-3-(2'-amnino-5',5'-diflucro-2,3,5'" 6 “tetrah ydrospiro[indene-1,4'-[1,3]oxazine]-6-
ylybenzonitrile,

(R)-4,4,5',5'"-tetrafluoro-7-(5-fluoropyridin-3-y1}-3,4.5'.6"- tetrahvdro-2H-spiro[naphthalene- 1,4
[1,3]oxazin}-2"-amine,

(R)-5-(2'-amino-4,4,5",5-tetrafluoro-3,4,5",6 -tetrahydro-2H-spiro[naphthalene-1,4'-
[1,3]oxazine]-7-yi)nicotinonitrile,

(R)-5-(2"-amino-5',5"-difluoro-2,3,5",6 - tetrah ydrospirofindene-1,4'-[1,3Joxazine]-6-
yl)nicotinonitrile,

(R)-5-(2'-amino-35',5"-difluoro-3 4,56 -tetrah ydro-2H-spiro[naphthalene-1,4'-[1,3]oxazine]-7-
yhnicotinonitrile,

(R)-5',5'-difluoro-6-(5-methoxypyridin-3-yl)-5',6 -dihydrospiro[chroman-4,4"-[ 1,3 Joxazin}-2'-
amine,

(R)-5',5"-difluoro-6-(pyrimidin-5-y1)-2,3,5',0"-tetrahydrospiro{indene-1,4"-[1,3]oxazin]-2'-amine,

. (R)-5",5'-difluoro-6-(pyrimidin-5-yi)-5',6 -dihydrospiro[chroman-4.4'-[1,3]oxazin]-2"-amine,

(R)-6-(2-chloropyridin-4-y1)-5',5"-difluoro-2,3,5",6-tetrahydrospirofindene-1,4-[ 1,3]oxazin]-2"-
anine,
{R)-6-(3,5-dichlorophenyl)-5'.5"-difluoro-2,3,5",6'-tetrahydrospiro[indene-1,4'-[1,3]oxazin]-2"-
amine,

(R)-6-(3,5-dichlorophenyl)-5,5 -difluore-5',6'-divydrospirofchroman-4,4'-{1,3]oxazin}-2"-amine,
(R)-6-(3,5-dichiorophenyl)-6"6'-difluoro-6',7'-dihydro-2'H-spiro[chroman-4,5-[ 1 .4Joxazepin]-3'-
armine,

(R)-6-(5-chloropyridin-3-y1}-5',5-difluoro-2,2-dimethyl-5',6'-dihydrospiro[chroman-4,4 -
[1.3]oxazin]-2'-amine,

(R)-6-(5-chloropyridin-3-y1}-5',5"-difluoro-2,3,5 6 -tetrahydrospiro{indene-1,4-[1,3joxazin]-2'-
amine, '
(R)-6'-(5-chloropyridin-3-y1)-5.5-difluoro-5.6-dihydrospiro[f 1,3]ox azine-4,4"-thjochroman]-2-
amine,
(R)-6-(5-chloropyridin-3-yl}-5',5"-diftuoro-5",6'-dihydrospiro{chroman-4,4'-[1,3joxazin]-2-amine,
(R)-6-(5-chloropyridin-3-yl}-6',6-difluoro-6',7'-dihydro-2H-spiro[chroman-4,5'-[ 1 ,4]oxazepin]-
3'-amine,
(R)~7-{5-chloropyridin-3-y1)-4,4,5",5"-tetraflucro-3.4,5',6'-tetrahydro-2H-spiro[naphthalene-1 .4'-

[1.3]oxazin]-2"-amine,
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(R)-N-(2-aminc-5',5-difnoro-2,2-dimethyi-5',6'-dihydrospiro[chroman-4,4'-[ 1,3 Joxazine]-6-yi)-
5-chloropicolinanmide,
(R)-N-(2'-aminc-3",5-diftuoro-2.2-dimethyl-5",6'-dihydrospiro[chroman-4,4'-{ 1,3Joxazine]-6-y1)-
S-cyanopicolinamide,

(R)-N~(2'-aminc-3',5-difluoro-2.3,5',6-tetrahydrospiro{indene-1.4'-{ 1, 3Joxazine}-6-y1)-5-
cyanopicolinamide,
(R)-N-(2"-amino-3",5'-difluoro-2,3,5',6"-tetrahydrospiro[indene-1,4'-[1,3jox azine]-6-y1)-5-
chlorepicolinamide,

(R)-N-(2'-amino-3',3'-difluoro-2,3,5',6'-tetrahydrospiro{indene-1,4'-[ 1, 3]oxazine]-6-yl)-5-
fluoropicolinamide,

(R)-N-(2'-aminc-5",5'-difluoro-2,3,5' 6'-tetrahydrospirofindene-1,4"-[1,3}oxazine}-6-y1)-5-
(trifluoromethylypicolinamide,
(R)-N-(2'-amino-5',5-difluoro-3.,4,5',6'-tetrahydro-2H-spiro[naphthalene-1,4'-[1,3]oxazine]-7-
y1)-5-chloropicolinamide, _
(R)-N-(2'-amino-5°,5"-difluoro-3,4.5',6"- tetrahydro-2H-spiro[naphthalene-1,4'-[1,3}oxazine}-7-
yl}-5-cyanopicolinamide,

(R)-N-(2'-amineo-5',5 -difluoro-4,4-dimethyl-3.4.5".6"-tetrahydro-2H-spiro[ naphthalene-1.4'-
[1,3}oxazine]-7-y)-3-cyanopicolinarnide,

(R)-N-{Z-amino-5,5-difluoro-5,6-dihydrospiro[[ 1,3}oxazine-4,4'-thiochroman]-6'-y1)-5-
chloropicolinamide,

(R)}-N-(2-amino-3,5-difluoro-3,6-dihydrospiro[[ 1,3]oxazine-4,4'-thiochroman]-6'-y1)-5-
cyanopicolinamide,

(R)-N-{2"-aminc-5',5"difluoro-5,6'-dihydrospirofchroman-4.4'-[ 1,3joxazine]-6-yi)-3-
chloropicolinamide,
(R)-N-(2'-amine-5',5-diftuoro-5',6'-dihydrospiro{chroman-4,4'-[1,3Joxazine}-6-yl)-5-
cyanopicolinantide,

(R)-N-(2"-amino-5,5 -difluoro-5',6"-dihydrospiro[chroman-4.4"-[ 1 ,3]oxazine]-6-yl}-4-chloro-1H-
pyrazole-5-carboxamide,
(R)-N-(3"-amino-6',6'-difluoro-3,4,6',7"-tetrshydro-2H,2'H-spiro[naphthalene-1,5-
[1,4}oxazepinel-7-yl}-5-cyanopicolinamide,
(R)-N-(3"-amino-6',6"-difluoro-3.4,6',7"-tetrahydro-2H,2 H-spiro[naphthalene-1,5'
[1,4Joxazepine]-7-yl)-5-chloropicolinamide,

(R)-N-(3'-amino-6',6 -difluoro-6",7"-dihydro-2H-spiro[chroman-4,5'- 1,4 oxazepine]-6-yl}-5-

cyanopicolinamide,
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(R}-N-(3-aminc-6',6-difluoro-6",7'-dihydro-2'H-spiro[chroman-4,5-[1,.4] oxazepine]-6-yi}-3-
chioropicolinamide.
(R)-N-(3'"-amino-6',6"-difluoro-6',7'-dihydro-2'H-spiro[chroman-4,5'-[ 1 ,4joxazepine}-6-y13-3,5-
dichloropicolinamide, 7 .
3-((2RS,4R)-2"-amino-5",5-difluoro-2-phenyl-3.6-dihyvdrospiro{chroman-4.4"-[ 1, 3]oxazine]-6-
ylbenzonitrile, ‘
3-((2RS5,4R)-3"-amino-6',6'-difluoro-2-phenvyl-6',7 -dihydro-2'H-spirof chroman-4,5'-
[1,4Joxazepine]-6-yl)benzonitrile,
3-[{2'R,4R)-2-amino-5,5-difluoro-5,5",6,6"-tetrahydro-4"H-dispiro[ 1,3-oxazine-4,4'-chromene-
2',3"-pyran]-6'-yl}benzonitrile formate,
5-{(2ZRS,4R}-2"-amino-5",5"-difluoro-2-phenyl-5',6'-dihydrospiro{chroman-4.4'-{1,3]oxazine]-6-
yhnicotinonitrile,
5-{(2ZR8,4R}-3"-amino-6",6'-difluoro-2-phenyi-6',7'-dihydro-2'H-spiro[chroman-4,5'-
{i,4]oxazepine]-6-yl)nicotinonitrile,
N-{(2R or 25,4R)-2"-amino-5',5"-difluoro-2-phenyl-5',6'-dihydrospiro[ chroman-4.4'-
[1,3]oxazine]-6-yl)-5-chioropicolinamide,
N-((ZR or 28, 4R}-2"-amino-5",5"-difluoro-2-phenyl-5'.6"-dihydrospirofchroman-4,4'-
[1,3]oxazine]-6-y1}-5-cyanopicolinamide,
N-{((2R or 25.4R)-2"-amino-3',5'-difluoro-2-phenyi-5,6'-dihvdrospiro[chroman-4.4'-
[1,3]oxazine]-6-y1)-3~-fluoropicolinamide,
N-((2R or 25,4R)-2"-amino-5',5"-difluoro-2-phenyi-5',6'-dihydrospiro[chroman-4.4'-
[1,3]oxazine]-6-y1)-5-(trifluoromethyl)picolinamide,
N-((ZRS8 4R)-3'-amine-6",6"-difluoro-2-phenyl-6',7"-dihydro-2'H-spiro[chroman-4,5'-
[1,4]oxazepine}-6-y1)-5-(trifluoromethyl)picolinamide,
N-((2R8,4R)-3"-amino-6',6'-difluore-2-phenyl-6',7"-dihydro-2 H-spiro[chroman-4,5'-
[1.4])oxazepine]-6-yl)-3-cyanopicolinamide,
N-[(2'R 4R}-2-amino-5,5-difluoro-5,5",6.6"-tetrahydro-4"H-dispiro[ 1,3-oxazine-4,4'-chromene-
2'.3"-pyran]-6-yl]-5-cyanopyridine-2-carboxamide,
N-{(4R)-2-amino-5,5-difluoro-1',1"-dioxido-2',3',5,6-tetrahvdrospiro[ 1,3-oxazine-4,4'"-
thiochromen]-6'-yli-5-chloropyridine-2-carboxamide, and
N-[(4R)-2-amino-5,5-difluoro-1".1"-dioxido-2",3",3,6-tetrahydrospiro[1,3-oxazine-4,4'-

thiochromen]-6'-y1}-3-cyancopyridine-2-carboxamide,

or a pharmaceutical acceptable salt thereof.
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16. A compound according to any of claims 1-15, selected from the group consisting of

(R)-N-(2-amino-5",5"-difluoro-2,3,5',6'-tetrahydrospiro{indene-1,4'-[ 1,3 ]oxazine}-6-y1)-5-

cyanopicolinamide,

(R)-6-(5-chloropyridin-3-y1)-5',5"-difluoro-5',6'-dihydrospiro] chroman-4,4'-[ 1,3Joxazin]-2"-amine,
5 (R)-N-(2-amino-5',5"-difluoro-2,3,5",6'-tetrahydrospirofindene-1,4"-[ 1,3]oxazine]-6-y1)-5-

chloropicolinamide, and

(R)-N-(2'-amino-5",5'-difluoro-2,3,5",6'-tetrahydrospiro[indene-1,4'-{ 1,3]Joxazine]-6-y1}-5-

fluoropicolinamide, | | |

or a pharmaceutical acceptable salt thereof.

10 17. A process for preparing a compound of formula [ as defined in any of claims 1 to 14, which

process comprises reacting a compound of formula I’ to a compound of formula I

I I

»

wherein V, W, Y, Z, n, p, R, R*, R?, R*, R” and R® are as defined in any of claim 1 to 16 and m

15 1.

15 18. A compound of formula I according to any of claims 1-16, whenever prepared by a process
as defined in claim 17.

19. A compound of formula I according to any of claims 1-16 for use as therapeutically active

substance.

20. A compound of formula I according to claims 1-16 for the use as therapeutically active
20 substance for the therapeutic and/or prophylactic treatment of diseases and disorders
characterized by elevated -amyloid levels and/or $-amyloid oligomers and/or B-amyloid

plaques and further deposits or Alzheimer's disease.

21. A compound of formula I claims 1-16 for the use as therapeutically active substance for the

therapeutic and/or prophylactic treatment of diabetes or type 2 diabetes.
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22. A pharmaceutical composition comprising a compound of formula I according to any of
claims 1-16 and a pharmaceutically acceptable carrier and/or a pharmaceutically acceptable
auxiliary substance.

23. Use of a compound of formula I according to any of claims 1-16 for the manufacture of a

medicament for the therapeutic and/or prophylactic treatment of Alzheimer's disease.

24. Use of a compound of formula I according to any of claims 1-16 for the manufacture of a
medicament for the therapeutic and/or prophylactic treatment of diabetes.
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