WD 2011/ 020806PCT/ EP2010/ 061875

3- AM NO- 5- PHENYL- 5, 6- DI HYDRO- 21-/ - 11, 410XAZI NE DERI VATI VES The present

i nvent i orwootienemsned w t h 3- Am no- 5- phenyl - 5, 6- di hydr @c2pPpdioAdBIRZi ne
derivatives having BACELl and/or BACE2 inhibitory properties, their

manuf acture, 5 pharmaceutical conpositions containing themand their use as
therapeutically active substances. Technical Field The present invention
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BACE2 inhibitory activity and can therefore be used in the therapeutic

and/ or pl@ﬁﬁ#ﬂééﬁkk treatment of diseases and di sorders such as type 2

di abet es and ot her netabolic disorders. Background Art Al zheiner's di sease
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the | eadi ng cause of a progressive denentia in the elderly population. Its
clinical synptons are inpairnentRbf Rfenory, cognition, tenporal and |oca
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2011/ 020806PCT/ EP2010/ 061875 2 ofRAl Yer Rsease: progress and
probl ens on the road to therapeytigss ence¢l 2002 Jul 19 ; 297(5580):
353-6, Selkoe, Cell biology of tlfe]anyToid /8-protein precursor and the
mechani sm of Al zheiner's disease, Annu Rev Cell Blol. 1994; 10: 373-403).

Bot h pat hol ogi es are al so commonly observed in patients with Down's
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extracel | ul ar space; their principal conponents are AP%FeptLdesn The latter
are a group OF presnespppounds rhay 3 (eseriptage. f BOREL ey Memapsin-2) inhibitory

activity and can therefore be used in the therapeutic and/or prophylactic treatment of discases

and disorders characterized by elevated f-amyloid levels and/or B-amyloid oligomers and/or
B-amyloid plaques and further deposits, particularly Alzheimer's disease. And/or the present

15 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.

Backeround Art

Alzheimer’s discase (AD) is a neurodegenerative disorder of the central nervous system
20 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 emotional disturbances. There are currently no treatments available which can
prevent the disease or its 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

25 burden for their health systems.

AD 1s characterized by 2 major pathologies in the central nervous system (CNS), the
occurrence of amyloid plaques and neurofibrillar tangles (Hardy et al., The amyloid hypothesis
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I s essenfirdn tiﬁéasg.h%ﬁ%eﬁﬁ@e%sﬁr@gp@aucéﬁ) Rrom APP through the sequential action of 2
proteolytic enzymes termed f- and j-secrctase. f-Secretase cleaves first in the extracellular
20 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). CTEP is the substrate for y-secretase which cleaves at several adjacent positions within
the TM to produce the Af peptides and the cytoplasmic fragment. The y-secretase is a complex
of at least 4 different proteins, its catalytic subunit is very likely a presenilin protein (PSENI,
25 PSEN2). The f-secretase (BACE1, Asp2; BACE stands for f-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 protein 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
30 BACE! gene in mice has clearly shown that its activity is essential for the processing of APP
which leads to the generation of AfB-peptides, in the absence of BACE1 no Apf-peptides are
produced (Luo ¢t al., Mice deficient in BACEI, the Alzheimer's beta-secretase, have normal
phenotype and abolished befa-amyloid generation, Nat Neurosci. 2001 Mar;4(3):231-2, Roberds
et al., BACE knockout mice are healthy despite lacking the primary beta-secretase activity in
35 brain: implications for Alzheimer's disease therapeutics, Hum Mol Genet. 200! 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 fS-secretase activity is reduced by genetic ablation of one of the BACE1

alleles (McConlogue et al., Partial reduction of BACE1 has dramatic effects on Alzheimer
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In the same proliferation assay, BACE2 inhibitors also increase proliferation. However,

BACE2 inhibition combined with Tmem27 siRNA knockdown results in low proliferation rates.

35 Therefore, it is concluded that BACE2 is the protease responsible for the degradation of
Tmem?27. Furthermore, in vitro, BACE2 cleaves a peptide based on the sequence of Tmem?27.
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pyridin-2-yl, 5-furan-2-yl-isoxazole-3-yl, 5-furan-2-yl-pyridin-2-yl, 5-thiophen-2-yl-isoxazole-3-

35 yl, S-pyrrolidin-1-yl-pyridin-2-yl, 2,5-dimethyl-fur-3-yl, 2,5-dimethyl-oxazol-4-yl, 2,5-dimethyl-
thien-3-yl, 5-methyl-pyrazine-2-yl, 1-methyl-1H-indazol-3-yl, 2-methyl-oxazol-4-yl, 2-methyl-
thiazol-4-yl, 5-butyl-pyridin-2-yl, 1,1-difluoromethyl-1H-pyrazol-3-yl, 3,5-difluoro-pyridin-2-yl,
3-chloro-5-trifluoromethyl-pyridin-2-yl, 4-chloro-1-methyl-1H-pyrazole-3-yl, 5-chloro-3-cthyl-
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The term “cycloalkyl”, alone or in combination with other groups, refers to a 3 to 6

membered carbon ring, for example cyclopropyl, cyclobutyl, cyclopentyl or cyclohexyl.
5 Preferred cycloalkyl are cyclopropyl and cyclobutyl. Most preferred is cyclopropyl.

The phrase "cycloalkyl substituted by", alone or in combination with other groups, refers to

a cycloalkyl which is substituted by one or multiple substituents, preferably 1-4 substituents,

whereby substitution at each ring atom individually is possible, with a substituent individually

selected from the group as specified for each specific “cycloalkyl substituted by”, ie. for

10  example from amino, amino-lower alkyl, carboxy, carboxy-lower alkyl, lower alkyl-N(lower

alkyl,H)-CO-, lower alkyl-N(lower alkyl,lower alkyl)-CO-, lower alkyl-NH,-CO-, cyano, cyano-

lower alkyl, halogen, halogen-lower alkoxy, halogen-lower alkyl, hydroxy, hydroxy-lower alkyl,

lower alkoxy, lower alkoxy-lower alkyl, lower alkyl, lower alkyl-CO-, lower alkyl-COO-lower

alkyl, (lower alkyl,H)N-, (lower alkyllower alkyl)N-, lower alkyl-S(O),-, N(lower alkyl,H)-

15 lower alkyl, N(lower alkyl,lower alkyl)-lower alkyl, nitro and the like. Preferred "cycloalkyl

substituted by" are cycloalkyl substituted by 1-4 substituents individually selected from cyano,

cyano-lower alkyl, halogen, halogen-lower alkoxy, halogen-lower alkyl, lower alkoxy, lower

alkoxy-lower alkyl and lower alkyl. Preferred are, lower alkoxy-lower alkyl, halogen and

halogen-lower alkyl. Most preferred are 2,2-difluoro-cycloprop-1-yl, 3-chloro-cyclobut-1-yl,

20 3,3-difluoro-cyclobut-1-yl, 1-trifluoromethyl-cycloprop-1-yl and 1-methoxymethyl-cycloprop-1-
yl.

The term "lower alkoxy", alone or in combination with other groups, stands for an

-O-lower alkyl radical which can be lincar or branched, with single or multiple branching,

whereby the alkyl group in general comprises 1 to 6 carbon atoms, for example, methoxy (OMe,

25 MeO), cthoxy (OEt), propoxy, isopropoxy (i-propoxy), n-butoxy, i-butoxy (iso-butoxy),

2-butoxy (sec-butoxy), t-butoxy (tert-butoxy), isopentyloxy (i-pentyloxy) and the like. Preferred
“lower alkoxy” are groups with 1 to 4 carbon atoms. Most preferred are ethoxy and methoxy.

The term “halogen-lower alkoxy”, alone or in combination with other groups, refers to
lower alkoxy, which is substituted by one or multiple halogens. Preferred “halogen-lower

30 alkoxy” are fluoro-lower alkoxy, fluoro-cthoxy and halogen-ethoxy.

The term “heterocyclyl”, alone or in combination with other groups, refers to a 4 to 8
membered ring containing 1, 2 or 3 ring heteroatoms individually selected from N, O or S. 1 or 2
ring heteroatoms are preferred. Preferred are 4 to 6 membered “heterocyclyl”, more preferred 5
to 6 membered “heterocyclyl”, each containing 1 or 2 ring heteroatoms selected from N, O or S.

35 Examples of “heterocyclyl” include azepanyl, azetidyl, diazepanyl, morpholinyl, oxazepanyl,



Is selected fromthe group consisting of i) lower alkyl, ii) |ower alkyl
substituted by 1-5 substituents individually selected from cycl oal kyl

hal ogen, Wwal2ogeénesoewer al koxy and | ower al koxy, and 15 POTRZ2010/051875
cycl oal kyl, is selected fromthe group. consisting of i) H ii) |ower alkyl,
1ii) lower alkyl substituted by 1-5 suB@tltuents i ndividual ly selected from
cycl oal kyl, hal ogen, hal ogen-1ower al koxy, heterocyclyl and | ower alkoxy,

| V) aryl @xazyﬂaygoégeﬁt%p%ﬁg gﬂﬁp%%QAQG%?rzéhdmﬂztetrahy&roﬁfﬂl téﬁﬂdﬁﬁﬁbﬂﬁhﬁld by
- substltuents |nd| &#ﬁ@ se| ected

ano
o ogen, HAPGHR! o YL HBefEL | o qlwl it B? |Pre$16§5e is
al koxy, teowerdratukoxd~l. ower aIkyI and | ower al kyl, vi) cycloalkyl 5vii)
cycl oal kyl substituted by 1-4 substituents individually sel ected from

cyano, cyanorhelp%\%g uﬁaelté@{é 1&?{})9&%? bgzlaﬂﬁﬁ'ari 1&%}{11 ot}%{ PGS, ¥e‘?é‘}’§r

al kyl, | ower
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sel ect edwﬁér@lﬁp abytitnti@y@&nach ridd amykaﬁndrvlldm\a&y isapdsyible, Wah agabstithvat ﬁge/ﬁ&danwer

al koxy, Q@écf)e%e orllq}‘f@rf(o%bka)é'%@ﬁ&d i %&(ﬂ 8 %%Yf?cr “f e:?&f%y E&‘Qﬁ&tﬁ% I%ye”)[é %o?""er

al koxy, aryl-1ower eroar ¥q
al koxy- | B¥REWIcafiRy) araife} %mﬂowrk%}ky 9@r Hat é%rbwclpwr alilel lower alkyl (lower
alkyl,H)-CO-, lower alkyl-N(lower alkyl,lower alkyl)-CO-, lower alkyl-NH,-CO-, cyano, cyano-

10 lower alkyl, halogen, halogen-lower alkoxy, halogen-lower alkyl, hydroxy, hydroxy-lower alkyl,

i)

lower alkoxy, lower alkoxy-lower alkyl, lower alkyl, lower alkyl-CO-, lower alkyl-COO-lower
alkyl, (lower alkylLH)N-, (lower alkyl,lower alkyl)N-, lower alkyl-S(O),-, N(lower alkyl,H)-
lower alkyl, N(lower alkyllower alkyl)-lower alkyl, nitro and the like. Preferred "heterocyclyl
substituted by" are heterocyclyl substituted by 1-4 substituents individually selected from cyano,

15 cyano-lower alkyl, halogen, halogen-lower alkoxy, halogen-lower alkyl, lower alkoxy, lower
alkoxy-lower alkyl and lower alkyl.

The term "pharmaceutically acceptable salts" refers to salts that are suitable for use in
contact with the tissues of humans 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,

20  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. Preferred are formic acid and hydrochloric acid. Most
preferred is hydrochloric acid.

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

are compatible with the other ingredients of the formulation.

Substituents at a double bond or a ring can be present in cis (=Z-) or trans (=E-) form,
unless the stereochemistry is explicitly depicted in the corresponding compound formula 1.

The term "pharmaceutical composition" encompasses a product comprising specified

30 ingredients in pre-determined amounts or proportions, as well as any product that results, directly
or indirectly, from combining specified ingredients in specified amounts. Preferably it
encompasses a product comprising one or more active ingredients, and an optional carrier
comprising inert ingredients, as well as any product that results, directly or indirectly, from
combination, complexation or aggregation of any two or more of the ingredients, or from

35 dissociation of one or more of the ingredients, or from other types of reactions or interactions of

one or more of the ingredients.



xi) heterocyclyl, substituted by 1-4 substituents individually selected
fromam no, 15cyano, cyano-|ower al kyl, hal ogen, hal ogen-Iower al koxy,

hal ogen- Iwaen11zl26806, | ower al koxy, | ower al koxy-| ower alPKYIEPat1d/06B3RET

al kyl, R3is individually selected fro [he group consisting of i) hal ogen,
and ii) lower alkyl, 20 R4is individually selected fromthe group
consisting of i) H and ii) lower alkyl, R5is individually selected from

the group cofngifsiidvidg Oblel st abBRdiadersiubd OWRKin Alck¥lsentBbemddadi vi dual |y
selected fromthe group consisting of 1) H and ii) lower alkyl, R7is

i ndi vi du ﬁy Selected 11 the P isting gf 301)H, 11) aryl, and
iii) lo , jaleg perorancy 1q A APHEE &Y cal-y—a 5t-ab alts
t her eof Qgﬂmgfehb@dinenthbﬁ%thnanﬂnmhmneis a conpound of fornula |
wherei n Xi 3veQsoRFs r§dgent 2,4-bis(4-methoxyphenyl)-1,3-dithia-2,4-diphosphetane-2,4-disulfide

NMR nuclear magnetic resonance

tert-butyl-x-phos 2-di-tert-butylphosphino-2'4',6'"-triisopropylbiphenyl

Table 1: abbreviations

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

of preparing the aforementioned compounds.
5 All separate embodiments can be combined.

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

wherein
10 Xis OorS,
R is selected from the group consisting of

1) lower alkyl,
ii) lower alkyl substituted by 1-5 substituents individually sclected from cycloalkyl,
halogen, halogen-lower alkoxy and lower alkoxy, and
15 iii) cycloalkyl,
R* is selected from the group consisting of
1) H,
i)  lower alkyl,
iii) lower alkyl substituted by 1-5 substituents individually selected from cycloalkyl,
20 halogen, halogen-lower alkoxy, heterocyclyl and lower alkoxy,

iv) aryl,



Rlis selected fromthe group consisting of WD 2011/ 020806PCT/ EP2010/ 061875
- 13 - i)lower alkyl, and ii)cycloal kyl, R2is selected fromthe group

consi sti nyoabh11/0ebgo65i i) | ower al kyl substituted by 1-5 eabapreensntsss

i ndi vidually selected from cycl oal kyl galogen, het er ocycl yl and | ower

al koxy, iii) aryl substituted by 1-4 slbstituents i ndividually sel ected
from cyano, hal ogen and heteroaryl, iv) cycloal kyl, 10v)cycl oal kyl

substituted by ludiSuhatkddusnt s dodishQuadilMuas &eted fohP®anal Qasfliower

hal ogen-1 ower al kyl., | ower al koxy-]ower alk and | r alkyl, Vi)
het eroaryl . 4l Tgogo. ﬁeél%%lamy a‘iﬁﬂfp@ﬁ}ﬂ?%ﬁéiom ofirk BBSEM Jiwersalkony

i ndi vi dual | y lsetedted-lbwamlat yid loeyaaikyl, hal ogen, hal ogen-1 ower al koxy,
halogen-lomerwﬁl%%hzm%Mcloalkyl-lomer al koxy, |ower 15al kenyl -1 ower al koxy,
aryl -1 ower alk % clyl, and |l ower alKkyl, and

viii) Sheter ocvigfqéifeloaiﬁvgrsggﬁ?ié‘lt%%gfg—g%?g%megts#P Syidpadlyeelegipd Fom quaRg cpprgy
| ower al kyl, E@cRAkgl, halogenl dwegenalblyt alkéXii, haldgemloyler alkyl, dovedr dlitdgy) lowand ni s
0 or 1. alkoxy-lower alkyl and lower alkyl,
viii) heteroaryl,
ix) heteroaryl substituted by 1-4 substituents individually selected from aryl, cyano,
10 cyano-lower alkyl, halogen, halogen-lower alkoxy, halogen-lower alkyl, cycloalkyl-lower
alkoxy, lower alkenyl-lower alkoxy, aryl-lower alkoxy, heteroaryl, heterocyclyl, lower
alkoxy, lower alkoxy-lower alkyl and lower alkyl,
x)  heterocyclyl, and
xi) heterocyclyl, substituted by 1-4 substituents individually selected from amino,
15 cyano, cyano-lower alkyl, halogen, halogen-lower alkoxy, halogen-lower alkyl, lower
alkoxy, lower alkoxy-lower alkyl and lower alkyl,
R’ is individually selected from the group consisting of
1)  halogen, and
i) lower alkyl,

20 R* is individually selected from the group consisting of
i) H,and
i) lower alkyl,
R’ is individually selected from the group consisting of
1) H,and
25 i) lower alkyl,
R’ is individually selected from the group consisting of
i) H,and
i) lower alkyl,
R’ is individually selected from the group consisting of
30 i) H,

i)  aryl, and
iii) lower alkyl, and
n is 0, 1or 2,

or pharmaceutically acceptable salts thereof.
35 One embodiment of the invention is a compound of formula I, wherein

Xis OorS,

R’ is selected from the group consisting of



One enbodi nment of the invention is a conpound of forrmula I, which is a
conpound of fornmula Ix, 25 Ix wherein Xis 0 or S, Rlis selected fromthe
group comspoiwoset i) | ower al kyl, 30ii) | ower al kyl sebStEPeamdishy 1-5
substituents individually selected fromcycl oal kyl, hal ogen, hal ogen-| ower
al koxy and | ower al koxy, WO 2011/020806PCT/ EP2010/061875 - 14 - iii)
cycloal kyl, and R2is selected fromthe group consisting of i) |ower alkyl

substi t ut ed q, 1mﬁmggm?ggﬂi ii) aryl, 5iii) aryl substituted by 1-4
substituents lndIVId Iy sel ected fron1cyano cyano- | ower al kyl, hal ogen,

hal ogen- Iomeﬂlalﬁ8§ Yal ogen- 1 ower al kyl, |ower al koxy, |ower al koxy-I ower
al kyl anH,Iomsmebﬂk@ﬁpnmh@ghmi@m&&mgkﬁ and v) heteroaryl substituted by
1-4 substltuqrtsfind|V|duaIIy sel ected from cyano, cyano- 10l ower al kyl,

hal o en hal ogen-I'ower. al kox hal ogen-1 ower al kyl | ower al kox
g i) lower alky{f1 substituted by 1% subst?cuents 1nd1v)1/dually selected from c)gzcloalkyl

halogen, heterocyclyl and lower alkoxy,
ii1)  aryl substituted by 1-4 substituents individually selected from cyano, halogen and
heteroaryl,
iv) cycloalkyl,
10 v) cycloalkyl substituted by 1-4 substituents individually selected from halogen,
halogen-lower alkyl, lower alkoxy-lower alkyl and lower alkyl,
vi) heteroaryl,
vii) heteroaryl substituted by 1-4 substituents individually selected from aryl, cyano,
halogen, halogen-lower alkoxy, halogen-lower alkyl, cycloalkyl-lower alkoxy, lower
15 alkenyl-lower alkoxy, aryl-lower alkoxy, heteroaryl, heterocyclyl, and lower alkyl, and
viii) heterocyclyl, and
R’ is halogen,
R’ is H or lower alkyl,
R’ is H or lower alkyl,
20 R® is H or lower alkyl,
R’ is H, aryl or lower alkyl, and

n is0orl.

One embodiment of the invention is a compound of formula I, which is a compound of

formula Ix,
25
wherein
Xis OorS,
R’ is selected from the group consisting of
1) lower alkyl,
30 ii) lower alkyl substituted by 1-5 substituents individually selected from cycloalkyl,

halogen, halogen-lower alkoxy and lower alkoxy,



| ower al koxy-1ower al kyl and | ower alkyl, R3is individually selected from
the group consisting of i) halogen, and ii) |lower alkyl, 15 nis 0, 1 or 2,
or phar reweurnilgebsog accept abl e salts thereof One enbodi FEMEPRF100MESTS
invention is a conmpound of fornula Ix,léherein Xis 0 or S, Rlis selected
fromthe group consisting of 20i)lower "alkyl, ii) lower alkyl substituted
by 1-5 substituents individually selected from cycl oal kyl, hal ogen,

hal ogen- Iowennyhﬁgﬁmi g4l ower al koxy, iii) cycloalkyl, and R2is selected
fromthe garoup ¢ §£Et|n€ of 25|)Iomer al kyl subst it ut ed by 1-5 hal ogen,
ii)aryl, |||)Ségﬁﬁe B gTPwey S A s ubst i t uent s i ndi vi dual Iy sel ect ed
fronlcyano ayahmmk@&@hmhﬁkmbdbmhﬁdgbgmlhaIogen | oner al koxy, hal ogen-1 ower
al kyl, | ower @ y, | ower al koxyl ower aIkyI and | ower al kyl, 30iv)
cycloalkyl v) cycl oal kyl, substituted by 1-4 substituents individually

sel ecPed froniit ﬁéu st oo e S‘%F%Wts }V&&@Hy Sﬁafftﬁg AM SREP: FPRQSIANCT

hal ogen- | ower ahllkylL ,halogeer hadd deastywer| dinety, alaloganytomeneikydl loyler atkadxy,olvever

al kyl, vi) heteFﬁ@&X%mfﬁéklbhdﬂﬁ&ﬁﬁﬁgfyl substituted by 1-4 substituents

|nd|V|duaIIy sel ect’e ano no- | ower al kyl, hal ogen,
hal ogen- | oweriVhPggRytyl, Hé#ogen | ower al kyl, | ower alkoxy, | ower al koxy- | ower
al kyl and | ower habdoyily] subéd@ualsk/ D-Z&ﬁﬁﬁﬁ(é]ifsﬁﬂ&i@ﬂd@él@ﬁ%d from cyano, cyano-

10 lower alkyl, halogen, halogen-lower alkoxy, halogen-lower alkyl, lower alkoxy,

lower alkoxy-lower alkyl and lower alkyl,
R’ is individually selected from the group consisting of
1) halogen, and
i) lower alkyl,
15 n is0, 1or2,

or pharmaceutically acceptable salts thereof.

One embodiment of the invention is a compound of formula Ix, wherein

Xis OorS,
R is selected from the group consisting of
20 1)  lower alkyl,

i) lower alkyl substituted by 1-5 substituents individually selected from cycloalkyl,
halogen, halogen-lower alkoxy and lower alkoxy,
iii) cycloalkyl, and

R’ is selected from the group consisting of
25 1)  lower alkyl substituted by 1-5 halogen,
i)  aryl,

iii) aryl substituted by 1-4 substituents individually selected from cyano, cyano-lower
alkyl, halogen, halogen-lower alkoxy, halogen-lower alkyl, lower alkoxy, lower alkoxy-
lower alkyl and lower alkyl,

30 iv) cycloalkyl,
v)  cycloalkyl substituted by 1-4 substituents individually selected from cyano, cyano-
lower alkyl, halogen, halogen-lower alkoxy, halogen-lower alkyl, lower alkoxy, lower
alkoxy-lower alkyl and lower alkyl,
vi) heteroaryl,

35 vil) heteroaryl substituted by 1-4 substituents individually selected from cyano, cyano-
lower alkyl, halogen, halogen-lower alkoxy, halogen-lower alkyl, lower alkoxy, lower
alkoxy-lower alkyl and lower alkyl,



- 15 - wviii) heterocyclyl, and 1ix) heterocyclyl, substituted by 1-4
substituents individually selected fromcyano, cyano-|ower al kyl, hal ogen,
hal ogen- Iwaentzl2bgmky, hal ogen-1 ower al kyl, | ower al koxypPCir@areeioabisoxy- | ower
al kyl and |l ower alkyl, 5 R3is individu gly sel ected fromthe group
consisting of i) halogen, and ii) lower-alkyl, is O, 1 or 2, or
phar maceutical ly acceptable salts thereof 10Cne enbodi nent of the invention
is a conpound,iff nf@fJAWIA, dng. Wherein Xis O or S, Rlis lower alkyl or
cycl oal kyl, R2i's sel ected fromt up, consi stin r.alk
substituted by 1P %eway%&eﬁubsmt?%] EV?H g piiyue Fsy}ndls?fb@[h( tsaiﬁ&tggbfgpni ano,
hal ogen, iv) hameh&arymylambgmjhmthGEMWka&nbﬁﬂw&m&ﬁdx@qzﬂg& lswbstlkéxyent s
i ndi vi dual | o en- Iomer al koxy, hal ogen-| ower

y 15%12&12&? 13&&’5%@5&%@&85 enl g9 y g

al kyl _and; | ower i.s. 0 or 1, or pharnaceutically
acceptabRe sdﬁF@“@H@Péﬁﬁ”wdﬁ“””&%%@%%ﬁBﬂﬂﬁ%ﬁg of the inventionis a
conpound of fipr malbgen) amdr | x, where X is 0, R is nethyl, R2 is pyridinyl or
pyri di nyl Suq,tk%ﬂ}ggyPy 1 or 2 hal ogens, selected independently from 25
fluoro and ch oro s fluoro and nis 1. One enbodi nent of the

i nventi of |sléocbWﬁbund of formula | or Ix, where Xis 0, R is nethyl, R2
is pyridinyl or pyridinyl substituted by 1 or 2 hal ogens, selected

i ndependemnghaymdcewgivally aoemaldashlts leoroé and n is 0.

10 One embodiment of the invention is a compound of formula Ix, wherein

Xis OorS,
R is lower alkyl or cycloalkyl,
R* is selected from the group consisting of
1) lower alkyl substituted by 1-5 halogen,
15 i)  aryl,
iii) aryl substituted by 1-4 halogen,
iv)  heteroaryl, and
v)  heteroaryl substituted by 1-4 substituents individually selected from halogen,
halogen-lower alkoxy, halogen-lower alkyl and lower alkyl,
20 R’ is halogen,

n isOorl,
or pharmaceutically acceptable salts thereof.

One embodiment of the invention is a compound of formula I or Ix, where X is O, R' is
methyl, R” is pyridinyl or pyridinyl substituted by 1 or 2 halogens, selected independently from
25 fluoro and chloro, R? is fluoro and n is 1.

One embodiment of the invention is a compound of formula I or Ix, where X is O, R' is
methyl, R” is pyridinyl or pyridinyl substituted by 1 or 2 halogens, selected independently from
fluoro and chloro and n is 0.

One embodiment of the invention is a compound of formula I or Ix, where X is O, R' is
30 methyl, R? is phenyl or phenyl substituted by 1 or 2 halogens, selected independently from fluoro
and chloro, R’ is fluoro and n is 1.

One embodiment of the invention is a compound of formula I or Ix, where X is O, R' is
methyl, R* is phenyl or phenyl substituted by 1 or 2 halogens, selected independently from fluoro
and chloro and n is 0.



One enbodi nment of the invention is a conpound of forrmula | or |x, where X
is 0, R is 30 nmethyl, R2 is phenyl or phenyl substituted by 1 or 2
hal ogens,weebaaresb6i ndependently from fluoro and chl or o PCREPR&10/06183F 0 and n

is 1. One enbodi ment of the invention is a conpound of forrmula | or IXx,
where Xis 0, R is nethyl, R2is pheh; “or phenyl substituted by 1 or 2
hal ogens, sel ected independently fromfluor and chloro and nis 0. WD

20111 020806RET FRRGHHOGHET Beni s s QpoROOLTRNL 1 611x! Dfrl DX TN 15 2

conpound of forrmula I or Ix, where X is One enbodi nent of the invention

i ff Lx. where Xi iment of th
nventton i O EERABHC Spe Firiih T oo ks TRr Sct 80 1 om t he

group consisting of |ower alkyl and cycloal kyl. 50ne enbodi ment of the

i nvention i O Ehegungg obthefipieaiiomisia empoxnd phFpulRl or dx.gdicerRett seleefd t he
group Coftsinslid grguPéons®iitiydf ng alkyChisyopylkyl. One enbodi ment of the invention
is a conpound of forrmula I or Ix, where R is |ower alkyl. One enbodi nent

of the inventionis; r | B1 One
erbodrment oo prefisfnt BTREREnl 1k BHirfuly BF il H0PEE Ferd & IR 0
cycl oal kijpm thaogsaer empistdierimetii apheycloniaditi on is a conpound of fornmula I or
I x, where Rl is cyclopropyl. One enbodinent of the invention is a conpound
of formul a I0mrenibodinwhesghdRvesios & eamgouid offotrda joolipwboaBi stlowe adfyli ) H,
15i1) lower alkyl substituted by 1-5 substituents individually selected

from cycl oaldgtl ombBainRAes: th Bl &t BA Y4 &J_mdﬁ[lgd bOWEBRuIAL KO Ywherk RF s rRdti)I.
substituted by 1-4 substituents individually selected from cyano, "hal ogen

and heterary, iv). cyecloal kyl ... 20v) cycl oal kyl substituted,.by 1-4

aubst 1t uent TSR R B e B R Y kBT S ARER LRSS Bk Y ane

| ower al koxy-lower alkyl, vi) heteroaryl, vii) hetero aryl substituted by
1- 4 dlfibst i t J&i5t smbeddmeitdefathey nyentiont is e FcPBRewdy Pl fupuito! digikogdisre R s

hal ogen- tyawprop3l. koxy, hal ogen-I|ower al kyl, cycl oal kyl -1 ower al koxy, | ower

One embodiment of the invention is a compound of formula I or Ix, where R” is selected from

the group consisting of

i) H,
15 ii) lower alkyl substituted by 1-5 substituents individually selected from cycloalkyl,
halogen, heterocyclyl and lower alkoxy,
iii) aryl substituted by 1-4 substituents individually selected from cyano, halogen and
heteraryl,
iv) cycloalkyl,
20 v) cycloalkyl substituted by 1-4 substituents individually selected from halogen, halogen-
lower alkyl and lower alkoxy-lower alkyl,
vi) heteroaryl,
vii) heteroaryl substituted by 1-4 substituents individually selected from aryl, cyano,
halogen, halogen-lower alkoxy, halogen-lower alkyl, cycloalkyl-lower alkoxy, lower
25 alkenyl-lower alkoxy, aryl-lower alkoxy, heteroaryl, heterocyclyl, and lower alkyl, and
vi) heterocyclyl.

One embodiment of the invention is a compound of formula I or Ix, where R is lower alkyl
substituted by 1-5 halogens, aryl substituted by 1-4 halogens, heteroaryl or heteroaryl substituted
by 1-4 substituents individually selected from halogen, halogen-lower alkoxy, halogen-lower

30 alkyl and lower alkyl.



25al kenyl -1 ower al koxy, aryl -l ower al koxy, heteroaryl, heterocyclyl, and
| ower al kyl, and vi) heterocyclyl. One enbodi nent of the invention is a
conpound W 2bavaredoa | or | x, where R2 is |ower al kyl sulpsTifPatiedstsys 1-5
hal ogens, aryl substituted by 1-4 hal ng het eroaryl or heteroaryl
substituted by 1-4 substituents indivi dual | y sel ected from hal ogen,
hal ogen-| ower al koxy, hal ogen-|lower 30 al kyl and |lower alkyl. WO

2011/ 020806 R§al FHRRAHMPEABS Riventdbh is 2 compddig of ?G?f?ﬂhm tix, A hetd W & R¥EREON

is
a conpoun i's heter su stl ut ed 1-4
subst i tu%%?@“ﬁeﬂd]?%a‘ﬁé}ﬂ?ﬁ}t%ﬁﬁselélf“éfﬂi“f‘l%ﬁ?lﬁ%ﬁ J@m?ﬁ@zg%ew PSRV %7

hal ogen- hadogen-labvdnakyamd boweslkydl kyl . One enbodi nent of the invention is a
conmpound of forrmula | or Ix, where R2 is 1-nethyl- 5 1H i ndazol -3-yl,

2- et hyl - oxazpl enfbouimenaom& hwenﬁolﬁl iaZ Qbmﬁmﬁﬁh of%srﬁlmaqr& TRheYd R? #- m’aétﬁylo 2-

f5| gg{ ?%y&]’aa(?l- -Chl rneglyl: Iﬂ?a%glof P’ﬁ éﬁneéhylilpla 13 ﬁ %néilldro -phenyl, 4-chloro-2-
1- (2, 2, 2fleerpiphergt, d—éﬂdry%Z)load-ipkm}whﬁeﬁhlo@o-thnyn Sichpre-pgripedtdf j-oldew-teicng} |
g fi f, | f, ftrigfe blzq*@%g&%wﬂ '1)?)’]??91‘&190123(': %f'li mw@z Ip@ntgﬂwm ethyl, L 52,2 trlﬁlgoro
yraz idi - di u

2, 5- di mez ﬁwﬁlﬁ i 200, E"%Zlﬂ‘zr?é’t hwaw@f{igr @Y -22 55 ﬁl@lelﬂgﬂ DR loncd: yl,
3,5- 10 diiflebroephonydy R iSetiimetBylyfur-33/,52,didirhetbyl axpyalideliln2,3-dpnethyl-thie@3eyl, 3,5-

enboqlorreg]&hl&fo 5yRRid- @ypgglcgﬁud@p ganpqund of formula | or Ix, where R2 is
142, 2, trifl uoroe -lH-py azol -3-yl, 1,1,1,2-tetrafl uoro-ethyl,

aflu 2,2- tetr ro.-ethyl, )
Lai i uor d Sipienp o o imieadis s Greompo it oSSR T RO SgreRih b2y . 1
hy1- 1mﬂun10ba€ztm>l'l)fBH -pytazold3-yl i 1,1 ﬂl@ﬁ@tlﬁhbgpl—ethyjyd 1,2 pieptafluoyd-cthyl, 1,1,2,2-
5 trich ROty h ‘ladlﬁuo%oﬁétmllul(ﬁ ﬁyrazolé3 yc 1L ﬁ&ﬁ&@nﬂethyl’ l:ycloprop 1 yl

et hy Pep )ity Gl WIS&%%PE 1541 2o-6THyprBing) ity i,

| UuSr oeyetdpydp-1-2L @Qt-dhﬂﬂord—ethyt i2f4-diohlorephayyl; £ IS+da&m>lr®p53nyl 2,5-dimethyl-fur-3-
thyl 510xaz0d_gtkieWlyi-o 2 HEBE RW' - th %G’%tﬁy‘} +fibn- b, 3fluorocthyl,  2methyl-4-

222-fr|fluoroet hoxy trifluoro -1-(tetrahydro
f r an- 2ifprogegfrfhiazgle y]dl .’F Fxﬁg}ygo%a};ef 4 51 batme/lhylir,lpazol -4-yl, 3-(2,2,2-trifludro-
3 5-di Ch&:thdi)@f)-[pyﬂ‘ldlldQnylZ} ¥,BtriBydve d Hidtrabydoe -y in-2Hyh)-pe i, 3,3-difluoro-cyclobut-1-yl,

3o O 03 S kA0S Y A1 Tsifucds gngaﬁcz 1,3 2fokd-5 Lt d%ﬁﬁfnf%&r PYgbB: 2 V1

3-chl or o c or o-
f 1 uor’§- pift ammeﬁ_hyypyrl@nﬁwét%gh QIPHiYElH 1He1n¥ 23xyh10r03phe§@c *@hlpgpxﬂ@p ok 8-
- pyri di nfldorylpyridin@hy10r @-methylaEibphed-214t pyLsazbilt@Bechbro-pyridin-2-yl, 4-chloro-1-

4-chl or o gf HQ ﬁrea ?@Yﬁ 48n6R! ?Eﬁ’orﬁ p'hﬁgr? “POEN¥ 2 i0ds fjﬁ'én?f 9: c@lﬁ?g‘—%henyfl 4-

cyano- 2- oxaz

5-(2, 2, ZCBtaW‘fzrch@FQJP@Pﬁbxfr)OXWi ﬁdﬁln Ay 5- (é@@-tﬂﬂu@‘pfqth%ybpyrldm 2-yl, 5-(2,2-

- et hOXy zjdllﬂMdSﬂoddtl{bx?) -WridiB2v(, 3= (fztﬂmmem@iyb%m'h-zpws derﬁygxyipyrluﬁn 2bg) n:zmhtg 5

XY - Pyl 1.6 04X y t n y

5 - it or% _)ﬁ_ ey(}?,xjr%m Qliyll d;%u 5{1},({1%28%' R) c'flfor%g' %yYWlén 2{3! ?5, hlco)){ozg qlluoro

5- chl or opBidiedy) 3- p@hpl’poﬁ metzykypyrld& - &l ér@ﬂgymdlnlzdyﬁ -chloro-pyrimidin- yl 5-

g chl Ior OclﬁMbltHibﬁiE By %5 ano-%yrldiiﬁ'-b 0J105- E%l@??@ddéthoyérﬁ@ﬂm Y Bldlhdrendthoxy- N
cycl opra X ri uor o 0x i uor

-pyridinf 35%1? Q‘ayg ¥ QIUL?E(}/ §il'§/P yllsé @%?f?% §S°}W° %IE% gipliﬂr“‘%%yg A7 2- yl,

5 - net hykthgypazdim2dy| 3-pEenyboraaylt4-pix a2alyrraligin 1 -8- p}’psi'mf%yll i dithioghen-2-yl-

-5y|t Q&P[' gb{hzgliy Brl §"tlt1ﬂﬁld?&ﬁ& l%'yl/a{zint 23-91 : §Qﬁﬁ1&9&m§th§/ll-pyrlmldm 2- yl cyclopropyl

rifluorome p i fl uor

Ao LA S T AR N e,

net hyl, petdiolyd.mtdaylofl, bﬂhpmdile—zzylypyrmpghmeﬂzylmr Petsphydro-furan-3-yl.

pyrazol o[ 1, 5-a] pyridin-2-yl, pyrimdin-4-yl or tetrahydro-furan-3-yl. One

inbOSLnrnt anetéﬂﬂ)otiﬁwe%ﬂbf @8 uivéntﬁ)nCiQ HEQMﬂﬂm@fof e minal 12orlix, Q{/he%ér(]Rz iéh?ﬂh&hﬁz i's
met hy ol i az0o

3 ol or ol BN R0 aistiy-o BB oY | SRR ehighol it T B S o e

4- chl3dr oflydrerrpényl, Bl-dildroreio paphatiy  42hiprg-pBeny h [Senhdpro-pimdin-2-ylyj-chloro-thien- 2

é Eg g gylt r 'lf(blZCQrt@ﬁlﬁ&la}/étﬂy'l)lm-BWa@@l@ g13- ¥11,2, 21-2-1961%31%026 Etﬁg)‘lt afSL(QQrzofri@MS‘ﬂbL
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WO 2011/ 020806PCT/ EP2010/ 061875 - 18 - difl uoro-phenyl,

2,5-dimethyl -fur-3-yl, 2,5-dinethyl -oxazol -4-yl, 2,5-dinethyl-thien-3-yl,

3, 5- di chworotpeosodi n- 2-y1 or 3, 5-di fl uoro-pyridin-2-yl PCT/EP2@0868rPodi ment

of the invention is a conmpound of for al or Ix, where R2 is 142, 2, 2-

trifluoro-ethyl)-1H pyrazol-3-yl, 1,1,/ 172-tetrafluoro- ethyl, 1,1,2,2,2-p

entafluoro- ethyl, 1,1,2,2- 5 tetrafluoro -ethyl,

rlré tlh dll f H&ﬁ%&wnda hgﬁ[ﬂ élswaﬁéﬁ;l?fru{ 8- ﬁo% gjdarnéth r[Poth&é)&WgeQ ?)édlmax91 -thRRIOA; byl 1-
yl- 20/ = I riu - Cy Io IO- 1-yl,

2,2, 2- tr?*+IB@W@{%VYOY§}§1ﬂB?@FWH§X toprop-1-yI, 2-di fl uoro- et hyl,

di chl or o- phenyl, 2, 5-difl uoro-phenyl, 2,5- dlnethyl fur-3- yI

di met hyIO@mi@ﬂmnybf thp iHediioneis Iawonmhu@rpfsfogmula porf ypheredt’ hyll 3(2,2,2-

t hyl frﬂruofotéﬂflﬁwmpgvﬁatzm yit hi. 8z olierdtlo-ctiylmatinyb z%ﬁ’téﬂﬂor&'ebh }, 1,1,2 2-

t hyl fluoro

3 ! e Gt { Lo ﬁ%@f&?raé YHIAS A pylrmgg RS TS (YRR

ut - | -yl me@yblidiimlabdreylpyi-friflunrozacgy]-c @ lépraip-fl 4yl o 2@, Pirifiudionthgl-y 1 2,2-difluoro-
3-¢ hl or ocﬁwy&}ﬁp pwzl Ahisrd: ewyl poi &Bﬁl@fooph%nylt 5 isfdifrQ Bﬁén?y b: ioaﬁﬁfefiﬂyﬂﬁ@ 3yl

3-chl |0 ,

R LTI RN GG e W
-pyridi ntrﬁhyto,methyd: Higob- 5-3 Zretethylodddopdryhz Q)-Imeﬁ&}&'-lthlazol -4-yl, 3-(2,2,2-trifluoro-
4-chl 19 O%tgoyz)}l) %Wl&nghﬁnyb 3 tfl"ﬂﬁ&]oolr ﬁetgah}zd}o %aﬁ) beﬁ)f)lrog)yf" 3Cf' hf?ﬁlgro chlaﬁ')Bﬁ(tl 4 y14

ghl( 2 2 DI @rhil%wpésr@?ﬁoxly)’* 59(’8@0‘11“@1%1 nx%ryl Vehibro-3-Sydho mdie2 31, 3-chioo-s-

5- (2, 2- dirfflusenetst-hoodin-2pyr3-cilore2yylbbutS~{123 L hldar gheayh®xlibropthiopdéen2-31, B+, 5-
benzyl o m{org-\f)%!l @hrﬁ ﬁ ybim«%lffl %Bp%n&e)qyl 98X 519%{3 glg 02py¥lgm 2 K 4 chlo§o . f Iu

-butyl - pyri di thylp

-pyri di nm2thyl lH@yraéwr%ylo 4§h1°%?WPrWFPﬂr ﬁ Ciﬂom -2- 1<5(10cnhea¥104199#0rq1pb?n2» vl

g ghths(r) Oclﬂg’tbl-phibﬁglﬁ (r; 3-cyhno-BAladbghentLhi anmzzoglls%yli@h@wan?s-pm thlﬂuo?lo-)é{nhp;y) s
y p }gyr ) g?rli Xél 2, 2 glﬂﬁgrll;) eq}lloxygp%r din-2- 87] 4 t‘%) ﬁﬁ)cgg nlﬁx%ypyp LA AN

- fluoro* Xazo

5- f ur an- bengy @ypmmﬂzd,y 15;bus3reay Y- pmdna—,?rsﬁeﬁzbwl- yadmpﬂ HenirFhleeaiethyl-

| e-4-yl | paidiyyl, G-¢hldtb 13=fhroyd pyxﬁdudmm 25 Yhllo1dr3 ﬁeﬁlpltmﬂhﬁnyzﬁydhidr@@y@mﬂa-
le-3-yl IO% rlrbOdquneng E%l?lln nSISaI?C()lnyF? fll‘ Il til Ix,
where R2VT S ‘iﬁ‘obl?ér dPrent o % |¥w ntfonys a conpound of to °m?(|a |
or | %me&illﬁ%wl - dlﬂmpmaﬂhkw pyrzis@ﬁe/l eirﬂwpmdmdfylx ﬁrélrﬂmr@e'h@srﬁwmeﬁ #l.

conmpounds @frash- ertrgiqadlh 204, | %meiﬂ@ﬁ?ﬁaﬂe D5, rrstﬂnéhyl-o%@al@miwdlswﬂoh% e
i nvention ldS ﬁrn?ﬁ\}o -%—flsx O%oi I x, where R2 is ethyl.
enbodi me"EF-Phe it on 1°8*Y n?50und of formula | or Ix, V\,hereRzls

i sopropyl . One enbodi nent of the invention is a conpound, of fornula |
or Ix where (re andofiget ofhkipvensionstd eamnonndgf fornminhpiggevibere BOote enbodi ment
of the invention is a conpound of forrmula I or Ix where R is 1,1, 2,2, 2-
pent af | uor o-Gtehybodinfx R0Ad MORBBO GRCIIHBANI OF 0687 Bor Ix Wéhere R” is lov&@ﬂ elkyl.
enbodi nent of the invention is a conpound of fornmula | or Ix where R2 is

1,1, bs2- tetgafdughendat @Bﬂle 1nvent10n%co%‘fﬂ899d SEDFmS 1 508, @)vﬁléf@ﬁg [sQﬁbtl'lﬁ a
conmpound of forrrula | or Ix where R2 is 2,2, 2- trlfluoroethy

embodi rre nt I{rlr\lle% ofl tgen 1nlvesnt1%n(%soa ocr)rll'lpr(])gmc? of fforrnu i Ix, wfler!c ﬁz 18 e%y? R2 s
2,2- difluor -e Vi

24
2, 5-
2-me
2-me
3,3,
but -

One embodiment of the invention is a compound of formula I or Ix, where R? is isopropyl.

One embodiment of the invention is a compound of formula I or Ix where R is lower alkyl

substituted by 1-5 halogens.

30 One embodiment of the invention is a compound of formula I or Ix where R’ is 1,1,2,2,2-

pentafluoro-ethyl.

One embodiment of the invention is a compound of formula I or Ix where R? is 1,1,2,2-

tetrafluoro-ethyl.



One enbodi nent of the invention is a conmpound of fornmula | or Ix where R2
is 2-fluoro- ethyl. One enbodi nent of the invention is a conpound
of formulwol20aro20806where R2 is difluorol0 nethyl. OoreT@EPR@diossnt of the
invention is a conmpound of fornmula I or. Ix where R2 is fluoroisopropyl.
One enbodi ment of the invention is a cofipound of formula | or Ix where R2
is lower alkyl substituted by |ower alkoxy. 150ne enbodi ment of the

i nvention i oR GHERAMME oPfheliRfditbRis 2 RSmPotindREREmER 1 & aiex)? B hyl .

One enbodi nent of Lhe invention is a compound of fornula | or Ix where R2
i s | ower “HrproEBs i ¢ ut ed by hal ogen and heterocyclyl . ne

enbodi nent of the invention is a conpound of fornmula | or Ix mhere R2 is
3,3,3- 20 t Qe emboginent todtireaimyehtion fis pponpoyid off Bpyila Iandxertssd RiENE.28F t he
i nvent i opiflusr@Rthspmpound of fornmula | or Ix where R2 is cycloal kyl. One
enbodi mrent of the invention is a conpound of fornula | or Ix mhere R2 is
cyclo r opyl of the i hven qund rymul a
or |x Wher e % emboz'hm ?qil 1nve tl 1. ]tSUat dn ounitll O l‘élhula ié)é_l L{l | I’T'Egt

t he |nveﬁ@P@ﬁfﬂ§’a conpound of fornula | or Ix mhere R2 is 2 2- d|fluoro
-cycl oprop-1-yl. One enbodi nent of the invention is a conpound of
formul a | orOdexemiodingenRaf ihs iBreatidrok acyedpotmd off foythula 1\WOIx where R” is 2-fluoro-
2011/020&8 PCT/ EP2010/ 061875 - 20 - One enbodi ment of the invention is
a conpounad’of forrmula | or Ix where R2 is 3,3- difluoro -cyclobut-I-yl.

One enbodi nent of the inyention is a conpound of formula | or ,Ix where R2
i s cycl oal kyPresTer iRt 8HthByY AT UYE - SoaRer G kiprmuls e e BeyaiRmeh diflgeror ne

i nventi omeihgl. a conpound of forrmula | or Ix where R2 is 1-

trifluoromethyl-cyc |oprop-I-yl. One enbodi ment of the invention is a
conpound of é&r éﬂrﬂo@nﬁen@ bf kre M‘O&l‘h@n %Za bSmpotnl Q! filulS VBS 1 {HEe kb floNer
al koxy- | ower kyl nbodi nent of the invention is a conpound

of for mulS&PPP r | x where R2 |s 1 10 met hoxynet hyl - cycl oprop-1 -yl .

One embodiment of the invention is a compound of formula I or Ix where R is lower alkyl

substituted by lower alkoxy.

15 One embodiment of the invention is a compound of formula I or Ix where R* is methoxy-

methyl.

One embodiment of the invention is a compound of formula I or Ix where R is lower alkyl
substituted by halogen and heterocyclyl.

One embodiment of the invention is a compound of formula I or Ix where R? is 3,3,3-
20 trifluoro-1-(tetrahydro-furan-2-yl-propyl.

One embodiment of the invention is a compound of formula I or Ix where R? is cycloalkyl.
One embodiment of the invention is a compound of formula I or Ix where R” is cyclopropyl.

One embodiment of the invention is a compound of formula I or Ix where R* is cycloalkyl

substituted by halogen.

25 One embodiment of the invention is a compound of formula I or Ix where R” is 2,2-

difluoro-cycloprop-1-yl.

One embodiment of the invention is a compound of formula I or Ix where R is 3-chloro-

cyclobut-1-yl.



One enbodi nent of the invention is a conmpound of fornmula | or Ix where R2
is aryl substituted by 1-4 hal ogens. One enbodi nent of the invention is
a conpourmoabifaesedl a | or |Ix where R2 i s phenyl substi tara®2day/ 041845

hal ogens. 150ne enbodi ment of the |nve96| on is a conmpound of formula I or

I x where R2 is 2,4- dichloro-phenyl. One enbodi ment of the invention is
a conpound of fornmula | or Ix where R2 is 2,5- difluoro-phenyl.

One enbodi mespe Qfibddfifed: rb‘fEiﬁ'é iRBndich R aC@(S}R;SMH&’ o?ffofn@fidmloR 1k Werd X2 W0ERE R2
is 3-chl roZO(gqaﬁé:%yl One enbodi ment of the invention is a conpound of
re’’R2 is

formul a fiflgeror 4-chl oro-2- fluoro-phenyl. One enbodi ment

of the invention is a conpound of formula | or Ix where R2 |s 4- chl or o- 2-
i odo- pheny!| .OR50redisrbef tre fritverfontine compamtios forimylad adrpdarsd’ds cYdratiol a |

or I x whgibeitied b$ hdio il i0her allgneny! . One enbodi ment of the invention is
a conpound of forrmula | or IX where R2 is aryI substituted by halogen and

eyano.. VO 203/ GR0BGPETER2NNREIRTS Gyl o Bl PIPSEIRRL poly e

i nventi on i s 5 ere I's aryl 'su
heteroarVﬁmﬂﬂmwﬂmhéwéﬁw@uﬂﬂ%nt of the invention is a conpound of fornula
or Ix where R2 is 4-oxazol -5- yl-phenyl. 50ne enbodi nent of the invention
is a conpour@heafmtbainmut af the @fvehtionvik @ cempRind S f & rytlulasdrSk intheiteerd iDyycloadkyl

SUbSt'tuﬁﬂ&%ukﬁ%k%%&%%%%* %%k§&%gd from hal ogen, hal ogen-|ower al koxy,
o :

hal ogen- wer a One enbodi ment of the invention is a
conpound of fornula | or 1Xx mhere R2 is heteroaryl. One enbodi ment of the
i nvention i 9% «BMEHs Wrthe dRyention s & rCOWOWﬁ’eP%¥Wulasl By MR 2R 19yl
One ditbonktimximealiyliche€loprop-dntli on is a conmpound of forrmula | or Ix where R2
is pyrazolo[1,5-a]pyridin-2-yl. One enbodi nent of the invention is a

conmpound of &Qr fbRithe®of e WIBARNRR d SoRYduhfof Brmufla Ylor 1x where R? is aryl
substituted by 1-4 halogens.

One embodiment of the invention is a compound of formula I or Ix where R* is phenyl

substituted by 1-4 halogens.

15 One embodiment of the invention is a compound of formula I or Ix where R* is 2,4-

dichloro-phenyl.

One embodiment of the invention is a compound of formula I or Ix where R* is 2,5-

difluoro-phenyl.

One embodiment of the invention is a compound of formula I or Ix where R* is 3-chloro-

20 phenyl.

One embodiment of the invention is a compound of formula I or Ix where R? is 4-chloro-2-

fluoro-phenyl.

One embodiment of the invention is a compound of formula I or Ix where R” is 4-chloro-2-

iodo-phenyl.

25 One embodiment of the invention is a compound of formula I or Ix where R? is 4-chloro-

phenyl.

One embodiment of the invention is a compound of formula I or Ix where R? is aryl

substituted by halogen and cyano.

One embodiment of the invention is a compound of formula I or Ix where R* 4-cyano-2-

30 fluoro-phenyl.



150ne enbodi nent of the invention is a conmpound of formula | or Ix where R2
is oxazole-2- yl. One enbodi nent of the invention is a conpound of
formul a Iwonroio2odeere R2 is heteroaryl substituted by aPgir/EP2010/061875 One
enbodi ment of the invention is a conpoynd of forrmula I or Ix where R2 is

5- phenyl 20 oxazol -4-yl . One enbodi frent of the invention is a conpound
of formula | or Ix where R2 is heteroaryl substituted by cyano. One

embodi ment  Qpet é}ﬁbddﬁ}i{&ﬂtdeHe lirRveRidnORPO B Rhd fo? BMhAa | RM1x I Wha@P g RE/11 S
5- cyanop$/r| di nQ%%%‘étF@ e enbodi nent of the invention is a conpound “of

formul a HUbgftue is heteroaryl substituted by hal ogen. ne
enbodi nent of the invention is a conpound of forrmula I or Ix where R2 is
5- chl or opyr i@icrenbogimenids tROMYEORO SOERTTERP 001062 8F6Ix-wigpe R” is 4-oxgpnd-5-
enbodi HE?I piefiylt he invention is a conpound of formula I or Ix where R2 is
3,5- dif uoro pyr|d| n- 2- yI One enbodi nment of the |nvention is a

compoynd of S0 Mo lorldlc WISHER J oSl A MSDT 3 BRIR S e

pyri mi di substityted by 1- Aos@bséﬁ@@tau mentdualy splectpdiem |h@1¢gi:ls kelegsnpovaidallsdxy.

formul a halggenlléﬁmeyeaﬁzbwgr akyfll uoropyridin-2-yl. One enbodi ment of
the inventionis a corrpound of formula | or Ix where R2 is 3-chlorol0

thi ophen- 2y snbods f{mé)glleggﬁhlsog co %%uh({‘éc{ff”ltnéﬁy bﬁx%h%&rmyggergg%or mul a

| or Ix where uor o-pyri nt of
the invention |s co nd of formula | or I|Xx

5-f 1 uor opyr |Qﬂerf’“§°° 1m£1§5%% YR i Sempgund 98 qrﬁ\v@ﬁtqrdﬁ “ihgreaB dbRy8tRd- of
formiloa ¥1. or 1Ix mhere R2 is heteroaryl substituted by hal ogen-1ower al koxy.
One enbodi ment of the invention is a conmpound of fornmula I or Ix where R2

i's 542,2,2- @ EﬁlH&H’lﬁeﬁt Qp)ﬂﬁé) ¥l R- 2- cY)hrpound of fomQHE Ie&bggkx;]i%fét R@)flst he
|nvent|on|sqlp?l ]:d ormula | or where R2 3-(2,2
trifluorBY&4 %§)%f"d‘?ﬁ2

One embodiment of the invention is a compound of formula I or Ix where R? is pyrimidin-
4-yl.

15 One embodiment of the invention is a compound of formula I or Ix where R is oxazole-2-

yl.

One embodiment of the invention is a compound of formula I or Ix where R” is heteroaryl
substituted by aryl.

One embodiment of the invention is a compound of formula I or Ix where R is 5-phenyl-
20 oxazol-4-yl.

One embodiment of the invention is a compound of formula I or Ix where R” is heteroaryl
substituted by cyano.

One embodiment of the invention is a compound of formula I or Ix where R? is 5-cyano-

pyridin-2-ylL.

25 One embodiment of the invention is a compound of formula I or Ix where R* is heteroaryl
substituted by halogen.

One embodiment of the invention is a compound of formula I or Ix where R is 5-chloro-
pyridin-2-ylL.

One embodiment of the invention is a compound of formula I or Ix where R* is 3,5-

30 dichloro-pyridin-2-yl.



One enbodi nent of the invention is a conmpound of fornmula | or Ix where R2

is 5-(2-fluoroethoxy)-pyridin-2-yl. One enbodi nent of the invention is
a conpourmoabifaosedl a | or Ix where R2 is 542, 2- PCT/EP2010/061875

di fl uoro- et hoxy)-pyridin-2-yl. 250ne epbodi nent of the invention is a
compound of formula I or Ix where R2 i§°5- difluoromethoxy-pyridin-2-yl.

One enbodi nent of the invention is a conpound of fornmula I or Ix where R2

i s het eroar yhneSihsddirhatk &4 RY iRahRBeR-d oudtt koYl form¥ 1 or Ix where R is 3,5-

2011/ 0208 6PCT/EPﬁ3%O 061875 - 23 - e embodi ment of the invention is
a conpoufiduge-BYEr R or Ix where R2 is 5- trifluoronethyl-pyrazin-2-yl.
One enbodi nent of the invention is a conpound of fornmula I or |Ix where R2
is 5- trifl (dromsodipenpyf ihaiinientian iyla. cosPaenderfifortivie hor bf whdie R ineahlpon is a
compoundyedy- S grmula I or Ix where R2 is heteroaryl substituted by

cycloalkyl-lomer al koxy. Cne enbodi mrent of the invention is a conpound
of fornula I X mhe cIo 0 t hox ridins 2
One e nbo di men I%e en%bom_rlnen % tnllvgﬁtlonslsa cgﬁporgdyn(grw a1 off YoPW W ere |15y§ V\%loro-

is hetermﬂﬁwﬂm$DYEubst|tuted by | ower al kenyl -1 ower alkoxy.

enbodi ment of the invention is a conpound of forrmula I or IXx mhere R2 is
5- but - 3-  enydm@xmbpdiniahi Bf the Yihvention is @neotradshdrhulof ot Rewherv &itid sMlub®- a
conpounagﬁhhpgf la | or Ix where R2 is heteroaryl substituted by
aryl-1o ' 150ne enbodi nent of the invention is a conpound of
formula I or_Ix mhere R2 is . 5- benzyl oxy-pyridin e enbodi nent
of the i nverftieginbodiment gfibe dmgnign s grpipgud %frfowla%@? E vﬂzer? § Fet-ehleer yi
substliot uthéghhne2yet er oar yl . One enbodi ment of the invention is a
compound of formula I or Ix where R2 is 5-furan-2- 20 yl-isoxazol e-3-yl.

One enbodi mib’ﬁe e%{bohi?@ent Mﬁ@%ﬂv@rﬂloh%s @c&ﬂﬁHﬁﬁ&l Bﬂfo%ulﬁ%f’f}ié Where RF islsXchidgne R2
is 5- fur 8¥Wﬂ din-2-yl. One ‘enbodi nent of the invention is a
178

conmpound EWDﬂ’ or Ix where R2 is 5 t hi ophen2-yl -i soxazol e- 3-yl .
250ne enbodi nent of the invention is a conmpound of formula I Qr 1x where R2
i s het er oar yOnesapipwdintant etithbyniratiar seywimppund of formula I or Ix where R is 5-fluoro-

pyridin-2-ylL.

15 One embodiment of the invention is a compound of formula I or Ix where R” is heteroaryl

substituted by halogen-lower alkoxy.

One embodiment of the invention is a compound of formula I or Ix where R is 5-(2,2,2-

trifluoro-ethoxy)-pyridin-2-yl.

One embodiment of the invention is a compound of formula I or Ix where R is 3-(2,2,2-

20 trifluoro-ethoxy)-pyridin-2-yl.

One embodiment of the invention is a compound of formula I or Ix where R? is 5-(2-fluoro-

ethoxy)-pyridin-2-yl.

One embodiment of the invention is a compound of formula I or Ix where R? is 5-(2,2-

difluoro-ethoxy)-pyridin-2-yl.

25 One embodiment of the invention is a compound of formula I or Ix where R* is 5-

difluoromethoxy-pyridin-2-yl.

One embodiment of the invention is a compound of formula I or Ix where R* is heteroaryl

substituted by halogen-lower alkyl.

One embodiment of the invention is a compound of formula T or Ix where R is 1-(2,2,2-
30 trifluoro-cthyl)-1H-pyrazol-3-yl.



One enbodi nent of the invention is a conmpound of fornmula | or Ix where R2
is 5- pyrrolidin-l-yl-pyridin-2-yl. WO 2011/ 020806PCT/ EP2010/ 061875 - 24 -
One enbodwoentrabsobhe i nvention is a conmpound of formnmul aCii/ERRo0N6NAEr € R2
is 2,5 dinmethyl-fur-3-yl. One errbggh ment of the invention is a
conpound of forrmula I or Ix where R2 i§°2,5- dinethyl-oxazol-4-yl. 50ne
enbodi nent of the invention is a conpound of fornmula | or Ix where R2 is

2, 5- dinet h>tbnet ahﬁdmrﬁerwof the in‘elBorE TP LoiBBindObf chhﬁmla”l’%ﬂtlk %elresRa i¢@mpound
of for mul i s 5-methyl pyrazine- 2-yl

embodi melit u ‘fon}eﬁlé' P?ﬁ%‘ﬂ%ﬁn is a conpound of fornul al or Ix where R is
1-methyl 10 1Hindazol-3-yl. ~  One enbodinment of the inventionis a
conmpound of Gnsr gmbadimensrof] the virsndorRes p copppetdngf Gxabl 1 4r Jk where ROyig 5-

enbodi WEBIﬂu@Ion{ehﬁrl b?rYrﬁf(ﬁﬂ -2R1.is a conmpound of formula I or Ix where R2 is
2- met hyl t hi azol . 150né enbodi rrent of the invention is a conpound of

fornul.a | 0rg S.5-buty ridi.n odi_nment. , of
the i r?ven . on eI em oglmenﬁz £ tlha 1nV]§nt on s a cg1¥1 ound olf %or\ﬁ}l]ﬂa | orFB erei[mf_ %eteroaryl
di fl uor omtntytrdbmmqaél%hv@rykoxy 01e enmbodi ment of the invention is
a conpound of forrmula I or Ix where R2 is 3,5- 20 difluoro-pyridin-2-yl.

One enbodi memte @hbddi@erit vfetht iioventicn & ¢aopouindl of fdraiubul ar lix avhetx RiHese R2
is 3-net Cioh’pdggﬂ{'%ﬂ%ﬁidﬁ%}’l One enbodi ment of the invention is a conpound

of formula S heteroaryl substituted by hal ogen and | ower
al kyl . 250ne_enbadi nment of the invention a conpound of foryula I or Ix

where R2 i s Qlecmiborgnast OE‘thfI}Vﬁ%ti‘%f‘WWPWP& opmplaf or Ix whegg R is befgiREnt  of
t he i18vesnibktitated dy &oved afonyidovadr afkokyrul a | or I x where R2 is

4-chl oro- 1net hyl- 1H pyrazol e-3-yl. WD 2011/ 020806PCT/ EP2010/ 061875 - 25 -

One embodiment of the invention is a compound of formula I or Ix where R is 5-but-3-

enyloxy-pyridin-2-yl.

One embodiment of the invention is a compound of formula I or Ix where R” is heteroaryl

substituted by aryl-lower alkoxy.

15 One embodiment of the invention is a compound of formula I or Ix where R is 5-

benzyloxy-pyridin-2-yl.

One embodiment of the invention is a compound of formula I or Ix where R” is heteroaryl

substituted by heteroaryl.

One embodiment of the invention is a compound of formula I or Ix where R is 5-furan-2-

20 yl-isoxazole-3-yl.

One embodiment of the invention is a compound of formula I or Ix where R is 5-furan-2-
yl-pyridin-2-yl.
One embodiment of the invention is a compound of formula T or Ix where R* is 5-thiophen-

2-yl-isoxazole-3-yl.

25 One embodiment of the invention is a compound of formula I or Ix where R* is heteroaryl

substituted by heterocyclyl.

One embodiment of the invention is a compound of formula I or Ix where R* is 5-

pyrrolidin-1-yl-pyridin-2-yl.

One embodiment of the invention is a compound of formula I or Ix where R* is heteroaryl
30 substituted by lower alkyl.



One enbodi nent of the invention is a conmpound of fornmula | or Ix where R2
is 3-sechbutyl-5-chloro-pyridin-2-yl. One enbodi nent of the invention is
a conpourmoabifmesedl a | or |Ix where R2 is 5-chloro-3- meCmEP2@pnsbirh- 2- yl .
50ne enbodi nent of the invention is a %grrpound of formula I or Ix where R2
is heteroaryl substituted by hal ogen afd cyano. One enbodi nent of the
invention is a conpound of formula | or Ix where R2 is 3-chloro-5-

cyano- pyri dige2 er}fﬂgodlment of the REnEFORAI BBEASouRE by €1k ITQMvHlede R2 GOABOUNd
of formula where R2 is heteroaryl 10 substituted by hal ogen-1ower

I
al kyl an@l‘n}eﬂwgfurav’l Yyl . One enbodi ment of the invention is a conpound of
formula | or Ix where R2 is 2-nmethyl-4- trifluoronethyl-thiazol- 5 yl .
One enbodi nedite efbadirecnt midht inyantion & aoomprswnd offfofaranoa Ik vdrerd R’ whése R2
i s het er gigialy¥bxazdPfQe enbodi nent of the invention is a conpound of formula
| or Ix where R2 is etrahydro- furan 3-yl. One enbodi rrent of the invention

: ﬁvg‘n i ?gﬁo:'lg@ eog,m‘tl;o Iir{l%lng%f lth? 1nver)1<tllon 1I a Fonr:[lllg(o%\r,l\g ‘of @rmu?m I&wmerengz gshr%fgn t of
t he |nved|1m€61¥1-ﬂ§€ -tbrpound of fornula | or Ix where R3 i s hal ogen. 200ne
enbodi mrent of the invention is a conpound of formula | or Ix where R3is F.
One enbodi memie @dibotimeent 88 tiventidnsis a compP@dngd’ fedimufl:or srullkavieroR” isx5-methglict ed
fromt he LDy (S‘Ignm sting of 3,5-Difluoro-pyridine-2-carboxylic acid

[ 34( RS) am no-'3- met hyl 3, 6-di hydr o- 2H [ 1 4] oxazi n3-y1) - phenyl | -am de, 25
3,5-Dichloro- pyr|d|ne ar boxylic acid

- VRS) - 5- ani d¢icmhedpent 95 e a}Vﬁ%%nds Qﬂpﬁlpal}%@ézf?rﬂm? {,qslxmhsrf‘yli] is dingtlyl-

( RS) -8 [ BH{ildadwii @ 3- met hy1l- 3, 6-di hydro-2H-[ 1, 41loxazi n- 3-y1) - phenyl] -4-chl o
ro-2-fluorobenzam de, WD 2011/ 020806PCT/ EP2010/ 061875 - 26 -

(RS) - N- [ 3- (D Andnifdd Bacte bl irdeRridhl 0¥ Ao R Stidl ol I RAZ bk v iiede RPREOMY 12, 4- di

chl or obenzam de,

(RS) - N[%XB(Z%I'AWI no- 3- net hy1- 3, 6- di hydr o- 2H[ 1, 4] oxazi n- 3-y1) - pheny1] - 2, 5- di
fl uor obenzam de, 5

(RS)-N-[3- (Hlmmmh@d@nermwﬁtﬂn@_n@em@u iy dompud[of fafaseal omix3vheny Rplénmaihyl3- chl o
r o- benzam£§1,4 9t Chl oro- pyri di ne- 2-car boxylic acid

[ 3- ((RS) - 5- am no- 3- et hyl - 3, 6-di hydro-2H[ 1, 4] oxazi n-3- yl)-phenyl]-am de,

15 One embodiment of the invention is a compound of formula I or Ix where R* is 5-butyl-

pyridin-2-ylL.

One embodiment of the invention is a compound of formula I or Ix where R* is 1,1-

difluoromethyl-1H-pyrazol-3-yl.

One embodiment of the invention is a compound of formula I or Ix where R* is 3,5-

20 difluoro-pyridin-2-yl.

One embodiment of the invention is a compound of formula I or Ix where R? is 3-methyl-
thiophen-2-yl.

One embodiment of the invention is a compound of formula I or Ix where R* is heteroaryl
substituted by halogen and lower alkyl.

25 One embodiment of the invention is a compound of formula I or Ix where R? is 3-chloro-5-
trifluoromethyl-pyridin-2-yl.

One embodiment of the invention is a compound of formula I or Ix where R” is 4-chloro-1-
methyl-1H-pyrazole-3-yl.

One embodiment of the invention is a compound of formula I or Ix where R* is 5-chloro-3-
30 ethyl-pyridin-2-yl.



5- Chl or o-t hi ophene- 2- car boxylic acid
34(RS) - 5-am no- 3-net hyl- 3, 6-di hydro-2H[ 1, 4] oxazi n3-y1) - phenyl | -am de, 10
, 5- Di mretwgl2otiizeghene- 3- car boxyl i ¢ aci d PCT/EP2010/061875
3- ((RS) - 5-am no- 3- net hy1- 3, 6-di hydr o- gg—l[l 4] oxazi n- 3-y1) - pheny1l] - am de,
- Met hyl -t hi azol e- 4-car boxylic acid
3- ((RS) - 5- am no- 3-net hyl - 3, 6- di hydro- 2H[ 1, 4] oxazi n-3- y1)-phenyl ] - am de,
) 5( D met hylopx@#Rldgndt G2 1ROMYL B0 aCh Som Eound of formula I or Ix where R” is 3-sec-
Ve
(

3-((RS) a 1-3, 6-di hydro-2HL5 [1, 4] oxazi n- 3-y1) - phenyl | - am de,
t hyl b%%%?&hq%mzp—yglgl“g%X Ylic acid
3

4(RS) - 5- am no- 3- net hy1- 3, 6-di hydro-2H-[ 1, 4] oxazi n-3- yl)- phenyl] am de,
. 5-Di net hy|01febqndqqd(gae@a¢fbb¢(yllvqamloags glcompound of formula I or Ix where R* is 5-chloro-3-

( (RS) methg I%ib RRi25Et hyl - 3, 6- di hydr o- 2H-[ 1, 4] oxazi n-3- y1)-phenyl ] -am de,
(2,2,2-Trifl uoro et hyI) 1H—pyrazo| e-3-carboxylic acid
4( Rﬁ) | _51ﬁ‘l_rf;)nr? nl opE f t%% 1nve11t1 dig g%%[aodnﬁ]ocf\ oai%r{u a ]Sor)il)whgree[gzylg']ﬂet%‘pc?ad

RS) s@s@ﬁedby@almwinwre di hydro 2H[ 1, 4] oxazi n- 3-y1) - pheny1] - ani de,

ol o[ 1, 5- a] pyri di ne-2-carboxylic acid
RS) - 5- abicnerbddiminhyflthdinderdionyids conddd2ibd pilfodhox azi D Bhard R* Riderydrb-s5am de,
N-[3 met hyl- 3, 6- di hydro- 2H[ 1, 4] oxazi n- 3-y1) - phenyl] - 4-chl o
i od&@g§£§rﬂg% )?15 Chl or o- pyri di ne- 2- car boxyl i c acid
(R) > an(])nréoenﬁ)oglentleh%/of t%e ?nvgrllttlondlg g cgnl_lii)o[u]hdllo]f %grari%.lllanl o?} IXXNJB)GI'G hﬁn%Lt]ero%rrg de,
(RS) 1[(\1-[ﬁrbéﬁuﬁ&mb;malaganelbhyﬂaus}gl6ndjloh)¢dalby12H- [ 1, 4] oxazi n-3-y1l)-4-fluoro-pheny
1] - 4- chl or obenzam de, 5-Chl oro- pyridine-2-carboxylic acid

[ 34(RS) - 5- am Qo ABtdAY e tBe ﬁvgltﬁﬁ%'@co%ﬁ'o[lﬁd 84 8%AAh Dok where R? is 2-methyl-4-

yl)-4-flu Chl or o-pyri di ne-2-carboxylic acid
[34(R) -5 WHleg‘JMWE%?FG di hydro- 2H-[ 1, 4] oxazi n- 3-

y1) - 4-fl uoro- phenyl ] -am de, 5-Chloro-pyridine-2-carboxylic acid

[ 34(RS) - 5- arﬁ’moelﬁb@ymqupobeH@elﬁwdl Isydroomppfint, 47 dxarila 1 3ery 1Y) wheie] Borie- phen
yl]-am dﬁ‘eterocyclﬁ (2,2,2-Trifluoro-ethoxy)-pyridine-2-carboxylic acid [3
-((RS) - 5-am no-3- cyclopropyl 3,6- 10

di hy({rfOZZ!I-_I;’ E(%I}euoro ZII%GEI 3 }nvent}?n%) ! Oo Cpgr%géc{) )?%/ ) lcgig ‘or, I}i %(hereR is tetrahydro-
((RS) 5tuggrhol 3- net hyl - 3 6- d| hydr 02H- [ 1, 4] oxazi n- 3-y1) - phenyl | - ami de,
Pyrazi ne- 2-carboxylic acid [3

- ( (RS) - 5- am -c3rbatinteyiflo 3hE&meletipd e rhfolindid O A@IlNT S It WhergahigOy 1] - ami de, 15
(RS) - N-[3-(5- Ami no- 3- net hy1- 3, 6-di hydro- 2H-[ 1, 4] oxazi n- -yl)-4-f|uoro-pheny

1]-2, 2, 3, 3,
(RS) - N-[ 3- (g)%%l%{}%&%ﬁeﬁgéﬁhg{ng&tgggﬂaygﬁ OIZHII—?- f1f0r4 u(%({a%rl Ir)li V%he§e 4 fl uor o- pheny

1] - 4-chl or ot am de Chl o e- acid
15 (3R 6R) O Pa8Te) Sebe o8 TRl FebRyL: 5% * 8Fien

di hydro 2H[ 1, 4]oxa2|n 3- Xl -4-fl uor o- phen '] am de
0

One embodiment of the invention is a compoun formula I or Ix where R’ is F.
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One embodiment of the invention is a compound of formula I or Ix selected from the group
consisting of

3,5-Difluoro-pyridine-2-carboxylic acid [3-((RS)-5-amino-3-methyl-3,6-dihydro-2H-[1,4]oxazin-
3-yl)-phenyl]-amide,

25  3,5-Dichloro-pyridine-2-carboxylic acid [3-((RS)-5-amino-3-methyl-3,6-dihydro-2H-
[1,4]oxazin-3-yl)-phenyl]-amide,

(RS)-N-[3-(5-Amino-3-methyl-3,6-dihydro-2H-[ 1 ,4]Joxazin-3-yl)-phenyl]-4-chloro-2-fluoro-

benzamide,



5- Chl oro- pyri di ne-2-carboxylic acid [3-((3R, 6S)-and
(3S, 6R) - 5- am no- 6- benzy1- 3- net hy1- 3, 6-
di hydr o- 2M0[20114020808zi n- 3-y1) - 4- f | uor o- phenyl ] - am de, PCT/EP2010/061875
5- Chl oro- pyri di ne- 2-carboxylic acid 6
[ 3-((3R, 6R) - 5-am no- 3- et hy1- 6- phenyl- % 6- di hydro-2H 1, 4] oxazi n-3-yl)-4-flu
or o- phenyl] -am de, 25 5-Chl oro-pyridi ne-2-carboxylic acid
[3-((3R 1\5{33{31&1%1113 ﬁﬁ%t'ﬂylls'@dﬂﬁz@féﬂﬁ%l Qéﬂgygﬁlbﬂ&ﬂl 4hoK@dd- 3-y1)-4-flu
or o- pheng de, 5-Butyl=pyridine-2-carboxyli ¢ aci

-((RS) - 5% £3- met hy1- 3, 6- di hydr o- 2H[ 1, 4] oxazi n- 3- yl) phenyl ] - am de,
WO 2011/ 020806PCT/ EP2010/ 061875 - 28 - 3, 5-Di chl oro-pyridi ne-2-carboxylic
aci d [ 3 (RYRY-[3-(5-Amino-3-methyl-3,6-dihydro-2H-[1 4]0xazin-3 yl)-phenyl]-2,5-difluoro-
- 5- am nop3ramidRy 1- 3, 6- di hydro- 2H-[ 1, 4] oxazi n3- y1) 4-fl uoro- phenyl ] - am de,
5- Chl oro-pyrim d| ne- 2- car boxyl i c aC| d[3-((R-
SO NS S A B g 2R bl e B 1 )p%-elflyhﬁ?.rcﬁlapohﬁen Ahia@m de.
[ 3-((R) -5-am no- 3-net hyl-3, 6- d|h ro-2H 1, 4] oxazi n- 3- X13_4_ uor o- phenyl] -a
ni de, 3- fzm&r%pﬁWP%ilﬁ@ngséla@@é){%(GRé) é@mnq methyRp,6-dihydro-2H-[1,4]oxazin-3-
- 5- am noyl3ph@iylyalnids, 6- di hydr o- 2H-[ 1, 4] oxazi n-3- y1)-4-fl uoro-phenyl] - am de,
3-Chloro-5-trifluoromethyl-pyridine-2-carboxylic acid
[3-((R)- ]
2 1, 3] ox e s R S R a0 oy 1
aci d [3 3ypmhensl-2ipidgo- 3- net hy1- 3, 6- di hydr o- 2H [ 1, 4] oxazi n- 3-
y1) - 4-fl uoro-phenyl ] -am de, 1-Difluoromnethyl-1H pyrazol e-3-carboxylic acid
[3 - (1@R) 2,5-Dimethyl-thiophene-3- carboxylic acid [3-((RS)-5-amino-3-methyl-3,6-dihydro-2H-

- 5- am nor 368k YLy R.pRedifidtag- 2H 1, 4] oxazi n- 3-y1) - 4-fl uor o- phenyl] - ami de,
15 3, 5-Di fl'uor o- pyri di ne 2-carboxylic acid [3 ((R

I-\|-5[ g‘m noﬁi'i/]eéhﬁ h1¥1azo:§é— -car o;yyqlc a01c21H§ k('ll'\’S)4 %>r(n&11nzol eﬁly}—fi%—Jihy%%—gl_-lﬂlil,%?&&%;iﬁ—%m de,
- Ami no- 3ybrphényll-a@ride, di hydr o- 2H-[ 1, 4] oxazi n- 3-y1) - 4- f | uor o- pheny1] - 4- cyano- 2
- fluoro-benzam de, 4- Chl oro-1-net hyl- 1H pyrazol e- 3-carboxylic acid
[3-((R)- 55&]&1@&}730{&@1@-)416&330&51% dydBo7R$1amino-3-methyl-3,6-dihydro-2H-

[ 1, 4],QX N} henyl] - am de, 3-Met hyl ~t hi ophene- 2- carboxylic
acid 1?3 L{] aZX}]ST} Xﬁﬁleny ! %yl 3, 6-di hydr o- 2H-[ 1, 4] oxazi n- 3-

yl)-4-fl uoro phenyl] am e 5- Ph en(%l - oxazol e- 4-car boxylic g R)

_5- ani no2eitieyazol-BeuPenyde 8¢ig IHr4RS)-graons- Bleﬂyk%aﬁzﬂ-lwdtm% [bﬁlé?fﬁﬂfﬂjl ani de,
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e LT AR DL SR A o
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1-Methyl-1H-indazole-3-carboxylic acid [3-((RS)-5-amino-3-methyl-3,6-dihydro-2H-
[1,4]oxazin-3-yl)-phenyl]-amide,

Pyrazolo[1,5-a]pyridine-2-carboxylic acid [3-((RS)-5-amino-3-methyl-3,6-dihydro-2H-
25 [1,4Joxazin-3-yl)-phenyl]-amide,

(RS)-N-[3-(5-Amino-3-methyl-3,6-dihydro-2H-[ 1,4]oxazin-3-yl)-phenyl]-4-chloro-2-iodo-

benzamide,

5-Chloro-pyridine-2-carboxylic acid [3-((R)-5-amino-3-methyl-3,6-dihydro-2H-[1,4]Joxazin-3-
yl)-phenyl]-amide,
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- 5- ani no? ég Ty{fporp-gh %YW}%F%H??FC?T%O’%]I’G%(&%[1)%'(@-5)'éﬂmln°'3'CYC1°Pr0Pyl'3’6'
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- ((RS) - 55009531 rret hyl 3, 6-di hydr o- 2H-[1 4] oxazi n-3- yl)-phenyl]-amde, 5
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5-Chloro-pyridine-2-carboxylic acid [3-((3R,6S)-and (3S,6R)-5-amino-6-benzyl-3-methyl-3,6-
dihydro-2H-[1,4]Joxazin-3-yl)-4-fluoro-phenyl]-amide,

5-Chloro-pyridine-2-carboxylic acid [3-((3R,6R)-5-amino-3-methyl-6-phenyl-3,6-dihydro-2 H-
[1,4]oxazin-3-yl)-4-fluoro-phenyl]-amide,

25  5-Chloro-pyridine-2-carboxylic acid [3-((3R,65)-5-amino-3-methyl-6-phenyl-3,6-dihydro-2H-
[1,4]oxazin-3-yl)-4-fluoro-phenyl]-amide,

5-Butyl-pyridine-2-carboxylic acid [3-((RS)-5-amino-3-methyl-3,6-dihydro-2 H-[ 1,4]Joxazin-3-
yl)-phenyl]-amide,

3-Chloro-5-trifluoromethyl-pyridine-2-carboxylic acid [3-((RS)-5-amino-3-methyl-3,6-dihydro-
30 2H-[1,4]oxazin-3-yl)-phenyl]-amide,
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trifl200orp; 4@e;{a(zﬁ$)-y]}-4(ﬂ®trd-@]lmglraﬂﬁdﬂ, an- 2-yl ) nmet hyl ] - pr opi onam de, 15

1- Met hoxynet hyl - cycl opr opanecar boxylic acid the

1- met hoxy) VKE&M lthiG 3@%99%%@9;%%#&%(@05 _Afinl3-methyl-3,6- dlhydr)o 241 Aloxazin3-

[ 3- ((j(R) yl)anﬂuom phenyl aznde 6- di hydro-2H[ 1, 4] oxazi n-3-y1 I'uor o- pheny1] -
am de

5-Phenyl-oxazole-4-carboxylic acid [3-((R)-5-amino-3-methyl-3,6-dihydro-2H-[1,4]oxazin-3-
yl)-4-fluoro-phenyl]-amide,
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yl)-4-fluoro-phenyl]-amide,

2-Methyl-4-trifluoromethyl-thiazole-5-carboxylic acid [3-((R)-5-amino-3-methyl-3,6-dihydro-
2H-[1,4]oxazin-3-yl)-4-fluoro-phenyl]-amide,

3-(2,2,2-Trifluoro-ethoxy)-pyridine-2-carboxylic acid [3-((R)-5-amino-3-methyl-3,6-dihydro-
30 2H-[1,4]oxazin-3-yl)-4-fluoro-phenyl]-amide,
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N- [ 3- (( Ryt RQdids- msﬂaagylé,a@ldggiawrsom%hb b b, A enehgi-8634idkks-47f | uor o- phenyl
1-2,2-di &Léﬁoro r%glb nam b Nﬁ
- ((R) - 5- A IG# y@uoéog GHYEEY: 2H-[ 1, 4] oxazi n- 3-y1) - 4- f | uor o- pheny1] - 2,

2-di fluoro- 25 acetam de,
(R) - N- ( 33{B2AfiriiyoR- ﬁmmpy@i@e Sichnpoxydic 2kid 13-4Rodaamiine-3, 23y imgthyl-36r opheny 1) -

2-f1 uor Odlg drg=iEpl égéﬂiﬁfﬁnﬁﬂb 4€fluoro-phenyl]- arnlde )
N[ 3- ((R) - Am no- 3- net hyl 3, 6-di Ir31ydro 2H-[ 1, 4] oxa2| n- 3-y1l)-4-fl uoro-phenyl
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5-Cyclopropylmethoxy-pyridine-2-carboxylic acid [3-((RS)-5-amino-3-methyl-3,6-dihydro-2H-
[1,4]oxazin-3-yl)-phenyl]-amide,

25  5-(2-Fluoro-ethoxy)-pyridine-2-carboxylic acid [3-((RS)-5-amino-3-methyl-3,6-dihydro-2H-
[1,4]oxazin-3-yl)-phenyl]-amide,

5-(2,2-Difluoro-ethoxy)-pyridine-2-carboxylic acid [3-((RS)-5-amino-3-methyl-3,6-dihydro-2H-
[1,4]oxazin-3-yl)-phenyl]-amide,

Pyrimidine-4-carboxylic acid [3-((RS)-5-amino-3-methyl-3,6-dihydro-2H-[1,4]Joxazin-3-yl)-
30 phenyl]-amide,
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[ 1, 4] oxagi 1 am de, and

5- Chl or oFl ﬂ?’?u%@r%y\g“ u?i)?gngﬁeglp@gr (I(l)exyl ic acid

[3-((R) - 5amn03rreth -3, 6-di hydro-2H 1, 4] oxazin yl -fl uor o- phenyl]-a
m de, or >R BRI esa}dﬂlye Sebesy Hipped g%{ {?.S)-%-ﬂ@rn@o?rmethyl-g 6-diE-2fbodi nent

of tHhe i pvAotazmms- prae@qumd@d of formula | or Ix selected fromthe group
15 consisting of 1-(2,2,2-Trifluoro-ethyl)-1H pyrazol e-3-carboxylic acid

[ 3-(5-ang @%ﬁb M%lz-&rﬁo;@'hbxé‘i&@ (?IHE) %»-ﬁiln% @Zrhéihﬁ 3¥6’L)1ﬂ19&'1‘é‘ YA 1, A5 88 3-
1- Met hyl ‘?llgll- zoe3 rboxylic aci

[ 3- (5-an? OFFbPkP’fW’ Kp edl hydr o- 2H-[1,4] oxazi n-3- yl)-phenyl]-amnide, 20
2, 5-Di net hyl -furan-3-carboxylic acid
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5-Difluoromethoxy-pyridine-2-carboxylic acid [3-((R)-5-amino-3-methyl-3,6-dihydro-2H-
20 [l,4]Joxazin-3-yl)-4-fluoro-phenyl]-amide,

5-Chloro-3-fluoro-pyridine-2-carboxylic acid [3-((R)-5-amino-3-methyl-3,6-dihydro-2H-
[1,4]oxazin-3-yl)-4-fluoro-phenyl]-amide,

5-Furan-2-yl-isoxazole-3-carboxylic acid [3-((RS)-5-amino-3-methyl-3,6-dihydro-2H-
[1,4]oxazin-3-yl)-4-fluoro-phenyl]-amide,

25  5-Furan-2-yl-pyridine-2-carboxylic acid [3-((RS)-5-amino-3-methyl-3,6-dihydro-2H-
[1,4]oxazin-3-yl)-4-fluoro-phenyl]-amide,

5-Pyrrolidin-1-yl-pyridine-2-carboxylic acid [3-((RS)-5-amino-3-methyl-3,6-dihydro-2H-
[1,4]oxazin-3-yl)-4-fluoro-phenyl]-amide,

5-Thiophen-2-yl-isoxazole-3-carboxylic acid [3-((RS)-5-amino-3-methyl-3,6-dihydro-2H-
30 [l,4]oxazin-3-yl)-4-fluoro-phenyl]-amide,



3,
3-

Di chl or o- pyri di ne-2-car boxylic acid

5- am no- 3- net hyl - 3, 6-di hydro-2H-[ 1, 4] oxazi n- 3- y1)-phenyl]-am de,

Di f | woaenyrigdsne- 2- car boxylic acid PCT/EP2010/061875

4] oxazi n-3- yl)-phenyl]-am de, 5
| oro-5-trifluoronethyl-pyridine-2 éﬁrboxyllc acid

5-
(
5-
3-(5-am no- 3-net hyl - 3, 6-di hydro-2H-[1
Ch

3-(5-am no- 3-net hyl- 3, 6-di hydro-2H [ 1, 4] oxazi n-3-y1l) - phenyl] - am de,

[
3
[
3-
[3-(
5-(2,2,2 RTspN [ygt&m%r%xal lpfyéJd@HyHﬁ) 27§ BERRAN-B §1)AL Hbro-phenyl]-3,3,3-
[3-(5-a cyclo % hydr o-

2H [ 1, 4]8&@2?%P9993 quoro phenyll-anlde
5-(2,2,2-Trifluoro-ethoxy)-pyridine-2-carboxylic acid

[ 3- (5- anﬁnmk—mmlig a@d B-nRep oning-3-18tyl-3 At dikalze-AHd 1 floxapndmhitd~ anmi de

hydr ochl gfidr8Shenyl]-&2nidll or o- pyri di ne-2-carboxylic acid [3 -((R)
-5-am no- 3- nethyl 3, 6- dlhydro 2H—[1 4] oxazi n-3- yl)-phenyl]-am de,

5-Chlqro ri di ne- carbox )

5 amno 3 b RD ST BRI Kb Sofft felita g amino-3 ety GOPETBRL Ry 1) - am
15 5- Chl Hr/HOWﬁlrijb'lhé fiaw@aplmy 1a ideaci d

[ 3- (5-am no- 3-cycl opropyl- 3, 6 di hydr o- 2H[ 1, 4] oxazi n- 3-

y1) - 4- f | saridluploaiashl]-paithid @e-25cacbvlx@liOadiy [3-@R NB-aRmo sB-methyl-3,6-désideb-2 H-

[ 3-(5- a”hnﬁoéuﬂﬁipﬁllﬁﬂﬁ%ghggﬁ 9n£;+[1 4] oxazi n-3-y1l) - phenyl]-am de,

N-[3-((R)-5-Amino-3-methyl-3,6-dihydro-2H-[1,4]oxazin-3-yl)-4-fluoro-phenyl]-2,2,3,3-

10 tetrafluoro-propionamide,

N-[3-((R)-5-Amino-3-methyl-3,6-dihydro-2H-[1,4]oxazin-3-yl)-4-fluoro-phenyl]-2-methoxy-

acetamide,

(RS)-N-[3-((R)-5-Amino-3-methyl-3,6-dihydro-2H-[1,4]oxazin-3-yl)-4-fluoro-phenyl]-3,3,3-
trifluoro-2-[ (RS)-1-(tetrahydro-furan-2-yl)methyl]-propionamide,

15 1-Methoxymethyl-cyclopropanecarboxylic acid the 1-methoxymethyl-cyclopropanecarboxylic
acid [3-((R)-5-amino-3-methyl-3,6-dihydro-2H-[ 1,4]oxazin-3-yl)-4-fluoro-phenyl]-amide,

(RS)-N-[3-((R)-5-Amino-3-methyl-3,6-dihydro-2H-[1,4]oxazin-3-yl)-4-fluoro-phenyl]-2-fluoro-

propionamide,
N-[3-((R)-5-Amino-3-methyl-3,6-dihydro-2H-[1,4]oxazin-3-yl)-4-fluoro-phenyl]-isobutyramide,

20 (RS)-N-[3-((R)-5-Amino-3-methyl-3,6-dihydro-2H-[ 1 ,4]oxazin-3-yl)-4-fluoro-phenyl]-2-fluoro-

propionamide,

N-[3-((R)-5-Amino-3-methyl-3,6-dihydro-2H-[1,4]oxazin-3-yl)-4-fluoro-phenyl]-2,2-difluoro-

propionamide,

N-[3-((R)-5-Amino-3-methyl-3,6-dihydro-2H-[1,4]oxazin-3-yl)-4-fluoro-phenyl]-2,2-difluoro-
25 acetamide,

(R)-N-(3-(5-Amino-3-methyl-3,6-dihydro-2H-1,4-oxazin-3-yl)-4-fluorophenyl)-2-fluoro-2-
methylpropanamide,

N-[3-((R)-5-Amino-3-methyl-3,6-dihydro-2H-[1,4]oxazin-3-yl)-4-fluoro-phenyl]-acetamide,

N-[3-((R)-5-Amino-3-methyl-3,6-dihydro-2H-[1,4]oxazin-3-yl)-4-fluoro-phenyl]-propionamide,

de,



5- Chl oro- pyri di ne-2-carboxylic acid

[ 3- (5-am no- 3- net hyl - 3, 6-di hydro-2H-[ 1, 4] oxazi n-3-yl)-4- 20

fl uor o- phwoybirvansode, 5- Chl or o-t hi ophene- 2- car boxyl i ¢ a®Cu/EP2010/061875
[

3- (5-am no- 3- net hyl - 3, 6-di hydro-2H-[ 1, 4] oxazi n- 3- y1) phenyl ] - am de,

N—[3-(5-Anino-3-nethy1-3,6-dihydro-2k+?a 4] oxazi n-3-y1)-4-fl uoro-phenyl] -2,

2,3,3,3- pentafl uoro-propi onanm de, 25

m gr f) fhﬁ(r)[gretge)%mﬁﬁlté&yﬂ-n%t@r 8o ticiats-2ht | J1okhaxazjipa-Budib)phdnyfi]-kefryheny 1] - 4-
y4

N-[ 3- ( 5- A8 net hy1- 3, 6- di hydr o- 2H-[ 1, 4] oxazi n- 3-y1) - pheny1] - 4- chl or o- 2-

fl uor obenzam de,

N- [ 3- ( 5- MdfTetrahydes-fayah- Begbakiyhy aeid I PHR]-5-aningx Zpicthys3 pidihydhe g/l ABxazighi chl or

0- benzami.gg.4-1y¥b 20141029806 PCT/ EP2010/ 061875 - 35 - N- [3 -(5- Anino-3

-nmet hyl - 37, 6-di hydro -ZFL [ 1, 4] oxazi n- 3-y1) - pheny1] - 2, 5- di f | uor o- benzami de,

N [35( Ordligh

[1, 4] oxagl ﬁrpg{} y 1% D enn%hyii33 hqllgdr&lgbﬂ%gﬁlx m'3|‘¥-1)'?'§luor() Py grgamide,
-met hyl1- 3, 6-di hydro -2H_ [1,4]0 xazin-3 }y -4-chloro -2-i0 do
-benz an§-&‘@ oro-3-methyl-pyridine-2-caiboxylic acid [3-((RK)- -armno 3 rnet yl 3,6-dihydro-2H-

N- [ 3- ( 5- A oezo=3vel)ayfhrodo-Phaiiyyetide; 2ikd [ 1, 4] oxazi n- 3-y1) - 4-f | uor o- phenyl1] - 4-
chl oro5 benzam de, Pyrazi ne-2-carboxylic acid

[3-(5-a ! e

hydlr ool o g0 L2 QUi -6 b e P A S SR E Hno

[ 3- ( 5- anYrd-TBomsPhey X'Qm%mdlhydro 2H[ 1, 4] oxazi n-3- y1)-phenyl]-am de, 10 or
pharmaceutically acceptable salts thereof One enbodi ment of the

i nventi oor phermeaccdrpbbyiademhblé spitnthicacol. or | x sel ected fromthe group
consi sting of 5-Chloro-pyridine-2-carboxylic acid

[ 3- (5-am no (ﬁrersﬂtﬂamﬂm%t 6F et hivertRn 24 dorddoRx@af BrdalY 1 br A-klcbied @mﬁnﬁ@gﬂohp am de
and 5- Chl oro- %ldlne -carboxylic acid [3 -((R) -5am no-3-methyl -3

, 6- di hydfg°? [1,4]0 xazin-3 -yl1)-4-fluoro -phenyl] -amde, 15 or
pharnaceutlcally acceptabl e salts thereof One enbodi nent of the invention
i's a prozédlpreoirigpeganibegyls el ipodid-aring-draind 31 xdibgdrereff Hedosapinthe
enbodi e, fluki-plenpl-@6eges conprises am nation of a conpound of formula

XX, XXETT to a conmpound of fornula_l'z whi ch conpound of fornulg_r
ﬁiﬂpﬁﬁﬁhj’%ﬁﬁ{ A R SR e S

5-Chloro-pyridine-2-carboxylic acid [3-((3R,6R) and (3S5,65)-5-amino-6-benzyl-3-methyl-3,6-
dihydro-2H-[1,4]oxazin-3-yl)-4-fluoro-phenyl]-amide,

5-Chloro-pyridine-2-carboxylic acid [3-((3R,6S5)-and (35,6R)-5-amino-6-benzyl-3-methyl-3,6-
20  dihydro-2H-[1,4Joxazin-3-yl)-4-fluoro-phenyl]-amide,

3,5-Dichloro-pyridine-2-carboxylic acid [3-((R)-5-amino-3-methyl-3,6-dihydro-2H-[1,4]oxazin-
3-yl)-4-fluoro-phenyl]-amide,

1-Difluoromethyl-1H-pyrazole-3-carboxylic acid [3-((R)-5-amino-3-methyl-3,6-dihydro-2 H-
[1,4]oxazin-3-yl)-4-fluoro-phenyl]-amide,

25  1-Difluoromethyl-1H-pyrazole-3-carboxylic acid [3-((R)-5-amino-3-methyl-3,6-dihydro-2H-
[1,4]oxazin-3-yl)-4-fluoro-phenyl]-amide,

5-Chloro-pyridine-2-carboxylic acid [3-((R)-5-amino-2,2,3-trimethyl-3,6-dihydro-2 H-
[1,4]oxazin-3-yl)-4-fluoro-phenyl]-amide,



wherein R, R2, R3 are as defined in the enbodi nents and A is | ower alkoxy.
One enbodi nent of the invention is a conpound of fornula Ix, whenever

pr epar ed W9 2a11pre8vess as defi ned above. 50ne enbodi nent Pofi/EPR@OOANSENt | OoN i S
a conmpound of forrmula Ix, obtainable bg a process as defined above. One
enbodi ment of the invention is a conpo hd of formula | or Ix as defined in
any of the enbodi nents, for use as therapeutically active substance.

One enbogli e atTBfuot&hd BY.5RidiRN2 Jc8rbex 1R TPRYRY RTs - frBhsdhas frinRinyi % @S defined
in any of,. ;ﬁpe }_Pleﬂbodl e % for }tlhel use, as i nhibitor of BACEL and/ or
BACE2 actipyirpy?/T-[1.4lo%sgin-slaefiueenihesy 1 emids nvention is a compound of
formula | or Ix as defined in any of the enbodinents, for the use in

i nhi bi t i &%hisro-BaGHIe-Zeribexitlp acid [3-(@Ghé-amboditifemimegfyl-B edihyfvedtt on is a
conmpound[1fjofRntHyB-phe]-dr¥id@s defined in any of the embodi ments, for the
use in inhibition ofp BACE2 activity. 150ne enbodi nent of the invention is a

conpound formula | or Ix as defin } ny.of,th odi nents, for the
Coar L R RO TR b et RS SR LOSEs L Ry SR WA ENROMIRI 2 (07

i nvent i oll.4lexaginchipdeiipraphdghwnli¢e. | or Ix as defined in any of the

enbodi nents, for the use in inhibition of BACEL or BACE2 activity. One
enbodi mesiCyaiio-pyrelincdLeaboxdtic had §8-qRNpPattith-Dinctigt-81dl dhldr@2 HIX, 4fadef3l ned in
any of the - hodi fept s, for the use as therapeutically active substance
for the é%%ﬁg%g&liﬁ%}%f prophylactic treatnent of di seases and di sorders
characterized by elevated P-anylojd | evels and/or_P-anyloid oligoners

and/ or PRHNUPBBPaIEE IS rrdCH H%Wuﬁ@p({&-é-@mmﬁa%—me@a -2PtAyAFo R mer s

di sedde. [1.4]oxazin3¢l)-drfhmeh-piemiyl]@middyend nvention is a conpound of fornula I
or Ix as defined in any of the 25 enbodinents, for the use as

t her apeusicq@)rb ¥-fRetd-¥RidRORERANCE1E Aid {ﬁgR}-?-%hﬁ’tRﬁy-Eﬂeﬁl/yﬁ@@[cﬁﬁ def-8phyl acti c
treat ment]1 f Nmé?elb%gé' S df?‘ﬁ's]g@se.. WO 2011/ 020806PCT EP’201(;7 061875 - 37 -
One enbodi EHE ot YY e 1ORVE W a conpound of formula I or Ix as defined
in any of the enbodi nents, for the use as therapeutically active substance
for the otmeapsaticelnrmgtreblpsatipitheredtt i ¢ treat ment of diabetes, particularly
type 2 di abetes. One enbodi nent of the invention is a conpound of
fornula | orodeendddieht fRde infe@idy 94 cdi@dubd efdaellne B K sclebted o tHS groap

t her algeutoin%atlil Ofactive substance for the therapeutic and/or prophylactic
treat ment'of I%%pe 2 di abet es. One enbodi nent of the invention is a
conpound of fornmula | or Ix as defined in any of the enbodi nents, for the
use as t hétagditiluet-¢thyladtinyezelatiseaatneslig afidt [HelStarunoadaipthyd 3dndihtro-2H-

pr ophyl apit4]exdzineRin®hénydtanaity,ot rophi c | ateral sclerosis (ALS), arterial

t hronbosi s, 10 autoi mmune/inflammatory di seases, cancer such as breast
cancer, ¢ / as._ cardial ~inf: b .1 hoke,
der mat oy B R e et o
mul ti f or FePhew 844 sease, Huntington's Disease, inclusion body nyositis
(IBM, inflammatory reactions, Kaposi Sarcoma, Kostmann D sease, | upus

er yt ROmak.6duscthyhtraphagbexyiy ofcat ¢ B4($-pwinopimmethy 5 64iddiydmal M L4 lpxadmr-B4yl)s
granul onptQug agfidchritis, 15 malignant melanoma, multiple melons,
rheumatoid arthritis, Sjogren syndrone,

2,5-Dimethyl-oxazole-4-carboxylic acid [3-(5-amino-3-methyl-3,6-dihydro-2H-[1,4]oxazin-3-
yl)-phenyl]-amide,

2,5-Dimethyl-thiophene-3-carboxylic acid [3-(5-amino-3-methyl-3,6-dihydro-2H-[1,4Joxazin-3-
25  yl)-phenyl]-amide,

2-Methyl-oxazole-4-carboxylic acid [3-(5-amino-3-methyl-3,6-dihydro-2H-[1,4]oxazin-3-yl)-
phenyl]-amide,

2-Methyl-thiazole-4-carboxylic acid [3-(5-amino-3-methyl-3,6-dihydro-2H-[1,4]oxazin-3-yl)-
phenyl]-amide,



Spi noCer ebel | ar Ataxia 1, SpinoCerebellar Ataxia 7, Wi pple' s D sease or

W son's Di sease. One enbodi nent of the invention is a pharmaceuti cal
conposi t iwo 2001208081 Ng a conpound as defined in any of Prhe/EPadIodsIENHt S as
an active ingredient and a pharnaceutlgglly acceptabl e carrier and/or a
pharmaceutically acceptabl e auxiliary substance. 200ne enbodi nent of the
invention is the use of a conmpound as defined in any of the enbodinments for
the manug @Qﬁlé!ﬂ@rooﬂ BindBAU LR ff [BRE-hIQ)- ARRHE g‘l 9 63419;40% 2%@%%&5%%@ c

t r eat ment OE hsea es and di sorders characterized by elevate anyl oi d

| evel s afidPBFY %m§q0|d ol i goners and/or P-anyloid pl aques and furt her
deposits, particularly Al zheiner's di sease. One enbodi nent of the

i nvent i ohStRifln¢re-pyydine-carboayipoasdl ds-(@eminvedtnicthyhdyp-dliydrtd A%, 4dxbodidnent s
for the pmp IiﬁhMﬁ&:Of a medi cament for the therapeutic and/or prophylactic
t r eat ment of zhei mer' s di sease. One enbodi nent of the invention is

t he use und defi,ne of .th nbodi r

manuf §C t 3 ! El}l?or? SR uodforngt r‘r%l rRyrlfhne% (f_??boxpéfécr aerl)Cé% t ll%c(%an o R metdgzl-{}l% dlf@fcfa fo-2H-
treatnenElﬁﬁﬂﬁﬁhhéhéhmbﬁaﬁmﬁ%ularly type 2 diabetes. 30Cne enmbodi nent of
the invention is the use of a conpound as defined in any of the enbodi nents
for the m@nm,fzaltrtmrzb @hoxa)- wﬁﬂlﬁam:emaoiﬂi/rc hhie [her z/&mﬁcbl-Bi-@/claﬁl@bﬂB gt act i c
treat nen 1/ 020806PCT/ EP2010/ 061875 - 38 -

treat msn%H'g; 41;(1)&926{ fﬁﬁ%rgtpgrerg){%%a%r osis (ALS), arterial thronbosis,
aut0|nnune/|nflannator di seases ancer such as breast cancer

car di ovaséubar! rtﬂug@s@%%y%a %%21‘%9‘%8’%}?1’& 1Y NP anying3 ApeEhyd e dodiydro-2 -

der nHEthoNyiobtazi-3-whes/ |Synnde bydeochfpaiier oi nt esti nal di seases, diobl ast ona
mul tiforme, Graves Disease, Huntington's D sease, inclusion body myositis
(1BM, i @fdhmw&ﬂe-ﬁ %%Biﬂfas acid (RARRS. a%&@%thyl(@%td’{%?o DrS@affkazih 4puS
eryt he nﬁﬁ E macr ophagi ¢ nyofasciitis, juvenilé idiopathic arthritis,

gr anul on#it® SYHFAHAS £ s, mal i gnant nel anoma, nultiple mielom, rheumatoid

arthritis, S ogren syndrone, Spi noCer ebel | ar Ataxia 1, SpinoCerebellar

At axi a 73-Ohprppyredise-Dicgibaxdicorcity [B0R)-§-aMimedswthyl-3,6-dihydrRE-[ésrdiindnt  of
t he |nvep§mqnmh§ LAguaRieof a conpound as defined in any of the 10

enbodi ments for ?he use |n i nhi bition of BACEL and/ or BACE2 activity.

One odi th ntion he Ase 0 fhned i,n any
of tﬁlgb e?méld’r%@?‘.“dm? Geubtiiis ald r{§|( 1B1t &hcfloé)fmpgﬁ% CP EH% Aokein gy
enbodlneﬂ$4dhmﬂhemmﬂﬂ@ﬁm¢bn is the use of a conpound as deflned in any of
t he enbodi nents for the use in inhibition of BACE2 activity. 150ne

enbodi mesMChifro-phedinezentboonici sickdhg3ysembibo-BmedppRoathyds-2iel 1 aedadin3aty of

t he enbo@iﬁgﬁgﬁn or the use in inhibition of BACEL and BACEZ activity.

One enbo "the invention is the use of a conpound as defined in any
of the enbodlnents for the use in inhibition of BACEl or BACE2 activity.
One enbodihse-PEdiRg&cpiosilic; i {%(Srﬁ@neréénﬁhylé Cobpdard-Hstlereeinnsaln” any
of t e 20ueodpbdiyifembiige,f or the therapeutic and/or prophylactic treatnent of
di seases and di sorders characteri zed by el evated P-anyloid | evel s and/ or
P-anyl oi ¢ ctmdr&%@gh%n@@ QAI‘B{)X}E'CWA 9345 Qﬂnﬁﬁuﬁﬁe@?fh by BRI 2 AE PRk Sn-3-y1)-
parti cul I ei mer's di'sease. mbodi ment “of the |nvent|on IS

t he use @ ound as defined in any of the enbodi nments for the

t herapeutic and/ or prophylactic treatnment of Al zheiner's disease. 250ne
enmbodi meNt[3df-Arhiao-Brahtli3ondihgdro Rél- isdoxizing -glortpbendpizeyddid, héd- i n any of

the pentafluoro-propionamide,

25 N-[3-(5-Amino-3-methyl-3,6-dihydro-2H-[1,4]oxazin-3-yl)-4-fluoro-phenyl]-4-chloro-

thiobenzamide,

N-[3-(5-Amino-3-methyl-3,6-dihydro-2H-[ 1,4Joxazin-3-yl)-phenyl]-4-chloro-2-fluoro-

benzamide,

N-[3-(5-Amino-3-methyl-3,6-dihydro-2H-[ 1,4Joxazin-3-yl)-phenyl]-2,4-dichloro-benzamide,



enbodi ments for the therapeutic and/ or prophylactic treatnent of diabetes,
particularly type 2 diabetes. One enbodi nent of the invention is the
use of a worpoumosoas defined in any of the enbodi ments PoI/EPR@OOBErApPeuUti C
and/ or prophylactic treatnent of type é di abet es. 300ne enbodi ment of the
invention is the use of a conpound as 2fined in any of the enbodinents for
the therapeutic and/ or prophylactic treatnent of anmyot rophi c | ateral

scl er osi 8. 6Abmind3kALALS. & BHOIROSE 1 oAl Iggti aAnTRb RS Mendingigases,
cancer such as breast cancer, WD 2011/020806 010/ 061875 - 39 -

cardi ova r, dis di al nd .strok

der mat on@ﬁg (? m ?)g %@yléu(ﬁ %8%@5{]?’6&?%%@ |ph ]Sdl’n%@%lgebgnza@lﬁ?obl ast ona
mul ti f or e, Grav.es Di sease, Huntington's Di sease, inclusion body nyositis
(1BM), i NelBdrianing-meibd i babydrrafbsi4smemoim)- pk@yﬂ]rfaﬁﬂorm%@d@-éenzmrms
eryt hemat osus, macrophagi ¢ nyofasciitis, juvenile idiopathic arthritis, 5
gr anul onBit[6yS-AanihdBirhdtyl-3n@bihgdrasitH- ﬁm]apmmﬁ yiprdHtuopd-hatry Bldeshiioro+ heumat oi d
arthristig n6\%1(agren syndronme, SpinoCerebellar Ataxia 1, SpinoCerebellar

At axi a 7, Ipple's Disease or Wlson's Disease. One enbodi ment of
the inveptian | t hod. he u t ACEL a ACE2
acti vi tygyr\?\ﬁil%'h' HEPROH Ctithr | S B mERT AT e 418'11&&8%@ ‘ﬁaxaagl %é‘g P any

of the 1&nﬂaihsuﬁoc’r&<m®amd> a human bei ng or ani mal . One enbodi nent of the
invention is a nmethod for the use in inhibition of BACEL activity, which
et hod cppmRydises- a?ﬂﬁldﬂiesi@a&bd?@h@ a6RNBAYRchiRS3 %tﬂy'll@@ difydedny H#qfi, 4?&%@2111—3-
enbodlne s, to.a bei ng or ani mal . One enbodi ment o

i nventio 'Pgengl]rf’érflﬁ%d for the use in inhibition of BACE2 activity, 15 which
nmet hod conprises administering a conpound as defined in any of the
enbodidmepit Rhatreceutivatiasechrt iy sabis therdofal One enbodi ment of the invention
is a nethod for the use in inhibition of BACEL and BACE2 activity, which
met hod conpriomesnvadimnt 6t tae inn@tﬁndpmmncasf fdehiln edr ixseRbt¢d Gbnitth€group

e ot TREl: “pha e oRe i o AR A SRR R Stéhfwa?'mﬁﬁ ho
net hod cOrpp¥azEs3-safose- elﬂqnﬁlé agnigeo #pd uhghlag- méfdm?e?dcqrbpxahy asid Hpré(R)-5-

enbodi Mesthiio30méeth{ILB)Bdihheio T-pr, 4 jo Rzt -y1)-4-fludeh@haiiagiiggnt  of the invention
is a nethod for the use in inhibition of BACEL and/or BACE2 activity,

parti gul &f %ij\éggutgcﬁﬁy E&Qﬁtaﬁg ég L ChefQ@/ or prophylactic treatnent of diseases

and ers characterized by elevated P-anyloid | evel s and/ or

P-anyl oid ol i gopers d/or /3-. a I0| es and further de 03|

Al zhei negn%efag@éf&% O?g’ieélb@f“é%n %Pn?%ﬁ% ‘?‘p Iﬁ’ﬁ‘&% égommnél‘??%é ﬁ&Fﬁ"tnF‘%es
adm ni st arthexgnlzo dtroenpo wiith@irodesy avrpaisds aanmmmdnﬁgcdrnpoand/obﬂormMeD@ﬁbodl ment s
to a human being or aninmal. One enbodi nent of the invention is a nethod for
the use in inhibiti f BACE1 and/or 30 BA acitNmj ty, particularly for
the therapeutic anophyl actic treatmeft oq anyotrophic | ateral
sclerosis (ALS), arteriml thronbosis, autoiyg
cancer such as breag , pardi ovascg; ar, 2 uch as nyocardi al
infarction and strdke, YosSifis Dowh'” s R, gastrointestinal
di seases, diobl astoma -RG aves Di seal unt NogtRon' s Di sease,
i ncl usi on body nyos[ith 2 ‘ S, 5 posi Sarconma,

nef{ i nfl ammat ory di seases,

XX1I T

to a compound of formula I’, which compound of formula I’ can optionally further react with a

20 thiation agent to the corresponding compound of formula I’



WO 2011/ 020806PCT/ EP2010/ 061875 - 40 - Kostnmann Di sease, | upus

eryt hemat osus, macrophagi ¢ nyofasciitis, juvenile idiopathic arthritis,

gr anul omrewoustianosesi ti s, nmalignant nel anoma, nul tipl e nmper@mpagionhsasat oi d
arthritis, S ogren syndrone, SpinoCereggllar At axi a 1, SpinoCerebellar
Ataxia 7, \Wipple' s D sease or WIson"s Di sease. 5Furthernore, the
invention includes all optical isomers, i.e. diastereoisoners,

di astereoneric m xtures, race i xtNHes, all their corresponding
enantioners and/or tautomers as we||l as their solvates. The conpounds
of formula | can contain one ok _npmne asymetric centers and can therefore
occur as racemates, racemc mx , S|qgle enantioners, diastereoneric

m xtures and 10 individual didster W(S-NAddi tional asymmetric centers can
be present dependi ng upon the nat th Brious substituents on the

nol ecul e. Each such asynnetrigﬁg:" i 1| /i ndependently produce two
optical isoners and it is int o that al P of rhe possi bl e optical isoners
and diastereoners in mxtures and as pure or partially purified conmpounds
are included within this invention. The present invention is neant to
enconpaswheitin RS uRh R sesrre deiinctlon the cobodiBicnts esbAdolepeusiliexy. The i ndependent
synt heses of these diastereoners or their chromatographic separations can
be ﬁcgi Ieved @& dfﬁbb‘dllménﬁ of e 1ﬁ‘5€fnﬁb[y isad)gfrqm‘ll 1h@be fdmﬂiafliﬁpa(hé&ﬂe@reﬁalﬁﬁi by a

met hodo rein. Their absolute stereochem stry can be
deternin]ge)]%&%sgl %%f%§$g§&gcrystalIography of crystalline products or
crystalline |nterned|ates whi ch are derivatized, if necessar wth a
reagent contefinhgdimengelthaatventionds acpaprgmnd @#&Wﬂ%o@%@l@ab&gﬁ ? giocarizdn. | f
desi r ed, defmeénbasc20 m xtures of the conpounds can be separated so that the
individual enantionmers are isolated. The separation can be carried out by
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met hods, such as fractional crystallization or chromatography. Preferred
exanpl es of Omombrdinght of thomyouied iod cdrapovnd af foringla 281 k asalepoadnd any of tbe mul a
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enrlchedIgodﬂgﬂﬁ%gngg%mﬁén%@%ngpég@%“ﬁgﬁ?gg)iy sel ective synthesis or by
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on tHe fi nalOfsrsagimest offhe mventionyet gorarpuad efformme & of kit asrdvlierdaip any of the
conpounderabodiraenia)lf@ the @@rin &bt idne (BAEFENind IBAGR2Sactiespect i ve taut oneric
form 10The conpounds of fornmula | can be prepared in accordance with the

fol | owi ng Scé}‘r’e%dfﬁﬁkﬁt §§tﬁé Mv@rgloﬂ% @Edrﬁﬂouhé oﬁﬁ%ﬁlﬁ%ﬁix' % Rl 1ﬁ9£§o%e can

be prepared in accordance known previously defined

r esi duesCEPRITDENS ‘Rﬂtg%us\ﬁnul“ }nh@SFﬂW%@eAqF& %M@zhaé:%ﬁ%w ously defined meani ng
unl ess ot herw se indicated. The conpounds of forrmula |I can be prepared

t hrough a nusemboflinephoftbe ingenrtputies cdmpound otfoamplh é oabk ds|delistdrintmdof the

schenmgs é[nﬂodu?{aﬁs Plog P@k aﬁsb ofy @ferpRRANARHOS Sfiovaned afof 8 thdiSpeRfi€ SeBor
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schenes dnddor BhauwkdhﬂgomequaméM‘mhmnmadryhm@souw4mhﬁmreambmmﬂlmnMuMHy

purificahi @R ih&sLesul ting products are known to those skilled in the

art. The substltuents and indices used in the follow ng description of the

processes N3NR duboafaPbARL LEARAS FLSRhRELPRAnAET OF f L:fSS b SAked o
25 ecmbodiments, for the use as therapeutically active substance for the therapeutic and/or

prophylactic treatment of Alzheimer's disease.



WO 2011/ 020806PCT/ EP2010/ 061875 - 42 - In nore detail, the conpounds of
formula | can be nmanufactured by the nethods given bel ow, by the nethods

gi ven i n wbheosxanbes or by anal ogous net hods. Appropri Ce/RPR@EONG13MS
conditions for the individual reaction_steps are known to a person skilled
in the art. The reaction sequence is né)? limted to the one displayed in
schenes descri bed bel ow, however, depending on 5 the starting materials and
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resultin m no e fornmu . it umnu eor ot her
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chl oroaceti c aCI usi ng con densat 1 on reagent zotri azol

derivati ves, .. ..
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in an inert solvent both ods under condltlons known to those skilled in
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embodiments for the manufacture of a medicament for the therapeutic and/or prophylactic
treatment of diseases and disorders characterized by elevated -amyloid levels and/or S-amyloid

oligomers and/or B-amyloid plaques and further deposits, particularly Alzheimer's discase.

One embodiment of the invention is the use of a compound as defined in any of the
25 cmbodiments for the manufacture of a medicament for the therapeutic and/or prophylactic
treatment of Alzheimer's disease.

One embodiment of the invention is the use of a compound as defined in any of the
embodiments for the manufacture of a medicament for the therapeutic and/or prophylactic
treatment of diabetes, particularly type 2 diabetes.

30 One embodiment of the invention is the use of a compound as defined in any of the
embodiments for the manufacture of a medicament for the therapeutic and/or prophylactic
treatment of type 2 diabetes.

One embodiment of the invention is the use of a compound as defined in any of the
embodiments for the manufacture of a medicament for the therapeutic and/or prophylactic



prepared by cyclization of the alcohol of formula I X with base, such as
potassiumtert-butylate, 30 in solvents such as tert-butanol at

t enper at Wwe=0ri1anegong from room tenperature to refl ux. TRETIEPR010/0et8AEr Of
formula XI can be synthesized by treatpent of the lactamof fornula X with
al kyl oxoniumsalts, e.g. trinethyloxontumtetrafluoroborate or

triethyl oxoniumtetrafl uoroborate. Non conmercial ketones of general

fornul a iréétﬁa@fn o@ﬁmwtmgaﬁ%%ﬁ@s&afoﬁ@e&m St ﬁﬁmﬂﬁ% qu%ﬂmhﬂn%@ﬁﬂﬁaaerw by
ot her rouytes known tngt 0Se SKiI nreb am des _of. formul a

1
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chl ori_de_or thiony e. usli n M‘g condi ti ons. such
trietRyl Eﬁa%ﬁ%rﬁ%lm &?%@F@%%@easerhlép%f EMYPSYs o PALIPRNAEIC) m&%fﬁscses degatied
wth or gﬁlmpm&adrihlrlﬁs grafDladiichis QRBERH RETEERP O BAEHd 8nBtiple 4i3cloms ubdun@soid
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or dieth et’he desire et ones ormul a | kyl
VI VIV |¥?§PaS@ opWilsegy’s Dyiscasc.

One embodiment of the invention is the use of a compound as defined in any of the
10 embodiments for the use in inhibition of BACE1 and/or BACE2 activity.

One embodiment of the invention is the use of a compound as defined in any of the
embodiments for the use in inhibition of BACE! activity.

One embodiment of the invention is the use of a compound as defined in any of the
embodiments for the use in inhibition of BACE?2 activity.

15 One ecmbodiment of the invention is the use of a compound as defined in any of the
embodiments for the use in inhibition of BACE1 and BACE2 activity.

One ecmbodiment of the invention is the use of a compound as defined in any of the
embodiments for the use in inhibition of BACE1 or BACE2 activity.

One embodiment of the invention is the use of a compound as defined in any of the

20 embodiments for the therapeutic and/or prophylactic treatment of discases and disorders

characterized by elevated B-amyloid levels and/or B-amyloid oligomers and/or B-amyloid
plaques and further deposits, particularly Alzheimer's disease.

One embodiment of the invention is the use of a compound as defined in any of the
embodiments for the therapeutic and/or prophylactic treatment of Alzheimer's disease.

25 One embodiment of the invention is the use of a compound as defined in any of the
embodiments for the therapeutic and/or prophylactic treatment of diabetes, particularly type 2
diabetes.

One embodiment of the invention is the use of a compound as defined in any of the

embodiments for the therapeutic and/or prophylactic treatment of type 2 diabetes.

30 One embodiment of the invention is the use of a compound as defined in any of the
embodiments for the therapeutic and/or prophylactic treatment of amyotrophic lateral sclerosis

(ALS), arterial thrombosis, autoimmune/inflammatory discases, cancer such as breast cancer,



hal Schene 1: Synthesis of internediate ethers XI 5For the further
transformation to the aniline derivative of fornmula XIl1, Pd(0)-catal yzed
am nat i orwoeattizeses of aryl halides can be applied wher @CH/ER301Q/061305 a

equi valents lithiumbis(trinethylsilyl)amde, triphenylsilylamne, or
benzophenone i m ne are used as described in the art (Oganic Letters, 2001,
3(21), 3417-3419 or Bioorganic & Medicinal Chem stry Letters 14(2004),

6011- 6016} diol e §RBIG: slchCas! Ba6ktLN 1h§1?éiioﬁganhost1to@@ @&ﬁé@%@ﬂ@@%ém Qe
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1- (3- di syatifoydcaSpinoPerolmylis) Aﬁlxﬁtlh)Slmeb[@HellamAmla arwhepkz st DisézobeWilson’s
deri Vat'ﬁﬁ% e.g. 0-(benzotriazol -

y1)-N, N \g -tet ramet hyl ur oni um hexafl uor ophosphate (HBTU) and the |ike.

The i m no et f fornu XV can be obtained by tre nt t t am of
formula XV ngri}zmnt 8 @ﬁ ipyAnday ps mgthad ?qrrth?rﬁionlg}n@}eﬁﬁ% ﬁ? BaC andr
t et raf | uBAGIED raatlety,) whiahi e¢thyd cocoprisasrediintseting fal avorpotnak @t defined in dnyeeft thent of

the i@ nastdiehed! tof aq{u%h@eg%/oy\g&iﬁa@mmni um salt such as ammoni um chl ori de
in polar solvents |ike alcohols, e.g. nethanol yields the final conmpound of

formula I'. XIIXL." Syn s, of conpaunds faormul.a I’
15t er nat § OIS OGRS GROR S F AR SO0 B S5 B B HU™ 46 BAGE Gk !
Accor di nghich nexthivarmen®riseshemirosteratg o eorgfouad petéfied i pherythe pbepmeonts tmeyl | de
pr oducedpianSfei@ aR@R€ such as butyllithiumin solvents such as
tetrahydrofuran or toluene at terrperatures between -78 C and 0 C fol |l owed
by addition ired.al €s..Q
Pormita v O ihE8edim R s 8 bt B S bR SRR bR e By B Ryl
cyanadte whighimsthiodecomprisas| ademtisfersngcheqmgpound as defined in any of the embodiments to a

human being or animal.

One embodiment of the invention is a method for the use in inhibition of BACE1 and
BACE?2 activity, which method comprises administering a compound as defined in any of the

embodiments to a human being or animal.

20 One embodiment of the invention is a method for the use in inhibition of BACE1 or
BACE2 activity, which method comprises administering a compound as defined in any of the

embodiments to a human being or animal.

One embodiment of the invention is a method for the use in inhibition of BACEI and/or

BACE2 activity, particularly for the therapeutic and/or prophylactic treatment of diseases and

25 disorders characterized by eclevated S-amyloid levels and/or B-amyloid oligomers and/or S-
amyloid plaques and further deposits, Alzheimer's disease, diabetes or type 2 diabetes, which
method comprises administering a compound of formula I according to any of the embodiments

to a human being or animal.

One embodiment of the invention is a method for the use in inhibition of BACE1 and/or

30 BACE2 activity, particularly for the therapeutic and/or prophylactic treatment of amyotrophic
lateral sclerosis (ALS), arterial thrombosis, autoimmune/inflammatory diseases, cancer such as
breast cancer, cardiovascular diseases such as myocardial infarction and stroke, dermatomyositis,
Down’s Syndrome, gastrointestinal diseases, Glioblastoma multiforme, Graves Disease,

Huntington’s Discase, inclusion body myositis (IBM), inflammatory reactions, Kaposi Sarcoma,



20 diethyl ether or m xtures of ethyl acetate and acetonitrile. The

resul tant iodoi socyanates of formulas XVII can then be heated wth al cohols
i ke tertwbubarmebsoand a base |i ke triethylam ne or HueniPGTEPR@SM618G5 yi el d

t he oxazolidi nones of formula XVIII. Hg(gr olysis of the resultant WO

2011/ 020806PCT/ EP2010/ 061875 - 45 - oxazolidinone of forrmula XVII1 with
aqueous base |ike lithium hydroxi de yields the am noal cohol of formula

VI, KodmAy bakise nluﬁljs BRI RO SR 19fm)fo@cfsé‘iﬂ sa]uVJ:rMe 1&1@8&1‘[9@ afhfigct ed
enated acetic deri vati ves,

by condensation wt

chl or oacBEM OB ?fg?’ﬁ‘@ R RoEe ot GmgGRE S i SR i) Hogren

deri vat i swadrone, §pinoCerebellar Ataxia 1, SpinoCerebellar Ataxia 7, Whipple’s Disease or Wilson’s

0- (benzopthagol -1-y1)-N, N, N , N -tetranet hyl uroni um hexaf | uor ophosphat e

( HBTU) and the like in inert solvents, or with acid chloride derivatives
such as chI cet IchI oride in prcﬁsC@ncelof ﬁ li)ase such. as r| ethylamne in
an inért sol \V ?rn}?)é Bret REALOAndRTUEEn Al iPBHET K ST o f-h LB ILIOMER: i n
the art dinglcrgpratri mgtta@etapbmrstenmmafw alehecnfofropodinmg dnxntidnaes antordfutdrograrul a X
can be prepar &4ndiysotaedsi zation of the al cohol of formula I X with base, 10
such as potassiumtert-butylate, in solvents such as tert-butanol at
tenperatures_ranging froqmroomtenperature to refl ux, For th rther

t r ansf or mat i O, COPRBUISS A% BB FN FIMATEORFN TOLE PYEIRAIG GSRiFE 30d Rp1) &F@ 1 eat ed
wi t h Lawesannissraceagednt raoemier mixonds,t siogls knoiemérs, drsseosktid | mtttures tahé art

t° y' 19l di n‘dﬂ%&hh& %%Bﬁ@?sokd&% CO@;a;%ﬂ'né-ncqeﬁt%}’sa f E’J {e@é?n Qﬁg&l:aﬂlg%%ﬂet m ne

orrru acid nditirons to I he vdative
f oI | owedhasyret ple sy e subsHtugis Riis thef nodsers aEaqu Sue%naswnﬁgror 6F1ESd VY
st andar dmﬁépmadlupqﬁocsme hwaspétdl eatyerdestitiibatedded thahdingf the pbbdilge patidavel v,
t he aniI LV he
| act am o %r?r%{i Mﬁ%&fmﬁ Ifs Hg]glrrlr)glf tlf? msﬂ%l?agégag%r%@éj ﬂfgg&%!or%ﬂo%ﬁw&g tmc‘ﬂ{de{i)f t he
t hi ol act &fugfthis dpeptiep. P PEISETH RVORFIQTh ISORF 1 PFOMBRY &) tsgcfr isRectiefrmp Qf y |
hydr aper tsicd@nipalhdaWate Wepémancyymaes%s or thaye thaatomart onthdir &Qorﬁﬁfﬁ@tﬁplﬁcl n

met hanol _al one. i, e the of for e
descr 1 pu IBHBTHE oS Sstin'Ee snEror GO RRLRE e o Bl B G OB bR PR bt ock
E. - 4edisclosed hereinxXheir absolute stereochemistry can be deterrmned 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

20  mixtures of the compounds can be separated so that the individual enantiomers are isolated. The
separation can be carried out 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 diastercomers by standard methods, such as fractional
crystallization or chromatography. Preferred examples of isomers of a compound of formula I is

25 acompound of formula Ia, Ib, Ic or Id, wherein the residues have the meaning as described in the
embodiments. Preferred are compounds of formula Ib or Id.



Schenme 3: Synthesis of conpounds of formula I' ["I" Scheme 4: Synthesis

of conpounds of formula I" WD 2011/ 020806PCT/ EP2010/ 061875 - 47 -
Conmpoundswof2ogenesoal formula | wherein X=S (1") can be pCcEpee@d/obys7s eacti on
of conmpounds of fornmula I' with a thia 1on agent |ike Lawesson's reagent

under conditions known to those skille

inthe art to yield the
correspondi ng thioam des of formula I". [|I"" 5 Schenme 5: Synthesis of
conpounds of formula I’

: NBonpounds of for | Niean be prepared as
0 - . .
thel thiolactamof forrpla Yl X the reaction with a
S

follows: Starting froR
a motic solvent such hanol , et hanol or water,

solution of ammoni a i
preferably methanol, wpFR or mﬁtﬂput presence gF a m | d _oxi dant such as

t ert butyl hydr oper oxi d& atl YREL At ures betwed 0 5 ' prgferably at 23
Cin the presence of 10 ai dantyeR at 50 to 6Q t hgaRsence of an
oxi dant . The intFﬁ elhaFe begzophenone iqg for a XXI'l can be
hydrol yzed to the anitin@& of for a XXl bJ gueous m n&ral acid such as
sul furic acid or hydrochloqgc acid, preferably hydrochloric acid, in a

sol vent such as tetrahydrofuran, 1,2-dinethoxyethaﬁ or 1, 4-di oxane,
preferably 1,4-di oxanegsaty® enperatures betwe O,and 23 C, preferably at
23 C. 15The sel ective condensation of anilines fRfornuIa XXI'l'l with acids
to conpounds of formulg ¥Hachi eved by the INH,

4- (4, 6-di et hoxy-1, 3 rppjol i ni um chl ori de hydrate
(DMTMM) as the condensa | y&int such as net hanol or
et hanol , preferably Rrethé at fenper at ur g8’ befwee
preferably at 4 C.  ScRene 'N'eshi of conpbunfs W
Compounds of fornula I" caf Jo be 5
i m noet her of fornula Kg*the=treatgent with a ‘i al t s/fsuch as ammoni um
chloride in a protic solvént 5 |ike al cohols, '‘preterably t hanol , yields
the amne of formula XXIV. 1. The intermediate am e of fornula XXV can
be protected by groups like triphenyl nethyl derivatives, preferably by

4, 4" - di met hoxytri phenynet hyl . The reaction can be perforned in_ inert

sol vents, e. 1§, thej CMOgamRE: haies oRticalgnPlar ARG i BFPVFE QRUCHIY oRHIe

t enper at eraetidroeryimedrd thhte thy- gngtoaad edntaiis rre 90T %f off thel des¥XXV.isoh@T g weight,

L;a”Sf OF Rty & 5%, dPen@flstb N RoAES by RElhE 0P InokO b1y E\d o Ctnd GedEd eved

ornula I
pared as fd 5: SharRing fromthe

5 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 product or alternatively on a suitable intermediate.
A compound of formula I can also be present in its respective tautomeric form.

10 The compounds of formula I can be prepared in accordance with the following schemes. The
starting material is commercially available 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.

The compounds of formula I can be prepared through a number of synthetic routes for

15 example as illustrated in schemes 1-4. The preparation of compounds of formula I of the present
invention can be carried out in sequential or convergent synthetic routes. Syntheses of the
compounds of the invention are shown in the following schemes 1-4. The skills required for
carrying out the reaction and purification of the resulting products are known to those skilled in

the art. The substituents and indices used in the following description of the processes have the

20 significance given herein before unless indicated to the contrary.



foll owi ng the reaction sequence via the benzophenone i mne derivative of
formula XXVI11 and its hydrol ysis as descri bed before. The coupling of

ani | i nes wO 2bavarodoa XXVI1 with acids to conpounds of foPCUER2008M61875 can be
achi eved by appropriate coupling agent% | i ke carbodiim des or uronium
salts, such as for 15 exanple N, N -car %hyl di i m dazole (CDT), N, 1V

-di cycl ohexyl carbodii m de (DCC), N-(3-

di et hyl amlﬁ'%r@@étliﬂ MNe-@hipyhnds et dan Rk dh ot Akt ey (ﬂ@jge%hods given

0- (benzo]tjrl azol - %9 WO 201 / 020806PCT/ EP2?10/ 061%7(?1%

N, N, N, N etl%‘f”rlé}’nﬁ]F TR ds B ’Pé T SO B oPate o Appfopﬂate reaction

1- [ bi s( dconditioys fomtheondetdayllresvedn stéps drg Rn@Bwrt toi aalmoo[slﬁl,lléd ) thy pit dihei roarki@a oxi de
hexaf | uogapLRS E&%Tt ﬁm(ttl{’%%i: o n%@ﬁé 'uf:sc'ﬁQrﬂ | fh@tRd b%lo@ hdwtviN8cRhGREBRE Of

a base, preferabl | i sopropyl et hyl am ne oy
triet Ryl Sﬁétmgdflat%mt %%rtd. theiy respRCHEe geaethwtaé NESHBINY Pﬁf?ﬁﬁ?%‘l SR8 g be freely
4- (di met hyraimStoajing yatetihReare Titldieconea@ttialonavaslalararicaa beudrepancdaby uicttaids e

sol vent gogeéi d e gﬁ%ﬁ{m%;gl%ané}leﬁogyMt%&Eaﬁéé egDMFn% oforAIB LN B Sham de

or dichlor ane, eratures I ent tenperature.
Furt her ngﬁsglggpn@g phtge examples, or by methods known in the art.

4- (4, 6-di net hoxy-1, 3,5-triazin-2-yl)-4-net hyl nor phol i ni um chl ori de hydrate
(DMIMM  as Thheompmadsn s tarmgladgdntritied i@ tipr himessiof venbde soktedamd petifiahby or

et hanl@' ] rngﬂ’hgiise rkﬁp\!vﬂ tBE{HESQé‘ %l(ﬂle@'t int P &% a%&rheﬁs %{ Wt nthltten% 21§n chchan

preferably The protecting. group I.n conmpounds. of fornula

can be c?@%@aglﬁp%cwd@ IPP%E f”f‘tfai"P%r Gaedrlipida exigRaign. ﬁ%JF% dupeingarhye . g.
di chl or oometthifingionahd preppet atHRlgs bet ween 0 and 23 C to yield conpounds of
formul a Schenme 7: Enanti osel ective synthesis of am noal cohols of formula

VITT and Vidd&dink 2R sk Binct BE g%?ﬁr@mJlQﬁW{vﬁerwnl‘i{afla§% ﬁ’l@aﬂ?ﬂge&aé ed in
an enantj osel ecti E}g g%nner as fold&ows b An al‘ﬁ ah ket %@St ﬁ(r H]éﬁgener al

fornmul a 15E BOHP 0GBy £-8dDPIES) FHEPSIGRYS Wit FYAD P cygdeul a
XXX il atgttogywitlo aminteniufrangbdhalk. A. pdirl ssdyents kuclOag alc@ingime. gl&%nolﬁ&b,ateibr by
CO”de”Sa%e'tr%d?&fm%ﬂ%n@hﬂ&tuﬂéﬂﬁé&%f 0] ‘Pd%{ih @Iagnt?l gU% folr AR e Gy, ant Al ¥

sul finamd his case nost prefera % tert-butyls |namde in

the pr eséen&reateﬁ éIhL"éWr alopg yith &chasa@@ & sogi hydlroxide Q@ Seas was@. Yeh apre
pr ef er abkwfutic heidiatripbaairdsaugier fromandanyenipeatichtoasil@antostidie the anigo add et hyl

R L R L R i e

- - e conversion o I ny | M ne e ester ener al
f or mAla fooXe o with pelerpy aleehol.naich 2g grsdhagologr ebanet dplgvidnkl Epdystion) oftheceeds
St er eosetegdltingy hinogtet befoehuaaV 1l diitheldhiumgalghtum Rsiride e bihbegdhitalyle Teaggnt&

Bl | man. iﬁlﬁlsﬁe@L ﬁaer’?&-'rne?'ﬂng& (S’ond%ﬂsemdwxf & H]‘[d%]easﬁ% e ¢ R dﬁ{%ﬁ&% V‘Qf‘tjﬂe an

or ganonet a gano %har rreagen In a
sol vent anehelgehohnl dermata VAT gandPP@tfﬁwtled v reepdensationr witlh Nalpgenatsdyacetic acid
tetrahy dﬁ@fvuﬁ@da,, suah ad ENGRBIRLILILES uﬁﬁg’%dﬂd@@aﬁdﬂ%ﬁgeﬁ& 1ﬂ5e %Bﬁto&lﬁ@@l’é Wativayivésai si ng

to 2 ner.at e [ al .f ornmul ters
of ganer &b P 3 RSl B BB Fuib BB ibomer o UERENERAT 7
reagent , like i lg mfa:hsqb‘reg@n@u Wit haidrclolpridy dagivaties sechiges ihlorgagetsl @éﬂrxﬂénm PEsRIKC as an

et her, eofth badé QiR tricthylamine in an inert solvent both methods under conditions known to those
skilled in the art and yielding acetyl derivatives of formula IX. Lactams of formula X can be
prepared by cyclization of the alcohol of formula IX with base, such as potassium zerz-butylate,

30 in solvents such as terz-butanol at temperatures ranging from room temperature to reflux. The
iminoether of formula XI can be synthesized by treatment of the lactam of formula X with alkyl
oxonium salts, ¢.g. trimethyloxonium tetrafluoroborate or tricthyloxonium tetrafluoroborate. Non
commercial ketones of general formula IV can be synthesized by routes such as depicted in
scheme 1 or by other routes known to those skilled in the art. Weinreb amides of formula 11 can

35 be obtained by standard condensation reactions of the acids of formula II with N,O-
dimethylhydroxylamine or by the intermediate formation of the acyl chloride of acids of formula

IT using an agent such as oxalyl chloride or thionyl chloride using standard conditions such as
triethylamine/dichloromethane. The amides of formula III can be reacted with organometallics



10 ether or nore preferably tetrahydrofuran, at tenperatures starting from
-78 C and eventually raising to 23 C, to generate the al cohols of general
fornmul a Xx&2b1r/e2bs®sein Rl can be different from R4 and REI/EP2010/061875
Alternatively the esters of general forpmula XXXI can be reduced to the

al cohol s of general fornula XXX I, whefdin R4 and R5 are hydr ogen, by
reaction with a reducing agent such as e.g. 15 lithium al um num hydri de or

nore prefgp @9 In¥etthylith iy S R QRN ik @tf‘ertl eﬁ‘)r@tf& SRl @l ¥eRtrahydidtSrak oF dictiyet hy!
et her or % geaa bl tetrapéwp Ep at tenperatures between 0 and 50
C, prefeft ﬁV?y c“:%‘@HF PR a WadVcohols VI 1T, | f conpounds of

general fornmula XXX I, whereln R, R4 and RS are all of the same kind, are
desi red, the sul finyl imne of general uornula ) 00C can be trieat ed with a

| ar ge excessY 2B ganonet aNLi gagerfts e. g. anYsrgagpetithi um or

G ignard-reage n a sohvemt sud $ an| et hers—e=g. di ether or nore
preferably tz 1 drofuran, at t atures starting lﬁ-* 8 C and
eventual ly r hng to 23 C, to di uctly generate the dohol s of general
formula XXXI'I. If conpounds of generaliifornmula XXXIl, whereinvR, R4 and R5

are all of different kind, are desired, the sulfinyl im|ne of the Weinreb
am de instead of the eq&¥gmgster in general formul a 25 (as descri bed

e.g. in Journal of Organic Chem stry (1995), 60(16), 5016;23) can be
eppR4 and fi nal ﬁE) treated
[

sequential ly (fipst GOUR' oducti on of RNt
wi th an or gageongt a ﬁc reagent,
in a sol vent as an ether+ e.g eth?l etdher—qa
t et r ahydr of,urp at tenperatures;spérting from-78 e
eventually[ﬁ%nsing to 23 C, mhere af t er aqueous morkuh
chloride solution of 30 each step first the corresppgdl
instead of the gthyl ester of general,;fornula WO
2011/ 020806PCT/ EP2010/ 061875 -51 - XXXI, then the ketone bearlng R and R4
and finally thF al cohalis cofzr,gener al formula XXXI| are obtai ned.

per,ganol i thi um or

Cl
t h ammoni um
g Weinreb am de

Hydrolysis of the chiral directing group in the alcohols of general formula
XXXI'l to give the chiral am no al cohol of general formula VIII can be
acconplished with aH&1neraI acid, e.g. |%ulfur|c acid or preferably

hydrochloric acid inya sol vent such & her, e.g. fﬁé??oether
tetrahydrof%ranbe re preferably 1, 4{di ne. V'IIa
HN

VII

Scheme 1: Synthesis of intermediate ethers XI

5 For the further transformation to the aniline derivative of formula XIII, Pd(0)-catalyzed
amination reactions of aryl halides can be applied wherein as ammonia equivalents lithium
bis(trimethylsilyl)amide, triphenylsilylamine, or benzophenone imine are used as described in
the art (Organic Letters, 2001, 3(21), 3417-3419 or Bioorganic & Medicinal Chemistry Letters
14(2004), 6011-6016). In scheme 2, the reaction leading to the benzophenone imine derivative of



Schenme 8: Alternative enantiosel ective synthesis of am noal cohol s of
formula VIl and Villa. As an alternative synthetic access to chiral am no
al cohol s wb 20hwn208aeral fornmula VIIIl, the 10 foll owi ng POUEP2@aN61325

enpl oyed: Aromatic ketones of general formula IV can be converted into the
sul finyl imne of general fornmula xxxI - in anal ogy to T.P. Tang & J. A
Ellman, J. Org. Chem 1999, 64, 12, by condensation of the aryl ketone
group anfﬂ)rﬁulﬁ@hﬁ DA e ® aOweARs ?tk ey b BB AE cordtich D! 't§ ylR RS TRFhe

pr ef er abl 3/ +)-tert-butylsulfinam de in the presence of a Lews acid
such as & i Tt ani um(1Vv) al koxi de, more preferably titaniun(lV)ethoxide
in a solvent such 15 as an ether, e.g. diethyl ether or nore preferably

t et rahydr of UFleersynthesis offrenidesrof &rsiubnkIof canthe psubiiedybly siaprilare ppoxddures, sushtabe

nitrile gf @¢nRh@lonf QHtWécﬁvM' ¥_lpﬂél%ﬁd§s sder ﬁ‘c@/ﬁq{aﬁ&?e,ts' ﬁ'aﬂhﬁhﬁd&sheorcbg al

directin ro as descri man. or st o,
e g P G5! RS SRUHANE o8 e oDl PUERORE, o T
(4), 57SdM&ylammmD#D%mﬁmmm@1@&1&6&8766 derbtives, ¢.g. Prengotriahlh

i mne of yigenQnaN-fe i@y 1t Rl he&@f'lho%ph&p%ﬁe fABWUY BnPie Mkxed al kyl al koxi de
al um num cyanl de reagent’, e.g. ethylaluninium cyanoi sopr OpOXI de

[Et AL(O-i-Pr a a ther eth eth nor e
bref et abl y. +BErRpalst o Biac ;e RifRaBY Blmetl f ke B
event ual Wythr alkgl ngronigm el eto gemehydexenuhe tirafiioraborayf qfe nWMIO)ﬁmumll ab
XXXl Mpastedegaiotedee- 9. by A Avenoza, J.H Busto, F. Corzana, J.M
Peregrina, D. Sucunza, MM Zurbano in Synthesis 2005, (4), 575-578.

o0V o gi viaeripar Ot IS B! SRARBREE R Rab" b B8 i AEERRR" 2 °
m neral eleordle igpgflar @éﬂeﬂtﬁrhike al&@h‘mds 62 pedfral yisldp tlltwfénﬂbmmun@é@rraulﬁh a

sol vent such as an ether, e.g. diethyl ether, tetrahydrofuran or 10 nore
preferably 1, 4-dPsxafie, which is foll owe ot her aci diCQ%fft\id)n wth a

mneral acid, e.g, lanhydrous hydrochloric acid or preferably ric acid
in a sol vent o dn, al i phatipg_al gohg S g ef erably
met hanol , at t¢g at uRes—fram 23\q/o a8y am fo esters
of general formy aXXXV. The chirabna a or mul a XXXV

can be treatdd®’f]Mth an organonetal | i fR¥5 reagent, e.g. a[nérganol i thium or

Grignard-reagent’, in a solvent such as“an ether, e.g. diet yI et her or nore
preferably tetralydrofuran, at tenperaturdls starting from -78 Xland
eventually raising to 23 C, to generate the chiral am no gl cohol s of

general fornula Villa. Al'so chiral ami no esters of gerneral formula XXXV
can be reduced to the chiral® alfi"fic!¥t EeHBYS B §8Meral formula VIl

wherein R4 and ReNar é{drogen by reackRP Bh a reducing ZCPaﬁe’mo such
as e.g. lithium bordhydfide or nore prefergibl y[lithiumalum num hydrjde in

| Ykg-e. gr—dietpyl & her d rggeerab}[}
21 0 ’lnd 50 C, %rn?e 4 atrR23 C

0/ 061875 14

an et her gol vEnt,
t enper at ur € oY%
2011/ 020806RCT/

[

r XV X1v

Scheme 2: Synthesis of compounds of formula I’

15 Alternatively, compounds of formula I’ can be obtained as follows: According to scheme
3, the formation of a methyltriphenyl-phosphonium ylide produced by strong base such as
butyllithium in solvents such as tetrahydrofuran or toluene at temperatures between -78 °C and
0 °C followed by addition of the ketone of formula IV yields the desired alkenes of formula XVI.
The alkenes can then be reacted with a mixture of silver cyanate and iodine in solvents such as

20 dicthyl ether or mixtures of cthyl acctate and acctonitrile. The resultant iodoisocyanates of
formulas XVII can then be heated with alcohols like ferf-butanol and a base like triethylamine or
Huenig's base to yield the oxazolidinones of formula XVIII. Hydrolysis of the resultant



Xa=CDC Scheme 9: Synthesis of internediate |actanes. The internedi ate

| actans of formula Xa can be obtained as follows: Selective N-protection of
t he am noaibcotwai2oseh fornmula VII1I can be effected by redecrirreolamstsas i on

wi th benzal dehydes, 5 preferably with 25 met hoxybenzal dehyde, in presence of
reduci ng agents |i ke sodi um borohydrid WO 2011/ 020806PCT/ EP2010/ 061875 -
54 - or sodium cyano borohydride, preferably sodiumtriacetoxyborohydride

to give a0LHREndt bLOrBMhA SR . with ahIMANLATERMS ¥hinkhh8y@oRHOt B6li AR Of

conpound f ted by a S|Iyl group, eg.
tert - but Wxé%lﬁg?%%@ﬁagﬁeavabl e by fluoride which at the sane tine can
| ater on act as a 5 base in the cyclisation step of conpounds of formula

Y(XXVITT to N1P@Wb4ti@@nﬁdl¢rmgin@100ﬁlgk ol foamdBON T can be Edcddiyagrddertspigon with

N]: ?Cylt a'([jhzﬁ SheRbted Q@etlg'ta&fd%e@i%tﬁgs akm Qﬁélg&g%et@famtmfsﬁglc@n%&%%h Ireat('g@ﬁls ke

ef fecte conenalnvm e i rivativ

oot ool Pe e R AP T N AN S e
above. Cﬁmiophoopt@tef @B18 Dcind ¢tlonldens atertowelvants, droviknwhcllaridelieoseatsks fuckds i n
e, o L e U N |
aqueous BHEER] irogs qu%to Sig (!’WE? é%%ws%g@m %ﬂd%f%awé R [&2‘

formul a L4t 61 formula X c4d l&amagmcbby taizMiopr dttbe ticoly | @f darprubf IX:Mtbdm"eds of
for rn‘!l'Oa Q&Mh;ﬁnegﬁllrg%@gﬁtgm i Q(ﬂdeﬂ?sr ﬁi(cﬁrag% %’b@tﬁno?ltalf Qﬂpe@ﬁﬁr@s T %ﬁg from

trifluoronet fonic acid, in presence of anisole and wth I5 trlfluoro
acetic atooH ERPFRETIBIBYt to yield the lactam of formula Xa

Alternatively, the internediate |actans of formula Xa can be obtai ned by

di rect sel ecldrvie fhtharylaatforomtion, thdhieenaeribneaiccoheldenyative pfriormulIXII iswicttad

hal ogenalal RRRRIAN feafih dindET LHAOKE Sno AR b MBI WifftDHH AUk do  fleigoBk tf on

2 by R6 which ha React . on of

cor 1 espoé#é mel Eﬂf@maﬁ%éﬁg@ ﬁ"fetL‘? Ewaﬁhﬁ"enesla}% rmly. XX ider acidic

tetr allSy deadlisioanto tte anihmedervyati 20X X deltooveidthyi thesynthresip o £ sreideeo fobrrawla Xgaan ¢
base, pérfo'n%ww Qtﬁi&dl?d &Eedhm&&@&stmé cf‘e%éé’ﬁ)% chr S@HQneZE’S /Qte)‘ﬁaﬁ'vg%h@m des

of forrm cyclization to am;o f or nmul Xa can

ef f ect edaIBl}“et ﬁieéléfﬁ%n?f %m&m?%galbbe PBtﬁWﬁqi JY tseatnygng At the H%f%%m of foymula XII1
t ert - but @olginat B, withn Lsetsg@rit seagere hT@stniear o f thy ttdiobttaat o ft formes aBUredtder witlyi ng
from 10 18191n%%4§%F hgé Rt ﬁﬁ?rlﬁﬂfo 110&(1%8 tf&meafbyfa%nqgﬂoﬁls?s(%r %9%@9@169{ SR ed

by N-al ky act ans
20 ammonla in methanol alone yields the final compound of formula I”.

A more precise description of the conditions is given in the preparation of Building block



X by treatnent with benzyl hal ogeni des such as 4-net hyoxybenzyl hal ogeni de or
3, 4- di met hoxybenzyl hal ogeni de, preferably 4-nmethyoxybenzyl brom de, in
presence Wb 2a11lR8%s e.g. tert-butanolate, in inert orgamrCt/EPINVONLSIS| i ke
eg.NJ¢mnthf0HdeetoynﬂdNW%Memedlamam of formula XL.
30Conmpounds of formula XXXI X can be obt'ai ned by treatnment of conpounds of
formula XL with al kylating or benzyl ati ng agents, e.g. iodonethane or
benzyl brom de, in presencg, of a base such as | it;hi um dii sopropyl anifde in

inert solvents like e.g. tfptrahydrofuran, dioxdne, 1,2- dimetboxyethane,
preferably tetrahydroffean~wat -75 C. ThecReavage of the"N ecki ng
group to conpounds of mul a Xa Tar™be a ved as—descri bg fore. WD
2011/ 020806PCT/ EP201@¥ 961875 - 55 - W, t he proviso t[ha is not F
conpounds of fornula *Ka' can be obtained By treatnent of conpounds of

formula )(XXI X wi th ahkyl ati ng or benzyl ati ngragents under corgitions as
descri bed before. For the further transformation to |t he
correspondi ng anid_ing derivatives the sane procedures 5 meoép? plied as

descri bed before. e correspondi ng pharriiceutically acc
with acids can bewnsbt ad ned by standard nst,
inthe art, €Y dhgsol ving the cd ;

sol vent such as g. di oxane “br tetrah uran and addi n appropriate
anount of the[g‘ espondi ng aci d. Thﬁ ] e isolated by
filtration or"by"chromat ography. The {dnconversion of brmpound of fornul a
| into a pharnmaceuti*ally acceptable salt Yth a base can b&VBarried out by

treat ment of suchéa conmpound with such a base. One possible nethod to form

Q

such a salt is e.fg. by addition of 1/n equ valents of a bagjc salt such as
e.g. MOH", wher ir%ga/—\?et al or ammoni umijcat fon and n = nOpbef of
hydr oxi de anions, to sofution of the com d in a suitabie _sel vent (e.g.

P

et hanol , et hapol x g xture, Jt R T ap- wat er ahd to 15
remove the sol fent Poration o Iy | i sation. ofar as their

preparation iSPlnft3 cribed in the efarptes, the conpdumds of formula | as
well as all intertRegdi ate products can be"prepared accordi‘ig to anal ogous
met hods or accordi ngxtio t he nmet hods set fortdk herewithin. Stawting
materials are comrercially avail able, known in the art or can be prepared
by nethods known in the art or in analogy thereto. 20t wiId be appreciated
t hat the conpounds of gener al HiN a | in this inventi be
derivatised at functional groupslito provide derivatives ich are capabl e
of conversion back to thhe parent™ ound i n VipQ. Bhar ~4ogical Tests
The conpounds of fornmula )Y a ei rRpharsraceuticaf |y ept &bl e salts
possess val uabl e 25 phar nacol al properties. |10 has¢begen found that the
conmpounds of the present inb@ ion are associ ated wi|®f i nhibition of BACE1
and/ or BACE2 activity. The conpounds were investigated in accordance with
the test given hereinafter. Assay A Binding studi esxysi ng SPR based net hods
30l nstrunentation: The binding assay is perforned on an A100 SPR i nstrunent

from GEHeal t hcare using a CMb sensor chip. Buffers: BufferA: 10 mM acetate
pH 4.5 Scheme 3: Synthesis of compounds of formula I’

H,N
2 \(\O

Scheme 4: Synthesis of compounds of formula 1"’



WO 2011/ 020806PCT/ EP2010/ 061875 - 56 - Buffer B: 10 nM acetate (pH 4.6),
150 mM Nadl, 3 mM EDTA, 0.05% P20 Buffer C. 10 nM acetate (pH 4.6), 150 nM
NaCl , 3 rwOBEDIA20s505% P20, 4% DVSO | nobi | i sati on of BRCEEPEuUbIo6isehgt h
BACE-1 (6his-tagged full length BACE 1 gxpressed in SF9 cells) is 5

i mmobi i zed on one spot of the CVB sendbr chip applying the standard am ne
coupling chem stry protocol recomended by the chip manufacturer

( GEHeal t hg@p&inds & n&guﬁhhﬁlgll&:hgre&fx%ge?k&n% aﬁeqrbgl@éacﬁé?&@fc%% sBRQ-P0) is

used. Bu i S, used. as nni n fer The ic a |d ps on
the CMVB EOélﬁgla? R B 2 ettt LEMBYOL O FReERY R € AT R T
of N hydmohystitocield thiederr¢pdndibe thipamijes afithrmula I”.

1-ethyl-3-(3- dlanlnopropyl) carbodii mde 10 hydrochlorlde (375 ng/n1) for

10 min. The activatedrguiface is then conkict®d with a sol utignrof BACE-1
(100 j ug/ ntl) dlssolv%ﬂ§¥§ buffer A. Thé, gt is ternlﬂaﬁa§g$§)soon as
t he desired amount of lpro{et’n (-13000 RU cbrrr pondlng to -1% ng/_mn2 of

protein) is @ttaghe
the surface arg qu

teé‘mnth 1.0 M

et hanol am ne seb yt} (pH 8.0). 15Ph 8L sation of BA‘ 2 BACE2 enzyne
ect odomai n (deriQ& dfromplasmd ' pEfB‘p T7-hu proBACE2P3 was prepared as
described in the art (Cstermann et al., "Crystal Structure of Human BACE2

in Conmplex with a Hydoxyethyl am ne TranKEi on-stat e | nhi bi*d ", Journal of
Mol ecul ar Bi ol ogy 2006, 355, 249-261). BACE2 is inmmobilized on a one spot
of the CVb sensor chip applying the 20 standard am ne coupling chem stry
protocol recommended by the chip manufacturer (GE Fbalthcare)l The coupling
kit of GE Healthcare (order code BR-1000-50) is used. Buffer B is used as
the running buffer. The carboxylic acid groups on the CMVM5 s oR chip are
activated by contacting the surface with a m xture of N hjd CC|n|n1de
(55.75 ng/m) and 1l-ethyl-3-(3- diam nopropyl)-carbodiimde D

(375 mg/m) for 10 nmin. The activated surface is 2Rt hgh cantse
solution of BACE-2 (100 pg/nml) dissolved in buffer AT The
term nated as soon as the desired amount of protein (G 13C
corresponding to -13 ng/mMm®2 of protein) is attached to [(®g surface. Excess
carbodiim de ester groups on the surface are quenched by contacting the
surface for 7 mnutes with 1.0 M ethanol am ne sol ution (pH 8I"0).
Preparation of sanple solutions for binding experinents 30The conpounds to

be char agéRmize8yihesB@ cobfrundddtfbnalilnp >’ const ant s and kinetic rate
constants are dissolved in pure dinethylsulfoxide (10 mM. The

di met hyl sul fqul g, ch°J>f“1‘ohﬁlﬂa'15 gér{‘ b ﬁf%pérgﬁ Qs PAIGR! SRt} Foale gw‘?ol&{férﬁ‘i the

desired starti ]%Sconcen rati o e concent I’atl on serires an
di net hyl Bamplgx¥le theoistdinp voith ¢ Heluél@ql of pEEosR mop PIRtE SALERt Tugh 128 ﬁnf‘él@flples (10
concent r ahardhs) whisr, tpiarrapif eshtiead], fWitrortwithdusproekcsof Aimildpxlynttiubiubd 2g- i t

with buf 0
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0.8, 16. 781 opdapsor @ 58 to ¢f) % inghgabsencg of gn exidayt.5.  Bj ndi ng experinents Bi ndi ng
experinents are performed using buffer C as the running buffer. The

i mmobi |1 zed The BAGhiedandbdBAGhandk dinéic s formpBReXTicee by hydrsigzadao tiacing the iof

paral | el i Yl [ ngin).: 0, l.e: I £.ar;42 ol

The bi nal e H oSl Bfabu HiEldliaeh A5 AHFR S kDL 3 pHSES e
sensor chﬁ'dgoqh%or@oarﬁdadle SASOAgAT Uk %Sﬁeﬁr%lwﬁlit)ﬁlgarbulra?f-élfrneah?émth@edqrsbﬂréwéﬁ%n of

t he sanppeferdbdy Bgalidxai)ai teop&aturedbe@icere@atd ZanQlpef@hblaacz3reent rati on series
the sensor surface is extensively washed to renove all sanple fromthe

surfage befofg giafild Pshd@nddEWh Bmﬁﬂlﬂ%‘ &Pf&élrasrxmtwm %&ail&? cam@g%uﬁay gt ion.

After each concentration serie ndi ng activit | zed
BACEL anfrBResol pr oW nachived cdnt r BF1 et by? nﬁﬁp1@ﬁFﬁﬁmFﬁéV%?HH?H@ZE@ﬂve of

a known meodiyniorghotiaiit clorskniplmte (DMTMM) as the condensating agent in a protic solvent
such as methanol or ethanol, preferably methanol, at temperatures between 0 and 23 °C,
preferably at 4 °C.




Eval uati on of the binding paraneters fromthe nonitored binding curves a)
Hi gh affinity binders show often tine resol ved associ ati on and di ssoci ati on
react i onswol2n111B8ogoki s case the bi nding curves of a conceaT/ERRI1006EF i es are
fitted with the differential equation 9 scribing the kinetics of a 1/1

bi ndi ng reaction. The software package %BI aeval ) provided by the instrunent
manuf acturer is used. The kinetic fit delivers the kinetic rate constants

ka (M1.s-1) and k®© and the equi Hi bi ndi ngP¥anid}Y D(=
koff/kon). b) Low affj |n| t ) ®i nders of ten glho 3 fast assom\:ﬁ;6 ghd a fast
di ssoci ation reagtian™tkat> 20 can not_ be Fesd bpt . I n
this case, equili i
of a series at the hNa); 2 d
| ogarithms of thekg¢pncentrations. TheRnpesulting curve i|& fitted with a

mat hemati cal function using the Signma plot fitting procedures. The fit
delivers in this case ¥he KD value for th&Wnteracti on and t®€ respective
Hi Il slope. 25 Exenplified conpounds show KD val ues < 63 iuMas shown in
the table bel ow, nost preferred are KD values < 20 iuM Cellul ar

Abet a- | oweri ng assay: Human HEK293 cel|s which are stably transfected with
a vector expres M of thePWlr oW, gene (AP \)\r@be used to
assess the potenﬁy of Nihe lbrrpounds in cel4til ar 30 assay. The %SI | s were
seeded in 9&* j t &K' pHatigs.| @R e diu SCOVE, plus
10% (v/v) fetal| bo sefum gluta pelﬁl cilli n?re cifi) to about
80% conf | uence®and, conpounds <zdded at a 10x Peqnie

vol ume of medi uml Wili hout FCS cont \zﬁ%img 8% DVBO (fi nal ?3ﬂcent ration of
DMSO was kept at 0.8% yly),- After 18-20 hrsipgubation at 37 C 5% CO2
in a humdified incubat ar t he cul ture supernatant was harvested WO

2011/ 020806PCT/ EP2010/ 061875 - 58 - for the determ nation of A1340
concentrations. 96well ELISA plates (e.g., Nunc Maxi Sorb) were coated with
nonocl onal anti bodyHihi épem fically recognize the C-term nal end of
A1340 (Brockhaus et al. | Newr'oReport 9pmid81-ihdB6ytidiB9B)iyiAf t er bl ocki ng of

non-specific ndit s W'th e.g. 1% BSA and washing, the culture

super nat ant s ﬁeg{fe ﬂ@ i nRsui tabl e dilutions 5 together with a horseradi sh
per oxi dase- coup e? \Ml3-detection antibody (e.g., antibody 4@, Senetek,
Maryl and Hei ghts, [M) and incubated for 5 to 7 hrs. Subsequently the wel S
of the mcrotiter pl ate were washed extensively with Tris-buffered saline
cont ai ni ng 0. 05% Tween' 20 and the assay was devel oped with

tetramet hyl benzi dine/H202 in citric acid buffer. After stopping the

react i onS@ticol bohenthasisgireompayngpedarnitel’ r'eact i on was measured in an ELI SA
reader at 450 10 nm wavel ength. The concentrations of Al3 in the culture
super nat ant Lomgoandsad ffoinatletf canle st proghasdasciaoes: (Slﬂetrﬁlrignﬁdnwild imikaeehan
anount s or Mo RN -

cell uI ar Qﬁﬁgﬁk&&%ﬁﬁé (BERGitn é@ﬁ%xmhl %F?@s? ggs bngph%nn%ﬂ%ﬁ %kcgl tron of
hunan STMEsge C@P@a@fﬁ@@bgym@h%bé’%sth%@ﬁmﬁPéf‘mB IVn the InsI e rat cell

| ine and shedding fromthe cell surface into the culture 15 nmedi um

fol | onwed by Tetigetnoedintd amiae o EfoliSAla 386 canl e pirdtedteddby grouBAGEZriphcayiartis/lt he

cl eavaged&ﬂfg‘[i%@,eﬂgiie&glf By &4 ’dcﬁﬁl@ﬂlgfﬁﬁﬂ%ﬁ%etﬁﬁn@ﬁg reaction can be performed in inert

solvents, e.g. dichloromethane, at temperatures between 0 °C and room temperature to yield the

N-protected amine of formula XXV.

10 The transformation into the aniline derivative of formula XXVII can be achieved by
following the reaction sequence via the benzophenone imine derivative of formula XXVIII and
its hydrolysis as described before.

The coupling of anilines of formula XXVII with acids to compounds of formula XXVIII

can be achieved by appropriate coupling agents like carbodiimides or uronium salts, such as for

15 example N,N’-carbonyldiimidazole (CDI), N,N’-dicyclohexylcarbodiimide (DCC), N-(3-
dimethylaminopropyl)-V’-ethyl-carbodiimide-hydrochloride  (EDCI), O-(benzotriazol-1-yl)-
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Scheme 7: Enantioselective synthesis of aminoalcohols of formula VIII and VIIIa.
15 Compounds of the general formula VIIIa can be prepared in an enantioselective manner as

follows: An alpha-ketoester of general formula XXIX can be converted into the sulfinyl imine of
general formula XXX in analogy to T.P. Tang & J.A. Ellman, J. Org. Chem. 1999, 64, 12, by
condensation of the aryl ketone group and a sulfinamide, e.g. an alkyl sulfinamide, in this case
most preferably (S)-(—)-tert-butylsulfinamide in the presence of a Lewis acid such as ¢.g. a
20 titanium(IV)alkoxide, more preferably titanium(IV)ethoxide in a solvent such as an ether, e.g.

diethyl ether or more preferably tetrahydrofuran.
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The conversion of the sulfinyl imine XXX to the ester of general formula XXXI or directly
to the alcohols of general formula XXXII proceeds stercoselectively by the chiral directing group

as described by Tang & Ellman.

The sulfinyl imine of general formula XXX can be treated with an organometallic reagent,
5 e.g. an organolithium or Grignard-reagent, in a solvent such as an ether, e.g. diethyl ether or
more preferably tetrahydrofuran, at temperatures starting from -78 °C and eventually raising to

23 °C, to generate the esters of general formula XXXI.

These esters of general formula XXXI can in turn be treated with another organometallic

reagent, ¢.g. an organolithium or Grignard-reagent, in a solvent such as an cther, e.g. dicthyl

10 ether or more preferably tetrahydrofuran, at temperatures starting from -78 °C and eventually
raising to 23 °C, to generate the alcohols of general formula XXXII, wherein R' can be different

from R* and R°.

Alternatively the esters of general formula XXXI can be reduced to the alcohols of general

formula XXXII, wherein R* and R’ are hydrogen, by reaction with a reducing agent such as e.g.

15  lithium aluminum hydride or more preferably lithium borohydride in an ether solvent, like e.g.
diethyl ether or more preferably tetrahydrofuran, at temperatures between 0 and 50 °C,

preferably at 23 °C to yield aminoalcohols VIII.

If compounds of general formula XXXII, wherein R', R* and R’ are all of the same kind,

are desired, the sulfinyl imine of general formula XXX can be treated with a large excess of an

20 organometallic reagent, e¢.g. an organolithium or Grignard-reagent, in a solvent such as an ether,

¢.g. dicthyl cther or more preferably tetrahydrofuran, at temperatures starting from -78 °C and
eventually raising to 23 °C, to directly generate the alcohols of general formula XXXII.

If compounds of general formula XXXII, wherein R', R* and R’ are all of different kind,

are desired, the sulfinyl imine of the Weinreb amide instead of the ethyl ester in general formula

25 XXX (as described e.g. in Journal of Organic Chemistry (1995), 60(16), 5016-23) can be
sequentially (first introduction of R', then R* and finally R’) treated with an organometallic
reagent, e.g. an organolithium or Grignard-reagent, in a solvent such as an ether, e.g. diethyl
ether or more preferably tetrahydrofuran, at temperatures starting from -78 °C and each time
eventually raising to 23 °C, where after aqueous workup with ammonium chloride solution of

30 each step first the corresponding Weinreb amide instead of the ethyl ester of general formula
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XXXI, then the ketone bearing R' and R* and finally the alcohols of general formula XXXII are

obtained.

Hydrolysis of the chiral directing group in the alcohols of general formula XXXII to give
the chiral amino alcohol of general formula VIII can be accomplished with a mineral acid, e.g.
sulfuric acid or preferably hydrochloric acid in a solvent such as an ether, e.g. diethyl ether,

tetrahydrofuran or more preferably 1,4-dioxane.

R! = alkyl

VIIla XXXV

Scheme 8: Alternative enantiosclective synthesis of aminoalcohols of formula VIII and VIla.

As an alternative synthetic access to chiral amino alcohols of the general formula VIII, the
following route can be employed: Aromatic ketones of general formula IV can be converted into
the sulfinyl imine of general formula XXXIII in analogy to T.P. Tang & J.A. Ellman, J. Org.
Chem. 1999, 64, 12, by condensation of the aryl ketone group and a sulfinamide, e.g. an alkyl
sulfinamide, in this case most preferably (R)-(+)-tert-butylsulfinamide in the presence of a Lewis
acid such as ¢.g. a titanium(I'V)alkoxide, more preferably titanium(IV)cthoxide in a solvent such

as an ether, e.g. diethyl ether or more preferably tetrahydrofuran.

The conversion of the sulfinyl imine XXXIII to the nitrile of general formula XXXIV
proceeds stereoselectively by the chiral directing group as described by Tang & Ellman or by A.
Avenoza, J.H. Busto, F. Corzana, J.M. Peregrina, D. Sucunza, M.M. Zurbano in Synthesis 2005,
(4), 575-578.



0.058 0.043 10 3.301 0.361 - 11 0.490 0.044 0.041 - 12 - - 0.020 0.017 13
0.445 0.033 0.024 0.051 14
WO 2011/020806 PCT/EP2010/061875

-5

The sulfinyl imine of general formula XXXIII can be treated with an mixed alkyl alkoxide
aluminum cyanide reagent, ¢.g. ecthylaluminium cyanoisopropoxide [EtAl(O-i-Pr)CN], in a
solvent such as an cther, ¢.g. dicthyl cther or more preferably tetrahydrofuran, at temperatures
starting from -78 °C and eventually raising to -10 °C, to generate the nitriles of general formula

5 XXXIV as described e.g. by A. Avenoza, J.H. Busto, F. Corzana, J.M. Peregrina, D. Sucunza,
M.M. Zurbano in Synthesis 2005, (4), 575-578.

Hydrolysis of the chiral directing group in the nitriles of general formula XXXIV to give
first the chiral amino nitriles can be accomplished with a mineral acid, e.g. sulfuric acid or
preferably hydrochloric acid in a solvent such as an ether, ¢.g. diethyl ether, tetrahydrofuran or

10 more preferably 1,4-dioxane, which is followed by another acidic reaction with a mineral acid,
¢.g. anhydrous hydrochloric acid or preferably sulfuric acid in a solvent such as an aliphatic
alcohol, e.g. ethanol or more preferably methanol, at temperatures from 23 to 80 °C, to give the

chiral amino esters of general formula XXXV.

The chiral amino esters of general formula XXXV can be treated with an organometallic
15 reagent, ¢.g. an organolithium or Grignard-reagent, in a solvent such as an cther, ¢.g. dicthyl
ether or more preferably tetrahydrofuran, at temperatures starting from -78 °C and eventually

raising to 23 °C, to generate the chiral amino alcohols of general formula VIIla.

Also chiral amino esters of general formula XXXV can be reduced to the chiral amino

alcohols of general formula VIII, wherein R* and R’ are hydrogen, by reaction with a reducing

20 agent such as ¢.g. lithium borohydride or more preferably lithium aluminum hydride in an ether

solvent, like e.g. diethyl ether or more preferably THF, at temperatures between 0 and 50 °C,
preferably at 23 °C.
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VI XXXVI XXXVII
l P!, P2 = protecting groups l
hal hal

hal=Cl, Br, I

RS = lower R7 = lower alkyl, rRSY R’
alkyl, benzyl;
benzyl

R3 notF

Scheme 9: Synthesis of intermediate lactames.

The intermediate lactams of formula Xa can be obtained as follows: Selective N-protection
of the aminoalcohol of formula VIII can be effected by reductive amination with benzaldehydes,

5 preferably with 4-methoxybenzaldehyde, in presence of reducing agents like sodium borohydride
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or sodium cyano borohydride, preferably sodium triacetoxyborohydride to give amines of
formula XXXVI.

Advantageously, the O-protection of compound XXXVI can be effected by a silyl group,

cg. tert-butyldimethylsilyl, cleavable by fluoride which at the same time can later on act as a

5 Dase in the cyclisation step of compounds of formula XXXVIII to yield compounds of formula
XXXIX.

Beforehand, the N-acylation of the diprotected aminoalcohol of formula XXXVII can be
effected by condensation with halogenated propionic acid derivatives, optionally substituted in
position 2 by R® which has the meaning as defined above. Conditions for such condensation are

10 known to those skilled in the art, preferably Schotten-Baumann conditions for acid chlorides
with ¢.g. chloroform as the organic solvent and sodium hydrogen-carbonate as the aqueous base
to form the biphasic system were applied to yield amides of formula XXXVIII.

Cleavage of the N-protecting group of compounds of formula XXXIX can be accomplished
preferably by strong acid, e.g. trifluoromethanesulfonic acid, in presence of anisole and with
15 trifluoroacetic acid as the solvent to yield the lactam of formula Xa

Alternatively, the intermediate lactams of formula Xa can be obtained by direct selective
N-acylation of the aminoalcohol of formula VIII with halogenated propionic acid derivatives,
optionally substituted in position 2 by R® which has the meaning as defined above. Reaction of
the corresponding acid chlorides in inert organic solvents, e¢g. tetrahydrofuran, dioxane, or

20 acetonitrile, in presence of an organic base, e.g. tricthylamine, at temperatures between 0 and 23
°C yielded amides of formula IXa.

The cyclization to lactams of formula Xa can be effected by treatment of amides of formula
IXa with a base, e.g. tert-butanolate, in solvents such as tert-butanol at temperatures ranging
from 10 °C to reflux.

25 Furthermore, lactams of formula Xa can be prepared by N-alkylation of lactams of formula
X by treatment with benzylhalogenides such as 4-methyoxybenzylhalogenide or 3,4-
dimethoxybenzylhalogenide, preferably 4-methyoxybenzylbromide, in presence of a base, e.g.
tert-butanolate, in inert organic solvents like ¢.g. N,N-dimethylformamide to yield N-protected
lactams of formula XL.

30 Compounds of formula XXXIX can be obtained by treatment of compounds of formula XL
with alkylating or benzylating agents, e.g. iodomethane or benzylbromide, in presence of a base
such as lithium diisopropylamide in inert solvents like e.g. tetrahydrofuran, dioxane, 1,2-
dimethoxyethane, preferably tetrahydrofuran, at -75 °C. The cleavage of the N-protecting group

to compounds of formula Xa can be achieved as described before.
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With the proviso that R® is not F, compounds of formula Xa’ can be obtained by treatment
of compounds of formula XXXIX with alkylating or benzylating agents under conditions as
described before.

For the further transformation to the corresponding aniline derivatives the same procedures
5 were applied as described before.

The corresponding pharmaceutically acceptable salts with acids can be obtained by standard
methods known to the person skilled in the art, e.g. by dissolving the compound of formula I in a
suitable solvent such as e.g. dioxane or tetrahydrofuran and adding an appropriate amount of the
corresponding acid. The products can usually be isolated by filtration or by chromatography. The

10 conversion of a compound of formula I into a pharmaceutically acceptable salt with a base can
be carried out by treatment of such a compound with such a base. One possible method to form
such a salt is e.g. by addition of 1/n equivalents of a basic salt such as ¢.g. M(OH),, wherein M =
metal or ammonium cation and n = number of hydroxide anions, to a solution of the compound
in a suitable solvent (e.g. ethanol, ethanol-water mixture, tetrahydrofuran-water mixture) and to

15  remove the solvent by evaporation or lyophilisation.

Insofar as their preparation is not described in the examples, the compounds of formula I as
well as all intermediate products can be prepared according to analogous methods or according
to the methods set forth herewithin. Starting materials are commercially available, known in the
art or can be prepared by methods known in the art or in analogy thereto.

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

the parent compound in vivo.

Pharmacological Tests

The compounds of formula I and their pharmaceutically acceptable salts possess valuable
25 pharmacological properties. It has been found that the compounds of the present invention are
associated with inhibition of BACE1 and/or BACE2 activity. The compounds were investigated

in accordance with the test given hereinafter.

Assay A
Binding studies using SPR based methods
30 Instrumentation:
The binding assay is performed on an A100 SPR instrument from GEHealthcare using a
CMS5 sensor chip.
Buffers:
BufferA: 10 mM acctate pH 4.5
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Buffer B: 10 mM acetate (pH 4.6), 150 mM NaCl, 3 mM EDTA, 0.05% P20
Buffer C: 10 mM acetate (pH 4.6), 150 mM NaCl, 3 mM EDTA, 0.05% P20, 4% DMSO

Immobilisation of BACE]

Full length BACE-1 (6his-tagged full length BACE 1 expressed in SF9 cells) is
immobilized on one spot of the CMS5 sensor chip applying the standard amine coupling
chemistry protocol recommended by the chip manufacturer (GEHealthcare). The coupling kit of
GEHealthcare (order code BR-1000-50) is used. Buffer B is used as the running buffer. The
carboxylic acid groups on the CMS5 sensor chip are activated by contacting the surface with a
mixture of N-hydroxysuccinimide (55.75 mg/ml) and 1-ethyl-3-(3-diaminopropyl)-carbodiimide
hydrochloride (375 mg/ml) for 10 min. The activated surface is then contacted with a solution of
BACE-1 (100 ug/ml) dissolved in buffer A. The contact is terminated as soon as the desired
amount of protein (~13000 RU corresponding to ~13 ng/mm2 of protein) is attached to the
surface. Excess carbodiimide ester groups on the surface are quenched by contacting the surface
for 7 minutes with 1.0 M ethanolamine solution (pH 8.0).

Immobilisation of BACE2

BACE2 enzyme ectodomain (derived from plasmid “pET17b-T7-hu proBACE2”) was
prepared as described in the art (Ostermann et al., "Crystal Structure of Human BACE2 in
Complex with a Hydroxyethylamine Transition-state Inhibitor”, Journal of Molecular Biology
2006, 355, 249-261). BACE2 is immobilized on a one spot of the CMS5 sensor chip applying the
standard amine coupling chemistry protocol recommended by the chip manufacturer (GE
Healthcare). The coupling kit of GE Healthcare (order code BR-1000-50) is used. Buffer B is
used as the running buffer. The carboxylic acid groups on the CM35 sensor chip are activated by
contacting the surface with a mixture of N-hydroxysuccinimide (55.75 mg/ml) and 1-ethyl-3-(3-
diaminopropyl)-carbodiimide hydrochloride (375 mg/ml) for 10 min. The activated surface is
then contacted with a solution of BACE-2 (100 pg/ml) dissolved in buffer A. The contact is
terminated as soon as the desired amount of protein (~13000 RU corresponding to ~13 ng/mm?2
of protein) is attached to the surface. Excess carbodiimide ester groups on the surface are

quenched by contacting the surface for 7 minutes with 1.0 M ethanolamine solution (pH 8.0).
Preparation of sample solutions for binding experiments

The compounds to be characterized by equilibrium binding constants and kinetic rate
constants are dissolved in pure dimethylsulfoxide (10 mM). The dimethylsulfoxide solution is
diluted into buffer B in a way to obtain the desired starting concentration of the concentration
series and a final dimethylsulfoxide content of the solution of 4%. A concentration series (10
concentrations) is then produced from this stock solution by diluting it with buffer C applying
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variable dilution factors of 1.0, 0.8, 0.75, 0.66, 0.5, 0.5, 0.5, 0.5, 0.5, 0.5.; or 0.8, 0.75, 0.66, 0.5,
0.5,0.5,0.5,0.5,0.5.

Binding experiments

Binding experiments are performed using buffer C as the running buffer. The immobilized

5 BACEI1 and BACE2 proteins, respectively, are contacted in parallel with a flow (30 ul/min) of
the sample solutions for 2 minutes. The binding reaction is monitored in real time. After the
contact phase the sensor chip is contacted again with running buffer and the dissociation of the
samples is again monitored. After each sample of a concentration series the sensor surface is
extensively washed to remove all sample from the surface before starting a new binding

10 experiment with the next solution. After each concentration series the binding activity of the
immobilized BACE1 and BACE2 proteins are controlled by monitoring the binding curve of a

known positive control sample.
Evaluation of the binding parameters from the monitored binding curves

a) High affinity binders show often time resolved association and dissociation reactions. In
15 this case the binding curves of a concentration series are fitted with the differential equation
describing the kinetics of a 1/1 binding reaction. The software package (Biaeval) provided by the
instrument manufacturer is used. The kinetic fit delivers the kinetic rate constants ka (M-1es-1)

and kd (s-1) and the equilibrium binding constant KD(= koff/kon).

b) Low affinity binders often show a fast association and a fast dissociation reaction that

20 can not be resolved by the instrument. In this case, equilibrium responses measured for the
different concentrations of a series at the end of the association phase are plotted against the
logarithms of the concentrations. The resulting curve is fitted with a mathematical function using

the Sigma plot fitting procedures. The fit delivers in this case the KD value for the interaction

and the respective Hill slope.

25 Exemplified compounds show Kp values < 63 uM as shown in the table below, most preferred

are Kp values <20 uM.
Cellular Abeta-lowering assay:

Human HEK293 cells which are stably transfected with a vector expressing a cDNA of the

human APP wt gene (APP695) were used to assess the potency of the compounds in a cellular

30 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 80% 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 supernatant was harvested



0.016 36 2.265 0.955 0.550 0.120 37 0.283 0.020 0.240 0.017 38 0.039 0.032
0. 021 0.044 39 0.045 0.008 0.028 0.130 40 0.015
WO 2011/020806 PCT/EP2010/061875

- 58 -

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

5 together with a horseradish peroxidase-coupled AP detection antibody (e.g., antibody 4GS,
Senetek, Maryland Heights, MO) and incubated for 5 to 7 hrs. Subsequently the wells of the
microtiter plate were washed extensively with Tris-buftered 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 1 N H,SOj, the reaction was measured in an ELISA reader at 450

10 nm wavelength. The concentrations of AB in the culture supernatants were calculated from a

standard curve obtained with known amounts of pure AB peptide.
Assay for BACE inhibition by measuring cellular TMEM?27 cleavage:

The assay uses the principle of inhibition of human TMEM?27 cleavage by endogenous

cellular BACE2 in the Insle rat cell line and shedding from the cell surface into the culture

15  medium, followed by detection in an ELISA assay. Inhibition of BACE2 prevents the cleavage
and shedding in a dose-dependent manner.

The stable cell line “INS-TMEM27” represents an INSle-derived cell line with inducible
expression (using the TetOn system) of full-length hTMEM?27 in a doxycycline-dependent
manner. The cells are cultured throughout the experiment in RPMI1640 + Glutamax (Invitrogen)

20 Penicillin/Streptomycin, 10% Fetal bovine serum, 100 mM pyruvate, 5 mM beta-
mercatptoethanol, 100 micrograms/ml G418 and 100 microgram/ml hygromycin and are grown
inadherent culture at 37 °C in a standard CO; cell culture incubator.

INS-TMEM27 cells are seeded in 96-well plates. After 2 days in culture, BACE2 inhibitor

is added in a range of concentrations as required by the assay and after a further two hours,

25 doxycycline is added to a final concentration of 500 ng/ml. 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 extracellular domain of TMEM27) is used for detection of TMEM27 in the culture medium.

An ECso for BACE2 inhibition is calculated using the ELISA readout for each inhibitor

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

program.

The assay readout is the initial rate of change of fluorescence intensity giving a relative
measure of BACE2 activity. Small values correspond to high inhibition and larger values to low
inhibition. To determine ICsy values (i.e. the concentration inhibiting the enzyme activity by

35 50%) of the compound for BACE2, typically, 12 assays were made with a range of
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concentrations chosen empirically to give low, high and intermediate inhibition of the protease.
ICso values were determined using these assay values gencrated for a range of inhibitor
concentrations and the curve fitting software XLfit (IDBS) using the Sigmoidal Dose-Response
Model.

5 The preferred compounds according to formula I have an inhibitory activity in the above

cellular assay given as ICsy value and in the above assay A given as Kp values..

Example | BACE1 Kp BACE2 Kp BACE1 ICso | BACEZ2 ICsp

No. [M] [WM] [uM] [UM]
1 0.320 0.044 0.120 0.021
2 0.050 0.009 0.016 0.048
3 1.684 0.580 -

4 1.716 0.381 0.570 0.950
5 62.500 5.300 - -

6 6.900 0.230 1.530 0.660
7 0.183 0.023 0.041 0.049
8 1.487 0.106 0.327 0.360
9 0.717 0.063 0.058 0.043
10 3.301 0.361 -

11 0.490 0.044 0.041 -
12 - - 0.020 0.017
13 0.445 0.033 0.024 0.051
14 33.000 5.400 - -
15 20.100 6.700 - -
16 1.408 0.513 -

18 0.034 0.004 0.006 0.031
19 0.394 0.098 0.130 0.837
20 0.050 0.008 0.003 0.006
21 0.017 0.004 0.003 0.002
22 0.140 0.019 0.011 0.011
23 0.309 10.836 0.160 -
24 1.877 5.747 0.120 -
25 4172 1.220 0.410 -
26 - - 0.375 2.227
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Example | BACE1Kp | BACE2Kp | BACE1ICsy, | BACE2 ICso
No. [(UM] [UM] [LM] [LM]
27 - - 1.130 0.320
28 0.071 0.011 0.019 0.058
29 0.058 0.006 0.050 0.140
30 - - 0.023 -
31 - - 0.023 -
32 4.200 20.000 0.670 -
33 0.077 0.141 0.026 -
34 0.003 0.003 0.004 0.004
35 0.028 0.004 0.015 0.016
36 2.265 0.955 0.550 0.120
37 0.283 0.020 0.240 0.017
38 0.039 0.032 0.021 0.044
39 0.045 0.008 0.028 0.130
40 0.015 0.002 0.013 0.002
41 0.054 0.006 0.026 0.004
42 0.208 2.550 0.190 -
43 0.085 0.005 0.079 0.013
44 1.820 0.043 0.470 0.310
45 3.940 3.020 0.760 0.620
46 10.750 0.629 1.350 0.720
47 - - 0.800 0.730
48 1.200 0.115 0.350 0.052
49 0.015 0.022 0.004 0.066
50 0.900 2.100 0.039 1.400
51 0.022 0.002 0.014 0.005
52 0.194 >10 1.180 -
53 3.950 1.220 0.620 0.910
54 >10 6.100 - -
95 6.400 2.300 - 0.046
56 10.850 1.720 1.190 >10
57 >10 1.800 - 0.320
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Example | BACE1Kp | BACE2Kp | BACE1ICsy, | BACE2 ICso
No. [(UM] [UM] [LM] [LM]
58 >10 3.600 - -
59 9.600 4.000 - -
60 0.112 0.117 0.140 -
61 0.440 4.679 0.390 -
62 5.521 7.340 0.270 -
63 3.060 1.090 0.510
64 0.483 7.820 0.660 -
65 2.473 1.12 0.180 -
66 0.173 0.159 0.680 -
67 0.011 0.015 - -
68 - - 0.010 -
69 - - 0.009 -
70 1.100 0.045 - -
71 1.500 6.000 - -
72 0.016 0.025 0.003 0.039
73 0.009 0.051 0.004 0.105
74 0.010 0.002 0.004 1.354
75 0.261 2.150 0.110 >10
76 0.093 0.988 0.015 -
7 1.440 2.600 0.800 -
78 0.885 6.500 0.500 -
79 4.000 4.900 - -
80 2.270 0.045 0.700 0.084
81 0.102 0.256 0.047 0.210
82 0.129 0.113 0.046 0.140
83 0.916 0.276 0.300 0.130
84 0.261 0.077 0.140 0.083
85 >10 6.900 - -
86 >10 3.600 - -
87 0.474 0.477 0.120 0.052
88 >10 3.450 2.760 0.560
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Example | BACE1Kp | BACE2Kp | BACE1ICsy, | BACE2 ICso

No. [(UM] [UM] [LM] [LM]
89 0.805 - 0.500 0.820
90 0.148 0.150 0.220 1.220
91 0.994 1.140 1.460 0.095
92 2.225 1.070 0.400 1.090
93 >10 3.850 6.820 3.390
94 2.700 1.955 1.400 1.080
95 >10 3.600 - -

96 >10 6.100 - -

97 >10 1.760 - -

98 0.014 0.004 0.007 0.001
99 0.046 0.008 0.017 0.003

Table 2: Kp and ICsg values for the interaction of selected examples

Pharmaceutical Compositions

The compounds of formula I and the pharmaceutically acceptable salts can be used as
therapeutically active substances, e.g. in the form of pharmaceutical preparations. The

5 pharmaceutical preparations can be administered orally, ¢.g. in the form of tablets, coated tablets,
dragées, hard and soft gelatine capsules, solutions, emulsions or suspensions. The administration
can, however, also be effected rectally, e.g. in the form of suppositories, or parenterally, e.g. in

the form of injection solutions.

The compounds of formula I and the pharmaceutically acceptable salts thereof can be

10 processed with pharmaceutically inert, inorganic or organic carriers for the production of

pharmaceutical preparations. Lactose, corn starch or derivatives thereof, talc, stearic acids or its

salts and the like can be used, for example, as such carriers for tablets, coated tablets, dragées

and hard gelatine capsules. Suitable carriers for soft gelatine capsules are, for example, vegetable

oils, waxes, fats, semi-solid and liquid polyols and the like. Depending on the nature of the

15 active substance no carriers are however usually required in the case of soft gelatine capsules.

Suitable carriers for the production of solutions and syrups are, for example, water, polyols,

glycerol, vegetable oil and the like. Suitable carriers for suppositories are, for example, natural or
hardened oils, waxes, fats, semi-liquid or liquid polyols and the like.

The pharmaceutical preparations can, moreover, contain pharmaceutically acceptable

20 auxiliary substances such as preservatives, solubilizers, stabilizers, wetting agents, emulsifiers,
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sweeteners, colorants, flavorants, salts for varying the osmotic pressure, buffers, masking agents

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

Medicaments containing a compound of formula I or a pharmaceutically acceptable salt
thereof and a therapeutically inert carrier are also an object of the present invention, as is a
process for their production, which comprises bringing one or more compounds of formula I
and/or pharmaceutically acceptable salts thercof and, if desired, one or more other
therapeutically valuable substances into a galenical administration form together with one or

more therapeutically inert carriers.

The dosage can vary within wide limits and will, of course, have to be adjusted to 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 formula
I or of the corresponding amount of a pharmaceutically acceptable salt thereof. The daily dosage
can be administered as single 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 illustrate the present invention without limiting it, but serve

merely as representative thereof. Examples of compositions according to the invention are:

Example A

Tablets of the following composition are manufactured in the usual manner:

ingredient mg/tablet
5 25 100 500

compound of formula I 5 25 100 500
lactose anhydrous DTG 125 105 30 150
Sta-Rx 1500 6 6 6 60
microcrystalline cellulose 30 30 30 450
magnesium Stearate 1 | 1 1
Total 167 167 167 831

Table 3: Possible tablet composition

Manufacturing Procedure

1 Mix ingredients 1, 2, 3 and 4 and granulate with purified water.

2 Dry the granules at 50 °C.

3. Pass the granules through suitable milling equipment.

4 Add ingredient 5 and mix for three minutes; compress on a suitable press.
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Example B-1
Capsules of the following composition are manufactured:
ingredient mg/capsule
5 25 100 500
compound of formula I 5 25 100 500
hydrous lactose 159 123 148 -
corn starch 25 35 40 70
talk 10 15 10 25
magnesium stearate 1 2 2 5
Total 200 200 300 600
Table 4: Possible capsule ingredient composition
Manufacturing Procedure
1. Mix ingredients 1, 2 and 3 in a suitable mixer for 30 minutes.
2. Add ingredients 4 and 5 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 comminuting machine. The mixture is returned to the mixer, the talc is added thereto and
mixed thoroughly. The mixture is filled by machine into suitable capsules, e.g. hard gelatine

capsules.

Example B-2

Soft Gelatine Capsules of the following composition are manufactured:

ingredient mg/capsule
compound of formula I 5

yellow wax

hydrogenated soybean oil

partially hydrogenated plant oils 34

soybean oil 110

Total 165

Table 5: Possible soft gelatine capsule ingredient composition

ingredient mg/capsule
gelatine 75
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glycerol 85 % 32
karion 83 8 (dry matter)
titanium dioxide 0.4
iron oxide yellow 1.1
Total 116.5

Table 6: Possible soft gelatine capsule composition
Manufacturing Procedure

The compound of formula [ is dissolved in a warm melting of the other ingredients and the
mixture is filled into soft gelatin capsules of appropriate size. The filled soft gelatin capsules are

5 treated according to the usual procedures.

Example C

Suppositories of the following composition are manufactured:

ingredient mg/supp.
compound of formula I 15

suppository mass 1285

Total 1300

Table 7: Possible suppository composition
Manufacturing Procedure

10 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.

15 Example D

Injection solutions of the following composition are manufactured:

ingredient mg/injection solution.
compound of formula I 3

polyethylene glycol 400 150

acetic acid q.s. ad pH 5.0

water for injection solutions ad 1.0 ml

Table 8: Possible injection solution composition
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Manufacturing Procedure

The compound of formula I is 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 ml by
addition 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 I 50

lactose, fine powder 1015

microcrystalline cellulose (AVICEL PH 102) 1400

sodium carboxymethyl cellulose 14

polyvinylpyrrolidon K 30 10

magnesium stearate 10

flavoring additives 1

Total 2500

Table 9: Possible sachet composition
Manufacturing Procedure

The compound of formula I is mixed with lactose, microcrystalline cellulose and sodium
carboxymethyl cellulose and granulated with a mixture of polyvinylpyrrolidon in water. The
granulate is mixed with magnesium stearate and the flavoring additives and filled into sachets.

Experimental Part

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

considered as limiting the scope of the invention, but merely as being representative thereof.

Preparation of Building block A

(RS)-5-(3-Amino-phenyl)-5-methyl-morpholin-3-one hydrochloride

OY\O
HN

H,N HCI
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a) (RS)-5-(3-Bromo-phenyl)-5-methyl-imidazolidine-2,4-dione

0
X
HN

Br

A mixture of 3-bromo-acetophenone (10.0 g, 50 mmol), potassium cyanide (4.96 g, 75 mmol),
and ammonium carbonate (33.45 g, 348 mmol) in cthanol (65 ml) was heated in an autoclave at
120 °C for 16 h. For the workup, the reaction mixture was cooled to room temperature, then
treated with water (250 ml) and ethyl acetate (500 ml). The aqueous layer was separated and re-
extracted with ethyl acetate (250 ml). The combined organic layers were washed twice with
saturated sodium chloride solution (2 x 250 ml), thercafter dried over sodium sulfate, and
evaporated at reduced pressure. There were obtained 13.2 g (98.6% of theory) of (RS)-5-(3-
bromo-phenyl)-5-methyl-imidazolidine-2,4-dione as a white solid. The purity of the product
allowed using it in the next step without further purification. Mass (calculated) CioHoBrN,O,
[269.099]; (found) [M-H] = 267, [[M+2-H] = 269.

b) (RS)-2-Amino-2-(3-bromo-phenyl)-propionic acid methyl ester

H,N_ _COOMe
BI‘\©)<

A dispersion of (RS)-2-amino-2-(3-bromo-phenyl)-propionic acid methyl ester (12.81 g, 48mmol)
in 6 N sodium hydroxide solution (95.23 ml) was heated to reflux for 48 h. For the workup, the

reaction mixture was cooled with ice and treated with hydrochloric acid (36.5%) until pH 1 was

reached. The mixture was evaporated to dryness at reduced pressure. The crude (RS)-2-amino-2-

(3-bromo-phenyl)-propionic acid hydrochloride was dispersed in methanol (500 ml) and cooled

to 0 °C. Within 12 minutes and under ice cooling, thionylchloride (18.02 ml, 246 mmol) was

added dropwise. After complete addition, the reaction mixture was heated to reflux for 60 h. For

the workup, the reaction mixture was cooled to room temperature and evaporated at reduced

pressure. The white residue was treated with a mixture of water and ice (200 ml), triethylamine

(16.5 ml), and diethylether (500 ml). The resulting suspension was filtrated over Dicalite;

thereafter the aqueous layer was separated and re-extracted with diethylether (250 ml). The

combined organic layers were washed with saturated sodium chloride solution (250 ml), dried

over sodium sulfate, and evaporated at reduced pressure. There were obtained 9.39 g (76.7% of
theory) of (RS)-2-amino-2-(3-bromo-phenyl)-propionic acid methyl ester as a light yellow oil.

The purity of the product allowed using it in the next step without further purification. Mass

(calculated) CioH,BrNO, [258.117]; (found) [M+H]" = 258, [M+2-H]" = 260.

78
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¢) (RS)-2-Amino-2-(3-bromo-phenyl)-propan-1-ol

OH

H,N

Br

A solution of the (RS)-2-amino-2-(3-bromo-phenyl)-propionic acid methyl ester (9.39 g, 36
mmol) in tetrahydrofuran (360 ml) was trecated portionwise at -5 °C with
5 lithiumaluminiumhydride (1.41 g, 36 mmol; 282 mg/2min). After complete addition, stirring was
continued at 0-5 °C for 30 minutes. For the workup, the reaction mixture was cooled to -7 °C,
and water (9 ml) was added dropwise. Thereafter, 2 N sodium hydroxyide solution (9 ml) was
added and stirring continued for 15 minutes at room temperature. They grey suspension was
filtrated through Dicalite which was washed with tetrahydrofuran (200 ml). The filtrate was
10  evaporated at reduced pressure. There were obtained 8.67 g of crude (RS)-2-amino-2-(3-bromo-
phenyl)-propan-1-ol as colorless oil. The purity of the product allowed using it in the next step
without further purification. Mass (calculated) CoH;2BrNO [230.106]; (found) [M+H] = 230,
[M+2-H]" = 232.

d) (RS)-N-[1-(3-Bromo-phenyl)-2-hydroxy-1-methyl-ethyl]-2-chloro-acetamide

Cl

0
OH

HN
Br

15

A solution of crude (RS)-2-amino-2-(3-bromo-phenyl)-propan-1-ol (8.38 g, 36 mmol) and
tricthylamine (6.08 ml, 44 mmol) in acctonitrile (140 ml) was treated dropwise at -2 °C with
chloroacetylchloride (3.25 ml, 40 mmol). After complete addition, the orange colored solution
was left to warm to room temperature and stirring was continued for 2 h. For the workup, to the

20 reaction was added silica gel (10 g) and it was evaporated at reduced pressure, thereafter, it was
purified by chromatography on silica gel using a gradient of dichloromethane/methanol = 100/0
to 90/10 as the cluent. There were obtained 9.62 g (86% of theory) of (RS)-N-[1-(3-bromo-
phenyl)-2-hydroxy-1-methyl-ethyl]-2-chloro-acetamide as a light brown oil. Mass (calculated)
C11H,3BrCINO; [306.589]; (found) [M+H]" = 306, [M+2-H]" = 308.

25 e) (RS)-5-(3-Bromo-phenyl)-S5-methyl-morpholin-3-one
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OY\ 0
Br HN

A solution of (RS)-N-[1-(3-bromo-phenyl)-2-hydroxy-1-methyl-ethyl]-2-chloro-acetamide (5.36
g, 17 mmol) in 2-methyl-2-butanol (100 ml) was treated in one portion with potassium tert-
butylate (6.66 g, 58 mmol). Initially, the temperature rose to 30 °C; the reaction mixture was left
5 to cool to room temperature and stirring was continued for one hour. For the workup, the
reaction mixture was treated with methanol (50 ml), then evaporated at reduced pressure. The
residue was purified by chromatography on silica gel wusing a gradient of
dichloromethane/methanol = 100/0 to 75/25 as the eluent. There were obtained 4.18 g (88% of
theory) of (RS)-5-(3-bromo-phenyl)-5-methyl-morpholin-3-one as a white solid. Mass
10 (calculated) Cy;Hi;BrNO, [270.128]; (found) [M+H]" = 270, [M+2-H] == 272.

f) (RS)-5-|3-(Benzhydrylidene-amino)-phenyl]-5-methyl-morpholin-3-one

A dried pressure tube was charged consecutively under an argon atmosphere with a solution of
(RS)-5-(3-bromo-phenyl)-5-methyl-morpholin-3-one (4.17 g, 15 mmol) in toluene (100 ml),

15 sodium tert-butylate (4.586 g, 46 mmol), 2-di-tert-butylphosphino-2',4',6'-triisopropylbiphenyl
(tert-butyl-x-phos) (0.675 g, 1.6 mmol), tris(dibenzylideneacetone)-dipalladium chloroform
complex (0.494 g, 0.5 mmol), and benzophenone imine (5.88 g, 31 mmol). The sealed pressure
tube was heated at 105 °C for 2.5 days. After cooling, the reaction mixture was evaporated to
dryness and directly purified by chromatography on an Isolute flash NH; column using a

20 gradient of heptane/ethyl acetate = 100/0 to 33/66 as the eluent. There were obtained 5.67 g
(99% of theory) of (RS)-5-[3-(benzhydrylidene-amino)-phenyl]-5-methyl-morpholin-3-one as a
yellow foam. Mass (calculated) C24H2,N,0, [370.455]; (found) [M+H]" = 371.

g) (RS)-5-(3-Amino-phenyl)-5-methyl-morpholin-3-one Hydrochloride

OY\O
HN

H,N HCI
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A solution of (RS)-5-[3-(benzhydrylidene-amino)-phenyl]-5-methyl-morpholin-3-one (5.62 g, 15
mmol) in dioxane (75 ml) was cooled to 15 °C and treated dropwise with 1 N hydrochloric acid
(18 ml). The reaction mixture was stirred at room temperature overnight. For the workup, the
reaction mixture was evaporated at reduced pressure, and the residue was portioned between
5 diethylether (120 ml) and 1 N hydrochloric acid (20 ml). The aqueous phase was separated and
washed with dicthylether (120 ml). This procedure was repeated twice. The combined aqueous
layers were evaporated at reduced pressure, and 3.27 g (88% of theory) of (RS)-5-(3-amino-
phenyl)-5-methyl-morpholin-3-one hydrochloride were obtained as a yellowish solid used in the
next step without further purification. Mass (calculated) C;;H;sCIN,O, [242.707]; (found)
10 [M+H] =207.

Preparation of Building block B

(R)-5-(3-Amino-phenyl)-S-methyl-morpholin-3-one Hydrochloride

a) (R)-(+)- N-[1-(3-Bromo-phenyl)-2-hydroxy-1-methyl-ethyl]-2-chloro-acetamide and
15 (S)-(-)- N-[1-(3-Bromo-phenyl)-2-hydroxy-1-methyl-ethyl]-2-chloro-acetamide

A solution of (RS)-N-[1-(3-bromo-phenyl)-2-hydroxy-1-methyl-ethyl]-2-chloro-acctamide (8.0 g)
in dichloromethane was divided in 200 mg aliquots which were separated on chiral HPLC
(Reprosil Chiral NR 8 pum, 250 x 30 mm, Dr.Maisch GmbH) using a 80:20-mixture of heptane
and isopropanol as the eluent. The first eluting enantiomer (retention time: 9.40 min), the

20 (S)-(-)-N-[1-(3-bromo-phenyl)-2-hydroxy-1-methyl-ethyl]-2-chloro-acetamide, was obtained as a
viscous, colorless oil (3.30 g, 41% of theory), and the second eluting enantiomer (retention time:
14.14 min), the (R)-(+)-N-[1-(3-bromo-phenyl)-2-hydroxy-1-methyl-ethyl]-2-chloro-acetamide,
was also obtained as a viscous, colorless oil (3.62 g, 45% of theory), with
e.e. > 99.5% each.

25  b) (R)-5-(3-Amino-phenyl)-5-methyl-morpholin-3-one Hydrochloride

In close analogy to the reaction sequence described for the preparation of Building block A, the

cyclization of the (R)-N-[1-(3-bromo-phenyl)-2-hydroxy-1-methyl-ethyl]-2-chloro-acetamide

with potassium rerz-butylate, followed by the palladium-catalyzed amination, and, finally, by the

hydrolysis yielded the (R)-5-(3-amino-phenyl)-5-methyl-morpholin-3-one hydrochloride as a
30 light yellow solid. Mass (calculated) C;H;sCIN,0, [242.707]; (found) [M+H]" = 207.
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The (S)-5-(3-amino-phenyl)-5-methyl-morpholin-3-one was obtained in the same manner.

Preparation of Building block C

(RS)-5-(5-Amino-2-fluoro-phenyl)-S-methyl-morpholin-3-one hydrochloride

OY\O
HN

H,N HCI

F

5 In areaction sequence analogous to that described for the preparation of Building block A, (RS)-

5-(5-bromo-2-fluoro-phenyl)-5-methyl-morpholin-3-one was obtained as follows:

a) 1-(5-Bromo-2-fluoro-phenyl)-ethanone

Br

A solution of 5-bromo-2-fluoro-benzoic acid (3.50 g, 16 mmol) in dichloromethane (70 ml) was
10 cooled to 0 °C and treated with triethylamine (1.725 g, 17 mmol), N-(3-dimethylamino-propyl)-
N’-ethyl-carbodiimide hydrochloride (3.032 g, 16 mmol), 4-dimethylamino-pyridine (0.097 g,
0.8 mmol), and N,O-dimethyl-hydroxylamine (1.774 g, 18 mmol). The reaction mixture was left
to warm to room temperature and stirred for 16 hours. For the workup, the reaction mixture was
diluted with dichloromethane (100 ml) and, consecutively, extracted with water (50 ml), citric
15 acid (10%, 50 ml), and saturated sodium hydrogen-carbonate solution (50 ml). The organic layer
was dried over sodium sulfate, then evaporated. The crude 5-bromo-2-fluoro-N-methoxy-N-
methyl-benzamidematerial (3.73 g, 91% of theory) was sufficiently pure and was directly
engaged in the next step. In a dried flask, a solution of methylmagnesium chloride (3M in
tetrahydrofuran, 5.69 ml, 17 mmol) in tetrahydrofuran (24 ml) was treated at 12-16 °C with a
20 solution of 5-bromo-2-fluoro-N-methoxy-N-methyl-benzamide (3.73 g, 142 mmol) in
tetrahydrofuran (24 ml). After complete addition, the reaction mixture was heated to reflux.
After 20 minutes, the white suspension was quenched under ice cooling with a saturated solution
of ammonium chloride (25 ml). After dilution with ethyl acetate (50ml), the aqueous layer was
separated and re-extracted with ethyl acetate (50 ml). The combined organic layers were washed
25  with brine (20ml), dried over sodium sulfate, and evaporated at reduced pressure. 1-(5-bromo-2-
fluoro-phenyl)-ethanone was obtained as a light yellow solid (2.6 g, 84% of theory), which was
directly engaged in the next step. Re: 0.55 (silica gel; eluent: heptane/ethyl acetate = 4/1).

b) (RS)-5-(5-Bromo-2-fluoro-phenyl)-5-methyl-imidazolidine-2,4-dione
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Br

The reaction of 1-(5-bromo-2-fluoro-phenyl)-cthanone with potassium cyanide and ammonium
carbonate in ethanol in an autoclave at 120 °C for 16 h yiclded the title compound as light yellow
solid. Mass (calculated) C;oHsBrFN,0O, [287.087]; (found) [M-H] = 285, [M+2-H] = 287.

5 ¢) (RS)-2-Amino-2-(5-bromo-2-fluoro-phenyl)-propionic acid methylester

HN_ _cooMe
Br

F

The hydrolysis of the (RS)-5-(5-bromo-2-fluoro-phenyl)-5-methyl-imidazolidine-2,4-dione with
6 N sodium hydroxide solution and esterification of the resulting (RS)-2-amino-2-(5-bromo-2-
fluoro-phenyl)-propionic acid with methanol and thionylchloride yielded the (RS)-2-amino-2-(5-

10 bromo-2-fluoro-phenyl)-propionic acid methylester as a light yellow oil. The purity of the
product allowed using it in the next step without further purification. Mass (calculated)
C10H11BrFNO, [276.107]; (found) [M+H]" = 276, [M+2-H]" = 278.

d) (RS)-2-Amino-2-(5-bromo-2-fluoro-phenyl)-propan-1-ol

OH

H,N

Br

15  The reduction of the (RS)-2-amino-2-(5-bromo-2-fluoro-phenyl)-propionic acid methylester with
lithiumaluminiumhydride in tetrahydrofuran yielded the (RS)-2-amino-2-(5-bromo-2-fluoro-
phenyl)-propan-1-ol as a light yellow oil. The purity of the product allowed using it in the next
step without further purification. Mass (calculated) CoH;;BrENO [248.097]; (found) [M+H]" =
248, [M+2-H]" = 250.

20  e) (RS)-N-[1-(5-Bromo-2-fluoro-phenyl)-2-hydroxy-1-methyl-ethyl]-2-chloro-acetamide
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The amination of the (RS)-5-(5-bromo-2-fluoro-phenyl)-5-methyl-morpholin-3-one with sodium
tert-butylate, tert-butyl-x-phos, tris(dibenzylideneacetone)-dipalladium chloroform complex, and
benzophenonimine in toluene yiclded, after chromatography on an Isolute flash NH, column
using a gradient of heptane/ethyl acetate = 100/0 to 40/60 as the ecluent, the (RS)-5-[5-

20  (benzhydrylidene-amino)-2-fluoro-phenyl]-5-methyl-morpholin-3-one as a yellow oil. Mass
(calculated) Cp4H;,FN,0, [388.446]; (found) [M+H]" = 389.

h) (RS)-5-(5-Amino-2-fluoro-phenyl)-5-methyl-morpholin-3-one hydrochloride
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The hydrolysis of the (RS)-5-[5-(benzhydrylidene-amino)-2-fluoro-phenyl]-5-methyl-morpholin-
3-one yielded the (RS)-5-(5-amino-2-fluoro-phenyl)-5-methyl-morpholin-3-one hydrochloride as
a light yellow solid used in the next step without further purification. Mass (calculated)
C11H14CIN,0, [260.698]; (found) [M+H]" = 225.

Preparation of Building block D

(R)-(+)-5-(5-Amino-2-fluoro-phenyl)-S-methyl-morpholin-3-one hydrochloride

OY\O
HN

H,N HCl

a) (R)-(+)-N-[1-(5-Bromo-2-fluoro-phenyl)-2-hydroxy-1-methyl-ethyl]-2-chloro-acetamide
and (S)-(-)-N-[1-(5-Bromo-2-fluoro-phenyl)-2-hydroxy-1-methyl-ethyl]-2-chloro-acetamide

A solution of (RS)-N-[1-(5-bromo-2-fluoro-phenyl)-2-hydroxy-1-methyl-ethyl]-2-chloro-
acctamide (2.7 g) in dichloromethane was divided in 100 mg aliquots which were separated on
chiral HPLC (Reprosil Chiral NR 8 pm, 250 x 30 mm, Dr.Maisch GmbH) using a 85:15-mixture
of heptane and isopropanol as the eluent. The first eluting enantiomer (retention time: 9.94 min),
the (S)-(-)-N-[1-(5-bromo-2-fluoro-phenyl)-2-hydroxy-1-methyl-ethyl]-2-chloro-acetamide, was
obtained as a light yellow waxy solid (1.05 g, 39% of theory), and the second eluting enantiomer
(retention time: 12.92 min), the (R)-(+)-N-[1-(5-bromo-2-fluoro-phenyl)-2-hydroxy-1-methyl-
ethyl]-2-chloro-acetamide, was also obtained as a light yellow waxy solid (1.07 g, 40% of
theory), with e.e. > 99% each.

b) (R)-5-(5-Amino-2-fluoro-phenyl)-5-methyl-morpholin-3-one hydrochloride

In close analogy to the reaction sequence described for the preparation of Building block C, the
cyclization of the (R)-N-[1-(5-bromo-2-fluoro-phenyl)-2-hydroxy-1-methyl-ethyl]-2-chloro-
acetamide with potassium tert-butylate, followed by the palladium-catalyzed amination, and,
finally, by the hydrolysis yielded the (R)-5-(5-amino-2-fluoro-phenyl)-5-methyl-morpholin-3-
one hydrochloride as a light yellow solid. Mass (calculated) Ci;H;4CIN,O; [260.698]; (found)
[M+H]" = 225.
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The (S)-5-(5-amino-2-fluoro-phenyl)-5-methyl-morpholin-3-one hydrochloride was obtained in

the same manner.

Preparation of Building block E

(RS)-5-(5-Amino-2-fluoro-phenyl)-5-methyl-morpholine-3-thione

SY\ 0
H,N N

a) (5-Bromo-2-fluoro-phenyl)-cyclopropyl-methanone
0
Brm
F
In an analogous manner to that described for the preparation of Building block C [a)], the
reaction of 5-bromo-2-fluoro-N-methoxy-N-methyl-benzamide with cyclopropylmagnesium

10 bromide in tetrahydrofuran yielded the title compound as a light yellow liquid; (HPLC 2.783 min
100%). Mass (calculated) C;oHsBrFO [243.074]; (found) [M+H]" = 243, [M+2-H]" = 245.

b) 4-Bromo-2-(1-cyclopropyl-vinyl)-1-fluoro-benzene

Br\:\/”\
F

A suspension of methyltriphenylphosphonium bromide (7.142 g, 20 mmol) in toluene (50 ml)

15 was treated with potassium amylate (1.7 M in toluene, 11.76 ml, 20 mmol), and the mixture was
stirred at 0 °C for 30 minutes. A solution of (5-bromo-2-fluoro-phenyl)-cyclopropyl-methanone
(4.05 g, 17 mmol) in toluene (17 ml) was added and the mixture stirred at room temperature for
2 hours. For the workup, the mixture was extracted with water and ethyl acetate, the organic
layer separated, dried and evaporated at reduced pressure. After chromatography on silica gel

20 using a mixture of hexane and ethyl acetate as the eluent, the 4-bromo-2-(1-cyclopropyl-vinyl)-
1-fluoro-benzene was obtained as yellow oil (3.816g, 95 % of theory). Mass (calculated)
C1:1H;oBrF [241.102]; (found) [M+H]" = 241, [M+2-H]" = 243.

¢) (RS)-4-Bromo-2-(1-cyclopropyl-2-iodo-1-isocyanato-ethyl)-1-fluoro-benzene
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To a suspension of 4-bromo-2-(1-cyclopropyl-vinyl)-1-fluoro-benzene (3.8 g, 16 mmol) and

freshly prepared silver cyanate (2.835 g, 19 mmol) in ethyl acetate (8 ml) and acetonitrile (16 ml)
was added dropwise within 1 hour at 0 °C in the dark a solution of iodine (4.4 g, 17 mmol) in

5 ethyl acetate (24ml). Stirring was continued at 0 °C for 1.5 hours, then at 23 °C for 1 hour. The

precipitate was filtered off, washed with ethyl acetate. The filtrate was washed with an aqueous

solution of sodium sulfite (1%, 50 ml), the organic layer separated, dried over sodium sulfate,

then evaporated at reduced pressure. The title compound was obtained as yellow oil (6.4 g, 100%

of theory) which was used in the next step without further purification.

10 d) (RS)-4-(5-Bromo-2-fluoro-phenyl)-4-cyclopropyl-oxazolidin-2-one

0]
o~
NH
Br

F

A solution of the crude (RS)-4-bromo-2-(1-cyclopropyl-2-iodo-1-isocyanato-ethyl)-1-fluoro-
benzene (6.40 g, 16 mmol) in fert-butanol (200 ml) was treated at 23 °C with triethylamine (2.16
ml, 16 mmol) and the mixture was stirred overnight at reflux. For the workup, the reaction

15 mixture was evaporated at reduced pressure to yield the crude title compound as a yellow oil
which was directly used in the next step. Mass (calculated) C;,H;;BrFNO;, [300.126]; (found)
[M+H]" = 300, [M+2-H]" = 302.

e) (RS)-2-Amino-2-(5-bromo-2-fluoro-phenyl)-2-cyclopropyl-ethanol

OH

NH,

Br

F

20 A solution of the crude (RS)-4-(5-bromo-2-fluoro-phenyl)-4-cyclopropyl-oxazolidin-2-one
(4.802 g) in cthanol (25 ml) and water (125 ml) was treated with lithium hydroxide monohydrate
(6.7 g, 160 mmol) and the reaction mixture was stirred at 100 °C overnight. For the workup, the
reaction mixture was extracted with dichloromethane, the combined organic layers were washed

with water, then dried over sodium sulfate and evaporated. The crude product was purified by



70 talk 10 15 10 25 magnesium stearate 1 2 2 5 Total 200 200 300 600 Table
4. Possi bl e capsul e i ngredi ent conposition Manufacturing Procedure 5 1. M X

i ngredi erwe 2011/@20%6d 3 in a suitable m xer for 30 m nut @ST/EP201A061875
ingredients 4 and 5 and mx for 3 mnug;z 3. Fill into a suitable capsule.
The conmpound of fornmula I, lactose and'corn starch are firstly mxed in a
m xer and then in a conm nutlng machi ne. The m xture is returned to the

mi xer, t Agohdbgrapiy aﬂgﬁgomeﬂagﬁ B Wingachridigi %géﬂt%e/eﬁl%aéa@sé Wi s

it ed bglu r}}?‘Be L.r?lltng ZS@Ibtrgmos ffuopo-ghenyl’) 2- cyglopropyl-etlgano tv{/ars]eobt Bg&l Ias a
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5 ) (RS)-N-[1-(5-Bromo-2-fluoro-phenyl)-1-cyclopropyl-2-hydroxy-ethyl]-2-chloro-

acetamide

Cl

0
OHS¢

NH
Br
F

(RS)-2-Amino-2-(5-bromo-2-fluoro-phenyl)-2-cyclopropyl-ethanol (2.27 g, 8 mmol) was
dissolved in a mixture of dichloromethane (85 ml) and a saturated aqueous solution of sodium

10 hydrogen-carbonate (85 ml). The biphasic mixture was then treated with a solution of
chloroacetylchloride (0.69 ml, 8.7 mmol) in dichloromethane. The reaction mixture was stirred
at room temperature and the progress of the transformation checked by chromatography. After
completion, the reaction mixture was diluted with dichloromethane, the organic layer separated
and washed with water, then dried over sodium sulfate and evaporated. The (RS)-N-[1-(5-bromo-

15 2-fluoro-phenyl)-1-cyclopropyl-2-hydroxy-ethyl]-2-chloro-acetamide was obtained as a yellow
oil (2.73 g ,94.0% of theory). Mass (calculated) Ci3H4sBrCIFNO, [350.614]; (found) [M+H]" =
350, [M+2-H] = 352, [M+4-H] = 354.

g) (RS)-5-(5-Bromo-2-fluoro-phenyl)-5-cyclopropyl-morpholin-3-one

0 /YO
NH
Br

20 In an analogous manner to that described for the preparation of Building block A [e)], the
cyclization of (RS)-N-[1-(5-bromo-2-fluoro-phenyl)-1-cyclopropyl-2-hydroxy-ethyl]-2-chloro-
acetamide with potassium zert-butoxide in tert-butanol at room temperature overnight yiclded the
(RS)-5-(5-bromo-2-fluoro-phenyl)-5-cyclopropyl-morpholin-3-one as a yellow oil (2.146 g, 88%
of theory). Mass (calculated) C13H;3BrFNO, [314.153]; (found) [M+H]" = 314, [M+2-H] = 316.

25 h) (RS)-5-[5-(Benzhydrylidene-amino)-2-fluoro-phenyl]-5-cyclopropyl-morpholin-3-one
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In an analogous manner to that described for the preparation of Building block A [f)], the
palladium-catalyzed amination of (RS)-5-(5-bromo-2-fluoro-phenyl)-5-cyclopropyl-morpholin-
3-one with benzophenonimine yiclded the (RS)-5-[5-(benzhydrylidene-amino)-2-fluoro-phenyl]-

5  S-cyclopropyl-morpholin-3-one as a yellow foam. Mass (calculated) CysH,3FN,O, [414.478];
(found) [M+H]" = 415.

i) (RS)-5-[5-(Benzhydrylidene-amino)-2-fluoro-phenyl]-S-cyclopropyl-morpholine-3-thione

A mixture of (RS)-5-[5-(benzhydrylidene-amino)-2-fluoro-phenyl]-5-cyclopropyl-morpholin-3-

10 one (2.10 g, 5.07 mmol) and Lawesson's reagent (0.926 mg, 2.3 mmol) in tetrahydrofuran (15
mL) was stirred at 70 °C for 3 hours. For the workup, the reaction mixture was diluted with ethyl
acetate and extracted with a saturated solution of sodium hydrogen-carbonate. The organic layer
was dried over sodium sulfate and evaporated. The crude product was purified by
chromatography on silica gel using a gradient of hexane/ethyl acetate as the cluent. The (RS)-5-

15 [5-(benzhydrylidene-amino)-2-fluoro-phenyl]-5-cyclopropyl-morpholine-3-thione was obtained
as a yellow foam (1.42 g, 65% of theory). Mass (calculated) CysH23FN,OS [430.545]; (found)
[M+H]" = 431.

i) (RS)-5-(5-Amino-2-fluoro-phenyl)-5-cyclopropyl-morpholine-3-thione
S

0]

NH
H,N

F

20 A solution of (RS)-5-[5-(benzhydrylidene-amino)-2-fluoro-phenyl]-5-cyclopropyl-morpholine-3-
thione (1.42 g, 3.3 mmol) in dioxane (15 ml) and 1 M HCI (5 ml) was stirred at room
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washed with brine, dried over sodium sulfate, filtered and evaporated at reduced pressure. The
residue was purified by chromatography on silica gel using a 3:1-mixture of dichloromethane
5 and ethyl acetate as the eluent. CH,Cl/EtOAc 3:1. The (RS)-5-(5-amino-2-fluoro-phenyl)-5-
cyclopropyl-morpholine-3-thionewas obtained as a white solid (0.810 g, 92% of theory). Mass

(calculated) C13H;sFN,OS [266.338]; (found) [M+H]" = 267.

Preparation of Building block F

(RS)-5-(3-Amino-phenyl)-5-methyl-morpholine-3-thione

SY\O
HN

H,N

10

Lawesson’s reagent (0.69 g, 1.64 mmol, 1.3 eq.) was added in one portion to a suspension of 5-
(3-amino-phenyl)-5-methyl-morpholin-3-one (0.26 g, 1.26 mmol) in 1,2-dimethoxyecthane (10
ml); the reaction mixture was stirred at 80 °C for 18 hours. After complete conversion, the
solvent was partially removed at reduced pressure and the dark orange oil diluted with

15 dichloromethane (5 ml) before washing with 1 M HCI (2 x 5ml). The aqueous phase was brought
to pH 8 and extracted with dichloromethane (4 x 10ml) to yield the (RS)-5-(3-amino-phenyl)-5-
methyl-morpholine-3-thione as a yellow oil (0.16 g, 57% of theory). Mass (calculated)
C1:1H14N,08 [222.31]; (found) [M+H]" = 223.

Preparation of Building block G

20 (RS)-3-(3-Bromo-phenyl)-5-methoxy-3-methyl-3,6-dihydro-2H [1,4]oxazine

/Oj|/\0

N
Br

In a vacuum dried flask under an argon atmosphere, a solution of (RS)-5-(3-bromo-phenyl)-5-
methyl-morpholin-3-one (3.0 g, 11.1 mmol) in dichloromethane (145 ml) was treated with
trimethyloxonium tetrafluoroborate (2.594 g, 17 mmol). The reaction mixture was stirred at
25 room temperature for 17 hours. For the workup, the incomplete reaction was extracted with a
saturated solution of sodium hydrogen-carbonate (70 ml). The organic layer was dried over
sodium sulfate and evaporated. There were obtained 3.12 g of the title compound as light yellow



Total 1300 Table 7: Possible suppository conposition Manufacturing
Procedure 10The suppository mass is nelted in a glass or steel vessel,

m xed t howougtilozosend cool ed to 45 C. Thereupon, the fi neCy/Erowdsssds
conpound of forrmula | is added theretog@nd stirred until it has dispersed
conpletely. The m xture is poured into®suppository nmoul ds of suitable size,
| eft to cool; the suppositories are then renoved fromthe noulds and packed

i ndi vi dugil bohedifin$adouP P8 lof He sPRER! ladtth | Mash Pcdrt@nRd) € 121, | BN {2 QN 63.Qkddhi ons
of the fﬁ\l/Hl&Ig _Q&é}c%%o?%i%gg are manufactured: ingredient ng/injection
sol ution! ﬂp‘ d Tt 1 3 pol yet hyl ene gl ycol 400 150 acetic acid
g.s. ad pH 5.0 water for injection solutions ad 1.0 nl Table 8. Possible
i nj ect i oRreparationcof Badldingdilodkddh WO 2011/ 020806PCT/ EP2010/ 061875 - 66 -

(R)-5-(5-Amino-2-fluoro-phenyl)-5-methyl-morpholine-3-thione

a) (R)-5-|5-(Benzhydrylidene-amino)-2-fluoro-phenyl]-5-methyl-morpholin-3-one

As described for the preparation of Building block D, the cyclization of the (R)-N-[1-(5-bromo-
2-fluoro-phenyl)-2-hydroxy-1-methyl-ethyl]-2-chloro-acetamide with potassium fert-butylate,
followed by the palladium-catalyzed amination yiclded the (R)-5-[5-(benzhydrylidene-amino)-2-

10 fluoro-phenyl]-5-methyl-morpholin-3-one as a yellow solid. Mass (calculated) C,4H,1FN,O,
[388.45]; (found) [M+H] = 389.

b) (R)-5-[5-(Benzhydrylidene-amino)-2-fluoro-phenyl]-5-methyl-morpholine-3-thione

A solution of (R)-5-[5-(benzhydrylidene-amino)-2-fluoro-phenyl]-5-methyl-morpholin-3-one
287 mg, 0.7 mmol) in dioxane (4 ml) was treated with Lawesson’s reagent (181 mg, 0.5 mmol).

15  After heating at 80 °C for 16 hours the reaction mixture was evaporated at reduced pressure. The
residue was directly purified by chromatography on an Isolute flash NH; column using a
gradient of heptane and cthyl acetate = 100/0 to 40/60 as the cluent. The title compound was
obtained as yellow foam (181 mg, 61.5% of theory). Mass (calculated) C,4H»1FN,0OS [404.507];
(found) [M+H]" = 405.

20 ¢) (R)-5-(5-Amino-2-fluoro-phenyl)-5-methyl-morpholine-3-thione

In a manner analogous to the preparation of Building block E the hydrolysis of (R)-5-[5-
(benzhydrylidene-amino)-2-fluoro-phenyl]-5-methyl-morpholine-3-thione  with  hydrochloric
acid yielded the title compound as a light brown foam. Mass (calculated) C;;H;3sFN,OS
[240.301]; (found) [M+H]" = 241.

25  Preparation of Building block 1

(RS)-[5-(3-Amino-phenyl)-5-methyl-5,6-dihydro-2 H-[1,4] oxazin-3-yl]-[ bis-(4-methoxy-
phenyl)-phenyl-methyl]-amine



Manuf act uri ng Procedure The conpound of fornmula | is dissolved in a

m xture of Polyethylene dycol 400 and water for injection (part). The pH

i s adj ustwo 200/B06by acetic acid. The vol unme is adj ust @dTEP2A0061875 by
addition of the residual amount of vvatg . The solution is filtered, filled
into vials using an 5 appropriate over Bé and sterilized. Exanple E Sachets
of the follow ng conposition are manufactured: ingredient ng/sachet
conmpound of formula I 50 | act osel,)MfFiRrTeHEgﬁdet 1015 microcrystalline

cellul ose (AVICEL PH 102) 1400 sodi um car joxyyet hyl cellul ose 14

pol yvi nyl pyrrol i don K 30 10 magne%g]m st edrate 10 flavoring additives 1

Tot al 2

a) (RS)-5-(3-Bromo-phenyl)-5-methyl-5,6-dihydro-2H-[1,4] oxazin-3-ylamine

H2Nwl/\ 0

N
Br

In a vacuum dried flask under an argon atmosphere, a solution of 5-(3-bromo-phenyl)-5-methyl-

5 morpholin-3-one (7.4 g, 274 mmol) in dichloromethane (80 ml) was treated with

trimethyloxonium tetrafluoroborate (11.6 g, 3 eq). The reaction mixture was stirred at room

temperature overnight. The LC-MS profile showed partial conversion into the desired compound

so another 1.5 eq of trimethyloxonium tetrafluoroborate were added and the reaction mixture

was stirred at room temperature overnight. For the workup, the reaction mixture was washed

10 with a saturated solution of sodium hydrogen-carbonate (50 ml). The organic layer was dried

over sodium sulfate and evaporated. The crude product was dissolved in methanol (60 ml) in a

microreactor and ammonium chloride (7.4 g, 5.3 eq) was added. The reaction mixture was

heated at 100 °C for 16 hours. After cooling, the reaction mixture was filtered and evaporated to

dryness, taken up with dichloromethane (30 ml) and filtered again. The solvent was removed and

15 the residue was passed through a SCX (50 g) cartridge, washed with a

dichloromethane/methanol mixture and the product was recovered eluting with a solution 2.0 M

of ammonia in methanol. The (RS)-5-(3-bromo-phenyl)-5-methyl-5,6-dihydro-2H-[1,4Joxazin-3-

ylamine was obtained as a brown oil (3.7 g, 53% of theory). Mass (calculated) C;;H3:BrN,O
[269.14]; (found) [M+H]" = 271.

20  b) (RS)-|Bis-(4-methoxy-phenyl)-phenyl-methyl]-[5-(3-bromo-phenyl)-5-methyl-5,6-
dihydro-2H-[1,4]oxazin-3-yl]-amine

DMTRT-Hle/\ 0

N
Br

A solution of (RS)-5-(3-bromo-phenyl)-5-methyl-5,6-dihydro-2H-[1,4]Joxazin-3-ylamine ( 3.7 g,
13.8 mmol) and triethylamine (1.5 g, 1.1 eq) in dichloromethane (20 ml) was cooled to 0 °C and
25 4,4’-dimethoxytriphenylmethyl chloride (5.12 g, 1.1 eq) was added. The reaction mixture was



2500 Table 9: Possible sachet conposition Manufacturing Procedure 10The
conpound of fornmula | is mxed with |lactose, mcrocrystalline cellul ose and
sodi um cawbaryweseyl cel | ul ose and granulated with a n PCUMP2@i/061875

pol yvi nyl pyrrolidon in water. The grang%ate is mxed with nmagnesi um
stearate and the flavoring additives ahd filled into sachets. Experinental
Par t The followi ng exanples are provided for illustration of the

| nvent | ojirci@yroshoh ot Been:hghtc AMEleiRhedads dsidkldeh LR mBERR Al nt he

i nvention, hut nere entat ve thereof. Preparatjon o
Bui | di ng®iFYE R %e(vreé)sel%artt%f Ao %rﬁ? {pmy s aﬂfetﬁ{)tonﬁﬁtfﬁr?&m Rede %GLefessure
hydr ochl dhd dexde \ﬁ@s aﬁlﬁﬁbmwwﬁﬁﬁﬁféﬁﬁiﬂﬂlﬁi BiEd8ELl to Beld-tha)RS)-[bis-(4-methoxy-

(RS)- 5 ( ﬂ &5 65*%1% ptmg%zrﬁtthglwa& odzppne4 ofyz i 3% ﬁm{%f
oy mwﬁ 5050 Sl BRI TR I e

heat ed |ﬁﬂﬂH]&Uﬂ00lave at 5 120 C for 16 h. For the workup, the reaction
m xture was cooled to roomtenperature, then treated with water (250 m)

and et hyly @&s i@iﬁAﬁrﬁm Rdhy1)- STB%tI?g§%QH dr@&?f-[lw%xa%ﬁp%ﬂl[ﬁﬂ (@kthoxy-
re- extracted w th et acetate : e ¢ombi ned”organic Iayers wer e

washed tﬂk%ﬁ'ﬂWFHﬂ§3?%VE?@H“%Od|untchlorlde solution (2 x 250 m),

thereafter dried over sodi um sul ﬂlﬁﬂd evapor ated at reduced pressure.
There were obtained 13.2 g (98. )~of (RS)-5-(3- 10

br ono- phenyl ) - 5- net hyl -i m dazol i di ne-2,4-diong as a white solid. The purity
of the product allowed using it i} A tep without further
purification. Mass (cal cul ated) CLOH9H 02 [269.099]; (found) [MH = 267,
[[Mt2-H = 269. b) (RS)-2-Am no-2-(3-brefd- phenyl)-propionic acid nethyl
ester HN COOMe 15 A di spersion of

RS) -.2- am no-. ic.,acid meth r.(12.8
soml) TG Lo %&P%@edéesg R (BEbBaTibRil 8 Shilon &t B
for 48 hbiFgrmethexywehekylpphanyemetdail ﬁxﬁhbwmlﬁeylhésn%@ét5éddlhy¢rh-2%e and

treated pi4)6xhmd- 9anth Go Bl (@6 th9 hydis1ldis Pét IndvesickBaried rsfhe(ssxt ure

was evapgr ate s at sur cr.u S am no- 2-

(3- br om ﬂ%ﬁ@ﬂ A @Hfé@r{f e NS S

(500 ni )pmw)fpb@tyédleml ta@n@e Gicldydt hen title erinmoved Yhass (erdaratid e CobleiN:Qy,

t hi onyl cfookiden(dl (04t = 5646 Mol ) was added dropwi se. After conplete

addi tion, the reactlon m xture was heated to reflux for 60 h. For the

wor kup, the reaction room er at.ur and eva orated

at ronucEeEi et G i Tt FubRiE AalbPLR LFMRER Wb Rt s or

and ice CQOOmﬁDD;_tkﬂémﬁwD&m ne(¥( 1emsold ) , reerridtydixentiy| e(thér @Emﬂ)nﬂydehe

resul ti ngiseisReNRlcRAcHeR) HigalisBiRd RREfolh CabihR%x (0.1 mmol) were added
benzophenonimine (5 mmol) and dry toluene (20 ml). The mixture was heated at 105°C for 48 h

20 and then allowed to cool to room temperature. Water (10 ml) and dichloromethane (10 ml) were
added, the organic layer was separated, washed with water (2 x 5ml), dried over sodium sulfate,
and evaporated. The crude product was dissolved in 1,4-dioxane (18 ml) and hydrochloric acid
(1 M, 6 ml) was added dropwise. The reaction mixture was stirred at room temperature overnight.
For the workup, the solvent was removed, the residue was suspended in diethyl ether (10 ml) and

25 washed with hydrochloric acid (6 N). The aqueous phase was separated and extracted with
diethylether (2x50 ml). The pH of the aqueous phase was adjusted to 14 using solid sodium
hydroxide and the desired product was extracted with dichloromethane (3x50 ml). The organic
layer was separated, dried over sodium sulfate and evaporated. The crude product was purified
by chromatography on SCX-column and silica column using a mixture of ethyl acetate and

30 cyclohexane as the eluent.

Preparation of Building block J



25 thereafter the aqueous | ayer was separated and re-extracted with

di ethyl ether (250 m ). The conbined organic | ayers were washed with

sat ur at edweadiwnwsohl ori de solution (250 nm), dried over peodiPaomoduisiat e, and
evaporated at reduced pressure. There re obtained 9.39 g (76. 7% of

t heory) of (RS)-2-am no-2-(3-brono-phehyl)-propionic acid nmethyl ester as a
| i ght yellom/oil The purity of the product allowed using it in the next

step wi tg (G Nrhii6 - Mrbfp'he@tu %a%ﬁsﬂs &ﬁgﬁﬁﬁiﬁ%ﬂf&%n SHAHRASAN2

258. 117 f
o237 036 aa(s@"rpeﬁ)éeﬁev pr BRI o)

(RS) - 2- Am no- 2- ( 3- br ono- phenyl) - propan-1-ol A solution of the

(RS) - 2- am no- 2- ( 3- br ono- phenyl ) - pr opiEn acid nethyl ester (9.39 g, 36
mmol) in tetrahydrofuran (360 m) wadl trgated portionwise at -5 Cwith 5
l'i t hi umal um ni urhydride (1.41 g, : ng/ 2mn). After conplete

addition, stirring was conti =5 @ opMd nutes. For the workup,
L, and/water (9 nl) was added
roote

the reaction m xture was cooléd
dropwi se. Thereafter, 2 N sodi um hydr e golution (9 mM) was added and
erature. They grey suspension

stirring continued for 15 mnutes at

was filtrated through Dicalite whig hed with tetrahydrofuran (200
m). The filtrate was 10 evaporated duced pressure. There were
obtained 8.67 g of crude (RS)-2-am nos br onophenyl) - propan-1-ol as
colorless oil. The purity of the product aFIomed using it in the next step
w thout further purification. Mass (cal cul ated) C9H12Br NO [ 230. 106] ;
(found) PNVRMSHS-Braae;2-flnme-Hieny)-33nethylymorpholin-3-one
(RS)-N—[1-(3-Bronn-phenyl)-z-hydroxy-l-nethyl-ethyl]-2-ch|oro-acetanide c
so, T- OHHN 15 A solution of crude

(RS) - 2- am no- 2- ( 3- br ono- pheny1) - pr opan- 1- ol
triethylamne (6.08 m, 44 mol) §
dropwise at -2 Cwth chloroacetylch
conpl ete addition, the orange col ored s tion was left to warmto room
tenpesature and stirring was continued for 2 h. For the workup, to the 20
reaction was added silica gel (10 g) and it was evaporated at reduced
pressur eln dlmraﬁﬂf)g}efo, thé teatdam Jetilintd esbclibedabr Meptparaphys Biildsid bleck Qethe usi ng

a or adi eplofcfl %?E%O@B-R@[?gé%‘%%&?giuoro y§h%9{rl92th9/d1%9§]t Iyt 123 40k

There wer ai ne

(RS) - N- 1acetamnidsy &?@wﬁ@wﬂyn Buadaegolgckl DypyHy potassiyn [rerpbetlater piclledttbiide as a
l'i ght b{ EMHoRhd as wafégﬁt (arhcsdliat@s, ¢ thédr)3 BCN@ I R04G) 5891 ;BrENOUMEs. ofMHH] +
(RS)qg (§E§1§E%+Hﬁgnfpzﬁg %%ghyﬁgnnrpholln 3-one WO

2011/ 020806PCT/ EP2010/ 061875 - 69 - A solution of (RS)-N- [1 -(3-brono

- pheny 1) bp(RiypdSBreynos2-fipgrorpheny)§ymethybs, e hilgrdso-2 Hc d i onagim-3-glagyne

HZNwl/\ 0
N

Br

(8.38 g, 36 mml) and
rile (140 m) was treated
3.25 m, 40 nmmol). After

F

In analogy to step a) in the synthesis of Building block I, the treatment of (R)-5-(5-bromo-2-
fluoro-phenyl)-5-methyl-morpholin-3-one followed by the nucleophilic substitution with

15 ammonium chloride yielded the title compound; its hydrochloride was obtained as a white solid
(74% of theory). Mass (calculated) C;;H;,BrFN,0[287.13]; (found) [M+H]" = 287, [M+2-H] =
289.

¢) |Bis-(4-methoxy-phenyl)-phenyl-methyl]-[(R)-5-(5-bromo-2-fluoro-phenyl)-5-methyl-5,6-
dihydro-2H-[1,4]oxazin-3-yl]-amine



g, 17 mmol) in 2-nmethyl-2-butanol (100 m) was treated in one portion with
potassiumtert- butylate (6.66 g, 58 nmmol ). Initially, the tenperature rose
to 30 C, wbeorigaegobon m xture was Ieft 5 to cool to roomcCraErp@Evasisre and
stirring was continued for one hour. 5 t he wor kup, the reaction m xture
was treated with nethanol (50 m), theh'evaporated at reduced pressure. The
resi due was purified by chromat ography on silica gel using a gradient of

di chl or onet hane/ met hanol = 100/ 0 RMTZBEN Othe eluent. There were
obtained 4.18 g (88% of theory) of

(RS) - 5- ( 3- br ono- phenyl ) - 5- et hyl - q@rpholN? 3cone as a white solid. Mass 10
(calculated) G iHuBrNO2 [270.128]; I ‘ MtH] + = 270, [MF2-H + = = 272.
(RS)-5-[ 3-(Benzhydryl i dene-am no) - ph < 5-net hyl - nor phol i n-3-one A dried
pressure tube was charged consecutively unHer an argon atnosphere with a
solution of (RS)-5-(3-brono-phenyl)-5-nethyl-norpholin-3-one (4 17 g, 15

mol ) i npd Qflalb% &o (S@éﬂoc)nih)the @ﬁlﬂ%@g'dﬂﬁﬁlﬂﬁ{g lﬂb‘éky i 3&1@ réaétloﬁlsgf

2- dl-ter but ﬂﬁ@ B1 SO enyl t butyI ,phos)
(0. 675 g, uoyow r%S ¢ F%%d’] IB'QFPz%Hl Lékggﬁ%?a%@} %u pal | adl &Fh chl of oot in

conpl ex (ined®4ytgphddyBnating chloridnyicldehhophie rompoundiase W16te88lig(723dofithairy). The
seal eq pmwm&%&aﬁmﬁmb@gg@%1]1%11&) M+H§ 55w¥§1+zmers9fyool ing, the

reaction ure was evaporated to dryness and diréctly purlfled by

chr omat ogr aph l.s e H2 ¢ I.a nt .o

hept ane/ g)t hyl ¢ 65’1‘%3«5"“:‘0'%6]5’/"50'? ¢ 25/ ggleggqéwgyﬁrggﬁi?ﬁ,%]g}gng\g-i] @’Eﬁ 4 ned
5.67 g (oethoaf-phhmed)-phenyt-meRS)l-Bning3 - (benzhydryl i dene- am no) - phenyl] -5
-met hyl -norpho 1in-3 -one as a yell ow foam Mass (cal cul ated) C24H22N202

[ 370. 455150110@1@@ k) ge{thl‘ﬂpro‘ce&Zré- de@)ibed above [Building block I steE )] the palladium-

(RS)-5-(3-Am henyl) - 5-

011 020N ERIRE bt e T B s Gp RIS D feino-Muoro-

(RS) -1%- [Bhe@bléﬁzrhgthlylyﬁlﬁ diépidro 23-hled lo a3y t]-agunee fdllpeddnp sl hydr@yonef (e 62

ﬁShme )1n'te'i‘m6'd19%%ﬁz lidkne &@fﬁvaﬁ&bo Rl Othét%lt@ cs%ﬂﬁﬁoﬁﬁcﬁ@'{ﬂ%j o@lg%;ﬂy)s b t h 1
ydroc ric.a ure was stirred at room

tenperatG?@ %@g} Pg Qggiéﬁg &BF@@Q“ ﬁﬂén$ action mixture was evaporat ed

at reduced pressure, and the residue was porti oned between 5 diethyl ether

(120 m ) Preparagion of Bailding|bleckdK acid (20 nl). The aqueous phase was separ at ed

and washed with dlethylether (120 m). This procedure was repeated tw ce.

The conbyR)esd(Sa4méxu-3-fludsoepltenyd) 566, 6 viamothal-a@d rplioline-duhéthepr essure, and 3. 27 ¢

(88% of theory) of (RS)-5-(3-am nophenyl)-5-nethyl-norpholin-3-one

hydrochl ori de were obtained as a yell .O|Id used in the next step

wi thout further purification. Mass (cal gul ajfed) Cl11HI5CN202 [242.707];

(found) 10 [MtH = 207. Preparaﬁﬁgp of HBu +tng bl ock B
(R) - 5- (3- Am no- phenyl ) - 5- net hyl - nor -3~ one Hydrochl ori de

F

15

a) (5-Bromo-2-fluoro-phenyl)-oxo-acetic acid ethyl ester

A solution of 4-bromo-1-fluoro-2-iodobenzene (6.3 g, 20.9 mmol) in tetrahydrofuran (100 ml)
was treated dropwise with isopropylmagnesium chloride solution (2 M in tetrahydrofuran, 11.5
20  ml, 23 mmol) at -40 °C to -30 °C. The light brown solution was stirred for 30 min at -30 °C.
Then diethyl oxalate (5.68 ml, 42.0 mmol) was added in one portion at -70 °C (rise of
temperature to -55 °C). The cooling bath was removed and the brown-yellow solution was
warmed up under stirring to -10 °C during 1 hour. The light brown suspension was poured on

ice-cold hydrochloric acid (1 M) and extracted twice with ethyl acetate. The organic layers were



a) (R-(+)-

N-[ 1- ( 3- Brono- phenyl ) - 2- hydr oxy- | - net hyl - et hyl ] - 2- chl or o- acet am de and
15(S) - (- )WO 2011/020806 PCT/EP2010/061875

N-[ 1- ( 3- Bronp- phenyl ) - 2- hydr oxy- 1- et h % -ethyl]-2-chl oro-acetam de A
solution of (RS)-N- [1 -(3 -brorm-phehg )-2-hydro xy-1 -nmethyl- ethyl]
-2-chloro -acetamde (8.0 g) in dichloronmethane was divided in 200 ng

al i quot Sw‘i‘ﬂl’e&: QfﬁWéﬁersa%ﬁ%‘hﬁ@ Efic@RvENOHRIm ithafe, (n%@sra @a{ed%kédﬁ&edl\ﬂ%ﬁm{e'tm 250

x 30 mm | a 80: 20-m xtur, tane an anol
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-acet am ge i éﬂsﬁ QL %Q%gtaﬁ‘éd %s Y AR 0?1%5%& s "/Q'Ok tl(e% Nglss f’cja%ﬂ%{edg

t heory), he second enant | one ntion ti

(R) - () - NeoPaBiESs [0 Orppl: R é@ TF.Z/‘HI[M x1=248t hyl - ethyl] - 2 chloro
-acetam de, was al so obtained as a vi scous colorless oil (3.62 g, 45% of
t heory), b)MSi)-IQS-Brqmo-i-fﬁ@rG-‘izﬂlaqd}q[_(Z)zs-nte)thyl—propane—Z—sulﬁnylimino]-acetic acid ethyl

(R) - 5- ( 3z¢idp no- phenyl ) - 5- et hyl - nor phol i n-3-one Hydrochloride In close
anal ogy to the reaction sequence described for the preparation of Building
bl ock A, the cyclization of the (R -N[1 -(3-brono -phenyl)-2-hydroxy-1
-met hyl - ethyl]-2-chloro -acetamde with Fotassiumtert-butylate, followed
by the palladi umcatalyzed am nation, ands ally, by the hydrolysis

he

yi el ded the (R)-5 -(3 -anino-phenyl)-5 -Nna hyl -morp ho 1in-3 -one

hydrochl oride as a 30 |light yel B i (calculated) G i H 5CLN202
[242.707]; (found) [MtH = 207. 1/ 6PCT/ EP2010/ 061875 - 71 - The
(S)-5-(3- am no- phenyl) - 5- net hyl - nor - 3-one was obtained in the sanme

manner. Preparation of Building bl ock C
(RS) - 5- (5- Am no- 2-f | uor o- phenyl ) - 5- et hyl - nor phol i n- 3- one hydr ochl ori de
5 In a rlattliten elgUdncemathal- %gmgnqs@ﬁpﬁa@edé%rg b&Y4 fremol) ad piddpamatZ on of
EUI( lsdll())ngﬂﬁﬂrg@)]!ﬁlerﬁrl) ((XBSa)ﬁetlc acid ethyl ester (5.33 g, r1]9 4 mmol) in tetrahydrofgran (80 rnl) was
ro uor en
Fol I'ows: 15j o rgoﬁenﬁ’pgraﬁ%ﬁvn%rtﬁgmﬁ%h@[ BB R oo per Hown
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N, 0- diSmetvaporatey dit mdyt@inprnsew(elTﬁemmge plpsucmfﬁ V)g) vl @uribet by oromatogtapky was
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was dri egoﬂl‘d?[M$Hﬁ$‘§ﬁ85EN/lfr@~ —ghen evaporated. The crude
5- br ono- 2- t | tor o- N- met hoxy- Net hyl - benzam dematerial (3.73 g, 91% of
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tetrahydrofuran 5.69 M, 17 mol) in tetrahydrofuran (24 m) was treated
at 12- 16dxxyilsdimeply kqwppil-amidst

5- br ono- 2- f | uor o- N- net hoxy- N- net hyl - benzam de (3.73 g, 14.2 mml) in
tetrahydrofuran (24 nm). After conpl et ®Bddi o on, the reaction m xture was
heated to reflux. After 20 m nutes, it® suspension was quenched under
ice cooling with a saturated sd¥mti niumchloride (25 m). After
dilution with ethyl acetate (50nl) e aqu | ayer was separated and
re-extracted with ethyl acetate (5 F Th onbi ned organic | ayers were
washed 25 with brine (20nl), dried over sodi um sul fate, and evaporated at

reduced pressure bro - flu - et han s obtained . as a

li ght yefI8l8Bef 65%((%'% 5%1&%0 he?ﬁ%&?g? m BFPP\?&%FS lfﬁﬁtwole%a%gafdg

t he next cthylegster RF0.4 gD2’55m(05k)| ni aphydyets, teehhydrttfuralinémOamB/mmbledw@t-w WA 4/ 1).
25  solution of methyl magnesium bromide (3.2 M in 2-methyl-tetrahydrofuran (30.1 ml, 96 mmol)

was added dropwise. The yellow solution was warmed up to room temperature during 2 hours

and then stirred for 16 hours. For the workup, the yellow solution was quenched with ice-cold



b) (RS)-5-(5-Brono-2-fluoro-phenyl)-5-nethyl-imdazolidine-2,4-dione WO
2011/ 020806PCT/ EP2010/ 061875 - 72 - The reaction of

1- ( 5- br orwo26f1/020806- phenyl) - et hanone wi t h pot assi um cyamrCa&EPand/0arsmdni um
carbonate in ethanol in an autocl ave a% 120 C for 16 h yielded the title
conmpound as |ight yellow solid. Mass ( &I cul at ed) ClOH8Br FN202 [ 287.087];
(found) EMH = 285 [Mr2-H = 287. 5 c)

(RS) - 2}/@&&1%9@8 amﬁlotafum&del LRt Bn RAERY AR Wil R ICactalcd TRELSh® 34 RF WHZN
COOWVe The hydra
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sodi um hmdssovel tdegn&di)ruWn ol (Ahd). d8it eride |pu&h1ctoxmasqfur1tﬁhda by eBtohtaiogepphy on silica
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thlonylc ori am nQ- 2-
br onp>2- PR 9| )a iy &5 ey %%91?3%%# -Bdroxyr | gmerRyreepyar |
The puri aidofwat hbtambd)atua:tolaﬂldsmmm RIgl MYo iof theory). Mask €oalcubitel) OMHIBENOLSIN t her

purlflca?gﬁ’]@zo N&g%gﬁq @Haggp M@‘Ilﬁ* KBy FNC2 [ 276.107]; (found) [MrH ' =

276

(RS) - 2- Ami or 0- phen propan-1-ol 15 The reduction of
the (RS) d)Z(Rﬁr?l‘ ‘ﬁé?“?‘{' o BY%%;]“PT% hey é#)emﬂ‘yf)g o ¢ acid nethyl est er
with lithiumal um niumhydride in tetrahyd uran yi el ded the

(RS) - 2- am no- 2- (5- br ono- 2- f | uor opheny 1)\ pan-1-ol as a light yellow oil.
The purity of the product allowed usi \{-¥H, t he next step without further
purification. Mass (cal cul at ed) [ 248. 097]; (found) [MtH = 248,

[ M2-H ' = 250. 20 e)
(RS) - N-[ 1- (5- Bronp- 2- f | uor o- pheny1) - 2~hydf oxy- 1- met hyl - et hyl ] - 2- chl or o- acet
am de WO 2011/020806PCT/ EP2010/ 061875 - 73 - The acyl ation of

the(Ry) - &- s@lﬁ'tl@l?o@(‘é‘ﬁ SR rc?paﬁé Q'@ﬁl@infahl%ﬂy[@ lp(SOIHQf?lolZ @Llor v Eéﬁyl) 2- hydroxy-

i1 ca gLrdms l\glrﬂé‘)@’ﬂaﬁ?@ﬁg B L i wtfggqogfdtta 8/ 20 as
t he el ueHydrothlerid RS (ANM[ ih-dfdBat, diroal2whi axbied-dropwise. The ice bath was removed and

stirring continued for 1.5 hours at room temperature. For the workup, the reaction mixture was

poured onto a sodium carbonate solution (2 M), extracted twice with ethyl acetate, dried over

15  sodium sulfate, and evaporated at reduced pressure, finally dried under high vacuum. The (R)-3-
amino-3-(5-bromo-2-fluoro-phenyl)-2-methyl-butan-2-o0l was obtained as light yellow oil (2.94 g,
96.4 % of theory). Mass (calculated) C;,H;sBrFNO [276.147]; (found) [M+H]" = 276, [M+2-H]
=278.

e) N-[(R)-1-(5-Bromo-2-fluoro-phenyl)-2-hydroxy-1,2-dimethyl-propyl]-2-chloro-acetamide

20

A solution of (R)-3-amino-3-(5-bromo-2-fluoro-phenyl)-2-methyl-butan-2-ol (2.91 g, 10.5 mmol)
in dichloromethane (35 ml) was stirred intensively together with a saturated sodium hydrogen-
carbonate solution (30 ml) at 0 °C. Chloroacetyl chloride (0.92 ml, 11.6 ml) was added and
stirring continued for 1 hour at 0 °C. For the workup, the aqueous layer was separated and

25 extracted with dichloromethane. The combined organic layers were dried over sodium sulfate,
then evaporated. The title compound was obtained as a white solid (3.5 g, 94% of theory) which
was used in the next step without further purification. Mass (calculated) C;3H;sBrCIFNO,
[352.629]; (found) [M+H]" = 352, [M+2-H]" = 354.



5 phenyl) - 2- hydr oxy- 1- met hyl - et hyl ] - 2-chl or o- acetam de as a |ight brown
waxy solid. Mass (calculated) C [F112Br CLFNO2 [ 324.579]; (found) [MtH =
324, [ Mr2wHl200/@2H6 f) PCT/EP2010/061875

(RS) - 5- (5- Br onp- 2- f | uor o- phenyl ) - 5- met R | - mor phol i n-3-one The cyclization
of the (RS)-N-[1-(5-brono-2-fluoro-phehyl)-2-hydroxy-I|-nethyl-ethyl]-2- 10
chl oro-acetam de with potassiumtert-butylate yiel ded, after chromatography
on sili CH (BR5- (5'-%1'5'190-@ ﬂi{(ﬁ'gi ‘i‘n@ﬁyl}lg 6%&“&1’1&%@61‘?@9@1‘ gﬂ,tnlaanol = 100/0 to 80/20

as the eluent, the ( (p
fl uoro- phenyl) 5- rret hyI rmr phol | n- 3 on a yell ow waxy solid. Mass
(calculated) C, 'H iBrFNO2 [288.118]; Yfolhd) [MH + = 288, [M2-H = 290.

HN
T 0~phenyl ] - 5- et hyl - nor phol i n- 3- one
15 The ami nation of the (RS)-5-(5 D- 2- f | uor o- pheny1l) - 5- et hyl - nor pho
lin-3-one with sodiumtert-butyl ate, YeriE butyl - x-phos,

tris(di benzylideneacet one) di paI | adi um chl or of or m conpl ex, and
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as t he epagtaptide Qzﬁ@ g R 915 in tpgyene (80 rnl at 23 °C was treated dropw1se with a solution
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225. Prepatatd @niald h@h't' bheevRBiIbIrRC Krugl% roduct was purified by chromatograﬁhy on silica
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phenyl)-5,6,6-trimethyl-morpholin-3-one was obtained as a light yellow gum (1.83 g, 73% of
theory). Mass (calculated) C13H;sBrENO, [316.168]; (found) [M+H]" = 316, [M+2-H]" = 318.

9)
(RS) - 5- [ 5- (Benzhydr yl i dene- ani noPrs

15 g) (R)-5-[5-(Benzhydrylidene-amino)-2-fluoro-phenyl]-5,6,6-trimethyl-morpholin-3-one

In a sealed tube a solution of (R)-5-(5-bromo-2-fluoro-phenyl)-5,6,6-trimethyl-morpholin-3-one
(1.0 g, 3.2 mmol) in toluene (8 ml) was treated consecutively with sodium zerf-butylate (912 mg,
9.5 mmol), 2-di-tert-butylphosphino-2',4',6'-triisopropylbiphenyl (fert-butyl-x-phos) (134 mg, 10

20 mol%) and tris(dibenzylideneacetone)-dipalladium chloroform complex [Pd,(dba);.CHCl:] (98
mg, 5 mol%). Benzophenone imine (1.06 ml, 6.3 mmol) was added finally via syringe. The tube
was sealed under argon and the mixture was stirred at 105 °C for 20 h. For the workup, the
brown solution was extracted with ethyl acetate and water. The organic layer was separated,
washed with brine, dried over sodium sulfate, filtered and evaporated at reduced pressure to give

25 brown oil (1.5 g). The crude product was purified by chromatography on silica gel using a
gradient of heptane and ethyl acetate = 100/0 to 50/50 as the eluent. The (R)-5-[5-
(benzhydrylidene-amino)-2-fluoro-phenyl]-5,6,6-trimethyl-morpholin-3-one was obtained as a
light yellow foam (1.13 g, 86% of theory). Mass (calculated) C,sH,sFN,O, [416.493]; (found)
[M+H]" = 417.



a) (R)-(+)-N |

[ 1- (5- Bronp- 2- f | uor o- phenyl ) - 2- hydr oxy- | - met hyl - et hyl ] - 2- chl or o- acet am de
10 and WO 2011/020806 PCT/EP2010/061875
(S)-(-)-N41- (5-Brono- 2-fl uoro-phenyl)-2-hydroxy-1|-nmethyl-ethyl]-2-chloro-ac
etam de A solution of (RS)-N-[1-(5-brofibv -2-fluoro-phenyl)-2- hydroxy-1
-nmet hyl - ethyl]-2-chloro - acetamide (2.7 g) in dichloronethane was divi ded
in 100 Ld oM ; { hb-8l Ikinfamivial NR
AL i g v e A e U T SR S el

i sopr opagrPhingrthiangent . The first eluting enantiomer (retention tine:
9.94 mn), 15 the (S)-(-)-N[1-(5 -br%m)-z-fl uor o- phenyl ) - 2- hydro xy-1

-nmet hyl - ethyl] -2-chloro -acetam de, bt ai ned as a light yell ow waxy
solid (1.05 g, 39% of theory), and theygecopd el uting enantionmer (retention
time: 12.92 mn), the HN

2- hy,'dr oxy- | -net hyl et hyl] - 2-chl or o- ac
fow waxy solid (1.07 g, 40% of

(R -(+)-N[1-(5-brono-2-fl uoro-phen
etam de, was al so obtained as a |igh
theory), with e.e. > 99% each. 20 b)
(R)-5-(5-Am no- 2-f | uor o- phenyl ) - 5- net hyl - nor phol i n- 3- one h%/dr ochloride In
cl ose an&hody/-i-05-{hsazhydedidensrpnyeq)ie Aeeopbeilr beb-trigethy heojphelpai-ans hl1df
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and, fi n&hdreafichyihe prechyalvtginywisscopied|td@d “Chéhen hydrochloric acid (1M, 3.42 ml) was
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(S) - 99( Swathrictid 2¢dtdtectlio- prsany lyeEwae taghed moithp hoid, Wiigd one Jegtnoeifasy, iadé was
?gts ;:u ge?e\}a %?a{r%g @aﬁlc?g&%&n{%{ i é;ﬁbﬁ{el cﬁn(loinso gyﬁlhle!cﬁlmeght@%&t Bas purified by

- 2-fl uar.o- - nor phol j. ne- 3-t hi
(5 b omo BOTHOGR OB Ly AL AbbrRAS 6] Feoas aﬂﬁ%fﬁggfghﬁhner
to that the s chiebted Ther (K)h%(f}:aarepaﬂaiﬂliomm}pbényl&)bﬁ,@,dﬁmgetbylanq«pﬁbl{ng%}thionhewas
reacti ongRfinar Ay O Wit wdnv 05,03 %P i) B@ﬁiéa%%&%al@@&%@”@%ﬁl Y‘N%@S [268 3541;
cyclogropél rrgﬂ}r/}e um 10 brom de in tetrahydrofuran yiel ed the titie
conpddndgud ffé t‘%'l ow liquid; (HPLC 2.783 min 100%. Mass (cal cul at ed)
CLOH8Br FO [243.074]; (found) [M+H = 243, [M:2-H ' = 245. b)
4- Br ono- Preparation| of Budding-bléakyl ) - 1- f | uor o- benzene

(R)-5-(3-Amino-phenyl)-2,2,5-trimethyl-morpholine-3-thione

a) (R)-5-(3-Bromo-phenyl)-5-methyl-morpholin-3-one

20 In close analogy to the reaction sequence described for the preparation of Building block A, the
cyclization of the (R)-N-[1-(3-bromo-phenyl)-2-hydroxy-1-methyl-cthyl]-2-chloro-acetamide
with potassium fert-butylate yiclded the title compound as a white solid. Mass (calculated)
C11H,,BrNO, [270.125]; (found) [M+H]" = 270, [M+2-H] = 272.

b) (R)-5-(3-Bromo-phenyl)-4-(4-methoxy-benzyl)-5-methyl-morpholin-3-one



A suspension of nethyltriphenyl phosphoni um brom de (7.142 g, 20 mol ) in
toluene (50 M) 15 was treated with potassiumanylate (1.7 Min toluene,
11. 76 m ,waommbhgos and the m xture was stirred at 0 C POI/ERQOWionsres. A
sol ution of (5-brono-2-fluoro-phenyl)- ggcl opropyl - net hanone (4.05 g, 17
mml) in toluene (17 mM) was added and®the m xture stirred at room
tenperature for 2 hours. For the workup, the mxture was extracted with

wat er and ethyl acetate, the organ Pated, dried and evapor at ed
at reduced pressure. After chromatpgra QV@?I ica gel 20 using a mxture
of hexane and ethyl acetate 8BS the

4- br onp- 2- (1-cycl opr opyl - vi ny T Dor o- benzene was obtained as yel | ow
oil (3.816g, 95 % of theory). Mg (calculated) CiH oBrF [241.102];

(found) [MHH ' = 241, [M:2-H ' 7= 243. c)

(RS) - 4- Brono- 2- (1- cycl opropy1- 2-i odo- 1-i socyanat o- et hyl ) - 1-f| uor o- benzene
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t heory) WA was’ use ep vvlt rther rcation. 10 d)
(RS) -14- ( gespitsad he crudg prasiupthassy purified éw%wéw&%mmhqaoﬁeﬁugnb aegradieng @ ut i on
(()]ICQS'; hz ghdﬂt@e and ethyl acetate = 100/0 to 50/50 as the eluent. The (R) 5- (3 -bromo-phenyl)-4-(4-
i at o- et or enzene

(6.40 g, mitélo%% ylﬁ% ¥1—rﬁc}/u léoﬁm é) 1?0 8/8.8 0>%ga\fneﬁ gs, coel?rléés Qtlll &% ¢! %t3/b of
tr| et hy| He9me M@S Oelcﬁiatedlgw RenBirNOa330 £Rd: @W[M+ﬂﬂa§ 30, EMé%rHiveﬁ% ght at
reflux. For the workup, the reaction 15 m xture was evaporated at reduced
pr essur ec)t(2S,¥Re543-Breme-phdeylj-4-i(4-en vy Bengy IR S, SalinethlyPiioBpholindB-olke Was
directly used i n the next step. Mass (cal cul ated) C12H11l 3r FNO2 [ 300. 126];
(found) [MtH = 300, [M+2-H' 302.ye)

(RS) - 2- Am no- 2- (5- br ono- 2- quoro ph 1 )o 2- cI@QopyI-ethanoI 20 A
solution of the crude
(RS) - 4- (5- br ono- 2-f | uor o- phenyl) 4 - oxazol i di n-2-one (4.802 g)

nonohydrate (6.7 g, 160 nmol) he reaction mxture was stirred at 100 C
over nisght. For the workup, the r¥action mxture was extracted with
di chl oronet hane, the conbined organic | ayers were washed with water, then

dried ovAar dis@dilasm wiy E}@&@damdiee\aamg@t ghospiRe: GhitHAe sPluEsIeE (RAS (Puilohdol ed by
VO 2011/ 0l120819g gnllelt:'l%zxg:lb%{lzoy 1§ mcthyl- rnorphohn—3 -one (600 mg, 1.5 mmol) in

tetrahydrofuran (16 ml) which was cooled to -75 °C. Lithium isopropylamine (1.54 ml, 3 mmol)

in ethanol (25 m) and wat erB (\’ﬂ S treated wth |ithium hydroxide
{

was added, and after the addition of diazomethane (502 mg, 3.5 mmol) the reaction was
20 complete. For the workup, the cold reaction mixture was quenched with a saturated ammonium

chloride solution (15 ml) and extracted with a mixture of dichloromethane (40 ml) and water (15

ml). The organic layer was dried over sodium sulfate and evaporated to yield the crude (25,5R)-

5-(3-bromo-phenyl)-4-(4-methoxy-benzyl)-2,5-dimethyl-morpholin-3-one as a brownish oil

which was engaged in the next step without further purification. Mass (calculated) C,0H,,BrNO;
25 [404.307]; (found) [M+H]" = 404, [M+2-H]" = 406.

d) (R)-5-(3-Bromo-phenyl)-4-(4-methoxy-benzyl)-2,2,5-trimethyl-morpholin-3-one



chromat ography on an Isolute flash NH2 col um using a gradient of

hept ane/ et hyl acetate as the el uent.

(RS) - 2- amvOao /0288061 ono- 2- f | uor o- phenyl) - 2- cycl opr opyl - eChared10me87Dbt ai ned
as a yellow oil (2.27 g, 52% of theoryb Mass (cal cul ated) G i HnBr FNO
[274.132]; (found) [MeH * = 274, [M22% = 276. 5 0
(RS)-N-11-(5-Brono-2-fl uoro-phenyl)-1-eycl opropyl - 2- hydr oxy-et hyl ] -2-chl oro
acetam de (RS)-2-Am no-2-(5-brono- | uor o- phenyl) - 2- cycl opropyl - et hanol
(2.27 g, 8 nml) was dissolved in it @r g2of_-fixchl or omet hane (85 ni) and
a saturated aqueous solution of sodiung 10 ogen-carbonate (85 m ). The
bi phasic m xture was then trgated W aS0Ruti on of chl oroacetyl chl ori de
(0.69 m, 8.7 nmmol) in dichl oane. The reaction mxture was stirred at
roomtenperature and the progresszof the transformati on checked by

chromat ography. After conpletion, the reaction mxture was diluted with

di chl oronet hane, the organic |ayer separated _and washed with water, then
dri ed overdrisgditknmvaghpieeed uadry apgigen ptesaberaéh epalutipn phithe sruge §HpIR)P5(3-
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(RS) - 5-[ 5- (benzhydryl i dene- am no) - 2- ™Uuor o- phenyl] - 5- cycl opr opyl - nor phol i n-
3- 10 one (2.10 g, 5.07 mmvl) and Lawesson's reagent (0.926 ng, 2.3 mol)
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chr omat ogy aRMMRAMrSivhd Krcd8l 73'5¢ /G B BLANTRNooRY DRUENRHEERW s BEELAHRo aS

h | uent. Th RS) - 5-
the e uea tsaturateﬁ sgluggn gf sodium hydrogen-carbonate which was extracted with ethyl acetate. The

heny1] - 5- cycl opr opyl - nor phol i ne-

20 organic layer was separated, washed with brine, dried over sodium sulfate, and evaporated at
reduced pressure. The crude product was purified by chromatography on silica gel using a
gradient of heptane and ethyl acetate = 100/0 to 66/34 as the eluent. The product containing
fractions (550 mg, orange foam) were collected and engaged in the next step without further

purification and characterization.

25 1) (R)-5-[3-(Benzhydrylidene-amino)-phenyl]-2,2,5-trimethyl-morpholin-3-one



15

[ 5- (benzhydryl i dene-am no) - 2- f| uor o- phenyl] - 5- cycl opr opyl - nor phol i ne-3-thio
ne was obweainad2emea yel | ow foam (1.42 g, 65% of theorypCTNRIE0O6BTEUl at ed)
C26H23FN20S [ 430. 545]; (found) [ MH| 431. j)

(RS) - 5- (5- Am no- 2-f | uor o- pheny1) - 5- cyc%pr opy! - nor phol i ne-3-thione NH WO
2011/ 020806PCT/ EP2010/ 061875 - 79 - tenperature for 30 mnutes. The
reaction m xture was poured on a saturate | ution of sodium

hydr ogen- carbonate and extracted tw ce wi dhz%& acetate. The conbi ned
organic layers were washed with brine, dr]ed er sodiumsulfate, filtered
and evaporated at reduced pressyre. N The r was purified by

chromat ography on silica gel usin \_ xture of dichloronethane 5 and
ethyl acetate as the el uent. CHZC&Q/E Q4e’ 3: 1. The

(RS) - 5- (5-am no- 2-f | uor o- pheny1)-5- cycl opropyl - nor phol i ne- 3-t hi onewas
obtained as a white solid (0.810 92% of theory). Mass (cal cul ated)
C13F115FNxoglop Bstang) in th &ymha;ls Pﬁﬁwdng bigck Kt paliedtuneratalyzeduinienting obl ock

F (RS) - 5thé3(R§m(llbr(ﬁﬁtﬁﬁhénM)5 mtrhijéthﬂﬁlﬁd@blﬁdlﬂn%o&_— yibidedehcl Otle cbRAPOSHOD &

r eagent o el r

susgen5| érilogvffogh(%?féﬁ% no? )pfl}}asg‘@ﬂgl)ate i Eﬁ?ﬁ %881)[?1’6% Q@ﬁ (@ unh @g %E a3991 26
nmol ) 2-di mathox%ethane ; the reactiaon mxture was stlrred at

80 C for g)l@‘)ﬁdér@enw @‘ihd&'b“rfﬁ%{o@%‘m}le@ $Sgrimetind-megphelin-3ybienpar t i al |y

removed at reduced pressure and the dark orange oil diluted with 15

di chl oronet hane (5 m) before washing with MgHC1 (2 x 5ml). The aqueous
phase was brought to pH 8 and extracted wthdi chl oronet hane (4 x 10mL) to
yield the (RS)-5-(3-am no-phenyl)-5- nethyl - phol i ne-3-thione as a yell ow

oil (0.16 g, 57%of theory). MRbs_fNalewlatsqd) C i H 4N20OS [222.31];
(found) [MtH ' = 223. Preparatio oI di ng bl ock G 20

(RS) - 3- ( 3- Br ono- phenyl ) - 5- met hoxyPB- iyl - 3, 6-di hydro-2H [ 1, 4] oxazine In
a vacuumdried flask under an argon atnosphere, a sol ution of

(RS)-5- (g ?{ﬁ% glﬁgﬁé n?; B tHEtQ% s{lDrP'%ﬁHdltﬁlge‘Bls’{lﬁI{?’thQ tgeatnjfe]h‘t Ll sl

di chl or one was t ea ed Wi t oxon

t et r af | udeedgialigeneansgy-phenyl 72, dggripethyhmornhglin- ﬁ@ﬁe mN%buLewwa@n 8t fegdd at
25 room ylemp@ﬂ@ttwleeoﬁ@dsu@7as RGNS fda@t aﬂdﬂ%hl\(\ﬂfa{@gﬂa.p b siliog g&m&m%a glirzﬁﬁ’éh'& [ on

e@t r giche glngmartlcr et %lsaa(‘:gtlejl{eat ?&)/& 90' yd/é(? a3 t e e?uet(ljtl ég %1% ass ca cu%l e her e

eva

Were obt §16M2931@4957@]‘ (ﬁoh@)t[WIPH céﬂﬁ)ound as I [ ght yel | ow
h) (R)-5-(3-Amino-phenyl)-2,2,5-trimethyl-morpholine-3-thione

In analogy to step h) in the synthesis of Building block K, the hydrolysis of (R)-5-[3-
(benzhydrylidene-amino)-phenyl]-2,2,5-trimethyl-morpholin-3-thione with hydrochloric acid

15 yielded the title compound (Building block L) as an off-white solid (86% of theory). Mass
(calculated) Ci3HsN,0S [250.37]; (found) [M+H]" = 251.

Preparation of Building block M

(2R,5R)- and (25,55)5-(5-Amino-2-fluoro-phenyl)-2-benzyl-5-methyl-morpholin-3-one




WO 2011/ 020806PCT/ EP2010/ 061875 - 80 - oil containing about 17% of the
starting lactam WMass (cal cul ated) C12H14Br NO2 [ 284. 16]; (found) [MtH =
284, [ Mt2wHl201/@28%6 Preparati on of Buil ding block H PCT/EP2010/061875

(R) - 5-(5- Am no- 2-f | uor o- phenyl ) - 5- net h§ -nor pholine-3-thione S 5 a)

(R) - 545- (Benzhydryl i dene- am no) - 2- f | uoro- phenyl ] - 5- net hyl - nor phol i n- 3- one
As described for the preparation of Building block D, the cyclization of
the (R) - MARSPBPSRER-[(RS)-1-(5-bromo-2-fluoro-phenyl)-2-hydroxy-1-methyl-ethyl]-3-phenyl-
2-fluor OI-’rF ﬁ% 2- hy[cqr o)xy-(l- met hyl - et hgl ] _y}_ ch¥or oy- acet ayrri deyLVi tph y

pot assi UM P! ‘Eﬁyl ate, followed by the palladiumcatal yzed am nati on

yi el ded the (R)-5-[5-(benzhydryli dene-am no)-2- 10

fl uor o- phenyl ] - 5- net hyl - nor phol i n- 3-one@s™a yel | ow solid. Mss

(cal cul ated) C24H21FN202 [ 388.45]; (fou M-H] = 389. hb)

(R) - 545- (Benzhydryl i dene-am no)-2-fl ug phenyl ] - 5- et hyl - nor phol i ne-3-thio
ne A solution of (R-5- [5 -(benzhydrylidgne-am no)-2-fluoro -phenyl] -5
-methyl-norp ho Iin-3 -one 287 ng, BY” 7 Whol PHi n di oxane (4 m ) was treated
wi th Lawesson's reagent (181 ng, 0.5 nm 15 After heating at 80 C for 16
hours the reaction m xture was ewWipQ P9t reduced pressure. The residue
on an Isolute flash NH2 col um
fate = 100/0 to 40/ 60 as the
eluent. The title conpound was obtai ned as yellow foam (181 ng, 61.5% of
theory). Mass (cal cul ated) C24H21FN20S [404.507]; (found) [MH ' = 405. 20
c) (R)-54(8iuian,at i@?)r%@?ﬂkﬁlﬂ)&h@rl%ﬂ”}@@:QPQF‘?TWQHMBTPE)‘?P&PTer%-é-ﬁ % &) g'%mnner
anal ogousiethylantie: @r0dpal aBinmolpin Beiohitiila @3 bntyokas Eodlbd toy et A wdut®nalf (RS)-

R)-5-[5 i ] f = =D
| e 3 ¢ PR ERNEbRRRAT AT RRLCAQuo BT B ANIRAY by £ ool B REB0Rar o
br own f o#ffed MERRWVisE o B3 eanggte @ﬂdnméﬁwzeesﬂ?@mx@mwas (et Updyarpvigreone 241,
25 Pr epafteaipeiatur@f Aftsti 1 dbmgthal 1@edioh mixture was evaporated under reduced pressure and

(RS)-15-}(1|- in nyl )= 5- hyl - 5: 6- dj %r%ro-g ‘g [ -g]- %’]f- i s-(4-

ret hoxypiasit PR IR R G st e b bete 61

- 10" 100/0 to 50/50 as the cluent. Besides the N-[(RS)-1-(5-bromo-2-fluoro-phenyl)-2-hydroxy-1-
methyl-ethyl]-3-phenyl-acrylamide (0.233 g, 10% of theory), the (2RS)-bromo-N-[(RS)-1-(5-
bromo-2-fluoro-phenyl)-2-hydroxy-1-methyl-ethyl]-3-phenyl-propionamide (mixture of

diastereoisomers 3:2) was obtained as a white solid (1.985 g, 71.5 % of theory). Mass (calculated)
CisH1sBroFNO, [459.156]; (found) [M+H]" = 457, [M+2-H]" = 459, [M+4-H] = 461.

15 b) (2R,55)-2-Benzyl-5-(5-bromo-2-fluoro-phenyl)-5-methyl-morpholin-3-one and (25,5R)-2-
Benzyl-5-(5-bromo-2-fluoro-phenyl)-5-methyl-morpholin-3-one

; [RAC)

In analogy to the cyclization reaction described for the preparation of Building block C, the
reaction of (2RS)-bromo-N-[(RS)-1-(5-bromo-2-fluoro-phenyl)-2-hydroxy-1-methyl-ethyl]-3-
20  phenyl-propionamide with potassium tert-butylate yielded besides the N-[(RS)-1-(5-bromo-2-
fluoro-phenyl)-2-hydroxy-1-methyl-ethyl]-3-phenyl-acrylamide (0.381 g, 30% of theory),
(2R,55)-2-benzyl-5-(5-bromo-2-fluoro-phenyl)-5-methyl-morpholin-3-one ~ and  (2S,5R)-2-

benzyl-5-(5-bromo-2-fluoro-phenyl)-5-methyl-morpholin-3-one as the dominant diastereoisomer



a) (RS)-5-(3-Brono-phenyl)-5-nethyl -5, 6-di hydro-2H [1,4] oxazin-3-yla mn
e In a vacuumdried flask under an argon atnosphere, a sol ution of

5- ( 3- br ormwopha28065- net hyl - 5 nor pholin-3-one (7.4 g, PTTAPRMI05187H

di chl oronet hane (80 m) was treated V\nngg tri met hyl oxoni um tetraf | uoroborate
(11.6 g, 3 eq). The reaction mxture was stirred at roomtenperature
overnight. The LC-MsS profile showed partial conversion into the desired

CO”DOUndmsfarrﬁrb@fahﬁﬁltelfo%e@l%fofttﬁéo@%t Rk OxanL Ml el JiafRHRDIBoS 844. uekfR) added
and the Mg&fl g& ner#]hj wggo stirred at roomtenperature overni ght. For the
wor kup, & t was washed 10 with a saturated sol ution of

sodi um hydr ogen-carbonate (50 nml). The organic | ayer was dried over sodium
sul f at e er@RSSrpodd288R)-Fe (Baebialylidehecamine)s2-ingopheasl] 2rbenay Iamethyl-60 i )

in a mchrRFRRmMm 'hQT— l?enqu kg 5-{(Berfth RdeheSthh S-RGEE (=
reacti onzm xt v I{hgﬁ t d;(go g’ fg-gr(l% h%tljrrys Xf t el;lwgool [ ng‘,;hengn
r eact Pon2 e "T‘?'f Bd"¥¥d evaporated to dryness, taken up with

di chl or onet hane (30 m) and filtered again. The solvent was_renoved and 15
t he resi due was passed throug SCX (50 g) cartridge, w with a

di chl or onet hane/ met hanol m xt and the product was recag gd eluting with
a solution 2.0 M of ammoni et hanol . The
(RS) - 5-(3-brono-phenyl )5 5- gkt hy1-5, 6-di hydro-2H-[ 1,4] oxazi n-3- yl am ne was
obtained as a brown oil T8.7@®, 53%of theory). MssYcal®ul at ed)

C11H13Br N20 [269. 14]; (fmnd [ MtH] = 271. 20 b) (RSN

[ Bi s- (4- met hoxyP Ny | - met hy 1H5- (3—%&?@5 5- et hyl - 5, 6- di hyd
ro-2H [1,4] oxaziln- 3m'ne ol ution of
1

(RS) - 5-( 3- brorm-pl%ny - thy ]6 di hydr o- ?H—[l Zi n[@gﬂ amne ( 3.7
g, 13.8 rrrml) and triethyl am ne (1 59, 1.1 eq) in dICh| oronet hane (20 m)

was cool to 0 C and 25 4,4' -di triph me chloride (5, 12 g,
1.1 eq) fé&}ﬂ Eystepr: rtléea%T‘ihBﬂs E? ﬁ]ll Eﬁ @( l%v%e palﬁarc]hum-catalyzed amination of
2011/ 02080 6 PET3 &R 1oy 156(2 7 dme-28R1010- 3hanybéeknahylrmphdlmlﬁﬂaemeatamd e(2B\en2k ght .
Ther eaf t g, yl"@ésel'iro%% -AgAs! ghéf@l)tﬁhﬁleﬂ%lxltnyfpﬁoﬁpg ohd eylélﬁ&iart‘hec ti?l'@ aécﬁnﬁ@ﬁﬁds

separated, dri over sodi concentrated at red

The cifud®GRresumps iRty oByilich selmanagreahsnt shhcgians ng gyl aff‘aat9re199(0tt%é0/50 e
(RS) - [ bi ss (- stetthothy rﬂi’rmy]ilbmg) mmysy reeitl h2IS]5 RY-5 5§ 54 bedizhylair-itone-grhipa)1-Ylubro-

o B LS ?@t‘% g fofel 0&&%‘%&@&%8@5%% &y edf*{%ﬂfd)

[ MFH] = = Nhags (Cé ulated) 31H27FN202 78 564 (found [M+H]" = 479. The second cluting (2R,5R)-
(RS) - [ 5 {3t AWZG‘QSPBQ&YE@hz@dﬂS&MBI)H arbin®)-THiyd rpde - Z-betfk]yDX-&ﬂdtlfy-laﬁtoyﬂﬂohn%-

[ bi s+ t 1) -.p Y, t ] I

br ocadur Becia SaRaY sl L UAREIBE) B ﬁﬁ?&%ﬂﬁ% A N

[ bi s- (4- HeBRBAK ﬁOWWIﬁJUF@nyI methyl] -[5 -(3 -bronp -phenyl)-5

-met hyl -5 , 6-di hydro -2H 1, 4] oxazi n- 3-y1] - am ne foll owed by the hydrol ysis
of the iaf (eRr&Rji ﬂi&(ZSBS)—S-(S&A&no-(ZMh—)pdmyﬂ) pldagzyd-Simahylpmbghglih-3-dne
-nmethyl -5 , 6-di hydro-2H [1,4] o xazin-3 -yl} - [bis-(4-nmetho

xypheny1l) - phenyl - net hyl ] -am ne yi el ded th itle corrpound Mass

(cal cul ated) C32H33N303 15 [507.64]; (four I\/H—I] 508. Gener al
procedure: Under an inert at rmsphere of Rtregen to a m xture of the
brono-derivative (3 mml), tert-butanoldte (8 nmol), tert-butyl-x-phos (0.3
mol ), and tris(di benzylideneacet on®xdi pal | adi um chl or of orm conpl ex (0.1
mol ) were added benzophenoni m ne (5 Dl )] and dry toluene (20 m). The

m xture was heated at 105C forg48 h then allowed to cool to room
tenperature. Water (10 m) and dic orre hane (10 m) were added, the
organi c | ayer was separated, washe h wat[@ad]2 x 5ml), dried over sodium

sul fate, and evapor at ed. The crude prodgct was di ssolved in 1,4-di oxane (18
m ) and hydrochloric acid (1 M 6 m) was added dropw se. The reaction

m Xt ur e waslusibh foff €ZR,8R)- 100 ms,ﬁsme[rsa(bwzﬁydrymmwﬁmo) Bdtuotdighenpl Rupnzyi3e
sol vept R f SERNSHh 3 LA Fs63hS % WARHSYIRSAATE i will &M 108 PE anl 1Rl ) and
with hydrochloric acid (1 N, 0.9 mmol). The reaction mixture was left to warm to room

temperature and stirred for another 2 hours. For the workup, the solution was evaporated at



25 washed with hydrochloric acid (6 N). The aqueous phase was separated and
extracted with diethylether (2x50 m). The pH of the agueous phase was
adj ust ed wo 201/a2880ag sol i d sodi um hydroxi de and the desiPCe®Ppriogoersys was
extracted with dichl oronethane (3 x50 gjb). The organic | ayer was separat ed,
dried over sodiumsulfate and evaporatéd. The crude product was purified by
chromat ography on SCX-colum and silica colum using a m xture of ethyl
acet at e and-AQrSuet INERARRIAS tERE b BRhtordRERAL #0 A1) 284 HB i dibhg (Bhosk J
WD 2011/0 Oﬁﬁ PCT/ EP2010/ 061875 - ’ﬁ’e
[ (R) - 5- (BDAMRESM olHbion Wi sR§AC oY e HT (2516 mY: R peicons per 278 RePAateds- v 1Hb
i s-(4- netsifedye pHehy il Hobregy IbaSbBtnhya' Hagtmcted with dighloromethane (3x10 ml). The four
(R -5-(5; f n I e

t%mﬁ% &rs W HOLRRRRGNYLIT o gF‘?&M smwm avgp&ate@ A R chlloﬁlafbl Ry g

anal o “Feact on equence descri preparatjon
D1 ok 36, O HSIIEYT o7 P PORTSR S erIeR: oF e aRnI SR bl 0. RG] o
hydr oxy- the- (mﬁﬁyl andt (DY, I}')—Q(&inhmod Aucac-phani)Pebehsde -priplameatpholin-Bohd diang

SLFFEWD)SO h&if% M?éﬁﬁﬂ*ﬁ%?“% ST SFE MRl S EREBPHR6 331 % 1o

(found) PPw2-H ' = 289. b)

(R)-5-(5- Brom) 2- fI uoro phenyl) - 5-net hyl -5, 6-di hydro-2H[ 1, 4] oxazi n- 3-yl am
ne | n aRedpaeptionefBudding)bleck ¥ he synt hesis of Buil ding block I, the
treatment of (R)-5-(5-bronmp-2- fluoro-phenyl)-5-methyl-norpholin-3-one

fol I ayeddays)hgn R, LA Rind LR d roLieR{Y)-Pielzy 13- ABIRY Dnd R Holn-hifte Yi el ded
the titl ezgigfzsor)rpound;:l2 %?sttlrslydrlochl ori dtﬁ \S/aﬁg)obt alz};hngd g@g?a V\/ﬂil}te solid (74% of

t heory). Mass (cal cul ated) Cl1H12Br FN20 [2 13]; (found) [MtH ' = 287,
IMe2-H ' = 289. WD 2011/ 020806PCT/ EP201875
HN
HN
¢ [RAC]

In a procedure analogous to step d) in the preparation of Building block M the acidic hydrolysis

of (2R,55)- and (28,5R)-5-[5-(benzhydrylidene-amino)-2-fluoro-phenyl]-2-benzyl-5-methyl-

morpholin-3-one yiclded the title compound as an off-white foam. Mass (calculated)
15 CsH19FN,0,[314.363]; (found) [M+H]" = 315.

Preparation of Building block O

(RS)-5-(5-Amino-2-fluoro-phenyl)-S-methyl-morpholine-3-thione hydrochloride

HN

H,N

HCI

In a reaction sequence analogous to that described for the preparation of the optically active
20 Building block H, the cyclization of the (RS)-N-[1-(5-bromo-2-fluoro-phenyl)-2-hydroxy-1-
methyl-ethyl]-2-chloro-acetamide with potassium tert-butylate, followed by the palladium-
catalyzed amination yielded the (RS)-5-[5-(benzhydrylidene-amino)-2-fluoro-phenyl]-5-methyl-
morpholin-3-one. Its reaction with Lawesson’s reagent and the following treatment with



- 8 - In analogy to step c) in the synthesis of Building block I, the
reaction of (R)-5-(5-bronp-2- fluoro-phenyl)-5 -nethyl-5 ,6-dihydro -2H [1
, 4] o0 xazwo-28tii2esvbnewi t h4, 4' - di net hoxyt ri phenyl et hyl pchEreidocis7el ded
the title conpound as a white solid (7gé60f theory). 5 Mass (cal cul at ed)
C32H30Br FN203 [ 589. 51]; (found) [N%Fﬂ+ 589, [M+2-H = 591.

(D[(R -5-(5-Am no- 2- quoro phenyl) - 5-net hyl -5, 6-di hydro-2H1 1, 4] oxazi n- 3-y

1] - [ bi s- fftrodiB-20%Ma RRAMN 1P RAOYdond¥B arnﬂbam ?@( Faldhwoub ity 1A aanalald)

ggfgfsggﬁléﬁ%ﬁé{)gg‘ﬂfﬁﬁ%‘ﬁ%zf ngLol{ude)i [IOIQI—RJ 0841 ep'c)] the palladi um

[ bi s- (4- met hoxy- phenyl) phenyl nmet hyl] -[ (R) - 5- (5- bronp-2-fl uoro- 10
Brapar: sydedk-BPH-[ 1, 4] oxazi n- 3-ylFam ne foll owed by the

hydrol ysis of the |nterned|ate benzhydrylidene derivative yielded the title
C onpoun d(I(SZEsof(asoémiﬂbepﬂubro-li\ﬁa§1)(5qabmyi-amlﬂ)yde&aﬂf3ﬁ HNSQ3int S2hanfiad ;  (found)

N%Fﬂs éi dnﬁﬁ@%@ratlon of Buil di ng bl ock
(R) -5-(5- M Fuoro phenyl ) -5, 6, 6- trlnethyl nor phol i ne- 3-t hi one H2N
a) (5-Brono-2-fluoro-phenyl)-oxo- tic g@ld ethyl ester 0O A sol ution of
4- br ono- 1-f | uor o- 2-i odobenzene (6.3 g, % i n tetrahydrofuran (100
i)

HCl H,N
F

In a reaction sequence analogous to that described for the optically active analogue Building

block Q, the (RS)-5-[5-(benzhydrylidene-amino)-2-fluoro-phenyl]-5-methyl-morpholine-3-

thione was transformed into the title compound which was obtained as a light brown foam. Mass
10 (calculated) Cy;H;4FN;0.2CIH [296.174]; (found) [M+H]" = 224.

Preparation of Building block O

(R)-5-(5-Amino-2-fluoro-phenyl)-5-methyl-5,6-dihydro-2H-[1,4] oxazin-3-ylamine

HZNY\ 0

N

H,N

F

A suspension of (R)-5-[5-(benzhydrylidene-amino)-2-fluoro-phenyl]-5-methyl-morpholine-3-
15 thione [Building block H, step b)] (1.25 g, 3.09 mmol) in methanol (57 ml) was treated with a
solution of ammonia in methanol ( 26.5 ml, 185 mmol) and a solution of zert-butyl-
hydroperoxide (4.28 ml, 30.9 mmol). After stirring at room temperature for 40 hours, the
reaction mixture was diluted with water and extracted three times with dichloromethane. The
combined organic layers were washed with water, dried over sodium sulfate, evaporated, and
20  dried at high vacuum at room temperature to yield the crude (R)-5-[5-(benzhydrylidene-amino)-
2-fluoro-phenyl]-5-methyl-5,6-dihydro-2H-[ 1,4 Joxazin-3-ylamine as a light brown foam which
was dissolved in dioxane (20 ml) and treated with hydrochloric acid (1 M, 3.09 ml). After 40
minutes at room temperature the reaction mixtures was diluted with a saturated solution of
hydrogen-carbonate and water. The mixture was extracted three times with ethyl acetate, then the
25 aqueous phase basified with a solution of sodium hydroxide (28%). After four extractions with

dichloromethane, the organic layers were combined, dried over sodium sulfate and evaporated.



was treated dropwi se with isopropyl magnesi um chloride solution (2 Min
tetrahydrofuran, 11.5 20 m, 23 nmol) at -40 Cto -30 C. The Iight brown
sol uti on waxo0sa2es0ed for 30 mn at -30 C. Then di et hyl ®xalFR@o(61868 N ,
42.0 mmol ) was added in one portion at _-70 C (rise of tenperature to -55
C). The cooling bath was renoved and tﬂ@ br own-yel | ow sol uti on was war ned
up under stirring to -10 C during 1 hour. The light brown suspension was

pour ed ofipd cexrG8L@. aﬂﬂﬂi@@lﬁl&%%h%nﬁﬁs% 1M6 ARSI E SdzihWAgmMkt hwat hy!
acet at e. hewg %]%m LH—%’ & é &ZOBOGP / EP2010/ 061875 - 85 -
washed wPRtANGHS e da My bHIt sul fate, and evaporated at
reduced pressure to glve 8 g of a yellomllqu|d After chromat ography on
si | i ca gRlepakitiog pild thig i cycl ohexane and di chl oronmet hane = 100/0 to
70/ 30 as the eluent the (5-brono- 2-fl uoro-phenyl)-oxo-acetic acid ethyl

est er Wa@RER)B-(FEAmAFo-2- 1106+ Pph@FB-Pibkthlyb2-pb elyl-nPodYh 6in-8 680 hydrocMaFide
(calculated) 5 C10H8Br FO3 [275.072]; (found) [M = 274, [M2-H' = 276. b)

(S)-(5-Bronmo-2-fl uoro-phenyl)-[(2)-2-ng gJ - propane-2-sul finylimno]-acetic
acid ethyl ester A solution of (S)-(-) bt hyl - 2- propanesul fi nam de (2. 35
phenyl ) - oxo-acetic acid ethyl ester

g, 19.4 mmol) and (5-brono-2- 10 fluo
(5.33 g, 19.4 mol) in tetrahydrofuran (80 mM) was treated at room
tenmperature with titaniun(lV) ethoxide %.04On1, 38.8 Mol ). The |ight
brown solution was stirred at 70 C fop ours. For the workup, the

cool ed reaction m xture was poured into |c wat@H, diluted with ethyl
acetate, and filtered througqlﬁ.pad of MHjte. The organi c | ayer was
separated, washed with brine, Zdrted & »odi um sul fate, and finally 15
evapor ated at reduced pressure. ude product (6.7 g) was purified by
chromat ography on silica gel using~g adi ent of cycl ohexane and

di chl dr onet hane = 100/0 to 0/ 100 as the el uent.
(S)-(5-bronmo-2-fluoro-phenyl)-[(2Z)-2-methyl -propane-2-sul finylimno]-acetic
aci d et hy) (Rp2t(&brome-26eiba @ phan gy 2 44-yeithow-lenkylimind)-projgdd-of t heory). Mass
(cal cul ated) Cl14H17Br FNO3S [ 378.260]; (found) [M-H = 378, [M+2-H = 380.
20 c) (S)-2-Methyl-propane- 2- SU|fInIC aci d 0

[ (R) -1-(5-brono-2-fl uoro-phenyl) - ot
sol ution of
(S)-(5-brono-2-fl uoro-phef
acid ethyl ester (10.4 g, 27

~
di met hyl - propylj-am de A

- pr opane- 2-sul finyli m no] -acetic
i n anhydrous tetrahydrofuran (150 nl)
was cooled to -70 C. A 25 solk n of nethyl magnesium bromde (3.2 Min
2-met hyl -t etrahydrofuran (30.1 , 96 Mol ) was added dropwi se. The yel | ow
solution was warnmed up to roomtenperature during 2 hours and then stirred

for 16 h@uoRniof @F (k12 aMRbkIG- brbM6- V@l phdi9l) Prd RR- 155 9ULRE hedm¥l g 4-
| ce-col drnethoxybenzaldehyde (2.8 g, 20.2 mmol) in 1,2-dichloroethane (150 ml) was treated with
10 sodium triacetoxyborohydride (8.81 g, 40.3 mmol) at room temperature. TLC check (eluent:
heptane:ethyl acetate = 1:1) showed complete reaction after 30 minutes. For the workup, to the
reaction mixture were added ethyl acetate (250 ml) and saturated sodium hydrogen-carbonate
solution (100 ml). The aqueous layer was separated, and then extracted with ethyl acetate (250
ml). The combined organic layers were washed with saturated sodium chloride solution (100 ml),
15 thereafter dried over sodium sulfate and evaporated at reduced pressure. After chromatography
on Silicycle-Si-amine column using a gradient of heptane and ethyl acetate = 100/0 to 50/50 as
the eluent, (R)-2-(5-bromo-2-fluoro-phenyl)-2-(4-methoxy-benzylamino)-propan-1-ol  was
obtained as a colorless oil (7.29 g, 98% of theory). Mass (calculated) Cy7H;90BrFNO, [368.25];
(found) [M+H]" = 368, [M+2-H]" = 370.

20 b) [(R)-1-(5-bromo-2-fluoro-phenyl)-2-(tert-butyl-dimethyl-silanyloxy)-1-methyl-ethyl]-(4-
methoxy-benzyl)-amine



WO 2011/ 020806PCT/ EP2010/ 061875 - 86 - saturated anmoni um chl oride sol ution
and extracted with ethyl acetate. The organic |ayer was washed with water
and bri neyvoaniledosséer sodi um sulfate, filtered and evapecaterdoiasersetiuced
pressure to give brown oil (11 g). The grude product was purified by
chromat ography on silica gel using a g? di ent of heptane and ethyl acetate
= 100/0 to 20/80 as the eluent. (S)-2-Methyl- 5 prop ane-2-sulfinic acid |
(R)-1-(5-brono -2-fluoro-phenyl )/—2 hydr oxy-1 , 2-di net hyl - propyl] - am de
was obtained as a col orl ess \ 4.2 g, 40%9f theefy). Mass (cal cul ated)
C15H23Br FNO2S [ 380. 320]; (f ) YoH = 380
(R) - 3- Ami no- 3- (5- brono- 2- f | uor §- phjeny 1 - 2- e
of (S)-2-nmethyl-propane- 2- sulfl ni

h-2-H = 382. (1)

L- butan-2-01 10 A solution
-(5-bronmo -2-fluoro

- phenyl) - 2- hydro xy1, 2-di A oD -amde (4.2 g, 11.04 mol ) in
tetrahydrofuran (200 m) was | ¢d to 0 C. Hydrochloric acid (4 Min

di oxane, 11 m) was added dropwsge~_The ice bath was renoved and stirring
continued for 1.5 hours at roomtenperature. For the workup, the reaction
m xture was poured onto a sodi um carbonate solution (2 M, extracted tw ce
wi t h et hglsomcet af &)-2d(5Headme2diuoid plsag)-dnisudthadtyehengyamiew)apopat edl @t95rgeduced

pressure;g @'n]i}ﬂé Yn gfcrl%fbn%giﬁé (W(ﬂ&gvﬁ%uﬁéyted-rﬁem&@te perature w tr;let amine
am no- 3- 55 bro uor Q- phenyl but an- 2 was o a| n as Ilght
yel | ow ot’§ 2mbg 4é osmalos drdirhe ?Ig}anop%@? (daPcupat™eth) eneby 5pd

[ 276. B4 7butyldinatinydohldriviitdhe €. 257§,37[Mhio Bl After BABursedt room temperature the reactlon

N-[(R)- L5 ()g%@rvg)ﬁocoaﬁcht% r?p )ﬁﬁgf&{ Qltllzsawgt'é&) %Xdul‘mzh)ﬂfo@@ﬁ Qé{rborﬁ{eowfﬁt 0n2('1 6('5" oro-

acet am de
(R) - 3- anio-"3at¢is (Ko mBk 2ad) (RS- GRRAPR) The nicupsys- ByeEnwoeore-ggragied gwith o 5
mrol ) i ndidhlchnetane Fnel)( 3he Bbhbines oftahicrggdrd Htendcdadvyr tatiah Relfatwiahdl a

b 0
iﬁf or - deo- (B Ga “r%%c%%eﬂ%? o0, SRRy S ALeIEb Rty Rl BRRETY
C. for heptrae vigsr gpelugtie [ e(éIbéom%r?/éluo%@egﬂbaﬂmféwtﬁr@ﬂ%ylesﬂﬁm@%yéd Wi t h
dl chl or onethhedByl]-FhectesPbaed)amgrni s db@a}ﬁ%ﬁé‘as\a&bﬁxrl@ﬁsl cﬂﬁ(gwgrsss/@aﬂtuéary)

sul fate,,the rat t Wmte solid
(3.5 g, B‘tﬁl%(g?lc%ﬁ% C@@ ﬁﬁﬁr&@\%gi gle]d %bjﬁg' n %gtr q{hou ‘further
purificati Qm@) N'V@éfﬂﬁc%‘f”'@%tqed) Cél}BHlGiBrg%F %35&15?219] l(fﬁijnd)th M-Hr =
352, [ M- - no2fluwropbendr onylomgthgl-silagyloxy)-}-methyl-

g R)-5 (5etB§II?JIDclﬂof roiNLS-Bre R PPl hzyD)- B pheryl-as@ilide- mor phol i n-3-one () HN A

i spersion o

N[ (R) -1-(5-brono-2-fl uoro- pheny{JZ hydr o&y- 1, 2- di net hyl - propyl ] - 2- chl or o-

acetamde (2.79 g, 7.91 muol) | ue » at 23 C was treated
dropw se vm'thasolutionSof,bﬁ .7 Min toluene, 24 nm,
41 mmol) within 30 mnutes (slig tI

¢action). After conplete
addition the m xture was sti red at

nut es. For the workup,
the reaction m xture was po hloric acid (1M and extracted
with ethyl acetate. The organi C 5

15 OMe

A solution of [(R)-1-(5-bromo-2-fluoro-phenyl)-2-(tert-butyl-dimethyl-silanyloxy)-1-methyl-
cthyl]-(4-methoxy-benzyl)-amine (1.035 g, 2.15 mmol) in acetonitrile (16 ml) was treated with
tricthylamine (0.36 ml, 2.57 mmol). The mixture was cooled to 10 °C and a solution of (RS)-2-
chloro-2-phenyl-acetyl chloride (0.34 ml, 2.36 mmol) in acetonirile (2 ml) was added slowly.
20  The reaction mixture was allowed to warm to room temperature and was stirred for 3 hours.
Because the transformation was not complete, tricthylamine (0.33 ml, 2.36 mmol) was again
added, the reaction mixture cooled to -5 °C, then treated with a solution of (RS)-2-chloro-2-
phenyl-acetyl chloride (0.31 ml, 2.15 mmol) in acetonirile (1 ml). The reaction mixture was



10 acetate. The conbi ned organic |ayers were dried over sodiumsulfate,
then evaporated at reduced pressure to yield light brown oil. The crude
product wae 2purazbsoed by chromat ography on silica gel usiPog/ER2@AdISeht of
hept ane and et hyl acetate as the el uen? The

(R) -5-(5-brono-2-fl uorophenyl)-5,6, 6-t %Fret hyl - mor phol i n- 3- one was obt ai ned
as a light yellow gum (1.83 g, 73% of theory). Mss (cal cul at ed)

C13H15Br fiNGR 413 %v@ml eBloond feRYAGhrd MiHlasTi318 for Ml TRrdHlr, thdmAniealaed

tube a solutio

(R) -5- (5@%%%{93? Fdbesd Prospn ¢ag wiheut durther ot dinges bgmsified b cigmatography 3. 2
nmol ) i not Slliverie S{-8nmt kolwas usme ait graldico s deptdnevaal yethyl tdetasodil060tte 7030wt yl at e
E? éth m ug{h}% 5 eﬂm%d ), (135 4 ﬁ%ﬁt(s %MA Qhﬁﬁwﬂaﬁy@24(%rﬂ&ty1t&meﬁ9%19m$gbnhenyI
tris(di bERBY; ?tg@}iééé@f%ﬁe()“ TRty b&a%ﬁh? E’Pﬁnéf peEmHC BT baingdpg 2 (s ferneHCL 3]
(98 ny, §A. OﬁSIgWS%Bﬁ‘n}zmjf)eMme(cammmdx @, B&BaC IFNG: Bo 351091 (fonms) Adieigd =f 63%al | y
via syri p\ge%HIheEg s%g ed under argon and the m xture was stirred at
105 C fo r th rkup, the brown solution was extracted wi th ethyl

acetate an t The organic | aye S separated, washed w th brine,

i ed. ovi GRS SFomoes ey ool 4rid- sy BT gl Srmt BB RS essui & o
gi ve 25 moepwlioid-ofel. 5 g). The crude product was purified by chromat ography
on silica gel using a gradient of heptane and ethyl acetate = 100/0 to

50/ 50 as the eluent. The (R)-545-
(benzhydryl i dene-am no) - 2-f | uor o-
was obtained as a light yellow foam (2.
(cal cul ated) C26H25FN202 [416. 493]; (found) [ MPtH = 417. WO

2011/ 020806PCT/ EP2010/ 061875 - 88 - |Qr o- bm}{é)phene 2- car boxylic
acid [ 3+5- (5- Ami no- 2-f | uor o- pheny) - 57, yl mor phol i ne- 3-t hi one
The (R)-5-
[ 5- (benzhydryl i dene-am nok;
lin-3-one (1.13 5 g; 2.71

1] -5, 6, 6-trinet hyl - nor phol i n- 3-one
13 g, 86% of t heory). Mass

, 6-trinmethyl-norpho

solved in dioxane (80 m) and the
Lawesson's Reagent (691 ny, pl ) was added at room tenperature. The
reaction mxture was stirred ak80~g for 2 hours. Thereafter, the green

sol uti%n was cooled to 23 C, then hydrochloric acid (1M 3.42 m) was added
and the mxture was stirred for 30 mnutes at roomtenperature. For the

wor kup, fheoligere tafo fRANA (47 8 -(edbsoprdribgro-pheay i 2 d et ihuarl sldmetb i silga yloxy)-1-
hydr ogenmempbanﬁ] e-cﬁodeNL(@nn@Mywehi;a)cz -BhknQadttdntidet(nphbs agetl@semmm)e in

organi ¢ Jt ?X o\%?r 1 Wk coole ton%’O I;J.II%)CF g’eaRVcF Firos%gslg urlsglg'l ! arEll%utes 1th a
evaporate essu 0 givVv ue ol he cr de product

was puri $qhét§>nb®f @ﬁa@ﬁ@@m@p@pﬁyﬂlmﬁldm(ﬂlhvﬁla 3gél UlUilQl)nlg tatr@wér@ﬁém ¢repEcane
(ag;j eltShyool@&@Ee%Eﬁ}nl-mﬂ{QQé Qad Qm@@/ b0 °@Fort NBirRtdd eMEn fo-fhﬁlours at rogmt temperature.
no- 4£- or o- ol 1, he
RS S A AR TR SR
C13H17FNo@8ec§m2e8c364| ml) Ja&‘ad (eﬂtyin acktaty KaHnD—amdedirePriep by aumms dhe Burisdiarg
bl ock L {(dRhrafed (aRd AHE ecmaquélr )fe.@xu?acéd tWidhneR :))}Mél:etﬂ@r PR M8e SothBthQNSrgardd
n-

R) - 5- (3; Brono hol i | n cl nalo o the
oot 1 oniEEnTBHUL ot PRRE Thp s CgpepH Okttt cBegER b
cycl i20at pon Sdicy¢l&r8i- rRl)n@ b fuin-ub B largpaviient phigapyahy a@ ¢tirdraostyte l-Oﬁé)tth)SDLSO as
ethyl]- 2fh€ RhRAO t11-A0RS, §R’) 5'?5 B‘ﬂohl% DPALAS %‘h&ﬁ?l)tﬁm m@tlﬂB)Y}l gleyiyisehd nfitle
((:]9 gﬁgg? F&%ﬁrﬁlm\l_\@%%g wsa(F) W?lﬁgﬁl glgne Euan? t(Se6%) mg, 45% O%B{leory l;\/lass (ca quated)

(R -5- (3CBHQ§MF11§@er4§4)S7]4(f()AndDr{aMhHXy=H;&h£Mﬂ4ﬂ mgiéyl - nor phol i n- 3- one

e) (2RS,5R)-5-(5-Bromo-2-fluoro-phenyl) -S-methyl-2-phenyl-morpholin-3-one



WO 2011/ 020806PCT/ EP2010/ 061875 - 89 - A solution of (R -5 -(3-amno -p
henyl)-4-(4-nmet ho xy-benzyl)-5 -nmethyl-norp ho lin-3 -one (1.0 g, 3.7 mol)
i n N, N diwetzhyli2es06am de was added within 5 mnutes at @CUHPROI&/0sBIUt i on of
pot assiumtert-butanolate (0.636 g, 5.§9m‘ml). After stirring at 0 C for 30
m nutes the light 5 yellow solution was’cooled to -4 C and treated wth a
sol ution of 4-nethoxybenzyl bromde (1.12 g, 5.6 mml) in

N, N-di met hyl formami de (4 ml). The reacti m xture was left to warmto room
tenperature, then the solvent was evapo d at reduced pressure, and the
residue treated with saturated anmoniu gride solution (50 m) and ethyl
acetate (100 m ). The organic | ayer was s§parated, washed with brine (50
m), dried over sodiumsulfate, and evapojateg,at reduced 10 pressure. The
crude product was purified by chronmat ogpaphyon silica gel using a gradient
of heptane and ethyl acetate = 100/0 to| 50/80 as the eluent. The

(R) - 5-(3-brono-phenyl) -4-(4- neghoxy-benz 5- met hyl - nor phol i n- 3- one was
obt ai ned as colorless oil (1.19 g y83%wf theory). Mass (cal cul at ed)
C19H20Br NGB [ 390. 275]; (found) [ M- , [Mr2-H' = 392. c)

(2S, 5R) - 5- (3- Brono- phenyl) - 4- (4- met ha®y-benzyl) - 2, 5- di et hyl - nor phol i n- 3- on
e 15 A dried flask was charged under an argon atnosphere with a solution
of (R)-5-(3-bronmophenyl)-4-(4-net hoxy-benzyl)-5-net hyl -norphol i n-3-one (600
my, 1.5 Hriomynnehanalepahipdiras fencebed(fosthaipiepamiierhofitaddisg blaggLdythezBageiof t hi um
| sopr opyihdMi&hd:dbefyirouPwitiifluoéetRad@tfonRREid3AdI &N thhetlAehhhdouathe

di azonet hane_ (50 rr% 3 h{ﬁ;ﬂ)l%} the reaction,was 20 ccprrgl ﬁk‘e't For .the

wor kup, PRE ©8PIT AR TRIH UrUPE RNCTGUHR SR £ AP %ﬁ%’&aé‘ﬁrr?gﬁ' um
chl or Sdeasststauti HH/Q 16 336p asnidic edtuentaicles (whleratadniCxtueFNO: §icd2br Gomndhane
(40 ) ppdayat 8, (M52-0l) = 30 ehO bG8 tchHANRSs NBF i BEn &Y Skp SadbH MMt f at e
and evaporafted to yield the crude (2S, 5R)-

5- ( 3- br ofBY5ABHY 1) - 4- (4- met hoxy- benzy1) - 2, 5- di net hyl - mor phol i n- 3-one as a
browni sh oil which was engaged in the next step w thout further

puri fi cabi(dRSREdS-(Benthpdnylid eneyargpg)2-fipo gy-pogy 55- e thy -2 phpnykmeyphalin-Bivk-H) *

= 404, [ Mfadd (ZS,’SR'%@Q5-(ﬂénzhydrylidene-amino)-z-ﬂuoro- henyl]-5-methyl-2-phenyl-

(R -g—(s- B%@ggi- %]ﬁ_?e%él) - 4- (4- et hoxy- benzyl) - 2, B 5-trinmet hyl - nor phol i n- 3- one
vo 2001/ B9 B 2010/ 061875 - 90 - A dried flask was charged under an
argon atnosphere with a solutign of the crude (2S,5R)-5-(3- brono

- phenyl) - 4- (4- met ho xy-benzy X5 -di net hyl - nor pho 1| one (622 ng) in
tetrahydrofuran (16 m) whic 4 cooled to -75 C. Lit di i sopropyl am de
(1.54 m, 3 mol) 5 was rapi dhg“added, followed by iodomstifane (502 ng, 3.5
mmol). After 15 mnutes at -75:C the reaction was conpl etf. For the workup,
the cold reaction m xture was-Que ed with a saturated _ amgalum chloride
onef{ hane (40 m)
and water (15 nl). The organi¢c |Lager was dried over soaiumwsHl fate and
evapor ated. ThePbé Rs purifiedP i on silica gel
using a gradi ent of| hept and et hyl 10 acetate = 0O to 66/ 34 as the

el uent. The (R)-5-(F% br ago-phenyl) - 4- (4- et hory- beRzy 2, 2, 5-

tri met hyl - nor phol i n- 3-one~Was bbtai ned as a white solid (495 ng, 77% of
theory). Mass (cal cul ated) C21 F124Br NGB [418. 334]; (found) [MtFI] ' = 418,

[ Me2- H ' 15 R8y e B in W sSnfQ8Br BREAY dlode K; Be Dhll AR ta fRaRARt R 37 ONe

the (2RS,5R)-5-(5-bromo-2-fluoro-phenyl) -5-methyl-2-phenyl-morpholin-3-one produced the

diastereomeric mixture of the imines which was separated by chromatography on silica gel using
15 a gradient of heptane and ethyl acetate = 100/0 to 50/50 as the eluent yielding the (2R,5R)-5-[5-
(benzhydrylidenc-amino)-2-fluoro-phenyl]-5-methyl-2-phenyl-morpholin-3-one  as the first
eluting diastereoisomer (35% of theory) and the (25,5R)-5-[5-(benzhydrylidene-amino)-2-fluoro-
phenyl]-5-methyl-2-phenyl-morpholin-3-one as the second eluting diastereoisomer (40% of
theory) both as a yellow foam . Mass (calculated) C3oH,sFN,0, [464.54]; (found) [M+H]" = 465.

20  g) (2R,5R)-5-(5-Amino-2-fluoro-phenyl)-5-methyl-2-phenyl-morpholin-3-one hydrochloride



15 A solution of (R)-5-(3-bromo -phenyl)-4-(4-nmetho xy-benzyl)-2,2,5
-trimethyl-norpho 1in-3 -one (487 ng, 1.2 mmpl) and anisole (2.305 g, 21.3
nmol ) i n woizbiwmoeswacetic acid (6 mM) was treated dropw PETEPRIL0/061875
trifluoromethanesul fonic acid (1.19 m ). After conplete addition, the

viol et reaction m xture was heated at "C for 23 hours. The cool ed
reaction mxture was poured into a saturated sol ution of sodium

hydr ogen- car bonat e whi ch was extracted wi h ethyl acetate. The 20 organic
| ayer was separated, washed with bring ed over sodiumsulfate, and
evaporated at reduced pressure. The c pr oduct was purified by

chromat ography on silica gel using a gradient of heptane and ethyl acetate

= 100/0 to 66/ 34 as the eluent. The pggggg%?ﬁontalnlng fractions (550 ny,
[

orange foan) were coll ected and engag e next step without further
purification and characterization.
(R)-5-13-(Benzhydryl i dene-am %,S-trlnethyl-nnrpholin-3-one
WO 2011/ 020806PCT/ EP2010/ 061 anal ogy to step g) in the
synt hesi s of Building block K thr | adi um cat al yzed am nation of the
(R) -5-(3-brono-phenyl)-2,2,5-tri ’ wr pholin-3-one yielded the title
conpound as a yel | ow foam (83% of theory). Mass (cal cul ated) C26H26N202
[ 398. 503 (found) [ MHH| 399. 5 Q)
(R) - 543- }%ﬁ?%ﬂ@?%@@éﬁé—taﬁ@h@ th@nsﬁp@ratzorgofagmkdmgéﬂWIMﬁbﬁW¢ hydralysifi one
g) S tF’h P{S‘f (IR, 51024 - DOt iy Gy BifenB)andind ) 2bRucy-BhdHg 81 5SmethyBUbhhy Peio ek 3 Kne t he
reat men

-54 - 0
(benzhyd?"y‘I%F% - F8TLBHEN g 200 0F e, SR Ho T2 nBl gAY n-Y2Bnbeali e
Lames§onCsEMé%b@ﬂHCyBé6&@b@bWEDfoHé:taﬂpound as a yeIIom1foan1after
chromat ography on silica gel using a gradient 10 of heptane and et hyl
acetate Eﬁé@ﬂﬁ%n&ﬂﬂﬁﬂﬂﬁ@lﬂ&*ﬁhe el uent (53% of theory). Mass (cal cul at ed)
C26H26N20S [ 414.570]; (found) [N%Hr 415. h)

(R -5-(3 Q- Rh : 129] 1ine- 8- y to
()5 ARGl g S s CEp RN D Fo S ONE B ARBLAEY,
(benzhydryl i dene-am no) - pheny1] - 2,2,5 t tdmret hyl - norphol i n-3-thione with
hydrochloric acid 15 yielded the title Spound (Buil ding block L) as an
off-white solid (86% of theory). Mass ul ated) C131-1181\120S [250.37];
(found) [M+H = 251. Preparation of Burhging block M (2R 5R)- and
(2S,5S)5-(5- Ami no- 2-fl uor o- phenyl) - 2- be zyl-g-nethyl-nnrpholin-3-one

In a procedure analogous to step d) in the preparation of Building block M the acidic hydrolysis

10 of (28,5R)-5-[5-(benzhydrylidene-amino)-2-fluoro-phenyl]-5-methyl-2-phenyl-morpholin-3-one
yielded the title compound as a red solid (80% of theory). Mass (calculated) C;7H;7FN,0,.HCI
[336.80]; (found) [M+H] = 301.

Example 1 (Method A)

(RS)-3,5-Difluoro-pyridine-2-carboxylic acid [3-(5-amino-3-methyl-3,6-dihydro-2 H-
15 [1,4]oxazin-3-yl)-phenyl]-amide (= 3,5-Difluoro-pyridine-2-carboxylic acid [3-((RS)-5-
amino-3-methyl-3,6-dihydro-2H-[1,4] oxazin-3-yl)-phenyl]-amide)

a) (RS)-3,5-Difluoro-pyridine-2-carboxylic acid [3-(3-methyl-5-0x0-morpholin-3-yl)-
phenyl]-amide (= 3,5-Difluoro-pyridine-2-carboxylic acid [3-((RS)-3-methyl-5-0x0-
morpholin-3-yl)-phenyl|-amide)



WO 2011/ 020806PCT/ EP2010/ 061875 - 92 - a)

(2RS) - Bronp- N- VRS) - 1- (5- br onp- 2- f | uor o- pheny1) - 2- hydr oxy- 1- net hyl - et hyl ] - 3-
phenyl pr opOanam20896 A sol ution of PCT/EP2010/061875

(RS) - 2- am no- 2- (5- brono- 2-f | uor o- phenyl) - propan-1-ol (1.5 g, 6 mmol) and 5
triethylamne (1.01 m, 7.3 mmol) in acetonitrile (31 m) was cooled to O
C. A solution of (RS)- 2-brono-3-phenyl-propionyl chloride (CAS 42762-86-7)
(1.637 g, 6.6 nmol) in acetonitrile was ad@gg/drpwi se. After conplete
addition the reaction rrixtureFt to warm

Q
g

tp roomtenperature. After 1
hour the reaction m xture was e ~educed pressure and
directly purified by chromatograpiy g el using a gradient of
hept ane and ethyl acetate = 10 100/03 o %Q/ 30 as the eluent. Besides the
N[ (RS)-1-(5-brono-2-fl uoro-phenyl)-2-hydroxy- 1net hyl - et hyl ] - 3- phenyl - acryl
am de (0.233 g, 10% of theory), the (2RS)-bronmo-N[(RS)-1-(5-
br ono- 2- Al senep hé ngRL) -32-tiflderoryridin-Prettrgk¥list heifl ] (BLYOhenyl.2 pnopl omaiy.te

i e e 2
[ |V|+H] — leltf)g § m%ztilﬂj)l\/&:aié@{zotfiﬁpi-_l Fﬁ}-}g%g]ﬂ\]l-_{%raﬂ)ethy uror[‘iurn %'exa%ul)fopflospﬂate

(2R, 58) - @-BEng Y1 Br(0h; RDrfe32enfiharpharypHiemyly Smompholyd-3-oor pibbihtorBledfgsand
(2S, 5R) - 2-1 BeREM}-add (@éﬂﬂgrﬁﬁ%‘p?dpfylaﬂﬁﬁé)(@m%@ '615111{5%'[ WYk -AIBEDRRY - dnfRe I N

anal o o the cycl tion.reacfion described for the preparation of
Bui | d%gwm %?Wdé¥8tohéfg? L0 BT e é%)smw STRRCREtuE f‘erRls%p h%l?sc gor the workup,
- br ono- 2tht| wactmnph@ryte) wis hydiporared- o -drpdely land ethly kdsidu8- digd@tly purified by
h - . ! X . ' > ‘ : ol ) ’
(R P BOLARBTNI gl T ARE B MFL) Sttty 3! odidf o S RRSLARSuch R
- met I - ERHY (o 3B pethy elugtr Y hefrivgee @6@9@91/0-69 2380% of thereg oy YRS)-3,3-difluoro-
E 2R, 553 - Byrhigmezy tarboxyhie icidn3-(2-rhdthydr5co phasryhd 1inS3-gBiphyiyd jpaaiph ¢+ | 35-3iflaoe- gnd
2S,5R) - 2- . . - 2= - - - o. L.in=3-one
i he dpTIREREEARG T R M A IS SRR 2 DB RRRDR . bglle > D7
form of #lighMess (Flarited LosTbsFPhRolBYY-32Nedeund BYIE] at #8)
C18F117Br FNO2[ 378. 244]; (found) [M+H = 378, [M2-H = 380. c) (2R, 59)-
and b) (RS)-3,5-Difluoro-pyridine-2-carboxylic acid [3-(S-ethoxy-3-methyl-3,6-dihydro-2H-

(2S, ﬁg) ;)ﬁgﬁgﬁﬁﬁ%-g?jg%h}lgﬁﬁﬁd@%” %)5-Bifid v rBRS Y o b Sy RE N2¥ila- 33-TBLsL mor ph

lin- .
(25 59 - havy sarhh libadre2 i Alyazin frbpbensHeamity 5

2- benzyl- 5- met hyl - nor phol i n- 3- one

In a dried flask, a dispersion of (RS)-3,5-difluoro-pyridine-2-carboxylic acid [ 3-(3-methyl-5-0xo0-
morpholin-3-yl)-phenyl]-amide (0.305 g, 0.9 mmol) in dichloromethane (80 ml) was treated with
20 triethyloxonium tetrafluoroborate (0.172 g, 0.9 mmol) under argon at room temperature during
16 hours. For the workup, the reaction mixture was extracted with a saturated solution of sodium
hydrogen-carbonate (40 ml), the organic layer separated and dried over sodium sulfate. After
evaporation, a mixture of (RS)-3,5-difluoro-pyridine-2-carboxylic acid [3-(5-ethoxy-3-methyl-
3,6-dihydro-2H-[1,4Joxazin-3-yl)-phenyl]-amide and (RS)-3,5-difluoro-pyridine-2-carboxylic
25 acid [3-(3-methyl-5-0x0-morpholin-3-yl)-phenyl]-amide (= 3,5-difluoro-pyridine-2-carboxylic
acid [3-((RS)-3-methyl-5-oxo-morpholin-3-yl)-phenyl]-amide) (25%) was obtained as a light
yellow foam (0.356 g). The crude product was engaged in the next step without further

purification.



In anal ogy to step g) in the synthesis of Building block K the

pal | adi um cat al yzed am nation of the (2R ,5S)-2-benzyl-5 -(5 -brono

- 2-f | uor owopha208065 - et hyl - nor p ho | i n-3-one and (2S, PRYAP201l0060By1-5 - (5
-brono -2-fluoro-phenyl)-5 -nethyl - @?o lin-3-one yielded the title
conpounds. 10 After chromatography on srlica gel using a gradi ent of

hept ane and et hyl acetate = 100/0 to 50/50 as the eluent the first eluting

E gg g% g wgges Dlﬂuoro yr1d1ne-2 -carbox 112 falc1d0r[g- (5- amnllo -3- metgynl-3 ,06-dihydro- 2H- ~rror

- - zhy u - z p
hol i n- 3- ‘h a‘lqﬁ‘i -ggmge y@I Ir}' FloRo PX‘S‘ "E‘%B 3 : aR}&s 3%51}

(cal cul asmiho- Sﬁﬁﬂﬂyt—BENﬂﬁg?dr[o‘EIB{Eﬁé};azu(—ﬁgﬂbaﬂ)en&%inldci) 479. The second
eluting (2R 5R)- and

(2S, 5S5) - 5[ 5- (benzhydryl i dene-ani no) - 2 f 1 blegNq. y1] - 2-benzyl-5-net hyl - norp
ho 1in-3 - 15 one was obtai ne t yeIIo foam(48%of t heory). Mass
(cal cul ated) C311-127FN202 [478|5 56 ou = 479. d) (2R 5R) - and
(2S, 5S)-5-(5- Am no- 2-fl uoro- phen e thyI nor phol i n-3-one A

solution of (2R 5R)- and

(2S, 58) - 5- 15- (benzhydryl i dene- ami no) 2 fl uoro- phenyll-2-benzyl-5- 20

met hyl - nor phol i n- 3-one (359 ny, 8 mml ) in dioxane (6 m) was cooled to

15 C andAtdrigdtnsessuie ttibehyelr d@medrunéeram fdg‘émawosphege Wﬁbla) dispprionr efa@Si-043-

hm xture m&t)ﬂoquhdﬁl@ L DVRAFHE IR ri&%tm [ ROPQARELI-Rc@id3, §IthyE1ﬂﬂ2}fI-(Pf 4RROANES1)2
ours r soluti.on was ev

o S ozodsaHe Rl By e R el P E it AP 03 s ol Pl 0

treated wt Ahdisehddopresetchabe wee Oeatd) atalll§ U éni g’ @ubsaéé‘te( Qodlihg. the)reacTibe

gg:oggw sgﬁﬂ%ﬂeg&fs%ﬁ;o%w @qirﬁ&&smdhdw&ﬁ g&fgeg;@ dalli%()mata_ RS0 L RYREN WaS

1 T1
Gt o B o A (15e 6 Srent ghucHo Btk et aray 2r 0 s S bl fba Bre
over sodwamn ahtdificslt @0Hng (é&%mfrthﬁtoeyj of AfRSe B, Sediflemeppgdiag gabogyiicaacid [3-(3-

S oy S FBlr ATLAROBIBRE B ARl 03 SluifllRh AL baeARduet fanol =

100/0 to 9
f1 uor o- pH& %r}negﬂybéﬁfwwmﬂaﬁwg} Pff?&vﬁ aﬁbdag. B V%hlré Jelid oBpssi felpulptedd
whi t e f o@rH(sF89;0vd 3477284 offourde gMyH]" Ma34s, (a0dlociuBag €812 GT SHbIPNNORS)-3,5-

LSk LA L8t ghbon, o el S Nt o0 -

and ( Am no- uor o- P enz -3-one
In a proﬁlé’&ﬁ]ﬂ éméﬂ’?aqlé)éﬁﬂshgﬁlby%l{o@’p gy St FF@%P@&A?MH @fﬁNo@Z [BeS-PHIIngowddck M
t he aci diM+hydr®7ysi s of (2R, 55)- and

(2S, 5R) - 545- (benzhydryl i dene- am no) - 2- f | uor o- pheny1] - 2- benzy1- 5- et hyl -

mor phol i -ﬁﬁﬂag )hel ded the title conpound as an off- V\/mte foam Mass

(cal cul ated) 15 C18I 119FN202 [ 314.363]; (found) [MtH ' = 315. Preparation
of Buildjn . . .

(RS) - 5- ( %ﬁ%ﬂﬁ%@%%ﬂ%ﬁ&ﬂﬁlﬂ%ﬂgﬂ - Bt ASHCY 1 FEABP SNk (Bhet O "Ry RVBERE or i de

20 compounds were obtained starting from the condensation of the corresponding acid with
Building block A, (RS)-5-(3-amino-phenyl)-5-methyl-morpholin-3-one hydrochloride, followed
by the treatment with tricthyloxonium tetrafluoroborate or trimethyloxonium tetrafluoroborate

and ammonium chloride:
Example 2

25  With 3,5-dichloro-pyridine-2-carboxylic acid the (RS)-3,5-dichloro-pyridine-2-carboxylic acid
[3-(5-amino-3-methyl-3,6-dihydro-2H-[1,4]oxazin-3-yl)-phenyl]-amide = 3,5-dichloro-
pyridine-2-carboxylic acid [3-((RS)-5-amino-3-methyl-3,6-dihydro-2H-[1,4]oxazin-3-yl)-
phenyl]-amide) (2) as a light yellow foam; (calculated) Ci7HisCLN4O2 [379.245]; (found)
[M+H]" =379, [M+2-H] = 381;



In a reaction sequence anal ogous to that described for the preparation of
the optically active 20 Building block H the cyclization of the

(RS) - N- [ wW02etvaanswe 2- f | uor o- phenyl) - 2- hydr oxy- 1net hyl - ePoYIEP2@00h180F 0- acet a
m de with potassiumtert-butylate, folhﬁmed by the pall adi um catal yzed

am nation yielded the ) )

(RS) - 5-[ 5-(benzhydryl i dene-am no) - 2-f | uor o- phenyl] - 5- et hyl nor phol i n- 3- one.
Its reaction with Lawesson'.s reageq&rand th& | LOWL,Ng treatment with WO
2011/ 020806PCT/ EP2010/ 06187 hydrochlorig acid yielded the title
conpound as a |ight ye||OM/SO“Id Va (cal cul alNed) G i H 3FN20S. C1H
[276.762]; (found) [MrH = 24wy Br f Bui | di ng bl ock P

(RS) - 5- (5- Ami no- 2-f | uor o- phenyl) 5- 6- di hydr o- 2H 11, 4] oxazi n- 3-yl am
ine 5 dihydrochlo ride 1In a reacti > i
for the optically active anal ogue Buil ding block Q the

(RS) - 5- [ Lﬁﬁ hydrylidene-anino)-2-f|uoro-phenyl]-5-nethy|-nDrpho l'ine-3-
t hi one was ansformed into the title conpound which was obtained as a

| i ght brown foam Mass 10 (calculated) C i H 4FN30.2ClH L296 174] ; gfound)
[ M+H] - Yoth ﬂ’rcg]ﬁléﬂ’%l'tﬂiu@ﬁ‘? Rspzags;i 126 ngth5| o) @ -[3-(5-amino-3-methyl-3,6-dihydro-2 .

( R) 5-( SEMMmZ%« 1) poemsAphetiyilo)2-Bustebbydamideb(8) gdno-wide [ Tnad]; oxa@tiuttsdy yl am

[5 (benz yﬁp%ﬂ§%bﬁ£ éé@? )%EmPﬂB%?I eﬁyl] 5- et hyl - nor phol i ne-3- 15
thione [Building block H step b)] (1 25 g, 3,09 fgpl) in nethanol (57 m)
was treated with a sol uti dbl<Qf —~aqmehi a in hajol ¢ 26.5 ni, 185 mmol) and
a solution of tert-butyl- hydftope OXIﬁe (4.1 30.9 mmol ). After
stirring at roomtenperature 4 xreaction mxture was dil uted
' chl or onet hane. The

Example 4

With 2,4-dichloro-benzoic acid the (RS)-N-[3-(5-amino-3-methyl-3,6-dihydro-2H-[1,4]oxazin-3-
yl)-phenyl]-2,4-dichloro-benzamide (4) as a white solid; (calculated) C;sH;7CLNO, [378.257];
10 (found) [M+H]" = 378, [M+2-H]" = 380;

Cl T N,

N

Example S

With 2,5-difluoro-benzoic acid the (RS)-N-[3-(5-amino-3-methyl-3,6-dihydro-2H-[1,4]oxazin-3-
yl)-phenyl]-2,5-difluoro-benzamide (S) as a white foam; (calculated) CisHi7F2N3O, [345.347];
15 (found) [M+H]" = 346;

Example 6



conbi ned organic |ayers were washed with water, dried over sodiumsulfate,
evaporated, and 20 dried at high vacuumat roomtenperature to yield the
crude (RwWb-2pB/02bs®azhydryl i dene-am no) - PCT/EP2010/061875

2-fl uoro- phenyl] - 5- net hyl - 5, 6-di hydr o-ﬁ)H41, 4] oxazi n-3-ylam ne as a |ight
brown foam whi ch was di ssol ved in di oxaie (20 M) and treated with
hydrochloric acid (1 M 3.09 ml). After 40 mnutes at roomtenperature the

Legct i 0nwﬁhxmﬂﬁﬁ-aé%é@&dw{h%QR%NIBils.tﬁﬁtn@taaﬁl@myﬁ%zlslatﬂtyafa)-@.[1,4]oxazin-3-y1)_.t ]

ydr ogen-car bgnat e and wat er. e mxtur e nesS

et hyl ac@fteat/@%-ﬁ?éﬁ-%%m <&hﬁsew§%fpﬁ%?ﬁrﬁlfaﬁdﬁ&ﬂﬁﬁfﬁ%a&@?ﬁ?é@%wn odi um
hydr oxi dEM{2B%) 344AFNI€2-Hi ouB4text ract i ons wi th di chl or onet hane, the organic

| ayers were conbined, dried over sodiumsulfate and evaporated. WO

~g<"dihydr o- 2H [ 1, 4] oxazi n- 3-yl
am ne was obtained as an off te waxy sol i d I 445 ng, 64% of theory).
Preparation of Building blo N

(2R, 5R) - 5- (5- Ami no- 2- f | uor o- phieny
hydrochl ori de a) 0
(R)-2-(5-brono-2-fl uoro-phenyl) - 2-(4- netthoxy-benzyl am no) -propan-1-ol 0 A
solution of (R)-2-am no-2-(5-brono-2-fluoro-phenyl)-propan-1-ol (5.0 g,

20. 2 BnoExampk 74- net hoxybenzal dehyde (2.8 g, 20.2 nmol) in

1, 2-dichl oroethane (150 m) was treated with 10 sodi um

(el tont  Haot oy e Shothyi€ it TR0 2 GhloRe r e LAt B oLl Lestr

mi nut es. arf—*%‘B‘%W%th%{%%{ygrt%za’%'ﬁe“%ag&%?'85'3\%%‘[113?@8%r - addetIPAYTIORES: at o
(250 m ) cabckybabaid f3-6aS)sDdininn Fipcthplgs A-ddgdivevdl B4 loedzit-8-gh-(ht0d]-ahide) (The
agueous : S ; utfyi'et hyd. acetate (250
m). Theésg%ﬁ%lite\rllxggm’o ggﬁ?%%fgggﬁﬁeb?@ 4322@:@%9? Eﬂdsf;[g ur gilée’d sodi um chl ori de
solution (100 m ), 15 thereafter dried over sodi uxipul fate and evaporat ed
at reduced pressure. AfterCl - ogr aphy of Si \( cyczl e-Si -am ne col um

usi ng a gradi ent of heptane [ hylHacet atle =NLOO/ 0 to 50/50 as the

el uent,
(R)-2-(5-bronmo-2-fl uoro-phenyl) - 2- (K - benzyl am no) - propan- 1-ol was
obt ai1 ed as a colorless oil (7.29 o 98% theory). Mass (cal cul at ed)
C1l7F119Br FNO2 [ 368.25]; (found) [M+H = 368, [M2-H = 370.

Example 8

/| - 2- phenyl - nor phol i n- 3- one

With 5-chloro-thiophene-2-carboxylic acid the (RS)-5-chloro-thiophene-2-carboxylic acid [3-(5-

amino-3-methyl-3,6-dihydro-2H-[1,4]Joxazin-3-yl)-phenyl]-amide (=  5-chloro-thiophene-2-

carboxylic acid [3-((RS)-5-amino-3-methyl-3,6-dihydro-2H-[ 1,4]oxazin-3-yl)-phenyl]-amide) (8)
15 as a light yellow solid; (calculated) CisH;sCIN;O,S [349.842]; (found) [M+H]" = 350;

Cl o /W/NH2

Example 9

With 2,5-dimethyl-thiophene-3-carboxylic acid the (RS)-2,5-dimethyl-thiophene-3-carboxylic
acid [3-(5-amino-3-methyl-3,6-dihydro-2H-[1,4]Joxazin-3-yl)-phenyl]-amide (= 2,5-dimethyl-
20 thiophene-3-carboxylic  acid  [3-((RS)-5-amino-3-methyl-3,6-dihydro-2H-[1,4]oxazin-3-yl)-
phenyl]-amide) (9) as a white solid; (calculated) CisH1N30,S [343.449]; (found) [M+H]" = 344;



20 b)

[ (R)-1-(5-brono-2-fluoro-phenyl)-2-(tert-butyl-di nmethyl -silanyl oxy)-1-nethy
| - et hyl ] wO201mmeddeexy- benzyl) -am ne WO 2011/ 020806PCT/ BPZ(XPQ1064B75 - 97 -
A sol ution of

(R -2-(5-brono-2-fl uoro-phenyl)-2-(4- n%?hoxy benzyl am no) - propan-1-ol (6.95
g, 18.9 mmol) in dichloronethane (170 n1) was treated at roomtenperature
with triethylamne (5.78 m, 41.5 ) yfam nopyri di ne (1.15 g,
9.43 mml ), and tert- 5 butyIdS ildhe (1.15 g, 37.7 mmol).

After 16 hours at roomte m xture was consecutively
extracted with saturated sodiu porat e solution (100 m), water
(100 mM), and brine (100 nl). The yers were re-extracted with

di chl oronet hane (100 m ). The conbi anic |layers were dried over
sodium sul fate and evaporated at reduced pressure. After chromatography on
Silicyclgx§h% qbne colum using 10 heptane as the el uent,

[(R)-1-( mo-2-f | uoro- phenyl)-2-(tert-butyl-di methyl - S|Ianyloxy) 1-
nethyl &_(4 met hoxy- benzyl)-anm ne was obtained as a colorless oil (8.0

g, 88% owl&yhh I-thigge k-1-eapeiliaresd) thex Bz 3menb g zofea sarbopylic (aeiduld)- [ M H]
= 482, [ Mirido | rhetiyl486-dingdro-2 H-[1,4]oxazin-3-yl)-phenyl]-amide ~ (=  2-methyl-thiazole-4-

ER% e eﬁ%} ;ﬁ} il 5a§EOEP 6@%%8{1%ﬁ [1}9%?5 62d1|ﬁ;§d?§EHﬁ&'t4if/’qxaﬂhﬂ%F Qj"ﬂ?}%mﬁ J@%OXW
sol uti on as[E(nght yellow solid; (calculated) C16H18N4028 [330 41] (found) [M+H]

1- (5- bromo- 2-fl uor o- phenyl) -2-(tert-butyl -di methyl -silanylo xy)-1 -nethyl-
et hy1] - (4- net hoxy- benzyl)-anm\ne (1.035 g, & in acetonitrile (16
m) was treated with triethyl/aane (0. 36 3. 57 nmol ). The mixture was
cooled to 10 C and a soluti® g (F%% M- 2- phenyl - acetyl chloride
(0.34 M, 2.36 mol) in aceto
reaction m xture was allowed to
for 3 hours. Because the transforivati on#as not conplete, triethylam ne
(0.33 m, 2.36 mvol ) was again added, the reaction m xture cooled to -5 C,
t hen treﬁgﬁg %ﬁﬁh a solution of (RS)-2-chloro-2- phenyl-acetyl chloride
(0.31 m, R mmol) in acetonirile (1 ml). The reaction m xture was

With 2,5-dimethyl-1,3-oxazole-4-carboxylic acid the (RS)-2,5-dimethyl-oxazole-4-carboxylic
10 acid [3-(5-amino-3-methyl-3,6-dihydro-2H-[1,4]oxazin-3-yl)-phenyl]-amide (= 2,5-dimethyl-

oxazole-4-carboxylic acid [3-((RS)-5-amino-3-methyl-3,6-dihydro-2H-[ 1,4]oxazin-3-yl)-

phenyl]-amide) (11) as a white foam; (calculated) C;7HxN403 [328.37]; (found) [M+H]" = 329;

Example 12

15  With 2-methyl-1,3-0xazole-4-carboxylic acid the (RS)-2-methyl-oxazole-4-carboxylic acid [3-(5-
amino-3-methyl-3,6-dihydro-2H-[1,4]Joxazin-3-yl)-phenyl]-amide =~ (=  2-methyl-oxazole-4-
carboxylic acid [3-((RS)-5-amino-3-methyl-3,6-dihydro-2H-[1,4]oxazin-3-yl)-phenyl]-amide)
(12) as a light yellow solid; (calculated) CsHisN4O3 [314.34]; (found) [M+H]" = 315;



WO 2011/ 020806PCT/ EP2010/ 061875 - 98 - allowed to warmto room tenperature
and was stirred for 22 hours. Thereafter, the m xture was evaporated at
reduced pwessureosand wi t hout further workup directly pulPCliEpdolow61875

chr omat ography on Silicycl e-Si-am ne c@bum using a gradi ent of heptane and
ethyl acetate = 100/0 to 70/30 as the eluent. (RS)-N-[(R)-1-(5-brono
-2-fluoro-phenyl)-2-(tert-butyl-dinethyl-silanylo xy)-1 - 5

met hyl - et hyl ] - 2- chl or o- N- ( 4- et hoxy- benzylcg\/EI - | -acet am de was obt ai ned
as a white foam (1.068 g, 789 t heory). sg| (cal cul at ed) C31H38Br C1FNG3
[635.09]; (found) [MtH = 6 636, N M+4-H = 634. (1)

(2RS, 5R) - 5- (5- Brono- 2-f | uor o- B EROXy- benzyl ) - 5- et hyl - 2- phenyl
nor pholin-3-one 10 OV A sol uti )-N-[ (R)-1-(5-brono
-2-fluoro-phenyl)-2-(tert-butyl-dPneth ilanylo xy)- 1 -

met hyl - et hyl ] - 2- chl or o- N- (4- met hoxy- benzyl) - 2- phenyl - acet am de (1. 068 g,
1.68 mmkg?{flpn]ﬁt gtrahydrofuran (30 M) was cooled to 0 C and treated

dr opwi se p d 10 minutes with a solution of tetrabutyl amoni um fl uori de
(1M 3.36 mol) in tetrahydrofuran. The orange- 15 colored reaction

m xt ure Wag Spidimeshlylfrand3-cubewylis agidnihe ¢85)-2 Aeliméthyl fugarngarrborstlic ragisind 3-(5-

t enper at yho-368Ethy 1086 Wk e A NEokLALS yDIHhBiyIL ithide Wa$= eV apoditle@d fatanseduced

pressure, the.resi.du i.ti oned bet n,.wat er, . ( m ). gn th acetate

(5570 Comtoratit P RsPskSmie Sorm e SR e diln as i )

aqueous (13yera whitewlir @elcedtcdl € WHeNHH [32E et latfen@®BVIHH) = 38e conbi ned or gani ¢

| ayers were dried over sodiumsulfate and evaporated at reduced pressure.

After chronmat ography 20 on a\Silicycle-Si e mNoe-Mdl utm using a gradi ent of

hept ane and et hyl acetate = 0 to 50/5Q as |t he eluent, the

(2RS, 5R) - 5- ( 5- brono- 2-f | uor @ phény1}t+ 4- (4-wepLhoxy- benzyl) - 5- net hyl - 2- phenyl

e 69 ng, 45% of theory). Mass

) d) [MH = 484, [Mt2-H = 486. e)

(2RS, 5R) - 5- (5- Brono- 2-f | uor o- phenyl ) -5~#et hyl - 2- phenyl - nor phol i n-3-one WO

2011/ 020806PCT/ EP2010/ 061875 - 99 - In a manner anal ogous to that

descri beﬁ Lgrletlge preparation of building black L d) the cl eavage of the

4- et hoxy enl%yl group with trifluoromethanesulfonic acid yielded the title

conmpound_as the mai.n conponent after_ flashchromatography on silica gel

usi ng a Yr&di-Ent-2oriflupspetnl- 1aheyrarolsy-cy beapdie Ackl Ehel(e?éﬁé-(%aﬁstaﬂw%%hﬂ)he

el uent). MigSragelalledattmikell) adid PFGLBEAG-BIGRthd 346-2iRY dro2FbLUntd xa kI 1)-phenyB64,

[Mr2- Hl g 366 TRS GAS dRAS 4 B3 sGNARGAR Lha® BERGS athER MbHoUt

further purifica .

( 2R, 5R) - SasliBenZiy bt iprpdededarhend)-2pide) uéth- ptieny | Twhie mefopy - fcalnkitad) - nor p
hol i n- 3- COHgFaN®), [381.36]; (found) [M+H]" = 382;

(2S, 5R) - 545- ( Benzhydryl i dene- am no) - 2- f | uor o- pheny1] - 5- et hyl - 2- phenyl - 10

nor pholin-3-one In analogy Ko step g) in the synthesis of Building block K
t he pal |l adi um cat al yzed arFi_F;a.\_i\on of

NH,
F N o /\l(

A N N

15 Example 15

With 1-methyl-1/-indazole-3-carboxylic acid the (RS)-1-methyl-1/1-indazole-3-carboxylic acid
[3-(5-amino-3-methyl-3,6-dihydro-2 H-[1,4]oxazin-3-yl)-phenyl]-amide = 1-methyl-1H-
indazole-3-carboxylic  acid  [3-((RS)-5-amino-3-methyl-3,6-dihydro-2H-[1,4]oxazin-3-yl)-
phenyl]-amide) (15) as a white foam; (calculated) C20H»1NsO, [363.42]; (found) [M+H]" = 364;



t he (2RS, 5R) - 5- (5-brono-2-fl uoro-phenyl) -5 -nethyl-2-p henyl-norpho [in-3

-one produced the diastereoneric mxture of the imnes which was separated

by chronawogoaphysoen silica gel using 15 a gradi ent of repiERe@oansd7&t hyl

acetate = 100/0 to 50/50 as the eluent yielding the (2R 5R)-545-

(benzhydryl i dene-am no) - 2-f | uor o- pheny1]-5- et hyl- 2- phenyl - nor phol i n- 3- one

as the first eluting diastereoisoner (35%of theory) and the

(2S, 5R) - 5- [ 5- (benzhydryl i dene-\ani no) - 2- f | uor NH,

phenyl] - 5- met hy1- 2- phenyl - nor pRe¢ QIm(second el uting

di astereoi soner (40% of theory 8l | oW foam Mass (cal cul at ed)

C301 - 125PN202 [464.54]; (fgund ~ WO

2011/ 020806PCT/ EP2010/ 0618* p re anal ogous to step d) in the

preparation of Building block Mt heoam ydrolysis of (2R 5R)-5 -

[ 5-( benzhydr yl i dene-amno )-2- fluoro -phenyl] -5-nethyl-2-p henyl-norp ho

lin-3 -op |eI ged the title conpound as an off-white solid (58% of

t heory). B‘e(l al cul ated) 5 C17H17FN202. HC1[ 336.80]; (found) [MH ' =

301. Preparation of Building block S o '

(2S, 5R) - Bithspypdoted 1.2-=apyuiding=Jp¢nebrrylic Beidethny®SPP yshets(l Srrdpysidoict heagbaynbic

Elydlr gchl sug(} ds- (5 anifb- ﬁ-n{& g@udl cﬁél@Hf{QQ%%ailﬁ 3SHPPh) 1] lathidh €= prapandt ison of
ui | di ng 0

(25, 57 st Mmand aridl 2 N6y e st “86$@e$ﬁl'%6f}hyérow%’{’ﬂbi]oﬁazb‘hérYQr mor p
hol i n- 3- preayN+aslidie 6160 hea whitd @hdo(miolumtdd)a@mHmNdaz [367.392] ((Som@b[ﬁ\/lﬂﬂﬂeﬁrw) Mass
(cal cuI ated) CLl7HL7FN202. HC1 [ 336.80]; (found) [M+I;|J 301. Exanple 1

(Met hod A) — NH,
\ N\N O/Y

B N

Example 17

With  4-chloro-2-iodo-benzoic  acid the  (RS)-N-[3-(5-amino-3-methyl-3,6-dihydro-2H-
10 [1,4]oxazin-3-yl)-phenyl]-4-chloro-2-iodo-benzamide (17) as a light yellow solid; (calculated)
C18H17CHN302 [469713], (fOllIld) [I\/H’H]+ = 470;

NH,
cl O/Y

N

zm

Example 18

In a reaction sequence analogous to that described in Example 1 (method A), the following
15 compound was obtained starting from the condensation of the corresponding acid with Building
block B, (R)-5-(3-amino-phenyl)-5-methyl-morpholin-3-one hydrochloride, followed by the
treatment with triethyloxonium tetrafluoroborate or trimethyloxonium tetrafluoroborate and

ammonium chloride:

With 5-chloro-pyridine 2-carboxylic acid the (R)-5-chloro-pyridine-2-carboxylic acid [3-(5-

20  amino-3-methyl-3,6-dihydro-2H-[1,4Joxazin-3-yl)-phenyl]-amide =~ (=  S-chloro-pyridine-2-
carboxylic acid [3-((R)-5-amino-3-methyl-3,6-dihydro-2H-[1,4]oxazin-3-yl)-phenyl]-amide) (18)
as a white foam; (calculated) C;7H;,CIN4O, [344.804]; (found) [M+H]" = 345;



(RS)-3,5-Di fluoro-pyridine-2-carboxylicacid[ 3-(5-am no-3-net hyl- 3, 6-di hydro
-2H 15 [1,4] oxazin-3-yl)-phenyl]am de (=

3, 5- D f | vwocepymogdbne- 2- car boxylic acid [3-((RS)-5- am mCTI/EP2010/061875

0- 3-net hyl- 3, 6-di hydro-2H [ 1, 4] oxazll'(p%- 3-yl)-p h enyl] -am de) a)
(RS)-3,5-Di fluoro-pyridine-2-carboxylic”acid

[ 3- (3- net hyl- 5- oxo- nor phol i n-3-y1)- phenyl] -amde (=

3,5-Di fl uoro-pyridine-2-catboxylic acid NH,

[ 34(RS) - 3- met hy1- 5- oxonor ?H N3¢ y1) - pheny /-;rh'/de) WO

2011/ 020806PCT/ EP2010/ 061875 ;01 - EA sol Ut of

(RS) -3, 5-di fluoropyridin-2-carbexyht f 6 g 1.2 mol) in N N

di ret hyl formam de (7 m) was cool edyto Consecutively,

1- hydr oxybenzotri azol e hydrate (0.199 g, ~¥°5 mmol ), O0-(benzotriazol-

1-y1)-N,N, N , N -tetramet hyl ur oni um hexaf | uorophosphate 5 (0.547 g, 1.4

nmol ) , (B@mﬁles {ggam no -p henyl)-5 -nmethyl-norp ho |in-3-one

hydrochl ori de (0.250 g, 1.0 mmol ), and N-ethyl diisopropyl am ne (0.466 g, 3.

6mol ) re added, and the m xtur S _stir.r at. 0 for i es, then

Pert e " POS PP DA ARk B BSerd " Ao fblei i A e B Mg e

was evapesmoands et phlesd sadtingh &ome dicd eandgispaert o§ thecpfrespendiye acid with

chr omgt ogiaahy bRk &) (RSN YS-8mioas hudbidheR) W etk i-MBrpRo Bi-3.She My d@Ehloride,

hept ane/ F3h§ldaget Et e(t]R:}t)ng 100t/0 t CMT%/ %g’h)ast tr}% e|rl,%?t. Ther%hﬁere.

obt ai ned"©0°%8¢ o°Y 896 BFTHE Y 6?6%(%0951}%- TGI8 i Ui AE SR BE 1 i ¢

aci d [ 3- {cBafimrdhporatdandgogmemwm ghlotider- 3 -y1)-p henyl] -anide (= 3

, 5-di fl uoropyridi ne-2-carbo xylic acid

[ 3- ((RS) Ezaniiplehy 1- 5- oxo- nor phol i n- 3-y1) - phenyl] -anmi de) as a white solid.

Mass (cal cul ated) C1l7H15F2N303 [347.324]; (found) [Mhfl] = 348. b)

(RS) -3, 5Rif) - i di r -earoxylic.aci Py

15 (5. oty SERYPHGA e EG ST il eyt bty st (-

3, 5- O0f | trdeeophend]-rehipra-byngyRide i(E9) 8i 2 light -y lggysolyl; (calculated) CisHi7CIFN;O;

et hoxy- 3p3GeisbyY] (fBurlh fithpgir-o3@+ 11, 41 oxazin-3-yl)-p henyl] -anmide) FF O

In a dried flask, a dispersion of (RS) -3 ,5-difluoro-pyridine-2-carboxylic

acid [3-(3-nethyl-5-oxo- T pholin-3-y1) - pher}yi]w-/mﬁzde (0.305 g, 0.9 nmol)

in dichloromethane (80 m )" Wwgs~Txeated wt h$20 tlri et hyl oxoni um

tetrafl uoroborate (0.172 g, L gdh at room tenperature

during 16 hours. For the workOp; Q

saturated sol ution of sodi um hydroge ate (40 m), the organic |ayer

separated and dried over sodi um sul S evaporation, a m xture of

(RS)-3,5-difluoro-pyridine-2-carboxylic acid [3-(5-ethoxy-3-nethyl3

, 6-di hydro -2H_ [1,4]0 xazin-3 -yl)-p henyl] -am de and

(RS) - 3, 5E@MPK3EPo- pyri di ne- 2- carboxylic 25 acid [3 -(3 -nethyl-5 -o

xo-nmorpho lin-3-yl)-p henyl] -amide (= 3,5 -difluoro -pyridine-2-carbo

xyl i ¢ acWith] 34iIRS)p3idmet Prgdrb&xydix grcivintho h@Si-A-cBloyat pyrphieerid bdrbenylid elpid| B5G was

oﬁt aiRedy@sio&-thitd tS,&—%#h'y@W—jfﬁﬁlrﬂ]()Qafzﬁﬁﬁ 8)4-f10hE phEyd SR OAUS hidRspRRIgRged in

t20$ 1?82'[0%-%%%\1\”1@;28%%} Ogri%-?@%)-g-%%{inol- -%1e!ch(glllﬂl-3,6-c¥i§1dro-2H-[l,4]0xazin—3-yl)-4-ﬂuoro-
phenyl]-amide) (20) as a light yellow solid; (calculated) C;7H;sCIFN4O, [362.794]; (found)
[M+H]" = 363;

Xt ure was extracted with a

NH
cl SN P

N
= N

20 Example 21



- 102 - c) (RS)-3,5-Difluoro-pyridine-2-carboxylic acid
13- (5-am no- 3- net hyl - 3, 6-di hydr o- 2H 1, 4] oxazi n- 3-y1) - phenyTham de (=
3, 5- D f | vwocepyrogdsne- 2- car boxylic acid [3-((RS)-5- PCT/EP2010/061875
am no- 3- net hyl - 3, 6-di hydro-2H[ 1, 410X n-3-yl)-phenyl]-amde) 5 A dried
pressure tube was charged under an arS@ “at nosphere with a di spersion of
(RS) -3 ,5 - difluor o -pyridine-2-carbo xylic acid [3 -(5 - etho

- met fh}’ﬂ- rga’cﬁorij ké@ﬂlgﬁc@ angﬂ) ks 8] 1Qat*@Léribed 1n3E1()1m rhe éltlloda- dee (lelo?béllﬁ% g,

0 9 mol hl or| met a

The seal éqaﬂ ad 2 abpbaRLe ﬂf@aﬁga% ef%@tsowtgm a%esmﬁsiﬂrg% ac %ﬁl eg@ﬂﬂ% ng,
t he reacblocin D (R k(8-aware -2V lapor e ey) -5 -anathyy-nesshoding - @erhgailrdo}nlomdm fallededy
chromat o%%htyea etﬁwhselefmxsﬁlﬁahe&&u%o&% SRSy ikofivg] RHLEYroRfate

di chl oro t hane/ anol = to 95/5 as the eluent. There were
obt ai Red®ts. YO SBOLHF t heory) of (RS)

-3, 5-di fl uoro-pyridine-2-carboxylic acid [3-(3-

met hy 1- 5WothoSwhlophpyridme3 2yednboxenycid -thgrﬁ(@)eS-(ch:loro -pyridine-2-carboxylic acid [3-(5-
3,5-difl Mﬁﬁl@?pﬂﬂéthﬁ' Neddy &@fi}%wé]bﬁ zﬁpﬁ ){43fyoro-phenyl]-amide (= 5 chloro-pyridine-

((RS) - 3- 0X0- e solid;. mass
(cal cul a?Zar?on e SPNGD E‘@H“? 331?2?11 1-? - &ﬁwe% %Eﬁngh@ HIEOPREYY- (5796
of t heor ypidof (2QRS)a-8hitcFoam i&idd ( dalcubaraol) ﬁyyﬁlaﬁlﬂé@{b@rmwfwnd)e[hdm] =363;

[ 3-(5-am no-3-nethyl -3, 6-di hydro -2H[1,4] 0 xazin-3 -yl)- phenyl]-amde (1)
as a Iight yel | ow f oam r’rﬁs (cal cul at ed) ok MNN#,02 [ 346. 340]; (found)

[ MEH] 347. Exanples 2 FN eaction sgquefice anal ogous to that

descri bed in Exanple 1 (nmeth /) h% fol | owipg 20 conpounds were obtai ned

starting fromthe condensation e CY poni ng acid with Building
bl ock A, (RS) -5-(3-am no-phenyl)-55net Dr phol i n- 3-one hydrochl ori de,
foll d by the treatnent with triethyl oXehi umtetrafl uoroborate or

trimet’hyl oxoni umtetrafl uoroborate and amoni um chl oride: Exanple 2 25 Wth
3, 5-di ch oro- carboxylic acid the (RS) -3 ,5-dichlor o

-pyridin @é?ﬁgﬂ Q&ﬂd%%) acid [3 -(5 -am no -3- rrethyl 3 ,6-di hydro -2H

[1, 4] oxa2|n 3 -yl)-phenyl] -am de(=3,5 -dichloro_ - r|d| ne- 2-carbo xylic
acid [3 (I(S)(Sﬁgblloso-amlme@ qeshawylic 3, acidi huaw(iramzw?‘sydwomlzii prdihydya-pH-
pheny1] - and|eyin- 2y 1)asiigoroiphiehyl)emidd=0eRloré Whambm@%m@ilz bidiG G320 3-

by 333%3&&?@%&%?&%&“—2ﬁn}p Kbt 3 b - phony 1-mide) G2 o - benzoi o

acid the

(RS) - N-[3-(5-am no-3-net hyl(3 6-
0- 2-fl uoro-benzam de (3) as a
[361.802]; (found) [M:H = 362

i hydr o-}%ﬁ i 4] 0xazi n- 3-y1) - phenyl] - 4-chl or
i foam (e@al cul ated) 5 C18HL7C1FN302
4

15

a) (RS)-5-Chloro-pyridine-2-carboxylic acid [3-(3-cyclopropyl-5-thioxo-morpholin-3-yl)-4-
fluoro-phenyl]-amide (= 5-Chloro-pyridine-2-carboxylic acid [3-((RS)-3-cyclopropyl-5-
thioxo-morpholin-3-yl)-4-fluoro-phenyl]-amide)

cl N SY\ 0

72
| H HN
. N

O F

20 A solution of 5-chloro-pyridine-2-carboxylic acid (0.136 g, 0.86 mmol) in dichloromethane (15
ml), was treated with Huenig’s base (0.30 ml, 1.73 mmol) and O-(7-azabenzotriazol-1-yl)-
N,N,N’,N’-tetramethyluronium hexafluorophosphate (HATU) (0.328 g, 0.86 mmol) at room
temperature. After 15 minutes of stirring, (RS)-5-(5-amino-2-fluoro-phenyl)-5-cyclopropyl-



Wth 2,4-dichl oro-benzoic acid the

(RS) - N-[ 3-(5-am no- 3- net hyl - 3, 6-di hydro-2H-[ 1, 41oxazi n- 3-

y1) - phenyp-28114020806 hl or o- benzani de (4) as a white sol i dpCiaERewioatses) C1
8H17C12N302 [378.257]; 10 (found) [Ml_irlo_ 378, [M+2-H = 380; Exanpl e 5
Wth 2,5-difluoro-benzoic acid the

(RS) - N-[ 3-(5-am no- 3- net hyl - 3, 6-di hydro-2H-[ 1, 4] oxazi n- 3-

ﬂl)? Fg ng nbﬁg}}p—hghé ﬂfﬁﬂﬂé‘{b q7hgng %mn@m s 88ded am 'sﬁﬁm@ QBMinuks %ﬁdﬂe%ﬁfj JFo

345. 347
2011/ ozogﬁe@fv ﬁ%ﬁf dsli%fvgo utigyyas 5%/%41013 EESTS 9089 wm? Solytionyof ppdium
( RS) - N4 3hydpe genicaibo Bateyethdy dxtBicted divivy dvitr @tllddbnéiharazihe-@mpined organic layers
phenyl ] - %er%hlvghgd mﬁzom d@meﬁﬁave@%ocaumhmefm@e@ad maév%g&a%eﬁd%h&rasat% wis CIN3
02 [343.82 ound) [ MH" =344, % 7
5- chl or o l’eF‘o*?Yn%m?m&tﬁg%B%yP’il siligg gl Pﬁ@g@ }I@X@Fﬂ af Slcblwqr%ﬁtlﬁée zméaeﬂ%xyl i c
acid [ 3- §cotatesd tho eBeimreThy 3-Chjdbe-giiink- (?)-cé.’dbb}ﬁyllplh]:ﬂ BAZRIN-3yelppjopplhretiyd o-

-am de (z 0

AR S)( gﬂﬁm Sh8-2R 8 %g&gﬂ %r#dé‘%? g8 e ffwhge SO (9243 5Ok ofey

(7) as ath\ﬁmi N%éﬂﬂcu’@{?&? & eHartC¥aY -0zt Q2 Ti Wzi)[[MzthI 8‘—041 6. (f ound) [M+H] '
= 345; 10 Exanple 8 Wth 5-chl oro-thi ophene-2-carboxyl i c acid the

( RS) - 5- ch) ¢RS)-5Ghdgroqiyeidirecheibryylicc aeidi [8-[ S-afbno-3-cyclopropyl-3,6-dihydro-2H-

am noqp3- e HrYajzh gl)ql' ﬁlY(ﬂ"f) Hehvil- ;mﬂeo(ﬁgaéhﬂré pyM&ﬂleﬁh&?ﬂ(Hyhc A& 948-((is)3-

-chloro -t - car

[ 34( RS) - 3mHpr 6@%%;316 §‘h65’€ﬂ Wd%lozwrf’ W-dyfluorasphenylyamider{$d) - ani de)
(8) 15 as a light yellow solid; (cal cul ated) CL6HL6CIN302S [ 349. 842];
(found) Pekjior-oB&@monia in methanol (7 M) (5.1 ml, 35 mmol) was added to a suspension of (RS)—

5-chloro-pyridine-2-carboxylic ~ acid  [3-(3-cyclopropyl-5-thioxo-morpholin-3-yl)-4-fluoro-

phenyl]-amide (= 5-chloro-pyridine-2-carboxylic acid [3-((RS)-3-cyclopropyl-5-thioxo-

15 morpholin-3-yl)-4-fluoro-phenyl]-amide) (0.240 g, 0.59 mmol) in methanol (18 ml). Thereafter,
tert-butyl hydroperoxide (70% in water) (0.81 ml, 5.9 mmol) was added at room temperature and
the mixture stirred for 16 hours. For the workup, the clear solution was evaporated at reduced
pressure. The residue was purified by chromatography on silica gel using a 80:10:1-mixture of
cthyl acctate, methanol, and ammoniumhydroxide as the cluent. The pure fractions were

20 combined and evaporated, then the residue was treated with a mixture of dichloromethane and
water. After evaporation of the organic layer, the 5-chloro-pyridine-2-carboxylic acid [3-((RS)-5-
amino-3-cyclopropyl-3,6-dihydro-2H-[1,4]oxazin-3-yl)-4-fluoro-phenyl]-amide (22) was
obtained as a white solid (99 mg, 43% of theory). Mass (calculated) C;oH;sCIFN4O,S [388.828];
(found) [M+H]" = 389.

25 Example 23

(RS)-5-(2,2,2-Trifluoro-ethoxy)-pyridine-2-carboxylic acid [3-(5-amino-3-cyclopropyl-3,6-
dihydro-2H-[1,4]oxazin-3-yl)-4-fluoro-phenyl]-amide (= 5-(2,2,2-Trifluoro-ethoxy)-
pyridine-2-carboxylic acid [3-((RS)-5-amino-3-cyclopropyl-3,6-dihydro-2H-[1,4]oxazin-3-
yl)-4-fluoro-phenyl]-amide) (23)

30 F



Exanple 9 Wth 2, 5-di net hyl -t hi ophene- 3-carboxylic acid the

(RS) - 2, 5-di net hyl -t hi ophene- 3-carboxylic acid

[ 3- (5- amwo-28teddvgl - 3, 6- di hydr o- 2H-[ 1, 4] oxazi n- 3- y1) - plremEPRo1@0G 85 ( =

2, 5-di net hyl - 20 1.

th| ophene- 3- car boxyl i caci d[ 3- ((RS) - 5- Al Ao- 3- et hyl- 3, 6-di hydro-2H[ 1, 4] oxa
zin-3-yl)- phenyl]-amde) (9) as a white solid; (calculated) CL8H21N302S

[ 343. |4491n1 an(aBQIHQH)s nﬁaj}{ﬁé’r'rto ﬁlagééhcrllbeﬁ\@l OO Qﬁg)ﬁf BRZAQQQHE 695-2,205 -
(Ei(;;)rrp 26 1(2'\1@10 qtmxgge é&/ %-%-a?r é%z c ael A?IA% %%ﬁhé: 5? ¢ anc{ HRS) 5-(5-amino-2-fluoro-

am no- 3- pienhly-b-Gclbpedphydoph@hict3tthdinox dallawd- yity) - thhenydajmam deth=2embuty! - t hi
azol e-4-y %&F&Q&@Qnﬁ%n%nga ylelgedhthe title com ound (23) as a white solid. Mass (calculated)

[ 34(RS) - no- 3- %y 13 dro-2 f 1, 4] oxazi n- 3-y1) - phenyl] - am de
(10) és Gy o QpéZathos bfoperd) [ ]cul“é% -ed) C16H181\ 1402S [330.41]; (found)
[MH = 331; NH2 Exanple 11 Wth 2,5-dinethyl-1, 3-oxazol e-4-car boxyl iC
aci d t heExR@ple245- di nmet hyl - oxazol e-4-carboxylic 10 acid

[ 3- (5-am no- 3- et hyl - 3, 6-di hydro 2H[ 1, 4] oxazi n- 3-y1l) - phenyl] -am de (=

2, 5- di meyl @Z@'I‘ﬁﬂﬂoﬁﬂéth Qldﬂfél-ﬂcarboxyhc acid [3-((RS)-5-amino-3-methyl-3,6-

[34( RS) - n dr o] I de)

(11) s iwﬁhiﬁbgﬁlﬁ 5% R e b AR S P e

329; Expyridige-2aghpxyli¢ hcid- [ﬁﬁﬁ-layhntﬂ Buadhod Bel- élhdfduazlﬁdk,ﬂ]qxezméﬂd) phenyl]-

(RS) -1@- Rk hyaxeh®)Rreft - car boxylic acid [345- am no- 3- net hyl- 3, 6-di hydro

-2H[1,4]0 xazin-3 -yl)-phenyl] -am de (= 2-nmethyl -oxazo | e-4- carbo xylic

acid [3 -(( |h dro. 2H 14] azi

Zy1) - phe®| Fﬁb §(€rg%2n‘(orl'}‘}°rgwﬁ‘°" 1 rt“"“e ?Tcé‘v&"’s"&‘ e 4al ETRE tﬁ’jlssc%‘ﬁfsmw

[ 314. 34] mo(plm!md‘%—yl mﬂ}yl]:algr_[lg (= 5-(2,2,2- Trlﬂuoro ethoxy) pyr1d1ne-2 carboxylic acid [3-
((RS)-3-methyl-5-thioxo-morpholin-3-yI)-phenyl]-amide)

K S
E>K/O Z }\1 Y\O

H HN
=~ N
@)

15 In a reaction analogous to that described in example 6 (method B), the condensation of 5-(2,2,2-
trifluoro-ethoxy)-pyridine-2-carboxylic acid (CAS 881409-53-6) with Building block F, (RS)-5-
(3-amino-phenyl)-5-methyl-morpholine-3-thione, yielded the title compound as a as light yellow
oil (64% of theory). Mass (calculated) C1oH;sF3N30sS [425.43]; (found) [M+H]" = 426.

b) (RS)-5-(2,2,2-Trifluoro-ethoxy)-pyridine-2-carboxylic acid [3-(5-amino-3-methyl-3,6-

20 dihydro-2H-[1,4]oxazin-3-yl)-phenyl]-amide hydrochloride (= 5-(2,2,2-Trifluoro-ethoxy)-
pyridine-2-carboxylic acid [3-((RS)-5-amino-3-methyl-3,6-dihydro-2H-[1,4]oxazin-3-yl)-
phenyl]-amide hydrochloride)

CIH 0

In a pressure tube, 7 M ammonia in methanol (3.0 ml) was added to (RS)-5-(2,2,2-trifluoro-
25  ethoxy)-pyridine-2-carboxylic acid [3-(3-methyl-5-thioxo-morpholin-3-yl)-phenyl]-amide (0.22
g, 0.69 mmol) and the reaction mixture was heated at 100 °C for 3 hours. UPLC analysis showed
a 1:1 conversion to the desired product. The solvent was removed at reduced pressure and the



WO 2011/ 020806PCT/ EP2010/ 061875 - 106 - Exanple 13 Wth

2, 5-di met hyl furan-3-carboxylic acid the (RS)-2,5-di nethyl furan-3-carboxylic
aci d [ 3- (W0 2011/020806 PCT/EP2010/061875

am no- 3- net hy1- 3, 6-di hydro-2H[ 1, 4] oxalzll n- 3-y1) - phenyl | - am de( =2, 5-di net hyl
furan-3- 5 carboxylic acid

[ 3-((RS)-5-am no- 3-net hyl- 3, 6-di hydro-2H-[ 1, 4] oxazi n- 3-y1) - phenyl] - am de)

g ;—g) as é\"uM\é"hﬁﬁur'é Yab takCh & Wﬁha}t M hnfok8HAINBR30] éayml’é?’]The Qéa@H&ﬂﬂm&M llas =

-trifluoro-ethyl car boxylic
acid t heﬁl%%;é)a %?zczmz"‘ P ?Sf‘lf%fb‘P% ‘Et%%")“ mege- 1@%@?&"@ W@%\FBdWF‘iSE cid
[ 3- ( 5- antonwerSionetohyit- 8¢stred i prydirco-vle[ thed joomatzinn-08- (ﬁS)—é-mhéﬂyh]luora-rethdey)( =

1 2 2 2 1 I l 1 1 X -ami wa a
[3( (( %{daﬁrﬁ zrllgeg 90:%‘9@’ akid Wj%éﬁaﬂylre% _§ &Fhi 6%{% g(g z)alﬁfe _1 _dg nelEsy ¢ Iso de)
(14) as a OSRIES e lfeoréﬁ‘itm(lc"éﬁscﬁﬂpé’? Ee7qlveg syl f‘%éﬁ‘fu%fé] preS(Svrau Ef) H +
382; 15piodautpias pASed\bh la 21g SAat &n}ﬂmﬂw yinldaz @ b ef Brectitichb@mpplind (249 ticht thag

RS) - 1-
( e én hy dr%x%q]é#%q'ﬂg?zeghﬁtlge ﬁgﬁ@gﬁghﬁjﬁe@& td gwegfim %f{l@? of?n HWW §azo
| e- 3 - catobiiiueaphpxy)-pyyidiny-2 5o ﬁi‘iﬂk‘i 3@%& ﬁgﬁs)é-anen%?mﬁ&ry 3.654ipydr <1-2 Ao
xazi n- 3 Flyfjpxazmheeply-bhemiliiabaife ( hSdroatdordewhid eaf adiite (b&hcuﬂ\x&k@dlcaﬁa&kﬁlmoz
[363. 42] ¢« {ff 2U0q), (b @3 v P-20%1/ 020806PCT/ EP2010/ 061875 - 107 -
Exarrpleg@19343 -J6], >

Example 25

(RS)-Pyrazine-2-carboxylic acid [3-(5-amino-3-methyl-3,6-dihydro-2H-[1,4]0xazin-3-yl)
phenyl]-amide hydrochloride (= Pyrazine-2-carboxylic acid [3-((RS)-5-amino-3-methyl-3,6-
dihydro-2H-[1,4]oxazin-3-yl) phenyl]-amide hydrochloride)

15 The reaction analogous to that described in example 6 (method B), starting from the
condensation of pyrazine-2-carboxylic acid with Building block F, (RS)-5-(3-amino-phenyl)-5-
methyl-morpholine-3-thione, followed by the treatment with ammonia in methanol as described
in example 24, yielded the title compound (25) as a white solid. Mass (calculated) C;6H17NsO;
[311.35]; (found) [M+H]" = 312;

HN

2 @)
_ Y\
(\FI - \

N N

20 CIH

Example 26

(RS)-N-[3-(5-Amino-3-methyl-3,6-dihydro-2H-[1,4] oxazin-3-yl)-4-fluoro-phenyl]-2,2,3,3,3-
pentafluoro-propionamide (26)

25 a) (RS)-2,2,3,3,3-Pentafluoro-N-[4-fluoro-3-(3-methyl-5-o0xo-morpholin-3-yl)-phenyl]-

propionamide



Wth pyrazol o[ 1, 5-a] pyri di ne-2-carboxylic acid the

(RS) - Pyrazol o[ 1, 5-a] pyri di ne- 2-car boxylic acid

[ 3- (5- amwo-28teddeg1- 3, 6- di hydr o- 2H 11, 4]oxazin-3-y1)-pm€mymh9mm%n%5(:
Pyrazo lo [1,5- 5 a]pyridine-2-carboxyli

aci d[ 3- ((RS) - 5- ani no- 3- net hyl - 3, 6- di hy]olr30 2H-[ 1, 4] oxazi n- 3-y1) -
phenyl]-am de) (16) as a white solid; (calculated) CL9H19N502 [ 349. 392];
(found) [M+H + = 350; Exanple 17 Wth 4Q£%w1u6>2 i odo- benzoi ¢ acid t he
(RS) - NdA3- (5- am no- 3- net hy1- 3, 6-di hydr o- 2H10

[ 1, 41loxazi n-3-y1) - phenyl] - 4-chl B

solid; (calculated) Cl8H17ClI

yenzan de (17) as a light yellow
found) [MH ' = 470;

o that described in Exanple 1
(method A), the follow ng 15 cohpound was™~0bt & ned starting fromthe
condensation of the corresponding acid with Building block B,

R) - 5- ( 3- gh 3- d db
EVARE Sl F1 e e Y L P N R R S e R A e
tetrafluﬁh@@m@abbded® &hﬂ%n;u%ﬁcﬂh@blde<hMmHWﬁ6h@hlﬁ%@1p9rwdim@mfd with

2- car boxyy{ euﬁla@fﬁﬁed%)tﬁ%l ( R)y7- n'émglblltﬁérpmpyerau%n%rx&w%pwédl 6 02€1, fnd, Bretafter20

gmcﬂféfongt l%ltalin 9223?%8%@%%%2 Igg(r?fél chf’ Xrgh%ldrp (Pe '1(}532157 am ? rnrnol) n

-((R)-5- dlnilln@n&th¢ Oy mB), veasaidtindd Tbe Riktjoh, MikpxawagstBeey 1) mptmemylpe]ratam fde} (18)
as a whi g&.f gam H.Cald %{éﬁt &d) s Hl%g\m%%iéé& 80 the (&4 DrodiMHlirectly 345;

WD 2011/0 0806PCT/ P201 ct
sequenc e UNRHEgaNEd g o %ﬁ taﬁ%@ﬂ%@@ g %&%”Eré&im(ﬂ?ﬁé{\vg@ao%thanﬁfa et?ﬂ%ml owi ng

conpoundslm@ﬂa)eﬁﬁasﬂe@h&hﬁﬂhmagwﬁa@MmhmEOEbgd@ﬁsafﬂmmybéﬂhheﬂ@anm@mpmnding

acid it | =
e 1\g' (%g%ﬁhgoéogﬂﬁqﬁ% r(%%é%]ager%)/ 6 RPN Qu 3702841 (found) MHHY =371,

{11 mot nyPbxoni uADEF %‘f%m“x“a%@m ot e Bl By Bt Riny -

2,2,3,3,3-pentafluoro-propionamide

In a reaction sequence analogous to that described in Example 1 (method A), the treatment of
(RS)-2,2,3,3,3-pentafluoro-N-[4-fluoro-3-(3-methyl-5-oxo-morpholin-3-yl)-phenyl]-

15 propionamide with trimethyloxonium tetrafluoroborate and ammonium chloride yielded the
(RS)-N-[3-(5-amino-3-methyl-3,6-dihydro-2 H-[1,4]oxazin-3-yl)-4-fluoro-phenyl]-2,2.3,3,3-
pentafluoro-propionamide (26) as a light yellow solid. Mass (calculated) CisHi3FsN3O,
[369.269]; (found) [M+H]" = 370.

Example 27

20 (RS)-N-[3-(5-Amino-3-methyl-3,6-dihydro-2H-[1,4]0xazin-3-yl)-4-fluoro-phenyl]-4-chloro-
thiobenzamide (27)

A solution of (RS)-N-[3-(5-amino-3-methyl-3,6-dihydro-2H-[1,4]oxazin-3-yl)-4-fluoro-phenyl]-
4-chloro-benzamide (0.056 g, 0.2 mmol) in 1,2-dimethoxyethane (2 ml) was treated with
25 Lawesson’s reagent (0.083 g, 0.2 mmol). After heating to 70 °C the dispersion turned into
solution; the temperature was kept during 16 hours. Another 0.5 eg of Lawesson’s reagent were
added to complete the reaction and heating was continued at 80 °C. After 2 days the reaction was



Example 19 W th 4-chloro-benzoic acid the

(RS) - d3- (5-am no- 3- net hyl- 3, 6-di hydro-2H-[ 1, 4] oxazi n-3-y1l)- 10

4-f | uor o-wbenylj2estechl or o- benzam de (19) as a |ight yel POWEPRI0MH51875

(cal cul ated) C18H17ClFN302 [ 361.802]; (lf ound) [M+H = 362; Exanpl e 20
Wth 5-chloro-pyridine 2-carboxylic ach'd t he

(RS) - 5-chl oro-pyridi ne-2-carboxylic acid [3-(5- 15

am no- 3- uBf AYdmpletB - K YR Ok dbHhclne4diBY 3k ileSx dlovagbribd &F BymRemulhe ariade (=

5-chl oro- pyr,i dine2-carboxylic acid . :

[ 3- (( RS) dibcetyinystisd iy pyamatograpivg 9845 Beiufer lagho XAk splymy, pying 4 1efadicdhREny 1] -
am de) (@ohlommethahé/ghdthanel + 100/8 6l 9@ ]0 {sathd clubrat Batye CdrE dbGRLERN0R g[(BB2 0794 ;
(found) F BE3N-B-(5-2h 381 QB0BRCHH B2 RS TASNET: N0 LN a.
reacti on{hlé/g ue?Flfcgésgrll\,I &o ; éﬁ%g%gﬁ%ﬁ%@%?&?ﬁﬁ%&gﬂ% Zl)f f?%got R%elclilg)lfl\? t he
f ol | ovi nehlegrpBbmaamds Bhear wellpvstolide Mag (erlamitehid ldndERs QS i b -4di: (fayad)
correspopdiHY =a&48d wi th Buil ding bl ock D, (R)-5 -(5- amino -2-

fl uoro-phenyl)-5 -nethyl -norpho |in-3-one hydrochl oride, foll owed by the
treat mengyphpR 281 i et hyl oxoni um tetrafl uoroborate or trimethyl oxoni um
tetrafl uoroborate 5 and amoni um chl oride: Wth 5-chloro-pyridine

2-carboxylic acid the, (R)-5-chlaro-.pyfl dine-2- oxylic i d 45-

2 no- 3. Sy S pyFighniSy-fithn el PR Ol 5 38BN PRk Bimciny
anm de (=3,5-dikydyo-@ -yt pxhzive3-FD-4deBudyo-phgnylbaméded [3 -((R) -5 - amino -3
-nmet hyl-3 , 6- di hydro-2H11,4] o xazin-3 -yl)-4- fluoro-phenyl] - am de)
(21) as a white foamsolid; (calculated) Cl411 02 [362.794]; (found)
[ MMH = 363; 10 Exanpl e 22 (Met hod B)

(RS) - 5- Chl or o- pyri di ne- 2- car boxyl i caci d[ 3- ( 5-
0-2H [ 1, 4] oxazi n-3-y1l)-4-fluoro-phenyl]-amde (=
5- Chl or o- pyri di ne- 2- car boxylkc id[3 -0
am no- 3-cycl opropyl- 3, 6-di hydr|0- 21|FII- [ Jy4] oxazi n-3-yl)-4-fluoro-phenyl]
-am de) (22) 15 A N

- 3-cycl opropyl- 3, 6-di hydr

0
10 F

In a reaction sequence analogous to that described in Example 1 (method A), the title compound
was obtained starting from the condensation of 5-chloro-pyridine-2-carboxylic acid with
Building block M, (2R,5R)- and (25,55)-5-(5-amino-2-fluoro-phenyl)-2-benzyl-5-methyl-
morpholin-3-one, followed by the treatment with trimethyloxonium tetrafluoroborate and

15 ammonium chloride as a light yellow foam. Mass (calculated) C,4H2,CIFN4O; [452.915]; (found)
[M+H]" = 453.

Example 29

S-Chloro-pyridine-2-carboxylic acid [3-((3R,65)- and (38, 6R)-5-amino-6-benzyl-3-methyl-
3,6-dihydro-2 H-[1,4]0xazin-3-yl)-4-fluoro-phenyl]-amide



a) (RS)-5-Chloro-pyridine-2-carboxylic acid

[ 3- (3-cycl opropyl-5-thi oxo- norpholin-3-yl)-4- fluoro-phenyTham de (=

5- Chl or o-w9r2ndiaesog- car boxyli ¢ acid 134(RS) - 3-cycl opr oppLTAP2010/061875

t hi oxo- nor phol i n- 3-y1) - 4-fl uor o- pheny ]Vanlde) 20 A sol ution of

5-chl oro- pyri di ne-2-carboxylic acid (1 1936 g, 0.86 mmol ) in dichloronethane
(15 M), was treated with Huenig's base (0.30 M, 1.73 mol ) and

0- (7-azabenzotriazol -1-y1)- N, N, N, N -tetranmet hyy oni um

hexaf | uor ophosphate (HATU) (0.328 g, 0.86 mml ) roomtenperature. After
15 m nutes of stirring, (RS)-5-(5-am no-2-fl phenyl) - 5-cycl opropyl - WO
2011/ 020806PCT/ EP2010/ 061875 - 110 - nnrphollne 3-thione (0.177 g, 0.66
nmol ) was added and stirring.conti nued ohour. For the workup, the
light yellow sol ution was pouff&d ol d saturated sol ution of

sodi um hydr ogen-car bonate, th pCe W th dichloronethane. The
conbi ned organic | ayers were washed||w t I ne, dried over sodiumsulfate,
filtered and evaporated. The residue was<Zpwified by chromatography on
silica gel using a 9:1-m xture of dichloronmethane and ethyl acetate as the
el uent. The 5-Chl oro-pyridi ne-2-carboxylic acid

[ 3-((RS)-3-cycl opropyl-5-thi oxonor phol i n-3-y1)-4-fluoro-phenyll|-am de was
obtained as an off-white solid (0.245 g, 90@6of t heory). Mass (cal cul at ed)
Cl19H17C1FN3028 [405.879]; (found) [M:H ' = 406. b)

RS) - 5- Gy} '
(o s T BB 3R M B A TogT Eaaych oo
hl or o- pyWF‘%loﬂ?él@ Csé@%g(yﬁrqre thei Qj)nfig]@%tp?g) Qg 5-chloro-pyridine-2- carboxyhc a with
am no- 3- Byidiepr mpgkl R, 6diskryd radeI(E}E 15)43-(50xaiznd 1= fBroyol phedyh2L@noyl phaal ]

;;_g(rjneg%% Ot(néé)gafsb‘h §%ng t Ifo(?f?)?vgé F\@S tr%ﬁtln%ntn%laa?r%etfelylgwnnﬁ% t%tr{ﬁ ’oro%glgf@g."%h was

-cyc |op@@@@@m5u$hrﬁeﬁbahﬁﬁnﬁwnvﬁwnghﬂv&yw@ubﬁﬁhGMHmaﬁéﬁyl1$%Hﬁhéﬁw

5-chl or opyayH| di 488- 2- car boxylic acid [3-((RS)-3-cyclopropyl-5-thioxo- 15

mor phol i n-3-y1)-4-fl uoro-phenyl]-amde) (0.240 g, 0.59 mmol) in nethanol

(18 m). g nﬁgﬁggd a3t ert-butyl hydroperoxide (70%in water) (0.81 nml, 5.9
nmol ) was added a roon1tenperature and the mixture stirred for 16 hours.

For the wor cl ear solution wa porate uced ressure The

resi due leﬁrnyrsdw “bRrOATdKa iy Q)H@R f)-Sramipg: 3g‘§Fthﬁls€ Raewl ,6-dihydro-

80: 10:01- 24741 dloxazih-3etlpyfluace phdny)|-ameilh amal 5- (aﬂakoqrmﬁhnaazm?ﬂmmdicdeclasm he

el uent. '
Fesi due (RLoRYEAPIAR S ARG Bk R e R Ao B AP DS orb BRIRE
evapor at M3Kleof the organic |ayer, the 5-chl oro-pyridi ne-2-carboxylic acid
[3-((RS)-5- am no-3-cycl opropyl-3 ,6-di hydro-2H[1, 4]0 xazin-3 -yl)-4-
fl uoro-phenyl] -am de (22) was opfabhned as a white solid ]iiang, 43% of

[

theory). Mass (cal cul ated) C19HL 1\ 14028 [388.828]; (fl [ MEH] Y =
389. 25 Exanple 23 (RS)-5-(2,2,2-%1fluoro-ethoxy)-pyridine2- carboxylic
acid [ 3-(5-am no- 3- cyclopropﬁﬁq3 di hydro-2H [1, 4] poxazin-3-yl)-4-fluo

ro-p henyl] -amd R (22, 2- Ty f1Cuor o- €t - pyridi Ng- (harboxyllc
acid [34(RS)-5-amn -31cycH0propy1- 6- di hydy o- %1 4] 0 n- 3-
y1) - 4-f 1l uor o- phenyl I FF>113
0] 0 F
31

In a reaction sequence analogous to that described in Example 1 (method A), the title compounds
15 were obtained starting from the condensation of 5-chloro-pyridine-2-carboxylic acid with
Building block S, (25,5R)-5-(5-amino-2-fluoro-phenyl)-5-methyl-2-phenyl-morpholin-3-one
hydrochloride, to yield the 5-chloro-pyridine-2-carboxylic acid [4-fluoro-3-((3R,65)-5-methoxy-
3-methyl-6-phenyl-3,6-dihydro-2 H-[ 1,4]oxazin-3-yl)-phenyl]-amide. Treatment with
trimethyloxonium tetrafluoroborate and ammonium chloride resulted in an epimerized mixture
20  of 5-chloro-pyridine-2-carboxylic acid [3-((3R,6R)-5-amino-3-methyl-6-phenyl-3,6-dihydro-2H-



H2N,,,--.? 0 I HN N WD 2011/020806PCT/ EP2010/ 061875 -111- In an
anal ogous manner to that described in exanple 6 (Method B), the
condensatworzouf028808, 2, 2- trifl uoro-et hoxy)-pyri di ne-2- cachmpgéiooeses d ( CAS
881409-53-6) and

(RS) - 5- (5-am no- 2-f | uor ophenyl) - 5-cycl ]&Sr'opyl - nor phol i ne- 3-t hi one fol | owed
by the treatnment with tert-butyl hydroperoxi de and anmoni a yi el ded the

title co nyéincgglb-@{fﬂ‘m%-ﬁﬂgn g-aﬁf?(!ei £hd 5%0%9%iﬁélb-%ﬁl%giyl§ a@%l[%:(és%%i‘}M%

452. 406] ;. (f.oun M+H] = 453. e 24 . .
(RS o0 Chninb RO N G BV fraliirons P bt st 3P b yarp phepsilapmide which was
[ 34( RS) - Spamicd by3hnehdtydraghyon diShydine-@kinirl ushiox azidiens of dichphemylapanide

hydr ochl atindi1 E=10070(8 0732 th élﬁéﬁ?rﬁjo'tﬁ"%q%%)vverpxﬁthﬂéd@s; c?ff-%{tpg?‘%ﬁé& Mgk d
[ 3- (5-.am no- 3- et hI\_/II -3, 6- é?l hydro- 21/ - 4] oxazin-3-yl)-phenyl]- 10 am de
hydr ochl Gricgiaied) Gy 60@4@&%2‘%9@-(@?% bl 8tHdxy) - pyri di ne- 2- car boxyl i ¢
aci d[ 343- net hyl- 5-t hi oxo- norpholin-3-yl)-phenyl]-amde (=

5- (2, 2, 2EXampleusd?-62 et hoxy) - pyri di ne- 2- car boxylic acid [ 3-

((RS) - 3-net hyl1- 5-t hi oxo- nor phol i n-3-y1)-phenyTham de) 15 1In a reaction
anal 0goug 4 RatiltalscqRaed idagdoidtoaNaMRELE MMBREMPR 2B)(metHo@ B)OME eBsRhia6on Of
0421 222 of LR 0L NOR T SRS 2 153 PN I ety 67AR: BRAAOR )

( 3- ami norepHeny thicngs methyiixfuse Pheineeiadn wikaned ai-butgelydrdperoxide| yécldesinhound
as a @S flgRtngkshpomdei | (64% of theory). Mass (cal cul ated) Cl19HI8F3N303S
[425.43]; (found) [M+H = 426. D)

(RS) - 5- (EXaZmZ- Ei fl uor o- et hoxy) - pyri di ne- 2-carboxylic acid

[ 3- (5-amno- “wét hyl - 3, 6- 20 di hydr o-2H41, 4] oxazi n-3-y1) - phenyl] - am de
hydrochl oride (= 5-(2,2,2-Trifluoro-et hox_}ﬁ_- % ridine-2-carboxylic acid

[ 34( RS) - Blithnd h8tykpyding 1-carbexsdichydd cng 1Buikiing iﬂé&i fh- RYPy3-agnenphenyint de
hégr gchl okihdehorpholi- Prhass ,w:he Sty pyridilve-araarhok id em_idr[st-dﬁmoj-arﬁﬁog_-mthylwgs
added to )b 42, -t 0l;0- t | ~ 21,

(31 (3 e Fu TR o é)%’gl%)r)?%zr"l'ﬁg o) I%hf%@ﬂ; %‘?ﬂﬁ e P T RS S
t he rléac(CiaéhlaWﬁ)@uH@%sH HA4P2 2 (famd E’Mf%} Bfours. UPLC anal ysi s showed

HN
2 0
z j|/\
I B N
. N

HCl

Example 33

With 3-chloro-5-trifluoromethyl-pyridine-2-carboxylic acid and Building block F, (RS)-5-(3-
amino-phenyl)-5-methyl-morpholine-3-thione,  the  3-Chloro-5-trifluoromethyl-pyridine-2-
20 carboxylic acid [3-((RS)-5-amino-3-methyl-3,6-dihydro-2H-[1,4]oxazin-3-yl)-phenyl]-amide (33)
(yvield: 50% of theory). Mass (calculated) C1sH;sCIFaN,0,. HC1[449.258]; (found) [M+H]" = 413.

F
F H,N
0
¢ o~ jl/\
[~
HCl

Example 34

With 3,5-dichloro-pyridine-2-carboxylic acid and Building block H, (R)-5-(5-amino-2-fluoro-
25  phenyl)-5-methyl-morpholine-3-thione, the 3,5-dichloro-pyridine-2-carboxylic acid [3-((R)-5-



a 1:1 conversion to the desired product. The sol vent was renoved at reduced
pressure and the WD 2011/020806PCT/ EP2010/061875 - 112 - crude m xture was
t aken up wot2hi1/o2d80anmoni a i n nmet hanol (3.0 nlL). The rea®CIrar20moxo618re was
heated at 100 Cin a pressure tube for hours nore. UPLC anal ysis showed
an increase in conversion to the desite “product while the formation of
(RS)-5-(2,2,2-trifluoro-ethoxy)- pyridine-2-carboxylic acid [3 -(3

rrerg‘é [‘ylon§m1n9 %@etﬁﬁtpmlhlya@ ﬁf[ﬂi]béﬁlﬁﬁﬁl lrrglo4 MRS HRen g»gsanﬁaesm appr%gﬁw?_ﬁled I?ede
[ S, S P \V u
pr oduct %1%@585091613155 @S@%@JOZ{}'QM%PB‘Y)&% gc[ +c7rfp[& he3 itle
conpound (24) that was further purified reparative HPLC (20 mn
elution) to give 0.042 g (14%30f heory) e b
(2,2,2-trifluoro-ethoxy)-pyridimeé- 2Ncargdpoxyl ke agi d

[ 34(RS) - 5- am no- 3- net hyl - 3, 6-di 2 4% xazi n- 3-y1) - phenyl] - am de
hydrochl oride as a white foam WMa$s (kalc ed) 10 C19H19F3N403 [ 408. 38];
(found) [MrH = 409; Exanple 25 (RB)-®yra #-carboxylic acid

[ 3- (5-am no- 3-net hyl - 3, 6-di hydro-2H 11, 41oxazi n-3-yl) phenyl] am de

hydr ochl ori de % Pyrazi ne- 2- carboxylic acid [34(RS)-5-am no-3-nethyl-3, 6-
di hydr o- Bxgmple#poxazi n- 3-y1) phenyl Pani de hydrochl ori de) 15 The reaction
anal ogous to that described in exanple 6 (nmethod B), starting fromthe
condends aWithns-oflofypainhitdie-2-aeioRglicy héid aadi BuildirtghbBuit [H]i @®g-5k6 a@ekind=2-fluoro-

(RS)-5-( r on o} e
{ront ment S Lp oano e bhatinc TRk, TR BBl Bands i 5 %&ﬁﬁ the
title cofp@ardngthpy3.¢rdihyd wﬁf{ El.4lerazin-3-vhslyaerdpbeiy Haguge @f AL NBER solid

[ 311. 35] Makd (eatedjted)NtH, s€IF3LQ; [388.7 B H fourldX pvipHE 2604.

(RS) - NdA3- (5- Ami no- 3- net hy1- 3, 6- di hydr o- 2H 11, 41oxazi n- 3-y1) - 4-f | uor o- pheny1l
1-2,2,3,3,3- pentafl uoro-pr opi onam de (26N 11/ 020806PCT/ EP2010/ 061875
- 113 - A dispersion of (RS m no- 2- f l{uor g- pheny1) - 5- et hyl - nor pho
| i n-3-o0ne hydrochlorlde(BwId bloc C) 229, 0.8 mmol) in

di chl oronethane (4.5 nl) was trea N

lamne (0.37 m, 2.7
nmol ), then the reaction m xture was ooI > F0 C, and, thereafter,

10  Example 36

With 5-trifluoromethyl-furan-3-carboxylic acid and Building block H, (R)-5-(5-amino-2-fluoro-
phenyl)-5-methyl-morpholine-3-thione, the 5-trifluoromethyl-furan-3-carboxylic acid [3-((R)-5-
amino-3-methyl-3,6-dihydro-2H-[1,4]Joxazin-3-yl)-4-fluoro-phenyl]-amide (36) as a white solid.
Mass (calculated) C;7H;5F4N303[385.315]; (found) [M-i—H]+ = 386.

. o HZNW|/\ o

15 F
Example 37

With 3-fluoro-pyridine-2-carboxylic acid and Building block H, (R)-5-(5-amino-2-fluoro-

phenyl)-5-methyl-morpholine-3-thione, the 3-fluoro-pyridine-2-carboxylic acid [3-((R)-5-amino-

3-methyl-3,6-dihydro-2H-[1,4]oxazin-3-yl)-4-fluoro-phenyl]-amide (37) as a white foam. Mass
20 (calculated) C;7H6F2N4O, [346.335]; (found) [M+H]" = 347.



5 a solution of 2,2, 3,3, 3-pentofl uoropropionic acid anhydride (0.267 g, 0.9
mml ) in dichloronmethane (0.5 n1) was added. The reaction m xture was
stirred avoroombseaperature for 2 days. For the workup, PCEPI@MErsys was
evaporated and the crude product direct ]Vy chr omat ogr aphed on an Isolute
flash NH2 col utmm using a gradient of d%éhloronethane/ met hanol = 100/0 to
95/5 as the eluent. There were obtained 0.21 g (74% of theory) of the title
conpound 10 as a white solid. Mass (cal ¢dNat C1l4H12F6N203 [ 370. 254] ;
(found) [M+H = 371.

b) (RS) - N-[ 3- (5- Ami no- 3- et hy1-
nyl]- 2,2,3,3,3-pental |l uoro-pro
to that described in Exanple 1 ( ‘ e treatment of (RS)-2,2,3,3,3
-pentaf luoro-N- [4-fluoro -3 -(3 -nethyl -5 -ofxo-norpho 1in-3 -y1)-p henyl]
- 15 propionamde with trinmethyl oxoniumtetrafl uoroborate and ammoni um

chl ori degyigpagd the (RS -N [3 -(5 -amno-3 -nethyl-3 ,6-di hydro -2H[1, 4]
oxazin-3 -yl)-4-fluoro -phenyl] -2,2,3,3,3 - pentafl uoro-propi onanm de (26)
a2 |1 Oy Gl QN SOk oo Al EL ke i CAATBERR: 768 36 o foun)
(RS) - N[ @ﬁ@gipﬁﬁ%@p@mﬁﬁt%mﬂlxl 1goighelngriothiome,) the AredlaaeiSririfugremethykpygiling- pheny
I'] - 4-chl mrc%bxﬂlbel@maﬂn(d@ £-@rfijno-3-méh$Iod 8dihgBroof 77-[ 1,4]oxazin-3-yl)-4-fluoro-phenyl]-

PRI IR RO S e R Sagds {ﬁﬁgﬁﬁﬁ%&%&%ﬂﬁmﬂﬁﬁ preny

mas treafdd with 25 Lamesson s reagent (0.083 g, 0.2 mml). After heatlng
to 70 C the dispersion turned into solution; the tenperature was kept
during 16 hours. Another 0.5pef] of LawessenN agent were added to
conplete the reaction and heg pwas continu d 80 C. After 2 days the
reaction was WO 2011/ 020806+ 10/ BI61875N 4 - still inconplete. For
t he workup, the reaction m xtureRas$™§ dryness and the residue
directly purified by chromatograp ute flash NH2 colum using a
gradi ent of dichloromethane/ nethanol = 10 tlo 90/ 10 as the eluent. There
were obtained 0.006 g (10% of theory) of (RS)-N- [3 -(5 -am no-3 -nethyl -
,6-dihydﬁ ]ﬁgf bl,4] o xazin-3 -yl)-4- fluoro-phenyl] -4- 5

chl oro-thi obenzam de (27) as a yellow solid. Mass (calculated)

C181-117ClF 77.8 und) [ MtH| | e
5- Chi'8r o¥ @dev%@vefyxwz%%ﬁﬁwhacw [a§d0§m‘°’%¢5 iR, K7 3-(5-emino-2-fuoro-
(3S, 6) - Splamyno-Bethgnayph@muBtthiphd, the Zhnteshgt-oxa2ble{4lcadjoaybzaaid B~(R) 5-4mfdotior o- p
henyl pank-%thyl-S,6-dihydr0-2H—[1,4]0xazin—3-yl)-4-ﬂuor0-phenyl]-arnide (39) as an off-white foam.
Mass (calculated) CisH7FN4O3 [323.333]; (found) [M+H] = 333.

HzNW|/\

N

0]

, 4] oxazi n- 3-y1) - 4-f| uor o- phe
a rNeaction sequence anal ogous

15 Example 40

With 1-difluoromethyl-1H-pyrazole-3-carboxylic acid and Building block H, (R)-5-(5-amino-2-
fluoro-phenyl)-5-methyl-morpholine-3-thione, the 1-difluoromethyl-1H-pyrazole-3-carboxylic
acid [3-((R)-5-amino-3-methyl-3,6-dihydro-2H-[1,4]oxazin-3-yl)-4-fluoro-phenyl]-amide (40) as
a white foam. Mass (calculated) Ci6H,6F:NsO, [367.329]; (found) [M+H]™ = 368.



10 In a reaction sequence anal ogous to that described in Exanple 1
(method A), the title conpound was obtained starting fromthe condensation
of 5-chl owo-2pywaza8oae- 2- car boxyli ¢ acid with Buil di ng bl @ck/AEr0102R83R) - and
(2S, 5S)-5-(5-am no-2-fl uoro-phenyl) - 2- Snzyl-S-nethyI- nor phol i n- 3- one,
followed by the treatnment with trimethylFoxoniumtetrafl uoroborate and 15
ammoni um chloride as a |ight yellow foam Mass (cal cul ated) C24H22CLFN402
[ 452.915]; (found) [M-H = 453. Exanple 2H;5xfh$9§o-pyridine-2-carboxy|ic

acid [3-03R,68)- and (3S, — I

6R) - 5- am no- 6- benzyl- 3- net hy di drg-z [Ny, 4f oxazi n- 3-y1) - 4- f | uor o- phen
yl pam de WO 2011/020806PCT/§§5§§ 0 5> 1In a reaction sequence
anal ogous to that described in Exanplg 1 od A), the title conpound was
obtai ned starting fromthe condensation of 5-cHioro-pyridine-2-carboxylic
acid wth Building block N, (2S,5R)- and

(2R, 5S) - BxdrhpRu@il no- 2- f | uor o- pheny1l) - 2- benzy1l-5- nmet hyl - 5 norphol i n-3-one,
followed by the treatnent with trinethyl oxoniumtetrafl uoroborate and

amoni umzghl ki . B - 0 I N402
(453, o151 o PR E LA LA SRR, bRl qb! @) S-S B
5- Chl or Opkﬁyyli)-éi-rﬁ@_yj:reogp 5@913i'té103‘30i the 3,5-difluoro-pyridine-2-carboxylic acid [3-((R)-5-

[ 3- 03B, 6Rhinb-3ambthpl- Bo-didiytiyl 26 { pdexarin-8.yH-adilycHpbeny Oindt [41) 4k an off-white
oxazi n- 350fih) skl LHANRHREMLE RIDIB6RSS XrsdMapfrt=RY  fisne- 2- carboxylic acid
((3R, 6S) - 5- am no- 3- net hyl - 6- phenyl - 3, 6- dighydr o< 2H-[ 1, 4] oxazi n-3-y1) - 4-fl uor
o- phenyl]- am de 3031 In are CE} n sequeﬁce|an.0ogous to that described in
Exanple 1 (nethod A), the title co%% e obtained starting from

t he condensati on of 5-chl oro-pykag ic acid with Building block
S, (2S,5R)-5-(5-am no-2-fl uoro-pheny 1- 2- phenyl - nor phol i n- 3- one
hydrochl oride, to yield the 5-ch|%roﬁbyﬂ

[ 4-fl uoro-343R, 6S) - 5- net hoxy3- net hyl- 6- phenyl- 3, 6-di hydr o- 2H-[ 1, 4] oxazi n- 3-
yl)-phegﬁahﬁgguge. Treatnment with trinmethyl oxoniumtetrafl uoroborate and
armoni untt i'de resulted in an epinerized m xture

With 4-cyano-2-fluoro-benzoic acid and Building block H, (R)-5-(5-amino-2-fluoro-phenyl)-5-

10 methyl-morpholine-3-thione, the N-[3-((R)-5-amino-3-methyl-3,6-dihydro-2H-[1,4]oxazin-3-yl)-
4-fluoro-phenyl]-4-cyano-2-fluoro-benzamide (42) as a white solid. Mass (calculated)
C1oH1sF2N40,[370.357]; (found) [M+H]" = 371.

H N
N S
N

Example 43

15 With 4-chloro-1-methyl-1H-pyrazole-3-carboxylic acid and Building block H, (R)-5-(5-amino-2-
fluoro-phenyl)-5-methyl-morpholine-3-thione, the 4-chloro-1-methyl-1H-pyrazole-3-carboxylic
acid [3-((R)-5-amino-3-methyl-3,6-dihydro-2H-[1,4]oxazin-3-yl)-4-fluoro-phenyl]-amide (43) as
a white solid. Mass (calculated) CisH;7CIFN50; [365.794]; (found) [M+H]" = 366.

\ HN

N-N 2 ?\}/\O
YN
Cl 0



20 of 5-chl oro-pyridi ne-2-carboxylic acid

[ 3- 43R, 6R) - 5- am no- 3- net hyl- 6- phenyl- 3, 6-di hydro-21-/- WD

2011/ 020886RCT/EPDS10/ 061875 - 116 - PCT/EP2010/061875
[1,4]oxazin-3-y1)-4-f|uoro-phenyl]-an11% and 5-chl oro-pyri di ne-2-carboxylic
acid [3-((3R 6S)-5- ) )

am no- 3- net hyl - 6- phenyl - 3, 6-di hydro-2H[ 1, 4] oxazi n- 3-y1) - 4-fl uoro- phenyl ] -a
m de whi gl, g43eparated by chromatography on a Si-am ne colum using a
gradi ent of dichloromethane and net hanol = 100/0 to 97/3 as the el uent.

Bot h epi t ai f f.- whit | cul d
o pocs Mo 2 FataCRPhRrs e ity SREUREIS bR A SaSFpEfidver o
sequenceplEnzl-dgoubylimorphdinedetbone.béht i3rmetkdrthiophede-2¢qreonplec Brid {héR)-5-
condensajhRB-30hetE AL NNl 6 - BE ] 8]0 AD3 -BYLA-Bld& pRQ B lesnidfe (49 afa whit@RfdnD

anmonta. Miaerere T e g ) a bt DIMiED )T &fea the 10 1ol | owi ng

conpounds: Exanple 32 Wth 5-butyl-pyridige-2-carboxylic acid and Buil di ng
bl ock F, (RS)-5-(3-am no-phenyl)-5, nethy >ﬁ6?hho | i ne-3-thione, the 5
-butyl - pyridi ne-2-carboxylic agf?ﬁg%eﬂ((RSth- m no -3 -nethyl -

3, 6-di hydro-2H [1, 4] oxazi n- 3- Nyll~a e hydrochl oride (32) (yield:
8% of theory). Mass 15 (cal cul ated) [IC21 @ 02. HC1[ 402. 923]; (found) [ MtH
= 367. H2N)fsO Exanple 33 Wth 0 F
3-chloro-5-trifluoromethyl-pyridine-2-carboxylic acid and Buil di ng bl ock F,
(RS)-5-(3-

ani no- phE¥ympledSnet hyl - nor phol i ne- 3-t hi one, t he3- Chl or o-5-tri f | uor onet hyl - py
ridine-2- 20 carboxylic acid

[ 3- ( ( RS) Wathafiphoryd-oretoleyd-e8hGeytic hacdlt om@ HBildidd drtaxki Bk 3Ry-b)(5 pinemy 1jlueuot de
(33) (yi fA 11390 80 HERINL - MaSS. hoabithPbegdic GLERATH AN B2 L. 2591

(found) [ Mt 413. , . : :
10" 3-methyl-3,6-dihydro-2 H-[ 1,4 Joxazin-3-yl)-4-fluoro-phenyl]-amide (45) as a white solid. Mass

(calculated) Cy1H10FN4O3 [394.404]; (found) [M+H]" = 395.

HN
~ Ty

N
O/ N

0)

Example 46

With 3-chloro-thiophene-2-carboxylic acid and Building block H, (R)-5-(5-amino-2-fluoro-

15  phenyl)-5-methyl-morpholine-3-thione, the 3-chloro-thiophene-2-carboxylic acid [3-((R)-5-
amino-3-methyl-3,6-dihydro-2H-| 1,4 Joxazin-3-yl)-4-fluoro-phenyl]-amide (46) as a white foam.
Mass (calculated) C;6H;sCIFN;0,S [367.830]; (found) [M+H]" = 368.

cl HZNW|/\ 0

/\ H N
AN

0]

Example 47

20  With 2-methyl-4-trifluoromethyl-thiazole-5-carboxylic acid and Building block H, (R)-5-(5-
amino-2-fluoro-phenyl)-5-methyl-morpholine-3-thione, the 2-methyl-4-trifluoromethyl-thiazole-



WO 2011/ 020806PCT/ EP2010/ 061875 -117-

am no- 3- net hyl - 3, 6-di hydro-2H[ 1, 4] oxazi n-3-y1) - 4-fl uoro- phenyl] - am de (34)
as a whi two=olt/dosoivass (cal cul at ed) C17HLS5CL2FN402 [ 397 Pe3AIP2010/0618M%)

[ MPH + = 397, [M+2-H = 399. Exanple %ﬁ 5 Wth

5-chl oro-pyri m di ne-2-carboxylic acid &@nd Buil ding bl ock H,

(R)-5-(5-am no-2-fl uorophenyl) -5- net hyl - m)rphol i ne- 3-t hi one, the

5-chlor OS-QXI‘BbeJhG'a@% @h@%[ﬁ%ﬂlblﬁm@tﬁ ik 63ty 4Joxazin-3-yl)-4-fluoro- phen

Z? R whi PESHT 8 & WLE bl e Gl @@ﬁg%@%&lfégﬁ Gad? W%ﬂa [M(juS)
= 364. A NH2N)r O 10 Exarrpl e 36 Wth 5 tﬁltll uor onet hyl - f ur an- 3- car boxyl iC
acid and Buil di ng bl ock H, 0

(R) -5-(5-am no- 2- fluorophenyl) th H rmroll e-3-thione, the
5-trifluoromethyl-furan-3-car § PR - 5-

am no- 3- net hyl - 3, 6-di hydro-2H[1,"4] 0 a2| 1)-4-fl uoro-phenyl]-am de (36)
as a white solid. Mass (cal cul ated) OL7HISEANSO3 [385.315]; (found) [MtH =
386. H2NO 15 Exanple 37 Wth 3-fluoro-pyridine-2-carboxylic acid and
Bui I di ng_bl ock H, (R)-5-(5-am no-2-fluoro-

pheny1) - Ex3rapleyf- mor phol i ne- 3-t hi one, the 3-fluoro-pyridine-2-carboxylic
acid [3-((R) -5-am no-

3- et By 1W3th63 42, b 2drifudbrefhibx o @ricr-Suyok) Hé -acldu anid -Bulildmyg 1hleekriHle(R) 34()5- as a

white fo I e 1. 02..[ f
347, 0 OBy W@ﬁ@%@@,ﬁ%&l BE A0 e 34523 mhuob LHRG) il =
2-carboxylic acid [3-((R)-5-amino-3-methyl-3,6-dihydro-2H-[1,4]oxazin-3-yl)-4-fluoro-phenyl]-
amide (48) as a colorless solid. Mass (calculated) CioHsF4N4O; [426.360]; (found) [M+H]" =
427.

-

10

The 3-(2,2,2-trifluoro-cthoxy)-pyridine-2-carboxylic acid was prepared as follows:

a) To a solution of 3-hydroxy-pyridine-2-carboxylic acid methyl ester (200 mg, 1.3 mmol) in
N.N-dimethylformamide (2.0 ml) was added at 22 °C sodium hydride (55% in oil, 64 mg) and
stirring was continued until gas evolution ceased. The suspension was cooled to 0 °C and treated
15  with trifluoroethyl trifluormethanesulfonate (728 mg) and stirring was continued at 22 °C for 2
hours. The mixture was partitioned between saturated sodium hydrogen-carbonate solution and
cthyl acctate, and the organic layer was dried and evaporated. The residue was purified by
chromatography on silica using n-heptane and ethyl acetate (3:1) as the eluent to give 3-(2,2,2-
trifluoro-cthoxy)-pyridine-2-carboxylic acid methyl ester as a pale green oil. Mass (calculated)
20 CoHgFsNO;[235.16]; (found) [M+H]" = 236.

b) A solution of 3-(2,2,2-trifluoro-ethoxy)-pyridine-2-carboxylic acid methyl ester (216 mg, 0.9
mmol) in methanol (1 ml) was treated with a solution of lithium hydroxide (78 mg, 3.3 mmol) in
water (0.1 ml) and stirring was continued at 22 °C for 2 hours. The solution was evaporated and
the residue triturated with IN aqueous hydrochloric acid. The suspension was filtered, the

25 residue washed with water and dried to give 3-(2,2,2-trifluoro-ethoxy)-pyridine-2-carboxylic
acid as a colorless solid. Mass (calculated) CsHgF3sNO; [221.14]; (found) [M-H] = 220.

Example 49



Exanple 38 Wth 3-chloro-5-trifluoronethyl-pyridine-2-carboxylic acid and
Bui | ding block H (R)-5-(5-

am no- 2- fwoapa/@bseayl ) - 5- net hyl - nor phol i ne- 3-t hi one, t h@CT/EP2010/061875
3-chloro-5-trifluoromethyl-pyridine- carboxylic acid

[ 34(R) - 5- am no- 3- net hy1- 3, 6- di hydr o- ZHQ?I 4] oxazi n-3-y1l)-4-fluoro-phenyl]-
am de (38) as a yellow foam WMass (cal cul ated) C18H15C1F4N402 [ 430. 787];
(found) {MhHk. R3S 1d11@3@€1}b@x 9 4Qd WthBgfldIEé hﬂéckokaz(ﬁ?e' % ‘§ a%ﬁiﬁdQ@)ﬂMbﬂoC aci d

and Bui | | o no r opheny

i ne-3 lg?ﬁ“glﬁg (2 Hgneéhymmoqla% Thore t éaﬁ%&wﬁ ea?c?aaquz ic %lﬁz'f?éﬁ@ & no -
3- et hy larBinp-@; 23 -hyrletiny1-32-dihdrp 4J- 0 , Hazizin-Byh - df)uodo-plicnuidracideh@ily laj a- laghi de
(39) as @M@ﬁ[ 3.333]; (found)
[ MtH] gé?zl()g’ff%amgg ﬂ%@tedng%ﬁ qﬁd}iﬁ?ﬁ[g%(?%) t@?al pyr az%lge 3-carboxylic
acid and Bui I di ng bl ock H, (R)-5-(5-am ng-\2- uor o- pheny1) - 5- met hyl - nor pho
line-3 -thione, the 1 -difl udxo yl- 1HDp faz® le-3 -carboxylic acid [3
-((R -5 -amno-3 -nmethyl -3 , 6-di hygro H2H [ N4] X0xazin-3 -yl)-4-fluoro
-phenyl] -amde (40) as a whit B eahcul at ed) Cl6HLE6F3N502
[367.329]; (found) [MrH = 368. 806PCT/ EP2010/ 061875 - 119 -
Exarrplse 41 Wth 3,5-difluoro-pyridine-2-ca Fylic acid and Buil di ng bl ock
H (R)-5-(5-am no-2-fluoro- phenyl)-5-methyl -norpholine-3-thione, the
3,5-diflﬁgro @%@I di ne-2-carboxylic acid [3-((R)-5- 5

am no- 3- eI 6- di hydro-2H[ 1, 4] oxazi n- 3-y1) - 4-fl uor o- phenyl] - am de (41)
as an off Wmte solid. Mass (cal cul at ed) C1l7H15F3N402 [ 364. 322& (found)

[ MeH = B8 S€Exarprigucro-ofioxW-aridiigriocasodylie rasidy anfy diuild @& Bloghh & BV 13d6°ng

bl ock H arfuid 251 dvo-pRdnRD =526, 6-krikétbyl phe picline3-thibde, Methey | 542 phﬁﬂmdie:eﬁmkw one,

he N-[34

e o o hacor AR TR e 2 Bl EL 0 31132 QDAY S 3l

(cal ddl aflexy- Dﬁﬂ@ﬂi@FQ‘N@? af swdnt%vqld Mfsglgw&) Iﬁﬂzl-szF@I?Qs [454.422]; (found)
[M+H]" = 455.

P H,N
Fﬁ\/o AN m/\O

Example 51

With 5-chloro-pyridine-2-carboxylic acid and Building block L, (R)-5-(3-amino-phenyl)-2,2,5-

15 trimethyl-morpholine-3-thione the 5-chloro-pyridine-2-carboxylic acid [3-((R)-5-amino-3,6,6-
trimethyl-3,6-dihydro-2H-[1,4]Joxazin-3-yl)-phenyl]-amide (51) as a white solid. Mass
(calculated) C19H,;CIN4O, [372.852]; (found) [M+H]" = 373.

Cl N

A\
Z
Z:g<
@)

Example 52

20 With 4-(1,3-oxazol-5-yl)benzoic acid and Building block O, (RS)-5-(5-amino-2-fluoro-phenyl)-
5-methyl-morpholine-3-thione hydrochloride the (RS)-N-[3-(5-amino-3-methyl-3,6-dihydro-2H-



Exanpl e 43 15 Wth 4-chl oro-1-nmethyl-1H pyrazol e- 3-carboxylic acid and

Bui |l ding block H (R)-5-(5-am no-2- fluoro-phenyl)-5-nethyl-norpho |ine-3
-t hi one, wbheodyebdoéro -1 - et hyl - 1H pyrazo | e-3 - car boxPCirEPaeiomseis3ds - ((R) -5
-am no-3 -nethyl-3 ,6-di hydro -2|—|—[1,41}2 oxazin-3 -yl)-4-fluoro -phenyl]
-amde (43) as a white solid. Mass (ca cul at ed) CLl6H17C1FN502 [ 365.794];
(found) [M+H + = 366. WD 2011/ 020806PCT/ EP2010/ 061875 - 120 - Exanple 44

¥V§ h 3- MRt bﬁliazﬁltﬂ nemerLy E&&f}%&éa&&- aﬁlaén%qd@uq?gﬂ: zlﬁgeabwv)@é[éh:@‘glﬁde Mass
Ut iyt Gt eBrahG: w%mo&@?f@ﬁa@md"@ﬂ“%i

am no- 3- net hy1- 3, 6-di hydro- 2k} [ 1, 4] oxazi n- 3 yl) 4-fl uoro- phenyl ] -am de (44)

as a white foam 5 Mass (cal at ed) C17HIBRN302S [347.412]; (found) [M-H] +
= 348. Exanple 45 Wth 5- ph A gxqzol e- 4-¢targoxyl ic acid and Bui | di ng

bI ock H, (R -5-(5-am no-2-fl udro- @ - nmor phol i ne- 3-t hi one, the

5- phenyl - oxazol e- 4- carboxyl i ¢ aci &} 2 A

3- et hyl - 3, 6-di hydr o- 2H-[ 1, 4] oxazi n- 3- uor o- phenyl] -am de (45) as a

white solid. Mass (cal cul ated) C21H19FR FI2 (found) [MrH = 395.

Exanpl e 46 Wth 3-chl oro-thi ophene-2-carboxylic acid and Buil ding bl ock H,

(R)-5-(5-am no-2-fluoro- 15 phenyl)-5-nethyl - norphol i ne-3-thione, the

3- chl or oExmplenahad o car boxylic acid [34(R)-5-

am no- 3- net hy1- 3, 6-di hydro-2H[ 1, 4] oxazi n- 3-y1l) - 4-fl uor o- phenyl i - am de (46)

as a \hi trea feaction skipsscq oalogolisatbabit dSBPHGBIFABAR S2[(86Tho83Y)] the COHmigngyiof M+H]

' = 368. of carboxylic acids with Building blocks H, K, and O followed by the treatment of the resulting

thiones with a mixture of ammonia in water and fert-butyl hydroperoxide yielded the following

compounds:
Example 53

10 With (RS)-2,2-difluoro-cyclopropanecarboxylic acid and Building block H, (R)-5-(5-amino-2-
fluoro-phenyl)-5-methyl-morpholine-3-thione, the (RS)-2,2-difluoro-cyclopropanecarboxylic
acid [3-((R)-5-amino-3-methyl-3,6-dihydro-2H-[1,4]oxazin-3-yl)-4-fluoro-phenyl]-amide (53) as
a white solid. Mass (calculated) C;sH;6FsN30, [327.304]; (found) [M+H]" = 328.

H,N o

15 Example 54

With cyclopropanecarboxylic acid and Building block K, (R)-5-(5-amino-2-fluoro-phenyl)-5,6,6-
trimethyl-morpholine-3-thione, the cyclopropanecarboxylic acid [3-((R)-5-amino-2,2,3-
trimethyl-3,6-dihydro-2H-[1,4]oxazin-3-yl)-4-fluoro-phenyl]-amide (54) as a white foam. Mass
(calculated) C17H2FN;0, [319.378]; (found) [M+H]" = 320.

HQN\(\ o

20 F

Example 55



Exampl e 47 WO 2011/ 020806PCT/ EP2010/ 061875 - 121 - 5-carboxylic acid

[ 3-((R) -5-am no- 3- net hyl - 3, 6-di hydro-2H-[ 1, 4] oxazi n- 3-y1) - 4-fl uoro- phenyl] -
am de (4Avoastia2odvst e foam Mass (cal cul at ed) CLl7F116F4RCOEB20140618397] ;
(found) [M+H = 417. Exanple 48 5 WtﬂZ
3-(2,2,2-trifluoro-ethoxy)-pyridine-2- éfboxylic acid and Building block H,
(R) 5-(5- am no-2-fluoro- phenyl) 5 -nmethyl-norpho line-3 -thio ne, the

3-(2, 2, 2W1trh' f. tﬁﬁﬁ&oa&th ME;O @h@ﬂ@%n&%flpg&wah& Bafl#g [b%ck(ﬁ I?)ef (5-BMM0 - 3

- met hy1-
as a Zol ﬂ“%@sp@gﬁf ‘3%9H18F4 uor?4gaegé’6 UOT?W%}%)

[ MtH] d)ZIbpropanéEhﬁ)ogyl(CZacﬁi, EB—((R) ﬁ-lanmroe2 2B Homythyy,6iditiyde-2H-¢ b Joexanl-B-¢laci d
was prepak
Sy oﬁﬂg%?%l.e%% SRR O G IR M TpLltod Bl e: G o),
N, N- diPnet¥i y% ¥ o718 de (2.0 M) was added at 22 C sodlun1hydr|de (55%in
oil, 64 ng) and stirring was conti nue t|| gas evol ution ceased. The
suspension was cooled to 0 C and trea th trifluoroethyl
trifluornethanesul fonate (728 |no as continued at 22 C for 2
hours. The m xture was partiti : Fal Ur at ed sodi um
hydr ogen- car bonat e sol uti on angcetlhyl ate and the organic | ayer was
dried and evaporated. The re3|&ue<ﬂas L ped by chromatography on silica
usi ng n-heptane and ethyl acetate (3:1) as the eluent to give 342, 2, 2-
trifluoro-ethoxy)-pyridine-2-carboxylic acid nmethyl ester as a pale green
oi | . MasExqympledO| at ed) 20 COH8F3NGB [235.16]; (found) [MtH + = 236. b) A
solution of 3-(2,2,2-trifluoro-ethoxy)- pyrldlne-2-carboxylic acid net hyl
est er (ZMthn@S)-Q,zahﬂmmb xydlopropinbanmxylid acitl JandvdRiiliingatiled Wi (h)-R(Sahidi2on of
l'ithium ter (O. ) and A 4 S
ﬂ ?%[@@ %(Z 8- txgigﬁthgl n?lo n)e § i@, Ly ?&% cg’ 3- E@l udiRs

conti nue sol ution was evaporate e residue
tritulat &6 qunefﬂfbaﬁﬂ@ous[3r'(§"&’r%éfﬁln8ﬁ 3-HEghy P @M%raeﬁ%lleﬂowe F¥hter ed,
the 25 r fgsdirdpienyiishaide 6l As wathee feund Misk €chldubutel) g, H,0F:N:0, [355.358]; (found)
3-(2, 2 2 #L 60" et hoxy) - pyri di ne-2-carboxylic acid as a col orl ess solid.
Mass cu ted) C8HEF3NO3 [221.14]; (found) [MHT = 220. Exanple 49 WO
2011/020806PCT/EP2010/061875 - 122 - v&q@ 5-chl oro- pyri di ne- 2-carboxylic
acid and Building bl ock K, F_ F \r/\
(R)-5-(5-am no-2-fl uor ophenyl) -5, 6, 6Htri hy
-chloro -pyridine-2-carbo xyli | . F
am no-2, 2, 3-trinmethyl-3, 6-di hydro- oxazi n- 3-y0-4-fl uor o- phenyl [-am d
e (49) as a light yellow foam Mass (ca at ed) CL9H20C1FN402 [ 390. 844];
(found) [M+H ' = 391.

Example 57

norpho line-3 -thione, the 5

15 With 1-trifluoromethyl-cyclopropanecarboxylic acid and Building block O, (RS)-5-(5-amino-2-
fluoro-phenyl)-5-methyl-morpholine-3-thione hydrochloride the 1-trifluoromethyl-
cyclopropanecarboxylic  acid  [3-((RS)-5-amino-3-methyl-3,6-dihydro-2H-[ 1,4]oxazin-3-yl)-
phenyl]-amide (57) as a white solid. Mass (calculated) CisH17F4N:0, [359.321]; (found) [M+H]"
= 360.

HZNW|/\ 0

§ N
F,C

0)
20

Example 58

With 3-chloro-cyclobutanecarboxylic acid and Building block H, (R)-5-(5-amino-2-fluoro-
phenyl)-5-methyl-morpholine-3-thione, the 3-chloro-cyclobutanecarboxylic acid [3-((R)-5-



5 Exanple 50 Wth 5-(2,2,2-trifluoro-ethoxy)-pyridine-2-carboxylic acid
and Buil ding bl ock K, (R)-5-(5-

am no- 2- fwoapo/ebs®ay 1) - 5, 6, 6-t ri net hyl - nor phol i ne- 3-t hi ®0®/EP2616/061875
5-(2,2,2-trifluoro-ethoxy)- pyridine-2-carboxylic acid

[3-((R)-5-am no-2, 2,3-trinmethyl-3, 6-di Hydro-2H-[ 1, 4] oxazi n-3-y1)-4- 10

fl uoro-phenyl]-amde (50) as a V\/ni te soI i d I\/ass (cal cul ated) C21H22F4N403
[ 454. 4221m1n6-f301'ﬂ&q 1 iMH dro‘QI—ﬁq 4 0 %l] armde (58) as a white solid.

?Rghlsozgh/égs{dﬁ% ‘Qﬁ&iﬁgﬂi 8%&@3%?@]%&@? iflgho ne- 3- ihl one the

5-chl oro- pyri di ne-2-carboxylic acid [3-( -5-am no- 3, 6, 6-

trimethyl-3, 6-di hydro-2H[1, 4] oxazi n- 3-yly-pkenyl] -anm de (51) as a white
solid. Mass (cal cul ated) C19 02 {372. ) (found) [M+H = 373.
Exanpl e 52 WD 2011/ 020806PCT/ EP 518 23 -

[ 1, 4] oxazi n-3-yl)-4-fl uoro-phenyl] - 4{loxas -yl -benzam de (52) as a white
solid. Mass (cal cul ated) C21HL9FN4A020[ 3944 (found) [M+H + = 395.
Exanpl es 53-59 5 In a reaction sequence anal ogous to that described in
exanpl e 22 (nethod B), the condensation of carboxylic acids with Building
bl ocks HEX#MPKRE 0 fol lowed by the treatnent of the resulting thiones with
a mxture of anmonia in water and tert-butyl hydroperoxi de yielded the

f ol | owi nWithohpdiftudsi-cielohnpheatdxll@c Mid hnd Building block H, (R)-5-(5-amino-2-fluoro-

EE)S) 52( 2pitbh ) 4R AU LORSIARANEEALD by, alfﬁlsfo 8@1&@}1@%&5@5@&%&& f344)-5-
(RS) - 2, zafamPﬁula?tBﬂ&/@ri ?f@ ﬁe PW%W p/ 4a%1i‘06019§€n-‘/](ﬂ|1?’)1d@5(59%1ﬁ% whée S‘i’lLéit hyl -
, 6-di hydMass-(Eth[lﬂlﬁdl)]C1€iX1@EjN’j€)8[34y3)1- Acfoundp M +Hphedz. ] - ani de (53) as a whi te
solid. Mass (cal cul ated) C15H16F3N302 [327.304]; (found) [MH ' = 328.

--7 H.N
H2N, , , , 20 F 5 wl/\o

H N
FWN

0]

10 Examples 60-66

In a reaction sequence analogous to that described in example 6 (method B), starting from the
condensation of a carboxylic acid with Building block F, (RS)-5-(3-amino-phenyl)-5-methyl-
morpholine-3-thione, followed by the treatment with ammonia in methanol as described in

example 24 b), the following compounds were obtained:
15 Example 60

With 5-cyclopropylmethoxy-pyridine-2-carboxylic acid the 5-cyclopropylmethoxy-pyridine-2-
carboxylic acid [3-((RS)-5-amino-3-methyl-3,6-dihydro-2H-[1,4]oxazin-3-yl)-phenyl]-amide
hydrochloride (60) (yield: 10% of theory). Mass (calculated) C,;H24N4O5.CIH [416.906]; (found)
[M+H]" = 381.

20

The 5-cyclopropylmethoxy-pyridine-2-carboxylic acid was prepared as follows:



| F.p,yl\1-1N O 15 Exanple 54 Wth cycl opropanecarboxylic acid and Buil di ng
bl ock K, (R)-5-(5-am no-2-fluoro-phenyl)-5,6,6- trinethyl-norpho |ine-3

-t hi one, wbeotywbsspr opanecar boxylic acid [3 -((R)-5 - anPooAP2@0B61875
trimethyl-3, 6-di hydro-2H[1, 4] oxazi n-3-y1)-4-fluoro-phenyl]-am de (54) as a
white foam Mass (cal cul at ed) C17H22Fl\]§é2 [ 319.378]; (found) [MH = 320.
H2N,..0 I N N o 20 Exanple 55 WD 2011/ 020806PCT/ EP2010/ 061875 - 124 - Wth

1-(trifl ot YSGhARL 53 d b i Bui | di ng bl ock K,
(R - 5-(5%?m@§ggﬁbkﬁor%-%ﬁe%ﬁ5 c%%ﬁrﬁs‘fﬂ?l -yijrr%s?gdho line-3 -thione, the

[ 3a(R) - SRaR B 2 A e RO AT iy i B DA SHFbfa0ien 13 b in N
4- f | uor odiptethylfbimammile evyss Byated veithwipotassigro aparbaviatss (. ¢l & ul B ewnoT1 812 1F4N302
[ 387. 375hromofRtHdycRpkdfahl (1.6mB88.7 e PTe: R&tMh tlixture was stirred at 100 °C for
E S)S ? _5_ ’( éigh‘;"lﬁg %r?? t_h% %&)lrl? pl: 81% ar'ga%tcloal{ l’tr)l?X)é rle Iw%s ﬁﬁﬁtgd \?'vp[g e%gjri allcg%apeg somdon({‘eﬁerﬁ’l was
f1 uor o- phieerydl) asl Ghes-Rliraterethyératedr ghoddupe- Prashuirondhe¢ hrefilREs) w25 2pwtiffeduby o- 10

ng( ?%; Ogﬁgﬁ%@aw&ﬂéﬁltica_ usin ﬁ. rad?i)ené 05 n-rllle%cane anlc_ii_ ethyl zcetate = _100/% to %_0/8(21 as the
- -5-amno6-2,2,3-trjne - 3, 6-di.hydr.o- , 4] oxazi n- 3- -4-

f 1 uor o- pHEFY £ 25 fﬁs 5(%;01’5’@%“%ﬂxf/'é’ﬁl%léﬁﬁz'%égé%t%#fg me§1YEa§tel&37ﬁzelé@rusoz
[ 355. 358liquid flobhg o2fMelfcory) 386ss (Etaugrtd BiH, DSOVIZOT228]; (found) [M+H]" = 208.
1-trifluoronethyl-cycl opropanecarboxylic acid and Buil di ng bl ock O,

(RS) -15- (By g@yaeﬂ%pz(fd,ae&gl-.@hfdwelz:cérm&ﬁwﬁmr pho line-3 -thione

hydr ochl ori de t -trifluoronethyl cyc | oprop anec arbo xylic acid [3

-((RS)-5;am no-3-nmet hyl -3 | 6-di hydro..- 2H- %140 zin-3 -y1) - . i

o] S dRes o Ms &, of MO e totaith® KEZAN s ik or S

[ 359. 321¢yclopfanyhedthqxyhnidie36@rboryiangsic msdyl ester with lithium hydroxide yielded the
title compound as a white solid. Mass (calculated) C1oH;1NOz [193.201]; (found) [M+H]" = 194.

Example 61

15 With 5-(2-fluoro-ethoxy)-pyridine-2-carboxylic acid the 5-(2-fluoro-ethoxy)-pyridine-2-
carboxylic acid [3-((RS)-5-amino-3-methyl-3,6-dihydro-2H-[1,4]oxazin-3-yl)-phenyl]-amide
hydrochloride (61) (yield: 10% of theory). Mass (calculated) CioH21FN4O3.CIH [408.859];
(found) [M+H]" = 373.

H,N

| H N
NN

HCI
0

20 The 5-(2-fluoro-ethoxy)-pyridine-2-carboxylic acid was prepared in a reaction sequence
analogous to that in example 60 for the preparation of the 5-cyclopropylmethoxy-pyridine-2-
carboxylic acid: Alkylation of the 5-hydroxy-pyridine-2-carboxylic acid methyl ester with 1-
bromo-2-fluoroethane and hydrolysis of the 5-(2-fluoro-ethoxy)-pyridine-2-carboxylic acid
methyl ester yielded the 5-(2-fluoro-ethoxy)-pyridine-2-carboxylic acid as a white solid. Mass

25 (calculated) CsHsFNOs [185.153]; (found) [M+H]' = 186.

Example 62

With 5-(2,2-difluoro-ethoxy)-pyridine-2-carboxylic acid the 5-(2,2-difluoro-ethoxy)-pyridine-2-

carboxylic acid [3-((RS)-5-amino-3-methyl-3,6-dihydro-2H-[1,4]oxazin-3-yl)-phenyl]-amide

hydrochloride (62) (yield: 12% of theory). Mass (calculated) C;oHz0F2N4O3.CIH [426.849];
30 (found) [M+H] = 391.



WO 2011/ 020806PCT/ EP2010/ 061875 - 125 -

am no- 3- net hyl - 3, 6-di hydro-2H[ 1, 4] oxazi n-3-y1) - 4-fl uoro-phenyl]-am de (58)

as a whi two=olt/dosovass (cal cul ated) C16HLI9CLFN302 [ 339. PeIEP2¢100613d) [ M+-H]
= 340. Exanple 59 5 Wth 3, 3-difluoro- %%clobutanecarboxylic acid and

BU|Id|ng bl ock H, )

(R) 5- (5-am no- 2-f | uor ophenyl) - 5- net hyl - nor phol i ne- 3-t hi one, the

3-di fl uoro-cycl obut anecarbbxylic acid [ 3- £%§§ 5-

anlno 3- et hyl - 3, 6- di hydr o- [ 104] oxazin-3 -fd uor o- pheny1l] - am de (59)

as a white solid. Mass (caFculate CM6H1GF3N3 [ 341.331]; (found) [MHr =

342. 10 Exanples 60-66 In a reacti C nakogous to that described

in exanple 6 (nethod B), stapging from {lhe ensati on of a carboxylic

acid with Building bl ock F, 0

(RS) - 5- (3- ami no- pheny1) - 5- met hyl nmor phol i ne- 3-t hi one, followed by the

treat nent, w_t nla scribed in ex le 24.b), the
Fol 1 owi e HRG e ar e SB HA REG-cRE U ApH & BOPRPAFT T o resction seqle
5- cyclopmmpﬁbmeuhﬁmympymmchn@lﬂndhﬁpnmmthIaﬁﬂdfi%ebpmmyMwﬂmxypyﬂ&n&2-
5-cycl ODEMH@EQQXXU(%MEIbIgbpﬁlGZS' hyRE QA ¥idine- ZQ&HQ)X a((lé By est@™ 0 23.

- et hyl - di hyd . - am.d hlorid
(60) By Dtherogbnh Grioicnieh 3ers s T (Bapdar by efm%@w%? ST R, S0
(found) mbthi ester 3Bkled the SFERE2- 51ﬂ0(yt©lemlmxgpml'rnhﬂdq2}l&%rbqogyhc deides @ cffmbax yolidc aci d
was pr Epﬁfagsd(lcﬁéulgtgél '@YﬁﬁFzNéy\;Pé(%gﬂ%i%Qﬁ@l S EE%@&.O/ 061875 - 126 - a)

5- Cycl opr opy netho y-pyri irbox Cld net hyl ester A solution of
5-hydr0ﬁé #gb 2-carboxylic acid nethyl ester (2.0 g, 13.1 nmmol) in
N, N- di fﬁ%? nanlde was treated with potassium carbonate (2.71 g, 19.6
mmol) and 1- brononethyl -cycl opropane (1.6 m, 15.7 nnnké The reaction
m xt ure W pyrimidinetd-gerbondic@cidghe Byringidinedresrborplic ackbl3neR tipaminpad-methylt i on

m xt upe wastifidtdted1 Wokhzieb Ryl h’éﬁﬁ] aqalfa,e (89 (ytbldTates bdheohs Mdsh @l@htedand
the filt &aﬁﬁ t?ﬂgaﬂgﬁﬁg) ssure The residue was purified by
chronatoé?ggﬁg 4 ent of n-heptane and ethyl acetate =
100/0 to 20/80 as the eluent to glve t he;

5-cycl opr opyl met hoxy- pyrldlnej§4sarboxyl|c\ﬂ6Tﬁjnethyl ester as a yell ow

liquid (1.69 g, 62% of theory) s fxcal cujat | F1, 3NOB [ 207. 228];
(found) [M+H = 208. 10 b) 5- -pyrldlne 2-carboxylic aci d

)

Example 64

With 5-but-3-enyloxy-pyridine-2-carboxylic acid the 5-but-3-enyloxy-pyridine-2-carboxylic acid
15 [3-((RS)-5-amino-3-methyl-3,6-dihydro-2H-[1,4]oxazin-3-yl)-phenyl]-amide (64) (yield: 10% of
theory). Mass (calculated) C21H24N4Os [380.446]; (found) [M+H]" = 381.

H.N
2
| H N
N N

0

The 5-but-3-enyloxy-pyridine-2-carboxylic acid was prepared in a reaction sequence analogous
to that in example 60 for the preparation of the 5-cyclopropylmethoxy-pyridine-2-carboxylic

20 acid: Alkylation of the S5-hydroxy-pyridine-2-carboxylic acid methyl ester with 4-bromo-1-
butene and hydrolysis of the 5-but-3-enyloxy-pyridine-2-carboxylic acid methyl ester yielded the
5-but-3-enyloxy-pyridine-2-carboxylic acid as a light yellow solid. Mass (calculated) C;oH;1NO3
[193.201]; (found) [M+H] = 194,



In a manner anal ogous to that described in exanple 48 b) the hydrol ysis of
5- cycl opropyl net hoxy- pyri di ne-2-carboxylic acid nethyl ester with [ithium
hydr oxi dewgizelideoBobhe title conmpound as a white solid. WaSEPe@alo6187at ed)
CoH iNOG3 [193.201]; (found) [M+H] 5%4 Exanmple 61 15 Wth

5- (2-fl uoro- et hoxy) - pyrldlne 2- carboxyﬁ c acid the

5-(2-fl uoro-ethoxy)-pyridine-2- carboxylic acid [3 -((RS)-5 -am no-3

-met hyl - Bxa -g%gydro-ZH- [1 ,4] o xazin-3-yl)-p henyl] -am de hydrochl oride
(61) (yield: 10% of theory). Mass (cal cul ated) C19H21FN403. C1H [ 408. 859];

(found) he,5-(2-flu - e car acid
wae pr pd BRI EPuaAR G e B BB A P B SR Por ¢ he
pr epar at domogtmethe-56-dihytoptiépyd lneazirokyl pheiyd)-areido (60 dyiox Y T |5% eicthepry).
Al kyl at i gRsOkalthfedr é\y@{gﬁw d[gysm rx%u%dﬂﬁmww 326, acid nethyl ester with 1-
br ono- 2-f | uor oet hane and rolysis of
5-(2-fl uoro-ethoxy) - pyrldlne 2- car boxyl i ¢ ®GI thyl ester yielded the
5- (2-fl uoro- et hoxy) - pyrldlne-zxﬁéh?pxyllc agﬁg\?€ a white solid. Mass 25

( oung) [ MM '_~= 186. Exanple 62 Wth
e~as d the

(cal cul ated) CBHBFNO3 [ 185. 153]
5-(2, 2-di fl uoro-ethoxy)-pyridi (Y
5-(2, 2-di fl uor o- et hoxy) - pyrldlne 2- rba c acid [3 -((RS)-5 -am no-3
-met hyl -3 ,6-di hydro-2H [1 ,4] o xazin-3-Y1)-p henyl] -am de hydrochl oride
(62) (yield: 12% of theory). Mass (cal cul ated) Cl19H20F2N403. C1H [ 426. 849];
30 (founBxarhpkles = 391. WO 2011/ 020806PCT/ EP2010/ 061875 - 127 - The
5-(2, 2-di fl uoro- ethoxy) pyridi ne-2-carboxylic acid was prepared in a

reacti onusgaye ?ﬂa‘gﬁ@ﬁ%‘%r& o&i?‘l?é aélﬁ aﬁﬁ{!% S5 g{ ’S%@nzi‘}zjac&?g{\]/ﬁ&?@@ of

t he 5-cycl opropy I dI ne- 2- oxy e ac

5- hydr oxilarlﬁﬁ?‘ﬁ’ll%h ﬁéldz @ x%ﬂlm@écmﬁ Y%e%w YéQrdf-Ltloxpze- %yl)g)heﬁyri I'%Fi%et hyl

trifl at enpinethioyide doysi s of the
5-(2, 2-di fl uoro-et hoxy)-pyridine-2-carboxylic acid nethyl ester yielded the

5- (2, 2-di fl uor o- et hoxy) - pyrsdi ne- 2-carboxylic acid as an off-white solid.
Mass (cal cul at ed) C8H7F2 03. 143]; (founqu = 204. Exanple 63
Wth pyrimdine-4-carboxyl i rboxylic acid

&»rlnldlne 4-
[ 3- ((RS)-5-am no-3-net hyl 10 3, 6-di hydr p- 2Hd[ 1, 4] i n-3-y1)-phenyl]-anm de
(63) (yield: 15% of theory). s m 7N501° [ 311. 343] ;
(found) [MrH ' = 312. NN H2N) 5

10

Example 67 (method C)

3-Chloro-5-cyano-pyridine-2-carboxylic acid [3-((R)-5-amino-3-methyl-3,6-dihydro-2H-
[1,4]oxazin-3-yl)-4-fluoro-phenyl]-amide hydrochloride

HN
2

| H N
NN

HCl
Cl O F

15 a) 3-Chloro-5-cyano-pyridine-2-carboxylic acid [3-((R)-5-{[bis-(4-methoxy-phenyl)-phenyl-
methyl]-amino}-3-methyl-3,6-dihydro-2H-[1,4] oxazin-3-yl)-4-fluoro-phenyl]-amide

In a manner analogous to that described in example E1 (method E), the reaction of 3-chloro-5-
cyano-pyridine-2-carboxylic acid with Building block J, [(R)-5-(5-amino-2-fluoro-phenyl)-5-
methyl-5,6-dihydro-2H-[1,4]Joxazin-3-yl]-[bis-(4-methoxy-phenyl)-phenyl-methyl]-amine, using

20  the 4-(4,6-dimethoxy-1,3,5-triazin-2-yl)-4-methylmorpholinium chloride hydrate (DMTMM) as
the condensating agent, yiclded the title compound as a yellow solid (44% of theory). Mass
(calculated) C3oH33CIFNsQy4 [690.160]; (found) [M]" = 690.



- HN N Exanple 64  Wth 5-but-3-enyl oxy-pyridine-2-carboxylic acid the

5- but - 3- enyl oxy- pyri di ne-2-carboxylic acid 15 [3

- ((RS) - 5-woi2oo/@esvet hyl - 3, 6-di hydro -2H-[ 1, 4] oxazi n- 3 - pCrAp201e0¥isys - am de

(64) (yield: 10% of theory). Mass (cal ngl ated) C21H24N- 403 [ 380. 446];
(found) [M+H + = 381. The 5-but- 3- en

Al kyl at i n of ester with
4- br ono- lb‘ﬂf”éﬁ?ﬁ"g'ﬁi
acid nethyl ester yielded the 5-but-3-enyl oxy-pyridi ne-2-carboxylic aci

br epar at hp.cifiorliey ﬁ% AR HRRICRUABIRNP YL - @ﬁm%n&@rda&n%qts 6-aRR aR6R
“leg

Xy- pyridi ne-2-carboxylic acid was
prepared in a reaction sequence analogous to that in exanple 60 for the

oX ridipe oxylic acid
rBT@;@Fg' F“qwdﬁo‘g@ﬁ"@ enyl oxy- pyri d| ne- 2- carboxylic

d as

a |ight selolusian 96 3-adlorpsyaroepyrislincst-esdhoxghio kiid NES(R)-Hog b methokpirhetly DE MrH] *

- 194 lWn%%éﬁgm&%E’@Tﬁéﬁ%@@fd%&%?ﬁ{ 143%21&@5,5@11&5%@}1&1& tymide (50
| Z1

3+ ((RS) PEafin6 g lﬁa(ﬁ;g* ) oyas ﬁilte i o SRS A RS

-am de (839 (¢.§9 eﬂddl 1mm%)pfhetw@owys)olutwasmn(edate¢3u hahaldlo @2iFgdl AN ORaction

[ 325. 370}ixtdrk QR ire M oom %era@ure FEXATRb G %r\%é l(llorkup it was poured into a

5- benzyl oxy yridi ne car box cid CAS74
5- benzy| $EH 'f‘rba?*’ﬁ% Séu“%?baiy? ineDsalbpry ftga%ing i 5110143??% ape_ (10 i) The

, 6-di hydongalﬁH-layE:ﬂ.waﬂ]Naﬁleﬂ azithnbrrey(R)mlp, drexdydver scaind sulfye rand kivgrordel. (A66Y .
Examplye @&o&%éﬂaﬂgf 8 silica gel using a gradient of dichloromethane and methanol = 100/0 to 93/7
the 3-chloro-5-cyano-pyridine-2-carboxylic acid [3-((R)-5-amino-3-methyl-3,6-dihydro-2H-
[1,4]oxazin-3-yl)-4-fluoro-phenyl]-amide was obtained. For further purification the product was
dissolved in dioxane and hydrochloric acid (4 N, 0.15 ml) was added. After evaporation at
reduced pressure the salt was triturated in diethylether (2 ml), the solid material filtrated and
15 dried. The title compound was obtained as a white solid (5 mg, 10% of theory). Mass (calculated)
C1sH;sCIFNsO,.CIH [424.260]; (found) [M+H]" = 388.

Examples 68-72

In a manner analogous to that described in example E1 (method E), the reaction of carboxylic
acids with Building blocks I and J, using the 4-(4,6-dimethoxy-1,3,5-triazin-2-yl)-4-

20  methylmorpholinium chloride hydrate (DMTMM) as the condensating agent, followed by the
cleavage of the [bis-(4-methoxy-phenyl)-phenyl-methyl]-(DMTr) amino protecting group with
acid yielded the following compounds:

Example 68

With 5-chloro-3-fluoro-pyridine-2-carboxylic acid and Building block I, (RS)-[5-(3-amino-

25  phenyl)-5-methyl-5,6-dihydro-2H-[1,4]oxazin-3-yl]-[bis-(4-methoxy-phenyl)-phenyl-methyl]-
amine, the 5-chloro-3-fluoro-pyridine-2-carboxylic acid [3-((RS)-5-amino-3-methyl-3,6-dihydro-
2H-[1,4]oxazin-3-yl)-4-fluoro-phenyl]-amide hydrochloride (68) (yield: 45% of theory). Mass
(calculated) C;7HsCIFN,40,.CIH [399.251]; (found) [M+H]" = 363.

HN
2

| H N

F O HCl

30 Example 69

acid

10



3- Chl or o- 5- cyano- pyri di ne- 2-car boxylic acid

[ 34(R) - 5- am no- 3- net hyl - 3, 6-di hydr o- 2H 1, 4] oxazi n- 3-y1) - 4-f | uor o- phenyTham
de hydr ocwbaniideosos 15 a) 3- Chl or o- 5- cyano- pyri di ne- 2- c2Chmpgé100688¢5 d

[ 34(R) - 5-{[ bi s- (4- nmet hoxy- phenyl) - phenﬁwnethyThaninol-3-nethyl-3,6-dihydro-
2H-[ 1, 41oxazi n- 3-y1) - 4-fl uoro- phenyTham'de I n a manner anal ogous to that
described in exanple El (nethod E), the reaction of 3-chloro-5-

cyano- py i@ eyAn 1991%5’2'-(!21900%?]161 it t dha Bk %10@1( ac K/Rj),_[s 3-amino- phenyl )-5-

LR et ﬁéﬂ%@@fff L BBk T %Wﬂ?e%yﬂa ug?tﬁg Spinenge e O

4- (4 6 dcymo-lpgmcyma-z3afoexyl1ca®nd1{326(3&)}5-431[119%311511!31&1@? hﬁdhhydrwlﬁmhhbmzﬂwmodr ate

( D™Mr A t 0 Il ow
Sl o AU PR %%*dgggﬁmfa?td 3y -%%éé&%zﬁ%%@o@% SR
[M+ = 660! 82@10(%@ M?Héora / EP2010/ 061875 - 129 -

3- Chl or o- 5- cyano- pyrldlne carboxyllc I

[ 34(R) - 5- am no- 3- net hyl - ro-2H[ hn- 3-y1) - 4-fl uoro- phenyTham
de hydrochl oride A solutlon of 13- Iogp 5 o ano pyri di ne- 2- carboxylic acid
1 . D><qet hyl] -am nol -3 -nethyl -3

[3 -((R-5- { [bis-(4-methoxy-

, 6-di hydro-2H [1 ,4]0 xazin-3-yl)- -phenyl] -amde (80 5 ng, 0.12
mmol ) in dichloronethane (2 mM) wasQreated at ro tenperature with
trifluoro acetic acid (0.89 m, 1.16 mml); the yellow solution inmediately
turned t Oran gﬁ The reaction mxture was stirred at roomtenperature for
16 hours e workup, it was poured into a sodium carbonate solution (1
M 2 m), then extracted with dichloronethane (10 nml The organic | ayer
was washBthwd wchlosr-p sty lByridine-2-garbeseylipvasid gadiBiilding blacle, . - (apaipeted.

Af t er 10figdto-pRatydAI- aiaﬂ]yl 90- dmyhtd:aﬁgeh]ou@zlm vll- [grsa(dlxﬁénﬁongphemﬂjnﬂ;&wltret hane

:gld d%t han ?1|yl ;lm:}'rgeO/th h?o%o Z e%hy?pyrlcﬁne-? carboxy(fl N ?ZYUR : rgue]mno i(gl

[ 3- (( R) - $hgdrp3d-B-4lexanipid-gl)-6-tioksy plirany Hapnideydsashlorid 8 (791 ps 4 vehiitg @@1@51- pheny1] - a
m de was(caRh@icapd: HEeIFN, @, dNg 14230k, I(fé@ﬁd)qmm]e gppduct was dissol ved in

di oxane and hydrochloric acid (4 N, m) was added. After evaporation
at reduced pressure the salt was trltur d di ethylether (2 m), the
solid material filtrated a i ?%ﬁﬁfr?pb conpound was obtained as a
white solid (5 ng, 10% of the ry)I S (c& ated) C18H15C1FN502. C1H
[424.260]; (found) [MtH| = 388 In a manner anal ogous to

t hat described in exanple El ( E) e reagfdpon of carboxylic acids
wi th Building blocks I and J, Gsing the F

4- (4, 6-di met hoxy-1, 3,5-triazin-2-yl)-4- 20 nethyl nor phol i ni um chl ori de

hydr at e as __ t he cl eavage of the
[ bi s-(4-me f g@%”p gﬁgﬁ?gg‘e§§ Pﬁ:%%?Q%%W£@£%ﬁ¥ﬁ§“§¥otect|ng group with

acid |elde t he | owi ng conpound mpl e 68
y In a three necL (J round bgttorn rH-E)lSk undser a nltrogen atmosphere at -78 °C, a solution of n-

butyllithium in hexane (1.6 M, 7 ml, 11.1 mmol) was added dropwise to a solution of
diisopropylamine (1.56 ml, 11.1 mmol) in tetrahydrofuran (10 ml). The solution was stirred for
30 minutes, then a solution of 5-chloropyridine-2-carboxylic acid (800 mg, 5.0 mmol) in
tetrahydrofuran (50 ml) was added dropwise over lhour and the reaction was stirred for 1 hour at

20 -78 °C. This solution was added dropwise via cannula to a solution of bromoethane (1.89 ml,
25.3 mmol) in tetrahydrofuran (10 ml) at -30 °C. The reaction mixture was stirred overnight at
room temperature. For the workup, water (10 ml) was added and the mixture was concentrated,
hydrochloric acid (1 N) was added to reach pH 5 and the solution obtained was evaporated to
dryness. The solid was solubilized in methanol and poured into acetonitrile. The solid formed

25 was filtered off; the solution was collected and evaporated. The crude product was purified by
chromatography to give the 5-chloro-3-ethyl-pyridine-2-carboxylic acid (90 mg, 10% of theory)
as a white solid. Mass (calculated) CgHgCINO, [185.611]; (found) [M+H]+ = 185, [M+2-H] =
187.



Wth 5-chloro-3-fluoro-pyridine-2-carboxylic acid and Buil ding block I,
(RS)-[5-(3-am no- 25 phenyl)-5 -nmethyl-5 ,6-dihydro -2H [1 ,4] o

Xazi n- 3- yWp 2011jdadsve ( 4- met ho xy-p henyl) - phenyl - net hyl ] PCampe@0/0613a5

5-chl oro- 3-fl uoro- pyri di ne- 2- car boxyl i o acid [3

- ((RS) - 5- ani no- 3- met hy1- 3, 6- di hydr 02H-°1,74] oxazi n- 3- y1) - 4- f | uor o- phenyl Fami
de hydrochloride (68) (yield: 45% of theory). Mass (cal cul ated)
Cl7H16C1ENAQSIGIH [ 399. 251]; (found) [MrH = 363. CINH2ZN y-.0 IHN ?2.nrN F O
WO 2011/ 020806PCT/ EP2010/ 061875 - 130 - Wth 5-cyano- pyri di ne- 2-car boxylic

id d il gl bl o RS h =
gCIdl h?gr | I%i 8&? CQIO&IR% ne( aﬁﬁ?’ﬁ’gl foﬁﬁg‘%{/)ﬁm ngnglpcwt WY1 Qi ne,
the 5- cymino-2- fbﬂ,qrwhwefl)ﬂ-mathb@ Seibiydroady-til .4 @ xazfn-3-yl]-[bis-(4- methoxy pheny -
(RS) - 5- apichg l'r?iétﬂgi W3, e di- gf Qctbthls-ciid@- aln@'23caTBb3§31hc i%ﬁ;%mz de

gy([jgg lsgtrgll]nge&(é1 d%gfiﬁ)#gﬂo &/%]6%] theO%f) gllg)rw %%]Calflrln el?yd)roc%‘ ?1151% CLH
5- chl or oa $hit fpid- Myssi (diladated)CariheRyNyQ..atH BH5aaa8]B(vund) Ag+B] ekl 9J,

[ (R) -5-(5-am no- 2-
f1uoro-phenyl) - 5-net hyl -5, §ydi hydr o- ZHI[JJ\I%OX azi n-3-y1] - [ bi s- (4- met hoxy- ph
enyO- phenyl - 10 nethyl] -anm ng7 tRe ‘:'hchl 3Jet hyl - pyri di ne- 2-carboxylic
acid [3 -((R) -5-am no-3-neth |

di hydro-2H[ 1, 4] oxazi n- 3-y1) - 4-fT uoyfo-p am de hydrochl oride (70) as a
V\/mte solid. Mass (cal cul at OHZO0CIRN4BR, CIH Hd27. 305]; (found) [ MtH'

= 391. The 5-chl oro-3-ethyl-pyridi ne-2- carbofyllc acid was prepared as
follows: 15 In a three necked round bottom flask under a nitrogen

at mospheTke arRS)¥-Sechutg-5seildibipgridiaé-2rbibbyyllc téid uwad prdpadne @dalégyMto 7thel |

11.1 mmo I

111 mm{)%@pe}l@%%otne%d $ ghlgrr 9%2 2 rpy%?gl% 28k l%i)%zﬁﬁ)p a8 {1 b? tire%%?en?BY P%ﬂ]o?@y%&mé—?-

m nutlds, C%rmhfaa@émm ?ohromo tmitanR) Blreo@?;&‘ PdPqbutyl: %ahl%@xlwlﬂ@eé’ﬂa&?%sb@a% 5.0
nol ) i nwtaﬁbmalhycdam Whad s¢IRO(yidld: vt adesy MaRNWiIsRaeYar; HHOINOANA3 béle
reacti on(f\/\/asd)EM +ed f M;z tﬂﬁur A 20 -78 C. This solution was added

dropwi se‘Vvi a’can a solfutionn of bronoethane (1.89 m, 25.3 mml) in
tetrahydrofuran (10 rﬂ) at -30 C. The reaction m xture was stirred

over ni ghEx#ppeddm t enperature. For the workup, water (10 m) was added and
the m xture was concentrated; hydrochloric acid (1 N) was added to reach pH
5 and thwlmoBLdyhmnpwtdumimedbmhc excapandt Bdildig digoheds [(RI13g5salinad2flasro-

sol ubizl i nmed 25
o 101 1 EEb B AR ISIRLIA BOH Al 2 TR ?“;h%“g%?sh&?ﬁe@%#%&@%
pr oduct ?r%’éle’pl.ﬁh?f éé@fﬂfl?ymewﬁﬁn%f%'g}xabﬁya% (&) Prfgnino-3-methyl-3,6-dihydro- i

5- chl or ofi34]etdainl3-phy+i ftlione pReng Brabtidey hiydroatdbdrale( 912) nyicld:099%f of higoryy) Miss a

RYESTREL TR s s s LSl S i

HN
2
NC o~y jl/\o
| o N
x N

HCI
0 F

20 Example 73

With S-difluoromethoxy-pyridine-2-carboxylic acid (CAS 117323-34-2) and Building block J,
[(R)-5-(5-amino-2-fluoro-phenyl)-5-methyl-5,6-dihydro-2H-[ 1,4]oxazin-3-yl]-[bis-(4-methoxy-
phenyl)-phenyl-methyl]-amine, the 5-difluoromethoxy-pyridine-2-carboxylic acid [3-((R)-5-
amino-3-methyl-3,6-dihydro-2H-[1,4]oxazin-3-yl)-4-fluoro-phenyl]-amide hydrochloride (73)
25 (yield: 41% of theory). Mass (calculated) C;sH;7FsN4O5.CIH [430.812]; (found) [M+H]" = 395.



Wth (RS)-3-sec-butyl-5-chloro-pyridine-2-carboxylic acid and Buil di ng
block J, [(R-5-(5-

am no- 2- fwoapo/qbseay 1) - 5- net hy1- 5, 6- di hydro- 2H- [ 1, 4] oxaPCmAEP2410j061805 s- ( 4- e
t hoxy- phenyl) - phenyl - net hyl ] - am ne, tﬂg

34(RS) -sec-butyl)-5-chl oro-pyridine-2-carboxylic acid [3-((R)-5- 5

am no- 3- net hyl - 3, 6-di hydro-2H-[ 1, 4] oxazi n-3-y1) - 4-fl uoro- phenyl ] -am de
hydrochl oride (71) as a m@ite solid. Masd$l,Ng ated) C211-124C1FN402. C1H
[455.358]: (found) [MtH =\1le. A \The

P¥

(RS) - 3-sec-butyl-5-chl oro-pyrid
anal ogy to the preparation of 5-
by treatnment of 5-chloropyridine-2- carhgxylic acid with 2-brono-butane.
The (RS)-3-sec-butyl-5-chloro-pyridine-2-carbokylic acid was obtained as a
white solid (yield: 6%of theory). Mass (cal cul ated) CLOH12CINO2 [ 213. 66];
(found) [MtH = 213, [M+2-H = 215. Exanple 72 Wth
5-cyano- pyri di ne- 2- carboxylic acid and Buil di ng bl ock J,
[(R)-5-(Eigﬂﬁﬁg-2-fluoro- 15

phenyl ) -5-e yi-5,6-dihydro-2kL[1,4]oxazin-3-y1]-[bis-(4-nethoxy-pheny1)-p
henyl - met hyl] - am ne, the 5-cyano-pyridine-2-carboxylic acid

[ 3- ((R) - BCras-Buerammyiding-Fearbaydico-aoig 1 B{(BkaAaming3ymsthyl-3.0-d8ndresdlny 1] - a
m de By df1o4] bxazin-3le1) {4/ orpsphehd]-amdPé Inidrodhdaide) . Mass (cal cul at ed)

C181- 116FN502. C1H [ 389. 816] ; (found) [ MrHL" = 354. 20 Exanple 73 Wth
5-di fl uor onet hoxy- pyri di ne-2- car boxyl i cHa6 S 117323-34-2) and Buil di ng
bl ock J, (a Z N gtﬁ?nggA

[ (R)-5-(5-am no-2-fl uoro-phen
[ bi s- (4- met hoxypheny1l) - phenyl - 7 the

5-di f I uor onet hoxy- pyri di ne- 2- cagbo d [ 3- ({®) - 5- am no- 3-net hyl -3
,6-di hydro -2H [1,4]0 xazin-3 -y1)-4-fluorof-phenyl] -am de hydrochl oride
(73) 25 (yield: 41%of theory). Mss (cal cul ated) C18K7F3N403. C1H

[ 430. 81215 arafcRynd)exb M2 & (B FoactiohDb 261 MoR2OBAGBGHERROLAHREHET Beid and

Exanpl e g jing block I, [(R)-5-(5-amino-2-fluoro-phenyl)-5-methyl-5.6-dihydro-2F-[1 4 oxazin-3-yl]-
[bis-(4-methoxy-phenyl)-phenyl-methyl]-amine, using O-(7-azabenzotriazol-1-yl1)-N,N,N’,N’-

- mgl hy| - 36-di hydr o- 2H-[ 1, 4] oxazi n- 3-y1] -

10 tetramethyluronium hexafluorophosphate as the condensating agent in presence of Huenig’s base,
followed by the cleavage of the [bis-(4-methoxy-phenyl)-phenyl-methyl]-(DMTr) amino
protecting group with trifluoroacetic acid in dichloromethane yielded the title compound (yield:
24% of theory). Mass (calculated) C7H;sCIF.N4O,.CIH [417.241]; (found) [M+H]" = 381.

Example 75

15 S5-Furan-2-yl-isoxazole-3-carboxylic acid [3-((RS)-5-amino-3-methyl-3,6-dihydro-2 H-
[1,4]oxazin-3-yl)-4-fluoro-phenyl]-amide

5 Oy HZNW|/\ o

O F

A solution of 5-furan-2-yl-isoxazole-3-carboxylic acid (CAS 98434-06-1) (77.3 mg, 0.42 mmol)
in methanol (2 ml) was cooled to 0 °C. 4-(4,6-Dimethoxy-1,3,5-triazin-2-yl)-4-
20  methylmorpholinium chloride hydrate (DMTMM) (135 mg, 0.46 mmol) was added and the
mixture stirred at 0 °C for 10 minutes. Thereafter, a solution of (RS)-5-(5-amino-2-fluoro-
phenyl)-5-methyl-5,6-dihydro-2H-[1,4]oxazin-3-ylamine (85 mg, 0.38 mmol) in methanol (1 ml)
was added and the reaction mixture stirred at 0 °C for 2 hours, then kept at 4 °C for 16 hours. For



5- Chl or o- 3-f | uor o- pyri di ne- 2- car boxylic acid

[ 3- ((R) - 5-am no- 3- net hyl - 3, 6-di hydro- 2H5

[ 1, 4] oxazWw0-28t1y2ds804- f | uor o- phenyTham de hydrochl ori de PCI/fEPaMQI06IHYS t O
exanple 22 a) the reaction of 5-chloro-3-fluoro-pyridine-2-carboxylic acid
and Building block J, [ (R-5 -(5 - anmi g - 2-fl uoro - phenyl) - 5-net hy1l-5

, 6-di hydro -2H [ 1, 4] oxazi n-3-y1]-

[ bi s- (4- rRthRKYy, RReRYdibn RREYY whetbydd s @M@ Rith UsHRE hydroxide (1 N, 6 ml). The
0-(7- azabﬁg zotriazol -1- y%%j— N, N, N g{l 10 tg}r%rTﬁt h)r{l dr oni ug1 q
hexaf | uoY @Wo%lﬁw?aflgn 3&s PHECEg YRR aYlirg G gEh D HoprhestaHEWs Sty HIRsRIUGCSd base,
f ol | owedwitly cthyk acdtaaHyml)ofTht kembined organic layers were dried over sodium sulfate and

[ bi s-(4- - = I t ) ' Qtecti r QL ith
trifl %gi@“ BRI pRRSRY o Tr ks nr s I %ﬁ%éﬁ%z%n Biiel a:
24% of t HaGFY of 3&&19%%#18@&%mealf%#mééﬂﬁzméﬁ.lé}fbﬁ [tHanry 1§°"’(‘¢‘F‘blﬁ¥id)

[ MFH] = 38BHoxyExawijdl B-{BS)1%amino-3-methyl-3,6-dihydro-2H-[1,4]Joxazin-3-yl)-4-fluoro-phenyl]-

5- Furan- 2=yl - i - 3- CA 4 i - 5- ami. e B I i hydro
“om (1, @;@5&&?%@%91 Frtom Gleae flot b FR, A RauRu a6,
5- f ur an- B8¢P05ls 6ReAdINMB] ca?Boxyl i ¢ acid (CAS 98434-06-1) (77.3 ny, O.42
nmol ) in nethanol (2 m) was cooled to 0 C.

4- (4, 6- DExahplex¥6-18 3, 5-tri azi n-2-y1)-4- 20 net hyl nor phol i ni um chl ori de
hydrate (DMIMM) (135 ng, 0.46 mmol) was added and the m xture stirred at O
C forolOmmh RSy addleSoBftd Qhat @ s&fleltih OdXalible( Bﬁ)(h_ﬁfh()é'%mtl'i@t&[d%ﬁ%ﬁ&@'of

phenyl)-5-net hyl- 5, 6-di hydr.o- 2 , 4] axazjn-3-yl am 5 W 0.3 1) in
ot hanbl SR i 2t i K bt PSR Re DALY S egest g >
hours, t tibpdrkept[ latlohz@-F-plemig, yieldedthe FglowiiBo2@od320806PCT/ EP2010/ 061875
- 133 - the workup, the reaction mxture was treated at 0 C with sodi um
hydr oxi dexdmpRl766 M ). The yell ow suspension was extracted with ethyl
acetate (15 nm), then the aqueous |ayer re-extracted with ethyl acetate (10
mL). The [ oI B wer ' r { f

cvapor at Sqiat PErE s sNEDSUFER (ACRaBaafborp aih 5l -

Si | i dycl earlsixylgriagid %@E&-%@@W@-%msth@%@id@mﬂr@ -0tk rabHaferambcnylt hanol
= 100/ 0 #9id9@76)Qs & MghtSyeflow apHR Mdss (@R¥RAZA) €58, FBa0bDoY404); eind) [B-+H((RS) - 5
- am no- 339-§Tet hyl -3 , 6-di hydro-2H [1,4] o xazin-3 -yl)-4- fluoro-phenyl] -
am de waS ‘obtained as a white sold (16 ng, 11% of theory). Mass

(cal cul ated) C19H17FN404 [ 38 ?665]; (found) [MtH = 385. Exanples 76-78

H,N o

Example 77

20  With 5-pyrrolidin-1-yl-pyridine-2-carboxylic acid (CAS 950603-19-7) the S5-pyrrolidin-1-yl-
pyridine-2-carboxylic  acid  [3-((RS)-5-amino-3-methyl-3,6-dihydro-2H-[1,4]oxazin-3-yl)-4-
fluoro-phenyl]-amide (77) as a white solid. Mass (calculated) C,1H,4FNsO, [397.452]; (found)
[M+H]" = 398.

25 Example 78



10 I n a manner anal ogous to that described in exanple El (nethod E), the
condensati on of carboxylic acids with Building block P,

(RS) - 5- ( Swarm 288061 uor o- phenyl ) -5-met hyl-5, 6- PCT/EP2010/061875

di hydr o- 2H11, 4] oxazi n- 3-yl am ne, vyi el the foll ow ng compounds: Exanple
76 Wth 5-furan-2-yl-pyridine-2-carboxyl'ic acid (CAS 930110-99-9) the
5-furan-2-yl -pyridine-2- 15 carboxylic acid

[ 34(RS) - ﬁflﬁmsﬂf?ioﬁneﬂﬁqfﬁﬁgoxgzﬁe glc@%@ﬁﬁlcz hEil C‘]ﬁlﬁpxﬁgl(@' Pr- %—} t_effsftthg{e(ﬂ phenyl ] -

(304, 4040 gy pKiRg il féé(*é"éxm?é(r%%%' B0 TGN 1) 4

5- pyr r ol flabro-phenyll]-gyidée di8nes 2- vdaﬂebokdllMesse(caldllz(tédaSJzQEﬁBI@&zHQW)lSZ heound)

5- pyrrolg@;&Il_ykpyridine-2-carboxy|ic acid

[ 34( RS) no- 3- met hy1- 3, 6- di hydr o- 2H[ 1, 4] oxazi n- 3-y1) - 4-

fl uoro-phenyl]-amde (77) as a white solidgMbs (calculated) C21H24FN502
[397.452]; (found) [MH + = 398. GHNH2No H’

2011/ 020806PCT/ EP2010/ 06187 -WW tH N

5-t hi ophen- 2-yl -i soxazol e- 3- i
5-t hi ophen- 2-yl i soxazol e- 3- carboxylic Acid

- ((RS)- 5- ami no- 3- et hy1- 3, 6- di hydro- 2H7 1, 4['0xa# n- 3-y1) - 4-

fl uoro-phenyl]-amde (78) as a white solid. Mass (cal cul ated) C21H24FN502

[ 397. 452h %£ Qggd) [ MMHl = 398. 5 Exanpl e 79

(RS) - N43- f W&i'no- 3- nethyl 3, 6 dihydro 2H 11, 410xazin-3-y1)-4-f|uoro-pheny
]-3,3,3- trifluoro- proglonanl In_a nanner anal oqous to that described in
exanpl e E(NrEHodmDyo-3umethdfydibyda - 1bfl oxazn-3-yhré-flupye-phemyl=3o}-3pi oni ¢
acid wi tfniBwrb-qm;]go:tdlmdk P, (RS)-5-(5-am no-2-fluoro-phenyl)-5-nethyl-5, 6-
di hydr o- 2H41, 4] oxazi n- 3- ylanine yielded the title conpound as a yell ow

oi | . Masg, { gahgy |aﬁatl@é®us (o et 9 ANRA 2n L%énlﬁ@%]l n&{h@)&ﬂ 1) thf Mitdknsafiod 83,3 <3

(EX ngml(ggsﬁ %Ol?oﬁ%fo%ﬁaéﬁ@éwqbﬁ %‘ﬁ%gf)%bﬁ 2— é(g %f-?‘ Orsmqlﬁ@iﬂg ﬂ@is %Q (R

- 545 - amlihpdre 244-| Ijo:azmphiglamine; Helded the t1tle compound as a yellow oil. Mass (calculated)

-met hyl-g, fr @é%gg%ggj]g(fg{bgf%@r&-%ham ne, yielded the follow ng

conmpounds:
HN
2
wl/\o

N

63109-71- 3) the

Examples 80-82

15 In a manner analogous to that described in example E1 (method E), the condensation of
carboxylic acids with Building block Q, (R)-5-(5-amino-2-fluoro-phenyl)-5-methyl-5,6-dihydro-
2H-[1,4]oxazin-3-ylamine, yiclded the following compounds:

Example 80

With oxazole-2-carboxylic acid the oxazole-2-carboxylic acid [3-((R)-5-amino-3-methyl-3,6-
20  dihydro-2H-[1,4Joxazin-3-yl)-4-fluoro-phenyl]-amide (80) as a white solid. Mass (calculated)
C15H15FN403 [318.306]; (found) [NH‘H]+ = 319.

HN A~
a8 ?\1'/\
O)\’(

0



Wth oxazol e-2-carboxylic acid the oxazol e-2-carboxylic acid [3
-((R)-5-am no-3-net hyl-3, 6- 20
di hydr o- 2M0[20114020808zi n- 3- y1) - 4- f | uor o- phenyl ] - am de ( 80PCagEPaowios1825 sol i d.
Mass (cal cul ated) C15HL5FN403 [318.30%?; (found) [M+H = 319. WO
2011/ 020806PCT/ EP2010/ 061875 - 135 - gr'rpl e 81 Wth
5-trifluoronethyl -pyrazine-2-carboxylic acid the
5-trifl ug;&gﬁ@lgyl - pyrazi ne-2-carboxylic acid[3 -((R)-5-amino -3 -nethyl -
, 6-di hydro [1 ,4]0 xazin-3-yl)-4- fluoro-phenyl] -am de fornmate (81) as

whi t | cul at ed) C17HI5E4N502. CH202 [443. 350
F‘M+Hi ° 3¢ Sl NG e R DGR o SRR T R
the 5-t rileld uor onkt (1§)-5-pyimazi-methgl-3 .6 alittydsoy P ¢ 1 éle@lZlIE -3-yl)-4-fluoro-phenyl]-amide
-((R)-5- fmla@ pmmylvhae G B hmgsou%léu[a%e I\z]QXH%FJNs@'zYEEO)AfIMWO? ghaRy 1] -

10 am_de (82) as a white solid cal cul at ed
C17H1§F4%%Q?HCI—1§§2 [443.350]: (found) [M+H] 398. Exanples 83-97 In a
manner anal ogous to that described in exa e El (nethod E), the

condensati on of 15 carboxyli g, Cajgi with u] bl ock Q
(R)-5-(5-am no-2-f| uoro- phenyl)

t hyy 5
, 6-di hydr o2H-[ 1, 4] oxazi n- 3-yl amﬂjxa,em onpounds bel ow. These
corrpounds were purified by preparativ HPi ng a gradi ent of water and
net hanol (plus 0.05%formc agigdy= 99/ 5 o0 as the el uent. Exanple 83
20 Wth 2,2,3,3-tetrafl uoro-propionic acid the
N43- ((R) - 5 am no- 3- met hy1l- 3, 6- di hydro- 2H 1, 4] oxazi n- 3-y1) - 4-f | uor o- phenyl ] -
2,2, 3, 3- E¥ampe8or o- pr opi onami de formate (83) as a col orl ess anor phous

material. Mass (cal cul ated) C 4K4F5N302. CH202 [397.300]; (found) [MHr =
352.  WOW2h115920806RGHY IER2Q10NO818bbxylicl36¢cid the 5 —triﬂuorornethyl—pyrazine—2—

carboxylic acid [3-((R)-5-amino-3-methyl-3,6-dihydro-2H-[1,4]oxazin-3-yl)-4-fluoro-phenyl]-
10 amide formate (82) as a white solid. Mass (calculated) C,7H;sF4Ns0,.CH,0; [443.350]; (found)

[M+H]" = 398.
F, C\(\
HCOOH :

In a manner analogous to that described in example E1 (method E), the condensation of
15 carboxylic acids with Building block Q, (R)-5-(5-amino-2-fluoro-phenyl)-5-methyl-5,6-dihydro-

2H-[1,4]oxazin-3-ylamine, yiclded the compounds below. These compounds were purified by

Examples 83-97

preparative HPLC using a gradient of water and methanol (plus 0.05% formic acid) = 95/5 to
0/100 as the eluent.

Example 83

20  With 2,2 3 3-tetrafluoro-propionic acid the N-[3-((R)-5-amino-3-methyl-3,6-dihydro-2H-
[1,4]oxazin-3-yl)-4-fluoro-phenyl]-2,2,3,3-tetrafluoro-propionamide formate (83) as a colorless
amorphous material. Mass (calculated) C4H;4FsNz0,.CH,0; [397.300]; (found) [M+H]" = 352.



Example 84 Wth nethoxy-acetic acid the

N43- ((R) - 5- am no- 3- net hyl - 3, 6-di hydro-2H-[ 1, 4] oxazi n- 3-y1) - 4-

f | uor o- phwoydj/2eswet hoxy- acet am de formate (84) as a WhiPCE/FRR@I0OMBAS
material. Mass 5 (cal cul at ed) Cl4H18FN§%3 CH202 [341.330]; (found) [MtH =
296. HCOOH Exanple 85 Wth (RS)-3,3,3-trifluoro-2-]
(RS)-1-(tetrahydro-furan-2-yQret hyl]-propionic acid the (RS -N-[3 -
((R)-5-am no- 3- et hy1l- 3, 6-di hydr o- 2Hi N azin-3-yl)-4-fluoro-phenyl]-3,3
,3-trifluoro-2- 10 [(RS)-1- (%et%ah dr o- fllur ap- 2- yl ) met hyl ] - pr opi onami de

fornate (85) as a white anprp t er Nale Nhss (cal cul at ed)

C19H23F4N303. CH202 [ 463. 420 (Hpun 418. Exanpl e 86

W t h1- met hoxynet hyl - cycl opr opanggar 'caC|dHﬁ€KHﬁethoxynethyl 15

cycl opropanecar boxyl i c acid F
[ 3- ((R) -5-am no- 3-net hyl- 3, 6-di hydro-2H-[ 1, 4] oxazi n- 3-y1l) - 4-

f1 uor o- pRemiiplesam de formate (86) as a white anorphous naterial. Mss
(cal cul ated) C17H22FN303. CH202 [ 381.400]; (found) [M:H = 336. Exanpl e

87 WO 2Q41/ R2R8Q6RGH ERRONG8 483 -amino-3-methyl-3,6-dihydro-2H-[ 1,4Joxazin-3-yl)-4-

fluoro-phenyl]-2-methoxy-acetamide formate (84) as a white amorphous material. Mass
5 (Calculated) C14H18FN303.CH202 [341330], (fOuIld) [NH’HTr = 2906.

H,N o
O/\[O]/ HCOOH

Example 85

With (RS)-3,3,3-trifluoro-2-[ (RS)-1-(tetrahydro-furan-2-ylymethyl]-propionic acid the (RS)-N-[3-
((R)-5-amino-3-methyl-3,6-dihydro-2 H-[ 1,4]oxazin-3-yl)-4-fluoro-phenyl]-3,3,3-trifluoro-2-

10 [(RS)-1-(tetrahydro-furan-2-yl)methyl]-propionamide formate (85) as a white amorphous
material. Mass (calculated) C10H3FsN303.CH,0, [463.420]; (found) [M+H]" = 418.

- Hzle/\

3 H N
N

o) HCOOH

Example 86

With 1-methoxymethyl-cyclopropanecarboxylic acid the 1-methoxymethyl-

15 cyclopropanecarboxylic acid [3-((R)-5-amino-3-methyl-3,6-dihydro-2H-[1,4]Joxazin-3-yl)-4-
fluoro-phenyl]-amide formate (86) as a white amorphous material. Mass (calculated)
C17H2,FN303.CH,0, [381.400]; (found) [M+H]" = 336.

HQNW|/\

H N
oMK
HCOOH

0]

Example 87



- 137 - Wth (RS)-2-fluoro-propionic acid the
(RS)-N-[3-((R)-5-am no- 3-net hyl- 3, 6-di hydro-2H 1, 4] oxazi n- 3-y1) - 4-f| uor o- ph
enyl] - 2- fwoapa/q2089pi onanmi de formate (87) as a white anoPpmEPIONMEEIS al .
Mass (cal cul ated) Cl4H17F2N302. CH202 [% 3.328]; (found) [MrH ' = 298. F
H2N)r )*?1 0 HCOOH 5 Exanple 88 Wth i°dobutyric acid the

N43- ((R) - 5- am no- 3- et hy1- 3, 6-di hydro- 2H[ 1, 4] oxazi n- 3-y1) - 4-

f 1 uor o- phgmy! (rsi.5 Mty ra biie faeidn%@ gﬁg)wg (?e Whindifo- @JM @%Sdﬂyfr@mal

I\/ass (ca | at ed) C15 3 fou

1 Owaﬁ%vlé Mo n@&gﬁ Upres propipnfngy ?%lte Gerhovhe
(RS) N43m(1t(eﬁal- Blagunficaicul@edet b1 F:3:0,. de]@d[BéQBrBE[]:L(f@lqndxa\ﬂH} 3=3PB) - 4- f | uor o- phe
ny1l] - 2-fl uor o- propi onani de formate (89) as a white anorphous material. Mss
(cal cul at ed) C14H14F5N302. CH202 [ 39%. sq(found) [M-H = 352. 15
Exanpl e 90 Wth 2, 2-di fl uor o-propj oni c laci
N- [ 34( R) - 5- ami no- 3- met hyl - 3, 6+ di Rydr a- 2
y1) - 4-fl uoro- phenyl] -2, 2-di fT ugfo-p
anor phous material. Mass (cal cubhat
[ MFH = 316.

Gnani de fornate (90) as a white
4H16FWCI—IZOZ [361.320]; (found)

5 Example 88

With isobutyric acid the N-[3-((R)-5-amino-3-methyl-3,6-dihydro-2H-[1,4]Joxazin-3-yl)-4-
fluoro-phenyl]-isobutyramide formate (88) as a white amorphous material. Mass (calculated)
C]stoFNgOz.CHzOz [339360], (found) [M+H]+ = 294.

HZNW/\ 0

H N
)\mN
HCOOH

0]

10 Example 89

With (RS)-2,3,3,3-tetrafluoro-propionic acid the (RS)-N-[3-((R)-5-amino-3-methyl-3,6-dihydro-
2H-[1,4]oxazin-3-yl)-4-fluoro-phenyl]-2-fluoro-propionamide ~ formate (89) as a white
amorphous material. Mass (calculated) C14H;4FsN30,.CH,0, [397.298]; (found) [M+H]" = 352.

; HZNW|/\ 0

H
NS
F HCOOH

15 Example 90

With 2,2-difluoro-propionic acid the N-[3-((R)-5-amino-3-methyl-3,6-dihydro-2H-| 1,4]oxazin-3-
yl)-4-fluoro-phenyl]-2,2-difluoro-propionamide formate (90) as a white amorphous material.
Mass (calculated) C14H6F:N30,.CH,0; [361.320]; (found) [M+H]" = 316.

H.N
2
wl/\o
F F H N
S
HCOOH

0]



WO 2011/ 020806PCT/ EP2010/ 061875 - 138 - Exanple 91 Wth difluoro-acetic
acid the N-[34(R)-5-am no-3-net hyl- 3, 6-di hydro-2H-[ 1, 4] oxazi n- 3-y1l) - 4-

f I uor o- phwoytj@oedi f | uor o- acet am de fornate (91) as aPemiEPROHONSTS MASS
(cal cul ated) C13H14F3N302. CH202 [ 347. Zﬁ (found) [MH -1]+ = 302. 5 HCOH
Exanple 92 Wth 2-fluoro-2-nethyl-propi”énic acid the

N43- ((R) - 5-am no- 3- net hyl- 3, 6-di hydro-2H 1, 4] oxazi n- 3-y1)-4-fl uoro- phenyl] -
2-fl uorogg; lay! - propi onam de formate (92) as a white anorphous material .
Mass (calculated) C15H19F2N302. CH202 [357.350]; (found) [M+H = 312. 10

HCOCH Wt h ti i he. ) i

Moo r (R RSt 1 B T e g A L ARt Seny 1] -
acet ami d8udromhertyd-3,2d)lugr-aceiphiidee formstp AL asat ewhisd . fovms Missal@isulataddl)
ClBHlGFl\@QIZIM@;}ZSQE d}@b}{ﬁﬂ;@]go] Q{fogﬁquWJ;ﬂgof 266. H2N HCOOH Exanpl e 94

Wth propionic acid

N-P-((R)-5-am no- 3- nethyl 3, 6-di hydio¢.2 1, 4] oxazi n-3-y1)-4-fl uorophenyl] -
propi onam de fornmate (94) as mhlte arfpr plous material. Mass (cal cul at ed)
Cl14H18FN302. CH202 [ 325. 340] foqyd) [ » = 280.

o) HCOOH

Example 92

With  2-fluoro-2-methyl-propionic acid the N-[3-((R)-5-amino-3-methyl-3,6-dihydro-2H-
[1,4]oxazin-3-yl)-4-fluoro-phenyl]-2-fluoro-2-methyl-propionamide formate (92) as a white
amorphous material. Mass (calculated) CysH;gF2N30,.CH,0; [357.350]; (found) [M-i—H]+ =312.

HZN\(\ 0

FH N
>S(N
(0]

HCOOH

Example 93

With acetic acid the N-[3-((R)-5-amino-3-methyl-3,6-dihydro-2H-[1,4Joxazin-3-yl)-4-fluoro-
phenyl]-acetamide formate (93) as a white amorphous material. Mass (calculated)
C13H15FN302.CH202 [3 1 1310], (found) [I\/H’H]+ = 266.

Hzle/\ 0

N
\[r HCOOH

0
15 F

Example 94

With propionic acid the N-[3-((R)-5-amino-3-methyl-3,6-dihydro-2H-[ 1,4Joxazin-3-yl)-4-fluoro-
phenyl]-propionamide formate (94) as a white amorphous material. Mass (calculated)
C14H15FN;0,.CH,0, [325.340]; (found) [M+H]" = 280.



WD 2011/ 020806PCT/ EP2010/ 061875 - 139 - Exanple 95 Wth

3-nethyl -butyric acid the

N[ 34( R) -woanime®snet hy1- 3, 6- di hydr o- 2H11, 4] oxazi n- 3- y PYI/EP2010/061875

4-fl uoro- phenyl ] - 3- net hyl - but yram deF'\]%r mate (95) as a white anorphous
material. Mass 5 (cal cul ated) Cl6H22 42. CH202 [ 353.390]; (found) [MH] =
308. Exanple 96 Wth (RS)-tetrahydro-furan-3-carboxylic acid the

(RS) -t et rahydr o-furan- 3-car boxyl i c BN -

((R) - 5-am no- 3- net hy1- 3, 6- di hydr o- 2H[ 1|, 4] §xazi n- 3-y1) - 4- f | uor o- pheny1] - ani
de formate (96) 10 as a white a phou® erial. Mass (cal cul ated)
C16H20FN303. CH202 [ 367. 375] /\f‘n)/ = 322. Exanple 97 Wth
formc acid the N [3 HCOOH

- ((R) - 5- Ani no- 3- et hy1- 3, 6- di hydro 2H41, K] oxazi n- 3-y1) - 4-f | uor 015
phenyl]-formam de formate (97) as a whi te anor phous material. Mss

(cal cul akeshhpledB8K4FN302. CH202 [297. 280]; (found) [M+H = 252.

With 3-methyl-butyric acid the N-[3-((R)-5-amino-3-methyl-3,6-dihydro-2H-[1,4]oxazin-3-yl)-
4-fluoro-phenyl]-3-methyl-butyramide formate (95) as a white amorphous material. Mass
5 (Calculated) C16H22FN302.CH202 [353390], (fOuIld) [NH’HTr =308.

HN
2
; 1}/\ 0
WN
o) HCOOH

Example 96

With (RS)-tetrahydro-furan-3-carboxylic acid the (RS)-tetrahydro-furan-3-carboxylic acid [3-
((R)-5-amino-3-methyl-3,6-dihydro-2H-[1,4]Joxazin-3-yl)-4-fluoro-phenyl]-amide formate (96)
10 as a white amorphous material. Mass (calculated) C;sH20FN303.CH,0, [367.375]; (found)

[M+H]" = 322.
HN
2
! le/\
HCOOH

Example 97

With formic acid the N-[3-((R)-5-Amino-3-methyl-3,6-dihydro-2H-[1,4]Joxazin-3-yl)-4-fluoro-
15 phenyl]-formamide formate (97) as a white amorphous material. Mass (calculated)
C12H14FN302.CH202 [297280], (found) [I\/H’H]+ =252,

HZNW/\ 0

\([)]/ HCOOH

Examples 98-99 (method F)




HCOOH Exampl es 98-99 (nethod F) WD 2011/ 020806PCT/ EP2010/ 061875 - 140 -
In a manner anal ogous to that described in exanple EIl (nmethod E), the
reacti on wb 20ard2080¢l i ¢ acids with Building block H (R) PETAP2010AMSMD
-2-fluoro -phenyl)-5 -nmethyl-norp ho I 4@2 3 -thione, using the

4- (4, 6-di met hoxy-1, 3,5-triazin-2-yl)-4-Tret hyl nor phol i ni um chl ori de hydrate
(DMTMM) as the condensatl ng agent, followed by the treatnent of the

resul ti nglmaﬁ&%nm) dﬁs% ﬁlanuegt«,ﬂlse% iAfex PP H18micthoWat) efhe%@éiﬂ&@ﬁf ettt lic

v cper G R e BT el AR IR ol o e
5- chl or ou@agrettiey | 4pio-dimathe y-t.8 rSbtoxsih-2eyadHnettfyBnorpholinium  chloride  hydrate

R) - 5- re§ (0[S 1
LR 5 i i v LB g

(found) PRI of amimpnia iEygiesjagd 65" ut W pArperoR 640 d53PFPeA Weexgmelar%wld?%: aci d
t he 5-f 1 therfalopyiig cinfpeudscar boxylic acid [3 -VR)-5-

am no- 3- net hy1- 3, 6-di hydro-2H[ 1, 4] oxazi n- 3-y1) - 4-f | uor o- phenyl] - am de (99)
as a Whlt: ﬂ‘,ﬁ]@ 15 Mass (cal cul ated) C1l71-116F2N402 [ 346.335]; (found)

[ MtH] 347. WO 2011/ 020806PCT/ EP2010/ 061875 - 141 - Clainms 1. A

ConpoundV\gth g—aﬂoro—ﬂmethyl—pyrldlne—Z—carboxyhc acid the 5-chloro-3-methyl-pyridine-2-carboxylic
acid [3-((R)-5-amino-3-methyl-3,6-dihydro-2 H-[1,4]oxazin-3-yl)-4-fluoro-phenyl]-amide (98) as
10 a white foam. Mass (calculated) C sHisCIFN40, [376.817]; (found) [M+H]" = 377.

HN
2
e N

N

Example 99

With 5-fluoro-pyridine-2-carboxylic acid the 5-fluoro-pyridine-2-carboxylic acid [3-((R)-5-
amino-3-methyl-3,6-dihydro-2H-[1,4]oxazin-3-yl)-4-fluoro-phenyl]-amide (99) as a white foam.
15 Mass (calculated) C,7H;6F2N4O; [346.335]; (found) [M+H]" = 347.

Faos . HZle/\O

| H N
N N

0]



| 5 wherein Xis 0 or S, Rlis selected fromthe group consisting of ii)

| oner al kyl, ii) lower alkyl substituted by 1-5 substituents
i ndi vi duawbyosgi2zessbed from cycl oal kyl, 10hal ogen, hal ogeaTIErem0/0aiskdxy and
| ower al koxy, and i) cycloqlkyl R2i s sel ected fromthe group

consisting of ii)H, ii)lower alkyl, IB%II) Iomer al kyl substituted by 1-5
substituents individually selected fromcycl oal kyl, hal ogen, hal ogen-1| ower
al koxy, heterocyclyl and | ower al kKoxXyglaims iv) aryl, v) aryl
substituted by 1-4 substituents individually selected from cyano,

cyano-|o N aI n, hal ogen-1 ower al koxy, hal ogen-I|ower al kyl,
heteroarye Ph%?iggaﬁ EOIomer al koxy-I ower al kyl and | ower al kyl,

Vi) cycIoaIkyI vii) cycloal kyl _substituted by 1-4 substituents

i ndi vi dual l'y selected from cyano; nol ower al kyl, hal ogen, hal ogen-1 ower
al koxy, hal ogen-I|ower al kyl, Iome ,, | ower al koxy-1ower al kyl and

| oner al kyl, 25viii) heteroaryl |x)|heteroaryl substituted by 1-4
substituents i ndividually sel ec , ctyano, cyano-|ower al kyl,

hal ogen, hal ogen-| ower alkox§{ ; al kyl, cyclo al kyl -1 ower

al koxy, | ower al kenyl -1 ower alﬁo XY er a%koxy, het er oaryl ,

het erocycl yl, | ower al koxy, |ower al Bl kyl and | ower al kyl,

30x) heterocyclyl, and WO 2011/q%93 2X10/061875 - 142 -

I

5 wherein
Xis OorS,
R is selected from the group consisting of
i) lower alkyl,
it) lower alkyl substituted by 1-5 substituents individually selected from cycloalkyl,
10 halogen, halogen-lower alkoxy and lower alkoxy, and
iii) cycloalkyl,
R’ is selected from the group consisting of
i) H,
i)  lower alkyl,
15 iii) lower alkyl substituted by 1-5 substituents individually selected from cycloalkyl,
halogen, halogen-lower alkoxy, heterocyclyl and lower alkoxy,
iv) aryl,
v) aryl substituted by 1-4 substituents individually selected from cyano, cyano-lower
alkyl, halogen, halogen-lower alkoxy, halogen-lower alkyl, heteroaryl, lower alkoxy,
20 lower alkoxy-lower alkyl and lower alkyl,
vi) cycloalkyl,
vii) cycloalkyl substituted by 1-4 substituents individually selected from cyano, cyano-
lower alkyl, halogen, halogen-lower alkoxy, halogen-lower alkyl, lower alkoxy, lower
alkoxy-lower alkyl and lower alkyl,
25 viii) heteroaryl,
ix) heteroaryl substituted by 1-4 substituents individually sclected from aryl, cyano,
cyano-lower alkyl, halogen, halogen-lower alkoxy, halogen-lower alkyl, cycloalkyl-lower
alkoxy, lower alkenyl-lower alkoxy, aryl-lower alkoxy, heteroaryl, heterocyclyl, lower
alkoxy, lower alkoxy-lower alkyl and lower alkyl,

30 x)  heterocyclyl, and



xi) heterocyclyl, substituted by 1-4 substituents individually selected
fromam no, cyano, cyano-l|lower al kyl, hal ogen, hal ogen-Iower al koxy,

hal ogen- Iwaen11zl26806, | ower al koxy, | ower al koxy-| ower alPKYIEPat1d/06B3RET

al kyl, R3is individually sel ected fro he group consi sting of 5i)hal ogen,
and ii)lower alkyl, Rdis |nd|V|duaIIy déIected fromthe group consisting of
i) H and ii) Iomer al kyl, 10 R5is individually selected fromthe group

consi sting ofyij ) nHercRdyll 'sﬁbsltlﬁi{‘&f b%‘llky |subs%@leﬁ%s'l(ﬁq{vﬂugﬂ'ﬁ|s!31¥ct§da Rt %meor om
ower a 1 VI

the group consistin i
sel ect ed 11 orfEHe GrEY W@%H&vg awg%f o3 lovits )fkquphoserl) Oyl kT i
iii1) |ower aldikdxy, lawdr 80oxyilswér,alklyl end Bweoalkydhar maceuti cal |y accept abl e
sal ts thgreof 1Sgndléd&glg,gglg&gd gg&qﬁéiérgl%) 50%51%@ Jpl, wherein Xis 0 or S, Rlis
51) 1 ower

sel ect ed fronlt %Vgroup consisting o al kyl, and ii)cycloal kyl,
5 1) alogen, and

i) lower alkyl,

R* is individually selected from the group consisting of
i) H,and
ii) lower alkyl,
10 R is individually selected from the group consisting of
i) H,and
ii)  lower alkyl,
R® is individually selected from the group consisting of
1) H,and
15 i) lower alkyl,
R’ is individually selected from the group consisting of
i) H,

i) aryl, and
iii) lower alkyl, and
20 n 150, 1or2,

or pharmaceutically acceptable salts thereof.

2. A compound according to claim 1, wherein

Xis OorS,
R’ is selected from the group consisting of
25 1)  lower alkyl, and
i)  cycloalkyl,
R’ is selected from the group consisting of
i) H,

ii) lower alkyl substituted by 1-5 substituents individually selected from cycloalkyl,
30 halogen, heterocyclyl and lower alkoxy,

iii) aryl substituted by 1-4 substituents individually selected from cyano, halogen and

heteroaryl,

iv) cycloalkyl,

v) cycloalkyl substituted by 1-4 substituents individually sclected from halogen,
35 halogen-lower alkyl, lower alkoxy-lower alkyl and lower alkyl,

vi) heteroaryl,



R2i s selected fromthe group consisting of i) H, i)
| oner al kyl substituted by 1-5 substituents individually selected from
cycl oal kywo 280bebssgen, het erocyclyl and | ower al koxy, PCIT)EP2019I061875
substituted by 1-4 substituents indivi q\gal |y selected from cyano, hal ogen
and heteroaryl, iv) cycloal KyI, v) cycl oal kyl
substituted by 1-4 substituents individually selected from hal ogen,

35hal ogen- | OV&{) Abddoary! SOV Ut %}QXM‘ Lipvaterd klvidndy [somakd &by 111‘5/1, cyano,
vi) heteroaryl 11/.02080 £4 - vii) het e{Poar yl

WO CT/ EP2010/ 061875 -
substituted bYFOgSH Eaﬁ%%eﬁl?wn% O%Yndﬁal;ﬁaqjgwep ie‘éﬁc &ﬁ‘P’}'@Pﬁeér"%O,XY’c 2h
hal ogen, hal ogiemyl-lower alkdyoxyl-lonat aery: hawenryh hktgtocyadylchmldbwst altybvead

al koxy, | owvery;gl keayl;dipwalq al koxy, aryl-lower al koxy, heteroaryl,
heteraocyclyl, and Iower” al'kyl, and viii) heterocyclyl, and 5 R3is hal ogen,

Rdis R of i owsMRe%YyI, R5is H or lower alkyl, Reis Hor lower alkyl, R7is
H, aryl Rt | oisdfomdbylalkyand 10 nis 0 or 1. 3. A conpound of formula Ix

accordingsto gl mdl.. m;:}r ein IXx
R® is H or lower alkyl,
R’ is H, aryl or lower alkyl, and
10 n isOorl.

3. A compound of formula Ix according to claim 1, wherein

O/YNHz
|

wherein
Xis OorS,
15 R is selected from the group consisting of

1) lower alkyl,
ii) lower alkyl substituted by 1-5 substituents individually sclected from cycloalkyl,
halogen, halogen-lower alkoxy and lower alkoxy, and
iii) cycloalkyl,
20 R’ is selected from the group consisting of
i) lower alkyl substituted by 1-5 halogen,
i) aryl,
iii) aryl substituted by 1-4 substituents individually selected from cyano, cyano-lower
alkyl, halogen, halogen-lower alkoxy, halogen-lower alkyl, lower alkoxy, lower alkoxy-
25 lower alkyl and lower alkyl,
iv) cycloalkyl,
v) cycloalkyl substituted by 1-4 substituents individually selected from cyano, cyano-
lower alkyl, halogen, halogen-lower alkoxy, halogen-lower alkyl, lower alkoxy, lower
alkoxy-lower alkyl and lower alkyl,
30 vi) heteroaryl,



wherein Xis O or S, 15 Rlis selected fromthe group consisting of i) |ower

al kyl, ii) lower alkyl substituted by 1-5 substituents individually
sel ect ed woamigpesoeal kyl , hal ogen, hal ogen-1| ower al koxyPamP2awms18as koxy,
and iii) cycloal kyl, 20 R2|s sel ected ﬂ&on1the group consi sting of i)

| ower al kyl substi t ut ed by 1-5 hal ogen,"'ii) aryl, iii) aryl
substituted by 1-4 substituents individually selected from cyano,

cyano- | ower a\ll ¥dteroBR! OGRAtdAA} 00 rhuioé?ﬂ‘ﬁa‘htsailnlf@fﬂﬁaﬂ)h %lm%érﬁvﬁﬁn@lcgﬂm

| ower al koxy ome 2 Iomer al k )

cycl oalkyl . OYTLgKYy 5? Ry BEBETT Pt % A ﬁfﬁ%ﬁaﬂ%wrr?d#w{jmery
sel ected fronmayaﬂmwmcwam@WDMB®rakﬁyl halogen hal ogen-1 ower al koxy,
hal ogen- | owery;al Kk¥kroc g%e&lalkoxy, | ower al koxy-1ower al kyl and | ower

al kyl,  30vi) het%roar VO 2011/020806PCT/EP2010/061875 - 144 - vii)
heterdaryl subst PGS Yy s4oshitish sy i khewbeitents Pidaidielly sslepted dlim fyene
cyano, cyanol aymcr loadekytlk,yl halogge rhalogad-ogen alkowe rhatdgkodomwer hidyh gewerd alisedy,

al kyl, lower j 1 aIkyI and |l ower al kyl, viii)
& tuééc c F substltuted by 1-4 substituents

heterocyc yl, %ﬁﬁ

|nd|V|du§IIy §éWBEﬁ Yﬁ?%ﬁ?%?ﬁﬁéhe%9@%%“¥%M%¥3aIkyI hal ogen, hal ogen-| ower
al koxy, hal oggnhdloyeramal Kyl , | ower al koxy, | ower alkoxy-lomer al kyl and
Iomeﬁoalkyl,153k§@¥gﬁyﬁidually selected fromthe group consisting of i)

hal ogen, and
n is0, 1or2,

or pharmaceutically acceptable salts thereof.

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

5. A compound according to any of claims 1-4, wherein R' is lower alkyl or cycloalkyl.
15 6. A compound according to any of claims 1-5, wherein R' is methyl or cyclopropyl.

7. A compound according to any of claims 1-7, wherein R* is selected from the group

consisting of

i) H,

i1) lower alkyl substituted by 1-5 substituents individually selected from cycloalkyl,
20 halogen, heterocyclyl and lower alkoxy,

iii) aryl substituted by 1-4 substituents individually selected from cyano, halogen and

heteraryl,

iv) cycloalkyl,

v) cycloalkyl substituted by 1-4 substituents individually selected from halogen, halogen-
25 lower alkyl and lower alkoxy-lower alkyl,

vi) heteroaryl,

vii) heteroaryl substituted by 1-4 substituents individually selected from aryl, cyano,

halogen, halogen-lower alkoxy, halogen-lower alkyl, cycloalkyl-lower alkoxy, lower

alkenyl-lower alkoxy, aryl-lower alkoxy, heteroaryl, heterocyclyl, and lower alkyl, and
30 vi) heterocyclyl.

8. A compound according to any of claims 1-7, wherein R* is lower alkyl substituted by 1-5
halogens, aryl substituted by 1-4 halogens, heteroaryl or heteroaryl substituted by 1-4
substituents individually selected from halogen, halogen-lower alkoxy, halogen-lower alkyl

and lower alkyl.



10ii) lower alkyl, is 0, 1 or 2, or pharmaceutically acceptable salts

t her eof 4. A conpound according to any of clains 1-3, wherein X is 0.
5. A conpaOndiiaeesssdi ng to any of clains 1-4, wherei n RPCrEP2@w®s18a$ kyl or
cycloal kyl. 15 6. A compound accordin A0 any of clainms 1-5, wherein R is
met hyl or cyclopropyl. 7. A conpound according to any of clains 1-7,
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het ergaryl sub It)

d |,
oy ano S hal BB T g ¥%W£P°faﬁﬁwl S SRl oS B R ﬁ*@? T ower
al koxy, | over dlﬂhMemyﬂhyl bpyraad |kGxyk, a} yietﬂoaymﬂhxal’rdyolnyropﬁeyler o&melthyl-lH—
ggég; gf%d YddazAdyll OMEfiuRbkMth lc%Bl@lpr%QVl' N @Qtzechﬁgé’[%&t}ﬂzl- Br. dfﬂlljl(%
cccording 0, il CL T, L aheL LT Pk Lover sl ol Sups grw
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clai ms 1- 7 PYUiarey nd- R3-SRt df GapyAo- i rdeer b?yfl %ﬁlﬁgwg@t?tuggfé >

i ndi vi dual ldychied-pedidial2fyl,0 85 hifhagepyridial ode B-chlove f-cgd noepsyidinkal /o gedhidrovser

%E?’/LI ﬁngzl i i’ \?%K%lpafrldm-%-%lo grc@log&) i z&? 1%9(:9 glbﬂ)gﬁ)ﬁegy?@ychﬂ}cro ?ﬂl@ﬁﬂgﬁ 21-8,

1,1,1,2- otk af3rﬂ}l§’|“bpgt1‘1ﬁ’|2 vl dymothyl-thi uérsgc -Btprlyp-chloro-pyridin-2-yl,  4-

1, 1, 2,52- t etchidfd- udicthrybll Myrazole-3-yl, 4-chloro-2-fluoro-phenyl, 4-chloro-2-iodo-phenyl, 4-
chloro-phenyl, 4-cyano-2-fluoro-phenyl, 4-oxazol-5-yl-phenyl, 5-(2,2,2-trifluoro-cthoxy)-
pyridin-2-yl,  5-(2,2-difluoro-cthoxy)-pyridin-2-yl,  5-(2-fluoro-cthoxy)-pyridin-2-yl, 5-
benzyloxy-pyridin-2-yl, 5-but-3-enyloxy-pyridin-2-yl, 5-butyl-pyridin-2-yl, 5-chloro-3-ethyl-
pyridin-2-yl,  5-chloro-3-fluoro-pyridin-2-yl, ~5-chloro-3-methyl-pyridin-2-yl, 5-chloro-

20 pyridin-2-yl,  5-chloro-pyrimidin-2-yl,  5-chloro-thien-2-yl,  5-cyano-pyridin-2-yl,  5-
cyclopropylmethoxy-pyridin-2-yl, 5-difluoromethoxy-pyridin-2-yl, 5-fluoro-pyridin-2-yl, 5-
furan-2-yl-isoxazol-3-yl, 5-furan-2-yl-pyridin-2-yl, 5-methyl-pyrazin-2-yl, 5-phenyl-oxazol-
4-yl,  S-pyrrolidin-1-yl-pyridin-2-yl, = 5-thiophen-2-yl-isoxazol-3-yl,  5-trifluoromethyl-
pyrazin-2-yl, 5-trifluoromethyl-pyrimidin-2-yl, cyclopropyl, difluoro-methyl, ethyl, fluoro-

25 isopropyl, H, isopropyl, methyl, methoxy-methyl, oxazole-2-yl, pyrazin-2-yl, pyrazolo[1,5-
a]pyridin-2-yl, pyrimidin-4-yl or tetrahydro-furan-3-yl.

11. A compound according to any of claims 1-10, wherein R* is 1-methyl-1H-indazol-3-yl, 2-
methyl-oxazol-4-yl, 2-methyl-thiazol-4-yl, 3-chloro-phenyl, 4-chloro-2-fluoro-phenyl, 4-
chloro-2-iodo-phenyl, 4-chloro-phenyl, 5-chloro-pyridin-2-yl, 5-chloro-thien-2-yl, 1-(2,2,2-

30 trifluoro-ethyl)-1H-pyrazol-3-yl,  1,1,2,2,2-pentafluoro-cthyl,  5-(2,2,2-trifluoro-ethoxy)-
pyridin-2-yl, pyrazin-2-yl, pyrazolo[1,5-a]pyridin-2-yl, 2.,4-dichloro-phenyl, 2,5-difluoro-
phenyl, 2,5-dimethyl-fur-3-yl, 2,5-dimethyl-oxazol-4-yl, 2,5-dimethyl-thien-3-yl, 3,5-
dichloro-pyridin-2-yl or 3,5-difluoro-pyridin-2-yl.

12. A compound according to any of claims 1-11, wherein R? is 5-chloro-pyridin-2-yl, 3,5-

35 dichloro-pyridin-2-yl, 1,1-difluoromethyl-1H-pyrazole-3-yl, 3,5-difluoro-pyridin-2-yl, 5-

(2,2,2-trifluoro-ethoxy)-pyridin-2-yl, 3-chloro-5-cyano-pyridin-2-yl, 5-cyano-pyridin-2-yl, 5-
difluoromethoxy-pyridin-2-yl or 5-chloro-3-fluoro-pyridin-2-yl.



i fluoronethyl- 1H pyrazole-3-yl, 1-netho xynethyl-cyc |oprop-I-yl,
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2,5 dlne ur-3-yl, 2,5- dlnethyl oxazol -4-yl, 2,5- dlnethyl-thlen 3- yl,
3, 5- dlchloro pyridin-2-y1 or 3,5-difluoro- pyrldln 2-yl. 12. A conpound
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3-chl oro; idin-2-yl, 5-cyano-pyridin-2-yl, 5-
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clainms 1-14, wherein R3 is hal ogen. 16. A compound according to any of
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20 5- Chl owo-20tivapdeene- 2- car boxyl i ¢ acid PCT/EP2010/061875
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2H-[1,4]oxazin-3-yl)-phenyl]-amide,

Pyrazine-2-carboxylic acid [3-((RS)-5-amino-3-methyl-3,6-dihydro-2 H-[ 1,4]oxazin-3-yl)-
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[ZEI- E i 2] gggil]eﬁalér%%})gglr Op¥ Feﬁgqxghghcg%%-f(_%g-ﬁﬁaagr}oé-methyl—3,6-dihydr0-2H—[1,4]oxazin-

5-(2, 2 23-FHid-fluoo-phatyllemyille, pyr i di ne- 2- car boxyl i c acid
[ 3- (5- am no- 3- met hy1- 3, 6-di hydr o- 2H 1, 4] oxazi n- 3-y1) - phenyl] - am de

hydr ochl gty RARHOS- B8 AL dds- S DAY if-388)-4L il Sro=phbhyR-f d
-5-am no- 3[ rrg?hyl dleﬁédro%[l 4] OX](?Z!(II’% -aﬁ)yl) pﬁenyl}i:@_aorrrrlnane11 ©

5-Chloro-3-methyl-pyridine-2-carboxylic acid [3-((R)-5-amino-3-methyl-3,6-dihydro-2H-
20 [1,4]Joxazin-3-yl)-4-fluoro-phenyl]-amide, and

a
2
[
2,
[
2,
[
2,

5-Fluoro-pyridine-2-carboxylic acid [3-((R)-5-amino-3-methyl-3,6-dihydro-2 H-[1,4]Joxazin-3-
yl)-4-fluoro-phenyl]-amide,

or pharmaceutically acceptable salts thereof.
19. A compound according to any of claims 1-18, selected from the group consisting of

25  5-Chloro-pyridine-2-carboxylic acid [3-((R)-5-amino-3-methyl-3,6-dihydro-2H-[1,4]Joxazin-3-
yl)-4-fluoro-phenyl]-amide,

5-Chloro-pyridine-2-carboxylic acid [3-(5-amino-3-cyclopropyl-3,6-dihydro-2 H-[1,4Joxazin-3-
yl)-4-fluoro-phenyl]-amide,



25 5-Chl oro-pyridi ne-2-carboxylic acid [3 - ((R

-5-am no- 3-net hyl- 3, 6-di hydro-2H[ 1, 4] oxazi n-3- yl)-4-fluoro-phenyl]-am de,
5- Chl or o-Ww9r2odimesog- car boxyl ic acid PCT/EP2010/061875

[ 3- (5-ami no- 3-cycl opropyl-3, 6-di hydro-2H 11, 4] oxazi n- 3-

y1l) - 4-fl uoro- phenyl] -am de, WO 2011/ §806PCT/ EP2010/ 061875 - 155 -

5- Chl or o- pyri di ne- 2-carboxylic acid

[3- (5 ams Raedo ARhAHL z%m@ognmaag%@% AhQIzit:samid-o denay-methyl-3.6-
[ 3-(5- aﬁ?’ﬁ%‘ﬁg Zéﬁh‘ﬂ?xagméqﬁlb%fﬁwp Elf-?—n{’iaﬂlf%xam n- 3yy1) phenyl]-am de, 5

N-[ 3- (5- Ami no- 3- net hyl- 3, 6-di hydro-2H-[ 1, 4] oxazi n-3-y1) - 4-fl uor o- phenyl] - 2,
2,3, 3, 3- S-ﬁ‘@iqf@-pymﬁn@%parbpmdﬁqaqﬁdé-(GR 6S)-and (3S,6R)-5-amino-6-benzyl-3-methyl-3,6-
[
I

N- [ 3- ( 5- AR 9-23F et 1batms- dlm,y)gty A lakidt] oxazi n- 3-y1) - 4-f | uor o- phenyl1] - 4-
chlorothio enzam[[&g " ﬁ‘l? S%mlﬂglo é&]rret hyl 3, 6-di hydr o- 2H
[

0

1, 4] xal C orol z 5- Am no- 3
ret by - 5 TAURIR, Bme-?péafwy%ﬁ %C;aé.z%i R DEr s i B bR e,
N [3 - (S-karﬁ Aenrg-phepetliamid® | 6- di hydro -2H—

[ 1, 4] oxazi n- 3-y1) - phenyl] - 2, 5-di f | uor o- benzani de, N [3 -(5-Amno-3

- rret hyI Bnlﬁudibrlﬁ@tdylolH-qulazdlésfé]lmxﬁ;aicmcﬂ [§-4)R) phemiyd-B -rietbyii305-0hb&ro 2&m de, N-

- Tet hy, 2H [1,4]o0 xazin-3 -yl)-p
henyl] ﬁmc‘ﬂ %a%él ﬁgﬁw‘ﬁ’% S%G(Ekg)ég{ﬁr‘%de 15 N [3 -(5-Anmino-3 -methyl -3
PSI’ g_IZIh %gr%lé@%&@ylﬁya}é%@lg 3%a1‘-b>olx32hcimd 3- (2’2) 5- a{)ntllgg- -r!le;tfllyl-%hé 1E1)Cl)dr-o Z%nzam de,

[ 3- ( 30ani Infedwzimel-hy-U-fBiote-ghdayraeidit [ 1, 4] oxazi n- 3-y1) - phenyl] - am de

hydrochl ori de and Pyrazol o[ 1, 5- a] pyri di ne- 2- car boxyl i c acid
[ 3- (5- anmk @ie3s Bkl 2 %a&ognﬂa)é%% %hi?}klanﬁ]l@éazj -Bimthy29, eVdilydehrepy! ] - am de, or
er eof A conpound accordlng to any

phar nace t cal ce

of clai 03 glﬁé‘cff"é’ﬁo P]ileﬂi‘%ﬁ’ta “%gr oup consisting of 5-

Chl or o- pyri di ne- 2- car boxylic acid

[ 3- ( 5- anb223- Triftuhyo-ctBy6)-tiridivk-2-cabfylic AT id At fR53ing-2.2,3-trimethyl-3,6-

4-f | uor o4iReBYH F1ad1d deinangh)-2-fflakRpRupl fabsliene- 2- carboxylic acid [3 - ((R) -5
-am no- 3- mgf[hyl fag@) 2 ﬁl)dro 2I—E[19g]aox§2| n-3-y1)-4-fl uoro-phenyl]

2011/ 8oonLBeR PERERY %&@% EATRLAPIsC R 5% AORLASHs Whyaro 21t

[1,4]oxazin-3-yl)-phenyl]-amide,

3-Chloro-5-cyano-pyridine-2-carboxylic acid [3-((R)-5-amino-3-methyl-3,6-dihydro-2H-
[1,4]oxazin-3-yl)-4-fluoro-phenyl]-amide,

5-Cyano-pyridine-2-carboxylic acid [3-((R)-5-amino-3-methyl-3,6-dihydro-2H-[1,4]oxazin-3-
20  yl)-4-fluoro-phenyl]-amide,

5-Difluoromethoxy-pyridine-2-carboxylic acid [3-((R)-5-amino-3-methyl-3,6-dihydro-2H-
[1,4]oxazin-3-yl)-4-fluoro-phenyl]-amide, and

5-Chloro-3-fluoro-pyridine-2-carboxylic acid [3-((R)-5-amino-3-methyl-3,6-dihydro-2H-
[1,4]oxazin-3-yl)-4-fluoro-phenyl]-amide,

25 or pharmaceutically acceptable salts thereof.
20. A compound according to any of claims 1-19, selected from the group consisting of

1-(2,2,2-Trifluoro-ethyl)-1H-pyrazole-3-carboxylic acid [3-(5-amino-3-methyl-3,6-dihydro-2H-
[1,4]oxazin-3-yl)-phenyl]-amide,



to a conpound of formula I', which conmpound of fornula |I' can optionally
further react with a thiation agent to the correspondi ng conpound of

formul a IWO2B1vhesoei n R, R2, R3 are as defined in clai mC3/ER@0A6i835 | ower
al koxy. 23. A conpound of fornula Ix ag%ording to claim3, obtainable by a
process as defined in claim?2l1. 24. A cdnpound of fornula | according to
any of claims 1-21 for use as therapeutically active substance. 10 25. A
conpound @ﬁetﬁﬂﬂﬁ'ﬂnéazble@@é?ﬁ NG Q4 ARy Anid- ntFehyd-3 1difRio tbqluﬁ&aﬁﬁ 3.

i nhi bi tor E ﬁCEl and/ or 8E2 aCtIVIty 26. A conpound of formula I
accor di n§'? eI]é(y'mBTleclalns 1-21 for the use as therapeutically active

subst ance for the therapeutic and/ or prophylactic treatnment of di seases and
di sor der 85dhmctiyt-tranzedarbyxydir eacad dé-(3-3mmeyd-oiidy - ¢-alihydeontif-OF.4Joxaayb-obd
O|IgOﬂEr§mﬁ QaffideP- anyl oi d 15pl aques and further deposits, particularly

Al zhei mer' s’ di sease. 27. A conpound of formula I according to any of clains

1-21 for use, as th eutlcall ckive su r ra tic
and/or prégﬁnF§1 TER ed?’ th s ég(ﬁanm“bar E? %@& ypelgqﬁ) %e?es

28. A coﬂ%@hﬁﬂﬂdﬁﬂﬁ%rnula I accordlng to any of clains 1-21 for the use as
t herapeutically 20active substance for the therapeutic and/or prophylactic
t r eat mene,sabimatiy bihiophbiics3-tabeeyiit asidl [BE(OSinBno-AuB)hyl-at dlijded-2HHN @dxash-S;

WO

autoinnuggfk%#ﬁ_ ory di seases, cancer such as
2011/ 020806 0/ 061875 - 157 - breast cancer, cardi ovascul ar di seases
such as ocardial infarction and stroke, dernatonyQSItl Down' s Syndr one,

gast r o nt&iyrarazglectsabaxyliey o] A3 AR -PPPYE e diefeay o[ b logazdns3-y1)-
Hunt il6gt phengl]-Bisdease, i ncl usi on body myositis (IBM, inflamratory
reacti ons, Kaposi Sarcoma, Kostmann Di sease, |upus erythematosus,

nacrophagm@mqﬁtmxgﬁ@@e&bétﬁm hHHeTBk§ahﬂbQ9§£@&P3é%hﬂﬂhﬁzﬁgl@k@ﬁ%t@@ﬁlous
arthritis ant nmel anoma, multiple melona hedmatoi d arthriti's

Sj ogren @Vﬁgﬁﬁ ® Spi noCerebel | ar Ataxia 1, SpinoCerebellar Ataxia 7,

VWi ppl e' s Di sease or Wlson's Disease. 29. A phar maceuti cal conposition
conpri si h§-Ricldowrouidaiegf cafoxplid aacid alédbradiineg3 1thyhy, oefihyshrei A 1 #Hxdzindd a
phar macey pediylyandigcept abl e carrier and/or a pharmaceutically acceptable
10auxi | i ary substance 30. LBe of a conpound of formula | according to any

of cl.ai 1 for cture <0 t he

i o e 2 PSR PR TR s AT s Por i
I accordY%@h@EUaﬁwd®f clalns 1-21 for the manuf act ure of a nedlcanent for
the therapeutic and/or prophylactic treatnent of di seases and di sorders

15char acs-@hlozed-thflubevayled ridingdsbatylievalid Bne/aiindg3-anytlyd3 ;Is-dihm@aﬂt s
and/ or p[qukggg3g¢%ﬂggﬁzﬁﬁgefurther deposits, particularly Al zheimer's

di sease npourid of formula | according to any of clains 1-21
for the manufacture of a nedicanment for the therapeutic and/ or_ prophylactic

t r eat ment-(of-2oir{heeehoxy}pyiiting-arpriorxise 20d g 1ipagraigo-3-cyclopropyl-3, S-amiydro-
20 2H-[1,4]Joxazin-3-yl)-4-fluoro-phenyl]-amide,

5-(2,2,2-Trifluoro-ethoxy)-pyridine-2-carboxylic acid [3-(5-amino-3-methyl-3,6-dihydro-2H-
[1,4]oxazin-3-yl)-phenyl]-amide hydrochloride,

5-Chloro-pyridine-2-carboxylic acid [3-((R)-5-amino-3-methyl-3,6-dihydro-2H-[1,4]Joxazin-3-
yl)-phenyl]-amide,

25  5-Chloro-pyridine-2-carboxylic acid [3-((R)-5-amino-3-methyl-3,6-dihydro-2H-[1,4]oxazin-3-
yl)-4-fluoro-phenyl]-amide,

5-Chloro-pyridine-2-carboxylic acid [3-(5-amino-3-cyclopropyl-3,6-dihydro-2H-[1,4]Joxazin-3-
yl)-4-fluoro-phenyl]-amide,

5-Chloro-pyridine-2-carboxylic acid [3-(5-amino-3-methyl-3,6-dihydro-2H-[1,4]oxazin-3-yl)-
30 phenyl]-amide,



20 33 Use of a conpound of forrmula | according to any of clains 1-21 for
the manufacture of a nedicanent for the therapeutic and/or prophylactic

t r eat mentwof20ameagosophi c | ateral sclerosis (ALS), art er ipall/EPho100bI335 S,

aut oi nmune/ i nfl ammat ory di seases, cancgg such as breast cancer,

cardi ovascul ar di seases such as nyocar Pal infarction and stroke,
dermatonyositis, Down's Syndrome, gastrointestinal diseases, dioblastoma
nul tifor sn%;mo% @yﬁcﬁn@k-%%&%:hc"ﬁém [ NG BAINS-3- raéh%s@aﬁ%mlmhw%%mbpg 4.
nyositis § BE& nnatory reactions, Kaposl Sarconm, Kostmann Di sease,

| upus er P& WBQ ﬁacrophaglc nyofaSC||t|s juvenile idiopathic
arthritis, granulonatous arthritis, malignant nelanoma, multiple mel om,

r heumat of-€hire-Hriohes.- -2-Gjrbgprydia m&ﬁmmi@rﬁ-m@@&%éeiﬁhyém -H-dk#t loxazin-3-yl)-

Spi noCer ghal amidt axi a 7, \Wipple's Disease or Wlson's Disease. 30 34. Use
of a conpound of fornula I accordlng to any of clainms 1-21 for the use in

i nhi bit | BACE 2011/ 208 P2010/ 061875
- 158 ﬂﬁéﬁg Amm%nfleq%é rrers t;\lhzg? ing3 g‘%/‘ OCPB ena esqz!i-éf further
dep05|tspﬂwéh@ﬁbmbamnwnﬂ@zhelner S dlsease 36. Use of a conpound of
formula | according to clains 1-21 for the therapeutic and/or prophylactic
t r eat menN-[8f(5-NnaibeBasethyiad;d-dibydrardry| 1t4|pezid-Hiadetwso-plengil-4-ditgo-of a
conpound,; of &% mUda | according to clains 1-21 for the therapeutic and/or
pr ophyl ac 96 reat ment  of anyotrophic | ateral sclerosis (ALS), arterial

t hr onbosi s aut0|nnuneé§nfla tory djseases, E ? such aﬁ breast cancer,
car di ovaSddt@APedegayS s fihydro ﬁ%@aﬁr]%aam-% -Hh-RPepilohcee-2syasge

der netbony@sarhids, Down' s Syndrone, gastrointestinal di seases, diobl astona
mul ti forme, Graves Disease, Huntington's Disease, 10 inclusion body

myosi ti Sn(jbBMamih&l5LATRRIH- &ﬁh&@r@@ﬂ B”kﬁ@xagﬁhpﬁﬁ') p%{ﬂm dickRR)-BBIImid Sease,

| upus erythenatosus meicr ophagi ¢ nyofasciitis, juvenl e |d|opath|c

arthriti nul o ti | i el oma,
" heunat ok ar PRI ?Ene‘%%ﬁfé U OB G R B B S
SplnCerebeIIar Ataxia 7 Ie s Disease or Wlson's Disease. 38. A

met hod f Drl3t(hrebruiae 3imethyl QJWBV@H -26F [ BdeRzingh)-ohersAcEsh lete thepzamyde,
particularly for the 15 therapeutic and/or prophylactic treatnment of

di seasesNdAad5-dirsios-danahyidas-aibydni2Zze 4yxaeinedsal)-peryd|atnil @b -loev-bbizamitid/ or
p-anyl oid oligonmers and/or p-anyloid plaques and further deposits,

Al zhejismeg 3. (9 5Li88.8.mdh @R 8%y @b- 2WBe4]gxaQin§ﬁ?l§ AsuoilpihyRLMRF. coMpri ses
adnlnlsterln a conpound of fornu a [ "according to any of clains 1-21 to a
human beP%ﬁm%w‘anlnal 39. A nmethod for the use in inhibition of BACElL
and/ or BACE2 activity, particularly for the 20 therapeutic and/or

pr ophyl aByreging-2saboeric ofcidanisotsrophe-¢-heihdr3a-dibpdrer2ds| 1s4]1¢ vk 8)3-yrpheryi]al

t hr ombosjgide aldBiIBRHReLI Nf | anmat ory di seases, cancer such as breast cancer
cardi ovascul ar di seases such as nyocardial infarction and stroke,

der mat o 0 1S 0|nte a I sgase ohl.ast oma
nultlfogggam%gaVegb ggégé (?Hh%ﬁmgﬁEAB seaseg1 3%‘fﬁéﬁ%2HH?%¥“%?%§.t|s
(1 BM20 |Y|1f)-lpé€rmﬂta@rlgiﬁ reactions, Kap03| Sarcoma, Kostmann Di sease, 25 | upus
eryt hemat osus, macrophagi ¢ nyofasciitis, juvenile idiopathic arthritis,

gr anul ongi phusmaatdtiaily deptamt s @itkcoiel anoma, nultiple nmiel oma, rheumatoid
arthritis, Sjogren syndrone, SpinoCerebellar Ataxia 1, SpinoCerebellar
ALaxia 7o) WSS KEHERT G0 Uy WHlHAR: 900, SRRES i mENGobfUGRLIAR oFS-

descrlbed here|
hloro- pyrldlne 2-carboxylic acid [3-(5-amino-3-methyl-3,6-dihydro-2H-[1,4]Joxazin-3-yl)-

4-fluoro-phenyl]-amide and 5-Chloro-pyridine-2-carboxylic acid [3-((R)-5-amino-3-methyl-
25 3,6-dihydro-2H-[1,4]oxazin-3-yl)-4-fluoro-phenyl]-amide, or pharmaceutically acceptable

salts thereof.

22. A process for preparing a compound of formula Ix as defined in claim 3, which process

comprises amination of a compound of formula XXII,
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XXII T

to a compound of formula I’, which compound of formula I’ can optionally further react with a

thiation agent to the corresponding compound of formula 1"’

wherein R', R?, R are as defined in claim 3 and A is lower alkoxy.

23.

24.

25.

26.

27.

28.

A compound of formula Ix according to claim 3, obtainable by a process as defined in claim
21.

A compound of formula I according to any of claims 1-21 for use as therapeutically active

substance.

A compound of formula I according to any of claims 1-21 for the use as inhibitor of BACE1
and/or BACE2 activity.

A compound of formula I according to any of claims 1-21 for the use as therapeutically
active substance for the therapeutic and/or prophylactic treatment of discases and disorders
characterized by elevated S-amyloid levels and/or f-amyloid oligomers and/or S-amyloid
plaques and further deposits, particularly Alzheimer's disease.

A compound of formula I according to any of claims 1-21 for the use as therapeutically
active substance for the therapeutic and/or prophylactic treatment of diabetes, particularly
type 2 diabetes.

A compound of formula I according to any of claims 1-21 for the use as therapeutically
active substance for the therapeutic and/or prophylactic treatment of amyotrophic lateral

sclerosis (ALS), arterial thrombosis, autoimmune/inflammatory diseases, cancer such as
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breast cancer, cardiovascular diseases such as myocardial infarction and stroke,
dermatomyositis, Down’s Syndrome, gastrointestinal discases, Glioblastoma multiforme,
Graves Disease, Huntington’s Disease, inclusion body myositis (IBM), inflammatory
reactions, Kaposi Sarcoma, Kostmann Disease, lupus erythematosus, macrophagic
myofasciitis, juvenile idiopathic arthritis, granulomatous arthritis, malignant melanoma,
multiple micloma, rheumatoid arthritis, Sjogren syndrome, SpinoCerebellar Ataxia 1,
SpinoCerebellar Ataxia 7, Whipple’s Disease or Wilson’s Disease.

A pharmaceutical composition comprising a compound of formula I according to any of
claims 1-21 and a pharmaceutically acceptable carrier and/or a pharmaceutically acceptable

auxiliary substance.

Use of a compound of formula I according to any of claims 1-21 for the manufacture of a
medicament for the use in inhibition of BACE1 and/or BACE2 activity.

Use of a compound of formula I according to any of claims 1-21 for the manufacture of a
medicament 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, particularly Alzheimer's disease.

Use of a compound of formula I according to any of claims 1-21 for the manufacture of a
medicament for the therapeutic and/or prophylactic treatment of diabetes, particularly type 2
diabetes.

Use of a compound of formula I according to any of claims 1-21 for the manufacture of a
medicament for the therapeutic and/or prophylactic treatment of amyotrophic lateral sclerosis
(ALS), arterial thrombosis, autoimmune/inflammatory diseases, cancer such as breast cancer,
cardiovascular diseases such as myocardial infarction and stroke, dermatomyositis, Down’s
Syndrome, gastrointestinal diseases, Glioblastoma multiforme, Graves Disease, Huntington’s
Discase, inclusion body myositis (IBM), inflammatory reactions, Kaposi Sarcoma, Kostmann
Disease, lupus erythematosus, macrophagic myofasciitis, juvenile idiopathic arthritis,
granulomatous arthritis, malignant melanoma, multiple mieloma, rheumatoid arthritis,
Sjogren syndrome, SpinoCerebellar Ataxia 1, SpinoCerebellar Ataxia 7, Whipple’s Disease

or Wilson’s Disease.

Use of a compound of formula I according to any of claims 1-21 for the use in inhibition of
BACE1 and/or BACE2 activity.

Use of a compound of formula I according to claims 1-21 for the therapeutic and/or

prophylactic treatment of diseases and disorders characterized by elevated B-amyloid levels
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37.

38.

39.

40.
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and/or B-amyloid oligomers and/or B-amyloid plaques and further deposits, particularly

Alzheimer's disease.

Use of a compound of formula I according to claims 1-21 for the therapeutic and/or

prophylactic treatment of diabetes, particularly type 2 diabetes.

Use of a compound of formula I according to claims 1-21 for the therapeutic and/or
prophylactic trecatment of amyotrophic lateral sclerosis (ALS), arterial thrombosis,
autoimmune/inflammatory diseases, cancer such as breast cancer, cardiovascular diseases
such as myocardial infarction and stroke, dermatomyositis, Down’s Syndrome,
gastrointestinal diseases, Glioblastoma multiforme, Graves Disease, Huntington’s Disease,
inclusion body myositis (IBM), inflammatory reactions, Kaposi Sarcoma, Kostmann Discase,
lupus erythematosus, macrophagic myofasciitis, juvenile idiopathic arthritis, granulomatous
arthritis, malignant melanoma, multiple mieloma, rheumatoid arthritis, Sjogren syndrome,

SpinoCerebellar Ataxia 1, SpinoCerebellar Ataxia 7, Whipple’s Disease or Wilson’s Disease.

A method for the use in inhibition of BACEI and/or BACE2 activity, particularly for the
therapeutic and/or prophylactic treatment of diseases and disorders characterized by elevated
B-amyloid levels and/or -amyloid oligomers and/or S-amyloid plaques and further deposits,
Alzheimer's discase, diabetes or type 2 diabetes, which method comprises administering a

compound of formula I according to any of claims 1-21 to a human being or animal.

A method for the use in inhibition of BACE1 and/or BACE2 activity, particularly for the
therapeutic and/or prophylactic treatment of amyotrophic lateral sclerosis (ALS), arterial
thrombosis, autoimmune/inflammatory diseases, cancer such as breast cancer, cardiovascular
diseases such as myocardial infarction and stroke, dermatomyositis, Down’s Syndrome,
gastrointestinal diseases, Glioblastoma multiforme, Graves Disease, Huntington’s Discase,
inclusion body myositis (IBM), inflammatory reactions, Kaposi Sarcoma, Kostmann Disease,
lupus erythematosus, macrophagic myofasciitis, juvenile idiopathic arthritis, granulomatous
arthritis, malignant melanoma, multiple mieloma, rheumatoid arthritis, Sjogren syndrome,

SpinoCerebellar Ataxia 1, SpinoCerebellar Ataxia 7, Whipple’s Disease or Wilson’s Disease.

The invention as described hereinabove.
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