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5,6-DIHYDRO-2H-[1,4|OXAZIN-3-YL-AMINE DERIVATIVES USEFUL AS
INHIBITORS OF BETA-SECRETASE (BACE)

FIELD OF THE INVENTION

The present invention relates to novel 5,6-dihydro-2H-{1,4Joxazin-3-ylamine
derivatives as inhibitors of beta—secretase, also known as beta-site amyloid cleaving
enzyme, BACE, BACE]1, Asp2, or memapsin2. The invention is aiso directed to
pharmaceutical compositions comprising such compounds, to processes for preparing
such compounds and compositions, and to the use of such compounds and
compositions for the prevention and treatment of disorders in which beta-secretase is
mvolved, such as Alzheimer's disease (AD)), mild cognitive impairment, senility,
dementia, dementia with Lewy bodies, Down's syndrome, dementia associated with
siroke, dementia associated with Parkinson's disease and dementia associated with beta-
amyloid.

BACKGROUND OF THE INVENTION

Alzheimer's Disease {AD) is a neurodegenerative disease associated with aging,
AD patients suffer from cognition deficits and memory loss as well as behavioral
problems such as anxiety. Over 90% of those afflicted with AD have a sporadic form of
the disorder while less than 10% of the cases are familial or hereditary. In the United
States, about 1 in 10 people at age 65 have AD while at age 85, 1 out of every two
individuals are affected with AD. The average life expectancy from the initial diagnosis
i3 7-10 years, and AD patients require extensive care either in an assisted living facility
which 1s very costly or by family members. With the increasing number of elderly in
the population, AD is a growing medical concern. Currently available therapics for AD
merely treat the symptoms of the disease and include acetylcholinesterase inhibitors to
improve cognitive properties as well as anxiolytics and antipsychotics to control the

behavioral problems associated with this ailment,

The hallmark pathological features in the brain of AD patients are neurofibillary
tangles which are generated by hyperphosphorylation of tau protein and amyloid
plaques which form by aggregation of beta-amyloid 1-42 (Abeta [-42) peptide. Abeta
1-42 forms oligomers and then fibrils, and ultimately amyloid plagues. The oligomers
and fibrils are believed to be especially neurotoxic and may cause most of the
neurological damage associated with AD. Agents that prevent the formation of Abeta
1-42 have the potential to be discase-modifying agents for the treatment of AD. Abeta
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1-42 is generated from the amyloid precursor protein (APP), comprised of 770 amino
acids. The N-terminus of Abeta 1-42 is cleaved by beta-secretase (BACE), and then
gamma-secretase cleaves the C-terminal end. In addition to Abeta 1-42, gamma-
secretase also liberates Abeta 1-40 which is the predominant cleavage product as well
as Abeta 1-38 and Abeta 1-43. These Abeta forms can also aggregate to form oligomers
and fibrils. Thus, inhibitors of BACE would be expected to prevent the formation of
Abeta 1-42 as well as Abeta 1-40, Abeta 1-38 and Abeta 1-43 and would be potential
therapeutic agents in the treatment of AD.

W0O-2011/009943 (Novartis) discloses unsubstituted and 2-substituted oxazine
derivatives and their use as BACE inhibitors for the treatment of neurological
disorders. W(-2011/020806 {Hoffmann-LaRoche) discloses 2,6-unsubstituted 3-
amino-5-phenyl-5,6-dihydro-2H-[1,4]oxazine derivatives having BACE1 and /or
BACE2 inhibitory properties.

SUMMARY
In one aspect, the present disclosure is directed to 5,6-dihydro-2H-[1,4]oxazin-

3-ylamine derivatives of Formula

] 3
R R
R 0. _r*
S RS4
L b
X,
Xz

and the tautomers and the stereoisomeric forms thereof, wherein

R', R% R?, RY are independently selected from the group consisting of hydrogen,
fluoro, cyano, C).salkyl, mono- and polyhalo-Cy.salkyl, and Cs.¢cvcloalkyl; or
R' and R?, or R* and R* taken together with the carbon atom to which they are attached

may form a C; scycloalkanediyl ring;

R’ is selected from the group consisting of hydrogen, Cy.;alkyl, cyclopropyl, mono- and
polyhalo-C;salkyl, homoaryl and heteroaryl;

X!, X2, X3, X* are independently C(R% or N, provided that no more than two thereof
represent N; each R® is selected from the group consisting of hydrogen, halo, C;alkyl,
mono- and polyhalo-Cjsalkyl, cyano, C;salkyloxy, mono- and polyhalo-C;salkyloxy;

L is a bond or -N(R")CO-, wherein R’ is hydrogen or C;.salkyl;
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Ar is homoaryl or heteroaryl;

wherein homoaryl is phenyl or pheny! substituted with one, two or three substituents
selected from the group consisting of halo, cyano, Cyaalkyl, Cialkvloxy, mono- and
polyhalo-C;_salkyl, mono-and polyhalo-C;.;alkyloxy;

heteroaryl is selected from the group consisting of pyridyl, pyrimidyl, pyrazyl,
pyridazyl, furanyl, thienyl, pyrrolyl, pyrazolyl, imidazolyl, triazolyl, tetrazolyl,
thiazolyl, isothiazolyl, thiadiazolyl, oxazolyl, isoxazolyl, and oxadiazolyl, each
optionally substituted with one, two or three substituents selected from the group
consisting of halo, cyano, Cy.salkyl, Csalkynyl, Ci;alkyloxy, mono- and polyhalo-
Ci.aalkyl, mono- and polyhalo-Ci salkyloxy, and C;alkyloxyCsalkyloxy;

and the addition salts and the solvates thereof.

Illustrative of the disclosure is a phamiaceutical composition comprising a
pharmaceutically acceptable carrier and any of the compounds described above. In a
second aspect, the present disclosure is directed to a pharmaceutical composition
comprising a therapeutically effective amount of a compound as defined above and a
pharmaceutically acceptable carrier. An illustration of the disclosure is a
pharmaceutical composition made by mixing any of the compounds described above
and a pharmaceutically acceptable carrier. llustrating the disclosure is a process for
making a pharmaceutical composition comprising mixing any of the compounds
described above and a pharmaceutically acceptable carrier. In a third aspect, the present
disclosure is directed to a process for preparing a pharmaceutical composition as
defined above, characterized in that a pharmaceutically acceptable carrier is intimately

mixed with a therapeutically effective amount of a compound as defined above.

Exemplifying the disclosure are methods of treating a disorder mediated by the
beta-secretase enzyme, comprising administering to a subject in need thereof a
therapeutically effective amount of any of the compounds or pharmaceutical
compositions described above.

Further exemplifying the disclosure are methods of inhibiting the beta-secretase
enzyme, comprising administering to a subject in need thereof a therapeutically
effective amount of any of the compounds or pharmaceutical compositions described

above,
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An example of the disclosure is a method of treating a disorder selected from
the group consisting of Alzheimer's disease, mild cognitive impairment, senility,
dementia, dementia with Lewy bodies, Down's syndrome, dementia associated with
stroke, dementia associated with Parkinson's disease and dementia associated with beta-
amyloid, preferably Alzheimer's disease, comprising administering to a subject in need
thereof, a therapeutically effective amount of any of the compounds or pharmaceutical

compositions described above.
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Another example of the disclosure is any of the compounds described above for
use in treating: (a) Alzheimer's Disease, (b) mild cognitive impairment, (¢} senility, (d)
dementia, (¢) dementia with Lewy bodies, (f) Down's syndrome, (g} dementia
associated with stroke, (h) dementia associated with Parkinson's disease and (i)
dementia associated with beta-amyloid, in a subject in need thereof. Hence, in a fourth
aspect, the present disclosure is directed to a compound as defined above for use in the
treatment, prevention or prophylaxis of Alzheimer's disease (AD), mild cognitive
impairment, senility, dementia, dementia with Lewy bodies, Down's syndrome,
dementia associated with stroke, dementia associated with Parkinson's disease or
dementia associated with beta-amyloid.

DETAILED DESCRIPTION OF THE INVENTION

The present invention is directed to compounds of formula (I) as defined
hereinbefore, and pharmaceutically acceptable salts thereof. The compounds of formula
(1) are inhibitors of the beta-secretase enzyme (also known as beta-site cleaving
enzyme, BACE, BACE!L , Asp2 or memapsin 2), and are useful in the treatment of
Alzheimer's disease, mild cognitive impairment, senility, dementia, dementia
associated with stroke, dementia with Lewy bodies, Down's syndrome, dementia
associated with Parkinson's disease and dementia associated with beta-amyloid,
preferably Alzheimer's disease, mild cognitive impairment or dementia, more

preferably Alzheimer's disease.

In particular the present invention is directed to 6-substituted 5,6-dihydro-2H-

[1,4]oxazin-3-ylamine derivatives of Formula (I)

2 3
R R
R} 0 r*
2 R 4
HN” N XYL\N
L Ls
X

\X2

and the tautomers and the stereoisomeric forms thereof, wherein

R', R? and R’ are independently selected from the group consisting of hydrogen, fluoro,
cyano, C;_salkyl, mono- and polyhalo-C;.;alkyl, and Cs.cycloalkyl;
R* is fluoro or triflucromethyl; or
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R! and R?, or R? and R* taken together with the carbon atom to which they are attached

may form a Cs¢cycloalkanediyl ring;

R’ is selected from the group consisting of hydrogen, Ci.alkyl, cyclopropyl, mono- and
polyhalo-C, salkyl, homoaryl and heteroaryl;
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X', X%, X3, X are independently C(R®) or N, provided that no more than two thereof
represent N; each R® is selected from the group consisting of hydrogen, halo, Caalkyl,
mono- and polyhalo-Cjalkyl, cyano, Cjsalkyloxy, mono- and polyhalo-Cy_salkyloxy;

L is a bond or -N(R"YCO-, wherein R’ is hydrogen or Cialkyl;

Ar is homoary! or heteroaryl;

wherein homoaryl is phenyl or phenyl substituted with one, two or three substituents
selected from the group consisting of halo, cyano, Cyaalkyl, C)salkyloxy, mono- and
polyhale-C; salkyi, mono-and polyhalo-C, zalkyloxy;

heteroaryl is selected from the group consisting of pyridyl, pyrimidyl, pyrazyl,
pyridazyl, furanyl, thienyl, pyrrolyl, pyrazolyl, imidazolyl, triazolyl, tetrazolyl,
thiazolyl, isothiazolyl, thiadiazolyl, oxazolyl, isoxazolyl, and oxadiazolyl, each
optionally substituted with one, two or three substituents selected from the group
consisting of halo, cyano, Cysalkyl, C;salkynyl, C;.aalkyloxy, mono- and polyhalo-
Cisalkyl, mono- and polyhalo-C, salkyloxy, and CiaalkyloxyCisalkyloxy;

and the addition salts and the solvates thereof.

Compounds according to the invention wherein R” is an electronegative group
such as fluoro or trifluoromethyl are more easily retained in the brain than prior art
compounds lacking such electronegative groups in the 6 position of the oxazine
because they are poorer substrates for permeability glycoprotein (PGP) which pumps

xenobiotics out of the brain.

In an embodiment L is a direct bond.

In an embodiment L is a direct bond, and Ar 1s phenyl; pheny! substituted with one or
two substituents selected from the group of hale, cyano, trifluoromethyl,
trifluvoromethoxy and Cisalkyloxy; pyridinyl; pyridinyi substituted with methyl, halo,
methoxy, ethoxy or cyano; or pyrimidinyl.

In an embodiment L is a direct bond, X' is N, CH or CF, and X?, X° and X* are CH.

In an embodiment L is a direct bond, X" is N, X’ is CH or CF, X% and X" are CH.

In an embodiment L is a direct bond, R® is methyl.
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In an embodiment L is a direct bond, R® is cyclopropvl.
In an embodiment L is a direct bond, R” is ethyl.

In an embodiment according to the invention, R', R* and R” are hydrogen, R” is fluoro
and L is ~-N(R"YCO- wherein R’ is hydrogen.

In an embodiment according to the invention, R', R? and R® are hydrogen, R" is fluoro,

L is -N(R")CO- wherein R is hydrogen, and R is methyl, ethyl or cyclopropyl.

In an embodiment according to the invention, R}, R* and R are hydrogen, R* is fluoro,
L is ~N(R")CO- wherein R is hydrogen, R” is methyl, ethyl or cyclopropyl, X2, X* and
X*are CH, and X' is CH, CF or N,

In an embodiment according to the invention, R', R? and R? are hydrogen, R* is fluoro,
L is ~N(R")CO- wherein R’ is hydrogen, R’ is methyl, ethyl or cyclopropyl, and Ar is
pyridyl, or pyrazyl, each optionally substituted with one or two substituents selected
from halo, cyano, methoxy, trifluoroethoxy and difluoromethyl.

In an embodiment according to the invention, R, R* and R® are hydrogen, R*is fluoro,
L is -N(R")CO- wherein R is hydrogen, R” is methyl, ethyl or cyclopropyl, and Ar is
pyridyl, or pyrazyl, cach optionally substituted with one or two substituents selected
from halo, cyano, methoxy, trifluoroethoxy and difluoromethyl, and the 5 and 6
position of the dihydro-2H-[1,4]oxazin ring have both the R configuration.

In an embodiment according to the invention, R' R? and R? are hydrogen, R* is fluoro,
L is -N(RYCO- wherein R is hydrogen, R’ is methyl or cyclopropyl, and Ar is
sclected from the group consisting of 5-methoxypyrazyl, 5-ethoxypyrazyl, 5-(2,2,2-
trifluoroethoxy)-pyrazyl, 3-cyano-pyridin-2-yl, 5-chloro-pyridin-2-yl, 3,5-dichloro-
pyridin-2-yl, 3-fluoro-5-chloro-pyridin-2-yi, 3-chloro-5-cyano-pyridin-2-yl, and 5-
cyanopyridin-3-yL

In an embodiment according to the invention, R', R* and R’ are hydrogen, R” is
triffuoromethyl and L is -N(R"YCO- wherein R is hydrogen.
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In an embodiment according to the invention, R', R? and R? are hydrogen, R* is
trifluoromethyl, L is -N(RYCO- wherein R’ is hydrogen, and R’ is methyl, cthyl or
cyclopropyl.

In an embodiment according to the invention, R!, R* and R® are hydrogen, Ris
trifluoromethyl, L is -N(R")CO- wherein R’ is hydrogen, R’ is methyl, ethyl or
cyclopropyl, X?, X° and X" are CH, and X' is CH, CF or N,

In an embodiment according to the invention, R', R* and R’ are hydrogen, R* is
trifluoromethyl, L is -N(R"}CO- wherein R’ is hydrogen, R’ is methyl, ethyl or
cyclopropyl, and Ar is pyridyl or pyrazyl, cach optionally substituted with one or two
substituents selected from halo, cyano, methoxy, trifluoroethoxy and difluoromethyl,
and the 5 and 6 position of the dihydro-2H-[1,4]oxazin ring have both the R
configuration.

In an embodiment according to the invention, R', R? and R? are hydrogen, R” is
trifluoromethyl, L is -N(R"CO- wherein R’ is hydrogen, R’ is methyl or cyclopropyl,
and Ar is selected from the group consisting of 4-pyrimidyl, 3-methoxv-pyrazyl, 5-
ethoxypyrazyl, 5-(2,2,2-trifluoroethoxy)pyrazyl, 5-cyanopyridin-2-yl, 5-chloro-pyridin-
2-yl, 3,5-dichloro-pyridin-2-yl, 3-fluoro-5-chloro-pyridin-2-yl, 3-chloro-5-cyano-
pyridin-2-yl, 5-methoxypyridin-3-yt and 5-cyanopyridin-3-yl.

In an embodiment according to the invention, R' and R* are hydrogen, R? is fluoro, R?
is triffuoromethyl, and L is -N(R")YCO- wherein R is hydrogen.

In an embodiment according to the invention, R and R are hydrogen, R? is fluoro, R*
is trifluoromethyl, L is ~N(R")CO- wherein R” is hydrogen, and R’ is methyl, ethyl or
cyclopropyl.

In an embodiment according to the invention, R' and R? are hydrogen, R’ is fluoro, R
is trifluoromethyl, L is -N(R"YCO- wherein R’ is hydrogen, R’ is methyl, ethyl or
cyclopropyl, X%, X* and X* are CH, and X' is CH, CF or N.

In an embodiment according to the invention, R' and R” are hydrogen, R? is fluoro, R?
is trifluoromethyl, 1. is “N(R")YCO- wherein R is hydrogen, R’ is methyl, ethyl or
cyclopropyl, and Ar is pyridyl or pyrazyl, each optionally substituted with one or two
substituents selected from halo, cyano, methoxy, trifluoroethoxy and difluoromethyl,
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and the 5 and 6 position of the dihydro-2H-[1,4]oxazin ring have both the R
configuration.

In an embodiment according to the invention, R' and R? are hydrogen, R® is fluoro, R*
is trifluoromethyl, L is -N(R"YCO- wherein R is hydrogen, R® is methyl, ethyl or
cyclopropyl, and Ar is selected from the group consisting of 4-pyrimidyl, 5-methoxy-
pyrazyl, S-ethoxypyrazyl, 5-(2,2,2-trifluoroethoxy)pyrazyl, S-cyanopyridin-2-yl, 5-
chloro-pyridin-2-vi, 3,5~dichloro-pyridin-2-vl, 3-fluoro-5-chloro-pyridin-2-yl, 3-chloro-
S-cyano-pyridin-2-yl, 5-methoxypyridin-3-yi and 5-cyanopyridin-3-yl.

In an embodiment of the present invention, R' R R’ R*are mdependently selected
from. the group consisting of hydrogen, fluoro, cyano, Cysalkyl, mono- and polyhalo-
Cisalkyl, and Csscycloalkyl; or

R and R*, or R” and R* taken together with the carbon atom to which they are attached
may form a Csscycloalkanediyl ring;

R is selected from the group consisting of hydrogen, C;.salkyl, cyclopropyl, mono- and
polyhalo-C; salkyi, homoaryl and heteroaryl;

X!, X4, X3, X* are independently C(R%) or N, provided that no more than two thercof
represent N; each R® is sclected from the group consisting of hydrogen, halo, Ciaalkyl,
mono- and polyhalo-C\salkyl, cyano, Cpaalkyloxy, mono- and polyhalo-Ci salkyloxy;

L is a bond or -N(R"YCO-, wherein R’ is hydrogen or Cyaalkyl;

Ar 18 homoaryl or heteroaryl; _

homoaryl is phenyl or phenyl substituted with one, two or three substituents selected
from the group consisting of halo, cyano, Crsalkyl, Cyaalkyloxy, mono- and
polyhalo-Ciaalkyl, mono- and polyhalo-Ci aalkyloxy,

heteroaryl is selected from the group consisting of pyridyl, pyrimidyl, pyrazyl,
pyridazyl, furanyi, thienyl, pyrrolyl, pyrazolyl, imidazolyl, triazolyl, tetrazolyl,
thiazolyl, isothiazolyl, thiadiazolyl, oxazolyl, isoxazolyl, and oxadiazolyl, cach
optionally substituted with one, two or three substituents selected from the group
consisting of halo, cyano, Cysalkyl,

Ciaalkyloxy, mono- and polyhalo-C; zalkyl,

and the addition salts and the solvates thercof,
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In an embodiment of the invention, R', R%, R®, R* are independently selected
from the group consisting of hydrogen, fluoro, cyano, and polyhalo-C; zalkyl; or
R' and R?, taken together with the carbon atom to which they arc attached may form a
Ciscycloalkanediyl ring;

R® is Ciaalkyl, cyclopropyl or trifluoromethyl;

X', X2, X2, X are independently C(R®) wherein each R® is selected from hydrogen and
halo; X! may also be N;

L is a bond or -N(R")CO-, wherein R’ is hydrogen;

Ar 1s homoaryl or heteroaryl;

homoaryl is phenyl or phenyl substituted with one or two substituents selected from the
group consisting of halo, cyano, Cyaalkyl, and C;zalkyloxy;

heteroaryl is seiected from the group consisting of pyridyl, pyrimidyl, and pyrazyl, cach
optionally substituted with one or two substituents selected from the group consisting
of halo, cyano, Cy.salkyl, Cisalkyloxy, polyhaloCy salkyl and polyhaloC; salkyloxy or
an addition salt ot a solvate thereof.

In an embodiment of the present invention, RY R R R are mdependently
selected from the group consisting of hydrogen, fluoro, cyano, and polyhalo-Cy_salkyl;
or
R' and R?, taken together with the carbon afom to which they are attached may form a
Csgcycloalkanediyl ring;

R’ is Cyalkyl;

X', X%, 3%, X* are independently C(R®) wherein each R is selected from hydrogen and
halo;

L is a bond or -N(R"YCO-, wherein R’ is hydrogen;

Ar 18 homoaryl or heteroaryl;

homoaryl 1s phenyl or phenyl substituted with one or two substituents selected from the
group consisting of halo, cyano, Cy.aalkyl, and Cjsalkyloxy;
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heteroaryl 1s selected from the group consisting of pyridyl, pyrimidyl, and pyrazyl, each
optionally substituted with one or two substituents selected from the group consisting
of halo, cyano, Cy.aalkyl, and C)alkyloxy; or

an addition salt or a solvaie thereof.

In another embodiment of the present invention, R and R* are independently
selected from the group consisting of hydrogen, fluoro, cyano, and trifluoromethyl; or
R' and R” taken together with the carbon atom to which they are attached may form a
cyclopropyl ring;

R* and R* are both hydrogen;

R’ is methyl;

X! and X? are CH or CF,
X* and X* are CH;

L is a bond or -N{R"CO-, wherein R is hydrogen;

Ar 18 homoaryl or heteroaryl;

homoaryl is phenyl or phenyl substituted with one or two substituents selected from
chloro and cyano;

heteroaryl 1s selected from the group consisting of pyridyl, pyrimidyl, and pyrazyl, cach
optionaily substituted with one or two substituents selected from the group consisting
of chloro, fiuoro, cyano, methyl, and methoxy; or

an addition salt or a solvate thereof.

In another embodiment of the present invention, R’ and R” are independently
selected from the group consisting of hydrogen, fluoro, cyano, and trifluoromethyl; or
R and R® taken together with the carbon atom to which they are atiached may form a
cyclopropyl ring;

R* and R* are both hydrogen;
R’ is methyl;

xXh X5 X3, X are CH;

L is a bond or -N(R")CO-, wherein R” is hydrogen:
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Aris homoaryl or heteroaryl;

homoaryl 1s phenyl or phenyl substituted with one or two substituents selected from
chloro and cyano;

heteroaryl is selected from the group consisting of pyridyl, pyrimidyl, and pyrazyl, each
optionally substituted with one or two substituents selected from the group consisting
of chloro, fluoro, cyano, methyl, and methoxy; or

an addition salt or a solvate thereof,

In another embodiment of the present invention, R' and R* are both hydrogen;
R and R” are independently selected from the group consisting of hydrogen, fluoro,
and trifluoromethyl;

R’ is methyl;

X! and X* are CH or CF;
X* and X* are CH;

L is 2 bond or -N{R")CO-, wherein R is hydrogen;

Ar is homoaryl or heteroaryl;

homoaryl 1s phenyl or phenyl substituted with one or two substituents selected from
chlore and cyano,

heteroaryl is selected from the group consisting of pyridyl, pyrimidyl, and pyrazyl, each
optionally substituted with one or two substituents selected from the group consisting
of chloro, fluoro, cyano, methyl, and methoxy; or

an addition salt or a solvate thereof,

DEFINITIONS

“Halo” shall denote fluoro, chloro and bromo; “Cy.zalkyl” shall denote a straight
or branched saturated alkyl group having 1, 2 or 3 carbon atoms, e.g. methyl, ethyl,
1-propyl and 2-propyl; “C;salkyloxy™ shall denote an ether radical wherein Cy.salky!
is as defined before; “mono- and polyhaloCiaalkyl™ shall denote Cpsalkyl as defined
before, substituted with 1, 2, 3 or where possible with more halo atoms as defined
before; “mono- and polyhaloC; .salkyloxy™ shall denote an ether radical wherein mono-
and polyhaloC; salkyl is as defined before; “Cascycloalkyl” shall denote cyclopropyl,



10

15

20

25

30

WO 2011/154431 PCT/EP2011/059441

-12-

cyclobutyl, cyclopentyl and cyclohexyl; “Cagcycloalkanediyl” shall denote a bivalent
radical such as cyclopropanediyl, cyclobutanediyl, cyclopentanediyl and
cyclohexanediyl.

The term "subject” as used herein, refers to an animal, preferably a mammal,
most preferably a human, who is or has been the object of treatment, observation or
experiment.

The term "therapeutically effective amount” as used herein, means that amount
of active compound or pharmaceutical agent that elicits the biological or medicinal
response in a tissue system, animal o human that is being sought by a researcher,
veterinarian, medical doctor or other clinician, which includes alleviation of the

symptoms of the disease or disorder being treated.

As used herein, the term "composition” is intended to encompass a product
comprising the specified ingredients in the specified amounts, as well as any product
which results, directly or indirectly, from combinations of the specified ingredients in
the specified amounts.

Hereinbefore and hereinafier, the term “compound of formula (I)” is meant to

inchude the addition saits, the solvates and the stereoisomers thereof.

The terms “stereoisomers” or “stereochernicaily isomeric forms” hereinbefore
or hereinafter are used interchangeably.

The mvention includes all stereoisomers of the compound of Formula (I) either

as a pure stereoisomer or as a mixture of two or more stereoisomers.

Enantiomers are stereoisomers that are non-superimposable mirror images of
each other. A 11 mixture of a pair of enantiomers is a racemate or racemic mixture.
Diastercomers (or diastercoisomers) are stercoisomers that are not enantiomers, i.e.
they are not related as mirror images. If a compound contains a double bond, the
substituents may be in the E or the Z configuration. If & compound contains a
disubstituted cycloalkyl group, the substituents may be in the cis or trans configuration.
Therefore, the invention includes enantiomers, diastereomers, racemates, E isomers, 7

isomers, ¢is isomers, trans isomers and mixtures thereof.

The absolute configuration is specified according to the Cahn-Tngold-Prelog
system. The configuration at an asymmetric atom is specified by either R or S.
Resolved compounds whose absolute configuration is not known can be designated by

(1) or () depending on the direction in which they rotate plane polarized light.
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When a specific stereoisomer is identified, this means that said stereoisomer is
substantially free, 1.e. associated with less than 50%, preferably less than 20%, more
preferably less than 10%, even more preferably less than 5%, in particular less than 2%
and most preferably less than 1%, of the other isomers. Thus, when a compound of
formula (1) 1s for instance specified as (R}, this means that the compound is
substantially free of the (S) isomer; when a compound of formula (I) is for instance
specified as E, this means that the compound 1s substantially free of the Z isomer; when
a compound of formula (I) is for instance specified as cis, this means that the
compound is substantially free of the trans isomer.

For use in medicine, the salts of the compounds of this invention refer to non-
toxic "pharmaceutically acceptable salts". Other saits may, however, be useful in the
preparation of compounds according to this mvention or of their pharmaceutically
acceptable salts. Suitable pharmaceutically acceptable salts of the compounds include
acid addition salts which may, for example, be formed by mixing a solution of the
compound with a solution of a pharmaccutically acceptable acid such as hydrochloric
acid, sulfuric acid, fumaric acid, maleic acid, succinic acid, acetic acid, benzoic acid,
citric acid, tartaric acid, carbonic acid or phosphoric acid. Furthermore, where the
compounds of the invention carry an acidic moicty, suitable pharmaceutically
acceptable salts thereof may mclude alkali metal salts, e.g., sodium or potassium salts;
alkaline earth metal salts, e.g., calcium or magnesium salts; and salts formed with

suitable organic ligands, e.g., quaternary ammonium salts.

Representative acids which may be used in the preparation of pharmaceutically
acceptable salts include, but are not limited to, the following: acetic acid, 2,2~
dichloroactic acid, acylated amino acids, adipic acid, alginic acid, ascorbic acid, L-
aspartic acid, benzenesuifonic acid, benzoic acid, 4- acetamidobenzoic acid, (+)-
camphoric acid, camphorsulfonic acid, capric acid, caproic acid, caprylic acid,
ctanamic acid, citric acid, eyclamic acid, ethane-1,2-disulfonic acid, ethanesulfonic
acid, 2-hydroxy-ethanesulfonic acid, formic acid, fumaric acid, galactaric acid, gentisic
acid, glucoheptonic acid, D-gliconic acid, D-glucoronic acid, L-glutamic acid, beta-
oxo-glutaric acid, glycolic acid, hippuric acid, hydrobromic acid, hydrochloric acid,
(+)-L-lactic acid, (x)-DL-lactic acid, lactobionic acid, maleic acid, (-)-L-malic acid,
malonic acid, (+)-DIL-mandelic acid, methanesulfonic acid, naphthalene-2-sulfonic
acid, naphthalene-1,5- disulfonic acid, 1-hydroxy-2-naphthoic acid, nicotinic acid,
nitric acid, oleic acid, orotic acid, oxalic acid, palmitic acid, pamoic acid, phosphoric

acid, L- pyroglutamic acid, salicylic acid, 4-amino-salicylic acid, sebacic acid, stearic



10

15

20

25

30

WO 2011/154431 PCT/EP2011/059441

- 14 .

acid, succinic acid, sulfuric acid, tannic acid, (+)-L-tartaric acid, thiocyanic acid,
p-toluenesulfonic acid, trifluoromethytsulfonic acid, and undecylenic acid.
Representative bases which may be used in the preparation of pharmaceutically
acceptable salts include, but are not limited to, the following: ammonia, L-arginine,
benethamine, benzathine, calcium hydroxide, choline, dimethylethanolamine,
diethanolamine, diethylamine, 2-(diethylamino)-ethanol, ethanolamine, ethylene-
diamine, N-methyl-glucamine, hydrabamine, 1H-imidazole, L-lysine, magnesium
hydroxide, 4-(2-hydroxyethyl)-morpholine, piperazine, potassium hydroxide, 1-(2-
hydroxycthyi)-pyrrolidine, secondary amine, sodium hydroxide, triethanolamine,
tromethamine and zine hydroxide.

The chemical names of the compounds of the present invention were generated

according to the nomenclature rules agreed upon by the Chemical Abstracts Service.

Some of the compounds according to formula (I) may also exist in their
tautomeric form. Such forms although not explicitly indicated in the above formula are

intended to be included within the scope of the present invention.

Preparation of the compounds

Experimental procedure 1

The final compounds according to Formula (1), can be prepared by reacting an
mtermediate compound of Formula (IT) with an appropriate source of ammonia such as,
for example, ammonium chloride or aqueous ammonia, according to reaction scheme
{1}, a reaction that 1s performed in a suitable reaction-inert solvent, such as, for
example, water or methanol, under thermal conditions such as, for example, heating the
reaction mixture at 60 °C, for example for 6 hours. In reaction scheme (1), alf variables
are defined as in Formula (I).

1 RZ 1 R"

"ammonia source”

l \ L. AT H,N i \ L. Ar
X\ X XA X
(II) 2 2

Reaction Scheme 1

Experimental procedure 2

The final compounds according to Formula (I-a) where in L is -N(RHCO-, can
be prepared by reacting an intermediate compound of Formula (I1-a} with a compound

of Formula (IV) according to reaction scheme (2), a reaction that is performed in a
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suitable reaction-inert sobvent, such as, for example, N,N-dimethyiformamide, in the
presence of a suitable base, such as, for example, K3;POy4, a copper catalyst such as, for
example, Cul and a diamine such as for example (1R,2R)-(-)-1,2-diaminocyclohexane,
under thermal conditions such as, for example, heating the reaction mixture at 180 °C,
for example for 135 minutes under microwave irradiation. In reaction scheme (2), all

variables are defined as in Formula (I) and W is halo.

RVN Ar 1 R‘
V) O
HzN KW - HgN
| l
X X X1 X*
(1fl-a) e (i-a)

Reaction Scheme 2

Experimental procedure 3

Additionally, the final compounds according to Formula (I-a}, can be prepared
by reacting an intermediate compound of Formula (I11-b) with a compound of Formula
(V) according to reaction scheme (3), a reaction that is performed in a suitable reaction-
inert solvent, such as, for example, dichloromethane, in the presence of a suitable base,
such as, for example, tricthylamine, in the presence of a condensation agent such as for
example O-(7azabenzotriazol-1-y1)-N, NN’ N -tetramethyluronium
hexafluorophosphate [HATU, CAS 148893-10-1], under thermal conditions such as,
for example, heating the reaction mixture at 25 °C, for example for 2 hours. In reaction

scheme (3), all variables are defined as in Formula (1).

HOo _Ar }RZ R

(V) \(n)/
H';N \ NHR’ B Hz\g
Xl| § L
(111-b) X?‘ (3-a) Sy

/

Reaction Scheme 3

Experimental procedure 4

Additionally, the final compounds according to Formula (I-a), can be prepared
by reacting an intermediate compound of Formula (I11-b) with a compound of Formula
(V1) according to reaction scheme (4), a reaction that is performed in a suitable
reaction-inert solvent, such as, for example, dichloromethane, in the presence of a
suitable base, such as, for example, pyridine, at room temperature for 2 hours. In
reaction scheme (4), all variables are defined as in Formula (i) and Y is halo.
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R R ) Y
D= ?t
H,N X4 NHR'
l
2 X

xh X
(1L-b) X (I-a)

/

X3

’/

Reaction Scheme 4

Experimental procedure 5

The final compounds according to Formula (I-b) wherein L is a bond, can be
prepared by reacting an intermediate compound of Formula (I11-a) with a compound of
Formula (VII) according to reaction scheme (5), a reaction that is performed in a
suitable reaction-inert solvent, such as, for example, ethanol or mixtures of inert
solvents such as, for example, 1,2-dimethoxycthane/water/ethanol, in the presence of a
suitable base, such as, for example, aqueous K3;POy or Cs,COs, a Pd-complex catalyst
such as, for example, [1,1°-bis(diphenylphosphino)ferrocene]dichloropalladium(Tl)
[CAS 72287-26-4] or trans-bisdicyclohexylamine)patladium diacetate [DAPCy, CAS
628339-96-8] under thermal conditions such as, for example, heating the reaction
mixture at 80 °C, for example for 20 hours or for example , heating the reaction mixture
at 130 °C, for example for 10 minutes under microwave irradiation. In reaction scheme
(5), all variables arc defined as in Formula (T) and W is halo. R" and R” may be
hydrogen or alkyl, or may be taken together to form for example a bivalent radical of
formula —-CH,CH;~, ~CH,CH,CH;~, or -C(CH;);C(CH3);-.

: O—R* 3
R R / , R? R
R! O R AY_B\O/Rg R O R4
5 ’ 5
\ R, (VID) N R,
H,N N | X\ W = H,N N E X\\‘/Ar
Xi\ 2¢X3 Xl\ 7 X7
(II3-a) X (I-b} X

Reaction Scheme 5

Experimental procedure 6

The intermediates according to Formula (I-¢) wherein R” is fluoro and R’
trifluoromethyl, Formula (I-d) wherein R” is fluoro and R hydrogen and Formula (I-¢)
wherein R’ is hydrogen and R” trifluoromethyl can be prepared from the corresponding
intermediate compounds of Formula (XXIH-a) and (XX1HI-b) according to reaction
scheme (6), a reaction that is performed in a suitable reaction-inert solvent, for example

dichloromethane, in the presence of a suitable acid, for example trifluoroacetic acid at



10

15

20

25

WO 20117154431 PCT/EP2011/659441
-17-

room temperature, for example for 2 hours. In reaction scheme (6), ail variables are
defined as in Formula (I}.

»3 R3
O " O r*
>l\ /([f\ L R’ 4 "acidic medium" L 1{54
10 }g N i X\ Ar o H,N N % X\ Ar
X X xh X
(XXHi-a,h) %2 (1-c,d,e) e

Reaction Scheme 6

Exnerimental procedure 7

The final compounds according to Formula (I-d) wherein R is fluoro and R’
hydrogen and Formula (T-e) wherein R* is hydrogen and R? trifluoromethyl, can be
prepared from the corresponding intermediate compounds of Formula (XXXI1) and
(XXVIII) with an appropriate source of ammonia such as, for example, ammonium
chioride or aqueous ammonia, according to reaction scheme (7), a reaction that is
performed in a suitable reaction-inert solvent, such as, for example, water or methanol,
under thermal conditions such as, for example, heating the reaction mixture at 60 °C,
for example for 6 hours. In reaction scheme (7), all variables are defined as in Formula

(D).

R R3
) r* O r*
RS “ammonia source™ : /E R
¢ Xt Ar - R X' Ar
g I}\I 1 i H,N° N 7S
{ o3 i 3
X\Xzf,X X\Xfxs
(XXXID), (XXVII) (I-d), (I-¢)

Reaction Scheme 7

Experimental procedure 8

The final compounds according to Formula (I-f) wherein L is a bond, can be
prepared by reacting an intermediate compound of Formula (XXV-b) with a compound
of Formula (VII) according to reaction scheme (8), a reaction that is performed in a
suitable reaction-inert solvent, such as, for example, cthanol or mixtures of inert
solvents such as, for example, 1,2-dimethoxyethane/water/ethanol, in the presence of a
suitable base, such as, for example, aqueous KsPO4 or Cs,COs, a Pd-complex catalyst
such as, for example, [1,1°-bis(diphenylphosphino)ferrocene]dichloropalladium(it)
[CAS 72287-26-4] or trans-bisdicyciohexylamine)palladium diacetate [DAPCy, CAS
628339-96-8] under thermal conditions such as, for example, heating the reaction
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mixture at 80 °C, for example for 20 hours or for example , heating the reaction mixture
at 130 °C, for example for 10 minutes under microwave tiradiation. In reaction scheme
(8), all variables are defined as in Formula (I) and W is halo. R® and R® may be
hydrogen or alkyi, or may be taken together to form for example a bivalent radical of

5 formula ~CH,CH;-, -CH;CH,;CH;-, or -C{CH:):C(CHz)o-.

/o——R8
O.__F AR o O.__F
RS VI O RS
S S
BN N\ X W =  HN N ixi Ar
Xi\ ’/X3 _ Xl\ ’/XS
XXV X2 (I-6) X’

Reaction Scheme 8

A number of intermediates and starting materials in the foregoing preparations
10 are known compounds which may be prepared according to art-known methodologies
of preparing said or similar compounds and some intermediates are new. A number of

such preparation methods will be described hereinafter in more detail.

Experimental procedure 9

15 ' The intermediates according to Formula (1}, can be prepared by reacting an
intermediate compound of Formula (VIII} with a suitable sulphur donating reagent for
the synthesis of thioamides such as, for example, phosphorous pentasulfide or 2,4-bis-
(4-methoxyphenyl)-1,3-dithia-2,4-diphosphetane 2,4-disulfide [Lawesson’s reagent,
CAS 19172-47-5], in a reaction inert solvent, such as for example tetrahydrofuran or

20 1,4-dioxane, under thermal conditions such as, for example, heating the reaction
mixture at 50 °C, for example for 50 minutes. In reaction scheme (9), all variables are
defined as in Formula (I).

R? R3 2 R*
R O R* r! R 0 r?
ji R "thionation” I RS
XL - Xt L
O I}\]i ! N ‘ A S %\i I % “Ar
X\ 2,,X5 X\ X0
(VIII) X (I X’

Reaction Scheme 9

25  Experimental nrocedure 10

The intermediates according to Formula (VIIT), can be prepared by reacting an

intermediate compound of Formula (IX) with an intermediate compound of Formula
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{X) in the presence of a base, such as potassium fert-butoxide, or a mixture of bases
such as potassium rert-butoxide/N,N-diisopropylethylamine a reaction inert solvent,
such as for example tetrahydrofuran, at -80 °C to 100 °C, preferably -15 °C to 25 °C for
30 minutes to 100 hours, preferably 1 hour to 24 hours. In reaction scheme (10}, all

5  wvariables are defined as in Formula G) cmd halo 1s chloro or bromo.

. o
HO.T i X)
© R 5 halc) haio
R
H,N i X oy X Foar
X\ X 1\ X
(IX) X7 (VIII) X

Reaction Scheme 10

Experimental nrocedure 11

The intermediates according to Formula (VIiil-a) wherein R’ is fluoro, can be
10 prepared by reacting an intermediate compound of Formuta (VI1I-b), wherein R*is
hydroxy, with a fluorinating agent, such as for example (diethylamino)sulfur trifluoride
[DAST, CAS 38078-09-0] a reaction inert solvent, such as for example
dichloromethane, at -80 °C to 100 °C, preferably -15 °C t0 25 °C for 30 minutes to 109
hours, preferably 1 hour to 24 hours. In reaction scheme (11), all variables are defined
15 asin Formula. (.

R OH
j: “fluorinating agent" i
X4 x“
By oS "ar i S Y
3 3
Xl\ 7 X \ 7 X
(VHI-b) X (Viii-a) X

Reaction Scheme 11

Experimental procedure 12

The intermediates according to Formula (VIII-b) wherein R” is hydroxy, can be
20 prepared by reacting an intermediate compound of Formula (1X), with an intermediate
compound of Formula (X1) under thermal conditions such as, for example, heating the
reaction mixture at 70 °C, for example for 2 hours. In reaction scheme (12}, all
variables are defined as in Formula (I) and Alk is C;aalkylL
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R3 o R; OHO R4
HO Rt
RS Alk J\W R! R’ \
xi L A

H,N NP (XI) O HoO Ar

| 2 I <
(I1%) XI\X{’ X3 Vi) Oy

Reaction Scheme 12

BExpermental procedure 13

The intermediate compounds of Formula (111-a) and (11I-b) can generally be

prepared following the reaction steps shown in the reaction scheme (13) below.
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H,N l xi NHRT RO=H) oy Xf\ NO,
|
X]\ 2/’X3 X}\ ’,X3
(XV-b) X (XV-¢) X2

Reaction Scheme 13

A thicamide-to-amidine conversion

B: amide-to-thioamide conversion (thionation)

C: cyclization

D: Buchwald-Hartwig type coupling (when W is Halo)

E: nitro-to-amino reduction (when R’ is H)

F: Bromo-to-amine conversion (when R’ is H)
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The amidine derivatives in the above reaction scheme may be conveniently
prepared from the corresponding thioamide derivatives following art-known thicamide-
to-amidine conversion procedures (reaction step A). Said conversion may conveniently
be conducted by treatment of the said thioamides with an ammonia source such as, for
example, ammonium chloride or aqueous ammonia, in & suitable reaction-inert solvent
such as, for example, water or methanol and the like, under thermal conditions such as,

for example, heating the reaction mixture at 60 °C, for example for 6 hours,

Alternatively, intermediate compounds of Formula (111-b) wherein R is
hydrogen in the above reaction scheme (13) can be prepared from the corresponding
intermediate compounds of Formula (111-a) via copper catalyzed type coupling
procedure (reaction step F). Said coupling may be conducted by treatment of said
intermediate compounds of Formula (I1I-a) with sodium azide in a suitable reaction-
inert solvent, such as, for example, DMSO, in the presence of a mixture of suitable
bases, such as, for example, dimethylethylenediamine and Na,CO;, and a copper
catalyst such as, Cul, under thermal conditions such as, for example, heating the

reaction mixture at 110 °C, until completion of the reaction, for example 1 hour.

The thioamide derivatives in the above reaction scheme (13) can be prepared
from amide derivatives following art-known thionation procedures (reaction step B).
Said converston may conveniently be conducted by treatment of the said amides with a
thionation agent such as, for example, phosphorous pentasuifide or 2,4-bis-(4-
methoxyphenyl)-1,3-dithia-2,4-diphosphetane 2,4-disulfide [Lawesson’s reagent, CAS
19172-47-5}, in a reaction incrt solvent such as, for example, tetrahydrofuran or 1,4-
dioxane and the like, under thermal conditions such as, for example, heating the

reaction mixture at 50 °C, for example for 50 minutes.

The amide derivatives in the above reaction scheme (13) can be prepared from
the beta-aminoalcohol derivatives of Formula (XV) and intermediate compound of
Formula (X) following art-known cyelization procedures (reaction step C). Said
cyclization may conveniently be conducted by treatment of the said beta-aminozicohols
with an intermediate compound of Formula (X) in the presence of a base, such as
potassium feri-butoxide, or a mixture of bases such as potassiumn feri-butoxide/N,N-
ditsopropylethylamine a reaction inert solvent, such as for example tetrahydrofuran and
the like, at -80 °C to 100 °C, preferably -15 °C to 25 °C for 30 minutes to 100 hours,
preferably 1 hour to 24 hours.

Additionally intermediate compounds of Formula (XH-b} and (X11I-b) in the
above reaction scheme (13) can be prepared from the corresponding intermediate
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compounds of Formula (X1I-a) and (XI11-a) following art-known Buchwald-Hartwig
type coupling procedures (reaction step D). Said coupling may be conducted by
treatment of intermediate compounds of Formula (XI1-a) and (X1IT-a) with an
intermediate compound of Formula (XIV) in a suitable reaction-inert solvent, such as,
for example, ethanol or mixtures of inert solvents such as, for example, 1,2-
dimethoxyethane/water/ethanol, in the presence of a suitable base, such as, for
example, aqueous KsPO, or Cs,COs, a Pd-complex catalyst such as, for example, [1,1°-
bis(diphenylphosphino)ferrocencidichloropalladium(Il) [CAS 72287-26-4] or trans-
bis(dicyciohexylamine)palladium diacetate [DAPCy, CAS 628339-96-8] under thermal
conditions such as, for example, heating the reaction mixture at 80 °C, for example for
20 hours or for example , heating the reaction mixture at 130 °C, for example for 10

minutes under microwave irradiation.

Additionally intermediate compounds of Formula (XII-b) and (XITI-b) in the
above reaction scheme (13), wherein R’ = H, can be prepared from the corresponding
intermediate compounds of Formula (XII-¢) and (X1H-¢) following art-known nitro-to-
amino reduction procedures (reaction step E). Said reduction may conveniently be
conducted following art-known catalytic hydrogenation procedures. For example, said
reduction may be carried out by stirring the reactants under a hydrogen atmosphere and
in the presence of an appropriate catalyst such as, for example, palladium-on-charcoal,
platinum-on-charcoal, Raney-nickel and the like catalysts. Suitabie solvents are, for
example, water, alkanols, c.g. methanol, ethanol and the like, esters, ¢.g. ethyl acetate
and the like. In order to enhance the rate of said reduction reaction it may be
advantageous to elevate the temperature and/or the pressure of the reaction mixture.
Undesired further hydrogenation of certain functional groups in the reactants and the
reaction products may be prevented by the addition of a catalyst poison such as, for
example, thiophene and the like, to the reaction mixture.

The mtermediates compounds of Formula (IX), {XV-a), (XV-b) and {XV-c) can
generally be prepared following art-known Strecker type procedures described in

literature, followed by standard chemical transformations of the cyano group.

Experimental procedure 14

The intermediate compounds of Formula (HI-¢) and (11[-d), wherein R' and R?
are taken together with the carbon atom to which they are attached to form a
Cascycloalkanediyl ring can generally be prepared following the reaction steps shown
in the reaction schernes (14) and (15) below. The subscript n therein can be 1, 2, 3 or 4,



WO 2011/154431 PCT/EP2011/059441

_24 .
H?N f : %Xi NHR”
] 7 X3 Xl\ .4
(m- Ny ATEa)” “x?
A A
R?
. [ O R*
L 1 5
W HZNR7 x" NHRT ®R7=H) §7 N7 \LXL_NO
S (XIV) H s 'SR ;s ’
3
X Z{’X X]\ 2 3 X]\ ?/X3
(XIx-d) Koy ¥ xuh
B B B
R3 o
0.} _r* R’
[ 1 5 [ [ 0O rR?
R . E 1 RS
o N W —n;— NHR?  en N < NO
I . HAR i ®R7=H) q S
XA =X (XI1V) Xi :xf ! 3
e < 1
%2 X_2 X, 2,,X
(XTH-q) ' (XTIT-¢) (XITi-6)
G G G
R’ R*
[ o r O R* [
11 3 n 5
R 4 D R 4 7
o N X W o———— (3 N X\ NHR 7 N NG,
ot T, BawT oo, RO b \
X\ X (XIV) X\ #5 Xi\ 2,,X
X X X
(XVI-2) (XVEb) (XV1-c)

Reaction Scheme 14

A thivamide-to-amidine conversion

B: amide-to-thicamide conversion (thionation)

D: Buchwald-Hartwig type coupling (when W is Halo)
E: nitro-to-amino reduction (if R’ = H)

G: amide-deprotection

The amidine derivatives in the above reaction scheme may be conveniently

prepared from the corresponding thioamide derivatives following art-known thioamide-
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to-amidine conversion procedures {reaction step A). Said conversion may conveniently

be conducted by treatment of the said thioamides with an ammonia source such.as, for

example, ammonium chloride or aqueous ammonia, in a suitable reaction-inert solvent
such as, for example, water or methanol and the like, under thermal conditions such as,

for example, heating the reaction mixture at 60 °C, for example for 6 hours.

The thioamide derivatives in the above reaction scheme (14) can be prepared
from amide derivatives following art-known thionation procedures (reaction step B).
Said conversion may conveniently be conducted by treatment of the said amides with a
thionation agent such as, for example, phosphorous pentasulfide or 2,4-bis-(4-
methoxyphenyl)-1,3-dithia-2,4-diphosphetane 2,4-disulfide [Lawesson’s reagent, CAS
19172-47-5], in a reaction inert solvent such as, for example, tetrahydrofuran or 1,4-
dioxane and the like, under thermal conditions such as, for example, heating the

reaction mixture at 50 °C, for example for 50 minutes.

The amide derivatives in the above reaction scheme (14) can be prepared from
the N-protected amide derivatives, wherein the amide protecting group can be, for
example, the p-methoxybenzyl group, following art-known N-deprotection procedures
of amides (reaction step (). Said conversion may conveniently be conducted by
treatment of the said N-protected amides with a suitable deprotecting agent of the
amide function such as, for example, ammonium cerivm (IV) nitrate, in a mixture of
inert solvents such as, for example, acetonitrile/water, at a moderately high temperature

such as, for example, 25 °C, for example for 4 hours.

- Additionally intermediate compounds of Formula (X1I-e), (XHI-e) and (XVI-b)
in the above reaction scheme (14) can be prepared from the corresponding intermediate
compounds of Formula (XII-d), (XTI-d) and (XVI-a) following art-known Buchwald-
Hartwig type coupling procedures such as the ones described in reaction scheme (13)
(reaction step D).

Additionally intermediate compounds of Formula (X1I-¢), (X11I-e) and (XVI-b)
in the above reaction scheme (14), wherein R’ = H, can be prepared from the
corresponding intermediate compounds of Formula (XII-f), (XI-) and (XVI-¢)
following art-known nitro-to-amino reduction procedures such as the ones described in

reaction scheme (13) (reaction step E).
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I: alcohol sulfonylation
J: C-alkylation
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Reaction Scheme 15

H: intramolecular cyclization

Intermediate compounds of Formula (XVI-a), (XVI-b) and (XVI-c) in the above

reaction scheme (15} can

be prepared from the corresponding intermediate compounds
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of Formula (XVII-a), (XVII-b) and (XVII-¢) following art-known intramolecular
cyclization procedures (reaction step H). Said intramolecular cyclization may
contveniently be conducted by treatment of the said intermediate compounds of
Formula (XV1I-a), (XVI1I-b) and (XVII-c) in the presence of a suitable base such as, for
example, lithium ditsopropytamide, in a inert solvent such as, for example,
tetrahydrofuran, at low temperature such as, for example, 0 °C, for example for 30
minutes.

Intermediate compounds of Formula (XVI-a), (XVII-b) and (XVII-c) in the
above reaction scheme (15) can be prepared from the corresponding intermediate
compounds of Formula (XVIil-a), (XVIII-b) and (XVIlI-¢) following art-known
alcohol sulfonylation procedures (reaction step I). Said conversion may conveniently be
conducted by freatment of the said intermediate compounds of Formula (XVIII-a),
(XVIHI-b) and (XVII-c) with an intermediate compound of Formula (XIX) such as for,
exampie, methanesutfonyl chloride or p-toluenesulfonyl chloride, in the presence of a
suitable base such as, for example, N, N-diisopropylethylamine, in a inert solvent such
as, for example, dichloromethane, at low temperature such as, for example, 0 °C, for

example for 15 minutes.

Intermediate compounds of Formula (XVIII-a), (XVIII-b) and (XVIII-c) in the
above reaction scheme (15) can be prepared from the corresponding intermediate
compounds of Formula (XX-a), (XX-b) and (XX-¢) following art-known C-alkylation
procedures (reaction step J). Said conversion may conveniently be conducted by
treatment of the said intermediate compounds of Formula (XX-a), (XX-b) and (XX-c)
with an intermediate compound of Formula (XXD), wherein Z° is a suitable alcohol
protecting group such as, for example, the tetrahydropyranyl group, and Y is halo, in
the presence of a switable base such as, for example, lithium diisopropylamide, in a
mert solvent such as, for example, tetrahydrofuran, at low temperature such as, for

example, 0 °C, for example for 2 hours.

Intermediate compounds of Formula (XX-a), (XX-b) and (XX-c) in the above
reaction scheme (15} can be prepared from the corresponding intermediate compounds
of Formula (XXII-a), (XXI1I-b) and (XXII-c) following art-known known cyclization
procedures (reaction step C). Said cyclization may conveniently be conducted by
treatment of the said intermediate compounds of Formula (XXI1-a), (XXII-b) and
(XXII-c) with an intermediate compound of Formula (X), in the presence of a base,
such as potassium fert-butoxide, or a mixture of bases such as potassium zers-

butoxide/N,N-diisopropylethylamine a reaction inert solvent, such as for example
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tetrahydrofuran and the like, at -80 °C to 100 °C, preferably -78 °C to 25 °C for 30
minutes to 100 hours, preferably | hour to 24 hours,

Additionally mtermediate compounds of Formula (XVIII-b) and (XX-b) in
reaction scheme (15) can be prepared from the corresponding intermediate compounds
of Formula (XVI1-a) and (XX-a), wherein W = Halo, following art-known Buchwald-
Hartwig type coupling procedures such as the ones described in reaction scheme (13)
{reaction step D).

Additionally intermediate compounds of Formufa (XVII-b), (XVIII-b) and
(XX-b) in the above reaction scheme (13), wherein R’ = H, can be prepared from the
corresponding intermediate compounds of Formula (XVII-¢), (XVIII-¢} and {(XX-c)
following art-known nitro-to-amino reduction procedures such as the ones described m
reaction scheme (13) (reaction step E).

The intermediates compounds of Formula (XXII-a), (XXI1-b) and (XXII-c),
wherein Z' is a suitable N-protecting group such as, for example the p-methoxybenzyl
group, can generally be prepared following art-known Strecker type procedures
described in literature.

Experimental procedure 16

The intermediate compounds of Formula (XX11I-a), (XXTII-b) and (XXX} can
generally be prepared following the reaction steps shown in the reaction scheme (16)
below.
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Reaction Scheme 16

A: thioamide-to-amidine conversion

B: armide-to-thioamide conversion (thionation)
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K. Suzuki type coupling
L: N.Boc¢ protection

Intermediate compounds of Formula (XXIII-a) in the above reaction scheme
(16), can be prepared by the reaction of an intermediate compound of Formula (XXIV-
a) with an appropriate aryl-boronate or arylboronic acid in a Suzuki type reaction
(reaction step K). Thus intermediate compounds of Formula (XXIV-a) can react in a
suitable reaction-inert solvent, such as, for example, 1,4-dioxane, ethanol or mixtures
of inert solvents such as, for example, 1,2-dimethoxyethane/water/ethanol, in the
presence of a suitable base, such as, for example, aqueous KsPQOy4, NayCO; or Cs,CO3, a
Pd-complex catalyst such as, for example, [1,1°-bis(diphenylphosphino)ferrocenc]
dichloropalladium(Ily [CAS 72287-26-4] or trans-bisdicyclohexylamine)palladium
diacetate [DAPCy, CAS 628339-96-8] or Tetrakistriphenylphosphine) palladium
[CAS14221-01-3] under thermal conditions such as, for example, heating the reaction
mixture at 80 °C, for example for a period of time between 2-20 hours or for example,
heating the reaction mixture at 130 °C, for example for 10 minutes under microwave

irradiation.

The amidine derivatives in the above reaction scheme (16) can be protected
with N-Boc protecting group, following art-known N-protection procedures (reaction
step L). Said conversion may conveniently be conducted by treatment of the said
intermediate compounds of Formula (XXV-a) with di-fert-butyldicarbonate, in the
presence of a base such as, for example, diisopropylethyl amine, in a mixture of inert
solvents such as, for example, 1,4-dioxane/water, stirring the reaction mixture at
suitable temperature such as, for example, 25 °C, for the required time to consume the

starting material,

The thioamide derivatives in the above reaction scheme (16) can be prepared
from amide derivatives following art-known thionation procedures (reaction step B).
Said conversion may conveniently be conducted by treatment of the said amides with a
thionation agent such as, for example, phosphorous pentasulfide or 2,4-bis-(4-
methoxyphenyl)-1,3-dithia-2,4-diphosphetane 2,4-disulfide [Lawesson’s reagent, CAS
19172-47-5], in a reaction inert solvent such as, for example, tetrahydrofuran or 1,4-
dioxane and the like, under thermal conditions such as, for example, heating the

reaction mixture between 50-70 °C, for example for 50-240 minutes.

The amidine derivatives in the above reaction scheme may be conveniently
prepared from the corresponding thicamide derivatives following art-known thicamide-
to-amidine conversion procedures (reaction step A). Said conversion may conveniently

be conducted by treatment of the said thicamides with an ammonia source such as, for
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example, ammonium chloride or aqueous ammonia, in a suitable reaction-inert solvent
such as, for example, water or methanotl and the like, under thermal conditions such as,
for example, heating the reaction mixture between 60-80 °C, for example for 6-24
hours.

Experimental procedure 17

The intermediate compounds of Formula (X3(VIII) can generally be prepared
following the reaction steps shown in the reaction scheme (17) below.
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Resaction Scheme 17

B: amide-to-thicamide conversion (thionation)}
K Suzuki type coupling
M: hydrogenation

The thicamide derivatives in the above reaction scheme (17) can be prepared
from amide derivatives following art-known thionation procedures (reaction step B).
Said conversion may conveniently be conducted by treatment of the said amides with a
thionation agent such as, for example, phosphorous pentasulfide or 2,4-bis-(4-
methoxyphenyl)-1,3-dithia-2,4-diphosphetanc 2,4-disulfide [Lawesson’s reagent, CAS
19172-47-5], in a reaction inert solvent such as, for example, tetrahydrofuran or 1,4-
dioxane and the like, under thermal conditions such as, for example, heating the

reaction mixture between 50-70 °C, for example for 50-240 minutes,

Intermediate compounds of Formula (XXIX) can be prepared from intermediate
compounds of Formula (XXVII-¢) following art-known hydrogenation procedures
(reaction step M). Said conversion may be conducted by treatment of the intermediate
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compound of Formula (XXX) with hydrogen in the presence of potassium acetate, a
catalyst such as, for example, Pd-C (10%), in a reaction-inert solvent, such as, for
example, methanol. The mixture is stirred under hydrogen atmosphere, at suitable
temperature, typically room temperature, for the required time to achieve completion of
the reaction, typically 1 hour,

Intermediate compounds of Formula (XXX) in the above reaction scheme (17),
can be prepared by the reaction of intermediate compounds of Formula (XXX) with an
appropriate aryl-boronate or aryl boronic acid in a Suzuki type reaction (reaction step
K). Thus intermediate compounds of Formula (XXVI1I-¢) can react with an aryl-
boronate or aryl boronic acid in a suitable reaction-inert solvent, such as, for example,
1,4-dioxane, ethanol or mixtures of inert solvents such as, for example, 1,2-
dimethoxyethane/water/ethanol, in the presence of a suitable base, such as, for
example, aqueous KsPO4, NaCO5 or CsyC0s, a Pd-complex catalyst such as, for
example, [1,1’-bis(diphenylphosphimo)ferrocene]dichloropalladium{Il) [CAS 72287-
26-4] or trans-bisdicyclohexylamine)palladium diacetate [DAPCy, CAS 628339-96-8]
or tetrakis(triphenylphosphine) palladrum (0) [CAS14221-01-3] under thermal
conditions such as, for example, heating the reaction mixture at 80 °C, for example for
a period of time between 2-20 hours or for exampie , heating the reaction mixture at

130 °C, for example for 10 minutes under microwave nrradiation.

Experimental procedure 18

The intermediate compounds of Formula (XXVii-a), (XXVI-b) and (XXVII-¢)
can generally be prepared following the reaction steps shown in the reaction scheme
(18) below.
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Reaction Scheme 18

N: fluorination

O: chlorination

P: trifluoromethylation
Q: reduction

R: cyclization

Intermediate compounds of Formula (XX VIi-a) and (XX VII-b) in the above
reaction scheme (18) can be prepared from an intermediate compound of Formula
(XXVII-a} and (XXVIII-b} following art-known fluorination procedures (reaction step
N). Said conversion may be conducted by treatment of the intermediate compounds of
Formula (XXVIII-a) and (XX VIII-b) in the presence of a fluorinating agent such as for
example diethylaminosulphur trifluoride (DAST) in a suitable reaction inert solvent,
such as for example dichloromethane. The reaction mixture is stirred at suitable
temperature, for example 0° C for the required time to achieve completion of the
reaction, for example 20-40 minutes.

Intermediate compound of Formula (XX’VH—C) in the above reaction scheme
art-known chlorination procedures (reaction step O). Said conversion may be
conducted by treatment of the intermediate compound of Formula (XXVII-a) with a
suitable chlorinating agent such as, for example, thionyl chloride, in the presence of a

base such as, for example, pyridine in a reaction-inert solvent, such as, for example,
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dichloromethane. The reaction mixture 1s stured at suitable temperature, for example 0
°C for the required time to achieve completion of the reaction, for example 30-60
minutes.

Intermediate compounds of Formula (XXVIil-a} of the above reaction scheme
(18) can be prepared from intermediate compounds of Formula (XXX} following art-
known trifluoromethylation procedures {rcaction step P). Said conversion may be
conducted by freatment of the intermediate compound of Formula (XXIII) in the
presence of tetrabutyl ammonium fluoride (TBAF), with a trifluoromethylating agent
such as, for example, (trifluiomethyhtrimethyl silane, in a suitable reaction-inert
solvent, such as, for example, tetrahydrofuran. The reaction mixture 1s stirred at
suitable temperature, for example room temperature for the required time to achieve

completion of the reaction, for example two hours.

Intermediate compounds of Formula (XX VII1-b) in the above reaction scheme
{18) can be prepared from mtermediate compounds of Formula (XXXII) following art-
known reduction procedures (reaction step Q). Said conversion may be conducted by
treatment of the intermediate compound of Formula (XXXII) with a reducing agent
such as, for example, diisobutylaluminium hydride, in a suitable reaction-inert solvent,
such as for example tetrahydrofuran. The reaction mixture is stirred at suitable
temperature, typicalty from -78° C to room temperature for the required time to achieve

completion of the reaction, for example two hours.

Intermediate compounds of Formula (XXXII) in the above reaction scheme
(18) can be prepared from intermediate compounds of Formula (XXXIV) following art-
known two-step cyclization procedures (reaction step R). Said conversion may be
conducted by first, treatment of the intermediate compounds of Formula (XXXIV) with
an intermediate compound of Formula (X), such as, for example, chloroacetylchloride
in the presence of a base such as, for example, NaOH, in a suitable mixture of inert
sofvents such as, for example, water and 1,4-dioxane or water and THF. The pH of the
reaction mixture is adjusted to a suitable pH value, for exampie, 10-11, by addition of a
suitable base such as, for example, NaGH. The reaction mixture 18 stirred at a suitable
temperature, for example, 0 °C to 25 °C for the required time to achieve completion of
the reaction, for example 1-4 hours. The obtained crude residue can subsequently be
cyclised to provide the intermediate (XXXIIT) by the addition of a suitable base such
as, for example, K,COs, Cs;CO3, N N-ditsopropylethylamine or NaHCO;, in a suitable
reaction-inert solvent, such as for example, acetonitrile or DMF. The rcaction mixture
18 stirred under thermal conditions such as, for example, heating the reaction mixture at

25 °C to 80°C for 2-24 hours or for example, heating the reaction mixture at 140 °C for
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13-30 minutes under microwave irradiation. This conversion can also be performed in
the absence of a base in a suitable reaction-inert solvent, such as for example,
acetonitrile or DMF, at a suitable temperature, typically 40 °C to 110 °C, for a period
of, for example, 24-48 hours.

Experimental procedure 19
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Reaction Scheme 19

T: sulfonylimino formation

S: Grignard addition followed by reduction

Intermediate compound of Formula (XV-d) in the above reaction scheme {19},
wherein R® and R* are H and R’ is C,salkyl or cyclopropyl, can be prepared from
mmtermediate compounds of Formula (XXXV), wherin R is C,salkyl, by Grignard
addition followed by reduction of carboxylic group to the corresponding aicohol
function (reaction step S). Said conversion may be conducted by treatment of an
intermediate compound of Formula (XXXV) with an appropriate Grignard reagent,
such as, for example, methyimagnesium bromide, in a reaction-inert solvent, such as
for example, THF, The reaction mixture is stirred at suitable temperature, for example -
10 °C for the required time to achieve consumption of the starting material, for example
one hour. Then a reducing agent, such as for example lithium aluminum hydride is
added and the reaction mixture is slowly warmed to 0 °C and stirred for the required
time to achieve completion of the reduction reaction, typically 1 hour

Intermediate compounds of Formula (XXXV) in the above reaction scheme
(19}, can be prepared by the reaction between an intermediate compound of Formula
(XXXVI) and tert-butylsulfinamide (reaction step T), in a suitable reaction-inert
solvent, such as, for example, heptane in the presence of titanium tetracthoxide under
thermal conditions such as, for example, heating the reaction mixture at 80 °C, for
example for a period of 2 hours.

In reaction scheme (19), R is defined as C;.salkyl and all other variables are
defined as in Formula (D), R* and R are H, R® i8Cyzalkyl or cyclopropyl and W is halo.
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Intermediate compounds of Formula (XXXVI) are commercially available or
can be synthesized by art-known reaction procedures.

Experimental procedure 20

(XXXVID (XXXVIH) LK (XV-e)

Reaction Scheme 20

U: hydrolysis
V: oxazohdinone formation
W Grignard addition

Intermediate compounds of Formula (XV-¢) in the above reaction scheme (20)
wherein R® and R* are hydrogen and R® is CFx can be prepared from intermediate
compounds of Formula (XXXIX) following art-known hydrolysis reactions of the
carbamate function (reaction step U). Said conversion can be conducted by treatment of
the intermediate compound of Formula (XXXIX) with an aqueous base such as for
example sodium hydroxide (50% in water) in a reaction-inert solvent, such as for
example ethanol, at suitable temperature, typically under reflux for the required time to

achieve completion of the reaction, for example 24 hours.

Intermediate compounds of Formula (XXXIX) in the above reaction scheme
(20) wherein R’ is CF3 can be prepared from intermediate compound of Formula
(XXXVHI) by carboxylic ester reduction followed by cyclization under basic
conditions (reaction step V). Said conversion may be conducted by treatment of the
mtermediate compound of Formula (XXX VIIH) with a reducing agent, such as for
example fithium aluminium hydride, in a reaction-inert solvent, such as for example,
THEF. The reaction mixture 1s stirred at a suitable temperature, for example 0 °C for the
required time to achieve consumption of the starting material, for example 24 hours.
Then, after the work up of the reaction, the crude material is re-dissolved in a reaction-
inert solvent, such as for example ethanol and hydrolyzed with an aqueous inorganic
base, such as sodium hydroxide at a suitable temperature, typically under reflux for the
required time to achieve completion of the reaction, typically 1 hour.
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Intermediate compounds of Formula (XXXVIII) in the above reaction scheme
(20) can be prepared from intermediate compounds of Formula (XXXVI) following
art-known Grignard addition reactions (reaction step W). Said conversion may be
conducted by treatment of the intermediate compound of Formula (XXXVII) with a
suitable aryl Grignard reagent, such as, for example, 3-chlorophenylmagnesium
bromide, in a reaction-inert solvent, such as for example tetrahydrofuran. The reaction
mixture is stirred at a suitable temperature, typically from -78° C to room temperature

for the required time to achieve completion of the reaction, for exampie two hours.

In reaction scheme (20), all variables are defined as in Formula (1), R? and R*
arc H, R® isCF; and W is halo.

Intermediate compounds of Formula (XXXVII) are either commercially
available (for example CAS 128970-26-3) or can be synthesized following art-known

literature procedures.

Experimental procedure 21
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Reaction Scheme 21

X Ester hydrolysis and sulfinyl group removal

Y: Grignard addition

Intermediate compound of Formula (XXXIV) in the above reaction scheme
(21), wherein R” is C; salky! or cyclopropyl, can be prepared from intermediate
compounds of Formula (XXXX), wherin R is defined as Cy.salkyl, by art-known
hydrolysis reactions of the carboxylic ester function, followed by removal of the
suifinyl group (reaction step X). Said conversion can be conducted by treatment of the
intermediate of Formula (XXXX) with an aqueous base, such as, for example, sodium
hydroxide (1M in water) in a reaction-inert solvent, such as, for example, methanol, at
a surtable temperature, typically under reflux for the required time to achieve
completion of the reaction, for example 4 hours. Then, removal of sulfinyl group is
performed by addition of a suitable inert solvent, such as, for example, 1,4-dioxane, in

the presence of a suitable acid, such as, for example, hydrochloric acid at room
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temperature, for the required time to achieve completion of the reaction for example 30
minutes.

Intermediate compound of Formula (XX XX) in the above reaction scheme (21),
wherein R’ is Cy zalkyl or cyclopropyl, can be prepared from intermediate compounds
of Formula (XXXXI) by Grignard addition (reaction step Y). Said conversion may be
conducted by treatment of an intermediate compound of Formula (XXXXI) with an
appropriate Grignard reagent, such as, for example, cyclopropylmagnesium bromide, in
a reaction-inert solvent, such as for example, dichloromethane. The reaction mixture is
stirred at suttable temperature, for example -40 °C for the required time to achieve

consumption of the starting material, for example one hour.

In reaction scheme (21), R is defined as C; salkyl and all other variables are
defined as in Formula (I), R is Cy.zalkyl or cyclopropyl and W is halo.

Intermediate compounds of Formula (XXXXI) can be synthesized following
art-known procedures such as the ones described in reaction scheme (19) (reaction step
).

Experimental procedure 22

Compounds of Formula (I-b) can generally be prepared following the reaction
steps shown in the reaction scheme (22) below.
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Reaction Scheme 22

A: thipamide-to-amidine conversion

B: amide-to-thioamide conversion (thionation)
5  G:amide-deprotection

K Suzuki type coupling

Z: halide-to-boronate ester conversion

AA: amide protection

Compounds of Formula (I-b) can be prepared from an intermediate of Formula
10 (XXXXIV) via the two step (steps A and B) procedure as described in experimental
procedures 9 (step B) and 1 (step A).

intermediate compounds of Formula (XXXXIV) in the above reaction scheme
(22) can be prepared from an intermediate compound of Formula (XXXXV) wherein
7! is a suitable amide protecting group such as, for example, the p-methoxyberzyl
15 group, following art-known N-deprotection procedures of amides such as the ones
described in rcaction scheme (14) (reaction step G).
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Intermediate compounds of Formula (XXXXV) in the above reaction scheme
(22) can be prepared from an interrmediate compound of Formula (XXXXVI) with an
appropriate aryl halide following art-known Suzuki type coupling procedures such as

the ones described 1n reaction scheme (16) (reaction step K.

Intermediate compounds of Formula (XXXXVI) in the above reaction scheme
(22), can be prepared from an intermediate compound of Formuia (XXXXVII)
following art-known halide-to-boronate ester conversion procedures (reaction step 7).
Said conversion may be conducted by treatment of an intermediate compound of
Formula (XXXXV1I) with, for example, a tetra(alkoxo)diboron, such as, for example,
bis(pinacolato)diboron [CAS 73183-34-3] in a suitable reaction-inert solvent, such as,
for example, 1,4-dioxane or mixtures of inert solvents such as, for example, DMF and
1,4-dioxane, in the presence of a suitable base, such as, for example, KOAc, a Pd-
complex catalyst such as, for example, [1,1°-bis(diphenylphosphino)ferrocene]
dichloropalladium(Il) [CAS 72287-26-4] under thermal conditions such as, for
example, heating the reaction mixture at 150 °C, for example for 20 minutes under

microwave irradiation,

Intermediate compounds of Formula (XXXXVII), in the above reaction scheme
(22}, wherein Z' is a suitable amide protecting group such as, for example, the p-
methoxybenzyl group, can be prépared from an intermediate compound of Formula
(XIII-a), (XXXVII-a), (XXXVII-b), or (XXVII-¢) following art-known amide
protection procedures of amides (reaction step AA). Said conversion may be conducted
by treatment of an intermediate compound of Formula (X1H-2) with a N-PMB
protecting group, such as, for example, 4-methoxybenzyl chloride, in a suitable
reaction-inert solvent, such as, for example, DMF, in the presence of a suitable base,
such as, for example, sodium hydride at room temperature, for the required time to

achieve completion of the reaction, for example 3 hours.

in reaction scheme (22), all variables arc defined as in Formula (1), R® is C,.
salkyl or cyclopropyl and W is halo.

Experimental procedure 23

An intermediate of Formula (XXXIII), wherein X* and X* are CH, and wherein
either X' or X° is N and the other is CH, hereby named intermediate of Formula
{(XXXXVID), can generally be prepared following the reaction steps shown in the

reaction scheme (23) below.
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Reaction Scheme 23

AB: cyclization
AC: hydrolysis
AD: alkylation

An intermediate of Formula (XXXXVH) in the above reaction scheme (23) can
be prepared from an intermediate of Formula (XXXXVI) following art-known
cyclization procedures (reaction step AB). Said conversion may be conducted by
freatment of the intermediate of Formula (XXXXVI) with an appropriate condensation
agent such as for example O-(7azabenzotriazol-1-y1)}-N,NN" N -tetramethyluroniurm
hexafluorophosphate [HATU, CAS 148893-10-1] or 4-(4,6-dimethoxy-1,3,5-triazin-2-
yh)-4-methylmorpholinium chloride [DMTMM, CAS 3945-69-5], in a suitable
reaction-inert solvent, such as, for example, dimethylformamide, in the presence of a
suitable base, such as, for example, diisopropylethyl amine, at suitable temperature,
typically room temperature, for the required time to achieve completion of the reaction,
for example 15-60 minutes.

An intermediate of Formula (XXXXVT) in the above reaction scheme (23)
wherein either X' or X° is N and the other is CH, can be prepared from an intermediate
of Formula (XXXXV), wherein R'' is defined as an alkyl or benzyl group, such as, for
example, a tert-butyl group, following art-known hydrolysis procedures of the ester
function (reaction step AC). Said conversion can be conducted by treatment of the
mtermediate of Formula (XXXXV) with an appropriate acid, such as, for example,
trifluoroacetic acid in a reaction-inert solvent, such as, for example, dichloromethane,
at a suitable temperature, typically at room temperature, for the required time to
achieve completion of the reaction, for example 15-60 minutes.

An intermediate of Formula (XXXXV) in the above reaction scheme (23)
wherein either X' or X* is N and the other is CH, can be prepared from the
corresponding intermediate of Formula (XXXXIII) following art-known alkylation
procedures of the acid function (reaction step AD). Said conversion may conveniently
be conducted by treatment of the intermediate of Formuta (XX XXIIT) with an
intermediate of Formula (XXXX1V}, such as, for example, tert-butyl chloroacetate in
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the presence of a base such as for example, K,CO5 or Cs,CO;5 and a suitable reaction-
inert solvent, such as for example, acetonitrile or DMF. The reaction mixture is stirred
at a suitable temperature, typically at room temperature for the required time to achieve
completion of the reaction, for example 2-6 hours.

In reaction scheme (23), all variables are defined as in Formula (1) and either X'

or X* is N and the other is CH. R'" may be Cy¢-alkyt or benzyl.

Experimental procedure 24

Compounds of Formula (LVI), wherein either X' or X is N and the other is
CH, can generally be prepared following the reaction steps shown in the reaction
scheme (24) below.

0 0
P
e
o TN W 07 TN
H B
3

0
r’
i Ry
Xz X
(XXXXVIL; X'or X*= N

AG
B O _-CF,
B — R
N W
© )51 [ T
X]\/’X}
L)
HOTAr
M o
NHR? e 7L
AR !
bl e

Reaction Scheme 24

A thicamide-to-amidine conversion
AE: N-Boc deprotection
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AF: amide coupling

AG: reductive dehalogenation

F: halo-to-amine conversion (when R’ is H, W = halo)
B: amide-to~thioamide conversion {thionation)

L N-Boc protection

P: tmfluoromethylation

& chlorination

Compounds of Formula (V) in the above reaction scheme (24) can be
prepared from an intermediate of Formula (LV) wherein Z' is a suitable amidine
protecting group such as, for example, the N-Boce group, following art-known N-
deprotection procedures (reaction step AE). Said conversion may conveniently be
conducted by treatment of the intermediate of Formula (LLV) in the presence of a
suitable acid such as, for example, trifluoroacetic acid, in a suitable reaction-inert
solvent, for example dichloromethane, at room temperature, for example for 15 minutes
to 2 hours.

An intermediate of Formula (V) in the above reaction scheme (24) can be
prepared from an intermediate of Formula (LIV), following art-known coupling
procedures (reaction step AF). Said conversion may conveniently be conducted by
reacting an intermediate of Formula (LIV) with an intermediate of Formula (V), in a
suitable reaction-inert solvent, such as, for example, methanol, in the presence of a
condensation agent such as, for cxample, 4-(4,6-dimethoxy-1,3,5-triazin-2-yl-4-
methylmorpholinium chloride [DMTMM, CAS 3945-69-5], at a suitable temperature
such as, for example, 25 °C, for the required time to consume the starting material, for
example 2-6 hours.

An intermediate of Formula (LIV) in the above reaction scheme (24) wherein
7' is a suitable amidine protecting group such as, for example, the N-Boc group, can be
prepared from intermediate compounds of Formula (LIT), following art-known N-
protection procedures (reaction step L). Said conversion may conveniently be
conducted by treatment of the said intermediate compounds of Formula (LIIT) with a
suitable N- protecting group such as, for example, di-fert-butyldicarbonate, in the
presence of a base such as, for example, diisopropylethyl amine or tricthylamine, in a
suitable inert solvent such as THF, stirring the reaction mixture at suitable temperature

such as, for example, 25 °C, for the required time to consume the starting material.

An intermediate of Formula (LI1I) in the above reaction scheme (24) can be
prepared from an intermediate of Formula (L) wherein W is halo via the three step
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(steps F, A and B} procedure as described in experimental procedures 13 (step F), 9
(step B) and 1 (step A).

An intermediate of Formula (L) in the above reaction scheme (24) can be
prepared from an intermediate of Formula (XXXX1X), following art-known reductive
dehalogenation procedures (reaction step AG). Said conversion may be conducted by
treatment of the intermediate of Formula (XXXXIX) with a suitable reducing agent
such as, for example, zinc dust and acetic acid, at a suitable temperature, for example
80 °C, for the required time to achieve completion of the reaction time, for example 1-
12 hours.

An intermediate of Formmula (XXXXIX) in the above reaction scheme (24) can
be prepared from an intermediate of Formula (XXXXVII) via the two step (steps P and
0) procedure as described in experimental procedure 17 (steps P and O).

In reaction scheme (24), all variables are defined as in Formula (1) and either X'
or X* is N, and the other is CH.

Experimental procedure 25

Compounds of Formula (LXIV), wherein either X' or X’ is N and the other is

CH, can generally be prepared following the reaction steps shown in the reaction
scheme (25) below.
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Reaction Scheme 25

Az thicamide-to-amidine conversion

AE: N-Boc deprotection

AF: amide coupling

F: halo-to-amine conversion (when R’ is H, W = halo)
B: amide-to-thicamide conversion (thionation}

L: N-Boc protection

N: fluorination

Q: reduction

Compounds of Formula (LXIV) 1n the above reaction scheme (25) can be
prepared from an intermediate of Formula (LLXT) via the three step (steps AD, AE and
L) procedure as described in experimental procedure 24 (steps AE, AF and L).

An intermediate of Formula (LXT) in the above reaction scheme (25) can be
prepared from an intermediate of Formuia (LVIIT) wherein W is halo via the three step
(steps F, A and B) procedure as described in experimental procedures 13 (step F), 9
(step B) and [ (step A).
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An intermediate of Formula (LVIII) in the above reaction scheme (25) can be
prepared from an intermediate of Formula (XXXXVIII) via the two step (steps N and
Q) procedure as described in experimental procedure 18 (steps N and Q).

In reaction scheme (25), all variables are defined as in Formula (f) and either X!
or X° is N, and the other is CH.

PHARMACOLOGY

The compounds of the present invention and the pharmaceutically acceptable
compositions thereof inhibit BACE and therefore may be useful in the treatment or
prevention of Alzheimer’s Disease (AD), mild cognitive mmpairment (MCI}, senility,
dementia, dementia with Lewy bodies, cerebral amyloid angiopathy, multi-infarct
dementia, Down’s syndrome, dementia associated with Parkinson’s disease and

dementia associated with beta-amyloid.

The invention relates to a compound according to the general Formula (1), a
stereoisomeric form thereof or a pharmaceutically acceptable acid or base addition salt

or a solvate thereof, for use as a medicament.

The mvention also relates to a compound according to the general Formula (1), a
stereoisomeric form thereof or a the pharmaceutically acceptable acid or base addition
salt or a solvate thereof, for use in the treatment or prevention of diseases or conditions
selected from the group consisting of AD, MCI, senility, dementia, dementia with
Lewy bodies, cerebral amyloid angiopathy, multi-infarct dementia, Down's syndrome,
dementia associated with Parkinson's disease and dementia associated with beta-

amyloid.

 The invention also relates to the use of a compound according to the general Formula

(I}, a stercoisomeric form thercof or a pharmaceutically acceptable acid or base
addition salt or a solvate thereof, for the manufacture of a medicament for the treatment

or prevention of any one of the disease conditions mentioned hereinbefore.

In view of the utility of the compound of Formula (I), there is provided a method of
treating warm-blooded animals, inciuding hwmans, suffering from or a method of
preventing warm-blooded animals, including humans, to suffer from any one of the

diseases menfioned hereinbefore.

Said methods comprise the administration, i.e, the systemic or topical administration,

preferably oral administration, of an effective amount of a compound of Formula (1), a
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stereoisomeric form thereof,a pharmaceutically acceptable addition salt or solvate

thereof, to a warm-blooded animal, inciuding a human.

A method of treatment may also include administering the active ingredient on a
regimen of between one and four intakes per day. In these methods of treatment the
compounds according to the invention are preferably formulated prior to
administration. As described herein below, suitable pharmaceutical formulations are

prepared by known procedures using well known and readily available ingredients.

The compounds of the present invention, that can be suitable to treat or prevent
Alzheimer’s diseasc or the symptoms thereof, may be administered alone or in
combination with one or more additional therapeutic agents. Combination therapy
includes administration of a single pharmaceutical dosage formulation which contains a
compound of Formula (I) and one or more additional therapeutic agents, as well as
administration of the compound of Formula (I) and each additional therapeutic agents
1 its own separate pharmaceutical dosage formulation. For example, a compound of
Formula (1) and a therapeutic agent may be administered to the patient together in a
single oral desage composition such as a tablet or capsule, or each agent may be

administered in separate oral dosage formulations.

PHARMACEUTICAL COMPOSITIONS

The present invention also provides compositions for preventing or treating
diseases in which inhibition of beta-secretase is beneficial, such as Alzheimer's disease
{AD), miid cognitive impairment, senility, dementia, dementia with Lewy bodies,
Down's syndrome, dementia associated with stroke, dementia associated with
Parkinson's discase and dementia associated with beta-amyloid. Said compositions
comprising a therapeutically effective amount of a compound according to formula (1)

and a pharmaceutically acceptable carrier or diluent.

While it 1s possible for the active ingredient to be administered alone, it is
preferable to present it as a pharmaceutical composition. Accordingly, the present
invention further provides a pharmaceutical composition comprising a compound
according to the present invention, together with a pharmaceutically acceptable carrier
or diluent. The carrier or difuent must be “acceptable” in the sense of being compatible
with the other ingredients of the composition and not deleterious to the recipients
thereof.

The pharmaceutical compositions of this invention may be prepared by any
methods well known in the art of pharmacy. A therapeutically effective amount of the
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particular compound, in base form or addition salt form, as the active ingredient is
combined in intimate admixture with a pharmaceutically acceptable carrier, which may
take a wide variety of forms depending on the form of preparation desired for
administration. These pharmaceutical compositions are desirably in unitary dosage
form suitable, preferably, for systemic administration such as oral, percutaneous or
parenteral administration; or topical administration such as via inhalation, a nose spray,
eye drops or via a cream, gel, shampoo or the like. For example, in preparing the
compositions in oral dosage form, any of the usual pharmaceutical media may be
employed, such as, for example, water, glycols, oils, alcohols and the like in the case of
oral Hquid preparations such as suspensions, syrups, elixirs and solutions: or solid
carriers such as starches, sugars, kaolin, lubricants, binders, disintegrating agents and
the like in the case of powders, pills, capsules and tablets. Because of their ease in
administration, tablets and capsules represent the most advantageous oral dosage unit
form, in which case solid pharmaceutical carriers are obviously employed. For
parenteral compositions, the carrier will usually comprise sterile water, at least in large
part, though other ingredients, for example, to aid selubility, may be included.
Injectable solutions, for example, may be prepared in which the carrier comprises
saline solution, ghicose solution or a mixture of saline and glucose solution. Injectable
suspensions may also be prepared in which case appropriate liquid carriers, suspending
agents and the like may be employed. In the compositions suitable for percutaneous
administration, the carrier optionaily comprises a penetration enhancing agent and/or a
suitable wettable agent, optionally combined with suitable additives of any nature in
minor proportions, which additives do not cause any significant deleterious effects on
the skin. Said additives may facilitate the administration to the skin and/or may be
helpful for preparing the desired compositions. These compositions may be
administered in various ways, e.g., as a transdermal patch, as a spot-on or as an

omntment.

It is especially advantageous to formulate the aforementioned pharmaceutical
compositions in dosage unit form for ease of administration and uniformity of dosage.
Dosage unit form as used in the specification and claims herein refers to physically
discrete units suitable as unitary dosages, each unit containing a predetermined quantity
of active ingredient calculated to produce the desired therapeutic effect in association
with the required pharmaceutical carrier. Examples of such dosage unit forms are
tablets (including scored or coated tablets), capsules, pills, powder packets, wafers,
injectable solutions or suspensions, teaspoonfuls, tablespoonfuls and the like, and
segregated multiples thereof.
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The exact dosage and frequency of administration depends on the particular
compound of formula (I) used, the particular condition being treated, the severity of the
condition being treated, the age, weight, sex, extent of disorder and general physical
condition of the particular patient as well as other medication the individual may be
taking, as is well known to those skilled in the art. Furthermore, it is evident that said
effective daily amount may be lowered or increased depending on the response of the
treated subject and/or depending on the evaluation of the physician prescribing the

compounds of the instant invention.

Depending on the mode of administration, the pharmaceutical composition will
comprise from 0.05 to 99 % by weight, preferably from 0.1 to 70 % by weight, more
preferably from 0.1 to 50 % by weight of the active ingredient, and, from 1 to 99.95 %
by weight, preferably from 30 to 99.9 % by weight, more preferably from 50 to 99.9 %
by weight of a pharmaceutically acceptable carrier, all percentages being based on the
total weight of the composition,

'The present compounds can be used for systemic administration such as oral,
percutaneous or parenteral administration; or topical administration such as via
mhalation, a nose spray, eye drops or via a cream, gel, shampoo or the like. The
compounds are preferably orally administered. The exact dosage and frequency of
administration depends on the particular compound according to formula (1) used, the
part'icula'r'condition being treated, the severity of the condition being treated, the age,
weight, sex, extent of disorder and general physical condition of the particular patient
as well as other medication the individual may be taking, as is well known to those
skilled in the art. Furthermore, it is evident that said effective daily amount may be
lowered or increased depending.on the response of the treated subject and/or depending
on the evaluation of the physician prescribing the compounds of the instant invention.

The amount of a compound of Formula (1) that can be combined with a carrier
material to produce a single dosage form witl vary depending upon the disease treated,
the mammalian species, and the particular mode of administration, However, as a
general guide, suitable unit doses for the compounds of the present invention can, for
example, preferably contain between 0.1 mg to about 1000 mg of the active compound.
A preferred unit dose 18 between 1 mg to about 500 mg. A more preferred unit dose is
between 1 mg to about 300mg. Even more preferred unit dose is between 1 mg to about
160 mg. Such unit doses can be administered more than once a day, for example, 2, 3,
4, 5 or 6 times a day, but preferably | or 2 times per day, so that the total dosage for a
70 kg adult 18 1n the range of 0.001 to about 15 mg per kg weight of subject per
administration. A preferred dosage 1s 0.01 to about 1.5 mg per kg weight of subject per
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administration, and such therapy can extend for a number of weeks or momnths, and in
some cases, years. It will be understood, however, that the specific dose level for any
particular patient witl depend on a variety of factors including the activity of the
spectfic compound employed; the age, body weight, general health, sex and diet of the
individual being treated; the time and roufe of administration; the rate of excretion;
other drugs that have previously been administered; and the severity of the particular
disease undergoing therapy, as is well understood by those of skill in the area.

A typical dosage can be one 1 mg to about 100 mg tablet or 1 mg to about 300 mg
taken once a day, or, multiple times per day, or one time-release capsule or tablet taken
once a day and containing a proportionally higher content of active ingredient. The
time-release effect can be obtained by capsule materials that dissolve at different pH
values, by capsules that release slowly by osmotic préssure, or by any other known
means of controlled release.

It can be necessary to use dosages outside these ranges in some cases as will be
apparent to those skilled in the art. Further, it is noted that the clinician or treating
physician will know how and when to start, interrupt, adjust, or terminate therapy in
conjunction with individual patient response.

For the compositions, methods and kits provided above, one of skill in the art
will understand that preferred compounds for use in each are those compounds that are
noted as preferred above. Still further preferred compounds for the compositions,

methods and kits are those compounds provided in the non-limiting Examples below.

EXPERIMENTAL PART

»

Herematfter, the term “m.p.” means melting point, “aq.” means aqueous, “r.m.
means reaction mixture, “r.t.” means room temperature, ‘DIPEA’ means NV~
diisopropylethylamine, “DIPE” means diisopropylether, “THF’ means tetrahydrofuran,
‘DMF’ means dimethylformamide, ‘DCM’ means dichloromethane, “EtOH” means
ethanol “EtOAc’ means ethylacetate, “AcOH” means acetic acid, “iPrOH” means
isopropanot, “iPrNH,” means isopropylamine, “MeCN” means acetoniirile, “MecOH”
means methanol, “Pd{OAc),” means palladium(IT)diacetate, “rac” means racemic, ‘sat,’
means saturated, ‘“SFC’ means supercritical fluid chromatography, ‘SFC-MS’ means
supercritical fluid chromatography/mass spectrometry, “LC-MS” means liquid
chromatography/mass spectrometry, “GCMS” means gas chromatography/mass
spectrometry, “HPLC” means high-performance liquid chromatography, “RP” means
reversed phase, “UPLC” means ultra-performance liquid chromatography, “R, means
retention time (in minutes), “IM+H]™ means the protonated mass of the free base of the
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compound, “DAST” means diethylaminosulfur trifluoride, “DMTMM” means 4-(4,6-
dimethoxy-1,3,5-trnazin-2-yl)-4-methylmorpholinium chloride, “HATU” means O-(7-
azabenzotriazol-1-yi)-N, N, N, N -tetramethyluronium hexafluorophosphate, “Xantphos”
means. (9,9-dimethyl-9H-xanthene-4,5-diyl)bis{diphenylphosphine], “TBAT” means
tetrabutyl ammonium triphenyldifluorosilicate, “TFA” means trifuoroacetic acid,
“Ht20” means diethylether, “DMSO” means dimethylsulfoxide.

For key intermediates, as well as some final compounds, the absolute
configuration of chiral centers (indicated as R and/or §) were established via
comparison with samples of known configuration, or the use of analytical techniques
suitable for the determination of absolute configuration, such as VCD (vibrational
cicular dichroism) or X-ray crystallography.

A. Preparation of the intermediates

Example Al

Preparation of infermediate : rac-2-amino-2-(3-bromo-pheny-nronionitrile
HoN

==N
Br

Trimethylsilylcvanide (20 g, 200 mmol) was added to a stirred solution of 3-
bromoacetophenone (20 g, 100 mmol) and NH4C1 (11 g, 200 mmo{) in NH3/MeOH
(400 mL). The mixture was stirred at room temperature for 4 days. Then the solvent
was evaporated in vacuo and the residue was taken up i EtOAc (100 mL). The solid
was filtered and the filtrate was evaporated in vacuo to vield intermediate 1 (20 g,
86% yield) which was used in the next step without further purification.

Example A2
Preparation of intermediate 2: rac-2-amino-2-(3-bromo-phenvh-propionic acid methyl
ester
HoN O
O___
Br

Entermediate 1 (20 g, 88.9 mmol) was dissolved in HCI/MeOH (500 mL) and the
mixture was refluxed for 4 days. After cooling to room temperature, EtOAc (100 mL)
and water (100 mL) were added and the mixture was extracted with EtQAc¢ (2 x 100
mL). The combined aqueous layers were basified with aqueous ammonia solution to
pH & and extracted with EtOAc (5 x 100 mL}. The combined organic layers were dried
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(NayS0y), filtered and the solvents evaporated in vacuo to yield rac-intermediate 2
{10.6 g, 46% yield) as an oil.

Example A3

Preparation of intermediate 3: rac-2-amino-2-(3-bromo-phenyi)-propan-1-ol
H,N  OH

Br

Lithium aluminium hydrde (1 M in THF, 22 mL, 22 mmol) was added dropwise to &
stirred solution of intermediate 2 (7.5 g, 29.1 mmol) in THF (200 mL) at -15 °C. The
mixture was left warming up slowly to 0 °C during 1 hour. Then more THF (150 mL)
was added and sat. Na;SO; was added dropwise until no more hydrogen was formed.
Then anhydrous Na;SO4 was added and left stirring overnight at room temperature. The
mixture was filtered over diatomaceous earth, rinsed with THF and the solvent
evaporated in vacuo. The crude product was purified by flash column chromatography
(silica; 7 M solution of ammonia in methano/DCM 0/100 to 3/97). The desired
fractions were collected and concentrated in vacuo to yield intermediate 3 (5.70 g,
85% yield) as an oil.

Example A4

Preparation of intermediate 4: (R)-2-amino-2-(3-bromo-phenvl)-propan-1-ol
H,N  OH

Br

A sample of intermzediate 3 (15.4 g) was separated into the corresponding enantiomers
by preparative SFC on (Chiralpak® Daiccl AD x 250 mm). Mobile phase (CO,, MeOH
with 0.2% iPrNH») to vield intermediate 4 (7.21 g, 40% yield).

ap: -14.9 ° (589 nm, ¢ 0.2946 wiv %, MeQH, 20 °C),

Example AS

Preparation of intermediate 5: rac-5-(3-bromo-phenyl)-3-methvl-mormpholin-3-one
Q

)

HMN O

Br

Chloro-acetyl chloride (0.55 mL, 6.95 mmol) was added dropwise to a stirred solution
of intermediate 3 (1.6 g, 6.95 mmol) in THF (60 mL) and diisopropylethyl amine
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(1.44 ml., 8.34 mmol) at -78 °C. The mixture was stirred for 30 minutes at -78 °C. Then
potassium fert-butoxide (1.95 g, 17.38 mmol) was added and the mixture was stirred at
-15°C and left warming up to 0 °C during 90 minutes. The mixture was diluted with
saturated NHaCl and extracted with DCM. The organic layer was separated, dricd
{NayS0y), filtered and the solvents evaporated in vacuo. The crade product was
triturated with E6,O, filtered and dried to yield intermediate 5 (1.65 g, 88% yicld) as a
white solid.

Example A6
Preparation of intermediate 6: rac-5-[3-(5-methoxv-nyridin-3-vh)-phenvl]-5-methyl-

morphohin-3-one

H NHO
7\
\

1.4-Dioxane (15 mL} and sat. ag. Na,COs (5 mL) were added to a mixture of
intermediate 5 (0.5 g, 1.85 mmol), 3-methoxy-5-(4,4,5,5-tetramethyl-
[1,3,2]dioxaborolan-2-yi)-pyridine (0.87 g, 3.70 mmol) and
tetrakis(triphenylphosphine)palladium (0.214 g, 0.185 mmol). The mixture was stirred
and Ny flushed for a few minutes and then heated at 80 °C for 2 h. After cooling the
mixture was diluted with water and extracted with DCM. The organic layer was
separated, dried (NapSOy), filtered and the solvents evaporated in vacuo. The crude
product was purified by flash column chromatography (silica; 7 M solution of ammonia
in methanol/DCM 0/100 to 4/96). The desired fractions were collected and
concentrated in vacue to yield intermediate 6 (0.51 g, 92% yield) as an off white solid.

Example A7
Preparation of intermediate 7: rac-5-[3-(5-methoxy-pyvridin-3-vi}-phenvl}-5-methvi-

morpholine-3-thione

5
bt
HN O
A
G
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THF (15 mL) was added to a mixture of intermediate 6 (0.5 g, 1.56 mmol) and
phosphorus pentasulfide (0.3 g, 1.35 mmol) at room temperature. The mixture was
stirred at 50 °C for 60 minutes. The mixture was cooled to room temperature and
pyridine (10 mL) was added. The mixture was stirred at 80 °C for 5 hours. The mixture
was cooled to room temperature and filtered over cotion, the solid residue was
triturated with a mixture of DCM and MeOH and filtered over cotton. The combined
organic layers were evaporated in vacuo. The crude product was purified by flash
column chromatography (silica; MeQH/ DCM 0/100 to 3/97). The desired fractions
were coliected and evaporated in vacuo to yield intermediate 7 (0.4 g, 82% yield) as a
solid.

Example A8

Preparation of intermediate 8: rac-5-(3-bromo-phenyl)-5-methyl-morpholine-3-thione
5

)

HN Q

Br

THF (40 mL) was added to a mixture of intermediate 5 (1.14 g, 3.92 mmol) and
phosphorus pentasulfide (0.704 g, 3.17 mmol) at room temperature. The mixture was
stirred at 50 °C for 50 minutes. Then the mixture was cooled to room temperature and
filtered over cotton and evaporated in vacuo. The crude product was purified by flash
column chromatography (silica; DCM). The desired fractions were collected and

evaporated in vacuo to vield intermediate 8 (1.05 g, 93% vield) as a yellow solid.

Example A9
Preparation of intermediate 9 rac-5-(3-bromo-phenyl)-5-methvl-5.6-dihvdro-2 H-

1. 4]oxazin-3~ylamine trifluoroacetate salt

HoN
N}—\o

Br

Intermediate 8 (0.205 g, 0.716 minol) and 32% aqueous ammonia solution (12 mL)
was stirred in a sealed tube at 60 °C for 4 hours. After cooling, the mixture was diluted
with water and extracted with DCM. The organic layer was separated, dried (Na;SOy),
filtered and the solvent evaporated in vacuo. DCM (15 mL) and TFA (0.25 mL) were
added, mixed and evaporated. To this residue, Et;0 and heptane were added and
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evaporated, DIPE was added, sonicated and then stirred overnight at room temperature.
The white precipitate was filtered and washed with DIPE and dried to vield
intermediate 9 (0.19 g, 69% yield) as a white solid.

Example A10
Preparation of intermediate 16: rac-5-(3-amino-phenyD-5-methyl-5.6-dihydro-2 H-

[1.4]oxazin-3-vlamine

HoN
N>’_\O

HoN

Toluene (1.5 mL) was added to a mixture of intermediate 9 (0.05 g, 0.13 mmol),
tris(dibenzylidencacetone)dipalladium(0) (0.012 g, 0.013 mmol), rac-2,2°-
bis(diphenylphosphine)-1,1’-binaphthyl (0.024 g, 0.04 mmol) and sodium tert-butoxide
(0.031 g, 0.326 mmol) in a sealed tube and under nitrogen at room temperature. The
mixture was flushed with nitrogen for a few minutes and then benzophenone imine
(0.028 mL, 0.17 mmol) was added and the mixture was stirred at 80 °C for 7 hours.
After cooling, a mixturc of IN HCVTHF (1/1.4 mL) was added and the mixture was
stirred at room temperature overnight. The mixture was diluted with water and washed
with EtOAc. The aqueous layer was basified with sat Na;CO; and extracted with -
DCM/EtOH 9/1 (10 times). The combined organic layers were dried (Na;SOy), filtered
and the solvents evaporated in vacuo. The crude product was purified by flash column
chromatography (silica; 7 M solution of ammonia in methanol/ DCM 0/100 to 8/92).
The desired fractions were collected and concentrated in vacuo to yield intermediate
10 (0.012 g, 45% yield) as an oil.

Example Al
Preparation of intermediate 11 rac-5-(3-bromo-phenyl)-2-hydroxy-5-methyl-2-

rfluoromethyl-morpholin-3-one
F
o F
F
HN 0

Br

Ethyl triftuoropyruvate (0.59 mL, 4.48 mmol) was added to a stirred solution of
intermediate 4 (1.33 g, 5.77 mmol} in DIPE (5 mL) at 0 °C. The mixture was stirred
for 2 hours at 70 °C to give a semi-crystalline product. DIPE (15 mL} was added and
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the mixture was stirred overnight af room temperature. The solid precipitated was
filtered and dried in vacuo to yield intermediate 11 (1.083 g, 68% yield) as white
crystals.

Example A12
Preparation of intermediate 12: rac-3-(3-bromo-phenv])-2-fluoro-5-methvi-2-

irifluoromethyl-morpholin-3-one

Diethylaminosulfurtrifluoride (0.45 mL, 3.66 mumol) was added to a stirred suspension
of intermediate £1 (1.08 g, 3.05 mmol) in DCM (8 mL) at 0 °C. The mixture was
stirred for 30 minutes and then poured into a mixture of ice and sat. NaHCOs. The
organic layer was separated and the aqueous layer was extracted with DCM (3 x 25
mL). The combined organic layers were washed with brine. The organic layer was
separated, dried (MgSQ.), filtered and the solvents evaporated in vacuo. The crude
product was purified by flash column chromatography (silica; DCM). The desired
fractions were coliccted and concentrated in vacuo to yield intermediate 12 (0.91 g,
85% yield) as beige crystals,

Example A13
Preparation of intermediate 13: rac-3-(3-bromo-phenvh-2-flugro-3-methv]-2-

triftluoromethyl-morpholin-3-thione

Lawesson’s reagent (1.23 g, 3.03 mmol) was added to a stirred suspension of
intermediate £2 (0.9 g, 2.53 mmol) in toluene {10 mL) at -78 °C. Then, the mixture
was allowed to warm to room temperature and stirred for 30 minutes. The mixture was
evaporated in vacuo and the residue was diluted in DCM and washed with sat NaFHCOs.
The organic layer was separated and the aqueous layer was extracted with DCM (2 x 5
mL). The combined organic layers were dried (MgSQy), filtered and the solvents
evaporated in vacuo to yield intermediate 13 (1.35 g, 99% vyield) as a yellow glass.
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Example A14
Preparation of intermediate 14 rac-5-(3-bromo-~phenyl)-2-fluoro-5-methyl-2-

trifluoromethyl-5,6-dihydro-2{1.4Joxazin-3-vlamine

F
7 F

N O

B

A solution of intermediate 13 (1.35 g, 2.50 mmol) in EtOH (25 mL) and ammonium
hydroxide (40 mL) was stirred for 48 hours at 40 °C. Then, DCM (100 mL) was added.
'The organic layer was separated and the aqueous layer was extracted with DCM (3 x 20
ml). The combined organic layers were washed with brine. The organic layer was
separated, dried (Na;SOy), filtered and the solvents evaporated in vacuo. The crude
product was purified by flash column chromatography (silica; 7 M solution of ammonia
in methanol in DCM 0.5/99.5). The desired fractions were collected and concentrated
in vacuo and the residue was again purified by flash column chromatography (silica; 7
M solution of ammonia in methanol /DCM 0.5/99.5). The desired fractions were
collected and concentrated in vacuo to yield intermediate 14 (0.72 g, 81% yield) as
yellow crystals.

Exampie A13 _
Preparation of intermediate 15; rac-2-(3-bromo-phenyl)-2-(4-methoxy-benzvlamino)-

propan-i-ol

Br
Ny
H
N

OH
A mixture of intermediate 3 (9.66 g, 41.97 mmol) and p-anisaldchyde (5.11 mL, 41.97
mmol) in dry MeOH (84 ml.) was stirred at room temperature overnight. The mixture
was cooled down to 0 °C and sodium borohydride {1.59 g, 41.97 mmol) was carefuily
added portionwise. The mixture was stirred at room temperature for 30 minutes,
quenched with IN HCI, basified with 50% NaOH and extracted with DCM. The
organic layer was separated, dried (MgSQy), filtered and the solvents evaporated in
vacuo. The crude product was purified by flash column chromatography (silica gel;
MeOH in DCM 0/100 to 5/95). The desired fractions were collected and concentrated

in vacuo. The residue was taken up in a mixture of toluene and 32% HCI. The aqueous
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layer was separated and the organic layer was extracted with 32% HCI (5 x 150 mL).
The combined aqueous layers were cooled down on dry ice/acetone and 50% NaOH
was slowly added until pH 10. The aqueous layer was saturated with NaCl and
extracted with DCM (3 x 250 mL). The combined organic layers were dried (MgSOy),
filtercd and the solvents evaporated in vacuo to yield intermediate 15 (9.10 g, 62%
yield) as a colorless oil.

Example A16
Preparation of intermediate 16 rac-5-(3-bromo-phenvi)-4-(4-methoxy-benzyl)-3-

methvl—momhoim— -ONe

Ch],oroacetyl chloride (0.96 mL, 12 mmol} was added dropwise to a stirred solution of
intermediate 15 (4.20 g, 12 mmol) and DIPEA (2.48 mL, 14.4 mmol) in dry THF (137
mL) at -78 °C. The mixture was stirred at -78 °C for 30 minutes. Then potassium tert-
butoxide (3.37 g, 30 mmol) was added and the mixture was allowed to warm to room
temperature, The mixture was dituted with IN HCI and extracted with DCM. The
organic layer was separated and washed with sat. NaHCO;. The organic layer was
separated, dried (MgSQOy), filtered and the solvents evaporated in vacuo. The crude
product was purified by flash column chromatography (silica gel; DCM), The desired
fractions were collected and concentrated in vacuo to yield intermediate 16 (3.96 g,

85% yield) as a colorless oil that crystallized upon standing.

Exampie A17
Preparation of intermediate 17; rac-3-(3-bromo-phenyl)-2-(2-hydroxy-ethyl)-4-{4-

methoxy-benzyl)-5-methyl-morpholin-3-one
HK/Q:O
N
\O Br
Lithium diisopropylamide (2M 1a THF /heptanes/ethyibenzene) (11.53 mL, 23.06
mmol) was added to a solution of intermediate 16 (3 g, 7.69 mmol) in dry THF (100

ml.) at 0 °C. After stirring for 30 minutes 2-(2-bromoethoxy)tetrahydro-2H-pyran (1.63
mkL, 11.53 mmol) was added. The mixture was stirred at 0 °C for 2 hours, quenched
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with IN HCI (100 mL) and stirred at room temperature for I hour. The mixture was
extracted with DCM (3 x 100 mL). The combined organic layers were washed with
brine. The organic layer was separated, dried (MgSQOy), filtered and the solvents
evaporated in vacuo. The crude product was purified by flash column chromatography
(silica gel; MeOH/ DCM 0/100 to 5/95). The desired fractions were collected and
concentrated in vacuo to yield intermediate 17 (2.10 g, 63% yield) as a yellow oil,

Example AIR
Preparation of intermediate 18: rac-methanesulfonic acid 2-[5-{3-bromo-phenyl)-4-(4-

methoxv-benzyl)-5-methyl-3-oxo-momholin-2-vi]-ethyl ester.

Oxg- O
\S

O N

Br
g

Methanesulfonyl chloride (0.27 mL, 3.49 mmol) was added to a mixture of
intermediate 17 (2.02 g, 2.32 mmol) and DIPEA (1.20 mL, 6.98 mmol) in DCM (50
mLj at 0 °C. The mixture was stirred for 15 minutes, quenched with IN HCi (100 mL)
and extracted with DCM (3 x 100 mL). The combined organic layers were washed with
brine. The organic layer was separated, dried (MgSQy), filtered and the solvents
evaporated in vacuo. The crude product was purified by flash column chromatography
(silica gel; DCM). The desired fractions were collected and concentrated in vacuo to
vield intermediate 18 (1.01 g, 42% yield) ag a colorless oil.

Example A19
Preparation of intermediate 19: rac-6-(3-bromo-pheny}-7-(4-methoxy-benzyl)-6-

methyl-4-oxa-7-aza-spirel2 Sloctan-K-one.

pe

N

\O Br
Lithium diisopropylamide (ZM in cyclohexane/ethylbenzene/THF) (1.48 ml, 2.95
mmol) was slowly added to a solution of intermediate 18 (1.01 g, 0.985 mmol) in THF
(19 mL) at 0 °C. The mixture was stirred for 30 minutes, quenched with IN HCI and
extracted with DCM (3 x 50 mL). The combined organic layers were washed with
brine. The organic layer was separated, dried (MgSOy), filtered and the solvents
evaporated in vacuo. The crude product was purified by flash column chromatography
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(silica; DCM)}. The desired fractions were collected and concentrated in vacuo to give
colorless o1l that was crystallized from DIPE, The mother liquor was decanted off and
the solid was washed with heptane to vield intermediate 19 (0.51 g, 62% vyield) as
white crystals.

Example A20
Preparation of intermediate 20: rac-6-(3-bromo-pheny)-6-methvl-4-oxa-7-aza-

spiro[2.5joctan-8-one

O
i Br
H

Ammonium ceriem(I'V) nitrate (0.99 g, 1.80 mmol) was added to a mixture of

intermediate 19 (0.25 g, 0.60 mmol) in a mixture of acetonitrile/water 1/1 (5 mL). The
mixture was stirred at room temperature for 4 bours. The crude was treated with sat.
Na,COs5 (the solution became milky) and extracted with DCM (3 x 50 mL). The
combined organic layers were washed with brine. The organic layer was separated,
dried (MgS0y,), filtered and the solvents evaporated in vacuo. The crude product was
purified by flash column chromatography (silica gel; McOH/ DCM 0/100 to 10/90).
The desired fractions were collected and concentrated in vacuo to yield intermediate
20 (0.17 g, 94% yield) as a colorless oil,

Example A21
Preparation of intermediate 21: rac-6-[3-{5-methoxv-pyridin-3-vD)-phenyil-6-methvl-

4-pxa-T-aza-spiro[2.5loctan-8-one,

A solution of intermediate 26 (0.17 g, 0.56 mmot), (3-methoxypyridin-5-yl) boronic
acid pinacol ester (0.265 g, 1.13 mmol) and tetrakis{triphenylphosphine)paliadium(0)
(0.065 g, 0.056 mmol) i sat. Nap,CO; (2 mL) and 1,4-dioxane (14 mL) was nitrogen
flushed for a few minutes and then stirred at 80 °C for 4 hours. Then water (50 mL) and
DCM (50 mL) were added. The organic layer was separated and the aqueous layer was
extracted with DCM (3 x 50 ml.), The combined organic layers were separated, dried
(Naz50y), filtered and the solvents evaporated in vacuo. The crude product was
purified by flash column chromatography (silica gel; 7 M solution of ammonia in
methanol/ DCM 0/100 to 5/95). The desired fractions were collected and concentrated
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in vacuo. The residue was crystallised with Et;0 to yield intermediate 21 (0.175 g,
96% yield) as yellow crystals.

Example A22
Preparation of intermediate 22 rac-6-[3-(5-methoxy-pyridin-3-vl)-phenvil-6-methvl-

4-oxa-7-aza-spiro[2.5Joctane-8-thione,

3 ]
5% N NN
H

Lawesson’s reagent (0.25 g, 0.63 mmol) was added to a solution of intermediate 21
{0.17 g, 0.52 mmol) in a mixture of totuene (5 mL) and THF (5 mL). The mixture was
stirred at 85 °C for 5 hours. The solvent was evaporated in vacuo and the residue was

purified by flash column chromatography (silica gel, DCM). The desired fractions were
collected and concentrated in vacuo and the crude product was purified again by flash
colurn chromatography (silica gel; DCM). The desired fractions were coliected and
concentrated in vacuo to yield intermediate 22 (0.18 g, 88% yield) as a yellow oil.

Example A23
Preparation of intermediate 23; (R)-5-(3-bromo-phenyl)-5-methyl-morpholin-3-one

O

b

HN O

Br

Chloro-acetyl chioride (0.66 mL., 8.26 mmol) was added dropwise to a stirred solution
of intermediate 4 (1.9 g, 8.26 mmol) in THF (70 mL) and diisopropytethyl amine
(1.71 mL, 9.91 mmol) at -78 °C. The mixture was stirred for 20 minutes at -78 °C. Then
potassium zert-butoxide (2.32 g, 20.64 mmol) was added and the mixture was stirred at
-15 °C and left warming up to 0 °C during 60 minutes. The mixture was diluted with
saturated NH4Cl and extracted with DCM. The organic layer was separated, dried
(NapS0y), filtered and the solvents evaporated in vacuo. The crude product was
purified by flash column chromatography (silica gel; McOH/ DCM 0/100 to 3/97). The
desired fractions were collected and concentrated iz vacuo. Then EtoO was added to the
residue and the solvents evaporated in vacuo to yield intermediate 23 (1.93 g, 86%
vield) as a white solid.

op: -71.6 7 (589 nm, ¢ 0.62 w/v %, DMF, 20 °C)
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Example A24
Preparation of intermediate 24: (R)-5-(3-bromo-phenyl)-5-methvi-morpholine-3-

S
bt

HN O

Br

THF (70 mL) was added to a mixture of intermediate 23 (1.9 g, 7.03 mmol) and
phosphorus pentasulfide (1.25 g, 5.62 mmol) at room temperature. The mixture was
stirred at 50 °C for 60 minutes. Then the mixture was cooled to room temperature and
filtered over cotton and evaporated ir vacuo. The crude product was purified by flash
column chromatography (sitica; DCM). The desired fractions were collected and
evaporated in vacuo. Heptane and DCM were added to the residue and the solvents
evaporated in vacuo to yield intermediate 24 (1.89 g, 94% vyield) as a white sticky
foam.

op: ~190° (589 nm, ¢ 0.6 wiv %, DME, 20 °C)

Example A25
Preparation of intermediate 25: (R)-53-{3-bromo-~phenvl}-5-methvl-5.6-dihvdro-2 H-
1.4}oxazin-3-ylamine
HoN

N/ 0O

Br

32% aqueous ammonia solution (30 mL) was added to intermediate 24 (1.86 g, 6.50
mmol) and the mixture was stirred in a sealed tube at 60 °C for 1 hour. After cooling to
0 °C, 7N ammonia in MeOH (10 mL) was added and the mixture was stirred at 60 °C
for 3 hours. After cooling to room temperature the mixture was diluted with water and
extracted with DCM, The organic layer was separated, dried (Na,SOy), filtered and the
solvent evaporated in vacuo. The crude product was purified by flash column
chromatography (silica gel; MeOH / DCM 0/100 to 5/95 and then 7 M solution of
ammonia in methanol / DCM 5/95). The desired fractions were coliected and
concentrated in vacuo to yield intermediate 25 (1.45 g, 83% yield) as a sticky oil.

op: -112.6 ° (589 nm, ¢ 0.662 w/v %, DMF, 20 °C)
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Example A20
Preparation of intermediate 26: (R)-5-(3-amino-phenyl)-5-methyl-5.6-dihydro-2/-

1. 4loxazin-3-vlamine

HoN
N>/“\o

HoN

Toluene (30 mL) was added to a mixture of intermediate 25 (1 g, 3.72 mmol),
tris(dibenzylideneacetone)dipalladium(0) (0.34 g, 0.37 mmol), rac-2,2’-
bis(diphenylphosphino}-1,1’-bmaphthyl (0.69 g, 1.12 mmol) and sodium ferz-butoxide
(0.54 g, 5.57 mmol) in a sealed tube and under nitrogen at room temperature. The
mixture was flushed with nitrogen for a few minutes and then benzophenone imine
(0.81 mL, 4.83 mmol) was added and the mixture was stirred at 70 °C for 18 hours.
After cooling, a mixture of 1IN HCI (20 ml.) was added and the mixture was stirred at
room temperature for I hour. The mixture was diluted with water and washed with
EtOAc. The aqueous layer was basified with saturated agueous Na,COs and extracted
with DCM/EtOH 9/1 (10 times). The combined organic layers were dried (NaySQOy),
filtered and the solvents evaporated in vacuo. The crude product was purified by flash
column chromatography (silica gel; 7 M solution of ammonia in methanol/ DCM 0/100
to 10/90). The desired fractions were collected and concentrated in vacuo to yield
intermediate 26 as a sticky white solid.

Example A27

Preparation of intermediate 27 trans-rac-5-(3-bromo-nhenvi)-2.5-dimethyl-

morpholin-3-one

2-Chloropropionyl chloride (0.84 mL, 8.69 mmol) was added dropwise to a stirred
solution of intermediate 3 (2.0 g, £.69 mmol} in THF (70 mL) and diisopropylethy!
amine (1.80 mL, 10.43 mmol) at -78 °C. The mixture was stirred for 90 minutes at -78
°C. Then potassium tert-butoxide (2.44 g, 21.73 mmeol) was added and the mixture was
stirred at 0 °C for 2 hours. The mixture was diluted with saturated aqueous NH;Cl and
extracted with DCM. The organic layer was separated, dried (Na;SQy), filtered and the
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solvents evaporated in vacuo. The crude product (approx. 1:1 mixture of cis/trans
diastereoisomers) was purified by flash column chromatography (silica gel; MeOH /
DCM 0/100 to 2/98). The desired fractions were collected and concentrated in vacuo to
vield intermediate 27 (2.05 g, 83% yield, trans) as a white solid.

Example A28
Preparation of intermediate 28: cig/trans rac-5-(3-bromo-pheny)-2.5-dimethvyl-

morpholin-3-thione

Br

THF (70 mL) was added to a mixture of intermediate 27 (2.0 g, 7.04 mmol) and
phosphorus pentasulfide (1.25 g, 5.63 mmol} at room temperature. The mixture was
stirred at 50 °C for 3 hours. Then the mixture was cooled to room temperature and
filtered over cotton and evaporated in vacuo. The crude product was purified by flash
column chromatography (silica gel; DCM). The desired fractions were collected and
evaporated in vacuo to vield as a 1:1 mixture of diastercoisomers intermediate 28
(1.81 g, 86% yield, approx. 1:1 mixture of cis/trans diastercoisomers) as a transparent
sticky product.

Example A29
Preparation of intermediate 29; trans-rac-5-(3-bromo-phenyi}-2.5-dimethvl-5,6-

dihydro-2H-[1.4]loxazin-3-ylamine, intermediate 30: cis-rac-5-(3-bromo-phenyl)-2,3-

dimethvl-3.6-dihydro-2H-{1.4loxazin-3-vlamine and intermediate 31: mixéiure
trans/cis rac-3-(3-bromo-pheny)-2. 5-dimethvl-5.6-dihydro-2H-[ 1 4 Joxazin-3-viamine

HoN
>/ <

N O

Br

TN ammonia in MeOH (10 mL) was added to a mixture of intermediate 28 (1.8 g, 6.00
mmoi) and 32% aqueous ammoniza solution (30 mL) in a sealed tube. The mixture was
stirred at 60 °C for 6 hours. After cooling to room temperature the mixture was dituted
with water and extracted with DCM. The organic layer was separated, dried (Na;SOy),
filtered and the solvent evaporated in vacuo. The crude product was purified by flash

column chromatography (silica gel; 7 M solution of ammonia in methanol/ DCM 0/100



10

15

20

WO 2011/154431 PCT/EP2011/059441

- 65 -

to 3/97). The desired fractions were collected and concentrated in vacuo to vield
intermediate 29 (0.23 g, 14 % vyield, trans), intermediate 30 (0.41 g, 24% yield, cis)
and intermediate 31 (0.60 g, 35% yield, approx. 1.1 mixture of cis/trans

diastereoisomers) as sticky white products.

Example A30
Preparation of intermediate 32: cis/trans-rac-5-(3-amino-phenvl}-2.5-dimethyl-5,6-

dihvdro-2H-[1,4Joxazm-3-vlamine

HoN
>/ <

N 0

HoN

Toluene (15 ml) was added to intermediate 31 (0.59 g, 2.08 mmol),
tris(dibenzylidencacetone )dipalladium(0) (0.19 g, 0.21 mmol), rac-2,2’-
bis(diphenylphosphino)-1,1°-binaphthyl (0.39 g, 0.63 mmol) and sodium tert-butoxide
(0.36 g, 3.75 mmol) in a sealed tube and under nitrogen at room temperature. The
mixture was flushed with nitrogen for a few minutes and then benzophenone imine (0.7
ml, 4.17 mmol) was added and the mixture was stirred at 80 °C for 2 hours. After
cooling, a mixture of IN HCYTHF (20/20 mL) was added and the mixture was stared
at room temperature for 1 hour. The mixture was diluted with water and washed with
EtOAc. The aqueous layer was basified with saturated aqueous Na,CO; and extracted
with DCM/EtOH 9/1 (10 times). The combined organic layers were dried (Na;SOy),
filtered and the solvents evaporated in vacuo. The crude product was purified by flash
column chromatography (silica gel; 7 M solution of ammonia in methanol / DCM
0/100 to 10/90). The desired fractions were collected and concentrated in vacuo. The
residue was triturated with heptane to yield intermediate 32 (0.21 g, 45% yield,

approx. 1:1 mixture of cis/trans diastereoisomers) as an off white solid.

Example A3l
Preparation of intermediate 33: rac- 2-(5-bromo-2.4-difluore-phenv)-2-(2-chloro-

acetylamino) proplonic acid

P
¢@ TNH
F P ©
To a cooled solution of rac-2-amino-2-(5-bromo-2 4-difluoro-phenyl)-propionic acid (2
g, 7.14 mmol) in NaOH (1M irn H20, 8.57 mL), a solution of chloroacetyl chloride
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(0.625 mL, 7.85 mmol) in 1,4-dioxane (4 mL) was added dropwise. Sirnultancously,
NaOH (5M in H20, 1.43 mL) was added to adjust the pH at 10-11. Extra 1,4-dioxane
(20 mL) was then added and the resulting mixture was vigorously stirred at room
temperature for 1 hour. The organic layer was separated, and the aqueous layer
extracted with Et,O. Then the aqueous layer was acidified with HCI (6 M, in H;O) until
pH 2. The resulting white solid was collected by filtration, washed with H,O and dried
to yield intermediate 33 (1.7 g, 66.7%).

Example A32
Preparation of intermediate 34; rac- 3-(5-bromo-2.4-difluoro-phenyl)-3-methyi-

morpholine-2.5-dione
0]

HN)H
BF’O
24!
F F
intermediate 33 (I g, 2.8 mmol) was dissolved in DMF (37 mlL.), and the reaction

mixture was stirred at 110 °C for 48 hours. The mixture cooled down and was then

diluted with water and extracted with EtOAc, the organic layers were separated, dried
(NazSOy), filtered and the solvents evaporated in vacuo. The solid material obtained
was then washed with DIPE to yield intermediate 34 which was used as such in the
next reaction step (1 g, 65.5%)

Exampie A33
Preparation of intermediaie 35: cis/trans-rac-5-(5-bromo-2.4-difluocro-phenvyl)-6-

hydroxy-5-methyi-morpholin-3-one
o)

A solution of intermediate 34 (1.5 g, 4.7 mmol) in THF (23 mL) was cooled to -78 °C
under Ny atmosphere. Then, diisobutylaluminium hydride (9.5 mL, 9.5 mmol) was
slowly added. The reaction mixture was stirred for 2 hours allowing it slowly to warm
up to room temperature The reaction mixture was cooled down to 0 °C and it was
quenched by slow addition of water (1 ml). The mixture was then extracted with
EtOAc, the organic layers were separated, dried (Na;S0y), filtered and the solvents
evaporated in vacuo to yield intermediate 35 (1 g, 65.4 % yicld) which was used as
such in the next reaction step.
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Example A34
Preparation of intermediate 36: cis/trans-rac-5-{5-bromo-2.4-difluoro-phenvl)-6-

fluoro-5-methvl-mormpholin-3-one.
O

Intermediate 35 (1 g, 3.1 mmol) was suspended in DCM (7.7 mL) and the reaction
was cooled down to 0 °C. Then DAST (0.45 mL, 3.7 mmol) was added dropwise. After
20 min at 0 °C the reaction mixture was quenched with aqueous NaHCO; (sat. sol.),
then extracted with DCM. The organic layers were separated, dried (Na;SQy), filtered
and the solvents evaporated in vacuo to yield intermediate 36 (1 g, quant, yield) which

was used as such in the next reaction step.

Example A35
Preparation of intermediate 37: cis/trans-rac-5-{5-bromo-2.4-difluore-phenyl)-6-

fluoro-5-methvl-morpholine-3-thione.
g

HNJj
OH
¥ F
Intermediate 36 (1 g, 3.1 mmol) was dissolved in THF (30 mL) and then P,Ss (0.686
g, 3.1 mmol) was added at room temperature The mixture was stirred at 70 °C for 1

hour. Then it was cooled to room temperature, the solid residue was filtered off and the
organic solvent evaporated to dryness to give intermediate 37 which was used as such
in the next reaction step (quant. yield).

Example A36
Preparation of intermediate 38: cis-rac-5-(5-bromo-2.4-difluoro-phenyl}-6-fluoro-53-

methyl-5.6-dihydro-2H-[ 1.4loxazin-3-vlamine and intermediate 39: trans-rac-5-(5-

bromo-2.4-diftuoro-phenvD-6-fluoro-3-methvl-3,6-dihvdro-2H-[ 1.4 loxazin-3-vlamine.
NH,

5
Br O
Intermediate 35 (1.3 g, 3.83 mmol), was dissolved in 7N ammonia in MeOH (13 ml)

and the reaction mixture was stitred at 60 °C for 20 hours. Additional 7N ammonia in
MeOH was added (8 mL) and the mixture was stirved at 60 °C for an additional 8
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hours. Then the solvent was evaporated and the crude product purified by column
chromatography (silica gel; eluents: 7 M solution of ammonia in methanol/DCM (/100
to 10/90). The desired fractions were collected and concentrated in vacuo to yield
intermediate 39 (0.423 g, 34% vicld) and intermediate 38 (0.405 g, 33% yield).

Example A37
Preparation of intermediate 49: rac-2-(3-bromo-phenv)-2-(2-chloro-acetylaming -

propionic acid

P

O NH

Br. OH
(

Intermediate 40 was synthesized following the same approach described in the

Example A31. Starting from rac-2-amino-2-(3-bromo-phenyl)-propionic acid (12 g, 50
mmol) intermediate 46 was obtained (12 g, 75% yield).

Example A38

" Preparation of intermediate 41 rac-3-(3-bromo-pheny!)-3-methvl-morpholine-2.5-

dione
Q

HNJ\)
Br O
0

Intermediate 40 (2.4 g, 7.54 mmol) was dissolved in DMF (58 mL), and then K;COs
(1.04 g, 7.54 mmol) was added. The reaction mixture was stirred for 3 days at room
temperature. The mixture was then cooled down in an ice bath and diluted with water
and extracted with EtOAc, the organic layers were separated, dried (Na;SOy), filtered
and the solvents evaporated in vacuo to yield intermediate 41 as a white solid (1.77 g,
83% yield).

. Example A39

Preparation of intermediate 42 cis/trans-rac-5-(3-bromo-phenv)-6-hvdroxv-5-methvi-

morpholin-3-one
o

Hl\i/“\‘
Br: O
o




WO 2011/154431 PCT/EP2011/659441
S 69 -

Intermediate 42 was synthesized following the same approach described in the
Example A33. Starting from intermediate 41 (2.95 g, 10.38 mmol) intermediate
42was obtained (2.9 g, quant. yield; mixture of diastereoisomers 69/31).

Example A40
5  Preparation of intermediate 43: cis/trang-rac-5-(3-bromo-phenyl)-6-fluoro-3-methyl-

morphoiin-3-one
0

HNJ\,
Br 0
F

Intermediate 43 was synthesized following the same approach described in the

Example A34. Starting from intermediate 42 (3.2 g, 11,18 mmol) intermediate 43
10 was obtained as solid material (3.2 g, quant. yield).

Exampic A41
Preparation of intermediate 44: cis/trans-rac-5-(3-bromo-phenyl)-6-fluore-5-methyl-

morpholine-3-thione
S

HNJH
Br Q
F

15 Intermediate 44 was synthesized following the same approach described in the

Example A35. Starting from intermediate 43 (6.84 g, 23.7 mmol) intermediate 44
was obtained as a white solid (6 g, 83% yield)

Example A42
Preparation of infermediate 45: cis-rac-3-(3-bromo-pheny)-6-fluoro-5-methyl-5.6-

20 dihvdro-2H-[1.4loxazin-3-vlamine and intermediate 46; trans-rac-5-(3-bromo-

phenyl)-6-fluoro-3-methyi-3,6-dihydro-2H-{1.4Joxazin-3-ylamine
N

N)ﬁ
Br. 0
F

Intermediate 45 and intermediate 46 were synthesized following the same approach
described in the Example A36. Starting from intermediate 44 (6 g, 19.72 mmol)

25 intermediate 45 ( 0.33 g, 6% yicld) and intermediate 46 (1.9 g, 35% yield) were
obtained.
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Preparation of intermediate 47: traps-rac- 5-(3-amino-phenyl)-6-fluoro-5-methyl-5,6-

dihydro-2H-[1,4]oxazin-3~-vlamine.
NH»

N)\’
HoN O
F

Intermediate 46 (0.32 g, 1.12 mmol) was combined with NaN; (0.182, 2.8 mmo!), Cul
(0.266 g, 1.4 mmol) and NayCO; (0.237 g, 2.43 mmol) in DMSO (16 mL) and the
reaction was degassed. After that, NN -dimethylethylenediamine (0.211 mL, 1.96
mmol) was added and the mixture was heated at 110 °C until completion of the

reaction, about 1 hour. The reaction mixture was filtered off and the filter cake was
washed with water. EtOAc and water were added and the mixture was acidified by
addition of HCI (1M in H20). The organic layer was then separated and the aqueous
layer washed with EtOAc. Then the water layer was basified with NaOH (1M in H;O)
and extracted again with EtQAc. The combined organic layers were dried,(Na;SQy)
filtered and concentrated in vacuo to yield intermediate 47 which was used as such in
the next reaction step (0.5 g, impure with DMSO solvent).

Example Ad4
Preparation of intermediate 48; rac-2-(5-bromo-2-fluoro-phenvl)-2-{2-chloro-

acetylamino)-propionic acid
CIJ\
07 NH
Br OH
O
F

Intermediate 48 was synthesized foliowing the same approach described in the

Example A31. Starting from rac-2-amino-2-(3-bromo-2-fluoro-phenyl)-propionic acid
{6 g, 22.9 mmol) intermediate 48 was obtained (6.6 g, 85% yield

Example A45
Preparation of intermediate 49; rac-3-(5-bromo-2-fluoro-phenvi)-3-methvyl-

morpholine-2_5-dione
0

HN)H
6]
F
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Intermediate 49 was synthesized following the same approach described in the
Example A38. Starting from intermediate 48 (6.6 g, 19.5 mmol) intermediate 49 was
obtained (5.6 g, 95% yield).

Example A46
Preparation of intermediate 50: cis/trans-rac-5-( 5-bromo-2-fluoro-phenv)-6-hvdroxy-

S-methvi-6-trifluoromethylmorpholin-3-one
o]

HN/LH
B’"UN?
oH L
. F

To a solution of intermediate 49 (0.5 g, 1.65 mmol) in THF (10 mL.) was added
(trifluoromethyhtrimethy! silane (1.95 mL, 13.2 mmol) and then slowly TBAF (1M
solution in THF, 0.083 ml., 0.083 mmol). The initially yellow reaction turned dark

orange. Then, the reaction mixture was stirred at room temperature during 2 hours. The
mixture was quenched with aqueous NaCl, extracted with EtOAc, the organic phase
was separated, dried (MgSO,) and concentrated in vacuo.. The resulting oil was
purified by column chromatography (silica gel; 7 M solution of NH; in methanol/DCM
(/100 to 5/95) to afford intermediate 50 as a solid {0.52 g, 84% yield).

Example A47
Preparation of intermediate 51: cis/trans-rac-3-(5-bromo-2-flucro-phenvl}-6-chloro-3-~

methvyl-6-triflucromethyl-morpholin-3-one.
0

HN)H
Br O F
¢k F
F

Intermediate 50 (1 g, 2.68 mmol) was dissolved in DCM (13.5 mL) and cooled to
0 °C and then thionyl chloride (0.294 mL, 4.03 mmol) was added dropwise . The
reaction mixture was stirred for 30 min at 0 °C and then pyridine (0.324 mL, 4.03
mmol) was added. After 30 min. the reaction was hydrolyzed with HCI (M in H;O)
and then extracted with DCM. The organic layers were separated, dried (MgSOy),

filtered and evaporated in vacuo. The crude product was purified by flash column
chromatography (silica gel; 7 M solution of ammonia in methanol/DCM 0/100 to 2/98)
to yield intermediate 51 (0.54 g, 51.5% vyield).

Example A48
Preparation of intermediate 52: cis/trans-rac-5-(5-bromo-2-fluoro-phenvD-5-methvi-6-

trifiuoromethyl-morpholin-3-one.




WO 2011/154431 PCT/EP2011/059441
-72 -

Br
To a solution of intermediate 51 (0.9 g, 2.3 mmol) in acetic acid (41 mL), zinc (0.376
g, 5.76 mmol) was added. The reaction mixture was then stirred at 80 °C for 12 hours,
after that the reaction was then fiitered off and concentrated in vacuo. The residue was
5  dissolved in DCM and washed with an aqueous saturated solution of NaHCQ;, the
organic phase was separated, dried (MgSQ4) and the solvent concentrated in vacuo.
The crude compound was purified by flash column chromatography (silica gel; 7 M
solutton of ammonia in methanol/DCM 0/100 to 3/97) to yield intermediate 52 (0.753
z, 91% yield).

16 Example A49

Preparation of intermediate 53 cis/trans-rac-3-(3-bromo-2-fluoro-phenyl)-5-methvi-6-

trifluoromethyl-morpholine-3-thione.
S

F HN)H

O

FLoF
Br

Lawesson’s reagent (0.96 g, 2.38 mmol) was added to 2 solution of intermediate 52
15 (0.85 g, 2.38 mmol) dissolved in THF (10 mL) at room temperature, The mixture was
stirred at 60 °C for 4 hours. Then the mixture was cooled to room temperature, f{iltered
oif and the organic solvent evaporated in vacuo. The crude product was purified by
flash column chromatography (silica gel; heptanes/DCM 100/0 to 50/50). The desired
fractions were collected and evaporated in vacuo to yield intermediate 53 (0.63 g, 71%
20 yield) as an oil.

Example A50

Preparation of intermediate 54: cis/trans-rac-5-(5-bromo-2-fluoro-phenv-5-methvi-6-

trifluoromethyl-5,6-dihvdro-2H-{ 1.4 Joxazin-3-vlamine.
NHz

PN)\

O

Br
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Intermediate 54 was synthesized following the same approach described in the
Example A36. Starting from intermediate 53 (0.63 g, 1.69 mmol intermediate 54 was
obtained (0.5 g, 83% yield).

Example AS1
Preparation of intermediate 85: cis/trans-rac-5-(5-amino-2-fluoro-phenyl)-3-methyl-6-

tmfluoromethyl-5,6-dihydro-2H-[1.4Joxazin-3-ylamine,
NH,

FN%

G

FTF
F‘
NHp

Intermediate 55 was synthesized following the same approach described in the
Example A43. Starting from intermediate 54 (0.2 g, 0.56 mmol) intermediate 55 was
obtained (0.15 g, 91% yield).

Example AS2
Preparation of intermediate 56; cis/trans-rac-5-(3-bromo-2-fluoro-phenyl)-6-flyoro-5-

methvi-6-trifluoromethyl-morpholin-3-one
Q

F HNJW

F
F

T Q

Br
Intermediate 50 (3.72 g, 10 mmol} was suspended in DCM (25 mL) and after cooling
the reaction mixture at 0 °C, DAST (147 mlL, 12 mmol) was added dropwise. The
reaction mixture was stirred at 0 °C for 1 hour and then quenched with saturated
aqueous NaHCOs;. The organic layer was separated and the aqueous layer was extracted
with DCM. The combined organic layers were dried (MgSQy), filtered, and the solvent
evaporated in vacuo to yield intermediate 56 (3.7 g, 99% yield) as a solid compound.

Example AS3
Preparation of intermediate 57: cis/trans-rac-5-(5-bromo-2-fluoro-phenvl}-6-fluoro-3-

methyl-6-trifluoromethvl-morpholine-3-thione.
3

F HN/UW

O
F
F

FE
Br



10

20

WO 2011/154431 PCT/EP2011/059441

- 74 -

Intermediate 57 was synthesized following the same approach described in the
Example A49. Starting from intermediate 56 (4,27 g, 11.41 mmol) intermediate 57
was obtamed as a white solid (3.17 g, 71% yield)

Example A54
Preparation of intermediate 58: cis-rac-5-(5-bromo-2-fluoro-phenyl)-6-fluoro-5-

methvi-o-trifluoromethvl-5.6-dihydro-2/-[ 1. 4]oxazin-3-yvlamine and intermediate 59;

trans-rac-3-{ 3-bromo-2-fluoro-phenvh-6-fluoro-3-methyl-6-trifluoromethyl-5,6-

dibhydro-2-{1.4]oxazin-3-viamine
NH,

FN%

F
F

m MmO

Br
Intermediate 58 and intermediate 59 were synthesized following the same approach
described in the Example A36. Starting from intermediate 57 (0.5 g, 1.28 mmol)
intermediate 58 (0.035 g, 7% vield) and intermediate 59 (0.145 g, 30% yield) were
obtained.

Example ASS
Preparation of intermediate 68: trans-rac-5-(5-amino-2-fluoro-phenyi}-6-fluoro-3-

methv1—6—triﬂuor0methv'1~5 6-dihydro-2H-[1.47loxazin-3-ylamine,
Nz

FN)ﬁ
0

F
F =
F

NHz

Intermediate 60 synthesized following the same approach described in the Example
A43. Starting from intermediate 59 (0.56 g, 1.5 mmol) intermediate 60 was obtained
(0.487 g, quant. yield)

Example AS6
Preparation of intermediate 61: rac-2-benzvioxvearbonylamino-2-(3-chloro-phenvi)-

3.3, 3-trifluoro-propionic acid methvl ester

o oo

NH
e a
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To a mixture of 2-benzoxycarbonylimine-3,3,3-trifluoropropionate [(CAS 128970-26-
3), 8 g, 27.66 mmol], in THF (50 mL), 3-chiorophenyimagnesium bromide (0.5 M in
THEF, 66.4 mL, 33.2 mimot) was added dropwise at -78 °C. The reaction mixture was
stirred at this temperature for 2 hours and then 2 additional hours at room temperature.
The reaction mixture cooled to -20 °C and was quenched by addition of HC1 (1M in
H,0). The reaction mixture was partitioned between EtOAc and water. The organic
layers were separated, dried (Na;SO.), and the solvent concentrated in vacuo. The
crude compound was purified by chromatography (silica gel; DCM / heptane 0/100 to
10/90), the desired fractions were collected and the solvent concentrated in vacuo to
vield intermediate 61 as a colourless oil (6.7 g, 60% yield)

Example AS7
Preparation of intermediate 62; rac-4-(3-chloto-pheny-4-trifluoromethvl-oxazolidin-

2-one
1
O NH £
F
F
Ci

To a mixture of intermediate 61 (6.7 g, 16.67 mmol) in THF (400 mL), lithium
aluminiumbydride (IM in THF, 25 mL, 25 mmol) was added at 0 °C. The reaction
mixture was slowly allowed to warm to room temperature and it was further stirred at
this temperature for 24 hours. The reaction mixture was cooled to 0 °C and treated
{carefully) with an aq. saturated solution of tartaric acid (40 mL) and DCM {100 mL).
The mixture was stirred for 1 hour at room temperature. The organic phase was
separated and the solvent evaporated in vacuo to afford a sticky oil, which was
dissolved in EtOH (10 mL) and treated with NaOH (50% in H,0). This reaction mixture
was heated at reflux for T hour. The solvent was evaporated in vacuo, water (40 mL)
and DCM (40 mL) were added, and the aqueous phase separated and acidified with
HC1 (2 M in H,0) to reach pH 3. This aqueous phase was extracted with DCM, and the
organic phase was separated, dried (Na,SO;) and evaporated to dryness to afford a
transparent oil which was triturated with Et,O to afford intermediate 62 as white solid
(2.7 g, 61% yield).

Example A58
Preparation of intermediate 63: rac-2-amino-2-(3-chloro-pheny!)-3.3, 3-trifluoro-

propan-1-ol




10

15

20

25

WO 2011/154431 PCT/EPZOT1/059441

- 76 -

HO  NH,

Cl

To a mixture of intermediate 62 (1.2 ¢, 4.51 mmol) in EtOH (7.2 mL), NaOH (50% in
H,0) was added at room temperature. The reaction mixture was stirred at reflux for 24
hours. Then the solvent was evaporated and the crude mixture was partitioned between
EtOAc and water, The organic phase was separated, dried (Na;SQy) and the solvent
evaporated in vacuo to afford intermediate 63 as colourless oil (0.8 g, 74% vyicld)

Example AS9
Preparation of intermediate 64: rac-5-(3-chloro-phenvi)-3-trifluoromethvl-mormholin-

3-one

o. FF
LJK@F
o~ N
H
Cl

Chloro acetylchloride (0.266 mL, 3.33 mmol) was added dropwise to a stirred solution
of intermediate 63 (0.8 g, 3.33 mmel) in THF (32 mL) and DIPEA (0.69 mL, 4 mmol)
at -78 °C. The mixture was stirred at this temperature for 30 minutes, then KOtBu
(0.937 g, 8.34 mmol) was added and the mixture was allowed to warm to room
temperature. over 20 minutes. After that, the temperature was elevated to 50 °C and the
reaction mixture stirred for an additional 2 hours. The mixture was diluted with
saturated aqueous NH4Cl and extracted with DCM. The organic layer was separated,
dried (NazSQ.), filtered and the solvents evaporated in vacuo. The resulting residue
was washed with a mixture of EtOH/Et;O to afford intermediate 64 as white solid (0.8
g, 86% yield)

Example A60
Preparation of intermediate 635; rac-5-[3-(S-methoxy-pyridin-3-yh)-phenyl]-3-

triftuoromethyl-morpholin-3-one

>

HIN @]

Nz F
\ FF

Intermediate 64 was added to a solution of Pd,(dba); (0.006 g, 0.007 mmol), 3-
methoxy-5-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-y)-pyridine (0.12 g, 0.78
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mmol), tricyclohexylphosphine (0.004 g, 0.017 mmol) in 1,4-dioxane (4.5 mlL). The
mixture was stirred and flushed with N, for a few mimutes and then a solution of KzPO4
(0.258 g, 1.2 mmol) in HzO (2 mL) was added. The reaction mixture was heated at 100
°C for 18 hours. After cooling to room temperature, the mixture was diluted with water
and extracted with DCM. The organic layer was separated, dried (Na;SOy), filtered and
the solvents evaporated in vacuo. The crude product was purified by flash column
chromatography (silica gel; EtOAc). The desired fractions were collected and
concentrated in vacuo to yield intermediate 65 as a white solid (0.13 g, 51.5% yield).

Example A61
Preparation of intermediate 66: rac-3-[3-{5-methoxvy-pvridin-3-vli-nhenvl]-5-

trifluoromethvi-morpholine-3-thione

Entermediate 66 was synthesized following a similar approach fo that described in
Example A7, with the difference that THF was replaced by pyridine as solvent. Thus
starting from intermediate 65 (0.13 g, 0.343 mmol), the desired product intermediate
66 was obtained as an oil (0.08 g, 63% vield).

Example A62-
Preparation of intermediate 67: rac- (3-bromo-phenyl)-{2-methyl-propane-2-

sulfinvlimino-acetic acid ethyi ester

Br
Titanium(IV) ethoxyde (1.32 mL, 6.17 mmol) was added to a stirred mixture of (3-
bromo-phenyl)-oxo-acetic acid ethylester [(CAS 81316-36-1}, 1 g, 4.11 mmol] and 2-
methyl-2-propanesulfinamide (0.598 g, 4.9 mmol) m heptanes (40 mL). The mixture

was stirred at 80 °C for 2 hours. Then it was cooled to room temperature, diluted with
heptane and solid Na;SO4 was added. The solids were filtered off and the solvents were
evaporated in vacuo. The residue thus obtained was purified by short open column
chromatography (silica; DCM / heptane 50/50 to 0/100; then EtOAc in BCM (/100 to
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5/95). The desired fractions were collected and the solvents evaporated in vacuo to
yield intermediate 67 as yellow o1l (1.3 g, 87% yield).

Example A63
Preparation of intermediate 68: rag-2-amino-2-(3-bromo-phenyl}-2-cvclopropyl-

ethanol
HO

HoN

Br
Cyclopropylmagnesium bromide (0.5 M, 5 mL, 2.5 mmol) was added dropwise to a
stirred solution of intermediate 67 in THE (3 mL) at -10 °C. The mixture was stirred at
this temperature for ! hour and then lithium aliuminiumhydride (1M in THF, 10 mL,
122.8 mmol) was added to the mixture and stirred for an additional 1 hour while slowly
warming to 0 °C. Solid Na,SO4 decahydrate was added to the mixture until no more gas
evolution was observed. The mixture was stirred for | additional hour at room
temperature. The mixture was filtered over a diatomaceous earth pad and rinsed with
THF. The collected organic layer was evaporated to dryness in vacuo and MeOH (10
mL) followed by conc. HCI (0.5 mL) were added. The mixture was then stirred for 1
hour at 40 °C. The solvent was partially evaporated and the mixture basified with sat.
NaCO3. The morganic phase was extracted with DCM, The organic layer was
separated, dried (NapSO.), filtered and concentrated in vacuo. The crude product was
purified by flash column chromatography (silica gel; 7N NHs in MeOH / DCM 0/100
to 2/98). The desired fractions were collected and concentrated in vacuo to yield
intermediate 68 as a transparent oil that partially sofidified upon standing (0.11 g,
39.6% yield). '

Example A64
Preparation of intermediate 69 rac-5-(3-bromo-phenvl)-S-cvelopropyvl-morpholin-3-

one

L

O

O
N
H

Br
Intermediate 69 was sinthesized following the same approach described in Example
A59. Thus starting form intermediate 68 (0.11 g, 0.43 mmol), the desired compound
intermediate 69 was obtained as a sticky solid (0.115 g, 90% yield)
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Example A65
Preparation of intermediate 70: rac-3-(3-bromo-phenyl)-5-cvelopropvl-morpholine-3-

thione
0

84[;\1
H

Br
Intermediate 70 was synthesized following a similar approach described in Example
A7. Thus starting from intermediate 69 (0.115 g, 0.338 mmol), the desired product
intermediate 70 was obtained as a white solid (0.09 g, 73% yield).

Example A66
Preparation of intermediate 71: rac-5-(3-bromo-phenyl)-3-cyclopropyl-3.6-diliydro-

2H-1 4loxazin-3-vlamine

O
L
HoN N%
Br

Intermediate 71 was synthesized following a similar approach described in Example
A29. Thus starting from intermediate 70 (0.09 g, 0.28 mmol), the desired product
intermediate 71 was obtained as a white solid (6.05 g, 60% yield).

Example A67
Preparation of intermediate 72; rac-5-(3-ammo-phenvD)-5-cvelopropvl-5.6-dihvdro-

2H-[1 4loxazin-3-yiamme

o}
L
HoN NJ%
NH,

Intermediate 72 was synthesized following a similar approach described in Example
A43. Thus starting from intermediate 71 (0.3 g, 1.01 mmol), the desired product
intermediate 72 was obtained as a yellow solid (0.084 g, 36% yield).

Example A68
Preparation of intermediate 73
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HoN

Br \ /N

Trimethylsilyleyanide (26.8 g, 270 mmol) was added to a stirred solution of 1-(4-
bromo-2-pyridinyl)-ethanone (18 g, 90 mmol) and NH4C1 (14.5 g, 270 mmol) in 4N
NH:/MeOH (1000 mL). The mixture was stirred at 12 °C for 4 days. Then the solvent
was evaporated in vacuo and the residue was taken up in DCM (500 mL). The solid
was filtered and the filtrate was evaporated in vacuo to yield crude intermediate 73,
which was purified by column chromatography (silica; petroleum ether/EtQAc 50/).

The desired fractions were collected and concentrated in vacuo to yield intermediate
73 (11 g, 54% yield).

Example A69

Preparation of intermediate 74
HN 0

— Ni,
Br N 2HBr
\ /

Entermediate 73 (23 g, 101.7 mmol) was dissolved in a sotution of 48% HBr in acetic
acid (200 ml) and the mixture was refluxed for 12 h. After cooling to room
temperature, EtOAc (40 ml.) was added and the precipitate was filtered off and washed
with EtOAc (100 mL), then dried to give rac-intermediate 74 (25 g, 61% yield).

Example A70
Preparation of intermediate 75

A mixture of intermediate 74 (25 g, 61.6 mmol) in a solution of 10% H,S0, in
methanol (50 mL) was refluxed for 24 h. The r.m. was concentrated in vacuo, and the
residue was partitioned between EtOAc (1000 mL) and water (400 mL). The aqueous
layer was washed with EtOAc (1000 mL), and the pH of the solution was adjusted to
pH = 7. The aqueous layer was then extracted with EtOAc¢ (1000 mL). The organic
layer was separated, dried (Na;SO4), filtered and concentrated in vacuo. The crude
intermediate 75 was used as such in the next step (13 g, 82% yield).



10

15

20

WO 2011/154431 PCT/EP2011/039441

-81 -

Example A71

Preparation of infermediate 76,
HN  OH

Br \ /N

A mixture of NaBH4 (3.8 g, 100 mmol) and intermediate 75 (13 g, 50 mmoel) in
ethanol (250 ml) was stirred at 14 °C for 24h. The r.m. was concentrated in vacuo, and
the residue was partitioned between EtOAc and water. The organic layer was separated,

dried (Na;SOy), filtered and concentrated in vacuo. The crude rac-intermediate 76 was
used as such in the next step (10.2 g, 88% vicld).

Example A72
Preparation of intermediate 77.
0

HN O

Br \ /N

Chloro-acetyl chloride (0.69 ml., 8.66 mmol) was added dropwise to a stirred solution
of intermediate 76 (2 g, .66 mmol) in THF (84 mL) and diisopropylethyl amine (1.79
ml., 10.4 mmol) at -78 °C. The mixture was stirred for 30 minutes at -78 °C. Then
potassium tert-butoxide (2.23 g, 19.9 mmol) was added and the mixture was stirred at
r.t. for 60 minutes. The mixture was diluted with saturated NH4Cl and water and
extracted with DCM. The organic layer was separated, dried (Na,SQy), filtered and the
solvents evaporated in vacwo. The crude product was purified by flash column
chromatography (silica gel;, 7N NH; in MeOH / DCM 0/100 to 3/97). The desired
fractions were collected and concentrated in vacuo to yield rac-intermediate 77 (1.8 g,
77% yield).

A mixture of intermediate 77 (0.55 g, 2.03 mmol), carbamic acid tert-butyl ester
(0.309 g, 2.64 mmol), PA(OAc), (0.046 g, 0.2 mmol), Xantphos (0.176 g, 0.3 mmol)
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and Cs;CO3 (0.99 g, 3 mmol) in dioxane (10 mL) was heated under nitrogen at 90 °C
for 1h. After cooling, the solids were filtered off and washed with DCM. The filtrate
was concentrated in vacuo, and the residue was purified by flash column
chromatography (silica; 7 M solution of ammonia in methanol/ DCM 0/100 to 3/97).
The desired fractions were collected and concentrated in vacuo to yield rac-
intermediate 78 (0.55 g, 88% yield).

Example A74

Preparation of intermediate 79.
' 5

NS

]

HN \ /N
Pyridine (16 mL) was added to a mixture of intermediate 78 (0.53 g, 1.72 mmol) and
phosphorus pentasulfide (0.7 g, 3.15 mmol) at room temperature. The mixture was
stirred at 90 °C for 5 h, Then the mixture was cooled to room temperature and
concentrated in vacuo. The residue was partitioned between water and DCM. The
organic layer was separated, dried (Na;S0O4), filtered and the solvents evaporated in
vacuo. The crude product was purified by flash column chromatography (silica gel; 7N
NH; in MeOH / DCM 0/100 to 1/99). The desired fractions were collected and
concentrated in vacuo. The residue was dissolved in DCM and toluene, then again

concentrated /n vacuo to yield rac-intermediate 79 (0.46 g, 82% yield).

Example A75
Preparation of intermediate 80.
HoN

N I\

N O
O

HN \ /N
A 32% aqueous ammonia solution (10 mL) was added to a mixture of intermediate 79
(0.45 g, 1.39 mmol} in 7N NHs/MeOH (8 mL), and the reaction mixture was stirred in
a sealed tube at 70 °C for 2 hours. After cooling, the mixture was diluted with water
and an aq. Na,COs solution, then extracted with DCM. The organic layer was
separated, dried (Na;SO4), filtered and the solvent evaporated in vacuo. The residue
was purified by flash column chromatography (silica; 7 M solution of ammonia in
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methanol/ DCM 0/100 to 10/90). The desired fractions were collected and concentrated
in vacuo to yield rac-intermediate 8¢ (0.4 g, 94% yield).

Example A76

Preparation of intermediate _81.
Hoi

)

N O

HN— N

TFA (2 ml.) was added to a mixture of intermediate 80 (0.395 g, 1.29 mmol) in DCM
(8 mL), and the r.m. was stirred at r.t. for 3 hours. The mixture was concentrated in
vacuo, and a 7N NH3/MeOH solution (3 mL) was added. The mixture was again
concentrated in vacuo, and the residue dissolved in MeOH, then purified by ion
exchange chromatography using an ISOLUTE® SCX2 cartridge, cluens MeOH. The
desired fractions were collected and concentrated in vacuo to vield rac-intermediate 81
(0.25 g, 94% yield).

Example A77 _
Preparation of intermediate 82: (R)-[1-(3-bromo-phenyl)-2-hydroxy-1-methyl-ethyl}-
carbamic acid fert butyl ester

O
HN’( A<
Br R O
HO

Di-tert-butyldicarbonate (19.8 g, 90.7 mmol) was added portionwise to a stirred
solution of intermediate 4(R) (11.6 g, 50.4 mmol) in a mixture of saturated solution of
NaHCO; (100 mL) and THF (100 mL) at 0°C. The mixture was stirred at 0°C for 10
minutes and at room temperature for 15 hours. The mixture was cooled in an ice water
bath and acidified with stirring till pH 1-2 with NaHSQO,. The organic layer was
separated and the aqueous layer was further extracted with EtQOAc, The combined
organic layers were separated, dried (MgSQy), filtered and the solvents evaporated in
vacuo. The crude product was purified by short column chromatography (silica gel;
EtOACc/DCM 0/100 to 20/80). The desired fractions were collected and concentrated in
vacuo to yield intermediate 82 (16.47 g, 99% vield) as a colorless oil that solidified
upon standing.
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Example 78
Preparation of intermediate 83: (R)-[3-(feri-butyloxycarbonyl)-4-(3-bromo-phenyl)-4-
methyl-[1,1,3]oxathiazolidine-2-oxide

(,S'-.N Br

A solution of intermediate 82 (14.3 g, 43.3 mmol) in dry MeCN (80 mL) was added
dropwise to a stirred solution of thionyl chloride (7.9 mL, 108.3 mmol) in dry MeCN
(226 miL.) cooled to -40°C and under a nitrogen atmosphere. The reaction mixture was
stirred for 30 minutes at -40°C before pyridine (17.4 mL, 216.5 mmot) was added. The
reaction was allowed to warm to room temperature and stirred for 64 hours. The
solvents were evaporated in vacuo. The residue was treated with Et,O. The solids were
filtered and the filtrate concentrated in vacuo to yield intermediate 83 (15.5 g, 95%
yield) as a red oil. The product was used in the next reaction without further
purification,

Example 79
Preparation of interiediate 84: (R)-[3-(tert-butyloxycarbonyl)-4-(3-bromo-phenyl)~4-
methyl-[1,1,3]oxathiazolidine-2,2-dioxide

O\'} /O R

O”S\N
0/4 Br
N

Ruthenium (IIF) chloride (0.085 g, 0.41 mmol) was added to solution of intermediate
83 (15.3 g, 40.8 mmol) in a mixture of McCN and H,O (1:1) (438 mL} at 0°C, followed
by the addition of sodium periodate (13.1 g, 61.2 mmol). The reaction was allowed to
wartmn to room temperature and stirred for 2 hours. The mixture was filtered through
diatomaceous earth and washed with EtOAc (125 mL). H;O (125 mL) and EtOAc (250
ml.) were added to the filtrate. The organic layer was separated, dried (MgSOy),
filtered and the solvents evaporated in vacuo. The product was purified by flash column
chromatography (silica gel; DCM). The desired fractions were collected and the
solvents evaporated in vacuo to yield intermediate 84 (14.4 g, 90% yield) as a white
solid. m.p. 133.1°C
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Example 80

Preparation of intermediate 85; rac-[3-(zert-butyloxycarbonyl)-4-(3-bromo-phenyl)-4-
methyl-[1,1,3]oxathiazolidine-2,2-dioxide

O ”

PN

o N
O
A

Racemic intermediate 85 was prepared starting from racemic intermediate 3,

Br

according fo the procedures described in Examples 77-79 for intermediate 84,

Example 81
Preparation of intermediate 86.

T

H

Br: O
RS
Chry

NaH (60% in mineral oil, 0.48 g, 12 mmol) was added to a mixture of (£5)-3,3,3-
trifluoro-2-hydroxy-2-methyl-propanoic acid phenylmethyl ester in DMF (120 mL) at
r.f., and the mixture was stirred at r.t. for 15 min. Subsequently, intermediate 85 (4.71
g, 12 mmol} was added, and the mixture was heated at 100 °C for | hour. The r.m. was
concentrated in vacuo, and the residue was partitioned between water and DCM. The
organic layers were separated, dried (MgSQOy), filtered and the solvents evaporated in
vacuo. The product was purified by flash colurmm chromatography (silica gel; eluens n-
heptane/DCM 50/50 to 0/100). The desired fractions were collected and the solvents
evaporated in vacuo to yield intermediate 86 (3.59 g, 53% vield).

Example A82
Preparation of intermediate 87

e T

O
ok
RS OH

CF,

1,4-Dioxane (66 mL) and sat. aq. Na,CO3 (19 mL) were added to a mixture of
intermediate 86 (3.59 g, 6.4 mmol), pyrimidine-5-boronic acid (1.59 g, 12.8 mmol)
and tetrakis(triphenylphosphine)palladium (0.74 mg, 0.64 mmol). The mixture was
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stirred and N; flushed for a few minutes and then heated at 80 °C for 2 h. After cooling
the mixture was diluted with water and washed with DCM. The aqueous layer was
acidified with citric acid, and subsequently extracted with DCM. This organic layer
was dried (MgSO.), filtered and the solvents evaporated in vacuo to yield intermediate
87 (0.89 g, 30% yield).

Exampie A83
Preparation of intermediate 88
O

9]
- o
N | H oRS

RS NH2
CFy

A mixture of intermediate 87 (0.85 g, 1.81 mmol), a solution of NHj; in dioxane
(0.5M, 16.8 mL, 5.4 mmol), DIPEA (0.624 mL, 3.62 mmol) in DCM (11.6 mL) was
stiired at r.t, and HATU (1.03g, 2.7 mmol) was added. The r.m. was stirred at r.t.
overnight, and then the mixture was concenfrated in vacuo. The residue was partitioned
between DCM and a IN aq. NaOH solution. This organic fayer was dried (MgSOy),
filtered and the solvents evaporated in vacuo to yicld intermediate 88 (0.94 g,

“quantitative yield), which was used as such in the next step.

Example A84
Preparation of intermediate 89

To a solution of intermediate 88 (0.1 g of 91% purity, 0.194 mmol) and pyridine (0.31
mL) in acetonitrile (2 mL) was added POCI3 (6.036 mL, 0.388 mmol) at r.t. The r.m.
was stirred at 1.1, overnight, and subsequently ice-water and an aq. 10% Na,COs
solution {5 mL) were added. The mixture was extracted with DCM, and the combined
organic layers were dried (MgSQy), filtered and the solvents evaporated in vacuo. The
residue was purified by flash column chromatography (silica gel; eluens
DCM/methanol 100/0 to 90/10). The desired fractions were collected and the solvents
evaporated in vacuo to yicld intermediate 89 (0.058 g, 66% vield).
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Example AR5
Preparation of intermediate 90: cis/trans-SR-5-(5-bromo-2-fluoro-phenyl)-5-methyl-6-

irifluoromethyl-morpholine-3-thione.
3

F HI\E)H
R
o

F F
E

Br
Starting from (2R)-2-amino-2-(5-bromo-2-fluorophenylpropanoic acid (CAS 1213204-
93-3), intermediate 90 was prepared according to the same reaction procedures as
described for the racemic mtermediate 53 in Examples A44-A49,

Example A86

Preparation of intermediate 91 and intermediate 92
NH,

£ NT

intermediate 91 intermediate 92
Intermediate 96 (6 g, 16.1 mmol) was dissolved in 7N ammonia in MeOH (97 mL)
and the reaction mixture was stirred at 80 °C for 24 hours. Then the solvent was
evaporated and the crude product purified by column chromatography (silica gel;
cluents: 7 M solution of ammonia in methanol/DCM 0/100 to 2/98). The desired
fractions were collected and concentrated in vacuo to yield intermediate 81 (3.4 g,
59% yield) and a fraction containing a mixture of intermediate 91 and 92 (0.75 g, 13%
yield}.

Example AB7
Preparation of intermediate 93.

NH,

Intermediate 91 (3.4 g, 9.6 mmol) was combined with NaNz (1.56 g, 24 mmol), Cul
(2.28 g, 12 mmol) and Na;CO5 {2.03 g, 19.1 mmol) in DMSO (137 mL) and the
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reaction was degassed. After that, NN -dimethylethylenediamine (1.8 mL, 16.8 mmol)
was added and the mixture was heated at 110 °C until completion of the reaction, about
1 hour. The reaction mixture was filtered off and the filter cake was washed with
EtQAc. Water and EtOAc were added to the filtrate and the mixture was acidified by
addition of HCI (1M in H,0). The organic layer was then separated and the aqueous
layer washed with EtOAc. Then the water layer was basified with an aq. ammonia
solution and extracted again with EtOAc. The combined organic layers were dried,
{(Na;SO,) filtered and concentrated in vacuo to yield intermediate 93 (2.5 g, 90%
yield). Optical rotation: [a]p™ " = -94.9° (0.393 g/100ml, methano])

Example ARR
Preparation of intermediate 94
O
N, | \f O;es(//N
l RS p

P CF,

TEA (1.07 mL) was added to intermediate 89 (0.058 g) and the resuiting mixture was
stirred at r.t. for 15 min. The r.m. was concentrated in vacuo, and the residue was
partitioned between DCM and an aq. sat. NaHCO; solution, The organic layer was
separated, dried (MgSQy4), filtered and the solvents evaporated in vacuo. The residue
was putified by flash column chromatography (silica gel; eluens DCM/7N ammonia in
methanol 100/0 to 93/7). The desired fractions were collected and the solvents
evaporated in vacuo to yield intermediate 94 (0.03 g).

Example A&9Y
Preparation of intermediate 95: (5)-(3-bromo-phenvD)-(2-methvl-propane-2-

sulfinyliming)-acetic acid isopropyl ester
Qs
-3

YO
@]
Br

Titanium(TV) 1sopropoxide (69.8 ml., 233 mmol) was added to a stired mixture of (3-
bromo-phenyl)-oxo-acetic acid sthylester [(CAS 81316-36-1), 40 g, 155 mmol} and
(S)-2~-methyl-2-propanesulfinamide (22.6 g, 187 mmol) in n-heptane (1000 mL). The

mixture was stirred at 80 °C for 24 hours. The mixture was partly concentrated in

vacuo, then diluted with FtOAc. The mixture was cooled to room temperature, and

water was added. The resulting mixture was filtered over a diatomaceous earth pad and
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rinsed with EtOAc and water. The organic layer was separated, dried (MgSOy), filtered
and concentrated in vacuo. The residue was purified by flash column chromatography
{silica gel; eluens n-heptane/EtOAc 100/0 to 50/50). The desired fractions were
collected and concentrated in vacuo to yield intermediate 95 (41.8 g 72% vield).

Example AS0
Preparation of intermediate 96,

¥

-5
HN"%
0 O
\‘/ R
O
Br

Cyclopropylmagnesium bromide (0.5 M, 214 mL, 107 mmol) was added dropwise to a
stirred solution of intermediate 95 in DCM (333 mL) at -40 °C. The mixture was
stirred at this temperature for 40 min., and then the reaction was quenched by the

addition of a sat. ag. NH4CI solution, followed by water, The mixture was extracted
with DCM. The organic layer was separated, dried (MgSQy), filtered and the solvents
evaporated in vacuo. The residue, containing mainly intermediate 96 (20 g), was used
as such in the next step.

Example A91
Preparation of intermediate 97.

e

HN- Sy
HO 0
R
0
Br

A 1M ag. NaOH solution (110 mL, 110 mmol) was added to a solution of crude
intermediate 96 (20 g) in MeOH (95 mL). The reselting mixture was stirred at reflux
for 4 hours. The mixture was cooled to r.t., and then partitioned between water and
EtOAc. The aqueous layer was separated and neutralized by the addition of a 1M aq.
HCl solution (110 mL), and then extracted with DCM. The organic layer was
separated, dried (MgS04), filtered and the solvents evaporated in vacuo. The residue
was triturated with DIPE/MeCN, and the resulting solids were filtered off and dried in
vacuo to yield intermediate 97 (9.8 g, 49% from intermediate 95). Optical rotation:
[an ] £36.4 © (589 nm, ¢ 0.695 wiv %, MeOH, 20 °C). The absolute configuration was
determined by X-ray diffraction.
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Example A92
Preparation of intermediate 98.

NH,

HO
R
O Hydrochloric acid salt
Br

A solution of intermediate 97 (20.2 g, 54 mmol) in a 4M HCI solution in dioxane (100
ml) was stirred at r.t. for 30 min. To the resuiting suspension, DIPE was added, and the
precipitate was filterd off and dried in vacuo to yield intermediate $8 (20 g).

ap: -68.89 (589 nm, ¢ 0.646 w/v %, MeOH, 20 °C)

Example A93
Preparation of intermediate 99,

O
uN—LL
HO
R
0

Br
A 1M ag. NaOH solution (116.6 mL, 116.6 mmol) was added to a solution of
intermediate 98 (20 g from the previous step), and the mixture was cooled on an ice-
bath. To this mixture, a solution of chloroacetylchloride 11.6 mL, 148 mmol) in THF
(¥79 mL) was added dropwise at 15 °C, while simultaneously adding a solution of a
25% aq. NaOH solution to maintain the pH around 10-11. Then the reaction was
acidified to pH 2 via the addition of a conc. ag. HCI selution. The mixture was partly
concentrated in vacuo, and the resulting precipitate was filtered off , washed with
DIPE, and dried in vacuo o give intermediate 99 (21 g).
op: ~6.49 © (589 nm, ¢ 0.5855 w/v %, MeOH, 20 °C)

Example A9%4
Preparation of intermediate 100,
0]

Br. n O
HNTH
0
Intermediate 99 (0.7 g, 2.02 mmol) and NaHCO; (0.34 g, 4.04 mmol) were dissolved
in DMF (17 mL), and the reaction mixture was stirred at 80 °C for 2 hours. The mixture
was partially concentrated under reduced pressure, cooled to r.t. and then filtered over

diatomaceous earth . The filtrate was concentrated in vacuo, and the residue was
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purified by flash column chromatography (silica gel; eluens n-heptane/EtOAc 100/0 to
50/50). The desired fractions were collected and concentrated in vacuo to yield
intermediate 100 (0.54 g, 86% yield). Optical rotation: [a] -15.68 © (589 nm, ¢ 0.37
w/v %, MeOH, 20 °C)

Example A95
Preparation of intermediate 161,

OH
CF,

Br r O

g

0
To a sohution of intermediate 160 (4.2 g, 13.54 mmol) in THF (55 mL) was added

- TBAT (0.73 g, 1.35 mmol). Then, (trifluoromethyl)trimethyl silane (4.0 mL, 27 mmol)

was added dropwise, and the r.m. was stirred at room temperature for 2 hours. The
mixture was quenched with aqueous NaCl, extracted with EtOAc, the organic phase
was scparated, dried (MgSOy) and concentrated in vacuo.. The resulting oil was
purified by column chromatography (silica gel; eluens DCM/EtOAc 100/0 to 0/100).
The desired fractions were collected and concentrated in vacuo to yield intermediate
191 (3 g, 58% vield) as a mixturc of ¢is and trans isomers, which was used as such in
the next step.

Example A%6
Preparation of intermediate 102,
" CFs
Br R O
HNW)
O
Intermediate 101 (3 g, 7.9 mmol) was dissolved in DCM (20 mL) and DAST (1.16

mk, 9.5 mmolj was added dropwise at r.1. The reaction mixture was stirred at r.t. for |

hour and then the r.m. was concentrated under reduced pressure. The residue was
partitioned between DCM and an aq. sat. NaHCO5 solution. The organic layer was
separated and the aqueous layer was extracted with DCM. The combined organic layers
were dried (MgSQ.), filtered, and the solvent evaporated in vacuo. The residue was
purified by flash column chromatography (silica gel; eluens n-heptane/EtOAc 100/0 to
0/100). The desired fractions were collected and concentrated in vacuo to yield
intermediate 102 (2 g, 66% yicld) as a mixture of ¢is and trans 1somers, which was
used as such in the next step.
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Example A97
Prenaration of intermediate 103,

F
CFs

Br. = O
HN\YH
S
P2Ss (1.16 g, 5.23 mmol) was added to a sohition of intermediate 102 (2 g, 5.23 mmol)
in THF (43 mL) at room temperature. The mixture was stirred at 70 °C for 3 hours.

Then the mixture was cooled to room temperature, filtered off and the organic solvent
evaporated in vacuo. The crude product was purified by flash column chromatography
(silica gel; n-heptane/DCM 80/100 to 0/100). The desired fractions were collected and
evaporated in vacuo to yield intermediate 103 (1.6 g, 77% yield) as a mixture of ¢is

and trans isomers, which was used as such i the next step,

Example AGR
Preparation of intermediate 104 and 105,

S s R
RO R, CFs
Br R 0 Br R )
Nﬁ) Nﬁ)
NH; NH;
intermediate 164 intermediate 105

Intermediate 103 (4.2 g, 10.55 mmol), was added to a mixture of 7N ammonia in
MeOH (16 mL) and an ag. NH4OH solution (40 mL), and the reaction mixture was
stirred at 140 °C for 1 hour under microwave irradiation. Then the solvent was
evaporated and the residue was dissolved in DCM, dried (MgSQ.), filtered, and the
solvent evaporated in vacuo. The residue was purified by flash column chromatography
(silica gel; eluens n-heptane/EtOAc 100/0 to 50/50). The desired fractions were
coliected and concentrated in vacuo to yield intermediate 104 (2.44 g, 61% yield) and
intermediate 195 (0.7 g, 17% vield).

Example A99
Preparation of intermediate 186,




10

i5

20

WO 2011/154431 PCT/EP2011/059441

-03.

NH,

Intermediate 104 (2.44 g, 6.4 mmol) was combined with NaN;(1.04 g, 16 mmol), Cul
(1.52 g, 8.0 mmol) and Na,COs (1.357 g, 12.8 mmol) in DMSO (92 mL) and the
reaction was degassed. After that, NN -dimethylethylenediamine (1.2 mL, 11.2 mmol)
was added and the mixture was heated at 110 °C until completion of the reaction, about
6 hours. The reaction mixture was poured in DCM. Ammonium hydroxide (28% in
water) was added and the organic layer was separated and washed three times with
ammonium hydroxide. Then the organic layer was dried (Mg,SO.), filtered and
concentrated in vacuo to yield intermediate 106 (2 g, 98% vyield).

Example A100

Preparation of intermediate 107.
O F

HO
O

Br
5-Bromo-2-fluorobenzaldehyde [(CAS 93777-26-5), 70 g, 322 mmol) and selenium
oxide (71.6 g, 645 mmol) were dissolved in pyridine (520 mL). The reaction mixture
was stirred at 100 °C for 2 hours. The solvent was evaporated and aqueous HCL IN
solution was added. The aqueous layer was extracted with EtOAc. The combined
organic layers were dried (Mg;SOy), filtered and concentrated in vacuo to yield
intermediate 107 (62 g, 78% vicid), which was used as such in the next reaction.

Example A101

Preparation of intermediate 108,
O F

0O
O

Br
Thionyl chloride (37 mL, 510 mmol) was added dropwise to a stirred solution of
intermediate 167 (42 g, 170 mmol) in MeOH (456 mL) at 0 °C. The mixture was
refluxed for 18 hours. The solvents were evaporated in vacuo and the residue was
partitioned between saturated Na;COz and DCM. The organic layer was separated,
dried (Mgy804), filtered and concentrated in vacuo to yield intermediate 168 (30 g,
68% vyield) as a yellow oil.
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Example A102
Preparation of intermediate 109: (S)- (5-bromo-2-fluorophenyl}-(2-methyl-propane-2-

sulfinylimino)-acetic acid isopropyl ester
Qs

S
N
OF

Intermediate 109 was synthesized following the same approach described in the

Example A8D. Starting from intermediate 108 (30 g, 115 mmol) intermediate 109
was obtained as a yellow o1l (40 g, 89% yield) which was used as such in the next
reaction step.

Example A103
Prenaration of intermediate 110,

Intermediate 11¢ was synthesized following the same approach described in the
Example A90. Starting from intermediate 109 (35 g, 89 mmol) intermediate 110 was
obtained as an oil (22 g, 57% yicld) which was used as such in the next reaction step.

Example Ai04
Preparation of intermediate 111.

S
HN’S\\O
HO Br
R
Cr

Entermediate 111 was synthesized following the same approach described in the
Example A91. Starting from intermediate 110 (21 g, 48 mmol) intermediate 111 was
obtained (15.5 g, 82% yield) and used as such in the next reaction step.

Example A105
Preparation of intermediate 112,
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NH,

HO. Br
R

Q E Hydrochioric acid salt

Intermediate 112 was synthesized following the same approach described in the
Example A92, Starting from intermediate 111 (15.5 g, 39.5 mmol) intermediate 112
was obtained as a solid (10 g, 88% yield) which was used as such in the next reaction
step.

op: -65.45 ° (589 nm, ¢ 0.631 w/v %, MeOH, 20 °C)

Example A106
Preparation of intermediate 113.

0
-

HO Br
R

°F
Intermediate 113 was synthesized following the same approach described in the
Example A93, Starting from intermediate 112 (10 g, 27.7 mmo!) intermediate 113

was obtained as a solid (10 g, 99% vield) which was used as such in the next reaction

step.
op: -76.4 ° (589 nm, ¢ 0.5275 w/v %, MeOH, 20 °C)

Example A107
Preparation of intermediate 114.
0

Br R O
HN\H)
F O
Intermediate 114 was synthesized following the same approach described in the
Example A94. Starting from intermediate 113 (10 g, 27.4 mmol) intermediate 114
was obtained (7.4 g, 82% yield).

Preparation of intermediate 115,
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Br RO

A solution of intermediate 114 (7.20 g, 21.94 mmol) in THF (107 mL) was cooled to -
78 °C under Ny atmosphere. Then, diisobutylaluminium hydride (25.6 mi., 30.7 mmol)
was slowly added. The reaction mixture was stirred for 2 hours allowing it to slowly
warm up to room temperature. The reaction mixture was cooled down to 0 °C and it
was quenched by slow addition of water (8 mL). The mixture was then extracted with
EtOAc, the organic layers were separated, dried (Na;SOy), filtered and the solvents
evaporated in vacuo to yield intermediate 115 (6.5 g, 90% yield, mixture of
diastereoisomers 60/40) which was used as such in the next reaction step.

Example A109
Preparation of intermediate 116
F

Br 7 O
HNTH
F O
Intermediate 116 was synthesized following the same approach described in the
Example A96. Starting from intermediate 115 (6.5 g, 19.69 mmol) intermediate 116
was obtained as solid matenial (6 g, 92% yield; mixture of diastereoisomers 63/37)
which was used as such in the next reaction step.

Example A110

Preparation of intermediate 117,
F

Br. RO

HN\H)
F

S
Intermediate 117 was synthesized following the same approach described in the

Example A97. Starting from intermediate 116 (3 g, 9.0 mmol) intermediate 117 was
obtained as a white solid (2.8 g, 89% vyield).

Example Al111
Preparation of intermediate 118 and 119.
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R S

Br. 0O [3r O
F F
NH- NH,
intermediate 118 intermediate 119

Intermediate 117 (6 g, 17.23 mmol) was dissolved in 7N ammonia in MeOH (277
mL) and the reaction mixture was stirred at 60 °C for 3 hours. The solvent was
evaporated and additional 7N ammonia in MeOH was added (277 mL) and the mixture
was stirred at 60 °C for an additional 18 hours. Then the solvent was evaporated and
the crude product purified by column chromatography (silica gel; eluents: 7 M solution
of ammonia in methanol/DCM 0/100 to 10/90). The desired fractions were collected
and concentrated in vacuo to yield intermediate 118 (2.1 g, 37% vield) and
intermediate 119 (2.5 g, 44% yield).

Example A112
Preparation of intermediate 126,

HoN R o

NH,

Intermediate 120 was synthesized following the same approach described in the
Example A99, Starting from intermediate 118 (1.7 g, 5.133 mmol) intermediate 120
was obtained as an o1l (0.81 g, 59% yield).

Example A113
Preparation of intermediate 121.

Cl
CF4

Br R 0
HNTH
O
Intermediate 161 (5.5 g, 14.47 mmol) was dissolved in DCM (65 mL} and cooled to 0
°C and then thionyl chioride (1.58 mL, 21.7 mmol) was added dropwise . The reaction

mixture was stirred for 30 min at 0 °C and then pyridine (1.75 mL, 21.7 mmol) was
added. After 30 min. the reaction was hydrolyzed with an aqueous 1N HCl solution
and then extracted with DCM. The organic layers were separated, dried (MgSQ,),

filtered and evaporated in vacuo. The crude product was suspended in heptanes, filtered
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and dried at 50 °C in vacuo to yield intermediate 121 (4.5 g, 78% yield; mixture of
diastereoisomers 3/1).

Example All4
Preparation of intermediate 122,

CFs

Br R O
HN\H
O

To a solution of intermediate 121 (4 g, 10.03 mmol) in acetic acid (178 mL), zinc
(3.28 g, 50.17 mmol) was added. The reaction mixture was then stirred at 100 °C for 1
hour, filtered off and concentrated in vacuo. The residue was dissolved in DCM and
washed with an aqueous saturated solution of NaHCOs, the organic phase was
separated, dried (MgSQ,) and the solvent concentrated in vacuo. The crude compound
was purified by flash column chromatography (silica gel; 7 M solution of ammonia in
methano/DCM 0/100 to 1/99) to yield intermediate 122 as a solid (2.5 g, 68% yield).

Example A115
Preparation of intermediate 123,
CFs

Br RO

HNm)

S
Intermediate 123 was synthesized following the same approach described in the
Example A97. Starting from intermediate 122 (2.2 g, 6.04 mmol) intermediate 123
was obtained as a white solid (1.8 g) which was used as such in the next reaction step.

Example A116
Preparation of intermediate 124 and 125,

CE, CF,

R S

Br- R O Br R O
N\\H N\\\H

NH; N

intermediate 124 intermediate 125
Intermediate 124 and intermediate 125 were synthesized following the same
approach described in the Example A98. Starting from intermediate 123 (1.5 g, 3.95
mmol} intermediate 124 (0.4 g, 28% yield) and intermediate 125 (0.53 g, 37% yield)
were obtained.
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Example A117
Preparation of intermediate 126.
CF5
R

HoN R o)
.
NH,
Intermediate 126 was synthesized following the same approach described in the
Example A99. Starting from intermediate 124 (0.6 g, 1.652 mmol) intermediate 126
was obtained as an o1l (0.35 g, 71% yield) which was used as such in the next reaction

step.

Example A118
Preparation of intermediate 127.

Br R O

Intermediate 127 was synthesized following the same approach described in the

Example ASS. Starting from intermediate 114 (5 ¢, 15.2 mmol) intermediate 127 was
obtained as an oil (4 g, 66% vicld).

Example A119
Preparation of intermediate 128,

|
¢ CFs

Br RO

HNTH
F

O
Intermediate 128 was synthesized following the same approach described in the

Example A113. Starting from intermediate 127 (6.5 g, 16.3 mmol) intermediate 128
was obtained (6 g, 88% yield).

Example A120
Preparation of intermediate 129,
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Br RO

Intermediate 129 was synthesized following the same approach described in the
Example A114, Starting from intermediate 128 (6.4 g, 15.3 mmol) intermediate 129
was obtained (4.1 g) and used as such in the next reaction.

Example Al2]
5 Preparation of intermediate 130,
CFs

Br n O
HN\[H
- S
Intermediate 130 was synthesized following the same approach described in the
Example A97. Starting from intermediate 129 (4.1 g, 10.7 mmol) intermediate 130
was obtained as a white solid (4 g, 93% yield).

Example A122
10 Preparation of intermediate 131 and 132.

CF CFy
R S
Br R O Br R O
NH\) Nﬁ)
F F
T NHp NH;
intermediate 131 intermediate 132

Entermediate 131 and intermediate 132 were synthesized following the same
approach described in the Example Al111. Starting from intermediate 136 (4 g, 10
mmol) intermediate 131 (2.5 g, 65% yicld) and intermediate 132 (1 g, 26% yield)
were obtained.

15 Example A123
Preparation of intermediate 133.
CF5
R

HoN R o
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Intermediate 133 was synthesized following the same approach described in the
Example A99, Starting from intermediate 131 (2.5 g, 6.6 mmol) intermediate 133
was obtained as an o1l (2 g, 96% yield).

Example Ai24
Preparation of intermediate 134,
OH

Br r O
HN\H)
]
Intermediate 134 was synthesized following the same approach described in the
Example A108. Starting from intermediate 106 (23.3 g, 75 mumol) intermediate 134
was obtained (19 g, 81% yield; mixture of diastereoisomers 55/45) which was used as
such in the next reaction step.

Example A125
Preparation of intermediate 135.
F

Br r O
HN\’_H
o)
Intermediate 135 was synthesized following the same approach deseribed in the
Example A96. Starting from interimediate 134 (19 g, 60.9 mmol) intermediate 135
was obtained (15.6 g, 82% yield; mixture of diastercoisomers 72/28).

Example A126
Preparation of intermediate 136.
F

Br RO

HN\K
S
Intermediate 136 was synthesized following the same approach described in the

Example A97. Starting from intermediate 135 (5.3 g, 16.87 mmo!) intermediate 136
was obtained (4.5 g, 81% vyield) as a mixture of diastereomers.

Example AL127
Preparation of intermediate 137
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Br\©ﬁ\-‘ 0

N

NH,
Intermediate 137 was synthesized following the same approach described in the
Example Al11. Starting from intermediate 136 (4 g, 12.1 mmol) intermediate 137
was obtained (3.44 g, 91% yield) as a mixture of diastereomers.

Example A128
Preparation of intermediate 138 and intermediate 139.

F.'
S
O
N~\\[)
NH: NH»
intermediate 138 intermediate 139

Intermediate 138 and intermediate 139 were synthesized following the same
approach described in the Example A99. Starting from intermediate 137 (3 g, 9.56
mmol) intermediate 138(0.16 g, 7% vyield) and a fraction containing a mixture of
intermediate 138 and 139 (1 g, 42% yield; mixture of diastercoisomers) were
obtained.

Example A129
Preparation of intermediate 140.

=

HN
RO
F

Br

F
Intermediate 140 was synthesized following the same approach described in the
Example AS. Starting from (2R)}-2-amino-2-(5-bromo-2,4-difluoro-phenyl)propan-1-ol
(7.6 g, 28.6 mmol) intermediate 140 was obtained {8 g, 96% vyield) as a white solid .

Example A130
Preparation of intermediate 141,




10

15

WO 2011/154431 PCT/EP2011/059441

- 103 -
/
O
O: b
N R 0
Br F
F

NaH (60% in mineral oil, 0.3 g, 7.84 mmol) was added to 2 solution of intermediate
146 (2 g, 6.5 mmolj in DMF (40 mL) at 0 °C. The mixture was stirred at r.t. for 15 min.
Subsequently, 4-methoxybenzyl chloride (1.23 g, 7.84 mmol) was added at 0 °C and
the mixture was stirred at rt for 3 hours. The r.m. was poured into ice-water and
extracted with EtOAc. The combined organic layers were dried (MgSQ.), filtered and
the solvents evaporated in vacuo. The product wag purified by flash column
chromatography (silica gel; MeOH/ DCM 0/100 t03/97). The desired fractions were
collected and concentrated in vacuo to yield intermediate 141 (2.6 g, 93% yield).

Example A131

Preparatiop of intermediate 142,

/
O

0

.
NRO
fagd
B F
@]
F

Bis(pinacolato) diboron (1.86 g, 7.32 mmol), bis(diphenylphosphino)ferrocene]
dichloropaliadium (IT) (0.178 g, 0.244 mmol) and potassium acetate (1.8 g, 18.3 mmol)
were added to a solution of intermedizate 341 (2.6 g, 6.1 mmol) in 1,4-dioxane (3 mL)
and DMF (0.8 mL). The reaction was then microwaved at 150 °C for 20 minutes. The
reaction mixture was diluted with water and extracted with EtOAc. The combined
organic layers were dried (MgSOy), filtered and the solvents evaporated in vacuoto
yicld intermediate 142 (2.2 g, 76% yield), which was used as such in the next reaction.

Example A132
Preparation of intermediate 143,
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O
O \
N O
Cl R
7\ -
-

F
Intermediate 142 (1 g, 2.1 mmol}, 3-bromo-5-chloropyridine (0.41 g, 2.1 mrotl) and
tetrakis(triphenylphosphine)palladium (0.24 mg, 0.21 mmol) were dissolved in 1,4-
dioxane (10 mL) and sat. aq. NaHCO3 {10 mL). The mixture was stirred and N, flushed
for a few minutes and then heated at 80 °C for 2 h. After cooling, the mixture was
diluted with water and DCM. The organic layer was separated and the agueous layer
was extracted with DCM, The combined organic layers were dried (MgSQy), filtered
and the solvents evaporated in vacuo. The product was purified by flash column
chromatography (silica gel; 7N NH; in MeOH/ DCM 0/100 t010/90). The desired
fractions were collected and concentrated in vacuo to yield intermediate 143 (0.8 g,
83% yield).

Example A133
Preparation of intermediate 144,

O: A}
HiN Q
Cl R
7\ -
-

Intermediate 144 was synthesized following the same approach described in the
Example A20. Starting from intermediate 143 (0.8 g, 1.7 mmol) intermediate 144
was obtaned (0.35 g, 59% yield).

Example A134
Preparation of intermediate 145,

s
H!\?_\O
cl R
7\ -
-
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Intermediate 145 was synthesized following the same approach described in the
Example A7. Starting from intermediate 144 (0.35 g, 1.03 mmo!) intermediate 145
was obtained (0.37 g, 100% yield).

Example A1335

Preparation of intermediate 146.
HoN

Ci \N /

Intermediate 146 was synthesized following the same approach described in the

Example A68. Starting from 4-acetyl-2-chloropyridine (10 g, 64.27 mmol)
intermediate 146 was obtained (11.4 g, 98% yield) as a yellow solid.

Example A136

Preparation of intermediate 147,
HyN O

‘(%/(NHZ
Ct \
N\ / 2HBr

Intermediate 146 (6 g, 33.04 mmol) was dissolved in HCI (1M in AcOH, 165 mL) and
HBr (33% in AcOH, 25 mL)} and the mixture was stirred at 75 °C for 3 hours. After
cooling to room temperature, EtOAc (250 mL) was added and the precipitate was
filtered off, washed with EtOAc (100 mL) and dried in vacuo to give intermediate 147
(9.7 g, 81% yield).

Example A136

Preparation of intermediate 148.
HoN O

oo OH

Cl \
7

Intermediate 147 (9.7 g, 26.84 mmol) was dissolved in NaOH (IM in H;O, 134 mL)
and the mixture was stirred at room temperature for 60 hours. The reaction mixture was
concentrated to half volume in vacuo and then cooled on an ice bath. The pH of the
solution was adjusted to pH = 7 by addition of HCI (1N in H,0) and a white solid
precipitated. The precipitate was filtered off, washed with Et2O and dried in vacuo to
give intermediate 148 (5.4% g, quant. yield) as a white solid.
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Example A137
Preparation of intermediate 149.

Tert-butyl chioroacetate (3.77 mL, 26.36 mmol) was added to a solution of
intermediate 148 (5.29 g, 26.36 mmol) and cesium carbonate (12.89 g, 39.54 mmol) in
DMF (200 mL), The mixture was stirred at room temperature for 3 hours. The mixture
was diluted with water and DCM and the organic layer was separated. The aqueous
layer was extracted with DCM. The combined organic layers were dried (MgSOy),
filtered and the solvents evaporated in vacuo to afford intermediate 149 (5.38 g, 65%
vield) which was used as such in the next reaction step.

Example A138
Preparation of intermediate 150.

Entermediate 149 (5.38 g, 17.09 mmol) was dissolved in TFA (100 mL) and the
mixture was stirred at room temperature for 15 minutes. The solvent was evaporated in
vacuo providing an off-white solid which was trifurated in Et,O, filtered and dried in

vacuo to give intermediate 150 (6.12 g, 96% vield) as a trifluoroacetate salt.

Example A139
Preparation of intermediate 151,

HATU (9.7 g, 25.5 mmol) was added to a stirred solution of intermediate 150 (6 g,
23.2 mmol) and DIPEA (12 mlL, 69.6 mmol) in DMEF (250 mL) at room temperature.
The mixture was stirred at room temperature for 15 minutes. Then the solvent was

evaporated in vacuo and the residue was partitioned between DCM and sat. aq.
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NaHCO; solution. The organic layer was separated and the aqueous layer was extracted
with DCM. The combined organic layers were dried (MgSQa), filtered and the solvents
evaporated in vacuo. The crude product was purified by flash column chromatography
(silica gel; EtOAc/DCM). The desired fractions were collected and concentrated in
vacuo to yield intermediate 151 (1.1 g, 19% yield) as white crystals.

Example A140
Preparation of intermediate 152,

H%—\O

A solution of intermediate 151 (0.25 g, 1.04 mmol) in THF (5 ml.) was cooled to -78
°C under N, atmosphere, Then, ditsobutylaluminium hydride (1M in DCM, 3.12 mL,

3.12 mmol) was slowly added. The reaction mixture was stirred for 2 hours allowing it
to slowly warm to room temperature. The reaction mixture was cooled to-78 °C again
and extra diisobutylaluminium hydride (1M in DCM, 1.04 mL, 1.04 mmol) was added.
The reaction mixture was slowly warmed to room temperature. The reaction mixture
was cooled to 0 °C and it was quenched by slow addition. of citric acid until acidic pH.
After filtration, the aqueous layer was extracted with EtOAc. The combined organic
fayers were dried (NazSOy), filtered and the solvents evaporated in vacuo to yield
intermediate 152 (0.265 g, 68% yield) as a transparent oil, which was used as such in

the next reaction step.

Example Al14]1
Preparation of intermediate 153.

Intermediate 153 was synthesized following the same approach described m the
Example A96. Starting from intermediate 152 (0.265 g, 0.71 mmol) intermediate 153
was obtained (0,164 g, 94% yield; mixture of diastereoisomers).

Example A142
Preparation of intermediate 154.
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Tntermediate 154 was synthesized following the same approach described in the
Example A97, Starting from intermediate 153 (0.374 g, 1.53 mmol) intermediate 154
was obtained (0.389 g, 98% vyield; mixture of diastercoisomers).

Example Al143
Preparation of intermediate 155.

I

c\;}':

Intermediate 155 was synthesized following the same approach described in the
Example A111. Starting from intermediate 154 (0.389 g, 1.49 mmol) intermediate
155 was obtained (0.25 g, 69% yield).

Example Al44
Preparation of intermediate 156.

Hzi\f
72

O

— F
Hs \/

Intermediate 155 (0.1 g, 0.4] mmol) was combined with NaN;(0.067 g, 1.03 mmol},
Cul (0.098 g, 0.51 mmol) and Na,CG; (0.087 g, 0.82 mmol) in DMSO (6 mL}) and the
reaction was degassed. After that, NN’ -dimethylethylenediamine (0.077 mi., 0.72
mmol) was added and the mixture was heated at 110 °C until completion of the
reaction, about 24 hours. The reaction mixture was filtered through cotion wool and
concentrated under high vacuum to yield intermediate 156, which was used as such in
the next reaction step.

Example A145
Preparation of intermediate 157,
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Di-tert-butyldicarbonate (0.215 g, 0.985 mmol) was added portionwise to a stirred
solution of intermediate 155 (0.12 g, 0.49 mmol), tricthylamine (0.08 mL, 0.59 mmol)
and 4-dimethylaminopyridine (0.006 g, 0.05 mmol)y i THF (1 mL) at room
temperature for three hours, The mixture was quenched with sat. aq. NaHCQO; solution,
The aqueous layer was extracted with EtOAc. The organic layer was dried (MgSQOy),
filtered and the solvents evaporated in vacuo to yield intermediate 157 (0.185 g, 85%

yield) which was used as such in the next reaction step.

Example A146
Preparation of intermediafe 158,

Di-tert-butyldicarbonate (0.089 g, 0.412 mmol) was added portionwise to a stirred
solution of intermediate 55 (0.1 g, 0.343 mmol) in DCM (2 mL) at room temperature
and the r.m. was stirred at r.t. for 20 hours. The mixture was quenched with sat. aq.
NaHCOs solution. The agueous layer was extracted with EtOAc. The organic layer was
dried (MgSO,), filtered and the solvents evaporated in vacuo. The crude product was
purified by flash column chromatography (silica gel: EtOAc/DCM (/100 to 50/50). The
desired fractions were collected and concentrated in vacuo to yield to yield
intermediate 158 (0.025 g, 20% yield).

Preparation of the final compounds

Example Bl

Preparation of compound 1: rac-5-biphenyl-3-yl-5-methyl-5,6-dihydro-2H- | 4-oxazin-

3-amine trifluoroacetate sait.
HoN

7\

N O

O~

MeOH (4 mL) was added to a suspension of intermediate 9 (0.2 g, 0.52 mmol), trans-
(bisdicyclohexylamine)palladium diacetate [DAPCy, CAS 628339-96-8] (0.006 g,
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0.010 mmol), phenylboronic acid (0.076 g, 0.626 mmol) and potassium phosphate
(0.44 g, 2.08 mmol). The mixture was stirred at 60 °C for 18 hours and then at 80 °C for
3 hours. After cooling the mixture was diluted with water and extracted with DCM,
The organic layer was separated, dried (Na;SQy), filtered and the solvents evaporated
in vacuo. The crude product was purified by fiash column chromatography (silica gel; 7
M solution of ammonia in methanol / DCM 0/100 to 3/97). The desired fractions were
collected and concentrated in vacuo. The residue was dissolved in DCM and converted
mnto the trifluoroacetate salt. The solvents were evaporated in vacuo and the product
was triturated with DIPE to yield compound 1 (0.12 g, 62% vield) as a white solid.

Example B2
Preparation of compound 2: rac-5-(3',5'-dichlorobiphenyl-3-vi)-5-methyl-5.6-dihydro-
2H-1.4-oxazin-3-amine,

Ci
(=)

cl
EtOH (5 mL) was added to a suspension of intermediate 9 (0.25 g, 0.65 mmol), trans-
(bisdicyclohexylamine)palladium diacetate IDAPCy, CAS 628339-96-87 (0.038 g,
0.065 mmol), potassium phosphate (0.69 g, 3.26 mmol) and 2,3-dichlorophenylboronic
acid (0.19 g, 0.98 mmol). The mixture was stirred at 80 °C for 3 hours. After cooling
the mixture was diluted with water and extracted with DCM. The organic layer was
separated, dried (NapSQOy), filtered and the solvents evaporated in vacuo. The crude
product was purified by flash column chromatography (silica gel; 7 M solution of
ammonia in methanol / DCM 0/100 to 3/97). The desired fractions were collected and
concentrated in vacuo and the residue was purified by preparative HPLC (C18 XBridge
19 x 100 5 um), mobile phase (gradient from 80% 0.1% NH4CO:2H/NH,OH pH ©
solution in Water, 20% CH3CN to 0% 0.1% NH4CO;H/NH4OH pH 9 solution in
Water, 100% CH3CN) , and re-purified under other mobile phase conditions (gradient
from 80% 0.1% NH4CO,CH; solution in Water, 20% CH;CN to 0% 0.1% NH:CO,CHa
solution in Water, 100% CH3;CN) to give compound 2 (0.031 g, 14% yield) as a solid.
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Example B3
Preparation of comnound 3; rac-3-methyl-53-(3-pyrimidin-5-ylphenyl}-5.6-dihvdro-2H-
1.4-oxazin-3-amine trifluoroacetate salt.

HoN
>/ \
N O

el

1,2-Dimethoxyethane (3 mL), water (1.5 mL) and EtOH (0.5 mL) were added to a
mixture of intermediate 9 (0.135 g, 0.352 mmol), pyrimidine-5-boronic acid (0.052 g,
0.423 mmol), [1,1%-bis(diphenylphosphino)ferrocene]dichloro-palladium (11} (0.026 g,
0.035 mmol) and cesium carbonate (0.34 g, 1.06 mmol) in a sealed tube and under
nitrogen. The mixture was stirred at 130 °C for 10 minutes under microwave
irradiation. After cooling the mixture was diluted with water and saturated aqueous
Na,CO; and extracted with DCM. The organic layer was separated, dried (NapSOy),
filtered and the solvents evaporated in vacuo. The crude product was purified by flash
column chromatography (silica gel; 7 M solution of ammonia in methanol/ DCM
0/100 to 4/96). The desired fractions were collected and concentrated in vacuo. The
residue was dissolved in DCM (5 mL) and TFA (0.2 mL) was added. The mixture was
mixed well and the solvents were evaporated in vacuo. The residuc was purified by
flash column chromatography (silica gel; MeOH / 1% solution of TFA in DCM §/100
to 10/90). The desired fractions were collected and concentrated in vacuo and the
product was triturated with Et;O and washed with EtOAc to vield compound 3 (0.022
g, 16% yield) as a white solid.

Example B4
Preparation of compound 4: rac-5-{3-{(5-methoxvpyridin-3-vDphenvl]-5-methyl-5.6-

dihvdro-2H-1 4-oxazin-3-amine,
HoN

b

/ N O
Q
M
a

Method A

EtOH (5 mL) was added to a suspension of intermediate 9 (0.25 g, 0.65 mmol), trans-
(bisdicyclohexylamine)palladium diacetate [DAPCy, CAS 628339-96-8] (0.038 g,
0.065 mmol), potassium phosphate (0.69 g, 3.26 mmol) and 3-methoxy-5-

pyridineboronic acid pinacol ester {(0.23 g, 0.98 mmol). The mixture was stirred at 80
°C for 22 hours. After cooling the mixture was diluted with water and saturated
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aqueous NapCOs and extracted with DCM. The organic layer was separated, dried
{NaySOy), filtered and the solvents evaporated in vacuo. The crude product was
purified by flash column chromatography (silica gel; 7 M solution of ammonia in
methano/DCM 0/100 to 5/95). The desired fractions were collected and concentrated
in vacuo. The residue was dissolved in DCM {4 mL) and TFA (0.2 mL) was added. The
mixture was mixed well and the solvents were evaporated in vacuo. The residue was
purified by flash column chromatography (silica gel; MeOH / 1% solution 0f TFA in
DCM 0/100 to 7/93). The desired fractions were collected and concentrated in vacuo.
The product was dissoived in DCM and washed with saturated aqueous NayCOs, The
organic layer was separated, dried (NapSOy), filtered and the solvents evaporated in
vacuo and the product was triturated with heptane to yield compound 4 {0.056 g, 29%
yield) as an off white solid.

Method B

A solution of 7 N NHy in MeOH (10 mL) was added to a stirred mixture of
intermediate 7 (0.4 g, 1.27 mmol) and 32% aqueous ammonia {10 ml}. The mixture
was stirred at 60 °C for 6 hours. After cooling the mixture was diluted with water and
saturated aqueous Na;COs and extracted with DCM. The organic layer was separated,
dried (Na,S0O,), filtered and the solvents evaporated in vacuo. The crude product was
purified by flash column chromatography (silica gel; 7 M solution of ammonia in
methano /DCM 0/100 to 8/92). The desired fractions were collected and concentrated
in vacuo and the residue was purified by circular chromatography (silica gel,
MeOH/DCM 1/99 to 16/90 and then 7 M solution of ammonia in methanol/DCM
10/90). The desired fractions were collected and concentrated in vacuo to yield
compound 4 (0.25 g, 66% yield) as a white solid.

Example BS
Preparation of compound 8: (B)- 5-[3-(5-methoxvpyridin-3-vDiphenvl]-5-methyl-5.6-

dihydro-2H-1.4-oxazin-3-amine.
CHN

-

/ N O
Vel
-

A sample of compound 4 (0.237 g) was separated into the corresponding enantiomers
(R) and (S} by preparative SFC on (Chiralpak® Daicel AD x 250 mm). Mobile phase
(CO», MeOH with 0.2% iPrNH,) to yicld compound 8 (0.095 g) as a transparent glass
that was crystallized by sonication in heptane (5 mL) with two drops of DIPE.
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Example B6

Preparation of compound 5: rac-N-[3-(5-amino-3-methyl-3.6-dihvdro-2H-1.4-oxazin-

3-yDhphenvl]-3-chloropyridine-2-carboxamide,

HoN
—
N O

o

HATU (0.024 g, 0.064 mmol) was added to a stirred solution of intermediate 10
(0.012 g, 0.058 mmol} and 5-chloro-2~pyridinecarboxylic acid (0.010 g, 0.064 mmol)
in DCM (1 mlL) at room temperature. The mixture was stirred at room temperature for
2 hours. Then, Et:N (0.010 mL, 6.070 mmol) was added and the mixture was stirred for
a further 15 minutes. The mixture was diluted with water and saturated aqueous
Na;COs and extracted with DCM. The organic layer was separated, dried (Na,SO4),
filtered and the solvents evaporated in vacuo. The crude product was purified by flash
column chromatography (silica gel; 7 M solution of ammonia in methano/DCM 0/100
to 5/95). The desired fractions were collected and concentrated in vacuo and the residue
was purified by HPLC to vield compouand 5 (0.0065 g, 31% yield).

Example B7
Preparation of compound 6: rac-N-[3-(5-amino-3-methyl-3,6-dihydro-2H-1 4-oxazin-

3-yDphenvt]-3-fluoropyridine-2-carboxamide.
HoN

I
N O
F
=N Q

3-Fluoropyridine-2-carboxylic acid (0.120 g, 0.853 mmol) was added to a stirred
solution of intermediate 10(0.125 g, 0.609 mmol) in DCM (5 mL) at room
temperature. Then N, N-dimethylaniline (0.108 mL, 0.853 mmol) was added and after
stirring at room temperature for 5 minutes HATU (0.301 g, 0.792 mmol) was added.

The mixture was stirred at room temperature for 18 hours, The mixture was diluted
with water and aqueous saturated Na,COj3 and extracted with DCM. The organic layer
was separated, dried (Na,SQy), filtered and the solvents evaporated in vacuo. The crude
product was purified by flash column chromatography (silica gel; 7 M solution of
ammonia in methanol / DCM (/100 to 5/95). The desired fractions were collected and
concentrated in vacuo and the residue was triturated with DIPE to yicld compound 6
(0.133 g, 66% yield) as a white solid.
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Example BY .
Preparation of compound 9: rac-N-{3-[5-amino-6-fluore-3-methvl-6-(trifluoromethvl-
3.6-dihydro-2H-1,4-oxazin-3-vl]phenyl}-5-chloropvridine-2-carboxamide.

EF
F
7

N o]

O

Potassium phosphate tribasic (anhydi'ous) {0.12 g, 0.56 mmol), copper(l) iodide (0.003
g, 0.014 mmol) and {1R,2R)-(-)-1,2-diaminocyclohexane (0.003 g, 0.028 mmol) were
added to a stirred solution of intermediate 14 (0.1 g, 0.28 mmol) and 5-chioro-2-
pyridinecarboxamide (0.044 g, 0.28 mmol) in degassed DMF (1 mL) in a sealed tube
and under nitrogen. 'The mixture was stirred at 180 °C for 135 minutes under
microwave irradiation. The mixture was diluted with water (10 mL}, aqueous saturated
NH,OH (20 mL), DCM (50 mL) and stirred for 1 hour at room temperature. The
organic layer was separated and the aqueous layer was extracted with DCM. The
combined organic layers were dried (MgSQy), filtered and the solvents evaporated in
vacuo. The crude product was purified by flash column chromatography (silica gel; 7
M solution of ammonia in methanol / DCM 0.5/99.5). The desired fractions were
collected and concentrated in vacuo. The residue was crystallized with Et;O (0.5 mL).
Then, heptane (2 mL) was added and the resulting mixture was shaken in a sealed vial
for 2 hours at 60 °C. After cooling to room temperature the crystals were filtered and
dried in vacuo to yield as a single diastereoisomer compound 9 (0.015 g, 13% yield) as
white crystals.

Example B9
Preparation of compound 16: rac-6-{3-{5-methoxvypyridin-3-vliphenvil-6-methvl-4-

oxa-7-azaspire{2 Sloct-7-en-8-amine,

Zio o
|
- \NkQI\/\LO/

A mixture of intermediate 22 (0.023 g, 0.068 mmol) and 2 M NH; in MeOH (5 mL)
was heated in a secaled tube at 120 °C for 7 days. Then the solvent was evaporated in

vacuo and the residue was purified by flash column chromatography (silica gel, 7 M
solution of ammonta in methanol/ DCM 0/100 to 10/90). The desired fractions were
collected and concentrated in vacuo to yield compound 16 (0.009 g, 40% yield) as a
yetlow glass.
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Example B10

Preparation of compound 12: (R)- N-[3-(5-aming-3-methyl-3,6-dihvdro-2H-1,4-
oxazin-3-vliphenyli-3-chloropyridine-2-carboxamide.

Hzr\§
/_\O

]
de
e—d

i Q

5-Chloro-2-pyridinecarboxylic acid (0.27 g, 1.717 mmol) was added to a stirred
solution of intermediate 26 (0.235 g, 1.145 mmol) in DCM (10 mL) at room
temperature. Then, N, N-dimethylaniline (0.218 m1, 1.717 mmol) was added and after
sturing for 5 minutes at room temperature HATU (0.500 g, 1.317 mmol) was added.
The mixture was stirred at room temperature for 5 hours. The mixture was diluted with
water and saturated aqueous NayCOs and extracted with DCM. The organic layer was
separated, dried (NapSOy), filtered and the solvents evaporated in vacuo. The crude
product was purified by flash column chromatography (silica gel, 7 M solution of
ammonia in methanol / DCM 0/100 to 4/96). The desired fractions were collected and
concentrated in vacuo. The resulting product was triturated with DIPE, filtered and
dried. The product was purified again by flash column chromatography (silica gel, 7 M
solution of ammonia in methanol / EtOAc 0/100 to 4/96). The desired fractions were
collected and concentrated in vacuo to yield compound 12 (0.16 g, 41% yield).

Example B11
Preparation of compound 15; (R* R *)-N-{3-[3-amino-6-fluoro-3-methyl-6-
(trifluoromethyl}-3,6-dihydro-2H-1.4-oxazin-3-ylphenyl}-3-chloropyridine-2-

carboxamide,

A sample of compound 9 (0.01 g) was separated into the corresponding enantiomers
(R,R) and (8S,S) by preparative SFC (Chiralpak® Daicel OD 20 x 250 mm, mobile
phase CO,, iPrOH with 0.2% iPrNH3) to vield compound 15 (0.0038 g) as white
crystals.

Exampie B12
Preparation of compound 18: frans-rac-5-[3-(5-methoxypyridin-3-vhiphenyli-2.5-
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dimethyl-5,6-dihydro-2H-1,4-0xazin-3-amine and compound 19: cis-rac-5-[3-(5-
methoxypyridin-3-yhphenyll-2,5-dimethyi-3.6-dihydro-2H-1.4-0xazin-3-amine,

N

7\

EtOH (3 mL) was added to a suspension of intermediate 30 (0.1 g, 0.25 mmol), trans-
{bisdicyclohexylamine)palladium diacetate [DAPCy, CAS 628339-96-8] (0.015 g,
0.025 mmol), potassium phosphate (0.27 g, 1.26 mmol) and 3-methoxy-5-
pyridineboronic acid pinacol ester (0.077 g, 0.50 mmol). The mixture was stirred at 80
°C for 18 hours. After cooling the mixture was diluted with water and saturated
aqueous NapCO3 and extracted with DCM, The organic layer was separated, dried
(Na;S0Oy), filtered and the solvents evaporated in vacuo. The crude product was
purified by flash column chromatography (silica gel; 7 M solution of ammonia in
methanol / DCM 0/100 to 4/96). The desired fractions were collected and concentrated
in vacuo and the residue was purified by preparative HPLC (C18 XBridge 19 x 100 5
um), mobile phase (gradient from 80% 0.1% NH4CO;H/NH,OH pH 9 solution in
Water, 20% CH:CN to 0% 0.1% NH4CO3;H/NH,OH pH 9 solution in Water, 100%
CHzCN)

to yield compound 18 (0.0046 g, 6% yield; trans isomer) as a white solid. The
remaining {ractions were combined and re-purified by preparative HPLC (same
previous conditions) to yield a residue which was further diluted with water and sat.
NayCOs and extracted with DCM. The organic layer was separated, dried (Na;SO,),
filtered and the solvent evaporated in vacuo to yield compound 19 (0.011 g, 14%
yield; cis isomer) as a white solid.

Example B13

Preparation of compound 20: trans-rac-N-[3-(5-Amino-3,6-dimethyi-3.6-dihydro-2H-
1.4-oxazin-3-yhphenyl]-S-chloropvridine-2-carboxamide and compound 151: cis-rac-
N-[3-(5-Amino-3.,6-dimethyl-3.6-dihvdro-2H-1,4-oxazin-3-vl)phenyl]-5-
chioropyridine-2-carboxamide.

O
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5-Chloro-2-pyridinecarboxylic acid (0.180 g, 1.14 mmol) was added to a stirred
solution intermediate 32 (0.2 g, 0.91 mmol) in DCM (8 mL) at room temperature.
Then N N-dimethylaniline (0.15 mL, 1.19 mmol) was added and after stirring at room
temperature for 5 minutes HATU (0.382 g, 1 mmol} was added. The mixture was
stired at room temperature for 5 hours. The mixture was diluted with water and
saturated aqueous NayCO5 and extracted with DCM. The organic layer was separated,
dried (NaySOy), filtered and the solvents evaporated in vacuo. The crude product was
purified by flagh column chromatography (silica gel; 7 M solution of ammonia in
methano/DCM 0/100 to 4/96). The desired fractions were collected and concentrated
in vacuo and the residue was triturated with heptane to yield compound 20 (0.129 ¢,
39% yield; trans isomer) as a white solid. The remaining fractions were combined and
re-purified flash column chromatography {silica gel; 7 M solution of ammonia in
methanol/DCM 0/100 to 3/97). The desired fractions were collected and concentrated
in vacuo to yield compound 151 (0.049 g, 15% yield; cis isomer) as a white solid.

Example B14

Preparation of compound 82: (5%, §%)-5-(2.4-difluoro-5-pyrimidin-5-viphenyl)-6-
fluoro-S-methyi-5.6-dihvdro-2H-1.4-0xazin-3-amineand compound 148: (R* R*)-5-
(2.4-difluoro-5-pyrimidin-5-ylphenyl)-6-fluoro-5-methyvl-5,6-dihydro-2H-1,4-0xazin-3-
amineand compound 83: frans-rac-5~(2.4-difluore-5-pyrimidin-5-ylphenyl)-6-fluoro-

S-methyl-3.6-dihvdro-2H-1.4-oxazin-3-amine,
HoN

N>/7”\O

</N \ FF

F
Intermediate 39 (0.25 g, 0.774 mmol), 5-pyrimidinylboronic acid (0.143 g, 1.16
mmol) and tetrakis(triphenyiphosphine) pailadium(0) (0.089 g, 0.077 mmol) were
dissolved in a mixture of 1,4-dioxane (11 mL) and agueous NaHCO; (sat. sol., 7.5 mL).
The resuiting mixture was flushed with N, and then heated at 80 °C for 2 hours. The
reaction mixture was then difuted with water and then extracted with DCM. The
organic layer was separated, dried (Na;SOay), filtered and the solvents evaporated in
vacuo. The crude product was purified by flash column chromatography (silica gel; 7
M solution of ammonia in methanol/DCM 0/100 to 10/90). The desired fractions were
collected and concentrated in vacuo to yield compound 83 (0.18 g, 72%). This racemic
compound was then purified by preparative SFC on Chiralpak Diacel AD (30 x 250
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mm}, mobile phase (CO,, IPrOH with 0.2% iPrNH;), yielding compound 82 and
compound 148 (0.050 g, 20% yield) as pure enantiomers (both as solid compounds).

Example B15
Preparation of compound 91: frans- rac-N-[3-(5-amino-2-fluoro-3-methvl-3.6-

dibydro-2H-1.4-oxazin-3-ylphenyl]-5-chloropyridine-2-carboxamideand compound
85 (5%, 5%)-N-[3-(5-amino-2-fluoro-3-methvi-3.6-dihyvdro-2H-1 4-oxazin-3-vIiphenvll-
5-chloropyridine-2-carboxamideand compeand 86: (R* R*)-N-[3-(5-amino-2-fhioro-3-

methyl-3.6-dihvdro-2H- 1 4-oxazin-3-yliphenvl1-3-chloropyridine-2-carboxamide.

NS Cl
/[O E O ; =
oy

5-Chloro-2-pyridinecarboxylic acid (0.176 g, 1.12 mmol} was dissolved in MeOH (5
mb) and DMTMM (0.37 g, 1.34 mmol) was added. After stirring the mixture for 5
minutes, a solution of intermediate 47 (0.25 g, 1.12 mmol) in MeOH {5 mL) was
added at 0 °C, and the mixture was stirred for an additional 16 h. After that, the reaction
mixture was quenched with NaOH (1M in H,0) at 0 °C and then extracted with EtOAc.
The organic layer was washed with brine, then separated, dried (MgSO4) and the

solvent evaporated in vacuo. The crude material was purified by flash column
chromatography (silica gel; 7 M solution of ammonia in methanol/DCM 0/100 to 5/95),
the desired fractions were collected and the solvent evaporated in vacuo to afford
compound 91 (0.215 ¢, 53%). Compound 91 was then purified by preparative SFC
on Chiralpak Diacel AD (20 x 250 mm), mobile phase (CO,, iPrOH with 0.2%
iPrNH;), the desired fractions were collected, evaporated, dissolved in MeOH and
cvaporated again yielding compound 85 (0.061 g, 15% vield) and compound 86
(0.064 g, 15.8% yield) as pure enantiomers {(both as solid compounds).
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Example B16
Preparation of compound 107 frans-rac-N-{3-[5-amino-3-methvl-2-(trifluoromethyvl)-

3,6-dihydro-2H-1.4-oxazin-3-yl]-4-fluorophenyl } -5-chloropyridine-2-carboxamide.

.« %YU

Compound of the Example B16, was synthesized following the same approach

described 1n the Example B1S. Starting from intermediate 55 (0.2 g, 0.24 mmol),
compound 107 (0.085 g, 82% yield) was obtained as solid compound.
Example B17

Preparation of frans-rac-N-{3-[5-amino-2-fluoro-3-methyl-2-(trifluoromethyl)-3,6-

dihydro-2H-1.4-oxazin-3-yl}-4-fluorophenyl }-3-chloropyridine-2-carboxamideand
compound 116: (25%* 3R*)-N-{3-[S-amino-2-fluore-3-methvi-Z-{trifluoromethyi)-3.6-
dibydro-2H-1 4-oxazin-3-vl]-4-fluorophenyl } -5-chloropyridine-2-carboxamideand
compound 109: (2R* 35%)-N-{3-[S-amino-2-fluoro-3-methyl-2-(trifluoromethyl)-3.6-
dihydro-2H-1.4-oxazin-3-yl]-4-fluorophenyl}-5-chloropyridine-2-carboxamide

F Cl
F F ! =
C. g G N/
X L
HaN N
F

Compound 110 and compound 109, were synthesized following the same approach

described in the Example B15. Starting from intermediate 60 {0.465 g; 1.5 mmol),
derivative trans-rac-5-chloro-pyridine-2-carboxylic acid[3-(5-amino-2-fluoro-3-
methyl-2-triffuoromethyl-3,6-dihydro-2H-[ 1,4 Joxazin-3-yl}-4-fluoro-phenyl}-amide
{0.55 g, 79%) was obtained. This racemic compound was then further purified by
preparative SFC on Chiralpak Diacel AD (20 x 250 mm), mobile phase (CO», iPrOH
with 0.2% iPrNHa), to yield compound 118 (0.2 g, 29.5%) and compound 109. This
last derivative was then dissolved in Et;O and converted into the hydrochloric acid salt
by adding HC1 (1M in Et;0, 1 mL). The solvent was evaporated to yield compeund
109 as hydrochloric salt (0.19 g, 24% yield).
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Example B18 7
Preparation of compound 152: rac-5-[3-(5-methoxypyridin-3-yl)phenyl |-5-

(trifluoromethyl)-5,0-dihydro-2H-1,4-oxazin-3-amine
O

FE
)%
o

HoaNT N

E ~

N/O/

Compeund 152 was synthesized following the same approach described in Example
B4 method B. Thus starting from intermediate 66 (0.08 g, 0.217 mmol), compound
152 was obtained as a white solid (0.06 g, 78.6% yield).

Example B19
Preparation of compound 153: rac-N-[3-(5-Amine-3-cyclopropy!-3.6-dihydro-2H-1.4-
oxazin-3-viphenyil-5-chloropyridine-2-carboxamide, and the corresponding

enantiomeric compounds 195 and 196,

f‘\iH NH; NH;
Cl | Ci ot
S NE \F N N TR N y
It H i i H loe
S AN ABS o A N o
= ( \|( \E//‘K\/ i{ \R \\(/]l\ — \l"l/ T/\\\V/ G
; i i
o LA o e _\ \//
Compouad 195 Compeund 196

Compound 153

Compound 153 was synthesized following the same approach described in Example
B15. Thus starting from intermediate 72 (0.09 g, 0.385 mmol), compound 153 was
obtained as a white solid (0.067 g, 47.4% vyicld).

This racemic compound was then purified by preparative SFC on Chiralpak Daicel
OD-H5uM (20 x 250 mm), mobile phase (CO,, EtOH with 0.3% iPrNH,), yielding the
two enantiopure fractions (0.027 g each}). Both fractions were purified further via flash
column chromatography (silica gel; 7 M solution of ammeonia in methanol/DCM 0/100
to 3/97). The desired fractions for each enantiomer were collected and concentrated in
vacuo to yield compound 195 (0.015 g), and compound 196 (0.013 g) after trituration
from n-heptane.

Example B21

Preparation of cempound 166: (28,3R)-N-{3-{5-amino-3-methyl-2-(trifluoromethyl)-
3.6~dihydro-2H-1.4-oxazin-3-yl}-4-fluorophenyl} -5-methoxvpyrazine-2-carboxamide
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HoN
:/ \
N o
R R
CFs
N HA F
o—(—\

S5-Methoxypyrazine-2-carboxylic acid (6.106 g, 0.69 mmol) was dissolved m MeOH
(14 mL) and DMTMM (0.24 g, 0.82 mmol) was added. After stirring the mixture for 5
minutes, a solution of intermediate 93 (0.20 g, 0.687 mmol} in MeOH (14 mL) was
added at 0 °C, and the mixture was stirred for an additional 6 h. The solvent was
evaporated in vacuo. The crude material was purified by flash column chromatography
(silica gel; 7 M solution of ammonia in methano/DCM 0/100 to 5/95), the desired
fractions were collected and the solvent evaporated in vacuo. The residue was triturated
with DIPE to give compound 166 (0.190 g, 65% yield).

Exampie B22 _
Prenaration of compeund 161 rrans-rac-2.5-dimethyl-5-(3-nyrimidin-3-viphenyii-2-

(trifluoromethybl-5.6-dihvdro-2H-1.4-oxazm-3-amine and compound 162: cis-rac-2.5-
dimethyl-5-(3-pyrimidin-3-yIphenvl}-2-(trifluoromeihvl)-5.6-dihvdro-2H~1.4-0xazin-3~
amine.

HoN o ©Fs

N/ O

Compound 161: racemic cis
N .
</ Y Compound 162: racemic trans
W=

A 2M solution of trimethylaluminum in toluene (42 pl., 0.084 mmol) was added to a
stirred solution of intermediate 94 (0.03 g, 0.084 mmol) in toluene (1.5 mL) at 0 °C.
The mixture was heated at 100 °C for 1 hour, then cooled to ri. A sat. aq. Na,COs
solution was added, the mixture was filtered, and the filtrate was exiracted with EtQAc.
The combined organic layers were separated, dried (Na,SOy), filtered and the solvents
evaporated in vacuo. The crude product was purified by flash column chromatography
(silica gel; 7 M solution of ammonia in methano VDCM 0/100 to 10/90). The desired
fractions were coliected and concentrated in vacuo. The residue was purified further by
preparative HPLC (RP Sunfire Prep C18 OBD-10 pM 30 x 150 mm), mobile phase (a
gradient from 0.5% NH.OAc solution in water + 10% MeCN to MeCN). The two
fractions containing compound 161 and 162, respectively, were each purified further
via preparative HPLC (RP Sunfire Prep C18 OBD-10 tM 30 x 150 mm), mobile phase
(a gradient from 0.25% NH4HCO; solution in water to MeCN) to yield compound 161
(0.011 g, 38% yield) and compound 162 (0.013 g, 44% yield).



10

I5

20

25

WO 2011/154431 PCT/EP2011/05%9441

- 122 -

Example B23
Preparation of compound 199; (25.3R)-N-{3-[5-amino-3-cyclopropyl-2-fluoro-2-

(trifluoromethyD)-3,6~dihvdro-2H-1.4~oxazin-3-vilphenvl} -3-cyanopyridine-2-

carboxamide
Hal
;/ \
N g0
R CF3
F.'
N HN

5-Cyanopyridine-2-carboxyvlic acid (0.182 g, 1.23 mmotl) was dissolved in MeOH {24
mL) and DMTMM (0.435 g, 1.48 mmol) was added. After stirring the mixture for 5
minutes, a solution of intermediate 106 (0.39 g, 1.23 mmol) in MeOH (24 m1) was
added at 0 °C, and the mixture was stirred for an additional 4 h. The mixture was
partitioned between DCM and a sat. ag. NapCOs solution. The combined organic layers
were separated, dried (MgSOy), filtered and the solvents evaporated in vacuo. The
crude product was purified by flash column chromatography (silica gel;
methanol/DCM (/100 to 5/95). The desired fractions were coliected and concentrated
in vacuo, The residue was crystallized from DIPE to yield compound 199 (0.235 g,
43% yield).

Example B24
Preparation of compound 214: (2R, 3R)- N-[3-(5-amino-3-cyclopropyl-2-fluoro-3,6-

dihydro-2H-1 4-oxazin-3-vh)-4-flucrophenvil-5-cyanopvridine-2-carboxamide
HoN

, =0
R
Nz /i}i ﬁ £
=
5 F

5-Cyanopyridine-2-carboxylic acid (0.088 g, 0.6 mmol) was dissolved in MeOH (25
mL) and DMTMM (0.211 g, 0.718 mmol) was added. After stirring the mixture for 5
minutes, a solution of intermediate 120 (0.160 g, 0.6 mmol) in MeOH (10 mL) was
added at 0 °C, and the mixture was stirred for an additional 6 k. The solvent was

evaporated in vacuo. The crude material was purified by flash column chromatography
(silica gel; 7 M solution of ammonia in methanoVDCM 0/100 to 5/95), the desired
fractions were collected and the solvent evaporated in vacuo. The residue was triturated
with DIPE to give compound 214 (0.05 g, 21% yield).
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Example B25
Preparation of compound 224: (5R.65)- 5-cyclopropyl-6-fluoro-3-(2-fluoro-5-

pyrimidin-5-ylphenyl)-5.6-dihvdro-2H-1.4-0xazin-3-amine
HoN

F\

N g0

(}dﬁ
N\
F

Intermediate 119 (0.3 g, 0.906 mmol), 5-pyrimidinytboronic acid (0.168 g, 1.36
mmol) and tetrakis(triphenylphosphine) palladium(0) (0.104 g, 0.091 mmol) were

dissolved in a mixture of 1,4-dioxane (13 mL) and aqueous NaHCQO; (sat. sol., 1 mL).
The resulting mixture was flushed with N, and then heated at 80 °C for 2 hours, The
reaction mixture was then diluted with water and then extracted with DCM. The
organic layer was separated, dried (Na;SO,), filtered and the solvents evaporated in
vacuo. The crude product was purified by flash column chromatography (silica gel; 7
M solution of ammonia in methanol/DCM 0/100 to 3/97). The desired fractions were
collected and concentrated in vacuo to yield compound 224 (0.15 g, 50% yield).

Preparation of compeund 225: (ZR.3R)- N-{3-[5-amino-3-cyclopropyl-2-

(trifluoromethyl}-3.6-dihydro-2H-1.4-oxazin-3-vi|nhenv]l -5-cvanopyridine-2-

HaN

N &b
R
Nes, 7N g CFs
e,
o

5-Cyano-2-pyridinecarboxylic acid (0.413 ¢, 1.169 mmol) was dissolved in MeGIH (46
mL}) and DMTMM (0.413 g, 1.4 mmol} was added. After stirring the mixture for 5
minutes, a solution of intermediate 126 (0.35 g, 1.169 mmol) in MeOH (15 mL) was
added at 0 °C, and the mixture was stirred for an additional 4 h. The solvent was
evaporated in vacuo. The crude product was purified by flash column chromatography
{silica gel; methanol/DCM 0/100 to 2/98). The desired fractions were collected and
concentrated in vacuo. The residue was then dissolved in Et;0 and converted to the
HCl salt by addition of HCI (IM in Et,0). The solvent was evaporated and the resulting
solid was crystallized from Et;O fo yicld compound 225 (0.1 g, 18% vield) as
hydrochloric salt. '
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Example B27
Preparation of componnd 229: (2R, 3R)- N-{3-[5-amino-3-cyclopropyl-2-

{trifluoromethyl)-3,6-dihvdro-2H-1 . 4-oxazin-3-vi1-4-fluorophenvl - 5-cvanopyridineg-2-

carboxamide
HuN

R
Nss a H CF;
= F
e}

5-Cyano-2-pyridinecarboxylic acid (0.102 g, 0.693 mmol) was dissolved in MeOH (28
mE) and DMTMM (0.245 g, 0.832 mmol) was added. After stirring the mixture for 5
minutes, a solution of intermediate 133 {0.22 g, 0.693 mmol) in MeOH (10 mL) was
added at 0 °C, and the mixture was stirred for an additional 4 h. The solvent was
evaporated in vacuo. The crude product was purified by flash column chromatography
(silica gel; methanol/DCM 0/100 to 5/95). The desired fractions were collected and
concentrated in vacuo. The residue was crystallized from DIPE to vield compound 229
(0.17 g, 54% yield).

Example B28
Preparation of eempound 249: (2538 N-[3-(5-amino-3-cvclopronyl-2-fluoro-3,6-

dihydro-2H-1 . 4-oxazin-3-yphenyll-5-chloro-3-fluoropyridine-2-carboxamide and
compeund 250 2R.3R)- NA3-(5-amino-3-cyclopropyl-2-fluore-3.6-dihvdro-2H-1.4-

oxazin-3-yDphenyll-5-chloro-3-fluoropvridine-2-carboxamide
HgN PN

)\

N g0

R
Ct/f:lg
T
L O

7 >/ N
N H R
.F Cl /\ N F
ey
= O

compound 249 compound 250

5-Chloro-3-fluoropyridine-2-carboxylic acid (0.253 g, 1.444 mamol) was dissolved m
MeOH (49 mL) and DMTMM (0.461 g, 1.564 mmol} was added. After stirring the
mixture for 5 minutes, a solution of a mixture of intermediates 138 and 139 (0.3 g,
0.1.2 mmol) in MeOH (20 mL) was added at § °C, and the mixture was stirred for an
additional 6 h. The solvent was evaporated in vacuo. The crude material was purified
by flash column chromatography (silica gel; 7 M solution of ammonia in
methano/DCM 0/100 to 5/95). The desired fractions of cach diastereomer were
collected and the solvent evaporated iz vacuo to yield compound 249 (0.03 g, 6 %
yield) and compound 250 (0.082 g, 18% yield) as solids after precipitation in DIPE.
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Example B29
Preparation of compound 253 (5R.6R)- 5-{3-[5-amino-3-cyclopropyl-2-

(trifluoromethyl)-3.,6-dihydro-2H-1.4-oxazin-3-yl]phenyl} pyridine-3-carbonitrile

Intermediate 124 (0.1 g, 0.275 mmol), 3-cyano-3-pyridinylboronic acid (0.061 g, 0.41
mmol) and tetrakis(triphenylphosphine) palladium(0) (0.048 g, 0.041 mmoi) were
dissolved in a mixture of I,4-dioxane (4 mL) and aqueous NaHCO; (sat. sol., 0.5 mL).
The resulting mixture was flushed with N; and then heated at 80 °C for 2 hours. The
reaction mixture was then diluted with water and then extracted with DCM. The
organic layer was separated, dried (NaySQOy), filtered and the solvents evaporated in
vacuo. The crude product was purified by flash column chromatography (silica gel; 7
M solution of ammonia in methanol/DCM 0/100 to 10/90). The desired fractions were
collected and concentrated in vacuo to yield compound 253 (0.025 g, 24% vyield).

Example B30
Preparation of compound 277: (53R *.6R*)-5-12-(3,5-dichlorophenvDpvridin-4-vl]-6-

{luoro-3-methvi-3.6-dihvdro-2H-1.4-0xazin-3-amine, compound 278; (58%.65%-5-[2-

(3.5-dichlorophenylpyridin-4-yl]-6-fluoro-3-methyl-5,6-dihydro-2H-1 4-oxazin-3-
idin-4-vi]-6-fluoro-3-

amine and compeound 279 cis-rac-3-[2-(3.5-dichlorophenyl)y
methyl-5,6-dihydro-27-1.4-0xazin-3-aming.

Hzi\g
cl /_“\o

= F

ot \/

Intermediate 157 (0.073 g, 0.212 mmol), 3,5-dichlorophenylboronic acid (0.082 g,
0.425 mmol) and tetrakis(triphenylphosphine) paltadium(0) (0.024 g, 0.021 mimol)
were dissolved in a mixture of 1,4-dioxane (4 mL) and aqueous NaHCGO; (sat. sol., 2
ml.). The resulting mixture was flushed with N, and then heated at 80 °C for 2 hours.
The reaction mixture was then diluted with water and then extracted with DCM. The

combined organic layer were washed with brine, dried (MgSQ,), filtered and the
solvents evaporated in vacuo. . The crude product was dissolved in DCM (5 mL) and
TFA (0.8 mL) was added. The mixture was stirred at room temperature for 2 h. The

solvents were evaporated in vacuo. The crude product was purified by flash column
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chromatography (silica gel; methanol/DCM 0/100 to 10/90). The desired fractions were
coliected and concentrated in vacuo to yield an oil, which was crystallized in DIPE as
an off-white selid (0.025 g, 33% yield).

This racemic mixture of diastereomers was then purified by preparative SFC on
Chiralpak Diacel OD-H5uM (20 x 250 mm), mobile phase (CO,, iPrOH with 0.2%
iPrNH;), the desired fractions were collected and evaporated yielding compound 278
(0.0074 g, 10% yield), compound 277 (0.008 g, 11% yield) and compound 279
(0.0072 g, 9.6% yield).

Example B31

3.6-dihvdro-2H-1,4-oxazin-3-y11-4- fluorophenyl  -S-methoxypyrazine-2-carboxamide.

PLNPLEN
e
G

5-Methoxypyrazine-2-carboxylic acid (0.009 g, 0.05 mmoli) was dissolved in MeOH (2
ml) and DMTMM (0.018 g, 0.06 mmol) was added. After stirring the mixture for 3
minutes, a solution of intermediate 158 (0.02 g, 0.05 mmeol) in MeOH (I mL) was

added at 0 °C, and the mixture was stirred for an additional 20 h. The mixture was
concentrated in vacuo. The crude product was dissolved in DPCM (1 mL) and TFA (0.1
ml) was added. The mixture was stirred at room temperature for 2 h. The solvents
were evaporated in vacuo to yield compound 166 (0.02 g, 84% yield).

Compounds | to 280 in tables 1-13 Hst the compounds that were prepared by analogy
to one of the above Examples. In case no salt form: is indicated, the compound was
obtained as a free base. “Ex. No.’ refers to the Example number according to which

protocel the compound was synthesized. “Co. No.” means compound number.
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0
L
N7 NS Y A
Xl\’//XS
Co. No. | Ex. Ne. X! x? g Y Cs-stereochemistry
) RS
1 B1 CH CH
TFA salt
~. Cl
2 B2 CH CH RS
Cl
. ) | N RS
3 B3 CH CH _
N TFA salt
~ 2 O\
4 B4 CH CH | RS
N
O
. | AN
5 B6 CH CH N E RS
~F g
O
~. N
6 B7 CH CH NS RS
£
O
A N,
7 B7 CH CH N ﬁ = RS
,\Ngi\\
NN
8 B5 CH CH p R*
N
- CN
10 Bl CH CH ©/ RS
PR N
1 Bl CH CH - RS
N
0
.. N R
12 B10 CH CH N Y
P HCl salt
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Co. No. | Ex. No. x!' X’ —L-Ar Cs-sterecchemisiry
0
~. N
13 B7 CF CF N7 RS
ZCF,
0
~ N
14 B7 CH CH N RS
7 NCF,
0
) . N
17 B7 CF CH Ny RS
Z
j?
AN,
21 B15 CF CH N" ‘j\ R
ol g
O
\\N N\
22 B1S CF CH Ho | J\T/F R
N
F
NP Cl
23 B2 CF CF » R
N
O
24 B15 CF CH NS R
o
0
| - N
25 B15 CF CH NS R
N
O
. N,
26 B15 CF CH Ny R
ZCF,
i
N R
27 B15 CF CH N
F"i\ g HC] salt
O
- N
28 BI5 CF CH N N R
RN
0O
29 B15 CF CH NN g R
H Ly
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Co. No.| Ex. No. X! x* e L AT Cs-stereochemistry
0O
. ~. N
30 B3 CF CH NS R
o
-~ CF,
31 B3 CF CF ©/ R
~. CN
32 B3 CF CF ©/ R
33 B3 CF CF @ R
OMe
M | B CF | CF @ R
Cl
Q
. AN,
35 B15 CF CH N E =) R
/“ '4"‘\
F - Cl
. : G‘CF3 R
36 B3 CF CF
HCl salt
. F
37 B3 CF CF ©/ R
F
0O
N
38 B15 CF CH oY R
7 GCF,
o)
. N
39 BIS CF CH - g% s R
- -~
N O
O
‘ ~. N
40 B15 CF CH QJ\E 1 R
N/
EJJ
a1 B15 CF CH N R
S
Ci
G
_ - ™ RS
42 B15 CH CH N
N JHCl galt
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Co. No. | Ex. No. x' x* --L-Ar Cs-stereochemisiry
Q
43 BIS CF CH NS R
H N._=
CN
i
44 | BIS | ¢ | cH N \”“L R
\?// Ci
o o
_ N
45 BIS CF CH NS R
g
~. Cl
46 B3 CF CF ©/ R
. T~ 0.
47 B3 CF CF @ R
- Ci
48 B3 CF CF ©/ R
Ci
0]
49 B15 CH CH NS §*
N._ = cN
0
50 BIS CH CH NS R*
H N._=
CN
B4 . CN
51 CH CH @ R
(method B)|
. Cl
B4
52 CH CH R
{method B) ,
Cl
vEN
53 B3 CE CH L g#
"
S/Q\N
|
54 B3 CF CH L R
N
SN
55 B3 CF CF {N/) R*
< aOCH;
56 B3 CF CH » R
N
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Co, No. | Ex, No. X! xX? -—-L-Ar Cs-stereochemistry
O
. . N
57 B7 . CF CH QJ\[ = RS
= -~
N 0O
ReESy
58 B3 CF CH kN/ RS
‘\,/’“\\N
59 B3 CF CF » RS
N
o
N N
60 B3 CF CF N7 1 RS
N\\L/ \CE
0
N e,
61 B7 CF CH NT S g
N g
)
e /L o
62 B7 CF CH MO \i R
NP
« % OCH;
63 B3 CF CH P RS
N
9]
64 B7 CH | CH CNTYTS RS
N._= CN
i
65 B7 CE | CH N RS
N
B4 « 2 ~OCHs
66 | CF CF | RS
{method B) N
N
67 B3 CH CH » RS
N
O
S N R
68 BIS CF cH N |
eIy HCl salt
i
o AN,
143 B15 CF CH N R
/’K\//r\C|
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Co. No. | Ex. No. X! xX? ~-F-AX Cs-stereochemistry
0
| AN
144 B15 CF CH ﬁ T N R
N
148 CF CF | '
(method B) = HCl salt
O
o
Hoo
146 B1S CH CH NN R
LF
9
_ ) N/gl\ ;’N\‘s
147 B15 CF CH H EN’//E\ P R
li‘ F
T. //‘\\\\N
158 B3 CF CF \“\ P S
N
~« - -OCH;
156 B3 CF CH | R*
N
Table 2
2
R0
2 L
H,N” "N75 SAr
Co.No. | Ex.No. | R R’ LAY stereochemistry
. F T\ CoRS)C5(RS)
9 BY F %F N | A Single diastereoisomer
F H _
CI (frans)
F T . CaR*)C5(R)
15 B1l F ﬁF H ] = Single diastercoisomer
Z ¢ Pure enantiomer
RN O CoRS),C5(RS)
18 BIl2 CHs H | P Single diastereoisomer
N (trans)
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Co.No. | Ex.No. | R' R’ -—-L-Ar stereochemistry
v om0 CARS),C5(RS)
19 BI12 H CH; | Single diastereoisomer
N (cis)
1. C2(RS):C5(RS)
20 B13 CH; H N P Single diastereoisomer
Z ¢y (trans)
F T C2(R*);C5(R¥)
69 BI15 F iF \HJT j\ Pure enantiomer
N o
SR CoR*):C5(R?)
70 B15 F %F \H | Pure enantiomer
F =
Cl
R Lo C2S*)C5(R*)
71 B15 F %F \ﬁ | = Pure enantiomer
F /
Cl
9 y CH(RS):C5(RS)
151 B13 H CH; m [ Single diastereoisomer
Z e {cis)
R CoS:Cs(5%)
154 B11 F {'F ﬁ P Single diastereoisomer
F = . .
Cl Pure enantiomer
FE L0 CoS¥C(S*)
157 BIS F F N o Pure enantiomer
F =
Ci :
CF L Q N Co(S*HCs(5%)
158 Bi5 T ‘<—'F \H)l\[ ‘j\ Pure enantiomer
" N o7
_F Ry Co(RS),C5(RS)
161 B22 CHa ‘iF ! /) Single diastereoisomer
N (cis)
F NN CoRS):C5(RS)
162 B22 CH; \iF | P Single diastereoisomer
N {trans)




WO 2011/154431 PCT/EP2011/039441
- 134 -
Table 3
0
% X L
HNT TN S \\r Ar
I~ 3
2
Co. No. | Ex. No. X1, 8, X5, Xy —f-Ar Cs-stereochemistry
X1=Xz=X5=X4=CH R N
16 B9 | RS
N
, - X;=X5=CF ) TN
7 X;=X~CH 7 RS
0
73 BIS | Xi=XoXeXe=CH | N7 R
N._=
Cl
~ Y R
74 B | X,=X,=Xs=X;=CH w Fumarate salt
N
X;=Xy=CF TSN
149 | Bl4 e @ S
X,=X,~CH N
X1=X3=CF Y
150 | Bl4 Lo ]f\/\,) R
Xo=X,=CH N
Table 4
H
F
£
S X L
H,N N/5<f At
X 2 X5
I\XZ 3
Co. No.| Ex. No. Xy B2y Ky Hg -—-i-Ar stereochemistry
X,=CF SN Cs(R*):Cs(5*)
75 Bi4 X=X3=X4=CH ]i\/\,) Single diastercoisomer
N .
Pure enantiomer
X,=CF Q | Cs(RS),Cs(RS)
76 B15 X=X3=X,~CH i o Single diastereoisomer
Z >N (Trans)
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Co. No.| Ex. Ne. Xy Xa, X Xy -—--1-Ar stereochemistry
X,=CF D | Cs(RS);Ce(RS)
77 BI15 X=X3=Xy=CH E | = Single diastereoisomer
F (Trans)
X;=CF 2 y C5(RS):Cs(RS)
78 B135 X=X 3=X,=CH ﬁ P Single diastereoisomer
of Z (Trans)
X,=CF Q ' Cs(RS):Ce(RS)
79 B15 Xo=X3=X4=Cl N = Single diastereoisomer
Ho ||
NT 07 (trans)
o . C5(RS),C(RS)
20 B15 1 X,=X,=X=X,=CH ‘g% “j\ Singie diastereoisomer
N o7 (Trans)
- Cs(R*);Cs(8*)
X,=Xs=CF | N ‘ sk. J 6(. J
81 B14 ,) Single diastercoisomer
X=X4~CH N . .
Pure enantiomer
~ Cs(R*),Ce(R*
X, =Xs=CF N | CHRERCARY
82 Bi4 , _ Single diastercoisomer
Ko=X,;~CH N .
Pure enantiomer
. Cs(RS),Ce(RS
Xy =Xs=CF N  GROECARS)
83 B14 - Single diastereoisomer
Ko=Xq=CH N
(trans)
. Cs(RS),Cs(RS
X =X3=CF | N X o ; il ) )
84 B14 ¢! Single diastereoisomer
X,=X4=CH N ,
(Cis)
i C(S*):Co(S¥)
85 B15 | X=Xp=X=X=CH \ﬁ P Single diastereoisomer
e Pure enantiomer
9 y Cs(R*):Co(R*)
86 B15 [ Xi=Xo=Xs=Xe=CH H ] = Single diastereoisomer
¢ Pure enantiomer
NN
87 Bl4  X,=X=X3=X4~CH » Cs(RS),C4(RS)
N
A0 Cs(S*):Ca(R¥)
88 Bl4 | X;=X=X3=X=CH | P Single diastereoisomer
N Pure enantiomer
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{o. No.

Ex. No.

Xh XZ; X33 X=€

stereochemistry

89

X] :XQ:X3:X4:CH

Cs(RF)Co(S%)
Single diastereoisomer

Pure cnantiomer

90

B15

X] :X23X3:X4:CH

Cs(R*):Cs(S%)
Single diastereoisomer

Pure enantiomer

91

BIS

X13X2mX33X4::CH

Cs(RS);,Cs(RS)
Single diastereoisomer

(trans)

92

B3

X} :X2:X3:X4:CI“I

Cs(S%);,Cs(S*)
Smgle diastereoisomer

Pure enantiomer

93

B3

X 1 :X2:X 3:X4:CH

CSRMCHR)
Single diastereoisomer

Pure enantiomer

94

B3

X12X2:X3:X4ICH

Cs(S),Co(S*)
Single diastercoisomer

Pure enantiomer

95

B3

X] :X2:X3:X4:CH

Cs(R*),Ce(R¥)
Single diastereoisomer

Pure enantiomer

96

B3

X1:X2:X3:X4ZCI‘I

Cs(S*).Co(R¥)
Single diastereoisomer

Pure enantiomer

97

B3

X1 ﬁXgﬁX3 :X4:CH

Cs(R*);,Co(S¥)
Single diastereoisomer

Pure enantiomer

98

B3

X]::XZZX:S:X4$CH

Cs(RS);Cs(RS)
Single diastercisomer
(trans)

99

B3

X=X=X=X=CH _

Cs(RS);Ce(RS)
Single diasteroisomer

{cis)

100

B3

X] 2X2:X 3 :X4:CH

Cs(RS):Ce(RS)
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Co. No.: Ex. No. X1, X5, X3, Xy —-L-Ar sterecchemistry
0 Cs(S*)Cs(R*)
. N Single diastereoisomer
122 B15 X}EX23X3:X4:CH H E ~ ( X )
clis
2 ,
Pure enantiomer
X,=CF o C5(R);Co(R)
123 B15 Koy X e X == H \N/LK[N\ Single diastereoisorner
L |
Pure enantiomer
0 Cs(R*),Ce(R*)
X=CF N Na Single diastereoisomer
124 B13 . H |
X=X4=X,=CH e < (trans)
N Pure enantiomer
o} Cs(S*),Co(S*)
, X,=CF N Nas Single diastereoisomer
125 Bl5 - oo H |
Xop=X=X=CH = < {trans)
N Pure enantiomer
0 Cs(R*),Cs(R*)
126 B15 X,=CF N Ny Single diastereoisomer
' X=Xs=X~CH HCI | A, (trans)
Pure enantiomer
Cs(S*)Ce(R¥)
127 | Bl4 Xi=CE F)N (cis)
' Xo=X=X,=CH N Singie diastereoisomer
Pure enantiomer
o C5(SMCo(S%)
128 B15 X=CF N N Single diastercoisomer
) X2:X3:X4:CH H el ] P o (trans)
Pure enantiomer
0 Cs(S*%Cs(5%)
126 B15 X=CF N Ny Single diastercoisomer
Xo=X3=X=CH Ho N/lo/ (trans)
Pure enantiomer
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Co. No.

Ex, No.

Xl, XZ: X35 X4

stereochemistry

136

B1s5

X=CF
XgiX3:X4:CH

Cs(37)Ce(S)
Single diastereoisomer
(trans)

Pure enantiomer

131

B15

X] 3X22X 3 :X.»;ﬂCH

Cs(R*}Cs(R*)
Single diastereoisomer
{(trans)

Pure enantiomer

132

- Bl15

X] “szX3ﬂX4ECH

Cs(S*),Ce(S%)
Single diastercoisomer
(frans)

Pure enantiomer

133

BI5

X1=CF
X2:X3:X4:CH

Cs(R*Cs(R™)
Single diastereoisomer
(trans)

Pure enantiomer

134

B15

X}ICF
XQKX}!:':le:CH

Cs(R*),Ce(R™)
Single diastercoisomer
(trans})

Pure enantiomer

135

Bi5

XGCF
Xp=X5=X=CH

Cs(S#),Co(S™)
Single diastereoisomer
(trans)

Pure enantiomer

136

BIS

X 1"““CF
XQ:X3$X4:CH

Cs(RF);Co(S*)
Single diastereoisomer
(cis)

Pure enantiomer

137

BIS

X1:CF
Xzin,:Xq:CH

Cs(S*RCe(R*)
Single diastereoisomer

(cis)

Pure enantiomer
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Co. No.; Ex. No. X1, Ko, X3, Xy —-i-Ar stereochemistry
Cs(5%),Cs(5%)
Xi=X5=CF . | N Single diastercoisomer
148 B14 »
Xo=X4=CH N {trans)
Pure enantiomer
O Cs(R*);Cs(R*)
. N Single diastereoisomer
163 B15 [ X;=X,=X3=X,=CH ﬁ B 8
= (t['anS)
F Cl .
Bure enantiomer
o Cs(S*),Cs(S*)
} N N Single diastereoisomer
]64 B15 Xi:X2:X3:X4:(/H ﬁ [ ~
e (ﬁ'anS)
F of i
Pure enantiomer
i Cs(R):Co(R)
XI:CF S~ = . . .
208 BIS XX —CH N Single diastereoisomer
2 N o Pure enantiomer
O
Cs(RY,Ce(R
X=CF N AN . 5(. il .)
209 B15 4 | Singic diastereoisomer
X2:X3:X4:CH Cl == . -
=y Pure enantiomer
O
Cs(R); Cs(R.
330 | Bi5 Xi=CF N tN‘ Singl ;(' )é .
ngle ereoisomnter
X XmXmCH | A Highe dlastere
N Pure enantiomer
O
Cs(R),Cs(R
X}ZCF R N . 5(. ) 6( )
331 B15 N o CFa|  Single diastereoisomer
X2:X3:X4:CH P ) .
NT O Pure enantiomer
O
Cs(R),Ce(R.
X,=CF N - GRLCR)
3352 B15 Hool l Single diastereoisomer
X2:X3:X4:CH s ) .
NT TCHFy Pure enantiomer
O
Cs(R),Ce(R.
333 | BIS Xi=CE s Singl ;(' )t "
ingle diastereoisome
Xo=X3=X,~CH il s oo
Cl Pure enantiomer
O -
Cs(RYCe(R
X =CF N N . S(. ol .)
371 B1s N F o Single diastereoisomer
X2$X3EX42CH P J .
N™ O Pure enantiomer
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Co. No.| Ex. No. Xy, X5, X;, Xy e L AT stereochemistry
8]
"NJ\[N\ Cs(R)Co(R
XIZCF H [ /]\ ' 5(. ):» (3( )
380 B15 o e N™ O Single diastercoisomer
Xz:X:,:Xz;:C{”i ‘) .
Pure cnantiomer
e
0] .
D CS(RECA(R)
397 Bis  1X;=X,=X=X,=CH gj\[ ‘j\ J Single diastereoisomer
NT O Pure enantiomer
O -
Cs(R);CelR
X,=CF . N | GRIGHR)
402 B15 ﬁ | =~ Single diastereoisomer
X2:X3:X4:CH L .
F F Pure enaniiomer
\ jL(N C5(R):CafR)
404 Bl5 1 Xi=X=X=X,~=CH \ﬁ J\;\L Single diastereoisomer
F N Pure enantiomer
Table 5
H
Oﬂ/CF 3
L
x X, L
HoN N/Sﬁl/ Aj/ SAr
X~ 2 X3
X2
Co. No. | Ex. No. X, X2 X, Xy e L A E sterecchemistry
e Cs(R*);Cs(RF)
101 B3 Xi=Xy=X=N,=CH | P Single diastercoisomer
N Pure enantiomer
O Cs(5%),Cs(R¥)
102 B3 Xy=Xa=X =¥ =CH | P Single diastercoisomer
N Pure enantiomer
O C5RF):CH(S™)
143 B3 Xi=X=X=X=CH i P Single diastereoisomer
N Pure enantiomer
O C5(S*):Ce(S%)
104 B3 |X=X=Xy=X,=CH » Single diastercoisomer
N Pure enantiomer
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Co. No. | Ex. No. Xi, X5, X, Xy -—1.-Ar stereochemistry
. O CoRS);Co(RS
X3=CF Ny ] s{ ] % Cel . )
105 Bi4 , I P Single diastereoisomer
XZ:X3:X4:CH N N
{cis)
- Cs(RS),Cs(RS
X;=CF | N ) s } el . )
106 B14 | » Single diastereoisomer
Xy=X:=X,~CH N .
(cis)
O ;
Cs(RS),Cs(RS
X=CF . N | ROKCR(RS)
197 Bl6 ‘ ﬁ | A Single diasterecisomer
ngX3:X4:CH = .
Cl (cis)
R O Cs{RS).C4(RS)
108 B3 |X;=X;=X;=X4=CH - Single diastercoisomer
N {cis)
O CAR):Co(R)
X,=CF . N | GRIGE)
165 B21 _ _ ﬁ | = Single diastereoisomer
X;szg:Xq:CH - .
Cl Pure enantiomer
O
Cs(RyCslR
X,=CF ) N | 5(‘ 1Cs( .)
166 B21 g | = Single diastercoisomer
X2“£X3EX4ECH ~ P .
N7 O Pure enantiomer
O
Cs(R);Cs(R
X,=CF . N | GRECHR)
167 B21 _ N i = Single diastereoisomer
Xo=X3=X=CH P .
Cl Cl Pure enantiomer
O
Ca(R).Ce(R
X=CF . N ) 5(. ):Cal .)
168 B2l N \j Single diastereoisomer
X=X =X =CH H I N ' .
= Pure enantiomer
\ ) Cs(R:Co(R)
160 R21 X=CF N | ‘ﬁ Single diastereoisomer
X=X=X,~CH = “ P \
Y ure enantiomer
O
Cs(R);Cs(S
X}ZCF RS N . 5(; ) 6( )
176 B21 N | Single diastereoisomer
Xg‘“—'X_z:XqﬂCH = .
Cl Pure enantiomer
. 2N Cs{RS),Co(RS)
SRy
i71 Bld [ Xi=Xp=Xa=X4=CH | P Single diastercoisomer
N (cis)
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Co. No. | Ex. No. Xy, Xo, X5, Xy e L ALY stereochemistry
P Cs(R*):Co(R*)
204 Bl4 i X=X=X;=X=~CH | P Single diastereoisomer
N (cis)
N CH(S¥3CH(S™)
Ce TR
205 Bl4 X=X, =X:=X,4=CH | Single diastereoisomer
e
N (cis)
. 2N Cs(S#);,Co(R¥)
. ‘ Ty . . .
206 Bl4 |X=X,=X=X,=CH [ P Single diastereoisomer
N (trans)
. 2N Cs(R*)Ce(S7)
RV
207 Bi4 X =X=Xa=Xy=CH i P Singie diastereoisomer
N (trans)
. Ve Ry
238 Bi4 ) ,) Single diastereoisomer
Xi=X=X~CH N .
(cis)
N Cs(RS),Cs(RS
Xy=CF NS o . o . il . :
239 B14 i Single diastercoisomer
Xp=X=X=CH = .
N (cis)
~. Cs(RyCe(R
X}: Xg.:CF ! N 3 5(_ ) 6( )
254 B14 ) Single diastercoisomer
Xz‘"“—“ X,q:CH N .
Pure enantiomer
. | Cs{R:Cs(R
X;= X3=CF N ¢ | GRCR)
255 B14 } P Single diastercoisomer
Xf—“ X4:CH N .
Pure enantiomer
O
Cs(R),Co(R
X,=CF \ N  CRRGAR)
260 B21 H | =~ Single drastereoisomer
X.z-'""Xg.:Xq:CH .
F Cl Pure enantiomer
DN Cs(Ry:CofR)
261 B21 |X=X,=X,=X,~CH \E ' = Single diastercoisomer
& Sy Pure enantiomer
N Cs{(R¥),Ce(R*
X;=CF R | CHRBECART)
265 B14 ‘ | Single diastercoisomer
X12X2:X4:CE'I = .
N (cis)




WO 2011/154431 PCT/EP2011/059441
- 143 -
Co. No.| Ex. No. Xy X, X5, Xy o Y-\ ¢ stereochemistry
Xy=CF N CHETRCAST)
266 Bl4 leX.;;foCH f _ Single diastercoisomer
N (cis)
X3=CF - FN Cs(5%):Ce(S7)
267 B14 XXX CH ‘ y 2 Single diastereoisomer
(cis)
. S CS(R7:CH(R™)
268 B14 X=Xy X =CH | ' P Single diastereoisomer
(cis)
X;=CF N i Nx . CS(.R);C{)(RT)
308 RB21 H i Single diastereoisomer
X=X3=X=CH TS Sy Pure enantiomer
X,= Xs=CF Y Cs(RCa(S)
316 BI4 X,= X,~CH | 7 Simgle diasterecoisomer
Pure enantiomer
X, =X=CF RV 2" CRECH(S)
317 B14 %= X~CH | _ Single diastercoisomer
N Pure enantiomer
. Q \ Cs(Ry,Cs(R)
339 B2l |X;=Xp=X;=X=CH \H P Single diastereoisomer
F # ¢ Pure enantiomer
NN Cs(R);Co(R)
340 Bl4 1 X=Xy=X3=X=CH E P Single diastercoisomer
N Pure enantiomer
eAF Cs(RYCefR)
341 Bl4 X =X;=X=X4=CH | P Single diastercoisomer
N Pure enantiomer
. F Cs(R);Cs(R}
342 Bl14 1 X=X=X3=X,=CH | t Single diastereoisomer
N Pure enantiomer
oy Cs(RYCH(R)
343 Bld 1 X=X=X=X~=~CH @ Single diastercoisomer
N Pure enantiomer




WO 2011/154431 PCT/EP2011/059441
- 144 -
Co. No. | Ex. No. Ky, X0 X3y Xy -—-L-Ar stereochemistry
X,= X5=CF N CUIOCES)
350 B14 e XD*CKH { _ Single diastercoisomer
o N Pure enantiomer
Xy= Xs=CF SN COROECAR)
351 Bl4 - XEA“CH | _ Single diastereoisomer
L N Pure enantiomer
et N C5(R);Co(R)
357 B21 B 1:(3 ¢ ﬁ | ; Single diastereoisomer
Xp=Xy=Xa=CH F Sy Pure enantiomer
XCF 1 C5(R):C(R)
372 B21 Xy I_X —CH ﬁj\[ j\ ) Single diastereoisomer
P N0 Pure enantiomer
e Cs(R):CAR)
< =CF ﬁ% j\ Single diastereoisomer
373 B21 < Xl C—CH N™ O Pure enantiomer
2T AT AL H
O
7 Cs(R);Col(R
X=CF g " s(R);Ce(R)
374 B21 X X‘ CH N j\ Single diastereoisomer
= = X 4~ —
Lo N™ "CHF Pure enantiomer
It ¥ Cs(R);Co(R)
375 B21 X;=Xo=X3=Xs~CH ﬁ)ku/ 1 /‘ Single diastereoisomer
s .
N~ "0 Pure enanfiomer
0 Cs(R):Co(R)
H% j\ Single diastereoisomer
o
376 B21 | X =X,=X=X4=CH N ((? Pure enantiomer
D
O .
\ Cs(R),Ca(R)
377 B2l i¥X=X=X=X~CH ‘Hk[ > Single diastereoisomer
N o~ Pure enantiomer
NN Cs(R);Co(R)
378 B2l  |X,=X,=X;=X,=CH \H | ; Single diastercoisomer
F >y Pure enantiomer
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Co. No.| Ex. No. Xy, Ko, K3, Ky -—b-Ar stereochemistry
- CsR):Co(R)
379 Bl4  |X=X;=X;=X=CH I Single diastereoisomer
N Pure enantiomer
O
Cs(RY,Co(R
X,~CF . \ | 5(‘ $Cs( .)
403 B21 L _ ﬁ | = Single diasterecisomer
X21X3:X4:CH e R
F F Pure enantiomer
Table 6
e
H,NT )
Co. No. | Ex. No. X1 Xo, Xa, Xy stereochemistry
o Cs(S*),Cs(R*)
X,=CF - N Single diastereoisomer
109 B17 H | =~ ,
Kp=X=X=CH A Pure enantiomer
ZHCT salt
O :
Cs(R*),Ce(S*
| X, =CF - N | GRICED
110 B17 H | = Single diastercoisomer
X23X3:X4:CH e )
Cl Pure ecnantiomer
.. ' Cs(R*);Co(S*
| X,~CF [ Sy ‘ S(. ) ((' )
{11 B14 _ J Single diastereoisomer
X2:X3:X4:CH N .
Pure enantiomer
I Cs(5¥):Co(S%)
112 BIS |Xi=Xp=Xy=X,=CH| N 7 ° Single diastercoisomer
Z ¢ Pure enantiomer
9 N Cs(R*¥),Co(S5*)
113 BIS | Xi=Xo=Xs=X,=CH| N 7 7 Single diastereoisomer
Z e Pure enantiomer
. C5{(S*);Co(R™)
114 BIS [Xi=X;=Xy=X,~=CH| N 7 ° Single diastercoisomer
Z g Pure enantiomer
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Co. No. | Ex. No.

Xl: Xls XS; X4

—X-Ar

stereochemistry

115 BI15

X1:X2xX.3:X4$CH

Cs(R*Cs(R*)
Single diastereoisomer

Pure enantiomer

116 B3

Xi:XQ:XE,:Xag:CH

Cs(R*);,Ce(R*)
Single diastereoisomer

Pure enantiomer

117 B3

X1:X2:X3:X4ICH

Cs(R¥),Co(8%)
Single diasterecisomer

Pure enantiomer

118 B3

X)$X2$X3EX4‘$CH

Cs(R*),Co(S*)
Single diastereoisomer

Pure enantiomer

138 B3

X1 SXQEX3”X4ECH

Cs{R*)Cs(R¥)
Single diastereoisomer

Pure enantiomer

120 B3

X}ZX2$X3EX4ECH

Cs(RS),Ca(RS)

138 B14

X1:CF
X2:X3“_“X4:CH

Cs(R*),Ce(S%)
Single diastereoisomer
(trans)

Pure enantiomer

139 B4

X 1 :XQmX;;sz@xCH

Cs(8*).Cs(R*)
Single diastereoisomer
{irans)

Pure enantiomer

148 B4

X1 :X2:X3:X4:CH

Cs(5%)Ce(5%)
Single diastereoisomer

(cis)

Pure enantiomer

141 B4

X13X2$X3$X4““CH

Cs(5%);,Ce(R¥)
Single diastereoisomer
(trans)

Pure enantiomer




WO 2011/154431

-1

47 -

PCT/EPZ011/059441

Co. MNo.

Ex. No.

X, X5, X5, Xy

3
5
-

stereochemistry

142

B4

X 1 $X23X35X4:’CH

O
/

Cs(S*),Ce(5%)
Single diasterenisomer
(cis)

Pure enantiomer

159

X1:CF
XzT'Xg:ng:CH

Cs(5*)Cs(R¥)
Single diastereoisomer
Pure cnantiomer
2HCl salt

172

B17

X.] EXZEX.;; ::X:J, =(CH

Cs(R*),Cs(R¥)
Single diastereoisomer

(cis)

Pure enantiomer

173

B17

X} :X2:X3:X4:C}:"'I

Cs(R*),C6(5%)
Single diasterecisomer
(trans)

" Pure enantiomer

174

B17

X]EXZSZX:;:EXI.SELCH

Cs(3%X%Cs(5%)
Single diastercoisomer

(cis)

Pure enantiomer

175

B17

X]:XZ:X3:X4:CH

Ci

Cs(S*)Cs(R*)
Single diastereoisomer
(trang)

Pure enantiomer

176

B17

X; :X23X3 ﬂ.Xz;“CH

4

Id
iz

Cs(R*);Ca(R¥)
Single diasterecisomer
(cis)

Pure enantiomer

177

B17

X] :X2:X3:X4:CH

I3

Q
=

Iz
S/
\

p=d
O

Cs(R*);,Co(S*)
Single diastereoisomer
(trans)

Pure enantiomer
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Ce. No. | Ex. No. Xy, Xo, X3, Xy ---L-Ar stereochemistry

5 CS(S*Ce(S¥)
= N Single diastereoisomer
178 BI7 |X=Xp=Xs=X,=CH| N7 ‘j\ _
o (cis)

Pure enantiomer

Cs(SFRC(R¥)

0
- N Single diastercoisomer
179 B17 |X;=X=Xs=X,=CH| N lj -
N (trans)

Pure enantiomer

O CS(R);CG(S)

_ X=CF N N Single diastereoisomer
180 B17 | N ‘j\
X=X53=X,=CH A (trang)

Pure enantiomer

o C5(R)Co(S)
X=CF oy N Sigle diastereoisomer
X,=X=X,~CH Ho L (trans)

Pure enantiomer

181 B17

0 Cs(R)Ce(S)
182 B17 X;=CF . N,J{E,N Single diastereoisomer
X=X =X,=CH H (trans)

Pure enantiomer

o) Cs(R),Ce(S)
X=CF N Ny Single diastereoisomer

183 B17 Hoo

Xg IX3:X4:CE‘] = (iTﬁl’iS)

Pure enantiomer

Cs(R);Ce(R)

0
X:=CF - N Singie diastereoisomer
184 B17 N Y ‘j\ ,
X2:X3:X43CH N/ o - (ClS)

Pure enantiomer

o Cs(R);,Ce(R)

X=CF - N Single diastercoisomer

185 B17 | | N -
XZ:X3 :X4:C£{ e : (ClS)

Pure enantiomer
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Co. No. | Ex, Ne. Xy, Xs, Xa, Xy wnr L AT stereochemistry
o) Cs(R)Cs(R)
X=CF - N Single diastereoisomer
186 B17 | NS & _
Xp=X3=Xy=CH g (cis)
Pure enantiomer
o Cs(R*);,Ce(R¥)
S, Single diastereoisomer
187 BI7 |X=Xp=XeX=CH| N7 gle diast
LN (cis)
Pure enantiomer
o C(R¥);Co(S%)
AN Single diastereoisomer
188 B17 X]ZX2$X35X4:CH H | \}
LN {(trans)
Pure enantiomer
o Cs(S*),Ce(S*)
I - o ctereoi
- N Single diastereoisomer
189 | BI7 XXX XmCHL NS ge s
LN | (cis)
Pure enantiomer
0 C5(SPRCHR*)
S N Sigle diastercoisomer
196 B17 X=X o=X5=X4~CH N L
Hooln (trans)
Pure enantiomer
o Cs(8%3,Co(S™)
- N Single diastercoisomer
191 B17 Xy=xXo=Xy=X=CH H ! ~ .
P (cis)
Pure enantiomer
o C(S*)Co(R)
-~ N Single diastereoisomer
192 R17 i=Xo=X=X,=CH ﬁ E ~ ‘
= (trans)
Pure enantiomer
o C(R*):Ce(S*)
. N Simgle diastereoisomer
193 B17  X=X=X=X~CH m | =
P (trans)
Pure enantiomer
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Co. No. | Ex. No. X1, X2, X5, Xy e LAY stereochemistry
o Cs(R*);Co(RY)
- N Single diastercoisomer
154 B17 X=X,=X;=X,=CH N ! = i
H P (cis)
Pure enantiomer
e C R ;C) R
X1=X3=CF E ~N . 5(_ %:Col )
216 B4 A Single diastereoisomer
X2:X4:CH N .
Pure enantiomer
. Cs(R);Co(S
Xi=X;=CF I N ‘ 5(_ ) Cel )
211 . | B4 _ Single diastercoisomer
X2:X4:CH N .
Pure enantromer
. Cl Cs(RiCs(R
X,=X:=CF > GO
212 Bl4 l P Single diastereoisomer
X2:X4:CI‘1 N A
Pure enantiomer
- Ci Cs(R);Cs(S
X,=X:=CF A  GUOC®)
213 Bl4 _ | P Smgle diastereoisomer
X;;:X4:CH N . A
_ Pure cnantiomer
1. Cs(R):Co(R)
240 B15S ({X;=X=Xs=X,=CH| H | ° Single diastereoisomer
Z Sy Pure enantiomer
1 C5(R):Co(S)
241 BIS |X/=X=Xo=Xs=CH N T Single diastereoisomer
‘ Z Sy Pure enantiomer
) Q2 | Cs(R);Co(R)
242 BIS | Xi=Xp=Xs=Xe=CH| N 7 ° Single diastercoisomer
Cl N Pure enantiomer
N Cs(R):Co(S)
243 B15 | X;=X,=X;=X,=CH ﬁ | Single diastercoisomer
Ci Z ¢ Pure enantiomer
0 Cs(R);Co(R)
245 RIS X=X, =X;=X.=CH H | Single diastercoisomer
e Sy Pure enantiomer
N Cs(R);Co(S)
246 B15 X =Xo=X:=X,~CH \ﬁ l = Single diastercoisomer
Ci = N Pure enantiomer
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Co. No. | Ex. No. X1, Xo, X5, Xy el AY stereochemistry
T . Cs(RY:Cs(R)
247 BIS |X;=Xp=Xs=Xe=CH| N 7 ° Single diastereoisomer
== ~ .
O Pure enantiomer
0 Cs(R):Co(S)
248 B15 ¥=X=X=X,=CH| | A Single diastereoisomer
N .
e} Pure enantiomer
1 Cs(R);Cs(RS)
263 B17 Xy=CF N | j\ )CF3 Two diastereoisomers
X2:X3:X4:CH N O
O
Cs(R);Cs(R.
X;=CF “ N  GRGR)
304 B17 N | Single diastereoisomer
Xo=X1=X~CH A .
O Pure enantiomer
O
Cs(R),Co(S
X;=CF “ N - GRICHS)
305 B17 N | Single diastereoisomer
Xp=Xa=X,=CH P _
O Pure enantiomer
_ 0 CRY:Co(R)
306 B17 Ai=CE Ny Single diastercoisomer
K=X=X=CH Ci Z Sy Pure enantiomer
| N CsRYC(S)
307 B17 Xi=CE H | = Smgle diastercoisomer
X=X Xe=CH Cl Sy Pure enantiomer
DN C5(R):Co(R)
X=CF N X CFa g astereod
118 821 1 HJKE ;|\ ) Single diastereoisomer
Xo=Xa=X4=CH N" 7O Pure enantiomer
1 Cs(RKC(S)
X=CF N ~ CF3| g foatarant -
119 871 ; Ho | /l Singie diastercoisomer
Xp=X5=X4=CH N™ 7O Pure enantiomer
O .
Cs(R)Co(S
X;=CF - N - GRIGLE)
355 B21 _— ﬁ | = Single diastereoisomer
XQ:X3:X4:CH L .
F Cl Pure enantiomer
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Co. Noe. | Ex. No. Xi, X, X5, Xy —I-Ar stereochemistry
0O
Co(R),Co(R
X,=CF - N | GERGR)
356 B21 N | Single diastereoisomer
X2:X3:X4:CH e .
F Cl Pure enantiomer
Table 7
Co. No.| Ex. No. R« x? w-L-Ar Cs-stereochemistry
- X O\
152 B18 ~CF;y | X'=H » RS
N
O
133 ] BlO | Y7 | x=m | NS RS
H |l P
Cl
O
R*
195 B19 = .
Ay Pure enantiomer
196 B1¢% = _
Ay Pure enantiomer
R
299 B23 l .
- Pure enantiomer
O
Table 8
Ar
Co. No. | Ex. No, Cs-stereochemistry
197 B13 C-CF; H | ~ RS
“ >
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Table 9
L
H,N
Co. No. | Ex. No. XKy Koy X3, Xy stereochemistry
Cs(R),Cs(R)
198 B23 X =Xp=Xy=Xe=CH| N ] P Single diastereoisomer
SN Pure enantiomer
N Cs(R).Co(S)
199 B23 X, =X,=X=X,~CH| } | ; Single diastercoisomer
N Pure enantiomer
o Cs(R).Ce(R)
N Ny Smgle diastercoisomer
202 B23  1Xi=Xp=Xe=X=CH| | 1 :l\ Pure enantiomer
o u erc ome
HC salt
o C5(R):Co(S)
. o T Ny Single diastereoisomer
203 B23 X=X XX CH H | Pure enantiomer
NT o | '
HClsalt
i Cs(RYCo(S)
X,=CF N N : .
262 B23 it | Single diastereoisomer
Xo=X=X,=CH = “ p _ .
Sy ure chantiomer
X =CF o .CS(R);Cé(S)
271 B25 X ]“X ~CH 1‘ :E Single diastereoisomer
A N Pure cnantiomer
312 B25 | . Single diastereoisomer
Xo=X=X~CH 8
=X3=Xy= N
i Pure enantiomer
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Table 10
H,N TAr
Co. No. | Ex. No. Xy, X X3y Xy -—1-Ar stereochemistry
o I Cs(RECo(R)
214 B24 XCF I Single diastereoisomer
X=X ;=X,~CH == “ p o
Sy Pure enanfiomer
v C5(R);C(S)
X;=CF N AN e
215 B24 Ho Single diastereoisomer
X2:X3:X4:CH = Pure o
Y ure enantiomer
O
i Cs(RyCs(R
leCF ~e N . (} 6( )
216 B24 N Single diastereoisomer
X2:X3:X4:CH s - A
N 7O Pure enantiomer
G .
Cs{(R),Cs(S
X,=CF - N | GRRCA)
217 B24 E | 1 Single diastereoisomer
X2:X32X4:CH - - ) .
N™ O Pure enantiomer
o Cs(R);C(R)
X,;=CF N Na : : .
318 B4 H | Single diastereoisomer
Xo=X5=X=CH Ci = Sy Pure enantiomer
@] "
Cs(R);CsfR.
X,=CF - N | GRIGR)
219 B24 . Ny Single diastereoisomer
X2:X3:X4EC/I‘I — R
F Cl Pure enantiomer
O
Cs(R);,Cs(S
X,=CF - N | GRIGE)
220 B24 B _ H | N Single diastereoisomer
X2:X3:X4:CH ! - K
F Cl Pure enanflomer
O .
Co(R):Ce(R
X,=CF - N | GRIGR)
221 B24 _ N Single diastereoisomer
Xo=X5=X4~CH o X
O Pure enantiomer
> Cs(R),Cs(R.
X,=CF R | ORIGE)
222 B25 _ B l ' Stngle diastereoisomer
Xp=X5=X4=CH SN -
Pure enantiomer
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Co. No. | Ex. Ne. X1, Xo, X3, Xy - - N stereochemistry
=N Cs(R ;C S
223 B25 i | Single diastereoisomer
XZZX3:X4=CH N/; .
Pure enantiomer
. Cs(R).Cs(S
| o
224 B25 , o Single diastereoisomer
K= =X~CH N .
Pure enantiomer
o Cs(R).Co(R)
‘ _ ~ N Single diastercoisomer
244 B28 X =Xr=Xz=X,=CH| N 7 j\ ,
= Pure enanttomer
NT o7
HCl salt
DN C5(RYCH(S)
249 B28  [Xi=Xp=Xa=Xe~CH| N 7 ° Single diastereoisomer
E ) Pure enantiomer
i Cs(R;:Co(R)
250 B28 |X=Xp=X=X,=CH| N 7 ° Single diastereoisomer
F N Pure enantiomer
0 Cs(R):Co(R)
251 B28 | X,=X,=X=X4=CH ﬁ | Single diastercoisomer
/ N Pure enantiomer
N Cs(R:Co(R)
256 B28 | X,=X,=X;=X,~=CH {){ | = Single diastereoisomer
Cl Z ¢ Pure enantiomer
Sy Cs(R)Co(R)
257 B25  |X;=X,=X=X=CH E " P Single diastereoisomer
Pure enantiomer
oy Cs(R:CH(S)
258 B25  |X,=X,=X:=X,=CH l > Single diastercoisomer
Pure enantiomer
@ Cs(R);Cs(R
X,=CF - N | GEICR)
259 B24 N | Single diastereoisomer
szX3:X4mCH e .
Cl Ci Pure enantiomer
1 Cs(R);Co(R)
o= \N 2 CF 37 . : -y
264 B4 X =CF H)KE /]\ J 3 Single diaster.co_momef
Ko=N3=X4~CH N™ O Pure enantiomer
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Co. No, | Ex. No. Xy, Xy, X3, X, -—-1~Ar stereochemistry
T . Cs(R);C(S)
272 B28 X =X,=X=X~CH S | = Single diastereoisomer
> :
Br Pure enanfiomer
X, =CF O Cs(RECo(S)
273 B25 « X} —CH | P Single diastereoisomer
=X3=X4= N
2o Pure enantiomer
DN Cs(R)CH(S)
N =1 CFsl Single diastercoisomer
274 B28  |X;=X=Xs=X,~CH H% /j\ | ‘
e NT O Pure enantiomer
0 .
. /UTN Cs{RY,Cs(R)
N = GF3| Single diastercoisomer
275 B2 |X=X=Xs=X.cn| H l 1ASIATCO1S
b N7 0 Pure enantiomer
T CsRY:C(S)
276 B28 | Xi=Xo=X=X4=CH ﬁ | = Single diastereoisomer
of > Pure enantiomer
1 Cs(R):Ce(S)
280 B28  |X=X,=X:=X,~CH \H | ; Single diastereoisomer
Sy Pure enantiomer
< ecp = Cs(R)CHR)
292 R25 X —XI—X CH “\/ \Q Single diastereoisomer
armTe N Pure enantiomer
=CF o %/ Cs(R).Cs(S)
293 B25 o }“X4""“CH i \f Single diastereoisomer
P TN Pure enantiomer
«—cp e ALC Cs(R);Co(R)
294 B25 < “‘Xl“'“X —cH - Single diastereoisomer
T N Pure enantiomer
. AL C5(R)CA(S)
295 B25 _— i,_X —CH | Single diastercoisomer
FT N Pure enantiomer
cr oy C5(RY:Co(R)
296 B25 < X} X CH @ Single diastereoisomer
T Pure enantiomer
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Co. No. | Ex. Ne. Xy, X, Xa, Xy wee L A stereochemistry
1 Cs(R):Ce(R)
297 B28 | X;=Xp=X=X,=CH ﬁ | Single diastereoisomer
Cl Pure enantiomer
0 CoR)Ce(S)
298 B28 X =X=Xa=X=CH {j | =~ Single diastereoisomer
Z ¢ Pure enantiomer
N Cs(R).Cs(S)
309 B28 X =Xo=¥X=¥X,=CH H | = Single diastereoisomer
Cl = AN Pure enantiomer
N Cs(R):Co(R)
311 B2S |Xi=Xp=Xs=X4=CH | Single diastereoisomer
N Pure enantiomer
. Q \ Cs(R),Cs(R)
313 B28 |X=X;=Xs=Xs~CH| N 7 ° Single diastereoisomer
Z gy Pure enantiomer
O
Co(R),CefR
X,=CF .. N _ 5(_ 3Gl _)
314 B24 ‘ , N i = Single diastereoisomer
X22X3:X4:CH P .
Br Pure enantiomer
0 .
Cs(R)Y:.Co(R.
X=CF . N | CRIGR)
315 B24 _ N ] =~ Single diastereoisomer
X23X3ZX4ZCH e .
Cl Pure enantiomer
X =CF O CF Cs(R);Ce(R)
321 B25 ' i /J Single diastereoisomer
Xo=X3=X,4~CH ‘N .
Pure enantiomer
X,=CF “. O CFy Cs(R);Co(S)
322 B25 S I j Single diastereoisomer
Xo=X=X4~CH N .
Pure enantiomer
1. Cs(R)Co(R)
328 B26 | X:=X=X=X~CH H | S Singie diastercoisomer
F N Pure enantiomer
D Cs(R):Co(S)
326 B26 |\X=Xo=Xs=Xy=CH| N 7 ° Single diastereoisomer
FNF N Pure enantiomer
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Co. No. | Ex. No. X1, Xa, K, Xy i Ay stereochemistry
N Cs(R)Co(R)
327 B26 |X;=X,=X;=X,~CH i[}l{ | ; Single diastereoisomer
F Ny Pure enantiomer
X Q N Cs(R);,Ce(R)
337 B26 1X;=X=X=X,=CH g)k[ j\ Single diastereoisomer
e
N™ "CHF, Pure enantiomer
1 Cs(R)Co(R)
» o X,=CF HJKEND\O Sinsle diaster(-ioisomer
X=Xs=X~CH H ure enantiomer
e
O
Cs(R);Cs(R)
X]ECF \‘NJ\ N\ 5 t T
145 B24 i E Single diastereoisomer
ngXgﬁXﬁCH = = - P revy i .
N ure enanfiomer
0 C5(R):CH(R)
ﬂJkE j\ Single diastereoisomer
347 B26 (X =X=X3=X,;=CH N ; Pure enantiomer
/O
N Cs(R;Co(R)
348 B26 [X;=X,=X:=X,=CH H | = Single diastercoisomer
Gl & Y Pure enantiomer
T . C3(R)Co(R)
349 B26 |X;=X:=X;=Xs;~CH gJ\E 1 J Single diastereoisomer
N" 0 Pure enantiomer
O e
Cs(R),Ce(R
370 B24 XimCE “N%N\ Singl 5d( )t .
ngle diastereolsomer
X ~X=X,~CH H | ;[\ J mgle dias cr‘.eo
N™ O Pure enanfiomer
‘5\/\\\1/,0\/(”:3 Cﬁ(R):CG(R)
406 B25 |[Xi=X=Xs=X,~CH| [ _J Single diastercoisomer
N .
Pure enanfiomer
\\‘/?\\\ /O\JCF‘?» CS(R)’66<S)
497 B25 X =Xp=X=X,=CH l j Single diastercoisomer
N
Pure enantiomer
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Table 11
L
H,
Co. No. | Ex. Ne. X1, Ry X3, Xy stereochemistry
0 Cs(R):Ce(R)
- . _ N AN Single diastercoisomer
225 B26 | Xi=Xo=X=X,4=CH H | ]
= Pure enantiomer
Y .
HCl salt
D Cs(R)CH(S)
226 B26 X=Xo=Xe=Xe=CH| N 7 ; Single diastereoisomer
N Pure enantiomer
1 Cs(R):Ce(R)
227 B26 | X;=X,=X3=X~CH ﬁj\[ i Single diasterecisomer
N o Pure enantiomer
1 Cs(R):C(S)
228 B26 | X;=X,=X;=X,=CH ﬁJKE = Single diastereoisomer
N o Pure enantiomer
i Cs(R):Co(R)
X,=CF s N : . ,
i N = le diastereois :
229 B27 H | Sigle diastereoisomer
X=Xs=X=CH- Z Sy Pure enantiomer
O
Cs(RYCe(R
X,=CF .. N GG
230 B27 H | j\ Single diastercoisomer
XZZX}:quCH . - .
N™ "0 Pure enantiomer
O
Cs(R),Co(R
X,=CF - N | GRECR)
231 B27 ][“{ ‘ - Single diastercoisomer
XQ:X3:X4:CH L - i
O Pure enantiomer
O .
Cs(R),Cs(R
X1:CF hs N . 5(. ) 6( )
232 B27 N Single diastercoisomer
X.Q:X3:X4iCH - .
F o] Pure enantiomer
Cs(R);Co(R
X;=CF - N GG
233 B27 N Single diastereoisomer
Xo=Xa=X4=CH = ]
Cl Pure enanfiomer
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Co. No. | Ex. Ne. X, Xa, Xs, Xy -] -AY stereochemistry
O
Cs(R);Cs(R
X;=CF . N . 5(. el )
234 B27 o N | Single diastereoisomer
Xp=Xy=X,=CH = .
Cl Ci Pure enantiomer
D CoR):Co(R)
235 B27 X=CF ﬁ | Single diastereoisomer
Xs=X57=X~CH == .
Cl Sy Pure enantiomer
. Cs(R;CA(R)
253 B29 | X,;=Xy=X3=X~CH L Single diastereoisomer
N Pure cnantiomer
ey C5(R:Ce(R)
269 B29  iX;=X;=X;=X4=CH l N') Single diasterecisomer
Pure enantiomer
- o F Cs (R),C@(R)
279 B29 |X;=X,=Xs=X~CH - Single diastereoisomer
' N Pure enantiomer
oy CoRYCH(S)
286 B29 1 X=Xp=X3=X4=CH (N\/) Single diastereoisomer
Pure enantiomer
0 Cs(R);Ce(S)
287 B26 | Xi=Xo=Xo=Xs~CH N 7 ° Single diastereoisomer
oz .
F Ci Pure enantiomer
1 Cs(R):Cs(R)
288 B26 |Xi=Xo=Xa=Xe~CH| N 7] ° Single diastereoisomer
= .
F & Pure enantiomer
D C(R):Cs(R)
N s CFg & o 1 vt
289 B26  |X;=X=X;=X,=CH HJT | Sinete dastereonomer
N™ O Pure enantiomer
N CsR):C(S)
290 B26  |X=Xp=Xs=X,=CH| N [ Single diastereoisomer
Cl Z Sy Pure enantiomer
0 C5(R):Co(R)
291 B26  |X=X=Xs=X=CH| N | Single diastereoisomer
Ci & Sy Pure enantiomer
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Co. No. | Ex. No. Xy, X X5, Xy —L-Ar sterecchemistry
O
Cs{RY,CefR
X, =CF o N | s(' 5 Ce( ‘)
323 B27 H ] :L Single diastereoisomer
X25X3EX4$CH / .
: N~ "CHF; Pure enantiomer
O
Cs(Ry,Co(R
X(=CF . N ‘ 5(. 1 Ce( .)
324 B27 - N T Single diasterecisomer
Xp=X;3=X,~CH o ;
Ci Pure enantiomer
| i Cs(R);Co(R)
X,=CF N AN ’ : ,
128 B27 Nl Single diastersoisomer
Xy=X=X=CH FNF Sy Pure enantiomer
LD Cs(R:Co(R)
329 B29  [X;=X;=X3=X4=CH - Single diastereoisomer
N .
Pure enantiomer
D C5(R):Co(R)
ﬁJ\E = Single diasterecisomer
338 B26 | X;=X=X;=X4=CH N (10 Pure enantiomer
pue
Y Cs(RRC(R)
;ﬁ{% j\ Single diastereoisomer
X=CF = .
346 B27 _ N™ O Pure enantiomer
X2:X3xX4mCH H
O
N C5R)Co(R)
405 B26  |[X=X=Xi=Xe=CH| N 7 ; Single diastereoisomer
F Sy Pure enantiomer
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Table 12
3
o LR
@
H,N SN | XYL\AI
Xi\leXg
Ex. No. | X5, X, 3 wd sterecchemistry
Co. No. s X, RLR e~ AY

X;=CF Ro=Crs | - O N Cs(RS);Cs(RS)
252 B2 | XomXam H’U\[ j\

Xe=CH | — N0

Xp=CF | e N Cs(RS),CARS)
281 B24 | Xy=Xi= R ﬂ/ui :l Single diastereoisomer

X, =CH - - NT o (trans)

X=CF | oo | o " C5(RS),Cs(RS)
282 B24 | X=Xy Ri_ ﬁJ\E :L Single diastereoisomer

X4=CH NT o (cis)

X, =CF Rt . Q . C5(RS),Cs(RS)
283 B24 | Xp=Xy= R4:F N ; Single diastereoisomer

X4=CH F i (trans)

XCF | e | i " - GRSCARS)
284 B27 Xo=X5= . A | Single diastereoisomer

xech | BT o N (cis)

4 N

X, =CF _—— o y Cs(RS);Ce(RS)

288 B27 Xop=Xs= RI=CF. HJ\[ 1 Single diastereoisomer
3 = e .

X,=CH NTO (cis)

X,=CF R=CF, | -. o y Cs(RS),Cs(RS)
360 B23 Koy=Xq= Rip Q)J\H: j\ Single diastereoisomer

X~CH N o (cis)

X,=CF R=CF. | - o ' Cs(RSY,Cs(RS)
301 B23 Xo=X3= R4=FW HJK[ j\ Single diastercoisomer

X,=CH NT o (trans)

X;=CF RICE. Ny Cs(RSY,Ce(RS)
302 B25 | Xp=Xy= R4:F' ’ EN\/J Single diastercoisomer

X=CH (cis)
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Ex. No. . X5, Xy, 3 4 stereochemistry
Co. No. RLR
X33 X4
X=CF | os o Cs(RS),Cs(RS)
303 B23 Xo=X5= Ri=E ’ Single diastereoisomer
X4=CH B (trans)
X,=CF . Cs(RS).Co(RS)
310 B29 Xo=Xa= }} =H Single diastereoisomer
xecn | RTEE (cis)
Cs(R);,Cs(R
Xi=xom | Ri= _ 5(_ )Gl .)
326 B2S , , . Single diastercotsomer
X:=X4=CH R'=F '
Pure enantiomer
X =CF R-H Cs(RS);Cs(RS)
334 B23 Xo=X35= 4 Single diastereoisomer
R "“"CF_@
X=CH (trans)
Cs(R); Co(R.
Xi=X,= | R=H , 5(. Fe .)
359 B25 4 Single diastercoisomer
X3:X4:CH R_ :CF3 .
Pure enantiomer
. Cs{R):.Cs(R
Xi=X= | R=H  GOOG
360 Bl14 | 4 Single diastereoisomer
X:=X;=CH R'=CF; .
(cis)
. Cs(Ry:.Cs(S
XX | Rl GO
361 Bl4 | p Single diastereoisomer
X;=X,=CH R"=CF;
{trans)
. Cs(R), Co(R.
X =X;= | R*=H GO
362 Bi4 4 Single diastercoisomer
X3=X4=CH R'=CF; .
{cis)
Cs(R),Co(S
Xl:XZ: RBZI'TI ‘ 5(. )9 5( )
363 Bl4 P Single diastereoisomer
X=X,=CH R'=CF;
(trans)
Cs(R);,Cs(R.
| Xy=X= R3:H . 5(‘ )9 5( )
364 B25 A Single diastercoisomer
X33X4:’CH R :CF-g .
N Pure enantiomer
0
Cs(R);,Cs(S
X=X~ | R=H | -. N _ ( ):Cel _)
365 B25 4 H | Single diastereoisomer
X3=X4:CH R :CFQ, o .
N Pure enantiomer
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Ex.No. | X;, X stereochemisty
Co. No. X" XZ’ R, R —-L-Ar v
3y w4
N S CHRECHR)
366 B25 Lo - N | Single diastereoisomer
X;=X,=CH R*=CF; # :
Ci \“‘QN Pure enantiomer
1 Cs(R):Co(R)
¥ =Xy Ri=ly ﬁk[ j\ Single diastercoisomer
368 B25 L 4 NT O Pure enantiomer
X3EX4ZCH R “CF;; H
O
O L .
v s . N Cs(R);Cs(R)
369 B25 K= I} “H H | h Single diastereoisomer
X=X,~CH R'=CF; E = p .
N ure enantiomer
1y C5(RS),Co(RS)
X, =CF R-H QJ\E j\ Single diastereoisomer
= -
395 B23 Xp=Xgm 4 NT O {cis)
R*=CF
X=CH ’ !)
O
O
X;=CF | N Cs(RS):C4(RS)
396 B23 | Xp=Xa= R]};;]‘ N ; Single diastereoisomer
Xe=cH | N w N (cis)
Table 13
R
o[ R
L
N L
H,N NJ5<(\( Sar
Xz X3
Co.No.| Ex.No. | X, X; | RL R -—L-Ar stereochemistry
. Cl
B4 X=N | ,
121 R'=R™=H RS
(method B} X,=CH &
: “ Cs(R*);Co(R¥)
X,=CH | R’=H s(R):Cs
277 B30 e Ri= Single diastercoisomer
i ' Cl Pure enantiomer
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Co. No. | Ex. No. X1, X3 RrR’, R ~-L-AT sterecchemistry
= Ci 1 ' g
. Cs(S%),Cs(S*
X=CH | R-H  CGEDCLE
278 B30 . Single diasterecisomer
X5= R'=F .
Cl Pure enantiomer
Cl
N Cs(RS);Cs(RS
X;=CH | R-=H _ s . ) 6(. )
279 B30 4 Single diastereoisomer
Xy= Ri=F ,
Cl {cis)
- Cs(RSY,Ce(RS
x=ca | r-n o | s( ’ ) e(' )
335 B30 . /) Single diastereoisomer
(trans)
0
Cs(RS),Cs(RS
X=CH | R=H |-. N | GIRSECARS)
336 B31 < R N Single diastereoisomer
) B N0 (trans)
N =CH R=CF: | - O Cs(R8):Co(RS)
352 B30 R*=F I Single diastereoisomer
X3:N N
(trans)
3
“=CF N Cs(RSY,Co(RF
X,;=CH K 4(‘1“3 R : o .S)’CG( .<;)
353 B30 N R=F ‘ /) Single diastercoisomer
? (trans)
2N Cs(RS);,Cs(RS
X=CH | R*=CF; | “v GRORCRS)
354 B30 4 | Single diastercoisomer
X=N | R*=F N
(trans)
. O Cs(RS);Cs(RS
X=CH | R= SO | CREICRS)
358 B30 o 4 | P Single diastercoisomer
ngi R™=F N .
(cis)
X Cs(RS),Cs(RS
X=CH | R*-H e - CsREA . )
367 B30 4 |L J Single diastereoisomer
Xg,TN R :CFg N
(trans)
O
Cs(RS);Cs(RS
| X;=CH | R=H | -. N , st ) ICol , )
381 B3] 4 N1 Single diastercoisomer
Xgm\} R'=F L
Cl Cl (trans)
O
Cs(RS);Cs(RS
| X;=CH | R*=H | - N | CGRICARS)
382 B31 N . N P Single diastereoisomer
X3=N R'= P> .
Cl of (cis)
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Co.No.| Ex.No. | X, X; | RLR ——-L-Ar stereochemistry
383 B30 X=CH Ri= @ Single diastereoisomer
(trans)
X,=N Ri=[ O Cs{RS);Cs(RS)
384 B30 X =CH R4=F [ 7 Single diastereoisomer
(trans)
Xi=N R*=H RPN /’/’/;N Cs(RSLC(RS)
385 B30 Xe=CH | R= U\ j Single diastereoisomner
N (trans)
386 B30 ‘ (\, ingle diastereois
X,=N - " ) Single dlabtlcreozsomer
{cis)
X,=CH | R-H Ty Cs(RI)CoRS)
1T " S~ . . .
387 B31 Xe=N ROF N ; Single diastereoisomer
F Cl (trans)
O
C=CH | R=H |- N Cs(RS);,Ca(RS)
388 B3] : s N | Single diastereoisomer
X3=N R'=F ==
Sy (trans)
X;=CH | R*=H |- i N Cs(RS)CL(RS)
389 B31 N Rip HJKE j\ ) Single diastereoisomer
NT O (frans)
N | R i, C5(RS);Co(RS)
1= = .
390 B31 XoCH | RieE N /\ Single diastereoisomer
F cl (trans)
O
XN RO= . N Cs(RS),Ce(RS)
= = N > : : :
391 B3 rle diaste §
X=CH Ri=F Hoo P Single diasterecisomer
Wy {trans)
x| R [ L CoRESCARS)
392 B31 X =CH RA=F ﬁ% : _ Single diastereoisomer
N™ "O (frans)
M e D O C5RS):CH(RS)
393 B31 XeCH | Ri=F EJ'LE j\ J Single diastereoisomer
N™ O (trans)
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Co.No.! Ex.No. | X, X, R, ® el AE stereochemistry
wen | o o Cs(RS);Cs(RS)
394 B3 L | riep Ny Single diastereoisomer
T o~ g (trans)
ect | roem 1o L n Cs(RS):Co(RS)
398 B31 , . N “j\ Single diastercoisomer
X=N | R*=CF; S '
N” O (cis)
con | roen L1y Cs(RS):Co(RS)
399 B3] b . [\I%/LKE = Single diastereoisomer
X3:CH R :CFj; ) P - .
N™ 7O {cis)
<N Rie RN Cs(RS);Cs(RS)
460 B30 < i—CH RLCF Q Single diastereoisomer
’ ’ (trans)
=N o= Ny Cs(RS};Cs(RS)
401 B30 < l—CH RO=CF “\/N\,;I Single diastereoisomer
’ ’ {cis)

C. Analvtical Part

LCMS
For (I.LC)MS-characterization of the compounds of the present invention, the following

methods were used.

General procedure A

The HPLC measurement was performed using an HP 1100 (Agilent
Technologies) system comprising a pump (quaternary or binary) with degasser, an
autosampler, a column oven, a diode-array detector (DAD) and a column as specified
in the respective methods. The MS detector was configured with either an electrospray
ionization source or an ESCI dual ionization source (electrospray combined with
atmospheric pressure chemical ionization). Nitrogen was used as the nebulizer gas. The
source temperature was maintained either at 140 °C or 100 °C. Data acquisition was
performed either with MassLynx-Openlynx software or Chemsation-Agilent Data

Browser software.

General procedure B

The UPLC (Utltra Performance Liquid Chromatography) measurement was
performed using an Acquity UPLC (Waters) system comprising a sampler organizer, a
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binary pump with degasser, a four column’s oven, a diode-array detector (DAD) and a
column as specified in the respective methods. The MS detector was configured with
an ESCI dual ionization source (electrospray combined with atmospheric pressure
chemical ionization). Nitrogen was used as the nebulizer gas. The source temperature
was maintained at 140 °C. Data acquisition was performed with MassLynx-Openlynx
software,

General procedure C

The LC measurement was performed using an Acquity UPLC {Waters) system.
comprising a binary pump, a sample organizer, a column heater (set at 55 °C), a diode-
array detector (DAD) and a column as specified in the respective methods below. Flow
from the column was split to a MS spectrometer. The MS detector was configured with
an electrospray ionization source. Mass spectra were acquired by scanning from 100 to
1600 in 0.18 seconds using a dwell time of 0.02 seconds. The capillary needle voltage
was 3.5 kV and the source temperature was maintained at 140 °C. Nitrogen was used as
the nebulizer gas, Data acquisition was performed with a Waters-Micromass

MassLynx-Openlynx data system.

General procedure D

The LC measurement was performed using a UPLC (Ultra Performance Liquid
Chromatography) Acquity (Waters) system comprising a binary pump with degasser,
an autosampler, a diode-array detector (DAD) and a column as specified in the
respective methods below, the column is hold at a temperature of 40°C. Flow from the
column was brought to a MS detector. The MS detector was configured with an
electrospray lonization source. The capillary needle voltage was 3 kV and the source
temperature was maintained at 130 °C on the Quattro (triple quadrupole mass
spectrometer from Waters). Nitrogen was used as the nebulizer gas. Data acquisition

was performed with a Waters-Micromass MassLynx-Openlynx data system.

General procedure E

The HPLC measurement was performed using an Alliance HT 2790 (Waters)
system comprising a quaternary pump with degasser, an autosampler, a column oven
(set at 4G °C, yniess otherwise indicated), a diode-array detector (DAD) and a column
as specified in the respective methods below. Flow from the column was split to a MS
spectrometer. The MS detector was configured with an electrospray ionization source.
Mass spectra were acquired by scanning from 100 to 1000 in I second using a dwell
time of 0.1 second. The capillary needle voltage was 3 kV and the source temperature
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. was maintained at 140 °C. Nitrogen was used as the nebulizer gas. Data acquisition was

performed with a Waters-Micromass MassLynx-Openlynx data system.

General procedure F

The LC measurement was performed using a UPLC (Ultra Performance Liquid
Chromatography) Acquity (Waters) system comprising a binary pump with degasser,
an autosampler, a diode-array detector (DAD) and a column as specified in the
respective methods below, the column is hold at a temperature of 40°C. Flow from the
column was brought to a MS detector. The MS detector was configured with an
electrospray ionization source. The capillary needle voltage was 3 kV and the source
temperature was mamtained at 130 °C on the Quattro (triple guadrupole mass
spectrometer from Waters). Nitrogen was used as the nebulizer gas. Data acquisition

was performed with a Waters-Micromass MassLynx-Openlynx data system.

F Y Y 7
Method 1 -

In addition to the general procedure A: Reversed phase HPLC was carried out
on & Gemini~-NX-C18 column (3.0 pm, 2.0 x 30 mm) from Phenomenex, with a flow
rate of 1,0 ml/min, at 60 °C. The gradient conditions used are: 95 % A (1 g/l
ammonium bicarbonate solution + 5 % of acetonitrile), 5 % B (acetonitrile/methanol
1/1), to 100% B and equilibrated to nitial conditions up to 9 minutes run, 2 ul injection
volime. High-resolution mass spectra (Time of Flight, TOF detector) were acquired by
scanning from 100 to 750 in 0.5 seconds using a dwell time of 0.3 seconds. The
capillary needle voltage was 2.5 kV for positive ionization mode and 2.9 kV for
negative ionization mode. The cone voitage was 20 V for both positive and negative
ionization modes. Leucine-Enkephaline was the standard substance used for the lock
mass calibration.

Method 2 :

In addition to the general procedure A: Reversed phase HPLC was carried out
on an ACE-CI8 column (3.0 um, 4.6 x 30 mm) from Advanced Chromatography
Technologies, with a flow rate of 1.5 ml/min, at 60°C. The gradient conditions used are:
80 % A (1 g/l ammonium bicarbonate solution), 10 % B (acetonitrile), 10 % C
(methanol) to 50 % B and 50 % C in 6.5 minutes, to 100 % B at 7 minutes and
equilibrated to initial conditions at 7.5 minutes until 9.0 minutes. A pre-run offset of
1.03 min. and a post-run of 1 mun. to equilibrate the system at initial conditions
Injection volume 5 ul. High-resolution mass spectra (Time of Flight, TOF detector)
were acquired only in posttive ionization mode by scanning from 100 to 7506 in 0.5
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seconds using a dwell time of 0.1 seconds. The capillary needle voltage was 2.5 kV for
positive ionization mode and the cone voltage was 20 V. Leucine-Enkephaline was the

standard substance used for the lock mass calibration.
Method 3 ¢

In addition to the general procedure A: Reversed phase HPLC was carried out
on an Eclipse Plus-C18 column (3.5 um, 2.1 x 30 mm) from Agilent, with a flow rate
of 1.0 ml/min, at 60°C without split to the MS detector. The gradient conditions used
are: 95 % A (0.5 g/l ammonium acetate solution + 5 % acetonitrile), 5 % B (mixture of
acetonitriie / methanol, 1/1), to 100 % B in 5.0 minutes, kept till 5.15 minutes and
cquilibrated to initial conditions at 5.30 minutes until 7.0 minutes. Injection volume 2
ul. Low-resolution mass spectra (single quadrupole, SQD detector) were acquired by
scanning from 100 to 1000 in 0.1 second using an inter-channel delay of 0.08 second.
The capillary needle voltage was 3 kV. The cone voltage was 20 V for positive

lonization mode and 30 V for negative ionization mode.
Method 4 :

In addition to the general procedure A: Reversed phase HPLC was carried out
on an Xbridge-C18 column (5.0 um, 4.6 x 100 mm) from Waters, with a flow rate of
1.2 ml/min, at room temperature, The gradient conditions used are: 80 % A
(ammonium bicarbonate, 1 g/1), 20 % B (methanol), to 100 % B at 6.0 minutes, kept tilt
6.5 minutes and equilibrated to initial conditions at 7.0 minutes until 9.0 minutes, 5 pl
injection volume. Low-resolution mass spectra (single quadrupole MSD detector) were
acquired in electrospray mode by scanning from 100 to 1000 in 0.99 seconds, step size
of 0.30 and peak width of 0.10 minutes. The capillary needle voltage was 1.0 kV and
the fragmentor voltage was 70V for both positive and negative ionization modes,
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Method 5 ;

In addition fo the general procedure B: Reversed phase UPLC was carried out
on a BEH-C18 column (1.7 um, 2.1 x 50 mm) from Waters, with a flow rate of
1.0 ml/min, at 50°C without split to the MS detector. The gradient conditions used are:
95 % A (0.5 g/l armronium acetate solution + 5 % acetonitrile), 3 % B {acctonitrile), to
40 % A, 60 % B in 3.8 minutes, to 53 % A, 95 % B in 4.6 minutes, kept till 5.0 minutes,
Injection volume 2 pl. Low-resolution mass spectra (single quadrupole, SQD detector)
were acquired by scanning from 100 to 1000 in 0.1 seconds using an inter-channel
delay of 0.08 second. The capillary needle voltage was 3 kV. The cone voltage was 25

V for positive ionization mode and 30 V for negative ionization mode,
Method 6 :

In addition fo the general procedure C: Reversed phase UPLC (Ultra
Performance Liquid Chromatography) was carried out on a bridged cthylsiloxane/silica
hybrid (BEH) C18 column (1.7 pm, 2.1 x 50 mm; Waters Acquity) with a flow rate of
0.8 ml/min. Two mobile phases (mobile phase A: 0.1 % formic acid in H;O/methanol
95/5; mobile phase B: methanol) were used to run a gradient condition from 95 % A
and 5% Bto 5% A and 95 % B in 1.3 minutes and hold for 0.2 minutes. An mjection
volume of 0.5 pl was used. Cone voltage was 10 V for positive ionization mode and 20
V for negative ionization mode.

Method 7 :

In addition to the general procedure C: Reversed phase UPLC (Ultra
Performance Liquid Chromatography) was carried out on a bridged ethylsiloxane/silica
hybrid (BEH) C18 column (1.7 um, 2.1 x 50 mm; Waters Acquity) with a flow rate of
0.8 ml/min. Two mobile phases (25 mM ammonium acetate in HoO/acetonitrile 95/5;
mobile phase B acetonitrile} were used to run a gradient condition from 95 % A and 5
% B to5 % A and 95 % B in 1.3 minutes and hold for 0.7 minutes. An injection
volume of 0.75 pl was used.

Cone voltage was 10 V for positive ionization mode and 20 V for negative ionization
mode.

In addition to the general procedure C: Reversed phase UPLC (Ultra
Performance Liquid Chromatography) was carried out on a bridged ethylsiloxane/silica
hybrid (BEH) C18 column (1.7 um, 2.1 x 50 mm; Waters Acquity) with a flow rate of
0.8 mi/min. Two mobile phases (25 mM ammonium acetate in HyO/acetonitrile 95/5;
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mobile phase B acetonitrile) were used to run a gradient condition from 95 % A and 5
% Bto5% A and 95 % B in 1.3 minutes and hold for 0.3 minutes. An injection

volume of 0.5 pl was used.

Cone voltage was 30 V for positive ionization mode and 30 V for negative ionization
mode.

Method 9 :
Same gradient as, method 5, column used: RRHD Eclipse Phus-C18 (1.8 pum,
2.1 x 50 mm) from Agilent.

Method 10 :

Int addition to the general procedure D: Reversed phase UPLC was carried out
on a Waters Acquity BEH (bridged ethylsiloxane/silica hybrid) Phenyl-Hexyl column
(1.7 um, 2.1 x 100 mm) with a flow rate of 0.343 ml/min. Two mobile phases {mobile
phase A: 95 % 7 mM ammonium acetate / 5 % acetonitrile; mobile phase B: 100 %
acetonitrile) were employed to run a gradient condition from 84.2 % A and 15.8 % B
(hold for 0.49 minutes) to 10.5 % A and 89.5 % B mn 2.18 minutes, hold for 1.94 min
and back to the initial conditions in 0.73 min, hold for 0.73 minutes. An injection
volume of 2 ml was used. Cone voltage was 20V for positive and negative ionization
mode. Mass spectra were acquired by scanning from 100 to 1000 in 0.2 seconds using

an interscan delay of 0.1 seconds.

Method 11 :

In additton to the general procedure B: Reversed phase UPLC was carried out
on a BEH-C18 column (1.7 pm, 2.1 x 50 mm) from Waters, with a flow rate of
1.0 mi/min, at 50°C without split to the MS detector. The gradient conditions used are:
85 % A (0.50 g/l ammonium hydrogencarbonate solution + 5 % acetonitrile), 3 % B
{acetonitrile), to 40 % A, 60 % B in 3.8 minutes, to 5 % A, 95 % B in 4,6 minutes, kept
till 5.0 minutes. Injection volume 2.0 pl. Low-resolution mass spectra (single
quadrupole, SQD detector) were acquired by scanning from 100 to 1000 in 0.1 seconds
using an inter-channel delay of 0.08 second. The capillary needle voltage was 3 kV.
The cone voltage was 25 V for positive jonization mode and 30 V for negative
1onization mode.

Method 12 ;

in addition to the general procedure: Reversed phase HPLC was carried out on
an Xterra MS C18 column (3.5 um, 4.6 x 100 mm) with a flow rate of 1.6 m¥/min.
Three mobile phases (mobile phase A: 95% 25 mM ammoniumacetate + 5 %

acetonifrile; mobile phase B: acetonitrile; mobile phase C: methanol) were employed to
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run a gradient condition from 100 % A to 50 % B and 50 % C in 6.5 minutes, to 100 %
B in 0.5 minute, 100 % B for I minute and reequilibrate with 100 % A for 1.5 minutes.
An injection volume of 10 u! was used.

Cone voltage was 10 V for positive lonization mode and 20 V for negative ionization
mode.

Method 13 :

In addition to the general procedure C. Reversed phase UPLC (Ultra
Performance Liquid Chromatography) was carried out on a bridged ethylsiloxane/silica
hybrid (BEH) C18 column (1.7 pm, 2.1 x 50 mm; Waters Acquity) with a flow rate of
0.8 ml/min. Two mobile phases (10 mM ammonium acetate in H;O/acetonitrile 95/5;
mobile phase B: acetonitrile) were used to run a gradient condition from 95 % A and 5
% Bto 5% A and 95 % B in 1.3 minutes and hold for 0.3 minutes. An injection
volume of 0.5 1l was used.

Cone voltage was 10 V for positive ionization mode and 20 V for negative ionization
mode.

Method 14 :

 In addition to the general procedure C. Reversed phase UPLC (Ultra
Performance Liquid Chromatography) was carried out on & bridged ethylsiloxane/silica
hybrid (BEH) C18 column (1.7 pm, 2.1 x 50 mm; Waters Acquity) with a flow rate of
0.8 ml/min. Two mobile phases (10 mM ammonium acetate in H;O/acetonitrile 95/5;
mobile phase B: acetonttrile) were used to run a gradient condition from 95 % A and 5
% B to 5% A and 95 % B in 1.3 minutes and hold for 0.3 minutes. An injection
volume of 0.5 ul was used. _
Cone voltage was 30 V for positive ionization mode and 30 V for negative ionization
mode.

In addition to the general procedure B: Reversed phase UPLC was carried out
on a RRHD Eclipse Plus-C18 (1.8 um, 2.1 x 50 mm) from Agilent, with a flow rate of
1.0 mi/min, at 50°C without split to the MS detector. The gradient conditions used are:
95 % A (0.5 g/l ammonium acetate solution + 5 % acetonitrile), 5 % B (acetonitrile), to
40 % A, 60 % B in 1.2 minutes, to 5 % A, 95 % B in 1.8 minutes, kept till 2.0 minutes.
Injection volume 2.0 ul. Low-resolution mass spectra (single quadrupole, SQD
detector) were acquired by scanning from 100 to 1000 m 0.1 seconds using an inter-
channel delay of 0.08 second. The capillary needle voltage was 3 kV. The cone voltage

was 25 V for positive ionization mode and 30 V for negative ionization mode.
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Method 16 .

In addition to the general procedure B: Reversed phase UPLC was carried out
on a RRHD Eclipse Plus-C18 (1.8 pum, 2.1 x 50 mm) from Agilent, with a flow rate of
1.0 m¥/min, at 50°C without split to the MS detector. The gradient conditions used are:
95 % A (0.5 g/l ammonium acetate solution + 5 % acetonitrile), 5 % B (acetonitrile), to
40 % A, 60 % B in 3.8 minutes, to 5 % A, 95 % B in 4.6 minutes, kept till 5.0 minuotes.
Injection volume 2.0 pl. Low-resolution mass spectra (single quadrupole, SQD
detector) were acquired by scanning from 100 to 1000 in 0.1 seconds using an inter-
channel delay of 0.08 second. The capillary needle voltage was 3 kV. The cone voltage
was 25 V for positive ionization mode and 30 V for negative ionization mode.

Method 17 -

In addition to the general procedure VDR2: Reversed phase UPLC was carried
out on a Waters Acquity BEH (bridged ethylsiloxane/silica hybrid) C18 cotumn (1.7
um, 2.1 x 100 mm) with a flow rate of (#.343 mi/min. Two mobile phases (mobile phase
A: 95 % 7 mM ammonium acctate / 5 % acetonitrile; mobile phase B: 100 %
acetonitrile) were employed to run a gradient condition from 84.2 % A and 15.8 % B
(hold for 0.49 minutes) to 10.5 % A and 89.5 % B in 2.18 minutes, hold for 1.94 min
and back to the initial conditions in 0.73 min, hold for 0.73 minutes. An injection
volume of 2 ul was used. Cone voltage was 20V for positive and negative jonization
mode. Mass spectra were acquired by scanning from 100 to 1000 in 0.2 seconds using
an interscan delay of 0.1 seconds.

Method 18 :

In addition to the general procedure C: Reversed phase UPLC (Ultra
Performance Liquid Chromatography) was carried out on a bridged ethylsiloxane/silica
hybrid (BEH) C18 column (1.7 pm, 2.1 x 50 mm; Waters Acquity) with a flow rate of
0.8 ml/min. Two mobile phases (10 mM ammonium acetate in HyO/acetonitrile 95/5;
mobile phase B: acetonitrile) were used to run a gradient condition from 95 % A and 5
Yo B to 5 % A and 95 % B in 1.3 minutes and hold for 0.3 minutes. Ar injection
volume of 0.5 pl was used.

Cone voltage was 10V for positive ionization mode and 20 V for negative ionization

mode.

Melting Points

Values are either peak values or melt ranges, and are obtained with

experimental uncertainties that are commonly associated with this analytical method.
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Mettier FP62 apparatus (indicated by FP62 in Table 11}

For a number of compounds, melting points were determined in open capillary
tubes on a Mettler FP62 apparatus. Melting points were measured with a temperature
gradient of 1, 3, 5 or 10 °C/minute. Maximum temperature was 300 °C. The melting
point was read from a digital display.

Mettler I'P 81HT / FP90 apparatus (indicated by FP90 in Table 11)

For a number of compounds, melting points were determined in open capillary
tubes on a Mettler FP8IHT / FP90 apparatus. Melting points were measured with a
temperature gradient of 1, 3, 5 or 10 °C/minute. Maximum temperature was 300 °C.
The melting point was read from a digital display.

DSC823¢ (indicated by DSC in Table 11}

For a number of compounds, melting points were determined with a DSC823¢
(Mettler-Toledo). Melting points were measured with a temperature gradient of 30
C/minute. Maximum temperature was 400 °C.

protonated mass of the compound, method refers to the method used for (LC)MS.

Co. Nr. R, IM+H]" | Method | Melting Point
1 1.66 267 5 217.2 °C (FP90)
2 6.79 335 4 197 °C (FP90)
3 0.49 269 5 n.d.
4 103 | 298 5 150 °C (FP90)
5 1.43 345 5 n.d.
6 081 | 329 5 155.6 °C (FPY0)
7 1.87 326 1 171.8 °C (FP90)
8 062 | 208 6 79.5 °C (DSC)
9 1.02 431 6 193.3°C(DSC)
10 138 29 5 |nd
11 1.05 282 5 64.9 °C (FPS0)
12 2.74 345 3 n.d.
13 293 415 2 n.d.
14 241 379 3 138.1 °C (FP90)
15 1.06 431 8 n.d.
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Co. Nr. R; [M+H]" | Method | Melting Point
16 0.67 324 8 nd.
17 1.5 363 5 185.8 °C (FP90)
18 2.03 312 3 n.d.

19 2 312 3 n.d.
20 .57 359 5 173.2 °C (FP90)
2 150 | 397 5 154.4 °C (FP90)
22 0.74 398 8 139.8° C (DSC)
23 | 074 338 8 221.4°C (DSC)
24 1.42 343 5 977 °C (FP90)

25 1.26 347 5 171.4 °C (FP90)

26 0.76 398 7 156.8 °C (DSC)
27 0.75 380 8 152.7 °C (FP90)
28 3.27 330 12 n.d.
29 0.75 368 8 n.d.
30 125 | 343 5 96:4 °C (FP9O)
31 2.4] 371 5 98 °C (FP90)
32 1.70 328 5 70.1 °C (FP90)
33 1.89 333 5 n.d.
34 2.22 337 5 n.d.
35 1.29 381 5 152.7°C (FP90)
36 2.4 387 5 n.d.
37 2.04 339 5 n.d.
38 1.73 397 5 160.9°C (FP90)
3 | LI8 | 360 5 178.8°C (FP90)
46 0.94 344 5 159.2 °C (FPY0)
41 1.55 362 5 108.0 °C (FP90)
42 0.70 335 7 n.d.
43 1.12 354 5 163.5 °C (FP90)
44 1.51 363 5 149.5 °C (FP90)
45 1.81 392 5 107.5 °C (FP90)
46 1.14 431 8 140.4 °C (FP90)
47 1.88 333 5 100.8 °C (FP90)




WO 20117154431

PCT/EP2011/059441

-177 -

Co. Nr. Ry [M+H]" | Method | Melting Point
48 | 282 371 11 130.3 °C (FPY0)
49 0.61 336 8 n.d.

50 3.56 336 12 116.3 °C (DSC)
51 1.4 292 5 n.d.

52 2.35 335 s nd,

53 1.39 287 10 n.d.

54 1.41 287 10 nd.

55 1.62 305 10 104.3

56 1.95 316 10 n.d.

57 115 360 5 190.8 °C (FP90)
38 0.64 287 5 178.3 °C (FP90)
59 1.82 305 I 164 °C {(FP90)
60 1.80 381 5 n.d.

61 2.21 363 10 142.3 °C (FP90)
62 0.72 363 8 nd,
63 1.21 316 5 167.0 °C (FP90)
64 1.01 336 5 n.d.

65 1.50 363 5 185.8 °C (FP90)
66 2.13 334 3 169.6 °C (FP90)
67 0.48 191 8 131.8 °C (DSC)
68 0.75 380 8 n.d.

69 0.99 428 8 n.d.

79 1.07 431 8 170 ° C (DSC)
71 1.14 431 8 n.d.

72 0.63 331 7 213.1 °C (DSC)
73 4.61 371 12 n.d,
74 0.55 295 8 193.3 °C (DSC)
75 0.7 305 8 227.7 °C (DSC)
76 1.65 372 9 n.d.

77 1.83 399 9  Ind

78 2.01 415 9 n.d.

79 1.68 378 9 nd.
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Co. Nr. Ry [M+H]" | Method | Melting Point
80 1.31 360 5 n.d.
81 0.76 323 8 nd.
82 0.7 323 7 n.d.
83 0.72 323 7 n.d.
84 0.78 323 7 195.3 °C (DSC)
85 1.0 363 6 160.8 °C (DSC)
86 0.79 363 7 157.7°C(DSC)
87 0.67 316 8 139.23
88 3.97 316 12 n.d.
89 3.96 316 12 n.d.
90 4.48 363 12 178.6 °C (DSC)
91 0.8 363 7 n.d.
92 0.67 316 8 n.d.
93 0.67 316 8 n.d.
94 0.53 287 8 115.4 °C (DSC)
95 | 0.53 287 8 115.4 °C (DSC)
96 0.56 287 8 nd.
97 0.56 287 8 nd.
98 0.54 287 8 189.3 °C (DSC)
99 0.55 287 8 204.3 °C (DSC)
160 0.68 316 8 139.2 °C (DSC)
101 0.77 366 8 n.d.
102 0.78 366 8 n.d.
103 0.8 366 8 n.d.
104 0.77 366 8 n.d.
105 0.89 384 8 196.9 °C(DSC)
106 0.76 355 8 173.8°C(DSC)
107 0.99 431 7 277.6 °C (DSC)
108 0.78 366 B nd.
109 1.05 449 8 n.d.
110 1.06 449 7 n.d.
111 0.82 373 8 nd.




WO 2011/154431 PCT/EP2611/059441

-179 -

Co. Nr. R, [M+H]" | Method | Melting Point
112 1.03 431 & 207.3 °C (DSO)
113 1.02 431 8 n.d.

114 1.03 431 8 n.d.
115 1.04 431 & n.d.
116 0.81 355 8 n.d.
117 | 080 | 355 §  Ind
118 0.92 354 8 n.d.
119 | 093 | 384 g Ind.
120 (.82 355 & 228.5°C (DSC)
121 2.0 336 9 158.1 °C (FP90)
122 4.49 363 12 178.2°C (BSC)
123 1.72 378 9 n.d.
i24 1.63 372 9 223.4 °C (FP90)
125 | 1.63 372 9 227.7 °C (FP90)
126 | 2.0 415 9 94.6 °C (FPY0)
128 2.03 415 9 93.3 °C (FPO0)
29 | 169 | 378 | 9 |2106°C(FPO0)
130 | 1.84 399 9 116.4 °C (FP90)
131 1.36 360 9 n.d.
132 1.36 360 9 n.d.
133 1.86 399 9 n.d.
134 0.84 381 8 227.77°C (DSC)
135 (.84 381 8 227.2 °C (DSC)
136 | 075 | 3 ¢ |nd
137 0.75 381 8 n.d.
138 0.82 373 8 n.d.
139 (.81 355 8 n.d.
140 0.81 355 & n.d.
141 092 | 384 8 |nd
142 0.93 384 8 n.d.
143 | 077 377 g 149.7 °C (DSC)
144 0.6 364 7 215.1°C(DSC)
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Co. Nr. R [M+H]" | Method | Melting Point
145 | 0.79 334 g n.d.
146 | 072 380 8 118.5 °C (DSC)
147 | 0.74 398 8 139.8 ° C (DSC)
148 | 0.69 323 g 186.2 °C (DSC)
149 | 0.62 331 7 187.4 °C (DSC)
150 | 06 331 8 nd,

151 | 163 359 9 180 °C (FP90)
152 | 186 352 5 202.5°C (FP90)
153 | 178 371 5 161.5 °C (FP90)
154 1.1 431 8 nd.

155 | 160 305 10 |nd

156 19 | 316 10 |nd

157 | 110 431 8 168.1 °C (FP90)
158 | 1.05 449 8 nd,

159 | 1.05 449 8 n.d.

161 | 0.78 351 14 150.57 °C (DSC)
162 0.8 351 14 17475 °C (DSC)
163 | 0.69 381 13 nd

164 | 073 381 14 |nd

165 | 097 431 14 | 21830°C (DSC)
166 | 0.88 428 14 |25248°C (DSC)
167 | 0.97 465 | 14 21423 °C (DSC)
168 | 076 398 14 lnd
169 | 086 422 1423991 °C (DSC)
176 | 095 431 14 | nd.

171 0.8 361 13 |nd

172 | 098 449 14 180.17 °C (DSC)
173 | 098 449 14 ad

174 | 0098 449 14 | 179.18°C (DSC)
175 | 098 449 14 | nd

176 | 0095 428 13 |ad

177 | 095 428 13 nd
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Co. Nr. R [M+H]® | Method | Melting Point
178 0.95 428 13 n.d.
179 0.95 428 13 n.d.
180 0.95 446 14 nd
181 1.03 484 14 200.16 °C (DSC)
182 083 416 14 n.d.
183 0.93 440 14 196.01 °C (DSC)
184 0.97 446 14 198.43 °C (DSC)
185 1.04 484 14 165.14 °C(DSC)
186 1.05 449 14 n.d.
187 0.81 398 14 189.64 °C (DSC)
188 0.81 398 14 n.d,
189 0.81 398 14 189.29 °C (DSC)
196 0.81 398 14 | nd
191 0.9% 411 14 n.d.
192 0.98 411 14 n.d.
193 | 0.98 411 14 n.d.
194 0.98 411 14 n.d,
195 | 174 | 371 n.d.
19 | 177 | an 9 n.d,
197 0.89 413 13 175.32°C (DSC)
198 0.99 448 13 151.98°C
199 1.04 448 13 196.12°C
202 1.01 454 13 n.d,
203 1.07 454 13 n.d.
264 0.76 361 14 n.d.
205 0.76 361 14 n.d.
206 0.83 361 13 nd.
207 0.82 361 13 n.d.
208 1.75 377 16 185.6 °C (FP90)
209 1.66 406 16 125.5 °C (FP90)
210 2.29 391 16 >300 °C (FP90)
211 2.14 391 16 62 °C (FP90)
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Co. Nr. R¢ IM+H]™ | Method | Melting Point
212 3.13 424 16 145.3 °C (FP90)
213 3.00 424 16 70.1 °C (FP90)
214 | 090 398 13 n.d.

215 0.94 398 13 n.d.
216 0.96 404 13 n.d.
217 0.95 404 13 n.d.
28 | 092 | 432 | 13 Ind.
219 0.95 425 13 n.d.
220 0.99 425 13 n.d.
221 0.93 398 13 n.d.
222 0.90 331 18 n.d.
223 0.93 355 18 n.d.
224 0.80 331 18 n.d.
225 0.91 430 18 n.d.
226 0.90 430 13 231.49 °C(DSC)
227 0.95 430 13 n.d.
228 0.92 435 13 n.d.
229 0.99 448 18 181.79 °C (DSC)
230 1.01 454 i8 n.d.
231 1.02 453 18 n.d.
232 1.12 381 18 n.d.
233 1.10 457 18 n.d.
234 1.09 491 18 n.d.
2358 n.d. n.d.
238 | 0.74 335 13 n.d.
239 0.83 379 13 n.d.
240 2.70 422 17 n.d.
241 2.70 422 17 n.d.
242 2.92 465 17 n.d.
243 2.93 465 17 n.d.
244 0.79 386 18 n.d.
LA45 | 270 | 456 17 nd,
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-1 Co. Nr, R, IM+H|" | Method | Melting Point
246 2.70 456 17 n.d.

247 2.76 427 17 n.d.

248 | 277 427 17 n.d.
249 0.85 407 18 n.d.
250 0.83 407 18 n.d.
251 0.77 380 18 n.d.

282 | 130 460 16 n.d.
253 5.2 387 12 bor.
254 1.85 373 16 101.3 °C (FP90)
255 2.79 406 16 141.4 °C (FP90)
256 0.86 423 13 n.d.
257 0.61 313 13 n.d,
258 0.61 313 13 n.d,

259 0.98 441 18 n.d.

260 0.93 449 18 n.d.
261 | 0.79 404 18 nd.
262 | 1.03 466 18 n.d.
263 312 514 9 n.d.
264 1.04 472 18 n.d.
265 0.84 379 13 n.d.
266 0.84 379 13 n.d.
267 0.74 355 13 n.d.
268 0.72 355 13 n.d.
269 0.78 363 13 nd,
270 0.95 380 13 n.d.
271 1.04 423 13 n.d.
272 | 0.99 447 18 n.d.
273 1.05 364 13 nd.
274 | 096 | 454 18 nd,
275 0.94 454 13 n.d.
276 0.89 423 18 n.d.
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Co. Nr. R [M+H]"  Method | Melting Point
277 1.01 354 18 n.d.
278 1.01 354 18 n.d.
279 1.05 354 18 b.r.
280 0.76 380 18 br.
281 2 392 16 nd.
282 221 392 16 nd.
283 2.16 413 16 n.d.
284 2.61 470 16 n.d.
285 2.61 442 16 nd.
286 0.78 363 13 br.
287 0.97 457 18 br,
288 | 098 457 18 bur.
289 1.07 504 18 bor.
290 5.92 464 8 br.
291 5.58 464 8 b.r.

292 0.81 367 18 n.d.
293 0.81 367 18 n.d.
294 1 364 13 n.d,
295 1.05 364 13 b.r.
296 0.78 331 13 129.74 °C
297 0.98 403 18 nd.
298 0.99 403 18 Ind
299 2.92 386 3 196.4 °C
300 1.03 460 13 n.d.
301 1.05 460 13 196.44 °C
302 0.91 387 13 n.d.
303 0.93 387 13 204.89 °C
304 0.97 445 18 br.
305 0.96 443 18 123.80 °C
306 0.94 474 18 br.
307 0.96 474 18 b.r.
308 0.89 456 18 n.d.
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Co. Nr. R, [M+H]" | Method | Melting Point
309 0.79 4.14 13 n.d.
310 1.18 393 15 n.d.
311 0.77 337 18 n.d.
312 0.98 399 13 n.d.
313 L] 447 18 n.d.
314 1.07 465 18 132.03 °C
315 1.06 421 18 n.d,
316 0.97 390 13 n.d.
317 0.94 397 13 177.94 °C
318 1.1 514 13 bor.
319 1.09 514 i3 b.r,
320 0.58 301 I8 b.r.
321 1.04 428 13 n.d.
322 1.07 428 13 n.d.
323 1.02 474 13 n.d.
324 1.18 471 13 n.d.
325 0.74 391 I8 n.d.
326 0.75 391 18 n.d.
327 0.74 398 13 n.d.
328 0.98 466 13 n.d.
329 1.03 396 13 n.d.
330 4.31 390 12 b.r.
331 5.29 446 12 br.
332 4.59 398 12 n.d.
333 5.26 395 12 b,
334 2.39 442 9 n.d.
335 0.45 288 13 193.74 °C
336 0.67 361 18 b.r.
337 0.78 406 18 n.d.
338 0.91 480 18 b.r,
339 0.84 431 18 1n.d.
340 0.85 370 I8 n.d.
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Co. Nr. R [M+H]" | Method | Melting Point
341 0.78 | 354 18 n.d.
342 0.86 374 18 nd.
343 0.63 337 18 nd,
344 0.89 448 18 n.d.
345 0.86 416 18 n.d.
346 1.00 | 498 13 n.d.
347 0.78 430 13 n.d.
348 0.78 414 i3 n.d.
349 0.86 400 18 nd.
350 0.89 397 13 nd.
351 0.94 397 13 n.d.
352 08l 385 13 160.28°C
353 0.70 356 18 br.
354 0.84 380 13 160.26°C
355 0.98 467 18 186.08°C
356 1.00 | 467 18 207.57°C
357 0.84 440 18 bir.
358 | 057 | 617 18 br
359 0.83 424 18 224.24°C
360 0.81 380 18 |nd
361 0.82 380 18 n.d.
362 0.69 351 18 n.d.
363 0.71 351 18 nd.
364 0.84 444 18 n.d.
365 0.85 424 18 br.
366 0.83 452 18 n.d.
367 0.91 389 18 b.r.
368 0.83 468 18 b.r.
369 0.79 436 18 bor.
370 0.97 418 18 n.d.
371 0.84 392 18 n.d.
372 0.96 442 18 n.d.
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Co. Nr. 28 [M+¥]" | Method | Melting Point
373 (.87 472 18 n.d.
374 (.89 448 I8 n.d.
375 0.87 424 I8 n.d.
376 0.78 454 18 n.d.
377 0.78 410 18 n.d.
378 0.74 422 18 n.d.
379 4.54 366 12 n.d.
380 0.76 422 18 n.d.
381 0.78 39% 13 n.d.
382 081 398 13 n.d,
383 0.46 288 18 n.d.
384 0.60 317 18 b.r.
385 (.58 312 18 b.r.
386 | 0.48 288 13 br.
387 | 072 382 18 b
388 0.64 355 18 b.r.
389 0.77 375 18 b.r.
390 0.68 382 18 bor.

301 | 062 355 18 |br
392 0.64 361 18 b.r.
393 0.73 375 18 b.r.
394 0.74 398 18 br.
398 2.61 486 9 n.d.
356 2.44 454 n.d.
397 0.77 374 18 n.d.
398 | 0.79 411 18 nd
399 0.78 411 i8 n.d.
406 0.60 338 i8 n.d.
401 0.56 338 18 n.d.
402 0.76 383 18 n.d.
403 | 0.87 433 18 |nd
404 (.68 365 18 n.d.
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Co. Nr. R. [M+H]" | Method | Melting Point

405 | 0.88 448 18 br
406 093 410 18 Ind
407 | 093 410 18 |nd.

n.d. means not determined, b.r. means broad range

SEC-MS Methods :
Genergl procedyre A for SEFC-MS methods

The SFC measurement was performed using an Analytical SFC system from

Berger Instruments (Newark, DE, USA) comprising a dual pump control module
(FCM-1200) for delivery of carbon dioxide {(CO-,) and modifier, a thermal control
module for column heating (TCM2100) with temperature control in the range 1-150 °C
and column selection valves (Valco, VICI, Houston, TX, USA) for six different
columns. The photodiode array detector (Agilent 1100, Waldbronn, Germany) is
equipped with a high-pressure flow cell (up to 400 bar) and configured with a CTC L.C
Mini PAL auto sampler {Leap Technologies, Carrboro, NC , USA). A ZQ mass
spectrometer (Waters, Milford, MA, USA) with an orthogonal Z-electrospray interface
is coupled with the SFC-gystem. Instrument control, data collection and processing
were performed with an integrated platform consisting of the SFC ProNTo software
and Masslynx sofiware.

General procedure B

The SFC measurement was performed using an Analytical SFC system from
Berger instruments (Newark, DE, USA) comprising a FCM-1200 dual pump fluid
control module for delivering carbon dioxide (CO2) and modifier, a CTC Analytics
automatic liquid sampler, a TCM-20000 thermal control module for columm heating
from room temperature to 80°C. An Agilent 1100 UV photodiode array detector
equipped with a high-pressure flow cell standing up to 400 bars was used. Flow from
the column was split to a MS spectrometer. The MS detector was configured with an
atmospheric pressure ionization source .The following ionization parameters for the
Waters Z{) mass spectrophotometer are: corona: 9uia, source temp: 140°C, cone: 30 V,
probe temp 450°C, extractor 3 V, desolvatation gas 400L/hr, cone gas 70 L/hr.
Nitrogen was used as the nebulizer gas. Data acquisition was performed with a Waters-
Micromass MassLynx-Openlynx data systen.
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Method ©

In addition to the general procedure A: The chiral separation in SFC was carried
out on a CHIRALCEL GD-H column (4.6 x 500 mm) at 50°C with a flow rate of 3.0
ml/min. The mobile phase i1s CO2, 20% iPrOH (containing 0.2% iPrINH;) hold 17.50
min, 20-50 % MeOH (containing 0.2% iPrNH;) hold 4.10 min.

Method 2

In addition to the general procedure A: The chiral separation in SFC was carried
out on a CHIRALCEL OD-H column (4.6 x 500 mm) at 50°C with a flow rate of 3.0
ml/min. The mobile phase is CO2, 45% MeOH (contaimning 0.2% iPrNH;) hold 22 min.

Method 3

In addition to the general procedure A: The chiral separation in SFC was cartied
out on a CHIRALPAK AD-H column (4.6 x 500 mm) at 56°C with a flow rate of 3.0
ml/min. The mobile phase 1s CO2, 25% 1PrOH (containing 0.2% 1PrNH>) hold 19.60
min from 20-40 % IPrOH (containing 0.2% iPrNH,), at 10% rate and hold 3.00 min at
50%.

Method 4 _

In addition to the general procedure A: The chiral separation in SFC was carried
outon a CHIRALPAK AD-H column (4.6 x 500 mm} at 50°C with a flow rate of 3.0
ml/min. The mobile phase is CO2, 10-40% iPrOH (containing 0.2% iPrNH,) at 1.6%
rate, then from 40-50 % iPrOH (containing 0.2% iPrNHy), at 5% rate and hold 3.60
min.

Method 5

In addition to the general procedure A: The chiral separation in SFC was carried
out on a CHIRALPAK AD-H column (4.6 x 500 mm) at 50°C with a flow rate of 3.0
ml/min. The mobile phase 1s CO2, 20% iPrOH (containing 0.6% 1PrNH;) hold 15.00

min,

Method 6

In addition to the general procedure A; The chiral separation in SFC was carried
out on a CHIRALPAK AD-H coluran (4.6 x 500 mm}) at 50°C with a flow rate of 3.0
mi/min. The mobile phase is CO2, 10% MeOH (containing 0.2% iPrINHz) hold 15.00
min.

Method T
In addition to the general procedure A: The chiral separation in SFC was carried
out on a CHIRALPAK AD-H column (4.6 x 500 mm) at 50°C with a flow rate of 3.0
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ml/min. The mobile phase is CO2, 30% MeOH (containing 0.2% iPrNH;) hold 15.00
min.

Method 8

In addition to the general procedure: The chiral separation in SFC was carried
out on a AD-H column (4.6 x 500 mm) at 50°C with a flow rate of 3.0 ml/min. The
mobile phase is CO2, 15% MeOH (containing 0.2% iPrNH,) hold 15.00 min.

Method ¢

In addition to the general procedure B: The chiral separation in SFC was carried
out on a CHIRALPAK AD DAICEL column (10 pm, 4.6 x 250 mm) at 35°C with a
flow rate of 3.0 ml/min. The mobile phase is CO2, 60% iPrOH, 40% iPrOH (containing
0.3% iPrNH;) hold 7 min.

Method 10

In addition to the gencral procedure B: The chiral separation in SFC was carried
out on a CHIRALPAK AD DAICEL column (10 pm, 4.6 x 250 mm) at 35°C with a
flow rate of 3.0 ml/min. The mobile phase 1s CO2 60% EtOH, 20% EtOH 20% iPrOH
{containing 0.3% iPrNH2) hold 7 min.

Method 11

In addition to the general procedure B: The chiral separation in SFC was carried
out on a CHIRALCEL OD-H DAICEL column (10 um, 4.6 x 250 mm) at 35°C with a
flow rate of 3.0 ml/min. The mobile phase is CO2, 70% Methanol, 30% EtOH
{containing 0.3% 1PrNHz) hold 7 min.

Method 12

In addition to the general procedure A: The chiral separation in SEC was carried
out on a CHIRALCEL OD-H column (4.6 x 500 mm) at 50°C with a flow rate of 3.0
ml/min. The mobile phase is CO,, 45% iPrOH (containing 0.2 % iPrNH,) hold 20 min
from 45-50% 1PrOH (contaming 0.2 % iPrNH;) at 10% rate and hold 3 min at 50 %.

Method 13

In addition to the general procedure A: The chiral separation in SEC was carried
out on a CHIRALPAK AD-H column (4.6 x 500 mm) at 50°C with a flow rate of 3.0
ml/min. The mobile phase 158 CO», 15 % MEOH (containing 0.2 % iPrNH;) hoid 15

minutes.

Method 14
In addition to the general procedure A: The chiral separation in SFC was carried
out on a CHIRALCEL OD-H column (4.6 x 500 mm} at 50°C with a flow rate of 3.0
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ml/min. The mobile phase 1s CO», 25% MeOH (containing 0.2 % iPyNH,) hold 15
minutes.

Method 15

In addition to the general procedure A: The chiral separation in SFC was carried
out orr a CHIRALPAK AS-H columm (4.6 x 500 mm) at 50°C with a flow rate of 3.0
ml/min. The mobile phase is CO,, 15% iPrOH (containing 0.2 % iPrNH>) hold 18 min
from 15-50% iPrOH (containing 0.2 % iPrNH») at 10% rate and hold 3 min at 50 %.

Method 16

In addition to the general procedure B: The chiral separation in SFC was carried
out on a CHIRALCEL OD DAICEL column (10 um, 4.6 x 250 mm) with a flow rate of
3.0 ml/min. The mobile phase is CO2, 40% MeOH, 60% EtOH (containing 0.3%
1IPrNH2) hold 7 min. in isocratic mode.

Method 17

In addition to the general procedure A: The chiral separation in SFC was carried
out on a CHIRALPAK AD-H column (4.6 x 500 mm) at 50°C with a flow rate of 3.0
mi/min. The mobile phase is COz, 35% iPrOH (containing 0.2 % iPrNH;z) hoid 19 min
from 35-50% 1PrOH (containing 0.2 % 1PrNH,) at 10% rate and hold 4.10.

Method 18

In addition to the general procedure A: The chiral separation in SFC was carried
out on a CHIRALPAK AD-H column (4.6 x 500 mum) at 50°C with a flow rate of 3.0
ml/min. The mobile phase is COz, 25% iPrOH (containing 0.2 % PrNH;) hold 18 min
from 25-50% PrOH (containing 0.2 % PrNH») at 10% rate and hold 4.10.

Method 19

In addition to the general procedure A: The chiral separation in SFC was carried
out on a CHIRALCEL OD-H column {4.6 x 500 mm) at 50°C with a flow rate of 3.0
ml/min. The mobile phase is CO,, 15% MeOH (containing 0.2 % iPrNH;) hold 15
minutes. Enantiopure samples were contaminated with an unknown impurity and hence
no UV arca% is reported. After SFC purification and analysis, the samples were
purified further via trituration with DIPE.

Method 20

In addition to the general procedure A The chiral separation in SFC was carried
out on a CHIRALPAK AS-H column (4.6 x 500 mm) at 50°C with a flow rate of 3.0
mi/min. The mobile phase is CO», 15% EtOH (containing 0.2 % iPrNH;) hold 18 min,
15-50% EtOH {(contaming 0.2 % iPtNH>) at 10% rate and hold 3.10.
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Method 21

In addition to the general procedure A: The chiral separation in SFC was carried
out on a CHIRALCEL OJ-H column (4.6 x 250 mum) at 35°C with a flow rate of 3.0
mi/min. The mobile phase is COs, 30% iPrOH hold 7 minutes.

Method 22

In addition to the general procedure A: The chiral separation in SFC was carried
outon a CHIRALCEL OJ-H column (4.6 x 250 mm) at 35°C with a flow rate of 3.0
ml/min. The mobile phase is CQy, 25% PrOH hold 7 minutes.

Method 23

In addition to the general procedure A: The chiral separation in SFC was carried
out on a CHIRALCFEL OJ-H column (4.6 x 250 mm) at 35°C with a flow rate of 3.0
ml/min. The mobile phase is CO,, 20% iPrOH hold 7 minutes.

Method 24 _

In addition to the general procedure A: The chiral separation in SFC was carried
out on a CHIRALPAK AS-H colurnn (4.6 x 500 mm) at 50°C with a flow rate of 3.0
ml/min. The mobile phase is CO,, 10% MeOH (containing 0.2 % iPrNH:) hold 17 min,
from 10-50% MeOH (containing 0.2 % iPrNH,) at 10% rate and hold 3.60.

Method 25

In addition to the general procedure A: The chiral separation in SFC was carried
outon a CHIRALPAK AD-H column (4.6 x 500 mm) at 50°C with a flow rate of 3.0
ml/min. The mobile phase is CO», 15% EtOH (containing 0.2 % iPrNH;) hoid 15 min.

Method 26

In addition to the general procedure A: The chiral separation in SFC was carried
out on a CHIRALCEL OD-H column (4.6 x 500 mm) at 50°C with a flow rate of 3.0
ml/min. The mobile phase is COs, 120% MecOH (containing 0.2 % iPrNH;) hold 15
min.

Method 27

In addition to the general procedure A: The chiral separation in SFC was carried
outon a CHIRALPAK AD-H column (4.6 x 500 mm) at 50°C with a flow rate of 3.0
ml/min. The mobile phase is CO,, 20% 1PrOH (containing 0.2 % iPrNH;) hold 16.30
min from 30-50% iPrOH (containing 0.2 % iPrNH;) at 10% rate and hold 3 min.
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Method 28

In addition to the general procedure A; The chiral separation in SFC was carmied
out on a CHIRALCEL OJ-H column (4.6 x 500 mum) at 50°C with a flow rate of 3.0
ml/min. The mobile phase 1s CO,, 20% iPrOH (contatning 0.2 % iPrNH;) hold 15 min.

Method 29

In addition to the general procedure A: The chiral separation in SFC was carried
out on a CHIRALPAK AS-H colurnn (4.6 x 500 mm) at 50°C with a flow rate of 3.0
mi/min. The mobile phase is CO,, 8% 1PrOH (containing 0.2 % iPrNH;) hold 15 min.

Method 36

In addition to the general procedure A: The chiral separation in SFC was carried
out on a CHIRALCEL OD-H column (4.6 x 500 mum) at 50°C with a flow rate of 3.0
mi/min. The mobile phasge is CO,, 20% iPrOH (containing 0.2 % iPrINH;) hold 15 min.

Method 36 _

In addition to the general procedure A: The chiral separation in SFC was carried
out on a CHIRALPAK AS-H column (4.6 x 500 mm) at 50°C with a flow rate of 3.0
mi/min. The mobile phase is CO,, 15% MeOH (containing 0.2 % iPrNH,) hold 15 min.

Method 31

In addition to the general procedure A: The chiral separation in SFC was carried
out on a CHIRALPAK OJ-H column (4.6 x 500 mm) at 50°C with a flow rate of 3.0
ml/min. The mobile phase is CO3, 25% 1PrOH (containing 0.2 % iPrNH;) hold 20.10
min from 25-40% iPrOH (containing 0.2 % iPrNH») at 10% rate and hold 3 min.
Table 15: Analytical SFC data — R, means retention time (in minutes), [M+H]"
means the protonated mass of the compound, method refers to the method used for
(SFCYMS analysis of enantiomerically pure compounds.

Co.Nr.| R¢ | [M+H]" | UV Area % | Method | Isomer Elution Order

154 | 7.8 | 431 100 1 A
15 | 874 | 431 100 1 B
49 | 802 | 336 96.2 2 B
50 | 508 | 336 89.91 2 A
53 | 465 | 287 100 1] B
54| 3.02 | 287 100 11 A
55 | 232 | 305 100 1 A
155 | 400 | 305 100 11 B
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Co.Nr. . R¢ | [M+H]" | UV Area % | Method | Isomer Elution Order
56 556 1 316 100 11 A
156 | 6.68 316 100 11 B

157 110,00 | 431 100 3 A
70 | 12.79 | 431 100 3 B
158 | 8.80 428 99.1 5 A
69 | 1079 | 428 99.7 5 B
82 4.77 323 100 6 A
148 | 889 323 100 6 B
86 5.91 363 98.5 7 A
85 | 10.67 | 363 98.7 7 B

110 12.08 | 449 100 4 A
159 | 1369 | 449 100 4 B

129 | 207 378 100 9 A
123 | 2.64 378 100 9 B
124 | 2.24 372 100 10 A
125 | 3.08 372 988 10 B
126 | 261 415 97.0 9 B
128 | 2.23 415 100 9 A
149 | 7.35 331 96.0 8 B
150 | 6.65 331 100 8 A
172 | 5.58 449 100 19 A
173 6.8 449 99 19 B
174 | 8.17 449 100 19 C
175 1139 | 449 99 19 D
176 | 6.04 428 100 14 A
177 | 6.95 428 100 14 B
178 7.7 428 100 14 C
179 | 1175 | 428 100 14 D
170 7.8 53] 100 15 A
187 | 6.01 397 100 14 A
188 | 6.63 397 100 14 B
189 | 832 397 100 14 C
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Co.Nr.| Ry | [M+H]" | UV Area % | Method | Isomer Elution Order
190 | 1044 | 397 100 14 D
191 | 9.93 411 100 13 C

192 | 11.83 | 411 100 13 D
193 | 7.53 411 100 13 B
194 | 7.12 411 100 13 A
163 | 6.49 381 100 12 A
164 9.2 381 100 12 B
195 | 1.97 371 100 16 A
196 | 5.48 371 100 16 B
204 | 459 361 100 18 A
205 | 5.44 361 96.3 18 B
240 | 1.90 421 100 21 A
241 | 2.33 421 99 21 B
242 | 1.83 465 100 21 A
243 | 2.73 465 100 21 B
245 | 285 | 456 100 22 A
246 | 5.17 456 100 22 B
247 | 3.07 | 427 100 23 A
248 | 3.51 427 98 23 B
257 | 16.08 | 311 100 24 B
258 | 1442 311 100 24 A
265 | 6.16 379 100 25 A
266 | 8.24 379 100 25 B
267 | 5.44 355 100 26 A
268 | 6.45 355 100 26 B
273 | 6.08 364 100 1 B
277 | 1077 | 334 100 27 C
278 | 1185 354 100 27 D
293 | 11.02 | 368 96 28 B
295 | 608 | 364 100 ! B
316 | 5.65 396 99 29 B
321 | 6.13 428 100 30 A
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Co.Nr.| R¢ | [M+H]" | UV Area % | Method | 1somer Elution Order
322 | 6.87 428 100 30 B
329 | 553 396 100 30 A
348 | 7.31 414 100 17 A
350 | 3.90 397 100 28 B
351 | 3.04 397 100 28 A
355 | 5.24 467 100 31 A
356 | 6.69 467 99 31 B

Isomer Elution Order: A means first eluting isomer; B means second eluting

1somer, C means third eluting 1somer; D means fourth eluting isomer.

L

Optical Rotations:

Optical rotations were measured on a Perkin-Elmer 341 polarimeter with a

sodium lamp and reported as follows: [a."" (¢ /100 ml, solvent).

Table 16: Anaiytical data — Optical rotation values for enantiomerically pure

10 compounds

. Co.Nr. o ) Wavelength = Concentration | Solvent | Temp.

(nm) wiv % {°C)
1 -103.601 589 0.1052 MeOH 20
2 -88.8 589 0.68 DMF 20
21 +15.1 589 0.58 DMF 20
23 -14.9 589 0.55 DMF 20
24 +23.1 589 0.57 DMF 20
25 +18.9 589 0.55 DMF 20
28 -31.51 589 0.53 MeOH 20
30 +13 589 0.55 DMF 20
31 -192 589 ~0.53 DMFE 20
32 -24.9 589 0.5 DMF 20
35 +28.2 589 051 DMF 20
36 -45.1 589 0.51 DMF 20
37 -27.6 589 0.52 DMF 20
38 +20.8 589 0.54 DMF 20
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Co. Nr. o ) Wavelength | Concentration | Solvent | Temp.
(nm) w/v % Y]
39 +32.2 589 0.61 DMF 20
40 +26.6 589 0.55 DMF 20
41 +23.0 589 0.54 DMF 20
43 +40.7 589 0.58 DMF 20
4 | 319 589 0.69 DMF 20
45 _+19.6 589 0.64 DMF 20
46 ~17.2 589 0.56 DMF 20
47 -17.4 589 0.53 DMF 20
48 -4.9 589 0.49 DMF 20
49 ~ *135.6 589 0.34 MeOH 20
56 -111.25 589 0.33 MeOH 20
51 -101.1 589 0.54 DMF 20
52 ~105.6 589 0.57 - DMF | 20
53 +23.1 589 .53 DMF 20
54 -30.9 589 0.62 DMF 20
55 -35.4 589 0.61 DMF 20
56 -9.3 589 .53 DM 20
61 -24.6 589 0.56 .DMF 20
62 337 589 (.53 DMF 20
68 -20.53 585 0.531 MeOH 20
85 +11.46 589 0.4176 MeOH 20
86 -12.21 589 0.49 DMF 20
123 +56.34 589 0.465 MeOH 20
124 +125 389 0.51 DMF 20
125 -126.9 589 0.52 DMF 20
126 +72.9 589 0.53 DMF 20
128 -1.7 589 0.67 MeQOH 20
129 -57.9 589 0.51 MeOH 20
136 ~24.4 589 0.54 MeOH 20
131 7.5 589 0.53 DMF 20
132 +93.3 589 0.51 i DMF 20
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Co. Nr. o ) Wavelength | Concentration | Selvent | Temp.
(nm) wiv % Y
133 -0.3 589 0.52 DMF 20
155 +39.1 589 0.46 MeOH 20
156 -9.3 589 0.534 DMF 20
163 -11.38 589 0.545 MeOH 20
i64 | +10.93 589 10485 MeCH 20
165 -36.83 589 0.23 MeOH 20
166 -42.4 589 0.18 MeOH 20
167 -37.69 589 0.159 MeOH 20
168 -52.27 589 0.13 MeOH 20
169 | -31.6 589 - 0.1424 MeOH 20
i80 +75.6 589 0.17 MeOH 20
181 +16.97 589 1.22 MeOH 20
182 +89.21 589 0.14 McOH 20
183 +83.59 589 0.13 MeOH 20
184 -128.56 589 0.22 MeOH 20
185 -111.068 589 0.31 MeOH 20
186 -123.1 589 0.14 MeOH 20
195 -29.7 589 0.51 DMF 20
196 +28.1 589 0.50 DMF 20
197 -29.7 589 0.51 DMF 20
198 -61.24 589 0.48 MeOH 20
159 +102.24 589 0.49 MeOH 20
202 -48.82 589 0.551 MeOH 20
203 +63.22 589 0.522 MeGH 20
208 +116.8 589 0.57 DMF 20
209 +60.9 589 0.52 DMF 20
210 -115.8 589 0.4% DMF 20
211 +84.1 589 0.48 DMF | 20 |
212 -106.1 589 0.5 DMF 20
213 +89.1 589 0.52 DMF 20
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Co. Nr. op ) Wavelength | Concentration | Solvent | Temp.
{nm) wiv Y% ")

214 +68.93 589 0.28 MeOH 20
218 +32.48 589 0.4095 DMF 20
219 +86.13 589 0.3425 MeOH 20
220 -16.64 589 0.3485 DMFE 20
221 +98.19 589 0.2485 DMF 20
222 +77.78 589 0.144 MeOH 20
223 -58.64 589 0.191 MeOH 20
224 -71.17 589 0.4145 MeQOH 20
225 +52 589 0.225 MeOH 20
227 +80 589 0.38 MeOH 20

228 -22.22 589 0.4635 MeOH 20
229 +14.33 589 0.307 MeOH 20
230 +9.26 589 0.3995 DMF 20
231 +93.26 365 0.3485 DMF 20
233 +6.38 589 0.423 DMF 20
234 +11.01 589 0.227 MeOH 20
235 t9.75 589 0.4925 MeOH 20
249 +80.69 589 0.29 DMF 20
241 -98.56 589 0.278 | DMF 20
242 +81.94 589 0.288 DMF 20
243 -97.23 589 0.289 DMF 20
244 -43.67 589 0.529 DMF 20
245 +80.81 589 0.2945 DMF 20
246 -91.96 589 0.286 DMF 20
247 +86.99 589 0.346 DMF 20
248 -107.16 589 0.2865 DMF 20
249 -76.1 589 0.3825 DMF 20
250 +38.73 589 0.4415 DMF 20
251 +45.89 589 0.3835 DMF | 20
253 +52.07 589 0.4225 DMF 20
254 42 589 | 15 DMF 20




WO 2011/154431 PCT/EP2011/059441

- 200 -

Co. Nr. o () Wavelength | Concentration | Selvent | Temp.
(nm) wiv % O
255 -41.2 589 0.49 DMF 20
256 +44.76 589 0.458 DMF 20
257 +28.85 589 04125 DMF 20
259 +54.47 589 0.514 MeOH 20
260 -22.13 589 0.5875 DMF 20
262 +157.72 589 0.3855 DMF 20
264 +08.25 589 0.456 DMF 20
269 +75.99 589 0.2145 DMF 20
271 +170.76 589 0.407 DMF 20
272 -46.77 589 0.2865 DMF 20
275 +34.69 589 0.3805 DMF 20
276 -49.84 589 0.4755 DMEF 20
280 -71.77 589 0.333 DMF 20
286 -35.58 | 589 (.4075 DMF 20
288 +74.75 589 0.4 DMF 20
289 +76.5 589 0.4 DMF 20
- 290 +12.22 589 0.27 DMF 20
291 +74.64 589 0.28 DMF 20
292 +110.67 589 0.4825 DMF 20
294 | +101.64 589 0.609 DMF 20
296 +83.73 589 0.295 DMF 20
297 +47.87 589 0399 | DMF 20
298 -49.24 589 0.4265 DME 20
299 63.6 589 0.61 DMF 20
304 -97.01 589 0.535 DMF 20
305 +122.96 589 0.575 DMF 20
306 +101.54 589 0.39 DMF 20

307 -100.24 589 0.41 DMF 20 .
308 | -33.79 589 0.586 DMF 20
3909 -61.61 589 0.336 DMF 20
311 +13.39 589 0.3285 DMF 20
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Co. Nr. o ) Wavelength | Concentration | Solvent | Temp.
(nm) wiv % °C)

312 +167.57 589 0.37 DMF 20
313 +41.49 589 0.3495 DMF 20
314 +117.36 589 0.4925 DMF 20
315 flz2lee 589 1 0471 DME 20
316 -46.02 589 0.389 DMF 20
317 -42.96 589 0.405 DMF 20
318 1875 589 0.32 DMF 20

319 | 48723 | 589 0.47 DMF_| 20
320 -30.15 589 0.262 DMF 20
325 +46.45 589 0.465 DMF 20
326 -63.64 589 0.308 DMF 20
327 +45.58 589 0.4015 DMF 20
337 +41.65 589 0.425 DMF 20
338 +73.84 589 0.409 DMF 20
340 -10.56 | 589 0.36 DMF 20
341 -10.94 589 0.393 DMF 20

342 -13.75 589 0.4655 DMF 20
343 =11.09 589 0.676 DMF 20
344 +99.74 589 0.391 DMF 20
346 +8.75 589 0.32 DMF 20
347 +39.32 589 0.295 DMF 20
370 +106.71 589 0.417 DMF 20
371 +116.48 589 0.3915 DMF 20
374 -20.86 589 0.532 DMF 20
380 +93.87 589 0.506 DMF 20

For a number of compounds, 'H NMR spectra were recorded on a Bruker DPX-
360, on a Bruker DPX-400 or on a Bruker Avance 600 spectrometer with standard
pulse sequences, operating at 360 MHz, 400 MHz and 600 MHz respectively, using
CHLOROFORM-d (deuterated chloroform, CDCls) or DMSO-dg (deuterated DMSQO,
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dimethyi-d6 sulfoxide) as solvents. Chemical shifts (8) are reported in parts per million
(pprn) relative to tetramethylsilane (TMS), which was used as intemal standard.

Table 17:
Co. Nr. NMR result
'H NMR (360 MHz, DMSO-ds) 6 ppm 1.29 - 1.55 (m, 3 H) 3.96
(d, ~=158Hz, 1 H)4.04 (d, /=157 Hz, 1 H) 5.72 (d, /=53.4 Hz,
86 1H)594 (br.s,2H)7.13(d, /=8.1 Hz, 1 H) 7.31 {1, /=79 Hz, 1

H)7.76 - 7.79 (m, { H) 7.81 (d, /=8.1 Hz, 1 H) 8.16 (d, ./=8.4
Hz, 1 H)8.21 (dd, /=8.4, 2.6 Hz, 1 H) 8.79 (d, /~2.4 Hz, 1 H)
10.60 (s, 1 H)

'H NMR (360 MHz, CHLOROFORM-d) 8 ppm 1.86 (d, J=2.6
117 | Hz, 3 H)4.38 (br. 5., 1 H) 4.4 (d, /=15.5 Hz, 1 1) 4.56 (d,

J=15.5Hz, 1 H) 7.43 - 7.56 (m, 3 H) 8.93 (5,2 H) 9.22 (5, 1 H)

'H NMR (400 MHz, DMSO-dq) & ppm. 1.43 (s, 3 H) 3.96 (d,
J=15.8 Hz, 1 H) 4.06 (d, /=15.8 Hz, | H) 5.71 (d, /=53.5 Hz, 1
163 | H)5.96 (br.s., 2 H) 7.14 (d, /=8.0 Hz, 1 H) 7.32 (t, J=7.9 Hz, 1
H) 7.67 (br. s, 1 H) 7.73 (dd, J=8.0, 2.0 Hz, 1 H) 8.32 (dd,
J=10.3, 1.8 Hz, 1 H) 8.65 (d, /=2.0 Hz, 1 H) 10.58 (br. 5., { F)

'H NMR (360 MHz, CHLOROFORM-d) 5 ppm 1.69 (s, 3 )
4.19-431 (m, 2 H) 4.28 - 4.54 (m, 2 H) 4.66 (q, /=8.1 Hz, 1 H)
165 | 7.06(dd, /=11.7, 8.8 Hz, 1 H) 7.88 (dd, J=8.4, 2.6 Iz, 1 H) 7.91
(dd, J=6.8,2.7 Hz, 1 F1) 7.99 - 8.08 (m, 1 H) 8.25 (d, /=8.4 Hz, ]
H) 8.56 (d, J=2.2 Hz, | H) 9.88 (br. 5, 1 H)

'H NMR. (360 MHz, CHLOROFORM-d) & ppm 1.68 (s, 3 H)
4.07 (s, 3 H)4.23 (5, 2 H) 4.27 - 4.41 (m, 2 H) 4.65 (q, J=8.2 Hz,
166 | 1F0)7.05(dd, /=117, 8.8 Hz, 1 H) 7.89 (dd, J=6.8, 2.7 Hz, 1 1)
8.02 (ddd, J=8.8, 4.4, 2.9 Hz, 1 H) 8.15 (d,./~1.5 Hz, 1 H) 9.02
(d, /=1.5Hz, 1 1) 9.55 (s, 1 )
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Co. Nr. NMR resuit

"H NMR (360 MHz, CHLOROFORM-4) & ppm 1.67 (s, 3 H)
4.23 (s, 2 H) 4.33 (br. 5., 2 H) 4.67 (q, /=8.4 Hz, | H) 7.05 (dd,
167 | J=11.5,9.0 Hz, 1 H) 7.82 (dd, J=7.0,2.9 Hz, | H) 7.9 (d, J=2.2
Hz, 1 H) 8.09 (ddd, /=89, 4.3, 2.9 Hz, 1 H) 8.47 (d, /=2.2 Hz, 1
H)9.79 (s, 1 H)

I NMR (360 MHz, CHLOROFORM-d) 8 ppm 1.68 (s, 3 H)
4.24 (s,2 1) 4.35 (br. 5., 2 H) 4.66 (q, J=8.3 Hz, 1 H) 7.08 (dd,
169 | J=11.5,9.0 Hz, 1 H) 7.94 (dd, J=6.6, 2.9 Hz, | H) 8.06 (ddd,
J=8.8,4.4,2.9Hz, 1 H) 820 (dd, J=8.2, 2.0 Hz, 1 1) 8.43 (d,
J=8.1 Hz, 1 H) 8.88 (s, 1 H) 9.91 (s, 1 H)

'H NMR (360 MHz, CHLOROFORM-d) § ppm 1.74 (s, 3 H)

| 427 (d, J=15.7 Hz, 1 ) 434 (d, J=15.7 Uz, 1 H)4.37 (br. s, 2
H) 4.51 (q,J=7.7 Hz, 1 H) 7.08 (dd, /=11.9, 9.0 Hz, 1 H) 7.69

(dd, J=7.0, 2.6 Hz, 1 H) 7.81 (dt, J=9.1, 3.3 Hz, 1 H) 7.89 (dd,

J=8.4,2.2 Hlz, 1 H) 8.25 (d, /=8.4 Mz, 1 1) 8.57 (d, /=2.2 Hz, 1

H)9.82 (s, 1 H) |

17¢

'"H NMR (360 MHz, CHLOROFORM-d) & ppm 1.87 (br. 5., 3 H)
4.07 (s, 3 H)4.33 (br. s, 2 H) 447 (d, /=15.0 Hz, 1 H) 4.53 (d,
180 | J=15.0 Hz, 1 H) 7.03 (dd, /=12.4, 8.8 Hz, 1 H) 7.64 (dt, /=8.9,
3.4 Hz, 1 H)7.85 (dd, /=7.3, 2.9 Hz, 1 H) 8.16 (d, /=1.5 Hz, |
F1) 9.02 (d, J/=1.5 Hz, 1 H) 9.49 (s, 1 H)

'H NMR (360 MHz, CHLOROFORM-d) & ppm 1.87 (br. 5., 3 )
434 (br.s., 2 H) 4.47 (d, J=15.4 Hz, 1 H) 4.52 (d, =153 Hz, 1
183 | H) 7.05 (dd, J=12.4, 8.8 Hz, 1 FI) 7.69 (dt, /=8.5, 3.1 Hz, 1 1)
7.86 (dd, J=7.3,2.6 Hz, 1 H) 8.21 (dd, /=8.1, 1.8 Hz, 1 H) 8.43
(d, 7=8.1 Hz, 1 H)8.91 (d, /=1.8 Hz, 1 F) 9.85 (s, 1 H)
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Co, Nr. NMR result

'H NMR (360 MHz, DMSO-ds) 8 ppm 0.31 - 0.43 (m, 2 H) 0.43
- 0.58% (m, 2 F) 1.76 - 1.85 (m, 1 H) 4.32 (d, J=15.4 Hz, 1 H)
4.68 (d, J=15.7 Hz, 1 H) 6.03 (br. 5., 2 H) 7.25 (d, /=7.3 Hz, 1 H)
7.32 (t, J=7.7 Hz, 1 H) 7.93 (d, J/=7.7 Hz, 1 H) 8.01 (s, 1 H)8.29
(d, /=8.1 Hz, 1 H) 8.59 (dd, J=8.2, 2.0 Hz, 1 H) 9.21 (d, J=2.0
Hz, 1 H) 10.86 (s, 1 H)

199

"H NMR (360 MHz, CHLOROFORM-d) 3 ppm 1.77 (s, 3 H)
4.02 (q, J=7.2 Hz, 1 H) 4.37 (br. 5., 2 H) 4.32 (d, /=15.9 Hz, 1 H)
204 | 4.42(d, =16.0 Hz, 1 H) 7.44 - 7.53 (m, 3 ) 7.58 (br. s, 1 H)
8.12 (t, J=2.0 Hz, 1 H) 8.85 (d, /~1.8 Hz, 1 H) 9.02 (d, J=2.2 Hz,
1 H)

'H NMR (360 MHz, CHLOROFORM-d) & ppm 0.11 - 0.30 (m,
1 H)0.32-0.41 (m, 1 H) 0.47 (td, J=8.8, 3.7 Hz, 1 H) 0.55 (m,
J=9.5,4.8,4.8 Hz, 1 H) 1.65 (tt, J=8.4, 4.2 Hz, 1 ) 3.99 (d,
J=15.4 Hz, 1 H) 4.23 (d, J=15.4 Hiz, 1 1) 4.44 (br. 5., 2 1) 6.22
(d, J=52.3 Hz, 1 H) 7.10 (dd, J=11.3, 8.8 Hz, 1 H) 7.44 (dd,
J=6.8,2.7 Hz, 1 H) 7.83 (ddd, J=8.8, 4.0, 2.9 Hz, 1 H) 8.19 (dd,
J=8.2,2.0 Hz, 1 H) 839 (d, /8.1 Hz, 1 H) 8.84 - 8.90 (m, 1 H)
9.80 (br. 5., 1 H)

214

"H NMR (360 MHz, CHLOROFORM-d) & ppm 0.15 - 0.26 (m,
2 H) 0.30 (m, J=5.5 Hz, 1 H) 0.47 (m, J=5.5 Hz, 1 H) 1.48 - 1.59
(m, 1 H)4.12 (d, /=15.4 Hz, 1 H) 4.26 (d, /=15.4 Hz, | H) 4.44
215 | (br. s, 2 ) 6.24 (dd, J=51.2, 2.0 Hz, 1 H) 7.11 (dd, /=11.3, 8.8
Hz, | H)7.87 (dd, J=6.6, 2.9 Hz, 1 H) 8.02 (ddd, /=8.9, 4.3, 2.9
Fz, 1 H) 8.20 (dd, /=8.2, 2.0 Hz, 1 H) 8.42 (dd, J=8.1, 0.7 Hz, 1
H) 8.87 (dd, /=22, 0.7 Hz, 1 H) 9.87 (s, 1 H)
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Co. Nr. NME result

'H NMR (360 MHz, CHLOROFORM-d) 8 ppm 0.15 - 0.26 (m,
1 H)0.33 - 0.42 (m, 1 H) 0.42 - 0.50 (m, 1 F) 0.50 - 0.60 (m, 1
H) 1.58 - 1.74 (m, 1 H) 3.99 (d, J=15.4 Hz, 1 H) 4.06 (s, 3 H)
216 1 4.22(d, J=15.7 Hz, 1 H) 4.34 - 4.60 (m, 2 H) 6.22 (d, J=52.3 Hz,
1 H) 7.08 (dd, J=11.7, 8.8 Hz, 1 H) 7.39 (dd, /=6.8, 2.7 Hz, 1 H)
782 (ddd, J=8.8, 4.0, 2.9 Hz, 1 H) 8.13 (d, J~1.5 Hz, 1 H) 8.99
(d,/~1.5Hz, 1 H)9.46 (s, | H)

"H NMR (360 MHz, CHLOROFORM-d) & ppm 0.14 - 0.26 (m,
2H)0.26-0.36 (m, 1 F1) 0.39 - 0.52 (m, 1 F) 1.41 - 1.63 (m, 1
H) 4.06 (s, 3 Hy4.11 (d, J=15.5 Hz, 1 H) 4.25 (d, /~15.5 Hz, 1
217 | H)4.43 (br. s, 2 H) 6.23 (dd, J=51.6, 2.2 Hz, 1 H) 7.08 (dd,
J=11.5,9.0 Hz, 1 1) 7.85 (dd, J=6.6, 2.9 Hz, 1 H) 7.97 (ddd,
J=8.8,4.0,2.9 Hz, 1 H) 8.14 (d, /=1.5 Hz, 1 H}9.01 (d, /~1.5
Hz, 1 H)9.52 (s, 1 H)

"H NMR (360 MHz, CHLOROFORM-d) & ppm 0.14 - 0.27 (m,

1 H)0.29 - 0.41 (m, 1 H) 0.43 - 0.50 (m, I H)0.51 - 0.60 (m, 1
H) 1.56 - 1.72 (m, 1 H) 3.99 (d, /=15.7 Hz, 1 H) 4.14 (br. 5, 2 H)
218 4.23(d, J=15.7 Hz, 1 H) 6.22 (d, J/=52.0 Hz, 1 H) 7.09 (dd,
J=11.5,9.0 Hz, 1 H) 7.31 (dd, J=6.8, 2.7 Hz, 1 H) 7.85 - 7.92 (m,
] H) 8.16 (d, J=1.8 Hz, 1 H) 8.73 (d, J=1.8 Hz, 1 H} 9.65 (br. s.,
1 H)

'"H NMR (360 MHz, CHLOROFORM-d) & ppm 0.12 - 0.27 (m,
1 H)0.31 - 0.42 (m, 1 ) 0.42 - 0.50 (m, 1 H) 0.50 - 0.62 (m, 1
) 1.65 (m, /=8.3,8.3,4.9 Hz, 1 ) 3.99 (d, J=15.4 Hz, 1 )
219 | 4.22(d, J=15.4 Hz, 1 H)4.52 (br. 5,2 H) 6.22 (d, J=52.3 Hz, ]
H) 7.08 (dd, J=11.5, 9.0 Hz, 1 H) 7.39 (dd, J=6.8, 2.7 Hz, 1 H)
7.64 (dd, J=9.9, 1.8 Hz, 1 H) 7.80 (dt, J=8.6, 3.6 Hz, 1 1) 8.37
(d, J=2.0 Hz, 1 H) 9.59 (s, 1 H)
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Co. Nr. NMR result

"H NMR (360 MHz, CHLOROFORM-4) & ppm 0.13 - 0.36 (m,
3H)0.39-050(m, 1 Hy 1.5 (m, /=8.1,54,2.6 Hz, 1 H}4.12
(d, /=154 Hz, 1 HY4.26 (d, /=15.4Hz, 1 H)4.48 (br.s.,2 H)
220 6.24 (dd, /=512, 1.8 Hz, 1 H) 7.08 (dd, /~=11.7, 8.8 Hz, 1 H)
7.65 (dd, /=10.1, 2.0 Hz, 1 H) 7.83 (dd, /=6.6, 2.9 Hz, 1 H) 7.99
(ddd, /=8.8,4.4,29 Hz, 1 H)8.37 (dd, /~1.9,0.7 Hz, 1 H) 9.66
(s, 1 H)

TH NMR (400 MHz, DMSO-ds) 8 ppm 0.18 - 0.31 (m, 1 H) 0.31
- 0.36 (m, 1 H)0.36 - 0.46 (m, 1 H) 0.48 - 0.64 (m, 1 H) 1.63 -
1.85 (m, 1 H)4.02(s,3 H)4.18(d, /=153 Hz, | H)4.13 -4.22
227 | (m, 1 H)4.31(d, /=154 Hz, [ H) 5.75 (5, 2 H) 7.20 (dd, J=8.1,
1.6 Hz, 1 H) 7.25 (t, J=7.7 Hz, 1 H) 7.79 (dt, /=8.0, 1.7 Hz, 1 H)
7.98 (t, J=1.8 Hz, t H) 8.40 (d, /~1.2 Hz, 1 H) 8.89 (d, /~1.2 Hz,
1H) 1033 (5, 1 FD

"H NMR (400 MHz, DMSO-ds) 8 ppm 0.24 (1dd, /=8.7, 8.7, 5.7,
3.2 Hz, 1 H)0.33-0.52 (m, 3 H) 1.33 - 1.48 (m, 1 HY4.03 (s, 3
) 4.06 (d, /=15.7 Hz, 1 H)4.12 (d, /=15.7 Hz, 1 H) 4.41 (q.
228 J=85Hz 1 H)5.59 (br. 5., 2 H) 7.19 - 7.24 (m, 1 H) 7.28 (t,
J=1.7Hz, 1 H) 7.76 (ddd, J=7.9, 2.0, 1.0 Hz, 1 H) 7.85 (t, /~1.8
Hz, 1 H) 8.34 (d, J=1.6 Hz, | H) 8.87 (d, /=12 Hz, 1 H) 10.08.
(br.s, | H)

'H NMR (500 MHz, CHLOROFORM-d) & ppm 1.69 (s, 3 H)
421 (s, 2 H) 4.17 - 428 (m, 2 H) 4.61 (q, /=8.4 Hz, 1 H) 6.96

254
(dd, J=11.3, 9.8 Hz, 1 H) 8.02 (t, J=8.8 Hz, 1 H) 8.93 (d, J=1.4
Hz, 2 H)9.21 (s, 1 H)
"H NMR (400 MHz, DMSO-ds) 8 ppm 0.03 - 0.17 (m, 1 ) 0.20
~0.32 (m, 1 H)0.33-0.42 (m, 1 H)0.43 - 0.52 (m, 1 F) 1.41 -
sg7 | 161 (m 1H)3.90(d, J=15.8 Hz, 1 H)4.03 (d,/=15.6 Hz, 1 H)

5.93 (br. 5., 2 H) 6.11 (d, /=53.2 Hz, 1 H) 7.4 (dt, J=R.0, 1.5 Hz,
1 H) 7.48 (1, J=7.8 Hz, 1 H) 7.66 (dt, J=7.3, 1.4 Hz, 1 H) 7.82 (s,
1 H)9.13 (5,2 H) 9.19 (s, 1 H)
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Co. Nr. : MMR result

"HNMR (400 MHz, DMSO-d¢) 8§ ppm 1.55 (s, 3 H) 4.09 (d,
J=16.1 Hz, 0 H) 4.22 (d, J=16.1 Hz, 1 H) 4.54 (q, /=8.4 Hz, 1 H)
260 | 582 (s, 2 H)7.12(dd, /=12.0, 8.8 Hz, 1 H) 7.69 - 7.84 (m, 1 H)
8.03 (dd, /=7.0, 2.8 Hz, 1 H) 8.31 (dd, /=10.3, 2.0 Hz, 1 1) 8.64
(dd, /=1.9, 0.9 Hz, 1 H) 10.63 (s, 1 H)

"H NMR (400 MHz, DMSO-d¢) 8 ppm 1.89 (s, 3 H) 4.84 (d,
J=17.1 Hz, 1 H) 4.94 (g, J=6.6 Hz, 1 H) 5.04 (d, /=17.1 Hz, 1 H)
7.22(dd, /=7.8, 1.0 Hz, I H) 7.43 (t, /=8.0 Hz, 1 H) 7.99 (1,

261 | ;=18 Hz, 1 H) 8.13 (dd, /=8.0, 1.3 Hz, 1 H) 8.31 (dd, /=8.0, 0.8
Hz, 1 H) 8.60 (dd, /=8.2, 2.1 Hz, 1 H) 8.75 {br. 5., 1 H) 9.21 (dd,
J=2.0,0.8 Hz, 1 H) 9.45 (br.s., 1 H) 10.94 (s, 1 H) 11.00 (br. s.,
1 H)

'H NMR (360 MHz, CHLOROFORM-d) & ppm 1.74 (s, 3 H)
3.97 (q, J=7.0 Hz, 1 H) 4.28 (br. s., 2 H) 4.28 (d, J/=15.7 Hz, 1 H)
438 (d, J=15.7 Hz, 1 H) 7.15 - 7.24 (m, 1 H) 7.41 - 7.51 (ui, 2
H) 8.93 (d, /=1.3 Hz, 2 H)9.22 (s, 1 H)

268

"H NMR (400 MHz, CHLOROFORM-4) & ppm 1.72 (d, J=2.1
Hz, 3 H) 4.52 (d, J=17.0 Hz, 1 H) 4.63 (d, J=17.0 Hz, 1 H) 5.58
277 (s, 2 H)5.79 (d, J=50.9 Hz, 1 H) 7.23 (dd, J=5.2, 1.8 Hz, 1 H)
7.39 (t, J=1.9 Hz, 1 H) 7.63 - 7.69 (m, 1 H) 7.90 (d, /~1.9 Hz, 2
H)8.70 (d, /~5.2 Hz, 1 H)

'H NMR (400 MHz, DMSO-ds) & ppm 0.67 (¢, J=7.3 Hz, 3 H) -
1.52 - 1.68 (m, 1 FI) 2.04 - 2.19 (m, 1 H) 3.92 (d, J=15.7 Hz, 1
H)4.04 (d, /=15.7 Hz, 1 H) 4.01 (s, 3 H) 5.90 (d, /=54.8 Hz, 1
H) 6.03 (br. s., 2 H) 7.15 (dd, /=11.8, 8.8 Hz, 1 H) 7.68 (dd,
J=7.2,2.8 Hz, 1 H) 7.76 (ddd, J=8.8, 4.2, 2.8 Hz, 1 H) 8.41 (d,
J=12Hz, 1 H) 8.87 (d, /=1.2 Hz, 1 H) 10.57 (s, 1 H)

281

"H NMR (500 MHz, DMSO-ds) 8 ppm 0.65 (&, J=7.2 Hz, 3 H)
1.78 - 1.94 (m, 1 H) 2.05 - 2.19 (m, 1 H) 4.02 (s, 3 H) 4.06 (d,
J=16.2 Hz, 1 H) 4.20 (d, /=16.0 Hz, 1 H) 4.54 (q, /=8.5 Hz, 1 H)
5.87 (s, 2 H) 7.10 (dd, J=11.8, 8.7 Hz, 1 H) 7.79 (dt, J=7.5, 4.2
Hz, 1 H) 8.13 (dd, J=7.1, 2.7 Hz, 1 H} 8.41 (d, J=1.2 Hz, 1 H)
8.88 (d, /=1.2 Hz, 1 H) 10.40 (s, 1 TT)

285
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Ce. Nr. NMR resuli

'"H NMR (360 MHz, CHLOROFORM-d) 3 ppm 0.82 (t, J=7.3
Hz, 3 H) 1.13 (d, J=6.2 Hz, 2 H) 4.00 (d, J=15.4 Hz, 1 H) 4.28
320 | (d, /~15.6 Hz, 1 H)4.37 (br.s., 2 H) 5.76 (d, /=52.3 Hz, 1 H)
7.39(d, J=7.3 Hz, 1 H) 7.44 - 7.55 (m, 3 H) 8.95 (s, 2 H) 9.21 (s,
1 H)

"H NMR (360 MHz, DMSO-d¢) 8 ppm 0.03 - 0.18 (m, 1 H) 0.19
-0.31 (m, 1H)0.31-0.39 (m, 1 ) 0.40 - 0.52 (m, 1 H) 1.30 -
1.44 (m, 1 H) 3.88 (d, /~=15.4 Hz, 1 H)4.02 (d, /=15.5 Hz, 1 H)
5.88 (d, /=53.8 Hz, 1 H) 5.91 (br. 5., 2 H) 7.22 (d, J=7.7 Hz, 1 H)
732 (t,J=8.1 Hz, 1 H) 7.63 (s, | H) 7.71 (d, /=8.1 Hz, 1 H) 8.66
(dd, J=10.1, 1.3 Hz, 1 F) 9.03 (s, 1 H) 10.76 (5, 1 H)

327

'H NMR (360 MHz, CHLOROFORM-d) & ppm 1.65 (s, 3 H)
4.04 (d, /=154 Hz, 1 H)4.27 (d, J=15.7 Hz, 1 H) 6.04 (d, J=52.7
230 | Hz, 1 H) 7.09 (dd, J=11.3, 8.8 Hz, 1 H) 7.46 (dd, /=6.8, 2.7 Hz,

1 H) 7.85 - 7.96 (m, 2 H) 8.70 (d, J=1.8 Hz, 1 H) 9.53 - 9.71 (br.
5. 1H)

'H NMR (360 MHz, CHLOROFORM-d) & ppm 1.66 (s, 3 H)
4.04 (d, J=15.6 Hz, 1 H)4.28 (d, /~15.5 Hz, 1 H) 6.05 (d, /=33.1
332 Hz, 1 H) 6.79 (t, /=54.2 Hz, 1 H) 7.10 (dd, /=11.3, 8.8 Hz, 1 H)
7.54 (dd, /=7.0,2.9 Hz, 1 H) 7.85 (ddd, J=8.8,4.0, 2.9 Hz, 1 H)
8.91 (s, | H)9.51 (s, 1 H) 9.61 (br.s., I H)

"H NMR (360 MHz, DMSO-ds) 8 ppm 1.73 (s, 3 1) 2.58 (s, 3 H)
467 (d,J=17.9 Hz, 1 H) 4.76 (d, J=17.9 Hz, 1 H) 6.15 (d, J=50.1
Hz, 1 1) 7.33 (dd, J=11.9, 9.0 Hz, 1 H) 7.75 (dd, J=7.3, 2.6 Hz,

33311 H) 801 (ddd, J=9.0, 4.2, 2.6 Hz, 1 H) 8.06 (dd, J=2.2, 0.7 Hz,
| H) 8.60 (d, J=2.6 Hz, 1 H) 8.98 (br. s, 1 H) 9.68 (br. s, 1 H)
10.80 (s, 1 H) 11,18 (br. 5, 1 H)
"H NMR (360 MHz, DMSQ-ds) 8 ppm 1.49 (d, J=1.5 Hz, 3 H)
4.00 (d, /=16.1 Hz, 1 H) 4.08 (d, J=16.1 Hz, 1 H) 6.01 (d, J=52.3
335

Hz, 1 H)6.01 - 632 (m, 2 H) 7.41 (dd, /=5.1, 1.5 Hz, 1| /) 8.11
(s, 1 ) 8.70 (d, /=5.1 Hz, 1 ) 9.26 (s, | H) 9.44 (s, 2 H)
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Co. Nr. NMR result

"H NMR (360 MHz, DMSO-ds) 8 ppm 1.45 (s, 3 H) 4.01 (m,
J=15.7 Hz, 1 H) 4.03 (s, 3 H) 4.10 (d, /~15.7 Hz, 1 H) 5.82 (d,
336 | /=527 Hz, 1 H)6.16 (br. 5., 2 H) 7.24 (dd, /=53, 1.6 Hz, 1 H)
8.23-837(m,2 H)&.45(d, /=1.1 Hz, 1 H)8.95(d, /=1.1 Hz, 1
H) 10.06 (s, 1 H)

'H NMR (360 MHz, CHLOROFORM-d) 8 ppm 1.77 (s, 3 H)
4.00 (g, /=7.0 Hz, 1 H) 4.31 (br. s, 2 H) 4.28 (s, 1 H)4.41 (d,
J=15.7 Hz, 1 H) 7.46 - 7.52 (m, 3 H) 7.59 (br. s, 1 H) 8.95 (s, 2
H) 9.20 (s, 1 H)

"H NMR (360 MHz, DMSO-ds) & ppm 4.44 (d, J=15.7 Hz, 1 H)
353 | 483 (d, 5157 Hz, 1 H) 6.22 (s, 2 H) 7.45 (dd, J=5.1, 1.8 Hiz, |
H) 8.00 (d, 7=1.5 Hz, 1 H) 8.73 (d, J=5.1 Hz, 1 H}9.28 (s, 1 FI)
9.45 (s, 2 H)

'"H NMR (360 MHz, DMSO-ds) 8 ppm 0.76 (1, J=7.1 Hz, 3 H)
1.87-198 (m, 1 H)2.03-2.14 (m, 1 H)4.02 (s, 3H)4.19 (s, 2
359 | H)4.33 (q,/=8.2 Hz, 1 H) 5.81 (s, 2 H) 7.15 (d, /7.7 Hz, | H)
7.27 (t, J=8.1 Hz, | H) 7.78 (d, J=8.1 Hz, 1 H) 7.89 (5, 1 H) 8.42
(s, TH)890 (s, T H) 10.34 (s, 1 H)

"H NMR (360 MHz, CHLOROFORM-d) & ppm 0.90 (t, /=7.3
363 | Hz3H)220(q, /<72 Hz, 2 H) 4.10 (q, J=7.4 Hz, 1 H) 4.20 -
4.49 (m, 2 H) 7.46 - 7.53 (m, 3 H) 7.62 (s, ] H) 8.96 (s, 2 H) 9.20
(s, 1 H)

"H NMR (360 MHz, DMSO-de) & ppm 0.76 (t, J=7.1 Hz, 3 H)
1.84 - 1.99 (m, 1 H)2.02 - 2,16 (m, 1 H) 3.32 (s, 3 H) 3.72 (¢,
368 |40 Hz 2 H)A19 (s, 2 H) 433 (m, /=77 Hz, 1 H) 4.53 ¢,
J=4.4 Hz,2 H) 5.80 (s, 2 H) 7.15 (d, J=7.7 Hz, 1 H) 7.27 (3,
J=8.1Hz, 1 H)7.79 (d, /=8.1 Hz, 1 H) 7.89 (s, 1 H) 8.43 (s, 1 })
1 8.87 (5,1 H) 10.34 (s, 1 H)

"H NMR (360 MHz, CHLOROFORM-4) § ppm 1.66 (d, /=1.8
Hz, 3 H) 3.82 (br. 5., 2 H) 4.08 (d, /=15.7 Hz, 1 H) 4.38 (d,

383 | J/=15.7Hz, 1 H)6.22(d, /=53.1 Hz, 1 H) 7.39 (dd, /=5.1, 1.5
Hz, 1 H) 7.66 (s, 1 H) 8.72 (d, J=5.1 Hz, 1 H) 9.01 (s, 2 H) 9.28
(s, 1 H)
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Co. Ny, KMR result

TH NMR (360 MHz, DMSO-ds) 8 ppm 1.4 (s, 3 H) 3.97 (d,
J=15.7 Hz, 1 H) 4.07 (d, /=15.7 Hz, 1 H) 5.81 (d, /=52.7 Hz, 1
1g7 | H)6.05(br.s, 2H) 7.23 (dd, J=5.1, 1.5 Hz, L H) 8.21 (5, 1 H)
8.31(d, J/=5.1 Hz, 1 H) 8.36 (dd, /=10.6, 1.8 Hz, ] H) 8.68 (d,
J=1.5Hz, 1 H) 10.54 (s, 1 H)

'H NMR (360 MHz, DMSO-dg) & ppm 1.41 (d, J=1.5 Hz, 3 H)
3.93(d, /~15.7Hz, 1 H}4.05 (d, /=150 Hz, 1 H)4.11 (q, /=5.1
Hz, 1 H) 5.94 (d, J=54.5 Hz, 1 F) 5.99 (br. s, 1 H) 7.72 (dd,
J=5.3,2.0Hz, { H)7.79 (d, /=2.0 Hz, 1 H) 8.36 (dd, /=10.4,2.0
Hz, 1 H) 8.46 (d, J=5.5 Hz, 1 H) 8.68 (br. d, /=2.0 Hz, 1 H)
11.05 (br. s, I H)

390

'H NMR (360 MHz, DMSO-ds) & ppm 1.42 (s, 3 H) 3.95 (d,
J=15.7 Hz, 1 H)4.03 (s, 3 H) 4.06 (d, /=15.7 Hz, 1 H) 5.92 (d,
397 | J/=54.5Hz, 1 H)6.02 (br.s., 2 H) 7.75 (dd, J=5.5, 2.2 Hz, 1 H)
7.97 (4, J=1.8 Hz, 1 H) 8.43 (d, /=1.5 Hz, 1 H) 8.44 (d, /=5.5
Hz, 1 H) 8.92 (d, J=1.2 Hz, 1 H) 10.89 (s, 1 H)

"H NMR (360 Mz, CHLOROFORM-d) & ppm 1.75 (s, 3 H)
4.02 (g, J=7.2 Hz, 1 H) 4.07 (s, 3 H) 4.32 (d, J=15.5 Hz, 1 H)
198 | 437 (br.s., 2 H) 448 (d, J=15.7 Hz, 1 H) 7.15 (dd, J=5.3, 1.6
Hz, 1 H)8.17 (d, /=1.2 Hz, 1 H) 831 (d,J=5.1 Hz, 1 H) 8.49 (d,
J=1.2 Hz, 1 H) 9.02 (d, /=1.2 Hz, 1 H) 10.08 (s, | H)

"H NMR (360 MHz, CHLOROFORM-d) & ppm 1.72 (d, J=1.1
Hz, 3 H) 4.08 (s, 3 H) 4.36 (br. 5., 2 FI) 4.35 (d, J=16.1 Hz, 1 H)
399 | 4.42(d,J=16.1 Hz, 1 H) 5.00 (q, J=8.1 Hz, 1 H) 7.7] - 7.76 (m,
2 H)8.17 (d, J<1.3 Hz, 1 H) 8.54 (br. d, /=5.3 Hz, 1 H) 9.02 (d,
J=12Hz, 1H)971 (br. s, 1 H

D. Pharmacological examples

The compounds provided in the present invention are inhibitors of the beta-site
APP-cleaving enzyme ! (BACEL). Inhibition of BACEL, an aspartic protease, is
believed to be relevant for treatment of Alzheimer’s Disease (AD). The production and
accumulation of beta~amyloid peptides {Abeta) from the beta-amyloid precursor protein
{APP) is believed to play a key role in the onset and progression of AD. Abeta is
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produced from the amyloid precursor protein (APP) by sequential cleavage at the N-
and C-termini of the Abeta domain by beta-secretase and gamma-secretase,
respectively.

Compoundé of Formula (1) are expected to have their effect substantially at
BACEI! by virtue of their ability to inhibit the enzymatic activity. The behaviour of
such inhibitors tested using a biochemical Fluorescence Resonance Energy Transfer
(FRET) based assay and a cellular alisa assay in SKNBE2 cells described below and
which are suitable for the identification of such compounds, and more particularly the

compounds according to Formula (1), are shown in Table 17 and Table 18.
Biochemical FRET based assay

This assay is a Fluorescence Resonance Energy Transfer Assay (FRET) based
assay. The substrate for this assay s an APP derived 13 amino acids peptide that
contains the ‘Swedish’” Lys-Met/Asn-Leu mutation of the amyloid precursor protein
{APP) beta-secretase cleavage site. This substrate also contains two fluorophores: (7-
methoxycoumarin-4-yl) acetic acid (Mca} is a fluorescent donor with excitation
wavelength at 320 nm and emission at 405 nm and 2,4-Dinitrophenyl (Dnp) is a
proprietary quencher acceptor, The distance between those two groups has been
selected so that upon light excitation, the donor fluorescence energy is significantly
quenched by the acceptor, through resonance energy transfer. Upon cleavage by
BACET1, the fluorophore Mca 1s separated from the quenching group Dnp, restoring the
full fluorescence yield of the donor. The increase m fluorescence is linearly related to
the rate of proteolysis.

Briefly in a 384-well format recombinant BACE1 protein in a final
concentration of T yg/mi is incubated for 120 minutes at room temperature with 10 pm
substrate in incubation buffer (40 mM Citrate buffer pH 5.0, 0.04 % PEG, 4 % DMSQ)
in the absence or presence of compound. Next the amount of proteolysis is directly
measured by fluorescence measurement at T=0 and T=120 {excitation at 320 nm and
emssion at 405 nm). Results are expressed in RFU (Relative Fluorescence Units), as
difference between T120 and T0.

A best-fit curve is fitted by a minimum sum of squares method to the plot of
%Controlmin versus compound concentration. From this an 1Csg value (inhibitory

concentration causing 50% inhibition of activity) can be obtained.
LC = Median of the low control values

= Low control: Reaction without enzyme
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HC = Median of the High control values

= High Control: Reaction with enzyme
%Effect = 100-[(sample-L.C) / (HC-LC) *100]
%Control = (sample /HCY*100
Y% Controlmin = (sample-LC) / (HC-L.C) *100

The following exemplified compounds were tested essentially as described above and

exhibited the following the activity:

Table 18:
Biochemical FRET based Biochemical FRET based

Co. Nr. 58y Co. Nr. assay
pICso pICsp

H 4.62 20 6.78
2 5.72 21 7.29
3 5.10 : 22 6.7
4 5.439 23 5.86
5 654 24 6.77
6 5.29 25 6.93
7 5.39 |26 5.67
8 5.69 27 6.35
9 5.46 28 6.18
10 5.12 29 6.11
11 4.84 30 6.05
o 6.89 31 4.76
13 5.37 32 4.87
14 6.28 33 4.91
15 5.56 34 5.05
16 5.66 35 7.11
17 6.78 36 5.13
18 5.54 ' 37 5.45
19 5.38 38 6.91
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Biochemical FRET based Bicchemical FRET based

Ce. Nr. assay Co. Nr. assay

pICso pICsy
39 6.9 69 5.29
40 6.04 70 5.77
41 6.33 71 6.25
4z 5.74 72 5.58
43 7.14 73 6.99
44 7.21 74 5.38
45 5.53 75 5.01
46 5.6 76 7.32
47 5.95 77 7.28
48 5.73 78 7.26
49 4.6 79 7.22
56 6.93 80 7.01
51 5.41 81 5.05
52 6.06 82 6.2
53 <452 83 6.01
54 5.41 84 4.64
55 5.55 85 5.19
56 5.69 86 7.41
57 6.53 87 5.81

58 5.11 88 <4.52
59 5.36 89 5.26
60 5.65 90 6.37
61 545 91 7.03
62 7.21 92 4.82
63 5.46 93 6.33

64 6.41 94 <4.52
65 6.78 95 5.85
66 5.69 96 4.95
67 <4.52 97 521
68 6.35 98 5.55
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Biochemical FRET based Biochemical FRET based
Co. Nr. assay Co. Nr. assay
pICSO Iﬂcso
99 4.68 129 483
100 5.81 130 5.72
141 6.75 131 7.45
102 <4.52 132 5.96
163 5.68 133 7.59
104 503 134 768 ]
105 5.81 135 <452
106 5.36 136 5.09
1647 6.88 137 <4.52
108 589 138 S8
109 <4.52 139 <4.52
119 159 140 <4.52
111 - 5.83 141 <452
112 5.31 142 <452
113 7.57 143 7.48
114 5.17 144 7.11
115 6.21 145 4.67
116 <4.52 146 6.26
117 6.36 147 6.7
118 6.72 148 <452
119 4.95 149 <4.32
120 5.55 150 5.96
121 5.73 151 6.4
122 <4.52 152 5.41
123 7.53 153 7.05
124 7.69 154 <4.52
125 5.86 155 <4.52
126 744 156 5.69
127 < 4.52 157 <4.52
128 5.24 158 <4.52
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Biochemical FRET based Biochemical FRET based

Co. Nr. assay Co. Nr. assay

pICsq plCsyp

159 <4.52 199 <4.52
161 4.53 191 4.73

162 5.21 192 <4.52
163 7.39 193 7.13
164 <4.52 194 5.7
165 7.46 195 7.27

166 7.3 196 <4.52

167 7.46 197 6

168 6.08 198 6.52
169 7.25 199 7.83
176 721 202 6.32
171 5.95 243 7.69
172 6.29 204 6.44
173 7.66 205 4.8

174 <4.52 206 <4.52
175 6.53 267 5.46
........... 176 5.89 208 7.57
177 7.6 209 7.4
178 4.7 210 4.92
179 <4.52 211 5.85
186 7.35 212 5.19
181 758 1L 213 6.36
182 6.26 214 6.96
183 739 215 6.3
184 6.39 216 7.05
185 6.78 217 6.22
186 6.75 218 6.9
187 4.99 219 7.03
188 6.36 220 6.33
i89 <4.52 221 6.9
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Biochemical FRET based Biochemical FRET based
Co. Nr. assay Co. Nr. assay
piCso piCso
222 5.13 254 6.07
223 461 255 6.35
224 4.83 256 7.37
225 7.45 257 6.05
226 6.86 258 n.t.
227 745 259 7.07
228 6.67 260 7.32
229 7.35 261 n.t.
230 7.34 262 7.52
231 7.47 263 n.t.
232 7.51 264 7.04
233 7.5 265 6.28
234 7.6 266 <4.52
235 7.48 267 <4.52
238 6.08 268 6.44
239 5.98 269 6.8
240 7.59 270 6.88
241 6.49 271 <4.52
242 7.69 272 7.04
243 6.58 273 5.16
244 7.11 274 6.58
245 7.66 275 7.21
246 6.5 276 6.76
247 7.55 277 6.66
248 6.31 278 5.06
249 6.66 279 n.t.
250 7.22 280 6.74
251 7.31 281 7.13
252 n.t. 282 6.05
253 6.81 283 747
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Biochemical FRET based Biechemical FRET based
Ceo. Nr. assay Co. Nr. assay
pICse pICsa
284 7.06 314 7.26
285 7 315 7.09
286 6.07 316 5.94
287 6.86 317 5.69
288 7.48 318 6.45
289 7.51 319 7.36
290 7.01 320 n.t.
261 7.49 321 n.t.
292 6.17 322 .t
293 5.86 323 n.t.
294 5.64 324 n.t,
285 5.16 325 n.t.
296 5.42 326 n.t.
297 7.41 327 n.t.
298 6.91 328 n.t.
299 6.77 329 n.t.
300 5.81 330 n.t.
301 7.09 331 n.t,
302 <4.52 332 n.t.
303 5.74 333 n.t.
304 6.23 334 n.t.
305 7.38 335 n.t.
306 7.44 336 n.t.
307 6.7 337 n.t.
308 731 338 n.t.
369 6.60 339 n.t.
319 5.48 340 n.t.
311 5.86 341 n.t.
312 6.18 342 1.t
313 7.78 343 n.t




WO 2011/154431 PCT/EP2011/059441
- 218 -
Biochemical FRET based Biochemical FRET based
Co. Nr. assay Co. Nr. assay
pICsy pICso
344 n.t. 374 n.t.
345 nt. 375 n.t.
346 n.t. 376 n.t.
347 n.t. 377 n.t.
348 n.t. 378 n.t.
349 nt. 379 nt.
356 n.t. 386 n.t.
351 5.69 381 ni.
352 n.t. 382 n.t.
353 .t 383 1.t
354 1.t. 384 n.i.
355 nt. 385 n.t.
356 n.i. 386 n.t.
357 nt. 0 387 n.t.
358 n.t. 388 n.t.
359 n.t. 389 n.t.
360 n.t. 396 n.t,
361 1.t 391 n.t.
362 n.t 352 n.t.
363 nt. 393 n.t.
364 n.t 394 nt.
365 n.t. 395 .t
366 n.i, 396 n.t.
367 n.t. 397 n.t,
368 n.t. 398 n.t.
369 n.t. 359 n.t.
370 1n.t. 469 n.t.
372 n.t. 402 n.t.
373 In.t, 403 n.t.
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Biochemical FRET based ‘ ' Biochemical FRET based
Co. Nr. assay Co. Nr. assay
PICs piCso
404 n.t. 406 n.t.
405 n.t. 407 n.t.

Cellular ol.isa assay in SKNBE2 cells

In two alisa assays the levels of Abeta total and Abeta 1-42 produced and
secreted into the medium of human newroblastoma SKNBE2 cells are quantified. The
assay is based on the human neuroblagtoma SKNBE?2 expressing the wild type
Amyloid Precursor Protein (hAPP695). The compounds are difuted and added to these
celis, mcubated for 18 hours and then measurernents of Abeta 1-42 and Abeta total are
taken. Abeta total and Abeta 1-42 are measured by sandwich ¢l.isa. alisa isa
sandwich assay using biotinylated aniibody AbN/25 attached to streptavidin coated
beads and antibody Ab4G8 or cAb42/26 conjugated acceptor beads for the detection of
Abeta total and Abeta 1-42 respectively. In the presence of Abeta total or Abeta 1-42,
the beads come into close proximity. The excitation of the donor beads provokes the
release of singlet oxygen molecules that trigger a cascade of energy transfer in the
acceptor beads, resulting in light emission. Light emission 18 measured after 1 hour

incubation (excitation at 650 nm and emission at 615 nm).

A best-fit curve is fitted by a minimum sum of squares method to the plot of
%Controlmin versus compound concentration. From this an 1Csy value (inhibitory
concentration causing 50 % inhibition of activity) can be obtained.

LC = Median of the low control values

= Low control: cells preincubated without compound, without biotinylated Ab in
the aLisa

HC = Median of the High control valucs
= High Control: cells preincubated without compound
%Effect = 100-{(sample-L.C) / (HC-LC) *100]
%Control = (sample /HC)* 100
%Controlmin = (sample-LC) / (HC-L.C) *100
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Table 19:
Cellular alisa assay in | Cellular olLisa assay in
Co. NI SKNBE?2 celis SKNBEZ cells
Abeta 42 Abetatotal
piCsy piCsy
1 5.83 5.99
2 6.14 6.21
3 6.2 6.19
4 6.59 6.66
5 7.77 7.79
6 6.29 6.34
7 6.49 6.53
8 6.67 6.75
9 <5 5.07
10 6. 6.58
11 6.2 6.33
12 - 8.17 8.16
13 6.83 6.84
14 7.49 7.56
15 6.31 5.51
16 6.41 6.45
17 8.32 8.3
18 6.57 6.61
19 6.29 6.352
20 7.81 7.86
21 8.27 83
22 7.59 7.663
23 6.89 6.85
24 7.77 7.73
25 7.93 7.9
26 6.72 674
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Cellular al.isa assay in | Celluilar aLisa assay in
Co. NI SKNBE?2 cells SKNBE?2 cells
~Abeta 42 Abetatotal
pICsy pICso
27 7.06 7.04
28 7.07 7.04
29 6.67 6.67
30 7.57 7.66
31 5.76 5.86
32 6.2 6.25
33 5.72 575
34 5.54 558
35 8.37 8.4
36 5.98 6.09
37 6.77 6.79
38 8.39 8.35
39 §.27 8.38
40 7.31 7.32
41 7.31 7.33
42 5.85 5.9
43 8.34 8.45
44 8.39 8.3945
45 6.85 6.92
46 6.29 6.32
47 6.79 6.83
48 6.19 622
49 5.68 5.66
50 7.91 7.88
51 6.61 6.59
52 6.68 6.66
53 5.28 <5
54 6.68 6.65
55 6.89 6.99
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Cellular olisa assay in | Cellular alisa assay in
Co. Nr. SKNBE2 cells SKNBEZ cells
Abeta 42 Abetatotal
nECsp pICsq
56 7.02 7.1
57 7.79 7.8
58 6.7 6.68
59 6.44 6.417
60 6.89 6.92
61 6.94 6.98
62 8.39 8.39
63 6.94 6.9
64 7.36 7.37
65 8.32 8.3
66 6.92 7.0
67 5.26 5.42
68 7.06 7.04
69 5.13 <5
76 5.17 5.31
71 <5 <5
72 6.2 6.19
73 8.31 8.37
74 6.71 6.69
75 5.46 5.46
76 7.96 7.95
77 7.92 7.93
78 7.93 8.07
79 7.59 7.59
80 7.22 7.27
81 5.91 5.92
82 6.6 6.61
83 6.29 6.29
84 541 535




WO 2011/154431 PCE/EP2011/059441
=223 -
Cellular aLisa assay in | Cellular oLisa assay in
Co. Nr. SKNBEZ cells SKNBE?2 celis
Abeta 42 Abetatotal

pICsy plCso

85 6.06 6.07
86 8.16 8.21

87 6.46 647
88 5.66 5.65

89 6.51 6.67
90 7.76 7.76
91 7.82 7.86
92 5.47 351
93 6.98 6.97
94 5.43 5.34
95 6.48 6.5
96 6.46 6.43
97 6.86 6.87
_______ 98 6.19 6.14
9% 5.87 5.73
100 6.46 6.47
101 7.71 7.7
162 <5 <3
103 0.38 6.35
104 5.8 5.82
165 6.7 6.65
166 62 6.23
167 7.81 7.9
1G8 6.92 6.92
109 6.15 6.08
119 7.64 7.65

111 6.36 6.31.
112 5.68 5.71
113 7.53 7.52
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Cellular ollisa assay in | Cellular oLisa assay in
Co. Nr. SKNBE2 cells SKNBEZ cells
Abeta 42 Abetatotal
pICsp piCsy

114 5.82 5.5
115 675 6.68
i16 5.18 5.06
117 6.59 6.55
118 7.23 7.18
119 5.62 5.67
120 6.02 6.05
21 0 6.43 6.48
122 5.19 5.04
123 7.97 7.98
124 8.21 8.2
125 6.44 - 642
126 8.06 8.09
127 <35 <5
128 6.0 6.02
129 5.28 5.34
139 6.47 6.48
131 7.54 7.52
132 6.35 638
133 8.18 8.21
134 8.39 8.42

135 504 5.06
136 5.26 5.27
137 < 4.82 <432
138 6.36 6.31
13% <35 <5
149 <5 <5
141 <5 <5
142 <5 <5
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Cellular oLisa assay in | Cellular alLisa assay in
Co. Nr. SKNBEZ cells SKNBE2 cells
Abeta 47 Abetatotal
pICSB PIC50
143 8.35 8.36
144 7.27 7.38
145 5.45 5.55
""" 146 7.07 7.03
147 7.59 7.6
148 ......... < 5 < 5
149 5.06 5.05
150 6.1 6.1
151 7.8 7.83
152 5.5 5.5
153 7.94 7.88
154 S <3
155 <5 <5
156 7.02 7.1
157 <5 <5
158 <5 <5
159 6.15 6.08
161 <5 <5
162 6.1 6.14
163 8.01 8.05
164 = T <3
165 B.14 8.13
166 7.9 7.91
167 8.12 8.12
168 7.1 7.13
169 8.16 8.17
176 8 8
171 6.87 6.89
172 6.74 6.81
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Cellular allisa assay in | Cellular allisa assay in
Co. Nr. SKNBE2 cells SKNBE?2 cells
Abeta 42 Abetatotal

pICsy piCso
173 g.11 8.07
174 <5 <5
175 5.18 5.24
176 6.34 6.38
177 7.83 7.84
178 533 5.35
179 <5 <5
186 7.47 7.55
181 7.87 7.87
182 6.68 6.69
183 7.84 - 7.86
184 | 6.44 6.44
185 6.7 6.71
186 6.75 6.78
187 592 5.95
188 6.91 6.93
189 <5 <5
190 52 5.25
191 5.04 5.46
192 <5 <5
193 7.19 7.23
194 608 6.13
195 8.01 8.02
196 6.92 6.95
197 6.77 6.78
198 | 6.7 6.69
199 T 7.77
202 6.27 6.27
203 7.43 7.43
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Cellular aLisa assay in | Cellular oLisa assay in
Co. Nr- SKNBE2 cells SKNBE? cells
Abeta 42 Abetatotal
plCsg pPICse

204 7.05 7.06
25 355 5.47
206 <35 <5
287 6.33 6.24
208 7.96 8
269 7.81 7.86
210 <5 <5
211 5.66 3.76
212 - <5
213 5.39 5.43
214 6.1 6.15

215 6.51 6.52
216 6.22 6.2
217 6.28 6.31
218 6.07 6.08
2i9 6.51 6.55
220 6.45 6.46
221 6.24 6.31
222 <5 <5
223 <5 <5
224 <5 <5
225 8.2 818
226 741 747
227 8.09 8.1
228 7.31 7.35
229 7.85 7.84
230 7.86 7.87
231 7.91 7.93
232 8.02 8
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Cellular alisa assay in | Cellular oLisa assay in
Co. Nr. SKNBE?2 cells SKNBE2 celis
Abeta 42 Abetatotal

plCsg pICso
233 7.92 7.89
234 7.94 7.99
235 7.84 7.85
238 6.65 6.66
239 6.65 6.65
244 7.98 7.99
241 6.9 6.92
242 7.91 7.91
243 6.62 6.58
244 7.04 7.11
245 8.18 8.23
246 6.92 6.99
247 7.79 7.84
248 6.64 6.68
249 7.05 7.09
256 7.30 7.4
251 7.38 7.42
252 n.t. n.t.
253 ) 7.3
254 6.46 6.5
255 6.4 646
256 7.54 7.58
257 5.99 6.01
258 n.t. n.t.
259 6.87 6.9
260 8.18 8.19
261 Lt n.t
262 7.16 7.13
263 n.t. n.t.
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Cellular alisa assay in | Cellular aLisa assay in
Co. Nr. ' SKNBE2 cells SKNBE2 cells
Abeta 42 Abetatotal
pICs pICso
264 6.46 6.5
265 7.16 7.16
266 <5 -5
267 5.15 <5
268 7 7.09
269 7.23 7.24
276 7.33 732
271 <5 <5
272 7.44 7.45
273 5.09 5.19
274 6.92 6.92
278 7.23 7.25
276 7.38 7.38
277 6.97 6.95
278 5.49 5.5
279 n.t, n.t
286 7.23 7.24
281 7.3 7.34
282 6.56 6.65
283 7.52 7.61
284 7.75 7.76
285 7.83 7.8
286 6.8 6.81
287 7.49 7.56
288 8.11 8.13
289 8 7.98
290 7.73 7.75
291 8.25 8.31
292 5.98 6.17




WO 2011/154431 PCT/EP2011/959441

- 230 -
Cellular aLisa assay in | Cellular cLisa assay in
Co. Nr. SKNBE2 cells SKNBEZ cells
Abeta 42 Abetatotal

piCsxy piCs,
293 573 5.81
294 5.18 5.31
295 ' 5.09 519
296 <5 <5
297 | LTI AL T—
298 7.21 7.23
299 7.62 7.67
300 5.91 5.93
301 7.14 717
302 <5 <5
303 5.73 5.76
304 6.44 0.47
305 7.6 7.6
366 | 8.16 8.13
307 6.97 7.03
308 8.2 8.21
309 7.13 7.14
310 6.11 6.21
311 5.84 5.95
312 5.49 5.55
313 7.75 7.87
314 7.08 7.24
315 6.77 o4
3i6 6.14 6.2
317 6.26 633
318 6.07 6.14
319 7.13 7.16
320 n.t. n.t.
321 n.t. n.t.
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Cellular aLisa assay in | Cellular aLisa assay in
Co. Ni. SKNBE?Z cells SKNBE2? cells
Abeta 42 Abetatotal
plCsq pICsy
322 n.t. n.t.
323 n.t. n.t.
324 n.t. n.t.
328 n.t. n.t.
326 n.t. n.t.
327 n.f. n.t.
328 n.t. n.t.
329 n.t. n.t.
336 n.t n.t
331 n.t. n.t.
332 n.t. nt,
333 n.t. n.t.
334 n.t, n.t.
338 nt. n.t.
336 n.t. n.t.
337 n.t. n.t.
338 n.t. n.t.
339 n.t n.t.
340 n.t. n.t.
341 n.t. n.t.
342 n.t. n.t.
343 n.t. n.t.
344 n.t. n.t.
345 n.t. n..
346 nt. n.t.
347 n.t. n.t.
348 n.t, n.t.
349 n.t. n.t.
350 n.i _nt.
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Céiluiar oaLisa assay in | Cellular aLisa assay in
Co. Nr: SKNBEZ cells SKNBE2 cells
Abeta 42 Abetatotal
piCsy pICso
351 6.26 6.33
352 n.t. n.t.
353 n.t. n.t.
354 n.t. n.t.
355 n.i. n.t.
356 n.t. n.t.
357 n.t. n.t.
358 n.i n.t.
359 nt. n.i.
366 n.t. n.t.
361 n.t. n.t.
362 n.t. n.t.
363 n.t. n.t.
364 n.t. n.t.
365 n.t. n.t.
366 n.t. n.t.
367 n.t. n.t.
368 n.t. n.t.
369 n.t. n.t.
376 n.t. n.t.
371 n.t, nt.
372 n.t. n.t.
373 nt. n.t.
374 n.t. n.t.
375 n.i. n.t.
376 n.t. n.t.
377 n.t. n.t.
378 nt. n.t.
379 n.t. n.t.
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Cellular aLisa assay in | Cellular oLisa assay in
Co. Nr.  SKNBE2 cells SKNBE2 cells
Abeta 42 Abetatotal
pICso pICsp
386 n.t. n.t.
381 n.t. n.t.
382 n.t. n.t.
383 n.t. n.t.
384 n.t. n.t.
385 n.t. n.t.
386 n.t. n.t.
387 n.t, nt,
388 n.t. n.t.
389 n.t. n.t.
399 n.t. n.t.
391 n.t. n.t.
392 n.t. L.t
393 1n.t. n.t.
394 n.t. n.t.
395 n.t. n.t.
396 n.t. n.t.
397 n.t. n.t.
398 n.t n.t.
399 n.t. n.t.
400 n.t, n.t.
401, . .
442 n.t. n.t.
443 n.t. n.t.
404 n.t. n.t.
405 n.t. n.t.
406 mn.t. n.t.
407 n.t, nt.

n.t. means not tested
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Demonstration of in vivo efficacy

AP peptide lowering agents of the invention can be used to treat AD in
mamimals such as humans or alternatively demonstrating efficacy in animal models
such as, but not limited to, the mouse, rat, or guinea pig. The mammal may not be
diagnosed with AD, or may not have a genetic predisposition for AD, but may be
transgenic such that it overproduces and eventuaily deposits A in a manner similar to
that seen in humans afflicted with AD.

AP peptide lowering agents can be administered in any standard form using any
standard method. For example, but not limited to, AP peptide lowering agents can be in
the form of liquid, tablets or capsules that are taken orally or by injection. A peptide
lowering agents can be administered at any dose that is sufficient to significantly
reduce levels of AR peptides in the blood, blood plasma, serum, cerebrospinal fluid
(CSF), or brain.

To determine whether acute administration of an AB42 peptide lowering agent
would reduce AP peptide levels in vivo, non-transgenic rodents, e.g. mice or rats were
used. Animals treated with the AP peptide lowering agent were examined and
compared to those untreated or treated with vehicle and brain levels of soluble AB42
and total AP were quantitated by standard techniques, for example, using ELISA.
Treatment periods varied from hours (h) to days and were adjusted based on the results
of the AB42 lowering once a time course of onset of effect could be established.

A typical protocol for measuring A342 lowering in vivo is shown but it is only
one of many variations that could be used to optimize the levels of detectable AB. For
example, Af peptide Jowering compounds were formulated in 20 % hydroxypropyl B
cyclodextrin. The AP peptide lowering agents were administered as a single oral dose
{(p.0.) or a single subcutaneous dose (s.c.) to overnight fasted animals. After a certain
time, usually 2 or 4 h (as indicated in Table 19), the animals were sacrificed and AR42
levels were analysed.

Blood was collected by decapitation and exsanguinations in EDT A-treated
collection tubes. Blood was centrifuged at 1900 g for 10 minutes (min) at 4 °C and the
plasma recovered and flash frozen for later analysis. The brain was removed from the
cranium and hindbrain, The cerebeltum was removed and the left and right hemisphere
were separated. The left hemisphere was stored at -18 °C for quantitative analysis of
test compound levels. The right hemisphere was rinsed with phosphate-buffered saline
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(PBS) buffer and immediately frozen on dry ice and stored at -80 °C until

homogenization for biochemical assays.

Mouse brains from non-transgenic animals were resuspended in 8 volumes
0f 0.4 % DEA (diethylamine) /50 mM NaCl containing protease inhibitors (Roche-
11873580001 or 04693159001) per gram of tissue, ¢.g. for 0.158 g brain, add 1.264 ml
0f0.4 % DEA. All samples were homogenized in the FastPrep-24 system (MP
Biomedicals) using lysing matrix D (MPBio #6913-100) at 6r/s for 20 seconds.
Homogenates were centrifuged at 221.300 x g for 50 muin. The resulting high speed
supernatants were then transferred to fresh eppendorf tubes. Nine parts of supernatant
were neutrabized with 1 part 0.5 M Tris-HCI pH 6.8 and used to quantify ABtotal and
AB42,

To quantify the amount of Alltotal and AB42 in the soluble fraction of the brain
homogenates, Enzyme-Linked-Immunosorbent-Assays were used . Briefly, the
standards (a difution of synthetic AB1-40 and A 1-42, Bachem) were prepared in 1.5
ml Eppendorf tube in Ultraculture, with final concentrations ranging from 10000 to 0.3
pg/ml. The samples and standards were co-incubated with HRPO-labelled N-terminal
antibody for A42 detection and with the biotinylated mid-domain antibody 4G¥ for
Af¥total detection. 50 ul of conjugate/sample or conjugate/standards mixtures were then
added to the antibody-coated plate (the capture antibodies selectively recognize the C-
terminal end of AB42, antibody JRE/cAB42/26, for AB42 detection and the N-terminus
of A}, antibody JRF/rAB/2, for ABtotal detection). The plate was allowed to incubate
overnight at 4 °C in order to allow formation of the antibody-amyloid complex.
Following this incubation and subsequent wash steps the ELISA for AB42
quantification was finished by addition of Quanta Blu fluorogentc peroxidase substrate
according to the manufacturer’s instructions (Pierce Corp., Rockford, 11). A reading
was performed after 10 to 15 min (excitation 320 nm /emission 420 nm).

For ABtotal detection, a Streptavidine-Peroxidase-Conjugate was added,
iollowed 60 min later by an addional wash step and addition of Quanta Blu fluorogenic
peroxidase substrate according to the manufacturer’s instructions {Pierce Corp.,
Rockford, 11). A reading was performed after 10 to 15 min (excitation 320 nm
femisston 420 nm).

In this model at least 20 % AB42 lowering compared to untreated animalg
would be advantageous.
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The following exemplified compounds were tested essentially as described above and
exhibited the following the activity:

Table 28:
Co. AR42 _ Afitotal Dose Reute of Time after
No. (% Ctrl)_ Mea | (% Ctrl)_Mea administration | administration
n n

1 102 97 30 mpk §.C. 4h

8 92 98 30 mpk 8.C. 4h

9 87 101 30 mpk 5.C. 4h
12 93 98 30 mpk s.C. 4h
14 107 i16 30 mpk 8.C. 4h
44 56 67 30 mpk 5.C. 4h
50 133 95 5 mpk 5.C. 4h
52 68 114 30 mpk 5.C. Zh
55 88 87 30 mpk §.C. 4 h
59 114 95 30 mpk 5.C. 2h
65 79 91 30 mpk §.¢. 4 h
82 57 44 30 mpk 8.C. 2h
86 60 55 30 mpk §.C. 4h
96 116 104 30 mpk 5.C. 4h
117 95 86 30 mpk s.C. 2h
123 38 38 10 mpk p.0. 4%
123 24 21 10 mpk $.C. 4h
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Co. AR42 Aftotal Dase Route of Time after
No. (% Ctrh) Mea | (%Ctrl)_Mea administration | administration
n n

124 23 25 30 mpk p.0. 4h
126 26 31 30 mpk P.0. 4 h
126 27 32 30 mpk $.C. 4h
134 27 35 30 mpk D.0. 4h
166 50 43 30 mpk p.o. 4h
167 G5 78 30 mpk p.o. 2h
169 38 39 30 mpk p.o. 4h
199 64 45 30 mpk ¢ 2h
264 113 _ 103 30 mpk sC 4h
209 6 i4 10 npk p.o. 4%h
216 45 39 30 mpl p.o. 4h
217 &0 73 30 mpk p.0. Zh
218 99 90 30 mpk 8¢ 2h
219 95 86 30 mpk SC 2h
227 77 66 30 mpk P.0. 2h
228 9% 79 30 mpk p.o. Zh

s.c. means subcutaneous ; p.o. means oral

Single dose pharmacology in the beagle dog

Compound 86 was tested to evaluate the effect on the beta-amyloid profile in
5  cerebrospinal fluid (CSF) of dogs after a single dose, in combination with
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pharmacokinetic (PK) follow up and Himited safety evaluation. 6 Beagle dogs (3 male,
3 female) were dosed with vehicle (4 ml/ kg of an aqueous suspension of 20 %
cyclodextrin and Tween) and 6 Beagle dogs (3 male, 3 female) were dosed with
compound 86 (20 mg/kg in 2ml/kg of an aqueous 20 % cyclodextrin solution) on an
empty stomach. CSF was taken in conscious animals directly from the lateral ventricle
via a cannula which was screwed in the skull and covered with subcutancous tissue and
skin, before and at 4, § and 24 hours after dosing. 8 Hours after dosing the animals got
access to their regular meal for 30 minutes. Blood was taken for PK follow up (0.5, 1,
2, 4, 8 and 24 hours) and at the time of the CSF sampling, samples for serum analysis
were taken. An additional sample for serum analysis was taken 10 days after dosing.
The CSF samples were used for measurement of Abeta 1-37, Abeta 1-38, Abeta 1-40
and Abeta 1-42.

The decrease in Abeta 1-38, Abeta 1-40 and Abeta 1-42 at 24 hours post dosing,
compared to own baseline, was almost maximal (> 90%) while the decrease in Abeta 1-
37 was somewhat less though still very pronounced (72 % at 24h). The effect on Abeta
Compound 86 lowered Abeta 1-37, Abeta 1-38, Abeta 1-40 and Abeta 1-42 in CSF. is
in line with a slow clearance of compound 86 resulting in high plasma levels {1439
ng/ml) up to at least 24 h post dosing. CSF levels at 24 h were 45 ng/ml. No acute or
delayed changes in serum parameters (liver enzymes, bilirubin,...) and no overt clinical

abnormalifies in behavior were seen.

Bricf assay description for the measurement of transepithelial transport of test

compounds through LLC-MDRI1 monolayers

The purpose of this assay was to asscss both the in vitro passive permeability of
test compounds and their ability to be transported substrates of P-gp using LLC-PK1
cells stably transduced with MDR1 in a trans-well system. The positive control for
transport was “H-digoxin (30 nM) and the positive control mhibitor was GF120918 (5
uM). The marker compound for low permeability was “*C-Mannitol (1 pM). The test
compound concentration was 1 uM.

The apical to basolateral (A to B) in the presence and absence of the P-gp
mhibitor GF120918 and the basolateral to apical (B to A) permeation rates (Apparent
Permesbility) of the test compounds (Papp x10-6 cm/sec) were measured following an
incubation period of 120 minutes. The integrity of the cellular monolayer was assessed
in each incubation well through the inclusion of the fluorescent, low permeability

marker compound, Fluorescein.
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In detail, LLC-MDRI1 cells were seeded on 24-well cell culture insetts
(Millicell®-PCF, 0.4 pm, 13 mm diameter, 0.7 sz) at 400,000 cells/cm”. Cell culture
medium consisted of Medium 199 supplemented with 10% Foetal Bovine Serum (FBS)
and 100 U/ml Penicillin/streptomycin and was replaced the day after seeding and the
day before the experiment. The transport experiment was performed 5 days after
seeding. On the day of the experiment, solutions of the test compounds were applied to
the apical or basoclateral side of the monolayers to assess transport in the A to B and B
to A directions, respectively. The medium used in the assay was (OPTI-MEM (1x)
(GIBCO) with 1 w/v % Bovine Serum Albumin. Inserts were incubated at 37°C in a
humidified incubator containing 5 % CO,. Samples from the acceptor and donor
compartments were collected after an incubation time of 120 min, to assess the
permeability and to allow estimation of the test compound recovery during the
experiment, respectively. Transport experiments were performed in triplicate. Absohite
test compound concentrations were measured using LC-MS/MS and quantified via a

calibration curve.

Table 21
Co. No. G6-position | Ate B AtoB Bto A BA/AB
(+GF)
44 H 5.3 24.6 38.8 7.3
134 F 89 15.4 17.7 2.0
12 H 254
113 ¥, CF3 9.0 : 11.0 g8 1.1
86 F 13.2 18.3 209 i.6
39 H 3.7 15.4 3472 G3
123 F 17.6 20.0 19.7 1.1
166 CF3 13.7 16.0 13.6 1.0
216 F 12.0 12.9 12.0 1.0
4 H 259
43 H 1.4 10.3 26.6 18.5
93 F 7.4 235 34.3 4.6
100 F 7.6 23.4 27.4 36
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Co. NMo. 6-position AitcB AtoB Bio A BA/AB
(+GF)

169 CF3 10.5 16.7 19.0 1.8

118 F, CF3 12.0 16.5 [5.0 1.3

54 H 2.0 10.3 34.5 14.1

106 CF3 18.2 20.8 19.8 1.1

35 H 9.5 23.6 34.4 3.6

82 F 10.5 19,1 239 23
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Claims

PCT/EP2011/059441

I. A compound of Formula (I}

| R OR

R j:() R4
RS

=
HN N X

N L\Ar
] ¥3
b &N 7
X
or a tautorer or a sterevisomeric form thereof, wherein

R, R? and R® are independently selected from the group consisting of hydrogen,
fluoro, cyano, C;salkyl, mono- and polyhalo-C; salkyl, and Csscycloalkyl;

R” is fluoro or trifluoromethyl; or

R' and R?, or R’ and R* taken together with the carbon atom to which they are
attached may form a Ciecycloalkanediyl ring;

R’ is selected from the group consisting of hydrogen, C\aalkyl, eyclopropyl,
mono- and polyhalo-Cy.salkyl, homoaryl and heteroaryl;

X', X%, %%, X are independently C(R®) or N, provided that no more than two
thereof represent N; each R® is selected from the group consisting of hydrogen,
halo, C;salkyl, mono- and polyhalo-C;salkyl, cyano, Cyaalkyloxy, mono- and
polyhalo-C; salkyloxy,

Lisabondor ~N(R7)CO~, wherein R is hydrogen or C;_salkyl,

Ar is homoaryl or heteroaryl;

homoaryl is pheny! or phenyl substituted with one, two or three substituents
selected from the group consisting of halo, cyano, Cysalkyl, C)salkyloxy, mono-
and polyhalo-Cysalkyl, mono- and polyhalo-C, zalkyloxy;

heteroaryl is selected from the group consisting of pyridyi, pyrimidyl, pyrazyl,
pyridazyl, furanyl, thienyl, pyrrolyl, pyrazolyl, imidazolyl, triazolyl, tetrazolyl,
thiazolvi, isothiazolyl, thiadiazolyl, oxazolyl, isoxazoly! and oxadiazolyl, each
optionally substituted with one, two or three substituents selected from the group
consisting of halo, cyano, Ciaalkyl, Cozalkynyl, Cisalkyloxy, mono- and
polyhalo-C;_salkyl, mono- and polyhalo-Ci.;alkyloxy, and C, salkyloxy-
Ciaalkyloxy; or
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an addition salt or a solvate thereof

The compound according to claim 1 wherein R', R” and R® are hydrogen, R” is
fluoro and L is ~N(R")CO- wherein R is hydrogen.

The compound according to claim 2 wherein R', R? and R are hydrogen, R* is
fluoro, L is -N(R")CO- wherein R is hydrogen, and R’ is methyl, ethyl or
cyclopropyl.

The compound according to claim 2 wherein R', R” and R” are hydrogen, R” is
fluoro, L is ~N(R")CO- wherein R is hydrogen, and R is methyl, ethy! or
cyclopropyl, X%, X* and X* are CH, and X' is CH, CF or N.

The compound according to claim 2 wherein R', R* and R? are hydrogen, R* is
fluoro, L iy -N(R")CO- wherein R’ is hydrogen, and R’ is methyl, ethyl or
cyclopropyl, and Ar is pyridyl, or pyrazyl, each optionally substituted with one or
tWO substituents selected from halo, cyano, methoxy, trifluorocthoxy and
difluoromethyl.

The compound according to claim 1 wherein R, R* and R are hydrogen, R” is
trifluoromethyl and L is ~N(R")CO- wherein R is hydrogen.

The compound according to claim 6 wherein R', R” and R’ are hydrogen, R* is
trifluoromethyl, L is ~N(RYCO- wherein R’ is hydrogen, and R’ is methy}, ethy!
or cyclopropyl. '

The compound according to claim 6 wherein RY, R? and R’ are hydrogen, R" is
trifluoromethyl, L is ~N(RYCO- wherein R is hydrogen, R” is methyl, ethyl or
cyclopropyl, X%, X and X" are CH, and X' is CH, CF or N,

The compound according to ¢laim 6 wherein R', R” and R? are hydrogen, R” is
trifluoromethyl, L is ~N(RYCO- wherein R’ is hydrogen, R is methyl, ethy! or
cyclopropyl, and Ar is pyridyl, or pyrazyl, cach optionally substituted with onc or
two substituents selected from halo, cyano, methoxy, trifluoroethoxy and
difluoromethyl.
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The compound according to claim 1 wherein R' and R? are hydrogen, R® is
fluoro, R* is trifiuoromethyl and L is ~N(R"YCO- wherein R’ is hydrogen.

A pharmaceutical composition comprising a therapeutically effective amount of a
compound as defined in any one of claims 1 to 10 and a pharmaceuticaily
acceptable carrier.

A process for preparing a pharmaceutical composition as defined in claim 11,
characterized in that a pharmaceutically acceptable carrier is intimately mixed
with a therapeutic ally effective amount of a compound as defined in any one of
claims 1 to 10.

A compound as defined in any one of claims 1 to 10 for use in the treatment,
prevention or prophylaxis of Alzheimer's disease {(AD), miid cognitive
impairment, senility, dementia, dementia with Lewy bodies, Down's syndrome,
dementia associated with stroke, dementia associated with Parkinson's disease or
dementia associated with beta-amyloid.



