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1 (57) Abstract: The invention relates to compounds of formula (I): wherein X, W, Q,
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6-AMINO-PYRIMIDINE-4-CARBOXAMIDE DERIVATIVES AND RELATED
COMPOUNDS WHICH BIND TO THE SPHINGOSINE 1-PHOSPHATE (S1 P)
RECEPTOR FOR THE TREATMENT OF MULTIPLE SCLEROSIS

The present invention relates to pyrimidine derivatives, their use as medicaments and

their use for treating multiple sclerosis and other diseases.

Any discussion of documents, acts, materials, devices, articles or the like which has
been included in the present specification is not to be taken as an admission that any or
all of these matters form part of the prior art base or were common general knowledge

in the field relevant to the present disclosure as it existed before the priority date of

each claim of this application.

Throughout this specification the word "comprise", or variations such as "comprises" or
“comprising”, will be understood to imply the inclusion of a stated element, integer or
step, or group of elements, integers or steps, but not the exclusion of any other element,

integer or step, or group of elements, integers or steps.

SUMMARY OF THE INVENTION

In a first aspect, the invention provides compounds according to formula (I):
1

X

o ()
X)\‘/LW’Q\R
2

R

wherein

X is NR?R®,

R? isHor A,
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is A,

is branched or linear alkyl having 1 to 12 C-atoms, wherein one or more H-
atoms may be replaced by Hal, OR?, COOR’, CN or N(R3 )2 and wherein one or
more non-adjacent CH,-groups may be replaced by O, NR?, S or SO; and/or by
-CH=CH- groups, or denotes cycloalkyl or cycloalkylalkylene having 3-7 ring C

atoms

isF,Cl, Brorl,

isC=0,
is NR®,

is Ar or Het,

denotes a monocyclic or bicyclic, saturated, unsaturated or aromatic carbocyclic
ring having 6 to 14 carbon atoms which may be unsubstituted or
monosubstituted, disubstituted or trisubstituted by Hal, A, OR’, -[C(R3 )2],,-OR3 ,
N(RY),, -[C(R*)2]a-N(R?),, NO,, CN, COOR?, CF3, OCF3, CON(R?),, NR’COA,
NR’CON(R?),, -[C(R*)2)n-Het, -[C(R);]s-Ar, -[C(R*)2]n-cycloalkyl,
-[C(R*)]n-CON(R’);, -[C(R*)2]1-COOR?, -{[C(R*)2]-NR’~[C(R*)2]»-CO:R?,
-[CR*),1-NR2-[C(R?)]0-OR?, -SO2-[C(R*)2]a-COR?, -SO5-N(R)-[C(R* )]
CO2R?, -[C(R*)2])0-SO2-[C(R)2]a-CO2R?, -SO,-[C(R*),]-OR?, -SO2-N(R>),-
[C(R%)2],-OR?, -[C(R?)2]0-SO2-[C(R?):].-OR?, NR’*CON(RY),. NR’S0O,A, COR?,
SO,N(R%);,, SO,N(R*)A, SOA, SONR?A, or SO,A, and/or -O[C(R*);},-COOR?,
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denotes a monocyclic or bicyclic, saturated, unsaturated or aromatic heterocyclic
ring having 1 to 4 N, O and/or S atoms which may be unsubstituted or
monosubstituted, disubstituted or trisubstituted by Hal, A, OR?,

~[C(R*)2]a-OR?, N(R),, -[C(R*)2]a-N(R?)2, NO,, CN, COOR?, CF3, OCF3,
CON(R?),, NR*COA, NR*CON(R?),, -[C(R*)]n-Het, -[C(R?)]s-Ar,
-[C(R))s-cycloalkyl, -[C(R?),]s-CON(R?),, -[C(R);],-COOR?, {[C(R?),]-
NR’~[C(R?)],-CO;R?, -[C(R?)3]n-NR>-[C(R*)2]o-OR?, -S0,-[C(R*);]»-CO;R?,
-S02-N(R*)3-[C(R*)2]a-CO3R?, -[C(R?)3]4-SO2-[C(R*)2]a-CO,R?, -SO,-[C(R),]-
OR’, -80>-N(R*),-[C(R)]o-OR’, -[C(R*)2}-802-[C(R*)2}a-OR’, NR*CON(R?),,
NR’S0,A, COR?, SO,N(R%),, SO,N(R*)A, SOA, SONR’A, or SO,A, and/or
-O[C(R*))»-COOR’,

denotes H,

denotes H,

isHor A

is0,1,2,3,4,5,6, 7 or 8,

and pharmaceutically acceptable solvates, tautomers, prodrugs, salts and

stereoisomers thereof, including mixtures thereof in all ratios.

In a second aspect, the invention provides a process for the preparation of compounds

of formula (I) according to the invention and salts thereof, characterized in that

a) a compound of formula A

1

A

| aQ A
/ X
L W R
2

R
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wherein R', R%, W, Q, R have the meanings as defined in the first aspect and L
is a leaving group, is reacted with a compound of formula XH, wherein X is as defined
in the first aspect,
or

S b) a compound of formula B

1

Y

| B
X)YKW—T
2

R

wherein X, R', R? and W have the meanings as defined in the first aspect and T
is OH, OA, Cl, Br or a leaving group, is reacted with HNR’R, HOR or HSR, wherein R
has the meaning given in the first aspect of the invention, and/or
10 transforming the groups R' and/or R? in the compounds of formula (I) into different

groups R' and R? by methods known in the art, and/or a base or acid of the formula ¢))

is converted into one of its salts.

In a further aspect, the invention provides a process for the preparation of the

15 compounds of formula (I) according to the invention and salts thereof, characterized in

that
a) a compound of formula C
X
N” SN

I q C

/ e ~
X W R
R?
20 wherein X, R%, W, Q, R have the meanings given in the first aspect of the

invention, is hydrogenated in the presence of a suitable catalyst and a suitable base.
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In a further aspect, the invention provides a pharmaceutical composition comprising at
least one compound according to the invention and/or pharmaceutically usable
tautomers, prodrugs, salts, solvates and stereoisomers thereof, including mixtures

thereof in all ratios, and optionally excipients and/or adjuvants.

In a further aspect, the invention provides set (kit) consisting of separate packs of

(a) aneffective amount of a compound according to the invention and/or
pharmaceutically usable tautomers, prodrugs, salts, solvates and stereoisomers thereof,
including mixtures thereof in all ratios,

and

(b) an effective amount of a further medicament active ingredient.

In a further aspect, the invention provides the use of compounds according to the
invention and pharmaceutically usable salts, prodrugs, tautomers, solvates and
stereoisomers thereof, including mixtures thereof in all ratios, for the preparation of a
medicament for the treatment and/or prophylaxis of a sphingosine 1-phosphate

associated disorder.

In a further aspect, the invention provides a method of treatment and/or prophylaxis of
a sphingosine 1-phosphate associated disorder, the method comprising administering a
compound according to the invention or a pharmaceutically usable salt, prodrug,

tautomer, solvate or stereoisomer thereof, or a mixture thereof in any ratio, to a subject

in need thereof.

In a further aspect, the invention provides the use of compounds according to the
invention, and pharmaceutically usable salts, prodrugs, tautomers, solvates and
stereoisomers thereof, including mixtures thereof in all ratios, for the preparation of a

medicament for the treatment and/or prophylaxis of an immunoregulatory abnormality.

In a further aspect, the invention provides a method of treatment and/or prophylaxis of

an immunoregulatory abnormality, the method comprising administering a compound
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according to the invention or a pharmaceutically usable salt, prodrug, tautomer, solvate,

or stereoisomer thereof, or a mixture thereof in any ratio, to a subject in need thereof.

In particular, the invention relates to compounds of formula (I):

1

R
)

- | a (1
X W R
R2

wherein

X is NR®R®, SR® or Hal,

R* isHorA,
R® is A,
A is branched or linear alkyl having 1 to 12 C-atoms, wherein one

or more, preferably 1 to 7 H-atoms may be replaced by Hal, OR?, COOR?, CN
or N(R*); and wherein one or more, preferably 1 to 7 non-adjacent CH,-groups
may be replaced by O, NR>, S or SO, and/or by -CH=CH- groups, or denotes
cycloalkyl or cycloalkylalkylen having 3-7 ring C atoms

Hal isF,Cl, Brorl,

w is C=0, C=§, SO, or SO,

Q  isNR} -0-or-S-,
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is H, A, Ar, Het,

denotes a monocyclic or bicyclic, saturated, unsaturated or aro-
matic carbocyclic ring having 6 to 14 carbon atoms which may
be unsubstituted or monosubstituted, disubstituted or
trisubstituted by Hal, A, OR?, -[C(R®)2].-OR?, N(R%)z, -[C(R®)2]n-
N(R®)2, NO,, CN, COOR?®, CF3, OCF3, CON(R®),, NR*COA,
NR3CON(R?),, -[C(R%)2]a-Het, -[C(R%)2]-Ar, -[C(R%)2]n-cycloalkyl,
-[C(R%)2]:-CON(R?), -[C(R%)2]--COOR?, —[C(R?)2]»-NR?-
[C(R®)2]-CO2R?, -[C(R?)2]n-NR3*-[C(R?),],-OR?, -SO,-[C(R%)2]n-
CO,R®, -S0,-N(R%)2-[C(R®%)2]n-COR?, -[C(R%)2]1-SO-[C(R%)2]n-
CO2R?, -S02-[C(R?)2].-OR?, -S02-N(R?),-[C(R®)2]»-OR?, -
[C(R®)2]n-SO2-[C(R?)2].-OR3, NRCON(R?),, NR*SO,A, COR?,
SO:N(R?)2, SO2N(R%)A, SOA, SONR®A, or SO2A, and/or
-O[C(R®)],-COOR?,

denotes a monocyclic or bicyclic, saturated, unsaturated or aro-
matic heterocyclic ring having 1 to 4 N, O and/or S atoms which
may be unsubstituted or monosubstituted, disubstituted or
trisubstituted by Hal, A, OR?, -[C(R%)2],-OR?, N(R®)2, -[C(R®)2].-
N(R®)2, NO,, CN, COOR?®, CF3, OCF3, CON(R®);, NR*COA,
NR>*CON(R?),, -[C(R?)2]n-Het, -[C(R?)2]n-Ar, -[C(R%)2].-cycloalkyl,
-[C(R%)2]:-CON(R®);, -[C(R?)2]--COOR?, —[C(R?)2]a-NR*-
[C(R?)2].-CO2R?, -[C(R?)2]n-NR3-[C(R?)2]2-OR?, -SO4-[C(R?)2]n-
CO2R?, -S02-N(R?)2-[C(R?)2]:-CO2R?, -[C(R?)2]a-SO2-[C(R?)2]n-
CO2R?, -S02-[C(R%)2],-OR?, -S02-N(R?),-[C(R?)2]»-OR?, -
[C(R?)2].-SO2-[C(R?)2].-OR3, NR®*CON(R?),, NR*SO,A, COR?,
SO.N(R?),, SO.N(R?A, SOA, SONRA, or SO.A, and/or
-O[C(R%)2]--COOR?,
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3
R' denotes Hor A
R?> dentes H, A or Hal,
R3 is Hor A
n is0,1,2,3,4,5,06,7 or8,

and pharmaceutically acceptable derivatives, solvates, tautomers, salts and

stereoisomers thereof, including mixtures thereof in all ratios.

In a prefered embodiment, the invention relates to compounds of structure (I)

wherein

X and R are as above defined.
and pharmaceutically acceptable derivatives, solvates, tautomers, salts and
stereoisomers thereof, including mixtures thereof in all ratios.

Preferably, R in I' is Ar or Het.

In another prefered embodiment, the invention relates to compounds of
Formula (1)
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wherein R?, R® and R are as above defined. More particularly,

R® is H, (C1-Cq2)alkyl, (C4-C1z)alkylcycloalkyl, (C4-Cq2)cycloalkyl, or
(C4-Cy2)alkyl-O-alkyl

R® is (C1-Ci2)alkyl, (C1-Cy2)alkylcycloalkyl, (C1-Ci2)cycloalkyl or (C+-
C12)alkyI-O-aIkyI y

R is Ar, Het
Ar, Het are as above defined

and pharmaceutically acceptable derivatives, solvates, tautomers, salts and

stereoisomers thereof, including mixtures thereof in all ratios.

In one embodiment, the invention relates to compounds of formula |, wherein

Ar is substituted by an aminosulfonyl or a hydroxyl group.

In a preferred embodiment, the invention relates to compounds of formula |,
wherein X is NR?R® and R? is hydrogen, alkyl or cycloalkyl, R® is cycloalkyl, R
is selected from 4-aminosulfonyl-2-methyl-phenyl, 4-aminosulfonyl-phenyl, 4-
(2-hydroxyethyl)aminosulfonyl-phenyl, 4-(2,3-dihydroxypropyl)aminosulfonyl-
phenyl, 4-(2-methoxyethyl)aminosulfonyl-phenyl and 4-(ethylaminosulfonyl)-
phenyl, W is CO, Q is NR® and R', R? are H.

In another preferred embodiment, the invention relates to compounds of
formula |, wherein X is NR?R®, R%is alkyl, R® is cycloalkyl or alkyl, R is
selected from 4-hydroxy-phenyl, 4 hydroxy-2-methyl-phenyl, W is CO, Q is
NR® and R', R? are H.
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In a very preferred embodiment, the invention relates compounds of formula
|, wherein X is O, R® is cycloalkyl, R is selected from 4-hydroxyphenyl and 4-
hydroxy-2-methyl-phenyl, W is CO, Q is NR* and R', R? are H.

In a more preferred embodiment, the invention relates to compounds of
formula |, wherein X is NR?R®, R? is hydrogen or alkyl, R is alkyl or
cycloalkyl, R is selected from 1H-indazol-5-yl and 6-methyl-1H-indazol-5-yl,
W is CO, Qis NR®and R, R? are H. Also compounds of Formula (1) wherein

X is OR" are preferred.

In another embodiment, the invention relates to compounds of formula (I),
wherein X is NR?R®, R?is alkyl, R" is alkyl or cycloalkyl, R is 4-
(aminomethyl)phenyl, W is CO, Q is NR® and R', R? are H. Also compounds
of formula () wherein R' is Hal are preferred.

In another embodiment, the invention relates to compounds of formula (l),
wherein X is NR?R®, R? is hydrogen, R is cycloalkyl, R is selected from 2-
fluoro-4-hydroxy-phenyl, 2-chloro-4-hydroxyphenyl or 4-hydroxy-2-methyl-
phenyl, W is CO, Q is NR* and R", R? are H.

More preferably, the invention relates to compounds of formula (1), wherein X
is NR?R®, R? is hydrogen, R” is alkyl, R is selected from 4-hydroxy-napthyl, W
is CO, Qis NR*and R', R* are H.

Most preferably, the invention relates to compounds of formula (l), wherein X
is NR?R®, R? is hydrogen or alkyl, R is alkyl, R is selected from quinolin-4-yl
and pyridine-4-yl, W is CO, Q is NR® and R, R? are H.

In another embodiment, the invention relates to compounds of formula (1),
wherein X is NR?R®, R%is alkyl, R” is alkyl or cycloalkyl, R is 4-
(aminocarbonyl)phenyl, W is CO, Q is NR® and R', R* are H,
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In another embodiment, the invention relates to compounds of formula (I), wherein X is
NR®R®, R® is hydrogen, R® is alkyl, R is selected from 4-hydroxyphenyl, 4-hydroxy-3-
methyl-phenyl, 3-chloro-4-hydroxy-phenyl, 2,3-dimethyl-phenyl, 2,5-dimethyl-phenyl
or 3-fluoro-4-hydroxy-phenyl, W is CO, Q is NR*and R', R? are H.

In another embodiment, the invention relates to compounds of formula (I) having a

ECS50 in GTPyS for the binding to the S1P, receptor of less than about 5 uM.

In another embodiment, the invention relates to a pharmaceutical composition
comprising at least one compound according to one or more of Formulae I, I' and I"
and/or pharmaceutically usable derivatives, tautomers, salts, solvates and stereoisomers
thereof, including mixtures thereof in all ratios, and at least one further active

ingredient.

In another embodiment, the invention relates to the use of compounds according to one
or more of Formulae I, I' and I", and pharmaceutically usable derivatives, salts,
tautomers, solvates and stereoisomers thereof, including mixtures thereof in all ratios,
for the preparation of a medicament for the treatment and/or prophylaxis of diseases in
which the inhibition, activation, regulation, and/or modulation of S1 P, receptor signal

transduction plays a role.

In another embodiment, the invention relates to the use of compounds of one or more
of Formulae I, I' and 1", wherein the sphingosine 1-phosphate-(1) associated disorder is

an autoimmune disorder or condition associated with an overactive immune response.

The compounds of formula I are preferably binding on receptors for sphingosine 1 -

phosphate (S1 P). SIP is a bioactive sphingolipid metabolite
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that is secreted by hematopoietic cells and stored and released from
activated platelets. It acts as an agonist on a family of G protein-coupled
receptors (GPCR). Five sphingosine 1-phosphate receptors have been
identified (S1P1, S1P2, S1P3, S1P4, and S1Ps, also known as endothelial
differentiation genes, which are Edg1, Edg5, Edg3, Edg6 and Edg8
respectively), that have widespread cellular and tissue distribution and are

well conserved in human and rodent species.

S1P is involved in a number of cellular functions such as survival,
proliferation and immunological responses. The compounds of the present
invention are preferably acting as S1P4/Edg1 receptor agonists and thus
have immunosuppressive activities by modulating leukocyte trafficking,
sequestering lymphocytes in secondary lymphoid tissues, and interfering
with cell-cell interactions required for an efficient immune response. The
invention is also directed to pharmaceutical compositions containing such

compounds and methods of treatment or prevention.

FTY720 or fingolimod, a non selective S1P1 agonist, exerts
immunosuppressive activity and shows therapeutic effects in the treatment of
relapsing-remitting multiple sclerosis. Numerous publications have been
already published using this compound: Cyster JG Annu Rev Immunol
23:127-59, 2005, Rosen H Nat Rev Immunol 5:560-570, 2005, Rosen H
Trends Immunol 28:102-107, 2007, Yopp AC Clin Transplant 20:788-795,
2006, Kappos L N Engl J Med 355:1124-1140, 2006, Massberg S N Engl J
Med 355:1088-1089, 2006.

Immunosuppressive agents are further useful in a wide variety of
autoimmune and chronic inflammatory diseases, including systemic lupus
erythematosus, chronic rheumatoid arthritis, type | diabetes mellitus,
inflammatory bowel diseases, biliary cirrhosis, uveitis and other disorders
such as Crohn’s diseases, ulcerative colitis, bullous pemphigoid, sarcoidosis,

psoriasis, autoimmune myositis, Wegener’s granulomatosis, ichthyosis,
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Graves ophthalmopathy, atopic dermatitis and asthma. They are also useful
as part of chemotherapeutic regimens for the treatment of cancers,

lymphomas and leukemias.

It has been found that the compounds of the present invention are selective
S1P¢ agonists with improved pharmacological and/ or other properties.

Thus, the present invention preferably comprises compounds, which are
agonists of the S1P4/Edg1 receptor, especially having selectivity over the
S1P3/Edg3 receptor. An S1P+1/Edg1 receptor selective agonist has
advantages over current therapies and extends the therapeutic window of
lymphocyte sequestration agents, allowing better tolerability with higher
dosing and thus improving efficacy.

The term “selectivity” is taken to mean, IC50 of the compounds toward the
receptor S1P1/Edg+ substancially higher than IC50 toward the receptor
S1P3/Edg3, for instance, 10 to 107 fold higher and more preferably 10° to 10’
fold higher.

The invention further relates to the manufacture of a medicament for the
improvement of vascular function, either alone or in combination with other

active compounds or therapies.

The pyrimidine compounds according to formula | may be prepared from
readily available starting materials using the following general methods and
procedures. It will be appreciated that where typical or preferred experimental
conditions (i.e. reaction temperatures, time, moles of reagents, solvents etc.)
are given, other experimental conditions can also be used unless otherwise
stated. Optimum reaction conditions may vary with the particular reactants or
solvents used, but such conditions can be determined by the person skilled in

the art, using routine optimisation procedures.

The following abbreviations refer respectively to the definitions below:



10

15

20

25

30

WO 2009/019167 PCT/EP2008/059933

9

aq (aqueous), h (hour), g (gram), L (liter), mg (milligram), MHz (Megahertz),
min. (minute), mm (millimeter), mmol (millimole), mM (millimolar), m.p.
(melting point), eq (equivalent), mL (milliliter), L (microliter), ACN
(acetonitrile), BOC (tert-butoxy-carbonyl), CBZ (carbobenzoxy), CDCI3
(deuterated chloroform), CD3sOD (deuterated methanol), CH3;CN
(acetonitrile), c-hex (cyclohexane), DCC (dicyclohexyl carbodiimide), DCM
(dichloromethane), DIC (diisopropyl carbodiimide), DIEA (diisopropylethyl-
amine), DMF (dimethylformamide), DMSO (dimethylsulfoxide), DMSO-ds
(deuterated dimethylsulfoxide), EDC (1-(3-dimethyl-amino-propyl)-3-
ethylcarbodiimide), ESI (Electro-spray ionization), EtOAc (ethyl acetate),
Et,O (diethyl ether), EtOH (ethanol), FMOC (fluorenylmethyloxycarbonyl),
HATU (dimethylamino-([1,2,3]triazolo[4,5-b]pyridin-3-yloxy)-methylene]-
dimethyl-ammonium hexafluorophosphate), HPLC (High Performance Liquid
Chromatography), i-PrOH (2-propanol), K2COs (potassium carbonate), LC
(Liquid Chromatography), MeOH (methanol), MgSO4 (magnesium sulfate),
MS (mass spectrometry), MTBE (Methyl tert-butyl ether), Mtr. ( 4-Methoxy-2,
3, 6-trimethylbenzensulfonyl), NaHCO3 (sodium bicarbonate), NaBH4
(sodium borohydride), NMM (N-methyl morpholine), NMR (Nuclear Magnetic
Resonance), POA (phenoxyacetate), PyBOP® (benzotriazole-1-yl-oxy-tris-
pyrrolidino-phosphonium hexafluorophosphate), RT (room temperature), Rt
(retention time), SPE (solid phase extraction), TBTU (2-(1-H-benzotriazole-1-
yl)-1,1,3,3-tetramethyluromium tetrafluoro borate), TEA (triethylamine), TFA
(trifluoroacetic acid), THF (tetrahydrofuran), TLC (Thin Layer
Chromatography), UV (Ultraviolet).

Depending on the nature of X, W, Q, R", R? and R in formula |, different
synthetic strategies may be selected for the synthesis of compounds of
Formula I. In the process illustrated in the following schemes X, W, Q, R", R?,
R® and R are as above-defined in the description.

In general, the pyrimidine compounds according to Formula | of this invention
may be prepared from readily available starting materials. If such starting
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materials are not commercially available they may be prepared by standard
synthetic techniques. The following general methods and procedures
described hereinafter in the examples may be employed to prepare

compounds of Formula I.

Generally, compounds of Formula | can by prepared by coupling a pyrimidine
carboxylic acid of Formula IV with an aryl amine of Formula V, wherein X, R',
R? R®and R are defined as above, as outlined in Scheme 1. General
protocols for such coupling are given below in the Examples, using
conditions and methods well known to those skilled in the art to prepare an
amide bond from an aryl amine and a carboxylic acid, with standard coupling
agents, such as but not limited to 1-alkyl-2-chloropyridinium salt or preferably
polymer-supported 1-alkyl-2-chloropyridinium salt (polymer-supported
Mukaiyama's reagent), 1-methyl-2-chloropyridinium iodide (Mukaiyama’s
reagent), in the presence or absence of bases such as TEA, DIEA, NMM in a
suitable solvent such as DCM, THF or DMF, at a temperature between 20 °C
to 50 °C, preferably at room temperature, for a few hours, e.g. one hour to 24
h. Alternatively, a carboxylic acid derivative (e.g. acyl chloride) may be
coupled with the amine, using conditions and methods well known to those
skilled in the art, in the presence of bases such as TEA, DIEA, NMM in a
suitable solvent such as DCM, THF or DMF, at a temperature rising from 20
°C to 50 °C, preferably at room temperature, for a few hours, e.g. one hour to
24 h.

Scheme 1
Cl
R’ ; 1
PN O N R
N/ N 3 ! = N)\N R3
/S/IH(OH R -OTf LN
X ) + HN\R > X/S/Kn/ R

N

R® O TEA
DMF

Py
O

(V) V)
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The compounds of Formula IV, wherein X, A, R' and R? are defined as
above, can be obtained in a 2-step protocol as outlined in Scheme 2. The
first step, preferably consists in the reaction of an amine or an alcohol with
methyl 2,4-dichloropyrimidine-6-carboxylate (Apollo, OR2558), in the
presence or absence of bases such as TEA, DIEA, NMM, sodium hydride,
sodium (0) or sodium tert-butoxide, at a temperature between 20 °C to 50 °C,
preferably at room temperature, for a few hours, e.g. one hour to 24 h. The
hydrolysis of the ester VIl to give the compounds of Formula IV can be
accomplished using conditions and methods well known to those skilled in
the art, such as but not limited to the use of a metal hydroxide, e.g. lithium
hydroxide, sodium hydroxide or potassium hydroxide, in a suitable solvent
such as THF, methanol or water or mixtures thereof, at a temperature rising
from 20 °C to 50 °C, preferably at room temperature, for a few hours, e.g.
one hour to 24 h.

Scheme 2
R’ R’
A TEA A
N7 . xHoTHF NZ N
! — N Oo.
N A N
R® 0 R® O
(V1) (Vi)
R1
LiOH N)\N
THF/EtOH/H,0 y )\HH(OH
- R O
(V)

Compounds of formula IV, wherein R is H are preferably obtained according
to scheme 2a. The first and third steps are carried out as described above.

The reduction of the chloropyrimidine Vlla can be accomplished with an
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appropriate reducing agent, such as hydrogen (gas) in the presence of a
suitable catalyst (e.g. palladium on charcoal) and a suitable base, such as
TEA or DIEA, at a temperature between 20 °C to 50 °C, preferably at room
temperature, for a few hours, e.g. one hour to 24 h.

Scheme 2a
cl cl Pd/C
)\ TEA )\ TEA
NZ N N x1 THF NZN H, (9)
—_— _u O\ —_—
CIMO\A X)\jkrf A EtOH
R° O R® O
(V1)
(Vlla)
NP N LiOH NP N
AN | 0., THF/EtOH/H,0 N . oH
R° 0O R° O
(V) (IVa)

Compounds of Formula V, wherein R and R® are defined as above, are either
commercially available or may be prepared by standard synthetic techniques,
as hereinafter described in the examples, for example by reduction of the

corresponding nitroaryl derivatives.

An alternative route for the preparation of compounds of Formula Il, wherein
R? R® R', R% R®and R are defined as above, may be the coupling of an
amine of Formula Vla with the 6-chloropyrimidine-4-carboxamido derivatives
of Formula IX, as outlined in Scheme 3, in the presence of a suitable solvent,
such as ethanol, methanol or tetrahydrofuran, at a temperature between 20
°C and 200 °C, or using possibly a microwave oven, for a time between 5
minutes and five days, preferably for 1 hour.
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Scheme 3
1
R' R
)\ 3 N)\N R®
N IN R R _H TEA, THF Re | ,{I
& N\ + N/ > \N ™ \R
Cl R b b 2
R 0 R R® R® O

(IX) (Via) (1)

An alternative route for the preparation of compounds of Formula Ill, wherein
R? R’ R', R? R®and R are defined as above, may be the coupling of an
alcohol of Formula VIb with the 6-chloropyrimidine-4-amido derivatives of
Formula IX, as outlined in Scheme 4, in the presence of a suitable base,
such sodium (0) or sodium hydride, neat or using a suitable solvent such as
THF or DMF.

Scheme 4
R1
R1
)\ 3 N)\N R®
N l'\l B Rb NaH b | Ill
R 0 R° O

(IX) (Vib) (1)

Compounds of Formula IX, wherein R', R?, R®, and R is defined as above,
can be prepared by coupling of an arylamine of Formula V with 6-
hydroxypyrimidine-4-carboxylic acid derivatives, prepared according to the
method described by Daves, G.C.; Baiocchi, F.; Robins, R. K.; Cheng, C.C.
in J. Org. Chem. 1961, 26, 2755-2763", via conversion to an appropriate
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derivative, e.g. acyl chloride, followed by reaction with the arylamine in the
presence or absence of bases such as TEA, DIEA, NMM in a suitable solvent
such as DCM, THF or DMF, at a temperature between 20 °C to 50 °C,
preferably at room temperature, for a few hours, e.g. one hour to 24 h, as
outlined in Scheme 5 below.

Alternatively, the reaction of 4-chloropyrimidine-2-carboxylic acid with an
arylamine of Formula V may be obtained using standard coupling agents,
such as but not limited to 1-methyl-2-chloropyridinium iodide (Mukaiyama's
reagent), polymer-supported 1-alkyl-2-chloropyridinium salt (polymer-
supported Mukaiyama’s reagent), or others in the presence or absence of
bases such as TEA, DIEA, NMM in a suitable solvent such as DCM, THF or
DMF, at a temperature between 20 °C and 200 °C, for a time between 5
minutes and five days.

Scheme 5
R' R’
N . 1- PCI,, POCI, 1
NZON R 2- DCM, DMF, (COCI), NZON R’
SAN_OH  * N. - MN\
HO% R 3-DCM, TEA c ) R
R® O R® O
(V) (IX)

Compounds of Formula XII, wherein X, R', R?, R®, are defined as above and
R*, RY denote A or together with the N atom form a Het group, can be
prepared by reductive amination of an aldehyde of Formula X with an amine
of Formula Xl (Scheme 6), using standard reductive amination reagents,
such as but not limited to sodium borohydride, sodium triacetoxyborohydride,
sodium cyanoborohydride or hydrogen (gas) in the presence of a suitable
catalyst such as Palladium on charcoal or others, in the presence or absence
of an acid such as acetic acid, a suitable solvent such as DCM, THF or

toluene, at a temperature between 20 °C and 200 °C, preferentially at RT, for
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a time between 5 minutes and five days, with or without isolation of the imine

intermediate.

Scheme 6

R' i

N)\N R® x NaBH( OAc)3 N~ R’
| ! R\, .H
AN S )ﬁ)ﬁr
2 @\( R’

R O O R?

(X) H (X1) (X1

Compounds of Formula (X), wherein X, R', R?, R®, are defined as above, can
be obtained as outlined in Scheme 7. The first step consists in the coupling of
an acid of Formula (IV) with an arylamine of Formula (XIIl) using standard
coupling agents, such as but not limited to 1-methyl-2-chloropyridinium iodide
(Mukaiyama'’s reagent), polymer-supported 1-alkyl-2-chloropyridinium salt
(polymer-supported Mukaiyama'’s reagent), or others in the presence or
absence of bases such as TEA, DIEA, NMM in a suitable solvent such as
DCM, THF or DMF, at a temperature between about 20 °C and about 200
°C, for a time between 5 minutes and five days. Alternatively, a carboxylic
acid derivative (e.g. acyl chloride) may be coupled with the amine, using
conditions and methods well known to those skilled in the art, in the presence
of bases such as TEA, DIEA, NMM in a suitable solvent such as DCM, THF
or DMF, at a temperature rising from about 20 °C to about 50 °C, preferably
at room temperature, for a few hours, e.g. one hour to 24 h. The second step
consists in the oxidation of the compound (XIV) to give the corresponding
aldehyde of Formula (X), which can be carried out with a number of oxidating
agents, as is well known to those skilled in the art, such as but not limited to
manganese dioxide, Dess-Martin periodinane, 2-iodoxybenzoic acid or
polymer-supported 2-iodoxybenzoic acid.
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