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(57) ABSTRACT

The present invention relates to pyrazole oxadiazoles deriva-
tives of Formula (I), and their use for treating multiple scle-
rosis and other diseases, wherein R!, R? and R? are as defined
in the description.
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PYRAZOLE OXADIAZOLE DERIVATIVES AS
S1P1 AGONISTS

[0001] The present invention relates to pyrazole oxadiaz-
oles derivatives, their use as medicament and their use for
treating multiple sclerosis and other diseases.

[0002] In particular, the invention relates to compounds of
formula (I):
@
Rl
\
/N
N, | R2
g ,}\F/
'l
O/
wherein

R! denotes Ar', Het', Cyc, A, (C,-Cyalkyl, (C,-Cg)alkyl,
—(CH,),Ar', (CH,),Het', (CH,),Het”.

R?is Ar?, Het';

[0003] R? denotes Ar', Ar?, Het', Het?, Cyc or A,

or if R' is Het', Cyc, A, —(CH,), Ar", (CH,) Het', (CH,)
JHet?, (C,-Calkyl,

orifR! denotes Ar' or R? is Ar?, Het! or Het® wherein Ar' and
Ar? are mono, di- or trisubstituted by the substituents hereby
mentioned, R? also denotes CH,,

or if R* denotes Het', Cyc, A, (C,-Cyalkyl, (C,-Cy)alkyl,
—(CH,), Ar", (CH,) Het', (CH,) Het', R® also denotes
S—(C,-Cg-alkyl),

A is a branched or linear alkyl having 2 to 12 C-atoms,
wherein one or more, preferably 1 to 7H-atoms may be
replaced by Hal, OR?, CN, CO,R*, CF,, cycloalkyl having 3
to 7 ring carbon atoms, Ar', Ar?, or N(R*), and wherein one or
more, preferably 1 to 7 non-adjacent CH,-groups may be
replaced by O, NR*, —CO—, NR*CO,— —CO,—,
—NR*CONR*—, —CH—CH—, —C=C—, or denotes
cycloalkyl or cycloalkylalkylen having 3-7 ringC atoms, or
denotes Het' or Het?;

Z is a branched or linear alkyl having 2 to 12 C-atoms,
wherein one or more, preferably 1 to 7H-atoms are replaced
by Hal, OR?, CN, CO,R*, CF, cycloalkyl having 3 to 7 ring
carbon atoms, Ar', Ar*, N(R*), and/or wherein one or more,
preferably 1 to 7 CH,-groups are replaced by O, NR*, S,
—CO—, NR*CO,—, —NR*CONR*—, —CH=CH—,
—C=C—, or denotes cycloalkyl or cycloalkylalkylen hav-
ing 3-7 ring C atoms;

Halis F, Cl, Bror I;

[0004] Ar' denotes amonocyclic or bicyclic, unsaturated or
aromatic carbocyclic ring having 6 to 14 carbon atoms which
may be unsubstituted, monosubstituted, disubstituted or
trisubstituted by substitutents selected from A, Hal, —OR?,
—S0,R*, —CN, —NO,, —N(R?),, —CO(NR*),, —OR*,
(NRYCOR?, —CO,R*, —COR*, —SO,NR?,,
—S80,alkyl, NR*SO,alkyl, NR*S0,alkyl, or C,-C alkyl;

Ar? denotes amonocyclic or bicyclic, unsaturated or aromatic
carbocyclic ring having 6 to 14 carbon atoms which may be
unsubstituted, monosubstituted, disubstituted or trisubsti-
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tuted by substitutents selected from Z, F, Br, I, —OR?,
—(CH,)OR*, —(CH,)N(R*),, Perfluoro-alkoxy, —SO,R*,
—CN, —NO,, —N(R*%),, —CONR?),, (NR*)COR?,
—CO,R*, —COR* —SO,N(R%,, —S0,(C,-Cyalkyl,
NR*SO,(C,-Cylalkyl, —(CH,),Het', —OHet', —(CH,)
Het?, —OHet?, orifR?isHet, Het, Ar', Ar or Cyc, orif R
is Het', Cyc, A, (C,-Cyalkyl, (C,-Cg)alkyl, —(CH,) Ar",
(CH,) Het', (CH,),Het", Ar* also denotes a monocyclic or
bicyclic, unsaturated or aromatic carbocyclic ring having 6 to
14 carbon atoms which may be unsubstituted, monosubsti-
tuted, disubstituted or trisubstituted by CF;,

Het' denotes a monocyclic saturated, unsaturated or aromatic
heterocyclic ring or a bicyclic, saturated, or unsaturated het-
erocyclic ring having 1 to 4 N, and/or O atoms which may be
unsubstituted, monosubstituted, disubstituted or trisubsti-
tuted by substitutents selected from A, Hal, —OR*, —(CH,)
OR*, Perfluoro-alkyl, Perfluoro-alkoxy, —SO,(R*),, CN,
NO,, —NR?",, —CONR*),, (NRH)COR*, —CO,R*
—COR*, —SO,NR",, —SO.alkyl, NR*SO,alkyl,
NR*S0,alkyl, or C,-C, alkyl.

Het® 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, monosubstituted, disub-
stituted or trisubstituted by substitutents selected from A, F,
Br, I, —OR* —(CH,)OR* Perfluoro-alkyl, Perfluoro-
alkoxy, —SO,(R*),, CN, NO,, —NR?",, —CONR?),,
(NRHCOR?Y,  —CO,R%, COR*,  —SO,N(RY,,
—80,alkyl, NR*SO,alkyl, NR*SO,alkyl, or C,-C, alkyl;
Cyc denotes a saturated or unsaturated carbocyclic ring con-
taining 3 to 7 carbon atoms which may be substituted by Hal,
A, (C-Colalkyl, —[C(RY),],—Ar, —[C(R*),],-cycloalkyl,
OR?, CF,, OCF;, NR*),, NR*CONR™),, NO,, CN, —[C
(RH,],—COOR*, —[C(RH,],—CON(R*),, NR*COA,
NR*SO,A, COR?, CO,R*, SO,N(R*),, SOA, and/or SO,A,
R*isH, A, Cycor (C,-Cy)alkyl, preferably Hoor (C,-Cy)alkyl;
nisl,2,3or4

and pharmaceutically acceptable derivatives, solvates, tau-
tomers, salts and stereo-isomers thereof, including mixtures
thereof in all ratios as a medicament, especially for treating
multiple sclerosis and other diseases.

[0005] The compounds of formula (I) and related formulae
are preferably binding on receptors for sphingosine 1-phos-
phate (S1P). S1P is a bioactive sphingolipid metabolite 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-phos-
phate receptors have been identified (S1P,, S1P,, S1P;, S1P,,
and S1Ps, also known as endothelial differentiation genes,
which are Edgl, Edg5, Edg3, Edg6 and Edgg respectively),
that have widespread cellular and tissue distribution and are
well conserved in human and rodent species.

[0006] 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 S1P,/Edg] receptor agonists and thus have immunosup-
pressive activities by modulating leukocyte trafficking,
sequestering lymphocytes in secondary lymphoid tissues,
and interfering with cell-cell interactions required for an effi-
cient immune response. The invention is also directed to
pharmaceutical compositions containing such compounds
and methods of treatment or prevention.
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[0007] FTY720 or fingolimod, a non selective SIP, ago-
nist, exerts immunosuppressive activity and shows therapeu-
tic effects in the treatment of relapsing-remitting multiple
sclerosis. Numerous publications have been already pub-
lished using this compound: Oyster 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 ] Med
355:1124-1140, 2006, Massberg S N Engl J Med 355:1088-
1089, 2006.

[0008] The patent applications WO 2006/131336 and WO
2004/091502 disclose other compounds active against immu-
nological diseases and rheumatoid arthritis.

[0009] Immunosuppressive agents are further useful in a
wide variety of autoimmune and chronic inflammatory dis-
eases, including systemic lupus erythematosus, chronic rheu-
matoid arthritis, type I diabetes mellitus, inflammatory bowel
diseases, biliary cirrhosis, uveitis and other disorders such as
Crohn’s diseases, ulcerative colitis, bullous pemphigoid, sar-
coidosis, psoriasis, autoimmune myositis, Wegener’s granu-
lomatosis, ichthyosis, Graves ophthalmopathy, atopic derma-
titis and asthma. They are also useful as part of
chemotherapeutic regimens for the treatment of cancers, lym-
phomas and leukemias.

[0010] Ithas been found that the compounds of the present
invention are selective S1P, agonists.

[0011] Thus, the present invention preferably comprises
compounds which are agonists of the S1P,/Edg] receptor,
especially having selectivity over the S1P5/Edg3 receptor. An
S1P,/Edgl receptor selective agonist has advantages over
current therapies and extends the therapeutic window of lym-
phocyte sequestration agents, allowing better tolerability
with higher dosing and thus improving efficacy.

[0012] Theinvention 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.

[0013] According to another aspect of the invention is pro-
vided a kit or a set comprising at least one compound of
Formula (I), preferably in combination with immunomodu-
lating agents. Alternativelly, the kit consists of separate packs
of:

(a) an effective amount of a compound of the formula (I)
and/or pharmaceutically usable derivatives, solvates and ste-
reoisomers thereof, including mixtures thereof in all ratios,
and

(b) an effective amount of a further medicament active ingre-
dient.

[0014] The pyrazole oxadiazole derivatives according to
formula [ and related formulae may be prepared from readily
available starting materials using the following general meth-
ods and procedures. It will be appreciated that where typical
or preferred experimental conditions (i.e. reaction tempera-
tures, 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 par-
ticular reactants or solvents used, but such conditions can be
determined by the person skilled in the art, using routine
optimisation procedures.
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[0015] The following abbreviations refer respectively to
the definitions below:

aq (aqueous), h (hour), g (gram), L (liter), mg (milligram),
MHz (Megahertz), pM (micromolar) min. (minute), mm
(millimeter), mmol (millimole), mM (millimolar), m.p.
(melting point), eq (equivalent), mL (milliliter), ulL (microli-
ter), ACN (acetonitrile), BINAP (2,2'-bis(disphenylphos-
phino)-1,1"-binaphthalene, BOC (tert-butoxy-carbonyl),
CBZ (carbobenzoxy), CDCIl; (deuterated chloroform),
CD;0D (deuterated methanol), CH;CN (acetonitrile), c-hex
(cyclohexane), DCC (dicyclohexyl carbodiimide), DCM
(dichloromethane), DIC (diisopropyl carbodiimide), DIEA
(diisopropylethyl-amine), DMF (N,N-dimethylformamide),
DMFDMA  (N,N-dimethylformamide dimethylacetal),
DMSO (dimethylsulfoxide), DMSO-d, (deuterated dimeth-
ylsulfoxide), EDC (1-(3-dimethyl-amino-propyl)-3-ethyl-
carbodiimide), ESI (Electro-spray ionization), EtOAc (ethyl
acetate), Et,O (diethyl ether), EtOH (ethanol), FMOC (fluo-
renylmethyloxycarbonyl), HATU (dimethylamino-([1,2,3]
triazolo[4,5-b]pyridin-3-yloxy)-methylene]-dimethyl-am-
monium hexafluorophosphate), HPLC (High Performance
Liquid Chromatography), i-PrOH (2-propanol), K,CO; (po-
tassium carbonate), LC (Liquid Chromatography), MeCN
(Acetonitrile), MeOH (methanol), MgSO,, (magnesium sul-
fate), MS (mass spectrometry), MTBE (Methyl tert-butyl
ether), Mtr. (4-Methoxy-2,3.6-trimethylbenzensulfonyl),
MW (microwave), NaHCO, (sodium bicarbonate), NaBH,
(sodium borohydride), NMM (N-methyl morpholine), NMR
(Nuclear Magnetic Resonance), POA (phenoxyacetate),
PPTS (pyridinium p-toluenesulfonate), PyBOP® (benzotria-
zole-1-yl-oxy-tris-pyrrolidino-phosphonium  hexaftuoro-
phosphate), RT (room temperature), Rt (retention time), SPE
(solid phase extraction), TBTU (2-(1-H-benzotriazole-1-y1)-
1,1,3,3-tetramethyluromium tetrafluoro borate), TEA (tri-
ethylamine), TFA (trifluoroacetic acid), THF (tetrahydrofu-
ran), TLC (Thin Layer Chromatography), UV (Ultraviolet).

[0016] Depending on the nature of R*, R? and R?, different
synthetic strategies may be selected for the synthesis of com-
pounds of Formula (I) and related formulae. In the process
illustrated in the following schemes, R', R* and R* are as
above defined in the description. In general, the pyrazole
derivatives according to Formula (I) and related formulae of
this invention may be prepared from readily available starting
materials. If such starting materials are not commercially
available they may be prepared by standard synthetic tech-
niques. The following general methods and procedures
described hereinafter in the examples may be employed to
prepare compounds of Formula (I) and related formulae.

[0017] The processes for the preparation of compounds of
Formula (1) and related formulae, wherein R', R” and R? are
defined as above, and as outlined in Schemes 1-12, are also
objects of the invention.

[0018] Compounds of Formula (If), where R' is alkyl and
related formulae, belonging to the Formula (I), may be pre-
pared from compounds of Formula (IT) as outlined in Scheme
1. Typically compounds of Formula (If) can be prepared by
treatment of vinylogous amide of Formula (IT) with a hydra-
zine (I11), or a salt of a hydrazine, in the presence of a base,
preferably sodium carbonate, in a suitable solvent or mixture
of solvents, preferably a mixture of ethanol and water, at a
temperature rising from RT to about 90° C., typically 80° C.,
for a few hours, e.g. one hour to eighteen hours.
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Scheme 1
N
~
R} |
N
= > base.
RZ >
0 0 / | salvent, A
~N + R'NHNH, —_—
(I (1IN
R, N
\N/ AN
R} —N
PN
\N R2
R!=alkyl
(I

[0019] Alternatively, compounds of Formula (If) where R*
is aromatic or Formula (Ig) where R" is alkyl and related
formulae, belonging both to the Formula (1), can be prepared
from compounds of Formula (II) as outlined in Scheme 2.
[0020] Typically, treatment of vinylogous amides of For-
mula (IT) with a hydrazine (IIT), or a salt of a hydrazine, where
R' is aromatic, in the presence of an acid, preferably acetic
acid, in a suitable solvent or mixture of solvents, preferably
ethanol, at a temperature rising from RT to about 90° C.,
typically 80° C., for a few hours, e.g., one hour to eighteen
hours, will yield preferably compounds of Formula (If).
Moreover, treatment of vinylogous amides of Formula (II)
with a hydrazine (III), or a salt of a hydrazine, where R" is
alkyl, under these same reaction conditions, will yield pref-
erably compounds of Formula (Ig).

Scheme 2
N,
R} / \
0 —N
J acid,
Vi solvent, A
Ny R4 RININH, ————

a (III)
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-continued
Rl
R N, N
e Y
R? —N R} —N
0 )\ 0 /)\
Ny R? OR Ny R
R!= Aromatic R!= Alkyl
{16 (Ig)

[0021] Compounds of Formula (I1T), wherein R' is defined
as above, are either commercially available or may be pre-
pared by standard synthetic techniques well known to those
skilled in the art. Typically, the reductive amination of an
aldehyde of a ketone with tert-butyl carbazate, using
NaBH,CN or NaBH(OAc), as reductive agents, followed by
the acidic cleavage of the Boc protecting group would yield
the salt of hydrazine of Formula (III). The method for prepar-
ing hydrazine or a salt of hydrazine of Formula (1) selected
below:
[0022]
etate
[0023] (2-methylcyclohexyl)hydrazine, hydrochloride
is more particularly described in the examples.
[0024] Alternatively, esters of Formula (IV) and Formula
(VI), wherein R', R* and R* are as above defined in the
description, can be directly transformed into compounds of
Formula (If), Formula (Ig) and related formulae by thermoly-
sis at a temperature rising from RT to about 180° C., typically

tetrahydro-2H-pyran-4-ylhydrazine,  trifluoroac-

180° C., using possibly a microwave reactor, for a time com-
prised between about 15 minutes and about 24 hours, prefer-
ably for 30 min in a microwave, in a suitable solvent such as
ACN, THF, toluene, Pyridine, DMF or a mixture of two
solvents such as Toluene/DMF or Toluene/ACN, in the pres-
ence of a base, such as but not limited to K,CO, or NaH
(Scheme 3).

Scheme 3
R, N
\N/ AN
= +
Rz Q
\
0 RY
awv
H,N
base, solvent,
HO\ -
N R?  Aor MW imadiation
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[0025] Alternatively, compounds of Formula (If), Formula

(Ig) and related formulae can be obtained in a 2-step protocol
as outlined in Scheme 4.

Scheme 4
Ry N
\N/ N
— +
R3 OH
O
(VID)
N
HO\ P ) coupling agent
R polar solvent
V) presence or
absence of a
base
R, N
\N/ AN
— N base, solvent,
_
R; O\ /)\ S A or MW irradiation
N R-
0
(VIID)
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[0026] The first step consists in the coupling of an ami-
doxime of Formula (V) with a carboxylic acid of Formula
(VID) or Formula (IX), wherein R*, R? and R? are defined as
above. 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 O-substituted amidoximes
(VII) or (X). Standard coupling agents, such as but not lim-
ited to EDC, HATU, TBTU, can be used or condensation
agents, in the presence or not of bases such as TEA, DIEA,
NMM in a suitable solvent suchas DCM, ACN, 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.

[0027] The second step consists of the cyclization and
dehydration of the O-substituted amidoximes (VIII) or (X) to
form pyrazole oxadiazole derivatives of Formula (If), For-
mula (Ig) and related formulae. Protocols are given below in
the Examples, using conditions and methods well known to
those skilled in the art to prepare oxadiazoles, such as ther-
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molysis at temperature rising from RT to about 150° C.,
typically 150° C., using possibly a microwave reactor, for a
time comprised between 15 minutes and 24 hours, preferably
for 30 min, in a suitable solvent such as ACN, THF, Pyridine,
DMEF, or a mixture of two solvents such as Pyridine/ ACN, in
the presence or not of a base such as DIEA, TEA, or tetrabutyl
ammonium fluoride.

[0028] Compounds of Formula (Ih), which belong to For-
mula (I), may be prepared from amidoximes of Formula (XI)
by thermolysis at temperature rising from RT to about 180°
C., typically 180° C., using possibly a microwave reactor, for
a time comprised between 15 minutes and 24 hours, prefer-
ably for 2 hours in a microwave, in a suitable solvent such as
ACN, THEF, toluene, Pyridine, DMF or a mixture of two
solvents such as Toluene/DMF or Toluene/ACN, in the pres-
ence of a base, such as but not limited to K,CO; or NaH
(Scheme 5).

Scheme 5
R N
\N/ N
4 base, solvent,
Rs / NE T R\O Aor
N MW irradiation
\ R*
OH O
(XD X
R, N
\N/ AN
Rz / N
\O)\ R2
(Ih)

[0029] Compounds of Formula (XII), wherein R* and R*
are defined as above, are either commercially available or
may be prepared by standard synthetic techniques well
known to those skilled in the art.

[0030] Alternatively, compounds of Formula (Ih) and
related formulae can be obtained in a 2-step protocol as out-
lined in Scheme 6.

Scheme 6
R, N
\N/ N
R; / NH, HO coupling agent
+
N polar solvent
\ R? presence or
OH 0 absence of a
(XI) (X1I) base
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[0031] The first step consists in the coupling of an ami-
doxime of Formula (XI) with a carboxylic acid of Formula
(XIII), wherein R*, R? and R? are defined as above. 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 O-substituted amidoximes (XIV). Standard
coupling agents, such as but not limited to EDC, HATU,
TBTU, can be used in the presence or not of bases such as
TEA, DIEA, NMM in a suitable solvent such as DCM, ACN,
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.

[0032] The second step consists of the cyclization and
dehydration of the O-substituted amidoximes (XIV) to form
pyrazole oxadiazole derivatives of Formula (Ih) and related
formulae. Protocols are given below in the Examples, using
conditions and methods well known to those skilled in the art
to prepare oxadiazole, such as thermolysis at temperature
rising from RT to 150° C., typically 150° C., using possibly a
microwave reactor, for a time comprised between 15 minutes
and 24 hours, preferably for 30 min, in a suitable solvent such
as ACN, THF, Pyridine, DMF, or a mixture of two solvents
such as Pyridine/ ACN, in the presence or not ofa base such as
DIEA, TEA, or tetrabutyl ammonium fluoride.

[0033] Compounds of Formula (XIII), wherein R* is
defined as above, are either commercially available or may be
prepared by standard synthetic techniques well known to
those skilled in the art.

[0034] Comgounds of Formula (I) and related formulae,
wherein RY, R? and R are defined as above, can be converted
to alternative compounds of Formula (1) and related formulae,
wherein R', R? and R? are defined as above, employing suit-
able interconversion techniques well known by a person
skilled in the art. Typically, when R* is a benzyl alcohol,
compound of Formula (Ii) can be further modified into com-
pound of Formula (Ij), as illustrated in Scheme 7. Compounds
of Formula (Ii) can be first be transformed into the corre-
sponding mesyl or tosyl groups (Ik), which can then reacted
withan amine HN(R™),, atfording compounds of Formula (1j)
wherein R*, R* and R* are defined as above (Scheme 7).
Alcohol (Ii) can be oxidized into the corresponding aldehyde
(Im), using conditions well known to those skilled in the art,
such as but not limited to Swern oxidation conditions, or the
use of MnO, as oxidative agent, as illustrated on Scheme 7.
Then a reductive amination of the compounds of Formula
(Im) with a suitable amine HN(R?),, would afford com-
pounds of Formula (Ij), wherein R*, R* and R* are defined as
above.
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Scheme 7
R, N
\N/ AN
ASO,CL
DIEA, DCM —
———
R; —N
NP
\N
Ik}
R N
\N/ N
R; —N
—=
O
N4
N
WA
{I)
R N
\N/ AN
MnO,, Dioxane R3 —N
L
O #
\N
(Im)

[0035] Compounds of Formula (1), wherein R and R® are
defined as above, may be prepared by standard synthetic
techniques well known to those skilled in the art. The first step
consists of the transformation of ester (XV) into compound of
structure (XV1) and related formulae by reacting with com-
pound (V) wherein R? is as defined above, at temperature
rising from about 20° C. to about 180° C., using possibly a
microwave reactor, for a time between 15 minutes and 24
hours, in a suitable solvent, such as toluene (Scheme 8). The
second step consists of treatment of the ketone (XVI) with
DMF.DMA and PPTS in a suitable solvent, such as toluene, to
form vinylogous amides of Formula (II) and related formulae.

R3
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[0036] The method for preparing ketone of Formula (XV1)
selected below:
[0037] 2-[3-(2,5-difluorophenyl)-1,2,4-0xadiazol-5-yl]-1-

phenylethanone

[0038] 2-[3-(2,5-difluorophenyl)-1,2,4-oxadiazol-5-yl1]-1-
pyridin-4-ylethanone

[0039] 2-{3-[3-(methylsulfonyl)phenyl]-1,2,4-0xadiazol-
5-y1}-1-pyridin-4-ylethanone

[0040] 1-[3-(2,5-difluorophenyl)-1,2,4-oxadiazol-5-y1]-3-
methoxyacetone

[0041] 1-[3-(2,5-difluorophenyl)-1,2,4-0xadiazol-5-y1]bu-
tan-2-one
[0042] 2-[3-(2,5-difluorophenyl)-1,2,4-0xadiazol-5-y1]-1-

(tetrahydro-2H-pyran-4-yl)ethanone

is more particularly described in the examples.

[0043] Compounds of Formula (V), wherein R? is defined
as above, are either commercially available or may be pre-
pared by standard synthetic techniques well known to those
skilled in the art. Typically, compounds of Formula (V) can be
prepared according to Scheme 9 by addition of hydroxy-
lamine to a solution of the corresponding substituted benzoni-
trile of Formula (X VII) in a solvent or a mixture of solvents,
such as EtOH, water, at a temperature rising from 20° C. to
80° C., preferably at 74° C., for a few hours, e.g. one hour to
24 h.

Scheme 9
R2
N7 XN
H,NOH
RP—=N OH
solvent
(XVIn V)

[0044] The method for preparing compounds of formula

(V) selected below:

[0045] N'-hydroxy-3-(methylsulfonyl)benzenecarboximi-
damide

[0046] N'-hydroxy-4-(hydroxymethyl)benzenecarboximi-
damide

[0047] N'-hydroxy-1H-indazole-5-carboximidamide
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[0048] N'-hydroxy-1,2,3,4-tetrahydroisoquinoline-7-car-
boximidamide
[0049] N'-hydroxy-4-(1H-imidazol-1-ylmethyl)benzen-
ecarboximidamide
[0050] N'-hydroxy-4-(1H-pyrazol-1-ylmethyl)benzen-
ecarboximidamide
[0051] N'3-dihydroxybenzenecarboximidamide
[0052] N'-hydroxy-4-(2-hydroxyethyl)benzenecarboximi-
damide
[0053] 6-amino-N'-hydroxypyridine-3-carboximidamide
is more particularly described in the examples.
[0054] Compounds of Formula (XVII), wherein R? is
defined as above, are either commercially available or may be
prepared by standard synthetic techniques well known to
those skilled in the art.
[0055] Compounds of Formula (IV), wherein R', R*> and R*
are defined as above, may be prepared by standard synthetic
techniques well known to those skilled in the art. Typically,
compounds of Formula (IV) can be prepared according to
Scheme 10. The first step consists of treatment of the ketone
(XV)with DME.DMA and PPTS in a suitable solvent, such as
toluene, to form vinylogous amides of Formula (XVIII) and
related formulae. The second step consists of treatment of
vinylogous amide of Formula (XVIII) with a hydrazine, or
salt of a hydrazine, in the presence of either a base, when R
is alkyl and related formulae, preferably sodium carbonate, in
a suitable solvent or mixture of solvents, preferably a mixture
of ethanol and water, at a temperature tising from RT to 90°
C., typically 80° C., for a few hours, e.g., one hour to eighteen
hours, or in the presence of an acid, when R* is aromatic,
preferably acetic acid, in a suitable solvent or mixture of
solvents, preferably ethanol, at a temperature rising from RT
to 90° C., typically 80° C., for a few hours, e.g., one hour to
eighteen hours.

Scheme 10
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[0056] The method for preparing compounds of formula

(IV) selected below:

[0057] ethyl 1-cyclohexyl-5-pyridin-4-yl-1H-pyrazole-4-
carboxylate

[0058] methyl 1-(2-fluorophenyl)-5-methyl-1H-pyrazole-
4-carboxylate

[0059] ethyl 1-isobutyl-5-pyridin-4-yl-1H-pyrazole-4-car-
boxylate
[0060] ethyl 1-(2-methylcyclohexyl)-S-phenyl-1H-pyra-

zole-4-carboxylate

[0061] methy! 1-cyclohexyl-5-(methoxymethyl)-1H-pyra-
zole-4-carboxylate

[0062] ethyl 1-isobutyl-5-(tetrahydro-2H-pyran-4-y1)-1H-
pyrazole-4-carboxylate

[0063] ethyl I-cyclohexyl-5-(tetrahydro-2H-pyran-4-yl)-
1H-pyrazole-4-carboxylate

[0064] methyl 1-isobutyl-5-(methoxymethyl)-1H-pyra-
zole-4-carboxylate

[0065] methyl 1-cyclohexyl-5-(2-methoxyethyl)-1H-pyra-
zole-4-carboxylate

[0066] ethyl 1-cyclohexyl-5-(tetrahydrofuran-2-yl)-1H-
pyrazole-4-carboxylate

[0067] methyl 1-isobutyl-5-(methoxymethyl)-1H-pyra-
zole-4-carboxylate

[0068] ethyl 1-(2-phenylethyl)-5-pyridin-4-yl-1H-pyra-
zole-4-carboxylate

[0069] ethyl 1-(cyclopropylmethyl)-5-pyridin-4-yl-1H-
pyrazole-4-carboxylate

[0070] ethyl 1-(2,2-dimethylpropyl)-5-pyridin-4-yl-1H-
pyrazole-4-carboxylate

is more particularly described in the examples.

[0071] Compounds of Formula (IV) can be further trans-

formed into compounds of Formula (VII), using conditions

well known to those skilled in the art. Typically, compounds

of Formula (VI), wherein R* and R? are defined as above, can

be prepared by hydrolysis of the ester of Formula (IV),

wherein R* is as above defined and more preferably R* is

methyl, ethyl or tert-butyl group, using conditions, such as a

metal hydroxide, e.g. lithium hydroxide, sodium hydroxide

or potassium hydroxide, in a suitable solvent such as THF,

methanol, ethanol or water or mixtures thereof, or using an

acid, e.g. HCl or TFA, in a suitable solvent such as dioxane,

DCM, at a temperature between about 20° C. to about 50° C.,

preferably at RT, for a few hours, e.g. one hour to 24 h

(Scheme 10).

[0072] The method for preparing compounds of formula

(VII) selected below:

[0073] 1-cyclohexyl-5-(2-methoxyethyl)-1H-pyrazole-4-
carboxylic acid

[0074] 1-cyclohexyl-5-(methoxymethyl)-1H-pyrazole-4-
carboxylic acid

is more particularly described in the examples.

[0075] Alternatively, whenR® is alkyl and related formulae,

compounds of Formula (VI) can be prepared from the viny-

logous amide of Formula (XVIII) with a hydrazine, or salt of

a hydrazine, in the presence of an acid, preferably acetic acid,

in a suitable solvent or mixture of solvents, preferably etha-

nol, at a temperature rising from RT to 90° C., typically 80°

C., for a few hours, e.g., one hour to eighteen hours (Scheme

1.
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Scheme 11
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[0076] Compounds of Formula (VI) can be further trans-
formed into compounds of Formula (IX), using conditions
well known to those skilled in the art. Typically, compounds
of Formula (IX), wherein R" and R? are defined as above, can
be prepared by hydrolysis of the ester of Formula (VI),
wherein R* is as above defined and more preferably R* is
methyl, ethy! or tert-butyl group, using conditions, such as a
metal hydroxide, e.g. lithium hydroxide, sodium hydroxide
or potassium hydroxide, in a suitable solvent such as THF,
methanol, ethanol or water or mixtures thereof, or using an
acid, e.g. HCl or TFA, in a suitable solvent such as dioxane,
DCM, at a temperature between about 20° C. to about 50° C.,
preferably at RT, for a few hours, e.g. one hour to 24 h
(Scheme 11).

[0077] Compounds of Formula (XV), wherein R* and R*
are defined as above, are either commercially available or
may be prepared by standard synthetic techniques well
known to those skilled in the art.

[0078] Compounds of Formula (XI), wherein R' and R? are
defined as above, may be prepared by standard synthetic
techniques well known to those skilled in the art. Typically,
compounds of Formula (XI) can be prepared according to
Scheme 12. The first step consists of treatment of the cyano
ketone (XIX) with DMF.DMA and PPTS in a suitable sol-
vent, such as toluene, to form vinylogous amides of Formula
(XX) and related formulae. The second step consists of treat-
ment of vinylogous amide of Formula (XX) with a hydrazine,
or salt of a hydrazine, in the presence of either a base, pref-
erably sodium carbonate, in a suitable solvent or mixture of
solvents, preferably a mixture of ethanol and water, at a
temperature rising from RT to 90° C., typically 80° C., for a
few hours, e.g., one hour to eighteen hours, or in the presence
of an acid, preferably acetic acid, in a suitable solvent or
mixture of solvents, preferably ethanol, at a temperature ris-
ing from RT to 90° C., typically 80° C., for a few hours, e.g.,
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one hour to eighteen hours. The resulting pyrazole-4-carbo-
nitrile of Formula (XXI) can be transformed into the ami-
doxime of Formula (XI), by addition of hydroxylamine in a
solvent or a mixture of solvents, such as FtOH, water, at a
temperature rising from 20° C. 10 80° C., preferably at 74° C.,
for a few hours, e.g. one hour to 24 h.

Scheme 12
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[0079] The method for preparing compounds of formula

(XI) selected below:
[0080] 1-cyclohexyl-N'-hydroxy-5-phenyl-1H-pyrazole-
4-carboximidamide

is more particularly described in the examples.

[0081] Compounds of Formula (XIX), wherein R? is
defined as above, are either commercially available or may be
prepared by standard synthetic techniques well known to
those skilled in the art.

[0082] Ifthe above setof general synthetic methods are not
applicable for the obtention of compounds of Formula I, and
related formulae, and/or necessary intermediates for the syn-
thesis of compounds of Formula (), suitable methods of
preparation known by a person skilled in the art should be
used.

[0083] According to a further general process, compounds
of Formula (I) and related formulae, such as but not exclu-
sively, Formulae (IV), (VI), (VID), (IX), (XII), (XIII), (XV),
(XVI), (XVII), (XIX) and (XXI), wherein R*, R? R* and R*
are defined as above, can be converted to alternative com-
pounds of Formula (I) and related formulae, such as but not
exclusively, Formulae (IV), (VI), (VID), (IX), (XII), (XII),
(XV), XVI), (XVID), (XIX) and (XX1), wherein R!, R?, R?
and R* are defined as above, employing suitable interconver-
sion techniques well known by a person skilled in the art.
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[0084] Compounds of this invention canbe isolated inasso-
ciation with solvent molecules by crystallization from an
appropriate solvent or by evaporation of an appropriate sol-
vent.

[0085] The pharmaceutically acceptable anionic salts of the
compounds of Formula (I), which contain a basic center, may
be prepared in a conventional manner. For example, a solution
of the free base may be treated with a suitable acid, either neat
or in a suitable solution, and the resulting salt isolated either
by filtration or by evaporation under vacuum of the reaction
solvent.

[0086] The pharmaceutically acceptable cationic salts of
the compounds of Formula (I), which contain an acidic cen-
ter, may be prepared in a conventional manner. For example,
a solution of the free acid may be treated with a suitable base,
either neat or in a suitable solution, and the resulting salt
isolated either by filtration or by evaporation under vacuum of
the reaction solvent. In some cases, salts can be prepared by
mixing a solution of the acid with a solution of the cation
(sodium ethylhexanoate, magnesium oleate), employing a
solvent in which the desired cationic salt precipitates, or can
be otherwise isolated by concentration and addition of a non-
solvent.

[0087] Both types of salts may be formed or interconverted
using ion-exchange resin techniques.

[0088] The pharmaceutically acceptable acid addition salts
of the compounds of formula (I) and related formulae, which
contain a basic center, may be prepared in a conventional
manner. For example, a solution of the free base may be
treated with a suitable acid, either neat or in a suitable solu-
tion, and the resulting salt isolated either by filtration or by
evaporation under vacuum of the reaction solvent. Pharma-
ceutically acceptable base addition salts may be obtained in
an analogous manner by treating a solution of compound of
formula (I), which contain an acid center, with a suitable base.
Both types of salts may be formed or interconverted using
ion-exchange resin techniques.

[0089] Depending on the nature of R', R? and R?, different
synthetic strategies may be selected for the synthesis of com-
pounds of formula (I) and related formulae.

[0090] Ingeneral, the pyrazol oxadiazol derivatives accord-
ing to formula (I) and related formulae of this invention may
be prepared from readily available starting materials. If such
starting 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
T and related formulae.

[0091] In general, the synthesis pathways for any indi-
vidual compound of formula (I) and related formulae will
depend on the specific substitutents of each molecule and
upon the ready availability of intermediates necessary; again
such factors being appreciated by those of ordinary skill in the
art. For all the protection and deprotection methods, see
Philip J. Kocienski, in “Protecting Groups”, Georg Thieme
Verlag Stuttgart, New York, 1994 and, Theodora W. Greene
and Peter G. M. Wuts in “Protective Groups in Organic
Synthesis”, Wiley Interscience, 3" Edition 1999.

[0092] Depending on the conditions used. the reaction
times are generally between a few minutes and 14 days, and
the reaction temperature is between about =30° C. and 140°
C., normally between -10° C. and 90° C., in particular
between about 0° C. and about 70° C.
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[0093] Compounds of the formula I and related formulae
can furthermore be obtained by liberating compounds of the
formula I from one of their functional derivatives by treat-
ment with a solvolysing or hydrogenolysing agent.

[0094] Preferred starting materials for the solvolysis or
hydrogenolysis are those which conform to the formula (I)
and related formulae, but contain corresponding protected
amino and/or hydroxyl groups instead of one or more free
amino and/or hydroxyl groups, preferably those which carry
an amino-protecting group instead of an H atom bonded to an
N atom, in particular those which carry an R—N group, in
which R' denotes an amino-protecting group, instead of an
HN group, and/or those which carry a hydroxyl-protecting
group instead of the H atom of a hydroxyl group, for example
those which conform to the formula I, but carry a —COOR"
group, in which R" denotes a hydroxyl-protecting group,
instead of a —COOH group.

[0095] 1t is also possible for a plurality of—identical or
different—protected amino and/or hydroxyl groups to be
present in the molecule of the starting material. [f the protect-
ing groups present are different from one another, they can in
many cases be cleaved off selectively.

[0096] The term “amino-protecting group” is known in
general terms and relates to groups which are suitable for
protecting (blocking) an amino group against chemical reac-
tions, but which are easy to remove after the desired chemical
reaction has been carried out elsewhere in the molecule. Typi-
cal of such groups are, in particular, unsubstituted or substi-
tuted acyl, aryl, aralkoxymethyl or aralkyl groups. Since the
amino-protecting groups are removed after the desired reac-
tion (or reaction sequence), their type and size are further-
more not crucial; however, preference is given to those having
1-20, in particular 1-8, carbon atoms. The term “acyl group™
is to be understood in the broadest sense in connection with
the present process. It includes acyl groups derived from
aliphatic, araliphatic, aromatic or heterocyclic carboxylic
acids or sulfonic acids, and, in particular, alkoxycarbonyl,
aryloxycarbonyl and especially aralkoxycarbonyl groups.
Examples of such acyl groups are alkanoyl, such as acetyl,
propionyl and butyryl; aralkanoyl, such as phenylacetyl;
aroyl, such as benzoyl and tolyl; aryloxyalkanoyl, such as
POA,; alkoxycarbonyl, such as methoxycarbonyl, ethoxycar-
bonyl, 2,2,2-trichloroethoxycarbonyl, BOC (tert-butoxycar-
bonyl) and 2-iodoethoxycarbonyl; aralkoxycarbonyl, such as
CBZ (“carbobenzoxy”), 4-methoxybenzyloxycarbonyl and
FMOC; and arylsulfonyl, such as Mtr. Preferred amino-pro-
tecting groups are BOC and Mtr, furthermore CBZ, Fmoc,
benzyl and acetyl.

[0097] The term “hydroxyl-protecting group” is likewise
known in general terms and relates to groups which are suit-
able for protecting a hydroxyl group against chemical reac-
tions, but are easy to remove after the desired chemical reac-
tion has been carried out elsewhere in the molecule. Typical
of such groups are the above-mentioned unsubstituted or
substituted aryl, aralkyl or acyl groups, furthermore also alkyl
groups. The nature and size of the hydroxyl-protecting groups
are not crucial since they are removed again after the desired
chemical reaction or reaction sequence; preference is given to
groups having 1-20, in particular 1-10, carbon atoms.
Examples of hydroxyl-protecting groups are, inter alia, ben-
zyl, 4-methoxybenzyl, p-nitrobenzoyl, p-toluenesulfonyl,
tert-butyl and acetyl, where benzyl and tert-butyl are particu-
larly preferred.

[0098] The compounds of the formula (I) and related for-
mulae are liberated from their functional derivatives—de-
pending on the protecting group used—for example using
strong acids, advantageously using TFA or perchloric acid,
but also using other strong inorganic acids, such as hydro-
chloric acid or sulfuric acid, strong organic carboxylic acids,
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such as trichloroacetic acid, or sulfonic acids, such as ben-
zene- or p-toluenesulfonic acid. The presence of an additional
inert solvent is possible, but is not always necessary. Suitable
inert solvents are preferably organic, for example carboxylic
acids, such as acetic acid, ethers, such as tetrahydrofuran or
dioxane, amides, such as DMF, halogenated hydrocarbons,
such as dichloromethane, furthermore also alcohols, such as
methanol, ethanol or isopropanol, and water. Mixtures of the
above-mentioned solvents are furthermore suitable. TFA is
preferably used in excess without addition of a further sol-
vent, and perchloric acid is preferably used in the form of a
mixture of acetic acid and 70% perchloric acid in the ratio 9:1.
The reaction temperatures for the cleavage are advanta-
geously between about 0 and about 50° C., preferably
between 15 and 30° C. (room temperature).

[0099] The BOC, OBut and Mtr groups can, for example,
preferably be cleaved off using TFA in dichloromethane or
using approximately 3 to SN HCl in dioxane at 15-30° C., and
the FMOC group can be cleaved off using an approximately
5 to 50% solution of dimethylamine, diethylamine or piperi-
dine in DMF at 15-30° C.

[0100] Protecting groups which can be removed hydro-
genolytically (for example CBZ, benzyl or the liberation of
the amidino group from the oxadiazole derivative thereof) can
be cleaved off, forexample, by treatment with hydrogen in the
presence of a catalyst (for example a transition-metal catalyst,
such as palladium, advantageously on a support, such as
carbon). Suitable solvents here are those indicated above, in
particular, for example, alcohols, such as methanol or etha-
nol, or amides, such as DMF. The hydrogenolysis is generally
carried out at temperatures between about 0 and 100° C. and
pressures between about 1 and 200 bar, preferably at 20-30°
C. and 1-10 bar. Hydrogenolysis of the CBZ group succeeds
well, for example, on 5 to 10% Pd/C in methanol or using
ammonium formate (instead of hydrogen) on Pd/C in metha-
nol/DMF at 20-30° C.

[0101] Examples of suitable inert solvents are hydrocar-
bons, such as hexane, petroleum ether, benzene, toluene or
xylene; chlorinated hydrocarbons, such as trichloroethylene,
1,2-dichloroethane, tetrachloromethane, trifluoromethylben-
zene, chloroform or dichloromethane; alcohols, such as
methanol, ethanol, isopropanol, n-propanol, n-butanol or tert-
butanol; ethers, such as diethyl ether, diisopropyl ether, tet-
rahydrofuran (THF) or dioxane; glycol ethers, such as ethyl-
ene glycol monomethyl or monoethyl ether or ethylene glycol
dimethyl ether (diglyme); ketones, such as acetone or
butanone; amides, such as acetamide, dimethylacetamide,
N-methylpyrrolidone (NMP) or dimethylformamide (DMF);
nitriles, such as acetonitrile; sulfoxides, such as dimethyl
sulfoxide (DMSO); carbon disulfide; carboxylic acids, such
as formic acid or acetic acid; esters, such as ethyl acetate, or
mixtures of the said solvents.

[0102] Esters can be saponified, for example, using acetic
acid or using LiOH, NaOH or KOH in water, water/THF,
water/THF /ethanol or water/dioxane, at temperatures
between 0 and 100° C.

[0103] Free amino groups can furthermore be acylated in a
conventional manner using an acid chloride or anhydride or
alkylated using an unsubstituted or substituted alkyl halide or
reacted with CH;—C(=NH)—OEt, advantageously in an
inert solvent, such as dichloromethane or THF and/or in the
presence of a base, such as triethylamine or pyridine, at tem-
peratures between —60° C. and +30° C.

[0104] Throughout the specification, the term leaving
group preferably denotes Cl, Br, I or areactively modified OH
group, such as, for example, an activated ester, an imidazolide
or alkylsulfonyloxy having 1-6 carbon atoms (preferably
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methylsulfonyloxy or trifluoro-methylsulfonyloxy) or aryl-
sulfonyloxy having 6-10 carbon atoms (preferably phenyl- or
p-tolylsulfonyloxy).

[0105] Radicals of this type for activation of the carboxyl
group in typical acylation reactions are described in the lit-
erature (for example in the standard works, such as Houben-
Weyl, Methoden der organischen Chemie [Methods of
Organic Chemistry|, Georg-Thieme-Verlag, Stuttgart).
[0106] Activated esters are advantageously formed in situ,
for example through addition of HOBt or N-hydroxysuccin-
imide.

[0107] The formula (1) and related formulae also encom-
passes the optically active forms (stereoisomers), the enanti-
omers, the racemates, the diastereomers and the hydrates and
solvates of these compounds.

[0108] The term “solvates of the compounds™ is taken to
mean adductions of inert solvent molecules onto the com-
pounds which form owing to their mutual attractive force.
Solvates are, for example, mono- or dihydrates or alcohol-
ates.

[0109] The term “pharmaceutically usable derivatives” is
taken to mean, for example, the salts of the compounds of the
formula I and so-called prodrug compounds.

[0110] The term “prodrug derivatives” is taken to mean
compounds of the formula I which have been modified with,
for example, alkyl or acyl groups, sugars or oligopeptides and
which are rapidly cleaved in the organism to form the active
compounds.

[0111] These also include biodegradable polymer deriva-
tives of the compounds according to the invention, as
described, for example, in Int. J. Pharm. 115, 61-67 (1995).
[0112] The formula (1) and related formulae also encom-
passes mixtures of the compounds of the formula (I), for
example mixtures of two diastereomers, for example in the
ratio 1:1, 1:2, 1:3, 1:4, 1:5, 1:10, 1:100 or 1:1000.

[0113] These are particularly preferably mixtures of stere-
oisomeric compounds.

[0114] Inaspecific embodiment, the present invention pro-
vides a compound of Formula (T)
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wherein
R' denotes Ar', Het', Cyc, A, (C,-Cyalkyl, (C,-C,)alkyl,
—(CH,),Ar', (CH,),Het', (CH,),Het”.

R2is Ar?, Het!;

[0115] R?denotes Ar', Ar®, Het', Het?, Cyc or A,

A is a branched or linear alkyl having 2 to 12 C-atoms,
wherein one or more, preferably 1 to 7H-atoms may be
replaced by Hal, OR?, CN, CO,R*, CF,, cycloalkyl having 3
to 7 ring carbon atoms, Ar*, Ar?, or N(R*), and wherein one or
more, preferably 1 to 7 non-adjacent CH,-groups may be
replaced by O, NR*, —CO—, NR*CO,— —CO,—,
—NR*CONR*—, —CH—CH—, —C=C—, or denotes
cycloalkyl or cycloalkylalkylen having 3-7 ring C atoms, or
denotes Het! or Het?;
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Z is a branched or linear alkyl having 2 to 12 C-atoms,
wherein one or more, preferably 1 to 7H-atoms are replaced
by Hal, OR?, CN, CO,R*, CF,, cycloalkyl having 3 to 7 ring
carbon atoms, Ar', Ar*, N(R*), and/or wherein one or more,
preferably 1 to 7 CH,-groups are replaced by O, NR*, S,
—CO—, NR*CO,—, —NR*CONR*—, —CH—CH—,
—C=C—, or denotes cycloalkyl or cycloalkylalkylen hav-
ing 3-7 ring C atoms;
Halis F, CI, Bror I;
[0116] Ar' denotes amonocyclic or bicyclic, unsaturated or
aromatic carbocyclic ring having 6 to 14 carbon atoms which
may be unsubstituted, monosubstituted, disubstituted or
trisubstituted by substitutents selected from A, Hal, —OR*,
—SO,R*, —CN, —NO,, —N(R?),, —CO(NR*),, —OR*,
(NRHCOR*, —CO,R*, —COR%, SO,N(RY),,
—S0,alkyl, NR*SO,alkyl, NR“SO,alkyl, or C,-C alkyl;
denotes amonocyclic or bicyclic, unsaturated or aromatic
carbocyclic ring having 6 to 14 carbon atoms which may be
unsubstituted, monosubstituted, disubstituted or trisubsti-
tuted by substitutents selected from Z, F, Br, I, —OR?,
—(CH,)OR?*, —(CH,)N(R",, Perfluoro-alkoxy, —SO,R*,
—CN, —NO,, —N(R™),, —CO,R* —COR* —SO,N(R*
» —SO%(C -Colalkyl, I\ZIR“SOZ(C ) -CyJalkyl, —(CH,), Het',
—OHet", —(CH,), Het", —OHet",
Het" denotes a monocyclic saturated, unsaturated or aromatic
heterocyclic ring having 1 to 4 N, and/or O atoms which may
be unsubstituted, monosubstituted, disubstituted or trisubsti-
tuted by substitutents selected from A, Hal, —OR*,—(CH.,)
OR?, Perfluoro-alkyl, Perfluoro-alkoxy, —SO,(R*),, CN,
NOZ> 7N(R4)2> *COO\IR4)2> (NR4)COR4a 7COZR4>
—COR*, —SO,N(R%,, —SO0.alkyl, NR*SO,alkyl,
NR*S0,alkyl, or C,-Cy alkyl.
Het? 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, monosubstituted, disub-
stituted or trisubstituted by substitutents selected from A, F,
Br, , —OR* —(CH,)OR* Perfluoro-alkyl, Perfluoro-
alkoxy, —SO,(R™),, CN, NO,, —N(R?"),, —CONR™),,
(NRHCOR*, —CO,R*, —COR*, —SO,NR™",,
—S0,alkyl, NR*SO,alkyl, NR*SO,alkyl, or C,-C, alkyl;
Cyc denotes a saturated or unsaturated carbocyclic ring con-
taining 3 to 7 carbon atoms which may be substituted by Hal,
A, (C-Colalkyl, —[C(R),],—Ar, —[C(R*),],-cycloalkyl,
OR* CF,, OCF;, N(R%),, NR*CON(R™),, NO,, CN, 4C(R*)
,],—COOR*, 4C(R*),] —CON(R™),, NR*COA, NR*SO, A,
COR*, CO,R*, SO,N(R™),, SOA, and/or SO,A.
R*isH, A, Cyc or (C,-C,)alkyl, preferably H or (C,-C)alkyl;
nisl,2,3o0r4,
and pharmaceutically acceptable derivatives, solvates, tau-
tomers, salts and stereo-isomers thereof, including mixtures
thereof in all ratios as a medicament, especially for treating
multiple sclerosis and other diseases.
[0117] In a preferred embodiment, the present invention
provides compounds of Formula (IA)

(14)

N
N;\jl\ /RZ
3 2
R} < ]

oY
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and most preferably compounds of Formula (TA")

(1a7

N
/
¢
\S
R} =N
RZ
O N/>

[0118] Wherein R? and R® are as above defined.
[0119] Inanother preferred embodiment, the present inven-

tion provides compounds of Fornwla (IB)

(1B)
A
N
N/ ‘ R?
R\
e 2
|
O/

[0120] And most preferably, compounds of Formula (1B")
(IB")
RZ
\
N
/
$ ]
R} =N
2
/>— R
[ONy X
[0121] Wherein R?and R® are as above defined and wherein

R denotes A, (C,-Cjalkyl, (C,-Cyalkyl, —(CH,), Ar",
(CH,), Het', (CH,) Het>, whereby n, Ar', Het" are as above
defined. R* more preferably denotes A, (C,-Cy)alkyl, (C,-Cy)
alkyl.

[0122] Inanother preferred embodiment, the present inven-
tion provides compounds of Formula (IC)

1c
RW
\N
/ 2
N\\ ‘ r
e\ 077
-
o/N
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more preferably compounds of Formula (IC")

acy

R‘A)
\
N
/
N\\ |
s
3
R /)B%_
RZ
o
~N

[0123] WhereinR?and R? are as above defined and wherein

R" denotes Ar', More preferably R” denotes phenyl.

[0124] And most preferably compounds of Formula (IC")

{acn

[0125] Wherein R denotes Hal, —OR?, (C,-C)alkyl, and
R? and R? are as above defined.

[0126] In a preferred embodiment, the present invention
also provides compounds of Formulae (ID)

(
N/W
z | / Sgpb
N Y I
/|
N
O

[0127] WhereinR' and R are as above defined and wherein
R® and R® independently from one another denotes H, A,
(C,-Co)-alkyl or Z, or R” and R? together form with the
nitrogen atom to which they are bond, an heterocyclic ring
optionally substituted by CO,R*, OR*, or (CH,,), R*, whereby
n and R* areas above defined.

[0128] Inanother preferred embodiment, the present inven-
tion provides compounds of formula (IF)

D)

Rl
)
N/,
X

(IE)
R} &
Rl
~ N
N
N ]
N 0

[0129] Wherein R® denotes Het' or Het?, and wherein R
and R? are as above defined.



US 2012/0071460 Al Mar. 22,2012

[0130] Inanother preferred embodiment, the present inven- [0134] R?preferably denotes
tion provides compounds of Formula (IF)

1 , (IF) ’
R R
\1|\1 NY
N \
N\/\ \—0

R3

[0131] Wherein R!, R? R? are as above defined

and pharmaceutically acceptable derivatives, solvates, tau-
tomers, salts and stereoisomers thereof, including mixtures
thereofin all ratios and their use for treating multiple sclerosis
and other diseases.

[0132] Generally, compounds of formula (I) are the more
preferred, the more preferred substituents they carry.

[0133] R! preferably denotes: methyl, cyclohexyl, cyclo-
pentyl, n-propyl, iso-butyl, tert-butyl, phenyl, or one of the
following groups:

SO,Me
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-continued -continued
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[0135] R® preferably denotes methyl, ethyl, tert-butyl,
-continued n-propyl, or one of the following groups:

0 \/N \/N
\/ N, S ~ /S ~
MO/ ’ \/\O/\ ;

’
’

[0136] The most preferred compounds are selected from
the following group:

Example Nb Formula
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-continued
Example Nb Formula
2
F
F
3
F
F
4
F
F
5
F
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Example Nb Formula
6
F
F
7
F
8
F
9
O
N
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-continued

Example Nb Formula

10

11

13

14
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-continued
Example Nb Formula
15
s
— F
=N
O\ g .
F
16 |
N

17

18

19
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-continued

Example Nb Formula

20

21

23

24
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-continued

Example Nb Formula

25

26

27

28

29

30
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Example Nb Formula
31 /N\
N F
/ N
/
o
N
F
6]
32
{ P
N E
e N
_—
o A
N
F
6]

33

34

N>/Q
b/

36

z
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-continued
Example Nb Formula
37
38
39
40

41
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-continued

Example Nb Formula

43

45

16
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-continued
Example Nb Formula
48
49

50

51
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-continued

Example Nb Formula

53

54

55

56

57
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Example Nb Formula

58

59

60

61
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-continued

Example Nb Formula

63

64

65

66

67
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Example Nb Formula
68
69

70

71




US 2012/0071460 Al Mar. 22,2012
30

-continued

Example Nb Formula

73

71

78
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-continued

Example Nb Formula

80

81

84
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-continued

Example Nb Formula

86

87

88

89
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90
F F
F
91
NFEN\
| N
A4
92
Br
93
F
F

94

OH
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-continued

Example Nb Formula

95

96

o7

98

99
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Example Nb Formula

100

101

102

103

104

105
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Example Nb Formula
106
I
Nl
107
AN
N/ N
\—/
108
i F
F

109

/ O~y OH

110

111
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Example Nb Formula
112
s
— F
0] —N

113

114
N
N X

11s
N
NN

116
N
N7 N
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-continued

Example Nb Formula

117

118

119

121
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Example Nb Formula

123

124

125

126
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Example Nb Formula
127
Oy
—N
/N

=
AN

128
N
NN

ja=iza

129
N
N

—N
/) N
(6]
130
N.
—N
/) N
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Example Nb Formula

131

132

133

OH

135
N
N
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Example Nb Formula
136
137
138
139

140
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Example Nb Formula

142
N
N X
0

143
N
N X

O\N/
145
Oy
. O
0 N OH
/ .,
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Example Nb Formula

OH

~
o
Z/
\
S\

147
N,
N/ N (0]

148

149

150
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Example Nb Formula
151

g }
\—
152
N
4
153
o]
D
OH
154
N
N
|
/
N
H
155
N4N\
| N
N/
[0137] Alkyl denotes a linear or branched carbon chain  3-methylbutyl, 1,1-, 1.2- or 2,2-dimethylpropyl, 1-ethylpro-

having 1 to 12 carbon atoms, preferably 1 to 8 carbon atoms
and most preferably 1 to 6 carbon atoms. Alkyl includes
(C,-Cy)-alkyl, (C,-Cy)-alkyl. Alkyl very preferably denotes
methyl, furthermore ethyl, propyl, isopropyl, butyl, isobutyl,
sec-butyl or tert-butyl, furthermore also pentyl, 1-, 2- or

pyl, hexyl. 1-, 2-, 3- or 4-methylpentyl, 1,1-, 1,2-,1,3-, 2,2-,
2.,3- or 3,3-dimethylbutyl, 1- or 2-ethylbutyl, 1-ethyl-1-me-
thylpropyl, 1-ethyl-2-methylpropyl, 1,1,2- or 1,2,2-trimeth-
ylpropyl

[0138] The group A preferably denotes a branched or linear
alkyl having 2 to 12 C-atoms, wherein one or more, prefer-
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ably 1 to 7H-atoms may be replaced by OR*, CO,R?, CF?,
cycloalkyl having 3 to 7 ring carbon atoms, Ar', A%, or
N(R*), and wherein one or more, preferably 1 to 7 non-
adjacent CH,-groups may be replaced by O, NR*, —CO,—,
or —CH—CH.

[0139] The group A most preferably denotes ethyl, propyl,
isopropyl, butyl, isobutyl, sec-butyl, or tert-butyl, further-
more also (CH,),,CO,(CHS,),CH;, (CH,),CF, (CH,),NHcy-
clopropyl wherein n is as defined above and p is 1, 2. 3, 4 or

7 preferably denotes a branched or linear alkyl having 2 to 12
C-atoms, wherein one or more, preferably 1 to 7H-atoms are
replaced by OR?, CO,R*, and/or wherein one or more, pref-
erably 1 to 7 CH,-groups are replaced by O, NR*, —CO,
—CH—CH—, —C=C—, —C=C—,

R? preferably denotes Ar', Ar?, Het', Het?, Cycor A, (C,-Cy-
alkyl) or O—(C,-C,-alkyl), or if R* is Het', Cyc, A, —(CH.,)
LA, (CH,), Het', (CH,),Het?, (C,-C,)alkyl,

orifR* denotes Ar* orR? is Ar*, Het" or Het® wherein Ar' and
Ar? are mono di or trisubstituted by the substituents hereby
mentioned, R? also denotes CH,.

or if R* denotes Het', Cyc, A, (C,-Cyalkyl, (C5-Cy)alkyl,
—(CH,),Ar", (CH,),Het', (CH,)Het!, R® also denotes
S—(C,-C,4-alkyl)

[0140] Cycloalkyl preferably denotes cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl or cycloheptyl.

[0141] Cycloalkylalkylene preferably denotes cyclopropy-
Imethylene, cyclobutylmethylene, cyclopentylmethylene,
cyclohexylmethylene or cycloheptylmethylene.

[0142] Alkylene is preferably methylene, ethylene, propy-
lene, butylene, pentylene or hexylene, furthermore branched
alkylene.

[0143] Perfluoroalkyl preferably denotes CF;.

[0144] Perfluoro-alkoxy preferably denotes OCF;.

[0145] Hal denotes Cl, Br, I, F and preferably F, Br or Cl.
[0146] Alkoxy denotes a group —O—(CH,),—CHj,

whereinn is 0, 1, 2, 3 or 4, preferably Methoxy or Ethoxy.
[0147] Carboxy denotes a group —COOH.

[0148] Carboxyalkyl denotes an ester group preferably
COOMe or COOE.

[0149] Alkylsulfonyl denotes a group —S(O),-alkyl pref-
erably Methylsulfonyl or Ethylsulfonyl.

[0150] Acyl denotes a group—C(O)R wherein R canbe A,
Z, Ar', Ar*, Het' or Het® as defined above, preferably Acyl
denotes a group Acetyl —C(O)CH;.

[0151] Amino denotes the group —NR'R" where each R',
R" is independently hydrogen or alkyl having 1 to 6 carbon
atoms or Ar', Ar®, Het', Het?, A, or Z, and where R' and R",
together with the nitrogen atom to which they are attached,
can optionally form a 3-8-membered Heterocyclic ring.
[0152] Amido refers to the group —C(O)NR'R" where
each R', R" is independently hydrogen or alkyl having 1 to 6
carbon atomis or Ar', Ar?, Het', Het?, A, or Z, and where R’
and R", together with the nitrogen atom to which they are
attached, can optionally form a 3-8-membered Heterocyclic
ring.

[0153] Ar' preferably denotes phenyl, which may be
unsubstituted or monosubstituted, disubstituted or trisubsti-
tuted by asubstitutent selected from R® and/or R, wherein R®
and R° are independently from one another Hal, preferrably F,
0—(C,-Cy)-alkyl, (C,-Cy)-alkyl, SO,(C,-C¢)-alkyl, alkoxy,
—(CH,),0H, CF;, —(CH,),N((C,-Celalkyl),, —(CH,)
Het', —(CH,), Het*.

Mar. 22,2012

[0154] Ar® preferably denotes phenyl, which may be
unsubstituted or monosubstituted, disubstituted or trisubsti-
tuted by a substitutent selected from R® and/or R%; wherein R®
and R® are independently from one another Hal, preferrably F,
0—(C,-Cy)-alkyl, (C,-Cy)-alkyl, SO,(C,-C)-alkyl, alkoxy,
—(CH,),0H, CF,, —(CH,),N(C,-C,Jalkyl),, —(CIL)
Het', —(CH,) Het".

[0155] When Ar' or Ar® denote a bicyclic system, it may
contain 1 or 2 aromatic rings. The eventual non-aromatic ring
can be either saturated or unsaturated.

[0156] Ar' or Ar® very particularly preferably denotes one
of the following groups:

VAR

wherein R* and R° areas defined above.
[0157] More particularly, Ar is one of the following groups:

R> RS R}
&
—\ RG, or
R® R®

wherein R, RY are as defined above and preferably, wherein
R’ is Hal and R® is Hal or H.

[0158] Furthermore, Ar' or Ar? is preferably unsubstituted
or

T F T
—(; :} N —(% :) or —(; E}
F F

[0159] Het' or Het® preferably denotes a monocyclic or
bicyclic, saturated, unsaturated or aromatic heterocyclic ring
having 1 to 3 N atoms which may be unsubstituted or mono-
substituted, disubstituted or trisubstituted by a substitutent
selected from R’ and/or RY; or bicyclic, saturated, unsaturated
or aromatic heterocyclic ring having 1 oxygen atom or 2
nitrogen atom or a combination thereof, which may be unsub-
stituted or monosubstituted, disubstituted or trisubstituted by
a substitutent selected from R* and/or R®
[0160] When Het" denotes a bicyclic system, none of the
fused rings is aromatic.
[0161] WhenHet denotes a bicyclic system, it may contain
1 or 2 aromatic rings. The eventual non-aromatic ring can be
either saturated or unsaturated. The heteroatoms may be
either part of the aromatic ring or the non-aromatic ring.
[0162] Het" or Het® is preferably a 6 to 14 membered ring
system and denotes, not withstanding further substitutions,
for example, 2- or 3-furyl, 2- or 3-thienyl, 1-, 2- or 3-pyrrolyl,
1-, 2-, 4- or 5-imidazolyl, 1-, 3-, 4- or 5-pyrazolyl, 2-, 4- or
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5-oxazolyl, 3-, 4- or 5-isoxazolyl, 2-, 4- or 5-thiazolyl, 3-, 4-
or 5-isothiazolyl, 2-, 3- or 4-pyridyl, 2-, 4-, 5- or 6-pyrimidi- -continued
nyl, furthermore preferably 1,2,3-triazol-1-, -4- or -5-y1, 1,2,
4-triazol-1-, -3-or-5-y1, 1- or 5-tetrazolyl, 1,2,3-oxadiazol-4-
or -5-yl, 1,2,4-oxadiazol-3- or -5-yl, 1,3,4-thiadiazol-2- or
-5-yl, 1,2,4-thiadiazol-3- or -5-yl, 1,2,3-thiadiazol-4- or
-5-yl, 3- or 4-pyridazinyl, pyrazinyl, 1-, 2-, 3-, 4-, 5-, 6- or
7-indolyl, indazolyl, 4- or 5-isoindolyl, 1-, 2-, 4- or 5-benz-
imidazolyl, 1-, 3-, 4-, 5-, 6- or 7-benzopyrazolyl, 2-,4-, 5-, 6-
or 7-benzoxazolyl, 3-,4-, 5-, 6- or 7-benzisoxazolyl, 2-,4-, 5-,
6- or 7-benzothiazolyl, 2-, 4-, 5-, 6- or 7-benzisothiazolyl, 4-,
5-, 6- or 7-benz-2,1,3-o0xa-diazolyl, 2-, 3-, 4-, 5-, 6-, 7- or
8-quinolyl, 1-, 3-, 4-, 5-, 6-, 7- or 8-isoquinolyl, 3-, 4-, 5-, 6-,
7- or 8-cinnolinyl, 2-, 4-, 5-, 6-, 7- or 8-quinazolinyl, 5- or
6-quinoxalinyl, 2-, 3-, 5-, 6-, 7- or 8-2H-benzo-1,4-0xazinyl,
furthermore preferably 1,3-benzodioxol-5-yl, 1,4-benzo-
dioxane-6-yl, 2,1,3-benzothiadiazol-4- or -5-yl or 2,1,3-ben-
zoxadiazol-5-yl.

[0163] The heterocyclic radicals may also be partially or
fully hydrogenated.

[0164] Hetcan thus also denote, for example, 2.3-dihydro-
2-, -3-, -4- or -5-furyl, 2,5-dihydro-2-, -3-, -4- or -5-furyl,
tetrahydro-2- or -3-furyl, 1,3-dioxolan-4-yl, tetrahydro-2- or
-3-thienyl, 2,3-dihydro-1-, -2-, -3-, -4- or -5-pyrrolyl, 2,5-
dihydro-1-, -2-,-3-, -4- or -5-pyrrolyl, 1-, 2- or 3-pyrrolidinyl,
tetrahydro-1-, -2- or -4-imidazolyl, 2,3-dihydro-1-, -2-, -3-,
-4- or -5-pyrazolyl, tetrahydro-1-, -3- or -4-pyrazolyl, 1,4-
dihydro-1-, -2-, -3- or -4-pyridyl, 1,2,3,4-tetrahydro-1-, -2-,
-3-, -4-, -5- or -6-pyridyl, 1-, 2-, 3- or 4-piperidinyl, 2-, 3- or
4-morpholinyl, tetrahydro-2-, -3- or -4-pyranyl, 1,4-diox-
aneyl, 1,3-dioxane-2-, -4- or -5-yl, hexahydro-1-, -3- or
-4-pyridazinyl, hexahydro-1-, -2-, -4- or -5-pyrimidinyl, 1-,
2- or 3-piperazinyl, 1,2,3 4-tetrahydro-1-, -2-, -3-, -4-, -5-,
-6-,-7-or -8-quinolyl, 1,2,3 4-tetrahydro-1-,-2-, -3-, -4-, -5-,
-6-, -7- or -8-isoquinolyl, 2-, 3-, 5-, 6-, 7- or 8-3.4-dihydro-
2H-benzo-1,4-oxazinyl, furthermore preferably 2,3-methyl-
enedioxyphenyl, 3,4-methylenedioxyphenyl, 2,3-ethylene-
dioxyphenyl, 3,4-ethylenedioxyphenyl, 34-
(diftuoromethylenedioxy)phenyl, 2,3-dihydrobenzofuran-5-
or -6-v1, 2,3-(2-oxomethylenedioxy )phenyl or also 3,4-dihy-
dro-2H-1,5-benzodioxepin-6- or -7-yl, furthermore prefer-
ably 2,3-dihydrobenzofuranyl or 2.3-dihydro-2-oxofuranyl.
[0165] Het' or Het® very particularly denotes one of the
following groups:
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i
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/_\
A
/_\
RRA

HN

'

)
[
v

[0166] Wherein R*, R® and R are as defined above.
[0167] Cyc preferably denotes a saturated carbocyclic ring

containing 4 to 6 carbon atoms which may be substituted by
Hal, A, or (C,-Cy)alkyl.

[0168] More Preferably, Cyc is not substituted.
[0169] Most preferably Cyc is selected from the following
group:
1}8
NE i
[0170] Wherein R® denotes H or (C,-Cy)-alkyl,
[0171] The compounds of the formula I, and related formu-

lae and also the starting materials for the preparation thereof
are, in addition, prepared by methods known per se, as
described in the literature (for example in the standard works,
such as Houben-Weyl, Methoden der organischen Chemie
[Methods of Organic Chemistry], Georg-Thieme-Verlag,
Stuttgart), under reaction conditions which are known and
suitable for the said reactions. For all the protection and
deprotection methods, see Philip J. Kocienski, in “Protecting
Groups”, Georg Thieme Verlag Stuttgart, New York, 1994
and, Theodora W. Greene and Peter G. M. Wuts in “Protective
Groups in Organic Svnthesis”, Wiley Interscience, 3" Edi-
tion 1999.

[0172] Use can also be made here of variants which are
known per se, but are not mentioned here in greater detail.
[0173] If desired, the starting materials can also be formed
in situ so that they are not isolated from the reaction mixture,
but instead are immediately converted further into the com-
pounds of the formula 1.

Mar. 22,2012

[0174] The starting compounds for the preparation of com-
pounds of formula I are generally known. If they are novel,
they can, however, be prepared by methods known per se.
[0175] The reactions are preferably carried out in an inert
solvent.

[0176] Examples of suitable inert solvents are hydrocar-
bons, such as hexane, petroleum ether, benzene, toluene or
xylene; chlorinated hydrocarbons, such as trichloroethylene,
1,2-dichloroethane, tetrachloromethane, chloroform or
dichloromethane; alcohols, such as methanol, ethanol, iso-
propanol, n-propanol, n-butanol or tert-butanol; ethers, such
as diethyl ether, diisopropyl ether, tetrahydrofuran (THF) or
dioxane; glycol ethers, such as ethylene glycol monomethyl
or monoethyl ether or ethylene glycol dimethyl ether (dig-
lyme); ketones, such as acetone or butanone; amides, such as
acetamide, dimethylacetamide or dimethylformamide
(DMF); nitriles, such as acetonitrile; sulfoxides, such as dim-
ethyl sulfoxide (DMSO); carbon disulfide; carboxylic acids,
such as formic acid or acetic acid; nitro compounds, such as
nitromethane or nitrobenzene; esters, such as ethyl acetate, or
mixtures of the said solvents.

[0177] Accordingly, the invention relates, in particular, to
the use of compounds of the formula I, and related formulae
asdefined above, wherein R', R, R3, R and R? are as defined
above as a medicament.

[0178] Accordingly, the invention relates, in particular, to
the use of compounds of the formula I, and related formulae
asdefined above, wherein R', R?, R* R® and R? are as defined
above for the preparation of pharmaceutical formulation for
the prevention and/or the treatment of multiple sclerosis and
related disorders.

[0179] The said compounds of the formula T and related
formulae can be used in their final non-salt form. On the other
hand, the present invention also relates to the use of these
compounds in the form of their pharmaceutically acceptable
salts, which can be derived from various organic and inor-
ganic acids and bases by procedures known in the art. Phar-
maceutically acceptable salt forms of the compounds of the
formula I are for the most part prepared by conventional
methods. If the compound of the formula I contains an acidic
center, such as a carboxyl group, one of its suitable salts can
be formed by reacting the compound with a suitable base to
give the corresponding base-addition salt. Such bases are, for
example, alkali metal hydroxides, including potassium
hydroxide, sodium hydroxide and lithium hydroxide; alka-
line earth metal hydroxides, such as barium hydroxide and
calcium hydroxide; alkali metal alkoxides, for example
sodium- or potassium methoxide and sodium or potassium-
propoxide, alkalihydrides, such as sodium- or potassiumhy-
dride; and various organic bases, such as piperidine, dietha-
nolamine and N-methyl-glutamine, benzathine, choline,
diethanolamine, ethylenediamine, meglumine, benethamine,
diethylamine, piperazine and tromethamine. The aluminium
salts of the compounds of the formula I and related formulae
are likewise included. In the case of certain compounds of the
formula I and related formulae, which contain a basic center,
acid-addition salts can be formed by treating these com-
pounds with pharmaceutically acceptable organic and inor-
ganic acids, for example hydrogen halides, such as hydrogen
chloride, hydrogen bromide or hydrogen iodide, other min-
eral acids and corresponding salts thereof, such as sulfate,
nitrate or phosphate and the like, and alkyl- and monoaryl-
sulfonates, such as ethanesulfonate, toluenesulfonate and
benzene-sulfonate, and other organic acids and correspond-
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ing salts thereof, such as acetate, trifluoro-acetate, tartrate,
maleate, succinate, citrate, benzoate, salicylate, ascorbate
and the like. Accordingly, pharmaceutically acceptable acid-
addition salts of the compounds of the formula I and related
formulae include the following: acetate, adipate, alginate,
arginate, aspartate, benzoate, benzene-sulfonate (besylate),
bisulfate, bisulfite, bromide, butyrate, camphorate, camphor-
sulfonate, caprylate, chloride, chlorobenzoate, citrate, cyclo-
pentane-propionate, digluconate, dihydrogen-phosphate,
dinitrobenzoate, dodecyl-sulfate, ethanesulfonate, fumarate,
galacterate (from mucic acid), galacturonate, glucohep-
tanoate, gluco-nate, glutamate, glycerophosphate, hemi-suc-
cinate, hemisulfate, heptanoate, hexanoate, hippurate, hydro-
chloride, hydrobromide, hydroiodide, 2-hydroxy-ethane-
sulfonate, iodide, isethionate, isobutyrate, lactate,
lactobionate, malate, maleate, malonate, mandelate, meta-
phosphate, methanesulfonate, methylbenzoate, mono-hydro-
gen-phosphate, 2-naphthalenesulfonate, nicotinate, nitrate,
oxalate, oleate, palmo-ate, pectinate, persulfate, phenylac-
etate, 3-phenylpropionate, phosphate, phosphonate, phtha-
late, but this does not represent a restriction. Both types of
salts may be formed or interconverted preferably using ion-
exchange resin techniques.

[0180] Furthermore, the base salts of the compounds of the
formula I and related formulae include aluminium, ammo-
nium, calcium, copper, iron(IIl), iron(IT), lithium, magne-
sium, manganese(I1l), manganese(I1), potassium, sodium
and zinc salts, but this is not intended to represent a restric-
tion. Of the above-mentioned salts, preference is given to
ammonium; the alkali metal salts sodium and potassium, and
the alkaline earth metal salts calcium and magnesium. Salts of
the compounds of the formula [ which are derived from phar-
maceutically acceptable organic non-toxic bases include salts
of primary, secondary and tertiary amines, substituted
amines, also including naturally occurring substituted
amines, cyclic amines, and basic ion exchanger resins, for
example arginine, betaine, caffeine, chloroprocaine, choline,
N,N'-dibenzyl-ethylen-ediamine (benzathine), dicyclohexy-
lamine, diethanol-amine, diethyl-amine, 2-diethyl-amino-
ethanol, 2-dimethyl-amino-ethanol, ethanolamine, ethylene-
diamine, N-ethylmorpholine, N-ethyl-piperidine, glucamine,
glucosamine, histidine, hydrabamine, isopropyl-amine, lido-
caine, lysine, meglumine (N-methyl-D-glucamine), morpho-
line, piperazine, piperidine, polyamine resins, procaine,
purines, theobromine, triethanol-amine, triethylamine, trim-
ethylamine, tripropyl-amine and tris(thydroxy-methyl)-me-
thylamine (tromethamine), but this is not intended to repre-
sent a restriction.

[0181] Compounds ofthe formulaland related formulae of
the present invention which contain basic nitrogen-contain-
ing groups can be quaternised using agents such as (C,-C,)-
alkyl halides, for example methyl, ethyl, isopropyl and tert-
butyl chloride, bromide and iodide; di(C, -C,)alkyl sulfates,
for example dimethyl, diethyl and diamyl sulfate; (C,,-C,4)
alkyl halides, for example decyl, do-decyl, lauryl, myristyl
and stearyl chloride, bromide and iodide; and aryl-(C,-C,)
alkyl halides, for example benzy! chloride and phenethyl
bromide. Both water- and oil-soluble compounds of the for-
mula I can be prepared using such salts.

[0182] The above-mentioned pharmaceutical salts, which
are preferred, include acetate, trifluoroacetate, besylate, cit-
rate, fumarate, gluconate, hemisuccinate, hippurate, hydro-
chloride, hydrobromide, isethionate, mandelate, me-glu-
mine, nitrate, oleate, phosphonate, pivalate, sodium
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phosphate, stea-rate, sulfate, sulfosalicylate, tartrate, thioma-
late, tosylate and tro-meth-amine, but this is not intended to
represent a restriction.

[0183] The acid-addition salts of basic compounds of the
formula I and related formulae are prepared by bringing the
free base form into contact with a sufficient amount of the
desired acid, causing the formation of the salt in a conven-
tional manner. The free base can be regenerated by bringing
the salt form into contact with a base and isolating the free
base in a conventional manner. The free base forms differina
certain respect from the corresponding salt forms thereof with
respect to certain physical properties, such as solubility in
polar solvents; for the purposes of the invention, however, the
salts other-wise correspond to the respective free base forms
thereof.

[0184] As mentioned, the pharmaceutically acceptable
base-addition salts of the compounds of the formula I are
formed with metals or amines, such as alkali metals and
alkaline earth metals or organic amines. Preferred metals are
sodium, potassium, magnesium and calcium. Preferred
organic amines are N,N'-dibenzylethylenediamine, chlorop-
rocaine, choline, diethanol-amine, ethylenediamine, N-me-
thyl-D-glucamine and procaine.

[0185] The base-addition salts of acidic compounds of the
formula I, and related formulae are prepared by bringing the
free acid form into contact with a sufficient amount of the
desired base, causing the formation of the salt in a conven-
tional manner. The free acid can be regenerated by bringing
the salt form into contact with an acid and isolating the free
acid in a conventional manner. The free acid forms differ in a
certain respect from the corresponding salt forms thereof with
respect to certain physical properties, such as solubility in
polar solvents; for the purposes of the invention, however, the
salts other-wise correspond to the respective free acid forms
thereof.

[0186] Ifacompoundofthe formulal, andrelated formulae
contains more than one group which is capable of forming
pharmaceutically acceptable salts of this type, the formula [
also encompasses multiple salts. Typical multiple salt forms
include, for example, bitartrate, diacetate, difumarate, dime-
glumine, di-phosphate, disodium and trihydrochloride, but
this is not intended to represent a restriction.

[0187] With regard to that stated above, it can be seen that
the term “pharmaceutically acceptable salt” in the present
connection is taken to mean an active ingredient which com-
prises a compound of the formula I, and related formulae in
the form of one of its salts, in particular if this salt form
imparts improved pharmacokinetic properties on the active
ingredient compared with the free form of the active ingredi-
ent or any other salt form of the active ingredient used earlier.
The pharmaceutically acceptable salt form of the active ingre-
dient can also provide this active ingredient for the first time
with a desired pharmacokinetic property which it did not have
earlier and can even have a positive influence on the pharma-
codynamics of this active ingredient with respect to its thera-
peutic efficacy in the body.

[0188] Owing to their molecular structure, the compounds
of the formula I, and related formulae can be chiral and can
accordingly occur in various enantiomeric forms. They can
therefore exist in racemic or in optically active form.

[0189] Since the pharmaceutical activity of the racemates
or stereoisomers of the compounds according to the invention
may differ, it may be desirable to use the enantiomers. Inthese
cases, the end product or even the intermediates can be sepa-
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rated into enantiomeric compounds by chemical or physical
measures known to the person skilled in the art or even
employed as such in the synthesis.

[0190] In the case of racemic amines, diastereomers are
formed from the mixture by reaction with an optically active
resolving agent. Examples of suitable resolving agents are
optically active acids, such as the R and S forms of tartaric
acid, diacetyltartaric acid, dibenzoyltartaric acid, mandelic
acid, malic acid, lactic acid, suitable N-protected amino acids
(for example N-benzoylproline or N-benzenesulfonylpro-
line), or the various optically active camphorsulfonic acids.
Also advantageous is chromatographic enantiomer resolution
with the aid of an optically active resolving agent (for
example dinitrobenzoylphenylglycine, cellulose triacetate or
other derivatives of carbohydrates or chirally derivatised
methacrylate polymers immobilised on silica gel). Suitable
eluents for this purpose are aqueous or alcoholic solvent
mixtures, such as, for example, hexane/isopropanol/acetoni-
trile, for example in the ratio 82:15:3.

[0191] Theinvention furthermore relates to the use of com-
pounds of formula I, and related formulae in combination
with at least one further medicament active ingredient, pref-
erably medicaments used in the treatment of multiple sclero-
sis such as cladribine or another co-agent, such as interferon,
e.g. pegylated or non-pegylated interferons, preferably inter-
feron beta and/or with compounds improving vascular func-
tion or in combination with immunomodulating agents for
example Fingolimod; cyclosporins, rapamycins or ascomy-
cins, or their immunosuppressive analogs, e.g. cyclosporin A,
cyclosporin G, FK-506, ABT-281, ASM981, rapamycin,
40-0-(2-hydroxy)ethyl-rapamycin ~ etc.; corticosteroids;
cyclophosphamide; azathioprene; methotrexate; lefluno-
mide; mizoribine; mycophenolic add; mycophenolate
mofetil; 15-deoxyspergualine; diflucortolone valerate; diflu-
prednate; Alclometasone dipropionate; amcinonide; amsa-
crine; asparaginase; azathioprine; basiliximab; beclometa-
sone dipropionate; betamethasone; betamethasone acetate;
betamethasone dipropionate; betamethasone phosphate
sodique; betamethasone valerate, budesonide; captopril;
chlormethine chlorhydrate; cladribine; clobetasol propi-
onate; cortisone acetate; cortivazol, cyclophosphamide; cyt-
arabine; daclizumab; dactinomycine; desonide; desoximeta-
sone; dexamethasone; dexamethasone acetate;
dexamethasone isonicotinate; dexamethasone metasulfoben-
zoate sodique; dexamethasone phosphate; dexamethasone
tebutate; dichlorisone acetate; doxorubicine chlorhydrate;
epirubicine chlorhydrate; fluclorolone acetonide; fludrocor-
tisone acetate; fludroxycortide; flumetasone pivalate;
flunisolide; fluocinolone acetonide; fluocinonide; fluocor-
tolone; fluocortolone hexanoate; fluocortolone pivalate; fluo-
rometholone; fluprednidene acetate; fluticasone propionate;
gemcitabine chlorhydrate; halcinonide; hydrocortisone,
hydrocortisone acetate, hydrocortisone butyrate, hydrocorti-
sone hemisuccinate; melphalan; meprednisone; mercaptopu-
rine; methylprednisolone; methylprednisolone acetate; meth-
ylprednisolone hemisuccinate; misoprostol; muromonab-
cd3; mycophenolate mofetil; paramethasone acetate;
prednazoline, prednisolone; prednisolone acetate; predniso-
lone caproate; prednisolone metasulfobenzoate sodique;
prednisolone phosphate sodique; prednisone; prednylidene;
rifampicine; rifampicine sodique; tacrolimus; teriflunomide;
thalidomide; thiotepa; tixocortol pivalate; triamcinolone; tri-
amcinolone acetonide hemisuccinate; triamcinolone bene-
tonide; triameinolone diacetate; triamcinolone hexacetonide;
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immunosuppressive monoclonal antibodies, e.g., mono-
clonal antibodies to leukocyte receptors, e.g., MHC, CD2,
CD3,CD4,CD7,CD25, CD28,B7,CD40, CD45 or CDS8 or
their ligands; or other immunomodulatory compounds, e.g.
CTLA41g, or other adhesion molecule inhibitors, e.g. mAbs
or low molecular weight inhibitors including Selectin antago-
nists and VLA-4 antagonists. A preferred composition is with
Cyclosporin A, FK506, rapamycin or 40-(2-hydroxy)ethyl-
rapamycin and Fingolimod. These further medicaments, such
as interferon beta, may be administered concomitantly or
sequentially, e.g. by subcutaneous, intramuscular or oral
routes.

[0192] These compositions can be used as medicaments in
human and veterinary medicine.

[0193] Inembodiment 1, the present invention provides the
use of compounds of formula (I) and pharmaceutically
acceptable derivatives, solvates, tautomers, salts and stereoi-
somers thereof, including mixtures thereof in all ratios as a
medicament.

[0194] Inembodiment 2, the present invention provides the
use of compounds according to embodiment 1, and pharma-
ceutically usable derivatives, salts, tautomers, solvates and
stereoisomers thereof, including mixtures thereofin all ratios,
for the preparation of a medicament for the treatment and/or
prophylaxis of a sphingosine 1-phosphate associated disor-
der.

[0195] Inembodiment 3, the present invention provides the
use of compounds according to one or more of embodiment 1
to 2, and pharmaceutically usable derivatives, salts, tau-
tomers, solvates and stereoisomers thereof, including mix-
tures thereof in all ratios, for the preparation of a medicament
for the treatment and/or prophylaxis of an immunoregulatory
abnomality.

[0196] Inembodiment 4, the present invention provides the
use according to embodiment 3, wherein the immunoregula-
tory abnormality is an autoimmune or chronic inflammatory
disease selected from the group consisting of: systemic lupus
erythematosis, chronic rheumatoid arthritis, type I diabetes
mellitus, inflammatory bowel disease, biliary cirrhosis, uvei-
tis, multiple sclerosis, amyotrophic lateral sclerosis (ALS),
Crohn’s disease, ulcerative colitis, bullous pemphigoid, sar-
coidosis, psoriasis, autoimmune myositis, Wegener’s granu-
lomatosis, ichthyosis, Graves ophthalmopathy, asthma, bone
marrow or organ transplant rejection or graft-versus-host dis-
ease.

[0197] Ina further aspect, compounds of the present inven-
tion have an EC50 in GTPyS for the binding or modulation to
the S1P1 receptor ofless than about 5 uM, preferably less than
about 1 uM.

[0198] Ina further aspect, the invention provides the use of
compounds of Formula 1 and related formulae, as well as
pharmaceutically usable derivatives, salts, tautomers, sol-
vates and stereoisomers thereof, including mixtures thereofin
all ratios, for the preparation of a medicament for the treat-
ment and/or prophylaxis of diseases in which the inhibition,
activation, regulation, and/or modulation of S1P, receptor
signal transduction plays a role.

[0199] Ina further aspect, the invention provides the use of
compounds of Formula I and related Formulae for the prepa-
ration of a medicament for the treatment and/or prophylaxis
of autoimmune disorder or condition associated with an over-
active immune response.

[0200] Pharmaceutical formulations can be administered in
the form of dosage units, which comprise a predetermined
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amount of active ingredient per dosage unit. Such a unit can
comprise, for example, 0.5 mg to 300 mg, preferably 1 mg to
100 mg, particularly preferably 5 mgto 50 mg, of'a compound
according to the invention, depending on the disease condi-
tion treated, the method of administration and the age, weight
and condition of the patient, or pharmaceutical formulations
can be administered in the form of dosage units which com-
prise a predetermined amount of active ingredient per dosage
unit. Preferred dosage unit formulations are those which com-
prise a daily dose or part-dose, as indicated above, or a cor-
responding fraction thereof of an active ingredient. Further-
more, pharmaceutical formulations of this type can be
prepared using a process, which is generally known in the
pharmaceutical art.

[0201] Pharmaceutical formulations can be adapted for
administration via any desired suitable method, for example
by oral (including buccal or sublingual), rectal, nasal, topical
(including buccal, sublingual or transdermal), vaginal or
parenteral (including subcutaneous, intramuscular, intrave-
nous or intradermal) methods. Such formulations can be pre-
pared using all processes known in the pharmaceutical art by,
for example, combining the active ingredient with the excipi-
ent(s) or adjuvant(s).

[0202] Pharmaceutical formulations adapted for oral
administration can be administered as separate units, such as,
for example, capsules or tablets; powders or granules; solu-
tions or suspensions in aqueous or non-aqueous liquids;
edible foams or foam foods; or oil-in-water liquid emulsions
or water-in-oil liquid emulsions.

[0203] Thus, for example, in the case of oral administration
in the form of a tablet or capsule, the active-ingredient com-
ponent can be combined with an oral, non-toxic and pharma-
ceutically acceptable inert excipient, such as, for example,
ethanol, glycerol, water and the like. Powders are prepared by
comminuting the compound to a suitable fine size and mixing
it with a pharmaceutical excipient comminuted in a similar
mannet, such as, for example, an edible carbohydrate, such
as, for example, starch or mannitol. A flavour, preservative,
dispersant and dye may likewise be present.

[0204] Capsules are produced by preparing a powder mix-
ture as described above and filling shaped gelatine shells
therewith. Glidants and lubricants, such as, for example,
highly disperse silicic acid, talc, magnesium stearate, calcium
stearate or polyethylene glycol in solid form, can be added to
the powder mixture before the filling operation. A disinte-
grant or solubiliser, such as, for example, agar-agar, calcium
carbonate or sodium carbonate, may likewise be added in
order to improve the availability of the medica-ment after the
capsule has been taken.

[0205] Inaddition, if desired or necessary, suitable binders,
lubricants and disintegrants as well as dyes can likewise be
incorporated into the mixture. Suitable binders include
starch, gelatine, natural sugars, such as, for example, glucose
or beta-lactose, sweeteners made from maize, natural and
synthetic rubber, such as, for example, acacia, tragacanth or
sodium alginate, carboxymethylcellulose, polyethylene gly-
col, waxes, and the like. The lubricants used in these dosage
forms include sodium oleate, sodium stearate, magnesium
stearate, sodium benzoate, sodium acetate, sodium chloride
and the like. The disintegrants include, without being
restricted thereto, starch, methylcellulose, agar, bentonite,
xanthan gum and the like. The tablets are formulated by, for
example, preparing a powder mixture, granulating or dry-
pressing the mixture, adding a lubricant and a disintegrant
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and pressing the entire mixture to give tablets. A powder
mixture is prepared by mixing the compound comminuted in
a suitable manner with a diluent or a base, as described above,
and optionally with a binder, such as, for example, carboxym-
ethylcellulose, an alginate, gelatine or polyvinyl-pyrrolidone,
a dissolution retardant, such as, for example, paraffin, an
absorption accelerator, such as, for example, a quaternary
salt, and/or an absorbant, such as, for example, bentonite,
kaolin or dicalcium phosphate. The powder mixture can be
granulated by wetting it with a binder, such as, for example,
syrup, starch paste, acadia mucilage or solutions of cellulose
or polymer materials and pressing it through a sieve. As an
alternative to granulation, the powder mixture can be run
through a tableting machine, giving lumps of non-uniform
shape which are broken up to form granules. The granules can
be lubricated by addition of stearic acid, a stearate salt, talc or
mineral oil in order to prevent sticking to the tablet casting
moulds. The lubricated mixture is then pressed to give tablets.
The active ingredients can also be combined with a free-
flowing inert excipient and then pressed directly to give tab-
lets without carrying out the granulation or dry-pressing
steps. A transparent or opaque protective layer consisting of a
shellac sealing layer, a layer of sugar or polymer material and
a gloss layer of wax may be present. Dyes can be added to
these coatings in order to be able to differentiate between
different dosage units.

[0206] Oral liquids, such as, for example, solution, syrups
and elixirs, can be prepared in the form of dosage units so that
a given quantity comprises a pre-specified amount of the
compounds. Syrups can be prepared by dissolving the com-
pounds in an aqueous solution with a suitable flavour, while
elixirs are prepared using a non-toxic alcoholic vehicle. Sus-
pensions can be for-mulated by dispersion of the compounds
in a non-toxic vehicle, Solubilisers and emulsifiers, such as,
for example, ethoxylated isostearyl alcohols and polyoxyeth-
ylene sorbitol ethers, preservatives, flavour additives, such as,
for example, peppermint oil or natural sweeteners or saccha-
rin, or other artificial sweeteners and the like, can likewise be
added.

[0207] The dosage unit formulations for oral administra-
tion can, if desired, be encapsulated in microcapsules. The
formulation can also be prepared in such a way that the
release 1s extended or retarded, such as, for example, by
coating or embedding of particulate material in polymers,
wax and the like.

[0208] The compounds of the formula I and related formu-
lae and salts, solvates and physiologically functional deriva-
tives thereof and the other active ingredients can also be
administered in the form of liposome delivery systems, such
as, for exam-ple, small unilamellar vesicles, large unilamellar
vesicles and multilamellar vesicles. Liposomes can be
formed from various phospholipids, such as, for example,
cholesterol, stearylamine or phosphatidylcholines.

[0209] The compounds of the formula I and related formu-
lae and the salts, solvates and physiologically functional
derivatives thereof and the other active ingredients can also be
delivered using monoclonal antibodies as individual carriers
to which the compound molecules are coupled. The com-
pounds can also be coupled to soluble polymers as targeted
medicament carriers. Such polymers may encompass polyvi-
nylpyrrolidone, pyran copolymer, polyhydroxypropyl-meth-
acrylamidophenol, polyhydroxyethylaspartamido-phenol or
polyethylene oxide polylysine, substituted by palmitoyl radi-
cals. The compounds may furthermore be coupled to a class
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of biodegradable polymers which are suitable for achieving
controlled release of a medicament, for example polylactic
acid, poly-epsilon-caprolactone, polyhydroxybutyric acid,
poly-orthoesters, polyacetals, polydihydroxypyrans, polycy-
anoacrylates and crosslinked or amphipathic block copoly-
mers of hydrogels.

[0210] Pharmaceutical formulations adapted for transder-
mal administration can be administered as independent plas-
ters for extended, close contact with the epidermis of the
recipient. Thus, for example, the active ingredient can be
delivered from the plaster by iontophoresis, as described in
general terms in Pharmaceutical Research, 3(6), 318 (1986).
[0211] Pharmaceutical compounds adapted for topical
administration can be formulated as ointments, creams, sus-
pensions, lotions, powders, solutions, pastes, gels, sprays,
aerosols or oils.

[0212] For the treatment of the eye or other external tissue,
for example mouth and skin, the formulations are preferably
applied as topical ointment or cream. In the case of formula-
tion to give an ointment, the active ingredient can be
employed either with a paraffinic or a water-miscible cream
base. Alternatively, the active ingredient can be formulated to
give a cream with an oil-in-water cream base or a water-in-oil
base.

[0213] Pharmaceutical formulations adapted for topical
application to the eye include eye drops, in which the active
ingredient is dissolved or sus-pended in a suitable carrier, in
particular an aqueous solvent.

[0214] Pharmaceutical formulations adapted for topical
application in the mouth encompass lozenges, pastilles and
mouthwashes.

[0215] Pharmaceutical formulations adapted for rectal
administration can be administered in the form of supposito-
ries or enemas.

[0216] Pharmaceutical formulations adapted for nasal
administration in which the carrier substance is a solid com-
prise a coarse powder having a particle size, for example, in
the range 20-500 microns, which is administered in the man-
ner in which snuff is taken, i.e. by rapid inhalation via the
nasal passages from a container containing the powder held
close to the nose.

[0217] Suitable formulations for administration as nasal
spray or nose drops with a liquid as carrier substance encom-
pass active-ingredient solutions in water or oil.

[0218] Pharmaceutical formulations adapted for adminis-
tration by inhalation encompass finely particulate dusts or
mists, which can be generated by various types of pressurised
dispensers with aerosols, nebulisers or insufflators.

[0219] Pharmaceutical formulations adapted for vaginal
administration can be administered as pessaries, tampons,
creams, gels, pastes, foams or spray formulations.

[0220] Pharmaceutical formulations adapted for parenteral
administration include aqueous and non-aqueous sterile
injection solutions comprising antioxidants, buffers, bacte-
riostatics and solutes, by means of which the formulation is
rendered isotonic with the blood of the recipient to be treated;
and aqueous and non-aqueous sterile suspensions, which may
comprise suspension media and thickeners. The formulations
can be administered in single-dose or multidose containers,
for example sealed ampoules and vials, and stored in freeze-
dried (lyophilised) state, so that only the addition of the sterile
carrier liquid, for example water for injection purposes,
immediately before use is necessary.
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[0221] Injection solutions and suspensions prepared in
accordance with the recipe can be prepared from sterile pow-
ders, granules and tablets.

[0222] It goes without saying that, in addition to the above
particularly mentioned constituents, the formulations may
also comprise other agents usual in the art with respect to the
particular type of formulation; thus, for example, formula-
tions which are suitable for oral administration may comprise
flavours.

[0223] A therapeutically effective amount of a compound
of the formula I and related formulae and of the other active
ingredient depends on a number of factors, including, for
example, the age and weight of the animal, the precise disease
condition which requires treatment, and its severity, the
nature of the formulation and the method of administration,
and is ultimately determined by the treating doctor or vet.
However, an effective amount of a compound is generally in
the range from 0.1 to 100 mg/kg of body weight of the
recipient (mammal) per day and particularly typically in the
range from 1 to 10 mg/kg of body weight per day. Thus, the
actual amount per day for an adult mammal weighing 70 kg is
usually between 70 and 700 mg, where this amount can be
administered as an individual dose per day or usually in a
series of part-doses (such as, for example, two, three, four,
five or six) per day, so that the total daily dose is the same. An
effective amount of a salt or solvate or of a physiologically
functional derivative thereof can be determined as the fraction
of the effective amount of the compound per se.

[0224] The present invention furthermore relates to a
method for treating a subject suffering from a sphingosine
1-phosphate associated disorder, comprising administering
to said subject an effective amount of a compound of formula
1. The present invention preferably relates to a method,
wherein the sphingosine 1-phosphate-1 associated disorder is
an autoimmune disorder or condition associated with an over-
active immune response.

[0225] The present invention furthermore relates to a
method of treating a subject suffering from an immunerogu-
latory abnomality, comprising administering to said subject a
compound of formula I in an amount that is effective for
treating said immunoregulatory abnormality. The present
invention preferably relates to a method wherein the immu-
noregulatory abnormality is an autoimmune or chronic
inflammatory disease selected from the group consisting of:
amyotrophic lateral sclerosis (ALS), systemic lupus erythe-
matosus, chronic rheumatoid arthritis, type [ diabetes melli-
tus, inflammatory bowel disease, biliary cirrhosis, uveitis,
multiple sclerosis, Crohn’s disease, ulcerative colitis, bullous
pemphigoid, sarcoidosis, psoriasis, autoimmune myositis,
Wegener’s granulomatosis, ichthyosis, Graves ophthalmopa-
thy and asthma. The present invention furthermore relates to
amethod wherein the immunoregulatory abnormality 1s bone
marrow or organ transplant rejection or graft-versus-host dis-
ease. The present invention furthermore relates to a method
wherein the immunoregulatory abnormality is selected from
the group consisting of: transplantation of organs or tissue,
graft-versus-host diseases brought about by transplantation,
autoimmune syndromes including rheumatoid arthritis, sys-
temic lupus erythematosus, Hashimoto’s thyroiditis, multiple
sclerosis, myasthenia gravis, type | diabetes mellitus, uveitis,
posterior uveitis, allergic encephalomyelitis, glomerulone-
phritis, post-infectious autoimmune diseases including rheu-
matic fever and post-infectious glomerulonephritis, inflam-
matory and hyperproliferative skin diseases, psoriasis, atopic
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dermatitis, contact dermatitis, eczematous dermatitis, sebor-
rhoeic dermatitis, lichen planus, pemphigus, bullous pem-
phigoid, epidermolysis bullosa, urticaria, angioedemas, vas-
culitis, erythema, cutaneous eosinophilia, lupus
erythematosus, acne, alopecia greata, keratoconjunctivitis,
vernal conjunctivitis, uveitis associated with Behcet’s dis-
ease, keratitis, herpetic keratitis, conical cornea, dystrophia
epithelialis corneae, corneal leukoma, ocular pemphigus,
Mooren’s ulcer, scleritis, Graves’ opthalmopathy, Vogt-Koy-
anagi-Harada syndrome, sarcoidosis, pollen allergies, revers-
ible obstructive airway disease, bronchial asthma, allergic
asthma, intrinsic asthma, extrinsic asthma, dust asthma,
chronic or inveterate asthma, late asthma and airway hyper-
responsiveness, bronchitis, gastric ulcers, vascular damage
caused by ischemic diseases and thrombosis, ischemic bowel
diseases, inflammatory bowel diseases, necrotizing entero-
colitis, intestinal lesions associated with thermal burns,
coeliac diseases, proctitis, eosinophilic gastroenteritis, mas-
tocytosis, Crohn’s disease, ulcerative colitis, migraine, rhini-
tis, eczema, interstitial nephritis, Goodpasture’s syndrome,
hemolytic-uremic syndrome, diabetic nephropathy, multiple
myositis, Guillain-Barre syndrome, Meniere’s disease, poly-
neuritis, multiple neuritis, mononeuritis, radiculopathy,
hyperthyroidism, Basedow’s disease, pure red cell aplasia,
aplastic anemia, hypoplastic anemia, idiopathic thrombocy-
topenic purpura, autoimmune hemolytic anemia, agranulo-
cytosis, pernicious anemia, megaloblastic anemia, anerythro-
plasia, osteoporosis, sarcoidosis, fibroid lung, idiopathic
interstitial pneumonia, dermatomyositis, leukoderma vul-
garis, ichthyosis vulgaris, photoallergic sensitivity, cutaneous
T cell lymphoma, chronic lymphocytic leukemia, arterioscle-
rosis, atherosclerosis, aortitis syndrome, polyarteritis nodosa,
myocardosis, scleroderma, Wegener’s granuloma, Sjogren’s
syndrome, adiposis, eosinophilic fascitis, lesions of gingiva,
periodontium, alveolar bone, substantia ossea dentis, glom-
erulonephritis, male pattern alopecia or alopecia senilis by
preventing epilation or providing hair germination and/or
promoting hair generation and hair growth, muscular dystro-
phy, pyoderma and Sezary’s syndrome, Addison’s disease,
ischemia-reperfusion injury of organs which occurs upon
preservation, transplantation or ischemic disease, endotoxin-
shock, pseudomembranous colitis, colitis caused by drug or
radiation, ischemic acute renal insufficiency, chronic renal
insufficiency, toxinosis caused by lung-oxygen or drugs, lung
cancer, pulmonary emphysema, cataracta, siderosis, retinitis
pigmentosa, senile macular degeneration, vitreal scarring,
corneal alkali burn, dermatitis erythema multiforme, linear
IgA ballous dermatitis and cement dermatitis, gingivitis, peri-
odontitis, sepsis, pancreatitis, diseases caused by environ-
mental pollution, aging, carcinogenesis, metastasis of carci-
noma and hypobaropathy, disease caused by histamine or
leukotriene-C, release, Behcet’s disease, autoinumune hepa-
titis, primary biliary cirrhosis, sclerosing cholangitis, partial
liver resection, acute liver necrosis, necrosis caused by toxin,
viral hepatitis, shock, or anoxia, B-virus hepatitis, non-A/
non-Bhepatitis, cirrhosis, alcoholic cirrhosis, hepatic failure,
fulminant hepatic failure, late-onset hepatic failure, “acute-
on-chronic” liver failure, augmentation of chemotherapeutic
effect, cytomegalovirus infection, HCMV infection, AIDS,
cancer, senile dementia, trauma, and chronic bacterial infec-
tion.

[0226] The compounds of invention have been named
according the standards used in the program “ACD/Name
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Batch” from Advanced Chemistry Development Inc., ACD/
Labs (7.00 Release). Product version: 7.10, build: 15 Sep.
2003.

EXAMPLES

[0227] Methyl 5-(methoxymethyl)-1-phenyl-1H-pyrazole-
4-carboxylate (165 mg; 0.67 mmol) was prepared following
the procedure described in Menozzi, G et al, Farmaco, 1990,
45, 167-186.

[0228] The HPLC data provided in the examples described
below were obtained as follows:

Method A: HPLC columns: Phenomenex Luna 5pu C18 (2),
100x4.6 mm. (Plus guard cartridge) at a flow of 2 mL/min; 5
min gradient from 95:5 ([0.1% (V/V) formic acid in H,O]:
[0.1% (V/V) formic acid in MeCN]) to 5:95 ([0.1% (V/V)
formic acid in H,O]: [0.1% (V/V) formic acid in MeCN]).
Method B: HPLC columns: Waters Xterra MS Su C18, 100x
4.6 mm. (Plus guard cartridge) at a flow of 2 mL/min; 5 min
gradient from 95:5 ([10 mM ammonium bicarbonate in H,O]:
MeCN) to 5:95 ([10 mM ammonium bicarbonate in H,O[:
MeCN).

Method C: HPLC columns: Waters Sunfire Sp C18, 150x4.6
mm at a flow of 1 ml./min; 30 min gradient from 95:5 ([0.1%
(V/V) formic acid in H,O]: [0.1% (V/V) formic acid in
MeCN]) to 0.1% (V/V) formic acid in MeCN.

Method D: HPLC columns: Waters Xterra Sy C18 (2), 250%
4.6 mm at a flow of 1 mL/min; 30 min gradient from 95:5 ([10
mM ammonium bicarbonate in H,O]: MeCN) to MeCN.

Method E: HPLC columns: Waters Sunfire 5p C18, 150x4.6
mm at a flow of 1 mI./min; 20 min gradient from 98:2 ([0.1%
(V/V) formic acid in H,0]: [0.1% (V/V) formic acid in
MeCN]) to 0.1% (V/V) formic acid in MeCN.

Method F: HPLC columns: Phenomenex Luna 5p C18 (2),
100x4.6 mm. (Plus guard cartridge) at a flow of 2 m[./min; 3.5
min gradient from 95:5 ([0.1% (V/V) formic acid in H,O[:
[0.1% (V/V) formic acid in MeCN]) to 5:95% ([0.1% (V/V)
formic acid in H,O]: [0.1% (V/V) formic acid in MeCN])
then held for 4 minutes at 5:95 ([0.1% (V/V) formic acid in
H,0]: [0.1% (V/V) formic acid in MeCN]).

Method G: HPLC columns: Waters Sunfire Sp C18, 150x4.6
mm at a flow of 2 mL/min; 3.5 min gradient from 95:5 ([0.1%
(V/V) formic acid in H,O]: [0.1% (V/V) formic acid in
MeCN]) to 5:95 (]0.1% (V/V) formic acid in H,O]: [0.1%
(V/V) formic acid in MeCN]) then held for 2 minutes at 5:95
(10.1% (V/V) formic acid in H,O]: [0.1% (V/V) formic acid
in MeCN]).

[0229] AllMethods Typical Injections 2-7 pl, UV detection
via HP or Waters DAD, Start Range (nm); 210, End Range
(nm); 400, Range interval (nm); 4.0. Other wavelength traces
are extracted from the DAD data.

[0230] Optional ELS detection using Polymer Labs ELS-
1000. MS detection: MicromassZQ, single quadrapole LC-
MS instrument.

lonisation is either electrospray (ESI) or APCI dependent on
compound types.

[0231] The NMR data provided in the examples described
below were obtained as followed: 'H-NMR: Bruker DPX 400
MHz
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[0232] The microwave chemistry was performed on a
single mode microwave reactor Smith Creator™ from Per-
sonal Chemistry or a single mode microwave reactor Initia-
tor™ Sixty from Biotage.

Intermediate 1: 2-[3-(2,5-difluorophenyl)-1,2,4-0xa-
diazol-5-yl]-1-phenylethanone

[0233]
Q
T
—N
NG
N
F
[0234] A solution of ethyl 3-0x0-3-phenylpropancate (14

mL; 80 mmol) and 2,5-difluoro-N'-hydroxybenzenecarbox-
imidamide (JRD-Fluorochemical, 6.89 g; 40 mmol) in tolu-
ene (40 mL) was heated to 120° C. for 18 hours. The solvent
was removed in vacuo and the residue triturated with diethyl
ether to give Intermediate 1 as a pink solid which was used
directly without any further purification. "H NMR: (CDCl,

400MHz) $ 11.68* (1H, brs), 8.04-8.00% (2 H, m), 7.91-7.86

(2H, m), 7.80-7.73% (1H, m), 7.69-7.63* (1H, m), 7.58-7.45
(3H, m), 7.28-7.16 (2H, m), 6.32* (1H, s), 4.71* (2H, s)
(compound isolated as a mixture of keto and enol forms,
*=keto form, *=enol form).

Intermediate 2: 2-[3-(2,5-difluorophenyl)-1,2,4-oxa-
diazol-5-yl]-1-pyridin-4-ylethanone

[0235]

[0236] A solution of ethyl 3-oxo-3-(pyridin-4-yl)pro-
panoate (Apollo; 772 mg; 4 mmol) and 2,5-difluoro-N'-hy-
droxybenzenecarboximidamide (JRD-Fluorochemical, 344
g:; 2 mmol) in toluene (2 mL) and MeCN (2 mL) was heated
to 180° C. in a microwave reactor for 15 min. This reaction
was performed three times and the reaction mixtures were
combined for workup. The solid formed was removed by
filtration, washed with water and diethyl ether and dried to
give Intermediate 2 as an off-white solid which was used
directly without any further purification. *H NMR: (DMSO-
d,. 400 MHz) 5 8.94-8.90% (2H, m), 8.82-8.77* (2H, m),
8.28-8.19* (1H, m), 7.98-7.90 (2H, m), 7.85-7.76* (1H, m),
7.63-7.54 (2H, m), 6.94% (1H, s), 5.28* (2H, s) (compound
isolated as a mixture of keto and enol forms, *=keto form,
t=enol form). LC/MS: 300 (M-H)~. HPLC (Method B) Rt
2.64 min (Purity: 96.5%).
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Intermediate 3: N'-hydroxy-3-(methylsulfonyl)ben-

zenecarboximidamide
[0237]
(0]
H,N \s<
\O
HO—

[0238] To a solution of 3-(methylsulfonyl)benzonitrile
(Apollo; 2.7 g; 15 mmol) in abs. EtOH (20 mL) was added
hydroxylamine (5 mL; 75 mmol) (50% in water) and the
mixture was heated to 78° C. for 18 hours. Brine (100 mL)
was added and the solid formed was removed by filtration,
washed with water and dried to give Intermediate 3 as a white
solid (2.67 g, 83%). "H NMR: (DMSO-d,, 400 MHz) 3 9.91
(1H, s), 8.25 (1H, t, J=-1.8Hz), 8.04 (1H, dt, I=7.9, 1.4Hz),
7.96-7.93 (1H, m), 7.70 (1H, t, ]=7.9Hz). 6.06 (2H, s), 3.27
(3H, ). LC/MS: 215 (M+H)*. HPLC (Method B) Rt 1.80 min
(Purity: 99.2%).

Intermediate 4: 2-{3-[3-(methylsulfonyl)phenyl]-1,2,
4-oxadiazol-5-y1}-1-pyridin-4-ylethanone
[0239]

\O

[0240] A solution of ethyl 3-oxo-3-(pyridin-4-yl)pro-
panoate (Apollo; 386 mg; 2 mmol) and Intermediate 3 (214
mg; 1 mmol) in toluene (2 mL) was heated to 180° C. in a
microwave reactor for 45 min. The solvent was removed in
vacuo and the residue triturated with isopropanol to give
Intermediate 4 as an off-white solid, which was used directly
without any further purification. 'H NMR: (DMSO-d,, 400
MHz) & 11.58* (1H, br s), 8.93-8.90% (2H, m), 8.82-8.75¢
(2H, m), 8.67 (1H, s), 8.44-8.38% (2H, m), 8.40-8.35* (2H,
m), 8.18-8.12* (2 H, m), 8.13-8.07* (2H, m), 7.83-7.70 (3H,
m), 6.45% (1H, s), 4.71* (2H, s), 3.15* (3H, s), 3.11* (3H, 5)
(compound isolated as a mixture of keto and enol forms,
*=keto form, *=enol form).

Intermediate 5: 1-[3-(2,5-difluorophenyl)-1,2,4-oxa-
diazol-5-yl]-3-methoxyacetone
[0241]

[0242] A solution of methyl 4-methoxy-3-oxobutanoate
(Apollo; 0.26 mL; 2 mmol) and 2,5-difluoro-N'-hydroxyben-
zenecarboximidamide (JRD-Fluorochemical, 172 mg; 1
mmol) in toluene (2 mL) and MeCN (1 mL) was heated to
180° C. inamicrowave reactor for 45 min. DCM (10 mL) and
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water (10 mL) were added and the mixture filtered through a
hydrophobic frit. The solvent was removed in vacuo and the
residue purified by flash chromatography on a Biotage 25+S
column, eluting with petrol containing increasing amounts of
EtOAc. The product was dissolved in DCM (10 mL) and
washed with copious amounts of water and the mixture
passed through a hydrophobic frit. The solvent was removed
in vacuo to give Intermediate 5 as a yellow oil which was used
directly without any further purification. ‘H NMR: (CDCl,,
400 MHz) 8 10.70* (1H, brs), 7.78-7.68 (1H, m), 7.25-7.16
(2H,m), 5.96* (1 H,5),4.26* (2H, 5), 4.15 (2H, 5), 3.49% (31,
$), 3.46™ (3H, s) (compound isolated as a mixture of keto and
enol forms, *=keto form, *=enol form). LC/MS: 267 (M-H)".
HPLC (Method B) Rt 2.98 min (Purity: 92.9%).

Intermediate 6: 1-[3-(2,5-difluorophenyl)-1,2,4-0xa-
diazol-5-yl]butan-2-one

[0243]
0,
F
—N
O #
\N
F
[0244] A solution of methyl 3-oxopentanocate (Apollo; 0.25

ml; 2 mmol) and 2,5-difluoro-N'-hydroxybenzenecarbox-
imidamide (JRD-Fluorochemical, 172 mg; 1 mmol) in tolu-
ene (2 mL) and MeCN (1 mL) was heated to 180° C. in a
microwave reactor for 45 min. DCM (10 mL) and water (10
mL) were added and the mixture filtered through a hydropho-
bic frit. The solvent was removed in vacuo and the residue
purified by flash chromatography on a Biotage 25+S column,
eluting with petrol containing increasing amounts of EtOAc
to give Intermediate 6 as an off-white solid which was used
directly without any further purification. ‘H NMR: (CDCl,,
400 MHz) 5 10.76* (1H, br ), 7.79-7.73 (1H, m, ArH),
7.24-7.16 (2H, m), 5.63* (1H, 5), 4.14* (2H, s), 2.66* (2H, q),
2.44% (2H, q), 1.24* (3H, 1), 1.14* (3H, t) (compound isolated
as a mixture of keto and enol forms, *=keto form, '=enol
form). LC/MS: 251 (M-H)~. HPLC (Method B) Rt 3.37 min
(Purity: 98.1%).

Intermediate 7

ethyl 1-cyclohexyl-5-pyridin-4-yl-1H-pyrazole-4-
carboxylate

[0245]
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[0246] To a solution of ethyl 3-oxo-3-(pyridin-4-yl)pro-
panoate (Apollo; 3 g; 15.5 mmol) in toluene (109 mL) was
added DMF.DMA (2.7mL; 20.15 mmol) and PPTS (400 mg).
The mixture was heated to 90° C. for 2 hours. The solvent was
removed in vacuo and DCM (100 mL) and water (100 mL)
were added and the mixture passed through a hydrophobic
frit. The solvent was removed in vacuo and the residue redis-
solved in ethanol (100 mL.) and water (10 mL). This solution
was added to a mixture of cyclohexylhydrazine hydrochlo-
ride (Fluorochem; 2.34 g; 15.5 mmol), and sodium acetate
(2.54 g; 31 mmol). The mixture was heated to reflux for 3
hours and the ethanol removed in vacuo. DCM (100 mL) was
added and the mixture was filtered through a hydrophobic frit
and the solvent removed in vacuo. The residue was purified by
flash chromatography on a Biotage 25+M column, eluting
with petrol containing increasing amounts of EtOAc. The
residue was triturated with diethyl ether to give Intermediate
7 as an off-white solid. 'H NMR: (CDCl,, 400 MHz) &
8.80-8.73 (2H, m), 8.02 (1H, 5), 7.30-7.26 (2H, m), 4.14 (2H,
q,J=7.0Hz), 3.84-3.75 (1H, m), 2.08-1.91 (2H, m), 1.90-1.76
(4H, m), 1.70-1.59 (1H, m), 1.30-1.18 (3H, m), 1.16 (3H., t,
J=7.0Hz). LC/MS: 300 (M+H)". HPLC (Method B) Rt 3.45
min (Purity: 96.3%).

Intermediate 8: N'-hydroxy-4-(hydroxymethyl )ben-
zenecarboximidamide

[0247]

HO

N

OH

[0248] To a solution of4-(hydroxymethyl)benzonitrile (11.
05 g; 83.08 mmol) in abs. EtOH (100 mL) was added
hydroxylamine (27.4 mL; 415.4 mmol) (50% in water) and
the mixture was heated to 74° C. for 16 hours. The mixture
was poured into a crystallizing dish and the solvent allowed to
evaporate. The residue was washed with copious amounts of
EtOAc, dry MeOH and dry MeCN which was filtered through
a hydrophobic frit and the solvent removed in vacuo to give
Intermediate 8 as a white solid (13.12 g; 95%). "H NMR:
(DMSO-d,, 400MHz) 8 9.58 (1H, s),7.70-7.62 (2H, m), 7.34
(2H, d, J=8.1Hz), 5.79 (2H, s), 5.23 (1H, t, ]=5.6 Hz), 4.54
(2H, d. J=5.6Hz).

Intermediate 9: 1-cyclohexyl-N'-hydroxy-5-phenyl-
1H-pyrazole-4-carboximidamide
[0249]
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Step 1:
1-cyclohexyl-5-phenyl-1H-pyrazole-4-carbonitrile

[0250] To a solution of 3-oxo-3-phenylpropanenitrile
(Avocado; 2.2 g; 15 mmol) in toluene (100 mL) was added
DMF.DMA (2.7 mL; 20 mmol) and PPTS (375 mg). The
mixture was heated to 90° C. for 4 hours. The solvent was
removed in vacuo and DCM (100 mL) and water (100 mL)
were added and the mixture passed through a hydrophobic
frit. The solvent was removed in vacuo and the residue redis-
solved in ethanol (95 mL) and water (9.5 mL). This solution
was added to a mixture of cyclohexylhydrazine hydrochlo-
ride (Fluorochem; 2.26 g; 15 mmol), and sodium acetate
(2.46 g; 30 mmol). The mixture was heated to reflux for 24
hours and the ethanol removed in vacuo. DCM (100 mL) and
water (50 mL) were added and the mixture was filtered
through a hydrophobic frit and the solvent removed in vacuo.
The residue was purified by flash chromatography on a
Biotage 40+M column, eluting with petrol containing
increasing amounts of EtOAc. The residue was triturated with
diethyl ether to give the title compound as an off-white solid.
'HNMR: (CDCl,, 400 MHz) 8 7.85 (1H, s), 7.58-7.50 (3H,
m),7.46-737 (2H, m), 4.14-4.04 (1H, m), 2.07-1.95 (2H, m),
1.95-1.78 (4H, m), 1.74-1.59 (1H, m), 1.72-0.81 (3H, m).
LC/MS: 252 (M+H)*. HPLC (Method B) Rt4.30 min (Purity:
96.3%).

Step 2: 1-cyclohexyl-N'-hydroxy-5-phenyl-1H-pyra-
zole-4-carboximidamide

[0251] To a solution of 1-cyclohexyl-5-phenyl-1H-pyra-
zole-4-carbonitrile (2.37 g; 9.4 mmol), obtained from step 1,
in abs. EtOH (12.5 mL) was added hydroxylamine (3 mL; 45
mmol) (50% in water) and the mixture was heated to 78° C.
for 18 hours. Brine (5 mL) was added and the EtOH removed
in vacuo. DCM (20 mL) was added and the mixture was
passed through a hydrophobic frit. The solvent was removed
in vacuo and the solid washed with water and diethy! ether
and dried to give Intermediate 9 as an off-white solid (2.6 g,
97%). "H NMR: (DMSO-d,, 400 MHz) 5 9.18 (1H, s), 7.73
(1H, s), 7.53-7.44 (3H, m), 7.40 (2H, d, J=6.9Hz), 5.35 (2H,
br s), 3.84-3.74 (1H, m), 1.92-1.73 (6H, m), 1.59 (1H, s),
1.19-1.06 (3H, m). LC/MS: 285 (M+H)*. HPLC (Method B)
Rt 3.35 min (Purity: 98.5%).

Intermediate 10: methyl 1-(2-fluorophenyl)-5-me-
thyl-1H-pyrazole-4-carboxylate

[0252]
F
N/N\
-~ @]
4\
[0253] To a solution of methyl 3-oxobutanoate (1.6 mL; 15

mmol) in toluene (100 mL) was added DMF.DMA (2.65 mL;
20 mmol) and PPTS (375 mg). The mixture was heated to 90°
C. for 2 hours. The solvent was removed in vacuo and DCM
(25 mL) and water (25 mL) were added and the mixture
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passed through a hydrophobic frit. The solvent was removed
in vacuo and the residue redissolved in ethanol (90 mL). This
mixture was added to a solution of (2-fluorophenyl)hydrazine
hydrochloride (Fluorochem; 2.44 g; 15 mmol) and sodium
acetate (2.46 g; 30 mmol) in water (9 mL). The mixture was
heated to reflux for 7 hours and the ethanol removed in vacuo.
DCM (100 mL) and water (50 mL) were added and the
mixture was filtered through a hydrophobic frit and the sol-
vent removed in vacuo. The residue was purified by flash
chromatography on a Biotage 40+M column, eluting with
petrol containing increasing amounts of EtOAc to give Inter-
mediate 10 as a brown oil (3.1 g; 88%). "H NMR: (CDCl,,
400 MHz) 6 8.06 (1H, s), 7.51-7.42 (2H, m), 7.33-7.22 (2H,
m), 3.86 (3H, s), 2.46 (3H, s). LC/MS: 235 (M+H)*. HPL.C
(Method A) Rt 3.28 min (Purity: 96.2%).

Intermediate 11: 2-[3-(2,5-difluorophenyl)-1,2,4-
oxadiazol-5-yl]-1-(tetrahydro-2H-pyran-4-yl )etha-

none

[0254]

[0255] A solution of 3-ox0-3-(tetrahydro-pyran-4-yl)-pro-
pionic acid ethyl ester (Pharmacore; 200.0 mg; 1.0 mmol) and
2,5-difluoro-N'"-hydroxybenzenecarboximidamide  (JRD-
Fluorochemical, 86.1 mg; 0.50 mmol) in toluene (2 mL) and
acetonitrile (2ml) was heated to 180° C. for 15 minutes in the
microwave. The solvent was removed in vacuo and the resi-
due redissolved in DCM (10 mL) and washed with water
(3%10 mL). The organic layer was passed through a hydro-
phobic and the solvent removed in vacuo. The residue was
purified by flash chromatography using a Biotage 12+M col-
umn, eluting with petrol containing increasing amounts of
EtOAc. The product was triturated with 1:1 petrol:diethyl
ether and DIPE to give Intermediate 11 as a pale yellow solid.
LC/MS: 309 (M+H)". HPLC (Method B) R13.26 min (Purity:
92.6%).

Intermediate 12: tetrahydro-2H-pyran-4-ylhydrazine,

trifluoroacetate
[0256]
(@)
TTH
NH,

[0257] Tetrahydro-4H-pyran-4-one (Apollo; 924 ul; 10.0
mmol) and tert-butyl carbazate (1.39 g; 10.50 mmol) were
dissolved in ethanol (10 mL) and stirred at room temperature
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overnight. The solvent was removed in vacuo and the residue
was redissolved in 1:1 water:acetic acid (10 mL) and sodium
cyanoborohydride (660 mg; 10.50 mmol)added. The mixture
was stirred at room temperature for 3 hours and then 2:1 ethyl
acetate:10% aqueous potassium carbonate (50 mL) added.
The organic layer was separated, washed with brine, passed
through a hydrophobic frit and the solvent removed in vacuo.
The residue was redissolved in DCM (10 mL) and trifluoro-
acetic acid (1 mL) added and the mixture stirred overnight.
The solvent was removed in vacuo to yield Intermediate 12 as
a semi-solid slurry which was used directly without any puri-
fication. "H NMR: (DMSO-d,, 400 MHz) & 4.08-3.76 (2H,
m),3.41-3.27 (2H, m), 3.23-3.14 (1H, m), 1.99-1.83 (2H, m),
1.59-1.43 (2H. m). LC/MS: 117 (M+H)".

Intermediate 13: (2-methylcyclohexyDhydrazine,

hydrochloride
[0258]
TH
NH,
[0259] Thetitle compound was prepared following the pro-

cedure described for Intermediate 12 but starting from 4-me-
thyleyclohexanone (884 plL; 7.20 mmol) and using 2M HCl in
dioxane (10 mL), to give Intermediate 13 as a white solid,
which was used directly without any purification. 'H NMR:
(DMSO-d,, 400 MHz) 3 3.08-3.01 (1H, m), 2.68-0.88 (9H,
m), 1.04* (3H, d, J=6.6Hz), 0.97% (3H, d, J=7.1Hz) (com-
pound isolated as a mixture of diastereomers *=diastereomer
1, *=diastereomer 2). LC/MS: 129 (M+H)*.

Intermediate 14: ethyl 1-isobutyl-5-pyridin-4-yl-1H-
pyrazole-4-carboxylate

[0260]
N.
VAR
N
jf Ao
[ O\
e
N
[0261] To a solution of ethyl isonicotinoylacetate (Apollo;

1.0 g; 5.35 mmol) in toluene (15 mL) was added DMF.DMA
(0.92 mL; 7.0 mmol) and PPTS (14 mg). The mixture was
heated at 90° C. for 2 hours. Water (20 m[.) was added and the
product extracted into DCM (3x20 mL). The combined
organic fractions were passed through a hydrophobic frit and
the solvent was removed in vacuo and the residue redissolved
in ethanol (20 mL). This solution was added to a mixture of
2-methylpropylhydrazine hydrochloride (666.7 mg; 5.35
mmol) and sodium acetate (878 mg; 10.70 mmol) in ethanol
(5 mL) and water (2.5 mL). The mixture was heated at 90° C.
for 3 hours and the solvent removed in vacuo. The residue was
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redissolved in DCM (10 mL), washed with water (3x10 mL),
passed through a hydrophobic frit and the solvent removed in
vacuo. The residue was purified by flash chromatography
using a Biotage 25+M column, eluting with petrol containing
increasing amounts of EtOAc to give Intermediate 14 as a
pale yellow solid (1.25 g; 85%). "HNMR (CDCl,, 400 MHz)
0 8.76 (2H, dd, J=4.6, 1.5 Hz), 8.03 (1H, 5), 7.31-7.26 (2H,
m), 415 (2H, q, J=7.1Hz), 3.77 (2H, d, J=7.5Hz), 2.23-2.11
(1H, m), 1.17 (3H, t, I=7.1Hz), 0.77 (6H, d, J=6.7Hz).
LC/MS: 274 (M+H)*. HPLC (Method A) Rt=2.89 min (Pu-
rity: 94.3%).
Intermediate 15:
N'-hydroxy-1H-indazole-5-carboximidamide
[0262]

janvd

Step 1: 1H-indazole-5-carbonitrile

[0263] Three identical reactions were carried out and com-
bined for workup.

[0264] 5-Bromo-1H-indazole (Fluorochem; 500 mg; 2.54
mmol), S-Phos (93.8 mg; 0.229 mmol), Pd,(dba), (93.0 mg;
0.102 mmol) and zinc cyanide (337.0 mg; 2.87 mmol) were
suspended in degassed water:DMF (1:99, 11.5 mL) in a
microwave vial and further degassed for 10 minutes in a
sonicator. The vial was then sealed and heated in the micro-
wave at 150° C. for 45 minutes. The solid material was
removed by filtration and the crude material purified by flash
chromatography on a Biotage 40+M column, eluting with
DCM containing increasing amounts of methanol. The resi-
due was recrystallised from chloroform/petrol to yield the
title compound as an off white solid (1.33 g; 91%). 'H NMR
(CDCl,, 400 MHz) § 10.46 (1H, br s), 8.20 (2H, d, J=8.3Hz),
7.61 (2H, s).

Step 2: N'-hydroxy-1H-indazole-5-carboximidamide
[0265] Hydroxylamine (1.4 mL; 46.5 mmol) was added to
asolution of 1H-indazole-5-carbonitrile (1.33 g; 9.30 mmol),
obtained from step 1, in ethanol (15 mL) and the mixture was
heated in a sealed tube at 80° C. for 3 hours. The solvent was
removed in vacuo and the residue triturated with chloroform
to vield Intermediate 15 as a white solid. 'H NMR (DMSO-
dg)d 13.15(1H,),9.57 (1H, s), 8.1 (1H, s), 8.1 (1H, 5), 7.75
(1H, d, I=8.8Hz), 7.53 (1H, d, J=8.8Hz), 5.84 (2H, 3).
LC/MS: 177 (M+H)". HPLC (Method D) Rt=3.24 min (Pu-
rity: 90.6%).

Intermediate 16: N'-hydroxy-1,2,3,4-tetrahydroiso-
quinoline-7-carboximidamide

[0266]

HO,

HN NH
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[0267] Thetitle compound was prepared following the pro-
cedure described for Intermediate 8 but starting from 1,2,3,
4-tetrahydroisoquinoline-7-carbonitrile (Fluorochem; 1.01
2; 6.39 mmol), to give Intermediate 16 as a brown solid (1.18
g;96%). 'HNMR: (DMSO-d,, 400 MHz) 8 9.50 (1H, ), 7.42
(1H, d, J=8.06Hz), 7.34 (1H, s), 7.07 (1H, d, J=8.01Hz), 5.72
(2H, ), 3.86 (2H, s), 2.96 (2H, t, I=5.83Hz), 2.70 (2H, t,
J=5.80Hz). LC/MS: 192 (M+H)*. HPLC (Method D) Rt 9.30
min (Purity: 88.3%).

Intermediate 17: ethyl 1-(2-methylcyclohexyl)-5-
phenyl-1H-pyrazole-4-carboxylate

[0268]
N,
N
0]
d _
[0269] Thetitle compound was prepared following the pro-

cedure described for Intermediate 14, but starting from ethyl
benzoylacetate (0.14 mL; 0.80 mmol) and Intermediate 13
(184.1 mg; 0.80 mmol), to give Intermediate 17 as a clear oil
(105 mg; 84%). "H NMR (CDCl,, 400 MHz) 6 8.03 & 7.97
(1H, m); 7.42 (3H, m); 7.25 (2H, m); 4.10* & 3.40% (3H, m);
2.25-2.08 (1H, m); 2.00-1.90 (1H, m); 1.90-1.59 (4H, m);
1.39-1.28 (2H, m); 1.20% & 0.90* (1H, m); 1.13 (3H, m);
0.75% & 0.56* (3H, m) (*~Major isomer, *=Minor isomer).
LC/MS: 313 (M+H)*. HPLC (Method A) Rt=4.46 min (Pu-
rity: 96.6%).

Intermediate 18: methyl 1-cyclohexyl-5-(methoxym-
ethyl)-1H-pyrazole-4-carboxylate

[0270]
N
N
J
/O 0]
[0271] Thetitle compound was prepared following the pro-

cedure described for Intermediate 14, but starting from
methyl 4-methoxy-acetoacetate (Apollo; 3.1 mL; 24 mmol)
and cyclohexylhydrazine hydrochloride (3.62 g; 24.0 mmol)
to give Intermediate 18 as a red oil (5.22 g; 86%). 'H NMR
(CDCl,, 400 MHz) § 7.89 (1H, s), 4.85 (2H, s), 4.27-4.18
(1H, m), 3.82 (3H, s), 3.35 (3H, s), 2.04-1.86 (6H, m), 1.73
(1H, d, J-12.4Hz), 1.50-1.20 (3H, m). LC/MS: 253 (M+H)".
HPLC (Method A) Rt=3.64 min (Purity: 99.5%).
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Intermediate 19: ethyl 1-isobutyl-5-(tetrahydro-2H-
pyran-4-yl)-1H-pyrazole-4-carboxylate

[0272]

[0273] The title compound was prepared following the pro-
cedure described for Intermediate 14, but starting from
3-0x0-3-(tetrahydro-pyran-4-yl)-propionic acid ethyl ester
(Pharmacore; 0.63 g; 3.15 mmol) and 2-methylpropylhydra-
zine hydrochloride (0.39 g, 3.15 mmol) to give Intermediate
19as ayellow oil. 'HNMR (CDCL,, 400 MHz) 87.88 (1H, s),
4.28 (2H, q.]=8 Hz),4.10 (2H, dd, I=11.6, 4.4Hz), 3.96 (2H,
d, J=7.6Hz), 3.49 (2H, t, J=11.9Hz), 3.35 (1H, tt, J=12.4,
3.8Hz), 2.53 (2H, qd. J=12.7, 4.5Hz), 2.28-2.16 (1H, m),
1.55-1.48 (2H, m), 1.36 (3H, t, J=8Hz), 0.92 (6H, dd, J=12.1,
6.7Hz). LC/MS: 281 (M+H)". HPLC (Method A) Rt=3.52
min (Purity: 98.4%).

Intermediate 20: ethyl 1-cyclohexyl-5-(tetrahydro-
2H-pyran-4-y1)-1H-pyrazole-4-carboxylate

[0274]
N
/ —
N
— (0]
O

A\

[0275] The title compound was prepared following the pro-
cedure described for Intermediate 14, but starting from
3-0x0-3-(tetrahydro-pyran-4-yl)-propionic acid ethyl ester
(Pharmacore; 1.1 g; 5.50 mmol) and cyclohexylhydrazine
hydrochloride (0.83 g; 5.50 mmol). The product was obtained
by precipitation from the reaction mixture by the addition of
water. The resulting solid was dried to give Intermediate 20 as
a white solid (1.20 g; 71%). "H NMR (CDCl,, 400 MHz) &
7.87(1H,s),4.32-4.15 (3H,m), 4.11 (2H, dd, J=11.6, 4.4Hz),
3.91-3.78 (1H, m), 3.54 (2H, t, J=11.8Hz), 2.28 (2H, qd,
J=12.6,4.5Hz), 2.16-1.85 (6H, m), 1.75 (1H, d, J=12.61Hz),
1.62-1.61 (2H, m), 1.47-1.24 (6H, m). LC/MS: 307 (M+H)".
HPLC (Method A) Rt=3.91 min (Purity: 96.2%).
Intermediate 21: methyl 1-isobutyl-5-(methoxym-
ethyl)-1H-pyrazole-4-carboxylate
[0276]
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[0277] Thetitle compound was prepared following the pro-
cedure described for Intermediate 7 but starting from methyl
4-methoxy-3-oxobutanoate (Apollo; 1.95 mL, 15 mmol) and
isobutylhydrazine hydrochloride (1.9 g, 15 mmol)instep 2 to
give [ntermediate 21 as a brown oil. *H NMR: (CDCL,, 400
MHz) 3 7.89 (1H, 5),4.84 (2H, s),3.98 (2H, d, J=7.5Hz), 3.83
(3H,s),3.36 (3H, 5), 2.33 (1H, septet, ]=6.9Hz), 0.92 (6H, d,
J=6.7Hz). LC/MS: 227 (M+H)". HPLC (Method A) Rt 3.29
min (Purity: 93.3%).

Intermediate 22: methyl 1-cyclohexyl-5-(2-methoxy-
ethyl)-1H-pyrazole-4-carboxylate

[0278]
N,
NN
Q
g d N\
[0279] Thetitle compound was prepared following the pro-

cedure described for Intermediate 14, but starting from
methyl 5-methoxy-3-oxopentanoate (5.0 mL; 34.3 mmol)
and cyclohexylhydrazine hydrochloride (5.17 g; 34.3 mmol)
to give Intermediate 22 as a yellow oil (6.7 g; 73%). "HNMR
(CDCl,, 400 MHz) § 7.88 (1H, s), 4.22-4.11 (1H, m), 3.80
(3H, s), 3.59 (2H, t, J=6.4Hz), 3.30 (3H, s), 3.24 (2H, t,
J=6.4Hz), 2.06-1.84 (6H, m), 1.77-1.67 (1H, m), 1.45-1.18
(3H, m). LC/MS: 267 (M+H)*. HPLC (Method A) Rt 3.69
min (Purity: 98.8%).

Intermediate 23: 1-cyclohexyl-5-(2-methoxyethyl)-
1H-pyrazole-4-carboxylic acid

[0280]
N,
N X
- OH
0]
[0281] A mixture of Intermediate 22 (421 mg; 1.58 mmol)

and lithium hydroxide monohydrate (79 mg; 1.89 mmol) in
methanol (4.5 mL) and water (0.39 mL) was heated to 70° C.
for 12 hours. The methanol was removed in vacuo and DCM
(10 mL) added. The layers were separated and the aqueous
layer acidified with 2M HCl,, , and extracted with E1OAc
(3x10 mL). The combined organic fractions were passed
through a hydrophobic frit and the solvent removed in vacuo
to give Intermediate 23 as a colourless oil. "H NMR (CDCl,,
400 MHz) § 7.97 (1H, s), 4.24-4.14 (1H, m), 3.61 (2H, t,
J=6.3Hz), 3.30 (3H, 5), 3.26 (2H, t, J=6.3Hz), 2.05-1.83 (6H,
m), 1.78-1.67 (1H, m), 1.47-1.20 (3H, m). LC/MS: 253
(M+H)*. HPLC (Method A) Rt 3.00 min (Purity: 99.0%).
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Intermediate 24: N'-hydroxy-4-(1H-imidazol-1-ylm-
ethyl)benzenecarboximidamide

o
HO—N @N

[0283] The title compound was prepared following the pro-
cedure described for Intermediate 3, but starting from 4-((1H-
imidazol-1-yl)methyl)benzonitrile (Maybridge; 1 g; 5.5
mmol), to give Intermediate 24 as a white solid (1.12 g: 94%)).
"H NMR: (DMSO-d,, 400 MHz) 3 9.66 (1H, s), 7.79 (1H, s),
7.68 (2H, d, J=8.1Hz), 7.27 (2H. d, ]=8.1Hz), 7.22 (1H, s),
6.94 (1H, s), 5.82 (2H, br s), 524 (2H, s). LC/MS: 217
(M+H)*. HPLC (Method D) Rt 9.86 min (Purity: 94.0%).

Intermediate 25: N'-hydroxy-4-(1H-pyrazol-1-ylm-
ethyl)benzenecarboximidamide

LN

/
HO—N : Ny
U

[0282]

[0284]

[0285] To a solution of 4-((1H-pyrazol-1-yl)methyl)ben-
zonitrile (Maybridge; 1 g; 5.5 mmol) in abs. EtOH (7 mL) was
added hydroxylamine (1.8 mL; 27 mmol) (50% in water) and
the mixture was heated to 78° C. for 18 hours. Brine (10 mL)
was added and the EtOH removed in vacuo. The mixture was
extracted with EtOAc (3x20 mL) and the combined organic
fractions passed through a hydrophobic frit and the solvent
removed in vacuo to give Intermediate 25 as an orange oil
(1.14 g; 96%). *H NMR: (DMSO-d, 400 MHz) 8 9.64 (1H,
s), 7.86 (1H, d,J=2.3Hz), 7.65 (2H, d, J=8.1Hz), 7.50 (1H, d,
J=1.8Hz),7.22 (2H, d, J=8.1Hz), 6.31 (1H, t, J=2.1Hz), 5.81
(2H,brs), 5.38 (2H, s). LC/MS: 217 (M+H)". HPLC (Method
D) Rt 10.63 min (Purity: 92.0%).

Intermediate 26: ethyl 1-cyclohexyl-5-(tetrahydrofu-
ran-2-yl)-1H-pyrazole-4-carboxylate
[0286]

[0287] The title compound was prepared following the pro-
cedure described for Intermediate 7, but starting from ethyl
3-0%0-3-(tetrahydrofuran-2-yl)propanoate (Pharmacore; 186
mg; 1.0 mmol) and cyclohexylhydrazine hydrochloride
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(Fluorochem; 151 mg; 1.0 mmol), to give Intermediate 26 as
ayellow oil. 'H NMR (CDCl,, 400 MHz) § 7.85 (1H, 5), 5.72
(1H,dd, J=9.9,6.7Hz),4.40 (1H, tt,J=11.5,3.9Hz),4.31-4.19
(2H, m), 4.15-4.06 (1H, m), 3.95-3.88 (1H, m), 2.46-2.35
(1H, m), 2.18-1.78 (9H, m), 1.79-1.64 (1H, m), 1.40-1.20
(6H, m). LC/MS: 293 (M+H)*. HPLC (Method A) Rt 4.12
min (Purity: 97.3%).

Intermediate 27: methyl 1-isobutyl-5-(methoxym-
ethyl)-1H-pyrazole-4-carboxylate

[0288]
N,
\(\ N/ A
[0)
AN
/o
[0289] Thetitle compound was prepared following the pro-

cedure described for Intermediate 7, but starting from methyl
4-methoxy-3-oxobutanoate (3.9 mL; 30 mmol) and isobutyl-
hydrazine hydrochloride (151 mg; 1.0 mmol), to give Inter-
mediate 27 as abrown oil. 'H NMR (CDCl,, 400 MHz) 3 7.89
(1H,s),4.84 (2H, s),3.98 (2H, d,J=7.5Hz), 3.83 (3H, 5), 3.36
(3H, s), 2.39-2.26 (1H, m), 0.92 (6H, d, J=6.7Hz). LC/MS:
227 (M+H)*. HPLC (Method A) Rt 3.29 min (Purity: 93.3%).

Intermediate 28: ethyl 1-(2-phenylethyl)-5-pyridin-4-
yl-1H-pyrazole-4-carboxylate

[0290]

Step 1: (Z)-ethyl
3-(dimethylamino)-2-isonicotinoylacrylate

[0291] Pyridinium p-toluene sulfonate (7.8 mg; 0.031
mmol) and DMF.DMA (5.35 mL; 40.3 mmol) were added to
a solution of ethyl isonicotinoylacetate (6.0 g; 31.0 mmol) in
anhydrous toluene (40 mL) and the mixture was heated to 90°
C. for 3 hours. The mixture was cooled, water (50 mL) was
added and the product was extracted with DCM (3x50 mL).
The combined organic fractions were passed through a hydro-
phobic frit and the solvent was removed in vacuo to give the
title compound as a purple 0il (7.68 g; 99.8%). The compound
was used directly without any further purification.
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Step 2: ethyl 1-(2-phenylethyl)-5-pyridin-4-y1-1H-
pyrazole-4-carboxylate

[0292] (Z)-ethyl 3-(dimethylamino)-2-isonicotinoylacry-
late (1.86 g: 7.50 mmol), obtained from step 1, in ethanol (15
mL) was added to a mixture of phenethylhydrazine hydro-
chloride (2.58 g; 15.0 mmol) and sodium acetate (1.85 g;
22.50 mmol) in ethanol (5 mL) and water (2.0 mL). The
mixture was heated to reflux for 3 hours. The solvent was
removed in vacuo and the residue redissolved in DCM (10
mlL) and washed with water (3x10 mL). The combined
organic fractions were passed through a hydrophobic frit and
the solvent removed in vacuo. The residue was purified by
flash chromatography on a 40+4M Biotage column, eluting
with petrol containing increasing amounts of ethyl acetate to
give Intermediate 28 as a yellow oil. ‘H NMR: (CDCl,, 400
MHz)  8.56 (2H, dd, J=5.2, 1.2Hz), 8.09 (1H, s), 7.30-7.15
(3H, m), 6.81 (2H, d, J=7.0Hz), 6.70 (2H, dd, J=5.2, 1.2Hz),
4.16-4.07 (2H, m), 3.14-3.04 (2H, m), 2.85-2.78 (2H, m),
1.13 (3H, t, J=7.1Hz). LC/MS: 322 (M+H)*. HPLC (Method
A) Rt 3.00 min (Purity: 46.2%).

Intermediate 29: ethyl 1-(cyclopropyl methyl)-5-
pyridin-4-yl-1H-pyrazole-4-carboxylate

[0293]

[0294] The title compound was prepared following the pro-
cedure described for Intermediate 28, but starting from (cy-
clopropylmethyl)hydrazine hydrochloride (1.84 g; 15.0
mmol). Intermediate 29 was obtained as a yellow solid. 'H
NMR: (CDCl;, 400 MHz) 8 8.76 (2H, d, I=4.5),8.03 (1 H, 5),
7.35 (24, d, 4.5Hz), 4.18 (2H, q), 3.85 (2H, d, J=7.0Hz),
1.19-1.07 (4H, m), 0.54-0.48 (2H, m), 0.18-0.13 (2H, m).
LC/MS: 272 M+H)" HPLC (Method A) R12.63 min (Purity:
58.5%).

Intermediate 30: ethyl 1-(2,2-dimethylpropyl)-5-
pyridin-4-yl-1H-pyrazole-4-carboxylate

[0295]
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[0296] Thetitle compound was prepared following the pro-
cedure described for Intermediate 28, but starting from neo-
pentylhydrazine hydrochloride (2.08 g; 15.0 mmol). Interme-
diate 30 was obtained as a pale yellow solid (1.78 g; 82.6%).
'H NMR: (CDCI,, 400 MHz) & 8.75 (2H, d, ]=4.4Hz), 8.05
(1H, s), 7.29 (2H, d, J=4.4Hz), 4.16 (2H, q, J=7.2Hz), 3.86
(2H, s), 1.17 (3H, t, J=7.1Hz), 0.81 (9H, s). LC/MS: 288
(M+H)*". HPLC (Method A) Rt 3.14 min (Purity: 91.5%).

Intermediate 31: 1-cyclohexyl-5-(methoxymethyl)-
1H-pyrazole-4-carboxylic acid

[0297]
N,
NN
(0]
/ OH
0]
[0298] Intermediate 18 (1.0 g; 4.0 mmol) was dissolved in

methanol (10 mL) and water (1 mL) and lithium hydroxide
monohydrate (336 mg; 8.0 mmol) was added. The mixture
was heated to 80° C. for 18 hours. The solvent was removed
in vacuo and the residue redissolved in DCM (20 mL) and
extracted into water (3x10 mL). The aqueous phase was then
acidified with 2M HCI and the product extracted into DCM
(2x10 mL) and ethyl acetate (2x10 mL). The combined
organic extracts were passed through a hydrophobic frit and
concentrated in vacuo to give Intermediate 31 as a white solid
(800 mg; 83.9%). "H NMR: (DMSO-d,, 400 MHz) & 12.40
(1H, s), 7.84 (1H, s), 4.84 (2H, s), 4.30-4.23 (1H, m), 3.25
(3H,s), 1.88-1.77 (6H, m), 1.70 (1H, d, J=12.6Hz), 1.50-1.38
(2H, m), 1.30-1.15 (1H, m). LC/MS: 239 (M+H)". HPLC
(Method A) Rt 2.96 min (Purity: 99.5%).

Intermediate 32:
N'3-dihydroxybenzenecarboximidamide

[0299]
OH
N
/
HO—N
[0300] To a solution of 3-hydroxybenzonitrile (1.51 g;

12.68 mmol) in abs. EtOH (20 mL) was added hydroxylamine
(4.0mL; 60 mmol) (50% in water) and the mixture was heated
to 78° C. for 18 hours. The mixture was poured into a crys-
tallizing dish and the solvent allowed to evaporate. The resi-
due was washed with copious amounts of EtOAc, dry MeOH
and dry MeCN which was filtered through a hydrophobic frit
and the solvent removed in vacuo to give Intermediate 32 as a
white solid. 'H NMR: (DMSO-d,, 400 MHz)  9.60 (1H, s),
9.49 (1H,),7.20-7.16 (1H, m), 7.19-7.10 (2H, m), 6.80-6.78
(1H, m), 5.74 (2H, s).
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Intermediate 33: N'-hydroxy-4-(2-hydroxyethyl)
benzenecarboximidamide

H,N
/
HO—N : —0H

[0302] Hydroxylamine (5 mL) was added to a solution of
4-(2-hydroxyethyl)benzonitrile (2.43 g; 16.5 mmol) in etha-
nol (30 mL) and the mixture was heated to 80° C. in a sealed
tube for 3 hours. The solvent was removed in vacuo and the
residue triturated with water to yield Intermediate 33 (2.95 g;
99%) as a white solid which was used without further purifi-
cation. '"H NMR (DMSO-d,, 400 MHz) 8 9.58 (1H, s), 7.60
(2H, d, J=7.9Hz), 7.24 (2H, d, I=7.9 Hz), 5.75 (2H, s), 4.75-
4.69 (1H, m), 3.64 (2H, d, J=6.6Hz), 2.80-2.72 (2H, m).

Intermediate 34:
6-amino-N'-hydroxypyridine-3-carboximidamide

[0303]
NH,
HO— N/ \ N/

[0304] To a solution of 6-aminonicotinonitrile (Aldrich;
1.02 g, 8.57 mmol) in EtOH (10 mL) was added hydroxy-
lamine (2.82 mL, 42.5 mmol) and the mixture stirred at 80° C.
for 8 hours. The mixture was cooled to 0° C. and the precipi-
tated solid was collected by filtration to give Intermediate 34
(1.15 g, 88%) as a brown solid. 'H NMR: (DMSO-d,, 400
MHz) d 9.36 (1H, s), 8.23 (1H, d, J=2.4Hz), 7.64 (1H, dd,
J=8.6,2.4Hz), 6.43 (1H, d, J=8.6Hz), 6.13 (2 H, s), 5.68 (2H,
s).

[0301]

Intermediate 35: tert-butyl 3-[7-[amino(hydroxy-
imino)methyl]-3,4-dihydroisoquinolin-2(1H)-y1]
propanoate

H2NY<I]\I
N 0}
1(%
O

Step 1: tert-butyl 3-(7-cyano-3,4-dihydroisoquinolin-
2(1H)-yl)propanoate
[0306] 7-Cyano-1,2,3,4-tetrahydroisoquinoline (7 g; 44.25
mmol; 1 eq.) and K,CO, (7.34 g; 53.1 mmol; 1.2 eq) were
suspended in CH;CN (280 mL). tert-Butyl 3-bromopropi-
onate (7.77 mL; 46.46 mmol; 1.05 eq.) was added. The reac-
tion mixture was heated to 70° C. for 24 hours. As the reaction
was not complete, tert-butyl 3-bromopropionate (3.70 mL;
22.12 mmol; 0.50 eq.) and K,CO; (3.06 g; 22.12 mmol; 0.5
eq) were added and the mixture was stirred at 70° C. for

[0305]
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additional 48 hours. Solvents were removed under vacuum
and the solid residue was partitioned between NaHCO; sat
(100 mL) and EtOAc (200 mL). The organic layer was then
washed with brine and dried over magnesium to give the title
compound as a yellow oil (11.9 g; 93.9%). It was used in the
next step without further purification. 'H NMR: (DMSO-d,,
400 MHz) § 7.57-7.54 (m, 2H), 7.32-7.29 (m, 1H), 3.59 (5,
2H), 2.87-2.83 (t, I=5.94 Hz, 2H), 2.74-2.66 (m, 4H). 2.46-
242 (t, I=7.01Hz, 2H), 1.39 (s, 9H). HPLC/MS: 287.1
(M+H)*. HPLC (Method A) Rt 2.37 min (Purity: 96.4%).

Step 2: tert-butyl 347-[amino(hydroxyimino)me-
thyl]-3,4-dihydroisoquinolin-2(1H)yl |propanoate

[0307] tert-Butyl  3-(7-cyano-3,4-dihydroisoquinolin-2
(1H)-yDpropanoate (11.85 g; 41.38 mmol; 1 eq.) was sus-
pended in EtOH (237 mL). Hydroxylamine (6.1 mL; 206.90
mmol; 5 eq.) was added in one portion. The reaction mixture
was stirred at RT for 48 h. The reaction mixture was concen-
trated under vacuum to give the title compound as a yellow
oil. Diisopropyl ether (50 m[) was added. The resulting mix-
ture was sonicated and concentrated under vacuum. This
process was repeated 3 times, affording Intermediate 35 as a
yellowish solid (13.2 g; quantitative). 'H NMR: (DMSO-d;,
400 MHz) 3 9.51 (brs, 1H), 7.43-7.34 (m, 2H), 7.09-7.06 (d,
J=8.17Hz, 1H), 5.71 (br s, 2H), 3.56 (s, 2H), 2.79-2.64 (m,
6H), 2.47-2.42 (t, I=6.93 Hz, 2H), 139 (s, 9H), traces of
EtOH by NMR. HPLC/MS: 320.1.

Example 1

3-(2,5-difluorophenyl)-5-(5-(methoxymethyl)-1-
phenyl-1H-pyrazol-4-yl)-1,2,4-oxadiazole

[0308]
N,
N N
T
—N
/O
F

[0309] In amicrowave vial, methyl 5-(methoxymethyl)-1-

phenyl-1H-pyrazole-4-carboxylate (165 mg; 0.67 mmol)
[prepared following the procedure described in Menozzi, G et
al, Farmaco, 1990, 45, 167-186] was suspended in toluene (2
ml) and 2,5-difluoro-N'-hydroxybenzenecarboximidamide
(Fluorochem, 144 mg; 0.74 mmol) was added followed by
potassium carbonate (123 mg; 0.74 mmol). The Microwave
vial was sealed and the mixture was heated to 180° C. in a
microwave reactor for 25 min. MeCN (1 mL) was added and
the mixture was heated to 180° C. in a microwave reactor for
15 min. DMF (0.5 mL) was added and the mixture was heated
to 180° C. in a microwave reactor for 5 min. The reaction
mixture was diluted with DCM and washed with water. The
organic phase was passed through a hydrophobic frit and
evaporated. The residue was purified by flash chromatogra-
phy on a Biotage 25+S column, eluting with petrol containing
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increasing amounts of EtOAc. The product was triturated
with isopropanol to give Example 1 as an off-white solid. 'H
NMR: (CDCl,, 400 MHz) 3 8.34 (1H, s), 7.89-7.84 (1H, m),
7.73-7.69 (2H, m), 7.58-7.47 (3H, m), 7.27-7.17 (2H, m),
4.84 (2H, s), 3.53 (3H, s). LC/MS: 369 (M+H)*. HPLC
(Method B) Rt 4.13 min (Purity: 98.7%).

Example 2

3-(2,5-difluorophenyl)-5-[ 1-(2-fluorophenyl)-5-phe-
nyl-1H-pyrazol-4-yl]-1,2,4-oxadiazole

[0310]

[0311] Toasolution of Intermediate 1 (100 mg; 0.33 mmol)
intoluene (2.5 mL) was added DME.DMA (57 uL) and PPTS
(10 mg). The mixture was heated to 90° C. for 2 hours. DCM
(10 mL) and water (10 mL) were added and the mixture
passed through a hydrophobic frit. The solvent was removed
in vacuo and the residue taken up into ethanol (2 mL). Acetic
acid (0.03 mL) and (2-fluorophenyl)hydrazine hydrochloride
(Fluorochem; 54 mg; 0.33 mmol) were added and the mixture
heated to reflux for 3 hours. The solvent was removed in
vacuo and the residue triturated with isopropanol and dried to
give Example 2 as a white solid. 'HNMR: (CDCl,, 400 MHz)
08.48 (1H, s), 7.77-7.71 (1H, m), 7.46-7.33 (7H, m), 7.24-7.
12 (3H, m), 7.11-7.04 (1H, m). LC/MS: 419 (M+H)*. HPLC
(Method A) Rt 4.42 min (Purity: 98.6%).

Example 3

3-(2,5-diftuorophenyl)-5-(1.5-diphenyl-1H-pyrazol-
4-yD)-1,2 4-oxadiazole

[0312]

[0313] Toasolution of Intermediate 1 (113 mg; 0.37 mmol)
intoluene (2.5 mL) was added DMF.DMA (65 uL) and PPTS
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(10 mg). The mixture was heated to 90° C. for 2 hours. DCM
(10 mL) and water (10 mL) were added and the mixture
passed through a hydrophobic frit. The solvent was removed
in vacuo and the residue taken up into ethanol (2 mL) and
acetic acid (0.04 mL) and phenylhydrazine (0.04 mL; 0.37
mmol) added and the mixture heated to reflux for 6 hours. The
solvent was removed in vacuo and the residue purified by
flash chromatography on a Biotage 12+4M column, eluting
with petrol containing increasing amounts of EtOAc. The
product was triturated with isopropanol and dried to give
Example 3 as an off-white solid. '"H NMR: (CDCl,, 400
MHz) 6 8.43 (1H, 5), 7.76-7.70 (1H, m), 7.47-7.37 (5H, m),
7.35-7.25 (5H, m), 7.22-7.12 (2H, m). LC/MS: 401 (M+H)".
HPLC (Method B) Rt 4.26 min (Purity: 97.5%).

Example 4
3-(2,5-diftuorophenyl)-5-[1-(2-methoxyphenyl)-5-
phenyl-1H-pyrazol-4-yl]-1,2,4-oxadiazole
[0314]

[0315] Thetitle compound was prepared following the pro-
cedure described for Example 3 but starting from Intermedi-
ate 1 (0.37 mmol) and (2-methoxyphenyl)hydrazine hydro-
chloride (Fluorochem; 65 mg; 0.37 mmol), to give Example 4
as an off-white solid. 'H NMR: (CDCl,, 400 MHz) & 8.44
(1H,s),7.77-7.71 (1H, m), 7.41-7.31 (7H, m), 7.22-7.14 (2H,
m), 7.00 (1H, td, J=7.6, 1.2Hz), 6.84 (1H, dd, J=8.4, 1.2Hz),
3.53(3H,s). LC/MS: 431 (M+H)*. HPLC (Method B)Rt 4.10
min (Purity: 99.3%).

Example 5
3-(2,5-difluorophenyl)-5-(5-phenyl-1-o-tolyl-1H-
pyrazol-4-y1)-1,2.4-oxadiazole

[0316]
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[0317] The title compound was prepared following the pro-
cedure described for Example 3 but starting from Intermedi-
ate 1 (0.37 mmol) and o-tolylhydrazine hydrochloride (59
mg; 0.37 mmol), to give Example 5 as a yellow solid. *H
NMR: (CDCl,, 400 MHz) $ 8.45 (1H, 5), 7.77-7.71 (1H, m),
7.41-7.15 (11H, m), 2.05 (3H, s). LC/MS: 415 (M+H)*.
HPLC (Method B) Rt 4.29 min (Purity: 96.0%).

Example 6
3-(2,5-difluorophenyl)-5-(1-(4-fluorophenyl)-5-phe-
nyl-1H-pyrazol-4-y1)-1,2,4-oxadiazole
[0318]

[0319] The title compound was prepared following the pro-
cedure described for Example 3 but starting from Intermedi-
ate 1 (0.37 mmol) and (4-fluorophenyl)hydrazine hydrochlo-
ride (60 mg; 0.37 mmol), to give Example 6 as a yellow solid.
'H NMR: (CDCl,, 400 MHz) 6 8.42 (1H, s), 7.75-7.69 (1H,
m), 7.49-7.34 (6H, m), 7.29-7.22 (1H, m), 7.21-7.14 (2H, m),
7.06-6.98 (2H, m). LC/MS: 419 (M+H)". HPLC (Method B)
Rt 4.26 min (Purity: 95.1%).

Example 7

3-(2,5-difluoropheny!)-5-(1-isobutyl-3-phenyl- 1H-
pyrazol-4-yl)-1,2,4-oxadiazole

[0320]

[0321] The title compound was prepared following the pro-
cedure described for Example 3 but starting from Intermedi-
ate 1 (037 mmol) and isobutylhydrazine hydrochloride
(Fluorochem; 92 mg; 0.37 mmol), to give Example 7 as a
yellow solid. "H NMR: (CDCI,, 400 MHz) § 8.20 (1H, s),
7.91-7.86 (2H, m), 7.79-7.73 (1H, m), 7.50-7.40 (3H, m),
7.21-7.15 2H, m), 4.04 (2H, d, J=7.3Hz), 2.41-2.31 (1H, m),
1.01 (6H, d, I=6.7Hz). LC/MS: 381 (M+H)*. HPLC (Method
B) Rt 4.40 min (Purity: 97.9%).
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Example 8
4-[4-]3-(2,5-difluorophenyl)-1,2.4-oxadiazol-5-y1]-1-
(2-fluorophenyl)-1H-pyrazol-5-ylJpyridine
[0322]

[0323] Thetitle compound was prepared following the pro-
cedure described for Example 3 but starting from Intermedi-
ate 2 (0.37 mmol) and (2-fluorophenyl)hydrazine hydrochlo-
ride (Fluorochem; 61 mg; 0.37 mmol), to give Example 8 as
abrown gum. "HNMR: (CDCl,, 400 MHz) & 8.68-8.64 (2H,
m), 8.50 (1H, s), 7.74-7.68 (1H, m), 7.52-7.40 (2H, m), 7.34-
730 (2H, m), 7.30-7.24 (1H, m), 7.22-7.15 (2H, m), 7.12-7.
07 (1H, m). LC/MS: 420 (M+H)*. HPLC (Method B)Rt 3.69
min (Purity: 98.8%).

Example 9

4-(1-(2-flucrophenyl)-4-{3-[3-(methylsulfonyl)phe-
nyl]-1,2,4-oxadiazol-5-yl}-1H-pyrazol-5-yl)pyridine

[0324]

o\\ V.
S
\\o

[0325] Toasolution of Intermediate 4 (70 mg; 0.2 mmol) in
toluene (1.4 m[) was added DMF.DMA (40 ul.) and PPTS (6
mg). The mixture was heated to 90° C. for 2 hours. DCM (10
mL) and water (10 mL) were added and the mixture passed
through a hydrophobic frit. The solvent was removed in vacuo
and residissolved in ethanol (1.2 mL) and acetic acid (0.02
mL) and (2-fluorophenyl)hydrazine hydrochloride (33 mg;
0.2 mmol) added and the mixture heated to reflux for 12
hours. The solvent was removed in vacuo and the residue
purified by flash chromatography on a Biotage 12+4M column,
eluting with petrol containing increasing amounts of EtOAc
to give Example 9 as an off-white solid. 'H NMR: (CDCl,,
400 MHz) 88.69-8.66 (2H, m), 8.66 (1H, 1, J=1.7Hz), 8.51
(1H, s), 8.31 (1H, dt, J=7.8, 1.35Hz), 8.09 (1H, dt, J=7.9,
1.4Hz), 7.71 (1H, t, ]=7.8Hz, ArH), 7.53-7.41 (2H, m), 7.34-
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7.31(2H,m), 7.30-7.25 (1H, m), 7.13-7.06 (1H, m), 3.11 (3H,
s). LC/MS: 462 (M+H)*. HPLC (Method A) Rt 3.20 min
(Purity: 99.4%).

Example 10

3-(2,5-difluorophenyl)-5-(1-isopropyl-5-phenyl-1H-
pyrazol-4-y1)-1,2 4-oxadiazole

[0326]

[0327] Toasolution of Intermediate 1 (112 mg; 0.37 mmol)
intoluene (2.8 mL) was added DMF.DMA (64 ul) and PPTS
(11 mg). The mixture was heated to 90° C. for 2 hours. DCM
(10 mL) and water (10 mL) were added and the mixture
passed through a hydrophobic frit. The solvent was removed
in vacuo and the residue taken up in ethanol (2 mL). This
mixture was added to a solution of isopropylhydrazine hydro-
chloride (Matrix; 41 mg; 0.37 mmol) and sodium acetate (61
mg; 0.74 mmol) in ethanol (0.5 mL) and water (0.25 mL). The
mixture was heated to reflux for 3 hours and then DCM (10
mL) and water (10 mL). The mixture was filtered through a
hydrophobic frit and the solvent removed in vacuo. The resi-
due was purified by flash chromatography on a Biotage 25+S
column, eluting with petrol containing increasing amounts of
DCM to give Example 10 as a golden gum. 'HNMR: (CDCl,,
400 MHz) § 8.27 (1H, s), 7.71-7.65 (1H, m), 7.57-7.51 (3H,
m), 7.46-7.41 (2H, m), 7.20-7.10 (2H, m), 4.43 (1H, septet,
J=6.6Hz), 1.49 (6H, d, J=6.6Hz). LC/MS: 367 (M+H)*.
HPLC (Method A) Rt 4.32 min (Purity: 95.4%).

Example 11

5-(1-cyclohexyl)-5-phenyl-1H-pyrazol-4-y1)-3-(2,5-
difluorophenyl)-1,2,4-oxadiazole

[0328]
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[0329] Thetitle compound was prepared following the pro-
cedure described for Example 10 but starting from Interme-
diate 1 (0.37 mmol) and cyclohexylhydrazine hydrochloride
(Fluorochem; 56 mg; 0.37 mmol), to give Example 11 as an
off-white solid. "H NMR: (CDCl,, 400 MHz) § 8.25 (1H, s),
7.71-7.65 (1H, m), 7.57-7.51 (3H, m), 7.45-7.40 (2H, m),
7.19-7.10 (2H, m), 3.98 (1H, tt, J=11.7, 3.9Hz), 2.12-1.99
(2H, m), 1.94-1.81 (4H, m), 1.70-1.63 (1H, m), 1.33-1.14
(3H, m). LC/MS: 407 (M+H)*. HPLC (Method B) Rt 4.84
min (Purity: 96.0%).

Example 12

3-(2,5-difluorophenyl)-5-(1-isobutyl-5-phenyl-1H-
pyrazol-4-yl)-1,2,4-oxadiazole

[0330]

[0331] Thetitle compound was prepared following the pro-
cedure described for Example 10 but starting from Interme-
diate 1 (0.37 mmol) and isobutylhydrazine hydrochloride
(Fluorochem; 46 mg; 0.37 mmol), to give Example 12 as a
white solid. 'H NMR: (CDCl,, 400 MHz) & 8.26 (1H, s),
7.70-7.65 (1H, m), 7.55-7.50 (3H, m), 7.45-7.40 (2H, m),
7.19-7.11 (2H, m), 3.87 (2H, d, J=7.5Hz), 2.28-2.18 (1H, m),
0.81 (6H, d, J=6.7Hz). LC/MS: 381 (M+H)*. HPLC (Method
A) Rt 4.45 min (Purity: 99.5%).

Example 13

ethyl {4-[3-(2,5-difluorophenyl)-1,2.4-oxadiazol-5-
yl]-5-phenyl-1H-pyrazol-1-yl}acetate

[0332]

[0333] Thetitle compound was prepared following the pro-
cedure described for Example 10 but starting from Interme-
diate 1 (0.37 mmol) and ethyl 2-hydrazinylacetate hydrochlo-
ride (46 mg 037 mmol). Purification by flash
chromatography on a Biotage 25+S column, eluting with
DCM containing increasing amounts of methanol to give
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Example 13 as a white solid. "H NMR: (CDCl,, 400 MHz) &
8.31(1H,s),7.72-7.66 (1H, m), 7.57-7.45 (5H, m), 7.21-7.11
(2H, m), 4.83 (2H, s), 4.22 (2H, q, I=7.1Hz), 1.25 (3H, t,
J=7.1Hz). LC/MS: 411 (M+H)*. HPLC (Method A) Rt 4.00
min (Purity: 96.5%).

Example 14

3-(2,5-difluorophenyl)-5-(5-phenyl-1-propyl-1H-
pyrazol-4-yl)-1,2,4-oxadiazole

[0334]

[0335] The title compound was prepared following the pro-
cedure described for Example 10 but starting from Interme-
diate 1 (0.37 mmol) and propylhydrazine oxalate (61 mg;
0.37 mmol), to give Example 14 as a white solid. ‘H NMR:
(CDCl,, 400 MHz) 3 8.26 (1H, s), 7.71-7.65 (1H, m), 7.57-
7.51 (3H,m), 7.48-7.42(2H, m), 7.20-7.10 (2H, m), 4.02 (2H,
t, I=7.2Hz), 1.85 (2H, app sextet, J=7.3Hz), 0.84 (3H, t,
J=7.4Hz). LC/MS: 367 (M+H)*. HPLC (Method A) Rt 4.31
min (Purity: 97.6%).

Example 15

3-(2,5-difluorophenyl)-5-(5-methyl-1-phenyl-1H-
pyrazol-4-y1)-1,2 4-oxadiazole

[0336]

[0337] Inamicrowave vial, methyl 5-methyl-1-phenyl-1H-
pyrazole-4-carboxylate (Fluorochen; 145 mg; 0.67 mmol)
was suspended in toluene (2 mL) and 2,5-difluoro-N'-hy-
droxybenzenecarboximidamide (JRD-Fluorochemical, 145
mg; 0.74 mmol) was added followed by potassium carbonate
(123 mg; 0.74 mmol). The Microwave vial was sealed and the
mixture was heated to 180° C. in a microwave reactor for 45
min. The reaction mixture was diluted with DCM (10 mL)
and washed with water (10 mL). The organic phase was
passed through a hydrophobic frit and evaporated. The resi-



US 2012/0071460 Al

due was triturated with isopropanol to give Example 15 as an
off-white solid. "H NMR: (CDCl,, 400 MHz) § 8.28 (1H, s),
7.91-7.85 (1H, m), 7.59-7.47 (5H, m), 7.27-7.16 (2H, m),
2.75(3H,s). LC/MS: 339 (M+H)*. HPLC (Method A)Rt 4.17
min (Purity: 99.5%).

Example 16

5-(3-tert-butyl-1-methyl-1H-pyrazol-4-y1)-3-(2,5-
difluorophenyl)-1,2.4-oxadiazole

[0338]
N.
\
F
—N
0 #
\N
F
[0339] To asolution of 3-tert-butyl-1-methyl-1H-pyrazole-

4-carboxylic acid (Fulcrum; 55 mg; 0.3 mmol) in anhydrous
MeCN (2 mL) was added 1-ethyl-3-(3-dimethylaminopro-
pyljcarbodiimide hydrochloride (EDC) (80.5 mg; 0.42
mmol) followed by 2,5-difluoro-N'-hydroxybenzenecarbox-
imidamide (JRD-Fluorochemical, 62 mg; 0.36 mmol) in a
Microwave vial and the mixture stirred at RT for 18 h. Anhy-
drous pyridine (2 mL) was added and the reaction vessel was
sealed and heated at 150° C. for 15 min in the microwave. This
reaction was performed twice and the reaction mixtures were
combined for workup. H,O (10 mL) and DCM (10 mL) were
added and the mixture was passed through a hydrophobic frit
and the solvent removed in vacuo. The residue was purified by
flash chromatography on a Biotage 124M column, eluting
with petrol containing increasing amounts of EtOAc to give
Example 16 as a white solid. 'H NMR: (CDCl,, 400 MHz) 8
7.87-7.81 (1H,m), 7.27-7.20 (2H, m), 6.96 (1H, s), 4.32 (3H,
s), 1.36 (9H, s). LC/MS: 319 (M+H)*. HPLC (Method A) Rt
4.49 min (Purity: 99.6%).

Example 17

3-(2,5-difluorophenyl)-5-(1-isobutyl-5-(methoxym-
ethyl)-1H-pyrazol-4-y1)-1,2,4-oxadiazole

[0340]

Mar. 22,2012

[0341] The title compound was prepared following the pro-
cedure described for Example 10 but starting from Interme-
diate 5 (0.19 mmol) and isobutylhydrazine hydrochloride
(Fluorochem; 24 mg; 0.19 mmol). Purification by flash chro-
matography on a Biotage 25+S column, eluting with petrol
containing increasing amounts of DCM and then diethyl ether
gave Example 17 as a golden gum. *H NMR: (CDCl,, 400
MHz) & 8.15 (1H, s), 7.87-7.81 (1H, m), 7.26-7.16 (2H. m),
4.99 (2H, s), 4.07 (2H, d, J=7.5Hz), 3.43 (3H, s), 2.42-2.33
(1H, m), 0.96 (6H, d, J=6.7Hz). LC/MS: 349 (M+H)". HPLC
(Method A) Rt 4.23 min (Purity: 92.9%).

Example 18

3-(2,5-difluorophenyl)-5-(5-ethyl-1-isobutyl-1H-
pyrazol-4-y1)-1,2 4-oxadiazole

[0342]

[0343] The title compound was prepared following the pro-
cedure described for Example 10, but starting from Interme-
diate 6 (0.34 mmol) and isobutylhydrazine hydrochloride
(Fluorochem; 42 mg; 0.34 mmol), to give Example 18 as an
off-white solid. "H NMR: (CDCI,, 400 MHz) 8 8.11 (1H, s),
7.88-7.81 (1H, m), 7.27-7.15 (2H, m), 3.93 (2H, d, J=7.5Hz),
3.14 (2H, q, I=7.5Hz), 2.39-2.29 (1H, m), 132 (3H, t, J=7.
5Hz), 0.97 (6H, d, J=6.7Hz). LC/MS: 333 (M+H)*. HPLC
(Method A) Rt 4.40 min (Purity: 98.5%).

Example 19

4-{4-[3-(2,5-difluorophenyl)-1,2,4-oxadiazol-5-yl]-
1-isobutyl-1H-pyrazol-5-yl} pyridine

[0344]

[0345] The title compound was prepared following the pro-
cedure described for Example 10, but starting from Interme-
diate 2 (0.37 mmol) and 2-methylpropylhydrazine hydro-
chloride (46.1 mg; 0.37 mmol), to give Example 19 as a
golden gum. 'H NMR (CDCl,, 400 MHz) 6 8.84 (2H, dd,
J=4.6, 1.6Hz), 8.28 (1H, 5), 7.68-7.60 (1H, m), 7.40 (2H, dd,
J=4.5, 1.6Hz), 7.21-7.10 (2H, m), 3.88 (2H, d, J=7.5Hz),
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230-2.17 (1H, m), 0.82 (6H, d, J=6.7Hz). LC/MS: 382
(M+H)*. HPLC (Method A) Rt=3.84 min (Purity: 99.1%).

Example 20

ethyl {4-[3-(2,5-diflucrophenyl)-1,2.4-oxadiazol-5-
yl]-5-pyridin-4-y1-1H-pyrazol-1-yl}acetate

[0346]

(0]
N.
/\O/(/N/ == F
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—

N
A by
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[0347] Thetitle compound was prepared following the pro-
cedure described for Example 10, but starting from Interme-
diate 2 (0.95 mmol) and ethyl hydrazinoacetate hydrochlo-
ride (146.9 mg; 0.95 mmol). The residue was purified by flash
chromatography on a Biotage 25+M column, eluting with
petrol containing increasing amounts of EtOAc. The residue
was recrystallised from iso-propanol to give Example 20 as a
white solid. ‘H NMR (CDCl,, 400 MHz) & $.84 (2H, dd,
J=4.6,1.6Hz),8.33 (1H,s),7.67-7.62 (1H, m), 7.46-7.43 (2H,
dd, I=4.5, 1.6Hz), 7.19-7.14 (2H, m), 4.84 (2H, 5), 4.23 (2H,
q, J=7.1Hz), 1.27 (3H, t, J=7.0Hz). LC/MS: 412 (M+H)".
HPLC (Method A) Rt=3.44 min (Purity: 97.7%).

Example 21

3-(2,5-difluorophenyl)-5-(1-phenyl-5-propyl-1H-
pyrazol-4-yl)-1,2 4-oxadiazole

[0348]

[0349] To a solution of 1-phenyl-5-propyl-1H-pyrazole-4-
carboxylic acid (Acros; 69 mg; 0.3 mmol) in anhydrous
MeCN (2 mL) was added 1-ethyl-3-(3-dimethylaminopro-
pyl)carbodiimide hydrochloride (EDC) (80.5 mg; 0.42
mmol) followed by 2,5-difluoro-N'-hydroxybenzenecarbox-
imidamide (JRD-Fluorochemical, 62 mg; 0.36 mmol) in a
Microwave vial and the mixture stirred at RT for 18 h. Anhy-
drous pyridine (2 mL) was added and the reaction vessel was
sealed and heated at 150° C. for 15 min in the microwave.
H,0 (10 mL) and DCM (10 mL) were added and the mixture
was passed through a hydrophobic frit and the solvent
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removed in vacuo. The residue was triturated with isopro-
panol to give Example 21 as an off-white solid. 'H NMR:
(CDCl,, 400 MHz) 8 8.28 (1H, s), 7.89-7.83 (1H, m), 7.58-
7.44 (5H, m), 7.27-7.14 (2H, m), 3.13-3.04 (2H, m), 1.74-1.
60 (2H, m), 0.93 (3H, t, J=7.4 Hz). LC/MS: 367 (M+H)".
HPLC (Method A) Rt 4.51 min (Purity: 98.5%).

Example 22

3-(3-(methylsulfonylphenyl)-5-(1-phenyl-5-propyl-
1H-pyrazol-4-y1)-1,2.4-oxadiazole

[0350]

[0351] The title compound was prepared following the pro-
cedure described for Example 21, with two identical reactions
combined for workup but starting from 1-phenyl-5-propyl-
1H-pyrazole-4-carboxylic acid (Acros; 69 mg; 0.3 mmol) and
Intermediate 3 (77 mg; 0.36 mmol), to give Example 22 as an
off-white solid. 'H NMR: (CDCl,, 400 MHz) § 8.75 (1H, s),
8.45 (1H, d, I=7.8Hz), 8.29 (1H. s), 8.11 (1H, d, I=7.9Hz),
7.78-7.69 (1H, m), 7.59-7.45 (SH, m), 3.15-3.07 (2H, m),
3.14 (3H, s), 1.74-1.61 (2H, m), 0.94 (3H, t, =7.4Hz).
LC/MS: 409 (M+H)". HPLC (Method A) R13.94 min (Purity:
99.1%).

Example 23

5-(1-cyclohexyl-5-(pyridin-4-y1)-1H-pyrazol-4-y1)-3-
(2,5-difluorophenyl)-1,2,4-oxadiazole

[0352]

[0353] The title compound was prepared following the pro-
cedure described for Example 10, but starting from Interme-
diate 2 (0.32 mmol) and cyclohexylhydrazine hydrochloride
(Fluorochem; 48.2 mg; 0.32 mmol). The residue was purified
by flash chromatography on a Biotage 12+M column, eluting
with petrol containing increasing amounts of EtOAc. The
product was triturated with diethyl ether to give Example 23
as a white solid. "H NMR (CDCl,, 400 MHz) § 8.85 (2H, d,
J=4.9Hz), 8.27 (1H, s), 7.66-7.61 (1H, m), 7.39 (2H, d, J=5.
0Hz), 7.21-7.13 (2H, m), 3.97-3.87 (1H, m), 2.10-2.00 (2H,
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m), 1.98-1.83 (4H, m), 1.68 (1H, s), 1.32-1.17 (3H, m).
LC/MS: 408 (M+H)*. HPLC (Method A) Rt=4.21 min (Pu-
rity: 97.9%).

Example 24

3-(2,5-difluorophenyl)-5-(5-(pyridin-4-y1)-1-(2,2,2-
trifluoroethyl)-1H-pyrazol-4-y1)-1,2,4-oxadiazole

[0354]

[0355] Thetitle compound was prepared following the pro-
cedure described for Example 10, but starting from Interme-
diate 2 (0.32 mmol) and 2,2,2-trifluoroethyl hydrazine (52.1
mg; 70 wt % in water; 0.32 mmol). The residue was purified
by flash chromatography on a Biotage 12+M column, eluting
with petrol containing increasing amounts of EtOAc. The
product was triturated with diethyl ether to give Example 24
as an off white solid. 'HNMR (CDCl,, 400 MHz) 5 8.88 (2H,
d, J=5.1Hz), 8.38 (1H, s), 7.66-7.60 (1H, m), 7.42 (2H, d,
J=5.1 Hz), 7.18 (2H, t, J=6.3Hz), 4.67 (2H, q, J=7.9Hz).
LC/MS: 408 (M+H)*. HPLC (Method A) Rt=3.62 min (Pu-
rity: 98.5%).

Example 25

4-{1-benzyl-4-[3-(2,5-difluorophenyl)-1,2,4-oxadia-
zol-5-yl]-1H-pyrazol-5-yl} pyridine

[0356]
/ s
N F
P N
=
N\ / F
N
[0357] Thetitle compound was prepared following the pro-

cedure described for Example 10, but starting from Interme-
diate 2 (0.32 mmol) and benzylhydrazine dihydrochloride
(62.4 mg; 0.32 mmol). The residue was purified by flash
chromatography on a Biotage 12+M column, eluting with
petrol containing increasing amounts of EtOAc. The product
was triturated with diethyl ether to give Example 25 as an off
white solid. '"HNMR (CDCl;, 400 MHz) § 8.79-8.74 (2H, m),
8.33(1H,s),7.66-7.61 (1H, m), 7.35-7.27 (5H, m), 7.21-7.11
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(2H, m), 7.06-7.02 (2H, m), 530 (2H, s). LC/MS: 416
M+H)*. HPLC (Method A) Rt=3.84 min (Purity: 96.0%).

Example 26

4-(1-cyclohexyl-4-{3-[3-(methylsulfonyl)phenyl]-1,
2,4-oxadiazol-5-yl} -1 H-pyrazol-3-yl)pyridine

[0358]

/ =
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[0359] The title compound was prepared following the pro-
cedure described for Example 10, but starting from Interme-
diate 4 (0.21 mmol) and cyclohexylhydrazine hydrochloride
(Fluorochem; 31.6 mg; 0.21 mmol). The residue was purified
by flash chromatography on a Biotage 12+M column, eluting
with petrol containing increasing amounts of EtOAc. The
product was triturated with diethy] ether to give Example 26
as a white solid. *H NMR (CDCl,, 400 MHz) 8 8.87 (2H, dd,
J=4.4, 1.6Hz), 8.60 (1H, t, J=1.7Hz), 8.28 (1H, s), 8.25 (1H,
dt, 1=7.9, 1.4Hz), 8.06 (1H, dt, J=7.9, 1.4Hz), 7.67 (1H, t,
J=7.8Hz), 7.40 (2H, dd, J=4.4, 1.6Hz), 3.97-3.88 (1H, m),
3.09 (3H, 5),2.13-2.01 (2H, m), 1.92-1.85 (4H, m), 1.72-1.67
(1H, m), 1.32-1.18 (3H, m). LC/MS: 450 (M+H)". HPLC
(Method A) Rt=3.64 min (Purity: 98.4%).

Example 27

5-[1-cyclohexyl-5-(methoxymethyl)-1H-pyrazol-4-
y1]-3-(2,5-difluorophenyl)-1,2,4-oxadiazole

[0360]
/N\
N F
P N
=
/
0 O~
/ ;

[0361] The title compound was prepared following the pro-
cedure described for Example 10, but starting from Interme-
diate 5 (0.29 mmol) and cyclohexylhydrazine hydrochloride
(Fluorochem; 43.7 mg; 0.29 mmol). The residue was purified
by flash chromatography on a Biotage 12+M column, eluting
with petrol containing increasing amounts of EtOAc. The
product was triturated with diethyl ether to give Example 27
as a white solid. 'H NMR (CDCl,, 400 MHz) & 8.14 (1H, s),
7.83 (1H, ddd, J=8.6, 5.3, 2.9Hz), 7.22-7.14 (2H, m), 5.01
(2H, s), 4.36-4.25 (1H, m), 3.42 (3H, s), 2.08-1.92 (6H. m),
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1.76 (1H, d, J=12.8Hz), 1.52-1.24 (3H, m). LC/MS: 375
(M+H)*. HPLC (Method A) Rt=4.52 min (Purity: 99.5%).
Example 28

4-(1-cyclohexyl-4-{3-[3-(trifluoromethyl)phenyl] -1,
2,4-oxadiazol-5-y1}-1H-pyrazol-3-yl)pyridine

[0362]

[0363] In a microwave vial, Intermediate 7 (200 mg; 0.67
mmol) was suspended in toluene (2 mL) and N'-hydroxy-3-
(trifluoromethyl)benzenecarboximidamide  (JRD-Fluoro-
chemical, 151 mg; 0.74 mmol) was added followed by potas-
sium carbonate (123 mg; 0.74 mmol). The Microwave vial
was sealed and the mixture was heated to 180° C. in a micro-
wave reactor for 2 hours. DCM (5 mL) and water (5 mL) were
added and the mixture was passed through a hydrophobic frit
and the solvent removed in vacuo. The residue was purified by
flash chromatography on a Biotage 25+S column, eluting
with petrol containing increasing amounts of EtOAc to give
Example 28 as a white solid. "H NMR: (CDCI,, 400 MHz) 8
8.87-8.84 (2H, m), 8.28 (2H, s), 8.16 (1H, d, I=7.8Hz), 7.73
(1H, d, I=7.9Hz), 7.58 (1H, t, I=7.9Hz), 7.41-7.38 (2H, m),
3.97-3.88 (1H, m), 2.14-1.99 (2H, m), 1.98-1.84 (4H, m),
1.76-1.64 (1H, m), 1.33-1.20 (3H, m). LC/MS: 440 (M+H)*.
HPLC (Method A) Rt 4.55 min (Purity: 97.5%).

Example 29

{4-[5(1-cyclohexyl-5-pyridin-4-yl-1H-pyrazol-4-yl)-
1,2,4-0xadiazol-3-yl]phenyl} methanol

[0364]

OH

[0365] In a microwave vial, Intermediate 7 (200 mg; 0.67
mmol) was suspended in toluene (2 ml.) and MeCN (2 mL)
and Intermediate 8 (123 mg; 0.74 mmol) was added followed
by potassium carbonate (123 mg; 0.74 mmol). The Micro-
wave vial was sealed and the mixture was heated to 180° C. in
a microwave reactor for 2 hours. DCM (5 mL) and water (5
mL) were added and the mixture was passed through a hydro-
phobic frit and the solvent removed in vacuo. The residue was
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purified by flash chromatography on a Biotage 25+S column,
eluting with petrol containing increasing amounts of EtOAc
to give Example 29 as a white solid. 'H NMR: (CDCl,, 400
MHz) 8 8.88-8.81 (2H. m), 8.27 (1H, s), 7.98 (2H, d, J=8.
1Hz), 7.45 (2H, d, J=8.1Hz), 7.42-7.38 (2H, m). 4.76 (2H, d,
J=5.5Hz), 3.96-3.88 (1H, m), 2.09-1.99 (2H, m), 1.95-1.83
(4H, m), 1.75 (1H, 1, J=5.5Hz), 1.75-1.64 (1H, m), 1.32-1.19
(3H, m). LC/MS: 402 (M+H)". HPLC (Method A) Rt 3.41
min (Purity: 95.7%).

Example 30

4-{1-cyclopentyl-4-[3-(2,5-difluorophenyl)-1,2,4-
oxadiazol-5-yl]-1H-pyrazol-5-yl} Pyridine

[0366]

[0367] The title compound was prepared following the pro-
cedure described for Example 10, but starting from Interme-
diate 2 (0.25 mmol) and cyclopentylhydrazine hydrochloride
(Apollo; 34.0 mg; 0.25 mmol) to give Example 30 as a golden
gum. "H NMR (CDCl,, 400 MHz) § 8.84 (2H, dd, J=4.5,
1.6Hz), 8.27 (1H, s), 7.67-7.62 (1H, m), 7.41 (2H, dd, J=4.5,
1.6Hz), 7.20-7.12 (2H, m), 4.49 (1H., p, J=7.5Hz), 2.22-2.11
(2H, m), 2.07-1.94 (4H, m), 1.70-1.60 (2H, m). LC/MS: 394
(M+H)*. HPLC (Method A) Rt=4.07 min (Purity: 99.5%).

Example 31

5-[1-cyclohexyl-5-(tetrahydro-2H-pyran-4-y1)-1H-
pyrazol-4-yl]-3-(2,5-difluorophenyl)-1,2,4-oxadiaz-
ole

[0368]

[0369] Thetitle compound was prepared following the pro-
cedure described for Example 10, but starting from Interme-
diate 11 (0.22 mmol) and cyclohexylhydrazine hydrochloride
(Fluorochem; 33.1 mg; 0.22 mmol) to give Example 31 as a
white solid. "H NMR (CDCI,, 400 MHz) & 8.11 (1H, s),
7.87-7.80 (1H, m), 7.26-7.13 (2H, m), 4.29 (1H, tt, J=11.5,
3.7Hz),4.17 (2H, dd,J=11.6,4.3Hz),3.92 (1H,t,]=12.7Hz),
3.60 (2H, t, J=11.7Hz), 2.39 (2H, qd, I=12.6, 4.4Hz), 2.13-
2.00 (2H, m), 1.96-1.90 (4H. m), 1.78 (1H, d, I=12.7 Hz),
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170 (2H. d, J=13.2Hz), 1.52-1.22 (3H, m). LC/MS: 415
(M+H)*. HPLC (Method A) Rt=4.51 min (Purity: 97.2%).

Example 32

3-(2,5-difluorophenyl)-5-[ 1 -isobutyl-5-(tetrahydro-
2H-pyran-4-yl)-1H-pyrazol-4-yl]-1,2,4-oxadiazole

[0370]

[0371] Thetitle compound was prepared following the pro-
cedure described for Example 10, but starting from Interme-
diate 11 (0.22 mmol) and 2-methylpropylhydrazine hydro-
chloride (Fluorochem; 27.4 mg; 0.22 mmol) to give Example
32 as a white solid. 'H NMR (CDCI,, 400 MHz) 8 8.13 (1H,
5), 7.85 (1H, ddd, J=8.6, 5.3, 2.9Hz), 7.27-7.13 (2H, m), 4.16
(2H, dd, J=11.6, 4.3Hz), 4.05 (2H, d, J=7.6Hz), 3.59-3.43
(3H, m), 2.71-2.56 (2H, m), 2.35-2.23 (1H, m), 1.64-1.59
(2H, m), 0.98 (6H, d, J=6.7Hz). LC/MS: 389 (M+H)*. HPLC
(Method A) Rt=4.23 min (Purity: 99.1%).

Example 33

3-(2,5-difluorophenyl)-5-[5-phenyl-1-(tetrahydro-
2H-pyran-4-yl)-1H-pyrazol-4-yl]-1,2,4-oxadiazole

[0372]
F
/N_
N
N / Y
0 /
O0—N F

[0373] Thetitle compound was prepared following the pro-

cedure described for Example 10, but starting from Interme-
diate 1 (0.25 mmol) and Intermediate 12 (69.0 mg; 0.30
mmol), to give Example 33 as a pale yellow solid. 'H NMR
(CDCl,, 400 MHz) 3 8.27 (1H, s), 7.69-7.64 (1H, m), 7.59-
7.54 (3H, m), 7.45-7.41 (2H, m), 7.17-7.12 (2H, m), 4.25-4.
19 (1H, m), 4.07 (2H, dd, =11.8, 446Hz), 3.36 (2H, t,
J=12.0Hz), 2.42 (2H, dd, J=12.4, 4 7Hz), 1.80 (2H, dd, J=13.
1,3.7Hz). LC/MS: 409 (M+H)*. HPLC (Method A) Rt=4.05
min (Purity: 99.5%).
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Example 34

4-[4-[3-(2,5-difluorophenyl)-1,2,4-oxadiazol-5-yl]-1-
(2-methyleyclohexyl)-1H-pyrazol-5-yl]pyridine

[0374]

[0375] The title compound was prepared following the pro-
cedure described for Example 10, but starting from Interme-
diate 2 (0.25 mmol) and Intermediate 13 (34.0 mg; 0.25
mmol). A racemic mixture (43:55) of the title compound
Example 34 was isolated as an off white solid. 'H NMR
(CDCl,, 400 MHz) 8 8.84-8.84 (2H, m), 8.24* & 8.30% (1H,
s), 7.65-7.60 (1H, m), 7.40-7.34 (2H, m), 7.20-7.10 (2H, m),
4.22-4.15% & 3.55-3.45* (1H, m), 2.30-2.15 (1H, m), 2.15-1.
99 (1H, m), 1.98-1.75 (3H, m), 1.75-1.62 ng, m), 1.45-1.20
(3H, m), 1.02-1.35 (1H, m), 0.79* & 0.59+ (3H, d, ]=7.2Hz)
(*=Major isomer, *=Minor isomer). LC/MS: 422 (M+H)*.
HPLC (Method A) Rt=4.45 min (Purity: 98.3%).

Example 35

N-(2-{4-[3-(2,5-difluorophenyl)-1,2,4-0xadiazol-3-
y1]-5-phenyl-1H-pyrazol-1-yl }ethyl)cyclopropan-
amine

[0376]

Step 1: 2-(4-(3-(2,5-diftuorophenyl)-1,2.,4-oxadiazol-
5-y1)-5-phenyl-1H-pyrazol-1-yl)ethanol

[0377] The title compound was prepared following the pro-
cedure described for Example 10 but starting from Interme-
diate 1 (3.80 mmol) and hydroxyethylhydrazine (69.0 mg;
0.30 mmol) to give the title compound as a white solid (1.19
2;85%). "HNMR (DMSO-d,) 8 8.36 (1H, 8), 7.68-7.62 (6H,
m), 7.52-7.49 (2H, m), 5.00 (1H, s), 4.12-3.88 (2H, m), 3.84-
3.79 (2H, m). LC/MS: 369 (M+H)". HPLC (Method A) Rt=3.
46 min (Purity: 98.0%).

Step 2: 2-(4-(3-(2,5-difluorophenyl)-1,2,4-oxadiazol-
5-yl)-5-phenyl-1H-pyrazol-1-yl)ethyl methane-
sulfonate

[0378] Mesyl chloride (280 pl; 3.6 mmol) was added to a
solution of 2-(4-(3-(2,3-difluorophenyl)-1,2,4-oxadiazol-5-
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yD)-5-phenyl-1H-pyrazol-1-yl)ethanol (663 mg; 1.8 mmol),
obtained from step 1, and triethylamine (502 uL; 3.6 mmol) in
dry DCM (5 mL) at 0° C. The tube was sealed and allowed to
warm to room temperature overnight. The mixture was
washed with saturated aqueous sodium hydrogen carbonate
and the organic fraction passed through a hydrophobic frit
and the solvent removed in vacuo to give the title compound
as apale yellow solid (785 mg; 97%). 'H NMR (CDCl,, 400
MHz) 6 831 (1H, s), 7.69-7.64 (1H, m), 7.59-7.81 (3H, m),
7.50-7.45 (2H, m), 7.21-7.10 (2H, m), 4.64 (2H, t, J=5.2Hz),
438 (2H, 1, J=5.2Hz), 2.90 (3H, s). LC/MS: 447 (M+H)*.
HPLC (Method A) Rt=3.69 min (Purity: 99.4%).

Step 3: N-(2-{4-[3-(2.5-difluorophenyl)-1,2,4-0xa-
diazol-5-yl]-5-phenyl-1H-pyrazol-1-yl }ethyl)cyclo-
propanamine

[0379] Cyclopropylamine (166.2 ul; 2.40 mmol) and tri-
ethylamine (44.6 ul; 0.32 mmol) were added to 2-(4-(3-(2,
5-difluorophenyl)-1,2,4-oxadiazol-5-y1)-5-phenyl-1H-pyra-
zol-1-yl)ethyl methanesulfonate, obtained from step 2, (71.4
mg; 0.16 mmol) in DCM (2 mL) and the mixture heated to 65°
C. overnight. The solvent was removed in vacuo and the
residue redissolved in DCM (10 mL) and washed with water
(3x10 mL). The organic layer was passed through a hydro-
phobic ftit and the solvent removed in vacuo. The residue was
purified by flash chromatography on a Biotage 12+M column,
eluting with petrol containing increasing amounts of EtOAc.
The product was redissolved in methanol and stirred with
polymer supported carbonate for 3 hours. The polymer beads
were removed by filtration and the filtrate concentrated in
vacuo to give Example 35 as a white solid. 'H NMR (DMSO-
ds) 68.37(1H, 8), 7.70-7.63 (6H, m), 7.56-7.53 (2H, m), 4.13
(2H, t, J=6.6Hz), 2.98 (2H, t, J=6.5Hz), 2.40-2.30 (1H, m),
1.95 (1H, tt,J=6.5, 3.6Hz), 0.31-0.27 (2H, m), 0.11-0.08 (2H,
m). LC/MS: 408 (M+H)*. HPLC (Method C) Rt=12.03 min
(Purity: 95.8%).

Example 36

7-[5-(1-isobutyl-5-pyridin-4-yl-1H-pyrazol-4-y1)-1,
2,4-oxadiazol-3-yl]-1,2,3,4-tetrahydroisoquinoline

[0380]

ZiT

[0381] Sodium hydride (11.0 mg; 0.273 mmol) was added
to Intermediate 16 (52.2 mg; 0.273 mmol) in THF (1 mL) and
the mixture stirred for 10 minutes. The mixture was then
addedto a solution of Intermediate 14 (71.1 mg; 0.260 mmol)
in THF (1 mL) and stirred at room temperature for 1 hour. The
mixture was then heated at 90° C. overnight. An additional
equivalent of sodium hydride was added (11.0 mg; 0.273
mmol) and the mixture heated at 90° C. for a further 4 hours.
Water (10 mL) was added and the product extracted into
DCM (3x10 mL). The combined organic fractions were
passed through a hydrophobic frit and the solvent removed in
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vacuo. The residue was purified by flash chromatography
using a Biotage 12+M column, eluting with DCM containing
increasing amounts of methanol to give Example 36 as an off
white solid. 'H NMR (CDCl,, 400 MHz) & 8.83 (2H, dd,
J=4.5,1.6Hz),8.27 (1 H,s),7.73 (1H, d, J=8.0Hz), 7.66 (1H,
s), 7.40 (2H, dd, J=4.5, 1.6Hz), 7.17 (1H, d, J=8.0Hz), 4.07
(2H, s), 3.88 (2H, d, J=7.5Hz), 3.17 (2H, t, J=5.9Hz), 2.86
(2H, 1, J=5.9 Hz), 2.27-2.18 (1H, m), 0.81 (6H, d, JI=6.7Hz).
LC/MS: 401 (M+H)". HPLC (Method B) Rt=3.42 min (Pu-
rity: 96.2%).

Example 37

4-(1-isobutyl-4-{3-[3-(trifluoromethyl)phenyl]-1,2,4-
oxadiazol-5-y1}-1H-pyrazol-5-yl)pyridine

[0382]

[0383] The title compound was prepared following the pro-
cedure described for Example 36, but starting from N'-hy-
droxy-3-(trifluoromethyl)benzenecarboximidamide ~ (JRD-
Fluorochemical, 55.7 mg; 0.273 mmol) and Intermediate 14
(71.1 mg; 0.26 mmol), to give Example 37 as an off white
solid. 'H NMR (CDCl,, 400 MHz) & 8.85 (2H, dd, J=4.7,
1.8Hz), 8.29 (2H, d, J=3.9Hz), 8.16 (1H, d, J=7.8Hz), 7.74
(1H, d, I=7.9Hz), 7.59 (1H, t, J=7.9Hz), 7.41 (2 H, dd, I=4.6,
1.9Hz), 3.89 (2H, d, J=7.4Hz), 2.26-2.22 (1H, m), 0.82 (6H,
d, J=6.6Hz). LC/MS: 414 (M+H)*. HPLC (Method A) Rt=4.
24 min (Purity: 99.2%).

Example 38

5-[5-(1-cyclohexyl-5-pyridin-4-yl-1H-pyrazol-4-y1)-
1,2.4-oxadiazol-3-yl]-1H-indazole

[0384]
=N
NH
[0385] Sodium hydride (31.5 mg; 0.788 mmol) was added

to a solution of Intermediate 7 (225 mg; 0.75 mmol) and
Intermediate 15 (139 mg; 0.788 mmol) in THF (10 mL) and
the mixture stirred for 10 minutes. The mixture was then
heated to 130° C. in a microwave reactor for 16 hours. Water
(10 mL) was added and the product extracted into DCM
(3x10 mL). The combined organic fractions were passed
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through a hydrophobic frit and the solvent removed in vacuo.
The residue was purified by flash chromatography using a
Biotage 25+M column, eluting with petrol containing
increasing amounts of EtOAc and then 5% methanol in DCM.
The residue was triturated with diethyl ether to give Example
38 as an off white solid. 'H NMR (DMSO-d,) 8 13.41 (1H, s),
8.87 (2H, d, J=6.0Hz), 8.41 (2H, d,7=11.98Hz), 8.28 (1H, s),
7.91 (1H, dd, J=8.7, 1.5Hz), 7.73-7.67 (3H, m), 4.01-3.94
(1H, m), 2.02-1.83 (4 H, m), 1.81 (2H, d, J=11.1Hz), 1.64
(1H, s), 1.27-1.16 (3H, m). LC/MS: 412 (M+H)*. HPLC
(Method B) Rt=3.28 min (Purity: 98.4%).

Example 39

7-[5-(1-cyclohexyl-5-pyridin-4-yl-1H-pyrazol-4-yl)-
1,2.4-oxadiazol-3-y1]-1,2,3,4-tetrahydroisoquinoline

[0386]

NH

Step 1: 7-[5-(1-cyclohexyl-5-pyridin-4-y1-1H-pyra-
zol-4-y1)-1,2.4-oxadiazol-3-yl]-3,4-dihydroisoquino-
line

[0387] In a microwave vial, Intermediate 7 (200 mg; 0.67
mmol) was suspended in toluene (2 ml.) and MeCN (2 mL)
and Intermediate 16 (142 mg; 0.74 mmol) was added fol-
lowed by potassium carbonate (123 mg; 0.74 mmol). The
Microwave vial was sealed and the mixture was heated to
180° C. in a microwave reactor for 2 hours. The reaction
mixture was diluted with DCM (5 mL) and washed with water
(5 mL). The organic phase was passed through a hydrophobic
frit and the solvent was removed in vacuo. The residue was
purified by flash chromatography on a Biotage 25+S column,
eluting with DCM containing increasing amounts of MeOH
to give 7-[5-(1-cyclohexyl-5-pyridin-4-yl-1H-pyrazol-4-yl)-
1,2,4-oxadiazol-3-y1]-3,4-dihydroisoquinoline as a white
solid. 'H NMR: (CDCl,, 400 MHz) § 8.83-8.84 (2H, m),
8.41-8.37 (1H, m), 8.28 (1H, ), 7.96 (1H, dd, J=7.8, 1.7Hz),
7.93-7.89 (1H, m), 7.41-7.38 (2H, m), 7.24 (1H, 5),3.97-3.89
(1H, m), 3.85-3.77 (2H, m), 2.80 (2H, t, J=7.8Hz), 2.13-2.01
(2H, m), 1.97-1.82 (4H, m), 1.72-1.67 (1H, m), 1.29-1.18
(3H, m). LC/MS: 425 (M+H)*. HPLC (Method A) Rt 2.23
min (Purity: 97.8%).

Step 2: 7-[5-(1-cyclohexyl-5-pyridin-4-yl-1H-pyra-
z0l-4-y1)-1,2,4-0xadiazol-3-y1]-1,2,3,4-tetrahy-
droisoquinoline

[0388] 7-[5-(1-Cyclohexyl-5-pyridin-4-yl-1H-pyrazol-4-

yD)-1,2,4-o0xadiazol-3-yl]-3,4-dihydroisoquinoline, obtained
fromstep 1, (24.6 mg; 0.058 mmol) was suspended in ethanol
(10 mL) and DCM (5 mL) and sodium borohydride (2.2 mg;
0.058 mmol) were added. The mixture was stirred at room
temperature overnight. The solvent was removed in vacuo
and the product redissolved in DCM (10 mL), washed with
water (3x10 mL) and the combined organic fractions passed
through a hydrophobic and the solvent removed in vacuo. The
residue was purified by flash chromatography using a Biotage

Mar. 22,2012

124M column, eluting with DCM containing increasing
amounts of 7M methanolic ammonia, and then by preparative
HPLC to give Example 39 as a white solid. "H NMR (DMSO-
dy) 6 8.86 (2H, d, J=5.1Hz), 8.38 (1H, s), 8.33 (1H, 5), 7.73
(1H, s), 7.71 (1H, s) 7.64 (2H, d, J=5.2Hz), 7.36 (14, d,
J=7.9Hz), 4.16 (2H, s), 4.05-3.90 (1H, m), 3.21 (2H, t, I=6.
OHz), 2.94 (2H, t, J=5.6Hz), 1.95-4.90 (4H, m), 1.83-1.75
(2H, m), 1.65-1.59 (1H, m) 1.30-1.20 (3H, m). LC/MS: 427
(M+H)*. HPLC (Method A) Rt=2.24 min (Purity: 96.2%).

Example 40

5-[5-(1-1sobutyl-5-pyridin-4-yl-1H-pyrazol-4-yl)-1,
2 4-oxadiazol-3-yl]-1H-indazole

[0389]

N TSN
/ |
N NH

[0390] Sodium hydride (29.4 mg; 0.735 mmol) was added
to a solution of Intermediate 14 (191.3 mg; 0.70 mmol) and
Intermediate 15 (129.5 mg; 0.735 mmol) in THF (2 mL) and
the mixture stirred for 10 minutes. The mixture was then
heated at 130° C. in a microwave reactor for 3 hours. Water (5
mlL) was added and the product extracted into DCM (3x5
mL). The combined organic fractions were passed through a
hydrophobic frit and the solvent removed in vacuo. The resi-
due was purified by flash chromatography on a Biotage 25+M
column, eluting with petrol containing increasing amounts of
EtOAc to give Example 40 as an off white solid. "H NMR
(DMSO-d,) 6 13.40 (1H, s), 8.88 (2H, d, I=12.0Hz), 8.41
(1H,s),8.39 (1H,s)8.28 (1H, 5). 7.91 (1H, dd, ]=8.7, 1.5Hz),
7.74-7.68 (3H, m), 3.96 (2H, d, J=7.3Hz), 2.14-2.06 (1H, m),
0.78 (6H, d, I=6.7Hz). LC/MS: 386 (M+H)". HPLC (Method
A) Rt=3.14 min (Purity: 98.5%).

Example 41
1-{4-[5-(1-cyclohexyl-5-pyridin-4-yl-1H-pyrazol-4-
y1)-1,2,4-oxadiazol-3-yl]phenyl}-N,N-dimethyl-

methanamine

[0391]

z—
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Step 1: {4-[5-(1-cyclohexyl-5-pyridin-4-yl-1H-pyra-
zol-4-yl)-1,2,4-oxadiazol-3-yl]pheny!} methanol
[0392] A solution of Intermediate 7 (210 mg; 0.662 mmol)
in toluene (3 mL) was added to a solution of Intermediate 8
(121 mg; 0.662 mmol) in DMF (2 mL) followed by addition
of potassium carbonate (100 mg; 0.728 mmol). The reaction
was heated at 180° C. for 1 hour. The solvent was removed in
vacuo and the residue diluted with a mixture of TPA:water
(1:1, 10 mL). The resulting precipitate was collected by fil-
tration to yield the title compound as a yellow solid (145 mg;
73%), which was used directly without any purification. "H
NMR: (CDCl,, 400 MHz) d 8.88-8.81 (2H, m), 8.27 (1H, ),
7.98 (2H, d, J=8.1Hz), 7.45 (2H, d, J=8.1Hz), 7.42-7.38 (2H,
m),4.76 (2H, d, J=5.5Hz), 3.96-3.88 (1H, m), 2.09-1.99 (2H,
m), 1.95-1.83 (4H, m), 1.75 (1H, t, J=5.5Hz), 1.75-1.64 (1H,
m), 1.32-1.19 (3H, m). LC/MS: 402 (M+H)*. HPLC (Method

A) Rt 3.41 min (Purity: 95.7%).
Step 2: 4-(5-(1-cyclohexyl-3-(pyridin-4-y1)- 1 H-pyra-
zol-4-y1)-1,2,4-0xadiazol-3-yl)benzaldehyde

[0393] Thetitle compound was prepared following the pro-
cedure described for Example 64 (step 1), but starting from
{4-[5-(1-cyclohexyl-5-pyridin-4-yl-1H-pyrazol-4-y1)-1,2,4-
oxadiazol-3-yl]phenyl }methanol, obtained from step 1, (1.92
g; 4.78 mmol), to give the title compound as a white solid
(1.90 g; 99%) which was used directly without any purifica-
tion. "H NMR (CDCl,, 400 MHz): 8 10.07 (1H, s), 8.87 (2H,
d, 1=4.8Hz), 8.28 (1H, 5), 8.15 (2H, d, J=7.9Hz), 7.96 (2H, d,
J=7.9Hz), 7.40 (2H, d, I=4.9Hz), 3.98-3.89 (1H, m), 2.09-2.
05 (2H, m), 1.90-1.88 (4H, m), 1.70-1.69 (1H, m), 1.28-1.26
(3H, m).

Step 3: 1-{4-[5-(1-cyclohexyl-5-pyridin-4-yl-1H-
pytazol-4-yl)-1,2,4-oxadiazol-3-yl]phenyl}-N,N-
dimethylmethanamine

[0394] Sodium cyanoborohydride (8.3 mg; 0.135 mmol)
was added to a solution of 4-(5-(1-cyclohexyl-5-(pyridin-4-
y)-1H-pyrazol-4-y1)-1,2 4-oxadiazol-3-yl)benzaldehyde,
obtained from step 2, (50 mg; 0.124 mmol) and dimethy-
lamine hydrochloride (19.8 mg; 0.248 mmol) in a mixture of
methanol (3 mL), DCM (1 mL) and acetic acid (75 pl). The
mixture was stirred at room temperature overnight and the
solvent was then removed in vacuo. The residue was purified
by preparative HPLC to give Example 41 as a white solid. 'H
NMR (DMSO-d,, 400 MHz) 6 8.86-8.83 (2H, m), 8.27 (1H,
s), 7.94 (2H, d, J=8.0Hz). 7.42-7.37 (4H, m), 3.97-3.88 (1H,
m), 3.49 (2H, s), 2.48-2.31 (1H, m), 2.27 (6H, s), 2.13-2.00
(2H, m), 1.95-1.84 (3H, m), 1.69 (1H, s), 1.32-1.17 (3H, m).
LC/MS: 429 (M+H)*. HPLC (Method B) Rt=4.40 min (Pu-
rity: 97.7%).

Example 42
1-{4-[5-(1-cyclohexyl-5-pyridin-4-y1-1H-pyrazol-4-
y1)-1,2,4-0xadiazol-3-yl[benzyl }azetidine-3-car-
boxylic acid

[0395]

OH
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[0396] Sodium cyanoborohydride (31.5 mg; 0.501 mmol)
was added to a solution of 4-(5-(1-cyclohexyl-5-(pyridin-4-
y1)-1H-pyrazol-4-y1)-1,2,4-oxadiazol-3-yl)benzaldehyde,
obtained as described in Example 41 (step 2), (182 mg; 0.456
mmol) and 3-azetidine carboxylic acid (92.1 mg; 0.911
mmol) in methanol (3 mL) and acetic acid (75 pl) and the
mixture was stirred at room temperature overnight. The sol-
vent was removed in vacuo and the residue was recrystallised
from DMSO and triturated with methanol to give Example 42
as a white solid. 'H NMR (DMSO-d,, 400 MHz) 8 8.83 (2H,
dd, J=4.6, 1.5Hz), 8.38 (1H, s), 7.87 (2], d, ]=8.1Hz), 7.63
(2H, dd, J=4.6,1.6Hz), 7.48 (2H, d, J=8.0Hz), 4.00-3.78 (3H,
m), 3.59 (2 H, t, ]=8.0Hz), 3.49-3.40 (2H, m), 3.20 (1H, q),
1.95-1.88 (4H, m), 1.87-1.72 (2H, m), 1.64-1.58 (1H, m),
1.3-1.18 (3H, m). LC/MS: 485 (M+H)*. HPLC (Method A)
Rt=2.32 min (Purity: 96.3%).

Example 43

4-(1 -isobutyl-4-{3-[3-(methylsulfonyl)phenyl]-1,2,4-
oxadiazol-5-yl}-1H-pyrazol-5-yl)pyridine

[0397]

[0398] The title compound was prepared following the pro-
cedure described for Example 36, but starting from Interme-
diate 3 (58.5 mg; 0.273 mmol) and Intermediate 14 (71.1 mg;
0.26 mmol) to give Example 43 as a white solid. "H NMR
(DMSO-dy) § 8.87-8.83 (2H, m), 8.47-8.39 (2H, m), 8.26
(1H, d, J=7.8Hz), 8.17 (1H, d, J=7.9Hz), 7.88 (1H, t, I=7.
8Hz),7.71-7.67 (2H, m), 3.96 (2H, d, J=7.3Hz), 3.31 (3H, s),
2.13-2.04 (1H, m), 0.77 (6H, d. J=6.6Hz). LC/MS: 424
(M+H)". HPLC (Method B) Rt=3.67 min (Purity: 98.0%).

Example 44

4-{1-cyclobutyl-4-[3-(2,5-difluorophenyl)-1,2,4-
oxadiazol-5-y1]-1H-pyrazol-5-y1 }pyridine

[0399]
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[0400] Thetitle compound was prepared following the pro-
cedure described for Example 10, but starting from Interme-
diate 2 (0.25 mmol) and cyclobutylhydrazine hydrochloride
(PharmLab, 30.5 mg; 0.25 mmol) to give Example 44 as a
brown solid. 'H NMR (CDCl,, 400 MHz) 5 8.86 (2H, d,
J=4.9Hz), 833 (1H, s). 7.70-7.65 (1H, m), 7.41 (2H, d, I=5.
0Hz), 7.23-7.14 (2H, m), 4.70-4.59 (1H, m), 2.91-2.79 (2H,
m), 2.40-2.31 (2H, m), 1.97 (1H, q, I=10.5Hz), 1.89-1.71
(1H, m). LC/MS: 380 (M+H)". HPLC (Method C) Rt=18.30
min (Purity: 99.1%).

Example 45

1-{4-[5-(1-cyclohexyl-5-pyridin-4-yl-1H-pyrazol-4-
y1)-1,2,4-oxadiazol-3-yl]benzyl }pyrrolidin-3-ol

[0401]

[0402] Thetitle compound was prepared following the pro-
cedure described for Example 42 but using 3-pyrrolidinol
(79.4 mg; 0.911 mmol). The residue was purified by prepara-
tive HPLC to give Example 45 as a white solid. 'H NMR
(DMSO-d,) 8 8.87 (2H, dd, I=4.5, 1.6Hz), 8.41 (1H, s), 7.87
(2H, d, J=8.1Hz), 7.67 (2H, dd, =4.5, 1.6Hz), 7.49 (2H, d,
J=8.0Hz), 471 (1H, d, I-4.5Hz), 4.28-4.20 (1H, m), 4.04-3.
95 (1H, m), 3.62 (2H, dd, J=7.7, 13.5), 2.71 (1H, dd, J=9.6,
6.2Hz), 2.63-2.55 (1H, m), 2.48-2.40 (1H, m), 2.34 (1H, dd,
1=9.7,3.8Hz), 2.05-1.89 (5H, m), 1.85-1.79 (2H, m), 1.69-1.
55 (2H, m), 1.30-1.20 (3H, m). LC/MS: 471 (M+H)*. HPLC
(Method A) Rt=2.24 min (Purity: 99.1%).

Example 46

3-(2,5-difluorophenyl)-3-{1-[(18,2S)-2-methylcyclo-
hexyl]-5-phenyl-1H-pyrazol-4-y1}-1,2,4-oxadiazole

[0403]

[0404] Sodium hydride (10.4 mg; 0.260 mmol) was added
to a solution of 2,5-difluoro-N'-hydroxybenzenecarboximi-
damide (JRD-Fluorochemical, 44.8 mg; 0.260 mmol) and
Intermediate 17 (85.3 mg; 0.273 mmol) in THF (2 mL) and
the mixture was stirred for 10 minutes. The mixture was
heated in amicrowave reactor at 130° C. for 6.25 hours. Water
(10 mL) was added and the product was extracted into DCM
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(3x10 mL) and the combined organic fractions passed
through a hydrophobic frit and the solvent removed in vacuo.
The residue was purified by preparative HPLC to give
Example 46 as a clear gum, together with 3-(2,5-diftuorophe-
nyl)-5-{1-[(18,2R)-2-methylcyclohexyl]-5-phenyl-1H-
pyrazol-4-yl}-1,2,4-oxadiazole (Example 47 below). 'H
NMR (CDCl,, 400 MHz) 6 8.29 (1H, s), 7.71-7.65 (1H, m),
7.55-7.50 (3H, m), 7.42-7.37 (2H, m), 7.19-7.10 (2H, m),
3.59-3.52 (1H, m), 2.24-2.13 (1H, m), 2.11-1.75 (SH, m),
1.43-1.16 (2H, m), 1.00-0.89 (1H, m), 0.60 (3H, d, J=6.8Hz).
LC/MS: 421 (M+H)*. HPLC (Method A) Rt=4.96 min (Pu-
rity: 93.2%).

Example 47

3-(2,5-difluorophenyl)-5-{1[(18,2R)-2-methylcyclo-
hexyl]-5-phenyl-1H-pyrazol-4-yl}-1,2,4-oxadiazole

[0405]

Naw
Y R
P N
/
o/
~N

[0406] The title compound was isolated from the reaction
described above for the synthesis of 3-(2,5-difluorophenyl)-
5-{1-[(18,2S)-2-methylcyclohexyl]-5-phenyl-1H-pyrazol-
4-y1}-1,2,4-oxadiazole. Example 47 was isolated as a clear
gum. ‘H NMR (CDCl,, 400 MHz) 8 8.22 (1H, s), 7.70-7.64
(1H, m), 7.56-7.50 (3H, m), 7.44-7.38 (2H, m), 7.19-7.09
(2H, m), 4.27-4.22 (1H, m), 2.31-2.20 (1H, m), 2.07-1.98
(1H, m), 1.96-1.85 (1H, m), 1.82-1.50 (3H, m), 1.43-1.33
(3H, m), 0.80 (3H, d, J=2Hz). LC/MS: 421 (M+H)*. HPLC
(Method C) Rt=20.75 min (Purity: 83.2%).

Example 48

5-[1-cyclohexyl-5-(2-methylphenyl)-1H-pyrazol-4-
y1]-3-(2,5-difluorophenyl)-1,2,4-oxadiazole

[0407]

Step 1: 2-(3-(2,5-difluorophenyl)-1,2,4-oxadiazol-5-
y1)-1-o-tolylethanone

[0408] A solution of ethyl 3-0x0-3-0-tolylpropanoate (0.44
mL; 2.5 mmol) and 2,5-difluoro-N'-hydroxybenzenecarbox-
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imidamide (JRD-Fluorochemical, 215 mg; 1.25 mmol) in
toluene (1.5 mL) was heated to 120° C. 18 hours. The solvent
was removed in vacuo and the residue purified by flash chro-
matography on a Biotage 25+M column, eluting with petrol
containing increasing amounts of EtOAc. The residue was
triturated with petrol to give the title compound as an off-
white solid which was used directly without any further puri-
fication. 'H NMR (CDCl,, 400 MHz) & 11.62% (1H, br s),
7.82-7.74 (1H, m), 7.55-7.12 (6H, m), 5.95% (1H, s), 4.68*
(2H, s),[2.58,2.55 and 2.47] (3H, s) (compound isolated as a
mixture of keto and enol forms and as a mixture of rotamers,
*=keto form, ¥=enol form). LC/MS: 315 (M+H)*. HPLC
(Method D) Rt=4.28 min (Purity: 98.4%).

Step 2: 5-[1-cyclohexyl-5-(2-methylphenyl)-1H-
pyrazol-4-yl]-3-(2,5-difluorophenyl)-1,2,4-oxadiaz-
ole

[0409] To a solution of 2-(3-(2,5-difluorophenyl)-1,2,4-
oxadiazol-5-y1)-1-o-tolylethanone (115 mg; 0.37 mmol),
obtained from step 1, in toluene (2.5 mL) was added DMF.
DMA (70 pL) and PPTS (10 mg). The mixture was heated to
90° C. for 7 hours. DCM (10 mL) and water (10 mL) were
added and the mixture passed through a hydrophobic frit. The
solvent was removed in vacuo and the residue redissolved in
ethanol (2.3 mL) and water (0.23 mL). The solution was
added to a mixture cyclohexylhydrazine hydrochloride
(Fluorochem; 56 mg; 0.37 mmol), and sodium acetate (61
mg; 0.74 mmol). The mixture was heated to reflux for 7 hours
and then DCM (10 mL) and water (10 mL). The mixture was
filtered through a hydrophobic frit and the solvent removed in
vacuo. The residue was purified by flash chromatography on
a Biotage 254S column, eluting with petrol containing
increasing amounts of EtOAc to give Example 48 as a white
solid. 'THNMR: (CDCI,, 400 MHz) 8 8.28 (1H, 5), 7.68-7.62
(1H, m), 7.50-7.30 (3H, m), 7.22-7.08 (3H, m), 3.80-3.70
(1H, m), 2.12 (3H, s), 2.13-1.82 (6H, m), 1.68-1.62 (1H, m),
1.31-1.15 (3H, m). LC/MS: 421 (M+H)*. HPLC (Method F)
Rt 4.95 min (Purity: 99.7%).

Example 49

(4-{5-[1-cyclohexyl-5-(methoxymethyl)- 1H-pyrazol-
4-yl]-1,2,4-0xadiazol-3-yl}phenyl)methanol

[0410]

/O N A OH

[0411] Sodium hydride (294.0 mg; 7.35 mmol) was added
to a suspension of Intermediate 18 (1.77 g; 7.00 mmol) and
Intermediate 8 (1.22 g; 7.35 mmol) in THF (15 mL) and the
mixture was stirred for 10 minutes. The mixture was then
heated in a microwave reactor for 19 hours at 130° C. Water
(10 mL) was added and the product was extracted into DCM
(3x10 mL). The combined organic fractions were passed
through a hydrophobic frit and the solvent removed in vacuo.
The residue was purified by flash chromatography on a
Biotage 40+M column, eluting with petrol containing
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increasing amounts of EtOAc to give Example 49 as a white
solid. 'HNMR (CDCl;, 400 MHz) 8.16-8.11 (3H, m), 7.50
(2H, d, J=8.1Hz), 5.03 (2H, s). 4.79 (2H, d, ]=6.0Hz), 4.35-
428 (1H. m), 3.42 (3H, 5, 2.09-1.90 (6H, m), 1.82-1.73 (2H,
m). 1.52-1.25 (3H, m). LC/MS: 369 (M+H)*. HPLC (Method
A) Rt=3.87 min (Purity: 97.9%).

Example 50

5[ 1-1sobutyl-5-(tetrahydro-2H-pyran-4-y1)-1H-pyra-
701-4-y1]-3-[3-(trifluoromethyl)phenyl]-1,2,4-oxadia-
zole

[0412]

CF;

[0413] Sodium hydride (11 mg; 0.273 mmol) was added to
a suspension of Intermediate 19 (72.9 mg; 0.260 mmol) and
N'-hydroxy-3-(trifluoromethyl)benzenecarboximidamide
(JRD-Fluorochemical, 55.7 mg, 0.273 mmol) in THF (2 mL)
and the mixture was stirred for 10 minutes. The mixture was
then heated in a microwave reactor for 2 hours at 130° C.
Water (10 mL) was added and the product extracted into
DCM (3x10 mL). The combined organic fractions were
passed through a hydrophobic frit and the solvent removed in
vacuo. The residue was purified by flash chromatography on
a Biotage 12+M column, eluting with DCM containing
increasing amounts of methanol to give Example 50 as a
white solid. "H NMR (CDCl,, 400 MHz) § 8.44 (1H, 5), 8.35
(1H, d, I=7.8Hz), 8.14 (1H, s), 7.78 (1H, d, J=7.9 Hz), 7.66
(1H, t, J=7.8Hz), 4.19-4.13 (2H, m), 4.06 (2H, d), 3.60-3.43
(3H, m), 2.69 (2H, qd, J=12.6, 4.5Hz), 2.36-2.21 (1H, m),
1.65-1.59 (2H, m), 0.98 (6H, d. J=6.7Hz). LC/MS: 421
(M+H)". HPLC (Method A) Rt=4.58 min (Purity: 97.4%).

Example 51

3-(1-cyclohexyl-5-phenyl-1H-pyrazol-4-yl)-5-phe-
nyl-1,24-oxadiazole

[0414]

[0415] In a microwave vial, Intermediate 9 (190 mg; 0.67
mmol) was suspended in toluene (2 mLL) and methyl benzoate
(0.09 mL; 0.74 mmol) was added followed by potassium
carbonate (123 mg; 0.74 mmol). The Microwave vial was
sealed and the mixture was heated to 180° C. in a microwave
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reactor for 2 hours and then DCM (10 mL) and water (10 mL)
added. The mixture was filtered through a hydrophobic frit
and the solvent removed in vacuo. The residue was triturated
with isopropanol and dried to give Example 51 as a white
solid. 'HNMR: (CDCl,, 400 MHz) 8 8.19 (1H. s), 8.08-8.03
(2H, m), 7.59-7.43 (8H, m), 4.01-3.91 (1H, m), 2.13-1.83
(6H, m), 1.71-1.58 (1H, m), 1.31-1.14 (3H, m). LC/MS: 371
(M+H)*. HPLC (Method B) Rt 4.98 min (Purity: 98.9%).

Example 52

3-(1-cyclohexyl-5-phenyl-1H-pyrazol-4-y1)-5-(2-
fluorophenyl)-1,2.4-oxadiazole

[0416]
N,
N N
T
/ N
)
O

[0417] Thetitle compound was prepared following the pro-

cedure described for Example 51 but starting from Interme-
diate 9 (190 mg; 0.67 mmol) and methyl 2-fluorobenzoate
(Avocado; 0.94 mL; 0.74 mmol). The residue was purified by
flash chromatography on a Biotage 12+M column, eluting
with petrol containing increasing amounts of EtOAc. The
residue was triturated with isopropanol to give Example 52 as
a white solid. 'H NMR: (CDCl,, 400 MHz) & 8.18 (1H, s),
8.07-8.01 (1H, m), 7.58-7.50 (4H, m), 7.46-7.41 (2H, m),
7.30-7.19 (2H, m), 4.01-3.93 (1H, m), 2.11-1.98 (2H, m),
1.96-1.80 (4H, m), 1.69-1.63 (1H, m), 1.31-1.18 (3H, m).
LC/MS: 389 (M+H)*. HPLC (Method A) Rt4.61 min (Purity:
93.6%).

Example 53

3-[3-(1-cyclohexyl-5-phenyl-1H-pyrazol-4-y1)-1,2,4-
oxadiazol-5-yl]|pyridine

[0418]
N,
NN
/ N
N\ \ =N
0 \ y
[0419] Thetitle compound was prepared following the pro-

cedure described for Example 51 but starting from Interme-
diate 9 (190 mg; 0.67 mmol) and methyl nicotinate (101 mg;
0.74 mmol) to give Example 53 as a white solid. 'H NMR:
(CDCl,, 400 MHz) % 9.27 (1H, d, J=2.0 Hz), 8.78 (1H, dd,
J=4.9, 1.7Hz), 8.32 (1H, dt, ]=8.0, 2.0Hz), 8.18 (1H, s),
7.54-7.51 (3H, m), 7.46-7.40 (3H, m), 4.01-3.92 (1H, m),
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2.12-1.98 (2H, m), 1.96-1.80 (4H, m), 1.71-1.60 (1H, m),
1.31-1.15 (3H, m). LC/MS: 372 (M+H)*. HPLC (Method A)
Rt 4.24 min (Purity: 99.5%).

Example 54

{4-[5-(1-isobutyl-5-pyridin-4-y1-1H-pyrazol-4-y1)-1,
2,4-oxadiazol-3-yl]phenyl}methanol

[0420]

OH

[0421] Sodium hydride (231.0 mg; 5.78 mmol) was added
to a suspension of Intermediate 14 (1.50 g; 5.50 mmol) and
Intermediate 8 (0.96 g; 5.78 mmol) in THF (15 mL) and the
mixture was stirred for 10 minutes. The mixture was then
heated in a microwave reactor for 3 hours at 130° C. Water (10
ml) was added and the product extracted into DCM (3x10
mL). The combined organic fractions were passed through a
hydrophobic frit and the solvent removed in vacuo. The resi-
due was purified by flash chromatography using a Biotage
40+M column, eluting with petrol containing increasing
amounts of E1OAc to give Example 54 as a white solid. 'H
NMR (CDCl,, 400 MHz) § 8.85-8.82 (2H, d, J=4.4Hz), 8.28
(1H, s), 7.98 (2H, d, J=8.1Hz), 7.45 (2H, d, J=8.1Hz), 7.40
(2H,d, 4.4Hz),4.76 (2H, s),3.88 (2H, d, ]=7.5Hz), 2.24 (1H,
dt, J=13.8, 6.9Hz), 1.78 (1H, s), 0.82 (6H, d, J=6.7Hz).
LC/MS: 376 (M+H)*. HPLC (Method A) Rt=3.06 min (Pu-
rity: 96.3%).

Example 55
1-{4-[5-(1-cyclohexyl-5-pyridin-4-yl-1H-pyrazol-4-
y1)-1,2,4-oxadiazol-3-yl]phenyl}-N-methylmetha-

namine

[0422]

[0423] The title compound was prepared following the pro-
cedure described for Example 42 but using methylamine
hydrochloride (61.5 mg; 0.911 mmol). The residue was puri-
fied by preparative HPLC to give Example 55 as a white solid.
"H NMR (DMSO-d,) 8 8.83 (2H, d, J=5.0Hz), 8.37 (2H, d,
J=4.5Hz), 7.93 (2H, d, I=7.9Hz), 7.64-7.60 (4H, m), 4.08
(2H, ), 3.99-3.88 (1H, m), 2.54 (3H, s), 1.95-1.88 (4H. m),
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1.85-1.71 (2H, m), 1.65-1.58 (1H, m), 1.27-1.15 (3H, m).
LC/MS: 415 (M+H)*. HPLC (Method C) Rt=13.16 min (Pu-
rity: 96.1%).

Example 56

2-({4-5-(1-cyclohexyl-5-pyridin-4-yl-1H-pyrazol-4-
y1)-1,2,4-0xadiazol-3-yl]benzyl }amino)ethanol

[0424]

[0425] Thetitle compound was prepared following the pro-
cedure described for Example 42 but using ethanolamine
(55.7 mg; 0.911 mmol). The residue was purified by prepara-
tive HPLC to give Example 56 was obtained as a yellow solid.
"HNMR (DMSO-d,)  8.79 (2H, d, I=5.0 Hz), 8.38 (1H, s),
8.30(1H,s), 7.86 (2H, d, I=7.9Hz), 7.60-7.51 (4H, m), 3.92-
3.89 (1H, m), 3.61 (2H, t, J=5.4Hz), 2.83 (2H, t, J=5.5Hz),
2.54(1H,s),1.90-1.85 (4H, m), 1.85-1.69 (2H, m), 1.57-1.51
(1H, m), 1.22-1.10 (3H, m). LC/MS: 445 (M+H)". HPLC
(Method C) Rt=12.91 min (Purity: 96.3%).

Example 57

3-(1-cyclohexyl-5-phenyl-1H-pyrazol-4-y1)-5-(2,5-
difluorophenyl)-1,2,4-oxadiazole

[0426]
N
NN
F
/ N
I
\O
F

[0427] To a solution of 2,5-difluorobenzoic acid (Fluoro-

chem; 48 mg; 0.3 mmol) in anhydrous MeCN (2 ml) was
added 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride (EDC) (80.5 mg; 0.42 mmol) followed by
Intermediate 9 (102 mg; 0.36 mmol) in a Microwave vial and
the mixture stirred at RT for 18 h. Anhydrous pyridine (2 mL)
was added and the reaction vessel was sealed and heated at
150° C. for 45 min in the microwave. This reaction was
performed twice, and the reaction mixtures were combined
for workup. The solvents were removed in vacuo and H,O (10
mL) and DCM (10 mL) were added. The mixture was passed
through a hydrophobic frit and the solvent removed in vacuo.
The residue was triturated with isopropanol and dried to give
Example 57 as a white solid. 'H NMR: (CDCI,, 400 MHz) §
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8.17 (1H,5), 7.75-7.69 (1H, m), 7.54-7.51 (3H, m), 7.45-7.41
(2H, m), 7.27-7.14 (2H, m), 4.02-3.92 (1H, m), 2.12-1.98
(2H, m), 1.96-1.79 (4H, m), 1.71-1.61 (1H, m), 1.32-1.14
(3H, m). LC/MS: 407 (M+H)". HPLC (Method F) Rt 4.63
min (Purity: 97.6%).

Example 58

3-(1-cyclohexyl-5-phenyl-1H-pyrazol-4-y1)-5-[3-
(methylsulfonyl)phenyl]-1,2.4-oxadiazole

[0428]

N
N
N O\ /
S
I\ No
AN
0

[0429] The title compound was prepared following the pro-
cedure described for Example 57, with two identical reactions
combined for workup but starting from Intermediate 9 (102
mg; 0.36 mmol) and 3-(methylsulfonyl)benzoic acid
(Apollo; 60 mg; 0.3 mmol) to give Example 58 as a white
solid. '"H NMR: (CDCl;, 400 MHz) 8 8.65 (1H, s), 8.31 (1H,
d, J=7.9Hz), 8.18 (1H, 5), 8.13 (1H, d, }=7.9Hz), 7.72 (1H, t,
J=7.9Hz), 7.59-7.49 (3H, m), 7.45-7.41 (2H, m), 4.02-3.92
(1H, m), 3.10 (3H, 5), 2.14-1.96 (2H, m), 1.96-1.79 (4H, m),
1.72-1.57 (1H, m), 1.34-1.13 (3H, m). LC/MS: 449 (M+H)*.
HPLC (Method A) Rt 4.18 min (Purity: 99.5%).

Example 59

3-(1-cyclohexyl-5-phenyl-1H-pyrazol-4-y1)-5-[ 3-
(trifluoromethyl)phenyl]-1,2.4-oxadiazole

[0430]

[0431] Thetitle compound was prepared following the pro-
cedure described for Example 57, with two identical reactions
combined for workup but starting from Intermediate 9 (102
mg; 0.36 mmol) and 3-(trifluoromethyl)benzoic acid (Fluo-
rochem; 57 mg; 0.3 mmol) to give Example 59 as an off-white
solid. 'H NMR: (CDCl,, 400 MHz) 8 8.32 (1H, s), 8.23 (1H,
d,J=7.9Hz), 8.18 (1H, s), 7.81 (1H, d, J=7.9Hz), 7.64 (1H, 1,
J=7.9Hz), 7.55-7.52 (3H, m), 7.45-7.41 (2H, m), 4.01-3.92
(1H, m), 2.12-1.97 (2H, m), 1.96-1.79 (4H, m), 1.74-1.57
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(1H, m), 1.30-1.17 (3H, m). LC/MS: 439 (M+H)". HPLC
(Method G) Rt 4.94 min (Purity: 97.8%).

Example 60

3-(2,5-difluorophenyl)-5-[ 1-(2-fluorophenyl)-5-me-
thyl-1H-pyrazol-4-yl]-1,2,4-0xadiazole

[0432]
F
N,
N X
T
—N
O #
\N
F
[0433] Thetitle compound was prepared following the pro-

cedure described for Example 51 but starting from Interme-
diate 10 (157 mg; 0.67 mmol) and 2,5-difluoro-N'-hydroxy-
benzenecarboximidamide (JRD-Fluorochem, 127 mg; 0.74
mmol) to give Example 60 as an off-white solid. "H NMR:
(CDCl,, 400 MHz) 6 8.32 (1H, s), 7.89-7.84 (1H, m). 7.57-
7.49 (2H, m),7.39-7.27 (2H, m), 7.27-7.14 (2H, m), 2.65 (3H,
s). LC/MS: 357 M+H)*. HPLC (Method A) Rt 4.13 min
(Purity: 99.6%).

Example 61

N-{4-[5-(1-cyclchexyl-5-pyridin-4-yl-1H-pyrazol-4-
y1)-1,2,4-0xadiazol-3-y1]benzyl } -N-methylglycine

[0434]

[0435] Thetitle compound was prepared following the pro-
cedure described for Example 42 but using 2-methylamin-
eoacetic acid (81.2 mg; 0.911 mmol). The residue was puri-
fied by preparative HPLC to give Example 61 as a white solid.
'HNMR (DMSO-d4)88.85(2H, dd, J=4.5, 1.6Hz), 8.39 (1H,
$), 7.90 (2H, d, I=8.0Hz), 7.65 (2H, dd, I=4.5, 1.6Hz), 7.55
(2H, d, J=8.0Hz), 4.00-3.95 (1H, m), 3.87 (2H, s), 3.26 (2H,
5), 2.38 (3H, s), 1.99-1.88 (4H, m), 1.85-1.78 (2H, m), 1.69-
1.60 (1H, m), 1.30-1.15 (3H, m). LC/MS: 473 (M+H)*.
HPLC (Method A) Rt=2.50 min (Purity: 99.2%).
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Example 62

1-{4-[5-(1-cyclohexyl-5-pyridin-4-yl-1H-pyrazol-4-
y1)-1,2,4-oxadiazol-3-yl]benzyl}azetidin-3-ol

[0436]

OH

[0437] The title compound was prepared following the pro-
cedure described for Example 42 but using 3-azetidinol
hydrochloride (66.6 mg; 0.911 mmol). The residue was puri-
fied by preparative HPLC to give Example 62 as a white solid.
'"H NMR (DMSO-d,) 8 8.87 (2H, d, J=5.0Hz), 8.41 (1H, s),
7.86 (2H, d, J=7.9Hz), 7.67 (2H, d, J=5.0Hz), 7.44 (2H, d,
J=7.9Hz), 5.33 (1H, d, J=6.4Hz), 4.24-4.18 (1H, q, I=5.6Hz),
4.02-3.96 (1H, m), 3.63 (2H, s), 3.52 (2H, t, ]=6.7Hz), 2.80
(2H,t, J=6.5Hz), 1.98-1.89 (4H, m), 1.85-1.78 (2H, m), 1.68-
1.60 (1H, m), 1.31-1.22 (3H, m). LC/MS: 457 (M+H)*.
HPLC (Method B) Rt=2.21 min (Purity: 99.2%).

Example 63

(4-{5-[ 1-isobutyl-54tetrahydro-2H-pyran-4-yl)-1H-
pyrazol-4-yl]-1,2,4-oxadiazol-3-y1} phenyl) methanol

[0438]

OH

[0439] Sodium hydride (65.1 mg; 1.63 mmol) was added to
a suspension of Intermediate 19 (434.6 mg; 1.55 mmol) and
Intermediate § (270.5 mg; 1.628 mmol) in THF (10 mL) and
the mixture was stirred for 10 minutes. The mixture was then
heated in a microwave reactor for 900 minutes at 130° C.
Water (10 mL) was added and the product extracted into
DCM (3x10 mL). The combined organic fractions were
passed through a hydrophobic frit and the solvent removed in
vacuo. The residue was purified by flash chromatography
using a Biotage 25+M column, eluting with DCM containing
increasing amounts of methanol to give Example 63 as a
white solid. 'H NMR (CDCl,, 400 MHz) & 8.13 (2H, d,
J=8.0Hz), 8.10 (1H, s), 7.50 (2H, d, I=8.0Hz), 4.77 (2H, d,
J=3.8Hz), 4.15 (2H, dd, J=11.6, 4.3Hz), 4.04 (2H, d, J=7.6
Hz), 3.58-3.52, (2H, m), 3.49-3.40 (1H, m), 2.77-2.64 (3H,
m), 2.34-2.20 (1H, m), 1.61-1.58 (2H, m), 0.97 (6H, d, J=6.
7Hz). LC/MS: 383 (M+H)*. HPLC (Method G) Rt=3.47 min
(Purity: 99.9%).



US 2012/0071460 Al

Example 64
1-(4-{5-[1-cyclohexyl-5-(methoxymethyl)-1H-pyra-
zol-4-yl]-1,2,4-oxadiazol-3-yl }benzyl)piperidine-4-

carboxylic acid

[0440]
N
Q\N/ N 0
— on
—N
0
/ O\I\'/ N

Step 1: 4-(5-(1-cyclohexyl-5-(methoxymethyl)- 1H-
pyrazol-4-yl)-1,2,4-oxadiazol-3-yl )benzaldehyde
[0441] Example 49 (1.25 g; 3.40 mmol) was dissolved in
dioxane (50 mL) and manganese dioxide (12.5 g; 42.3 mmol)
was added. The mixture was heated at 70° C. overnight and
then the solvent was removed in vacuo. The residue was
triturated with a mixture of petrol/diethyl ether to give the title
compound as a white solid (1.22 g; 97%). 'H NMR (CDCl,,
400MHz)$ 10.11 (1H,s),8.33 (2H, d,I=8.0Hz), 8.15 (1H, s),
8.02 (2H, d, J=8.1Hz), 5.03 (2H, s), 432 (1H, td, J=10.3,
4.9Hz), 3.44 (3H, s), 2.07-1.93 (6H, m), 1.76 (1H, d, I=12.
6Hz), 1.52-1.25 (3H, m). LC/MS: 367 (M+H)*. HPLC

(Method A) Rt=4.36 min (Purity: 97.7%).

Step 2: 1-(4-{5-[1-cyclohexyl-5-(methoxymethyl)-
1H-pyrazol-4-y1]-1,2,4-0xadiazol-3-y1} benzyl)pip-
eridine-4-carboxylic acid
[0442] Sodium cyanoborohydride (32.5 mg; 0.517 mmol)
was added to a solution of 4-(5-(1-cyclohexyl-5-(methoxym-

ethyl)-1H-pyrazol-4-yl)-1,2,4-oxadiazol-3-yl )benzalde-
hyde, obtained from step 1, (172 mg; 0.47 mmol) and isonipe-
cotic acid (121.4 mg; 0.94 mmol) in a mixture of methanol (3
mL) and acetic acid (80.7 ul; 0.141 mmol) and the mixture
was stirred at room temperature overnight. The solvent was
removed in vacuo and the residue purified by preparative
HPLC to give Example 64 as a white solid. 'H NMR (DMSO-
ds) 6 8.23 (1H, 5), 8.04 (2H, d, I=8.1Hz), 7.54 (2H, d, I=8.
OHz), 5.02 (2H, s), 4.44-4.34 (1H, m), 3.56 (2H, 5), 3.34 (3H,
s), 2.78 (2H, d, J=11.0Hz), 2.26-2.17 (1H, m), 2.06 (2H, t,
J=11.2Hz), 1.96-1.76 (8H, m), 1.71 (1H, d, J=12.8Hz), 1.66-
1.52 (2H, m), 1.53-1.37 (2H, m), 1.25 (1 H. t, J=13.0Hz).
LC/MS: 480 (M+H)*. HPLC (Method G) Rt=2.39 min (Pu-
rity: 96.7%).

Example 65
N-{4-[5-(1-cyclohexyl-5-pyridin-4-yl-1H-pyrazol-4-
y1)-1,2 4-oxadiazol-3-yl]benzyl} -beta-alanine

[0443]
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[0444] The title compound was prepared following the pro-
cedure described for Example 42 but using p-alanine (81.2
mg; 0.911 mmol) to give Example 65 as a white solid. *H
NMR (DMSO-d,) 3 8.85 (2H. d, I=5.2Hz), 8.39 (1H, 5), 7.90
(2H, d, J=8.0Hz), 7.65 (2H, d, J=5.2Hz), 7.56 (2H, d, J=8.
0Hz), 4.04-3.90 (3H, m), 2.83 (2H, t, ]=6.6Hz), 2.34 (2H, t,
J=6.59Hz), 1.99-1.88 (4H, m), 1.88-1.78 (2H, m), 1.65-1.58
(1H, m), 1.30-1.20 (3H, m). LC/MS: 473 (M+H)". HPLC
(Method A) Rt=2.27 min (Purity: 98.5%).

Example 66

4-(4-{3-[4-(azetidin-1-ylmethyl)phenyl]-1,2,4-0xa-
diazol-5-yl}-1-cyclohexyl-1H-pyrazol-5-yl)pyridine

[0445]

—N
\ \N)\-@\/D

[0446] The title compound was prepared following the pro-
cedure described for Example 42 but using azetidine hydro-
chloride (93.8 mg; 0.911 mmol). The residue was purified
preparative HPLC to give Example 66 as an off white solid.
'"H NMR (DMSO-d,) 8 8.86 (2H, d, ]=4.9 Hz), 8.40 (1H, 5),
7.86 (2H, d, J=7.8Hz), 7.67 (2H, d, J=5.0Hz), 7.45 (2H, d,
J=7.9 Hz), 4.02-3.90 (1H, m), 3.60 (2H, s), 3.16 (4H, t,
J=6.9Hz), 2.05-1.89 (6H, m), 1.84-1.78 (2H, m), 1.66-1.60
(1H, m), 1.30-1.19 (3H, m). LC/MS: 473 (M+H)*. HPLC
(Method C) Rt=13.66 min (Purity: 96.5%).

Example 67

N-(4-{5-[1-cyclohexyl-5-(methoxymethyl)-1H-pyra-
zol-4-yl]-1,2,4-o0xadiazol-3-yl } benzyl)-beta-alanine

[0447]

OH

™~
o
/
N\
S\

[0448] Thetitle compound was prepared following the pro-
cedure described for Example 64, but using -Alanine (83.7
mg; 0.94 mmol) to give Example 67 as a white solid. '"H NMR
(DMSO0-d,) 88.25 (1H, s), 8.07 (2H, d, J=8.0Hz), 7.59 (2H,
d, J=8.0Hz), 5.05 (2H, s), 4.45-438 (1H, m), 3.88 (2H, s),
3.38 (3H, s). 2.80 (2H, t, J=6.7Hz), 2.39 (2H, t, I=6.7Hz),
1.95-1.84 (6H, m), 1.78-1.69 (1H, m), 1.55-1.40 (2H, m),
1.35-1.26 (1H, m). LC/MS: 440 (M+H)*. HPLC (Method C)
Rt=17.22 min (Purity: 98.1%).
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Example 68

1-(4-{5-[1-cyclohexyl-5-(methoxymethyl)-1H-pyra-
z0l-4-yl]-1,2 4-oxadiazol -3-yl} benzyl)azetidine-3-
carboxylic acid

[0449]
N
0]
N OH
2N
/X N
[0450] Thetitle compound was prepared following the pro-

cedure described for Example 64, but using 3-azetidine car-
boxylic acid (95.0 mg; 0.94 mmol) to give Example 68 as a
white solid. "HNMR (DMSO-dy) 8 8.23 (1H, 5), 8.04 (2H. d,
J=8.1Hz),7.52 (2H, d, J=8.1Hz), 5.01 (2H, s), 4.42-4.32 (1H,
m), 3.67 (2H, s), 3.52 (2H, t, J=7.7Hz), 3.38-3.31 (5H, m),
3.28-3.19 (1H, m), 1.93-1.79 (6H, m), 1.75-1.68 (1H, m),
1.50-1.39 (2H, m), 1.30-1.20 (1H, m). LC/MS: 452 (M+H)*.
HPLC (Method G) Rt=2.47 min (Purity: 99.5%).

Example 69

4-15-[1-isobutyl-5-(methoxymethyl)-1H-pyrazol-4-
( y ymethyl)-1H-py
y1]-1,2,4-0xadiazol-3-yl} phenyl)methanol

[0451]

OH

[0452] Sodium hydride (0.23 g; 5.88 mmol) was added to a
suspension of Intermediate 21 (1.27 g; 5.60 mmol) and Inter-
mediate 8 (0.98 g; 5.88 mmol) in THF (15 ml) and the
mixture was stirred for 10 minutes. The mixture was then
heated in a microwave reactor for 60 minutes at 130° C. Water
(10 mL) was added and the product extracted into DCM
(3x10 mL). The combined organic fractions were passed
through a hydrophobic frit and the solvent removed in vacuo.
The residue was purified by flash chromatography on a
Biotage 25+M column, eluting with petrol containing
increasing amounts of EtOAc to give Example 69 as a white
solid. "H NMR (CDCl,, 400 MHz) 8 8.16-8.11 (3H, m), 7.51
(2H, d, I=8.4Hz), 5.02 (2H, s), 4.79 (2H, s), 4.07 (2H, d,
J=7.5Hz),3.43 (3H, s), 2.43-2.32 (1H, m), 1.82 (1H, t, ]=5.8
Hz), 0.96 (6H, d, I=6.7Hz). LC/MS: 343 (M+H)*. HPLC
(Method C) Rt=15.47 min (Purity: 94.5%).
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Example 70
(4-{5-[1-cyclohexyl-5-(tetrahydro-2H-pyran-4-yl)-
1H-pyrazol-4-yl]-1,2,4-0xadiazol-3-yl} phenyl)

methanol

[0453]

OH

[0454] The title compound was prepared following the pro-
cedure described for Example 69, but starting from Interme-
diate 20 (796.7 mg: 2.60 mmol) and Intermediate 8 (453.7
mg; 2.73 mmol) to give Example 70 as a white solid (750 mg;
70%). "H NMR (CDCl,, 400 MHz) 8 8.13 (2H, d, J=8.0Hz),
8.10 (1H, s), 7.52 (2H, d, J=8.0Hz), 4.79 (2H, s), 4.32-4.24
(1H, m), 4.17 (2H, dd, J=11.6, 4.3Hz), 3.96-3.85 (1H, m),
3.61 (2H, t, J=11.7Hz), 2.44 (2H, dd, I=12.8, 4.4Hz), 2.13-
2.00 (2H, m), 1.99-1.90 (4H, m), 1.82-1.68 (4H, m), 1.55-1.
23 (3H, m). LC/MS: 409 (M+H)". HPLC (Method A) Rt=3.
85 min (Purity: 95.4%).

Example 71
1-{4-[5-(1-cyclohexyl-5-pyridin-4-yl-1H-pyrazol-4-
y1)-1,2,4-oxadiazol-3-yl]benzyl} piperidine-4-car-

boxylic acid

[0455]

OH

[0456] The title compound was prepared following the pro-
cedure described for Example 42 but using iso-nipecotic acid
(117.7 mg; 0.911 mmol). The product was purified by pre-
parative HPLC to give Example 71 as a white solid. ‘H NMR
(DMSO-d,)  8.85-8.82 (2H, dd, J=4.4,1.7Hz), 8. 38 (1H, 5),
7.86 (2H, d, I=8.1Hz), 7.64 (2H, dd, =4 .4,1.7Hz), 7.48 (2H,
d, J=8.0Hz), 3.99-3.90 (1H, m}, 3.55 (2H, s), 2.80-2.70 (2H,
m), 2.25-2.16 (1H, m), 2.09-1.98 (2H, m), 1.98-1.88 (4H, m),
1.82-1.79 (4H, m), 1.63-1.50 (3H, m), 1.30-1.15 (3H, m).
LC/MS: 513 (M+H)*. HPLC (Method B) Rt=2.44 min (Pu-
rity: 99.1%).
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Example 72

N-(4-{5-[1-cyclohexyl-5-(methoxymethyl)-1H-pyra-
zol-4-yl]-1,2,4-oxadiazol-3-yl } benzyl)-N-methylgly-

cine

[0457]

[0458] Thetitle compound was prepared following the pro-
cedure described for Example 64, but using 2-methylami-
noacetic acid (83.7 mg; 0.94 mmol) to give Example 72 as a
white solid. 'HNMR (DMSO-d,) 8 8.22 (1H, 5), 8.11 (2H. d,
J=8.1Hz),7.68 (2H, d, J=8.1Hz), 5.00 (2H, s), 4.42-4.32 (1H,
m), 4.14 (2H, s), 3.36-3.34 (5H, m), 2.59 (3H, s), 1.92-1.79
(6H, m), 1.70 (1H, d, J=12.7Hz), 1.50-1.34 (2H, m), 1.29-1.
14 (1H, m). LC/MS: 440 (M+H)*. HPLC (Method B) Rt=2.
59 min (Purity: 98.9%).

Example 73

1-(4-{5-[1-cyclohexyl-5-(methoxymethyl)-1H-pyra-
701-4-y1]-1,2,4-0xadiazol-3-y1}benzyl)azetidin-3-ol

[0459]
N
NN
OH
—N
NG E(

/ \N N

[0460] Thetitle compound was prepared following the pro-

cedure described for Example 64, but using 3-hydroxyazeti-
dine hydrochloride (103.0 mg; 0.94 mmol) to give Example
73 as a clear oil. 'HNMR (CDCl,, 400 MHz) § 8.13 (1H, s),
8.09 (2H, d, J=8.1Hz), 7.41 (2H, d, J=8.0Hz), 5.03 (2H, s),
4.49 (1H,t,J=5.9Hz), 4.32-4.28 (1H, m), 3.71-3.65 (4H, m),
3.42(3H,s),2.99-2.94 (2H, m), 2.05-1.90 (6H, m), 1.80-1.70
(1H, m), 1.53-1.28 (3H, m). LC/MS: 424 (M+H)". HPLC
(Method A) Rt=2.33 min (Purity: 99.0%).
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Example 74

1-(4-{5-[1-cyclohexyl-5-(methoxymethyl)-1H-pyra-
zol-4-yl]-1,2,4-oxadiazol-3-yl} benzyl )pyrrolidin-3-
ol

[0461]

N
NN
_ oH

_ é
/ O\N)\Q\/N
[0462] The title compound was prepared following the pro-
cedure described for Example 64, but using 3-pyrrolidinol
(76.1 pL; 0.94 mmol) to give Example 74 as a clear oil. 'H
NMR (CDCl,, 400 MHz) 6 8.14 (1H, s), 8.09 (2H, d, J=8.
0Hz),7.47 (2H, d, J=8.0Hz), 5.03 (2H, s),4.37-4.27 (2H, m),
3.71 (2H, s), 3.42 (3H, s), 2.90 (1H, td, J=8.6, 5.1Hz), 2.70
(1H, d, I=10.2Hz), 2.57 (1H, dd, J=10.1, 5.1Hz), 2.37-2.30
(1H, m), 2.29-2.18 (1H, m), 2.05-1.90 (6H, m), 1.83-1.73

(2H, m), 1.50-1.23 (3H, m). LC/MS: 438 (M+H)". HPLC
(Method A) Rt=2.35 min (Purity: 99.6%).

Example 75

1-(4-{5-[1-cyclohexyl-5-(methoxymethyl)- 1H-pyra-
701-4-y1]-1,2,4-0xadiazol-3-yl}phenyl)-N,N-dimeth-

ylmethanamine
[0463]
N,
NN
—N
6] 0 \
/ N7 Ne

[0464] The title compound was prepared following the pro-
cedure described for Example 64, but using dimethylamine
hydrochloride (76.7 mg; 0.94 mmol) to give Example 75 as a
white solid. "H NMR (CDCl,, 400 MHz) 8.15-8.07 (3H, m),
7.46 (2H, d, J=8.0Hz), 5.03 (2H, 5). 435-4.27 (1H, m), 3.51
(2H, s), 3.42 (3H, s). 2.28 (6H, s), 2.07-1.89 (6H, m), 1.76
(1H, d, J=12.9Hz), 1.47-1.27 (3H, m). LC/MS: 396 (M+H)".
HPLC (Method B) Rt=4.17 min (Purity: 98.4%)).
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Example 76

1-(4-{5-1-isobutyl-5-(methoxymethyl)- 1H-pyrazol-
4-y1]-1,2,4-oxadiazol-3-yl} benzyl)azetidine-3-car-
boxylic acid

[0465]
N
\(\N/ N
0
N OH
/ ’ N

Step 1: 4-{5-[1-isobutyl-5-(methoxymethyl)-1H-
pyrazol-4-yl]-1,2,4-oxadiazol-3-yl}benzaldehyde

[0466] Thetitle compound was prepared following the pro-
cedure described for Example 64 (step 1), but starting from
Example 69 (907.4 mg; 2.65 mmol) to give the title com-
pound as a white solid (880.0 mg; 97%). ‘H NMR (CDCl,,
400 MHz) 8 10.10 (1H, s), 8.33 (2H, d, J=8.1 Hz), 8.14 (1H,
$), 8.05(2H, d, J=8.1Hz), 5.02 (2H, 5), 4.08 (2H, d, J=7.5Hz),
3.47 (3H, s), 2.44-2.33 (1H, m), 0.97 (6H, d, J=6.7Hz).
LC/MS: 341 (M+H)*. HPLC (Method D) Rt=19.39 min (Pu-
rity: 92.4%).

Step 2: 1-(4-{5-[1-isobutyl-5-(methoxymethyl)- 1 H-
pyrazol-4-yl]-1,2,4-oxadiazol-3-yl} benzyl)azetidine-
3-carboxylic acid

[0467] Thetitle compound was prepared following the pro-
cedure described for Example 64 (step 2), but starting from
4-{5-[1-isobutyl-5-(methoxymethyl)- 1H-pyrazol-4-yl]-1,2,
4-oxadiazol-3-yl} benzaldehyde, obtained fromstep 1, (170.2
mg; 0.50 mmol) and using 3-azetidine carboxylic acid (101.1
mg; 1.0 mmol) to give Example 76 as a white solid. "H NMR
(CDCl,, 400 MHz) 3 8.14-8.11 (3H, m), 7.56 (2H, d, I=8.
0Hz), 4.99 (2H, s), 4.17 (2H, 5), 4.13-4.09 (2H, m), 4.05 (2H,
d, J=7.6Hz), 3.97 (2H, 1, ]=9.3Hz), 3.43-3.38 (4H, m), 2.41-
2.32 (1H, m), 0.95 (6H, d, I=6.7Hz). LC/MS: 426 (M+H)*.
HPLC (Method A) Rt=2.32 min (Purity: 99.3%).

Example 77

N-{4-[5-(1-isobutyl-5-pytidin-4-yl-1H-pyrazol-4-
y1)-1,2,4-0xadiazol-3-y1]benzyl} -N-methylglycine

[0468]

N
OH
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Step 1: 4-(5-(1-isobutyl-5-(pyridin-4-y1)-1H-pyrazol-
4-y1)-1,2,4-oxadiazol-3-yl)benzaldehyde

[0469] The title compound was prepared following the pro-
cedure described for Example 64 (step 1), but starting from
Example 54 (1.07 g; 2.85 mmol), to give the title compound
as an off white solid (1.03 g; 96%). '"H NMR (CDCl,, 400
MHz) 6 10.07 (1H, s), 8.86 (2H, dd, J=4.5, 1.6Hz), 8 29 (1H,
s),8.16(2H, d, ]=8.1Hz),7.96 (2H, d, ]=8.1Hz), 7.41 (2H, dd,
J=4.4,1.7Hz),3.89 (2H, d, I=7.5Hz),2.29-2.20 (1H, m), 0.83
(6H, d, J=6.7Hz). LC/MS: 374 (M+H)". HPLC (Method A)
Rt=3.63 min (Purity: 95.3%).

Step 2: N-{4-[5-(1-isobutyl-5-pyridin-4-yl-1H-pyra-
70l-4-y1)-1,2,4-oxadiazol-3-yl]benzyl } -N-methylgly-
cine

[0470] The title compound was prepared following the pro-
cedure described for Example 64 (step 2), but starting from
4-(5-(1-isobutyl-5-(pyridin-4-yl)- 1H-pyrazol-4-y1)-1,2,4-
oxadiazol-3-yl)benzaldehyde, obtained from step 1, (56.0
mg; 0.15 mmol) and using 2-methylaminoacetic acid (26.7
mg; 0.30 mmol), to give Example 77 as a white solid (40.0
mg; 89%). ‘H NMR (CDCl,, 400 MHz) & 8.83 (2H, d, J=5.
1Hz), 8.26 (1H, s), 7.98 (2H, d, J=8.2Hz), 7.50 (2 H, d,
J=8.4Hz), 7.41 (2H, d, I=5.3Hz), 4.08 (2H, s), 3.88 (2H, d,
J=7.3Hz), 3.42 (2H, s), 2.64 (3H, s), 2.23 (1H, dt, J=13.7,
6.9Hz), 0.82 (6H, d, J=6.6Hz). LC/MS: 447 (M+H)*. HPLC
(Method B) Rt=2.24 min (Purity: 98.9%).

Example 78

N-(4-(5-(1-cyclohexyl-5-(pyridin-4-y1)-1H-pyrazol-
4-yD)-1,2 4-oxadiazol-3-yl)benzyl)-2-methoxyetha-
namine

[0471]

\/\o

]

[0472] Sodium cyanoborohydride (31.5 mg; 0.501 mmol)
was added to a solution of 4-(5-(1-cyclohexyl-5-(pyridin-4-
y1)-1H-pyrazol-4-y1)-1,2,4-0xadiazol-3-yl)benzaldehyde

(182 mg; 0.456 mmol), obtained as described in step 2 of
Example 41, and methoxyethylamine (68.4 mg; 0.911 mmol)
in methanol (3 mL) and acetic acid (75 uL.) and the mixture
was stirred at room temperature overnight. The solvent was
removed in vacuo and the residue was purified by reverse
phase preparative HPLC to give Example 78 as a pale yellow
solid. "HNMR (CDCl,, 400 MHz) & 8.85-8.82 (2H, m), 8.26
(1H, s), 7.93 (2H, d, J=7.9Hz), 7.42-7.38 (4H, m), 3.97-3.87
(1H, m), 3.86 (2H, s), 3.54-3.49 (2H, m), 3.35 (3H, d, I=1.
1Hz), 2.82-2.77 (2H, m), 2.13-1.99 (2H, m), 1.95-1.82 (3H,
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m), 1.79-1.60 (3H, m), 1.33-1.17 (2H, m). LC/MS: 459
(M+H)*. HPLC (Method B) Rt=3.39 min (Purity: 96.0%).

Example 79

1-(4-(5-(1-isobutyl-5-(pyridin-4-y1)-1H-pyrazol-4-
yD)-1,2,4-oxadiazol-3-yl)benzyl)azetidine-3-carboxy-
lic acid

[0473]

OH

Step 1: (4-(5-(1-isobutyl-5-(pyridin-4-y1)-1H-pyra-
zol-4-y1)-1,2.4-oxadiazol-3-yI)phenyl )methanol

[0474] Sodium hydride (0.23 g; 5.78 mmol) was added to a
suspension of Intermediate 14 (1.5 g; 5.50 mmol) and Inter-
mediate 8 (0.96 g; 5.78 mmol) in THF (15 mL) and the
mixture was stirred for 10 minutes. The mixture was then
heated in a microwave reactor 130 minutes at 130° C. Water
(20 mL) was added and the product extracted into DCM
(3x20 mL). The combined organic fractions were passed
through a hydrophobic frit and the solvent removed in vacuo.
The residue was purified by flash chromatography on a 40+M
Biotage column, eluting with petrol containing increasing
amounts of ethyl acetate to give the title compound as a white
solid. 'H NMR: (CDCl,, 400 MHz) & 8.85-8.82 (2H, d, J=4.
4Hz), 8.28 (1H, s), 7.98 (2H, d, J=8.1Hz), 7.45 (2H, d, I=8.
1Hz), 7.40 (2H, d, 4.4Hz), 4.76 (2H, s), 3.88 (2 H, d, J=7.
5Hz),2.24 (1H, dt, J=13.8, 6.9Hz), 1.78 (1H, s), 0.82 (6H, d,
J=6.7Hz). LC/MS: 376 (M+H)*. HPLC (Method A) Rt 3.06
min (Purity: 96.3%).

Step 2: 4-(5-(1-isobutyl-5-(pyridin-4-y1)-1H-pyrazol-
4-y1)-1,2.4-oxadiazol-3-yl)benzaldehyde

[0475] Thetitle compound was prepared following the pro-
cedure described for Example 88 (step 2), but starting from
(4-(5-(1-isobutyl-5-(pyridin-4-v1)-1H-pyrazol-4-y1)-1,2,4-
oxadiazol-3-yl)phenyl)methanol (1.07 g; 2.85 mmol),
obtained from step 1. The title compound was obtained as an
off white solid (1.03 g; 96.8%). 'H NMR: (CDCI,, 400 MHz)
310.07 (1H, s), 8.86 (2H, dd, J=4.5, 1.6Hz), 8.29 (1H,s),8.16
(2H,d, J=8.1Hz), 7.96 (2H, d, J=8.1 Hz), 7.41 (2H, dd, J=4 .4,
1.7Hz), 3.89 (2H, d, J=7.5Hz), 2.29-2.20 (1H, m), 0.83 (6H,
d,J=6.7Hz) LC/MS: 374 (M+H)*. HPLC (Method A) Rt3.63
min (Purity: 96.8%).

Step 3: 1-(4-(5-(1-isobutyl-5-(pyridin-4-yl)- 1H-pyra-
zol-4-y1)-1,2,4-oxadiazol-3-yl)benzyl)azetidine-3-
carboxylic acid

[0476] Sodium cyanoborohydride (31 mg; 0.495 mmol)
was added to a solution of 4-(5-(1-isobutyl-5-(pyridin-4-yl)-
1H-pyrazol-4-yl)-1,2 4-oxadiazol-3-yl)benzaldehyde (168
mg; 0.45 mmol), obtained from step 2, and 3-azetidine car-
boxylic acid (91.0 mg; 0.90 mmol) in methanol (3 mL) and
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acetic acid (77 pL; 1.35 mmol) and the mixture was stirred at
room temperature overnight. The solvent was removed in
vacuo and the purified by reverse-phase preparative HPLC.
The residue was dissolved in chloroform & washed with
NaHCO, to give Example 79 as a white solid. '"H NMR:
(CD(l,,400MHz) 6 8.74 (2H, d,J=5.3Hz),8.15 (1H, 5), 7.72
(2 H, d, I=79Hz), 7.32 (2H, d, I=5.3Hz), 7.14 (2H, d, I=7.
9Hz), 5.80-4.80 (1H, br s), 3.81 (2H., d, J=7.4Hz), 3.40-3.35
(4H, m), 3.14 (2H, s), 2.88 (1H, s), 2.24-2.10 (1H, m), 0.77
(6H, d, I=6.7Hz). LC/MS: 459 (M+H)*. HPLC (Method D)
Rt 12.88 min (Purity: 94.1%).

Example 80

1-(4-(5-(1-isobutyl-5-(pyridin-4-y1)-1H-pyrazol-4-
yD-1,2,4-0xadiazol-3-yl)benzyl)pyrrolidin-3-ol, for-
mate

[0477]

OH

[0478] Sodium cyanoborohydride (31 mg; 0.495 mmol)
was added to a solution of 4-(5-(1-isobutyl-5-(pyridin-4-y1)-
1H-pyrazol-4-yl)-1,2,4-0xadiazol-3-yl)benzaldehyde (168
mg; 0.45 mmol), obtained as described in Example 79 (steps
1-2), and 3-pyrrolidinol (72.9 uL; 0.90 mmol) in methanol (3
mL) and acetic acid (77 pL; 1.35 mmol) and the mixture was
stirred at room temperature overnight. The solvent was
removed in vacuo and the residue purified by reverse-phase
preparative HPLC to give Example 80 as a white solid. "H
NMR: (CDCl,, 400 MHz) 6 8.84 (2H, d, J=5.1Hz), 8.43 (1H,
s), 8.27 (1H,s), 8.00 (2H, d, ]=7.9Hz), 7.55 (2H, d, I=7.9Hz),
7.43 (2H, d, J=5.1Hz), 4.52 (1H, s), 4.19 (1H, d, I=12.9Hz),
4.06 (1H,d,J=12.9Hz), 3.88 (2H, d, ]=7.4Hz),3.52-3.42 (1H,
m), 3.26 (1H, d, J=11.8 Hz), 3.05-3.00 (1H, m), 3.00-2.90
(1H, m), 2.35-2.16 (2H, m), 2.12-2.04 (1H, m), 0.82 (6H, d,
J=6.7Hz). LC/MS: 445 (M+H)*. HPLC (Method D) Rt 16.96
min (Purity: 98.1%).

Example 81
1-(4-(5-(1-isobutyl-5-(pyridin-4-y1)-1H-pyrazol-4-
y1)-1,2,4-oxadiazol-3-yl)phenyl)-N,N-dimethyl-
methanamine, formate

[0479]

z
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[0480] Sodium cyanoborohydride (10.4 mg; 0.165 mmol)
was added to a solution of 4-(5-(1-isobutyl-5-(pyridin-4-yl)-
1H-pyrazol-4-yl)-1,2 4-oxadiazol-3-yl)benzaldehyde (56
mg; 0.15 mmol), obtained as described in Example 79 (steps
1-2) and dimethylamine hydrochloride (24.5 mg; 0.30 mmol)
in methanol (3 mL) and acetic acid (26 pL; 0.45 mmol) and
the mixture was stirred at room temperature overnight. The
solvent was removed in vacuo and the residue redissolved in
DMSO and submitted for reverse phase preparative HPLC.
Example 81 was obtained as a white solid. "H NMR: (CDCl,,
400 MHz) 5 8.85 (2H, d, J=5.3Hz), 8.44 (1H, s), 8.28 (1H, s),
8.00 (2H, d, J=8.0Hz), 7.49 (2H, d, ]=8.0Hz), 7.43 (2H, d,
J=5.3Hz),3.89-3.87 (4H, m), 2.51 (6H, 5), 2.31-2.17 (1H, m),
0.82 (6H, d, J=6.7Hz). LC/MS: 403 (M+H)". HPLC (Method
A) Rt 2.12 min (Purity: 97.3%).

Example 82
1-(4-(5-(1-isobutyl-5-(pyridin-4-yl)-1H-pyrazol-4-
y1)-1,2,4-oxadiazol-3-yl)benzyl)azetidin-3-ol, for-

mate

[0481]

OH

[0482] Sodium cyanoborohydride (10.4 mg; 0.165 mmol)
was added to a solution of 4-(5-(1-isobutyl-5-(pyridin-4-yl)-
1H-pyrazol-4-yl)-1,2 4-oxadiazol-3-yl)benzaldehyde (56
mg; 0.15 mmol), obtained as described in Example 79 (steps
1-2) and 3-hydroxyazetidine hydrochloride (32.9 mg; 0.30
mmol) in methanol (3 mL) and acetic acid (26 pL; 0.45 mmol)
and stirred at room temperature overnight. The solvent was
removed in vacuo and the residue redissolved in DMSO and
submitted for reverse phase preparative HPLC. Example 82
was obtained as a golden gum (63.6 mg; 98.5%). 'H NMR:
(CDCl,, 400 MHz) 6 8.84 (2H, d, J=6.0Hz), 8.44 (1H,5), 8.27
(1H, s), 8.01 (2H, d, J=7.9Hz), 7.47 (2H, d, =7.9Hz), 7.41
(2H, d, I=6.0 Hz), 4.55-4.50 (1H, m), 4.05 (2H, s), 3.99-3.93
(2H, m), 3.81 (2H. d. J=7.2Hz),3.81-3.79 (2H, m), 2.23 (1H,
dq, J=13.8, 6.9Hz), 0.82 (6H, d, I=6.7Hz). LC/MS: 431
(M+H)*. HPLC (Method D) Rt 16.29 min (Purity: 97.9%).

Example 83
5-(1-cyclohexyl-3-methyl-1H-pyrazol-4-y1)-3-(2,5-
difluorophenyl)-1,2.4-oxadiazole
[0483]
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Step 1: methyl 1-cyclohexyl-3-methyl-1H-pyrazole-
4-carboxylate and methyl 1-cyclohexyl-5-methyl-
1H-pyrazole-4-carboxylate

[0484] To a solution of methyl 3-oxobutanoate (1.6 mL; 15
mmol) in toluene (100 mL) was added DMF.DMA (2.65 mL;
20 mmol) and PPTS (375 mg). The mixture was heated to 90°
C. for 2 hours. The solvent was removed in vacuo and DCM
(25 mL) and water (25 mL) were added and the mixture
passed through a hydrophobic frit. The solvent was removed
in vacuo and the residue redissolved in EtOH (90 mL). Acetic
acid (1.5 mL) and cyclohexylhydrazine hydrochloride (2.26
g; 15 mmol) were added and the mixture heated to reflux for
7 hours. The solvent was removed in vacuo and the residue
purified by flash chromatography on a Biotage 40+M column,
eluting with petrol containing increasing amounts of EtOAc
to give an approximately 1:9 mixture of methyl 1-cyclohexyl-
3-methyl-1H-pyrazole-4-carboxylate [minor product] and
methyl 1-cyclohexyl-5-methyl-1H-pyrazole-4-carboxylate
[major product] (1.7 g; 51%). Minor product: LC/MS: 223
(M+H)*. HPLC: (15 cm_Formic_Slow_Sunfire HPLC)
Rt=15.11 min. Major product: LC/MS: 223 (M+H)*. HPLC:
(Method C) Rt=15.45 min.

Step 2: 5-(1-cyclohexyl-3-methyl-1H-pyrazol-4-yl)-
3-(2,5-difluorophenyl)-1,2,4-oxadiazole

[0485] In a microwave vial, a mixture of methyl 1-cyclo-
hexyl-3-methyl-1H-pyrazole-4-carboxylate and methyl
1-cyclohexyl-5-methyl-1H-pyrazole-4-carboxylate (149
mg), obtained from step 1, was suspended in toluene (2 ml)
and 2,5-difluoro-N'-hydroxybenzenecarboximidamide
(Fluorochem, 144 mg; 0.74 mmol) was added followed by
potassium carbonate (123 mg; 0.74 mmol). The Microwave
vial was sealed and the mixture was heated to 180° C. in a
microwave reactor for 1 hour. DCM (10 mL) and water (5
mL) were added and the mixture passed through a hydropho-
bic frit. The solvent was removed in vacuo and the residue
purified by flash chromatography on a Biotage 25+S column,
eluting with petrol containing increasing amounts of DCM to
give Example 83 as a white solid, together with 5-(1-cyclo-
hexyl-5-methyl-1H-pyrazol-4-y1)-3-(2,5-difluorophenyl)-1,
2,4-oxadiazole (Example 86 below). 'H NMR (CDCl,, 400
MHz) § 8.11 (1H, 5), 7.88-7.82 (1H, m), 7.25-7.14 (2H, m),
4.12 (1H, tt, ]=11.8,3.8Hz), 2.63 (3H, 5), 2.29-2.17 (2H, m),
1.99-1.88 (2H, m), 1.80-1.66 (3H, m), 1.54-1.38 (2H, m),
1.34-1.22 (1H, m). LC/MS: 345 (M+H)*. HPLC (Method B)
Rt=4.16 min (Purity: 90.1%).

Example 84
3-(4-(5-(1-isobutyl-5-(methoxymethyl)-1H-pyrazol -
4-y1)-1,2 4-oxadiazol-3-yl)benzylamino)propanoic

acid
[0486]
N
\(\N/ ) o/
—N j
/ \N NH
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Step 1: (4-(5-(1-isobutyl-5-(methoxymethyl)- 1H-
pyrazol-4-yl)-1,2,4-oxadiazol-3-yl)phenyl )methanol
[0487] Sodium hydride (0.23 g; 5.88 mmol) was added to a
suspension of Intermediate 27 (1.27 g; 5.60 mmol) and Inter-
mediate 8 (0.98 g, 5.88 mmol) in THF (15 mL) and the
mixture was stirred for 10 minutes. The mixture was then
heated in a microwave reactor 1 hour at 130° C. Water (20
ml) was added and the product extracted into DCM (3x20
mL). The combined organic fractions were passed through a
hydrophobic frit and the solvent removed in vacuo. The resi-
due was purified by flash chromatography on a 25+M Biotage
column, eluting with petrol containing increasing amounts of
ethyl acetate to give the title compound as a white solid. 'H
NMR: (CDCl,, 400 MHz) 8 8.16-8.11 (3H, m), 7.51 (2H, d,
J=8.4Hz),5.02 (2H, s),4.79 (2H, 5),4.07 (2H, d, I=7.52Hz),
3.43 (3H, 8), 2.43-2.32 (1H, m), 1.82 (1H, t, I=5.8 Hz), 0.96
(6H, d, I=6.7Hz). LC/MS: 343 (M+H)". HPLC (Method C)

Rt 15.47 min (Purity: 94.5%).

Step 2: 4-(5-(1-isobutyl-5-(methoxymethyl)-1H-
pyrazol-4-yl)-1,2,4-oxadiazol-3-yl)benzaldehyde
[0488] Thetitle compound was prepared following the pro-
cedure described for Example 88 (step 2), but starting from
(4-(5-(1-isobutyl-5-(methoxymethyl)- 1 H-pyrazol-4-y1)-1,2,
4-oxadiazol-3-yl)phenyl)methanol (0.91 g; 2.65 mmol),
obtained from step 1. The title compound was obtained as a
white solid (880 mg; 97.6%). '"HNMR: (CDCl,, 400 MHz) 8
10.10 (1H, s), 8.33 (2H, d, J=8.1Hz), 8.14 (1H. 5), 8.05 (2H,
d,J=8.1Hz),5.02 (2H., s),4.08 (2H, d, ]=7.5 Hz),3.47 (3H, s),
2.44-233 (1H, m), 0.97 (6H, d, J=6.7Hz). LC/MS: 341

(M+H)*. HPLC (Method D) Rt 19.39 min (Purity: 92.4%).

Step 3: 3-(4-(3-(1-isobutyl-5-(methoxymethyl)-1H-
pyrazol-4-yl)-1,2,4-oxadiazol-3-yl benzylamino)
propanoic acid
[0489] Sodium cyanoborohydride (34.6 mg; 0.55 mmol)
was added to a solution of 4-(5-(1-isobutyl-5-(methoxym-
ethyl)-1H-pyrazol-4-y1)-1,2,4-oxadiazol-3-yl )benzaldehyde
(170 mg; 0.50 mmol), obtained from step 2, and [3-alanine
(89.1 mg; 1.0 mmol) in methanol (3 mL) and acetic acid (86
ul; 1.50 mmol) and the mixture was stirred at room tempera-
ture overnight. The solvent was removed in vacuo and the
product recrystallised from a mixture of DMSO and water to
give Example 84 as a white solid. ‘H NMR: (CD,0D, 400
MHz) 3 8.26 (2H, d, I=8.1Hz), 8.21 (1H, s}, 7.73 (2H, d,
J=8.1Hz), 5.08 (2H, s), 4.34 (2H, s), 4.15 (2H, d, J=7.5Hz),
3.52 (3H, s), 3.18 (2H, t, J=6.4Hz), 2.56 (2H, t, J=6.4Hz),
2.43-236 (1H, m), 1.01 (6H, d, J=6.7Hz). LC/MS: 414
(M+H)*. HPLC (Method B) Rt 2.33 min (Purity: 94.2%).

Example 85
1-(4-(5-(1-isobutyl-5-(pyridin-4-yl)-1H-pyrazol-4-
y1)-1,2,4-oxadiazol-3-yl)phenyl)-N-methylmetha-
namine
[0490]
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[0491] Sodium cyanoborohydride (31 mg; 0.495 mmol)
was added to a solution of 4-(5-(1-isobutyl-5-(pyridin-4-yl)-
1H-pyrazol-4-yl)-1,2,4-oxadiazol-3-yl)benzaldehyde (168
mg; 0.45 mmol), obtained as described in Example 79 (steps
1-2) and methylamine hydrochloride (60.8 mg; 0.90 mmol) in
methanol (3 mL) and acetic acid (77 uL; 1.35 mmol) and the
mixture was stirred at room temperature overnight. The sol-
vent was removed in vacuo and the purified by reverse-phase
preparative HPLC. The residue was purified by flash chroma-
tography on a a 12+M Biotage column, eluting with DCM
containing increasing amounts 0f 3% NH,/MeOH in DCM to
give Example 85 as a white solid. 'H NMR: (CDCl,, 400
MHz) 3 8.84 (2H, d, J=5.0 Hz), 8.28 (1H, s), 7.95 (2H, d,
J=7.9Hz), 7.43-738 (4H, m), 3.88 (2H, d, J=7.5Hz), 3.30
(2H, s), 2.46 (3H, ), 2.31-2.17 (1H, m), 0.82 (6H, d, J=6.
7Hz). LC/MS: 389 (M+H)". HPLC (Method B) Rt 2.87 min
(Purity: 99.1%).

Example 86
5-(1-cyclohexyl-5-methyl-1H-pyrazol-4-y1)-3-(2,5-
difluorophenyl)-1,2,4-oxadiazole

[0492]

[0493] The title compound was isolated from the reaction
described above for the synthesis of 5-(1-cyclohexyl-3-me-
thyl-1H-pyrazol-4-y1)-3-(2,5-difluorophenyl)-1,2,4-oxadia-
zole (Example 83). Example 86 was isolated as white solid.
'H NMR (CDCl,, 400 MHz) 5 8.10 (1H, s), 7.88-7.82 (1H,
m),7.26-7.14 (2H, m), 4.13-4.04 (1H, m), 2.73 (3H, 5), 2.11-
1.91 (6H, m), 1.83-1.71 (1H, m), 1.50-1.23 (3H, m). LC/MS:
345 (M+H)*. HPLC (Method A) Rt=4.51 min (Purity:
98.9%).

Example 87
5-(1-cyclohexyl-5-(tetrahydro-2H-pyran-4-y1)-1H-
pvrazol-4-y1)-3-(3-(trifluoromethyl)phenyl)-1,2,4-

oxadiazole

[0494]
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[0495] Sodium hydride (14 mg; 0.347 mmol) was added to
a suspension of Intermediate 20 (100 mg; 0.33 mmol) and
N'-hydroxy-3-(trifluoromethyl)benzenecarboximidamide
(Bionet, 71 mg; 0.347 mmol) in THF (2 mL) and the mixture
was stirred for 10 minutes. The mixture was then heated to
130° C. in a microwave reactor for 1 hour. Water (5 mL) was
added and the product was extracted into DCM (3x10 mL).
The combined organic fractions were passed through a hydro-
phobic, dried in vacuo and the residue purified by reverse-
]{')hase preparative HPLC to give Example 87 as a brown solid.

H NMR: (CDCl,, 400 MHz) 8 8.43 (1H, s), 8.34 (1H, d,
1=7.8Hz), 8.12 (1H, s), 7.78 (1H, d, J=7.9Hz), 7.65 (1H, t,
J=7.8Hz),4.29 (1H, tt, J=11.5, 3.8Hz), 4.18 (2H, dd, J=11.6,
4.3Hz),3.98-3.87 (1H, m), 3.65-3.55 (2H, m), 2.42 (2H, qd,
J=12.6, 4.5Hz), 2.18-1.89 (6H, m), 1.79 (1H, d, I=12.8Hz),
1.71 (2H, d, J=13.2 Hz), 1.51-1.36 (2H, m), 1.36-1.28 (1H,
m). LC/MS: 447 (M+H)*. HPLC (Method B) Rt 4.47 min
(Purity: 99.4%).

Example 88

1-(4-(5-(1-cyclohexyl-5-(tetrahydro-2H-pyran-4-y1)-
1H-pyrazol-4-y1)-1,2.4-oxadiazol-3-yl)phenyl )-N-
methylmethanamine

[0496]

Step 1: (4-(5-(1-cyclohexyl-5-(tetrahydro-2H-pyran-
4-yI)-1H-pyrazol-4-y1)-1,2.4-oxadiazol-3-yl)phenyl)
methanol

[0497] Sodium hydride (0.11 g; 2.73 mmol) was added to a
suspension of Intermediate 20 (0.80 g; 2.60 mmol) and Inter-
mediate 8 (0.45 g; 2.73 mmol) in THF (15 mL) and stirred for
10 minutes. The mixture was then heated in the microwave for
60 minutes at 130° C. Water (20 mL) was added and the
product extracted into DCM (3x20 mL). The combined
organic fractions were passed through a hydrophobic frit and
the solvent removed in vacuo. The residue was purified on a
25+M Biotage column, eluting with petrol containing
increasing amounts of ethyl acetate. The title compound was
obtained as a white solid (750 mg; 70.6%). "H NMR: (CDCl,,
400 MHz) 5 8.13 (2H, d, J=8.0Hz), 8.10 (1H, s), 7.52 (2H, d,
J=8.0 Hz), 479 (2H, s), 4.32-4.24 (1H, m), 4.17 (2H, dd,
I=11.6, 43Hz), 3.96-3.85 (1H, m), 3.61 (2H, t, I=11.7Hz),
2.44 (1H, dd, I=12.8, 4.44Hz), 2.13-2.00 (2H, m), 1.99-1.90
(4H, m), 1.82-1.68 (4H, m), 1.55-1.23 (3H, m). LC/MS: 409
(M+H)*". HPLC (Method A) Rt 3.85 min (Purity: 95.4%).

Step 2: 4-(5-(1-cyclohexyl-5-(tetrahydro-2H-pyran-
4-yl)-1H-pyrazol-4-yl)-1,2,4-oxadiazol-3-yl)benzal-
dehyde

[0498] (4-(5-(1-cyclohexyl-5-(tetrahydro-2H-pyran-4-yl)-
1H-pyrazol-4-yl)-1,2 4-oxadiazol-3-y1)phenyl)methancl
(0.71 g; 1.75 mmol), obtained from step 1, was dissolved in
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dioxane (25 mL) and manganese dioxide (7.15 g; 47.0 mmol)
was added. The mixture was heated at 70° C. for 18 hours. The
mixture was filtered through a small pad of celite which was
washed with dioxane and DCM. The solvent was removed in
vacuo and the residue triturated with a mixture of petrol/
diethyl ether to give the title compound as an off white solid
(500 mg; 70.3%). "HNMR: (CDCl,, 400 MHz)  10.11 (1H,
s), 8.33 (2H, d, J=8.1Hz), 8.12 (1H, 5), 8.03 (2H, d, I=8.2Hz),
4.29(1H, 5),4.19 (2H, dd, I=11.5, 4.3Hz), 3.92-3.83 (1H, s),
3.62 (2 H, dd, J=12.4, 10.7Hz), 2.47 (2H, dd, J=12.8,
4.52Hz), 2.10-2.04 (2H, m), 2.00-1.90 (4 H, m), 1.82-1.75
(1H, m), 1.70 (2H, d, J=13.17Hz), 1.52-1.25 (3H, m).
LC/MS: 407 (M+H)*. HPLC (Method A) R14.35 min (Purity:
96.9%).

Step 3: 1-(4-(5-(1-cyclohexyl-5-(tetrahydro-2H-py-
ran-4-yl)-1H-pyrazol-4-yl)-1,2,4-oxadiazol-3-yl)
phenyl)-N-methylmethanamine

[0499] Sodium cyanoborohydride (28 mg; 0.440 mmol)
was added to a solution of 4-(5-(1-cyclohexyl-5-(tetrahydro-
2H-pyran-4-yl)-1H-pyrazol-4-y1)-1,2,4-oxadiazol-3-yl )ben-
zaldehyde (163 mg; 0.40 mmol), obtained from step 2, and
methylamine hydrochloride (54.0 mg; 0.80 mmol) in metha-
nol (3mL)and acetic acid (69 pL; 1.20 mmol) and the mixture
was stirred at room temperature overnight. The solvent was
removed in vacuo and the residue purified by reverse-phase
preparative HPLC. The residue was dissolved in chloroform
& washed with NaHCO, to give Example 88 as a brown gum.
'H NMR: (CDCl,, 400 MHz)  8.11 (3H, d, J=7.5Hz), 7.47
(2H, d, J=8.0Hz),4.32-4.23 (2H, m), 4.20-4.09 (2H, m), 3.92
(1H,1,1=12.7Hz), 3.84 (2H, s). 3.61 (2H, t, J=11.7Hz), 2.52-
2.34(5H,m), 2.12-2.00(2H, m), 2.00-1.96 (4H, m), 1.78 (1H,
d,J=12.8Hz), 1.71-1.60 (2H, m), 1.51-1.39 (2H, m), 1.39-1.
25 (1H, m). LC/MS: 422 (M+H)*. HPLC (Method A) Rt 2.36
min (Purity: 94.6%).

Example 89

3-(4-(5-(1-isobutyl-5-(pyridin-4-y1)-1H-pyrazol-4-
yl)-1,2,4-0xadiazol-3-yl)benzylamino)propanoic
acid

[0500]

OH

NH

[0501] Sodium cyanoborohydride (31 mg; 0.495 mmol)
was added to a solution of 4-(5-(1-isobutyl-5-(pyridin-4-y1)-
1H-pyrazol-4-y1)-1,2,4-oxadiazol-3-yl)benzaldehyde (168
mg; 0.45 mmol), obtained as described in Example 79 (step
1-2), and f-alanine (80.2 mg; 0.90 mmol) in methanol (3 mL)
and acetic acid (77 puL; 1.35 mmol) and the mixture was
stirred at room temperature overnight. The solvent was
removed in vacuo and the residue purified by reverse-phase
preparative HPLC to give Example 89 as a white solid. 'H
NMR: (DMSO-d, 400 MHz) 8 8.86-8.82 (2H, d, J=4.6Hz),
8.40 (1H, s), 7.92 (2H, d, I=8.0Hz), 7.66 (2H, d, I=4.6Hz),
7.58 (2H, d, I=8.1Hz), 4.02 (2H, s), 3.93 (2H, d, I=7.0Hz),
2.88 (2H, t, I=6.6Hz), 2.34 (2H, t, I=6.6Hz), 2.11-2.02 (1H,
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m), 0.75 (6H, d, J=6.7Hz). LC/MS: 447 (M+H)*. HPLC
(Method D) Rt 13.39 min (Purity: 94.0%).

Example 90

5-(1-neopentyl-5-(pyridin-4-yl)- 1H-pyrazol-4-y1)-3-
(3-(trifluoromethyl)phenyl)-1,2,4-oxadiazole

[0502]

[0503] In amicrowave vial, Intermediate 30 (103 mg; 0.36
mmol) was suspended in toluene (1 mL) and N'-hydroxy-3-
(trifluoromethyl)benzenecarboximidamide (Bionet, 82 mg;
0.40 mmol) was added followed by potassium carbonate (66
mg; 0.40 mmol). The Microwave vial was sealed and the
mixture was heated to 180° C. in a microwave reactor for 15
min. MeCN (0.5 mL) and DMF (0.5 mL) were added and the
mixture was heated to 180° C. in a microwave reactor for 4
hours. DCM (10 mL) and water (5 mL) were added and the
mixture passed through a hydrophobic frit. The solvent was
removed in vacuo and the residue purified by flash chroma-
tography on a Biotage 12+M column, eluting with petrol
containing increasing amounts of EtOAc to give Example 90
as an off-white solid. 'H NMR (CDCl,, 400 MHz) & 8.86-8.
81 (2H, m), 8.32-8.26 (2H, m), 8.16 (1H, d, I=7.9Hz), 7.74
(1H, d, I=7.9Hz), 7.59 (1H, t, I=7.9Hz), 7.42-7.40 (2H, m),
3.97 (2H, s), 0.86 (9H, s). LC/MS: 428 (M+H)*. HPLC
(Method B) Rt=4.10 min (Purity: 92.0%).

Example 91

3-(4-((1H-1,2,4-triazol-1-y)methyl)phenyl)-5-(1-
cyclohexyl-5-(pyridin-4-y1)-1H-pyrazol-4-y1)-1,2,4-
oxadiazole

[0504]

[0505] In a microwave vial, Intermediate 7 (201 mg; 0.67
mmol) was suspended in toluene (2 mL) and 4-((1H-1,2,4-
triazol-1-yl)methyl)-N'-hydroxy benzenecarboximidamide
(Aurora, 161 mg; 0.74 mmol) was added followed by potas-
sium carbonate (123 mg; 0.74 mmol). The Microwave vial
was sealed and the mixture was heated to 180° C. in a micro-
wave reactor for 15 min. MeCN (1 mL) was added and the
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mixture was heated to 180° C. in a microwave reactor for 1.5
hours. DCM (10 mL) and water (5 mL) were added and the
mixture passed through a hydrophobic frit. The solvent was
removed in vacuo and the residue purified by flash chroma-
tography on a Biotage 12+M column, eluting with petrol
containing increasing amounts of EtOAc to give Example 91
as a white solid. '"H NMR (CDCl,, 400 MHz) 8 8.86-8.81
(2H, m), 8.26 (1H, s), 8.10 (1H, s), 8.02-7.95 (3H, m), 7.43-
7.35 (2H, m), 7.33 (2H, d, I=8.0Hz), 5.39 (2H, s), 3.98-3.85
(1H, m), 2.10-1.99 (2H, m), 1.97-1.82 (4H, m), 1.81-1.57
(1H, m), 1.32-1.17 (3H, m). LC/MS: 453 (M+H)". HPLC
(Method B) Rt=3.15 min (Purity: 97.1%).

Example 92
3-(4-bromophenyl)-5-(1-cyclohexyl-5-(pyridin-4-yl)-
1H-pyrazol-4-y1}-1,2 4-oxadiazole

[0506]

Br

[0507] The title compound was prepared following the pro-
cedure described for Example 15, but starting from Interme-
diate 7 (401 mg; 1.34 mmol) and 4-bromo-N'-hydroxy ben-
zenecarboximidamide (Apollo, 318 mg; 1.48 mmol), to give
Example 92 as a white solid. *"H NMR (CDCl,, 400 MHz) &
8.86-8.83 (2H, m), 8.26 (1H, s), 7.86-7.82 (2H, m), 7.60-7.56
(2H, m), 7.40-7.38 (2H, m), 3.97-3.87 (1H, m), 2.14-2.01
(2H, m), 1.98-1.81 (4H, m), 1.82-1.55 (1H, m), 1.34-1.17
(3H, m). LC/MS: 450 (M+H)*. HPLC (Method B) Rt=4.22
min (Purity: 98.7%).

Example 93
3-(2,5-difluorophenyl)-5-(1-neopentyl-5-(pyridin-4-
yl)-1H-pyrazol-4-y1)-1,2 4-oxadiazole

[0508]

[0509] Sodium Hydride (13 mg; 0.315 mmol) was added to
a suspension of Intermediate 30 (86 mg; 0.30 mmol) and
2,5-difluoro-N'"-hydroxybenzenecarboximidamide  (JRD-
Fluorochemical, 54.2 mg; 0.315 mmol) in THF (2 mL) and
the mixture was stirred for 10 minutes. The mixture was then
heated to 130° C. in a microwave reactor for fourhours. Water
(10 mL) was added and the product extracted into DCM
(3x10 mL). The combined organic fractions were passed
through a hydrophobic frit and the solvent removed in vacuo.
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The residue was purified by flash chromatography on a 12+M
Biotage column, eluting with petrol containing increasing
amounts of ethyl acetate to give Example 93 as a golden gum.
"H NMR: (CDCl,, 400 MHz) b 8.83 (2H, d, ]=5.2Hz), 8.28
(1H,s), 7.66-7.61 (1H, m), 7.40 (2H, d, J=5.2 Hz), 7.21-7.10
(2H, m). 3.97 (2H, s), 0.86 (9H, s). LC/MS: 396 (M+H)".
HPLC (Method A) Rt 3.75 min (Purity: 97.9%).

Example 94

(4-(5-(1-(cyclopropylmethyl)-5-(pyridin-4-y1)-1H-
pyrazol-4-yl)-1,2,4-oxadiazol-3-yl)phenyl )methanol

[0510]

OH

[0511] Sodium hydride (24 mg; 0.60 mmol) was addedto a
suspension of Intermediate 29 (270 mg; 1.0 mmol) and Inter-
mediate 8 (100 mg; 1.60 mmol) in THF (10 mL) and the
mixture was stirred for 10 minutes. The mixture was then
heated to 130° C. in a microwave reactor for 4 hours before an
additional 0.1 equivalents of sodium hydride and Intermedi-
ate 8 were added and the mixture heated to 130° C. in a
microwave reactor for 4 hours. A further 0.1 equivalents of
sodium hydride and Intermediate 8 were added and the mix-
ture heated to 130° C. in a microwave reactor for 4 hours.
Water (20 mL) was added and the mixture washed with a
mixture of ether (20 mL) and DCM (20 mL). The solid
formed was removed by filtration and dried to give Example
94 as a white solid. "H NMR: (Acetone-d,, 400 MHz) 8 8.83
(2H, d, J=5.1Hz), 8.25 (1H, 5), 7.93 (2H, d, J=7.8Hz), 7.64
(2H, d, J=5.1Hz), 7.50 (2H, d, J=7.8Hz), 4.71 (2H, s), 4.35
(1H, s), 4.06 (2H, d, J=7.0Hz), 1.25-1.09 (1H, m), 0.51-0.47
(2H, m), 0.28-0.20 (2H, m). LC/MS: 374 (M+H)*. HPLC
(Method A) Rt 2.88 min (Purity: 99.5%).

Example 95

5-(1-cyclohexyl-5-(pyridin-4-y1)-1H-pyrazol-4-y1)-3-
(imidazo[1,2-a]pyridin-6-y1)-1,2,4-0xadiazole

[0512]

[0513] Thetitle compound was prepared following the pro-
cedure described for Example 15, but starting from Interme-
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diate 7 (201 mg: 0.67 mmol) and N'-hydroxyimidazo[1,2-a]
pyridine-6-carboximidamide (Key Organics; 130 mg, 0.74
mmol), to give Example 95 as a white solid. 'HNMR (CDCl,,
400 MHz) b 8.88-8.85 (2H, m), 8.80 (1H, s), 8.27 (1H, s),
7.76-7.65 (4H, m), 7.42-7.37 (2H, m), 3.95-3.88 (1H, m),
2.10-2.01 (2H, m), 1.98-1.82 (4H, m), 1.74-1.65 (1H, m),
1.31-1.20 (3H, m). LC/MS: 412 (M+H)*. HPLC (Method B)
Rt=3.18 min (Purity: 96.8%).

Example 96
1-(4-(5-(1-isobutyl-5-(tetrahydro-2H-pyran-4-y1)-
1H-pyrazol-4-y1)-1,2,4-oxadiazol-3-yl)benzyl)azeti-
dine-3-carboxylic acid

[0514]

OH

Step 1: (Z)-ethyl 3-(dimethylamino)-2-(tetrahydro-
2H-pyran-4-carbonyl)acrylate

[0515] Pyridinium p-toluene sulfonate (20.1 mg; 0.080
mmol)and DME.DMA (1.38 mL; 10.40 mmol) were added to
a solution of 3-0xo0-3-(tetrahydro-pyran-4-yl)-propionic acid
ethyl ester (1.6 g; 8.0 mmol) in anhydrous toluene (20 mL)
and heated in a sealed tube at 90° C. for 2.5 hours.

[0516] Water (50 mL) was added and the product extracted
several times into DCM (3x30 mL). The combined organic
fractions were passed through a hydrophobic frit and the
solvent removed in vacuo. The residue was used directly
without any further purification.

Step 2: ethyl 1-isobutyl-5-(tetrahydro-2H-pyran-4-
yl)-1H-pyrazole-4-carboxylate

[0517] (Z)-ethyl 3-(dimethylamino)-2-(tetrahydro-2H-py-
ran-4-carbonyl)acrylate (804 mg; 3.15 mmol), obtained from
step 1, in ethanol (8 mL) was added to a mixture of 2-meth-
ylpropylhydrazine hydrochloride (0.39 g; 3.15 mmol) and
sodium acetate (0.51 g; 6.30 mmol) in ethanol (2 m[.) and
water (1 mL). Reagents were heated at 90° C. for 2 hours.
Water (20 mL) was added and the product extracted into
DCM (3x20 mL). The combined organic fractions were
passed through a hydrophobic frit and the solvent removed in
vacuo. The residue was purified on a 25+M Biotage column,
eluting with DCM containing increasing amounts of metha-
nol. The title compound was obtained as a yellow oil. 'H
NMR: (CDCl,, 400 MHz) & 7.88 (1, s), 4.28 (2 H, q,
J=8.0Hz), 4.10 (2H, dd, J=11.6, 4.4Hz), 3.96 (2H, d, I=7.
6Hz), 3.49 (2H, t, J=11.9Hz), 3.35 (1H, tt, I=12.4, 3.8Hz),
2.53 (2H, qd, I=12.7, 4.5Hz), 2.28-2.16 (1H, m), 1.55-1.48
(2H, m), 1.36 (3H, 1, J=8.0Hz), 0.92 (6H, dd, J=12.1, 6.0Hz).
LC/MS: 281 (M+H)*. HPLC (Method A) R13.52 min (Purity:
98.4%).

Step 3: 4-(5-(1-isobutyl-5-(tetrahydro-2H-pyran-4-

y1)-1H-pyrazol-4-y1)-1,2.4-0xadiazol-3-yl)phenyl)

methanol

[0518] Sodium hydride (65.1 mg, 1.63 mmol) was added to
a suspension of ethyl 1-isobutyl-5-(tetrahydro-2H-pyran-4-
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yD)-1H-pyrazole-4-carboxylate (434.6 mg; 1.55 mmol),
obtained from step 2, and Intermediate 8 (270.5 mg; 1.628
mmol) in THF (10 mL) and stirred for 10 minutes. The mix-
ture was then heated in the microwave for 900 minutes at 130°
C. Water (20 mL) was added and the product extracted into
DCM (3x20 mL). The combined organic fractions were
passed through a hydrophobic frit and the solvent removed in
vacuo. The residue purified on a 25+M Biotage column, elut-
ing with DCM containing increasing amounts of methanol.
The title compound was obtained as a white solid. *H NMR:
(CDCl,, 400 MHz) 38.13 (2H, d, 1=8.0Hz), 8.10 (1H, 5), 7.50
(2H, d, 1=8.0Hz), 4.77 (2H, d, }=3.8Hz), 4.15 (2H, dd, =11.
6,4.3Hz),4.04 (2H, d, J=7.6Hz), 3.58-3.52, (2H, m), 3.49-3.
40 (1H, m), 2.77-2.64 (3H, m), 2.34-2.20 (1H, m), 1.61-1.58
(2H, m), 0.97 (6H, d, I=6.7Hz). LC/MS: 383 (M+H)*. HPLC
(Method G) Rt 3.47 min (Purity: 99.9%).

Step 4: 4-(5-(1-isobutyl-5-(tetrahydro-2H-pyran-4-
yl)-1H-pyrazol-4-yl)-1,2,4-oxadiazol-3-yl)benzalde-
hyde
[0519] Thetitle compound was prepared following the pro-
cedure described for Example 88 (step 2), but starting from
4-(5-(1-isobutyl-5-(tetrahydro-2H-pyran-4-yl)-1H-pyrazol-
4-y1)-1,2,4-o0xadiazol-3-yl)phenyl)methanol (0.19 g; 0.5
mmol), obtained from step 3. The title compound was
obtained as a grey solid (183 mg; 96.2%). ‘HNMR: (CDCl,,
400MHz)$ 10.11 (1H,s),8.34 (2H. d,1=8.1Hz),8.14 (1H, s),
8.03 (2H, d, J=8.1Hz), 4.18 (2H, dd, J=11.6, 4.3 Hz), 4.06
(2H, d, J=7.6Hz), 3.57 (2H, 1, J=11.8Hz), 3.50-3.40 (1H, m),
2.73 (2H, qd. I=12.6, 4.5Hz), 2.33-2.25 (1H, m), 1.62-1.56
(2H, m), 0.98 (6H, d, I=6.7Hz). LC/MS: 381 (M+H)". HPLC

(Method C) Rt 17.23 min (Purity: 96.1%).

Step 5: 1-(4-(5-(1-isobutyl-5-(tetrahydro-2H-pyran-
4-yD)-1H-pyrazol-4-yl)-1,2,4-oxadiazol-3-yl)benzyl)
azetidine-3-carboxylic acid
[0520] Sodium cyanoborohydride (33 mg; 0.528 mmol)
was added to a solution of 4-(5-(1-isobutyl-5-(tetrahydro-2H-

pyran-4-yl)-1H-pyrazol-4-yl)-1,2.4-oxadiazol-3-yl)benzal-
dehyde (182 mg; 0.48 mmol), obtained from step 4, and
3-azetidine carboxylic acid (97 mg; 0.96 mmol) in methanol
(3 mL) and acetic acid (86.5 uL; 0.144 mmol) and the mixture
was stirred at room temperature overnight. The solvent was
removed in vacuo and the residue purified by reverse-phase
preparative HPLC. The residue was dissolved in methanol
and loaded onto an SCX-2 column. The product was eluted
using 3-20% NHs/methanol in DCM to give Example 96 as a
golden gum. 'H NMR: (CDCl,, 400 MHz) § 8.13 (2H, d,
J=8.0Hz),8.09 (1 H,s),7.55(2H, d,J=8.0Hz), 4.18-4.09 (4H,
m),4.05-3.95 (6H, m), 3.59-3.50 (2H, m), 3.48-3.37 (2H, m),
2.75-2.59 (2H, m), 2.34-2.10 (1H, m), 1.59-1.52 (2H, m),
0.95 (6H, dd, I=12.6, 6.7Hz). LC/MS: 466 (M+H)*. HPLC
(Method B) Rt 2.31 min (Purity: 95.8%).
Example 97
1-(4-(5-(1-cyclohexyl-5-(tetrahydro-2H-pyran-4-y1)-
1H-pyrazol-4-yl)-1,2,4-oxadiazol-3-yl)benzyl)azeti-
dine-3-carboxylic acid
[0521]

HO
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[0522] Sodium cyanoborohydride (28 mg; 0.440 mmol)
was added to a solution of 4-(5-(1-cyclohexyl-5-(tetrahydro-
2H-pyran-4-yl)-1H-pyrazol-4-y1)-1,2,4-oxadiazol-3-yl)ben-
zaldehyde (163 mg; 0.40 mmol), obtained as described in
Example 88, steps 1 and 2, and 3-azetidine carboxylic acid
(80.9 mg, 0.80 mmol) in methanol (3 mL) and acetic acid (69
uL; 1.20 mmol) and the mixture was stirred at room tempera-
ture overnight. The solvent was removed in vacuo and the
residue purified by reverse-phase preparative HPLC. The
residue was dissolved in methanol and loaded onto an SCX-2
column. The product was eluted with 0-20% NH,/methanol
in DCM. The residue was recrystallised from acetone to give
Example 97 as a white solid. 'HNMR: (DMSO-d,, 400 MHz)
8 8.15(1H, s), 8.05 (2H, d, J=7.9Hz), 7.55 (2H, d, I=7.9Hz),
4.51-4.45 (1H, m), 4.01 (2H, d, J=11.2Hz), 3.90-3.82 (2H,
m), 3.70-3.60 (3H, m), 3.58-3.48 (4H, m), 3.25-3.19 (1H, m),
2.50-2.38 (2H, m), 1.90-1.79 (6H, m), 1.70 (1H, d, J=12.
8Hz), 1.59 (2H, d, I=12.9Hz), 1.55-1.45 2H, m), 1.30-1.18
(1H, m). LC/MS: 492 (M+H)*. HPLC (Method A) Rt 2.50
min (Purity: 97.6%).

Example 98

(E)-3-(4-(5-(1-cyclohexyl-5-(methoxymethyl)-1H-
pyrazol-4-yl)-1,2,4-oxadiazol-3-yl)phenyl)acrylic
acid

[0523]

/ OH

Step 1: (E)-methyl 3-(4-(5-(1-cyclohexyl-5-(meth-
oxymethyl)-1H-pyrazol-4-yl)-1,2,4-o0xadiazol-3-y1)
phenyl)acrylate

[0524] Methyl (triphenylphosphoranylidene) (250 mg;
0.721 mmol) was added to a solution of 4-(5-(1-cyclohexyl-
5-(methoxymethyl)-1H-pyrazol-4-y1)-1,2 4-oxadiazol-3-y1)
benzaldehyde (250 mg; 0.68 mmol), obtained as described in
Example 121 (step 1), in DCM (10 mL) and the mixture was
stirred at room temperature overnight. Additional DCM was
added (20 mL) and the mixture was washed with water (3x20
mL). The organic layer was passed through a hydrophobic frit
and the solvent removed in vacuo. The residue was purified by
flash chromatography on a 254M Biotage column, eluting
with petrol containing increasing amounts of ethyl acetate to
give the title compound as a white solid (251 mg; 87.4%). 'H
NMR: (CDCl,, 400 MHz) 3 8.18-8.11 (3H, m), 7.73 (1H, d,
J=15.8Hz), 7.65 (2H, d, ]=8.2 Hz), 6.53 (1H, d, I=15.8Hz),
5.03 (2H, s), 4.36-4.27 (1H, m), 3.83 (3H, s), 3.43 (3H, s),
2.07-1.93 (6H, m), 1.80-1.70 (1H, m), 1.52-1.25 (3H, m).
LC/MS: 423 (M+H)*. HPLC (Method G) Rt 20.89 min (Pu-
rity: 96.9%).
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Step 2: (E)-3-(4-(5-(1-cyclohexyl-5-(methoxym-
ethyl)-1H-pyrazol-4-yl)-1,2,4-oxadiazol-3-y1)phe-
nyDacrylic acid

[0525] (E)-methyl 3-(4-(5-(1-cyclohexyl-5-(methoxym-
ethyl)-1H-pyrazol-4-yl)-1,2,4-oxadiazol-3-yl )phenyl)acry-
late (240 mg; 0.57 mmol), obtained from step 1, was dis-
solved in methanol (10 mL) and water (1 mL) and lithium
hydroxide monohydrate (48 mg; 1.14 mmol) added. The mix-
ture was heated to 80° C. overnight. The solvent was removed
in vacuo and water (20 mL) added to the residue. The mixture
was acidified to pH 3 with dilute HCI and the product
extracted into DCM (5x20 mL). The combined organic frac-
tions were passed through a hydrophobic frit and the solvent
removed in vacuo. The residue was purified by flash chroma-
tography on a 25+4M Biotage column, eluting with DCM
containing increasing amounts of methanol to give Example
98 as a white solid. 'THNMR: CDCl,, 400 MHz) & 8.18 (2H,
d, J=8.2Hz), 8.15 (1H, s), 7.81 (1H, d, I=15.9Hz), 7.68 (2H,
d, 1=8.2Hz), 6.55 (1 H, d, J=15.9Hz}, 5.04 (2H, s), 4.36-4.28
(1H, m), 3.44 (3H, s), 2.05-1.90 (6H, m), 1.76 (1 H, d, I=12.
6Hz), 1.52-1.20 (3H, m). LC/MS: 407 (M+H)*. HPLC
(Method H) Rt 4.51 min (Purity: 99.6%).

Example 99

3-(2,5-difluorophenyl)-5-(1-phenethyl-5-(pyridin-4-
yl)-1H-pyrazol-4-y1)-1,2,4-oxadiazole

[0526]

[0527] Sodium hydride (12 mg; 0.30 mmol) was addedto a
suspension of Intermediate 28 (96 mg; 0.30 mmol) and 2,5-
diffuoro-N'-hydroxybenzenecarboximidamide (JRD-Fluoro-
chemical, 52 mg; 0.30 mmol) in THF (2 mL) and the mixture
was stirred for 10 minutes. The mixture was then heated to
130° C. in a microwave reactor for 30 hours. Water (10 mL)
was added and the product extracted into DCM (3x10 mL).
The combined organic fractions were passed through a hydro-
phobic frit and the solvent removed in vacuo and the residue
purified by reverse-phase preparative HPLC to give Example
99 as an off white solid. 'H NMR: (CDCI,, 400 MHz) 3 8.63
(2H, d, J=4.4Hz), 8.34 (1H, s), 7.63-7.58 (1H, m), 7.26-7.12
(5H, m), 6.85-6.83 (2H, m), 6.79-6.77 (2H, m), 4.25 (2H, t,
J=6.5Hz), 3.17 (2H, t, J=6.5Hz). LC/MS: 430 (M+H)*.
HPLC (Method B) Rt 3.64 min (Purity: 92.2%).
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Example 100
(4-(5-(1-neopentyl-5-(pyridin-4-y1)-1H-pyrazol-4-
yl)-1,2,4-oxadiazol-3-yl)phenyl )methanol

[0528]

OH

[0529] Sodium hydride (214 mg; 0.536 mmol) was added
to a suspension of Intermediate 30 (1466 mg; 5.10 mmol) and
Intermediate § (890 mg; 5.36 mmol) in THF (20 mL) and the
mixture was stirred for 10 minutes. The mixture was then
heated to 130° C. in a microwave reactor for 3 hours. Water
(30 mL) was added and the product extracted into DCM
(3x30 mL). The combined organic fractions were passed
through a hydrophobic frit and the solvent removed in vauco.
The residue was purified by flash chromatography on a 40+M
Biotage column, eluting with DCM containing increasing
amounts of methanol. The residue was triturated with diethyl
ether to give Example 100 as a white solid. 'H NMR: (CDCl,,
400 MHz) 5 8.84 (2H, dd, J=4.5, 1.6Hz), 8.28 (1H, s), 7.99
(2H,d, J=8.1Hz),7.47 (2H, d,]=8.1Hz), 7.42 (2 H, dd, 4.5,
1.6Hz), 477 (2H, d, J=6.0Hz), 3.97 (2H, s), 1.80 (1H, t,
J=6.0Hz), 0.85 (9H, 5). LC/MS: 390 (M+H)*. HPLC (Method
A) Rt 3.27 min (Purity: 95.8%).

Example 101
1-(4-(5-(1-(cyclopropylmethyl)-5-(pyridin-4-y1)-1H-
pyrazol-4-yl)-1,2,4-oxadiazol-3-yl)benzyl)azetidine

3-carboxylic acid, formate
[0530]

OH

Step 1: (4-(5-(1-(cyclopropylmethyl)-5-(pyridin-4-
y1)-1H-pyrazol-4-y1)-1,2.4-0xadiazol-3-yl)phenyl)
methanol
[0531] Sodium hydride (24 mg; 0.60 mmol) was added to a
suspension of Intermediate 29 (270 mg; 1.0 mmol) and Inter-
mediate 8 (100 mg; 1.60 mmol) in THF (10 mL) and stirred
for 10 minutes. The mixture was then heated in the microwave
for 240 minutes at 130° C. An additional 0.2 equivalents of
sodium hydride and amidoxime were added and the mixture
heated at 130° C. for 4 hours. Water (20 mL) was added
resulting in the formation of a suspended solid which was
filtered off, washed with a mixture of diethy! ether and DCM
and dried in vacuo to give the title compound as a white solid.
'H NMR: (Acetone-d,, 400 MHz) 8 8.83 (2H, d, J=5.1Hz),
8.25 (1H, s), 7.93 (2H, d, I=7.8Hz), 7.64 (2H, d, J=5.1Hz),
7.50 (2H. d. I=7.8Hz), 4.71 (2H, 5), 435 (1H, s), 4.06 (2H, d,
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J=7.0Hz), 1.25-1.09 (1H, m), 0.51-0.47 (2H, m), 0.28-0.20
(2H, m). LC/MS: 374 (M+H)". HPLC (Method A) Rt 2.88
min (Purity: 99.5%).

Step 2: 4-(5-(1-(cyclopropylmethyl)-5-(pyridin-4-
yl)-1H-pyrazol-4-yl)-1,2,4-oxadiazol-3-yl)benzalde-
hyde
[0532] Thetitle compound was prepared following the pro-
cedure described for Example 88 (step 2), but starting from
(4-(5-(1-(cyclopropylmethyl)-5-(pyridin-4-y1)-1H-pyrazol-
4-y1)-1,2,4-o0xadiazol-3-yl)phenyl)methanol (74.7 mg; 0.20
mmol), obtained from step 1. The title compound was
obtained as a white solid (73 mg; 98.3%). ‘H NMR: (CDCl,,
400MHz) 5 10.08 (1H, s), 8.85 (2H, d, J=4.6Hz),8.28 (1H. d,
J=4.2Hz),8.16 (2H, d, J=7.7Hz), 7.96 (2H, d, J=7.6Hz), 7.46
(2H, d, J=4.6Hz), 3.97 (2H, d, ]=6.8Hz), 1.25-1.15 (1H, m),
0.57-0.51 (2H, m), 0.24-0.19 (2H, m). LC/MS: 372 (M+H)".

HPLC (Method A) Rt 3.41 min (Purity: 96.9%).

Step 3: 1-(4-(5-(1-(cyclopropylmethyl)-5-(pyridin-4-
y1)-1H-pyrazol-4-yl}-1,2 4-oxadiazol-3-yl)benzyl)
azetidine-3-carboxylic acid, formate
[0533] Sodium cyanoborohydride (13.8 mg; 0.220 mmol)
was added to a solution of 4-(5-(1-(cyclopropylmethyl)-5-

(pyridin-4-y1)-1H-pyrazol-4-yl)-1,2,4-oxadiazol-3-y1)ben-
zaldehyde (74.3 mg; 0.20 mmol), obtained from step 2, and
3-azetidine carboxylic acid (40.4 mg; 0.40 mmol) in metha-
nol (3 mL)andacetic acid (36 uL; 0.60 mmol) and the mixture
was stirred at room temperature overnight. The solvent was
removed in vacuo and the residue purified by reverse-phase
preparative HPLC to give Example 101 as a white solid. 'H
NMR: (CD,0D, 400 MHz) ¢ 8.81 (2H, d, J=4.0Hz), 8.35
(1H, s), 8.22 (1H, s), 8.08 (2H, d, J=7.8Hz), 7.62 (2H, d,
J=5.2Hz), 7.37 (2H, d, J=7.8Hz), 443 (2H, s), 4.22 (4H, d,
J=8.2Hz), 4.08 (2H, d, I=7.0Hz), 3.53-3.44 (1H, m), 1.26-1.
17 (1H, m), 0.60-0.54 (2H, m), 0.29-0.25 (2H, m). LC/MS:
457 (M+H)*. HPLC (Method D) Rt 12.73 min (Purity:
98.6%).

Example 102

3-(4-(5-(1-cyclohexyl-5-(tetrahydro-2H-pyran-4-yl)-
1H-pyrazol-4-y1)-1,2.4-oxadiazol-3-yl)benzylamino)
propanoic acid

[0534]

OH

NH

[0535] Sodium cyanoborohydride (28 mg; 0.440 mmol)
was added to a solution of 4-(5-(1-cyclohexyl-5-(tetrahydro-
2H-pyran-4-yl)-1H-pyrazol-4-y1)-1,2,4-oxadiazol-3-yl)ben-
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zaldehyde (163 mg; 0.40 mmol), obtained as described in
Example 88, steps 1 and 2, and R-alanine (71.3 mg; 0.80
mmol) in methanol (3 mL) and acetic acid (69 pL; 1.20 mmol)
and the mixture was stirred at room temperature overnight.
The solvent was removed in vacuo and the residue purified by
reverse-phase preparative HPLC. The residue was dissolved
in methanol and loaded onto an SCX-2 column. The product
was eluted with 0-20% NH;/methanol in DCM. The residue
was then recrystallised from acetone to give Example 102 a
white solid. 'H NMR: (Acetone-d, 400 MHz) § 7.99 (2H, d,
J=8.0Hz), 7.94 (1H,s), 7.46 (2H, d. ]=8.0 Hz),4.46-4.37 (1H,
m), 3.92 (2H, dd, J=11.5, 43Hz), 3.84 (2H, s), 3.75 (1H, t,
J=12.3 Hz), 343 (2H, t, I=11.7Hz), 2.82 (2H, t, 6.0Hz),
2.51-2.32 (4H, m), 1.85-1.70 (6H, m), 1.61 (1H, d, J=12.
9Hz), 1.53 (2H, d, I=12.9Hz), 1.47-1.32 (2H, m), 1.23-1.10
(1H, m). LC/MS: 480 (M+H)*. HPLC (Method D) Rt 15.428
min (Purity: 99.4%).

Example 103

5-(1-cyclohexyl-5-(2-methoxyethyl)-1H-pyrazol-4-
y1)-3-(2,5-difluorophenyl)-1,2,4-oxadiazole

[0536]

[0537] Sodium hydride (8 mg; 0.2 mmol) was added to a
solution of Intermediate 22 (53 mg; 0.2 mmol) and 2,5-dif-
luoro-N'-hydroxybenzenecarboximidamide ~ (JRD-Fluoro-
chemical, 38 g; 0.22 mmol) in THF (2 mL) and the mixture
stirred for 10 minutes. The mixture was then heated to 140° C.
in a microwave reactor for 2 hours. An additional portion of
2,5-difluoro-N'-hydroxybenzenecarboximidamide (19 mg;
0.11 mmol) was added and the mixture heated to 140° C.in a
microwave reactor for 2 hours. DCM (10 mL) and water (5
mL) were added and the mixture passed through a hydropho-
bic frit and the solvent removed in vacuo. The residue was
purified by flash chromatography on a Biotage 12+M column,
eluting with petrol containing increasing amounts of EtOAc.
The residue was triturated with isopropanol to give Example
103 as a white solid. ‘HNMR (CDCl,, 400 MHz) § 8.13 (1H,
s), 7.85-7.79 (1H, m), 7.25-7.16 (2H, m), 4.33-4.20 (1H, m),
3.69 (2H, t, J=6.3Hz), 3.41 (2H, t, J=6.3Hz), 3.33 (3H, s),
2.08-1.89 (6H, m), 1.79-1.68 (1H, m), 1.50-1.27 (3H, m).
LC/MS: 389 (M+H)*. HPLC (Method B) Rt=4.23 min (Pu-
rity: 95.4%).
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Example 104

N-methyl-1-(4-(5-(1-neopentyl-5-(pyridin-4-y1)-1H-
pyrazol-4-yl)-1,2,4-oxadiazol-3-yl)phenyl)metha-
namine

[0538]

Step 1: (4-(5-(1-neopentyl-5-(pyridin-4-y1)-1H-pyra-
70l-4-y1)-1,2,4-oxadiazol-3-yl)phenyl )methanol

[0539] Sodium hydride (214 mg; 0.536 mmol) was added
to a suspension of Intermediate 30 (1.47 g; 5.10 mmol) and
Intermediate 8 (890 mg; 5.36 mmol) in THF (20 mL) and the
mixture was stirred for 10 minutes. The mixture was then
heated in a microwave reactor 3 hours at 130° C. Water (20
mL) was added and the product extracted into DCM (3x20
mL). The combined organic fractions were passed through a
hydrophobic frit and the solvent removed in vacuo. The resi-
due was purified by flash chromatography on a40+M Biotage
column, eluting with DCM containing increasing amounts of
methanol. The residue was triturated with diethyl ether and
dried to give the target compound as a white solid. 'H NMR:
(CDCl,, 400 MHz) d 8.84 (2H, dd, I=4.5, 1.6Hz), 8.28 (1H,
5),7.99 (2H,d, =8.1Hz), 7.47 (2H, d, ]=8.1Hz), 7.42 (2H, dd,
J=4.5,1.6Hz),4.77 (2H, d, J=6.0Hz), 3.97 (2H, ), 1.80 (1 H,
t, J=6.0Hz), 0.85 (9H, s). LC/MS: 390 (M+H)*. HPLC
(Method A) Rt 3.27 min (Purity: 95.8%).

Step 2: 4-(5-(1-neopentyl-5-(pyridin-4-yl)- 1H-pyra-
70l-4-y1)-1,2,4-oxadiazol-3-yl )benzaldehyde

[0540] Thetitle compound was prepared following the pro-
cedure described for Example 88 (step 2), but starting from
(4-(5-(1-neopentyl-5-(pyridin-4-y1)-1H-pyrazol-4-yl)-1,2.4-
oxadiazol-3-yl)phenyl)methanol (390 mg; 1.0 mmol),
obtained from step 1. The title compound was obtained as a
white solid (367 mg; 94.7%). "HNMR: (CDCI,, 400 MHz) 8
10.07 (1H, s), 8.85 (2H, dd, J=4.5, 1.6Hz), 8.28 (1H, d,
J=12.0Hz), 8.16 (2H, d, J=8.1Hz), 7.96 (2H, d, J=8.2Hz),
7.43 (2H, dd, J=4.5, 1.6Hz), 3.97 (2H, s), 0.86 (9H, s).
LC/MS: 388 (M+H)*. HPLC (Method A) Rt3.85 min (Purity:
94.0%).

Step 3: N-methyl-1-(4-(5-(1-neopentyl-5-(pyridin-4-
y1)-1H-pyrazol-4-y1)-1,2.4-oxadiazol-3-yl)phenyl)
methanamine

[0541] Sodium cyanoborohydride (32 mg; 0.51 mmol) was
added to a solution of 4-(5-(1-neopentyl-5-(pyridin-4-yl)-
1H-pyrazol-4-yl)-1,2 4-oxadiazol-3-yl)benzaldehyde (178
mg; 0.46 mmol), obtained from step 2, and methylamine
hydrochloride (62.1 mg; 0.92 mmol) in methanol (3 mL) and
acetic acid (79 uL; 1.38 mmol) and the mixture was stirred at
room temperature overnight. The solvent was removed in

92
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vacuo and water (3 mL) was added and the product extracted
into DCM (3x2 mL). The combined organic fractions were
passed through a hydrophobic frit and the solvent removed in
vacuo. The residue purified by flash chromatography on a
12+M Biotage column, eluting with DCM containing
increasing amounts of 7M methanolic ammonia in DCM to
give Example 104 as a white solid. *H NMR: (CDCl,, 400
MHz) §8.83 (2H, dd, J=2.8, 1.6Hz), 8.27 (1H, 5), 7.94 (2H, d,
J=8.1Hz), 7.44-7.37 (4H, m), 3.97 (2H, 5), 3.79 (2H, s), 2.45
(3H, s), 0.85 (9H, s5). LC/MS: 403 (M+H)*. HPLC (Method
D) Rt 16.67 min (Purity: 94.5%).

Example 105

1-(4-(5-(1-neopentyl-5-(pyridin-4-y1)- 1 H-pyrazol-4-
y1)-1,2,4-oxadiazol-3-yl)benzyl Jazetidine-3-carboxy-
lic acid

[0542]

[0543] Sodium cyanoborohydride (32 mg; 0.51 mmol) was
added to a solution of 4-(5-(1-neopentyl-5-(pyridin-4-yl)-
1H-pyrazol-4-y1)-1,2,4-oxadiazol-3-yl)benzaldehyde (178
mg; 0.46 mmol), obtained according to Example 104 (step
1-2), and 3-azetidine carboxylic acid (93.0 mg; 0.92 mmol) in
methanol (3 mL) and acetic acid (79 uL; 1.38 mmol) and the
mixture was stirred at room temperature overnight. The sol-
vent was removed in vacuo and the residue purified by
reverse-phase preparative HPLC to give Example 105 as a
white solid. 'H NMR: (DMSO-d,, 400 MHz) 8 .81 (2H, dd,
J=4.6,1.6Hz), 8.38 (1H, s), 7.87 (2H, d, J=8.0Hz), 7.66 (2H,
dd, J=4.5, 1.7Hz), 7.47 (2H, d, J=8.0Hz), 4.00 (2H, s), 3.62
(2H, s), 3.55 (2 H, t, ]=8.0Hz), 3.39 (2H, t, J=8.0Hz), 3.25-
3.15 (1H, m), 0.77 (9H, s). LC/MS: 473 (M+H)". HPLC
(Method B) Rt 2.31 min (Purity: 98.1%).

Example 106

N-methyl-1-(4-(5-(1-phenethyl-5-(pyridin-4-y1)-1H-
pyrazol-4-y1)-1,2,4-oxadiazol-3-yl )phenyl)metha-
namine

[0544]
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Step 1: (4-(5-(1-phenethyl-5-(pyridin-4-yl)-1H-pyra-
zol-4-y1)-1,2.4-oxadiazol-3-yl)phenyl jmethanol
[0545] Thetitle compound was prepared following the pro-
cedure described for Example 104 (step 1), but starting from
Intermediate 28 (707 mg; 2.20 mmol) and Intermediate 8
(219.4 mg; 1.32 mmol). The target compound was obtained as
an off white solid. "H NMR: (DMSO-d,, 400 MHz) § 8.71
(2H, dd, J=4.5, 1.6Hz), 8.45 (1H, s), 7.88 (2H, d, J=8.1Hz),
7.50 (2H, d, J=8.0Hz), 7.25-7.23 (3H, m), 7.19 (2H, dd,
J=4.5,1.6Hz),6.95-6.91 (2H, m), 5.36 (1 H, 1, J=5.7Hz), 4.59
(2H, d, J=5.7Hz), 431 (2H, t, J=6.7Hz), 3.10 (2H, t, I=6.
7Hz). LC/MS: 424 (M+H)". HPLC (Method B) Rt 2.97 min

(Purity: 97.6%).

Step 2: 4-(5-(1-phenethyl-5-(pyridin-4-yl)-1H-pyra-

70l-4-y1)-1,2,4-oxadiazol-3-yl )benzaldehyde
[0546] Thetitle compound was prepared following the pro-
cedure described for Example 88 (step 2), but starting from
(4-(5-(1-phenethyl-5-(pyridin-4-y1)-1H-pyrazol-4-yl)-1,2.4-
oxadiazol-3-yl)phenyl)methanol (152.5 mg; 0.36 mmol),
obtained from step 1. Title compound was obtained as a pale
orange solid (150 mg; 98.9%). "H NMR: (CDCl,, 400 MHz)
3 10.05(1H,s), 8.65 (2H, d, J=5.3Hz), 8.35 (1H, 5), 8.12 (2H,
d, 1=8.1Hz), 7.94 (2H, d, I=8.1Hz), 7.26-7.19 (3H, m), 6.86-
6.77 (4H, m), 4.26 (2H, t, I=6.5Hz), 3.18 (2H, t, J=6.5Hz).
LC/MS: 422 (M+H)*. HPLC (Method A) Rt3.66 min (Purity:
93.9%).

Step 3: N-methyl-1-(4-(5-(1-phenethyl-5-(pyridin-4-
yl)-1H-pyrazol-4-y1)-1,2 4-oxadiazol-3-yl)phenyl)
methanamine
[0547] Sodium cyanoborohydride (12 mg; 0.19 mmol) was
added to a solution of 4-(5-(1-phenethyl-5-(pyridin-4-yl)-
1H-pyrazol-4-yl)-1,2 4-oxadiazol-3-yl)benzaldehyde (74
mg, 0.17 mmol), obtained from step 2, and 3-azetidine car-
boxylic acid (35.4 mg; 0.35 mmol) in methanol (3 mL) and
acetic acid (30 pL; 0.53 mmol) and the mixture was stirred at
room temperature overnight. The solvent was removed in
vacuo and water (3 mL) added. The product was extracted
into DCM (3x2 mL) and the combined organic fractions were
passed through a hydrophobic frit. The solvent was removed
in vacuo and the residue purified by flash chromatography on
a 124M Biotage column, eluting with DCM containing
increasing amounts of methanol to give Example 106 as a
white solid. *H NMR: (CDCl,, 400 MHz) 3 8.62 (2H, dd,
I=4.7,1.6Hz), 8.33 (1H, 5), 7.92 (2H, d, ]=8.0Hz), 7.40 (2H,
d, 1=8.0Hz), 7.25-7.14 (3H, m), 6.83 (2H, dd, J=6.0, 1.6Hz),
6.78 (2H, dd, J=2.8, 1.6Hz), 4.25 (2H, t, ]=6.5Hz), 3.84 (2H,
s), 3.17 (2H, 1, J=6.5Hz), 2.48 (3H, 5). LC/MS: 437 (M+H)*.

HPLC (Method B) Rt 2.94 min (Purity: 97.4%).

Example 107
3-(4-((1H-1,2,4-triazol-1-y)methyl)pheny1)-5-(1-
cyclohexyl-5-(methoxymethyl)-1H-pyrazol-4-y1)-1,
2,4-oxadiazole

[0548]
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[0549] Sodium Hydride (20 mg; 0.525 mmol) was added to
a suspension of Intermediate 18 (126 mg; 0.50 mmol) and
4-((1H-1,2,4-triazol-1-yl)methyl)-N'-hydroxy benzenecar-
boximidamide (Aurora, 114 mg; 0.525 mmol) in THF (2 m[)
and the mixture was stirred for 10 minutes. The mixture ws
heated to 140° C. in a microwave reactor for 4 hours. Water (3
ml) was added and the product extracted into DCM (3x2
mL). The combined organic fractions were passed through a
hydrophobic frit and the solvent removed in vacuo. The resi-
due was purified by flash chromatography on a 12+M Biotage
column, eluting with DCM containing increasing amounts of
methanol in DCM to give Example 107 as a clear gum. 'H
NMR: (CDCl;, 400 MHz) 3 8.20-8.06 (4H, m), 8.01 (1H, s),
7.39 (2H, d, I=8.4Hz), 5.43 (2H, 5), 5.02 (2 H, 5), 4.36-4.25
(1H, m), 3.42 (3H, s), 2.06-1.90 (6H, m), 1.76 (1H, d, J=12.
7Hz), 1.52-1.39 (2H, m), 1.39-1.23 (1H, m). LC/MS: 420
(M+H)". HPLC (Method A) Rt 3.78 min (Purity: 97.6%).

Example 108
5-(1-cyclohexyl-5-(2-methoxyethyl)-1H-pyrazol-4-
y1)-3-(3-(trifluoromethyl)phenyl)-1.2,4-oxadiazole

[0550]

[0551] The title compound was prepared following the pro-
cedure described for Example 16, with two identical reactions
combined for workup, but starting from Intermediate 23 (76
mg; 0.3 mmol) and N'-hydroxy-3-(triftuoromethyl)benzen-
ecarboximidamide (Bionet, 73 mg, 0.36 mmol). The residue
was purified by flash chromatography on a Biotage 12+M
column, eluting with DCM containing increasing amounts of
methanol to give Example 108 as a clear gum. '‘H NMR
(CDCl,,400MHz) 6 8.40(1H,5),8.32 (1H, d,]=7.9Hz), 8.14
(1H, s), 7.77 (1H, d, I=7.9Hz), 7.63 (1H, t, J=7.8Hz), 4.31-
4.22 (1H, m), 3.71 (2H, t, J=6.3Hz), 3.43 (2 H, t, J=6.3Hz),
3.35(3H, 5),2.09-1.89 (6H, m), 1.81-1.70 (1H, m), 1.50-1.24
(3H, m). LC/MS: 421 (M+H)*. HPLC (Method C) Rt=20.72
min (Purity: 99.1%).

Example 109
2-(4-(5-(1-cyclohexyl-5-(methoxymethyl)-1H-pyra-
701-4-y1)-1,2,4-0xadiazol-3-yl)phenyl)ethanol

[0552]

N,
NN
—N
[¢] 0 7
/ \N OH
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[0553] To a solution of Intermediate 18 (0.27 g; 1.1 mmol)
in toluene (3 mL) and DMF (2 mL) was added Intermediate
33(0.21 g; 1.21 mmol) and potassium carbonate (0.16 g; 1.21
mmol) and the mixture stirred for 10 minutes. The mixture
was then heated to 180° C. in a microwave reactor for 2 hours.
Water (5 mL) was added and the product extracted into DCM
(3x5 mL). The combined organic fractions were passed
through a hydrophobic frit and the solvent removed in vacuo.
The residue was purified by flash chromatography on an
Isolute Flash Si 11 20 g column, eluting with petrol containing
increasing amounts of EtOAc to give Example 109 as a
colourless oil. *H NMR: (CDCl,, 400 MHz) 3 8.13 (1H, s),
8.09 (2H, d, J=7.9Hz), 737 (2H, d, I=7.9Hz), 5.03 (2H, s),
4.36-4.26 (1H,m), 3.96-3.88 (3H,m), 3.42 (3H, 5), 2.99-2.91
(2H, m), 2.07-1.89 (6H, m), 1.81-1.70 (1H, m), 1.52-1.24
(3H, m). LC/MS: 383 (M+H)*". HPLC (Method A) Rt=3.93
min (Purity: 99.3%).

Example 110
1-(4-(5-(1-phenethyl-5-(pyridin-4-yl)-1H-pyrazol-4-
yD)-1,2,4-oxadiazol-3-yl)benzyl)azetidine-3-carboxy-

lic acid, formate
[0554]

[0555] Sodium cyanoborohydride (12 mg; 0.19 mmol) was
added to a solution of 4-(5-(1-phenethyl-5-(pyridin-4-y1)-
1H-pyrazol-4-yl)-1,2 4-oxadiazol-3-yl)benzaldehyde (74
mg, 0.17 mmol), obtained as described in Example 106 (step
1-2), and 3-azetidine carboxylic acid (35.4 mg; 0.35 mmol) in
methanol (3 mL) and acetic acid (30 uL; 0.53 mmol) and the
mixture was stirred at room temperature overnight. The sol-
vent was removed in vacuo and the residue purified by
reverse-phase preparative HPLC to give Example 110 as a
white solid. ‘H NMR: (DMSO-d,, 400 MHz) & 8.62 (2H, d,
J=4.6Hz), 8.35 (1H, s), 8.20 (1H, s), 7.89 (2H, d, J=8.0Hz),
7.53 (2H, d, J=8.0Hz), 7.20-7.13 (3H, m), 7.05 (2H, d, I=5.
1Hz), 6.84 (2H, d,J=7.0 Hz),4.29 (2H, 1, ]=6.7Hz), 4.18 (2H,
s), 3.99-3.84 (4H, m), 3.35-3.25 (1H, m), 3.06 (2H, t, I=6.
7Hz). LC/MS: 507 (M+H)*. HPLC (Method B) Rt 2.29 min
(Purity: 97.9%).

Example 111
3-(4-((1H-1,2,4-triazol-1-y)methyl)pheny1)-5-(1-
cyclohexyl-5-(2-methoxyethyl)- 1H-pyrazol-4-yl)-1,
2,4-oxadiazole

[0556]
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[0557] The title compound was prepared following the pro-
cedure described for Example 16, with two identical reactions
combined for workup, but starting from Intermediate 23 (51
mg; 0.2 mmol) and 4-((1H-1,2,4-triazol-1-yl)methyl)-N'-hy-
droxy benzenecarboximidamide (Aurora, 52 mg, 0.24
mmol), to give Example 111 as a clear gum. 'H NMR
(CDCl,, 400 MHz) 5 8.14 (2 H, d, I=8.1Hz), 8.12 (2H, s),
8.00 (1H, s), 7.38 (2H, d, ]=8.1Hz), 5.43 (2H, s), 4.31-4.21
(1H, m), 3.69 (2H, t, J=6.3Hz), 3.41 (2H, t, J=6.3Hz), 3.33
(3H,5),2.06-1.90 (6H, m), 1.80-1.69 (1H, m), 1.50-1.24 (3H,
m). LC/MS: 434 (M+H)". HPLC (Method A) Rt=3.84 min
(Purity: 99.8%).

Example 112

3-(2,5-difluorophenyl)-5-(5-ethoxy-1-o-tolyl-1H-
pyrazol-4-y1)-1,2 4-oxadiazole

[0558]

Step 1: ethyl 2-(3-(2,5-difluorophenyl)-1,2,4-oxadia-
zol-5-yl)acetate

[0559] Ethyl 3-chloro-3-oxopropancate (1.7 ml; 13.2
mmol) was added to 2,5-difluoro-N'-hydroxybenzenecar-
boximidamide (JRD-Fluorochemical, 1.13 g; 0.6 mmol) in
pyridine (30 mL). The mixture was heated to reflux for 4
hours and the solvent removed in vacuo. The residue was
taken up into DCM (20 mL) and washed with water (10 mL).
The organic phase was passed through a hydrophobic frit and
the solvent removed in vacuo. The residue was purified on a
Biotage 25+M column, eluting with petrol containing
increasing amounts of EtOAc to give ethyl 2-(3-(2,5-difluo-
rophenyl)-1,2,4-oxadiazol-5-yl)acetate (1.24 g, 70%).

Step 2: 4-(3-(2,5-difluorophenyl)-1,2,4-oxadiazol-5-
y1)-1-0-tolyl-1H-pyrazol-5-ol

[0560] To a solution of ethyl 2-(3-(2,5-diflucrophenyl)-1,
2.4-oxadiazol-5-yl)acetate (1.24 g; 4.6 mmol), obtained from
step 1, in toluene (25 mL) was added DMF.DMA (0.79 mL;
5.98 mmol) and PPTS (100 mg). The mixture was heated to
90° C. for 2 hours. The solvent was removed in vacuo and
DCM (50 mL) and water (25 mL) were added and the mixture
passed through a hydrophobic frit. The solvent was removed
in vacuo and the residue redissolved in water (10 mL) and
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MeCN (10 mL). The mixture was stirred at RT for 18 hours
and then DCM (25 mL) and water (10 mL) added. The mix-
ture was passed through a hydrophobic frit and the solvent
removed in vacuo. The residue was redissolved in a mixture
of methanol (16 mL), water (16 mL) and triethylamine (5.3
mL) and the mixture heated to 100° C. for 4 hours. The
solvent was removed in vacuo and the residue partitioned
between DCM (10 mL) and water (5 mL). The mixture was
passed through hydrophobic frit and the solvent removed in
vacuo. The residue was purified on a Biotage 25+S column,
eluting with petrol containing increasing amounts of EtOAc
and then recrystallised from acetone/diethyl ether to give
4-(3-(2,5-difluorophenyl)-1,2,4-oxadiazol-5-y1)-1-o-tolyl-
1H-pyrazol-5-ol as an off-white solid. ‘H NMR: (DMSO-d,,
400 MHz) 6 7.93-7.83 (1H, m), 7.72 (1H, s), 7.51-7.44 (2H,
m), 7.29-7.21 (4H, m), 2.25 (3H, s). LC/MS: 355 (M+H)".
HPLC (Method D) Rt=13.20 min (Purity: 98.0%).

Step 3: 3-(2.5-difluorophenyl)-5-(5-ethoxy-1-o-tolyl-
1H-pyrazol-4-y1)-1,2,4-oxadiazole

[0561] A mixture of 4-(3-(2,5-difluorophenyl)-1,2,4-oxa-
diazol-5-yl)-1-o-tolyl-1H-pyrazol-5-01 (50 mg; 0.14 mmol),
obtained from step 2, and potassium carbonate (26 mg; 0.19
mmol) in MeCN (1 mL) was heated to reflux for 1 hour. The
mixture was allowed to cool and ethyl iodide (0.01 mL; 0.14
mmol) was added. The mixture was stirred at RT for 18 hours
and then further ethyl iodide (0.02 mL; 0.28 mmol) was added
and the mixture heated to 40° C. for 8 hours. DCM (10 mL)
and water (5 mL) were added and the mixture passed through
ahydrophobic frit. The solvent was removed in vacuo and the
residue purified on a Biotage 12+4M column, eluting with
petrol containing increasing amounts of FtOAc to give
Example 112 as an off-white solid. ‘H NMR (CDCl,, 400
MHz) 6 8.20 (1H, s), 7.87-7.81 (1H, m), 7.45-7.30 (4H, m),
7.25-7.15 (2H, m), 4.42 (2H, q, ]=7.1Hz), 2.21 (3H, s), 1.27
(3H, t, J=7.1Hz). LC/MS: 383 (M+H)*". HPLC (Method B)
Rt=3.98 min (Purity: 99.4%).

Example 113

5-(1-(cyclopropylmethyl)-5-(pyridin-4-yl)-1H-pyra-
z0l-4-y1)-3-(3-(trifluoromethyl)phenyl)-1,2,4-oxadia-
zole

[0562]

[0563] Sodium hydride (18.0 mg; 0.45 mmol) was added to
a suspension of Intermediate 29 (204 mg; 0.75 mmol) and
N'-hydroxy-3-(trifluoromethyl)benzenecarboximidamide

(Bionet, 92 mg; 0.45 mmol) in THF (2 mL) and the mixture
was stirred for 10 minutes. The mixture was then heated in a
microwave reactor 8.5 hours at 130° C. Water (5 mL) was
added and the product extracted into DCM (3x5 mL). The
combined organic fractions were passed through a hydropho-
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bic frit and the solvent removed in vacuo. The residue was
purified by reverse-phase preparative HPLC. The residue was
recrystallised from iso-propanol to give Example 113 as a
white solid. "H NMR: (CDCl,, 400 MHz) d 8.86 (2H, d,
J=5.1Hz), 8.29 (2H, s), 8.14 (1H, d, I=7.8Hz), 7.73 (1H, 4,
J=7.9Hz), 7.58 (1H, t, J=7.8Hz), 7.42 (2H, d, J=5.1Hz), 3.99
(2H, d, J=7.0Hz), 1.35-1.14 (1H, m), 0.59-0.52 (2H, m),
0.27-0.20 (2H, m). LC/MS: 412 (M+H)*. HPLC (Method E)
Rt 21.52 min (Purity: 97.4%).

Example 114

3-(4-((1H-pyrazol-1-yl)methyl)phenyl)-5-(1-cyclo-
hexyl-5-(methoxymethyl)-1H-pyrazol-4-y1)-1,2.4-
oxadiazole

[0564]

—N NZ=
PN )\Q\/'}
[0565] Sodium Hydride (20 mg; 0.525 mmol) was added to
a suspension of Intermediate 18 (126 mg; 0.50 mmol) and
Intermediate 25 (114 mg; 0.525 mmol) in THF (2 mL) and the
mixture was stirred for 10 minutes. The mixture was heated to
140° C. ina microwave reactor for 2 hours. Water (3 mL) was
added and the product was extracted into DCM (3x2 mL).
The combined organic fractions were passed through a hydro-
phobic frit and the solvent was removed in vacuo. The residue
was purified by flash chromatography on a 12+M Biotage
column, eluting with petrol containing increasing amounts of
1:1 DCM:diethyl ether to give Example 114 as a white solid.
'"HNMR: (CDCl;, 400 MHz) & 8.14-8.08 (3H, m), 7.58 (1H,
d, I=1.9Hz), 743 (1H, d, J=2.3Hz), 7.31 (2H, d, ]=8.4Hz),
6.32 (1H, t, J=2.1Hz), 5.40 (2H, s), 5.02 (2H, s), 4.36-4.25
(1H, m), 3.41 (3H, s), 2.07-1.90 (6H, m), 1.80-1.70 (1H, m),
1.51-1.19 (3H, m). LC/MS: 419 (M+H)*. HPLC (Method A)
Rt 4.18 min (Purity: 99.6%).

Example 115

(4-(5-(1-cyclohexyl-5-(2-methoxyethyl)-1H-pyrazol-
4-y)-1,2,4-oxadiazol-3-yl)phenyl)methanol

[0566]

O\ # OH
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[0567] 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride (214.7 mg; 1.12 mmol) was added to a solution
of Intermediate 23 (202 mg; 0.80 mmol) in MeCN (1.5 mL),
followed by Intermediate 8 (133 mg, 0.80 mmol). The mix-
ture was stirred at room temperature for 18 hours and then
pyridine (1.5 mL) added. The mixture was heated to 150° C.
in a microwave reactor for 75 minutes. The solvent was
removed in vacuo and water (10 mLL) added. The product was
extracted into DCM (3x10 mL) and the combined organic
fractions passed through a hydrophobic frit and the solvent
removed in vacuo. The residue was purified by flash chroma-
tography on a 12+M Biotage column, eluting with petrol
containing increasing amounts of ethyl acetate to give
Example 115 as a white solid. ‘H NMR: (CDCl,, 400 MHz)
9 8.11-8.09 (3H, m), 7.48 (2H, d, J=8.0Hz), 4.77 (24, s),
430-4.21 (1H, m), 3.70 (2H, t, J=6.3Hz), 3.42 (2H, t, I=6.
3Hz), 3.33 (3H, s), 2.06-1.90 (6H, m), 1.75 (1H, d, J=12.7
Hz), 1.50-1.25 (3H, m). LC/MS: 383 (M+H)". HPLC
(Method A) Rt 3.91 min (Purity: 98.8%).

Example 116

5-(1-cyclohexyl-5-(methoxymethyl)-1H-pyrazol-4-
y1)-3-(1,2,3,4-tetrahydroisoquinolin-6-yl)-1,2,4-0xa-

diazole
[0568]
N,

N N

—N
o0 ~#

/ Ny NH

Step 1:

N-(3-bromophenethyl)-2,2,2-trifluoroacetamide

[0569] To a solution of 3-bromophenethylamine (2.46 g;
12.3 mmol) in DCM (15 mL) was added diisopropylamine
(3.18 g; 24.6 mmol) and trifluoroacetic anhydride (2.84 g;
13.5 mmol) and the mixture was stirred for 16 hours. The
solvent was removed in vacuo and the residue was triturated
with DCM (1 mL) and petrol (10 mL) to give the title com-
pound (2.57 g; 70%) as a pale yellow solid. ‘H NMR (CDCl,,
400 MHz) 8 7.40 (1H, d, I=8.0Hz), 7.36 (1H, s), 7.21 (1 H, ,
1=7.8Hz), 7.12 (1H, d, I=7.7Hz), 637 (1H, br s), 3.65-3.57
(2H, m), 2.87 (2H, t, J=7.1Hz).

Step 2: 1-(6-bromo-3,4-dihydroisoquinolin-2(1H)-
y1)-2,2,2-trifluoroethanone

[0570] To a solution of N-(3-bromophenethyl)-2,2,2-trif-
luoroacetamide, obtained from step 1, (1.51 g; 0.51 mmol) in
acetic acid (10 mL) at 0° was added sulfuric acid (5 mL)
followed by paraformaldehyde (0.25 g) portionwise over 30
minutes. The mixture was then stirred at RT for 16 hours,
diluted with water (200 mL) and the product extracted with
EtOAc (3%20 mL). The combined organic fractions were
washed with saturated sodium bicarbonate solution (200
mL), dried (MgSO,) and the solvent removed in vacuo. The
residue was purified by flash chromatography on an Isolute
Flash Si II 50 g column, eluting with petrol containing
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increasing amounts of EtOAc to give a yellow oil (1.12 g;
71%) as a 3:1 mixture of 1-(6-bromo-3,4-dihydroisoquino-
lin-2(1H)-y1)-2,2,2-trifluoroethanone and 1-(5-bromo-3.4-
dihydroisoquinolin-2(1H)-y1)-2,2,2-trifluoroethanone
respectively. Data for the major component of the mixture: 'H
NMR (CDCl,, 400 MHz) 8 7.36-7.32 (1H, m), 7.12 (1H, ),
6.98-7.07 (1H, m),4.73 (2H, s), 3.89-3.81 (2H, m), 2.98-2.91
(2H, m).

Step 3: 2-(2,2,2-trifluoroacetoyl)-1,2,3,4-tetrahy-
droisoquinoline-6-carbonitrile

[0571] 1-(6-bromo-3.4-dihydreisoquinolin-2(1H)-y1)-2,2,
2-trifluoroethanone, obtained from step 2 as a 3:1 mixture
with  1-(5-bromo-3,4-dihydroisoquinolin-2(1H)-y1)-2,2,2-
trifluoroethanone as the minor component, (0.79 g; 2.54
mmol), S-Phos (93.8 mg; 0.229 mmol), Pd,(dba); (93.0 mg;
0.102 mmol) and zinc cyanide (337.0 mg; 2.87 mmol) were
suspended in degassed water:DMF (1:99, 11.5 mL) in a
microwave vial and further degassed for 10 minutes in a
sonicator. The vial was then sealed and heated to 150° C. in a
microwave reactor for 45 minutes. The solid material was
removed by filtration, the solvent was removed in vacuo and
the residue purified by flash chromatography on an Isolute
Flash Si II 50 g column, eluting with petrol containing
increasing amounts of EtOAc to give a yellow oil as a 3:1
mixture of 2-(2,2,2-triflucroacetoyl)-1,2,3,4-tetrahydroiso-
quinoline-6-carbonitrile and 2-(2,2,2-trifluoroacetoyl)-1,2,3,
4-tetrahydroisoquinoline-5-carbonitrile respectively. Data
for the major component of the mixture: ‘H NMR (CDCl,,
400 MHz) § 7.59-7.23 (3H, m), 4.84 (2H. s), 3.93-3.86 (2H,
m),3.02-2.99 (2H, m). LC/MS: 255 (M+H)*. HPLC (Method
D) Rt=3.54 min (Purity: 90.7%).

Step 4: N'-hydroxy-1,2,3,4-tetrahydroisoquinoline-6-
carboximidamide

[0572] To a solution of 2-(2,2,2-trifluoroacetoyl)-1,2,3.4-
tetrahydroisoquinoline-6-carbonitrile, obtained from step 3
as a 3:1 mixture with 2-(2,2,2-trifluoroacetoyl)-1,2,3 4-tet-
rahydroisoquinoline-5-carbonitrile as the minor component,
(0.31 g; 1.23 mmol) in EtOH (30 mL) was added 50%
hydroxylamine in water (1.0 mL) and the mixture heated to
80° C. for 1 hour. The solvent was removed in vacuo and the
residue redissolved in THF (10 mL). The mixture was dried
(MgS0,) and the solvent removed in vacuo to give a pale
yellow o1l (0.25 g; 100%) as a 3:1 mixture of N'-hydroxy-1,
2.3,4-tetrahydroisoquinoline-6-carboximidamide and N'-hy-
droxy-1,2,3,4-tetrahydroisoquinoline-5-carboximidamide
respectively. Data for the major component of the mixture; *H
NMR: (DMSO-d,, 400 MHz) 8 9.61-9.56 (1H, m), 7.59-7.52
(2H, m), 7.19 (1H, m), 5.80 (2H, br s), 4.18 (2H, 5), 3.30-3.28
(2H, m), 2.96-2.87 (2H, m). LC/MS: 192 (M+H)". HPLC
(Method I) Rt=1.51 min (Purity: 58.7%).

Step 5: 5-(1-cyclohexyl-5-(methoxymethyl)- 1H-
pyrazol-4-y1)-3-(1,2,3 ,4-tetrahydroisoquinolin-6-y1)-
1,2,4-oxadiazole

[0573] Toasolution of Intermediate 18 (0.13 g; 0.52 mmol)
and N'-hydroxy-1,2,3 4-tetrahydroisoquinoline-6-carbox-
imidamide, obtained from step 4 as a 3:1 mixture with N'-hy-
droxy-1,2,3,4-tetrahydroisoquinoline-5-carboximidamide as
the minor component, (0.11 g; 0.57 mmol) in THF (4 mL) was
added sodium hydride as a 60% dispersion in mineral oil (23
mg; 0.57 mmol) and the mixture stirred for 15 minutes. The
mixture was then heated in a microwave reactor for 2 hours.
Water (5 mL) was added and the product extracted into DCM
(3x5 mL). The combined organic fractions were passed
through a hydrophobic frit and the solvent removed in vacuo.
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The residue was purified by flash chromatography on an
Isolute Flash Si II 20 g column, eluting with DCM containing
increasing amounts of MeOH to give Example 116 as a
colourless oil. "H NMR: (CDCl,, 400 MHz) 5 8.13 (1H, s),
7.90-7.88 (2H, m), 7.16-7.14 (1H, m), 5.02 (2H, 5), 4.33-4.28
(1H, m), 4.12 (2H, s), 3.43 (3H, s), 3.24-3.21 (2H, m), 2.95-
2.92 (2H, m), 2.06-1.92 (5H, m), 1.77-1.74 (1H, m), 1.59-1.
25 (4H, m). LC/MS: 394 (M+H)*. HPLC (Method A) Rt=2.
34 min (Purity: 96.3%).

Example 117

(4-(5-(1-cyclohexyl-5-(tetrahydrofuran-2-y1)-1H-
pyrazol-4-yl)-1,2,4-oxadiazol-3-yl)phenyl )methanol

[0574]

OH

[0575] Sodium hydride (24.8 mg; 0.62 mmol) was added to
a suspension of Intermediate 26 (181.3 mg; 0.62 mmol) and
Intermediate 8 (108 mg; 0.651 mmol) in THF (2 mL) and the
mixture was stirred for 10 minutes. The reaction was then
heated to 140° C. in the microwave for 10hours. Water (3 mL)
was added and the product extracted into DCM (3x2 mL).
The combined organic fractions were passed through a hydro-
phobic frit and the solvent removed in vacuo. The residue was
purified by flash chromatography on a 12+M Biotage column,
eluting with petrol containing increasing amounts of ethyl
acetate to give Example 117 as a white solid. 'H NMR:
(CDCl,, 400 MHz) & 8.11 (3H, d, J=7.6Hz), 749 (2H, d,
J=8.0Hz),5.81 (1H, dd,J=9.7,6.8Hz), 4.78 (2H, d,J=5.5Hz),
4.49-4.40 (1H, m), 4.24-4.15 (1H, m), 4.01 (1H, td, J=8.1,
6.0Hz),2.57-2.47 (1H, m), 2.28-2.18 (2H, m), 1.10-1.91 (7H,
m), 1.85-1.80 (1H, m), 1.79-1.70 (1H, m), 1.45-1.22 (3H, m).
LC/MS: 395 (M+H)*. HPLC (Method B) Rt3.64 min (Purity:
95.3%).

Example 118

3-(7-(5-(1-cyclohexyl-5-(methoxymethyl)-1H-pyra-
zol-4-y1)-1,2.4-oxadiazol-3-yl)-3,4-dihydroisoquino-
lin-2(1H)-yl)propanoic acid

[0576]
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Step 1: tert-butyl 3-(7-(5-(1-cyclohexyl-5-(meth-
oxymethyl)-1H-pyrazol-4-yl)-1,2 4-oxadiazol-3-yl)-
3,4-dihydroisoquinolin-2(1H)-yl)propanoate

[0577] Toasolution of Intermediate 31 (0.14 g; 0.58 mmol)
and Intermediate 35 (0.20 g; 0.64 mmol) in MeCN (2 mL)
was added 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride (0.15 g; 0.82 mmol) and the mixture was
stirred for 16 hours. Pyridine (1 mL) was added and the
mixture was heated to 150° C. in a microwave reactor for 2
hours. Water (5 mL) was added and the product extracted into
DCM (3x5 mL). The combined organic fractions were passed
through a hydrophobic frit and the solvent removed in vacuo.
The residue was purified by flash chromatography on an
Isolute Flash Si1120 g column, eluting with petrol containing
increasing amounts of EtOAc to give tert-butyl 3-(7-(5-(1-
cyclohexyl-5-(methoxymethyl)-1H-pyrazol-4-y1)-1,2,4-
oxadiazol-3-y1)-3,4-dihydroisoquinolin-2(1H)-y1)pro-
panoate as a colourless oil. "H NMR: (CDCl,, 400 MHz) 8
8.14-8.10 (1H, m), 7.88 (1H, d, J=8.0Hz), 7.80 (1H, s}, 5.05-
4.99 (2H, m), 4.35-4.27 (1H, m), 3.74 (2H, 5), 3.44-3 38 (34,
m), 2.98-2.91 (2H, m), 2.90-2.83 (2H, m), 2.79 (2H, t, J=6.
0Hz), 2.58-2.50 (2H, m), 2.06-1.90 (7H, m), 1.75 (1H, d,
J=12.3Hz), 1.54-1.33 (9H, m), 1.40-1.21 (2H, m). LC/MS:
522 (M+H)". HPLC (Method A) Rt=2.74 min (Purity:
99.3%).

Step 2: 3-(7-(5-(1-cyclohexyl-5-(methoxymethyl)-
1H-pyrazol-4-yl)-1,2.4-oxadiazol-3-yl)-3,4-dihy-
droisoquinolin-2(1H)-yl)propanoic acid

[0578] To a solution of tert-butyl 3-(7-(5-(1-cyclohexyl-5-
(methoxymethyl)-1H-pyrazol-4-yl)-1,2,4-0xadiazol-3-yl)-3,
4-dihydroisoquinolin-2(1H)-yl)propanoate (57 mg; 0.10
mmol), obtained from step 1, in 1,4-dioxane (1 mL) was
added hydrochloric acid (1 mL) and the mixture heated to 50°
C. for 16 hours. The solvent was removed in vacuo to give the
title compound Example 118 as an off-white solid. 'H NMR:
(CD(Cl,,400MHz) 6 8.21 (1H,s),7.99 (1H, d, I=8.1Hz), 7.93
(1H, s), 7.49 (1H, d, J=8.1Hz), 5.00 (2H, s), 4.70 (1H, s),
4.48-430 (3H, m), 3.80-3.60 (2H, m), 3.58-3.40 (2H, m),
3.34(3H,s),3.27-3.14 (2H, m), 2.94-2.86 (2H, m), 1.91-1.76
(6H, m), 1.72-1.63 (1H, m), 1.50-1.35 (2H, m), 1.29-1.19
(1H, m). LC/MS: 466 (M+H)*. HPLC (Method E) Rt=15.44
min (Purity: 93.6%).

Example 119

3-(4-((1H-imidazol-1-yl)methyl )phenyl)-5-(1-cyclo-
hexyl-5-(methoxymethyl)- 1 H-pyrazol-4-y1)-1,2,4-

oxadiazole
[0579]
N,
N N
—N K\
0 9 p N
/ Ny N/
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[0580] Sodium Hydride (20 mg; 0.525 mmol) was added to
a suspension of Intermediate 18 (126 mg; 0.50 mmol) and
Intermediate 24 (114 mg; 0.525 mmol) in THF (2 mL.) and the
mixture was stirred for 10 minutes. The mixture was heated to
140° C. in a microwave reactor for 20 hours. Water (3 mL)
was added and the product extracted into DCM (3x2 mL).
The combined organic fractions were passed through a hydro-
phobic frit and the solvent removed in vacuo. The residue was
purified by flash chromatography on a 12+M Biotage column,
eluting with petrol containing increasing amounts of 5%
methanol in ethyl acetate to give Example 119 as a white
solid. 'HNMR: (CDCl,, 400 MHz)  8.15-8.10 (3H,m), 7.59
(1H,s),7.26 (2H, d, I=6.8Hz), 7.12 (1H,s), 6.93 (1H, 5), 5.20
(2H, s), 5.11 (2H, s), 4.36-4.26 (1 H, m), 3.42 (3H, s). 2.05-
1.89 (6H, m), 1.75 (1H, d, J=12.5Hz), 1.50-1.40 (2H, m),
1.40-1.25 (1H, m). LC/MS: 419 (M+H)*. HPLC (Method A)
Rt 2.46 min (Purity: 98.7%).

Example 120

1-(4-(5-(1-cyclohexyl-5-(2-methoxyethyl)-1H-pyra-
zol-4-y1)-1,2,4-oxadiazol-3-yl)benzyl)azetidine-3-
carboxylic acid

[0581]
N,
Q\N/ A
(0]
-0 N OH
O\N/ N

Step 1: 4-(5-(1-cyclohexyl-5-(2-methoxyethyl)-1H-
pyrazol-4-yl)-1,2,4-oxadiazol-3-yl)benzaldehyde

[0582] Thetitle compound was prepared following the pro-
cedure described for Example 88 (step 2), but starting from
Example 115 (141.5 mg; 0.37 mmol). Title compound was
obtained as a white solid (125 mg; 88.8%). "HNMR: (CDCl,,
400MHz) 4 10.09 (1H,s), 8.30 (2H. d, I=6.8Hz),8.14 (1H,s),
8.05 (2H, d, J=6.8Hz), 4.33-4.25 (1H, m), 3.74-3.69 (2H, m),
3.44 (2H, 1, I=6.4Hz), 3.35 (3H, 5), 2.06-1.86 (6H, m), 1.80-
1.70 (1H, m), 1.50-1.25 (3H, m). LC/MS: 381 (M+H)*.
HPLC (Method A) Rt 4.39 min (Purity: 72.4%).

Step 2: 1-(4-(5-(1-cyclohexyl-5-(2-methoxyethyl)-
1H-pyrazol-4-y1)-1,2,4-oxadiazol-3-yl)benzyl)azeti-
dine-3-carboxylic acid

[0583] Sodium cyanoborohydride (23 mg; 0.363 mmol)
was added to a solution of 4-(5-(1-cyclohexyl-5-(2-methoxy-
ethyl)-1H-pyrazol-4-y1)-1,2,4-oxadiazol-3-yl )benzaldehyde
(125.5 mg; 0.33 mmol), obtained from step 1, and 3-azetidine
carboxylic acid (66.7 mg, 0.66 mmol) in methanol (3 mL) and
acetic acid (60 uL; 0.99 mmol) and the mixture was stirred at
room temperature overnight. The solvent was removed in
vacuo and the residue was purified by reverse-phase prepara-
tive HPLC to give Example 120 as an off white solid. 'H
NMR: (Acetone-dg, 400 MHz) 6 8.08-80.6 (3H, m), 7.52 (2H,
d,J=8.0Hz),4.51-4.41 (1H, m),3.77-3.69 (4H, m), 3.57-3.48

Mar. 22,2012

(4H, m), 3.42-3.28 (3H, m), 3.30 (3H, s), 2.03-1.88 (6H, m),
1.75 (1H, d, J-13.0Hz), 1.59-1.45 (2H, m), 1.38-1.25 (1H,
m). LC/MS: 466 (M+H)*. HPLC (Method B) Rt 2.53 min
(Purity: 99.3%).

Example 121

N-(4-(5-(1-cyclohexyl-5-(methoxymethyl)-1H-pyra-
z0l-4-y1)-1,2,4-0xadiazol-3-yl)benzyl)propan-2-

amine
[0584]
N,
N
—N
/ RN §

¥ <

Step 1: 4-(5-(1-cyclohexyl-5-(methoxymethyl)-1H-
pyrazol-4-y1)-1,2 4-oxadiazol-3-yl)benzaldehyde

[0585] The title compound was prepared following the pro-
cedure described for Example 88 (step 2), but starting from
(4-(5-(1-cyclohexyl-5-(methoxymethyl)- 1 H-pyrazol-4-yl)-
1,2,4-oxadiazol-3-yl)phenyl)methanol (320 mg; 0.87 mmol),
obtained as described in Example 133 (step 1). It was
obtained as an off white solid (285 mg; 89.4%). 'H NMR:
(CDCls;, 400 MHz) 6 10.11 (1H, s), 8.33 (2H, d, J=8.0Hz),
8.15(1H,s), 8.02 (2H, d, J=8.1Hz), 5.03 (2H, 5), 4.32 (1 H, td,
J=10.3, 4.9Hz), 3.44 (3H, s), 2.07-1.93 (6H, m), 1.76 (1H, d,
J=12.6Hz), 1.52-1.25 (3H, m). LC/MS: 367 (M+H)*. HPLC
(Method B) Rt 3.97 min (Purity: 89.4%).

Step 2: N-(4-(5-(1-cyclohexyl-5-(methoxymethyl)-
1H-pyrazol-4-yl)-1,2,4-oxadiazol-3-yl)benzyl)pro-
pan-2-amine

[0586] Sodium cyanoborohydride (18.0 mg; 0.286 mmol)
was added to a solution of 4-(5-(1-cyclohexyl-5-(methoxym-
ethyl)-1H-pyrazol-4-y1)-1,2,4-oxadiazol-3-yl)benzaldehyde
(95.3 mg; 0.26 mmol) and isopropylamine (44.3 pl; 0.52
mmol) in methanol (3 mL) and acetic acid (47 pL; 0.78 mmol)
and the mixture was stirred at room temperature overnight.
The solvent was removed in vacuo and water (3 mL) was
added and the product extracted into DCM (3x2 mL). The
combined organic fractions were passed through a hydropho-
bic frit and the solvent removed in vacuo. The residue was
purified by flash chromatography ona 12+M Biotage column,
eluting with DCM containing increasing amounts of 5%
methanol in DCM to give Example 121 as an off white solid.
"HNMR: (CDCl,, 400 MHz) 8 8.15-8.06 (3H, m), 7.48 (2 H,
d, I=7.8Hz), 5.03 (2H, s), 4.36-4.26 (1H, m), 3.89 (2H, s),
3.47 (3H, m), 3.00-2.88 (1 H, m), 2.04-1.90 (6H, m), 1.75
(1H, d, I=12.3Hz), 1.50-1.40 (2H, m), 1.40-1.25 (1H, m),



US 2012/0071460 Al

1.18 (6H, d, I=6.4 Hz). LC/MS: 410 (M+H)*. HPLC (Method
A) Rt 2.46 min (Purity: 99.0%).

Example 122
3-(4-(5-(1-cyclohexyl-5-(methoxymethyl)-1H-pyra-
z0l-4-y1)-1,2,4-oxadiazol-3-yl)benzylamino )pro-
pane-1,2-diol

[0587]

—N HO
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[0588] Sodium cyanoborohydride (18.0 mg; 0.286 mmol)
was added to a solution of 4-(5-(1-cyclohexyl-5-(methoxym-
ethyl)-1H-pyrazol-4-y1)-1,2,4-oxadiazol-3-yl )benzaldehyde
(95.3 mg; 0.26 mmol), obtained as described in Example 121
(step 1), and isopropylamine (44.3 pL; 0.52 mmol) in metha-
nol (3 mL)and aceticacid (47 uL; 0.78 mmol) and the mixture
was stirred at room temperature overnight. The solvent was
removed in vacuo and water (3 mL) added. The product was
extracted into ethyl acetate (3x2 mL) and the combined
organic fractions were passed through a hydrophobic frit and
the solvent removed in vacuo. The residue was purified by
flash chromatography on a 12+M Biotage column, eluting
with petrol containing increasing amounts of 5% methanol in
ethyl acetate. The residue was redissolved in ethyl acetate (5
ml) and washed with water (3x5 mL) to give Example 122 as
a clear gum. 'H NMR: (CDCl,, 400 MHz) & 8.13-8.11 (3H,
m), 7.49 (2H, t, J=8.0Hz), 5.02 (2H, s), 4.30 (1H, td, J=10.2,
4.9Hz), 4.01-3.95 (2H, m), 3.90-3.84 (1H, m), 3.76 (1 H, dd,
J=11.5, 3.5Hz), 3.62 (1H, dd, J=11.5, 4.5Hz), 3.42 (3H, s),
2.95(2H, dd, J=12.3,3.8Hz), 2.08-1.93 (6H, m), 1.76 (1H. d,
J=12.7Hz), 1.52-1.40 (2H, m), 138-1.25 (1H, m). LC/MS:
442 (M+H)". HPLC (Method C) Rt 12.10 min (Purity:
95.8%).

Example 123

4-(5-(1-cyclohexyl-5-(methoxymethyl)- 1H-pyrazol-
4-y1)-1.2,4-oxadiazol-3-yl)phenol

[0589]

OH
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[0590] 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride (107 mg; 056 mmol) was added to a solution of
Intermediate 31 (95 mg; 0.40 mmol) in MeCN (1.5 mL),
followed by N',4-dihydroxy benzenecarboximidamide (Fluo-
rochem, 61 mg; 0.40 mmol). The mixture was stirred at room
temperature for 18 hours. Pyridine (1.5 mL) was added and
the mixture was heated to 150° C. in a microwave reactor for
1 hour. The solvent was removed in vacuo, water (5 mL)
added and the product extracted into DCM (3x5 mL). The
combined organic fractions were passed through a hydropho-
bic frit and the solvent removed in vacuo. The residue was
purified by flash chromatography ona 12+M Biotage column,
eluting with petrol containing increasing amounts of ethyl
acetate to give Example 123 as a purple gum. 'H NMR:
(CD(l,,400MHz) 6 8.15(1H, 5),8.03 (2H, d, I=8.5Hz), 6.94
(2H, d, J=8.5Hz), 6.33 (1H, s), 5.03 (2H, s), 4.37-4.26 (1H,
m), 3.43 (3H, s), 2.10-1.88 (6H, m), 1.80-1.70 (1 H, m),
1.51-1.40 (2H, m), 1.39-1.25 (1H, m). LC/MS: 355 (M+H)*.
HPLC (Method A) Rt 3.90 min (Purity: 97.9%).

Example 124
5-(5-(1-cyclohexyl-5-(methoxymethyl)-1H-pyrazol-
4-y1)-1,2 4-oxadiazol-3-yl)pyridin-2-amine
[0591]

NI,

[0592] The title compound was prepared following the pro-
cedure described for Example 118 (step 1), but starting from
Intermediate 34 (64 mg; 0.46 mmol) to give Example 124 as
a white solid. "H NMR: (CDCl,, 400 MHz) & 8.84 (1M, d,
J=2.3Hz), 8.15-8.11 (2H, m), 6.58 (1H, d, J=8.6Hz), 5.01
(2H, s), 4.80 (2H, s), 4.36-4.26 (1H, m), 3.42 (3H, s), 2.04-
1.89 (5H, m), 1.75 (1H, d, J=129Hz), 1.52-1.25 (4H, m).
LC/MS: 355 (M+H)". HPLC (10 cm_ESCI_formic) Rt=2.95
min (Purity: 97.5%).

Example 125
1-(4-(5-(1-cyclohexyl-5-(tetrahydrofuran-2-yl)-1H-
pyrazol-4-y1)-1,2,4-oxadiazol-3-yl)benzyl)piperi-
dine-4-carboxylic acid

[0593]

OH
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Step 1: (4-(5-(1-cyclohexyl-5-(tetrahydrofuran-2-y1)-
1H-pyrazol-4-y1)-1,2,4-oxadiazol-3-yl)phenyl)
methanol

[0594] Sodium hydride (24.8 mg; 0.62 mmol) was added to
a suspension of Intermediate 26 (181.3 mg; 0.62 mmol) and
Intermediate 8 (108 mg; 0.651 mmol) in THF (2 mL) and the
mixture was stirred for 10 minutes. The reaction was then
heated to 140° C. in a microwave reactor for 10 hours. Water
(3 mL) was added and the product extracted into DCM (3x2
mL). The combined organic fractions were passed through a
hydrophobic frit and the solvent removed in vacuo. The resi-
due was purified by flash chromatography on a 12+M Biotage
column, eluting with petrol containing increasing amounts of
ethyl acetate. The target compound was obtained as a white
solid. 'H NMR: (CDCl,, 400 MHz) 8 8.11 (3H, d, I=7.6Hz),
7.49 (2H, d, I=8.0Hz), 5.81 (1H, dd, J=9.7. 6.8Hz), 4.78 (2H,
d,J=5.5Hz), 4.49-4.40 (1H, m), 4.24-4.15 (1H, m), 4.01 (1H,
td, J=8.1, 6.0Hz), 2.57-2.47 (1H, m), 2.28-2.18 (2H, m),
1.10-1.91 (7H, m), 1.85-1.80 (1H, m), 1.79-1.70 (1H, m),
1.45-1.22 (3H, m). LC/MS: 395 (M+H)*. HPLC (Method B)
Rt 3.64 min (Purity: 95.3%).

Step 2: 4-(5-(1-cyclohexyl-5-(tetrahydrofuran-2-yl)-
1H-pyrazol-4-y1)-1,2,4-0xadiazol-3-yl)benzaldehyde

[0595] The title compound was prepared following the pro-
cedure described for Example 88 (step 2), but starting from
(4-(5-(1-cyclohexyl-5-(tetrahydrofuran-2-y1)-1H-pyrazol-4-
y1)-1,2,4-o0xadiazol-3-yl)phenyl)methanol (130.2 mg; 0.33
mmol), obtained from step 1. The title compound was
obtained as a pale vellow oil (100 mg; 77.2%). 'H NMR:
(CDCl,, 400 MHz) 6 10.11 (1H, s), 8.30 (2H, d, J=8.1Hz),
8.12 (1H, s), 8.03 (2H, d, J=8.1Hz), 5.81 (1H, dd, J]=9.7,
6.8Hz), 4.49-4.40 (1H, m), 4.21 (1H, q, J=7.6Hz), 4.02 (1H,
td, J=8.0, 6.1 Hz), 2.57-2.48 (1H, m), 2.28-2.18 (2H, m),
2.15-1.90 (7H, m), 1.75 (1H, d, J=11.1Hz), 1.45-1.23 (3H,
m). LC/MS: 393 (M+H)*. HPLC (Method E) Rt 23.85 min
(Purity: 91.7%).

Step 3: 1-(4-(5-(1-cyclohexyl-5-(tetrahydrofuran-2-
yl)-1H-pyrazol-4-yl}-1,2 4-oxadiazol-3-yl)benzyl)
piperidine-4-carboxylic acid

[0596] Sodium cyanoborohydride (17.3 mg; 0.275 mmol)
was added to a solution of 4-(5-(1-cyclohexyl-5-(tetrahydro-
furan-2-yl)-1H-pyrazol-4-y1)-1,2,4-oxadiazol-3-yl)benzal-
dehyde (99 mg; 0.25 mmol), obtained from step 2, and
isonipecotic acid (64.6 mg; 0.50 mmol) in methanol (3 mL)
and acetic acid (45 pL; 0.75 mmol) and the mixture was
stirred at room temperature overnight. The solvent was
removed in vacuo and the crude material purified by reverse
phase preparative HPL.C to give Example 125 as a white solid.
"HNMR: (DMSO-d,, 400 MHz) 3 8.20 (1L, s), 8.04 (2H, d,
J=8.0Hz),7.54 (2H, d, J=8.0Hz), 5.72 (1H, dd, J=9.5, 6.9Hz),
4.47 (1H, d. J=8.2Hz), 4.16 (1H, q, ]=7.5Hz), 3.97 (1H, q,
J=15Hz), 3.57 (2H, s), 2.79 (2H, d. J=10.9Hz), 2.55-2.50
(1H,m), 2.26-2.13 (3H, m), 2.11-1.78 (11 H,m), 1.72 (1H. d,
J=12.5Hz), 1.65-1.52 (2H, m), 1.50-1.35 (2H, m), 1.35 (1H,
m). LC/MS: 506 (M+H)*. HPLC (Method B) Rt 2.77 min
(Purity: 99.2%).
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Example 126

3-(5-(1-cyclohexyl-5-(methoxymethyl)-1H-pyrazol-
4-yl)-1,2.4-oxadiazol-3-yl)phenol

[0597]
N
NN
O
/ —N OH

N

\N
[0598] 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide

hydrochloride (107 mg; 056 mmol) was added to a solution of
Intermediate 31 (95 mg; 0.40 mmol) in MeCN (1.5 mL),
followed by Intermediate 32 (61 mg; 0.40 mmol). The mix-
ture was stirred at room temperature for 18 hours. Pyridine
(1.5 mL) was added and the mixture was heated to 150° C. in
a microwave reactor for 1.5 hours. The solvent was removed
in vacuo, water (5 mL) added and the product extracted into
DCM (3%5 mL). the combined organic fractions were passed
through a hydrophobic frit and the solvent removed in vacuo.
The residue was purified by flash chromatography ona 12+M
Biotage column, eluting with petrol containing increasing
amounts of ethyl acetate to give Example 126 as a white solid.
'"H NMR: (CDCl,, 400 MHz) § 8.14 (1H, s), 7.73 (1H, dt,
J=1.7,1.2Hz), 7.61 (1H, dd, J=2.6, 1.5Hz), 7.38 (1H, 1, I=7.
9Hz), 7.00 (1H, ddd, J=8.1, 2.7, 1.0Hz), 5.10 (1H, s), 5.03
(2H, s), 4.35-4.28 (1H, m), 3.42 (3H, s), 2.05-1.90 (6H, m),
1.76 (1H, d, J=12.6Hz), 1.51-1.25 (3H, m). LC/MS: 355
(M+H)*. HPLC (Method A) Rt 3.92 min (Purity: 99.8%).

Example 127
2-(4-(5-(1-cyclohexyl-5-(methoxymethyl)-1H-pyra-
zol-4-y1)-1,2,4-oxadiazol-3-yl)phenyl)-N,N-dimeth-

ylethanamine
[0599]
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N
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Step 1: 4-(5-(1-cyclohexyl-5-(methoxymethyl)-1H-
pyrazol-4-y1)-1,2,4-oxadiazol-3-yl)phenethyl meth-
anesulfonate
[0600] To asolution of Example 109 (0.45 g; 1.18 mmol) in
DCM (10 mL) was added, at 0° C., diisopropylethylamine
(0.30 g; 2.36 mmol) and mesyl chloride (0.14 g; 1.29 mmol)
and the mixture stirred for 10 minutes. The mixture was then
stirred at RT for 2 hours and diluted with DCM (20 mL).
Saturated sodium bicarbonate solution (20 ml) was added
and the product was extracted into DCM (3x5 mL). The
combined organic fractions were passed through a hydropho-
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bic frit and the solvent removed in vacuo. The residue was
purified by flash chromatography on an Isolute Flash Si II 20
g column, eluting with petrol containing increasing amounts
of EtOAc to give 4-(5-(1-cyclohexyl-5-(methoxymethyl)-
1H-pyrazol-4-y1)-1,2 4-oxadiazol-3-yl)phenethyl methane-
sulfonate (0.42 g; 79%) as a colourless oil. "H NMR: (CDCI,,
400 MHz) 6 8.15-8.06 (3H, m), 7.41-7.33 (2H, m), 5.03 (2H,
s), 4.51-4.41 (2H, m), 4.35-4.26 (1H, m), 3.43 (3H, s), 3.16-
3.09 (2H, m),2.92-2.85(3H, m), 2.05-1.90 (6H, m), 1.76 (1H,
d, J=12.7Hz), 1.50-1.25 (3H, m).

Step 2: 2-(4-(5-(1-cyclohexyl-5-(methoxymethyl)-
1H-pyrazol-4-y1)-1,2 4-oxadiazol-3-yl)phenyl)-N,N-
dimethylethanamine

[0601] To a solution of 4-(5-(1-cyclohexyl-5-(methoxym-
ethyl)-1H-pyrazol-4-y1)-1,2,4-oxadiazol-3-yl)phenethyl
methanesulfonate, obtained from step 1, (0.14 g; 0.31 mmol)
in 1,4-dioxane (2 mL) was added potassium carbonate (94
mg; 0.68 mmol) and dimethylamine hydrochloride (50 mg;
0.62 mmol) and the mixture heated to 60° C. for 16 hours.
DCM (10 mL) and water (10 mL) were added to the mixture
and the aqueous layer was extracted with DCM (3x20 mL).
The combined organic fractions were dried (MgSO,), filtered
and the solvent removed in vacuo. The crude residue was
purified by reverse phase preparative HPLC to give Example
127 as a white solid. 'H NMR: (CDCl,, 400 MHz) 6 8.28-8.
20 (1H, m), 8.02 (2H, d, I=7.9 Hz), 7.48 (2H, d, J=7.9Hz),
5.04 (24, s), 4.41 (1H,t, J=10.1Hz), 3.38 (3H, 5), 2.85 (2 H,
t, J=7.6Hz), 2.58 (2H, t, J=7.6Hz), 2.25 (6H, s), 1.97-1.83
(6H, m), 1.77-1.66 (1H, m), 1.55-1.39 (2H, m), 1.34-1.20
(1H, m). LC/MS: 410 (M+H)™. HPLC (Method C) Rt=12.68
min (Purity: 97.2%).

Example 128

N-(4-(5-(1-cyclohexyl-5-(methoxymethyl)-1H-pyra-
z0l-4-y1)-1,2,4-0xadiazol-3-yl)phenethyl )propan-2-
amine formate

[0602]
N,
NN
—N )\
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[0603] Thetitle compound was prepared following the pro-

cedure described for Example 127 (step 2), but starting from
isopropylamine (36 mg; 0.62 mmol) to give Example 128 as
awhite solid. 'HNMR: (DMSO-d,, 400 MHz) $ 8.38 (1H, s),
8.25 (1H, s), 8.04 (2H, d, J=8.0Hz), 7.50 (2H, d, J=8.0Hz),
5.05 (2H, s), 4.47-4.37 (1H, m), 3.38 (3H, 5), 3.03-2.89 (SH,
m), 1.96-1.83 (6H, m), 1.73 (1H, d, J=12.7Hz), 1.54-1.40
(2H, m), 1.28 (1H, 1, J=12.4Hz), 1.11 (6H, d, J=6.3Hz).
LC/MS: 424 (M+H)*. HPLC (Method A) Rt=2.53 min (Pu-
rity: 99.0%).
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Example 129

Methyl 1-(4-(5-(1-cyclohexyl-5-(methoxymethyl)-
1H-pyrazol-4-yl)-1,2,4-oxadiazol-3-yl)phenethyl)
piperidine-4-carboxylate

[0604]

[0605] The title compound was prepared following the pro-
cedure described for Example 127 (step 2), but starting from
methyl piperidine-4-carboxylate hydrochloride (0.11 g; 0.62
mmol) to give Example 129 as a white solid. 'H NMR:
(DMSO0-d,, 400 MHz) 6 8.24 (1H, 5), 8.01 (2H, d, I=8.0Hz),
7.47 (2H, d, J=8.0Hz), 5.04 (2H, s), 4.46-4.37 (1H, m), 3.64
(3H, s), 3.38 (3H, 5), 2.93-2.80 (4H, m), 2.65-2.51 (3H, m),
2.42-2.28 (1H, m), 2.17-1.98 (2H, m), 1.99-1.81 (7H, m),
1.78-1.67 (1H, m), 1.67-1.39 (4H, m), 1.34-1.19 (1H, m).
LC/MS: 507 (M+H)". HPLC (Method C) Rt=13.10 min (Pu-
rity: 89.7%).

Example 130

1-(4-(5-(1-cyclohexyl-5-(methoxymethyl)-1H-pyra-
701-4-y1)-1,2,4-0xadiazol-3-yl)phenethyl)piperidine-
4-carboxylic acid

[0606]

[0607] To asolution of Example 129 (40 mg; 0.078 mmol)
in MeOH (1 mL) was added lithium hydroxide (6 mg; 0.15
mmol) and water (0.3 mL) and the mixture heated to 50° C.
for 16 hours. The solvent was removed in vacuo, the residue
dissolved in water (1 mL) and the mixture acidified to pH 5
with HCL. The precipitated solid was collected by filtration to
give Example 130 as a white solid. ‘H NMR: (DMSO-d,;, 400
MHz) 8 8.08 (1H, s), 8.00-7.98 (2H, m), 7.47-7.45 (2H, m),
4.98 (2H, 5), 4.41-439 (1H, m), 3.39 (3H, 5), 3.29-2.47 (9H,
m), 2.08-1.80 (8H, m), 1.79-1.70 (1H, m), 1.52-1.39 (4H, m),
1.37-1.25 (1H, m). LC/MS: 494 (M+H)*. HPLC (Method A)
Rt=2.48 min (Purity: 93.6%).
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Example 131

5-(1-cyclohexyl-5-(methoxymethyl)-1H-pyrazol-4-
y1)-3-(4-(pyrrolidin-3-yloxy)phenyl)-1,2,4-oxadiaz-
ole

[0608]

Step 1: tert-butyl
3-(methylsulfonyloxy)pyrrolidine- 1-carboxylate

[0609] To a solution of tert-butyl 3-hydroxypyrrolidine-1-
carboxylate (Aldrich; 7.42 g, 39.6 mmol), in DCM (20 mL)
was added, at 0° C., triethylamine (8.44 mL; 48.5 mmol) and
then mesylchloride (3.13 mL; 40 mmol). The mixture was
stirred for 18 hours at RT and then water was added and the
product was extracted with DCM (3x20 mL). The combined
organic fractions were dried (MgSO,), filtered and the sol-
vent removed in vacuo to give tert-butyl 3-(methylsulfony-
loxy)pyrrolidine-1-carboxylate (8.26 g; 77%) as a brown oil.
'HNMR: (CDCI3, 400 MHz) § 5.27-5.20 (1H, m), 3.70-3.49
(4H, m), 3.04 (3H, s), 2.90-2.05 (2H, m), 1.46 (9H, s).

Step 2: tert-butyl 3-(4-(5-(1-cyclohexyl-5-(meth-
oxymethy!)-1H-pyrazol-4-y1)-1,2,4-oxadiazol-3-yl)
phenoxy)pyrrolidine-1-carboxylate

[0610] To a solution of tert-butyl 3-(methylsulfonyloxy)
pyrrolidine-1-carboxylate, obtained from step 1, (0.15 g; 0.56
mmol), in DMF (2 mL) was added Example 123 (0.10 g; 0.28
mmol) and potassium carbonate (42 mg; 0.31 mmol) and the
mixture stirred at 60° C. for 16 hours. The mixture was diluted
with water (10 mL), the product extracted with EtOAc (3x10
mL) and the combined organic fractions dried (MgSO,). fil-
tered and the solvent was removed in vacuo. The residue was
purified by flash chromatography on an Isolute Flash Si I 20
g column, eluting with petrol containing increasing amounts
of EtOAc to give tert-butyl 3-(4-(5-(1-cyclohexyl-5-(meth-
oxymethyl)-1H-pyrazol-4-yl)-1,2,4-oxadiazol-3-yl)phe-
noxy)pyrrolidine-1-carboxylate as a colourless oil. 'H NMR:
(CDCI3,400 MHz) 3 8.13 (1H, s), 8.08 (2H, d, J=8.2Hz), 6.97
(2H, d, J=8.6Hz), 5.03 (2H, 5), 4.97 (1H, s), 4.35-4.27 (1H,
m), 3.72-3.47 (4 H, m), 3.42 (3H, s), 2.30-2.07 (2H, m),
2.08-1.89 (SH, m), 1.80-1.70 (1H, m), 1.47 (9H, 5), 1.44-1.25
(4H, m). LC/MS: 524 (M+H)*. HPLC (Method C) Rt=23.0
min (Purity: 98.2%).

Step 3: 5-(1-cyclohexyl-5-(methoxymethyl)-1H-
pyrazol-4-y1)-3-(4-(pyrrolidin-3-yloxy)phenyl)-1,2,
4-oxadiazole

[0611] To a solution of tert-butyl 3-(4-(5-(1-cyclohexyl-5-
(methoxymethyl)-1H-pyrazol-4-y1)-1,2,4-oxadiazol-3-y1)
phenoxy)pyrrolidine-1-carboxylate, obtained from step 2,
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(92 mg; 0.17 mmol) in DCM (3 mL) was added TFA (1 mL)
and the mixture stirred for 16 hours. The mixture was poured
into a saturated NaHCO; solution (50 mL) and the product
was extracted with DCM (3x20 mL). The combined organic
fractions were dried (MgSO,), filtered and the solvent
removed in vacuo to give Example 131 as a yellow oil. 'H
NMR: (CDCl,, 400 MHz) 6 8.12 (1 H, s), 8.06 (2H, d,
J=8.4Hz), 6.96 (2H. d, ]=8.4Hz), 5.02 (2H, s), 4.95 (1H, s),
4.33-4.26 (1H, m),3.41 (3H, 5),3.41-3.00 (4H, m), 2.21-1.91
(8H, m), 1.85-1.65 (1H, m), 1.49-1.21 (4H, m). LC/MS: 424
(M+H)". HPLC (Method A) Rt=2.43 min (Purity: 98.7%).

Example 132
1-(4-(5-(1 -cyclohexyl-5-(tetrahydro-2H-pyran-4-y1)-

1H-pyrazol-4-yl)-1,2,4-oxadiazol-3-y1)benzyl )piperi-
dine-4-carboxylic acid

[0612]

OH

[0613] Sodium cyanoborohydride (23 mg; 0.363 mmol)
was added to a solution of 4-(5-(1-cyclohexyl-5-(2-methoxy-
ethyl)-1H-pyrazol-4-y1)-1,2 4-oxadiazol-3-yl)benzaldehyde
(125.5 mg; 0.33 mmol), obtained as described in Example
120 (step 1), and 3-azetidine carboxylic acid (66.7 mg; 0.66
mmol) in methanol (3 mL) and acetic acid (60 uL; 0.99 mmol)
and the mixture was stirred at room temperature overnight.
The solvent was removed in vacuo and the residue purified by
reverse-phase preparative HPLC to give Example 132 as a
white solid. 'H NMR: (DMSO-d,, 400 MHz) 8 8.18 (1H, s),
8.05(2H, d, I=8.0Hz), 7.55 (2H. d, I=8.0Hz), 4.55-4.48 (1H,
m),4.04 (2H, dd, J=11.3,4.1Hz),3.74 (1H, 1,J=12.6Hz), 3.57
(4H,t,J=11.7Hz),2.80 (2H, d, J=11.0Hz), 2.51-2.89 (2H, m),
2.27-2.18 (1H, m),2.06 (2H, t,1=11.2Hz), 1.91-1.80 (8H, m),
1.75 (14, d, J=11.5Hz), 1.66-1.50 (6H, m), 1.31-1.20 (1H,
m). LC/MS: 520 (M+H)*. HPLC (Method A) Rt 2.42 min
(Purity: 98.1%).

Example 133
4-(4-(5-(1-cyclohexyl-5-(methoxymethyl)-1H-pyra-
zol-4-y1)-1,2,4-oxadiazol-3-yl)benzyloxy)butanoic

acid
[0614]
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Step 1: (4-(5-(1-cyclohexyl-5-(methoxymethyl)-1H-
pyrazol-4-yl)-1,2,4-oxadiazol-3-yl)phenyl)methanol

[0615] Thetitle compound was prepared following the pro-
cedure described for Example 125 (step 1), but starting from
Intermediate 18 (757 mg; 3.0 mmol) and Intermediate 8
(523.5 mg; 3.15 mmol). The title compound was obtained as
ared oil. "H NMR: (CDCl,, 400 MHz) § 8.16-8.11 (3H, m),
7.50 (2H, d, J=8.1Hz), 5.03 (2H, s), 4.79 (2H, d, J=6.0Hz),
4.35-4.28 (1H,m), 3.42 (3H, 5), 2.09-1.90 (6H, m), 1.82-1.73
(2H, m), 1.52-1.25 (3H, m). LC/MS: 369 (M+H)". HPLC
(Method B) Rt 3.47 min (Purity: 88.0%).

Step 2: tert-butyl 4-(4-(5-(1-cyclohexyl-5-(meth-
oxymethyl)-1H-pyrazol-4-y1)-1,2,4-oxadiazol-3-yl)
benzyloxy)butanoate

[0616] To asolution of (4-(5-(1-cyclohexyl-5-(methoxym-
ethyl)-1H-pyrazol-4-yl)-1,2,4-oxadiazol-3-yl )phenyl)
methanol (85 mg; 0.23 mmol), obtained from step 1, and
tetrabutylammonium hydrogen sulfate (8 mg;: 0.023 mmol) in
toluene (0.6 mL) was added a solution of sodium hydroxide
(368 mg; 9.2 mmol) in water (0.6 mL) followed by tert-butyl
4-bromobutanoate (58 mg; 0.26 mmol). The mixture was
heated to 70° C. for 18 hours. An additional portion of tert-
butyl 4-bromobutanoate (116 mg; 0.52 mmol) was added and
the mixture was heated to 70° C. for 5 hours. A third portion
of tert-butyl 4-bromobutanoate (116 mg; 0.52 mmol) was
added and the mixture was heated to 70° C. for 18 hours.
DCM (5 mL) was added and the mixture passed through a
hydrophobic frit and the solvent removed in vacuo. The resi-
due was purified on a Biotage 25+M column, eluting with
petrol containing increasing amounts of EtOAc to give tert-
butyl  4-(4-(5-(1-cyclohexyl-5-(methoxymethyl)-1H-pyra-
z0l-4-y1)-1,2,4-0xadiazol-3-yl)benzyloxy)butanoate as a
colourless oil. 'H NMR (CDCl,, 400 MHz) & 8.14 (1 H, s),
8.12 (2H, d, J=8.0Hz), 7.46 (2H, d, I=8.0Hz), 5.03 (2H, s),
4.57 (2H, 5), 4.36-4.30 (1H, m), 3.53 (2H, t, J=6.3Hz), 3.43
(3H, s), 2.36 (2H, t, I=7.4Hz), 2.03-1.89 (8H, m), 1.78-1.73
(1H, m), 1.44 (9H, s), 1.46-1.26 (3H, m). LC/MS: 511
(M+H)*". HPLC (Method H) Rt=4.96 min (Purity: 97.7%).

Step 3: 4-(4-(5-(1-cyclohexyl-5-(methoxymethyl)-
1H-pyrazol-4-yl)-1,2 4-oxadiazol-3-yl)benzyloxy)
butanoic acid

[0617] A solution of tert-butyl 4-(4-(5-(1-cyclohexyl-5-
(methoxymethyl)-1H-pyrazol-4-y1)-1,2,4-oxadiazol-3-v1)
benzyloxy )butanoate (41 mg; 0.08 mmol), obtained from step
1, in 4M HCI in dioxane (1 mL) was heated to 70° C. for 2
hours. The solvent was removed in vacuo to give Example
133 as a colourless oil. 'H NMR (CDCl,, 400 MHz) 3 8.14
(1H, s), 8.12 (2H, d, J=8.0Hz), 7.46 (2H, d, J=8.0Hz), 5.03
(2H,s),4.58 (2H, s),4.36-4.28 (1H, m), 3.58 (2H, t, J=6.0Hz),
3.43 (3H, s), 2.52 (2H, t, J=7.2Hz), 2.07-1.91 (8H, m), 1.79-
170 (14, m), 1.50-1.27 (3H, m). LC/MS: 455 (M+H)*.
HPLC (Method H) Rt=4.47 min (Purity: 96.9%).
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Example 134

4-(4-(5-(1-cyclohexyl-5-(methoxymethyl)-1H-pyra-
zol-4-y1)-1,2.4-oxadiazol-3-y1)Phenoxy)butanoic

acid
[0618]
N
Q\N/ X
/O =X ol
0 #
SN /\/\(

Step 1: tert-butyl 4-(4-(5-(1-cyclohexyl-5-(meth-
oxymethyl)-1H-pyrazol-4-y1)-1,2,4-oxadiazol-3-yl)
phenoxy )butanoate

[0619] To a solution of Example 123 (124 mg; 0.35 mmol)
and tetrabutylammonium hydrogen sulfate (12 mg; 0.035
mmol) in toluene (0.9 mL) was added a solution of sodium
hydroxide (560 mg; 14.0 mmol) in water (0.9 mL) followed
by tert-butyl 4-bromobutanoate (89 mg; 0.40 mmol). The
mixture was heated to 70° C. for 18 hours. MeCN (1 mL) and
an additional portion of tert-butyl 4-bromobutanoate (178
mg; 0.80 mmol) was added and the mixture was heated to 70°
C. for 5 hours. A third portion of tert-butyl 4-bromobutanoate
(178 mg; 0.80 mmol) was added and the mixture was heated
to 70° C. for 18 hours. DCM (10 mL) was added and the
mixture passed through a hydrophobic frit and the solvent
removed in vacuo. The residue was purified on a Biotage
12+M column, eluting with petrol containing increasing
amounts of EtOAc to give tert-butyl 4-(4-(5-(1-cyclohexyl-
5-(methoxymethyl)-1H-pyrazol-4-y1)-1,2,4-oxadiazol-3-y1)
phenoxy)butanoate as a white solid (139 mg, 80%). ‘H NMR
(CDCl,, 400MHz) 9 8.12 (1H;s),8.06 (2H, d, ]=8.7Hz), 6.99
(2H, d, J=8.7Hz), 5.03 (2H, s), 4.36-4.23 (1H, m), 4.07 (2H,
t, J=6.2Hz), 3.42 (3H, s), 2.45 (2H, 1, I=7.3Hz), 2.15-2.04
(2H, m), 2.11-1.90 (6H, m), 1.81-1.68 (1H, m), 1.46 (9H, s),
1.47-1.26 (3H, m). LC/MS: 497 (M+H)*. HPLC (Method I)
Rt=25.85 min (Purity: 97.6%).

Step 2: 4-(4-(5-(1-cyclohexyl-5-(methoxymethyl)-
1H-pyrazol-4-yl)-1,2,4-oxadiazol-3-yl)phenoxy)
butaneic acid

[0620] A solution of tert-butyl 4-(4-(5-(1-cyclohexyl-5-
(methoxymethyl)-1H-pyrazol-4-yl)-1,2,4-0xadiazol-3-yl)
phenoxy )butanoate (130 mg; 0.26 mmol), obtained from step
1, in 4M HCl in dioxane (4 mL) was heated to 70° C. for 8
hours. The solvent was removed in vacuo and the residue
triturated with petrol to give Example 134 as a white solid. 'H
NMR (CDCl;, 400 MHz) 3 8.13 (1H, s), 8.07 (2H, d, J=8.
7Hz), 6.99 (2H. d, I=8.7Hz), 5.03 (2H, 5), 4.33-4.28 (1 H, m),
4.11 (2H, t, J=6.0Hz), 3.42 (3H, s), 2.63 (2H, t, I=7.2Hz),
2.21-2.12 (2H, m), 2.07-1.89 (6H, m), 1.79-1.70 (1H, m),
1.49-1.26 (3H, m). LC/MS: 439 (M+H)*. HPLC (Method H)
Rt=4.45 min (Purity: 97.2%).
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Example 135
{3-[5-(1-Cyclohexyl-5-methoxymethyl-1H-pyrazol-
4-y1)-[1,2,4]oxadiazol-3-yl]-benzyloxy }-acetic acid

[0621]

[0622] Thetitle compound was prepared following the pro-
cedure described for Example 133, replacing tert-butyl 4-bro-
mobutanoate with tert-butyl 2-bromoacetate. It was isolated
as a colorless oil. LC/MS: 427 (M+H)*. 425 (M-H)~. HPLC
(Method H) Rt=4.52 min (Purity: 98.1%).

Example 136
4-{2-Cyclohexyl-4-[3-(4-imidazol-1-ylmethyl-phe-
nyl)-[1,2,4]oxadiazol-5-yl]-2H-pyrazol-3-yl } -pyri-

dine
[0623]

(\\//N

N

[0624] Thetitle compound was prepared following the pro-
cedure described for Example 119, replacing Intermediate 18
with Intermediate 7. It was isolated as an off-white solid.
LC/MS: 452 (M+H)*. HPLC (Method A) Rt=3.37 min (Pu-
rity: 99.4%).
Example 137
4-{2-Cyclohexyl-4-[3-(4-pyrazol-1-ylmethyl-phe-
nyl)-[1,2,4]oxadiazol-5-y1]-2H-pyrazol-3-yl } -pyri-
dine
[0625]

Mar. 22,2012

[0626] The title compound was prepared following the pro-
cedure described for Example 114, replacing Intermediate 18
with Intermediate 7. It was isolated as an off-white solid.
LC/MS: 452 (M+H)*. HPLC (Method A) Rt=3.66 min (Pu-
rity: 98.2%).

Example 156
In Vitro Assays

[0627] Receptor binding assay: Membranes were prepared
from CHO cells expressing S1P1 or S1P3 for use in ligand
and 355-GTPyS binding studies. Cells were suspended in 50
mM TRIS, pH 7.4, 2 mM EDTA, 250 mM Sucrose (buffer A)
and 1x Complete protease inhibitor cocktail (Roche), and
disrupted at 4° C. by N2 decompression using a cell disrup-
tion bomb (Parr Instrument). Following centrifugation at
1000 RPM for 10 min at 4° C., the supernatant was suspended
in buffer A and centrifuged again at 19000 RPM for 60 min at
4° C. The pellet was then suspended in 10 mM HEPES, pH
7.4,1 mM EDTA, 250 mM Sucrose (Buffer B), and 1x Com-
plete EDTA-free protease inhibitor cocktail and homog-
enized using a potter. Membranes were flash frozen in liquid
N2 and stored at -80° C. [33P]sphingosine 1-phosphate
(3000 Ci/mmol; American Radiolabeled Chemicals, Inc.)
was added to test compounds in DMSO. Membranes and
WGA SPA beads (GE Healthcare) were added to give a final
volume of 100 pl in 96-well plates with assay concentrations
of 25 pM or 10 pM [33P]sphingosine 1-phosphate (respec-
tively for S1P1 or S1P3), 50 mM HEPES, pH 7.5, 5 mM
MgCl12, 100 mM NaCl, 0.4% fatty acid-free BSA, 1-5 ng/well
of proteins and 100 pg/well of WG A SPA beads. Binding was
performed for 60 min at RT on a shaker and bound radioac-
tivity was measured on a PerkinElmer 1450 MicroBeta
counter. Specific binding was calculated by subtracting
remaining radioactivity in the presence of 1000-fold excess of
unlabeled SIP. Binding data were analyzed using the Graph-
Pad Prism program.

[0628] Measurements of 35S-GTPyS Binding: Membranes
(1 to 10 pg protein) prepared as described above, were incu-
bated in 96-well Scintiplates (PerkinElmer) with test com-
pounds diluted in DMSO, in 180 ul of 20 mM HEPES, pH 7 4,
10 mM MgCl2, 2 pg/well Saponin, 0.2% fatty acid free BSA
(Assay buffer), 140 mM NaCl and 1.7 uM GDP. The assay
was initiated with the addition of 20 pl of 1.5 nM [35S]-
GTPyS (1100 Ci/mmol; GE Healthcare) in assay buffer. After
60 min incubation at 30° C. on a shaker, plates were centri-
fuged for 10 min at 2000 RPM. Supernatant was discarded
and membrane bound radioactivity was measured on a Perki-
nElmer 1450 MicroBeta counter. Triplicate samples were
averaged and expressed as % response relative to S1P activa-
tion in absence of compound (n=2).

[0629] The compounds of formula I have utility as immu-
noregulatory agents as demonstrated by their activity as
potent and selective agonists of the S1P1 receptor over the
S1P3 receptor as measured in the assays described above. In
particular, the compounds of formula I exhibit a selectivity
for the S1P1 receptor over the S1P3 receptor as measured by
the ratio of EC50 for the S1P1 receptor to the EC50 for the
S1P3 receptor as evaluated in the 355-GTPyS binding assay
described above.
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[0630] The following results have been obtained:
S1P1 S1P3
Example Binding GTPyS GTPys
Nb Formula Ki (uM) EC50 (uM) EC50 (uM)
1 0.272 0.304 >20
F
2 F — 0.024 —
F
3 0.008 0.077 —
N
NN
—N
0L #
N
N
F
— 0.284 —




US 2012/0071460 Al Mar. 22,2012

-continued
S1P1 S1P3
Example Binding GTPyS GTPys
Nb Formula Xi (uM) EC50 (uM) EC50 (uM)
5 0.013 0.255 —
E
F
6 0.013 0.235 —
F
F
7 — 0.288 —
N
7
\
T
—N
o)
. #
N
F
8 0.003 0.003 —
F
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-continued
S1P1 SIP3

Example Binding GTPyS GTPys

Nb Formula Ki (uM) EC50 (uM) EC50 (uM)

9 F 0.005 0.028 >20

10 — 0.172 —

11 0.009 0.006 0.142

12 0.007 0.036 —

13 0.023 0.096 —
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Example

S1P1 S1P3

Binding GTPyS GTPys
Ki (M) EC50 (M) ECS0 (M)

14

15

16 |

17

18

— 0.201 —

— 0.192 —

— 0.901 —

— 0.648 —
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-continued
S1P1 SIP3
Example Binding GTPyS GTPys
Nb Formula Ki (uM) EC50 (uM) EC50 (uM)
19 0.009 0.018 —
20 — 0.172 —
21 — 0.081 —
22 — 0.37 —
23 0.005 0.004 —




US 2012/0071460 Al Mar. 22,2012

-continued
S1P1 SIP3
Example Binding GTPyS GTPys

Nb Formula Ki (uM) EC50 (uM) EC50 (uM)
24 — 0.292 —
25 — 0.148 —
26 — 0.029 —
27 — 0.027 —
28 — 0.016 2.66
29 — 0.024 —
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-continued
S1P1 S1P3
Example Binding GTPyS GTPys

Nb Formula Xi (uM) EC50 (uM) EC50 (uM)
30 — 0.02 —
31 — 0.012 >20
32 — 0.18 —
33 — 0.216 —
34 — 0.006 1.61
35 — 0.931 —
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-continued
S1P1 S1P3
Example Binding GTPyS GTPys
Nb Formula Ki (uM) EC50 (uM) EC50 (uM)
36 H — 0.114 —
V@N
37 F F — 0.009 >20
F
N
38 \I\\T 0.068 0.003 0474
NH
39 — 0.016 —
Y@
H
40

==N — 0.011 0.523
yé; )
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-continued
S1P1 S1P3
Example Binding GTPyS GTPys
Nb Formula Ki (uM) EC50 (uM) EC50 (uM)
41 — 0.009 0.486
Nel
42 — 0.001 1.022
o]
OH
N
e 0 / — 0.202 —
\\S =0
44 F — 0.402 —
T
45 — 0.01 —
OH
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114

-continued
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S1P1 S1P3
Example Binding GTPyS GTPys
Nb Formula Ki (uM) EC50 (uM) EC50 (uM)
46 — 0.026 —
E
F
47 — 0.008 0571
E
F
48 — 0.047 —
I
F
49 — 0.229 —
N,
NN
—N
O o0
N
/ \ oH
30 — 0.211 —

CF;
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-continued
S1P1 SIP3
Example Binding GTPyS GTPys
Nb Formula Ki (uM) EC50 (uM) EC50 (uM)
51 — 0.31 —
52 — 0.313 —
53 — 0.164 —
54 — 0.189 —
55 — 0.024 —
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116
-continued
S1P1 S1P3
Example Binding GTPyS GTPys

Nb Formula Ki (uM) EC50 (uM) EC50 (uM)
56 — 0.011 —

H

N\/\OH
57 — 0.049 —

N
NN
F
/ N
I
\O
F
58 — 0.157 —
N,
N
= Q
N \\\\S/
I\ N
N (0]
\O

59 — 0.335 —
60 — 0.32 —




US 2012/0071460 Al

Mar. 22,2012

-continued
S1P3
Example Binding GTPyS GTPys
Nb Formula Ki (uM) EC50 (uM) EC50 (uM)
61 — 0.022 —
o]
N\)\OH
62 — 0.003 —
OH
f
63 — 0.428 —
OH
64 — 0.099 —
o]
OH
—N
O 0
N F
/ N N
0.001 —

A %




US 2012/0071460 Al Mar. 22,2012

118
-continued
S1P1 S1P3
Example Binding GTPyS GTPys
Nb Formula Xi (uM) EC50 (uM) EC50 (uM)
66 — 0.013 —
[
67 — 0.014 —
—N
OH
O » 1
/ \N N
[¢]
68 — 0.0003 —
N,
NN
o]
_N OH
o 0
N4
/ N N
69 N, — 0.437 —
\(\N/ N
—N
/ \N OH

70 _ 0.082 _
N
N N

OH
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119
-continued
S1P1 S1P3
Example Binding GTPyS GTPys
Nb Formula Ki (uM) EC50 (uM) EC50 (uM)
71 — 0.006 —
o]
OoH
N
72 — 0.119 —
]
N\)\OH
73 — 0.03 —
OH
—N
O 0
. &
/ N N
74 — 0.086 —
N,
NN
— OH
—N
O o
NP
/ N N
75 — 0.063 —
N
N X
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-continued
S1P3
Example Binding GTPyS GTPys
Nb Ki (uM) EC50 (uM) EC50 (uM)
76 N — 0.023 —
N X
(0]
—N OH
O 0
NP4
/ N N
77 — 0.837 —
OH
(€]
N
78 — 0.067 —
- /
N\/\O
7 0.0023 0.0095 1.47
0
OH
N
80 — 0.252 —
OH
Q
81 — 0.195 —

z
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121
-continued
S1P1 S1P3
Example Binding GTPyS GTPys
Nb Formula Ki (uM) EC50 (uM) EC50 (uM)
82 — 0.156 —
OH
—N /
RN N
83 — 0.313 —
N,
N X
F
—N
0
N N
F
84 /N — 0.288 —
\(\ A \ O oH
—N
O 0
N
/ N NH
85 — 0.179 —
I
N —

86 — 0.306 —
N
N N
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-continued
S1P1 SIP3
Example Binding GTPyS GTPys
Nb Formula Ki (uM) EC50 (uM) EC50 (uM)
87 — 0361 —
i F
F
88 — 0.047 —
H
Ne—
89 — 0.012 1.64
OH
0
NH
90 — 0.035 —
F F
F
91 — 0.0085 0.147




US 2012/0071460 Al Mar. 22,2012

-continued
S1P1 SIP3
Example Binding GTPyS GTPys

Nb Formula Ki (uM) EC50 (uM) EC50 (uM)
92 — 0.158 —
93 — 0.301 —
94 — 0.387 —
95 — 0.096 —
96 0.0065 0.031 2.25
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-continued
S1P1 S1P3
Example Binding GTPyS GTPys
Nb Formula Ki (uM) EC50 (uM) EC50 (uM)
97 0.0007 0.0014 0.138
98 0.409 — —
99 — 0.496 —
100 — 0.377 —
101 0.0018 0.012 1.62
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-continued
S1P1 SIP3
Example Binding GTPyS GTPys
Nb Formula Ki (uM) EC50 (uM) EC50 (uM)
102 0.0008 0.0021 0214
OH
@)
NH
103 — 0.035 —
F
F
104 — 0314 —
q
N
105 0.034 0.042 —
o]
OH
N
106 — 0458 —
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-continued
S1P1 S1P3
Example Binding GTPyS GTPys
Nb Formula Ki (uM) EC50 (uM) EC50 (uM)

107 — 0.045 —
N
NSO

108 — 0.102 —

109 - 0312 -

110 - 0.040 —
ol

111 - 0.029 -
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-continued
S1P1 S1P3
Example Binding GTPYS GTPys
Nb Formula Ki (uM) EC50 (uM) EC50 (uM)
112 — 0.094 —
N,
NN
F
[0} —N
0.
N4
> N
F
113 — 0.024 —
F
F
F

114 _ 0.004 _
N
NN
15 _ 0.134 _
N
X

116 _ 0.086 _
N
NN
/o
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-continued
S1P1 S1P3
Example Binding GTPyS GTPys
Nb Formula Ki (uM) EC50 (uM) EC50 (uM)
117 0.002 0.011 0.622
OH
118 — 0.398 —
N,
NN
=N
O 0 Yy
/O
N
OH
0
119 — 0.066 —
-
N
LN
120 0.0001 0.0005 0.489
N,
NN
o]
OH
~0 —N
6}
N A N



US 2012/0071460 Al Mar. 22,2012

129
-continued
S1P1 S1P3
Example Binding GTPyS GTPys
Nb Formula Ki (uM) EC50 (uM) EC50 (uM)
121 — 0.04 _
Oy

122 _ 0.157 _
N
NN

—N HO

~
@)
z/
\
paani
i:
=

123 _ 0,082 _
N
NN

0
/ —N
NP
S
on
124 _ 0.382 _
N
N N
o)
/ —N
o/~ \
NI
~y
125 0.0006 0.0019 0.427
2
N 0

OH
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130
-continued
S1P1 S1P3
Example Binding GTPyS GTPys
Nb Formula Ki (uM) EC50 (uM) EC50 (uM)
126 — 0.168 —
N,
NN
(0]
/ —N OH
SNPZ
~
N
127 — 0.172 —
N,
v X
=N
0O o) Y
/O
\
128 — 0.158 —
N,
NN
—N
[¢]
/N
N
H
129 — 0.438 —

o
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131
-continued
S1P3
Example Binding GTPyS GTPys
Nb Formula Xi (uM) EC50 (uM) EC50 (uM)
130 — 0.036 —
N,
—N
O 0. Y
/X
NO\\(OH
0]
131 — 0.181 —
Q\N/ N
— i
—N A
O o o
/Oy S‘\
0]
132 — 0.0180 —
N
O\N/ A Q
OH
N.
133 0.122 — —
N,
— (0]
~ o
OoH
/ \N 0
134 0.128 — —
N,
O\N/ N
—N

Q,
o
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132
-continued
S1P1 S1P3
Example Binding GTPyS GTPys
Nb Formula Ki (uM) EC50 (uM) EC50 (uM)
135 0.04145
N,
NN
— OH
—N /\\(
0
[¢] 6]
O\ yZ
/ N

136 0.002065 0.0583
s
N

137 O\ 0.00516

O

138 0.025 _ _
N
NN

/ =N
OH
O #
Ny
139 0.393 - -
N
NN
/o —N
0 y OH
Ny
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-continued
S1P1 S1P3
Example Binding GTPyS GTPys
Nb Formula Ki (uM) EC50 (uM) EC50 (uM)

140 0253 —
N
N X

—_— OH

141 0.180 _
N
NN

(€]
6} 0 y
/N
142 0.191 —
N,
NI
0]
/O —N S OH
0 #
\N
143 0.0415 —
N,
NN

144 0.031 —
N
N/ AN (0]
OH
0 —N (0]
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134
-continued
S1P1 S1P3
Example Binding GTPYS GTPys
Nb Formula Ki (uM) EC50 (uM) EC50 (uM)
145 0.116 — —
N,
N X
0
/O —N OH
0 #
\N
146 0.0099 — —
N
NN
—N
OH
H
/ O\ 7 N\/\(

147 0.257 _ _
N
p
O o

148 0.0021 - —
s
N

149 Q\ 0.0052 — —
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-continued
S1P1 S1P3
Example Binding GTPyS GTPys
Nb Formula Ki (uM) EC50 (uM) EC50 (uM)
150 0.0034 — —
Nz
N />
N
151 0.0046 — —
N,
N >
\=N
152 0.0033 — —
/ N

153 Q\ 0.028 — —

154 0.076 — —
e
N
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136
-continued
S1P1 S1P3
Example Binding GTPyS GTPys
Nb Formula Ki (uM) EC50 (uM) EC50 (uM)
155 0.006 — —
N 41\

Example 157

In Vivo Models Evaluating the In Vivo Efficacy of
S1P Agonists

Model of S1P Agonists-Induced Lymphopenia in Mice

[0631] Female C57BL/6 mice (Elevage Janvier) (8 week
old) receive S1P agonists by oral route. Blood is sampled in
heparinized (100 1U/kg, ip) mice by intracardiac or retroor-
bital puncture under isofturane anesthesia 2 to 120 hrs after
drug treatment. The white blood cells (lymphocytes and neu-
trophils) are counted using a Beckman/Coulter counter. The
quality of blood sampling is assessed by counting erythocytes
and platelets. Compounds of Formula (I) are tested according
to the above assay and have an ED,, of less than 100 mg/kg,
more preferable below 50 mg/kg at 24 hours.

Model of MOG-Induced Experimental Autoimmune
Encephalomyelytis (EAE) in Mice

[0632] EAE was induced in 9 weeks old female mice
(C57BL/6, Elevage Janvier) by an immunization against
MOG. The mice received Pertussis toxin (Alexis, 300
ng/mouse in 200 pl of PBS) by ip route and 100 pl of an
emulsion containing MOG35-55 peptide (NeoMPS, 200
ug/mouse), Mycobacterium Tuberculosis (0.25 mg/mouse) in
Complete Freund’s Adjuvant (DIFCO) by subcutaneous
injection into the back. Two days later an additional injection
of Pertussis toxin (Alexis, 300 ng/mouse in 200 pl of PBS)
was done by ip route. After EAE induction, mice were
weighed daily and the neurological impairment was quariti-
fied using a 15-points clinical scale assessing the paralysis
(tail, hind limbs and fore limbs). the incontinency and the
death.

Clinical Score:
—1—Tail

[0633] Score=0A normal mouse holds its tail erect when
moving.

[0634] Score=1 If the extremity of the tail is flaccid with
a tendency to fall.

[0635] Score=2Ifthe tail is completely flaccid and drags
on the table.

—2—Hind limbs
[0636] Score=0 A normal mouse has an energetic walk and
doesn’t drag his paws.

[0637] Score=1 Either one of the following tests is posi-

tive:

—a—TFlip test: while holding the tail between thumb and
index finger, flip the animal on his back and observe the time
it takes to right itself. A healthy mouse will turn itself imme-
diately. A delay suggests hind-limb weakness.
—b—Place the mouse on the wire cage top and observe as it
crosses from one side to the other. If one or both limbs
frequently slip between the bars we consider that there is a
partial paralysis.

[0638] Score=2 Both previous tests are positive.
[0639] Score=3 One or both hind limbs show signs of
paralysis but some movements are preserved; for example:
the animal can grasp and hold on to the underside of the wire
cage top for a short moment before letting go
[0640] Score=4 When both hind legs are paralyzed and the
mouse drags them when moving.
—3—Fore limbs:
[0641] Score=0 A normal mouse uses his front paws
actively for grasping and walking and holds his head erect.
[0642] Score=1 Walking is possible but difficult due to a
weakness in one or both of the paws, for example, the front
paws are considered weak when the mouse has difficulty
grasping the underside of the wire top cage. Another sign of
weakness 1s head drooping.
[0643] Score=2 When one forelimb is paralyzed (impossi-
bility to grasp and the mouse turns around the paralyzed
limb). At this time the head has also lost much of its muscle
tone.

[0644] Score=3 Mouse cannot move, and food and water

are unattainable.

—4—Bladder:

[0645]
bladder.
Score=1 A mouse is considered incontinent when his lower
body is soaked with urine.

—5—Death:
[0646] Score=15
The final score for each animal is determined by the addition

of all the above-mentioned categories. The maximum score
for live animals is 10.

Score=0 A normal mouse has full control of his
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[0647] At day 12 (first signs of paralysis) the mice were
stratified in experimental groups (n=10) according to the
clinical score and the body weight loss. The semi-curative
treatment started at day 14.

Example 158
Preparation of a Pharmaceutical Formulation
Formulation 1—Tablets

[0648] A compound of formula (I) is admixed as a dry
powder with a dry gelatin binder in an approximate 1:2
weight ratio. A minor amount of magnesium stearate is added
as alubricant. The mixture is formed into 240-270 mg tablets
(80-90 mg of active compound according to the invention per
tablet) in a tablet press.

Formulation 2—Capsules

[0649] A compound of formula (I) is admixed as a dry
powder with a starch diluent in an approximate 1:1 weight
ratio. The mixture is filled into 250 mg capsules (125 mg of
active compound according to the invention per capsule).

Formulation 3—Liquid

[0650] A compound of formula (I) (1250 mg), sucrose
(1.75 g) and xanthan gum (4 mg) are blended, passed through
aNo. 10 mesh U.S. sieve, and then mixed with a previously
prepared solution of microcrystalline cellulose and sodium
carboxymethyl cellulose (11:89, 50 mg) in water. Sodium
benzoate (10 mg), flavor, and color are diluted with water and
added with stirring. Sufficient water is then added to produce
a total volume of 5 mL.

Formulation 4—Tablets

[0651] A compound of formula (I) is admixed as a dry
powder with a dry gelatin binder in an approximate 1:2
weight ratio. A minor amount of magnesium stearate is added
as a lubricant. The mixture is formed into 450-900 mg tablets
(150-300 mg of active compound according to the invention)
in a tablet press.

Formulation 5—Injection

[0652] A compound of formula (I) is dissolved in a buffered
sterile saline injectable aqueous medium to a concentration of
approximately 5 mg/mL.

1-15. (canceled)
16. A compound of formula (I):

Rl

\
N
N )
R? X\J\/N ‘/ ]

.

wherein

R! denotes Ar', Het', Cyc, A, (C,-Cg)alkyl, (C,-Cy)alkyl,
—(CH,),Ar", (CH,) Het* or (CH,), Het*;

RZis Ar® of Het!;

R? denotes Ar', Ar?, Het', Het?, Cyc or A,

Mar. 22,2012

orif R is Het', Cyc, A, —(CH,), Ar', (CH,), Het', (CH,)
JHet?, (C,-Cyalkyl, or if R' denotes Ar' or R? is Ar?,
Het' or Het® wherein Ar' and Ar? are mono, di- ortrisub-
stituted by the substituents hereby mentioned, R also
denotes CHj,

orif R' denotes Het', Cyc, A, (C,-C,)alkyl, (C,-C,)alkyl,
(CH,),Ar', (CH,), Het', or (CH,),Het", R* also denotes
S—{(C,-C¢-alkyl);

A is a branched or linear alkyl having 2 to 12 C-atoms,
wherein one or more H-atoms may be replaced by Hal,
OR*, CN, CO,R* CF,, cycloalkyl having 3 to 7 ring
carbon atoms, Ar', Ar%, or N(R%), and wherein one or
more non-adjacent CH,-groups may be replaced by O,
NR?, —CO—, NR*CO,—, —COy—,
—NR*CONR*—, —CH=CH—, —C=C—, or
denotes cycloalkyl or cycloalkylalkylene having 3-7
ring C atoms, or denotes Het" or Het?;

Z is a branched or linear alkyl having 2 to 12 C-atoms,
wherein one or more H-atoms are replaced by Hal, OR?,
CN, CO,R?, CF,, cycloalkyl having 3 to 7 ring carbon
atoms, Ar', Ar>, N(R*), and/or wherein one or more
CH,-groups are replaced by O, NR*, S, —CO—,
NR*CO,—, ~ —NR*CONR*—, = —CH—CH—,
—C=C—, or denotes cycloalkyl or cycloalkylalkylene
having 3-7 ring C atoms;

Halis F, Cl, BrorI;

Ar" denotes a monocyclic or bicyclic, unsaturated or aro-
matic carbocyclic ring having 6 to 14 carbon atoms
which may be unsubstituted, monosubstituted, disubsti-
tuted or trisubstituted by substitutents selected from A,
Hal, —OR* —SO,R* —CN, —NO,,—N(R?),, —CO
(NRH,, (NRH)COR*, —CO,R*, —COR*, —SO,N(R*)
2 —S0.alkyl, NR*SO,alkyl, NR*SO,alkyl, or C,-Cj
alkyl;

Ar? denotes a monacyclic or bicyclic, unsaturated or aro-
matic carbocyclic ring having 6 to 14 carbon atoms
which may be unsubstituted, monosubstituted, disubsti-
tuted or trisubstituted by substitutents selected from Z,
F, B, I, —OR*, —(CH,)OR*, —{CH,)N(R?),, per-
fluoro-alkoxy, —SO,R*, —CN, —NO,, —N(R*),,
—CO(NRY,, (NRHCOR* —CO,R*, —COR*,
—SO,NR*Y),, —S0,(C,-Cylalkyl, NR*SO,(C,-Cy)
alkyl, —(CH,),Het', —OHet', —(CH,) Het?, or
—OHet’, or if R* is Het", Het*, Ar", Ar” or Cyc, or if R*
is Het', Cyc, A, (C,-Cyalkyl, (C,-C,alkyl, —(CH,)
JAr!, (CH,) Het', or (CH,),Het', Ar* also denotes a
monocyclic or bicyclic, unsaturated or aromatic car-
bocyclic ring having 6 to 14 carbon atoms which may be
unsubstituted, monosubstituted, disubstituted or trisub-
stituted by CF3;

Het' denotes a monocyclic saturated, unsaturated or aro-
matic heterocyclic ring or a bicyclic, saturated, or unsat-
urated heterocyclic ring having 1 to 4 N and/or O atoms
which may be unsubstituted, monosubstituted, disubsti-
tuted or trisubstituted by substitutents selected from A,
Hal, —(CH,)OR?, perfluoro-alkyl, perfluoro-alkoxy,
7802(R4)2’ CN, Nozs *N(Rzl)zs *CO(NR4)25 (NR4)
COR*, —CO,R* —COR?* —SO,N(R*),, —SO.,alkyl,
NR*80,alkyl, NR*SO,alkyl, or C,-C, alkyl;
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Het” denotes a monocyclic or bicyclic, saturated, unsatur-
ated or aromatic heterocyclic ring having 1 to 4 N, O
and/or S atoms which may be unsubstituted, monosub-
stituted, disubstituted or trisubstituted by substitutents
selected from A, F, Br, I, —OR*, —(CH,)OR*, per-
fluoro-alkyl, perfluoro-alkoxy, —SO,(R*),, CN, NO,,
—N(RY, —CONRY, (NRHCOR*, —CO,R*,
—COR*, —SO,N(RY),, —S0,alkyl, NR*SO,alkyl,
NR*SO,alkyl, or C,-Cy alkyl;

Cyc denotes a saturated or unsaturated carbocyclic ring
containing 3 to 7 carbon atoms which may be substituted
by Hal, A, (C,Calkyl, —[C(R*),],—Ar. —[C®?),]
L~cycloalkyl, OR?, CF,, OCF;, N(R*),, NR*CON(RY),,
NO,, CN, —[C(R*),],—COOR*, —[C(R*),]—CON
(R%),, NR*COA, NR*SO,A, COR*, CO,R*, SO,N(R*)
5, SOA, and/or SO,A,;

R*is H, A, Cyc or (C,-Cy)alkyl;

nis1,2,3or4,

and pharmaceutically acceptable solvates, tautomers, salts
and stereo-isomers thereof.

17. The compound according to claim 16, wherein the
compound is of Formula (IA), (IA"), (IB), (IB", (IC), IC",
acm

(1a)

/N
N R?
A l N-
N X /\”
o—N
(IA)
N
V]
R3/\ =N
Rl
e
wherein R? and R? are as defined in claim 16;
(1B}
RZ
\
/N
N, | R’
R3/\ a N/\”
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-continued
i
. (1B
\N
N |
\Y
R3\/\
—N

[0} )\
\N/ R

wherein R? and R? are as defined in claim 16 and wherein
R?denotes A, (C,-Cy)alkyl, (C,-C)alkyl,—(CH,), Ar,
(CH,),Het', or (CH,), Het*, and n, Ar*, Het', Het® are as
defined in claim 16;

{IC)
R
\
/N
N ’ R?
A N-
R} \ G /7
&
o—N
a1c)
RW
\
N
]
A
R =N
2
/ R
o\N>
acn
TC

9 .

wherein R? and R? are as defined in claim 16, R” denotes
Ar* and R® denotes Hal, —OR* or (C,-Cy)alkyl and
pharmaceutically acceptable solvates, tautomers, salts
and stereoisomers thereof.

18. The compound according to claim 16, wherein R* is

selected from the following groups:

methyl, cyclohexyl, cyclopentyl, n-propyl, iso-butyl, tert-

butyl, phenyl,
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139

-continued -continued

19. The compound according to claim 16, wherein R is ‘
selected from the following groups:

SO;Me ,

CF; OH
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140

-continued -continued
/

N
N

N

T
3
[}
<

N
OH,
N
N
N ’

OH
OH,
OH,
0
OH.
0
0
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141

-continued , -continued

9

S

Z—Z

20. The compound according to claim 16, wherein said
compound is selected from:

Example Nb Formula
1
N
NN
F
—N
] 0 »
/W
F
2 F
F
F
3
F
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142
-continued
Example Nb Formula
4
F
F
5
F
F
6
T
F
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-continued

Example Nb Formula

10

11
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-continued
Example Nb Formula
12
F
F
13
F
F
14
F
F

15
N

16 |
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145
-continued
Example Nb Formula
17 N
\(\N/ \
F
—N
0 0. .
/W
F
18 N
\(\N/ N
F
=N
0 #
\N
F
19
N F,
/ =
/</N .
=
.
= O0—N F
N
N
20 ¢}
F
/\ /N\
0 N
P N,
e
= O0—N F
N,

21
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146

-continued

Example Nb Formula

23

24

26

27
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147

-continued

Example Nb Formula

28

30

31

33
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148
-continued
Example Nb Formula
34
/ NS
N F
= N
-
/
s O\N
N\ i
N
35 F
/N_
N N
0—N F
36 g
A0
N
N, / Vi
O0—N
Z |
>
N
37 F F
F
38 ==N
\

NH
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149

-continued
Example Nb Formula
39
40

41

43
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-continued

Example Nb Formula

46

47
/ =
N F
P N
—

48
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151

-continued

Example Nb Formula

49
N

/O N.A OH

50

51

53

54
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152

-continued

Example Nb Formula

55

56

57

F

58
N
O\N/ N

59
N
Q\N/ X
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153
-continued
Example Nb Formula
60 F
N,
F
—N
O #
\N

63
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-continued

Example Nb Formula

66

69
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155

-continued

Example Nb Formula

70

71

73
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-continued

Example Nb Formula

75

76

71

78

79

80
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-continued

Example Nb Formula

81

83

84

835
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158

-continued
Example Nb Formula
86
O
— F
—N
O\ Y

87

88

89

90
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159

-continued

Example Nb Formula

91

93

%4

95
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-continued
Example Nb Formula
96
97
98
99

100

101
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-continued

Example Nb Formula

102

103

104

105

106
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162

-continued

Example Nb Formula

107

108

109

110

111
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-continued
Example Nb Formula
112
SO
— F
o] —N

113

5]

114

115
N
N

116
N
(0]
/
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164

-continued
Example Nb Formula
117
118
119

120

121
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-continued

Example Nb Formula

122
N
N

123
N
N/ AN

124
N
N N

125

OH

126
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166
-continued
Example Nb Formula
127
N
NN
—N
/ Ox
/
\

128
N
N

T,

—N
) N
(0]
130
N
—N
/) N
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-continued

Example Nb Formula

131
N
NN

132
7
N 9]

OH

133
N
N X

134
N
NN

135
N
NN
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168

-continued
Example Nb Formula
136
137
138
139

140
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-continued

Example Nb Formula

141
N
v
N 0
142
N
N/ N 0]

/
143
N
O\N/ A

144 Q\
/o

145
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-continued

Example Nb Formula

146
N
NN

OH

~
@)
/
7

\
5

147
N
s
N X 0

148

149

150

Mar. 22,2012



US 2012/0071460 Al

Mar. 22,2012

171
-continued
Example Nb Formula
151
N
N }
\=N
152
N
4
153
(6]
N
OH
154
N
N7\
.
/
N
H
155
N4N\
| N

and pharmaceutically acceptable solvates, tautomers, salts
and stereoisomers thereof.

21. A pharmaceutical composition comprising at least one
compound according to claim 16 and/or pharmaceutically
acceptable tautomers, salts, solvates and stereoisomers
thereof and, optionally, excipients and/or adjuvants.

22. The pharmaceutical composition according to claim
21, said composition further comprising an additional active
ingredient.

23. A kit comprising:

(a) an effective amount of a compound according to claim

16 and/or pharmaceutically acceptable, solvates and ste-
reoisomers thereof; and
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(b) an effective amount of a second active ingredient;
wherein said compound and said second active ingredient are
packaged separately or together in a single container.

24. A compound of formula (I) according to claim 16 and
pharmaceutically acceptable derivatives, solvates, tautomers,
salts and stereoisomers thereof; including mixtures thereofin
all ratios, for use as a medicament.

25. A method of treating an immunoregulatory abnormal-
ity in an individual comprising administering a compound
according to claim 16 in an amount effective to treat said
immunoregulatory abnormality to an individual having said
immunoregulatory abnormality.

26. The method according to claim 25, wherein the immu-
noregulatory abnormality is an autoimmune or chronic
inflammatory disease selected from the group consisting of:
systemic lupus erythematosis, chronic rheumatoid arthritis,
type I diabetes mellitus, inflammatory bowel disease, biliary
cirrhosis, uveitis, multiple sclerosis, amyotrophic lateral scle-
rosis (ALS), Crohn’s disease, ulcerative colitis, bullous pem-
phigoid, sarcoidosis, psoriasis, autoimmune myositis, Wege-
ner’s granulomatosis, ichthyosis, Graves ophthalmopathy,
asthma, bone marrow transplant rejection, organ transplant
rejection and graft-versus-host disease.

27. A process for the preparation of compounds of formula
(1) comprising the step of reacting compounds of formula (V)

)
LN
HO\N/ R
with compounds of formula (V)
av;
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or (V1)

VD

wherein R, R R? and R* are as defined in claim 16.

28. A process for the preparation of compounds of formula
(I) comprising the step of reacting compounds of formula

X1

X XI)
Ry
\N/ X
K ) NH,
N
\
OH

with compounds of Formula (X1I)

(XID)
4
R\O

i

0

wherein R!, R? R® and R* are as defined in claim 16.

[ S T
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