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NEW COMPOUNDS.

BACKGROUND OF THE INVENTION -

Obesity can be viewed as an energy balance disorder, arising when energy input
exceeds energy output, with most of the excess calories converted into triglycerides and
stored in the adipose tissue. Medications currently approved for the treatment of obesity

“attempt to restore energy balance primarily by decreasing energil input by eifher
suppressing appetite or interféﬁ_ng with lipid absorption in the small intestine. Because of
the rapid increase in the prevaiencé of obésity worldwide and the lack of efficacy of
current medicai thérapies, nove! pharmacologic therapies for obesity are required.

) One potential therapeutic strategy involves inhibiting triglyceride synthesis.
Although triglycerides are'essentiat for normal physioiogy, excess triglyceride
accumulation resuits in 6besity and, particularly when it occurs in nonadipose tiss'ues, is
associated with insulin resistance. DGAT'is an erizyn'}e that catalyzes the last step in
triacylglycerol biosynthesis. >DGAT catalyzes the coupling of a 1,2-diacylglycerol with a
fatty acyi-CoA resuiting in Coenzyme A and triacylglycerol. Two enzymes that display
DGAT activity have been identified: DGAT1 (acyl coA-diacylglycerol acyl transferase 1,
see Cases et al, Proc. Natl. Acad. Sci. 95:13018- 13023, 1998) and DGATZ (acy! coA-
dlacyiglycerol acyl transferase 2, see Cases et al, J. Biol. Chem. 276:38870-38876,
2001). DGAT1 and DGATZ2 do not share significant protein sequence homology.
‘Importantlly,'DGA;H knockout mice are protected from high fat diet-induced weight gain
and insulin resistance (Smith et al, Nature Genetics 25:87-80, 2000). The phenotype of
the DGAT1 knockout mice suggest that a DGAT 1 inhibitor has wtility for the treatment of
obeéity and obesity-associated c;pmplicatibnsf.

‘WO2006113918 discloses aryl alkyl acid derivatives -having DGAT inhibitory activity:
WO02006044775 discloses biphenyl-4-yl- carbonylammo acid denvattves having DGAT
lnhlbltory actlvrty _ v
WO2006134317 discloses oxadiazole derivatives having DGAT inhibitor activity.
-W02006082952 discloses amide derivatives having DGAT inl:libitqr activity.
WO02006082010 disc]oses compounds having DGAT inhibitor activity.
WO 2006/019020 A1 and WO 2006/004200 A1 disclose urea derivatives having DGAT
inhibitory activity. '
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WO 2005/044250 A1 disclose sulfonamide compounds having DGAT inhibitory activity.
WO 2005/013807 A2 discloses pyrroio[1,2-b] derivatives having DGAT inhibitory activity.
WO 2005/072740 A2 discloses compounds having DGAT inhibitory activity.

JP. 2005/206492 A2 disloses sulfonamide compounds having DGAT inhibitory activity.
JP 2004/067635 A2 discloses phosphonic acid diesters having DGAT inhibitory activity.
US 2004/0224997 A1 dlscloses ary! alkyl -acid derivatives having DGAT1 inhibitory
activity.

WO 2004/04775 A2 discloses fused bicyclic nltrogem:ontammg heterocycies havmg
DGAT inhibitory activity.

US 2005/0101660 A1 discloses dibenzo-o-dioxane derivatives having DGAT inhioitory
activity.

EP 0573696 A1 discloses heterobiaryl derivatives of the general structure R'NH- X,-Xz-
Xa-Y+-Y1-Y3-Y-E having aggregation inhibiting act:wty

US 2005/0143422 A1 relates to biaryl sulfonamides and their use as metalloprotemase
inhibitors.

WO 00/25780 relates to amine compounds of the general structure X-N(R)- B D and their .
use as IMPDH inhibitors.

WO 01/42241 relatés to substituted pyndazme compounds having cytokme mhlbrtory
activity. . :

WO 02/055484 A1 relates to a compound of the general formula R*-X"-Y-X%A-B-X3-N(-
) X*-R?)-Z-Ar, wherein A and B represent 5- or 6-membered aromatic rings. The
compound can be used as a b[ood |lpld depressant. :
WO 02/085891 A1 relates to 2, 6-subst|tuted chroman derivatives which are useful in the
treatment of beta-3 adrenoreceptor-mediated conditions.

WO 02/1 1724 A2 relates to pharmaceutical compositions comprising 2-pyridinamines
which can be used for preventmg ischemic cell death.

WO 03/062215 A1 relates to substituted thia-foxa-/pyrazoles for inhibiting the acti\;ity of
one or more protein kinases. '

WO 2004/000788 A1 relates to ureido-substituted aniline compounds which are useful
as senne proteaée inhibitors.

WO 2004/032882 A2 relates to oxazole derivatives which are useful in the treatment of
diseases associated with inappropriate protein kinase activity.
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WO 2004/041810 A1 relates to nitrogen-containing heteroaryl compounds which are
usefui for treatment of protein kinase mediated disorders. N

WO 2064/0461 33 A1 relates to amino-heterocycles useful as VR-1 antagonists for

. treating pain. - '

WO 2004/089286 A2 relates to mtrogen-contammg heteroaryl compounds which are
. useful for treating disorders associated with abnormal tyrosine kinase activity.

WO 2004/110350 A2 relates to corhpounds of the géneral structure (A)- LA-(B) Lg-(C)-Le-
(D) wherein A, B, C and D represent aryl/heteroaryl mozenes The compounds are useful
~ fortreating neurodegeneratsve diseases. :

© WO 2005/012285 A1 relates to subst:tuted. thiazole benzoisothiazoledioxo derivatives
which are useful fér treating diabetes. ‘ '

WO 2005/016862 A1 relates to substituted arylatkanoic acid derivatives having
. prostaglandin production-éuppressing 'activity.

WO 20056/085227 A1 re!'ates to pyridine compounds which are useful as inhibitors of

PKBIAKT kinase activity and in the treatment of cancer and arthritis.

WO 2065!1 00344 A1 relates to compounds which comprise substituted pyridazine and

pyrimidine moieties. These compounds are useful for inhibiting the activity of a

serinefthreonine brotein kinase. ’

WO 2005/116003 A2 relates to substituted oxazolobenzoisothiazole dioxide derivatives
which aré'useful in the treatment of diabetgs.

WO 98/46574 reiates to pyridazine and phthalazine derivatives which are useful as.

antlconvulsants . —

WO 99/24404 relates to substituted pyradme compounds whlch are useful as anti-

inflammatory agents. ‘
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BRIEF DESCRIPTION OF THE INVENTION

The present inventicn provides derivatives that are useful for treating or
preventing ‘conditiéns or disorders associated with DGAT1 activity in animals, particularly
humans. -

The compound provided by the present invention has the following structure
| ~ A-L1-B-C-D-L2-E
Wherein

- Ais a substituted or unsubstituted alkyl, c;,ycl_oalkyl', aryl, or heterocyclyl
group; - ‘ N
- Llis selectéd from the g';ro;,kp consisting of:
* an amine group -NH- _
*  a substituted amine group of the formula ~N(CHs)-, -CHz-NH- or _
-CH,-CH>-NH-,
* an amide group —C{0O)-NH- ,
o a sulphonamide group ~S(O)-NH-, or
ot a urea group —NHC(O)-NH-, |

- - B is a substituted or unsubstituted, monocyclic, 5- or 6-membered divalent
heteroaryl group,

- C-Dis selected from the following cyclic structures:

> C-D togethef is a substituted or unsubstituted divalent biphenyl '
group,

* C is a substituted or unsubstituted divalent phenyl group and D is
a single bond,
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C is.a substituted or unsubstituted divalent phenyi group,'and Dis
a substituted or unsubstituted divalent non-aromatic monocyclic A
ring which is selected from a saturated or unsaturated divalent
byc!oalkyl group or a saturated or unsaturated divalent
heterocycloalkyl group,

C-D together is a spiro residue, wherein

* the first cyclic con{ponent is a benzo-fused cyclic component
wherein the ring which is fused to .the phenyl part is a 5- or 6-
membered ring, optionally comprising one or more heteroatoms,
the first cyclic component being attached to the i'noiety B via its
phenyi part, and ﬁ ‘ '

- the second cyclic component is a cycloalkyl or cycloalkylidenyl
residue which is attached to L2, ‘ '

- L2 is selected from the group consisting of:

*

a single bond,

a divalent fesidue having the following structure:
(RUARA-C O INRYIAR AR

wherein

aisOor1,

bisOort,

cisOorf,

disO o.r.‘l , '

eisCor 1,>

fisOor1,

with the prox)isos that (a+b+c+d+e+f) > 0, and c=1.if d=1,

R', R? R® and R®, which can be the same or different, are a
substituted or unsubstituted divalent alkyl, cycloalkyl, alkenyl,
alkynyl, alkylene, aryl or heterocyclyl residue,
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R® is H or hydrocarbyl, or R® and R* form together with the
nitrogen atom to which they are attached a 5- or 6-membered
heterocycloalkyl group, '

- with the proviso that R' and R? are not both alky! if c=1 and

d=e=f=0 and the carbonyl carbon atom is attached to the moiety

CE

an alkylidenyl group which is linked to the moiety D'vi; a double
bond, and ' )

- Eis selected from the group cbnsisti_ng of:

*

a sulphonic acid group and derivatives thereof,

a cérboxyl group and derivatives thereof, wherein the carboxyl )
carbon atom is attached to L2, -

a phosphonic acid group and derivatives thereof,
an'alpha—keto hydroxyalkyl group,

a hydroxyalkyl group wherein the carbon atom bonded to the »

. hydroxyl group is further substituted with one or two trifilioro-

methyl groups,

a substituted or unsubstituted five-membered heterocyclyl residue
having in the ring at least two heteroatoms and at least one

" carbon atom, wherein

« at least one carbon atom of the ring is bonded to two
heteroatoms; '

« at least one of the heteroatoms to which the carbon atom of the
nngis bonded is a member of the ring;

« and at least one of the heteroatoms to which the carbon atom of
the ring is bonded or at least one of the heteroatoms of the ringis
bearing a hydrogen atom;

with the proviéos that

- 4L2 is not a single bond or a divalent alkyl group- if the moiety D is a single

bond,
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- L2 is not a single bond if the moiety D is an unsubstituted divalent -phenyl
group and E is a carboxylic acid or a derivative thereof,

- E is not a carboxamide group if L2 comprises an amide group,

) E is not a ~-COOH group ifDisa single bond and L2 is a
—N(CH3)-C(O)- group wherein the carbonyl carbon atom is attached to the
moiety E, '

-. 12 is not a divalent N-methyl plpendlnyl group if the moiety E is a pyridinyl-
1,2 4—tnazolyl group

- L2is ndt —C(O)-[R*.-[R%}~ when C is a substituted or unsubstituted
divalent phenyl group and D is a single bond.

Unless otherwise indicated, the compounds provided in the formula above are meant to
tnclude all pharmaceutically acceptable salts, prodrugs, stereoisomers, crystalline forms
or polymorphs thereof

The present invention also provides pharmaceutical composiﬁons comprising the
compound as defined above and a pharmaceutically acceptable carrier or excipient.

The present invention also provides methods for treating or preventing conditions or
disorders associated with DGAT1 activity in animals, particulardy humans.

Thus the 'present invention also provides a method for treating or preventing conditions
or dijsdrders associated with DGAT1 activity in mammals which method comprises
ad'ministering to a mammal in need théreof_ a therapeutically effective amount of a
compound of the present inyentibn. Preferably, the disorder is selected from the
_-following: metabolic disorders such as obesity, diabetes, anorexia nervosa, bulimia,
cachexia, syndrome X, -insulin resistance, hypoglycemia, hyperglycemia, hyperuricemia,
hyperinsulinemia, hypercholesteljolemia. hyperlipidemia, dyslipidemia, mixed
dyslipidemia, hypertriglyceridemia, and nonalcoholic fatty liver disease; cardiovascular
diseéses, such as atherosclerosis, arteriosclerosis, acute heart failure, congestive heart
failure, coronary artery disease, cardiomyopathy, myocardial ihfardion, angina pectoris,
hypertension, hypotension, stroke, ischemia, ischemic reperfusion injury, aneurysm,
restenosis, and vascular stenosis; neoplastic diseases, such as solid tumors, skin ‘
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cancer, melanoma, lymphoma, and endothelial cancers, for example, breast cancer, )
lung cancer, colorectal cancer, stomach:cancer, other cancers of the gastrointestinal
tract (for example, esophageal cancer and pancreatic cancer), prostate cancer, kidney
cancer, liver cancer, bladder cancer, cervical cancer, uterine cancer, testicular cancer,
“and ovarian cancer; dermatological conditions, such as acne vulgaris. In yet another '
aspect, the present invention provides methods of using a compound or composition of
the invention as an anorectic. '

The pl:esent invention also.provides the use of a compound having the follbwing

structure - ‘
' A-L1-B-C-D-L2-E
| wherein ’
- Ais a substituted or unsubstituted alkyl, cycloa!,kyl. aryl, or heterocycty;l '
group, :

- L1is selectéd from the group consisting of:
* an amine group -NH-
* _ a substituted amine gfoup of the formula —-N(CH,)-, ~CH,-NH- or
-CHz-CH-NH-, ' a '
* an amide group —C(O)-hiH- ,
* . a s;lehonam_ide group —S{0)-NH-, or
*  aurea -NHC(O)-NH-,

- Bis a substituted or unsubstituted, monocyclic, 5- or 6-membered divalent
heteroaryl group,

- C-Dis selected from the following cyclic structures:

C C-D together is a substituted or unsubstituted divalent biphenyi -
group, '
* C is a substituted or unsubstituted divalent phenyl group and D is

a single bond,

* C is a substituted or unsubstituted divalent phenyl group, and D is
a substituted or unsubstituted divalent non-aromatic monocyclic
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ring which is selected from a saturated or unsaturated divatent
cycloalkyl group or a saturated or unsaturated divalent
heterocycloatkyl group,

C-D together is a spiro residue, wherein

» the first cyclic component is a benzo-fused cyclic component
wherein the ring which is fused to the phenyl part is a 5- or 6-
membered ring, obtionai!y comprising one-or more heteroatoms,
the first cyclic component being aftacﬁhed to the moiety B via its
phenyl part, and '

» the second cyclic component is a cycloalkyl or cycloalkylidenyl
residue which is attached to LZ,

- L2 is selected from the group consisting of:

a single bond,

_adivalent residue having the following structure:

RR[CONANRINAR AR

- wherein

aisCor1,
bisOor1,
cisOor1,
disOor1,
eis0or1,
fisOor1,

with the provisos that (a+b+c+d+e+f) > 0, and c=1 if d=1,

.R", R?, R* and R®, which can be the same or different, are a

substituted or unsubstituted divaient alkyl, cycloalkyl, alkenyl,
alkynyl, élkylene, aryl or heterocyclyl residue,,

R®is H or hydrocarbyl, or R® and R* form together with the
nitrbgen atom to which they are attached a 5- or 6-membered
heterocycloalkyl group, '
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an alkylideny! group which is linked to the moiety D via a double
bond, and '

- E is selected from the group consisting of:

-

" a sulphonic ac1d group and derivatives thereof,

a carboxyl group and derivatives thereof, wherein the carboxyl

" carbon atom is attached to L2,

a phosphonic acid group and derivatives thereof,
an alpha-keto hydroxyalkyl group,

a hydroxyalkyl group wheréin the carbon atom bonded to the
hydroxyl group is further substituted with one or two trifluoro-
methyl groups,

a substituted or unsubstituted fi ve«memb"ered he’terocyi:lyl residue

havmg in the nng at least two heteroatoms and at least one
carbon atom, wherein

- the at least one carbon_atom of the ring is bonded to two

. heteroatoms;

- at least one of the heteroatoms to which the carboh atomn of the
ring is bonded is a member of the ring;

- and at least one of the heteroatoms to which the carbon atom of

the ring is bonded or at least one of the heteroatoms of the ring is
bearing a hydrogen atom; ‘

- or a prodrug or a pharmaceutically acceptable sait thereof for the manufacture 4

. of a medicament for the treatment of DGAT1 associated disorders.

The treatment of prevention of the DGAT 1-related disorders or conditions listed above

consists of administering to subject in need thereof a therapeutically effective amount

of a compound described in this invention. The treatment may aliso include co-

administration with additional therapeutic agents.

10
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DETAILED DESCRIPTION OF THE INVENTION

i.j_sted below are definitions of various terms used to describe the compounds of the
present invention. These definitions apply to the terms as they are used throughout the
. speciﬁcétion unless they are otherwise limited in specific instances either individually or
as part of a larger group, e.g., wherein an attachmeﬁt point of a certain group is limited
. toa sbeciﬁc atom within-that group. .

',Thé term "substituted or unsubstituted alkyl” refers to straight- or branched-chain
hydrocarbon groups having 1-20 carbon atoms, pfeferab!y 1-10 carbon atoms,

" containing O to 3 substituents. Exemplary unsubstituted alkyl groups include methyl,
ethyl, propyl, isopropyl, n-butyl, t-butyl, isobutyl, pentyl, hexyl, ischexyl, heptyl, 4,4-
_dimethylpentyl, octyl and the like. Substituted alkyl groups include, but are not limited to,
alky! groups substituted by one or more of the foliowing groups: halo, hydroxy, alkanoyl,
alkoxy, alkoxycarbonyl, alkoxycarbonyloxy, alkanoyloxy, thiol, alkylthio, alkylthiono,
alkyisulfonyl, sulfamoyl, sulfonamido, carbamoyl, cyano, carboxy, acyl, aryl, alkenyl,
alkynyl, aralkyl, aralkanoyl, aralkylthio, arylsulfonyl, aryithio, aroyi, aroyloxy,
aryloxycarboriyl, aralkoiy, guanidino, optionally substituted_ aﬁiino, heterocyclyi.

The term "lower alkyl"” refers to those alkyl groups as described above having 1-7,
preferably 2-4 carbon atoms. :

The term “halogen” or "halo” refers to flucrine, chlorine, bromine and iodine.

The term "alkenyl" refers to ény of the above alkyl groups having at least two carbon
atoms and further containing a carbon to carbon double bond at the point of attachment.
Groups having 2-4 carbon atoms are preferred.

_.The term "alkynyl” refers to any of the above alkyl groups having at least two carbon
atoms and further containing a carbon to carbon triple bond at the point of attachment.
Groups having 2-4 carbon atoms are preferred.

The term “alkylene” refers to a straight-chain bridge of 4-6 carbon atoms connected by
single bonds, e.g., -(CH;)x-, wherein x is 4-6, which may bé interrupted with one or more
héteroatoms selected from O, S, $(0), $(0), or NR, wherein R may be hydrogen, alkyl,
cycloalkyl, ar&l, heterocyclyl, aratkyl, heteroaralkyl, acyl, carbamoyl, sulfonyl,
alkoxycarbonyl, aryloxycarbonyl or aralkoxycarbonyl and the like; and the alkylene may

11
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further be substituted with one or more substituents selected from optionally substituted
alky!, cycloalkyt, aryl, heterocyclyl, oxo, halogen, hydi'oxy, carboxy, alkoxy,
alkoxycarbonyl and the like. '

The term “cycloalkyl" refers to optionally substituted monocyclic, bicyclic or tricyclic
hydrocarbon groups of 3-12 carbon atoms, each of which may contaiﬁ one or more
carbon to carbon double bonds; or the cycloalkyl may be substituted by one or more
substituents, such as alkyl, haio, oxo, hydroxy, alkoxy, alkanoyl, acylamino, carbamoyl,
aikyiafnino, dialkylamino, thiol, alkyithio, cyano, carboxy, alkoxycarbonyl, suifonyl,
sulfonamido, sulfamoyl, heterot;yclyl and the like.

The term "carboxamide” refers to ~C(0)-NHR, , wherein R, is selected from hydrogen, a
C4-Cs alkyl group, a cyclbélkyl group, a substituted or unsubstituted aryl group, a
substituted or unsubstituted heterocyclyl group, and carboxamide is preferably ~C(0)-
NH.. ' '

Exemplary monocyclic hydroca‘rbon groups include, but are not limited to, cyclopropyl, '
cyclobutyl, cyclopentyl, cyclopentenyl, cyclohexyl and cyclohexenyl and the like.

Exemplary bicyclic hydrocarbon groupé include bornyl, indyl, hexahydroindyl,
tetrahydronaphthyl, decahydronéphthyl, bicyclo[2.1.1]hexyl, bicyclo[2.2.1]heptyl,
bicyclo[2.2.1Jheptenyl, 6,6-dimethylbicyclo{3.1.1lheptyl, 2,6,6-
trimethylbicyclo[3.1.1jheptyl, bicyclo[2.2.2]octy! and the like.

Exemplary tricyclic; hydrocarbon'groubs include adamantyl and t:i1e.|ike.

The term "alko;cy” refers to a_tkyI-O—._ |

The term "alkanoy!” referé t'o alkyl;Cv(O)-.

The term “alkanoyloxy"” refers to alkyl-C(O)-O-.

" The terms ifallkyiannino“'and "dialkylamino” refer to aIky!-NH- and (alkyl).N-, respectively.
The term "alkanc;ylamino" refers to alkyl-C(O)-NH-.

The term "alkylthio" refers to alkyl-S-.

12
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The term "alkylthiono” refers to alkyl-S(O)-.

The term "alkylsulfony!” refers to alkyl-é(O)z-.

" The term "alkoxyc;arﬁonyi" refers to alkyl-O-C(O)-.

. The term "alkoxycarbonyioxy‘; refers to alky!-O-C(OiO—.

. The term "carbamoyl" refers to HzNC(O)‘ alkyi-NHC(O)- (alkyl).NC(O)-, aryl- -NHC(O)-,
alkyl(aryl)-NC(O)-, heteroaryl-NHC(O)-, a!kyl(heteroaryl) NC(O)-, aralkyl-NHC(O)-,
) alkyl(araikyl) NC(O)- and the like.

The term "sUIfamoyl" refers to H.NS(O) -, alkyl-NHS(O)=-, (alkyl)oNS(O),-, aryl-NHS(O).,
alkyi(aryl)-NS(O)z-, (aryl)o2NS(O),-, heteroaryl-NHS(O)z-. aralkyl-NHS(O).-, heteroaralkyl—
NHS(O).- and the like.

The term "sulfonamido” refers to alkyl- S(O)z—NH- aryl-S(O)-NH-, aralkyl-S(O),-NH-,
heteroaryl S(O)-NH-, heteroara!kyI-S(O)z-NH- alkyl-S(O)-N(alkyl)-, aryl-S(O)z-N(aikyl)-.
aralkyl S(O)z-N(aikyl)- heteroaryl- S(O)Z-N(alkyl)— heteroara!kyI-S(O)z-N(alkyl)- and the
like.

The term "sulfonyl” refers to alkyisulfonyl, aryisulfonyl, heteroarylsulfonyl, aralkylsulfonyi,
heteroaralkylsuifonyl and the like.

’The te.rmr“o.ptionaliy substituted amino” refers to a primary or secondary amino group
which may optionally be substituted by a substituent such as acyl, sulfonyl,
alkoxycarbony! cycloalkoxycarbonyt, aryloxycarbonyl heteroaryloxycarbonyl,
aralkoxycarbonyl heteroaralkoxycarbonyl, carbamoyl and the I:ke

,The term “aryl” refers to monocyclic or bicyclic aromatic hydrocarbon groups having 6-12
carbon atoms in the ring portion, such as phenyl, biphenyl, naphthyl and .
tetrahydronaphthyl, each of which may optionally be substituted by 1-4 substituents,
such as optionally substituted alkyl, trifluoromethyl, cycloalkyl, halo, hydroxy, alkoxy,
acyl, alkanoyloxy, aryloxy, 6ptionally substituted amino, thiol, alkyithio, arylthio, nitro, .
cyano, carboxy, alkoxycarbonyi, carbamoyl alkyithiono, sulfonyl, sulfonamido,
heterocyclyl and the like.

13
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The term "monocyclic aryl” refers to optionally substituted pheny! as described under -
aryl.

The term “aralky!” refers to an aryl group bonded directly through an aikyl group, such as
benzyl. '

The term “aralkanoyl” refers to aralkyl-C(O)-.

The term “aralkylthio” refers to aralkyl-S-.

The term “aralkoxy” refers ‘to an-aryl group bonded direc;tly through an alkoxy group;
Thelterm “arylsulfonyl” refers to varyI-S(O)z-. |

The teﬁn “arylthio” refers_to aryl-S-.

'I_'he term “aroyl® refers to aryl-C(O)-.

The term “aroyloxy” refers to aryl-C(0)-O-. .

The term “aroylamino” refers to aryl-C(Q)—NH-.

The term “ary!oxycérbonyl" refers to aryl-O-C(O)-.

The term “heterocyclyl” or “heterocyclo” refers to an optionally substituted, fully saturated
~ or unsaturated, aromatic or nonaromatic cyclic group, e.g., whichis a 4- to 7-membere&~
monocyclic, 7- to 12-membered bicyclic or 10- to 15-membered tricyclic ring system, |
which bhas at least one heteroatorﬁ in at least one carbon atom-containing ring. ‘Each
ring of the heterocyclic group containving a heteroatom may have 1, 2 or 3 heteroatoms
selected from nitrogen atoms, oxygen atoms and sulfur atoms, where the nitrogen and
sulfur heteroatoms may also optionally be oxidized. The heterocyclic group may be
attached at a heteroatom or a carbon atom. ‘ - .

Exemplary monocyclic heterocyclic groups include pyrrolidinyt, pyrrolyl, pyrazolyl,
oxetanyl, pyrazolinyl, imidazolyl, imidazofinyl, imidazolidinyl, triazolyl, oxazolyl, '
oxazolidinyl, isoxazolinyl, isoxazolyl, thiazolyl, thiadiazolyl, thiazolidinyl, isothiazolyi,
isothiazolidinyl, furyl, tetrahydrofuryl, thienyl, oxadiazolyl, piperidinyl, piperazinyi, 2-
oxopiperazinyl, 2-oxopiperidinyl. 2-oxopyrrolodinyi, 2-oxoazepinyl, azepinyl, 4-

14
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pipéridonyi, pyridyl, pyrdyi N-o'x;'de. pyrazinyl, pyrimidinyt, pyridazinyl, tetrahydropyranyl',
morpholinyl, thiamorpholinyl, thiamorptolinyl sulfoxide, thiamorpholinyl suifone, 1,3-
dioxolane and tetrahydro-1 ,1-dioxothienyl, 1,1,4-trioxo-1 ,2_.5—thiadiazolidin-2-y£ and the

. like. B '

Exemplary bicyclic heterocyclic groups include indoiyl, dihydroidolyl, benzothiazolyl,
' benzoxazinyl, benzoxazolyl, benzothienyl, benzothiazinyl, quinuclidinyl, quinolinyl,
" .tetrahydroquinolinyl, decahydroquino!inyf, isoquinolinyl, tetrahydroisoquinolinyl,
decahydfqisoquinolinyl, benzimidazolyl, benzopyranyl, ihdoiizinyl. benzofuryl, chromonyl,

" coumarinyl, benzopyranyl, cinnolinyl, quinoxalinyl, indazolyl, pyrrolopyridyl, furopyridinyt

(such as furo[2,3-c]pyridinyl, furo[3,2-b}-pyridinyl] or fpro[Z,S—b]pyridinyl).
_ dihydroisoindolyl, 1,3-dioxo-1,3-dihydroisoindol-2-yi, dihydroquinazolinyl (such as 3,4- .
dihydro4-oxo-quinazolinyl), phthalaziny! and the like.-

Exemplary tricyclic heterocyelic groups include carbazolyl, dibenzoazepinyl,
dithienoazepinyi, benzindolyl, phenanthrolinyl, acridinyl, phenanthridinyl, phenoxazinyl,
phenothiazinyl, xanthenyl, carbolinyl and the like.

The term “heteroé:yclyl" includes substituted heterocyclic groups. Substituted
heterocyclic groups refer to heterocyclic groups substituted with 1, 2 or 3 substituents.
Exemplary substituents include, but are not limited to, the following:

(a) '5ptionaﬂy substituted alkyl;

(’5) hydroxyl {or protected hydroxyl);
{c) halo;

(d) oxo, i.e., =0;

(e) optionally 'substituted amino;

® alkoxy;

(@) cyc[oalkyi;

(h) - carboxy;-

15
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() heterocyclooxy;
() atkoxycarbbnyl, such as ﬁnsubstituted lower a!koxycarbo'nyl;'
(k) merca_pto;
0] nitro;
. (m)  cyano;
(n) suifamc.';yli '

(o) alkanoyloxy;

(®)  aroyloxy;
(@)  arylthio;
) | aryloxy; -
(s) alkyithio;
® formyl;

() carbamoyl;
(v) aralkyl; or

(w) aryi optionally subéti_tuted with alky!, cycloalkyl, alkoxy, hydroxyl, amino,
' acylamino, alkylamino, dialkylamino or halo.

The term “heterocyclooxy” denotes a heterocyclic group bonded through an oxygen
bridge. '

The terms “saturated of unsaturated heterocycloalkyl” or “heterocycloalkyl” refers to
nonaromatic hetgarocyclic or heterocyclyl groups as described above.

The term “heteroaryl” refers to an aromatic heterocycle, e.g., monocyclic or bicyclic aryl,
such as pyrrolyl, pyrazolyl, imidazolyl, triazolyl, oxazolyl, isoxazolyl, thiazolyl,
isothiazolyi, furyl, thienyl, pyridyl, pyridyl N-oxide, pyrazinyl, pyrimidinyl, pyridazinyl,
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indolyl, benzothiazolyl, benzoxazolyl, benzothienyl, quinolinyl, isoquinolinyl,
benzimidazolyl, benzofuryl and the like, optionally. substituted by, e.g., lower alkyl, lower
alkoxy or halo. '

' The terfn "heteroarylsulf;nyl" refers to heter.oaryI-S(.O)z-.

: Tﬁe term “heteroaroyl” refers <t0 heteroaryl-C(O)-.

"The term “heteroérbyiamino" refers to he;teroaryl-C(O)Nl-f-._
’fhe term ‘;heteroaralkyl" refers to a heteroaryl grc;up bonaed throhgh an alkyl group.
The term "hegeroza‘.ralkanoyl” refers to heteroaralkyl-C(O)-.

“The term “heteroara[kanoylar';iiho“ reférs to heteroaralkyl-C(O)NH-.

The term “acyl” refers to alkanoyl, aroyi, heteroéroyl, aralkanoyl, heteroaralkanoyl and
the like.

The term “acylamino” refers to alkanoytlamino, aroylamino, heteroaroylamino,
aralkanoylamino, heteroaralkanoylamino and the like. '

The term *divalent” refers to a residue linked to at least two residues and optionally
having further substituents. As an example, within the context of the present invention
the expression “substituted or unsubstituted divalent phenyl residué” is considered to be
equivalent to the expression “substituted 01; unsubstituted phenylene residue”.

The present invention provides a compound having the following structure
A-L1-B-C-D-L2-E
and pharmaceutically acceptable salts, and p}odrugs thereof, wherein

- Ajis a substituted or unsubstituted alkyl, cycloalkyl, aryl, or heterocyclyt

group,
- L1 is selected fr'om the group consisting of:

an amine group —NH-

. a substituted amine group of the formula —N(CHs)-, -CHz-NH- or

17



WO 2007/126957 PCT/US2007/007772

50133

-CH;-CH,-NH-,
*  an amide group —C(0)-NH- ,
* a sulphonamide group —~S{O),-NH-, or
* a urea group —NHC(O)-NH-,
- Bisa substituted or-unsubstituted, monocyclic, 5- or 6-membered divalent
heteroaryl group, -
. C-Dis selected from the folldwing cyclic structures: -
. C-D together is a substituted or unsubstituted divalent bipheny!
group, ' '
C is a substituted or unsubstituted divalent phenyl group and D.is
a single bond, ‘ C

* C is a substituted or unsubstituted divalent pheny! group, and D is
a substituted or unsubstituted divalent non-aromatic monocyclic
ring which is selected from a saturated or unsatui‘ated div:a;!ent .
cycloalky! group or a saturated or unsaturated divalent - '
_ heterocycloalkyl grbub, |

*  C-Dtogether is a spiro residue, wherein

« the first cyclic component is a benzo-fused cyclic component
wherein the ring which is fused to the phenyl partis a 5- or6- |
membered ring, optionally comprising oné or more hetdrqatoms,‘
the first cyclic component being attached to the moiety B via its
phenyl part, and

- the second cyclic component is a cycloalkyl or cycloalkylidenyl.
residue which.is attached to L2,
- L2 is selected from the group consfsting of:
- a single bond,
a divalent residue having the following structure:

-[R’}a-[Rzlu-[Q(0)]c~[N(R’)]a-[R‘]o-[Rslr

wherein
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aisOor1,
bisOor1,
cisOor1,
disOor1,
eisOorf,
fis 0 or 1,
with the provisos that (a+b+c+d+é+fj >. 0, and c=1 if d=1,

R', R? R* and R®, which can be the same or different, area
substituted or unsubstituted divalent alkyl, cycloalkyl, alkenyl,
alkynyl, alkylene, aryl or heterocyclyl residue,

R*is H or hydrocarbyi, or R’ and R* form together with the
nitrogen atom to which they are attached a 5§ or 6-membered
heterocycloalkyl group, '

with the proviso that R' and R? are not both alkyi if c=1 and
d=e={=0 and the carbonyl carbon atom is attached to the moiety
E .

an alkylidenyl group which is linked to the moiety D via a double
bond, and '
- - E is selected from the group consisting of:

a sulphonic acid group and derivatives thereof,

a carboxyl group and derivatives thereof, wherein the carboxyl
carbon atom is attached to L2,

a phosphonic acid group and derivatives thereof,
an alpha-keto hydroxyalkyl group,

a hydroxyalkyl group wherein the carbon atom bonded to the
hydroxyli group is further substituted with one or two trifluoro-
methyl groups,
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* a substituted or unsubstituted five-membered heterocyclyl residue
having in the ring at least two heteroatoms and at least one
carbon atom, wherein '

- the at least one carbon atom of the ring is bonded to two
heteroatoms; o

-+ at least one of the heteroatoms to which the carbon atom of the
ring is bonded is a member of the ring;

* and at least one of the heteroatoms to which the carbon atom of
the ring is bonded or at least one of the heteroatoms of the ring is
bearing a hydrogen atom; '

with the provisos that

L2 is not a single bond or a divalent alkyl group if the moiety D is a single
bond, )

L2 is not a single bond if the moiety D is an unsubstituted divalent phenyl
group and E is a carboxylic acid or a derivative thereof,

E is not a carboxamide group if L2 comprises an amide group,
E is not a—COOH group if D is a single bond and L2 is a

~N(CH3)-C(O)- group wherein the carbonyl carbon atom is attached to the
moiety E,

L2 is not a divalent N-methyl piperidinyl group if the rhoiety Eisa pyn_'idinyl-
1,2,4-triazolyl group. ' '

The present invention provides a compound having the following structure

A-1.1-B-C-D-L2-E

and pharméceu'_cically acceptable salts, and prodrugs thereof, wherein

- Ais a substituted-or unsubstituted atkyl, cycloalkyl, aryl, or heterocyclyl
group, ' ' ‘

- L1 is selected from the group consisting of:

“ an amine group —NH-
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a‘substituted amine grou;; of tﬁe formula —N(CH,)-, ~CH2;NH- or
-CHCH-NH-, i

an amide group —~C(O)-NH- , -

a sulphonamide ér_oup ~S(0),-NH-, or

a urea group ~NHC(O)-NH-,

- _B is a substituted or unsubst’tfuted, monocyclic, 5- or 6-membered divalent
- heteroaryl group, - :

- C-D is selected from the following cyclic structures:

»

C-D together is a substituted or unsubstituted divalent biphenyl
group, '

C is-a substituted or unsubstituted divalent phenyl group and D is
a single bond,

~ C is a substituted or unsubstituted divalent pheny! group, and D is

a substituted or unsubstituted divalent non-aromatic monocyclic
ring which is selected from a saturated or unsaturated divalent

" cycloalkyl group or a saturated or unsaturated divalent

heterocycloalkyl group,
C-D together is a spiro residue, wherein

- the first cyclic component is a benzo-fused cyclic cbmponent
wherein the ring which is fused to the phenyl partis a 5- or 6~
membered ring, optionally comprising one or more heteroatoms,
the first cyclic component being attached to the moiety B via its
phenyl part, and

= the second cyclic component is a cycloalkyl or cycloalkylidenyl
residue which is attached to L2, v

- L2 is selected from the group consisting of:

w

a single bond,
a divalent residue having the following structure:

Rl [R¥e-[CON-INR) e [R*1e-[R)-
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wherein

aisOort,

bisOor.1,

cis 0 or1,

~dis0 or1,

eisQor1,

f‘i.s Qor1,

with the provisos that (a+b+c+d+e+f) >:O, and c=1 if d=1,

R', R? R* and R®, which can be the same or different,-are’a
substituted or unsubstituted divalent alkyl, cycloalkyl, alkenyl,
alkynyl, alkylene, aryl-or heterocyclyl residue,

R?is H or hydrocarbyl, or R* and R* form together with the -
‘nitrogen atom to which they are attached a 5- or 6-membered
heterocycloalkyl group,

with the proviso that R' and R? are not both alkyl if c=1 and
" d=e=f=0 and the carbonyl carbon atom is attached to the moiety
E,

an alkylidenyl group which is linked to the moiety D via a double
. bond, and
- Eis selected from the'group consisting of:
. a sulphonic acid group and derivatives thereof,

a carboxyl group and derivatives thereof, wherein the carboxyl
carbon atom is attached to L2,

a phosphonic acid group and derivatives thereof,
an alpha-keto hydroxyatkyl group,

a hydroxyalkyl group wherein the carbon atom bonded to the
hydroxyl group is further substituted with one or two trifluoro-
methyl groups,
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a substituted or unsubstituted five-membered heterocycis}l residue
héving in the ring at least two heteroatoms and at least one
carbon atom, wherein

- the at least one carbon atom of the ring is bonded to two
heteroatoms; '

- at least one of the heteroatoms to which the carbon atom of the-
ring is bonded is a member of the ring;

- and at least one of the heteroatoms to which the carbon atom of
the ring is bonded or at least one of the heteroatoms of the nng is
bearing a hydrogen atom; ‘

‘with the provisos that

L2 is not a single bond or a divalent'alkyl group if the moiety D is avsing!e
bond,

L2 is not a single bond if the moiety D is an unsubstituted divalent phenyi
group and E is a carboxylic acid or a derivative thereof,

E is not a carboxamide group if L2 comprises an amide group,

. Eisnota-COOHgroupifDisa siﬁg]e bond and L2 is a

—N{(CH,)-C(O)- group wherein the carbonyl carbon atom is attached to the

moiety E,

L2 is not a divalent N-methyl pEperidinyI'group if the moiety E is a pyridinyl-
1,2,4-triazolyl group,

L2 is not ~C(0O)-[R*]e-[R°]— when C is a substituted or unsubstituted
divatent phenyl group and D is a single bond.

Unless otherwise indicated, the compounds provided in the formula above are meant to

include all pharmaceutically acceptable salts, prodrugs, sterecisomers, crystalline forms,

_or polymorphs thereof.

In a preferred embodiment, the moiety A is selected from the group consisting of a

substituted or unsubstituted phenyl group and a substituted or unsubstituted

monocyclic or bicyclic heterocyclyl group. Preferred substituents are halogen, alkyi,

cycloalkyl, cyano, trifiluoromethyl, alkoxy, hydroxyl, optionally substituted amino, acyl,
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alkanoyloxy, alkanoylamino, aryloxy, alkyithio, arylthio, nitro, carboxy, alkoxycarbonyl,
carbamoyl, alkyithiono, sutfonyl, sulfonamido; and héterocyclyl. More preferably, the
substituents of moiety A are selected from halogen, alkyl, cycloalkyl, cyano,
trifluoromethyl, alkoxy, alkanoylamino, hydroxyl, optionally substituted amino. Or
preferably, the substituents of moiety A are selected from halogen, lower alkyl,.C3 to
C6 cycloalkyl, cyano, tnﬂuoromethyl lower alkoxy, lower alkanoytamlno hydroxyl,
optionally substituted amino.

When'the moiety A is a monocyclic heterocyclyl, it is in a first preferred embodiment
heteroary!.

When the moiety A is a monocyclic heteroaryl, it preferably is a pyridine, oxadiazole,
pyridine N-oxide, pyrazole, isoxazole, pyridazine, pyrimidine or pyrazine residue.

When the moiéty A is a bicyclic heterocyclyl, it preferably is a benzimidazole,
benzoxazole, benzothiazole, oxazolopyridine, thiazoiopyridine, imidazolopyridine,

. indole, quinoliné, isoquinoline, benzofuran, benzothiophene, indazole, cinnoline,”
quinazoline, quinoxaline or phtﬁalazine residue. More preferably, the bicyclic -
heterocyclyl group is selected from a benzimidazole, benzoxazole, benzothtazo!e ;
oxazolopyndlne thiazolopyridine or imidazolopyridine group.

When the moiety Ais a cyc!oaikyl group, it is preferably a cyclopropyl, cyclobutyl,
cyclopentyl, or cyclohexyl group.

In a preferred embodiment, the linker moiety L1 is attached to the ring of the bicyclic
" heteroary! group containing the heteroatom.

In a preferred embaodiement L1 quup is an amine group —NH-.

in another preferred embodiement L1 group is an amide group —C(O)NH- or
~NHC(0)- .

The amide group representing L1 can have the following orientations:

A«—C(0)-NH—B or A—-NH-C(O)—B

However, in a preferred embodiment the carbonyl carbon atom is attached to the moiety
A
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The substituted amine group —CHy-NH- or -CH;-CH,-NH- representing 1.1 cah be
attached to the moiety B either via the nitrogen atom or via the carbon atom. However,
in-a preferred embodiment the carbon atom is attached to the moiety A.

* The sulphonamide group representing L1 can have the following orientations: |

A«—S(0),-NH—B or A«—NH-S(0),—B
. However, in a preferred embodiment the sulphur atom is attached to the moiety A.

Accqrding to the present invehtipn, the moiety Bis a substituted or unsubstituted,

- monocyclic, 5- or 6-membered heteroaryl group. As eiptained above, the term “divalent”
refers to a residue being attached to at least two further residues. Within the context of
the present invention, the expression “unsubstituted or substituted monocyclic 5- or 6-

’me.mbered heteroarenediy! group” is considered to bé equivalent to the expression used
above.

Besides the moieties L1 and C-D to which it is attached, the moiety B can have from 1 to
3 additional substituents. Preferred substituents comprise halogen, alkyl, cycloalkyl,
cyano, trifluoromethyl, alkoxy, hydroxyl, and optionally substituted amino.

Preferably, the moiety B is selected from the group consisting of a 6-membered
substituted or unsubstituted divalent heteroaryl group wherein the heteroatom is
nitrogen, or a 5-membered substituted or unsubstituted divalent heteroaryl group
wherein the heteroatom is nitrogen, oxygen and/or sulphur,

In a preferred embodiment, the moiety B is selected from a pyridine, pyridine N-oxide,
pyridazine, pyrimidine, pyrazine, oxazole, or thiazole group.

According to the present invéntion, the moiety C within the structural element C-D is a
_.divalent phenyl group. As discussed above, the expressions “phenylene” or
“benzenediyl” are considered to be equivalent.

The divalent phenyl residue can be unsubstituted or can have from 1 to 4 substituents,
‘Preferred substituents comprise halogen, alkyl, cycloalkyl, cyano, trifluoromethyl, alkoxy,
hydroxyl, and amino which is optionally substituted. '
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When the structural element C-D is a divalent bipheny! group, the phenyl moiety D can
be substituted or unsubstituted. Preferred substituents are those listed above for moiety
C. ‘

When the moiety D is a substituted or unsubstituted divalent non-aromatic monocyclic
ring which is selected from a saturated or unsaturated divalent cycloalkyl group or a
saturated or unsaturated divalent heterocycloalkyl group, it is preferably selected from
a substituted or unsubstituted divalent cyclohexyl grdup ora non-arorﬁatic 6-
membered substituted or unsubstituted divalent heterocycloalky} group wherein the
heteroatom is nitrogen.

In a preferred embodiment, the 6-membered heterocycloalkyl group is selected from a-
piperidine group or a tetrahydro-pyridine group.

Preferred substituents of the divalent non-aromatic monocyclic ring are those Iistéd
above for the moiety C.

When the moiety D is a substituted or unsubstituted divalent non-aromatic monocyclic
ring, especially a cyclohexyl, the moiety A-L1-B-C- and the molety —L2-E are in a trans
configuration e.g. '

: \‘\\\\\\Lz—" E
N E A
o
AL Bc? Lo AL, BC

When the structural element C-D is a spiro residue, the first cyclic compone'nt‘of the
spiro residue Es‘ preferably selected from an indanyl group, a benzo—tétrahydrofur'anyl
group; a benzo-pyrrolidinyl group, a benzo-pyrrolidinonyl group, or a benzo-piperidinyl
group.

The second cyclic component .of the spiro residue is preferably selected from a
cyclohexyi group or a cycichexylidenyl group.

Preferred spiro residues can be those given below:
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In other preferred embodiments, tﬁe second cyclic componeht can be a cyclohexylidenyl
group as shown below:

ll-a:

When the second cyclic component of the spiro residue is a cycloalkylidenyl group, the
moiety L2 preferably is =CH-. '

27




WO 2007/126957 PCT/US2007/007772

50133

When the moiety L2 is a divalent residue -[R"a-[R%-[C(O)]e- IN(RY)eAR AR’} . it is
preferably selected from the group consisting of: ‘

t

a divalent alkyl group having from 1 to 4 carbon atoms,

a divalent alkenyl group having frdm 2 to 3 carbon atoms,

a —C(0)- group,

a —C{0)-{R*},-R°®- group wherein

* e is 0 and R® is selected from the group consisting ofa diva-ient _
substituted or unsubstituted C,-C, alkyl group, C,-Cs cycloalkyl group,
phenyl grbup or 5- or 6-membered heterocyclyi group, or

- eis 1, R*is a divalent .sub'sﬁtuted- or unsubstituted C}-C. alkyl group',
and R® is a divalent substituted or unsubstituted C,-C; cycloalky! group,
phenyl group or 5- or 6-membered heterocyclyl-group,

- a~R'-R? group, wherein R is a divalent substituted or unsubstituted C.1-C4
“alkyi group and R? is a divalent substituted or unsubstituted C,-Cs cycloalkyl
group, phenyl group or 5- or 6-membered heterocyclyl group,

- a -C{Q)-NH- group,
- a -(CH,)1.3-C(O)-NH-(CH;)+.,-group

- a-C(0)-NH-R*- group, wherein R* is selected from a divalent substituted or
unsubstituted C,.; alkyl group, cyclohexyl group or cyclopentyl group,

- a-C(O)-N(R?*)-R*- group, wherein R® and R* and the N-atom together form a '.
pyrrolidine ring or a piperidine ring. '

Preferred substituents for residues R’, R?, R* and R® include hydroxyl, alkoxy, keto,
amino which is optionally substituted, and alkyl.

Preferably, the divalent residue -[R'],-[R?-{C(O)]-IN(R*)]4-[R*1-[R®} has the following
orientation:

C-De—[R]s-[R7-{C(O)-NR)[Re-[R°}—E -

When E is’a carboxyi group or a derivative thereof, it is preferably selected from a
~CQOOH group, a carboxylic ester group, or a carboxamide group.
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Chemical formulas of preferred carboxyl group derivatives are given below:

: o . 0 o 0 e
| Y ‘/”\ OH
: ‘ _R-PRO N/S\R N~
" ° L2 Hoo L2 H
9 N
‘)I\ //:,
N
H.

L2

For the carboxyl group derivatives above, “R-PRO" refers to the common ester
derivatives that can serve as a prodrug.

Prodrug derivatives of any compound of the invention are derivatives of said compounds
which following administration release the parent compound in vivo via some chemical
or physiological process, e.g., a prodrug on being brought to the physidlogical pH or
through enzyme action is converted to the pasent compound. .Preferred are
pharmaceutically acceptable ester derivatives convertible by solvolysis under
physiological conditions to the parent carboxylic acid, e.g., lower alkyl esters, cycloalkyl
esteré, fower alkeny| esters, benzyl esters; mono- or di-substituted lower alkyl esters,
such as the o-(amino, mono- or di-lower alkylamino, cafboxy, lower aikoxycarbonyl}
lower alkyl esters, the o-(luwer alkanoyloxy, lower alkoxycarbortyl or di-lower
alkylamiriocarbonyl)-lower alkyl estérs, such as the pivaloyloxymethyl ester and the like
conventionally used in the art. ' '

When E is a sulphonic acid grou.p or a derivative thereof, it is preferably selected from
.a -S(0),-OH group, or a -S(0),-NHR?® group, wherein R® is selected from hydrogen, a
C,-Cs alkyl group, a cycloalkyl group, a substituted or unsubstituted aryl group, a
substituted or unsubstituted heterocycly! group, or a carboxylic acid ester group.

-The sulphonic acid group or derivative thereof can be attached to the moiety L2 via its
sulphur atom or via its nitrogen atom. Preferably, it is attached to the moiety L2 via its

sulphur atom.

Chemical formulas of preferred embodiments are also shown below:
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R S ‘ < Ngm

/s\, 12‘ OH

IZ

L2
‘wherein R has the same meaning as R°® defined above.

When E is an aEpha keto hydroxyalkyl group, the carbon atom bearing the hydroxyl
group can be further substltuted Preferred substitutents are alkyl, cycioalkyl aryl or
heteroaryl. In a preferred embodiment, the hydroxyl-bearing carbon atom is havmg two
substituents which are ;omed together to form a substltuted or unsubstituted cycloalkyl
aryl or heteroaryl group

A chemical formula of.a preferred embodiment is also shown below: -

wherein R and R’ are independently hydrogen, alkyl, cycloaikyl, aryl or heteroeryl, or
both residues R and R’ are joined together to form a substituted or unsubstituted
cycloalkyl or heterocycloalkyl group.

When E is a hydroxyalkyl group wherein the carbon atom bonded to the hydroxyl group
is further substituted with one or two trifluoromethyl groups, preferred embodiments can'-
have a structure as shown below

F.C. OH , /Cﬁ _
%CF CF
L2 : L2 ?

When E is a substituted or unsubstituted 5—membered heterocyclyl re5|due. itis
preferab!y selected from the group consisting of: ' '

- a tetrazole residue,

- a triazole residue,
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- an oxadiazole residue,
‘ - a thiadiazole residue,
-a diazole residue,
- an oxazole residue,
- a thiazole residue,
Co- a.r? oxathiadiazole residue, '
the heterocyclyl residue optioha}ly havihg one or more.sdbstituents selected from an

oxo group, a hydroxyl group and/or a thiol group.

Chemical formulas of preferred heterocyclyl residues.repfesenting moiety E are also
- shown below: '

S R S
. o
: OH
N-M — O—, N °
u%//,kwu;—ég\o” N ‘_Q\/"LONLZ —gl:ﬁ
| S— - H..ﬁ;o ’ {4\“ -tlo\
Lz‘_.@\m-l Lz‘-_<\n/1 . L2 /O:%gzou /Oion

S OH OH N
o

S

e, " .
. < .,_</ ¢_</ i
OH . \N_/“\bﬂu O/IKU:z . s)\o,..

° <
,;% . —s?©
L2 N\-NH U"—z\l,i
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In a further embodiement, the present inventioﬁ concerns compounds of forfnula;

*“\\\ Lz— E

respeétively designated as.the SIGMA Qroup and the SIGMA’ group, wheréin the
moieties A . 1.1, B and -L2-E are the same as the preferred mouetles described herein
above for the structure A-L1-B- C~D—L2—E

Preferred are the compounds in the SIGMA and SIGMA’ groups w.ﬁerein;

- the moiety B is selected from the group consisting of: a substituted or
unsubstituted pyridine group, a substituted or unsubstituted pyridazine group, a
substituted or unsubstltuted pyrimidine group, a substituted or unsubstituted
pyrazine group, a substituted or unsubstituted oxazole group, ’

- the L1 group is selected from the group consisting of: an amine group —NH-,
an amide group —C(O)NH- or ~NHC(0)- group, '

- the moiety A is a substituted or unsubstituted cyéloalkyl, a substituted or _
unsubstituted aryl, or a substituted or unsubstituted heterocyclyi group, and is
- preferably selected from the group consiting of a substituted or unsubstituted
phenyl, a substituted or unsubstituted pyridine, a substituted or unsubstituted
cyclohexyl, a substituted or unsubstituted isoxazole, a substituted or
unsubstituted oxadiézole or a substituted or unsubstituted pyrazole,

- the moiety —L2- i.e. the divalent residue -[R"ls-[R%-[C(O)]e- [N(R’)]d-[R‘].,
[R*)- is selected from the group conStsbng of:

a divalent alkyl group having from 1 to 4 carbon atoms
- a divalent alkenyl group having from 2 to 3 carbon atoms
- a ~C(O)- group .

- a —-C(0)-[R".-R’- group wherein
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* e is 0 and R® is selected from the group consisting of a divalent
substituted or unsubstituted C,-C, alkyl group, C4-Cj cycloalkyi group,
‘phenyt group or 5- or 6-membered heterocyclyl group, or

* eis 1, R* is a divalent substituted or unsubstituted C,-C, alkyl gfoup.
'and' R® is a divalent substituted or unsubstituted C,-C; cycloalkyl
cycloalkyl group, phenyl group or 5- or 6-membered heterocyclyl group,

a ~R'-R% group, wherein R' is a divalent substituted or unsubstituted C,-
C, alkyl group and R? is a divalent substituted or unsubstituted C4+Cs
cycloalkyl group, phenyl group or 5- or 6-membered heterocycly! group,

-C(0)-NH- group,
-(CH2)1.3-C(O)7NH;(CH2)1-3f group,

-C(O)-NH-R*- group, wherein R* is selected from a divalent substituted or
unsubstituted C,.; alkyl group, cyclohexyl group or cyclopentyl group,

-C(0)-N(R*)-R*- group, wherein R* and R* and the N-atom together form a
pyrrolidine ring or a piperidine ring, :

- the moiety E is selected from the group consiting of:

- COOH,

a carbocylic ester group,

.a carboxamide group,

a ~S{0)-OH group, ‘

a -S(0)-NHR® group, Wherein R® is selected from hydrogen, a C;-Cg
alkyl group, .a cycloalkyl group, a substituted or unsubstituted aryl
group, a substituted or unsubstituted heterocyclyl group, or a
carboxylic acid ester group,

or pharmaceutically acceptable salts, prodrugs, sterecisomers, crystalline forms, or

.polymorphs thereof.

The invention covers the compounds in the SIGMA and SIGMA’ groups wherein the

moiety —1L2-E is equivalent to the below described groups E'.
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Preferred are the compounds of formula;

(i
respectively designated as the ALPHA group and the ALPHA' group,
or the compounds of formula )

=

amy ~ or )
résbectively designated as the BETA group and the BETA' group,

or the compounds of formula

\)\j | )@Qﬁ
or # (Vi)

(V) -
respectively designated as the GAMMA group and the GAMMA' group,

or the compounds of formula

M) or
respectively designated as the DELTA group and the DELTA’ group,-

(VIt)
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or the compounds of formula

E'

i Ak
(iIXy or H

. LE
e H@o
, . : (X

-respectively designated as the EPSILON group and the EPSILON’ group,

)

or the compounds of formula .

E

| (X1) or o)
respedii/ely designated as the THETA group and the THETA’ group,

or the compounds of formula

NYO

oy or ATH (XIV)

respectiizely designated as the KAPPA group and the KAPPA’ group,

‘or the compounds of formula

=4

(XV) or AN - o)
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respectively designated as the ZETA group and the ZETA’ group,.

wherein;

-A is'a substituted or unsubstituted cycloalkyl, a substituted or unsubstituted aryl, or a
substituted or unsubstituted heterocyclyl group, ‘

- E’is —-L2-E, '

or pharmaceutically acceptab!e saits, prodrugs, stereocisomers, crystallnne forms, or

polymorphs thereof.

Preferred are the compounds in the ALPHA, ALPHA’, BETA, BETA', GAMMA, GAMMA’,
DELTA DELTA’, EPSILON, EPSILON', THETA, THETA', KAPPA, KAPPA', ZETA,
ZETA’ groups wherein the moieties A and moieties —L2-E are the same as the preferred
moieties described herein above for the structure A-L1-B-C-D-L2-E.

Preferred are the compounds in the ALPHA, ALPHA', BETA, BETA', GAMMA,
GAMMA’, DELTA, DELTA', EPSILON, EPSILON', THETA, THETA', KAPPA, KAPPA',
V ZETA ZETA' groups wherein; ' ’

- the moiety —L2- i.e. the divalent residue -[R1a-[RY-IC(O)e- [N(RS)}d‘{Rdle [RS]r is .
selected from the group consisting of;

a divalent-alkyl group having from 1 to 4 carbon atoms

i

a divalent alkeny! group having from 2 to 3 carbon atoms

1

a ~C(0O)- group

a —C(O)R*],-R®- group wherein

-

e is 0 and R® is selected from the group consisting of a divalent -
substituted or unsubstituted C,-C, alkyl group, C4-C, cycloalky! group, -
phenyl group or 5- or 6-membered heterocyclyl group, or '

eis 1, R*is a divalent substituted or unsubstituted C,-C, élkyl group,
. and R®-is a divalent substituted or unsubstituted C4-C, cycloalkyl .
cycloalkyl group, phenyl group or 5 or 6-membered heterocyclyl group,

- a -R'-R*- group, wherein R’ is a divalent substituted or unsubstituted C-C,
alkyl group and R? is a divalent substituted or unsubstituted C,-C, cycloalkyl .
group, phenyl group or 5 or 6-membered heteroéycly! group,

-a -C(O)-NH- group,
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- a -(CH2)1.5-C(0)-NH-(CH_)+.5- group,

- a -C(O)-NH-R*- group, wherein R* is selected from a divalent substituted or
unsubstituted C_; alkyl group, cyclohexyl group or cyclopentyl group,

-a -C(0)-N(R?)-R*- group, wherein R® and R* and the N-atom together form a
pyrrolidine ring or a piperidine ring,

- the moiety E is selected from the group consiting of:
-~ COOH,
- a carbocylic ester group,
- a carboxamide group,
-a -S(O}TOH group,‘ '

- a ~S(0),-NHRE group, wherein R® is selected from hydrogen, a Cr-Ce atkyl
group, a cycloalky! group, a substituted or unsubstituted aryl group, a
substituted of unsubstituted heterocyclyl group, or a carboxylic acid ester

group,

- the moiety A is a substituted or unsubstituted cycloalkyl, a substituted or
unsubstituted aryl, or a substituted or unsubstituted heterocyclyl group, and is
preférably selected from the group consiting of a substituted or unsubstituted phenyl,
- a"sub:st‘rtuted or unsubstituted pyridine, a éubstituted or unsubstituted cyclohexyl, a
substituted or unsubstituted isoxazole, a substituted or unsubstituted oxadiazole, or a
substituted or unsubstituted pyrazole,

or pharmaceuticaily acceptable salts, prodrugs, stereoisomers, crystalline forms, or
polymorphs thereof. '

.Preferred are the compounds in the ALPHA, ALPHA', BETA, BETA', GAMMA, GAMMA',
DELTA, DELTA’, EPSILON, EPSILON', THETA, THETA’, KAPPA, KAPPA', ZETA,
ZETA', SIGMA and SIGMA'’ groups wherein; : '

- E'is -C(O)OH, -CH,~C(O)OH, ~C,H,~C(O)OH —CH-heterocyclyl.

Preferred are the compoundé fn the ALPHA, ALPHA', BETA, BETA’, GAMMA, GAMMA’,
DELTA, DELTA’, EPSILON, EPSILON', THETA, THETA’, KAPPA, KAPPA', ZETA,
ZETA', SIGMA and SIGMA’ groups wherein; '
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- A is selected from a substituted or unsubstituted phenyl, a substituted or
unsubstituted pyridine,'asubstituted or unsubstituted cyclohexyl, a substituted or
unsubstituted isoxazol, or a substituted or unsubstituted pyrazol.

~

Preferred are the compounds in the ALPHA, ALPHA’, BETA, BETA', GAMMA GAMMA
DELTA, DELTA’, EPSILON, EPSILON’ THETA, THETA’ KAPPA, KAPPA’ ZETA
ZETA’ , SIGMA and SIGMA’ groups wherein; .

- Afis selected from a substituted or unsubstituted phenyl, a substituted or
unsubstituted pyridine, a substitt;rted or unsubstituted cyclohexyl, a substituted or
unsubstituted isoxazole, a substituted or unsubstituted oxadiazole, or a

. substituted or unsubstituted pyrazole, and
- . E'is -C(O)OH, -CH-C(O)OH, —CHz-heterocyclyl.

When E' is -CH—heterocyclyl, it is preferably selected from
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The prééent invention also covers pharmaceutically acceptable salts, prodrugs,
stéréoisomers, crystalline forms, or polymorphs of thee hereinabove described
compounds in the ALPHA, ALPHA', BETA, BETA', GAMMA, GAMMA', DELTA,
-DELTA’, EPSILON, EPSILON’, THETA, THETA’, KAPPA, KAPPA’, ZETA, ZETA',
SIGMA and SIGMA’ groups.

The present invention aiso provides a pharmaceutical composition comprising the
‘compound as defined above and a pharmaceutically acceptable carrier or excipient.

According to a further aspect, the present invention provides use of a compound having
the following chemical structure
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A-L1-B-C-D-L2-E

- Ais a substituted or unsubstituted alkyl, cycloatkyl, aryl, or heterocycly!

group,

~ L1 is selected from the group consisting of:

-

an amine group —NH-

a substituted amine group of the formula —;N(CHQ)-. -CH2~NH- or
-CHz-CHNH-, |

an amide group —C(C)-NH- ,

a Asu‘ilphonamide group —S(0),-NH-, or

a urea group ~NHC(O}-NH-,

- Bis a substituted or unsubstituted, monocyclic, 5- or 6-membered divalent .

heteroaryl gfoup.

- C-Dis selected from the following cyclic structures:

*

C-D together is a substituted or unsubstituted divalent biphenyl
group, '

C is a substituted or unsubstituted divalent phenyl group and D is
a single bond,

C is a substituted or unsubstituted divalent phenyl group, -and Dis
a substituted of unsubstituted divalent non-aromatic monocyclic
ring which is selected from. a saturated or unsaturated divalent
cycloalkyl group or a saturated or unsaturated divalent
heterocycloalkyl group,

C-D together is a spiro residue, wherein

« the first cyclic component is a benzo-fused cyclic compon'ent
wherein the ring which is fused to the phenyl partis a §- or 6-
membered ring, optionally comprising one or more heteroatoms,’
the first cyclic component being attached to the moiety B via its
phenyl part, and ‘
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- the second cyclic component is a cycloalky! or cycloalkylidenyl
residue which is attached to L2,

- L2 is selected from the group ccnsisting of:
| “ . asingle bond, |
e a divaient residue ﬁaving the following structure:
R b (R [C(ONANR R AR

wherein - B
aisOor1, |
bis0or1,
cisQor 1
disOor1,
eisOort,
fisOort,
with the proviso that (a+b+ctd+e+) > 0, and c=1 if d=1,

R*, R"’,' R* and R®, which can be the same or different, are a
substituted or unsdbst_ituted divalent alkyl, cycloalkyl, alkenyi,
alkynyl, alkylene, aryl or heterocyclyl residue,

R?® is H or hydrocarbyl, or R® and R* form together with the _
nitrogen atom to which they are attached a 5- or 6-membered
heterocycloalkyl group,

an a!kyiidenyl group which is linked to the moiety D via a double
bond, and '

- Eis selected from the group consisting of:
* a éulphonic acid group and denvatives thereof,

> a carboxyl group and derivatives thereof, wherein the carboxy! -
- ¢arbon atom is attached to L2, '

o a phosphonic acid group and derivatives thereof,

* an alpha-keto hydroxyalkyl group,
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* a hydroxyalky! group wherein the carbon atom bonded to the
hydroxyl group is further substituted with one or two trifluoro-
methy! groups, ’

a substituted or unsubstituted five-membered heterocycly! residue
having in the ring at least two heteroatoms and at least one
_ carbon atom, wherein '

* the at least one carbon atom of the ring is bonded to two
heteroatoms;

- at least one of the heteroatoms to which the carbon atom of the
ring is bonded is a member of the ring; '

» and at least one of the heteroatoms to which'thé carbon atom of
the ring is bonded or at least one of the heteroatoms of the ring’is
bearing a hydrogen atom; ' '

or a prodrug or a-pharmaceutically acceptable salt thereof for the manufacture
- of a medicament for the treatment of DGAT" associatea disorders. ’
According to a furthe;' aspect, the present invention provides use of a compéund having
the following chemical structure -
A-L1-B-C-D-L2-E
- wherein
- Ais a substituted or unsubstituted alkyl, cycloalkyl, aryl,’or heterocyclyl
_group, ‘ '
- = L1 is selected from the group consiéting of
" an amine group ~NH-
* a sL:bstituted amine group of the formula —N(CH3)-, —CHZ—NH- .or
-CHy-CH,-NH-,
*° an amide group —C(O)~-NH-,
a sulphonamide’ gfoup =S(0)-NH-, or
* a urea group —NHC(QO)-NH-,
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- B s a substituted or unsubstituted, monocyclic, 5- or 6-membered }divalent

heteroaryl group,

- _C-D is selected from the folléwing.cyciic structures:

n

C-D together is a-substituted or unsubstituted divalent biphenyl
group, '

C is.a substituted or unsubstituted divalent phenyl group and D is
a single bond, ' '

C is a substituted or unsubstifuted divalent phenyl group, and D is
a substituted or unsubstituted divalent non-aromatic monbcycli;:
ring which is selected from a saturated or unsaturated divalent
cycloalkyl group or a saturated or unsaturated divalent
heterocycloalkyl Qroup,

C-D together is a spiro residue, wherein

» the first cyclic component is a benzo-fuse& cyclic componeht .
wherein the ring which is fused to the phenyl partis a §- or 6-
membered ring, optionally comprising one or more heteroatoms,
the first cyclic component being attached fo the moiety B via its
phenyi part, and

» the second cyclic component is a cycloalkyl or ¢ycloalkylidenyl
residue which is attached to L2,

- L2 is selected from the group consisting of;

L 4

L]

a single bopd,

a divalent residue having the following structure:
RTARTAIC O INRILR R

wherein

aisQor1,

bisOor1,

cisOor1,

disQori,
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eisCort,
fisOor1,
with the proviso that (a+b+c+d+e+f) > 0, and c=1 if d=1,

R', R? R* and R®, which can be the same or different, are a
substituted or unsubstituted divalent alkyl,-cycloalkyl, alkenyl,
" alkynyl, alkylene, aryl or heterocyclyl residue,

R?is H or hydrocarbyl, or R® and R* form together with the
nitrogen atom to which they are attached a 5- or 6-membered
heterocycloalkyl group,

an alkylideny! group which is linked to the moiety D via a double
bond,

with the prowso that L2 is not —-C(O)-[R*]{R}~when Cis a substltuted or

unsubstituted divalent phenyl group and D is a single bond,
- Eis selected from the group consisting of:

a suiphonic acid group and derivatives thereof,

a carboxyl group and derivatives thereof, wherein the carboxyl
carbon atom is attached to L2, )

a phosphonic acid group and derivatives thereof,
. an alpha-keto hydroxyalkyl group,

a hydroxyaikyl group wherein the carbon atom bonded to the
hydroxyl group is further substituted with one or two tnfluoro—
methyl groups

a substituted or unsubstituted five-membered heterocyclyl residue
having in the ring at least two heteroatoms and at least one

carbon atom, wherein

- the at least one carbon atom of the ning is bonded to two
heteroatoms,

- at least one of the heteroatoms to which the carbon atom of the
ring is bonded is a member of the rng;
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« and. at least one of the heteroatoms to which the carbon atom of
the ring is bonded or at least one of the heteroatoms of the ring is
bearing a hydrogen atom;

or a prodrug or a pharmaceutically acceptable salt thereof for the manufacture
of a medicament for the treatment of DGAT1 associated disorders.

Ina preferred embodiment, the compound used for the manufacture of the
.medicament is one of those as defined in claims 1 to 24, or is one of those as defined
in the ALPHA, ALPHA', BETA, BETA', GAMMA, GAMMA’, DELTA, DELTA’,
EPS'lLON,. EPSILON’, THETA, THETA', KAPPA, KAPPA', ZETA, ZETA’ groups.

Among the preferred DGATA1 associated disorders, the following can be mentioned:

'Metabolic disorders such as obesity, diabetes, anoreiia nervosa, bulimia, cachexia,
syndrome X, insulin resistance, hypoglycemia, hyperglycemia, hyperuricemia,
hyperinsulinemia, hypercholesterolemia, hyperlipidemia, dyslipidemia, mixed
dys'lipi‘demia. hypertriglyceridemia, pancreatitis, and nonalcoholic fatty liver disease;
cardiovascular diseases, such as atherosclerosis, arteriosclerosis, acute heart failure,
congestivé heart failure, coronary artery disease, cardiomyopathy, myocardial infarction,
angina pectoris, hypertension, hypotension, stroke, ischemia, ischemic reperfusion
injury; ariéurysm, restenosis, and vascular stenosis; neoplastic diseases, such as solid
tumors, skin cancer, melanoma, Iymphomé, and endothelial cancers, for example,
breast cancer; !uﬁg cancer, colorectal cancer, stomach cancer, other cancers of the
gastrointéstinal tract (for example, esophageal cancer and panéreatic cancer), prostate
cancer, kidney cancer, liver cancer, bla.dder cancer, cervical cancer, uterine cancer,
feéti’cular cancer, and ovarian cancer, dermatological conditions, such as acne vulgaris.

Preferably, the DGAT1 associated disorder is impaired glucose tolerance, Type 2
diabetes and obesity.

In yet another aspect, the present invention provides methods of using the compound or
composition of the invention as an anorectic. ‘

The compounds of the invention depending on the nature of the substituents possess
one or more stereogenic centers. The resulting diastereoisomers, optical isomers, i.e.,
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enantiomers, and geometric isomers, and mixtures thereof, are encompassed by the
instant invention. "

In a preferred embodiment, the moiety A is a substituted or unsubstituted phenyl group
or a 6-membered heteroary! group comprising one or two nitrogen atoms in the ring, L1
is -NH-, the moiety B is a substituted or unsubstituted divalent pyn’midine residue, the
moiety C-D is selected from a substituted or unsubstituted divalent pheny! group (i.e. C).
in combination with a single bond (i.e. D) or from a substituted or unsubstituted divalent
phenyi group (i.e. C) in combination with a 5- or 8-membered cycloalkyl gfoup (i.e. D),
L2 is selected from a divalent C,-C, alkyl group or from a divalent —C(0)-C,-C, alkyl
group, and E is selected from a Earboxy! group or a derivative thereof.

In another preferred embodiment, the moiety A is a substituted or unsubstituted pheny!
group, L1 is ~NH-, the moiety B is a substituted or unsdbstituted divalent oxazole
residue, the moiety C-D is selected from a substituted or unsubstituted divalent pheny!
group (i.e. C) in combination with a 5- or 6-membered cycloélkyl group (i.e. D), a
substituted or unsubstituted divalent biphen&l group (i.e. C=D~—;bhenyi). a subsiituted or
unsubstituted divalent phenyl group (i.e. C) in combination with a divalent 5- or6- -
membered non-aromatic heterocycly! group, preferably a tetrahydro-pyridine group (i.e.
D), L2 is selected from a divalent C+-C4 alkyi group, a divalent C,-C, alkyl-C(O)-N(R)-C,-
C, alkyl group wherein R is Hor a C,-C4 alkyl group, a divalent ~C(0)-C4-C, alkyl grodp, )
a divalent —C(O)-Cs-Cg cycloalkyl group, a divalent —C(O)-pheny! group, a —=C(O)- group,

. or a divalent -R'-R* group wherein R’ is cyclohexyl and R? is C,-C, alkyl, and E is
selected from a carboxy! group or.derivative thereof or a sulphonic acid or deri'vative
thereof, preferably a sulphonamide group. '

In another preferred emboditﬁent, the moiety A is a substituted or unsubstituted bheny[
group, L1 is —NH-, the moiety B is a substituted or unsubstituted divalent thiazole
residue, the moiety C-D is selected from a substituted or unsubstituted divalent phényl
group (i.e. C) in combuinatiqn with a 5- or 6-membered cycloalkyl group (i.e. D) or from a
substituted or unsubstituted bipheny! group (i.e. C=D=phenyl), L2 is selected from a
divalent C,-C; alkyl group or f;om a divalent —C(0)-C4-C, alkyl group, and E is selected
from a carboxyl group or a derivative thereof. ‘
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In another preferred embodiment, the.moiety A is selected from substituted or

unsubstituted alkyl, cycloalkyl, phenyl or a 5- or 6-membered heterocyclyl group

compriéing one or two nitrogen atoms in the ring, preferably pyridine, pyrazole or

. isoxazole, L1 is selected from —N(H)-, ~C(O)NH-, or -NHC(O)-, the moiety Bisa
substituted or unsubstituted divalent pyridine, the moiety C-D is a divalent substituted or

. unsubstituted phenyl (i.e. C) in combination with a 5- or 6-membered cycloalky! (i.e. D),
L2 is a C1-C4 alkyl group or a spiro residue, and E isa carboxyl group or a derivative
"thereof. Preferably, the amino group representing L1 is attached to the pyridine residue
representing moiety B either \}ia ring position 2 orring poéition 3.

In another preferred embodiment, the moiety A is selected from a substituted or
unsubstituted alkyl, cycloalkyl, phenyl or a 5- or 6—me-mbered heterocyclyl group

- comprising one or two nitrogen atoms in the ring, preferably pyridine, L1 is selected from
—N(H)-, ~C(O)NH-, or ~-NHC(O)-, the moiety B is a divalent substituted or unsubstituted
pyiid_azine group, the moiety C-D is selected from a substituted or unsubstituted divalent
phenyl group (i.e. C) in combination with a single bond (i.e. D), from a substituted ‘6r
unsubstituted divalent phenyl group (i.e. C) in combination with a 5- or 6-membered
cycloalkyl group which is optioria!ly comprising a heteroatom like nitrogen (i.e. D), L2 is
selected from a C;-C, alkyl group, a —=C(O)-N(R")-R?- group wherein R! and R? are
joined so as to form a 5 or 6-membered non-aromatic heterocyclyl group, a =C(0)-
N(R")-R*- group wherein R is a C;-C, alkyl group and R? is a 5- or 8-membered
‘cycloalkyl géoin or a C+-C, alkyl group, and E is selected from a carboxyl group or
derivative thereof or a substituted or unsubstituted five-membered heterocyclyl residue
having af least two heteroatoms and at least one carbon atom in the ring, preferably a
tetrazole residue or an oxo-substituted oxadiazole residue.

Particular embodiments of the invention are the compounds:

(4—{4—[2-(3—Fiuorophenyfamino)-pyrimidin-s-y!]—pheﬁy!)—cyclohexy?)-aceﬁc acid,
{4—[4~(2-Phehylaminopyn'midin—S—yI)-phenyi]-cyéiohexyl}-acetié acid,
‘4-{4~[2—(3—F!uorophenylaminq)-pyrimidin—5~yl]-phenyl}—2,2~dimethyl-4-dxo—butyric acid,
(1 S.28)»2{4«[2'-(3-Flgorophenylamino)-pyrimidi n-s-yl]-benioyl}—cyclopentanet:arboxy[ic
acid, )

(1 S,2S)-2—{4¥[2-(3-ChIorophenylamino_)—pyrimidin-&yl]—benzoyl}-cyqlopentanecarboxytic

acid,
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(4-{4-[2-(3-Methoxyphenylamino)-thiazol-4-yl]-phenyl}-cyclohexyl)-acetic acid,
(4-{4-[2~(3-Fluorophenylamino)-thiazol-4-yl]-phenyl}-cyclohexyl)-acetic acid,
(4{4-[2-(2-Chlorophenylamino)-thiazol-4-yll-phenyl}-cyclohexyl)-acetic acid,
(4-{4-[2-(3-Cyanophenylamino)-thiazol-4-yl}-phenyi}-cyclohexyi)-acetic acid,

. {(4-{4-[2-(3-Trifluoromethylphenylamino)-thiazol-4-yi}-phenyl}-cyclohexyt)-acetic acid,
(4-{4-[2-(3-Fluorophenylamino)-thiazol-4-yl}-phenyl}-cyclohexyl)-acetic acid,
3-{4’-[2-(3-Ffuoropheny!aniino)~thiazo!-4—y|}-bipheny14~yl}-propionic acid,
{4-[2-(3-Fluorophenylamino)-thiazol-4-yl]-biphenyl-4-yl}-acetic acid,
(4-{4-{2-(3-Chlorophenyiamino)-oxazol-5-yl}-phenyl}-cyclohexyl)-acetic acid,
(4—{4_—[2~(4~ChIorophenylamino)—oxazol-5;y!]-phgnyi}cyclohexyl)-acetic acid,
(4-{4-[2-(4-Methoxyphenylamino)-oxazol-5-yl]-phenyl}-cyclohexyl)-acetic acid, .
(4{4~[2-(2-F!uorophenyiamino)—bxazol-S—yI]—phenyl}—byclQhexyl)-acéti'c acid,

_ {4—[4—(2—Pheny]aminooxazoi-S—yI)—pheny!}-cyclohexyl}—acetic acid,
(4—{4—[2~(3‘F!uorophenyiamino}oxazol-5—yl]-phenyl}—éyciohe)(yl)-acetic acid,
(4-{4-[2-(2-Chlorophenylamino)-oxazol-5-yl]-phenyl}-cyclohexyl)-acetic acid,
(4-{4—{2—(3—Cyanophenylamino);oxazoFﬁ-yl]-phenyl}-cyclohexyl)-écetic acid,
{4-[4-(2-Cyclohexylaminooxazol-5-yl)-phenyl}-cyclohexyl}-acetic acid,
(4—{4—[2—(3,4-Dicﬁ[ordphenylamino)~oxazol-5~yl]«phenyl}-cyclohexyi)-acetic a‘_cid.
(4-{4—[2—(&0htorwﬂuorophenylamino)-oxazol-S—yl_]»phenyl}-cyclohexyl)-écetic acid,
(4-{4-[2-(4~ChIoro-3-triﬂuoromethylphenylamino)-oxazol-S-yl}-phenyl}-cyclbhexyl)-aceﬁc
acid, - '

~ (4-{4-[2-(3.5-Difluorophenylamino)-oxazol-5-yl}-phenyl}-cyclochexyl)-acetic acid,
(4-{4-[2—(3,5-Dichlorophenylamino)—okazol-S—yl]—phenyl}—cyclohexylj-acetic acid,
(4-{4-[2-(2—(:h!oro—4~triﬂuorometh);'!pheny!amino)-oxazol-s-y!]-phenyl}—cycloheijl)eacetic
acid, 4 ‘ )
(4-{4—f2-(2—Triﬂuoromethyiphenylamino)-dxazol-s-yll-phenyl}—cyclohexyl)—acetic écid.'
(4-{4-{2-(3-Fluoro-4-methylphenylamino}-oxazol-§-yl]-phenyl}-cyclohexyl)-acetic acid,
{4-{4-(2~p-Tonlaminooxazol-S—yI)—phenyl}—cyclohéxyl};acetic acid, v ‘
(4-{4~[2—(3-Chloro—4—methylphenyIamino)-oxazol-S-yi]-phenyt}-cyclohexyl)—acetic acid,
4-(4-{4-[2-(3-Chlorophenylamino)-oxazol-5-yl}-phenyl}-cyclohexyl)-butyric acid,
(E)-4-(4'—{4-[2-(3-.Chlorophenylamino)-oxazol-s-yll—phenyl}—cyciohexyt)~but—2-enoic acid,
3—[2-(4—{4~[2—(3-Chlorophenylamino)-oxazo!QS-yl]fphenyl}-cyciohexyl)-acetylamino]-
propionic acid, '
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{[2-(4-{4-[2-(3-Chlorophenylamino)- oxazo!—S—yl] phenyl}-cyclohexyl)—acetyl] methyi-

ammo}—acetlc acid,

{4'- [2-(3-ChlorOphenylamlno)-oxazol—S—yI] blpheny!-4-yl}-acetlc acid,

. 3H4-[2- (3—Chlorophenyiammo) ~0Xxazol- 5—yl} biphenyl-4-yi}-propionic acid,

4-{4'-[2~ (3—Chlorophenylammo)—oxazol S5-yli}- blphenyl~4-yl}-2 2- dlmethyl—4-oxo-butync

. acid,

4-{4'[2~(3-Chlorophenylamino)-oxazol-5-yl]-biphenyi-4-yl}-4-oxo-butyric acid,

'4—{4'-[2-(3-Ch1orophenyiammo) oxazol-5-ylJ- blphenyl-4-carbonyl}-cyclohexanecarboxyllc
acid,

(4-{4-[2- (3—Chlorophenylam|no) oxazol-S—yl} -phenyl}-3,6-dihydro-2H-pyridin-1-yl)-oxo-
acetic acid,

4-{4- [2~(3—Chloro—phenylammo)—oxazol-s-yl} phenyl}-3 6-dihydro-2H- pyrld:ne-‘l-suifomc
acid amide,
4-{4-[2-(3-Chloro-phenylamino)-oxazol-5-yl}-phenyl}-3,6-dihydro-2H-pyridine-1-sulfonic
acid amide-N-carboxylic acid tert-butyl ester,
4—(4—{4—[2—(3—ChEoro—pheny[amlno)-oxazoi 5-yl}-phenyi}-3, 6~d|hydro-2H pyridin-1-yl)-2,2-
dimethyl-4- oxo—butync acid,

4—(4-{4—[2~(3-Chioro—phenylamlno)—oxazol-5—yl]—phenyl}—3 6—d|hydro-2H pyridin-1-yl)-4-
oxo-butync acid,
2«(4-{4-[2—(3-Chloro-phenylamino)~oxazoI-§-yt]-phenyl}3,6—dihydro~2H-pyridine—1—
carbonyl)-benzoic acid, '

(1 R,2R)-Z-{4'-[2-(3—Chiorophenylamino)-oxazol-5-yl]—biphenyl—4-carbonyi}-
cyclohexanecarboxylic acid, ' A
(trans)-?-{4'—[2—(3—0hl6rophenylamino)foxazol~5_-yl}-biphenyl-4wcarbony!}—
cyciohexanecarboxylic acid,
(trans)-2—{4'-{2-(3-Chloropheny!amino)-oxazol-—S-yI}—biphenyl-4-cafbonyl}-

-cyclopentanecarboxylic acid,

(4-{4'- [2—(3—Ch[oro-phenylammo)-oxazo!-S-yI] biphenyl-4-yi}-cyclohexyl)-acetic acid,
(4-{5-[6—(6—Tr|ﬂuorometh yl-pyridin-3-ylamino)-pyridin-3-yl]-spirocyclohexylidenyt-1,1'-
indanyl}-acetic acid,

(4-{5-[6-(6-Trifl uoromethyl—pyridin-s-ylamino)-pyridin-&yl]-spirbcyc!ohexym ,1-indanyl}-
acetic acid, ' .
(4-{4-[6-(3-Chloro-phenylamine)-pyridin-3-yl}-phenyl}-cyctohexyl)-acetic acid,
(4-{4-[6-(3-methylphenylamino)-pyridin-3-yl]-phenyl}-cyclohexyl)-acetic acid,
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(4-{4-[6-(3-Trifl uoromethylphenylamino)~pyridin-3—y!]—phenyl}-cyclohexyi)~acétic acid,
(4{4-[6—(&Methoxyphenylamino)~pyridin~3-yt]-phenyi}—cyclohexyt)-aoetic aci.d, .
(4-{4-[6-(2-Fluorophenylamino)-pyridin-3-yl}-phenyi}-cyclohexyl)-acetic acid,
(4-{4-[6-(2-Methoxyphenylamino)-pyridEn-3—yi}—phenyl}—cycloﬁexyl)—aoetic acid,
(4-{4-[{6-(2-Methoxyphenylamino)-pyridin-3-yl]-phenyi}-cyclohexyl)-acetic acid, . '
(4-{4—[5-(S—Triﬂuoromethyl-byridin-3-y!amino)-pyridin-z-yll-phenyl}-cyclohexyl)-acetio
acid , ‘ . ' '
(4-{4-[5-(Pyridin-2-ylamino)-pyridin-2-yl]-phenyl}-cyclohexyl)-acetic acid,
{4-[4-(5-Phenylaminopyridin-2-yt)-phenyl}-cyclohexyl}-acetic acid,
(4»~{4_~{5-(5-Cyanopyridin-3-ylarnino)-pyridin-?-yl]-phényl}‘—cyc!ohexyl)—aoetic acid, _
(4~{4~[5—(5—Triﬂuoromethylpyridin-2-y!amino)—pyridin—2-yl]—phenyl}—c_yclohexyi)-acetip acid,
(4—{4—[5-(4-Triﬂuoromethylphenyylamino)-pyridin-z-yl];phenyl}-cyclohexyl)-abetic acid,
(4—{4—[5-(5—Meihylpyn'din-_2—ylamino)-pyridin-z-yl]-phenyl}—cyclohexyl)-acetic acid,
(4-{4-[5-(5-Trifluoromethytpyridin-2-ylamino)-pyridin-2-yll-phenyl}-cyclohexyl)-acetic acid
methyi ester, : .
(4-{4—[5—(5-ChIoropyridih;z-ylanﬁino)—pyridin-2-y!]-phenyl}—cyclohexyl)-acefic acid,
(4-{4-[5-(6-Methoxypyridin-3-ylamino)-pyridin-2-yl]-phenyl}-cyclohexyl)-acetic acid, .
(4-{4-{5-(5-Fluoropyridin-2-ylamino)-pyridin-2-yl}-phenyi}-cyclohexyl)-acetic é_mid,
(4-{4-[5-(S-Acety!aminopyridin-37ylamino)-pyridin-2-yl}—phenyl}—cyclohexyi)—acetic acid,
{4—{4—(3—Methoxy—s-phenylamino—pyridin-2-y|)-pheny!]—cyciohexyl}—acetic acid,
{4-[4-(3-Methoxy-5-(3-fluocrophenyl)amino-pyridin-2-yl)-phenyl]-cyclohexyl}-acetic acid,
~ {4-[4-(3-Methoxy-5-(4-trifluoromethyl-phenyl)amino-pyridin-2-yl)-phenyll-cyclohexyl}- .
acetic acid, _ - » ‘
{4-[4—(3-Methoxy—5—(3—chloropheriy!)amino—pyridin—2—yl)-phenyl]—cyclohexyi}-aceiic acid,
(4»{4-[5—(3—Fiuoro—phenylamino)-pyridin-2—yl}-phenyl}—cyclohexyl)-acetic acid,
(4—{4—(5—(3-Chloro-phenylaminoj-pyridin-z-yl]-phenyl}-cyclohexyi)-’acetic acid,
(4-{4-[5-(1-Methyl-1 H-p_yraioI-S-ylamino)-pyridin-2-y|]-phenyI}-cyctohexyl)—acetic acid,
(4-{4—[5—(5—Fluoro-S—methoxy—pyridin-3-ylamino)-byridin—2-yI]-phenyl}-_cyclbhexyl}aﬁetic
acid, ' : o . ‘
(4-{4-[5-(Isoxazol-3-ylamino)-pyridin-2-yl]-phenyl}-cyclohexyl)-acetic acid,
(4—{5—[5-(6—Triﬂu6romethy!-pyridin-3-ylamino)-pyridin-Z-yI]—spirocyclohexyiidenym A=
indanyl}-acetic acid, ‘ ’ ‘
(4-{4-[6-(3-Chloro-phenylamino)-pyridazin-3-yl]-phenyl}-cyclohexyl)-acetic acid,
(4»{4-[6-(3-Fluoro-phény|amino)—pyn’dazin-3-yl]-phenyl}-cyclohexyl)-‘acetic acid,
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{4~{4-(6—n1-Tonlamino;pyridazir’\-3—y|)~phenyi]-cyclohexyi}-acetic acid,
(4-{4—{6-(3—Triﬂuorométhyl-phenylamino')-pyridazin»3—yl]—phenyl}-cyclohexyl)-acetic acid,

' (4-{4-[6-(3-Methoxy-phenylamino)-pyridazin-3-yl}-phenyl}-cyclohexyl)-acetic acid,

- (4-{4—{&(3’-‘0yano—phenyiamino)-pyridazin—é—yl}-phenyi}-cyc!ohexyl)-acetic acid,
(4-{4—[6-(2-F!uoro;phenylamino)-pyridé,zin-s-yl]-phenyl}-cyciohexyl)-acetic acid,

. (4&{4716-(4-0hloro-phenylamino)—pyridaiin-3-yl]-phenyl}-cyciohexy_l)-acetic acid,
{4-[4~(6-p—Tolylamino—pyridazin-s;yl)~phenyll-cyclohékyl}-acetic acid,
'(4-{4-[6-(4-Triﬁuoromethyl-phenyiamino)-pyridazin-3-y|]-phenyI}_-Eyclohexyi)«écetic acid,
(4—{4;-[6—(3—0h!oro-4—methoxy-'pheny‘lamino)-pyﬁdézin-&-ji]-ph.enyl}*cyclohexyl)-acetic

* acid, - : ’ '
(4-{4-[6-(3-Ch!oro;z-methyl-phenyiamino)-pyridazin-3-yl]-phenyi}-cyclohexyi)—acetid acid,
{4—[4—(6-Phenylamino—pyridazin-3-yl)-phenyl]-cyclohe_xyl}-acetic acid,

' (4-{4-[6-(3-Chloro-2-methoxy-phenylamino)-pyridazin-3-yl]-phenyl-cyclohexyl)-acetic
acid, . ' ' e . _ ' |
(4-{4-[6-(2-Methoxy-phienylamino)-pyridazin-3-yl]-phenyl}-cyclohexyl)-acetic acid, -
(4-{4;[6~(4-Methoxy—phenylamino)—pyridazin—3—yl]—pheny!}—cyciohexyi)—acetic acid,
(4-{4-[6-(6-Trifluoromethyl-pyridin-3-ylamino)-pyridazin-3-yl]-phenyi}-cyclohexyi)-acetic
acid, - '
(4-{4-[6—(4—Triﬂuor6methoxy-phenylamino)-pyridaiin-3—yi]-phenyl}-cyctohéxy!)-acetic
acid,

(4-{4—[6—(4-Flu_oro—phenylamino)-pyridazin~—'3-yl]-phenyl}-cyc[ohexyl)-aeetic acid,

.(4-{4-[6—(€_S-Amind-pyridin-3-ylamino)—pyridazin-3-le—phenyl}-—cyclohexyl)~acetic acid,
(4-{4—[6—(Methy|-m-tolyl-amino)-pyridazin-3-y|]-phehyl}-cyclohexyl)-acetic acid,
[4~_(4¢{6¥[(3-Ch<!oro—phényf)-methyl-amir)o]-pyrid_azin-3-yl}-phenyl)-cyclohexyi]-acetii: acid,

[4-(4-{6—[(3-Methoxy-phenyt)—_me_thyl-amind}-pyridazin-3—yl}-phenyl)—cyclohexyi]-acetic

acid, , . 3

. '(4»‘{4~[6—(2—Methyl~6—triﬂuorornethyl—pyridin~3-y1amino‘)~pyridazin—3—yl]~phenyl}-
cyclohexyl)-acetic acid, _
(4-{4-[6-(3-Chloro-2-methoxy-phenylamino)-pyridazin-3-yi]-phenyl}-cyclohexyl)-acetic .

acid, | : . -
2-{4-[6—(3-Chloro—phenylamirio)-pyridazin-&yl]-benzoylamino};S—methyl-butyric acid,

(S)-1 —{4~[&(B-Chloro;phenylamIno)-pyridazin-3-y|]-benzoyl}-pyrrolidine-z-carboxylic acid,
¢ S.2R)—2-{4-[6-(3—ChIoro—phenylamin'o)-pyridazin-&y!]—benzoylamino}-
cyclopentanecarboxylic acid, )
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3-{4-[6-(3-Chloro-phenylammo) pyridazin-3-yi}- benzoylammo}-proplonlc acid, )

(S)-3—{4~[6—(3-Chloro—phenylamzno) pyrlda2|n~3—yl]—benzoylam1no}-5—methyl~hexano:c

acid,

(1S,2R)-2-{4- {6—(3—Chloro-phenylamlno) -pyridazin-3-yl]- benzoylammo}-

cyclohexanecarboxylic acid,

(S)-1-{4-[6-(3-Chloro-phenylamino)-pyridazin- 3-yl]-benzoyl}-p1perldine-z-carboxyllc acid,

2-{4-[6-(3-0[’1Ioro-phenylammo)- yndazm—S-yl]—benzoylamlno}-2-methyl~proptonlc acid,

4-{4-[6-(3-Triftuoromethyl- phenylamlno)—pyndazm—3—yl}-phenyi}-cyciohexanecarboxyhc
acid,

2—(4—{4-[6—(3—ChIoro—phenylamino) -pyridazin-3-yl]-phenyl}-cyclohexyl)-acetamide, ’

(6-{4-[4-(2H-Tetrazol- S-ylmethyl) cyclohexyl]- phenyi}-pyndazm 3-yl)- (6-tnﬁuoromethyl~

pyridin-3-yl)- amine

3~(4—~{4-[&(G-Tnﬂuoromethy!-pynd|n-3-ylam|no)-pyndazm-3-y1] phenyl}-

cyclohexylmethyl)-4H-[1 2.4]Joxadiazol-5-one,

(1-{4-[6-(3-Tr|ﬂuoromethyl—phenylammo) -pyridazin-3-yl]- phenyl}-pnpendm—4~yl) ~acetic

acid,

(4-{4-[4-Methyl»6—(6—trlﬂuoromethyl pyridin-3-ylamino)-pyridazin-3-yl]- phenyl}-

cyclohexyl)-acetic acid,

(4{4- [4—Methy!-6~(4—tnﬂuoromethyl-phenylammo) pyr:dazun-3-y|]-phenyl}-cyclohexyl)-

acetic acid,

(4-{4- [&(B-Tnﬂuoromethyl-pyndln-3—ylam1no) pyrazin-2-yl]-phenyi}-cyclohexyl)-acetic
acid,

. (4-{4-{5—(2,2—Dimethyl—propionylamino)—pyn’din-2~yl]~phenyl}.cyclbhexyl)-acetic acid,
(4-{4-[5-(Benzooxazol- 2-ylamino); yridin-2-yl]-phenyl}-cyclohexyl)-acetic acid. '
(4—{4-[6-(6-Methoxy—pyr|d|n~3~ylamlno)-5-methyl pyridin-3-yl]- phenyl}-cyclohexyl)-acet:c
acid,
(4-{4-[5-Fluoro-6-(6-methoxy-pyridin-3-ylamino)-pyridin-3-yl}-phenyi}-cyclohexyl)-acetic
acid, ' - -
Oxo—(4~{4~[6¥(6-triﬂuoromethyl-py'ridin-3-ylamino)-pyridin-3-y!]-phenyl}-cyclqhexyl)—acetic

' acid, .

{4-[4-(5-Acetylamino-pyridin-2-yl)-phenyl]-cyclohexyl}-acetic acid,
(47{4-{5-(3-Triﬂuoromethyl-benzoyiamino)—pyridip-Z-yl]-phenyl}-cyclohexyl)~acetic acid,
[4-(4-{5-[(Pyridine-2-carbonyl)-amino}-pyridin-2-yi}-phenyl)-cyclohexyl]-acetic acid,
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[4-(4.{5~[3-(4—Tnﬂuoromethoxy -phenyl)- ureldo] pyndm-z -yi}-phenyl)- cyclohexyl]-acetlc
acid,
[4-(4~{5-[3-(2-Tnﬂuoromethyl-phenyl) ureido]-p yrldm 2-y!}—phenyl) cyciohexyi]-acetlc
. acid, '

(4-{4-[5-(3-0-Tolyi-ureido)- pyrldm—2~yl] phenyl}-cyclohexyl)-acetic acid,
. [4-(4-{5-[(1-Methyl-1H- mdole—3~carbonyl)-ammo] pyradln-2-y|}-phenyl)-cyclohexyl]—acetlc
acid, . .
"[4-(4-{5-[(1 H-Indole—3-carbonyl)-amino]-pyridin-2—yl}~pher_\yl)-cyclbhexyI]—écetic acid,
[4-(4-{5-[(Pyn’dine—3-carbonylj-a_mino]-pyridin—2-yl}-phenyt)-cyclohexyl]-acetic acid,
[4ﬂ(4—{5—[(6-Methy;l-pyridine-3-carbonyl)—amino]-pyridin-2-y|}-phenyi)-cyclohexyl]—acetic
acid, ‘ . _ '
[4-(4—{5»[(5—Bfomo—pyridine—3—carbonyl)-amino]-pyrid;n-z-yi}-phenyl)-cyclohexyl]-acetic
acid, ' ' .
[4-(4—{5—[(5—Chloro—6—meihoxy-pyridine-3-carbonyl)—amino]-pyﬁdin~2vyl}-phenyl)— ‘
] cyc[ohexyl] -acetic acid, ' )
[4-(4—{5—[(5—lsobutyl isoxazole-3-carbonyl)- amlno] pynd|n-2-yl}-phenyl)—cyclohexyl]wacetic
acid,

[4- (4—{5~{(3—tert—Buty[- -methyM H-pyrazole—4—carbonyl)-ammo}-pyndm-z-y!}-phenyl)-
cyclohexyl]-acetic acid,

{4-(4{5-[(5-tert-Butyl-1H- pyrazole—S—carbonyl) amino]- pyrld|n—2—yl}-phenyl)—cyclohexyl]—
acetic acid, - .
"[4»(4—{5-[(_54sopropyl-isoxazole—S-carbonyl)_-amiho]-pyridin-2—yl}-phenyl)—cyclohexyl]-
acetic acid, ) :
{4{4—(5—]sobutbxycarbonylamino—pyridin-2—yI)-phenyl]-cyclohexyl}-acetic acid,
[4—(4-{5-[((8)-5—0)(0—pyrrolidine-Z-carbonyl)-amino]-pyridin-2—y!}—phenyl)-cyclohexyl]—
acetic acid,

: ‘(4-‘{4~{5—(4-Fluoro-3-triﬂuoromethy[-benzoylamino)-p)}ridi'n-2-yl]~phenyl}-cyclohexyl)-.
acetic acid, ‘
(4-{4-[5-(4-Trifluoromethyl-benzoylamino)-pyridin-2-yl]-phenyl}-cyclohexyl)-acetic acid, '
f4-(4{5-[(6-Trifluoromethyl- pyndme—3—carbonyl)—amlno] pyndln-2-yl}—phenyl)—cyclohexyl]—
acetic acid,

(4-{4-[5—(3-F!u0ro—5—tr|ﬂuoromethyl benzoylamlno) pyridin-2-yl}- phenyl}-cyciohexyl)-
acetic acid,
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[4-(4A{5-[(Tetra hydro-pyran-4~carbony!)—amino]-pyriqin—2‘~yl}-phenyl)~cyclohexyl]-acetic_ ]
acid, '
[4-(4-{5-[(5- Bromo—2-methoxy-pyr:d|ne—&carbonyl) aminoj- pyndnn—2—yl}-phenyl)-
cyclohexyl]-acetic acid, ,
' [4-(4-{5-{(1,5-Dimethyl-1H-pyrazole-3-carbonyl)-amino]-pyridin-2-yl}-phenyl)-cyclohexyl}-
acetic acid, -
[4-(4-{5-[(5-Methoxy-1 H—tndo!e—S—carbonyl) -amino]- pynd|n—2—yt}-phenyl)-cyclohexyl}~
acetic acid, . : '
[4-(4-{5-[(2,5-Dimethyl-1 H-’pyrrole-s-carbonyl)-amino]-pyridirvz-yl}—phenyl)-cyciohex'yl]-'
acetic acid, ‘ ‘ '
[4-(4~{5-[(1-Methyl- 54nﬂuoromethyt -1H- pyrazole«4-carbonyl)—amlno] pyndln—Z—yi}-
phenyl)-cyclohexyi]—acetlc acid,
{4—[4—(5—{[4-(Morphoilne~4-sulfonyl) 1H- pyrrole-z-carbonyl]—amlno}-pyndln—2-yl) phenyl]-
cyclohexyl}-acetic acid,
(4{4-[5-(2-Fluoro-2-methyl-propionylamino)-pyridin- 2~yl] phenyl}-cyclohexyl)-acetic acxd
[4—-(4—{5-{(1-Methy|-3-tnﬂuoromethyl~1 H-pyrazole-4-carbonyl)-aminoj- pyndm-Z-yl}-
phenyl)-cyclohexyl]-acetic acid methyl ester, .
(4-{4-[5-(2- Methyl-z-pyrazol 1-yl-propionylamino)- pyndm—2—yl] phenyl}—cyciohexyi)-acetlc
acid,
[4-(4-{5-[(5-Isopropyi-isoxazoleut—carbonyl)-amino]-pyridiﬁ-z-yl}—phenyl)—k:yclohexyl]-
acetic acid, ’
~ [4-(4-{5-[(1-Methyl-3-trifluoromethyl- 1H pyrazole—4~carbonyl)-am|no}—pyndm—Z-yI}-
phenyl)-cyclohexyl}-acetic acid,
[4-{4-{5-{(5-Cyclopropyl- isoxazole;4-carbonyl)—ammo]-pyndln-2-yl}—pheny|)—cyclohexyl]—
acetic acid,
4- (4~{5—[(5-Cyclopropyl |soxazole~4—carbonyl)-am|no] pyndin-2-yi}-phenyl)—cyc|ohexyl]-
acetic acid methyl ester,
[4~(4—{5—[(S-Cyciopropy!-lsoxazole-S-carbonyl) arnano]—pyndm-z-yl}-phenyl)-cyclohexyl]-
acetic acid, _ . ,
[4-(4-{5-[(6-Methoxy-pyridine-3-carbonyl)-amino]-pyridin-2-yI}-phenyl)-cyclohexyl]-acetic
acid, . _ ,
(47{4-[5~(2,2-Dimetﬁyl-butyrylamino)-pyridin-2-yl]—phenyl}-cyclohexyl)~acetic acid,
(4-{4-[5-(2-Methoxy-2-methyl-propionylamino)-pyridin-2-yl}-phenyl}-cyclohexyl)-acetic
acid, :
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[4-(4.{5 -[(1,5-Dimethyl- 1H-pyrazole-4—carbonyl)-ammo] pyrldln—z yt}-phenyl) cyclohexyi]-
acetic acid, '
(4-{4-[5—(‘]' etrahydro—pyran—4—yloxycarbonyIamano)-pyndin-2-yl]-phenyl}-cyclohexyl)-
. acetic acid, '
{4- [4-(5-Cyclopropylmethoxycarbonyiammo-pyndm-Z-yl) -phenyl]-cyclohexyl}-acetic acid,
A(4-{4-[5-(T etrahydro-furan-2-ylmethoxycarbonylammo) -pyridin-2-yl]-phenyi}-cyclohexyt)-
acetic acid,
(4-{4-[5-(T etrahydro—pyran-z-ylmethoxycarbonylammo)-pyndm-2-yi]—phenyl}-cyclohexyl)~
acetic acid,
(4-{4-[5-(3- Methyi-oxetan~3-ylmethoxycarbonylammo) pyndm-2—yl] phenyl}-cyclohexy%)-
acetic acid,
(4-{4-[5-(T etrahydro-pyran-4-ylmethoxycarbonylamlno) pyridin-2-yl}- phenyl}-cyclohexyl)~
acetic acid,
(4{4-{5(2-Methyl-pyridih-s-ytméthoxycarbonylaimino)-py;idin-z-yu-phenyl}cyctoh'exyl)-
acetic acid,
[4-(4-{5—[3—(4-Chloro~3-tnﬂuoromethyl phenyl)-ureido]- pyridin-2—yl}-phenyl)—cyclohexyl]-
acetic acid,
{4~[4~(5—lsopropylcarbamoyl-pyridin-2-yl)-phenyf]-cycIohex',il}~acetic acid,
{4-[4-(6—Carbamoyl-pyridin-2-yl)-phenyl]—cyclohexyl}—acetic acid, '
{4-[4-(6-Isopropylcarbamoyl-pyridin-2-yi)-phenyl]-cyclohexyl}-acetic acid,
(4-{4-[5-(6-Trifl uoromethyl-pyridin—3-ylcarbémoyl)-pyridin-2-yl}-phehyl}—cyclohexyl)-acetic
acid, 4 .
(4-{4- [5—(4-Triﬂuoromethyl-bénzenesuIfonylamino)—'pyridin-2-yl]-phenyl}-cyclohexyl)—'
acetic acid,
(4-{4—{5—(3-Tr|ﬂuoromethyl-benzenesuifonyiamlno) pyridin-2-yl]- phenyl}-cyclohexyl)-
acetic acid,
(4-{4-[5-(1,2-Dimethyl-1 H—imidazole«i-sulfonylaminoj-pyridin—z-yl}—phényl}—cyclohexyl)-
acetic acid, ‘
(4-{4-[5-(5-Fluoro-pyridin-3-ylamino)-pyridin-2-yl]-phenyl}-cyclohexyl)-acetic acid,
.(4-{4-[5-(6-Isopropoxy-pyridin-3-ylamino)-pyridin-2-yl]-phenyl}-cyciohexyl)-acetic acid,
(4-{4-[5-(S-Bromo-pyridin-2-yiamino)—pyridin-z-yl}-phenyi}—cyclbhexy!)—acetic acid,
(4{4—[&(2—Methoxy—§yrirnidin—s-ylamir_wo)-pyridin—2—y1}-phenyl}—cyclohexyl)—acetic acid,
(4-{4-[5-(6-Methylsulfanyl-pyridin-3-ylamino)-pyridin-2-yl}-phenyl}-cyclohexyl)-acetic acid,
(4-4{4-15-([1 ,2,4]Triazin-3-y!amino)-pyridin-2—yi]-phenyl}-cyclohexyl)-'acetic acid,
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(4—{4-[5—(2-Dimethylamino—pyrimidin-&ytamino)-pyr_idin—zyl]-phenyl}—cyctohéxy!)—acetic_
acid, |
(4-{4-[5-(5-Methylsulfanyl- pyndln-2-ylammo) pyridin-2-yl]- phenyl}-cyclohexyi)-acetlc acid,
(4-{4-[5-(3. 5~D:ﬂuoro~pynd|n—2-ylammo)-pynd:n-z-yl]-phenyl}-cyclohexyl)-acetlc acid,
(4-{4-[5-(6-Trifluoromethyi- pyndln-S—yiamlno) pyridin-2-yl}- phenyl}-cycfohexyl) -acetic acid
methyl ester,

(4-{4- [5-(5—ChIoro—&methoxy~pyndm—3-ylammo) pyridin-2-yl]- phenyl}-cyclohexyl)—acetnc
acid, ) :
(4-{4-[5-(5-FIuoro—4-m_ethyl'-pyridin-2-ylamino)—pyridin-2-yl]-pheﬁyl}-cyclohexyl)-acetic
acid, : ' )
(4-{4-[5-(3-Chloro- S-methyl pyndm 2-ylamrno) pyndln—2—yl] phenyl}-cycfohexyf) acettc :
acid,

(4-{4—[5-(5-D|ﬂuoromethyl 6—methoxy~pyndln-3-ylammo) pyndm—Z—yI] pheny!}—cyc!ohexyl)-
acetic acid,

(4-{4-[5-(5-Methanesulfony! pynd;n-z-ylammo)—pyndm—Z-yl] phenyl}-cyclohexyl)-acetlc
acid,

- (4-{4-[3-Fluoro-5-(6-tnfluoromethyl-pyridin-3-ylamino)-pyridin-2-yl]-phenyl}-cyclohexyl)-
acetic acid, A .

(4—{4 -[5-(1H- Benzoxm;dazol-z-ylammo)-pyndm—z -yi}- phenyi}-cyclohexyl) acet:c acid,
{(4-{4-[5-(5-Trifluoromethyl-[1,3,4]Joxadiazol- 2-y[ammo) pyridin-2-yl}- phenyi}-cyclohexyl)—‘
acetic acid,
(8-{4-[5-(6-Methyl-benzooxazoi-2-ylamino)-pyridin-2-yl}-phenyl}-cyciohexyl)-acetic aci.d,
(4—{4A[5-(2-Methyl—S-triﬂuoromethyl~2H-pyrazol-S—yIamino)—pyridih-é-yl]-phenyl}-
cyclohexyl)-acetic acid, ‘ .
(4—{4—[5-(6—ChIoro—benzooxazol-Z-ylamlno) pyridin-2-yl]-phenyl}-cyclohexyl)-acetic acid
methyl ester, ’
(4-{4~[5—(6-ChIoro—benzooxazol—2~ylamino)—pyridin-Z-y!]-phenyl}-cyclohexyl)~aoetic acid,
(4-{4-[5-(5—ChIoro-&methoxy—benzooxazol 2-ylamino)-pyridin-2-yl]- phenyl}-cyclohexyl)-
acetic acid,

(4-{4—[5—(5-’(ert-Butyl [1,3 4]oxad:azol~2-ylammo) pyridin-2-yl}- phenyl}-cyclohexy!)~acet1c
acid,

{4-{4-[2-(6-Trifluoromethyl- pyradm-S-yiammo} pyrimidin-5-yl}-phenyl}-cyclohexyl)-acetic:
acid,

(4-{4-[2-(5-Chloro-pyridin-2-ylamino)- pynrmdm 5-yI]—phenyI} cyclohexyl)-acetic acid
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0xo—(4-{4-[6-(6-tn'ﬂuoromethyl-'pyridin.-3-yIami|;10)-pyridin-‘3-yl]-phenyl}-piperidfn—1-yl)-
acetic acid, '
(4-Hydroxy—4—{4 [6—(6-tnﬂuoromethyl-pyrldm 3-ylamsno) pyridin-3-yl}- phenyf}-p:pendm-1-
. yl)-acetic acid,

(4-{4~16-(2-Methyi-s-trlﬂuoromethyi-pynd|n-3-ylammo) pyrldln-S-yI] phenyi}-cyclohexyl)-
. acetic acid, : . :

or in any case a pharmaceutically acceptable salt thereof.

In a further embodiement, the above listed compounds are in the form of their
corresponding potassium, sodium, hydrochloric, methanesuifonic, phosphoric or sulfuric
acids salts. The salts can be prepared by the herein described methods.

In a further embodiment, the above listed compoundé, wherein the moiety D is a
substituted or unsubstituted divalent cyclohexyl group, are in a trans configuration as
represented by figure “B”

= B,

Use of a compound as herein described, or a prodrug or a phérmaceutica!iy acceptable
salt thereof for the manufacture of a medicament for the treatment of DGAT1 associated
disorders. '

The probesses described herein for the preparation of compounds above may be
conducted under inert atmosphere, preferably under nitrogen atmosphere.

.In starting compounds and intermediates which are converted to the compounds of the
present invention in a manner described herein, functional groups present, such as
-amino. thiol, carboxyl and hydroxyl groups, are optionally protected by conventional
protecting groups that are common in preparative organic chemistry. Protected amino,
thiol, carboxyl and hydroxyl groups are those that can be converted under mild
conditions into free amino thiol, carboxyl and hydroxyl groups without the molecular
framework being destroyed or other undesired side reactions taking place.
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The purpose of introducing protecting groups is to protect the functional groups from
undesired reactions with reaction components under the conditions used for carrying out
a desired chemical transformation. The need and choice of protecting groups for a
particular reaction is known to those skilled in the art and debends on the nature of the
functional group to be protected (hydroxyl group, amino group, etc.), the structure and
stability of the molecule of which the substituent is a part and the reaction conditions.

Well-known protecting groups that meet_ these conditions and their introduction and
remoQaI are described, e.g., in McOmie, "Protective Groups in Organic Cﬁemistry“.
Plenum Press, London, NY (1973); and Greene and Wuts, "Protective Groups in
Organic Synthesis”, John V\méy and Sons, Inc., NY (1999).- b

The ébove—mentioned reactions are carried out according to standard methods, in the
presence or absence of diluent, preferably, such as are inert to the reagents and are
solvents thereof, of catalysts, condensing or said other agents, respéctive!y and/or inert
atmospheres, at low temperatures, RT or elevated temperat'ures, preferably at or near
the boiling point of the solvents used, and at atmospheric or si.lper-atmospheric‘:
pressure. The preferred solvents, catalysts and reaction conditions are set forth in the
appended illustrative Examples. ' o

The invention further includes any variant of the present processes, in which an
intermediate product obtainable at any stage thereof is used as starting material and the
remaining steps are carried out, or in which the starting materials are formed in situ '
under the reaction conditions, or in which the reaction components'are used in the form
of their salts or.optically pure antibodes. ’

Compounds of the invention’ and intermediates can also be converted into each other
according to methods generally known per se.

The invention also relates to ény novel starting niaterials. intermediates and processes
for their manufacture. ’

Depending on the choice of starting materials and methods, the new compounds may be
in the form of one of the possible isomers or mixtures thereof, for example, as
substantially pure geometric (cis or trans) isomers, diastereomers, optical isomers
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(antipodes), racemates or. mixtures thereof. The aforesaid possible isomers or mixtures
thereof are within the purview of this invention.

' Any resulting mixtures of isomers can be separated on the basis of the physicochemical

' differences of the constituents, into the pure geometric or optical isomers,
diastereomers, racemates, for examplé. by chromatbgraphy and/or fractional

' crystallization.

-Final!y, compounds of the invention are either obtained in the free form, or in a salt form
thereof, preferably, in a pharmaceutically acceptable sait form théreo{‘, or as a prodrug
* derivative thereof.. '

- Compounds of the instant invention which contain acidic groups may be converted into
Salis with pharmaceutically acceptable bases. Such.salts include alkali metal salts, like
sodium, lithium and potassium salts; alkaline earth metal salts, like calcium and
magnesium salts; ammonium salts with organic bases, e.g., timethylamine salts, .
diethyiamine salts, tris(hydroxymethyl)methylamine saits, dicyclohexylamine salts and N-
methyl-D-glucamine saits; salts with amino acids like argi'nine. lysine and the like. Salts
may be formed uéing conventional methods, advantageously in the presence of an
ethereal or alcoholic solvent, such as a lower alkanol. From the solutions of the latter,
the salts may be precipitated with ethers, e.g., diethyl ether or acetonitrile. Resuiting
salts may be converted into the free compbunds by treatment with-acids. These or other
salts can ‘aiso.be used for purification of the compounds obtained.

Alternatively, alkali metal salts of acidic compounds may also be prepared from the
corresponding ester, i.e. the m‘ethyl or ethyl carboxylic acid ester. Treatment of the
appropriate ester with an alkaline base such as sodium, potassium or lithium hydroxide
m an ethereal or alcoholic solvent may directly afford the alkali metal sait, which may be
" precipitated from a reaction mixture by addition of a co-solvent such as diethyl ether or
acetonitrile. ‘

Compounds of the invention, in general, may be converted into acid addition salts,
especially pharmaceutically écceptable saits. These are formed, e.g., with inorganic
acids, such as mineral acids, e.g., sulfuric acid, phosphoric or hydrohalic acid, or with
organic carboxylic acids, such as (C-C,)-alkanecarboxylic acids which, e.g., are
unsubstituted or substituted by halogen, e.g., acetic acid, such as saturated or
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unsaturated dicarboxylic acids, e.g., oxalic, succinic, maleic or fumaric acid, such as )
hydroxycarboxylic acids, e.g., glycolic, lactic, malic, tartaric or citric acid, such as amino
acids, e.g., aspartic or glutamic acid, or with organic sulfonic acids, such as (C+-C)-
alkylsulfonic acids, e.g., methanesulfonic acid; or arylsulfonid acids which are
unsubstituted or substituted (for example by halogen). Preferred are salts formed with
hydrochioric acid, maleic acid and methanesulfonic acid. '

These salts may be prepared by suspension or dissolution of the preferred compounds
inan 6rganic solvent or water or appropriate mixture of the two, followed By addition of -
the appropnate acid. The resulting salt may be isolated by precipitation and or removal.
of solvent. Precipitation’ of the séit may be enhanced by addition of co-solvents such as
ethereal solvents or acetonitrile, cooling, seeding, or other methods‘ known to those '
skilled in the art.

Prodrug derivatives of any compound of the invention are der-ivatives‘ of said compounds
which following administration release the parent compound in vivo via some chemical
or physiological process, e.g., a prodrug on being brought to the physiological 'pH or
through enzyme action is converted to the parent compound. Exemplary prodrug -
derivatives are, e.g., esters of free carboxylic acids and S-acyl and O-acyi derivatives of
thiols, alcohols or phenols, wherein acyl has a .meaning as defined herein. Preferred are
pharmaceutically acceptable ester derivatives convertible by solvolysis under
physiological conditions to the parent carboxylic acid, e.g., lower alky! esters, cycloalkyl

. esters, lower alkenyl esters, benzyl esters, mono- or di-substituted lower alkyl esters, .
such as the o-(amino, mono- or di-lower alkylamino, carboxy, lower alkoxycarbgnyl)—
lower alkyl esters, the a-(lower alkanoyloxy, lower alkoxycarbony! or di-lower
alkylaminocarbonyl)-lower alkyl esters, such aé the pivaloyloxymethyl ester and the Iiké
conventionally used in the art.

In view of the close relationship between the free compounds, the prodrug derivati;res
and the coz_’nbounds in the form of their salts, whenever a compound is referred to in this
context, a prodrug derivative and a corresponding salt is also intended, provided such is
possible or appropriate under the circumstances.

The compounds, including their salts, can aiso be obtained in the form of their hydrates,
or include other solvents used for their crystallization. ' ' '
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As described herein above, the compounds of the present invention may be émployed
for the treatment of conditions mediated by DGAT1 activity. Such compounds may thus
be employed therapeutically for the treatment of impaired glucose tolerance, Type 2

. diabetes and obesity. '

In yet another aspect, the present invention provideé methods of using a compound or

| composition of the invention to treat or prevent a disease or condition associated with
.DGATH1. bisease and conditions associated with lipid metabolism and cell proliferation,
and com'plications thereof, may be treated with the subject compounds and
combositiéns, In one group of embodiments, diseases and conditions, including chronic
diseases, of humans and other specie‘s that can be treated with inhibitors of DGAT1
function include, but are not limited td, metabolic diso.rders such as obesity, diabetes,
anorexia nervosa, bulimia, cachexia, syndrome X, insulin resistance, hypoglycemia,
hyperglycemia, hyperuricemia, hyperinsulinemia, hypercholesterolemia, hypeﬁipidemia,
dyslipidemia, mixed dyslipidemia, hypertriglyceridemia, pancreatitis, and nonalcoholic
fatty liver disease; cardiovascula; diseases, such as atherosclerosis, arteriosclerosis,
acute heart failure, congestive heart failure, coronary artery disease, cardiomyopathy,
myocardial infarction, angina péctoris, hypertension, hypotension, stroke, ischemia,
ischemic reperfusion injury, aneurysm, restenosis, and vascular stenosis; neoplastic
diseases, -such as solid tumors, skin cancer, melanoma, lymphoma, and endothelial
cancers, for example, breast cancer, lung cancer, colorectal cancer, stomach cancer,
other cancers of the gastrointestinal tract (for example, esophageal cancer and
pancreatic cancer), prostate cancer, kidneyl cancer, liver cancer, bladder cancer, cervical
cancer, uterine cancer, testicular caﬁcer, and ovarian cancer; dermatological conditions,
such as acne vulgaris.

In yet another aspect, the present invention provides methods of using a compound or
‘composition of the invention as an anorectic.

The present invention further provides phamaceutical compositions comprising a
therapeutically effective amount of a pharmacologically active compound of the instant
invel:!tion, alone or in combination with one or more phannacehtically acceptable
carriers. '
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The pharmaceutical compositions according to the invention are those suitable for
enteral, such as oral or rectal; transdermal and parentera! administration to mammats
including man, for the treatment of conditions mediated by DGAT1 activity. Such
conditions include impaired glucose tolerance, Type 2 diabetes and obesity.

~ Thus, the pharmacologicaily active compounds of the mventlon may be employed in the
manufacture of pharmaceutical composmons compnsmg an effective amount thereof in
conjunction or admixture with excipients or carriers suitable for either enteral or
parenferai application. Preferred are tablets and gelatin.capsules compris'ing the active
ingredient together with:

a) diluents, e.g., Iactose dextrose sucrose, mannitol, sorbitol, cellulose andlor glycine;
b) lubricants, e.g., silica, talcum, stearic acid, its magnesium or calc:um salt and/or
poiyethyleneglycol; for tablets also . ‘

c) binders, e.g., magnesium aluminum silicate, starcﬁ paste, Qeiatin,‘vagacanm,
methylcellulose, sodium carboxymethylcellulose and or ‘poly'vinylpyrrolidone; if desired
d) disintegrants, e.g., sfarches. agar, alginic acid or its sodium salt, or e-ffervesbent .
mixtures; and/or

e) absorbants, colorants, flavors and sweeteners.

Injectable compositions are preferably aqueous isotonic solutions or suspensions, and
suppositories are advantageously prepared from fatty emulsions or suspensions.

~ Said compositions'may be sterilized and/or contain adjuvants, such as preserving,
stabilizing, wetting or emulsifying agents, solution promoters, salts for regulating the-
osmotic pressure and/or buffers. In addition, they may also contain other therapéutically
valuable substances. Said compositions are prepared according to conventional mixing,
granulating or coating methods, respectively, and contain about 0.1-75%, preferably
about 1-50%, of the active ingredient. ‘ : :

Suitable formulations for transde::rnal application include a therapeutically effective -
amount of a comp;)und of the invention with carrier. Advantageous carriers include
absorbable pharmmacologically acceptable solvents to assist passage through the skin of
the host. Characteristically, transdermal devices are in the form of a bandage
comprisiné a backing member, a reservoir containing the compound optionally with
carriers, optionally a rate controlling barrier to deliver the compound of the skin of the

62



WO 2007/126957 PCT/US2007/007772

50133, .

host at a controlied and predetermined rate over a prolonged period of time, and means
to secure the device to the skin.

- Accordingly, the present invention provides pharmaceutical compositions as described
above for the treatment of conditions mediated by DGAT1 activity, preferably, impaired
glucose tolerance, Type 2 diabetes and obesity.

- The pharmaceutical compositions may contain a therapeutically effective amount of a
'compound of the invention as defined above, either alone or in a combination with
another therapeutic agent, e.g., each at an effecti;/e therapeutic dose as reported in the
art. Such therapeutic agents include: ]

a) antidiabetic agents, such as insulin, insulin derivatives and mimetics; insulin

. secretagogues such as the sdlfonyluteas, e.g., Glipizide, glyburide and Amaryl;

insulinotropic suffonylurea receptor ligands such as meglitinides, e.g., nateglinide and

repaglinide; protein tyrosine phosphatase-1B (PTP-1 B) inhibitors such as PTP-112;

" (SK3 (glycogen synthase kinase-3) inhibitors such as SB-517955, SB-4135052, SB-
216763, NN-57-05441 and NN-57-05445; RXR ligands such as GW-0791 and AGN-
194204; sodium-dependent glucose cotransporter inhibito{'s sﬁch as T-1095; glycogen
phosphorylase A inhibitors such as BAY R3401; biguanides such as metformin; alpha-
glucosidase inhibitors such as acarbose; GLP-1 '(glucagon like peptide-1), GLP-1
analdgs such as Exendin<4 and GLP-1 mimetics; and DPPIV (dipeptidyl peptidase 1V)
inhibitors such as vildagliptin;
b) hypolipidemic agents such as 3;hydroxy-3-methyl-g|utaryl coenzyme A {HMG-CoA)
reductase inhibitors, e.g., !ovastatin., pitavastatin, simvastatin, pravastatin, cerivastatin,
meévastatin, velostatin, fluvastatin, dalvastatin, atorvastatin, rosuvastatin and rivastatin,;
squalene synthase inhibitors; FXR (famesdid X receptor) and LXR (liver X receptor)

ligands; cholestyramine; fibrates; nicotinic acid bile acid binding resins such as
cholestyramine; fibrates; nicotinic acid and other GPR109 agonists; cholesterol
absorption inhibitors such as ezetimibe; CETP inhibitors (cholesterol-ester-transfer-
protein inhibitors), and aspirin;

'c) anti-obesity agents such as orlistat, sibutramine and Cannabinoid Receptor 1 (CB1)
antagonists e.g. rimonabant; and

d) anti-hypertensive agents, e.g., loop diuretics such as ethacrynic acid, furosemide and
torsemide; angiotensin converting enzyme (ACE) inhibitors such as benazepril, captopril,
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enalapril, fosinopril, lisinopril, moexipril, perinodopril, quinapril, ramipril and frandolapril;
inhibitors of the Na-K-ATPase membrane pump such as digoxin; neutralend-opeptidase
(NEP) inhibitors; ACE/NEP inhibitors such as omapatrilat, éampatrilat and fasidotril;
angiotensin Il antagonisis such as candesartan, eprosartan, 'irbesartan, losartan,

‘telmisartan and vaisartan, in particular valsartan; renin inhibitors such.as ditekiren,
zankiren, terlakiren, aliskiren, RO 68-1132 and RO-66-1168; p-adrenergic receptor
blockers such as écebutolbl, atenolol, betaxolol, bisoprolol, metoprolol, nadolol,
propranolol, sotalol and timolol; inotropic agents such as digoxin, dobutamine and
milrinone; calcium channel blockers such as amlodipine, bepridil, diltiazem, felodipine, -
nicardipine, nimedipine, nifedipine, nisoldipine and verapamil; aldosterone receptor
antagonists; and aldosterone synthase inhibitors. ‘

e) agonists of peroxisome proliferator-activator receptors, such as feﬁoﬁbrate,
pioglitazone, rosiglitazone, tesaglitazar, BMS-298585, L-796449, the compounds
specifically described in the patent application WO 2004/103995 i.e..compc.)unds_of '
examples 1 to 35 or compounds specifically listed in claim 21, or the compounds
specifically described in the patent application WO 03/043985 i.e. compounds»bf
examples 1 to 7.or compounds specifically listed in claim 19 and especially (R)-1-<{4-[5-
methyl-2-(4—_tn'ﬂuorqmethyl-pheny!)-oxazol;4~ylmethoxy]-benzenesulfonyl}-z,-3-dihydro-
1H-indole-2-carboxylic or a salt thereof. :

In each case in particular in the compound claims and the final producfs of the working
examples, the subject matter of the final products, the pharmaceutical preparations and
the claims are hereby incorporated into the present application by reference to these
publications and patent applications .

Thus the invention covers pharmaceutical combositions comprising;
i) a compound according to any of claims 1 to 24, and

ii) at least one corﬁpound selected from
.a) antidiabetic agents,
- b) hypolipidemic agents,
c) anti-obesity agents,

d) anti-hypertensive agents, -
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e) agonists of peroxisome proliferator-activator receptors,
i) one or more pharmaceutically acceptable carriers.

K Other specific anti-diabetic compounds are described by Patel Mona in Expert Opin
Investig Drugs, 2(503, 12(4), 623-633, in the figures 1 to 7, which are herein incorporated

: by reference. A compound of the present invention may be administered either '
simultaneously, before or after the other active ingredient, either separately by the sarﬁe
._or different route of administration or together in the same pharmaceutical formulation.

- The structure of the therapeutic agents identified by code numbers, generic or trade
names may be taken from the actual edition of the standard compendium “The Merck
Index” or from databases, e.g., Patents International (e.g. IMS World Publications). The
con;responding content thereof is hereby incorporated by reference.

Accordingly, the present invention provides pharmaceutical compositions comprising a
therapeutically effective amount of a compound of the invention in combination with a
therapeutically effective amount of another therapeutic agent, preferably selected from
anti-diabetics, hypolipidemic agents, anti-obesity agents or anti-hypertensive agents,
most preferably from antidiabetics or hypolipidemic agents as described above.

The p’resént invention further relates to phamnaceutical compositions as described
above for use as a medicament,

¢
The pres_ént invention further relates to use of phamaceutical compositions or
combinations as described above for the preparation of a medicament for the treatment
of conditions mediated by DGAT1 acﬁ\)ity, preferably, impaired glucose tolerance, Type
2 diabetes and obesity.

' 'Thus, the present invention also .relates to a compound as defined in the claims and
described above for use as a medicament; to the use of a compound as defined in the
claims and described above for the preparation of a bhannaceutical composition for the
prevention and/or treatment of conditions mediated by DGAT1 activity, and to a
pharmaceutical composition for use in conditions mediated by DGAT1 activity
comprising a compound as defined in the claims and described above, oré
phamaceutiéal[y accepfable salt thereof, in association with a pharmaceutically
acceptable diluent or carrier therefore.

65




WO 2007/126957 PCT/GS2007/007772

50133

The present invention further provides a method for the prevention and/or treatment of
conditions mediated by DGAT1 activity, which comprises administering a therapeutically
effective amount of a compound of the present invention. '

A ﬁnit dosage for a mammal of about 50-70 kg may contain between about 1 mg and
1000 mg, advantageously between about 5-500 mg of the active ingrédient. Tbe
therapeutically effective dosagé of active compound is dependent on the species of
warm-blooded animal (mammal), the body weight, age and individual condition, on the
form df administration, and on the comp.ound involved. . ' '

in accordance with thé foregoihg the present invention aiso_ provides a therapeutic
combination, e.g., a kit, kit of parts, e.g., for use in any method as defined herein, .
comprising a compound as defined in the claims and descnbed abové, ora
pharmaceutically acceptable salt thereof, to be used, cdnoomi_tantly or in sequence with
at least one pharmaceutical composition comprising at least anaother therapieutic agent,
preferably selected from anti-diabetic agents, hypolipidemic agents, anti-obesity agents
and anti-hypertensive agents, or a pharmaceutically acceptabie salt thereof. 'I;he kit may
comprise instructions for its administration. The combination can be a fixed pombinaﬁon
(e.g. in the same pharmaceutical co'mposit'iori) or a free combination (e.g. in separate
bharmaceutical compositions). - '

Similarly, the present invention provides a kit of parts compnising: (i} a pharmaceutical
compdsition of the invention; and (ii) a pharmaceutical composition comprising a

' compound seiected from an anti-diabetic, a hypolipidemic agent, an anti-obesity agent.

and an anti-hypertensive agent, or a pharmaceutically acceptable satt thereof, in the

form of two separate units of the components (i) to (ii).

Likewise, the present invention provides a method as defined above comprising co-
administration, e.g., concorﬁitaintiy or in sequence, of a therapeutically effective amount
of a compound as defined in the claims and described above, or a phamaceutically

- acceptable salt thereof, and a second drug substance, said second drug substance
being an anti-diabetic, a hypolipidemic agent, an anti-obesity agent or an anti-
hypertensive agent, e.g., as indicated above.

Preferably, a compound of the invention is administered to a mammal in need thereof,
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: Préferably, a compound of the invention is used for the treatment of a disease which
responds to modulation of the DGAT1 activity.

Preferably, the condition associated with DGAT1 activity is selected from impaired .~
glucose tolerance, Type 2 diabetes and obesity. ’

- Fir{aliy. the p'resent invention provides a method or use which comprises administering a
compound as defined in the claims and described above in combination with a
’.therapeutica[ly effective amount of an anti-diabetic agent, a hypolipidemic agent, an anti-
obesity agent or an anti-hypertensive agent. A

Ultimately, the present invention provides a method or use which comprises.
administering a compound as defined in the claims and described above in the form of a
pharmaceutical composition as described herein.

As used throughout the specification and in the claims, the term “treatment” embraces all
the different forms or modes of treatment as known to those of the pertinent art and in
particular includes preventive, curative, delay of progression and palliative treatment.

The above-cited properties are demonstrable in vitro and in vivo tests using
advantageously mammals, e.g., mice, rats, dogs, monkeys or isolated organs, tissues
~and preparations thereof. Said compounds can be applied in vitro in the form of
-solutions, e.g., preferébiy aqueous solutions, and in vivo either enteréi[y. parenterally,
advantageously intravenously, e.g., as a suspension or in aqueous solution. The

dosage in vitro may range between about 102 molar and 10" molar concentrations. A
therapeutically effective amount in vivo may range depending on the route of

administration, between about 0.1 mg/kg and 1000 mg/kg, preférably between about 1
“mg/kg and 100 mg/kg.

The activity of compounds according to the invention may be assessed by the following
methods or methods well-described in the art: '

.The enzyme preparation uéed in this assay is a membrane préparation from Sf9 cells
overexpressing human (His)sDGAT1. During all steps samples were chitled to 4°C. Sf@
cells expressing human (His){DGAT 1 were thawed at RT and re-suspended at a 10:1
ratio (mL buffer/g of cells) in 50 mM HEPES, 1x Complete Protease Inhibitor, pH 7.5.

67




WO 2007/126957 PCT/US2007/007772

50133

The re-suspended pellet was homogenized for 1 min using a Brinkman PT 10/35
homogenizer with a 20 mm generator. Cells were iyséd using Avestin Emulsiflex (chilled
to 4°C) at 10000-15000 psi. Lysate was centnfuged at 100,000 x g for 1 h at 4°C.
Supematant was removed and pellets were re-suspended in 50 mM HEPES, 1x
Complete Protease Inhibitor, pH 7.5 at 1/6 the volume of supernatant. Re-suspended _
pellets were pooled and homogenized with 10 strokes of a Glas-Col motor driven teflon
pestle on setting 70. The protein concentration of the membrane preparation was
quantified using BCA protein assay with 1% SDS. The membrane preparation was
aliquoted, frozen on dry ice, and stored a_t -80°C. ‘ '

For 50 mL, 25 mL of 0.2 M HEPES stock buffer, 0.5 mL of 1 M MgCl;, (5 mM final
concentration), and 24.5 mL of milli-Q H.0 are added to the 55 mL Wheaton Potter-
Elvehjém homogenizer. ‘Enzyme preparation (0.1 mL) is added to buffer and the mixture
is homogenized with 5 strokes on ice using the Glas=Col variable speed homogeﬁizer
system on setting 70.

For 50 mL, 0.5mL 10 mM diolein is added to 9.5 mL of EtOH in a 50 mL Falcon screw
cap conical centrifuge tube. Five mL of 10 mM sodium acetate pH4.5is added followed
by 0.5 mL of 10 mM oleoyl-CoA. Finally, the remaining 4.5 mL of 10 mM sodium acetate
pH 4.5 is added followed by 30 mL of milli-Q H,0. The solution should be gently agitated
by hand to induce mixing. The final concentrations of EtOH and sodium acetate are
20% and 2 mM, respectively.

Dry compounds are dissolved in the appropriate volume of DMSO to a final
concentration of 10 mM. A 10—poiht, 3-fold dose response is used to evaluate compound
potency. All dilutions are performed in DMSO in a Greiner 384-well microplate.

1. 2 pL of compound in DMSO is added to the appropriate wells. 2 ul. of DMSO is added
to 100% activity and 100% inhibition controls.

. 2. 25 pl. of enzyme mix is added to all wells and plate(s) are incubated for 10 min at RT.

3. 10 ul of 20% acetic acid quench is added to 100% inhibition control wells. Plate(s)
are vortexed using Troemner multi-tube vertexer (setting 7 for 10 sec).
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4. 25 pl of substrate mix is added to all wells. Plate(s) are vortexed using Troémner
multi-tube vortexer (setting 7 for 10 sec). Plate(s) are incubated for 30 min at RT.

5. 10 pL of 20% acetic acid quench is added to all wells. Plate(s) are vortexed using

Troemner muiti-tube vortexer (setting 7 for 10 sec).
"6. 50 pl of 1-‘t‘>utanol w/ glyceryl tripalmitoleate internal sténdard is added to all wells.
7 Plate(s) are sealed with super pierce strong plgte sealgr using‘the thermo;sealer.
8 Pl'ate(s)‘are vortexed using Tfoemngr multi-tube vortexer (setting 1"3, for 5 min).

9. Plate(s) are centrifuged at 162 x g (1000 rpm for GH-3.8 rotor) for 5 min using
_Beckman GS-6R tabletop centrifuge. :

Samples were analyzed by LC/MS/MS using a Waters 1525, LC and Quattro Micro API
MS. Where indicated, tripaimitolein was used as an internal standard to contro! for-
instrument variation.

Data is converted to % inhibition prior to curve fitting using the following equation:

% Inhibition = {response compound — response 100% inhibition control) x 100

(response 100% activity control — response 100% inhibition control)

Using the method described above, the compounds of the present invention were shown
to possess inhibitory activity with IC50 values ranging from 0.001 uM to 100 uM.

Table 1 shows the inhibitory activity (1Cs, values) of representative compounds to human

DGAT1.

Example ICg (PM)
3-15 0.6
3-25 - 1.4
333 11
6-29 : ~ 0.23
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METHODS OF PREPARATION

Compounds of the present invention may be prepared from commercially available
reagents employing general synthetic techniques known to those skilled in the art.
Outlined below are reaction schemes suitable for preparing such compounds. Further
exemplification is found in the specific examples provided.

Y . R‘NH X
N R.‘NHz "N
| —_— m »
e . -
N~ N™ .

Scheme 1

As shown in Scheme 1, compounds of the pi'esent invention where Biis a pyrimidine ring
may be prepared from a suitably functionalized starting material. For'instance!'in the
synthetic sequence shown ébove, Y may be a halogen atom, toiuenesulfonate;
methanesulfonate, or triﬂuoromethanesulfénate. The amine derivative (described above
~as R.NH2) may be. condensed with the functionalized pyrimidine in the presence of acid
(i.e., concentrated HCI, sulfuric acid, or ammonium chloride) or base (sodium hydride,
alkyl lithiums, lithium amides, triethylamine, DBU), in an organic or aqueods solvent,

- typically at elevated temperature, to afford the aminopyrimidine adduct. This
transformation may also be facilitated through transition metal catalysis; for example,
copper or palladium reagents which may be complexed with additional ligands (for
example, phosphine ligands-such as BINAP, X;Phos, tri-t-buty! phosphine or amino .
ligands such as N,N-cyclohexane diamine derivatives) in the presence of a base may
facilitate the amino pyrimidine synthesis. -

. The resulting amino pyﬁmidine méy then be coupled to a suitably functionalized arene
intermediate. For example, where X is a halogen atom, toluenesuifonate, -
methanésulfona_te, or trifluoromethanesulfonate, W in the scheme above may be an
organometallic substituent (for example, boron, tin, zinc, magnesium) that may be
subjected to transition-metal cross coupling conditions known to those skilled in the art.
Such cross-coupling events may be promoted by palladium complexes such as
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Pd(OAc), or Pd(PPh,), that may be additionally supported by ligands (phospﬁines, N-
heterocyclic carbenes). These reactions may be conducted in the presence of inorganic
bases such as sodium carbonate or potassium acetate under aqueous or anhydrous

. conditions.

. For cases where Q is a protected carboxylic acid denvative, hydrolysis may be promoted
by aqueous bases such as lithium hydroxide or aiter'hative!y under acidic conditions to
“afford the final compound. '

G — ’\(@ ﬁ/@]
'"—ﬂ
.Scheme 2 |

As shown in Scheme 2, compounds in the current invention where B is a thiazole ring
may be prepared starting from the appropriate phenyl derivative. Acylation with an
activated carboxylfc acid derivative (acid chlon‘de‘or acid bromidé) in the presence of a
Lewis écid such as aluminium trichloride may afford the bromo acetophenone derivative
shown above. Condensation of this intermediate with a suitably functionalized thiourea
in the presence of a base such as potassium carbonate or triethylamine may produce
the amino thtazole shown above.

. < L—i—Q
Li—L—a L—L;7—Q

Br R2 N; R2 \

Scheme 3

For compounds of the current invention where B is an oxazole ring, the general synthetic
sequence described in Scheme 3 may be used. Conversion of the bromo acetophenone
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derivative to the corresponding azido intermediate may occur via reaction of sodium or
lithium azide in an organic solvent which may or fnay not contain water. The azido
ketone intermediate may then be treated with a triaryl- or trialkylphosphine (such as
triphenylphosphine) in the presence of an isothiocyanate to afford the corresponding
amino oxazole. This cyclization often requires heating, and is described by Dhar et al in

Bioorg. Med. Chem. Lett 12 (2002) 3125-3128.
‘ ' L—Ll;—Q ‘ L—L—Q

i 1

R,NH, y R2 ) R2
I —_— I -
~ . L e
N N .

Scheme 4

For compounds of the current invention where B is a pyridine nng, the general syﬁthetic
sequence described in Scheme 4 may be used. An amino derivative may be reacted
with the appropriate pyridine derivative to afford the co.n'esponding amino pyridine
intermediate. For example, when Y is a suitably-placed leaving group (i.e., in the 2- or
4-position) such as halogen atom, to!uene_sulfonate, methansulfonate, or -
trifluoromethanesulfonate, the amino derivative R,NH, may be reacted in'the presence
of acid (such ‘as HCI or sulphuric acid) or base (such as sodium hydride, triethylamine, or
DBU) to afford the amino pyridihe intermediate. The use of transition metals such as
palladium or copper may also facilitate this transformation, regardiess of where Y is

" disposed. Alternatively, copper salts may mediate the process where Y is a boronic acid
or ester deﬁvative [See Tet. Lett. (1998) vol. 39, p. 2941). “The resulting amino pyridine
derivative may then be coupled to the aryl-W intermediate above using transiﬁon-metal-
c:fatalyzed cross-coupling methodology. For instance, where W is a boronic acid/ester,
trialkyitin, or trialkylsilane, the appropriate aryi-X partner where X is a halogen atom or
sulfonate may be reacted in the presence of a transition metal such as palladium with or
without a supporting ligand to effect this carbon-carbon bond construction. Aiternatively,
W and X may be reversed in.this bond disconnection.

Alternatively, the sequence above may be re-ordered as follows:
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—-“—Lz—-Q

in the above scheme, W may be a boronic ester or suitable equivalent, X may be a
“halogen or appropriate sulfonate, and Y may be a nitrogen precursor such as nitro or
protected -nitrogen such as NHBoc. Y may then be elaborated to the corresponding
amino derivative.'which may then be coupled with the appropriate R1-X derivative under -
acidic, basic, or métal-promoted cénditions as described above.

L—L—Q L—L;—Q
R,NH, . . R2 Rz .
| - A N . N
“4"4 NZ NZ

Scheme 5

For compounds of the current invention where B is a pyridazine ring, the sy-nthetic
sequence shown in Scheme 5 may be applied. A difunctionalized pyridazine
intermediate, for instance 3,6-dichloropyridazine, may be reacted with an amino
nucleophile R;NH; in the presence of acid (such as HC! or sulphuric acid) or base (such
as sodiuh hydride, triethylamine, of DBU) to afford the amino pyridazine intermediate.
The use of transition metals such as palladium or copper may also facilitate this
transformation, regardless of where X and Y are disposed. The resulting amino
_pyridazine derivative may then be coupled to the aryl-W.intermediate above using
transition metal-catalyzed cross-coupling methodology. For instance, where Wis a
boronic acid/ester, trialkyltin, or trialkylsilane, the appropriate aryl-X partner where X is a
halogen atom or sulfonate may be reacted ib the presénce of a transition metal such as
palladium with or without a'supporting ligand to effect this carbon-carbon bond
construction. Alternatively, W and X may be reversed in this bond disconnection.
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Lyl —

Scheme 6

The compounds of the current invention where B is a pyridazine ring may also be
prepared by the synthetic sequence shown in Scheme 6. Acylation of the étarting,arene
derivative with the appropriate carboxylic acid derivative (i.e., an acid chioride) in the
presence of a Lewis acid such as alumiinium trichloride may p'rodhce the acetophenone
derivative shown. Construction of the pyridazone ring may be effected by a‘na‘!ogy to
literature precedence (Synthesis (1993) p.'334). Activation of the pyridazone
intermediate via the chloro or bromo pyridazine may be accomplished via phosphorous
oxychloride, phosphorous bromide, or equivalent activating reagent. Substitution with
the amine Rs~NH, then may occur under addic, basic, or transition-metal promoted

. conditions. ' |
‘ ' ‘ L—L;—Q ' . L,-L,—_Q
Y X ' R,NH W‘@ R,NH :
NJ . RNH, N R2 N R2
| —_— | - |
P - =
N N* N . .

. Scheme 7

" For compounds of the current invention where B is a pyrazine ring, the syhfhetic; '
sequence shown in Scheme 7 may be applied. A difunctionalized pyrazine intermediate
may be reacted with an amino nubleophile RyNH; in the presence of acid (such as HCI,
or sulphuric acid) or base (such as sodium hydride, triethylamine, or DBU) to afford the
amino pyridine intermediate. The use of transition metals such as palladium or copper

74



WO 2007/126957 PCT/US2007/007772

50133 .

ma&( also facilitate this transformation, regardless of where X and Y are dispoéed. The

resulting amino pyrazine derivative may then be functionalized with an X group such as

halegen or sulfonate, and then coupled to the aryl-W intermediate above using transition

. metal-catalyzed croés—coupling methodologjy. For instance, where W is a borohic
acidfester, trialkyltin, or trialkylsilane, the appropriate aryl-X partner may be reacted in

. the presence' of a transition metai such as palladium with or without a supporting ligand
to effect this carbon-carbon bond construction. Altematively, wW and X may be reversed
‘in this bond disconnection.

EXAMPLES

- The following Examples are intended to illustrate the invention and are not to be
construed as being limitations thereon. If not mentioned otherwise, all evaporations are
performed under reduced pressure, preferably between about 50 mmHg and 100
mmHg. The structure of final products, intermediates and starting materials is confirmed
by standard analytibal methods, e.g., microanalysis, melting point (m.p.) and
spectroscopic characteristics, e'.g., MS, IR and NMR. Abbreviations used are those
conventional in the art.

HPLC Conditions: . _

‘A: . Inertsil 4.6 mm x 5 cm C8-3 column, 10 to 90% Acetonitrile in 5 mM ammonium
formate, 2 min gradient, 4 mUmin, 50 degrees centigrade

B: lnertsd 4.6 mm x 5 cm C8-3 column, 40 to 90% Acetonitriie in 5§ mM ammonium
formate, 2 min gradient, 4 mL/min, S0 degrees centigrade

C: Inertsil 4.6 mm x 5 cm C8-3 column, 40 to 90% Acetonrtnie in 0.1% acetic acid, 2
‘min gradient, 4 mL/min, 50 degrees centigrade

D: Column: Atlantis C18 (Waters, Inc.), 15 cm x 4.6mm x § pm
Column temperature: Ambient
Flow rate: 1.4 mL/min
injection volume: 3.0 pL
Gradient: A= 0.1% Triflucroacetic Acid (TFA) in Water
B = 0.05% Trifluoroacetic Acid (TFA) in Acetonitrile
0 -~95% B in 19.0 min, 1.8 min hold

E:  Gemini C18 4.6 X 50mm, 5um particle size; 5-100% ACN/H20 + 5mM
NH40H/8min ' ' -
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Example 1-1.
(4{4-[2(3-Fluorophenylamino)-pyrimidin-5-yi}-phenyl}-cyclohexyl)-acetic acid

OH

. LA
LG
F 87w
A. (S-Bfomopyrifnidin~2-yl)-(3-ﬂuorophenyl)-amine
In a microwave vial is added 3-fluorophenylamine (6.293 mL., 2.58 mmol), 5-
bromb—Z—chIorppyrimidine (500 mg, 2.58 mmol), EtOH (10 mL) and conceritrated HCI
(0.2 mL). The reaction mixture is then heated at 50 f’C for 15 min. Water (20 mL) is "
added and it is extracted with EtOAc. The organic layer is washed with NaHCO,, giried
with Na,SO, and concentrated. The residue’is purified by column chromatography to
give the title compound: 1H NMR (400 MHz, CHLOROFORM-d) 5 ppm 6.63 -6.88 (m, 1
H)7.24-7.26 (m, 1 H) 7.28 (br. s, 1H) 7.34 - 7.40 (m, 1 H)7.74 (dt, J=11.37, 2.27 Hz, 1
H) 8.56 (s, 2 H); (M+H)+ 269.9. o

B. (4—{4-[2—(3—FIuorophenyiamino)—pyrimidin-s-yl]-phenyi}-cyclohéxy!)-acetic
acid methyl ester '

The mixture of (5-bromopyrimidin-2-yl)-(3-fluorophenyl)-amine (75 mg, 0.28
' mmol), {4-[4-(4,4,5,5-tetramethyl-[1 ..3;2]diokaborolan-2-yI)-phenyl}-byclohexyl}-acetic
acid methyl! ester (Patent WO2004 047755) (100 mg, 0.28 mmol), PdCl,dppf (12 mg,
0.014 mmo}), sodium carbonate (2M solution, 0.35 mL) and DME (2 mL) is heated in a
microwave at 125 °C for 15 min. The reaction mixture is ex.tracted with EtOAc, washed
with NH,CI solution. The organic phase is dried with MgSO,, filtered and it is used
directly in the next step: (M+H)+ 420.3. ‘ ' '

‘C. (4—{‘4-[2-.(3-FIuorophenylamino)-pyrirﬁidin-S-yl]-phenyI}-cycIohekyl)-acetic
acid | ' '
To a solution of (4-{4-{2-(3—ﬂuorophenylamino)-pyrimidin-s-yl]iphenyl}-
cyi:!ohexyl)-acetic acid methyl ester {crude from above) in DMF (2.5 mL.) is added LiOH
(10% solution, 1 mL) and the reaction mixiure is heated at 60 °C for 1.5 h. The mixture is
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then subjected to HPLC purification to give the title compound: 'H NMR (400'MHZ.
DMSO-d6) § 1.09 — 1.15 (m, 1 H) 1.50 (td, J=12.44, 9.98 Hz, 1 H) 1.63 (d, J=5.31 Hz, 6
H)23“f(d J=7.58 Hz, 2 H) 6.76 (td, J=8.21, 2.27 Hz, 1 H) 7.28 - 7.39 (m, 4 H) 7.52 (dd,
- J=8.34,1. 26Hz 1 H)765(s 1H) 7.63 (&, J—404Hz 2 H)7.87 (d, J-1238Hz 1H)

' 8.84 - 8.86 (m 2H)999(s 1 H); (M+H)" = 406.2.

Alternatively. the methyl ester can be dissolved in THF and treated with aqueous sodium
“hydroxide (4 equw) The mlxture can then be stirred at 50 degrees for 12 hours, at
which point water may be added and most of the organic ‘solvent may be removed under
reduced pressure Addition of acetonitrile foliowed by cooilng may yield a precupttate
which can be isolated by filtration to afford the titte compound as the correspondlng
sodium salt. ' '

The examples below were synthesized in analogous fashion using boronate -
esters (in step B)-that are known in the literature; .for'exampie, 2,2-dimethyl-4-ox0-4-[4-
(4,4.5,5—tetramethyl—[1 .3.2]dioxaborolan~2~yl)-phenyl]—butyric acid (patent US 2004
0224997) and (1S,2S)-2-[4-(4,4,5,5-tetramethyl-[1,3,2]dioxaborolan-2-yl)-benzoyl}-
cyclopentanecarbexylic acid (pafent US 2004 022_4997). '

MS

Example Chemical Name LC rt | Method .
(M+H)

4- 4~ 2-Phenylaminopyrimidin-5-yl)-phenyl}- ' '
1o {4-[ ( y pyrimidi y) P yl] 1.44 A 388.2
. cyclohexyl}-acet:c acid :

4-[2-(3-Fluorophenylamino)-pyrimidin-5-yl]-
13 | Hi#{e(3Fluorophenylamino}-pyrimidinSyll- |, o, A | 3941
phenyl}-2,2-dimethyl-4-oxo-butyric acid .

(18,25)-2+{4-[2-(3-Fluorophenylamino)-
14 ) pyrimidin-5-yl}-benzoyl}- 1.28 A 406.1
cyclopentanecarboxylic acid

(1S,25)-244-[2-(3-Chlorophenylamino)-
15 pyrimidin-5-yl}-benzoyi}- 133 | A 422 1
' cyclopentanecarboxylic acid " '

Example 1-6
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(4-{4—[2—(G-Triﬂuoromethyl-pyridin-3-ylamino)-pyrimidin-5-y£1-phenyl}-cyt:Iohexy[)y
acetic acid : '

“\\\\(O

OH

{4—[4-(2-ChIoro-pyrimidin-5-yt)-phenyl}cy‘cIohexyl}-acetic acid methyl ester.
PdCldppf (120 mg, 0.140, mmol) is added to a degassed mixture of {4—[4—(4,4,5,5—'
tetraméthyl—[‘l .3.2}dioxaborolan—2—yl)-phenyl]—cyclohexyli—'acetic acid methyl ester (1.00
g, 2.79 mmol), S-bromo-é-chforo-pyrimidine (540 mg, 2.79 mmol), 2 M Na,CO, (2.8 mL),
and DME (7.5 mL). The mixture is sealed in a glass tube and heated to 120 °C for 20
min by microwave irradiation. The reaction is diluted with EtOAc (150 mL), and the
_resulting suspension fitered. The filtrate is extracted with 1 N HCI (25 mL) and the
organic layer dried over Na,SO,. Concentration followed by silica gel chromatograbhy
(20% EtOAc / Hexanes) affords {4-[4—(2—chloro—pyn’midin—5—y|)—phenyl]—cyclohexyl}-acetic
acid methyl ester as a white solid: 1H NMR (400 MHz, CHLOROFORM-d) sppm 1.14 -
1.27(m,2H)1.49-161(m, 2 H) 1.86 - 1.98 (m, 5 H) 2.28 (d, J=6.82 Hz, 2H) 2.56 (it,
J=12.22, 3.19 Hz, 1 H) 3.70 (5, 3 H) 7.37 (d, J=8.08 Hz, 2 H) 7.49 (d, /=8.34 Hz, 2 H)
' 8.81 (s, 2 H); (M+H)+ 345.1,

(4{4-[2(6-Trifluoromethyl-pyridin-3-ylamino)-pyrimidin-5-yi]-phenyl}-cyclohexyl)-
acetic acid. To a glass vial add 6-triflucromethyl-pyridin-3-ylamine (35 mg, 0.21 7
mmol), {4-[4-(2-chloro-pyrimidin-5-yl)-phenyl}-cyclohexyl}-acetic acid methyl ester (50
rﬁg. 0.145 mmol), Pd(OAc); (S»mg, 5% mol), X-Phos (7 mg, 10% mol), and Cs,CO;(118
mg, 0.363 mmol). Flush with N,.. Add tBuOH (0.25 mL), toluene (0.75 mL), and seal the
tube. The reaction mixture is heated to 150 °C for 30 min by microwave irradiation. The
reaction is diluted with EtOAc and filtered. The fiitrate is concentrated and
chromatographed on silica gel' (25-50% EtOAc / Hexanes) to afford (4-{4-[2-(6-
Trifluoromethyl-pyridin-3-ylamino)-pyrimidin-5-yi]-phenyt}-cyclohexyl)-acetic acid methy!
ester as 90% pure. (4-{4-[2-(6-Trifluoromethyl-pyridin-3-ylamino)-pyrimidin-5-yl]-phenyl}-
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cyclohexyl)-acetic acid methyl ester (45 mg, 0:096 mmol) is taken up in DMF (1 .5mL)
and 4 M LiOH (0.5 mL) and stirréd at room temperature for 16 h. The reaction is heated
to 50 °C for 12 h and then heated to 70 °C for 8 h. The reaction is diluted with 1 N HCI
. (2mL) and H,O (2 n'iE.). The precipitate is collected by filtration and punfied by HPLC
 (Xterra C8 30 x 100 mm, 22-50% ACN / H20 + S5mM NH40H) to afford (4-{4-[2-(6-
. Trifluoromethyl-pyridin-3-ylamino)-pyrimidin-5-yi]-phenyl}-cyclohexyl)-acetic acid as a
white solid: 1H NMR (400 MHz, DMSO-d6) 6 ppm 1.05 - 1.18 (m, 2 H) 1.43 - 1.56 (m,
J=12.95, 12.66, 12.686, 3.16 Hz, 2H) 1.68 - 1.87 (m, 6 H) 2.08 (d, J=6.57 Hz, 2 H) 7.35
(d, J=8.34 Hz, 2H) 7.65 (d, J=8.34 Hz, 2H) 7.85 '(d,J=.8.59 Hz, 1 H) 8.55 (dd, J=8.59,
2.02 Hz, 1 H) 8.91‘ (s, 2 H) 9.06 (d, J=2.27 Hz, 1 H) 10.42 (s, 1 H); (M+H)+ 4570 .

Using analogbus procedures, the following compounds may aiso be prepared:

Example T Name . [CH | Method | (M+H)+
) (4-{4-[2-(5-Chloro-pyridin-2-ylamino)-
Ex. 1-7 pyrimidin-5-yl}-phenyl}-cyclohexyl)-acetic 13 D 423.1
acid S
Example 2-1.

{4-{4-[2-(3-Methoxyphenylamino)-thiazol-4-yl]-phenyl}-cyclohexyl)-acetic acid

A. {4—[4o(2-Bromoacetyl)-phenyl]-cyclohexyl}-acetié acid ethyl ester

To a solution of (4-phenylcyclohexyl)-acetic acid ethyl ester (10.0 g, 40.6 mmot)
(patent WO02004 047755) in DCM (100 mL) at 0 °C is added AICl, (9.94 g, 74 mmol)
portionwise. After it is stirred at -1.8 °C for 10 min, bromoacetyl bromide (3.59 mL, 40.6
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mmol) is added dropwise over 2 min. The reaction mixture is allowed to stir at-1.8 °C for
2 h. ltis then poured slowly to water/ice mixture (200 mL) and stirred for 30 min. The
mixture is extracted with DCM (2x50 mL.). The organic phase is separated and washed
with NaHCO; (3x100 mL), and brine (3x100 mL), dried with Na2804,concéntrated and
dried under high vacuum to give the title compolmd (12.8 g) as a yellow solid: TH NMR
(400 MHz, CHLOROFORM-d) 6 ppm 1.05- 1.17 (m, 2 H) 1.20 (t, J=8.00 Hz, 3 H) 1.39 -
1.51 (m, 2 H) 1.56 - 1.68 (m, 1 H) 1.76 - 1.87 (m, 4 H) 2:18 (d, J=4.20Hz, 2H) 248 (d,
J=12.32, 2.65 Hz, 1 H) 4.08 (q, J=7.24 Hz, 2 H) 4.35 (s, 2 H) 7.25 (d, J=8.34 Hz, 2 H)
7.85(d, J=8.59 Hz, 2 H). | | P

B. (4-{4—[2-(3-MethoxyphenyIaminp)-thiazol-q-yﬂ-ph'enyl}-cyclohexyl)aceﬁc
acid ethyl ester ) . )

To a solution of {4-[4-(2-bromoacetyl)-phenyl]-cyclohexyl}-acetic acid ethyl ester
(100 mg, 0.272 mmol) in EtOH/THF (4.1 v/v, 5 mL) is added 3-methoxyphenylthiourea
(89.6 mg, 0.272 mmol) and Na,CO; (58 mg, 0.545 mmol). The reaction mixture is
allowed to stir af 50 °C for 3 h. The reaction mixture is used directly in thé next step:
(M+H)+ 451.1. )

C. - (4-{4-[2-(3-Methoxyphenylamino)-thiazol-4-yl]-ph'enyl}-cyclohéxyl)-acetic
acid. General Saponification Procedure . '

To the reaction mixture of (4—{4—[2—(3—inethoxyphenylamino)-thiazoM—yl}-phenyl}-
. cyclohexyl)-acetic acid ethyl ester from step B is added LiOH (10 % solution, 1 mL). It is
then heated at 50 °C for 18 h. The méxture is then acidified with HCI solution (1N) to pH
= 5. The resuiting solid is filtered and dried under high vacuum to give the title '
compound (26.8 mg) as a solid, 'H NMR (400 MHz, DMSO-d6) & ppm 0.96 - 1.07 (m, 2
H) 1.31 - 1.43 (m, 2 H) 1.50 - 1.52 (m, 1 H) 1.58 - 1.64 (m, 1 H) 1.71 (d, J=9.60 Hz, 4 H)
2.03 (d, J=6.57 Hz, 2 H) 2.27 (br. s., 1 H) 3.67 (s, 3 H) 6.43 (dd, J=7.83, 1.77Hz, 1 H)
7.03 (dd, J=7.20, 0.88 Hz, 1 H) 7.09 -7.20 (m, 4 H) 7.44 (br. s., 1 H) 7.70 (d, J=8.08 Hz,
2 H) 10.13 (br. s., 1 H); MS (M+H)*= 423.2.

Alternatively, the methyl ester can be dissolved in THF and treated with aqueous sodium
hydroxide (4 equiv). The mixture can then be stirred at 50 degrees for 12 hours, at
which point water may be added and most of the ofganic solvent may be removed under
reduced pressure. Addition of acetonitrile followed by cooling may yield a precipitate
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which can be isolated by filtration to afford the titie compound as the correspo'nding

- sodium salt.

The following compounds are prepared in analogous fashion:

. - MS
" |. Example Chemical Name LCrt | Method .
: . ‘ 1. : (M+H)
4-[2-(3-Fluorophenylamino)-thiazol-4-yl]- :
2-2 o ~[ ( pheny ) . vl 1.53 A 411.2
_phenyl}-cyclohexyl)-acetic acid .
4-{4-{2-(2-Chi henylamino)-thiazol-4-yi}-
0.3 (4-{4-[2-(2-Chiorophenylamino)-t fazo YiIFL L as A | a274
. phenyi}-cyclohexyl)-acetic acid
4-[2-(3-Cyanophenylamino)-thiazol-4-yl}- .
24 (4-{4-{2-(3-Cyanopheny ammo). . vl 1.41 A 418.1
phenyl}-cyclohexyl)-acetic acid
4-[2-(3-Trifluoromethylphenylamino)- :
25 (-{#-{2-(3-Trifluoromethylphenylamino)- |, A 461.1
e thiazol-4-yl]-phenyi}-cyclohexyl)-acetic acid
Example 2-6.

(4-{4—[2-(3-FIuorophenyIamino)-thiazol-4-y|]-phenyl}~cyclohexyl)-acetic acid

A. {4-(4-Bromophenyl)-thiazol-2-yl}-(3-fluorophenyl)-amine

The title compound is prepared analogously to Example 2-1 step B using 2-

bromo-1-(4-bromophenyl)-ethanone and 3-fluorophenylthiourea: (M+H)+ 350.9.
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B. 2,2—Dimethyl-4-oxo-4-[4-(4,4,5,5-tetramethyl-{1 ,3,2]dioxaborolan¥2-yl)-
phenyl]-butyric acid ‘ "
| To a microwave vial is added 4-(4-bromophenyl)-2,2-dimethyl-4-oxo-butyric acid

(150 mg, 0.526 mmol).'bis(pinacolato)dib-oron (160 mg, 0.631 mmol), KOAc (155 mg,
“1.58 mmol) and PdCldppf CH,Cl, (13 mg, 0.015 mmol). Then DME (2 ml) is added
and the mixture is sparged with.nitrogen for 2:min. The via! is then sealed and heated in
a microwave at 120 °C for 20 min. The reaction mixture is then used directly in the next’
step: (M+H)+ 333.1. '

C. (4—{4»[2~(3,-Flubropheriylamino)»thiazo_!—4-yi]-pheriyl}-cyclohéxyl)—aceﬁc acid
To a microwave vial is added [44(4-bromophenyl)-thiazo!-Z yl] -(3-fluorophenyl)-
amine (92 mg, 0.26 mmol), 2,2-dimethyl-4-oxo-4-[4-(4,4,5,5-tetramethyl-
(1.3 2}dloxaborolan-2-yl) phenyl]-butyric acid (half of the crude from last step), sodium
carbonate (2M solution, 0.526 mL) and resin bound Pd(PPh3)4 (130 mg, 0.013 mmol).
The reaction mixture is sparged with nitrogen for 2 min and then heated in a microwave
at 120 °C for 20 min. The resir{ is then filtered off and the filtrate is concentrated. The
residue is titrate with ether. The resulting yellow solid is purified by reverse-phase .
preparative HPLC to ine the title compound: 1H NMR (400 MHz, DMSQDS) 3 ppm
1.24 (s, 6 H), 2.49 (d, J=3.54 Hz, 4 H), 3.34 (s, 8H), 6.73 - 6.82 (m, 1H), 7.05 (s, 2 H),
717 (s,3H),7.33(s,2H),7.35-740(m, 2 H), 7.50 (s, 1 H), 7.81 - 7.90 km, 5H), 8.04
(dd,J=8.34, 2.53 Hz, 4 H), 10.56 (s, 1 H); (M+H)" = 475.0.

The following compounds are prepared in analogous fashion:

i . MS
Example Chemical Name LCrt | Method -
: (M+H)
4'-[2-(3-Fluorophenylamino)-thiazol-4-yl}- ’
27 | ¥z Fluorophenylamino)thiazoldyl}- |, ) A | 4191
biphenyl-4-yl}-propionic acid

4'-[2-(3-Fluorophenylamino)-thiazol-4-yl}- .

.2-8 -2 R pheny _) . vl 1.35 A 405.1
' . biphenyl-4-yl}-acetic acid ,

Example 3-1.
(4{4-[2-(3-Chlorophenylamino)-oxazol-5-yl]-phenyl}-cyciohexyl)-acetic acid
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A . {4-’[4-(2-A_zidoacetyl)-phenyl]-cchohexfl}-acetic acid ethyl ester
To a solution of {4—{4—(2—bro}1103cetyi)-phenyl]-cyciohe'xyl}—acetic acid ethyl ester
(166 mg, 0.451 mmol) in acetone/water (4:1, viv, 5 mL) is added NaN; (44 mg, 0.676
~mmol) and thé mixture is stirred at ambient temperature for 2 h. Water (10 mL) is added
and EtOAc is used to extract. The oréanic phase is dried with MgSO,, concentrated,
and dried under high vacuum to give the titte compound (154 mg): 1H NMR (400 MHz,
CHLOROFORM-d) & ppm 1.05 - 1.16 (m, 2 H) 1.20 (t, J=7.07 Hz, 3H) 1.40-1.48 (m, 2
H) 1.84 (d, J=10.11 Hz, 4 H) 1.76 - 1.87 (m, 1 H) 2.17 (d, J=6.82 Hz, 2 H) 2.48
(tt.J=12.25, 3.03 Hz, 1 H) 4.08 (q, J=7.16 Hz, 2 H) 4.45 (s, 2 H) 7.25 (d, J=8.34 Hz, 2 H)
7.76 (d, J=8.34 Hz, 2H). |

7’

B. (4~{4—[2-(3«-Chlorophenylamino)-oxazol-s-yl]-phenyl}-cyi:tohexyl)—acetic acid
ethyl ester
To a solution of {4-[4-(2-azidoacetyl)—phenﬁ]—cyclohexyl}-acetic acid ethyl ester

(154 mg, 0967 mmol) in 1,4-dioxane (5 mL) is added triphenylphosphine (122 mg, 0.967
mmof) and 1—ch!oro—S—isothiocyanatobeniéhe (0.051 mL, 0.38% mmol). The reaction
fni_xture is then heated at 90 °C for 30 min. Water (10 mL) is added and EtOAc (20 mL)
'is used to extract. The organic phase is washed with brine (1x15 mL), dried with
MgSO., and concentrated to give the title compound (109 mg) as an off-white solid: 1H
NMR (400 MHz, DMSO-d6) 8 ppm 1.19 (%, J=7.20 Hz, 3 H)1.12-1.19(m, 2 H) 143 -
1.52 (m, 2H) 1.81 (d, J=10.61 Hz, 4 H) 1.73 - 1.84 (m, 1 H) 2.23 (d, J=6.82 Hz, 2 H)
407 (q; J=7.07Hz, 2 H) 6.99 (ddd, J=7.83, 2.02, 0.76 Hz, 1 H) 7.28 - 7.36 (m, 3 H) 7.41
(s, 1 H) 7.47 - 7.53 (m, 3 H) 7.85 (t, J=2.02 Hz, 1 H) 10.52 (s, 1 H); (M+H)+ 439.2.

C. (4-{4-[2-(3-Chlorophenylamino)-oxazol-5-yi]-phenyl}-cyclohexyl)-acetic acid
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To a solution of (4-{4-[2-(3-(_:h|orophenylamino)-0xazoI-5-yE]-pheny!}-‘cyclohexyl)-
acetic acid ethyl ester (0.10 g) in 6 mL THF/water (2:'1) was added 2 mlL of a 10%
aquéous LiOH solution. The reaction mixture was then heated to 150 °C under
microwave heating for 20 min. Acidification with concentrated HCI afforded a precipitate
which was filtered to afford the title compound: 'H NMR (400 MHz, DMSO-d6) § ppm
1.14-1.25(m, 2H) 1.48 - 1.60-(m, 2'H) 1.76 - 1.83 (m,; 1 H) 1.86 - 1.94 (m, 4 Hj 2.21(d,
J=7.07 Hz, 2 H) 7.b6 (dd, .3:8.21, 1.64 Hz, 1 H) 7.34- 7.43 (m, 3 H) (s, 1 H) 7.63-7.59
(m, 3H) 7.91 (t.' J=2.02 Hz, 1 H) 10.59 (s, 1 H) 12.03 (br: s., 1H); MS (M+H)'= 411.1.

Alternatively, the metﬁyf ester can be dissolved in THF and treated with aqueous sodium
hydroxide (4 equiv). The mixture can then be stirred at 50 degrees_ for 12 hours, at
which point water may be ‘added and most of the organic solvent may be removed under
reduced pressure. Addition of acetonitrile followed by cooling may yield a precipitate
which can be isolated by filtration to afford the title compound as the corresponding
sodium salt. - o | '

The folio_wing_compdunds are prepared in analogous fashion:

. : MS
Example Chemical Name LCrt | Method -
. (M+H)
. 4-[2-(4-Chlorophenylamino)-oxazol-5-yl]- .
32 (-2 . pheny ), . v 1.57 A 4112
. phenyl}-cyclohexyl)-acetic acid ‘ .
4-{4-[2-(4-Methoxyphenylamino)-oxazol-5-
33 | A xyphenylamino)-oxa 140 | A | 4072
yl]-phenyl}-cyclohexyl)-acetic acid :
4-[2-(2-Fluorophenylamino)-oxazol-5-yl}- :

34 (-2 . pheny ) . vk | 1.40 A 359.1

phenyi}-cyclohexyi)-acetic acid
4-[4-(2-Phenylaminooxazol-5-yl}-phenyi]- . .

35 A ¥e ob-Syl-phenyll- |4 a7 A 3772
' cyclohexyl}-acetic acid
4-{4-[2-(3-Fluorophenylamino)-oxazol-5-yI}- | :

3 . | G ophenylamino-oxazobSyi- | 42 A | 3952
. phenyi}-cyclohexyl)-acetic acid : .
4-[2-(2-Chlorophenylamino)-oxazol-5-yl]- - ’

a7 | ilz(@Chlorophenylaminoj-oxazobSyll-| - o A | 4109

. phenyl}-cyclohexyl)-acetic acid

3-8 (4-{4-[2-(3-Cyanophenylamino)-oxazol-5-yi]- 1.34 A 402.1
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phenyi}-cyclohexyl)-acetic acid
4-[4-(2-Cyclohexylaminooxazol-5-yl)-
39 t-14-(2-Cy Xy L. ¥ 14 A 383.0
- ~ phenyl]-cyclohexyl}-acetic acid
’ . 4-[2-(3,4-Dichlorophenylamino)-oxazol-
3-10 e .,[ ( P .y ) 1.58 A .| 4451
5-yi}-phenyl}-cyclohexyi)-acetic acid
' 4-{4-[2-(3-Chloro-4-fluorophenylamino)- X
3-11 (a2 or Horophenylami ) 1.50 A 429.1
oxazol-5-yl}-phenyl}-cyclohexyl)-acetic acid
(4-{4-[2-(4-Chloro-3-
" 312 tn’ﬂuoromethylphenylamino)-oxazol-S—'yI]—_ 1.61 A 479.1
‘phenyl}-cyclohexyl)-acetic acid '
4-12-(3,5-Di henylamil I-5- .
313 (H f2-( lﬂgorop eny amlnc?)-ox?zo 148 .1 A 412.1
. yll-phenyi}-cyclohexyl)-acetic acid .
4-{2-(3,5-Dichi henylamino)- I
214 (4-{4-[2-(3,5-Dic orophenyi amln?) ox-azo 161 A -445.0
: 5-yi]-phenyl}-cyclohexyl)-acetic acid
L - (4{4-[2-(2-Chloro-4-
3-15 trifluoromethylphenylamino)-oxazol-5-yl]- 1.62 A 479.0
A _-phenyl}-cyclohexyl)-acetic acid ‘
4-[2-(2-Trifluoromethylphenylamino)-
3-16 (4-{#-{2-(2-Trifluoro yipneny , '.l )_ 1.50 A 445.2
. oxazol-5-yl}-phenyl}-cyclochexyl)-acetic acud
- 1 lamino)-
317 . {4-{4-[2-(3-Fiuoro-4-methylphenylamino) 1.44 . A . 400.2
oxazol-5-yl]-phenyl}-cyclohexyi)-acetic acid '
2-p-T i t-5:yl)- - )
3.18 {4-[4-(2-p-Tolylaminooxazo _y) phe_ny] 1.40 A 391.2
. cyciohexyl}-acetic acid .
. 4-{4-[2-(3-Chloro4-methylphenylamino
3qg | 2 LCHo ylphenylamino)- |, 4 A 425.1
oxazol-5-yl}-phenyl}-cyclohexyl)-acetic acid | . ,
Example 3-20.

4—(4-{4—[2-{3—ChIorophenylarnino)—oxazoi-s-yi]-phe'nyl}-cyclohexyl)-butyric acid
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A, (4-_{4-[2-(3-Chl\orcphenylamino)-_oxazoi-s-yll-phenyl}—cyclohexyl)-
acetaldehyde ‘ ’ , | .

To a solution of (4—{4—[2—(3-Chloropheny!amino)—oxaiol-snyl]-pheny[}-cycloh_exyl)'-
acetic acid ethyl ester (500 mg, 1.14 mmol) in DCM (20 mL) at-78°C is added DIBAL-H
(1 Min toluene, 2.14 mL.,.2.14 mmol) and the mixturt_—:- is allowed to stirat -78 °C for 2 h.
Methanol (3 mL) is added to quench the reaction. The reaction mixture is then poured
in ice and Rochelle’s salt (4 g). Water (20 mL) is added and the mixture is extracted with
EtOAc (3x30 mL). The organic phase is washed with brine (3x30 mt), dried with
Na,SO, and concentrated to give the title compound (253 mg) as a white sqlid: (M+H)+
385.2. : : '

"B - (E)-4-(4-{4-[2-(3-Chlorophenylamino)-oxazoI-S-yI]-phenyI}—cyéiohexyl)—but-z-
encic acid henzyl ester - »
i To a mixture of (benzyloxycarbonyirnethy[)—tﬁphenylphosphionium bromide (315
mg, 0.642 mmoal) in THF (6 mL) at 0 °C is added NaH (60% in mineral oil, 27 mg, 0.642
mmol) and the suspension is allowed to stir at 0 °C for 30 min. (4-{4-[2-(3- .
Chlorc:)pheny[amind)—oxazol—_S—yl]-phenyl}-cyclohexyl)~acetaldehyde (253 mg, 0.642
mmol) in THF (4‘ mL) is added dropwise. The reaction mixture is then stirred a 0 °C for
30 min and the at ambient temperature for 18 h. Water (10 mL) and HCI solution (1N,
15 mL) is added, and the reaction mixture is extracted with EtOAc (3x15 mL). The
organic phasé is washed wiih water (1x15 mL), brine (3x20 ml.), dried and concentrated
to give the title compound (279 mg) as an off-white solid: 1H NMR (400 MHz,
CHLOROFORM-d) 8 ppm 1.02-1.14(m,2H) 1.34-149(m, 3H)1.59-173(m, 1 H)
1.80- 1.87 (m, 3 H) 2.11 (t, J=8.00 Hz,I 2 H).2.46 (ddd, J=11.68, 9.16, 2.91 Hz, 1 H) 5.11
(s, 2H)582(d, J=15.66 Hz, 1 H) 6.90-6.88 (m, 1 H) 7.14 - 7.17 (d, 8.08 Hz, 2H)
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7.24-7.28 (m, 3H) 7.28 - 7.32 (m, 6 H) 7.40 -(d, J=8.08 Hz, 1 H) 7.49 (s, 1 H); (M+H)+
527.2.

C. 4-(4-{4-[2(3-Chlorophenylamino)-oxazol-5-yi]-phenyl}-cyclohexyl)-butyric
. acid - ' - .
To a solution of (E)-4—(4—{4-[2-(3-chlorophen§|amino)-oxazol-5—yi]-phenyl}-
" cyclohexyl)-but-2-enoic acid benzyl ester (139 mg, 0.283 mmo!) in EtOAC/EtOH (5:1 viv,
) 6 ml) is added Pd(OH); (1 00~mg) the mixture is stirred iﬁ an hydrogenated at 1 atm for

72 h. The catalyst is filtered and washed with EtOAc. The ﬁltrated is then concentrated
and dried under hlgh vacuum to give the title compound (107 mg) as a white solid: 1H
NMR (400 MHz, DMSO-d6) S ppm 0.98 - 1.08 (m, 2 H) 1.18 - 1.25 (m, 2H) 1.39- 1.48
(m, 2H) 1.49 - 1.57 (m, 2 H) 1.82 (d, J=10.11 Hz, 4 H) 1.74 - 1.85 (m, 1 H) 2.18 (t,
J=7.33 Hz, 2 H) 6.99 (ddd, J=7.96, 2.02, 0.88 Hz, 1 H) 7.28 - 7.33 (m, 3 H) 7.40 (s, 1 H)
7.47-7.52 (m, 3 H) 7.85 (1, J=2.02 Hz, 1 H); (M+H)"'= 439.0.

Example 3-21.
(E)-4—(4—{4-[2-(3-Chlorophenylammo)-oxazol-5-yl] phenyl}-cyclohexyt) -but-2-enoic
acid

To a solution of (E)-4-(4-{4-[2-(3-chlorophenylamino)-oxazol-5-yl}-phenyl}- -
cyciohexyl)-but-2-enoic acid benzyi ester (1398 mg, 0.283 mmol) in 3 mL of THF/water
(2:1) was added 1 mL of 10% aqueous LiOH. The homogeneous reaction was allowed
to stir at 50 °C overnight. Acidification with concentrated HCI afforded a precipitate
which was fiitered and then buriﬁed by reverse-phase preparative HPLC to afford the
title compound: 1H NMR (400 MHz, DMSO-d6) & ppm 0.88 - 1.09 (m, 2 H) 1.41 (td,
J=11.62, 3.28 Hz, 3 H) 1.71 - 1.78 (m, 4 H) 2.07 (t, J=6.82 Hz, 2 H) 5.72 (d, J=15.41 Hz,
1 H) 6.76 (ddd, J=15.47, 7.64, 7.45 Hz, 1 H) 6.92 (ddd, J=7.89, 1.é6, 0.76 Hz, 1 H) 7.21
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-728(m 2 H) 7.23 (d, J=8.34 Hz, 1H) 7.34 (s, 1H) 7.41- 745(m 3H)778(t J=2.02
Hz, 1 H)10.47 (br. s., 1 H): (M+H)+ 437.2.

Example 3-22.
- 3-[2-{4-{4{2{3-Chlcorophenylamino)-oxazol-5-yl}-phenyl}-cyclohexyl)-acetylamino]-

propionic acid '

n \/W OH
o] o '
NSy o]
Hh?/ )
ore
A. 3-[2—(4-{4{2-(3-C'hIorophenylamino)-oxazol-5-y|];phenyl)fcycIohexyl)-
acetylamino]- -propionic acid ethyl ester
To a solution of 3-aminopropionic acid ethyi ester (41 mg; 0. 268 mmol) and Et3N

(0.082 mi., 0.730 mmol) is added a solution of (4-{4-[2—(3—0hlorophenylamtno)-oxazol—s-
yl}-phenyl}-cyclohexyl)-acetic acid (100 mg, 0.243 mmol) in DMF (4 mL), HATU (1 02 mg,
0.268 mmol) and iPr,NEt (0.127 mL, 0.73 ﬁwmol). The re‘action mixture is allowed to stir
. at ambient telmperature fdr 18 h. Water is added and EtOAc is used to extract. The
'organic layer is washed with brine. dried with Na,SO, and concentrated to give the title
compound (140 mg) as a tan solid: 1TH NMR (400 MHz, DMSO-d6) & ppm 1.02 - 1.13 (m,
" 2H)1.18 (t, J=7.07Hz, 3 H) 1.38 - 1.50 (m, 2H) 1.71 (dd, J=7.71, 4.17 Hz, 1 H) 1.78'(t,
J=12.63Hz; 4 H) 1.98 (d, J=6.57 Hz, 2 H) 2.44 (t, J=6.82 Hz, 2H)3.25-328(m, 2 H)
4.06 (q, J=7.07 Hz; 2 H) 6.99 (ddd, J=7.89, 1.96, 1.01 Hz, 1 H) 7.27 - 7.35 (m, 1 H) 7.29
(d, J=8.59 Hz, 2 H) 7.40(s, 1TH) 7.50 (d, J=8.34 Hz, 1 H) 7.47 -7.52 (m, 1 H) 7.85 (§,
J=2.02 Hz, 1 H) 7.88 (t, J=5.81 Hz, 1 H) 10.52 (s, 1H); (M+H)+ 510.2.

B. 3-[2-(4-{4-[2{3-Chlorophenylamino)-oxazol-5-yi]-phenyl}-cyclohexyl)-
" acetylamino]-propionic acid

The title compound is prepared in analogous fashion to the procedures described
above: TH NMR (400 MHz, DMSQ-d6) 3 ppm 0.98 - 110 (m, 2 H) 1.35-1.46 (m, 2H)
1.63-1.70 {m, 1 H) 1.71 - 1.79 (m, 4 H) 1.95 (d, J=6.82 Hz, 2 H) 2.30 (t,J=6.95 Hz, 2 H)
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2.38 - 2.44 (m, 1 H) 3.20 (d, J=19.45 Hz, 1 H) 3.20 (d, J=5.81 Hz, 1 H) 6.96 (ddd,
J=7.96, 2.02, 0.88 Hz, 1 H) 7.27 (dd, J=9.85, 8.34 Hz, 3 H) 7.38 (s, 1 H) 7.44 - 7.49 (m,
3 H) 7.82 (1, J=2.02 Hz, 2 H) (M+H)=482.2,

Example 3-23. . ;
. {[24-{4-[2«(3-Chlorophenylamino)-oxazol-5-yi]-phenyl}-cyclohexyl)-acetyl]-methyl-

amino}-acetic acid
' |
.w"\rr"\/ﬁ\oﬂ
o N

?,o

Ou

.+ The title compound is prepared in analogous fashion to Example 3-22 using
methylamino-acetic acid ethyt ester: 1H NMR (400 MHz, DMSO-d6) & ppm 0.80 - 0.99
(m, 2 H), 1.24 - 1.36 (m, 2 H), 1.60 - 1.70 (m, 5H), 1.96 and 2.11 (d rotamers, J=6.57 Hz
and 6.82 Hz, 2 H); 2.64 and 2.86 (s rotahem. 3 H), 3.78 and 3.80 (br.s. and s rotamers,
2 H), 6.84 (dt, J=7.83, 1.01 Hz, 1 H), 7.12-7.20 (m, 3 H), 7.26 (d, J=1.52 Hz, 1 H), 7.32
-7.37(m, 3H), 7.70 (t, J=2.02 Hz, 1 H}, 10.40 (br. s., 1 H); (M+H)"= 482.2.

Example 3-24. : .
{4‘-[2-(3-ChIorophenylamino)-oxézol-s-yl]-biphenyl-4-yl}-acetic acid

The title compound is prepared analogously to Example 3-1 using 2-bromo-1-(4-
bromophenyl)-ethanone and [4-(4,4,5,5-tetramethyl-[1 .3,2]dioxabo‘rolan—2-yi)¥phenylj—
acetic acid as starting materials: 'H NMR (400 MHz, DMSO-d6) sppm 3.80 (s, 2 H) 7.19
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(d, J=7.83 Hz, 1 H) 7.50 - 7.58 (m, 3 H) 7.72 - 7.76 (m, 2 H) 7.83 - 7.80 (m, 4 H) 7.95 (m,
2 H) B.05 (t, J=2.15 Hz, 1 H) 10.78 (s, 1-H) 12.51 (br. 5., 1 H); (M+H)*= 405.1.

The following compounds are prepared in similar fashion:

, o 4 MS
Example Chemical Name tCrt | Method .
. . . (M+H)
4 4'.[2-(3-Chlorophenylamino)-oxazol-5-yl]- : :
3-25 HH (_‘ : pheny . _) . yl. 0.84 B 419.0
biphenyl-4-yl}-propionic acid
4{4'-[2-(3-Chlorophenylamino)-oxazol-5-yl]-
326 ,_{ [ p. Y )-oxa . 4 - 1.02 B 475.0
biphenyl-4-yl}-2,2-dimethyl-4-oxo-butyric acid X
4-{4'-[2-(3-Chlorophenylamino}-oxazol-5-yl]-
3.27 4+2-(3-Chlorophenylamino)-oxazol-5-ll- | - 4 A | ass0
biphenyl-4-yl}-4-oxo-butyric acid ‘
4-{4'-[2-(3-Chlorophenylamino)-oxazol-5-yl]- 4
3-28 C 501.1

biphenyl-4-carbonyi}-cyclohexanecarboxylic

acid -

113

Example 3-29.

(4-{4-[2—(3-0hIorophenylamino)-cxazot—s-yl]-phenyl}-3,6-dihydro-ZH;pyridin-1 -yl)-
oxo-acetic acid : '

A, 4-{4-[2-(3-0hto}ophenylémino)-oxazo[-5-yl]-phenyl}-3,6-dihydro-2H-

pjridine-1 -carboxylic acid tert-butyl ester .
Preparation of -(4,4,5,5-tetramethyl-[1,3,2]dioxaboroclan-2-yi)-3,6-dihydro-2H-
pyridine-1-carboxylic acid tert-buty! ester has been described [Tet. Lett. 41(19), 3705-
3708, 2000]. The boronate ester (1.1-g, 3.6 mmol, 1.5 equiv) and [5-(4-bromo-phenyl)-
oxazol-2-yi]-(3-chloro-phenyl)-amine (0.84 g, 2.4 mmol, 1.0 equiv) were dissolved in 12
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mL DME and then charged with 3 mL of a 2M Na,CO, solution. Pd(Ph,), on bo[ystyrené
resin (0.72 g, 0.072 mmol) was added, ‘and the suspension was sparged with nitrogen
for 10 min, then heated to 100 °C overnight. The reaction was then filtered to remove ~

. catalyst, and fo!lowihg solvent removal the broduct was triturated with hexanes and ether
to afford the title compound: (M+H)+ 452.1.

B. (3-Chlorophenyl)-{5-[4-(1,2,3,6-tetrahydro-pyridin-4-yl)-phenyl]-oxaz
‘ol-2-yi}-amine g . o
~ To a solution of 4-{4—[2-(3—chlorophenylam'ino)~ox$zoi-5—yl]—phenyl}—3,6—dihydro-
2H-pyridine-1 -carboxylic acid tert-buty! ester (2.5 g, 5.5 mmol) in MeOH (1 mL) is added
4M HClin dioxané (3 mL) and the mixture is stirred at RT for 2'h. It is concentrated and
used in the next step as the bis HCI salt: (M+H)+ 352.1. -

C.. (4-{4—[2-(3-Chlofophen'yiamino)-o_xazol-s-yl}-phenyI}-3,6-dihydro—2H-by
ridin-1-yl)-oxo-acetic acid ethyl ester .

. To a solution of (3-chlorophenyl)-{5-{4-(1,2,3,6-tetrahydro-pyridin-4-yl)-phenyl]-
oxazol-2-yl}-amine bis HCI salt (50 mg, 0.12 mmol) in DCM (1 mL) at O °C is added DIEA
(0.052 mL, 0.3 rr;mc{) and after stirring for 5 min, ethyl chiorooxoacatate (0.016 mL, 0.14.
mmol) is added dropwise. The mixture is stirred for 2 h and the mixture is purified by
RP-HPLC to give the title compound: 'H NMR (400 MHz, DMSO-d6) § 1.30 (q, J=7.07
Hz, 3 H) 2.58 (m, 2 H) 3.55 - 3.80 (m, 2 H) 4.07 - 4.20 (m, 1 H) 4.32(m, 2 H) 6.21-
6.29 (m, 1 H) 7.00 (dd, J=7.45, 1.64 Hz, 1 H) 7.34 (t, /=8.08 Hz, 1 H) 7.47 - 7.60 (m, 6
H) 7.86 (t, J=2.02 Hz, 1 H); (M+H)+ 452.1. '

D. (4{4—[2-(3-ChlorophenyIamino)-oxazol-s-yl}-phenyl}-3;B-dihydro-ZH-pyridin-
. “1-yh-oxo-acetic acid : .

Using the saponification procedures described above, the titte compound is
obtained: '"H NMR (400 MHz, DMSO-dB) 53.37 (br. s., 2 H) 3.64 (d, /=15.92 Hz, 2 H)
-4.08 (br.s., 2 H) 6.30 (br. s, 1 H) 7.05 (dd, J=7.83, 2.02 Hz, 1 H) 7.39 (t, J=8.08 Hz, 1 H)
7.53-760(m, 4H)7.60- 7.64 (m, 2H)7.92 (t, /51.89 Hz, 1 H) 10.73 (d, J~4.04 Hz, 1
H), (M+H)'= 424.1.
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Example 3-30. .
4-{4»[2-(3-Ch!oro-phenylamino)—oxazol-5~yf]-phenyl}-3,6-dihydro-2H-pyridine-1-
sulfonic acid amide

) o o
oY
The title compound is prepared from (3-ch!orophen3-il)-{5~[4-,(1,2,3,&tetrahydro—

pyridin-4-yl)-phenyl}-oxazol-2-yl}-amine bis HCI salt in analogous fashion using N-Boc
chlorosulfonamide followed by TFA-mediated deprotection: 'H NMR (400 MHz, DMSO-
d6) § 2.55 (br. s., 2 H) 3.15 (t, J=5.56 Hz, 2 H) 3.65 (d, J=2.78 Hz, 2 H) 6.22 (¢, J=3.28
Hz, 1 H) 6.92 (dd, J=7.83, 1.52 Hz, 1 H) 7.26 (t, J=8.08 Hz, 1 H) 7.39 - 7.53(m,7H)
7.79 (t, J=2.02 Hz, 1 H); (Mi+H)+ 431.1. ' ‘ '

Using the appropriate acylating agent, the following compounds may also be
prepared: '

mMS.

Example Chemical Name LC rt Method .
) . {M+H)

' 4-{4—{2—(3—Ch[oro-phe‘nylamino)_-oxazoi-S-yI]~ ' _
3-31 phenyl}-3,6-dihydro-2H-pyridine-1-sulfonic 155 | A "531.2
acid amide-N-carboxylic acid tert-butyl ester ' '

4-(4-{4-[2-(3-Chloro-phenylamino)-oxazol-5- |.

- 3-32 yl}-phenyl}-3,6-dihydro-2H-pyridin-1-yl)-2,2- 1.37 A 480.0
] dimethyl-4-oxo-butyric acid
4-(4-{4-[2-(3-Chioro-phenylamino)-oxazol-5-

’3—33 - yll-phenyl}-3,6-dihydro-2H-pyridin-1-yl)-4- 1.19 A- 452.0

oxo-butyﬁc acid

2-(4-{4-[2-(3-Chloro-phenylamino)-oxazol-5-
yi]-phenyl}-3,6-dihydro-2H-pyridine-1-

3-34 1.23 A 500.1
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carbonyl)-benzoic acid

‘Example 3-35. : o
(1 R,_2R)-2-{4'-[2-(3-Chlorophenylamino)—oxazol'-s-yI]-b’iphenyl-4-carbonyl}-
: cyclohexanecarb_oxylic acid

A. (3-Chloro-phenyl)-{5-{4-(4,4,5,5-tetramethyl-{1,3,2]dioxaborolan-2-yl)
-phenyl}-oxazol-2-yl}-amine _ o

The title compound is prepared from [5-(4-bromophenyl)-oxazol-2-yl]-(3-
chiorophenyl)-amine using bis(pinacolato)diboron, KOAc, and PdCl.dppf ‘CH.Cl.in DME
at 120 °C for 20 min under microwave heating. .The reaction mixture is then used
directly in the next step: (M+H)+ 397.1.

B. . (1R,2R)-2-{4'{2-{3-Chlorophenylamino)-oxazol-5-yl]-biphenyl-4-carbonyl}-
cyclohexanecarboxylic acid ' X :
Using (1 R.2R)-2—(4-8romo-benzoyl)—cyclohexanecarboxyiic acid, the title

.-compound may be prepared: H NMR (400 MHz, DMSO-d6) § 1.16 - 1.28 (m, 1 H) 1.36
- 1.58 (m, 3H) 1.77 - 1.91 (m, 2 H) 2.01 (d, J=10.61 Hz, 1 H) 2.17 (dd, J=12.25, 2.91 Hz,
1 H) 2.756 (dd, J=11.75, 2.91 Hz, 1 H) 3.66 - 3.75 (m, 1 H) 7.08 (dd, J=7.83, 1.26 Hz, 1
'H) 7.42 (t, J=8.08 Hz, 1 H) 7.58 (dd, J=8.34, 1.26 Hz, 1 H) 7.68 (s, 1 H) 7.79 (d, /=8.34
Hz, 2 H) 7.94 (t, J=8.59 Hz, 5 H) 8.15 (d, J=8.59 Hz, 2 H) 10.70 (br. s., 1 H); (M+H)" =
£01.0. :

The following compounds are prepared in analogous fashion:
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Example ~ Chemical Name LCrt | Method .
- (M+H)

. (trans)-2-{4'-[2-(3-Chlorophenylamino)- ,
" Ex. 3-36 oxazol-5-yl]-biphenyl-4-carbonyi}- 1.1 - B .| 5011
cyclohexanecarboxylic acid '

"~ (trans)-24{4"-[2-(3-Chlorophenylamino)- _
Ex. 3-37 oxazol-5-yl}-biphenyl-4-carbonyl}- - 1.52 A 487.0
cyclopentanecarboxylic acid ‘ '

Ex-3-38 (4-{4'—[2-(3-Chloro-phenylamino)—oxazot-.&yll-

_ . o 122 B 4871
biphenyi-4-yi}-cyclohexyl}-acetic acid ) . .

Example 4-1. .
(4-{5- [6-{6-Tr|fluoromethyl pyrldm-3-ylammo) pyndm-3-yl]-splrocyclohexylldenyl-
1,1’-indanyl}-acetic acid

A. {4{5-(4,4,5,5-tetramethyl-[1 ,3,21i1ioxaborolan-2-yl)] -spirocyclohexylidenyl-1 1
- indanyl}-acetic acid methyl ester. - :

) To a solution of (5-bromo-spirocyclohexylidenyl-1,1-indanyl)-acetic acid methyl
ester (reported in WO2004 047?55,' 6.9 g, 20.7 mmol, 1.0 equiv) in 35 mL .
dimethoxyethane was addéd'bis(pinacolato)diboron (6.4 g, 24.8 mmol, 1.2 equiv),
potassium acetate (5.0 g, 51.8 mmol, 2.5 equiv) and PdCl.dppf(dichioromethane)

complex (0_.67 g, 0.83 mmol, 0.04 equiv). The reaction mixture was sparged with
| nitrogen for 10 minutes, then sealed and heated to 100 °C for 18 h. The reaction was
cooled to room témperature, filtered, and concentrated in vacuo. Purj'ﬁcation by flash
chromatography (5-15% EtOAc in hexénes)' afforded the title compound as a white solid:

'H NMR (400 MHz, CDCl;) 5 1.26 (s, 12 H) 1.65- 1.78 (m, 4 H) 2.00-2.15(m, 3 H') 225
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(m, 1 H) 2.33 (m, 1 H) 2.87 (t, J=7.33 Hz, 2 H) 3.63 (s, 3H) 3.74 (m, 1 H) 5.63 (s, 1 H)
7.07 (d, J=7.58 Hz, 1 H) 7.58 (dd, J=7.58, 0.76 Hz, 1 H) 7.62 (s, 1 H); (M+H)+ 383.2.

_ B.- (5-Bromo-pyridin-2-yl)-(6-trifluoromethyl-pyridin-3-yl)-amine |
A mixture of 5-amino-2-(trifluoromethyl)pyridine (0.5 g, 3.0 mmol, 1.0 equiv) and
. 5-bromo-2-flucropyridine (0.47 mL, 4.6 mmol, 1.5 equiv) in 2 mL 1-butanol was charged
with f_).15 mL of 4.0 M HCI (in dioxane) and heated to 150 °C via microwave heating.
After cooling to room temperature, the reaction mixture was partitioned between ethyl
acetate and saturated bicarbonate, and the organic exf(raéts were washed with brine and
" dried over sodium_ sulphate. Purification of the crude product by flash chromatography
afforded the title compound: 'H NMR (400 MHz, CDCl;) 8 6.63 (br. s., 1 H) 6.67 (d,
J=9.35 Hz, 1 H) 7.56 (d, J=8.59 Hz, 1 H) 7.62 (dd, J=8.84, 2.53 Hz, 1 H) 8.22 — 8.66 (m,
'2H)8.57 (d, J=2.78 Hz, 1 H); (M+H)+ 3200. '

C. (4-{5-[6-(6-Trifluoromethyl-pyridin-3-ylamino)-pyridin-3-yl]-
spirbcyclohexyiidenyl-1,1’-in'danyl}-acetic acid methyl ester
A micfowave vial was charged with 5-Bromo-pyridin-2-yl)-(6-trifluoromethyi-
pyridin-3-yl)-amine (0.23 g, 0.71 mmo!, 1.0 equiv) and {4-[5-(4,4,5,5-tetramethyl- .
n ,3,21dioxaborolah-z-yl)}-s'pirocyclohexyiidenyl—1 ,1-indanyl}-acetic acid methyi ester
(0.30g, 0.78 mmol, 1.0 equiv) in 4 mL dimethoxyethane. To this solution was added 2M
Na2CO3 (0.89'mL, 2.5 equiv) followed by PdCl,dppf(dichloromethane) complex (0.023
.g. 0.028 mmol, 0.04 equiv). The mixture was sparged with nitrogen for 5 minutes and
then heated to 150 °C for 30 min. The reaction was partitioned between EtOAc and
. water, and the4 organic extracts were washed with brine and dried over magnesium
sulbhate. Purification of the crude product by flash chromatography afforded the title
compound: 'H NMR (400 MHz, CDCl,) 8 1.69 - 1.80 (m, 4 H) 2.07 - 2.19 (m, 3 H) 2.24 ~
'2.32 (m, 1 H) 2.37 (m, 1 H) 2.94'(t, /=7.33 Hz, 2 H) 3.65 (s. 3H) 3.77 (m, 1 H) 5.66 (s, 1
H) 6.84 (d, J=8.59 Hz, 1 H) 6.90 (br. s., 1 H) 7.13 (d, J=7.83 Hz, 1 H) 7.29 (dd, J=7.96,
1.64 Hz, 1 H) 7.33 (s, 1 H) 7.57 (d, J=8.59 Hz, 1 H) 7.75 (dd, J=8.59, 2.53 Hz, 1 H) 8.29
-(dd, J=8.72, 2,15 Hz, 1 H) 8.42 (d, /=2.02 Hz, 1 H) 8.60 (d, J=2.53 Hz, 1 H); (M+H)+
494.2. '
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D. (4{5-[6-6-Trifluoromethyl-pyridin-3-ylamino)-pyridin-3-yl]-
spirocyclohexylidenyl-1,1’-indanyl}-acetic acid _

(4—{5-[5-(6~Tnﬂuoromethy1 -pyridin- 3~ylam|no)-pynd|n-2~yi] splrocyclohexylldenyl-
1,1’-indanyi}-acetic acid methyt ester (0.36g, 0.73 mmol, 1.0 equiv) was dissolved in 3
mL THF/MeOH (2:1) and charged with 1 mL 10% aqueous LIOH. The reaction was
stirred at 60 °C for 3 hours. The volatile organics were removed, and then the pH was
adjusted to pH 1 using a few drops of concentrated HCi. The resulting precipitate was
filtered and dried overnight to afford the.title compound: 'H NMR (400 MHi DMSO-dB)
§1.56 - 1.71 (m, 4 H) 2.08 (dd, /=14.91, 1.77 Hz, 2H)207(s 1 H) 2.26 (dd, J=3.54,
1.77 Hz, 1 H) 2.34 (dd, J=13.14, 8.84 Hz, 1 H) 2.88 (t, J=7.33 Hz, 2 H) 3.68 (d, J=13.89 _
Hz, 1 H) 5.60 (s, 1 H) 6.95 (d, J=8.84 Hz, 1 H) 7.20 (d, J=7.83 Hz, 1 H) 7.36 (d, J~7.83
Hz, 1H)7.42 (s, 1 H) 7.72 (d, J=8.84 Hz, 1 H) 7.88 (dd, J=8.84, 2.53 Hz, 1 H) 8.46 (d,
J=2.53 Hz, 1 H) 8.50 (dd, /=8.84, 2.27 Hz, 1 H) 8.84 (d, J—253Hz 1 H)979(s 1 H);
{M+H)+ 480.2.

Alternatively, the methyl Iester éan be dissolved in THF and tréated with adueous sodiu.m
hydroxide (4 equiv). The mixture can then be stirred at 50 degrees for 12 hours, at
which point water may be added and most of the organic solvent may be.rer.,noved_ under
reduced pressure. Addition of acetonitrile followed by cooling may yield a precipitate .
which can be isolated by filtration to afford the title compound as the corfésponding
sodium salt. '

Example 4-2.
(4-{5-[6-(6-Tr|ﬂuoromethyl pyndln-:i-ylammo) pyndln-3u-yI]-sp:rocyclohexyl-‘l 1’-
mdanyl}-acetlc acid

OH
F o
F .
F*@\ - I
N N
o N N .
H

To a solation of (4-{5-[5—(6—Triﬂuoromethy[-pyridin-3-ylamino)-byridin-2-yl]—
sp.irocyclohexylidenyld ,P-indanyl}-acetic acid (0_15 g, 0.31 mmol, 1.0 equiv) in 5 mL
EtOH was added 20 mg platinum oxide. The reaction vessel was then purged with
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hydrogen, and then stirred under balloon preséure overnight. ‘The reaction was filtered

through Celite and concentrated in vacvo. Punfication by reverse-phase HPLC afforded

two separable diastereomers (cis and trans): .

. Diastereorier 1: 'H NMR (400 MHz, DMSO-d6) § 1.27 (m, 2 H) 1.55 - 1.63 (m, 2 H)
1.67 - 1.81 (m, 4 H) 1.84 (br. s., 1 H) 2.03 (t, J=7.33 Hz, 2 H) 2.24 (d, J=6.82 Hz, 2 H)

-2.95 (t, J=7.45 Hz, 2 H) 7.08 (d, /=8.59 Hz, 1 H) 7.33 (d, J=7.83 Hz, 1 H) 7.53 (s, 1 H)
7.51 (d, J=7.83 Hz, 1 H) 7.86 (d, J=8.84 Hz, 1 H) 8.03 (dd, J=8.59, 2.53 Hz, 1 H) 8.60 (d,
J=2.02 Hz, 1 H) 8.64 (dd, J=8.46, 2.15 Hz, 1 H) 8.98 (d, J=2.53 Hz, 1 H) Q.Bi (s. 1 H)
Diastereomer 2: 'H NMR (40b MHz, DMSO-d6) 51.20 (ni. 2H)1.25-1.35(m, 2H)

" 1.43-1.57 (m, 4H)1.72 (t, J=7.33 Hz, 2H) 1.80 (br.s,, 1 H) 2_.17 (d, J=7.33 Hz, 2 H)
2.66 (t, /=7.07 Hz, 2 H) 6.80 (d, J=8.84 Hz, 1 H) 7.24 (d, J=7.58 Hz, 2 H) 7.19 - 7.26 (m,
1 H) 7.57 (br. 's., 1 H) 7.75 (dd, J=8.59, 2.53 Hz, 1 H) 8.31 (d, J=2.27 Hz, 1 H) 8.35 (dd,

'J=8.84, 2.53 Hz, 1 H) 8.69 (d. J=2.53 Hz, 1 H) 9.63 (s, 1 H); (M+H)+ 482.2.

Example 4-3.
(4{4-[6-(3-Chloro-phenylamino}-pyridin-3-yl]-phenyl}-cyclohexyl)-acetic acid
© OH

A. (5-Bromo-pyridin-2-yl)-(3-chlorophenyl)-amine

' A 1-dram vial was charged with 2,5-dibromopyridine (0.5 g, 2.1 mmol, 1.0 equiv)
and'3~chlorophenyl amine (0.89 mL, 8.4 mmol. 4 equiv). The neat reaction mixture was
heated to 180 °C for 3 hours. The reaction was cooled, then purified by flash
. ‘chromatography to afford the title compound. (M+H)+ 285.0.

B. (4{4-[6{3-Chloro-phenylamino)-pyridin-3-yl]-phenyl}-cyclohexyl)-acetic acid’
The title compound was synthesized using {4-{4-(4,4,5 5-tetramethyl-

[ .3.2]dio$<aboroIan—z_-y!)-phehyl]—cyc[ohexyi}-acetic acid me‘thyi ester and the

procedures described above: 'H NMR (400 MHz, DMSO-d6) § 1.30-1.36 (m, 1 H) 1.65

—1.78(m, 1 H) 1.85 (m, 5 H) 1.89-1.97 (m, 1 H) 2.00-2.11 (m, 1 H) 2.53 (d, J=7.58

Hz, 2 H) 2.80 (d, J=9.60 Hz, 1 H) 7.16 (t, /=8.21 Hz, 2 H) 7.57 (d, J=B.34 Hz, 2 H) 7.52
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(t, J=8.08 Hz, 2 H) 7.81 (d, J=8.08 Hz, 2 H) 7.74 - 7.83 (n, 1 H) 8.15 (dd, J=8.59, 2.53
Hz, 1 H) 8.31 (t, J=2.02 Hz, 1 H) 8.76 (d, J=2.78 Hz, 1 H) 9.65 (s, 1 H); (M+H)+ 421.2.

The following compounds may be prepared in analogous fashion using and the

i 'apprépriate aniline:

Example | Chemical Name LC rt Method .
. _ . - : (M+H)
4-{4-[6-(3-methylphenylamino)-pyridin-3- '
Ex. 44 (@416 yleneny )-py B 1.53 A 401.2
yi]-phenyl}-cyclohexyl)-acetic acid
4-{4-[6-(3-Trifluoromethylphenylamino)-
Ex 45 | S viphenylaminoy- |4 62 A | 4552
: pyridin-3-yl]-phenyl}-cyclohexyl)-acetic acid .
4-[6-(3-Methoxyphenylamino)-pyridin-3- ’
Ex a6 | (VIS xyphenylamino)-pyridin 155 A | 4172
yl]l-phenyl}-cyclohexyl}-acetic acid
4-{4-6-(2-Fluorophenylamino)-pyridin-3-yl}-
Ex a7 | (#I6-(@Fluorophenylamino)-pyndin-3ll-| ) 0o | A 405.2
phenyi}-cyclohexyl)-acetic acid
4-{4-[6-(2-Methoxyphenylamino)-pyridin-3- .
Ex. 4-8 (A5 xypneny )py- 1.55 A 417.2
yl]-phenyl}-cyciohexyi)-acetic acid )
(4-{4-[6-(6-Trifluoromethyl-pyridin-3- _
Ex. 4-9 ytamino)-pyridin-3-yl]-phenyl}-cyclohexyl)- 1.63 A 456.3
acetic acid '
The following compounds may also be prepared in similar fashion from the
corresponding aniline and haloarene:
Example _ “Name LCrt | Method | (M*H)+
(4-{4-[6-(6-Methoxy-pyridin-3-ylamino)-5- . .
Ex. 4-10 methyl-pyridin-3-yl}-phenyi}-cyciohexyl)- 1.47 A 4321
acetic acid
. (4-{4-[5-Fluoro-6-(8-methoxy-pyridin-3-
© Ex. 4-11 ylamino)-pyridin-3-yll-phenyl}-cyclohaxyl)- 1.44 A 436.1
acetic acid ’
Example 4-12
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(4-{4-[6-(2-Methyl-6-trifluorometh yl-.pyridin-s-yfamino)—pyridin-3-yl]-phenyl}-
cyclohexyl)-acetic acid
. .\\\\YOH

o]

A. (5-Brdmo-pyrldin-2—y|)-(2-ri1etbyl-6-trifluoromethyt-pyridi|{~3-yl)—amine

2, 5-dibromopyridine (474 mg, 2 mmol) and 2-Methy!-@tri,ﬂuoromethy_!-pyridin-3-ylamine
- (352 g, 2 mmol) were dissolved in 1,4-dioxane (4 mL) in a pressure vessel. Pd.dba; (55
mg, 0.06 mmol) and XANTPHOS (46 mg, 0.08 mmol) were added, followed by cesium
carbonate (1.3 g 4 mmol). The mixture was sparged with nitrogen for 10 minutes, then
the vessel was sealed and heated at 100 °C for 18 hours. The mixture was partitidne_d
between EtOAc and saturated aqueous NH,C|, then the organic layer was washed with
brine, dried with magnesium sulfate, filtered, and concentrated via rotary evaporation.
The crude material was purified via column chromatography on silica gel, eluting with a
gradient of EtOAc/hexanes (7-60%) to obtain the target compound as a solid: 'H NMR
(400 MHz, CDCl5) 6 ppm 2.62 (s, 3 H) 6.36 (br.s., 1 H) 6.75 (d, J=8.59 Hz, 1 H) 7.53 (d,
J=8.34 Hz, 1 H) 7.69 (dd, J=8.84, 2.53 Hz, 1 H) 8.32 - 8.37 (m, 2 H); MS (M+H)+ 334.7.

B. (4-{4-[6-(2~'Methyl-6-trifluoromethyl-pyridin-3-ylamino)-pyridin-3-y!]«phenyl}-
cyclohexyl)-acetic acid methyl ester’

(5-Bromo-pyridin-2-yl)-(2-methyl-6-trifluoromethyl-pyridin-3-yl)-amine (290 mg, 0.87
‘ mmot) and {4-[4-(4,4,5,5-Tetramethyl-[1 ,3,2]dioxaboroIan—2-y¥)—phenyl]-cyclohexyl}—-
acetic acid methyl ester (312 mg, 0.87 mmol) were dissolved in anhydrous DME (3 mL)
in a pressure vessel. PdCl.dppf (21 mg, 0.026 mmol) was added, followed by aqueous
sodium carbonate (2M, 0.870 mi, 1.74 mmol). The mixture was sparged with nitrogen
for 10 minutes, then the vessel was sealed and heated at 80 °C for 18 hours. The
mixture was partitioned between EtOAc and water, washed with brine, dried with
magnesium sulfate, filtered, and concentrated via rotary evaporation. The crude
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material was purified via column chromatography on silica gel, eluting with a gradient of
EtOAc/hexanes (7-50%) to obtain the target compouhd as a solid: 'H NMR'(4OO MHz,
DMSO-dB) § ppm 1.08 - 1.21 (m, 2 H) 1.50 (td,/=12.44, 10.23 Hz, 2 H) 1.81 (m, 4 H)
2.25 (d, J=6.57 Hz, 2 H) 2.59 (s, 3 H) 3.60 (s, 3 H) 7.22 (d, J=8.59 Hz, 1 H) 7.31 (d,
J=8.34 Hz, 2 HS 7.57 (d J=8.34 Hz, 2 H) 7.66 (d, J=8.59 Hz, 1H) 7.97.(dd, J=8.59, 2.53
Hz, 1 H) 8.48 (d, J~2.53 Hz, 1 H) 8.64 (s, 1 H) 8.66 (d J=8.34 Hz, 1 H) MS(M+H)+
484.3.

C. (4-{4-{6-(Z-Methyl-s-triﬂuoromethylfpyridin-.?»-ylamino)—pyridin-S-yI]-phenyl}'-
cyclohexyl)-acetic acid ' '

.(4-{4-[6-(2—Methyl-G—triﬂuorometﬁyl—pyn‘din-3~ylamino)-pyﬁdin—&yl]—pheny!};cyclohexyl)~
acetic acid methyl ester (332 g, 0.68 mmol) was dissolved in THF/MeOH (3:1, 4 mL) and
to it was added aqueous LiOH (4M, 1 mL). The mixture was stirred at room temperature
for 18 hours, then the organlc solvent was removed via rotary evaporatuon The
rema:mng crude was diluted with water and the pH was adjusted to 2 \mth 1M HCI. The
resulting precupl_tate was collected by filtration and dried under vacuum to obtain the title
compound as a white solid: 'H NMR (400 MHz, DMSO-d6) Sppm 0.95 - 1.04 (m, 2 H)
1.44 (dd, J=12.51, 2.91Hz, 2 H) 1.67 (br. s.. 1 H) 1.74 - 1.87 (m, 6 H) 2.47 (m, 1 H) 2.60
(s, 3H) 7.25 (d, J=8.59 Hz, 1 H) 7.30 (d, J=8.34 Hz, 2 H) 7.56 (d, J=8.34 Hz, 2H) 7.66
(d, J=8.34 Hz, 1 H) 7.97 (dd, J=8.72, 2.65 Hz, 1 H) 8.48(d, J=2.27 Hz, 1 H) 8.67 (d,

. J=8.34 Hz, 1 H) 8.80 (s, 1 H); MS (M+H)+ 470.3. '

Example 4-13 :
Oxo-(ft-{at-[s-{s-triﬂuorome_thyl-pyridIn-3-ylafnino)-pyridin—3-yl}-phenyl}upipqridind-
yl)-acetic acid -

Iz
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A. 4-{(4-Bromo-phenyl)-piperidine-1-carboxylic acid tert-buty] ester -

To a solution of 4-(4-Bromo-phenyi)-piperidine (1 g, 4.2 mmol) in DMFV (8 mL) was added
. NaH (168'mg, 4.2 mmol, 60% in mineral oil). The slurry was stirred for 15 minutes, then
di-'butyl dicarbonate (915 mg, 4.2 mmal) was added. The mixture was stirred for 18
. hours, then quenched with methanol, and partitioned between 30% EtOAc/hexanes and
water. The organic layer was dried with-magnesiurri suifate, filtered, and concentrated
"via rotary evaporation to yield the title compound as a white solid, which was taken on to
the next step without further purification; *H NMR (400 MHz, CDCly-d) 3 ppm 1.49 (s, 9
H) 1.58 (qd., J=12. 67, 4.42 Hz, 2 H) 1.80 (d,J=13.14 Hz, 2 H) 2.61 (tt, /=12.22, 3.57 Hz,
1 H)2.79 (t, /=12.63 Hz, 2 H) 4.24 (d, J/=6.57 Hz, 2H)708(m 2H)743(m 2 H); MS
(M+H)+ 340.8 and 342. 8.

B.. 4-[4-(4,4,5,5-Tetram-ethyl-[1,3,2}dioxaborolan-2-yi)-phenyl]-piperidine-1-
. carboxylic acid tert-butyl ester

4-(4-Bromo-phenyl)-piperidine-1-carboxylic acid tert-butyl ester (1.4 g, 4.1 mmol) and
bispinacolatodiboron (1.15 g, 4.53 mmol) were dissolved in DME (3 mL) in a pressure
vessel, and to the-soiution was added PdCIzdppf.(1 00 mg, 0.12 mmol) and KOAc (808
mg, 8.2 rﬁmoi). The mixture was sparged with nitrogen for 10 minutes, then the vessel
was sealed and stirred at 80°C for 18 hours. The reaction mixture was pariitioned
between EtOAc and water, washed with brine, dried with magnesium sulfate, filtered,
and concentrated via rotary evaporation. The crude material was purified via flash
chromaiography on silica gel eluting with a gradient of EtOAc/hexanes (5-20%) to obtain
the target compound as a solid: MS (M+H)+ 388.3.

C. 4-{4-[6-(6-Trifluoromethyl-pyridin-3-ylamino)-byridin-3-yl]-phenyl}-piperidine-1 -
carboxylic acid tert-butyl ester

.4-[4-(4 .4 5,5-Tetramethyl-[1,3,2]dioxaborolan-2-yl)-phenyl}-piperidine-1-carboxylic acid
tert-butyl ester (1.56 g, 4.1 n’imo}) and (5-Bromo-pyridin-2-yl)-(6-trifluoromethyl-pyridin-3-
yl}-amine (1.28 g, 40 mmol) were dissolved in DME (8 ml) in a pressure vessel, and to
the solution was added PdCl.dppf (100 mg, 0.12 mmol} and Na,C0, (2.0M, 4.0 mi’-, 8.1
mmol). The mixture was sparged with nitrogen for 10 minutes, the'n the vessel was
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sealed and stirred at 80°C for 18 hours. The mixture was partitioned between EtOAc
and saturated aqueous NH,C|, washed with brine, dried with magnesium suvlfate, filtered,
and concentrated via rotary evaporation. The crude material was purified via column’
chromatography on silica gel, eluting with a gradient of EtOAc/hexanes (10-50%) to
“obtain the target compound as a sofid: '"H NMR (400 MHz, DMSO-dg) § ppm 1.25 (br. s.,
2 H)1.42 (s, 9H)1 .62 (qd, J=12.63, 4.55 Hz, 2 H) 1.77 (m, 2 H) 2.66 - 2.76 (m, 1 H) -
4.08 (m, 2H)703(d J=8.59 Hz, 1 H) 7.34 (d, J=8.34 Hz, 2 H) 7.60 (d, J—808Hz 2 Hy
7.79 (d, J=8.84 Hz, 1 H) 7.99 (dd, J=8.72, 2.65 Hz, 1 H)856(d J-2 53Hz 1 H)BQ? (d .
J=2.53 Hz, 1 H) 9.87 (s 1 H); MS (M+H)+ 499.3.

D. [5-(4-Piperidin~4-yl-pheny!)—pyridin-2-yi]-(6-triﬁuorométhyl—pyridin-3-y_l)-ar_nine

4-{4-{6—(6—Triﬂuoromethyl—pyridin—&ylamino)«pyridim&yl]-phenyl}—piperidihed-carbpxylic
acid tert-butyl ester (1.02 g, 2.0 mmol) was slurried in 1,4-dioxane/MeOH (5:1, 6 mL)
and was treated with HCI (4M in 1,4-dioxane, 2 mL). After 18 hours, add_ed:more HCI
(4M, 1,4-dioxane, 3 mL) and stirred 2 days. The solvents were removed via rotafy
evaporation and the crude was dried under vacuum to oBtain the hydrodﬁloﬁde salt of
the title compound as a sticky yellow solid which was used in the next step without

_ further purification: MS (M+H)+ 388.4.

E. Oxo-(4-{4-[6-(6-tnﬂuoromethyl-pyrldm-:i-yiammo) pyrldln-3-yl]-phenyl}- .
piperldm-‘l-yl)-acetlc acid ethyl ester

[5-(4-Piperidin-4-yl- phenyI) -pyridin-2-yl}-(6-trifluoromethyl- -pyridin-3-yl)-amine
hydrochloride (200 mg, 0.46 mmol) was slurried in DCM (2 mL) and toit was added N.N-

. dusopropylethylamme (1.320 mL, 7.6 mmol). Chloro-oxo-acetic acid ethyl ester (0.076
mL, 0.69 mmol) was added dropwise, and the reaction was stirred for 18 hours.. The
reaction mixture.was partitioned between EtOAc and water, washed with brine, dried
with magnesium sulfate, filtered, and concehtrated via rotary evaporation to obtain 229
mg of the title compound as a crude oil, which was taken to the next step without l
purification: MS (M+H)+ 499.2. - '
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F. Oxo-(4-{4-[6-(6-trifluoromethyl-pyridin-3-ylamino)-pyridin-3-yl}-phenyl}-
piperidin-1-yl)-acetic acid

" Oxo-(4{4-[6-(6-trifluoromethyi-pyridin-3-ylamino)-pyridin-3-yl]-phenyl}-piperidin-1-y)-
_-acetic acid ethyl ester (228 mg, 0.46 mmol) was dissolved in THF/MeOH/DMF (3:1:1, 5
mL) and to the solution was added aqueous LiOH (4M, 1 mL). The mixture was stirred
‘at room temperature for 18 hours, then the reaction mixture was filtered and purified by
~ reverse-phase preparative HPLC to give the title c'ompquﬁd: "H NMR (400 MHz, DMSO-
" dg) S ppm 1.41 (m',_ 1 H) 1.52 (m, 1 H) 1.76 (d, J/=13.89, 1.52 Hz, 2 H) 2.72-2.81 (m, 1
H) 2.96 (id, /=12.63, 2.27 Hz, 1 H) 3.16 (d, /=5.31 Hz, 1 H) 3.85 (dd, /=11.37, 2.27 Hz,
1 H) 4.37 (ddd, J=12.69, 1.83; 1.64 Hz, 1 H) 7.03 (d,/=8.59 Hz, 1 H)7.31 (d, J=8.34 Hz,
2 H) 7.60 (d, J=8.34 Hz, 2 H) 7.78 (d, /~8.84 Hz, 1 H) 7.98 (dd, J=8.72, 2.65 Hz, 1 H)
8.55 (d, J=2.53 Hz, 1 H) 8.58 (dd, J=8.59, 2.02 Hz, 1 H) 8.90 (d, J=2.27 Hz, 1 H) 9.91 (s,
1 H); MS (M+H)+ 471.2, |

Example 4-14
(4-Hydroxy—4—{4-[6—(6-triﬂdoromethyl-pyridin-3-ylamino)-pyridin-3—ylj-phenyl}-
piperidin-1-yl)-acetic acid

A. (4-Hydroxy-4-{4-[6<{6-trifluoromethyl-pyridin-3-ylamino)-pyridin-3-yi]-pheny!}-
piperidin-1-yl)-acetic acid ethyl ester '

4-{4-[6-(6-Trifluoromethyl-pyridin-3-ylamino)-pyridin-3-yl]-phenyl}-piperidin-4-ol (153 mg,
0.37 mmol, prepared by analogous procedures described above) was dissolved in DMF
(2mL) and to it was added K,CO; (128 mg, 0.93 mmol) followed by bromo-acetic acid
ethyl ester (0.050 mL, 0.44 mmol) added dropwise, and the reaction was stirred for 18
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hours. The reaction mixture was partitioned between 40% EtOAc/hexanes and water,
washed with brine, dried with magnesium sulfate, fi ltered, and concentrated via rotary
evaporation to obtain the title compound as a crude oil, WhICh was taken to the next step
without purification: MS (M+H)+ 499.4.

B. (4-Hydroxy-4-{4-[6-{6-trifluoromethyl-pyridin-3-ylamino}-pyridin-3-yl}-phenyl}-
piperidin-1'-yl)-acétic acid

(4-Hydroxy—4 {4-[6-(6-tnﬂuoromethyl pyrndm-&yiammo)—pyndm—‘.’.—yl] phenyl}—plpendm-1~
yl)-acetic acid ethyl ester (137 mg, 0.27 mmoi) was dissolved in THF/MeOH/DMF (3 11,
5 mL) and to the solution was added aqu_eous LIOH (4M, 1 mL). The mixture was stirred.
at room temperature for 18 hours, then the reaction rﬁixture was filtered and pun’ﬁed by
reverse-phase preparative HPLC to give the title compound: 'H NMR (400 MHz, DMSO-
" ds) 5 ppm 1.54 (qd, J=12.38, 4.29 Hz, 1 H) 1.42 (qd, J=12. 51, 442 Hz, 1 H) 1 77 (td,
J=14.08, 1.14 Hz, 2H)278(m 1 H) 2.98 (td, J=12.63, 2.27 Hz, 1 H)329(s 2H)387
(dd, J=11.37, 2.27 Hz, 1 H) 4.39 (ddd, J=12.69, 1.83, 1.64 Hz, 1 H)704(d J=8.59 Hz, 1
H) 7.32 (d, J=8.34 Hz, 2H) 7.61 (d, /=8.34 Hz, 2H)7.80(d, J=8.84 Hz, 1 H)799(dd
J=8.72, 265Hz, 1 H)855 862(m 1 H) 8.57 (d, J=2.53 Hz, 1 H) 8.92 (d, J"227Hz 1
H) 9.93 (s, 1 H); (M+H)+ 473.3.

Example 5-1.
(4-{4-[5 -(6-Trifluoromethyt- pyrldln-3-ylammo) pyridin-2-yi]- phenyl}-cyclohexyl)-
acetic acid

A. {4-[4-(5-Bromo-pyridin-2-yl)}-phenyl]-cyclohexyl}-acetic acid methyl ester
To a solution of {4-[4«(4.4,5,54tétramethyl-[1 ,3,2]dioxaborolan-2-yl)-phenyl]-

cyclohexyl}-acetic acid methyl ester (4.0 g, 11.2 mmol, 1.0 equiv) and 2,5
dibromopyridine (3.2 g, 13.4 mmol, 1.2 equiv) in 50 Ml toluene/ethanol (1:1) was added
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2 M Na,CO; (16.8 MI, 3 equiv) followed by PdiPPh3)4 (0.38 g, 0.34 mmol, 0.03 equiv).

The biphasic mixture was sparged with nitrogen for 10 min, then heated to 60 °C for 3

days. The reaction was cooled to room temperature and then partitioned between ethyl

. acetate.and saturated ammonium chioride solution. The organic extracts were washed
with brine, then dried over sodium sulphate and concentrated in vacuo. Purification by

. silica gel chromatography (7-40% EtOAc in-hexanes) afforded the title compound as a
yellow solid: 'H NMR (400 MHz, CDCl,) 5 1.11 (dd, J¥13.01, 2.15Hz, 2H)1.41-154
“(m, 2H).1.76 — 1.90 (m, 5 H) 2.20 (d, J=6.57 Hz, 2 H) 2.46 (i, J=12.09, 3.18 Hz, 1 H)
3.62 (s, 3H) 7.23 (d, J=8.08 Hz, 2 H) 7.53 (dd, J=8.59, 0.76 Hz, 1 H)'7.77 (dd, J=8.46,
2.40 Hz, 1 H) 7.81_. (9. J=3.87 Hz, TH) 7.81 (d, J=8.34 Hz, 1 H) 8.64 (d, v=1.77 Hz, 1 H);
(M+H)+ 380.0. ‘

B. (4-{4-[5~(6-Triﬂuoromethyl-pyridih-3-ylamino)-pjridin-2-yI]-phenyl}-cyclohexy!)-
acetic acid methyl ester ‘ , :

" A microwave vial was charged with {4-[4-(5-bromo-pyridin-2-yl)-phenyl]-
cyclohexyl}-acetic. acid methyl ester (3.4 g, 8.8 mmol, 1.0 equiv), 3-amino-6-
trifluoromethyl pyridine (2.1 g, 13.1 mmol, 1.2 equiv), cesium carbonate (7.1 g, 21.9
mmol, 2.5 equiv), ;?-dicyclohexylphosphino-Z',4’,6’-tﬁisopropylbiphenyl (X-Phos, 0.42 g,
0.88 mmot, 0.1 equiv) and paliadium acetate (0.30 g, 0.44 mmol, 0.05 equiv) in 20 M| of
toluene/t-butanol (9:1). The suspension was sparged with nitrogen for 10 min, then
heated to 150 °C under microwave heating for 45 min. The reaction was cooled to room
temperature; partitioned between ethyl acetate and water. The organic extracts were
Washed'with brine, then dried over sodium sulphate and concentrated in vacuo.
Purification by silica gel chromatography afforded the title compognd: 'H NMR (400
MHz, DMSO-d6) § 1.10 — 1.21 (m, 1 H) 1.51 (qd, J=12.72, 2.78 Hz, 2 H) 1.70 - 1.87 (m,
'5 H) 2.26 (d, J=6.57 Hz, 2 H) 2.50 (m, 1 H) 3.61 (s, 3 H) 7.33 (d, J=8.34 Hz, 2 H) 7.65
(d, J=253Hz, 1H)7.67-7.74 (m, 2 H) 7.89 (d, J~8.59 Hz, 1 H) 7.95 (d, J=8.34 Hz, 2
H) 8.46 (d, J=2.53 Hz, 1 H) 8.54 (d, J=2.53 Hz, 1 H) 9.18 (s, 1 H); (M+H)+ 427.3.

C. (4-{4-[5-(6-Triﬂugrometﬁyl-pyridin-3-ylamino)-pyridih-z-yI]-phenyl}-cycIohexyl)-
acetic acld _ '

A THF solution of (4-{4-[5-(6-triflucromethyl-pyridin-3-ylamino)-pyridin-2-yl}-
phenyl}-cyclohexyl)-acetic acid methyl ester was treated with 10% équeous LiOH and
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heated to 50 °C overnight. Upon reaction completion, the mixture was acidified with
concentrated HCI. The resuiting precipitate was isolated by filtration to afford the title
compound: 'H NMR (40b MHz, DMSO-d6) § 1.08 — 1.19 (m, 1 H) 1.14 (dd, J=12.63,
2.27 Hz, 1H) 1.44 - 1.56 (m, 1H) 1.50 (dd, =12.51, 265 Hz, 1 H) 1.75 (b'r. S.,1H) 184
. {d, J=10.61 Hz, 4 H) 2.14 (d, J=6.82 Hz, 2 H) 2.54 (m, 1 H) 7.33 (d, J=8:34 Hz, 2 H) 7.65
(d, J=2.53 Hz, 1 H) 7.68—7.74 (m, 1-H) 7.70 (d, J=8.34 Hz, 1 H) 7.89 (d, J=8.59 Hz, 1
H) 7.95 (d._J=8.59AHz. 2 H) 8.46 (d, /=2.78 Hz, 1 H) 8.54 (d, /=253 Hz, 1 H)9.20(s, 1 °
H); (M+H)+ 456.3. Aiternatively, the methyl ester can be dissolved in a mixfuré of THF
and water, and treated with aqueous sodium hydroxide (4 equiv). The mixture can then
be stirred at 50 degrees for 12 hours, at which point ihe THF is removed under reduced .
pressure to yield an opaque, white slurry; which affords the' title compound as the '
corresponding sodium salt upon'ﬁltration. 'H NMR (DMSO-d6, 500 MH2) 8 10.05 (s, 1
H),859(d, 1H,/=2.8Hz),854 (s,1H),7.92 (d,2H,J=82Hz),786(d, 1H, J=
8.8 Hz), 7.75(dd, 1 H, J=87,2.7 Hz), 7.69 (s, 2 H), 7.27 (d. 2 H, J=8.5 Hz), 2.45 (m, 1
H), 1.84 (m, 4 H), 1.67-1.80 (m, 3 H), 1.41 (m, 2 H), 1.02 (m, 2 H); MS m/z 456 M-
Na+2H )", ' ' ' : '

Using the appropriate amino derivative, the following compounds may also be
prepared.

MS.

Example Chemical Name LCrt | Method .
o (M+H)

4-{4-[5-(Pyridin-2-ylamino)-pyridin-2-yl}- )
Ex. 5-2 (< ->-(Pyridin-2-y )p.y . Vi 130 |. A -/ 388.3
phenyl}-cyclohexyl)-acetic acid

, 4-[4-(5-Phenylaminopyndin-2-yl)-phenyl]- '
Ex 53 | yiaminopyndin-2-y-phenvll- |, 1 A 387.3
cyclohexyl}-acetic acid

4-[5-(5-Cyanopyridin-3-ylamino)-pyridin- : .
Ex 54 | (FIHI5(5-Cyanopy ylamino)-py 128 | A 4133
_ . 2-yl]-phenyl}-cyclohexyl)-acetic acid ,

_ (4-{4-[5-(5-Triftuoromethylpyridin-2-
Ex. 5-5 | ylamino)-pyridin-2-yl]-phenyl}-cyclohexyl)- 147 . A - 456.4
acetic acid

(4-{4-[5-(4-Trifluoromethylphenylamino)-
pyridin-2-yl}-phenyl}-cyclohexyl)-acetic acid

Ex. 5-6 1.54 A 455.4
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(4-{4-[5-(5-Methyipyridin-2-ylamino)-pyridin-
2-yl}-phenyl}-cyclohexyl)-acetic acid

Ex. 5-7 144 | A 402.3

(4-{4-15-(5-Trifluoromethylpyridin-2-
Ex. 5-8 ylamino)-pyridin-2-yl]—phenyl}-cyclohexyl)- 1.36 B 470.4
" acetic acid methyl ester

(4-{4-[5-(5-Chloropyridin-2-ylamino)-pyndin- |

e 1.48 A 4223
2-yl]-phenyl}-cyclohexyl)-acetic acid

Ex. 5—9

(4{4-[5-(6-Methoxypyridin-3-ylamino)--

- 1135 A 418.4
pyridin-2-yll-phenyl}-cyclohexyl)-acetic acid :

-Ex. 5-10

4-[5-(5-Fluoropyridin-2-ylamino)-pyridin- .
Ex. 541 | L e ylamino)-py 1.39 A 406.4
2-yi]-phenyl}-cyclohexyl)-acetic acid -

- (4-{4-[5-(B-Acetylaminopyridin-3-ylamino)-
Ex. 512 L o 1.09 A 4454
pyridin-2-yi}-phenyl}-cyclohexyl)-acetic acid :

Example 5-13. .
{4-[4-(3-Methoxy-5-phenylamino-pyridin-2-yl)-phenyl]-cyclohexyl}-acetic acid

OH

A. {4-[4(3-Methoxy-5-nitro-pyridin-2-yl}-phenyi]cyclohexyl}-acetic acid methyl
ester '

' To a solution of 2-chloro-3-methoxy-5-nitro-pyridine (0.10 g, 0.53 mmof, 1.0
'equiv) and {4—[4—(4,4,5,5-tetraméthyl-[1 ,3,2]dioxaborolan-2-yl)-phenyl}-cyclohexyl}-acetic
acid methyl ester (0.2 g, 0.56 mmol, 1.05 equiv) in 5 Mi DME was added 0.5 M| '
saturated potassium carbonate solution and 10 mg Pd(PPh;), catalyst. The reaction
was heated to 100 °C for 2 h. The crude reaction mixture was then concentrated in
vacuo and then loaded directly onto a silica gel column. Elution with 30%
EtOAc/hexanes afforded the title compound: 1H NMR (400 MHz, DMSO-d6) 5 ppm 1.12
-119(m, 2 i—f) 1.15 (d,-J=13.14 Hz, 1 H) 1.46 —1.59 (m, 1 H) 1.51 (dd, J=12.38, 2.78
Hz, 2 H) 1.81 (d, J=5.56 Hz, 4 H) 2.26 (d, J=6.82 Hz, 2 H) 3.61 (s, 3H) 4.00 (s, 3 H)
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7.36 (d, J=8.34 Hz, 2 H) 7.90 (d, J=8.34 Hz, 2 H) 8.20 (d, J=2.02 Hz, 1 H) 9.05 (s, 1 H);
(M+H)+385.1. '

B. {4-[4-(5-Amino-3—methoxy~pyridin-2-y|)-phenyl]-cyi:loﬁexyl}-acetic. acid methyl
"ester :

To a solution of {4-[4-(3-Methoxy—5—nrtro—pyndnn-2—yl)-phenyl]-cyclohexyi}-acetlc
acid methy] ester (0 149)i in 10 Ml EtOAc was added 30 mg Pd/C. The reaction vessel '
was purged with hydrogen, then stirred ovemlght under a balloon atmosphere of
hydrogen. Filtration through Celite followed by removal of solvent in vacuo afforded the
title compound: 1H NMR (400 MHz, DMSO-d6) 8 ppm 0.94 — 1.02 (m, 1 H) 1.01 (s, 3 H)
1.31 (td, J=12.57, 9.98 Hz, 2H)1 .64 (d, J=11.37 Hz, 4H)209(d J=6.82 Hz, 2 H) 3.44
(s, 3 H) 3.59 (s, 3H) 5.25 (s, 2 H) 6.52 (d, J=2.02 Hz, 1 H) 7.02 (d, J=8.34 Hz, 2H)747
(d. J=2.02 Hz, 1 H) 7.54 (d, J=8.34 Hz, 2 H); (M+H)+ 356.1.

C. {4-{4-(3-Methoxy-5-phenylammo -pyridin-2-yl)- phenyl}-cyclohexyl}-acetlc acid
methy! ester

To a solution of {4—[4~(5—Amino—3—methoxy~pyridim2~yl)-phenyl]-cyclqhéxyl}-acetic
acid methyl ester (0.12 g, 0.3 mmol, 1.0 equiv) and phenyl boronic acid (0.082 g, 0.67
mmol, 2.0 equiv) in 5 Mi dichloromethane was added pyridine (0.054 Mi, 0.67 mmal, 2.0
equiv), copper (Il) acetate (0.092 g, 0.50 mmol, 1.5 equiv), and 4A mo!eéular sieves.
The heterogeneous reaction mixture was allowed to stir open to atmosphere for 18 h.
. Removal of solvent and purification by silica gel chromatography (40% EtOAc in
hexanes) afforded the titie compound: 1H NMR (400 MHz, DMSO-d6) 8 ppm 1.14 ~ -
1.31 (m, 2H) 1.50 (br. S., 1 H) 1.55 (dd, J=12.51, 2.40 Hz, 2 H) 1.87 (d, J=12.38-Hz; 5
H)231 (d, J=6.57 Hz, 2H)366(s 3 H)3.86(s, 3H)6.96 (t, J=7.33Hz, 1 H) 7.20 ~ °
7.38 (m, 7 H) 7.82 (d, J=8.34 Hz, 2 H) 8.11 (d, J=2.02 Hz, 1 H) 8.53 (s, 1 H); (M+H)+
431.2.

. D. {4-{4-(3—Methoxy-5'-phenylamino-pyridin-2-yI)-phenyI]-cyclohexyl}-acetic acid
' To a solution of {4-[4-(3-Methoxy-5-phenylamino-pyridin-2-yl}-phenyl]-
cyclohexyl}-acetic acid methyl ester (0.082 g) in 5 MI THF was added 5 Ml of a 4 M LiOH
solution. The reaction was stirred overnight at room temperature, then heated to 60 °C
for 5 h. Acidification to Ph 1 using concentrated HC! afforded a precipitate which was
filtered to afford the title compound: 1H NMR (400 MHz, DMSO-d6) & ppm 1.02 —1.13
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(m, 1 H) 1.07 (dd, J=12.38, 2.27 Hz, 2 H) 1.39 — 1.59 (m, J=12.88, 12.63, 12.63, 3.03
Hz, 3H) 1.77 (d, J=10.36 Hz, 4 H) 2.09 (d, J=6.82 Hz, 2 H) 3.84 (s, 3 H) 7.00 (¢,
=7.33Hz, 1 H) 7.20 - 7.24 (m, 2 H) 7.31 (dd, J=7.71, 1.89 Hz, 4H)7.34 (s, 1 H)7.51

. (d,J=1.52 Hz, 1H)761 (d, J= 834Hz.2H)791 (d, J=2.27 Hz, 1H)927(br S., 1H);
(M+H)+ 417.1.

The following compounds may be prepared in analoéous fashion:

MS

Exaimple : Chemical Name | LCrt | Method .
' (M+H])

{4[4-(3-Methoxy-5-(3- -
Ex. 5-14 | fluorophenyl)amino-pyridin-2-yl)-phenyl}- 1.4 A 435
cyclohexyl}-acetic acid

. {4-{4-(3-Methoxy-5-(4-trifluoromethyl-
Ex. 5-15 phenyljaminq—pyridin—2—yl)—pheny|]— 1.5 A 485
' cyc!bhexyl}-acetic acid

{4-[4-(3-Methoxy-5-(3-
Ex: 5-16 chtoro_phenyl)amino-pyﬁdin-Z—yl)-phenyl]- 1.5 A 451
cyclohexyl}-acetic acid ' '

Examg[e 5-17.
(4—{4-[5-(3-Fiuoro-phenylammo)«pyrldm-z-yl] phenyl}-cyclohexyl)-acetrc acid
. OH

A. {4-[4-(5-Nitro-pyridin-2-yl)-phenyl]-cyclohexyl}-acetic acid methyl ester

~ To a solution of 2-bromo-5-nitropyridine (0.81 g, 4.0 mmol, 1.0 equiv) and {4-{4-
(4,4,5,5—tet'ramethyl-[_1.3,2]dibxaborolan-z-yf)-phenyl]-cyclohexyi}-aéetic acid methyl
ester (1.5 g, 4.0 mmol, 1.05 equiv) in 20 M| DME was added 2 Ml saturated potassium
carbonate solution followed by 50 mg Pd{PPh,), catalyst. The reaction was then heated
to 80 °C over the weekend. Removal ’of volatiles in vacuo followed by silica gel
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chromatography (20% EtQAc in hexanes) afforded the title compound: 1H NMR (400
MHz, DMSO-d6) 8 ppm 0.94 ~1.06 (m, 1 H) 1.00 (dd, J=12.76, 215 Hz, 2 H) 1.30 -
1.42 (m,J=12.82, 12.60, 12.60, 2.91 Hz, 2 H) 1.65 (br. S., 2 H) 1.68 (d, J=3.54 Hz, 3 H)
2.11 (d, J=6.82 Hz, 2 H) 3.46 (s, 3H) 7.27 (d, J=8.34 Hz, 2 H) 7.98 (d, J=8.34 Hz, 2 H)
. 8.08 (dd, J=8.84, 0.51 Hz, 1 H) 8.47 (dd, J=8.84,2.78 Hz, 1 H) 9.27 (d, J=2.27 Hz, 1 H)
(M+H)+ 355.1. - . '

B. {4-[4(5-Amino-pyridin-2-yl)-phenyl}-cyclohexyl}-acetic acid methyi ester

To a solution of {4-{4-(5-Nitro-pyridin-2-yl)-phenyl]-cyclohexyl}-acetic acid meéthyl
ester (1.4 g, 4.0 mmol) in 20 M EtOH was added Pd/C (0.4 g) followed by ammonium
formate (2 g). The reaction mixture was heated to reflux for 4 h, then cooled to room
temperature and filtered through Celite. Removal of solvent in vacuo afforded the title
compound: 1H NMR (400 MHz, DMSO0-d6) § ppm 1.08 - 1.20 (m, 2 H) 1.43 — 1.54 (m,
1 H) 1.48 (dd, J=12.57, 2.46 Hz, 2H) 1.81 (d, J=11.75 Hz, 6 H) 2.26 (d, J=6.69 Hz, 2 H)
3.61 (s, 3 H) 6.98 (dd, J=8.59, 2.78 Hz, 1 H)'7.24 (d,J=8.34 Hz, 2 H) 7.57 (d, J=8.59 Hz,
1 H) 7.81 (d, J=8.34 Hz, .2 H) 8.00 (d, J=2.65 Hz, 1 H); (M+H)+ 325.2. ‘

C. (4-{453-Fluoro-phenylamino)-pyridin-2-yl}-phenyl}-cyclohexyi)-acetic acid
methyl ester ' . ) o '
To a solution of {4-[4-(5-amino-pyridin-2-yl)-phenyl]-cyclchexyl}-acetic acid
methyi ester (0.10 g, 0.3 mmol, 1.0 equiv) aﬁd 3-fluocrophenyl boronic acid (0.086 g, 0.61
. mmol, 2.0 equiv) in 5 Mi dichloromethane was added pyridine (0.05 M|, 0.61 mmol, 2.0
equiv), copper (1) acetate (0.084_9, 0.46 mmoi, 1.5 equiv) and 4A molecular s'ieyes. The
heterogeneous mixture was allowed to stir open to atmosphere for 18 h. Punfication by
silica gel chromatography (20-45% EtOAc in hexanes) afforded the titte compound: 1H
NMR (400 MHz, DMSO-d6) 8 ppm 1.12 ~ 1.27 (m, 2 H) 1.47 (br. S., 1 H) 1.53 (dd,
J=12.51,2.65Hz, 1H) 1.67 (br. S, 1H)1.85(d, J=12.38 Hz, 4 H) 2.29 (d, J=6.57 Hz, 2
H) 3.34 (s, 2 H) 3.64 (s, 3 H) 6.69 (id, J=8.46, 2.53 Hz, 1 H) 6.89 (dt, J=11.62, 2.15 Hi, 1
H) 6.96 (dd, J=7.83, 1.77 Hz, 1 H) 7.33 (d, J=8.34 Hz, 2H) 7.63 (dd, J=8.59, 2.78 Hz; 1
Hj 7.84 (d, J=8B.59 Hz, 1 H) 7;.95 (d, J=8.34 Hz, 2 H) B.47 (s, 1 H) 8.71 (s, 1H); (M+H)+
419.3.

D. (4—(4—-[5-(3-Fluoro-phenylamino)-pyridin-2-yl]-phenyl}-cyclohexyl)-acetic acid
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To a solution of (4-{4-[5'~(3-Fiuor&pheﬁylamino)-pyridin—2~yi]-phenyl}—6yciohexyl)¥
acetic acid methyt ester (0.10 g)' in 5 Ml THF was added 5 Ml of a 4 M LiOH solution.
The reaction was stirred ovemight at room temperature, then heated to 60 °C overnight.
. Acidification to Ph 1 'using concentrated HCI afforded a precipitate which was filtered to
~ afford the title compound: 1H NMR (400 MHz, DMSO-d6) & ppm 0.95 — 1.12 (m, 1 H)

- 1.02 (dd, J=11.62, 9.35 Hz, 2 H) 1.33 (br. S., 1 H) 1.38 (dd, J=12.51, 2.66 Hz, 2 H) 1.62
(d, J=9.35 Hz, 2H) 1.71(d, J=10.11 Hz,-4 H) 2.03 (d', J=6.82 Hz, 2 H) 6.64 —-6.73 (m, 1
'H) 6.86~6.93 (m, 2 H) 7.29 (d, J=8.34 Hz, 2 H) 7.21 - 7.35 (m, 1 H)7.78 (d.. J=8.34 Hz,
2H) 7.83-7.89 (m, 1 H) 7.89.-,7.97 (m, 1 H) 8.30 (s, 1 H) 9.26 (br. S., 1 H); (M+H)+

405.1. : '

The following'compounds may be prepared in analogous fashion:

MS

Example " Chemical Name LCrt Method R
} (M+H)

. 4-[5-(3-Chloro-phenylamino)-pyridin-2- '
Ex 518 | G phenylamino)-pyric 15 10 | 4211
yll-phenyl}-cyclohexyl)-acetic acid :

Exaniple 5-19. ‘ |
(4{4-[5-(1-Methyl-1H-pyrazol-3-ylamino)-pyridin-2-yl]-phenyl}-cycliohexyl}-acetic
acid .

A. (6-Bromo-pyridin-3-yl}-{1-methyl-1H-pyrazol-3-yl}-amine

To a solution of 1-methyl-1H-pyrazol-3-ylamine (0.23 g, 2.3 mmol, 1.0 equiv) and
2-bromopyridyl-S-boronic acia (0.70 g, 3.5 mmol, 1.5 equiv) in 10 Mi dichloromethane
was added pyridine (0.43 MI, 5.4 mmol, 2.4 equiv), copper (Il) acetate (063 g,.3.5 mmol,
1.5 equiv) and 4A molecular sieves. The heterogeneous reaction mixture was allowed
to stir vigorously open to air overnight. The reaction was then ﬁltefed through Celite,
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concentrated in vacuo, and purified by silica gel chromatography to afford the titte
compound: 1H NMR (400 MHz, DMSO-d6) 5 ppm 3.80 (s, 3H)5.84 (s,.1 H) 7.45 (d,
J=8.59 Hz, 1 H) 7.60 (d, J=2.02 Hz,1 H) 7.86 (dd, J= 859 303Hz 1 H) 8.41 (d, J=2.78
Hz, 1 H) 8.82 (s, 1.H); (M+H)+ 255.1.

B. (4{4-[5(1 Methyl -1H-| pyrazolé-ylam:no)—pyndln-2-yl]-phenyl}-cyclohexyl)—
acetic acid methyl ester

To a solution of (6-bromo-pyridin-3-yl)-(1-methyl-1H-pyrazol-3-yl)-amine (0.15 g,
0.6 mmol, 1.0 equiv) and {4-[4—(4.4,5,5-tqtramethyl-[1 .3.2]d§oxaborolén—Z—yl)-phenyi]—
cyclohexyl}-acetic acid methyl ester (0.23 g, 0.7 mmbl, 1.1 equiv) in § Ml DME waé
added 0.5 Ml saturated potassium carbo_hate solution followed by 5 mg Pd(PPh3)s
catalyst. The reaction was then heated to 80 °C for 2 h. Removal of volatiles in vacuo
followed by silica gel chromatography (20% EtOAc ir_\ hexanes) afforded the title
compound: 1H NMR (400 MHz, DMSO-d6) 6 ppm 1.14 ~ 1 26 (m,2H)1.54 (qd,
J=12.59, 2.40 Hz, 2 H) 1.68 (br. S., 1 H) 1.87 (d, J=11.12 Hz, 5 H) 2.31 (d, ._!=6.57 Hz, 2
H) 3.66 (s, 3 H) 3.82 (s, 3 H) 5.86 (s, 1 H) 7.33 (d, J=8.34 Hz, 2 H) 7.59 (d, J=2.02 Hz, 1
H) 7.80 (d, J=8.84 Hz, 1 H) 7.93 (d, J=8.34 Hz, 2 H) 7.97 (dd, J=8.84, 2.78 Hz, 1H) 8.65
(d, J=2.27 Hz, 1 H) 8.83 (s, 1 H); (M+H)+ 405.2. '

C. {4-{4]5-(1-Methyi-1 H-pyrazol-3-ylamino)—pyridin-2-y|]-phenyl}-cydohexyl)-
acetic acid - '

To a solution of (4-{4-[5-(1-Methyl-1H-pyrazol-3-ylamino)-pyridin-2-yl]-phenyl}-
cyclohexyl)-acetic Aacid methyl eétgr (0.12 g) in 5 MI THF was added 5 Mi of a 4 M LiOH
solution. The reaction was stirred overnight at room temperature, then heated tb 60 °C
c'wemi:ght. Acidification to Ph 1 using concentrated HCI afforded a precipitate which was
filtered to afford the titte compound: 1H NMR (400 MHz, DMSO-d6) 5 ppm 1.02 — 1.13
(m, 2 H) 1.40 — 1.59 (m, J=12.82, 12.66, 12.66, 3.03 Hz, 3H) 1.77 (d, J=9.60 Hz, 5 H)
2.09 (d, J=6.82 Hz, 2 H) 2.48 — 2.54 (m, 1H) 3.74 (s, 3H) 5.84 (s, 1 H) 7.38 (d.,

J=8.34 Hz, 2 H) 7.58 (s, 1 H) 7.83 (d, J=8.34 Hz, 2 H) 8.09 (d, J=9.09 Hz, 1. H) 8.23 (d,
J=11.62 Hz, 1 H) 8.88(s, 1 H) 9.79 (br. S., 1 H); (M+H)+ 391.1.

The following compounds may be prepared in analogous fashion:
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Example Chemical Name LCrt Method
' (M+H)*
. 4-[5-(Isoxazol-3-ylamino)-pyridin-2-yi}-
Ex. 520 . (HH -( y ) ?Y vl 12 A 378.1
- phenyl}-cyclohexyl)-acetic acid .

Example 5-21.
' (4—{4—[5-(5—FIuoro-G-methoxy-pyridin-_3-ylami no)-py rid_in-2-yI]'-phenyI}-cyclohexyl)-
acetic acid ' :

A. (6-Bromo-pyridin-3-yl)-{5-fluoro-6-methoxy-pyridin-3-yl)-amine

To a solution of 6-bromo-pyridin-3-ylamine (0.20 g, 1.2 mmol, 1.0 equiv) and 2-
methoxy-3-fluoropyridyl-5-boronic acid (0.39 g, 2.3 mmol, 2.0 equiv) in 10 M|
dichloromethane was addéd pyridine (0.24 MI, 3.0 mmol, 2.5 eqixiv). cop-per (II) acetate
(0.32 g, 1.7 mmol, 1.5 equiv) and 4A molecular sieves. The heterogeneous reaction
mixture was allowed to stir vigorously open to air ovemight. The reaction was then
filtered through Celite, concgntrated in vacuo, and purified by silica gel chromatography
to afford the title compound: 1H NMR (400 MHz, bMSO-dS) 8 ppm 3.96 (s, 3 H) 7.35 (d,
J=3.03 Hz, 1 H) 7.37 (d, J=3.03 Hz, 1 H) 7.42 -7.46 (m, 1 H) 7.62 (dd, J=11.87, 2.27 Hz,
1 H) 7.88 (d, J=2.53 Hz, 1 H) 8.08 (s, 1 H) 8.52 (s, 1 H); (M+H)+ 300.0.

'B. (44{4-15-(5-Fluoro-6-methoxy-pyridin-3-ylamino)-pyridin-2-yl]-phenyl}-
cyclohexyl)-acetic acid methyl ester

To a solution of (6-bromo-pyridin-3-yl)-(5-fluoro-6-methoxy-pyridin-3-yl)-amine
(0.1‘7 g, 0.6 mmol, 1.0 equiv) and {4-{4-(4,4,5,5-tetramethyl-{1,3,2]dioxaborolan-2-yl)-
phenyl]-cyclohexyl}-acetic acid methyl ester (0.22 g, 0.6 mmol, 1.0 equiv) in 15 Mi DME
was added 1 Ml saturated sodium carbonate solution followed by 10 mg Pd(PPh,)4
catalyst. The reaction was then heated to 80 °C overnight. Removal of volatiles in
vacuo followed by silica gel chromatography (20% EtOAc in hexan.es) afforded the title
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compound: 1H NMR (400 MHz, DMSO-d6) 6 ppm 0.93 - 1.08 (m, 1 H) 1.01 (d, J=2.78
Hz, 1H)1.31-152 (m, 3. H) 1.62 (s, 2 H) 1.68 (4, J=9.85 Hz, 4 H) 2.02 (d, J=-7.07 Hz, 2 -
H) 3.81 (s, 3 H) 7.28 (d, J=8.34 Hz, 2 H) 7.58 (d, J=13.89 Hz, 1 H) 7.75 (d, J=8.34 Hz, 3
H) 7.70 (d, J=8.59 Hz, 1 H) 7.81 (d, J=2.27 Hz, 1 H) 7.89 (d.~J=8.84 Hz, 1 H) 8.15 (s, 1
H) 9.04 (br. S., 1 H); (M+H)+ 450.3.. '

C. (4{4-{5+(5- -Fluoro-6- methoxy—pyrldm-3-ylamlno) pyrldln-Z-yI] phenyl}-
cyclohexyl)-acetic acid

Using the saponification procedures outlined above, the title compound was
produced: 1H NMR (400 MHz, DMSO-d6) & ppm 0.93 —1.08 (m, 1 H) 1.01 (d, J=2.78
Hz, 1 H) 1.31 - 1.52 (m, J=12.85, 12.66, 12.66, 3.16 Hz, 3 H) 1.62 (s, 2 H).1.69 (d,
J=9.85 Hz, 4 H) 2.02 (d, J=7.07 ‘Hz, 2 H) 3.81 (s, 3H) 7.28 (d, J=8.34 Hz, 2 H) 7.58.(d,
J=13.89 Hz, 1 H) 7.75 (d, J=8.34 Hz, 3 H) 7.70 (d, J=8.59 Hz, 1 H) 7.81 (d, J=2.27 Hz, 1
H) 7.89 (d, J=8.84 Hz, 1 H) 8.15 (s, 1 H) 9.04 (br. S., 1 H); (M+H)+ 436.1.

" Example 5-22.
(4{5- [&(B-Traﬂuoromethyl pyridin-3-ylamino)- pyr|d|n~2~yll-splrocyc!ohexylldeny!-
1,1 -mdanyl}-acetlc acid

'A (G-Bromo pyrld|n-3-yl)-(G-trlﬂuoromethyl~pyndm-3-yl)—amme

] To a solution of 3-amino-6-triflucromethyl pyridine (0.25 g, 1.2 mmol, 2.0 equiv)
and 2-bromopyridyl-5-boronic acid (0.10 g, 0.62 mmol, 1.0 equiv) in 5 MI
dichloromethane was added pyridine (0.10 M, 1.2 mmol, 2.0 equiv), copper (ll) acetate
(0.17 g, 0.93 mmol, 1.5 equiv) and 4A molecular sieves. The heterogeneous reaction -
mixture was allowed to stir vigorously open to air overnight. The reaction was then
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filtered through Celite, concentrated in vacuo, and purified by silica gel chrométography.'
to afford the title compound: (M+H)+ 319.9.

L B.'(4-(5-[5-(6-Triﬂubromethyl-pyridin~3—jiamino)—pyridin-2-yl}
spirocyclohexylidenyl-1,1’-indanyl}-acetic acid methyl ester
A microwave vial was charged with (6-Bromo-pyridin-3-yi)-(6-trifluoromethyi-
pyridin-3-yl)-amine (0.087 g, 0.28 mmol,.1.0 equiv) and {4-[5-(4,4,5,5-tetramethyl-
'[1.3,2]dioxaborolan-2-yl)}-spirocyclohexylidenyl-1,1 ’-indar_lyl}-ac;e’tic acid methyl ester
) (0.1() g, 0.28 mmot, 1.0 equivj in 3 Ml dimethoxyethane. To this solution was added 2M
- Na2CO3 (0.35 M}, 2.5 equiv) followed by PdCi,dppf(dichloromethane) complex (0.011 g,
0.014 mmol, 0.05 équiv). The mixture was sparged with nitrogen for 5 minutes and then
heated to 150 °C for 30 min. The reaction was partitioned between EtOAc and water,
“and the organic extracts were washed with brine and dried over magnesium sulphate.
Purification of the crude 'produci by flash chromatography afforded the title compound:
(M+H)+ 494.2. '

C. (4-{5-[546-Trifluoromethyl-pyridin-3-ylamino)-pyridin-2-yf]-
spirocyclohexylidenyi-1,1’-indanyl}-acetic acid )

A solution of (4-{5-[5-(6-Trifluoromethyt-pyridin-3-ylamino)-pyridin-2-yi}-
spirocyclbhexylidenyl-1 ,I’-indanyl}-acetic acid methyl ester (0.020 g, 0.041 mmol, 1.0
equiv) in 1.5 Ml DMF was charged with 0.5 Mi of a 10% LiOH solution. The
.homogehteous soiution was heated to 60 °C for 3 h. Purification by reverse-phase HPLC
afforded the title compound: 'H NMR (400 MHz, DMSO-d8) § 1.62 — 1.79 (m, 4 H) 2.01
-2.10 (En. 1 H) 2.14 (td, J=7.58, 1.01 Hz, 2 H) 2.31 -~ 2.44 (m, 2H) 2.95 (t, J=7.33 Hz, 2
H) 3.79 (d, J=14.15Hz, 1 H) 5.63 (s, 1 H).7.25 (d, J=7.83 Hz, 1 H) 7.65 (d, J=2.53 Hz, 1
H)7.68-7.74 (m, 2 H) 7.82 (d, /=8.08 Hz, 1 H) 7.88 (br. 5., 1 H)v 7.86 (d, J=4.04 Hz, 1
'H) 8.46 (d, J=2.53 Hz, 1 H) 8.53 (d, J=3.03 Hz, 1 H) 9.20 (s, 1 H); (M+H)+ 480.2.

.Example 5-23. :
(4-{4-[5—(Benzooxaz_ol—Z—yla'mino)-pyridin-2—yl]-phenyl}-cyclohexyl)ecetic acid
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A, (4-{4-[5.-(Benzboxazol'-2-ylamino)-pyridin-z-yl]-phenyl}-cyc[ohexyl)-acetic acid -
methyl ester :

~ 65mgof {4—{4—(5~Amino—pyridin~2—yl)-phenyl};cyclohexyi}-acetic acid methy'll ester
and 0.3 M! of 2-chlorobenzoxazole were dissolved in 1.5 Ml of t-BuOH/DME (1:1) ina 5 |
M microwave tube with a stirring bar. 0.1 Ml of 4N-HCI in dioxane was added and.t.h'e
reaction vessel was sealed and heated at 120 °C for 2 hours by microwave. The.
reaction was diluted with ethyl acetate and the resulfing precipitates were filtered and
washed with ethyi acetate. The filter cake was dried by air in the suction funnel and
analyzed by 'H-NMR (400 MHi, DMSO-ds) 8 ppm 1.2 (s, 3 H) 1.5 (s. 2'H) 1.8(s,6H) .
2.3 (d., J=6.8Hz,2H)38 (s, 4H)7.2(mM,1H)7.3(m, 1H)7.3(d, /=83 Hz,2H)7.5(d,
J=13.9 Hz, 2 H)'B.O (m,3H)84 (m, 1H)8.9(d, J=2.3Hz, 1H) 11.0(s, 1 Hi; (M+H)+
4422, - '

B. (4{4-[5{Benzooxazol-2-ylamino}-pyridin-2-yll-phenyl}-cyclohexyl)-acetic acid
(4-{4-[5-(Benzooxazol-2-ylamino)-pyridin-2-yl]-phenyi}-cyclohexyl)-acetic acid methyl
ester was stired in 4 M of THF Awater (1:1) and treated with 30 mg'of LiCH at ambient
temperature. The reaction was then heated at 50 °C and stirred overnight. LCQMS
analysis indicated the reaction was complete. The reaction was diluted with water (2 Mi)
and néutralized with 6N HCI. Tl;xe resulting precipitate was filtered and washed with
water and ethyl acetate. Tﬁe precipitate was dried and analyzed by 1H NMR (400 MHz,
DMSO-DB) 3 ppm 1.1 (M, 2H)1.5(s,2H) 1.8 (t.'J=6:7 Hz, 1 H) 1.8 (s, 4 H) 2.2 (d,

J=6.8 Hz, 2 H) 7.2 (4d, J=7.8,1.3Hz, 1H) 7.3 (td, J=7.6, 1.1 Hz, 1H) 7.3 (d, J=8.3 Hz, 2
H) 7.5 (dd, J=13.9, 7.3 Hz, 2 H) 8.0 (d, J=8.1 Hz, 3 H) 8.3 (dd, J=8.7, 2.7 Hz, 1H) 8.9(d,
J=3.0 Hz, 1 H); (M+H)+ 428.1.

Alternatively, the methyl ester can be dissolved in THF and treated with aqueous sodium
hydroxide (4 equiv). The mixture can then be stirred at 50 degrees for 12 hours, at
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which point water may be added and most of fhe organic solvent may be removed under
reduced pressure. Addition of acetonitrile followed by cooling may yield a precipitate
which can be isolated by filtration to afford the title compound as the corresponding
. sodium.salt: 'H NMR (DMSO-d6, 500 MHz) & 8.73 (s, 1 H), 8.29 (dd, 1 H, J = 87, 2.7
' Hz),7.86(d,2H, J=82Hz),7.81(d,.1H J=88Hz), 731 (m 2H),721(d, 2H,J= .
-82Hz),709( 1H, J=76H2),697 (t, 1H, J=7.7Hz), 240 (m, 1 H), 1.83(d, 2H, J=
6.9 Hz), 1.75 (m, 4 H), 1.65 (m, 1 H), 1.40 (m, 2 H), 1.02 (m, 2 H); MS m/z 428 (M-
‘Na+2H ). '

" Example 5-24.

(4{4-[5-(2, 2~Dlmethyl -propionylamino)-pyridin-2-yl]- phenyl}-cyclohexyt)-acetcc
acid

A (4~{4-{5-(2,2-DimethyI~propionylarﬁino)-pyridin-2—yl]-phen_yi}-cycl,ohexyl)-acetic
acid methy! ester

To a mixture of {4-{4-(5-amino-pyridin-2-yl)-phenyl]-cyclohexyl}-acetic acid methyl
ester (100 mg, 0.3 mmol) in methylene chioride (10 ml) was added triéthylamine (43 ui,
0.3 mmol) and trimethylacetyl chioride (40 ul, 0.3 mmol). After 15 hours at room
temperature, the reaction was diluted with hexanes to afford a precipitate which was
collected by filtration: 1H NMR (400 MHz, DMSO-d6) § ppm 1.15 (dd, /=12.69, 1.71 Hz,
2H)1.26 (s, 10H) 1.42-1.56 (m, 1 H)1.50(d, J=8.85 Hz, 1 H) 1.82 (d, /~11.37 Hz, §
'H) 2.26 (d, J=6.69 Hz, 2 H) 3.61 (s, 3 H) 7.32 (d, J=8.34 Hz, 2H) 7.87 (d, J=8.72 Hz, 1
H) 7.95 (d, J=8.34 Hz, 2 H) 8.15 (dd, J=8.72, 2.63 Hz, 1 H) 8.88 (d, J=2.53 Hz, 1 H)3.53
(s, 1 H); (M+H)+ 409.2.

B. (4-{4-{542,2-Dimethyl- proplonylammo)—pyndln-z-ylj -phenyl}-cyclohexyl)-acetic
acid

A mixture of (4-{4-[5-(2,2-dimethy!-propionyl3mino)-pyridin-2-y]1-phenyl}-
cyclohexyl)-acetic acid methyl ester (80 mg, 0.2 mrﬁoi) was stirred for 15 hours ina 1:1
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mixture of THF/4M LiOH (10 ml). Neutralization with concentrated HCI afforded a
precipitate which was isolated by filtration:. 1H NMR (400 MKz, DMSO-d6) 6 ppm 1.02
(dd, J=12.25, 1.89 Hz, 2 H) 1.19 (s, 10 H) 1.41 (dd, J=12.44,2.59 Hz, 2 H) 1.77 (t,
J=13.14 Hz, 6 H) 1.95 (d, J=6.95 Hz, 2 H) 7.24 (d, J=8.34 Hz, 2 H) 7.78 (d, J=8.72 Hz,1
H) 7.87 (d, J=8.34 Hz, 2 H) 8.09 (dd, J=8.72, 2.53 Hz, 1 H) 8.83 (d, J=2:40 Hz,1 H) 9.52
(s, 1 H); (M+H)+ 395.1.

Example 5-25 . , :
[4-(4-{5-[3-(4-Trifluoromethoxy-phenyl)-ureido}-pyridin-2-yl}-phenyl)-cyclohexyl]-
acetic acid .

OH

F\T/p -
ﬁ/u\ﬁ
To 150 mg (0.5 mmol) {4—[4-(5—Amino—pyridin-2-yi)-phenyI}—cyélohexyl}-acétic acid methyl
ester in 5 mL DCM, 102 mg (0.5 mmol) 1-Isocyanato-4-trifluoromethoxy-benzene was
added and the resulting mixture was stirred at room temperature over nigﬁt. Dilution of
reaction mixture with hexanes caused desired product to precipitate which was collected
by filtration to afford [4—(4-—{5-[3—(4~Triﬂuoromethoxy-phenyl)-ureido]-pyridinwz-yl}-phenyl)—
cyclohexyl}-acetic acid methyl ester: M+1 = 528.2. 'TH NMR (400 MHz, DMSO-D6) 8 ppm
. 1.08-1.20 (m, 2 H) 1.50 (d, /=12.63, 10.11 Hz, 2 H) 1.80 (s, 3 H)1.83 (d, J=3.28 Hz, 2
H) 2.25 (d, J=6.82 Hz, 2 H) 2.51 - 2.54 (m, 1 H) 3.61 (s, 3 H) 7.31 (dd, J=8.72, 3.16Hz, 4
H) 7.55 - 7.61 (m, 2 H) 7.86 (d, J=8.59 Hz, 1 H) 7.94 (d, J=8.34 Hz, 2 H).8.02 (dd,
J=8.72, 2.65 Hz, 1H) 8.66 (d, J/=2.78 Hz, 1 H) 8.98 (s, 1 H) 9.05 (s, 1 H).

To 210 mg (0.4 mmol) [4-(4{5-[3-(4-Triflucromethoxy-phenyl)-ureido]-pyridin-2-yi}-
phenyl)-cyclochexyl}-acetic acid methyl ester in THF / H,O (10 mL; 4:1), S mL (4M)
aqueous Lithium Hydroxide solution was added and the mixture stirred at 60 °C for 5

- hours. Acidified with concentrated hydrochloric acid which precipitated the desired
compound. Fiitered and dried under vacuum to afford [4«(4{5—{3—(4-T,riﬂuoromethoxy-—
phenyl)-ureido]-pyridin-2-yl}-phenyl)-cyclohexyl}-acetic acid, which was subsequently
dissolved in methano! (5 mL) one equivalent of potassium hydroxide and 2 mL of H,O
were added and the resulting mixture was stirred at 40 °C for 2 hours. Evaporated to

118




WO 2007/126957 PCT/US2007/007772

50133, .

dryness to afford [4~(4—{5~{3—(4—Triﬂuoromethoiy—phenyl)—ureido]-pyridin-2-y|}-§henyl)-
cyclohexyl]-acetic acid as the potassium salt: '"H NMR (400 MHz, MeOD) § ppm 1.03 -
1.14 (rﬁ, 2 H) 1.45 (td, J=12.57,9.98 Hz, 2 H) 1.75 - 1.87 (m, 5H) 2.03 (d, /~7.07 Hz, 2
- H)2.37.-2.47 (m, 1 H) 7.12(d, J=8.34 Hz, 2 H) 7.21 (d, J=8.34 Hz, 2 H) 743 -7.51 (M, 2

H) 7.64-7.73 (m, 3 H) 7.96 (dd, J=8.72, 2.65 Hz, 1-H) 8.58 (d, J=2.27 Hz, 1H); (M+H)+
-514.2.

Using analbgous procedures to those described above, the following compounds may
also be prepared: )

Example # . ~ Name LCrt | Method | (M+H)+

{4-{4-(5-Acetylamino-pyridin-2-yl)-phenyl]-
Ex. 5-26 cyclohexyl}-acetic acid 1.1 A 353.2

Ex. 5-27 (4-{4-[5-(3-Trifluoromethyi-benzoylamino)-
) pyridin-2-yl]-phenyl}-cyclohexyl)-acetic acid

1.53 483.2

Ex: 5-28 [4-(4-{5-{(Pyridine-2-carbonyi)-amino]-pyridin-

2-yf-phenyl)-cyclohexyl]-acetic acid 1.4

416.2

o> | >

' . - [4-(4-{5{3-(2-Trifluoromethyl-phenyi)-ureido}-
Ex.5-29 pyridin-2-yl}-phenyl}-cyclohexylj-acetic acid 12.9 498.2

(4{4-[5-(3-0-Tolyl-ureido)-pyridin-2-yl]-

Ex. 5-30 phenyl-cyclohexyl)-acetic acid

12

‘0

4442

: i [4-4{5{(1-Methyl-1H-indole-3-carbony!)-
Ex. §-31 amino]-pyridin-2-yl}-phenyl)-cyclohexyl}- - 125 D 468.2
acetic acid . :

[4-(4{5-[(1H-Indole-3-carbonyi)-amino]~

pyridin-2-yl}-phenyl)-cyclohexyll-acetic 11.9 D 454.2

Ex. 5-32

Ex. 5-33 [4-(4{5-{(Pyridine-3-carbonyl)-amino]-pyridin- 9.8 D 416.1

2-yl}-phenyl)-cyclohexyl}-acetic acid

- [(4-(4-{5-[(6-Methyl-pyridine-3-carbonyl)-
Ex. 5-34 aminao]-pyridin-2-yl}-phenyl)-cyclohexyl}- 8.6 D 430.1
" acetic acid .

[4-(4{5-{(5-Bromo-pyridine-3-carbonyl)-
Ex.5-35 | amino]-pyridin-2-yl}-phenyl)-cyclohexyl]- 12 D 4858
’ acetic acid

’ [4-(4{5{(5-Chloro-6-methoxy-pyridine-3-
Ex. 5-36 carbonyl)-amino}-pyridin-2-yi}-phenyi)- 1.42 A 480-
cyclohexyl)-acetic acid

(4-(4-{5-{(5-Isobutyl-isoxazole-3-carbonyl)- .
Ex. 5-37 - amino]-pyridin-2-yl}-phenyl)-cyclohexyl}- 139 D 462.1
: acetic acid

[4-(4-{5-[(3-tert-Butyl-1-methyl-1H-pyrazole-
Ex. 5-38 4-carbonyl)-aminc]-pyridin-2-yl}-phenyl)- 13.2 D 475.2
cyclohexyl]-acetic acid .
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Ex.

5-39

[4-(4-{5-[(5-tert-Butyl-1H-pyrazole-3-
carbonyl)-amino]-pyridin-2-yl}-phenyl)--
cyclohexyil-acetic acid

123

D - 4612

Ex.

5-40

[4-(4{5-[(5-Isopropyl-isoxazole-3-carbonyl)-
amino]-pyridin-2-yl}-phenyl)-cyclohexyl]-
: : acetic acid

13.2

b 448.2

Ex.

5-41

{4-[4-(5-1sobutoxycarbonylamino-pyridin-2-
yl)-phenyl}-cyclohexy}-acetic acid

12.4

D | a1

Ex.

542

[4-(44{5-[((S)-5-Oxo-pyrrolidine-2-carbonyl)-

amino]-pyridin-2-yi}-phenyl)cyclohexyl]- -

acetic acid

94

D | 4221

Ex.

543

(4-{4-[5-{4-Fluoro-3-trifluoromethyl-
benzoylamino)-pyridin-2-yl]-phenyl}-
cyclohexyl)-acetic acid

1.51

A | 5012

Ex.

{4-{4-[5-(4-Trifluoromethyl-benzoylamino)-
pyridin-2-y{}-phenyl}-cyclohexyl)-acetic acid

1 1.49

A . 482.9 .

Ex.

5-45

[4-(4-{5-[(6-Trifluoromethyl-pyridine-3-
carbonyl)-amino]-pyridin-2-y(}-phenyl)-
cyclohexyl]-acetic acid '

1.39

A 483.9

Ex.

5-46

(4-{4-{5-(3-Fluoro-5-trifiuoromethyl-
benzoylamino)-pyridin-2-yl]-phenyl}-
cyclohexyl)-acetic acid

1.56

A . 501

Ex.

547

[4-(4-{5-[(Tetrahydrao-pyran-4-carbonyl)-
amino]-pyridin-2-yl}-phenyi)-cyclohexyi}-
acetic acid

A 42_2.9

Ex.

5-48

[4-(4-{5-{(5-Bromo-2-methoxy-pyridine-3-
carbonyl)-amino]-pyridin-2-yl}-phenyl)-
- cyclohexyl}-acetic acid

1.85

A 523.9

Ex.

[4-(4-{5-{(1,5-Dimethyl-1H-pyrazole-3-
carbonyi)-amino]-pyridin-2-yi}-phenyl)-
cyclohexyll-acetic acid

1.24

A. 432.9

Ex.

5-50

[4-(4-{5-[(5-Methoxy-1H-indole-3-carbonyi)-
amino]-pyridin-2-yl}-phenyl)-cyclohexyl}-
acetic acid

D | 4841

- Ex.

5-51

[4-(4{5-[(2,5-Dimethyl-1H-pyrrole-3-
carbonyl)-aminol-pyridin-2-yl}-phenyl)-~
cyclohexyl]-acetic acid

11.3

D | 4321

Ex.

5-52

[4-(4{5-{(1-Methyl-5-trifluoromethyi-1H-
pyrazole-4-carbonyl)-amino}-pyridin-2-yl}-
phenyl)-cyclohexyl]-acetic acid.

11.8

‘D 487

"Ex.

5-53

{4-[4-(5{[4-(Morpholine-4-sulfonyi)-1H-
pyrrole-2-carbonyll-amino}-pyridin-2-yl)-
phenyl]-cyclohexyl}-acetic acid

D. | 55341

Ex.

5.54

(4-{4-[5-(2-Fluoro-2-methyl-propionylamino)-
pyridin-2-yi]-phenyl}-cyclohexyl)-acetic acid

A 398.9

Ex.

5-55.

[4-(4-{5-{(1-Methyl-3-trifluoromethyl-1H-
pyrazole-4-carbonyl)-aminol-pyridin-2-yl}-
phenyl)-cyclohexyl]-acetic acid methyl ester

13.5

D 501.2
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Ex.

5-56

(4-{4-[5-(2-Methyl-2-pyrazol-1-y!-
propionylamino)-pyridin-2-yll-phenyi}-
cyclohexyl)-acetic acid

A 447.3

Ex.

5-57 -

[4~(4-{5-{(5-Isopropyl-isoxazole-4-carbonyl)-
amino]-pyridin-2-yl}-phenyl)-cyclohexyl]-
acetic acid

12

D 448.3

Ex.

5-58

[4-(4A{5-[(1-Methyl-3-trifluoromethyl-1H-
pyrazole-4-carbonyl)-amino]-pyridin-2-yl}- .
phenyl)-cyclohexyl]-acetic acid

11.8

D 1 487.3

Ex,

5-59

[4-(4-{5{(5-Cyciopropyl-isoxazole-4-
carbonyl)-amino]-pyridin-2-yl}-phenyl)-
cyclohexyl}-acetic acid

32

E 446

Ex.

5-60

[4-(4-{5-[(5-Cyclopropyl-isoxazole-4-
carbonyl)-amino}-pyridin-2-yl}-phenyl)-
-cyclohexyl}-acetic acid methyl ester

13.7

D 460.2

Ex.

[4-(4{5-[(5-Cyclopropyl-isoxazole-3-
carbonyl)-amino]- pyr:dm—2-yl}-phenyi)-
cyclohexyl]-acetic acid

4.01

E 446

Ex.

5-62

[4-(4-{5-{(B- Methoxy-pyndme-s-carbonyi)-
amlno]-pyndm-2—yl}—phenyl)-cyclohexyl]-
acetic acid

1.26

Ex.

563

{4-{4-{5-(2,2-Dimethyl-butyrylamino)-pyridin-
2-yll-phenyl}-cyclohexyl}-acetic acid

14

A 409

Ex.

(4-{4-[5-(2-Methoxy-2-methyl-
. propionylamino)-pyridin-2-yl]-phenyl}-
cyclohexyl)-acetic acid

A 411

Ex.

5-65

[4-(4{5-{(1,5-Dimethyl-1H-pyrazole-4-
carbonyl)-amino]-pyridin-2-yl}-phenyl)-
cyclohexyl]-acetic acid

3.58

E .| 433

£x.

5-66

(4-{4-{5-(Tetrahydro-pyran-4-
yloxycarbonylamino)-pyridin-2-ylj-pheny!}-
cyclohexyl)-acetic acid

3.35

E 439

Ex.

5-67

{4—{4-(5 Cyclopropylmethoxycarbonylamino-
pyridin-2-yl)-phenyll-cyclohexyi}-acetic acid

3.61

E 409

Ex.

5-68

{4-{4-[5-(Tetrahydro-furan-2-
ylmethoxycarbonylamino)-pyridin-2-yl]-
phenyl}-cyclohexyl)-acetic acid

3.35

E 438

. 5-69

(44{4-{5-(Tetrahydro-pyran-2- .
yimethoxycarbonylamino)-pyridin-2-yi}-
phenyl}-cyclohexyl)-acetic acid

3.59

E 453.1

Ex.

5-70

(4-{4-[5-(3-Methyl-oxetan-3-
yimethoxycarbonylamino)-pyridin-~2-yl]- -
phenyl}-cyclohexyl)-acetic acid

3.36

E 439.1

Ex.

5-71

(4-{4-[5-(Tetrahydro-pyran-4-
ylmethoxycarbonylamino)-pyridin-2-yi}-
phenyl}-cyclohexyl)-acetic acid

- 3.45

E .| 4531

Ex.

5-72

(4-{4-[5-(2-Methyl-pyridin-3-
yimethoxycarbonylamino)-pyridin-2-yl]-
phenyl}cyclohexyl)-acetic acid

3.47

E 460.1
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[4-(4{5-[3-(4-Chloro-3-trifluoromethyl- . . N
Ex. 5-73 phenyd-ureido}-pyridin-2-y}-phenyl)- - 4.41 E - 532.2
cyclohexyl}-acetic acid i

Example 5-74

(4-{4-[5+5- Methylsu!fanyl pyndm-z-ylamino) pyrldm-z -yl]- phenyl}-cyclohexyl)-
acetic acid

2-Bromo-5-methylsulfanyl-pyridine (51 ﬁg, 0.25 mmol) and {4—[4a(5—Amino'~pyridin-2—yl)-
phenyl]-cyclohéxyl}—_acetir; acid methyl ester (75 mg, 0.25 mmol) were dissolved in 1,4~
dioxane (2 mL) in a pressure vessel. Pd.dba, (7 mg‘ 0.008 mmol) and XANTPHOS (6
mg, 0.01 mmol) were added, followed by cesium carbonate (163 mg, 0.50 mmol}. The
mixture was sparged with mtrogen for 10 minutes, then the vessel was sealed and
heated at 80 °C for 18 hours. The mixture was partitioned between EtOAc and water,
then the organic Iayef was washed with bring, dried with magnesium sulfate', filtered, and
concentrated via rotary evaporation. The crude material was used in the next step
without further purification; MS (M+H)+ 448 3. -

~The crude (4-{4-[5-(5-Methylsulfanyl-pyridin-2-ylamino)-pyridin-2-yl{]-phenyl}-cyclohexyl)-
acetic acid methyl ester was dissolved in THF/MeOH (4:1, 25 mL)'and to it was addéd
aqueous LiOH (4M, 0.5 mL). The mixture was stirred at room temperature for 18 hours,
then was immediately purified via reverse-phase HPLC to yield the title compound as a
white éolid: *H NMR (400 MHz, DMSO-d6) 5 ppm 1.08 - 1.20 (m, 2 H) 1.44 - 1.57 (m, 2
H) 1.84 (m, 5 H) 2.16 (d, /=6.82 Hz, 2 H) 2.50 (m, 1 H) 6.91 (d, J=8.59 Hz, 1 H) 7.36 (d,
J=8.34 Hz, 2 H) 7.70 (dd,J=8.89, 2.53 Hz, 1 H) 7.91 (d, J=8.34 Hz, 2 H) 7.895 (d, J=8.84
Hz, 1 H) 8.21 (d, J=2.27 Hz, 1 H) 8.33 (dd, J=9.09, 2.53 Hz, 1 H) 8.98 (br. s., 1 H) 9.64
(br. s., 1 H); MS (M+H)+ 434.2.

Example 5-75

{((4-{4-[5«5-Trifluoromethy!-[1,3 4]oxad|azol-2-y!am1no)-pyndln-Z-yl] -phenyl}-
cyclohexyl}-acetic acid)
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. 128 mg of trifluoroacety! hydrazide was stirred in 3 ml of DMF and. treated with 178 mg
of thiocarbonyt diimidazole at room temperature. It was stirred for 3 hours and analyzed
by LC-MS.. The crude reaction mixture was then treated with 330 mg of {4-'[4-(5-Amino—
pyric;lin-z-yl)-phenyl}-cyclohexyl}-acetic acid methyl ester and stired overnight at room
temperature followed by heating at 60 °C for 8 hours. The reaction was analyzed by LC- -
MS which indicated complete consumption of the starting material. This crude reaction
mixture was treated with 100 mg of EDCI at 60 °C and stirred ovemnight at the same
"temperature. The reaction was then cooled to rnorﬁ temperature and diluted with water.
The resulting precipitates were collected by filtration and purified by column
chromatography using hepthane and ethyl acetate as its eluents to afford ((4-{4-[5-(5-
triﬂuéforhethy!—ﬂ.3,4]oxadiazol-2-ylamino)—pyridin-2-yl]-phenyl}-cyclohexyl)-acetic acid
methyl ester. The whole material was taken for the next hydrolysis step and dissolved in
4 ml of THF and water {1:1 mixture). 80 mg of LiOH was added and the reaction was
stirred at room terhpera_iure for 24 hours. LC-MS indicated the reaction was completed.
The reaction mixture was then neutralized with 6N-HCI and the resulting precipitates
were triturated in hepthane and ethyl acetate 1:1 mixture and collected by filtration. The
creamy filter éaké was dried by air in the suction funne! to afford the fitle compound: 'H-
NMR (406 MHz, DMSO-dg, 8 ppm .1.17 (br. s., 1 H) 1.14 (d, J=12.38 Hz, 2 H) 1.49 (d,
J=1 0.36 Hz, 3 H) 1.82 (br. s., 5 H) 2.15(d, J=6.82 Hz, 2 H) 7.31 (d, J=8.59 Hz, 2 H) 7.92
{t, J=9.08 Hz, 3 H) 8.07 (dd, J=8.72, 2.65 Hz, 1 H) 8.67 (d,-J=2.53 Hz, 1 H); LCMS
(M+H)+ = 447.2. '

Alternatively, the methyl ester can be dissolved in THF and treated with aqueous sodium -
hydroxide (4 equiv). The mixture can then be stirred at 50 degrees fdr 1é hours, at

_which point water may be added and most of the organic solvent may be removed under
reduced pressure. Addition of acetonitrile followed by cooling may yield a precipitate
which can be isolated by filtration to afford the title compound as the corresponding
scdium salt. - ‘ | T
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Using analogous procedures to those described above, the following compounds may
also be prepared: .

Example Name LCt | Method (M+H)+
R (4-{4-[5-(5-Fluoro-pyridin-3-ylamino)-pyridin-2- ' :
Ex. 5-76 yll-phenyl}-cyclohexyl)-acetic acid 11‘1 D. 406.2
e {4-{4-[5-(6-Isopropoxy-pyridin-3-ylamino)-
Ex. 5-77 pyridin-2-yl}-phenyl}-cyclohexyl)-acetic acid ' 1‘49_ A 448.2
: (4-{4-[5-(5-Bromo-pyridin-2-ylamino)-pyridin- '
Ex.. 578 2-yi]-phenyl}-cyclohexyl)-acetic acid 1.51 A 468.1
. (4-{4-[5-(2-Methoxy-pyrimidin-S-ylamino)- : . p
Ex. 579 _ pyridin-2-yl]-phenyl}-cyclohexyl)-acetic acid 121 A 41.9'1
i (4-{4-{5-(6-Methylsulfanyl-pyridin-3-ylamino)- _
Ex. 5-80 pyridin-2-ylj-phenyl}-cyciohexyl)-acetic acid 1.2 D 4_34'3
(4-{4-[5-([1,2,4]Triazin-3-ylamino)-pyridin-2- : :
Ex. 5-81 yll-phenyl}-cyclohexyl)-acetic acid 76 D 390.2
(4-{4-{5-(2-Dimethylamino-pyrimidin-5- )
Ex. 5-82 ylammo)-pyrldm -2-yl}-phenyl}cyclohexyl)- 1.3 A 432.2
acetic acid ’
_ (4-{4—[5-(3,S-Diﬂuoro-pyridin-z-ylamino)- - .
Ex. 5-83 pyridin-2—yI]—phenyl}-cyclohexyl)tacetic acid 0.87 N 424.1
(4-{4-[5-(6-Trifluoromethyl-pyridin-3-ylamino)-
Ex. 5-84 pyridin-2-yl]-phenyl}-cyclohexyt)-acetic acid 1.72 A 470.2
methyl ester
(4{4-[5-(5-Chloro-6-methoxy-pyridin-3- .
Ex. 5-85 ylamino)-pyridin-2-yi}-phenyl}-cyclohexyl)- 1.5 A 4521
acetic acid
(4-{4-[5-(5-Fluoro-4-methyl-pyridin-2-ylamino)-
Ex.5-86 pyridin-2-yl}-phenyl}-cyclohexyl)-acetic acid 0.89 & 420.1
(4-{4-[5-(3-Chloro-5-methyl-pyridin-2-
Ex. 5-87 ylamino)-pyridin-2-yl]- phenyl}—cyclohexyl)— 1.62 A 436.2
acetic acid
) (4'-{4-[5~(5—Diﬂuoromethyl-s»methoxy-pyridin~
Ex. 5-88 3-ylamino)-pyridin-2-y[]-phenyl}-cyclohexyl)- 1.41 A 468.1
acetic acid .
| (4-{4-[5-(5-Methanesulfonyl-pyridin-2-
Ex. 5-89 ylamino)-pyridin-2-yl]-phenyl}-cyciohexyt)- 1.1 466.2

acetic acid
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(4-{4{3-Fluoro-5-(6-trifluoromethyl-pyridin-3- :
Ex. 5-90 ylaminao)-pyridin-2-ylj-phenyl}cyclohexyl)- 1.48 A 4741
acetic acid
ey faq.. (444-[5-(1H-Benzoimidazol-2-ylamino)-
Ex. 5-91 pyridin-2-yi}-phenyi}-cyclohexyl)-acetic acid 10.8 b 4?7'1
Ex. 592 (4-{4-{5-(6-Methyl-benzooxazol-2-ylamino)-

pyridin-2-yl]-phenyf}-cyclohexyl)-acetic acid - 4'43_ E 442

(4-{4-[5-(2-Methy!-5-trifluoromethyl-2H-
Ex. 5-83 . pyrazol-3-ylamino)-pyridin-2-ylj-phenyl}- 1.42 A 459
cyclohexyl)-acetic acid :

(4-{4-[5-(6-Chloro-benzooxazol-2-ylamino)- .
Ex. 5-94 pyndin-2-yi}-phenyi}-cyclohexyl}-acetic acid 154 - D 476.1
methyl ester g

Ex. 5-95 (4{4-{5-(6-Chloro-benzooxazol-2-ylaminoj- 13.6 D 462

pyridin-2-yl]-phenyf}-cyclohexyl)-acetic acid
) (4-{4-[5-(5-Chloro-6-methoxy-benzooxazol-2-
Ex. 5-96 ylamino)-pyridin-2-yl}-phenyl}-cyclohexyl)- 134 D 492.2
. . acetic acid
: (4-{4-[5-(5-tert-Butyl-[1,3 4]Joxadiazol-2-
Ex. 5-97 " ylamino)-pyridin-2-yll-phenyl}<yclohexyl)- 13 D 435

acetic acid

Example 5-98

{4-{4-[5-(4-Trifluoromethyl-benzenesulfonylamino)-pyridin-2-yl]-phenyl}-

cycichexyl)-acetic acid
OH

: (4;{4-[5-(4-Trifluoromethyl~benzenesuIfonylamind)-pyridin-2-y|]-phenyl}—
cyclohexyl)-acetic acid methyl ester. To a solution of .300 g (.925 mmoi) of {4-[4-(5-
Amino-pyridin-2-yl)-phenylj-cyclohexyli}-acetic acid methyl ester, and 8 mL of
.dichloromethane was added .112 mL (1.39 mmol) of pyridine, .271 g {(1.11 mmol) of 4-
Triﬂuoromethyl—benzgnesulfényl chioride and .004 g (.0277 mhol) DMAP. The dark
orange solution was stirred at r.t. for 4 h. The mixture was extracted with
dichtoromethane, then washed with water, 1N HCI, and bnne. Dried with Na,SQ,,.
Purified on silica gel (EtOAc/Heptane, 9:1 to 6:4) to afford the tifle'compound. 1H NMR
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(400 MHz, CHLOROFORM-ds) 0.99 - 1.10 (m, 2 H) 1.34 -1.46 (m, 2 H) 1.71 - 1.82(m, 5
H) 2.14 (d, J=6.82 Hz, 2 H) 2.39 (it, J=12.16, 3.25 Hz, 1 H) 3.57 (s, 3 H) 7.16 (d, J=8.34
Hz, 2 H) 7.54 (dd, /=2.53, 1.77 Hz, 2 H) 7.61 (d, J=8.34 Hz, 2 H) 7.73 (d, J=8.34 Hz, 2
H).7.78 (d, J=8.08 Hz, 2 H) 8.14 (dd, J=2.27, 1.01 Hz, 1 H).

(4-{4-[5-(4-Trifluoromethyl-benzenesuifonylamino)-pyridin-2-yl]-phenyl}-
cyclohexy_l)—acetii: acid. To a solution of .136g (.256 mmol) of (4-{4-[5-(4-
Triﬂuoromethyl-benzenesulfony!amino)-pyridin-2-yi]-phenyl}-cyc[ohexyi)-adetic acid
methyl ester in THF/MeOH (4:1) was added .500 mL of LiOH ,(4- M) and let stir at r.t. for
72 h. Removed solvent in vacuo. The reéidue was taken up in water, bi’ought to |$H 4
and the solid filtered to afford the title compound. 1H NMR (400 MHz, DMSO-d8) & ppm.
1.20-1.31 (m, 2H) 1.55- 1.66 (m, 2H)1.81-1.89 (m, 1H) 1.92-1.97 (m, 4 H) 2.27
(d, J=6.82 Hz, 2 H) 7.43 (d, J=8.34 Hz, 2 H) 7.69 (dd, J=8.59, 2.78 Hz, 1 H) 7.97 (d.
J=8.59 Hz, 1 H) 8.02 (d, J~8.34 Hz, 2 H) 8.12 (m, 4 H) 8.47 (d, J=0.51 Hz, 1 H) 10.96
®r. s, 1H) 1213 (br. 5., 1 H); (M+H)+ = 5191, : B

Using analogous procedures, the following compounds may also be prepared:

Example Name . - . LCrt Method | (M+H)+

(4-{4-[5-(3-Trifluoromethyl- . '
Ex. 5-99 benzenesuifonylamino)-pyridin-2-yl}-phenyl}- 1.48 A 519.2
cyclohexyt)-acetic acid

(4-{4-[5-(1,2-Dimethyl-1H-imidazole-4- . _
Ex. 5-100 “sulfonylamino)-pyridin-2-yi]-phenyi}- 1.07 A . 469
cyclohexyl)-acetic acid

Example 6-1. .
(4-{4-[6-(3-Chloro-phenylamino)-pyridazin-3-yi]J-phenyl}-cyclohexyl)-acetic acid

OH
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A. [4{4-Acetyl-phenyl)cyclohexyl]-acetic acid ethyl ester
" To a 0 °C solution of (4-phenyl-cyclchexyl)-acetic acid ethyl ester (15 g, 61 mmol,

1.0 equiv) in 200 Mi DCM was added atuminum frichloride (16 g, 122 mmol, 2.0 equiv)

. portionwise over 15 min. Acetyl chloride (4;7 MI, 67 mmol, 1.10 equiv) was then added
dropwise via syringe. The homogeneous solution was allowed to stir at 0 °C for 2 h,

. then carefully quenched with 300 Ml ice water. The mixture was extracted with DCM (é
X 156_ MI), and the organic extracts were washed with saturated bicarbonate and brine
‘solution.. Removal of solvent in vacuo afforded the title cpmpourid: H NMR (400 MHz,
CHLOROFORM-d) 5 ppm 1.10 (q, J=11.96 Hz, 2 H) 1.20 (t, J=7.20 Hz, 3 H) 1.40 - 1.51
{m, 2 H) 1.84 (d, .'J,‘=11.12 Hz, 4 H)} 1.76 — 1.87 (m, 1 H) 2.17 (d, J=6.82 Hz, 2 H) 2.50 (s,
3 H) 4.07 (q, J=7.07 Hz, 2 H) 7.22 (d, J=8.34 Hz, 2 H) 7.81 (d, J=8.08 Hz, 2 H); (M+H)+

- 289.1. : o '

( B. {4-{4-(6-0xo~1,S—dihydro-pyridazin-3-yl)-phenyl]-cyclohexy!}-acetic acid ethyl
ester . L

- To a solution of [4~(4-acety!-phenyi)-cyclohexy!]-aceti.c acid ethyl estér (17 g, 58

mmol, 1.0 equiv) in 100 Mi glacial acetic acid was added glyoxylic acid monohydrate (5.4
g, 59 mmol, 1.0 equiv) as a solid. The solution was heated to 100 °C for 2 h. The
mixture wés then cooled to 40 °C, then 75 M water was added foliowed by 120 Ml of a
28% ammonium hydroxide'solution until the Ph was measured to be 8. Hydrazine (2.0
Mi, 65 mrﬁol, 1.1 equiv) was then added via syringe, and the reaction was then heated to
95 °C for 2 hr. Upon cooling to room temperature, a solid precipitate was ﬁttered off to
afford the titie compound in addition to the uneliminated product {4-[4-(S-hydroxy-6-oxo-
1,4,5,6-tetrahydro-pyridazin-3-yl)-phenyi]-cyclohexyl}-acetic acid ethyl ester. This
mixture was taken into the next step without further purification. (M+H)+ 341.2,

C. {4-[4-{6-Chloro-pyridazin-3-yl)-phenyl]-cyclohexyl}-acetic acid ethyl ester

' A 50 M flask was charged with {4-[4-(6-oxo-1-.6~dihydro—pyridazin—3-yl)~phenyi]-
cyclohexyl}-acetic acid ethyl ester (0.76 g, 2.2 mmol, 1.0 equiv) in'20 M! toluene foliowed -
by phosphorous oxychloride (0.62 M, 6.7 mmol, 3.0 equiv). The suspension was heated
.to 100 °C, at which point a homogeneous solution ensued. The reaction was stirred
overnight at 100 °C, then cooled to room temperature. Removél of volatiles in vacuo
afforded the title compound: 1H NMR (400 MHz, CHLOROFORM-d) & ppm 1.07 - 1.17
(m, 2 H) 1.20 (t, J=7.07 Hz, 3H) 1.43 - 1.53 (m, 2 H) 1.78 - 1.90 (m, 5 H) 2.18 (d,
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J=6.57 Hz, 2 H) 2.44 — 2.52 (m, 1 H) 4.08 (q,J=7.07 Hz, 2 H) 7.29 (d, J=8.34 Hz, 2 H)
7.46 (d, J=9.09 Hz,-1 H) 7.72 (d, J=9.09 Hz, 1 H) 7.90 (d, J=8.59 Hz, 2 H); (M+H)+ 359,

D.. (4{4{6(3-Chloro- phenylamino)-pyndazrn-3-yi]-phenyI}-cyciohexyl)-acetlc acid
ethyl ester ’ : .

To a suspension of {4-[4-(6-chlore-pyridazin-3-yl)-phenyl]-cyclohexyl}-acetic acid
ethyl ester (2.0 g, 5.6 mmol, 1.0 equiv) in 40 M dioxane was added 3-chloroaniline (0.70
MI, 6.7 mmol, 1.2 equiv) followed by 2 MI 4 N HCI in dioxane. The mixture was then
heated to 100 °C overnight. The reaction was partmoned between EtOAc and saturated
blcarbonate solution, and the organic extracts were then washed with brine and dried.
Removai of solvent in vacuo afforded the title compound 1H NMR (400 MHz,
CHLOROFORM-d) & ppm 1 07 -1.17 (m, 2 H) 1.21 {t, J=7.20 Hz, 3H) 1 42-1 53
{m,2H)1.86 (t, )=10.99 Hz, 4 H) 1.78 —1.90 (M, 1 H) 2.18 (d, J=6.57 Hz, 2H)

2.47 (td, J=12.00, 3.03 Hz, 1 H) 4.08 (q, J=7.24 Hz, 2 H) 7.03 (d, J=7.58 H2, 1 H) 7.26
(d, J=8.08 Hz, 3H) 7.20-7.28 (m, 2 H) 7.45 (s, 1 H)768(d J=8.35Hz, 1 H)784(d
J= 8 34 Hz, 2 H), (M+H)+ 450.2.

E. 4-{4-[6-(3-Chloro—phenylamino)-pyridazin-3-y!]-phenyl}-cyclohexyl)-écetic acid
To a solution of (4-{4-[6-(3-chloro-phenylamino)-pyridazin-3-yl}-phenyl}-

cyclohexyl)-acetic acid ethyl ester (1.8 g) in 50 Ml THF/EtOH (4:1) was added 5 Mi of
10% LiOH. The reaction was allowed to stir at 50 °C for-3 h, then stirred ovemight at
room temperature. Acidification with f:oncentrated HCI afforded a precipitate which was
recrystallized from EtOH to afford the title compound: 1H NMR (400 MHz, DMSO-d6) &
ppm 1.00—~1.10(m, 2H) 1.37 - 1.48 (m, 2H) 1.61 - 1.71 (m, 1H) 1.76 (d, J=11.12 Hz,
4 H) 2.05 (d, J=6.82 Hz, 2 H) 6.92 (ddd, J=7.83, 2.02, 0.76 Hz, 1 H) 7.14 (d, J=9.60 Hz,
1H) 7.28 (dd, J=8.21,6.44 Hz, 3 H) 7.49 (ddd, J=8.34, 2.02, 0.76 Hz, 1 H) 7.91 (dd,
J=16.55, 8.97 Hz, 3H) 8.10 (t, J=2.02 Hz, 1 H) 9.52 (s, 1 H);, (M+H)+ 4222,

Alternatively.. the methyl ester can be dissolved in THF and treated with aqueous sodium
hydroxide (4 equiv). The mixture can then be stirred at 50 degrees for 12 hours, at
which point water may be added and most of the organic solvent may be removed under
reduced pressure. Addition of acetonitrile followed by cooling may yield a precipitate
which can be isolated by filtration to afford the title compound as the comresponding
sodium salit.
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" Using the appropriate amine, the following compounds may also be prepared in
similar fashion; '

Example

Chemical Name

LCrt

Method

WS
(M+H)*

" Ex. 8-2.

(4-{4-[6-(3-Fluor6—phenylamino)—
pyridazin-3-yl]-phenyl}-cyclohexyl)-acetic
acid ‘

- 145

406.2

Ex. 6-3

{4-[4-(6-m-Tolylamino-pyridazin-3-yl)-
phenyll-cyclohexyl}-acetic acid

1.35

402.2

. Ex. 6-4

(4-{4-[6-(3-Triflucromethyl-phenylamino)-
pyridazin—3—\yl]—pheny!}-cy<':lohexyl)—acetic
acid

1.45

456.1

Ex..6-5

(4w{4~[6-(3-Methoxy-phenylamino);
pyridazin-3-yl]-phenyl}-cyclohexyl)-acetic

acid

1.28

418.2

Ex. 6-6

{4-{4-[6-(3-Cyano-phenylamino)-
pyridazin-3-yl]-phenyl}-cyclohexyl)-acetic
acid

1.21

413.2

Ex. 6-7

(4-{4-{6-(2-Fluoro-phenylamino)-
pyridazin-3-yll-phenyl}-cyciohexyl)-acetic
acid- .

1.23

406.3

Ex. 6-8

(4-{4-{6-(4-Chioro-phenylamino)-
pyridazin-3-yl]-phenyl}-cyclohexyl)-acetic
acid

135

422.2

Ex. 6-8

{4-{4-(6-p-Tolylamino-pyridazin-3-yl)-
phenyl]-cyclohexyl}-acetic acid

1.31

402.3

- Ex. 6-10

(4—{4~[6~(4-Triﬂuoromethyl-phenylamino)-’
pyridazin-3-yl]-phenyl}-cyclohexyi)-acetic
acid

1.43

456.3

Ex. 6-11

(4-{4-[6-(3-Chioro-4-methoxy-
‘ phenylamino)-pyridazin-3-yl}-phenyl}-

1.32

452.2
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cyclohexyl)-acetic acid

| Ex.

6-12

(4-{4-[6-(3-Chloro-2-methyl-
phenylamino)-pyridazin-3-yl]-phenyl}-
cyclohexyl)-acetic acid

1.38

A 436.2

Ex.

6-13

{4-[4-(6-Phenylamino-pyridazin-3-yl)-
phenyl}-cyclohexyl}-acetic acid ‘

1.24

A | 3883

Ex.

6-14

(4-{4-[6-(3-Chloro-2-methoxy-
phenylamino)-pyridazin-3-yl}-phenyl}-
cyclohexyl)-acetic acid

1.38

A 452.3

Ex.

6-15

(4-{4-[6-(2-Methoxy-phenylamino)-
pyridazin-3-yl}-phenyl}-cyclohexyl)-acetic
" acid

1.28

A. | 4183

Ex.

6-16

(4-{4-[6-(4-Methoxy-phenylamino)-

pyridazin-3-yl]-phenyl}-cyclohexyl)-acetic

acid

1.26

A 418.3

Ex.

6-17

(4-{4-[6-(6-Trifiuoromethyi-pyridin-3-
ylamino)-pyridazin-3-y!}-phenyl}-
cyciohexyl)-acetic acid ‘

1.26

A | 4573

Ex.

6-18

(4-{4-[6-(4-Tnfl uoromethoxy;
phenyiamino)~pyridazin—3—yl]—phenyl}-
cyclohexyl)-acetic acid

1.46

A 472.4

Ex.

6-18

(4-{4-[6-(4-Fluoro-phenylamino)-

" pyridazin-3-yi}-phenyl}-cyclohexyl)-acetic |

acid-

1.34

A | 4062

Ex.

6-20

(4-{4-[6-(B-Amino-pyridin-3-ylamino)-
pyridazin-3-yl]-phenyl}-cyclohexyl)-acetic
-acid

0.94

Ex.

6-21

(4-{4-[6-(Methyl-m-tolyl-amino)-pyridazin-
3-y|]-phényl}-cyclohexyl)-acetic acid .

144

A 4163

Ex.

6-22

[4-(4-{6-[(3-Chloro-phenyl)-methyl-
amino}-pyridazin-3-yl}-phenyl)-
cyclohexyl}-acetic acid

1.46

A 436.1

Ex.

623

[4-(4-{6-[(3-Methoxy-phenyl)-methyl-

1.39

A 4322
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amino]-pyridazin-3-yl}-phenyi)-
cyclohexyl]-acetic acid

(4-{4 [6-(2-Methy!—6-tnﬂuoromethyl-
Ex. 6-24 pyndtn-&yiamlno)-pyndazm 3-yll- phenyi}- 13 | A 4711
cyclohexyl)-acetic acid

: (4-{4-[6-(3-Chloro-2-methoxy- - )
.| Ex. 6-25 - phenylamino)-pyridazin-3-yi]-phenyi}- . 1.38 A 452"3
o - cyclohexyl)-acetic acid '

Example 6-26. :
2—{4-[8-(3-Ch!oro phenylammo) pyndaZIn-3-yi]-benzoylammo} 3-methyl butyric
acid

A. 4-[6-(3-ChIoro_—phenylamino)-pyridazin-3-y|]-benzoié acid

To a slurry of 4—[6-éhloro—pyradazin-3-yl]-benzoic acid (0.30 g, 1.3 mmol, 1.0
equiv) in 5 Ml dioxane was added 3-chloroaniline (O'.‘15 M, 1.4 mmol, 1.1 equiv) followed
by4 M HCH in.dioxane (0.34 MI, 1.4 mmol, 1.0 equiv) The suspension was heated to
110 °C for 1 h: The cooled reaction was diluted with DCM, and the resulting precipitate
was filtered to afford the tltle compound: 'H NMR (400 MHz, DMSO-d86) 8 6.80 (ddd,
J=7.83, 2.02, 0.76 Hz, 1 H) 7.13 (d, J=9.35 Hz, 1 H) 7.23 (t, /=8.08 Hz, 1 H) 7.45 (ddd,
J=8.34,2.02, 0.76 Hz, 1 H) 7.81.—- 7.95 (m, 2 H) 8.00 (d, J=8.35 Hz, 1 H) 8.03 - 8.08 (m,
3 H) 9.56 (s, 1H) 12.90 (br: S., 1 H); (M+H)+ 325.9.

B. 2-{4-[6-(3-Chloro-phenylamino)-pyridazin- 3-yl] benzoylamino}-3-methyl-butyric '
acid

To a solution of 4-[6-(3-Chloro-phenylamino)-pyridazin-3-yl]-benzoic acid'(0.10 g,
0.31 mmol, 1.0 equiv} in 2 Ml DMF was added HATU (0.23 g, 0.62 mmdl, 2.0 equiv) and
N,N-diisopropylethylamine (0.27 MI, 1.5 mmol, 5.0 equiv). Valine methy! ester (0.062 g,
0.37 mmol, 1.0 equiv) was added as a solid, and the homogeneous solution was allowed
to stir at room temperature overnight. To the solution was then adaed 1 Ml 10%
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_aqueous LiOH, and the mixture was then heated to 55 °C. The reactions were then
filtered and the purified by reverse-phase HPLC to afford the title compound H NMR
(400 MHz, MeOD) § 0.96 (dd, J=9.35, 6.82 Hz, 6 H) 2.21 (dq, J=12.13,6.82 Hz, 1 H)
4.41 (d, J=5.05 Hz, 1 H)691 (ddd, J=1.26 Hz, 2.02, 1.01 Hz 1H)7.21 (3, J=8.08 Hz, 1
H) 7.17 (d, J=9.35 Hz, 1 H) 7.48 (dd, J=9.22, 1. 14 Hz, 1 H) 7.88 - 8.02 (m 7 H), (M+H)+
425.1.

Using the’ appmpnate amino ester, the following compounds may also be prepared in
similar fashion:

Example Chemical Namie : LCrt | Method MS .
. . ‘ - . . (M+H)*-
(S)-14{4-[6-(3-Chloro-phenylamino)- -
Ex. 6-27 pyridazin-3-yi}-benzoyl}-pyrrolidine-2- 098 | A 423.0
 carboxylic acid ‘ '
(1S,2R)-2-{4-[6-(3-Chloro-phenylamino)-
Ex. 6-28 pyridazin-3-yl}-benzoylamino}- 1.07 A | 4372

cyclopentanecarboxylic acid

3-{4-[6-(3-Chloro-phenylamino)-pyridazin- e
Ex. 6-29 . L . " 1.05 ‘A 396.9
' 3-yi]-benzoylamino}-propionic acid

(8)-3-{4-[6-(3-Chloro-phenylamino)- A
Ex. 6—30 pyridazin-3-yi]-benzoylaming}-5-methyl- 1 21 A 4532
: hexanoic acid

(1S,2R)-2-{4-[6-(3-Chloro-phenylamino)-
Ex. 6-31 pyridazin-3-yl]-benzoylamino}- 113 [ A 451.2
cyclohexanecarboxylic acid ’

(S)-1 -{4—[6—(370hloro—phenylamino)-

Ex.6-32 |  pyndazin-3-yi]-benzoyi}-piperidine-2- 1.1 A 436.9
" carboxylic acid )
Example 6-33.

2-{4-[6-(3-ChIoro-phenylamino)—pyridazin-3-yt]~benzoylamino)-2-n‘tethyl-propionii:
acid '
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.A. 4-(6-Chloro- pyrldazm-S-yl)-benzoyl chloride
A suspension of 4-(6-chloro-pyradizin-3-yl)- -benzoic acid (2 0g, 8.5mmol, 1.0
‘equiv) was suspended in excess thiony! chloride (30 MI) and heated to reflux overnight.
~ Removal of volatiles in vacuo afforded the title compoqnd which was used without
~ further purification: 1H NMR (400 MHz, CHLOROFORM-d) & ppm 7.59 (d, J=8.84 Hz, 1
H) 7.85 (d, J=9.00 Hz, 1 H) 8.15 (d, J=8.00 Hz, 2 H) 8.22 (d, J=8.00 Hz, 2 H).

'B. 2-[4-(6-(:hloro-pyrida-zin-.'i-yl)-be'hzoylamino}-z-methyl-propionic acid -

A solution of 4—(6—0h!oro—pyn'dazin-3-yl)-benzoyl chloride (0.25 g, 1.0 mmol, 1.0
equiv) in 5 MI THF and 3 M! DMF was added to a vial containing 2-amino isobutyric acid
(0.10 g, 1.0 mmol, 1.0 equiv) and 1 N NaOH (2 MI, 2.0 mmol, 2.0 equiv). The
homogeneous solution was allowed to stir overnight at room temperature. Acidification
to Ph 1 using concentrated HCI afforded a precipitate which was filtered and used
directly in the subsequent step.

C. 2—{4-[8-(3~ChIoro-phenylamino)-pyri&azin-3-yl]-benzoyiamino}-z-methyl-
propionic acid ‘ |

‘A 1-dram vial was charged with 3-chloroaniline (0.2 MI, excess) and 2-[4-(6-
chloro—p'yridazi'n-s-yl)—_benzoylamino}-z-methyl-propionEc acid (0.75 g) as a solid. The
vial was heated to 100 °C for 1.5 h. The crude reaction mixture was then dissolved in 2
Mi DMF and then purified by reverse-phase preparative HPLC to afford the title
"compound: 1H NMR (400 MHz, DMSGC-D6) & ppm 1 47 (s, 6 H), 7.03 (dd, J=7.45, 1.64
Hz, 1 H), 7.28 (d, J=9.35 Hz, 1H), 7.36 (t, /=8.08 Hz. 1 H), 7.56 (dd, J=8.34, 1.26 Hz, 1
H), 7.99 (d, /~8.59 Hz, 2 H), 8.12 - B8.19 (m, 4 H),8.52 (s, 1 H), 9.71 (s, 1 H); (M+H)+
411.0. ’

Example 6-34. _
4-{4-{6-3-Trifluoromethyl-phenylamino)}-pyridazin-3-yl]-phenyl}-
cyclohexanecarboxylic acid '
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The synthesis of &pheny!-cyclohexanecarboxyl|c acid methyl ester has been
reported in W0O2004 047755. Startmg from 4-phenyi- cyclohexanecarboxyllc acid methyl
ester, the sequence descnbed for Ex. 6-1 was followed to afford the title compound as a.
mixture of diastereomers which were separated by reverse-phase preparative HPLC:
Diastereomer 1: 'H NMR (400 MHz, DMSO-d6) 5 1.20 — 1.37 (m;'4 H) 1.60 — 1.70 (m,
2H)1.79(d, J-1086Hz,2H)2.01-2.15(m, 1 H) 2.33 (m, 1 H)703(d J=9.35 Hz, 1
H) 7.07 (d, J=7.58 Hz, 1 H) 7.16 (d, J=8.34 Hz, 2 H) 7.34(t, J=8.21 Hz, 1H)776(d
J=8.34 Hz, 2H) 7.72 (d, /=7.83 Hz, 1 H) 7.83 (d, J=9.35 Hz, 1 H) 8.17 (s, 1 H) 9.52 (s.1
H) ' ' B
Diastereomer 2: '"H NMR (400 MHz, DMSO-d6) § 1.69 — 1.80 (m, 4 H) 1.80 - 1.90 (ﬁ, 2
H) 2.25 (m, m2H)2.75-2.80 (m, 2 H) 7.37 - 7.47 (m, 4 H) 7.69 (t, /=8.21 Hz, 1 H)
8.11 (d, J=8.34 Hz,‘z H) 8.08 (dd, J=8.46, 1.64 Hz, 1 H) 8.17 (d, J/=9.35 Hz, 1 H) 8.52 (s,
1 H) 9.86 (s, 1 H); (M+H)+ 442.2,

Example 6-35. o .
2-(4-{4-{6<(3-Chloro-phenylamino)-pyridazin-3-yl}-phenyl}-cyciohexyl)-acetamide
. NH.I .

To a solution of Ex. 6-1 (0.10 g, 0.24 mmol, 1.0 equiv) in 3 Ml DMF was added
HATU (6.10 g, 0.26 mmol, 1.1 equiv) followed by ammonium hydroxide (0.06 Ml of a
28% aqueous solution). The homogeneous reaction was allowed to stir at room
temperature for 3 h. The reaction was then partitioned between EtOAc and water, and
the organic extracts were washed with brine and dried. - The crude residue was then
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purified by reverse-phase. prepayative.HPLC to afford the title compound: 1H'NMR (400
MHz, 'DMSO_ds) 5 ppm 1.06 — 1.17 (m, 2 H) 1.44.— 1.54 (m, 2H) 1.72 - 1.77 (m, 1 H)
1.82 (br. 8., 2 H) 1.84 (d,J=3.54 Hz, 2 H) 1.98 (d, J=6.82 Hz, 2 H) 2.62 ~ 2.57 (m, 1 H)
6.71 (br. S.1 H)701 (ddd J=8.02, 2.08, 076Hz 1H)7.22 (d, J=9.35Hz, 1H)7.33 - .
~ 7.38 (m, 3 H) 7.57 {(ddd, J=8.34, 2.02, 0.76 Hz, 1 H)799(dd J=17.43, 8.84 Hz, 3 H)

. 8.18 (t, J=2.02 Hz, 1 H) 9.57 (s, 1 H); (M+H)+4123

‘Examgle 6-36.
{6-{4—[4—(2!—1-Tetrazoi-s-ylmethyl)-cyclohexyl] phenyl} pyridazm-3-yl)-(6-
tnﬂuoromethy!-pyndm-3-yl)-amme

A. 2-(4»{4-[6-(6-Trifluo'romethyl-pyridin-3-y|amino)-py'ridazin-s-yE]-phenyl}-
cyclohexyl)-acetamide A '

Usmg Ex. 6-17 and the procedure described for Ex. 6-35 above, the title
compound was produced and used in the subsequent step without further punf catlon:
(M+H)+ 456.3.

B. (4-{4-[6-(6-Triﬂuorome£hyl~pyridin-3-ylamind)-pyridazin-3-yl]»phenyl}
-cyclohaxyl)-acetomtnle

To a mixture of 2—(4—{4—[6—(6-Tnﬂuoromethyl-pyndln 3-ylam|no) pyndazm-S-yI]-
phenyl}-cyclohexyl)-acetamide (0.18 g, 0.41 mmol, 1.0 equiv) in 3 Ml THF was added _
‘trifluoroacetic anhydride (0.068 Mi, 0.49 mmol, 1.2 eduiv) followed by triethylamine (0.12
M}, 0.90 mmol, 2.2 equiv). The reaction was stirred at ambient terﬁperature overnight,
and then concentrated in vacuo.. Purification by silica gel chromatography (10-50%
.EtOAc in hexanes) afforded the titie compound: 1H NMR (400 MHz, DMSO-d6) & ppm
1.39 - 1.50 (m, J=12.82, 12.54, 12.54, 3.54 Hz, 2 H) 1.69 - 1.80 (m,
J=12.88, 12.69, 12.69, 3.41 Hz, 2 H) 1.86 - 1.97 (m, J=11.91, 11.81, 6.06, 5.87, 2.91
Hz, 1 H) 2.08 (d, J=15.92 Hz, 1 H) 2.08 (dd, J=5.94, 3.66 Hz, 3 H) 2.76 (t, J=3.03 Hz, 1
H) 7.53 (d, J=8.35 Hz, 1 H) 7.58 (d, J=8.34 Hz, 2 H) 8.08 (d, 3;8.59 Hz, 1 H) 8.20 (d,
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J=8.34 Hz, 2 H) 8.30 (d, J=9.35 Hz, 1 H) 8.91 (dd, J=8.59, 2.27 Hz, 1H) 9.16 (d, J=2.53
Hz, 1 H)10.25 (s, 1 H); (M+H)+ 438.3. '

C. (6-{4-[4-(2H-Tetrazol-s-y'lmethyl)—cyclohexyl]-phenyl}-pyridazin-S-yl)-(G-
trifluoromethyl-pyridin-3-yh)-amine
To a mixture of (4-{4-[6-(6-Trifluoromethyl-pyridin-3-ylamino)- pyndazm—3-yl}—

phenyi}—cyc;lohexyi)-acetomtﬂle (0.12 g, 0.29 mmol, 1.0 equiv) in 3 MI'DMF was added -

sodium azide (0.057 g, 0.88 mmoaf, 3.0 equiv), followed by solid ammoniurﬁ chloride
(0.062 g, 4 0 equiv). The reaction was heated to 140 °C over the weekend. The coo!ed
reaction mixture was diluted with 10 Ml water and then acidified to Ph 4-5. The )
precipitate was filtered to afford the title compound: 1H NMR (400 MHz, DMSO-d6) 5 -
ppm 103~ 1.16 (m, 2'H) 1.33 - 1.45(m, 2 H) 1.73 (t, J=14.27 Hz, 5H) 2.60 - 2.68 (m, 3
H) 7.27 (dd, J=17.94, 8.84 Hz, 3 H) 7.79 (d,J=8.84 Hz,1 H) 7.86 — 7.95 (m, 2 H) 8.01 (d,
J=8.09 Hz, 1 H) 8.63 (dd, J=8.59, 1.77 Hz, 1 H)887(d J=2.27 Hz, 1 H)999(s 1 H);
(M+H)+481.7.

Example 6-37.
3-(4—{4-{6-(6-Trafluoromethyi pyr:dm-3-ylamlno)-pyrldazm-3-yl] phenyl}

cyclohexylmethyl)-4H- I1,2,4}oxaduazol 5-one

A. N-Hydroxy-z-(4-{4-[6-(6-triﬂubromethyI-pyridEn-3-yiamino)-p’yridazin-:}-y!]-
phenyi}-cyclohexyl)-acetamidine

To a solution of (4»{4~[6~(6—Tnﬂuoromethyl-pyndln—3—ylammo) pyndazm—3-yl]-
phenyl}-cyclohexyl)-acetonitrile (0.15 g, 0.34 mmol, 1.0 equiv) in 4 Ml DMSO was added
hydroxylamine hydrochloride (0.12 g, 1.7 mmol, 5.0 equiv) and triethylamine (0.25 M|,
1.8 mmol, 5.2 equiv). The yellow solution was heated to 120 °C using microwave
heating for 10 min. Additional portions of hydroxylamine hydrochloride and triethylamine
were added, and the reaction was allowed to stir overnight at 75 °C. The reaction was
partitioned between EtOAc and water, and the organic extracts were washed with
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saturated NaHCO3 followed by brine.. The organic layer was then dried over sodium
sulphate, filtered, and concentrated in vacuo to afford the title compound which was
used without further purification: (M+H)+ 471.2.

B. [1-[(2)-Hydroxyimino]-2-(4{4-[6-(6-trifluoromethyl-pyridin-3-ylamino)-pyridazin-

. 3-yl]-phenyl}-cyciohexyl)-ethyl]-carbamic acid isobutyl ester.
To a solution of N-Hydroxy—-z-(4-{4-[6-(6-triﬂubromethyl-pyridin-B-ytamino)-

"pyridazin-3-yl}-phenyl}-cyclohexyl)-acetamidine (0.13 g, 0.28 mmol, 1.0 equiv) in 2 Ml

DMF—_‘ was added pyridine (0.023 MI, 0.31 mmol, 1.1 equi\})_ The solution was cooled to O

°C, then isobutyl chloroformate (0.04 MI, 0.31 mmol, 1.1 equiv) was added dropwise via

syringe. The reaﬁion was allowed to warm to room temperature and stirred for 2 h.

Extractive aqueous workup afforded the title compound which was used in the next step
without further purification. (M+H)+ 571.4.

C. 3,;(4;{4-[6-(6-Triﬂuoro'memy!-pyridin-s-y!amino)-pyridazin-3-yl}-phenyl}-
cyclohexylmethyl)-4H-{1 2 4loxadiazol-5-one

A soiutioﬁ of [1-{(Z)-hydroxyimino]-2-(4-{4-[6-(6-trifluoromethyi-pyridin-3-ylamino)-
pyn’dazin~3~yl]~phényI}-cycIbhexyi)—ethyl]—carbamic acid isobutyl ester (0.13 g, 0.23
mmol; 1.0 equiv) was dissolved in a m-xylene/THF (4:1) mixture and then heated to 180
°C for 20 min. The cooled reaction was partitioned between EtOAc and water, and the
organic layers weAre washed with brine and dried. Purification by silica gel
chromatography (10-100% MeOH in DCM) afforded the title compound: 1H NMR (400
MHz, DMSO-d6) 3 ppm 0.99 — 1.10 (m, 2 H) 1.34 (g, J=11.79 Hz, 2 H) 1.59 (ddd,
J=1;1.12, 7.58, 4.04 Hz, 1 H) 1.70 (t, J=14.02 Hz, 4 H) 2.29 (d, J=6.82 Hz, 2 H) 2.38 —-
2.46 (m, 1H) 7.23 (d, J=8.08 Hz, 2 H) 7.18 (d, J=8.35 Hz, 1 H) 7.72 {d, J=8.59 Hz, 1 H)
7.84 (d, J=8.08 Hz, 2 H) 7.94 (d, J=9.35 Hz, 1 H) 8.56 (dd, J=8.59, 1.26 Hz, 1 H) 8.81 (d,
J=1.77 Hz, 1 H) 9.80 (s, 1 H) 12.03 (br. S., 1 H); (M+H)+ 497.2,

Example 6-38. ' _
(1-{4-[6~(3-Trifluoromethyl-phenylamino)}-pyridazin-3-yl]-phenyl}-piperidin-4-yl)-
acetic acid -
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A. [1-(4-Acetyl-phenyl)-piperi’dinA-yl]-acetic acid ethyl ester

A microwave vial was charged with 4’-fluoroacetophenone (1.2 Mi, 10.4 mmol,
1.0 equiv) and 2-(piperidin-4-yl)-acetic acid ethyl ester (3'.5 g, 20.7 mmol, 2.0 equiv) in
20 Mi DMSO. The homogeneous reaction was heated to 150 °C for 20 min. The cooled
reaction was then diluted with ether and washed sequentially with saturated ammomum
chloride, water, and brine. The organic extracts were then dried over sodium sulphate,
fi Itered, and concentrated in vacuo. Purification by flash chromatography (10-40% -
EtOAc in hexanes) afforded the title compound: 1H NMR (400 MHz, CHLOROFORM~d)
3 ppm 1.32 (t, J=7.07 Hz, 3 H) 1.47 (d, J=12.13 Hz, 2 H) 1.62 (br.s., 1 H) 1.901(d, -
J=12.63 Hz, 2 §-|) 2.04 -2.15 (m, J=11.18, 11.18, 7.45, 7.45, 3.79, 3.66 Hz, 1 H) 2.33 -
(d.J=7.07 Hz, 2 H) 2.57 (s. 3 H) 2.97 (td, J=12.57, 2.15 Hz, 2H)393{d J=12.88 Hz, 2
H) 4.20 (q, J=7.07 Hz, 2H) 6.96 (d, J= 682Hz 2 H) 7.92 (d, J=9.08 Hz, 2H) (M+H)+
290.1.

B. (1{4-{6-(3-Trifluoromethyi- phenyIamrno)—pyndazm-3-yl} phenyl}-plperldin-4-yl)-
acetic acid

Starttng from [1- (4-Acety| phenyl)- plpendm-ctnyll-acetlc acid-ethyl ester, steps B—D
from Ex. 6-1 were followed using 3-trifluoromethyl aniline to afford tht_e title compound:
1H NMR (400 MHz, DMSO-d6) 8 ppm 1.30 (td, J=11.94, 8.72 Hz, 2 H) 1.79 (br. S.1 H)
1.76 (d, J=2.78 Hz, 1H) 1.86 (td, J=11.05, 4.17 Hz, 1 H) 2.20 (d, J=6.82 Hz, 2 H) 2.77 (t,
J=11.37 Hz, 2 H) 3.82 (d, J=12.63 Hz, 2H) 7.04 (d, J=8.84 Hz, 2 H) 7.20 (d, J=9.35 Hz, 1
H) 7.28 (d, J=7.83 Hz, 1 H)v 7.55 (t, J=7.96 Hz, 1 H) 7.80 -8.00 (m, 2 H) 7.92 (d, J=8.84
Hz, 2 H) B.40 (s, 1 H) 9.63 (s, 1 H) 12.10 (br. S., 1H); (M+H)+ 457.3.

Exam ple 6-39.
(4-{4-[4-Methyl-6(6-trifluoromethyl- pyndm~3-ylammo) pyridazin-3-yl]- phenyl}-
cyclohexyl)-acetic acid
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. A.. [4{(4-Propionyl-phenyl)-cyclohexyl]-acetic acid.ethyl ester
Using proprionyl chloride in step A for Ex. 6-1, the title compound was synthesized in
“analogous fashion: 1H NMR (400 MHz, CHLOROFORM-»d),B ppFn 1.11-1.22 {m, 8 H)
1.40 - 1.51 (m, 2H) 1.84 (d, J=10.11 Hz,4 H) 2.10 (s, 1 H) 2.17 (d, J=6.82 Hz, 2 H) 2.41
~2.51 (m, 1 H) 290 (q. J=7.16 Hz, 2 H) 4.68 (q, J=7.07 Hz, 2H) 7.21 (d, J=8.34 Hz, 2 H)
7.82 (d, J=8.34 Hz, 2 H).

B. (4-{4-[4-MethyI-G-(G-trlfluoromethyl pyndln-3-ylammo)-pyr|dazm-3-yl]-phenyl}-
cyciohexyl)-acetic acid

Startlng from [4—(4—Prop|onyl-phenyl) cyclohexyl] -acetic acid ethyl ester, steps B-D.from
Ex. 6-1 were followed using 6-trifluoromethyl-pyridin-3-ylamine to afford the title
compound: 1H NMR (400 MHz, DMSO-d6 ) § ppm 1.04 — 1.15 (m, 2 H) 1.48 (m, 2 H)
1.74 (m, J=10.99, 4.17 Hz, 1 H) 1.85 (d, J=11.12 Hz, 4 H) 1.99 (d, J=6.32 Hz, 2 H) 2.30
(s, 3H) 7.20(s, 1H) 7.34 (d, J=8.08 Hz, 2 H) 7.49 (d, J=B.34 Hz, 2 H) 7.84 (d, J=8.84
Hz, 1 H) 8.67 (dd, J=8.59, 2.27 Hz, 1 H) 8.98 (d, J=2.27 Hz, 1 H) 10.27 (s, 1 H); (M+H)+
471.2.

Example 6-40.
(4-{4—[4-Methyl-6-(4—triﬂuoromethyl-phehylamino)-pyridazin-3-y!]-phenyl}-
cyclohéxyl)—acetic acid

. "The title compound was prepared in analogous fashibn using 4-triflucromethyl aniline:
1H NMR (400 MHz, DMSO-d6) 5 ppm 1.10 - 1.21 (m, 2 H) 1.47 —.1.58 (m, 2H)

1.71 —-1.80 (m, 1 H) 1.86 (d, J=10.11 Hz, 4 H) 2.16 (d, J=6.82 Hz, 2 H) 2.29 (s, 3 H)
2.56 (m, 1H) 7.11 (s, 1 H) 7.35 (d, J=8.34 Hz, 2 H) 7.51 (d, J=8.08 Hz, 2 H) 7.66 (d,
J=8.59 Hz, 2 H)7.89 (d, J=8.59 Hz, 2 H) 8.67 (s, 1 H) 12.01 (s, 1 H); (M+H)+ 470.2.

Example 7.

139




WO 2007/126957 PCT/GS2007/007772

50133

(4-{4-[5—(6-Triﬂubromethyl-pyridin-s‘-ylamino)—pyrazln-2—yI}-phenyl}-cyciohexyl)~ »

acetic acid
F
Fx@ /E/
» N, 2 N
N N N
H

A. Pyrazin-2-yl-(6-trifluoromethyi-pyridin-3-yl)-amine

To a solution of 5~ammo—2-tnﬂuoromethylpyndme (0.81 g) in 3 Ml toluerne was -
added chloropyrazine (0.45 MI, 1.0 equiv) via syringe. The homogeneous solution was
heated to 95 °C, then cooled to room temperature and concentrated in vacuo.
Purification by silica gel chromatography (40% EtOAc in hexanes) afforded the ttﬂe
compound: 1H NMR (400 MHz, CHLOROFORM-D) 8 ppm 7.5 (s, 1 H) 7.6 (s, 1 H) 8.0
(s, 1H) 8.2 (s, 1H) 8.4 (s, 2H) 8.8 (s, 1 H); (M+H)+ 2411,

B. (5-Bromo-pyrazm-2-yl)—{6-tr|ﬂuoromethyl-pyr|d|n-3-yl)-amme

A solution of pyrazin-2-yl-(6-triflucromethyl-pyridin-3-yl)-amine (0.47 g) was
dissoived in 50 Mi MeOH and then charged with N- bromo_succm;mide (0.35 g) in a single
portion as a solid. The reaction was stirred overnight at room temperatu're. then
concentrated in vacuo. Purification by silica gel chromatography (25% EtOAc in _
) hexanes) afforded the titte compound: 1H NMR (400 MHz, CHLOROFORM-D) 3 ppm
6.7 (s, 1 H)75(s 4 H)7.9(s, 1H)8.2(s,2H) 86 (s, 1 H); (M+H)+3209

C. (4-{4—[5-(6—Trifluoromethyl-pyrldin-3-yiamino)-pyrazln-2-yl]-phenyl}-cycloheicyl)—
acetic acid methyl ester -

A solution of (5-Bromo-pyrazin-2-yl)- (6~tnﬂuoromethyl-pynd1n 3-yl)-amme (0 072
g) and {4-[4—(5—bromo—pyndm-Z-yl)—phenyl]-cyclohexyl}—acettc acid methyl ester (0.087 g)
in 2 Ml DME was charged with 2 M sodium carbonate (1 Mi) and Pd(PPh3)4 (0.027 g,
0.1 equiv). The biphasic mixture was sparged with nitrogen for 3 min, then stired at 130
°C under microwave heating for 30 rhih. Thé reaction was partitioned between EtOAc
and water, and the organic extracts were dried over magnesium sulphate and
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concentrated in vacuo. Purification by silica-gel chromatography (33% EtOAc in
hexanes) afforded the title compound: (M+H)+ 471.2.

. D. '(4-{4-[5'-(6-Triﬂubromethyi-pyrid‘in-a-ylamino)-pyrazin-z-yi]-phenyt}-cyclohgxyl)-
acetic acid :

To a solution of (4-{4-[5-(6-trifluoromethyl-pyridin-3-ylamino)-pyrazin-2-yl}-
phenyl}-cyclohexyl)-acetic acid methyl ester (0.051 g) in 4 Ml THFAwater (1:1) was added
solid lithium hydroxide (0.030 g). The reaction was stirred at room temperature for 48 h,
then heated to 45 °C for 24 h. The reaction was deutra!iied with 6 N hydrochloric acid
and then purified by reverse-phase’ preparétive HPLC to afford the title compound: 1H
NMR (400 MHz, DMSO-DS) Sppm1.1(s,2H) 1.3(s, TH)1.6(s,2H)1.9(s, 6 H)3.5
(s.6H)74(s,2H)7.9 (s,1H)8.0(s,2H)8.6(s, 1H),B6(s,1H) 8.9(s,1H)9.1(s, 1
H) 10.9 (s, 1 H); (M+H)+457.1.

Alternatively, the methyi ester can be dissoclved in THF and treated with aqueous sodium
hydréxide (4 equiv). The mixture can then be stirred at 50 degrees for 12 hours, at
which point water may be added and most of the organic solvent may be removed under
reduced pressure. Addition of acetonitrile followed by cooling may yield a precipitate
which can be isolated by filtration to afford the title compound as the comresponding
sodium salt.

Example 8-1 . o
(4-{4-[5-(6-Triﬂuoromet_hyl-'pyridin-3-y|carbamoyl)-pyridin-zoyI]-phenyl}-
cyplohéxyl)-acetic acid

OH

6-Trifluoromethyl-pyridin-3-ylamine (963 mg, 6 mmol) was dissolved in DCM {50 mL) 6-
Bromo-nicotinic acid (1 g, 5 mmol) and N-(3-Dimethylaminopropyl)-N'-ethylcarbodiimide
hydrochloride (1.9 g, 10 mmol) were added. Stirred overnight, evéporated to dryness

141



WO 2007/126957 PCT/US2007/007772

50133

and purified by passing over small piug of silica gel eluting with 30 % ethyl acetate in
hexanes to afford S-Bromo—NJ(S—triﬂuoromethyl-pyridin—S-yI)-nicotinamide: M+1 = 347.3.
1H NMR (400 MHz, DMSO-D6) § ppm 7.91 (dd, J=19.83, 8.46 Hz, 2 H) 8.26 (dd,
J=8.34, 2.53 Hz, 1 H) 8.46 (dd, J=8.34, 2.27 Hz, 1 H)895(d J=2.53 Hz, 1 H) 9.06 (d,
. J=2.27 Hz, 1 H) 11.00 (s, 1 H).

To 200 mg (1 mmbl) 6~Br6mo-N-(6-triﬂuoromethyl-pyridin-s-yl)-nicoti'namide, 217 mg (1
mmol) {4-[4-(4,4,5,5-Tetramethyl—[1 ,3,2]dioxaborolan-2-yl)-phenyl]-cyclohexyl}-acetic
acid methyl ester in DME (20 mL), Dichloro[1,t-bis(diphenylphosphino)
ferrocene]palladium (I1). dichioromethane adduct (37 mg. 5 mol %), and saturated
sodium carbonate agueous solution (2 rr:xL) were added and the mixture stirred at 80 °C
over night under N.. Evaporated to dryness and purified by passing over small plug of
silica gel (30 % ethyl acetate in hexanes) to afford (4-{4-[5-(6-Trifluoromethyl-pyridin-3-
ylcarbamoyl)-pyridin-2-yl}-phenyl}-cyclohexyl)-acetic .aci_d meihy! ester: M+1 =498.1. 'H
NMR (400 MHz, DMSO-D8) § ppm 1.06 (s, 4 H) 1.12-1.20 (m, 2 H) 1.45-1.57 '(m. 2H)
1.81 (d,J=8.59 Hz, 4 H) 2.25 (d, J=6.57 Hz, 2 H) 2.50 - 2.57 {m, 1 H) 3.60 (s,2H)7.39
(d, J=8.34 Hz, 2 H) 7.94 (d,J=8.84 Hz, 1 H) 8.07 -8.15 (m, 2 H) 8.35- 8.43 (m, 1 H) 8.50
(d, J=8.59 Hz, 1 H) 9.‘10 (s, 1 H) .20 (d,/=2.02 Hz, 1 H). -

To 60 mg (0.1 mmol) (4—{4-[5—(6-Triﬁuoromethyl-pyridin~3«ylcarbambyl)-pyridin-Z-yl]-«
phenyl}-cyclohexyl)-acetic acid methyl ester in THF / H,O (10 mL; 4:1), 5 mL (4M)
aqueous Lithium Hydroxide solution was added and the mixture stired at 60 °C for 5
hours. Acidified with concentrated hydrochloric acid which brecipitated the desired
compound Filtered and dried under vacuum to afford (4-{4-{5-(6~Tnﬂuoromethyl-pyndm~
3—yicarbamoy!)-pyndm-2—y1] phenyl}-cyclohexyl) -acetic acid, which was subsequently
dissolved in methanol (5 mL) one equivalent of potassium hydroxide and 2 mL of H,0
were added and the resuiting mixture was stirred at 40 C for 2 hours. Evaporated to
dryness to afford (4—{4-[5—(S-Triﬂuoromethyl-pyridin—3—ylcarbamoyl)—pyridin~2—yl]—phenyl}-
cyclohexyl)-écetic acid as the potassium salt: M+1 = 484.1. HRMS = 484.1822. 'H NMR
(400 MHz, MeOD) § ppm 0.79 (d, J=7.33 Hz, 1 H) 1.11 (d, J=12.44, 2.91 Hz, 3 H) 1.43 -
1.55(m, 2 H) 1.67 - 1.78 (m, J=7.14, 7.14, 6.95, 6.57 Hz, 2 H) 1.79 - 1.89 (m, 3 H) 2.02
(d, J=7.33 Hz, 2 H) 2.14(t, /=7.33 Hz, 1 H) 2.47 (s, 1 H) 7.28 (d, J=8.34 Hz, 2 H) 7.75 (d,
J=8.59 Hz, 1 H) 7.38 - 7.95 (m, 2 H) 8.31(dd, J=8.46, 2.40 Hz, 1 H) 8.43 (dd, J=8.46,
2.15 Hz, 1 H) 8.97 (d, J=2.27 Hz, 1 H) 9.08 (d, J=1.52 Hz, 1H)
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Alternatively, the methyl ester can be dissolved in THF and treated wi{h aqueous sodium

hydroxude (4 equiv). . The msxture can then be stirred at 50 degrees for 12 hours, at

 which point water “may be added and most of the organic solvent may be removed under
reduced pressure. Addition of acetonltn[e followed by cooimg may yield a precnpltate

’ whlch can be isolated by fi Itration to afford the title compound as the correspondang
_sodium salt.

" Following analogous procedures, the following compounds may also be prepared:

Example - Name LCrt Method | (M+H)+
_ " {4-[4-(5-Isopropylcarbamoyl-pyridin-2-yl)- .
Ex.8-2 phenyll-cyclohexyl}-acetic acid - L A 381.1
{4-[4-(6-Carbamoyl-pyridin-2-yl)-phenyl]-
Ex. 8-3 cyclohexyl}-acetic acid” 1.13 A 338.8
Ex. 84 {4-[4-(6-Isopropylcarbamoyl-pyridin-2-yl)- 1.18 A 380.9

phenyi}-cyclohexyl}-acetic acid

The present invention also covers any salts of the hereinabove described examples. In
particular, the potassium, sodium, hydrochloric, methansulfonic, bhosphon’c, sufuric
acids‘salts, tert-butyl amine, and diethylamine. The salts can be p(epared by the herein
described methods. '
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CLAIMS

The compound of Formula I:

El

A

Ay N
H M

A is substituted or unsubstituted cycloalkyl, substituted or unsubstituted aryl, or

substituted or unsubstituted heterocyclyl
E’is-L2-E,
—L2- is a divalent residue:

-[R'-[R?I- [CO)]e- IN(RD) - [R*e-[R ]

selected from the group consisting of:

a divalent alkyl group having from 1 to 4 carbon atoms

a divalent alkenyl group having from 2 to 3 carbon atoms

—(0)-,

—C(0)-[R*)e-R*-, wherein

e is 0 and R is selected from the group consisting of a divalent substituted or
unsubstituted C;-C4 alkyl group, C4-Cy cycloalkyl group, phenyl group or
5- or 6-membered heterocyclyl group, or

e is 1, R*is a divalent substituted or unsubstituted C;-C4 alkyl group, and R’
is a divalent substituted or unsubstituted C4-Cg cycloalkyl cycloalkyl group,
phenyl group or 5- or 6-membered heterocyclyl group,

—RI-RZ-, wherein R! is a divalent substituted or unsubstituted C;-Cs alkyl
group and R? is a divalent substituted or unsubstituted C4-Cg cycloalkyl
group, phenyl group or 5- or 6-membered heterocyclyl group,

-C(O)-NH-,
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~(CHz)1.3-C(0)-NH-(CH)13-,

-C(0)-NH-R*-, wherein R? is selected from a divalent substituted or
unsubstituted Cy.7 alkyl group, cyclohexyl group or cyclopentyl group,

-C(O)-N(R®)-R*-, wherein R? and R* and the N-atom together form a

pyrrolidine ring or a piperidine ring,
E is selected from the group consisting of:

COOH,

a carbocylic ester,

a carboxamide,

-S(0),-OH,

—S(0),-NHR®, wherein R is selected from hydrogen, a C;-Cs alkyl group, a
cycloalkyl group, a substituted or unsubstituted aryl group, a substituted or
unsubstituted heterocyclyl group, or a carboxylic acid ester group, or

pharmaceutically acceptable salt thereof.

The compound according to claim 1 of Formula II:

'
\\\\\\ E

X

A N
N
H (I
A is substituted or unsubstituted cycloalkyl, substituted or unsubstituted aryl, or
substituted or unsubstituted heterocyclyl,
E’ is -L2-E,
-L.2- is a divalent residue:
R T [RT6-[CO)e-INR) e [R*e- [R] -

selected from the group consisting of:
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a divalent alkyl group having from 1 to 4 carbon atoms

a divalent alkenyl group having from 2 to 3 carbon atoms

-C(0}-,

—C(0)-[R*].-R>-, wherein

e is 0 and R’ is selected from the group consisting of a divalent substituted or
unsubstituted C;-C4 alkyl group, C4~Cs cycloalkyl group, phenyl group or 5- or
6-membered heterocyclyl group, or

eis 1, R* is a divalent substituted or unsubstituted C;-C, alkyl group, and R’ is a
divalent substituted or unsubstituted C4-Cg cycloalkyl cycloalkyl group, phenyl
group or 5- or 6-membered heterocyclyl group,

—R'-R?-, wherein R' is a divalent substituted or unsubstituted C;-C, alkyl group and
R? is a divalent substituted or unsubstituted Cs-Cs cycloalkyl group, phenyl
group or 5- or 6-membered heterocyclyl group,

-C(0)-NH-,

-(CH3)1.3-C(0)-NH-(CH2)1.3-,

-C(0)-NH-R*-, wherein R* is selected from a divalent substituted or unsubstituted
Ci.7 alkyl group, cyclohexyl group or cyclopentyl group,

-C(0)-N(R®-R*-, wherein R? and R* and the N-atom together form a pyrrolidine
ring or a piperidine ring,

E is selected from the group consisting of:

COOH,

a carbocylic ester,

a carboxamide,

—5(0),-OH,

—S(0),-NHR®, wherein R® is selected from hydrogen, a C,-Cy alkyl group, a
cycloalkyl group, a substituted or unsubstituted aryl group, a substituted or
unsubstituted heterocyclyl group, or a carboxylic acid ester group, or

pharmaceutically acceptable salt thereof.

3. The compound of claim 1, wherein A is selected from substituted or unsubstituted

phenyl, substituted or unsubstituted pyridine, substituted or unsubstituted cyclohexyl,
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substituted or unsubstituted isoxazole, substituted or unsubstituted oxadiazole, or

substituted or unsubstituted pyrazole, and a pharmaceutically acceptable salt thereof.

4. The compound of claim 1, wherein E’ is —~C(O)OH, —CH,—C(O)OH, —CH,—

heterocyclyl, or a pharmaceutically acceptable salt thereof.

The compound of claim 1, selected from the group consisting of:
(4-{4-[5-(6-Trifluoromethyl-pyridin-3-ylamino)-pyridin-2-yl]-phenyl } -cyclohexyl)-
acetic acid,

(4-{4-[5-(Pyridin-2-ylamino)-pyridin-2-yl]-phenyl } -cyclohexyl)-acetic acid,
{4-[4-(5-Phenylaminopyridin-2-yl)-phenyl]-cyclohexyl}-acetic acid,

(4- {4-[5-(5-Cyanopyridin-3-ylamino)-pyridin-2-yl}-phenyl}-cyclohexyl)-acetic acid,

(4- {4-[5-(5-Trifluoromethylpyridin-2-ylamino)-pyridin-2-yl]-phenyl } -cyclohexyl)-acetic
acid,

(4-{4-[5-(4-Trifluoromethylphenylamino)-pyridin-2-yl}-phenyl} -cyclohexyl)-acetic acid,
(4-{4-[5-(5-Methylpyridin-2-ylamino)-pyridin-2-yl]-phenyl } -cyclohexyl)-acetic acid,
(4-{4-[5-(5-Trifluoromethylpyridin-2-ylamino)-pyridin-2-yl]-phenyl} -cyclohexyl)-acetic
acid methyl ester,

(4- {4-[5-(5-Chloropyridin-2-ylamino)-pyridin-2-yl]-phenyl} -cyclohexyl)-acetic acid,

(4- {4-[5-(6-Methoxypyridin-3-ylamino)-pyridin-2-yl]-phenyl } -cyclohexyl)-acetic acid,
(4- {4-[5-(5-Fluoropyridin-2-ylamino)-pyridin-2-yl]-phenyl} -cyclohexyl)-acetic acid,
(4-{4-[5-(6-Acetylaminopyridin-3-ylamino)-pyridin-2-yl]-phenyl } -cyclohexyl}-acetic
acid,

(4-{4-[5-(3-Fluoro-phenylamino)-pyridin-2-yl]-phenyl}-cyclohexyl)-acetic acid,
(4-{4-[5-(3-Chloro-phenylamino)-pyridin-2-yl]-phenyl } -cyclohexyl)-acetic acid,

(4- {4-[5-(1-Methyl-1H-pyrazol-3-ylamino)-pyridin-2-yl]-phenyl} -cyclohexyl)-acetic
acid,

(4~ {4-[5-(5-Fluoro-6-methoxy-pyridin-3-ylamino)-pyridin-2-yl]-phenyl } -cyclohexyl)-
acetic acid,

(4-{4-[5-(Isoxazol-3-ylamino)-pyridin-2-yl}-phenyl }-cyclohexyl)-acetic acid,
(4-{4-[5-(5-Fluoro-pyridin-3-ylamino)-pyridin-2-yl]-phenyl} -cyclohexyl)-acetic acid,
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(4-{4-[5-(6-Isopropoxy-pyridin-3-ylamino)-pyridin-2-yl]-phenyl} -cyclohexyl)-acetic
acid,

(4-{4-[5-(5-Bromo-pyridin-2-ylamino)}-pyridin-2-yl]-phenyl } -cyclohexyl)-acetic acid,
(4- {4-[5-(2-Methoxy-pyrimidin-5-ylamino)-pyridin-2-yl]-phenyl} -cyclohexyl)-acetic
acid,

(4-{4-[5-(6-Methylsulfanyl-pyridin-3-ylamino)-pyridin-2-yi]-phenyl} -cyclohexyl)-acetic
acid,
(4-{4-[5-([1,2,4]Triazin-3-ylamino)-pyridin-2-yl]-phenyl } -cyclohexyl)-acetic acid,

(4-{4-[5-(2-Dimethylamino-pyrimidin-5-ylamino)-pyridin-2-yl}-phenyl } -cyclohexyl)-
acetic acid,

(4-{4-[5-(5-Methylsulfanyl-pyridin-2-ylamino)-pyridin-2-yl]-phenyl} -cyclohexyl)-acetic
acid,

(4-{4-[5-(3,5-Difluoro-pyridin-2-ylamino)-pyridin-2-yl]-phenyl} -cyclohexyl)-acetic acid,
(4- {4-[5-(6-Trifluoromethyl-pyridin-3-ylamino)-pyridin-2-yl]-phenyl } -cyclohexyl)-
acetic acid methyl ester,

{4- {4-[5-(5-Chloro-6-methoxy-pyridin-3 -ylamino)-pyridin-2-yl]-phenyl} -cyclohexyl)-
acetic acid,

(4-{4-[5-(5-Fluoro-4-methyl-pyridin-2-ylamino)-pyridin-2-yl]-phenyl } -cyclohexyl)-
acetic acid,

(4-{4-[5-(3-Chloro-5-methyl-pyridin-2-ylamino}-pyridin-2-yl]-phenyl} -cyclohexyl)-
acetic acid,
(4-{4-[5-(5-Difluoromethyl-6-methoxy-pyridin-3-ylamino)-pyridin-2-yl]-phenyl } -
cyclohexyl)-acetic acid,

(4- {4-[5-(5-Methanesulfonyl-pyridin-2-ylamino)-pyridin-2-yl]-phenyl } -cyclohexyl)-
acetic acid,

(4- {4-[5-(1H-Benzoimidazol-2-ylamino)-pyridin-2-yi]-phenyl} -cyclohexyl)-acetic acid,
{(4-{4-[5-(5-Trifluoromethyl-[1,3,4]oxadiazol-2-ylamino)-pyridin-2-yl]-phenyl } -
cyclohexyl)-acetic acid,
(4-{4-[5-(6-Methyl-benzooxazol-2-ylamino)-pyridin-2-yl}-phenyl} -cyclohexyl)-acetic

acid,
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(4- {4-[5-(2-Methyl-5-trifluoromethyl-2H-pyrazol-3-ylamino)-pyridin-2-yi]-phenyl } -
cyclohexyl)-acetic acid,

(4- {4-[5-(6-Chloro-benzooxazol-2-ylamino)-pyridin-2-yl]-phenyl } -cyclohexyl)-acetic
acid methyl ester,

(4- {4-[5-(6-Chloro-benzooxazol-2-ylamino)-pyridin-2-yl]-phenyl}-cyclohexyl)-acetic
acid,

(4- {4-[5-(5-Chloro-6-methoxy-benzooxazol-2-ylamino)-pyridin-2-yi]-phenyl } -
cyclohexyl)-acetic acid,
(4-{4-[5-(5-tert-Butyl-[1,3,4]oxadiazol-2-ylamino)-pyridin-2-yl]-phenyl } -cyclohexyl)-
acetic acid,

or a pharmaceutically acceptable salt thereof.

6. A compound according to claim 1 which is (4-{4-[5-(6-trifluoromethyl-pyridin-3-
ylamino)-pyridin-2-yl]-phenyl} -cyclohexyl)-acetic acid, or a pharmaceutically acceptable

salt thereof.
7. A compound according to claim 6 which is
“‘\\\\YOH
O
F
F'
T [
N A " oz N
H

or a pharmaceutically acceptable salt thereof.

8. A compound according to claim 7 in sodium salt form.

9. A pharmaceutical composition, comprising:

the compound according to claim 1, and

a pharmaceutical acceptable carrier or excipient.
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10. A pharmaceutical compositions comprising:

i) a compound according to claim 1,

ii) at least one compound selected from
a) antidiabetic agents,
b) hypolipidemic agents,
¢} anti-obesity agents,
d) anti-hypertensive agents,
e) agonists of peroxisome proliferator-activator receptors, and

iii) one or more pharmaceutically acceptable carriers.
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