'5-(3,4-DICHLORO-PHENYL)-N-(2-1-EYDROXY-CYCLOHEXYL)-6-(2,2,2-
TRIFLUORO-ETDOXY)-NICOTINAIVIIDE AND SALTS THEREOF AS HDL CHOLESTEROL
RAISING AGENTS The present invention relates to a. compound of formula Cl 0 N-zOH and its
isomeric forms and pharmaceutically acceptable salts thereof, their manufacture, pharmaceutical
compositions containing them and their use as medicaments. The compound of formula I, its isomeric
forms and pharmaceutically acceptable salts are especially useful as HDL-cholesterol raising agents.

Atherosclerosis and ifsragseciated perenary hear diseasedshedording Gexes pkdeath in the
industrialized wogid:iRiskdor geveiopm @mi@bqqmw heashdiseaserkasperm soWa iphe strongly

correlated with certain plasma I|p| ﬁ s are trans orted in the blood by lipoproteins. The
general structure of lipoproteins is %@W&wd cholesterol ester) and an
envelope of polar lipids (phosphoiipids and non esterified cholesterol) There are 3 different classes of
plasma lipoprotei Wlth d|f erent core lipid content: the I W, enS| ipoprotein (LDL) which is
cholesteryl ester E@E) rlch ”("]jté?{%iteﬁlpo%rot((é?ﬁn wahl%lﬁ IS a‘so cholesteryl ester (CE) rich; and
the very low density Ilpoproteln (VLDLy) which is trlglycerlde (TG) rich. The different lipoproteins can be
separated based on their different flotation density or size. High LDL-cholesterol (LDL-C) and

triglyceride levels are positiv

rious toleration issues WhICh reduce
fors raise HDL- chollesterol only modestly
(-10-12%). As a result, there |$wgmf6 t medical néed for a well tolerated agent which can
significantly elevate plasma HDL levels.” Thus, HDL-cholesterol raising agents can be useful as
medicaments for the treatment artd/or prophylaxis of atherosclerosis, peripheral vascular disease,
dyslipidernia, hyperbetalipoproteinemia, hypoalphalipoproteinemia, hypercholesterolemia,

hypertriglycesigemiaofaepiliadyparghelesteroleniny %@@W@%%l@srtﬂ@@&@q&’ﬁn@mjﬂ@ad&ﬁ@em'a
cardiac ischemia, stroke [ngocamllal infarction, repe rfusg)r} mllure/ angiop [astic reﬁenosns

aceulic MposiLions containn I &l C as camnents
hypertenslorfJ ancil‘rl vascular co |ca ions o ‘tidbetes, y or enndotoxémia. n addition,
HDL-cholest&p8litaising ‘dgEnidimal beugds ﬁﬁf&ﬁrﬁbﬂﬂirﬁh?%ﬁht@ﬁﬂwwﬁ’m@ﬁﬁ& &aid compound
being an HMGpEoAiredutiaseHntibital:anrmiciosamaktriglyceride transfer protein (MTP)/ApoB
secretion inhibitor, a PPAR activator, a bile acid reuptalce inhibitor, a cholesteryl ester transfer protein

(CETP) inhibitor, a\gholasteralabsonptiontnhikites- a.eholrstenlsypthesis ibikitesya filyrate, niacin,
pfepafatlonsa%gm%naﬁg H&%S{na‘PEQJQ%HW‘éR %9%%'\%%@%!8%@ 9()%‘&5%%8§§|P08%Q aptioxidant, an

ACAT inhibitor or a bile acid sequestrant. bject of the emb o Iments disc se ereln is therefore

to provide a B6FRpBANG WH?Eﬁti%%c&%‘ﬁ? %’L%%feﬁgféw IATEIA G RgdRtcth iRkt #pect, there is
provided a compourickohttie fdrnduta Mo prdeisonidriczforerd sindphanmaegutically iaeceptatile salts

thereof. neutral fipids (triglveeride and cholesterol ester) and an envelope of polar lipids

{phospholipids and non esterified cholesterol). There are 3 different classes of plasma
lipoproteins with different core lipid content: the low density lipoprotein (LDL) which is
cholesteryl ester (CE) rich; high density lipoprotein (HDL) which is also cholestery] ester
(CE) rich; and the very low density lipoprotein (VLDL) which is triglyceride (TG) rich.
The different lipoproteins can be separated based on their different flotation density or

size.

High LDL-cholesterol (LIDL-C) and triglveeride levels are positively correlated,
while high levels of HIDL-cholesterol (HDL-C) are negatively correlated with the risk for

developing cardiovascular diseases.

No wholly satisfactory HDL-elevating therapies exist. Niacin can signilicantly increase
HDL., but has serious toleration tssues which reduce compliance. Fibrates and the HMG
CoA reductase inhibitors raise HDL-cholesterol only modestly (-10-12%). As a result,
there is a



It has been found that the compound of formula | of the present invention is very useful for the
treatment and/or prophylaxis of diseases which can be treated with HDL-cholesterol raising agents, i.e.
the compound of formula I is especially useful for the treatment and/or prevention of dyslipidemia,
atherosclerosis and cardiovascular diseases. Object of the embodiments disclosed herein is also to
provide a compound which is, at therapeutically active concentrations that_ increase
HDL-con&¢htFitIBhEIRGt PEEL AR WIthIRE CRERiEE pRST THISTS BR CATNEErY eddragEnds may
compromiselthevtherapeutic utility of HDL-cholesterol raising agents, as both agonists and antagonists
of the CBL1 receptor have the potential to lead to side effects. ~ Compounds with common structural
“elements haveTheerdisclosedias CRiingegpiar @antagenists (WrA006:H060Q5Mandmmbied CB1

receptor gg&ﬂg%gﬁﬁﬂﬁl% gf}g@&g@é;&@jrﬁgﬁg@% &Xé@l%%%%&?@%ﬂpﬁ%ﬁa, Ina secopd aspect,
there is provided a pharmaceutical c%r]ir%i%%sltlon compr|S|rr:hgy§ec mpounﬁﬁi&of,formula | as defined above

and a phaPRECSHIEA  LREBIALIERS RRBIEF VA IC%I?'}%?tFﬁ Gpect, there is provided a
compounbiyoéfoighrderiasidefimadica bovertbpiaserals madivaderiscular fisarfotinthraspescitigi® is
provided theil4sasohantormpaehobiaraminasicefinedraboveiininepreparationefmedicaments for
the treatr%enér@ngigﬁ,%@%@ﬁ& o ?caaﬁ‘c?ﬁs‘%lf‘@QI%%&P?bgﬁ%;%gfe‘?{&&é@ﬁﬁghmeSteml raising agents.

In a fifth aspect, there Is provided a process for the manufactu a compounds of formula | as
defined above mwg‘dﬁﬂi&;?ﬁ%f-&%’oﬁg{ésﬁ Lol uivnad] ound of formulla, s yherein. s nalogen, with
an aryl metal species of'the formula witeréin M"'means boronic acid or a%]oron!c acid ester, in
the presefRERIMEMP s iEaNRO Ut PR AT e HuB NS AR SH BRI s 8p MR IAE B8HE%n a chiral
HPLC colmkreanch:iic @&, .0mivesting théntesuliing EBrmpaatidaafrferildadidnte: prypedritaceytically
acceptable galttheteats. riinlessothanvisepndicatad, thedollowina.defisitions sisisetforth to _
illustrate %T% deflnz the meagkr%g. and sEope of. the various terms used.to descrlbert%ue %Wnon herein.
1101, 4 11 /
0 ecula

"Isomeric TSHAS AR Sgﬁ%ﬁﬁé a cdmpour%ed CRSractey z%at%)§l %)\ﬂ%nénn%in entical mofe rformula
but that dEEeRiF e ARG SEELBTRE DT Bt My OF thbiRatoAs Grahilnaadrssyesiat of their
atoms in space. Preferably, the isomeric forms differ in the arrangement of their atoms in space and
can also be terniegkcstgrgrisaBigisentiaremsamersitnatiaseHel e doaeesLede ropteer are

termed "digstetegisoTeey & sigiegisqmers that are non-

In a first aspect, there is provided a compound of the formula

Gl

OH

- and 1someric forms and pharmaceuatically acceptabie salts thereof,

1t has been found that the compound of formula I of the present
inventioﬁ is very useful for the treatment and/or prophylaxis of diseases which can be treated
with HDL-cholesterol raising agents, i.e. the compound of formula ] is especially useful for the
treatment and/or prevention of dyslipidemia, atherosclerosis and cardiovascular diseases. Object
of the embodiments disclosed herein is also to provide a compound which is, at therapeutically active
concentrations that increase HDL-concentrations, not interacting with the CB1 receptor. This is
because CB1 receptor ligands may compromise the therapeutic utility of HDI-cholesterol raising
agents, as both agonists and antagonists of the CB1 receptor have the potential to lead to side

affecis.

Compounds with common structural elements have been disclosed as CB1 receptor
antagonists (WO 2006/106054) and mixed CB! receptor antagonists/HHDL cholesterol raising
agents (WO 2008/040651).



WO 2011/029827PCT/EP2010/063136 -3- superimposable mirror images are termed "enantiomers”,
or sometimes optical isomers. A carbon atom bofBled to four non-identical substituents is termed a
“chiral center". _ The term "pharm ceuticallgl c epta%le salts" refers to those salts which retain the
biological effectieActs HHH DRSBer S0 tRHAE bts AL BPHER KRS THTE N Sre BPBMBgically 5 or
otherwisemnaesitatiefomhe sdltss adeffiorined witméh argdainacidscslizheagtiydrochtoric acidy
hydrobroggjg\%g{q, sulfuric acid, nitric acid, phosphoric acid and the like, preferably hydrochloric acid,
and organic acids such as formic acid, acetic acid, propionic acid, 3cho|ic acid, pyruvic acid, oxalic

acid, maleic aciéf nidigthrsRasd tsahsy REORERS, Saeepruatry, feimaad atrriamtanyclr et acid,

benzoic agigicelgamic acid, mandelic acid, methanesulfonic acid, 10 ethanesulfonic acid,

p-toluenesulfonic acid, salicylic gcid,.N-ace déc stein apd the like.. Thus, preferred “pharmaceutically
acceptable saltsl,ﬁl inc ﬁaﬁé ﬁ%gcgl%rteel,s 8?8%‘?&%8&%%85? f&%?gt%ﬁdfﬁﬁr#gpﬁuel? rﬁlaé’leg g?ﬁaégéﬁate, nitrate,
oxalate, ptrobpretparsitiate, martcatecaid doosyacesanichdomponhelesof fodivaack Wigh griors,
pharmacguticaly;agenplahie.salts maybedrepared from addition of an inorganic base or an organic
base to the free acid. Salts derived from an inorganic 15 base includg, but are not limited to, the

sodium, potassith?: ftARuAT 6T AP QSRS ErR, RIS ST0 S SEWRE e Thd SRREBEREd from
organic blases!iiciudelnudt fre-6ctHinhitecctss saltpdprimaiyn secandaryd ahfbtertiary amines,
substituted amines including naturally occurring substituted amines, cyclic amines and basic ion
exchange resins, such as isopropylamine, trimethyjarnine; diethylarnine, triethylamine, tripropylamine,
ethanolamine, diethylamine, lysine, 20 arginine, N-ethylpiperidine, piperidine, piperazine and the like.
The compound of formula | can also ' witterions or in the form of hydrates.
Particularly preferred pharmageutically a lcept le saks of compounds of formula | are the
hydrochloride salts. In ~the present ifEntion relates to 5-(3,4-dichloro-phenyl)-
N-((1R,2R)- 2-hydroxy-cyclohejyl)-G-E%,2,2-trif|uoro-ethoxy)-nicotinamide, i.e. a compound of formula |
of 25 the isomeric form la. Cr WO 20111029827PCT/EP20101063136 -4- _Inanother preferred
aspect, the present invention refers to 5-(3,4-Dichloro-phenyl)-

N((18,210-2-hydmg%éqxgltqlgw&gi(%,ghzgﬁrgllypﬁ%gh%@igp{i{&amjlq«ami.e. a compound of formula |

of the isomeric form Ib. C

Cl
Ci
it

~—

M

wherein M means boronic acid or a boronic acid ester, in the presence of a Pd

catalyst under basic conditions,
and optionally separating the isomers on a chiral HPLC column,

and, if desired, converting the resulting compound of formula I inte a pharmaceutically

acceptable salt thereof.

Unless otherwise indicated, the following definitions are set forth to illustrate and define

the meaning and scope of the various terms used to describe the invention herein.

“Isomeric forms™ are all forms of a compound characterized by having an identical
molecular formula but that differ in the nature or the sequence of bonding of their atoms or in the
arrangement of their atoms in space. Preferably, the isomeric forms differ in the arrangement of
their atoms in space and can also be termed “stereoisomers”. Stereoisomers that are not mitror

images of one another are termed “diastereoisomers™, and sterecisomers that are non-



5The invention also relates to 5-(3,4-dichloro-phenyl)- N-((IS,2R)-2-hydroxy-cyclohexyl)-6-
(2,2,2-trifluoro-ethoxy)-nicotinamide and pharmaceutically acceptable galts thereof. The compound of
formula can ReprgRRLeE Py a process, which process comprises coupling a com ound of formulq
10wherein Xis ha}%gen, with an aryl metal species of the formula CI gv]?/ rg’!rgn s k_Joronlc
acid or a boronic acid ester, in the presence of a Pdicatalyst under basic conditions, and_optlonally
separating the isomers on a chiral HPLC column, 15and, if desired, converting the resulting compound

offorme i ppEAES RIS Asspiale Al NGR! WO OM/QUREIRCTEPR0T00031:

3 18 'S, .
i horonic acid or ar nic acid estef. The palladium

-5-  The aryl metal species is preferably an aryl ) [

catalyst iscﬁlr%?gr%ltgﬁ}%%%ffg%ﬁf Thac 'é?ﬂ]ifﬁ‘%’éﬂf}?ﬁ%ébfﬁﬂ’ée%%(tﬁ?ga%%ﬁéllgdium(lI)chloride-(_jppf
complex which,is used n the presence of a base, preferably triethylamine or sodium carbonate. X is
halogen, more PIEfETRLBIKTRAGFBHTEb toerE it ralsy rvesidouihase wdmpbishdsteiihthe general
structure M@ﬁ%@f&gﬁhﬁi@hemd properties of the free bases or free acids, which are not biologically

5 orotherwise undesirable. The salts are formed with inorganic acids such as hydrochloric acid,
hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid and the like, preferably hydrochloric
acid, and organic acids such as formic acid, acetic acid, propionic acid, glycolic acid, pyruvic
acid, oxalic acid, maleic acid, malonic acid, salicylic acid, succinic acid, fumaric acid, tartaric
acid, citric acid, benzoic acid, cinnamic acid, mandelic acid, methanesulfonic acid,

10 ethanesulfonic acid, p-toluenesulfonic acid, salicylic acid, N-acetylcystein and the like. Thus,
preferred “pharmaceutically acceptable salts” include the acetate, bromide, chioride, formate,
fumarate, maleate, mesylate, nitrate, oxalate, phosphate, sulfate, tartrate and tosylate salt of
compounds of formula L. In addition, pharmaceutically acceptable salts may be prepared from
addition of an inorganic base or an organic base to the free acid. Salts derived from an inorganic

15 base include, but are not limited to, the sodium, potassium, lithium, ammonium, calcium,
magnesium salts and the like. Salts derived from organic bases inciude, but are not limited to
salts of primary, secondary, and tertiary amines, substituted amines including naturally occurring
substituted amines, cyclic amines and basic ion exchange resins, such as isopropylamine,
trimethylamine, diethylamine, triethylamine, tripropylamine, ethanolamine, diethylamine, lysine,

20  arginine, N-ethylpiperidine, piperidine, piperazine and the like. The compound of formula I can
also be present in the form of zwitterions or in the form of hydrates. Particularly preferred
pharmaceutically acceptable salts of compounds of formula T are the hydrochloride salts.

In a preferred aspect, the present invention relates to 5-(3,4-dichloro-phenyl)- N-((1R,2R)-
2-hydroxy-cyclohexyl)-6-(2,2,2-trifluoro-ethoxy)-nicotinamide, i.e. a compound of formula I of

25 the isomeric form Ia.
Ci
Cl
O
~ N\“ Ia

F | H I

= = OH

ﬁ/\o N

F

The invention also refers to 5-(3,4-dichioro-phenyl)- N-((1K,2R)-2-hydroxy-cyclohexyl)-6-
(2.2,2-trifluoro-ethoxy)-nicotinamide and pharmacentically acceptable salts thereof,



according to the following schemes 1to 2.  Following the procedure according to scheme 1,
compound AA (5-bromo-6-chloro-3- pyridinecarboxylic acid, CAS RN 29241-62-1) can be used as

starting matggigl,4fg&emmercially available or can alternatively be preg)%rﬁg i%ggulti step

sequence from 6- 10 hydroxy-3-pyridinecarboxylic acid following literature proce Ures: 26 Compound
AC can be prepared from AA by reaction with a suitably substituted primary or secondary alcohol of

formula AB in the presence of a base, for example potassium hydroxide, in a inert solvent, for example
dimethylsulfoxideaiHieHREaLr reflux temperature of the solvent,
preferablx @k %r_’a_ge m I&%gt?%?%%%%@?ﬁf%%@%%ﬁ%ﬁﬁg ﬁ/ﬁg%%gr%%é’ /R?&?n f?)d @Ine
corresponding anine of fermula A’ 5?_ ItanIe AR B SR SRR e o < crHESE e &étions are
known in fr@t s sdsmpractuplify reagents like N,N'-carbonyl-diimidazole (CDI),
N,N"-dicyclohexylcarbodiimide (DCC(), 1-(3-dimethylaminopropy1)-3-ethylcarbodiimide hydrochloride
(EDCI), 1-[bis(dimethylarnino)- metljylene]-1H-1,2,3-triazolo[4,5-b]pyridinium-3-oxide
hexafluorophosphate (HATU}

such transformation. A convenien
s base (N-ethyldiisopropylarni -
temperature. In the following g L&) nds.gf formula | argi@btained by coupling a suitably 25
substituted aryl metal species of formut& AF Preferably a arylboronic acid or arylboronic acid ester,
with AE in the presence of a suitgble catalyst, preferably a palladium catalyst and more preferably
palladium(ll)acetate/triphenylphosphine mixtures or palladium(Thchloride-dppf (1,11-

bis(cigheny Iphasphna)(en-aeens). comelexes,and Aase, prseranly sietylamine ot sodiym,

carbonat%zn inert solvent such as d|_met’h¥ orm > %}%ﬁ Grids

or compotirds THHEPErE PP EBAPLP LRABIA G4 REREAS SRBY A5 RPARIS BB IRISRS chiral centers
depending on the exact nature of the amine AD. Chiral 5 compounds AE-chiral or 1-chiral may be
obtained by a \{ﬂ?rie%g m thggs kr}g\rffn in the art, like synthesis from chiral precursors or chiral
separation methodS ERIPAT SEFAFAHEA 51 ARiPATRIBLE LR RIS Ss HHTARTAGES GERBsERbrmed for the
compound that provides the higher solubility in the mobile phase. Compounds of formula AE are in
general more §§Wiﬁ?@ﬁ8ﬁ%@£g&{8}%ixture3 than compounds of formula I. The separation of
AE-chiral | and AE-chiral 2 from AE- 10 rac can be performed according to scheme 2 using a suitable
chiral HPLC column such as ChiralPak AD@ or sifilar stefionayy phases either in batch or as moving
bed process with suitable mobile phasgs such as opanol mixtures. As described
above, the compounds of formula | of t [ een be used gs medicaments for the
treatment and/or prophylaxis &f diseases hicfp can bé treatgd with HDL- 5 cholesterol raising agents.
cular disease, dyslipidemia,
hyperbetalipoproteinernia, hypoalphalipoproteinemia, hypercholesterolemia, hypertriglyceridemia,
_familial hypercholesterolernia, cardiovascular diseases such as angina, ischemia, cardiac ischemia,
stroke, myocardial infarction, reperfusion injury, angioplastic restenosis, hypertension, and vascular
compfications whdigibetes haloesitywaith an aryl metal species of the formula

Cl
C
i1}
M

wherein M means boronic acid or a boronic acid ester, in the presence of a Pd catalyst
under basic conditions,

and optionally separating the isomers on a chiral HPLC column,

15 and, if desired, converting the resulting compound of formula I into a phannaéeuticaliy
acceptable salt thereof.



10 endotoxemia. The use as medicament for the treatment and/or prevention of dyslipidemia
atherosclerosis and cardiovascular diseases is preferred.  The invention therefore also relates to a
pharmaceuti%hcz%m%(?ﬁéggn comprising a compound as defined above and a pharmaceutically
acceptable carrier and/of adjuvant which are useful for the treatment and/SFprEFMRDE ¥f diseases
which can be treated with HDL- 15 cholesterol raising agents.  Thus, the invention relates to a
pharmaceutical composition as defined above for the treatment and/or prophylaxis of atherosclerosis,
peripheral vas r disease, dyslipiderni )erbetaljpoproteinemia, hypoalphalipoproteinemia,
hypercholestercg;lg%mairg?H)f%%r%ﬁxg%/%gelﬁgéer%rg%grﬁl%?%%%ré)%ﬁgfégt%%% HPEaAGlgvaEEuldiEdiseases
such as aﬁ@%@f%‘i@%ﬁf%?rég‘?ﬁ’i@é’ SRHEa N dsretatpiophetiAbafakino mireperusion injury,
angioplastielfedtendsis) bypedppSiommandwidst ilared mplieatiarsef diabelesrofesity or endotoxemia.
In anothergeaosimenss ibeiinyentienelatesiosmeihad Ia%%}%ﬁé?ﬁtfg%}}H@é‘%@é&?{ophﬂaﬂs of

0

diseases which can be treated with HDL-cholesterol raising agents, which met comprises

administering artherapguticaliefteRimAnMALAS geﬁgmps%%g&é fomHalaagapatent in need

thereof. EXQJQ Jle% %)Oft uch, iseases are %ﬁheroscleross, peripheral vascular disease, dyslipidemia,
hyperbetafipoproteinentia. %ngﬁ%ﬁﬁb% &einemia, hypercholesterolemia, hypertriglyceridemia,
familial hyperc%%L sterolemia, cardiovascular diseases such as angina, ischemia, cardiac ischemia,

stroke, myocartfaOKtAFHE R eI &SRB 2 6/ e dsorpreTEpeh 1 Hlosarss cgoinidry,

angioplastigrésrsaduisyhy pedensid R A stlibroeorplicatienstofidipheteslohesity or endotoxemia.

A method demihedrantmentaRdpEprerbylaxia phdyRlipideninatherosslernsis,ang Gargiovascular

diseases isa 8{?7 [5‘?19)7 Aﬁim%%gl%meaé?y?oq%% I{%eﬁ es. to the use 19f compounds of formula I as defined
' or

t
above for 5 the preparation of a medicament heetrraggi?npérﬁf andror prophylaxis of diseases can be
treated with HDL raisin nts. Examples of such diseases are atheroscleraosis, peripheral vascular
disease, dysliggj_oem ialfnf%y%géﬁgaqug@e g@%@%ﬁ%‘& ISR HAR PP SrEaR= Ry utes BIusEI e mia,
hypertriglyEePriERia RIRTiRAITRYB datrarEtEC ol aibviesél ar il potrsuon hpdamgitrajischemia,
cardiac isetiesriiaolstrukéyrrmyoupldithietaistidoxieperosipar &0rin] aom aDRIORIABH L FESIRNRSIS

hypertens{%p@{agn\éa&qg@g&%ﬁQlﬁéfggm}p&qmgg&pgpﬁgy or endotoxemia. The use of compounds
of formula | as defined above for the preparation of medicaments for the treatment and/or prophylaxis

of dyshpidernia-gifisseselRiosis 8ot caisliovasaan iseases [PisRted,Inaddion DL aising
agents of fogsrgulsa}llltabrﬁ useful m{ﬁgnblnatlon ar assé’matlpn wit fgaﬁofhe_rgcompouné), Said
compound’ eing selecdd! 1R T Yrons F&ﬁggﬁna}ﬁf%ﬁm%ﬁﬁkpéﬁ’%% mhibRogxample
microsoméetPlRsceaga tr Airsrdk Brovshr v TR midse s sESRtion Wkibiaelphex ylcarbodiimide (DCC),
1-(3-dimethylaminopropyl}-3-ethylcarbodiimide hydrochioride (EDCD), 1-[bis(dimethylamino)-
methylene]-1H-1,2,3-triazolo[4,5-b]pyridinium-3-oxide hexafluorophosphate (HATU), 1-
20 hydroxy-1.2,3-benzotriazole (HOBT), and O-benzotriazol-1-y1-N,N,N’.N’ ~tetramethyluronium
tetrafluoroborate (TBTU) can be employed to affect such transformation. A convenient method
is to use for example TBTU and a base, for example Hiinig’s base (N-ethyldiisopropylamine) in

an inert solvent such as for example dimethylformamide at room temperature,

In the following step compounds of formula I are obtained by coupling a suitably
25 substituted aryl metal species of formula AF, preferably a arylboronic acid or arylboronic acid
ester, with AE in the presence of a suitable catalyst, preferably a palladium catalyst and more
preferably palladium(INacetate/triphenylphosphine mixtures or palladium(IDchloride-dppf (1,1'-
bis(diphenylphosphino)ferrocene) complexes and a base, preferably triethylamine or sodivm
carbonate in an inert solvent such as dimethylformamide or toluene,



a PPAR activator, a cholesteryl ester transfer protein (CETP) inhibitor, a bile acid reuptake inhibitor, a
cholesterol absorption inhibitor, a cholesterol synthesis inhibitor, a fibrate, niacin, a preparation
containing n%%qnl@wf%HMMa agonists, an ion-exchange resin, an antioxidant, an 20 ACAT
inhibitor or a bile acid sequestrant. ~ The invention therefore also related” %’gw&‘?ﬁ@?:ﬂmical
composition comprising a compound of formula | ag;defined above in combination or association with
a compound selected from the group consisting of an HMG-CoA reductase inhibitor, an microsomal
triglyceride transfer protein (MTP)/ApoB secreti%@ i&%ié:)#t]or, a PPAR activator, a cholesteryl 25 ester
transfer protein (CETP) inhibitor, a bile acid reuptgke inhibitor, a cholesterol absorption inhibitor, a
cholesterol synthesis inpjbitor, a fibrate, niacin, a preparation congaining niacin or other HM74a
agonists, anBiron-exchan e resingan. aRtjexidant, an AGAT inhibitgf or a bile acid sequestrant, as well
as a pharmaceutt cteptable carrier and/or adjuvantyThesjiver@ion further relates to the use of
compounds of fgrmyla | as defingd above in 3QF opxajnatian gy association with a compound selected
from the grauip comsisting of an “~CQA reduclase fhhibithr, an microsomal triglyceride transfer
protein (MTP)/Apo(?Eecretion inhibitor, a PPAR dctivator, a cholesteryl ester transfer protein (CETP)
inhibitor, a bile acid reuptake inhibitor, aA#holesterol absorpﬁSn inhibitor, a cholesterol synthesis
inhibitor, a fibF&t‘?@,2r5?i2<3f18i'ﬁs,gél1 preparation contagining niacin or other HM74a agonists, an ion-exchange
resin, an 35 antioxidant, an ACAT inhibitordr a lble acid sequestrant for the preparation of a

treatment and/or prophylaxis of diseas€s\whichPdanatbigstreat

which method comglr f a ther&peautically effeq

to formula | in combinagio ‘ eutically

selected froFﬁ: 10 the iSting ¢ vreductase inhibitd
transfer proteirj (MTP)/AP6B secretion inhibitor, a HPAR activata

(CETP) inhibitér, a bile acid reuptake inhibit&J, gholesterol abserption inhibitor, a cholesterol
synthesis inhibitor, a fibratggniacin, a preparatio aining niacin or other HM74a agonists, an
ion-exchange resin, an antioxidant, an ACAT inhibttor oma bile acid sequestran{. 15The compounds of
formula land/or their pharmaceutically acceptable saf#ts can be used in the form of pharmaceutical
compositions for enteral, parenteral or topical administration. They can be administered, for example,

perorally, e.g. (totheotorn @iftablels Atoatedripblels: DiagerspRaikandspi-galating cansulss,
solutions -eRRLISINNS P SHSPARTIENR. QTalle i 10, thR form of hucsalcavities. rectally, e-g- in the form
of SU%OOSCI;[)?TE%)%%th\[Aegtg{SQ%}? I%hg?a{%a;oégn ogtained by a variety of methods known in the art, like

synthesis from chiral precursors or chiral separation methods. Chiral separation on chiral HPLC

columns is advantageously performed for the compound that provides the higher solubility in the

mobile phase. Compounds of formula AE are in general more soluble in heptane/alcohol

mixtures than compounds of formula 1. The separation of AE-chiral I and AE-chiral 2 from AE-

10 rac can be performed according to scheme 2 using a suitable chiral HPLC column such as
ChiralPak AD® or similar stationary phases either in batch or as moving bed process with

suitable mobile phases such as heptane/isopropanol mixtures.



20 injection solutions or infusion solutions for intramuscular, intravenous or subcutaneous injectioi or
topically, e.g. in the form of ointments, creams or oils. Oral administration is preferred. = The
production ow eutical compositions can be effected in a mann}gr,l\,/}/hll%p ngl_l tl)sei(familiar to
any person skilled in the art by bringing the described compounds of formuta Fanaror théir
pharmaceutically acceptable salts, optionally in combination with other 25 therapeutically valuable
substances, into a galenical administration form together with suitable, non-toxic, inert, therapeutically
compatible solid or liquid carrier materials and, g&%ﬁ&r@ usual pharmaceutical adjuvants.  Suitable
carrier materials are not only inorganic carrier materla?s, but also organic carrier materials. Thus, for
example, lactose, corn starch or derivatives thereof, talgastearic acid or its 30 saltsigan be used as
carrier materials for tablets, coated tablets, dragees and hard gelatine capsules. Suitable carrier

oils, waxes, fats afd se 9lid and

O carrigts might, liowever, be required

for injectiorquolutions are, for example, WQ!2011/029827PCT/EP2010/Q63136 -10- water, alcohols,
polyols, glycerol arlg ve%etable oils. Suitable carrier materials for suppositorieiég?ﬁrfa%example,

natural or hardened 6il , waxes, fats and semi-liqLﬁ‘g'SPiﬁ?fJid polyols. Suitable carrier materials for

topical preparations are glycerides, semi-synthetic and synthetic glycerides, hydrogenated oils, liquid

waxes, liquid paraffins, liquid fatty alcohols, sterols, palyethylene 5 glycols and cellulose derivatives.

et stanizors R B R A B BT B At

flavor-impPEYIREGEHE, BateIBrIERAGIREcoEMvtE prdissares Wik canbsthpried va8idbiNzers,

colorantscmtesteaskingiag emstaht anpisxidbntshcbmasintocathsideration g fharmiaesutieal adjuvants.

10The th@qmy,tig@ﬂﬁpﬁﬁ@m\@mmip@fﬂ@éa%@fﬁpﬁoggm%a@ﬂﬁ&ﬁéﬁﬁmU'a | can vary within wide
Y

limits de%g;%%%gq(?&tg}glg&s}g’ ,3’3’ g%ﬁg &F:C%%ggggj, arllpe%%%g%%tr%?c individual cogdition f the patient and

olesterojemia, cargiovascular
the mode ministration, and wi course, be fi & individual reiquwemehfs i each

particulartHEESFUrh 8t RS e ehardairebaa gssribotickad ogaisin] dafexiany raptisioto 50 mg,
comes iniojeonsiteratiotic Bependin§ parsexarityaof theaiseasedindt i thé ¢inteise pharmacokinetic

profil thecompesind Tauldde adminisiaresWith RaeRLsaNew! Halh 05398 MNfRcHmE N 110 3
dosage ug@g&m RNl Spg}%rgzha B%i%%! acl_ocﬁggt)g%itignsr&%nrggniently contain about 1-100 mg, preferably 5-
50 mg, of a compound of formula T’ i the Sfo?lemg examples the tests that were carried out in

order to deternine. the . %gvtggrgtor%fatllgel%?amg?ggdﬁ a?fng%mtl.ll | and especially their valuable

pharmacological properties are described. Exdripidd Hhcal Composition cotiprsing a
compound as defined above and a pharmaceutically acceptable carrier and/or adjuvant which are
useful for the treatment and/or prophylaxis of discases which can be treated with HDL-

15 cholesterol ratsing agents.

Thus, the invention relates to a pharmaceutical composition as defined above for the
treatment and/or prophylaxis of atherosclerosis, peripheral vascular disease, dyslipidemia,
hyperbetalipoproteinemia, hypoalphalipoproteinemia, hypercholesterolemia,
hypertriglyceridemia, familial hypercholesterolemia, cardiovascular diseases such as angina,

20 ischemia, cardiac ischemia, stroke, myocardial infarction, reperfusion injury, angioplastic

restenosis, hypertension, and vascular complications of diabetes, obesity or endotoxemia.

In another embodiment, the invention relates to a method for the treatment and/or
prophylaxis of diseases which can be treated with HDL-cholesterol raising agents, which method
comprises administering a therapeutically effective amount of a compound of formula Ito a

25  patient in need thereof, Examples of such diseases are atherosclerosis, peripheral vascular
disease, dyslipidemia, hyperbetalipoproteinemia, hypoalphalipoproteinemia,
hypercholesterolemia, hypertriglyceridemia, familial hypercholesterolemia, cardiovascular

diseases such as angina, ischemia, cardiac ischemia, stroke, myocardial infarction, reperfusion



MS = mass spectrometry; Et = electron impact; ISP = ion spray, corresponds to ESI (electrospray):
NMR data are reported in parts per million (8) relative to internal 25 tetramethylsilane and are
referenced t ium lock signal from the sample solvent (dbDMSO unless otherwise stated);
coupling con%%gr%?g?(ﬁ%% in Hertz, mp = melting point; bp = boiling point;%ﬁ?&zgl{f@@ﬁgh
performance liquid chromatography, Rt = retention gme, TLC -= thin layer chromatography, RT = room
temperature, TBTU = 0-(Benzotriazol-1-y1)-N,N'.N'- tetramethyl-uronium-tetrafluoroborate; DMF =
dimethylf ide, SO =- dimethyl- 30 sulfoxide, THE n- tetrahydrofurane, CAN = CAS Registry
S o O e A R A o
plasma liFRPRIGEFEHE nh st for therraent duhep oty ircinabityaling pris shenpialtevitaindas
determinesdtitihansoter disftees daypéeotdaily administration of compounds. Male hamsters of 6-8
weeks of age were used in 5 the studies. After one week of acclimation, blood samples were collected
from 4 hour-fasdtedidiionatbefarplasmaelipid determinationmpnindalsiwerethen assigeedis treatment

aroups basedep:HRb-chalfsierahlenals: GompmBNse pomiERTadRLARvege,OncR ATy for five
days. Contral apimals received \f&hlézllqealops% %I%cggawgs co Ieé:teglon day five from a4 hourr-fasted
hamsters,w_é%ours after a fmal treatment, jor prasma ipid SRAIYeRC FoEA SOOI IBE: 10
cholesterdfstast: SroiRidemst, BrrshisNipentmisingare. derarinhdérorinigieemigmetric enzymatic assays
(Roche Diagnostite@Gmiétniv dypbeiiglyGeiduaiy fakiDial thplesteiodivakalsodeteiminadrafter selective

precipitatigReaiclRie ramias MR IRy Siandarst Riagesyres ol ahls ok Riasim AR D e phelegigrol levels
in hamsters Com%%upd HDL Cholesterol levels [aan% comapared to contro (g 30 m%kg p.o. of

compound (3, 2 BIchioro-phenyly NG TR SEG22 Y & r%?%é%%%%%&ﬂ%-% aé’-etf"i"ﬁu% gty or
ethoxy)-nfSRHARIE £79 G £f ovpsusinobieHBHg-bhietsfinedabgyeyrshe preparation of
hydroxy-oyetbbrargihlc4a? Re2tritieor andthgypinytotinafdgeipidemia atheroscierosis and

cardiovascular diseases is preferred.

In addition, HDL raising agents of formuls I are useful in combination or association with
15 another compound, said compound being selected from the group consisting of an HMG-CoA
reductase inhibitor, an microsomal triglyceride transfer protein (MTP)/ApoB secretion inhibitor,
a PPAR activator, a cholesteryl ester transfer protein (CETP) inhibitor, a bile acid reuptake
inhibitor, a cholesterol absorption inhibitor, a cholesterol synthesis inhibitor, a fibrate, niacin, a
preparation containing niacin or other HM74a agonists, an ion-exchange resin, an antjoxidant, an
20 ACAT inhibitor or a bile acid sequestrant.

The invention therefore also relates to a pharmaceutical composition comprising a
compound of formula I as defined above in combination or association with a compound
selected from the group consisting of an HMG-CoA reductase inhibitor, an microsomal
triglyceride transfer protein (MTP)/ApoB secretion inhibitor, a PPAR activator, a cholesteryl

25 ester transfer protein (CETP) inhibitor, a bile acid reuptake inhibitor, a cholesterol absorption
inhibitor, a cholesterol synthesis inhibitor, a fibrate, niacin, a preparation containing niacin or
other HM74a agonists, an ion-exchange resin, an antioxidant, an ACAT inhibitor or a bile acid
sequestrant, as well as a pharmaceutically acceptable carrier and/or adjuvant,

The invention further relates to the use of compounds of formula I as defined above in
30 combination or association with a compound selected from the group consisting of an HMG-
CoA reductase inhibitor, an microsomal triglyceride transfer protein (MTP)/ApoB secretion
inhibitor, a PPAR activator, a cholesteryl ester transfer protein (CETP) inhibitor, a bile acid
reuptake inhibitor, a cholesterol absorption inhibitor, a cholesterol synthesis inhibitor, a fibrate,
niacin, a preparation containing niacin or other HM74a agonists, an ion-exchange resin, an
35  antioxidant, an ACAT inhibitor or a bile acid sequestrant for the preparation of a medicament for



+121.9 21.0% 5-(4-Chloro-pheny1)-N-((/R,2R)-2- hydroxy-cyclohexyl)-6-(2,2,2-trifluoro- _
ethoxy)-nicotinamide +103.8 14.7 % 15Example 2 CBI and CB2 receptor affinity The affinity of the
compoundsgg [ ion for cannabinoid receptors was determined using membrane rgparatlons
of human em (rg;/}t?r%l{c}:}{%g%%e)y (HEK) cells in which the human cannabis CBW%&%P’%W& siently
transfected using the Semliki Forest Virus system i.WO 2011/029827PCT/EP2010/063136 -12-
conjunction with [311]-CP-55,940 as radioligand. After incubation of freshly prepared cell membrane

preparati i I ith. or without addition of compounds of the invention, se argtion of
bound an%?:\r/g%?lti}g%{cj%\gvugég ng}gl n%gg é%lﬁgét%ﬁug\}/le%é‘l%glsoy er ﬁf’épgﬂnﬂﬁé%fgé?% |‘\:/'|Jlt1(3)a}rodﬁS Ffilter was

measured B B RT&BR EBA AP S BHE B nfPER IR bRRRES tiRa st heerthelsiHolsMiannabinoid
CB2 recepioestiglsadatamin émilsi g weohbente grepar atidivsy afdalimdinoembiryagiokidnmyrEHEK) cells
in which the-dimmamaan) aisd Biacerionis trnsieplttansieciedausing ihe Senelikiforest Virus
systemg inh%@i%?ﬂ;%f‘ a\%@@%ﬁ%&ﬁl Q»ﬁf})%éa fter incubation of freshly prepared cell

[ th the [31-1]-1i

. ri%?t')%ll%a% &5 g é)aﬁ-n oto]germa.

membrane’ preparation wi -ligand, with or withou lon of compounds of the 10

invention, sepafgtion of bound and free Ii%%r&go\év S &erformed bX filtration O\ii?/é?elgfgi fiber filters.

Radioactivity on The FHarWAS e A By SCintiTation countmg K PR ctitatdd from the

IC50 using 18 emifgpHidon bdtiatichoastelzaeng 8 te BIurbdaplmndaampyi€ompound CBI.

receptor administration of a therapentically effective amount of a compound according to formula I in
combination or association with a therapeutically effective amount of a compound selected from
10 the group consisting of an HMG-CoA reductase inhibitor, an microsomal triglyceride transfer
protein (MTP)/ApoB secretion inhibitor, a PPAR activator, a cholesteryl ester transfer protein
(CETP) inhibitor, a bile acid reuptake inhibitor, a cholesterol absorption inhibitor, a cholesterol
synthesis inhibitor, a fibrate, niacin, a preparation containing niacin or other HM74a agonists, an
ion-exchange resin, an antioxidant, an ACAT inhibitor or a bile acid sequestrant,

15 The compounds of formula I and/or their pharmaceutically acceptable salts can be used in
the form of pharmaceutical compositions for enteral, parenteral or topical administration. They
can be administered, for example, perorally, e.g. in the form of tablets, coated tablets, dragées,
hard and soft gelatine capsules, solutions, emuisions or suspensions, orally, e.g. in the form of
buccal cavities, rectally, e.g. in the form of suppositories, parenterally, e.g. in the form of

20 injection solutions or infusion solutions for intramuscular, intravenous or subcutaneous injection

or topically, e.g. in the form of ointments, creams or oils, Oral administration is preferred.

The production of the pharmaceutical compositions can be effected in 2 manner which will
be familiar to any person skilled in the art by bringing the described compounds of formula I
and/or their pharmaceutically acceptable salts, optionally in combination with other
25 therapeutically valuable substances, into a galenical administration form together with suitable,
non-toxic, inert, therapeutically compatible solid or liquid carrier materials and, if desired, usual
pharmaceutical adjuvants,

Suitable carrier materials are not only inorganic carrier materials, but also organic carrier

materials. Thus, for example, lactose, corn starch or derivatives thereof, tale, stearic acid or its
30 salts can be used as carrier materials for tablets, coated tablets, dragéés and hard gelatine

capsules. Suitable carrier materials for soft gelatine capsules are, for example, vegetable oils,

waxes, fats and semi-solid and liquid polyols (depending on the nature of the active ingredient

no carriers might, however, be required in the case of soft gelatine capsules). Suitable carrier

materials for the production of solutions and syrups are, for example, water, polyols, sucrose,
35  invert sugar and the like. Suitable carrier materials for injection solutions are, for example,



affinity [K1 in pM] CB2 receptor affinity [1(1 in ttM] 5-(3,4-Dichloro-phenyl)- N-((ethoxy)-nicotinamide
1.3 >10 5-(3,4-Dichloro-pheny1)-N-((iS,2R)-2- hydroxy-cyclohexyl)-6-(2,2,2-trifluoro- _
ethoxy)-nicotingrznide >10 >10 5-(4-Chloro-phenyl)-N-((]R,210-2- hydroxy-c&clohex%l&%%,2,2-tr|fluoro-

ethoxy)-nico%arf?ﬁéiea%’%% >10 15Example 3  Preparation of 5-(3,4-di3 %F@gﬁﬁ

N-((IR,2R)-2-hydroxy-cyclohexyl)-6-(2,2,2- trifluoro-gthoxy)-nicotinamide WO
2011/029827PCT/EP2010/063136 -13-
water, alcohols, polyals, glycerol and vegetable oils. Suitable carrier materials for suppositories
are, for example, natural or hardened oils, waxes, fats and semi-liquid or liquid polyols. Suitable
carrier materials for topical preparations are glycerides, semi-synthetic and synthetic glycerides,
hydrogenated oils, liquid waxes, liquid paraffins, liquid fatty alcohols, sterols, polyethylene
5 glycols and cellulose derivatives.

Usual stabilizers, preservatives, wetting and emulsifying agents, consistency-improving
agents, flavor-improving agents, salts for varying the osmotic pressure, buffer substances,
solubilizers, colorants and masking agents and antioxidants come into consideration as

- pharmaceutical adjuvants.

10 The therapeutically effective amount or dosage of the compounds of formula I can vary
within wide limits depending on the disease to be controlled, the age and the individual condition
of the patient and the mode of administration, and will, of course, be fitted to the individual
requirements in each particular case. For adult patients a daily dosage of about 1 to 100 mg,
especially about 1 to 50 mg, comes into consideration. Depending on severity of the disease and

15  the precise pharmacokinetic profile the compound could be administered with one or several
daily dosage units, e.g. in 1 to 3 dosage units.

The pharmaceutical compositions conveniently contain about 1-100 mg, preferably 5-
50 mg, of a compound of formula I,

In the following examples the tests that were carried out in order to determine the activity
20 of the compounds of formula I and especially their valuable pharmacological properties are
described.

Examples

MS = mass spectrometry; EI = electron impact; ISP = ion spray, corresponds to ESI

(electrospray); NMR data are reported in parts per million (8) relative to internal

25 tetramethylsilane and are referenced to the deuterium lock signal from the sample solvent (dg-
DMSO unless otherwise stated); coupling constants (J) are in Hertz, mp = melting point; bp =
boiling point; HPLC = LC = high performance liquid chromatography, Rt = retention time, TLC
= thin layer chromatography, RT = room temperature, TBTU = O-(Benzotriazoi-1-y1)}-N,N’,N'-
tetramethyl-uronium-tetraffuoroborate; DMF = dimethylformamide, DMSOQ = dimethyi-

30 sulfoxide, THF = tetrahydrofurane, CAN = CAS Registry Number.



Cl a) 5-Bromo-6-(2,2,2-trifluoro-ethoxy)-nico nic acid  5-Bromo-6-chloro-3-pyridinecarboxylic acid
(68.0 g, 0.288 mol, CAN 29241-62-1) was dissolved in DMSO (1000 mL) To this solution was added
with stirring potassi droxide 5 (48.25 g, 0.86 mol) and after 10 min irr _room
temperature‘B %gﬂz-}{w&g?oethanol (26.9 mL, 0.374 mol) was added. The%r%?(%%g%\[/%%gg%}ﬁed at room
temperature for 24 h. Water (1000 mL) and concenirated hydrochloric acid (107 mL, 1280 mmol, 37%)
was added and the suspension was stirred vigorously for 4 hours. The precipitate was filtered, washed
with water (4x100 mL) and vacuum dried overpight 5& give the title compound (80.4 g) as an off white
10 solid; MS (El) 299, 301 (MY. b)

5-Bromo; N ((j) ,2R-h roxy:cyglohexyl)-6-(2.2,2-trifluoro-ethoxy)-mcotmamide
5-Bromo=6-t-24 '-" ’S"“ ‘;‘/")’”‘(' (50.0 g, 0.166 mol) was dissolved in DMF (600 mL).

To the solutio’ 1 as added TBTU, (58.9 183 mol -diisopropylethyl.amine, (142.6 10.83 mol)
and (% 2R 2 e ) OB TR T e S e A 2L Ser o or 3 ot
room tenfpédtafelaiy epiveHrIPEsCE vaparatsl- Ny merteditiewiels dkssived st B difkture of
ethyl sicefiatet(liZQ0AfkE) andwEkiEc(306!mkjidh élsolitiarpivaswashBettwicwithhwatérs(@d0 mL) and

the water, phasepwareexiipeiacithetiv aceialr (AP0 M) LgaRiGPhassR Werspesiads dried with

MgSO4 an cenfrated to about 900 rnl.. The product precipitated upon stirri d cooling to OC.
Filtration,” %dgiﬁ?hcéﬁ_@n\il teé%’["f acfé‘%‘%%?ﬁ‘%%’e“é Ign%gﬁ%%%?ﬁg %fﬁ%‘éaﬁ?"v%}cfﬁ? %J \r}g ‘ﬁfl%?i%%yébmpound
(53.1 g) &FBtwhiinslderrsedseligealagoRingd ppscalocatRivfaydheniipm 4 hour-fasted
N-((1R,2Rys2:ayd okyscy efehexybyc€2 téehirfitu piosethitpig) amibetn dintideholesterol, HDL-
5-Brg@OﬂﬂagQ&??ﬁi)%%ﬁy@i@émxgl%@%yg);féeégdgs %Fgézl%&@n%o r mﬁyT ;rggc.%?mqeg_ R e'é%}%@gcgg r1]51_ _
mmol) was dissglv toluene n LA, 79,this solytion was ed wijth stirring
11 hisnaRai e AR Comb e Uirdane BRr e (YT Yty
3,4-dichlofepressibsrasrrisidome Mg Lasammaonaha sodritPéstBidiste solution (2M, 150 mL). This
mixture was heated to 90C for 2 h, cooled to room temperature and filtered WO
2011/029827PCT/EP2010/06 bR 1t Eftews wH idbhrehalestapklemiminiamiREs cake was thoroughly
washed with ethyl ac | , af Wa wice-with-water (2x2000
mL), and the water ph acetatel{PX1 Sholnsidr dDlgalic phas

pooled, dried gt and the volatiles removed in vaguo 57 hentpaidaadvansurified by filtration
through silica |(500g) 5 with ethyl acetate. The solvent wa oved a ' as friturated with
diethyl ether tp give after drying in vacua the title cornpou%%4?%ﬁg§ é]sg é%é}%?ﬁ%%ﬁ%; M| 463.079,
465.077 (M+H

) e AR B Oro-phenyT)- N=((1R.2R)-2-
hydroxy-cyclohexyh)-6-(2,2.2-trifluoro- +779+11.1%

ethoxy)-nicotinamide

5-(3,4-Dichloro-phenyl)-N-({18,2R)-2-
hydroxy-cyclohexyl)-6-(2,2,2-trifluoro- +121.9£21.0%

ethoxy)-nicotinamide

5-(4-Chloro-phenyl}-N-((IR,2R)-2-
hydroxy-cyclohexyl)-6-(2,2,2-trifluoro- +103.8+14.7 %

ethoxy)-nicotinamide

15 ' Example 2

CB1 and CB2 receptor affinity

The affinity of the compounds of the invention for cannabinoid receptors was determined
using membrane preparations of human embryonic kidney (HEK) cells in which the human

cannabis CBI receptor is transiently transfected using the Semliki Forest Virus system in



Preparation of 5-(3,4-Dichloro-pheny1)-N-((1S,2R)-2-hydroxy-cyclohexyl)-6-(2,2,2-trifluoro10
ethoxy)-nicotinamide Cl a) 5-Bromo-N-((]SR,216)-2-hydroxy-cyclohexyl)-6- (2 2,2-trifluoro-ethoxy)-n
cotinamide mgégg 2-trifluoro-ethoxy)-nicotinic acid (75.0 g, O. 25 Fqﬁhgq islag(yed in DM17
(850 mL). To e solution was added TBTU (91.0 g, 0.275 mol), N,N- dnsopropy amine (214
mL, 1 25 mop and (MR,2R,S)-2-amino-cyclohexangt-hydrochloride (41,7 g, 0.275 mol). The reaction
mixture was stirred for 1.5 h at room temperature. The solvent was evaporated in vacua, the residue

was partltseﬁyﬁgc%ﬁvm@n[%ﬂyt@%a}@(%ﬁ%aﬁhm%&lﬁ@&%ﬁﬁ&%@'?@g% SAHRA4p00 mL), the
water phaﬁe%lv]vﬁaa[s se e%v(a?é]teld ext;k §1 %%1 %rg[ t\g/}th ed%}ll?ce @% 180%% ’(%’In%l_ %]ﬁdé’ organic phases
were washé water r ith Mg504 and
concentrdfsENPRLEEEDE0RE bl Breidirg bﬁ@@dﬁa‘t@arﬁww%hm@rw coeli glg%fé@r fHiteration,
WﬁshlngI\gﬁhu?k(tyéwg;:zmgttelggge(m;mmgasﬂﬁeamd cryitignitonacua:gave the title compound (81.1 g) as a
white solid; MS (ISP) 397, M)+.

5-Bromo-N-MFZRy2nhy draky-eyelanexyhfaHei2ventifiuRia-athenybial CH N RHER s was

255 BromardiroiR.eR keI @gg%g]ﬁzxpﬁ%%ﬁe&ﬁ 3@&%%&3@&1&&1@ g2 9, 0.23

mol) was _submitted to Spég}paratlve hiralPak mm column) using

n-heptanSHEGErGHEABY 5714 AER0G B E9Ricasy §§§gﬁﬁ@‘§8ﬁ8éﬁ8r‘?’?/%lékégﬂﬁf%"ﬁhdyﬁ’i%mWO
2011/02982 P etiyE P b 190630 36 . 916 -atittedidinpolindies Beugpivasoibtabé raspeniddels solid from

the first pelatviSe (e300 the (M) DR ABER #ivh o0 edditde )coddpbulds of the

d
?éi?%%%iﬁgﬁ@” %}’%’?*%‘;’i’@%i’%%ﬁ%%% LR i ot 5 el rmon

was diss TSR 6 P MR ERIE T i lﬁd?ﬁfg@elutlon was added with stirring
[1,]'-bis(diphenylphosphino)ferroceneldichlo Iladlum(ll) CF2C12 (0.9 g, 1.06 mmol),
3,4-dichlorophBnyRSsroRr aeatFPoees § OEU@%%%BSH%%@W(%FHBF%@%%M (2M, 106 mL) This

mixture was heated to 90C for 2 h, cooled to room temperature and
Table 2: CB1 and CB2-receptor affinity

CB1 receptor CB2 receptor
Compound affinity affinity
[K; in pM] [K; in pM]

5-(3,4-Dichloro-phenyl}- N-((1R,2R)-2-
hydroxy-cyclohexyl)-6-(2,2,2-trifluoro- 1.3 >10

ethoxyv}-nicotinamide

5-(3.4-Dichloro-phenyl}-N-({(18,2R)-2~
hydroxy-cyclohexyl)-6-(2,2,2-trifluoro- >10 >10
ethoxv)-nicotinamide

5-(4-Chloro-phenyl)-N-((IR,2R)-2-
hydroxy-cyclohexyl}-0-(2,2.2-trifluoro- 0.028 >10

ethoxy)-nicotinamide

I5 Example 3

Preparation of 5-(3,4-dichloro-phenyl)- N-((1R,2R)-2-hydroxy-cyclohexyD-6-(2,2,2-
trifiuore-ethoxy)-nicotinamide



10 partitioned between ethyl acetate (1000 mL) and water (2000 mL), the water phase was separa_ted,
extracted twice more with ethyl acetate (2x1000 mL) and the organic phases were washed once with
water and once with brine (1000 mL each). Organic phases were pooled, dried with MgSO4 and the
volatiles removed I Vacuo. The residue was dissolved in diethyl ether (566 FE2AHfitdfed through
diatomaceous earth. The title compound precipitatgd when n-heptane 15 (500 mL) was added drop
wise to the diethyl ether solution, was filtered off and dried in vacuo to give 33.3 g the title compound
as an off-white solid; MS 463.079 (M-FH}+. WO 2011/029827PCT/EP2010/063136 -16- Example 5
Film coated tablets containing the following ingredients can be manufactured in a conventional
manner: Ingredients Per tablet ompound offormul .0 mg 200.0 mgl

a) 5-Bromo-6-(2,2,2-trifluoro-ethoxy)-nicotinic acid

3-Bromo-6-chloro-3-pyridinecarboxylic acid (68.0 g, 0.288 mol, CAN 29241-62-1) was
dissolved in DMSO (1000 mLy). To this solution was added with stirring potassium hydroxide
5 (48.25 g, 0.86 mol) and after 10 minutes of stirring at room temperature 2,2.2-trifluoroethanol
(26.9 mL, 0.374 mol) was added. The mixture was stirred at room temperature for 24 h. Water
(1000 mL) and concentrated hydrochloric acid (107 mL., 1280 mmol, 37%) was added and the
suspension was stirred vigorously for 4 hours. The precipitate was filtered, washed with water

(4x100 mL.} and vacuum dried over night to give the title compound (80.4 g) as an off white

10 solid; MS (EI) 299, 301 (M),

b) 5-Bromo-N-(( 1R,2R)-2-hydroxy-cyclohexyl)-6-(2,2,2-trifluoro-ethoxy)-nicotinamide

3-Bromo-6-(2,2,2-triflucro-ethoxy)-nicotinic acid (50.0 g, 0.166 mol) was dissolved in

DMF (600 mL). To the solution was added TBTU (58.9 g, 0.183 mol), N, N-diisopropylethyl
amine (142.0 mL., 0.83 mol) and (/R,2R)-2-amino-cyclohexano] {21.1 g, 0.183 mol). The

15 reaction mixture was stirred for 3 h at room temperature. The solvent was evaporated in vacuo,
the residue was dissolved in a mixture of ethyl acetate (1200 mL) and THF (300 mL). The
solution was washed twice with water (700 mL) and the water phases were extracted with ethyl
acetate (600 mL). Organic phases were pooled, dried with MgS04 and concentrated to about 900
mL. The product precipitated upon stirring and cooling to 0°C. Filtration, washing with ethyl

20 acetate/n-heptane (1:1) and drying in vacuo gave the title compound (53.1 g) as a white solid:
MS (ISP) 397, 399 (My".

¢) 5-(3,4-dichloro-phenyl)- N—((1R,2R)-2-hydr0xy-cyc]ohexy]‘)-6—(2,2,Z—tliﬂuoro-ethoxy}—
nicotinamide

S—Bromo—Nw((lR,2R)—2—hyciroxy—cyc]ohexyl)—6—(2,2,2—triﬂuofo—ethoxy)—nicotinarnide (59.8
25 g, 151 mmol) was dissolved in toluene (2500 mL) and DMF (200 mL). To this solution was
added with stirring {1,1°-bis(diphenylphosphino)ferrocene] -dichloropalladium(Ily CH,Cl, {6.15
g, 7.5 mmol), 3,4-dichlorophenylboronic acid (30.2 g, 158 mmol) and sodium carbonate solution
(ZM, 150 mL). This mixture was heated to 9G°C for 2 h, cooled to room temperature and filtered



Microcrystalline cellulose 23.5 mg 43.5 mg Lactose hydrous 60.0 mg 70.0 mg Povidone K30 12.5 mg
15.0 mg Sodium starch glycolate 12.5 ma b 17.0 ma b., Magnesium stcarate 1.5 mg 4.5 mg, (Kernel
Weight) 120.‘)(3,(912% 350.0 mg
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through diatomaceous earth. The filter cake was thoroughly washed with ethyl acetate (3000
mi.). The filtrates were combined, washed twice with water (252000 mL), and the water phases
were extracted with ethyl acetate (2x1500 mL). Organic phases were pooled, dried with MgSQ4
and the volatiles removed in vacuo. The residue was purified by filtration through silica (500g)
with ethyl acetate. The solvent was removed and the residue was triturated with diethyl ether to
give after drying in vacuo the title compound (45.6 g) as a grayish solid; MS 463.079, 465.077
(M+H)™.

Example 4

Preparation of 5-(3,4-Dichloro-phenyl)-N-((15,2R)-2-hydroxy-cyciohexyl)-6-(2,2,2-trifluoro-
ethoxy)-nicotinamide

Cl
Cl

~
F _ OH
\}/\o N

a) 5-Bromo-N—((JSR,ZRS)—2-hydroxy—cyciohexyl)-6—(2,2,2-trif£130ro«ethoxy}—nicotinamide

5-Bromo-6-(2,2,2-trifluoro-ethox y)-nicotinic acid (75.0 g, 0.25 mol) was dissolved in
DMF (850 mL). To the solution was added TBTU (91.0 g, 0.275 mol), N,N-diisopropylethyl
amine (214 mL, 1.25 mol} and (/SR,2RS)-2-amino-cyciohexanol hydrochloride (41,7 g, 0.275
mol). The reaction mixture was stirred for 1.5 h at room temperature. The solvent was
evaporated in vacuo, the residue was partitioned between ethyl acetate (2500 mL) and I N
sodium hydroxide solution (2000 mL), the water phase was separated, extracted once more with
ethyl acetate (1000 mL) and the organic phases were washed 2 times with water (2x1500 mb).
Organic phases were pooled, dried with MgSO4 and concentrated to about 900 mL. The product
precipitated upon stirring and cooling to 0°C. Filtration, washing with ethyl acetate/n-heptane
(1:1) and drying in vacuo gave the title compound (81.1 g) as a white sclid; MS (ISP) 397, 399
(M)*,

b) 5-Bromo-N-((15,2R)-2-hydroxy-cyclohexyl}-6-(2,2,2-trifluoro-ethox y)-nicotinamide

5-Bromo-N-((1SR.2RS)-2-hydroxy-cyclohexyl)-6-(2,2,2-trifluoro-ethoxy)-nicotinamide
(91.3 g, 0.23 mol) was submitted to preparative HPLC on ChiralPak AD® (250x110 mm column)
using n-heptane/isopropanol 85/15 as mobile phase. Baseline separation was achieved and the



Film Coat:

Talc 1.3 mg 2.6 ma b1l Iron oxide (yellow) 0.8 ma b | 1.6 mg Titan dioxide 0.8 mg
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titte compound (43.6 g) was isolated as colorless solid from the first peak; MS (ISP) 395.2, 397.2
(M-H); ORD (589 nM, 20°C, CHCI3) -21.6°.

c} 5-(3,4-Dichlore-phenyl)- N-((15,2R)-2-hydroxy-cyclohexyl)-6-(2,2,2-trifluoro-ethoxy)-
nicotinamide

5-Bromo-N-{{15,2R)-2-hydroxy-cyclohexyl)-6-(2,2,2-triflucro-ethoxy)-nicotinamide {42.0
g, 106 mmol) was dissolved in toivene (1900 mL) and DMF (100 mL). To this solution was
added with stirring [1,17-bis(diphenylphosphino)ferrocene]-dichloropalladiom(Il) CH,CL (0.9 g,
1.06 mmol), 3.4-dichlorophenylboronic acid (20.2 g, 106 mmol) and sodium carbonate sotution
(ZM, 106 mL). This mixture was heated to 90°C for 2 h, cooled to room temperature and
partitioned between ethyl acetate (1000 ml.) and water (2000 mL), the water phase was
separated, extracted twice more with ethyl acetate (2x1000 mL) and the organic phases were
washed once with water and once with brine (1000 mL each). Organic phases were pooled, dried
with MgSO4 and the volatiles removed in vacuo. The residue was dissolved in diethyl ether (500
mL) and filtered through diatomaceous earth. The title compound precipitated when n-heptane
(500 mL} was added drop wise to the diethyl ether solution, was filtered off and dried in vacuo to
give 33.3 g the title compound as an off-white solid; MS 463.079 (M+H)".

Hydroxypropyl methyl cellulose 3.5 mg 7.0 mg, Polyethylene glycol 6000 0.8 mg 1.6 mgi



1.6 mat, 5The active ingredient is sieved and mixed with microcrystalline cellulose and the mixture is
granulated with a solution of polyvinylpyrrolidone in water. The granulate is then mixed with sodium
starch glycolate and magnesium stearate and compressed to yield kernels of 120 or 350 mg
respectively.“iﬂéoﬁgpﬁgﬁg"are lacquered with an ag. solution! suspension SfFtHERZBU R Hh¥ntioned film
coat. WO 2011/029827PCT/EP2010/063136 -17- Example 6  Capsules containing the following
ingredients can be manufactured in a conventional manner: Ingredients Per capsule Compound of

formula (1) 25.0 mg Lactose 150.0 mg Maize St@'}((:ar;n% e.(% mg

Film coated tablets containing the following ingredients can be manufactured in a

conventional manner;

Ingredients Per tablet
Kernel:
Compound of formula (I) 10.0 mg | 200.0 mg
Microcrystalline cellulose 235mg | 435 mg
Lactose hydrous 600mg | 70.0 mg
Povidone K30 12.5 mg 150 mg
Sodium starch glycolate 12.5 mg 17.0 mg
Magnesinm stearate 1.5 mg 4.5 mg
{Kernel Weight) 1200 mg | 350.0 mg
Fiim Coat:
Hydroxypropyl methyl cellulose 3.5 mg 7.0 mg
Polyethviene glycol 6000 0.8 mg 1.6 mg
Talc [.3mg 2.6mg
Iron oxide {yellow) 0.8 mg 1.6 mg
Titan dioxide 6.8 mg 1.6 mg
5 The active ingredient is sieved and mixed with microcrystalline cellulose and the mixture

is granulated with a solution of polyvinylpyrrolidone in water. The granulate is then mixed with
sodium starch glycolate and magnesium stearate and compressed to yield kernels of 120 or 350¢
mg respectively. The kernels are lacquered with an ag. solution / suspension of the above
mentioned film coat.



Talc 5.0 tug 5The components are sieved and mixed and filled into capsules of size 2. Example 7
Injection solutions can have the following composition: Compound of formula (1) 3.0 mg Polyethylene
glycol 400 150.0 mg Acetic acid g.s. ad pH 5.0 Water for injection solutions ad 1.0 ml The active
ingredient is QiSO 1t A mixture of Polyethylene glycol 400 and water fBF UERA&¥A6HIbart). The pH
is adjusted to 5.0 by addition of acetic acid. The valiyne is adjusted to 1.0 ml by addition of the residual
amount of water. The solution is filtered, filled into vials using an appropriate overage and sterilized.

WO 2011/029827PCT/EP2010/063136 Example 6

Capsules containing the following ingredients can be manufactured in a conventional

manner:
Ingredients Per capsule
Compound of formuta (I) 25.0mg
Lactose [50.0 mg
Maize starch 20.0 mg
Talc 5.0mg
5 The components are sieved and mixed and filled into capsules of size 2.

Example 7

Injection solutions can have the following composition;

Compound of formula (I) 3.0mg
Polyethylene glycol 400 150.0 mg
Acetic acid g.s.ad pH 5.0
Water for injection solutions ad 1.0 ml

The active ingredient is dissolved in a mixture of Polyethylene glycol 400 and water for
10 injection (part). The pH is adjusted to 5.0 by addition of acetic acid. The volume is adjusted to
1.0 ml by addition of the residual amount of water. The solution is filtered, filled into vials using

an appropriate overage and sterilized.



- 18- Claims 1. A compound of the formula CI 5 and isomeric forms and pharmaceutically acceptable
salts thereof. 2. A compound of formula | according to claim 1, wherein the compound is
5-(3,4-dichlotg: -N-((1R.2R)-2-hydroxy-cyclohexyl)-6-(2,2.2 ifluoro-ethoxy)- nicotinamide, 3. A
compound oﬁéir)r%%?gé%gggéording to claim 1, wherein the compound is 10 PCTEPAL0063136
5-(3,4-dichloro-phenye-N-((IS,2R)-2-hydroxy-cyclohgxyl)-6-(2,2,2- ifluoro-ethoxy)- nicotinamide. 4.
A pharmaceutical composition comprising a compound of formula | according to any one of claims 1 to
3 and a pharmaceutically acceptable carrier and/or adjuvant. 5. The pharmaceutical composition
according to claim 4 for the treatment and/or 15 prophylaxis of diseases which can be treated with
HDL-cholesterol raising agents. 6. A compoundiafifiermula | according to any one of claims 1 to 3

- for use as medicament. 7. The compound of formula | according to claim 6 for use as medicament
for the treatment and/ok propghwylakis dfeaiheraiaclerosis, peripheral vascular disease, dyslipidemia,
hyperbetalipoproteinemia, hypoalphalipoproteinemia, hypercholesterolemia, 20 hypertriglyceridernia,
familial hypercholesterolemia, cardiovascular diseases such as angina, - 1 9 - ischemia, cardiac

The compound of formula | according toclaim

prophylaxis of atherosclerosis. F;/\
o

F

5 and isomeric forms and pharmaceutically acc:eptabie salts thereof,

2. A compound of formula I according to claim 1, wherein the compound is

5-(3.,4-dichloro-phen yl)—N—((}R,ZR)—2-hydroxy—cyclohexyi)—G-(2,2,2—triﬁuoro—ethoxy)—
nicotinamide,

3. A compound of formula I according to claim 1, wherein the compound is
10 5-(3,4-dichloro-phenyl)-N-((1S,2R)-2-hydroxy-cyclohexyl)-6- {2.2,2-triflucro-ethoxy)-

nmicotinamide.

4. A pharmaceutical composition comprising a compound of formula I according to any
one of claims 1 to 3 and a pharmaceutically acceptable carrier and/or adjuvant.

5. The pharmaceutical composition according to claim 4 for the treatment and/or
15  prophylaxis of diseases which can be treated with HDL-cholesterol raising agents.

6. A compound of formula I according to any one of claims 1 to 3 for use as medicament.

7. The compound of formula I according to claim 6 for use as medicament for the
treatment and/or prophylaxis of atherosclerosis, peripheral vascular disease, dyslipidemia,
hyperbetalipoproteinemia, hypoalphalipoproteinemia, hypercholesterolemia,

20 hypertriglyceridemia, familial hypercholesterolemia, cardiovascular diseases such as an gina,



10. The compound of formula I according to claim 6 for use as medicament for the treatment and/or
prophylaxis of cardiovascular diseases. 1011. Thejuse of a compound of formula | according to any
one of claims 1 to 3 for the preparation of medicaments for the treatment and/or prophylaxis of
diseases which can be treated with HDL-cholesterol raising agents. 12. The use according to
claim 11 for the:preparatigneof edicaments tes t@%;mgptﬁ@gl@{og%og@}g%i% atjgl?ﬁgs,clerosis,
peripheral vasct |sease, 15dyslipidemia,.hyperbetalipoproteinemia,hyp eaphalipoprote,memia,
hypercholes%é%@r%%?%%ﬁ%ﬁ@f c%# g?r%l}él,d%ml %Wﬁﬁﬁe?gh%qgﬁg?gfé%é?% fﬁl?&ﬁésé’ﬁl"aﬁltdiseases
such as an2ii&ndekesEecardiac ischemia, stroke, myocardial infarction, reperfusion injury,
angioplastic restenosis, hypertension, and vascular complications of diabetes, obesity or endotoxernia.
7013. The use according to claim 11 for the preparation of medicaments for the treatment and/or
prophylaxis of dysfipidénsianeekefdostlerosibadnereardiogdsctlamdiséases: as hédidaprecess for the

manufagtureits a-compeunds:oftoimuaiakas defingddmany one of claims 1 to 3, which process
comprises coupling a compound of formula -20 - wherein X is halogen, with an aryl metal species of

the formula ClI wherein M means boronic acid or a boronic acid ester, in the presence of a Pd
catalyst under basicongitions.angraptianally sepatipghe ispmess on.3,chiral: HPLE column,

the freatment and/or prophylaxis of atherosclerosis.

10. The compound of formula T according to claim 6 for use as medicament for

the treatment and/or prophviaxis of cardiovascular diseases.

10 11. The use of a compound of formula [ according to any one of claims 1 to 3

for the preparation of medicaments for the treatment and/or prophyiaxis of diseases
which can be treated with HDL-cholesterol raising agents.

12. The use according to claim 11 for the preparation of medicaments for the

treatment and/or prophylaxis of atherosclerosis, peripheral vascular disease,

15 dyslipidemia, hypefbetaﬁpoproteinemia, hypoalphalipoproteinemia,

hypercholesterolemia, hypertriglyceridemia, famihial  hypercholesterolemia,

cardiovascular diseases such as angina, ischemia, cardiac tschemia, siroke,

myocardial infarction, reperfusion injury, angioplastic restenosis, hypertension, and
vascular complications of diabetes, obesity or endotoxemia.

20 13. The use according to claim 11 for the preparation of medicaments for the

treatment and/or prophylaxis of dyslipidemia, atherosclerosis and cardiovascular
diseases. '

14. A process for the manufacture of a compounds of formula 1 as defined in

any one of claims 1 to 3, which process comprises coupling 2 compound of formula



and, if desired, converting the resulting compound of formula I into a pharmaceutically acceptable salt

thereof.

-20 -

Y

s OH

wherein X is halogen, with an aryl metal species of the formula

Cl
Cl
H

~

M

wherein M means boronic acid or a boronic acid ester, in the presence of a Pd

catalyst under basic conditions,
and optionally separating the isomers on a chiral HPLC column,

and, if desired, converting the resulting compound of formuia | into a pharmaceutically

acceptable salt thereof.



