WD 2011/ 029827PCT/ EP2010/ 063136 5- (3, 4-DI CHLORO PHENYL) - N-

( 2- HYDROXY- CYCLOHEXYL) -6- (2,2, 2-TRI FLUORO ETHOXY) - N CO TI NAM DE AND
SALTS THBRBGH11AB934DL CHOLESTEROL RAI SI NG AGENTS The pr epemEPRINAE1BON
relates to a conmpound of formula I Cl and its isomeric fornms and
pharmaceutically acceptable salts therdef, their manufacture,

phar maceuti cal conpositions containing themand their use as nedi canents.
The conpound of 5 fornmula I, its isomeric fornms and pharmaceutically
acceptabl e salts are especially useful as HDLchol esterol raising agents.

At herosclerosis and its associated coronary heart disease is the |eading
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certain plasma lipid levels. Lipids are transported in the blood by 10

| i poproteins. The general structure of |ipoproteins is a core of neutral
lipids (triglyceride and chol esterol ester) and an envel ope of polar |ipids
(phosphol i pids and non esterified cholesterol). There are 3 different
classes of kst ihRABOATALRS oM EdntivnbiF €nukor € i pi d content: the |ow
density lipoprotein (LDL) which is cholesteryl ester (CE) rich; high
density lipoprotein (HDL) wgjch is also cholesteryl ester (CE) rich; and
the very low density |ipoprotein (VLDL) which is 15 triglyceride (TG rich

The different Ilpoproﬁa 8 ted hased on their different
flotation density or size Hi gh LDg-cho erol (LDL-C) and
triglyceride levels are phs or r.el at ed Pile high | evels of

HDL- chol esterol (HDL-C) are~negay) very colNelayed with the risk for
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t her api es exist. N acifr icghi ™ngantly incr&ase HDL, but has serious
tol eration i ssues which reduce conpliance. Fibrates and t he HMG CoA

reduct ase inhibitors raise HDL-chol esterol only nodestly (-10-12%. As a
result, there is a W) 2011/029827PCT/ EP2010/ 063136 -2- significant unnet
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ester raising agents.

Atherosclerosis and its associated coronary heart disease is the leading cause of death in
the industrialized world. Risk for development of coronary heart disease has been shown to be
strongly correlated with certain plasma lipid levels. Lipids are transported in the blood by

10 lipoproteins. The general structure of lipoproteins is a core of neutral lipids (triglyceride 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 cholesteryl ester (CE) rich; and the very low density lipoprotein (VLDL) which is

15 triglyceride (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 positively correlated, while high
levels of HDL-cholesterol (HDL-C) are negatively correlated with the risk for developing

cardiovascular diseases.

20 No wholly satisfactory HDL-elevating therapies exist. Niacin can significantly increase
HDL, but has serious toleration issues which reduce compliance. Fibrates and the HMG CoA

reductase inhibitors raise HDL-cholesterol only modestly (-10-12%). As a result, there is a



hypertriglyceridema, famlial hyperchol esterol em a, cardi ovascul ar

di sorders, angina, ischem a, cardiac ischem a, stroke, nyocardi al

i nfarcti oNp 20epees2asi on i nj ury, angi opl astic restenosi spChpreomesHBON, and
vascul ar conplications of diabetes, obesity or endotoxem a. In addition,
HDL- chol esterol raising agents may be t¥sed in conbination with another 10
conpound, said conpound being an HMG CoA reductase inhibitor, an m crosonal
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aci d, nfkcmc aci d, phosphoric acid and the |ike, preferably hydrochloric
acid and organi c acids such as formc acid, acetic acid, propionic acid,
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sal | cyI i c acl Succl nli ¢ acl umar] ¢ acl tartaric acid, citric acid,
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ethane%%&ﬁonwc)yﬂmdmo|5ppluenesulfonic aci d, salicylic aci d,
N-acetylcystein and the |Iike. Thus preferred pharnaceutically accept abl e

salts" incl e acet chl aride, for rate | eat e,
rosylat e itisselergis iiated i Spiviot dehhiiRsare i BrG e 1HREE ofy 0 2ot
of conpoumdsing addscopd af the vhnowadeimis wad tpiacribcdatineatiby haemept abl e salts
may be prepared from addition of an inorganic base or an organic base to

theyjree aecifmezkdihsdGle A{fRrhs 8 %}n}i)dlfﬁ'dg:ﬁgriagterized 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 mirror

images of one another are termed “diastereoisomers”, and stereoisomers that are non-



15 base include, but are not Ilimted to, the sodium potassium Ilithium
ammoni um cal cium nmagnesium salts and the like. Salts derived from organic
bases i ncwoadelvdes27are not |limted to salts of primary, peeEmrradanyiizand
tertiary am nes, substituted am nes including naturally occurring
substituted am nes, cyclic am nes and #asic ion exchange resins, such as

i sopropyl am ne, trimethylamne, diethylamne, triethylam ne,
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i nvention so relates to 5
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f or mul dumarate, maleate, mesylate, nitrate, oxalate, phosphate, sulfate, tartrate and tosylate salt of
compounds of formula I. 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 include, 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 I 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.
Cl
Cl

F |

X
= OH

F

The invention also refers to 5-(3,4-dichloro-phenyl)- N-((1R,2R)-2-hydroxy-cyclohexyl)-6-

(2,2,2-trifluoro-ethoxy)-nicotinamide and pharmaceutically acceptable salts thereof.



Cl wherein M neans boronic acid or a boronic acid ester, in the
presence of a Pd catal yst under basic conditions, and optionally separating
t he i somewe 20n/@9%2hi ral HPLC col um, 15and, if desired, PCOmPO10063)36 he

resul ting conmpound of fornmula | into a pharmaceutically acceptable salt
thereof. WD 2011/029827PCT/ EP2010/ 063#36 - 5- The aryl netal species
is preferably an aryl boronic acid or arylboronic acid ester. The palladi um

catalyst i r&ﬁ ?ﬁeﬁrﬁo?&k%ecﬁ ds%@# f f%@ %Eﬁt i mﬁe%‘?%ﬁ&&é}srtbg%’ﬂl?ﬁﬂ%?@g IfTiAXL we o

a palladiu iSuse ce of

base, Mfl&t%t)aohydroxy- eyqlugheam)ﬁe( ,2-giidn arenetxl bnigpenandde.g. ehab@lgewndmfr e
pref er ahlNuX1 bBthe i IR RIfoi@®9. SThe synthesis of the conpounds with the
general structure | can be acconplished according to the foll ow ng schenes
1to 2. Fol | owi ng the grocedure according to scheme 1, conpound AA

(5- br ono- 6- chl or o- 3- 8rridinecarboxylic acid, CAS RN 29241-62-1) can be
: AA i s comerci al

used as starting mate 2ai | abl e or can
i : te from6- 10
|iterature procedures.

Conpound AC can be prepar€7 fr0' ARy rédctioff with a gpitably substituted
primary or secondary allohol of ir1.ﬂe presence of a base, for
exanpl e potassi um hydrioxdee,™h NTiert sol ve for exanple

di et hyl sul f oxi de, at tenperatures fron1roon1tenperature to reflux
tenperature of the solveft, preferably at roomtenperature. 15Conpound AE
can be prepared by coupling AC and the corresponding am ne of formula AD by

sui tabl e a'ﬂlg? \88{‘511 1198 Pé'kﬂgs 3G ko eyl 2 %Sro Qo
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art.” For reagents
N, N - di(@ger @%ﬁgw gthp}gx)d11¢qﬁnggllqem)pharmaceutlcally acceptable salts thereof
1- (3-di nmet hyl am nopropyl) - 3- et hyl car bodi i m de hydrochl oride (EDCl),
1- [ bi s(di net hyl am no) -

met hyl ene] -ThkcdmBodnd &fl f@ﬁﬁm@[léa@b@bﬂ@yaﬂe@l b?lalﬁ%&sQW}ﬂ&l hrexat beapagRosphat e
(HATY), 1- 20 hydroxy-1, 2, 3-benzotriazol e (HOBT), and
0- benzotri azol I tramet hyl uroni um tetrafl uoroborate (TBTU)
can be enpl8$@H@F%xgﬂFEB?ogﬁ%ﬁlﬁ?ansforn&tlon A convenient method is to
use for exanple TBTU and a base, for exanple Hinig' s base
(N-ethyl diisopropylam ne) in an inert golvep ych as for exanpl e

di net hyl formam de at roomte AN n t ol | ow ng step conpounds of
formula | are obtained by co i i substltuted aryl netal
speci es of fornula AF, Fpreferab|y a ronilc acid orHaryl boronic acid

F ~

Qﬁ//\\o N

10 wherein X is halogen, with an aryl metal species of the formula
Cl
Cl
I
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 pharmaceutically

acceptable salt thereof.



ester, with AE in the presence of a suitable catalyst, preferably a

pal | adi um cat al yst and nore preferably

pal | adi umgoIlpaeebsrve/ t ri phenyl phosphi ne m xtures or PCT/EP2010/063136

pal | adi un(11)chl oride-dppf (1,1 - bis(di phenyl phosphino)ferrocene)

conpl exes and a base, preferably triettyl am ne or sodi um carbonate in an
I nert solvent such as dinethyl fornmam de or tol uene.

2011/ 029827[%QE/E;E%Q§1% gs)cqgsjiggrefgra“)lg g@gﬁ bJOromc %_'d 9 a@ ti(% xﬂ:\la(lld estw '%he \ roe

F AE AF nmpou nd
accor di Pra@adl@mwt@é}ﬁ?élsjpr @Vbbompdladumﬁél)metwmhm 1P1%ﬂ spkian tfréxtyrqj@}ﬁe n d i n g on
the exagfadighinRhRlidt A8 pAEIie Phick L&Y in the presence of a base, preferably

triethylamine or sodium carbonate. X is halogen, more preferably X is bromo or iodo.

5 The synthesis of the compounds with the general structure I can be accomplished

according to the following schemes 1 to 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 material. AA is
commercially available or can alternatively be prepared by a multi step sequence from 6-

10 hydroxy-3-pyridinecarboxylic acid following literature procedures.

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 dimethylsulfoxide, at temperatures from room temperature to reflux

temperature of the solvent, preferably at room temperature.

15 Compound AE can be prepared by coupling AC and the corresponding amine of formula
AD by suitable amide bond forming reactions. These reactions are known in the art. For example
coupling reagents like N,N’-carbonyl-diimidazole (CDI), N,N’-dicyclohexylcarbodiimide (DCC),
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (EDCI), 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-yl-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(IT)acetate/triphenylphosphine mixtures or palladium(II)chloride-dppf (1,1'-
bis(diphenylphosphino)ferrocene) complexes and a base, preferably triethylamine or sodium

carbonate in an inert solvent such as dimethylformamide or toluene.



5 conmpounds AE-chiral or 1-chiral nay be obtained by a variety of nethods
known in the art, |like synthesis fromchiral precursors or chiral

separ at i onormetids7 Chiral separation on chiral HPLC colPumm®2018/063136

advant ageously perforned for the conpound that provides the higher
solubility in the nobile phase. Conpouffds of fornmula AE are in general nore

sol ubl e i n heptane/ al cohol m xtures than conpounds of fornmula |I. The
separation of AE-chiral 1 and AE-ch%{ 1fromAE— 10 rac can be perforned
according to schenme 2 using a suitab |raI HPLC col umm such as Chi ral Pak

AD(r) or simlar stationary phases elther in batcg or as noving bed process
wi th suitabl e mobij e phases such as heptane/isoprppanol mxtures. WO

2011/ 029827 PCR/ EP2Q10/ 063B86DMSOAE- r ac AEP ghiral 2 As

descri bed aljove t h&tonpaunds of fgrnul a | [of the present invention can be
used as ne nts for trhe treatnﬁnhrahq5 ophyl axi s of diseases which
can be tf¥atet with HDL-F gsterol raising agents. Exanples of such

di seases are at er oscl er osli peri phéral vascy] ar di sease, dyslipideni a,
hyper bet al i poprotei nem a, ypoHBphallpoprotel em a, hyperchol esterol em a,
hypertri glGAERIMHd1H2a, fami|ial hyperchol esterol enmia, cardi ovascul ar

di seases such as angina, ischem (diac i schem a, stroke, myocardi al

i nfarction, reperfu5|on i njury,/angfophasti c restenosis, hypertension, and
vascul ar conpllcatloﬁglbﬁaﬁia etes,| obesity or 10 endot oxem a. The use as
medi canent for the t?¥at ment ane preve %ion of dyslipidem a

at heroscl erosis and cardi gfascul ar digeases is preferred. The

i el ates to a pharnaceutical conposition conprising
a conpound as defined above and a pharmaceutically acceptable carrier
and/ or adj uvant which are useful for the treatmentGhnd/ or prophyl axis of
di seases which can be treated~ith Hleaal st ch@| grol

Thus, the invention reliates phargmgeuti cal

above for the Bree ang -roph%ﬁ?&hs of athe
vascul ar di sease, |pﬂ$ m B, hyperbe \ opr ot eThe
hypoal phal r otlei ngm a, hyp@mcholest@rolenla F per
famlial h peréholé%terolenla cardi ovascul ar 6as6s su€h as angi na, ' 20
i schem a, @ardiac ischem a, stroke&>~mfosardi al farction, reperfusion
injury, angioplastic restenosis, hyp si on, and vascul ar conplications
of di abetes, obesityA%r endot oxem a. (0 anot her enmbodi fent, the
invention relates to a nethod for the treatnment and/or prophylaxis of

di seases which can be treated with HDL-Chol esterol raising agents, which
met hod conprises adm nistering a therapeutically effective anount of a
conmpound ofcopormdseofifomna 28 graoipeunds thalede pivprigd hccoRkiagt ebent Isnah

di seas esndfifoRIRRLRE EhiehioshiSrs BIBE d@ﬁg&@{hem&%ﬁﬁe o e dfte Apsthphider a,

hyper bet al i popr ot el nem a, 6‘Erotelnema hyper chol est er ol em a,
hypet t CPEIPgBRssi Afarhigal Orféﬁmralamashgﬁ)@bt@ﬁ By 8 ¥pEetEef ﬁleﬂ&ﬁlﬁ dnovagtihe aft like
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unins is advantageously performed for

that provide ]fge higher solubility in the
mobile phase. Compounds of formula AE are in general more soluble in heptane/alcohol

€ compoun

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



-8- injury, angioplastic restenosis, hypertension, and vascul ar
conplications of diabetes, obesity or endotoxem a. A nethod for the

t r eat mrentwendiiongzrophyl axi s of dysli pi dem a at her oscl ePOTiEP2@0063136

cardi ovascul ar diseases is preferred. In addition, the invention relates to
t he use of conpounds of fornmula | as défined above for 5 the preparation of
a nedi canent for the treatnent and/or prophylaxis of diseases can be
treated with HDL raising agents. EX h f such diseases are

at heroscl erosi s, peripheral vascul ar di'sease, dyslipidem a,
hyperbetallpoprot%;nenla hypoal phal i poprgt.ei nem a, hyperchol ggt.erol em a,
hypertrlglycerldenla famli al hypercholesterolenla cardi ovascul ar

di seases such aspangjr i schem a, cardi a, stroke, r’EyocaI
i nfarction, repe fus 10 injury, est enosi s,

and vasé i ns of di Bbe Fty_or en e~ Jhe
conmpounds rnmutia 11 as defiged auove fon+th
for the gre Ffent and/ QY prophyIQ§' F dysl i pi

cardiova&gular di seases is preferred. In addltlon HDLu;aiS|ng agents of
formula I are useful in conbinati®n or association with 15 anot her
conpound, sai dAEsapound bei ng sel ect edAB-chjral t he gr oup consiAf-thital 8f an
HMG CoA reductase inhibitor, an mcrosomal triglyceride transfer protein
(MTP)/ ApoB secretion inhibitor, a PPAR activator, a chol esteryl ester

transfer prQtRiflid-GEbe, 'tHé'T!o*ﬁiﬁo%ds & tBith@a a6t ﬂwﬁﬁé’s@hﬁh%ﬂti&ﬁ'cﬁh bOlisedths
chol estergol abso ptlon i nhi bi a chole t er ol hesj s i nhi bi

|

fi br at dnedigaments tok the tiepument o %HHP%XIWP?]@ BiveierVBIch Gk Bg A égFH?."r-st s,
an li)ncﬁaﬂebtammm@g hgbntsaﬂxaﬂﬁple@bf ﬁ&htd%lsea;ﬂ:s at: ﬁEAEEsdle}bsltziﬁeﬁph@ﬁl vashilhe aci Iol
sequest I ant on theref.ore es to a pnar nmaceuti ca
conpositiar EHpt dregll?wd‘yge @8%8%8“"8’?“% %?ﬂgl?ahggpr i‘?“i“‘flilélé above in
conbi natypoxhdestaskoua.dtyiporrighytdridemia fpoiinth gerdolstrélemm, tidiqyagur

consi Stj;fgeQf u&f‘as'dNM? GOACH RN ChAfif: 1sEinih L@bke %J&%Q%Hf’mmhfﬂeg&}’&% de
transfer protein ( ApoB secretlon i nhi bit a PPAR act| vat
chol esti&iBgy, arzg()@lg%té:rre@t%ﬂm Bypasicatian. rilnéGESHD}aﬁcﬁﬁlinF%t@Fls obdighgtes, abgsify or
reup ak@ddtbkdiiat Phe uR a8 heldashRhofor aksidaphéRAniPR pRVERIon & dRIYigshiar ol

synthesis in itor ni acin, reparation containing niacin or
ot her ﬂﬁ%§C§§§HV?p§aﬂgﬂwﬁﬁﬂmékgﬁﬁﬁdéPV%?T - an antioxidant, an ACAT
inhibitor or a bile acid sequestrant, as mell as a pharnaceutically
acceptableTmammkeﬁomﬁﬁhﬁmfawouehnmtoIbhmhnmeﬂkhbanmmmnhmmom@hamga to the

use of CS&gBQﬁH‘%hde%ec‘i AW N ngd a gﬁﬁ&r&%&h?&ﬂ%ﬁgﬁéﬁbﬁéﬂ%a‘?’ga a%HP)'r Qaﬁlk&[ﬂ v@ﬁch we

associ at' onsi stin

CoA r eduefvbhive thentmab‘n@lﬁrand/@npmpbyl@mnaéldlswsegwgcgrqaageﬁrleatﬁéﬂéth bt e| n
(RMT§/QQQ@M§§EE£&h%E$mﬁhIbltor a PPAR activator, a cholesteryl ester
transfer protein ( inhibitor, a bile acid reuptake inhibitor a

chol esterol__ abs tion inhibitor chole terol i nhi a
fibrate, mTé’EF ﬁ’e VB?%%%FQH%?&(PBW%CF\‘FFFQ ?ﬁf%l?ﬁsﬁl gﬁﬁ%"rd 90ra Oré ‘bm st s,
an iOﬂi&%ﬁ@ﬁmgmﬂbﬁpbphﬂans35m&ﬂbmﬂmbd&qknphﬂawi%ﬁhwﬁdm&méQWMQﬂd@nhl|e aci d

sequestrant for the. preparatign,of med] n
2011 od880 yeicpesiBBrEE Bk B Bp R RNtk oW hig 1 axi s of
di seasdypsticdlyeesidamive fagitiabhypsicholeperalgheyg aardmas&gulaadlsmsseas:é as angina,

dys}d pi;deminG, cAMPE r&%&ﬁa‘ %&{eohﬁb%ﬁiaﬁmfé}w&ﬁk%}%b@ﬁ% ot hﬁ@%l@sﬂc
hypercholesterolenla ypertrlgéycerl em a cho esterol em a,

car di ovesenesigrh megt@@sa@( and 4G comg]éqqgﬁpsaof diabetes, obes1ty or endotoxemla

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 I to 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
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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
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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, talc, stearic acid or its
30 salts can be used as carrier materials for tablets, coated tablets, dragées 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,



[as % conpared to control] @30 ng/ kg p.o. of conmpound
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hydr oxy- cycl ohexyl)-6-(2, 2, 2-trifl uorod0et hoxy) - ni coti nam de +121.9 21. 0%
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r adi Dl iggadth anbfckBiilobd@dthativan of freshly prepared cell nenbrane preparation
with the [314]-1igand, with or w thout addition of corrpounds of the
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human enbryoni c ney s in unman canna |s CB2 receptor
i's trafbpeErcPytica %HEY@&% ed using the Semiki Forest Virus systemin
conjunction with [314]-CP-55,940 as radioligand. After incubation of
freshly prapatiegdageatitally 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 L.

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 () relative to internal

25 tetramethylsilane and are referenced to the deuterium lock signal from the sample solvent (de-
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-(Benzotriazol-1-yl)-N,N’,N’-
tetramethyl-uronium-tetrafluoroborate; DMF = dimethylformamide, DMSO = dimethyl-

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



menbrane preparation with the [314]-1igand, with or w thout addition of
conpounds of the 10 invention, separation of bound and free |igand was
per f or medwbyofid2ps2at i on over glass fiber filters. Radi o®CTipPRa1p/06313¢ he
filter was measured by scintillation counting. K, values were cal cul ated
fromthe 1C50 using the Cheng-Prusoff -éguati on. Table 2: CB1 and
CB2-receptor affinity Conpound CBl receptor affinity [Ki in plVvl] CB2
receptor affinity [Ki in plVvl] 5-(34:Di oro- phenyl )- N ((1R, 2R) - 2-
hydr oxy- cycl ohexyl )-6-(2, 2, 2-trifl uoEi%QBlEg‘ﬂ’uoxy) -nicotinamde 1.3 >10
5-(3,4-Di chl oro- pheny;&- N-((1S, 2R) - 2-
hydr oxEffeets emplagma lipid evelsn hamstersr o- et hoxy) - ni cot i nami de >10 >10
5- (4-Chl oro-phenyl)-N -((]R 2R)-2- hydroxy-cycl ohexyl)-6-(2,2,2-trifluoro-
et hoxy) - ni %ﬁi&d&@@fd@m ohi8 n?ﬂf%duﬂa’él%g( RPhE 1iBid levels TVE%l @él@{*li‘rﬁhéd)ﬁh Hfnsters after
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5 the studies. After one week of acclimation, blood samples were collected from 4 hour-fasted

animals for plasma lipid determination. Animals were then assigned to treatment groups based
on HDL-cholesterol levels. Compounds were administered by gavage, once daily for five days.
Control animals received vehicle alone. Blood was collected on day five from 4 hour-fasted
hamsters, 2 hours after a final treatment, for plasma lipid analysis. Total cholesterol, HDL-

10 cholesterol, LDL-cholesterol, and triglycerides were determined using colorimetric enzymatic
assays (Roche Diagnostic GmbH, Mannheim, Germany). HDL-cholesterol was also determined

after selective precipitation of HDL from plasma by standard procedures.

Table 1: Effects on HDL cholesterol levels in hamsters

HDL Cholesterol levels
Compound [as % compared to control]
@ 30 mg/kg p.o. of compound

5-(3,4-Dichloro-phenyl)- N-((1R,2R)-2-
hydroxy-cyclohexyl)-6-(2,2,2-trifluoro- +779+x11.1%

ethoxy)-nicotinamide

5-(3,4-Dichloro-phenyl)-N-((15,2R)-2-
hydroxy-cyclohexyl)-6-(2,2,2-trifluoro- +121.9+21.0%

ethoxy)-nicotinamide

5-(4-Chloro-phenyl)-N-(({R,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 CB1 receptor is transiently transfected using the Semliki Forest Virus system in
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Example 3

Preparation of 5-(3,4-dichloro-phenyl)- N-((1R,2R)-2-hydroxy-cyclohexyl)-6-(2,2,2-

trifluoro-ethoxy)-nicotinamide



Exanpl e 4 Preparation of

5-(3, 4-Di chl or o- phenyl) - N- ( (1S, 2R) - 2- hydr oxy-cycl ohexyl )-6-(2,2,2-trifluoro
10 et hoxywenntiaeisran de Cl  a) PCT/EP2010/063136
5-Bronp- N ( (] SR, 2RS) - 2- hydr oxy- cycl ohexyl )-6-(2, 2, 2-trifl uoro-ethoxy)-nicot
i nam de 5-Bronp-6-(2,2,2-trifluoro-ethdXy)-nicotinic acid (75.0 g, 0.25
nol ) was dissolved in DM (850 nmL.). To the solution was added TBTU (91.0 g,
0.275 nol), N,N-diisopropylethgl 15 am ne (214 ni, 1.25 nol) and

(/ SR, 2RS) - 2- am no- cycl ohexanol |hydrochloride (41.7 g, 0.275 nol). The
reaction mxture was stim™M'e om t erpegat ure. The sol vent was
evaporated in vacuo, the resjdue|was partlt oneo een et hyl acetate
(2500 nL) and 1 N sodi um hydrgxid 204 , the water phase was
separated, extracted once aceﬂate 1000 m.) and the organic
phases were washed 2 tinmeg W 2 (2x1500 'nL).pRO Organic phases were
pool ed, dried with Mg504 andyconcgntral’ed to about 900 mi. The product
preci pitated upon stirring d cooling to OC. Filtration, washing with

et hyl acetate/n-heptane (1:1) and drying in vacuo gave the title conpound
(81.1 g) as a white solid; Ms (I1SP) 397, 399 (M. b)
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to 90C for 2 h, cooled to roomtenperature and
5-Bromo-6-(2,2,2-trifluoro-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 (142.6 mL, 0.83 mol) and (/R,2R)-2-amino-cyclohexanol (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 MgSO4 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 (M)".

¢) 5-(3,4-dichloro-phenyl)- N-((1R,2R)-2-hydroxy-cyclohexyl)-6-(2,2,2-trifluoro-ethoxy)-

nicotinamide

5-Bromo-N-((1R,2R)-2-hydroxy-cyclohexyl)-6-(2,2,2-trifluoro-ethoxy)-nicotinamide (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(Il) CH,Cl, (6.15
g, 7.5 mmol), 3,4-dichlorophenylboronic acid (30.2 g, 158 mmol) and sodium carbonate solution
(2M, 150 mL). This mixture was heated to 90°C for 2 h, cooled to room temperature and filtered
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wat er phase was separated, extracted twice nore with ethyl acetate (2x1000
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My 200.vithghV e Yidkeablvemew sakhak &b ehdBe Pesifliie 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-cyclohexyl)-6-(2,2,2-trifluoro-

10 ethoxy)-nicotinamide

Cl
Cl

A
F _ OH
\\Ao N

a) 5-Bromo-N-((/SR,2RS)-2-hydroxy-cyclohexyl)-6-(2,2,2-trifluoro-ethoxy)-nicotinamide

5-Bromo-6-(2,2,2-trifluoro-ethoxy)-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

15 amine (214 mL, 1.25 mol) and (/SR,2RS)-2-amino-cyclohexanol 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 1 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 mL).

20  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 solid; MS (ISP) 397, 399
(M)™.

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

25 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



43.5 nmg Lactose hydrous 60.0 ng 70.0 ng Povidone K30 12.5 ng 15.0 ng Sodi um
starch glycolate 12.5 ng 17.0 ng Magnesium stearate 1.5 ng 4.5 ng (Kernel
Wi ght) M0.201vmg9R30. 0 ng Fi | m Coat : Hydr oxypr opyl netrhylEre@blosdisse 3. 5

ng 7.0 nyg
-15-

title 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°.

¢) 5-(3,4-Dichloro-phenyl)- N-((15,2R)-2-hydroxy-cyclohexyl)-6-(2,2,2-trifluoro-ethoxy)-

nicotinamide

5 5-Bromo-N-((18,2R)-2-hydroxy-cyclohexyl)-6-(2,2,2-trifluoro-ethoxy)-nicotinamide (42.0
g, 106 mmol) was dissolved in toluene (1900 mL) and DMF (100 mL). To this solution was
added with stirring [1,1°-bis(diphenylphosphino)ferrocene]-dichloropalladium(1I) CH,Cl, (0.9 g,
1.06 mmol), 3,4-dichlorophenylboronic acid (20.2 g, 106 mmol) and sodium carbonate solution
(2M, 106 mL). This mixture was heated to 90°C for 2 h, cooled to room temperature and

10 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

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+H)".



Pol yet hyl ene gl ycol 6000 0.8 ng 1.6 ng Talc 1.3 ng 2.6 ng |Iron oxide
(yellow) 0.8 ng 1.6 ng Titan dioxide 0.8 ng 1.6 ng 5The active ingredient
i s sievedwarndimmizseed with m crocrystalline cellul ose andPChEPRINIGTIEG | S
granul ated with a solution of polyvinylpyrrolidone in water. The granul ate
is then mxed with sodiumstarch gl ycolléte and nagnesi um st earate and
conpressed to yield kernels of 120 or 350 ng respectively. The kernels are
| acquered with an ag. solution / su g@@%gﬁ of the above nentioned film
coat. WO 2011/029827PCT/ EP2010/ 063 =17- Exanple 6 Capsul es
containing the follow ng ingredients can be manufactured in a conventional
manner : | ndilav¢estrdstalders cenfstningthe 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 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 mg 17.0 mg
Magnesium stearate 1.5 mg 4.5 mg
(Kernel Weight) 120.0 mg | 350.0 mg
Film Coat:
Hydroxypropyl methyl cellulose 3.5 mg 7.0 mg
Polyethylene glycol 6000 0.8 mg 1.6 mg
Talc 1.3 mg 2.6 mg
Iron oxide (yellow) 0.8 mg 1.6 mg
Titan dioxide 0.8 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 aq. solution / suspension of the above

mentioned film coat.



Compound of formula (1) 25.0 ng Lactose 150.0 ng Mai ze starch 20.0 ng Talc
5.0 ng 5The conponents are sieved and m xed and filled into capsul es of
size 2. Bxeregpli29s2inj ecti on sol uti ons can have the fol | eermp2conpxIséti on:
Compound of formula (1) 3.0 ng Pol yet hyl ene gl ycol 400 150.0 ng Acetic acid
g.s. ad pH 5.0 Water for injection sol-lifions ad 1.0 ni

Example 6

Capsules containing the following ingredients can be manufactured in a conventional

manner:
Ingredients Per capsule
Compound of formula (I) 25.0 mg
Lactose 150.0 mg
Maize starch 20.0 mg
Talc 5.0 mg
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) 3.0 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 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.



The active ingredient is dissolved in a mxture of Polyethylene glycol 400
and water for 10 injection (part). The pHis adjusted to 5.0 by addition of
aceti c acw0.20flile9s2el une is adjusted to 1.0 m by additi enTafP2aibes3iesi dual
amount of water. The solution is filtered, filled into vials using an
appropriate overage and sterilized. \AB2011/029827PCT/ EP2010/ 063136 - 18-
Clains 1. A conpound of the fornula Cl 5 and isoneric fornms and
pharmaceutically acceptable salts thereof. 2. A conpound of fornula
according to claim1, wherein the conpound is

5- (3, 4-di chl oro-phenyl)-N((1R 2R) - 2-dngaPxy- cycl ohexyl )-6-(2,2,2-trifluoro
-ethoxy)- nicotinamde. 3. A conmpound of fornmula |I according to claiml1,
wherein the co und is %E

5- (3, 4- di chl or o PREAPRIERCI DS €2 5_hydr oxy- cycl ohexyl )-6-(2, 2, 2-trifluoro
- et hoxy) - nicotinam de. ﬁ A pharmaceutical conposition conprising a
conpound of fornmula | accordi b to any one of clains 1 to 3 and a
pharmaceutical ly accept @hle ca aqt . 5. The

phar maceutical conposition the treatnment and/or 15
prophyl axi s of di seases whi 8 DL- chol esterol raising
agents. 6. A conpound ’ di hg“to any ope of clains 1 to
3 for use as nedicanment. F e corpoud of Iforrmula | according to
claim6 for use as nedic [ fr eat ment @t/ or prophyl axi s of

at heroscl erosi s, peripheral|vascul ar di sease, dyslipidem a,

hyper bet al i popr ot ei nem a, hypoal phal i poprotei nem a, hyperchol esterol em a,
20 hypertriglyceridema, fam |ial hyperchol esterol em a, cardiovascul ar

di seases such as angi na
Sa and ?someric formsgand pharmaceutically acceptable salts thereof.

rier and/or adju

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

5-(3,4-dichloro-phenyl)-N-((1R,2R)-2-hydroxy-cyclohexyl)-6-(2,2,2-trifluoro-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-trifluoro-ethoxy)-

nicotinamide.

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 angina,



WO 2011/ 029827PCT/ EP2010/ 063136 -19- ischem a, cardiac ischem a, stroke,
myocardi al infarction, reperfusion injury, angioplastic restenosis,

hypert ensworpiizmeszvascul ar conpli cations of di abetes, olPETIHPR010/063136

endot oxem a. 8. The compound of fornmula | according to claim6 for use
as nedi canent for the treatnent and/or-19rophyl axis of dyslipidem a. 59. The
compound of formula I according to claim6é for use as medi cament for the
treat d/ r. ax ound of
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and/ or restanehigl laypeste@ﬁorcan@llvwabtmraph@t@@h@fe@betes obesity or enilotaxehddl f or t he
treatnent and/ or prophyl axis of diseases which can be treated with 10

HDL- chol esterol raising agents, which nethod conprises adnm nistering a

conpound ofg, ffﬁé mihﬁodndaﬁwmjmgadcar@ﬁytmzﬁnpé forhudé APmadit Amenttrer e hUMAN
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any onéreBtFne@Ité]?‘H‘érwoP%‘/ %’“f’BESXS 1d5P&har ati on of medi caments for the

treatment and/ or prophyl axis of di seases which can be treated with
HDL- chol esterol raising agents. 1513. The use according to claim12 for the
pregar at i ofY. dhe awdpaadeifenfus I adverdingmtaant 6 ndksoas pediphyéExosthof

at her ogl, é?l%ﬁd/ovggl%gﬁ’m\h%%f é(tﬂé[%%{}%mgl sease, dyslipidem a,

hyper bet al | popr ot hypoal phal'i popr ot ei nemi a, hyperchol esterol eni a,
hypertriglyceridema, famlial hyperchol esterolenia, cardiovascular

di seases such angi n i.schemja, cardiac . ischem a, oke, ar di al
infarcti on%) Elbf'e?qrmquaa of Fyrapya L agkgidy tascf'c}l@ égrﬂléf‘s%séﬁ F%neqﬁ%éﬁ%ens. on,
and vaseudingnt eadypr pmp}ﬁyl@;ﬁsobéardiibaﬁeﬁlasdlsatse& ty or endotoxem a.

The use according to claim 1l for the preparation of nedi canents for the
treatment and/or prophylaxis of dyslipidem a, atherosclerosis and

Car di ovasc l‘ifl a{% n%tﬁ(?cgﬁ)? The trecflleripeliltgad %ﬁﬁﬁ%§ls o??hs%{k%s (Wlﬂ:}?fcgﬁ rbg hfa V\ﬁ%& with

ounds o or mu I ne one
pr ot s d1Rbepelesterdl suting ﬁgﬂjltSa “@mhpn@rh@d wmpr@seﬁrad@mlst@mg a corgpound of formula

I according to any one of claims 1 to 3 to a human being or animal.

12. The use of a compound of formula I 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.

15 13. The use according to claim 12 for the preparation of medicaments for the treatment
and/or prophylaxis of atherosclerosis, peripheral vascular disease, dyslipidemia,
hyperbetalipoproteinemia, hypoalphalipoproteinemia, hypercholesterolemia,
hypertriglyceridemia, familial hypercholesterolemia, cardiovascular diseases such as angina,
ischemia, cardiac ischemia, stroke, myocardial infarction, reperfusion injury, angioplastic

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

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

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

15. A process for the manufacture of a compounds of formula I as defined in any one of

claims 1 to 3, which process comprises coupling a compound of formula



wherein X is halogen, with an aryl netal species of the fornula C

wherein M nmeans boronic acid or a boronic acid ester, in the presence of a
Pd cat al ywo 2B11unes2r basi ¢ conditions, and optionally separatreog/063186i soners
on a chiral HPLC colum, and, if desired, converting the resulting conpound

of formula | into a pharmaceutically ag¢eptable salt thereof. 16. The
i nvention as described herein before. 10***
0O
X
~N N i
F | H
F = OH
O N
F

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

Cl
Cl

III
M

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

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

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

acceptable salt thereof.

16. The invention as described herein before.

10 sk



