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conjunctivitis and atopic dermatitis has been shown to result in rapid elevation of

15  prostaglandin D2 “(PGD2)” levels in nasal and bronchial lavage fluids, tears and skin
chamber fluids. PGD2 has many inflammatory actions, such as increasing vascular
permeability in the conjunctiva and skin, increasing nasal airway resistance, airway narrowing

and eosinophil infiltration into the conjunctiva and trachea.

20  PGD2 is the major cyclooxygenase product of arachidonic acid produced from mast cells on
immunological challenge [Lewis, RA, Soter NA, Diamond PT, Austen KF, Oates JA, Roberts
LJ 11, prostaglandin D2 generation after activation of rat and human mast cells with anti-IgE,
J. Immunol 129, 1627-1631, 1982]. Activated mast cells, a major source of PGD2, are one of
the key players in driving the allergic response in conditions such as asthma, allergic rhinitis,

25 allergic conjunctivitis, allergic dermatitis and other diseases [Brightling CE, Bradding P,
Pavord ID, Wardlaw AJ, New Insights into the role of the mast cell in asthma, Clin Exp
Allergy 33, 550-556, 2003].

Many of the actions of PGD2 are mediated through its action on the D-type prostaglandin
30  (“DP”)receptor known as DP1, a G protein-coupled receptor expressed on epithelium and

smooth muscle.
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by a novel prostaglandin receptor antagonist, S 5751. J Pharnmacol Exp Ther.
298(2), 411-9, 2001].

DP receptor antagonists have been shown to reduce airway inflammation in a guinea pig
experimental asthma model [Arimura A, Yasui K, Kishino J, Asanuma F, Hasegawa H,

25 Kakudo S, Ohtani M, Arita H (2001), Prevention of allergic inflammation by a novel
prostaglandin receptor antagonist, S-5751, J Pharmacol Exp Ther. 298(2), 411-9, 2001].
PGD2, therefore appears to act on the DP receptor and plays an important role in elicitation of

certain key features of allergic asthma.

30  DP antagonists have been shown to be effective at alleviating the symptoms of allergic rhinitis
in multiple species, and more specifically have been shown to inhibit antigen-induced nasal
congestion, the most manifest symptom of allergic rhinitis [Jones, T. R., Savoie, C.,

Robichaud, A., Sturino, C., Scheigetz, J., Lachance, N., Roy, B., Boyd, M., Abraham, W.,
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Macular degeneration is the general term for a disorder in which a part of the retina called the
20  macula deteriorates. Age-related macular degeneration (AMD) is the most common type of
macular degeneration. It has been reported that in the United States, AMD is the leading
cause of blindness in people older than 55. More than 10 million people in the US are
affected by this disease, which includes 23% of people over 90. (www.webmd.com/eye-
health/macular-degencration/macular-degeneration-overview).
25
There are various types of macular degeneration that afflict patients. One type of macular
degeneration is “dry” macular degeneration. Dry macular degeneration is an early stage of the
disorder in which a pigment is deposited on the macula. The deposition of this pigment may
result from aging or thinning of the macular tissues. As a result of this deposition of pigment,
30  loss of central vision may gradually occur. Many times, AMD begins with dry macular

degeneration.



wet macul ar degeneration can be severe. Indeed, it has been reported that
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di sgonti nuation of niacin treatnment. The flushing effect of niacinis
transient and | asts for about an hour after taking the drug. In addition,
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prostanoid DP receptor, J Biol Chem 270, 18910-18916, 1995]. DP agonists have been shown
to cause vasodilation in human retinal microvasculature [Spada, C. S.; Nieves, A. L.;
20  Woodward, D. F. Vascular activities of prostaglandins and selective prostanoid receptor

antagonists in human retinal microvessels, Exp. Eye Res. 75, 155-163, 2002].

Niacin (nicotinic acid) is a drug commonly known for the treatment of hyperlipidemia. The
beneficial effects of niacin on the lipid profile include the lowering of plasma levels of

25 cholesterol, triglycerides, free fatty acids and lipoprotein(a) in human. Compared to other
lipid-lowering drug, niacin has the special benefit of increasing plasma HDL cholesterol while
decreasing LDL and VLDL cholesterol. As a consequence, niacin could potentially be
beneficial as an additive therapy to the statins in treating patients with low HDL cholesterol
levels.

30
The major common side effect associated with niacin treatment is flushing. This consists of
unpleasant symptoms such as the redness of the skin accompanied by burning sensation,

itchiness or irritation mainly affecting upper body and face. These symptoms have a negative



5 The niacin-induced flushing is a result of cutaneous vasodilation
(Turenne, SD;, Seeman, M Ross, B. Schi zophrenia Research 2001. 50:191-197).
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2011/ 11SH?affc%oPpC-hEl{ggsSazn%lojf{nglglﬁu%e-cellsH&lgrelnA%er(l) 0 SStaNnn%k C, et al. Biochemical
Pharmacology 2002. 64:645-648). Activation of GPR109A by niacin induces the release of
prostaglandins, in particular prostaglandin D2 (PGD2), likely from the skin immune cells.
PGD2 subsequently acts on its plasma membrane receptor DP (PGD?2 receptor) to stimulate

15  the activation of adenylyl cyclase and result in vasodilation/flushing. The involvement of the
DP in niacin-induced flushing was further supported by studies using a genetic mouse model
lacking the DP receptor (Benyo, Z; Gille, A, et al. The Journal of Clinical Investigation 2005.
115:3634-3640). More recently it was shown that specific DP antagonists inhibited both

PGD2 and nicotinic acid-mediated vasodilation in rodents (US Patent Publication No.

20 20040229844).
SUMMARY OF THE INVENTION
Applicants herein disclose a novel substituted pyrimidine compound having valuable
25 pharmaceutical properties; particularly the ability to associate with and regulate the DP

receptor.

The present invention is directed to a substituted pyrimidine compound of formula (I)



I, N6 N2 O 11 (I) and the enantioners thereof, or an ester prodrug
thereof, or a pharmaceutically acceptable salt thereof. This conpound has
been nanadOQ011/K12948et hoxy- 642- (4-tri fl uor onet hoxy- pheny PLT/US2011/028433

5et hyl am no] - pyri m di n-4-y1}-pi peridin-3-yl)-acetic acid, in accordance
with the I UPAC rul es, as discussed further bel ow. Anot her aspect of the
present invention is a pharmaceutical conposition conprising, a
pharmaceutically effective anount of one or nore conpognds according to
Formula (I) in 10adm xture with a pharmaceuti JCLept gbl e carrier. As
not ed above, the compounds of the present inye€ gh areyall selections
within the broad scope of the disclosurg of At ent appl i cation

W2006/ 044732. Al t hegpugh many of thegqqgonpouwr ¢l osedFin that application
are potent, selectivie and orally acf|ve antagonists of 15 the
prostaglandin D2 re torQ it h b found that they increased the anount
of CYP3A enzyne. This i ct their potential for devel opnent
as oral therapies. The|sel ected conpounds of the present invention have
been found not to have i level s of CYP3A inducti on.

20Anot her aspect of the p tionQ's a method of treating a patient
suffering froma PGD2- nedi at ed Jdi sorter including, but not limted to,

al l ergic disease (such as rgic rhinitis, allergic conjunctivitis,
atopic dermatitis, bronchial asthma and food allergy), systemc

mast ocytosi s, disorders acconpani ed by (Bystem c nmast cell activation,

anaphyl axi s, shock, bronchoconstriction, Qronchitis, urticarja, eczema
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ischenié“ﬁ@%@??aﬁﬁgﬁriﬂfﬁ?y, cerebrovascul ar acci dent, chronic rheumatoid
arthritis, pleurisy, ulcerative colitis, macul ar degeneration, acute
macul ar degeneration, dry macul ar degeneration and the |ike by

adm ni st4nathey aspecs af thepagseetrinvention is a pharmaceutical composition comprising, a

pharmaceutically effective amount of one or more compounds according to Formula (I) in

10 admixture with a pharmaceutically acceptable carrier.

As noted above, the compounds of the present invention are all selections within the broad
scope of the disclosure of PCT patent application W02006/044732. Although many of the
compounds disclosed in that application are potent, selective and orally active antagonists of
15  the prostaglandin D2 receptor, it has been found that they increased the amount of CYP3A
enzyme. This may negatively affect their potential for development as oral therapies. The
selected compounds of the present invention have been found not to have those undesirable

levels of CYP3A induction.

20  Another aspect of the present invention is a method of treating a patient suffering from a
PGD2-mediated disorder including, but not limited to, allergic disease (such as allergic
rhinitis, allergic conjunctivitis, atopic dermatitis, bronchial asthma and food allergy), systemic
mastocytosis, disorders accompanied by systemic mast cell activation, anaphylaxis shock,
bronchoconstriction, bronchitis, urticaria, eczema, diseases accompanied by itch (such as

25 atopic dermatitis and urticaria), diseases (such as cataract, retinal detachment, inflammation,

infection and sleeping disorders) which is generated secondarily as a result of behavior



S5pharnmaceutically effective ambunt of a conmpound according to Formula (I).
The present invention further relates to a nethod for treating or
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wi t hout causing the side effect of flushing. An additional aspect of this
invention relates to a pharnmaceutical conposition conprising a statin,

ni ach n dFurthcphaemacauttheabt the peseptiatdntios addminsohtwat & asonipoaxd eethther eof

or a nicotinic _acid receptor agonist, a prostagl andin D2 receptor
i nhi bi t draticafryfieriag ﬁﬁalrrﬁ%%ﬂea%er%@@ mwd%%t@e £etadty Rl n lgmunocyte B the

at her os I8y t f ect
of 1 uer e e S O HRTHAR e RS RHS e i i o e N O

THE | NVI:'p‘da'sleﬁNnAsnum]e(Embrpm of amch mhnmwgmslincwde adegoal lptlercmll(ﬁNKt ¢Bél) a
i nvention, fall ernms, unless otherw se |nd| cq be
under st d@ﬂﬂf‘ HQ%C@WE CFIOf 1 H‘{:fs P grdritie Geﬁ’a% Ndegipnu ?ngf %%‘&S ot and

ot hes MBIPR) Sonsisting of an cosinophil, a basophil and a neutrophil. Naturally, the activity of a

combination of these cells can also be modulated in a method of the present invention.

Moreover, a method of the present invention can also be used to treat or ameliorate choroidal
neovascularization, which in turn also treats or ameliorates wet macular degeneration in the

20  patient.

Another aspect of the invention relates to a pharmaceutical composition comprising niacin or
a pharmaceutically acceptable salt, solvate or N-oxide thereof, or a nicotinic acid receptor
agonist, and a prostaglandin D2 receptor inhibitor, and its pharmaceutical use in the treatment

25 of atherosclerosis, dyslipidemias or diabetes without causing the side effect of flushing.

An additional aspect of this invention relates to a pharmaceutical composition comprising a

statin, niacin or a pharmaceutically acceptable salt, solvate or N-oxide thereof, or a nicotinic

acid receptor agonist, and a prostaglandin D2 receptor inhibitor, and its pharmaceutical use in
30  the treatment of atherosclerosis, dyslipidemias or diabetes without causing the side effect of

flushing.



"Ester prodrug" neans a conpound that is convertible in vivo by netabolic
nmeans (e.g., by hydrolysis) to a conmpound of Fornula (I). An ester of a
conmpound WP 2PoVied4a (1) rmay be 10converti bl e by hydrol y®C3/USR0N098433 0 t he
parent nol ecul e. Exenplary ester prodrggs are: N/ NNO 1 o/ (1-

{2- Met hoxy-6-[2-(4-trifluoronethoxy-phéenhyl)-ethyl am no]-pyrimdin-4-yl}
-pip eridin-3 - yl) acetic acid-net hoxy- nethyl ester, and its st ereoi soners

t her eOf HN DE PT \) N’.T
{2- thhoxy 6- [2 (4 tr|Q?E%Pgﬂ%thg§%hph2%§ y a#éno pyr|n1d|n 4-y1}

-pip eridin-3 - yl)-acetic acid, 1- ethoxycarbonyloxy ethyl ester, and its

enanti oners thereof,;
s used above, and throughout the description of the invention, the following terms, unless

otherwise indicated, shall be understood to have the following meanings:
"Patient" includes human and other mammals.

"Ester prodrug" means a compound that is convertible in vivo by metabolic means (e.g., by
hydrolysis) to a compound of Formula (I). An ester of a compound of Formula (I) may be

10 convertible by hydrolysis in vivo to the parent molecule. Exemplary ester prodrugs are:
F
O\§/F
/\/©/ F

\T/ \N

N

(1-{2-Methoxy-6-[2-(4-trifluoromethoxy-phenyl)-ethylamino]-pyrimidin-4-yl} -piperidin-3-

yl)-acetic acid-methoxy-methyl ester, and its stereoisomers thereof;
F
HN F
N
N
15 (1-{2-Methoxy-6-[2-(4-trifluoromethoxy-phenyl)-ethylamino]-pyrimidin-4-yl} -piperidin-3-

yl)-acetic acid, 1-ethoxycarbonyloxy-ethyl ester, and its enantiomers thereof;
F
/\/©/ Oﬁ/F
HN F

J KOQ



HN WO 2011/ 115943PCT/ US2011/ 028433 -9 (1-

{2- Met hoxy-6-[2-(4-trifl uoromethoxy-phenyl)-ethylam no]-pyrimdin-4-yl}
-pip eri dWQ-2811/11§%p- aceti ¢ aci d, 2-di et hyl am no- et hyl @€TAIS201a/028483 S
enantioners thereof; GF HNO O \./N (1-

{2- Met hoxy-6-[2-(4-trifluoronethoxy-phenyl)-ethyl am no]-pyrimdin-4-yl}
-pip eridin-3 - 5yl)-acetic acid, nethyl ester, and its enantioners

t her eof : - . .. . ..

thoxy- 1)- - -4-y]} - -3-
(oo vec sty ey Pheth PR Brasmeteny mhe i B s
- pi p er iyd)-aecBic acid]}-danethylamami-cthyledstey] angStsemantamaers therafiant i oner s t her eof .
10" Phar maceutical ly acceptable salts" refers to the non-toxic, inorganic

and organic acid addition salt eqy _base addition salts, of conpounds of
t he present invention. s an be prepared in situ during the final
i sol ation and purifiqgafi o0 e cbnpounds. "Sol vate" neans a physi cal
associ ati og of ja cofénd of this invention with one or nore 15sol vent
S
|

nol ecul es” S physgtcain associ ation includes hydrogen bonding. In certain
i nstances /)\
N~ °N (|)

(1-{2-Methoxy-6-[2-(4-trifluoromethoxy-phenyl)-ethylamino]-pyrimidin-4-yl} -piperidin-3-

5  yl)-acetic acid, methyl ester, and its enantiomers thereof; and

F
/\/©/OYF
HN F
\/O 0 NN

I/*O

N N |

(1-{2-Methoxy-6-[2-(4-trifluoromethoxy-phenyl)-ethylamino]-pyrimidin-4-yl} -piperidin-3-

yl)-acetic acid, ethyl ester, and its enantiomers thereof.

10 "Pharmaceutically acceptable salts" refers to the non-toxic, inorganic and organic acid
addition salts, and base addition salts, of compounds of the present invention. These salts can

be prepared in situ during the final isolation and purification of the compounds.

"Solvate" means a physical association of a compound of this invention with one or more

15 solvent molecules. This physical association includes hydrogen bonding. In certain instances
the solvate will be capable of isolation, for example when one or more solvent molecules are
incorporated in the crystal lattice of the crystalline solid. "Solvate" encompasses both
solution-phase and isolable solvates. Representative solvates include hydrates, ethanolates
and methanolates.

20
Some of the compounds of the present invention are basic, and such compounds are useful in
the form of the free base or in the form of a pharmaceutically acceptable acid addition salt

thereof.



the solvate will be capable of isolation, for exanple when one or nore

sol vent nol ecul es are incorporated in the crystal lattice of the

crystal | iWe 280/i1843" Sol vat e” enconpasses both sol uti on- PEASS26NM23430] abl e
sol vates. Representative sol vates incl Lfge hydr at es, et hanol ates and

nmet hanol ates. 20 Some of the conpound$ of the present invention are basic,
and such conpounds are useful in the formof the free base or in the form
of a pharmaceutically acceptable acid addition salt thereof WO

2011/ 115943PCT/ US2011/ 028433 - 10 - Acid addition salts are a nore

conveni extid hddinof saltsusea nmm@lcdnvepilemcibhnefor u,ss;aarmifinmr@tisalme bbthmsalbfenent | y

amounts to use of the free_hase for ich can b dt
prepar e lfl]ﬁf‘ée%{ﬁy PO o Wh Oggﬂetfgeelbﬁéq H‘é‘ @8 53‘1\{1@% %83’8 W@&%%?a&lﬁ]@e
when Corﬁi%id"é%ﬂht%nt Rtk BRI e BRBE: th%h@lh@l@ﬁ%‘dbb& NHeH cBmERRH AHNALS Bkt Basct hat

is, salts whose anions are non-toxic to the patient in pharnmaceutical doses
of the gdlatrsgcegacallyaiccapblbeatiof thafisl saltmwhmatmqpsetrefmts)xmthélneemtlenwnt he
are not ,vitia ff.ect t.he ani

Nt rougrriafafe Rl ot B 5 aite 3b B BUSTE A AR RARIGrbR e fih Bi%ies,

pref err eghse @delnodGitidtcathyi sideFredBlab&ritabR to 3RS Alios Aﬁﬂi@hgl@?heﬁfnabélﬂlcﬁlﬂﬁe base
formeven if the particular salt, per se, is desired on as an

10i nt er risgerietie prlsplceid Hgsic F@mp@%éiﬁﬁrf‘eprefhﬁ@ﬁ %lh@l%@dqﬂl%saﬂté RHEECBMRY f or
purposes Ofce? Hf fhfe Iflce%tb &nforrﬁ %g%ﬂ f}?ﬁg Clge 1&3511 peg(rgeév{? 8%11‘68 ohﬁit al,'é%,%d as

i nt er medi’at & prepari |caI € sa by ion
eXCm(angan&hﬁeﬁﬁlnaq)e@ductai‘s Mreb;ampleawheramedalam&hnemorﬂgIfmrq)wmebef prepared by
separately reacting the purified conpound in its free base formwth a

sui t abl PWiHigaeT: 28 1qeﬁ6ﬁgaéwpcora\ﬁlileal Ihdsre # iatarmgdintidn SHPETRGHAS f or med.

Phar m%hﬁ@éegﬁca}@ @&1@?41 ﬁhte§cﬁ%n§@gfb§mﬁe§q9@%n&ma& heid Meeiid Qns

i ncl ude ose derl ve romm n ral acid organi ¢ acids. Exenplary acid
addi t i orncaadlktpseparcl hydepadaelihsedctotyr tbepaeficchgooinmaint ax itsl&ee base ffanewithiasul f at e,

phosphat itrate, acetat.e, qxalate,. valerate, olea al m .at

UT nat esuitsblEaFERE orf Soreatie s GRa e T B oIS Rena- o hBReSHHAL D

tos % at cc&ithtlat s Willif #lcRcopdbhtenBiCint M@t thosé aéﬁJe@tfﬁ)m RaRtNEEL e,
mesyl ate, glucoheptonate, |actiobionate, sulfamates, 20mal onates,

sal i cyl a@tnésarngmmnldm@tc@mplarmdmyh@h@orbf»%ts izlededho hydrapiontidathedrochlenidesat es,

i set hi ona r rerates t hape quona

et hanes Lﬁ“ﬁfe%aP s éﬁ?@ﬁﬁﬁ%% Eata‘éesate %ﬁg?? 8’?%&5 el Oll?a diitate, quinates,
cycl ohengéﬁubflmteeso@f@dbé@uml lébthifeoﬁlﬁis@ha&ahb@lat&&ﬁtraté Qﬁaleata,rmhﬁra& M
Berge, et al., " Phar maceutical Salts," J. Pharm 66 1977), which is

i ncor porsalp@gatﬁetla@faﬁp Ewphtbyl@tieeﬁ]é@Ilatg,glucoheptonate lactiobionate, sulfamates,
20  malonates, salicylates, propionates, methylene-bis-B-hydroxynaphthoates, gentisates,

iscthionates, di-para-toluoyltartrates, methanesulfonates, cthanesulfonates, benzenesulfonates,
para-toluenesulfonates, cyclohexylsulfamates and laurylsulfonate salts. See, for example
S.M. Bergg, et al., "Pharmaceutical Salts," J. Pharm. Sci., 66, 1-19 (1977), which is
incorporated herein by reference.
25
Where the compound of the invention is substituted with an acidic moiety, base addition salts
may be formed and are simply a more convenient form for use; and in practice, use of the salt
form inherently amounts to use of the free acid form. The bases which can be used to prepare
the base addition salts include preferably those which produce, when combined with the free
30  acid, pharmaceutically acceptable salts, that is, salts whose cations are non-toxic to the patient
in pharmaceutical doses of the salts, so that the beneficial inhibitory effects inherent in the
free base are not vitiated by side effects ascribable to the cations. Base addition salts can also

be prepared by separately reacting the purified compound in its acid form with a suitable



Where the conpound of the invention is substituted wth an acidic noiety,
base addition salts may be fornmed and are sinply a nore convenient formfor
use; and WO 2prads4de, use of the salt forminherently aROlAISg11H28482 of t he
free acid form The bases which can be used to prepare the base addition
salts include preferably those which prlgduce, when conbined with the free
30aci d, phar maceutically acceptable salts, that is, salts whose cations are
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benefi cial | tory e $ect's inherent in the freer%ase are not vitiated
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thus forned. Base addition salts 1nclude pharnmaceutically acceptable netal
and ani neldgmintsslts Saiprepta fren alctd dhtes Wndl ndiende hedisodiydrivle, podiagsi um

cal ci um, bar.i. i nc, num sa 0

ot aser UaCk ¢S e ura PR E pRAh B AP Eh Bou S Sa D J B0, are
pr epar edlfirh R BfddxiB& 3RS it HyePoxid Insdaes@d ihyaroR il Zide hyéﬁ@ﬁidlal Ahdytdriie de,
sodi um car bonat e, sodi um bi carbonat e, potassium hydroxid cal ci um

hydr oxi cfentahlewmlmhaswddmn dalts gre ptﬁp@wﬂrfsmr pRige W § ﬁ‘tfﬁhcl’?%‘?%}&”déo zi nc
hyd
£ o ant 98 Ao lEsett 8 St RRP L AT RR A 3 LB (RLE P ERBEL

pr ei@r aldhymighel bedgust Mﬂelraawneﬁcm amacaelaatlhgqﬁme ntekiy:autmd Ammnmd; ci nal
10chem st ry because of their |ow toxicity. and ac EI | i t1\<I f or medi cal

use. AnrRSilgncdEnne. Arart e ARG BHE: ar@ml&f‘a% mq 549 ¥ gi ni ne,

orni t hi biyRneabhhhe, cRloRERGRL IERSHIRTE, BRocaill I OPT OCai ne,

di et han beﬁg% prggal nee © Ot)(ﬁjre]]nzy phenetﬁ]q e,Cadl et hyl am ne,

pi per azi bwzylphetg(ﬂyj{ainmx )d”rﬁhyﬂyhl)nea mpemzntehamétydtcetymﬁaﬂ)agmmmﬂlaum

hydr oxi de, tr I am n benz henam.ne, 15dehydroabietyl am ne,
N- et hyl pf m%]élﬁQ pdiow % ?Hﬁﬁ%ﬁ'@m% lﬂeélf‘f“é%t hyl anmoni um
met fy! arHe'ﬂ?drole@Ef‘laﬂIYlh@rNJéﬁ)ylﬁlﬁérf@ﬁéqY)leﬂ’é?laﬂﬁlne athyh@nyBdmdd@ghc am no acids,
e.g., lysine and arginine, "and di cycl ohexyl am ne. As wel| as being useful
int herrstetrmlsyla@n@oumen@bytpmmdélmeﬂmlt@n@t tricestipdamiss, hylameec2bists/ammoon
are useful, for tl e pu poses dp I ;I catl on of the conpounds, for exanple
by expl ottt F-8n 6tS ag%t“ﬁlﬁtalni Ct}Jy& &YBHUs bet ween the salts and the
par ent conpounds, SI de products and/or starting materials by techniques
wel |l known to those skilled in the art. It will be appreciated that
conpoundds Bl ehbeipg asdhkinithrrasehics As adiveaPAPam s sATef FoRPENs 6f the 25 Thi s
asy tr. t j e uration.
e a1 B R TR rAERERURR ARl eI o tindS, Bor ReRB S s o
t he i nvesdpicitatiomyf thkSolubiity biffeeerge@hatvemmb salmﬂrthsparelhttcon@oumdsbmde
understood that the present | nventl on incl s i ndividua tr| cal

i somer s RAAUGT 146y sEBTRg matgralshyegngucs Wéﬂg‘&f)wn t‘hﬁhroé?jgﬂb ‘}g PP mi xtures,
of conpounds of Formula (1) hereinabove. Such isoners can be separated from

their m xtures, ' ' '
It will be appreciated that compounds of the present invention contain an asymmetric center.

25 This asymmetric center may independently be in either the R or S configuration. It will be
apparent to those skilled in the art that certain compounds of the invention may also exhibits
geometrical isomerism. It is to be understood that the present invention includes individual
geometrical isomers and stercoisomers and mixtures thereof, including racemic mixtures, of
compounds of Formula () hereinabove. Such isomers can be separated from their mixtures,

30 by the application or adaptation of known methods. Chiral chromatography techniques
represent one means for separating isomers from mixtures thereof. Chiral recrystallization

techniques may be tried as an alternative means for separating isomers from mixtures thereof.



30by the application or adaptation of known nethods. Chiral chromatography
techni ques represent one neans for separating isonmers fromm xtures thereof
Chiral rexoypstialibi43ati on techni ques nay be tried as an RCTASE@II3heans
for separating isonmers from m xtures thgreof. WO

2011/ 115943PCT/ US2011/ 028433 - 12 - | ndfvi dual isomeric conpounds can al so
be prepared by enpl oyi ng, where applicable, chiral precursors. The

compoun ! i i j 1] erials
ised i n R4 RLEGRBh: LAMEAIL Pt b e e B A My R STt
nonencl girewuesarsn whi ch the characteristic groups have decreasing priority
for citation as the principle group as follows: acids, esters, am des, etc.
Al ternatively, the conpounds are named by AutoNom 4 (Beilstein Information
Syst ems, THd@mpout@HAWRNRht inldntio MHBURY BlPREdihRGEnd §tfing nRAEHdIEWealin gRIPouUNnd
referred to by both a structural fornmula and a nonencl ature nane, if the

st r utt urpakpdrgramdranamed inrrscordmearovitt Y RAGambes af romenstateic s whichwhe h each
other, the structural fornula takes th r.ecedence over.the no clature
nane. 1R EHROHRIE: B CORE P CE AR AR TRIRONt opPoat gl tn BERREs Rt or
ant agoni ggtdsasddry,i dnid @ etcangteusiivtlly, the RBAPIRRI@ghaadd REALRNoADL B&lstein
Accordingly, they are incorporated into pharmaceutical conpositions and
used i n Inflemetienbygeins.dic.pati ents suffering fromcertain nedical disorders.
20Compounds within the scope of the present invention are antagoni sts of
the prostaglandin D2 receptor, according to tests described in the

| it €0 at ewand idBsadétndd ittt Mbas paciollagiaapoundsticrnrgd selet bah akeneursf t er,
and which tests results are believed to correl ate to pharnmacol ogi ca

acti vi t yOIRulR A& ASOBKECBUFRANMA ikt structybtormpfa gng Gh MREFCSTARATARRET® ¢ he
present i DyRMdnP Wit reQ&‘}* Sitﬁﬁr, ‘Elfé] ?ﬁ% eids fHm I BKEOME PR RRBAVGARPOST ti ons
cont ai ni ng conpounds of the 25invention for use in the treatnent of a

pati ent mmidnelturgnimem or subject to, conditions, which can be aneliorated
by the adm nistration of a PGD2 antagoni st. For exanple, compounds of the
present invention could therefore be useful in the treatnment of a variety
of PED2-TRAIAREN SAhdfRventiddxieingtosBlbndIRD2 ebipi@chntdondt d@ial andzease
(such as allergic rhinitis, allergic conjunctivitis, atopic dermatitis,

br onchi alscBgap dlogebacting egenty., Assesdiagiye thepmgroagerpeiated i80di sor der s

acconpa nﬂh%ldmgyeufqigaﬁ tcgnnl]p(o:siggnsst an %ls!cd A%he Yrgatltlrn%rqf of%%%glrﬁg lsff‘f)fe'nsngs 'S5 léer‘cain

medical disorders.

20  Compounds within the scope of the present invention are antagonists of the prostaglandin D2
receptor, according to tests described in the literature and described in pharmacological
testing section hereinafter, and which tests results are believed to correlate to pharmacological
activity in humans and other mammals. Thus, in a further embodiment, the present invention
provides compounds of the invention and compositions containing compounds of the

25 invention for use in the treatment of a patient suffering from, or subject to, conditions, which
can be ameliorated by the administration of a PGD2 antagonist. For example, compounds of
the present invention could therefore be useful in the treatment of a variety of PGD2-mediated
disorders including, but not limited to, allergic disease (such as allergic rhinitis, allergic
conjunctivitis, atopic dermatitis, bronchial asthma and food allergy), systemic mastocytosis,

30  disorders accompanied by systemic mast cell activation, anaphylaxis shock,
bronchoconstriction, bronchitis, urticaria, eczema, diseases accompanied by itch (such as
atopic dermatitis and urticaria), diseases (such as cataract, inflammation, infection and

sleeping disorders) which is generated secondarily as a result of behavior accompanied by



bronchoconstriction, bronchitis, urticaria, eczema, diseases acconpani ed by
itch (such as atopic dermatitis and urticaria), diseases (such as cataract,
i nfl anmmatWoro1ynpedt i on and sl eepi ng di sorders) whi ch i $CHAIPRIIA028433
secondarily as a result of behavior acggnpanled by WO

2011/ 115943PCT/ US2011/ 028433 - 13 - (such as scratching and beating),

i nfl ammati on, chronic obstructive pul nonary di seases, ischem c reperfusion
injury, r r ul ar
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treatnment of atherosclerosis, dyslipidemas or di abetes mnt out causing the
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ni cot i NidF RAGICRr6RG apilmde@gmﬁlabmdmmd@t esisag thagide eﬁectroeﬁam@g An
inhibitor, and its pharnaceutlcal use in the treatnent of atheraqgsclerosis,

dysl i pi cpéimtwabafsp@nt abgresveptianggtates 4o &1 hpharmacaitigel C@mp@émoafsompu@ﬁg Ag.
Conpound f

ol vi g il e har Gy sORpRlnge S btele UPRIAial Meldb ) Tiofnic

f exof enmimceﬂt@fvag@ﬁist rahd arpeostdgwnahﬁm m@;epml uﬂﬁl*olthJ anidns, phhﬂnadehﬁcaﬂ ueahment
of aIIer icrhinitis; Ieukotrlen ant agoni st s, S nt el ukast
and zaf ithf fRagent qf&thqrwletr?%tda@ml SRiagpr @ﬁb@tes YRRt ﬁﬁ@mgé%ﬁ»@%e sliFe pé

der mat i td s ﬂ%& ergic conjunctivitis, etc - please specifically refer to the

20c|a|ns In 01/ 78697 A2; (iii) beta agonists, such as al buterol,
salbuterol and terbutaline, for the treatnent of asthma, COPD, allergic

dermatitjs, i,C conjunctivitis tihi stam.nes ch .as
F exor ender eSS pEiE arht Beeion T e by St f B T enRBEREEE o n
of a8t hiPera h-allergic dermatitis, allergic conjunctivitis, etc; 25(v)

PDE4 ( Phosphodi est erase 4) |nh|b|tors such as roflumlast and cilomlast,
for the (raahistmings sehtasfexof@a@de, lvdestigicmedioratading ingl cesirizime gfog the
conjunct|V|tH§ eb @8$VI) with TP (Thronboxane A2 receptor) or CrTh2
(chennafq?gg? ﬁ% 3356' 1Shom)logous nol ecul e expressed on Th2 cells)

ant agoni gt foukStHehe astafRanAs, se&ad: rhSAYUSAAR] zaffikatihfor thicrddamandt offll &QRD,
allergic dermatitis, aIIerglc conjunctivitis, etc.
rhinitis, COPD, allergic dermatitis, allergic conjunctivitis, etc - please specifically refer to the
20 claims in WO 01/78697 A2;
(iii) beta agonists, such as albuterol, salbuterol and terbutaline, for the treatment of asthma,
COPD, allergic dermatitis, allergic conjunctivitis etc;
(iv) antihistamines, such as fexofenadine, loratadine, cetirizine and levocetirizine, for the
treatment of asthma, COPD, allergic dermatitis, allergic conjunctivitis, etc;
25 (v) PDE4 (Phosphodiesterase 4) inhibitors, such as roflumilast and cilomilast, for the
treatment of asthma, COPD, allergic dermatitis, allergic conjunctivitis, etc; or
(vi) with TP (Thromboxane A2 receptor) or CrTh2 (chemoattractant receptor-homologous
molecule expressed on Th2 cells) antagonists, such as Ramatroban (BAY-u3405), for the
treatment of COPD, allergic dermatitis, allergic conjunctivitis, etc.
30

A special embodiment of the therapeutic methods of the present invention is the treating of

allergic rhinitis.



30 WO 2011/ 115943PCT/ US2011/ 028433 - 14 - Anot her special enbodi nent of
the therapeutic nethods of the present invention is the treating of
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desired AQeraRet 4 furtf RGlure SlBhELRRAGSH MEFSL Prdvdddr-Eat BN forSROUEAmBE: of
understood to include prophylactic therapy as well as treatnment of

est abl i shisungondininndmsticntSuifengfremeort subreebio canditidns ovhigic¢andewsnygliorsited i t s

scope pharmaceuti.cal. coppositi ons. rising.at | t one. of the conpounds
of “Che’ IRvERETBIn R aB Al koo 12 Frsr bR Bt Ry AR B S T er
201 n pr aghdifbofolchiRs@MRBONMRIAh @bmbhses Blisdiihistrat@Niol (B p &yt bardeifdctivst ered in

pharmaceutical |y acceptabl e dosage formto humans and ot her animals by
t opi cal asrousyef eamprouad ef Hiesnyention o a compediioncataningiarararpdakihe rect al |

nas al, b1 \gecn?ilog. L']?%fé&qu% Léln%run "slygllehlngi)l %ESCn%ggh g@llountcoqlcfgﬂlh?uncp@fr i F%@g{t
(i ncludi ng subcutaneous, T ntranuscul ar, i'ntravenous, | ntraderna

i nt 1@t hagadntiandffegivaduisal prostigiindac DItrecopadr aatagdonint andpkud frotedng the desitddl  be
appreciated that the preferred route may 25vary with for exanple the

condi t i dRe@peutiseflicelci pi ent. " Pharmaceutical 'y acceptabl e dosage forns"
refers to dosage forns of the conpound of the invention, and includes, for
exanpl e, tablets, dragees, powders, elixirs, syrups, liquid preparations,

i ncl udi MRefercapsrieton s tregpmentshoild baluaderstobdibd mrkide popbppess theraply sis ord,

sol utions, 30granyl es,. capsul es and suppositories, as well as liquid
preparaﬁﬁ&ﬁﬁngﬁVOFﬁ?%%Fﬁ @nditjons.di ng | i posonme preparations. Techni ques
andjsormul ati ons generally may be found in Rem ngton's Pharnmaceuti cal

Sci ences, Mack Publishing Co., Easton, PA |atest edition. .
The present invention also includes within its scope pharmaceutical compositions comprising

at least one of the compounds of the invention in admixture with a pharmaceutically

acceptable carrier.

20  Inpractice, the compound of the present invention may be administered in pharmaceutically
acceptable dosage form to humans and other animals by topical or systemic administration,
including oral, inhalational, rectal, nasal, buccal, intraocular, sublingual, vaginal, colonic,
parenteral (including subcutancous, intramuscular, intravenous, intradermal, intrathecal and
epidural), intracisternal and intraperitoneal. It will be appreciated that the preferred route may

25  vary with for example the condition of the recipient.

"Pharmaceutically acceptable dosage forms" refers to dosage forms of the compound of the
invention, and includes, for example, tablets, dragées, powders, elixirs, syrups, liquid
preparations, including suspensions, sprays, inhalants tablets, lozenges, emulsions, solutions,
30  granules, capsules and suppositories, as well as liquid preparations for injections, including
liposome preparations. Techniques and formulations generally may be found in Remington's

Pharmaceutical Sciences, Mack Publishing Co., Easton, PA, latest edition.
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provi des for a conpound according to the present invention to be

admi ni st ewedolmis#e form of a pharmaceutical conpositi oRCTRIS201H2AT I ca
conpositions, according to the present |nvent|on conpri se conpounds of the
present invention and pharmaceutical |y acceptable carriers. 5

Phar maceutically acceptable carriers include at | east one conponent

sel ect edy ; rriers,

G 1 et o PR SRt A LB e PR B bR et pRERAG AP AR eervi ng
agents, 1ﬁvén|tlenso bel a&nmns&gemn thg fageof sphanaitdunigal agepbsiioenbhamayiutigalagent s,

enulslon stabilizin ent sus endln i sot on ents, smeetening
agents, CPEDOPIHGBY @ 8|1|‘? Uﬁ?’%l %qwrglseegmapv Oéglgerﬁfgs

ant i baCtlﬁ@érﬁilon%ﬁ@BEeﬁ‘maééﬂticBWgé‘élep@gl%'ya&erﬁ her therapeutic agents,
| ubricating agents, adsorption delaying or pronoting agents, and dlspen5|ng

agents, depending on the nature of the node of adnlnlstratlon and dosage

formns. enpl ar spendi agent.s de, et hox Iat aryl. al cohol s,
poIyoxygﬁﬁgggﬁngggﬁgﬁﬂg%ﬂg %ﬂe@d?%P$ %H%@¥%ﬂeco 98?6 g?é%ﬁln%mé%gqulose
al um nundoRfrRMEPhaxh&euti e laesdpisble @e@ﬂérsa@afen@n@bahﬁgga@ﬁnms Rtiptenys, bf es of
t hese substances Exenpl ary anti bacterial and antlfun% agents for the

pr event i hickds, $Usk ag prasenvingf ageniss bidarg shiiaigraling peres w nge%sntsfﬁﬂnéﬁlﬁbﬁg anol ,

phenol , SQLA

sugars, E¥bﬁlﬁ%9@%P%FP’ﬂgnlgﬁth%Kﬁﬁ%gﬁﬁE¥%%%¥ E&Bhg &ngggﬁggeﬁg%ﬁng ‘agent s
to pool oigoahg agditd, porfimigugents) wmrmgmgrasmspattﬁacrtameﬂ agatts,gatiftnigal agEmenpl ary
adsorptlon pronoti ng agents.tq enhance absorption include dinethy

sul f oxi dShGHBCTARAUAE @aCTEN AV SIS lingRasRhY. AHSRAGMASHYENE AUt 28F8H: %IFdes
sol ubi | '(ﬂ%ﬁ%ﬂsﬁggg&ﬁs d@ﬁéﬁl (%fdneﬂhé ek mﬁé ﬁioﬁﬁ oﬁgoﬁhabgtﬂahg@m ddsHgd fegs wat er ,

chl or of or I sopropyl alco car bonat e, et hyl
acet ate, benzyl al cohol, tetrahydrofurfuryl aIcohoI benzyl benzoate

pol yol s, _ propyl ene col 1, ene r | ene
O yool o, PR bdh ooy s oeg fds gt i ohor
nyr i st yl o R sorBHMLQRNL nﬁ'i@flféry%%a@lﬁ{eaéeﬁu%ﬁg aB@Rintm rh@eh'l@drom&@bentomte

2011/ 115943PCT/ US2011/ 028433 -
agar-agar and tragacanth, or rmxtures of these substances.

Exemplary antibacterial and antifungal agents for the prevention of the action of

microorganisms include parabens, chlorobutanol, phenol, sorbic acid, and the like.

20
Exemplary isotonic agents include sugars, sodium chloride and the like.
Exemplary adsorption delaying agents to prolong absorption include aluminum monostearate
and gelatin.

25

Exemplary adsorption promoting agents to enhance absorption include dimethyl sulfoxide and

related analogs.

Exemplary diluents, solvents, vehicles, solubilizing agents, emulsifiers and emulsion

30 stabilizers, include water, chloroform, sucrose, ethanol, isopropyl alcohol, ethyl carbonate,
ethyl acetate, benzyl alcohol, tetrahydrofurfuryl alcohol, benzyl benzoate, polyols, propylene
glycol, 1,3-butylene glycol, glycerol, polyethylene glycols, dimethylformamide, Tween® 60,
Span® 60, cetostearyl alcohol, myristyl alcohol, glyceryl mono-stearate and sodium lauryl



sulfate, fatty acid esters of sorbitan, vegetable oils (such as cottonseed
oil, groundnut oil, corn germoil, olive oil, castor oil and sesane oil)
and i nj ecwaRpbe/wfYani c esters such as ethyl ol eate, andPCHATSRIIRM28433
suitable m xtures of these substances. 5Exenplary excipients include

| actose, m |k sugar, sodiumcitrate, ¢dPci um carbonate and di cal ci um
phosphate. Exenpl ary di sintegrating agents include starch, alginic acids
and certgajdx.cC lex Sild I [ i ocl by b

ot ear at S aHEiSCRR AP Slop! GabATan RN NI LhRR S AF HARITRAE b

pol yet hydeemnilgblondik .casftueoit iral wearnd ophvardmaeetablicoaganacetps siphesctyl pkeatei s
generally determned ipn accord e wih the chem cal properties of the
active é@ﬁﬁ%%h%*gﬁgﬁmégrgﬁpﬂﬁ?&ﬁﬁ?ﬁspﬁgmﬁﬁﬁticular mode of 15adni ni stration
and the provisions to be observed in pharnmaceutical practice.

Phar maceuti cal conpositions of the present invention suitable for oral

adm hi stkxenipbary eagipisetspndséntacidsasnith signe sediumicitgate,selvivg carbgedte andlosage
form sgﬁh as cggﬁgggs, cachets or tablets each containing a predeterm ned
amount  SFAHEMROPRAEE ngr edi ent, or as a powder or granules; as a |iquid
dosage form such as a solution or a suspension in an aqueous liquid or a
non- 20aqueous liquid, or as an oil-in-water liquid enulsion or a

wat er - i rExsimplary glisitegatingagmts irpladesterchealgingrasiisand caagin spoplpsilsatsent ed
as a bolus, electuary or paste. "Solid dosage fornt nmeans the dosage form
of the compound of the invention is solid form for exanple capsul es,

t abl@t s, Expiniplsy lpeiEers Sncladdcagaarsiam geang) @diun husdchlfso)thld, ghosebas High ns,
25t he conpound of the invention is adm xed with at | east one inert

cust omarolegdpmveight nabyetipdens @ysolsuch as sodiumcitrate or dical ci um
phosphate or (a) fillers or extenders, as for exanple, starches, |actose,
sucrose, glucose, mannitol and silicic acid, (b) binders, as for exanple,
car boxy rfgicyhoeldf phaseccwicgl mateshle gedrat isrgenpally deteyrhipgd roddedelaege wiler ose
and acacja,, (c) hunectants, as. for exanple | ycer.ol .. (d) .disintegrating
agent s, tg% CIF%?IC%P&?RFFE?S Ofdl%ﬁ ackly§ oMy CEH‘? ﬁari}ﬂﬁhﬁ'af?@,p%tbct“;atrén%ﬁq}fapi oca
stafeh, RhdhRirsiRCdrd the Blob Ridhs 4O BPbB¢r&ldlih pRAGRcANRaNGEEERB, (e) sol ution
retarders, as for exanple paraffin, (f) absorption accelerators, as for
exanpl e, Plymaseutieal pompashpnmefdoanpiosand svepigon wetablerfgr ergbsdminisgratiomomaganpl e,

cetyl alcohog anﬁf | ycer.ol nost ear at e g% adsor bent as_ for | e,
a0l i n e B o AP TR p € oL Sanonty, 7R P o bRy B N B3R5
cach containing a predetermined amount of the active ingredient, or as a powder or granules;
as a liquid dosage form such as a solution or a suspension in an aqueous liquid or a non-
20  aqueous liquid, or as an oil-in-water liquid emulsion or a water-in-oil liquid emulsion. The

active ingredient may also be presented as a bolus, electuary or paste.

"Solid dosage form" means the dosage form of the compound of the invention is solid form,
for example capsules, tablets, pills, powders, dragées or granules. In such solid dosage forms,
25  the compound of the invention is admixed with at least one inert customary excipient (or
carrier) such as sodium citrate or dicalcium phosphate or (a) fillers or extenders, as for
example, starches, lactose, sucrose, glucose, mannitol and silicic acid, (b) binders, as for
example, carboxymethylcellulose, alginates, gelatin, polyvinylpyrrolidone, sucrose and acacia,
(¢) humectants, as for example, glycerol, (d) disintegrating agents, as for example, agar-agar,
30  calcium carbonate, potato or tapioca starch, alginic acid, certain complex silicates and
Na,COs, (¢) solution retarders, as for example paraffin, (f) absorption accelerators, as for
example, quaternary ammonium compounds, (g) wetting agents, as for example, cetyl alcohol

and glycerol monostearate, (h) adsorbents, as for example, kaolin and bentonite, (i) lubricants,



- 17 - as for exanple, talc, calciumstearate, nmagnesiumstearate, solid
pol yet hyl ene glycols, sodiumlauryl sulfate, (j) opacifying agents, (k)
buf f eri ngvagentds94and agents which rel ease the conpoundP€Y/usoriiazs4dhvent i on
in a certain part of the intestinal trgct in a delayed manner. 5A tabl et
may be made by conpression or nol di ng,‘1 ptionally with one or nore
accessory ingredients. Conpressed tables nmay be prepared by conpressing in

a sui taba!s%op&%ﬁipgkg tH10%a Rk F‘%aﬂa@ﬁﬁghﬁﬂ%ﬂ%ﬂa@aﬁtg 5(%541 hend @95@@,%{%@ a

powder or gran optionally m xe I nder, rican I ner

di | uent ,lapyksdfaia(ji) vpaci&ing aeeatsadd buffering dicapearsi apgntagdnch rekeasd thcent s such
as |l actose, sodiu itrate, calciumcarbonate, dicalciumphosphate and

di si nt egﬁogiﬁoﬁﬁgdib%g?}fné’e’%%hma%c%a&} Rt Ogtﬁ}@ FIH?S('Emﬁlctﬁfi ma%ﬁg?:%ﬁ%trﬁ?lﬁleﬁonpl ex
silicates conbined with lubricants such as nagnesi um stearate, sodium

lauryl sulfate and talc may be used. A mixture of the powdered conpounds
moi si enedl takilet magrbei madet byl Goguyirebshinl aremildingyoritienalhy well one onmerd acgiserymachi ne

to make .nol ded tablets. The tablets na tionally be coated or.scored and
my be. rBRRIaEe dcugrased BB Gon s ter AR ESRTrstnal RS a5t A oc T ve
i ngr edi ativé hpi&iidht inld frSeiflodligoPasuth &epaRderat gRanbRs PBlbeyBomasdwitd €r s
in soft and hard-filled ‘?el atin capsul es using such excipients as | actose
or m |k Wudgirlubgoans|ineradilyang propervative. shrfos aghve podiyrarHys agrat. gEyepicsts and
the like, I it f or .mmr ct:l i i i ONny. appounds
can be rﬁuglggsefr%éaagé SP(%E féldpq ?%e C%Em%?tcgréﬁ{é%gt %,ké{giwg]l @&E#%Vée%@edlgb{% Iéarlg ted

?el iyer yag;@mkwsasssmmagiﬂiclabﬂe@ﬂd)aédaﬁn eompli o didigatadedrhiengbivitheubrivattsi ces
e.g., poly(d,l-lactide co-glycolide)),.liposaones, and m craospher and
subcut ar@6lidt PAgRes|uit paHase TR JAUrHj Sékfﬂf@&ngwlgmééﬁﬂﬁ A iRt the

subcut a ri . . : . ase of
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the co for a period o onger. e conpounds may be
steri|i zeachifeoto neskampélded faplefs. |Theasblon ndyraptighally ixamiedicascatdaimd mgy bel t er,

or by incorporating sterjlizing agents,in the.formof. sterile solid
conposi tIPHRY AP 2 Mfsﬁlda#ﬁ%ﬁ?w trp edsliegﬁia?? %f'&ﬁf“ét}v,e lﬁgreglﬁﬂtetﬁﬁrte%r sterile
inj getabl e medi um i medi ately before use. 30"Liquid dosage fornt' neans the
dose of the active conpound to be adm nistered to the f‘pati ent isinliquid
form f oSolidecampobidionpinay rise datcinpidyied aaberstimbibandhhdrdifidied gelatn gensules,
suspensi on i xirs,

aurd douisetY SRReRa Bstsenm e Ml bRy VB ORISR
such sol 9m§,an§q{eqmel i zing agents and enulsifiers. WO
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20 If desired, and for more effective distribution, the compounds can be microencapsulated in, or
attached to, a slow release or targeted delivery systems such as a biocompatible,
biodegradable polymer matrices (e.g., poly(d,l-lactide co-glycolide)), liposomes, and
microspheres and subcutancously or intramuscularly injected by a technique called
subcutaneous or intramuscular depot to provide continuous slow release of the compound(s)

25 for a period of 2 weeks or longer. The compounds may be sterilized, for example, by
filtration through a bacteria-retaining filter, or by incorporating sterilizing agents in the form
of sterile solid compositions that can be dissolved in sterile water, or some other sterile

injectable medium immediately before use.

30 "Liquid dosage form" means the dose of the active compound to be administered to the patient
is in liquid form, for, example, pharmaceutically acceptable emulsions, solutions, suspensions,
syrups and elixirs. In addition to the active compounds, the liquid dosage forms may contain

inert diluents commonly used in the art, such solvents, solubilizing agents and emulsifiers.



When aqueous suspensions are used they can contain enul sifying agents or
agents which facilitate suspension. 5Pharnmaceutical conpositions suitable
for topi D 280148t rati on nmeans formnul ati ons that are PATAISR@N/28483 t abl e
to be adm nistered topically to a patiﬁgt. The fornul ati on may be presented
as a topical ointnent, salves, powders;®°Sprays and inhal ants, gels (water
or al cohol based), creans, as is generally known in the art, or
incorporated into a nmatri x base for application in a patch, which would
allow a controlled rel ease of conpound through the transdermal barrier.
10When fWhenh@teeds susparsionis atonmesad thetylven actthmeenulgfyeul ggents armgerlde wambl oyed

W th ei%%e{ a garaffinic or a water-m scible ointnent base. Alternatively,
the act i aGTEBS I nay be fornulated in a creamwith an oil-in-water
cream base. Fornul ations suitable for topical admnistration in the eye

i nclude eye drops wherein the active ingredient is dissolved or suspended

i n a5 suiRabhaccotical icempostpeciughbly fentopiguledusnisivitioamedns fornhidatmes thagare

i ngredi ent.. 15Fa | ations.suitahle for, topi.cal -adm nistration in th ut h
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that acts as a stabilizer. Together, 25 the emulsifier(s) wth or w thout
st abi | i zein(isistrabdoeinule tjvanendd sy dropgwhaxin thaectivieengradicttagdiskavedwit h t he

oil and fat e up.the enul sifyi. oi nt nent base ich forns the oily
di sper seds %&“hﬁgfﬁgbéPQHﬁﬂﬁB&ﬂaBﬁ?ﬁ%ﬂ@?uﬁ%ﬁ%%%ﬁy At ﬁt%ﬁs phase of
t hejgr ey RRSRIOARYilaBR! BHRpichPEdEXARRISh inhé BR%Eh i%@l%d&vldﬁe\?es c8fipfising the
pol yhydric al cohol, i.e. an alcohol having two or nore hydroxyl groups such

as propydcemeingrgdioit in pflaeered basds, dbwilly sprenarg arsl acagio opfregacantyl paseied and

pol yet hyl ene. gl ycol (includi ng PEG 400).and m xtures thereof The topical
For il at ot R ey e RAnaa A RARTIEAE S g1 or B OB
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the active ingredient through the skin or other affected areas. The choice

of suitable oils or fats for a conposition is based on achieving the
deshed r I C . I {
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| eakage ihpedichtsiea kaowath@hec OWhie tierphascShapcghprierméehrmtadildfiai n, nono-
or dibasic all(yl esters such as di-isopropyl nyrijistate, decyl oleﬁge,
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al one or I n conbination
emulsifier is included together with a lipophilic emulsifier that acts as a stabilizer. Together,

25  the emulsifier(s) with or without stabilizer(s) make up the emulsifying wax, and the way
together with the oil and fat make up the emulsifying ointment base which forms the oily

dispersed phase of the cream formulations.

If desired, the aqueous phase of the cream base may include, for example, a least 30% w/w of
30 a polyhydric alcohol, i.e. an alcohol having two or more hydroxyl groups such as propylene
glycol, butane 1,3-diol, mannitol, sorbitol, glycerol and polyethylene glycol (including PEG

400) and mixtures thereof. The topical formulations may desirably include a compound that



10dependi ng on the properties required. Alternatively, high nelting point

| i pids such as white soft paraffin and/or liquid paraffin or other m neral
oi | s can WO 206léd594Phar maceut i cal conpositions suitabl e POT/USRElAR8433

vagi nal adm nistrations neans fornulatiQns that are in a formsuitable to
be adm nistered rectally or vaginally'ﬁ “"a patient and containing 15at

| east one conpound of the invention. Suppositories are a particular form
for Suchnh@idbAkhan driiheiian P uRf LA A eniibfith hOSIABAKPHRAL L N S

i nvention sui'table ' non-irritating exclpients of carriers such as cocoa
butter, gpedsyet hyl ene glycol or a suppository wax, which are solid at
ordinary tenperatures but liquid at body tenperature and therefore, nelt in
the rectum or vaginal cavity and rel ease the active conponent. 20
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The %o rrpnepetrtlcm sThmfs atcmnparl@g&;hprefembéﬁw anomgecabpMenisttiitg dnd Waghabte

sol utions | si ol. atible buffers uch

vt £1 (- SradiehpnBgile insiferY A8 G Bk A g SR 81Ot SRS s BN ey
be for myrad@dd chaif ahbikb- 25 Hasic ang1 egets S66H asell-iWpr&ys pendact, deayedicatee! v

prior to use. Lyop hilized forms are also included. The formul ations are
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conpositions that are in a formsuitable to be adm ni stered nasally or by

i nhal ation to a patient. The conposition may contain a carrier, in a powder
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aqueous forrnmhanqnsgbatman dapraprredihy migingtbe compewdids pf thl@@mﬁm witlosstablei t abl e
for aerosol ni_str.ation bared accon ventlona

et hods TR Tay e ety 8F el cre b @Eo FuE Rl el e TS iR o e

i nhal er swal evhigedrdkoli P4t rdihiyi tsinpéraPesORPQEidiat BHGy REHOFEIr8@nd thetdlgre,

i nvention for an inhal ational therapY Actual dosage | evel s of active

i ngr edi enel 8 the eatyre oe srgioalicayisnandorlcasrethe aeievR GoBIOREY- be 10varied so as to
obt gi n an anobunt of active ingredient(s) that is (are) effective to obtain
a desired therapeutic response for a particular conposition and method of
admi ni stPafkinadeutiodl campasitiembdmbisetbéby eédedioaags bedwetrarfsousarnyt, pantéroub,ar
patient therefore de&/nds upon a variety of factors(gnﬁludin t he .desired
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condi tion,
Hank's solutlon or Ringer's solution. In addition, the compositions may be formulated in solid

25 form and redissolved or suspended immediately prior to use. Lyophilized forms are also
included. The formulations are sterile and include emulsions, suspensions, aqueous and non-
aqueous injection solutions, which may contain suspending agents and thickening agents and
anti-oxidants, buffers, bacteriostats and solutes which render the formulation isotonic, and
have a suitably adjusted pH, with the blood of the intended recipient.

30
Pharmaceutical composition of the present invention suitable for nasal or inhalational
administration means compositions that are in a form suitable to be administered nasally or by

inhalation to a patient. The composition may contain a carrier, in a powder form, having a



15sex, diet and age, the type and potency of each active ingredient, rates
of absorption, netabolismand/or excretion and other factors. Total daily
dose of tWO200MIs4Ads of this invention adm nistered toPaTABRIIGML843h singl e
or divided doses may be in anmounts, for,_exanple, of from about 0.001 to
about 100 ny/ kg body 20wei ght daily aﬁaoﬁreferably 0.01 to 10 ng/ kg/ day.

For exanple, in an adult, the doses are generally from about 0.01 to about
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patients may respond rapidly to a higher or |ower dose and may find nuch

weaker mai nt enance doses adequate. For other patients, it may be necessary

to have ng-,t.er [ n . ) S: in
accor dareau ChTE FGLIEP: Gl Gy b s hedifino AOER D 263 12,
requd r eneificd s@fis @asbitaipan kimouhtart apttd @ptedicnt(spibetsis it heftiictisayd stgainhat , f or
other patients, it will be necessary to prescribe not nPéggIhan,on or two
doses pefesiggtherppguticrrnanag {5 adaEen a5 ompeteedg o p RGN MGy any

of the 3@%@9@% Weikdred RRNE fe0c ot B Riiculr ANBKTRGfor UG dPRACS drRE) dide

the ste bringing in assocl ation the "active ingredient wth thé
carri er fabtats incdndingtthit desired theoapentir eff@e oasborontd efadednistmtson, bn tigadesired  t he

formul atjons are prepared by uniformy a intimatel y brjnging. into.
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sol i 8l cafki ®kSan@lagbQhOtypRRfd hBRAcy bff calE §QSRANYredRRRRItE D tdorpligduct . 10 The
formul ati ons may ge preésented in unit-dose or multi-dose containers, for

exanpl e meabadgmansider casrcting and athsr fctors. el ast oneri ¢ st oppers, and may be
stored in a freeze-dried (lyophilized) condition requiring only the
addition of the sterile liquid carrier, for exanple

Total daily dose of the compounds of this invention administered to a patient in single or

divided doses may be in amounts, for example, of from about 0.001 to about 100 mg/kg body

20  weight daily and preferably 0.01 to 10 mg/kg/day. For example, in an adult, the doses are
generally from about 0.01 to about 100, preferably about 0.01 to about 10, mg/kg body weight
per day by inhalation, from about 0.01 to about 100, preferably 0.1 to 70, more especially 0.5
to 10, mg/kg body weight per day by oral administration, and from about 0.01 to about 50,
preferably 0.01 to 10, mg/kg body weight per day by intravenous administration. The

25 percentage of active ingredient in a composition may be varied, though it should constitute a
proportion such that a suitable dosage shall be obtained. Dosage unit compositions may
contain such amounts of such submultiples thercof as may be used to make up the daily dose.
Obviously, several unit dosage forms may be administered at about the same time. A dosage
may be administered as frequently as necessary in order to obtain the desired therapeutic

30  effect. Some patients may respond rapidly to a higher or lower dose and may find much
weaker maintenance doses adequate. For other patients, it may be necessary to have long-

term treatments at the rate of 1 to 4 doses per day, in accordance with the physiological



water for injections, imediately prior to use. Extenporaneous injection
sol utions and 15suspensions nay be prepared fromsterile powlers, granules
and t abl e¥e 20f1/11F3ki nd previ ously descri bed. ConpoundsPOT/GSRe1i0p8430t | on
may be prepared by the application or ggaptation of known net hods, by which
is meant nethods used heretofore or déscribed in the literature, for
20exanpl e those described by R C. Larock in Conprehensive O ganic
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her ei naf't It may be necessary to protect reactive functlo a groups, for
exanplelhydmﬁxmytapumodbdnduwmnaﬂhh@neorcmab@xypgnmyps, where these are
desired 25in the final product, to avoid their unwanted participation in
the reactions. Conventional protecting groups may be used in accordance

wi th st afydaehphastsd @8 be hRIp a@&QHBhi% YoS@e fJnﬁ/\éy X eEMAe aRcholds well Kibwhih s,
Protecting G oups in CXganlc Synthesis,” 3rd edition, John Wley & Sons,
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[-C(=0) CF3] which may be renoved g base cataly ydrol si s, a solid

phase r asgigdisatiytth bawigyrriproeiinady, émd&é sahql/é%rrlplfsmélba hy ard ebdﬁﬁ%pessaw,
2, 6-di ne roup (Ellman Iinker) or a 2,6-dinmethoxy-4-[2- WO
2011/ 115‘%‘2@5@%@%&%028433 _ 22 - (pol ystyryl met hoxy) et hoxy] benzy! ,
whi ¢th may be renoved by acid catal yzed hydrolysis for exanple wth
trifluoroacetic acid. A conpound of For e prepareq

react i onl ksrfoEmelationsney be pm&nﬁﬁﬂ 1§ upifrdope Owgu@rsf% CP&ta}nger Kargpieyra
met hyl , a‘?ﬁﬁ%‘les A RN with SRROARYL - stoppers, and may be stored in a freeze-dried

(lyophilized) condition requiring only the addition of the sterile liquid carrier, for example

%Ech as

water for injections, immediately prior to use. Extemporaneous injection solutions and
15 suspensions may be prepared from sterile powders, granules and tablets of the kind previously

described.

Compounds of the invention may be prepared by the application or adaptation of known
methods, by which is meant methods used heretofore or described in the literature, for
20  example those described by R.C. Larock in Comprehensive Organic Transformations, VCH

publishers, 1989.

In the reactions described hereinafter it may be necessary to protect reactive functional
groups, for example hydroxy, amino, imino, thio or carboxy groups, where these are desired
25 in the final product, to avoid their unwanted participation in the reactions. Conventional
protecting groups may be used in accordance with standard practice, for examples see T.W.
Greene and P. G. M. Wuts, Protecting Groups in Organic Synthesis, 3rd edition, John Wiley
& Sons, Inc., 1999. Suitable amine protecting groups include sulfonyl (e.g., tosyl), acyl (e.g.,
benzyloxycarbonyl or t-butoxycarbonyl) and arylalkyl (e.g., benzyl), which may be removed
30 by hydrolysis or hydrogenolysis as appropriate. Other suitable amine protecting groups
include trifluoroacetyl [-C(=0)CF3] which may be removed by base catalyzed hydrolysis, or

a solid phase resin bound benzyl group, such as a Merrifield resin bound

2,6-dimethoxybenzyl group (Ellman linker) or a 2,6-dimethoxy-4-[2-



The reaction may conveniently be carried out for exanple in the presence of

a suitable base, such as sodium carbonate, |ithium hydroxide, |ithium

hydr oxi dewoeaoliyd4at e, sodi um 10hydr oxi de, pot assi um hy®#CoAiSde10e848he | i ke
in an al coholic solvent, such as net hagg\l et hanol , propanol, isopropanol,
or butanol in the presence of water. conpound of Formula (VI1) may be

prepared by reaction of a conpound of Forrmula (V), wherein X is a hal ogen

with a : I
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an aprotic solvent, such as N-nethyl pyrrolidone, N, Ndinethylfornman de,
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wherein X is a hal ogen may be prepared by reacting a conpound of For nul a
(1V)5 \AhevlmrmnR1|lsloavehalkorgswhwsmﬁtlwlc@htxiomuylofsop@mhI a (I11) or a suitable

salt thereof (V) The reaction may conveniently be carried out for
exanple in the presence of a suitablerbase, 10such as sodi um caxbo@ ;
triethylamne or the like in |c sol vent, such as N ng
pyrrolidone, N, N-dinethy for de N, N-di nmet hyI aceta @ okgene of the
|l i ke. A compound of HaNTUDA ) may be prepared by roact | ng a conpound of
Forrmula (I1) under N
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The reaction may conveniently be carried out for example in the presence of a suitable base,
such as sodium carbonate, lithium hydroxide, lithium hydroxide monohydrate, sodium
10 hydroxide, potassium hydroxide or the like in an alcoholic solvent, such as methanol, ethanol,

propanol, isopropanol, or butanol in the presence of water.

A compound of Formula (VII) may be prepared by reaction of a compound of Formula (V),
wherein X is a halogen with a compound of Formula (VI), wherein R is lower alkyl such as

15 methyl, ethyl, propyl, isopropyl.
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reduci ng conditions such as catal ytic hydrogenati on under pressure in the
presence of a 15reduction catalyst or an equival ent reduction known in the
art. (WORP11(11FH3The reacti on may conveni ently be car PCEISoUt/028IB3 exanpl e
in the presence of a reduction catalysE such as pal |l adi um on carbon, or
the like in an al coholic solvent, such 35 ethanol or nethanol or the Iike
in an atnosphere of hydrogen. This reduction may equally be effectuated

20by re i (o) I AL I I
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conpounds of. this jnventi can. b eneragted fro he salts, by the
applic atﬂyﬁ?ﬁlg?neaglafﬂf ‘H@F@‘H%ﬁn%ﬁgg\ﬁ\] 15?@ 8%@%‘?—%??“@%?%%? Ofgt f @h? conpounds
of the invention can be regenerated fromtheir acid addition salts by

treatment with an alkali, e.g. 5aqueous sodi um bi carbonate solution or
aquebus Arompdendsa] Rerinoh. (VEompaeinds isof halddes mapkenprepied bnrdsetinggener at ed

fromtheir bas ditio al.ts.by th lication or adaptati of _known
nethodsfmﬁgpugig WB?H$Q}§H@w5% dﬁﬁ%%%%$1WH afﬁggﬁPFg%B@ u%gﬂﬁgﬁéherated
from t hejuitaasslt adebofi on salts by treatnent with an acid, e.g. hydrochloric
10aci d. Conpounds of the present ipvention may be conveniently prepared, or
formed during the process of the ifivention, as solvates (e.g. hydrates).
Hydr ates of conpounds of the pres i nventi on may be conveniently prepared
by recrystallization froman aqufousNorgani c sol vent 15ni xture,r usi ng
organi ¢ sol vents such as di oxanell THK_or nethanol. Accorging © Ffurt her
feature of the invention, baseXaddNtiof salts of the coffpoupds ¢f this
i nventi on may be prepabéig, reac;ion $f the free asid Mt theFappropriate
r

base, by the app agTon adagﬂ\pion of known et hods. For exanpl e, the
base addition sa of t
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The reaction may conveniently be carried out for example in the presence of a suitable base,

10 such as sodium carbonate, tricthylamine or the like in an aprotic solvent, such as N-methyl

pyrrolidone, N,N-dimethylformamide, N,N-dimethylacetamide, toluene or the like.

A compound of Formula (IIT) may be prepared by reacting a compound of Formula (II) under
reducing conditions such as catalytic hydrogenation under pressure in the presence of a

15  reduction catalyst or an equivalent reduction known in the art.

Il
i (1)

The reaction may conveniently be carried out for example in the presence of a reduction

catalyst, such as palladium on carbon, or the like in an alcoholic solvent, such as ethanol or

methanol or the like in an atmosphere of hydrogen. This reduction may equally be effectuated
20 by reaction of the compound of Formula Il with a metal hydride for example lithium

aluminum hydride or sodium borohydride.



20compounds of this invention nmay be prepared either by dissolving the free
acid in water or aqueous al cohol solution or other suitable solvents

cont ai ni Nyorh/IAPIBopri ate base and isolating the salt BgTasapanag43hg t he
solution, or by reacting the free acid gnd base in an organic solvent, in
whi ch case the salt separates directl y<6rf can be obtained by concentration
of the solution. 25 The starting materials and internedi ates nay be
prepared by the application or adaptation of known nethods, for exanple

nmet hods as described in the Reference Exanpl es or their obvious chem cal
equi val eFitesaciBQitadnysaite af thiebimpdends olﬂitlgjhirﬂee&swaa beirggenedraGl foora tlogyadtp hy -
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are recorded using a Mcromass LCT mass spectroneter. The nethod is

posi §i veqeb@stsodapr garbomite sulitgm orsgasmisigmenss setfiorf.r om 100 to 1000.

Li quid chromat ography is perforned on a Hewl ett Packard 1100 Series Binary
Punp 5& Degasser; stationary phase: Phenonenex Synergi 21A Hydro-RP 20 X

4. 0mm catdfipound®bf hes iRhasRn cAn Be GoghberbRt Miden BeirdabdAditich a@t 8y theB = 0. 1% FA
in acetonitrile. Injection volune of 5¥LL by CTC Anal ytical PAL System
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ScalmerumgL(ELS) detector tenperature = 46C, nitrogen pressure = 4 bar. 300
MHz 1H nucl ear nagnetic resonance spectra (NVR) are recorded at ambi ent
tenperature using a Varian Mercury (300 MHz) spectroneter with an ASW5 nm
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t et ranet ane em ca ifts values are 15/ ndi cated In par%s per
mllion I(rpmi oftiht inveafien,encelvitos {eg. rhazdmttdfsyl Eyﬂlatae of TorBpoasls bﬁéle|pm¢®ntnal

standard. As. used .in the ex | es that foll ow

ssed o RED) b ERp B FS DTSR FEY [ pration g i wpepe gingy P
9" 15 ef §hudi®, &Er%r@fgamggolvérﬁ@ Gich o ‘aldﬁ'ahé N @gEmeddndlt 9" refers to

m crogr ans, refers to noles, "mmol " refers to mllinoles, "M refers

to nol ar, "mM' refers to nllllnnlar, "[tM refers to nlcronnlar "N' refers
to nornq& n?M' . . . .
¢cording to a further feature of the invention, base addition salts of the compounds of this

invention may be prepared by reaction of the free acid with the appropriate base, by the
application or adaptation of known methods. For example, the base addition salts of the

20  compounds of this invention may be prepared either by dissolving the free acid in water or
aqueous alcohol solution or other suitable solvents containing the appropriate base and
isolating the salt by evaporating the solution, or by reacting the free acid and base in an
organic solvent, in which case the salt separates directly or can be obtained by concentration
of the solution.

25
The starting materials and intermediates may be prepared by the application or adaptation of
known methods, for example methods as described in the Reference Examples or their

obvious chemical equivalents.

30 Analytical Methods:

High Pressure Liquid Chromatography - Mass Spectrometry (LCMS) experiments to
determine retention times (Rt) and associated mass ions are performed using one the

following method.



refers to nanonolar, "pM refers to piconolar, "L" refers to liters, "nL"
or "m" refers to mlliliters, "AL" refers to mcroliters, "C' refers to
degr ees CED2DUSIISI4AP" or "nlp " refers to nelting point PCTA[$2010/028433 p. "
refers to boiling point, "mmof Hg" refers to pressure in 25mllinmeters of
mercury, "cnl refers to centineters, ﬂg‘i refers to nanoneters, "abs."
refers to absolute, "conc." refers to concentrated, "c" refers to
concentration in g/m., "rt" refers to roomtenperature, "TLC' refers to
thin layer chromatography, "HPLC' refers to high performance |iquid
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15 1ndlcated in parts per million (ppm) with reference to tetramethylsilane (TMS) as the internal

standard.

As used in the examples and preparations that follow, the terms used therein shall have the
meanings indicated: "kg" refers to kilograms, "g" refers to grams, "mg" refers to milligrams,

20 "ug" refers to micrograms, "mol" refers to moles, "mmol" refers to millimoles, "M" refers to
molar, "mM" refers to millimolar, "uM" refers to micromolar, “N” refers to normal, "nM"
refers to nanomolar, “pM” refers to picomolar, "L" refers to liters, "mL" or "ml" refers to
milliliters, "uL" refers to microliters, "°C" refers to degrees Celsius, "mp" or "m.p." refers to
melting point, "bp" or "b.p." refers to boiling point, "mm of Hg" refers to pressure in

25 millimeters of mercury, "cm" refers to centimeters, "nm" refers to nanometers, “abs.” refers to
absolute, “conc.” refers to concentrated, "c" refers to concentration in g/mL, “rt” refers to
room temperature, "TLC" refers to thin layer chromatography, "HPLC" refers to high
performance liquid chromatography, "i.p." refers to intraperitoneally, "i.v." refers to
intravenously, “NMR?” refers to nuclear magnetic resonance or nuclear magnetic resonance

30 spectroscopy, “s” = singlet, “d” = doublet; “t” = triplet; “q” = quartet; “m” = multiplet, “dd” =
doublet of doublets; “br” = broad, “LC” = liquid chromatograph, “MS” = mass spectrograph,
“ESI/MS” = clectrospray ionization/mass spectrograph, “Rt” = retention time, “M” =

molecular ion, “PSI” = pounds per square inch, “DMSQO” = dimethyl sulfoxide, “CD3SO”
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refers to deuterated dimethyl sulfoxide “DMF” = dimethylformamide, “THF” refers to
tetrahydrofuran,, “DCM” = dichloromethane, “HCI”” = hydrochloric acid, “NMP” = N-
methylpyrrolidinone, “DEA” = diethylamine, “SPA” = Scintillation Proximity Assay,

“ATTC” = American Type Culture Collection, “MEM” = Minimal Essential Medium,

5 “CPM” = Counts Per Minute, “EtOAc” = ethyl acetate, “THF” = tetrahydrofuran, “MeOH” =
methanol, “EtOH” = ethanol, “IPA” = isopropanol, “PBS”= Phosphate Buffered Saline,
“cAMP” = 3’-5’-cyclic adenosine phosphate’ “TMD” = transmembrane domain, “IBMX” =
3-isobutyl-1-methylxanthine, “cAMP” = cyclic adenosine monophosphate, “pH” refers to a
measure of the acidity or basicity of a solution, “PGD2” refers to Prostaglandin D2.

10
The present invention is further exemplified, but not limited by, the following illustrative

Examples and Intermediates.



-28- A 500 nL hydrogenation vessel was charged with a solution of
(4-trifluoromethoxy-phenyl)- acetonitrile (2) (25.0 g, 124.28 mmol),
hydr ochl avpeotgii@4¢ 12N, 25.89 nL, 310.70 mmol) in 200 mPCHUSAEII98433] cohol
and pal | adium on activated carbon (5w %37 13.00 g). The vessel was set in a
Parr - shaker apparatus and hydrogenat ed<“dnder 55 PSI of hydrogen overni ght
(17 5hours) at roomtenperature. The catal yst was renoved by filtration
over a pad of Celite and the fiItraﬁgﬁWtrat ed under reduced pressure.
The solid residue was dissolved in ethyl acetate/dichloronmethane (300 ni,
1:1 v/v) and diluted slowy with 200 nL of heptane while stirring
i ly. .Thg recfi pitated amne salt was collected by filtration to give
title coORPS SCAD 9’.—“%‘2‘ LOMS: R = 1.96 nminutes, MS mz = 206.
10 Step 2 Cl
(6-Chl oro-2-net hoxy-pyrimdin-4-y1)-1-2-(4-trifluor or;E&hoxy- phenyl)-et hyl | -
amne (5). 0,CF3 A suspension of 2-(4-trifluoroneth MAQ)henyI ) - et hyl am ne

[

hydrochl ori de (3) (24.5 1 1.39ommul ),
4, 6- di chl%N%y?g:l’ H?’guéﬁecm) 15 ¢©101.39 mol) and sodi um
hydr ogen car bonafe .29 g, 253.47 B i QA ni of ethyl al dohol was

refluxed at 90C for 17 hda.MtAfter cooling to roolNfimperature,| the

reaction was diguted with 450 nL of watgr and stirrif§"continued for 1.5

hours. The fornmed precipitate was filtered and air dried to giveg title

conmpound (5) (34.25 g, 97%. LCOMs: Rt = 3.37 mnutes, M5 nlz =y348. 20

Step 3 1 -

{2- Met hoxy-612-(4-trifluoromethoxy-phenyl)-ethyl am no]-pyrim di n-él-yl} -pip
CF

eridin-3 - yl)-acetic acid ethyl gster (7). \® “CF,
2011/ 115943PCT/ US2011/ 028433 29 -CR SiNdn  of
(6-chl or o- 2- met hoxy- pyri pAdi A y1)42- £4Qr uor orret hioxy- phenyl) - et hyl ] -

am ne (5) (5.00 g, 14. 8 mol ), piperidin-3-yl-acetic \d ethyl ester (6)

(3.70 g, 21.57 mol) Wpot assi um cafbonate (5.96 g, [|43,]14 nmol) in 65 n
of N-methyl pyrjolidonk whs stirred fof:Pr hours atciT40€ ~after cooling to
room terrp\er’atj]r/é‘r@Q ryac ion vas di l ut®® with 300 5 |
0
7
LIOH.H,
MeOH/H,0,

)
T ﬁN ~0 N N/)\O
o) PN Resolution by chiral H \H/\Q |
N™ N c|) chromatography &
o} 1-a

Step 1
2-(4-trifluoromethoxy-phenyl)-ethylamine hydrochloride. (3)

@)
NH

2

10



5nmL of water, while stirring vigorously, which continued for 1.5 hours. The
formed precipitate was filtered and air dried to give title conmpound (6.50
g, 949 . WQ2NMB/11R43= 3. 07 nminutes, MS niz 483 1H NVRPLEOB20MHD2846D3) 250]
6 7.35 (d, J=3.5 Hz, 2H), 7.29 (d, JBg : 6.72 (br, 1H), 5.29 (s,
1H), 4.07 (t, J=3.5Hz, 2H), 4.03 (m 185F). 3 71 (s, 3H), 3. 32( br oH) ,
2,86 (t, J=3.5Hz, 3H), 2.68 (t, J=3.5Hz, 1H), 2.24 (q, J35Hz 1.85

b 2 :
( - H)A 5&%% %’Q{(%g%lgg‘t ri %g‘gag;%% %yl%ﬁéSﬁ)I}%OB Of yﬁé%mno pyr | ﬁiﬁdl n)44 y1}
- p| p er | adttonirile (2H42D)0- @dész naook, l(yli)rochldVBidmud(lANT 95.89 suls BaAg0ammol) irf 1-

2- ho 2-(4-trifl h h -
Sy a0 g it peat) g ph e oA ety sachen (St 4580 ) Thesieer! 19
(5.50 g, geflih ARhrABRIE 4fp a@@us@nd%&rdf%%ﬁ%éd @Adé@h?'PSY\@ﬁhﬁﬂgggﬁ @eﬁﬁ’$ mtapn of

| 'i thi um hydr oxi de nonohydrat e 2034. 20 mmol ) wat er and
t he i xthoues) st foone@mporatur?. Hmnagllm m@mm@x@dﬁerfdtrm@ oxﬁea@aqi ohCelittgnéd with

350 nL ¢ nda ified slo chl.oric to pH
of s uiine B PR RO bbE D it Sh MBE B MBSy

preci pi tatRtNEshIbiontghiad (30uWmal I: ldﬂif)%ﬂldtdﬁlu@ald\éﬁwﬂytvhﬂl mrfﬁDld)lﬂﬁe}ﬁtiﬂe \6114113‘30 g,
93% . 25Method B: A m xture of conpound 7 (12 8 0. 265 muol )

THF/ H20/ st BgomomsloHT isprepipitaod pmimggakiiyag callget Albatiay thglvseéef or 2 h.
LC/ M5 i ndi cat C§ do I e m xture was cool ed
to RT andm?t%l I'I'((:‘%QE% %6% éé}”f‘ L\&Z}?/Iasfdk?% lg%/(gl?l}lnul- tM e reg‘%tl on m xture was
cong@ntrated in vacuo to renove the organic soI vents. The residue is
partitioned between saturated NHACL and EtOAc. Separation of the aqueous
VO 2011/51_9,EQL43PCT/ Us2011/ 028433 - 30 - and organic layers occurred very
slomy. 3 ‘ QL adj usted to
bet ween nad [ Ne agueous was ‘ Operly , the two
| ayers separ at ed The~Q ghc | ayer was washed with brine, dried over
Na2SO4, flltered onc trated in vacuo to yield a white foam This
f oam was di Q

A suspension of 2-(4-trifluoromethoxy-phenyl)-ethylamine hydrochloride (3) (24.50 g,

15 101.39 mmol), 4,6-dichloro-2-methoxy-pyrimidine (4) (18.15 g, 101.39 mmol) and sodium
hydrogen carbonate (21.29 g, 253.47 mmol) in 300 mL of ethyl alcohol was refluxed at 90°C
for 17 hours. After cooling to room temperature, the reaction was diluted with 450 mL of
water and stirring continued for 1.5 hours. The formed precipitate was filtered and air dried to
give title compound (5) (34.25 g, 97%). LC/MS: Rt = 3.37 minutes, MS m/z = 348.

20

Step 3
(1-{2-Methoxy-6-[2-(4-trifluoromethoxy-phenyl)-ethylamino]-pyrimidin-4-y1} -piperidin-3-

v)-acetic acid ethyl ester (7).




5and 4 M HC1 in dioxane (30 nL) was added. The resulting m xture was
concentrated in vacuo to yield a gumy solid. The gummy solid was suspended
i n Et OAc,weandiigiubi4di fied to forma white powder. This peeEAS204928433 | ect ed
by suction filtration, air-dried, and fbnally dried in vacuo at 50C

overni ght. The yi el d of compound (1) r$212. 13 g (93%. 10LCOMS: Rt = 2.66
m nutes, MS niz 455, 1H NMR [300 MHz, (CD3)250] 6 12.10 (s, 1H), 7.35 (d,

j g gHZ A Eﬁﬂén%g%?(g(&l%ré@ﬁmgmééy %Egnmg 42y1 -%g ?rmuor%&ﬁ%ﬁfgh%?))tetﬁyl?7 (m
Ill.H)18 (2b128n1(1q (5)1?200%-1?4; |38hi)mol], P8&eridior-3- y2-lal¢ctlc]a.cﬁﬂet(1jdre,steﬂ_ (),(3.20382 (.67 mnid)

{ 2- Met hg¥®y w%%uwfafmnﬁﬁeﬁg Bk a%‘#i %ﬁiﬂﬁ% mLfyN-ATRG pYBOtd aRcara s4gd )
- pi per i di,P37 ¥durs aCR40°C. }'%Ftbldcoﬂlﬁ to roohd e/ th&rdNeon Was AAERBRtth Q0BT i C

resol ution of (1- {2-nmethoxy-642-(4-trifl uoromethoxy-phenyl ) -ethyl am no] -
pyr|ﬁ1dnnL¢£ywwr\pmbeﬁndnmV@wynwbaﬁéumcmawmwdﬁag16@0@@ Ghe ®riged nregipitatyy

chiral chro Chi r ak AD m m (350 x 80 nm. The
mobi | e p‘ﬁ%?sfﬁ? ki %/ éiett’%‘éﬁ‘a“t%g ‘E%é)ééf :%@bH (7.5%, HOOOH (0.01%
at 250nil/ mn. The UV detector was set at 265nm The second peak off this

colum (Rt = 11.2 minutes) was the title conpound (la) 25and isolated (1.75
g) and Wes/MRed 07 mypitog M3 w59£§&cﬂﬂyﬂb%0d%@43@ D80 B Jﬁ% 5= 2.66

TS A0 Sy s L W SRS P il
4. 166 3. IHY m712$-|)3H)33 31(68 2H3]—B 86& Hﬁm,,sﬂawbszn §63.6Hz, THH) 2.22.(68 (t
i 385%# 11 2H) 1§5 (br, 2'?%) 1.62 (br (IH) 138H2br H), °7. 1(8 (tt] J%FQHZ 4188 (br, 1M,

Step 4
(1-{2-Mecthoxy-6-[2-(4-trifluoromethoxy-phenyl)-ethylamino]-pyrimidin-4-yl}-piperidin-3-
15 vl)-acetic acid (1).

Method A:  To a suspension of (1-{2-methoxy-6-[2-(4-trifluoromethoxy-phenyl)-
ethylamino]-pyrimidin-4-yl}-piperidin-3-yl)-acetic acid ethyl ester (7) (5.50 g, 11.40 mmol)
in 50 mL of methyl alcohol was added a solution of lithium hydroxide monohydrate (1.43 g,

20 34.20 mmol) in 5 mL of water and the mixture stirred for 17 hours at room temperature.
Reaction diluted with 350 mL of water and acidified slowly with hydrochloric acid (1.0 N) to
pH of 5, while stirring vigorously, which continued for one hour. Formed precipitate was

filtered and air dried to give title compound (1) (4.80 g, 93%).

25 Method B: A mixture of compound 7 (12.8 g, 0.265 mmol) in THF/H,0/MeOH/50%
NaOH (30 mL/30 mL/30 mL/3 mL) was heated at 50°C for 2 h. LC/MS indicated the reaction
was completed. The reaction mixture was cooled to RT and stirred at this temperature
overnight. The reaction mixture was concentrated in vacuo to remove the organic solvents.

The residue is partitioned between saturated NH4Cl and EtOAc. Separation of the aqueous



5hPRP 1 C50: 75 nM ((R)-1-

{2- Met hoxy-6-1-2-(4-trifluoronethoxy-phenyl)-ethylam nol -pyrimdin-4-yl}-pi
peri di n3-WOR0HEE48 aci d. The (R) enantioner was ®CKIUSa192848d] at ed
off the chiral colum as the first peal§ (Rt = 5.3 10m nutes). hPRP | C50:
155 nM Crystal lization of )

((S)-1-{2-Met hoxy-642-(4-trifluoromethoxy-phenyl)-ethylam no] -

pyri m di t
P2 ot noy Sstepic AYAE bl Yeklo B 4 61 AC) Gy pkRATRIPRCRS G hioqus
y1} - pi pdayaﬂlwasadmi)eda@bétweeraﬁladd 6! Whe@ﬁﬁ&pﬁg),f thlc dpiBousmds) progs lysudgpeided i n
acetonitrile : s resultant har ged %
Rcet oni (P 1 [Hciabisraipd hiS onehi lpeturt SAtTecrolubyng: Bted 8 5eG S0br ed i n
the refrfgerabed c&f&"en@at@d mm%u& ?o?_tikfd%hl‘f@fotaﬁl SHUSPRAR Qi NIk Eed, at
ambi ent tenperature for solid product was collected by

filt¥atiand,4 MadGlkid didxtaine Qéi/mLzalwamdMl Ahe yesabtagonixture was conagatrated iriand t hen

was air dried at, . anbient te rature f qr sever al T ol |l ect.e duct
nas i ettt bR TP e Sl RS By o 4S eS8 R RT )
500 ny (foRfamhitedvdel, TS Ba%emasacoweub@by Elycﬁﬂbﬁ|ﬂlﬂrzﬁ’tﬁ)n§ @iriddicd ad Fihklly 114 C.
25hPRP | C50: 73 nM Chiral reparation O

2011/ 113@&@m¢@928®§97©2m@ht TslzeylelﬁcﬂflcgmpwgldtG%élSperOlc%&lLﬁ%)descr| bed in WD
00/ 71519, which is incorporated herein by reference, page 19, Exanple 24.
Into a Parr hydrogenation flask (2.25 L) was placed ethyl-3- pyridylacetate
(61102 9g.CATS Revod b6 nlinditas, \$ ho'z aclisd, ’(lﬁﬁm[mo MBH (@)))SOI@ EX. 1n¢smidyi de

| Pt 20) (2.179 g, 9.60 | coh b
St hano b@%«éaowﬁz?ag@ BRI PPl Do A2 Gadfihydiogeras ez o)
at -50 pgi) 673& 1B I 3MBEh2EN2Kd@, AY), BR-M, J=3.5Hz, 1H), 2.18 (q, J=3.5Hz, 2H),

1.85 (br, 2H), 1.62 (br, 1H), 1.38 (br, 1H), 1.18 (br, 1H).

15 Chiral Separation

((S)-1-{2-Methoxy-6-[2-(4-trifluoromethoxy-phenyl)-ethylamino]-pyrimidin-4-yl1} -piperidin-

3-yl)-acetic acid (1a).

O.
/\/©/ -
HN

N

"o N N/)\O
o |

1a

20  Enantiomeric resolution of (1-{2-methoxy-6-[2-(4-trifluoromethoxy-phenyl)-ethylamino]-
pyrimidin-4-yl}-piperidin-3-yl)-acetic acid (1) (4.00 g, 8.80 mmol) by chiral chromatography
used Chiralpak AD 20pum column (350 x 80 mm). The mobile phase was heptane (85%),
i-PrOH (7.5%), MeOH (7.5%), HCOOH (0.01%) at 250ml/min. The UV detector was set at
265nm. The second peak off this column (Rt = 11.2 minutes) was the title compound (1a)
25 and isolated (1.75 g) and was >99% ee.



tenperature until no nore hydrogen consunption was observed (-4 to 5
hours). After renoval of hydrogen gas the m xture was then filtered through
a Celite(Wp2ddiis@3renove the catal yst and rinsed with RETABRGI/0ENMBDH) (400
-m.). The filtrate was evaporated under_ vacuumto yield a colorless viscous
oil. The viscous oil was neutralized WPth NaHCCB 10(saturated sol ution)
(gas evol ution was observed). The m xture was basified with 10 N NaOH (pH

-11-12 X 2
mashed)d??ﬁmﬁﬁ%ﬁgfgggPe dvergﬁg2%§n QfNﬂhQ:M§ @ﬁb gﬁpggtegjﬁﬁd%?ye
r educed A3E@ur3.60 Ha, 2Hol 7a2Péal, 8=3/6HE cﬁ/H)o6J72((5151H5, 5929 88W), 418 5P0 (m, 2H),

Vet hod B BOFS oG b BrOGea e GLlcr i oatr-i F) v Bol SHT7a 15 k218! 162

into a Zp)iierisound ettt liapk equi pped with stir bar and condenser was
added rgﬁean plpg$? |ge Wgce??c acid ethyl ester (56.15g, 0.33 nol) and

di ssbl vétPRIGt:0ANI1 L). The yellow slightly turbid solution was heated to
al nost boiling. A hot (alnobst boiling) solution of (-)-D-mandelic acid
(49.9 g, 0.33 nol) in EtOAc (200nml) was a decanted into the piperidine

sol ut i onk§-hg20dedpky-892 250 AEATHEAOK LHRVES)-SB RN rinllgRL4Lpl epipaidiii al

in the Mandelic¢ acid solution) The heating and stirring source was renoved.
The resud-¥irigeticadidaw sol uti on was all owed to cool down to room tenperature
overnig I f t ethyl
acet at ehf(‘he (T(@% iﬁ%ﬂe& ?%9 %Ya% tyﬁ%cg%t\é% o?rtflés ﬁlﬁdl (8?18 as%edﬁ%?&%qll{\gﬂ t5;13 wer
rectyst ahinuggyl from boiling ethyl acetate (1 L).

2011/ 115h%dlf{3PPCT/ US2011/ 028433 - 33 -

ICsoi 155n

Crystallization of ((S)-1-{2-Methoxy-6-[2-(4-trifluoromethoxy-phenyl)-ethylamino]-

pvrimidin-4-y1}-piperidin-3-yl)-acetic acid.

15 Amorphous ((S)-1-{2-methoxy-6-[2-(4-trifluoromethoxy-phenyl)-ethylamino]-pyrimidin-4-
yl}-piperidin-3-yl)-acetic acid (1a) (525 mg, 1.155 mmol) was suspended in acetonitrile (1
mL). To this resultant gummy slurry was charged 20 % acetonitrile in water (3 mL). The
resultant cloudy mixture was stored in the refrigerator for 2 h. The resultant white suspension
was stirred at ambient temperature for 2 h.

20
The solid product was collected by filtration, washed with several mL of 20 % acetonitrile in
water, and then was air dried at ambient temperature for several m. The collected product was
dried at ambient temperature under house vacuum for 92 h.
Yield: 500 mg (theory: 525 mg, 95.2 %) of a white crystalline solid. mp 111 — 114 °C.

25 hPRP ICsy: 73 nM

Chiral Preparation

Racemic piperidin-3-vl-acetic acid ethyl ester

30



The recrystallization procedure was repeated two nore tinmes to give after
drying white, fluffy, crystals (39.65 g, 37%yield). %ee of conplex was
det er m n&dOY11gISPANdi ng sone of the conplex in Et0Ac aRETMWE2MI1/428433 Wi t h
1.5 MK2C3 solution. The ethyl acetate.layer was washed with a little

wat er and dried over magnesi um sulfaté,zfiltered and evaporated. The % ee
was determ ned by chiral HPLC (Rt = 10.06 m nutes; CH RALPAK AD-H, 150mm x

4. 6m B, holif 6 pr NERL ARG ALIAN 0 0BEAS 1 00 micky ifbolibradiphestian at 220

nM 10Met W ng the procedure descri I'n W98/ 54179, page 9- 10,
racem c rpfeparce.diage 39 yExaaqet D4. dctiodh Rrhlyydresmetion Baskd?2.26.13 Svasplicedvatyl-3-

di ssolved jn warm C L). Any insolu regLpitates were fi.lt d

of 1+ (- Y BIHAGARI ! 40 i Bl D el i p50ulles duatig g retitst VF
filtratepgod (3179 pesle0Rindl) Ad anhQliod§ Al BASSNGE thbsdine MednoS 26 ?Ibb? th@sk
were scratched 15w th a glass rod until the solution turned cloudy. Wthin
m nui es raLwhTheerepritng piittatcevdsadydfagenatdd (Hhat s ptii(eh4 hao withethakioglaeoro RT.
Then coqgled further, in the refrigerator. for 30 mn., The.soli 0.9, "wet
wei ght * ) CHBL BT PEH ey Tydgeh PeEPlion She SR R-207 s BOURE AR 1 el
Et OAc. Thmochligrakdideen ks thasitdre W B6n fiheetinoegt HecMll bed snlchdvaas

recrystallized tw ce nore usi ng hot EtOAc (800 nL). Note that the solution
had to batahehpedripgdyag medpnel XMedIHh (@PYeml) o The S¥E1Gwas AGPeBIGdndthe whit e

lid (46 9 .ect ied in. _ n X
soli,d (el I8 SaSALL SREER AndrArliaul B 3 AEHATLEL BQYA1ED, ours @
Mandel i qs@aiat@asolhi@np{das evelutioBwisS)bsgtvedy he eniairelwed basifisistieh 1ONMEaOE! i c

acid conplex (39.5 g, 0.122 mol) was partitioned tween Et OAc (200 ni) and
sat ur at daHkaldc®)suf G{“if%ft‘ied("Ztﬁ]@EFéf)\.C (40 ile)- |T§v‘é°f3§1 TSRS RN Y t he

agqueous \Jv{ﬁ% ﬁlrbiné, Aried g@&%a{%gdﬂ‘ fifrdd %%on?%%a%?ﬂ@%dﬁeﬂ%&&n% & R¥RIrSpaper e

washed w rine, ried over Na2sHA, filtere and concentrated i n vacuo
to gi ve ycliowa0®s BE5)48RET/ US2011/ 028433

15 (S)- Piperidin-3-yl-acetic acid ethyl ester. D-mandelic acid complex

0 o)

~0 (-)-D-Mandelic Acid yans

C

EtOAc N

(-) Mandelic Acid complex
(2)

Method 1

20  Following the procedure described in WO98/54179, page 9-10, into a 2 liter round bottom
flask equipped with stir bar and condenser was added racemic piperidine 3-acetic acid ethyl
ester (56.15¢g, 0.33 mol) and dissolved in EtOAc (1 L). The yellow slightly turbid solution
was heated to almost boiling. A hot (almost boiling) solution of (-)-D-mandelic acid (49.9 g,
0.33 mol) in EtOAc (200ml) was a decanted into the piperidine solution (the decanting

25  procedure removes some black insoluble material in the Mandelic acid solution)
The heating and stirring source was removed. The resulting yellow solution was allowed to

cool down to room temperature overnight.

The resulting crystals were filtered off and washed with ethyl acetate (ca. 0.5 L). The
30  collected crystals (66.1 g, wet weight) were recrystallized from boiling ethyl acetate (1 L).



- 34 - the titled compound (20.15 g, 0.118 nol, 96% recovery yield) as a
light yellow oil. Piperidin3-(S)-yl-acetic acid ethyl ester (6a) is

i mredi at VO 2081¢d5948 t he next step. PCT/US2011/028433
{1-1-2- Met hoxy-6-(2-p-tolyl-ethylam no)-pyrimdin-4-yll-piperidin-3-(S)-yl}
-acetic acid ethyl bSester (7a) A niXfare of

(6-chl oro-2-met hoxy-pyrimdin-4-y1)42-(4-trifluoronet hoxy-phenyl)-ethyl]-

anm ne (5Spp L
ester (g% (?4& %ﬂﬂl’za&%l&(ggg%w Wﬁgpﬁdt% \)J{J(gllﬁlgre\(?t I%é)rrtf) was E'dg&{ #%bvg%tgllofyc for
18 h. Trteystﬁaﬁgﬁﬁrlg,rﬁ7%wehi)m1as cooled to RT, and then concentrated in

vacuo. EtOAc (-25 nlL) was added to the resi due and the insoluble white
solid (presunably the HCl1 salt of piperidin-3-(S)-yl-acetic acid ethyl

ester) wasehi k&gg@sﬂ w%fsfdeteflfﬂl%ea 'b%r%ﬁ@%ﬁdlﬂ@%orﬁ@ﬂﬁ%@tcbﬁﬁ)%i 1h@t©Awahwmstgﬁg 10
mL and kept at formati on was observed after 1 h nd

t he i xtwitle 1 add Ke€ib)s sphltlanf rTbez‘éltyl w@a’cmlagmwasl@aﬂhed whihtadittle yateglagd vlzéﬁda

col | ected by suction ati.on, washed o nmal |  anou t of . E and

e dr der Bagput R B AR SEhE A0 et R SR Eoca s

6 7.26 (@t 21'6)06 rﬁlnllﬁssﬁdHlfzkiLPAR AE 1(1515011Inlh,x AerhBID05 n2dbn; Befbnd sthaidl) ,

356349[&? , 2.97-2.91 2.70-2.78 (m 1H), 218233(m2|—|),
0

2.02-2. 03E %10191)05 detgion agé QIPM 1H), 1.51-1.72 (m 5H), 1.23-1.27 (t,
3H; LCR 3.20 mn M5 mz: [MtH '-483. WD 2011/115943PCT/ US2011/ 028433 -
??4-26I\/Etw[ othyd 8- (2- p-tol yl -et hyl am no) - pyri m di n-4-y1J-pi peridin-3-(S)-yl}
-acetic 15510C Iogvmgh%flg rp?occgldl?rreldggcrlsb%ld mn {V038/54179 page 9-10, racemic piperidin-3-yl-acetic
acid ethyl ester (67 g, 0.39 mol) was dissolved in warm EtOAc (1 L). Any insoluble
precipitates were filtered off. (-)-D-Mandelic acid (59.5 g, 0.39 mol) was added to the
warmed filtrate and stirred until all solids dissolved. The walls of the flask were scratched
15 with a glass rod until the solution turned cloudy. Within minutes a white precipitate had
formed. The solution was then cooled to RT. Then cooled further in the refrigerator for 30
min. The solid (90 g, “wet weight””) was collected by vacuum filtration and the solid washed
with cold EtOAc. The chiral purity was ca. 20:80 therefore the white solid was recrystallized
twice more using hot EtOAc (800 mL). Note that the solution had to be heated to near reflux
20  inorder to dissolve the solid. The white solid (46 g, 73%) was collected and dried in a

vacuum for several hours at 35-40°C.

Piperidin-3-(S)-vyl-acetic acid ethyl ester (6a)

. . 6a
25 (-) Mandelic acid

The piperidin-3-(S)-yl-acetic acid ethyl ester D-mandelic acid complex (39.5 g, 0.122 mol)
was partitioned between EtOAc (200 mL) and saturated K,COj3 solution (200 mL). The two
layers were separated and the aqueous layer is extracted with EtOAc. The combined organic

30 layers were washed with brine, dried over Na,SOy, filtered, and concentrated in vacuo to give



HCl 7ala HCI 5A m xture of conpound (7a) (12.8 g, 0.265 mmol) in

THF/ H20/ MeOH 50% NaOH (30 mi/ 30 /30 nl/3 nL) was heated at 50C for 2 h.
LC M5B i nawoabsadiisf#é reacti on was conpl eted. The reacti oRCERIUSRUNH28433 cool ed
to RT and stirred at this tenperature ernight. The reaction m xture was
concentrated in vacuo to renove the or'géﬁi c solvents. The residue was
partitioned between saturated NHACl sol ution and Et OAc. Separation of the
aqueous [ I diGk Basp; )
a1 R e B AR, LR O e At e i Ty AP RER e o
of the an(®eouscwasacud apelrdsier &6h) ustnededisthly tsedid thy @eest ssappar at ed. The organic
| ayer was washed with brine, dried over Na2504, filtered, and concentrated
in vacuo to yield a vvhlte foam This foam was d| ssolved in Et20, and 4 M
HC1 in d10 0 MRS A , VNG @ piled in
vacuo to gunmy € gunmy solid was suspended in tl‘C, and
sol i "i flmjlg)form a white povvder This powder was collected by suction
filtration, air-dried, and finally dried in vacuo at 50C over@Cght The

yi el d of corrpound (1 a) is 12.13 g (93%. 11-1 NI\/R VHz® ( CD3) 250]

6 7.9 (b, 1H,~15 (d, 2H, 7.3 (d, 2H, 5.6 (s, 1H 4(rn 202H) ,
3.8 (s, 3H), 3.6 (b, 2H), 3.2 (m 2H), O(m 1H)H 2.9 (m 2H), 2.2-2.4
(m 2H), 1.9 -2. 2H), 2.7 (m 1H), e1.5 (M\JIH. LCR 2.90 nmin M5

CH N anaJ—y—s4—s—(—caI C Iated/f un ) C51.38%51.16% H
NQ2% 250 7.22% N M= -11.8 (C= 0.425,
DVSO) WO 2011/ 115943PCJ/ US2011/ 028433 - 36| - i ral pak AD-H 150nm x 4. 6mm
(hept ane: et hanol : f or acid; 80:20:0.05; R~N="4.25nmns (0.2% RT =

6.29m ns; 99.8% %eg, = 99.7. hPRP IC50: 53 nM 4,

m z: [ MrH|] 4=455.
5.34%5.44% N 11. 4

A mixture of (6-chloro-2-methoxy-pyrimidin-4-yl)-[2-(4-trifluoromethoxy-phenyl)-ethyl]-
amine (5) (3.65 g, 10.5 mmol) and piperidin-3-(S)-yl-acetic acid ethyl ester (6a) (4.34 g, 21.0

10 mmol) in toluene (25 mL) was heated at 110 °C for 18 h. The reaction mixture was cooled to
RT, and then concentrated in vacuo. EtOAc (~25 mL) was added to the residue and the
insoluble white solid (presumably the HCI salt of piperidin-3-(S)-yl-acetic acid ethyl ester)
was filtered off. The filtrate was concentrated to a volume of ~10 mL and kept at RT for 1 h.
Crystal formation was observed after 1 h, and the mixture was kept in a freezer overnight.

15 The white crystals were collected by suction filtration, washed with a small amount of EtOAc

and air-dried to give the title compound (3.56 g, 70%).

'H NMR (300 MHz, CDCLs) & 7.26 (d, 2H), 7.16 (d, 2H), 5.17 (s, 1H), 4.13 (q, 2H), 3.85 (s,
3H), 3.56-3.49 (m, 1H), 2.97-2.91 (m, 2H), 2.70-2.78 (m, 1H), 2.18-2.33 (m, 2H), 2.02-2.08

20 (m, 1H), 1.86-1.92 (m, 1H), 1.51-1.72 (m, 5H), 1.23-1.27 (t, 3H); LC Rt 3.20 min MS m/z:
[M+H]'=483.
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PHARMACOLOG CAL STI Assessnent of Antagpnis Activ ties of Conpounds
on BW245C- i ndusgd’ cAMP A cunul ation in Human P let Ri CL Pl asma (hPRP) by
HTRF cAMP Assay WO 2011/115943PCT/ US2011/ 028433 - 37 - HAtie purpose of the
assay is to assess Tonpound ant agoni st activity at1a W€l human prostagl andin

5 A mixture of compound (7a) (12.8 g, 0.265 mmol) in THF/H,0/MeOH/50% NaOH (30
mL/30 mL/30 mL/3 mL) was heated at 50°C for 2 h. LC/MS indicated the reaction was
completed. The reaction mixture was cooled to RT and stirred at this temperature overnight.
The reaction mixture was concentrated in vacuo to remove the organic solvents. The residue
was partitioned between saturated NH4Cl solution and EtOAc. Separation of the aqueous and

10 organic layers occurred very slowly. 3 M HCI was added until the pH of the aqueous layer
was adjusted between 5 and 6. Once the pH of the aqueous was properly adjusted, the two
layers separated. The organic layer was washed with brine, dried over Na,SOy, filtered, and
concentrated in vacuo to yield a white foam. This foam was dissolved in Et,0, and 4 M HCl
in dioxane (30 mL) was added. The resulting mixture was concentrated in vacuo to yield a

15 gummy solid. The gummy solid was suspended in EtOAc, and solidified to form a white
powder. This powder was collected by suction filtration, air-dried, and finally dried in vacuo

at 50°C overnight. The yield of compound (1a) is 12.13 g (93%).

'H NMR [300 MHz, (CD3),S0] 3 7.9 (b, 1H), 7.5 (d, 2H), 7.3 (d, 2H), 5.6 (s, 1H), 4.0-4.4 (m,
20  2H), 3.8 (s, 3H), 3.6 (b, 2H), 3.2 (m, 2H), 3.0 (m, 1H), 2.9 (m, 2H), 2.2-2.4 (m, 2H), 1.9 -2.0

(m, 2H), 2.7 (m, 1H), 1.3=1.5 (m, 1H).

LC Rt 2.90 min MS m/z: [M+H]'=455.

CHN analysis (calculated/found) C 51.38%/51.16%; H 5.34%/5.44%; N 11.41% /11.22%;
25 Cl 7.22%/ 7.26%
[a]p 589nM = -11.8 ° (C= 0.425, DMSO)
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resultant mixture was stirred at ambient ternperature for 16 h.

15
The solid product was collected, washed with TPA / diethyl ether (100 mL), and then diethyl
cther (100 mL), and then was dried at 40 °C under high vacuum for 3 h, and then at ambient
temperature under house vacuum for 20 h.
Yield: 11.82 g (theory: 12.6 g, 93.8 %) of a white solid, mp 204 — 205°C.

20  LCRt2.95min MS m/z: [M+H]'=455.
CHN analysis (calculated/found) C 45.66%/45.96%; H 5.11%/4.77%; N 10.14% /10.15%.
hPRP ICsp: 73 nM

PHARMACOLOGICAL TESTING

25
Assessment of Antagonist Activities of Compounds on BW245C-induced cAMP

Accumulation in Human Platelet Rich Plasma (hPRP) by HTRF cAMP Assay



Preparati on of cAMP standards, cAMP-d2 and anti-cAMP cryptate (all in the
assay kit): cAWMP standard was reconstituted by adding distilled water
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The reconstituted cAWMP standard was serjally diluted 1:4 in 0.9% sodi um
chloride solution to achieve 11 di ffer‘ékt‘ concentrations. CAWVP-d2 was
reconstituted by adding 2 ml of distilled water and then further diluting
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pl ate wagcdpagrped gently and incubated at 37C for 20 minutes. This was
followed by the addition of 2.5 iut of 25500 nM BW245C (final concentration
25 nM, or in the negative control wells, 2.5 iut diluted DMSO sol ution.
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conpat i iR _ddkRIsgygader - LG anal yst AD. The 5fluorescence counts at 665 nm
and 620 nm were recorded and the ratio of 665 nnl620 nm was cal cul at ed.
Dat a Anal ysis: cAVP standard curve was generated using nonlinear regression
(curve fﬁr%%arht?on%ﬁ?@rﬁa%g PE{eIIeSL 'Rich Plasma (hPRP): Human blood was obtained from sanofi-
aventis on-site blood donor panel. The blood was gently transferred from the blood bag into a
50 mL centrifuge tube and centrifuged at 223x g (1000 rpm) for 15 minutes without break.
20  The top layer (PRP) was aspirated slowly and transferred to a 250 mL centrifuge tube. The

PRP was placed in the cell culture hood for approximately 30 minutes before use.

Preparation of IBMX: IBMX is a phosphodiesterase (PDE) inhibitor and is included in the

assay to prevent breakdown of cAMP. 1M IBMX stock was prepared in DMSO. 20 uL of IM
25 IBMX stock was then added into 30 uL of DMSO to obtain a 400 mM IBMX DMSO

solution. This was further diluted 1:50 in 0.9% sodium chloride to obtain an 8§ mM IBMX

working solution. The solution was sonicated for 60 minutes before use.

Preparation of BW245C: 10 mM BW245C stock was prepared in DMSO and aliquots were

30  stored at —80°C. On the day of the assay, 10 mM BW245C stock was diluted 1 to 400 in
DMSO to make a 25 uM solution. 100 uL of the 25 uM BW245C solution was added to
4900 uL of 0.9% sodium chloride to make a 500 nM working solution.



10version 4.03 (X axis: log [cAMP] (M from cAMP standards; Y axis: ratio
665 nnml620 nn¥ 10000 fromthe LG analyst). The individual 665nml620nm 10000
data fronwveaeh/”wanpl e well were then cal cul ated i n G apREAATSEVIIHLE49&Er Si ONn
4. 03 agai nst the standard curve to obtajn cAMP concentration in each well.
15The cAMP concentrations in positi ve'ggﬁt rol wells (i.e. BW45C only

wi t hout conpound) were averaged and used to nornalize the values fromall

ot her hs: 9 =1 nd At = ' i N
e sy R P S A AR R b1
20ConcermMSO mra Iespl phte ©uchese 1 bdifeaah comrpouichswergng &nmr it i wsi ng

ogar ¢ i Teiipaheh ol Eatidn bR SRl oty citrgpout for' © 1 1°
accumul al,bRRanceFedtRfnl 8 Bbia woRkid J&@émfa%gﬁﬁﬁ?g@ f/ro(ns ngrgik%i%l o.@t%q&meﬁ ponse

with variable slope is: Y=B ottom + (Top - Bot 1 ((Lo gE
0- X) 3 Hi IfoiBs) fopeash)compourd For paB9usPCTegs2E1con02B4BR3SO AgithouCtanmsings

| ai 51A . I | ) NO hi r al ti h f,
Toor " an e ERTREEAN 81 5 THRfs Hidsnol BBt §' accept abl o salt Chereof -

Preparation of cAMP standards, cAMP-d2 and anti-cAMP cryptate (all in the assay kit):
cAMP standard was reconstituted by adding distilled water according to the manufacturer’s
10 instruction (456 uL of water usually). The reconstituted cAMP standard was serially diluted
1:4 in 0.9% sodium chloride solution to achieve 11 different concentrations. cAMP-d2 was
reconstituted by adding 2 ml of distilled water and then further diluting it in 8 mL of lysis
buffer (in the kit). Anti-cAMP cryptate was reconstituted by adding 1.1 mL of distilled water
and then further diluting it in 4.4 ml of lysis buffer.
15
Assay Procedure: In the assay, each compound was run in duplicate. The final assay volume

was 50 uL in each well.

In the assay plate, 42 uL of platelet rich plasma (PRP) was added in each well. This was

20 followed by the addition in each well of 2.5 uL of 8 mM IBMX (final concentration 400 uM)
and 3 uL of diluted compound at varying concentrations (final concentrations ranging from
30,000 nM to 0.51 nM, 11 points for cach compound). In the positive and negative control
wells, 3 uL of diluted DMSO solution was added instead of compound. The plate was tapped
gently and incubated at 37°C for 20 minutes. This was followed by the addition of 2.5 pL of

25 500 nM BW245C (final concentration 25 nM), or in the negative control wells, 2.5 uL diluted
DMSO solution. The assay plate was further incubated for 20 minutes at room temperature

without shaking.

In a separate plate for the cAMP standards, 25 uL of PRP was added to each well. This was
30  followed by the addition in each well of 25 uL of the diluted cAMP standard at varying
concentrations (final concentrations ranging from 2800 nM to 0.0027 nM, 11 points in

duplicate).



2. A conpound according to claim1, wherein the pharnmaceutically acceptable
salt formis selected fromthe group consisting of hydrochl oride,

phosphat éyonenifisg¥ar at e, fumarate, hemtartrate, tartraP€T/Usadiaaess3and
sulfate. 15 3. A conpound according tS claim2, wherein the
pharmaceutically acceptable salt form d- phosphat e. 4. A pharnaceuti cal
conposition conprising a pharmaceutically effective dosage anount 20of the
compoun ! N adm t D
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of a 5co ou d a%cdgordi ng to claim1 and a conpound sel ected fromthe group
consi stiM "% 5 nti hi stam ne, a |eukotriene antagonist, a beta agonist, a
PDE4 inhibitor, a TP antagonist and a CrTh2 antagonist, in adm xture with a
phar maceuti cal I y, acceptable carrier. 7. The phar rraceutl cal conposition
accordi r@at@@néb’éism 8, wherein the antihistam ne is 10fexof enadi ne
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phar macete T 0apo é@ﬂb@§mloﬁpab@9p?rh%i%“§u W&S% ﬁl@ta’t fgora eashm 1 and

niacin, Qp.& @a@wa%ctﬁgﬁ tAAlh¥d AEGRPLAR BrisAlErsioner @PfgaiRf (R sBinfi kv acid

r ecept or agoni st
to obtain cAMP concentration in each well.

15 The cAMP concentrations in positive control wells (i.e. BW245C only without compound)
were averaged and used to normalize the values from all other wells:
%BW245C-induced cAMP accumulation = (cAMP concentration in individual well/average

cAMP concentration in positive control wells)*100.

20  Concentration response curves for each compound were generated using nonlinear regression
(curve fit) in Graphpad Prism version 4.03. (X is the logarithm of compound concentrations;
Y is %BW245C-induced cAMP accumulation). Equation for nonlinear regression - sigmoidal
dose-response with variable slope 1s:

Y=Bottom + (Top-Bottom)/(1+10"((LogEC50-X)*HillSlope)).



9. A pharnmaceutical conposition conprising a conpound according to claiml
and niacin, or a pharmaceutically acceptable salt thereof, or a nicotinic
aci d recepOapliagemBst, and a 20statin. 10. A nethod of PCTABRIING28433

at heroscl erosi s, dyslipidem a, diabetea or arelated condition while
reduci ng substantial flushing in a paflgﬁt i n need thereof, conprising
adm nistering to the patient a pharmaceutical conposition according to
claim8.~28vé1l. The conpound according to claim1l that is
(1-{2-né?ﬁoxy-642-(4-trifIuoronethoxyphenyl)-ethylanino]-pyrinidin-4-y1}-p
peridin-3-yl)-acetic acid, phosphoric acid salt.

We claim:

5 1. A compound of Formula (I)

s

@
or a chiral enantiomer thereof,

10 oran ester prodrug or a pharmaceutically acceptable salt thereof.

2. A compound according to claim 1, wherein the pharmaceutically acceptable salt form
is selected from the group consisting of hydrochloride, phosphate, hemifumarate, fumarate,

hemitartrate, tartrate, maleate and sulfate.

15
3. A compound according to claim 2, wherein the pharmaceutically acceptable salt form
is phosphate.
4. A pharmaceutical composition comprising a pharmaceutically effective dosage amount

20  of the compound according to claim 1 in admixture with a pharmaceutically acceptable

carrier.

5. A method of treating a patient suffering from an allergic disorder, bronchial asthma,
allergic rhinitis, allergic dermatitis, macular degeneration, wet macular degeneration, dry

25  macular degeneration, allergic conjunctivitis, or chronic obstructive pulmonary, comprising
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administering thereto a pharmaceutically effective amount of the compound according to

claim 1.

6. A pharmaceutical composition comprising a pharmaceutically effective amount of a
compound according to claim 1 and a compound selected from the group consisting of an
antihistamine, a leukotriene antagonist, a beta agonist, a PDE4 inhibitor, a TP antagonist and a

CrTh2 antagonist, in admixture with a pharmaceutically acceptable carrier.

7. The pharmaceutical composition according to claim 8, wherein the antihistamine is
fexofenadine, loratadine, cetirizine or levocetirizine; the leukotriene antagonist is montelukast
or zafirlukast; the beta agonist is albuterol, salbuterol or terbutaline; the PDE4 inhibitor is
roflumilast or cilomilast; the TP antagonist is ramatroban; and the CrTh2 antagonist is

ramatroban.

8. A pharmaceutical composition comprising a compound according to claim 1 and

niacin, or a pharmaceutically acceptable salt thercof, or a nicotinic acid receptor agonist.

9. A pharmaceutical composition comprising a compound according to claim 1 and
niacin, or a pharmaceutically acceptable salt thercof, or a nicotinic acid receptor agonist, and a

statin.

10. A method of treating atherosclerosis, dyslipidemia, diabetes or a related condition
while reducing substantial flushing in a patient in need thereof, comprising administering to

the patient a pharmaceutical composition according to claim &.

11.  The compound according to claim 1 that is (1-{2-methoxy-6-[2-(4-trifluoromethoxy-
phenyl)-cthylamino]-pyrimidin-4-yl}-piperidin-3-yl)-acetic acid, phosphoric acid salt.



