HETEROCYCLIC COMPOUNDS AS CRTH2 RECEPTOR ANTAGONISTS BACKGROUND OF THE
INVENTION Prostaglandin D2 (PGD2) is a cyclooxygenase metabolite of arachidonic acid. Itis 5
released from mast and TH2 cells in response to an immunological challenge, and has been

implicated in playjfgAiSCY EFTRNORIVERRBISA SYaRiS LR eR FiPOR AN Blewicieponses.

Receptors for PGD2 include the "DP" receptor, the chemoattractant receptor-homologous molecule
expressed on TH2 cells ("CRTH2"), and the "FP" receptor. These receptors are protein

coupledcoupled receptors activate@ Ry RGROUND OR THZ: ecepTROY its expression on 10different
cells including human T-heéper cells, basophils, and eosinophils grie described in Abe, et al., Gene

227:71-77, 1999, NEHINANP2 FEHR) ieruclorsigsaate ey ic ol pRsyden et FH8 Joumal of

Immurplogy|dGdli258-héStintioR9: desciibepehiiid raGaphandlsalaeialieds & Rd Mghed93:255-261,
2001, indicates thaéCRTHZ IS a receptar for PGD2. Th2-polarization has been seen in allergic

diseases, STRHLLAIBA HIBIGIE e Atabe DAl SRL SR hid reR I N RIS TR T agnani
S. Immunology Tadeyhtd8,B6BeABSH kAR, thiarmiPrack ttpeir alhe Bleacha®8cldid beddpids-BAAd o gb? cells
regulate aller icczf%‘jgeases %y producing Th2 cytokines, such as IL-4, IL-5 and IL-13 (Oriss et al., J.
immunol., BEE NGB RS0 1008 S 6L G T B ST 2 5. 2548 Fookh U6 dBtr PR 23 fmmunol.,
165, 108-1:3te20 00y fednesptosd. adtixjated pinPTGiver. Plad CR2HAte3pi0r 2002}. ekpaseidih@ncytokines
directly or indirectly induce 20migration, activation, priming and prolonged survival of effector cells,
such %ﬁ ecUHeiSANEHR P Egshiem s i F&EW%%%E&%OE% MY SRS IORMHI BT S Ber 587564,
1998; Popelet@nel 2XlErgy Qg maganok: 208, B8 160, 243011 9Beras, Lo, aaliNdgxia, Allergy, 29,

287-290, 1999 Therefore, antagon| ich inhibit the binding.of CRTH2 and PGD2should be
setul for L B ATOR oLt e e A Smtts TSI G bt anc
allergic conjledcti9#igs5-26 UIenl amdikastemis CR MEds € heapto2 603,@dB4):897-900 reports the

hesis of I frar h lecti ists. [
ave also reported SR AE AR e SO S a0 D40 780 DRy ATLee s e,
US 2007023268113 01d SROQGIRORBO0ALY IS PROMAGROB 55/ BRO0GE1 002425 | 81 38826061 18768,
US20070141436 {52007 GaRTALR, Y RONTAL OG5S0 1010 03RS 20002 4 i
060 06061, 158,

US20060135591, US20060111426, US20060106081, US2006 S2005025
US200600848 sptolissnesinesbas, IEp1umibstd €prsstand, bpnyedl 8028898389911 911814865,

EP182817%iokR1 £613188d B! 79882436 HbgBoRRE, BFul./ 1 86ARuAEE 18 5BR01 B b6GS f26nont
EP1556356, W02006034419, W02007062678, W02007062677, W02006I1 1560, W02007019675.

IMARY OF PHEARNAERFTION PAk: presdhiif(ertion SRsoribRafateiiashaisaius vindiireibeindese 12
recepior antiagandstisactostipoudsing thd presaptdnventiancdgfedteftdiforstha teatsnephof wadious

prostaglangin- ediated diseases an(%déjisor ers: according| ﬁt e_present.inventign provides a method
for the trea F‘ﬁ(mi“osf br}(gslfarléllgrﬁﬁ R e |Eé%§g&§e]aa§c%1§n Hrslfr)r]%g @%5@21%%%%%%@%&&%% herein, as

well as phakitage dlicallcompolsitiOfsSodniainite thdierad 0..DE TRl EEX D BEGBYPIICORTTIIE,
INVENTIO%JA}@ present invention relates to compounds of falit R4
Therefore, antagonists which inhibit the binding of CRTH2 and PGD; should be useful for
25  the treatment of allergic diseases, such as asthma, allergic rhinitis, atopic dermatitis and allergic
conjunctivitis.

Ulven and Kostenis, J. Med. Chem., 2005, 48(4):897-900 reports the synthesis of analogs
of ramatroban that are selective potent CRTH2 antagonists. CRTH2 antagonists are also reported
in patent applications: W02003/097598, US7220760, US7211672, US7166607, US20070232681,

30  US20070208004, US20070191416, US20070203209, US20070197587, US20070161698,
US20070129355, US20060241109, US20060135591, US20060111426, US20060106081,
US20060100425, US20060106061, US20050256158, US20060004030, US20050165033,
US20050119268, EP1471057, EP1556356, EP1784182, EP1833791, EP1814865, EP1828172,
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R2 rlsj, Ar ((icy CO2H 15 and pharmaceutically acceptable salts thereof, wherein: one of A, B, C and D
is N and the others are independent]; selected from N, CH and gR inis |, 2, 3, or 4; preferably mis | or
2;nis 0,1, 2, 3, or 4; preferably n is or 2; 20R1 is a substituent group, as defined herein, or selected

from If halpgen, Gb_alkykeshalagenaied-alkyh G, b balogenatesialiyds S¢h, 6said, S(O)tet balkyl,
S(OhNIele, - Nr§(CO2alkyl, -NR'S(0)2 aryl, ('IN. C(0) aikyl, CEO) aM, C(0) heteroaq, C(0)Nn,

Ntele(0)alk{i2 MR8 ) an N GRANOZABE e N RRAY i%)@f)’i'br‘\"%ﬁ%ﬁﬂé ﬁﬁm‘é@?@ﬁré’é@ﬁf%uﬁere nt
members of the group, be_ one RI group may be halo and another RI group may be 254 alkyl;
R.3 are a substiment group, as defined herein, or independently selected from the group conS|st|ng of:
H, halo, aH Zé‘l%ﬁ\d]% ﬁ&&éﬁﬁi@b‘aﬁkyl Cf_4 alkoxy, C114 fluoroalkoxy and acetyl; R4 is selected

fromH., 01_6 alkyl prehalogeaated tdvaial ks Akisrpod: e hafem&&ytgamamtmiwsmtwted with a
substltuep L group,,as delned herein, or selecte? I{Jm H hao 1 6al é/l Sal tteT{l ated-alkyl,

0(11_6 halSgRnAE AR IP ST R EBAPI TS 85Iy IO5 1) ’é‘l\‘ﬂi‘ b“ -NRaS8) "NR's(0)2 aryl,
CN, C(0)raikaad (Mecasyd, B{0) beteraangoG{@NRIs; Mﬁaﬁ@)amw;xmmﬁ’(@)amhtmwfandzheteroaryl t
is0, Lor %ﬂé&% S H&&éﬁﬁ?(ﬁ@lﬁsﬁf{@)ﬁ i %@gx@%@a &ﬁs (RAURR: ﬂmﬂj'no = C(Ra)(10)-,

-N.HC(Ra (110) or |s -S{0)2- or Ra and Rh are in gpendently E alogen, ar , he:itwary I, Ct...6
alkyl or h‘aﬁlbé‘rﬁt@ﬂf@rﬁu&alW*WF’W&%ﬁ@F%Wtwgethéﬁwnh the carbon atom to Which they are both
attaghed complete a C3-6 cycloalkyl ring; or Ra and Rh together withadjacent carbon atoms to which
they are attached complete aC3-6 cgcloalkjcxbnn% In_one subset of formula | are compounds wherein it

is 1 or 2. RFAASE? iR Bt dts 1 1488 wherein in is 1 or 2. In another subset of

formula | are conmperads:whergitnAsiisRheayhoptionally suastitated with 1 to 3 substituents
independently selected from a substituent group, as defined herein; or selected from H, halogen,

C1l-6alkyl, C1-6halogenated-alkyl. OCI-6 halogenated-alkyl, SC 1-6

and pharmaceutically acceptable salts thereof, wherein:

one of A B, C and D is N and the others are independently selected from N, CH and C{R1);
mis i, 2, 3, or 4, preferably mis t or 2;

nis 0, 1, 2,3, or4; preferably nistor2;

20 Rl is a substituent groap, as defined herein, or selected from H, halogen, Ci.gatkyl, Cy.
shalogenated-atkyl, OC| .6 halogenated-atkyl. SC1.6 alkyl, SIOC 1.6 alkyl, S(ORNRR", -
NR*S({Ohalkyl, -NR*S{O ) arvl, CN. C(O) alkyl, C(O) arvl, C{O) heteroary, C{ONR'R",
NR*C(O)alkyl, NR*C(O)aryl, arvi and heteroarvl. tis 0, 1 or 2. Multiple R1 may represent
different members of the group, i.e., one R} group may be halo and another R group may be C3.

25 g alkel
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S(0)ECt _6 alkyl, S(012NR11Rb, -NR'S(0)2alkyl, -NleS(0E2 aryl, (N, C(0) alkyl, CO) aryl, C(0)
heteroary;NR'r(0)alkyl, NrC(O)aryl, aryl and heteroaryi. tis 0, 1 or 2. In 250ne embodiment thereof Ar is
phenyl substituted with | or 2 groups independently selected from halogen and. CI_6 alkoxy. In

another subset oLfomuaarc comnounRere X RAGRAI): Io.anainer gmbsdment o the
invention, Ra and RA may B ent y sefécted from alogen; |nyI he eroﬁryl I%:1 6 alkyl, and

halogenatesk & ingGoal kY hlmahmthenik}mquzrheh%cximémhénﬁbm Rhtﬁ@ dnd4Rhtogekeey with the
carbon atom lio which they are both attached complete a C3_6 cycloalkyl ring. In yet another
embodim&ntof the invention. Ra and Rh together with the adjacent carbon atoms to which they are

respectivelyiatiached semplets g @84ryelpaliodrng ¢n @ngkembodiment of the invention X is
methylene (-CH7-). In another subset of compounds cube invention, Xis SC(Ra}(Rbg _According

to anbtheMaFatk Brfe iEch °€H8B%Hbaggg&‘ﬁﬁﬂwﬁﬂféﬁﬁbB%‘a%‘b%fﬁWnEﬁé“? AreddsiiBbihds

representertdiydfaiiig Mioge®2H kﬁil@%Whieg%m&l@@a&fdéa}ﬁﬁ)@ﬁd@[ﬂiﬁz&&xaﬁg @mlﬂ Qtthg others is
mdependentlly selected from CH, and C(R1); Ris for Ca allg/é X is 012 or SCH2; Ar is Ph or

halogenatde PP s G N IR Rarmd st iieis MBI wont &TE QNE L& 0 gealtyl, CT
3- haloaligh ARk, 2@k iR onersuhoheli coRRIUIIS OLIOrIAMAAIR osaNingrain R s

selected, for example, from Me, i-Pr, c-Pr, C In"another subset of compounds of
formula IX &rectheisd fl@WHe?Em(Bé&:h SRR O-BARFERION- @R@Htkﬁﬁbroﬁﬁg{mmmﬁeﬂent aspects

of thg inv t AR=TACH gina @f A, 13" C, and Dand 2) those wherein a total of
15 ig %n)gﬁ)]are ! Q;’}tilab?%r?zg]l

two of 13 or examp , Oka). A currently preferred subset of compounds
of formul¥ ﬂﬁa)%@é}sreplregéﬂbed by formula IIA, Me\t:;r. / 20--CO2H fIA for example, wherein nis 2, m

isl; Xis nd RI are 4 Ar is | or Syl tltut I Al s \lI Cand :D are
- or A RE ReEdedt M o e R S R Sl rremcy
referred swbset of compoundsmula 1 may be represented formuu 11Th, for example wherein nis 2.,
mis 1; X is CH2 114 and R] are H R4 is Me;Ar is henyl or substituted phenyl; 13 is ti; A, C and D are
_CH.- or &Rk Bidesstbeiyiibybn cabapgiam @ h‘aik;ﬁ%f‘@#&fgg’éﬁéﬁ’@a ciletsAGarther currently

preferred.subagtofampeunds of formula may be represented by formula 11C,

Ra and Rb together with the adjacent carbon atoms to which they are attached complete a C3.¢
cycloalkyl ring.

In one subset of formula I are compounds whereinnis  or 2.

In another subset of formula 1 are compounds whereinmis 1 or 2,

20 In another subset of formula I are compounds wherein Ar is phenyl optionally substituted
with 1 to 3 substituents independently selected from a substituent group, as defined herein, or
sefected from H, halogen, Ci.palkyl, Ci.ghalogenated-alkyl, OC1.¢ halogenated-alkyl, SCi.g
alkvl, S{OXC 1.6 alkyl, S(ORNR'RY, NR*S(O)alkyl, -NRIS{Op arvl, ON, C(O) alkyl, C(O) arvl,
C(O) heteroary, CIOINR'R?, NR'C(Q)alkyl, NR'C(O)aryl, aryl and heteroaryl, tis 0, 1 or 2. In

one embodiment thereof Ar is phenyl substituted with 1 or 2 groups independently selected from

to
Ly

halogen and Cy.-p alkoxy.

In another subset of formula 1 are compounds wherein X is <C(RaYRD)-. In another
embodiment of the invention, Ra and RP may be independently selected from H, halogen, arvl,
heteroaryl, Cy.g alkyl, and halogenated Cy.¢ alkyl. In another embodiment of the invention, R2

30 and Rb together with the carbon atom to which they are both attached complete a 3.6 cveloalkyl
ring. In vet another embodiment of the invention, R2 and RD together with the adjacent carbon
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20 for example, wherein nis 2, nais 1; X is CH R." and Ware 11; R4 is Me; Ar is phenyl or stibstdated
phenyl; Cis X; A. B and D are -CH- or OR’) and R' is hydrogen, halogen. Clat alkyl or C;.shalogenated
alkyl. A still further currently preferred. subset of compounds of formula | may he represented by
formula MeMed: L0, CRAE IR, ot sxample, wRGIeIR B ke 184S, 'é@éitﬁafé@?i_h%-'z:ﬁ‘%ﬂaR" are H, R4 is
Me; .Ar is phenyl or substituted pknenyt; IS N; A, B and C areC00-; and R is hydrogen, halogen, C],s
alkyl andeGrieotiategentisdiatiylidiaXcismantly prefetidd lehbe dncettobthé dnventiod e dempound of
formula I.ma Lomy r.isgS% rﬁg&ﬁg > mixture of

e2-ehloro 844 Hliorosbenzendsul onyl)-methyhamino145,7,8,9-tetralrydropyridof 3,2- -acetic acid, or a
pure form of chife'touhngiomentin:anpthiertcherantly prefercethiprmvddinientofighadniveritionuda I
compoung. of farDiiad MakcANPLISE AfagRIie mixture of | o -
84(4-fluoro-benzenesultonyi).-m.ethyti-amino]-61,8,9-tetrahydropyrido[3,2- blindolizin-5-yll-acetic acid,
or a pure form of either enitraiomer. The invention also encompasses pharmaceutical compositions
containing a compound of formula I, and methods for frgatment or prevention of
prostaglandin.'inediated diseases using 20 compounds of formula 1. Definitions: The invention is
described using the following definitions unless otherwise jqdic \The term "halogen” or "halo"
includes F, CI, Br, and I. The term "glkyl" refe Tinear g:@handied alkyl chains containing th.e
indicated number of carbon atoms.%l -timiti S o@lkyl@roups include methyl, ethyl, propyl,
isopropyl, butyl, s- and t-butyl, pentyl, hexyK hept d jthe like. "Halogenated-alkyl" means an
alkyl group as described above whefgin o re hydrogen atoms have been replaced by halogen
atoms, with up to complete substitutionfgf all hygrogen atoms with halo groups. Cio haloalkyl, for
example, includes -CF3 -Cr2er3 and the like. LAlkoxy" means alkoxy groups of a straight,
branched or cyclic configuration having the indica&‘d @@EH of carbon atoms. Cl "6 alkoxy, for
example, includes methoxy, ethoxy, propoxy, isopropaxy, and the like. "Halogenated-alkoxy"
means am alkoxy group as described above in whith one or more hydrogen atoms have been
replaced by halogen atoms, with up to complete substitution of all hydrogen atoms with halo groups.

Cr_6 baloalkoxy, for example, includes -0(T3, -0Cr2CF3 and the, like. 10"Aryl means a 6:14
i L s T e R R ol R o T
rings arepesem.then:the rings axadusediogethen se thal-adiacentcings; shisreR sommansbond.
Examples of aryl_ groups include phenyl and nag‘thyl. The terM "hetet:010yr (Het) as used herein
means a3 B ¥REMPErdtsalRATRORHG sy st Contaiifiegrdind ing drikulsa gs3ata having 1-4

heteroatoms, S‘?!F&‘é%‘%u&%% . &éﬁ@%‘s SPHELIRAMIG RIS oL IMited (o Imanyly diaziny,
imidazolyl, isooxazolyl, iIsothiazo )}I

from Me, 1-Pr, ¢-Pr, CF;, and SCH:. In another subset of compounds of formula IA are those

15 wherein each of A, B, C and D is N or CH. According to two different aspects of the invention
are: 1) those wherein a total of one of A, B, C, and I} i1s N; and 2} those wherein a total of two of

A, B, C, and D are N (see, for example, Table 1, infra).

A curvently preferred subset of compounds of formala T may be represented by formela A4,

Ar
Me\ /
N—$=-0

/j O

/
D V)
()
RT// 7 \
1.
20 R ~CQOsH



oxadiazolyl, oxazolyl, pyrazolyt, pyridyl, pyrrolyl, tetrazinyl, thiazolyl, thiadiazolyl, thienyl, triazinyl"
triazolyl" /Thpyrrole-2,5-dionyl, 2-pyrone, 4-pyrone, gyrrolopyridine, furopyrichne and thienopyridine_
A "substituent group," as used herein, means a group selected from the following moieties: 20(A) -014,
-Ni:12,-CN, -CF:3-NO2, oxo, halogen, unsubstituted aikyi. unsubsiituted heteroalkyl, unsubstituted
cycloalkyl unsubstlt ted. heteroc x)écloaltgé/l tltu#e{d ary ti tlthed Eet roaryl: and (B) alkyl,
heteroalkyf, SR Crﬁgterjocyc fkyl> Ayl am A subst Sitet Wi Y 18R SHE S bstituent
selected ftsmyk: 75%5‘605 Ophd N 142, CB1 CEN;::-BRR thmmgémungub@ﬁmm@ alk%lpﬁtgnsubstltuted
heteroalkysainsubstituted cycloalkyl, Wasubstltuted hetetocycloalkyl, unsubstituted aryl, unsubstituted
heterpoatyl, and Anof Q alkylﬁhet roa bx Y uglk etero 1-?/ o Ik¥l aEF)é/I and h teroar?q bstituted
with at least oné &IPY %é‘téc‘t“‘ from: - ‘“‘t’et}““ o BN 2 SERPIE "’“ﬁ%“ NOZ"halogen.
unsubstituted unsubstltuted heteroalkyl, unsubstitmed cycloalkyl, unsubstituted heterocycloalkyl,
unstbstituted aryl, unsubstituted heteroaryl, and (b) alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl,
aryl, or heteroaryl.,substituted with at least one substituent selegted from oxo, -OH, NH2,-SH, -CN,
-CT3, NO2-, halogen, unsubstituted alkyl, unstlbstltuteaﬂ%eteroalkyl unsubstituted oycloalkyl,
unsubstltuted heterocycloalkyl, unsubstituted aryl, and unskibsttted heteroaryl, "Therapeutically
effective amount" means that amount of a deib or pharma ceutical agent that will elicit the biological or
medical response of a tissue., a system, animal or h man at is 10being sought by a researcher,
veterinarian, medical doctor or other cllnwan\\ —TNe ter treatment or "treating" includes
alleviating, ameliorating, relieving Or oth Wlse educ,} e slums and symptoms associated with a
disease or disorder. The term "proph fs preventing or delaying the onset or the
progression of a disease or dlsorderRor the signs and symptoms associated with such disease or
disorder. 15The term "composition", as in platmaceuticat ©@erposition, is intended to encompass a
product comprising the active ingredient(s), and thelgjert ingredient(s) (pharmaceutically acceptable
excipients) that make up the carrier, as well as any product which results, directly or indirectly, from
coMBination, complexation or aggregation of any two or more of the ingredients, or from dissociation of
one or meyie: Qe ingzteziiiertts @f fronrotbertypesaf Reactions' arvrteractions afenaeirmare of the
noredientgAEspIeloalyc e Bhacmacel R comRsIians Ol N AIESCR SRR cncRmpRes any
composition made by admixing a compound of Eormula 1, with'one“or more pharmaceutica
acceptab‘tgﬂéxmplents For purposes of this specification, the following abbreviations have the
indicated meanings Ac acetyl; AcO acetate; BOG t-hutyloxycarbonyl; 037, carbobenzo.xy; CDI 2
scargonyidiimdeanie PGk ke iadphicaibadinide: Pt b dishiproathangyMAL - dilsobuty!
aluminum hydnde MA -N,N-diisoproylethylamine; DAMP 4- (dimethylamino)pyridine; DMF
dimethylformamide; EX: 1- (3 dimethylarninopropy0-3- ethylcarbodnmlde HO; EDTA
ethylenediaminetetraacetic acid, tetrasodium salt hydrate; FAH fast atom bombardment; FMOC
941uorenylmethoxycarbonyl, HIMPA hexamethylphosphoramlde* HATU -
O-(7-azahenzotriazol-l-yl)N,N,N *,N'-tetramethyluroni. uM%exafluorophosphate MOM =
1-hydroxybenzotriazole; IRMS - hlgh resolution mass spe(ﬂro etr{} |CBE isobutyl chlorolomiate;
KEIMDS- potassium hexamethyldisilazane; HA Ilth_um;dus ropylamide; 4CPBA-
metachlaroperbenzoic acid; MMPP = magnilum monope‘r*oxyphthlate hexahydrate; Ms =
metbanesulfonyl = mesyl; Ms() = m esylafe;N-bromosuccinimide; NMM
4-methylmorpholine; PCC pyridinium chl ro- ch omate+-PDC: pyridinium dichromate; Ph phenyl;
PPTS: pyridinium p-toluene sulfonate; p e sulfonie acid; PyHaBr; = pyridine hydrobromide
petbroinide,;room

R ~CO,H
ne
20
for example, whereinn is 2, mis I X is CHy R and R are H; RV is Me; Ar is phenyl or substituted
phenyl; Cis N; A, B and D are ~CH- or C{R’}-; and RYis hydrogen, halogen, €y alkyl or Coghalogenated
alkyl.

]



temperature; rac. = racemim TFA = trifluoroacetic acid:, If0 = trifluoromethanesulfonate = triflate;
THI1:::: tetrahydrofuram TLC thin layer chromatography. Alkyl group abbreviations include: Me =
methyl; Pt =n-Pr = normal propyl; i-Pr = isopropyl; c-Pr = cyclopropyl; n- Bu- normal butyl; i-Bu
isobutyl; c-Bu cyclobutyl; s-Bu secondary butyl; t-Bu tertiary 10butyl. Optical isomers - Diastereomers -
Geometric Isomers - Tatitomers Compounds of fbormula | contain one or more asymmetric centers and
can thus OBl ED FoCErRA 8 A HhEERTTC hRRPLA TR SIEuRarRB e FaPdisRs R ghdeHiktures and
individual ISdiastereomers. The present invention is meant to comprehend all such isomeric forms of
the compounds of forraula | and formula IA. Some of the compounds described herein contain
olefinic double bonds, and unless specified otherwise, are meant to include both E and Z geometric
isomers. Some of the compounds described herein, mé@ﬁgxist \{,\‘ll{h different points of attachment of 20
hydrogen, referred to as tautomers. Such an example may\be g+gtone and its enol form known as
kern-enol thitomers. The individual tautometg &s well as nfixtuge thereof are encompassed with

compounds of formula Compounds of th formu}ETth formula IA may- be separated into
diastemoisometic pairs of enantiométsby, 6 ) )le, fragtional crystallization from a suitable
solvent, for example methanol or ethyl acgtate ar a m),xtu%fthereof. The pair of enantiomers thus
obtained may be separated into individ terevisqiriers by conventional means, for example by the

ot

use of an optically active acid as a r&olvingp‘égent. \ Alternatively, any enantiomer of a compound
of the general formula | or IA may he obtained by stei'eeg@é}ific synthesis using optically pure starting
materials or reagents of known 30configuration, Salts The term 'pharmaceutically acceptable salts’
-refers to salts prepared from pharmaceutically acc"gﬁtable non-toxic bases including inorganic bases
and organic bases. Salts derived from inorganic bases include aluminum, ammonium, calcium,
fﬁpﬁfr’ fg{{i%atff;m?%eli?mr@,zm?ﬁgsbam@ggngam% R8s +MRNGANOUS, Q‘%&@%ﬂ%ﬂu&%ﬁi%&g; zin0-,| tand
e like, Particularly prefefred are the ammonium, calcium, magnesium, potassium, and sodium salts.
St Qe B o R sy A CE s Bt PO DSBS T b B0t primary,
secbhdaryplantbtettifg-amines, substituted amines including naturally occurring substituted amines,

cyclic amines, and hagigioRExeRARER I8N SHEhas@g Mideybaliumrosatfeingychollme:
'N,N'-dibenzylethylenediamine. diethylamine” 2-diethylaming tranol. 2-dimethyhmineedianol,
Oethauc T S SRR K T SRl N D S S e e,
histidine, i¥pdraparirie:isopropyRiinines fysing sHsthyighidasine, morpholine, piperazine, piperidine,
polyamine resins, procaine, purines, theobromine, triethylamine, trimethylamine, tripropylamine,
tron?gth a{n I&Q%tiaeng JQ%ALK%GV\IITQ Qi%%gd%%mp %Qnduﬁfmﬁrp geCS%'Q]tD!lQl\féeO ttlt(:?;gnlgR%ﬂg’gg's%ltgxm?y .be .
prepared ?rom iép armac _eq‘tlca ly acceptabke non-toxic acqas, including Inorganic and organic acids.
Such aciéfsiHE B HESd M hehZ ehieSasHc BenZoretedriphsrsuifd it et cattidltesidfonic, finnaric,
gluconic,igisttatimic,shytsebramia, Aydiechloricaliseihionigidaetic. maleic, malic, mandelic,
methanesullonit,muck. nitric.;pamoi ntothenic, phespharic, succinic, sulfuric, tartaric .

i téﬂ 1 B0, %»8‘1‘}%&% RNOSRRONE SHCEINIC, SUTUIIC, [ %% hd of .
ptotuenesullonic éﬁ:f&‘ and the like. é?}a ﬁcﬁ aw f)‘refe%}e%f arex}é?ﬁ?fé,!. fd“r%%?é?ﬁllc‘,%yér gﬁilori%:, maleic,
phosphofisfdriedndiadafiv deiigent olpyrtiebeosrderstoadanbin sinledsbifspsesspecified,
refergnces 10, IG CaPREMAE, gf formula | or 1..A are meant to also include the pharmaceutically
acceptable salts. Utilities and Therapeutic Use

Definitions;

The mvention s described using the following definitions unless otherwise indicated.

The term “halogen™ or “halo™ inchudes F, Cf, Br,and L

The term "alkyl” refers to linear or branched atkyl chains containing the mdicated mumber

25 of carbon atoms, Non-linuting examples of alkyl groups include methvl, ethyl, propyl, isopropyl,
butyl, s- and t-butvl, pentyl, hexyl, heptyl, and the hke.
“Halogenated-alky!” means an alkyl group as described above wherein one or more

hvdrogen atoms have been replaced by halogen atoms, with up to complete substitution of alt

6



25The ability of compounds of formula Ito interact with prostaglandin receptors makes them useful for
preventing or reversing undesirable symptoms caused by prosta.glandins in a mammalian, especially
human subject. This mimicking or antagonism of the actions of pwstagiandins indicates that the
compoungs;of the, iaueniion aid Rharmaceytical somngsiions ingieal ake gpefubia frpat preyent, or
ameliorate In mat unals and espécially in humans: 30respiratory conditions, allergic conditions, pain,
inflammaliéry conditions, mucus secretion disorders, bone disorders, sleep disorders, fertility disorders,
blood coagulation fsgrdfisnl gHAIE, Ok PR AR NN AR BIMNC AT AHIGIMRM R dlagdres. I
addition, such a compound may inhibit celiular neoplastic transformations and momsé& turor growth
and hencédanade s inltrsbpa atient of vatbois fobrgpein et udBmpsimds Sfdd¥mula | may also
be oguseplg};gg,}go&%gmq%g@@éq&grevention prostaglandin-mediated proliferation disorders such as
may occur In diabetic retinopathy and tumor angiogenesis. Compounds of formula may also inhibit
prostanoid-inducddegpeisth-mkrtle Beptastiohdy artagehimgibehitEci prostansids simiimicking
relaxing prestarRids ANGNEREEMAY-PIusadinthelrsatragnt.of dysmanaihpa: fRmatyre labor and
eosinophil related disorders, More partic_ufarl}/ compounds of formula E are antagonists of .
prostaglahdiiEs? ERBHIDGRY #12Ps- CireliflvaHEsH: i aRtiReIatissdsritides £'kthdd for
antagonizinguRGR2 receptors including CRT112 receptor comprising administering to a mammal in
need thereof an effective dose of a compound of formula I. 10Another aspect of the invention provides
a mBthod of treaftiy oFPERBYERTHG MBHUSEELFANIN S dratBa! S84 SE ETMIHERE B8 RIFHG to a
mammalianupatientddneed: af suoic reateniasesmpeon ag ehiermulasnianameust whishjis«ifective
for treatin%'%r (ii)reventing(i)s,ai((fj1 t@rgsgg landin rpedr'age‘d disegse. Compounds E}%d ompositions of the
invention' &Y BE LE&F TS treat Prostagintin Mediated uisEASE S s EudMy! BU hot limited to, allergic
rhinitis, nasal 15¢engestibaeriindtrhide) perentialrenitisprasal inflemmationpastima gncluding allergic

asthma, chronjc obstryetive pul ary. diseases.and other forms of lung. inflammatian. sleep disorders
. ORI S RO sasgn g 0SB RIS e

ced smooth musclé contraction associated with

dysimendithésigdes prenanardinabiot fedsinophilireiaiddididordetsistirombssisogiaaebiha and vision
disorders;,Qeeluisive vaseulandiacasesisenasstivaheattfallviendisaasesatisanditians yequiring a
20treatment of anti-coagulation such as post-int ury or post singer)." treatment; inflammation;
gangrend" REgHalitelised5@y Fiitleds seerston & IetS YRS di G O BIOtCHBIP PN it higraine;
diseasestregidisingirntrol of bone formation and resorption such as for example osteoporosis; shock;
thermal regulation including fever; and immune disorders or conditions in which. immunoregulation is
desirable. More £art'c_ula(1}1 _t{r)ebdise(asevgq pg treated is one megigt.gq ”5by| arﬁiiagjagdin .I;){_Z,‘guch as
nasal congestion, pUimonanFconaedtion. and astima nciaing aférgic A8thina o™ i sije=tes:
embodiment of the invention is a method of treating or preventing a prostaglandin mediated disease
condPrising adiminisidring o -& Malimal&n: patie mingre cchofistch wiedkvemtsadeompoiund of formula | in
an amoupt iGh . sllagive (Griaating of AIBeRIBg R eraslaaiandin AQmerialad,disease, wherein

the prostaglandini mediated disease is nasal congestion, chitlins including allergic arid perennial
rhinitis, arbesthvadheldiny afiedgic. asthma,  In another embodiment of the present invention is a
method. of treating or preventing a prostaglandin 1)2-mediated disease comprising administering to a
mammaligy) paientinaeed elauchiteatment a compawnd:af irmulah inAnameuplwiich s effective
for treating or preventing, a prostaglandin D2 mediated disease wherein said prostaglandin 1)2
mediated Bt RSB e HAERLhiR%on of asthma.  En another embodiment of the present invention,
is a method Mr the treatment of nasal congestion in a patient in need of such treatment which
conigrises adminjstesinG th S&iith patien A thefapeudicallyoetieathwtarmodtof A, competindof formula 1.
In yet anplher ambodiment of dhe present invetion 38 a method fot fhe. icatment ot psthma,
partlcular?y allergfc asthma, in a patientin heed. of SuCh treatment whic comprises -administering to
said patiemsebsheregduticatiyybffadtive amount of a compound of formula I. Those skilled in the art will
readily understand that for administration the compounds 10disclosed, herein can be admixed with

pharmaceuticaly; paeeptahie SXGIPIENIR MM PEFSG R8Ik y1, aryl, and heteroaryl, substituted with

at least one substituent selected from;



well known in the art. Specifically, a drug to be administered systemically, it may be confected as a
powder, pill, tablet or the like, or as a solution, emulsion, suspension, aerosol, syrup or elixir suitable
for oral or parenteral administration or inhalation. Parenterai administration is generally characterized
by injection,, either sufy; ‘L{}tﬁpe‘%lmgéinggmggpq@wg@dﬂtl@(gp&ugdysu@%@@ﬁﬁ\qan be prepared in
conventional forms, either as liquid, solutions or suspensions, scﬁid’forms_suitable for solution or
suspension in ligtiEbsYivF® hajesadiy orastsmuredons sliivdoesekeipistd dreogig exdnple, water,
saline, dextrosggglvcgnalegthanahandthr ke dn,adgitign, if desired, the injectable pharmaceutical
compositions to be administered may also contain minor amounts of non-toxic auxiliary substances
such as wetting 20or emulsifying agents, OE1 buffering agents and the like. A compound of
formula | is administer@bﬁ\mé}ﬂ&aw%aﬁ 1,03%51%%9%%%@ Bl i (5 ARt dnjection
(if) ot subcutaneatisly (&s) oRosdRargeseRofidimagriiuda ot Sidrophy/lsCHe arftherapeutic dose of a
compound of fog-1mila t will, of course, vary according to factors including the natyre and the severity
of a condition toﬁi‘}g%?ga‘t’élﬁft{ﬁg L%%‘rt%%ﬁ'grué}é}‘rln%gﬁ Fﬁ? %F%Pr?% g I‘J‘g?lucg)J T’ttéurgutgg%é%i rﬁ}fnistration, etc._
Effective dosagessobstompblmdsoictonhulamdlitalsotvdrydcookdirg tetiavatiatyohother factors
including the age, weight, general, health, sex, diet, time of administration, rate of excretion, drug
combination andg3Qresnense.olbe individuak natisntaln generebAhadaily dese.ay.be inde range of
from about (1001 mg to about 100 mg per kg body weight of a mammal, and preferably from about
0_01 mgteakiblalicd Hig Haloriiabh thelbt arwants: o isrie hECEBarPBRbrEfSIED f9aide dosages
outsigle these: NBULHIB SPREERBEE veterinkRghamauRt obaclive innisadigntdhat may he combined with
the carrier :materials to produce a si_ngle_ dosage Than will vary depending upaon the host treated and
the particular mbtRe BFadm BRI Gh. T3k aliphsiea HFMEiEHo R IAEES f5F DriEtiministration to a
human patieak nasedani@imhéggmabati Gmgdaatound Sghef dictive agénteembined with an
appropriate andi. }cgﬁg\qe%en‘é}%{qount of carrier q}aterlakyyaq%relg}éhe amount of carrier m@mtenal may
vary from about 0°apodit 9898

X1s  neans ?1’%\!‘6 {1{} 2 OF Qe 182 NSel o7 P!’?Q‘I&SSIOR of a
percenf of the total composition. Dosage unit forms will generally
contain bésreevfrbadbout 6id negtendbout®uty wfaigedmolindioffensiuta dissrdmtive ingredient,
typigally 0.5 _mgrhtﬂl&’n?";Elgn&}mﬂnﬂﬂ%gn %ﬁa%ﬂxé&nﬁ@gb L%ng)gggi( OQ% mgz’n%(fl%oemgf_n}): ssa
Pharmaceutical Compositions ~ According to another aspect of the present invention there is
provided PFRAYMEEEUNEHIEBIN pOSIAoRY ebppabiny dbeonspoust GEMThuTR Fdes Wi phrmaceutically
acceptable camigt. Kenthadreaimentofany Qfthe Reestanelgmediated digaasa s Graadgscribed
herein, compounds of %or_mu,la |. may be administered orally, by inhalation spray, topically, parenterally
or rectally T ESdo<5YB SRS Rt AR o Th g s TR SR APH R A SO R RS-
acceptabie gafiialscanjimasians: vehiciethe Higrtaimiparehteialps uged hekeinincludes
sub;;Htan,eous in&ectigns intr_avenguF intraryuscul'c%r, int:ea terpl irﬂ'ection or iqfusion techniqyes. In
A wmiaractions of ond more of the meredients . Adco dill‘}, YVo.ie p smAceutica COMpOsSItIans {
addition t0 the tréatment of warm-biss Animals SUCh 58 mice, Tats, horses, Atk % eep, dogs,
cats, etc.{thpreampoundsotthenpeentioncisgffettorenindhbyvtrelaunmgtofdmpnams o7 Biihela {,
pharmacgufical cgp&g@giﬁgﬂﬂs‘ containing.the %ﬁgig%ig%ggﬁisent may be in a form suitable for oral use, for
example, as tablets, troc tes,'}o_zenge_s'l aqueous or ofly suspensions, dispersible powders or granules,
emulsions, hard 6t sehesspdules spcsyrapetohelivite v Oempasitionsinbere d fofiordise may be
pre paredrﬁ%ggqgcta Q@(ﬂ{fm@)Va&&%ﬁeiﬁ?@ﬂ@@%“ﬁﬂ%%&_{@aﬁ%:@& fog e Eﬁlﬁﬂ%ﬁ%&%ﬁ efpy =
pharmaceutical compositions and such compositions may 25contain one or more agents selected from

the Grou LBABKHRG G et dibring ateives AlVBURMBCAGBIIE; E8ibuTihg didiEalasddéiing agents
in order tgipevigephamiaceiticalpetegamt andipajataia: prepatatings p Fablets prepared according

to the instant invention will.contain an active ingredient of formula | in admijxture. with nop-foxic
i R T e A B e S
excipientstimaibedomelaiiifle; ikt < ddehissBOsuchcaswalcium carbenatiesodibnicarbbAdte,
actose,caicum AsAlel ol codleR BPSRalet rERYAIARAN] diyauiating agents fol example

corn starch, or alginic acid; binding agents, for example starch, gelatin or acacia, and lubricating
agetfts, forxausiplehmabmasiiiv stddidte Sidarie o oiamie!-ThY tapiels’ rspivetiinooatedhor they

may be goaiad b kranRsiedhnigres 1 Ls akdisintegratior ard-ahserelionintiggastrointestinal
tract and thereby provide a sustained action

.....

spectrometry; ICBF = isobutyl chloroformate; KHMDS= potasstum hexamethyidisilazane; LDA

&



over a longer period. Far example, a time delay material such as &eery] monosteamte or glyceryl
distearate may be employed. They may also be coated by the technique described in the U.S. Patent
Nos. 4,256,108,66,452; and 4,265,874 to form osmotic therapeutic tablets for controlled release of the
active ingreglinh famANRRS.Cf cRaRoUN QLIRITALIR ORI NSA MY Alsg Repigsented as hard
gelatin capsules *herein the active ingredient is mixed with an inert solid diluent, for example, calcium
carbonat&warstimyphesphashEsInMorasebiogaiinvd apsant MeersimtHensdilenngradients is
mixed withauater-Nisciblg salvenit uehRs RreRyienegivcehRfseinand ethanelsphan @ilsredium, for
example peanut oil, liquid paraffin, or olive oil. 10Aqueous suspensions may contain the active

material SRISHGIE Ph Adwidare i exeief aranie o the maiirure ot sbivdtspensions.
Suctrexgipienta greisusPanthAgenis; forexample sadivny eathoxymeihyicltiose. mathyicellulose,
bydroxypropyl methylcelltdose, sodium alginate, polyvinylpyrrofidone, gum tragacanth and gam
acacia; diSPErERY BrWettiigagentd hay bearpseHa ety Presprattitrssidioagdiple lecithin, or
15condeqsatiennieducis.af analkyenecoxigeitfathoaeids: dorexamplepgivoxyativiane stearate,

or condensation products of ethylene oxide with lopg chain aliphatic alcohols, for example
eptate R e HEc ROt & By bt BRDA IR o By G B s BANRIBAIeRs. derived
from fattyBacids>angl a:drelxitdhsuclvasypotydxyethylehergoiiol-menodieateor, ecandensation products
of e}layle%%tqf(ide with partial esters derived from fatty acids and hexitol 20anhydrides, for example
polyethylené Sorbitan naonooleate. The agueous suspensions may also contain one or more
preservatives, for example ethyl, or .ntropyi, ruhydroxybenzoater, one or more colouring agents. One
or more flgyouling, agents, ANd.ORG. Q. MALE SESIBRING 298NI5,SUch as sucrose, saccharinor
aspartame. Oily suspensions may be formulated by suspending the active ingredient in a vegetable oil,
25for example &reehisils ofiferoiisbeedMnoPCHEShBBHNOTIRRRIE RSB ek a8Ngald paraffin.
The oily shsRensions maroniaiRRdhickeningnaaent fanaxamalebagsivry-» RerkiRagaliin or cetyl
alcohol. Sweetening agents such as those set forth above, and flavouring agents may be added to
provitle A FAISEEBIS Sral Broparaion SPHRLE Sy dSitomeTaiayHall sreddroay iy thaaatiton of an
ami-oxidashpuchia s aseorbiciagid fo30bispersible powders and granules suitable for preparation of an
aqueous susperion k%yﬁthe adgiitio }qf wa erdqrqvide thte,ac IV i.n%l'ecll'ireqt indadmgtu{e_gvith a
dispersing or we fﬂ% %gé%ﬁ()gﬁsfﬁ%}nafnegs%igésntlghe ong o r(ﬁgrieniﬁ:re%%‘r\/eaff\’/ne§’.’ hlt%leé"dispersing or
wetting agent§aindtsuspending:agentsratedexemplified By:thossaleadysnentioned above, Additional
excipiems, for eXgAle AESIENNM RN RO ARG ABCNIRAMBLAIRAAE B e oF e
pharmaceutical compositions of the invention may also he in the form of an oil-inwater emulsion. The
oilyPhasbiriagderatvisgbtabidsiioforexansplanciiveansir onarbeRisaom ol psapdleim forexample
liquid pangifineQs mixtiHes ofihesai JHIRDIeGIUISING: 30 BRI MAKR& PRERUYIOGANEHNG
phosphandes, for example soy bean, lecithin, and esters or partial esters 5derived from fatty acids and
hexittil arRyEuELs fifesible sorbitan monooleate, and condensation products of the said partial

esters with ethylenepexide oohexample Palyaxygthy lenmsobitepamenasiealiesdheiemulsigasmay also

contain sweetening and flavorin epts, Syrups and elixirs.containing.a compound of the invention
iy be RIS I RS bl S 2Tt BHORUICHE SR oBt SGHERE or ucrose.
Suc'h?fornwi’hhimﬁszﬂﬁh}dyuals@@mratai'mzaudghmdoé ntha jmésé‘rm:aﬁx?'&a_xand flaaringradaneglbeiring agents.
The pha.\-e-%ﬁﬁ-éﬂ%%l&&%@?gﬁ!ﬁ'%&f”o%)é&?&r%rF&“c%&%%QF A Sheflie jjectable.agugoys.ar:gleagenous
suspensmrji. IS suspension maytbe ormulate accoralng 0 thie known art using those suitable
dispersingptrslietticiey agertssandssiispeaging agents which have 'been mentioned above. A
pharmaceutical preparation AcCeRding i1 INiapLiRveIRnIBAY.AIRRN840 theorm of.a sterile

15injectable solution or suspension in a non-toxic parenterally-acceptable diluent or solvent, for
example H4E&8 I BTiSHHFPP S BiRAHEIEE KIS AR R BEEDIHBIE S SREIRY ST SRR tHRthay be
employedamuwatei Ringers solution and isotonic sodium chloride solution. Cosolvents such as
ethanol, propylene glycol or polyethylene glycols may also be used, In addition, sterile, fixed oils

Salts



are conventionally employed as a solvent or suspending medium. For this purpose any bland 20fixed
oil may be employed including synthetic mono- or &glycerides. In addition, fatty acids such as oleic
acid may find use in the preparation of iniectables. Compounds of formula .1 may also be
administered n the {afn ol sppesioies. (ot aetolamiisaliap i agivp diaredient or drug.
These compositions can lbe prepared by mixing the drug with a suitab e non-irritating excipient which is
solid at atiBIBREREHTBE TSN NARI 25 AE HD e BIAINR Hipferiia R s Wi rBre o In it the

rectum tquieleasedhedrdand enlimitingiexamnles of sHehexcipientsinclyge qesea Ruttes and
polyethylene glycols, For topical use, creams, ointments, gels solutions or sus, enS|ons etc.,
containint BETE PRI RIS TAHS SPABKIERS: (gt POt (R eIttt topical
applisatiorushalhincludemauth washescangngasgles,) hopieakiarmulatons mayé@anﬁraﬂysbe comprised
ofa30p|‘5ar afeutl Icarg er, Co-s Iv t emul {lerf( enetrgtjpn erghancerw q{rva ive s¥stem and
emollient: “e“p‘uri%]s] s“g‘ Iy lét‘ent“éc”%?l‘cié?o(h“im J ir‘asuél'c't(fﬁ(l’c‘f‘é IBSLLp"p ication™ ]é?} n’?’clude the
use of meettndashes] gangn‘esnan@hlhéahkemd amietuat mbthodsuodprepanngsudhtdosdge forms are
nown, of kb gRRAIRALe e sHleBILIG AL 6% RRTINAINR S BAMAsRyIcal Shignces.

Mack Pu Ing o Easton, 5 Com |nat|on“s wit her Drugs For th

treatment\fa’hddﬁr@veﬁ@tbhi@ﬁérwayaimﬂlmlﬁﬁ@@bt%dléiéb‘ﬁ@éé@@bmpbun@i@marmmaoﬁmw}be
co-ggminigierad with QtherHerarsulis AN FHIEIR ANQINALAPRGIING RIGSSAL IVEREAN.Provides

pharmaceutlcal compositions for treating prostaglandin mediated diseases comprlsmg a

therapeu 1&&@‘51‘1’%} FORHIGUISOBIOR HaIRBBUH ST SR & A BRI A Hi6r & Bik& ¥Rerapeutic
agents. Suiighiethesapewiic ageripiareampinatonthemmwithaisempedngeldanmsial include. (1)
a DP receJPtor antagonist such as S- 5Hf11i or Iaroplprant (2) a corticosteroid such as triamcinolone
acetonid& PH)PY AEEorTSr STEH HE s AN I8 81 formoterol, terbutaline, metaproterenol, albuterol and
the like; (4) a leWatn érecongelified, ahtﬂu@mg&atlwkmﬂmneh&mepﬂmauﬁa@em@emd fipoxygenase
|nh|lp§tor 3 331%?1%%&{;& ICE ?Ilﬁlléag tuﬁ IIQH}}( cSwE;clSLp &in}i ial't %*1(951}%:&%Q%@&Q }%&n :[il(hil{, ::[amu Sc:lﬁ »h as
bromophEnlramlne o orpi’lénlramlne dexcHorp eniramine, triprolidine” cIIemastlne éf enhydramlne
dlphenylp‘}?hhﬁé*%ﬁpel@ﬁﬁﬁh?ﬁﬁﬁoﬁydi‘sﬁ?zmedmﬁth@ﬂ%ﬁé; fpr@métmafiéfqmméwmziﬁe azatadine,
cyproheptading. antazaling, BheRaRIReRYtlaMIne Asisnizele terienadingilqratagine. cetirizine,

fexofenadine, descarboethoxyloratading, and the like; (GLa ‘decongestant including 20 phenylephrine,
phenylpraisAHBIERIHRE S Setsio PHEE PN %y FEIadBlite PRRHINGHhIRE HispHA BBIn s metazoline,

propylhexgdeinguunieveciesaxyephedring:iCh)AR prifivesive ineludingrepdaing hoydiagedene,
car% iphen caaeta entanei or dexﬂ(amethorphan (8) another prostaglandin ligand including
pros dﬁﬁ%ﬁ‘F ORI Syt UL aPARGHIBEE 30ibprostol, enprostil, rioprostil, omoprostol or
rosaprostol (9) la wilirsticndd@)undnisteraidal ahti-nflaspmalory afesats25¢(NBAIRg)sudAs propionic
B e AR, (P ol SRRl BsIae AT STBIOISAy featyfen, fenoproter.
fluprofen, Har rbiprofen, |bupro en, indoprofen fk B ofen, miroprofen, naproxen, oxaprozin, pirprofen,
pranoprofen, suprofen, tiaprofenic acid, and tloxaprofen) acetic aC|d derivatives (indomethacin,
acemeta@gﬂhﬁgglgf@nﬂ%lgﬂgﬂgagqg|clofenac fenclofenac, fenclozic acid, fentiazac, furofenac,

ibufenac, isoxepac, oxpinac, sulindac, tiopinac, 30 tolmetin, zidometacin, and zomepirac), fenamic
acid dlerivatives (HRASHEMRE SMDIRSEI SIRBIIE A&c @R AR AT I HARE e APRK S IREHRmIC

acid), bipheavlearpaxdicacid dedvativesddifivnisalape futenisalhoxicamnbisaxigam, piroxicam,
sudoxicam and tenoxican), salicylates (acetyl salicylic acid, sulfasalazine) and the pyrazolones

(apazoné“ﬁf@?iﬁ%%}ﬁé?ue%&é%ﬁ@ B Eéﬁ@“ﬁ‘;&/ﬁhé’hﬂﬁ‘fﬁi@ﬁ%‘l Bhgﬁﬁﬁh‘l’ﬁié?ﬁe) (11)
cyclooxygmmg&aﬁaﬁmﬁ(&)mﬁﬁmt@ﬁs gl asiceldexit @n@mﬁ&tp&bn(&&hmﬁhb{tﬁm@tzom

pllosphocHeste se tégﬁl Y (P SEL 1@ t)(i;zl‘rof#]um Iast mre ggnlsts of the %hemoklne receptors,

especially'C ie dEK "Eho gs?t‘e‘}é owering a9 U SRS -CoA reductase

|nh|bﬁlor31(m»vama:ﬂnmsimvastaﬁn aandqmtéttxassanmtlfluﬂ“amatmlatowémam ramgotherdidating),
sequestraniy I% Ol ARG 206 §QJ§%¥ 18N, ﬂk‘?ﬁﬂ("&%‘%&% epRiilg, %‘1‘3:&%%@5&‘(@?«(9% prrozn

clofibrat, fimofibrate and benzafibr pro ucol; (15) anti-diabetic’agents such as insulin
su|fony|ur>éz§b§ higgariciel nBrRRfEd é%ﬂ&’@@%&%?ﬁ?ﬁblt@?é“{é@laf’@s%ﬁ)hahwt}mﬁ%h’é’@

(troglitazgngn PiQiiaZ ARG ISR ARONeHIRIGNIAd ANeamnd it HikedwthahR1aRacakans atdnterigeon

treatment of various forms of cancer. Compounds of formula [ may also be of use in the
10



beta (interferon beta-1 a, interferon beta-1 b); (17) anticholinergic agents such as muscarinic
10antagonists (ipratropium bromide and tiotropium bromide), as well as selective muscarinic M3
antagonists; (1.8) steroids such. as beelomethasone, methylprednisolone" betamethasone"
Prednisofig, AR IR ORFRAREHAOK ANEIRRANY m@alsﬁ raians cABAnN.aed Joniietegimen of
migraine such as snmitriptan and rizatrif ptan; (20 ronate and other treatments for osteoporosis:
(21) othe?héta?ﬁp@%muwhwaktsuamwwmﬁ@ aén@@mv%bah%ﬁgxtw@rb@méahﬁm@sahol|tes such as

azathIoprm@n@mﬁzmt@@mqpmmﬁmwt@@aﬂg&@er shemetheapputiciagsnisaiadiinin (13K2)
antagonlsts such as FK-3657, TP receptor antagonists such as semtrodast, neurokinin antagonists

(NK 1/NKBYP KR SlAtis Preteeeidh %‘%%é magdsisadiule ssrael dgasndses,

W07 /02,280 MO AR NHABILRIA6 wm&ap 246c YMORG1L644nIWOR6/ 06408 WO9E/ 15973

and W096131206. 20In add tion, tﬂe, |nvent|o passes a method. of treating prostaglandin D2
. ARagOnIsls '}Tﬂ {d 1!1(3131 £ntor . .
mediated prising:a minististion to a paf’epn m nee “of such treatment a non-toxic therapeutically

effective amouritiefia\compoureshfo napala jémpﬂmhgcémaﬂ]nmmm&w&‘(@hm@uﬁsuch

naredients. A% ied I ediaiel aave ERERARGTION CREAMAPINRR e fomanyads of s

invention are made usi now emlca procedures. Compounds of Formu the present
inventiondeigyrba gvapased ofdreraknple, according to the synthetic routes outlined in the following

gengyal schemeg, Jfnetgammensially availahla. a-becessanostading. matarahiarthe preparation of a
compound of formula | may be prepared by a 30 procedure which is selected from standard

technique SPE I HHR ST Te R AN AT e H8 i B ATBM L AUB IRt B 25cp Such

transformatiancftaideebrgueswhich areAnafegeusiathe synthesas atknovnan pstiueiuralyigimilar
compounds, @@ggchm es ich ar?eanalo us tg the above deﬁg rlbe roceduregs or rocedures

described it HRPEARISHEH SAFS cfoaPRs NG SOk MRS S P A VSH BPEBi i i

avalIabletfemtttmemebat‘atlmmﬁMMamm;g rmiatbnia byt Schemie: i N4 IGQ2MBihtis DYSHO Nat.):44e,

Nie'.l(%ll Losng*gs 1017, zzhumsrﬁa pg‘z renmial thinttis, nasal inflammation, asthma incloding allergic asthma,
chronic obstructive pulmonary diseases and other forms of hung inflammation; sleep disorders and
sleep-wake cycle disorders; prostanoid-induced smooth muscle contraction associated with
dysmenorrhes and premature labor; eosinophil related disorders; thrombosis; glaucoma and vision
disorders; occlusive vascular diseases; congestive heart fathwre; diseases or conditions requiring a

20 treatment of anti-coagulation such as post-injury or post surgery treatment; inflanumation;

gangrene; Raynaond’s disease; mucus secretion disorders inchuding cytoprotection; pain and
migraine; diseases requiring control of bone formation and resorption such as for example
osteoporosis; shock; thermal regulation tncluding fever; and immune disorders or conditions in

which immunoregulation is desirable. More particularly the disease to be treated is one mediated

25 by prostaglandin D2 such ag nasal congestion, pulmonary congestion, and asthma including
allergic asthma.
In one embodiment of the invention is a method of treating or preventing a prostaglandin
mediated disease comprising adnunistering to 8 mammalian patient in need of such treatment a
compound of formula I in an amount which is effective for treating or preventing a prostaglandin
30 mediated disease, wherein the prostaglandin mediated disease is nasal congestion, rhinitis

incloding altergic and perennial rhinitis, and asthma including allergic asthma.
In another enubodiment of the present invention 18 a method of treating or preventing a
prostaglandin D2-mediated disease comprising administering to a mammalian patient in need of

such treatment a compound of formula I in an amount which is effective for treating or preventing
i
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a prostaglandin D2 mediated disease wherein said prostaglandin D2 mediated disease is nasal
congestion or asthma.

{n another embodiment of the preseat invention is a method for the treatiment of nasal
congestion i a patient in need of such treatment which comprises administering to said patient a
therapeutically effective amount of a compound of formula L

In vet another embodiment of the present invention is a method for the treatment of
asthma, particularty allergic asthma, in a patient in need of such treatment which comprises
administering to said patient a therapentically effective amouwnt of a compoand of formala L

Those skilled in the art will readily understand that for administration the compounds
disclosed herein can be admixed with pharmaceutically acceptable excipients which per se are
well known in the art. Specifically, a drug to be administered systemically, it may be confected as
a powder, pill, tablet or the hike, or as a solution, emualsion, suspension, aerosol, syrup or elixix
suttable for oral or parenteral adnunistration or inhalation.

Parenteral administration is generally characterized by myection, etther subcutancousty,
mntramuscularly or mtravenousty. Injectables can be prepared in conventional forms, either as
tgquid solutions or suspensions, solid forms suitable for solution or suspenston i liguid prior to
injection, or as emuisions. Surtable excipients are, for example, water, saline, dextrose, glycerol,
sthanol and the Like. In addition, if desired, the injectable pharmaceutical compositions to be
administered may also contain minor amounts of non-toxic avxiliary substances such as wetting
or emulsifying agents, pH buffering agents and the like.

A compound of formula 1 is administerd orally or parenterally, eg. by intravenous

infusion (iv), intramuscular injection (im}) or subcutaneously (sc).

Dose Ranges

The magmitade of a prophylactic or thergpeutic dose of a compound of formula § will, of
course, vary according to factors inchuding the natare and the severity of a condition to be treated,
the particular compound of formuda | and its route of administration, etc. Effective dosages of
compounds of formula I will also vary according to a variety of other factors including the age,
weight, general health, sex, diet, time of administration, rate of excretion, drug combmation and
response of the individual patient. In general, the daily dose may be in the range of from about
0.001 mg to about 100 my per kg body weight of a mammal, and preferably from about 0.01 mg
to about 10 mg per kg, On the other hand, it may be necessary or preferred to use dosages

outside these limits in some cases.
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Representative (but non-limiting) compounds of the invention are shown below in Table .1 with

;ffBergnce to formpa i AR R daRIed: RAME [SRIGRERRINGCQmPeHAdR.ALINg invention. Cd
produce a single dosage form will vary depending upon the host treated ancd the particular mode

of administration. For example, a formulation intended for oral administration to a homan patient
may contain from about 0.05 mg to about 5 g of active agent combined with an appropriate and

S convenient amount of carrier material wherein the gmount of carrier material may vary from
about § to about 99.95 percent of the total composition. Dosage wunit forms will generally contain
between from about 0.1 mg to about 0.4 g of a compound of formula I as active tngredient,

typically 0.5 mg, I mg, 2 mg, 5 mg, 10 mg, 25 mg, 50 mg, 100 mg, 200 mg, or 400 mg.

10 Pharmaceutical Compositions
According to another aspect of the present invention there is provided pharmaceutical

compositions comprising a compound of formula I with a phanmaceutically acceptable carner. For
the treatment of any of the prostanoid mediated diseases, e.g. as described herem, compounds of
formula | may be adnumstered orally, by inhalation spray, topically, parenterally or rectally in

15 dosage unit formulations containing conventional non-toxic pharmaceutically acceptable carriers,
adjuvants and vehicles. The term parenteral as used herein mcludes subcutaneous injections,
intravenous, inframuscular, intrasternal mjection or mfusion technigues. In addition to the
treatment of warm-blooded animals such as mice, rats, horses, cattle, sheep, dogs, cats, etc., the
compounds of the invention s effective m the treatment of humans.

20 The pharmaceutical compositions containing the active ingredient may be m a form

ges, aqueous or oily suspensions,

P

suitable for oral use, for example, as tablets, troches, lozen
dispersible powders or granales, emudsions, hard or soft capsuoles, or svrups or elixirs,
Compositions intended for oral use may be prepared according to any of the various methods

known to the art for the manufacture of pharmaceutical compositions and such compositions may

b
LA

coutain one or more agents selected from the group consisting of sweetening agents, Havouring
agents, colouring agents and preserving agents in order to provide pharmaceutically elegant and
palatable preparations. Tablets prepared according to the instant invention will contain an active
ingredient of formula 1 in admixture with non-toxic pharmaceutically acceptable excipients which

are suitable for the manufacture of tablets. These excipients may be for example, mert diluents,

L
o)

such as calcium carbonate, sodium carbonate, lactose, calcium phosphate or sodium phosphate;
gramuating and disintegrating agents, for example, com starch, or alginic acid; binding agents, for
exanmple starcl, gelatin or acacia, and lubricating agents, for exanple, magnesium stearate, stearic
acid or talc. The tablets may be uncoated or they may be coated by known techniques to delay

disintegration and absorption in the gastrointestinal tract and thereby provide a sustained action
13
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over a longer period. For example, a time delay matertal such as glycervl monostearate or
glvceryl distearate may be emploved. They may also be coated by the technique described in the
ULS. Patent Nos. 4,256,108; 4,166,452; and 4,265 874 1o Torm osmotic therapeutic tablets for
controtted refease of the active ingredient.

Formulations of compounds of formula I for oral use muay also be presented as hard gelatin
capsules wherein the active ingredient is mixed with an inert solid diluent, for example, caleium
carbonate, calctum phosphate or kaolin, or as soft gelatin capsules wherein the active ingredients
s mixed with water-miscible solvents such as propylene glycel, PEGs and ethanol, or an oil
medium, for example peanut od, Hguid paraffin, or olive oil.

Aqueous suspensions may contain the active material of formala 1 in admixture with
excipients suitable for the manufacture of aqueouns suspensions. Such excipients are suspending
agents, for example sodiun carboxymethvlceilulose, methyleellulose, hydroxvpropyl
methyleellolose, sodium alginate, polyvinylpyrrolidone, gum tragacanth and gum acacia;
dispersing or wetting agents may be a naturally-occurring phosphatide, for example lecithin, or
condensation products of an alkylene oxide with fatty acids, for example polyogyethylene
stearate, or condeusation products of ethylene oxide with long chain aliphatic alcohols, for
example heptadecaethyleneoxyeetanol, or condensation products of ethyvlene oxide with partial
gsters derived from fatty acids and a hexitol such as polvoxvethylene sorbitol monooleate, or
condensation products of ethylene oxide with partial esters derived from fatty acids and hexitol
anhydrides, for example polyethylene sorbitan monooleate. The aqueous suspensions may also
contain one or more preservatives, for example ethyl, or n-propyl, p-hydroxybenzoate, one or
more colovring agents, one or more flavouring agents, and one or more sweetening agents, such
as sucrose, saccharin or aspartame.

Oily suspensions may be formulated by saspending the active ingredient in a vegetable o1,
for example arachis o1, olive oil, sesame oil or coconut oil, or in muneral odd such as liguid
paraffin. The oily suspensions may contain a thickening agent, for exanple beeswax, hard
paraffin or cetyl alcohol. Sweetening agents such as those set forth above, and flavouring agents
may be added to provide a palatable oral preparation. These compositions may be preserved by
the addition of an antt-oxidant such as ascorbie acid.

Dispersible powders and granules suitable for preparation of an aqueous suspension by the
addition of water provide the active ingredient in admixtere with a dispersing or wetting agent,
suspending agent and one or more preservatives, Suitable dispersing or wetting agents and
suspending agents are exemplified by those already mentioned above. Additional excipients, for

example sweetening, flavoring and coloring agents, may also be present.
i4
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The pharmaceutical compositions of the invention may also be in the form of an oil-in-
water emudsion. The oily phase may be a vegetable o1, for example olive oil or arachis oil, or a
mineral oil] for example liquid paraffin or muxtures of these. Suitable emudsifying agents may be
naturally-occurring phosphatides, for example soy bean, lecithin, and esters or partial esters
dertved from fatty acids and hexitol anhydrides, for example sorbitan monooleate, and
condensation products of the said partial esters with ethylene oxtde, for example polyoxyethylene
sorbitan monooleate. The emulsions may alse contain sweetening and flavoring agents.

Syrups and elixirs containing a compound ot the invention may be formulated with
sweetening agents, for example glycerol, propylene glycol, sorbitol or sucrose. Such formulations
may also contain a demulcent, a preservative and flavoring and colouring agemts. The
pharmaceutical compositions may be in the form of a sterile injectable aqueous or oleagenous
suspension. This suspension may be formulated according to the known art using those saitable
dispersing or wetting agents and suspending agents which have been mentioned above. A
pharmaceutical preparation according to the instant invention may also be 1o the form of a sterile
injectable solution or suspension in a on-toxic parenterally-acceptable dituent or solveat, tor
example as a solution in 1,3-butane dicl. Among the acceptable vehicles and solveunts that may be
emptloyed are water, Ringer's solution and isotonic sodium chioride solution. Cosolvents such as
sthanol, propylene glveol or polyethylene glveols may also be used. In addition, sterule, fixed oils
are conventionally employed as a solvent or suspending mediom. For this purpose any bland
fixed oil may be emploved including synthetic mono- or diglyeenides. In addition, fatty acids

such as oleic acid may find use in the preparation of injectables.

Compounds of formula I may also be administered in the form of suppositories for rectal
administration of the active ingredient or drug. These compositions can be prepared by mixing
the drug with a suitable pon-irritating excipient which 1s solid at ambient temperatures but liquid
at the rectal temperature and will theretore melt in the rectum to release the drug. Non-limiting
examples of such excipients include cocoa butter and polyethylene glycols,

For topical use, creams, ointments, gels, solutions or suspensions, etc., containing the
compound of formala  are emploved. (For purposes of this application, topical application shall
mclude mouth washes and gargles.) Topical formulations may generally be comprised of a
pharmaceuntical carrier, co-solvent, emulsifier, penetration enhancer, preservative system, and
emollient. For the parposes of this patent application, the phrase “topical application™ may inclede

the use of mouth washes, gargles, and the hike.
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Actual methods of preparing such dosage forms are known, or will be apparent to the
skilled in the art; See e.g. Remington’s Pharmaceutical Sciences, Mack Publishing Co., Easton,

PA, 16™ Ed., 1980.

5  Combinations with Other Drugs
For the treatment and prevention of prostaglandin mediated diseases, compound of
formula [ may be co-administered with other therapeutic agents. Thus in another aspect the
present invention provides pharmaceutical compositions for treating prostaglandin mediated
diseases comprising a therapeutically effective amount of a compound of formula I and one or

10 more other therapeutic agents. Suitable therapeutic agents for combination therapy with a
compound of formula I include: (1) a DP receptor antagonist such as S-5751 or laropiprant; (2) a
corticosteroid such as triamcinolone acetonide; (3) a B-agonist such as salmeterol, formoterol,
terbutaline, metaproterenol, albuterol and the like; (4) a leukotriene modifier, including a
leukotriene receptor antagonist or a lipoxygenase inhibitor such as montelukast, zafirlukast,

15  pranlukast, or zileuton; (5) an antihistamine such as bromopheniramine, chlorpheniramine,
dexchlorpheniramine, triprolidine, clemastine, diphenhydramine, diphenylpyraline,
tripelennamine, hydroxyzine, methdilazine, promethazine, trimeprazine, azatadine,
cyproheptadine, antazoline, pheniramine pyrilamine, astemizole, terfenadine, loratadine,
cetirizine, fexofenadine, descarboethoxyloratadine, and the like; (6) a decongestant including

20  phenylephrine, phenylpropanolamine, pseudophedrine, oxymetazoline, ephinephrine,
naphazoline, xylometazoline, propylhexedrine, or levo-desoxyephedrine; (7) an antiitussive
including codeine, hydrocodone, caramiphen, carbetapentane, or dextramethorphan; (8) another
prostaglandin ligand including prostaglandin F agonist such as latanoprost; misoprostol, enprostil,
rioprostil, ornoprostol or rosaprostol; (9) a diuretic; (10) non-steroidal anti-inflammatory agents

25  (NSAIDs) such as propionic acid derivatives (alminoprofen, benoxaprofen, bucloxic acid,
carprofen, fenbufen, fenoprofen, fluprofen, flurbiprofen, ibuprofen, indoprofen, ketoprofen,
miroprofen, naproxen, oxaprozin, pirprofen, pranoprofen, suprofen, tiaprofenic acid, and
tioxaprofen), acetic acid derivatives (indomethacin, acemetacin, alclofenac, clidanac, diclofenac,
fenclofenac, fenclozic acid, fentiazac, furofenac, ibufenac, isoxepac, oxpinac, sulindac, tiopinac,

30  tolmetin, zidometacin, and zomepirac), fenamic acid derivatives (flufenamic acid, meclofenamic
acid, mefenamic acid, niflumic acid and tolfenamic acid), biphenylcarboxylic acid derivatives
(diflunisal and flufenisal), oxicams (isoxicam, piroxicam, sudoxicam and tenoxican), salicylates
(acetyl salicylic acid, sulfasalazine) and the pyrazolones (apazone, bezpiperylon, feprazone,

mofebutazone, oxyphenbutazone, phenylbutazone); (11) cyclooxygenase-2 (COX-2) inhibitors
16
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such as celecoxib and rofecoxth; (12) inhibitors of phosphodiesterase type IV (PDE-IV} e g
Ariflo, roftumilast; (13) antagonists of the chemoking receptors, especially CCR-~1, CCR-2, and
CCUR-3; (14) cholesterol lowering agents such as HMG-CoA reductase mhibitors (lovastatin,
stmvastatin and pravastatin, fluvastatin, atorvastatin, and other statins), sequestrants
{cholestyrantine and colestipol), nicotinic acid, fenofibric acid dertvatives (gemfibrozil, clofibrat,
fenofibrate and benzafibrate), and probucol; (15} anti~-diabetic agents such as insulin,
sulfonviureas, bignanides (metformin}, o-glucosidase inhibitors (acarbose) and ghitazones
{troglitazone, pioglitazone, englitazone, rosightazone and the hike); (16) preparations of wterferon
beta {interferon beta-1a, mterferon beta-1b); (17) anticholinergic agents such as muscarinic
antagonists (ipratropium bromide and tiotropium bromide}, as well as selective muscarinic M3
antagonists; {18) steroids such as beclomethasone, methylpredniselone, betamethasone,
prednisone, dexamethasone, and hydrocortisone; {19} triptans commonly used for the treatment of
migraine such as sumitriptan and rizatriptan; (20) alendronate and other treatments for
osteaporosts; {21) other compounds such as S-aminosalicvlic acid and prodrugs thereof,
antimetabolites such as azathioprine and 6-mercaptopurine, cytotoxic cancer chemotherapeutic
agents, bradykinin (BK2) antagonists such as FK-3657, TP receptor antagonists such as
seratrodast, neurokinin antagonists (NKI/NK2), VLA-4 antagonists such as those described in US
5.510.332, WQO7/03004, W(97/02289, WORG/40781, WO96/22966, WO96/202 16,
WOB6/01644, WOB6/06108, WOBS/ 15973 and WOD6/312006.

In addition, the invention encompasses a method of treating prostaglandin D2 mediated
diseases comprising. administration 1o a patient m need of such treatment a non-toxic
therapeutically effective amount of a compound of formula I, optionally co-administered with one

or more of such mgredients as listed immediately above.

PREPARATION OF COMPOUNDS

The compounds of this mvention are made using well known chemical procedures.
Compounds of Formula | of the present invention may be prepared, for example, according to the
synthetic routes outlined v the following general schemes. If not commercially available, a
necessary starting material for the preparation of a compound of formula I may be prepared by a
procedure which Is selected from standard techniques of organic chemistry, including aromatie
and heteroaromatic substitution and transformation, from technigues which are analogous to the
syntheses of known, structuralty simifar compounds, and techniques which are analogous to the

above described procedures or procedures described in the Examples. It will be clear to one
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skilled in the art that a variety of sequences is avatlable for the preparation of the starting

materials.
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REPRESENTATIVE COMPOUNDS
Representative (but non-limiting} compounds of the invention are shown below in

Table 1 with reference to formula A

X~COo,H

5
1A

Table 1. Some representative compounds of the invention.

Cd | A B C D R X Ar n m
i N CH CH CH CHy CH, Ph 2 1
2 N CH CH CH CHs CH, Ph i 1
3 N CH CH CH H SCH; | Ph 2 1
4 N CH CH CH CHa SOH; Ph i i
i) N CH CH CH H CH, 4-FPh 2 1
6 N CH CH CH CH; CH; 4-CF;Ph i 1
7 N CH CH CH CHa SCH; | 4-ClPh 2 1
8 N CH CH CH CH; SCHa 3,4-diFPh i 1
9 N CC¥F; | CH CH CH; CH; Ph 2 1
10 N CCH; | CH CH CH; CH; Ph 2 1
i1 N CH CCHi CH CH; CH: 4-FPh 2 1
i2 CH N CH CH CH; CH; Ph 2 ]
i3 CH N CH N CH; CHa Ph i l
i4 CH N CH CH CH; SCH, G 2 1

MeSO:Ph

i5 CH N C CH CHs SCH: | Ph 1 ]
HY) CH N CH CH H CH; 4-FPh 2 1
17 | CH N CH CH CH; CH; 4-CF3Ph 1 1
i8 CH N CH CH CHi SCH; 4-CIPh 2 1




CH; Cli2CH2PhPh211128C11 CHC-ePrNCU1SCH2Ph2129CHNCHNC1-13SCH2Ph1

Cd | A B C D R X Ar 3 m
19 CH N CH CH CHs SCH: | 34-diFPh |1 !
20 CH N CH CH CH; CH; Ph
21 Ci-Pr [N CH CH CHs CH; Ph
22 N CH CH N CH; H; Ph
23 CH N CH CH CaHs CH; Ph
24 CH N CH CH CHs CH; Ph
28 N CH CH CH ¢-Pr CH; Ph
26 CH CH CCH; N CH; CH; Ph
27 CH CH CPr N CHs CH; Ph i 1
28 CH CH C-cPr CH; SCH: | Ph
29 CH N CH Ph i 1
30 CH N CCH, CHs CH- 4-FPh
31 CH CH CSCH; 4-CF1Ph i 1
32 CH CH CH CH; SCH: | 4-C1Ph
33 CH CH CH CHs SCH; 3. 4-cdiFPh i 1
34 CH CCFs | CH Ph
35 CH CCH; | CH CHa CH; Ph
36 CH CH CH CH, CH, Ph
37 CH CH CH CHz CH: Ph i 1
38 CH CH CH CH; SCH; | Ph
39 CH CH CH CHy SCHa Ph i 1
40 CH CH CH CHs CH; 4-FPh
41 CH CH CH CH; CH; 4-CF;Ph i l
42 CH CH N CH CH;s CH» Ph
43 CH CH N CaiPr | H CH; Ph i 1
44 CH CH N CH CH; SCHA Ph
45 CH CH N CH CHs SCH, | Ph 1 1
40 CH CH N CH CHi CHa 4-FPh
47 CH CH N CH CHs CH; 4-CFiPh i 1
48 CH CH N CH CHs SCHy | 4-CIPh
49 CH CH N CH CH; SCH, | 34-diFPh |1 !

¥
-

|

3]

b2

b2

2

3]

| 2V]

ARV AN
ol O
FF
[y
'
v

8]
ot

'
o
=
iy
=

2]
—

3
p—

Zy 2
ik
oy
Pt
Py

4.3
—

|
St

3
Y—

b3
o

3
—

£
e

P2

b2




13031 CMCHN CH 00.13 CS011 NN CH3 CH3 CH2 CH2 4-F Ph 4-CF3P112111 CHCHCHN
CH35CH2 4-C111-121

Cd A B C )] R X Ar ) m

30 CH CCFy [N CH H CH: Ph 2 1
51 CH CCH; | N CH CHs CH: Ph 2 ]

52 CH CH N CH CH; CH; 3~

thiophene
33 CCHy | CH N CH H CH: Ph i ]
54 € CH N CH CHs SCH: | 2-

|

2

thiophene
55 CF CH N CH CHy SCHa Ph i 1
36 N CH N CH CHs CH; 4-pyridyl
57 N CH N CH CH3 CH; 4-CH-Ph i 1

b3
[

58 N CH N CH cPr CH; 34-diCl-Ph { 2 ]
39 N CH N CH 1Pr OCH: | 4-Br-Ph 2 ]

2
e



33CHCHCH N C1-13 SCH2 3,4-dPh 1134 CHCCF3SCHNHCH2Ph21 CHCCHCH N C113
012 Ph

BIOLOGICAL ASSAYS
Example B1. Radioligand binding assa
temperature n 10 mM HEPES/KOH pH 7.4, ImM EDTA containing 10mM MnCl; and 0.4

;. Radioligand binding assays are performed at room

aM PHIPGD; (NEN, 172 Ci mmot ™), in a final volume of 0.2 ml. Competing ligands are
5 diluted in dimethylsulfoxide (Me;SOY Kept constant at 1% (v/v) of the final incubation
voleme. The reaction is initiated by the addition of 23 pig of membrane protein prepared from
a HEK~hCRTH2 cell line. Total and non-specific binding are determined in the absence and
the presence of 10 uM PGDy, respectively. Under these conditions, specific binding (total
minus non-specific) of the radioligand to the receptor is expectd to reach equilibrium within
Hy 50 min and 1s stable up to 180 min. The reaction 1s routinely conducted for 60 min at voom
temperature and terminated by rapid filtration through pre-wetted Unifilters GF/C (Packard),
using a Tonttee Machill semi-automated harvester (for HEK-hCRTH2), The filters are then
washed with o of the same buffer and residual radioligand bound to the filter is determined
by ligeid scintillation counting following equilibration in Smil Ultima Gold™ {GF/C) or 50ud

15 Uttima Gold F™ (Unifilter) (Packard).

Example B2, [cAMP] measurements. HEK-hCRTH2 cells are grown to confluoency on the

dav of the assay. The cells are washed with PBS, incubated for 3 min in cell dissociation
buffer, harvested by centrifugation at 300g for 6 min at room temperatwre and resuspended at

20 10%cells mi” in Hanks' batanced salt solution containing 25 mM HEPES pH 7.4
{(HBSS/HEPES). The assay is performed in 0.2 mi HBSS/HEPES contaiming 100 000 cells, 5
M forskolin (Sigma}, 100 uM RO 20-1724 (Biomol) and the test compound at various

concentrations. Followmng a 10 min pre-ncebation of the cells with a test compownd at 37°C,

PG s added at a concentration of 3 uM to mitiate the reaction. Following a 10 mun

3
e

incubation at 37°C, the reaction is stopped by a 3 mun incubation in a boiling water bath. The
samples are centrifuged for 10 min at 500g and the cAMP content in the supematant is
determined using a [ T-cAMP scintillation proximity assay (Amersham). Maxinal
inhibition of forskolin stimulated ¢cAMP production by activation of CRTH2 is determined in
the presence of I uM PGD:. All compounds are prepared in MeSO kept constant at 1% (viv}

30 of the final incubation volume.

Example B3. CRTH2 Binding Assay

26



2136CHCHCHNC11,012Ph2137CHCHCHNCH,3CH.2Ph1138CHCHCHNCEI,

The CRTH2 binding affinity of compounds of Formula T were assayed by MDS Pharma
Service using the following reagents and conditions:
MBS Prostanoid CRTH2 Binding Assay {Catalog # 268030}
Source: Human recombinant CHO-K1 cells

5 Ligand: | nM ["H] Prostaglandin D; (PGD»)
Vehicle: 1% DMSO
Incybation Time/Temp: 2 hours @ 25°C
Incebation Buffer: 50 mM Tris-HCE, pH 74, 40 mM Me(Cly., 6.1% BSA, 0.1% NaN;
Non-Specific Ligand: | mM Prostaglandin D; (PGD;)

10 Kp:d4inM*®

Buax: 13 pmole’myg Protein *
Specific Binding: 88% ¥
Quantitation Method: Radioligand Binding

(* Historical Value)

15 Seeeg Sugimoto H, Shichijo M, Iimo T, Manabe Y, Watanabe A, Shimazaki M, Gantner F
and Bacon KB. (2003}, “An orally bicavailable small molecule antagonist of CRTH2,
ramatroban (BAY u3403), inhibits prostaglandin D2-induced eosinophil migration in vitro”, J
Pharmacol Exp Ther. 305¢7}) 347-3532

20
Table 2. Inhibition of PGD; binding at 20 nM of tested compounds:

Example Concentration % inhibition
Example 24 20 nM g7
Example 2B 20 ni &
Example 4A 20 nM 91
Example 4B 20 nM 0

The following synthetic examples are provided for illastrative purposes only and are not

25 intended to limit the scope of the invention as defined in the claims.

EXAMPLE 1

2
~3



scitPh2139CHCHCHNCIII SCH2Ph1140CHCHCHN CH.: CH24-FP112 141 CHCHCH

{2)-{2-Chloro-8-[{4-tluoro-benzenesulfonyi l-methyl-amine]-6,7,8,9-tetrabvdro-pyrido] 3,2~

blindolizin-3-yi}-acetic acid

[.M-COZH
/"‘/:“\\\\- ——— ‘3‘:%
[ -
A A / \
o NN p;
[
--h..,{\" %
me.erﬁO
Me \

\\
F’
S
Step 1 Azido-acetic acid methy! ester
TN
N3 COsMe
10 To a solution of 1135 g of methyl bromoacetate in 1 L of methano! was added a

solution of 71 g of sodium azide in 200 mi of water over 1 h at room temperatere. The
reaction was shightly exothermic and the reaction mixture was stivred for 3 h and methanol
was removed under reduced pressure. The remaining agueous mixture was extracted with 3 x
1 L of ether and the ether extract was dried over Na,SO4, filtered, and concentrated to give

15 crude title compound which was used for the next step without further purification.

Step 2 6-chloro-1H-pyrrolof2 3-bipvridine-2-carboxylic acid methyi ester

2 CHQ -~ T R
R N TN Vi TN

{i N~ "COxMe J| \[ %}mcoqmﬂe
P o N SN Na
1 N ] N 4

To a solution of NaOMe (35 mb., 437M in MeOH) and 70 mL. of MeOH cooled at -20
°C was added a solution of 6-chloro-pyridine-3-carbaldehvde {10.9 g, 77 mmol} and azido-
acetic acid methyl ester (22 g, 192.5 mmotl) in 40 mL of MeOH dropwise over 10 min with a

mechanical overhead stirrer, The resulting solution was stirred at 0 °C for 5 h and the cloudy
28



N C1-13 042 4-CF3Ph1142430CHCHNNCHC-iPrCH:H013CH2PhPh11 CHCHNCH
CU: SCH2

mixture with light vellow solid was poured into 500 g of ice with stirring and the solid was
collected by filtration, dried under vacuum to give 13 ¢ of the mtermediate. The intermediate
was dissolved in 200 mb. of xylene and added dropwise over 20 mun into 100 ml. of boiling
xylene. The mixture was refluxed for additional 4 b and concentrated. The residue was

5 swished from 50 mL of 111 EtOAc/hexane to give 2.6 g of the desired product. NMR shows
~30% regiotsmeric indole (6-chloro-1H-pyrroto[3 2-clpyridine-2-carboxylic acid methyl

ester} present,

6-Chloro-1H-pyrrolof2,3-b]pyridine-2-carboxylic acid methyl ester
10 'H NMR (500 MHz, DMSO-de): 8 12.80 (1H, bs). .18 (1H, d), 7.23 (1H. &), 7.21 (1H, 5),
388 (3H, s).

6-Chloro-1H-pyrrolo] 3, 2-¢lpyridine-2-carboxyhic acid methyl ester
"H NMR (500 MHz, DMSO-dg): & 12.53 (1H, bs), 8.80 (1H, 5}, 7.42 (1H, 5), 7.35 (1H, 5),
IS 390 (3H, ).

Step 3 {-tert-butoxyearbonytmethyl-6-chiloro-1 H-pyrrolo{2,3-blpyridine-2-carboxylic acid

methyl ester

20
,"‘/‘\\Q e TN ,./’A\\\\\ ‘___je—{\
TN - Br COLBu ﬁ L N
| S GO Me - GO Me
/L #N Cs:COLDME o NF N
Ci N H 52005, cl N '

S i \.-
66°C ~COLtBY

A muxtore of 0.63 g of the product of Step 2 (containing ~30% of a regioisomer), 0.8 g
of t-butyl bromoacetate and 1.5 g of Cs:C0; in 15 mL of DMF was stirred at 60 °C for 2 h.
The mixture was diluted with 30 mL of EtOAc, and filiered through a pad of stlica gel. The
25 filtrate was concentrated under reduced pressure and the residue was purified by silica gel
chromatography eluted with 30% EtOAc/hexane o give 0.55 g of the desived product {fast
eluting, white sohid) along with 0.2 g of the isomer (slow eluting, white solid): 1-tert-

butoxyearbonyimethyl-6-chloro- 1 H-pyrrolof3,2-c]pyridine-2-carboxylic acid methyl ester.

30 I-tert-Butoxyearbonylmethyl-6-chioro-1 H-pyirolof[2,3-b]pyridine-2-carboxvlic acid methyl
ester

29



Ph2145CHCHNCHCH3SCH2PhI| 46 CHCHN CH CH3 012 4-11Ph2147 CHCHN CH

"H NMR (500 MHz, acetone-de): 8 8.22 (1H, d}, 7.38 (1H. ), 7.28 (1H. d), 5.30 (24, 5), 3.91
{3H, 5), 1 46 {(9H, ).

t-tert-Butoxyearbonvimethvl-6-chioro- 1H-pyrrolo[3 2-cpyridine-2-carboxylic acid methyl
5 ester

"H NMR (500 MHz, acetone-dg): & 8.82 (1H, s, 7.73 (1H, ), 7.50 (1H, 5), 5.34 (2H, ), 3.92

(3H, s), 1.44 {(9H, 5).

Hy  Step 4 {6-chloro-2-hydroxymethyl-pyrrolo[2,3-bipyridin~-1-yl)-acetic acid tert-butyl ester

z,-v' i\\\\\ B ) o I ,f,..»‘{\\ e OH
A DIBAL-H. THF o Ry
| NcOzMe ~ [ N/
TN ‘5,,"}'- e N,/ - AL {’; “'»\_,N
o N -50-6°C ok N \
o0 SCOLtBu
b To a solution of 0.5 g of (6-chloro-2-hydroxymethyl-pyrrolo{2,3-blpyridin-1-yl)-acetic

acid tert-butyl ester in 10 mL of THF cooled at -30 °C was added dropwise 3.3 mbL of 1.3 M
diisobutylaluminum hydride solution in toluene. The reaction mixture was stirred between -
50 °C and € °C for 2 h, and was then quenched by addition of 10 ml. of 25% agueous solution
of K Na tartrate and 25 mbL of EtOAc. After stirning for 1 b at room temperatare, the organic
20 laver was separated, dried over NaSOy, concentrated. The residue was porified by silica gel

chromatography eluted with 50% EtQAc/hexane 1o give 0.3 g of desired product as syrup.

"H NMR (300 MHz, acetone-ds): 8 7.95 (1H, dy, 7.12 (1H, d), 6.48 (1F, 5), 5.08 (2H, 5), 4.77
(2H, bs), 4.42 (1H, bs), 1.46 (9H. s).

2]
>

Step § 3-(1-tert-butoxvearbonylmethyi~6-chloro- 1 H-pyrrolof 2, 3-blpyridin-2-yh-acrviic acid

ethyl ester

30



CH:3CH24-CF3Pla’1148 CHCHN CH 111-13 50112 4-C1Ph 2149 CH CH IN CH C113 SC}
3,44iIF.Ph1 CdA

P N oM b Dess-Matin N NV
ﬂ l NS 2 PRAP=CHCOE 1 T N COLEL
s S —— 4
o NN o W N

OBy TCO,Bu

To a solution of 0.75 g of (6-chloro-2-hydroxymethyi-pyrrolof2 3-blpyridin-1-yi)-

acetic acid tert-butyl ester in 50 ml of CHCL was added 1 g of Dess-Martin reagent. The

(¥4

mixture was stirred at room temperature for 30 min and dituted with 30 mL of CH,Cly,
filiered through a pad of silica gel. After concentration, the crude aldehvde intermediate was
dissolved 40 mi. of THF and treated with 1.2 g of PhaP=CHCO;Et. The reaction muxture was
stirred for 2 h at 55 "C and diluted with 30 mL of hexane, filtered through a pad of silica gel.
The filtrate was concentrated and the residue was purified by stlica gel chromatography eluted

Hy  with 30% EtQAc/hexane to give 0.9 g of uitle compound as a light vellow solid.

H NMR (500 MHz, acetone-de): 3 8.06 (1H, d), 7.70 (1H, &), 7.22 (1, 3). 7.21 (1H, d), 6.65
(TH, d), 5.23 (2H, 8), 4.24 (2H. q), 1.49 (9H, s}, 1.31 (3H, 0.

15 Step 6 3-(I-tert-butoxycarbonylmethyl-6-chloro-1H-pyrrolo]2.3-bipyridin-2-yi}-propronic

acid ethvl ester

Ny »~""§:§ J”‘“COzE‘ b2 160 ["ﬂ“\‘\\’(ﬁ"\\% COEL
> _
o SN \Ni' e o L\waf \N}——/
COtBU \\‘“COQIBU
20
A mixture of 0.8 g of 3-(1-tert-butoxycarbonylmethyl-6-chioro-1H-pyrrolof2,3-
hipyridin-2-vhi-acrylic acid ethyl ester and 80 mg of PtO; in 60 mbL of EtOAc was stirred
under a balloon pressure of H; for 1 h. The mixture was filtered through celite and
concentrated to give crude product (0.8 g, white solid}.
25

“H NMR (500 MHz, acetone-dey: 8 7.90 (1H, d), 7.10 (1H, &), 6.36 (1H, 5), 3.03 (2H, 5). 4.13
(2H, q), 3.08 (2H, 1), 2.80 (2H. 1), 1.50 (9H, 5). 1.22 (3H. 1),

Step 7 2-chlore-6,7-dihydro-pyrido{3 . 2-blindolizin-8-one
31



BCDRXAritmb50 (111HCCTNCHHCH2Ph CHCCHNCHCH3CH2Ph21

e COLE o
N 2 R
N T R\
) 1 KOtBu, THF !
- L / h
ot N N I o \’"N{{ N 3
Y 2. silica gel, toluene 5 _ )
OBy reflux \,“_wé\
\
pe

2.5 mi of 1M KOBu THF solution was added to 20 mi of THF and the solution was
5 cooled at -10 "C. A solution of 3-(1-tert-butoxycarbonylmethyl-6-chloro-1 H-pyrrolof2,3-
blpvridin-2-yh-propionic acid ethyl ester {0.73 g) in 4 ml of THF was added over 2 nun.
Sfier stirring for 15 min at -10 °C, 3 mL of I N HCL was added, followed by 10 mL brine.
The mixture was extracted with 40 mi of EtOAc, dried over NaxSQy, filtered, and
concentrated. The residoe was dissolved in 30 mL of toluene and added 1 g of silica gel, and
10 the resulting mixture was heated to reflux for 3 h. After cooling, the reaction mixture was
filtered and concentrated. The residue was purified by silica gel chromatography eluted with

40% EtOAchexane to give 0.3 g of the title product as beige solid.
'HONMR (300 MHz, acetone-ds): 8 7.92 (1H, d). 7.10 (1M, d), 6.48 (1}, 8), 4.78 (2H. 5), 3.34

15 (2H, ), 278 (2H, ).

Step 8 {#)-N-(2-chloro-6,7 8 S-tetrahydro-pyridof3 2-blindolizin-8-vi)-4-fluoro-N-methyl-

benzenesutfonamide

20
7 Ry ..-f“'“'\
o ﬂ .I\\ I "“’“‘\
e \\\"{ ] AN e ‘Ni \\'
ﬁ \L N L MeNt, AOH, Naliasyi O N o/
P N NN CHCH,CHAC) 0
o N’ ‘\— /) g T e T N P e - j\}-«%rﬂ@
-—-“..{\ 2A4FF I)S(}if(v'h },,‘.vi;;\i\ﬁ C }{’e(_ .E._:f Me/‘ ‘\
N - ‘;wm\
D \/'i \\
\\\;:‘:“2(,‘
F

To a solution of 2-chloro-6,7-dihydro~pyridof3,2-blindolizin-8-one (0.3 ¢} in 8 mL of
dichloroethane were added 1.5 mi of 2 M methylanune solution in THF, .18 mi. of AcOH
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52 CR CH N CH CH3 CH2 thiophene /154 CCHCO CHCH .4 Z CH CH H CH3 CH 2 SCI-1.2 Ph 2-

thiophene 121 155 CF

20

and 0.75 g of NaB{AcO):H. The mixture was stirved for 2 b at room temperature and was
then treated with ~7 ml of 1N aqueous LIOH solution untid slightly basic. The resulting
mixture was extracted with 3 x 20 ml, of CHCly, dried over NaxSO,, filtered and
concentrated. The residue was dissolved in 10 mL of CH (L and freated with 0.5 mi. of
EtN, Smg of DMAP and 0.3 g of 4-fluorobenzenesulfonyl chilonde. The regction nuixture
was stirred for 1 h at room temperature and then treated with 0.2 ml. of water. After stirring
for 10 min, the mixture was filtered through a pad of silica gel and concentrated. The residue
was purified by silica gel chromatography eluted with 40% EtOAchexane 1o give 0.4 g of the

title product as a white solid.

"H NMR (500 MHz, acetone-de): 3 8.06 (M. dd), 7.84 (1H, d), 7.45 (2H, 1), 7.08 (1H, d).
6.22 (1H, s}, 4 35 (1H, m), 4.32 (1H, dd), 3.92 (1H, 1), 312 (1H, m), 3.053 (1H, m), 2.98 (3H,
8), 203 (1H, m), L73 (1H, m).

Step 9 {&)-{2-chioro-8-[(4-fluoro-benzenesulfony-methyl-aminoi-6,7,8 9-tetrahydro-

pyrido{3 2-bhndolizin-S-yl}-oxo-acetic acid methyl ester

N, COyMe
S TRy —’*"\
R N N §\
\ [T =
_B\ e, >\\ -~ l\‘*m LA N/ \
o TN \ CICOCOCL CHACE, CF TN L)
N s . 5, y
N/ - - —{ D
Rt ? then MeOH v
Mé /‘\M Me / -3
3 “\’\ i ]
- )
o =y
\F .

To a solution of (}-N-{2-chlore-6,7 8, 9-tetrahydro-pyrido 3,2-blindohizin-8-y1}-4-
fluoro-N-methyl-benzenesulfonamide (0.31 g) in 15 mbL of CH:Cl: cooled at 0 °C was added
0.15 mL of oxalyl chloride. After stirring for 30 min at 0 °C, 6 mL of dry MeQOH was added
and stirving was continued for 20 min. The resulting sohd was collected by filtration to give

0.28 g of the title compound as a white sohid (containing trace of MeQH).



CHNCHCH: SCH2Ph115657Z.ZCHCHNN CH: CH3 CH2 CH2 4-pyridyl 4-C1-Ph 2111 58 59
N N

HNMR (500 MHz, DMSO-dg): 8 8.18 (2H, d), 801 (1H, dd), 7.50 (2H, 1}, 7.42 (1H, d), 4.55
(1H, m1), 4.20 (1H, dd), 4.08 (1H, 1), 3.95 (3H. 8), 3.62 (1H, dd), 3.18 (1H, m), 2.83 (3H, 5),
2.00 (1H, m), 1.62 (1H, m}.

S Stepld {£)-{2-chloro-8-[(4-fluoro-benzenesulfonvi)-methyi-amine]-6,7,8, 9-tetrahydro-

pyrido{3,2-blindolizin-5-vl} -acetic acid methyl ester

\, —~COMe COMe
A o~
N
o \N«;*/"“HN/ \ TFA, B Sil B l\ ] AR
\\ "2,: ———————- C} e \N‘}‘ "l\}\ .‘;’
Y %‘ CHLCL el g
} e AT \\
et JO
© )‘ . Me' > )
4 A IR\
\\ 3"} \\‘/)' \‘:\)
[ ‘:/ s /”'
F \;F
{0 To a solution of (3:)-{2-chloro-8-[{4-fluoro-benzenesulfonvl}-methyl-anuno }-6,7 §,9-

tetrahydro-pyrido] 3 2-biindolizin-S-vl} -oxo-acetic acid methy! ester {0.26 g) in 4 mb of
CH,Cly were added 4 ml of trifluoroacetic acid and 4 mb of Ei:SiH. The reaction mixiure
was stirred overnight at room temperature and all volatile components were removed under
vacuum. The residue was purtfied by sihica gel chromatography eluted with 409

15 EtOAc’hexane to give 180 mg the title product as a white solid.

'H NMR (500 MHz, acetone-ds): 8 8.08 (2H, dd). 7.89 (1H, d), 745 (2H. 1), 7.10 (1H, d),
4.52 (1H, m), 4.32 (1H, dd), 3.92 (1H, ), 3.72 (1H, d. A of AB), 3.65 (1H. d, B of AB), 3.61
(3H, 5). 3.17 (1H, dd), 2.98 (3H, §). 2.92 (1H. m), 2.02 (1H, m), 1.79 (1H. m).

Stepli {#)-{2-chioro-8-{(4-fluoro-benzenesulfonyl}-methyl-amino}-6,7 8 9-tetrahvdro-

pyrido{3,2-blindolizin~-S-yl} -acetic acid



CH CHI N. N CH CH cPr ilk CH2 00-12 3A-diCI-Ph 4-13r-Ph 2 i BIOLOGICAL ASSAYS Example 131.
Radioligand binding assay. Radial igand binding assays are performed at room temperature in 10 Mkt
IdEP.ES11(0,14 011 7.4, 1 triM F DTA containing 10naN4 Mita, and 0.4 nN4 1:1-11P(3132 (NEN, 172
Clininal), in a final volume of 0,2 ml, Competing | igands are diluted in dimethylsulfoxide (Me2S0) kept
constant at 1% (vtie) of the final-in€dBétion volume. The reaction js initiated by the addition of 23 lig of
membrane protein prepaﬁeidrirgm a TIEK-hCRTI[12 cell line. Toﬁél ar ﬁ‘iﬁmgpecific binding are
determined in the absénce and'the.presence of 10 RM. PG.D2! res jvelyl Under these conditions,
specific binding (tqtatmiges ﬂ;h-spe;cific) of th@@&d&oﬁganomto the" receptor '5 expectd to reach
equilibrium within 50 min and is\»sta{tfileélp to ISO min. The reaction is routinal é?or]ducted for 60 Milt at
room temperature and terminated byi@pj@filtration through pre-wetted Unifiltei “GPC (Packard),
using a Tomtec Machin semi-autggnated harvester (for HEK-hCRTH2). THE filters-ate then washed

with 4m1 of the same buffer and resid\gél rafgioligand bound to the filter is deter’{nine‘ by liquid
scintillation counting following equilibration th Sml Ultima Ciotti"" (GRIC) or 5061-t8Yltima Ciold fTM

it

(Unifilter) (Packard), Example 132, E|CA\|\7|T?1 measurements. HEK-hCRTH?2 cells ake grown to
continency on the day of the assay. The c€lls are washed with PBS, incubated for 3 min in cell
dissociation buffer, harvested by centrifugation at 300g for 6 min at room temperature and

resuspended at 20106 cells mL| in Flanks' balanced salt solution containing 25 inM HETES pH 7.4
(HIBSS/HERES).!$ASHEESY ¥ poisriidd ot *ﬁﬁﬂaﬁéﬁi\ﬁ? ‘s‘*&&ﬁ%&‘?&ﬁ?fﬂdﬁ "i‘:‘@ffé‘?g pN4
forskolin (Sigiaa)i<1O0ypiNi-RURY217B h({Biomeal)-dnddhé test eantpoemnel &i Variaus:Cohdentrations.
Following a 1.0, min pre-incubation of t G ls with.a test com at 37"C%.PGD: , is added at a
conce:rs"nrat?f)%iiegfr‘g“tiK %ﬂ?\ﬁ%‘ﬁﬁg“r%@agﬁo%? %I&\%%%‘ﬁ?ﬁ%ﬁ?\%& tla'i%}gﬁl 'a?%%ﬁ%‘éer\e‘g’&tion is
stopped bwiaBdiin intabationtimadaitisguvaler bathf Aheldampleidakddantrifuined fdr 40 Mill at 5009

and the cANAE capIGntin NG, SURRINAIARL IS dsiermined vaind.a li:aAME selafilalipnpigximity assay

(Amersham). Maximal inhibition of forskolin stimulated cAMP production by activation of GRIT-12 is
determinediidnEgsraactiea vl 1ogrPERR oM GO pet Atd @ A Pirebiihiihavie 280a@htdeonstant at 1%
(vly) 300f thexinal Reyhation.volune:, Examele B34GRIBH Bindinn Assa They GRAIE ginding affinity

of compounds of Formula | were assayed byPha n Service usirﬁzthe following reagents apd
conditfons NP D! ProstatoldtE Rdh $ 7 Biktirdy ALS4YHchtdoh #68aE0) ! H. d. B of AB), 3.20

(1H. dd). 3.00 (3H. s). 2.92 (1H, m), 2.02 (1H. m), 1.78 (11, m).
EXAMPLE 2

15 HPLC chiral resolution of {(2)-{2-chioro-8-{{4-fluoro-benzenesulfony-methyl-amino}-

6,78 O-tetrahydro-pyndo{ 3 2-bhindohzin-S-yl}-acetic acid

() {2-Chloro-8-{(4-fluorobenzenesulfonyl}-methyl-amino}-6,7 8 9-tetrahvdro-
pyrido{3,2-blindolizin~-3-vl}~acetic acid (EXAMPLE]) was resolved on Chiralcel OJ-RH
20 cohimn {4.6 x 150 mm, Chiral Technologies, Cat. No. 17724, Lot No. OIRHCD-LLO2])
eluted with 0.05% TFA in Methanol. Two enantiomers were separated with retention time of

2.397 minute and 2.955 minute, respectively.

Example 2A; fast eluting enantiomeric 2-chloro-8-{(4-fluorobenzenesulfonyl)-methyl-amino}-

3
e

6,7.8 9-tetrahvdro-pyrido{ 3 2-bindolizin-S-yl t-acetic acid.



Source: Homan recombinant CHO-K1 cells Ligand: | nM [3111 Prostaglandin D2 (PGD2) Vehicle: .1%
DM80 Incubation Time/Temp: 2 hours @ 25C Incubation Buffer 50 rnM Tris-HC1, pH 7.4, 40 nAll
MaC12., 0.1% BSA 0.1% NaN3 Non-Specific Ligand: 1 niM :Prostaglandin D2 (PGD2) 10Kp: 4.1 LIM
Bm/v: 13 paglpimhiie sheclinRindng Bt uantinianamadidaedialiigadiing i Historical
Value) 5 See e.g. Sugimoto H. Shie lino T. Manabe V. Watanabe A, Shimazaki M Gant er F
and BacorfKB: ‘{2@@9}‘"@&@@?&@%@%@51@3?13&]I"@h?ﬂ’écﬁ‘jllé -antagonist of CRIF12, ramatroban (BAY
0405), inhibits prostaglandin 1)2-induced eosinophil migration in vitro", .1- Pharmacol Exp Ther.
305(J): 347-352 20 Table 2ion of POD, binding at 20 nM of tested compoundS' Example Concentration
% inhibition Exam* 24 20 niVi 97 Example 28 20 Mt/ 0 Example 4A 20 nit4 91 Example 48 20 nIVI 0

5 EXAMPLE 3

{(£)-{8-{(4-Fluoro-benzenesulfonyl)-methyl-amino]-6,7 8 9-tetralivdro-pyridof 3,2-blindohizin-

S-yli-acetic acid
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Step 1 () {8-{(4-fluoro-benzenesulfonyl}methyl-amino}-6,7 8 9-tetrahvdro-pyrido[3 2~

blindolizin-3~yi}-acetic acid methyl ester
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A solution of the product of (#)-{2-chloro-8-[{4-fluoro-benzenesulfonvi}-methyl-
amino}-6,7 & S-tetrahydro-pyrido] 3. 2-blindelizin-S-vi}-acetic acid methyl ester {50 mg) and
40 myg of PAAC {20%0) in 50 mL of MeOH was stirred under H (balloon pressure) for 16 h.
The suspension was filtered through celite and the filtrate was concentrated. The residue was
20 parified by silica gel chromatography eluted with 40% EtOAc/hexane to give 30 mg of the

desired product as a white solid.
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The following synthetic examples are provided for illustrative purposes only and are not intended to
limit the scope of the invention as defined in the claims. EXAMPLE 1 (Ad-
I2-Chloro-8-[(4.-fluoro-henzeinesuiforwl)-triethyhaminol-6 7 8 9-tetrahydro-.clop 2-
blindolizin-5-01-acetic acid Step | Azido-acetic acid methyl ester 10To a solution of 115 g of methyl
bromoacemte in | L of methanol was added a solution of 71 g of sodium ?vide in 200 nil, of water over

| h. at roomtemperdtiile! thaseastiohives Slightyexbterhicind’ the (idhction #ixtike Was stirred for
3 hand methapphwas remayed WRdessedyCash PIeSSYEe. T BE (e MAIRING AAUSLUSIVXIYIE Was

extracted with 3 x 1 i. of ether and the ether extract was dried over Na2S021, filtered, and
concentrat®d tBlgh/8215E b it (b isBuhdRiRldns WwasRdd 8 fatie Adktstap IithoUt fifither
purification. Step 2 6-chloro-IH-pyrrolo[2,3-blpyridine-2-carboxylic acid methyl ester Cr'Cr fl To a
solution of NaOMe (35 tat 4.37M in MeOI—‘g and 70 int, of MeQH cooled at -20 "(11 was added a solution
of 6-ch|orcf>&)’r%ih%-‘éigé%dﬂra}éﬂ‘;?ﬁa GG P AU A do S e Ubi R ESter (22u, 192,5
mmol) in 48}imdiofiMeoLlicefopwisc over 1.0 min with a mechanical overhead stirrer. The resulting
solution was stirred at Ot for 5 h and the cloudy mixture with light yellow solid was poured into 500 g
of ice with stirring and the solid was collected by filtration, dried under vacuum to give 13 g of the
intermediate. The intermediate was dissolved in 200 trif, of stylcne and added drepwise over 20 min
into 100 mi., of boiling xylem. The mixture was refluxed for additional 4 h and concentrated. The
residue was swished from 50 rut of 1:1 EtOAcibexane to give 2.6 g of the desired product. NMR shows
-30% regioismeric indole (6-chIqrﬁ*ﬁfiz-“ff’yrrolo[:%,2-0]pyridine-2-earbp¥9(ﬁ%3§cid methyl ester) present,

e ,r:§\ -~ - e '\
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. i /I:ﬁ“m'\‘ o YN . N !’ “q\\
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To a solution of (3:)-{&-[{4-fluoro-benzenesulfonyl}-methyl-ammo}-6,7, 8 9-tetrahydro-

pyridof3 2-blindolizin-S-vl}-acetic acid methvl ester (28 mg) in 4 mb of 1:1 THF ‘water was

15 added 0.2 mb of IN aqueous LiOH solution. After stirring for 1 h at room temperature,
AcOH (0.2 mL) and 4 mL of brine were added and the mixture was extracted with 2X 10 mL
of EA, dried over Na:SO.. After filtration and concentration, the residue was purified by
silica gel clwromatography eluted with 50% EtOAc/hexane contaimng 5% AcOH 1o give 20
nig of the desived product as a white sohd.

20 TH NMR (500 MHz, acetone-ds): 8 8.17 (1H, d), 8.10 (2H, dd), 7.88 (1H, d), 7.45 (2H, 1),
705 (1H, dd), 453 (1H, m), 440 (1H, dd), 388 (1H, 1, 3.67(1H, d, Aof AB), 3.60(1H,d. B
of AB), 348 (1H, dd), 2.98 (3H, ), 2.92 (1H, m), 2.01 (1H, m), 1.77 (1H, m).

EXAMPLE 4

I3
R



6-Chlorol111-pyrrolo,[2,3-b]pyridine-2-carboxylic acid methyl ester 10111 NMR (500 'MHz,
HMSO-44)1a 12.80 (111, bs), 8.18 0dl, 7.2.3 (114".d), 7..21 OH 3.88 (3H, st.
6-Chloro-1H-pytrolo[3,2-clpyridine-2-carboxylic acid methyl ester NMR (500 MHz, DMS0414: a 12.53
(1H, hs), 8,89 (1H,:s), L : (-3 3:9( S Aorrethudamainag t 6 .

teranion oty L SH T oL S e e st T ester Brio2tEm
CO2Me cilEdvEripyEoZiBdlindohzipnrttire #0868 of the product of Step 2 (containing 0% of a
regioisomerj. 0,8 g oft-butyl bromoacetate and 1,5 g of Cs2CO2 in 1.5 trii" of DMF was stirred at 60C
for 2 la The mixture was diluted with 30 mi... of EtOAc, and filtered through a pad of silica gel. The
75filtrate was concentratéa irieriatiRey! SRtk Bd THeCkSinte WHs piitea i slica gel
chromatogsaphyieluted -with 3% MtAatherRana javgivie0I5&ig o ihiesdesinedipredueh(fass eluting,
white solid) along with Q.2 g,of the.isomer (slow.eluting,,white. splid): . s o

T tertouto i A G SR by Rotbp Dte sy Sine Jeok Bl RS i) G980
301-tert-Bltoxyiedvedmylinie thyb 8rehlootidepyrnel RpamipyridihesRagarb otlie attichethylitestat 141.
NMR. (500, Mdz,, 9‘?@9&@3@503&!22 (1 ftd), 7.38 (I.-. (1H d), 5.30 211i s (3H, s)., 1.46 (911, s),

1-tert-Butoxyca Onf/'m h 1-6-EFI‘orO-1H-pyn01013,2-c|pyridine-2- rboxylic acid methyl 5ester NMR

(500 MHz, at.. one-d6): 6 8.82 (1H, s), 7.73 (1H, s), 7.50 (ll1,5.34 (214, s), (3H, s), 1,44 (9H, s). 10Step
4 (6-ghLorgs2ihydroxymatbleRy a2 bl idingvl)-acelic Acib gt esterMALskL. THE OH

tetrahydro-pyridof3 2-bindolizin-5-vl} -acetic acid.

Example 48: slow eluting enantiomeric 8-{{$-fluoro-benzenesulfonyl}methyt-amino}-6,7 8 9-

tetrahydro-pyridof3,2-blindohzin-5-yi}-acetic acid.

et
£

EXAMPLES

{+)-{3-Chloro-6-[{4-fluoro-benzenesulfonyl -methyl-aminoe]-5,6,7 8-tetrahyvdro-2 db-diaza-

20 fluoren-9-yi}-acetic acid

—COaH
) N
| >*~“~w\
o e TN \
\\\/ o
o
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N 4
F
Step 1 {6-chioro-2-hydroxymethylpyrrolo[3 2-cjpyridin-1-yD-acetic acid tert-butyl ester

]
v

38



To a solution of 0.5 g of (6-chloro-2-hydroxymethyl-pyrrolo[2,3-b]pyridin-1-y1)-acetic acid tert-butyl
ester in 10 mlb of THE cooled at -50C was added dropwise 3.3 inl. of 1.5 M chisatitylaluminum
hydride solution in toluene:. The reaction mixture was stirred between - 50 'C. and 0 "C for 2 h, and
was then quenched by addition of 10 Mt. of 25% aqueous solution of K Na tartrate gnd 25 tril. of
EtOAe. After stirring far 1 h\ft rogm tesmperaturdthe’brglnic 20layllr way separated, dried over
Na2S01, concentrated. The'regidue was purified by siticagetchro tograplyy eluted with 50%1;
0OAG/hexane to gi% 0.3gofd ‘ered product as'$yrtip, 111 N:MR (500 MHz,\acetone-d6): 8 7.95 (1H,
d), 7.12 (114 d) 6.48 (1 H. s) 5.08¢2418%7 (2H, bs), 4.42 (1H, bs), .46 (9H, s). StEpB:B-0
-tent-hutoxycarbortylmethyl-6-chloro-IH-pyrrol [2,3-b]pyridin-2-y1)-acrylic acid ethyl ester |. DesMt:rffli
2. POP.,CIiIC(1)2Et674,,\,) N "CO2tBu To a solution of 0.75 g of
(6-chiore-2-hydrokymethwieyrrd B[R 844 yridinbuyady adetivy loithigtb-bbigie stepinsBinL-of C}-12C12

was added ¢ qlRessNAR 1ERARAIT GIPIIVG RS R AR ML HIEQpR min and
diluted with %) inL of CH2C12, filtered through a pad of silica gel. After concentration, the crude

aldehyde ihtéfrmediteinat diRebR/aL 2 mtveT adfeddianrdstedin of 2§ SHRP-EHERIER The
reaction mix g NaSTHirTeskivh 2nakB5iC-and ikiiewith 36 Aili.cokhexane, fillerad thepugh a pad
of silica gel. The filtrate was concentrated \and}the residue was purified by silica gel chromatography
eluted 10with *368% BRARCRLRAHE 1 GivE 08 ¢ SPedBeCsRTBERRE S aGhT PRI LR RNIR. (500
MHz, acetarieeda}?8 8;0& L khlalod JOK N, ek afe226) 5T 21 B, 1) 606 5@ ek kiidiDy 23 (R 1ih8), 4.24
(211. a), 1(‘}%’3&(1?& ajy%}"v\;!'é.g %&&%&éﬁ& ‘and the agueous phase was extracted with 60 ml. of more EtOAc,

10 dried over NapSQy, filtered, and concentrated. The residue was purified by silica gel

~

chromatography eluted with 70% EtOAc/H to give 0.27 g of destred product as syrup.

Step 2 3-{I-tert-butoxycarbonylmethyi-6-chioro-1 H-pyrrolof3 2-clpyridin-2-yi)-acrylic acid

ethyl ester

i5
R on b Dess-Martin R
-~ ZFN / ’k 2 ;f
or” N o TN
TNCOBu TCO,tBu

6-chloro-2-hydroxymethyl-pyrrotof3 2-clpyridin- 1-vi)-acetic acid tert-butyl ester
{0.075 g) was dissolved in 5 miof CH2CI2 and treated with 0.15 g of Dess-Martin reagent.

20 The mixture was stirred at r.t. for 30 min and dituted with 10 mL of CH,;Cl;, filtered through a
pad of silica gel. After concentration, the residue was dissolved 10 mbL of THF and treated
with 0.3 g of PhyP=CHCO:Et. The reaction mixture was stivred for 2 h at 35 "C and diluted
with 10 mL of hexane, filtered through a pad of silica gel. The filtrate was concentrated and

the residue was purified by silica gel chromatography eluted with 40% EtOAc/hexane to give

3
2

0.09 g of the title product as a light yellow solid. MS (ESI): 365.2 (M+1).

Step3  3-(1-tert-Butoxvearbonylmethyl-6-chioro-1H-pyrrolof3 . 2-clpyridin-2-vi)-propionic

acid ethyl ester

39



15Step 6 -( 11lert4)u toxyca Ebony | met lay1-6-c hloro- | H-p cilo[2 3-b]pyri din-2 yI)-pro pion ic acid
ethyl ester A mixture of 0.8 g of 341-tert-butoxycarbonyhnethyl-6-chlom-IH-pytrolo[2,3-
b]pyridin-2-y1)-acrylic acid ethyl ester and 80 mg of Pt02 in 60 int of EtOAc was stirred under a
balloon pressure of 112 for iii. The mixture was filtered through celite and concentrated to give crude
product (0.8 g, white solid). N MR (500 MHz, acetone-da iS 7.90 (114, d), 7,10 (1 H, d), 6.30 (11-1, s),
5,03 (21-1, s), 4,13 (211, q), 3.08 (211 0, 2.80 (2H, 0, 1.50 (911, s), 1.22 (3H, 0. Step 7

2-chloro-6,7- dlhyt 1o rldo[ )lln izig;8rone 31 COZ2E.tkidi.B ,A\ 2, sllica gel

CO2tBtirelax 5 ni MA(Ofqu THE solutioniwas added toD’F f\T\l;lE_,a’nd the solutlon was
cooled at -10 of;(i{4 | 4ert- butoxycaebonym’re!hyl -6-alore*111- “D’io[z 3-

b]pyridin-2-y1 proplonlc a |d ethyl ester (0,73 g) in 4 mi. of T?I'E was added over 2 min. Sfter stirring
for 15 min at -10 t, 3 ml, of 1 N°REB¥was added, f011owed by 10 nal, brine. ThedmBture was extracted
with 40 mr.: of EtOAc, dried over Na2804, filtered, and concentrated. The residue was dissolved in 30
mL of toluene and added 1 g of silica gel, and 10the resulting mixture was heated to reflux for 3 h.
After dooling, the‘enietion Mkt wak flttredund conoantratdy! -G tiereedibinewhd plrified by- silica
gel chromay hggfﬁm %M%w@@é%ﬁt%mﬁwm 10,98:8.3019 Hhefgproduct as,bgige solid. ' H
NNW (500 MHz, ac one-d6): 8 7.9 1H, dt, 7.10 (IH, d48 1H, sz 428 (2H134 (2H, qt, 2.78 (2H, 0. Step 8
0-N- (2 _chIbrges 7081 ataRy oI T-Hubrhlie Bepen sguispitisonsh sdotish

2-chloro-6 :&ghityidraipy el 3ddajndalizine@rope.i3 {H1im 8t ekdichioroethane were added 1.5 nth
of 2 M methylamine solution in THE, 0.18 int, of AcOH 32

10 Step 4 3-chloro-7 8-dihvdro-2 4b~diaza-fluoren-6-one

/";:‘\\ - e
N Xy f'\}\ = COEY N7 N N\

ﬂ ; b KOtBy, THF J] \[ Ny

Ci l./’v e /, “N ™ - S f/‘ “«N/ \\
k\ 2. silica gel, toluene ¢l \ ,»}

~COABY reflux ‘“"“*ff\

W
O

A solution of 0.25 ml of 1M KOtBu THF solution and 2 mbL of THF was cooled at -10
1S °C. A solution of 3+{1-tert-Butoxycarbonyhmethyl-6-chloro-TH-pyrrolo3 2-clpyridin-2-yi)-
propionic acid ethyl ester (0.07 g} m 0.5 mL of THF was added over 1 min. After stirring for
15 min at-10 °C, 0.3 mbL of 1 N HCl and 3 mL brine were added. The mixture was extracted
with 10 mL of EtOAc, and extract was dried over Na:SO,, tiltered, concentrated. The residue
was dissolved in 10 mi. of toluene and 0.3 g of silica gel was added, and the muxture was
20 heated to reflux for 3 h. After cooling, the reaction mixture was filtered and concentrated.

The residue was used for next step without further purification. MS (ESIy: 2211 (M+1}

Step 5§ (£3-N-(3-chloro-5,0,7 8-tetrahydro-2 db-diaza-fluoren-6-yh-4-fluoro-N-methyl-

benzenesulfonamide
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and 035 g of Nal3(Ae0))H. The mixture was stirred frif 2 h at room temperature and was then treated
with -7 mL of IN aqueous LION solution until slightly basic. The resulting mixture was extracted with 3
x 20 nit, of 01202, dried over NibSO4, filtered and concentrated. The residue was dissolved in 10 niL
of CH)C1) and treated with 0.3 niL of Et)N, 5 mg of DMAP and Q,3-g, of 4-fluorobenzenesulfonyl
chloride, The reaction mixture was stirred fin]. h at room temperature ang\»then treated with 0.2 niL of
water. After stirring fog-10x m\,\the mlxture was filtered through apad 0 |I|caxgel and concentrated.
The residue was purlfi d by silicar gel Q]q,mm@ Qgrapif‘]y ihited with 40% E“t@AeIhexme to give 0.4 g of
the title product ascd’ white soﬁd 10/1i ne-do6): 6 8.06 (23\13.8&@) 7.84 (1H, d), 7.45
(211, 0, 7.08 OH, d), 622 (1H, ‘$7*41 BEIEAR 945"0H, citil 3_92 ( 10,1812 () H, m) 3.05 (IH, m),
2.98 (311, s), 2.03 (1H, rri), 1.73 OM, my 15Step 9 ()--
E2-chloro-8-1(1-fluoro-benzenesulfonyl)-methyl-arnin 6 7,8,9-tetrahydro- x:,xm.
pyrido[3,2-bEindolizin-5-yll--oxo-acetic acid methyl ester 20To a solution of \
()-N-(2-chloro-6,758,9-tetrahydro-pyrido[3,2-b]indolizin-8-y1)-4- fluoro-N-methyl-benzenesulfonamide
(0.31 g)iii 15 ml., of CH2C12 cooled at 0 't was added 0.15 tit of oxalyl chloride. After stirring for 30
milrll at Odt b6 ?|d o&d&%ﬂﬁ@#gﬂ%ﬁdﬁd @%ﬂlﬁ@f@mQW%ﬁaﬁpﬂtiﬂgé@%f@?@Q{niﬂ’»ﬂi\ﬂxﬂeﬁﬁmﬂgf sol iéi w)as
collecte |trat|o to give of the title compound,as a white soll ntainjng trace of Me014
25 11 NN KO NIRE TSt e e (B! ATt £ORPY ol fb’ﬁﬁ Y 7asi 201, 4.55 m),
4.20 (H, ila)si4.08 QcHI MR OEBH, 9, 62 (ht-Rurid) 28rd8Snfkthpe)ai:8 33 has)iod. Ofx(lHd, m), 1.62
(IH, m). Stg plgc( tiﬁ ng bc} §1 (41 L‘@ro b%ﬂg ‘?z%ﬁi"tg{‘&’ {“u&tly' wﬂi{b%auc andd \ms U&P&tltd

,8,9- tetrahy ropyrido |zm 51 -acetic aci met I'ester® 0a so ution
C)-{2-chlorsi8-f(4 ﬂu@r@&feﬂz‘éhe@uﬁ@ny@)%e‘i@bé@#ﬁnﬁ]m @9centrated. The residue was

tetrahydro-pyrigl3i2-blindotlen; @Ylln%&%@t\'&ﬂ%q methykester (A28 Shhs Ik o .GFLRC.1.2 were

added 4 tul.: of trifluoroacetic acid and 4 ml., of Eri,Silit. The reaction mixture was stirred overnight at

room temﬁ@l‘ﬁ‘ﬁ%ﬁ%“éﬁtﬁ%ﬂ@&éﬁﬂé‘%ﬁ?ﬁ p%@ﬁ%‘%@?éﬁl%@é&’ﬁ?fdé?@é‘&?ﬂﬁa Fhetesidt@dias purified

by siliea gel.chiamatograpii:elutetwith 4% e EIRACIReXaReAIAIVEIRR WMa thedille product as a
white solid. EMR gl 500 MHz, aceéone -d6): 8 8.08, dg 7.89 (UL, d), 7.45 (211, 710 3114 d), 4 52 OH,
A

in), 4.32 (ThFouRP) B2 FHicH %*ﬁlaw%r%%? e REUE ¥ BURUSHRBS IS B8%aH. s).. 3.17 (I,
dr), 298(3&;3})}12&&2’%{3&1&[1&% 288 ﬁﬂ%h{@b},ﬁ&ﬂ‘&iﬁ&.i&uﬁﬁ 0288 ¢ dfthe title product as a white

f2-ehloro- 8([9 %(i Pgnzeggwg?pyl) methyl-amino]-6,7,8,9-tetrahgdropyridop,2-bhndobzin-5-ylf
-acetic acid d0 &

15 Step 6 {#)-{3-chloro-6-{(4-fluoro-benzenesulfonyly-methyl-anuno}-5,6,7 8-tetrahydro-2 4b-

diaza-fluoren-9-y1} -oxo-acetic acid methyl ester
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CO2Me To a solution. of 20 mg of ()- 12-chloro-811(4-fluoro-benzenesulfonyl)-m hyl-aminol-
-tetrahydio-pyrido[3.2-b]indolizia-5-y1)-acetic acid methyl ester in 1.2 ml, of Tiff was added 1.5 ml. of
water, followed by 0.2 mi.,. of N aqueous LiOH solution. The mixture was stirred for | h at room

temperatuye,ad Ol QW@Jr:lnm[%dd@@dﬁqywe&mMM%RQ@% Thaixture was extracted

with 2 X 1 of .EtOAc and the combined extracts was dried over Na2SO4 and concentrated to give
IS mu of thewesiadipradite @ A8 reseioNIR P5boivie %, 1a¢dichale JndBIossPAHICEdY2Y .90 ilH, d),
7.45 (21-1, @y dd Wlléﬂ“lmdk T04153 Qatkich 34U W) 1392l AQuANy %AAWL}& 62 (111, d,
BAB), 3.20 (ill ddg 3.00 (311, s), 2.92 (ill, ni), 2.02 EI m? 1.78 (lll, m). EXAMPLE UPLC chiral
resolution H‘T"({)\’ 492 dﬁ?éﬂgigﬁtﬁwi?) n%hgéw b
6,7,8,9-ietrahvdro-pyrido[3,2-bJindolizin-5-y1}-acetic aC|d (:1-

(2-Chlore-84(4-fluor hs:Lnl rnthlam é ?trahj yrigdo ?i |n5yl)
-acetic amg (%)gAI\{AI;)I?ISIﬁv@gé ré; g’lIvP({eud on'c f(&ug ! %&’“ Umn (2 P J d‘“ff 1413 1Z|raI
TechnoIogaiaszaehwmui}'/l72:4?{&;0%&)1,1@@1@&&;028) doted with 0.05% TPA in Methanol. Two
enatniomers were separated with retention time of 2.397 minute and 2.955 minute, respectively.
Example 2A, fast eluting enautiomeric

2-chloro-8-1(4- fIuorohenzené)wlfggyl,‘)fgnethyTam|noII6 7,8,9-tetrahydro- pyr&o&; 24dindolizin-5-yll--ace
tic acid. Example 213 slow elgting enantimerie 2-chloro-8-{(4-fluorobenzenesi

-ony1)-methyl-amino 7 8o tétgahydro -pyridor3,2-bilindolizin- Eﬁyf\‘ etiq acid. EXAMPLE 3
I8-10-Fluoro- benzen U opyl): ethyl atnino]-6y4,8,%stetiahydro pyr?o S,y’fr -aceticacid O Step 1
(.0-18-11(4-flumo ﬂenzenesulfonyl Blindolizin=5=ytf-acettt a&id methy! e‘é{ter )

\ (ﬁ CH, ( NE 3 \‘\j (3
_,-N:“.m S::“.O ng ::“3'0
Mef !;’mM . N;Ef '\LM
4 N 7 “\“\
¢ 3 ,/f )
\\‘ \‘
F

To a soloation of (£)-{3~chloro-6-[{4-fluoro-benzeneselfonyl}-methyl-amine}-5,6,7 8-
tetrahydro-2 4b-diaza-fluoren-9-vi} -oxo-acetic acid methyi ester {0.006 ) in 0.2 mlL of
CHCL were added 0.2 mL of TFA and 0.2 mL of Et;SiH. The reaction mixture was stirred
overnight at ©.t. and concentrated under vacuum. The restdue was purified by silica gel

15 chromatography eluted with 50% EtOAc/hexane to give 0.005 g desived product as a white
solid. MS (ESI): 466.1 (M+1).

Step 8 {#)-{3-chloro-6-{{4-fluoro-benzenesulfonyl)-methyl-ammo}-5,6,7 B-tetrahydro-2 4b-
diaza-fluoren-9-vi}-acetic acid

20



ri-co2m6 0, Me 15 A solution of the product oft2-chloro-8-[(4-tluoro-henzenesulfonyl)-metbyl- amin
]-6,7,8,9-tetrahydre-pyrido[3 2- b]indolizin-5-y1;-acetic acid methyl ester (50 mg) and 40 mg of Hit
(20%) in 50 nth of MeOti was stirred under H2 (balloon pressure) for 16 h. The suspension was filtered
thiough celite and the filtrate was ggnRgentrated. The residue was purified hy.silica gel chromatography
eluted with 40% EtOAcmexar}é to give 30 mg of the desired product as/A white solid. R (500 MHz,
acetone46), 6 8.17 (111.,d),8.10 (2H, dd), 7.85 (1.H, d), 7.46%(’"2H',|3t)"; 05 (I H, dd), 4.53 (1H, m),4.38
(114. dd), 3.89 (gﬂoﬁgéxs,}gﬁ .““&,}A of AB) -S4 ci. B qfl;s@)qfis, 7 (3H, s), 3,17 H, dd), 2.98 OH,
s), 2.92 (IN, in), 202 (114, N [78(11]. in). Step 2 ()-18-[(4-@51u0r0-beragrjy -methyl-amino]
,7,8,9-tetrahydro-py do[3,2- Hind‘élliznm;;;ayll-acetic acid To a solutMn. ofi -0
(a)-{8-[(4-fitioro-benzenesuIIonxl%nyé I-amino]-6.7,8"9-tetrahydropyridq\g@:ﬁ-bﬁ dolizin-5-y11 -acetic
acid methyl ester (28 mu) in 4 ml, of AT F/water was 15added 0.2 m1, of IN quegus Liel I-
solution. After stirring for | h at room t &_p_ey}ature, AcOH (0.2 mL) and 4 nil, of brne were added and
the mixture was extracted with 2X 10 md. 6f EA, dried over Na2SO4_ After filtration and concentration,
the residue was purified by silica gel chroméatography eluted with 50% EtOAcjhexane E(::ontaining 5%
AcOH to give 20 mu of the desired product as a white solid. 20NMR (500 MIL. acetone-d6), 6 8.17

(1H, d), 8.10 (211, dd), 7.88 (I H, d), 7,45 (211.1), 7.05 (. dd). 4.53 (111, m), 4.40 (1H..dd), 3.88 (111,
060 ra A LA S e o e o e A s ° 00 oo
1.77 (111: fo}. 7 REGHoKitaRdsdutionoitr{844: fuoto- b renesulthtyh PethyHarHiRols, 7,8,9-

tetrahydroyigal3.aiblipdalizinanll:acelis asitk 844\FO ANSR UL EL08 ing for 1 &
thylnok6,7,8,9-tetrahydro-pyrido [3,2- blindolizin-5-yli-acetic acid (EXAMPLE 3) was fesolved on

Chiralcel 03-RPIESINMA LS % 450 H ACHFar Fetdiivslodles caaroNe Mar 2433 15 RidehrREAmd.028)
elided with Q8530 F & d0Methanel; dwe fnararpelswvereseparated: with getentiontime of 2.041
minute and.2.669 minute, respectively. 10Example 4A: fast eluting enantiomeric .~ .
8-[(4-fluordBEhSEn <RIBS 6 RE B b iy aro Py AUBIS Bib iRtz g3\ Auktitoldia.
MS (ESI)y 452.1 (M+1),
10
EXAMPLE ¢

{2}~ {8-{{4-Fluoro-benzenesultonvh-methyl-amine }-6,7 8 9-tetrahydro-pyridof 3 2-bjindoltzin-

S-yl}-acetic acid
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Example 4E3: slow eluting enantiomeric 84(4-11uoro-ben, esulthnvOgnethyl-amino]-6,7,8,9-
tetrahydro-pyrido[3,,2-b]indolizia-5-0}-acetic acid. i 5 EXAMPLE 5
ti)-1,3-Chloro-6-[(441uoro-benzenesultbnyl)-methyl-a nok5,6,7,8-terrahydro-2,4b-dinza20fluoren-9-y1
-acetic acid CO2H CI\ ? /+ Me Step, # (6-chloro-2-hydroxymethyl-pyrrolo[3éaglpyridin-1-0-acetic acidu
yl este Toa solutlgn of 051 g of 1-tert- butoxycarbonylmethyl -6-chioro-111-pyrrolo[3,2-

cipyridine-2-carboxyh¢ acj sthyl ester (the slower eliding prdductof Step 2 of EXAMPLE 1) in 15 Mt
of THE cooled at -50C. ddéd dropW|se 5% it of 1.5 M BiHA sohtlon in toluene. The

reaction mixture s stirred bEtW%én -50 tand OC for 2 h, TLC showed\mag’%)conversmn (60%
Et0OAcl11, Rl 41.3) and the reactian Wa;@quenched by addition of 30 Mt of\g\ﬁo)’%aQueous solution of K
Na tartrate and 60 ME of EtOA%Mer stitTing for | hi, the organic layer was separated, and the
aqueous phase was extracted with 60 /ME f more EtOAc. 10dried over NaZSOMred and
concentrated. The residue was purified by silica vet chromatography eluted Wlth\ZQ% EtOActilt to give
0..27 g ofdesired product as syrup. Step 2 {1-ter \
utoxyearbonylmethyl-6-chioro-tH-pyrrolo[3, 2 e]pytidin-211)-acry Ic acid ethyl ester 5°
6-chloro-2-hydroxymethyl-pyrroloP, Ipyridin-I- yll -acetic acid tert-butyl erer (0.075 g) was dissolved in
5 mlof C11202 and. treated w tgg*zléﬁlgfgffﬂﬁ M (tmrnggga% 0} Cixtyre wa, thrneg air. t. for 30

min and diluted with 10 raL o ed through a p silica gel Afte concentration, the
residue wastgRsdivedtdatiaum; BIoERT-gin drersateddiite 3igdct RESZIRGE] COZE 1 Theméattion mixture

was stirred\fenHz i al R andoilvigdivith AQJ t)%heﬁa%cfd&%%gsmumm@@tﬁaﬁiLsa gel. The

filtrate was concentrated and the residue was purified by silica gel chromatogra hy eIuted with 40%
EtOzkeibeXiie gt Broe Yo tie srbyuerass Hﬁhw@a&w‘éom%{é’? &-%69 2 {M+1). Step3
340 -tert-Etutox arbonylm y1-6-chloro-IH-p -610P Opyridin-211)1 ropionic acid ethyl ester A mixture of

0.08 g-th 3ilmethyl-6- hI 114-p tylic acid ethyl ester and 0.015
g 0f P107 in 12 nal 1 EIOAP AL GUNEE AR PRI SLEA A P Yo He FHE ture was

filtered thrauginpoelitel dndetancentnated to @m Grudid produst ©1B8sgywhitesalid) M&(ESE): 367.2
(NI+ ?‘(3 10‘?‘1’%{? Qzéuﬁl%a 8?19 patk IQIQ;\{&(Q&? an O pubhmiwn were so individually denoted.
tis to be understood that the foregoing relates to exemplary embodiments of the
invention, and that the invention may find applications other than those described herein.
None of the examples presented herein are to be construed as limiting the present invention in
any way, variations and modifications may be made without departing from the spirit and

{5 scope of the mmvention as set forth in the following clamms.
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A solutionXt3u THE solution and 2 tnt. of THE was cooled at -10 15 ct, A solution of
3414ert-13utoxycarbonylmethyl1-6-chicao-1lttyrrolo[3,2-c]pyridin-2-y1)- propionic acid ethyl ester (0.07
g) in 0.5 int, of TUE was added over 1 min. After stirring for 15 min at -10 t, 0.3 wit, of 1 N Wl and 3
ml., brine WefpAaefeey iR mpstiye was extracted with 10 nth- of EtOAc, and extract was dried over
Nal,SO4, filtered, concentrated. The residue was dissolved n 10 nit. of toluene and 0.3 g of silica gel
was added, and the mixture was 20heated to reflux for 3 IT After cooling, the reaction mixture was
filtered and caneapsatRcbrtherasidue was used for next step without further purification. MS (EST):
22E1 (WI). Step 5 ()-N-13-chloro-5,6,7,8-tetrahydro-2;4b-diaza ioren ,11-4-1-luoro-N-met y
benzenesultbnamide 75 To a solution of 3-cilloro-7,8-dil.wdro-24b-diaza-fluoren-6-one (-0.055 g)
in 4 mL of dichloroetharre were added 0.2 ml, of 2 M meﬂqgllarnine solution in THE, 0,02 ml, of AcOli
and 0... /1 g of Nal3tAc0)11 After stirring for 3 h at rogs® témpeﬁture, the reaction mixture was treated
with -1 mt. of IN agueous MOH solution until sligh Eaiblar}d was extracted with 3 x 7 mL of

1

CH2C12, dried over Na2804, filtered and Bancemrated, The residue was dissolved in 2 ml, of CH2C12
and treated with 0.1. ml, of FtN, 1 mg gf DMA\.P angd\@.1g of 4- fluorobenzenesulfony1 chloride. After
stirring for 1 h at roam temperature, 0.Cxil r @8was added to the reaction mixture and after
stirring for 30 win, the mixture was filtere(ﬂhroug a pad of silica gel and concentrated_ The residue
was puyrified by silica gel chromatography eluted \Mthé@oéq_ﬁ.tOA.clhexane to give 0.008 g of the title
product as a white solid. MS (ES] L394. Step 6
1:043-chklm-640-11001.0-bciftenesultbnyl)-inethyl-Aminol-58 t ahydro-2,4h- diaza-fluoren-9-yll

-Ox0-acetic,agi %ﬁ&hﬁ@&ﬁ& acceptable salt thereof, wherein: _ )
()-N(3-Chloro- ,62,8-tetrarB;dro-2 4b-d|aza-fluoren-6-y1)-4-t|uqro-N-methi/IhenzenestlIfonamlde (0,008

g) was dissolved S0 fr! fend B e sachipEraoRiBeR Windentaders Y3HESEHE2% NiThe reaction

mixture wasghgQ g@g@gntrated under vacuum to give the 0,009 g of the title compound. MS tEiSI):
480.1 (1v14-1). Step 7

(,)-13¥hioro-6-1 (241 B iBiEssh SR R dhyl)-inethyl-aminG]-5,63,8-tetralrydro-2,4hdiazad 1uoren-9-y11
-acetic acid methyliestehtegkd ffenacs@lution of
()-13-chloro-44(4-fluoro-benzenesulfionyl)-methyl-aminol-5,6,7,8-
tetrahydro-2,4h-o%z‘é-?ﬁﬁ?ﬁ‘@ﬂ-@%-%‘ié‘-’ﬁ@éﬁ’&ga%ﬂl?ﬁéthyl ester (0.006 g) in 01 ml. of 042C12 were

added 0.2 int, ol TFA and 0.2 nil.. of EtiSifl. The reaction mixture was stirred overnight at r.t. and
concentrateg \WweNmRGuUsH).-Che JeBidueovaskpUiiiegthyusiitatiald dehramatagsapydeluted with 50%

EtOAcihexane to give 0.005 g desire o?ucta a white solid slgﬁso: 6 ..1% +{]§A_ Step 8
(103 on BT BA Br SRS SRR R s e B DA U ioren-o-01
-acetid acidnsubstituted heteroaryl, and

(b) alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and heteroaryl, substituted with at

least one substituent selected from:

(i) oxo, -OH, -NH,, -SH, -CN, -CFj3, -NO,, halogen, unsubstituted alkyl, unsubstituted
heteroalkyl, unsubstituted cycloalkyl, unsubstituted heterocycloalkyl, unsubstituted aryl,
20  unsubstituted heteroaryl, and

(i1) alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and heteroaryl, substituted

with at least one substituent selected from:

(aa) oxo, -OH, -NH,, -SH, -CN, -CF3, -NO,, halogen, unsubstituted alkyl,
unsubstituted heteroalkyl, unsubstituted cycloalkyl, unsubstituted heterocycloalkyl,

25 unsubstituted aryl, unsubstituted heteroaryl, and
45



20 To a solution of 4 mg of w-13-chloro-6-[(4-fluoio-benzenesullonyl)-methyl-antino -
5,62,84etrahydro-2/16-diaza-lltiorerag-yl1-acetic acid methyl ester in 0.2 raL of 11W was 5added 0.1
raL of water, followed by 0.02 raL of 1 N aqg. LiOH solution. After stifling for | h at room temperature;

0.05 inT of AcOH was adgledh The Jeaclion TuiyiR.wasIhe died wiih ajetiau.ebairogen. The

residue was suspended in 0.3 mt. of EtOAc and filtered through silice;éel. The filtraté was concentrated
to give 2 g of the titstEBIshBiAd st WhTteubstitrem seteetd T oo, JOEX NPt EI6-ON., -CFs,

84(4-Fluoro-benzengstilinoyda; avRmisied 8ik (1 Su3dassatiel oyrid . 2 intiatizinb-y11-acetie acid 0
Me/ iff GO2H .A solution oft3-chIoro-6-R4-f|uoro-benzenesult%all)-meth [-aminQj-5,6,7,8-

tetrahydro-2,4b-di32 98 Easrs el et he'Sey e AT B P HIMSE B BNE 10098 HP B8 SF Me011 was

stirredsunder 112hhalaen;piessure) tbr Ft h. The suspension was filtered through celite and the

filtrate, wa entrated.to 2 ive the tjitle compound. ESE): 418.0 (M-I-1) LAll patents, patent
application%g%ﬂc?‘ B%ﬁga%&%%éﬂfz’ﬁh?h?s%ﬁ%ﬁ%%f%%’gg '@E%/I? %%ar%éF%]tkgé’ l%;e le ea:%#de in their
entirety forsalh paTPE SRS KCSE, SERITE’ eNRAs @) ifleachNRIsdividnal patantOpatent@eptiedtion or
publication were so individually denoted. Il is to be understood that the foregoing relates to exemplary
embodimehtS bREHREHRVLHSH: 8‘mmr%(%gw&oﬁ%%@ﬁ?féﬂaﬁﬁﬂié‘ﬁﬂéﬁ?%@ﬁthan those described

herein. None of the exaneglestpiasented herein are to he construed as limiting, the present invention in
any way, variationi and r’godifications may be made without departing from the spirit and 15scope of

the in\ention as &t PBARPIRSHSAGTRGR IR IVINAS P8R AIMED IS: 1. A compound of formula I:
(a) -OH, -NH,, -SH, -CN, -CF3, -NO,, oxo, hydrogen, halogen, unsubstituted alkyl,
unsubstituted heteroalkyl, unsubstituted cycloalkyl, unsubstituted heterocycloalkyl,
unsubstituted aryl, unsubstituted heteroaryl;

(b) alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and heteroaryl, substituted with at

15 least one substituent selected from:

(i) oxo, -OH, -NH,, -SH, -CN, -CFj3, -NO,, halogen, unsubstituted alkyl, unsubstituted
heteroalkyl, unsubstituted cycloalkyl, unsubstituted heterocycloalkyl, unsubstituted aryl,

unsubstituted heteroaryl, and

(i1) alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and heteroaryl, substituted

20  with at least one substituent selected from:

(a) oxo, -OH, -NH,, -SH, -CN, -CF3, -NO,, halogen, unsubstituted alky],
unsubstituted heteroalkyl, unsubstituted cycloalkyl, unsubstituted heterocycloalkyl,

unsubstituted aryl, unsubstituted heteroaryl, and

(b) alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl,

25 substituted with at least one substituent selected from oxo, -OH, -NH,, -SH, -CN, -CF3,
-NO, , halogen, unsubstituted alkyl, unsubstituted heteroalkyl, unsubstituted
cycloalkyl, unsubstituted heterocycloalkyl, unsubstituted aryl, and unsubstituted
heteroaryl; and

(c) H, halo, C1-4alkyl, C1-ghalogenated-alkyl, C1-4 alkoxy, C]-4 fluoroalkoxy and acetyl;
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R4 M.2 1A el?, N.. )/ mr N rry n C DR3 5X---CO2H or a pharmaceutically acceptable salt thereof,
wherein: one of A, B, C and D is N and each of the others is independently selected from N, CH
and C(R1); 10m is an integer from 1 to 4; n is an integer from 0 to 4; Rl is selected from the following

groups: (a)-O 4NH21 ? OCFO halogen uns#fgsltituted alkyl, unsubstituted

. -SH, -CN, -CFE3, -NO2,
heteroalkyl, unsu sﬁ%u%%a%eygcfa%ﬁ% ugr%gﬁsllmu% ARESIES L5 Larg Y hsubstituted aryl,

15unsubstituted hetareanyr aodrdiybsyh bgtenapikyibsyeiralkyth heirresyadnatikilfanykhand heteroaryl,

substitute Vﬁith at least one substituent selected from: (i) oxo, -OH, -NH2, -SH, -CN, -CF3,
-NO2, haloﬁeﬂ?vbnrgs%rﬁ)‘slﬁtsmed alkyl, unsubstituted heteroalkyl, unsubstituted cycloalkyl, unsubstituted

heterocycloalkyl, unsubstituted aryl, 20unsubstituted heteroaryl, and (ii) alkyl, heteroalkyl,
cycloalkyl, (agteridcyreldalSH, ab, abit: heteroard, salbgtiutedustiaededist lomessortistitetent selected

rom: 5 hefdghiRgribsalild cRidant ity N aAgeR, HIPURITIR Y nsubstituted

heteroalkyl, unsubstituted cycloalkyl, u bstituted heterocycloalky nsubstituted aryl,
unsubstitutsuhstévissrpeteiqaryl, anthb) alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, or
heteroaryl, substituted with at least one substituent selected from oxo, -OH, -NH2, -SH, -CN, -CF3,

NO2 , halagaincyinmubRMadalsISbsiEd hRserdlkh NsURRIAk axcloalkih ynsubstited
heterocycloalkyl, unsubstituted aryl, and unsubstituted 5heteroaryl; and (c) H, halogen, Ci_6alkyl,
Ci_6halog&risteacamirtibent §lrcshiriied-alkyl, SC1_6 alkyl, S(O)t-C1_6 alkyl, S(0)2Nab.
-NrS(0)2alkyl, -NrS(0)2aryl, CN, C(0)alkyl, C(0)aryl, C(0) heteroaryl, C(0)Nab, NrC(0)alkyl, NrC(0)aryl,
aryl and heteroargih, dxs, a0 integey, froin €10, 2CL)R2GNHaR3areseipaiedett atkyihedallevwinggroups: (a)

-OH, :NH2, -SH, -CN, -CE3,.-NO2, oxo,.hydrogen .%I en, unsubstituted aJt}k | ubstituted
etert i P R e S R T S 3P wnsubstictea
heteroarylunsufisyititeyl hbietenodlkayid cycloalkyl, heterocycloalkyl, awl, and heteroaryl, substituted with at

(i1) alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, and heteroaryl, substituted

with at least one substituent selected from:

(aa) oxo, -OH, -NH,, -SH, -CN, -CF3, -NO,, halogen, unsubstituted alkyl,
15 unsubstituted heteroalkyl, unsubstituted cycloalkyl, unsubstituted heterocycloalkyl,

unsubstituted aryl, unsubstituted heteroaryl, and

(bb) alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl,
substituted with at least one substituent selected from oxo, -OH, -NH,, -SH, -CN, -CF3,
-NO, , halogen, unsubstituted alkyl, unsubstituted heteroalkyl, unsubstituted
20 cycloalkyl, unsubstituted heterocycloalkyl, unsubstituted aryl, and unsubstituted
heteroaryl; and
(c) H, halogen, C1-galkyl, C1-ghalogenated-alkyl, OC]-¢ halogenated-alkyl, SC1-¢ alkyl,
S(0)tC1-6 alkyl, S(O),NR'R®, -NR*S(O),alkyl, -NR*S(O)aryl, CN, C(O)alkyl, C(O)aryl,
C(O) heteroaryl, C(O)NR'R®, NR*C(O)alkyl, NR*C(O)aryl, aryl and heteroaryl;
25 X is selected from the group consisting of -C(Ra)(RD)-, -C(Ra)(Rb)-C(Ra)(Rb)-, -
C(Ra)=C(R@)-, -OC(Ra)(Rb)-, and -SC(Ra)(Rb)-, -NHC(Ra)(Rb) or -NR*C(Ra)(Rb);
Y is =S(O);- or —C(O)-; and wherein
Ra and Rb are independently H, halogen, aryl, heteroaryl, C|_g alkyl or halogenated

C1-6 alkyl; or Ra and Rb together with the carbon atom to which they are both attached
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15least one substituent selected from: (i) oxo, -OH, -NH2, -SH, -CN, -CF3, -NO2, halogen,
unsubstituted alkyl, unsubstituted heteroalkyl, unsubstituted cycloalkyl, unsubstituted heterocycloalkyl,
unsubstituted unsubstituted heteroaryl, and (ii) alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl,
awl, and heter [, substituted 2Qwith at least ubstituent, selected from: a) oxo, -OH, -NH2,
o, ON, e e S R G T ST R op e
cycloalkyl, whist his¢juted tneierd cyolpiiicyd (g uhstiliad miyl, unsubstituted heteroaryl, and (b)
alkyl, heteroalkyl, cycloalkyl, heterocycloalkyl, aryl, or heteroaryl, 25substituted with at least one
substituent selected from oxo, -OH, -NH2, -SH, -CN, -CF3, -NO2 , halogen, unsubstituted alkyl,
unsubstituted hetzrohdgdnipoaubssityitdieyetdadfyt]dimsubsitieied hedenaaydoalkyl, unsubstituted aryl,
and unsubstituted heteroaryl; and (c) H, halo, C1_4alkyl, C Ahalogenated-alkyl, C14 alkoxy, C14
fluoroalkoxy and acetyl; R4 is selected from H, C1_6 alkyl or halogenated C1_6 alkyl, AT is awl or
heteroaryl each cptidwalyrpebstitoted ikrea hndielyimelediett fomms thenfbliowihg groups: (a) -OH, -NH2,
-SH, -CN, -CF3, -NO2, oxo, halogen, unsubstituted alkyl, unsubstituted 5heteroalkyl, unsubstituted
cycloalkyl, unsubstituted heterocycloalkyl, unsubstituted aryl, unsubstituted heteroaryl,}and (b) alkyl,
heteroalkyl, cyclohifye FrrasEtsamyheiwe! ah6 Ritel sdisiciaubitiutednnith aRlemst Rrwstbstituent
selected from: (i) oxo, -OH, -NH2, -SH, -CN, -CF3, -NO2, halogen, unsubstituted alkyl, unsubst
tuted 10heteroalkyl, unsubstituted cycloalkyl, unsubstituted heterocycloalkyl, unsubstituted
unsub&tituted he%r?;amsnaﬁaund Or(ﬁjﬂéfkﬁf,eﬂ%‘féﬁ)lﬁﬂ&l{ BPERSHIRY IS Rétstaticlodikgndtv 25d:
heteroaryl agtlpstititedhwith at least one substituent selected from: (aa) oxo, -OH, -NH2, -SH,
-CN, -CF3, -NO2, halogen, unsubstituted alkyl, 15unsubstituted heteroalkyl, unsubstituted cycloalkyl,
unsubstituted heterocycloalkyl, unsubstituted aryl, unsubstituted heteroaryl, and (bb) alkyl,
heteroalkyl, cycloalkyik teteauycioaitytherdf of Geierdamissubstisted with atll&ast-Ohk-substituent
selected from oxo, -OH, -NH2, -SH, -CN, -CF3, -NO2 , halogen, unsubstituted alkyl, unsubstituted
heteroalkyl, unsubstituted 20cycloalkyl, unsubstituted heterocycloalkyl, unsubstituted aryl, and
unsubétituted hetérbbgyomnauas ¢ spialbgen! ciCBakywheapipRdlsgdsare arangatined 6
halogenateglzaligyl, SC1_6 alkyl, S(0)t-C1_6 alkyl, S(0)2Nab, -NrS(0)2alkyl, -NrS(0)2aryl, CN,
C(0O)alkyl, C(O)aryl, C(0) heteroaryl, C(0)Nab, NrC(0)alkyl, NrC(O)aryl, aryl and heteroaryl; 25Xis
selected from the group consisting of -C(Ra)(Rb)-, -C(Ra)(Rb) _c(Ra)(Rb) , C(Ra)=C(Ra)-,
-0C(Ra)(Rb)-, ang. -Bfc Ra)iRnkt oNHEGRRKFRI@iMNRAGLR) (RDY, Yriss-§(R 2 0CHG(0p? and wherein

and R? are H, R* is methyl, Ar is phenyl or substituted phenyl, and A is N.
20
9. The compound or salt thereof of Claim 1 whereinnis 2, mis 1, X is -CH;-, R* and

R’ are H, R*is Me, Ar is phenyl or substituted phenyl, and B is N.

10. The compound or salt thereof of Claim 1 whereinnis 2, mis 1, X is -CH,-, R?

25 and R’ are H, R* is methyl, Ar is phenyl or substituted phenyl, and C is N.

11. The compound or salt thereof of Claim 1 whereinnis 2 and mis 1, X is -CH,-,

R” and R® are H, R* is methyl, Ar is phenyl or substituted phenyl, and D is N.

30 12. The compound of Claim 8 wherein B, C and D are —-CH- or -C(R")-; R' is
hydrogen, halogen, C;_ alkyl and C.shalogenated alkyl, and Y is —S(O),-.
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Ra and Rb are independently H, halogen, aryl, heteroaryl, C1_6 alkyl or halogenated C1_6 alkyl; or Ra
and Rb together with the carbon atom to which they are both attached complete a C3_6 cycloalkyl
ring; or Ra and Rb together with the adjacent carbon atoms to which they are attached complete a

C3_6 cycloalkyl iAg e comphBSEOMALYMhePlifAll EgAGH L Chaim,] -‘ﬁ’fﬁ@r)‘:‘i;k“ ignd mare 1. 5

3. The compound or salt thereof of Claim 1 wherein nis 2 and m is 1. 4. The compound or salt
thereof of EY&iieganwindoesirCiss 2lknppd § 1R ggrated aleyHndos sTivéempound or salt thereof of

Claim 1 wherein nis 2 and mis 1, R2 and le are H, and R4 is methyl. 6. The compound or salt thereof
of Claim 1 wherein nis 2, m s 1, and Xis -CH2-. 157. The compound or salt thereof,of Claim 1 wherein

Ar is phenyl or subsstit€q R of Clamr K vt dnd dPe Rediserebr OF Cifim -1 Svidrein nis 2, m is

1, X is5-CHRdibgandiBgeare H aR4lisndethyalddeiatpiaikyll ansybititsteg,phenyl, and A is N. 20 0.
The compound or salt thereof of Claim 1 whereinnis 2, mis 1, X is -CH2-, R2 and R3 are H, R4 is
Me, AT is phenyl or substituted phenyl, and B is N. 10. The compound or salt thereof of Claim
1 wherein n is 2, t.i3Hg 00ispa@iiPof RRiRSAhtRBard HB, dRd (Sameth]; AT RheR/ or substituted

Phenyl, anghG Bk haloctl: CISSATRAUE L SALLREIGR R LyBgrein nis 2 and ms 1, X is
-CH2-, R2 and e are H, R4 is methyl, AT Is phenyl or substituted phenyl, and D is N. 3012. The

compound of Claim 8 wherein B, C and D are -CH- or -C(RI)-; R1 is hydrogen, halogen, C16 alkyl and

Chohgjogenated aikyha8shpdsS0)%im 1 corbridhe Gomnenashol flaim@gvherein A, C and D are
-CH- or -C(RI)-; R1 is hydrogen, halogen, C1-6 alkyl and Chohalogenated alkyl and Y. is -S(0)27.

14. The co B%ﬁﬁ‘ﬁﬂig?@iafmei]@’m@ﬁ%?é%ﬁr Y- del3 - prpdokrne siharsieAcalogen,

C1-6 alkyl and Chohalogenated alkyl and Y is -S(0)27. 15. The compound of Claim 11 wherein A,

B and C are -CH- or -C(RI)-; R1 i drogen, halogen, C1,6 alkyl ohalogepated alkyl and Y is
0027, 1016 T oD S LM T oSS R G e e - oore
benzenesuitong:sukdiny Hantithy]-6n7i18 P&t Rahyeirabpyrodoy 8B {5]ih ddhminizigs-gteticcaciatid 7. A
compBund of claim 16, which is an enantiomer of 12-chloro-844-fluoro-
benzenesulfony0-methyl-amino]-6,7,8,9-tetrahydro-pyrido[3,2 -b]indolizin-5-yll-acetic acid. 15 18.
The compound of &idihe sosaarkiielaimd- fentisracien Eriesiltorydarrstppidanyl)-methyl-

nol-6,7,8, %%H@PX%@;@Y&QQ@%MQ Hfr,@—bﬁiﬂﬂo‘l@ﬁﬁlg:—ﬁggcetic acid.

19. A compound of claim 18, which is an enantiomer of {8-[(4-fluoro-

20  benzenesulfonyl)-methyl-amino]-6,7,8,9-tetrahydro-pyrido[3,2-bJindolizin-5-yl } -acetic acid.

20. A pharmaceutical composition comprising in association with a pharmaceuitcally
acceptable carrier, diluent, or excipient, a compound of formula I (or a pharmaceutically
acceptable salt thereof) as provided in claim 1.

25
21. A prodrug of a compound of Claim 1 wherein the prodrug is an ester or amide

derivative of said compound of Claim 1.

22. Use of a compound of Claim 1 in the manufacture of a medicament for the

30  treatment or prevention of CRTH2-mediated diseases.

23. Use of a compound of Claim 1 in combination with one or more other therapeutic
agents selected from corticosteroids and beta-agonists in the preparation of a medicament for

treatment of respiratory and inflammatory diseases.
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19. A compound of claim 18, which is an enantiomer of
18-[(4-fluoro20benzenesulfony0-methyl-amino]-6,7,8,9-tetrahydro-pyrido[3,2-b]indolizin-5-yll -acetic
acid. 20. A pharmaceutical composition comprising in association with a pharmaceuitcally
acceptable carrier, diluent, or excipient, a compound of formula | (or a pharmaceutically acceptable
salt thereof) as provided in claim 1. 25  21. A prodrug of a compound of Claim 1 wherein the
prodrug is an estéf-of SAHESHEN VB b eERPEdid 6facTlnyith an inhibBer efge of a compound of
Claim 1 in thepandfe e of-appedicauenttfosthe pottigatment or prevention of CRTH2-mediated
diseases. 23. Use of a compound of Claim 1 in combination with one or more other therapeutic
agents selected from corticosteroids and beta-agonists in the preparation of a medicament for
treatm@nt of respataryoatsbsitiiantoiapeiyngiaeasgmund of 24aif COMHASItidmgOMINpHSing a compound of
Claim 1 wi}lg Egtinhibitor of 5- 1 poxygenase and/or 5-lipoxygenase activating protein. 525. A

compositionucorﬁlﬁﬁ%fﬁﬁegtggmpound of Claim 1 with an antagonist of leukotriene receptors. 26. A
composition as in Claim 25 wherein said leukotriene receptor antagonist is montelukast. 10 27. A

composition compgising, g GOMRRUIA fral s LwilhiR R ANRISNE eceptanf FARIPASItion as in

Claim 27 wherein said DP antagonist is laropiprant. 1529. Use of a compound of Formula | (or salt) as
described agtelitkastin the preparation of a medicament for antagonizing CRTH2 receptor in a
mammpgal. 30. A composition comprising a compound of claim 1 with a muscannic receptor
antagonist selected from, not limited, the group consisting of tiotropium bromide, ipratropium 20
bromide and glycobyEHRRASBighfeaPrisings compg ifidHRIMPHSIgTReE#IEEnd of claim 1 with a
Histamine H1 receptor antagonist. 2532. A composition comprising a compound of claim 1 with a Syk
tyrosine kinase i%ipitor. 33. A.comspi%s(i:tf'on czofn“%risinrgs%g%ppound of clalim 1 with a CXCR2

. A composition a aim €rel antagonist 1s laropiprant.
antagonist. 30 p & PP

15 29. Use of a compound of Formula I (or salt) as described in Claim 1 in the

preparation of a medicament for antagonizing CRTH2 receptor in a mammal.
30. A composition comprising a compound of claim 1 with a muscarinic receptor
antagonist selected from, not limited, the group consisting of tiotropium bromide, ipratropium

20  bromide and glycopyrronium bromide.

31. A composition comprising a compound of claim 1 with a Histamine H1 receptor

antagonist.

25 32. A composition comprising a compound of claim 1 with a Syk tyrosine kinase

inhibitor.
33. A composition comprising a compound of claim 1 with a CXCR2 antagonist.

30

50



