24 July 2006 WO 03/062200 PCT/ CA03/00084 TI TLE OF THE | NVENTI ON FLUORO
SUBSTI TUTED CYCLQALKANO NDOLES, COMPCSI TI ONS  CONTAI NI NG SUBHUWBARIBOUNDS AND
METHODS OF TREATMENT 5 BACKGROUND OF THE | NVENTI ON The present invention
rel at es WOY3O8HPbunds and methods for treating prost adTatxdsomosed at ed

di seases, and certain pharmaceutical conpositions thereof. Mre

particul arly, the conpounds of the invention are structurally different
from steroids, antihistam nes or adrenergic agonists, and are antagoni sts
of the nasal and 10 pul nonary congestion effects of D type prostagl andins.

Two review alL{rl cl es_describe the characterization and therapeutic
rel evance of NERE Qi THEINYENTIQM ept ors as wel | as the nost commonly used

sel ective dgUOROSUBSTTROTED OYiCS o1 15 | fs: lLat.echnol ogy to
Ther apeutic M@‘@ﬁﬁgﬁéﬂ I 8 Sanlﬁdélﬁggﬁ,éhﬁg’cqgwgsﬁr@@elo eds, Pl enum
Press, New Yorm , POYNDS yYD METHABS BUFRBATMENT pi d Medi at or s
and Cell Signalling, 1996, 14, 83-87. An article fromT. Tsuri -et at
publ i sheg i BAIREROINY r-lgiE E{KFH i nal Chem stry, vol 40, pp.3504-3507

[ or erg&, 0 9@'

states that "P@E@2 is consi i ' an inportant nediator in various
al l ergic di seases sucHheesERtgnyention nalates 69 coanmphds M tedds Br ket C

“conj unct i vi picstaghaedia hediafed dee458d, hiid Srta; : { 1 2utd cl.e by

Mat suoka 'et-l\/ﬁfrebzﬂ}iﬁﬁar L,h% ce %ﬁgoof)&“f’é'%%‘ﬁgﬁmfgé‘é’?. FENESE as” bei ng a
key mediator 1n‘a ,er§if STPRES of the inyention are stpetuaHy diffseotifrerm US 4, 808, 608
refer to pr#ewids atdistamimsayahemstec agsistisaidke intadoliBtsof 82 LARNn! al lergic

di sease$) apeinexyicthdebtiondit&S SIS PGD?2 antagoni sts are described
in, for exalrﬁrlgl e, Eur éeearlll Pat eﬁiﬁh@gﬁ)%@g‘%ﬁ%w, 052 and PCT Application

W98/ 25919, as wel | asvABYeY auishs desprba e Paarentarizati BORd @dfpditkc| 0ses
t et r ahydr ocwleyaimelof thi-pedstanvidireembisds wel b fh@hﬁo‘é?&ﬁﬁw &%{1 aalangdi n .
| oses ant agoni sts havi ng

e 0 RSB 1o i omihivmsmions o
PCT/ CAO3/ Ogﬁgﬁcations, Folco, Samuelsson, Maclouf, and Velo eds, Plenum Press, New York,
15 1996, chap. 14, 137-154 and Journal of Lipid Mediators and Cell Signalling, 1996,
14, 83-87. An article from T. Tsuri ez al. published in 1997 in Journal of Medicinal
Chemistry, vol 40, pp.3504-3507 states that “PGD2 is considered to be an important
‘mediator in various allergic diseases such allergic rhinitis, atopic asthma, allergic
: conjunctivitis and atopic dermatitis,” More recently, an article by Matsuoka ez al. in
20 Science (2000, 287':2013-7, describes PGD2 as being a key mediator in allergic
asthma. In addition, patents such as US 4,808,608 refer to prostaglandin antagonists
as useful in the treatment of allergic diseases, and explicitly allergic asfhma. PGDZ
antagonists are described in, for example, European Patent Application 837,052 and
PCT Application W098/25919, as well as W099/62555.
25 US Patent 4,808,608 discloses tetrahydrocarbazole-1-alkanoic acid
derivatives as prostaglandin antagonists,

PCT Application WOQI79169 discloses PGD2 antagonists having the

formula:




Eur opean Patent Application 468, 785 di scl oses the conmpound 4

chl orophenyl ) methyl]-1, 2, 3, 4- tetrahydr o- 7- ( 2- quinolinylnetH%kbéngﬁlopent[b
]indol e- 3-acetic acid, which is a speci es of a genus said to be

| eukotri ene blosyntheS|s inhibitors. US Patent 3,535, 326 di scl oses

ant i phl ogi sfic conpounds of the fornmula: R3 N4 x R/ SUMARY OF THE
| NVENTVONoZ#gbosed herein are conpounds which are pregicaghmiagi N receptor
antagoni sts; nore particularly, they are prostaglandin D2 receptor (DP
receptor) antagonists. Conmpounds as disclosed can be useful for the
treatnment of various prostaglandi n-nmedi ated di seases and di sorders. Al so
di scl osed herein is a method for the treatnent of prostaglandin-nediated
di seases using the conpounds described herein, as well as pharnaceutical

conposi tions cont ai EyRgedd et Applida %Wt s%[qﬁ;g}ﬁ: i vention _
d d of (ot SR R
SLSV'pth n%@gclﬁg@@g;’] t Lgégué‘bqggﬂfyétg}@ %B@wlmmwbmhpemtﬁalmdole- 1, m is

1, 2 or 33Rletm:sczd-,lwlﬁi:ln&?.spﬂcieybfaE@Iu@%ﬂl&ilﬁﬂe&%trﬁﬁeﬁﬂ hw@irs cycl opropyl ;
R2 is 4- cqllﬂﬂ pepbenyl or 2,4, 6-trichlorophenyl. -2.24 July 2006 A second
aspect of the present |nvent| on provides a conpound sel ected from

[ 4- (4-chl or obenzyl )U$l’ﬂteub?,&iii%mmwpﬁloglyﬁc)comPBuxﬁls@ftltet rahydr ocycl open
ta[b)- ind@hmudxyl ]acetic acid,

14-f1-(4-chlor ophenyl )ethyl]-7-fl uoro-5- rget hanesul fonyl - 1, 2, 3A-t et r ahydr ocy
cl o- penta[blindol-3-yl]aceoc acid, '

Y

X
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SUMMARY OF THE INVENTION :
Disclosed herein are compounds whicli are prostaglandin receptor

antagonists; more particularly, they are prostaglandin D2 receptor (DP receptor)
antagonists. Compounds as disclosed can be usefu] for the treatment of various

- prostaglandin-mediated diseases and disorders. Also disclosed herein is a method for the
treatment of prostaglandin-mediated diseases using the . .compounds described:
herein, as well as pharmaceutical compositions containing them.

A first aspect of the present invention provides a compound of formula I:

(O)n

N
0=8=0 | R
Ry

|
CHy

I
- and pharmaceutically acceptable salts thereof, wherein
nisO0orl;mis 1,2 or3; Ry is H, C1-C3 alkyl, halogenated C1-C3 aikyl or
. ‘cyclopropyl; R is 4-chlorophenyl or 2 4 ,0-trichlorophienyl.




[ 9- (4- chl or obenzyl) - 6-fl uor o- 8- |nethanesulfonyl 2,3,4,9- t et r ahydr o- 1H car ba
zol -1-yl]- acetic acid, and 24 July 2006

[ 4- (4- chl or obenzyl ) - 7- f1 uor o- 5- met hanesul fonyl - 1- oxo-1, 2, 3, 4-tetrahydro-cyc
| openta- [bjindol-3-yl]acetic acid, or a pham aceutically acceptable salt
thereof. A third aspect of the present invention provides the conpound

2)- [ 4- ( 4- . )
E:hl) OE Ob(enzyl ) - & s¢q0ndaspeds of the Presant nyentiop RiAvidesa gompoung seleetefl 8P 0y o1 opent af b]
i ndol - 3- yl h%ﬁﬂirbﬁen%?])d -Aitto BI@hdIRGREIESN)- Y, 234 entabhlisocgabpenti[bys eof . A

fourth as the resent I nvention provides the conpound (+/-)-4-[1-(4-
chl oroPhe‘H‘gqjg’eY uor o- 5- net hanesul fonyl -1, 2, 3, 4-t et rahydr ocycl opent a
[ b] i ndol {3—[1m}mﬁbpmnqgémyamm;mmmdnyl-mmwmws~t hereof A
fifth aspect 3 dHtg esent nventlon provi des the compound (+/-)-[9-(4-
chl orobeﬂ’f 5"8‘ 3& ane sul fonyl -2, 3, 4,

9-tet rah;{ﬂ-r(&bch]dfmmﬂl—ﬁfﬂnbrqﬁ}methanasulfanyldz 3AD mhahytkvelﬁ-icamaml kyldept abl e
salts ther %fa&ud\aﬁ&xth aspect of the present invention provi des t he
conpound

chl.or obe rﬁéﬂ-}:hm:dheuaylb7ﬂum-ﬁan@h&lﬂsﬂlfmw1-l&9m-d;213 A-tetrahydee-cxeigpmga-cycl open
ta[b]ind I %?gﬁ d and pharnmaceutically acceptable salts thereof
A sevent ﬁi)]ansd%e—\é)h Hhel%;bgsent i nvention provides a pharnmaceuti cal

" conposi t rohamisaically aeceptablasbithercels def i ned above and a pharmaceutical |y

- acceptabl e car r lon provides a

phar nteuti cal I%/ﬂ%gggﬁegaﬁlg%ege ?IR%?&OD %‘é%ggﬁn%ng 96?@1% 1. Aninth-
aspect ofchiorbeqyBJefhiord-frersthirosulfonyd)i 1053 4 ¢etphatrorgcloprniafidindob¥rposi ti on  for
ot Mo B MR AR AGLASI R R, <t o, O seace comr i of g &
phar maceut i caIAI purttpaspesp ofthe pressat invantien profidesi the @epowidat--ph-[IM4-h a
Pivent i o oe B aRTERREL 3 Akt A H L AR SeplPRYSS: or event i ng
a prostagﬂ%ﬁ@ﬁ-ftvld}ledm’bmlateeﬂcaﬂysmgtebieeaiqsthemoﬁg a therapeut ically effect ive
har meceut | caft BebRpel PP -REt B P o6 fe BUBBH GG T, 2 7 °
phar rracetthbmhbﬂzyl)-ﬁethmeqas-aiaﬂlena:aﬂﬁonﬁa 3,Qa-tetxﬂmyd.ﬂmm-c%%l IAﬂiaednevent h aspect
of the pr l_nvent i es, 1 e of a conpound or salt as defined
above in @ggp&n% QUTAct U tlcglp J?:FepYabfiesaitst*ﬁer for treatnent of a

A sixth aspect of the present invention provides the compound [4-(4-

chlorobenzyl)-7-fluoro-5-methane-sulfonyl-1-0x0-1,2,3,4-tetrahydro-cyclopenta[bjindol-
3-yllacetic acid and pharmaceutically acceptable salts thereof.
_ A seventh aspect of the present invention provides a pharmaceutical composition
comprising a compound as defined above and a pharmaceutically acceptable carrier.
An eighth aspect of the present invention provides a pharmaceutieally acceptable
salt of a compound of formula I, '
A ninth aspect of the present invention provides a pharmaceutical composition
- for treating or preventing a prostaglandin D2 mediated disease comprising a
therapeutically effective amount of a compound of formula (I}, or a pharmaceutically
~ acceptable salt thereof, in association with a pharmaceutically acceptable carrier.
A tenth aspect of the present invention provides a pharmaceuticztl composition
for treating or preventing a prostaglandin D2 mediated disease comprising a
. therapeutically effective amount of a compound as defined in any one of aspects two to
six, or a pharmaceutically acceptable salt thereof, in association with a phanhaceutically

acceptable carrier.
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prostagl andin D2 nedi at ed di sease. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
The present invention relates to conmpounds of fornmula 1: (&f#lyd0%a o0, oH
NRR O=S=OR, UH3 -2b 24 July 2006 WD 03/062200 PCTI CA03/00084 and
pharmaceutically acceptable salts thereof, wherein nis 0 or 1; mis 1, 2
or 3; Rl is H Cl1-C3 al kyl, hal ogenated C1-C3 al kyl or cyclopropyl; R2 is

4-chl orophenyl or 2,4,6-trichlorophenyl. In one enbodi nent of fornula I
are conpounds wherein n is 0. 5 In another enbodinment of forrmula | are
conmpounds wherein nis 1. In another enbodi ment of fornula | are conpounds

wherein mis 1An eldterdingpbe bf o bRsEntRMNtioh plodidsdthéude ol Corfgipdonds wherein m
is 2. In _another .epbodi nent of forpula | are, conpounds wherein Rl is H

In anot hefﬁféﬁﬂﬁﬁ‘l"ﬂ@ﬂ‘?"%‘rthlaa}a peu OE%J‘@“B‘E?FR?BU??HE%%% h R is 10 CH3. In
anot her epheodilamM DD inclliafeddiséast. are conpounds wherein R2 is 4-

chl orophenyl . In another enbodi ment of formula | are conmpounds wherein R2
is 2,4,6-trichlorophenyl. 15 In another enbodi nent of fornula | are

conpounds DETAIIED DESCRITEON@IOTHE QUWERTION shown bel ow (i.e. the chiral

center has the R COﬂIe' pgéjsfa:?ttih\(f)emién reia@s T Qompounds of formula &:

(O

~2b -




AOH N O=S=O R, CH3 In another aspect of the present invention there is

provided pharmaceutical conpositions conprising a compound2fuly8fiful a 1,

and a 20 pharnaceutically acceptable carrier. In one enbodi nent, the

phar mac &t $304220¢onposi ti ons further conprises a secardy@eiioggs i ngr edi ent

selected froman anti histam ne, a | eukotriene antagonist, |eukotriene

bi osynt hesi s inhibitor, prostaglandin receptor ant-agonists or - biosynthesis
i nhibitors, corticosteroids, cytokine nodulators, anti-lgE, anti 25

~cholinergics or NSAIDS. In another aspect of the present invention there is
provided a nethod for the treatnent or prevention of prostaglandin D2

medi at ed di2dabemavduiicdily acaprblesalts tAdBdMvRdEh N0 bP1;3 RAL 4 §M; Hjs need of

treat ment gytde unt .o nd _of forrmla 1.
B e R Gk s A

i nvention i%4értriphloneplienyfl. t r eati ng or preventing a pr ostagl andin D2.

medi at ed di sease comnpyy atient in need
of such _treat ment amod#%g@g%ﬁﬁ%;yfm Iiaqgrﬁcﬁn?ﬂu%fm%ﬁl th is effective
for tredting or pre @Pﬁ@%ﬁ@ﬂ%ﬂb@fmlaﬂ@?cmmhuaﬂse\dhmhmemb 5 wherein
the prostagl andin neﬁllaabtﬁ&eﬁdb%&ﬂﬁﬁtdﬁoﬂﬁﬁﬁ@iar@@d}ﬂ&%h?}%e@mnqgﬁl s including

seasonal allergic rt’m é]sea%dglﬁrecﬁréual lergic rhinitis, and ast hm

including allergic (e STPRUGRE H AP ?%?RD"B"I'S Wikeinmnds2nt i nventi on
" i's a nethod for the ?P%ﬁrﬁ&’??dlﬁlpﬂtrﬂﬁ%rmﬂﬂdwg@@mmndsmlmml &I in need of
~such treatnment whi ¢cHnenstherief®sdimé: ARUFMlaAtR! édﬂgmhﬁ’ds%ﬂ-lefé rpﬁ-gl s&nt a

therapgyti ggl,l y effective amount of a- conpound ormJ In yet

anot her - nboal ment of the present invention is a nethod for the treatnent
of asthma, i ncI udi ngn andtker ginbodimeitrol formnlad apedopdtndsWhaRRIR Dfs 4such

tr eat ment nglorrprl ses adm ni stering to said pat| ent- a therapeutically
effective am)u

In another embodiment of formula I are compounds wherem Rz is
2,4,6-trichlorophenyl.
15 In another embodiment of formula I are compounds having the
stereoconfiguration shown below (i.e. the chiral center has the R configuration):
(O)n
F. ) )rn O

N ."’!/IL

N OH
O:IS:.—..O >-—H2
CH, i

In another aspect of the present invention there is provided
pharmacentical compositions corhprising a compound of formula Landa

20 pharmaceutically acceptable carrier,

In one embodiment, the pharmaceutical compositions further
comprises a second active ingredient selected from an antihistamine, a leukotriene
antagonist, leukotriene biosynthesis inhibitor, prostaglandin receptor antagonists or
biosynthesis inhibitors, corticosteroids, cytokine modulators, anti-IgE, anti-

25  cholinergics or NSAIDS., '

In another aspect of the present invention there is provided a method

for thé treatment or prevention of prostaglandin D2 mediated diseases which

comprises administering to a patient in need of treatment a therapeutically effectxve
. amount of a compound of formula .
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15 conpound of formula 1. In yet another enbodi nent of the present
invention is a method for the treatnent of allergic rhinit#JWs2onal and
perennial) in a patient in need of such treatnment which conprises

admi ni sWéxU3/9¢r2000 sai d patient a therapeutically effeetixgos@ount of a
conmpound of fornula. 1. 20 The nunbering of - the core.tricyclic ring system
when mis | is as shown below 7 1 h 4 5 N-3 The nunbering of the core

tricyclic rlng systemwhen mis 2 is as 25 shown below 6 5 8 N 9 -4
---------------------- -- ---- 24 July 2006 WD 03/062200 PCT/ CA03/ 00084
Optical Isonmers - Diastereoners - Tautoners. Conpounds of formula I contain

one or more asynet fh oneaRicRerROtlhe Hﬁd&'ihotn{w§m%ﬁa’6f diFgGemL es and
racem ¢ ni 0 . di aster.eo ures an

i ndi vi dual i%yén%? g2 § g@glam?q.ﬁg_ ngﬁgff{lsepwgwppgﬁg ?c&mﬁﬁ%‘fﬂﬂgic’d‘ 5 conpr ehend
al | such i BemEklian patientdn medtOﬁthdnmnttscan‘ipoﬁﬁﬂ dfifbignula I ib@ARmMOinit he
compounds WRR s R RebAtiRY PXleitng RS ol Bs,0" At achnent

of hydr gen referred Eo as an exa Veaﬁé a ketone and
its eno? BhetriR thsostag %@W@%ﬁ’d qigpaseoprnssl COITER‘étl()mmlmTlGimludumut OMErs as

vel | as i seasone! allbgioahinitaraed paﬁm_maaagié riinitia, HAARAMARIRIngPEmH @ 1. 10
Conpounds g [l%ﬁornul a | maybe separated into di ast er eoi SOmer i ¢ pairs of
enanti oners for _exanple, fractional crystallization froma suitable
“solvent, for exarrpﬂlbﬂfhﬁ?’él@h%mbﬂdlmntefﬂhypreamiraemonns amethsd fontlicher eof . The

pai r of  engatharBf fasdl BofestRRliRh B%n@%ﬁoﬁﬁgﬂ&pﬁhﬁ%ﬂ 'Wﬂ{c]:ﬂ chid Qé d uaI

conventi onal ans e us

t
ptle oy ?8‘35?%9 5m6Patﬁagaetha@PamP@chﬂf£¢ptﬁa a&@éﬁlﬁofaﬁpmmnnémfr Al
ormula

* In yet another embodiment of the present invention is a method for the
treatment of asthma, including allergic asthma, in a patient in need of such treatment
which comprises administering to said patient a therapeutically effective amount of a

15  compound of formula L '

- In yet another embodiment of the present mventwn is a method for the
treatment of allergic rhinitis (seasonal and perennial) in a patlent in need of such
treatment which comprises administering to said patient a therapeutically effective
amount of a compound of formula L

20 The numbering of the core tricyclic ring system when mis 1 is as
shown below: '

The numbering of the core tricyclic ring system when m is 2 is as

S8

25 shbwn below:




15 separation techni ques such as separation by HPLC using a chiral colum.
Al ternatively, any enantiomer of a compound of the general #bnR0 or |a
may be obtai ned by stereospecific synthesis using optically pure starting
mat er i aMO ¢%062286lgent s of known configuration. 20 Sal trichagodosy M
“pharmaceutical ly acceptable salts” refers to salts prepared from
pharmaceutical |y acceptabl e non- t oxi ¢ bases incl uding inorganic bases and
organi c bases. Salts derived frominorganic bases include al uni num
ammoni um  cal cium copper, ferric, ferrous, |ithium nagnesium manganic
salts, manganous, 25 potassium sodium zinc, and the like. Particularly
preferred 4hg@gﬂgm@ﬂgggggggmgggkghgﬁ%ggagnesiun1 potassi um and sodi um
salts. Salts derived~from cally acceptabl e organi c non-toxic
bases include salts Sf™ %%WW%&@éﬂmg%ﬁﬁﬁ coéWB“?@W@F%V§C§WPﬁé%d

subst i t ut e¢ambnetsuf sschagthiateg ambicanat mixtors, winglergantouent diasttresnatd nes,

cyclic am @ﬁﬁwm@@gd}ﬁ@ﬁi@albde;%;%‘éﬁplglg]ﬁggﬁ%&&%%%q %ﬁatﬁ'ioq' ni ne, 30 bet ai ne,

caff ei nﬁ chol i am ne am ne, 2-diethyl-
an

ani noet Han&§P™ P‘?Hﬁlidﬁ‘ﬁlts\’ﬁ;‘lIW%CW%S%H@ICOW@W%@?%@H@I et hyl enedi am ne,
N- et hyl -. mor phol i ne Soaﬁeeflﬂwdanmeﬁﬂd@us@nbmm%mnﬂﬁemﬂlwim%@éfbrﬁe h' stidine,

B.V‘;;?zi‘:“ngﬁomts SERRLBRN AP hipech 1S3 3 ibontfi, P 8 SKEABIBE) b heobr o e,
triethyl anri(ﬁ@“e andiitgerd) jorarknewn as ¥8oenolpaupyerarifhedndividoatedubamdmoies and t he

like. 24 J%uaeﬁe@mm&ﬁw@&%%afg@ﬁ@%ﬁ@g&gr Hsmipe comound of the

present.invention is, basic t's. nmay rom phar maceutical |y
accept g%l e non-t oxi ??FE @llﬂ&ylbﬁéﬂﬁﬁﬁﬂd@t&ﬁ@mr@tﬁpwEallam ds. Such

acih ds i nﬂ ofrmartiatershy, ﬁnenm;ﬂs,lﬂa&mabcrydmm%ﬁfr%lﬁagnﬁwlesééh\feﬁgfcﬁ- o citri c,5
et hanesu , , rabr rochloric,

i set hi oni c% (1:B r}{‘x%lﬁ&%lc?reﬂgﬁ h&%?é&ammr aﬁhFIEbf ﬁ%}ﬁ8§?ﬂa’f‘%‘ﬂ? Sthifici c;
nitric, paftiged m?ﬁ??tséﬁqf@f’d jato lp%@pﬁ@tqt@}wmmcbwmmvenmdai medns, fotart ari c,
p-t ol ueneseﬂaﬁlpwby tiecusd of ﬁ'ﬂﬁi}tﬁ:ﬂ@ actibekid fx@h&e'a%'dlr@suv &4, Elftt%rr tﬁ/g nfphie. citric,
hydr ob rochloric ric, I} r‘g tartaric
aci ds. ift %ewb##gcg] @8? YR ﬁeﬂ%ﬁuo"ﬂ?ﬂﬁ@? ol fi ed, references
to the 10 conpoundAditmhtively,amy énaaﬂtc&nmﬁmtompbuﬁd Sﬂhe pérletid forkaliB T

phar maceut ¢ q@ray bAGRARLAR storeifclaft syithbdid deliESptically pure starting

materials or reagents of known configuration.

20  Salts
"The term “pharmaceutically acceptable salts" refers to salts prepared

from pharmaceutically acceptable non-toxic bases including inorganic bases and
organic bases. Salts derived from inorganic bases inélude aluminum, ammonium,
calcium, copper, ferric, ferrous, lithium, magnesium, manganic salts, manganous,

25 potassium, sodium, zinc, and the like. Particularly preferred are the ammonium,
calcium, magnesium, potassium, and sodium salts. Salts derived from
pharmaceutically acceptable organic non-toxic bases include salts 6f primary,
secondary, and tertiary amines, substituted amines including naturally occurring
substituted amines, cyclic amines, and basic ion exchange resins, such as arginine,

30 betaine, caffeine, choline, N,N*dibenzylethylenediamine, dieihylamine, 2-diethyl-

aminoethanol, 2-dimethylaminoethanol, cthandla'mine, ethylenediamine, N-ethyl-

- morpholine, N-ethylpiperidine, glucamine, glucosamine, histidine, hydrabamine,
isopropylamine, Iysine, methylglucamine, morpholine, piperazine, piperidine,
polyamine resins, procaine, purines, theobromine, triethylamine, trimethylaniine,

35  tripropylamine, tromethamine, and the like.
_ 5.




Compounds of fornula | are antagoni sts of prostaglandin D2. The 15 ability
of conpounds of forrmula | to interact with prostaglandi n D224 B8epge®r nakes
t hem useful for preventing or reversing undesirabl e synptons caused by

pr ost agMMeH 062208 n a nmanmal i an, especi al |y human subj egdrycabeoegnt agoni sm of
the actions of prostaglandin D2 indicates that the conpounds and

phar maceuti cal conpositions thereof are useful.to treat, prevent, or
aneliorate in mammal s and 20 especially in humans: . respiratory-conditions,
allergic conditions, .pain, inflammatory conditions, mucus secretion

di sorders, bone disorders, .sleep disorders, fertility disorders, blood
coagul ati on di sor der ¥heh tipuomodid df kiR r?fés%ﬁt@ﬂveﬂﬁoﬁ(’j\ﬁ'bhsic?f&a]ﬂﬁﬁﬁg@m@ alnfl I'

aut oi mmune Lthon, s a conpoun i.nhi biit cellul ar
neopl asti c o %@%ﬁ?ﬁé} ﬂa??%%ghcghﬁadﬁﬁlf%@? P%“'Pﬁwgﬁéﬁﬁﬁcﬁ“%}ﬁ‘&‘gﬂ%@@‘can ‘be used
in the treddgasitackk. Suchegifs écludSarepiolheuzenedulibaichehzoid, camaghosduifonibe of use in
the treat Meftic aRfbheulfoRls, SR, i i f}{t;Jd'R, iR iProliferation

di sorders su?hh as %E% ogeur i%mﬁﬁﬁg@hﬁe mS@g'Pﬁ?g%‘ﬁ%ﬁ llfl[’)mr

angi ogenes IR AR JRalgiE. maliepmandelic, mefhanpsylfonic, imycks, Rittis Bameinoi d- i nduced
smoot E Tus gagtotbeuit,/phoshoric, syccitd, mgﬁmﬂczthﬂgio@ prastaaeiifosic aaﬁpélumoi ds or 20 of
m m cki ng a . ce e, yse in.t t r eat ment 0
dysnenor r heqi%{a' Eﬁ%ﬁﬁéﬁﬁoﬁégn ’ %%&ﬁ%%ﬁnwyd?%&dnﬂ?g@?‘8@?’8‘?"’
‘Accor di ngl Yelfuicetdattasic9eids. of the invention provides a nethod ' of
~treating or preventi®Bgiebdindesmel _ﬁiﬂ&'hﬂ_e@%iﬁ’@?ﬂis@%&gifﬂﬁﬁ%éﬁceﬁ?dTiﬁE' sing

adm ni slberlc{)llg tng 9fom“]gﬁl I an atlgnt@_fc*@erhee\exg of* such treatnent a conpound
of fornul a“T PHTEA! FOAREGA e pRaRtfo aiso fhephapppceyticallitacerpiable prevent i ng
sai d prostadsandin D2 nedi at ed-35 di sease. Prostaglandin D2 nedi at ed
di seases. i nclude, but are not limted to, allergic -6 24 July 2006 WO

031062200 / CA0O3/ 00084 rhinitis, nasal congestion, rhi.norrhea, perennial
rhinitis, 8 inflanmation, asthma including allergic asthma, chronic

oblst-r uctive pul ”Dnar%nﬁtiolﬁ@@%@&rﬁlﬂﬁ I%%Eagf)ﬂh?‘éf Rostadistath m%?.f fgymat i on;
P ot Ay g B Blnat s bl GSG0FeR sl e RO PTG dysmenor r hea
and pr enat thew usefisbior prevsiting phieversing eidesirablessympeis;caiised byybosi s; gl aucoma
and vi S1 oNp@ueksiisth o Heiintilind SRy hithar uBRES She il examle
at her oscl erosis.. con st ve hear allure; seases o conditions requiring
a t'r eat menfcliogs of restaindig i indieptesshatthepmpenndsiang phaymaseutiasst sur gery
tr eat ment ; congsiniohsohekedfdrdiseful B treaf P vt R amleRbaR TR REAMMKIsHng €S €S;
gangr efe;  EayAaNdn ﬁulgénss:er%gp?fatorrryugo% itions, Eiﬁér,lgi% Conditions, pain, inflammatory
conditions, mucus secretion disorders, bone disorders, sleep disorders, fertility
disor.d'ers,‘ blood coagulation disorders, trouble of the vision as well as immune and
autoimmune diseases. Tn addition, such a compound may inhibit cellular neoplastic
transformations and metastic tumor growth and hence can be used in the treatment of
25  cancer. Compounds of formula I may also be of use in the treatment and/or
prevention prostaglandin D2 mediated proliferation disorders such as may occur in
diabetic retinopathy and tumor angiogenesis. Compounds of formula I may also
inhibit prostanoid-induced smooth muscle contraction by antagonizing contractile
prostanoids or mimicking relaxing prostanoids and hence may be use in the treatment
30 of dysmenorrhea, premature labor and eosinophil related disorders. '
Accordingly, another aspect of the invention provides 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 Iin an
~ amount which is effective for treating or preventing said i)mstéglandin D2 mediated
'35 disease. Prostaglandin D2 mediated discases include, but are not limited to, allergic
-6-




10 disorders including cytoprotection; pain and m graine; diseases
requiring control of bone formation and resorption such as24Biy &¥npl e
ost eoporosi s; shock; thermal regulation including fever; rejection in
organ t WAHB{p2M and by- pass surgery, and imune di Poradacseess conditions
in which i munoregul ation is desirable. More particularly the disease to
be treated is one nediated by prostaglandin D2 such as 15 nasal congesti on,
allergic rhinitis, pulnonary congestion, and asthma including allergic
asthma. Dose Ranges The magni tude of prophylactic or therapeutic dose of a
conpound of . 2.0 formula I will, of course, vary with the nature and the
severity ofthirfies, nasaldiongastion, chitwerhed, ipehsiell tndtigphisal ikhenpatich] Sthny  conmpound
of formul a gl hiiSei dm 0l strat i e owillosal.so.vary . according
to a vari et g?g% gﬂcet%%ﬂrs g&lﬁlﬁ%%xg?ﬁ@) {%L%{lg 4181\%%?1 H‘jés?as%se"’ﬁ%rogfer fcﬁ@i%’f h, sex,
diet, time %‘i‘g’é Ampaden: Relmenary hypotensionsstespelisorders and sigefewalisiayelei on and
response ofdismrs;@cﬁsmhauaﬂ.dupaidnﬁ?thIgﬂlgdu@ﬁ.w&abnuf%sciﬂea thflose f][om glbout
0. 001 t < ody. . wei - of  a ., preferably 0.01
my to Eﬂ%ou'?l el%g%g&ae?rjd%% %?@%%W@ﬁl\ﬁgﬂg&&??mﬁﬁﬁ%essary to use
dosages outdugems h@g‘éSiDﬂ iharders; occlssivievasaid erstiseased; hechatankampleact i ve
i ngredi ent atHeaiscloRYisROnERAR b s R e €4 dboh@fions Tl idx roduce a
single dosa?rglbtf orm Vﬂflfﬁl g@g@ﬁeﬁg@#}ﬁl ﬁ%gh%%sg% c’[()wgﬁ%ngsr?qu. f"é%t%éw‘fé‘_g and the
parti cul ar ShBYECHEUAUOR SHFI RTROBHBINIY roRosieSkensp Ecatment; shewmataid arthritist ended f or
- the oral- adnd othet infidrmatoxyfdiseaseR pangrene; Rayaad’s diseR RudPscaitib® 5 g of active
agent omn 1 opriate and conyeni ent anmount of carrier
ot or i A o e Ao RAREE S B S BERGMI o he ¢ ot a
conposi t i oRONSIgEBYENgAd fesorpignmraycinas for epamleadstopparosis; ahorkithermdn f r om about
0. 1 ng torspalubn thethdBigHveRRej@tibh an'| ! ) 62200
PCT/ CA03/ 09@34 | par g%%gnt djt.grgi.caig?rgf%? %“%‘@n%"l“la“%?i}%s?%’f@%g 10 g, 25
ng, 50 ny, %neh;ﬁ,__r OF GRCIHEH I ¥ Cﬁﬂmﬁ%ﬁﬁ%@!}ﬁ@?&m Mie=i ti ons 5
Anot her aspaticulafy thtdisprsetdritreatod Brone aitdjared\byPestaphndiiBoausH &al :
conposi¢i o : rnul.a I w th a pharnaceutically
accept zuisbl eﬂ%gg,rr %pﬁﬁ,%ﬂ%@cg@%}&, o?rmp%fsaf{ ?%ﬁesfm%sanﬁmﬁsﬂﬁﬁ%nﬁ]ﬂ%gt i cal
conposi ti ofllergig asthipanded t o enconpass a product conprising the-active
ingredient(s), and the inert ingredient(s) .

Dose Ranges
The magnitude of prophylactic or therapeutic dose of a compound of

20  formula I will, of course, vary with the nature and the severity of the condition to be

treated and with the particular compound of formula I and its route of administration.

It will also vary according to a variety of factors including the age, weight, general

health, sex, diet, time of administration, rate of excretion, drug combination and

response of the individual patient. In general, the daily dose from about 0.001 mg to
25  about 100 mg per kg body weight of a mammaj, preferably 0.01 mg to about 10 mg

per kg. On the other hand, it may be necessary to use dosages outside these limits'in
some cases, . ' '

ey

. The amount of active ingredient that may be combined with the carrier -
materials to produce a single dosage form will vary depending upon the host treated
30  and the particular mode of administration. For example, a fonnulation.iritended_ for
the oral administration of humans may contain from 0.05 mg to 5 g of active agent
compounded with an appropriate and convenient amount of carrier material which
may vary from about 5 o about 99.95 percent of the total composition. Dosage unit
forms will generally contain between from about 0.1 mg to about 0.4 g of an active
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(pharmaceutically acceptabl e excipients) that make up the carrier, as well
as any 10 product which results, directly or indirectly, fr%"’rﬁ%%‘m%at I on,
conpl exation or aggregation of any two or nore of the ingredients, or from
di ssoci ¥Q¥BA62390 one or nore of the ingredients, or fecomaeiess types of
reactions or interactions of one or nore of the ingredients. Accordingly,
t he pharnmaceutical ‘conpositions of the present invention enconpass any
conposition made by adm xi ng a conpound of Formula I', 15 additional active
i ngredient(s), and -pharmaceutically accept.abl e excipients. For the
treatment of any of the prostanoid mediated diseases conpounds of formula
| may be adnaredientdypidaltyal ing, 1 oy, 2 mp el rag,i Omg A6 ayg, 50 o) 0alnhgy 200 parent eral |y
or rectall ynd Br4fs@ge unit fornulations -containing conventional non-toxic
phar maceut i cal | y acceptable carriers, -adjuvants and vehicles. The term
parenteral as 20 used herein includes subcutaneous injections, intravenous,
i nt r anus culPhammacatticaldTonipasitions nj ecti on or infusion techniques. In addition
to the treatnent of ani mal s such m.ce, rats, horses,
cattle, 1b.s heep, dogs, % £ p%? po(%%etﬂﬁ%se’&tdwgﬁWHPIS?%?S&JWW%%WFH onis

ef fective ICOMPesiions é@nmmg agfomipavrald forfiiwéa Jokith aplmeniadectivally avvpmable | ons

cont ai ni ng citier. T4 iokt dciioRlbRYhs IH%Marrn%%daeal'c&nﬁosiéHn%%Hé&d@@l e for oral

use, for l'ets, . troches 0zen eous 0|I

suspensi ongnc pgi‘?é‘r@?‘h‘lcg CoOmpRiging the gptive ingradient(s), @%F@llwnﬂh‘aﬁlﬂ@br sof t
capsul es, (phmmcutmsﬂ;oacceptﬂila esicipfentsLhiap@ske upahscdriidrenda & afy or al use may

Debr " efoaga iR il )8y B Toh Bk %%Pl%%%gﬁt T one of
mor e agent 35&EegRien ‘éfdmf letlh‘@fe gF be prgeadiesiss o1 frgn Bsasiatiemelsime o mgreagent s,

fl avouri ngoﬂgeﬁhg&dleﬁ@l &lifdnﬂéthégﬁﬁ; 8f RRioRs &%ﬁ{eﬁbﬂ&s%geﬁbt& mhdie 910[)?6[ to
apl ets

~provide ph t| capL ¥ nt and?ﬁpaliﬁ prepar ations. '
contain f5rethe e'l’hala’a Uie F%’nWSEq?nﬁ%ﬂ‘FBB?F@tphar maceutical |y

accept abl ean@btl@npnmpsSWyGanmmosmaﬂaby md:ﬁmfngtafwmmnwow‘bmm pf tablets.

These exci gidaphal d&ﬁVe 1|n diehte, aﬁ&?ﬁﬁ?llnﬁcegg&?lgtacc% %%% 1ﬁr§%’ ch as cal cium

carbonate, sodiumc nat e, ose e or sodium
phosphat e; granul ati ﬁb 8#831615%%015@@9@&'@4Pfgstmmsdlatﬁd)dlsc&@ 24 July 2006 WO

031062200 mww&%m&ammhm&mﬁw &8 inh@fatich qm@» fopRaly; Dbi nding
acacil a,, and lubri catl ng agents, for

Zg:%ls e, f ﬁéﬂg nesmym srf&ai‘.yi’% gosggelt ‘gltétlrffr)]’ﬁr?“g‘fﬂoas Sqnta(ugp%convqtﬂ@ng JOPHC may  be
uncoat ed dhamnaseutically dpcepiahie exidns; atjnvants attﬂozlalnclqme%ettandpﬂmeraldb sintegration
and abgp  Alsb@Rerdil idcMedaBEERlBhERLAA, ihtrAfhol i ihAGLaRY iRLRUhde @
injection or infusion techniques. In addition to the treatment of warm-blooded
animals such as mice, rats, horses, cattle, sheep, dogs, cats, etc., the compound of the
inventjon is effective in the treatment of humans.
The pharmaceutical compositions containing the active mgrechent may
25 be in a form suitable for oral use, for example, as tablets, troches, lozenges, aqueous
or oily suspensions, dispersible powders or granules, emilsions, hard or soft capsules, -
or syrups or elixirs. Compositions intended for oral use may be prepared according to
any method known to the art for the manufacture of pharmaceutical compositions and
| such compositions may contain one or more agents selected from the group consisting
30 of sweetening agents, flavouring agents, colouring agents and pfeserving agents in
-order to provide pharmacentically elegant and palatable preparations. Tablets contain
the active ingredient in admixture with non-toxic pharmaceutically acceptable
excipients which are suitable for the manufacture of tablets. These excipients may be
- for example, inert diluents, such as calcium carbonate, éodium carhonate, lactose, -
35 - calcium phosphate or sodium phosphate; granulating and d131ntegrat1ng agents, for -
_ L .3 : .




5 sustained action over a longer period. For exanple, a tine delay material
such as glyceryl nonostearate or glyceryl distearate may b&* Bip? d. They
may al so be coated by the technique described in the U S. Patent

4, 256, 198 03462266, 452; and 4, 265,874 to form osnoti c gdiRiaeHseds C tabl ets
for control release. Formulations for oral use may al so be presented as
hard gelatin 10 capsules wherein the active ingredient is mxed with an
inert solid diluent, for exanple, calciumcarbonate, calcium phosphate or
kaolin, or as soft gelatin capsules wherein the active ingredients is

m xed Wi th water-mscible solvents such as propylene glycol, PEGs and

et hanol , OmemIQICbmrmieth alkigfc A60abMdiRg BRARUHor Bkdmpld siktH, delatﬂ%raf fin, or
olive oil. B‘H'fmﬁ# enS| ns cop?t ain the acti ve mat'érial .in adm xture
with excipi enf S sul 2 507 1PHEhR u’f“ﬁ%’?ﬂ}"é‘sfﬁar%ﬁ‘@%s“’é*l%ﬁ@ny ons. Such

exci pi ent s Th¢ @blemwwnn@at@gn titey mafy e centairyl lmosva dictiniques to delay
- car boxynet Gyinegtdiish Qﬁ@absﬂﬁ)h@/ inqiﬁé %ﬂg!r&ﬁt%stmamﬂE Wtﬂérgwroﬂget fiyl cel | ul ose,

sodi um Sl ginate, [a? q%ow n l?P rro ne, gum tragacan um acaci a;

di sper sP ng* SRR AP VEY rﬁﬁ‘?"%é’%“ﬁ‘ﬁﬁ’lﬁsaPWd@@Mmﬁﬁlﬁ@uﬁfoﬂSphosphadde
;g{tex:gﬂj glybfnfyilmdmostparaue ot giycteylistdate BAOSEEG o yRE. @Heﬁhd@ydls«arbﬁsg;(: gﬁ with
prodﬁcts o] at ; ne o‘ﬁl @840&8%%8}%%%1%5“%5@% E‘it)]ggflf@%ﬁ??g for exanple
hept adecaet#§H-& Wé@ *qrm esgrolin Hierapeticéehiriefos eantwhrabeastiuct s of et hyI ene oxide

- with partlal estersrdﬁﬁmmﬁs?dr%ml u§e‘5}h5y3’alﬁcﬂegfe gﬂnsé’slﬁ?a( eidfph such as

pol yoxyget h or bi m)noo or at 1 on products of

et hyl e%‘g oéalpﬁlg eﬁe"bgﬂ’:taf’té‘f 1 c;.rg lsdE‘IXF"\I/@Hh fin wgrteglid dilusgh € and hexi t ol
~anhydr i des¢xafuple, eatciwpIcerbpuwite; elbiyingthesphare bi kewlin 66 6bfE gdlfin cftaleaqueous
suspensi Onﬁhé}aﬂ ﬂé'a%ﬁv&ﬂgx'g@lbﬂs R'Mnxod wﬂﬁ’&r?telpm?s%@iq sg&vepﬁ dilcg;ag:]t exanpl e ethyl,

or n- prop tgi;yl’OXE nzoate, one or one or nore
flavour | ng‘y @Gg’ﬁ colp i @W%P@mmaﬁ@m@%MOh liggidsucr ose,
saccharin mraffispaclieal. 30- O ly suspensions may be formul ated by

suspengj ng t he actl redient in.a vegetable, for exanpl e -arachis
oi I, Oﬁl ve oil, g‘&%%%"“sgPP%}PlD&%&Wthea We“barterfq(ﬂ"}ﬁdﬁ%’f'té‘le“ﬁ‘ihl such as

~liquid parﬁf-’imients Stlilf@h)ﬂOt the snespiactsic@di squednys sospehdon. Suck Mcipieniaig - agent, for

exanpl e beaga Q fb?%?gn?ﬂl@soﬁfun?&}%kaﬁétﬁgQ&iulosg\'ﬁ@t@g&yn}@g agents such as

t hose set .f rth a l'avourin provide a -9
24 July 2 GyBroxyRE algemobamimbdmagurmrepar ation. These

conposi'ti dragacunti abe gme&&l‘ ay Qﬁpéﬁﬂng taveRitidptEmay be a naturally-occurring

20 phosphatide, for example lecithin, or condensation products of an alkylene oxide with
fatty acids, for example polyoxyethylene stearate, or condensation products of
ethylene oxide with long chain aliphatic alcohals, for example heptadecaethyleneox&-
cetanol, or condensation products of ethylene oxide with partial esters derived from
fatty acids and a hexitol such as polyoxyethylene sorbitol monooleate, or

25  condensation products of ethylene oxide with partial esters derived from fatty acids
and hexitol anhydrides, for example polyethylene sorbitan monooleate. The aqueous
suspe;isions may also contain one or more preservatives, for example ethyl, or n-
propyl, p-hydroxybenzoate, one or more colouring agents, one or more flavouring .
agents, and one or more sweetening agents, such as sucrose, saccharin or aspaﬂame.

30 Oily suspensions may be formulated by suspcndi;lg the active -
ingredient in a vegetable oil, for example arachis oil, olive oil, sesame oil or coconut
oil, or in mineral oil such as liquid paraffin. The oily suspensions may contain a ‘
thickening agent, for example beeswax, hard paraffin or cetyl alcohol. Sweetenmg
agents such as those set forth above, and flavouring agents may be added to prowde a
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an anti-oxi dant such as ascorbic acid. Dispersible powders and granul es
suitable for preparation of an aqueous suspension by the atf Wy 880%f wat er
provide the active ingredient in" 5 adm xture with a dispersing or wetting
agent, ¥9BERANg agent and one or nore preservati vesTicaidotabl e
di spersing or wetting agents and suspendi ng agents are exenplified by
t hose al ready nentioned above.- Additional excipients, for exanple
sweet eni ng, flavouring and col ouring agents, nmay also be present. The
pharmaceutical conpositions of the invention may also be in the 10 form of
an oil-in-water enmul sion.” The oily phase may be a vegetable oil, for
exanpl e ~ opdlateblepial prepaatmohTese cbmpasitions map Be plesedidd by kigradaanps € -1 i qui d
paraf fin ofn sHdxidafbsulh as %};&ﬁ@.acﬁui tabl e ermul si fyi ng agents may be
natural | y-occurring_phosphatides,  for exanple. soy bean, lecithin, and
esters or parti al eﬁ%’ieés!bl%[@’r"?‘\?@@nﬂ ErsRiesuitabla §ordeepantion oftapxi t ol
ighyﬂri desaqubars sespaingid rﬂ)ﬁﬁiiﬂdltﬁﬂ onﬁa?pblgaﬁgmg@@%aqgé}g@aﬁﬁ%i on lproductﬁ Ff

t he sai | Wit t ene oxi.de, for exanpl e pol yoxyethyl ene
sor bi ta§n n%{?e§¥%$%¥§§‘m ‘g?tg?%"}/gﬁ’éﬁ/s‘ﬁl’?&mé&ﬁ?’ﬁﬁ YREEMOF ng” and
f | avour i ngPrasgemtives. Siablepdispersihgair weiting agays dnd sfispendihpdgents wiet h sweet eni ng
agent s, "oy eal sy (8 GRERY moRGHRY hRRE. AliBhal oRGRiBNS Fbr QimaiCT OS€. SUCh

formul ations Jm SO . conéal n a preservdtive and fl avouring

and col our Mgy ouripg andeplonrng agents, May aiso BeRISESLt i ons may be in the form

of a sterile inject @ ghaanacentical @mposiliGRIE ARAVHHEPRBPAI be il BieS SUSPeNsi on

may bejgf orggpk A6 i art, usi ng fhose suitable

di spersi ngfa_?(i)% @mﬁﬁ@ﬁ%ﬁgﬁ&gﬁﬁhgﬂg?f% Ry l?;\egaeY'ﬁggtaééﬁ io@,&or #4r8'%een

ment i oned HBebor arpbisilepr 4 winery it fortsixempledigaidarialin oranixatesof be a sterile

(i nj ect abl eha&zel SuiiabR efiul 8EhtsGiay ~deOitti ; y-accept abl e
sHYRP htsQay U3 n@tuPﬂlgl deBittifig ﬂﬁfsﬁﬁ&&%ﬂ{o}

di | uent orex%S sol vent ; tﬁr eégrr’gl € as a solution )Ut'ane di ol. Anpong

t he acceptaql%[eeloé’ cai decithig apd egfets on partish esterslspivesdramdatig peids apde wat er |

Ri nger' s -hexjtalizihydridascfor eammpid sortdtantinenvolednd, and cmdemhtitn pestuc@@s ol vent s such

as ethanol hyl ene lycols may.al so' be used. In

“addi tion, %etsg{d%@g%aegﬁ(rgﬁ}?g%g@%@?%%%8 ngﬁg?lgwgﬁwwgﬁmaﬁs a sol vent or

suspendi ngPHHEIPaiEn Thegmulsions mayrajse sentain ywhdtening dndifladowing agans. be 30 enpl oyed

[ Incl udi ng syntheti @W?ﬂdﬂixiﬂirﬁ}r}b@%ﬂn@ﬁ?ﬁdwﬁhMigjiingggeggs?k}y gci d;s fsuch ?s
ol ei c aci in e preparation of injectable§.” Conpounds of fornula
| . may al nggbﬂé)?eg%}ﬁ?eﬁqlsggp}aﬁleigﬁyc @%‘Eﬂ?ﬁﬁ'wms‘é dorplatigns pegralsoact al

adni ni st r gentdim a demelpent drprepetvatlieamd flavoping bid eoleurigagdes. Theepar ed by mi xi ng

the dopa phichachoR bARBR Y b f SEE LB et b 591 10 30 10

Ble aqueouns or
oleagenous suspension. This suspension may be formulated according to the known
art using those suitable dispersing or wetting agents' and suspending agents wﬁich
have been mentioned above. The sterile injectable preparation may also be a sterile
injectable solution or suspension in-a non-toxic parenterally-acceptable diluent or

25  solvent, for example as a solution in 1,3-butane diol. Among the acceptable vehicles
and solvents that may be employed are water, Ringer’s solution and isotonic sodium
chloride solution. Cosolvents such as ethanol, propylene glycol or polyethylene
glycols may also be used. In additioh, sterile, fixed oils are conventionally employed
as a solvent or suspending medium. For this purpose any bland fixed oil may be

30  employed including synthetic mono- or diglyéerides. In addition, fatty acids such as
oleic acid find use in the preparation of injectables. .

_ Compounds of formula I may also be administered in the form of
SUPpositori'es. for rectal administration of the drué.' These co'}npositions can be
prepared by mixing the drug with a suitable non-irritating excipient which is solid at
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24 July 2006 WO 03/062200 PCT/ CA03/00084 anbient tenperatures but liquid
at the rectal tenperature and will therefore 'melt in the #E8ANG

rel ease the drug. Such materials are cocoa butter and pol yethyl ene gl ycoI S.
For topMQP3¥8Y creans, ointnents, gels, sol utions CTAMMeNsi ons, etc.
contai ning the conpound of fornula | are errpl oyed. (For purposes of t hi s 5
application, topical application shall include nouth washes and gargles.)
Topical fornulation , s nay generally be conprised of a phar maceut i cal
carrier, cosolvent, enulsifier, penetration enhancer, preservative system
and enol | ient. Conbinations W|th O her Drugs 10 For the treatment and
prevention aﬁ’fblf’[ﬂF BEPergiu driliguidiataheesctal tempes ase andwﬂpﬂmmﬂ)r@ﬁaehmmw al may

be co- admi ni@i® tedlewetthe &Eg%u&bﬂiéﬂﬁl{&é &ocBP fe?andybﬂ%thgﬁnc g«?&lp aspect
the present inventi gﬁpoéﬁ)r ov!ﬁ@ har maceut | ca treating
e

prostagl andin D2 ne 2485, CHHPINTS Belg) salum@roawmnsmmeyc ef fective
anount of &oweinjagthrcoopodmiraffibraiula Haelera pieyedl (Fﬂ?@e;pggdggfthyg'nerapeutlc agents.

formi ¥ ‘%ﬂc&%‘ﬁ‘o%ﬁ@’gﬁ%’?f’%ﬂ{‘%"ﬁ%ﬁ”i@%'ﬁ%@sﬁQ@&?%&W tpichy 57RO
corti cost efOmyl aé‘ﬂ’i‘:‘%‘l“”é@“@ﬂ }a'?ﬁ:qoﬁmﬁé@@fMammcal@&)uea C(mive)m agoni st such
as sal met eemblsifief) peRteticdl enhiRER BcBériitRre systEd, %Rdi giigfo! . al buterol and the

l'ike; (4) a leukotriene nodifier, such as a otriene ant agoni st or a

- zil euton;

i pooxygenase i nh| bi t or such as’ mont el ukast, zaf| rl ukast, 20 pranl ukast, or
bigations g (hi stam ne H ant agoni st) such as.

or omopleni  ani ne c%fhen@aﬁ,en 160 RS e A bLRES | O e

cl enasti ne (ﬂ)g m ne enna

hydr oxyzi ngom H?BF lrt]q'réli‘ ﬁénay bﬁl"@ﬁémﬂfﬁ%\""th Pﬂlnretmramune agentsa (Tel$ ine,
cyprobept aafiotter aspadt steqirdses inRhe ngﬂiﬂéﬁphmﬂaééﬂdc@lrﬂoﬁﬁg%ﬁ?is%xm zol e,

nor ast em z tadine, cetir eyocet iri zi ne,

f exof enadi ﬁéeaﬁn%jél% tgégﬁﬂdﬂfmedg gq? Fiasef ??Pépnst“@)a “Iéer%Pé’H e i ncl udi ng
phenyl ephr fpunt ﬂﬁwmﬂnﬂdﬁrﬁm Fead ops eumlorp loéhdr thampemytmitﬁz ohne,

ephi nephr i Sigtable MARPBER doBifs fdf%bxﬁﬁiﬁﬁfﬁﬁl%érg@ wit %)% ¥ foiuta P

coder ne, " hydrocodone,

| d tant
' c:\r/gm Sﬁg)r%e@g‘?‘g@taé’ﬁ%gﬁé din r‘?ﬁegtgﬁlé‘;@&o&%l@@rcﬁﬁ&ﬁstefpﬁ)suémﬁ her prostagl andi n

| i gand i nciriemitinglops @stonigh;sA) ﬁ-anrﬁg@ﬁkﬂﬁds sdlfhefrtl Tototéral, RRGUMIAS! |

m sopr ost t r ost ol r osapr ost ol 9) a
di ur gt ic; CtO‘? Bl@feﬁa %lél%t%r:bid&% tggﬁe Fﬁ‘) ?%%P‘ifmg‘agﬁ% Al Ds) suf:h) as
propi oni c a@ioglen@@?tﬂgpatst radipogkygenasp inhitditor suok romeagtelnkast zafiehadagrxi ¢ aci d,

- car pr alten,printilait] @bileutb RN istabniréRf o 11 iYL bR a5 PUPT O en.

| ndopr of e%romop%ol%rmne chlorpf'nc ramme dexchlo1phemram1ne triprolidine, clemastine,
diphenhydramine, diphenylpyraline, tripelennamine, hydroxyzine, methdilazine,
promethazine, ttimeprazine, azatadine, cyproheptadine, antazoline, pheniramine,
- pytilamine, astemizole, norastemizole, terfenadine, Joratadine, cetirizine,

25  levocetirizine, fexofenadine, desloratadine, and the like; (6) a decongestant including
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

30  such as latanoprost; misoprostol, enprostil, rioprostil, ornoprostol or rosaprostol; (9) a
diuretic; (10) non-steroidal antiinflammatory agents (NSAIDs) such as propionic acid
derivatives (alminoprofen, benoxaprofen, bucloxic acid, carprofen, fenbufen,
fenoprofen, fluprofen, flurbiprofen, ibuprofen, indoprofen, ketoprofen, miroprofen,
naproxen, oxaprozin, pirprofen, pranoprofen, suprofen, tiaprofenié acid, and

'35 tioxaprofen), acetic acid derivatives (indomethacin, acemetacin, alclofenac, clidanac,
-11-




napr oxen, oxaprozin, pirprofen, pranoprofen, suprofen, tiaprofgnic aci d,
and ' 35 tioxaprofen), acetic acid derivatives (indonethacins aci n,

al cl of enac, clidanac, 24 July 2006 WO 03/062200 PCT/ CA03/ 00084 di cl of enac,
f encl of W@dB062¥ncl ozi ¢ aci d, fentiazac, furofenac, ibwteqasngoxepac,

oxpi nac,” sulindac, tiopinac, tolnetin, zidonetacin, and zonepirac), fenamc
acid derivatives (flufenanic acid, meclofenanic acid, nefenanic acid,
niflumc-acid and tolfenam c acid), biphenylcarboxylic acid derivatives
(diflunisal and flufenisal), 5 oxicans (isoxicam piroxicam sudoxicam and
t enoxi can), salicylates (acetyl salicylic acid, sulfasala2|ne) and the
pyrazolonedwﬁépazdﬂekmbmzﬁhmkmmhmm,&%ﬁam&fwm&mm:mmmﬁﬁahﬁﬁ

oxyphenbut at C i nhi bitors
such as ceia}gﬁg%% %ulﬁﬂ@%}’ i a%2t8ﬂfge)n {'é)ér?l%%ci‘} 338%%?%‘55‘”?12) i nhi bitors
of phosphoé‘?f&%‘éﬁsa@efeﬂ%@aqfd/ nepfofenpgjc asidy meﬁmamicmmdr wflimividcisnd  ( 13)

ant agonl st mmﬁmamapm mfymbmcraeﬁ%ﬁ%ﬁes ﬁﬁ%&hi%hnu%al CCR-2, and

reduct ase

CCR- 3; | ower i en suc
i nhi bit or s ov a@? %‘P#‘ﬂ’ p I@I’(WBSSPQ& ?‘F‘q’%{i‘mf tenpxicanle palicylptes @psiylsakiolic n,
at or vast at ilqild sulfedalenited end the pymsglones éapanmie] opiperflohdegsioneani ne and

col esti pol brozil,
crof ibr ot 9“"3“%‘%’3’?‘*’ r“"?P@ﬁﬁZgB@ R k2ol QBN RAER2 (EBRIY 1O
agent s suchilgors suchas elecogd ag quwmﬁ@a@omhﬁ@wmm (1 trshdhiteim) |
(err I) gl ucafghdsphediestizisei njzpariv (PBEAVPOS CAriffd) %ﬂlﬂhla&ta@@mﬁag%fsga%k ez Onet

(0] | Z reparations
D 00 P2 emo BBl 0N i L1 24905, BALCHE AbiEhualiP)  BTeP
anti chol i N@WeHng %@éﬁ%‘@h%EMC&&MMtaswnmbamﬂgmtaﬂhsu(qutaahlanxpl um broni de
‘and  ti ot rplauakh PR s, at&%as%h' arRDURE bEGHLs) % sh ﬁt{&tﬁaﬁ% rgl&rg&gﬁ%g%%uﬂé‘t agoni sts;

18) steroids ,2 ch as. becl| rnet hasone,
et ) ﬂ& e‘%v@fé gﬁ‘?ﬂbf@élbrciqﬁé’tﬁﬁse (19)

bet aret has® HeObRie acidyienofibriciagid ieavatiy
triptans (fgmﬁbrdtwandsbemlzaﬁbratep,hﬁd pfdbﬁédlﬂ?(mS) afi-didbe i igeﬁlﬁ sEHGR iRGLEUM tri ptan

and rig@atr rotr for . osteoporosis;
(21) olt%herShg% ounﬁgf suéjﬁg]gIE ?@%@ @oéig‘qu%ﬁe lﬁh@?‘frgaﬁ?fgo P ugs ltohereof
ant i met abd@lifazases {eghtasencs pigglitazope. englitarmie Gosiglitezunt arp:thc hkr;) ¢y} ot oxi ¢ cancer
25~ chermtﬁfqraﬁﬂmtdfw@ﬁﬂéﬁ&ta@m&%f& el 14, B Qon E@!@ b aQb?QO”' st, 17

receptor as seratrodast neuro a OnIStS

oni.sts
( NKI / NK2) "%Qﬁ_*‘ﬂgﬁe@&ﬁ%e& plgsdnusparicantaeopists (m%epm@éuomea@ 5,510, 332,
V097/ 0309 Aiotryigm/bRREE), as W%/sﬂ@&&e usHBRGEIM2 &ﬁggonmw!s?%rbﬁjs W96/ 01644,

V096/ 8108ych a%%ﬁﬂ%ﬁ%ﬁn@%ﬂ%?e%ﬁ%&%og bet%me&asone,cyré hidode, the invention

enconpasses a et
dexamethasone and hydrocortlsone (19} triptans commonly used for the treatment of

migraine such as sumitriptan and rizatriptan; (20) alendronate and other treatments for
osteoporosis; (21) other compounds such as S-aminosalicylic acid and prodrugs
~ thereof, antimetabolites such as azathioprine and 6-mercaptopurine, cytoto-xic cancer
‘25 chemotherapeutic agents, bradykinin (BK2 or BK1) antagonists, TP receptor

: antagonists such as seratrodast, neurokinin antagonists (NK1/NK2), VLA-4
antagonists such as those described in US 5, 510,332, W097/03094, W(097/02289,
WO096/40781, W096/22966, W096/20216, W096101644 WO096/06108,
WO95/15973 and W096/31206. .

30 In addition, the invention encompasses a method of treating
prostaglandin D2 mediated diseases comprising; administering to a patient in need of
such treatment a therapeutically effective amount of the compound of formula I, co-
administered with one or more of such ingredients as listed immediately above. Thc.

-amounts of active ingredients may be those commonly used for each active iﬁgredient
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prostagl andin D2 nedi at ed di seases conprising: adm nisteri Pﬁgﬂto a (%2“ ent

in need of such treatment a therapeutically effective anpufftiuby2Q

conmpound of forrmula I, co- adm nistered with one or nore of such

i ngr edi ¥At030&200 | st ed i medi atel y above. The anount scotasawesdie i ngredi ents

may be those commonly used for each active ingredient -12 24 July 2006 WO

03/ 062200 PCT/ CA0O3/00084 when it is adm nistered al one, or in some

instances the conbination of active ingredients may result in |ower dosage

for one or nore of the active ingredients. Abbreviations Used Ac acetyl

AcCOH acetic acid DDQ 2, 3-di chl oro-5, 6-di cyano-1,4- benzoqui none DM

di met hyl f owhemit exdedpisterdi alund, enin(sshe Ilﬁtanﬁislmd corriﬂix@‘}@n éftabtyve acetate Et OH

et hanol H pyl al cohol
gl iy RS Lo Ul T SR BRRO e ek b RBBAREY 1, Mo

| PAc isopropyl acet
met hyl t-butyl ether "'NNT N-nethyl-2-pyrrolidinone” NNIR nucl ear magnetic

resonance ABWEvihtRing &hydir of ur an TLC thin-layer chromatography 5 METHODS OF
SYNTHESI S Conpounds of FOHTU of the present invention.can be prepared
according to the s nt heti ¢*¥ tes outlined in Schemes | to 5 and by

fol | owi ng the Amthods desaeiibeid herein. .

DDQ 2,3-dichloro-5 ,6-dicyano-1.,4-benzoquinone

DMF dimethylformamide

_eq. equivalent(s)
Et ethyl
EtOAc ethyl acetate
EtOH ethanol
HPLC high pressure liquid chromatography
IPA isopropyl alcohol :
PAc isopropyl acetate
Me methy!
"MeOH - methanol
MHz megahertz
MTBE methyl t-butyl ether
NMP - N-methyl-2-pyrrolidinone
NMR nuclear magnetic resonance
THF " tetrahydrofuran '
TLC thin-layer chromatography

5

- . METHODS OF SYNTHESIS
_ ' Compounds of Formula X of the present invention can be prepared
according to the synthetic routes outlined in Schemes 1 to 5 and by following the
methods described herein,

10 - Intermediate cofnpounds of Formula 1V may be prepared by the
method presented in Scheme 1 from am appropiiately substituted phenyl hydrazine II.
Reaction of I with an appropriate cycloalkanone IH (where R i is ester group such as
an alkyl group) under Flshcr Indole or SImllar conditions gives IV.

-13-




I nt er medi at e conpounds of Formula IV nay be prepared by the nmethod
presented in Scheme 1 froman appropriately substituted phe§iulngefitazine
If. Reaction of Hwth an appropriate cycl oal kanone M (where Ris ester
group sWEh3@s220mn al kyl group) under Fisher |ndol e ompcsidxodmbsscondi tions
gives IV. -13 24 July 2006 WD 03/062200 PCT/ CA03/00084 Schene | 0. H 11
Hy~',~CO2R F H 17~, )m CO2R N 1~11-12 Fisher Indole or NH simlar
conditions H (1V) Conpounds of Forrmula IV may alternatively be prepared by
the 5 method presented in Schene 2 from an appropriately substituted

ani | ine V~ Condensation of V with an appropriate cycl oal kanone |11 followed
by the cycBtieaieilon under Heck or simlar-netal -catal ysis conditions | eads
to indole IV. Scheme 2 0 HIh4-'~-COR F."a x FA\NCO2R 1. Acid
(catalytic) N2 N M 2. He r simlar -H (1V) conditions

COR

E H
\@: | m ()
N—NH
H O ®

Fisher Indole or
“similar conditions

(1)

_ Coinpounds of Formula IV may alternatively be ﬁrepared by the
5  method presented in Scheme 2 from an appropriately substituted aniline V.
Condensation of V with an appropriate cycloalkanone III followed by the cyclization
under Heck or similar metal catalysis conditions leads to indole IV. '

Scheme 2
- 0
H .
- . H | CO.R )
il F m
NH, 1. Acid (catalytic} N
(V) 2. Heck or similar H (IV)
conditions
10 X=Brorl

‘ "Compounds of Formula IIT may be prepared by the method presented
in Scheme 3 from an appropriately substituted silyl enol ether VI or an appropriately
substituted enamine VIL. Addition of an appropriate electrophile such as

15 Y-CH2CO2R (wherein Y Tepresents a halogen or a leaving group) in the  presence of a
base such as an alkyl lithium or a Lewis acid such as silver trifluoroacetate with the
silyl enol ether VI gives the cycloalkanone III, The compound of formula I may
alternatively be prepared from the addition of Y-CH2CO2R on an appropriately

substituted enamine VII under Stork Enamine or similar conditions. .
20
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10 X=Br or | ' Conpounds of Formula Ill may be prepared by the nethod
presented in Schene 3 froman appropriately substituted sid4ubeH¥ et her
VI or an appropriately substituted enamine VII. Addition of an appropriate
el ect ropid @38620ch as 15 Y- CH2CO2R ~(wherein Y -represenicososhaal ogen or a

| eavi ng group) in the presence of a base such as an alkyl |ithiumor a
Lewi s acid such as silver trifluoroacetate with the silyl enol. ether Vi

gi ves the cycloal kanone I11. The conmpound of fornula M may alternatively
be prepared fromthe addition of Y-CH2CC2R on an appropriately substituted
enam ne VII under Stork Enam ne or simlar conditions. .20 -14 24 July 2006
‘WO 03/ 062286heRET CA03/ 00084 Schene 3 OIMS 1. alkyl Li or N HLewis acid
ym 2. Y-CH2CO2R 1. Y-CH2CO02F11--~ 2. 2 m (M) 0 (VI I:; HHC2R )m

i nternmedi ate c%ﬁgnds of Formula VIR may be prepared{ by}the 5 nethod
presented i ngS 4 _fn@niest appropriately substitutew’indole IV.

Brom nati op gf AV may lagmﬁd&q&rpl i shed with bromine oH d broni nating agent

such as pyri tri nder basjc_conditi ohl~ pol ar” sol vent, for
exanpl e, by ' '&S&Eﬁgﬂgeactioﬂ-‘lfﬁ'ﬁﬁ@zﬁ or\i p\a solvent such as
di chl or onet har(m)i.n t he” resencg of p@#rHséDne | owed trhe nono reduction
of- a di brono internmedi ate tindgr¥10 aci d ane-teduci ng (#bhal conditions to
generate the bronoindole VI ILII Schenme -4 1. Br2, pyricline F)mF_ CO2R

CO,R

Im

an

. Intermegliate compounds of Formula VI may be prepared by the |
5 * method presented in Scheme 4 from an appropriately substituted indole IV.
Bromination of IV may be accomplished with bromine or a brominating agent such as
pyridium tribromide, under basic condition in a polar solvent, for example, by
carrying out the reaction in pyridine or in a solvent such as dichloromethane in the
presence of pyridine followed by the mono reduction of a dibromo intermediate under
10 acid and reducing metal conditions to generate the bromoindole VIIL

Scheme 4
" 3\ I CO,R Al CO.R
| N | . g H
(V) ' (V1IN
. IS Compounds of Formu]a_ I may be prepared b); the method presented in

Scheme 5 from an appropriately substituted bromoindole VIIL Alkylation of VHI
with the appropriate electrophile such as (R1)(R2)CH-Y in the presence of a base and
in a suitable solvent such as DMF gives N-alkylated indole IX. Coupling of IX with a
methanesulfinate such as sodium methanesulfinate in the presence of Cu(T) salts leads
20" to compounds of formula I, following ester hydrolysis. The bromoindole acid (IX,
R=H) may alternatively ﬁr;t react with a suitable metallation agent, such as n-Buli,
followed by trapping with an electrophile such as methyl disulfide to give the

-15-




R2. Mt "MC2 Aacid _CCNN H HBr (IV) (Mill) 15 Conpounds of Formul a
| may be prepared by the nethod presented in Scheme 5 fromdfily 2006
appropriately substituted bronmoindole VIII. A kylation of VIII wth the
appr opr watem/nekect r ophi |l e, such as (R1)(R2)CH Y in thecpiassngs of a base
and in a suitable solvent such as DWgives N-alkylated indole I X Coupling
of IXwith a nethanésulfinate such as sodi um net hanesul finate in -the
presence of Cu(l) salts |leads 20" to conmpounds of formula I, follow ng
ester hydrolysis. The brompindole acid (I X, R=H) -nmay alternatively first
react wth a suitable netallation agent, such as n-BuLi, followed by

trappi ng %dﬂ%@ﬂdﬁ%%ﬂé@&nﬁa@e“ﬁﬁﬁﬁ*ﬁgﬁﬁomw bidlifSitxhindR h?&o jve the -15 24

o o ST GHRHAT Reta tor B RIPOATA pERCHPS) SHHP A oo e
upon oxi da y state

prpovi des  cloomoinddie VAL fdlh:eveﬂﬁ)gpuﬂfanylamdqyihpﬁlsmﬂsb ©fertddethubsuifonylatdal e VI | |

fol lowed b ; FP=* iy s s fopylation of the
br oni néjol %ft@ﬂrpﬁgirﬁg%afe}g p?%gdeggéngaﬁﬁg{ngjfﬁ\xﬁ? (g‘ﬁs ?@@Fﬁ%‘{ﬁ %%ul_%si ng simlar
5 condid i offgdifiensrsiesqribed balere oF by wningiVlitsvapbuyrenstios ¢prditions éeprevidn condi ti ons

t o provi deconfpotipefiforn@ila [0foMdting lebled ditoMisNg ester hydrol ysis. 24 July 2006
WD 03/ 062200 PCT/ CA03/ 00084 Scheme 5 F CO2R° N H Br (Vill) Cul, CH3S®2Na

(R)(R2), base similar conditio F, CO2R )m
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2R F)mMNN HOS=OBr /~-1°12 R CH3 N Y-CHR )(Rp Cul, CH3SO2Na or
similar base; conditions; hydrolysis hydrolysis or or M2%4&iuhoBRp6
conditions with with R=H, BuLi; RI R2CHOH MeSSMe; H20p/ Na2WX4 ) m CO2H N N

O=S=0 W3 (1 A) 5 Conpound M may be prepared hprpapimbgcted 1A for
exanple an ester -of I A by oxidation using a suitabl e-oxidant followed by
hydrol'ysis, as illustrated in Schene 6. -17 24 July 2006 WO 03/062200

PCT/ CA03/ 00084 Scheme 6 0 )M N CO2R )M N
SchemeS

- . F )m )
A\ CO.R

Cul, CHgSONaor /(i) Y-CH(Ry}(Ry), base
similar conditions ' ‘ :

B

Ctil, CH3S0O,Na or similar

Y-CH :
CH(R)(Ry), base; conditions; hydrolysis

hydrolysis
or or

Mitstnoh ” - with R=H, BulLi;
Hur CH&‘_’,"“‘:"“"“S with , MeSSMe;HpOx/Na WO,

5 - Compound IB may be prepared from protected IA, for exampie an "
- ester of IA, by oxidation using a suitable oxidant followed by hydrolysis, as illustrated
in Scheme 6. : '

-17-




N 1.101 CO2H O=S=O . ~-R 2 2. hydrolysis NR, R2 CH3 o0o=s--'O | L;H3 R
(1A ester) Alternatively, IB can be prepared, as illustrat e Juy Xene 7,
by oxidizing IXwith, a 5 suitable oxidizing agent, such as DDQ, foll owed
by net hMOsM3[662360y| at i on as described in Schene 5 fol lpggegabyoeddgsdr ol ysi s.
Schenre 70 )MCO2R)M \NR )M N 1. DDO CO2ZH N Br R2 2. CH3SO02Na, Cul
O=S=0 3. hydrolysis CH 3 . R (IB) A OX) ‘ASSAYS FOR DETERM NI NG

Bl OLOd CAL ACTI VITY Conpounds of forrmula | can be tested usi-ng the

follow ng assays to determine their prostanoid antagoni st or agoni st
activity in vitro and in vivo and their -15 selectivity. The prostagl andin
recept or acchgme b es denonstrated are DP, EP1, -EP2, EP3, EP4, FP, IP and
TP. stable l__expressi o] f)ngostanoi d recept'ors in the® human enbryoni c ki dney

(BEK) 293( Bpa Prost anoi d receptor cDNAs, corresponding to fu
* 11 length cg ) goen 2R e subclonefd_into t h—ﬁ
mammal i an expres€iof vectors ang {@Ensfecte

opriate sites of
. D
293(ebna) cells expr?ﬁ_ﬁ ng the
. _ 2

293¢eppa) cells. HEK
2006 WO 3/N622 PCT/ CA03/ 00084

0=8=0 . 2. hydrolysis
I
CHy M1 | o=s=0 | P
S i
| . CH
(IA ester) (1B)

Alternatively, IB can be prepared, as illustrated in Scheme 7, by oxidizing IX with.a
-5 suitable oxidizing agent, such as DDQ, followed by methylsulfonylation as described
_in Scheme 5 follwed by hydrolysis. -

Scheme 7
F. )m :
N\ CO.,R
o 1. DDQ _
Br 2 B ‘
- Ry 2. CH3SO.Na, Cul 0'—"?:0 >—R2
| | 3. hydrolysis CHg Ry
10 (1X) (1B)

ASSAYS FOR DETERMINING B'IOLOGICAL ACTIVITY
- Compounds of formula I can be tested using the following assays to

determine their prostanoid antagonist or agonist activity in vitro and in vivo and their
15  selectivity. The prostaglandin receptor activities demonstrated are DP, EP1, EP,
EP3, EP4, FP, IP and TP. -

Stable expression of prostanoid receptors in the buman embryonic kidney (HEK)

293(ebna) cell line . .

20 " - Prostanoid receptor cDNAs corresponding to full length coding -
sequences are subcloned into the appropriate sites of mammalian expression vectors
and transfected into HEK 293(ebna) cells. HEK 293(ebna) cells expréssing the R

-18- -




I ndi vi dual cDNAs are grown under selection and individual colonies are

i sol ated after 2-3 weeks of growth using the cloning ring #elwd¥nd
subsequently expanded into clonal cell lines. 5 Prostanoid receptor

bi ndi ngWESBHRIBEK 293(ebna) cells are mai ntai ned i n pegldags@osshar vest ed and
menbranes are prepared by differential centrifugation, following |lysis of
the cells in the presence of protease inhibitors, for use in receptor

bi ndi ng assay's. Prostanoid receptor binding assays are perforned in 10 mM
MES/ KOH (pH 6.0) (EPs, FP and 10 TP) or ‘10 nM BEPES/ KOH (pH 7.4) (DP and

| P), containing I nM EDTA, 10 mM -dival ent cation and the appropriate

rL adi- oljl .gandhdivithel cRNAL bR Frdven mﬂﬁ%&bﬁ@hﬁﬂ:ﬁﬂﬂﬁ&dl ©hlonief ardREkfeA AReP" ?t 09/' ? 1)
i gands ar h oxi. de t _const at v/ v
in all i ncgl;g? %g% £ R@ém}gm ?{"Eﬁ%‘ﬂ‘ém?cga"&é%ﬁwfﬁ%eﬁpﬁﬂﬁﬁgﬁgr esence of

1 gM of- théloéﬂtcﬂéblpﬂﬁndl ng non radi oacti ve prostan0| d. Incubations are
conducted for -15 60 min at roomtenperature or 30 'C and termi nated by

rapid fLltgat] on. Speci f,i bi nding is cal cul ated by subtracti-ng non
speci fi E%@%—Eﬁ&ﬁﬁ—@?—éﬂ%l ng. The residual specific binding at each
| i gand concentratlOIIIE:IGZMI:EM)mledrealﬁtﬁhtﬁnaglﬂ%&m%aﬁr\@stedﬁﬂﬁlOn of ligand
concentr at idal . concentratjon-. r.esponse
curves forhg@?}éﬁe%%?lgﬁ%é lﬁpcpﬁé%}r[l{%& ‘%“Fﬁm 1, fo ?)Wlﬁg §{S§hg‘|&ﬁe}}5éﬁeptor
agoni st an@eaﬁﬁf‘dﬁ% gPtG&@sf@@t%@’rélS@mlrbcepmbmdmgessgm@’mstweslays measuri ng
: ?tE:Dgul at i oecdpld?Bindmigbssay meﬁél‘{’odn@diﬂqld'iﬁﬁl MBS P 60 { ,llﬁlfand”h' bi tion

i ce intracell ular
accunul at r@%éﬁém%ﬁP%m?ﬁ%ﬂE@% ﬂPhF@?th@géﬂMﬁPM ABMMEP and T? in
BEK 293( ebfiglent edtios apd dielapprbpmnsfadmhgmdwma reapion lﬁﬁmmdlby)adaﬂon performed to
det-er m ne Wm I t Q n ni s For cAWP

eHERER! P.fg Qgé]‘ﬂiﬁecﬂn dif§ Rgglﬁ{r’]&}gﬁg@& é%ﬁ%} {,?_af

assays, cells ? arvest resuspende 25 -mM
HEPES, pH "‘713"’ "i/Y?d%uBléiqcbl?@"%rﬁ%ﬁi’e%ﬁ(é)bl@émg)mmnmad_mhe plpkﬂnsq)bﬁ)dl esterase

type |V i nhjildidf eie.cof¥spohdihy ﬁ)ntﬂ%i@iﬁhcﬁ'v@ ﬁ}bk!)amﬁﬂdlnchﬁhnbﬂea:&%@u&éd fope 30 EP3

i nhi bid 0 nl 15 AM for nto production, Sanples
are i ncsluba Oatgli%t/mg%é@%?m]ﬁ?rhﬁ &% %@WQ@ELBWP}‘@W@% B and CAW I evel s
are then bidingis calculsted bx:albtraaMHgnoﬂospecxﬂaﬂanxﬁInga‘mw&l binéingSTh¢ € charged with

Focuspenddston BB bRANESELh iplalo R AN ARSI ERd B S5 1)

moni t or i ndUIRR BQE@CEFWSRE’CPIQV t@epnstancs Flgmotﬁamnp@tra@m- he intracel | ular
phot opr ot eespoie quives for ddtérgidition of Bgaad demity.n
.20
' - Prostanoid_receptor agonist and antagonist assays
‘Whole cell second messenger assays measuring stimulation (EP2, EP4,
DP and IP in HEK 293(ebna) cells) or inhibition (EP3 in human erythroleukemia
(HEL) cells) of intracellutar cAMP accumulation or mobilization of intracellular
25  calcium (EPy, FP and TP in HEK 293(ebna) cells stably transfected with apo-
aequorin) are performed to determine whether receptor ligands are agonists or
antagonists. For cAMP assays, cells are harvested and resuspended in HBSS -
containing 25 mM HEPES, pH 7.4. Incubations contain 100 pM RO-20174
(phosphodiesterase type IV inhibitor, available from Biomol) and, in the case of the
30  EP3 inhibition assay oiily, 15 uM forskolin to stimulate cAMP production, Samples
are incubated at 37°C for 10 min, the reaction is terminated and cAMZP levels are then
measured. For calcium mobilization assays, cells are charged with the co-factors
reduced glutathione and coelenterazine, harvested and resuspended in Ham’s F12
medivm. Calcium mobilization is measured by monitoring luminescence provoked by
| 35 calcium bmdmg to the intracellular photoprotein aequorm Ligands are added in
-19- ‘




24 July 2006 WD 03/062200 PCTI CA03/ 00084 di net hyl sul foxi de which is kept
constant at | % (v/v) in all incubations. For agonists, sedoy#%senger
responses are expressed as a function of ligand concentration and both
EC50 vaWgets/a1200 t he naxi mum response as conpared to acRicasi@eg d standard
are cal cul ated. For.antagonists, the ability of a ligand to inhibit an
agoni st response is 5 determ ned by -Schild anal ysis and both KB and sl ope
val ues are cal cul ated. Prevention of PGD2 or allergen induced nasal
congestion in allergic sheep Aninmal preparation: Healthy adult sheeps
(18-50 kg) are used. These animals are selected on the basis of a natural

- positive skinethgadfokida whizh akebdoh RS\ EIRL, (vJa_E?'iﬂ A P6dtafehs OForAgBAElS suum

extract. ' .of nasal congestion: The .experinment |s rformed on
Conser ous e ARG FapdfSBie KR o A oty TRt droneaimian Bt on w t 1
thei r headSPthiHnsgyriups g thenpaximumirespanse as sompasaside 2 proaruolf standsad ur ed usi ng a
modi {1 ed nlealciilled OFaHahthadiH) tcOiliry br 4 BDRE B inABRER AARL Rlofidh ! docal ne)
is applied [ J ré ass r t.he'rnsertion asotracheal
t ube. The c&é&%r%@b&%%ﬁ%qg‘ o 'Ef]?}g)%?g%aé‘gﬁ Bﬁi’éaesta&%l%h@am achograph and a
flow and pressure signal is recorded on an oscilloscope |linked to a
computer f =i I Al o of s NAR. Nasal .provacation is performed by
“the adni ni%tr"e‘?’%%f] f?o?i h E’e asal conacgtion in allereig sheen 1 1 ). - Changes
i n-the NAR congest i dWimpl@rapeation] ddeaithy adult sheeps §1 &5 kgl e 2@l Fheset es post- 20
- chal | enge. arfingy @tsblRete®bn BEBRisAAY nadu!r&EEé?{i‘vé éi&ﬂx%&@ioﬁfb%ﬁ'imfaﬁéﬁﬁa&'“ lon in

; ma

c-yno gus. mnk Ani mal preparatio Heal t hy adult e cynonol ogus
m)nkegisH (ipﬁggf’%‘g‘)ﬁys?‘wﬁ%aﬁpaﬁese animals are selected on the basis of a
natural positive skiMeagBemaisoifinasal tangestionn Thaekpeiimkntiisjedfoimedonof Ascari s
suum extr : Bof doent ot . sel. ed for a study is
fasted ovZ('(rb?]]iscu_ﬁ%g a\?\{nﬁ]se?\g ear?g&%s%)l\i}%lg& cgg&??g@%ﬁ?ﬁuoﬁgﬁﬁé%&e %’ni,ng, t he
animal is? lzgd.\JNesa! aipraxaesistance GYAR) immerendd using aeddified maski ng r emoved
f_r?hm its lhhhﬁrn&&g&c}gii%uei. %t}@ki@ﬂ_@ﬂae@ﬁheﬁ? fe@%tuae?aﬁ@is% ﬁl?e@'t@heﬁ%{i nj tecL efl .
with- adbo e (5-12. Y pr.opof of e gnimal, I's intubate
1 1 B8 o B b B e Ll B L

mai nt ai necovnegted te o praumotrbogriph andie Enwisd prefsusd signabls reomipd bokn ( 25- 30

o/ ka/h) . odiitiddoopd Aiked (dWERlpuleRlck on M@ B G WAk, RAMALAI Tate. body

hout the “experinment. -

t enper at ur,e re nonitored throughou
P is %erﬁmned by the administration o% an aerosolized solution (10 puffs/nostril).

Changes in the NAR congestion are recorded prior to and for 60-120 minutes post-
20  challenge. )

Prevention of PGD2 and _aller en induced nasal obstruction in c omolgus monke:

Animal preparation: Healthy adult male cynomologus monkeys (4-10
kg) are used. These animals are selected on the basis of a natural positive skin
25  redction to an intradermal injection of Ascaris summ extract. Before each experiment,
the monkey selected fora study is fasted overnight with water provided a libitum.
The next morning, the animal is sedated with ketamine (10-15 mg/kg i.m.) before
being removed from its home cage. It is placed on a heated table (36°C) and injected
with a bolus dose (5-12 mg/kg i.v.) of propofol. The animal is intubated with a cuffed -
30  endotracheal tube (4-6 mm I.D.) and anaesthesia is maintained via a continuous
intravenous infusion of propofol (25-30 mg/kg/h). Vital signs (heart rate, blood
pressure, respiratory rate, body temperature) are monitored throughout the
experiment. ' )
Measurements of nasal congestion: A measurement of the animal
35  respiratory resistance is taken via a pneumotachograph connected to the endotracheal
‘ -20-




Measur ement s of nasal congestion: A neasurement of the ani nal

respiratory resistance is taken via a pneunotachograph conn%’(ﬁ“é)dzqoé t he
endotracheal -20 24 July 2006 WO 03/062200 PCT/ CA03/ 00084 tube to ensure
that it WO0386%20kI . An Ecovi si on accoustic rhi nonet er pics/oasseboss0 eval uat e
nasal congestion. This technique gives a‘non:-invasive 2D echogram of the

i nsi de of the nose. The nasal volune and the minimal cross-sectional area
along the length of the nasal cavity are conputed within 10 seconds by a
| apt.op conputer 5 equi pped with a custom software (Hood Laboratories, Mass,
U S A). Nasal challenge is delivered directly to the animal's nasal
cavity (50 tphe to ghawrrethat ifis eomtah ndpe Ecavisioresabustic thivgstdrdsusad & recor ded pri or

to and for eﬁaaatagasm&ug o Ofths EOA14.BRIES « hin BR8Rl. FQRGGALIpRcCUr S, it

will translat to uct Lon 1n nasa nonary I\/Echanl CS
in Trained! Qﬁb‘%é’é Sehsinasad Vol red e mirimaberpsspeeionauires alangdheves pl aci ng
trai ned squéngthedf tllmmlsﬁwsmymrmw&d withirAE) R86tds B R Mk %oﬁaB@t@Per s. For

control spur, u c asur res t or
par amet ars gﬁéﬁr ev‘(’:lglrEldgﬁg&]’?[{)%ft"q’E Zﬁ Cgﬁ%’iorgg ﬁ%n@rﬂj - gyasa %la 8b| i sh each
nonkeys no #WW@%@F@IWth@lagmfalcﬁnatsaiamwwa(ﬁo pEovluarchThe Shanges ininsdat at i on,

conpounds @by | n
(nen}tohyl cel | ul ggﬁoﬁ%g%fé&gdwﬂpﬁyﬁ)%a% O llrz\{/)erlll{J"i{%lsnﬁ(;&s -&Pﬁéﬁ@% \tfth%a?rtk body

wei ght . F&P&§ 8@8?“%8%’1 uctiomin the gasal yolusassi | bi ss uI trasonic

nebulizer is utilized. Pretreatnent periods vary from5 mnutes to 4 hours

bef or e 1p he pIRRkEN M ﬂll w%gsc%ég ﬁ% E@@II' doses of either PGD2 or
‘Ascari s suum utT on chal | enge, each m nute of

data ‘i's cal cul at ed Bgﬁleé%hﬂaﬁf@ﬂfea@ml‘@spbtﬁmemam@tﬁlamigeemmhﬁ}!s@mham val ues for
each respi :ﬂewsmaxpés@faaﬂa%bérycm%xﬂ&lﬁh@w lﬂrﬁ&i@ﬁé@méﬂ) and dynani c

conpl i ance &as i r‘?E E’iu' ts for each test. co are subsequently
obt ai ned f SPERHRIE FﬁSB‘ QLY BAIBTCIETS aFF TRER! fﬁb%Per{?ﬁé)lfP%%o W% are then
conpar ed t t gstablisheaeii mokey'anores duntdlovaluee Forlties 64yl 'Rer 6Nt rol  val ues for that

25 nonkey. adrﬁinﬁ dn! c%?n&o}lﬁkglapebtﬁgsg vbd YAy e%déé)m aﬁ% gg{ﬂgéfigﬂgzit chal | enge

for each ? I ne v ues an are aver aged

separately W%ﬂé °S%§§-73Gt@0@a$)@ﬂ¢ gitven intpevadires efl | mbéke bedit weighti bi ti on of
medi at or oForAsmaamaamaﬂmag@mf dbﬁ:%@lﬁi@eﬁ IVilthe WiBSéniCARRMA S udliREd, St at i sti cal

anal ysi s, es us R enc arlane, C.'S. et al.
Pr ost ag| an %ntp Eﬁfﬁi’ ffoﬂ?gﬁ'j"u SO% OWE PTeg{ﬁFemo@eSS agt al ., Agents
Acti ons, ZﬁlaB@g@@W(th 8873jol Yoses of either PGD2 or Ascaris sunm antigen; 1:25 dilution.

20 Following challenge, each minute of data is calculated by computer as

a percent change from control values for each respiratory parameter including airway
resistance (RL) and dynamic compliance (Cdyn). The results for each test compound
are subsequently obtained for a minimum period of 60 minutes post challenge which
are then compared to previously obtained historical baseline control values for that
25 monkey. In addition, the overall values for 60 minutes post-challenge for each

' monkey (historical baseline values and test values) are averaged separately and are
used to calculate the overall percent inhibition of mediator or Ascaris antigen
response by the test compound. For statistical analysis, paired t-test is used.
(References: McFarlane, C.S. et al., Prostaglandins; 28, 173-182 (1984) and

30  McFarlane, C.S. et al., Agents Actions, 22, 63-68 (1987).)

Prevention of Induced Bronchoconstriction in Allergic Sheep
Animal Preparation: Adult sheep with a mean weight of 35 kg (range, .

1810 50 kg) are used. All animals used meet two criteria; ‘a) they have a natural -
35  cutaneous rgactlon to 1:1,000 or 1:10,000 dilutions of Ascaris suum extract (Greer -
" .21-




Prevention of Induced Bronchoconstriction in Allergic Sheep, Anj nal
Preparation: Adult sheep with a nean wei ght of 35 kg (range2,4J“l1?82q0é 50 kQ)
are used. Al animals used neet two criteria: a) they have a natural 35
cut aneow® ogie@ei on to 1:1,000 or 1:10,000 dilutions etT/#s6aiéss suum extract
(Geer 21 24 July 2006 WD 03/062200-PCT/ CA03/ 00084 Di-agnostics Lenoi s,
NQ and b) -t hey have previously responded to inhalation challenge with
Ascaris suumw th both an acute bronchoconstriction and a |late bronchi al
obst.i actiron (WM Abrahamet al., Am Rev. Resp. Dis., 128, 839-44
(1983)). 5 Measurenent of Airway Mechanics: The  unsedated sheep are

rA ?st r ai neqm@n@stiegmndm;\w)e?ﬂartgﬂﬁynm:ﬁrémhswr&@oh&e@iﬁé izﬂg}ﬂlﬂﬁiﬁ] | mobi | i zed.

. After topi nest hesi.a of t. asa ssages Wit 0 ocai ne,.

sol uti on, %ﬁ‘?ﬁ%ﬁ)‘%‘ Eia Se%‘%?”}’*g‘eb"ﬁm%&@ r‘l“?iﬂ?fﬁﬁ?‘fmbtf?é‘ ?ﬁ%@i G0 into the

| ower esophagehial olsimction (FBM Adrahambvenl., AmtRevaResp. Mist,H2% 8394 ed endot r acheal
tube throughgshe other nostril using a flexible 10 fiberoptic bronchoscope
as a guide. Pleural .pressure is,estimated with the esophageal - ball oon
cathetet (filled wi tHea8HEmet of Ririey Mechgmice:h Thesunsedated heRPdS uch t hat

i nspi rat i omstrghweddnie est i thepahd Meition 86H Wi kel ietidbaneni Aherabgead | 'y

di scerni bl eﬁtﬁ& I oe 1) i Lateral pr ure in the trachea is
measur ed Wl&t afysé}g}g%%aﬁ%l.pg%%%ﬁé’ z%q?dr?ﬁaelpe S@ﬂl'%g’ﬁs?g*ﬁ'ﬁjo’i%ﬁeﬁrﬁs) advanced
t-hr ough anffivarssd threngh @nelnestrillinte ghetlpsertesgphagust Fbe aimalsswtthercheal t ube.

- Transpul noiabiteP@waE & ¢iffed dndstrdthdd B8 MHeSugh ARG nbEALNGR]a Mk@ISUre and
pI.eurai-O_pr Ssykey 1S neasur ed \f/jvlt a di fferent |_altﬁ€re@sure thranfducer

( DP45; -0 VAHHCIRPHE Progphpsconkas ¢ Rrifc Jdeurdgyessuie fs estimated with thersehaggel pu| monar y
resi st anceballpea gatheten ilted wiithadne enicofafr), whichriapasiticmet elchithip ispisationnnect ed t o,
a pneunot aﬁgtﬁﬂé%%at;\gﬁ%gﬁgdef%%ma% C%sp?gﬁ:?e%?%ihgengp‘)' The signal s of

fl ow and transpul nonar pressure are r ed Of osci | | oscope (Model
DR-12; El esfitlgfigneslaterial prasspssiimthe traghgn isangaserpdwith mwidehgle eatheter | i nked to a

PDlP- 1I | Di (gméxedimeﬂsfimum[mﬁﬂc@hx}oaa thisligh RABSsitioRed Bistal i&&uat?g &thé\/p\l) for on4ine
cal cu [ 0 ranspul nonar resgure, . respir ry vol une
obt ai n@t:l g%oﬁgﬁfgé}'tgﬁ?' orﬂ‘falésr?glsnf)qn .preﬁ\ﬂ% ’@?I ‘E&@P“"’f %t“ﬁg HF&‘&%W%"SF‘EC used for
t he det er rand aleprshpressuRR, is rdasuredwith ydisfercotial peesfivt Ginsdscen@PAst ed i n a body
25 pl et hy syiagitorp., Norft! Ca P RBFUE! SRAry | (SRL =
RL-Vtg). I{ﬁﬁ) ol | Cl)‘{:{'\ll %}% ?xﬁ:g?e): ar%%‘?&@#%%ﬁ%@@ﬁﬁﬁ‘?@ﬁﬁe I Aventi on
and are  rtor {5 paximngltad of g naotpghel g ComEcted B APISEmPREhagRnt i on in any
manner . | Fleideh, Dyna Sciences, Blue Bell, PA). The signals of flow and transpulmonary .
: 20  pressure are recorded on an oscilloscope (Model DR-12; Electronics for Medicine,
White Plains, NY) which is linked to a PDP-11 Digital computer (Digital Equipment
Corp., Maynard, MA) for on-line calculation of RJ, from transpulmonary pressure,

respiratory volume obtained by integration and flow. Analysis of 10-15 breaths is
- used for the determination of R},. Thoracic gas volume (Vig) is measured in a body

25  plethysmograph, to obtain specific pulmonary resistance (SR, = RL*Vig).

The following examples are provided to illustrate the invention and are
not to be construed as limiting the scope of the invention in any manner. In the
examples, unless otherwise stated, |

30~ -allthe end products of the formula I were analyzed by NMR, TLC and elementary
analysis or mass spectroscopy; '
— intermediates were analyzed by NMR and TLC;
= most compounds were purified by flash chromatography on silica gel,
i 1wec1ysta11izaﬁon'andlor swish (suspension in a solvent followed by filtration of the
35 - solid);
' ' C-22.




exanpl es, unless otherw se stated, 30 - all the end producfs of the fornula

| were analyzed by NVR, TLC and el enentary analysis or nas scopy;
- internedi ates were anal yzed by NVR and TLC, - nobst conpounds were
purifi edVQ8a/62286h chromat ography on silica gel, iecipcgicalobiosed i on and/ or

swi sh (suspension in a solvent followed by filtration of- the 35 solid);
-22 24 July 2006 WD 03/062200 PCT/ CA0O3/00084.- the course of reactions was
fol lowed by thin layer chromatography (TLC) and reaction tines are given
for illustration only; - the enantioneric excess was measured on nornal
phase HPLC with a chiral colum: Chiral Pak AD, 250 x 4.6 nm 5 The

fol | owi ng |-ntécnmdseaifwcmrsmaplfcﬁmamédy&mﬁmydlcﬁﬂyniaﬁ)gl:aph?('m(])raﬁd pr ocedures

or purchased et NY! 2- (2-oxocycl opentyl)acet ate:
feb %@htnnﬁs %.r@ gkv%ﬁ”fc?quﬁlsﬁ'gtg dnly:

Acros / Fi sher ent oani |l i ne: Beugel mans, . Chbani ,
M Bul | . Soc.thegganiomesic exwgwawﬂasureg@@ngml phe BRAUMith achiral

(-)-[4- (4- CHLERDBIENEMPI K ADFR3I0ROE Sk NETHANESULFO\IYL) 1,2,3,4:

TEI RAHY] YCLOPENTALD DOL-3-YL] ACETIC ACID F, C* 2H N N I D=S=0 15
o d g?gx: Af‘he]foll\lowmg 1ntennLéates were prepared accor ng io Titerature

(+/-)-(7- Flpm@ﬁdm@scﬁp&;chaseéfromhbecfoﬂcwmg@ﬂ&ior.a[ b] i ndol - 3-yl )aceti.c acid ethyl
ester F QOZHy2fb- 'Bkocyclopentyl)acetate' Acros / Fisher Scientific. A
' 4~ﬂuoro~2—10doamhne Beugelmans, R.; Chbani, M. Bull. Soc. Chim. Fr. 1995, 132,
306-313.
i0
' EXAMPLE 1 :
(-)- [4~(4-CHLOROBENZYL)-7~FLUORO-5-(METHANESULFONYL)~1 2.3,4-
TETRAHYDROCYCLOPENTA [bJINDOL-3-YLJACETIC ACID

N

Step 1: (+/-)-(7-Fluoro-1,2,3 4 tetrahydrocyc}openta[b]mdol -3-yl)acetic acid ethyl

ester _
e
O N\ CO,Et
. | H
20 A solution of 10.00 g of 4-fluoro-2-iodoaniline, 6.57 g of ethyl 2-(2-

oxocyclopentyl)acetate and 121 mg of p-toluenesulfonic acid in 100 m! of benzene
was refluxed with a Dean-Stark tfap under a N, atmosphere for 24h. After this time,
the benzene was removed under distillation. Then, 60ml of DMF was added and the
solution was degassed before 19 ml of Hunig’s base followed by 405 mg of Pd(OAc);
25 were added successively. The solution was heated to 115°C for 3 h, then cooled to
' room temperature. To quench the reaction, 300 ml of 1 N HCI and 200 ml of ethyl
- acetate were added and the mixture was filtered through Celite. The phases were

-23.




20 A solution of 10.00 g of 4-fluoro-2-iodoaniline, 6.57 g of ? 2-(2- -
oxocycl opentyl)acetate and 121 ng of p-toluenesul fonic aci o4 ol n1 of
benzene was refluxed with a Dean-Stark trap under a N2 atnosphere for 2 4h.
After tMOO30pR8 the benzene was renoved under di st ipciratabmmessThen, 60n  of
DWwas added and the solution was degassed before 19 m of Hunig' s base
foll owed by 405 ng of Pd(OAC)2 25 were added successively. The sol ution was
heated to 1150C for 3 h, then cooled to roomtenperature. To quench the
reaction, 300 nil of I N HCI and 200 ml of ethyl acetate were added and
the m xture was filtered through Celite. The phases were -23 24 July 2006
WO 03/ 0622GepartTl DAUE/ 0iphasewarexirededimdcetwich 200indli of ehlybmetaaThext r act ed

twice with oiglﬁlcﬂhyeﬁfw@é CothbiRaeivadhed w_ﬂi%nn@'ﬁﬂé’t{‘é\& &lons 13’5‘7{’5% 4 0nbi ned,
washed wi t:}}lbrl Hg%éfe@d over anhydrous tered Through Celite

and concen CRI ferrd compenirated. Tbﬁfrﬂldeﬂ’taﬁéﬁ] \pﬁ}rﬂllﬁhﬂéaufb@ﬁdbﬁfl ash

chr omat ogrdpﬁycmTﬂtmgi@h%mhnégﬁlﬁNbl\l/g@%WG?eEQ 1%,@%5@ g/éft:ﬁ@ﬁtlé)f m;% tl7 t |32 (de
conpoun acet one- br s

IH, 7.03 %8'?’1’%‘%5‘9”%5%) gld, 111), 4. 14 (q, 2H), 3. 5 (m IH, 2.85-2.55
(m 5H), 2. I_EQNR](aCﬁqowe-dﬁS T6((br s, 3m, TMddd, 1), 7.03 (d, 1H), 6.78 (td, 1H),

(+/-)- (7 Flyuqr 2.5 @, LLan, adwysl I)acetlc acid 10
CO2H N H To (ﬁag))l utl(on of 1. 24555&%1?5'}?%%§2@fr0 in 14 nL of
tetrahydrofuran (THE) at roomtenperature, 7 nL of I\/EO—I foIIovved by 7 nL of
2N 15 NaOHSwe2e(+éo-deHluomf 1,28 4Aettahydrot jetopemadlihdul-30iDstetic@cidas poured into a
separaygry funnel containing ethyl acetate (EtOAc)/IN HCL The phases were
separated and the acidic phase was extracted twice with EtOAc. The organic
| ayers were conbi ned, washigd wk b, dried over anhydrous Na2SO4 and
“evaporated to drynjess-to yie e Hude and unst abl e waxy brown
oil that was used as such in step 2 (>90% purity). 111 NN\M
(acetone-d6) 8 10.90 (br s, IH)Y (br s,” 111), 7.34 ~dd, 1H), 7.04 (dd,
H1), 6.79 (td, IM 3.56 (m IH) . 90-~. 50 (m 511),2.16 (m 111). M
(-APCl) mz 232.2 25 Step 3: '

(+/-) - (5-brono-7-f | g8kQothich & r2d Sb1 AONH BONCIGPEHN ALALpdol - 3-yl) acetic
_ acid tetrahydrofuran (THF) at room temperature, 7 mL of MeOH followed by 7 mL of 2N
15 - NaOH were added. After 2.5 h, the reaction mixture was poured into a separatoryl
* funnel containing ethyl‘ acetate (EtOAc)/IN HCI. The phases were separated and the
acidic phase was extracted twice w}th EtOAc. The organic layers were combined,
washed with brine, dried over anhydrous NapSO4 and evaporated to dryness to yield

1.08 g of a crude and unstable waxy brown oil that was used as such in the next step
20 (>90% purity).

"H NMR (acetone-dg) § 10.90 (br 5, 1H) 9.717 (br s, 1H), 7.34 (dd, 1H), 7.04 (dd, 1H),

6.79 (td, 1H), 3.56 (m, 1H), 2. 90-2.50 (m, 5H), 2.16 (m, 1H). MS (-APCI) m/z 232.2

25 Step3: (+l-)-(5-bromo-7-ﬂuoro—1,2,3,4-tetrahydrocyciopenta[b]indo]—3-yl)acetic acid

F. .
N CO,H

L=

Br

-2 -




CO2H N H Br -24 24 July 2006 WD 03/062200 PCT/ CA03/ 00084, To_a_sol ution
of 2.20 g of the acid from Step 2 (>90% purity) in 30 nL ot %Qﬁ)pne, 6. 85
g of pyridiniurn tribrom de (90% purity) was added at -40'C The
suspensWOMaERstirred for 10 mn at O'C and war ned porcammotsanperature for
30 min,. Then, the solvent was renoved w thout .heating under high vacuum
The crude 5 material was dissolved in 40 nL of AcOH and 2.88 g of Zn dust
was. added portion w se to the i3old solution at (err)C. The suspension
was stirred for 15 mn at 150C and warned to roomtenperature for an
additional 15 min. At this time, the reaction - mxture was quenched by the
addition of IN HCO &l tohiton it 220 pef e sciddroaeStep D{:-008% pueiePad 30 oLy funnel

cont ai ni ng pL - t ed he..er gani ¢ 10 | ayer
was washed 0\% }tlﬂﬁ{\fg%'ggr\% ogﬂ_)%}ﬁher{uﬂ'éﬁbiﬁé@@iﬁ%&@r\gﬁgﬁ{@%ﬁﬁ) gh Eoncent r at ed.
Thi s ‘nat er PEIPETERS WA adrred fonHumintal PE¢ and warmed farepindempanateiedondhninst ep.  1H
NVR (acet omRer] &k s8lvéft was rdrkhdved withbtlt heAin AndP high vadulidy. . Thé-cfRe(1 N, 2H), 3. 60

in, IH, 2952 65 (in,,4H) dd . 2.19 (in, I]1). 15- Step 4:
E I+/n 0y- Fé bpg};g%ﬂﬁﬁﬁ%ﬁ%@@gﬁ?%%@&# PW-M?&?‘B&%E %{lﬁdﬁf{/&%‘?}ym Opeﬁf a[ bl -
i ndol - 3-'y| pisede the caldisdlu@Pad 0°l ‘Bne Bipendion wasgirtetlifari Sofin 2t 18Cgndf t he aci d
from Step afahﬁbdjtgrd&'rt @ﬁg&%ﬁmﬁrmﬁﬁ%hﬂﬂs%n.dh%mhﬁé, 'fh%.'}gacth ether was

tl COnp et the "acl

added in excess un e consunption of 20 as nonitored
'OnTLC. TheXtWF &as gyspehrddy ke additionsl B Herl gud thisqeitie- waoureddntaei on of t he
- cnde met hyepexatosy fubid Sorftsinilg BrindB@IA cYIThe faybld TverdRfarafdd 8id the Mahic SUSpeNsi on

~60% i fg Oi Al * ; | ' 10 mn at
0C oo e e iR WA S fynct byfve, AR o RO RN B bl
broni de. Afkigpategakiyas usedeithouhfyethenpurificatiag ivie ned step. O°C and the m xture

was stirret RMR @%t@ﬂe%;?@‘ﬁﬂ.??@rg,hﬂﬁ, § B4Ror s L11D), 7.696Gh, 128, Y6Gaue)ched by the

addition o : of _Ac d fhis ‘'mxture was poured’into a separatory
f unnel con%‘gg'?li%hémi ﬁ?g%ﬁ%)sz#ﬂémb%@ers ‘ 7

15 - Step 4: (+/-)-[5-bromo-4-(4-chlorobenzyl)-7-fluoro-1,2,3,4-tetrahydrocyclopenta[b]-
indol-3-yl]acetic acid '

N CO,H

N
Br LO'C'

To a solution of 2.13 g of the acid from Step 3 in 10 mL of THF, a

solution of diazomethane in ether was added in excess until complete consumption of

20 the acid as monitored on '_I‘LC. Then, the solvents were removed under vacuum. To a
solution of the crude methyl ester thus formed in 20 mL of DMF, 539 mg of a NaH
suspension (60% in oil) was added at -78°C. The suspension was stirred for 10 min at
0°C, cooled again to -78°C and treated with 1.70 g of 4-chlorobenzyl bromide. After
5 min, the temperature was warmed to 0°C and the mixture was stirred for 20 min. At

25 this time, the reaction was quenched by the addition of 2 mL of AcOH and this
~ mixture was poured into a separatory funnel containing 1N HCV/EtOAc. The layers
were separafed and the organic layer was washed with brine, dried over anhydrous ~
Na2504 and concentrated. The alkylated material was hydrolyzed using the
procedure described in Step 2. The crude material was further purified by trituration
- 30 with BtOAc/hexanes to yield 2.35 g of the title compound as a pale brown solid.
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were separated and the organic | ayer was washed with brine, dried over
anhydrous' Na2SO4 and concentrated. The al kyl ated materi alz"&/\z&%y%% olyzed
using the procedure described in Step 2. The crude material was further
puri fi eWwdg/os220a ur ati on 30 with Et OAc/ hexanes to yi elpgdra8sdes©of the title
conpound as a pale brown solid. -25 24 July 2006 WD 03/062200
PCT/ CA0O3/ 00084 111 NMR (acetone-d6) 5 10.70 (br s, 111), 7.31 (d, 2H), 7.18
(d, IH),.7.06 (d, 1M 6.92 (d, 2H), 590 (d, IH; 574 (d, IM 3.61 (m
IH)-, 3.00-2.70 (m 3H), 2.65 (dd, 1H), 2.39 (dd, IH), 2.26 (in, IM M
(-APCl) mz 436.3,434.5 Q4-H)-. 5 Step 5:
(+)-[.5- brdmwﬁz((éc&dsﬂe%@b@mwms7r}bl 91 1, 365, 73134atm)rﬂswm¥clopent a[ b] -
i ndol - Sylﬁ?s&d acid '"111 o a solution of 2.35 of
the. acid S SR @ IH 74 (G Loy L G, 11D0P 8928 (mylD. 36844, 780 p L of
(S) - (-) - 1- (IEnaphiddy IHp LRy aniHe MS LAPEY) k4963 33,5 (MAEg ool ed to room
tenperature and stiffed overnight. The salt recovered (1.7 g) was
recrystal lized again with 200 nL of EtOH After filtration, the white solid
salt 0Bt aiStend: WhsSrwome-4+{#-zhldrohenzy ) Nled@o- leiln‘ﬂél—teltreh)[dmnghlopenws] extract ed
wi t h Et OAC indol B8 Ric&itefa | ayer was washed with brine, dried over anhydrous
Na2S04 and concentrated. The nmateriaj~was filtered over a pad of Si02. by
eluting with EtOAC to 15 yi €& 5C the title enantionmer as a white
solid. Retention tines of the 1foms(6@2lvlere respectively 7. 5 rri n
~and 9.4 mn [Chiral Pak AD col
1)]. The nore pol ar enanti omer .
9.4 nin [Chira] Pak AD col um: 2B9 X 4 6\
(75:25:0.1)]; [a] 21 = +39.2" (¢ 1.0, MeCH. D 20 Step 6:
(-)-[4-(4- chl orobenz’J}Q9Soiutfon@f)ZaS50€ﬂntahlémé§tdpﬂomy3()mloﬁEﬁ)Hat et rahydr ocycl
0- penta[ bBO@Was 3ddéh)79@ﬁ£bf3(8§-@)-q @Hﬂ édf?leﬁ;ﬁhé ﬂ{e}%oﬁﬁ-{)t?wﬁ om-Step 5

ane

(154?% 1 rst esterif HE e sulfonylation was
acconplts hg?f’ i WW&'%WP“P%BEBWIS tretheiel rpeavsreg (474 was
recrystallized again with 200 mL of EtOH. After filtration, the white sohd salt

obtained was neutralized with 1N HCI and the product was extracted with BtOAc.
The organic layer was washed with brine, dried over anhydrous Na2SO4 and

concentrated. The material was filtered over a pad of SiO2,by eluting with EtOAc to -

gi 98% Retentlontlrre:'
anes/ 2- pr opanol /acet ic acid

15  yield 500 mg of the title enantiomer as a white solid. Retention times of the two
enantjomers were respectively 7.5 min and 9.4 min {ChiralPak AD column, hexane/2-
propanol/acetic acid (95:5:0.1)]. The more polar enantiomer was in 98% ce.
ee = 98%; Retention time = 9.4 min [ChiralPak AD column: 250 x 4.6 mm,
hexaneslz-propanollacetic acid (75:25:0.1)]; [olp?! = +39.2° (¢ 1.0, McOH).

20 o -

Step 6: (-)-[4-(4-chlorobenzyl)- 7—ﬂuoro-5 -(methanesulfonyl)- l 2,3 4-tetrahydrocyclo-
penta[b]mdol—B-yl}acetlc acid and sodium salt _

The acid from Step 5 (15.4 g) was first esterified with diazomethane.
The sulfonylation was accomplished by mixing the ester thus formed with 16.3 g of

25  methanesulfinic acid sodium salt and 30.2 g of Cul (I) in N-methylpyrrolidinone. The
suspension was degassed under a flow of N9, heated to 150°C and stirred for 3h, then
cooled to room temperature. To quench the reaction, 500 ml of ethyl acetate and 500
ml of hexanes were added and the mixture was filtered through a pad of SiOz by
eluting with BtOAc. The organic phases were concentrated. The crude oil was

30  dissolved with EtOAc, washed three times with water one time with brine, dried over
anhydrous NagSO4, filiered and concentrated. The crude material was further
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25 met hanesul finic acid sodiumsalt and 30.2 g of Cul (I) in

N- et hyl pyrrolidinone. The suspensi on was degassed under a %‘\J(SW%Q%NZ
heated to | 50'C and stiffed for 3h, then cooled to roomtenperature. To
quench WR03f06226% i on, 500 in] of et hyI acetate and 50@cTmacsboosexanes were
added and the m xture was filtered through a pad O Si02 by eluting with
Et CAc. The organi c phases were concentrated. The crude oil was 30 dissol ved
with Et OAc, washed three tinmes with water one time with brine, dried over
anhydrous Na2SO4, filtered and concentrated. The crude material was further
-26 24 July 2006. WO 031062200 PCT/ CA03/00084 purified by flash

chr onat ogr aphifiedbyflashghmirbtvgaphy edimgwitf 4 grlidQPant (00ERMAchOWTD% tol uene in

The pr ocen oefin Hode (ol B8 SORELRRNER Bler, WLENs BRrbAEE B o0, 151 1
as a wihi t e NEBPruEdeEFibed Sigpds cLheitifle cPmpPUNGHaR ) e obisihest as st Opy |

acetate / (el alte chohlcosside RyrybalizRiong: ibopAspyPateie /LENNIM HRQAAVEY
acetonesdG)C}%@l%/K&agggr s, IM 7.57 (d, 2H, 'J=8.9 Hz), 7.31-(in, IM 7.29
(in, 1H —88Hz) 6.29 (4, 1H, JABl78Hz) 5.79 (d, 1H,

JAB=17. 8 HzHNMRA(éOQMIilzatmneﬂiﬁD&lQ %3 (13N 11D, RE7 (d ﬁH,kBE)HZ)Z 86GR,. 65 (m 3H),
o 2.42 (dd, 1?1&47219@4%} M(dJﬁflzﬂsﬁ )ﬁzi(gzﬂﬁz 517°9&H1YR (125 Mtz
t d6 5.

130 2. 133, %@%M@ﬁ%@ﬁ)g@m FE94 (m, 28D 2 85- a@%(@,squsz(da, Jeg--7.6
HZ) Jé2282 IHdJJ—Jﬁ‘.ﬂﬂ D=Hr3 Hz)l,.’kz'iiﬁm(ﬁ;l) J’@NM&Q(IQS MIsza):etoﬁe-ds 15Q71. 9134 iCI(ZMZZ 6
H - ee9097(V§éll§ig Fﬁé H?)r 1539, igg 13%% f&ﬁ% 439@382%?2&1@9 6"2L50x4 6rnm 15
hexanes/ 2- 6%%%%#&9#&1*?3@5@&3%2@@!&# BBEE 152.8 (R Yd=29 4F1), 131046, 30 (c 1.0,

MeOH) .  MoJd22.6016), 5018447 I p mr} nt of 6.45 g
(14. 80 n’m)h?])FZ of }fﬁ%}e aboveggglr%@%ggp%\%%% @%ﬁﬁ)ﬁ%& ?3@??&914 80 nL of
N

an aqueous NaOH sol uti on. The organic 'sdl vent was renoved under vacuum
and the cr cﬁde%%lRcte:ﬁibnﬂhm:eﬂﬁs&miwﬁﬂmial@el(VDQfoldmmM(leﬁnﬂh,COhm under

solvent” ' T2 L prPetPR Ol RHEEE- 4ol 2 T or kR ool e
sodi um sal MPw-08 spended in H20, frozen with a dr y i ce bat h and
| yophl lized under hiTH sycheH Balt w8 [SepheedhyABe Geather: Bl 45 & k1. fndREYNd as the
of the above acid compound in EtOH (100 mL) with 14.80 mL of an aqueous IN .
NaOH solution. The organic solvent was removed under vacuum and the crude solid
20 was dissolved in 1.2L of isopropyl alcohol under reftux. The final volume was
reduced to 500 mL by distillation of the solvent. The sodium salt crystallized by -
cooling to rt. The crystalline sodium salt was suspended in H,0, frozen with a dry ice
bath and lyophilized under high vacuum to give 6.00 g of the title compound as the
sodium salt, :
25 'HNMR (500 MHz DMSO- -dg) 6 7. 63 (dd, 1H, J;—S 5 Hz, J,=2.6 Hz), 7.47 (dd, 1H,
J1=9.7 Hz, J=2.6 Hz), 7.33 (d, 2H, J=8.4 Hz), 6.70 (d, 2H, J=8.4 Hz), 6.06 (d, 1H,
Jap=17.9 Hz), 5.76 (d, 1H, Jy3=17.9 Hz), 3.29 (m, 1H), 3.08 (s, 3H), 2.80 (m, 1H),
2.69 (m, 1H), 2.55 (m, 1H), 2.18 (m, 2H), 1.93 (dd, 1H, J;=14.4 Hz, J,=9.7 Hz).

30 . ' EXAMPLE 1A
Alternative procedure for (+/-)- [5-bromo-4-(4-chlorobenzyl)-7-fluero-1,2,3,4-
tetrahydrocyclopenta[bJindol-3-yljacetic acid (Example 1, Step 4)

| Step 1: (+/f)-7-ﬂuoro-1,2,3,4-tetrahydrocyclopenta[b]indol—fi—yl)acgtic acid
35  dicyclohexylamine (DCHA) salt
' ' -27-




o). 747 (dd. IH 91507 . J2%2.6 112), 7.33 (d. 2H =8 WM G 70

, 7. : , =9. : =2. z), 7. : , J=8' - 6.

(d, 2H, J=8.4 Hz), 6.06 (d, IH JAn--17.9 Hz), 5.76 (d, IH JAs--17.9 Hz),

3.29 (nmVOoPA§22003 08 (s, 311), 2.80 (m IR), - 2.69 (iPoT/CADA00BRSSS (in, 1M

2.18 (m 211), 1.93 (dd, IH, J1=14.4 Hz, J2=9.7 Bz). 30 - EY-AWE IA

Al ternative procedure for (+/-)- :

[ 5- br omo- 4- (4-chl orobenzyl ) -7-fluoro-1, 2, 3, 4- i

tetrahydrocycl openta[ b]indol -3-yl]acetic acid (Exanple 1, Step 4) Step 1:

(+/-)-7-fluoro-1, 2,3, 4-t et rahydrocycl opent a[ b] i ndol -_3-y| Jacetic acid 35

di cycl ohexyl ani ne ( BERIARS Bhsdlution 29 2-brongut-flu0aelind iDX9BAOBRRNPIth

long i t o oxEySiBely Reitd (93 ) rt TRl (0AAPAR R IG U Y St d

(0.02 eq) nglxﬁ%aqp UIFI);&%%EWP eqtEapioally yegipved Wikl p BlearalarkapadRS i cal | y

removed wi The adlivawaStaloked bp NIMR il afted 2(Bhoue & B0-B5%asvekodd wed by NVR and

qener ai Ty Sped irnPRgneREUAREalAlly biel)df heaBRIBER Ro: B - ©

bi car bonat ¥ith éMpsogigm ieashomrier(0.2gokwmesitfes] Smiutes endihg argamic fieetioni on  was

Reay dUal Xy e e R (e cacted

ani l'i ne vve])r( Sﬁ“ﬁé’@’i"(}’&? glanleﬁlagéw » g exopss @Peﬁlngu.qr?ﬂCWg avﬁge V&€overed in the

- 110-180' C feeceuctedam5d 10fClréngde; b imibe eanrecdvessd ih thauilo-180CrRB60 g i ty. The
I-m.ne {nt efR Hodn@ AP Bl ;£0 a degased m xture of potassium

acetate (3 ggﬁ) , tet %ﬁ%&%ﬁ’%?gﬁnﬁgﬁ%m chl ori de nonohydrate (I eq),-

pal.l adi um acet at e ( @"pENIBEHCIRedine Nagthep adder seedegasedaniciiranfl concentrati on

o:‘ I i m Se %o%&ﬁuﬂﬂaf:etél'tb@ E®Aetra-Bduiladntntumaofi®@ahStbhyd@ard L&Y, f or gdhgur sdand

al | owed t : 0 mte ture 3 (3 e s_then added an

the m xtur aﬁaggﬂgf fftétF’ é%&o%@ a %@ﬁ'&m}aﬁ?‘ P ﬁ%&ﬁ”ﬁ%‘ﬁﬁ"ﬁ?ﬁ%ct i on

m xture, V€36t Ml redction mintee wash@tedvo L LFTE)for beireahdwllowed ol uene (3x0. 75

vol umeds Tdoel @ISR tenpehaRE INEBOATE gdj)fv!fa? %eh%dd@'hinh i r%ltu?é\gké%ﬁ%&d extracted
757 vol une). e conbl ne

with tertbutyl rrethl%hr 2’@% i ¢ [ organi c

fractions %‘%@‘V{H’?Fﬁéﬂ“ 'Ofih t Ete Teastion mippig veas diluted wib watee@:0 i ght 20 brown
sol uti on vedum)deshel wiyle tobieax BxOUTH Nelufk). T8 am?!ﬂ&xiﬂh@se&ﬁﬁs@éiﬂﬂi&d‘t@s stirred at
room tenpesraf Uik sNicra BRiMcRa wilh et 51 Lhdr BEET5 volBagegni th ethyl

acet at e,

Z

combined organic fractions were washed with water (0.75 volume). To the clear light
20 brown solution was added dicyclohexylamine (1 eq) and the solution was stirred at

room temperature for 16 hours. The salt was filtered, washed with ethyl acetate,

tertbutyl methyl ether and allowed to dry to give the title compound as a tan solid.

. Assay; 94 A%. _ o '

1H NMR (500 mHz, CDCI3) : §9.24 (s, 1H), 7.16-7.08 (m, 2H), 6.82 (t, 1H), 6.2 (br,

25  2H),3.6-3.5 (m, 1H), 3.04-2.97 (m, 2H), 2.88-2.70 (m, 3H), 2.66 (dd, 1H), 2.45-2.37
© (m, 1H), 2.13-2.05 (m, 2.05), 1.83 (d, 4H), 1.67 (d, 2H), 1.55-1.43 (m, 4H), 1.33-1.11

(m, 6H).

Step 2: (+/-)-(5-bromo-7-fluoro-1,2,3,4-tetrahydrocyclopenta[blindol-3-yl)
30  aceticacid _ :
A slurry of the DCHA salt from Step L above in dichloromethane
(0.241 M solution) was cooled to —20 to —15 °C. Pyridine (2 eq.) was added in one
shot and to the slurry was added dropwise bromine (2.5 eq.) over 30 to 45 minutes
maintaining the tcmperatlirc between —20 °C and ~15 °C. (At about 1/3 addition of -
35 - bromine, the reaction mixture was thick and an efficient stirring was needed.
-28 -




tertbutyl nethyl ether and allowed to dry to give the t|tIe orrpound as a
tan solid. Assay: 94 A% 1H NMR (500 nHz, CDC13): 8 9.24 (% %006
7.16-7.08 (in, 2H), 6.82 (t, IH, 6.2 (br, 25 2H), 3.6-3.5 ( | M
3.04-2. WD @GMs220H) , 2.88-2.70 (in, 3M 2.66 (dd, |H), perdaeioodkd (in, IM
2.13-2.05 (m 2.05),1.83 (d, 4R), 1.67 (d, 2H), 1.55-1.43 (in, 4M
1.33-1.11. (in, 6H. Step 2: R
(+/-)-(5-bronmo-7-fluoro-1, 2, 3, 4-tetrahydrocycl opent a[ b] i ndol -3-yl) 30
acetic acid A slurry of the DCHA salt from Step | above in dichl oronet hane
(0.241 Msolution) was cooled to -20 to -15 OC. Pyridine (2 eq.) was added
in one sh#venadlyta abdue 12l addikipn viigomiteate gixameibsentertovse’egdin.)5 eq.) over 30

to 45 m nuhggr ctoﬂgjlé.t'toﬁ EL}@%&H& Eh%q?eﬁﬁt‘%[ fo%tng%}a}é\@@eﬁ fo1onxe a&lﬁ’t%}ﬂl 15 ' C (A

about 1/3 a k and an

ef ficient BeurarikigCratioetieani®(d.04 eqdsvag they aflded zyeed weaammmr@t

PCT/ CAO3/ 0p{fiteq ﬁwatauaad@amoatw@bg@fma.&zom bAQRI8fubASTG R d he i xture
1Tl on reaction

b

it ur 5 vy 38 o e ol mirR I ensa iRt we Satbermvisbine bou (5 04
eq.) was tHéﬁCaoldlébPG)}z&ms@puamnw rereaked with ablowg t5 sh@tS oDzineaye) absaks added
por ti on wi m,{) Qb e Btk Sk BeR0AISH: Ak AR GuaRdddie 5 i xture
was aged for out ensure otherm'was goi ng (about
-15 C to ¥ 0P°T#H°§t%<6%?faﬁﬂdo3r‘i”9\é§n¥@15@at ed with about 5 shots of zinc

. over about 30 M n.” ANee Borfislettonrof tHe60dined, The/BhichOls &Vavigel totrbgn r emai ni ng zi nc

was added f aster takes aro nd 30 t m nutes. After
ol o1 oreBPeiRhie: aghd h HpaT ARt ok Be e BN Wit s 8t ur 6.
"aged | houmethyld-botyh ethext (VEERE] 0.8THobimed ant & Hito aijueous wetvagridsolution€l8t o - net hyl
t-butyl etMm%W@ad&daT%%ﬂﬂﬁé :(cﬁ@gllﬁaé&%f%a&eeggﬁ&%% ﬁa@égwatsol ution (0.8

vol une) was ad he m xture, (crystallization g pyridium was

aged at  riOOMhemEpREAN IRy Lhqupandfilicaid thigugh qoﬂkar%qce@hﬁmécﬂkasﬁwa floc. The
pad -of sol k@& rfusatwithivIBE @5.40 vdlirhe) MiBfhe fiteate (bqa:asieleBElaanedui)he filtrate

Chonafd < MR RARHERUh ol fecBonly OB B VRt The oroanie
concent r at wdhmgid ThoM g eektae Wasowgtpsﬂltedeﬂndswmhed(m ipopropyl EISOMI urre) to
crystalli Z@’ hﬁzmﬁ‘ﬂé}%jc Walisd thé &b uHcP'vHE@S(@ zmuﬁgg%sﬁdﬂédaﬁﬁe batch was

' a-ge.d For 8 tch wébédadge forrﬁllouly\%dgltlon ater (0 33 vn?fr%esg\?vis gd%ef gve?Yer
hour, After completion of the water addition, the batch was aged for one additionnal -

20  hour, filtered, and rinse with 30/70 IPA/Water (0.15 volumes). Crystallized
bromoacid was dried in the oven at 445 °C.

“Step 3: (+/-)- [5-bromo-4- (4-chlorobenzy1)~7-ﬂuoro-1 2,3,4- tetrahydrocyclopenta[b]—
_ indol-3-yljacetic acid : -
25 The bromoacid of Stcp 2 was dissolved in dimethylacetamide (0.416
M solution) and cesium carbonate (2.5 eq.) was added in one portion. To the slurry
- was added in one portion 4-chlorobenzyl chloride (2.5 eq.) and the batch was heated
to 50 °C for 20 h. The batch was cooled to r.t, and sodium hydroxide 5N (4.00 eq.)
was added over 5 minutes (temperature rises to +40 °C). The reaction was aged at 50
30  °Cforca. 3 hours, cooled to room temperature and transferred into an L extractor.
The solution was diluted with isopropylacetate (IPAc, 2 volumes) and cooled to +15
°C. The solution was acidified with SN HCl to pH~2. Layers are separated and the
' organic layer was washed with water (2x2 volunies). IPAc solution was concentrated
and switched to IPA (0.8 volumes) to crystallize the prodhct. Water (8 L) was added

-29-




hour. After conpletion of the water addition, the batch was aged for one
addi tionnal 20 hour, filtered, and rinse with 30/ 70 | PA/ Wat%hJubo200§
volunes). Crystallized bronoacid was dried in the oven at +45 'C. Step 3:
(+/-)- WO 03/062200 _ PCT/CA03/00084

[ 5- brono- 4- (4-chl orobenzyl)-7-fluoro-1, 2, 3, 4-tetrahydrocyc~opent a[ b] -

i ndol -3-ylJacetic acid 25 The brompacid of Step 2 was dissolved in

di met hyl acet am de (0.416 M solution) and cesium carbonate (2.5 eq.) was
added in one portion. To the slurry was added in one portion 4-ch;
orobenzyl chloride (2.5 eq.) and the batch was heated to 50 "C for 20 h.
The bat ch weer 2dmolssadtie batch waafillersdwdi give (hy dioontiuhdNn(@8%0tblged ) was added

over 5 mn ﬁﬁTﬁéﬁﬁB%aﬁtbggﬁ?%iﬁlgegov at i ocR, %Jllg reaction was aged at 50 30

"C for ca. ours, coole m't enper at are' MG transferred into an L
extractor. The solution was diluted with isopropylacetate (1PAc, 2.
vol unes) and cooled to +15 'C Thgasphgigon was acidified with 5N HC to

pH 2. Layers S 3 r mﬁ& i th wat er
(22 vor umbdy g opRE e st P B lpa" 0 5

vol umes) to crysd,&THTRAH YRR QOIIOPENRA (B INCBOI3VES) Ad0RIed ACGIR9 24 July 2006
WO 03/ 062200 PCT/ CA03/ 00084 over 2 hours and the batch was filtered to give
the title conpound in 88%isolated yield. The batch can be dried in the
oven at +40 OC for 24 hour sk _EXA
- (+/<)-[4-]1-(4- CBLOROPBENYL) F
1, 2, 3, 4- TETRAHYDRO CYCLOPENTA|
H- CH3 3CII-C~C 10 To a sghufion'ef 1.5
acid of Exanple 1, Step 3 ( IShH’me P
corresponding acid with di aZdnkt e |t ey ahydrofuran), 2.03'g of

1- (1- br oroet hyl ) - 4- chl or obenzeng ¥ n 50 of Chcetonitrile and 6.01 g of
cesi um carbonat e was added. The resulting m-xture was heated to refl ux

with rigorous stirrifg ffiofofl.s g B mellS1 L83 S S Ml o EiSid B
Step 3 (which was prepared by esterification of the corresponding acid with
diazomethane in tetrahydrofuran), 2.03 g of 1-(1-bromoethyl)-4-chlorobenzene in 50 -
mL of acetonitrile and 6.01 g of cesium carbonate was added. The resulting mixture

* was heated to reflux with rigorous stirring for 3 hr. Then the reaction mixture was
15 cooled to room temperature, diluted with 50 mL of ethyl acetate, filtered, and the
solvent evaporated. The residue was purified by flash chromatography (silica gel, 4%

e. CROCEIJMETHANESUL FONYL -

NDOL- 3- YL) ACETIC ACID C0O2H 0 G N N. NI ~s
of the methyl ester of the -
ed by esterification of the

EtOAc/hexane) to afford 1.41 g of desired N-benzylation product as an approximate
1:1 mixture of diastereomers according to "H NMR analysis.
" To the above ester (1.2g) dissolved in 80 mL of NMP, 2.63 g of
20  methanesulfinic acid sodium salt and 3.7 g of Cu(D)Br was added successively. The
resulting suspension was degassed under a flow of N9, heated to 140°C and stirred
rigorously for 8 h. Then the reaction mixture was cooled to room temperature and
diluted with 500 ml of ethyl acetate and 500 ml of hexane. The resulting mixture was
. filtered through a pad of silica gel, further eluted with BtOAc. The filtrate was
25 . concentrated to about 300 mL of volume and washed with water and brine. The
- organic phase was separated and dried over anhydrous Na2SO4, filtered, and
concentrated. The crude material was further purified by flash chromatography over
silica gel eluting with 30% EtOAc/hexane to provide 1.0 g of the sulfonated material.
It was hydrolyzed to its comresponding acid using 10 mL of 2 N NaOH in a solvent
30 mixture composed of 10 mL of THF and 10 mL of MeOH at rt for 3 h. The reaction -
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15 cooled to roomtenperature, diluted with 50 mL of ethyl acetate,
filtered, and the solvent evaporated. The residue was purr%‘i-b‘@ﬂ%@%flash
chr omat ography (silica gel, 4% EtQAc/hexane) to afford 1.41 g of desired
N- benzyyatos@dadar oduct as an approxinmate 1: 1 m xturgephasii@gher eomers
according to 1H NNR analysis. To the above ester (1. 29? él ssolved in 80 nL
of NW- 2.63 g of 20 methanesul finic: acid sodiumsalt and 3.7 g of Cu(l)Br
was added successively. The resulting suspension was degassed under a flow
of N2, heated to 140'C and stirred rigorously for 8 h. Then the reaction
m'xture was cooled to roomtenperature and diluted with 500 nl of ethyl

acetate an f red t hrough a
o o iy AR Al LS M UGBl

concent r at &oF EBAAES HEAE phase Was dijks QYRRANEIIOVSORUM Shifet, \ﬂ&keélr a‘!ﬁ‘nd bri ne’

The -or ganewvpphies & ffved theRaidshed. THedwo diastereomers VRIS Bepirate bNastip04, fi ter ed,

and Conceglreﬁ%tgrg}ﬂ%@f)gé&a?) rE?é{k&th\a%S k Otgfgjc .f ord?(y fLash

chr amat ogr y OVEr exane 't o provi de
1:0-g of t I@wreromaﬁé@hqmtr@tenwm timg)and g0 mg@f dila§trzre@m@ch flengeror r espondi ng
acid usi ngreﬂegum_mﬁé) 2 N NaCH in a solvent 30 m xture conposed of 10 nL of

‘TEF and 10_pniL , t for 1,0 y 2006 WO
03/ 062200 WF%%‘ Om(ﬁ‘%e&ﬂn&d@&l%ﬂm’ ﬁf‘én&og%dﬁ H??ZM > aqueous
- sol ution ali), 232 (heHyd. %(ﬂmrﬁtmt(q, 1Hhe. ¥epaih] 3:05-0.00 anj H)phede was dri ed
~over anhy A 48R 0 rd the
crude aci ?%ﬁ%iq%oﬂ sfer%gﬂr‘% lv\é?zg%s%%g r%te%gp%ﬁf‘@ﬂ 2§1i Lp’)ar ative
FI PLC ¥Zzob¥P W%&Q%}WthOZ%AcO—I) to afford 300ng50f
di astereorrer A (shorter retention tinme) and 210 ng of diastereoner B
% 1T 766 (dd 1M 7 56 (ad, DRAVELERA(d 21y 696 (d. 2H, 6 91 (q.
a, , 7. , - 7. , q
I M 3.39 (&lterdtivy synthedis oB(+O0-4(ILH{4-chlbiopher@)ebyl]: Z—fﬂtﬁm( 5metlmnd_-), 2.70 (dd,
| H), 2.44 2.11 (d, 10 3H).
NS (-APC y%%z]%zj%tl te%l\ﬁ;l\é/rf c%?%g(ﬁ)llg %]%&A'&gly?ear%%%{#\iﬁe S nt hesi s of
(+/-) A 1- (4- chl or opR&RYEYe ofyf-52 grofithe wethylesigpelihsacid of Example 1,
sul f onyl - 15t B(whidhekisgheiared-ty Bé@tla@mnb@bﬁlhu&ﬁspoﬁdmb}acxamﬂﬂ c acid 15 To'a

Coni ch vadifgpasptk iR tﬂﬁ%ﬂt@?’ Y e B0 ok o2 o ot i 0"

sodium salt and 19 g of Cul was added successively. The resulting suspension was
degassed under a flow of N2, heated to 150°C and stirred rigorously for 4 h. Then the

20  reaction mixture was cooled to room temperature and diluted with 500 ml of ethyl
acetate and 500 ml of hexane. The resulting mixture was filtered through a pad of
silica gel, further eluted with BtOAc. The fltrate was concentrated to about 300 mL,
of volume and washed with water and brine. The organic phase was separated and
dried over anhydrous NapSO4, filtered, and concentrated. The crude material was -
25 further purified by flash chromatography over silica gel eluting with 30%
EtOAc/hexane to provide 4.7 g of the sulfonated material, which was dissolved in 200
mL of dichloromethane. To the resulting solution, 3.39 g of 4-chlorophenyl methyl
carbinol and 5.68 g of triphenylphosphine was added, followed by the portlon wise
addition of 4. 99 g of di-terr-butyl azodicarboxylate. The reaction m1xtm-e was stirred
30  atrifor 3 h and then concentrated. The residue was loaded on a silica gel column and
eluted with 5% EtOAc/hexane to afford 5.1 g of methyl ester of the tifle compound as
. an approximately 1:1 mixture of diastereomers according to '"H NMR analysis. -
Following the hydrolysis and purification step descnbed in Example 2, the title acid
- was afforded. :
35 .
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di azonet hane in tetrahydrofuran) in 160 nL of NWP, 10.2 g of

met hanesul finic acid sodiumsalt and 19 g of Cal was added4dutyc®98i vel y.

- The resul ting suspension was degassed under a flow of N2, heated to 150T
and stiwoR@esh@or ously for 4 h. Then the 20 reacti onpplfhiifestes cooled to
roomtenperature and diluted with 500 m of ethyl ace ate and 500 n
hexane. The resulting m xture was filtered through a pad of silica gel,
further elated with EtOAc. The filtrate was concentrated to about 300 ni
of volume and washed with water and brine. The-organi c phase was separated
and dried over anhydrous Na2SO4, fiItered and concentrated. The crude
material was - 25 further purifiedg chronatography over silica ge
elating with 30% Et QAc/ hexane to prOV|de of the sulfonated materia

whi ch was di @sbISédHEOBGBENAY Lysf- 1@'11&@%186%@ ARESUREFONYE-2.34% t i ng
sol ution, 3.39 g of TETRAHYDRMENYCARBARDL-1-EBJACETC A0m 5. 68. g of |

tri phenyl phosphi ne was added, followed by the porti.on-wi se addition of 4.
99 g of di-tert-butyl azodi carboxyl ate. The reaction mxture was stirred 30
at rt for 3 h and then concg [ il
colum and eluted wth 5%
the title conpound as an app
according to 1HNWR anal ysis. R
step described in Exanple 2, ¢d
24 Jul'y 2006 WD 03/062200 P ¢ AWE 3
(+/-)-[9-(4- CHLOROBENZYL) - 6- F X NARKESELPONYI , 2, 3, 4, 9-
- TETRAHYDRO- 1H CARBAZOL-1- YL]ACETIC ACCD F CO2H N O, ~CH3 d Step 1:
(+-)- ethyI (8-brono-6-fluoro-2,3,4,9-tetrahydro- 1H car bazol - 1-yl )acetate
- Step 1: (+/-)-ethyl (8—bromo-6—ﬂuoro-2,3,4,9—tetrahydro—IH—carbazol-l-yI)acetate

F . . .

O D COLEt |
N _
H

o afford 5.1 g of nethyl ester of
- 1CRAokk ur e .of di ast er eoners

was afforded 35 -31 ---------

Br
) To a suspension of "7.24-g of (2-bromo-4-fluorophenyl)hydrazine
10 hydrochloric acid salt in 100 mL of acetic acid, 5.5 g of ethyl 2-(2-oxocyclohexyl)- -
acefate was added. The resulting mixture was heated to reflux for 1 h. Then 10 mL
of ethanol was added and the reaction mixture was heated at reflux overnight. The
solvent was evaporated and the residue was diluted with BtOAc and wastied with
saturated aqueous NaHCO3 solution, water, and brine successively. The organic
15 layer was separated and dried over anhydrous sodium sulfate, filtered, and evaporated.
The residue was purified by flash chromatography over silica gel (5% EtOAc/hexane)
to afford 3.12 g of desired compound.
'H NMR (acetone-dg) & 9.97 (brs, 1H), 7.34 (dd, iH), 7.13 (dd, 1H), 7.09 (dd, 1H),
_ 4.16 (g, 2H), 3.43-3.35 (m, Si—D, 3.05-2.88 (m, 1H), 2.76-2.53 (m, 3H), 2.10-2.00 (m,
20 1H), 1.96-1.87 (m, iH), 1.82-1.72 (m, H), 1.72-1.64 (m, 1H), 1.23 (t, 3H).

Step 2: (+/-)-Ethyl [8-Bromo-9-(4-chlorobenzyl)-6-fluoro-2,3,4,9-tetrahydro-1H-
carbazol-1-yl]acetate
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CO2Et N H Br To a suspension of 7.24 g of

(2- br omo- 4- f | uor ophenyl ) hydrazi ne 10 hydrochl oric acid sal? el 2080 ni of
acetic acid, 5.5 g of ethyl 2-(2-oxocyclohexyl)- acetate was added. The.
resul tiwe obiestodr € was heated to reflux for 1 h. ThenpdBcidswo®h €t hanol was
added and the reaction m xture was, heated at reflux overnight. The

sol vent was evaporated and the residue was diluted with Et OAc and washed

wi t.h saturated aqueous NaHCO3 sol ution,. water, and brine successively. The
organic 15 |l ayer was separated and dried over anhydrous sodi um sulfate,
filtered, and evaporated, The residue was. purified by flash chromatography
over silica gel (5% Et QA6/ hexane) ford 3.12 g of desired conpound. 1H
NVR (acetone-d6) 8.9.97 (hrFs, dd, IM 7.13 (dd, IH), 7.09 (dd,

IM 4.16 (g, 2M 3.43-3.35 ( 2.(%%?9 gl-, 7I2V\é 2. 7E|_S|;2. ?37(2i ?_ 6?1M
1] - - " I n’ g : B )

2.10-2.00 (m 26 IH), 1.96-1.
(m 111), 1.23 (t~ 3M Step 2:

 4,9-tetrahydra-1H .
carbazol -1-yl ] acetate -32 24 July 2006 I\/\O 03/ 062200 PCTI CA03/ 00084 N N
CO2Et Br To a solution of 3.12 g of the &Steflprepared in step 1 and 3. 62
g of |- brononethyl-4-chl orobenzene in 30 nL of acetonitrile, 5.74,9g of

cesium carbonate 5 s added e sulting m xture_ wa irred rigorously
at reflux for 3 hr. fﬁf’eﬁ‘?ﬁg‘f’“\%ﬁgéé@eef"afﬂ’-‘%@f'«ﬁdﬁ@ﬁﬁﬁ%ﬂa{@?-égaE uted with
. m ni num anbemomgfhykEd-Chlorobtideneingd, mL afvdeteniafior aldeglof ceiiemrcabontise Was
purifieg b : ovear si.| | I 0 I / hexane) to
CFTord 4. 12 el SRR e SR e hEIEES! 0T
7.24 (dd, Yaygooled tq mopfgmperpirregdigged with mipimug agpuntef EQAe fBtesd, (AB q, 2H),
4.15-4. 05 {10 evagolited. STik4esddudvas gmﬁ@bﬁwﬂeﬁgm&pﬁpﬂﬂveﬂﬁmw geP. 65- 2.52

g'ge

(in, 3M 2 1,80 (in .4 1 Ste :
(+/-)-[9- (% &?@F%%@eﬁgwwﬁ%fqﬁlé lgt()otf ﬁﬁ’f’?@&f’lﬁf onyl -2, 3,4, 9-tetrahydro- | H
H NMR (acetone-ds) 6 7.32 (d, 2H), 7.24 (dd, 1H), 7.13 (dd, 1H), 6.86 (d, 2H), 6.00
10°  and 5.65 (AB q, 2H), 4.15-4.05 (m, 2H), 3.44-3.35 (m, 1H), 2.88-2.76 (m, 15D, 2.65-

2.52 (m, 3H), 2.00-1.80 (m, 4H), 1.22 (t, 3H).

Step 3: (+/-)-[9-(4-Chlorobenzyl)-6-fluoro-8-methanesulfonyl-2,3,4,9-tetrahydro-1H-
carbazol-1-yllacetic acid .
15 _ _ To a solution of 478 mg of the ester prepared in steép 2 in 8 oL of
"~ NMP, 510 mg of methanesulfinic acid sodium salt and 950 mg of Cul (I) was added
successively. The resulting mixture was degassed under a flow of N2, then heated at
140°C for 8h under ri gorous stirring. The reaction mixture was cooled to ro0m
temperature, diluted with nﬁnilﬁum amount of a 1:1 mixture of EtOAc/hexane. The -
20 resulting mixture was filtered through a pad of silica gel, further eluted with EtOAc.
The filtrate was concentrated to about 50 mL, and washed with water and brine. The
organic phase was collected, dried over anhydrous sodium sulfate, filtered, and
evaporated. The residue was purified by flash chromatography over silica gel 30% .
: EtOAc/hexane) to afford 320 mg of desired sulfonated material, which was dissolved
25  in 5ml of THF plus 5 mL of methano!l. To the resulting solution, 5 mL of 2 N of
NaOH was added and the resulting mixture was stirred at 1t for 6 h. The reaction
mixture was neutralized with 1 M HCI aqueous solution and extracted with EtOAc.
The separated organic phase was dried over anhydrous sodium sulfate, filtered, and
. evaporated. The residue was refluxed with hexane under rigorous stirring for 0.5 h.
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carbazol -1-yl]acetic acid 15 To a solution of 478 ng of the este Erepared
instep2in8mnm of NW 510 ng of nmethanesul finic acid soi and
950 ing of Cul 0) was added successively. The resulting mxture was '
degassewouwndexrota fl ow of N2, then heated at 140' C f per/Bhodmaskar ri gorous
stirri'ng. The reaction m xture was cooled to room _ tenperature, diluted

W th mninum anmount of a 1. 1 m xture of EtOAc/ hexane. The 20 resulting

m xture was filtered through a pad of silica gel, further-eluted with

Et OAc. The filtrate was concentrated to about 50 nL, and washed with water
and brine. The organic phase was col l-ected, dried over anhydrous sodi um

sul fate, f i']]He@és&Hling aftkture %8 BESIE 196 unti &@(/ﬁjﬁgﬁﬁm@?&‘ﬁ? @ﬂ’tél:‘egi 't@ﬂ(}”fd%(‘é Of | ash f
c/ hexané)-to affor ing o

chr omat ograz|f;) Oéggs S| |§a gel (30%

desired sul ﬁr&flg whi ch was di ssolved 25 in 5n of TBF plus 5 nL
of met hanoIHWt(E@Mbk@d:ﬂtomgia)ﬁ)lmﬁ n s, ISHL5DE, PHINT S (d, NEIH.26@, added and
the resul tiypy, 41 %ﬁg\@a@aﬁasmﬁﬁsz 3f29r3 ﬁr(u'ﬂ 1@?@9&&%@% mXxture was

neutral i zeg h? eous ufion a rac Et QAc. The
cepar at dd %4 1)@ 00ckB4 (3 ERnh§ati 46, 6n 050 M ARG 111t er ed,

and evapoﬂdSﬁdMH‘he resi due was refluxed with hexane under rigorous

stirring for 0.5 h. -33 24 July 2006 WO 03/062200 PCTI CA03/ 00084 The

“resulting mixture was cooled to it under rigorous stirring, and filtered to
afford 278 ng of desired acid.  1EXNMPLEAO M—Iz acetone d6) 8 10 73 (br s,

- 1H), 7.57 (F':(4J¢ﬂlu0§0§§NﬁYlL) I TORR-METHANEY .47 and 5. 61

(m 3452 b0’ féﬁ’fa%#?fﬂﬁsaéﬁgéﬁﬁmﬁwle%ﬁﬁw@% A

(M1-1)-. EXAWPLE 4 .
[ 4- (4- CBLOROBENZYL) - 7- FLUORO- 5- METHANESULPONYL- | - OXO- 1, 2, 3, 4- 10
TETRAHYDROCYCLOPENTA[ B] | NDOL- 3- YL]ACRTIC ACCD 0 0 -"'IACH O 0=S=OL;"3

Step 1: [5-Bromo-4-(4-chlorobenzyl)-7-flnoro-1-0xo-1,2,3,4-tetrahydro-
15. cyclopenta[b}indoi—B-yl}acetic acid methyl ester

The methyl ester of the compound of Example 1step 5 (1.00g,

_ .20 preapared by treating the corresponding acid with excess diazomethane) in 10 mE of a
9:1 THF/H20 solution was treated with 2.52 g of DDQ. The reaction mixture was
allowed to stir at room temperature overnight. The reaction mixtufe at this time was

" poured into a separatory funnel containing EtOAc and brine. The combined organic ’
layers were washed with water, brine, dried over anhydrous MgSQO4 and concentrated.
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step 1: [5-Bronp-4-(4-chlorobenzyl)-7-fluoro-1-oxo0-1, 2, 3,4-tetrahydro- 15.
cycl openta[ b]indol -3-yl]acetic acid methyl ester 0 F 0 N2&Julygi00¢he
met hyl ester of the conpound of Exanple | step 5 (~1.00 g, 20 preapared by

treati ngrgdd3QeB@r r esponding acid with excess di azonet B?E/%)mifdﬂnslo m. of a
9:1 TEF/ H2O.sol ution was treated with 2.52 g of DDQ e reaction mxture

was allowed to stir at roomtenperature overnight. The reacti-on m xture at
this time was poured into a separatory funnel containing Et QAc and bri ne.
The conbi ned organic |ayers were washed with water, brine, dried over
anhydrous MgSO4 and concentrated. -34 24 July 2006 WO 03/062200

PCT/ CAO3/ 0888 4esTig g bl WG R Gli 0 0o S0 e Bty clubiBE WRK sbbeaSh

chr omat ogr eluting wth 30% ° Et OAc r omat ogr aphy procedure
was repeat %8é‘ﬂ?‘%fa?'t ?‘zﬁf&romwmlched%wamﬁpea@# ap RAdiBSl WaLEESne was

obt ai ned as$56ngyrdf yhessbbvetketdne Slagpbidined as a grey solid. :

[ 4- (4-chl orobenzyl)-7-fl uoro-5-net hanesul fonyl - 1- oxo-1, 2, 3, 4-t et rahydr o-
cycl opent a[ b] i ndol -S-Maceti c acid The bromde fromStep 1 (200 ng) in 4
L of NAV WP % i4thaddoropeniyl)-2fooeep-methanesulfompll- 1+ 350-43, 3ok teCMB8@Na.  Ni t r ogen
- was bubbl edydibgcatatlinliies-yljRegddepn M xture for approximately one mnute and
t hen the m Xxture was_ heated for 10 six hours a 'C. At this tine the
reaction mixture was 36?%’33#@%%?%&2?8%5%‘%@#@%. weraRdivithe: oac and
filtered tRZOmgel Guband 135 mgaf CEBSHeNa. Nhrogerewaiubbleddaoughibed with .

addi ti onal : j- 3y . i ' I ine, dried
over anhydf%hs %%gﬁg%ggﬁ’g@ﬁg‘é‘!ﬁ%g@ﬁw .gwﬁ%gﬁ?ﬁﬂr%ﬁegﬁﬁ%éesd%ﬁri fied by
flash éRr omgthous apkaP 6l yitithigtige the remtipEmotes ek eerteddnaoagbt ai ned 54 ngy of
thtehli‘S co[ tdﬂﬁ;i_@fhﬁﬂb,'?ﬂﬂut@@k%'ﬂ@ﬂ% ﬁh{m‘( &{@@h@ggtgé %M}sﬂi@a %aitilathéiresﬂi{i@ a?O\ée oh
met hyl ester i.n 5 1 s (4 a 0 s.treated w
n of a 1 "ff—ﬁ’seg3’%?ﬁ%ﬂ?n&%@%ﬁ?ﬂ%ﬂ\?fg@e@ﬂeﬁ gﬁﬁ%‘gﬁ W &\rgfer’tbélﬂﬁ’er ature for
two hours. 95gd qvsr anhydraws ¥Mp804 antbaonemmtraiestt Thearesvliingndl wistpudliedbx h a IN  HC

sol uti on angRAKGberiphf RRERAS OB EHOALANERe Y-k e and Bt OAc.
15  corresponding methyl sulphone as an off-white solid.

_ ~ The above methyl ester in 5 mL of THE/H20 (1:1) and 5 mL of MeOH
was treated with 1 mL of a 1 N HCI solution. This mixture was stirred at room
temperature for two hours, At this time the reaction mixture was acidified with a IN
HCI solution and poured into a separatory funn_él containing water and BtOAc. ‘The -

20 layers were separated and the aqueous layer was extracted EtOAc. The combined
organic layers were washed with water, brine, dried over anhydrous NagSO4 and
concentrated. The resulting material was further purified by flash chromatography
eluting with 100% EtOAc containing 1% AcOH and 26 mg of the title acid was
obtained as an off white solid. e : S

25 1HNMR (500 MKz, acetone-dg) & 11.0 (br, 1H), 7.85 (m, 1H), 7.80 (m, 1H), 7.38 (d,

=8 Hz, 2H), 7.04 (d, /=8 Hz, 2H), 6.42 (d, J45 =18 Hz, 1H), 6.08 (d, Jup =18 Hz,
1H), 3.78 (m, 1H), 3.28 (m, 1H), 3.10 (m, 1H), 3.05 (s, 3H), 2.65 (m, 2H).
MS (-APCI) m/z 448.2 (M-H)-, B

30
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20 | ayers were separated and the aqueous |ayer was extracted Et QAc. The
combi ned organic |ayers were washed with water, brine, dri#dubx2306
anhydrous Na2S04 and concentrated. The resulting material was further

puri fi edvdoys/dstdash chromat ography eluting with 100% Eﬁ@?@ﬁ Adkal ning 1%
AcOH and 26 ng of the title acid was - obtai ned as an Ite solid. 25 IH
NMR (500 h9h, acetone-d6) 8 11.0 (br, 111), 7.85 (m 111), 7.80 (m IH),
7.38 (d, J=8 Hz, 2H), 7.04 (d, J=8 Hz, 2W 6.42 (d, JAB =18 Hz, '1M 6.08
(d, JAB =18 Hz, IM378(mIH) 3.28 (m_I1H),.3.10 (m IW 3.05 (s, 3W
2.65 (m 2W IVB( APCI) nmlz 448.2 (M11)- 30 -35 24 July 2006 WO

03/ 062200 PWHALAGSCOARMADWAT |'S CLAI MED s 1. A compound of .fornula I:
(On F/ IMO NOH 0=5=0 ~Rz CHs R 51 and pharnaceutically
acceptabl e salts thereof, wherein nis 0 or 1;; mis 1, 2.or 3; R is H,
Cl-C3 al kyl, "hal ogendt ed @lco@poaldiofformmlaIcycl opropyl; R2 is 4-chl orophenyl
or 2,4, 6-tdch| orophenyl. 10 2. The c@pound of Caim1 wherein nis 0. 3.
The conpound of Claim| wherein nis The conpound of Claim|l wherein
inis 1. 15 5. The conpoundfg &fn inis 2. 6. The conpound
of Caiml wherein Rl is H 2f ind of Claiml wherein R is

CH3. 8. The conpound of Caiml ere¥n RZ2ZY1 s '@Hchl onphenyl. 9. The
compound of Claim 1 wherein R2 I'}§ 6-trichl or ophenyl
0= §—o Ro
CHy 1
5 | I

“and pharmaceutically acceptable salts thereof, wherein
nisOorl;mis 1,2 or3; Ry is H, C1-C3 alkyl, halogenated C1-C3 alkyl or
cyclopropyl; R2 is 4-chloropheny! or 2,4,6-trichlorophenyl.

0 o2 The compound of Claim I wherein n is 0.
3. Tﬁe compound of Claim 1 wherein n is 1.
4. The compound of Claim 1 wherein m is 1.
15
5. The compound of Claim 1 wherein m is 2:

6.  The compohnd of Claim.I whefein RjisH.
20 | 7. The ‘compound of élaim 1 wherein R} is CH3.
8. The compound of Claim I wherein R is 4-chlorophenyl.
9, The compound of Claim 1 wherein R7 is 2,4,6;triclllorophenyl.
25 '

. . 10.  The compound of Claim 1 having the stereoconfiguration
shown below:
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25 10. The compound of Caim1l having the stereoconfiguration shown bel ow
-36 24 July 2006 (On 0 NN. AOH 6=S=0 ~-112 | R UH3 ZHJuly@{®6conpound
of Claim10 wherein nis o. 5 12. The conpound of C aim 10 wherein n is 1.
13. The conmpound of Claim 10 wherein in is 1. 14. The conmpound of C aim 10
wherein mis 2. 10 15. The conpound of Claim 10 wherein R is H 16. The
compound of Claim 10 wherein R is CH3 15 17. The conpound of .Cl ai m 10
wherein R2 is 4-chl orophenyl. 18. The conpound of C aim 10 wherei nn R is
2,4,6-trichlorophenyl: 19. A conpound selected from 20

[4 (4 chl orobenzyl ) -7-fl uoro-5- (et hanesul fonyl)-1, 2, 3, 4-tetrahydrocycl open
ta[b)- indol-3-yl]acetic acid, Q)
J4-[1-(4-chl orophenyl)ethyl]-7-fluoro- :

ycl o- penta[ b]indol-3-yl)acetdc acid, @

(4-chl orobenzyl ) -6-fl uoro- 8-

3,4, 9-tetmhydro-1 H carbazol - 1- yj '5 JCEL e cﬂa and
By esulfonyl-l xo-1, 2, 3, 4-tetrahydro-cyc

;gwpparnaceutlcally acceptabl e salt

>hanesu|fonyl-1,2,3,4-tetrahydroc

[ 4- (4-chl orobenzyl)-7-fl uoro-5- &
| openta- [bjindol-3-yl]acetic acid

thereof. -37 24 July 2006 200=Ii$reoco

(-)-[4-(4-chlorobenzyl)-7-fl uoro-GH ndthane , _
sul fonyl)-1, 2, 3, 4-tetrahydrocycl opent a[ b] i ndol - 3-yl | acetic acid and

phar maceut i cal ly
11.  The compound of Claim 10 whereinn is 0.

5 12.  The compound of Claim 10 whereinnis 1.
13. The compound of Claim 10 whereinm is 1.

-14. The compound of Claim 10 wherein m is 2.

10
15.  The compound of Claim 10 wherein R, is H.
16. The compbund of Claim 10 wherein R, is CHs.
15 17. The compourid of Claim 10 wherein R; is 4-chlorophenyl.

18.  The compound of Claim 10 wherein n R; is 2,4,6-trichlorophenyl.

19. A compound selected from
20 [4-(4-chIorobenzyl)—?-ﬂuoro—5—(methanesu1fonj([)-1,2,3,4-tetrahydrocyclopenta[b]—
indol-3-yl}acetic acid, - :
{4-[1-(4-chlorophenyl)ethyl]-7-fluoro-5-methanesulfonyl-1,2,3,4-tetrahydrocyclo-
penta[blindol-3-yl }acetic acid,
{9-(4-chiorobenzyl)-6-fluoro-8 -methanesulfonyl—?.,B 4,9-tetrahydro-1H-carbazol-1 -yl]-

- 25  acetic acid, and
[4-(4~chlorobcnzyl)—?-ﬂuoro-S-mcthanesulfonyl-I-oxo«1,2,3,4-tetrahydro—cyclopenta—

. [bJindol-3-ylJacetic acid, or
- a pharmaceutically acceptable salt thereof,
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acceptabl e salts thereof. 5 21. The conpound

(+/-)-4-[1-(4-chl orophenyl )ethyl]-7-fl uoro-5- 24 July 2006

met hanesul fonyl -1, 2, 3, 4-t et rahydrocycl opent a[ bl i ndol - 3-yl } acetic acid and
pharmaceutically acceptable salts thereof. 22. The conpound

(+/-)-19-(4-chl orobenzyl)-6-fl uoro-8-nethane- 10

sul fonyl -2, 3, 4, 9-tetrahydr o- 1H car bazol - 1-yl ] acetic acid and
pharmaceutically acceptable salts thereof. 23. The conpound

[ 4- (4-chl orobenzyl)-7-fl uor o- 5- net hane-

sul fonyl -1 -o0oxo0-1, 2, 3, 4-4£tr dr 0-cycl t a[ bl i ndol - 3-y~] acetic acid and
15 phar nmaceuti cal | g1 accie(gt ag? e%"aﬂ‘?‘é‘“@ﬁ‘gﬁgﬁ ; hl?ﬂqbeﬂzb‘h'g?'/ﬂh@‘@u‘i‘(f@%thane-
conposi ti on dsHpryiHilide 4 tetomydwagclopentiblindutS-ffacthdid ahd bRardcARfEafl
phar maceut i caltantaME Skl Eorcarrier. 20 25. The conposition of daim 4

further conprising a second active ingredient selected from an
anti histam ne, a | eukotriene antagoni st and a |eukotriene biosynthesis

inhibitors -38 24 Jul 006 /0008 6.
T iR S B i e
anyone of O Hietangsqlionylsl.23A-tesral ydrpeclansniafiindobapblicetioacitiandt reating or

preventi ng aphpmmstaghliysbcapiaBlesaii fepdedi sease conprising a
therapeutically effective amount of a conpound of fornula (1), as defined
in any one of Clains | to 18, or a pharmaceutically acceptable salt

. thereof, in associati o®2.w t'lﬁ‘hacmhﬁﬂitﬁ‘;ﬂf(@ﬂy{ﬁ@“lﬁo@&_ﬁﬁﬁlﬁblﬁud}@_rg[,hﬁﬁa%;8. A
andi

phar macey | CRifofP 93 d-§ 1 Bln or_-preventing a prosta n D2
medi at ed di seageﬂg%nbfgit igli?rﬁh ‘%Btl?{fe_?% Y jlaYAlaggﬂCmCLﬂtfwrgWﬁwagy a
conpound of %f¥Ptehle sdts Umraplrs 19 to 23, or a pharmaceutical |y acceptable
salt thereof, 1in association with a pharmaceutically acceptable carrier..

29. Use of a conpound or salt of any one of Clains | to 23 in the
manuf acture. of a medi%anentherempouad {f4réhchlofobengyl)oE fhgirassdinethiide-edi at ed

di sease. _3Gulfoing- 1a0aPL AItck@h WAL TR BB UL AL oSEEGyd S nasal
t , { t .31, "A ' t d
ane’r Gai Rkl aBRoRRE: sl themali nal cherapy.

_ 4. A pharmaccqtica! composition comprising a compound of
anty one of Claims 1 to 23 and a pharmaceutically acceptable carrier.

20 25.  The composition of Claim 24 further comprising a second

active ingredient selected from an antihistamine, a leukotriene antégonist and a
leukotriene biosynthesis inhibitor.
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26. A pharmaceutically acceptable salt of a compound of formula

I as defined in any.one of Claims 1 to 18.

27. A pharmaceutical composition for {reating or preventing a

prostaglandin D2 mediated disease compuising a therapeutically effective amount ofa
compound of formula (I), as defined in'any one of Claims 1 to 18, or a pharmaceutically

acceptable salt thereof, in association with a pharmaceutically acceptable carrier.

28. A pharmaceuticﬁl composition for treating or preventing a

prostaglandin D2 mediated disease comprising a therapeutically effective amount of a

compound of any one of Claims 19 to 23,

or a pharmaceutically acceptable salt thereof,

in association with a pharmaceutically acceptable carrier. .

29.  Use of a compound or salt of any one of Claims 1 to 23 in the

manufacture of a medicament for treatment of a prostaglandin D2 mediated disease.

30, Use according to claim 29 wherein said disease is nasal

congestion, rhinitis or asthma.

31. A compound or salt as defined in any one of Claims 1 to 23 for

use in medicinal therapy.
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