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WO 2004/ 085431 PCT/ CA2004/ 000471 TITLE OF THE
| NVENTI ON PROSTAGLANDI N ANALOGS AS EP4 RECEPTOR
WEARIAGEMBSTS BACKGROUND OF THE | NVENTI ON 5 G POT/OARO04SH00471

a degenerative disease of the eye wherein the

i ntraocul ar pressure is too high to permt normal eye

function. As a result, damage may occur to the optic

nerve head and result in irreversible |oss of visual

function. If untreated, glaucona may eventually | ead
TITLE©F PHEWNaSSTIOX Ul ar hypertension, i.e., the

condition of elevated intraocul ar pressure w thout
PROGIAGLAND INANKAD BB GE P4 RBEERTE@R ANTAGONISTS

gl aucomat ous visual field defects, is now believed by

- K Fr f al nol ogi sts to represent
BAC%%MPW@?&%%& in the onset of glaucona. )

Many ofGlepomeyiggslegoremsiveydispsemiofithe eyeewhergindhe gyvepocular pressure is
too hiBh @Y BerHDERa® EACHAL Yon. QUE & BRbilt, dRAAYRISayXcchf ®ahd Bftic nerve head

and 1%;.1%315 g-;rregflei%bﬁe go&g Bg%:sg'c% ft}igﬁ{;}?}f igltél%t?qq% N g]{agq:érlfa? Qm? Seventually lead to
blindﬂi&ﬁﬁ.aObhlﬁﬁ Kﬁfefﬁten@@?ﬁ Ie@glhsa@ﬂiélﬁs@nadf%édda@dl ihl}ﬁﬁ)cluh@\pimﬁﬁl're without optic
the t her api es of.ten rodyce un [ e.loca .
nerve pia pbAEe @ bR B CCanE RS U BEl R, By petieved by the
majori tyext aphthslnfaogiss éatdprgedtSnefebube narliastgphedcandbednset of glaucoma.
intrao i ik
74O ROES Py AL EAEBOfgh OF Blrcors. Cure
methorl§f éeatins gleprones igelude uaiRg Shesapertic agasds fush appilogaipine, carbonic
anhy®@hdeQfkibM6rs! mﬁ-ﬁﬂkﬁ&'s\i\_l/prbﬁa lahdih$ nPihe Mike S ENVeQbL, BkStherapies often
ENT1 ON 20 nvention relates t.

SUMVARY - T NV | Thi s i 0 )
produga Bﬂﬁi%strgl%floq;f%gf% é&ﬁ%ny sesh PG AIetVE pyyress therapies for treating
glaucome apdl elesatad thttdoeular prsssued, bat fherefifidaay andithelséteasdfect profiles of these

the treat t _of gl.auc a ot C Jti . . .
agenth 0 oo} FRAITHertore BICQTPCARE sRUIED B8 dRMctifdfbrapics with
little ey Hfle effgedt.i ent. In particular, this invention

relates to a series of 1,6-disubstituted

i peridin-2-one, 3,4-disubstituted 1, 3-oxazi nan-
SU@{/Q%X,OETWHQNt ed 1, 3-thi azi nan-2-one, and

4, 5- di siisiventtoadehmsspb agomistd obthe ERersubtipe\vé pradfagtandin B2

recep{?g]‘%{%iptiﬁgi? éltée? ?Is/areﬁ)%%nflggigh ?l{.f:r%ég Y :t%@?rggﬁ%ug%g %ng other conditions
that agjyetitebto efevateddntrarchiar presans in Merege phs patbask.afd yarti¢uiass this

R

2-one} 3. 4@lisubstituted 1,3-thiazinan-2-one, and 4,5-disubstituted morpholin-3-one derivatives

and their use to treat ocular diseases and to provide a neuroprotective effect to the eye of
mammalian species, particularly humans. = More particularly, this invention relates to novel
EP4 agonist having the "
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(CH2)n Z-R, Rg WU FORMJLA | or a pharmaceutically
acceptabl e salt, enantioiner, diastereoiner, prodrug
w@eooriosi4ar e t hereof, 5 wherein, U represents PCT/CA24/000471
al kyl or is not present when Wis =0 Wrepresents OH
or =O, provided that Uis not present when Wis =0
10 Z represents (CH2)n, or CH=CH, Rl represents
(CH2) phydroxy, ( (CH2) pCO2R10, or (CH2)nheterocyclyl,
said heterocyclyl unsubstituted or substituted with 1
structtieal Borgrudalbs of Ra and optionally containing an acidic
15 hydroxyl group; R2 independently represents Cl-10
al kyl , (CH2) nCe- 10aryl © (CH2) nC5_10het er ocycl yl ,
(CH2) nC3- 10 het erocycl gal ky(GHL)GHZ) -g cycl oal kyl
sai d al kyl, cycloal kyl, fieterocyclgal kyl, aryl or
het erocycl yl unsubstiltuted of-.s tuted with 1-3
groups of 20 Ra; R3 a endght |y represent
hydrogen, hal ogen, or Cl1-6 al kyl jy R6 represents
hydrogen, or Cl-4 alkyl; 25 RI O represents hydrogen,
Cl-10 al kyl, C3-10 cycl | kyl, 1 (CH2) pC6- 10 aryl,
(CH2) pC5- 10 heter ocych% 2004/ 085431

or a pRETHCAROOLY QOGpTblRmltly epmiswnt, sliGter@ragrkpregdrugtir-mgixture thereof,

wheréh,kyl , CF3, nitro, am no, cyano, Cl-6 al kylam no,
hal ogen, or Ra further represents for aryls and
het erocycl yl, SCl1_6al kyl , SC6-10aryl,

U repfsents B €1163 QkyLbiyik not fekend Qaey W isXd:- 10het er ocycl yl,
C02R6, CH20Cl-6 al kyl, CH2SCl-6 al kyl, CH2GQaryl,
CH2Saryl; 5 represents a double or single bond;

W represents OH or =0, provided that U is not present when W is =O;

Z represents (CH2)n, or CH=CH;

R1 represents (CH2)phydroxy, ( (CH2)pCO2R10, oy (CH2)pheterocyclyl, said heterocyclyl
unsubstituted or substituted with 1 to 3 groups of R2 and optionally containing an acidic

hydroxyl group;
R? independently represents C1-10 alkyl, (CH2)mCé-10aryl,
(CH2)mC5-10heterocyclyl, (CH2)mC3-10 heterocycloalkyl, (CH2)mC3-8 cycloalkyl, said alkyl,

cycloalkyl, heterocycloalkyl, aryl or heterocyclyl unsubstituted or substituted with 1-3 groups of
Ra;

R3 and R4 independently represent hydrogen, halogen, or C1-¢ alkyl;
RO represents hydrogen, or C1-4 alkyl;

R10 represents hydrogen, C1-10 alkyl, C3-10 cyclcoalkyl, (CH2)pCe6-10 aryl, (CH2)pC5-10
heterocyclyl;
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p represents 0-3; n represents 0-4; and mrepresents
0-8. 10 This and other aspects of the invention wl|l
wheomn®sd4szed upon inspection of the inventi onPE@ECA2004/000471

whol e. DETAI LED DESCRI PTI ON OF THE | NVENTI ON 15 The
invention is described herein in detail using the
terns defined bel ow unless otherw se specified. The
term"therapeutically effective anount”, as used
herei n, means that anount of the EP4 receptor subtype

Ra reppeanits €1 @f alkarynl a6 blkylo CFat o, @minbyesnof Ci lgeallpriasimot halogen, or

' i | K a t
Ra fuhfl?ﬁ@}%ﬂe%'tsr :EOE %\%ﬂdol}etéjoég&h)g g@ﬁ SQ%? S%gdfw ?@%’ 1&/ﬁeterocyclyl,
OCo-a0%ih %Setwtezecyc&wla@@@R SAid 2061 edhalk e ClilesiGriegiatkyl, CH2Oaryl,
CHpda-@at nent reginen. A preferred therapeutically

effective anount relating to the treatnent of

abnornmal bone resorption is a bone fornation,
- e?}ésé‘iﬁk aldbisle dPBMBIe bonki kewi se, a preferred

herapeutically 6ffective anpunt relating to the
Preplieﬁ@é%‘ﬁém of ocular hypertension or glaucoma is an
n rep@8@N0-4eiddct i ve for reducing intraocul ar pressure
mr an%I/or éreatl ng ocular hypertension and/or glaucons.
By mﬁ’lgar maceuti cal ly acceptabl e" as used herein, neans

generally suitable for admnistration to a rmrmal

i ncl udig, Hér asF&R%iathE Weﬁﬁ&y Wﬁ[ bS AaBbdd upon inspection of the

standp0| nt . e term " prodrug ers to conpounde
invengipn aha wheledr ug precursors which, follow ng

adm ni stration and absorption, reI ease the cI ai ned

DET&IE}H&QQ bﬁsﬁﬁngﬁgﬁ&ngggcﬁz conpounds of

t hi s i Mhenhvemtionduidabctibeddierad imdéetail afing liee terms defined below unless
one group, where the acid functionality has
Otherg}/s t?udrqe that makes it easily hydrolyzed after
admi ni §&heé@mm ftherapentisally effiectivErmephidr 35 yned detetys means that amount of
the EP nedceipter aubegpecaganistofiiermulallj orashertabdvesasfehe present invention, that will
non-nar coti c, anal gesi cs/ non-steroi dal

elicit fi¢rdesivest tharpaitin §fast aesPRINs AP Vvidedhe desitedbenpiirdigp administered
in accfo&‘dﬂn@é"w@tﬁ RhO@dsiren @ﬂebﬁ(nehﬁrdgﬁnéﬂ" eA fpdfetréd tharapeutically effective amount

e e eSS S K o gielfing amount.
Likevatd, aq;h\ﬁdrrecbtmrapen@czﬁly&ffenmemnﬁﬁm additing to thatreatment dfocular
hyper?e:rnsi%gto'te rgpaﬁ[:&ﬂ?ﬂ & arhb Y eFRYGRE Por reducing intraocular pressure and/or treating
ocular hypertension and/or glaucoma.

“Pharmaceutically acceptable” as used herein, means generally suitable for
administration to a mammal, including humans, from a toxicity or safety standpoint.

The term “prodrug” refers to compounds which are drug precursors which,
following administration and absorption, release the claimed drug in vivo via some metabolic
process. A non-limiting example of a prodrug of the compounds of this invention would be an
acid of the pyrrolidinone group, where the acid functionality has a structure that makes it easily
hydrolyzed after administration to a patient. Exemplary prodrugs include acetic acid derivatives

that are non-narcotic, analgesics/non-steroidal, anti-inflammatory drugs having a free
CH2COOH group (which can optionally be in the form of a pharmaceutically acceptable salt, e.g.
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The term"al kyl" refers to a nonoval ent al kane
(hydrocarbon) derived radical containing from1 to 10
W@ 200b0854at ons unl ess ot herwi se defined. |t mayP@ECA2004/000471

straight, branched or 5 cyclic. Preferred al kyl
groups include nethyl, ethyl, propyl, isopropyl,
butyl, t-butyl, cyclopentyl and cycl ohexyl. When the
al kyl group is said to be substituted vvith an al kyl
group, this is used interchangeably wth "branched

—CHz(]I(RWN@w)ouypiballmziohaﬂ kyh ring smtespguefesabiyf toadokarbmatic or heteroaromatic
containing from3 to 15 carbon atons, w thout

Ting SYPPR nat i ng or resonating double bonds between car bon
at ons. The teray “alkyit’ aéfarsfio amdnotvaledt alkag(hydibBarbbn oderiaed radical

contafrﬁﬁfﬂg m, ytl%nlw c%f’limoq al&%ﬁg hﬁl%%é‘&h?&h&“%%m%& gcr}{@} l?eoﬁpaggﬂt branched or

cyclica| lﬁr@ﬁ@yrw afkgt groups r:r,ml rmtlw‘ll etiyyl, pmh isopeoral kyatyl girtip, cyclopentyl
and 09&511&5‘/13'\*7]"{61%1&9%11@1 Bide ge§§a1d AERCabbgd 8k Bn al@ﬁaﬁtﬁh >Shis is used

groups "are thoxy, ethoxy, propoxy,
inter %geag |kt¥a‘§ih8@|ﬁ§<3’iﬁ@ﬁlgof 15 Hal ogen (hal 0) refers
to chl ayci@ikyll iswspenrs of @Iﬂ:lynﬁ)naﬁm Gdini 8 1o &yhrbbﬁfa@hfs without

altemtaﬁlég ho r%g(gnlag{gg &83@6 %8§d%l?eﬁ\§e%# $1tg!s; ted (POé‘l%SX %rom Pto 4 rings,
whichhagelfuded| Expimpleaof hf@n@lkyl@mhpshme Wﬁk@mw @c:l}dbugﬂmyplopentyl
Cyclohggff 8 jat | east one ring gw ng at |least 6

Ky RO W —-—

descr{HeQ %@1@@1 | Iyemsleuby a@k&@@l@uﬂ@eﬁ&éﬂﬁﬁfho@? ARG ﬁ)’ifo?? rbutoxy and

or, 20 suitabl e heteroatons e preferred aryl
1S°me§}1r°cﬁ5}3‘§ps P%te%tﬁenyl , naphthyl and phenant hrenyl. Aryi

gr oups Huygeni (kalo) seferbgo shibsitd, mbﬁ'de,asdldeb'r bmhmne

Preferr ' e

napht hyl: l%ﬁée%g% eér%}mgl ?1 %ocﬁ aI}yg’yﬁuBg{e[u%e rpgi e?% apd the like, as well
as ringywhis:al akg/fuset, oo, apbihat, cplvamamﬁ)rembd\ahd; thedliket Al aryt gmbp thus contains
at leaﬁtdﬁl gmaWﬁg %P%] A0 Abms h@%ﬁ ﬁé IP(FHV@&L%H?‘[I{(%@ bgfh% éfréééﬂtm'céntammg up

et er.oat om

to 22 amnsl therm Whmbtemtma (issonating ) doghle bands Befivean @digceni garbon atoms or
suitaHl€ hétefdhfead The r@l@fr@d@r}iﬂ bRIiBs ark eﬁﬁrﬁﬁ h |aﬁ@bﬁéﬂanthreny1 Aryl

N CANPR T R e M cigd ghenyl and

naphthyl N, selected on an independent baS| s. 30 The term

"het er %ﬁ){éﬂn L heeftgggp,cﬁgaug,ﬁge@erg ¥%£ fclgalfg%&p (honaromatic) having 3

hydr ocar
to 10 ghibgr pfomnsdn h enegpiche cathon aigg in thelnmgns @qﬂaced by a heteroatom

seleot%@ Woﬁi 0! 99r &t ahERSYhLRA%D G BIE &ﬁﬁt%ﬁah Carb&h Sond¥ mé}nbe replaced by

whi ch a’ carbon or nitrogen atomis the point of
heterq gtoRBhrent , and i n

The term “cycloalky!” refers to a cyclic alkyl group (nonaromatic) having 3 to 10
carbon atoms.

The term "heteroatom" means O, S or N, selected on an independent basis.

The term “heteroaryl” refers to a monocyclic aromatic hydrocarbon group having
5 or 6 ring atoms, or a bicyclic aromatic group having 8 to 10 atoms, containing at least one
heteroatom, O, S or N, in which a carbon or nitrogen atom is the point of attachment, and in
which one or two additional carbon atoms is optionally replaced by a heteroatom selected from O
or S, and in which from 1 to 3 additional carbon atoms are optionally replaced by nitrogen

4 -
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whi ch one or two additional carbon atons is optionally
replaced by a heteroatomselected fromO or S, and in
waobkiogiosf4som 1 to 3 additional carbon atons ar ePCT/CA2004/000471

optionally replaced by nitrogen -4 WD 2004/085431

PCT/ CA2004/ 000471 heteroatons, said heteroaryl group

bei ng optionally substituted as described herein.

Exanpl es of this type are pyrrole, pyridine, oxazole,

thi azol e, tetrazole, and oxazi ne. For purposes of this
heterpaiompysisthetereanybgionp brimgioptbualyssubstituted as daseribed hereins Examples of
this tﬁstdar& Fg&a& Bl R 8RN W, t@c?azﬁfee 0bxazARY FBP@SrRoses of this

|rst nltrogen and gen or SU

1nvené10@ the ezl Hehidss ald tappemenig Im*xﬁét éﬂg@y@{ﬂwm@gen atoms may be present

1ogeth@tvﬁt}o@m @i1$t6ut1@g%n%@% SAgﬁrF&ulfﬁﬁ @f\&ﬁg RS, tBiadiaablee 5-
7- er ed, nonoc 1- nenber ed

to
by cvel | IeTat bRy gl orhebroieR b eet hitRy FRrBTa: od
a stabde Sutosamembted mand yoiiu atstabdnsd totld -mémbard bivyaliohsem@oytlic ring

WthlIl fsoéﬁhgﬁseat&rgte? %Kl[mst?ﬁﬁgt%go 8ﬁ’ SJ)I%F fgf Ja&l%n étgﬁs 91[1(? HBm one to four

hetergpionp Selﬁqied/\ﬁpmﬁhggyo%fcmﬁéum\l‘é @smdrﬁs @nﬁ @tcétrcb@g/mm lucychc group

in whidHghy di'“~°£héc AR E-defnéd P&%@ﬁ%c&iﬂé@ is &1 el l?én%&i/é&ﬁﬁg: ”111% heterocychc
rin attﬁghed at any_ heteroatom or car bon

TIng MRy %%ati%%ff 113y FEHRaER SAENBRD BT WL abICa e gREen o  stable
structbird. US €gkeli BRIV tifg Eyshgn Si4g isiTudedarborgtliengs and need include only
one hﬁtae%o%gglx C%ﬁ'lgc C’H} nt%gn%?ﬂeé ncteygfe rﬂlr ﬁg{egc?cggt})cgnéluggy ﬁeteroaryl moieties.
Exan‘rpéttseqfcsugltlhat@rocyoiﬂc witesertieinglude it arepiag fingted to Fozapiplyk benzimidazolyl,
benm?(gxa%H]é/g b@ﬁicﬁﬁﬁﬁéﬁﬁh t%n? Kok gh?&tbi‘éﬁ?ranguBer?zroﬁngpbfznﬁothmzolyl

, azep I enzi sox

benzqihignys b@@@&wﬂyl %ﬁ@é@ﬂr @ﬁmhnméiﬂ»@tfwe@wipaﬂwhhydrobenzothwnyl
dlhyct?@lfbﬁ%tﬂf J'ymn?le ﬂﬂ@/ﬁfﬁb@ﬁiﬂtﬁﬂopyrllT@ﬁfféﬂé hi 2akelanyl, furyl,

mnda&pﬁéat?]gmﬁ%%qlmy&mn nﬁb’&i’rlg I Iqxﬁ/cgy.}y}sochromanyl isoindolinyl,

1soqud1<ﬂ]1y1§il m&ﬁmﬂﬁlrghys(ﬁmﬁkolyﬂ nd@ﬂdnnﬂlﬁn@trhd)@hylﬁmmaphthynd1ny1
oxadlg%lg q%m%}l o % O)f(éjpﬁ 'azmi//lnh %ia(ﬁgllgi:r% n})[ | 2-oxopyrrolidinyl,
piperidyb @npemmmu pyridsb rpmminthrazohémqh prokolyy rpyndazmyl pyrimidinyl,

yrrohﬁﬁ’igh gg&eﬂyl Ql'unap W oc;dgfllﬂ@l ﬁhbnx agﬂﬁaﬁ @&@{yﬂfﬁm
tetrahzd&kwwﬁa W tetrekz&%ewno iy SR iERobar taﬂmﬂ}phohnyl thiamorpholinyl
sulfodeXaRLeeT, ehimdliny R ﬂﬂbSﬁJcﬂMfyll Cthieelbﬂmenyl A1 PHd teiZolyl.

oyt az ol Puim R iy PG, b AL Ryaipind i pydrony groups

are thpye hﬂéprycl}dtgrmqsahatﬂmwe an) ac¢idicl Hydydxy atpmh and adr e ,a pKa in the range

tn ryl
of 3 t{) Zf P %E’%I Ie\rf](o %e;s;%% B%?&g&gﬁoﬁgﬁfaﬁih%%ﬁ&c gflrox?;

thlannrphollnyl sul f oxi de, thlazolyl thlazollnyl
t hi enof uryl, thienothienyl, thienyl, and triazonI.
For purposes of this invention, heterocyclyls
cont ai ni ng acidic hydroxyl groups 25 are those
het erocyclyl groups that have an acidi c hydroxy atom
and can have a pKa in the range of 3 to 7.
Non-limting exanples of heterocyclyls containing
aci di ¢ hydr oxyl



-5 WD 2004/ 085431 PCT/ CA2004/ 000471 groups are: HO
I OHONO ND (r) H OHH OHOG OHOH™ or
W@ eQokt083@31 1 ORd , -N(Re)2, 0, or S and G is - Q®LR2004/000471

-per d OR each R independently is H, fluorine,

cyano or Cl1_4 alkyl; each Rd independently is H Cl_4

al kyl, or a pharmaceutically acceptable cation; each

Re i ndependently is H -C(=O-Rf, or -SOQ2Re, wherein

Rf is C1_4 linear alkyl or phenyl The term "agonist"
groupaa.ra:sed herei n neans EP4 subtype conpounds of formula

i nteract vvlth the EP4 receptor to produce nexinal,

super Xi x I effectsSS conmpared to t he

nat ur al t PGE2 -5 od Gl .QOThe

Phar maco g}/ aO}éasn Ther ap , 9th ed|

1996, chapter di ment of hIS IE) Non |s

real i zed when Rl |s (CH2) pCO2R10, oIOH

(CH2) nhet epocycl yl, said heterocyclyl unsubstltut ed or

substitutef with 1 to 3 groups of \Ra @d all other

variabl\qq as ori Iy descri bgd."\

/N
OH

Gis -C(R%;, _|F|<0Rd ,-NR);,, O, or S and
OR¢
each R independently is H, fluorine,
cyano or Cy_4 alkyl;
each RY independently is H, C;_, alkyl,
or a pharmaceutically acceptable cation;
each R® independently is H, -C(=0)-Rf,
or -SO,R®, wherein Rf is C;_, linear alkyl
or phenyl

The term “agonist” as used herein means EP4 subtype compounds of formula I
interact with the EP4 receptor to produce maximal, super maximal or submaximal effects
compared to the natural agonist, PGE2. See Goodman and Gilman, The Pharmacological Basis
of Therapeutics, 9™ edition, 1996, chapter 2.

One embodiment of this invention is realized when R1 is (CH2)pCO2R10, or
(CH2)nheterocyclyl, said heterocyclyl unsubstituted or substituted with 1 to 3 groups of R2 and

all other variables are as originally described.
Another embodiment of this invention is realized when R1 is (CH2)mC5-

10heterocyclyl, said heterocyclyl unsubstituted or substituted with 1 to 3 groups of R2 and all

other variables are as originally described. ~Another embodiment of this invention is realized
when R2 is (CH2)mC6-10aryl, said aryl unsubstituted or substituted with 1 to 3 groups of Ra and

all other variables are as originally described.



10

15

20

25

30

10 Anot her enbodi ment of this invention is realized

when RL is (CH2) nC5- | oheterocyclyl, said heterocyclyl
Waie@di08348t ut ed or substituted with 1 to 3 groupsT/0A2082/000471

and all other variables are as originally described.

Anot her enbodi nent of this invention is realized when

R2 is (CH2) nC6-10aryl, said aryl unsubstituted or

substituted with 1 to 3 groups of Ra and all other

vari ables are as originally described. -6 WO

2004/ O8”5Sllﬂ)lelﬁﬁd'dlf%ﬁﬂnﬁféthﬂ@Mﬁmomlmbhmdbmlﬁhmhis (OHHHTCO2R 10, or

oy BRI oS oy PR Ayt v

variatdesome bs otigidally ﬂéscab@% gr ou [:Stdhzmcﬂhdr entblodimeny af thadinesntion is

realiz8 pBF RO ' EH?A}JI }in&%x?&&ﬁeﬁ%‘? su%‘t%tlad e & § rﬁﬁg d&f‘f@ﬂnd all other

Vaﬁabl@ﬁsﬂi%éfﬁptlgm@]&’@w@b%tltut ed with 1 to 3 groups of Ra

and al IYeohhmheISemwma&hteﬁ thilE envastion 1sgcemezlet1mﬁﬁ&vrm !Q@HZ)p-
odl ment of this. invention is realiz

tetrazmﬁﬂaﬁ% ISPiERrb pHd e Pl BRSPSty spististedhpiith a@&’f%grow and
phenyll ﬁurﬁﬂbdﬁy\htedl 08 sitstitutad @ith 013 Sobsd ditRE, @dd Wil okheaRafidies are as

phenyl is unsubstituted or substituted with
ongm%ﬁ%ﬂgscgﬁe% of Ra, and all other variables are as

ori gi n§|tllllyandé@c ﬁmbed,imemt)ofshlslmvmm@_n hereabrdsosheretitis Hfand W is OH.
this i Ryg '091@1 E%g{)ﬁﬁlehtzgﬂwygﬁ%nﬂohﬁs st Wdsu g‘)CI 3 plkyl and W

) Still anot di nen I's itnvention 1sre
is OHphen U is Cl 3 alkyl and W is OR Conpounds of this

I nvent iCGymfu@ds df this nave?nltlon are: 2. oh out -
Tk OE %ﬁ)o vt RSBt e G Brapberdin 1y Theptanoic
acid; i sopropyl 7-{
1sopro&)ér? ~{ QZI%)((% E(Ilp =8 Lh 41 dfﬂuforcfg ggotxg%géﬁ@%l 'goge?lng-ffzoxoplpendm 1-
yl}heptematez- { (2R) - 2- [ (
1sopr019§1 @%-‘74{ (ﬁR‘;i ) [I(PE’BR) 3 4hd'iﬁ[191>6y3 ﬁy&%ﬁ?ﬁﬁlzlg'}éhyllbu?[‘ eh )60

|per| pt - 5- endat e
Oxopl?@@n'} Xélﬁ?}‘jﬁPéfE 3R) 4 4-di f | uor o- 3- hydr oxy- 4- pheny

(5Z)-1- lp«m)lz BIE BRYy 4] 4- B RioeB B Aoty 2 pheny bl @ Rin= ByB#Rb£opiperidin-1-
yl}he (ﬂzﬁjm%a? R) - 3- hydr oxy- 4- phenyl - but yl ] - 6- oxo- pi per di n-

7- {[(21%)321 (GR)Beiptdacvoi-¢-phenyd-butyl 5@ ok opyperdin-§- yl(}zﬁ))faﬁelc [acidi

1sopro';:%§I 4 )ﬁgzpzﬁ if t(‘f%’? 9; 43d1ﬂ8?)(1% g 0)%~I grn[}ﬁlegﬂbut-i en?lﬁ% Axoplpendm—l—
yl}heptanoate
6-[(3R)-3-hydroxy-4-phenyl-butyl]-1-[6-(1H-tetrazol-5-y1)-hexyl]-piperidin-2-one;
(65)-6-[(1E,3R)-4,4-difluoro-3-hydroxy-4-phenylbut-1-enyl]-1-[6-(2H-tetraazol-5-
yDhexyl]piperazin-2-one;

(6R)-6-[(1E,3R)-4 4-difluoro-3-hydroxy-4-phenylbut-1-enyl]-1-[6-(2H-tetraazol-5-
yDhexyl]piperidin-2-one;
7-{(2R)-2-[(3R)-4-(3-bromophenyl)-4,4-difluoro-3-hydroxybutyl]-6-oxopiperidin-1-yl }heptanoic
acid;

or a pharmaceutically acceptable salt, enantiomer, diastercomer, prodrug or mixture thereof.

Another embodiment of this invention is directed to a composition containing an
EP4 agonist of Formula I and optionally a pharmaceutically acceptable carrier.
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yl '} heptanoate; 25
6-[ (3R) - 3- hydr oxy- 4- phenyl -butyl ]-1-[6-(1Htetrazol - 5-

W@ kjo4logseygl | - pi peri di n- 2- one; PCT/CA2004/000471
(6S)-6-[ (I E, 3R) -4, 4-di fl uor o- 3- hydr oxy- 4- phenyl but-1-e
nyl]-1-[6-(2Htetraazol -5- yl)hexyl]pi perazi n-2-one;

(6R)-6- [ (1 E, 3R -4,4-difluoro-3

- hydr oxy- 4- phenyl but- | -enyl] -1- [6-(2Htetraazol -

yl ) hexyl ] pi peri di n-2- one; 30

7- { (2R)Y<2 aﬁQtBﬁ) emdbdddmbntaifviib arvghiierisdlintictell uo o aaeBhday/fr decreasing
elevat)éﬁ %fa\()lct]ﬂm?? ' Bre trréaq g §Lﬁu¥&hg %?taaﬂﬁ)ﬂlgttratﬁ)%' ?refe%bl? topical or intra-

F'maceu Sal

camay] SUTRIEAHER g @rC@a”rnspgm@P CARRRIECAY 4 Agmict oarRua Land optionally
a haﬁﬁﬁ%@ﬁ’tﬁdﬁﬁ &E)tébtﬂé Sarhifv Bt bpﬂﬂe 'c§m%bﬁﬁd‘st&‘%ﬁl‘i’ul§1 for the manufacture of

nposi t ontai nin agoni st of Fornul a_l

2 me%@eabfqréwawlng/elﬁwﬁ% r%@e@u@r IE%HSPSF L BFOHB % 2Cqpbingion thereof is
also includd® iB @94 102 aded PCT/ CA2004/ 000471 Yet anot her
enbodl nt. of this ent| on i,S.directed to

For - dedmaariedie patecrieme ML PPESdhrmAGRE « Phermaceutica
compbsiem ccngprgdmgm oampbyndaefiformngb Lat i on, preferably

t 0 pl c athh?i)sr 1n'v£ﬁt[o% is ‘f’lﬁ%ﬁr @Jmc%g%h R 4 Efdc@%f&lolfnaﬁlng a pharnaaceutical

nposi'tion contail agoni

comp@mlormanpmm&a 9nrapﬂm€bcaftfpmmlw @é@dmaana@uagal}y aspeptaige carrier.

of t he TherRombdsompodrals Iﬁﬂ&stﬂonﬁbfl’anﬁhet m&BGE@(réwpﬁ)erarﬁculaﬂy on
the El%}, @%@%&ggeg ogrragrﬂ élta)eﬁ;g ofr)é A ugegﬁlo §? %n(r:dlf'e(g]ﬂfeatmg gl'aucoma and
oculat Mlettehgior.n this invention This i nvent | on is further

concerped with a process for J acph '

composiiy i onBrReR 5o Ru skt AP R RTAbM FReopte
Althouglvgnppeoms thet cﬂnyretyh araygondtdirore d nuinther af pmrg}am@aﬂmgenic causes, the
comn%@nﬁgesgﬂtﬂp ﬂe@‘éﬁ#fo%@f thelt% Qeith RRLES; eh?&rﬁﬁ’oriaof the exposed -

oun rnaceutlca

outer a@é@stoé Hreeeyeaemes Repaty ef E?IezN %ﬁﬂ@a Ef/@r%pﬁuwégnwm Workshop on
Chmcélpg‘ﬁﬁllg Ly DR Ey&s tl“ht@ @zﬂ@ﬁ@g& engmy 2210231 (1@9fby;r lP}dnétfbnbf‘EP4
Su or an ere Se or

recen L e osm PR PG Sl ST ey BORe 6,344,477,
incorpurped be ﬁ‘&?ﬁf&lﬁce foriys e&ﬂ@el:yl) anditdoappreciaed et bethrtfuaem comeal epithelial

ease |1 N -
s 6395 Rl 1488, ELU T BT R08H Sy L ARHSN Do o .
Localimtieh af wvmctna;gehuocgwm sdls, intréteconpioniioh Camgnt ByuReseprsh, 14:993-
1000 WS?%‘?@ ABle chfIs %Iggn ﬁﬁ&gg s, W g pounbd SPfohHulaI are useful for

rati osed outér surface of the eye.
treating ¢ r}fﬁ}’e Report of the Nation Eye Institute/lndustry

VWor ks hoga®ifar edema is swelling within the retina within the critically important central
visual zone at the posterior pole of the eye: It is believed that EP4 agonist which lower IOP are

useful for treating diseases of the macular such as macular edema or macular degeneration.
Thus, another aspect of this invention is a method for treating macular edema or macular
degeneration.

Glaucoma is characterized by progressive atrophy of the optic nerve and is
frequently associated with elevated intraocular pressure (IOP). It is possible to treat glaucoma,
however, without necessarily affecting IOP by using drugs that impart a neuroprotective effect.

See Arch. Ophthalmol. Vol. 112, Jan 1994, pp. 37-44; Investigative Ophthamol. & Visual
Science, 32, 5, April 1991, pp. 1593-99. It is believed that EP4 agonist which lower IOP are
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Cinical Trials in Dry Eyes, The CLAO Journel,
21(4):221-231 (1995)). Functional EP4 receptors have
whemn/0838nd i n human conjuctival epithelial cePtEHCASDE000471

US Patent 6,344,477, 20 incorporated by reference in
its entirey) and it is appreciated that both human
corneal epithelial cells (Progess in Retinal and Eye
Research, 16:81-98(1997)) and conjuctival cells (Dartt
et al. Localization of nerves adjacent to gobl et

usefut Edrlpsoviding atnenm]jrmtem\ievedfecOiFhegmte dyeb&esedtabe effective for

1ncrc%sﬁn£1%€i{1%1]a9 13’ %grgz)e)hegﬂ ?1089 9?11%1“]% Ha ﬁ@&%@h# ?%inwgﬂd]c?ptic nerve

oxygen salovisgng :I(QPevélch rehenmwouplad t@@&%bwﬁ@mﬁq negvaigalthn As a result,

this thVHtibE fikfiRr Y’él&t@é {b 3 hetRithd iGalchiing faa%t a%fatop@i%qfeml head blood
visual zone at the posterior pole of the ey It

velocgyy Qréwaasewus@i@néwﬁp DN SBF (PN POPONIANS GEBTRprotective
effecf ara ¢conghnativg thersebisyessing att KB4 agnmiataxf fowuila hs macul ar

edema nmacul ar .degenerati.on not her ect

Chi s nihsertheangs SRR (oot Rive R AR GraRD Efinbified witn
suitatle andhkndven phatagengically ecvepta3ble@xaipenieioipsodiva cagipesitigedwhich may
be ad?XmQ{epe@rt? ﬁdﬂﬁﬁaﬁt Qﬁg}’nﬁufglﬁatﬁg 9 %ﬁlgv@gﬁé’c%v@ TﬁP 18wering. Thus, this

uent associa ‘evat e I ntraocu
invengipa ss@ls@cqncgm)ed with ¢anpasitionp ped methods af treatigskiar hypertension,

olaucBHiéeiﬁ%ulaz\’lédeﬁﬁuh)a&ﬁﬁﬁée%@ﬁéﬂaﬂo@fféﬁﬁéﬂe%né @Eﬁnayamm norve head
eur.opr.otective effect.

bloo%ﬂqu{% Eﬂgpncr%png rfggarlll ajlgﬁpg@ggrve Bﬁygegfeqﬂon for provﬁr ing a
neurdpﬁMSﬁNe@ﬁfect\/@ foph tdilﬁbﬁlat1018¢theS)ﬂ 8l adiSieadeg to3patent in need thereof

one oﬁ%b :ﬁﬂoqor%r /%\513 olx <§n€@| gﬁ%ﬂbggggiﬁ%e of the following

actlv@mgte@ﬁamgamaﬁmglcdgecﬂmhg dgsnt yucb s ﬁmqagolabetaxolol levobetaxolol,
carte&?%‘l q%f)gﬁ(ﬁ(fﬂt h‘bﬁra@;ﬁlg%onnm@% e%re ﬁlcﬁ Qs gﬁ&daﬁﬁﬁg ts‘ffnﬁﬁthgnnmetlc

tive I.NCreas| ng retln ptIC nerv
agenty [sedps\einsehtiye. dpriding chraaenidiner @f)mﬁme BHa-appRO@onaing a carbonic

anhy&)ééégiﬁﬁltbh}ér $1RIRE Idagrol fade) Vh{&bt@tblwihﬁié ﬁﬁbﬁ@?ﬁﬁn?ﬁ&%ﬁlﬁmaﬁude

S_ O ner ea a resu |

cosPRIE 1 RatPk chnbiel Plicieauwt as BnBeman heialicher Sueyhgtosin,
iberidtetin/Pdxiclah, oxflitram) deyrectiogeh, bhdaddiSclyeldaniW§,036105868 (USSN
60/3épd‘£d ,3\?’?9‘@3/5@%2&3%0@?9 Z?BVWO%E)CIYS?W%’&F&S A1) 66241%90 filed

neur

Noventher 803003y Adtiney ank@m%@i‘)‘ﬁ) 60/43#84% fikad Movembe 8, 2002 (Attorney
dock&%ig9W>§ 09[7%%?@ %1&&'J£hh§ryr1f7€§(§mt 09/%@’75*8 $ifecBfaBuary 17, 2001 and

nmbi ned ‘W t sulrta

PCT piisiantides D RE By s Wbl 09 03050 i S e Speseisdfugeterence in ther
entirdtP Hﬁ@fn! drdan @ammra_h MEBY-K Senaéls]sdketsesueh Ia§ @(llrammt}%-methoxy-m-
mans, .to a ive ower
indeagfe ST ROP R AT L 21oEae B REERR g R - idazol 31112
methgiprgpasit-omng- [ar(dyo‘mhdxgﬁsetbﬂ)—t’)lfmahom;g1H€mdizmol 3-y1}-2-methylpropan-1-
ns 1. 0meylar e
o SYESELTB o AP0 IS AR L i
methh@ade—mdazol 3 yl] 2-methylpropan- 1 -one; 1-(3-isobutyryl- —methoxy—lH—mdazol 1-
yl)buan-2-one; 1-(3-isobutyryl-6-methoxy-1H-indazol-1-yl)-3,3-dimethylbutan-2-one; 1-(3-
cyclopentylcarbonyl)-6-methoxy-1H-indazol-1-y1)-3,3-dimethylbutan-2-one; 1-(3,3-dimethyl-2-
oxobutyl) -6-methoxy-1H-indazole-3-carboxylic acid; and 1-[3-(3-hydroxypropanoyl) -6-
methoxy-1H-indazol-1-yl]-3,3-dimethylbutan-2-one, a prostaglandin such as latanoprost,
travaprost, unoprostone, rescula, S1033 (compounds set forth in US Patent Nos. 5,389,052;
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bl ood vel ocity, for increasing retinal and optic nerve
oxygen tension, for providing a neuroprotective
webdogmss4er for a conbi nation thereof by adm ni BCECAR®4/000471

to a patient in need thereof one of the conpounds of

formula | alone or in conbination with one or nore of

the followi ng 15 active ingredients, a D adrenergic

bl ocki ng agent such as tinolol, betaxolol,

| evobet axol ol , carteolol, |evobunolol, a
5,296 584 25425363 anil 5ESIl gl4dy erttypsieati vatipil suok as pintigan and the compounds
set fO]gl){ fPas Ii%fgn{rﬁlto 359QS@tasne%&‘ér?d}oéétaﬁP&F@BJég il%s Pzﬁ&t%@@f 690,931,

[
rinmoni dine, cr’onrd
particalarlp shiprodil ang Reelgsedi iiﬁh$€b farthy insENOHE3 25 ml%mgj@emantme and/or

an ag%@%%@@}&@%ﬁ%ﬁéﬂ}oﬁ@ﬂ @CQVUBOG)/B Z@i’ﬁghﬂ%ulmly 1-(2-aminopropyl)-3-

methyk P06 PhETE S ) OB R 0D OB el - ety

eth mﬁﬂm§C|llan Aflitram Vérroculogen and as di scl osed

(501 388 33551 BOUPIGg AT BB AR BETYRC; 9, pygicament for

treatiffg doathr h&pm@n:bm, o202 Ir(aAulﬂDcdmlya docklet d2EREOR), for increasing

retmag%gigcgpg@)%%rvgﬁegg g%‘%{&ﬁg dt%& gﬁzg%rgm% 1&2818&/ opt?@l‘fé?% oxygen tension,

for progding47BgroprptEeitye ﬁf@gb@lﬁoga combmatian Q1erqn@s also included in this
invenfR&R! i cations WO 02/ 077168 and WD 02/ 02060863, all

ot PO Bl LR AGR Bl ST L gt

therap]:uﬁdallyﬁibuﬁvd arbount inteyndddsly, subcutaneously, topically, transdermally,

paren aﬁf o(rzmyé m?kh%‘ﬁ%&é%@{t?ﬁ@g Q& in It é)ap a11§1c ]I')l]an?aceutlcal

compeosihestsiaze pre{qjabiy ladapted for topical admmlstratlon to the eye in the form of solutions,
suspeklﬁxqﬁ bMYGERE ec’fé’e{n%rr% l)sofia TRERCOEHEILRABARh 80N df tRisBompound

may congin R O teVnahe) esoee N Q001 5@y obmpdietpens; Sfher osages as

for exa@ipes, up td ﬁo(u{? é@%ﬁ?ﬂl@\ﬁ&)’ddsa@s can be employed rov1ded the dose is effective in
i ndazal - 3-

reducglg(lgtrq%zgiga PIFSSHTE: érqq,gg% gi@cqlpg,llﬂ%rg%b\?é)l?]og %W \}eloc:lty or oxygen
tenswyll JHouan anmgknme, from between 0.001 to 5.0 mg, preferably 0.005 to 2.0 mg, and

Yoy | ~6- e I th
especi DTSkt bt iSRG LY b AR My TP T
| i - nd&imlphanmoyut&aspmpmtlmmmhmn@l ¢ compound may be
conveqx %ﬂﬁﬁt\ﬁm a on- glf.éﬂn)aceutlcal organic carrier, or with a non-toxic

oxy-1H1nd azo car boxyli ¢ acid; and
phampcpg:m(agmﬁwpwgpq;p ,ygwa ho Igl_armaceutlcally acceptable carriers are, for

examp®} ut@@éy ﬂk'adrébckﬁlﬁﬂﬁeﬂ a:ﬁﬂ'v]lat&,-ﬁxﬁibmﬁdlyérbyitﬂﬁ aa mm all@nols or
a | SucC
stk SO, R &1, iR pieomsaln FE SRR Bl gt cellulose,

ethyl Ehatend:aﬂbh)gmeﬂ;}&&@ulﬁlﬁﬁ poBVINRIROOAIOBS zﬂébj)ropyl myristate and other

conv%@%%%ﬁé%&o%%gp %bgen é%ggggfl’&egyh%%c%ﬁécall g%ﬁiaratlon mday also contain

non-toxie awahmunblganogesmmswmqlﬁ 01338 Pgﬁseﬁwnwettmgmntﬁo@dng agents
and tHAQHOR f& '8%&151& ﬁiﬂlﬁéﬂh;ﬁ&%dgﬂyéblyﬁ)d’%bé nfooNRd 6605bSBkes 1,000,

particul arl qurOI dil as set forth in
150005080, eyt K0}, apt cwuﬁhmmmeméﬁa%%s QURFPTRATY APERONIUM
compBfind®; pHehyImeGeRiOdatts &Boweto horetddld fefiZindHPeditd 4dd which are non-

1n1un$géstlﬁg}1|%g,: tﬁi@%&%&%et@yr?&ng 6?&{ B%Iélg%{h &enzyl alcohol, phenyl ethanol, buffering

ingredeiftS sudll rsodidnmipdrhexyodind azethtes,-ghidonhterpatiiags, and other conventional
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et hyl am ne. Use of the conpounds of fornula I for the
manuf acture of a nedi canent for treating ocul ar
whyeensansi on, gl aucoma, macul ar edema, nmacul aPCT/CA2004/000471

degeneration, for increasing retinal and optic nerve

head bl ood velocity, for increasing retinal and optic

nerve oxygen tension, 10 for providing a

neuroprotective effect or for a conbination thereof is

also included in this invention. The EP4 agoni st used
ingredients hechi assoebitan imonehiiiae, tdethamdamow olieste gpagoxyethylene sorbitan
monoéﬁﬁﬁ@?a%“&&%(lls&@g s%‘filow&l @%ﬁgk}ﬁ%?%/e?&eﬁllf§40¥b1tol ethylenediamine

ut arieous

tetracefigr asid. @pg Itln@yhl@r jtiertalle sm@bﬁmhm@m weblddwge be used as carrier
medlasf@t tHeqfedent ﬁﬁlﬁo@ﬁhelu@ﬂ@%ﬁﬁ‘&éﬁh@nﬂ%Bﬁfﬁﬁ?éﬁdffe? lyeflivle systems, isotonic

ﬁgrr]po& ions are preferably %da ted for topical
boric aAthvRHgies dEqTaRC SadiPRechdyrs Yehigles. fsglamicotoditsn Gpranychicles and the
like. ThSpleaiacnficalqir ammnslnayame@m?nmheaSmaos@im&opmeretfonnulanon The

pham%fgl%ﬂ%% %ﬁaff?tg&gg;igﬁ%ogi ﬁ} tglfq) goggl {nger&nﬁéjro edggunnt i, Sne may use a
solid wetdi sanielnipolyHicghe thedmawgésr ths medtcameak ahE mlymgr wsed to form the

insert iﬁagl%oaég%ﬂér s% R nHORRR eﬁtﬂﬁgu R e‘igﬁkﬁsy @éilq%s%vdeﬂgguves such as

IS e EC Ive In

methylgedlylage esodiump garbergynegtiay] ceheloss, ﬁ@fdg@z@fkh\@eralkab@ﬁmﬂw hydroxyethyl
celluldR] Redrb¥y ﬁémﬁsséﬂy&sﬂﬁpr 1m%afy1 SelRilbrg! @cr?l@ﬁe@ sudt &Polyacrylic

acid S%%%Eﬂﬁ@&?%% pyecetes Eatarqig LR A ——

tragacaithl k.'&dyzt, chéiieud) aganacayia; thehergdhderivadees SuCh ks starch acetate,
hydroQ%ﬁgtg ; en e%ﬂ@%m@cﬁ%?{)ﬁﬁ s{agcg]hg gglﬁ %Q g% i,[c derivatives such as
polyvmwbdmkplcmlweyl pyoelidéneh palymigy!l meshiyt ethpth aolyatbe@nc oaude neutralized
carbopd12h83Bhihakt 88! Slitan FURY, %ﬁh nﬁ‘ituﬂe'&%"f @ﬁe%tyns@' ! y

accept abl e arriers aré, 25 exanp

mi Xt Ur S8itehle sests mﬁah@/ﬁ%r@msmagem Bf @eigm%?ﬂ@ of fmpeesent invention
1nclude@ﬂﬁiﬁat@d KkRAQGIE ofifer agihilld PR@IcElarly@et Hal RnWslicatedd@BMdLs such as

al kyl ene gl ycols, petroleum based jelly,
cats, f@?‘?lﬁf|£lgé\yﬁﬂ| ose, ethyl ol eate,

car box e phyimacebtioal peparaad ynay cyhtain monk-togioradxiliary substances such
as antfb%&@ﬁ%ﬁp%)meﬂméﬁﬁ LWl a?«?.ﬂor? tuﬂﬁltlous 18'11;@ % %ﬁlglg tﬁlgpérgs\é?d

| ers. rmaceu
benza}mw@m sllosdertragthy! and pranyk p@rabfm« |bbm7a/ﬂ@od9@bmhmds,d@hzyl alcohol,

or phed§leBiRAbE 'bf.lﬁbﬂ\g% m%f&i%%‘té’ hRE a3 ‘é‘@&lhfnr@ﬂ&ﬁﬁné&hmﬁ ‘B@i’a‘té" Qodium acetate,
s 3 or exanp| e ¥et | éne

sod1ur§|c§,tg%@ éarg(l}g:on@tg@u gl@oarg}f&ﬁ@r nvgrglfo‘géwgg as sorbitan

monoIhufa@eQ ,tnéthﬁlﬁﬂamﬁe Osdyx38thienO Q6kbitam tﬂdﬁ@pﬁlﬁﬁﬂyﬁite ethylenedlamme
as quaternary ammoni um conpounds,

tetraa%aﬁi n@?@ﬂ\ﬁ% ®salts known to have cold sterilizing
pr oper {Thesphthdlmibisclhtion er sispension mey beigdministsred as often as necessary

to maanAxﬂ“i:I'i Qéc%htabléﬁﬁi’yﬂe 8l Y QRY it 1B @%rﬁ@ﬁplate@etﬁﬁtyédnﬁhﬁgﬁgé% to the

anal erlng i NG e s such as so
marm%mate@ewglé@pmwea]@ég thrgﬂl@l@ﬁéﬂléy buf fers, and ot her

conventroPiphcat d@ilar administration the novel formulations of this invention may
take the form of solutions, gels, ointments, suspensions or solid inserts, formulated so that a unit

dosage comprises a therapeutically effective amount of the active component or some multiple
thereof in the case of a combination therapy.
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WO 2004/ 085431 PCT/ CA2004/ 000471 ingredients such as
sorbitan nonol aurate, triethanol am ne, ol eate,
w@oelogos3set hyl ene sorbitan nonopal mtyl ate, di BCT/gAR2004/000471

sodi um sul f osucci nat e, nonot hi ogl ycerol, thiosorbitol,

et hyl enedi am ne tetracetic acid, and the |iKke.

Addi tionally, suitable ophthal mc vehicles can be used

as carrier nedia for the present purpose including

conventional phosphate buffer vehicle systens,

i sot oniRegaslimpireatmanti af ogelai disexslers, thstfonmelad agonists generally have an
EC5qohleriraie avelt COESsnMits abanilo0 swidiod) dihbagteagoabstcivith aetivdtics outside

the i ke. The pharnmaceutical preparation may_ al so be
this rqnge £qibbe Byaivlgiepanding resiie desage ead frita pf fhningsyation. In a subclass of
the prpseat inveriin, ¢lad agonspereat o ECsayvakilesd fivan phout R If miomeldfto about 10
rmcroM Siﬂl il Pélssﬁwﬂass':& hEHRRE &V@%@n Wl?é’a%bﬁ?stsalhav%%h IHE 5y value of from

ter so ol yner- as the carrier

about&ebn%qﬁ%&o abw 1Qyeicppd: Ffssaris 2COPBReR PRESUT plsagopishagfivity well
knowg ﬁ’x%l\:( 29 a?wzgl%{ﬁ ln? tHA QMY n(a)ﬁé 8ﬁf8r%dyatql:t‘l§ef an?Fnthfﬁ%%ll Qose of an

I'ves SUC

agonlstdtjattuwn@@ed@&ymiumjhalﬁ &kl iﬂ%s@f the mﬁ&m yfteote rSek ki, Goodman and
Gﬂmeﬁleé 'mk%ﬁ}ma,w%@m% @ym Eédrié!s QKR edﬂmsﬁrw%pé Ydr 2. E. M. Ross,

cel’l'ul ose, droxy r Iates
Pharmsgrodyagniss éfz{wfsrr@ of %yé’v@Agw %m? e tﬁ??”é{?ﬂ rlat%wen Drug

Conc@rRatddaR)f-d8 snd PETUWSIY/ I3 BIUfiled Gateberds, pEioatvnich are
' kar aya, chondr us,

in“ﬂ§%§?$3§§§@%§“%#%F@f%?@ﬂgﬁﬁr'%at|ves such as starch

acet at &he Heyain examplehiflustsata buhdendtdimsit theydaioed pmepsibn. Each of the

claimé&d 86BPourRB a¥ekpb, @%)n@sk!‘ﬁ{d Y NEdTEL fof a RaRdb¥RAGS P SiofdbEdal BSular and
15 polyvinyl alc pol yvi nyl pyrrolldone pol yvi nyl

bone dispigprs. et her, pol yet hyl ene oxi de, neutralized
car bon@he%ﬁl RASG@MhE WRenfiBh taNb& e, ith $BnXd b8SicRfion, in

o T I 27 AESS y LR AN R ez, wo

03/04p513TeUSSIN 60EB33aI1d), AISEN 6612106;613(3 (Meﬁjkt]])(mkbtamb YMaOB60pardi WO
01/4628(5ne -Iaileofg\ﬁgeﬁg@n h{rqare(grla eg ggzél} g}q ﬁreﬂ% ylnt%%lzl% & uaer?z ?fl)eglsollowmg non-

limiting sehiemes end axarhplas given by vay o€ dlustrathon Jaslemnstmwﬁ ©f thel present
lnvenﬁgﬂponents whi ch are non-injurious in use, for

xanpl e, thinerosal, benzal konium chloride, nethyl
and propyl paraben, benzyl dodeci ni um brom de, benzyl
al cohol, or phenyl ethanol; buffering ingredients such

as sodi um chl ori de, sodium borate, sodi um acet at e,
sodiumcitrate, or gluconate buffers; and other
conventional ingredients such as sorbitan 25

nonol aurate, triethanol am ne, pol yoxyethyl ene sorbitan
nonopal m tyl ate, ethyl enediam ne tetraacetic acid,

and the like. The ophthal m c solution or suspension
may be administered as often as necessary to nmaintain
an acceptable IOP level in the eye. It is contenpl ated
that adm nistration to the mammualian eye will be from
once up to three tines daily.
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30 For topical ocular adm nistration the novel
formul ations of this invention may take the form of
waobusIBE, gels, oi ntnents, suspensions or SoOPCTICA2004/000471

inserts, fornmulated so that a unit dosage conprises a

therapeutically effective anount of the active

conponent or sone nultiple thereof in the case of a

conbi nation therapy. -11 WO 2004/ 085431

PCT/ CA2004/ 000471 Regarding treatnment of ocul ar
Prepa@atBR/Ei@hfle 1 he formula | agonists generally have an

EC50 val ue from about 0.001 nMto about 100 m cr oM

al t hough agonists with activities outside this range

can be useful dependi ng upon Lhe dosgge and route of

a istration. In a subcl STSRE present

: S : NH
i[nven®iton, thelca oni sts EC50 v expf flrom

bout L0. 0o | 'P%T\r/lcta‘é‘ ab 5 Jurer om flugt OH

su asy of thg esent in n, the mgomi sts have

an ECS0dval ue of from about 0.% nicroMto about 10 O

m croM “EC50 is a common measuré of agoni st actgyjile¥olinic acid
wel | known to those of ordinary skill in the art and,

is defined as the concentration or dose of an agoni st

hat | eeded to produce half, i .e. % of the
Toa by phf+/ drivacein@eBllPyS s, £6 anten) FMEOH (bl € 50 avas added L
tartariPhaaidn@69 g8 06 niddsd) s Taé slihgvaagatirned to ﬂflillé;éaﬁi'dtaigémlh (hour). The
lor<2 e:1.E. 1 ar odynanj.c D e
ey oo PR ol reantnd e Sl (R BRTIRA BN v aa Fteroake
was “@Shﬁgi with AdeSiL (200 wh.).alkbe Eftéroakte, wasnalr GEGY] AJ500¢ 26TbWas isolated. The
pipechlii&ci@tARAR safk Fypidd K essa?@di GIg REE gpeNCOr opor at ed by
i

reference hereinin entirety. The herein
exanples illustrate but do not Iimt the clained

A slutrfeesuld (gesg)gath Hgoxafb@tlon@ {%bﬂﬁ@/lﬁg ffagu?&svﬁhﬁd@ﬂgﬂuxl (60-65 °C)
. oni,St s n ar S u nu I S1.QJ ogl.cal .
anc 505 ST, KOGhL 580 o S OBl R AL Rl GBing ot
The slumyewsi abloweeto beolad 20\ Ctdves direndnben filtesid, washedrwith 4:1
BSR40 SRR i
tartratg GAIB GEPNDPG), USSN 60/ 406, 530 (Merck Docket No. MI060)
and WO 01/46140, all of which are incorporated herein

$¥ r%{ rence jn thejr entiretY. The foll owi ng non 20

Toa i o (R TRl saiLfawsaifmdd 148y MasH &) Topvas added 28% NH,OH
(83 miLl Lusd) et 0/5hi TheevmRSlural waeaghl Ot Sheat Rk temperature and then the
ammsfiff M8 prectiialOn a0 Rie BRI THeReakS Whs Anged with MeOH (300 mL).
The combined filtrate and rinse was concentrated to a white solid of (1).
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L-tartaric acid NH NH X NH OCH L-tartaric acid OH NHAOH
OH MeOH MOH O O (R -pipecolinic acid 1 To a
W@ bargs4ef (+/-)-pi pecolinic acid (395 g, 3. 06PeDICA)04/000471
in MOH (1.8L) at 60 C was added L 5 tartaric acid
(459 g, 3.06 noles). The slurry was warnmed to refl ux
and aged I h (hour). The slurry was cooled to 23 C,
filtered, and the desired (R)-pipecolinic
acid/L-tartaric acid filtercake was washed with MeOH
Prepdrg@& Bampldhe filtercake was air dried a white solid
was i solated. The pipecolinic acid tartrate salt
typically assayed at 85-89 %e. 10 A slurry of galt
(383g) in 2.1 H20/acetone (380 ni/190 nl) Wd
to refluxf (60165 C) unBdt,caNhomsol i h di d.
Acet one (1330 rrL) &@s added—over=2h (whi | ¢ mai nt ai ni ng
QH-20 C

over |h and the :

acetone/ H20 (38® nL) and then air dried un

| sol at ed §;.§gecgﬁm(ﬁhgecol inic acid tartrate salt (>99

%e). 15 [urry of (R)-pipecolinic acizd tartrate

salt (3129) |n MeOH (3.0 L) was added 28% N 14OH (83
over 5h. The white slurry was aged 0

5h
Toa éJﬂmaﬁ% Pm%%‘)lt@?rﬁ@fi &H0f- 2 ehind BREROHRE-4 ghitohil Getrabyetofugas (THE)/H,0
(ssomeﬁimlvtﬂaadww%wm% aif. ThéSu |v¢a@ r\@aiﬁ@d Y& feflux and aged 5h at

reflut RRE GO WAt AP s ing tgh v ETeg T hptane) G 5Gp) faremove

unreadf@dWOE QD 8TUS Aqecis G420ayer R 4hch acktifiedivithiSNeHER §170) mL) to pH 4-5.

The sifftin nglEHy %%%&aéﬂ?ﬂdn%% %L meﬁ%{t}t%qetﬁgﬁ' ther (MTBE). The organic

layer was dried over NaySOy4 and then concentrated to a white solid of (2).

Preparative Example 3

BOC
N/ Mel, K2C03 N/BOC
OH DMF OMe
) O 3 O

To a solution of N-BOC-pipecolinic acid (166.5 g, 726 mmoles) in 500 mL dimethylformamide
(DMF) was added Mel (123.7 g, 871 mmoles) and K;CO5 (100.4 g, 726 moles). The reaction
mixture slowly exothermed to 40 °C after 0.5h during a 4h age period at ambient temperature.
Added MTBE (830 mL) and then washed with H,O (2 x 830mL) and 20% brine (300 mL). The
organic layer was dried over Na,SO, and concentrated to an oil (3).
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(R -pipecolinic acid 1 2 To a slurry of pipecolinic
acid (109.7 g) and BOC20 (222.4 g) in 1:1
wo eanagsadr of uran (TBF)/ H20 (550/550 nli) was apPdEdA2@¥000471
NaOH (45 nlL). The slurry was warnmed to reflux and aged
5h at 5 reflux. The solution was cooled to 23 C and
t hen washed with heptane (550 nL) to renbve unreacted
BOC20O. The aqueous (ag.) layer was then acidified with
5N HO (170 nL) to pH 4-5. The resulting slurry was
Prepegggﬁ\reag;t@w\nth 550 nL of tert-butyl nethyl ether
(MIBE). The organic |ayer was dried over Na2804 and
then concentrateed t9 a white solid of

) -
Preparative EX l e 3 OC Mel, K2CQ03 N |BOC /(j{gNF
Ww 20 A atucmj(zfﬂoﬂm pi nrgyaci

(166.5 g, 726 mmol es) in——EGe—nﬁI:—@Hrre hyl f rrmmde
(DVF) wa e (12 3MaBr@,, MBZH/HTD
(100.4 g, 726 | es). The reaction m xturef|sl ova y
exot hermed to C after 0.5h during a 4h age period
at anbi ent té&nperature. 15 Added MIBE (83@ nlL) and
then washed with H20 (2 x 830nmL) and 20% bri ne (300

To aE@rﬁmor}r ut Qx‘%‘oﬁ%ll (B\S@f I(\/lé'é@e%te‘ii il% V&7 rhﬁl%g%l\@é@l\l (305 mL) was

concentrate to a 2004/ 0854
addepRpLEAZ 60z /18G0ame)). Pﬁs gﬁaﬂ@% Pl a0 £, B4 hmmol) in FH& (760 mL)
was 2ddedoVarl2h) ahd sf)rulloﬁ ‘Wa);fagl%d ¥2H\/a aﬁiﬂ%érﬁﬁemﬁ(dr@tﬁw HREAHBYD Ac (760 mL)
SO n, of “but.oxycar bon
and o s 2guegs 5P i o el By SO S S bR eA305 L) while
the ofganis lgyer hitn&d chemi and the apleotis yerafirmke BioOBY @Eied2  Thegprgddd layer was
washmit)n sla{l].lrg_t'gﬁ)lngeGH SM) and then dried over Na,SO4 to give oil (4).

Preparative Example 5

LI e
N/ﬂ\o 5N HCI in IPA NH
OMe OMe
o)
4

5 0]
To a solution of BOC-Lactam (135.4 g, 526 mmol) in 135 mL of isopropyl alcohol (IPA) was
added 5N HCI in 263 mL/1316 mmol isopropyl alcohol (IPA) over 15min. Vigorous gas
evolution occurred for 15min and then the solution was aged 2.5h at ambient temperature.
Added EtOAc (800 mL) and washed with 15% NayCOs; (350 mL). The aqueous layer was
extracted with EtOAc (400 mL). The combined organic layers were dried over Na;SO4 and
concentrated to oil (5). The enantiomeric purity was assayed at >99 %ee.
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5 was added over 2h. The sol ution was aged 12h at
anbi ent tenperature. Added Et OAc (760 nlL) and cut the
waouenss3l ayer. The dark organic | ayer was wasPerCadoh/000471

10% Na2SC3 (305 nL) while the organic |ayer turned

cl ear and the aqueous |ayer turned cloudy grey. The

organic |layer was washed with saturated brine (150

m.) and then dried over Na2SO4 to give oil (4). 10

Preparative Exanple 5 0 OO N OS5SNHCL in IPANH Ow
Prepacative Hxamplet65 To a sol uti on of BOC-Lactam (135.4 g,

526 mmol ) in 135 m, of isopropyl alcohol (IPA) was

added 5N HCOO in 263 ni/ 1316 nmol i soprop al cohol

(1 PA) over Jomin. Vigorou olutio

15mi n and H he sol u m&ed 2.6h dfHanbi ent

t enper at urlg. i

15% Na2CC3 OQoliz The aqueous | ayer was extracted

with Et QAc (400 nmL). The conbi ned organic | ayers were

dried over Na2SO4 and concentrated to oil §5). The

enantioneric purity was assayed at >99 % e. -15 WO

To a stDRbN0TFIA3Am RETE: GARDH 4/ 1000r6L) 1nF%rnﬂp@ba§ bt%@ncﬁxmﬁﬂl) ﬁ/a@ added
sodluglo‘trol\gh f(Eﬁ §Ct1 grﬁqééq @? %1@0158198{3 QYET %d PPHB}‘[?S Gﬂ’xe solutxon was stirred

for 3.ahbyny mmmtmmtu1©5 JBe mii) tunaw ag thie dreasd diitinglacial acetic acid (2.8
equivgﬁ)ﬁcpﬂmégﬁ'é taﬁtﬁreeﬁlsog'fed ﬂa?l gl%tgﬂﬁ% Hﬂ?&r egl gr&? Eaﬂg gﬁ%ﬁl‘[ﬁ'ﬁe was then
concegiratied Gy eueper dnaeaulting ail sphidified upersstanding vdeavechum. (Fhe crude
produ@t @ed @ﬂsscﬁ%ﬂ 1|nCCIQ2@l§3|(5©3n§) t&ﬂt@ﬂ‘é@ltlﬂ@ﬁ@?lgrﬁﬁiv@' atg@H €or 1h, filtered

r.enpyved lite.
througtFF itees Chat ke Mlulidtlite Su cifhrRizabd ah yeiondo sive the it
compowslé,tviigh oiak usmll dmébﬁy aothupext sépawithmg fuumiote puMeicatiom

The crude product was dissolved in CHC12 (50 nl),

treated with KHCO3 (1.5 equiv), aged for Ih, filtered
Preparative Example 7

NH TBSCI, Imidazole NH
OH DCM, RT, 4h oTBS

6 7

To a solution of the lactam alcohol (10g, 77.5 mmol, 1.0 equiv) in anhydrous CH,Cl, (50 mL) at
0 °C under N, atmosphere was added imidazole (6.9 g, 100.8 mmol, 1.3 equiv, ( the amount of
imidazole was adjusted to neutralize any AcOH from the previous step) and 14 g/93.0 mmol/1.2
equiv of tert-butyldimethylsilyl chloride (TBSCI). The resulting mixture was warmed to room
temperature (RT) and aged for 4 hours. Once the reaction was judged complete, CH,Cl, (100
ml) was added, followed by 1N HCl solution (30 mL). The organic layer was separated and the
aqueous layer was back-extracted with CHCl, (2x50 mL). The combined organic layer was
washed with 20% NaHCO; solution (40 mL), brine, dried over MgSOQOy, filtered and concentrated
in vacuo to give the desired compound as white solid. The silicon-containing byproducts can be
removed by washing the solid with cold heptane (3mlL/g) at -78 °C to give the titled compound 7.
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through a plug of Celite and the resulting filtrate
was concentrated in vacuo to give the title 10
W@ eompossidl 6, whi ch was used directly in the nerRCT/EA®4/000471

wi thout further purification. Preparative Exanple 7 O
0O TBSCl, |Imdazole NH NH LOH DCM RT, 4h OIBS 6 7
15 To a solution of the |actam al cohol (10g, 77.5
nmmol, 1.0 equiv) in anhydrous CH2Cl12 (50 nL) at 0 C
under N2 at nosphere was added i m dazole (6.9 g, 100.8
mol, 1.3 equiv, (the anpbunt of i m dazole was

PmméﬂhH§E§£nﬁ@8neutral|ze any AcOH fromthe previous
step) and 14 ¢g/93.0 mmol /1.2 equiv of
tert-butyldinmethylsilyl chloride (TBSCI) The

resulting mxture was warned to room nperature (RT)
ang aged for 4 hours. Cbce theMg a gdged
| e, CraGh2<4ite8 m was a d ol f\p/sl 0

ol uti oa—(—%@—m%» gani c epmr/ggﬁé‘/“\ J\
-OTBQUEUHHQW er . barksext raltled wilth @r8s

(2x5 rrL) The conbi ned organl c layer was washed with
20% NAHCO3 sol ution (40 nlL), brine, dried over BySH.,
filtered and concentrated in vacuo to give the

To a%%fs%ﬁn&ﬁ'm%@aqn é)f ?25[81%1%3) lTlhﬁ-IF (KF < 20 %)m) was added 1.90 g/

I i con-contai ni ng can renove

9.04 mwpfn@f fofg P@Eﬂsﬁlé}m/\l?lﬁ %ﬂhalsﬂﬂm@ﬂé Kﬁ%@é} in20 D pfestrahydrofuran
(THRE)Qn@iay€d foh qotﬂnhlaeeo&@méfdurz @tt). 1@re&‘l@y%%}ﬂfé21&ﬁés3ﬂate 0.93 g, 8.22

mmog kﬁAZ 41519{%)0% d%g S Jél\{l%lé)s(%-p ]g@]aéhﬁaggnorngs heated to 50
°C ad él'ga:dafoﬂ%SG 5hl The ceactibn act@iedrto(rR afd dilut8d MthrM‘WBESOZO mL) and

v QS 1 S TR S Xy 98 YIRS o v

). rHpas¥ rmgroamwa the sol(vwwasanmoatg@d) Yleld cradenyetlogrtoil 8.
roomterrperature (rt). Freshly prepared nesylate (0.93
g,.8.22 qmal es, KF < 800 ppm) was added to the

Prep@gfivi F4mRi€ %2 neat oil and the reaction was heated to
50 C and aged for 2.5-3.5 h. The reaction was cool ed
to rt and dil uted vvith MIBE (20 ni) and

O O /k
J\ Pyr.HF,MTBE WO
0
OTBS 0°C->RT OH
9

To a solution of the tert-butyldimethylsilyl (TBS)-protected lactam (10g, 24.2 mmol, 1 equiv) in
dry MTBE (40 mL) at 0 °C under N, atmosphere was added a 70% solution of HFePyridine
(4.84g, 169 mmol, 7 equiv) over 15 min. The resulting mixture was allowed to warm to RT and
aged for 12h, at which the reaction was judged complete by HPLC and "HNMR analysis. The
mixture was then diluted with MTBE (100 mL) and washed with cold H>O (30 mL). The
organic layer was then treated with saturated Na,CQO; (25 mL), brine, dried over MgSOQy, filtered
and concentrated in vacuo. The resulting crude oil (9) is used directly in the next step. If
desired, the alcohol can be purified by SiO; gel flash column chromatography (40:1
CH,Cl,:MeOH).
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10 water (20 nL). The aqueous (aqg.) |ayer was cut and
the organics were washed with sat'd. brine (10 nli).
wp@a/osi4gi Nng over Na2SO4, the sol vent was rendREDCA004/000471
yield crude yellow oil 8. Preparative Exanple 9 OO O
O Pyr.HF, MIBENO- CNOOIBSO C->RT OH 15 8 9
To a solution of the tert-butyldi nethylsilyl
(TBS)-protected |lactam (10g, 24.2 mmol, 1 equiv) in
dry MIBE (40 nL) at O C under N2 atnobsphere was added
Prep@atf @ sahplé ton of BF-Pyridine (4.84g, 169 mmol, 7
equiv) over 15 mn. The resulting m xture was all owed
to warmto RT and aged for 12h, at which the reaction
was j-udged conpl ete by HPLC and 1HNWR anal ysis. The 20

m Xt e was_t hen %@ S ""'thPyMBﬁEo(loo L) and vashgsier
W t @ " , '- then
tredy V\m-hsaturated Na&f& 25 1i2) ' dried

over MgSO4, filtered and concentrated in @acuo. The
resul tbng crude oil (9) is used directly in ihe next
step If desired, the al cohol can be purified by Si 02

ro oS80 PLAS GO TN TR el o SR M g .

7.5 efxiaiphe Hugighase (0CDNHY, 9908w, 3 dVBQir vichld@@@sane (95 mL) was
addeﬁ*?@s@gﬁﬁﬁ‘ﬁ (1§€,9Z% gnﬁ‘n@:l%gq%%%%f ?05‘,@%%@ 32 %xﬂéﬁtgp 'Iﬁh% r&ulting solution
was aggd gt G{ 5a chy pomplete qq@ﬁmgptygg@f the gtagmg_matgmalgzvas observed.
The 1¥h&on Iﬁlxﬁﬁél wél the diivedd \thﬁ’ EE@AE‘ gﬂ’ﬁ) thPPartl-wastRad Wﬁp&iﬁ&i 4N aqueous
HC1 @épf{ g[lhgno{:]ﬁe?pg: aye%méas sggegmrg ﬁﬁd grg:ptg# relgqesswe?y WltL saturated NaHCO;
solution and brine. The solution then dried over MgSQj, filtered and concentrated in vacuo to
give the corresponding aldehyde (7.8g, 83% assay yield), which was used in the next step
without further purification.

Preparative Example 11
Preparation of Sodium Phosphonate 14

Step 1
o DAST, 15-45 °C R F
“Me neat _ O‘M o
o) 78-80% yield O

13

To a neat solution of methyl benzoylformate (PhCOCO,Me, 25 g, 0.15 mol, 1 equiv) at 15 °C
under N, atmosphere was added neat diethylaminosulfur trifluoride (DAST, 34.4 g, 0.21 mol, 1.4
equiv) at a rate such that the internal temperature was maintained below 45 °C. At the end of the
addition, the resulting brown solution was allowed to cool to RT and aged for 3 more hours, at
which time a complete consumption of starting material was observed by high performance
liquid chromatography (HPLC) and gas chromatography/mass spectroscopy (GC/MS). The
reaction mixture was then poured slowly into a mixture of ice/H,O (NOTE: exothermic!) and the
product was extracted with MTBE (3x). The combined organic layer was then neutralized slowly
to a pH of 7 with a cold solution of 20% aqueous Na,CO; (NOTE: gas evolution), washed with
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was aged at 0 C for 1.5 h, at which conplete
consunption of the starting nmaterial was observed.
wab@408R6t i on m xture was then diluted wth EteEwCcAL®@000471
m.) and washed with cold 4N aqueous HC1(35 nlL). The
organi c | ayer was separated and treated successively
W th saturated NaHCO3 10 sol ution and brine. The
solution then dried over MJSO4 filtered and
~concentrated in vacuo to give the correspondin N
brine.glrisd oy aeMEsOa.flic e s eanponiiasedii, vop. Mo aeda gredudt s purified by
vaculﬁfﬂ BisABXlonS (bR 103\41@9 ogtyr bUIshes) Ruild ih‘éQfeh@éﬂ roduct (13) as slightly
parative Exanple 11 15 Preparation of dﬁ)
Yeﬂo"rbﬂ sphonate 14 Step 1 O DAST, 15-45 C 61 Zor | e
neat O M 78-80 %yield 13 To a neat sol ution of
t hyl benzoyl formate (PhCOCO2Me, 25 g, 0.15 nol, 1
m—%ﬂ;ui v) at 15 C wunder N2 atnosphere was added neat
di et hyl am nosul fur ty k\Ehues ¢g- (DAST, 34.4 g, 0.21

mol, 1.4 20gequiv) atysaclaf@insuch t ha t heNa al
t enper at M@Mgm—m—ar—ﬁed—be%ew45ﬂe©~ t_Ahe of
the additMe@, the résul tF %rovvn skik@t i on al | oned

to cool to RT and ag noee hours, af i ch
time a conplete cons |or¢) of ,starting matigrial was
observed by hi gh performnce 1quui d chr omat ogr aphy

(HPLC) and gas chr omat ogr aphy/ mass spectroscopy
(GC/M5). The reaction mxture was then poured slowy
To a sohitionaf mﬁméthyl&nﬁflylipﬁeéﬁﬂgﬁaté EFRE-0. 280610 €106 ieqhiy) 8@yt TR (400 mL,

KE= Ko e, Ry BT e PhAlb b Dt 2Pyt o R o

blS(tﬂmabh}tlhlyé)aﬂmlednélﬁmlfﬁ ]érmbf 0.28 %od.lu@Depri NePeOsS @hh)'l'.Ehe resulting

solutigfp %A’%!om %03?55%@% ﬁrﬁl\e%{eg @%S%Fa%é@ﬁ?@% nG2C0OMe, 40g,
0.22 mplg 1 Oquim erert logmim T\baé%twlm@xt@fmw ged@tictd Wakor 1h, slowly warmed

to RTRuE icbh&@etrigd to/aszwm dhﬁéﬂ dfh@tdn thal POrumbQAd h@&edADABE (400mL) over

0.5h. it vl Nswr it e fuesasd 3 R ToRGH ISt e Tbe vepgake was

washed, wiBOMWBE (1D0ME)-a0d dEdA in vdublinBer/ a stream of N,. The product was isolated as
white solid (14).

Preparative Example 12

Preparation of Compound 16
Step 1
0O

2.0 eq. K28208
10 eq. HZSO4 HO o
10 mL/g IPA \/\/\/\g j/

2 ml/g HpO

15

To a 10° C solution of water (250 mL), IPA (1250 mL) and concentrated sulfuric acid (600 mL.,

11.1 moles) was added solid potassium persulfate (600 g, 2.22 moles) in one portion.

Cycloheptanone (131.5 mL) was diluted to 250 mL total volume with IPA and this solution was

added via addition funnel to the persulfate slurry over 15 min with the temperature maintained
-19-
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Med 2. FF (r)" MO FF M 0 13 14 To a solution of
di met hyl net hyl phosphonate (28g, 0.23 nol, 1.05 equivV)

WO 0odi0gs43HE (400 nl, KF= 30 ppn) under N2 at nPEI/CAZ®4400471
was sl owy added a 2M sol uti on of sodi um 10
bis(trinethylsilyl)am de in THE (115 nL, 0.23 nol,

1.05 equiv) over 15 mn. The resulting solution was
aged for 30 mn and then treated with neat nethyl
di fl uoroester (PhCF2CO2Me, 40g, 0.22 nol, 1.0 equiv)
<15° GVbﬂOugEouﬂtlﬁb adtiteon, eﬂ@tré@mﬁiwds Weed WAl YR 16t20h7 ®nlce all of the
concent

cyclol(e%'éa&é?? hacll Befacﬁgil,\é@% Feiaﬁ 1%}%%% tcarﬁg tq FelIoyg &@asaﬁﬁ% epmg(%He filtrate cold.
The fl@m&l@ rHa} ddut@d with, MABETHE50 ey satdiprms< p &)sindrnwaters(500mL), with the

telnpeg‘éfﬁltehﬁéil\}%glﬁe‘a d%\%"ﬁ: [‘E}ﬁd 1@%6?1{ sé;ia(lrjﬁtgxﬁrqqgné[ N§e gﬁﬁseg FKE allowed 1h

to settlgansk thg agygoua ayer wapcut THEe prasaisdeysaesiveshed withast’d. Na,CO; (2 x

11), otMihtikeths @bl dht tkddinedBRRANBHe] s%ﬁltl'éﬁarmé'c@luﬂea weh hexanes 1.25 L) and dried
atjon ound 16 St

over I\Teggganf@rl_blgcﬁgq;@cfo Mfaiv@erpr@ée Hgﬁ \% ml_@étge oif gvas 7‘60uélm distilled to
yleldﬂlﬁe@stso(llﬁbl(bp 105 °v@tenm(FH0 ), IPA (1250 nL) and
concentrated sulfuric acid (600 niL, 11.1 noles) was
added solid potassium persulfate (600 g, 2.22 noles)
Step2 n one portion. 25 Cycl oheptanone (131.5 nlL) was
diluted to 250 ni t ot al voI urre with IPA and this
solution was added via a G unnel to the

persol\f,aw%o h MW%?O
mai nt ai ned -19 \ﬁm Oﬁ)SﬁBQTF?FIT/CAZ 04/ 000471 (<1
C throughout the®Gaddition. The reaction was aged @t 15
C for 16-20h. Once all of the cycl oheptanondbhad
reacted, the reaction was filtered to renove the

salts, keeping the filtrate cold. The filtrate was
Toa -&g‘i éisgﬁél\é%f%?fsl\{&%%{) %}6ﬁ8 rrrlol'lgé) and t[I'ie(%h}Hglllnﬂl% ((1 }.lLrP)L, &Séjmoles) in dry
THFE (100 mL) was added Methanesulfonyl chioride (MsCl —4.75 mL, 0.06 moles) (diluted 1:1 in
THF) with the temperature maintained <10° C throughout the addition. The reaction was aged for
30 min @ 0-5° C. Upon completion, the reaction was diluted with hexanes (100 mL) and
quenched with water (50 mL). The aq. layer was cut and the organic layer was dried over Na,SOy4

for 30 min. The solvent was removed under vacuum and gave a yellow oil (16). The mesylate
should be prepared fresh prior to lactam alkylation in order to minimize impurities.
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tenperature nmai ntained <30 C. Upon transfer to a
reparatory funnel, the phases were allowed Ih 5 to
waedaotlogs4and t he aqueous | ayer was cut. The or gBei/CA2004/000471
| ayer was washed with sat'd. Na2CO3 (2 x 1L), or until
the aq. cut remained basic. The solution was dil uted
with hexanes (1.25 L) and dried over Na2SO4 for 1 h.
The sol vent was renoved under vacuum and the oil was
v?q(‘:rﬁjum distilled to vyield pure ester (16). (bp 125 @
Examplghy Hg) 10 Step 2 1.15 eq. MsG HO O 1.5 eq. TEA MsO
isoprépyl Q 10 mg7-THR)Q-[(16)-1@-dfludO- ﬁoﬁ@h%ﬂeﬁ{lbﬁf—l-@ﬁﬂeﬂ? 62X opiperidin-1-
yl}hegtangatgs noles) and triethylam ne (11.1 0. 08 nol es)
THE (100 nL) was added Met hanesul f onyl
chl orlde (MsCl - 4.75 m, 0.06 noles) (dijuted 1:1 in
8 THF) wth the terrperatcureomal ned <jo0 C .
hrough ut th ] tlwﬁO\ﬁ'h,e e n WCOO'P"
pon co |onF reactiQn was diluted
) Hexanes (100 nL) and quencheggw th wat er]| (F
The Laq | ayer was cut a@dCth®HBrganic | ayer wa
over® Ng2SO4  for 30 m ns5%@e48@l vent was renovg,
vacuum and gave a yel lrFowort—16—®Fre nmesyl ate
shoul d be prepared fresh prior to |actam al kyl &tion in
order to mnimze inpurities. 20 -20 WD 2004/ 085431
To a piiticoad Godiuoophsphorateatdh(18.71g,i4SShmom} 1.7 equiv) in THF (130 mL) at 0 °C

under(lﬁt'_?%%(e% \{le(séa:él}iec;f'%ﬁcg' & |3§gr221" S’Sm%%ﬁ (f' 79 ¥£ '%})11,% é@gﬁ[ﬁgﬁn&t&m was
stirred g B LU rutepiand thecoptminh Ssolaion gt 204Ryde 10 (£7 3216 mmol, 1
equiv iCITHF (I0HnL). The resulting suspension was then heated to 50 °C for 50h, at which a
94-97% conversion was observed. The mixture was then concentrated to about a third of its
volume, diluted with EtOAc (130 mL), washed with H,O (30 mL}) and brine. The organic layer

was then dried over MgSOy, filtered and concentrated to give yellow oil (11), which can be

purified by SiO; gel flash chromatography (19:1 = 9:1 toluene:acetone).

Example 2
7-{(2R)-2-[(1E,3R)-4,4-difluoro-3-hydroxy-4-phenylbut-1-en-1yl]-6-oxopiperidin-1-
yl}heptanoate (12)

o]
N/\/\/\/COOiPr TS\O\’/
Ru
R F :[
I Ph’ Hy 1 3 mol%
(o) HCO.H, EtgN, RT, 2h
’ DCM or PhCHjz

11

To a solution of the enone (450 mg, 1 mmol, 1.0 equiv) in 0.5 M/~4.5mL/g anhydrous PhCHj or
dichloromethane (DCM) under N, atmosphere was added Et;N (0.14 mL, 1 mmol, 1.0 equiv) and
HCO,H (0.05 mL, 1.2 mmol, 1.2 equiv) at room temperature (RT). The resulting solution was
stirred for 10 min and then treated with solid (R,R)-(-)-Ru-TsDPEN-cymene complex! (19 mg,
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0 10 55 C, 48h 0O 11 5 To a solution of sodium
phosphonate 14 (13.7 g, 45.7 mmol, 1.4 equiv) in THF
W@ 1®0/08d431 at O C under nitrogen was added ZnQi@T/CA2004/000471

(3.33g, 24.5 mmol, 0.75 equiv). The resulting m xture

was stirred at it for 15 mnutes and then treated

with a solution of al dehyde 10 (9.7g, 32.66 mol, 1

equiv) in THF (10 nL). The resulting suspension was

then heated to 50 C for 50h, at which a 94-97%

0.03 romol; éx Q5 ayyiwyad] atlones. Vithe reabtien mixtie wasvhsn hg&’nat RT for 2h, at which a

comp%?{é‘o%g%&l%ﬁ@ﬂ fé%@?xg ?)ﬁaé%’l Q&a@ dp&d: ée&d %\ﬁt t Wg §her s MTBE (5 mL)
was aggedl foHpyyed by AR BEhehmle). Thy élrganwé@w riean separaed.ovashed Wlth saturated
Na,C %e dridd s/ @f%ﬁh, ¢iRPe8RhA é&&‘éﬂﬂré’ce@ b;)’ﬁac\k@'tb %We@hé final compound

as WSE‘PHSd’ﬁ]az!g)gggﬁ(t@E‘g(eI@@e#%rl agé) (1ed3t %?v ﬂéﬁsé"y yéfﬁ@t one). Exanple

2 15 7-{

Thec taﬁ%\i ﬁané\ﬁsg)%o %\Srral’ted]i 1%'3{&1 of oﬁgl&?)y(gi ge uig hF @\@u@-cymene)g] and

0.04 00GigRv of: thertl, Ry-BV- Eo@lmmhersﬂ@wlemﬂ 22¢1a1@dhe 1@@@%

P o)
(dichlo Hﬂf&hé&%&ﬂl’]ﬂle I)?tgs@ncce (gl{%ﬂ)ﬁ?mpéqgﬁ\h ﬁg%'&gl&{oinggO@J e o
THF(@(frabwdéﬂﬂuw& Hlehagies fodymig sHBE I\Ja‘ff%@mé felloged by HCOzH and a
solutlaﬂ@ﬁ‘ﬁle%hgﬁ\’: wodasnrt, 1 mol, 1.0 equiv) and HCO2H

(0 m., 1.2 mmol, 1.2 equiv) at roomtenperature

(RT) The resultlng solution was stirred for 10 mn

The caﬂabyst wanprepaad by mikinly 19wl iequif R BRuChjp-EumdreDPFinalya@ive(R, R)-N-
TosyCOIMl R e 2 Bheld G0P4 QR A35 T S0P HARIA L for
1h(hogi)x Ajﬁtpesqmeg\t rm@vaé,gég selid Vs WmheQ hithagoldhblQtangd the recrystallized from
MeOH%fEiv%tt}?e &@il?é{'ﬁ%ké?&e %lﬁt(@i fkqagidmy.erial was

obseérved. Tert-butylm net ether - MIPE (5 nL) was

added fol l owed by I'N HC (2rrL) The organic | ayer was
separated, washed with saturated Na2CO3, brine, dried

manBiEh P 2 S5 UPLE OO B £ cpiperiin

1-yl}Hekipgmbraeadreri ¢ rati o, 83-85% assay i eI d). The
catal yst can al so be generated in situ by m xing 0.02
mol equiv of [Rud 2(p-cynene)?2] and
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0.04 nol equiv of the

(R, R -NTosyl -1, 2-di phenyl et hyl ene-1, 2-di ai nine in DCM
wQ dioglogsasonet hane) in the presence of 0.04 nol PETIGAR008/000471

IM solution KOXBu in 10 THF(tetrahydrofuran). After

aging for 10 mn at RT, Et3N was added fol | owed by

HCO2H and a solution of the enone in DCM. The

catal yst was prepared by m xi ng 1nol equiv of

[ Rud 2(p-cynene) 2], 2nmol equiv (R R -N

Tosyl -1, 2-di phenyl et hyl ene- | , 2-Skklagmed and 4.2 nol

equiv of Et3Nin iPrOH at 80 C for 15 | h(hour). After

sol vent renoval, the solid was washed with cold H20

apd the recrystallized from MOH to give the catal yst

a$ orange Sokdhps( 65- 79% yi 3: 7-
s s SN
OFS di'%&f\p‘-ﬁo‘f hy A=phenyl but - | - en~1~yY'- 6- ox

oprperidin- 20 1-yl% heptanoi c acid -22 WO 20044 085431
PCT/ CA2004/ 068471 Schene 1 1.1 eq. ICHMr)S NH O TBAF

2 OBSkO-r O'BSOH \ 2067 8 C(p) OO
MO-A \ ~~~COO Pr O MeO N Swexl ildat i on I CROHR oo
Ewe% xi hflorJ\IaH, Cl 2, THE y 50he O / Fl 1 y
ohi o é{r\/v\/cggpc 0.10lQ l|\|~F\Fcoo
H NaH, ZnGCl,, THF
50 °C, 50h 11

© .10

catechol borane, PhMe LiOH

Bu-CBS ligand

Step 1: isopropyl 7-[(2R)-2-({[tert-butyl(dimethyl)silyl]Joxy}methyl)-6-oxopiperidin-1-
yl]heptanoate

17
1.1 eg. NaH - 2 7/
N e, N K — N/ME)L OJ\
OTBS OTBS 50°C OTBS
8

7

0

To a solution of 7 (1.0 g, 4.1 mmol, syn thesized in seven steps according to the literature
procedure Synthesis 1998, 1141-1144.) in 12 mL DMF(dimethyl formamide) was added 60%
sodium hydride (172 mg, 4.3 mmol) and the resulting solution was stirred for 30 min at 50 °C
whereupon isopropyl-7-iodoheptanoate,17, (1.9 g, 1.6 mL, 8.2 mmol) and tetrabutylammonium
iodide (50 mg) were added. The solution was stirred at 50 °C overnight after which it was cooled
to room temperature, slowly poured into saturated aqueous ammonium chloride solution and was
extracted with ether. The organic phases were then combined and sequentially washed with H,O,
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,000H N catechol borane, PhMe F F\ LiOH 7F~ Bu-CBS
ligand OH O12 18 5 Step 1: isopropyl 7-[(2R)-2-({
wQ e@awsdaat yl (di met hyl ) sil yl ] oxy} met hyl ) - 6- oxopP@ECALH0R000471

1- yl]heptanoate ~, 17 OO Imo,(" 2 ( o~ OLNNCH 1.1

eq. N\aH N K o + 2 OIBS OIBS 50C OIBS 7 8 10 To a

solution of 7 (1.0 g, 4.1 mmol, syn thesized in seven

steps according to the literature procedure Synthesis

1998, 1141-1144.) in 12 nmL DVF(di net hyl formam de) was
brinezaideltie8 09er o8Oy filred astecdnté@rargy indvaduoniile)coatpduhdd &vas purified by

r ' ' I ] 50 .
flash AR A RO A1 062 cTHA R RBAnE® (P8l o feciqpigs oil. 1HNMR
(S00 LT A cetaneosc): k@S ek 1 Hh AT G, G50 (mo A 9B OnNE, 2.25 (26, 4HD,
2.00 WRr Bpddadm, The, £ Hhi o) WaR. P56 (HEMAl. HnE 1842100908 (m, 4m),

was cooled 15 to room tenper at ure,

fter which it
1.22 &Sogﬁ@ et Atld &) at ed aqueous ammoni um chl ori de
solution and was extracted with ether. The organic

step B35Sy (el LG BB B SRR OO0 DU TRE anct

dried over Na2S™, filtered and concentrated in vacuo.
The conpound was purified by flash chromatography

usiQg 75-100% et tyl acetate/ hexane§ to yield 9 ﬁ a
colarl ess Qi | ~ 1HN ( 50BARVHZ, : 094\
(i ), 3.75 (m ), 350 (M 1H,]2.97 (m 1H),

2. OTB$Y), 2.00 (m 1H), 1.9 By, 1.82 (m
111), 1470-1.56 (m 4H), 1.52 (m 1Hg 1.40-1.28 (m
4H), 5 1.22 (2s, 6H), 0.93 (s, 9H), 0.11 (s, 6H). Step

To a Zilplir! SUYHY 23 pwealhin 10wl oxasadded THAR-eirghyHepragnian fuoride
(0.25t8AL 0Oa OMXdhtion in THF) at room temperature and stirred for 18 hours. The solution
was then quenched with saturated (sat’d.) NaHCOs, and extracted with ethyl acetate. The organic
layers were combined and washed with water then brine, dried over MgSOy, filtered and
concentrated in vacuo to yield 9 as a colorless oil. 1H NMR (500 MHz, Acetone-d6): & 4.95 (m,
6H), 3.97 (t, 1H, OH), 3.76 (m, 1H), 3.66 (m, 2H), 3.48 (m, 1H), 2.98 (m, 1H), 2.24 (m, 4H),
2.08 (m, 1H), 1.90 (m, 1H), 1.79 (m, 1H), 1.70-1.56 (m, 4H), 1.50 (m, 1H), 1.40-1.27 (m, 4H),
1.22 (2s, 6H).

Step 3: isopropyl 7-{(2R)-2-[(1E)-4,4-difluoro-3-0xo0-4-phenylbut-1-en-1-yl]-6-
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TBAF 0) N O)"I (r)TBS (r)H 8 9 10 To a solution of
8 (0.80 g, 2.3 mol) in 10 nL was added
wa BREA8EBT abut yl anmoni um fl uoride (0.25 ni of BCWEA2004/000471

solution in THF) at roomtenperature and stirred for

18 hours. The solution was then quenched with

saturated (sat'd.) NaHCO3, and extracted with ethyl

acetate. The organic |ayers were conbi ned and washed

with water then brine, dried over Mg504, filtered and
oxop@en@lamt_quhqﬂaﬂdatevacuo to yield 9 as a colorless oil.

H NVR (500 MHz, Acetone-d6): 6 4.95 (m 15 6H), 3.97
(tolH o), 376(m 1H), 3.66 (m 2H), 0348(m 1H),

2. c@ded m  4fm o%dél%n(m I CooiPr
1 179(m 11-1), 1.70-1 4H),[1.50 (m 1H),

1. 7 (m 4H), 1.22 (ngotéH). Step 37 Tjgopr opy!

7-{ 0

(2R) ?2-[ (1E) - 4, 4- di f | uor o- 3- oxo- 4- phenyl but - | -en- 1 -yl ]
-6- -24 200 085431 PCT/ CA2004/ 000471
oxo HE |n-I}hg e 00 GO Pr Swern

b Seoh-d %Ign@%’ M60- 0 _KQ TidBoirr
ooo| Pr FFE 55 C 48h R MBI 1- F(E T A1 Toa
pur ge wth N2 (g) was added CH2e1> m) to
whi ch%ﬂﬁ?‘ﬁyl sul foxide (0.115 g, 0.10 ¥ 483
was then added. The sol ution was then cool €d t

and during 5 vigorous stirring oxalyl chlod de .
g, 0.12 nm, 1.3 nmol) was added dropwi se. After 30 mn

To a purged flask with N; (g) was added CH,Cl, (40 mL) to which dimethylsulfoxide (0.115 g,
0.10 mL, 1.48 mmol) was then added. The solution was then cooled to —78 °C and during
vigorous stirring oxalyl chloride (0.17 g, 0.12 mL, 1.3 mmol) was added dropwise. After 30 min
a solution of 9 (0.35 g, 1.2 mmol) in 5 mL. CH,Cl, was added via cannula. Stirring was continued
for another 30 min at —78 °C. Triethyl amine (0.3{ g, 0.43 mL, 3.1 mmol) was added dropwise
and after 15 min of stirring was concentrated in vacuo without the use of the bath. A solution of
1:1 diethyl ether/ethyl acetate (100 mL) was used to filter off the triethylamine salts and the
solution was concentrated in vacuo. The crude aldehyde, 10, was then diluted in 5 mL of THF
and added to a solution of (2-o0xo-3-phenyl-propyl)-phosphonic acid dimethyl ester (0.34 g, 1.4
mmol) and 60% sodium hydride (52 mg, 1.3 mmol) in 15 mL of THF at 0 °C which had been
premixed 1 hour. Zinc chloride (x mL of a 1M solution in THF was added) and the reaction
mixture was stirred overnight at 50°C. The solution was quenched with saturated aqueous
ammonium chloride solution and was extracted with ethyl acetate. The organic phases were then
combined, and sequentially washed with H,O, brine and dried over Na,SOy, filtered and
concentrated in vacuo. The compound was purified by flash chromatography using 50-80% ethyl
acetate/hexanes to yield 11 as a colorless oil. IH NMR (400 MHz, Acetone-d6): 6 7.65-7.55 (m,
5H), 7.11 (dd, 1H), 6.67 (d, 1H), 4.95 (m, 1H), 4.40 (m, 1H), 3.78 (m, 1H), 2.60 (m, 1H), 2.25
(m, 4H), 2.02 (m, 1H), 1.90 (m, 1H), 1.68 (m, 2H), 1.53-1.36 (m, 4H), 1.35-1.17 (m, 10H).

Step 4: isopropyl 7-{(2R)-2-[(1E,3R)-4,4-difluoro-3-hydroxy-4-phenylbut-1-en-1-y1]-6-
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a solution of 9 (0.35 g, 1.2 nmol) in 5 nL CHCl12 was
added via cannula. Stirring was continued for another
w@0ooowiogs4at -78 C. Triethyl amine (0.31 g, 0.43PeL/CA3N01/000471
nmol ) was added dropwi se and after 15 mn of stirring
was concentrated in vacuo w thout the use of the bath.
A solution of 1:1 diethyl ether/ethyl acetate (100
m.) was used to filter off the triethylamne salts and
the 10 solution was concentrated in vacuo. The crude
oxopgieﬁaﬁlyﬂgl}h&ﬁan(y@@ then diluted in 5 nL of THF and

added to a sol ution of

(200xo 3- phenyl - propyl ) - phosphoni ¢ aci d dipnret hyl ester

] 4. _0P0lFy and 60% sodi um hydri dé &chgipr
in 15 nmL of THF at ‘i%ﬁ whi ch had bpen} premxe

. £Zignc chl ori de £3® °8 1M sol ubhenyi ne THF
ided) _and t he reactlon m Xt ure was st|r ed

was extitact ed wWith ethyl acetate. The organi c fahases
were then conbined, and sequentially washed with H20

A. SYHARR Fd Al S REB]VE 'Eolﬁ@?es%’a sfoldtfoﬁro@ dsrofs hgand d11 53 g, 45.5 mmol)

concentrated i n vacuo, The ound was purit by
in tolpene (19 WW@Q%%VY@F%@C g@d gﬁ) %geﬁ@ jmmol) and the mixture was heated

to refABedak aidhewahesDé yirk] Thid finalssofutival vodsl (R4S Mparld wadhsdRirectly.
(400 MHz, Acetone-d6): 6 7.65-7.55 (m 5H), 7.11 (dd,

1H), 6.67 (d, 1H), 4.95 (m 1H), 4.40 (m 1H), 3.78
B. Re(dmptidﬂ—UEo @sob@ichmy catdrholBo2be 2D3i mL, 3Hy m@oDan (atpere(390 mL) cooled

to —78“(2@/ 5%@'@8 m% 6%;56 Qﬂ%?lz 5 28)12 !éétr\)/ LoB% (5){?9 botdine solution under
nitrogeprndzhg {mEu@Ryaszstmedlaﬁ th@d@l@pqahwf%ﬂwom ekgtopedl|(7 g, 15.6
mmolY-ih tohdnef420 %i)\()@s %@@é’d &3pkk iRCH 1%%9%0@9{9 4rfdlthe mixture stirred at

the B g b e QI%% %teg@%%f? CpRRRY gD S e migture was

then #lde@200 hels i N 1] abidltthd: nﬁ;&)lreQBBde t Glat@ne rookd teinperature with vigorous
S oI tion, of

stlml%%l gﬁlgx 8(“%%’5“%@ §1 vg agtgay ?ﬁegﬂ%ﬁg@?‘gﬁé}% g%vlzrggc%l(eé dlfrqag extraction and
the sukpeBsiomwhy flhcmid threugh odllite ® e v emubstbn) STheccrndd product was purified
by ﬂagﬁiér(ﬁlaﬁ% él\q/as it ﬁ@?Eﬁ\/ﬁ#ﬁnesT@bleb%j BhvS e Hekitli #Bshol as a
mixture of two diastereomers in a ratio of 12: 1 The mixture was easily separated by prep HPLC
(high performance liquid chromatograpy) using a chiral Pak AD® column using 50% iPrOH in
hexanes as eluants (monitoring at A 214 nm). The undesired isomer came out first followed by
the desired isomer 12.

'H NMR (400 MHz, Acetone-dg): & 7.6-7.5 (m, 2H), 7.5-7.4 (m, 3H), 5.80 (dd, 1H), 5.6 (dd,
1H), 5.0-4.9 (m, 2H), 4.7-4.6 (m, 1H), 4.1-4.0 (m, 1H), 3.8-3.7 (m, 1H), 2.6-2.5 (m,1H), 2.3-2.2
(m, 4H), 1.9-1.8 (m, 1H), 1.75-1.55 (m, 5H), 1.55-1.4(m, 2H), 1.4-1.22 (m, 4H), 1.22 (d, 6H).

Step 5: 7-{(2R)-2-[(1E, 3R)-4,4-difluoro-3-hydroxy-4-phenylbut-1-en-1-yl]-6-oxopiperidin-1-
yl}
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B. Reduction: To a solution of catechol borane (3.35
m., 31.4 mmol) in toluene (400 nL) cooled to -78 C
woam4astded 68 nml (32.6 mmol ) of (S)-2-butyl - CBECT/CA2004/000471
oxazaborolidine solution under nitrogen and the
m xture was stirred at the tenperature for 1 hour (h).
Ketone 11 (7 g, 15.6 10 nmol) in toluene (420 ) was
added dropwise in 1 h under nitrogen and the m xture
stirred at the tenperature until all starting
heptaggice@fidal di sappeared (usually in 30 nin). To the
m xture was then added 200 nL 1N HC andothe m xt ure.
all gved to warmto roomtenperature with yi gorous 00H
stip ipg&/gﬂﬁ\Fbébﬁﬁe was extracted withretiyacetats
5i on devel oped during éi@H acti on and_-tl
='wianmas filtered Through ceélite to re -F:
enul si @ The crude product was purified 15 b
Eluting with EA/ hexanes (70-100%)
the desited s cohol as a mxture of two di astereoners
in arat’o of 12:1. The m xture was easily separated
by prep HPLC (high performance |iquid chromatograpy)
To a sedutig &f ICHBP ahg, PaU8OARMD)) ic Al78ML 23: 1\ §: ISP INRsQHE: W ater, at 0 °C, was

I i i t 4 . Tk :
o AR R 5y B KOS B, PRAY 0L, Al 0l soion s
allowge & wagn (osieeaY temperapge apd NkiRed seemighE., Tobe tsolution 6)as agded a 1M
aque(%g g?ﬂltl%l_l) G#H@gb_ anLg -a?c;ln ﬁésg&%ﬂog%@szx%a&r@nd (xf%%‘etﬂ}g?ai?t%egThe organic':
PhaS% f{era fhpn cemgl.ngdmﬁwd Pigh b@eedlze%owﬁ\qg%% filtgred apd cppgentrated in
vacudd e cdmPoundwispuritieby flask hibntdodrphyalding 49-85%11-4¢m drop
CHZC%g%eth%n(ﬁl(a%Egéz ac(i([ﬂo }‘/‘ie d 181 észazco(lgﬂesg '5'?1.' IH%VIQ/B{ %OOM‘IZ, Acetone-d6): 6
7.6-7 3Rm, 81 - 18 {ddy dED; 36 ligd) 1dRy 5.4 -(ph dBY) D6 i(ml| 1ER- 4.1y, 18),0X7 (m, 1H),
Itpeb isdh - - 2004/ 085431
26 (@W&fg’%}%%o@igf@%}& aﬁ%. “acid (r) ~(r)(r)H
~(r)(r)iFr RD LIOHF F F 6H (r)HI1 12 To a solution

of 12 (132 f8Bowide¥EAniPER!4 thtdheR 18ah BE nthde irf aofdance with Examples
TEF:NEC}tmater, t 0 C was
1-3 with the appropriate modifications.

Example 4
7-{(2R)-2-[(3R)-4-(3-bromophenyl)-4,4-difluoro-3-hydroxybutyl]-6-oxopiperidin-1-yl }heptanoic
acid
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added lithium hydroxide (145 V L of a 2Msolution in
water) and the resulting solution was 5 allowed to

WOR0I08533Tr oom t enper at ure and stirred over ni ghPCT/Ta2a0h®00471
solution was added a 1M aqueous solution of HO (1
m.) and the solution was extracted with ethyl acetate.
The organic phases were then conbi ned, washed with
brine, dried over MgSO4, filtered and concentrated in
vacuo. The conpound was purified by flash

MS (¢EHSDmdl/84P83HMI9T.ng 49- 45% 1- 5% 1 dr op

CH2C12/ met hanol /acetic acid to yield 18 as a colorless
oil. 1H NWMR (500 MHz, Acetone-d6): 8 10 7.6-7.5 (m
5H), 5.8 (dd, 1H), 5.6 (dd, 1H), 5.6p(bs, 1H), 4.6 (m
1H, 4.1 (m 1H), 3. 7% 1H) 6 m 1H), 2.4-2.2
(m 4H), 1.9-1.2 ( . ow®d Exanples 4
through 13 can be m {n accordance with Exanpl es
1-3 with the appropridt eenqdRfigations. 15 Exanple 4
7-{
(2R)-2-[(3R)-4-(3- brormpha@yl )-difI uor o- 3- hydr oxyb

utyl]-6-oxopiperidin-1-yl }hep Ot+eBr acid -27 WO

2004/ 085431 PCT/ CA2004/ 000471 M¥B (+ESI): M Z 490.1

(Mtl)+. O HF F HO Br Etanple 55

7-{[ (2R) - 2- (3R) - 3- hydr oxy- 4- phenyl - but yl ] - 6- oxo- pi perd
Exanidle -yl } heptanoic acid 1H NVR (400 MHZ, CDSCD) 8

7-([GRE2 43 iy amy v+ gy ey i oorpiperting L) hepbagoic st
'z NIVﬂE@lOX) N[MZZC@%@]:@ o W31y, 1@\/959)" 3.81Q, '2@\/[ 2H), 3.4 (M, 1H), 2. 9.2, 7M, 3H),
2.3 (M, 4H), 1.9-1.3 (M, 16H); MS (-ESI): M/Z 374.2 M-1).

Example 6

methyl 5-{3-[(2R)-2-((1E)-(3S) 3-hydroxy-4-phenyl-but-1-enyl)-6-oxo-piperidin-1-yl]-propyl } -
thiophene-2-carboxylate

'H NMR (400 MHz, CDCl3): 8 7.6 (d, 1H), 7.2-7.1 (m, 5H), 6.7 (d, 1H), 5.5 (m, 2H), 4.3 (m,
1H), 3.8-3.7 (m, 2H), 3.8 (s, 3H), 2.8-2.6 (m, 6H), 2.3-2.2 (m, 2H), 1.9-1.2 (m, 6H).
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15

20

10 Exanple 6 nmethyl 5-{3-[(2R)-2-((1E)- (39
3- hydroxy- 4- phenyl - but -1 -enyl ) -6-oxo-piperidin-1-yl]-p
WO oyi03543t hi ophene- 2- car boxyl ate 1H NVR (400 MET/CA2004/000471
CDC13): 8 7.6 (d, 1H), 7.2-7.1 (m 5H), 6.7 (d, 1H),
5.5(m 2H), 4.3 (m 1H), 3 8-3.7 (m 2H), 3.8 (s,
3H), 2.8-2.6 (m 6H), 2.3-2.2 (m 2H), 1.9-1.2 (m
6H). 15 OO S d H HO6- 21 -28 WD 2004/ 085431
PCT/ CA2004/ 000471 Example 7 5-{ 3-[(2R)-2-((1E)-(39)
3- hydr oxy- 4- phenyl -but - | - enyl ) - 6- oxo-pi peridin-1-yl]-p
Exanddi@y! }- thi ophene 2 car boxyl i c CI d 5 1H NWR (400
|

5-{3-4@R)- 25((153)&@15) éﬁydl%ys‘l lelmnyf '11|ﬂ|)1 613\/ 156 (mo p}ﬁ&}dmé yﬂ( -prgpyl}-
th1opﬂléfﬁer2-3ar902yl@2{ci‘d 5H, 2.2 (M 2H), 1.9-1.5 (M 6H); M

'H N@ﬂ%@_ﬁ{g%ﬁnﬁ@%&%@ 18)07 o 18, 519, 5% S Ah SR 2m), 45 o,

1H), 3:5h(MiriéRy3 2(phanl) 2.y (Y SHp2dE: (Np2H), didqt. 3L, 631 opy (-ESD: M/Z
412%% ophene-2- carboxylic acid 1H NVR (400 MHZ,
): 6 7.6 (D, 1H), 7.3-7.1 (M 5H), 6.9 (D, 1H),
3.8 (M 2H), 3.4 (M 1H) 3. 0-2. 9 (d\/l 1H), 2.8-2.5(M
4H), 2.3 (M 2H), 2.091.3 (M_10 (-ESI): MZ
414.1 (M 15 1) . O OH

Example 8

5-{3-[(2R)-2-((3S) 3-hydroxy-4-phenyl-butyl)-6-oxo-piperidin-1-yl]-propyl }-thiophene-2-
carboxylic acid

'H NMR (400 MHZ, CDs0D):.§ 7.6 (D, 1H), 7.3-7.1 (M, 5H), 6.9 (D, 1H), 3.8 (M, 2H), 3.4 (M,
1H), 3.0-2.9 (M, 1H), 2.8-2.5(M, 4H), 2.3 (M, 2H), 2.0-1.3 (M, 10H); MS (-ESI): M/Z 414.1 (M-
1.

Example 9

isopropyl 5-{3-[(2R)-2-((1E)-(3S) 3-hydroxy-4-phenyl-but-1-enyl)-6-oxo-piperidin-1-yl]-
propyl }-thiophene-2-carboxylate

-29 -



[JLI N S OH HO 23 Exanple 9 isopropyl 5-{
3-[(2R)-2-((1B) - (39)
W@20wasazy - 4- phenyl - but - | - enyl ) - 6- oxo- pi peri di PELC)KR(04/000471
20 propyl }-thiophene-2-carboxylate -29 WD 2004/ 085431
PCT/ CA2004/ 000471 1H NMR (400 MHz, CDC13): 8 7.6 (d,
1H, 7.3-7.1 (m 5H), 6.8 (d, 1H, 5.5 (m 2H), 5.1
(m 1H), 4.4 (m 1H, 3.9-3.8 (m 2H), 3.3 (br s,
1H, 2.8 (m 4H, 2.7 (m 1H, 2.3 (m 2H, 1.9-1.6
'H NMIR (466MHE,.COCHY,& Bbid, 15, {3561 Jm, MK 645G, 41,3 o, 28), 5.1 (m,
1H), £4 ?g?f@&%%@k((éé}ﬁfﬁ?%re& 1 PERLORY, 2.7 (m, 1H), 2.3 (m, 2H), 1.9-1.6
(m, 68), HyH (dolx §H% - MEéﬁEBBbut yl ) - 6- oxo- pi peri din-1-yl]-propyl
ophene- 2- car boxyl ate 1H NVR (400 MHz, CDC13):
MA@“@‘A(Q 7.3-7.1 (m 5H), 6.8 (d, 1H), 5.2 (m

5 3.9-3. (m 2H),3.3,(m1H) 2.9-2.8 (m 4H),
2726(m 1M, 2.4-2.3 (m 3H), 2.0-1.2 (m 10H)

1.3 (d, ©6H); M (+ESl): I\/!Z4582(|\/t[1\+ N O
HO 25 15 Exanple 11 W
6- [ (3R) - 3- hydr oxy- - but 1-[6-(1Htetrazol -

| )-hexyl]-piperidin-2Zxane 'H NVR (400 MHz, CD3OD): 8
.3-7.1 (m 5H), 3.8-3.7 2H), 3.3 (m 1H) 2.9-2.7
m 5H), -30 WD 2004/ 08§6‘31 PCT/ CA2004/ 000471

&

~ <

24

Example 10
isopropyl 5-{3-[(2R)-2-((3S) 3-hydroxy-4-phenyl-butyl)-6-oxo-piperidin-1-yl]-propyl } -

10  thiophene-2-carboxylate
"H NMR (400 MHz, CDCL): 8 7.6 (d, 1H), 7.3-7.1 (m, 5H), 6.8 (d, 1H), 5.2 (m, 1H), 3.9-3.8 (m,
2H), 3.3 (m, 1H), 2.9-2.8 (m, 4H), 2.7-2.6 (m, 1H), 2.4-2.3 (m, 3H), 2.0-1.2 (m, 10H), 1.3 (d,
6H); MS (+ESI): M/Z 458.2 (M+1)*.

0O
(@)
i

25

15 Example 11
6-[(3R)-3-hydroxy-4-phenyl-butyl]-1-[6-(1 H-tetrazol-5-yl)-hexyl]-piperidin-2-one
'HNMR (400 MHz, CD;0D): § 7.3-7.1 (m, 5H), 3.8-3.7 (m, 2H), 3.3 (m, 1H), 2.9-2.7 (m, 5H),

-30 -



2.3 (m 2H), 1.9-1.3 (m 16H); Ms (+ESI): MZ 400.3
(M1)+. H~ OH H HO 26 5 Exanple 12 isopropyl
WO 2HHAF5481 PCT/CA2004/000471

(2R -2-[(1E, 3R) -4, 4-di fl uor o- 3- hydr oxy- 4- phenyl but-1-e
n-1-yl]-6- oxopiperidin- |-yl }hept-5-enoate M5
(+ESI): MZ 450.3 (Mt1)+. 10 OO ONFF OH 27
Exanpl e 13 (52)-7-{
(2R -2-[ (1E, 3R) - 4, 4-di fl uor o- 3- hydr oxy- 4- phenyl but-1-e

2.3 (n, 2Hy [1]9-6.3dxo g Por MSi (WEBD): ¥BZ WDO Rdp+15%.enoi ¢ aci d. -31
WO 2004/ 085431 PCT/ CA2004/ 000471 WMs (-ESI): mz 406.1
(M1) OOH ONFF 285 1. Effects of an EP4 Agoni st
on Intraocular Pressure (IOP) in Ratkpipj\s and Monkeys.

N

H

5 Example 12

isopropyl (5Z)-7-{(2R)-2-[(1E,3R)-4,4-difluoro-3-hydroxy-4-phenylbut-1-en-1-yl]-6-
oxopiperidin-1-yl }hept-5-enoate

MS (+ESI): M/Z 450.3 (M+1)".
10

27

Example 13

(5Z)-7-{(2R)-2-[(1E,3R)-4,4-difluoro-3-hydroxy-4-phenylbut-1-en-1-yl}-6-oxopiperidin-1-
15  yl}hept-5-enoic acid.
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Drug-nai ve, male Dutch Belted rabbits and ferale
cynonol gus nonkeys are used in this study. Ani nmal
w@aoog/08d3di treatnent in this investigation are POT/CA2004/000471
conpliance with guidelines 10 by the Nationa
Institute of Health (NIH) and the Association for
Research in Vision and Qpht hal nol ogy (ARVO) resol ution
in the use of animals for research. Al experinental
procedures str approved by the Institutional Aninma
MS (d88le: mmH0Gske(Mab)iri tt ee of Merck and Conpany. 15 Drug
Preparation and Adm nistration Drug concentrations are
expressed in terns of the active ingredient (base).
The conpounds of this invention ase dissolved in
physi ol ogi cal saline at 0.01, Q. 00L, 0.0001 % for
rabbit study and 0.05, 0.005% for méfdkey studies. Drug
or vehicle aliquots (2 5 ul e admnistered
topically unilaterallyop"bilaterally. In unilatera
appl i cations, the contra Qﬂ’ gyes 20 receive an
equal volune of saline. (0.5% is applied
to the cornea prior to tonon@Hr ‘mnimze
di sconfort. Intraocul ar pressure (I1OP) is recorded
using a pneumatic tononeteg (Al con Appl anation
Pneumat onogr aph) or equivalent. Analysis 25 The
results are expressed as the changes in IOP fromthe
basal |evel measured just rior to admnistration of
I Effctpgofom E%hAsq>@sta?rﬁ1dlntré<pﬁlléa§ﬁ@ssmél@@alﬁﬁq&bug apst Monkes-
standard deviation. Statistical comparisons are nade
using the Student's t-test for non-paired data between
Animalss \Wp 2004/ 085431 PCT/ CA2004/ 000471 responses of
drug-t rmageﬂna:ndlaleabmch Beltedamibbils and foadade @mﬂnfoﬂ)gus monkeys are used
in thlP safur e%nqg% ﬁ%a? a%? gez%tﬁ)ﬁéf 1}1%]{11& r“Q/VBF@ ga%iaﬁcagen tnécf}c‘;I aplhéag%ecvgltla ]guldehnes
by thct Netlcdml &nstitntebEHealtdt @¥IM) aad thesAssbéiatioh fordteserreh forision and
tde t
Ophtﬁaﬁ%olo?gQAR‘@ﬂs)Ur@ ?ﬂllcﬂgln%@ﬂﬁ% o ea?um;%ls erS&egrdﬁs A%f EeSimental

represent a cance
procefimes 88 @BPIQVquPE%Jﬁ%ItW@bA@%ﬁt 3re, am%@? Eemmeiftec o fylerek and
Compa@lt ed rabbits weighing 2.5-4.0 kg are naintained on a
12- hour light/dark cycle and rabbit chow All
experinments are perforned at the sane tine of day to
Drug Prapiaration avdAdainistctatyorr el ated to diurnal rhythm [1OP is
measur f t t n
thi s 1 nRRe s GE e Pt RE i S PGS AR sl oaso). e
comp@snds| of thig inveptien are dissplvedymphysidogical saline at 0.01, 0.001, 0.0001 % for

rabbit study and 0.05, 0.005% for monkey studies. Drug or vehicle aliquots (25 ul) are

administered topically unilaterally or bilaterally. In unilateral applications, the contralateral eyes
receive an equal volume of saline. Pr;)paracaine (0.5%) is applied to the cornea prior to
tonometry to minimize discomfort. Intraocular pressure (JOP) is recorded using a pneumatic
tonometer (Alcon Applanation Pneumatonograph) or equivalent.

Analysis
The results are expressed as the changes in IOP from the basal level measured just

prior to administration of drug or vehicle and represent the mean, plus or minus standard

deviation. Statistical comparisons are made using the Student’s t-test for non-paired data between
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IOP is neasured at 30, 60, 120, 180, 240, 300, and 360
m nutes after instillation. In sone cases, equal
woovbess4ef animals treated bilaterally with veltTiCa2004/000471
only are eval uated and conpared to drug treated
animal s as parallel controls. 15 B. Intraocul ar
Pressure Measurenents in Monkeys. Unilateral ocul ar
hypertension of the right eye is induced in fenale
cynonol gus nonkeys wei ghi ng between 2 and 3 kg by
respoysies bHdmggrdasd amd vehictehizeateddramalsand ferspaived Idais tekween ipsilateral and

contr %ﬁpay%%%?lﬂ%ﬁﬁlﬁ?}t‘ %%Hﬁfﬂée i %ﬁlf?@%gg %@?E ﬁqxﬁlﬁ Rso determined as

the dlffﬁl’@rl@m@@@ the Cr @agdue wingPrRRsEL "4 teplr Asttisks repopgnt a significance

1eveléﬁ%d(§§ in changes to the optic nerve 20 head that are
simlar to those found in glaucona patients. For |OP
nmeasur enents, the nonkeys are kept in a sitting

A. mectlilﬁaﬂPliegsuf@MsaairMentGﬂnthl&tsf or the duration of the

. { [ t het
ot r amiet et BRl3 fr ehib¥ 2arER s B8R Yed @Pa 12- hour
light/d=8k Byalg Abdyjabhisshowi AHesperichénisamipatfoanedafthe saneatime pORay to
nﬁninﬁ?@§é{ﬁ%ﬁ§9trelﬁﬁq +Q Bt gﬁgﬁﬁl ﬂ)ﬁl@lﬂéé@%ﬁ%@k@ ?reé(‘(?m%nt then the

rror to rec 5 neasured
compeugids §f &hip ﬁ@’@ﬁ*&@ﬂ o1 Yehirdmaedns 1(1];361 6o¢ HpprhAaRdnto one or both eyes and

I0P is@BaRdEAt)30060,a 201 DRJ, ako, %emmt&raﬁ{eﬁlr@nﬁﬁfbn In some cases,

SR T R IN AE TN S A ——

treated 2dimal 84k pasalle] camtebl860 m nutes after treatnent.
Basel i ne val ues are al so obtained at these tinme points
generally two or three days prior to treatnent.

B. IntreeculatressorsMeesirgrnentnigyMonkedg. one drop of 25 ul of

the conpgupds o%glaPByﬁéﬁeﬁmbﬂ VEHe IRt éﬂe & %&i&gd 91 fé%le@ omolgus

or vehjcle (saline) | east one- week sh g
monkeys Welghing Petr 58 2e 3t1é%‘?3f PRPiefPagHatiam: At & AT Rgshwork with an
argon&¥eBYses (Ueher&RMNOEUSI2008] Pdle Alloe USAY peing elsmethbd @y &ce at al.

0993y Bl b aBhdohubl sl TR sl s e ot nere

head thangesenildrdo thvse fmmdes ghndomg pitased. i ne val ues at the

same t '1:’5? IO§§D€\§QII%1%Q Otﬁg’ mkgggrgﬁ%ﬂ(f‘” QRQI’L}%%OSIT.?&‘I @trestramt

Results "are ex - m nus
chairscfey thetdusatiqnpf @Ig)enmq:@t égmn@lsta;e lighthpmegthetiged by the intramuscular

1njectﬁﬁm¥%ﬁﬂﬁn@ﬁydrhélﬁoﬁ&%/ ?US Cg) @F pro&HhAElYYSR rhidufRs bkRedleach IOP
and 100, 000 |ga

b| ndi n S
measwr%@e%'s@é;ﬂgleﬁ%wﬁ & %é%IPP%TPf@é‘é" %Srfﬂ %r%gﬁ%ﬂ%@ IOP is
measi@8@ asihj alphyu@sticieacmetee (Alcon ApﬁlhlhaﬂimvarZotheﬁdﬂ mD¥gilab

prennpl i T R PP Ry 5 M AR T

M Duf A8¥rie nEasu@ed befureVreaRoent aRy gdusradyuati30, 60, 124, 180, 300, and 360
minutes after treatment. Baseline values are also obtained at these time points generally two or
three days prior to treatment. Treatment consists of instilling one drop of 25 ul of the compounds
of this invention (0.05 and 0.005 %) or vehicle (saline). At least one-week washout period is
employed before testing on the same animal. The normotensive (contralateral to the
hypertensive) eye is treated in an exactly similar manner to the hypertensive eye. 10P

measurements for both eyes are compared to the corresponding baseline values at the same time
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Labelle M Quinet N, Metters KM The utilization of
reconbi nant prostanoid receptors to determ ne the
wa@bdodosi4ses and sel ectivities of prostagl andi nBCEOA2004/000471

rel ated anal ogs. Bi ochi m Bi ophys 10 Acta 2000 Jan 17,

1483(2): 285-293 and di scussed bel ow. Stabl e expression

of prostanoid receptors in the human enbryoni c ki dney

(HEK) 293(EBNA) cell [|ine Prostanoid receptor (PG

cDNAs corresponding to full length codi ng sequences

point1 Repetliscars ubp;bgua& ds et plub@rAPRUOFEH @@ dSVikiRsn Afminl g, The activity

e BB GO A5 5L o895 L hAVELL BT 100000 .

pl asm d preparatlon kit (QAGEN and transfected into
1 ﬁggﬁogg céggak% using Li pofect AM NE@ (G BCO- BRL)
" according to nuf acturers' instructions. HEK
293( EBNA)E as8ays gisekioriess dhasg compowminavere perdemvend sgpcntialiyies described

in: Asw%gfowym MRS VB IRAC S, BRRRIAEL, @e?ﬁslﬁcgﬁ(gon({ug CDVEMLlI?@ﬁ‘L%gneSS Rochette
1 1.1
C. SofEt U Tk Su LM B RREVL, e n ezt Bt R St 1,

Labelby My Oati@et NQIQIetﬂélﬁiKMe mihe iukilizatios, of X&EbneHifdnt Mmbﬁi%@@plors to

0
ceter PR ni %l e e ap Al it Rl g s Ao miophys
Acta 2084 Iinddhbisp(2 I%df%@mdldls@mscdlbdswver e isolated after
2- 3  weeks of growth under selection using the cloning
ring nmethod and subsequentl expanded into clonal cel
Stable pxpkessianqfwsasiangid srcepiqss pighe Brapn e1bODRIK Kidiey 4 BEEd 284(EBNA) cell
line by receptor binding assays. HEK 293(EBNA) cells mere

et A R T -

were hishclanst éntodindappeogriatngtes pf @panadmajian dxﬁré&[cgmdggdr pCEP4
, 160, X .
(hlVltf(%%g%éE?@d} gﬁ fn}c? ?ﬂ%ﬁj;vg? %%P%I\%Ig rl}lgfn% )‘/dsu% Q?a N Pﬁaéméée)meggratmn kit
(QIAGEN) jand sigetieded inte WEBOR) p;slls fgng BipofitotANANE (GEBCO-BRL)
accor@hlﬁg t® E&%ﬁﬁ‘rﬁﬁa&ﬁm%@ 1&[&&%}%3 HEK‘ Qbi’,ﬁ@ fgell%p essing the cDNA
hyl sul fonyl fl uori d - 64

togetljeg %é}r}ge hy&rﬁalym@ re:gstﬁabqergenﬁ@fggq g;:thc,tf)d infdbecsg’ 'sgdodifieg Eagle
Medu;ilﬁKDMBl\/MI@ﬁpplélﬁéﬁt&DWlﬁﬁqli % mledthmﬂvblFR E&éilq%}\hﬁepéérulﬁ oM sodium
oo RON e I EET Bl AR O RS 20 8
GENETK&NE’%)(GM 8 )o@l rirdnm Life Fetlchalo gmss; e BRig antl @0@ gganl hygromycin
(Calbm%ﬂ&n ﬁiﬁ d’a@QQl%ﬁl%? %gl?'eé %gg%%p 9: 4!’»/ \Qge Z)} g v&tg %hger sef?ectlon using

rec ep or ng ass nolr d recep
the cla@gaylggmbocbm ybsasently expehdes) lntcmiglmipﬁld) hnmlEnmessmﬁl of the

recepfdr DA /s dfestM §fc ()ﬂl'dln% f)aykEP subtypes, FP and

TP) or I—%&(%&E ce Is v&gere grown in supplemented DMEM complete medium at
37°C in a humidified atmosphere of 6 % CO in air, then harvested and membranes prepared by
differential centrifugation (1000 x g for 10 min, then 160,000 x g for 30 min, all at 4°C)
following lysis of the cells by nitrogen cavitation at 800 psi for 30 min on ice in the presence of
protease inhibitors (2 mM phenylmethylsulfonylfluoride, 10 uM E-64, 100 uM leupeptin and
0.05 mg/ml pepstatin). The 160,000 x g pellets were resuspended in 10 mM HEPES/KOH (pH
7.4) containing 1 mM EDTA at approximately 5-10 mg/ml protein by Dounce homogenisation

(Dounce A; 10 strokes), frozen in liquid nitrogen and stored at -80°C.
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7.4) (DP and IP), containing 1 mM EDTA, 10 MM MyCl12

(EP subtypes) or 10 mM MhCl12 (DP, 5 FP, I P and TP) and
wo aiosi4gand [0.5-1.0 nM[3H PGE2 (181 Ci /i nnoPQT/Car0oEB00471

subtypes, 0.7 nM [3H PG2 (115 C/mmol) for DP, 0.95

nM [ 3H] PGF2ce (170 G /mmol) for FP, 5 nM[3H]il oprost

(16 G /mmol) for IP and 1.8 nM [ 3H] SQ 29548 (46

C/mmol) for TP]. EP3 assays al so contained 100 gM

GIPyS. The reaction was initiated by addition of

Prosm‘&mblrra@@tcmwﬁcﬂh@a&saﬁproxi mately 30 gg for EPi, 20 gg
r EP4, 60 for. FP,

0o 1 or spiafe peepar Dingiz s cverpey s T ey el it volume

of 0. Z@ﬂ 1000 and\/JESH@Hde fL0)ERdabiypee FRdaddd H)or 10 mM HEPES/KOH (pH

7.4) @Pﬂ& %Hhta?{fﬁ%dngﬁ\g’ﬁf%s :}@q@% @Péubbfﬂ%gf &nfo A YmcL, ©P,

FP, I%@mdar nstrasilignd [6re4 6ma8 [HIPGH 0L BF Cvanol) for EP subtypes, 0.7
[PHIPGIDS @&9@3}?1&1{1@1) ?&IDP afd PRGH 93111%3 S(W(S‘@i/ﬂnnolj fﬂilﬁﬁgs @R P Hiloprost

(16 C\gg lg ?czr%% 3 811%}[ %g]sg@g? BHPBO g@%’@e §0r ’ij hih agms also contained
100 MRE’)GTF\(SI d@lmré@ﬂpﬂi mak ifigated B)f addi€ioh ©f fﬂeﬁfﬁreﬁ@ &tefrﬂ]@pﬁrommately 30

e oy BB} g E3p Ry R HER L iTor Practd e R g or DP, 10 g for P

and IB wigffer TPwiroinghe 1&DI0U0 £ gtfra¢Gpn.ahiands wgrealdmcﬂmlechnmﬁrylsulfomde
Me, 30} wﬁ@h\/\@ds'keﬁtedﬁnsﬁﬁﬂ zﬁrIH%Qd/\@ @1{ h11 RROMARING! Nohb@editik 'bﬁ{cﬁng was

were washed with 3-4 of the sane buffer, dried f
determymegiip, ther Pressaceeidl MMeofrté@ Ferespondiag nearsadigactiye Bmmowo

Incubhh@nslt \ﬂ@fb\ébﬁclb’étedffbf ?@frﬁn e &EﬂlyﬁlﬁdeMn@E’)Qﬁ' B |nﬁh'(DP and TP) at 30°C
ount i eIy
(P s(igns PPalhat 3Pk fr ‘i?QF‘h‘GHﬁ’ei%‘gg W epSissedy ‘%‘PX tpjd filtration

througipe O6fwedl UnifiitienGF/2 (Cantbsrra Phaclcard) ek tyedsivl b‘ssragd?aubgtmn buffer
$ I nd| Ci
BRI 20 AU SR ASAP UL ST e
The filiges Weneeeashed whh Bebmé of thesath é)uﬁon denttl fert90oni as55°C and the residual
radloe(c%q'itﬁ) 'bbﬁl?d"f% tﬁ@ﬂmdﬁfﬂﬁaﬁ' ke kS aj‘rx]?éd%gnsghﬁ%%ggn COlll’lt]ﬁlg with addition of

resent ed 5- % of the ra

50 plof QpRA oW ﬁé@ar&)enw?@dé%fl} ysipg 2 A4y MigspBetad Wadleph L¥nesific binding
was c@lculabddsby ¥ Adtin@hohWpedI D BirdER: fr&mREEIERAIN Z@EQMQ@L biing

Mo N R e

radioliganchahd ptatein @sed. (FdylrbiAdiRg regp8seRéed SW0% of the radioligand added to the

incubation media.

The activity range of the compounds of this invention for bone use is between
0.01 and 100,000 nM.
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5 FORMJULA | or a pharmaceutically acceptable salt,
enantioner, diastereoner, prodrug or m xture thereof,
wobk@resiazl 10 U represents H, Cl-3 al kyl or i s POI/CA2004/000471
present when Wis =0; Wrepresents OH or =0, provided
that Uis not present when Wis =0; Z represents
(CH2)n or CH=CH, 15 Rl represents (CH2)phydroxy, (
(CH2) pCO2R10, or (CH2)nheterocyclyl, said heterocyclyl
unsubstituted or substituted with 1 to 3 groups of Ra
and optlonally contai ning an acidic hydroxyl group;
i.nde lently represents C1-10 al kyl,
0 ', (CH2) mC5-1oheterocyclyl, (C}Q)nf3 10
heterocycloaAkwhmoQﬁ&Baﬂﬁﬁﬂ&sﬂuﬂh&ﬂﬁ&mﬁﬂaﬁald al kyl ,
cycl oal kyl, heterocycl oal kyl, aryl or heterocyclyl
unsubstituted or substi@uted with 1-3 groups of Ra
25 R3 and R4 |ndependen,ly r ?sezLprdrogen
hal ogen, or Ci1-6 al ky}t: 'esenys hydrogen, or
Cl-4 al kyl; -36 WO 2004/0: 004/ 000471 R10
represents hydrogen, C3g30 cycl coal kyl
(CH2) pC6- 10 aryl, (C}Q)pCB 10 gtierocycl yl; Ra
represents Cl-6 alkoxy, Cl-6 alkyl', CF3, nitro, amno,
cyano, Cl-6 al kyl am no, or 5 Ra further
represents for aryls adagﬁgﬁgiggyclyl, SCl - 6al kyl ,
SC6- 10aryl, SC5-4Cheterocyclyl, 0OC6-10arYl,

ora %F&G%]&a‘é&?&%lﬁ&%ﬁ%ﬂoﬁ%%é%%ﬁ?}lgg% lpa%cggg g%;)gure thereof,

Wheréiﬂngl e bond] 10 p represents 0-3; n represents 0-4;
and mrepresents 0-8. 2. A conpound in accordance
with ¢claim1l wherein Rl is PCO2R10, 15 R3 and R4
U re@?@nﬁéﬂo%%ﬁ alleyh gr 0f greemh?eék’m@yl said aryl

unsubstituted or substituted with 1

W represents OH or =0, provided that U is not present when W is =O;

Z represents (CHy), or CH=CH;

R1 represents (CHp)phydroxy, ( (CH2)pCO2R 10, or (CH2)pheterocyclyl, said heterocyclyl
unsubstituted or substituted with 1 to 3 groups of R2 and optionally containing an acidic

hydroxyl group;
R? independently represents C1-10 alkyl, (CH2)mCé-10aryl,

(CH2)mC5-10heterocyclyl, (CH2)mC3-10 heterocycloalkyl, (CH2)mC3-8 cycloalkyl, said alkyl,
cycloalkyl, heterocycloalkyl, aryl or heterocyclyl unsubstituted or substituted with 1-3 groups of

Ra;

R3 and R4 independently represent hydrogen, halogen, or C1-6 alkyl;

RO represents hydrogen, or C1-4 alkyl;

-36 -



10

15

20

25

30

to 3 groups of Ra. 3. A conpound which is: 7-{
(2R)-2-[ (1E, 3R) -4, 4-di fl uor o- 3- hydr oxy- 4- phenyl but-1 -e
wmglopgs4eKopi peri din-1-yl }heptanoic 20 aci d; PCT/CA2004/000471
i sopropyl 7-{
(2R)-2-[(1E, 3R) - 4, 4-di f | uor o- 3- hydr oxy- 4- phenyl but-1-e
nyl ] - 6- oxopi peridin-1- yl }heptanoate; isopropyl
(52)-7-{ (2R)-2-[(
1E, 3R) - 4, 4-di f | uor o- 3- hydr oxy- 4- phenyl but-1-en-1-yl]-6
R10 repr@¥aRINFdoth T 1y klkyh &R 1 Pcpialigl, (2812)pCe- 1, (CH2)pC5-1
(pSZ) -7- (ZI%) - 2-1[ E?E%Rﬁug di fl ulglr o(- 3-2r)11§/d? ggﬂ-(phezng >-10
heterocy@ltls | - en- 1-yI | - 6- oxopi peri din-1- yl }kept - 5-enoi ¢
acid; 7-{
2R) - 2- - 3- r - [ - yl1-6--0x0- i di -
Ra refrb SR s ARt O ol ErRINRY R Yok (S RKifY Falogen, or
Ra fuitizRye2edeqtsEpr aryl-aoil hetespayctyl, $kd-aallitehl b Hoeryl-eny I phegerocyclyl,
[ [ 5 dept@ C1-84lk H: -6 alkyl, CH2Oaryl,
OC6- - 3?2)@%-3@#%#08%1'}% pheny%(t%} F%iy[le;C( %ISE% e6t r a%ol - % =
CH2S§3;L hexyl ] - pi peri di n- 2- one;
(6S)-6-[ (I E 3R) -4, 4-di fl uor o- 3- hydr oxy- 4- phenyl but-1-e
nyl]-1-[6-(2H tetraazol -5- yl)hexyl] piperazin-2-one;
= repisFeNtHA fQubte airyingde Rowlis | uor o- 3- hydr oxy- 4- phenyl but - 1 - e
p reprBdéds-0l3] 6- (2H tetraazol -5- yl)hexyl]pi peridin-2-one;
- 37 \@4_20 4/ 085431 PCT/ CA2004/ 000471 7-{
1 1epreseRis 1 4P4R) - 4- (3- br onophenyl ) - 4, 4- di f | uor o- 3- hydr oxyb
m repretsgty 068- oxopi peridin-1-yl }heptanoic acid; or a
phar maceutically acceptable salt, enantioner,

di ast ereoner,, prodr or m xture. thereof 4. A, d
for o1 gar1 ng. wlupandly Bleoraies bnaiin Lberd RET pcoor10,
R3 andfdart dhlogerh aad RiZrik $CHa) {0 10aryB spidtargdninsabstineed ondubstituted with 1
such greatnent a therapeutically effective anount of a
to3 gkyRpSLRE of claim 1. 5. A pharmaceutical composition
conprising a pharmaceutically acceptable carrier and
a conmpqund aqf formul.a .l s recited in claiml, 2 or

3, said co %?I?]?%Wdl%higlﬂ inistered in a topical
7-{ 2Rp2AIEAR)ohd-diflere GHudrary-bphenydiperisényhl-6-exomiperidin-1-yl theptanoic
acid; conposi tion according to claim4 wherein one or nore
isopropyl l/-\2(2"2R)—2—[(1E,3R)—4,4-diﬂuoro—3-hydroxy-4—phenylbut-1-enyl]—6—ox0piperidin—1-
yl}heptanoate;
isopropyl (5Z)-7-{(2R)-2-[(1E,3R)-4,4-difluoro-3-hydroxy-4-phenylbut-1-en-1-yl]-6-
oxopiperidin-1-yl }hept-5-enoate;
(52)-7-{(2R)-2-[(1E,3R)-4,4-difluoro-3-hydroxy-4-phenylbut-1-en-1-yl]-6-oxopiperidin-1-
ylthept-5-enoic acid;
7-{[(2R)-2~(3R)-3-hydroxy-4-phenyl-butyl]-6-oxo-piperdin-1-yl } heptanoic acid,;
isopropyl 7-{(2R)-2-[(1E)-4,4-difluoro-3-oxo0-4-phenylbut-1-enyl]-6-oxopiperidin-1-
yl}heptanoate;
6-[(3R)-3-hydroxy-4-phenyl-butyl]-1-[6-(1H-tetrazol-5-yl)-hexyl]-piperidin-2-one;
(685)-6-[(1E,3R)-4,4-difluoro-3-hydroxy-4-phenylbut-1-enyl]-1-[6-(2H-tetraazol-5-
yDhexyl]piperazin-2-one;
(6R)-6-[(1E,3R)-4 4-difluoro-3-hydroxy-4-phenylbut-1-enyl]-1-[6-(2H-tetraazol-5-
yDhexyl]piperidin-2-one;
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i ngredi ents belonging to the group consisting of:
0- adrenergi ¢ bl ocki ng agent, parasynpatho- mnetic
wa@ag@angs4dlympat hom neti ¢ agent, carboni c anhydr BEECA2004/000471

i nhi bitor, Maxi-K channel blocker, and a
prost agl andi n, hypotensive |ipid, neuroprotectant, and
5-HT2 receptor agonist is added to 15 the topica
formul ation. 7. The conposition according to claim®6
wherein the 0-adrenergic blocking agent is tinolol,

7- {(Zkﬁﬁ 51‘(994 9.g3- ﬁﬁﬁﬁ?ﬁ&rﬁgﬂl Al 4if1ecRb 13eR)Rbx ybREy1]- 6369@41@@111&15 1-yl}heptanoic

e pa asynpat agent i's pi’l ocar pi ne;
acid; synpat hom netic agent is epi nephrine, brlnDn|d|ne

or a ph@AEitRall§ h&:@pﬁbféﬁgalﬁ&laﬁﬁoxﬁ@ﬂ araammrokmbdmg&)r miiR®ire thereof.

car boni ¢ anh itor is, dorzol.a ..
acet azdt ani (fgmemflgl‘zg?ag qevIgt hWFﬁE%P%FH glgl:lcoma COMPrISINg
adnmﬁmﬂaiﬂ(mj } patide ilMasad-of such Pemintntenthérappatspdly ieffeeteve amount of a
Of(ln i beriotoxin, Paxicillan, Aflitram
errocu 0gén, 1-(1-isobutyl-6-nmethoxy-IH
i ndazol - 3-yl) - 2- net hyl propan- 1- one;
1-11-(3, 2- d'&ﬁﬁ;{iﬂa@é@ﬁ)ﬂa onfiodRiol @¥MpHEsARBEAhacduMtdityZcceptable

- met hyl propa

cqua;@j@@y@p@ﬂ 5@?@@%@4)aseeq*f@finéﬁiﬁ@m%@a%ém@%qosw%
mi 15 h % o soluti S 10
e o Lk o e

- one; -
ingredrerth beﬂy’nglhg Kmﬁlmgnd)upeequﬂsuﬁg obt ﬁ‘rydlpncqgmblmc]gng agent, parasympatho-

mlme?ll %ge M{o&}l @E‘S%%g 910& Jhg 'f‘ Iﬁ}l;/r ﬁ&rbM% dx% el blocker,

and a|pm$@agf@nglub h@potgnse*g; lipid, neuroprotectant and 5 receptor agomst 1s added to
theu@ﬁﬁj@@ﬁﬁkﬁbﬁarbonyl) 6- met hoxy- 1H-|ndazol-l yl)-3, 3-di
met hyl but an- 2-one; 1-(3, 3-di met hyl - 2- oxobutyl)
- 6- net hoxy- | H i ndazol e- 3- car boxyl i c aC| d; and
- 1- [ 3- ( 3- hy dritee priposinioy |a¢cor&in§@o claim 6 wherein the B-adrenergic blocking
agentrﬁ @%‘P% bgﬁ%{loﬂoq algv?be% é%il)%’r %01% :ngllé%lbﬁhlélgp 'tl?e' 192[}§syn{pQ§10mimetic
agent ispipocastiom ¢he yyagmthaaingtic qum mpmmwy;hnreﬁmdme, iopigline, clonidine,

or pafissanllnﬁ&l&gﬁ ne! tlﬂg c%‘dﬁﬁ:ﬂfnﬂ&cﬁ%eﬁﬂﬁ bﬁt%r I%l do?icﬁﬁhlde acetazolamide,

nt i recept or
meta@émﬂg pr b@n@quwdaﬂﬁéﬂl’a'@» ithe Mﬁﬁb&ﬂy ﬂ’@nﬁem AResBHlictne|
charyﬁ&ﬁf&ilﬁt iBe@btoxin, Pax1cﬂlan Aflitram, Verroculo en, 1- (1-1sobut 1-6-methoxy-1H-

i A S 10| tpeple s e b et '

methilpxrophm-eainleng-[Wlmxﬁdﬁﬂwlm mmlm:dyaIHdmcgﬁan-ai]l-Zymethylpropan-1—
one; %@ﬁg&{;{p &BX )g %ﬁflnh&%ﬁ %a)ﬁ Egné'tﬁ‘#ljg{b%lan Ein(g'leo ﬁ)gﬁ @ %ﬁ{yﬁ%xyl) 6-

I ncrreasi n

methcne/rHé-lndmy]g%ﬂl]t%mﬂoﬂmopalb1@V¢,d1 (fglsabwmdrﬁamgﬁlézéhlbhndazol -1-
yl)bu&rp%ﬁlésl @15@9&5’ l-%t—ﬁl@fhb%ﬂ 1H°in§aib@-tl|-)??1§ 3-BinefAbhn-2- -one; 1-(3-

treat ment har maceut | cal g IVG annunt

cycloaelﬁﬂﬁvgb%@ 6fmeah@@hbféuﬁ@@zals O3 P timpthy bslt%! AP L (393 -dimethyl-2-
oxobt{B -GRiRQk yANE- i dhz018 -3-Oarbbailidadidaed Ql[B (Bh@dm@rp@pmbyl) -6-

meth%z?y L@f%aﬂa e tb@fba%g-?{’s@nﬁ e Frostaflatiindt hoPriy travaprost

unopktoke, rescula, or S1033, the hypotensive lipid is lumigan, the neuroprotectant is eliprodil,

comp

R-eliprodil or memantine; and the 5-HT?2 receptor agonist is 1-(2-aminopropyl)-3-methyl-1H-
imdazol-6-ol fumarate or 2-(3-chloro-6-methoxy-indazol-1-yl)-1-methyl-ethylamine.
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adrenergi c bl ocki ng agent, parasynpatho-m netic agent,
synpat hom neti ¢ agent, carbonic 10 anhydrase
WO ndlogider, COSOPT(r), Maxi-K channel bl ocker BOTICA2004/000471
prostagl andi n, hypotensive |ipid, neuroprotectant,
and 5-HT2 receptor agonist is added to the
formulation. 10. A nethod according to claim®6 in
whi ch the topical fornulation optionally contains
xant han gum or gellan gum 15 11. Use of a conpound of

formul g |, a8 peieddd R urbdtinG!BdoMlal ed@m®br mAcul@F deégeneration, treating
phar rmceutl caI |y accept abI )sP?I t, enantjoner

dry e)fﬁ Hercesiagreiinal gidaptifgiesye hegd el aratyepcreasing refipal and optic nerve
oxygdii&@iﬁi@ﬁb ®vidinga ﬂ@ﬁb}@r@tmﬁdjn comptisiagtatigniogatioarto a patient in need of

wch QUGB G v gt of SRR TRt A SRR reciea n

claimaccept abl e salt, enantioner, diastereoner, prodrug or
m xture thereof, for use in a nedicinal therapy. 13.
Use of a conpound of formula |, as defined in claim]1,
2 or & or rﬁxepn@thﬁﬁ@mdm@m Glaize dapheapindhe ggrapound of formula I is

appllé%f‘é%rht topf¥BY forALREbE 5&@&?5@@ ri@gié&igm%loﬂ@ﬁg f8ltBe kldBp esisting of B-
emanufactureo %malcanent or trea b

adren%g‘ulp SFkINg AgHRL REFASYBPAINArIERGS A8t §y6ppatlgﬁ19mg§1g agent, carbonic

anhydrmrlﬁlﬂﬁitﬁlg OGS OPED, Miagi Bmihmﬂmm BTovEemadi prbstaglandin, hypotensive lipid,

neuropgoﬁ%c?%m yeglrdl §‘ f];l?argclfen gor aﬁé gf} Fl@ ?lréénf:on%g[jx\{ign oxygen

10. A method according to claim 6 in which the topical formulation optionally

contains xanthan gum or gellan gum.

11.  Use of a compound of formula I, as defined in claim 1, 2 or
3, or a pharmaceutically acceptable salt, enantiomer, diastereomer, prodrug or
mixture thereof, in the manufacture of a medicament for treating ocular

hypertension or glaucoma.

12. A compound of formula I, as defined in claim 1, 2 or 3, or
a pharmaceutically acceptable salt, enantiomer, diastereomer, prodrug or

mixture thereof, for use in a medicinal therapy.

13.  Use of a compound of formula I, as defined in claim 1, 2 or
3, or a pharmaceutically acceptable salt, enantiomer, diastereomer, prodrug or
mixture thereof, in the manufacture of a medicament for treating macular
edema or macular degeneration, dry eye, increasing retinal and optic nerve head
blood velocity, increasing retinal and optic nerve oxygen tension or providing

neuroprotection.
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