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The invention relates to esters of EP24agonists, nethods for their
preparation, pharmaceutical conpositions containing these conpounds,
and net hods of using these conpounds and 10conpositions for | owering
i ntraocul ar pressure and thereby treatin | aucoma. Background of
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Summary of Invention
The invention is related to esters of EP2 agonists, pharmaceutical compositons thersof, and

40 methods for reducing infraocular pressure in a mammal (including humans, male and/or female),



10or a pharnmaceutically acceptable salt or solvate thereof, wherein:
Rl is (Cl-Ci12)al kyl, (02-C12)al kenyl, (Cr-C12)al kynyl,

( CR2R3) b- Xy0Qansfedzy7 al kyl, (OR2R3) b- Xcycl o C3- C12) al kylpct/mB2007/002044
(CR2R3) b- X- cycl o( C2-012) al kenyl, (CR2R3) b- X- (C6-012)aryl or

(CR2R3) b- X- (3- 10) nenbered heterocyclyl, with the proviso that Rl is
not tert-butyl, and wherein RL is optionally substituted with Ito 3
R5 groups; 15Xis a bond, 0,4- or -NW -2WD

2008/ 015517PCT/ 1132007/ 002044 - 5 - R2, Wand R4 are each

i ndepe nde Nt Lkt '\&EMS@%)I@JO kayrhamn%@‘é %eﬁ@e&i&gz&@@ﬂ@ RABIN bda EMpour@lelsctdd,
-d, 4 - -0CF3, - N3. (C1-05)al koxY,
(OrCe) aI kyI r TEEQ'&%‘} al kenyl , (02 C6) al kynyl, -(C=0)Rs,
- (C=0) ORSG, O(C—O) R7, -O(C—O) NR7, - NR8( C=0) R8, 5-(C=0) NR8R9, - NR8R9,

-NR8OR9, -S(0)1NR8R9, -S(0)3{Cl-08) x -05( 0) 1R9, -NR8S(0)1R9,
- (CR16R15k( C6-C12 aryl), p Q) iMe emegwegicl yl,
- (CRl aR11) k( C=0) (CR16R11) q( ¥Lo - CCR DRI1 )k(,C=0) - (CR16R11), ;

(3-10)-nenbered hetero ¥O( CRL6R11) ‘Cu) ar Y4
-(CR161: 2. 11) kO- (CR18& d het erocycl

- (CR16R11) kspnme"-10rt) g( CrCl2) a yI
10- (CRi6R11), (S(0)j (CR1DI R11) q(340) menbered heterocyclyl; any

(01-06)al kyl, (C6-Cl2)aiyi and (3-10)nmenbergd, heterocyelyl of the
f or egoi ng R69r oups are each optionally i ndependent | y bstituted with
Ito 3 substituents, eaghpi ndepenen ¢ 5€T pct ed fro{gﬁ\(‘i, -F, -4,
-Br, -1, -NO2, -CF3, D,
- (0=0) OR13, -O(C:O) R13, 15<NR{ \
- NR140R16, (Cl-C6)al8A (C2-Cs aI keny (C2-05) al®ynyl , -
(CR16R17) 0(C6-el2)aryl and - (*CRL6R17)Y 3-10) nenbefed het erocyclyl; Rs,
R7, Rs, Rs, R10, Rl11l, R12, R13, R14, R15, R16, R17 and R16 are each
i ndependently H, (Cr C6)al kyl, -(C=0)N(Cl-
- (CR19R26) 4C6- C12) aryl or - (CORRE
(C1-C6)al kyl, (CrCi2)aryl and (2
foregoing R6, R7, R3, 20 Rs, R
R16 groups are each opt =4
substituents, each indep#ng ed from-OX° -OH, -F, -d,
-Br, -1, -NO2, -NR21R22, 3 - CH2F, -0@m3, (Cl- e6)818YI
(C2-Co6) al kenyl, (C2-05)al kynyl and (C1-Co) al koxYi R19, R20, R21 and
R22 are each independentl H or (C 1-C6)al kyl; any 1 or 2 carbon
S = o yclyl of each of the R6, R6, R7,

R8, R9, 25am Ru, Ru, R13 -14, d R148 F‘and 8 groups are
optlonally_substltuteq rfh oxo( )N : waﬁaﬂny of the

¥3, -N3, LR, - (C=0)R12,
{ C=0) R¥4y - (C=0) NRI5R16, - NRL7RL6,

'-, OR!

ntIy éubsutéd with Ito 3

above- menti oned subgt! ue ts conpr i shng _a -CHS (et hyl ),
(met hyl éne) or -CH (et ~group i s not atigebed to an - F,
-, -Br, -1, -SOor -SC2 gp or tofa N, O or Sa are

oonﬁ%n i dependently substituted with - ™, -F, -d, -Br, -I,
(G -Cs)allgli (Cres)al koxy, -NH2, -N1-1(Cl-C6)alkyl or
-N((Cl -Co6)al kyl) 2l 30j |§f_\,0 ror 2; and

}' p ™
Rt Rt |
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b, k, g, u and v are each independently 0, 1, 2, 3, 4, 5 o0or 6. In
anot her aspect the invention relates to conpounds, wherein Rl is
(01-C12) al ot her aspect, the invention relate ds,
wherein apb%zm? T&€£ al kyl . I n another aspect, the Invéh?ﬁ%ngﬂaﬁgge

t o conpounds, mhereln Rl is -CH3, 35-0H20H3, -CH2CH2CH3, -CH(OH3) 2.

- CH2CH20H201- 13, - CH(OH3) CH2CH3 or - CH2CH(OH3) CH3, I n anot her aspect,
the invention relates to conpounds, wh&tein al is -CH2CH200H3,

- CH2CH200H2CH200H3, - CH( CH3) CH2CH or - CH( CH3) CH200H3. 40l n anot her
aspect, the invention relates to conmpounds, wherein R} is WO

2008/ 015517PCT/ 1132007/ 00204 - - I n anot her agheg
i nvention rel at es,,tcgN e BN, {’(N);%ﬁ,og%nﬂ 10
pharmaceutical |y acceptable salt ore gollygte ther

anot her aspect, the invéit%pn rel ate phar mage

In

cont ai ni ng a conpound of € i nventi off @k pharnaceutlﬁf
acceptabl e salts or sol vates thereof, d a pharnmaceuti ca
accept abl e exci pi ent. I n anot her aspect, the
invention relates to methods for reducing intraocul ar pressure in a
15manmmal conprising admnistering to sal F{,’rannal a the-iseutlcally

pharmaceutically accepta S salt or so]vate tra . 4 In
anot her aspect, the inven on relates {9 met hed

. ’ % o >
i ntraocul ar pressur Shger el n the |@D,aocular pressure is

reduced in a human. ' ﬁy-!=\h¢‘ aspect, the invention
relates to nethods for ;gg‘ﬂﬁg i ntraocul &/ pressure in a 20mammal ,
wherein the intraocul ar pressure is reduced'in treating gl auconm.

I n anot her aspect, the invention relates to nmethods for reducing

i ntraocul ar pressure in a mnmy
about 10 ng/day of a conpound €

e )
A i s adm ni stef

I n anot her aspect, the g4 -@ on rel aj g i et hods for reduci ng

i ntraocul ar pressure ifnyAMR5T fePd n—about 0. 005 “kiday of a
conpound of the inventio“' [ I n ano gsi-ct t he
invention relates to nethe g intraocu eSpULg in a

mamal , wherein a conpdu
toplcafly

R1

=
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I n anot her aspecf, the invention relates to nethods for reducing
intraocular pressure in a mammal conprising admnistering to said
manmal ally effective anmount of a conpoun ﬁ? | a:
06 2008, 0 B PBBRESIES Y Sohoas © o7 oy o phar maceut bt {90;’%&1
acceptabl e salt or solvate thereof. I n anot her aspect,
the invention relates to methods for reducing intraocular pressure in
a mamal conprising administering to satd mamual a therapeutically

ef fective amount of a conmpound 5 of the invention, or a
pharmaceutically acceptable sald or solvate thereof In

anot her aspect, the invention rgi%tes to netppds for redycing

i ntraocul ar pressure in a ma |, wherein gKaucoma is trejted in a
human. I n anot her aspegf\S«ha+ nvention relg

reduci ng intraocul ar pr e in a mamual, (i iC . 00001

tes to met hods f or

adm ni stered. |n anot hef laspect, the YAvEN{Q (! (o) SVC.
for reducing intraocul af’pressure i:n a nannal erein a coffpound of
the invention is adm nistered topically. I n anot her aspect,
the invention relates to nethods for pronotirg _heur prot ect jon. In yet

anot her aspect, the invention relates to neth & for prev;"'Rng scar
formation after gl aucoma filtration surger 15As used e ein, the
term"prodrug” refers to_conpounds @ ar &/drug presyr sof s whi ch
followi ng adm nistrati dhe"dg—~dg in vivor ’9 sonme chem cal
or physi ol ogi cal proces >, a prodnug on being -db’ght to the
physi ol ogi cal pli or throug yne .gglon is conv gty ed to the

desired drug form. Prodrug r at egi €5° enhance theropertl es of a
drug allowing it to overcone the inherent deficiencies in the

phar macoki netic properties of .‘Prodrugs ca | so be used in
a_ff ullpy_oggzgprug Pr odr ugs

@ad to an

entirely new chem cal enii 6y~ ch upeq admi niostrat Loh™t " &k'pat i ent
regenerates the parent Wotgt ‘ i ’ . 1biad of prodrug
strategi es exi st which prOV|d -ig;cegynn nodul ati ng tﬂg condi tions
for reyeneration of the parent drug. nunber of :reviews or -

di scussions on prodrug strategi es have been published and a

nonexhaustive list is provided bel ow, epph of whi |s her eby

i ncorporated by ref nce in their entirgt/y: Prodrug S8arch: Futile
O Fertile?, Bioche har mapoloyf_@arl) pp209 06; 2004 B.
Testa; Prodrugs As Th ‘ Pywey t—~Opi nié@» erapeutic
Patents, 14(3) pp277ia' Stell a; "Leggons Learned From
Mar ket ed And | nvesti g} J. Med. m 47(10),

pp2393-2404; 2004 P.Y'B ‘ N Am don, ¢l ement and B. Testa;
Prodrugs of Biologically Active Phosphate Esters, Bloorganic And 30
Medi ci nal Chem stry 11(6), pp885-98; 2003, C Schultz; Design O Ester
Prodrugs To Enhance Oral orption o Pporlé Per meabl e Conpounds:

Chal | enges To The Discoyery Scientis Cur r ght Drug Met abol i sm 4(6)
nt, R.Q er, |. d, K. Dack;
ti vaﬁ tiCancer Pr ; i m nation And

pp461-85; 2003,

Design O Sel ecty

Cycli zation Strategrés, Currehnt dicinal ChEgnistry - Anti-Cancer
Agents, 2(2) ppl55-85; 2002, S. ¥Papot, |I. Tranhoy, F. Tillequin, J. C
Florent 35and J. {3} Gesson, UNWR\6514, Facult es Sciences, 40 avenue
du recteur Pineau, 86022 Poiti®rs, WD 20098/ 015517PCT/ 2607/ 002044
Francty CurerembaniRegdicely a@eplaiiecght arsolvAteathdveniivhersio:

Transpor t er s/ Reqe RS @) diyiP &71C e, Q0,-0R)alkirgl, (CRARGIX-(CRe LRy, ZEFBR),-X-
pp607- 20; Zglgﬁ(cgdmﬁyl A(Eﬁ%%hx %olo@e-‘é %ﬁg"r@ éﬁzﬁ%ﬁ o, Y' §H QBREE),x-(3-

Phar maceut i ences Y gt
10)membered heterocyclyl, with the proviso that R’ is’ not tert-butyl an hereln R' is optionally

substituted with 1 to 3 R® groups;
15 X is a bond, O, -8~ or -NR%;



40b- di net hyl am noet Ayl ), car banoyl- (Cl- C2) ai kyl , N, N-di (G - C2) al kyl carb
amoyl- (G -C)al kyland WD 2008/ 015517PCT/ 1 B2007/ 002044 - 9 -

pi peri di nqs di no- or norphol'i no( C2- G3) al kyl .
Hydr ol yza(t:}frg 2@%{0&?“1‘ orm ng residues upon cl eavage rel e AST/IBYIR7/002044

correspondi ng carboxylic acid. Such prodrugs include but are not
limted to those having substituents wherein the carboxylic acid
hydr oxyl hydrogen is replaced by an al&yl, al kenyl or al kynyl group.
These groups may be 5 strai ght or branched chains and nay form
cyclic structur such.,as c enyl and cycl oal kynyl
noi eti es and al S:b'ﬁ ﬁ'&q%&éeeﬂ%/ hnfg %ead%{' '?J%rtgrc’gg,kl@ uch as norbomyl and
adamant yl group§a°h5<é§1$ﬂea€rﬂ99"§)l't@'l4§+ dupsd Bt MeChutCire not linited
to nethyl, mtwlocm—r@,r(op%bajkoxys(crmmydcz -Celalizof (C-Colplkgnyl,  but yI

tert- butyI bkCodVBIRe @(gg@hﬁkmg#(ge,dggr oups include nore

I|p0ph||||c gn@:bg gl enyI perillyl, borml
and meht hyl (ég}) E %‘W’& ¥@’?'\I]‘?ﬂ"@{c}ar aC| d ester

subst i tuenté’sﬁiﬁol‘%s@h’?(oﬁﬂ c?e?kfcvﬁtzf’wezs(cﬁ I’éa‘i‘?? Bhtehot limted to
al koxyal kyl nemdcmxy(aRreaﬁMc_oma?aszMak-aynm (ca‘?ﬂzw@qa}@%"a"w:f 10)-membered
al koxycycl ogdidi&gah, -(CRPR™) O(CR“’R“) (Ce-Cra)aryl, (CR"R™)0

;ﬂygfﬁgfg;gg&p{fo& F B L K i SbAERYRM LS YSHaR eyl al ko

al koxJ&l keny¢®' DGR Ra e eamPERIAEIRY Y| keny! , al koxyal kenyl cycl oa

| kynyl , al koxyal keyn{th-Cs)alint KGaethdaph and£3- mﬁﬂwe@hwfwéﬂeféﬁlﬂéé’ﬁ%m%@w?s are

al koxyal ky NYdcq Mﬁbﬁhﬁ} :kaeayddergw SuBRted WAID! barsutpinehts, gact Mtdpendphly seleutsid drom —

ester subst E Y ve l§;1ryl derl vatl ves including but not limted
| n

to phenyl n?_f)ﬁt % y4) e% fl 40 1and ant hr acenyl
roups ﬁe‘ac%fr Ff( Té )é’ Qf R kyn
g| kogy&ryl NE KRR, kigFaN R’ alNB‘ Y aNRe(P@Fé‘Pw a&wd(carpfé'ﬂ %h éyﬁ@ﬁ“%(%r
groups. O hm“*af’g@d:g-cg)ae,amh@(x:msm‘b..(aatn)rdermteehetsudvsitl| tuents invol ve
Pﬁt er ﬁgxc: i c dergsvgt Ry @8, wtﬂﬁhu@l: RY, RYIR® 30, RBtank Rmeeedcu-x.ﬁugﬁma&m (c?-
1 0 920 192
Dorl . eodid g{:{;ﬁ)m CQT#G)@@%O KimmfRiie iﬁlggl% R gr\eﬁw’ﬂé’ he@ﬁ&%ﬁ% y

thiazol yl, I'nyl zol'1 di F 8
pyrazol i nyl pyraaiéﬁﬂcdiamﬂ(Cr?1d€i3€§2?)(3y1lo)mef’§’6%P%?é’r"%”' ° tB‘?(QEfPé%'FyF R
triazabyl, ’RhRAAR'A 257, &, R R RG R ap it gowpg lare q@pfp@#w@lm'wesieﬂd@n@m\ﬁﬁ}'wted
mor phol i Inyl witF4 th B s@stthents] ésbmmar;@bak1¥ Qyeboted Panf LANADH)VE, -CIPBI, ,ANCY, g:yaf‘ﬁl ,
razin Zi i az oxd-NdO
ol yi | BERSARG IO o @Fh My 1€ agjamfedz.os)amwpgna@] ryhadzndol y

i soi ndol yl enz qzo[ enyl ,

oI n
i ndazol yi , ben2|FFr| Eaz%zlm‘md Rbﬁ'@r?i?ht'ﬂdﬁ&ea 25 qui nol j zj Ry
qui nol i nyl, i socany het3 gagon atwafnﬁﬂiﬁﬁ‘f@lmemﬁ’ﬁ%hﬂlt‘ﬁwqwﬁea‘?ﬁ'u’mﬁ'}@ﬁl'Fr'yl

qui noxgl i nyh10 RIE R RIP, iR RS IR'® R¥taRd R bioyids arecpplianally lsitdiitatyd withose (& ol yI

acridinyl, ph en%P %mep%a rapshg"am MhtionddNGRNEE BprisidgION (methyl), -CH,
naphthalenyl azu for bomanyl and

adamant anyl ('Y \?E)"Q“’ﬂ"gﬁe 'H%Pﬁ%@'cgr‘sém%ﬁﬁ&?ﬂéta gr dcyclic,

al keny!| het er@cBrcili-89 outS0z gy Qﬁ@tf’éﬁ‘sé’cﬂ/élaf@ a’SPP@BWﬁ@E‘@F'&S’EV’éFWE"wm with —
al koxyal ky| bet-8r-oryse - @,-Cabilgh to-ahieny Hith! BHEZilkytor aN@C-Celalkyl):;

al koxyal kynyl het; %rcpqg,cd L& ar oups The correspondi ng 30partially and
fully saturated ‘eties for res @lgso included, e.g.,
allryl tetrahydrotf‘ng'rqaﬁa'yﬂd’reela%'i'f%etndeq‘mdmszp?/r ané} i oups. O her 5Prodrug
carboxyl i ¢ aci d legnatier asee fhefiyeniengelplfR/ FrRPoLgs: B‘&ﬁ’ﬁ'l“;%‘l ‘ﬁé‘%ﬁ%}f Ik
esters,i.e., - GChiakBeNrpeteipentonTehteeth ngniowtds, rdyerel iRiis{@dCaallyigr oups
where R and R arg ;@afeladpEtd @ReNEHIGH rbixtestd Btiolnidk fteren Rhis FoHAl kyl

al kyl xyal kyI acetam dyl, al kyl carbonic acid al kyl ester
or R §H1d 3@}“@?

or 6 rmenbered c het er ocyclic
structures such '5’5'2%‘?%'8W Gk - 1CHCH 3’d¢'ﬁ(§|"3)a?§h Ot her
prodrug car bukgHCe:)@ds d ester substituents involve am noal kyl groups
and al kyl het er ociyghdiifer SHp6ut i ivebALIRkAg caiuk, Wil RNsat oms i ncl udi ng

-CH,CH;0CH3, -CHoCHa0CH;CH;0CH;, ~CH{CH3)CHZOH or -CH(CH3)CH,0CH;.
40 In another aspect, the invention relates to compounds, wherein R'is

]



Still other prodrug carboxylic acid ester substituents involve
triglycerides, glycolic acid esters; (acyloxy)alkyl esters;

gal koxycarwomnyisjpessyi net hyl esters; am donet hyl esters; ParARioamINGI4
esters; oxodi oxolyl)methyl esters; and N, N-di al kyl hydr oxyl am no
esters. 10Activation of the inducible isoformof cyclooxygenase,
COX-2, is neurotoxic in acute and chropic nodel s of neurol ogi cal

di sease (Dore S, Osuka T, Mtro T, et al. Neuronal overexpression of
cycl ooxygenase-2 increases cerebral infarction. Ann Neurol. 2003;

54: 155- 162) <CH@tiske t he exact nmechani sm by which COX-2 pronotes neural
degeneration is unknown it is presuned to involve the downstream
regul ati on of prostaglandi ns and/ or oxidative stress because
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30 The compounds of the invention include all compounds of the invention, polymorphs and

isomers thereof, including optical, geomefric and tautomeric isomers as hereinaiter defined and

isotopically-labeled compounds.
The compounds of the invention containing one or more asymmefric carbon atoms may exist
as two or more sterecisomers. Where a compound contains an alkenyl or alkenylene group,
35 geometric cisftrans {or Z/E) isomers are possible, Where the compound contains, for example, a keto
or oxime group or an aromatic molety, tautomeric isomerism {‘tautomerism’) can occur. It follows that
a single compound may exhibit mors than one type of isomerism.
All stereoisomers, geometric isomers and tautomeric forms of the compounds of the invention
are included within the scope of the invention, including compounds exhibiting more than one type of
40 isomerism, and mixtures of one or more thereof. Also included are acid addition or base salts wherein
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stirred for 1 hour, followed by quenching with saturated aqueous
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(nM EP2 | Cﬂbhy("ﬁw glclaéi,i-laqnd carbon, such as C and chlorme, such as ~Cl, fluarine,

such as "°F, iodine, such as " and 126, nitrogen, such as N and N, oxygen, such as %0, 770 and
80, phosphorus, such as **P, and sulphur, such as **S.
Certain isotopically-labelled compounds of the invention, for example, those incorporating a
30 radioactive isotope, are useful in drug and/or substrate tissue distribution studies. The radioactive
isotopes fritium, i.e. ®H, and carbon-14, i.e. C, are particularly useful for this purpose in view of their
ease of incorporation and ready means of detection.
Substitution with heavier isotopes such as deuterium, i.e. 2H, may afford certain therapeutic
advantages resulting from greater metabolic stability, for example, increased in vivo half-life or
35 reduced dosage requirements, and hence may be preferred in some circumstances.
Substitutlon with positron emitting isotopes, such as /G, ®F, 0 and "N, can be useful in
Positron Emission Topography (PET) sfudies for examining substrate receptor occupancy.
Isotopically-labeled compounds of the invention can generally be prepared by conventional
technigues known to those skilled in the art or by processes analogous to those described in the
49 accompanying Examples and Preparations using an appropriate isotopically-labeled reagents in place



H3 & isopropyl [3-(([4-(1H pyrazol-1-yl)- -
benzyl | (pyri di n-3-yl sul fonypam no) nethyl)phenoxy]acetate 1H NVR (400

MHz, CHL ppm 1.29 (d, J=5.56 Hz, 6 H) 4.37 4.42 "
(s s@%%% 5.06 -5.25 (r1i i H 6.49 (s, f%,%m@pgagzqu
675(m 2 H 6.77 - 6.84 (m 1 H 7.17 - 7.23 (m J=8.59 Hz, 3 H)
7.46 (dd, ..1=7.83, 4.80 Hz, 1 H) 7.60 (d, J=8.34 Hz, 2 H) 7.74 (s, 1
H 7.92 (s, 1 H 8.08 (d, J=7.83 Hz, 11H) 8.83 (d, J=4.29 Hz, 1

9.09 (s, 1 H 521.2 1.48 10 WD 2008/ 015517PCT/ | B2007/ 0020- 14 - 27 -

Table 1 Ex. mmggj ,gﬁgﬂmgi% ,JHHOJQQ/R LCVS (M+H)  EP2 cAI\/P EC50
EP2 1 C50 )
((j:‘](l\:/’:” or 0phenox§/ n used herein],(g% fmsgutns rs%crn?lﬁaﬁ]s%%e}-g argo[ melg sdlvent refers {0 a solvent

which does not in eract with starting materials, reagents, intermediates or products in a manner which
adversely affects the yield of the desired product,

5 The parenthetical negative or positive sign used herein in the nomenclature denotes the
direction plane polarized light ts ratated by the parficular sterecisomer.

One of ordinary skill will recognize that certain compounds of the invention may contain one
ar more atoms which may be in a particular stereochemical or geometric configuration, giving rise to
sterecisomers and configurational isomers. All such isomers and mixiures thereof are included in the

10 invention. Solvates (hydrates) of the compounds of the invention are also included.

Other features and advanfages will be apparent from the specification and claims which
describe the invention.

Brief Description of the Drawings

15 FIG. 1 is a powder X-ray diffraction diagram of Example 1, isopropyl [3-({[4-{1H-pyrazol-1-
yl)benzyi](pyridin-3-yi-sulfonyl)amino}methyl)phenoxylacetate, and the comparative compound 12
(C12), t-butyl [3-({[4-(1H-pyrazol-1-yl)benzyll{pyridin-3-yl-sulionyl)amino}methyl)phenoxylacetate.
Detailed Description of Invenfion
The compounds of the invenfion may be prepared by processes known in the chemical arts,
20 particularly in light of the description contained herein. Cerfain processes for the manufaciure of the
compounds of the invention are provided as further features of the invention and are illustrated by the
following reaction schemes and examples. i
The compounds of the invention may be prepared by any of ithe following routes: a)
sequential alkylation of a sulphonamide with two appropriate alkylating agents, generally alkyl halides
25 or alkyl sulfonates; b} alkylation of a suiphonamide with an alkyl halide or alkyl sulfonate; or c)
" reductive amination of an aldehyde followed by reaction with an acylating agent such as an acyl
chloride, a chloroformate, an isocyanate or a chlorocarbonyl amide or a sulfonylating agent such as a
sulfonyl chloride, wherein one of the alkylating agents contains an appropriately protected carboxylic
acid portion. Modification of the carboxylic acid portion to the appropriate ester, provides the desired
30 compound of the invention. For example, reductive amination of 3-aminomethylphenoxy acetic acid
isopropy! ester with 4-pyrazol-1-yl-benzaldehyde provides the secondary amine intermediate, 3-[4-
pyrazol-1-yl-benzylamino)methyljphenoxy acefic acid isopropyl esier, which undergoes amide
formation with pyridine-3-sulfonyl chloride fo provide the desired compound, 3-{i(4-pyrazol-1-yl-

benzyl)-(pyridine-s-su]fonyl)-amino]methyl}phenoxy)—acetic acid isopropyl ester.
H
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Still other methods include: a) O-alkylation of 3-hydroxybenzaldehyde with a-bromoacetic
10 acid ester (R = Me, Et, i-Pr, t-Bu, etc.) using a base such as potassium tert-butoxide and solvent such

as N,N-dimethyiformamide fo provide the Q-alkylated product, 1; b) oxime formafion of 1 with
hydroxylamine hydrochloride in an alccholic solvent such as methanol and base such as pyridine to
provide 2; c) catalytic hydrogenation of 2 with a metal catalyst such as 10% palladium on carbon in
the presence of H; and an alcoholic sclvent such as ethanol to provide the amine 3; d) reductive
15 amination of 3 with the appropriate aldehyde (R'CHO) and reducing agent such as sodium
borohydride or sodium provides the aming 4; and e) N-alkylation of 4 with the appropriate sulfonyl
chloride (R"SO.Cl) in the presence of a base such as friethylamine and solvent such as
dichloromethane provides the desired product 5.
R R
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Br R O H 2 atm
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20 Other suitable reaction condifions are known to those of ordinary skill in the art and are
exemplified In Protective Groups In Organic Synthesis, Second Edition, T.W. Greene and P.G.M.
Wuts, John Wiley and Sons, inc. 1991, pages 227-229, which is hereby incorporated by reference in
its entirety for all purposes.
The utility of the compounds of the invention as medical agents for the reduction of intraocular
25 pressure and accordingly io treat glaucoma is demonstrated by the activity of the compounds in
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i 1/ 4c-c* NEC'E'g’anntiona[ assays, including the in vivo assay and a receptor binding assay. Such assays also
provide a means whereby the activilies of the compounds can be compared to each other and with
the activities of other known compounds. The results of these comparisons are useful for determining
dosage levels in mammals, including humans, for the freatment of such diseases.

5 The compounds of the invention intended for pharmaceutical use may be administered as
crystalline or amorphous products. They may be obtained, for example, as solid plugs, powders, or
fitlms by methods such as precipitation, crystallization, freeze drying, spray drying, or evaporative
drying. Microwave or radio frequency drying may be used for this purpose.

The compounds of the invention may also be administered directly fo the eye or ear, typically
10 In the form of drops of a micronised suspension or solution in isotonic, pH-adjusted, sterile saline.
Other formulations suitable for ocular and aural administration include cintments, biodegradable (e.g.
absorbable gel sponges, collagen) and non-biodegradable (e.g. silicone) implants, wafers, lenses and
particulate or vesicular systems, such as niosomes or liposomes. A polymer such as crossed-linked
polyacrylic  acid, polyinylalcohol, hyaluronic acid;, a celluiosic polymer, for example,
15 hydroxypropyimethylcellulose, hydroxyethyicellulose, or methyl cellulose; or a heteropolysaccharide
polymer, for example, gelan gum, may be incorporated fogether with a preservative, such as
benzalkonium chloride. Such formulations may also be delivered by iontof)horesis. The compounds of
the invention may also be delivered to the front, side or back of the eye.
The compounds of the invention intended for pharmaceutical use may be administered alone
20 or in combination with one or more other compounds of the Invention or in combination with one or
mote other drugs {or as any combination thereof). There are several different classes of medications
to ireat glaucoma with several different medications in each class. Topical beta-adrenergic receptor
antagonists such as timolol, levobunolol (Betagan), and betaxclol decrease agueous humor
production by the ciliary body. Alpha2-adrenergic agonists such as brimonidine (Alphagan) work by a
25 dual mechanism, decreasing aqueous production and increasing uveo-scleral oufflow. Less-selective
sympathomimetics like epinephrine and dipivefin (Propine) increase oufflow of aqueous humar
through trabecular meshwork and possibly through uveoscleral outflow pathway, probably by a beta2-
agonist action. Miofic agents (parasympathomimetics) lke pilocarpine work by conbraction of the
ciliary muscle, tightening the trabecular meshwork and allowing increased outiflow of aqueous through
30 traditional pathways. Carbonic anhydrase inhibitors like dorzolamide (Trusopt), brinzolamide (Azopt),
acelazolamide (Diarmox) lower secretion of aqueous humor by inhibiting carbanic anhydrase in the
ciliary body. Prostaglandin analogs like latanoprost (Xalatan), bimatoprost {Lumigan) and travoprost
(Travatan) increase uveoscleral outfiow of aqueous. Generally, such drugs and/or combinations
thereof, will be administered as a formulation in association with one or more pharmaceutically
35 acceptable excipients. The term “excipient” is used herein {o describe any ingredient other than the
compound(s) of the invention. The choice of excipient will to a large extent depend on factors such as
the particular mode of adminisfration, the effect of the excipient on solubility and stability, and the
nature of the dosage form.
Pharmaceutical compositions suitable for the delivery of compounds of the present Invention
40 and methods for their preparation will be readily apparent to those skilled in the art. Such
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Formulations suitable for oral administration include solid formulations, such as fablets,
capsules containing particulates, liquids, or powders; lozenges (including liquid-filled), chews; multi-
and nano-particulates; gels, solid solution, liposoms, fims (including muco-adhesive), ovules, sprays

10 and liquid formulations. ’

Liquid formulations include suspensions, solutions, syrups and elixirs. Such formulations may
be employed as fillers in soft or hard capsules and typically comprise a carrier, for example, water,
ethanol, polyethylene glycol, propylene glycol, methylcellulose, or a suitable oil, and one or more
emulsifying agents and/or suspending agents. Liquid formulations may alse be prepared by the

15 reconstitution of a solid, for example, from a sachet.

The compounds of the invention may also be used in fast-dissolving, fast-disintegrating
dosage forms such as those described In Expert Opinion in Therapeutic Patents, 11 (6), 981-986 by
Liang and Chen (2001).

. For tablet dosage forms, depending on dose, the drug may make up from 1 wi% to 80 wi% of
20 the dosage form, more typically from 5 wi% to 60 wt% of the dosage form. In addifion to the drug,
tablets generally contain a disintegrant, Examples of disinfegrants include sodium starch glycolate,
sodium carboxymethyl cellulose, calcium carboxymethyl cellulose, croscarmellose sodium,
crospovidone, polyvinylpyrrolidone, methyl cellulose, microcrystalline cellulose, lower alkyl-substituted
hydroxypropy! cellulose, starch, pregelatinised starch and sodium alginate. Generally, the disinfegrant

25 will comprise from 1 wi% to 25 wi%, preferably from & wi% to 20 wt% of the dosage form.

Binders are generally used fo impart cohesive qualiies fo a tablet formulation. Suitable
binders include microcrystaliine cellulose, gelatin, sugars, polyethylene glycol, natural and synthetic
gums, polyvinyipyrrolidone, pregelatinised starch, hydroxypropyl cellulose and hydroxypropyl
methylcellulose. Tablets may also contain diluents, such as lactose (monchydrate, spray-dried

30 morichydrate, anhydrous and the like), mannitol, xylital, dextrose, sucrose, sorbitol, microcrystalline
cellulose, starch and dibasic calcium phosphate dihydrate,

Tablets may also optionally comprise surface active agents, such as sodium lauryl sulfate and
polysorbate 80, and glidants such as silicon dloxide and talc. When present, surface active agents
may comprise from 0.2 wit% to 5 wi% of the tablet, and glidants may comprise from 0.2 wi% to 1 wi%

35 of the tablet.

Tablets also generally contain lubricants such as magnesium stearate, calcium stearate, zinc
stearate, sodium stearyl fumarate, and mixtures of magnesium stearate with sodium lauryl sulphate,
Lubricants generally comprise from 0.25 wi% to 10 wi%, preferably from 0.5 wi% to 3 wi% of the
tablet.

40 Other possible ingredients include anti-oxidants, colourants, flavouring agents, preservatives
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5 form tablets. Tablet blends or portions of blends may alternatively be wet-, dry-, or melt-granulated,
melt congealed, or extruded before tabletiing. The final formulation may comprise one or more layers
and may be coated or uncoated; it may even be encapsulated. The formulation of tablets is discussed
in “Pharmaceutical Dosage Forms: Tablets, Vol. 1%, by H. Lieberman and L. Lachman, Marcel Dekker,
N.Y., N.Y., 1980 {ISBN 0-8247-6918-X).

10 The foregoing formulations for the various types of administration may be formulated to be
immediate and/or modified release. Modified release formulations include delayed-, sustained-,
pulsed-, controlled-, targeted and programmed release.

Suitable modified release formutations for the purposes of the invention are described in US
Patent No. 6,108,864, Details of other sultable release technologies such as high energy dispersions

15 and osmotic and coated particles are fo be found in Verma et al, Pharmaceutical Technology On-line,
25(2), 1-14 (2001). The use of chewing gum to achieve controlled release is described in WO
00/35298.

The compounds of the invention may also be administered directly into the blood stream, into
muscle, or into an intemal organ. Suitable means for parenteral administration include intravenous,

20 intraarterial, intraperitoneal, infrathecal, infraventricular, intraurethral, intrasternal, intracranial,
intramuscular and subcutaneous. Suitable devices for parenteral administration include needle
(including microneedle) injectors, needle-free injectors and infusion fechniques.

Parenteral formulations are typically aqueous solutions which may contain excipienis such as
salts, carbohydrates and buffering agents (preferably to a pH of from 3 to 9), but, for some

25 applications, they may be more suitably formulated as a sterile non-aqueous solution or as a dried
form to be used in conjunction with a suitable vehicle such as sterile, pyrogen-free water.

The preparation of parenteral formulations under sterfle conditions, for example, by
lyophilisation, may readily be accomplished using standard pharmaceutical techniques well known to
those skilled in the art.

30 The solubility of compounds of the Invention used in the preparation of parenteral solutions
may be Increased by the use of appropriate formulation techniques, such as the incorporation of
solubility-enhancing agents.

Formulations for parenteral administration may be formulated fo be immediate andfor
modified release. Thus, compounds of the invention may be formulated as a solid, semi-solid, or

35 thixotropic liquid for administration as an implanted depot providing modified release of the active
compound. Examples of such formulations include drug-coated stents and PGLA [define]
microspheres.

The compounds of the invention may also be administered topically to the skin or mucosa,
that is, dermally or transdermally. Typical formulations for this purpose include gels, hydrogels,

40 lotions, solutions, creams, oinfments, dusting powders, dressings, foams, films, skin patches, wafers,
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Other means of topical administration include delivery by eleciroporation, iontophoresis,
phonophoresis, sonophoresis and microneedle or needle-free (e.g. Powderject™, Bigject™, etc.)
injection.

The compounds of the invention can also be administered intranasally or by inhalation,
typically in the form of a dry powder (either alone, as a mixture, for example, in a dry blend with
lactose, or as a mixed component parficle, for example, mixed with phospholipids, such as
phosphatidylcholing) from a dry powder inhaler or as an aeroso! spray from a pressurised container,
pump, spray, atomiser (preferably an atomiser using electrohydrodynamics io produce a fine mist), or
nebuliser, with or without the use of a suitable propellant, such as 1,1,1,2-tetraflucroethane or
1,4,1,2,3,3,3-heptafluoropropane. For intranasal use, the powder may comprise a bioadhesive agent,
for example, chitosan or cyclodextrin.

The pressurised container, pump, spray, atomizer, or nebuliser contains a solution or
suspension of the compound(s) of the invention comprising, for example, ethanol, aqueous ethanal,
or a suitable aliernative agent for dispersing, solubilising, or extending release of the active, a
propellant(s) as solvent and an optional surfactant, such as sorbitan trioleate, oleic acid, or an
oligolactic acid. |

Prior to use in a dry powder or suspension formulation, the drug preduct is micronised fo a
_size suitable for delivery by inhalation (typically less than 5 microns), This may be achieved by any
appropriate comminuting method, such as spiral jet milling, fluid bed jet milling, supercritical fluid
processing to form nanoparticles, high pressure homogenisation, or spray drying.

Capsules (made, for example, from gelatin or HPMC), blisters and cartridges for use in an
inhaler or insufflator may be formulated to contain a powder mix of the compound of the invention, a
suitable powder base such as lactose or starch and a performance modifier such as l-leucine,
mannitol, or magnesium stearate. The lactose may be anhydrous or in the form of the monohydrate,
preferably the latter. Other suitable excipients include dexfran, giucose, maltose, sorbitol, xylitol,
fructose, sucrose and trehalose.

' A suitable solution formulation for use in an atomiser using electrohydrodynamics to produce
a fine mist may contain from 1ug to 20mg of the compound of the invention per actuation and the
actuation volume may vary from 1yl to 100pl. A typical formulation may comprise a com pound of the
invention, propylene glycol, sterile water, ethanol and sodium chloride. Alternative solvents which may
be used instead of propylene glycol include glycerol and polyethylene glycol.

Suitable flavours, such as menthol and levomenthol, or swesteners, such as saccharin or
saccharin sodiur, may be added to those formulations of the invention intended for inhated/infranasal
administration.

Formulations for Inhaled/intranasal administration may be formulated fo be immediate and/for
modified release using, for example, poly(DL-lactic-coglycolic acid (PGLA). Modified release
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5 or, more usually, as divided doses throughout the day.

The compounds of the invention may be administered rectally or vaginally, for example, in the
form of a suppository, pessary, or enema. Cocoa butter is a traditional suppository base, but various
alternatives may be used as appropriate.

The compounds of the invention may be combined with soluble macromolecular entities, such

10 as cyclodextrin and suitable derivatives thereof or polyethylene glycol-containing polymers, in order to
improve their solubility, dissolution rate, taste-masking, bioavailability and/or stability for use in any of
the aforementioned modes of administration.

Drug-cyclodexirin complexes, for example, are found to be generally useful for most dosage
forms and adminisiration routes. Both inclusion and non-inclusion complexes may be used. As an

15 alternative to direct complexation with the drug, the cyclodextrin may be used as an auxiliary additive,
i.e. as a carmler, diluent, or solubiliser. Most commonly used for these purposes are alpha-, beta- and
gamma-cyclodextrins, examples of which may be found in International Patent Applications Nos. WO
91/11172, WO 94/02518 and WO 98/55148.

For administration to human patients, the total daily dose of the compounds of the invention

20 may be administered in single or divided doses. Depending on the [disease and] condition of the
patient, the term “treatment’ as used herein may include one or more of curative, palliative and
prophylactic treaiment.

The abllity of the compounds of the invention fo reduce intraocular pressure may be
measured using the assay described below.

25 EXAMPLES

The following non-limiting preparations and Examples illustrate the preparation of the compounds
of the invention.

"H Nuclear magnetic resonance (NMR) spectra were In all cases consistent with the proposed
structures. Characteristic chemical shifts (5} are given in parts-per-milion downfield from

30 tetramethylsilane using conventional abbreviations for designation of major peaks: e.g. s, singlet; d,
doublet; t, triplet; q, quartet; m, multiplst; br, broad. The mass specira (m/z) were recorded using
elither electrospray ionisation (ESI) or atmospheric pressure chemical lonisation {APCI). The following
abbreviations have been used for common solvents: CDCl, deuterochloroform; Dg-DMSO,
deuterodimethylsulphoxide; CDs0OD, deuteromethanol; THF, tetrahydrofuran. ‘Ammonia’ refers to a

35 concentrated solution of ammonia in water possessing a specific gravity of 0.88. Where thin iayer
chromatography (TLC} has been used it refers to sllica gel TLC using silica gel 60 Fas plates, Ryis the
distance travelled by a compound divided by the distance fravelled by the solvent front on a TLC
plate.

40
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-2.84 (m 2 H 4.50 (d, 4 H 4.87 -5.00 (m 1 H) 6.91 (s, 1 H 6.93 -
6.99 (m 1 H 7.01- 7.07 (m 1 H 7.10 - 7.16 (m 1 H 7.17 - 7.26
(in, 3H 7.44 - 7.55 (in, 1 H 7.85 - 8.01 (m 2 H 8.29 (d, 2 H
8.68 (s, 1 H 8.78 (d, 2 H 531.4 4.9

b

Example 1: Preparation of isopropyl [3-({[4-{1H-pyrazol-1-yl}henzyl](pyridin-3-yl-
sulfonyl)amino}methyl)phenoxy]acetate.
0 FHy

g:_?‘ Ty

10

A. Preparation of (3-formyl phenoxy)acetic acid isopropyl ester.

o,
g Ch
—f

H e
A
- "——»} :

A solution of 3-hydroxybenzaldehyde (6.75 g, 55.2 mmol) in DMF (55 mL) was stirred at room
15 temperature under a nitrogen atmosphere as potassium tert-butoxide (6.2 g, 55.3 rhmol) was added in
portions. The resulting suspension was stirred an additional 15 minutes at room temperature before
isopropyl bromoacetate (7.10 mL, 55.2 mmol) was added. The reaction was stirred at room
temperature for 15 h and was then quenched with water (250 mL). The resuiting agueous solution
was exiracied with ethyl acefafe, and the combined organic layers were washed several times with
20 water, dried over MgSQy, filtered, and concentrated in vacuo. Purification via medium pressure liquid
chromatography (0-10% hexanefethyl acetate) afforded he tite compound (5.2 g, 65%) as a clear oil.
"H NMR (400 MHz, CHLOROFORM-d) & ppm 1.30 (d, 6 H) 5.04 - 5.32 (m, 1 H) 7.21 - 7.28 (m, 1 H)
7.38(s, 1 H) 7.44 - 7.60 (m, 2 H) 9.98 (s, 1 H).
B. Preparation of [{3-hydroxyiminomethyl phenoxy )]acetic acid isopropyl ester.

a. o I,CH:;
ot T g,
R

)
A solution of (3-formyt phenoxy)acetic acid isopropyl ester (3.7 g, 17 mme!} in methanol (55
mL} was stirred under nifrogen as hydroxylamine hydrochloride (1.2 g, 17 mmol) and pyridine (6 mL,

k
25 Het=—1



<10.0 N isopropyl 3-(3-{[(pyridin-2-
yl sul fonyl ) (4-pyrimdin-2-yl benzyl)- am no] net hyl | phenyl ) pr opanoat e

16 ai nti ClkiyhobdsloEssdy i sopropy!l [3-a(pyridin-3-ylsul fonyl
(- (1, 34 03l S5 Sana VT~ am noj et hyppnenony] acet ot a THITRE 400

Mz, DI CHLOROVETHANE-d2) d ppm1.21 - 1.30 (m 6 H) 4.31 -4.51 (n, 6
H 5.03- 5.15 (m,1 H) 6.65 (s, 1 H 6.75 (dd, 2 H 7.11 -7.21 (in, 3
H 7.37 (d, 1 H 7.46 (dd, 1 H 7.78 -2§-88 (m 3 H) 8.02 - 8.10 (m
1H 879 (dd, 1 H 9.03 (d, 1 H 538.4 0.85 3 17 0'Ha Ha i]

i sopropyl  (34(Rd 'v@waﬁey UL QBY das stifrd Y 19 hCbdd ?ené!er@ﬁr@zm%iaﬂ&l were
met hyl | phenyBaceé ate

(d, 6 H . c(v in Zaclgﬂ anNBéTre%lﬁje wE%feﬂw Cé?l‘ly %ce Jf_r}‘%resflgﬁso@hdg_yvas waf%bcb
(m 2 H 7 it 1, 1@, e msyifing Aamgus soputieywasrwashedyyitgtityh acetats. Btp poprbingd
H 8.32 (d, dtgahi |a§hrs7®eré dhjed verMgS0OBtefed|, and cdnfyentled i@ vatudtio Jiv@ the title compound
5 {4.13 g, 100 %) as a pale yellow solid. *H NMR {400 MHz, CHLOROFORM-d) & ppm 1.36 (d, 6 H)
4.67 - 472 (m, 2 H)} 5,15 - 5.34 (m, 1 H) 7.01 - 7.07 (m, 1 H) 7.33 - 7.36 (m, 1 H} 7.36 - 7.43 (m, 2 H)
8.17 (s, 1 H). LRMS m/z caled. for GyoH15NO, ([M+H]"): 237.1. Found: 238.1,
C. Preparation of [(3~aminomethyl phenoxy)jacetic acid isopropyl ester.

o, fHa

¥u—
o 7 iy

10 A suspension of [(3-hydroxyiminomethyl phenoxy )lacetic acid isopropyl ester (2.5 g, 11
mmol), 10% Pd/C (500 mg, 20 wi%), and conc. HCI (1 mL} in ethanol (150 mL) was hydrogenated at
atmospheric pressure and room temperature for 7 hours. The suspension was filtered through a glass
filter paper and the resulting yellow filfrate was concentrated in vacuo fo afford the HCI salt of [(3-
aminomethyl phenoxy)lacetic acid isopropyl ester (1.55 g, 60%) as a yellow solid. "H NMR (400 MHz,

15 MeOD) 5 ppm 1.31 (d, 6 H) 4.11 (s, 2 H) 4.65 - 4.82 (m, 2 H) 5.04 - 6.22 (m, 1 H) 6.95 - 7.05 (m, 1 H)
7.06 - 7.17 (m, 2 H) 7.39 (t, J=7.86 Hz, 1 H). LRMS m/z calcd. for C1aHNO3 ([M+H]'): 223.1. Found:
224.2.

D. Preparation of Isopropyl [3-({[4-(1H-pyrazol-1-yl)benzyl]Jamino}methyl}-phenoxylacetiate.
0 [y
iz m

o

20 A salution of [(3-aminomethylphenoxy)jacetic acid isopropyl ester (0.40 g, 1.9 mmol), acetic
acid (0.6 mL), and 4-pyrazoylbenzaldehyde (0.29 g, 1.69 mmol) in methancl (8 mL) was stirred at
room temperature for 4 hours. After warming to 50 °C for 1 hour, the mixture was cooled to 0 °C and
NaCNBH; (0.21 g, 3.31 mmol) was added, The mixture was allowed to warm to rcom temperature
and stirred for 1 hour, followed by quenching with saturated aqueous Na,CO,. The agueous mixture

25 was extracted with ethyl acetate (3 x 75 mL), the organics were combined, dried over MgSQy, filtered
and concenfrated in vacuo. The crude product was purified using medium pressure liquid
chromatography (hexanes to 90 % ethyl acetate/hexanes) to yield pure product (0.43 g, 66 %) as a
colorfess oil. "H NMR (400 MHz, CHLOROFORM-d)  ppm 1.27 (d, J=6.32 Hz, 6 H) 3.79 (s, 2 H) 3.82
{s, 2 H) 4.59 (s, 2 H) 5.03 - 5.26 (m, 1 H) 6.39 - 6.54 (m, 1 H) 6.80 (dd, J=8.08, 2.53 Hz, 1 H) 6.90 -

30 7.03 (m, 2 H} 7.19 - 7.31 (m, 1 H) 7.42 (d, J=8.34 Hz, 2 H) 7.55 - 7.76 (m, 3 H) 7.92 (d, J=2.27 Hz, 1
H). LRMS m/z calcd. for CaaHasN3O5 ((M+H]"): 379.2. Found: 380.2.



WO 20081015517PCT/ |1 B2007/ 002044 -31 - Table 1 Ex. No. Exanple
Conpound 1H MR LCM5S (MtH) EP2 cAMP EC50 (nM EP2 1C50 (nM 18 i H3 OA
H3 i1 sopropyP20@0FL4- (11- 1- pyrazol - 1- PCT/TB2007/002044
yQoenzyl | i pyridin-2-yl sul fonyl)- am no)net hyl ) phenoxy] acetate 1H NWVR
(400 MHz, DI CHLOROVETHANE-d2) d ppm 1.22 - 1.30 (m 6 H) 4.42 - 4.55
(in, 6 H 501 - 5.17(m 1 H 6.40 - 6280 (n, 1 H 6.65 - 6.82 (m 3
H 7.08 - 7.24 (m 3 H 7.45- 7.59 (m 3 H 7.67 (s, 1 H 7.86- 8.02
(m 3 H 8.(‘%9 (d,Pl Il—% 521, 4 12 <10 19 eitnerti: , H isopropyl

(3-11 i n- 2-TRATEN

[ [ (4-pyridin-2 zy?H ( [RPPTORY)n- @:(yf-gymy@ﬁgm)yi)benzyu(pyridin-s-ylsulfonyn-
amino}methyl)phenoxyJacetate.
.Q‘:_F_H!ftl'z,
=
Wt B
o
t':)
A solution of isopropyl [3-({[4-(1H-pyrazol-1-yl)benzyllamino}methyl)-phenoxylacetate (0.28 g,
5 0.75 mmol), triethylamine (0.53 mL, 0.37 mmol) and pyridine-3-sulfonyl chloride (268 mg, 1.50 mmol)

in dichloromethane (7 mL) was stitred at room temperature for 15 hours. The mixture was diluted with
dichloromethane, and the combined organic layers were washed with water, brine and dried over
MgSQ,, filtered, and concentrated in vacuo, Purification by column chromatography (0-5% methanoi
in dichloromethane) afforded the desired product (180 mg, 69% based on the recovered amine

10 starting material) as a pale yellow cil. '"H NMR (400 MHz, CHLOROFORM-d) & ppm 1.29 (d, J=5.56
Hz, 6 H) 4.37 (s, 2 H) 442 (s, 2 H) 4.50 (s, 2 H) 5.06 - 5.25 {m, 1 H) 6.49 (s, 1 H) 6.65 - 6.75 {m, 2 H)
6.77 - 6.84 (m, 1 H) 7.17 - 7.23 (m, J=B.59 Hz, 3 H) 7.46 (dd, J=7.83, 4.80 Hz, 1 H) 7.60 (d, J=8.34
Hz, 2 H) 7.74 (s, 1 H) 7.92 (s, 1 H) 8.08 (d, J=7.83 Hz, 1 H) 8.83 (d, J=4.29 Hz, 1 H) 9.09 (s, 1 H}.
LRMS m/z caled. for CarHasN4OsS ([M+H]™): 520.2. Found: 521.2.

15 The compounds listed in Table 1 were synthesized using the appropriate modifications of the
above reagents and schemes:

Table 1
EP2
cAMP EP2
Ex. LCMS EC50 IC50
No. Example Compound 1H NMR (M+H) (nh1) (nM)
1H NMR (400 MHz,

CHLOROFORM-d) d ppm
1.29 (d, J=5.56 Hz, 6 H)
4.37 (5,2 H) 4.42 (s, 2 H)
4.50 (s, 2 H) 5.06 - 5.25

Hy
,Cr\ 0 M“J (m, 1 H) 649 (s, 1 H) 6.65
o -6.75 (m, 2 H) 6.77 - 6.84
1 N (m, 1 H) 7.17 - 7.23 (m, 521.2 1.48 10

isopropyl [3-({[4-(1H-pyrazok1-yl)- | J=8.59 Hz, 3 H) 7.46 (dd,
benzyl}(pyridin-3-ylsulfonyl)amino} #;'{iﬂg: ;’ff,zH;' ;)F_Pgﬁo
1 =0, ] . sl
methyl)phenoxylacetate 1H) 7.92 (s, 1 H) 8,08 (4,
J=7.83 Hz, 1 H) 8.83 (d,
J=4.29 Hz, 1 H) 9.09 (s, 1
H)




am nol net hyl } phenoxy) acetate 1H NVR (400 WHz, DI CHLOROVETHANE-d2) d
ppm1.22 - 129 (m 6 H 4.32 - 4.51 (m 6 H 5.03 - 5.15(m 1 H) 6.62
6.68 (nwololdorfa72- 6.80 (m 2 H) 7.11 - 7.29 (m 4pdymfoéhoosld. 1

H)7.68- 7.79 (n, 2 H 7.86 - 7.92 (m 2 H 8.02 - 8.10 (n, 1 H)
65 (dd, 1 H) 8.79 (dd, 1 H 9.03 (d, 1 H 532.4 4.1 7.6 20 as, 02CH
L)) s,y OH3 63 Y CP. isopropyl 343-(([4-(1H pyrazol -

beenzyI prr| dl n-3-yl sul fonyl) - ani no)#&t hyl ) phenyl ] pr opanoate 1H NMVR

(400 MHz, DI CHLOROVETHANE-d2) d ppm1.15 - 1.20 (m 6 H) 2.40 - 2.50
(m 2 Hrz ; , — o9 H 6. 43— 0. 51
(in, 1 Gﬁ-ﬁq7(m7 Hl7ﬂAT-ahl?1’l’l(m1’ll—l)7’
3 H 7.4p- 7]49 (n, 1 H) 7.53 - 7|62 (m 2 H 7.68 (d,
1 H 80Lg8{10 (m 1 H 8.80 (ddy 1 H 9.03 (d, 1 fdus?
<10.0 21] fo. {45 I@@ﬁbem}np&;ﬁm({(p ddl n- 3HxMaul fonyll gmH)
[4- (1, 3-[hrazol-Z-yQoenzyl Tam no) nanyl | dcet at ¢
Mz, DI CHLORDVETHANE- d d ppm 1. AQE_ 3. 47 .
(d,4H)4-9)-503( 1 6‘ ppm 2703 m162-|)l- 7.10 - 7.23 (m 4
H 7.37 (d, 1 "H)E‘ (dd,H 1 791-—?11(!8,741)(121813 H 8.01 - 8.08 (n,
1 8.79 4£dd, .0 il (s,3H)2.83-2.91 (m, 2
H) 5 Kwﬂ' H) | 5 an 2596 (. 211 509.3 | 8.5 3.22
. .29 - 3.37 (m, 2 H) 4.00 (t,
isopropyl 5-(3-{[33,5- > |2-l€)‘ e g.go (m) 1 H) (
Iﬁ“‘“‘g"l"hﬁ"""]‘)’* oy | 677-6.84 (m, 3 H) 6.92 -
propylj{methylsulfonyl)amino}-
propylthiophene-2-carboxylate 6.99 (m, 1H)7.57 (d, 1H)
1H NMR (400 MHz,
DICHLOROMETHANE-dy)
dppm 3.77 (s, 3H) 4.30 -
r@;f N,Uckj\ﬁua 4.43 (m, 4 H) 4.52 (s, 2 H)
6.41 - 6.50 (m, 1 H) 6.64
b\ (d, 1H) 6.69-6.80 (m, 2
3 " H)7.10 - 7.23 (m, 3 H) 493.3 1.48 10
Q 7.46 (dd, 1 H) 7.53 - 7.63
methyl [3-({[4-{1H-pyrazol-1- (m,2H)7.68(d, 1 H)7.94
y)benzylj(pyridin-3-ylsulfonyl)- | (6 1H) 8.01-8.13 (m, 1
* amino}methyl)phenoxylacetate Eg 8.80 (dd, 1 H) 9.04 (d, 1
1H NMR (400 MHz,
DICHLOROMETHANE-d;)
dppm 1.43 (s, 9 H) 2.35 -
2.49 (m,2H)2.70 -2.85
(m, 2 H) 4.37 (d, J=8.34
“eH, Hz, 4 H) 6.85 (s, 1 H) 6.91
-6,97 (m, 1 H)7.05-7.12
OQ@;#O (m, 1 H) 7.7 {t, J=7.45 Hz,

4 1H)7.22(d, J=8.08 Hz,2 | 543.2 5.35 <124
tart-butyl 3-(3-{[(phenyisulfonyl)4- | H}7.36 - 7.43 (m, J=4.80
pyridin-3-ylbenzyllamino]-methyi}- | Hz 1 H)7.49 (d, J=8.34

phenyl)propanoate Hz, 2 H) 7.57 - 7.64 (m,
J=7.58, 7.58 Hz, 2 H) 7.65
-7.72 (m, J=7.58 Hz, 1 H)
7.88-7.96 (m, 3 H) 8.60
(d,1H)8.83 (s, 1H)
1H NMR (400 MHz,
DICHLOROMETHANE-dy)
dppm 1.29 - 1.35 (m, 6 H)
' , 1.97 - 2.09 (m, 2 H) 2.84 -
s 2,95 (m, 5 H) 3.25 - 3.35
5 H:‘E:Efﬂ\/\wa (m’ 2 H) 3‘54 - 3-63 (m' 2 495-4 4.8 4.42
05 -4.14{m, 2H
isopropyl 5~(3-{[2-(3,5-dichloro- ) g)og (_} 5.19 (m,(T H) 6.)76 R
phenoxy)ethyl](methylsulfonyl}ami- | & g (m, 3H) 7.00 (t, 1 H)
no}propyijthiophene-2-carboxylate | 7 59 {d, 1 H)




522.3 2.2 2.2 WD 2008/ 015517PC11E3Z2007/ 002044 - 32 - Table 1
Exanmpl e Compound 1H NVR LCMS (MtH) EP2 cAWP EC50 (nM EP2 1C50 (nM

22 1 M. w8 bafkdsppy! 3-13-0K4-chl orophenyl) - PCT/IB2007/002044
sul f onyl ] (‘X-

pyrim-di n-2-yl benzyl)- am no}net hyl) phenyl [ propanoate 1H
NVR (400 MHz, DI CHLOROMETHANE-d2) d ppm 1.13- 1.20 (m 6 H 2.45 (t,
2 H 2.79 (t, 2 H 4.35(d, 4 H 487 - 500 (m 1H 6.8 (s, 1H
6.93 (d, 1 H 7.07 (d, 1 H 7.12- 7.242§m 4 H 7.52 (d, 2 H 7.79
(d, 2 H 832 (d, 2 H8.79 (d, 2 H. 565.1 3.3 15.7 23 el
Table 1
EP2
cAMP EP2
Ex. LCMS EC50 ICS0
No. Example Compound 1H NMR {M+H) (n\) {nM)
1H NMR (400 MHz,
1 DICHLOROMETHANE-d,)
d ppm 1.17 < 1.24 (m, 6 H)
al 1.27 - 1.39 (m, 4 H) 1.55 -
Ho 1.64 (m, 4 H) 1.82 - 1.93
6 N\/\/\/\(Oﬁ (m,2H)2.19-2.28(m, 2 | 453.4 7 8.6
Re o ™ H) 2.56 - 2.66 (m, 2 H)
isopropyl 7-{{3-(3,5-dichloro- 2.79(s, 3 H)3.08-3.20
phenyl)propyll(methylsulfonyl}- | (m, 4 H) 4.80 - 5,01 (m, 1
amino}heptanoate Ei% 713 (s, 2H)7.22 (s, 1
|
1H NMR (400 MHz,
DICHLCROMETHANE-dz)
dppm 1.34 (d, 6 H)2.12 -
Wi B 2,25 (m, 2 H) 2.90 (s, 3 H)
7 Hac?‘.;’" B 3.09(t, 2 H)3.32-342(m, | 496.2 18 53
O 2 H)3.57-3.66 (m, 2 H)
isopropyl 2-(3-{[2-(3,5- 4.14 (t, 2 H) 5.14 - 5.26 (m,
dichlorophenoxy)ethyll(methylsulfo | 4 H) 6.77 - 6.85 (m, 2 H)
nyl)amino}propyl)-1,3-thiazole-4- | 5 gg (s, 1H)8.03 (s, 1H)
carboxylate
1H NMR (400 MHz,
QD DICHLOROMETHANE-d;)
d ppm 1.13 - 1.20 {m, 6 H)
N\/(:lv\rﬂklwﬂs 2.35-2.48 (m, 2 H) 2.69 -
3 ohy 2.82 (m, 2 H) 4.34 (d, 4 H)
4.87 - 5.00 (m, 1 H)8.81
8 (s, 1H)6.90 (d, 1 H) 7.00- | 5294 | 835 | <124
7.24 (m, 4 H) 7.36 (dd, 1
H)7.41-7.51(m, 2H
isopropyl_3-(3-{[(phenylsul_fonyl)(4- 7_)52 -7.69 (m,(s H) 7.)80 .
pyridin-3-ylbenzyl)amino]- 7.91 (m, 3 H) 8.55 (dd, 1
methyl}phenyl)propanoate H) 8.79 (d, 1 H)
1H NMR (400 MHz,
DICHLOROMETHANE-d2)
d ppm 1.19 - 1.30 (m, 3 H)
O\ . 4.18- 4,26 (m, 2 H) 4.31 -
AL " 4.41 (m, 4 H) 4.47 - 4.52
o ! (m, 2 H) 6.44 - 6.49 (m, 1
H) 6.61 - 6.66 (m, 1 H)
9 h«— 6.70-6.79 (m, 2H)7.13- | 507.3 10 1.48
) 7.21 (m, 3 H) 7.43 - 7.49
ethyl {3-({[4-(1H-pyrazol-1-y))- | (M, 1 H)7.54 - 7.61 (m, 2
benzyl)(pyridin-3-yisulfonyl)- | H)7.65-7.70 (m, 1 H)
amino}methyl)phenoxylacetate ;?g E;af’l_(l;“é ;é") ggg -
(m, 1 H) 9.01 - 9.06 (tm, 1
H)




H3 OH3 N isopropyl (3-{j(pyridin-3-ylsulfonyl)-
(4-pyrimdin-2-yl benzyl)am nol - nethyl ) phenoxv)acetate 1H NVR (400
MHz, DI CH -d2) d ppm1.21 - 1.29 (m 6 H 4. ,
4. 40 - %B?hﬂ%gﬁ 5.04 - 5.13 (m 1 H 6.62 - 6.68 %rzﬁﬁlﬁmﬁé‘)dé%l
-6. 80 (m 2 H) 7.12 - 7.25 (in, 4K) 7.45 (dd, 1 H 8.02- 8.10 (in, 1
H)8.27-836(m 2 H 873 -8.83(in, 3 H 9.03 (d, 1 H. 533.4
5.4 22 24 1 H3H) ) ct, e "™ NHO isopregdd 2-(3-0-(3-chlorophenyl)-
propyanet hyl sul f onyl )am no}propy 1)-1,3-thiaw e-4-carboxyl ate 1H NVR
(400 MHz . : . .
(m 2 HJ2.05 - 2.16 (m2 H 2. 58- 'Iableﬁ (m 2 H 2.81 (s, 3 H 3.07
t, 2 H}3.1b- 3.32 (in, 4 FI) 5.15 - 5.25 (m 1 7.06 -ER228 ( 4
( oP
H 8.03 [s, L H 460.2 54 6.64 25/H3 H3 (n isoproﬁi cAchgg E:s%
343-a[ 4-{ FK- pyr azgl - 1e vlLbenzy! 1{ 1. 3-t hisagR! - 2- V1B wony! 5am | e
: 1H NMR (400 MHz,
! DICHLOROMETHANE-d,)
,é d ppm .45 - 1.52 (s, 9 H)
¢ “’\z\x\@iuﬁé“’ 1.83-2.06 (m, 4 H) 2.75 -
" | 2.86 (m, 6 H) 3.06 - 3.20
10 e (m,2H)3.21-331(m,2 | 5232 | 815 3.22
tert-butyl 5-(3-{[3-(3,5- H)6.69-8.71 (m, J=3.79
dichlorophenoxy)propyl}(methylsul- | Hz, 2 H) 6.74 (d, J=1.77
fonyl)amino}propylthiophene-2- | Hz, 2 H} 6.87 - 6.81 (m,
carboxy|ate J=1.77, 1.77 Hz, 1 H) 7.43
{d, J=3.79 Hz, 1 H)
1H NMR (400 MHz,
DICHLOROMETHANE-d,)
d ppm 1.40 - 1.53 (m, 9 H)
1.89«2.02 (m, 2 H) 2.73 -
2.88 (m, 5 H) 3.16 - 3.28
1 (m, 2(H) 3,50 (t, J=5.43 Hz, | 5102 18 53
tert-butyl 2-(3-{12-(3.5- 2 H)4.02 (t, J=5.31 Hz, 2
dichlorophenoxy)ethyl](methylsulio H) 6.67 - 6.74 (m, 2 H)
nyl)amino}propyl)-1,3-thiazole-4- | & 94 ¢ J=1.64 H:’:, 1 H)
carboxylate 7.45 (d, J=3.79 Hz, 1 H)
FHe
€ 1H NMR (400 MHz,
"j;;" DICHLOROMETHANE-dy)
“/O\f\g‘“\g"’“* d ppm 1.26 (d, 6 H) 3.71
s (s, 3 H) 4.39 (d, 4 H) 4.50
s, 2H)5.02-5.14 (m, 1
12 §-l) 6.71 - 6.82 (m, 3 H) 5414 12 26
7.11-7.20 (m, 1 H)7.26
isopropyl [3-({{(1-methyl-1H- (d,2H}7.36 (d, 1 H) 7.42
imidazol-4-y)sulfonylj[4-(1,3- (d,1 H)7.52(d, 1 H) 7.79 -
thiazol-2-yl)benzyl]Jaminc)- 7.87 (m, 3 H)
methyl)phenoxylacetate
@\ 1H NMR {400 MHz,
' - DICHLOROMETHANE-d5)
oL cH, d ppm 1.18 (d, 6 H) 2.41 -
251 (m, 2H)2.74 - 2.85
(m, 2 H) 4.40 (d, 4 H) 4.87 <10.0
13 -5,00(m, 1H)6.86-6.99 | 531.4 3.1 (n=é)
(m, 2H)7.04-7.28 (m, 5
kJ H) 7.44 (dd, 1 H) 8.02 -
isopropyl 3-(3-{[(pyridin-3- 8.11(m, 1 H)8.33(d, 2 H)
yisulfonyl){4-pyrimidin-2-ylbenzyl)- | 8.75 - 8.83 (m, 3 H) .03
aminolmethyl}phenyl)propancate | (d, 1 H)




am no} et hyl ) phenyl ] propanoate I N NVR (406 VHz, DI CHLOROVETHANE-d2) d

ppm % 22 (d, J=6.32 Hz, 6 H 2.51 (t, J=7.83 Hz, 2 H 2.85 (t, J=7.83
Hz, 2 H 4¥voRo@E®)5527H) 4.53 (s, 2 H 4.90 - 5.09 (m 1 pduiB200200¢644 1
H 6.96 - 7.04 (in, 2 H 7.09 - 7.15 (m 1 H 7.17 - 7.31 (m 3 H)
7.61 (d, .J=8.34 Hz, 2K) 7.68 - 7.76 (m 2H) 7.95 - 8.00 (m 1 H
8.03 (d, J=3.03 Hz, 1 H 525.2 5.9 <10
2008/ 015517PCT/ D32007/ 002044 - 33 - %I e 1 Ex. No. Exanpl e Conpound
1H NWVR LCVS (M+H)  EP2 cAMP EC50 (nM EP2 | C50 (nM 26 H3 isopropyl
3-(3{4-pprTmdrn-2- yIbenzyT) (I, 3-Thi ] 2-ylsul'tonyl) -
am no| mefp-RH--pheryH-proparoat-e——t—tv— 100 iz CHI-ESREVETHANE—t2—
d ppm 1. 10 (d, J= 6 32 Hz, 6 H) 2.39 (t, 2 H 2.73 |t, Jzz?.,ﬁﬁ:Hz, e
4.41 (s, %XH] 4.46 (s, 2 H 4.81 {4.94 (m 1 H) 6.BBcms 6. 98csom | 2¢kd
6.96 - 7 m___1Exsinplé Cofmpound. 23 (m 4 HMNWRSG (d. | (MB) 28 (M) 1) HpM)
7.91 (d, J 3 03 Hz, 1 H)_8.24 (d, |ILBMBHOPMHZ2 H) B. 71 (d, J=4.B0 Hz,
2 H) 537|2 6l4 . s DICHLOROMETHANE-d)
Hy d ppm 1.18 (d, 6 H) 2.36 -
2.48(m, 2H)2.71 - 2.82
g (m, 2 H) 4.35 (d, 4 H) 4.89 100
)+ - 5.00 (m, 1 H) 6.77 -6.85 <10.
14 o (m, 1H)686-6.95(m,1 | 2204 34 (n=2)
NJ H)7.01 -7.09(m, 1 H)
isopropyl 3-(3-{[(phenylsuifonyl)(4- | 7-10-7.25 (m, 4 H) 7.51 -
pyrimidin-2-ylbenzyl)amino]- 31:1?92(2!])' 35’5) 788:33‘;.:; zr.r?zz
methyi}phenyl)}propanoate H)'8 i (d: 2 H) - ’
1H NMR {400 MHz,
" DICHLORCMETHANE-d,)
) * d ppm 1.18 (d, 6 H) 2.38 -
s 2.51(m,2H)2.71-2.84
{m, 2 H) 4,50 (d, 4 H) 4.87
- 5.00 (m, 1 H)8.91 (s, 1
15 3 N H)6.93 - 6.99 (m, 1 H) 531.4 49 <10.0
J 7.01-7.07 (m, 1H)7.10 -
. N 7.16 (m, 1 H)7.17 - 7.26
isopropyl 3-(3-{[§pyr:dln-2- (m, 3 H) 7.44 - 7.55 {m, 1
ylsulfonyl}{(4-pyrimidin-2-ylbenzyl)- H) 7.85 - 8.01 (m, 2 H)
amino]methyi}phenyl)propanoate | g 29 (d, 2 H) 8.68 (s, 1 H)
8.78 (d, 2 H)
1H NMR (400 MHz,
Q Hy DICHLOROMETHANE-d5)
fn’\OﬂMH, d ppm 1.21 - 1.30 (m, 6 H)
431-4.51 (m, 6 H} 5.03 -
5.15(m, 1H)8.65(s, 1 H)
16 b}j 6.75§dd,2ﬂ)7.11-7.21 5%8.4 | 085 3
e (m, 3H) 7.37 (d, 1 H) 7.46
isopropyl [3-({(pyridin-3-ylsuifonyi)- | (qd, 1 H) 7.78 - 7.88 (m, 3
[4-(1,3-thiazol-2-yl)-benzyl]- H) 8.02 - 8.10 (m, 1 H)
amino}methyl)phenoxylacetate 8.79 (dd, 1 H) 9.03 (d, 1 H)
r 2| 1H NMR (400 MHz,
M DICHLOROMETHANE-d5)
Hy d ppm 1.21 (d, 6 H) 3.47
(s,2H)4.41(d, 4 H) 4.92 -
5.02 (m, 1 H) 6.97 - 7.06
17 (m, 2H) 7.11-7.28 (m, 5 517.2 7.8 3.9
@) H) 7.38 - 7.50 (m,1)H)
isopropyl (3-{[(pyridin-3-yisulfonyl)- | 800 - 809 (m, 1 H) 8.32
(2-pyrimidin—2-ylbenzyl)amino]- (g' 2819 (d, 3H)9.03
methyilphenyllacetate (d; 1 H)
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Table 1

Example Compound

tH NMR

LCMS
(M-+-H}

EP2
cAMP
EC50
{nM}

EP2
IC50
(nM)

22

o)

isopropyl 3-[3-({[(4-chlorophenyl)-
sulfonyl](4-pyrimidin-2-ylbenzyl)-
amino}methyl)phenyl]propanoate

1H NMR (400 MHz,
DICHLOROMETHANE-d;)
d ppm 1.13 - 1.20 (m, 6 H)
245( 2H)2.79 (1, 2 H)
4.35(d, 4 H) 4.87 - 5.00
{m, 1 H) .85 (s, 1 H)6.93
(d,1H)y7.07 (d, 1H)7.12 -
7.24 (m, 4H)7.52 (d, 2 H)
7.79(d, 2 H) 8.32 (d, 2 H)
8.79 (d, 2 H).

565.1

3.3

15.7

23

GI\O??'O
N\/O\/\’KJ\I#H:;
o Hy

N

isopropyl (3-{[{pyridin-3-ylsulfonyl)-
(4-pyrimidin-2-ylbenzyl}amino]-
methyllphenoxy)acetate

1H NMR (400 MHz,
DICHLOROMETHANE-d2)
dppm 1.21 -1.29 {m, 6 H)
4.37 (s, 2 H) 4.40 - 4.50
(m, 4H) 5.04-5.13 {m, 1
H}6.62 - 6.68 (m, 1 H)
6.71-6.80 (m, 2H)7.12 -
7.25(m, 4 H)7.45 (dd, 1
H)8.02 - 8.10 {m, 1 H)
8.27-8.36 (m, 2 H)8.73
8.83 (m, 3 H)9.03 (d, 1 H).

533.4

5.4

22

24

ST

isopropyl 2-(3-{[3-(3-chlorophenyl)-
propyl](methylsulfonyl)amino}propy
1}-1,3-thiazole-4-carboxylate

1H NMR (400 MHz,
DICHLOROMETHANE-d,)
dppm 1.31-1.37 (m, , 6
H} 1.84 - 1.95 {m, 2 H)
2.05-2.16 (m, 2 H)2.58 -
2,66 (m, 2 H)2.81 (s, 3 H)
3.07(t, 2 H)3.15-3.32 (m,
4 H)}5.15-5.25 (m, 1 H)
7.06 - 7.28 (m, 4 H) 8.03
{s,1H)

480.2

54

6.64

25

Hy

e

isopropyl 3-[3-{{[4-(1H-pyrazol-1-
yhbenzyl](1,3-thiazol-2-ylsulfonyl)-
amino}methyl)phenyl]propanoate

1H NMR (400 MHz,
DICHLOROMETHANE-d,)
d ppm 1.22 (d, J=6.32 Hz,
6 H)2.51 (t, J=7.83 Hz, 2
H)2.85 {t, J=7.83 Hz, 2 H)
451 (s, 2 H) 4.53 (s, 2 H)

‘4,90 - 5.09 (m, 1 H) 6.51

(s, 1H) 6.96 - 7.04 (m, 2
H}7.09-7.15(m, 1 H)
7147~ 7.31 (m, 3 H)7.61
{d, J=8.34 Hz, 2 H) 7.68 -
7.76 (m, 2H)7.95- 8.00
{m, 1 H) 8.03 (d, J=3.03
Hz, 1 H)

525.2

59

<10
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Table 1

Ex.
No.

EP2
cAMP EP2
LCMS EC50 IC50
Example Compound 1H NMR (N+H) (nM) (nh}

26

Hy 1H NMR (400 MHz,
oitu, DICHLOROMETHANE-d;)
d ppm 1.10 (d, J=6.32 Hz,
6 H)2.39 (t, 2 H)2.73 (1,
@, J=7.83 Hz, 2H) 4.41 (s, 2
H)4.46 (s, 2 H) 4.81 -4.94

{m, 1H)6.83-6.93{m, 2 537.2 6.4 <10
H)6.86 - 7.04 (m, 1 H)
7.05-7.23 (m, 4 H) 7.58
d, J=3.28 Hz, 1 H) 7.91 {d,

isopropyl 3-(3-{[(4-pyrimidin-2- S=3_03 Hz, 1 H) 8.)24 (d ¢
ylbenzy[)(1 ,3—thiazol-2-ylsulf0nyl)- J=8.34 Hz, 2 H) 8.71 (dl
amino]methyi}phenyl)propanoate | j_4 gg Hz: 2 H) )

EXAMPLE 2: Intraocular Pressure Measured by Pneumatonometry

Intraocular pressure may be measured by pneumatonometry in normal monkeys. Studies are
performed in conscious animals trained to accept pneumatonometry. The compound to be tested is
administered topically fo one eye in a 25 |l volume drop, the confralateral eye receives vehicle as a
control. Statistical analysis is by Student's paired t test.
Assay for Binding to Prostagiandin E2 Receptors

Membrane Preparation

All operations are performed at 4 ©C. Transfected cells expressing prostaglandin E2 type 1
receptors (EP1), type 2 {EP2), type 3 (EP3) or type 4 (EP4) receptors are harvested and suspended
fo 2 million cells per mi in Buffer A [50 mi Tris-HCI (pH 7.4}, 10 mM MgCl.sub.2, 1 mM EDTA, 1 mM
Pefabloc peptide, (Sigma, St Louis, Ma.), 10 uM Phasboramidon peptide, (Sigma, St. Louis, Mo.), 1
uM Pepstatin A peptide, (Sigma, St. Louis, Mo.), 10 uM Elastatinal peptide, (Sigma, St. Louis, Mo.),
100 uM Antipain pepiide, (Sigma, St. Louis, Mo.)l. These are lysed by sonification with a Branson
Sonifier (Model #250, Branson Ultrasonics Corporation, Danbury, Conn.} in 2 fifteen second bursts.
Unlysed cells and debris are removed by cendrifugation at 100.times.g for 10 min. Membranes are
then harvested by cenfrifugation at 45,000.times.g for 30 minutes. Pelleted membranes are
resuspended to 3-10 mg protein per ml, protein concentration being determined according to the
method of Bradford [Bradford, M., Anal. Biochem., 72, 248 (1976)]. Resuspended membranes are
then stored frozen at -80 °C. until use.

Binding Assay

Frozen membranes as prepared are thawed and diluted to 1 mg protein per ml in Buffer A.
One volume of membrane preparation is combined with 0.05 volume test compound or buffer and one
volume of 3 nM 3H-prostaglandin E2 (#TRK 431, Amersham, Arlington Heights, Ill.) in Buffer A. The
mixture (205 L fotal volume) is incubated for 1 hour at 25 °C. The membranes are then recovered by
filtration through type GF/C glass fiber filters (#1 205401, Wallac, Gaithersburg, Md.) using a Tomiec
harvester (Model Mach [1/96, Tomtec, Orange, Conn.). The membranes with bound 3H-prostaglandin
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E2 are frapped by the filer, the buffer and unbound 3H-prostaglandin E2 pass through the filter into
waste. Each sample is then washed 3 times with 3 mi of [50 mM Trs-HCI (pH 7.4), 10 mM
MgCl.sub.2, 1 mM EDTA]. The filters are then dried by heating in @ microwave oven. To determine the
amount of 3H-prostaglandin bound to the membranes, the dried filters are placed into plastic bags
with scintillation fluid and counted in & LKB 1205 Betaplate reader (Wallac, Gaithersburg, Md.). IC50s
are determined from the concentration of test compound required to displace 50% of the specifically
bound 3H-prostaglandin E2,

EXAMPLE 3: (+/-)-15-Deoxy-~168-hydroxy-17-cyclobutyl PGE1; {#/-)-15-deoxy

16S-hydroxy-17-cyclobutyl prostaglandin E1 {(Butaprost)

Butaprost, a sfructural analog of PGE2, is a selective agonist for the EP2 receptor subtype.
EP2 receplors are expressed on human neutrophils and on respirator, vascular and uterine smooth
muscle. Butaprost binds with about 1/10 the affinity of PGE2 to the recombinant murine EP2 receptor,
and does not bind appreciably fo any of the other murine EP receptors or DP, TP, FP or IP receptors.
The EC50 for the stimulation of cAMP by butaprost in COS cells transfected with the human EP2
receplor is about 5 M, while the EC50 for PGE2 in this assay is about 43 nM. Butaprost has
frequently been used to pharmacologically define the EP receptor expression profile of various human
and animal tissues and cells.

Tables 2 and 3 describe the infraocular pressure (IOP) changes that were seen following
topical application of EP2 agonists in ocular hypertensive non-human primates. Typically, compounds
in suitable formulations were dosed topically and IOP was measured using tonometry. Changes in
IOP between vehicle treatment followed by treatment with EP2 compounds were assessed over time
in the dosed hypertensive eys. AA Emax reflects the difference in IOP from EP2 compound-freated
eye over that seen for vehicle-freated eye at the timepoint wherein maximum I0P reduction for
compound was seen. The percent AA Emax was the percentage change in IOP reduction conferred
by compound over that for vehicle (set at 100%), Tmax represents the time point at which maximum
IOP reduction of compound was observed. The data provided here showed statistical significance. NS
represents not significant. Table 2 compares acids of EP2 compound while Table 3 compares I0P
response seen with esters of certain acids. Esters provide better corneal penetration and improved
drug exposure in the anterior chamber compared to acids and are therefare dosed at 1/5th the dose
for acids (0.1 mg/mi).
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Isopropylesiers Tested in OHT Primates
AAEmax AAEmax
Compound BL (mmHg) {(mmHg) (%) Tmax (h)
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v CH;
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Example 4: Comparison of efficacy (change in intraocular pressure) between isopropyl ester
(Example 1) and tert-butyl ester {Comparative compound 12 “C12”, US2003/0078261) as assessed
in glaucomatous dogs

Typleally, compounds in suitable formulations were dosed topically and IOP was measured using
tonometry, A single 50 pl drop containing either vehicle or drug was instilled in each eye of glaucomatous
dogs and IOP was measured at 1, 2, 4, and 6 hours post dose. A baseline IOP measurement was taken
prior to topical instillation of vehicle or drug. Changes in IOP beiween vehicle freatment followed by
freatment with EP2 compounds were assessed over time in the glaucomatous dogs. AA Emax refiects the
difference in IOP % standard error from EP2 compound-ireated eye over that seen for vehicle-treated eye
at the time point wherein maximum |OP reduction for compound was seen. The percent AA Emax was the
percentage change in IOP reduction conferred by compound over that for vehicle (set at 100%).

ltis to be noted that even though the maximum IOP reduction betwsen C12and Example 1 appeared o
be similar i.e. between 7-8 mmHg (33-34%), C12 was dosed at 4 times higher concentration than
Example 1.
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Example 1

Example 5: Powder X-ray Diffraction Patterns of Isopropyl versus T-Butyl Compounds.
Figure 1 shows the poWder X-ray diffraction pattern of both C12 (t-butyl ester) and Example 1 (isopropyi

ester).

The powder X-ray diffraction patterns were collected using a Bruker AXS D8-Discover diffractorneter
equipped with Cu K a radiation 1.54 A X-ray radiation source operated at 40 kV and 40 mA. During
analysis, the samples were analyzed from angles of 4 to 40 degrees (6 -28) using a scan time of 60
10  seconds and a scan spot size of 0.5 mm.
The X-Ray diffraction peaks, characterized by peak positions and intensity assignments, have been
extracted from the X-ray powder diffractogram of Example 1 and comparative compound 12. One of skill
in the art will appreciate that the peak positions (26) will show same inter-apparatus variability, typically as
much as 0.1 degrees. Accordingly, where peak posifions {28) are reported, one of skill in the arl will
15  recognize that such numbers are infended to encompass such inter-apparatus variability.
As seen in Figure 1, Example 1 manifests as a crystalline form with characteristic peaks at diffraction
angles (26) of 8.6 £ 0.1, 13.5 £ 0.1, 17.6 £ 0.1, 19.2 £ 0.1, and 21.9 % 0.1, whereas C12 is in amorphous
form and has no characteristic peaks. Example 1 vielded a solid active ingredient that was relatively
20 easier to formulate into a drug product, whereas C12 vielded a gummy material that was difficult fo

handle.
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sonme inter-apparatus variability, typically/as mugh as 0.1 degrees.
Accordi ngly, where peak positions (20) apfg reportézgf' one of skill in
the art will 15recogni ze that such numdrs are intended to enconpass
such inter-apparatus variability. -As » in Figure 1, Exanple 1
meni fests as a crystal line.foryn yw acteristic peaks at
diffraction angles (28) pt & %\t .1, 13.5t 0.1, 17.6t 0.1, 19.2 t
0.1, and 21.9t 0.1, whegeayg O ¥s in anorphous form and has no

characteristic peaks. Exalple A eI ded a solid active ingredient
that was relatively 20easi er rrrul ate into a drug product,
whgfeas 012 yielded a gumy maje+ al that was difficult to handl e.
-39- CLAIMS |I. A conpound ofytle formula: or a pharmaceutically
acceptabl e salt thereof. 2jJA pharnmaceutical conposition, conprising a
conpound of claim1, or a maceuti cal acceptable salt thereof, and
a pharmaceutically acceptabl e excipient.

or a pharnaceutically acceptable salt thereof.

2. A pharmaceutical composition, comprising 2 compound of claim 1, ora

pharmaceutical acceptable salt thereof, and a pharmaceutically acceptable excipient.



