WD 03/064391 PCT/I1B03/00121 -1 METABOLI TES OF
(3-{[ 4- TERT- BUTYL- BENZYL) - ( PYRI DI NE- 3- SULFONYL) -
AM NQO - VBV BIBpeBHENOXY) - ACETIC ACID 5 Field of the | nvent ipamiBésaopziesent
invention relates to netabolites of (3-{[4-tert-butyl-benzyl)-
(pyridi ne-3-sul fonyl)-am no] - net hyl } - phenoxy) -acetic acid. The present
I nvention also relates to nethods of treating osteoporosis and aiding in
heal i ng bone fractures using a netabol it-e of
(3-{[4-tert-butyl -benzyl)-(pyridine-3-sul fonyl)-am no]-nethyl}-phenoxy) 10
acetic acid. In addition, the present invention relates to nethods of
determining if a patient has been adm nistered
(3-{[4-tert-butyl -benzyl)-(pyridine-3-sul fonyl)-am no] -
?gt ?%”4} - phengnmﬁ@%emesl apw{[w&@dmgwnimm?-mmemaers%l&lo}lm)eorrpound

- -tert-butyl - benzy - met hy
phenoxy)-acetic acid is @m%%%@m&&%@B@m be used to treat
osteoporosis, aid in healing bone fractures, and treat other conditions
presenting with bone |oss. The ¢p o¥nd
(3-{[ 4-Pert-butyl -benzyl ) - (pyrid ) - ani no] -
net hyl } - phenoxy) Fracsrebént &wemmsadtesctd; Areeboiitss YO3JRLEABAGI-bEZYIMH BI98/ 01540) .

This 20 d I b t t t th
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ost eopor 05'rélateﬁhﬁWﬁdﬂﬁrdﬁtrdatmgm&@p@@dls@ﬁﬁ @RIpYie Besling ltm@ha&turéam(gmg i nduced
ost eoporosit s eparl ste pOrosi s, | es e-1 nau
osteoporos@smeﬁﬁt?ﬂ"t?é’ﬂ d[fg y,l] JPWFW%FWQ? E‘é’ E'QM -PHERXY eaI i ng
fol l owiipg faetidbcid.epoatsition the pfesemmna& fepadd tagnétnddsme@rmmmghﬂ@r y

reconstructign, bone heal ndi b cti on,

i nduct i on dreligrihagtesy a@w&i’%‘g %M%ﬁ%@ﬁ&ﬁ@zy érl'f’é'?eéﬁ @Fﬂﬁ‘é(ﬁ@@]‘ﬁ?rlﬁ

heal i ng ratrﬁetﬂ§,|}-p|eémxg)tajet.c@@@ancement and prosthetic ingrowh enhancenent
The present invention provides nmetabolites of (3-{[4-tert-butyl-benzyl)-
(pyrid ine-3-sul fonyl)-am no]-nethyl }-phenoxy)-acetic acid or

pharmaceutically 30 accept ab|&cﬁ?bgﬁd erth@Ientigs of the netabol i tes or

salts of the praodrugs. Th abo n be us reat .th
condi t i'8ns asp( 3 r‘ﬁcg)n'tpgpgg&nﬁé pyzy (pyrldlne-g sulFonyIS-amlno] -me ?hy

(pyridine- %r@nbmwét)ca@m i5 alselFelive)E B, JJoRBOMND) candRi used &siréator can be used to
determne if the c

(5 C1 -t or toSHRIPOIOSBORII Jelipy Pons FRstues Ane g gtk FoRRfions presenting with
bone loss. The compound (3-{[4-tert-butyl-benzyl)-(pyridine-3-sulfonyl)-amino]-

methyl}-phenoxy)-acetic acid is disclosed in WO 99/19300 (PCT/IB98/01540). This
20 compound can also be used to treat osteotomy, childhood idiopathic bone loss, bone

loss associated with periodontitis, glucocorticoid-induced osteoporosis,
hyperthyroidism-induced osteoporosis, immobilization-induced osteoporosis, heparin-
induced osteoporosis immunosuppressive-induced osteoporosis, and for augmenting
and maintaining bone mass, bone healing following facial reconstruction, bone

25 healing following maxillary reconstruction, bone healing following mandibular
reconstruction, induction of vertebral synostosis, long bone extension enhancement,
healing rate of bone graft enhancement and prosthetic ingrowth enhancement.

The present invention provides metabolites of (3-{[4-tert-butyl-benzyl)-

(pyridine-3-sulfonyl)-amino}-methyl}-phenoxy)-acetic acid or pharmaceutically

30 acceptable salts or prodrugs of the metabolites, or salts of the prodrugs. The
metabolites can be used to treat the same conditions as (3-{[4-tert-butyl-benzyl)-
(pyridine-3-sulfonyl)-amino]-methyl}-phenoxy)-acetic acid or can be used to
determine if the compound (3-{[4-tert-butyl-benzyl)-(pyridine-3-sulfonyl)-amino]-
methyl}-phenoxy)-acetic acid has been administered to a patient.



met hyl } - phenoxy) -acetic acid has been adm nistered to a patient. WO

03/ 064391 PCT/1B03/00121 -2 Summary of the Invention The present invention
provi des wba3spersppunds 2- (4-{[ ( 3- car boxynet hoxy- PCT/IB03/00121

benzyl ) - (pyri di ne- 3-sul f onyl ) - am no] - netdyl } - phenyl ) - 2- net hyl - pr opi oni c

aci d;

(3-{[[4-(2-hydroxy-1, 1-di net hyl -et hyl ) -benzyl]-(pyridi ne-3-sul fonyl)-am noj
-met hyl }- 5 phenoxy)-acetic acid;

(3- {[(4 tert-butyl-benzyl)- (pyrslﬂﬁrﬁml&fﬂféuﬁ\%nﬁoﬁm f onyl
) - am no] - et hyl } - phenoxy) -acetic

(5-{[(4-tert-butThe var@ﬁ%fiﬁl")‘/ﬁ('ﬁfgnnfa\r'% tﬁe SAMPAINGFE 2544l -FIPOREIERAY-= hyd
r oXy- phenoxyghzy I&_Fp%/"lbﬁe@céuﬂ*onylpammo] methzl} phenyl) -2-methyl-propionic acid;

2-{4- ridi ne-N-oxi de-3-sulf | am n ropi oni c
acfd Lpyr (|3 -{[[4-(2- h))/(cljroxy-1 1Sd|methylyethy|) benzyl]- (pync}/ nJ 3- sul(?or&l)-amlnorf?nert}}/yl} propi !

(3- {[[45( 2- 5 )é'cétlclaéi'dl :met hyl - et hyl ) - benzyl ] - (pyri di ne- 3- sul f onyl ) am noj
-nmet hyl } - % acet acid glucuronide;, the sulfate c%nJ1 ux%;\t e of
b Rypheno

pyri di ne- I\I—(@;&[(ﬂl‘ée gtwrlmﬁv't(pe(ewaeMf{xzfi%&awi%y') gminolmety acetic
et hyl ) - ben d m de; 15 the sulfate COI’IJ ugat e of

3- 4-( 2- d -1, 1-di met hyl - et hy b | - 3-
gul H)Elyl § afgl ﬁr@?éﬁ@[uwp?éz&ﬁép%ygﬁe =34 PPﬂfgéine méﬁ& QYJ‘F"P’ZX‘B“%‘SW)Ugat e of

pyri di ne- 3'a?ﬂéhé96ldic acid 4-(2-hydroxy-1, 1-di methyl -ethyl)- benzyl am de;
gom hyI {:1 [[éyﬂ?jllrnlefjr\i-g)gdg 3SleJ1{f£nC;/PanL|r?oTnqgt?myl]rrggeh¥5-]2-rﬁ thﬂ%lrgﬁignricogéigm ¢ acid;
(3- [4 (1 @Ay RSN~ 111rmﬁém§4 ey WehzyIe@aidide-§BMFdrgi)amir] sietfygny| ) - ami no]

[
met hyl } - phenoxy)-acetic acid
[ 4- (1-Meae gﬂm%@fmg@ﬁ@p) benzyl ] - (pyri di ne- 3- sul f onyl ) - ani no] - net

{
t
{
% phenqggy )sul?a@@&érﬁu & pyrndlne N-OX|de 3-sulfonic acid 4-(2- hydroxy-1 1-dimethyl-
}-
{

[[4-(1, 1-di ne oxo-et hyl ) -benzyl]-(pyridine- sulfonyl) am no]j - et
25 prﬁi'h\d)x%nzé%@éqec aci d; and

[ (45 SRé Qﬁf‘é?é’l:orﬁlﬁjﬁé/bf) (34 rm}/dn@x@ 3udirhemyllethybame I}-(Wﬁd]bfé%l phenoxy) - a

cetic acid; phar maceu accept abl e salts thereof
provi ded ar%"fﬂ@ﬂ)rﬂiﬁ'ﬁohpe(@é‘i'éh?ﬁ%hﬁcef'?’ agdpat i ent has been adni ni st ered

(3-{[4-ter tth@%lf@te BSHpgste of gYVifineizngifenis 4t aqylnyd@my-naldimethyethylphenoxy) - ace

tic acid,

(3-
hyl
(3-
hyl
(3-

benzylamide,
2-methyl-2-{4-[(pyridine-3-sulfonylamino)-methyl]-phenyl}-propionic acid;
20  (3-{[[4-(1,2-dihydroxy-1-methyl-ethyl)-benzyl]-(pyridine-3-sulfonyl)-amino]-methyl}-

phenoxy)-acetic acid,;

(3-{[[4-(1-hydroxy-1-methyl-ethyl)-benzyl]-(pyridine-3-sulfonyl)-amino]-methyl}-

phenoxy)-acetic acid;

(3-{[[4-(1,1-dimethyl-2-oxo-ethyl )—benzyl]-(pyridine—3-sulfonyl )-amino]-methyl}-

25 phenoxy)-acetic acid; and
(3-{[(4-isopropenyl-benzyl)-(pyridine-3-sulfonyl)-amino]-methyl}-phenoxy)-acetic
acid; or the pharmaceutically acceptable salts thereof.

Also provided are methods of determining if a patient has been administered
(3-{[4-tert-butyl-benzyl)-(pyridine-3-sulfonyl)-amino]-methyl}-phenoxy)-acetic acid, the

30 methods comprising the step of determining if a plasma, urine, bile or fecal sample
obtained from the patient shows the presence of one or more of a compound
selected from the group consisting of 2-(4-{[(3-carboxymethoxy-benzyl)-(pyridine-3-
sulfonyl)-amino]-methyl}-phenyl)-2-methyl-propionic acid;



30 nethods conprising the step of determning if a plasma, urine, bile or
fecal sanple obtained fromthe patient shows the presence of one or nore of
a conmpourmo o3@b43et ed from the group consisting of PCT/IB03/00121
2- (4-{[ (3-carboxynet hoxy-benzyl) - (pyri digae- 3-
sul fonyl ) -am no] - et hyl } - phenyl ) - 2- met hyl - propi oni ¢ acid; WO 03/064391
PCT/ 1 BO3/ 00121 -3
(3-{[[4-(2- hydroxy 1, 1-di met hyl - et hyl ) - benzyl ] - (pyri di ne- 3-sul fonyl ) - am no]
-met hyl } - g ll%lﬁyd@&@H ﬁdﬁxﬁ‘étl‘i&l -ethyl)-benzyl]- (pyrldlne -3-sulfonyl)-amino]-methyl}-

i ne-

2-{4- ri oxi de- 3- sul f onyl am no) - et hyl ] - phenyl } - 2- net hyl - pr opi oni ¢
aci{d Ly phenoxy)-acetic acid; y ) yl1-phenyl}- yl - prop

(3 {[[4 (2 éimqbwa{nelmlbx@b%mr%yl%fm %eb@t]twédyl}(z:mtr@l prepidnig akiiony! ) - am no]

acetic ac ate con ate of

oy ) e N BT o Enalef 8t DSt P erS Sy B MR- ety
(o L 2 B e e 1 ) bey | ne-3

r ox -di e -e i ne-3-
Sul { oy - A RIS EINGRIR SIPURORG Foariel s SO RBE A o MO kOBt ugat e of
pyri di ne- 3'e$rﬁ)|)ftfé'hkﬂarﬂ@bd 4- (2-hydroxy-1, 1 -dinethyl-ethyl)- benzylam de;
2- et hyl - di ne- 3-sul fonyl am no - et hy heng ]} El)rorpl oni ¢ aci d;
(3-{[ (4 tert!fneggj Qogygggﬂ of)(_3({g§,-,($ ydroxy- dlmethyl-e hy benzyl}-(pyridine-3-
i ne- N- oxi deyforimlanand)imety-piednos t;mg{.&adwenoxy) acetic acid; 15
ﬁlox% (392»? rltae ?lﬁt@?ll _o%ﬁgééainpypal ne- -sul?onlc ac:d 4 2 Kyc}roxy-1 1%lmgﬁyl- ¥hyb hydroxy-phe

(3-{[]4- (1b%ngy|gm,déoxy 1- net hyI et hyl ) -benzyl ] - (pyridi ne-3-sul fonyl)-am no]
met hyl } - phenoxy) - acet.i

{] 4- (1%8#“&5'5%7{41[(%9!’??13 -iRgy'gmigekpethyl-phgmiirerionic &gl ony! ) - ani noj - et

I'}- 20 pheqexieh Wbbﬁz idine-N-oxide-3-sulfonyl)-amino]-methyl}-phenoxy)-acetic

{[[4- (1'@1 di met hyl - oﬁ)?gbgt hyl ) - benzyl ] - (yp)yrl d . vi-p )
3- sulf@ﬁW) am noj - rret hyl } - phenoxy)-acetic acid; and
{[(4si sgm[go@mﬂmyuseﬁzﬁ épﬁrmﬂéﬁsmmﬁ)-amiﬁopﬁ%kﬁyr}aﬁum} -pABAdXY}-acelibenoxy) - a
tic aci Al so provided are methods of treating osteoporosis or
aiding in [RES | ng a bone fracture, the nmethods conprising adnmnistering to

a patient igymeedct-tiRpdreRyf-1anethyl-ethyl)-benzyl]-(pyridine-3-sulfonyl)-amino]-methyl}-
phenoxy)-acetic acid,;

i ne-

(3-
hy
(3-

n
(3
ce

(3-{[[4-(1-hydroxy-1-methyl-ethyl)-benzyl]-(pyridine-3-sulfonyl)-amino]-methyl}-
20 phenoxy)-acetic acid;

(3-{[[4-(1,1-dimethyl-2-oxo-ethyl)-benzyl]-(pyridine-3-sulfonyl)-amino]-methyl}-
phenoxy)-acetic acid; and
(3-{[(4-isopropenyl-benzyl)-(pyridine-3-sulfonyl)-aminol-methyl}-phenoxy)-acetic
acid.

25 Also provided are methods of treating osteoporosis or aiding in healing a
bone fracture, the methods comprising administering to a patient in need thereof a
therapeutically effective amount of a compound selected from:
2-(4-{[(3-carboxymethoxy-benzyl)-(pyridine-3-sulfonyl)-amino]-methyl}-phenyl)-2-
methyl-propionic acid,;

30  (3-{[[4-(2-hydroxy-1,1-dimethyl-ethyl)-benzyl]-(pyridine-3-sulfonyl)-amino]-methyl}-
phenoxy)-acetic acid;
(3-{[(4-tert-butyl-benzyl)-(pyridine-N-oxide-3-sulfonyl)-amino]-methyl}-phenoxy)-

acetic acid;



therapeutically effective amount of a conmpound sel ected from

2- (4-{[ (3-carboxynet hoxy-benzyl) - (pyridi ne-3-sul fonyl)-am

noj - net hyWp-ophessyl ) - 2- net hyl - propi oni ¢ acid; 30 PCT/IB03/00121
(3-{[[4-(2-hydroxy-1, 1-di net hyl - et hyl ) - enzyl ] - (pyri di ne- 3-sul f onyl ) - am no]
-nmet hyl } - phenoxy)-acetic acid;

(3-{[(4-tert-butyl-benzyl)-(pyridi ne-N oxi de-3-sul fonyl

) -am no] - et hyl } - phenoxy) - acetic acid; WO 03/064391 PCT/|B03/00121 -4

(5-{[ (4-terf:-(ulkeH- blhﬂft?e)‘\h)l) @Mcﬂlhéi3lsﬂﬁbri§'r)5amrhd]ihﬁé{wl} l8irax@ pherddy)-béetiby d

r oxy- phenoxy) acetic cid

(3-{[[4-(1, i hydroxy 1- rret hyl - et hyl ) - benzyl ] - (pyri di ne- 3-sul fonyl ) -am noj
- met hyl } DY, 2=cRfRkdxG- 12k thyl-Sthyl)-benzyl]-(pyridine-3-sulfonyl thyl

(3-{[][4- (1p({?qgr)(§xy-mrretxg -et ﬁlyl )yﬁe%"zz%]] y(np;?rel df%gné):umllr}o(])rrlr;/(al )y}am noj - met
hyl } - phen 9 xo@cetic agd _

E]; % L{4 pﬁ-’eno@y{ [4 é}:gygre%élnge?hﬁ:ert] yl)- benzﬂ]zéylldlgg %rsu ony g’ml%gf-%(e)@\yll}) -am noj - met

(3-{[ (4-i sosHePBR)MHcetreagy: ) - (pyri di ne- 3-sul fonyl)-am no] - net hyl } - phenoxy) - a
cetic acid; 10 or a pharnmaceutically acceptable salt thereof. Al so

provi ded ar@-{piaf, (apesshyl-OaxoMHASEnEYIP(RSridhesvBsUIkINYD-adieo] deti € conpound
sel ect ed from 2&@%}[{5 (.3: car boxymet hoxy- benzyl) - (pyri di ne- 3-sul fonyl) -

am no] - met W ¢l Rkt hyl - pr opi oni ¢ aci d:;

(3-{[[4-(2- (b;{m-@éwrobeﬂyliﬂ)bﬁgﬂ)t(byncﬁidﬂy-bmIfdh?loléuilr]oi-(ﬂb&ﬁyl}ébmm)&)-&uétfcca&wl;) am noj
- met hyl 15 heno

} -
2-{4-1 gV i cﬁ'ﬁeprﬁ-"ﬁ %gca@ygmqp&cﬂﬁ $alt thefpOhet hyl | - phenyl } - 2- net hyl - pr opi oni ¢
acid; (3-{[[4- (Asdpdviasy are p‘hadnaceutlcal compositions comprising one or more

S oL Bl oo Py o

pyri dine- N‘é??ﬁh@]&néih)ﬂ}-lbﬁéml)Q mélh9|I profignibelg;oxy- 1, 1 di met hyl - 20
et hyl) - benzry%l am de; the

(o 11 a- (2 ooty 1T e sEOMpeaREiAe-3 ByleralAEingl-methy)-

sul f onyls) - agmeng,}y).aeétmdc}d- phenoxy) -acetic acid; the sulfate conjugate of
pyri dine-3- S—?4| [fp%] ine- oxnde—%—éu%fo }l ammo)/methylj[ phenyrseé n‘Pé hprro%no?'nc acid;
(3-{[[4-(2-hydroxy-1,1-dimethyl-ethyl)-benzyl]-(pyridine-3-sulfonyl)-amino]-methyl}-
phenoxy)-acetic acid glucuronide;
the sulfate conjugate of pyridine-N-oxide-3-sulfonic acid 4-(2-hydroxy-1,1-dimethyl-

20  ethyl)-benzylamide;
the sulfate conjugate of (3-{[[4-(2-hydroxy-1,1-dimethyl-ethyl)-benzyl]-(pyridine-3-
sulfonyl)-amino]-methyl}-phenoxy)-acetic acid;
the sulfate conjugate of pyridine-3-sulfonic acid 4-(2-hydroxy-1,1-dimethyl-ethyl)-
benzylamide;,

25  2-methyl-2-{4-[(pyridine-3-sulfonylamino)-methyl]-phenyl}-propionic acid,;
(3-{[(4-tert-butyl-benzyl)-(pyridine-N-oxide-3-sulfonyl)-amino]-methyl}-phenoxy)-acetic
acid;
(5-{[(4-tert-butyl-benzyl)-(pyridine-3-sulfonyl)-amino]-methyl}-hydroxy-phenoxy)-acetic

acid;



benzyl am de; 25
2-met hyl -2-{4-[ (pyridi ne-3-sul fonyl am no) - met hyl ] - phenyl } - propi oni ¢ aci d;
(3-{[ (4-twotosbeu3yi - benzyl ) - (pyri di ne- N- oxi de- 3- sul f onyl ) - air/1B03/00121
no] - met hyl } - phenoxy) -acetic acid; (5-{[g4-tert-butyl-benzyl )-(pyrid
I ne-3-sul fonyl )-am no]-nethyl}-hydroxy-phenoxy)-acetic acid; WO 03/064391
PCT/ 1 BO3/ 00121 -5
(3-EL[I4}-(1 2-di hygroxy 1- net htél et hyl)-benzyl ] - (pyridi ne-3-sul fonyl)-am noj
- met ny A Fdxg-18RE@yi-ethyl)-benzyl]-(pyridine-3-sulfonyl)-amino]-methy!
(3-{[[4-(1- E%@Exy d?%rretxzy -et% yl)enz;);l] & (pyri di ne- }é) sul fl)nyl )y}am noj - met
hyl } - phendbgnondacetc aed:d;

3- 4- (1, 1-di met hyl - 2-oxo-ethyl )-b
fwl i[ [ phendg;{g[&éb@yc%lr@xya&-,nwth)@-pth{ll))bengﬁ]zegyllldlgg Y o anine oY) - am nol - met

(3-{[(4- |$3ﬁ{e ﬁgﬂceﬁ@é@d’l) (pyridine-3-sul fonyl)-am no] - net hyl } - phenoxy) - a
cetic aci pharmaceutically acceptable salt thereof. 10 Brief

([))fes cr 't gtg'of 3 Q£4 [ahe d'r:ﬁélWI QSoxEle@Wi)fbeihzylﬂ%phﬁﬁ@Bisallfdn\m-aHmid]lrmew|}oc hr omat ogr ans
but yl - benzyﬂhﬁn?’p/%apﬂlcrﬁ?ids%ul f onyl ) - am no] - net hyl } - phenoxy) - acetic acid in

rat, dog, (AQAKSHERTHEN Wﬂgﬁﬂyq(‘{/ﬁém@]@iﬂ’f@ﬁyﬁf"&mmﬂ @BWI}%heR@M-@S&IH ative HPLC
radl ochr omat od?rans of t abo 0

Ifes ert-
but yI - benzAc) @p?PhQTWQU%YﬁWF%bJ%Wh% reﬁét hyl } - phenoxy) acetic acid in
rat, dog, nonkey and human hepatocytes. Figure 3. CI D product ion spectrum

of (3-{[4-tert-butyl-benzyl)-(pyridine-3-sulfonyl)-

am no] -1Ret hyl } - phenoxy) - acet |é_£2E§C_(Q£&&_sz QUEESqure 4. CI D product ion
spect rum ofg; Ea1b0|F\" E)Pesé/ﬁt&tnfe”ﬁﬂéa'éhlochraQaEigﬁﬁiﬁﬁ oﬁmegb@htﬁé Al ysf4iten

spect rum of t abol i roduct i[?ﬁqn gect rum

of net abol |W'-hﬁnyﬁt(ﬁyr@@?ﬁ'smif’ﬂ&b?@)'”?’] n@ifmi}mhsme-a?% agecinr

nmet abolite ﬁdﬂg,%)m liveFingerbsorfes. Cl D product ion spectrum of met abol | te
M4 (mlz 485) ure 9. CI D product ion spectrum of netabol |£ IY[L'?
321). 25 FiRigHre 21 em@ﬂfﬁ*w LG srriggheenaigareps aehgibpites ol E[r"h' 565)

15  butyl-benzyl)-(pyridine-3-sulfonyl)-amino]-methyl}-phenoxy)-acetic acid in rat, dog,
monkey and human hepatocytes.
Figure 3. CID product ion spectrum of (3-{[4-tert-butyl-benzyl)-(pyridine-3-sulfonyl)-
amino]-methyl}-phenoxy)-acetic acid (m/z 469).
Figure 4. CID product ion spectrum of metabolite M21 (m/z 321).
20 Figure 5. CID product ion spectrum of metabolite M11 (m/z 335).
Figure 6. CID product ion spectrum of metabolite M2 (m/z 501).
Figure 7. CID product ion spectrum of metabolite M3 (m/z 499).
Figure 8. CID product ion spectrum of metabolite M4 (m/z 485).
Figure 9. CID product ion spectrum of metabolite M19 (m/z 321).
25  Figure 10. CID product ion spectrum of metabolite M6 (m/z 565).
Figure 11. CID product ion spectrum of metabolite M5 (m/z 485).
Figure 12. CID product ion spectrum of metabolite M12 (m/z 485).
Figure 13. CID product ion spectrum of metabolite M20 (m/z 305).
Figure 14. CID product ion spectrum and 1H NMR of metabolite M22 (m/z 487).
30 Figure 15. CID product ion spectrum and 1H NMR of metabolite M23 (m/z 471).
Figure 16. CID product ion spectrum and 1H NMR of metabolite M24 (m/z 483).
Figure 17. CID product ion spectrum and 1H NMR of metabolite M26 (m/z 453).



Figure 11. CI D product ion spectrumof nmetabolite Mo (mz 485). Figure 12.
CI D product ion spectrumof netabolite M2 (mz 485). Figure 13. CID
product iwo o3pesbrum of nmetabolite M20 (nfz 305). Figure PeT/IBdIDOPIIOdUCt
ion spectrumand 1 H NVR of netabolite M2 (mz 487). 30 Figure 15. CID
product ion spectrumand 1 H NVR of netabolite M3 (mz 471). Figure 16.
CI D product ion spectrumand 1 H NVR of netabolite M24 (mz 483). Figure
17. CID product ion spectrumand 1 H NVR of netabolite M26 (mz 453). WO
03/ 064391 PCT/1B03/00121 -6 Detailed Description of the Invention The
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ety L P s RSB b e h e ichg)o] - 7=t
(3-{[(4-i s(aaetlmmrtyIanbé&ﬁw-l)se;(rpwnyﬁbmya—(mmlbhe@yﬂfoayf)—mnhohmteﬂnylﬁ} 20
?ge??z er tp %u xyﬁlgg lcaarc% J?b%?a% !lttre]g% {m—treghby%l—penzyl)-(pyridine-3—sulfonyl)-
am no]j - et myrhu}ae]fmmh)d}@f)enam{acetncaamdj These netabolites or the
h t |1 f th
D odrage. can be"GESTe1BBEs 3t RSBl pScocbBBleRlhs ofbroBREh " 20 (e,
EP2 agoni sttisereafnor safie of the peddrygs( Gar{ helusedrto trbatithe stroa disedses@ndi di ne- 3

conditions as other EP, agonists, and specifically (3-{[4-tert-butyl-benzyl)-(pyridine-3-

h

{

r

{

met h
cid
4-

h

{

25  sulfonyl)-amino]-methyl}-phenoxy)-acetic acid. Examples of diseases and conditions
that can be treated with an EP, agonist are disclosed in International Patent
application publication number WO 99/19300 and include osteotomy, childhood
idiopathic bone loss, bone loss associated with periodontitis, glucocorticoid-induced
osteoporosis, hyperthyroidism-induced osteoporosis, immobilization-induced

30 osteoporosis, heparin-induced osteoporosis, immunosuppressive-induced
osteoporosis, and for augmenting and maintaining bone mass, bone healing following
facial reconstruction, bone healing following maxillary reconstruction, bone healing
following mandibular reconstruction, induction of vertebral synostosis, 'Iong bone

extension enhancement, healing rate of bone graft enhancement and prosthetic



25 sul fonyl)-am no] - net hyl } - phenoxy) -acetic acid. Exanples of diseases and
conditions that can be treated with an EP2 agoni st are disclosed in

| nt er nat iwoaB/oEasbent application publication nunber WO 92CTAB@Moand

i ncl ude osteotomny, childhood idiopathig-bone |oss, bone | oss associ ated
wi th periodontitis, glucocorticoid-induced osteoporosis,

hypert hyroi di sminduced osteoporosis, inmmobilization-induced 30

ost eopor osi s, heparin-induced osteoporosis, inmunosuppressive-induced

ost eopor osi ifgroMiferfrahcaHEHTE Pdférgedatfshtri@nts inaiudk g tRsaliBertas Sstedoncsidieal i ng
following facial reconstruction, bone healing follow ng maxillary

reconst r uct3gro aﬁdﬂ@eﬂé‘glqoﬁﬁfraFtHTeFow ng mandi bul ar reconstruction,

i nduction of VerTrﬁJ@é@klllécylﬁQf%Q‘{?Wﬁl,reédgﬁ&eW@on@éﬁtﬁﬂé%r@ﬂ/e@idbﬁfscmnt
healing rate of bongﬁ}gr aft enhancenent apd prosthetic WD 03/ 064391

PCT/ | BO3/ 0(EX8mple pro 'P%M%?ﬁ?&ﬁﬁ%ﬁ%r?ﬂsmﬁpé‘%?t?@b &siFedfMent s i ncl ude t he

treat mest odgon Fs’ts%?i@ég’dh%ltss[alsalkﬁlowfﬁ)as?lSERM@ (é'@é’dtlk/élgsthiy@ﬁ réde@f&rures Those
skilled in the art recognl ze that bone anti-resorpiive a ents f or

exanpl e pr opedates)) ?fé'logﬁ%(% ?Eﬁﬁ‘é&r@&eSt'BP@ﬁH‘Bé‘tﬂﬁ‘érﬁfﬁE‘@ﬁﬁ‘ (cpribgaiRfn
agoni st s/ art]t ?ragéHsfte%trBﬁé SRk Ry P&l ey 6SLEQARN T ecept or

nodul at or s) ogen, est rogen pro sti'n"conbi nations, Premarin(r)
( conj ugat ecbonwtatlogwﬁb)he eespoynds of diyjs invemtiopr 17a- or 17(3 et hynyl estradi ol

may be used in é@ﬁb‘ldﬁ?@oﬁ@sﬁﬂstape LMo Rm%ﬂﬁné}&alt%hfceb é’ﬂwkluﬂgo Exenpl ary

pr ogest ins are ava rom commer Ci a sources an | nc est one
acet opHeéni diigestinerasaiogkenide, alitenpgrsh @mesinone ecetaieagragesiooe acletat e,

chl or m_adi n%g’é@%&b@ﬁe %peegéégg:s Qt{ot c@?@&@ﬁ% %?at@%rﬁé@ato%% g@st one acetate,

del madi non steraone rogest er one,
et hyner one,delneadinanedicelatel nameatrei., dipethistesone, dydrogestenone cathymanacet at e,

gest acl one.qeslgis it ate SRS ARAFIRGRBIAG LEatalosidbdRC qediitlenBr OgESt e one,

hydr oxypr ogest erone caproat e norgestre ynestr nedr ogest one,
medr oxypr o@estospione capyeatet @estnn@eemegwge@termhmrexyprmea@muoaproateac et at e,

nor et hi,gdr ‘?é\%no@%&t?él hgﬁ&ﬁ@ﬁ‘& rﬁ&%ﬁés‘?orh éPr%BF‘JxP ggsrtérjone Hoiiggst i mat e,

nor gest onet oxogest o npr opi o r ogest erone,
qui ngest andhelmsml@petqtﬂ nwwnpdmleilam&!e,tnog%@n@ﬂone moeetblndrede pmjg@st ins are

B e
progesterone, quingestanol acetate, quingestrone, and tigestol. Preferred progestins
are medroxyprogestrone, norethindrone and norethynodrel.

20 Exemplary bone resorption inhibiting polyphosphonates include
polyphosphonates of the type disclosed in U.S. Patent 3,683,080. Preferred
polyphosphonates are geminal diphosphonates (also referred to as bis-
phosphonates). Tiludronate disodium is an especially preferred polyphosphonate.
Ibandronic acid is an especially preferred polyphosphonate. Alendronate is an

25 especially preferred polyphosphonate. Zoledronic acid is an especially preferred
polyphosphonate. Other preferred polyphosphonates are 6-amino-1-hydroxy-
hexylidene-bisphosphonic acid and 1-hydroxy-3(methylpentylamino)-propylidene-
bisphosphonic acid. The polyphosphonates may be administered in the form of the
acid, or of a soluble alkali metal salt or alkaline earth metal salt. Hydrolyzable esters

30 of the polyphosphonates are likewise included. Specific examples include ethane-1-
hydroxy 1,1-diphosphonic acid, methane diphosphonic acid, pentane-1-hydroxy-1,1-
diphosphonic acid, methane dichloro diphosphonic acid, methane hydroxy
diphosphonic acid, ethane-1-amino-1,1-diphosphonic acid, ethane-2-amino-1,1-
diphosphonic acid, propane-3-amino-1-hydroxy-1,1-diphosphonic acid, propane-N,N-



pol yphosphonates of the type disclosed in U S. Patent 3,683,080. Preferred
pol yphosphonat es are gem nal di phosphonates (also referred to as bis-
phosphonawe3/0648p1 udr onat e di sodiumis an especi al ly pref ecrado3/00121

pol yphosphonate. Ibandronic acid is an _gspecially preferred

pol yphosphonate. Al endronate is an 25 especially preferred pol yphosphonate.
Zol edronic acid is an especially preferred polyphosphonate. O her
preferred pol yphosphonates are 6-am no-1 -hydroxy- hexylidene-bi sphosphonic

acid and 1 5 )X\ 3( et 20t v am - | 19_4 L€ acid.
The pol yphoqs'g‘%g{#g?éﬁ %mggﬂogg?ﬁhn#@%@?g'ﬁ&?ﬁ@p? ﬁ‘?rgn:?’oé‘?ﬁnté ﬁg%g@m,ﬁor of a
sol ubl e al kisydroxyet, &idinhasphonic agldk phenykarsiap methanesliphosphoniaget N zabl e esters
30 of the p ' i NC ,Hﬂgg b X/l es include
et hane- 1- h@#@ﬁ@”@”ﬁ?ﬁg?@ﬁg,ﬁﬁéﬁgﬁ@ N%’b an etgﬁg.ﬁ@!sn%hrgﬁﬁc aci d,

pent ane- 1- hgiphasphonic aciddbysansspauirioct-hydrexy- hidiphasphenieRcisy perianshers phoni ¢

aci d, hape. ] _{i 1 Cy Tab = 113/RQ+1 k. 1- di phosphoni c
2ci d. ethandninotEhREsy-41 B AN bt he e g B R LR o 1

- hydr oxy- 1, dipkiogphosip Boidiapd gbartacputispiynrecRpiRbip@sesy asliss tteeaofl B03/ 00121 -8
di et hyl - 3- am nog.1; = 1. 1o di | hid i ‘ ;

pr opane- 3, 3-di rre{nﬁayw _r?n%br%[nien?, tﬁggﬁﬁ‘ggﬂ’i&l&fﬂ‘%ﬁ%"s@' Bﬂ%"mmé yabce [ %(),m?ol?]eéjnyl

am no met hawith @Ginpestmgeo ragonisttantagenist. dA nereleyed rasiregen: eaamist/anta@epispifoni ¢
acid, N(2-h t h O ATBL i i H_aendyam no- 1
o o2, BRI ek L0 PR Sherit Bty 21 O
- hydr oxA@- 1, (E)}diapth calated sompewridd whinhyese disglosad indL 3.-pafent 847,431~ di phosphoni ¢

acid and phar mac ' e : sal ksaliher, lyns_anot her
enbodi nent, the %@%ﬁ%ﬁhﬁeﬁcgﬁ%@%ne@%ﬁtamﬂbg ?gﬁpgﬁgwitﬂgt Zn
estrogen agenyl)stheayll-agwit acid, whigh isfdisolasgd ds VYillsparet &ho Andegrinaleay otdodt i s

dr ol oxi fene‘sg( @5 _g%)ﬂ

3-(1-(4-(2-1 I maﬁ:y am no) et hoxy) phenyl ) - 2- phenyl -1 -butenyl )-, 10 (E)-)
and rel ated conpbnotoer prefeced esteogen sgonisitantaganisl istanadfenivetbamaminadq- Anot her
preferr es I < 1,25 i R E -but-1-

eyl ) ooy ASRDp AR ARIABL N fieffuh (7 POy O

Endocr i nol oggparked@arboxyig@(1:89end sdkted compaunds, Wiet aredisglosed indgén

agoni st/an}]&q i4s§3§i,§‘6y anoxi fen: (ethanam ne, 2-(- 15
4- (1, 2-di phenyl-1-but enyl ) phenoxy) - N, N-di met hyl , (2Z)-2-, 2-hydroxy-1, 2, 3-
pr opanet ri car boxAmaibes(related) commaune Isa-byiireontamaeniéesn, Whiehdhdiselesedi isd!-8sed i n
u.s. patent 4,623,660.
20 A preferred estrogen agonist/antagonist is raloxifene: (methanone, (6-
hydroxy-2-(4-hydroxyphenyl)benzo[b]thien-3-yl)(4-(2-(1-piperidinyl)ethoxy)phenyl)-
hydrochloride) which is disclosed in U.S. patent 4,418,068.
Another preferred estrogen agonist/antagonist is toremifene: (ethanamine, 2-
(4-(4-chloro-1,2-diphenyl-1-butenyl)phenoxy)-N,N-dimethyl-, (Z)-, 2-hydroxy-1,2,3-
25  propanetricarboxylate (1:1) which is disclosed in U.S. patent 4,996,225.
Another preferred estrogen agonist/antagonist is centchroman: 1-(2-((4-
(-methoxy-2,2, dimethyl-3-phenyl-chroman-4-yl)-phenoxy)-ethyl)-pyrrolidine, which is
disclosed in U.S. patent 3,822,287. Also preferred is levormeloxifene.
Another preferred estrogen agonist/antagonist is idoxifene: (E)-1-(2-(4-(1-(4-
30 iodo-phenyl)-2-phenyl-but-1-enyl)-phenoxy)-ethyl)-pyrrolidinone, which is disclosed in
U.S. patent 4,839,155.
Another preferred estrogen agonist/antagonist is 2-(4-methoxy-phenyl)-3-[4-
(2-piperidin-1-yl-ethoxy)-phenoxy}- benzo[b]thiophen-6-ol which is disclosed in U.S.
Patent No. 5,488,058.



patent 4,536,516. Another related conpound is 4-hydroxy tanoxifen, which is
disclosed in U S. patent 4,623,660. 20 A preferred estrogen

agoni st/ ampDagoed3st i s ral oxifene: (methanone, (6- PCT/IB03/00121

hydr oxy- 2- (4- hydr oxyphenyl ) benzo[ b] t hi eg- 3-yl ) (4- (2- (1- pi peridi nyl)ethoxy)p
henyl )- hydrochl oride) which is disclosed in U S. patent 4,418, 068. Anot her
preferred estrogen agoni st/antagonist is torem fene: (ethanam ne, 2-
(4-(4-chloro-1, 2-di phenyl - 1- but enyl ) phenoxy) - N, N-di net hyl -, (2)-

2- hydroxy- 1, 2, 3andthepprdterméd ebtediehagonitgntadonist |$l\/f6l-(¢l1hyti®x¢-bﬁéﬂyl)$55'@l inUS.
pat ent 4, 996 225 Anot her preferre ?trzogen a onlgt/ant alg‘oLr]l st its
centchron'arﬁz p@e@dzn((y eth@ en bnaép alen-2-0l, whi isclosed S. patent

di et hyl - pimrmb chroman-4-yl) - phenoxy) -ethyl)-pyrrolidine, which is
disclosed in U S. patent 3,822,287. A géef ?rrgq I&i | evor el oxi f ene.

Anot her pr ef er r &HOES Pig Wda?ﬁgﬂgeé‘t?gé’ﬁlsiﬂg st s & Peasne:

(E)- Il) (Qh(‘ﬂ)rcﬂlélo[é‘kt'1]ﬁébt120ﬂpetﬁ&@ﬁ)lbhény2) -(p Mg apky-R4d-hitdroxy-phenyl)- U s -
-enyl ) - phenoxy) - e rro se . S. paten
15850 155 Danlniblonpea 2o raanasnecieh & 4isHpsd abra ifirutiods o

2- (4-met hOéVepaFmauhhP@ﬂ;ﬁmn&ﬁmﬁhaawa@mosﬂsl et hoxy) phenoxy] -
benzo[ b] t hi ophen-6-0l which is discl ot]sed in Patentlgggﬁ 5,488, 058. WO
[

03/ 064391 PCT/ | BT GEReTed exioaRp RS GPE‘B@'P'?%H‘C&?PFB@‘@H” st/ ant agoni st

i s 6-(4-hydeseed Meddyimorily 4gkigned U.S. patent 5,552,412. Especially preferred
(2-piperidin-1- -ethox benz%k% napht hal en-2-o0l, which is disclosed in

U S. pdfentomgo ﬁd?%' HEHRASr ef er red estrogen agoni st/ antagoni st is
(4-(2-(2-aza 5 bb@y(alfﬁb%-@q n¥)-5-(4-(2-piperidin-1-yl-ethoxy)-phenyl)-5,6,7,8-

] hept - 2- yI% et hoxy g% % 6- hydroxy- 2- (4- hydroxy-phenyl ) -

benzo[b]th QS"&HMO‘B‘&‘ alRet-Khone which is disclosed, along with methods of

preparation, in(Res- 6P¢Héhle51(4 (Qrpyﬁ@nmmyﬁéméﬂ%aenﬁMW Preeblidied estrogen

agonlst/anta onlsts |Pc ude conpounds as described in commonly assigned
U. S. patenf‘a batenesd 9 Especially preferred 10 conmpounds described therein

are: Ccis-6-( 4-f bl%[&eﬁh@wl—()?@rrﬁﬂdnﬁ-za/lﬂbtﬁéi&y)%énﬁ) -5,6,7,8-tetrahydro-
-yl - et hoxy)napphrgr?algne-Z-ol , 8- tetrahydro-napht hal ene- 2-0l : X
cis-1-(6'"-pyrrolodinoethoxy-3'-pyridyl)-2-phenyl-6-hydroxy-1,2,3,4-
tetrahydronaphthalene;
1-(4'-pyrrolidinoethoxyphenyl)-2-(4"-fluorophenyl)-6-hydroxy-1,2,3,4-
20 tetrahydroisoquinoline;
cis-6-(4-hydroxyphenyl)-5-(4-(2-piperidin-1-yl-ethoxy)-phenyl)-5,6,7,8-
tetrahydro-naphthalene-2-ol; and
1-(4'-pyrrolidinolethoxyphenyl)-2-phenyl-6-hydroxy-1,2,3,4-
tetrahydroisoquinoline.
25 A particularly preferred compound is (-)-cis-6-phenyl-5-(4-(2-pyrrolidin-1-yl-
ethoxy)-phenyl)-5,6,7,8-tetrahydro-naphthalene-2-ol, D-tartrate, which is disclosed in
U.S. patent 5,948,8089.
Other estrogen agonist/antagonists are described in U.S. patent 4,133,814.
U.S. patent 4,133,814 discloses derivatives of 2-phenyl-3-aroyl-benzothiophene and
30 2-phenyl-3-aroylbenzothiophene-1-oxide.
Other preferred estrogen agonists/antagonists include TSE-424 (U.S. Patent
No .5,998,402), arozoxifene (U.S. Patent No. 5,723,474), EM-652, EM-800, GW
5638, and GW 7604, or an optical or geometric isomer thereof; pharmaceutically
acceptable salt, N-oxide, ester, quaternary ammonium salt, or prodrug thereof.



(-)-cis-6-phenyl-5-(4-(2-pyrrolidin-1
-yl - et hoxy) - phenyl )-5, 6, 7, 8-tetrahydro- napht hal ene-2-0l; 15
Ci s- 6- phewpl03/B6434t ( 2- pyrrolidin-1-y|-ethoxy)-phenyl)-5,6,?c8ﬂBeﬂmmhwdro-
napht hal ene-2-o0l; cis-1

-(6' - pyrrolodlnoethoxy 3' -pyridyl)-2- phenyl 6- hydr oxy-1, 2, 3, 4-
t et rahydr onapht hal ene;

1-(4'-pyrro|idinoethoxyphenyl) 2-(4"-fluorophenyl)-6-hydroxy-1, 2, 3,4- 20
t et r ahydr oi soqui ggbp@hﬁma
-yl - et hoxy) - pheré}ﬁ @8%"%&’ %Sé?sgatﬁr%éqé ro- E\Qg%ﬁ%{h%{?élﬁ&ee‘l%&ﬁ?&han

1-(4' - pyrr ot ordil: nol et hoxyphenyl ) - 2- phenyl 6 hydr oxy-1, 2, 3, 4-
t et rahydr oi soqui noline. 25 A particulxgarley preferred conpound is
(-)-cis-6-phenyl-5-(4-(%,yrrolidin/l1-yl-
et hoxy) - phenyl )-5,6, 7, 8-tet -2-ol, Dtartrate, which is
disclosgd in U S patent 5, . 3 §@n agoni st/ ant agoni sts are
describ&d in U S. patent 4, g1 . S.\pafent 4,133,814 discl oses
derivatives of 2-phenyl-3-ar0yl - bengot hi ophene and 30 V)
2- phenyl - 3- ar oyl benzot hi ophene- 1-oxyde. Qther preferred estrogen
agoni st s/ ant agoni sts i nclude TSE-424 B , ,
arozoxi fene (U. S. Patent No. 5, 723r4 EM 652, EM 800, GW 5638, and GW
7604, or an optical or geometric iso of ; pharmaceutically
acceptabl e salt, N-oxide, ester, qua&g{%ary armoa, __§alt or prodrug
t hereof{p WO 03/064391 PCT/IBO3/00121 -10 O her pﬁéferred estrogen
agoni st s/ ant agoni sts i nclude conmpounds of fornula V or VI: XA RSB RIB 5 |
\'\'/ Ras N R2B (V) R5B

XA R3B
Rip AN \
15 | Rig
iy
Rog
l AN
Rea™"
S
20 Res "N (CH—Ya (V1)

wherein:
Rss is selected from H, OH, -O-C(0O)-C4-C. alkyl (straight chain or branched),

25 -O-C-Cy, alkyl (straight chain or branched or cyclic), or halogens or C:-C,

halogenated ethers;
R.s, Ras, Ras, Rss, and Reg are independently selected from H, OH, -0-C(0)-

C,-Cs2 (straight chain or branched), -O-C;-C,, (straight chain or branched or cyclic),
halogens, or C:-C, halogenated ethers, cyano, Ci-Ce alkyl (straight chain or

30 branched), or trifluoromethyl;

X, is selected from H, C-Cs alkyl, cyano, nitro, trifluoromethyl, and halogen;

sis2or3;



10 R6B (CH2)S -YA XA R3BB RIB151 \ \ / RAB R2B R5B 20 RBB (CH2)s YA NO
wherein: RIBis selected fromH OH -O0CO-Cl-Cl2 al kyl (straight chain
or branchwad)3oe881 - O C1- C12 al kyl (straight chain or branekedBeoocyiclic),
or hal ogens or Cl-C4 hal ogenated ethers;. R2B, R3B, R4B, R5B, and R6B are
I ndependently selected fromH, OH, OC?b Cl-C12 (straight chain or
branched), -O Cl-Cl2 (straight chain or branched or cyclic), halogens, or
Cl-C4 hal ogenated ethers, cyano, Cl1-C6 al kyl (straight chain or 30
branched), or trifluoronethyl; XA is selected fromH Cl-C6 al kyl, cyano,
nitro, trifluoronethyl, and hal ogen; sis2or3; WO 03/064391 PCT/IB03/00121
-11- YA is the nojiethemdieR7B Res 5 wherein: a) R7B and R8B are

i ndependently sel ected fromthe ggugpgg‘ H, Cl1-C6 al kyl, or phenyl
optionally substituted by CN, Cl-CoNal kyl (straight chain or branched),
Cl- C6 al koxy (straight chain or brénched), hal ogen, -OH, -CF3, or -QOCF3;
or 10 b) R?Bhand, R8B are concatenat®d to forma five-nenbered saturated
het eroc?cl VBt ai ni ng one nitrogen heteroatom the heterocycle being
optional | y #)fysahd Recate mdependenBy selbeted fraertbe giond epHnGefrs BIYlsel ReMEd from

the group consistin f rQgeRn,. r A 0, = | KV
tri hal onet h?ﬂq'f)n%@-%gs'tgﬁnﬁg@ ,&tg’rélghgf g%glt (%ic%(/'éht %?I_nc%r ‘gé?%@ dﬂ %ﬂll&xy
al kyl t hi o, (StaigHt chbiydr branthed)] hal@enGORI-kF4, o0td@myer, hydr oxy (Cl-C4)al kyl ,
-CO2H, 15 -CN, -CONHRI B, -NH2, -NH(Cl1-C4 alkyl), -N(Cl-C4 al kyl) 2,
- NHSO2R, B, - NHCORI B,
10  b) Ry and Res are concatenated to form a five-membered saturated heterocycle

containing one nitrogen heteroatom, the heterocycle being optionally substituted with
1-3 substituents independently selected from the group consisting of hydrogen,
hydroxyl, halo, C+-C, alkyl, trihalomethyl, C,-C, alkoxy, trihalomethoxy, C,-C, acyloxy,
C4-C4 alkylthio, C4-C, alkylsulfinyl, C;-C4 alkylsulfonyl, hydroxy (C4-Cs)alkyl, -COzH,

15  -CN, -CONHRs, -NHa, -NH(C1-C, alkyl), -N(C4-C4 alkyl);, -NHSO;R4g, -NHCOR s,
-NO,, or pheny! optionally substituted with 1-3 (C-C)alkyl; or

c) Rz and Rgg are concatenated to form a six-membered saturated heterocycle
containing one nitrogen heteroatom, the heterocycle being optionally substituted with

20 1-3 substituents independently selected from the group consisting of hydrogen,
hydroxyl, halo, C-C, alkyl, trihalomethyl, C;-C, alkoxy, trihalomethoxy, C,-C, acyloxy,
C,-Cs alkylthio, C4-C, alkylsulfinyl, C,-C, alkylsulfonyl, hydroxy (C+-Ca)alkyl, -COZH,
-CN, -CONHRyg, -NH,, -NH(C;-C, alkyl), -N(C4-C; alkyl),, -NHSO:R1g, -NHCOR g,

-NO,, or phenyl optionally substituted with 1-3 (C,-Cy)alkyl; or

25
d) Ry and Rgg are concatenated to form a seven-membered saturated heterocycle
containing one nitrogen heteroatom, the heterocycle being optionally substituted with
1-3 substituents independently selected from the group consisting of hydrogen,
hydroxyl, halo, C;-C, alkyl, trihalomethyl, C,-C, alkoxy, trihalomethoxy, C4-C,4

30 acyloxy, C,-C4 alkylthio, C4-C, alkylsulfinyl, C4-C, alkylsulfonyi, hydroxy (C4-Cy)alkyl,
-CO,H, -CN, -CONHR;g, -NH;, -NH(C4-C, alkyl), -N(C4-C; alkyl)z, -NHSO; Rys,
-NHCOR;z, -NO,, or phenyl optionally substituted with 1-3 (C,-C,)alkyt; or



-N®2, or phenyl optionally substituted with 1-3 (C -C4)alkyl; or ¢c) R7B and
R8B are concatenated to forma six-nenbered saturated heterocycle
cont ai ni yJooreca3pt r ogen heteroatom the heterocycl e bei ngroptiB@aliily
substituted with 20 1-3 substituents i-pgependently selected fromthe group
consi sting of hydrogen, hydroxyl, halo, Cl1-C4 al kyl, trihalonethyl, Cl1-C4
al koxy, trihal onmet hoxy, Cl-C4 acyloxy, Cl-C4 alkylthio, CL-C4
al kyl sul finyl, Cl-C4 al kyl sul fonyl, hydroxy (Cl-C4)al kyl, -CO2H, -CN,
- CONHRI B, -y, and\RGre G8ndditdnalted to oG dightahdeitheréd satiiiafdiRtddocycdHCORI B,
-NO2, or phen E,opti onal |y substituted wth 1-SgﬁC1-.Cfl#al kgsl.' Oc{a ﬁg d) R7B
and R8B ar &9 %ﬁ%’??a’ﬁ'@ﬁg%/"tﬁqt‘?wﬁt\oﬁ" IRroRYAE Heg PLPRR!Y SUPSIHE LTy ¢ e
cont ai ni ng RRGUKtIIUABSAddIRNBEMFIseBCtet MnTthé 6fcup ohsistigiohBydrpgéronal | y
substituted with 1-3 sgbs ituents | ndgpgndlﬁnt I é sel ect ed frgm t he group

4 % t G1-Cealk P g

consi sti ng BAeRyapalget-C« aldr HRYpmehy e KhRlometaxynGrbmet hyl . C1-c4
al koxy, st ridxgloyres,hoaikyithib; @40§Q|kfa§mﬁr% YG,-Clalkyls byl Hydraxy (SLESdikyl,

al kyl sul fi n?/;:q,2 Cl-C4 all@{l sul fon)(\l hédrgéya'ﬁ&- 04? a, kyl , . - CO2H, -CN,
_CONHRLB, -NEH. -GNy ERNERw| Wz -NH(REa 2l (1G5 akyDa 8Os, - NHOOR, B,
-NQ2, or phemcorRpL-NDIab phehiylRplidrially Substuida with31-§ C~CAaRYIKke ; or WO

03/ 064391 PCT/1B03/00121 -12 e) R7B and R8B are concatenated to form an
ei ght - menbered saturated heterocycle containing one nitrogen heteroatom

the heter OC?’RJ,-B%nBQiBQQréXEHnicQ@ﬁéth tS1ehh bishiukRed Bicydiic hétePocytle ebhthinfat S
i ndependent I Sti

y selected fromthe gr Ou%@i‘?nﬁl S‘il nrﬁ .0f hydrogen hydr oxyl ,
hal o, G- CAram RyR cathoniaipraseithey pridged orjiisssl RRY gonteiping N8 AEEORBRy, C1- 4™ 5
acyl oxy, C%e?éroétbﬂﬁyihbhietbro@l;re%ing doribsanl sutatitutedAitHC4-3adulsyttaartd onyl , hydr oxy
(C -C4)alkyl, -CO2H, -CN, - CONHRLB, - NH2, NE<§ 1-C4 al kyl ),
- N( C, - Caal Kidependeniyseispied from tpgrqupgonsistng of fﬂﬁ’?éhwd@%f'ﬂ&'?alqsg
fS ubsti tut ?%Ik&f(l,&ﬂéha%qn?etlﬁ;lﬁ% c) ?k&y! trihzla'xbmteﬂnofsz _f&:@ncécﬁaig/, @, &:mmmb,ecm,aL ed t ?
orma saturated hicyclic heterocycle co in r - arbon at ons
either bri MY&U'fMgédcaﬁ@y'éwE?P&'%/Mﬁwdﬂe'a@?%"fygg‘éa?z "{'ue&g']rgmﬁt he
_hefj er Oqgcl lebsl -N|B|(®1{3¢‘i(j @:gﬁj, LN(Cﬁlm%ﬂHyt)yt-Ndisdletﬂs_, N@c?st?tmcoyenprsenyh |
i ndependent |y sel ect e om the group consisting o rogen, roxyl,
il oF 1 CerloRaly Suistiuted Wb Th(CT Celioh PR GRS T eI Rt Cr
acyl oxy, Clor@nalkydeubitly aeceptséle 8hikW-exdd, iebtet, queteriaty aminonti Sl
hydroxy (d - al kyl, -CO2 H, -CN, -CONHR1B, 15 -NH2, -NH(Cl1-C4 al kyl),
-N(C1l-C4 altdryotherd@lisooR B, - NHCORLB, - NO2, or phenyl

An additional preferred estrogen agonist/antagonist is the compound of

N
OH
()~
HO
CH,

(Va)

20 formula Va:

25



optionally substituted with 1-3 (Cl1-C4) al kyl; or an optical or geonetric

| soner thereof; or a pharmaceutically acceptable salt, N-oxide, ester,

guat er naryoagmedbum salt or prodrug thereof. An additi onaicTpBefmnzied
estrogen agoni st/antagonist is the compgund of 20 fornula Va: N O N OH
HO CH3 (Vva) 25 WD 03/064391 PCT/I1B03/00121 -13 or an optical or geonetric
| soner thereof; or a pharmaceutically acceptable salt, N oxide, ester,

guat ernary anmonium salt or prodrug thereof. Qther preferred estrogen

agoni sts /%PéﬁagfgioafBﬁgéométﬁtdgorhéﬁh@r@mpewsﬁarﬁfacedtmam@epﬂable(ssmmssz) or

formula IV (EM below OH CH3 HO/ O N SéIII)HBCCHS Cl CH3 O
CH3 O O oxide, ester, quaternary ammonium salt or prodrug thereof.

Other preferred estrogen agonists /antagonists include the compounds of
formula Il (EM-652) or formula IV (EM-800) below:

OH
CH3
O \
HO (0)
/\/N
5 O
(H
HiC,
CHs
O\CX
| CHs
(0]
CHs O
O X

o) O

| CHj |

C

o / o /\/
CH;,
HiC

(V)

10  or an optical or geometric isomer thereof; or a pharmaceutically acceptable salt, N-
oxide, ester, quaternary ammonium salt or prodrug thereof.

Those skilled in the art will recognize that other bone anabolic agents, also
referred to as bone mass augmenting agents, may be used in conjunction with the
compounds of this invention. A bone mass augmenting agent is a compound that

15  augments bone mass to a level which is above the bone fracture threshold as
detailed in the World Health Organization Study World Health Organization,
»Assessment of Fracture Risk and its Application to Screening for Postmenopausal



Ol CH3 N CH3 H3C (IV) 10 or an optical or geonetric isoner thereof; or a
pharmaceutical ly acceptable salt, N oxide, ester, quaternary amoni um salt
or prodruwyotohess3ef . Those skilled in the art will recogni reTtiBetoonziher bone
anabolic agents, also referred to as bppe mass augnenting agents, may be
used in conjunction with the conpounds of this invention. A bone nass
augnenting agent is a conpound that 15 augnents bone nass to a | evel which
i s above the bone fracture threshold as detailed in the Wrld Health
Organi zat i GRup. Works Blesisn®mrjanightidnr act ure Ri sk
and its Q:fél C tlfbéll‘ls tgé‘gcﬂrzgﬁe&rﬁéggaﬂvg?%gg rrengpausal WO O'?rga064391

PCT/ | BO3/ Oﬁezflnlcalﬁ@”@s@‘E’Oporom s (1994). Report of a WHO Study Group. Wrld

Heal th Organi zat{ ;0850 besdMe flise3EdRisoudd 3f the Ipfeseht inventiom Psnidiratib® use a
conpound of the present 1nvention in conbination wth ot hes EP2 agoni st s.

Preferred B athpsiPeegoniste] Bepterred kR agepisls. |W 5(4-§utyl benzyl
met hanegul frﬁélﬁ%ngén‘fd?ﬂlarhﬁem%&@é&.@ﬁdi mMOFBESEG satibSathdr compoliir compounds

di sclosed in 120. Those skilled in the art will recognize
that |GF- 1 disstegediin ¥.SuBateds.288#2% hyr oi d  hornone (PTH), active fragnents

of parathyroid hﬁﬁ&%@ﬁme@rn%@ Qrtmlrrgafgﬁlz@rthélﬂ@ﬂﬁhsod’lﬂﬁﬂmesﬁéréﬁhy@ﬂpgues may

al so be used in conbination wth present 10 conp ds. The conpounds of

t he presenthormeneniPTéh, agtive mwm@ofmhyrﬁ'dé@rm?nﬁsmﬁh menesr g | andi ns.
A variety qf, g'F dé&?ét%h@%g%&%ls@%‘%&é@%oﬁ%dﬁ@rﬁ Mt Begslesit OW.  However,

ot her Prosta ns wl nown to those skilled in the art. Exenplary
ProstagDan(sl:Dmoamd‘,-i disclosed in U S. patents 4,171,331 and 3, 927, 197.

Norrdin et al., tha IhBofitlsSr He freqsit AULRIAICAR alsB bBAREd Inncovibitation with
Prost agl andi ns Leukotrl ene Essenti al Fatta ACI ds 41, 139- égo 1990 is a

revi ew of Ipovstagiandingt iAcvanietyaf REpsiasandins arg beshandt ftecenard Pelown be used in
conbi nat i oy el Br, biter 5re8RGIAAGRSs Ml Bekhown to those skllled in the art. Exemplary

prostaglandins are disclosed in U.S. patents 4,171,331 and 3,927,197. Norrdin et al.,
15 The Role of Prostaglandins in Bone In Vivo, Prostaglandins Leukotriene Essential
Fatty Acids 41, 139-150, 1990 is a review of bone anabolic prostaglandins.
Other compounds that can be used in combination with the compounds of the

present invention include those compounds disclosed in U.S. patent 3,932,389, which
discloses 2-descarboxy-2-(tetrazol-5-yl)-11-desoxy-15-substituted-omega-

20 pentanorprostaglandins useful for bone formation activity; U.S. patent 4,018,892,
which discloses 16-aryl-13,14-dihydro-PGE; p-biphenyl esters useful for bone
formation activity; U.S. patent 4,219,483, which discloses 2,3,6-substituted-4-pyrones
useful for bone formation activity; U.S. patent 4,132,847, which discloses 2,3,6-
substituted-4-pyrones useful for bone formation activity; U.S. patent 4,000,309, which

25  discloses 16-aryl-13,14-dihydro-PGE; p-bipheny! esters useful for bone formation
activity; U.S. patent 3,982,016, which discloses 16-aryl-13,14-dihydro-PGE; p-
bipheny! esters useful for bone formation activity; u.S. patent 4,621,100, which
discloses substituted cyclopentanes useful for bone formation activity; and U.S.
patent 5,216,183, which discloses cyclopentanones usefui for bone formation activity.

30 Sodium fluoride may also be used in combination with the compounds of the
present invention. The term “sodium fluoride’ refers to sodium fluoride in all its forms
(e.g., slow release sodium fluoride, sustained release sodium fluoride). Sustained
release sodium fluoride is disclosed in U.S. patent 4,904,478, the disclosure of which

is incorporated herein by reference. The activity of sodium fluoride is readily



present invention include those conpounds disclosed in U S. patent
3,932,389, which discloses

2- descar bwoy3Be3vet razol - 5-yl ) - 11- desoxy- 15- subst i t ut ed- oregaB@M0121

pent anor pr ost agl andi ns useful for bone fi6rmation activity; U S. patent
4,018,892, which discloses 16-aryl-13, 14-di hydr o- PGE2 p-bi phenyl esters
useful for bone formation activity; U S patent 4,219,483, which discl oses
2,3, 6-substituted-4-pyrones useful for bone formation activity; U S

pat ent 4, 13&t&Ainedihy thbsedskillet drsthe ait, o8 biblogakygoliotals éxig.dsqeyfrrimesEdsef ul f or
bone formatjop activity:, U S t : [ I S

16-aryl - 13, ?ﬂa%ﬁﬁé&%ﬁ%ﬁ%ﬂ@ﬁeé%ﬁeﬁg%s% B S3be€ T BhbE8 ot
activity; WSThédkseof DGaldB@rdy6-Raybsdrpiiinsattyds ésindds, dmvy Radisl,, 1496 hydr o- PGE2
p- bi phenyl t , ful for_b ' RARA'S . t

4,621, 100, %ﬁ’l?)c‘f‘?g'é%:‘}zc ngéggs S%%@Oﬁf&?a@ -'?9§|%6’%§%¢°§‘n°¥’shesgﬁ 'i?re"g?%gé]bone
formati &n afrdrgy XyRayadhbdolgtiSnetrpmtGinicabPradie ] 8&rtinbircta L. sladndeme 4994,

cycl opent anone%%%ﬁ%ul for bone formation activity. 30 Sodium fluoride nmay

al so be usdtf® ination with the conpounds of the present invention.
The term "sodi unBdrievoorptegenetid proteirtsonayoaisaibe bsaddn icdmbinatical withithe f or s

(2.0 o R e BT B o LR A ARG BERAT 0012
t he di scl osbsteogehetihActivity dRecootinaat dtreen BeneMordhpgeredtie Pesteie by The activity
o Soa e BB e e BN P S 001t (10 determ ned
et al., Bone HAryqamtpyrokieioroneRR\T el mfay edse,beNeed Wocdmbiridigd withdiges  1- 74;
102" ot opcSmeeDls o B EBE he Bl TR BRSO MBRERL AR &Y | 0 A el
Eval uat i on pafatigbid tooonorss, $ragideats ob metaboilys eRmf ardbstorchtralamalbgy thereot! i ni cal
e eI SR prnd A0 et o PR MBS conpounas
of the 18r epardthyroid éotrarre refatayl peptides dugctied fragmentPandandlags obf the
g AR e B Tt ol R ORRIRGE SRR i Y 10
(PTH may ainabolicéururﬁ?mbl lantivitp idjeadityidnetermir?b biy Higosecskilipdinrttks a bf staredapd esent
e P el ERner BRI B f R el nRB ARG Por e
York, 1994, pages 1-74; Grier S.J. et al., The Use of Dual-Energy X-Ray
20  Absorptiometry In Animals, Inv. Radiol., 1996, 31(1):50-62; Wahner H.W. and
Fogelman I., The Evaluation of Osteoporosis: Dual Energy X-Ray Absorptiometry in
Clinical Practice., Martin Dunitz Ltd., London 1994, pages 1-296). A variety of these
compounds are described and referenced below. However, other parathyroid
hormones will be known to those skilled in the art. Exemplary parathyroid hormones
25 are disclosed in the following references.
"Human Parathyroid Peptide Treatment of Vertebral Osteoporosis”,
Osteoporosis Int., 3, (Supp 1):199-203.
"PTH 1-34 Treatment of Osteoporosis with Added Hormone Replacement
Therapy: Biochemical, Kinetic and Histological Responses" Osteoporosis Int. 1:162-
30 170.
Any growth hormone or growth hormone secretagogue may also be used in
combination with the compounds of the present invention. The term growth hormone
secretagogue refers to a compound which stimulates the release of growth hormone
or mimics the action of growth hormone (e.g., increases bone formation leading to



whi ch can stinul ate bone formation and i ncrease bone mass. Al so included
are 15 parathyroid hornone rel ated peptides and active fragnents and

anal ogs oWo opasadbhyroi d rel ated peptides (see PCT publ i catrcenBesmnoiO

94/ 01460). Such bone anabolic functiong. activity is readily determ ned by
those skilled in the art of standard assays (e.g., see Eriksen E F. et
al ., Bone Hi stonorphonetry, Raven Press, New York, 1994, pages 1-74; Gier
S.J. et al., The Use of Dual - Energy X-Ray 20 Absorptionetry In Aninals,

| nv. Radi ol; %8%0@?1‘(&'5%) §chp§otloN?5'r@%ad‘iy\%teﬁ'ﬁﬂed EP%lsérBKllléd in th'Ehﬁ't

Eval uati on oﬁre t eoporosi’s: nergfy Absor t| o S}g Cinical
Pract i ce dﬁ/atandard[asﬁaxszwa_ltkdown LQ)tﬁ P@@JP thﬁé'&eé V?L thesg variety of

these F%gﬁ@ﬁ%ﬁ %‘é%%@&%&%ﬁ@h%ﬂo\ﬁ.ﬁé hiRRESPOT :DQté’nt é@%@éﬂ@ﬁs W)(Dher

par at hyr o W | known hose skilled in Exenpl ary

par at hyr oi @5HAABINYS 9P 308PNE Qﬁéﬁ%éd/\/prf"‘ﬂ@g@(ﬁqdwpr?& :1451“ rences. " Hunan

Par at hygoi @ OSi
o i e R s o O o 1 Addled

Hor rmne Rephmeﬁkélﬁd intip@rtapy: Bi ochemical, Kinetic and Histol ogical
Responses” Gsteqp Eﬁ’ﬁulérékaerédé%h%grﬂar@se&@ag%?%m QRy@IZE Or growth

hor nbne secretagogue na used in nbi nati on wth the conpounds of
t he presentdlhyd\mmmneilhi@nvlwm[@‘ﬂ -indple-Hd rainsiginl-'adlcabagdhire refers to a

conpound t I fpne or mmcs the
action ofwg %Wyﬁ't'%ﬁwﬁﬁz&ﬁy é]gm,rns zﬁ@ée @Fogghéwggtj\m@rémtlon | eading to WO
03/ 064301 PCT/ | E()lﬁémefenred gm@/th hormoase secretagegyrsdrgudeSuch actions are

readily det e i neg RN 288 RKbLSEL-rbuiy RS otz 5 S 4 aRSBRAaSsays wel

known to those 0 hese conmpounds are
di scl osed ipyrazole-[# @-dloymiding- )d11M(Rbmylpmﬂ?ibyléﬁﬁxoaqiwX"&%thﬂﬁ@'devw 95/ 14666;

WO 95/ 1306%%%46%8?\,\?@ q\fl\gs P44 13098y s%ﬂd WO 95/ 34311. 5 However, other

growt h hor r fone secr et ag ‘g@(es will be known to those
skilled in the a?rammbm {MR); benallaxyraethyl€(d Srdiexagia (@ pyridin-oteettded-et agogue

'_ rsrel\l;]gﬁ égsl)(? 82?3/ %’:ﬂulg}roé @‘rlf ah){dro- |2azo-g1 Sapr dazu] -7-yll- 2 oxs) ceztir}yl}ozn?ﬁhylé
( phenyl net rpjémmya)madmw B- Eatathm625ﬁt§JDBWfpiSd}ydmh|Pm9 SqUK 677.
2-amino-N-(1-(R)-benzyloxymethyl-2-(3a-(R)-(4-fluoro-benzyl)-2-methyl-3-
ox0-2,3,3a,4,6,7-hexahydro-pyrazolo[4,3-c]pyridin-5-yl)-2-oxo-ethyl)isobutyramide;
2-amino-N-(2-(3a-(R)-benzyl-3-ox0-2,3,3a,4,6,7-hexahydro-pyrazolo[4,3-
20  cJpyridin-5-yl)-1-(R)benzyloxymethyl-2-oxo-ethyl)isobutyramide; and
2-amino-N-(1-(2,4-difluoro-benzyloxymethyl)-2-oxo-2-(3-oxo-3a-pyridin-2-
ylmethy|-2-(2,2,2-triﬂuoro-ethyl)-2,3,3a,4,6,7—hexahydro-pyrazolo[4,3-c]pyridin-5-y|)-
ethyl)-2-methyl-propionamide (U.S. Patent No. 6,110,932) or its L-tartaric acid salt.
The compounds of the present invention are generally administered in the
25  form of a pharmaceutical composition comprising at least one compound of this
invention together with a pharmaceutically acceptable vehicle or diluent. For oral
administration, a pharmaceutical composition can take the form of solutions,
suspensions, tablets, pills, capsules, powders, and the like. Tablets containing
various excipients such as sodium citrate, calcium carbonate and calcium phosphate
30 are employed along with various disintegrants such as starch and preferably potato
or tapioca starch and certain complex silicates, together with binding agents such as
polyvinylpyrrolidone, sucrose, gelatin and acacia. Additionally, lubricating agents such
as magnesium stearate, sodium lauryl sulfate and talc are often very useful for
tabletting purposes. Solid compositions of a similar type are also employed as fillers



10 O her preferred growth hornone secretagogues include: 2-a

m no- N- (2- (3a- (R) - benzyl - 2- net hyl - 3- oxo- 2, 3, 3a, 4, 6, 7- hexahyd ro-

pyr azol o-Wwo,03ned3pyri di n-5-yl ) -1- (R) - benzyl oxynet hyl - 2- oxoPetrhpé3yeoisobut yr am
ide (U S Patent No. 6,107,306) or its k-tartaric acid salt 2-am no-N-{1
(R) - benzyl oxynet hyl - 2-[ 1, 3- d| oxo-8a-(S)-pyridin-2-ylnethyl -2- 15
(2,2,2,-trifluoro-ethyl)-hexahydro-im dazo-[1, 5a] pyrazi n-7- yI]-2-oxo-et hyl }
-2-nmet hyl - propionam de (U. S. Patent No. 6,251,902) or its hydrochloride
salt;

2-arm no- v (1 PREB ERLTIES SRR cresyleppreioppd mateplsdn Bisconperion Alsee y, - 3.
oxo- 2, 3, 3a, unplggjglap@ganymllk sugar as well as high molecularwelght polyethylene glycols.
ro-pyrazolo 5 I AL s R

2 am no- o (¥ 2 isdbgrtofls bnde U YR U a8 bl AP HBIraton e 4 3 20
c] pyri di n- 5cqmgoumd§m)tbeﬁmnﬁawmbwwmrmdw@tmm)s @mﬁtnrymma@ene,, and

2-am no-g\- ( ngm.g' yLd di n-2- vyl
nmet hyl - zd\lzzﬂa\éﬁngza?énft% l&8|69n§0 et%%@ F%éaeiﬁs W%%U%g%ex ha&grt(% pyr azol o] 4,
3-c] pyrid welhasssugh djluents Ay Watep-aftianiol prapylepe oleati alyce(ivasd varioue tike No.

6, 110, 932) E’Jmﬁlﬁa"‘tnohsfr]%?éo?” c acid salt. The conmpounds of the present

I nvention are genera adm nistered in the 25 formof a pharnaceutical
conposi tion conp‘forsnur@sas of memtertahedrmom@ndsahitionhiresesame@nveamt pibget her

with a phar&mﬁ%ﬂé&.ﬁ g c%fr)g%ﬁg? tl!aﬁ bg%m gd cHs v?élll#‘%{lérrle Ecgfefogg %Iu ons

adm ni stration ceut’i’cal | on can
sol uti oifs, ofsm;gnmpmng watbr—e@leble paItSL §ycrt:amegmsesplutpos\m¢)e sam@bly he |i ke.

Tablets cony eFHdnﬂnec\!é%Eﬁlg/uénoet;ﬁg'h %&eﬁenwsq}oye 80 UMt dfienf 2! cT UM

carbonate and caf ciump are enp ong W th various
di si nt egr arﬁaeneucgiumesﬂmscraqaﬁwsmowklemmeysmdv@uutabnle fonjmtrevemoss,ar ch and

pol yvi myl pyrratyssbiel S8bERand R ShFlrahhesl ALl AlvicHes, PR, 1)

pol yvi nyl pyrro sucrose lonal ly,
| ubri cat i ngcongesiios, tbestenl%agunagmmediawoead atecall readily wbvidinabledy sul f ate and

tal c arg of 1ol ' Ss. Solid conpositions of a
si il ar%typéé&gbra}eoet%t%@&gs%e” Wégg#hﬁ%%g?%%{%%ts%gl PCT/ 1 BO3/ 00121 - 17
in soft and har chfrlputpeaeSQeﬂteﬂnsdermb&Q dapicap radfrinisteationedilatei sigrite, i n t hi s
connection l5028, ecul ar

wei ght pol yﬁiu%&f g)% H'é‘ﬂ #%ug%ﬁlggsng%ée%ﬂ M%?H@é\%?ﬁhg /gn(# lE'S*Fét'?mi(i rs are
desired forotmrwlseadmanI%mﬁabpmparemteral@Qh#po&rﬂﬂeptﬁpatehhs i nvention can be

conbi ned with V%éﬁH%s%Y?E&?B?}%ﬁEﬁ@B%e Corhpdtia" uﬁ'iga gtgéﬂfesdilu&ﬂ'a%i N9

agents, enul sifyi agen endi n agen
20 filling the proper amount of the mixture in capsules. The usual diluents include inert

powdered substances such as starch of many different kinds; powdered cellulose,
especially crystalline and microcrystalline cellulose; sugars such as fructose,
mannitol and sucrose; grain flours and similar edible powders.
Tablets are prepared by direct compression, by wet granulation, or by dry
25 granulation. Their formulations usually incorporate diluents, binders, lubricants and
disintegrators as well as the compound. Typical diluents include, for example,
various types of starch, lactose, mannitol, kaolin, calcium phosphate or sulfate,
inorganic salts such as sodium chloride and powdered sugar. Powdered cellulose
derivatives are also useful. Typical tablet binders are substances such as starch,
30 gelatin and sugars such as lactose, fructose, glucose and the like. Natural and
synthetic gums are also convenient, including acacia, alginates, methyicellulose,
polyvinylpyrrolidine and the like. Polyethylene glycol, ethylcellulose and waxes can
also serve as binders.



wel | as such diluents as water, ethanol, propylene glycol, glycerin and
various |ike conbinations thereof. For purposes of parenteral

adm ni st raDIoae433Dl Uuti ons in sesame or peanut oil or in aguwabeoopziopyl ene
gl ycol can be enployed, as well as ster.ig-e aqueous solutions 10 of the
correspondi ng wat er-sol uble salts. Such aqueous sol utions may be suitably
buffered, if necessary, and the liquid diluent first rendered isotonic with
sufficient saline or glucose. These aqueous solutions are especially

sui table for intg RireBSH nay Uéﬂéc@éﬁa‘ﬁylml@fablesfdmul‘aammmewammmablaper| t oneal

i njection purposes. |In this conn the steril e _aqueo a enpl oyed
are all reaaﬂdIBHn@b‘E%frWﬁﬁF'@"’E%/'”i@e '?ah—gﬁ L@"P%@H%Eréﬁ?&g fr ﬁucbl%oé%q*o t hose
skil'led in dJigs 84 talc, dgnBsiLPQFRTaRiunt sRBsMS stalric @eidandthypragahgted
administration, dilute sterile, aqueous or partially aqueous sol utions

(usual ly i Weﬁﬁtﬁme@si %to 5% concentration), otherwise simlar to the
above p%l’entel’a|T§‘ﬂétlﬂ|§|rQQ ato@é &e@uﬁﬁ@h@eﬂs th&lgasilitatesthadsintegeationeaf aby ni xi ng

the conpound with a suita | uen O filli the unt of
the m xt ur ¢ablgt lodplsase Comﬁ@“’l%‘ﬁ%ﬁf” %? It?r}gﬁtb?c?’ﬁ'é? W& r??é(r'?gu‘%oﬁﬂr@ﬁ

subst ances aég%hcé‘ﬁno%ts@ré}@n%nd@uwS @ofrf gicepdtatsi statehes) mstiatcetiulosd, laghnse,
especial ly crystalline and m crocrb%jaﬁ al | | ne cell ul ose ars such as

fructose, hentaniteowoesheelylpse gwderrdfaiure) RANGE Ogieﬁ?rfagpgé%ﬁrfﬁ e powders.

Tablets ar %I@hi%l%foeguglygtﬁlh lRfils pupandessBbapmelnylcstiilogy, forulxatmplenmagbeby dry
25 granul ati Therr formul at | ons usual ly incorporate diluents, binders,

| ubri cadft s used asgvellias soghm BRY! s¥falfe| | as” the conpound. Typical diluents
include, for exargy&s aré/@ffén%tehmm%ugbrséana\vbr alnd(sb@laﬁt,, omeitinfiltrel ,  kaol i n,
cal ci um phosphate or sulfate, \g dl E‘? ts Suft f qdllum.ﬁ\hl ori de and
powder ed sUgaRING PERKEI@F‘S@%@‘?I"%WQ ssplufipy Ropsfies of thg TaRIgY Typi cal
tabl et bi ndgy$dihas ﬁ#ﬁ?sa‘imrrﬁdlﬂbd as cﬁé\ﬁéméiab%sgﬂ/l&ingna@adnmmmrd such as
| act ose, fructose, g ucose and the |ik 'gl\la H q nt hetlc"gum; are
al so converdleagant-fag N BHaRANGES EH asyPaniitel dhe 'E’Hca QY9507 BRE We
pol yvi nyg pyég’téghgﬂéd‘lﬁ tagdrtt he |ike. Pol yethyl ene glycol, ethylcellul ose and
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slippery modified by addition of waxes to raise its melting point slightly. Water-miscible
suppository bases comprising, particularly, polyethylene glycols of various
20  molecular weights are in wide use.

The effect of the compounds may be delayed or prolonged by proper
formulation. For example, a slowly soluble pellet of the compound may be
prepared and incorporated in a tablet or capsule. The technique may be improved
by making pellets of several different dissolution rates and filling capsules with a

25  mixture of the pellets. Tablets or capsules may be coated with a film which resists
dissolution for a predictable period of time. Even the parenteral preparations may
be made long-acting, by dissolving or suspending the compound in oily or
emulsified vehicles which allow it to disperse only slowly in the serum.

Pharmaceutical compositions of the invention may contain 0.1%-95% of the

30 compound(s) of this invention, preferably 1%-70%. In any event, the composition or
formulation to be administered will contain a quantity of a compound of this invention
in an amount effective to treat the disease/condition.

The following paragraphs describe exemplary formulations and
dosages useful for non-human animals. The administration of a compound of
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cottonseed oil meal, linseed oil meal, corncob meal and corn meal, molasses,
urea, bone meal, and mineral mixes such as are commonly employed in
20 poultry feeds. A particularly effective carrier is the respective animal feed
itself; that is, a small portion of such feed. The carrier facilitates uniform
distribution of the compound in the finished feed with which the premix is
blended. Itis important that the compound be thoroughly blended into the
premix and, subsequently, the feed. In this respect, the compound may be
25 dispersed or dissolved in a suitable oily vehicle such as soybean oil, corn oil,
cottonseed oil, and the like, or in a volatile organic solvent and then blended
with the carrier. It will be appreciated that the proportions of compound in the
concentrate are capable of wide variation since the amount of active
compound in the finished feed may be adjusted by blending the appropriate
30 proportion of premix with the feed to obtain a desired level of compound.

High potency concentrates may be blended by the feed manufacturer with
proteinaceous carrier such as soybean oil meal and other meals, as described above,
to produce concentrated supplements, which are suitable for direct feeding to
animals. In such instances, the animals are permitted to consume the usual diet.
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orally or non-orally, for exanple by injection. An anmpunt of a conpound of
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an animal to achieve the desired dose level. Moreover, it has been found that
implants may also be made periodically during the animal treatment period in order to
20 maintain the proper active agent level in the animal's body.

“Treatment” as used herein includes preventative (e.g., prophylactic) and
palliative treatment and “treating” as used herein refers to the act of providing
preventative and/or palliative treatment.

The term “therapeutically effective amount” means an amount of a

25  compound of the present invention or a combination of a compound of the present
invention with additional compounds that ameliorates one or more symptom or
prevents or delays the onset of one of more symptom of a disease or condition.

“Patient” as used herein means mammals, particularly humans.

“Glucuronic acid” is the substituent that is transferred to a metabolite or

30 transferred to a parent compound to form a metabolite from the phase Il
conjugation reaction of glucuronidation. Glucuronic acid reacts with an acid or
alcohol or phenol moiety on the metabolite or parent compound to form the
“glucuronide.” The glucoronide substituent is abbreviated in the formulae herein as

“Glu” or “Glucuronide”.
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different from the atomic mass or mass number usually found in nature. Examples

of isotopes that can be incorporated into compounds of the invention include

20 isotopes of hydrogen, carbon, nitrogen, oxygen, phosphorous, sulfur, fluorine and
chlorine, such as 2H, °H, °C, "*C, N, ®0, "0, *'P, ¥p, *s, "*F and *Cl,
respectively. Compounds of the present invention, prodrugs thereof, and
pharmaceutically acceptable salts of said compounds or of said prodrugs which
contain the aforementioned isotopes and/or other isotopes of other atoms are within

25  the scope of this invention. Certain isotopically-labeled compounds of the present
invention, for example those into which radioactive isotopes such as °H and '*C are
incorporated, are useful in drug and/or substrate tissue distribution assays.
Tritiated, i.e., °H, and carbon-14, i.e., '*C, isotopes are particularly preferred for
their ease of preparation and detectability. Further, substitution with heavier

30 isotopes such as deuterium, i.e., ?H, can afford certain therapeutic advantages
resulting from greater metabolic stability, for example increased in vivo half-life or
reduced dosage requirements and, hence, may be preferred in some

circumstances. Isotopically labeled compounds of this invention and prodrugs
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that the patient has been administered (3-{[4-tert-butyl-benzyl)-(pyridine-3-sulfonyl)-
amino]-methyl}-phenoxy)-acetic acid or a pharmaceutically acceptable salt or prodrug
20 thereof, or salt of a prodrug.

In the methods of treatment of the present invention, a compound of the
present invention can be administered to a patient directly, such as in a tablet, or
the compound can be administered by being produced in the patient’s body through
metabolism. Moreover, the administration route and dosage of the compound that

25 gives rise to a compound of the present invention by metabolism can be varied, as
desired, to obtain desired in vivo concentration and rate of production of a
compound of the present invention.

The pharmaceutically acceptable acid addition salts of the compounds of
this invention may be formed of the compound itself, or of any of its esters, and

30 include the pharmaceutically acceptable salts which are often used in
pharmaceutical chemistry. For example, salts may be formed with inorganic or
organic acids such as hydrochloric acid, hydrobromic acid, hydroiodic acid, sulfonic
acids including such agents as naphthalenesulfonic, methanesulfonic and

toluenesulfonic acids, sulfuric acid, nitric acid, phosphoric acid, tartaric acid,



pharmaceutically acceptable salts of said conpounds or of said prodrugs
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For example, if a compound of the present invention contains a carboxylic

acid functional group, a prodrug can comprise an ester formed by the replacement

25  of the hydrogen atom of the acid group with a group such as (C4-Cg)alkyl, (C»-
Cio)alkanoyloxymethyl, 1-(alkanoyloxy)ethyl having from 4 to 9 carbon atoms, 1-
methyl-1-(alkanoyloxy)-ethyl having from 5 to 10 carbon atoms,
alkoxycarbonyloxymethyl having from 3 to 6 carbon atoms, 1-
(alkoxycarbonyloxy)ethyl having from 4 to 7 carbon atoms, 1-methyl-1-

30 (alkoxycarbonyloxy)ethyl having from 5 to 8 carbon atoms, N-
(alkoxycarbonyl)aminomethyl having from 3 to 9 carbon atoms, 1-(N-
(alkoxycarbonyl)amino)ethyl having from 4 to 10 carbon atoms, 3-phthalidyl, 4-
crotonolactonyl, gamma-butyrolacton-4-yl, di-N,N-(C4-C,)alkylamino(C-Cs)alkyl
(such as a-dimethylaminoethyl), carbamoyl-(C4-Cz)alkyl, N,N-di(C-
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a conpoun RROLC,)dINAE Bhd Bderiding., BiwéIR0E bt momthblindCsept abl e aci d
addi tion sg: tsch?? eo(?lcgﬂ o%n%g 9ﬁbtr:l S |Eg‘z\?\t|on may be formed of the

conpound i Csl@ldyl. or of any of its esters, and 30 include the

phar maceuti cal | %lrﬁﬁaQ@Pﬁ Q*&b éffﬂot@ftM@b@%eﬁtﬁﬁ\/éhftubleaompMaslam givhohaceut i cal
chem stry. For exanple, P formed with or _organic

aci ds suchfwtlﬁngL @rprqgr%w b%&?&ﬁ%%mecfea'éf?%l“e’ﬁ gﬁlﬁ* W§feehci d,
sul foni g Fdnﬁ'%f ﬂhB?ldéﬂblfg}oww% 8GPEUpSsURA aeQ@PCEbélk@ﬁ@ﬁdﬂyfr@mW 1-((Cr-

met hanesul on| c an t ol'uenesul fonic_acid er acid, nitric acid,
phosphor i c Calsikenoylgxpethyle 1-ratiy!- WS o8 alsandy W65 00121 - 23

pyrosul fur 'Qc)g'ﬁ{d ?@rga{yﬂﬂ DRRIYON-E, &%?éikox?b@rﬁbrﬁylmmﬁmdthyf sucdioybCd,

phthalic aci fic acid and th ke, nmost preferable with hydrochl oric
acid, citr |C@)aékanayl bamieg(€-Calaikanoylearyiagy! 200 &-argirgasy A crMBAFY5Popi oni ¢

aci d. \Wen used f; t henvention to
be 5 adm nlagf'%oac to a %ﬁﬁaﬁgmﬁd&‘éwﬁéﬁgngﬁpﬁﬁgmﬁlg? glgreﬂ(e\(/jvlﬂ[da)h(;rlsty vari abl e and
subj ectlOt o naheallyj acdgmieg L_-arfine heidatREN g -BIIKCGLPe)dlkyz of alyeasytithi. 1t

ohon 115 no%?@ﬁtss%ﬂ ntgef%i) in trﬁ@8¥£%?5%2€;0¥yltsgq?%fsucRérh%C&gﬁ%rrﬁBfg “oThe "

when it is orm as a laureate, the
salt form rgrbobydrate)of whi ch has an appreci able nol ecul ar weight. The

general range ofy eLhSCAIN TLBLERTALKA EPERe0tn LindnersiBpunds | from

about 0. 001 ny/ pr ef erre range is from about
0. 01 ny/ dayréup, Qﬁ)odrggda:ybe (Zfrmedtbvéfee raptace@eamf@rh)’ﬁf%@ﬂlw inHeadni ni st er

e oY, SR o PG, Oy ok ROBRpoR). RSB bRy 02,
depend on swhehe Riahd RS aragacmmdspﬂnﬁsnﬂy (G- 61‘10)@ , (fotGrgyclealig Y, t he
Formul ati O%r 'ﬁs‘-ec%rt%nngd |ts genacuﬁ'gﬁae- no%éyl%ﬁ:j %ﬂ?a"‘lhr-%imgcyl-natural o-aminoacyl,
_C(OH)C(0)OY* wherein (Y* is H, (Ci-Ce)alkyl or benzyl), -C(OY*®) Y*! wherein Y*°
is (C4-Cy) alkyl and Y*' is ((C4-Ce)alkyl, carboxy(C4-Ce)alkyl, amino(C4-Cs)alkyl or
20 mono-N- or di-N,N-(C,-Cs)alkylaminoalkyl, -C(Y*?) Y*® wherein Y*® is H or methyl
and Y*® is mono-N- or di-N,N-(C4-Ce)alkylamino, morpholino, piperidin-1-yl or
pyrrolidin-1-yl.
Advantageously, the present invention also provides kits for use by a
consumer for treating disease. The kits comprise a) a pharmaceutical composition
25  comprising a compound of the present invention and a pharmaceutically acceptable
carrier, vehicle or diluent; and b) instructions describing a method of using the
pharmaceutical composition for treating the specific disease.
A "kit" as used in the instant application includes a container for containing
the separate unit dosage forms such as a divided bottle or a divided foil packet.
30 The container can be in any conventional shape or form as known in the art which
is made of a pharmaceutically acceptable material, for example a paper or
cardboard box, a glass or plastic bottle or jar, a re-sealable bag (for example, to
hold a "refill" of tablets for placement into a different container), or a blister pack
with individual doses for pressing out of the pack according to a therapeutic



A prodrug is a conpound that is transfornmed in vivo to yield a conmpound of
the present invention. The transformati on may occur by various nechani sns,
such as wbroewgisohydrol ysis in blood. A good discussion ofCrhBoume210f
prodrugs is provided by T. H guchi ancsWV Stella, "Pro-drugs as Novel

Del ivery Systems,” Vol. 20 14 of the A C.S. Synposium Series, and in

Bi oreversible Carriers in Drug Design, ed. Edward B. Roche, Anerican
Phar maceuti cal Associ ati on and Perganon Press, 1987. For exanple, if a

compound  of D IERERNtdirbt @ipiGYRd @R daper éh th@réiém)dosage faeindnvoluedt i onal
group, a prodrug can conprise an ester for g\ 25 of t he
hydr ogen atfqymxgmpterﬁeccmypatl@abemdwatrﬁbax 695‘3;‘%9%’?? E’ egg?ge Iaﬁ

C12) al kanoﬁé&ﬁ%P?&éﬂX Jrid %‘aK@WbQﬁd&Qh&%n&@dﬁtﬁ@er’f cfawbe4usted tcheJ;laa‘rbon

at ons, (al kanoyl oxy% et hyl Vi n rombs t %? car bon atons,

al koxycar bdh?ﬁtﬂﬁkﬁﬁ?@h@ﬂe tRd0arkef & § W§°f@e%°%q:ﬁ6ﬁxﬂp8'ﬁstab S may be

(al koxygar f&eﬁ%ln@wﬁ SbBwb m&h isgnfwrﬁrébﬂtatn@dwmwdam atoms, 1-methyl-1 30

| k b
(2l Koxycar bonyl PRAAERE ohFoh aWts FPaales HiatePack Ll RS 2 el

(al koxycar hapyh )rﬁtﬂb r;sab@égmd m&i’éﬁy%dfaﬁ'@ﬁélﬂg Wewumrfbome@bomng%fp ht hal i dyl ,

4- crotonol act onyl, -but yrol act on
di -N, N-(C, p@gmqeytl Wbémeé%r%ﬁb'et% scaﬁw'%% angd g ke nBIISiEi RASER hy 1 ) |
car banoyl - @ﬂ? Bdrisyst of Nehbediof @IatMQyQﬁff ARl cdeféd \B@Bé@@mﬁh -24

C2) al kyl car ) al kyl and er.idjino rrolidino-

nor phol1pno(P@eraébf)t&l”bﬁg?ﬁ”e“@'ﬁ?tlcd??tﬁn UH“%WH%JBQ pEoﬁgssplr%csegﬁqs #Rventi on
conpri ses 3gmldGRae p|a§ti'éff§ntIﬂmlecgs’sféglhav@th@rsﬁwar@ shaﬁebemﬂmrduau by t he
repl acenent of the hydrogen 5 atom of the al cohal oup such

as (C, - C6) éamgtﬁ@{,p@g(s}w@éttﬁyp pagk qd(qf may@v&ﬁ%w&,ga % qqgglaccommo ate

1-met hyl - fiple %)eaé Eﬁdvsyéace)&waewué padked:- NeR), &ldabietasrapyllesameet hyl
N-(C, - C6) aI oxycar bonyl am nomet

a- am no( C -piaped ik HgdpFessgs 9?%‘}'!‘5'&!?83 gf‘cegﬁl’h%ﬁg%ltdﬁ'%&%\f C@ %’ﬁreﬁ'aﬁgﬁ?a'sd
am noaqyl , RIsEthB PRfdtie feirat e oﬂth@‘ﬂcﬂl wrsch i@d@psmermm yhesditeettdredd from t he
10 natural 'y occurring L-am no acids, EOF%V%{ @f{l%c Co6) al kyl )2 or
gl ycosyl ( twhich thadecesres wefg fermrg. f'?%‘?rfeiSHE e P Obfa #&Bxyl group of
the hemi aceh@iafifI Tedibd @r collectively sealed, as desired, in the recesses between the
plastic foil and the sheet. Preferably the strength of the sheet is such that the
tablets or capsules can be removed from the blister pack by manually applying
20 pressure on the recesses whereby an opening is formed in the sheet at the place of
the recess. The tablet or capsule can then be removed via said opening.
It maybe desirable to provide a written memory aid, where the written memory
aid is of the type containing information and/or instructions for the physician,
pharmacist or subject, e.g., in the form of numbers next to the tablets or capsules
25  whereby the numbers correspond with the days of the regimen which the tablets or
capsules so specified should be ingested or a card which contains the same type of
information. Another example of such a memory aid is a calendar printed on the card
e.g., as follows "First Week, Monday, Tuesday,” . . . etc . . . . “Second Week, Monday,
Tuesday, . . ." etc. Other variations of memory aids will be readily apparent. A "daily
30 ' dose" can be a single tablet or capsule or several tablets or capsules to be taken on a
given day.
Another specific embodiment of a kit is a dispenser designed to dispense
the daily doses one at a time. Preferably, the dispenser is equipped with a
memory-aid, so as to further facilitate compliance with the regimen. An example of



carbohydrate). If a conmpound of the present invention conprises an am ne

functional group, a prodrug can be fornmed by the replacenent of a hydrogen

atomin twWe 03&s3am ne group with a group such as Rx-carbomgir/iBR@1iar bonyl ,

NRXRx' - car bonyl where Rx and Rx' are ea¥h independently ((C, -Clo)al kyl,

(C3-C7)cycl oal kyl, benzyl, or Rx-carbonyl is a natural a-am noacyl or

nat ural a-am noacyl -natural a-am noacyl, -C(OH) C(O Oyx wherein (Yx is H,

(C -C6)al kyl or benzyl), -C(OYxo) Yx' wherein Yxo is (CLl-C4) al kyl and Yx'

is ((C C6 sattkgy menuay-aakiy @nedbahizbkopunteanhich iBdicaies divekgumibber opdailyono- N-  or
N, N- (C, r YR met hyl and

yX3 |s mng%@ﬂhﬁ%ﬁjﬂ%&ﬁ?&%\éh% Qnot@z{nﬁxéﬂ%pw&sﬁhﬁ? drglapelg:édl n-1-yl or

pyrrol i di nbattery- pommmwgkdms h}emqrheoqpi@swm alhqwemsm regldout, prawdibles kits

for use by r i i

phar maceut |%3'In88p§ (Nh c?l fo? %gﬁ'ﬁbIQQeggssﬁt?tStﬁe d;_tg‘?hgt tlr&élagpﬁlg dﬁ?ee@ésnt

i nventi dn &aen mkphand@cEanmmdﬂalhlewaaemmmeabh@n@ardpsélstO\beHakﬁIne or dil uent;

and b) instructi f %th al

conposition for "?g@a %ﬁ%rre eblagmge& tHlets? thé)&ﬁé}&a&%ﬁtcaﬂ%@{puse n§t he

i nst ant applsocatipdse armadidjtu;mal eormmumalhaépari be usashin abmbingtion with epar at e uni t

dosage for %Bmﬁg&% céﬁhea Eé/dt%gpt%t thie Rit n?ay%}ﬂpﬂ?é’tvio r{?rrﬂé&lﬁﬁéal 30 The

cont ai ner can In an conventi ohal 'shape”or rma nown 1 n the art

whi ch i s medmpositicnspbrer comtaining eabﬂnyomm%meeenmwentioml andfappthexanpl e a

paper i | abl e

bag (o) caraned'eh sebfiond dABdndhpftalte (el ) dorftafich it dcodd! 2

di fferent ©bﬂﬁeaﬂrmnylnvemloa blister pack wth indi VI dual doses for pressing

t of th Kk : at R 00121 -25
gghegul e. eTEZCCmgg%@#&gs Elféﬁg?@&%éﬁg@é&ﬁ%%ﬁéé %?t %sag orm
i nvol ved, afehnerelyainpdreorategddryreferénsaal car dboard box woul d not generally be
used to hol d a Thi G4k dﬂgl@é’é&%@ﬁth&ﬂereln arbﬁmt%r?o%ﬁ't@[(|ﬁst¥4?€%aﬂ9&l§ret han one

cont ai ner can be use t a single
dosage1bor nmbﬁdlmeeisanfprhealnveruubhar@ amyotb@tesdetdntntllmltnbejspaq:lflaatimtqrItlwe, which is

in turn CO@{?%%ﬁ n]izmng a box. An exanple of such a kit is a so-called

blister pac er packs are well known in the packagi ng industry and
are being wdely used for the packagi ng of
Examples
20 Radiolabelled Mass Balance and Metabolic Profiles of C-(3-{[4-tert-
butyl-benzyl)-(pyridine-3-sulfonyl)-amino]-methyl}-phenoxy)-acetic acid in
Sprague Dawley Rats
OBJECTIVE
25 To determine the radiolabelled mass balance and metabolic profiles of (3-{[4-

tert-butyl-benzyl)-(pyridine-3-sulfonyl)-amino]-methyl}-phenoxy)-acetic acid in urine,
feces, bile and plasma of Sprague-Dawley rats after I.V. administration of a single 15
mg/kg dose of "*C-(3-{[4-tert-butyl-benzyl)-(pyridine-3-sulfonyl)}-amino]-methyl}-
phenoxy)-acetic acid.

30



pharmaceutical unit dosage fornms (tablets, capsules, and the like). Blister
packs generally consist of a sheet of relatively stiff material covered
with a fowbohesolO preferably transparent plastic materi @cr/iBuionzy t he
packagi ng process, recesses are fornee4n the plastic foil. The recesses
have the size and shape of individual tablets or capsules to be packed or
may have the size and shape to accommbdate nmnultiple tablets and/or
capsul es to be packed. Next, the tablets or capsules are placed in the
recesses abtAIERIAGS ANIWMETHOheet of relatively stiff material is sealed
15 against the plastic foil at the face of the foil which is opposite from
t he di r ect RadiclabelleshCompeotnsl r ecesses were fornmed. As a result, the tablets
or capsules are i ndividually sealed or collectively sealed, as desired, in

the recessg eﬁ'ﬂﬁjtylﬁleﬁﬂli G)%/;I(ﬂhé 3%@1#05)}'5 rﬁlh%eth?l}%heﬁ@@b Yy the

strength of the Sh ts or capsSules can be renoved
fromthe bBD%ttC@CI%@@RCIBWaWMéBﬁW@WW ﬁ@PVQ@ %F&%Wréy 8 ¥h%: r ecesses
whereby an opening is fornmed in the sheet at the place of the recess. The
tabl et or capsule can then be renpved via said opening. It maybe desirable
to provide a witte nory aid, where the witten menory aid is of the
type containing infofmati on and/ or instructions for the physician,

phar maci st or subj , €.g9., in the formof nunbers next to the tablets or
capsul es 25 where he nunbers correspond with the days of the reginen
whi ch the tahlets/or afsules so specified should be ingested or a card
whi ch contafing th 3 type of information. Another exanple of such a
menory aid | sgahendar printed on the card e.g., as follows "First Wek
Monday, 5 Tuesday, etc .... "Second Week, Monday, Tuesday, ..." etc.

O her variations of menory aids wll be readlly apparent. A "daily 30 '
dose" can bsﬂao%‘@ﬂﬁheltablet or capsule or several tablets or capsules to

be taken om |

di spenser _dSel s enAab e R G ilchl o e prRho By skbic Bel oy,

t he di spensen bemaelqun @qzwdiam:e witlathersshemy sef fdrth belows to further facilitate
conpliance with the reginmen. An exanple of WO 03/064391 PCT/1B03/00121 -26
such a nenory-aid is a jechanical counter, which }j ndi gates the nunber of
daily doses thaf "R gen disp ARgiATer Sexanpbe” such a menory-aid

is a battery- pupl ed with a |igd crystal
readout, or augdi + —

CH,CH,

10 B

Hunig's base |
CH,Cl, SO,




rem nder signal which, for exanple, reads out the date that the last daily
dose has 5 been taken and/or rem nds the patient when the next dose is to
be taken.wbr3st43bi anot her enbodi ment of the kits, the phacrmaBeutonzial
conposition may also conprise an additaggnal conpound that can be used in
conbination with a conpound of the present invention, or the kit may
conprise two pharnmaceutical conpositions: one containing a conpound of the
present invention and another 10 containing an additional conpound that can
be used in conbination with a conpound of tle present invention. The
docunent s C|ted h re|n *lncludln- ent s, and patent applications, are
. TRy~ exanpl es Ptesented herein are

ust r atle paﬂtlcular 15 |enbodi nents of the invention, and are
limt the S@pecilficatijon or the claims in any manner.
Bat/ance and Metabolic Profiles of

intended to il
not intended t
Exanpl es 0]
14C (3-{[ 4- V4 rt-
but yl - benzyl ) - (pyri di ne- 3-sul

onyl ) -am no] - et hyl } - phenoxy) -acetic acid in
Sprague Dawl ey Rats 25 To determ ne the radiol abel |l ed mass
bal ance and netabolic pr es of (3-{[4-

tert-butyl-benz - ridi sul cetlc
acid in urine, %Jf‘éé%g%a%q?d;aqaﬁydﬁl éﬁ’é}%%nf E%Sfbg&ﬁége% ey rat s%t er |.V.
admi ni st r ata wereatirred svengglet at foormtphipgrataredn otethylene chioride (with imine
14C- (3-{[ 4 tert but 2yl ) - ( pyridine-3xSHLf i pol=(ethyl }-
phenoxy) - adfmato é"”%%%é‘-")b‘?; g‘}éeﬁgéldq'ﬁégr}"?ébé%%’fg&é%a%s ERI ALS AND
METHCODSS Ra@e@ledb&ﬂhl%l-mpma pdmptwend B, which was then treated with excess
14C- (3-{[4-tert nz N phenoxy)
- acetic a®Vtd ?%Bé&f%r]ytﬂ%%die\ﬂ"%w 9%8%53(?'%17%%?9' %1%}(/\%3}] 3}% lj'}l’l ty of
>99 % o0 @hlofide to form compound C, which is reacted with tifluoroacetic acid |n methylene
chloride to form *C-(3-{[4-tert-butyl-benzyl)-(pyridine-3-sulfonyl)}-amino]-methyl}-
phenoxy)-acetic acid.

10  Compound A can be made as follows:
Step 1

K,CO;

OHC\O/OH «_-COO-+Bu
Br._-COO-- Bu \O/

= 1 eq (equivalent) aldehyde, 1 eq carbonate, 1.25 eq t-butylbromoacetate in
15 acetone

= reflux 20-24 hours

= quench with water

20
= extract into ethyl acetate, displace with 2-propanol (IPO) for next step



a,- OHAQ S O5 * site of 14C- | abel

14C- (3-{[4-tert-butyl

-benzyl) - (pyridi ne- 3-sul fonyl ) -am no] - net hyl } - phenoxy)

-aceti c awpd3/esm be nade i n accordance with the schene sectfiBsxdoibel ow. O
O0.11 HH2\ / OQd + 1 NaBH4 - CH2CH29.0O OO " sS2CI \ v = HN 10 Bo

Huni g' s base CH2Cl 2 sot TFA CH2CI2 N C WD 03/064391 PCT/1B03/00121
S02 N The radiol abel ed al dehyde (ChenSyn Laboratories,
Lenexa, KS) and amine A were stirred overnight at roomtenperature in

\' /~\ [ off

-28 0

met hyl ene chl ﬁ&_‘# (wth imne formation nonitored by aliquot quenched in

to NaBH4 and

which was then treated with excess

10

15

20

25

30

NH,OH

+B
HC\©/O\/COOt u N
IPO/Py

= 1 eq compound D, 2 eq hydroxylamine « HCI, 2 eq pyridine (Py), in IPO

O\/COO-t-Bu

E

= heat at reflux 3-4 hours
= work-up with ethyl acetate & aqueous HCI

= replace with 2B ethanol (denatured with toluene) for next step

Step 3
COO-tBu 1) RalNy/ COO-+-Bu
HON/\© B Y o
2BEtOH HoCc” ~  COH
NH,OH
2) Maleic acid A

= Compound E in 2B ethanol, 30% RaNi (Rainey Nickel) charge, 28% ammonium
= extract isoproyl ether; concentrate to oil

= dissolve oil in IPO and add maleic acid in IPO

= add isopropyl ether to crash out the salt

Animal Models

A group of three male and three female jugular-vein cannulated Sprague-
Dawley rats (230-240 g) was housed individually in stainless steel metabolic cages
designed to collect urine and feces and administered intravenously a single, 15
mg/kg, dose of "“C-(3-{[4-tert-butyl-benzyl)-(pyridine-3-sulfonyl)-amino]-methyl}-

phenoxy)-acetic acid.

For pharmacokinetic and plasma identification, two groups of animals were

dosed (three males and three females for pharmacokinetic and 2 males and 2

analysis) and 5 treated wth NaBH4 to give conpound B,



pyri di ne-3-sul fonyl chloride and Hunig's base (diisopropyl ethylamne) in
nmet hyl ene chloride to form conpound C, which is reacted with

tifl uoroawetmsoessei d in nethylene chloride to form PCT/IB03/00121

14C- (3-{[4-tert-butyl -benzyl)-(pyridi ne3®@-sul fonyl)-am no]-net hyl }-
phenoxy)-acetic acid. 10 Conpound A can be nmade as follows: Step | OHC /
OH K2Q03 OHC / Nib- O ,-,C00t-Bu Bra/COO-t-Bu D * 1 eq (equivalent)

al dehyde, 1 eq carbonate, 1.25 eq t-butyl bronoacetate in 15 acetone "

(rj ef :JX 20- 2«%\?‘51@51\'& plafénﬁluﬂé}ﬂiﬁcﬁﬁdnmlmt/@fous@/ﬁvﬁh Bxinyig idoberbh'“G4(BAfld- acet at e,

| spl ace w ano ext 03/0 4 PCT/ 1 B03/ 00121
-29- Step ieermYF %FPZMWW' EG%@Q@Y ino- e?'?y é@%L‘i . IPQPy DE
’r; 1 eq con??)und D, 2 eq hydroxyl am ne HCl, 2 eq pyr| dine (Py), inIPO 5~
eat at reflux ours ~ eth u cl A
replace with ZBAéfPHa'HSTOUP éﬁ%\‘f‘lﬂ‘%@’“ qnglj U#\%;i'%b" aﬂﬂgﬁfe% ﬁwaeﬂfo Step 3
HON o"' oocsek)ﬁas ddseR&Mthé—lEOIte'bﬂc')'mofdanE-wd ubivle 2BESIBE F@Z@lgfjel@r_emzahd NHAOH E

2) Mal ej c Corrpound E in 2B ethanol, 30% RaN (Rai ney Ni ckel
char ge, @%ﬁ?’ﬁﬂ\'t y )

Sample collection

Urine and feces were collected from group | animals for 7 days at 0-24, 24-
48, 48-72, 72-96, 96-120, 120-144 and 144-168 hours post dose. Whole blood was
taken at 5 min, 15 min, 1, 2, 4, 6, 8, 24, and 48 hours post dose for pharmacokinetic
10  analysis and 1 and 4 hours post dose for identification of circulating metabolites.
Plasma was separated from whole blood by centrifugation. Bile and urine were
collected from bile duct cannulated animals at 0-8, 8-24 and 24-48 hours post-dose.

Sample Analysis
Determination of Radioactivity

15 The radioactivity in urine, bile and plasma was determined by liquid
scintillation counting. Aliquots of urine (0.1 g), bile (0.025 g) or plasma (0.025 g)
were mixed with 5 ml of Ecolite (+) scintillation cocktail and counted in a Wallac
#1409 liquid scintillation counter (Gaithersburg, MD). Fecal samples at each time
point were homogenized with water, and the total weights of the fecal homogenate

20 were recorded. Aliquots (0.1-0.3 g) of the homogenates were oxidized with a
Packard oxidizer (Packard Instrument Co., Downer’s Grove, IL) prior to scintillation

counting.

The radioactivity in the dose was established as 100% of the total
radioactivity. The radioactivity at each sampling time for urine and feces was

25 defined as the percentage of dose excreted in the respective matrices.



extract isoproyl ether; concentrate to oil dissolve oil in IPO and add
maleic acid in PO 20 ™ add isopropyl ether to crash out the salt Aninal
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Det erm nation of Radioactivity 15 The radi oactivity in urine, bile and

pl asma was determined by liquid scintillation counting. Aliquots of urine

(0.1 g)o bigxgaétn®?MedAbdltestonsBRIdgbal8amples were nixed with 5 m  of
Ecolite (+) scintillation cocktail and counted in a Wallac #1409 liquid

scintillation counter (Gaithersburg, MD). Fecal sanples at each tine
Urine samples (about10 ml) were evaporated under nitrogen overnight.

Sample residues were reconstituted in 1 ml of 0.1% formic acid/acetonitrile (50:50).

These solutions were vortexed for about 1 min, transferred to 1.5 ml eppendorf

tubes and then centrifuged at 14,000 rpm for about 2 min. Aliquots (10-20 pl) of the
15  supernatants were injected onto the HPLC column without further purification.

Fecal homogenates containing the highest levels of excreted radioactivity

(0-48 hours) were pooled. From the pooled samples (about 80-135 g), aliquots
(about 5 g) were suspended in 15 ml of acetonitrile. Suspensions were sonicated
(about 30 min.), vortexed and centrifuged at 3200 rpm for 10 min. Following

20 supernatant transfer to clean 15 ml conical tubes, the residues were further
extracted 2 times with 15 ml of acetonitrile as described above. Aliquots (200 ul)
from each extraction were counted in a liquid scintillation counter. The recovery of
radioactivity extracted ranged from 92-96%. The supernatants were evaporated to
dryness under nitrogen in a Turbo Vap LV evaporator (Zymark, Hopkinton, MA) and

25 the residues were reconstituted in 2 ml of mobile phase. Aliquots (10-20 pl) of
concentrated fecal extracts were injected onto the HPLC column.

Plasma for the identification of circulating metabolites was precipitated using
2 volumes of acetonitrile. Suspensions were sonicated (about 30 min.), vortexed

and centrifuged at 3200 rpm for 10 min. Following supernatant transfer to clean 15



poi nt were honogeni zed with water, and the total weights of the fecal
honogenate 20 were recorded. Aliquots (0.1-0.3 g) of the honpbgenates were
oxi di zed wDtob/oed39Packar d oxi di zer (Packard Instrunent Co. pCDaBss01s G ove,
IL) prior to scintillation counting. Tdee radioactivity in the dose was

est abli shed as 100% of the total radioactivity. The radioactivity at each
sanpling tinme for urine and feces was 25 defined as the percentage of dose
excreted in the respective nmatrices. WO 03/064391 PCT/I1B03/00121 -31 The

E Fldi oact | ‘éHI %ngmwﬁi tHe'Te@ngésﬁﬁer\éﬁﬁrtW@u&‘acttedthb 2Kyt 5equbf;aaéten'ftrﬂe ess) (3-

4-tert-butyl-benzyl)-(pyridi ne-3-sul fon -.am . noj - ne - oxy)-acetic
aci d baseGeéﬁf'bﬁﬁ@b§¥ﬁaai(hleisé’p%lr@ﬂa\r/‘%t‘ﬁ’/erSfcofT%E?eac?Qf’ﬁé’L%ﬁ{egl){%hgggﬁg. 75 dpm ng.
Quant it at i VRJASsRsseEAt Ribdwhgbolevagorkoe bed therreSidde wérelretamstifutedtinf i cat i on

was performed by neasuring the ar i pdi vi dual | y,_separ LC peaks
usi ng the [OF RARf (WOWQJB*,‘E‘S\%V rﬁ"ﬂF%@?.&s' %P'%PPW%F%% é'@ﬁmgﬁf(@%cﬁgf'\}g% peak
repr esept atieilePbhtoltélHPLC oM. as wel | as the percentage of the

radi ol abel | éd material. The (3-RAM was operated using a solid
scintillation cell. 10 Extraction of Metabolites from Bi ol ogi cal Sanpl es
Urine sanpl es (@lewabQinetily metedenatios HPEC/MS destemiforapglysisowtdout ght .
Sanpl e resi dyes We#re.reconstituted in1lm of 0.1 %formec

aci d/ acet ofiNar PEMHBHOR0)  These sol utions were vortexed for about 1 nin,
transferred to 1.5 m eppendorf tubes and then centrifuged at 14,000 rpm
for about 2, mnpn. Aliquots - the 15 supernatants were injected
onto the H%ﬂ@' ES?WWW@WHW‘?%&%J#”% rification. Fecal honbgenates

cont ai ning the highest |evels of excreted radioactivity (0-48 hours) were
pool ed. FTom t NGaqeh &l ALRIcER Bl BHL: O bR clent @k EYQySterd alMRLL 5 0)
were suspended in’1 acetonitrile. Suspensions weré sonicated (about
30 ninJp, vidooenembrane degassei, Autfzd16R aBoiomcios fiiewett Packard) andan IHRg 20
super nat ant__t. - | 1 j | re
Further olpyaBiE Mot Rl orimeBianty s pborieator # SIS (U above.
Ali quots (21@)cpluinn (#B6anmeatdd mxy Baon)i(BiatarerMifesuNPed The mebjle pase

scintillation iﬁiﬁ%ﬁwafcgnrﬂo;gggof%%\(ﬁé%nﬁ il RhIRTH Y bioifer kgahed ranged from

92-96% The Su Wer e evapor a '
acetonitrile (solvent B). The solvent delivery step gradient program was as follows:

Time (min) % Solvent A % Solvent B
0-3 90 10
3-25 35 65
25-26 10 : 90
26-29 10 90
29-31 90 10
31-35 90 10
15 The system was allowed to equilibrate for 10 minutes prior to the next

injection. A flow rate of 1.0 ml/min was maintained throughout the analysis. For the
quantification of plasma metabolites, the HPLC effluent was directed into the flow
cell of a B-ram radioactivity detector. The B-ram and HPLC was externally
controlled using an ARC (Accurate radioisotope counting) system, for low-level

20 radioactivity counting.

Mass Spectrometry



dryness under nitrogen in a Turbo Vap LV evaporator (Zymark, Hopkinton, M)
and 25 the residues were reconstituted in 2 m of nobile phase. Aliquots
(10-20 NiwoamB/oeasencentrated fecal extracts were injected earaBei®iHPLC
colum. Plasma for the identification agzcirculating nmetabolites was
precipitated using 2 volunmes of acetonitrile. Suspensions were sonicated
(about 30 min.), vortexed and centrifuged at 3200 rpmfor 10 m n.

Fol | owi ng supernatant transfer to clean 15 WO 03/064391 PCT/1B03/00121 -32

n coni cal tUbeSIdeﬁtfﬂ@atfo?ﬁdf%ﬁle%bﬂeé wat Berormed  Afges Fithighn 3¥aqlaoon  of

acetonitrile as described above. The supernatants were conbi ned and

evapor at ed tfigegquppepale reﬁﬁﬁeﬁpeﬁtmm@gé?ﬂwpeé Wit AR D S HreSPEROREITEFe and t he
resi dues wWe(mndigsBahisbsd &sh)l fhe PPBCTEoIupin et WaBRBMEso thbt quot s (50- 100

pl) of concentrat ed plasma extracts were 5 injected onto the HPLC col um.
Bil e was diareraxinatelyjafatlisn wawttqﬁiécwmms@wﬁ%fﬁcpo?h%m%m wi t hout

further 5puréfﬁd&@%$6rreéﬂé@{b R fIbRIBRBES: Fﬂéhﬂ“‘l’ﬁb BIRANTRLSPBR SRS @EESrdé'E"-C

syst em consi st ed 00 sol vent I very system_ a HP-
menbr ane de’fasEagl time applog sgoakhv the Mse@at@m'(qqévw éy%terpaa harcauecsaﬁwaéan | N US

radi oact i VQ‘rdmmetrﬁﬂloéétﬁnty gﬁtM\/IS GEQ tv%?é @%%%ygﬁé B\%Imurﬁg of"fkﬂ)/C AQ (C
18) colum (4. 3 pm (Waters e phase

was i niti alfrgm M@é@ﬁ’edﬁdl%dw detester (seresnanging tea dEIVE{U twf\P@ﬁpt Q\? and

acetonitrilgn(ys I | gram was as
fol | os:  Ti'mo) ﬁhﬁ%%tr@ o e I e B L 2 e

10 90 196- Z@Ilq@e@oatazrgﬂ@moquapn qu%ﬁgmlqmlnigceﬁ@sw@ﬁlemm stydieswed t o
equi | i brat %rerpeﬂfemﬁemw&geﬁ h g .ﬁ@zkds@.srb%éand blﬁﬂ(ﬁ’@ﬂdl&msw@ doligignr ate of 1.0

m/mn was mai ntal ned throudghdut the analysis. guantification of
pl asma net #NSFIL &FS0- 3(5h@/ PN.@C@M'P'ﬂléﬁfﬁ thigkeess CP@?PQ%WQWU ch@TPUow

RESULTS AND DISCUSSION
Identification of Metabolites
15  Metabolite M8

Metabolite M8 had a retention time of 10:26-11:35 (min:sec) and showed a

protonated molecular ion at m/z 351. It was detected in urine (males) and bile. The
CID fragmentation pattern of M8 had prominent fragments at m/z 305, 146 and 131.
The ion at m/z 305, a 46 amu loss from the molecular ion, suggested the presence

20 of a carboxylic acid moiety. The ions at m/z 131 and 146 may have resulted from
the carboxy isopropyl benzyl and carboxy isopropyl benylamine moieties,
respectively, with the concomitant loss of the formic acid. Based on its
fragmentation pattern and molecular ion, it is suggested that M8 was formed from
N-debenzylation of the phenoxy acetic acid moiety, followed by oxidation of the t-

25  butyl moiety to the carboxylic acid and hydroxylation of the pyridine ring. Reaction
of this metabolite with titanium trichloride (20% solution in phosphoric acid) caused
the retention time of this metabolite to increase by approximately 1 minute, and the
resulting M+H" ion to decrease by 16 amu, suggesting that this metabolite is an N-
oxide. Based on this data, M8 was identified as 2-{4-[pyridine-N-oxide-3-

30 sulfonylamino)-methyl]-phenyl}-2-methyl-propionic acid.



cell of a (3-ramradioactivity detector. The R ram and HPLC was externally
controll ed using an ARC (Accurate radioi sotope counting) system for

| ow | evelwd®3negdbpacti vity counting. Mass Spectronetry WeC@aB@@H3a1
PCT/1B03/00121 -33 Identification of thg nmetabolites was perforned using a
Fi nni gan TSQ 7000 triple quadrupole mass spectroneter equi pped with an

APl -2 el ectrospray interface (Finnigan, San Jose, CA). The HPLC col um
effluent was split so that approximately 50 |/mn was introduced into the

APl interface. The rengining 5 effluent was directed to the flow cell of
(3-RAM The R-RAM e was recorded as a real tinme analog signal by
the M5 data cqlle ystem The collected data fromthe radioactivity
and M5 detec@)/ re separated by the dwell volune of flow fromthe M5 to
the radi oacfiVi#y detector (corresponding to a dwell tinme of about 0.2
mn.). The electrospray voltage operated at -4.5 eV as the nass
spectroneter 10 collected data in the positive ion node. Collision induced
di ssociation (CID) studies were performggl with argon gas in @ (@ is
second quadrupole) using collision energy of 30-35 eV and a collision gas
t hi ckness of approximately 2.1 nTorr. RESULTS AND DI SCUSSI ON

| denti f i catMetabalfie MiBabol ites 15 Metabolite MB Metabolite MB had a
retention time of 10:26-11:35 (mn:sec) and showed a protonated nol ecul ar
ion at mz 351. It was detected in urine (males) and bile. The CD
fragment ati on pdiletebalite@M1BBhakdaorefantion tima tof bad 107 miri:sen) on3F3.C dtb and

: [ , | | [ d
the predencioesleftdon et M rahaBed s S atTed BB o R Bus 85HE° 148
may have r 2 dnadhijhenthan the peaeridermposap tte BID pohahueyion spectean Sloowedi sopr opyl

benyl ami ne SR fbhERagmd i AIRGH ks 487t S 154 CARCOMA L ANTTOBR Py he formic
aci d. Base nites ragnentation pattern’and nmol ecular 1on, 1I{ IS
suggest ed t48htwddBiueds theloredf jluamonibladd ffrenzirk adleqularfiort. ke pdreatowy aceti c

car boxy | o 4% GURA Ry b EBHARL Pt ish At T RAP 88 0 i s
nmet abol10t e amdt324treswted dnort the slabsaquest 102@%00f alsutforyh pyridinehmsietycandc aci d)
caused water. The ion at m/z 165, similar to that of the parent compound, was due to a
protonated methyl phenoxy acetic acid moiety. The ion at m/z 145 indicated a loss
of water from the hydroxy t-butyl benzyl moiety. Based on these data, M13 was
identified as (3-{[[4-(2-hydroxy-1,1-dimethyl-ethyl)-benzy!]-(pyridine-3-sulfonyl)-

15  amino]-methyl}-phenoxy)-acetic acid glucuronide.
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M13
Metabolite M9

Metabolite M9 had a protonated molecular ion at m/z 417 and was detected
20 only in female rat urine. It had a retention time of about 11:35 (min:sec) on HPLC.



the retention time of this nmetabolite to increase by approximtely 1
mnute, and the resulting MrH+ ion to decrease by 16 anmu, suggesting that
this nmet aWwolo3wet3vs an N- oxi de. Based on this data, M wa®cCrdBewdoiiied as

2-{4-[pyridine-N-oxide-3 30 -35-
sul f onyl am no) - et hyl ] - phenyl } - 2- et hyl - propi oni ¢ aci d. WD 03/ 064391
PCT/1B03/00121 -34- I~ M Metabolite ML3 Metabolite ML3 had a retention

time of about 10:47 (mn:sec) on HPLC and 5 was detected only in bile
(mal es). | trhsResihted MoRtOBALAGE M7k T 52ranwiowat thah thepdrent codoand. hi gher

than the parent conpound. Its C D prodyct ipn ectr I nent

f r agment iéﬁ‘ﬁgeéfedrﬁ‘ittﬁ%yl,gw°§ﬁ‘2é?J@9§‘fCt'lg§? Ci‘ﬁ&“’féfg%grﬁggﬁg‘ﬂ‘ gﬂt’“ﬁ%}z 485
was due toghéed Sromirnt @nsatinend ™, 260 dnd nasn Theionwt edziB49, 98camu IDwer i on at
mz 467 occurred from

he | oss. of water from the i . The i
at mz 342thep tgg,ar%@gtqtﬁrgg\e{:gar PP otHIgRRted %%sgq‘ﬁ@rﬂ‘o'%hs@éfs% r§r$c’slsul fony: one
BZ‘“ d'tr@ n@hlﬁét%fr@ﬁdhegﬁﬂ@tme.mibmat @tz mSZW\&ﬁ&nh u &iwer thean that af e of t he
rent conpound, was due to pr ot gnat e |, pheno etic acid
moi ety. The3T&SHCRTPOHNS & Az p%isegg%sgecgh]ag@g‘?}bg?/yl ngzgrhﬁ%%%t he hydroxy
Eéb?t %/I4 ?gnﬁiaﬂgxmetfﬁg agﬁ@@dﬂ@fﬁf Wélﬁﬁllﬁadigém lodtlidiring the frabemdritdtiond as
- -(2-hydroxy-1, 1-di net.hyl - et -benzyl ].-. ri dbpRe- 35.sul.fonyl) 15
am no] - net Np}t'pﬁén@ﬁ(ﬁqna‘gg?'? ﬁ%%oﬁ%ég\%”ﬂbﬁ?Wﬁﬁ&@&ﬁ@e&ggﬁ’oﬁq@gh8?1 yN) N a, --
Stoml 2\17 phBshrvRE age% d:éu%eg/ﬂmdggt@lﬂlorh titne dvEhihimetabolite do cwedasd byol ecul ar i on
z and was ecte on in mal e, r at i.ne...t had
ret ent 1%n PPREOXHIAtEN S RINYtes. RN e Fﬁ%‘g'@? '\&)ﬁ" eI B &\ﬁé%l&;bgéf aas @
PCT/ | B03/ 0@lgdesting that this metabolite is an N-oxide. Based on these data, the structure of
M9 was proposed as the sulfate conjugate of pyridine-N-oxide-3-sulfonic acid 4-(2-

hydroxy-1,1-dimethyl-ethyl)-benzylamide.

15 M9

Metabolite M6

Metabolite M6 had a retention time of about 11:23-12:37 (min:sec) on HPLC

and was found in feces, bile and plasma. It showed a protonated molecular ion at
m/z 565 (96 amu higher than the parent compound), suggesting the addition of an

20  atom of oxygen and a sulfate group. The CID product ion spectrum of M6 showed
prominent fragments at m/z 485, 467, 342, 324, 165 and 145. The ions at m/z 485
and 467 were due to subsequent losses of sulfate and water from the protonated
molecular ion. The ion at m/z 165 was similar to that of the parent compound
indicating that the methyl phenoxy acetic acid moiety was not changed. The ion at

25  m/z 342 (16 amu higher than that observed in the parent compound) indicated that
the addition of an atom of oxygen had occurred on the t-butyl benzyl moiety. The
ions at m/z 324 and 145 were 2 amu lower than those corresponding in the



-35 The protonated nol ecular ion at mz 417, 52 amu | ower than the parent
conpound, suggested that the MD was a cl eaved product. The ClI D product ion
spect r umwD odBe43ghowed prom nent ions at mz 319, 160 andpPtf48Bo3fdee21 on at
mz 319, 98 anu |ower than the protonajged nol ecul ar ion, suggested a | oss
of a nol ecule of water and 5 sulfate fromthe nolecule. The ion at mz 145,
two anu | ower than that of the parent conpound at mz 147, suggested that
the t-butyl benzyl had been hydroxylated and a nol ecul e of water had been

! ost d_ur i ngﬂééﬂ%n‘f 5@?@3&@?}@ éd?l'g’boun ,?é’giéiri Q@le‘sﬁéd aheridition Bf Oiygbhlt@theﬂt abolite

wWith titanfumtrich I de % so ion 1n @Sp? éfc aCIdS}%aﬁ d the
retention bitykbeszykmeistynaachpran fFagrent @tp@,aergglgc A bYRS N ePESY 2
m nut es, Bﬁ tﬁé‘sat%eﬁltéwdsfwer{wwas%Maté%hﬂ@a@ dvy(aa{ﬁwzmtydrowgg‘estl ng t t hat

this metabolite s an N-oxide. Based on th ie B he ctur

was pr oposémn%tﬁylteﬁyl)sh?ﬂiﬂl'@%@H?ﬁg%ﬁfﬁnﬂ)r‘arﬁVP @Fﬁ@( TﬁhSQ?)ﬁ' ?Lﬁcfognl c aci d
4-(2- hydroxy-1, 1-di nethyl -ethyl)-benzylamde. fNIll / NH HO O1\\ 15 WMd
Met abolite M6 Metabolite Mo had a retentlon?tlme of about 11:23-12: 37
(mn:sec) on HPLC and was found in feges, s‘prqe and plasma. It showed a
protonated nolecular ion at mz 56 6 am hi gher than the parent
conpound), suggesting the additio \ an 20 gtom of oxygen and a sul fate
group. The CI D product ion spectruym s wed promnent fragnments at

m z 485, 467, 342, 324, 16 d 145. ns®t mz 485 and 467 were due
to subsequent Iosses of su  ARd r fromthe protonated nol ecul ar
ion. The ion at nfz 165 was sqn‘d ar to that of the parent conpound

i ndi catdng that the nethyl phenoxy acetic acid noiety was not changed. The
ion at 25 mz 342 (16 anu higher tha®6 t hat observed in the parent conpound)
indicated that the addition of an atom of oxygen had occurred on the
t-butyl benzyl noiety. The 1ions at mz 324 and 145 were 2 anmu | ower than
t hose corr agdstuhtelg10 n t he WO 03/ 064391 PCT/ 1 B03/ 00121

10 Metabolite M10 had a protonated molecular ion at m/z 401 and was found
only in feces and female urine. It had a retention time of about 13:26 (min:sec) on
HPLC. The molecular ion at m/z 401, 68 daltons lower than the parent compound,
suggested that it was a cleaved product. The CID product ion spectrum of M10
showed prominent ions at m/z 303, 160 and 145. The ion at m/z 303, 98 amu lower

15  than the protonated molecular ion, suggested a loss of sulfuric acid from the
molecule. The ion at m/z 145, two amu lower than that of the parent compound at
m/z 147, suggested that the t-butyl benzyl had been hydroxylated and a molecule of
water had been lost during the fragmentation. Based on these data, the structure of
M10 was proposed as the sulfate conjugate of pyridine-3-sulfonic acid 4-(2-hydroxy-

20  1,1-dimethyl-ethyl)-benzylamide.

N

M10



-36 spectrum of the parent conmpound, again suggested an addition of oxygen
to the t- butyl benzyl nviety, and upon fragnentation a nol ecul e of water
was | ost .wBaseet39on this data, Mo was identified as the swecfrapes/won) ugat e

of (3-{[[4-(2-Hydroxy-1, 1- -37-
di met hyl - et hyl ) - benzyl ] - (pyri di ne- 3-sul f onyl ) - am no] - net hyl } - phenoxy) - acet i
c acid. OHQAS-O Il O 1/ OOCH N NI OS\ O 5 M Metabolite MO 10

Met abolite MLO had a protonated nolecular ion at mz 401 and was found
only in feces and female urine. It had a retention tine of about 13:26
(mn:sec) on oLC.  The nol ecular ion at mz 401, 68 daltons |ower than the
par ent con&'@fﬁl?grﬁeﬁli'ggested that it was a cleaved product. The CI D product
i on spectrum of Mylidbolite MMethdr etdntiemtime ohabadt 12104-13(2B, (mirésecaand was. The i on

at mz 303, 98 anu | ower, 15 than the protan e (A suggested a
| oss of sufoluﬂgfrb“r 26 ad‘%ﬂ'% AN plOwsss %rgfﬂn fe%fﬁégguéaﬁ?%r{ gtﬁﬂ%lg 3?5‘2'?1% wo amu | ower
L han that mbldchiar paraeniz 335164 daltoat lowsr thahdfe psregbestmund haupgested t - but yl
enzyl had_been hydroxyl at ed d | ecul.e. of t st during

the fr agrre?tn‘te‘gﬁ"’f”)‘ﬁ.‘ya %?éfé‘éipr(? u tﬂﬂéeeéyﬁ%qmﬁ%ae'ogtplabt%@uoﬁﬂ15?.'%%ﬁ%ﬁ\v\%@ pr oposed
as the sul fragrertoaj mgeass, 046 and 1311 e Bt /D28, st amdlof2fromdnexy- 20 1, 1
-dimet hyl - ﬁwtomlzlul)aF I%%,n szl.}élggépeg frie pcr]e_éeng)esgf a coarb’c}l)l(yli/c a'éf'&' npoﬁay. The ions at m/z

131 and 146 may have resulted from the carboxy isopropyl benzyl and carboxy

10  isopropyl benzylamine moieties, respectively, with the concomitant loss of the formic
acid. Based on these data, the structure of M11 was proposed as 2-methyl-2-{4-

[(pyridine-3-sulfonylamino)-methyl]-phenyi}-propionic acid.

%
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15 Metabolite M3

Metabolite M3 had a retention time of about 12:33-14:21 (min:sec) on HPLC

and was found in bile (male) and feces. It showed a protonated molecular ion at m/z
499 (30 amu higher than the parent compound). The CID product ion spectrum

20 showed prominent fragments at m/z 453, 356, 310, 165 and 131. The ion at m/z 165
was similar to that of the parent compound, suggesting that the methylphenoxy acetic
acid moiety was unchanged. The ion at m/z 356 was 30 amu higher than that
observed in the parent compound, suggesting the addition of two atoms of oxygen
and a loss of two hydrogen atoms. The ions at m/z 310 and 131 were due to a loss

25  of 46 amu from the ions at m/z 356 and 177, respectively, suggesting the presence of
a carboxylic acid moiety. Based on these data, metabolite M3 was identified as 2-(4-
{[(3-carboxymethoxy-benzyl)-(pyridine-3-sulfonyl)-amino]-methyl}-phenyl)-2-methyl-

propionic acid.



MLO WO 03/064391 PCT/IB03/00121 -37- Metabolite ML1 Metabolite ML1 had a
retention tine of about 12:04-14:20 (mn:sec) and was found in urine and
bi | e and wbaameek3al pr ot onat ed nol ecul ar ion at mz 335. ThecCH/1rw/@ecul ar i on
at mz 335, 134 daltons |ower than the.ggarent conpound, suggested that it
was a cl eaved product. The CID fragnentation pattern of ML1 had prom nent
fragnments at mz 289, 146 and 131. The ion at mz 289, a 46 anu |l oss from
the nolecular ion, suggested the presence of a carboxylic acid noiety. The
ions at mz 131 and 146 may have resuylted fromthe carboxy isopropyl

benzyl and carboxy 10 isopropyl benzylasm né noieties, respectively, with
the concomtant | oss of the formc yd. Based on these data, the
structure of Ml1l was proposed as 2-pe -PHr4.

[ (pyri di ne-3-sul fonyl am no) - net hyl ] nyl}-propionic acid. O O N/ NHO
O M1 15 Metabolite MB Metabolite ad a retenfion tinme of about

12:33-14:21 (mn:sec) on HPLC and mas found dn e (mal e) and feces. It

showed a protonated nol eculI Ryon at mz ~499 (30 &¥u higher than the
parent conpound). The CI D Qraduct inon sk rum 20 showed prom nent
fragnments at mz 453, 356, 310, 485 = 1. The ion at mz 165 was
simlar to that of the parent c(ﬁfr?pound, suggesting that the nethyl phenoxy
acetic acid noiety was unchanged. The ion at mz 356 was 30 amu hi gher
than that observed in the parent c®Bpound, suggesting the addition of two
at ons of owe%l)l. a'ﬂg a loss of two hydrogen atons. The ions at mlz 310 and
131 vere dd¥9WMENEss 25 of 46 amu fromthe ions at mz 356 and 177,

respectively, suggesting the presence of a carboxylic acid noiety., Based
on these data, mtatindite Mé hisB awatentieretime of abpuid 320(1%:00 (min:sec) on ﬁé’LC

{L(3- 2 DRl NG5 PPk 5Pk ot Teriblo k! heshBewh prbAbted - pheny! ) - 2
molecular ion at m/z 485 (16 amu higher than the parent compound). CID product
ion spectrum of m/z 485 showed prominent fragment ions at m/z 467, 342, 324,
165, and 145. The ion at m/z 467 occurred from the loss of water from the
molecule. The ion at m/z 342 resulted from the loss of a sulfonyl pyridine moiety

10  and followed by a loss of water to form the ion at m/z 324. The jon at m/z 165,

similar to that of the parent compound, was due to a protonated methyl phenoxy
acetic acid moiety. The ion at m/z 145 indicated a loss of water from the hydroxy t-
butyl benzyl moiety. Based on these data, M4 was identified as (3-{[[4-(2-hydroxy-
1,1 -dimethyl-ethyl)-benzyl]-(pyridine-3-sulfony|)-amino]-methyl}-phenoxy)—acetic

15  acid.

OH

M4
Metabolite M5
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Met abolite MA Metabolite Mi had a retention tinme of about 13:20-15:00
(mn:sec)won3kiz3@ 5 and was found in feces, bile, plasnapamdBézwatie uri ne.
It showed a protonated nolecular ion ajg-nfz 485 (16 amu hi gher than the
parent conpound). CI D product ion spectrumof mz 485 showed prom nent
fragnment ions at nlz 467, 342, 324, 165, and 145. The ion at nlz 467
occurred fromthe | oss of water fromthe nolecule. The ion at mz 342

resul ted from t Reidiehte 9% had & wtbaudyltinRydfiaBbate 58 (edity:sdd) oamtPLiCardowed by a
| oss of water to formthe ion at z 4. Th

e , lar to
that of thavapieusdtin BlgRPE @RE Pilgwal SW%W&%FE?PJWQ?%‘@F%‘E} ?%yfi"s i E(S%Ty acetic
aci d noi et ym, iighdr Handhe Eér%n%doﬂddﬁ@ll@r@ddcoﬁﬁ spéctrat @‘rMS stmwedhe hydr oxy
t- butyl benzyl noi ety 56e % S. | d Itégedc as
(3-{[[ 4- (zpﬁy@p@mﬁagment ions at m/z 43 32 d1 elona m/z occlited
(1:e'éL| di ”?E:)h)frlonﬁthélds)sgb@ﬁ?hfdcrd(fglhﬁ trﬁl r?@?&ﬂémhémla)tmm]mﬁahmw} phenoxy) - a

C aci

were similar to those of the parent compo%dosuggestmg tr'}/%tthebrgletlhgﬂ%hév%xy

acetic acid and the t-butyl benzyl moieties were unchanged. Based on these data,

M5 was identified as (3-{[(4-tert-butyl-benzyl)-(pyridine-N-oxide-3-sulfonyl)-amino]-

methyl}-phenoxy)-acetic acid.

10

S °\)k
! / /N\/Q/ >
¥ 3
[o]

7\

]

M5
Metabolite M14

Metabolite M14 had a retention time of about 16:90 min on HPLC and was
15  found only in bile. It showed a protonated molecular ion at m/z 645, 176 daltons
higher than that of the parent compound, suggesting that it was a glucuronide
conjugate. The CID product ion spectrum of m/z 645 showed prominent fragment
ions at m/z 469, 423, 413, 326, 165, and 147. The ion at m/z 469 occurred from the
loss of a glucuronic acid moiety from the molecule. The ion at m/z 423 occurred
20 from the loss of formic acid from the molecule. The loss of the t-butyl group
resulted in the ion at m/z 413. The ion at m/z 326 resulted from the loss of a
sulfonyl pyridine moiety. The ion at m/z 165 was due to a protonated methyl
phenoxy acetic acid moiety. Based on these data, this metabolite was identified as
(3-{[4-tert-butyl-benzyl)-(pyridine-3-sulfonyl)-amino]-methyl}-phenoxy)-acetic acid
25  glucuronide.



WO 03/ 064391 PCT/I1B03/00121 -39 Metabolite Mo had a retention tinme of
about 15:23 (mn:sec) on HPLC and was found in plasma and bile. It showed
a prot onawed3neisecul ar ion at mz 485 (16 amu hi gher thamctrhBo3jmmnAant
conpound). CI D product ion spectrum of 4 showed prom nent fragnment ions
at mz 439, 326, 165, and 147. The ion at mz 439 occurred 5 fromthe | oss
of formc acid fromthe nolecule. The ions at mz 326, 165 and 147 were
simlar to those of the parent compound suggesting that the nethyl phenoxy
acetic acid and the t-butyl benxyl/ noieties were unchanged. Based on these
data, M was identified as
(3-{[(4-tert-butyl-benzyl)-(pyri/di ne- N oxi de-3-sul fonyl)-am no] -

nmet hyl } - phenoxy) - aceti ¢ aci d. o NOH ONS 0\\ M Mtabolite M4
Met abolite M4 had a retenti me of abogt 106: 90 m n on HPLC and was 15
found only in bile. It showed/a protonat edlnolgGubapenideon at m z 645, 176
dal tons higher than of (t he pargnt ~eOnpound, suggesting that it was a
gl ucuroni de conj ugarNb./ he I D -@ ct ion spectrumof mz 645 showed
prom nent fragment i0WS a7 469, 423, 413, 326, 165, and 147. The ion
at mz 469 occurred fromghe 1oss of a glucuronic acid nmoiety fromthe

nol ecule. The ion at mz 423 occurred 20 fromthe loss of formc acid from
the nol ecul e. The |oss of M¥e t-butyl group resulted in the ion at mz
413. The i Qfutaloity 1826 resulted fromthe loss of a sulfonyl pyridine
noiety. The 1on at mz 165 was due to a protonated nethyl phenoxy acetic
acid noiety. Based on these data, this netabolite was identified as

(3-{[4- gent - but YhetRsIREN 2 hAY b rstbmpn Infuifiermpl )7:50imebedyehHALC- aridenoxy) - ace

tic aci 25 gl ucuronide. WD 03/064391 PCT/ | 503/ 00iL21 - 40
was found in feces and bile. It showed a protonated molecular 1on at m/z 485 (16

amu higher than the parent compound). The CID product ion spectrum of metabolite
M12 showed prominent fragments at m/z 485, 342, 305, 181, 162 and 147. The ions
at m/z 162 and 147 were similar to those seen in the parent compound, suggesting

10  that the t-butyl benzyl moiety was unchanged. The ions at m/z 181 and 342 were 16
amu higher than those observed in the parent compound (m/z 165 and m/z 326,
respectively), indicating the addition of an oxygen atom to the methylphenoxy acetic
acid moiety. The ion at m/z 305 was due to loss of the hdroxy phenoxy acetic acid
moiety. Based on these data, M12 was identified as (5-{[(4-tert-butyl-benzyl)-

15  (pyridine-3-sulfonyl)-amino]-methyl}-hydroxy-phenoxy)-acetic acid. ltis noted that
when this chemical name is used in the application, the position of the hydroxy! group
on the phenyl ring is not specified and the name is intended to encompass each of

the possible positions of the hydroxyl group.
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o OIlll -Gucuronide i ~~1 v OHpso M4 Metabolite M2 5 Metabolite ML2
had a retention tine of 15:50-17:50 (mn:sec) on HPLC and was found in

f eces andwbioBme43bt showed a protonated nol ecul ar ion at mpPzTAB&/1H anu

hi gher than the parent conpound). The G product ion spectrum of
nmetabolite ML2 showed prom nent fragnments at nfz 485, 342, 305, 181, 162
and 147. The ions at mz 162 and 147 were simlar to those seen in the
parent conpound, suggesting 10 that the t-butyl benzyl npiety was
unchanged. The ions at nmlz 181 and 42 were 16 anu hi gher than those
observed in the parent conpound (mz 165 and mz 326, respectively),

i ndicating the addition of an oxygen atomto the nethyl phenoxy acetic acid
noi ety. The ion gfoBhiewdSthd\atdbdfsrh Qathwaﬁs &13- {[h-&dﬂlﬁlltﬂm,enmh)%(lpmnacetl c

acid noiet Based on these data, g i dent.i flﬁ as
(5-{[(4-ter s g{\)s})-arﬁlgﬂ]zlypyyllghenoxy) acetlc acid is given in Scheme 1. The major

(pyri di ge- %}(@Hh\fé)dbfﬂw)ayaﬂéMe-tm&Uhdaﬂbu6fméybpiyemmepy)tematTydrc&m ?h It is
| catl.l.on e

noted that when this chem cal (;n %:
posi ti on ofmathy mejabolieyM g‘f"@ﬁﬁf”%ﬁ ﬁg‘a%ﬁ v (Yt ﬁ’ais 8f°’§?i€%qtf)| ed and the
name is '”tf@rﬁﬁ@?béﬁll@é&@mé%%ht@%@(nﬁles 3208 plefaicsl 1e66)sartconjngated withe

hydr oxyl 2 V\D 03 064301
PCTI | 553/ QT ackoarm maRbaie M (aest 2 W RS S 6in GLF

of (3-{[ 4- t epdtatiikites! weh€ B to N-ORMAlISH dTéhe pyridine ring (M5) and hydroxylatlon and
3-sul fonyl)-am no] - net hyl chenme 1. The

h ti
maj or 40 ox|Nra%alwtﬁapm&mﬁﬁﬂ%33@3%63%%%@‘3@){?@% %'HWgFY’YHEaﬁe IEutyl noi ety to

f or m hydr oXggnjugation. In addition to the parent compound, circulating metabolites included
M4, M5 and M6.



met hyl netabolite, M4 (males 19.7% females 6.5% . M4 was further oxidized
to formcarboxylic acid netabolite MB (nmales 32.8% females 1.66% or
conj ugat esowsbu39sul furic acid to formnetabolite Mo (nal @esTABIHG01i1emal es
36.2% . Other minor nmnetabolites were d4e to N-oxidation of the pyridine
ring (Mb) and hydroxylation and 10 N-deal kyl ati on of the

nmet hyl - phenoxyacetic acid noiety foll owed by phase Il conjugation. In
addition to the parent conpound, circulating netabolites included M, M
and M. WD 03/064391 PCT/1B03(00121 -42 -3 > MB ML4 d ucuronide
Conjugation M M Parentef uronide Mg, F%ﬁigation ni Mo iNM MO M
~.0 0 a Scheme 1. Metab ways of o~

(3-{[ 4-tent-butyl -benzyl) dlne—3—‘5'tflf" yl) 5 | -

am no] - met hyl } - phenoxy) - ace#ic acid in Spr ague- Dawl ey r‘,aql‘,\ ol | (gvm ng a
single 15 ng/kg intravenous dose of M14

14C-(3-{[4-tert-butyl - benzyl)-(pyridine-3-sul fon I)-am' noj -

met hyl } - phenoxy) - acetic aci d. |dentifi &7 'Bdlr{“olf’ga N-Vitro Met gbolites of
(3-{[4-tert-butyl -benzyl)-(pyridine-3- 10 .

sul fonyl ) - am no] - et hyl } - phenoxy) -aieti c acid in Li v<=rMM@\r S *and
Hepat ocytes of Rats, Dogas4 ankeys N@atdatrans 03/ 062391#PCTFI BO3/ 00121

-43 Glucuronide

(3-{[4- terthgt;ﬁs&&bﬁﬂZyl@ﬁM+ne-3 sul fonyV)-a 'n)]-rrethyds}-ph noxy) - ace
tic acid was extensivelyémetabolized ingrat \f@ nkey, anpmkﬁ—an liver
m crosones and hepatocytes. The mgjlor met ahoT i ¢ pat Iﬁways re

oxidation of the t-butyl nroie to fforman al cohol, pon t he

pyri di ne noiety, and/or N deal %\itl on of l
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Scheme 1. Metabolic pathways of (3-{[4-tert-butyl-benzyl)-(pyridine-3-sulfonyl)-
5  amino]-methyl}-phenoxy)-acetic acid in Sprague-Dawley rats following a single 15
mg/kg intravenous dose of 4C-(3-{[4-tert-butyl-benzyl)-(pyridine-3-sulfonyl)-amino]-

methyl}-phenoxy)-acetic acid.

Identification of In-Vitro Metabolites of (3-{[4-tert-butyl-benzyl)-(pyridine-3-
10  sulfonyl)-amino]-methyl}-phenoxy)-acetic acid in Liver Microsomes and

Hepatocytes of Rats, Dogs, Monkeys and Humans



5 the net hyl phenoxy acetic acid noiety. The al cohol netabolite M4 was
further oxidized to corresponding carboxylic acid M3. In hepatocytes, M
was conj ugatoedes3ni t h sul furic acid. In dog hepatocytes, omeTaBoyive21
nmetabolite M2 was due to aromatic ox#dation of the methyl phenoxy acetic
acid noiety. 10 OBJECTI VES To determ ne the netabolic pathways of
(3-{[4-tert-butyl-benzyl)-(pyridine-3-

sul f onyl ) - am no] - net hyl } - phenoxy) -acetic acid in |iver mcrosonmes and

hepat ocyt e@-{[4-ferBubyBBIzZYI)F(Pyridind@ysaifodyljramine)-mely e roxyxbseticReitl wasbel ed
Conmpound 14C

- (3-{[4- t ePetived Mmstabolired. At 4PHre™NEN: fac?ﬁymm%nmmr/]er m'Cr?ﬁ?n?e}s f)?]enoxy) ac
et ld C aci dndpamyieki CTiRe riajor tryetdbdio mwmmweresm\momdat@dmi theitibutyl of >99 %
M cr osomal MPRBLBHPTBAS AN PR 3 Hopyiing mletyyehblor Nserbylibh of®
mi crogmsth@eﬁ@tmrpapm@dacény atiid frevietyt iTak aleoﬂthﬁetgmllte)ri\/l‘i:lsnlaﬁﬁg futhgndar d
procedur es to use ive
Feconst | ¢ dPHHeeEI PR BoNne, B HRa A 9o FRebRy 4, R8s bifugiicy
I[Dgl_ﬂ B(() g/ g {(\)/?hz tlselftﬁr4rd)u¢|dfl -In:adwlh)apétpwtesjim G- thel fmta)abﬁtedm&dqasvmle)w 064391

- met - nox was di ssol ved 100 mM
pot assi um FRIFIRIK att?ﬁ#%ﬁ"‘%%%"ﬁ%& ge%ﬁa%dar% gtyconcent ration of 20 M
Sanpl es were pre-incubated for 3 min wth mcrosomes (CYP 450; 0.5 M at
37C i n1(€ sgﬁhggﬁ;gﬁ er bath. Incubations were initiated with the addition
of 100" pl . 1.1 MM NADPH, 10 MM Mgd 2) 5 per 1m of incubation
m xt ure. | ncubafb aetrvaechs tnasatsdic phtrevays O®f (8- itert-butyl-bamey))-GydidineSn of an
equal vol um1fo(r)1fyl) (a:r?wm%] %%%yﬂ p'hterru')xly?acetlc acid in liver microsomes and hepatocytes

from human, rat, dog and monkey.

15 Materials

Radiolabeled Compound

14C -(3-{[4-tert-butyl-benzyl)-(pyridine-3-sulfonyl)-amino}-methyl}-phenoxy)-acetic
acid (specific activity 4.36 mCi/mmol) showed a radio purity of >99 % and was

synthesized as described above.

20 0

Microsomal Incubations

Human (HL-mix 12), rat, monkey and dog liver microsomes were prepared
by differential centrifugation using standard procedures. Prior to use, liver
microsomes were thawed on ice and reconstituted using 100 mM potassium

25 phosphate pH 7.4. [*C]-(3-{[4-tert-butyl-benzyl)-(pyridine-3-sulfonyl)-amino]-



Hepat ocyt es | ncubati ons Human hepatocytes were generated froma mx of 3
livers. Rat and nonkey hepatocytes were generated using Sprague Daw ey
rats (12 wowanedssl Cynonol gus 10 nonkey (1 liver) and BeaglreTdBagooi
livers). Cryopreserved hepatocytes weregsuspended in Wlliams E nedia
with 10% FBS to a viable count of 2 mllion cells per m and gassed with
95/5 2/CX2 initially and every hour of incubations. After the addition of
20 pM (3-{[4-tert-butyl-benzyl)-(pyridine-3-sul fonyl)-am no]-nmnethyl}-
phenoxy) - aQﬁéthQI}-ﬁﬁ%rébggga@eﬁg5_0?81w%rdi@é&ﬂ%ﬂelroofﬁpl@%tasgitu513;57\48595&\@%Pﬁf.@cyt es

suspension 15 was and incubated for 4 hours at : I n a shaking water
bat h. Sanpate fimabsypsirate@oasrntiation 0b20eMe Sompias were ahvincubatgd f4t3 Mincat i on

was perfor I} enar o~ [WNALN ar HPLC peaks
e ngt he. RPEAEr R COP 4sPrody M 3 S ptidted RS BLiAS 7 PR
r epr esent atweya imptidted with ¢he add@iehchd 00w ¢ofastort (el P NADIPEGE0 oM tMgCl,)

r adi ol akel dal. . R . j | lptillation
ol E3tr 2t T BEpehaiah Bt Voot BRu LA Riontpl e o kb RRET 7
st opped by adddioadfiat equaloblume dgokll acetdnitrite. of cold 25 acetonitrile,

soni cated and centrifuged at 3000 rpmfor 10 m nutes. The supernatants

wer e renov dﬁ?&yg%qﬁ‘gfb?“&% to dryness under nitrogen. Residues were
In :

reconstitute acetonitrile: water) and aliquots (50-90 pl) were
injected onto the HPLC system for anal ysis. WO 03/064391 PCT/1B03/00121

-45 High Perfor e, hé b tdsiRBRERGA®RMb BnikBESIRYS! REl &RNPbJLRd of a
HP- 1100 sol vent delivery system a HP- 1100 nenbrane degasser, a HP-1100

aut oi nj ect diepgiqgsifies wereaenesatay using SeragueyResvley et dadiverse Gramotaus( ( 3- RAM) .
3 . (Sat apakeyF PRE1 AR BRf@logs Npdle bhomresEhel R o A osed of 10
mVl ammoni urfugegndgddn V\illipra'ss= pieglia Withr 18% FE@it a(viable/equnt pf) 2 millien eadlet onitril e
(sol vent B)per Higing ghyitwitheds/y 81 GlidRalg e eS8y HRUPES REIMSNE Atef fe! OVS:
addition of 20 pM (3-{[4-tert-butyl-benzyl)-(pyridine-3-sulfonyl)-amino]-methyl}-
phenoxy)-acetic acid to a 25 ml Erlenmeyer flask, 2.5 ml of hepatocytes suspension

15  was added and incubated for 4 hours at 37°C in a shaking water bath.
Sample Analysis

Quantitative Assessment

Metabolite quantification was performed by measuring the areas of
individually separated HPLC peaks using the B-RAM (IN/US, Win-flow). The B-
20 RAM provided integrated peak representation printouts in CPM as well as the
percentage of the radiolabeled material. The B-RAM was operated using a solid
scintillation cell.

Extraction of Metabolites from In-Vitro Matrices

Incubations were stopped by the addition of an equal volume of cold
25  acetonitrile, sonicated and centrifuged at 3000 rpm for 10 minutes. The
supernatants were removed and evaporated to dryness under nitrogen. Residues
were reconstituted in 50:50 (acetonitrile: water) and aliquots (50-90 ul) were
injected onto the HPLC system for analysis.



Time (mn) %Solvent A % Solvent B 0-3 90 10 3-25 35 65 25-26 10 90
26-29 10 90 29-31 90 10 31-35 90 10 The systemwas allowed to equilibrate
for 10 mwotoese43pi or to the next injection. A 10 flow rareTaBo3lno2im / m n
was mnai nt ai ned t hroughout the anal ysi s-45Mass Spectronetry ldentification of
the netabolites was perforned using a Finnigan TSQ 7000 triple quadrupol e
mass spectroneter equi pped with an API-2 el ectrospray interface. The HPLC
colum effluent was split so that approximtely 50 pl/m n was 15 introduced
into the hiPdrRFrhase Lidlie Cheomatographyef f | uent was directed to the flow
cell of RRRAM The R-RAM response was recorded as a real tinme anal og signal
by the Ms data collection system The collected data fromthe

radi oactivity afite NBLCAgsteot amsisteeraf addfpdf @@ ealvéry delivergdaystemobBre of f1ow

fromthe o th |v tept L | time
of about O E}On[f‘ﬁ fanfﬁffgg% el et'{;mggra §§°R’@%?t§'§‘§%%%‘g‘?%éﬁgéb@? Q"qmeﬁv as the
mass spectrraﬂfmttbre rohitoe ¢B-BAM)atChromatogtaphp ves pedermeastomaddC AI(Cr si on

i nduced. di atl D i e r

PCT/ | BO%/ 0 L% g ‘a‘?ﬂ"jg%@m %ﬁguy"%rg@g'?‘%?ﬁ{n&gné%se 30-35 eV
and a col Iinmanmccgamoseumf dand\ﬂarrmﬁormppaoatateapldl@s ith forinéer acid REBBJlﬂE) AND

DI SCUSSI ON._ Tur nover in 0 TUk:

(3-{[ 4- ter?ndoﬁ?eg}?mtﬁ'[%en"lfgllv%tg%yrﬁ?‘g‘ggl\/é toléh %g%yﬁgéradlent ro ra{rm//?s}a_ls

phenoxy) - afodws: acid in liver m'crosorres was greatest in rat (94.3%,

foll owed by human (92.8%, nonkey (74.9% and dog (41.6% . Representative
HPLC radi ochr omat ogrisegmaf) ni cr GsBotegntifcubdbiSoiventBe shown in Figure 1.

Met abolites were quantitated by in-line radioactive counting and rel ative
percentages are 10 presented in Table 1.

0-3 90 10
3-25 35 65
25-26 10 90
26-29 10 90
20-31 90 10
31-35 90 10

The system was allowed to equilibrate for 10 minutes prior to the next injection. A
10 flow rate of 1.0 ml/min was maintained throughout the analysis.

Mass Spectrometry

Identification of the metabolites was performed using a Finnigan TSQ 7000

triple quadrupole mass spectrometer equipped with an API-2 electrospray interface.
The HPLC column effluent was split so that approximately 50 pl/min was

15  introduced into the API interface. The remaining effluent was directed to the flow
cell of B-RAM. The B-RAM response was recorded as a real time analog signal by
the MS data collection system. The collected data from the radioactivity and MS
detectors were separated by the dwell volume of flow from the MS to the
radioactivity detector (corresponding to a dwell time of about 0.2 min.). The

20 electrospray voltage operated at -4.5 eV as the mass spectrometer collected data in
the positive ion mode. Collision induced dissociation (CID) studies were performed



Turnover in Hepatocytes (3-{[4-Tent-butyl-benzyl)-(pyridine-3-su

| f onyl ) -am no] - net hyl } - phenoxy) -acetic acid was incubated with rat, dog,
nonkey armtolameasol i ver hepatocytes. Relative turnover rateTfiBos/tona four
speci es was rat=nonkey>hunan>dog. The gl ative 15 percentages of

nmet abolites in hepatocyte incubations are given in Table 2. Representative
HPLC r adi ochr omat ograns for hepatocyte incubations are shown in Figure 2.
Fragnent ati on of

(3 {14 1er hikHloeh é*%g’?r’rlﬂz) s R ioR @ndrgt borasl v & Aedsion dod } -

phenoxy) - aleti

(3-{[ 4- Ter thidkoesd ofm@zqmmat@tymmméns sul f onyl ) - am no] - net hyl } - phenoxy) -
acetic acid had a retention time of 17-17:28 (min:sec) on HPLC and showed a
pr ot onat edRESIULTGIAND DIBCHBSKPN 469. The CI D product ion spectrum of nfz
469 showed prom nent fragment ions at nmfz 423, 413, 326, 165, and 147

(Fi gure 3) Turrpher in MHCr@BOmes 423 occurred fromthe | oss of formc acid from

the nolecule. The 25 lo f th - I [
413, "The L on at Temeversg (48 er et senai B TS B G SRS by T af e -

gg: St ?ITDI gthﬁhérﬁ?ﬂéf‘é%e%éc@%h%ﬁuéﬂb%rﬁéév@a éﬂéﬁﬁ@t&@mwdllowbeby)xyacet iC

pr oposed fha@ﬁ@&ﬂ%&%b:ﬁ%ﬁ; QT{%’@)QWQ&OQ% )bgﬁgrﬁfsﬁnlf?%/ﬁ 4%1%%)()' fumion. A

3-sul fonyl n@é}sm)masﬁbhgam:sr@wmns Qe . bidbabolitsD
03/ 064391 %’(??}del 50500 21 -47 147 x | 413 O X SAO 0 423 165

326 | dent Wereayangtatest byvetlins Adigactivegauaneg ?’Ede"ef\?éie R)E’F%’%??Staéewm had a
prot ongged pnkAeHRTabien. at Mz 321 and had a

Turnover in Hepatocytes

(3-{[4-Tert—butyl-benzyl)-(pyridine—3-su|fony|)-amino]-methyl}-phenoxy)-acetic
acid was incubated with rat, dog, monkey and human liver hepatocytes. Relative
turnover rate for the four species was rat=monkey>human>dog. The relative

15  percentages of metabolites in hepatocyte incubations are given in Table 2.
Representative HPLC radiochromatograms for hepatocyte incubations are shown in

Figure 2.

Fragmentation of (3-{[4-tert-butyl-benzyl)-(pyridine-3-sulfonyl)-amino]-methy|}-
phenoxy)-acetic acid by LC/MS/MS

20 (3-{[4-Tert-butyl-benzyl)-(pyridine-3-sulfonyl)-amino]-methyl}-phenoxy)—
acetic acid had a retention time of 17-17:28 (min:sec) on HPLC and showed a
protonated molecular ion at m/z 469. The CID product ion spectrum of m/z 469
showed prominent fragment ions at m/z 423, 413, 326, 165, and 147 (Figure 3).
The ion at m/z 423 occurred from the loss of formic acid from the molecule. The

25 loss of the t-butyl group resulted in the ion at m/z 413. The ion at m/z 326 resulted
from the loss of a sulfony! pyridine moiety. The ion at m/z 165 was due to a
protonated methyl phenoxyacetic acid moiety, and the ion at m/z 147 was due to t-
butyl tropolium ion. A proposed fragmentation of (3-{[4-tert-butyl-benzyl)-(pyridine-
3-sulfonyl)-amino]-methyl}-phenoxy)-acetic acid is shown below:



5 retention tinme of 10:58 (mn:sec) on HPLC. It was found in rat, dog and
nonkey hepatocytes. The nolecular ion at nfz 321 suggested that the parent
conpound waas/oM3debenzyl at ed and hydroxyl ated. The CI D pr @dwmaBod/mmispect r um
of M1 showed promnent ions at mz 174;- 160, 145, 133 and 78 (Figure 4).
The ion at mz 178 resulted fromcl eavage of the sul fonam de bond. A | oss
of water fromthe ion at 10 mz 178 resulted in the ion at mz 160. The ion
at mz 145, two amu |l ower than that of the parent compound at mz 147,
suggesting that the nol ecul e was hydroxylated on the t-butyl noiety. The
ion at mz 78 was due to charge stabilizapdon on the pyridine ring. Based
on these data, the structure of M21 was identified as pyridine- 3-sulfonic
acid 4-(2-hydroxy-1, 1 -dinethyl-ethyl aq%ylanide. OH ,NH// 0 15 M1
WO 03/ 064391 PCT/1B03/00121 -48- et abpldte ML1 N%tabolite ML1 had a

retention tinme of 9:48-10:48 (mn;ss Or}llowed a protonated

nol ecular ton at mz 335. It Wa@‘:n i an nkey |liver m crosones.
The nol ecular ion at mz 335, 1844 C ofer thah the parent 5 conpound,
suggested that it was a cl eaved proguegt.| The CI D product ion spectrum of
M1 showed fragments at miz 289, 146 andld3k (Figdfe 5). The ion at mz
289, a 46 amu loss fromthe nol ecul ar \j on, suggested the presence of a
carboxylic acid noiety. The ions at nm z=*33#1 and 146 may have resulted from
the nodified t-butyl benzyl and t-butyl benzyl am ne noieties with the
concomi t antyd assaih o Metdwiitdsc acid. 10 Based on its fragnentation pattern
and nol ecular 1on, it I's suggested that ML1 was forned from

N- debenzyl ati on of the phenoxyacetic acid noiety, followed by oxidation of
t he t-but ylMetabditgM24 form the carboxylic acid. Thus, it was identified as
2-met hyl - 2-{4-[ (pyri di ne- 3-sul f onyl am no) - net hyl ] - phenyl } - pr opi oni ¢ aci d.
H | ~

Metabolite M21 had a protonated molecular ion at m/z 321 and had a
5 retention time of 10:58 (min:sec) on HPLC. It was found in rat, dog and monkey

hepatocytes. The molecular ion at m/z 321 suggested that the parent compound
was N-debenzylated and hydroxylated. The CID product ion spectrum of M21
showed prominent ions at m/z 178, 160, 145, 133 and 78 (Figure 4). The ion at m/z
178 resulted from cleavage of the sulfonamide bond. A loss of water from the ion at

10  m/z 178 resulted in the ion at m/z 160. The ion at m/z 145, two amu lower than that
of the parent compound at m/z 147, suggesting that the molecule was hydroxylated
on the t-butyl moiety. The ion at m/z 78 was due to charge stabilization on the
pyridine ring. Based on these data, the structure of M21 was identified as pyridine-

3-sulfonic acid 4-(2-hydroxy-1,1-dimethyl-ethyl)-benzylamide.

OH

Y/

NH
\
//\O

15 °
M21



NH ps 0 15 M1 Metabolite M2 Metabolite M2 had a retention tinme of 12:24
(mn:sec) on HPLC and showed a protonated nolecular ion at miz 501 (32 anu
hi gher t o oshetspar ent conpound). M2 was found in rat anecaagodn®pzt ocytes.
It showed prom nent 20 fragment ions at,giz 483, 342, 324, 165, and 145
(Figure 6). The ion at mlz 483 occurred fromthe |oss of water fromthe
nol ecul e. The ion at nmz 342 resulted from the |oss of a sulfonyl pyridine
noiety, followed by a | oss of water to formthe ion at mz 324. The ion at
nmz 165, sifilgs tégmqhat of the parent conpound, was due to the nethyl
phenoxyaceti c aC| noi ety. The ion at nmlz 145 indicated a | oss of water
from25 the nodified t-butyl benzyl npiety. Based on these data, M2 was

i denti fied Qstabdlitd WM NEY a retention time of 9:48-10:48 ﬁmln :sec) on HPLC and showed
(3-{[4-tert-Dbutyl-benzyl)-(pyridine-3-s ) - am no] - et hyl } - phenoxy) -

ul fo
acetic aci & Protonatedipelegulahian ahmén33i EW%Sh@Hf‘@éﬂ rahand mMoske) V8T i n t he
applicati Or!"nlch%@m\Q@ B P83 9Ar BREt hBP3A32 JaltorsdoResthhh He rerithe hydr oxyl

group on the pyridyl ring is not specified and_the nanme is. intended to
enconpass ec&@woand,twggﬁgé that & wes < Q'?%’ﬁg pB?dUFhér hgydP Pkgduchicpgpects oH O

O vA~~ OH M\ HoVeH fra@ﬁ%n@s A%n/z¥8b el drider mFMBF@QOﬂ'hé R n12da®

retention tine of 11: 54 (mn:sec) on HPLC and =~ showed a protonated
nol ecul ar i®fP anuiess fmtmolgﬁwaWP@wegeﬂ%tm%eW@ﬁf a caRIGREE. 1t was

found in r %ouetgmwk@abn@%@nhﬂmaﬁd Y4 mBy RERSREBRERSh I hearéPcyips of all
species. The CI'D product ion spectrum of M showed prom nent
benzyl and t-butylbenzylamine moieties with the concomitant loss of the formic acid.
10 Based on its fragmentation pattern and molecular ion, it is suggested that M11 was
formed from N-debenzylation of the phenoxyacetic acid moiety, followed by
oxidation of the t-butyl moiety to form the carboxylic acid. Thus, it was identified as

2-methyl-2-{4-[(pyridine-3-sulfonylamino)-methyl]-phenyi}-propionic acid.

OH

N
<§/\O

15 M11

Metabolite M2

Metabolite M2 had a retention time of 12:24 (min:sec) on HPLC and
showed a protonated molecular ion at m/z 501 (32 amu higher than the parent
compound). M2 was found in rat and dog hepatocytes. It showed prominent

20 fragmentions at m/z 483, 342, 324, 165, and 145 (Figure 6). The ion at m/z 483
occurred from the loss of water from the molecule. The ion at m/z 342 resulted from
the loss of a sulfonyl pyridine moiety, followed by a loss of water to form the ion at
m/z 324. The ion at m/z 165, similar to that of the parent compound, was due to the
methyl phenoxyacetic acid moiety. The ion at m/z 145 indicated a loss of water from

25 the modified t-butylbenzyl moiety. Based on these data, M2 was identified as
dihydroxy (3-{[4-tert-butyl-benzyl)-(pyridine-3-sulfonyl)-amino]-methyl}-phenoxy)-
acetic acid. It is noted that when this chemical name is used in the application, the



fragnents at mz 453, 356, 310, 177, 165 and 131 (Figure 7). The ion at nlz
165 was simlar to that of the parent conpound, suggesting that the

met hyl phewoxg/oeaeet i ¢ aci d noi ety was unchanged. The ion @cTmBe3/@%8 was 30
amu hi gher than that observed in the patent conpound, suggesting the
addition of two atons of 15 oxygen and a |oss of two hydrogen atonms. The
ions at mz 310 and 131 were due to a loss of 46 anu fromthe ions at nliz
356 and 177, respectively, suggesting the presence of a carboxylic acid

noi ety. Ba ﬁ@ﬁ% iV spedifedtantitiegnase sar boxy
(3{[4ter€$8%tc?ﬂ?ftt zy F(‘?pyrldl ne- gul I H me

t
phenoxy) - airderided 4z erponpasepadh of the PDS@Q'G stt'ioxﬁ)z’f t%‘%&%%’é%omsgl
PCT/ 1 B0O3/ 00121 -50- Metabolite M4 Metabolite M4 had a retention tinme of
13: 29 (m n:sec) on HPLC and showed a protonated nol ecular ion at nmz 485
(16 anu higher than the parent conmpound). It was found in rat, nonkey, dog
and human |iver mcrosones and human 5 hepatocytes. Its CI D product ion
spectrum showed prom nent fragnent ions at e 467, 342, 335, 324, 165,
and 145 (Figure 8). The ion at mz 467 curred fromthe |oss of water
fromthe nol ecule. The ion at nbhz 342 ulted ffomthe loss of a sulfonyl
pyridine noiety, followed by a SINo) te'fermthe ion at mz 324.
The ion at nfz 165, simlar tow t parent conpound, was due to a
protonated 10 net hyl phenoxy acet|C/3g| noiety. The ion at mz 145
i ndicated a | oss of water fromtheé nodified t- butyl benzyl noiety. Based
on thesg data, M4 was identified asMaydroxy
(3-{(4-tent-butyl -benzyl)-(pyridine-3-sul fonyl)-am no]-nethyl)-phenoxy) -
acetic aci ggetabolite M3

Metabolite M3 had a retention time of 11:55-13:54 (min:sec) on HPLC and
showed a protonated molecular ion at m/z 499 (30 amu higher than the parent
compound). It was found in rat, monkey and human liver microsomes and

10  hepatocytes of all species. The CID product ion spectrum of M3 showed prominent
fragments at m/z 453, 356, 310, 177, 165 and 131 (Figure 7). The ion at m/z 165
was similar to that of the parent compound, suggesting that the methylphenoxy
acetic acid moiety was unchanged. The ion at m/z 356 was 30 amu higher than
that observed in the parent compound, suggesting the addition of two atoms of

15  oxygen and a loss of two hydrogen atoms. The ions at m/z 310 and 131 were due
to a loss of 46 amu from the ions at m/z 356 and 177, respectively, suggesting the
presence of a carboxylic acid moiety. Based on these data, metabolite M3 was
identified as carboxy (3-{[4-tert-butyl-benzyl)-(pyridine-3-sulfonyl)-amino]-methyl}-

phenoxy)-acetic acid.

20 $



HO O I~ \V\ vOod // 015 M Metabolite M9 Metabolite M9 had a
retention tine of 14:40 on HPLC and showed a protonated nol ecul ar ion at
nmz 321 (Wod3aem391 ower than the parent conpound). It wasPCaouRes/domial |

speci es of mcrosonmes anal yzed. The Cl Bygoroduct ion spectrum of 20 ML9
showed prominent fragment ions at nmfz 321, 265, 162 and 147 (Figure 9). The
lons at mz at nfz 162 and 147 were observed in the C D product ion
spectrum of the parent conpound, suggesting that the phenyl t-butyl group
was unchanw%qia \@& tpe nol ecul e had undergone N-deal kylation. The ion at
mz 265 resulted fromthe loss of the t-butyl noiety, suggesting that an
oxi dati on had occurred on the pyridine noiety. 25 Based on this data, M9

\Qﬁtsy: dg gtn Iz; : g(rjn g@téthnw@hx? Eéfé!;[eﬁfim\;\rﬁe am:f]:w‘(mmaebpbmHPemand showed
| - ber e. is note t n this chem,cal ' dinth
appl i cati 08, PretRBatgdSIAeqHRAr N ?tﬂﬁlz%?éﬁbéwué‘fgg‘ﬁbagﬁ ”ﬂ%%ar%@‘r‘?%&*ﬂ%“ﬁ.a)ﬁg : 2 note
Z ﬁgg'ﬁ{);gg gtgﬁbhsvi&n%(n%t‘}ﬁ%.ka@'ﬁ’ob Ba/hAMEA liver-rhitrdsbmenand humannt ended t o

c

011 T \® MbePasoHet ABAPREOTHS: IBRBEI T sntec AL e e ool et 11 5
ﬁnm E;fe%aﬁez Fﬁgiz,Cg;sleé.tzahw&dnd a4pPiyered) e Thetwnest wh/ak67 oocuatedfiam $685, 96 anu
oxygen and leesg i gog: GagoR dberataa 2y s ER SRR 1 Klran
Pfga;gc%/t e%y%ﬁ%;;%d%d&h@mwtoubwed P aasgsunwater VB fob thémmed npe 824 .nEne
gment s 6ilon at r%/z 16%,’ si#ﬁgf to%#azt’of ﬁwzelldareln %o%%gur%dl,l?/vag@u%% § p%&))nated
10  methylphenoxy acetic acid moiety. The ion at m/z 145 indicated a loss of water
from the modified t-butyl benzyl moiety. Based on these data, M4 was identified as
hydroxy (3-{[4-tert-butyl-benzyl)-(pyridine-3-suIfonyl)-amino]-methyl}-phenoxy)—

acetic acid.

OH

15 M4

Metabolite M19

Metabolite M19 had a retention time of 14:40 on HPLC and showed a
protonated molecular ion at m/z 321 (148 amu lower than the parent compound). It
was found in all species of microsomes analyzed. The CID product ion spectrum of

20  M19 showed prominent fragment ions at m/z 321, 265, 162 and 147 (Figure 9). The
ions at m/z at m/z 162 and 147 were observed in the CID product ion spectrum of the
parent compound, suggesting that the pheny! t-butyl group was unchanged and the
molecule had undergone N-dealkylation. The ion at m/z 265 resulted from the loss of
the t-butyl moiety, suggesting that an oxidation had occurred on the pyridine moiety.

25  Based on this data, M19 was identified as 5-hydroxy-pyridine-3-sulfonic acid 4-tert-
butyl-benzylamide. It is noted that when this chemical name is used in the
application, the position of the hydroxyl group on the pyridyl ring is not specified and



The ions at mz 485 and 467 were due to | osses of sulfate and water from
the protonated nolecular ion. The ion at mz 165 was simlar to that of
t he paremwo sosgseund i ndicating that the nethyl -phenoxy @ceatiBe3/@ae2id noi ety
was not changed. The ion at nmz 342 (1&1amu hi gher than that observed in
t he parent conpound) 15 indicated that the addition of an oxygen atom had
occurred on the t-butyl benzyl noiety. The ions at miz 324 and 145 were 2
anmu | ower than those corresponding in the spectrum of the parent conpound,
agai n suggést eneis irteltdedito encdmpmey gach ofdhe hessitile pegitions loEtheylydigsylet y, and
upon fragnsnt tion a nolecule of water was |ost. Based on these data, M
was identiP[€d as the sulfate conjugate of hydroxy-(3-{[4-tert 20
but yl - benzyl ) - (pyri di ne- 3-sul fonyl ) -am no] - met hyl } - phenoxy) -acetic acid. OH
Ol 11 0 '\ v OH Na N O 110 M5 WO 03/064391 PCT/1B03/00121 -52-
Met abolite Mb Metabolite Mb had a retention ti of about15:29 mn on HPLC
and showed a protonated nol ecul ar ion at z 485 (16 anu hi gher than the
parent conpound). 5 Mb was presemt in ra og, nonkey and human |iver
m crosones. The CID product ion s runfof mz 485 showed prom nent
fragment ions at mz 439, 326, 16y, and \,147 (Figure 11). The ions at mz
326, 147 and 165 were all simlar t0 /'{ﬁ)se seen in the CID spectrum of the
parent conpound and suggested that the Phenyl t-butyl and the phenoxy
acetic acid noieties was unnodified. The ion at mz 439 was 16 10 anu
hi gher than that observed in the parent &t®pound. This data suggested that
the pyridine noiety was hydroxyl ated. Additionally, treatnment of this
met abol 5t e Mdtatolitet M6ani um trichl oride resulted in di sappearance of the peak
at 15.3 min, and resulted in an increase of the relative area of
(3-{[4-tert-butyl -benzyl)-(pyridine-3-sul fonyl)-

Metabolite M6 had a retention time of 11:52 (min:sec) on HPLC and showed

a protonated molecular ion at m/z 565, 96 amu higher than the parent compound,
suggesting the addition of an atom of oxygen and a sulfate group. M6 was found in
rat, monkey and human hepatocytes. The CID product ion spectrum of M6

10  showed prominent fragments at m/z 485, 467, 342, 324, 165 and 145 (Figure 10).
The ions at m/z 485 and 467 were due to losses of sulfate and water from the
protonated molecular ion. The ion at m/z 165 was similar to that of the parent
compound indicating that the methyl -phenoxy acetic acid moiety was not changed.
The ion at m/z 342 (16 amu higher than that observed in the parent compound)

15 indicated that the addition of an oxygen atom had occurred on the t-butyl benzyl
moiety. The ions at m/z 324 and 145 were 2 amu lower than those corresponding in
the spectrum of the parent compound, again suggested an addition of oxygen to the
t-butyl benzyl moiety, and upon fragmentation a molecule of water was lost. Based
on these data, M6 was identified as the sulfate conjugate of hydroxy-(3-{[4-tert-

20  butyl-benzyl)-(pyridine-3-sulfonyl)-amino]-methyl}-phenoxy)-acetic acid.

OH
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am no] - met hyl } - phenoxy) -acetic acid in the chromatogram suggestin

was 15 the N-oxide of the parent conpound. Based ongt h(ranse dg?a Vb \g/]vatshat "o
i denti f i ewtOas/044391 PCT/IB03/00121
{[4-tert-butyl-benzyl)-(pyridine-3-sul fsnyl)-am no] - met hyl } - phenoxy) - acetic
acid N oxide. 011 G-, / NOH NO\\ M 20 Metabolite M2 Metabolite
ML2 had a retention tine of about16:01 (m n:sec) on HPLC and was found
only in dog liver mcrosones. It showed a protonated nolecular ion at nfz
485 (16 amu higher than the parent conmpound). The C D product ion spectrum
of netabolite M2 showed prom nent fragments at m'z 485, 342, 305, 181, 162
and 25 147MekabglitedM3 2) . The ions at m'z 162 and 147 were simlar to those
seen in the parent conmpound, suggesting that the t-butyl benzyl noiety was

unchanged. The j<iimShad dédtedtish #2 onascat sfamin i BREC shahowérse

observed in the parent conpound (m z respect I

i ndi cat i ngatpietonateil Magculr lcé‘natcﬁﬂ@déﬁ(lﬁ WW“@Q&‘GB&@E W\ﬁ%}%lﬂ -53
]to the get m‘slwﬁg]ﬁﬁgé% iRFRLddg, AhkeyEEhimanT ker rfidrosdmed. Th8@ID petludtie t o
oss of "the acetic aci d noi et Based.on th Sﬁ éjaéz% %L S
identified lmpleytnw@)oy nm/z485 showed prominent fragment ions at m/z 43 165, and2

<{31[C|4 dt e” Ib%y ;SF'Q.@'%%% gé))brn's At Rz 2654kt any hbs aetenal smﬂiﬂér’rwltr}osptseaoxy) acetic

hat when this chemn cal nlm? ﬂlnte
appl i cati othe C%smyumth%warsmtq@@nwaﬁ 8RY puggesisy E"ﬁt P‘FlBh g Y i ng i's not
speci fi ed %59 &@Wab icl elensietes Was @rmﬁ@dmaﬁsrr@asnaoﬁu/ztm wass bl e
positions Of the rox group. 0 OII mg\l_{_ % |}/|1(?
10  amu higher than that observed in the parent compou his data sugges that
the pyridine moiety was hydroxylated. Additionally, treatment of this metabolite with
titanium trichloride resulted in disappearance of the peak at 15.3 min, and resulted
in an increase of the relative area of (3-{[4-tert-butyl-benzy!)-(pyridine-3-sulfonyl)-
amino]-methyl}-phenoxy)-acetic acid in the chromatogram, suggesting that M5 was
15  the N-oxide of the parent compound. Based on these data M5 was identified as (3-
{[4-tert-butyl-benzyl)-(pyridine-3-suIfonyl)-amino]-methyl}-phenoxy)-acetic acid N-

oxide.

20  Metabolite M12

Metabolite M12 had a retention time of about16:01 (min:sec) on HPLC
and was found only in dog liver microsomes. It showed a protonated molecular ion at
m/z 485 (16 amu higher than the parent compound). The CID product ion spectrum
of metabolite M12 showed prominent fragments at m/z 485, 342, 305, 181, 162 and
25 147 (Figure 12). The ions at m/z 162 and 147 were similar to those seen in the
parent compound, suggesting that the t-butyl benzyl moiety was unchanged. The
ions at m/z 181 and 342 were 16 amu higher than those observed in the parent
compound (m/z 165 and 326, respectively), indicating the addition of an oxygen atom



10 Metabolite M2O Metabolite M20 had a retention tine of about 19:45 mn on
HPLC and showed a protonated nolecular ion at mz 305 (164 anmu | ower than
t he paremwomspoand). The CI D product ion spectrum of ME@CThBR@IZr o nent
fragnent ions at mlz 162 and 147 (Figw® 13). These ions were observed in
the CI D product ion spectrumof 15 the parent conpound, and therefore,
suggested that the (3-{[4-tert-butyl-benzyl)-

(pyri di ne-3-sul fonyl)-am no] - net hyl } - phenoxy) -acetic acid had undergone N-
deal kyl at i @iunp @sdihyjiipREndxy acbie 5&.&%@@ Mpleadiobt rh 3@5 waktud@&losBafstee on t hese

data MO was identified as pyridine- | fo
4-tert - but phem@ggtgﬁ%moqu#asgd 0 thegg'é M15 was |<§ient|f ed as hydroxy (3-

(3-{[4- Tert{mé%ﬁhryb@é&ylp Xpy('lﬁbﬁélﬁéd[f@n)g)éiﬂhb]orlﬁytlh)/l}-ﬂﬁemwamlbyb@ fiieenoxy) - ace
tic acid was exténsive net abol i z

inr nke nliver
i cr osones GWG‘SYGGGHQQM"GP@TF cheraicaae is uﬁ‘?f} 'Qﬁ'&e %@%g‘%@@y ?05'1?‘?{%&?@05 ed
met abol 5C Rpad hyros§| GHolp SHMHeﬁ I$ﬁ1@$§ﬁﬁot3pe&'m amiethe hame isibehded fpat hway's
were due to oXidatfion of the t % to forman al cohol, oxidation
of the pyr|eﬂPCH’@PQ’f"§|e€F'?/°ft&ﬁ@Pﬁ?‘b'Npaé%ﬂrﬁﬁfgﬁ YA 4R et hyl phenoxy  acet i c
acid noiety. The al cohol netabolite Md was further oxidized to
corresponding 5 carboxylic acid M3. In hepatocytes, M4 was conjugated with
sulfuric acid. In dog hepatocytes, one of the netabolite M2 was due to
aromatic oxidation of the nethyl phenoxy,s acetic acid noiety. Table 1.
Percent age of Metabolites of (3-{[4-ter utyl - benzyl) 10
(pyri di ne- 3-sul fonyl ) -am no] - net hyl } - noxy)-acetic acid in Rat, Dog,
Monkey and Human Liver M crosones M boI ite <Percent of Radi oacti vi ty
Nurmber RT Mz Rat Dog Monkey Hu I 20.7 - 7.97 - M3 11:55 499
56.2 - 8.80 50.0 M4 13:29 485 @8 7 3 26.5 ML9 14:40 321 3.26 3.61
4.37 7.06 &%

10 Metabolite M20

Metabolite M20 had a retention time of about 19:45 min on HPLC and showed a
protonated molecular ion at m/z 305 (164 amu lower than the parent compound).
The CID product ion spectrum of M20 showed prominent fragment ions at m/z 162
and 147 (Figure 13). These ions were observed in the CID product ion spectrum of

15  the parent compound, and therefore, suggested that the (3-{[4-tert-butyl-benzyl)-
(pyridine-3-sulfonyl)-amino]-methyl}-phenoxy)-acetic acid had undergone N-
dealkylation resulting in the cleaved metabolite at m/z 305. Based on these data
M20 was identified as pyridine-3-sulfonic acid 4-tert-butyl-benzylamide.

LAY

20 M20

(3-{[4-Tert-butyl-benzyl)-(pyridine-3-sulfonyl)-amino]-methyl}-phenoxy)-acetic

acid was extensively metabolized in rat, dog, monkey, and human liver microsomes



Mb 15:29 485 7.80 20.1 5.21 - parent 17:00 469 5.70 58.4 25.2 7.16 MO
19:45 305 - 1.96 - - parent conpound is

(3-{[ 4- t ewD-0BI064sbt benzyl ) - (pyri di ne- 3-sul fonyl)-am no]-  PCT/IB03/00121

met hyl } - phenoxy) -acetic acid; RT is retgpution tinme in mnutes:seconds. WO
03/ 064391 PCT/1B03/00121 -55 Table 2. Percentage of Metabolites of
(3-{(4-tert-butyl -benzyl)-(pyridine-3-

sul fonyl ) - am no] - met hyl } - phenoxy) -acetic acid in Rat, Dog, Mnkey and Human

Hepat ocyte itdse TR @ meRadiiopathwarys Aowaip ier SdREMEI2z TRat Do
Monkey* Hurgrgér}\/ﬁé@éﬁvgéfhé Heiee e g 3

! 10: 58 321 8.91 .7.92 4.5 : 52 565 - 52.9 29.6
M2 12: 24 soejorsnetakplisgathwaygwerpusfo 9y a@p_%tqﬁ%%égy%et{%fgﬁﬁ?ﬁ 13:29 485 -
I-\/b ;] kgl-g d%(lh@hélﬁé)ﬁi'atiﬂ?%f ﬂ'uteikﬁri@ne mloieB&lbﬁdiVbr N-HeaRylkteh of thd méthylpheBaxys *

ey an uman hepat ocytes s s.were analyzed. P i he sane
?rl Sornv’ent aigretg&?m?'eyxgé%?'c?ﬂ%Ol't\éﬁﬁ‘ﬁﬂgi?u{%ﬁﬁ%"ﬂ%ed“ #Tgrgﬁsﬁ)ﬁﬁnglg et atS e

, 5 PHcErbBxyliRaERNMN3. O HelpEteBytas, Whwas eorfumted widds fifaric atie igrdadi ent

speci fied abov)gl WO 03/ 64381 P}%T/ | %)3/ 0812t1 - 56.Par.éan% / i_9~®|9 ML2; b" X
M6 oN |, \ Ahepgtpcytes, pne {he mefaholilgM12 was due 0 aromatic oxidation of the '

methylphenoxy acetic acid moiety.

Table 1. Percentage of Metabolites of (3-{[4-tert-butyl-benzyl)-
10  (pyridine-3-sulfonyl)-amino]-methyl}-phenoxy)-acetic acid in Rat, Dog, Monkey and

Human Liver Microsomes

Metabolite Percent of Radioactivity

Number RT M/z Rat Dog Monkey Human
M11 9:48 335 20.7 - 7.97 -

M3 11:55 499 56.2 - 8.80 50.0
M4 13:29 485 438 11.5 47.3 26.5
M19 14:40 321 3.26 3.61 4.37 7.06
M5 15:29 485 7.80 201 5.21 -
parent 17:00 469 5.70 58.4 25.2 7.16
M20 19:45 305 - 1.96 - -

parent compound is (3-{[4-tert-butyl-benzyl)-(pyridine-3-sulfonyl)-amino]-
methyl}-phenoxy)-acetic acid; RT is retention time in minutes:seconds.



o'lo \/ - H/ NN I v Fl Q o*o M1 411 o;. Mo al M1 bs o Schene 2.
Proposed netabol i c pat hways of 14C (3-{[4-tert-butyl-benzyl)-(pyridine-3-
sul f onyl )werBned3onet hyl } - phenoxy) -acetic acid foll ow ng i mCTitBeoizicubat i on
inliver 5 mcrosones and hepatocytes. g&nerati on of Metabolites using
Reconbi nant Human P-450 Reconbi nant human cyt ochrome P-450 i sof orns

r CYP3A4, rCYP3A5and rCYP2C38 were purchased from Gentest (Wburn, Mass).
The quantities of 10 expressed rCYP used in each incubation were

aﬁpr o>0<|i mat el y nggneI@f. WteHtade gffMetﬁaB@lu’éﬁ%ﬂé@@[&té\ﬂimtyl-penzwﬁ(pyriﬂir(er-3>soge$ \Q/ere
t hawed on ice and reconstituted using 1! tassi ym ep :
cont ai ni ng SP@’{Y[)@Y‘%"é?]tm?ﬂ]Y'i/'wa’fﬂi?ﬁeg'Eﬁ\?\di"ﬂ%%—g’ wonkeY SRPAGREY

sul fonyl) - ep.{gipgg,]cytggt hyl } - phenoxy) -acetic acid (50 pM. Sanples were

prei ncubated for 3 min with reconbinant CYPs at 37C in a shaki ng water
bath. I ncubations were 15 initiated with the addition of 100 pl cofactor
(1.1 mM NARRiaboltE M MOTT 2) . After milcentEiRagioadtivipncubat i ons, the sanpl es
were acidified to pH 3.0 with acetic acid and extracted agai nst an equal
vol ume of MBMEM-tert-butyl ether (MIBE). The MIBE WD 03/ 064391

PCT/ 1 B03/ 00121 -57 Rayer N@s evRRBOr at pdgunderMohkeyogerHuyasn until dryness

and reconstituted in 10mMM _amoni ||mW) f or

anal ysis foMILc Vs LEORE sBlict uB&1chaf @€t eri ZaPPon of “P-450 Metabolites 5
The HPLC sygd em consifstgd s a HE55100-sol ventszigl i ver y2osystem a HP- 1100
menbr ane degasser, a HP-1100 autoinjectaor (Hew ett Packard) and an I N US
radi oacti véM3roni t or {434 RaRY! chiBitat 0§rP3phy was performed on a YMC ODS AQ
(C-18) col ym (4.6 mm:x41590¢9m 87pm . 17Re nobd.e phaseinds initially

conposed
P M4 13:29 485 - - - 41.2
M12 16:01 485 - 15.0 - -
Parent 17:28 469 - 51.4 - 5.68

5 * Monkey and Human hepatocytes samples were analyzed by HPLC using the same
gradient and column, except the mobile phase contained ammonium acetate
(10mM), pH 5.0. Retention times given are specified for the gradient specified above.



of 10 mM ammoni um acetate, pH 5.0 with acetic acid (solvent A and
acetonitrile 10 (solvent B). ldentification of the netabolites was

per f or redwoBnet3ar M cromass Q Tof 2 (Beverly, MA) nass SpPEeTHBG®IHr

equi pped with an electrospray interfacesg.The HPLC colum effluent was
split so that approximately 50 pl/m n was introduced into the API
interface. The remaining effluent was directed to the flow cell of R RAM
The (3-RAMresponse was recorded as a real tinme analog signal by the M5

data coll ection 15 s) | ected data fromthe radioactivity and M
detectors were separabpgdy by the dwell vol ume of flowfromt to the
radi oactivity tectpr (corrgsponding, to Il tinme of mn.). The
el ectrospra IT@\‘@e operatfg3 eV iSS spect metmg col | ected
data in th tiveliong dﬁ@( 1Iisioﬂ:jj ed di ssoci ati¥én (Cl D)

studi es were’ perf"H?m=d Wit argon gas in e ng collision energy of 20-30
eV 20 and a penning pressure of -5x10-5 torr. An internal ljock nmass

(quinidine, mz 325.1916) was uset\t hroughout the anal yseg via an indexed
Lockspray allow ng for j(tjhe cal i brant\to i ntroduced intqg the mass
spectroneter every 5 se . Metabolit 2; (3-{f[4-(1

2- di hydr oxy- 1- net hyl - et hy benzyl l-(p i n -i3- sul f ony .)_ o\){

am nol - met hyl } - phenoxy) ae""@ acid Mé)éa ‘Me2—had tion time of
14 min on HPLC and a pratonat ed nol eeul al’ |on at mz 487//0( 18 age hi gher

t han the parent conpound) The CI pr oduc |on ectrum of ,M2 showed
prom nent fragnent |onsn]1at 451, 395,335, 32«@;"" 165, and 147
(Figure 14).The ion at d in the 30
parent drug, suggesti ng that the phenoxy cetl c acid rmly was unchanged.
The ions at mz 469 afd. 51 two cony “e)icl"osses f 18 . a0l fromthe
protonated nol ecul ar |0|°‘|° ested t r 8] ecul 0 (wlat er had been

| ost. Enpirical formula %I nformati gh was obtained fron?hi gh Mesol uti on mass

6‘5 vvas S|mla &o that obser ve

spectrum (Q Tof ) suggested . irical formula of C24H27N207S. Based on
t hese data and supportin - NVR V\D 03/ 064391 PCT/1B03/00121 -58 data, M2
was identified as

(3-{[[4-(1, 2-di hydr oxy- @ t%l-ethyl) benzyl ] - (pyri di ne- 3-
sul fonyl ) - ani no] - et hyl }-ghe 9() acetic acid. O N QZ '"10 OOH OSN

Scheme 2. Proposed metabolic pathways of 4C-(3-{[4-tert-butyl-benzyl)-(pyridine-3-
sulfonyl)-amino]-methyl}-phenoxy)-acetic acid following in-vitro incubation in liver

5  microsomes and hepatocytes.

Generation of Metabolites using Recombinant Human P-450
Recombinant human cytochrome P-450 isoforms rCYP3A4, rCYP3ASand
rCYP2C8 were purchased from Gentest (Woburn, Mass). The quantities of
10  expressed rCYP used in each incubation were approximately 1mg protein/ml of
incubation. Prior to use, microsomes were thawed on ice and reconstituted using
100 mM potassium phosphate pH 7.4 containing (3-{[4-tert-butyl-benzyl)-(pyridine-3-
sulfonyl)-amino]-methyl}-phenoxy)-acetic acid (50 uM). Samples were preincubated
for 3 min with recombinant CYPs at 37°C in a shaking water bath. Incubations were
15 initiated with the addition of 100 ul cofactor (1.1 mM NADPH, 10 mM MgCl,). After
60 minutes of incubations, the samples were acidified to pH 3.0 with acetic acid and

extracted against an equal volume of methyl-tert-butyl ether (MTBE). The MTBE



CH3 OH OH 5 Metabolite M3;
(3-{ff4-(1-hydroxy-1-nmethyl-ethyl)-benzvll-(pyridine-3-sulfonyl)-
am nol - mewbyBle43benoxy) - acetic acid Metabolite M23 had a reraned/mmit i me of
16.9 on HPLC and a protonated nol ecul arsgz.on at mz 471 (2 amu higher than
t he parent conpound). The CI D product ion spectrum 10 of M23 showed
prom nent fragnment ions at mz 453, 335, 310, 165, and 131 (Figure 15).
The ion at mz 165 was simlar to that observed in the parent conpound,
suggesting |é¢aa§va§ BeapRRREPHYdeRARlohEn 884 ntiNBlyAéss avaiTecorshiategaa 10MMe i on at
mz 453, a’loss of 18 amu fromthe rotonaé}eg %ecul ar ion suggested that
a ol ecul eWmoﬂméﬁetﬁgda‘k?é@‘f”\ed%t”fOFT)'ﬁﬁalV%‘ﬁ CN¥-2 310 and 131 (16 anu
| ower than those 15 observed in the parent conpound) suggested that a
met hyl group was replaced by a nolecule of water then |ost during
f r agment at iLeAMSER{RICAIre fhat aglegization of ] ng LC-NVR data, M3 was
lbdent : IS‘(?d an(ah%[HFﬂL'leéysféeré&?S)é‘té&mmJH@@ Boivent delivery system, a HP-
enzy ridine sul fon -amn acet | | O N/
a1 4180 e desgssu BB 1100 Bt (PR gtk ancar iRl s
imdl rrFt hylt ﬁé’a.mﬁ@hm&& Qmmt I Icwcmgétbglﬂaaay @a§pérf@lg}cél_?_})ﬂaYl\//|C ODS AQ

nol - me enox acetic aci | BQ3/00121
Met abol i t e (é@%ﬁ) Relama dét"@'ﬂf‘ﬂéﬂ mm rﬁs“’\é\? %9? @OWérPJh@ﬁe Yt & QHHC%{“%?Sggonat ed
ol ecul ar lo@ﬁommaﬁﬁwo‘h&%éé&atanwlmnhta&maatche(sqmrﬂ\pammazpmmdpe The CID

r oduct t f
h00. 300 s@tribh. Renifet gy pang SyetAbmEs R ooRp L arss Ushast 161 wer o

14 amu hi ghef 29B4RAD MAPHEsEpRelotfeter SqliprRdspBcin dlevtrebpra intgrtacentThelr ug,
suggesting an addition of an
HPLC column effluent was split so that approximately 50 pl/min was introduced into

the API interface. The remaining effluent was directed to the flow cell of B-RAM. The
B-RAM response was recorded as a real time analog signal by the MS data collection

15  system. The collected data from the radioactivity and MS detectors were separated
by the dwell volume of flow from the MS to the radioactivity detector (corresponding
to a dwell time of ~0.1 min.). The electrospray voltage operated at -3 eV as the mass
spectrometer collected data in the positive ion mode. Collision induced dissociation
(CID) studies were performed with argon gas in Q2 using collision energy of 20-30 eV

20 and a penning pressure of ~5x10-5 torr, An internal lock mass (quinidine, m/z
325.1916) was used throughout the analyses via an indexed Lockspray allowing for
the calibrant to be introduced into the mass spectrometer every 5 seconds.

Metabolite M22: (3-{[[4-(1,2-dihydroxy-1-methyl-ethyl)-benzyl]-(pyridine-3-sulfonyl)-
25 aminol]-methyl}-phenoxy)-acetic acid
Metabolite M22 had a retention time of 14 min on HPLC and a protonated molecular

ion at m/z 487 (18 amu higher than the parent compound). The CID product ion
spectrum of M2 showed prominent fragment ions at m/z 469, 451, 423, 395, 335,
326, 165, and 147 (Figure 14).The ion at m/z 165 was similar to that observed in the
30 parent drug, suggesting that the phenoxy acetic acid moiety was unchanged. The
ions at m/z 469 and 451, two consecutive losses of 18 amu from the protonated
molecular ion suggested that two molecules of water had been lost. Empirical formula
information was obtained from high resolution mass spectrum (Q-Tof) suggested an
empirical formula of C»4H27N,0O-S. Based on these data and supporting LC-NMR



atom of oxygen with a concomtant |oss of two hydrogen atons. High
resolution nass spectra obtained for this netabolite produced a nol ecul ar
wei ght ofwo83/04890 and an enpirical forrmula of C25H27N20@8T1/1Bexmd210n t hese
data and supporting LC- NVR data, M4 vwgs identified as

(3-{[[4-(1, 1-di net hyl - 2- oxo- et hyl ) - benzyl ] - (pyri di ne 10

3-sul fonyl)-am no] - net hyl } - phenoxy)-acetic acid. O N/ i/ QOH 'S NO 15
Met abol ite M26;

(3-T[(4-1 sgafaowawasbmyéa ad @y{wn mr@dmyﬂmmhwmummpwwm -3-
phenoxy) -acetic acid Metabolite retention tinme of 22 mn on HPLC

and a prot (§HE\Q%’B'a”ﬁ'@ﬂ]éﬁ‘ﬁmﬂ}l’pheﬁﬁxﬁﬁcﬁ?“za%ﬁ3 (16 amu lower than the parent
conpound). The CI D product ion showed prom nent fragnment ions at mz 453,
407, 310, 165, and 20 131(Figure 17). The ion at mz 165 was simlar to

t hat observed in the parent oynd, suggestyng that the phenoxy acetic
acid noi ety was unchanged. TRe +gns at AQ % tand 131 were 16 anu | ower
than the ions observed in the sgebfﬂru parent conpound, suggesting that

16 mass units were lost fromthe t-
spectra obtained for this netabolite pduced a 25 nol ecul ar wei ght of
453. 1487 and a suggested enpirical fecsul &Hpf C24H25N205S.  These data
conbined with the LGNWR for this rretabo'te are consistent with the
formation of a termnal olefin group as
(3-{[ (4-isopropenyl -benzyl)-(pyridi ne-30H

sul fonyl)-am no] - net hyl } - phenoxy) -acetic acid. W 03/064391 PCT/|1B03/00121
-60 O 1500 S\ ONCH3 H2C Synthetic Protocols

Metabolite M23: (3-{[[4-(1-hydroxy-1 -methyl-ethyl)-benzyl]-(pyridine-3-sulfonyl)-

amino]-methyl}-phenoxy)-acetic acid

but ¥ noi ety. Hi gh resol uti on nmass

Metabolite M23 had a retention time of 16.9 on HPLC and a protonated molecular ion
at m/z 471 (2 amu higher than the parent compound). The CID product ion spectrum

10  of M23 showed prominent fragment ions at m/z 453, 335, 310, 165, and 131 (Figure
15). The ion at m/z 165 was similar to that observed in the parent compound,
suggesting that the phenoxy acetic acid moiety was unchanged. The ion at m/z 453,
a loss of 18 amu from the protonated molecular ion suggested that a molecule of
water had been lost. The ions at m/z 310 and 131 (16 amu lower than those

15  observed in the parent compound) suggested that a methyl group was replaced by a
molecule of water then lost during fragmentation. Based on these data and
supporting LC-NMR data, M23 was identified as (3-{[[4-(1-hydroxy-1-methyl-ethyl)-
benzyl]-(pyridine-3-sulfonyl)-amino]-methyl}-phenoxy)-acetic acid.

OH

20
Metabolite M24: (3-{[[4-(1,1-dimethyl-2-oxo-ethyl)-benzyl]-(pyridine-3-sulfonyl)-

amino]-methyl}-phenoxy)-acetic acid




5 The followi ng preparations relate to the synthesis of internedi ates used
in the synthesis of the conpounds of Exanples 1 and 2. Preparation 1

: 3- [ ( Pyriwomeadssul f onyl am no) - met hyl | - phenoxy}-aceti ¢ acipdTiBo3/0ob2at yi
ester 10 Step A (3-Fornyl-phenoxy)-acejg.c acid tent-butyl ester. To a
solution of 3- hydroxybenzal dehyde (5.00 g, 40.9 mmol) in DVMF (40 ml-) was
added 1 M potassium te-t-butoxide in tert-butanol (40.9 ni, 40.9 mmol).
The reaction was stirred for 2 mnutes and tert-butyl bronpacetate (6.61

. 40. O Ml doohRvAesa reldlftioh fiRelof 98.6 Hin YAHFLO driceslplofinafedhour. and v

gquenched water. The product was extr@_(rzdt) %B%%hf Et OAc and

the organi enctemiular ioprat welz 46 EHeainuPWAT that e Pagentsamge filtered and

concentr at ed ddt AaBmeRtionPdtegE: apBM3eN40%i | i ca gel

(9:1 hexan&§ dﬁ?&ﬁgﬁ%?or c?4aﬁgwtg§lpwénﬂr(‘:o ngd e{s cl ear , oil 3}153 g. 'H

NNR (400 Ma#0, 165@INg)166 (Bigow 163, The iops atmizgtBn340and 1 %ﬂzeééa”&‘% €7.21 (m
4,56 f.thep&ianfdrug, ting an addition of an

(3 (Wd?ox&qaﬁllqﬂééo%ﬁbveﬁj%ﬁ gézmﬂg%et?% agl dru%esru%;g_;esn v ester. To a

sol uti on ofatqn3ef dxygeny Wit A saasopyitantiess f tye Nydregen 2Ry | %HF@‘PM(O? 05 g, 8.68

nmmol ) in aidagaDEREOPIIEcdda RBlegulaPwdightoTaB3. 18901 pyri di ne

(3.5 nm, 4 %ﬁo?tggot)tcaw@cﬁ%)r% rgtgctl on V\B.% sti rrellélaforé rltj CThe Me CH

was renovednd aneamiisabiocmela ef EsbiNe@:S. \Rasedion hesg qﬁfac‘ﬂ‘déu@ﬁe BAEC1 N HO .

The layers Qati® N3k L aeHifled 558(36{% PYimét %é@%tmﬁbmylp@ﬁnuméh Et OAc.

The conbi ned orgahic layers were dried over A, filtered and

concentipat édsulfanyaamivol- @emlﬂ@h@ﬂqxhbaqqt't??@dcorrpound (1.99 g). 'H W

03/ 064391 PCT/1B03/00121 -61 NWR (400 MHz, CDCI3) 8 8.07 (s, 1 H),

7.23-7.28 (m 2H), 7.12 (m 1 H, 6.93 (d, 1 H 4.51 (s, 2H), 1.46 (s,

9H). Step C (3- Ami nonet hyl - oxy)-acetic aci dotent-butyl ester. To a
solution of [3 5 (hydroxyi noy rre/ hyI) phenooi ] ic acid tert-butyl
ester (2.25 g, 5.96 mmol) i was added Raney N ckel (about 1

g, washed with water followed byD tO—I) 100 nL ethanol. Additional EtOH
(90 nmL) was required for the transter

15  Metabolite M26; (3-{[(5-Isopropenvl-benzvl)—(pvridine-3—sulfony|)-amino]-methyl}-

phenoxy)-acetic acid
Metabolite M26 had a retention time of 22 min on HPLC and a protonated

molecular ion at m/z 453 (16 amu lower than the parent compound). The CID
product ion showed prominent fragment ions at m/z 453, 407, 310, 165, and

20  131(Figure 17). The ion at m/z 165 was similar to that observed in the parent
compound, suggesting that the phenoxy acetic acid moiety was unchanged. The
ions at 407, 310 and 131 were 16 amu lower than the ions observed in the
spectrum of parent compound, suggesting that 16 mass units were lost from the t-
butyl moiety. High resolution mass spectra obtained for this metabolite produced a

25  molecular weight of 453.1487 and a suggested empirical formula of C24H25N205S.
These data combined with the LC-NMR for this metabolite are consistent with the
formation of a terminal olefin group as (3-{[(4-isopropenyl-benzy!)-(pyridine-3-

sulfonyl)-amino]-methyl}-phenoxy)-acetic acid.



Ammoni um hydroxi de (10 nL) was added and the m xture was shaken under 45
psi of H2 for 4 hours. The catal yst was renoved via filtration through

Cel it e(r)wo®3feli3at omaceous earth) and the solution was comcenBexioed to a
clear oil. Purification via flash chroggtography on silica gel
(96.5/3.5/0.1 to 9/1/0.1 CH2CI 2/ MeOH NH4OH) afforded the title conpound as
ayellowoil. 1H NWR (400 MHz, CDCI3) 8 7.23 (m 1 H), 6.92 (m 2H), 6.72
(d, 1 H, 4.50 (s, 2H), 3.82 (s, 2H), 1.96 (m 2H), 1.46 (s, 9H); M5 238
(M+1l). 15 StepD f3-f(Pyridi ne-3-sul fonyl am no) - net hyl | - phenoxy}-acetic acid
tert-butyl ester. To a solution of (3-am nonethyl-phenoxy)-acetic acid
tert-butyl ester (296 ng, 1.25 mmol) in CH2Cl2 at 0C was added
pyridine-3-sul fonyl chloride _hydrochloride (2794, 1.31 mol) followed by
Et 3N (0.36 nmL, 2.6 nmol). e ea%tion’was stirned at room 20 tenperature
for 24 h and was quenched Wth gl sol uti ﬁ\qﬁwama and satur at ed
aqueous NaHCO3. The aqueous SOl uti™ gy shed with CH2Cl 2 (3x). The

conbi ned organic solutions were%ried ( ), filtered, and concentrat ed.
Medi um pressure chromat ography (1:3%-hexanes: Et OAc) provided the title
conpound as a white solid (369.5 -@V NVR (400 WMHz, CDCI3) 8 9.04 (s, 1
H, 875 (m 1 H, 809 25 (d, 1 H), 4 Ch, 1 H, 7.15 (m 1 H, 6.76 (m
3H), 5.23 (bs, 1 H), 4.44 (s, 2H), 4.16 4, 2H), 1.47 (s, 9H; M 379
(M+1) . Preparation 2 2-(4-Bronomnet hyl Hyfenyl) - 2-net hyl - propi oni c acid et hyl
ester Step A 30 2-Methyl-2-p-tolyl-propionic acid ethyl ester. NaH (60% by
wei ght in dynthadicProtocd8. 2 mmol) was washed with DMF and fresh DVF (175
m.) was .added. The mj xture was, cogled to OC and | (6.1 ni 8.2 mmuol)
(6 1 oned by a solt Plisy Frsbaariork ekt toie S diyitetbpbidtused ihesg ok
mol ) i n DMynthibis ok )heveargoankdtasf Exdinples damdion was stirred at room
tenperature for 48 h. Water was added and the aqueous sol ution WO 03/064391
PCT/ 1 B03/ 00121 -62 was washed with Et OAc (3x). The conbi ned organic

sol uti ons vPrepargtimet! With water (4x) and saturated aqueous NaHCO3 (1x).

The or gani o 36l by on 45, drhed) MRG0 Al 8o AL FUGR! @t ed. Medi um
Step A

pressure c
10

(3-Formyl-phenoxy)-acetic acid terf-butyl ester. To a solution of 3-
hydroxybenzaldehyde (5.00 g, 40.9 mmol) in DMF (40 mL) was added 1M potassium
tert-butoxide in tert-butanol (40.9 mL, 40.9 mmol). The reaction was stirred for 2

minutes and tert-butyl bromoacetate (6.61 mL, 40.9 mmol) was added. The reaction
15  was stirred for 1 hour and was quenched with 200 mL of water. The product was

extracted into EtOAc and the organic solution was washed with water, dried over

MgSQ.,, filtered and concentrated in vacuo. Purification via flash chromatography on

silica gel (9:1 hexanes:EtOAc) afforded the title compound as a clear oil (3.53 g). 'H

NMR (400 MHz, CDCl3) 8 9.94 (s, 1H), 7.48 (m, 2H), 7.32 (s, 1H), 7.21 (m, 1H), 4.56
20 (s, 2H), 1.45 (s, 9H).

Step B

[3-(Hydroxyimino-methyl)-phenoxyl-acetic acid tert-butyl ester. To a solution of (3-

formyl-phenoxy)-acetic acid tert-butyl ester (2.05 g, 8.68 mmol) in MeOH (30 mL) was
added NH,OHeHCI (0.66 g, 9.54 mmol) and pyridine (3.5 mL, 43.4 mmol) and the

25 reaction was stirred for 2 hours. The MeOH was removed in vacuo and the residue
was diluted with EtOAc and 1N HCI. The layers were separated and the aqueous
solution was washed with EtOAc. The combined organic layers were dried over
MgSOQ.,, filtered and concentrated in vacuo to afford the title compound (1.99 g). 'H



hexanes: Et CAc) provided 2-nethyl-2-p-tolyl-propionic acid ethyl ester (1.2
g). 1H5 NWR (400 MHz, CDCI3) 8 7.21 (d, 2H), 7.11 (d, 2H), 4.10 (q, 2H,
2.31 (s, W8bB)030a43%4 (s, 6H), 1.17 (t, 3H). Step B PCT/IB03/00121

2- (4- Brononet hvl - phenyl ) - 2- net hyl - propigani ¢ acid ethyl ester. To a solution
of 2- nmethyl-2-p-tolyl-propionic acid ethyl ester (263 ng, 1.27 mmol) and N
10 bronosuccinimde (272 ng, 1.53 mmol) in CCl4 (15 m-) was added 1, 1'-
azobi s(cycl ohexanecarbonitrile) (15.5 ng, 0.06 nmol). The reaction was
heated at N (488 Mr@z’ cbdk)%rabmsml)i ¥ eBercan, 2HaR. €2 (randH)BRT(R 1HThe | ayers
were separated and ﬁueous | ayer was washed with CH2Cl 2 (3x). The
conmbi ned of§ars @H)vsb‘l’f@fﬁ 8H were dried (MySO4), filtered, and concentrat ed.
Medi um preggé@ 15 chromat ography (95:5 hexanes: Et OAC) provi ded

2-(4-brono phenyl) 2- met hyl - propi oni ¢ id e ter (354 1H
NVR (400 ethyl-Bhenoxy)-aqefic agidiert-utypsie %%%50“23'16‘8[? ( 1%21 (s,

6H), 1.47 (ﬂydro?twmnd:) ﬁ@ﬁ?b%éﬁﬁkyﬁacehc acid tert-butyl ester (2.25 g, 5.96 mmol) in’

(2- (4- Bronoriet hv| - _ | -tert I
Step A 2- MELQR(10m )\ﬁ/@ﬂ# eﬁr ckgllr(agqtg 19 gvgrprlwﬁqb w{[ﬁlmg\ter Fﬂﬁowvclbs' ane 20
(Zlgetﬂhy' gtER(a) (ﬁhxbo H{Loéihéﬁﬁl CAa&u&aeEmH (906Hi)avas(réd@reddor tBeﬂansfeérDI) in THE

was ad | ithjumal um nu h t 2 6 m.,
2.6 mol ). Am@om%l@wreﬁd%@ @HW%"&‘P"PSP"@W 'ﬁ‘xﬁlﬁﬁwﬁgéh%&‘@gﬁ”‘% R¥s
quenched bysg ?@ﬁé&ﬂsV%a@dﬂatybmaﬁfem@%@ma¢|Qraﬁomth)ough5%|wa4 (0.1 25 rrL)
and water (0.3 nL). The reaction was

filterd® a at@@ﬁ%@&ﬁ@?ﬁ%“?ﬁﬁ'%or‘z‘”?ém?“ Ea\{%} 4 Q?arpﬂ’l g’éfﬂfecft'(gﬂlv\q? 405 ng) .

1H NWR (4ﬂQsH\éﬂ¥@mQE§?la§% anea7 e{lqlge 21815/0. 7tcldi1/0d, CRIDL/MBOBINH.OH)2H) , 2. 32

(s, 3H), 1.31 K/S

t2 ert - Eultyl aﬁorﬁe@ H\seltttl(ez:owewgﬂ asza be'P&’I%Ui mﬁw&&@e MYz, GREY) $8-23 @bl uti on of
met nyl - 24y C%P?é‘dl'lﬂ A 3.8248 2A01.96 {mh, PYF1 46 (s7bH), was

added im dazz ﬁvl & ﬁ)(? mi @ lt;q;)/mitergt but yl di $ret hzll silyl

chloride (%23\89(, +3)08 mml) The reactlon vvas stirred for 24 h and water

was added. glfigpaqueous sol ution was washed with Et OAc (3x). The conbi ned

organi c so ns were washed with water WO 03/ 064391 PCT/|BQ3/00121
{3-[(Pyridine-3-sulfonylamino)-methyl]-phenoxy}-acetic acid tert-butyl ester. To a

solution of (3-aminomethyl-phenoxy)-acetic acid tert-butyl ester (296 mg, 1.25 mmol)
in CH,Cl, at 0°C was added pyridine-3-sulfonyl chloride hydrochloride (279 mg, 1.31

mmol) followed by Et;N (0.36 mL, 2.6 mmol). The reaction was stirred at room
20 temperature for 24 h and was quenched with a 1:1 solution of water and saturated
aqueous NaHCO;. The aqueous solution was washed with CH,Cl, (3x). The
combined organic solutions were dried (MgSO,), filtered, and concentrated. Medium
pressure chromatography (1:1 hexanes:EtOAc) provided the title compound as a
white solid (369.5 mg). '"H NMR (400 MHz, CDCl;) 6 9.04 (s, 1H), 8.75 (m, 1H), 8.09
25  (d, 1H), 7.44 (m, 1H), 7.15 (m, 1H), 6.76 (m, 3H), 5.23 (bs, 1H), 4.44 (s, 2H), 4.16 (d,
2H), 1.47 (s, 9H); MS 379 (M+1).
Preparation 2
2-(4-Bromomethyl-phenyl)-2-methyl-propionic acid ethyl ester
Step A
30 2-Methyl-2-p-tolyl-propionic acid ethyl ester. NaH (60% by weight in oil, 3.9 g, 98.2
mmol) was washed with DMF and fresh DMF (175 mL) was added. The mixture was
cooled to 0°C and Mel (6.1 mL, 98.2 mmol) followed by a solution of p-tolyl-acetic

acid ethyl ester (5.0 g, 28.05 mmol) in DMF (15 mL) were added. The reaction was
stirred at room temperature for 48 h. Water was added and the aqueous solution



-63 (4x). The organic solution was dried (MgSO™4), filtered and
concentrated. Medium pressure chromatography (hexanes) provided

t ent - but Wwedsnetshy| - ( 2- met hyl - 2- p- tol yl - propoxy) -si | ane @6IABesyo121' H NVR
(400 MHz, CDCI3) 8 7.26 (d, 2H), 7.10 {&& 2H), 3.49 (s, 2H), 2.31 (s, 3H),
1.27 (s, 6H), 0.85 (s, 9H), -0.06 (s, 6H). 5 Step C

[ 2- (4- Brononet hyl - phenyl ) - 2- net hyl - propoxyl -tert-butyl -di nethyl -sil ane. The
title conmpound was prepared follow ng the procedure described in

Pr epar at i owag washesiwittBEI@AG(§x). The combined organic solutions were washed with

tert-butyl o dj - 25 | OPRXYrhasit , 1.42 mol)
as the stayvtg%eggwéb%%%g@éd%@erggﬁﬂ%?g% ﬂ}?re vvaés{rb%'jllbﬁaigﬁoc{( ?ﬁ%dﬁc%rrpound was
10 puri f i etMg8Qu)fitaredrangraoseentiatash Mgedino giespirg cheimaiodiaryn(@8:5as t he el uant.
"H NWR ( 4 I, - (g, 2H), 1.26
(s o). 0 BEnerEI0fpprod mil B Blfloroflofigate sirtloerin:2) [

( 3- Car boxy hibtfh@e9 Midm BRGls) Gpy2 1 di 2id), 319 (¢ f2ihy4.) 0 a2 2. 3k tshPi) 1 Sdenyl ) - 2-
15 et hyl - pr egi gny (d Step A 2-(4-{f(3-

tert - But oxgscgﬁkjgmﬁ%%bxy- benzyl ) - (pyri di ne- 3-sul fonyl ) -am nol - et hyl } -
phenyl ) - 2- 8&pt®| - propi onic acid ethyl ester. NaH (60% by weight in oil, 23

My, .55 BIRleloBRete iy i RellForb Aot hhi eRh A sbiubtdr pos added.
e 20 rea

{3-[ (pyri dmethyB2tiolybproipimicarid etbylester (268hmgok 27 mase) and Bei d t ent - but yl
t 84 ; ' : 3 ti
ti rretf 1 opoinastectifudtrg eidh s i) BECHTs ptfHEE apdefr am T 2o et hyl
est er ( 145ampis(CychhemamdcarbanitRF(161 m.-0.06vesneld dBw redittion wasdsatashatwas
dt . 1 . 25
var med 1o ﬁlﬂ@f&r%&ﬁ@&ﬂ% Eg&@&’wﬂﬁl%@?ghgy\%@zh%{?&@? @%& se\@ﬁ?g‘?&d was

added and € agueous solution was wa conbi ned
organi ¢ sobod theresjueeuslayershasivashed witht@QLEBY), The enkindgSagpnicfi| tered and
concent 2t eduids e GESTRESE) Hlbed, 3nd cBRLARG RN ilm BFKLAS

but oxyt@ar borpmatgnaphy-(B8:R ekangstOAd) previded QH(# dmgrndmathyiptjenyehyl } - phenyl ) -

T A Ay P Bt R R G o5 3,
2H), 7.13 GH), 447Hs, 2H), @210((d, 2HR2H)54 (6,670, (17 (ULBM). 6.67 (m 2H), 4.41 (s,

2H), 4.33 (s, 4H). 4.10 (q, 2H), 1.52 (s,

[2-(4-Bromomethyl-phenyl)-2-methyl-propoxy]-tert-butyl-dimethyl-silane

20 StepA
2-Methyl-2-p-tolyl-propan-1-ol. To a solution of 2-methyl-2-p-tolyl-propionic acid ethyl
ester (610 mg, 2.47 mmol) in THF (10 mL) at 0°C was added lithium aluminum
hydride (1M in Et,0O, 2.6 mL, 2.6 mmol). The reaction was stirred for 0.5 h and the
reaction was quenched by consecutive addition of water (0.1 mL), 15% NaOH (0.1

25 mL), and water (0.3 mL). The reaction was diluted with EtOAc, dried (MgSO,),
filtered and concentrated to yield 2-methyl-2-p-tolyl-propan-1-ol (405 mg). 'H NMR
(400 MHz, CDCl,) 8 7.27 (d, 2H), 7.15 (d, 2H), 3.58 (s, 2H), 2.32 (s, 3H), 1.31 (s, 6H);
MS 165 (M+1).
Step B

30 tert-Butyl-dimethyl-(2-methyl-2-p-tolyl-propoxy)-silane. To a solution of 2-methyl-2-

p-tolyl-propan-1-ol (405 mg, 2.46 mmol) in DMF (5 mL) was added imidazole (335
mg, 4.92 mmol) followed by tert-butyldimethylsilyl chloride (465 mg, 3.08 mmol).
The reaction was stirred for 24 h and water was added. The aqueous solution was
washed with EtOAc (3x). The combined organic solutions were washed with water



6H), 1.49 (s, 9H), 1.17 (t, 3H). Step B WO 03/064391 PCT/|B03/00121 -64
2444

F( 3Car boxwowshessyt benzvl ) - (pyri di ne- 3-sul fonyl ) - am nol - netrayliBehenyl ) - 2-
met hyl - propionic acid ethyl ester To a _ggl ution of

2- (4-{[ (3-tent-but oxycarbonyl net hoxy-benzvl) - (pyri di ne-3-sul fonyl) -

am no] - net hyl } - phenyl ) - 2- met hyl - propi oni ¢ acid ethyl ester (138 ng, 0.237
mmol) in 5 MeOH (5 nL) was added aqueous NaCOH (2N, 0.36 ni, 0.72 nmol).
The reacti qix\agepgdridsitiochAMs driid Mg@d‘%}’"ﬁlté@é aﬁeebﬁébrﬁ@téooqna&@ﬁper ature.

The reaction was concentrated in vacuo and luted with water and

Et OAc. The RseFshEBsChramIpiostany (laexapeskPrevided W”PUN'ﬂ@ethW’r(é’ BRid®02 sol ution
was vvashed el ried
(VoSO 11 B T P e e T e e
aqueous solﬂ!rt)l BAY & @H) 23 B (5, BH).ON27 (saSHNAARS, i) 10.66 6H)-3x) . The combi ned
organi c solé{%é@ns were dried (MgSO4), filtered, and concentrated. The

conbi ned ti corrpound (104 ng) was used in the next step without further
purificatiaé IsPemettiylqpropoxyl-tert-butyl-dimethyl-silane. The title

(4-{f (3 Caréaﬂ@nﬁ& t?v%ge%b%%"fbhov‘uﬂ%'EHe%rB@ed%}{éH'éJcﬂBé(&)n@r@b%’tloﬁ@tﬁﬁb} pheny! )

-2- nethyl - 1onic

2-(4- {[(3 cﬁaw%@g(Wﬁe@Lli)dadynb@Wz(?fWetbp';ﬂ-P@'H@mPOXY)-S"ane (398 mg, 1.42 mmol)

3-sul f | | t o
3 sul fonyl Jasat e@}un'a%éw#(;n ﬁm@raéféo\.o@nmgtvgag 249{65,9(, q’@'#ﬁ"ﬁ’g’ﬁﬂd%gy ester 6(%

1.58 rifol )punfrmawaé%ﬁgiuur@nrqﬁa@rer@mr@@toartaphsewng(h@eﬁnez@srﬁhe saluantt itnal |_| OHH20

(66 nmg, 20 r ( n s heated
at reflux fwég6wﬁl&T%gcﬁ?§?t?r1e%\i\as concg? g?’e hﬁls)gguo an tg\étqh

resi due was(s,aﬂl-@ed) MHE, 613). mM-) and water (1.5 nL). The reaction was heated
at reflux flﬁ{a\,ﬁ% and was cooled to roomtenperature. The sol ution was
diluted wit & and the pH was adj usted to about 5 by addltlon of 1 N
HCl . Sodi urB-@Hli@rCatboxyaretzuiildena ina-Gra ) ! gyIWdshed with
Et OAc (gx) él;qg_ﬁgﬁ@mgggdor ganl C sol ut| ons wer e dr| ed (NgSO4) filtered,
and concent‘r‘a' de the title conmpound (74 ng). 'H NVR (400 WHz,
CDCI3) 6 8.3dpAs, 1 H), 873 (s, 1 H, 813 (d, 1 H, 7.55(m 1 H, 7.23

(d, 2H), 7 B8 (S , 4.90
(421, D flueMe ) SfinbEmethyb)
phenyl)-2-methyl-propionic acid ethyl ester. NaH (60% by weight in oil, 23 mg, 0.55
mmol) was washed with DMF (5 mL) and fresh DMF (5 mL) was added. The
20  reaction was cooled to 0°C and a solution of {3-[(pyridine-3-sulfonylamino)-methyl]-

phenoxy}-acetic acid tert-butyl ester (184 mg, 0.486 mmol) in DMF (1 mL) was
added. The reaction was stirred for 1 h and 2-(4-bromomethyi-phenyl)-2-methyi-
propionic acid ethyl ester (145 mg, 0.51 mmol) in DMF (1 mL) was added. The
reaction was warmed to room temperature and was heated at 100°C for 2 h. Water
25 was added and the aqueous solution was washed with EtOAc (3x). The combined
organic solutions were washed with water (5x), dried (MgSQ,), filtered and
concentrated. Flash chromatography (2:1 hexanes:EtOAc) provided 2-(4-{[(3-tert-
butoxycarbonylmethoxy-benzyl)-(pyridine-3-sulfonyl)-amino]-methyl}-phenyl)-2-
methyl-propionic acid ethyl ester (138 mg). "H NMR (400 MHz, CDCl;) & 9.01 (s,
30 1H), 8.76 (m, 1H), 7.97 (m, 1H), 7.40 (m, 1H), 7.19 (d, 2H), 7.13 (m, 1H), 7.02 (d,
2H), 6.76 (m, 1H), 6.67 (m, 2H), 4.41 (s, 2H), 4.33 (s, 4H), 4.10 (q, 2H), 1.52 (s,
6H), 1.49 (s, 9H), 1.17 (t, 3H).
Step B



3.30 (s, 2H), 1.50 (s, 6H); Ms 497 (M1). 30 Exanple 2 (3 4 (2 droxy-1
1-di met hyl - et hyl) - benzyl | - (pyri di ne- 3- sul f onyl )-gﬁi nol -gret%l[}-( v Y
phenoxy) -woaBice43aci d Step A WO 03/064391 PCT/ 1 B03/00121 PE&I/1E®/00121
{f{4-f2-(tert-Butyl-dinmethyl-silanyl oxyy:1

1-di met hvl - et hyl | - benzyl }- (pyri di ne- 3-

sul fonyl ) -am nol - net hyl } - phenoxy) -acetic acid tert-butyl ester. The title
conpound was prepared by al kyl ation of

{3-[(pyriding: {ﬁ%uibfo%%ﬁ%?eé Hnep@gm handt@irhéth@dt-blkeryBr- - but yl
ester (122%mg, 0. 322 mMDI) W N rononet hyl - phenyl )-2 5

met hyl - prowmmgﬂbmhﬁﬁ,hvl silane (121 ng, 0.339 mmol) follow ng
the procegyre 8%@8%5%39%?{9%%6" I%m@xﬁbeﬁrﬂ@ (bgediné-@ulforny®- was 1 h.

The crude 'pro used in the nex th
VB 655 (M+aDmnO]-Bte§p/I}B>r(e3y fmethyl-pRRiews goid ethyl Xt 1138 il B R i T catton.

1-di met ; |
phenoxy] - acet | Ckﬁargﬁg\ﬂéyéédeﬁpéﬁubgggﬂgéw(%\)l gegg? Lu'? |W|02;1m ?Fﬂﬁtl'hyke}actlaiﬁ)
(3-{[{4-] 2W@5 deated at J00°G feed qund was cooled to room temperature. The reaction

si | anyl oxy), ,Cé,négn%{egw vséwédamm&w.wwmdram Btcad. f ThypH wasi no] - met hy|

} phenoxy) acet I C ac tent - t (210
was added adﬂﬁﬁémﬁwlé@wgﬁ] u6§¢sa<§5e(°ys I§P'PH Arpjgs WGS%Q E@] IHEm()IZ) ")
The react ' "WI@ c%?ﬁ@g 0 anf@édld{?éni'. %rédﬂ’bda(ﬂ@%w 'f“tel@'aénd

t et rabutyl n| um

uori Min THF, m 2) ¥vas added.
The rea@ti coneentratedatSodium C'F'@’NQM@? aidegfo I’f’ed?ﬂ?eoélﬂa‘?'t‘ "Hh?f e solu
tetrabutyl WE@‘W&ISHQ& MtH‘E'id)ﬂ@(C(x}MThé‘chhElne@o%@nmsoltﬁo%wﬁm)d!r)edvms(ﬁﬂded The

reacti on was m nut es and | ed ﬁ%room errper at ure.

Wt er and meﬂ@ﬂmoécéfdtﬁé@ﬂ ahee ﬁmab'n%a/@!escqm%ngé mpLyas N fieous
sol ution V‘%%(t"@?&ﬁ%d@dt?JHh@ﬁBan%aﬂ&%)MSB?? (mempi ned organic Iayers vere 20

dried (MgS tered and concentrated. Medi um pressure chromatograph
(1:1 hexari#ep €t OAc to 3:2 EtOAc: hexanes) provided Irapny

g?hi/l[ 54 (2- methoxyt ne-3-sulfony -amino]-methyl}-
tert-but yI Mmgm_@g) To ﬁgojuppn @mﬁ-{[( @yme}thgxyebn nz?flg (p% Fnie-c acid
3-sulfonyl)-amino]-methyl}-phenyl)-2-methyl- proplomc acid ethyl ester (83 mg,
0.157 mmol) in THF (10 mL) was added water (1 mL) and LiOHeH,0 (66 mg, 1.58
mmol). The reaction was heated at reflux for 24 h. Additional LiOHeH O (66 mg,
20 1.58 mmol) in water (2 mL) was added and the reaction was heated at reflux for 30

h. The mixture was concentrated in vacuo and to the residue was added THF (3
mL) and water (1.5 mL). The reaction was heated at reflux for 24 h and was cooled
to room temperature. The solution was diluted with water and the pH was adjusted
to about 5 by addition of 1N HCI. Sodium chloride was added and the aqueous

25  solution was washed with EtOAc (3x). The combined organic solutions were dried
(MgSO0.), filtered, and concentrated to provide the title compound (74 mg). '"H NMR
(400 MHz, CDCls) 6 8.94 (s, 1H), 8.73 (s, 1H), 8.13 (d, 1H), 7.55 (m, 1H), 7.23 (d,
2H), 7.11 (m, 3H), 6.78 (d, 1H), 6.73 (d, 1H), 6.68 (s, 1H), 4.90 (s, 2H), 4.39 (s, 2H),
3.30 (s, 2H), 1.50 (s, 6H); MS 497 (M-1).

30
Example 2
(3-{[14-(2-Hydroxy-1,1-dimethyl-ethyl)-benzyll-(pyridine-3-sulfonyl)-amino]-methyl}-
phenoxy)-acetic acid
Step A




25

(3-{[[4-(2-Hvdroxy-11-di met hvl - et hyl ) -benzvl | -(pyridi ne-3-sul fonyl)-am nol -
nmet hyl } - wbhenos4syt acetic acid. A solution of PCT/IB03/00121
(3-{[[4-(2-hydroxy-1, 1-di net hyl - et hyl ) :ggenzyl ] -

(pyridi ne-3-sul fonyl)-am no] - net hyl } - phenoxy)-acetic acid tert-butyl ester

(108 nmg, 0.199 nmmmol) in CH2C 2 (2 nmL) was cooled to OC and trifluoroacetic
acid (1 m-) was added. The reaction was stirred at roomtenperature for 1

h. The sol pi | - BQyICHAEH Lé.@h dx 0y vamlamh ljhyAdbentylp@yridineddt h CH2CI 2

(3x). The evvas sslo ve bej%—t ﬁ%mgacém\/\g%aadded The

sol uti on

Purificati ‘ 4sO |mho)enéthyiirpheho CH2CI 2 to
oo Moo | %sBY ga?gi&lalk'ﬁémf?g[(ﬁwm@s Boriyiahoranethylpaeicas) (

ded th | 00
CDCI 3) 8 83¢9'C(a§'d Pfﬂrtbu?y\(éstgg(122§emélotr§2€ oy ‘gciz'g“g'ww‘-’}i“‘%% (pr’il.er'\‘/FS 4, 751
VO 03/ 0643 [ rdolifollo#ing2hg d, 2H), 6.76
(a3 E§ %t%édp%ﬁ?ﬂ)t@%@%l dm@;@nﬂ-@tlar%"d)lm o) ©.368mrioljHollowing 2he T)zz 7

6H): M5 48QF@GGWI3)35°"!¢E§ far '%me'e 1K%pp§p%errga9@p§%ee\gg§ g@és%‘ﬁ%kgc{?arl an

Unity 400 SRRkl @3BHRY) mlay%e@rhtﬁ@next SePaltivoubbldficafion. i KISrassqM+d). about 23C
at 400 MHz for proton nuclei. Chemcal shifts are expressed in parts per

mllion. TI&L‘p@ak shapes are denot ed as foll ows: _s, SI ngI et; d, doublet;

t, triplet;
1550 4<E3{{%§s§®ﬁﬁlﬁﬁ%§r§’“‘- Were

pressure 3
the 'ntenS'sHé/anx%/) 1@ diﬂﬁbmwétﬁymberﬁlyw ﬁrrfé%l*s@fdnylmgmlm}snahy&} described the

Pl at f oféh | phep
expected intensi Tatio was _ obser oXi nma
35C / 37C - @Bﬁ'ﬂ@%’h?%}'q sicktedhyty] egtef éﬂ 7@%&%?11 ) ﬁ?‘g(%ﬂ}'rgwaSns) and the
' Rt ensity %Bﬁ@@lé(rabb@lafhﬁﬁ@hurﬁﬂ&@nde(XﬁM i THFY ©r84 rﬁ@,]fﬂ Sampiot)s STmBG'eaCtlonB
chr omat ogr aphy was peérf or ned ur |cat|on i ot age
Dyt Cor porsa e LRy Any adaeray ety Bt iR ke, (XPCEE o
Fl ash g¢hr Ord%mta@hx i) REY é&Hé@iEdl'Héﬂrbébti@hM‘a%rheBaideat r&iuxiforee4debnd 40 m)
(J.T. Baker, Phillipsburg or SI I | c l&p‘lg @8 LEB/Iégm en es G bbst own,
N.J.) in g|ad§§|on@é¢tmwylamewumworw% ST dinap Eﬂ? omat ogr aphy
was per f or nRdeySTRY rezRtiGWASRESEd B 46ﬁ‘ﬁld@tbs 39&4/'58 cbbled temonResear ch, Pal o
Alto, Californi ai Di net hyl f or mam de é[?{VF%q] trah drofurartl %Tﬂh% and
di chl or onettéraperatureater 32‘6 Gkl e 2ddeq prhthedaxeeh Sf%erpé"%% ydr ous
gr ade suppledolyscludhiids LREL St CHOOTRY Thk dowiredaurgaiis apesivre The
term "concentrated” refers to renova R/I
20  dried (MgSO0,), filtered and concentrated edium pressure chromatography (1:1
hexanes:EtOAc to 3:2 EtOAc: hexanes) provided (3-{[[4-(2-hydroxy-1,1-dimethyi-
ethyl)—benzyl]-(pyridine-3-suIfonyl)-amino]-methyl}-phenoxy)-acetic acid tert-butyl
ester (108 mg). MS 541 (M+1).
Step C
25  (3-{[[4-(2-Hydroxy-1,1-dimethyl-ethyl)-benzyl]-(pyridine-3-sulfonyl)-amino]-methyl}-
phenoxy)-acetic acid. A solution of (3-{[[4-(2-hydroxy-1,1-dimethyl-ethyl}-benzyl}-
(pyridine-3-sulfonyl)-amino]-methyl}-phenoxy)-acetic acid tert-butyl ester (108 mg,
0.199 mmol) in CH,Cl, (2 mL) was cooled to 0°C and trifluoroacetic acid (1 mL) was

added. The reaction was stirred at room temperature for 1 h. The solution was

30 concentrated in vacuo, by azeotroping with CH,Cl, (3x). The residue was dissolved
in THF and 1N HCI (0.4 mL) was added. The solution was concentrated in vacuo,
azeotroping with CH,Cl, (3x). Purification by radial chromatography using a solvent
gradient (CH,Cl, to 20% MeOH in CH,Cl,) provided the title compound (34 mg). 'H
NMR (400 MHz, CDCls) 5 8.79 (s, 1H), 8.69 (s, 1H), 8.11 (d, 1H), 7.52 (m, 1H), 7.21



solvent at water aspirator pressure on a rotary evaporator. The term

"Et CAc" neans ethyl acetate. The terns "dichl oronet hane" and "net hyl ene
chl ori de"werog/o68ynonynous and are used interchangeabl y threrghaaioizihi s
description and in the 25 Exanples anebbPreparations. Rat EP2 Recptor

Bi ndi ng Assay Assay for Binding to Prostagl andin E2 Receptors The full

| ength EP2 receptor is nmade as disclosed in Nenoto et al., 30

Prost agl andi ns and ot her Lipid Mediators, 1997, 54, 713-725. This full

| ength reék@Hr7.08 (nstd), 7.62d.63hr 6.78 4§ IHef.F8 (BxPe 45615 2Hhed BREMy ecept or .
293S cel |I's i apgh 2 receptor are generated
accordi ng f‘@ﬁ%ﬁ@dggm%(E%Hfﬁ%sggés?%wgdﬁ@hmpﬁé)'art. Typically, PCR

(pol ynerise chain reaction) prinmers corresponding to the 5 and 3' ends of

the published fWMr\E %@c%&%ﬁ{%%&rd@@%'ag%ﬁ{éa%ﬁmo @;?ecllt)rSHQEefﬂ (VERRREHr are

made according to the well known neth osed above and are used in
an RT- FCR PeleciliooRaliferiniay at ahwut 33°5) atRRA MHzZofer pratoniugle \Chemigal sbiffs@ee PCR

duct - ' (§ Rigidtogen,
products a%&gr@gﬁg%ﬁjag’% ;Sé?gn.@@q.t rgé;gtfsg%ggsérmg deRdt8d a%o@s.(é,@\gigibe)rtfo%m

Car | sbad, lent’ t . eceptor Is confirne
sequenci ngd, doublst; teliplet asaunitet; handiinigti bsrbpad Bialat.s AEASEh RIS O t he

ramel 1 an_eahessbfitioN &F‘@?ryn%@&ctna@\{e\féSBthneQ%H?Hﬁéo%g FRtichHfc! oning the

sel ect abl e mar urofrycli n resistance I nto e mamal I an expressi on

vect or pCl Speettamsier, (Miaiemnassnnc., Beverizo¥essachysettay dVierathgisensity i th t he
cl oned;q ecenbiife bribrbRecontirlg ieﬁsdareﬂo%sgﬁ,@a %dee&Tptaaaaﬁ{t@ﬁsﬁty Rdtio wilsabl e cel |
l'ines expressing the receptor -ar; tabl i shed follow ng Sel] ection of
t r ansf ect eabessvads@ppronmataiyoda} dom . CICI Greantaining ions angst:&5qsr €85 Big t he naxi mal
nunber of _b&kgRigliehs bRl HEARERity PP Welgwér iRt Benst PCE2 bi ndi ng
assay using unlabeled PGE2 as a conpetitor. 15 Menbrane Preparation: All
operations are pediust pressuie caromatopraphyastpeiforegd usingg Betagemyrifiragen agl andi n
E2 type 2 § BIBLER Bfax GHrforain! epbhdheaRle, VIPRENAGS ditogen Prdssign cel I's
per m in By BB e by Epaiidiesiie, Vi %ﬁ/l Mg O 2,9%2%\% EDTA, 1 mM
Pef abl tt pdpashdironiBograpihyngas pevtonmie with €itings Baker Jilittacel 40 i) (AN), 10 uM
Phospor am ggﬁer?ﬁﬁﬁibgo%rg,(l\ﬁ!l.ggpsilic%tGellS%L“Eﬁ/I’ S&@ces,JGiHMtown, N.J.)in glass

columns under low nitrogen pressure. Radial Chromatography was performed using

a Chromatotron (model 7924 T, Harrison Research, Palo Alto, California).

Dimethylformamide (DMF), tetrahydrofuran (THF), and dichloromethane (CH.Cl,)

20  used as reaction solvents were the anhydrous grade supplied by Aldrich Chemical

Company (Milwaukee, Wisconsin). The term “concentrated” refers to removal of

solvent at water aspirator pressure on a rotary evaporator. The term “EtOAC” means

ethyl acetate. The terms “dichloromethane” and “methylene chloride” are

synonymous and are used interchangeably throughout this description and in the

25 Examples and Preparations.

Rat EP, Recptor Binding Assay
Assay for Binding to Prostaglandin E, Receptors

The full length EP, receptor is made as disclosed in Nemoto et al.,
30  Prostaglandins and other Lipid Mediators, 1997, 54, 713-725. This full length
receptor is used to prepare 2938 cells expressing the EP, receptor.
293S cells expressing the rat EP, prostaglandin E, receptor are generated
according to methods known to those skilled in the art. Typically, PCR (polymerase
chain reaction) primers corresponding to the 5§’ and 3’ ends of the published full



20 pepstatin A peptide, (Sigma, St. Louis, M), 10 uMelastatinal peptide,
(Sigma, St. Louis, M), 100 uM antipain peptide, (Sigma, St. Louis, MJ)].
The cel | swaroe/ob4psed by sonification with a Branson Soni f ipem/1g&@nsion

U trasoni cs Corporation, Danbury, CT) -6f7nh 2 fifteen second bursts. Unlysed
cells and debris are renoved by centrifugation at 100 x g for 10 mn.
Menbranes are then harvested by centrifugation at 45,000 x g for 25 30
mnutes. Pelleted nenbranes are resuspended to 3-10 ng protein per n,
protein CI@WR Rédepldr @Fe adagcadeting withedelokndwremethbtodisddseBrabdioard

[ Bradford, Anal . lQchem , 72, 24 6) 1. nbranes are
t hen st or eRffUs8% é‘r?"h‘tq-r'[E é‘g'? reécqﬂqtqspgdé%é)t%% f)ﬁ%“ @%ﬁ/ﬁ?g‘?g%%@mmr anes

Er fe]|9ar edA a%CRtb@Ucﬁjc%ré?ersh&wd¥m@d'AéHérhﬁnbuﬁaﬂodbtolp@@.p(lotiébgerper m in

uf fer above. e vol ynme of. nmenbrane reparation, i i oechqu th 0. 05
vol une tes@a'&?ﬁﬂg@%@@r'_g%ﬁmgﬁh%ﬂ%ﬁgcﬁ?rdgﬁoﬁmg%b%mwpost ggl andin E2
(Almers;mm Fdrdxpregtion, t]tﬂeb@htnﬁned thiNAiisuBelohed into thEmeaminalianrespressios . i L t ot al
volunme) is inc e or .1 hour, at 25C. . The, nenbr S en recovered
by filtrat Y%Wﬁﬁ%ﬁfgha VSR deppiate oy R0RIpRag ﬁ%?eéfas%?%g‘%% %E4391

PCT/ | BO3/ 08Jrdthycin Bébidtiiideliato theGaatnhelisrbexpyessidd)vear pgl @rdroegae dadisonest er
(Tontec, O Inge, ~CT). The nenbranes with bound 3H prostaglandin E2 are
trapped bth e filter, while the buffer and unbound 3H prostagl andin E2
pass through thgods tdlietaré mirsfevasitvth thachnehrgeeptor in PURESI bydigiHed 3 ti nes

with 3 mM of [50 nM Trj s-HC 7.4 10. C / . Th
filter® ar@‘efj'%?ﬁ’ t[ﬂ“?@ﬁ{'%}/ lﬁ@%hg E!ﬁb"’ieﬁ)eéprﬁ?%’%%&g\‘/°é# g%géé%'gﬁ éle-drb\]m nl: '? he
alm)un'éI Qftfi;trb\mlf@s%l_aaioartditranﬁeﬁmjc@bv&itﬁpurmmﬂn’ranes, the dried filters are
pl aced into p I C S Wt cintill.ati | ui [

1205 Bet apl at e &E’aalc,x?eﬁﬁ%ﬁpé%sfﬁ‘@ﬁﬁ‘% W@?@EW@T&?@%C?@ES&%%S gltgr?ﬁ hgg
from the crNewing aathiocal*HRGE, bindimpassayl usieg uhlabeled &G splaaompsitos.of t he

specifically bound 3H prostaglandin E2. 10 Exanple 1 rat EP2 binding |1 C50 =
750 nM Exanple 2 rat EP2 binding 1C50 = 170 nM The foll ow ng abbreviations

g} ?olrjr;f% ’ P: Iro ﬁ'y NMembParle Meparatisra Al bperatidialare Peddrmiedes 4 uCeTransfactdd
cells expressing prostaglandin E; type 2 (EP_) receptors are harvested and
suspended to 2 million cells per ml in Buffer A [50 mM Tris-HCI (pH 7.4) , 10 mM
MgCl,, 1 mM EDTA, 1 mM Pefabloc peptide, (Boehringer Mannheim Corp.,
Indianapolis, IN), 10 uM Phosporamidon peptide, (Sigma, St. Louis, MO), 1 uM

20 pepstatin A peptide, (Sigma, St. Louis, MO), 10 uM elastatinal peptide, (Sigma, St.

Louis, MO), 100 uM antipain peptide, (Sigma, St. Louis, MO)]. The cells are lysed by
sonification with a Branson Sonifier (Branson Ultrasonics Corporation, Danbury, CT)
in 2 fifteen second bursts. Unlysed cells and debris are removed by centrifugation at

100 x g for 10 min. Membranes are then harvested by centrifugation at 45,000 x g for

25 30 minutes. Pelleted membranes are resuspended to 3-10 mg protein per ml, protein
concentration being determined of 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 prepared as above are thawed and

30 diluted to 1 mg protein per mlin Buffer A above. One volume of membrane
preparation is combined with 0.05 volume test compound or buffer and one volume of
3 nM 3H-prostaglandin E, (Amersham, Arlington Heights, IL) in Buffer A. The mixture
(205 pL total volume) is incubated for 1 hour at 25°C. The membranes are then

recovered by filtration through type GF/C glass fiber filters



CPM Counts Per Mnute mn Mnute MS Mass Spectronetry 20 CID Collision

| nduced Dissociation AMJ Atom c Mass Unit FBS Fetal Bovine Serum LC Liquid
Chr omat ogwapbye43DVF Di et hyl f ormam de 25 Et OAc Et hyl AcetratraBdd@ikiVet hanol
NVR Nucl ear Magnetic Resonance Et3N Trggthylam ne THE Tetrahydrofuran 30
H Hours WO 03/064391 PCT/1B03/00121 -69 Clains Wat is clained is: 1. The
conpound 2-(4-{[(3- car boxynet hoxy- benzyl ) - (pyridi ne-3-sul fonyl)-amno]- 5
nmet hyl } - phenyl ) - 2- net hyl - propi oni ¢ acid, or a pharnaceutically acceptable
salt ther

(3-{[[ 4- (2@%?%@5'“?%5@%529?'"““[‘? hear?ées“irégmtec A7209% SO Feny

am noJ - net Hm"}lbfph%ﬁwwwomeHerOSééﬁlénd"bEz @fepfﬁiﬁp glétjhﬁﬁﬁ%ﬂv W"%@@@Hff%[bl e salt

t her eof .

(31004 tertaint yllmabenz diindin Expass fNyough e filer blo waste. Each sample s

met hyl } - phém\ws@é@ttmesawtm&%@f [80 piA T Fstiel (e ad), 0 a&%@t@@&bl‘ aM g ¢

thereof 5 4. HARRK e then dri db heatin e T dterm the

(511 o o 00 TGP ety R p o s e T

hydr oxy- ph@W}OablleP@agién @Ndo HeanambeEanes.d ﬁ&edef&té@pﬁfaﬁ ased igtq

t her eof . é)la-@ﬂ@ bﬁégm&’ry%tlllatlon fluid and counted in a LKB 1205 Betaplate reader o
2-{4-[pyridine-N-oxi de-3-sul fonyl am no) - net hyl | - phenyl } - 2- met hyl - pr opi oni c

aci d;  (3- {{(Mallaq Bathersbywg. MID).|ICsos are determined from the conCentration of test
- di met hyl - %m{)bmn@@gm‘éd t'o(di%)bfa‘cg 50% ot i g ithily HRTha *H-prRtdg¥ntin £50

phenoxy% acetic ac gl ucuroni d

Example 1 rat EP; binding ICso = 750 nM
Example 2 rat EP;binding ICs, = 170 nM

The following abbreviations are used herein:

15 LV. Intravenous
HPLC High Pressure Liquid Chromatography
CPM Counts Per Minute
min Minute
MS Mass Spectrometry
20 CID Collision Induced Dissociation
AMU Atomic Mass Unit
FBS Fetal Bovine Serum
LC Liquid Chromatography
DMF Dimethylformamide
25 EtOAc Ethyl Acetate
MeOH Methanol
NMR Nuclear Magnetic Resonance
EtsN Triethylamine
THF Tetrahydrofuran

30 H Hours



the sul fate conjugate of pyridine-N oxide-3-sulfonic acid
4- (2- hydroxy-1, 1-di net hyl - ethyl)-benzylam de; the sulfate conjugate of
(3-{[[ 4- (@ohgdsasay- 1, 1- di net hyl - et hyl ) - benzyl ] - (pyri di ne- BCT/IB03/00121
sul fonyl ) -am no] - met hyl } - phenoxy) - acetigg.aci d; 25 the sulfate conjugate of
pyridi ne-3-sul fonic acid 4-(2-hydroxy-1,1-di nethyl-ethyl)- benzyl am de;
2-met hyl -2-{4-[ (pyridi ne-3-sul fonyl am no) - met hyl ] - phenyl } - propi oni ¢ aci d;
(3-{[[4-(1, 2-di hydroxy-1- net hyl -et hyl ) - benzyl ] - (pyri di ne- 3-sul fonyl ) - am no]
met hyl }- phenoxy)-acetic acid; 30  Gjaims
{[[4-(1-hydroxy-1-methyl-ethyl)- be‘nf%‘] - (pyridi ne-3-sul fonyl ) -am no] - net
} - phenddiatisdaited isici d;
{[[4-(1, 1-di et hyl - 2- oxo- et hyl ) - benzyl ] - (pyri di ne- 3-sul fonyl ) - am no] - net
}- phenoxy)-acetic acid; or WO 03/064391 PCT/IB03/00121 -70
(3-{[ (4- |scﬂperpmmpon%Zﬁj[(itwmmm@ozy@amzy@r{pmmmﬁw]mw&?ﬁmq phenoxy) - a
cetic aei d I t t A net hod of
determ %I ngm?t%} &'e(?llp ?ezﬁ H drﬁ@éﬁé’g %ﬁ?s@?t@%&?h %B_@c}(ﬁegﬁbl %tltyl - 5
benzyl) - (pyherﬂfpfne 3-sul fonyl) am no] - met hyl } - phenoxy) acetic acid, the
nmethod conprising the step of determining if a plasma, urine, bile or
fecal sanple obtained fromthe patient shows the presence of one or nore

of a conpouhd hegoawoged f&-ﬂ%(?mdrogy dd irethylrediy neeray!]-(pyridine-3-sulfonyl)-
2- (4-{[(3- ey %@&ﬁ%ﬁﬂﬁﬁo?ﬁ% adi®r hg)hgﬁna%eﬁﬁﬂa‘(lh?abféebta%@ Sltrereof.

(3
hyl
(3-
hyl

met hyl } - phenyl priopi oni ¢ aci

(3-{[[49( 2- hydr oxy- 1, 1- di net hyl - et hyl ) - benzyl ] - (pyri di ne- 3- sul f onyl ) - ani no]
-methyl } - pheposhidGRd [£1@%eAbutyl-benzyl)-(pyridine-N-oxide-3-sulfonyl

2-{4-[pyri g;]ne I\I-ogag g {[(Q lf! Utyan?nr%g ® ntlﬂsl ]OXI o su oné/)r?gupg;l pr opi oni c
aci d; methyl}-phenoxy)- acetlc ac:d or a pharmaceutically acceptable salt thereof.
(3-{[[4-(2-hydroxy-1, 1-di met hyl - et hyl) - benzyl ] - (pyri di ne- 3-sul fonyl) -am no]
-nmet hyl } - phenoxy)-acetic acid glucuronide; 15 the sulfate con{ ugat e of
pyri di ne N- &x T arecaMRAUNH ¢ ri{lé4- @ﬁwmbeqzyhgxwrwasqumvlbremiﬂﬂ]-methy

et hy') o-gR HE r%O;ﬂi tiedl table salt thereof.

(3- {[[ 4%&% g e”&"?)e%%tﬁ' | et éttber{zyyacg%)y??els?\e- greor

sul fonyl ) am no] - et hyl } - phenoxy) acetl c acid;

5. The compound:
2-{4-[pyridine-N-oxide-3-sulfonylamino)-methyl]-phenyl}-2-methyl-propionic acid,;
(3-{[[4-(2-hydroxy-1,1-dimethyl-ethyl)-benzyl]-(pyridine-3-sulfonyi)-amino]-methyl}-
20  phenoxy)-acetic acid glucuronide;
the sulfate conjugate of pyridine-N-oxide-3-sulfonic acid 4-(2-hydroxy-1,1-dimethyl-
ethyl)-benzylamide;
the sulfate conjugate of (3-{[[4-(2-hydroxy-1,1-dimethyl-ethyl)-benzyl]-(pyridine-3-
sulfonyl)-amino]-methyl}-phenoxy)-acetic acid;
25 the sulfate conjugate of pyridine-3-sulfonic acid 4-(2-hydroxy-1,1-dimethyl-ethyl)-
benzylamide;
2-methyl-2-{4-[(pyridine-3-sulfonylamino)-methyl]-phenyl}-propionic acid;
(3-{[[4-(1,2-dihydroxy-1-methyl-ethyl)-benzyl]-(pyridine-3-sulfonyl)-amino]-methyl}-
phenoxy)-acetic acid;

30  (3-{[[4-(1-hydroxy-1-methyl-ethyl)-benzyl]-(pyridine-3-sulfonyl)-amino]-methyl}-
phenoxy)-acetic acid;

(3-{[[4-(1,1-dimethyl-2-oxo-ethyl)-benzyl]-(pyridine-3-sulfonyl)-amino]-methyl}-
phenoxy)-acetic acid; or



the sul fate conjugate of pyridine-3-sulfonic acid

4- (2- hydroxy-1, 1-di net hyl -ethyl)- 20 benzyl am de;

2- met hyl -weo{0dr0p3pyri di ne- 3- sul f onyl am no) - net hyl ] - phenyl } Pprapéomiz aci d;
(3-{[(4-tert-butyl-benzyl)-(pyridine-Nzgxi de-3-sul fonyl)-am

no] - met hyl } - phenoxy) -acetic acid;
(5-{[(4-tert-butyl-benzyl)-(pyridine-3-sul fonyl )-am no]-nethyl}-hyd
roxy- phenoxy)-acetic 25 acid;

(3-{[[4- (11)3}21@(% Lfl%@?&g&égréedﬁ k%hauﬁ& RwdukoBihbrhemy-Bhetoxpravetié acy) ) - anmi no]

- met hyl } tic a

(3-{[[ 4- (19Mdmarmce_utl¢ellwﬁqce@tﬁﬂ9ls?”B’@Fﬁ&/l] (pyri di ne- 3-sul fonyl ) - ami no] - net
hyl } - phenoxy)-acetic acid; 30
(3-

hyl %[ [ ghéiaiy‘;jrggggg{dé@?éﬁné:ﬁg){)gaen}?ﬁgsz égn err){laulst%lrene(s {[Elflelr{ buwI )-am noj - met

o 210} mahdy | h
S s s iy ?‘X?pﬁ?“%“ﬂ?”@&“’?&dﬂ‘gb teding
oSt eopor ostempising fbersgapmidﬁ@gnlpwg ifa pasea.furinethip Or fachls en%ta "&Srpri si ng

adm ni St v irB the pBich LA e BreBI JORE 8Piofe SPEGRRILY Salbityd frbindné | ve
anount of a conp Blnd 2elected from 2-(4-{[(3 carboxgme hor rB)Ezyl

Y-(pyrid i g®u3-090$l$tmy?lf)2 (éﬁﬁ(%éﬁ}fbwquﬁﬁ@m}(})y@mej i oni ¢ aci d:
(3-{[[4- (25} |}rp%x#% -%éih;ﬂ%F Mriceidny! ) - benzyl | - (pyrud

i ne- 3-sul fony fghenox -acetic a

(3-{[ (49t ef3- {[Ht(tzmydmnﬂyﬂ 9hrr\emvke Viirkendy bpyising-% %PBHWT'”QWﬁWI}rTet hyl } - phe

noxy)- ace
(5-{[(4- tek}b&%&%%eb%%%yl) (Pyl‘l di ne- 3- sul f0r¥ n} F] hg é hydr oxy- phe
noxy) - acet Re{4-[pyridime-N-oxide-3-su fonylamino)-methyl]-pheriyl}- ‘2-me hyl-propionic aci

3-{[[4-(1 - ) - t |
fnei L;l }( Bﬁgﬁ‘ QM&B%ZJ W 2@ iNyézyRgpEdine=3-80fohll-a@indl-methypny | ) - ami no]

(3- {[[4 (1ph9M)¢9¢ellC@§ldh94PClé@m19¢) benzyl ] - (pyri di ne-3-sul fonyl)-am no] - net
hyl }- DW%L %‘ﬁﬁ%bf\e cﬂ‘bfﬁjdme( -R:=dxlde4s- §Li¥foﬂ!rc($0|d 4 ~(2-hydroxy-1,1-dimethyl-

i met hyI 2- 0X0- et (pyri di ne- 3-sul fonyl ) -am no] - net hyl } -
ethyl)-benzylamide;

the sulfate conjugate of (3-{[[4-(2-hydroxy-1 ,1-dimethyl-ethyl)-benzyl]-(pyridine-3-
sulfonyl)-amino]-methyl}-phenoxy)-acetic acid;
the sulfate conjugate of pyridine-3-sulfonic acid 4-(2-hydroxy-1 ,1-dimethyl-ethyl)-
20  benzylamide;
2-methyl-2-{4-[(pyridine-3-sulfonylamino)-methyl]-phenyl}-propionic acid;
(3-{[(4-tert-butyl-benzyl)-(pyridine-N-oxide-S-suIfonyl)-amino]-methyl}-phenoxy)—acetic
acid,
(5-{[(4—tert-butyl-benzyl)—(pyridine—3—suIfony|)—amino]-methy|}-hydroxy-phenoxy)—acetic
25  acid,
(3-{[[4-(1,2-dihydroxy-1 -methyl-ethyl)-benzyl]-(pyridine-3-sulfonyl)-amino}-methyl}-
phenoxy)-acetic acid,
(3-{[[4-(1-hydroxy-1 -methyl-ethyl)-benzyl]-(pyridine-3-sulfonyl)-amino]-methyl}-
phenoxy)-acetic acid,
30 (3-{[4-(1.1 -dimethyl-2-oxo-ethyl)-benzyl]-(pyridine-3-sulfonyl)-amino]-methyl}-

phenoxy)-acetic acid; and
(3-{[(4-isopropenyl-benzyl)-(pyridine-3-su|fony|)-amino]-methyl}-phenoxy)-acetic acid.



phenoxy) -acetic acid; or
(3-{[(4-isopropenyl -benzyl)-(pyridine-3-sul fonyl)-am no] - net hyl } - phenoxy) - a
cetic aciwpo3oe43a1 pharmaceutical ly acceptable salt thereofPCTABIIA01A
pharmaceutical conposition conprising one or nore conpound sel ected from
2- (4-{[ (3-carboxynet hoxy-benzyl)-(pyridi ne-3-sul fonyl)-am no]-net hyl } - pheny
| )-2- nmethyl-propionic acid;
(3-{[[4-(2-hydroxy-1, 1-di met hyl - et hyl ) -benzyl ] - (pyri di ne- 3-sul fonyl) -ani no]
'2 rrezhyl }- 35 Aqhﬁtl_ﬂed(k%tre%gﬁé b|§t]§a;€drds'is or aiding in healing a bone fracture, the method =~
aci{ d; Lpyrd cé;rrrllgljisingo.'—.)\(c;mi(raﬂ_ste_riﬁgl_;J to ao Bgt%e%mnnn%)ea W%treh%la]tﬁgrgggdt!cgﬂyzéf%%ﬁv%yl -propronic
(3- E L[ |4} ( Zaﬁhbdﬁmfgé-obmbodhdﬁlé%éd F@hyl ) - bgnzyl ] - (pyri di ne-3-sul fonyl ) - ani no]
-met hyl } - phenoxy)-acetic aci curonide: the sulfat nj te of
oy 1) e NAGHUS b et betr ) VS anty Vel UG-y 2
((aghi/l[ % -Q((an;%lt%mp%;onmi@ul fate conjugate of
- 4-(2- roxy-1, 1-di et -ethyl)-penzyl ] - i.di ne: 3
sul fonyl ) - Mwoqzzwemﬂ}1.-?m@ﬂ§L-9§y'§E@%4vﬁ-‘?%y&?4#—%@ff@ﬁ%mwi—mﬁ@"ﬁ B03/ 00121
;17(22t Eedsulph@ﬁ(g(ipgéyﬁugaiag of pyridine-3-sulfonic acid
-(2-hydroxy-1, 1-di met hyl -et hyl ) - ben anide; .
2- et hyl - 2-%&%'("?5&7?‘?%7 @Zﬂk@?{q'%%Vr%ﬂz%%?‘m%‘?ﬁﬂ”-°95HEN§Y|'}}R’\8P%’8?'Oni c acid;
(3]-{[(4ht Ieiabet%gdd;- benzyl)-(pyrid i ne-N-oxide-3-sul fonyl)-am
no] - met hyl } - phenoxy) -acetic 5 acjd;, (5: 4-tert-hutvl -ben - (pyrid
e - 301 1 Sy GO BETS R h b e iRy YD Ib N BRE-dce”
(3- E L[ |4} ( 1,a%'rdéj' hydr oxy- 1- met hyl - et hyl ) - benzyl ] - (pyri di ne- 3-sul f onyl) - ami no]
-nmet hyl }- phenoxy)-acetic acid; 10 (.3- 4- (1- hydr - .
ety ) ot RFEIA BT or e e R e et
phenoxy) - agRkbhéxyRatétic acid;
(3-{[[4-(1,1-di met hyl - 2- oxo-et hyl ) -benzyl ] - (pyri di ne-3-sul fonyl)-an no] - net
h)él }- 2 h_enQZ—)ﬂM—@ICI%fdr@(yaﬁhﬁthy@éthyl_)-b_enzyl]-(pyridine-3-su|fonyl)_-amino]-methyl}-
f:e'E I{ E:( éé: 3;%%’? )851_%Ce-t¥%ear&zagl ) - (pyridine-3-sul fonyl)-am no] - et hyl } - phenoxy) -a
(3-{[[4-(1,1-dimethyl-2-oxo-ethyl)-benzyl]-(pyridine-3-sulfonyl)-amino}-methyl}-
phenoxy)-acetic acid; or
(3-{[(4-isopropenyl-benzyl)-(pyridine—3-suIfony|)-amino]-methyl}-phenoxy)-acetic acid,
or a pharmaceuticaily acceptable salt thereof.

20 '

8. A pharmaceutical composition comprising one or more compound selected from
2-(4-{[(3-carboxymethoxy-benzyl)-(pyridine-3-sulfonyl)-amino]-methyl}-phenyl)-2-
methyl-propionic acid;
(3-{[[4-(2-hydroxy-1,1-dimethyl-ethyl)-benzyl]-(pyridine-3-sulfonyl)-amino]-methyl}-

25  phenoxy)-acetic acid;
2-{4-[pyridine-N-oxide-3-sulfonylamino)-methyl]-phenyl}-2-methyl-propionic acid;
(3-{[[4-(2-hydroxy-1,1-dimethyl-ethyl)-benzyl}-(pyridine-3-sulfonyl)-amino]-methyl}-
phenoxy)-acetic acid glucuronide;
the sulfate conjugate of pyridine-N-oxide-3-sulfonic acid 4-(2-hydroxy-1,1-dimethyl-

30 ethyl)-benzylamide;
the sulfate conjugate of (3-{[[4-(2-hydroxy-1,1-dimethyl-ethyl)-benzyl]-(pyridine-3-
sulfonyl)-amino]-methyl}-phenoxy)-acetic acid;



15 or a pharnaceutically acceptable salt thereof.
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the sulfate conjugate of pyridine-3-sulfonic acid 4-(2-hydroxy-1,1-dimethyl-ethyl)-
benzylamide;

2-methyl-2-{4-[(pyridine-3-sulfonylamino)-methyl]-phenyl}-propionic acid;
(3-{[(4-tert-butyl-benzyl)-(pyridine-N-oxide-3-sulfonyl)-amino]-methyl}-phenoxy)-acetic
acid;
(5-{[(4-tert-butyl-benzyl)-(pyridine-3-sulfonyl)-amino]-methyl}-hydroxy-phenoxy)-acetic
acid;
(3-{[[4-(1,2-dihydroxy-1-methyl-ethyl)-benzyl]-(pyridine-3-sulfonyl)-amino}-methyl}-

phenoxy)-acetic acid;

(3-{[[4-(1-hydroxy-1-methyl-ethyl)-benzyl]-(pyridine-3-sulfonyl)-amino]-methyl}-
phenoxy)-acetic acid;

(3-{[[4-(1,1-dimethyl-2-oxo-ethyl)-benzyl}-(pyridine-3-sulfonyl)-amino]-methyl}-
phenoxy)-acetic acid; or
(3~{[(4-isopropenyl-benzyl)-(pyridine-3-sulfonyl)-amino]-methyl}-phenoxy)-acetic acid,;
or a pharmaceutically acceptable salt thereof.



