WD 2011/ 079007PCT/ US2010/ 060671 CRTH2 MODULATORS [1] This application
clains the benefit of U S. Provisional Application No. 61/289,841 filed
Decenber W8,20200%07F1 ELD OF THE | NVENTI ON [2] This di secoaise@onededat es to
nodul at ors of chenpattractant receptor-honol ogous nol ecul e expressed on T
hel per type 2 cells (CRTH2), particularly CRTH2 antagonists that are useful
for treating various disorders, including asthma and allergic and
respiratory disorders. BACKGREH a Gai protein-coupled
receptor involved in both nedra |ngbégggiﬁﬁ§aced chenpattraction and in
activation of specific cell types involved in allergic inflammation. CRTH2
is expr[ﬁﬂ]s]edl“lbs/aﬂmﬁamﬁi dlsimsebsbarfinof §.SaRebvidsoid RippHicatioutNa@tl /289,81l cel |'s,
B cells.or NK cell is produced by allergen-activated nmast cells and
has beéﬂe@ﬁﬁFWE§¥@3 %g)a pro-inflammtory mediator in various allergic

di seases, such as asthma, rhinitis and allergies. Thus, blocking binding of
PGD2 to CRTH2 is a useful t heieapegr ME s INeERIYOROr treatment of such

di seases. [4] CRTH2 agonists activate eosinophils, basophils and Th2 cells
invitro, resulting in induction of actin polynerization, calciuminflux,
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Thus, it has been suggested that nodulators of CRTHZ, particularly CRTH2
|nh|b|ﬂb¥§ Tty be useful in the prevention and/or treatnent of allergic
asthma and other allergic disorders as recruitment and/or activation of
eosi nophils, basophils and Th2 cells is a prom nent feature of the changes
that occur in the asthmatic | ungBASIKGRAGUNIRt i vati on of these cell types,
or subsets thereof, is believed to play an inportant role in the etiol ogy
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i nhibiting CRTH2 act|V|t¥ coul d be useful in controlling various di seases
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inhibiting CRTH2 act|V|t¥ could al so be useful in controlllng allergic
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dependlﬂg%ﬁggﬁ {he type of trigger and duration of synptoms. SAR synptoms
occur e spring, sumrer and/or early fall and can be triggered by

out door allergens such as airborne tree, grass and weed pollens while PAR
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agoni sts’ can induce desensitization of the cell system by pronntlng
i nt er naharzay irge theridoatbwh gregiigl satdyort AdticarthAmeakdn syl flagescrceobenpt oond Fot

e T S R R U o R R IS

Ther ef afeen sédgEERd MREHoat @S bf@RTHerWLHer@GRﬂmt ifhibRyrsb@ay BeusgFeLhi cal |y
useful because they can cause the desensitization of PGD2-responsive cells.
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[8] Accordingly, there is a need to develop inhibitors of CRTH2, which
could be used to prevent and/or treat disorders such as allergic rhinitis,
ast hma, oWoaniiw7eorway i nflamrati on, atopic dermatitis, PCinsee10/06s3t ructi ve
pul nonary di sease (COPD), eosinophilic esophagitis and/ or neuropathic pain.
WO 2011/ 079007PCT/ US2010/ 060671 SUMVARY [009]In a first aspect, conpounds
di scl osEighawé Havitatia @llergds astiypm chipniaaiive inflanmagpe.aoric demsddptahemuc t her eof
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Formula | [0010] with the proviso that the conpound having Fornmula | is not
a conpd0es] Yedmeduads fhmoatter chemotaxis by inhibiting CRTH?2 activity could also be useful

5-[[ 6- net hoxy-.3- (4- met hoxybenzoyl) - 2- hyl-1H pyrroJ o[ 2, 3-b] pyridin-1-yl]m
et hy1] M §OHT Il%%hlﬁrgl-cz P PO st e %ig%/%@%cféiogtpﬁ‘%ﬁnﬁﬁi
109783%?@%_‘)51]: et Lﬁion the ty]pe of trigger and duration of symptoms. SAR symptoms occur

(benzoyl am no) - 2-thiazol yI'ft hi o] -2Htetrazol e- 2-acetic aci'd [ CAS Regi stry
No. 109841spBdg, sijymer and/or carly fall and can be triggered by outdoor allergens such as

2-butyl -14[ 4-] ( 2- baoxyb I g h I thyl]-5-¢chlor.o-1H4imd | e-
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[ CAS Registry No. 114773-45-4], or a pharmaceutically acceptable salt
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or heterocycle contains fromO to 3 ring heteroatons independently sel ected
from N,[006]arCRBH2 Qa2 c&i indudd descmitimatio ytihe cell sysyers &l @edreatifgr om a phenyl

and a 5 to 6-nenbered heteroaryl, whereip said heteroaryl contai to
three rlPW&aﬁé%tw&wmrﬁ%Wﬁm _95@%1@_8? RO Porh O pPlngerain ¢ 53 ) “Ring
Dis a a%‘oﬂl‘é‘{m%ﬁ ﬁ%@@&&%ﬁgﬁﬂaﬂ@@@pﬁe n?i%e %alsecsfrs]g&gaﬁ&%&ﬁ@ﬂan% aX2 1s

selected fromN and CR2; x3 iIs selected fromN a - x4 Is selected from
N and CHREH2 ageohixt5Thandior) TRIOTD00AREH U204 (FOIEY dgdnsstsmbebt ed from N and

C- R5; provided h,hat | east, one of x1 or x3.is.N both are nat

si mul t éhg&g@ﬂ%ﬁal / useﬁﬁtbecause %hey can cause %he desdisitizationt oply(t}Dz-responswe s,
Importantly, CRTH2 agonists may also cause cross-desensitization. Cross-desensitization,
which can occur in many cell-signaling systems, refers to a phenomenon whereby an agonist
for one receptor can reduce or eliminate sensitivity of a cell type to an unrelated

agonist/receptor signaling system. For example, treatment with the CRTH2 agonist

indomethacin reduces expression of CCR3, the receptor for the chemoattractant, eotaxin.

[007] CRTH2 is also found on cell types outside the immune system, including spinal
cord neurons and brain. PGD, activation of CRTH2, ¢.g., during inflammation, can lead to
hyperalgesia, allodynia and neuropathic pain. Thus, inhibitors of CRTH2 may be used to

treat hyperalgesia, allodynia and neuropathic pain.

[008]  Accordingly, there is a need to develop inhibitors of CRTH2, which could be used
to prevent and/or treat disorders such as allergic rhinitis, asthma, chronic airway
inflammation, atopic dermatitis, chronic obstructive pulmonary disease (COPD), eosinophilic

esophagitis and/or neuropathic pain.



[0014] R2 is selected from-H, a halogen, -NO2, -CN, a C1.6 aliphatic
radical, a Cl1_6 al koxy and a cyclopropyl ring, wherein R2 is independently
subst i t utwo 2ed1td19dorom O to 3 i nstances of RA; wherein each/ul2010860671

i ndependently selected froma halogen, -OH, a Cl_2 alkoxy and a Cl- 2

hal oal koxy. [0015] R4 is selected froma hal ogen, -NO2, -CN, -R6, -O0R6,
_C(0)R6, -C(0)OR6, N(R6)2, -S(0)FREMMABY2N(R6) 2, -NR6S(0)2R6 C(O)N(R6)2
and -NR6C(0)R6. [0016] R5 is selected froma hal ogen, -
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Each Rﬁ:onq)osmdammnrbeﬁaﬂewf&emdeRTHb modhllatas.lheke edmpmm'ds baweatlé galeraland a
nonocycl.i c. or, bicyclic rin whereip: the ring, ig selected froma 6

To10. Bkt M? IaOsare GRyTHERHER LY a$sPEPls hoRO83 10 cycl oal | phat i o
and a 4 to 10-nmenbered heterocycle; when R6 is a Cl1-6 aliphatic radical, it
is independently substituted with fromO te—6 instances of R7; when R6 is a
non-aromatic ring or a heteroaryl, it is endently substituted with
fromO to 6 instances of R8; and wh €n aryl, it is independently
substituted withfromOtoGinsu_ A[({)Olg] Each R7 is

i ndependently sel ected fromQA CN oxo -0R9, -R1, -C(0)Ro,
C(0)0OR9, -S(0)nmR9, -N(R9)2, F 2N( 3],% -NR9S(0) 2R9, -C(0)N(R9)2 and
NROC(0) R9. [0020] Each R8 |s?<q1 pend Py sel ected from a hal ogen, -CN,
-NO2, oxo, a Cl_6 aliphatic r#dic
-S(0)nR9, -N(R9)2, -S(0)2N(

%?\I C(0)R9, -C(0)0OR9, -O0R9,
I%98(0)2R9 C(0)N(R9) 2 and - NROC(0) Ro.
[0021] Each R8' is independent{y\sel ected froma halogen, -CN, -NO2, a Cl1_6
aliphatic radical, -Rl, -C(0) ,O-C(O)ORQ, -0R9, ~S(0)nmR9, -N(R9)2,
-S(0)2N(R9) 2, -NRI9S(0)2R9, C(0)N(R9)2 and - NROC(0) Ro.

Formula I

[0010] with the proviso that the compound having Formula I is not a compound selected
from 5-[[6-methoxy-3-(4-methoxybenzoyl)-2-methyl-1H-pyrrolo[2,3-b]pyridin-1-ylJmethyl]-
o,,0-dimethyl-2H-Tetrazole-2-acetic acid [CAS Registry No. 1097838-63-5], 5-[[5-
(benzoylamino)-2-thiazolyl]thio]-2H-tetrazole-2-acetic acid [CAS Registry No. 1099441-56-
11, 2-butyl-1-[[4-[(2-carboxybenzoyl)amino Jphenyl|methyl]-5-chloro-1H-imidazole-4-acetic
acid [CAS Registry No. 114798-40-2], and 2-butyl-1-[[4-[(2-
carboxybenzoyl)amino|phenyl|methyl]-5-chloro-1H-imidazole-4-acetic acid [CAS Registry
No. 114773-45-4], or a pharmaceutically acceptable salt thereof;, wherein:

[0011] Ring A is a monocyclic or bicyclic ring selected from a 6 to 10-membered aryl, a 5
to 10-membered heteroaryl, a Cs_19 cycloaliphatic and a 4 to 10-membered heterocycle;
wherein said heteroaryl or heterocycle contains from 0 to 3 ring heteroatoms independently

selected from N, O and S.

[0012] Ring B is a monocyclic ring selected from a phenyl and a 5 to 6-membered
heteroaryl, wherein said heteroaryl contains up to three ring heteroatoms independently

selected from N, O, and S.

[0013] Ring D is a 5-membered heteroaryl; wherein x'is selected from N and C; x*is

selected from N and C-R?; x” is selected from N and C; x* is selected from N and C-R”; and x°



WO 2011/ 079007PCT/ US2010/ 060671 [ 0022] Each R9 is independently sel ected
fromhydrogen, a C1 6 aliphatic radical, and a nonocyclic or bicyclic ring,
wher ei n twe 20i1mg9ios sel ected froma 6 to 1 O-nenbered argirjusao1b/06as71
O-menbered heteroaryl, a C3_10 cycloaliphatic and a 4 to | 0-nenbered

het erocycl e; when R9 is Cl 6 aliphatic radical, i s independently
subst i titiseected FrameY and 6- E@pmwwtthﬁ@ékea@fonﬁof XAl vméh bribqtisag notng, it is
mdeperh%gltti &Hgﬁtl tuted with fromO to 3 instances of R12. [0023] Each Rl
is a nonocyc bicyclic ring independently selected froma 6 to 1 O-
menbered aryl, a 5 to | O-nenbered heteroaryl, a C3_10 cycloaliphatic and a
4 tol [Oﬂlmm%medlehtedﬁmcyﬁl €halaggh, RNG,s- CNdeﬁe@danhaﬂlglrasudaStal(IMtaﬂd)xw th
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hal oal kyl’, a koxy and _4 hal oal koxy.” [002 6] RI3 is sel ected from
-H, a GJhaB)adiiOlXphatl c radi cal, and a nonocyclic or bicyclic ring, wherein
the ring is selected froma 6 to | O-nenbered aryl, a 5 to | O-nenbered

het er ogwiS] %ﬁ:l?ége Fméﬁgoal hﬁhatl C ;JlteNA Lo I(ﬂ{m ﬁ?dsﬁﬁé)ﬁ cycl e; and

when e Is a i'ea § i1 ridepend uted with
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het er oar |s |ndependently substituted with fromO to 6 instances of

R15; and when R13 js an ary|, it is_jinde endgntl stltut d with fromoO
to 6 i r[Q?%ﬁlce% ’(§fselR?LtSd ﬁOFD@)QWng@aCNCR"Q rP}de‘&-:‘%deﬁE from a

S0 o) B SR oy N R o R aﬁﬁ‘?b%ﬁ‘@&ézzb@%é@é%ﬁ“ Eath’ RIS i

i ndependent |y sel ect ed from a hal ogen, oxo, a C1_6 aliphatic
radi cal[001RR1, p isGORRer seRCBY IR 0, DRG] 2.- S( 0) nR9 -N(R9) 2, -( 0) 2N(R9) 2,
-NR9S(0)2R9, C(0)N(R9)2 and -NROC(0)R9. [0029] Each R15" is i ndependent |y

21 0) 0V 91 Rkt G B tfReid R ed oy o By B KBS ad o™ Gy ko) 2
and - NRB&LdR) 8 or bicyclic ring; wherein: the ring is selected from a 6 to10-membered aryl, a 5
tol10-membered heteroaryl, a Cs.1o cycloaliphatic and a 4 to 10-membered heterocycle; when
R’ is a C 6 aliphatic radical, it is independently substituted with from 0 to 6 instances of R’;
when R° is a non-aromatic ring or a heteroaryl, it is independently substituted with from 0 to
6 instances of R®; and when R® is an aryl, it is independently substituted with from 0 to 6

instances of R

[0019] Each R’ is independently selected from a halogen, —CN, oxo, -OR’, -R', —C(O)Rg,
—~C(0)OR’, =S(0)R’, =N(R”);, =S(0):N(R”);, -NR’S(0),;R’, —C(O)N(R”), and
~NR’C(O)R’.

[0020] Each R®is independently selected from a halogen, —-CN, —NO,, oxo, a C,¢ aliphatic
radical, —R'’, =C(O)R’, =C(O)OR’, =OR’, =S(0)uR’, ~N(R”),, =S(0):2N(R”),, -NR’S(0),R’,
—~C(O)N(R"), and NR’C(O)R’.

[0021] Each RY is independently selected from a halogen, —CN, —NO,, a C,_¢ aliphatic
radical, —R'’, =C(O)R’, =C(O)OR’, =OR’, =S(0)uR’, ~N(R”),, =S(0):2N(R”),, -NR’S(0),R’,
—~C(O)N(R"), and NR’C(O)R’.



WO 2011/ 079007PCT/ US2010/ 060671 [ 0030] R16 and R17 are each independently
selected from-H, deuterium a Cl1L 6 alkyl, a G _6 haloal kyl and a hal ogen,
or, alterwet2oual79907R16 and R17 are i ndependently sel ect edTfuseommsdsi71 6 al kyl
and a Cl1_6 hal oal kyl, and R16 and R17 taken together with the atomto which

they are attached forma c(%cl opr opyl or hal ocycl oprol}tz%l ring. [0031] Lis a
l'i nker [882%ct Barhik omingdependspibe praecteddrom-hydragen, a GliphatigygdicpjRand awher ei n

when L j - it 18] t ' ' o 2
ot andid By AR PO REEs sk At BHRERRERI 5B Eh b5 T AL AL 2.2
Cl_6 altb phaichibereadiceabaryiaa C3. foycivalipdticphdtaidcto 10Ga{kberbd attefloatle oyhen

-CO( C3_6K cycloal.i phatic), -00-(phenyl), a benzyl and -00-(benzyl),; erein
when RRjigadals é{éftﬂ@&cfr?%?ﬁla“ Bin pami%lﬁlatsvhstw&aé Evatlh?fr%@-t? BARSRACTS Of:alRlwanzyl
and - 00;GRANAN)is o 'rltn%' iPis iﬂ@é@)@ﬁ@&ﬁ?tshystﬁﬁ‘@& WidhYRe 0 F: ri'nsftdfngﬁ frio 3

i nstances of RB; wherein each RB i's 1 ndependently selected from a hal ogen,
a Cl 2 alkyl and a C 2 al koxy. [0034] Each R18 is independently sel ected
from a [A823geBach-RoNis @amGhodchf ppbiayélis rivarindependentigihcheted fvm & phat fc

radi cal d 6. cycl oal i phatic; or, alternatjvely, ea R18 is

| e perbunpiTyt vat act B PaRPE b BiouitnGe oo PRal Y and 23 ey g

hal oal igkabdred haeioePdle; aAAR 't Wanfh3n @@y RELsti@ke Vith Pk &6 3 Wstdhcbher atom to

which they are attached, forma cyclopropyl or hal ocycl opropyl ring. [0035]

ois aRinteger selected fromO0O, 1 and 2. [0036] Each JB is independently

selected froma hal ogen, -NO2, -CN, -R19, -C(0)H, C(0)OH, -C(0)NH2, -OH,
0

SR1o dPANHGRTD, P el AR OO S AR o

vi ci nalCjhapalkoayons and, together with said ring atons, forma 5 to
6- menbered heterocycle or a 5 to 6-nenbered heteroaryl, each of said rings

i ndepe ly_s bi.tuted with fromQ to i nsta S , rein each RE
o hadIE e rER Ko rubiGendrth sl disuha faorih b a BV iaf Koy - o
and - Ola1daf83 7 C EpARoRRards ¢ NdRRANGRHL |y sel ected froma -H and a C1_6
aliphatic radical. [0038] Each R19 i5 independently selected froma Cl_6
aliphatic radigal, a C3 6 cycloaliphatic, a phenyl, a benzyl, a 4 to

6- nenbdPB]heR eringgledted o 41,3 G o abphatieyedied, ywd a monocyclic or bicyclic ring,

2011/ 07900 7P JS201 71 hete ryl: rein: n _R19 i 1,6
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radical, it is independently substituted with from 0 to 6 instances of R'*; when R is a non-

aromatic ring or a heteroaryl, it is independently substituted with from 0 to 6 instances of R';

and when R" is an aryl, it is independently substituted with from 0 to 6 instances of R'*".

[0027] Each R"is independently selected from a halogen, —CN, oxo, —OR9, —RIO,
—C(O)R’, =C(0)OR’, =S(0).,R’, =N(R”);, =S(0),N(R”),, -NR’S(0),R’, ~C(O)N(R"), and
~NR’C(O)R’.

[0028] EachR"is independently selected from a halogen, —CN, —NO,, oxo, a Cy¢aliphatic
radical, —R'’, =C(O)R’, =C(O)OR’, =OR’, =S(0)uR’, ~N(R”),, =S(0):2N(R”),, -NR’S(0),R’,
—~C(O)N(R"), and NR’C(O)R’.

[0029] EachR" is independently selected from a halogen, —CN, —NO,, a C,¢ aliphatic
radical, —R'’, =C(O)R’, =C(O)OR’, =OR’, =S(0)uR’, ~N(R”),, =S(0):2N(R”),, -NR’S(0),R’,
—~C(O)N(R"), and NR’C(O)R’.



OH, -NH2, a C3-4 cycloalkyl, a C3_4 halocycloalkyl, a -0(C1_4 alkyl), a
-0(C3_4 cycloalkyl), a 0(C3_4 hal ocycloal kyl), a -0(Cl_4 hal oalkyl), a

- NH( C1_4 wibkyitya79@7- N(C1_4 al kyl)2, and NRv; wherein - ROf/US2018/04067D

6- menbered heterocycle containing a ring Natomlinked to JB, and wherein

sai d heterocyc|e contains fromO to 2 additional ring heteroatons sel ected
from 0 [APIN; Rwsed RR1grejeschpindencadentlycictectsd feom etle derderjym; & Ceolkdi 9616 rom 1

to 3 ri ' $ ved f ; R19 is a
pheny! IS hEAh O0Be, AP RRRRRELHL IR T BHER, Tie HBMMerty ik sRBC i
wher ei nillgdahd RO is haloalitghand Bt dnd Fs'étaken ebefhicomith thaitogean wiaciGheya! | phat i ¢
radi cal , cdl% -OH, -NH2, a -0(Cl 4 alkyl), a NH(CL 4 alkyl) and a -N(C1_4
al ky1) 2ttaghtd farea craloriopy LorRtRcHFlgmPY kg ng or a heteroaryl, it is

i ndependent|y substituted with fromO to 3 instances of RD, wherein each
RD 1's [ pendentiher 38b&ed e 4 QI hal - age)y-, 0, -RO§1- dhpliRhat i c

radical, -CN, -OH -NH2, a 0(Cl_4 alkyl), a -NH(CL 4 alkyl) and a - N(Cl_4
al ky1) 2vhdqr@03dien|L isiagnethylemk etris swlepatdently substianed3gizh fromNRR1SDZtances SERNR21-
-Y-C(0)513 - NR21C(0) and -C(0)NR21-; wherein Y is selected froma single
bond, straight Cl1-2 al kylene Iinker, and a branched C2 al kyl ene |i nker,
wherein the C1_2 al kylene linker is independently substituted wwth from?O
to 3 hgbozmn ati90pl of D040] R21 is selected fromhydrogen, a C1_6 alkyl, a
Cl 6 haloal kyl, and a C3_6 cycloalkyl ring. [0041] n is an integer selected

fromO, 1. 2 and 3. [0042] Each JA.is .independently selected froma
hal ogerd 0033 R " iseRlectegdiom =k o 1 alinbedy radical e Gagpploalimhatic. §OEng - NH2,

-C(0 a0 VR 2 200 - and

- N oo s i B2 CPaphop Bk AT co-fitaa ileanas

r adi Calwhe[nCR)lllié]SGlEacdl iR s dpheattd mdichl, oOa(pBeny ),al heph@tand 1Cid{lwakyl),a C3_6
cycl oal.iphatic ring, a. phenyl., .a benzyl, a 4 tQ {6-nenbere terocycl e and
e vo iR ntanndartf s BT Han ooy B e D e TR Sl T | o

radi C?'indép%néleﬁltliyﬂgl%_@t%ﬂ!%ﬂiéMal§%@?§hidl_ljhﬂk91 MddhcframQ. to 3 instances of RF,
wherein each RFis independentlTy selectéd froma halogen, -CN, -OH, -NH2, a

C3_4 cycloal kyl, a C3 4 hal ocP/cI oal kyl, a -0(C1_4 al %I ). a -0(C3_4

cycl oallR934], Bachdy & mdsondenly/ soleod TraoTs bepearn/ 68067 dwibbticcidishkyl ), a
-0(C1 oal kyl a N 14 alkyl).: a - | ky )2 and - NRv;
ancrei 7 g itloyag o MASES e Ruli¥hdic Be bty Bl A5 g N atom

| i nked ih@epdBdentifdelatied €iom 4 0¢s higitario eadid# asdaCai AslohlighatiO rddica? aaddivbi onal
ring heteroatons selected fromO and N, when R22 is a heterocycle or a

het er odt y Erouphdakandgectbsirutthde prasiorwhish they; angaitashed. daio As v ARIEPEent | y
| ect .and S; wh R22 i - ti [ 5to 6-
sel ec Z%ICLC&?@P%?@T@ en isS a non-aromatic ring or a o]

menber it is independently substituted with fromO to 3

i nstances of RG wherein each RGis independently selected froma hal ogen,
0x0, a [@3Y abispmabicgersatticedlfiom @GN, andH, -NH2, a -0(C 1_4 alkyl), a
-NH(C1_4 alkyl) and a -N(C 1_4 al kyl)2; and when R22 is a

[0036] Each J®is independently selected from a halogen, —NO,, —CN, —RY, —C(O)H,
—C(0)OH, —C(O)NH,, —OH, —SH, -NH, —C(0)R"’, —C(0)OR"’, ~C(O)N(R*>)R ",
~NR*)C(0)R"”, —OR", —SR" and -NR'’R?; or, alternatively, two J* groups are attached
to two vicinal ring B atoms and, together with said ring atoms, form a 5 to 6-membered
heterocycle or a 5 to 6-membered heteroaryl, each of said rings independently substituted
with from 0 to 2 instances of R”, wherein each R" is independently selected from a halogen, a

C1_2 alkyl, a C1_2 alkoxy, —CN and —OH.
[0037] Each R* is independently selected from a —H and a C, aliphatic radical.

[0038] EachR"is independently selected from a C,¢ aliphatic radical, a Cs

cycloaliphatic, a phenyl, a benzyl, a 4 to 6-membered heterocycle and a 5 to 6-membered



phenyl 1, it is independently substituted with fromO to 3 instances of
RG, wherein each R G 1is independently selected froma halogen, a Cl1_4
al i phati cwoadiabgo7- CN, -OH, -NH2, -0(C 1-4 al kyl). - NHPCrAISd01@l0kosh) and
-N(C 1-4 al kyl)2. [0045] In another aspect, this disclosure provides
conpositions conprising a [f')har maceutical ly acceptable carrier and a

conpourlgteiek MetrinyoiFe R [ 6046} alinhaitotericnl. #dpeependaatarubetiviadreth el at es
to a g hod tB? ms%n%‘é%h[k O}?el}ealh galhng 1ﬁ‘de c?e%%l s&l@éé%brﬁg% fal Hchecept or

or | essening the seve disease 1n recep Ina
pat i ent—Glff6Hb, mgpijo@mosmgh adl‘gs;aabeycla'dilkyln'ﬁt—ml it qa] X |ase(5((adnycn¢)eakﬁy,lang to
the patient t herapeuti cal ffective ampunt of a conpound

phar macetf3¢ POWWE'@HI |ao_rp@é§ lP%lgHbH’eT@H lEHE R &ﬂ@e%ﬂh A€ onbi nat i on
ther apy*Nﬁbeﬁé@élnd'I\ﬁ@@%%% tB%%eﬂnﬁ&%hﬁ@te%d%?cl@%ﬂﬂ%m‘iﬁg?@%%f\l A0 15 ga“ be

treated W|th t he conpounds and phar maceut conposi tions descri
her ei n,J® eattdh&lneralh(smel lmterocryclemmbtan&tfrmn Otthr @ rad gyionalnoiguebesroatbmb seelected

Ilmtat ast loer crh itis ndcronl obtr cti,ve pul nonary
di seas dﬁ%alkg FWF IZP? f LitP 3H'B\ﬁpbe made in
detai | He%br&e%&@hﬂleﬁé}ﬁ@ﬂﬂ}ﬂwé&e&ffroﬁﬂ}@ 0 EFIY@Qt\lvH’éh R@Xs%’f}%&ﬁzl gfiswhi ch are

illustrated in the acconpanying structures a fornmu Wi le the
i nvent |lo¢lﬁmn<liqnﬂbéubl@1él@¢<ii bedl fram 8 dmp umseancenofk ¢ hhenan emlnrﬁer wtiedependsodiynent s,

hooe. ergt Rt EhoRg A% MR P NG PR SNiBet (Bt ity e om o

al t er NnatNNES,., alg fideatN@)s aByd,;ead virh Rt & J dvatarsBitibang BEL beteawiltibi n t he
scope of the present invention as defined by the clains. The present

i nvent ilpiderendsrtly substiagedtwith Femdbionb@stangry 04 Rrateeran carbdir ived herei n but
| ud S ) |
chegu?@% %e\ﬁqg%%é(seg%%escrﬁéh{ ﬁggr.ga{éﬁ) é%at%&g&ﬁgeéﬁge%’nﬂ%égpfag i 2;

of the m(ﬁann(yl)na/eNH(Omalkﬂ)hﬂfﬂaaewﬁll_4alﬂtat)2.one or nore of the incorporated
literature references, patents or simlar rrateri als differ fromor

Corm oSl cbeie A Bber R RS YorOrne N 10 MANIpar -Gt TOh- cont r ol <.

Descr i p{RBO(Qf- /¥y RZICOWH%M is A%?Jckéaﬂf&érﬁa%@wbcgﬁn%@él%ﬁmm nol ogy

[ 0048] For purposes o this disclosure, the chemcal elenments are
i dent i fallsderierlinkes endameached 6, dlhdemelinksdi wheTeibites Of » alkden loteniss, CAS

version, ;and,t r and Physics, 75.sup.th Ed. 1994.
Addi t i dﬂ%ﬁﬂeg}de@gr‘?@?ﬁlﬁﬁﬁ?wﬁ@lffﬂnégt%gthgtéé%?(?méhem stry are described in
"Organic Chem stry", Thomas Sorrell, University Science Books, Sausalito:
1999, goo40]MeRE S §e1ékd¢daﬂﬂaﬁdlyafo@amiapcgwﬁ§il,sa CY hal&ulisy Paridha Eﬁgcycﬁﬁiktyh, M B.
and March, J., eds. John Wley & Sons, New York: 2001, which are herein

i ncorpdi¥ted by reference in their entirety. [0049] As described herein,
conpounds of the invention nmay optionally be substituted with one or nore
substi tjgg4H S,n%%hn geﬂge JARURIned, gengiyal |y bel ow, or as exenplified by
part| cuI ar cl asses, | asses, and species of the invention. The phrase

"optionally substl tuted” is used i nt erchangeably with the phrase
"subst i[0MHd Bachunssirdepanderty Seldcmdgfmmraalla ogeme N@r, mCNs ufBSt,i+Odd; , refers

to the r Ezad jzn n ructure
With thece(ﬂa@%g’g%)ﬁi{l 33(2@ §l§§n§—ﬂ\ﬁf '_ hﬁ@i ot HeY (%INQS di cated, an
opt i onalNR*5ubeIR’*, ui@dzzg;m%aﬂ@ymaWSa substl tuent at each substl t ut abI e
position of the group. When nore than one position in a given structure can

be substituted with nore than one substituent selected froma specified
group, PMEIsubashiR uéniclasieg fim aiHhand & hes diphwtiordgik ferent at each
position. |If a substituent radical or structure is not identified or

define t jcal . ture
P T e e D e RS S i A L
art, graohpgylsadho a@snerhbherbdhagenycle MiPa 5 t@bimenildred IMtRoanyl; - vdCFSnwoldnd not be

substlt babl S 0]. The phrase "up to",.as used herein, frers to
Soro. oA CntUgERt R tindc Susabartb Rt Skl et E e RuaBES T B o ng
the phragsgeinkaéh Rg(ﬁqﬂdle%endéﬂﬂyts@le&ed RRANShABYenOPENOF-ORY, -NH2a (QY, 3. AS
described herein, a specified nunber range of atons includes any integer

t her ei reyclelkybxdmplhelocyclgalbylpa HC ngelkylbm 10 :acprtsalkdhla-Giee 1, 2, 3 or 4
atonms. It will be WO 2011/ 079007PCT/ US2010/ 060671 under st ood by one of
ordinary skill in the art that when a group is characterized as substituted
(as opposed to optionally substitut ec}) with, e.g., "up to 3" substituents,
it can only be substituted with 1, 2'or 3 substituents. [ 0051] When any
vari abl e occurs nore than one tine at any position, its definition on each
occurrence IS |ndependent from every ot her occurrence, unI ess ot herW| se

o, F A=~ o " . 4 e R I .



[ 0053] A conpound, such as the conpounds of the invention or other
conpounds herein disclosed, nmay be present inits free form(e.g. an
anor phouswbanmyo7aoocr yst al | i ne form or pol ynor phs). UndePCTarst@ionscos71
condi tions, conpounds may also formsalts, and/or other nulti-conmponent
crystalline forns (eg&.; sol vates, hydrates and co-crystals). As used

her ei n,haigsgcloalki) co-OHr mbhiakoaliyhe Ay 1oiiHD N (Cep Al and BRporigiein
crystal lyge: fo ) S | . m rliy
transt erveasa hB MRSt 0R ERMRARER e N bl iRy L aAFRLERSE

r ef er r alle hete@8syde tomhing froh@to Dadditi@ahpay hetsrdatonds sEldctad-femmoodnent;
crystalline gornhgre i@depe dentli ﬁoLids at. r onltquera ure, the

resul t i"hlbenc%- 5% RRIFIOCY RS 8t 3 BECTOAYALNGIING GOANS Q1 to fyriggyt eFPStoMss no
proton : t i f.fere SRRAN _the
co-for&é&Q%géﬁ%vﬁg%E%%%%?Fg’?g%?ﬁggmgﬂgb?gﬂ;g%gﬁ&Ps dete?ﬂ%%gﬁéby how | ar ge
i s t he mé¢rhbaedheteroaryltins ipdpsndeatlyselbstitdied pahtfroen 8 te BatstnoesoftRYE i xt ur e.

As used her.ei n, "sol vate" refers . to an,associ ation or. compl ex of e or
mor e soVRED oA R i BLneREeY S IREBHTar SRR a et ot lipBrty dicalr (& op
CO- CI' Y S{GHISINHA J'WE@'IQEIF&I)[ §f—§1Hz|@q_z Ay ahd b Y ReC 9{ alR@h,Y 8lewhéh RAIgh the

a

solvent is water. nmpl és of solvents that can form sgl vates i ncl L{lde, but
ar e notphienyfiltiée indepondengly, subgivptied paidiom @itk dnadtancaeehRnowhereti qaeh Ryl is

sul f oxi.d et hyl .acetate, acetic,.acid t ha anm\ne, tr dr of uran
CTHE) R P FRRER M Sk S BB sl ey TRy NGOl ose
only ongkyf. NHCO,SeIReNHand SNAT a\lkydy,. naned specifically, structures depicted
herein are also neant to include all stereoisoneric (e.g., enantioneric,

di astereoneric, atropoi soneric and cis-trans isoneric) forns of the

st r uct UP@4Sl ol anelighpepect; Hes Hsdpirapioyiies GUMALSIENNS cOBIPTISRER asymmetric

cent er . i gy GROL ! alli@hd!QonfiRGRY BNADES flgieaxi s, (2) and (E)
doubIeIBon con |5ura ions, and cis a trans conformational isoners.
Therefore, single stereochem cal isomers as well as racemates, and m xtures
of enar{0046ter b, andites apeeptherdscland relagestto amsethabive pevédomghirdrebomgla or
confornmational ), of t esent conpounds.are within the scope of the

oy esenthme A o ORGPl i R e et Ch At GRE ORI s of ¢ he
compoundsTEP rédeptob!if 8 PaticHliseFbRSEmANEh Wsé Rk MHNRBEPBEMisct he di scl osure.
[ 0055] The present disclosure also enbraces isotopically-1abel ed conpounds
whi ch adaingierng énthepatieigdecrapasticdly ¢ffactiveampunt of glcompeuidet t hat one or
nore atQns _are.replaced.by.an.atagm havi.n n_atom ¢ SS ol _mass-nhunher

0t £ or anprp st f BB Al R A PR BaR PRI TR o

i sot opefiscafcsamyt ipal¥d U ICRTHE Ratmor fldah®an 88 usped wWithate asapa@adt endl at ed
within the scope of the conpounds of the invention, and their uses.

Exenpl dihgrmacsuiagid sompestitienssicpraibes bgicb cibadlonstas 1t sprpbian Berapre i nventi on

i ncl ude_| . 0 C NN . s, sul fur,
1 uor o 0y Dm0 B8 fima LR i HROCHon PREEFVERTRIRRSYS Tohs
1505 17&adB8@OEIPS5 33P5 35s5 18F5 36¢15 12315 and 12515 respectively.
Certain isotopically-Ilabel ed conpounds of the present invention (e.g.,
those | abeled with 3H and 14C) are useful in conmpound and/or substrate
tissue distribution assays. Tritiated (i.e., 3H) and carbon-14 (i.e., 14C
i sotopes are useful for thei hEESeEs DPRERFAIONN and detectability.
Further, substitution with heavier isotopes such as deuterium(i.e., 2H)
may afford certain therapeutic advantages resulting fromgreater netabolic

st abi | i[0947le. Referdnae welhsewd bie magdie yndetail fo ¢arfamn gnbediarts @f thegaypation,

require nd. he refer in 15-5 + 18F .useful for
somne cie%grl%%% aoﬁgvglscm %%g}utg?%tﬁggnmﬁte t% fgcnog p?aggftngﬁgehswtg{fcsz %nigoqﬁm%f@%ﬁ&%osi tron
em ssi diAvéntioR QiR pLic{dibdd irséomilireEoh o/itxaOtmMensaubs thdbéinfcateftnall boccupancy.
| sotopically | abel ed conpounds of the present invention can generally be

f the pr .
pr epar éﬂldﬁv%pé|th1%mqulrf)%tdmaﬁi@st05mr Bigdueentign {hheee enedipsey Rathehe
Schene LA e
a0t opr nal oo GRS I ARG R BN CRorR 3 LR B mavbe | ooy
The t ernmeliddd whianitled scope dhihe phatntangmaoiop'as defited|bypghatlaony. diieqatsent as used
herei n,, means.a strai ght-chai i.e., unhranched), or .byanched, substituted
or unsdﬁmﬂmewtbﬁlﬁgﬂmﬁ@@gﬁwﬂ@g@@%m@@@rhlﬁmub AOBORISHR n that o
conpletely saturated or that contains one or nore units of unsaturation.
Unl ess otherw se specified, aliphatic groups contain 1-20 aliphatic carbon
atons. In sone enbodi nents, aliphati g groups contain 1-10 aliphatic carbon
atons. In other enbodi nents, aliphatic groups contain 1-8 aliphatic carbon
atonms. In still other enbodi ments, aliphatic groups contain 1-6 aliphatic
carbon atonms. In other enbodinents, aliphatic groups contain 1-4 aliphatic

oy o, N Y L N - .



[ 0060] The term "carbocyclic" refers to a ring systemforned only by carbon
and hydrogen atons. Unl ess otherw se specified, throughout this disclosure,
car bocyclwoizsiuge@7as a WO 2011/ 079007PCT/ US2010/ 06067 PCIyuseongnsi1
"non-aromati c carbocycle" or "cycloaliphatic". In some instances the term
can be used in the phrase "aromatic carbocgcle", and in this case it refers

to an "aethedsgnduprteriads sietilapateayeyadnt tq hossdesamledtherein thay epWd be yeestinc” or
"cycl oal i 1c 44 ng” - - i C SRR (oY1 iC
car bocylt PREt el thEfres il nveEdh MATEH G R BREKahdis of RARARSIRY: Ccar bon
t hat i diteratupt sff@kiyces patinad @csimilait hatrigle difér fiHnooecomtradior thisupiptiSativh,

unsat ur.ati on but ich is not aromatic, and which has a sing]e point of
attac hrf’éﬂ’tlglflé %tlhléo\?ﬂlé@fedd? d?ﬁléedﬁslr% (AT usepg, éggcrlﬁﬁ%&camlg%ess%géﬁ ke ghis 5
cycloal'gﬁaﬁkﬁcgﬁgﬂg may be nonocyclic, bicyclic, tricyclic, fused, spiro
or brié% d. I'n one enbodinent, the term "cycloaliphatic" refers to a
nmonocyclic C3-Cl2 hydrocarbon or a bicyclic C7-Cl2 hydrocarbon. In sone
enbodi fesceiptiampf Encinplagy£Iompawpdsn a bicyclic or tricyclic ring system has
3 to 7 menbers. Suitable cycloaliphatic groups include, but are not limted
to, cychoal.kyl, cycloalkenyl . and cycloal kynyl. Exanples of aliphatic
groups%@lé%f'éd%n%qegﬁ?%g / ,m‘(’:l%’f obutyl, cyclopentyl, cyclopentenyl,

cycl ohexyl, cycl ohexenyl, cycl oheptyl, cycl oheptenyl, norbornyl,

cycl 00q0948] che pumsusyd of thisaliiisayd, theaheminahdesythts acyidbmifxdas tcorddidet he

i ke. [0062] The term "cycloaliphatic" also includes polycyclic rin

syst engViththgdicapdic ﬁéblﬁdﬁ%ﬁ Bleents: CAPpEEyRY i2d therfdandhpolp@f Chepaigyy 28§ one or
nore ar t]C a ' - het G d or
Combi naTs TP ap o Fa A e RIRD B oo o R e iBeene s on
t he nordeserdwdtin E0Orpanivdchentistey"s Thgmaq BO63], UneteesitycSoidnet Bpooks, Shedaditoocycl y1”

or "heteraqcycl,jc), ,as used herein  refers to i,ng Sys in i gh _one or
mor e 11 gD B A 4T S CrHOD S REHEY Y S Bt Eila Sratherbat it Mie AT <
conpl etk yiofR WAl Gt & BofS, Nl ofONDAT , RehiON SreMerdi R orpBtdisd B rdfiteRdcyfat i on but
which is not aroratic, and which has a single point of attachnment to the
rest ofth¢ihentrreyecul e. Unl ess ot herw se specified, through this disclosure,
het erocycle is used as a synonym of "non-aronatic heterocycle"). In sone

i nstan he L. . used in.th hrase "aromatic heterocycle” ..and in
th s caagedlpL AEPLBREn g8y ERhdog PR IR fon A PRIOG IR SIP SR papry

het er oayelog nlrs Qubstitikhid esich Us Blistr&tpd penc@dllybdlcig.asdt abekanplifel byCpaitididar
systenms. Unless otherw se specified, a heterocycle may be nonogyclic,

bi cycl i%assss: pybckapeasi and specisopfethe Hysaiiore dihe phiase “eptioapibesubsiatufeds 1gused 18
ring at. I 1.Gh: ) I het i.ndependent |y
el act e p AP tfasl b e S L A L et o

cont ai d'sultitwedr, raferg tatho mepladement bitsncanrinot hpdriogen adheatsen a@ynahatmreyrde a

nmonocycl e havi 3-7rin tons (2-6 carbon atons. and 1-4 heteroatons) or a
bi cycl ewmkheﬁ@&galféaﬁp?fﬁ%qa%ﬁétlteéﬂ-tggnkm %wag M&ﬁﬁosoen car bon
at ons  affsiiaed BRIPIRAL IR - subAANR: §6cRh sEURALIE pBSHGT SCHE Lidup! WiGn SYSt ens

include, but are not “limted to: adamantanyl, 2-oxa-bicyclo[2.2.2]octyl,
1- aza- bhagdtha] chepoitiontiy h givied 06Ujturtsan be dulfstiheechyith meore dramohbetlstiocyt| e

al so inc|ud olycyclic ring systens wherein.the heterocycli ing is
Fused welHaTPEh S Pl Carb S e M e s BHEHERY st af bl ooy i ¢
rings, fkitioh!if aGapRitRk kRG] bharralre isaft iRnbfiadot Mgineads caytioakllpoi nt  of
attachnment is in the heterocyclic ring. [0065] Exazg!es of heterocyclic

rings isubstiteed”. g subptétuergiradipatior suetere is het sebititeias.nys onld &g epragent to

2-tetr I NY4.41 3t et rahydrof yran - 1 et ahy dr ot Ai Nyl ,~3s

et anyior AT Akt SRAS Rt 8t e RSO EhGr BHB VoS! ock

2- t hi onmsdabi trosub@itutabiecqrdighol i no, 4-t hi onor phol i no, 1-pyrrolidinyl,
2-pyrrolidinyl, 3-pyrrolidinyl, 1- tetrahydropiperazinyl,
2-tetrahydropiperazinyl, 3-tetrghydropjperazinyl, 1-piperidinyl,. 2-

pi peri dﬂ?%m, BhphERIG YPrig 1> 25 Y9y 1EIR TRIGH t Z@%Vr%_i’dﬂ?%%ﬂﬁ“”%%é‘?@i&ﬂ]lﬂy! ,

5- pyr azphiR¥ilan the n&hﬁ&rfb%\!@ﬁﬁk1the2p19h&.erPéMpgle 3ﬁ15)'t6339r1'n9é1ﬁ3ﬁ|ny oftz BF @er,i di nyl,
2-thiazolidinyl, 3-thiazolidrnyl, 4-"thiazolidinyl, 1-im dazolrdinyl,

2- i m dazof BdAngdscrilled Imrelazo$pedified nunber rngagbDitons melydeandly tniteeef dletcami ng

bi cycl es: 3-1H benzi m dazol.- 2-one, 3-(1-a] kyl)-benzi m dazgl -.2-one,

o 1 it SR aBGaT RGEoR, -1 Hauts SR eshdus Aot MR CHEAE hi of ane,
benzodi t hi ane, and 1, 3-di hydroi m dazol -2-one. [0066] As used herein, the
term"aryl"” (as in "aryl ring" or "aryl group"), used alone or as part of a
| arger noiety, as in "aral kyl", "aral’koxy", "aryloxyal kyl", refers to a
carbocyclic ring systemwherein at least one ring in the systemis aromatic
and has a single point of attachment to the rest of the nolecule. Unless



WO 2011/ 079007PCT/ US2010/ 060671 ot herw se specified, a heteroaryl ring
system may be nonocyclic, bicyclic or tricyclic and have a total of five to
fourteen wongtiatrewg. | n one enmbodinent, all rings in a Rerase@aopbossyst em
are aromatic. Also included in this definition are heteroaryl radicals
where the heteroaryl ring is fused with one or nore aromatic or

non- ar dméfslistwé&fvwoé;@é prdinasy skilltie thseaycthpicwhengroup s dersioniaed ansibsiaicdof , as
| fy t
a1 cuc et Ao AlloCuioRlRa My B ACRTRI o' B AGOR E R 11 09,

nenbereﬂbhemedommdnakwosmbmgu&m§ed to a second five nenbered ring wherein
the radical or point of attachnment is on the six nenbered ring. [0068]

Het er o rings |nclud but are not limted to the fall pwi ng nmonocycl es:
2-fur a?h??‘él | PR AR VRN S dngTe, s Qi ) i Posiliph R yfon on cack
S5-im df%?e@uﬁfénce:f’s fnﬁéﬁ%%aéﬂtﬂom évérf BRE Qéc)ﬁhvenge hﬁl@&‘sa@tﬁéﬁﬁjlse irdiexadol yl ,

4- oxazol yl 5 oxazol N-pyrroly 2-pyrrolyl, 3-pyrrolyl, 2- pyrldyl
3-pyridyl, é;rld pyrlntdlnyl 4- pyrlntdlnyl 5- pyrlntdlnyl

pyr i daz[ﬂﬂ@l] ( lgctlonslf pyb&tldmtsmylri)combutahpe&@tvwonedbwhhlazitﬁlcgﬂsureﬁmt pilszol yl,

tetraz razol rra 2-1ria a

5 1 adafs b SRR AE Rl o Ran | et Smi AR i Hlecs

i sot hi @Zl@|c&5h1,buiht18m§3wﬂma@éfﬂnyio, th&se?of%dlﬁa@lsﬁllﬁﬂ thé art in@ nthy O Adicanied |

1,2,3-trjazolyl, 1,2,3- thiadiazoly 1,3, 4-thiadi azol yl,

1, 2, 5- tWHithewt Badeyaxperpeniion The 161‘31 etatoh a8 W4 hersig rafers t9 epmpaindy thst cycl es:

benzi m I

benzopyﬁéﬁ%n%rm@n@ﬁ%&?t f o SR 4 BPOG ons REAERPH- M odustops, g

2- qui nalctaayibn, aﬁidguisnmleienwodlrrﬂemﬂ,liﬂfmi Iiecryxte)y panﬁczitmqmmttslelforycbne(ce ngore of

1-isoqu nol i nyl soqui nol i nyl, or i SO I|n [ 006 used

her ei n, the pyppips S@FOS@@ i n sogpe @re%*rment P&}eﬁﬁag%‘!yc@@ﬁ bi and

tri- Cycﬂeés@blé 'c&ﬂﬂét)iﬁitl@ Bhe {h'aPislﬁ‘St ﬂﬂ)sfé}{ﬁél HePé’&?«&zh&l ke%%tea[ Qﬁ%o%ta'uﬁe o?%/olc or

het eroaryl, eac has been preV|oust def i Fused”

bi cycl ia lessng th;eydisemm of(mtpastu@eartotker IChe:rgsal\lwhreehtl@rmélttom faldé}tdeast ageek.ng

atons. [0071] "Bridged" blcyclic ring systens conprlse two rings mhlch

share t four adj ace n the term."bridge"

Forers BOSG A aRgbuif s aitMnt e i Be e T REo Br R B omP i T iper ent

parts ofisclost® Bepbepreddne i MOfréd R (£ hain aherpheumeh e/ haoing fordhher bri dge

(usually but not always, two tertiary carbon atons) are referred to as
"bri dgetebaaerphs)EXas] ceealefcoaqilrle@e@omprWS mtayrqlsngfoew@léwnci peethefemuliat ar e

o el PRI seERCR e AOLGEIGNN BIGYSHSh 4] A ein. e

2- oxa- hegy cd-Gjrh 2 s?ﬂcmymdus wlﬂla:hatebmmtlél{oatpan&ltQC}'isyeilee form. When one of
3 azablcyclo[S 2.1]octyl, and 2,6-dioxa-trjcyclo[3.3.1 03, 7]nony| [ 0072]

" Spi r o"thiyreRyeqneats n fy wylormhas elﬁsthétrarﬂ?‘ir@r?epmmgt f‘o?rb%rt@tram@n B&t not
al ways ,reﬁtlﬁ@éoefo%rﬁ( réf@ﬂ’r&% RL0N. [\ﬂ%?dotﬁ ﬁtﬁ-n cﬁﬂhﬁ% mr 4 RYIBLOordRf €rS to an
atomsuch as C, N, O or Sthat is part of an aronmatic ring, a
cycl oal qr]zﬂnaihn@forrmrvge ordependentéyr sdidy ht noongtemﬁefaamhsha: tasularhg eoffomgisat o' is a

ring car or nigr m bonded to at t one hydrogen tont The
e 0gaREEA T s SRy rpTAES MRr OB USRS A SEN T8 A o oup.
Thus, Qﬁﬁekﬁf&%mﬁﬂb§%b?ﬂk%ﬁhﬁnﬁkﬂ%i%hﬁﬁkaﬁ%%aH%&aha% 1§d&&nﬁh&f@wen or
carbon atons which are shared when two rings are fuse I n addition,

" subst ihout lakgdeds therrgffatteom indbepK arobetvernl thel eantmair@ﬂl@ef%mﬁhomlxtuter 49 et ons

when tq% stnyctg F | tsnthat g arelr (y att ac edntol,lﬁ r4mre
moi ety ‘GTH&E® R “hy ARBJeAn ANECR O‘F.yd?%%ﬁ’éo T GV AR E B CLUBA Y ut i on.
[0074] 4 ddeft@tlﬁ@tiemosé&tt@élﬁ (bi0itsakts OF caTByStalR). Axyigente Suh baticula typegen,
phosphorus, or silicon, including any oxidized formof nitrogen, sulfur,
phos phaelyate isrvhigh the salventis wetsat ampéeswffsehﬁrﬁéfthaéﬁ@nﬁmselwetsrl wdede, or a

substit anple N
Cas i n U R bR SE R B, Bplih AR, lindi. TG oy sy

N- substeitliyd taeeiatreya"oreot: aeltthgnoldnfid S¢trdhy dsdomn € THBY |dmte1r1ttremethaoe (dependent
occurrence a var%HP e nﬁg be taken together with the aton(s) to which
each vaYiab t3§ﬁﬁ%% S@Mbkm a 5 to 8-menbered, heterocyclyl, aryl, or
heteroaryl ring or a 3 to8-nenbered cycl oal kyl ring. Exenplary rings that
are formed when two i ndependent occurrences of a substituent are taken
together with the aton(s) to which each variable is bound include, but are
not limted to the follow ng: a) tmoHLndependent occurrences of a
substituent that are bound to the sane atom and are taken together with
that atomto forma ring, where both occurrences of the substituent are
taken together mnth the atontto mhlch they are bound to fornta

o, o o, - o -



ORo D1 [0076] these two occurrences of -OR may be taken together with the
aryl ring carbon atons to which they are bound to forma fused 6-nenbered
oxygen comDapniatgoonet erocyclic ring as in Fornula D2: BRT[USMiBsder1 Wi | | be
appreciated that a variety of other rings can be fornmed when two

i ndependent occurrences of a substituent are taken together with the

at on( s)[ 093 Iwnielsseeitn osuekhr dseaiers islraygupionaiind spreifical e steycivss depiefed ai | ed
above t , an al kyl
or alip eaefdi?gltec %%@%Zﬁo ‘E‘Ql“?gt. ona %Oll%gl}eﬁ]{cggé ?4@0%1%?{% ano?lﬁbeljrﬁgg% om or

group. aTﬂibbﬁls@iﬁaﬂ‘ll(Saﬁd‘\ﬁS txanmbﬂnyﬂl@)rferrmmﬁthefstrmdmereafokykampleﬁhe pheadic chai n can
opt i onaII}( be replaced with said other atom or. group. . Unl ess ot herw se
speci f i®algyRtEo pr SHFRISYBRICHISETBISE. & Bidmaeoafighiatiany fr ethssEmBsiifound.

Opt i onalyid ?ﬁ’)‘%‘hﬁ'{ﬁ} Ei(gﬂﬁ’eh&ﬁﬂ QAR N ERLRY Bﬁs é\dﬁgtﬂla@iﬂgél%on%m ei ther end

of the chain; i at the point of attac ment rest of the
nol eculﬁlemfdlieosmglt stehevchenrrhhiadmensads whles ogpteimatea) andepixacresnm?ﬂnsnMnera,l so be
adj acenj. to each other within a ch solon a5|t a chemcally
St hbl o ARG DHGeg iy s S Dl asgotior nednaD ST Bt or

interr %Mp@ﬁnd%cé%é”{xﬁthﬁith@ s&cﬁferﬂf 'ﬂ?e' préfst @ifsclbglﬁe C{U'ﬁbﬁ,otﬁé?%ls"e%&képﬁﬂﬁm atomis
bound to a H on the term nal For exanpl e, - CH2CH3 were

opt i ondhutgmerie &rmgef dub mmmun@& of thirpresens Ldlsplomgre@rﬁawﬁhmdm gcope of beH2CH3, -
CH20OCH3 I - CH2CH20H. I n anot her exanple, if the divalent |inker
-CJ-lZCJ—léH—CI ier e optionally interrupted with -0-, the resulting |inker
could be -OCH2CH2-, -CH20OCH2-, or - CH2CH20-. The optional replacenents can

al so cqopsHt etlye pxepdnadsclahdre afso ehraas tsofmpaiaﬂysaﬂelbda:oﬁh@hﬂds Wwhich exanpl e, a
C3 aliphatic |inker can_be optional replaced by -N(Rs) - c(0)-, and
-N(R) - 1@@1q06]rtﬁ]t qq(ap@@‘(eémqq), _bu‘( tor meeécq tpaﬁkqg,e))r moygytoms are replaced y an

20 1 1/ 07 (?‘g 215%% &%ﬂé gﬁt ?gllmgs%qgl%lbe{ BitBeOe lﬁ%hﬂ thk Q?o 1@ ss 81‘ &hﬁa[{umﬂe?f ers

to the ituents on a group t inc es two or nore
car bon mudmsfoumdhﬁr edturet AB mmmts iof HI[W’IPEB‘UGIIH adrhac Iakadwhbasaajjeaﬁedl trecar bon

atons. [0080] | ne al, the term"ge r ef ers tp.the cenent of
subst i t%ewwl'a&ﬁ@ g%E %S%oaap fsogtpetn fi%aﬁq InyERtOne 47 @ﬁl%%@xe%lé%. n the
S ubsti tlk&%e% tRdtRafbé %B%rz&@d fnkt?co?ﬁﬁ%nﬁ@BpﬂH@ iReAfdn [RAR isold}es ber s

"term nal | and "internally" refer to the location of a group within a
subst i tlwémgenﬁcaglmmupltmgem axwgmphm@ﬂrusmlfgr,dhpnns ohtarmenandapdinbesuend of

t he substj mi n@ Hurthers, bond o 3 Q; tshe 1ghem,gal structure.
Car box §I by% é F§O( ) @y% Q%tnt]ggx r’rpl e %f gﬁca?baggy ti)roup used
term na&i@écn&lgr@wﬁm @otbpic@lwwdbem«aambbmgro@m présct Bsemtion (.t hBosel ddl e of
a substi tuent at_t the,end of the substituent bound to the rest of the

clhEml cdpbded vith luIrI@nd QQWQ:Eﬁef}thI}/C?@P‘de agfljey sulstratedissusr digrikytiorngsemys- ) and
excapl LR o Pl car@d L 8 NN oy SIS RSB bsolEF

bond  draadnicfecabiliay. Sulbhts, bulgtitution vtlﬂehsaem Ebtdp%s anh aside@eriiltl. 61, 1) may

mul tiple-ring system (as shown bel qw), .represents substitution with the
subst i taheowd C%l’fal%ﬂsff‘f@ﬁ%‘t pvgniaseseping from grepterfyetaboliciéabilitideewi t hin t he

mul ti plig.tidg 11§¥ b&Tie- lﬁg br R4AER cfosa%eqreﬁykég?% L8 @191&%% l&oﬁéfeﬁleﬁ in

substitution W|t a substituent X a ep05|t| in formula
D4. some circumstances. Positron emitting isotopes such as N, "¢, and '°F are useful for

positron emission tomography (PET) studies to examine substrate receptor occupancy.

Isotopically labeled compounds of the present invention can generally be prepared by

following procedures analogous to those disclosed in the Schemes and/or in the Examples

herein below, by substituting an isotopically labeled reagent for a non-isotopically labeled

reagent.

[0056] The term “aliphatic” or “aliphatic group” or “aliphatic radical”, as used herein,

means a straight-chain (i.e., unbranched) or branched, substituted or unsubstituted

11



D3D4 [0083] This also applies to nultiple ring systens fused to optional
ring systenms (which would be represented by dotted lines). For exanple, in
Formul a DBO 2Xi1/g9@m opti onal substituent both for ring RARcaru$20t0060681 (ri ng B
being an optional ring). - - ', A2, g X/ . , Db WO

2011/ 079007PCT/ US2010/ 060671 [0084] however, two rings in mul tiple
ring sywdesaebgeshpiaeatds egrapleisty @%@t@d puEat @U&lW@quémr?ﬁélt%%t er of each

ring, &?ﬁura‘ﬁ%.ﬁ?@e&td?ﬁél%ﬂgs%%ag&ﬁﬁdf 131&‘&1@?@&&8 al 1361 1%1%@1] cattish! esent s

substitution on ri I'n Formul a
D6, Y iasoras Iopdme ambocﬁuiaatsg ﬁlqﬂlratlc E@ups torgaiA o1 g/hphamdca)ﬁborsatams ofptdtiestal
substituent for ring B only . [ 0085]. As used herein, the terns
" al koxyf’mt&dlm%ﬂt%WlPlPﬂtH"gr?‘é?Sé’PmtaHl éﬁ%gpﬁ%nc Grismstoras Ip sl piss| y defi ned,

attac heéiinﬁogn{laﬁs %gfl?alf(ﬂ;: g)‘?mgﬁrcohﬁuﬁf‘ %ta ?ﬁatﬁ%&%n%orﬁé NG otﬁé}re(ﬁﬂﬁal té) Xygen

("al koxy" 1.e, a sul al kylt .e., -S-alkyl) atom

[ 0086] aTllphatl@grrmpsCamgtaﬁlallMmliphhtkwctafbo@omﬁ ahkmxyeabthenghbodiments, ahphatlc

Cn_nt" al kox aI| ha i,c"., . and C' X nean al kyl ,. al ken

T phats CureonPRb Ly elaetamalbmay SOt SRRt e tiie snEesmtty

al koxy |ghieuPs, 111\(@3%@151@11&14%@ ﬁl%ﬁﬂ&hfé@%hﬁ&@sﬁtﬂwath%yl Of k&A1, Qf?'aﬁ(yﬁ?l grB@psal kyl
and al koxy groups, alke and al héé gr oups, i phati'c and”al Koxy groups

or al koSWcm@xampbxyf glitphaps groctl@mc blagretmh@a@é toapetbyl, eﬁhyl peapaben t he

| nd |
car bond v BREP T 0BT YRR aFicp o Rl aT bR Bl PremtBa gt Sl ffh i
- CH20CH&KEH2CH3, - CH2CH20CH2CH3 or - CH2CH2CH20CHS.

[0057] The term “alkyl”, as used herein, refers to a saturated linear or branched-chain
monovalent hydrocarbon radical. Unless otherwise specified, an alkyl group contains 1-20
carbon atoms (e.g., 1-20 carbon atoms, 1-10 carbon atoms, 1-8 carbon atoms, 1-6 carbon
atoms, 1-4 carbon atoms or 1-3 carbon atoms). Examples of alkyl groups include, but are not
limited to, methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, s-butyl, t-butyl, pentyl, hexyl,
heptyl, octyl and the like.

[0058] The term “alkenyl” refers to a linear or branched-chain monovalent hydrocarbon
radical with at least one site of unsaturation, i.c., a carbon-carbon, sp2 double bond, wherein
the alkenyl radical includes radicals having “cis” and “trans” orientations, or alternatively,
“E” and “Z” orientations. Unless otherwise specified, an alkenyl group contains 2-20 carbon
atoms (e.g., 2-20 carbon atoms, 2-10 carbon atoms, 2-8 carbon atoms, 2-6 carbon atoms, 2-4
carbon atoms or 2-3 carbon atoms). Examples include, but are not limited to, vinyl, allyl and

the like.

[0059] The term “alkynyl” refers to a linear or branched monovalent hydrocarbon radical
with at least one site of unsaturation, i.e., a carbon-carbon sp triple bond. Unless otherwise
specified, an alkynyl group contains 2-20 carbon atoms (e.g., 2-20 carbon atoms, 2-10 carbon
atoms, 2-8 carbon atoms, 2-6 carbon atoms, 2-4 carbon atoms or 2-3 carbon atoms).

Examples include, but are not limited to, ethynyl, propynyl, and the like.

[0060] The term “carbocyclic” refers to a ring system formed only by carbon and hydrogen

atoms. Unless otherwise specified, throughout this disclosure, carbocycle is used as a

12



[ 0087] When the noieties described in the precedi ng paragraph are
optionally substituted, they can be substituted in either or both of the
porti ons w0 2eittd1eco7si de of the oxygen or sul fur. For exaoplusoiancwpti onal |y
substituted C4 al koxyal kyl could be, for instance, -CH2CH20CH2(Me) CH3 or
- CH2(OH) OCH2CH2CH3; a G5 al koxyal kenyl coul d be, for instance,

- CH=CHOTPROHR oF 3105 r aromp s aThpyclas oF3Cy l@diabgticT hla somierigstagops Bheyermaean t hi o,

e LBl OB Pkl Sielaefin Mol BRI SaP Baaed © e

nol ecul €, ain or-ring
benzyl Qieﬁnedgelow: 0- Ph, -OCH2Ph) or suI fur ( aryl thi o e.g., -S-Ph,
-S-CH2Ph) atom Further, the terns "aryl oxyal kyl", "benzyl oxyal kyI

R R R e B Y Loy Bt €

gr oups,«ngg- a%cﬁﬁatfc%@oo@?&'l “ndnnarBHﬂaﬁc Gﬁﬁ@oychpq r@féf’ﬁbc@ fa QE1i @k RIFSCcakn BACH
aryl, aryloxy, alkyl, F’ kenyl or aliphati'c wi'l | be indicated separately.

Thus, &s BorBpliitbsatedtcdor zmmmag@oa@mmwsmmmm@mmmymmm ismapal kyl) is
a 5- 6 nmenber ed

.1 t h 4 al kyl ch
I B N IR e e N R R I
car bon Sherhvin s@mﬂe@'a%ﬁblo@hﬂiaﬂc gf&%&ﬁfl y BSmUs&y chemidyilic ttﬂ@ydh%"ﬁrﬁed hal ogen”

or "hal 0" nean F, 90]” The terms "hal oal k

"hal oalsREapr bridgddalloane phhedigrent, élm:reﬂh méﬁalkl@hﬂ}ﬂc”rf@fafﬁ talamnocmll@e(ﬁyﬁz

nal bgor At A8 Pbic AR e, Aol B S Shb Bt DR BT, o

hal oal l@bﬁyydll@lﬂrd‘ld;ehc ﬁﬁg Bys)tdeIEHEs?S toT’mh&ntbefmulmﬂwcmﬁoamphitiotgrbuphaheldd@,I kyl
groups, such as - As used herein, the term™ cyano

refers "hup areaqt tlmlted @L\Czyloalmb 92‘]10314‘@13’11 @nfsyeleyknpd) kxamples-ohakinBatideny|
"cyano A phatic or

al koxy%rb@qﬁélﬁ%%?%%% Eg% Cty a@%n%ﬁk%d@%?ég B élghég{%no groups. For

exanpl eyaloGdxdyt; gaclobdpkyll cybdn]ie;itebgl aGibGN)y2 Chi2iGhidy Bgicland@ld, 2yclpdeonydl keny!|

coul d be =CH 093 ed her ein, an "am no" group refers to

CNH2.  [O6'9Endep E.ICY PM@&#’?@FE@ " ani noal kenyl ", "ami noaliphatic", and

"am noal koxy" nean al kyI al kenyl , al | phati c or al koxy, as the case may be,

subst i tpgdexr Wrhdkenec hﬂlﬁ@l%qnﬁh@é’s%lydfz@ﬁc Ax@5RkEnPinGhich ¥indaal kyl
coul d be - CH( NH2) CH2 2NH and a Cl-2 am noal koxy coul d be - OCH2CH2NH2.

[ 0095] ammatucecrarﬁbwqyyldfr mglﬁfmbe ny%ﬁdﬁkq/oner@fré@reta@jomm or[neOgEIMAtte t er ns
"hydr oxyal K drox a ken dro ph tic', | koxy"
o e NN SRNEHETY comufhihs Er BRE o n S cs LY AR £ o 2

Wi th ona@taa{mémﬁ@on@eingﬁauﬂﬁatlo%afbcﬁyamh@g a C1_3 hydr oxyal kyl coul d be
-CH2CH2(OH) CH3 and a hydroxyal koxy could be -OCH2C(CH3) (OH) CH3. [0097]

As used herein ! nyl", used alone or in _connection w.th another
gr oup rl@9eHs tHeteestcayle g@ “heleppclyEgr “Bsisrasyelio) a@%géﬁerﬁ@p@ ffs toypring

" al koxyd gé’t'éﬁ’iClH Yhich &l &idork ?m@ A RUR UG 2R S debe kA RAL YR hetMBhtom,
2011/ 079007PCT/ USZOlO/ 060671

which is completely saturated or that contains one or more units of unsaturation but which is
not aromatic, and which has a single point of attachment to the rest of the molecule. Unless
otherwise specified, through this disclosure, heterocycle is used as a synonym of “non-
aromatic heterocycle”). In some instances the term can be used in the phrase “aromatic
heterocycle”, and in this case it refers to a “heteroaryl group” as defined below. The term
heterocycle also includes fused, spiro or bridged heterocyclic ring systems. Unless otherwise
specified, a heterocycle may be monocyclic, bicyclic or tricyclic. In some embodiments, the
heterocycle has 3 to 18 ring atoms in which one or more ring atoms is a heteroatom
independently selected from oxygen, sulfur or nitrogen, and each ring in the system contains
3 to 7 ring atoms. In other embodiments, a heterocycle may be a monocycle having 3-7 ring

atoms (2-6 carbon atoms and 1-4 heteroatoms) or a bicycle having 7-10 ring atoms (4-9
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[ 0098] As used herein, an "oxo" refers to =0, wherein oxo is usually, but
not al ways, attached to a carbon atom An aliphatic chain can be optionally
i nt err uptwa 2by/@9@ar bonyl group or can optionally be sulpstTiusatiemsl®yl an o0xo
group, and both expressions refer to the sane: e.g. CHZ C(0)-CH3. [0099]

As used herein, in the context of resin chem stry (e.g. using solid resins
or sol tﬂarb@nraé@rnh@dolr 6 hetegrafomyh Expmples of pigelic h@rt%rper%wtrwgayﬁrsma Helydgnal

chenm c S support.
[ootoort Heafh tpfhu s Supaf AP O e Qe 2 2loch CUBACRE JULERIINE SV EP2

di val ent group in which the two free val ences are on drfferent atons (e.g

car bon [0064]et &5 ostddnyeinrthateemOheteheyslairelsaim@indes polyayclioeingsystemk ut ed by tvvo
di fferent substituent For, anpl.e, a nethyl ene .group can he C

i nker heEsB the Ggierepyclisamgds gtﬁﬁ‘g?’iﬂgﬂl%&r BYrE $8MaHF PePYIhtroglage su OBW Cf or
each of, tBRrddyehc Mﬁ’éseﬂp@lﬁthmgma%ns tﬁet%@f GEmBhs t%ﬂi%hlrbr%itﬁ)blfene acts as
a linker betwéen twd phenyl rings). Ethylene c¢an be C2 al kyl Iinker

( - CH2 Craztayhmémg ieinrth¢ hesetopyclicrrew. val ences are on different atons. The ami de
group, for exanple, can act as a linker when placed in an internal position
of ac nker t he r.esul terruptr ng an
ali phanﬁgglsc]har n Hﬂg}ecerlt er)r?tcyfc Fom! ﬁlﬁ bu? are nOt Iilo “e?é%ﬁ{é%foﬁ Vit hyl e

units Qﬂorio@Kde@ hatettalpyirefatayf, @rtetrar@raadfu@r@y Q&etrﬁ}y@rotl@obhdhkrﬁB can be a O _6
al i phatic chain in which uB to two nethyl ene unrts are substrtuted by

-C(0) - tefrahysdgethioghenyh 2-mprphafipismeyphy ligg#-meppholigg2- thignegrphelmyap 3y . An

gﬂée&&q@fé{fowmb% qﬁ{’)llsl&r%sl[)glgo 2%01% W or}qi o%? dq.lt']“ﬂterrupt ed by up

to two tetriﬁ(yﬂ)opipe@z[zmm-telmhﬁdreﬁtpefa\jmlyl S-tgtratypisopiperazh@o] -parendinyhker s:  e. g.

"\ iker ToBH AR LB é&tny?ﬁayaﬁpﬁaﬁa?rn3¥§55é)f {avedo \lﬁfrlg%gyraaﬁmya AL
Posi ti Qfper QA 0L ipRliMRk E ALy iBLRHRA, @g r?ghﬁmglwzethﬁzg—ﬁﬁn r3|ﬁ%§mhd‘lmr@' n both

free vaI ences are in thé sahe atom aré attached to the sane
substi tthlamhdlwlel—ahsi@zqduhlsylblemdlamltdmm Zt::aaselﬁlzctliwletyy1vﬁ -[rhidbeolidefydranddh¢ o by

their | AC a st an a lid such. for
ol doTa RIS o A AR 8ol 20 T AR e SR oo ity be
enc0rrpaeé@ﬁ@dtmutdtﬂngtetdrﬂ&h&d@ﬂoatmalﬂyr f%ﬁﬁothi&lén@' SendbSfliARUERE 1,5 00KQ- The
term"protecting group", as used her ei n, refers to an agent used to

t enpor amidazob?®8& one or nore desired reactr ve sites in a nultifunctional

compound. In certain WO 2011/ 079007PCT/ US2010/ 060671 embodi nents, a

prot ect j,pgk 9" L& d | » f o) g
char act[ggr trgges Q@F@Q? és){esljcl’[eglne tlr vellg I Fﬁ%d* ﬁgl gmtq% %ngeéi ag&%)erécl)%dtagct ed
subst r glagt dffadhrgesmsicallae it rdlkgl”y eaﬂkmms“mlwyeﬂkytg raferone @rbamclec of the

ot her reactive s tes; and b) s selectively renmpvable in good. yield by

r eagentrel&wate% Giei aé? éth@etrwe ip diseryatent s gramatictang ias @ ginglgointo grrpl ary

pr ot ect n t otective
G oups a':tttr%ghcr)rE %Igg(?‘c&:legéﬁtogg{seradsl&g&lir [rjdﬁe%?ttﬁrﬂeﬁse Sﬁéﬁ Ao a% arﬁér&oﬂn@ay ﬁéw Yor k:
1999, trhenoemllcr blo@rolm etrttlsycdfc axwkircotntamr(el&elnglagomsnc"lihepemaale«zlutcyldleef erence.
Theterrgt[1 nrtrog rote ﬂ%%{, H?ﬁ (s ,us d herein, refers to an agents
used t PAVYHTH $FXP Pl erB i8 forsd PG O I B ATOPRRE O V%S tes in a
nul tif %&hh%‘rb&@r@]ﬁ’@b&ﬂ%ter@éﬁh@ rrrngsi d?'vthh%%{buﬂ%{tféh?ﬁietd&@ ANOHPS tRE SO possess
the characteristiCs exenp ove, certain exenplary nitrogen

pr ot ectradrgalgqrqmpls Oﬁateacams@tlaet ticlasd rmrg Ejmppler ofparylringsdeelede, but ang powwit s, P.

Sons, N 5Pl BT Cnbha B T B oo B i b oty o 7

" eavi ng group” refers to a group that is associ ated with an aliphatic or
ar omat i [00@T|oupPh@rid hétbedryve(oei AetaidronsatisUbj Sedterbarybgiong” ol samra@t&d by

nucl eophr lic attack by a nucl eophile. [Q0103] As used herein, "am de

coupl i rteaRiste’ )e&edaéﬂﬂe&éaéa%r) %bﬁrgeéa&ﬁvasrmmraare@fwbarnd that reacts
with th t e

suscept 151 S el iR i PRI olTRl it SR ARVNIEERRIGR R dbmatic ) e
Dl C (di anﬂ@pntram% loaapbodid mgih&)teroEBfﬁs Whereln cach ring in the system contains 3 to 7

Eél E;E?/rgj}gga}é;ﬁ c[;{%h} | agé?l%g ¥1|1t) %%{tgc%%ltelnmot rest ot the molecule. Unless
(Benzotriazol - 1-yl oxy-tri s(di net hyl am no) - phosphoni um hexaf | uor ophosphat e),
pyBOP ((Benzotriazol -1-yloxy)tripyrrolidi nophosphoni um

Hexaf | uor ophosphat e) ,
2,4,6-tripropy1-1,3,5,2,4,6-trioxatrkbhosphorinane-2,4,6-trioxide (T3P,
etc. [00104] The conpounds of the invention are defined herein by their
chenlcal structures and/or chenlcal nanes. Where a conpound is referred to

T o, [T 1



WO 2011/ 079007PCT/ US2010/ 060671 Formula | [00106] with the proviso that
the conpound having Fornmula | is not a conpound selected from

5-[ [ 6- metwoxytid7¢ebs met hoxybenzoyl) - 2- met hy1- 1H pyrr ol o[ PC3Alsp@yns@rn- 1-yl ] m
et hyl]- a, a-di rrethyl 2H Tetrazol e-2-acetic acid [ CAS Registry No.

1097838 63-5], {_

( benzowtléﬁﬁNFﬁ@)Sme e, a;mtemrylrmﬂ syptqm BeyY by moeoczacaéé:tlmccha@r friqychsambgi st ry

No. 10

2 bty L 10 o T tp Sqwissn sige sioms: 1aonp smbpdimsyh o rings 9 BEOMY | 1 dazol e-
4- acet isystagi e ElGAﬁthegllﬁi ihyluted inkRi4 A98n#ion 2fc headrdargt bddicyi]]s widrd the( 2-

car boxybenzoy ). am no] phenyl ] net hy1] - 5-chl or o- 1Hi mj dazol e- 4-acetic acid

[ CAS R eé?arry g 15% qh@leﬁﬂr MP AL TANG R RE B3 QB %ﬁr%ﬁ‘é‘&t%{bl e salt

t her eofhe WhSLRE ﬁn%%%%%mﬁﬁ&g ﬁ’ferbéf 2 RSH §M1%|rhéﬁcaﬁ gb&ysm&cﬁm@& iS¢l ected

froma 6 to 10-nenbered aryl, a nbere roaryl, a
cycl oalth@habnoamdimdgaBul:yd:lu: @,@hnteniam‘rmilcrsgstem@yuﬂeé hemirte tfen axasgial 1§1estuer oaryl

or heteroc contains. fro to het er oat ende sel ected
Pt om NGt SECRBIBRE e 1P e SSCo e R HaE SBFEGt B8 HHEAeE  phenyl
and a %Otirg&aﬁ@dm%gg onehesiQ@dphberdhgfigi n sai d heteroaryl contains up to

three ri ng het er oat ons i ndependently selected fromN, 0 and S; [00109] ring

Dis a 5-nenbered heteroari./H wherein [00110] x1 is selected fromN and C
[00111][09@8h sHeteroaexl gimes msrd. @ﬁ@r@cr@lmlfe@mﬂzq follgwing msenasyelest 2 fusrayN and

2011/ 075B6YNE BB BT beouba SR At s T eaSh sk s
[ 00115]5-Boarotied- bimblya,m beaslyl cﬂ:exaz’olnyN@prr&@l iI2spWrolblyB-pyeolyla-e not
si mul t aneously N, { 116] R2 is selected from-H, a halogen, -NQ2, -CN, a

Cl 6 allypKk Poywidy éaayrldal EYEr oy ky-RygEmigingys Ot Iéiﬁ?@ﬁ%yl’rﬂyﬁ‘&mme(?& n R is
i ndependBntdinSUPSihib R4 Wik bif I 9Mhid-d191, BudaDSy ARGESs-Rbra BV ) WSS N

(e.g., 2-triazolyl and 5-triazolyl), 2-thienyl, 3-thienyl, pyrazolyl (e.g., 2-pyrazolyl),
isothiazolyl, 1,2,3-oxadiazolyl, 1,2,5-oxadiazolyl, 1,2,4-oxadiazolyl, 1,2,3-triazolyl, 1,2,3-
thiadiazolyl, 1,3,4-thiadiazolyl, 1,2,5-thiadiazolyl, pyrazinyl, 1,3,5-triazinyl, and the
following bicycles: benzimidazolyl, benzofuryl, benzothiophenyl, benzopyrazinyl,
benzopyranonyl, indolyl (e.g., 2-indolyl), purinyl, quinolinyl (e.g., 2-quinolinyl, 3-quinolinyl,

4-quinolinyl), and isoquinolinyl (e.g., 1-isoquinolinyl, 3-isoquinolinyl, or 4-isoquinolinyl).

[0069] As used herein, “cyclo” (or “cyclic”, or “cyclic moiety”) encompasses mono-, bi-
and tri-cyclic ring systems including cycloaliphatic, heterocyclic, aryl or heteroaryl, each of

which has been previously defined.

[0070] “Fused” bicyclic ring systems comprise two rings which share two adjoining ring

atoms.

[0071] “Bridged” bicyclic ring systems comprise two rings which share three or four
adjacent ring atoms. As used herein, the term “bridge” refers to a bond or an atom or a chain
of atoms connecting two different parts of a molecule. The two atoms that are connected
through the bridge (usually but not always, two tertiary carbon atoms) are referred to as
“bridgeheads”. Examples of bridged bicyclic ring systems include, but are not limited to,

adamantanyl, norbornanyl, bicyclo[3.2.1]octyl, bicyclo[2.2.2]octyl, bicyclo[3.3.1]nonyl,
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[00117] each RA is independently selected froma halogen, -OH a C1_ 2

al koxy and a Cl-2 hal oal koxy; [00118] R4 is selected froma hal ogen, -NQ2,
-CN, -R6,wolmr8,/0790@¢0) R6, -C(0)0R6, N(R6)2, -S(0)R6, -SEQXANeREN20671
-NR68(0)2R6 C(O)N(R6)2 and -NR6C(0)R6; [00119] R5 is selected froma

hal ogen, CES)OR6 N( R6 - S(0) R6,

-S(0) 2&0%}013 2 ﬂms’(i o’-yfzmblcy@@@)ﬁ]raet)viz lagrg- ‘NRM%@)Z%CW% 86220] p is an

i nt eger e R6 i s independently sel ected
from - ﬁﬂa% %Eéﬂo%&Pﬁ&f?é%?a |canL@nd?ék ]%%'§cllc or bicyclic ring;
wherein [00122] the ring is selected froma 6 to 10-menbered aryl, a 5 to
10- mentj@0 ey h‘éﬁpe‘nofj aigglic angSysidincyhatoaily phating a@nd(uauallyt butlidt ahsmiye,raed

hetero%ééle e|n 580123 when R6 is a C1l 6 aliphatic radical, it is
i ndepe ﬁﬁqgwgﬂ?g@?@ ed with fromO to 6 instances of R7, [00124] when R6
Is a non-aromatic ring or a heteroaryl, it is |ndependently substituted

wi th fregvd t”PhthehﬁS‘hﬁ?ﬁ% %feP@to a@%&@&l@é}c whenm oRG thasz Fg@hr%mhe nh% i's

|ndependently substitufed with fromO to 6 instances of [00126 each
R7 is iaidapenokiietiing, s syeorlgdatie ong ar hhetorpery! ringNA “swlotitutgrering mom’ -I£60) R9,

< 0) ORQEE@ ca{fbo)n or nﬁtrog'ggl R?c}rn bonc? QQQ) ZH(saR% )oné hyc%'oqgesn( %ngrhe h%roo)glélr(l r) g, and

NRIC( 0)
optionally replaced with a suitable substituent group. Thus, the term “substitutable ring

atom” does not include ring nitrogen or carbon atoms which are shared when two rings are
fused. In addition, “substitutable ring atom” does not include ring carbon or nitrogen atoms
when the structure depicts that they are already attached to one or more moiety other than

hydrogen and no hydrogens are available for substitution.

[0074] “Heteroatom” refers to one or more of oxygen, sulfur, nitrogen, phosphorus, or
silicon, including any oxidized form of nitrogen, sulfur, phosphorus, or silicon, the
quaternized form of any basic nitrogen, or a substitutable nitrogen of a heterocyclic or
heteroaryl ring, for example N (as in 3,4-dihydro-2H-pyrrolyl), NH (as in pyrrolidinyl) or
NR'" (as in N-substituted pyrrolidinyl).

[0075] In some embodiments, two independent occurrences of a variable may be taken
together with the atom(s) to which each variable is bound to form a 5 to 8-membered,
heterocyclyl, aryl, or heteroaryl ring or a 3 to8-membered cycloalkyl ring. Exemplary rings
that are formed when two independent occurrences of a substituent are taken together with
the atom(s) to which each variable is bound include, but are not limited to the following: a)
two independent occurrences of a substituent that are bound to the same atom and are taken
together with that atom to form a ring, where both occurrences of the substituent are taken
together with the atom to which they are bound to form a heterocyclyl, heteroaryl,
carbocyclyl or aryl ring, wherein the group is attached to the rest of the molecule by a single
point of attachment; and b) two independent occurrences of a substituent that are bound to
different atoms and are taken together with both of those atoms to form a heterocyclyl,
heteroaryl, carbocyclyl or aryl ring, wherein the ring that is formed has two points of
attachment with the rest of the molecule. For example, where a phenyl group is substituted

with two occurrences of -OR° as in Formula D1:
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WO 2011/ 079007PCT/ US2010/ 060671 [00127] each R8 is independently sel ected
froma halogen, -CN, -NO2, oxo, a Cl1 6 aliphatic radical, -Rl, -C(0)R9,

- C(0) OR9,wo@ma/07908¢0) mR9, -N(R9)2, -S(0)2N(R9)2, -NRIS(@rZR3201006@yN( R9) 2
and -NROC(0)R9; [00128] each R8' is independently selected froma hal ogen,
-CN, -NO2, a C1_6 aliphatic radical, -Rl, -C(0)R9, -C(0)OR9, -OR9,

-S(0)nR9, -N(R9)2, -S(0)2N(R9)2, -MRRSMY2R9, C(0)N(R9)2 and - NROC(0) Ro;
[ 00129] each R9 is independently w ted fromhydrogen, a C1_6 aliphatic
radi cal and a nonocyclic or bicy&li¢ riGRy, wherein [00130] the ring is

selected froma 6 to 10-nenbered arﬁ%, a 5 to 10-nenbered heteroaryl, a
C3_10 cycloaliphatic and a 4 to 10-ménbered heterocycle; wherein, [00131]
when RO is a Cl-6 aliphatic radical, it is independently substituted with
fromO to 6 instances of R', and [00132] when RO is aring, it is

i ndeperl@@74]l ythsserstoi dcateehons 0GR onay0be kS fogsthane il thefarflig (a@@h33] each

monber GHORL o By gr b Rt Rt EPaRTprodo e oS EinschMhGefe ana

4 to 1QingmwThRebeAulfeer ocycl e; wherein [00134] each Rmis independently
substituted wwth fromO to 3 instances of R12; [00135] each R' is

i ndependently selected froma halogen, -CN, -OH, a C1 4 alkoxy and a C1_4
hal oal koxy; [00136] each R12 is in Bently sel ected froma hal ogen, -CN,
-OH, a C1_4 alkyl, a Cl-4 hal oal ky Cl 4 al koxy and a Cl1_4 hal oal koxy;
[00137] R13 is selected from-H, 5 C1 _69al | phatic radical, and a nonocyclic
or bicyclic ring; wherein the ring i o;selected froma 6 to 10-nenbered
aryl, a 5 to 10-nenbered heteroaryl, a C3_10 cycloaliphatic and a 4 to

10- mrenber ed heterocycle; wherein [00138] when R13 is a C1_6 aliphatic

radi caligof) | § Wil ERFREEDH Yt URAKLS WrGthoih s L0 Brih SnddRiAnces of Ri4;

independent occurrences of a substituent are taken together with the atom(s) to which each

substituent is bound and that the examples detailed above are not intended to be limiting.

[0078] In some embodiments, an alkyl or aliphatic chain can be optionally interrupted with
another atom or group. This means that a methylene unit of the alkyl or aliphatic chain can
optionally be replaced with said other atom or group. Unless otherwise specified, the optional
replacements form a chemically stable compound. Optional interruptions can occur both
within the chain and/or at either end of the chain; i.e. both at the point of attachment(s) to the
rest of the molecule and/or at the terminal end. Two optional replacements can also be
adjacent to each other within a chain so long as it results in a chemically stable compound.
Unless otherwise specified, if the replacement or interruption occurs at a terminal end of the
chain, the replacement atom is bound to a H on the terminal end. For example, if -
CH,CH,CHj; were optionally interrupted with -O-, the resulting chain could be -OCH,CHz, -
CH,0CHj3;, or -CH,CH,0H. In another example, if the divalent linker -CH,CH,CH,- were
optionally interrupted with -O-, the resulting linker could be -OCH,CH,-, -CH,OCHj,-, or -
CH,CH;O-. The optional replacements can also completely replace all of the carbon atoms in
a chain. For example, a C; aliphatic linker can be optionally replaced by —N(R$)-, -C(O)-, and
“N(R®)- to form —N(R*)C(O)N(R*)- (a urea linker).
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WO 2011/ 079007PCT/ US2010/ 060671 [ 00139] when R13 is a non-aromatic ring or
a heteroaryl, it is independently substituted with fromO to 6 instances of
e, and [O8040j1v/omb@n R13 is an aryl, it is independent!ypsmhstomosbedr Wit h
fromO to 6 instances of R15' [00141] each R14 is independently sel ected
from a hal ogen, -CN Cg JR95 - C(0) OR9S -S(0)", RIS - N(R9) 25
- 5( 0) 2NPEEA] 2510 gqrorat ol)ezthB w@(r@ fm@ f BlaCNRITOO PEDityeo B PIZ] Zrewr HaR15 | s

Fad: cal 0By B Earbbf WoBiso Bh e sptiehiSare Ry B ispaftsnthl) o
-NROS( Qa5 C(0) N(R9) 2 and - NROC(0) R9; and [00143] each R15" is
i ndependently sel ected from a haI ogen, - a Cl 6 aliphatic radical,

35&93( N AR e A S A g‘éiﬁzﬁ ntais( Ao

i ndeF)er’[H@c%élﬁ{de%%@Qﬁr %ré EQBd HonHdeWwh&EinUiR sidbsfuchts@tdkitlach@ EInbshd! oal kyl
and a hal ogen, or [00145] alternatively, R16 and R17 are independently

sel ect edrifoneera. Ci 6 al kyl and a C _6 hal oal kyI, and R16 and R17 taken
together with the atomto which they are attached form a cycl opropyl or

"o SV ShBBIOPHy Pk ARHE b R B SR SRR
i's i ndepbadedi] K gﬁuiqsisltéﬂilﬁﬂ Whchhhé 500D & proscat hiteé antesthe fut3tiflient not
further bonded to the rest of the chemical structure. Carboxyalkyl, i.c., R*0(0)C-alkyl is an
example of a carboxy group used terminally. A group is internal when the group is present in
the middle of a substituent at the end of the substituent bound to the rest of the chemical
structure. Alkylcarboxy (e.g., alkyl-C(O)O- or alkyl-O(CO)-) and alkylcarboxyaryl (e.g.,
alkyl-C(O)O-aryl- or alkyl-O(CO)-aryl-) are examples of carboxy groups used internally.

[0082] As described herein, a bond drawn from a substituent to the center of one ring
within a multiple-ring system (as shown below), represents substitution with the substituent
at any substitutable position in any of the rings within the multiple ring system. For example,
formula D3 represents possible substitution with a substituent X at any of the positions shown

in formula D4:

xX-Z

[0083] This also applies to multiple ring systems fused to optional ring systems (which
would be represented by dotted lines). For example, in Formula D5, X is an optional

substituent both for ring A and ring B (ring B being an optional ring).
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[00148] mis O, 1 or 2; [00149] Rl is selected from-H, a Cl_6 aliphatic
radical, a C3_6 cycloaliphatic, -CQ(C1L 6 aliphatic), -CO(C3_6

cycl oal i pNet2oti)a790000- ( phenyl ), a benzyl and - 00- (benzyl prCTisesieiosnsfD0150]
when Rl is selected froma C _6 aliphatic radical, -00-(phenyl), a benzyl
and - benzyl), it is |ndependentl substituted with fromQ to 3 instances
of RB; [{A4lei K. My oentyvoroesmeanuly 08 OB06Y tachde Y& diffcs Rulratycsts

i ndependent ﬁ%ﬁi@k %‘Sﬁt&d%‘ea%g [1 %/nogg ?th%%ﬁ eé%ﬁd angy ﬁlb‘s?&%%@cl

[00152]  eac i'S 1Tndepen al ogen

al i phatrepresaned subbtjtutiordn thehralgaa whidiait lscatﬁ’aalﬁhdcﬁbr exanmpla uCBor&uﬂg/Dbp‘ahs phat ic;
or [00153] aIter atively, each R18 |s |ndepende%ély sel ect ed fr?nta G _6

al i phatanODiigalsypstiyeat franged ARG Fntn eptongl wksitugndok fipe Realgr oups)
taken together with the atomto which they are attached forma cycl opropyl
or a hal ocyclopropyl ring; [00154] oyis an integer selected fromO, 1 and
2; [00155] each JB is independent Xs€lected froma hal ogen, -NO2, -CN,
-R19, -C(0)H, C(0)OH, -C(0)NH2, | ! BSH-X- NH2, -C(0)R19, -C(0)OR19,

-C(0) N(R20) R19, N(R20)C(0)R19, - ~--SR19 and - NR19R20; or [00156]
alternatively, two JB groups are attached to two vicinal ring B atons and,
together with said ring atons, form && to 6-nmenbered heterocycle or a 5 to
6- menber ed heteroaryl, each of said rings i ndependently substituted with
fromO to 2 instances of RE, wherein each RE is independently sel ected from

a halo 2 OXY e n [ ch R2 is

i ndepeﬁgen%]I yj%g%éi?{ htﬂrl%%%%* ?—]IEJ”% a ?&%gl ?e atolatlzl ﬁ%ﬂﬁgz"]“tp 00158] each
R19 i s predemtn dﬁmeldyatmhattoeﬂe ﬁfow&u& ﬁ‘lto&naﬂhbf)ﬁﬁtﬁﬂ 6r tiggittaaligh #h 633;g6n

cycl oal i phati c, E enyl, a benzy a 4 to 6-nmenbered heterocycle and a 5

to 6- menykest e él@gn or anpudlive(’ ﬁlk[yabaﬁg]e wheky gioms a C1_6 al i phatic

radical, it is independently substituted with fromO to 3 instances of RC,
wher el NoGa" Bl lefind IEPARGEMY- T&! LGh&Ly dikaIPra N2l QR yaliptdlic T ..

m ‘alkoxyalkoxy” mean alkyl, alkenyl, aliphatic or alkoxy, as the case may be, substituted

with one or more alkoxy groups, wherein the combined total number of carbons of the alkyl

and alkoxy groups, alkenyl and alkoxy groups, aliphatic and alkoxy groups or alkoxy and

alkoxy groups, combined, as the case may be, is between the values of n and m. For example,

a C4.6 alkoxyalkyl has a total of 4-6 carbons divided between the alkyl and alkoxy portion;
c.g. it can be —CHzOCHzCHzCHg, —CHzCHzOCHzCHg or —CHzCHzCHzOCHg.

[0087] When the moieties described in the preceding paragraph are optionally substituted,
they can be substituted in either or both of the portions on either side of the oxygen or sulfur.
For example, an optionally substituted C, alkoxyalkyl could be, for instance,
—CH,CH,0OCH,(M¢)CH; or —CH,(OH)OCH,CH,CHj3; a Cs alkoxyalkenyl could be, for
instance, -CH=CHOCH,CH,CH; or -CH=CHCH,OCH,CHs;.

[0088] The terms aryloxy, arylthio, benzyloxy or benzylthio, refer to an aryl or benzyl
group attached to the molecule, or to another chain or ring, through an oxygen (“aryloxy”,
benzyloxy e.g., —O—Ph, —OCH,Ph) or sulfur (“arylthio” e.g., —=S-Ph, —S-CH,Ph) atom.
Further, the terms “aryloxyalkyl”, “benzyloxyalkyl” “aryloxyalkenyl” and “aryloxyaliphatic”
mean alkyl, alkenyl or aliphatic, as the case may be, substituted with one or more aryloxy or
benzyloxy groups, as the case may be. In this case, the number of atoms for each aryl,

aryloxy, alkyl, alkenyl or aliphatic will be indicated separately. Thus, a 5-6-membered
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NH2, a C3_4 cycloal kyl, a C3_4 hal ocycloal kyl, a -0(C, 4 alkyl), a -0(C3_4
cycloalkyl), a 0(C3_4 halocycloalkyl), a -0(C 4 haloalkyl), a -NHC _4

al kyl), aweN(Gio7dooal kyl) 2, and NRv; wherein [00160] - NPeTIUGS2&10460601

6- menbered heterocycle containing a ring Natomlinked to JB, and wherein
said heterocycle contains fromO to 2 additional ring heteroatons selected
fromoO aaﬂaxyf/ Cipdbylp 152 vhanerrbicred &yhripg tapehed dicarnexygen atoat ©ar §i-+ dlkylcont ai ns

from 1 dfiduFibidn AEheTORLOm PFERSNISH LReker! A oo Ny dPihe®,

[ 00162] is a i'S 1 ndependent
to 3 |nmgamhaﬁ.of RD, whereln each RD is independently selected froma
hal ogen, a C 4 aliphatic radical, -CN, OH -NH2, a -0(Cl 4 alkyl), a

- NH( C1 kyl) and a.-N(Cl 4 1 [0016 wg%n R19 is a
non-araﬁﬁ Ic %Hﬁggwﬁamﬁ ?5?@%§@$gél%‘¥s q%d%ﬁ@hééﬁt Ulpstituted with
fromO to 3 instances of RD, wherein each RD is independently selected

froma ba@(ngenhe ems “@1&&;4” aﬂlauabmhﬂ” r‘%@loﬁ%hatlc%d“%alkw,rn@an 0(Cl_4
al kyl), a -NH(C1_4 al kyl) a- NCL 4 al ky1)2; [00164] L' is a | i nker

sel ect adkylrdhenyiadipbatic ormmrzmthe C&ZNRZ& substytug(doyith one piRRAE(MBJogeand
0)N 0 b t ht
O N RS BBl 2B AR P BB SHEDL
| kyl 0
S ore TR SS TRGGRRMAR S RBRGALLD M, O o Sohgrasen
hal oal kyl and a C3_6 cycl oal kyl ring; [00167] n is an |nteger selected from

0, 1, 70694 3AspﬁﬂﬂﬁﬁineaemnﬁAcyamimdbpﬁudéhi&y—éb%@cted from a hal ogen,
-N®2, -CN, -R22, -C(0)H, C(0)CH, -C(O)NH2, -OH, -SH and -NH2, -C(0)R22,

-A0) 0%892]_ C{"IQQ ng2233 anoalkle( Fggar}oqke%ﬁzz cyanoR%phatlc an cyanoaﬂox%R23
mean alkyl, alkenyl, aliphatic or alkoxy, as the case may be, substituted with one or more
cyano groups. For example a C,_3 cyanoalkyl could be —C(CN),CH,CH; and a C,,
cyanoalkenyl could be =CHCH,(CN).

[0093] As used herein, an “amino” group refers to —NH,.

[0094] The terms “aminoalkyl”, “aminoalkenyl”, “aminoaliphatic”, and “aminoalkoxy”
mean alkyl, alkenyl, aliphatic or alkoxy, as the case may be, substituted with one or more
amino groups. For example a C;_3 aminoalkyl could be -CH(NH,)CH,CH,;NH, and a C,,
aminoalkoxy could be -OCH,CH,;NHj.

[0095] The term “hydroxyl”or “hydroxy” refer to —OH.

[0096] The terms “hydroxyalkyl”, “hydroxyalkenyl”, “hydroxyaliphatic”, and
“hydroxyalkoxy” mean alkyl, alkenyl, aliphatic or alkoxy, as the case may be, substituted
with one or more —OH groups. For example a C;_3 hydroxyalkyl could be -CH,CH,(OH)CHj3
and a C4 hydroxyalkoxy could be -OCH,C(CH3)(OH)CHas.

[0097] As used herein, a “carbonyl”, used alone or in connection with another group refers
to =C(0)— or —C(O)H. For example, as used herein, an “alkoxycarbonyl,” refers to a group

such as —C(0)O(alkyl).
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[ 00169] each R23 is independently selected froma -H and a G _6 aliphatic
radi cal; [00170] each R22 is independently selected froma CL_6 aliphatic
radical,\aocﬁgﬁwmmcloaliphatic ring, a phenyl, a benzyl pca/u$2a10/0606nenber ed
het erocycle and a 5 to 6-nmenbered heteroaryl; wherein [00171] when R22 is a
Cl 6 aliphatic rad| cal, it is_ independently. substltuted with fromO to 3

i nst and@g 9f)t Arusefheran.ine Qe RICTH & THAWpERWeolly usBl B Aot lyEya hal ogen,

o e 8T D PRSHL pufo et S e o il 1)

- NH( C1_gdow) (krydah,opaond‘%/@ﬂa shibaltisted by annso ghivy, anhigstie bxpréions refer to the

2011/ 079007PCT/ US2010/ 060671 [00172] -NRv is a 4 to 6-nmembered heterocycle
cont ai iRy agried-N(@-6M:1 i nked to JB, and wherein the heterocycl e contains
fromO to 2 additional ring heteroatoms selected fromO and N, [00173] when

R22 is te I e o ring
het er 04[90% |%gg%egn éérﬁi |1§ ﬂ%e‘fogl?:e%ggﬂers om %ﬂ%& g ‘%I‘é% %Slf'fﬁﬁqmvﬁ}{ ﬂ@ez is a
non- ar anwhs or bdadg, the tanb linkeB-roferbieradd imeti@rabagrhicalithoikty dttadepgadent | y
substitut ed éﬁth fromO to 3 instances of RG wherein [00175] each RGis

i ndeperf@8RPPY 0t SUIASYPPTHAS SOTHRIF JYPPRT ox0, a G _4 aliphatic radical, -CN,
OH, -NH2, a -0(Cl_4 alkyl), a -NH(C1_4 alkyl) and a -N(C1_4 al kyl)2; and

[00176] ommn 1R2A1 dtﬁerasuaml a hmkle%” b§udeﬁfﬂ1‘éfé%9(il@ﬂa¥s| tY aSiNS Attt @dn Witlidh from O

to 3 mstances of RG, wherein [00177] each i s independently sel ected
froma thfatmgﬁrne valergies 4reginj qgffenent:atomsl (cal carhogmr hematomler are 0 the samgl kyl ),

“NH(CL_4 alk d -N(C mho A
sol sot e pEed Bk o oy S SRy EP SPUTIS T RS TE Goul Monat i ¢
or a 5 df Le-TRnBeriskiet B ooy EiLR caﬁ/\&e@%'stﬁ‘tuﬁe@'t%rt%tcﬁff&@ﬁﬁ@rogé bt R esc! e

contains froml'to 2 ring heteroatons selected fromN and 0. In certain
enbodi refasfrea valgness (esg. selireBh-€dt.f fho mharqpheethylane agts3s tacbmserrimW@netwo

heteroc C|IC ri erel cqnt.ai ns from

et or odton it Ll Binde Ta kR Cr e T BB AT Al o hichsey &9

sel ect g dlff%hﬁatem MiHe anfid®¥Fougi R)@ exeﬁmslel QRABNR, a ke (@ABn pRcRYiaM di ne, a
pyrazine, a piridazine, a prperidine, a pi pera2|ne a norpholine or a

pyr r ol ildierral positiezt o1 4 cHairy et ILC@M@dD néehtﬂser cam hgtha resiltadlintetraptifg am a
7o oot PalR P & Gy oo B Rerof e B e PRU AT SRR R oY "9
pyrr ol isdid@nctional groups. E.g. a linker can be a C; aliphatic chain in which up to two
methylene units are substituted by —C(O)- or —-NH- (as in —CH,-NH-CH,-C(O)-CH,— or —
CH,-NH-C(O)-CH,—). An alternative way to define the same —CH,-NH-CH,-C(O)-CH,— and
— CH,-NH-C(0O)-CH>— groups is as a Cs alkyl chain optionally interrupted by up to two —

C(0O) — or -NH- moietes. Cyclic groups can also form linkers: ¢.g. a 1,6-cyclohexanediyl can

ROR
be a linker between two R groups, as in . A linker can additionally be

optionally substituted in any portion or position.

[00101] Divalent groups of the type R-CH= or R,C=, wherein both free valences are in the
same atom and are attached to the same substituent, are also possible. In this case, they will
be referred to by their IUPAC accepted names. For instance an alkylidene (such as, for
example, a methylidene (=CHy) or an ethylidene (=CH-CHs)) would not be encompassed by

the definition of a linker in this disclosure.

[00102] The term “protecting group”, as used herein, refers to an agent used to temporarily

block one or more desired reactive sites in a multifunctional compound. In certain
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[00179] In sonme enbodi ments, ring B is selected froma phenyl, a thiophene
or a 6- nenbered heteroaryl. In other enbodinents, ring Bis selected from
a phenyl ,wea2hiopiene or a pyridine. In certain enbodi mPOTAIS2010/0606B1 i S a
phenyl. [00180] In sonme enbodinents, ring Dis selected froma pyrrole, a
pyrazol e or an im dazole. In other enbodlnents ring Dis an im dazole, and
x1 and SREogHBcINg, ajmoteelitegrAuR AtsauicaE mase, qupr@‘en@binallaOE)gblﬁéQl&frV@ngand x1 and

o025 A R TRBaab D Ry S g Rge

simult ahemaeﬂlgnsl‘dccdmng tat drle drundrb of thenduloetireaiits sitest agl B ik Selactpzysryr oI e and x1
is N and x3 |s C. g In sone enbodlnEEts R2 |s IecH@g fron1a
hal ogerf€mokpb %1%%&01(1 éy reagepig thag de-poyatiack (e rsgengraéﬁi NRUQTHABIYP. | n
certai a Kl " er
erbodi ey méémée%%‘ii’% AUISIah GraReT O tughk o %?tef*;{”%‘é o
from a ih&rggen Synthléiis” Tﬁiﬁd Ed{3186, Joh@(Wil&36& Sons Y ORE ork:NORB8)tBe ent8€0) R6,

A 1 TR Bk S o A SNt S S A T RS

ring raghes as @se@l&m@:nh @éf@ﬁ'th RRakddfs iRdité &lmpoRarfl %[Bék ot b thotSd@ptd onal I'y
substituted by R8' o.r a benzyl which is optionally substituted by R8' .. In

cert ai migpgendiaptine sitesRy ajnsulgaingored compeundHPredertesl ogegen profcting goups al kyl,

CL_4 hal oal k | kyl 0(GL 4 alkyl), a -0(ClL 4. .
ol oa A PR b BB TRl e e ofls R S¥tnbtac Pl bttty 1 )
a -0( beg%ﬁ/ﬂs)a,re @lso Qét&ﬂk&ﬁf&ﬂ@hab%(ﬂ 75@@6’611)3; TaW' CWQT)S(E]Q{h ghrkebtive Groupk @) (CL_4
hal oal kyl ), (C3_6 cycloal k Oﬁ, g} a CXO)(substltuted
phenyl )G rganw@cfeweﬁ ﬂm}iE t@(n@iqlgn $1FY%$W EWZXQ rii 9.4 weriheigiietd n each

of sai yl Lin® O0to 4
|nstan§é§96§hggg%§@rﬂya? ere%nﬁ%éy nkggﬁﬁﬁh%s gQﬁ&léM%SQ?%%r&ﬁﬁﬂ%

hal ogenliph&N, orainoraititygroupagrddfigt heriparaipy subjecttis béihgdispkicéd/by nicleophilic
trifluoronethyl, a cyclopropyl, a cyclopentyl, a cyclohexyl, a

cycl opradsif 9Pu§e%§%kopentyloxy, a cycl ohexyl oxy, an ethoxy, a methoxy, a
propyl oxy, a trifluoronethoxy, a trifluoroethoxy, a benzoyl, a phenyl, a
phenyl qyy1033 ABL&M lf’e%lﬁ’oﬁiﬂlde @upBh YL GRT BoRVide é’outpﬁhé kda gé&ﬁ%{eﬁﬂﬂ garbonyl, a
trifluoroethyl carbonyl or -C(0 )ﬁ; wherein each of said benzoyl, phenyl or
pheny| axynposnd ﬂ@ém@cts ethl the Bydrexyltroeiely dfy chrbory Ondigty shdrelst rgndemegdf R8' . I n

RERA G T S RS e P S R e e o
cycl op r(@ﬁ&ﬁpro@l&)’@ddﬁﬁﬁd’é)}’EDC@ ( pEﬂiy‘D}}%ydlmeﬂl@ﬁiﬂMhopr@pﬁ%ﬂfb}dlllml@e) DCC
nethylcarboni;¢ an ethylcar%&){%@91 a trifluoronethyl carbonyl,

trifl udeisgelahexisapnsyinmids). B FQtriggesd @ilﬁxsea@ﬂh@fcthymn@hmm%@nbenzoy|

07 0UPS S ISSARNORRLL Y BIPTIAM Bt LT Al PR BRgRRpCT B 1 Vet

2,2, 2- tHetxfaﬂu&ropEMp}dhta) kena-aypropytet, 31§J2(;4a6-hmtrlphbspﬁoklu@ﬂi@mt@tﬂo&&rebO nyl ,
C(O)H or _phenyl; wherein said phenyl is independently substituted mnth

from 0 @ePletnst ances of hal ogen. In yet further enbodinments, R4 is a
phenyl substituted with fromO to 2 instances of halogen. In yet further
enbodi qhigy R LoBuRBEOYthe SHRS G Mk adriMdd ﬁbrélh%ntﬁ’eﬂ; ale%nm%ﬁaaﬁl%% of
fluoro. In yet further enbodinents, R4 is selectéd froma -H,

2011/ omd@? @namwmmo N@&Tqa cmpomdmetetfyﬂrc;d ®,1%, th p ph¢rmoa1@@mh19are; argl a
benzoyl | car,bo a . trifluor t hyl .car bon phenyl or a
£ or orsHERYART Dot B Aty HEiuHang FrbealmeR ehhiss & Phebiedm 0 15 2

I nst ancs%cme ﬂ‘s'd@féhﬁmaﬁ@@clﬁtﬁ]; cobmpsHes Rekagdi ments, R5 is selected froma

hal ogen, -CN, a Cl_6 aliphatic radlcal |ndependently substituted with from
0 to 4 instances of R7, a C3_6 cycloaliphatic radical, a phenyl

i ndeperfdaprqupds afde invangi@nni th from 0 to 4 instances of R8' or a 6-menbered
heteroaryl |ndependently substituted with fromO to 4 instances of R3'. In
cert ai aIkyI

" mdeperSENaTy e et e e RRF o 8T PR QAR gy 328 8

cycl oalphpimaideaticadlyplenydblé sulteperdent | y substituted by fron10 to 4 instances
of R8' or a 6-nenbered heteroaryl independently substituted by fromO to 4
i nstances of R8'. In further enbodi enents, R5 is selected from a hal ogen,
-CN;, a Cl1-6 al kyl substituted with fromO to 2 instances of a substituent

i ndependently sel ected from hal ogen or -OH, a 3 to 6-nenbered cycl oal kyl, a
phenyl or a 6-nmenbered heteroaryl; m?frein each of said phenyl and

6- menbered heteroaryl rings is substTtuted by fromO to 3 instances of a
substi t uent independently selected froma halogen, a C1_ 4 alkyl, a C1_4

hal oal kyl, a Cl_4 alkoxy, a Cl 4 haloalkoxy and CN In still further

_,J__.,;__,_‘._ p— o T 1 o o o T T 1 o L, o



[00185] In sonme enbodiments, L is selected froma nethylene, -C(0)-or -S-.
In certain enbodinents, L is selected froma nethylene or -S-. [00186] In
sonme enbosorentw900 is 0. In certain enbodiments, o is PCOUS201@0606IB i s a
hal ogen. [00187] In some enbodi nents, L' is selected from-502- or
-CH2S02-. In certain enbodinments, L' is -502-. [00188] In some enbodi nents,
R13 is selected froma -Hor a C1_6 al kyl. certain enbodi nents R13 is
-H [00189] Alternatively, the invention p des a conpound havi ng
Structural Formula I, with the proviso tlhat t jeA)corrpound havi ng Formul a |
is not a conpound selected from Q n

met hoxy- 3- (4- met hoxybenzoy1) x2=gt hyI\1H pyrrol o[ 2, 3-b] pyri di n-1 -yl ] net hy1]
-a, adi mret hyl-2Htetrazol e- 2- ==@ aci(@B| CAS Registry No. 1097838-63-5], a
derivative of 54[6- N1

met hoxy- 3- (4- net hoxybenzoy1)1&- me;®R12 1H pyrrol o[ 2, 3-b] pyri di n-1-yl ] met hy1]
-a, adi net hyl-2Htetrazol e-2-agetiic acid in which a Hatomis replaced with
a methyl or ethyl group or a REthyl group is replaced with a H atom

5-[[5- (benzoyl am no)-2-thiazolyl]thio]- 2Htetrazol e-2-acetic acid [ CAS
Regi stry No. 1099441-56-1], a derivative of 5-[[5-

(benzoyi ani no) - 2-t hi azol yl ] t hi o] - 2H¥@4ldz 0] e- 2- acetic acid in which a H
atomis replaced with a methyl or ethyl group or a nethyl group is replaced
with a [bhﬁfé]’%iﬂg’t%ﬁﬁgﬁéﬂ{aﬂ%%‘ompound having Formula I is ngt a compound selected

car boxybenzoyl ) am no] phenyl | met hyl | - 5-chl™or o- 1H-1 m dazol e- 4-acetic acid

[ CAS Rdims t¢[jo-hethoky-B708mahogibhenaoyd 2 imvethylvid-pfrrolo[2,3-b]pyridin-1-ylJmethyl]-

2- butyl -14[.4- - boxybenzoyl ) ani ngl phenyl t -

5 ohl o6 B0 SRRk AERACRS KAt NoH BT S) iced with a
gELB%'; 1(13%Ihz?z%i%@[?%az%[ylﬁhi@?—?ﬁyﬂetrgio@éj-ﬁ-a'cétiJ £ /LY RMbsHy RioH1 662 _56-

car boxyldetrbotyl-) dH-H31geHenybdnzeyhamihe phemylinahylHsiahilatazid]-enidazdediacctei d

[ CAS Reqi .. 114773-45-4] . and derivatiye of 2-butyl-14[44(2-

car boxﬂgﬁ% gg%tﬁ%ﬂ?hﬁh@f?@fﬂyﬁ@éb‘étpf['g'r[gi'gzlii m dazol e-4-acetic acid in
whi ch aea%o&é@o&&é}b&ﬁﬁ@&%@@ﬁdrﬁ@ﬁﬁw&m711{-%@&1&1&4[&@&1@5&@! [OABIRBisE®Rt hyl or
ethyl group or a nethyl group is replaced with a H atom or

phar rrag‘émtlilééﬁ-fﬁ—éd;@é@mémr@acg@nqaﬂytah@p@bie. saftglyaroof wharcin:second aspect, the
invention is directed to a conpound descri bed above wth the further
provis L i S: ' | 1 hi £S not
"o [0S MR { hARaBelccRy bRVERFME IR A3 © Db Bk BERl Syt U
descri hedoabawesredvhétbrobRe, f OF { keclogiphuiis and Hato Wherenibierg Hatdrscyaie; i m dazol e
such that x1 is C and x is CGR2; ring Bis a_phenyl; and L is a nethyl ene;
t hen R2Vieispid hateroprplgrdgisrocyslecontagsfrqm Ade  cngdigickentorsy méieE%P@Fg‘Ef opy|
ring. [sQ%Et%glfro'n?NaOf@W .h aspect, the invention is directed to a conpound
descri bed above, with tRhe further proviso that when Dis a tetrazole and L

is a nethylene, two JB groups are not attached to two vicinal ring B atons
t o for 08108 membBrigad nvevercbic yokecloeted fi®mepbaybandwed &r Gamopiberédng f used to

[ D., [ 0019 In.a fifth t,.the. i ti i s di d d
navi g TEHONG e bHPRRR s iirads © PhERt Babt GHePrdu; 26 e can
be sel egleg@dfFoNt Dosg glescribed in the enbodi nents above.

[00109] ring D is a 5S-membered heteroaryl; wherein
[00110] x'is selected from N and C;

[00111] x%is selected from N and C-R?;

[00112] x'is selected from N and C;

[00113] x"is selected from N and C-R”; and

23



[00194] I n another aspect, the invention is directed to a conpound havi ng
any one of structural fornulae: WO 2011/079007PCT/ US2010/ 060671 wher ei n
each of twewmri7ezes can be sel ected fromthose descri lpeu/tiseomigs71

enbodi ments above. [00195] In another aspect, the invention is directed to
a conpound havi ng any one of structural fornul ae: wherein each of the
var i abl 8811 nx Hesdeqtedfrag Y peshiCthose described in the enmbodi nents above.

[ 00196] I n another aspect, the invention is directed to a conpound havi ng

any ongofy 15t frd¢iadh &lac LORIHbASHr x P 2 WhE QA RBARERH LR R8RS L

[00116] R? is selected from —-H, a halogen, -NO,, —CN, a C;¢ aliphatic radical, a C,.¢ alkoxy
and a cyclopropyl ring, wherein R? is independently substituted with from 0 to 3 instances of

RA; wherein

[00117] each R™is independently selected from a halogen, —-OH, a C,; alkoxy and a C,
haloalkoxys;

[00118] R* is selected from a halogen, —-NO,, —CN, -R® -OR®, —C(O)R6, —C(O)OR6,
—N(R®),, —S(0),R’, —S(0),N(R®),, -NR°S(0),R®, —-C(O)N(R®), and ~NR°C(O)R’;

[00119] R’ is selected from a halogen, —-NO,, —CN, -R® -OR®, —C(O)R6, —C(O)OR6,
—N(R®), =S(0),R’, =S(0);N(R®),, -NR°S(0),R®, —~C(O)N(R®);, and -NR°C(O)R’;

[00120] p is an integer selected from 0, 1 and 2;

[00121] each R is independently selected from —H, a C, ¢ aliphatic radical, and a

monocyclic or bicyclic ring; wherein

[00122] the ring is selected from a 6 to 10-membered aryl, a 5 to 10-membered heteroaryl, a

Cs.10 cycloaliphatic and a 4 to 10-membered heterocycle; wherein

[00123] when RisaCig aliphatic radical, it is independently substituted with from 0 to 6

instances of R,

[00124] when R® is a non-aromatic ring or a heteroaryl, it is independently substituted with

from 0 to 6 instances of R®, and
[00125] when R®is an aryl, it is independently substituted with from 0 to 6 instances of RS’;

[00126] cach R’ is independently selected from a halogen, —CN, oxo, -OR’, R, —C(O)Rg,
—C(0)OR’, =S(0)uR’, =N(R”),, =S(0),N(R”),, -NR’S(0),R’, —-C(O)N(R"), and
~NR’C(O)R’;
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wherein each of the variables can be selected fromthose described in the
enbodi nents above. [00197] In another aspect, the invention is directed to
a conmpoumaohlrauiatgooany one of structural fornmul ae: wheceius2eaobocof t he
vari abl es can be selected fromthose described in the enbodi ments above.
[ 00198] I n another, aspect, the invention is directed to a conpound havi ng

any ond0BF27d eaghRirinIndepsmdenthyesclasfedriegm a dalomeni—Ghe NQr i0a®) a6 Lo
| ect f toh j 9i 2] i 01999 th
copect TRLoTR e e BRI L Dok e PR e Tk G BN R TS Ok e

I VO -2ND)NORTYPAFPSIKUBR0RD/ 060671 TABLE | WO 2011/ 079007 1-41

[00128] each RY is independently selected from a halogen, —CN, —NO,, a C,¢ aliphatic
radical, —R'’, =C(O)R’, =C(O)OR’, =OR’, =S(0)R®, ~N(R”),, =S(0),N(R”),, -NR’S(0),R’,
—~C(O)N(R"), and NR’C(O)R”;

[00129] ecach R’ is independently selected from hydrogen, a C\_saliphatic radical and a

monocyclic or bicyclic ring, wherein

[00130] the ring is selected from a 6 to 10-membered aryl, a 5 to 10-membered heteroaryl, a

Cs.10 cycloaliphatic and a 4 to 10-membered heterocycle; wherein,

[00131] when R’isa Cie aliphatic radical, it is independently substituted with from 0 to 6

instances of R“, and
[00132] when R’isa ring, it is independently substituted with from 0 to 3 instances of R'Z

[00133] each R'? is a monocyclic or bicyclic ring independently selected from a 6 to 10-
membered aryl, a 5 to 10-membered heteroaryl, a Cs_19 cycloaliphatic and a 4 to 10-

membered heterocycle; wherein
[00134] cach R' is independently substituted with from 0 to 3 instances of R'Z

[00135] cach R is independently selected from a halogen, —-CN, —OH, a C, 4 alkoxy and a
Ci.4 haloalkoxy;

[00136] cach R is independently selected from a halogen, —CN, —OH, a Cy.4 alkyl, a C; 4
haloalkyl, a C,_4 alkoxy and a C,_4 haloalkoxy;

[00137] R" is selected from —H, a Ci6 aliphatic radical, and a monocyclic or bicyclic ring;
wherein the ring is selected from a 6 to 10-membered aryl, a 5 to 10-membered heteroaryl, a

Cs.10 cycloaliphatic and a 4 to 10-membered heterocycle; wherein

[00138] when R%isaCie aliphatic radical, it is independently substituted with from 0 to 6

instances of R';
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[00139] when R" is a non-aromatic ring or a heteroaryl, it is independently substituted with

from 0 to 6 instances of RIS, and

[00140] when R" is an aryl, it is independently substituted with from 0 to 6 instances of
RIS

[00141] ecach R"is independently selected from a halogen, —CN, oxo, —OR9, —RIO,
—C(O)R’, =C(0)OR’, =S(0),R’, =N(R"),, =S(0);N(R”),, =NR’S(0),R’, ~C(O)N(R"), and
~NR’C(O)R’;

[00142] cach R is independently selected from a halogen, —CN, —NO,, oxo, a C,¢aliphatic
radical, —R'’, =C(O)R’, =C(O)OR’, =OR’, =S(0)R®, ~N(R”),, =S(0),N(R”),, -NR’S(0),R’,
—~C(O)N(R”), and NR’C(O)R; and

[00143] cach R'® is independently selected from a halogen, —CN, =NO,, a C_ aliphatic
radical, -R'’, ~C(O)R®, =C(0)OR®, ~OR’, =S(0)R’, ~N(R®),, =S(0);N(R”),, ~NR’S(O),R’,
—~C(O)N(R"), and NR’C(O)R”;

[00144] R'® and R" are each independently selected from —H, deuterium, a Cysalkyl, a C;
haloalkyl and a halogen, or

[00145] alternatively, R'® and R' are independently selected from a Cysalkyl and a Cy.¢
haloalkyl, and R'® and R'” taken together with the atom to which they are attached form a
cyclopropyl or halocyclopropyl ring;

[00146] L is a linker selected from a methylene, —C(O)—, —~O—, =S(O)— and -NR'—;

wherein

[00147] when L is a methylene, it is independently substituted with from 0 to 2 instances of
RIS,

[00148] mis 0, 1 or 2;

[00149] R'is selected from —H, a C\ aliphatic radical, a Cs. cycloaliphatic, ~CO(C ¢
aliphatic), —CO(C;_ cycloaliphatic), ~CO-(phenyl), a benzyl and —CO-(benzyl); wherein

[00150] when R' is sclected from a Cyg aliphatic radical, —CO-(phenyl), a benzyl and —CO-

(benzyl), it is independently substituted with from 0 to 3 instances of R®; wherein
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[00151] cach R®is independently selected from a halogen, a C,; alkyl and a C,_, alkoxy;
Yy

[00152] cach R is independently selected from a halogen, —CN, a C, aliphatic radical, a

Ci.6 haloaliphatic radical, and a Cs_ cycloaliphatic; or

[00153] alternatively, each R'® is independently selected from a Cy aliphatic radical and a
C ¢ haloaliphatic radical, and two R'® groups, taken together with the atom to which they are

attached form a cyclopropyl or a halocyclopropyl ring;
[00154] o is an integer selected from 0, 1 and 2;

[00155] each J® is independently selected from a halogen, ~NO,, —CN, —R"’, —=C(O)H,
—C(0)OH, —C(O)NH,, —OH, —SH, -NH, —C(0)R"’, —C(0)OR"’, ~C(O)N(R*>)R ",
~NR*)C(O)R”, -OR", —SR" and -NR'’R*; or

[00156] alternatively, two J” groups are attached to two vicinal ring B atoms and, together
with said ring atoms, form a 5 to 6-membered heterocycle or a 5 to 6-membered heteroaryl,
each of said rings independently substituted with from 0 to 2 instances of R®, wherein each

R is independently selected from a halogen, a C,; alkyl, a C,, alkoxy, -CN and —OH;
[00157] cach R® is independently selected from a —H and a C, ¢ aliphatic radical,

[00158] cach R" is independently selected from a 4 aliphatic radical, a Cs_s cycloaliphatic,
a phenyl, a benzyl, a 4 to 6-membered heterocycle and a 5 to 6-membered heteroaryl;

wherein

[00159] when RYisaCis aliphatic radical, it is independently substituted with from 0 to 3
instances of RC, wherein each R® is independently selected from a halogen, —CN, —OH,
—NH,, a C;_4 cycloalkyl, a C;4 halocycloalkyl, a —O(C,_4 alkyl), a —O(Cs_4 cycloalkyl), a
—0(Cs.4 halocycloalkyl), a —O(C,.4 haloalkyl), a =NH(C; 4 alkyl), a =N(C;.4 alkyl),, and

—NRV; wherein

[00160] —NR" is a 4 to 6-membered heterocycle containing a ring N atom linked to J®, and
wherein said heterocycle contains from 0 to 2 additional ring heteroatoms selected from O

and N;

[00161] when R" is a heterocycle or a heteroaryl it contains from 1 to 3 ring heteroatoms

independently selected from N, O and S;
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[00162] when R" is a phenyl, it is independently substituted with from 0 to 3 instances of
R, wherein each R” is independently selected from a halogen, a C,_4 aliphatic radical, —CN,

—OH, —NH,, a —O(C;.4 alkyl), a -NH(C, 4 alkyl) and a —N(C).4 alkyl),; and

[00163] when R' is a non-aromatic ring or a heteroaryl, it is independently substituted with
from 0 to 3 instances of R”, wherein each R” is independently selected from a halogen, oxo,
a Cj_4aliphatic radical, -CN, —OH, —NH,, a —O(C,.4 alkyl), a -NH(C, 4 alkyl) and a — N(C, 4
alkyl),;

[00164] L’ is a linker selected from —Y-SO,—, -NR*'SO,—, -SO,NR*'-, -Y-C(0)-, —
NR*'C(0O)- and —~C(O)NR?*'—; wherein

[00165] Y is selected from a single bond, a straight C;, alkylene linker, and a branched C,
alkylene linker, wherein the C;; alkylene linker is independently substituted with from 0 to 3

a halogen atoms;

[00166] R*'is selected from hydrogen, a Csalkyl, a C . haloalkyl and a Cs.¢ cycloalkyl

ring;
[00167] nis an integer selected from 0, 1, 2 and 3;

[00168] cach J* is independently selected from a halogen, -NO,, —CN, —R**, —C(O)H,
—C(0)OH , —C(O)NH,, —OH, —SH and —NH, —C(0)R**, -C(O)OR*, ~C(O)N(R*)R**,
~N(R*)C(0)R*, -OR*, -SR** and -NR*’R*;

[00169] cach R* is independently selected from a —H and a C, ¢ aliphatic radical,

[00170] each R** is independently selected from a C4 aliphatic radical, a Cs.s cycloaliphatic
ring, a phenyl, a benzyl, a 4 to 6-membered heterocycle and a 5 to 6-membered heteroaryl,

wherein

[00171] when R%isaCis aliphatic radical, it is independently substituted with from 0 to 3
instances of RF, wherein each R is independently selected from a halogen, —CN, —OH,
—NH,, a C;5.4 cycloalkyl, a Cs_4halocycloalkyl, a —O(C,; 4 alkyl), a —O(C;.4 cycloalkyl), a
—O(C3.4 halocycloalkyl), a —O(C)_4 haloalkyl), a “NH(C alkyl), a —N(C)_4 alkyl), and -NR";

wherein
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[00172] —NR" is a 4 to 6-membered heterocycle containing a ring N atom linked to J®, and
wherein the heterocycle contains from 0 to 2 additional ring heteroatoms selected from O and

N;

[00173] when R* is a heterocycle or a heteroaryl, the ring contains from 1 to 3 ring

heteroatoms independently selected from N, O and S;

[00174] when R* is a non-aromatic ring or a 5 to 6-membered heteroaryl, it is independently

substituted with from 0 to 3 instances of RY, wherein

[00175] each RY is independently selected from a halogen, oxo, a C_4 aliphatic radical, —CN,
—OH, —NH,, a —O(C;_4 alkyl), a -NH(C, 4 alkyl) and a —N(C, 4 alkyl),; and

[00176] when R* is a phenyl 1, it is independently substituted with from 0 to 3 instances of

RS , wherein

[00177] each R is independently selected from a halogen, a Cy4aliphatic radical, —CN,
_OH, _NHz, _O(C1_4 alkyl), _NH(C1_4 alkyl) and _N(C1_4 alkyl)z

[00178] In some embodiments, ring A is selected from a phenyl, a 5 to 6-membered
heteroaryl, a Cs. cycloaliphatic or a 5 to 6-membered heterocycle, wherein said heteroaryl or
heterocycle contains from 1 to 2 ring heteroatoms selected from N and O. In certain
embodiments, ring A is selected from a phenyl or a 5 to 6-membered heterocyclic ring,
wherein said heterocycle contains from 1 to 2 ring heteroatoms selected from O and N. In
further embodiments, ring A is selected from a phenyl, a pyridine, a thiophene, a furan, a
pyrimidine, a pyrazine, a piridazine, a piperidine, a piperazine, a morpholine or a pyrrolidine.
In still further embodiments, ring A is selected from a phenyl, a morpholine or a pyrrolidine.
In yet further embodiments, ring A is selected from a phenyl, an N-linked morpholine and an

N-linked pyrrolidine.

[00179] In some embodiments, ring B is selected from a phenyl, a thiophene or a 6-
membered heteroaryl. In other embodiments, ring B is selected from a phenyl, a thiophene or

a pyridine. In certain embodiments, ring B is a phenyl.

[00180] In some embodiments, ring D is selected from a pyrrole, a pyrazole or an imidazole.
In other embodiments, ring D is an imidazole, and x' and x” are N. In certain embodiments,

ring D is a pyrazole, and x' and x* are N. In further embodiments, ring D is a pyrrole, and x'
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or x° is N, but both x' and x’ are not simultancously N. In still further embodiments, ring D is

a pyrrole, and x' is N and x’ is C.

[00181] In some embodiments, R” is selected from a halogen, —H, a cyclopropyl ring, a C 4
alkyl or a C_4 haloalkyl. In certain embodiments, R? is selected from a C;4 alkyl or —H. In

further embodiemts, R” is a methyl.

[00182] In some embodiments, R* is selected from a halogen, —-NO,, -R® -OR®, —C(O)R6,
—C(0)OR®, =N(R®),, =S(0),R’, =S(0),N(R®),, -NR°S(0),R®, —~C(O)N(R®); or —-NR°C(O)R".
In other embodiments, R*is a —H, a halogen, —CN, a C, aliphatic radical, a Cs
cycloaliphatic ring radical, a C;_¢ haloaliphatic radical, a phenyl which is optionally
substituted by R* or a benzyl which is optionally substituted by R .. In certain embodiments,
R* is selected from —H, a halogen, —CN, a C, 4 alkyl, a C,_4 haloalkyl, a C5¢ cycloalkyl, a
—0O(C,4 alkyl), a —=O(C).4 haloalkyl), a —O(Cs.6 cycloalkyl), a =O(phenyl), a —O(substituted
phenyl), a —O(benzyl), a —O(substituted benzyl), a —C(O)(C,_4 alkyl), a -C(O)(C,_4 haloalkyl),
a —C(0)(Cs cycloalkyl), a —C(O)(phenyl), a —C(O)(substituted phenyl), a —C(O)(benzyl),
—C(O)(substituted benzyl) or —C(O)H; wherein each of said substituted phenyl or benzyl
rings, is substituted by from 0 to 4 instances of R® . In further embodiments, R* is selected
from —H, a halogen, —CN, an ethyl, a methyl, a propyl, a trifluoroethyl, a trifluoromethyl, a
cyclopropyl, a cyclopentyl, a cyclohexyl, a cyclopropyloxy, a cyclopentyloxy, a
cyclohexyloxy, an ethoxy, a methoxy, a propyloxy, a trifluoromethoxy, a trifluoroethoxy, a
benzoyl, a phenyl, a phenyloxy, a methylcarbonyl, an ethylcarbonyl, a
trifluoromethylcarbonyl, a trifluoroethylcarbonyl or —C(O)H; wherein each of said benzoyl,
phenyl or phenyloxy is independently substituted by from 0 to 4 instances of RY. In still
further embodiments, R* is selected from a —H, a halogen, —CN, an ethyl, a methyl, a propyl,
a trifluoroethyl, a trifluoromethyl, a cyclopropyl, a cyclopentyl, a cyclohexyl, phenyl, a
benzoyl, a methylcarbonyl, an ethylcarbonyl, a trifluoromethylcarbonyl, a
trifluoroethylcarbonyl or a —C(O)H; wherein each of said phenyl and benzoyl groups is
independently substituted by from 0 to 4 instances of R¥. In yet further embodiments, R* is
selected from —H, iodo, —CN, methyl, 2,2,2-trifluoroethyl, benzoyl, methylcarbonyl,
trifluoromethylcarbonyl, —C(O)H or phenyl; wherein said phenyl is independently substituted
with from 0 to 2 instances of halogen. In yet further embodiments, R” is a phenyl substituted
with from 0 to 2 instances of halogen. In yet further embodiemtns, R” is a phenyl substituted

with from 0 to 2 instances of fluoro. In yet further embodiments, R*is selected from a —H,
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—CN, a methyl, 2,2,2-trifluoroethyl, a benzoyl, a methylcarbonyl, a trifluoromethylcarbonyl,
—C(O)H, a phenyl or a fluorophenyl; wherein said fluorophenyl is substituted with from 0 to

2 instances of fluoro.

[00183] In some embodiments, R’ is selected from a halogen, —CN, a C, aliphatic radical
independently substituted with from 0 to 4 instances of R”, a Cs.s cycloaliphatic radical, a
phenyl independently substituted with from 0 to 4 instances of R® or a 6-membered
heteroaryl independently substituted with from 0 to 4 instances of R¥. In certain
embodimenets, R’ is selected from a halogen, —CN, a C s alkyl independently substituted
with from 0 to 4 instances of R”, a Cs.¢ cycloaliphatic, a phenyl independently substituted by
from 0 to 4 instances of R® or a 6-membered heteroaryl independently substituted by from 0
to 4 instances of R¥". In further embodiements, R’ is selected from a halogen, —CN; a C
alkyl substituted with from 0 to 2 instances of a substituent independently selected from
halogen or -OH; a 3 to 6-membered cycloalkyl, a phenyl or a 6-membered heteroaryl;
wherein each of said phenyl and 6-membered heteroaryl rings is substituted by from 0 to 3
instances of a substituent independently selected from a halogen, a C; 4 alkyl, a C;.4 haloalkyl,
a C;_4 alkoxy, a C;.4 haloalkoxy and -CN. In still further embodiments, R’ is selected from a
halogen, —CN, an ethyl, a methyl, a propyl, a 3-6 membered cycloalkyl, a phenyl, a pyridinyl
or a pyrimidinyl; wherein each said methyl, ethyl and propyl is substituted with from 0 to 4
instances of a halogen or -OH; and wherein each said phenyl, pyridinyl and pyrimidinyl is
substituted with from 0 to 4 instances of a substituent selected from a halogen, a C; alkyl, a
C,; haloalkyl, a C;_; alkoxy or a C;;haloalkoxy. In yet further embodiments, R’ is selected
from —CN, an ethyl, a methyl, a propyl, a cyclopropyl, a cyclopentyl, a cyclohexyl, a phenyl
or a pyridinyl; wherein each said methyl, propyl and ethyl is independently substituted with
from 0 to 2 instances of a halogen or -OH; wherein said phenyl is independently substituted
by from 0 to 2 instances of a halogen or —CF3; and wherein said pyridinyl is independently
substituted by from 0 to 1 instances of a halogen, a C;; alkoxy, a C.; haloalkoxy or —CFs. In
even further embodiments, R’ is selected from a —CN, a 2-hydroxyethyl, a methyl, a
cyclopropyl, a cyclopentyl, a cyclohexyl, a phenyl or a pyridinyl; wherein said phenyl is
independently substituted by from 0 to 2 instances of fluorine or —CF3; and wherein said
pyridinyl is independently substituted by from 0 to 1 instances of fluoro or chloro. In yet
further embodiements, R’ is selected from —CN, a methyl, a cyclopropyl, a cyclopentyl, a
cyclohexyl, a phenyl, pyridinyl, a 3-chloro-4-pyridinyl or a 3-chloro-2-pyridinyl; wherein
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said phenyl is independently substituted by from 0 to 2 instances of fluorine or by from 0 to 1

instances of —CFs.

[00184] In some embodiments, each of R'® and R is independently selected from —H or a
methyl or, alternatively, R'® and R'7, taken together with the carbonatom to which they are

attached, form a cyclopropyl ring. In certain embodiments, R'® and R'” are both —H.

[00185] In some embodiments, L is selected from a methylene, —C(O)—or —S—. In certain

embodiments, L is selected from a methylene or —S-.

[00186] In some embodiments, o is 0. In certain embodiments, o is 1 or 2 and J® is a

halogen.

[00187] In some embodiments, L’ is selected from —SO,— or —CH,SO;-. In certain

embodiments, L’ is —=SO,—.

[00188] In some embodiments, R" is selected from a —-H or a C16 alkyl. In certain

embodiments R'* is —H.

[00189] Alternatively, the invention provides a compound having Structural Formula I, with
the proviso that the compound having Formula I is not a compound selected from 5-[[6-
methoxy-3-(4-methoxybenzoyl)-2-methyl-1H-pyrrolo[2,3-b]pyridin-1-ylJmethyl]-o,0-
dimethyl-2H-tetrazole-2-acetic acid [CAS Registry No. 1097838-63-5], a derivative of 5-[[6-
methoxy-3-(4-methoxybenzoyl)-2-methyl-1H-pyrrolo[2,3-b]pyridin-1-ylJmethyl]-o,0-
dimethyl-2H-tetrazole-2-acetic acid in which a H atom is replaced with a methyl or ethyl
group or a methyl group is replaced with a H atom, 5-[[5-(benzoylamino)-2-thiazolyl]thio]-
2H-tetrazole-2-acetic acid [CAS Registry No. 1099441-56-1], a derivative of 5-[[5-
(benzoylamino)-2-thiazolyl]thio]-2H-tetrazole-2-acetic acid in which a H atom is replaced
with a methyl or ethyl group or a methyl group is replaced with a H atom, 2-butyl-1-[[4-[(2-
carboxybenzoyl)amino|phenylmethyl]-5-chloro-1H-imidazole-4-acetic acid [CAS Registry
No. 114798-40-2], a derivative of 2-butyl-1-[[4-[(2-carboxybenzoyl)amino Jphenylmethyl]-
5-chloro-1H-imidazole-4-acetic acid in which a H atom is replaced with a methyl or ethyl
group or a methyl group is replaced with a H atom, 2-butyl-1-[[4-[(2-
carboxybenzoyl)amino|phenyl|methyl]-5-chloro-1H-imidazole-4-acetic acid [CAS Registry
No. 114773-45-4], and a derivative of 2-butyl-1-[[4-[(2-

carboxybenzoyl)amino|phenyl|methyl]-5-chloro-1H-imidazole-4-acetic acid in which a H
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atom is replaced with a methyl or ethyl group or a methyl group is replaced with a H atom, or

pharmaceutically acceptable salts thereof.

[00190] In a second aspect, the invention is directed to a compound described above with the

further proviso that when ring D is a tetrazoleand ring B is a thiazole, L is not —S—.

[00191] In a third aspect, the invention is directed to a compound described above, with the
further proviso that when ring D is an imidazole such that x' is C, and x is C-R?; ring B is a
phenyl; and L is a methylene; then R” is not —H, a halogen, a C\_ aliphatic radical or a

cyclopropyl ring.

[00192] In a fourth aspect, the invention is directed to a compound described above, with the
further proviso that when D is a tetrazole and L is a methylene, two J® groups are not
attached to two vicinal ring B atoms to form a 6-membered heterocycle or a 6-membered

heteroaryl ring fused to ring D.

[00193] In a fifth aspect, the invention is directed to a compound having any one of

» LL'@(JA)n » /LL'@
I$ :

2 (B oA P~re (P

'\\I\KORB OR'3

O or O

structural formulae:

(P

wherein each of the variables can be selected from those described in the embodiments

above.

[00194] In another aspect, the invention is directed to a compound having any one of

structural formulae:
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R
’\L«O R13 ’\\l\«ORB

O or 0]

wherein each of the variables can be selected from those described in the embodiments
above.

[00195] In another aspect, the invention is directed to a compound having any one of

structural formulae:

] ()
» R4 S
\
5 / \ (JB)O R5ﬂ\ (JB)o
R N N 13
\\\<OR13 \\«OR
0 or @)

wherein each of the variables can be selected from those described in the embodiments

above.

[00196] In another aspect, the invention is directed to a compound having any one of
structural formulae:

0=S=0 O;S (‘JA)n
R* R4 S
Dy iyt
R 13 RN 13
\\«OR \\«OR
O or O
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wherein each of the variables can be selected from those described in the embodiments
above.

[00197] In another aspect, the invention is directed to a compound having any one of

structural formulae:
[Oj D

N
\
0=8=0
OR13 OR13 R13
O , O or

wherein each of the variables can be selected from those described in the embodiments
above.

[00198] In another aspect, the invention is directed to a compound having any one of
structural formulae:

N
\
0=S=0 O:g:O 0=S=0
R4 S@ R4 S R S
i 3 T
R® R® R®
\\(ORB ’\L(ORB \\(ORB
@) , @) or O

wherein each of the variables can be selected from those described in the embodiments
above.

[00199] In another aspect, the invention is a compound selected from those depicted in
Table I:
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Pharmaceutically acceptable salts and pro-drugs..

[00200] The phrase "pharmaceutically acceptable salt," as used herein, refers to
pharmaceutically acceptable organic or inorganic salts of a compound having Formula
I. For use in medicine, the salts of the compounds having Formula I will be
pharmaceutically acceptable salts. Other salts may, however, be useful in the
preparation of the compounds having Formula I or of their pharmaceutically acceptable
salts. A pharmaceutically acceptable salt may involve the inclusion of another molecule
such as an acetate ion, a succinate ion or other counter ion. The counter ion may be any
organic or inorganic moiety that stabilizes the charge on the parent compound.
Furthermore, a pharmaceutically acceptable salt may have more than one charged atom
in its structure. Instances where multiple charged atoms are part of the
pharmaceutically acceptable salt can have multiple counter ions. Hence, a
pharmaceutically acceptable salt can have one or more charged atoms and/or one or

more counter ion.

[00201] Pharmaceutically acceptable salts of the compounds described herein include
those derived from suitable inorganic and organic acids and bases. In some
embodiments, the salts can be prepared in situ during the final isolation and
purification of the compounds. In other embodiments the salts can be prepared from the

free form of the compound in a separate synthetic step.

[00202] When the compound having Formula I is acidic or contains a sufficiently
acidic bioisostere, suitable "pharmaceutically acceptable salts" refers to salts prepared
form pharmaceutically acceptable non-toxic bases including inorganic bases and
organic bases. Salts derived from inorganic bases include aluminum, ammonium,
calcium, copper, ferric, ferrous, lithium, magnesium, manganic salts, manganous,
potassium, sodium, zinc and the like. Particular embodiments include ammonium,
calcium, magnesium, potassium and sodium salts. Salts derived from pharmaceutically
acceptable organic non-toxic bases include salts of primary, secondary and tertiary
amines, substituted amines including naturally occurring substituted amines, cyclic
amines and basic ion exchange resins, such as arginine, betaine, caffeine, choline, N,
N.sup.1-dibenzylethylenediamine, diethylamine, 2-diethylaminoethanol, 2-
dimethylaminoethanol, ethanolamine, ethylenediamine, N-ethylmorpholine, N-

ethylpiperidine, glucamine, glucosamine, histidine, hydrabamine, isopropylamine,
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lysine, methylglucamine, morpholine, piperazine, piperidine, polyamine resins,
procaine, purines, theobromine, triethylamine, trimethylamine, tripropylamine,

tromethamine and the like.

[00203] When the compound having Formula I is basic or contains a sufficiently basic
bioisostere, salts may be prepared from pharmaceutically acceptable non-toxic acids,
including inorganic and organic acids. Such acids include acetic, benzenesulfonic,
benzoic, camphorsulfonic, citric, ethanesulfonic, fumaric, gluconic, glutamic,
hydrobromic, hydrochloric, isethionic, lactic, maleic, malic, mandelic,
methanesulfonic, mucic, nitric, pamoic, pantothenic, phosphoric, succinic, sulfuric,
tartaric, p-toluenesulfonic acid and the like. Particular embodiments include citric,
hydrobromic, hydrochloric, maleic, phosphoric, sulfuric and tartaric acids. Other
exemplary salts include, but are not limited, to sulfate, citrate, acetate, oxalate,
chloride, bromide, iodide, nitrate, bisulfate, phosphate, acid phosphate, isonicotinate,
lactate, salicylate, acid citrate, tartrate, oleate, tannate, pantothenate, bitartrate,
ascorbate, succinate, maleate, gentisinate, fumarate, gluconate, glucuronate, saccharate,
formate, benzoate, glutamate, methanesulfonate, ethanesulfonate, benzenesulfonate, p-
toluenesulfonate, and pamoate (i.e., 1,1'-methylene-bis-(2-hydroxy-3-naphthoate))

salts.

[00204] The preparation of the pharmaceutically acceptable salts described above and
other typical pharmaceutically acceptable salts is more fully described by Berg et al.,
"Pharmaceutical Salts," J. Pharm. Sci., 1977:66:1-19, incorporated herein by reference

in its entirety.

[00205] In addition to the compounds described herein and their pharmaceutically
acceptable salts, pharmaceutically acceptable solvates (e.g., hydrates) and co-crystals
of these compounds and salts may also be employed in compositions to treat or prevent

the herein identified disorders.

[00206] As used herein, the term “pharmaceutically acceptable solvate,” is a solvate
formed from the association of one or more pharmaceutically acceptable solvent
molecules to one of the compounds described herein. As used herein, the term
“hydrate” means a compound described herein or a salt thereof that further includes a

stoichiometric or non-stoichiometric amount of water bound by non-covalent
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intermolecular forces. The term solvate includes hydrates (e.g., hemihydrate,

monohydrate, dihydrate, trihydrate, tetrahydrate, and the like).

[00207] “Pharmaceutically acceptable co-crystals” result when a pharmaceutically
active compound crystallizes with another material (e.g. a carboxylic acid, a 4,4’-
bipyridine or an excipient) that is also a solid at room temperature. Some
pharmaceutically acceptable excipients are described in the next section. Other
pharmaceutically acceptable substances that can be used to form co-crystals are

exemplified by the GRAS (Generally regarded as safe) list of the US FDA.

[00208] In addition to the compounds described herein, pharmaceutically acceptable
pro-drugs of these compounds may also be employed in compositions to treat or

prevent the herein identified disorders.

[00209] A “pharmaceutically acceptable pro-drug” includes any pharmaceutically
acceptable ester, salt of an ester or other derivative or salt thereof of a compound
described herein which, upon administration to a recipient, is capable of providing,
either directly or indirectly, a compound described herein. Particularly favored pro-
drugs are those that increase the bioavailability of the compounds when such
compounds are administered to a patient (e.g., by allowing an orally administered
compound to be more readily absorbed into the blood) or which enhance delivery of
the parent compound to a biological compartment (e.g., the brain or lymphatic system)
relative to the parent species. The term “pro-drug” encompasses a derivative of a
compound that can hydrolyze, oxidize, or otherwise react under biological conditions
(in vitro or in vivo) to provide a compound described herein. Examples of pro-drugs
include, but are not limited to, analogs or derivatives of compounds of the invention
that comprise biohydrolyzable moieties such as biohydrolyzable amides,
biohydrolyzable esters, biohydrolyzable carbamates, biohydrolyzable carbonates,
biohydrolyzable ureides, and biohydrolyzable phosphate analogues. Other examples of
pro-drugs include derivatives of compounds that comprise -NO, -NO2, -ONO, or -
ONO2 moieties. Pro-drugs can typically be prepared using well-known methods, such
as those described by BURGER'S MEDICINAL CHEMISTRY AND DRUG
DISCOVERY (1995) 172-178, 949-982 (Manfred E. Wolff ed., 5th Ed).

Pharmaceutical compositions and methods of administration
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Compositions of the invention

[00210] In another aspect, the invention is a composition comprising a

pharmaceutically acceptable carrier and a compound according described above.

[00211] The compounds herein disclosed, and their pharmaceutically acceptable salts,
solvates, co-crystals and pro-drugs thereof may be formulated as pharmaceutical

compositions or “formulations”.

[00212] A typical formulation is prepared by mixing a compound having Formula I, or
a pharmaceutically acceptable salt, solvate, co-crystal or pro-drug thereof, and a
carrier, diluent or excipient. Suitable carriers, diluents and excipients are well known to
those skilled in the art and include materials such as carbohydrates, waxes, water
soluble and/or swellable polymers, hydrophilic or hydrophobic materials, gelatin, oils,
solvents, water, and the like. The particular carrier, diluent or excipient used will
depend upon the means and purpose for which the compound having Formula I is
being formulated. Solvents are generally selected based on solvents recognized by
persons skilled in the art as safe (GRAS-Generally Regarded as Safe) to be
administered to a mammal. In general, safe solvents are non-toxic aqueous solvents
such as water and other non-toxic solvents that are soluble or miscible in water.
Suitable aqueous solvents include water, ethanol, propylene glycol, polyethylene
glycols (e.g., PEG400, PEG300), etc. and mixtures thereof. The formulations may also
include other types of excipients such as one or more buffers, stabilizing agents,
antiadherents, surfactants, wetting agents, lubricating agents, emulsifiers, binders,
suspending agents, disintegrants, fillers, sorbents, coatings (e.g. enteric or slow release)
preservatives, antioxidants, opaquing agents, glidants, processing aids, colorants,
sweeteners, perfuming agents, flavoring agents and other known additives to provide
an elegant presentation of the drug (i.e., a compound having Formula I or
pharmaceutical composition thereof) or aid in the manufacturing of the pharmaceutical

product (i.e., medicament).

[00213] The formulations may be prepared using conventional dissolution and mixing
procedures. For example, the bulk drug substance (i.e., compound having Formula I, a
pharmaceutically acceptable salt, solvate, co-crystal or pro-drug thereof, or a stabilized
form of the compound, such as a complex with a cyclodextrin derivative or other

known complexation agent) is dissolved in a suitable solvent in the presence of one or
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more of the excipients described above. A compound having the desired degree of
purity is optionally mixed with pharmaceutically acceptable diluents, carriers,
excipients or stabilizers, in the form of a lyophilized formulation, milled powder, or an
aqueous solution. Formulation may be conducted by mixing at ambient temperature at
the appropriate pH, and at the desired degree of purity, with physiologically acceptable
carriers. The pH of the formulation depends mainly on the particular use and the
concentration of compound, but may range from about 3 to about 8. When the agent
described herein is a solid amorphous dispersion formed by a solvent process, additives
may be added directly to the spray-drying solution when forming the mixture such as
the additive is dissolved or suspended in the solution as a slurry which can then be
spray dried. Alternatively, the additives may be added following spray-drying process

to aid in the forming of the final formulated product.

[00214] The compound having Formula I or a pharmaceutically acceptable salt,
solvate, co-crystal or pro-drug thereof is typically formulated into pharmaceutical
dosage forms to provide an easily controllable dosage of the drug and to enable patient
compliance with the prescribed regimen. Pharmaceutical formulations of compounds
having Formula I, or a pharmaceutically acceptable salt, solvate, co-crystal or pro-drug
thereof, may be prepared for various routes and types of administration. Various
dosage forms may exist for the same compound, since different medical conditions

may warrant different routes of administration.

[00215] The amount of active ingredient that may be combined with the carrier
material to produce a single dosage form will vary depending upon the subject treated
and the particular mode of administration. For example, a time-release formulation
intended for oral administration to humans may contain approximately 1 to 1000 mg of
active material compounded with an appropriate and convenient amount of carrier
material which may vary from about 5 to about 95% of the total compositions (weight:
weight). The pharmaceutical composition can be prepared to provide easily measurable
amounts for administration. For example, an aqueous solution intended for intravenous
infusion may contain from about 3 to 500 pg of the active ingredient per milliliter of
solution in order that infusion of a suitable volume at a rate of about 30 mL/hr can
occur. As a general proposition, the initial pharmaceutically effective amount of the

inhibitor administered will be in the range of about 0.01-100 mg/kg per dose, namely
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about 0.1 to 20 mg/kg of patient body weight per day, with the typical initial range of
compound used being 0.3 to 15 mg/kg/day.

[00216] The term “therapeutically effective amount” as used herein means that amount
of active compound or pharmaceutical agent that elicits the biological or medicinal
response in a tissue, system, animal or human that is being sought by a researcher,
veterinarian, medical doctor or other clinician. The therapeutically or pharmaceutically
effective amount" of the compound to be administered will be governed by such
considerations, and is the minimum amount necessary to ameliorate, cure or treat the

disease or disorder or one or more of its symptoms.

[00217] The pharmaceutical compositions having Formula I will be formulated, dosed,
and administered in a fashion, i.e., amounts, concentrations, schedules, course,
vehicles, and route of administration, consistent with good medical practice. Factors for
consideration in this context include the particular disorder being treated, the particular
mammal being treated, the clinical condition of the individual patient, the cause of the
disorder, the site of delivery of the agent, the method of administration, the scheduling
of administration, and other factors known to medical practitioners, such as the age,

weight, and response of the individual patient.

[00218] The term “prophylactically effective amount” refers to an amount effective in
preventing or substantially lessening the chances of acquiring a disease or disorder or
in reducing the severity of the disease or disorder or one or more of its symptoms
before it is acquired or before the symptoms develop. Roughly, prophylactic measures
are divided between primary prophylaxis (to prevent the development of a disease) and
secondary prophylaxis (whereby the disease has already developed and the patient is

protected against worsening of this process).

[00219] Acceptable diluents, carriers, excipients, and stabilizers are those that are
nontoxic to recipients at the dosages and concentrations employed, and include buffers
such as phosphate, citrate, and other organic acids; antioxidants including ascorbic acid
and methionine; preservatives (such as octadecyldimethylbenzyl ammonium chloride;
hexamethonium chloride; benzalkonium chloride, benzethonium chloride; phenol,
butyl or benzyl alcohol; alkyl parabens such as methyl or propyl paraben; catechol;
resorcinol; cyclohexanol; 3-pentanol; and m-cresol); proteins, such as serum albumin,

gelatin, or immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone;

50



om _.--No /\/s/ gitO NC\ | 4010 CH1-11 ON O \d/

WO 2011/079007 PCT/US2010/060671
amino acids such as glycine, glutamine, asparagine, histidine, arginine, or lysine;
monosaccharides, disaccharides, and other carbohydrates including glucose, mannose,
or dextrins; chelating agents such as EDTA; sugars such as sucrose, mannitol, trehalose
or sorbitol; salt-forming counter-ions such as sodium; metal complexes (e.g. Zn-protein
complexes); and/or non-ionic surfactants such as TWEEN™, PLURONICS™ or
polyethylene glycol (PEG). The active pharmaceutical ingredients may also be
entrapped in microcapsules prepared, for example, by coacervation techniques or by
interfacial polymerization, e.g., hydroxymethylcellulose or gelatin-microcapsules and
poly-(methylmethacylate) microcapsules, respectively; in colloidal drug delivery
systems (for example, liposomes, albumin microspheres, microemulsions, nano-
particles and nanocapsules) or in macroemulsions. Such techniques are disclosed in
Remington's: The Science and Practice of Pharmacy, 21* Edition, University of the

Sciences in Philadelphia, Eds., 2005 (hereafter “Remington’s”).

[00220] “Controlled drug delivery systems” supply the drug to the body in a manner
precisely controlled to suit the drug and the conditions being treated. The primary aim
is to achieve a therapeutic drug concentration at the site of action for the desired
duration of time. The term “controlled release” is often used to refer to a variety of
methods that modify release of drug from a dosage form. This term includes
preparations labeled as “extended release”, “delayed release”, “modified release” or
“sustained release”. In general, one can provide for controlled release of the agents
described herein through the use of a wide variety of polymeric carriers and controlled

release systems including erodible and non-erodible matrices, osmotic control devices,

various reservoir devices, enteric coatings and multiparticulate control devices.

[00221] “Sustained-release preparations” are the most common applications of
controlled release. Suitable examples of sustained-release preparations include
semipermeable matrices of solid hydrophobic polymers containing the compound,
which matrices are in the form of shaped articles, e.g. films, or microcapsules.
Examples of sustained-release matrices include polyesters, hydrogels (for example,
poly(2-hydroxyethyl-methacrylate), or poly(vinylalcohol)), polylactides (U.S. Pat. No.
3,773,919), copolymers of L-glutamic acid and gamma-ethyl-L-glutamate, non-
degradable ethylene-vinyl acetate, degradable lactic acid-glycolic acid copolymers, and

poly-D-(-)-3-hydroxybutyric acid.
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[00222] “Immediate-release preparations” may also be prepared. The objective of these
formulations is to get the drug into the bloodstream and to the site of action as rapidly
as possible. For instance, for rapid dissolution, most tablets are designed to undergo
rapid disintegration to granules and subsequent disaggregation to fine particles. This
provides a larger surface area exposed to the dissolution medium, resulting in a faster

dissolution rate.

[00223] Agents described herein can be incorporated into an erodible or non-erodible
polymeric matrix controlled release device. By an erodible matrix is meant aqueous-
erodible or water-swellable or aqueous-soluble in the sense of being either erodible or
swellable or dissolvable in pure water or requiring the presence of an acid or base to
ionize the polymeric matrix sufficiently to cause erosion or dissolution. When
contacted with the aqueous environment of use, the erodible polymeric matrix imbibes
water and forms an aqueous-swollen gel or matrix that entraps the agent described
herein. The aqueous-swollen matrix gradually erodes, swells, disintegrates or dissolves
in the environment of use, thereby controlling the release of a compound described
herein to the environment of use. One ingredient of this water-swollen matrix is the
water-swellable, erodible, or soluble polymer, which may generally be described as an
osmopolymer, hydrogel or water-swellable polymer. Such polymers may be linear,
branched, or cross linked. The polymers may be homopolymers or copolymers. In
certain embodiments, they may be synthetic polymers derived from vinyl, acrylate,
methacrylate, urethane, ester and oxide monomers. In other embodiments, they can be
derivatives of naturally occurring polymers such as polysaccharides (e.g. chitin,
chitosan, dextran and pullulan; gum agar, gum arabic, gum karaya, locust bean gum,
gum tragacanth, carrageenans, gum ghatti, guar gum, xanthan gum and scleroglucan),
starches (e.g. dextrin and maltodextrin), hydrophilic colloids (e.g. pectin), phosphatides
(e.g. lecithin), alginates (e.g. ammonium alginate, sodium, potassium or calcium
alginate, propylene glycol alginate), gelatin, collagen, and cellulosics. Cellulosics are
cellulose polymer that has been modified by reaction of at least a portion of the
hydroxyl groups on the saccharide repeat units with a compound to form an ester-
linked or an ether-linked substituent. For example, the cellulosic ethyl cellulose has an
ether linked ethyl substituent attached to the saccharide repeat unit, while the cellulosic
cellulose acetate has an ester linked acetate substituent. In certain embodiments, the
cellulosics for the erodible matrix comprises aqueous-soluble and aqueous-erodible

cellulosics can include, for example, ethyl cellulose (EC), methylethyl cellulose
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(MEC), carboxymethyl cellulose (CMC), CMEC, hydroxyethyl cellulose (HEC),
hydroxypropyl cellulose (HPC), cellulose acetate (CA), cellulose propionate (CP),
cellulose butyrate (CB), cellulose acetate butyrate (CAB), CAP, CAT, hydroxypropyl
methyl cellulose (HPMC), HPMCP, HPMCAS, hydroxypropyl methyl cellulose
acetate trimellitate (HPMCAT), and ethylhydroxy ethylcellulose (EHEC). In certain
embodiments, the cellulosics comprises various grades of low viscosity (MW less than
or equal to 50,000 daltons, for example, the Dow Methocel” series E5, E15LV, E50LV
and K100LY) and high viscosity (MW greater than 50,000 daltons, for example,
E4MCR, EIOMCR, K4M, K15M and K100M and the Methocel K series) HPMC.
Other commercially available types of HPMC include the Shin Etsu Metolose 90SH

Series.

[00224] Other materials useful as the erodible matrix material include, but are not
limited to, pullulan, polyvinyl pyrrolidone, polyvinyl alcohol, polyvinyl acetate,
glycerol fatty acid esters, polyacrylamide, polyacrylic acid, copolymers of ethacrylic
acid or methacrylic acid (EUDRAGITO, Rohm America, Inc., Piscataway, New
Jersey) and other acrylic acid derivatives such as homopolymers and copolymers of
butylmethacrylate, methylmethacrylate, ethylmethacrylate, ethylacrylate, (2-
dimethylaminoethyl) methacrylate, and (trimethylaminoethyl) methacrylate chloride.

[00225] Alternatively, the agents of the present invention may be administered by or
incorporated into a non-erodible matrix device. In such devices, an agent described
herein is distributed in an inert matrix. The agent is released by diffusion through the
inert matrix. Examples of materials suitable for the inert matrix include insoluble
plastics (e.g methyl acrylate-methyl methacrylate copolymers, polyvinyl chloride,
polyethylene), hydrophilic polymers (e.g. ethyl cellulose, cellulose acetate, cross linked
polyvinylpyrrolidone (also known as crospovidone)), and fatty compounds (e.g.
carnauba wax, microcrystalline wax, and triglycerides). Such devices are described

further in Remington: The Science and Practice of Pharmacy, 20th edition (2000).

[00226] As noted above, the agents described herein may also be incorporated into an
osmotic control device. Such devices generally include a core containing one or more
agents as described herein and a water-permeable, non-dissolving and non-eroding
coating surrounding the core which controls the influx of water into the core from an
aqueous environment of use so as to cause drug release by extrusion of some or the

entire core to the environment of use. In certain embodiments, the coating is
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polymeric, aqueous-permeable, and has at least one delivery port. The core of the
osmotic device optionally includes an osmotic agent which acts to imbibe water from
the surrounding environment via such a semi-permeable membrane. The osmotic agent
contained in the core of this device may be an aqueous-swellable hydrophilic polymer
or it may be an osmogen, also known as an osmagent. Pressure is generated within the
device which forces the agent(s) out of the device via an orifice (of a size designed to
minimize solute diffusion while preventing the build-up of a hydrostatic pressure
head). Non-limiting examples of osmotic control devices are disclosed in U. S. Patent

Application Serial No. 09/495,061.

[00227] The amount of water-swellable hydrophilic polymers present in the core may
range from about 5 to about 80 wt% (including for example, 10 to 50 wt%). Non
limiting examples of core materials include hydrophilic vinyl and acrylic polymers,
polysaccharides such as calcium alginate, polyethylene oxide (PEO), polyethylene
glycol (PEQG), polypropylene glycol (PPG), poly (2-hydroxyethyl methacrylate), poly
(acrylic) acid, poly (methacrylic) acid, polyvinylpyrrolidone (PVP) and cross linked
PVP, polyvinyl alcohol (PVA), PVA/PVP copolymers and PVA/PVP copolymers with
hydrophobic monomers such as methyl methacrylate, vinyl acetate, and the like,
hydrophilic polyurethanes containing large PEO blocks, sodium croscarmellose,
carrageenan, hydroxyethyl cellulose (HEC), hydroxypropyl cellulose (HPC),
hydroxypropyl methyl cellulose (HPMC), carboxymethyl cellulose (CMC) and
carboxyethyl cellulose (CEC), sodium alginate, polycarbophil, gelatin, xanthan gum,
and sodium starch glycolate. Other materials include hydrogels comprising
interpenetrating networks of polymers that may be formed by addition or by
condensation polymerization, the components of which may comprise hydrophilic and
hydrophobic monomers such as those just mentioned. Water-swellable hydrophilic
polymers include but are not limited to PEO, PEG, PVP, sodium croscarmellose,
HPMC, sodium starch glycolate, polyacrylic acid and cross linked versions or mixtures

thereof.

[00228] The core may also include an osmogen (or osmagent). The amount of

osmogen present in the core may range from about 2 to about 70 wt% (including, for
example, from 10 to 50 wt%). Typical classes of suitable osmogens are water-soluble
organic acids, salts and sugars that are capable of imbibing water to thereby effect an

osmotic pressure gradient across the barrier of the surrounding coating. Typical useful
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osmogens include but are not limited to magnesium sulfate, magnesium chloride,
calcium chloride, sodium chloride, lithium chloride, potassium sulfate, sodium
carbonate, sodium sulfite, lithium sulfate, potassium chloride, sodium sulfate,
mannitol, xylitol, urea, sorbitol, inositol, raffinose, sucrose, glucose, fructose, lactose,
citric acid, succinic acid, tartaric acid, and mixtures thereof. In certain embodiments,
the osmogen is glucose, lactose, sucrose, mannitol, xylitol, sodium chloride, including

combinations thereof.

[00229] The rate of drug delivery is controlled by such factors as the permeability and
thickness of the coating, the osmotic pressure of the drug-containing layer, the degree
of hydrophilicity of the hydrogel layer, and the surface area of the device. Those skilled
in the art will appreciate that increasing the thickness of the coating will reduce the
release rate, while any of the following will increase the release rate: increasing the
permeability of the coating; increasing the hydrophilicity of the hydrogel layer;
increasing the osmotic pressure of the drug-containing layer; or increasing the device's

surface area.

[00230] In certain embodiments, entrainment of particles of agents described herein in
the extruding fluid during operation of such osmotic device is desirable. For the
particles to be well entrained, the agent drug form is dispersed in the fluid before the
particles have an opportunity to settle in the tablet core. One means of accomplishing
this is by adding a disintegrant that serves to break up the compressed core into its
particulate components. Non-limiting examples of standard disintegrants include
materials such as sodium starch glycolate (e. g. , Explotab  CLV), microcrystalline
cellulose (e. g., Avicel ), microcrystalline silicified cellulose (e. g., ProSolv' ) and
croscarmellose sodium (e. g., Ac-Di-Sol ), and other disintegrants known to those
skilled in the art. Depending upon the particular formulation, some disintegrants work
better than others. Several disintegrants tend to form gels as they swell with water, thus
hindering drug delivery from the device. Non-gelling, non-swelling disintegrants
provide a more rapid dispersion of the drug particles within the core as water enters the
core. In certain embodiments, non-gelling, non-swelling disintegrants are resins, for
example, ion-exchange resins. In one embodiment, the resin is Amberlite” IRP 88
(available from Rohm and Haas, Philadelphia, PA). When used, the disintegrant is

present in amounts ranging from about 1-25% of the core agent.
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[00231] Another example of an osmotic device is an osmotic capsule. The capsule
shell or portion of the capsule shell can be semipermeable. The capsule can be filled
either by a powder or liquid consisting of an agent described herein, excipients that
imbibe water to provide osmotic potential, and/or a water-swellable polymer, or
optionally solubilizing excipients. The capsule core can also be made such that it has a
bilayer or multilayer agent analogous to the bilayer, trilayer or concentric geometries

described above.

[00232] Another class of osmotic device useful in this invention comprises coated
swellable tablets, for example, as described in EP378404. Coated swellable tablets
comprise a tablet core comprising an agent described herein and a swelling material,
preferably a hydrophilic polymer, coated with a membrane, which contains holes, or
pores through which, in the aqueous use environment, the hydrophilic polymer can
extrude and carry out the agent. Alternatively, the membrane may contain polymeric or
low molecular weight water-soluble porosigens. Porosigens dissolve in the aqueous
use environment, providing pores through which the hydrophilic polymer and agent
may extrude. Examples of porosigens are water-soluble polymers such as HPMC, PEG,
and low molecular weight compounds such as glycerol, sucrose, glucose, and sodium
chloride. In addition, pores may be formed in the coating by drilling holes in the
coating using a laser or other mechanical means. In this class of osmotic devices, the
membrane material may comprise any film-forming polymer, including polymers
which are water permeable or impermeable, providing that the membrane deposited on
the tablet core is porous or contains water-soluble porosigens or possesses a
macroscopic hole for water ingress and drug release. Embodiments of this class of
sustained release devices may also be multilayered, as described, for example, in

EP378404.

[00233] When an agent described herein is a liquid or oil, such as a lipid vehicle
formulation, for example as described in WO05/011634, the osmotic controlled-release
device may comprise a soft-gel or gelatin capsule formed with a composite wall and
comprising the liquid formulation where the wall comprises a barrier layer formed over
the external surface of the capsule, an expandable layer formed over the barrier layer,
and a semipermeable layer formed over the expandable layer. A delivery port connects

the liquid formulation with the aqueous use environment. Such devices are described,
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for example, in US6419952, US6342249, US5324280, US4672850, US4627850,
US4203440, and US3995631.

[00234] As further noted above, the agents described herein may be provided in the
form of microparticulates, generally ranging in size from about 10um to about 2mm
(including, for example, from about 100um to 1mm in diameter). Such
multiparticulates may be packaged, for example, in a capsule such as a gelatin capsule
or a capsule formed from an aqueous-soluble polymer such as HPMCAS, HPMC or
starch; dosed as a suspension or slurry in a liquid ; or they may be formed into a tablet,
caplet, or pill by compression or other processes known in the art. Such
multiparticulates may be made by any known process, such as wet- and dry-granulation
processes, extrusion/spheronization, roller-compaction, melt-congealing, or by spray-
coating seed cores. For example, in wet-and dry- granulation processes, the agent
described herein and optional excipients may be granulated to form multiparticulates of

the desired size.

[00235] The agents can be incorporated into microemulsions, which generally are
thermodynamically stable, isotropically clear dispersions of two immiscible liquids,
such as oil and water, stabilized by an interfacial film of surfactant molecules
(Encyclopedia of Pharmaceutical Technology (New York: Marcel Dekker, 1992),
volume 9). For the preparation of microemulsions, surfactant (emulsifier), co-surfactant
(co-emulsifier), an oil phase and a water phase are necessary. Suitable surfactants
include any surfactants that are useful in the preparation of emulsions, e.g., emulsifiers
that are typically used in the preparation of creams. The co-surfactant (or "co-
emulsifier") is generally selected from the group of polyglycerol derivatives, glycerol
derivatives and fatty alcohols. Preferred emulsifier/co-emulsifier combinations are
generally although not necessarily selected from the group consisting of: glyceryl
monostearate and polyoxyethylene stearate; polyethylene glycol and ethylene glycol
palmitostearate; and caprilic and capric triglycerides and oleoyl macrogolglycerides.
The water phase includes not only water but also, typically, buffers, glucose, propylene
glycol, polyethylene glycols, preferably lower molecular weight polyethylene glycols
(e.g., PEG 300 and PEG 400), and/or glycerol, and the like, while the oil phase will
generally comprise, for example, fatty acid esters, modified vegetable oils, silicone
oils, mixtures of mono- di- and triglycerides, mono- and di-esters of PEG (e.g., oleoyl

macrogol glycerides), etc.
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[00236] The compounds described herein can be incorporated into pharmaceutically-
acceptable nanoparticle, nanosphere, and nanocapsule formulations (Delie and Blanco-
Prieto 2005 Molecule 10:65-80). Nanocapsules can generally entrap compounds in a
stable and reproducible way (Henry-Michelland et al., 1987; Quintanar-Guerrero et al.,
1998; Douglas et al., 1987). To avoid side effects due to intracellular polymeric
overloading, ultrafine particles (sized around 0.1 pm) can be designed using polymers
able to be degraded in vivo (e.g. biodegradable polyalkyl-cyanoacrylate nanoparticles).
Such particles are described in the prior art (Couvreur et al, 1980; 1988; zur Muhlen et
al., 1998; Zambaux et al. 1998; Pinto-Alphandry et al., 1995 and U.S. Pat. No.
5,145,684).

[00237] Implantable devices coated with a compound of this invention are another
embodiment of the present invention. The compounds may also be coated on
implantable medical devices, such as beads, or co-formulated with a polymer or other
molecule, to provide a "drug depot"”, thus permitting the drug to be released over a
longer time period than administration of an aqueous solution of the drug. Suitable
coatings and the general preparation of coated implantable devices are described in
U.S. Pat. Nos. 6,099,562; 5,886,026; and 5,304,121. The coatings are typically
biocompatible polymeric materials such as a hydrogel polymer, polymethyldisiloxane,
polycaprolactone, polyethylene glycol, polylactic acid, ethylene vinyl acetate, and
mixtures thereof. The coatings may optionally be further covered by a suitable topcoat
of fluorosilicone, polysaccharides, polyethylene glycol, phospholipids or combinations

thereof to impart controlled release characteristics in the composition.

[00238] The formulations include those suitable for the administration routes detailed
herein. The formulations may conveniently be presented in unit dosage form and may
be prepared by any of the methods well known in the art of pharmacy. Techniques and
formulations generally are found in Remington’s. Such methods include the step of
bringing into association the active ingredient with the carrier which constitutes one or
more accessory ingredients. In general the formulations are prepared by uniformly and
intimately bringing into association the active ingredient with liquid carriers or finely

divided solid carriers or both, and then, if necessary, shaping the product.

[00239] The terms “administer”, “administering” or “administration” in reference to a
compound, composition or formulation of the invention means introducing the

compound into the system of the animal in need of treatment. When a compound of the
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invention is provided in combination with one or more other active agents,
“administration” and its variants are each understood to include concurrent and/or

sequential introduction of the compound and the other active agents.

[00240] The compositions described herein may be administered systemically or
locally, e.g.: orally (e.g. using capsules, powders, solutions, suspensions, tablets,
sublingual tablets and the like), by inhalation (e.g. with an aerosol, gas, inhaler,
nebulizer or the like), to the ear (e.g. using ear drops), topically (e.g. using creams,
gels, liniments, lotions, ointments, pastes, transdermal patches, etc), ophthalmically
(c.g. with eye drops, ophthalmic gels, ophthalmic ointments), rectally (e.g. using
enemas or suppositories), nasally, buccally, vaginally (e.g. using douches, intrauterine
devices, vaginal suppositories, vaginal rings or tablets, etc), via an implanted reservoir
or the like, or parenterally depending on the severity and type of the disease being
treated. The term "parenteral” as used herein includes, but is not limited to,
subcutaneous, intravenous, intramuscular, intra-articular, intra-synovial, intrasternal,
intrathecal, intrahepatic, intralesional and intracranial injection or infusion techniques.

Preferably, the compositions are administered orally, intraperitoneally or intravenously.

[00241] The pharmaceutical compositions described herein may be orally administered
in any orally acceptable dosage form including, but not limited to, capsules, tablets,
aqueous suspensions or solutions. Liquid dosage forms for oral administration include,
but are not limited to, pharmaceutically acceptable emulsions, microemulsions,
solutions, suspensions, syrups and elixirs. In addition to the active compounds, the
liquid dosage forms may contain inert diluents commonly used in the art such as, for
example, water or other solvents, solubilizing agents and emulsifiers such as ethyl
alcohol, isopropyl alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl
benzoate, propylene glycol, 1,3-butylene glycol, dimethylformamide, oils (in
particular, cottonseed, groundnut, corn, germ, olive, castor, and sesame oils), glycerol,
tetrahydrofurfuryl alcohol, polyethylene glycols and fatty acid esters of sorbitan, and
mixtures thereof. Besides inert diluents, the oral compositions can also include
adjuvants such as wetting agents, emulsifying and suspending agents, sweetening,

flavoring, and perfuming agents.

[00242] Solid dosage forms for oral administration include capsules, tablets, pills,
powders, and granules. In such solid dosage forms, the active compound is mixed with

at least one inert, pharmaceutically acceptable excipient or carrier such as sodium
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citrate or dicalcium phosphate and/or a) fillers or extenders such as starches, lactose,
sucrose, glucose, mannitol, and silicic acid, b) binders such as, for example,
carboxymethylcellulose, alginates, gelatin, polyvinylpyrrolidinone, sucrose, and acacia,
¢) humectants such as glycerol, d) disintegrating agents such as agar--agar, calcium
carbonate, potato or tapioca starch, alginic acid, certain silicates, and sodium carbonate,
¢) solution retarding agents such as paraffin, f) absorption accelerators such as
quaternary ammonium compounds, g) wetting agents such as, for example, cetyl
alcohol and glycerol monostearate, h) absorbents such as kaolin and bentonite clay, and
1) lubricants such as talc, calcium stearate, magnesium stearate, solid polyethylene
glycols, sodium lauryl sulfate, and mixtures thereof. Tablets may be uncoated or may
be coated by known techniques including microencapsulation to mask an unpleasant
taste or to delay disintegration and adsorption in the gastrointestinal tract and thereby
provide a sustained action over a longer period. For example, a time delay material
such as glyceryl monostearate or glyceryl distearate alone or with a wax may be
employed. A water soluble taste masking material such as hydroxypropyl-

methylcellulose or hydroxypropyl-cellulose may be employed.

[00243] Formulations of a compound of Formula I that are suitable for oral
administration may be prepared as discrete units such as tablets, pills, troches,
lozenges, aqueous or oil suspensions, dispersible powders or granules, emulsions, hard
or soft capsules, e.g. gelatin capsules, syrups or elixirs. Formulations of a compound
intended for oral use may be prepared according to any method known to the art for the

manufacture of pharmaceutical compositions.

[00244] Compressed tablets may be prepared by compressing in a suitable machine the
active ingredient in a free-flowing form such as a powder or granules, optionally mixed
with a binder, lubricant, inert diluent, preservative, surface active or dispersing agent.
Molded tablets may be made by molding in a suitable machine a mixture of the

powdered active ingredient moistened with an inert liquid diluent.

[00245] Formulations for oral use may also be presented as hard gelatin capsules
wherein the active ingredient is mixed with an inert solid diluent, for example, calcium
carbonate, calcium phosphate or kaolin, or as soft gelatin capsules wherein the active
ingredient is mixed with water soluble carrier such as polyethyleneglycol or an oil

medium, for example peanut oil, liquid paraffin, or olive oil.
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[00246] The active compounds can also be in microencapsulated form with one or

more excipients as noted above.

[00247] When aqueous suspensions are required for oral use, the active ingredient is
combined with emulsifying and suspending agents. If desired, certain sweetening
and/or flavoring agents may be added. Syrups and elixirs may be formulated with
sweetening agents, for example glycerol, propylene glycol, sorbitol or sucrose. Such
formulations may also contain a demulcent, a preservative, flavoring and coloring

agents and antioxidant.

[00248] Sterile injectable forms of the compositions described herein (e.g. for
parenteral administration) may be aqueous or oleaginous suspension. These
suspensions may be formulated according to techniques known in the art using suitable
dispersing or wetting agents and suspending agents. The sterile injectable preparation
may also be a sterile injectable solution or suspension in a non-toxic parenterally-
acceptable diluent or solvent, for example as a solution in 1,3-butanediol. Among the
acceptable vehicles and solvents that may be employed are water, Ringer's solution and
isotonic sodium chloride solution. In addition, sterile, fixed oils are conventionally
employed as a solvent or suspending medium. For this purpose, any bland fixed oil
may be employed including synthetic mono- or di-glycerides. Fatty acids, such as
oleic acid and its glyceride derivatives are useful in the preparation of injectables, as
are natural pharmaceutically-acceptable oils, such as olive oil or castor oil, especially
in their polyoxyethylated versions. These oil solutions or suspensions may also contain
a long-chain alcohol diluent or dispersant, such as carboxymethyl cellulose or similar
dispersing agents which are commonly used in the formulation of pharmaceutically
acceptable dosage forms including emulsions and suspensions. Other commonly used
surfactants, such as Tweens, Spans and other emulsifying agents or bioavailability
enhancers which are commonly used in the manufacture of pharmaceutically
acceptable solid, liquid, or other dosage forms may also be used for the purposes of

injectable formulations.

[00249] Oily suspensions may be formulated by suspending the compound of Formula
I in a vegetable oil, for example arachis oil, olive oil, sesame oil or coconut oil, or in
mineral oil such as liquid paraffin. The oily suspensions may contain a thickening
agent, for example beeswax, hard paraffin or cetyl alcohol. Sweetening agents such as

those set forth above, and flavoring agents may be added to provide a palatable oral
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preparation. These compositions may be preserved by the addition of an anti-oxidant

such as butylated hydroxyanisol or alpha-tocopherol.

[00250] Aqueous suspensions of compounds of Formula I contain the active materials
in admixture with excipients suitable for the manufacture of aqueous suspensions. Such
excipients include a suspending agent, such as sodium carboxymethylcellulose,
croscarmellose, povidone, methylcellulose, hydroxypropyl methylcelluose, sodium
alginate, polyvinylpyrrolidone, gum tragacanth and gum acacia, and dispersing or
wetting agents such as a naturally occurring phosphatide (e.g., lecithin), a condensation
product of an alkylene oxide with a fatty acid (e.g., polyoxyethylene stearate), a
condensation product of ethylene oxide with a long chain aliphatic alcohol (e.g.,
heptadecacthylencoxycetanol), a condensation product of ethylene oxide with a partial
ester derived from a fatty acid and a hexitol anhydride (e.g., polyoxyethylene sorbitan
monooleate). The aqueous suspension may also contain one or more preservatives such
as cthyl or n-propyl p-hydroxy-benzoate, one or more coloring agents, one or more

flavoring agents and one or more sweetening agents, such as sucrose or saccharin.

[00251] The injectable formulations can be sterilized, for example, by filtration
through a bacterial-retaining filter, or by incorporating sterilizing agents in the form of
sterile solid compositions which can be dissolved or dispersed in sterile water or other

sterile injectable medium prior to use.

[00252] In order to prolong the effect of a compound described herein, it is often
desirable to slow the absorption of the compound from subcutaneous or intramuscular
injection. This may be accomplished by the use of a liquid suspension of crystalline or
amorphous material with poor water solubility. The rate of absorption of the
compound then depends upon its rate of dissolution that, in turn, may depend upon
crystal size and crystalline form. Alternatively, delayed absorption of a parenterally
administered compound form is accomplished by dissolving or suspending the
compound in an oil vehicle. Injectable depot forms are made by forming
microencapsulated matrices of the compound in biodegradable polymers such as
polylactide-polyglycolide. Depending upon the ratio of compound to polymer and the
nature of the particular polymer employed, the rate of compound release can be
controlled. Examples of other biodegradable polymers include poly(orthoesters) and
poly(anhydrides). Depot injectable formulations are also prepared by entrapping the

compound in liposomes or microemulsions that are compatible with body tissues.
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[00253] The injectable solutions or microemulsions may be introduced into a patient's
bloodstream by local bolus injection. Alternatively, it may be advantageous to
administer the solution or microemulsion in such a way as to maintain a constant
circulating concentration of the instant compound. In order to maintain such a constant
concentration, a continuous intravenous delivery device may be utilized. An example

of such a device is the Deltec CADD-PLUS™ model 5400 intravenous pump.

[00254] Compositions for rectal or vaginal administration are preferably suppositories
which can be prepared by mixing the compounds described herein with suitable non-
irritating excipients or carriers such as cocoa butter, beeswax, polyethylene glycol or a
suppository wax which are solid at ambient temperature but liquid at body temperature
and therefore melt in the rectum or vaginal cavity and release the active compound.
Other formulations suitable for vaginal administration may be presented as pessaries,

tampons, creams, gels, pastes, foams or sprays.

[00255] The pharmaceutical compositions described herein may also be administered
topically, especially when the target of treatment includes areas or organs readily
accessible by topical application, including diseases of the eye, the ear, the skin, or the
lower intestinal tract. Suitable topical formulations are readily prepared for each of

these areas or organs.

[00256] Dosage forms for topical or transdermal administration of a compound
described herein include ointments, pastes, creams, lotions, gels, powders, solutions,
sprays, inhalants or patches. The active component is admixed under sterile conditions
with a pharmaceutically acceptable carrier and any needed preservatives or buffers as
may be required. Ophthalmic formulation, eardrops, and eye drops are also
contemplated as being within the scope of this invention. Additionally, the present
invention contemplates the use of transdermal patches, which have the added
advantage of providing controlled delivery of a compound to the body. Such dosage
forms can be made by dissolving or dispensing the compound in the proper medium.
Absorption enhancers can also be used to increase the flux of the compound across the
skin. The rate can be controlled by either providing a rate controlling membrane or by
dispersing the compound in a polymer matrix or gel. Topical application for the lower
intestinal tract can be effected in a rectal suppository formulation (see above) or in a

suitable enema formulation. Topically-transdermal patches may also be used.
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[00257] For topical applications, the pharmaceutical compositions may be formulated
in a suitable ointment containing the active component suspended or dissolved in one
or more carriers. Carriers for topical administration of the compounds of this invention
include, but are not limited to, mineral oil, liquid petrolatum, white petrolatum,
propylene glycol, polyoxyethylene, polyoxypropylene compound, emulsifying wax and
water. Alternatively, the pharmaceutical compositions can be formulated in a suitable
lotion or cream containing the active components suspended or dissolved in one or
more pharmaceutically acceptable carriers. Suitable carriers include, but are not
limited to, mineral oil, sorbitan monostearate, polysorbate 60, cetyl esters wax, cetearyl

alcohol, 2 octyldodecanol, benzyl alcohol and water.

[00258] For ophthalmic use, the pharmaceutical compositions may be formulated as
micronized suspensions in isotonic, pH adjusted sterile saline, or, preferably, as
solutions in isotonic, pH adjusted sterile saline, either with or without a preservative
such as benzylalkonium chloride. Alternatively, for ophthalmic uses, the
pharmaceutical compositions may be formulated in an ointment such as petrolatum.
For treatment of the eye or other external tissues, ¢.g., mouth and skin, the formulations
may be applied as a topical ointment or cream containing the active ingredient(s) in an
amount of, for example, 0.075 to 20% w/w. When formulated in an ointment, the
active ingredients may be employed with either an oil-based, paraffinic or a water-

miscible ointment base.

[00259] Alternatively, the active ingredients may be formulated in a cream with an oil-
in-water cream base. If desired, the aqueous phase of the cream base may include a
polyhydric alcohol, i.e. an alcohol having two or more hydroxyl groups such as
propylene glycol, butane 1,3-diol, mannitol, sorbitol, glycerol and polyethylene glycol
(including PEG 400) and mixtures thereof. The topical formulations may desirably
include a compound which enhances absorption or penetration of the active ingredient
through the skin or other affected areas. Examples of such dermal penetration

enhancers include dimethyl sulfoxide and related analogs.

[00260] The oily phase of emulsions prepared using compounds having Formula I may
be constituted from known ingredients in a known manner. While the phase may
comprise merely an emulsifier (otherwise known as an emulgent), it desirably
comprises a mixture of at least one emulsifier with a fat or an oil or with both a fat and

an oil. A hydrophilic emulsifier may be included together with a lipophilic emulsifier
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which acts as a stabilizer. In some embodiments, the emulsifier includes both an oil and
a fat. Together, the emulsifier(s) with or without stabilizer(s) make up the so-called
emulsifying wax, and the wax together with the oil and fat make up the so-called
emulsifying ointment base which forms the oily dispersed phase of the cream
formulations. Emulgents and emulsion stabilizers suitable for use in the formulation of
compounds having Formula I include Tween ™-60, SpanTM-SO, cetostearyl alcohol,

benzyl alcohol, myristyl alcohol, glyceryl mono-stearate and sodium lauryl sulfate.

[00261] The pharmaceutical compositions may also be administered by nasal acrosol
or by inhalation. Such compositions are prepared according to techniques well-known
in the art of pharmaceutical formulation and may be prepared as solutions in saline,
employing benzyl alcohol or other suitable preservatives, absorption promoters to
enhance bioavailability, fluorocarbons, and/or other conventional solubilizing or
dispersing agents. Formulations suitable for intrapulmonary or nasal administration
have a particle size for example in the range of 0.1 to 500 micros (including particles in
a range between 0.1 and 500 microns in increments microns such as 0.5, 1, 30, 35
microns, etc) which is administered by rapid inhalation through the nasal passage or by

inhalation through the mouth so as to reach the alveolar sacs.

[00262] The pharmaceutical composition (or formulation) for use may be packaged in
a variety of ways depending upon the method used for administering the drug.
Generally, an article for distribution includes a container having deposited therein the
pharmaceutical formulation in an appropriate form. Suitable containers are well-known
to those skilled in the art and include materials such as bottles (plastic and glass),
sachets, ampoules, plastic bags, metal cylinders, and the like. The container may also
include a tamper-proof assemblage to prevent indiscreet access to the contents of the
package. In addition, the container has deposited thereon a label that describes the

contents of the container. The label may also include appropriate warnings.

[00263] The formulations may be packaged in unit-dose or multi-dose containers, for
example sealed ampoules and vials, and may be stored in a freeze-dried (lyophilized)
condition requiring only the addition of the sterile liquid carrier, for example water, for
injection immediately prior to use. Extemporaneous injection solutions and suspensions
are prepared from sterile powders, granules and tablets of the kind previously

described. Preferred unit dosage formulations are those containing a daily dose or unit
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daily sub-dose, as herein above recited, or an appropriate fraction thereof, of the active

ingredient.

[00264] In another aspect, a compound having Formula I or a pharmaceutically
acceptable salt thereof, co-crystal, solvate or pro-drug thereof may be formulated in a
veterinary composition comprising a veterinary carrier. Veterinary carriers are
materials useful for the purpose of administering the composition and may be solid,
liquid or gaseous materials which are otherwise inert or acceptable in the veterinary art
and are compatible with the active ingredient. These veterinary compositions may be

administered parenterally, orally or by any other desired route.
Methods of use

[00265] In another aspect, the present invention also provides a method for preventing
or lessening the severity of or treating a patient suffering from a disease or disorder
involving the CRTH2 receptor in a patient comprising administering to said patient a

therapeutically effective amount of a compound of the invention.

[00266] In one embodiment of this aspect, the disease or disorder being treated is
asthma, atopic dermatitis, allergic rhinitis, allergy, Grave’s Disease, acute rhinitis,
atrophic rhinitis or chronic rhinitis, rhinitis caseosa, hypertrophic rhinitis, rhinitis
purulenta, rhinitis sicca, rhinitis medicamentosa, membranous rhinitis, croupous
rhinitis, fibrinous rhinitis, psecudomembranous rhinitis, scrofulous rhinitis, perennial
allergic rhinitis, seasonal rhinitis, rhinitis nervosa, vasomotor rhinitis, antitussive
activity, bronchial asthma, allergic asthma, intrinsic asthma, extrinsic asthma, dust
asthma, chronic asthma, inveterate asthma, late asthma, airway hyper-responsiveness,
bronchitis, chronic bronchitis, eosinophilic bronchitis, chronic inflammatory diseases
of the lung which result in interstitial fibrosis, interstitial lung diseases (ILD),
idiopathic pulmonary fibrosis, ILD associated with rheumatoid arthritis, scleroderma
lung disease, , chronic obstructive pulmonary disease (COPD), chronic sinusitis,
conjunctivitis, allergic conjunctivitis, cystic fibrosis, fanner's lung, fibroid lung,
hypersensitivity lung disease, hypersensitivity pneumonitis, idiopathic interstitial
pneumonia, nasal congestion, nasal polyposis, otitis media, chronic cough associated
with inflammation, systemic anaphylaxis, hypersensitivity responses, drug allergies,
insect sting allergies, food related allergies, food-related allergies with symptoms of

migraine, rhinitis or eczema, arthritis, rheumatic arthritis, infectious arthritis,
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autoimmune arthritis, seronegative arthritis, spondyloarthropathy, ankylosing
spondylitis, psoriatic arthritis, Reiter's disease, osteoarthritis, systemic sclerosis,
psoriasis, atopical dermatitis, contact dermatitis, seborrheic dermatitis, cutancous
cosinophilias, chronic skin ulcers, cutaneous lupus erythematosus, contact
hypersensitivity, allergic contact dermatitis, cosinophilic folliculitis, Celiac disease,
cholecystitis, Crohn’s disease, enteritis, cosinophilic gastroenteritis, cosinophilic
esophagitis, enteropathy associated with seronegative arthropathies, gastritis,
inflammatory bowel disease, irritable bowel disease, acute and chronic allograft
rejection following solid organ transplant, chronic graft versus host disease, skin graft
rejection, bone marrow transplant rejection, inflammation, hyperalgesia, allodynia,
neuropathic pain, lupus erythematosus; systemic lupus, erythematosus; Hashimoto's
thyroiditis, Grave’s disease, type I diabetes, eosinophilia fasciitis, hyper IgE syndrome,
idiopathic thrombocytopenia purpura; post-operative adhesions, ischemic/reperfusion
injury in the heart, brain, peripheral limb hepatitis, mastocytosis, mastitis, vaginitis,
vasculitis, myositis, basophilic leukemia, basophilic leukocytosis, or Churg-Strauss
syndrome. More preferably the disease or disorder being treated with a composition of
the invention is asthma or preventing an asthma attack. The disease or disorder being
treated with a composition of the invention is may also be allergic rhinitis. The disease
or disorder being treated may also be Chronic Obstructive Pulmonary Disease. The
disease or disorder being treated may also be neuropathic pain. The disease or disorder
being treated may also be atopic dermatitis. The disease or disorder being treated may
also be allergic conjunctivitis. The disease or disorder being treated may also be
gastrointestinal tract related diseases and disorders selected from Crohn’s discase,
cosinophilic gastroenteritis, eosinophilic esophagitis, inflammatory bowel disease or

irritable bowel disease.

[00267] In another aspect, the compounds of the invention are CRTH2 antagonists that
can be used, for example, to prevent and/or treat conditions or disorders in which it is
considered desirable to reduce or eliminate CRTH2 activity. CRTH2 antagonists may
be used to aid in preventing and/or treating a disease or disorder mediated, regulated or
influenced by, for example, Th2 cells, eosinophils, basophils, platelets, Langerhans
cells, dendritic cells or mast cells. They also may be used to aid in the prevention or
treatment of a disease or disorder mediated, regulated or influenced by PGD; and
metabolites thereof, such as 13,14-dihydro-15- keto-PGD, and 15-deoxy-Al 2,1 '-
PGD:..
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Definitions

[00268] The terms, “disease”, “disorder”, and “condition” may be used
interchangeably here to refer to a CRTH2 receptor mediated medical or pathological

condition.

[00269] As used herein, the terms “subject” and “patient” are used interchangeably.
The terms “subject” and “patient” refer to an animal (e.g., a bird such as a chicken,
quail or turkey, or a mammal). A “mammal” includes a non-primate (e.g., a cow, pig,
horse, sheep, rabbit, guinea pig, rat, cat, dog, and mouse) and a primate (e.g., a
monkey, chimpanzee and a human), and in particular a human. In one embodiment,
the subject is a non-human animal such as a farm animal (e.g., a horse, cow, pig or
sheep), or a pet (e.g., a dog, cat, guinea pig or rabbit). In another embodiment, the

subject is a human.

[00270] The term “biological sample”, as used herein, refers to an ir vitro or ex vivo
sample, and includes, without limitation, cell cultures or extracts thereof; biopsied
material obtained from a mammal or extracts thereof; blood, saliva, urine, faeces,
semen, tears, lymphatic fluid, ocular fluid, vitreous humour, or other body fluids or

extracts thereof.

[00271] “Treat”, “treating” or “treatment” with regard to a disorder or disease refers to
alleviating or abrogating the cause and/or the effects of the disorder or disease. As used
herein, the terms “treat”, “treatment” and “treating” refer to the reduction or
amelioration of the progression, severity and/or duration of a CRTH2 receptor
mediated condition, or the amelioration of one or more symptoms (preferably, one or
more discernible symptoms) of said condition, resulting from the administration of one
or more therapies (e.g., one or more therapeutic agents such as a compound or
composition of the invention). In specific embodiments, the terms “treat”, “treatment”
and “treating” refer to the amelioration of at least one measurable physical parameter
of a CRTH2 receptor mediated condition. In other embodiments the terms “treat”,
“treatment” and “treating” refer to the inhibition of the progression of a CRTH2

receptor mediated condition, either physically by, e.g., stabilization of a discernible

symptom, physiologically by, ¢.g., stabilization of a physical parameter, or both.
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[00272] The term “preventing” as used herein refers to administering a medicament
beforechand to forestall or obtund an attack. The person of ordinary skill in the medical
art (to which the present method claims are directed) recognizes that the term “prevent”
is not an absolute term. In the medical art it is understood to refer to the prophylactic
administration of a drug to substantially diminish the likelihood or seriousness of a
condition, and this is the sense intended. For example, in the Physician’s Desk
Reference, a standard text in the field, the term “prevent” occurs hundreds of times. As
used herein, the terms “prevent”, “preventing” and “prevention” with regard to a
disorder or disease refer to averting the cause and/or effects of a disease or disorder
prior to the disease or disorder manifesting itself. The terms “prophylaxis” or
“prophylactic use”, as used herein, refer to any medical or public health procedure
whose purpose is to prevent, rather than treat or cure a disease. As used herein, the
terms “prevent”, “prevention” and “preventing” also refer to the reduction in the risk of
acquiring or developing a given condition, or the reduction or inhibition of the

recurrence or said condition in a subject who is not ill, but who has been or may be

near a person with the disease.

[00273] In one embodiment, the methods of the invention are a preventative or “pre-
emptive” measure to a patient, preferably a human; having a predisposition to
developing a CRTH2 receptor related disease or symptom. For example, the
compounds described herein may be used to prevent the onset or re-occurrence of an
asthma attack or allergic rhinitis, or prevent the onset or re-occurrence of atopic

dermatitis.

[00274] The compounds and pharmaceutical compositions described herein can be
used alone or in combination therapy for the treatment or prevention of a disease or
disorder mediated, regulated or influenced by, for example, Th2 cells, eosinophils,
basophils, platelets, Langerhans cells, dendritic cells or mast cells. They also may be
used to aid in the prevention or treatment of a disease or disorder mediated, regulated
or influenced by PGD, and metabolites thereof, such as 13,14-dihydro-15- keto-PGD;
and 15-deoxy-Al 2,1 '-PGD,.

[00275] CRTH2 antagonists may be useful in the prevention and/or treatment of
disease and disorders characterized by undesirable activation of Th2 cells, cosinophils,
and basophils e.g., asthma, atopic dermatitis, allergic rhinitis, allergies (e.g., food

allergies, dust allergies, pollen allergies, mold allergies), and Grave’s Disease. CRTH2
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antagonists or agonists may be used to aid in preventing and/or treating the following

types of diseases, conditions and disorders:

[00276] (D) respiratory tract/obstructive airways diseases and disorders
including: acute-, allergic, atrophic rhinitis or chronic rhinitis (such as rhinitis caseosa,
hypertrophic rhinitis, rhinitis purulenta, rhinitis sicca), rhinitis medicamentosa,
membranous rhinitis (including croupous, fibrinous and pseudomembranous rhinitis),
scrofulous rhinitis, perennial allergic rhinitis, seasonal rhinitis (including rhinitis
nervosa (hay fever) and vasomotor rhinitis), antitussive activity, asthma (such as
bronchial, allergic, intrinsic, extrinsic and dust asthma particularly chronic or inveterate
asthma (e.g. late asthma and airways hyper-responsiveness)), bronchitis (including
chronic and eosinophilic bronchitis), chronic inflammatory diseases of the lung which
result in interstitial fibrosis, such as interstitial lung diseases (ILD) (e.g., idiopathic
pulmonary fibrosis, or ILD associated with rheumatoid arthritis, scleroderma lung
disease, or other autoimmune conditions), chronic obstructive pulmonary discase
(COPD) (such as irreversible COPD), chronic sinusitis, conjunctivitis (e.g. allergic
conjunctivitis), cystic fibrosis, fanner's lung and related diseases, fibroid lung,
hypersensitivity lung diseases, hypersensitivity pneumonitis, idiopathic interstitial
pneumonia, nasal congestion, nasal polyposis, otitis media, and chronic cough

associated with inflammation or iatrogenic induced;

[00277] (2) systemic anaphylaxis or hypersensitivity responses, drug
allergies (e.g., to penicillin, cephalosporins), insect sting allergies, and food related
allergies which may have effects remote from the gut (such as migraine, rhinitis and

eczema);

[00278] 3) bone and joint related diseases and disorders including:
arthritis including rheumatic, infectious, autoimmune, seronegative,
spondyloarthropathies (such as ankylosing spondylitis, psoriatic arthritis and Reiter's

disease), osteoarthritis, and systemic sclerosis;

[00279] (4) skin and eye related diseases and disorders including: psoriasis,
atopical dermatitis, contact dermatitis, other eczematous, dermitides, seborrheic
dermatitis, cutancous eosinophilias, chronic skin ulcers, cutaneous lupus
erythematosus, contact hypersensitivity/allergic contact dermatitis (including

sensitivity to poison ivy, sumac, or oak), and eosinophilic folliculitis (Ofuji’s discase);
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[00280] (5) gastrointestinal tract related diseases and disorders including:
Celiac disease, cholecystitis, Crohn’s disease, enteritis (including eosinophilic
gastroenteritis), eosinophilic esophagitis, enteropathy associated with seronegative

arthropathies, gastritis, inflammatory bowel disease and irritable bowel disease;

[00281] (6) transplant rejection related conditions including: acute and
chronic allograft rejection following solid organ transplant, for example,
transplantation of kidney, heart, liver, lung, and cornea, chronic graft versus host

disease, skin graft rejection, and bone marrow transplant rejection;

[00282] (7) inflammation;
[00283] (8) hyperalgesia, allodynia and neuropathic pain; and
[00284] (8) other diseases and disorders including: lupus erythematosus;

systemic lupus, erythematosus; Hashimoto's thyroiditis, Grave’s disease, type 1
diabetes, cosinophilia fasciitis, hyper IgE syndrome, idiopathic thrombocytopenia
purpura; post-operative adhesions, ischemic/reperfusion injury in the heart, brain,
peripheral limbs hepatitis (alcoholic, steatohepatitis and chronic viral), mastocytosis
(cutaneous and systemic), mastitis (mammary gland), vaginitis, vasculitis (e.g.,
necrotizing, cutancous, and hypersensitivity vasculitis), myositis (including
polyinyositis, derinatomyositis), basophile related diseases including basophilic
leukemia and basophilic leukocytosis, and cosinophil related diseases such as Churg-

Strauss syndrome.

[00285] Compounds and compositions of the invention are also useful for veterinary
treatment of companion animals, exotic animals and farm animals, including, without
limitation, dogs, cats, mice, rats, hamsters, gerbils, guinea pigs, rabbits, horses, pigs

and cattle.

[00286] In another embodiment, the invention provides a method of reducing CRTH2
receptor activity in a biological sample, comprising contacting said biological sample
with a compound or composition of the invention. Use of a CRTH2 receptor
antagonist in a biological sample is useful for a variety of purposes known to one of
skill in the art. Examples of such purposes include, without limitation, biological

assays and biological specimen storage.
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Combination Therapies

[00287] The compounds and pharmaceutical compositions described herein can be
used in combination therapy with one or more additional therapeutic agents. For
combination treatment with more than one active agent, where the active agents are in
separate dosage formulations, the active agents may be administered separately or in
conjunction. In addition, the administration of one element may be prior to, concurrent

to, or subsequent to the administration of the other agent.

[00288] When co-administered with other agents, ¢.g., when co-administered with
another pain medication, an “effective amount” of the second agent will depend on the
type of drug used. Suitable dosages are known for approved agents and can be
adjusted by the skilled artisan according to the condition of the subject, the type of
condition(s) being treated and the amount of a compound described herein being used.
In cases where no amount is expressly noted, an effective amount should be assumed.
For example, compounds described herein can be administered to a subject in a dosage
range from between about 0.01 to about 10,000 mg/kg body weight/day, about 0.01 to
about 5000 mg/kg body weight/day, about 0.01 to about 3000 mg/kg body weight/day,
about 0.01 to about 1000 mg/kg body weight/day, about 0.01 to about 500 mg/kg body
weight/day, about 0.01 to about 300 mg/kg body weight/day, about 0.01 to about 100
mg/kg body weight/day.

[00289] When “combination therapy” is employed, an effective amount can be
achieved using a first amount of a compound having Formula I or a pharmaceutically
acceptable salt, solvate (e.g., hydrate), co-crystal or pro-drug thereof and a second

amount of an additional suitable therapeutic agent (e.g. an agent to treat pain).

[00290] In one embodiment of this invention, the compound having Formula I and the
additional therapeutic agent are each administered in an effective amount (i.e., each in
an amount which would be therapeutically effective if administered alone). In another
embodiment, the compound having Structural Formula I and the additional therapeutic
agent are each administered in an amount which alone does not provide a therapeutic
effect (a sub-therapeutic dose). In yet another embodiment, the compound having
Structural Formula I can be administered in an effective amount, while the additional
therapeutic agent is administered in a sub-therapeutic dose. In still another

embodiment, the compound having Structural Formula I can be administered in a sub-
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therapeutic dose, while the additional therapeutic agent, for example, a suitable cancer-

therapeutic agent is administered in an effective amount.

[00291] As used herein, the terms “in combination” or “co-administration” can be used
interchangeably to refer to the use of more than one therapy (e.g., one or more
prophylactic and/or therapeutic agents). The use of the terms does not restrict the order
in which therapies (e.g., prophylactic and/or therapeutic agents) are administered to a

subject.

[00292] Co-administration encompasses administration of the first and second amounts
of the compounds in an essentially simultanecous manner, such as in a single
pharmaceutical composition, for example, capsule or tablet having a fixed ratio of first
and second amounts, or in multiple, separate capsules or tablets for each. In addition,
such coadministration also encompasses use of each compound in a sequential manner
in either order. When co-administration involves the separate administration of the first
amount of a compound having Structural Formulae I and a second amount of an
additional therapeutic agent, the compounds are administered sufficiently close in time
to have the desired therapeutic effect. For example, the period of time between each
administration which can result in the desired therapeutic effect, can range from
minutes to hours and can be determined taking into account the properties of each
compound such as potency, solubility, bioavailability, plasma half-life and kinetic
profile. For example, a compound having Formula I and the second therapeutic agent
can be administered in any order within about 24 hours of each other, within about 16
hours of each other, within about 8 hours of each other, within about 4 hours of each

other, within about 1 hour of each other or within about 30 minutes of cach other.

[00293] More, specifically, a first therapy (e.g., a prophylactic or therapeutic agent
such as a compound described herein) can be administered prior to (e.g., 5 minutes, 15
minutes, 30 minutes, 45 minutes, 1 hour, 2 hours, 4 hours, 6 hours, 12 hours, 24 hours,
48 hours, 72 hours, 96 hours, 1 week, 2 weeks, 3 weeks, 4 weeks, 5 weeks, 6 weeks, §
weeks, or 12 weeks before), concomitantly with, or subsequent to (e.g., 5 minutes, 15
minutes, 30 minutes, 45 minutes, 1 hour, 2 hours, 4 hours, 6 hours, 12 hours, 24 hours,
48 hours, 72 hours, 96 hours, 1 week, 2 weeks, 3 weeks, 4 weeks, 5 weeks, 6 weeks, §
weeks, or 12 weeks after) the administration of a second therapy (e.g., a prophylactic or

therapeutic agent such as an anti-cancer agent) to a subject.
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WO 2011/ 079007PCT/ US2010/ 060671 Pharmaceutically acceptable salts and
pro-drugs.. [00200] The phrase "pharmaceutically acceptable salt,"” as used
her ei n, rwbens/t7eoophar maceuti cal |y acceptabl e organic omcinngmmmm7salts of

: | . Le ‘
a conpound (ag¥e4)%.FHa1 aO%IOk%II ﬁ%ﬁﬁéﬁg%gékﬁa@g%ﬁ%gﬁ Lhevindd &Jﬁ Ién??und O her

conpounds havi ng For y accepta

salts may, Mhhenﬁemﬂheemmﬁhdmhﬁmembeq@napanmmhdmsmmemhmm&mmmumhds havi ng
Formula | or of their. ceutlcall acceptabl e salts. A pharmaceutically
accept abl e QEIROSIQYS.i 56&%EB§%EHP ©n of another nolecul e such as an
acetate ion, a succinate ion or other counter ion. The counter ion may be

any organi 600295]n0r9ar(115> Mh &k ¥afifpdntHbaik (d. geﬁlohJS@OM6f?ﬁyé16nélb1ﬁ) par ent
conpound. Furthernore, a pharnaceutically acceptabl e sal have nore

t han one chatgledkias brs-i B prd Be-p for grampleses hﬁd@%et\mh&()éo Mﬁ@qf gbe2¢far.ged

atons are part of the pharmaceutically acceptable salt can have nmultiple

count er T OMfepdnce, pharlRRELLIGALIN AGRAL RO SeaRllnbaCuRNY are o

nore charge ns an one or nore coun armaceutically
accept abl e adpier (Steiikeeind Bypidhinds] Regﬁﬁavdoydeekwfreli m6by)cl ude those derived
from suitabl e inorganic and organic acids and bases. In sonme enbodi nents,

the salts c prepared in u durln e final solatlon and
purificati oﬁw the ¢ %bourfégmf(wea?%@ﬁo b el R 0 st tope

prepar ed fromdoARid SRECHK P} LP-4SL7 LOMMRMRT D J3BiS RO 1R S04BRHEECR3ST €p.
[ 00202] WWhen the conpound having Formula | 1s acidic or contaifs a

sufficientl(g. ga,dﬂ@B&S@Sc(Sslmsc erd, JEwlCébMéOf)@aai A%t CCRP lagd dmsept abl e

ases i nel disey oo HaRS FREk ARG TR FOR et AR RRRDRAG Ao ' ©

i nor gani ¢ baggeol 3ude vabedu 12878 A BIIO04GIB426 A1 cCWomdoeguapar, ferric,
ferrous, lithium nmagnesium nmanganic salts, dggnous otaSS|un1 sodlun1

zinc and t hWQQ4R&68354rl IWQPHRO8HEBHI ORI I3AeAL UMl cal ci um
magnesi um ‘Rf?ﬁ(ﬁ%%’)‘@ﬂ”%éé’iﬂs VOETY t\ﬁopﬁ%')éz%%‘gfra{n‘c’ie\goo46?§88%5ir maceut i cal |y

accept abl e organic non:toxic ases nary,” secondary and
tertiary am nes, substituted am nes including naturally occurring

substi t ut ed[0&ﬁ981es cyd) i c lgtamas Hindcdpasiantagonissiatinsgeminaggi.asanysuch as

ar gi ni ne, betaine, caffeine, 1- di benzyl et hyl enedi am ne,
di et hyl ani n@meeuaf iy i i et E‘SHISP& IQMBH}%WWB&%B@FM%H ergipRas icani ne,

ethyl enedi agigioftuehieh BRERRAL Ltis NeaRbMAMARE bl 0f jirletamine.

gl ucosam ne, histidine, hydrabam ne, 1sopropyla

2011/07900%3&%ﬁ&5&0m0%@ﬁﬁﬁ2kmhyshmeamnnnhyégtﬂadntne¢bmhmpholine

pi perazi ne,, pi peridine am ne resins rocai.ne,  pur.ines, .t heobrom ne,
tyoloph tin b

triethyl am SIRTHLA: éi?ﬁlb xampen CAERASHG: GEITIAIRG SRIORRIP AN WY t he | ke,

clemastine, cyclizine, cyproheptadine, descarboethoxyloratadine, dexchlorpheniramine,
dimethindene, diphenhydramine, diphenylpyraline, doxylarnine, ebastine, efletirizine,
epinastine, fexofenadine, hydroxyzine, hydroxyzine, ketotifen, levocabastine,
levocetirizine, levocetirizine, loratadine, meclizine, mequitazine, methdilazine,
mianserin, mizolastine, noberastine, norasternizole, noraztemizole, pheniramine,
picumast, promethazine, pyrilamine, temelastine, terfenadine, trimeprazine,
tripelenamine, and triprolidin; leukotriene D4 receptor antagonists/leukotriene
antagonists/LTD4 antagonists (i.c., any compound that is capable of blocking,
inhibiting, reducing or otherwise interrupting the interaction between leukotrienes and
the Cys LTI receptor) including but not limited to: zafirlukast, montelukast,
montelukast sodium (Singulair®), pranlukast, iralukast, pobilukast, SKB-106,203 and
compounds described as having LTD4 antagonizing activity described in US

5,565,473,
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[ 00203] When the compound having Formula | is basic or contains a
sufficiently basic bioisostere, salts nmay be prepared from pharmaceutically
accept ablwononya7enorc aci ds, includi ng i norgani c and or gaorasaeiogsic75uch

aci ds incl uggégsietic, Qenzengsyl.fan ¢ Qi Gl Bor ki H¢o Citric,

et hanesul fo@i ciiﬁfurrari(c? o] uconlkcc, 8"8 ﬁ?aﬁ}i, ﬁ;cldl(rag%?o?ntr C, 1&5 ro%hl oric,

i set hi oni ¢, congmuhds dasatisidcas haaing @GID@Aadeganizingredtivitges Uinitod StatesRublished

ot ol ueneoukrifeEo s aRa02H S PRet s U Gbib i cr e h ubBincdi ¢ i
hydr obr omi caphydfigE WAL 7608 sTBNR@LE2 5N DORRIBOBSE0465 WHoHose08NdvHBSE IALEE, aci ds.
O her exenplary salts include, but are not limted, to sulfate, citrate,

acet at e, ox¥QBa01¥H| SrOUHWO747loWQAe] 75868di WE)04AB2448t B OBi09U04%at e, phosphat e,

aci d phosp I i i I al i id citr tartrate,
ol eate, tamépbmt %@Z{ngl}? @Qﬁﬁgﬁg,angﬁéﬁ%ﬁgég&s[ﬂ%?%ﬁ?gehﬁal eat e,
genti si nat eApplivaast ER94G4 5IE AMBEPI448] HCAhd ARG Sisted ag ChlsateCal. DOIN BB/ g
benzoate, gl utamate, nethanesul fonate, ethanesul fonate, benzenesul fonate,

pt ol uenesul ¥ed&trem IgHd ‘gavat @isgict al. 2004 Bioorg Med Chem Lett 2004 14:4891, and

1, 1' - net hyl - bi r - h ) |ts. [00204] The preparation
of the pharﬁél}gsé%!tt?%gﬁ?i;g%g%%tgﬁgﬁgﬁla:}t‘agiE%')égg?a;bed above and ot her typical
pharmaceutically acceptable salts is nore fully described by Berg et al.,

" Phar ng0ekal0]jcal 38é)ts,VLA-4 #hagomistsSci ., 1977:66:1-19, incorporated herein
by reference inits entirety. [00205] In addition to the conpounds
described herein and their pharnmaceuticall cceptable salts, .

phar maceuti@gg(w acce Pbbl J%Etﬂﬁoétﬁfoé ’G‘é&lgaﬁ,ybeﬁlya}ﬁ A8ge, gﬁg‘y_iﬁf?@}l%?%ﬂ’s of
these conpoyadSctRLEnS PrédhiddY, bSO, BRhANSEnd, McLARRRSLhE, ANSich@nE T €at or
prevent the herein identified disorders. [00206] As used herein, the term

" phar maceut flensdlide and bpdraprasanst gt eorticdstreid 2oilogs sich o redespriden t he

associ ation of one or nore pharmaceutically acceptable solvent nolecules to
one of the unds Cri. her ei n. used herein, the term"hydrate"
nmeans a con@gun desc&%ged 1%§?u§o§upg)gesgan§§ﬂcﬁt g}/@gﬁoogqugkcyﬁ Lorsﬁ er i‘b’ncl udes a
st oi chi onet $dndiinuAeD Nebeil @ t&dFBlimiLe (B OAPreEra¥@S, eipahBdidsRylimed)- coval ent
WO 2011/ 079007PCT/ US2010/ 060671 i nternol ecul ar forces. The term sol vate

i ncl udes hyRisranesc®e agd othheRK Hpdtaicemmuohydesams, add mydophaolate,ickgy.dr at e,
tetrahydrate, and the |ike). 0207] "Pharmaceutically acceptable
co-crystal smy?oé’élﬁ‘FqlaWﬁléorﬁé%l (Eﬁéeﬁﬁ%uti cally active conmpound crystallizes
with another material (e.g. a carboxylic acid, a 4,4'- bipyridine or an
exci pient) fopgg3)i s al 39)a SRhigkrBldal AAMKLIBIRRS LM & p2oPHRiAN@Igraceuti cal 'y
accept abl e excipients are described in the next section. Qher

phar maceut i tediutajingcoeppmbdrencd.bsataret esoctthaine cdbutérel, yslotttdrol, boeltrelondr yst al s

are exenplif.i.ed by the,GRAS (Generall.y regarded as safe) |jst.of the US
Fon. T o008 e Eand Faeeye e oot s O RREER G Warkerpl-Rhrchold

phar maceut i @alvh¥@3CceaRE @RI BuléLnidr(89sibRbL:E)E %&o@ﬁﬂfﬂﬁw’&'&n%ﬁ, c}‘bﬁ@g‘ﬂe

enpl oyed in conpoSitions to treat of prevent the herein idéntifie

di sorders. od0209icdecropHartrpdeu ipretadiymapeapabh érqmide.dewkytri¢nec| udes any
phar maceutical | y acc bl e .ester | t..0f an ester or other derivative or
salt ther eol?loﬁ'Fl}/l]a?S]édﬁﬁfﬂﬁ?{a?ﬂ%Etoﬁ Eéﬁﬂr(?@?)el n which, upon administration to a
reci pient, is capable of providing, either directly or indirectly, a
conpound demoseédied her@on. dBardidreidaPadtinfiavastet; PeasdNSAIDY fich Bose t hat
increase the bioavailability of the conpounds when such conpounds are

adni ni st er eRfopignis askk dosivatiyes (g2, aByinapiofn, hepoxapiofan bycledareids¢asproen,
conpound to r L r - . o] i hance

del i very offe{?ﬁlefg%afg%dﬁ? @%%’n%%g%ﬁ%@ﬁglpg%ﬁ’égﬁg t@ﬁ%%@geﬁ%%&%eo % t he

brai n or | ymjpbgiofa, saystem) oxalratin Merprofch eapareih, ssipedere siaprolighid atidn
"pro-drug"” enconpasses a derivative of a conpound .that can hydral yze,

oxi di ze, oran(S{_ttWé‘F‘WOZ“éiraéﬁ%‘i a%ﬁ\@%fﬂ%%q Gef-CBAOBGRRAIP1 GABCIEFA, Jrlofestr i n

Vi vo) to prawifif, dickRIRRURL BRSGE  RRNEE Gl Fenr Al iR3e L, BHRNLL UgS

i nclude, but are not [imted to, anal ogs or Serlvatlves of conpounds of the
i nvent i on tikatcpeomppinge sblindaedtiopipza bilmetmizeddnegacsu eind zsndpimby derahyz abl e
am des, biohydrolyzable e rs, .bi ahydrqgl yzabl e carbamat es, .bi ohydrol yzabl e
car bonat o5 544 SHFER S reninaS Brdo kR bl PRIBRETE AL gl

anal ogues. O her exanpl es of pro-drugs include derivatives of conpounds
that conprise -NO -NO2, -ONO, or - ONO2 noieties. Pro-drugs can typically
be prepared using well-known nethods,. such as those described by BURGER S
MEDI CI NAL CHEM STRY AND DRUG DI SOOVERY (1995) 172-178, 949-982 (Manfred E.
Wl ff ed., 5th Ed). Pharmaceutical conpositions and net hods of

adm ni stration WO 2011/079007PCT/ US2010/ 060671 Conpositions of the

.



[00210] In another aspect, the invention is a conposition conprising a

phar maceutically acceptable carrier and a conpound accordi ng descri bed
above. [O08D2bj1/0Th@®7conpounds herei n di scl osed, and thei PCphseomoestyi cal |y
accept abl e LSt Va2t e Svl [
fornulatedzgglﬁﬁgpgg%bu%lgg qﬁo %@%ﬁk §P%¥£a$89ﬁg%§f%2§gﬁﬁh29%%12] A

typi cal forﬂuhm$ﬂhmxu$np(egamaduhygpnmmn@nﬁmdmnpnnmddhmnxmgﬂFmﬂmykaml or a
pharmaceutically acceptabl e salt, | vate, .co-cr pro- drug thereof
and a carr |Gk PSR B edg Erbrise oo g ol ies 1 of PREAYS “and
exciprents l?erzﬁ ip&BJidn, KGRMONE InbRBEESHE! biﬁ@ehﬁhtéz%ﬁe ahd pl?éﬁ?lﬂufh%ﬂé}e material s
such as carbohydrateés, waxes, water sol uble and/or swellable pol'yners,
hydrophilic or hydrophobic naterlals elatin, oils, solvents, water, and
the |ike. THH83¢drticul@b cagypioexygeajas (@OXr2)e&1@bmréﬁu0h;§eféle\@m1b depend

formul at ea. CSaPrarvE FRERghhLion ) St r B BaNE dRrcBrb ARy STP BEBEHE zod by

persons skilled in the art as safe (GRAS-Generally Regarded as Safe) to be
adm ni st er e@dosepja mam@b) |inhiREQIEPhospBbEciOVERHS IR{BDBANAT OXi C aqueous
sol vents such as water and other non-toxic solvents that are sol uble or
mscible in water. Suitable agueous solvents include wate et hanol

propyl ene gi0f3%il  pol yiédhylapiad gnaleesics seéhgscodpwﬁetanﬂ'a@dmmorr&oee and

m xtures t ol I es of
ex0|p|entshgcﬁﬁﬂgglgﬁgkﬁdH%b@%mg&?}érs 1%%8% %?@ﬁ%cgggﬁﬁgbxgntladherents

sur f act ant spropetyphag, ag@ouh@phinenitephanod, degedihs nabophiae hndpatadocimder s,
suspendi ng agents, disintegrants, fillers, sorbents, coatings (e.g. enteric

or slow rel pres ativ t|0X|dants q agent s Ildants,

processi ng @3@@2] col or(all%()t ang?gggmﬁﬁgggengewcmlsﬂg %“b%]gffl g‘g%%\ ing agents

and ot her kd%&%kﬂfi@é taltéﬁﬂﬁset inmég)\ras@%n@&t@ﬂlwmfe M@%ﬁaaﬁtaheava@ﬂ‘anhhe drug
Pl

(i.e., a conmpound aV|ng Formul a phar maceuti cal conposition thereof)

or aid in tdusivaayesf lézth@ f:nsge ef aten@bbh&tadmengtq agahispr(egudsopfatersnol), ACE

o g'sﬁf‘ﬂf it OR i v T S0 tiE MRV nfSi B SPRLE R ARsERRYE: hrea

(i.e., conpaubgeybaid 44 dnaloptilad); |, a pharnaceutlcally acceptabl e salt,
sol vate, co-crystal or pro- drug thereof or a stabilized formof the

conpound, such as a cong{ex wth a cyclodextrln derivative or other known
conpl exat i o03@Hnt) i {1a) ss@fivdigbctig agends pychiss dsybn gaghinsphin piEctsesence of

one or WO &1%9[{119?6%9967 E Cgllybﬁg&lg{e%ﬁggld%) biguanides, ¢.g., metformin

(Glucophage®), a-glucosidase inhibitors (acarbose), thiazolidinone compounds, ¢.g.,
rosiglitazone (Avandia®), troglitazone (Rezulin®), ciglitazone, pioglitazone (Actos®)

and englitazone;

[00310] (16) preparations of interferon beta (interferon B- I a, interferon 3 - 1
P

[00311] (17)  gold compounds such as auranofin and aurothioglucose;
[00312] (18)  TNF inhibitors, e.g., etanercept (Enbrel®), antibody therapies

such as orthoclone (OKT3), daclizumab (Zenapax®), basiliximab (Simulec®)),
infliximab (Remicade®) and D2E6 TNF antibody;

[00313] (19)  lubricants or emollients such as petrolatum and lanolin,

keratolytic agents, vitamin D3 derivatives (e.g., calcipotriene and calcipotriol
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nore of the excipients described above. A conpound having the desired
degree of purity is optionally m xed with pharnaceutically acceptable

di | uent s,woanri/ge®; exci pients or stabilizers, in the fecmuskoa/obosophili zed
formul ati on;~ M pf%\gr . : | ut i I at.ign may be
conduct ed B@P Oﬂoé%{%i))’at a%b?%tﬁ{ah? 2%%%#§?r§1?18® Te‘ﬂ{ehﬁﬁgéﬁéﬁ%{% ta(|[=318pH, and at

t he desi redisgteginet;of purity, with physiologically acceptable carriers. The
pH of the formul ati on depends mainly on the particular use and the

concentratign_of conpound, but. may range from about 3 to about 8. en the
agent descriVBttner ei {20k dndlgpicaclemsipheapeicagents Suih PIrsHEBY o Kol vent

process, adgj.ti N8 1 i ] | | ution when
Form ng t ne it oReTatsRBIPTd CREIOL b nPanS ARt MR, 0 1 the
sol ution asglatiahidr adetad { Cdpogaic@Nerldescsficsyl (€5l pebdnikblogénaidi vel y, the
additives may be added follow ng spray-drying process to aid in the formng
of the fi natyclophpanbamids; prbduct. [ 00214] The conpound having Formula | or a
pharmaceutically acceptable salt, solvate, co-crystal or pro-drug thereof

is typicall mul at | nt t [ 1T, ] i an
easily contpr(]g?@bl e dggyge Ogl%&? Efgﬁ%ﬁrﬁ%ﬁ Sgglggstggtzlﬂgﬁ?ﬁe%lg? Fltéi(rjldtn B?gar?prﬁgs ance
wi t h the prtaseof, DA rallgil ating. agBinta a1g.c ey opthakpfaarida) li fok faatide ) pint mangdwlings

havi ng Fornél al, or a p%;ar maceuti.cal |l y accept apl e salt, .solvate,
co-crystal (G-prehipigethErEgpiopheye. peethteyai et alge ajtagenitisadotit es and
types of adidbgbEifl BRimiYRE afldsotes aaR RIS iRt G (SE., Fidbrlhg, Same
conpound, since different medical conditions may warrant different routes
of admi ni stviablagme, p@OIRKS], cTlbkicaepuotodafolaatd wironchgreodDNAt intchadatomy be

conbined with the carrier material,t.o prad a sjingl.e dosage .formwl|
vary dependciky dasebidH: upitiiin fheiuBt SntRe, S RidPaRe St

adm ni st r atjhyRifoxynffa, M@k@s-liﬁkih% BBentE b @asRitd Ry Cahbbnkmheasied o or oral
adm ni strati'on to humans nay contain approximately 1 to 1000 ng of active
mat eri al corposrdedndiflutamade)appl opestaicegantd, coneatingn(S TAdrblu ftleaykc®ar ri er

mat eri al whi ch. may y from about 5 to about 95% of the total conpositions
(wei ght : wezin&ﬁ%t)".‘mﬁézﬁﬁﬂﬁ ceuti cal conposition can be prepared to provide
easi |y measurabl e anounts for adm ni stration. For exanple, an aqueous

sol uti ofyd Nntended for intravenous infusion may contain fromabout 3 to 500
[tg of the active ingredient per mlliliter of solution in order that
infusion of a suitable volune at a rate of about 30 nL/hr can occur. As a

gener al pr oj98316li B, contpeundgs andghagrhaocniaeaé farineddtiops déscrbed hasciampyne of t he

i nhi bitor adm.nist.ered w.ll .be in e range of, .apout 0.01-100 no/ kg, per
dose.,  namel 50T HordATReH BkdS oraRoR AR b ors Bogg g b

pati ent bodyachphglaedér foltaylatediibdividaglly, vpsidale drmmtliiple doSRYE t0b of MdROUN
used being 0.3 to 15 ng/ kg/day. [00216] The term "therapeutically effective
amount " as 4#SBY PREFAEPH ORaMA AN cambistions Thies PReoBRisGERRS 67 bC _
pnar maceut | alonf ki ddiBhingt Wbl b ch D BB GRbRonBRIRGROBlerf RN 10 2
ti ssue, system aninmal or hunan at 1s berng sought by a researcher,

vet eri nar i asecombeincaherddht oontaimeodi@ntatddrnae iptared Withirt hpackpgytind dlel y or
pharmaceutically effective amount! of the coppound to be adm. nistered wll
be gover neop%ka%f‘tfeﬁ 088?.%4@&&55@%%@%“%% 4R MR Ao Mt iy to
amel i or at e, o i RaPlorbfoRhts kit £ SEASE Rotttlh MREAETor QImPIGeRg MRLERS ad TS
synptons. [00217] The pharmaceutical conpositions having Fornula | wll be
f or mul at ed, welbsedijucatsdr ather mestefoe dormulaiohahisothe Kitsean campuiset 8) a
concentratigns, schedules, .course, .vehicles nd rqu of adm nistration,
cons: st ent MRCHAGOUE RRaPRs PG e » FrBodr Far g AR on i n t hi s
cont ext i NCpHaRBadBcABT dcb&HARE catis QN EmEIcRRIINert! 8RO cohbgndpdr ti cul ar

manmal being treated, 'the clinical condition of the individual patient, the
cause of t heackigeg ddihe kithmayioptowsllydenmpyise jnsufictiane daggaibing a methadphod of

adm ni strat.| C | § of . i nistral] e ctors..known
fo med oal BrRs PRaRERaiity] i@y BHEMHR ST S br AT R Slesd RRUGE Rk

i ndi vi dual (eat pentatigQd288lind bigc érahdne oftiapdiydasstdndalidoydeef f@ctibadchaasipynt
refers to an anount effective in preventing or substantjally |lessening the
chances of Bt mrygrtonsly camprisg a shcend aoarmgecytical QEROsHIYNICARPEENEPPE y of

t he di sease IS0k : i (o] b 1S
acquired ororg{é?lgrag&gl gélsag%%t? ggrrsgﬁgee%%g%%b%%g r?‘%} p?ggiﬁ%ﬁ%g%lﬁlghﬂ asures are
di vi ded between primary prophylaxis (to prevent the devel opnent of a

di sease) and secondary prophyl axis (%pereby t he di sease has al ready

devel oped and the patient is protected agai nst worsening of this process).
[ 00219] Acceptable diluents, carriers, excipients, and stabilizers are
those that are nontoxic to recipients at the dosages and concentrations

T Y o . .



WO 2011/ 079007PCT/ US2010/ 060671 am no aci ds such as gl ycine, glutam ne,
asparagi ne, histidine, arginine, or |lysine; nonosaccharides, disaccharides,
and ot herwoanhahiy@rat es i ncl udi ng gl ucose, nannose, or ®extuseo®/emwhel ati ng
agents suc hac@épt?@@é&rri%ﬂ 9RAR MR, SHE Fg})ﬂ%ac&%ﬁm Lthpos tfo?l%h%?ﬁin "the
sorbitol; salt-formng counter-i1ons such as sodi um metal conpl ex&s (e.o0.
Zn- pr ot ei n @onplued dsycribahblérom andnhd owd pharfactuainilsospokitias cAMERN M

PLURONI CSTM or . pol yet hyl e | ycol (PEG . The active pharnmaceuti cal

i ngr edi ent Z/t'hﬁifg} s %%108%&‘2%%@864‘1(‘?&% Pertig ERTPRYTIOR-or  exanpl e,
by coacervation techniques or by interfacial polynerization, e.g.,

hydr oxynet h%obsﬁ] | AlkRSEcI@des A@bRtaier BF FARESRS ¥dr&DnANMng the pharmaceutical

pol y- (et hyl net hacyl ate) m crocapsul es, respectively; in colloidal drug

del i very syemnesitiohs andemayplse indlydsslvided comtibersisvchrsar dsigdhé pettle or a

m cr oemul si gn ano- particles .and nanogapsul es) or in ro | sions. Such
techn ques QvaeafarPelEl Thec RlaRRER IO IR dR  olbe f siREPET ! 8PS

Phar macy, 2dSflasidibbitiRror jAiNh vesaidbie g (Flirex@aprNedold b "Rl adelbri r Eds. ,
2005 (hereafter "Renin%ton's"). [00220] "Controll ed drug delivery systens"
suppl y t he Ripesganbinia dffsagnticantaingiingied blptagreleith dedividarl dogest for sui t t he
drug and t L LI 1 : e i I NS iL.eve a

ther apeut | O SFE i op e pASk Rk | ol pBlAciEile T bR uRERLRYS

dur ati on ofthhn o cohtdndrenmbe aemnit togdthe@dn neimphseickag tofaketussirebld dosagéer to a

vari ety of t hods t ha ify release of.drug froma dosage far Thi s
term i ncl ud@ﬂpg%ﬁéﬁgpfeoﬁgnga%a BerCoiduings ineherdte pIchds vt %ut%@d

rel ease", "Wpedhfigd rel ease” or "sustained release". In general, one can
provi de for controlled rel ease of the agents descri bed herein through the

use of a wide variety of polyneric carriers and controlled rel ease systens
i ncl udi ng el08318]| An exranmont @kibdl hicecatiet blistespacksBhstepaskhicoreldenvivaes,

various resgrvoir device enteric coatjngs,and, nultiparticul ate contro
v ces. ' [ oBbi Rl 4R it SRR APk RR o e SRl

appl i cati ongitdose@Mor@b (teblcfsEtHagies, allltHcaldes Fxarphes Rhetlstaisigdrael ease
preparations include sen”&g{neable matrices of solid hydrophobic pol yners

cont ai ni ng Yiset of satpdyaty stifmagdiiahaevoredewithyp doil af 4 pesfarehlmtiepsparapeldstg ti cl es,

e.g. filns, A . S i ~-r gl Hhces

"nci ude pol r;llgt;e{lﬁeﬁ'r. gﬁlﬂﬁggﬁgjgagge}bglﬁ@?@%s)@(gg%%s&?s%%& AR i Bl SRR BRE hS

Eoly(2-hydn@&ﬁ@ﬁhmheﬂﬁﬂh?ﬁmmbhﬂfmﬁﬁﬂmvm?hyﬁb%myhaﬁ&mh@h%bepgﬁh&bﬁﬁmydes
US Pat. No. 3,773,919), copolyners of L-g am c,_acid an

game- et hy| have éh%ﬁ%?é’tdé_,%a QdseBaHt e NRYHRIF éﬁ% Ly iHYPr cpetierie bedagicddabl e

actic aci dnolyeeliifu@e! e ABOMIFRICEY il :RRLKS Brdordingty e uRrBLT F ¢ aci d.

WO 2011/ 079007 CT/U82010/860671 00222] "Imedi ate-re gase prepar ations

may al so bercptieplarsa . matheal objeatidiageinst the hlestéc foolratthcafatonfthe $oit whigbtis t he

drug into the bl oodstream and.to, the site of action as rapidly as  possible.
For i net ancropls R heEEER i Phis theisersunr Ba e Nedrule e B der go
rapi d di si n§e@pafiésoie iRida@iy! 8slc@Bcci e eIy Sl cddbSAQUEE IR ROR dsGesl | NE.
particles. This provides a |arger surface area exposed to the dissolution
medi um r eshetveengthe plasti¢ fskand thi¢ sheet. Brdfenablydhestrgngdpa3he sipshissueledhet i bed
herein can be. incorporated into an erodi or _naon- er adi bl ol yneric

ma i coneheiBiCPERRRE ety b rflrrd ARREY Fh iyl RN

VI CE. ero S
agqueous- er oglelufe @ the@éc@Escs thfe@? la oPéniAE ot BeSRl thbliRel 4t thd§lasesSEe Of

bei ng either erodible or swellable or dissolvable in pure water or
requiring tisecsprBigdpblet gfcapsilaeandthen by epsroved viagwid@eNHE. pol ymeric matri x
sufficiently to cause erosion or dissolution. Wien contacted with the
aqueous envj i bl M%%C. j:x i mhi wat er and
fornms an aq@gggﬁﬁg&gﬁﬁgnéggwkgﬁIﬁ%ﬁ&%gh?ﬁg?kentrggs t gha ght gé%ribed
her ei n. Theardgquentsicsows! foethemphysician grhaduadidtpr sutpete segasdieg vhien diesi nt egr at es

or dissolves i.n the environnent, aof use, thereby controlling the release of
a conpound '8 E%tméatorn]fée_r@fgwt ity SNG) sntierinelr t%l?if‘é.o_f sl FeiF e of
this water 'tﬁﬁ\l@{slcﬁ'@aﬁkﬁlé’s'téb? %k%@@n‘é’%ﬁs%h'cﬁ%ﬁ&ﬂhém%kiﬁéo%@%i@ Rpa@fe SOl ubl e

pol ymer, which may generally be described as an osnopol yner, hydrogel or
wat er - swel | cinpesiyohy.redaily Soshofpoicyorerage neipprations oé dre, kibeaarrohsist, ofonecr oss

| i nked. The_pa| yners nmay.be h ol rs or copolyners..ln rtain

erbod ment SADEHE Ry RIS AATERRE o aTish oS oGEBR AT er DG Ksle 1 ac o,
met hacryl ate, urethane, ester and oxi de nononers. In other enbodinents,

they can be derivatives of naturally7§ccurring pol yners such as

pol ysaccharides (e.g. chitin, chitosan, dextran and pullul an; gum agar, gum
arabi c, gum karaya, |ocust bean gum gum tragacanth, carrageenans, gum

ghatti, guar gum xanthan gum and scl eroglucan), starches (e.g. dextrin and

N Y



WD 2011/ 079007PCT/ US2010/ 060671 pol ymeri c, aqueous-perneabl e, and has at

| east one delivery port. The core of the osnotic device optionally includes
an osnot iwoagamrsni ch acts to inbi be water fromthe suPCOWUSANY60671

envi T onmentopl g GiEDerd ARl REEIRAR! o RRTRE ARE thcTRFm QAR den RNt ai ned
in the core o'tS %‘gv'i%ce Smaty Iﬁ% an aqueous- swe #%%E l'e hy Eﬁ%% pol ymer
or it may be dspeosnhgdaly ddssooknmwtinasinghe osiasagfanhblr nt?temieslmrse The gener at ed

wi thin the gew ce which forces. the agent(s) out t&e ﬁevr ce via an
orifice (ofUEPESTEaRBE LEHBRED Hithf FGHIE 2 s pblodiRhedag hi9rlReyent i ng
the buil d- upitRthede BEhO M AL amph! SSSLE & nReRH -aid\RA-rhdMhtic AT oeXRFRhRR Of
osnotic control devices are di scl osed in U~S. Patent Application Serial
No. 09/ 495,ipgitatef ﬂ@zmn]beﬂ'hédeakymmes thit hwaie beensdispanadsl. eAtmtbivraphinplcofpol yner s
present in thg core may, I Hﬂ(%ft roma(gut 5 to about 80 wt(Vf nglu ing for
exanpl e, AR5 RGP RS HG S RASHRICAY By @ URlE &¥ Rt HaYihe) de
hydrophi | i Ccr?létﬁlyrjeacﬁﬁd o GhidiblcGeMe BBl WHIEH, FHCKhR Irpredeéad§ vethth@gate @agi UM
al gi nat e, et hyl ene oxi de (PEO, polyet hyI ene glycol (PEGQ,

pol ypr opy! ethe agt gaibi dO(SPh@beepérlgen(azd BBRGeeRWhape %ha@rtﬂoaq ©)to bpskgn.
(acrylic) acid, poly (methacrylic) acid, polyvinylpyrrolidone (PVP) and
cross ljmke ol (PVA), PVA/ PVP copol yners and PVA/ PVP
copol yners %W’ﬁ’;‘ﬁ?’lb%ﬁ%%@%%ﬂers such as nethyl nethacryl ate, vinyl
acetate, and the like, hydrophilic polyurethanes containing | arge PEO

bl ocks, sodi0032( rﬂmmhﬁdxsta,ﬁrrga&armg%am behm@tpmgtetdwcﬂingej thalsdsenasHEC) ,

hydr oxypr opyl, cel | PC net h cel | ) HP NO) ,

et boxynet it Samplin Segctined deitivedbeBi Byt ohetvie wsu e Gats S, um

al gi nate, pah¥aak laﬁ@baﬁousg@tkﬁﬁédtatemet babvahey rRfcardbim shatgh gl ycol ate.
Qther materials include hydrogels conprising interpenetratin net wor ks of
pol ynmers t mpmfrb@ doprmerdially awa Hibte @mp@nnafqummm@mgme hgweri zati on,
t he conponent mﬂ% h may conprise hydrophilic and hydrophobi c nononers
such as thoé’gﬁ] ﬁ%fn 2}?. oned. Water-swellable hydrophilic polymers include
but are not Ilimted to PEQ, PEG PVP, sodium croscarnellose, HPMC, sodium
starch ghyeedsate, polyacrylic acid and cross |inked versions or mxtures
thereof [00228] The core may al so include an osnobgen (or osmagent). The

anount of os en pr ent in the core range fr apout .2 to about 70

wt % (i ncl udiVfg? irGenees Arphedic prpeRdugy forot SGO%P%HdS?%tl%WG@F%%S of
sui tabl e 05&@39%&%1 . Vﬁ%e%?ntﬁ@ﬁé*&'h@m% SR Ge Rl 98 exaaP1ESardHd U GRTSHE hat
are capable o nmbi bing water to thereby effect an osnotic pressure
gradi ent acscopsofithe ib@ntiorem apfy wdye surroundi ng coating. Typical useful WO
2011/ 079007PCT/ US2010/ 060671 osnobgens i nclude but are not limted to
magnesi um sul fate, magnesi um chl oride, cal ciumchloride, sodiumchloride,
lithiumchloride, potassiumsulfate, sodium carbonate, sodiumsulfite,
l'ithiumsulfate, potassiumchloride, sodiumsulfate, mannitol, xylitol,
urea, SEédvrhbProced@=iltol , raffinose, sucrose, glucose, fructose, |actose,
citric acid, succinic acid, tartaric acid, and m xtures thereof. In certain
enbodi nents, the osnogen is glucose, | a&ig§e, sucrose, nmannitolR} xylitol,
sodi um chl ori de, including conbi nati ong*Bhereof [00229] The rzrgge;'gf drug

#Z T\e per rreabr Irtg an ckness of

deliveryrts controlled by such faq&ors ag
the coati \ t he osm${teP Tpr essure ‘o e degree

Ag- coPteRi 4i ng

of hydr ity ot—l'r're—h?drogel dy\ and tmce afre e

devi ce. Yse skilled in the art Rvi TN appreciate that i Rreaging the

t hi ckness ofcake coati Il reduce eEreI ease rate, whild_any of the
following will increaselt.Rel ease ratd: increasing the perngdility of
the coati n% i ncreasi eyhydrophiligty of the hydrogel payer;

i ncreasi ng the osnoti ssure of the drug-containing |ayer; or increasing

the device's surface area. [00230] In certain enbodi nents, entrainnent of
particles of agents descB bed herein in the extruding fluid during
operation of such osnotic device is desirable. For the particles to be well
entrained, the agent drug formis dispersed in the fluid before the
particlggphave an opportunity to settle in the tablet core. One neans of
acconpl i s]r)'n ng this is by adding a disintegrant that serves to break up the
conpressed core into its particul ate conponents. Non-limting exanples of
standard di sintegrants include materials such as sodium starch glycol ate
(e. g. , ExplotabTM CLV), mcrocrystalline cellulose (e. g., Avicel Tm,
mcrocrystalline silicified cellulosg,(e. g., ProSolvTM and croscarnel |l ose
sodium (e. g., Ac-Di -Sol Tn), and ot her disintegrants known to those skilled
in the art. Depending upon the particular formnulation, sonme disintegrants
vvork better t han ot hers Several disintegrants tend to formgels as they

.



[ 00233] When an agent described hereinis a liquid or oil, such as a lipid
vehicle fornul ati on, for exanple as described in WO05/011634, the osnotic
cont r ol | estoneligas®7devi ce may conprise a soft-gel or gelratrius2@iapsesie for med
with a compgpiss WAl l7s30doLABRGE Herbiea ki Behhah Mehlb ABIRELBshe wal |
conprisesnggbafaier Iayerogbrned 83%} the(éxtgrxgl sur?gce 0 t%e capsul e,
an expandabtod.4Myens dddededetbyleilartel{@.Oleguivi. )efollbaydby trancthglsddm per neabl e

I f d th dapl e | A deli . ts t l'iquid
e LT R et s SIBRSTRl e A LB TSI B, L0
WO 2011/ 079Q0 ZRET, R A 0AAGBR ibn bOThe@XRMDUEB (110 KPR éi% %i%iorbl%@&ﬁé’e%%ss

US5324280, US4672850, US4627850, US4203440, and US3995631. [00234]
further notaldedblowdy ovdidivagenuiss.déberertion Wex girred aty/80€ for brpwtedtei n t he

formof mcrpparticulates enerally ranging in size_.from,about 101lmto
about _2mm (VHER dat gy HaRSRE S 1953 Rp e eB st A oa et er )
Such mul ti pt@ﬁl?)iaﬁtﬂrél,ttﬁé;rdiﬁ%tb@a%@egﬁ% a §Parafr@ TR cofainingdRGwt€d such as a
gelatin capsule or a capsule forned from an aqueous-sol ubl e pol yner such as
HPMCAS, HPMAugeusstodiughbicaberac selubonsyxhiba dichlpremethpng sopatatpdadii¢dspdivm or

t hey may be i . Dl .0 t her
processes wﬁ%§%ﬂﬁﬂﬁ¥%%3g€g&ﬁ%@%ﬁe%ﬁﬁf%%%yp%@&ﬁ%t%%9%§§8€§f§§%%2%982%5 known
process, sughsiAs yethroatatbg@iphydisapuwidhtt ancthylageatds hexanes gradient or 1 to
extrusi on/ spheroni zati on, roller-conmpaction, nelt-congealing, or by

spray- coat i g °f ddcpceionidsle/methangl imdichloromethpse. sadicntras Theylusilii at i on
processes, the agent described herein and optional excipients may be
granulated to formnultiparticulates of the desired size. [00235] The
agents I neQr ated into m croenul sions, which generally are
thernnd%gg%sgg#p§ stable, isotropically clear dispersions of two immscible
| i quids, such as oil and water, stabilized by an interfacial film of

sur fact ant [80823 ul'es rdoEnteypeoipedisaluobn Phie neaeestcc@l(1 Deghivoirogy ( New Yor k:

Mar cel Dek 1992) , 9). For th ti f i i ans,
Surf actant TaRsrrpapyt EP dongitanion GeBSREVE adtBe por kb MiEsdang a
wat er phaseny@hfic (BG8§Sa)Y ThSWaLAt! ®asstit QG 8IS tdniiatgR B0 sifiachaat s

that are useful in the preparation of emulsions, e.g., enmulsifiers that are
typi cal | y uskigh ithe neaatiopregsapntdntmtedfto e resadve. anT hbingesd wow fterc thgwtraligation

"co-emulsifier ),1s ge | Iy.sel,ect ed \fyom t he group of .polyglycerol
derivativeéwﬁgP@%%P%gmﬁg¢Fgg%%ggéﬁg%ﬂw@é%@?wgf%%%%V§8°$¥gﬁerred

enul si fi er/diehlersuhdshdnic edrynbddigthisofstc R figtcO8H e B¢ dngcdtdtida wgBer@tuum
necessarily sel ected fron1the‘group consisting of: glyceryl nonostearate
and pol yoxy&dtdigedthe agiddlpnt eolidSel yet hyl ene gl ycol and et hyl ene gl ycol

pal mtostearate; and caprilic and capric triglycerides and ol eoyl

macr ogol gl yceri des. The wat er phase includes not only water but also,

typi cal flers, dlucos propyl ene glycol, polyethyl ene glycols,
prefer§%¥323§%%§§nn?%%pﬁ] eq%eight pol yet hyl ene glycols (e.g., PEG 300 and
PEG 400), and/or glycerol, and the like, while the oil phase will generally
conpri se, f[003BHarpd monf @htpyramnt dolegdeovsthe s Ci(@d ogepdti@bHE veitbis(1:1si | i cone
oils, mxtures of nmonq- di- and triglycerides, nong- and di-esters of PEG
(e.g., ol eo%ﬂnc?i‘H’@PBEjBEOdWc"&si iddsg a Sefpidon oApe MlSPgrrl@o%ﬂﬁ@wi@%-z@m% 0671
[00236] Th ?Tm&fb'ﬂ%ixﬁﬁi%fa's e 864M (GAFLrRGd AF 30 RRAGLE AL Rich the

phar maceut i cal | y-accept abl e nanoparticle, nanosphere, and nanocapsul e

f or mul at i onsagtioalwas cancknBlateddo a Pesiditeaind 06ridbineratte NOite5z8®n. wiNeddcapsul es

Chenty-w criseaRdiEPs R 3Gt it odBriar B8 figloro el dsdtg as e
al ., 1987) . (sd@umvsei fitc iR rial heg toncdht@atlo dffdhdRGHE hatl 3 adPdoNier i C

overloading, ultrafine particles (sized around 0.1 [tm) can be designed

usi ng polyners able to be degraded in vivo (e.g. biodegradabl e
pol yal kyl - cHa3BY CHpr sgadesrangepidan P mesof stastiggesserr¢ thel reedust aciddswes bed in t he

prior art ( t e X : I . . Zanbaux et
o “oos: AeRb AR e ilaioh B HER G 0P By el s8R
[00237] | npdistiibeiphethathevi ces coated with a conpound of this invention are
anot her enbodi nent of the present invention. The conpounds may al so be
coated on inpl ant abl e nmedi cal devices, such as beads, or co-fornmulated with
a polynmer or other nolecule, to provide a "drug depot”, thus permtting the
drug to be released over a longer tine period than adm nistration of an
aqueous solution of the drug. Suitab%? coatings and the general preparation
of coated inplantable devices are described in U S. Pat. Nos. 6,099, 562;

5, 886, 026; and 5, 304, 121. The coatings are typically bioconpatible
polynmeric materials such as a hydrogel polyner, polynethyldisiloxane,

o o, o




invention is provided in conbination with one or nore other active agents,
"adm nistration" and its variants are each understood to include concurrent
and/ or sesoenti/agboornt r oducti on of the conmpound and t he eChars2@ososel agent s.
[ 00240] %ﬂﬁaﬁﬁﬂﬁ&&h%i ns descri bed herein may be adm nistered systemcally
or locally, e.g.: orally (e.g. using capsules, powders, solutions,

suspensi ons, tablets, sublingual tablets and the like), by inhalation (e.qg.
with an aerosol, gas, inhaler, nebulizer or the like)gz2to the ear (e.g.
usi ng ear drops), topicaIBytbe.g. usi ng creans, gels, _%t@inments, |otions,

oi ntments, pastes, trans@gtgal patches, etc), ophthaPfixally (e.g. with eye
drops, ophthal mc gels, T M ¢ oi ntnents),&ect3 A J. using enemas
or suppositories), nasajly, cally, vaginally™\ . §sLpg douches,

i ntrauterine devices,j Wygi nat~’ suppost+tor+¥=, vag{/nd\_rings or tablets,

etc), via an inpl agfteg,Feservoir or the li ke, R3r mar ent eral |y dependi ng on
the severity and type pf the di sease being treated\ The term "parenteral”
as used herein includesscdrt is not limted to, sub€6@Rheous, intravenous,
intranuscular, intra-articular, intra-synovial, intrasternal, intrathecal
intrahepatic, intralesigpal and intracranial injectBwn or infusion

techni ques. Preferably, the conpositions are adm nistered orally,
intraperitoneally or intravenously. [00241] The pharmaceutical conpositions

described herein.my be orally adm nistered in.any .orally acceptabl e dosage
form i ncl udI%HSi,é[] JEh ABRroOPiR PR YO EdFEe POy I@trgge_na%weaﬂwgp% dspensi ons

or sol uti Ongonl {ARLANHOSAABIL Qiffoul @i ') vadHIISLd AldcaBnitAE!BdS Mput are

not limted to, pharnaceutically acceptabl e enul sions, m croenul sions,

sol uti ons, ®dgpendshicovessel sgditipsal yrharged wiithschlarpswtbaiyt iseryange( hds agk i ve
conpounds, the liquid dosage forns may contain inert diluents commonly used

agents and A Ariear Rl TR o ST Chw) AR RbEPhSs R kard taffP

carbonat e, widnddcaerd tlc@esul@idzithctidhalRGlirred €12 maRz odtequichRyWvirne

gl ycol, 1, 3-butylene glycol, dinmethylformam de, oils (in particular,

cot t onseed, ViU GECted dtinesgeithgichlorayecthangs Ihe orgmis REEAMEVIR| s)

gl ycerol, t I 0, I I fatty acid
esters of §§%§?@%ﬁ?8%%9&%$§?h?Qg%?H%Pé§?&%@§. é@ﬂﬁﬂg%g&giﬁggﬁﬂgf t he oral
conposi ti onsatesal Biwae thenglutified ad silkarges bssud bh@matwiriphygisagemntappropamtesi f yi ng
and suspendi ng agents, sweetening,,K flavoring, and perfum ng agents. [00242]
Sol i d dosadgagﬁ?ﬁﬁsP FH%F%.dH@ﬁﬁﬁﬁ@Wﬁﬁbpaﬁ“? cl ude capsul es, tablets,

pills, powders, and granules. In such solid dosage fornms, the active
compound is mxed with at |east one inert, pharnmaceutically acceptable

exci pient or carrier such as sodium WD 2011/ 079007PCT/ US2010/ 060671
citrate or dical cium phosphate andégggéﬁhﬁéll ers or extenders such as
starches, |actose, sucrose, gl ucos# ol, and silicic acid, b) binders
such as, for exanple, carboxynethylcellul ose, alginates, gelatin,

pol yvi nyl pygﬂ@iti]di,lm FEren S PP SQed iANBe BLARHISs are hehuBebipOtSeShiCRf@8nce.

gl ycerol, d) disintegrating agents such as agar--agar, cal cium carbonate,
potato or tAppesddicerinratiabbeviplions saabels agé eemicatians 4re aenssstens ity dersgm
carbonate, EbaEILLARALBLA iORAIRALT,EUED @5 1BALA! Doy do) Rsgcet ! on
accel erators such "as quaternary amopni um conpotnds, §) wetti’'ng agents such
as, for exasplesGuidetsy Mauaobohudios gidyediond, 2ffofthsWastiiagen, )C. abseriant s
such as kaolin and bentonite clay, and %%,LubrLcaan such as talc, calcium
stearate, nelfieistluiacktedPal-dieradpincamestsbini{y @HEcty Py EgFEncSodi um | aur yl

sul fate, and m xtures thereof Tablets nmay be uncoated or may be coated by
known t echnj t& vl 19 . L B HE%K- l4e@sant taste
or to del ayﬂog??iin]%}gératigg'gkg{hgggg?gf(?ugga?ﬁﬂt glogastrsgiiﬂﬁt st4ie((r21al tract and
t her eby pr ofpydelisis-dtsilfeagl)henzybrl dypyrral-1-phageticpeid od. For exanple, a
time delay material such as glyceryl nonostearate or glyceryl distearate

al one wi th a wax be enpl oyed. A water soluble taste masking materi al
such agﬁﬂVﬁ?g?§H$%ﬁfEﬁéTﬁylcelIulose or hydroxypropyl -cel |l ul ose may be

enpl oyed. [00243] Fornul ations of a conpound of Formula |I that are suitable
for oral adm nistration may be prepared as discrete units such as tablets,
pills, troches, |ozenges, aqueous or oil suspensions, dispersible powders
or granul es, enulsions, hard or soft capsules, e.g. gelatin capsules,
syrups or elixirs. Formulations of a conpound intended for oral use may be
prepared according to any nethod kno to the art for the manufacture of
phar maceuti cal conpositions. [00244] npressed tablets may be prepared by
conpressing in a suitable machine the active ingredient in a free-flow ng
form such as a powder or granules, optionally mxed with a binder,

o o - o oy



acceptable solid, liquid, or other dosage forns may al so be used for the
purposes of injectable formulations. [00249] O ly suspensions may be

f or mul at eslolzg11sas@endi ng t he conpound of Formula | in apcegstabloeosoi | , for
exanple arachis oil, olive oil, sesane oil or coconut oil, or in mneral
oi | such as Liquid raffin. e oily suspensions nmay contain a thickening
agent, for ena Bswax, iy d pargffin or 3 coholr t eni ng
agents as thoge set 26oYE, Cand fl a -:/a;entsLﬁgﬁf e added to
provi de al at abTe oral WP 2011/ @790(WIIT7P US2e10/ B60G7.L pr epar at i on.
These conpositions may be preserved by the adcﬁto'@n" of an anti-oxidant such
as butyl ated hydroxyani sol or al pha-tocopherol. %00250] Agueous suspensi ons
of conpounds of For al contain the active materials in adm xture with
exci pients suitab[q%f t he manuf act ur e pf ragueous suspensionsc)sﬂﬁﬁb

exci pients incl uspendi ng agent, sch S sodi um 'S

,‘S
05)

car boxymet hyl celd upose, Qepeedllr mel | ose,0pyui don t hyl cel lu

hydr oxypr opyl ny @) | &bemeﬂbdh al @ e\|osot1"’é/n\;i nyl g r ol eho gum
tragacanth angrgum ataci &, —amy di spege( ng\s¥ welTT g ch\a a
nat ur al lgr™s Mg phosphati de : @ei thin), a copdepesat PomMepr oduct of
an al kyl oxkde wth a fatty d (®.g., polyoxyeth @- stiﬁgrat e), a
condensatTon prd@gHt of et hyl end~0xi de~gpigy a | ong chaiYr al i ph@OyK al cohol

(e.g., heptadecaet hyl eneoxycetanol ), a condensati on product of ethyl ene
oxide with a partial ester derived froma fatty acid and a hexitol

anhydr 'l.dr% Sleﬁtﬂm’ fﬂ%}%ﬂﬁ%@&lﬂ%ﬁﬂ&ISAP-EIR)'ntean nonool eate). The aqueous
suspen3|oR nay al'socontal R ORe of more preservatives such as ethyl or

n- propyl p-hydroxy-benzoate, one or nore col oring agents, one or nore
flavoring agents and one or nore sweet@ni ng agents, such as sucrose or
saccharin. [00251] The injectable fornyl ati ons n be sterilized, for
exanple, by filtration through st ai'ng filter, or by
incorporating sterilizing agent g If sterile solid conposi tions
whi ch can be di ssolved or dispe JANn steril© water or other sterile
injectable mediumprior to use. [00252] In order to prolong the effect of a
conmpound described herein, it is often desirable to slow the absorption of
t he conpoun : j b Njreski i be
acconplishé@o%gﬂgﬁgyggg&%gﬁg F@%&%ﬁéggggﬁgﬁoﬁgg%Hg?éégg%Pfﬁghgwggﬁnrphous
mat eri al w O pbpwawaddex tsethyhiding (7.46The, 535 ennodl),dos-d+optd-oime @22k, conpound

t hen depends upon its rate of dissolutiqon that, in turn, nmay d nd upon
crystal | si 28 REalh-pat e - CoPrroscte el pieZaled b areibide{ porbn of a
parenteral | y3adm 4 .S’TI?JI%Qctﬁ)‘i’irH?&H?Q Ja@h@&lté@atﬁ%mlr 'lﬁ.ﬁ%u@.’ ﬂife%ézﬁjt%h”g or

suspendi ng the conpound in an oil vehicle. Injectable depot forns are nade

by formn ng wisthoe noapsidted edlenmacuuoesndathe tdseltiogmpodurdyisrexitactde grthddipil e

pol yners such as, .polyl actide-pol ygl ycoli de. endi pon the ratio of
omound ¢ GeRBRS G L KBS AR Seh et FERER! P skt B oyed. ¢ he
rate of CQWUélﬂra'té%ﬂ B AR Br&io &8 ROMiERWas uﬁ@%@ii_ﬁé‘a szl u@i’h@ ah aﬁﬂoﬁﬁ%ﬂ adabl e
pol ymers include poly(orthoesters) and pol y(anhydri des). Depot injectable

f or nul at i onyysieme(IaC9d 20ecbiméininy aehf tapPiorghyl hectato iplixades aver PPosomes or

m croemnul si gns_.th ane _co ihle wth.b i ssues.

2011/ o79007‘581‘}95§3816091‘6%]8'6%gFW@E@s‘Ta&fﬁoelatggjxse% VERIEBU 6] £F T2 gymol. 27

m cr oemul siwnscldpyl EDBINIR (4 @XMERA CIDTIB) &(ppat)i erds-37b(aods), neam by (thocal

bolus injection. Alternativel it may be advantageous to adnminister the
sol uti on or |hh &rigdmArS; b5t H. helg- 1o (e 2Hi hosi o me Rt AT-139
circulatin ngg@ﬁentration of the instant conpound. In order to maintain
such a constadnt ‘concentration, a continuous intravenous delivery device nmay
be utilized. An exanple of such a device is the Deltec CADD PLUSTM node
5400 i Mrepysatpnofiptng 2-QRog2bhexdoprthyli idhpyhel-1rdpcatator vagi nal

adm nistration are preferably suppositories which can be prepared by m xing
t he conpounds described herein with suitable nonirritating excipients or
carriers such as cocoa butter, beeswax, polyethylene glycol or a
suppository wax which are solid at anbient tenperature but liquid at body
tenperature and therefore nelt in the rectumor vaginal cavity and rel ease
the active conpound. Other fornulations suitable for vaginal adm nistration
may be presented as pessaries, tanpons, creans, gels, pastes, foans or
sprays. [00255] The pharnmaceutical conpositions described herein may al so
be adm ni stered topically, especially,when the target of treatnent includes
areas or organs readily accessible by topical application, including

di seases of the eye, the ear, the skin, or the lower intestinal tract.
Suitable topical fornulations are readily prepared for each of these areas

F A/~ -~ r - o - .




WO 2011/ 079007PCT/ US2010/ 060671 [ 00257] For topical applications, the
phar maceuti cal conpositions nmay be fornmulated in a suitabl e ointnent
cont ai ni nyotzhe/|etorve conmponent suspended or di ssol ved POTAIS2010/06001 €

carriers. Carriers for topical e ni stration of the conpounds of this
@-o Zo,(|mineral oil, liquid petrolatum
po

i nvention include, but are not

white petrolatum propyl ene gl et hyl ene, pol yoxypropyl ene
conmpound, enul sifying wax and water. Al fernadpg/ely, the pharnaceutica
conposi tions can be fornul at ed iegsﬂf iLable lotion or cream containing the
active conponents suspended or d ved in one or nore pharmaceutically
acceptable carriers. Suitable carriers include, but are not limted to,

m neral oil bid ALh > hURQ1 Ralien £A:3 5804 BRbSliR Vex,

cet earyl al@gﬁgﬂ,(% %E?%?ﬁ%iegéﬁgﬁ?y@gnzjf aﬁ%@%ﬁ@‘%n 7'\'/\/ealterTOB[I%OZSB] For
opht hal m ¢ disldprontethamk &t Ored @ wtais @ddedohyd @sarhinoastaralyy drectlamdailatley) 783

m croni zed suspensi o ip isotonic adj usted sterile saline, or

pr ef er abl _y,mﬁ’@%&ﬁ&?ﬁ%ﬁ%‘gﬁ“ﬁi’ﬂ‘?&%ﬁf%wﬁﬁ’ 18 qemeld _35*8 FRacEoR WPy Pttty her

Wi th or w tiut (@ (HRAE ineAlstiMed SUA Car Be RFdiiGHak O hehihs CAH P Whitd: the

Al ternatively, for ophthalmc uses, the Egarnaceutycal'conp05|t|ons may be
f or mul at ed ticactmm voismeagntomplete sl @RS amkbsismThEoeactipe atixters wasf cooted teye  or
ot her external tissues, e g., muth and skin he,formyl ations may. b

appl 1 ed s WOPGBTESHEE st SR PiRPEB vt o heo pile Yl CEMmgRlueEne (s)
in an anmounfilt@éd, ah@coeatite to Dbfdhn fefiddd P ati B silied pellcatupeh i N an
ointnent, the active ingredients may be ed with either an oil -based,

> enplo )
par af f i ni ¢ @vomatgeraphy fhukap 80%2A Mk AN L 0 fobs gthyhpqetatpbx hoxanss,  t he
active ingredi I i c i ok lohn-wat ef o Cr eam
pase. 11 et og gl R E O ANE o DRt LTSI LA 8 w0 Bl 80 o8
pol yhydri c wtldphoil NMRg40GNMEd, CDIB):havpmg) t w86 (dd, nHi).e5.$68/@, 0KYy,14.83 GUps such
as propyl ene glycol, butane 1,3-diol, nannitol, sorbitol Igcerol and
pol yet hyl endlytyédn, :)(Iﬂ)rﬂgﬁédﬂhéHﬁl@h@@f’HénWH%9&%§H?’Hedr2eg14 TheSHdpi cal
fornulationﬁzygy ggsirably i ncl ude a conpound whi ch enhances absorption or
penetration of the active ingredient through the skin or other affected
areas. Exanpl es of such dernal penetration enhancers include dinethyl
sul foxi de and rel ated anal ogs. [00260] The oily phase of enul sions prepared

usi ng ounds havi ornmula | be canstituyted fromkn i dients
n 4 k&pd&ﬁaWé’r? S %ré-ﬁyggyﬁﬁ%ﬁvﬁ- bitpmveeotidnarysulforalieund Lo
( ot her i EOlkyglacetate sepmpoHubhd®) it desirably conprises a nixture of at

| east one enmulsifier with a fat or an oil or ty both a fat and an oil. A
hydrophilic enulsifier may be included t8jeter th a lipophilic

ermul sifier WO 2011/079007PCT/ US2010/ 0606,/4” h acts as a stabilizer. In
sone enbodi ments, the enulsifier include”bBoth an oil and a fat. Toget her,
the emulsifier(s) with or without stabilize \\nake up the so-called
enmul si fying wax, and the wax together wrtf il and fat nake up the
so-cal l ed enul si fyi ng oi nt nent base i/ the oily di spersed phase of
the cream formul ati ons. Emul gents gipd \Rnul si on stabilizers suitable for use
in the fornulation of conpourd Fop@ll a | i ncl ude TweenTm 60,
SpanTm 80, cetostearyl alcg pbenz\N al cohol, nyristyl al cohol, glyceryl
nono- st earate and sodi um | sul fake. [00261] The pharnaceuti cal
conpositions may al so be ad stered dgsal aerosol or by inhalation.
Such conpositions are prepared according o techni ques wel | -known in the
art of pharmaceutical fornulation and may be prepared as solutions in

sal i ne, oyi ng benzyl al caoh ar her, sui t ahl reservatives

absor ptldBIRL ST EoEH s SRRD) pRL O fr BT R Bme oty o

ot her cianyembl DYBhcesAt LLOD F,M.@Dnﬁiolﬂitﬁdiﬂilﬁildﬂl@ (agemils.12fommesliat i ons suitabl e
for intrapul mpnary or nasal adm nistration have a particle size for exanple

in the tigkdylely! pifliorgmabmegiléqngte (i43anhidf- Ay menal} and E6oyrielidin-kmge bet ween
o . GO . | ! . !
ot ¢) “wiy SRnIDEG R GORFERYE nlthéth RTHI Sy P2 Grchlofoy PRund iy ILELOTS:

by i nhabgtroladintlhylew finyt)benzgbeitHpg@olas-yh)acataa di2trhg ladvaalodridsagrld)[ 00262]
The pharnmaceutical conposition (or fornulation) for use nay be packaged in
a variety of ways dependi ng upon the nmethod used for adm nistering the
drug. Cenerally, an article for distribution includes a container having
deposited therein the pharnmaceutical fornulation in an appropriate form

Sui tabl e containers are well-known tg, those skilled in the art and include
materials such as bottles (plastic and glass), sachets, anpoules, plastic
bags, nmetal cylinders, and the |ike. The container nay al so include a

t anper - proof assenbl age to prevent indiscreet access to the contents of the

. L T g,




[ 00264] I n another aspect, a conpound having Formula | or a

phar maceutical ly acceptable salt thereof, co-crystal, solvate or pro-drug

t her eof &g 2b|/d7g00mul ated in a veterinary conposition C EOPriUS 100671

veteri ngleys forn'(ﬁetheyy%grd[yﬁ%& e ?5155 ﬁ{ @r?olrtﬁgflu for the

pur pose 0 mnisterin e conposition an liquid or
gaseousylnﬂf(myl)bbmy\luqlldrpyar(ﬂ by])memteécammltn(ti-saccept able in the veterinary
art and are conpatible with the active ingredient. These veterinary
conpositions may be adm nistered parenterally, oNally or by any other
desired route. Methods of use [00265] IncanoNher aspect, the present

i nvention also provides a nethod for preuagfln or lessening the severity
of or treating a patient suffering fronmd dNsease or disorder i nvol ving the
CRTH2 receptor in a patient conmrl si ng admri ng to said patient a

t herapeutically effective anDunf\@f a & #f the invention. [00266] In
one enbodi nent of this aspect, the\di he—dl| sorder being treated is
asthma, atopic dermatitis, allergidjr itis, allergy, Gave's Disease,
acute rhinitis, atrophic rhiaf™N\ s 8L cATOMe¢ rhinitis, rhinitis caseosa,
hypertrophic rhinitis, rhi purulNenta, rhinitis sicca, rhinitis

medi canent osa, nenbranous r\y i's, ctoupous rhinitis, fibrinous rhinitis,
pseudonmenbranous rhinitis, scéroful ous JOJEt S, perennial allergic
rhinitis, seasonal rhinitis, rhinitis nervosa, vasonotor rhinitis,

antitussive activity, bronchial asthma, allergic asthma, intrinsic asthma,
ext ri nd08333 t GeneraldueccdurstThvas follovadivsingsthia: (Siayeloherdtlemady had2- | at e

cosi nonrr NGV RR o) BEBRRPGIFASH Ry 1 INBRTAr [ E B0t o g i cn

resul t dhiorogiflhglisddyahatt (R14BMS., 1170nensl) ahd & NIdigthdifseassde (0.103) mL,
i di opat hic pul nonary fibrosis, ILD associated with rheunmatoid arthrltls

scl er odedtEMobhig affosbeiart2- -Chevsmps- a&qmﬁﬁttv@tfaﬁr%r@wowlgéase ( COPD) ,
h t I

F1 br osi AU BHEhborR e ARTRHREL LYl e O s B R BRI ot T YR S

hyper sefhsimt i vity pneurmpnitis, idiopathic interstitial pneunDnla nasal

congesti o pol yposi s, .otitis nedia, chronic.cough associated with
i nf I anmet W%ﬁ%ﬁ%{)&ﬁéﬁﬁﬁr&@@ Crﬂfd e ALY FRIQSOIES figRdrEon gf g
a||erghﬁ&h]k?@ﬁ&&uﬁfQ@Qmﬁ%&ﬁ&ﬁN@ﬁrwﬁﬁﬁ%&ﬁ@&é&ﬁ&qﬁ}|ergles food-r el at ed

allergies w synptons of mgraine, rhifnitis or eczema, arthritis,
rheumatic arthritis, infectious arthritis, W) 2011/ 079007PCT/ US2010/ 060671
aut oi mﬁ)rnéhai&ofrz-t}@ang&qrcwwylvénmthﬂr4-ﬂ yrsplidivyl-vavnkfonyd)pennyl)-1H-

ankyl osi n d Jtl sSoria rthritis, Reiter's disease,

osteoaﬂpﬂ?? fgﬂa H*@RQQPEPQEQ4? psoriasis, atopical dermatitis, contact
dermatitis, seborrhelc dermatitis, cutaneous eosinophilias, chronic skin

ul cers, cutaneous |upus erythenatosus, contagzzgéfersensitivity, allergic

contact dermatitis, eosinophilic follicupgti i ac di sease,

chol ecystitis, Crohn's disease, enteritiste philic gastroenteritis,
eosi nophilic esophagitis, enteropathy a o ated with seronegative
arthropathies, gastritis, infl tory bowep—dnsease, irritable bowel

di sease, acute and chronic alldgbaft rejecy ol owi ng solid organ
transplant, chronic graft versus % / kin graft rejection, bone
marrow transplant rejection, infla i

neuropat hi ¢ pain, |upus erythapat og

Hashinmoto's thyroiditis, Gfa §

fasciitis, hyper IgE syndrqg i hlccjhronbocytopenla pur pur a;

post - operative adhesions, i3hemm sion injury in the heart, brain
peripheral |inb hepatltls nastocytosis, mastitis, vaginitis, vasculitis,
nyositis, basophilic |eukem a, basophilicﬂieukocytosis, or Churg- Strauss
syndrome. Mre preferably the disease or disorder being treated wth a
conposi 5 hn e g attack. The
i seasdvbE Lo b B8N SRuh b L AL TR i BRI Qe BRI 2 Ton 1 5
may al sasuddngl)bezgi)d H- byﬂﬂd)lt-]-§l)ac'5hﬁe disseag ® .95 rinsDrid estrabedrofuirin €29 &d ) may

al so be Chronic¢c Obstructive Pulnpnary D sease. The di sease or_ di sorder

bei ng tAMEatdY (Ray Halr)straﬁédct?élwb%&twre hydioxiderpenalydis@09rmgi 4dfer bei ng
treated may al so be atopic dermatitis. The di sease or di sorder being
treated may al so be allergic conjunctivitis. The di sease or di sorder being
treated nay al so be gastrointestinal, tract rel ated di seases and di sorders
sel ected from Crohn' s di sease, eosin%ihilic gastroenteritis, eosinophilic
esophagitis, inflammatory bowel disease or irritable bowel disease. [00267]
I n anot her aspect the conpounds of the |nvent|on are CRTH2 antagonlsts

2 1. S ' N 1 I o, T Y o, Y LT o

em ¢ | upus, erythenatosus;
Spe | diabetes, eosinophilia




WO 2011/ 079007PCT/ US2010/ 060671 Definitions [00268] The terns, "disease",

"di sorder”, and "condition" may be used interchangeably here to refer to a
CRTH2 r ecwptori/ared7at ed medi cal or pat hol ogi cal condi ti @oT/UsRQBB6]67As used
hor el b, HBE PR B Gl ANog AR ML 4SRRI LAECIRRISARL Y, v e
or ms. "20BDe e FRicliSh Raf Shrre o B Rp PR A LRI
chi cker,CHSandicated that teyeactibn a/ammmin)pleté ‘Aferth hioré midutcke sn additenapr i mat e

(e.g., a co heep, bbi nea Rpi.g, r cat, do and
mouse) GHEA nbgf il ? ptrgeide moppiyds (%(?1??&3%3 aldgityond ﬁ\smm&ﬁl in

parti cukigledat Mﬁﬁt@mpleﬂt&@ ?or%%‘&gitﬁﬁﬂtzo thi¥iteS U@ GihidiSit &0 @8 AHiABN (AR Nal
such as a farmanimal (e.g., a horse, cow, pig or sheep), or a pet (e.g., a

dog, capnmguehﬁé(@ﬂ%amdymab@mmxnﬁmnmaﬁbmw§ademUDGMHéﬁbHOWhébxubject is a

e deRacn Gk M AR BERo Ry B 6 HL NRET SR LT S cul t ores

or ext Fcﬁélﬂ&oh{éﬁ{aﬁ@tl i@lsgl@fﬂl)eﬂleﬁ%ﬂ@ﬂl h@état@bl ﬂlsoedL)f ﬂ@m%fi(s&ﬁﬁﬂiﬁshlf@tre? extracts
t hereof bl ood, saliva, urine, faeces, senen, tears hatic fluid, ocular

fluid, filfering 6né conpsplintiongtToasdered-(hevipord-pydehesy!- %mqtladf‘s(2t(mrr@b¢lnfleoz71]

"Treat' e ase

rof or's HitepFberfh- Sl gy e Ry IERe sl 520 84 F BB REVERD AHLNNRERRE

d| sor dgrO®@MHii, £EHCI0) &@pus)etzi%@l ElIH),7tIBl©aﬁpef ITH1), IBEedd JPT)tT(%I(dTEHD and
treatlng7 refer to the reduction or aneliorati ﬁﬁ ress on,
sever i tyo B2 81, e et H10h 3P~ Sk 8é9;§%#HPreld?3aﬂ86 (’@0 il BhI-88fmj he
anel i orgq_§)| q)? g9f 300 23, mor e synptons (preferably, one or nore discernible
synpt ons said condition, resulting fromthe adm nistration of one or
nore therapies (e.g., one or nore therapeutic agents such as a conpound or
corrposiRlieparaﬁomdfd-ctyckmwnt}dpentanﬂl,sipdioiléi c enbodi nents, the terns "treat",
"treatnent” and "treating" refer to the anelioration of at |east one
nmeasur abl e physi cal paraneter of a GQTHZ receptor medi ated condition. In

ot her enbodinents the terns "treat"” treatnment” and "treating” refer to
the inhibition of the progress Qn o CRI{H2 Mecept or nedi ated condition,
ei ther physically by, e.g. ¥ a di scerni ble synptom

physi ol ogi cally by, e.qg. st aX zation of A phy5| cal par arreter or both.
WO 2011/ 079007PCT/ USZOlO/ 06067 00272] TheZterm preventing" as used
herein refers to adm nistering a nedi canment beforehand to forestall or

obt und [8033H] t B¢ k solltien peeystupeafanerachaidshyds .00 g,i20. 38 emoBdh etlanair(?. 2(t0 whi ch
t he present re directed) recogni zes that the term"prevent”

i s not Bk %%%Idﬁgé‘i?t@ﬁmlqe?{5t6ﬁén¥pe4ﬂ SEMO) DU Lo 2ol dd OBt by ¢ o
the pr L i t igah| n t he
kel | Had o bR (08 4 TR e
For ex etmpjtlen nnmtulrftmaphgamdoat&ﬁ"@ feeRk hiRes eftemeleich & vetsandeantkatedx ffhen t he
field, term.," preve rs, hund d of . tines, /As used herein, the
terms praiondE hE Sl Ry LR e aHRE BSTA S Sor der or
di seas Qirfe@f(wdlﬁrﬁ sAYAEY, inereH RRJ eanBtraBdidPin &’Eﬁ?&ﬂe&d@é wﬁlcﬂ'vﬁﬁaﬁé‘d prehgli sor der
pri or to the disease or disorder manifesting itself The terms "prophyl axis"

or "pr dmwt@mwntbomiéﬂher@smﬁg@wnhélﬂ@ucmderréo@rct,tlocmewﬂml@ame bra-gigbe i ¢

i scasdd AL atea RPN R R PRt BBl SRR by enti nge

al so ref.er (rh,0 H)ne. 68 2A18nh,ciM)i .19 g 3H)SK7@f . Sac(ﬁum)mgsm cdenehHpi ng a given
condition, or the reduction or inhibition of the recurrence or said
condition in a subject who is no who has been or may be near a
per son RiiePAratipa q§|e§l§gl§e(2 ‘[YGB’I’?B]YI'ISHI‘SWI éﬁb@)‘éﬁr%h}’l)afﬂé enet hods of the
invention are a preventative or "preenptive" measure to a patient,
preferably a human; having a prs jon to devel oping a CRTH2 receptor
rel ated di sease or synptom Fo ¢ r' e conmpounds descri bed herein may
be used to prevent the onset o G ¢hce of an asthma attack or
allergic rhinitis, or prevent the onsetNGr I\ﬁ occurrence of atopic
dermatitis. e

EtO,C

&5



[ 00274] The conpounds and pharmaceutical conpositions described herein can
be used al one or in conbination therapy for the treatnment or prevention of
a di seasewonodiwarder nediated regul at ed or i nfl uencedPby/Uustaw/oencanpl e,
Th2 cel hf33608ls nﬁﬁmf*é HQéJeEvte RiRb Al do (2loRN091 b3S, ge |1s, dendritic
cells or mast ce so may used to a| revention or

t r eat maxytlopéntalpdntarad &- ahoned@s@r g0 .dhmadiod)t edi sodagu b&'afhdnmte (408 lgughted by

PGD2 and h h 1 h 15- Kk P d
T5- de o)A i Jglorpaebin (Ug7st) tetr i i Al TS TG BESURGF I 't he
pr eventib o Rl Al 68 WARD hn @ Ex(Hi RSN &@Hlo?drﬁ&ﬁ%r@ XCIBhL S, td‘%lreti %@o@uﬂﬁ[

undesirabl e activation of Th2 cells, eosinophils, and basophils e.g.
ast hma,sulfetepifdterisrandtcon¢enfratedite p gokd nesidwd. t Rwificatidebypidisa g@l g., food

B scascnriarbgnfiiSh O FBrotbmeeriDesbud) anumi e aybr e nss G ot s may

be usedthyd 28(lzobylcm>p@ﬁtw§iaﬁdﬂﬁ59 13nge61-1- g@édteﬂgg Aegfold Mg %pesldPds a
di seases, conditions di sorders éD )resplrat%@¥ tract/obstructive

27
oo sondes . AT MR 90 VB ey oLy St éwoéhlﬁéphlc
it ool ORSE (£ ) 408 (4. 6T B8 (hl1HR), 21D G RHOPD - UG LABPRIS.

nenbramousﬁﬁhnﬂgﬂﬁsiK@h@ﬁudD092GMQBH§us fibrinous and pseudonenbranous
rhinitis), scrofulous rhinitis, perennlal allergic rhinitis, seasonal

rhinitis (inc]udin itis nery sa ever) .and. v rhinitis),
ant i t udd; e&é“’él?t“l of; lqaét“ﬁ’ peRiyd-met %T{Eﬁpé‘f')"h din- Eﬁ’gﬁ i‘gﬁyﬁ?*’r Zﬁls)l]éi
extrin ng@gg ggéﬁmgqg WRfi-ygul arly chronic or inveterate asthm (e.g.

| ate a t"hma a% al rwa yper-responS|veness)) bronchitis (including
chronic and e05|noph|I|c bronchitis), chronic inflamuatory di seases of the
l ung which result in interstitial fibrosis, such as interstitial |ung

di seases (ILD) (e.g., idiopathic pulnonary fTRrosis, or ILD associated with
rheumatoid arthritis, scleroderma |ung Ek sg, or other autoi nmune
conditions), chronic obstructive puInDBaS di'sease (COPD) (such as
irreversible COPD), chronic sinusitis, p ctivitis (e.g. allergic
conjunctivitis), cystic fibrosis, fanne g and rel ated di seases,
fibroid lung, hypersensitivity | ung / hypersensitivity pneunnnitis,
idiopathic interstitial pneunonia, [[najal congestion, nasal polyposis,
otitis media, and chronic copgiNeg atel with inflammtion or iatrogenic
i nduced; [00277](2)system c 2 ghylggis or hypersensitivity responses, drug
allergies (e.g., to penicillin, &ﬁg | osporins), insect sting allergies,
and food related allergies whi ch y have effects renote fromthe gut (such
as mgraine, rhinitis and eczema); [00278](3)bone and joint rel ated

di seases and di sorders including@1 arthritis including rheumatj c,

i nf ect i 80371 alorsrtih Brocsers meg deliared @ﬁ@rf‘a@ﬂ&a@rqyﬁ@@aw égné(t%xlclfﬁ as

ankyl o t i.at.] e i

ot SoanPhol BIRCYLIG 40 L ROR b, AL EoA e aERRE kI
diseasesﬂmm@n@ﬂambﬂmmsmbmiBﬁdﬂn@97psmm0a&ubz(pﬁnmﬂdual dernatltls cont act
der mat i

ol motitoneh b BRm T 35 % 1 L& o i TRt ot (T alts die M oant oot

hyper Sqfl:?!ffcht\ldn{ ¥ @!11‘@;:9'(91;&89)”5@%0 d‘@"rﬂ@%hh} @m(g URJ udigrg 78an| tivit y to
poi son ivy, sumac, or oak), and eosi nophi | liculitis (CIull
di seasegtoniirile/me thano! solution in dichloromethane ov c.r 0 mmute«; attorded othyl 2- (’*

cyclopentyl-Z-methyl-3-2-(pyrrolidin- [ ~visulfonyhbenzy -1 Hepyrrol-T-yhacetate (2.54 g,
5.54 mmel, 37% vield) 8s a viscous gold residuc that was spproximately 90% pure by 'H-
NMR analysis, with the impunity being ethyl 2-(2-cyclopentyl-5-methyl-3-(2-(pyrrolidin-1-
ylsulfonyl)benzyl)-1H-pyrrol-1-yl)acetate. 'H NMR (400 MHz, CDCls) & (ppm): 7.96 (dd,
1H), 7.40 (ddd, 1H), 7.22-7.28 (m, 2H, composite of two shifts), 4.56 (s, 2H), 4.23 (s, 2H),
4.18 (q, 2H), 3.28-3.31 (m, 4H), 2.83 (m, 1H), 2.03 (s, 3H), 1.89-1.99 (m, 3H), 1.84-1.88 (m,
4H), 1.49-1.74 (m, 5H, composite of multiple shifts), 1.29 (t, 3H).
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[ 00280] (5)gastrointestinal tract related di seases and di sorders including:
Celiac disease, cholecystitis, Crohn's disease, enteritis (including
eosi nophiwpeogagbeeent eritis), eosinophilic esophagiti spCcenisesiopaichy

associ j ti ar i€ 1St At 40f L ammat ory bowel

di seas?@ﬂé&%"?ﬁ @%‘F}g%g@v\%}%ﬁg?sée’ggog’%%&g@ﬁ%?t(?a(hggogﬁp{ #ej ection rel ated
condi t iyaswdfanybbemdyhgl Haout - kyblachate ieoompdumelgh-26)t rej ection follow ng solid
organ transplant, for exanple, transplantation of kidney, heart, liver,

| ung, and cornea, chronic graft versus st disease, skin graft rejection,
and bone marrow transplant rejection; ({00%82] (7)inflammuati on;

[ 00283] (8) hyper al gesi a, all odynia and opat hi ¢ pain; and [00284] (8) ot her
di seases and di sorders including: |upus exythematosus; systemnm c | upus,

eryt hemat osus; Hashinoto's thyroiditis, f&°Qve's di sease, type | diabetes,
eosinophilia fasciitis, hyper |gf syndrone "<opathic t hr onbocyt openi a

pur pura; post-operative adhesions§bisch“: perfusion injury in the
heart, brain, peripheral |inbs hepa\iit{s (==

olic, steatohepatitis and
chronic viral), mastocytosis (cutangouy, and systemc), nmastitis (manmary

gland), vaginitis, vasculitis f&xgr,Ngécr¥eizing, cutaneous, and
hypersensitivity vasculitis), gsiti$ (including polyinyositis,
derinatonyositis), basophile related di ¢es i ncludi ng basophilic | eukem a

and basophilic | eukocytosis, and eosinophil related di seases such as
ChurgStrauss syndrone. g$0285] Conpounds and conpositions of the invention
are al 480338 Td apelutigrokethylad-(5-eycéepentyh2-roéthylohpafpyorolidmi-hal s, exotic

ani mal s ;and farm aninpls, includin j t limtation, .d ats, mce,
oo hbey By e ey b M ot wrioll b Bt IR Bt o

[ 00286]adted eHletoR@forreeyiet(0.8l Renll NYLRIh6IN PhROMaERSH WasRirkadt fRfont educi ng
CRTH2 receptor activity In a blolog$cal sanpl e, cggﬁr|5|ng contacting said

bi ol ogitempergtuipfos SRiniRutgs.cdiepotied the stesing vyireleddstillpaebchcentind. Tbse of a
CRTH2 r nt Qr [ i hol.aqi [ a variety of
U pos ST s HIHARANGRD 37 fordh T RS B BT S BrfFE Lol B pues

i ncl udesonvirhdioby LIAME aallycr),. T the egicdah masarys 54N was adlddiGal speci men
storage,, WO 2011/079007PCT/ UsS2010/ 060671 Conbi nat.i on Th%r%pies [00287] The
conpourfd@ctyHorpanigs €& 419 ©hlO-tompid) tThsisactien cyassateh a1k Bad) Benyided in

combi naldopRnf G aRYis W e (ATiATLIPLIAIALLLONHa LRSERRGHIJ TGt S For
t wth an

conbi nat1 on treatnen nor e ne active agent, where the active
agent s desiecd prodep avaattemgzsa gehd reacnonatasapusnchict dyalot addeticgentaenand be

o e SRSt Mgl Ty SR Do S s LR S gt 7
adm ni sp LafebPMalfontrBEIRL NI RAGEE was achieved by silica gel chromatography (Luknova
240g, 20 mL/min) using 1 to 7% of a 7:1 acetonitrile/methanol solution in dichloromethane
over 70 minutes. The product ethyl 2-(3-cyano-2-cyclopentyl-5-methyl-4-(2-(pyrrolidin-1-
ylsulfonyl)benzyl)-1H-pyrrol-1-yl)acetate (747 mg, 1.55 mmol, 28 % yield) was isolated as a
white foam. 'H NMR (400 MHz, CDCls) 3 (ppm): 8.01 (d, 1H), 7.40 (dd, 1H), 7.30 (ddd,
1H), 6.99 (d, 1H), 4.59 (s, 2H), 4.30 (s, 2H), 4.27 (q, 2H), 3.32-3.36 (m, 4H), 2.96 (m, 1H),
1.84-2.09 (m, 13H, composite of multiple shifts), 1.63-1.71 (m, 2H).

[00339] 'D-NOESY analysis of ethyl 2-(3-cyano-2-cyclopentyl-5-methyl-4-(2-(pyrrolidin-1-
ylsulfonyl)benzyl)-1H-pyrrol-1-yl)acetate (irradiation of the 3-position methylene protons)
showed a ~2% correlation between the 5-methyl group, the ortho position of the phenyl ring
and the sulfonyl pyrrolidine protons adjacent to the nitrogen. This analysis confirms the

drawn regioisomer.
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[ 00288] When co-adm nistered with other agents, e.g., when co-adm nistered
w th anot her pain nedication, an "effective anount” of the second agent
wi |l depewd 2on/a7b@7t ype of drug used. Suitabl e dosages ace/uspawocdcor

appr ov Sy_ _be ng to the
condlt?%ﬁ@ggﬁ%ﬁ%agﬁgﬁgg{???ﬂg&#i%?ﬂ@$¥g%ﬁﬁf??%k*&ﬁdggﬁﬁg??regﬁqu%nd t he
anount yaceticacip geomipalaskk-34ed herein bei ng used. In cases where no anount
is expressly noted, an effective amount should be assunmed. For exanpl e,
conpounds descri bed herein can be adm nistered to a subject in a dosage
range from between about 0.01 to about{"10%000 ng/ kg body wei ght/day, about
0.01 to about 5000 ngy/ kg body wei ght/ about 0.01 to about 3000 ng/kg
body wei ght/day, about 0.01 to about 1006\nybkg body wei ght/day, about 0.01
to about 500 ng/ kg body wei ght/day, abo b'1.01 to about 300 ng/ kg body

wei ght/ day, about 0.01 to about 100 ng/ bpedn wei ght/ day. [ 00289] When

"conbi nation therapy" is enployd¥s an ef 43Iﬁ§ anount can be achieved
L)

using a first amount of a conpoun la | or a pharmaceutically
hyd co-crystal or pro-drug thereof

acceptabl e salt, solvate (e.g.,
' e therapeutic agent (e.g. an

and a second amount of an addi
agent to treat pain). [00290] one Mnbodi nent of this invention, the
conpound having Formula | and b addi\ti oygl therapeutic agent are each
adm nistered in an effective anount (i.®” each in an anmnount which woul d be
therapeutically effective if adm nisterel,,alone). In another enbodi nent,
the conpound having Structural Fornmula | and the additional therapeutic
agent are each adm nistered in an anmount whi ch al one does not provide a

t her apd00349] eGemarsl p(r@ceéuta*rltmrfabewd usimg)sthylz (3qcymb aoadrentydivbocthpledt , t he

rount Cprre i ot Bher DAt Ryecte FnaGeRt (142 Senk 1 ety BfpeTihigh | V°
sub- t hef,AR84dd oS Aratd (13©tnhé 13, mﬁi&grln%’fmymﬁnan (4. ﬁlﬁﬂ)mum (bavi ng

Structural Formula’l can be administered in a sub

2011/ 079bDR 2RECFAIsLD 1 06 (dz pr@dv@t éﬁé@ym@ bozéOpmHSemmherl Addi(pyrovlidin-

therap péxanp ca r-th ent is

admi ni s %lrsgémgﬁ)%gﬂzyeﬂ ec?tylrr e ?ﬁc e %@ggf}g’is%%use FﬁZréP’nlkﬁt% terms "in
conbi ndtdiged a9 ta cS@hadi‘HrNMRr(amo M‘Hz ,COTIPe uppsh)i noereharpyerbt ydddo1Hgf er to
the use of nore than one theragg one Qr nore rophélactic and/ or

t her apelut} @dabléhﬂsgo (dThd). 3o (65 2HRé- 38&5 e d83-3ntt (. Dy 2.2¢ (mhEHbAder i n
whi ch t t t
i i o O B0 B R B o D e opassen.

adm nistration of the first and second anmounts of the conpounds in an
essent i[80341 | SEKXAM BhEQ Synehresisrof 25(@adyane-2i-¢y chopsopdH e mehiaylaQe(plyrodidin-
conp05|t|o e or tabl et having a fixed ratio of first
and seds n@wsﬁﬁwgﬂagﬁkfny ﬁi” geticaar at e capsul es or tablets for each.
In addition, such coadm nistration al so enconpasses use of each conpound in
a Seqqu&kghlgﬁﬂﬂ@ﬁcSJhéﬂéfmw order. Wien co-adm nistration involves the
separate adm nistration of the first anount of a conpound having Structural
Formul ae | and a second anmpunt of an additional therapeutic agent, the
conpounds are adm ni stered sufficiently close in time to have the desired
therapeutic effect. For exanple, the period of tine between each

adm ni stration which can result in the desired therapeutic effect, can
range frommnutes to hours and can be determ ned taking into account the
properties of each conpound such as potency, solubility, bioavailability,
plasma half-life and kinetic profile. For exanple, a conpound having
Formula | and the second therapeutic agent can be adm nistered in any order
wi t hin about 24 hours of each other, within about 16 hours of each other,
wi thin about 8 hours of each other, wthin about 4 hours of each other,

Wi thin about 1 hour of each other or within about 30 m nutes of each other.
[ 00293] More, specifically, a first therapy (e.g., a prophylactic or

t her apeuti c agent such as a conpound descri bed herein) can be adm nistered
prior to (e.g., 5 mnutes, 15 mnutes, 30 mnutes, 45 mnutes, 1 hour, 2
hours, 4 hours, 6 hours, 12 hours, 24 hours, 48 hours, 72 hours, 96 hours,
1 week, 2 weeks, 3 weeks, 4 weeks, 5 weeks, 6 weeks, 8 weeks, or 12 weeks
before), concomtantly with, or subsequent to (e.g., 5 mnutes, 15 m nutes,
30 mnutes, 45 mnutes, 1 hour, 2 hours, 4 hours, 6 hours, 12 hours, 24
hours, 48 hours, 72 hours, 96 hours,8§ meek 2 meeks 3 weeks, 4 weeks, 5
weeks, 6 weeks, 8 weeks, or 12 weeks after) the administration of a second
therapy (e.g., a prophylactic or therapeutic agent such as an anti-cancer
agent) to a subject WO 2011/079007PCT/U82010/060671 [00294] Exanpl es of

T M o, oy 2 1. ' I Y 1 b1 o e 1 Y b 1.



interleukins (e.g., IL-4 and IL-5 (for exanple see Leckie et al. 2000
Lancet 356:2144)); [00296] (2)sol ubl e chenokine receptors (e.g. reconbi nant
sol ubl e IWweo4origoeror (Stei nke and Bori sh 2001 Respi r at @ecy/uResieasmhl 2: 66) ) ;
[ 00297] ( 3) ¢henoki ne receptor nodul ators including but not limted to

ant agoni st g] of 'Y% g.,CP-48], 715 (d adue et al. J Bigl_Chem

278: 404 , CCR3 fe.qg. et al. J 2006 Step 1
275: 25985%) , CORS—afe—those n: WO0039t25A1T, W 0523A1,
W03035627A1, W03084954A1, W04011443A1, W004014875A1 /y®046%3425A1
W04018435A1, WO04026835A1, W04026880A1, vw040393ﬁ%@@f W04039377A1,
W04039787A1, WO04056773A1, WO04056808A1, and W04056809A1;

[00298](4)histanin3i2>ireceptor ant agoni st s/ anti hi stam nes (i.e. any

conmpound that igc by e of bl ocking, inhibiftiRg, reducing or othéhw
interrupting the%; action between histaoN and its receptor) d Iudlng
but not limtedto 4 asternizole, ac
azat adi ne, azel as} br onopheni ram ne,
|raMme cl eNgst i

astine, antazoline, aster
pj, noxam ne, camgbast]
i 2] $tep 2cypr ohe '
: dr met it ndene, Me
d S @lne ebasti ne, letNrizine,
xofenadlne hydr o VflneN hydroxy2|ne ket otifen,

| evocabast i ne,~¢@ymcet i ri zi ne, | evocetiv Céglne | orat adi ne, necl i Z¢Rd!
mequi t azi ne, nethdil azi ne, m anserin, ¢l astine, noberastine,

nor ast erni zol e, noraztem zol e, pheniranlne pi cumast, promnet hazi ne,

pyri | arprepardtRiedfaséyclepropApteaadilpedionei neprazi ne, tripel enani ne, and
triprolidin; |eukotriene D4 receptor antagonists/|eukotriene

ant agoni sts/LTD4 antagoni sts (i.e., any conpound that is capable of

bl ocki ng, inhibiting, reducing or ofherwise interrupting the interaction
bet ween | eukotrienes and the Cys L Me) including but not limted
to: zafirlukast, nontel ukast, el ukast|| sodi um (Si ngul ai r0), pranl ukast,
i ral ukast, pobilukast, SKB-106,203 and cd@pounds described as having LTD4
ant agoni zing activity described in US 5, 565, 473;

2011/ 07 ikncl udi ng,
T L R e T R SR G@%ﬁﬁ%@oﬁﬁi 0Rg
actiV|UyL)Wa&Mkkédnamﬂhmﬁmeb&nﬂmﬂﬁOmmmﬂphULbnﬁ2u&%q02@0ﬂ22m&3mhﬁﬂDOlOOS

1003060046 030 BT 8BTS IS DTSR GagAbGBSE M1 TBR07,

W0403%£&10n\ﬁ99%9%@§1§eaté60§%@ 9759815 YH0FHR28:Hfon WO %&%%%ﬁ@emﬁt}@ NG @R058164,
Eur opean Patent Applications EP945450 and EP944614, and those |isted in:

Tor [ s u re$u1®ng regid0d Wb oxfragtadedittCetby doetate (B4x ABBT.). The D@am@tlamf wagdadd Bi oor g

g (F q04f%4:ﬁ89é, and ﬁprisu et al. 2004 & JMed em 2004
12 468 198 3B6TE b iR A0 Spagrghst 40 an ggaes jepisy 83’th 149" SEiféh as
becl Onﬁgehaﬁgﬂﬁutoﬁﬁ{eﬁ)ébﬁéﬁqlﬂmhgﬂg 20 mL/min) using 0 to 75% ethyl acetate in hexanes

cetirizine, c

over 60 minutes. The product, 1-cyclopropylpentane-1,4-dione, was isolated as a yellow oil
(2.21 g, 15.8 mmol, 37 % yield). 1TH NMR (400 MHz, CDCI3) é (ppm) 2.86 (t, 2H), 2.72 (t,
2H), 2.19 (s, 3H), 1.90-1.99 (m, 1H), 1.01 (m, 2H), 0.88 (m, 2H).

Preparation of ethyl 2-(2-cyclopropyl-5-methyl-1H-pyrrol-1-yl)acetate

P~

Me
EtOQCJ

[00343] A slurry of ethyl 2-aminoacetate hydrochloride (2.20 g, 15.8 mmol), and solid
sodium bicarbonate (3.31 g, 39.4 mmol) in dichloromethane (19.7 mL) was heated at 50 °C
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bet anmet hasone, predni sone, prenisolone, triantinolone, dexamethasone,
fluticasone, flunisolide and hydrocorti sone, and corticosteroi d anal ogs
such as buOdesani7e®; [00302](8)innunosuppressants such a®Cryuskaspersine

(cycl 0%8947% RSuréh o ERRAIITHORACABAVA Bhuicd AGHALT MU LB PRAL Progralo),
rapanyci n (sirolinus, Rapamune type i nmunosuppressants,
and rrycdiq:iﬂmﬁie&tam (33x 8o nﬂn)ydnm@ndxlum mlﬁmﬁ eﬁltdrec{ zﬁ?ell do@epitfdjed to a gold
[00303]% a r0|d€¥ ﬁntl- thnatlc%lsuch as 132-a onist? %ﬁjggl

t er but dFY'HE ’e?ﬁ%‘t SHEt eelcBImRAleBROhY, Wi Hlpuioraatcd SRR K5 gmet er ol ,
bitolt eIO%Lﬁﬁﬁ) Pid Dt B0 biny PRM3L AR R Slarfopd dd é%}%ﬂtze(rbzoda/glso%?@'l-@ ahdiRys

(e.g., salneterol-fluticasone (AdvairQ), fornotero
( Symbi claF-p@irdl- 1-yhewstiy hd & plear cotartess fiayid €2.dfrgl Yh4 souolu6g%eryeddk rigHNMR

i b (P8 VPE KIS o008y P b0 o (463 MR ot A IHE Pt ory

agent s (§N3f, PeY (598l @6-DIRANIMONHSG, (Bs4-0.5d¢mi, YA ves (e.g. al m nopr of en,
benoxaprofen bucl oxi ¢ acid, carprofen, fenbufen, fenoprofen fluprofen,
fl urbi profen, ibuprofen |ndoprofen ket opr.of en, m roprofen, naproxen
oxapr ozlfrﬁPa'ﬁﬁtWﬁerfeé'WI 2567610050 RH-2-Bed - (D reatidin-drylsulfony B b ey 1)-

ti oxapr id derivatives (e.g., indonethacin, acenetacin
aIcIofg%£?§}qu§akhﬁuﬁglcIofenac fenclofenac, fencl ozic acid, fentiazac,
furof enac, ibufenac, isoxepac, oxpinac, sul i ndac, tiopinac, tolnetin,

zi domet aci n and zonepirac) fenam c acid der' ives (e.g., flufenamc
acid, neclofenam c acid, nefenamc aC|do ni fil um WO

2011/ 079007PCT/ US2010/ 060671 aci d and t oY /c aci d), biphenylcarboxylic
acid derivatives (e.g., diflunisal andcf? fenisal), oxicans (e.g.,

i soxi cam piroxi cam sudoxi cam and tenoxi cj salicylates (e.g., acetyl
salicylic acid and sul fasal azi ne) and ayol ones (e.g., apazone,
bezpi peryl on, feprazone, nofebutazone put azone and phenyl but azone)
[ 00305] (11) cycl ooxygenase-2 (COX- 'nhibitors such as cel ecoxib

(Cel ebrex0), rofecoxib (Vioxx0),
| um racoxi b; [00306](12) in
[ 00307] (13) opioid anal gesic

G NI , etoricoxib, parecoxib and
bt or -f p 5%phodiesterase type 1V (PDE-1V);
uch qi\codelne fentanyl, hydronorphone,

CO,Et

[00344] General procedure I (step 1) was followed using 2-(2-cyclopropyl-5-methyl-1H-
pyrrol-1-ylacetate (1.25 g, 6.03 mmol), triethylsilane (2.89 mL, 18.1 mmol), trimethylsilyl
trifluoromethanesulfonate (2.18 mL, 12.1 mmol) and 2-(pyrrolidin-1-
ylsulfonyl)benzaldehyde (1.44 g, 6.03 mmol) to afford ethyl 2-(5-cyclopropyl-2-methyl-3-(2-
(pyrrolidin-1-ylsulfonyl)benzyl)-1H-pyrrol-1-yl)acetate (642 mg, 1.49 mmol, 25% yield) as

an oil.

Synthesis of ethyl 2-(3-cyano-2-cyclopropyl-5-methyl-4-(2-(pyrrolidin-1-
ylsulfonyl)benzyl)-1H-pyrrol-1-yl)acetate (compound I-59)
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| evor phanol , neperidi ne, nethadone, norphi ne, oxycodone, oxynorphone,

pr opoxyphene, buprenor phi ne, butorphanol, dezocine, nal buphine and

pent azociwe;20{1008®8] (14) antithronboti c agents, such asPChrusatoloyics7t agent s
(e.g., streptokinase, alteplase, anistrepla nd reteplase), heparin,
hirudin and warfarin derivatives, 13-blgckerfs ( ,

atenol ol ), 13-adrenergi c agonists (e.g., WsoNQtfrenol ), ACE inhibitors and
vasodi |l ators (e.g., sodiumnitroprussi S.ni car di pi ne hydrochl ori de,
nitroglycerin and enaloprilat); [00309}(1 anti-di abetic agents such as

insulin and insulin mnetics, M.glfonyl ureg , glyburide, neglinatide),

bi guani des, e.g., netformn ((]ubopharel \ a-g/ucosidase inhibitors
e.g. —osi glitazone (Avandi a0),
pi ogl i tazone (Actos0) and

(acar bose), t hi azol i di none compou
troglitazone (RezulinO), ciglitazg
englitazone; [00310] (16) prena ofMenterferon beta (interferon 13-
a, interferon 13 - | 13); [Oﬂ?' ) gol d conpounds such as auranofin and
aur ot hi ogl ucose; [00312](18) TNF inh\bitors, e.g., etanercept (Enbrel0),
anti body t herapi es such as orthocl one CO%E), daclizunmab (ZenapaxO0),

basi | i xi mab (SinulecO)) infliximb (Rem cadeO) and D2E6 TNF anti body;

[00313]§ br| ants or enol l.i such a tro i n

cor at ol JEF4S) oGjeherd st B Tl g ] &G-Sy ol tpo e

cal ci p%ffﬂr@ﬂldm- -ylsulfonyl)benzyl)-lH-pyrrol 1-yl)acetate (1.09 g, 2.53 mmol), chlorosulfonyl
isocyanate (0.275 mL, 3.16 mmol) and N,N-dimethylformamide (0.196 mL, 2.53 mmol) to
afford ethyl 2-(3-cyano-2-cyclopropyl-5-methyl-4-(2-(pyrrolidin-1-ylsulfonyl)benzyl)-1H-
pyrrol-1-yl)acetate (58.0 mg, 0.127 mmol, 5% yield) as a viscous oil. ID-NOESY experiment
was performed to confirm the drawn regioisomer (irradiation of methyl group and 1-2%

interaction with both methylene groups).

Synthesis of 2-(3-cyano-2-cyclopropyl-5-methyl-4-(2-(pyrrolidin-1-ylsulfonyl)benzyl)-
1H-pyrrol-1-yl)acetic acid (compound 1-33)

OH

[00346] General procedure I (step 2) was followed using ethyl 2-(3-cyano-2-cyclopropyl-5-
methyl-4-(2-(pyrrolidin-1-ylsulfonyl)benzyl)-1H-pyrrol-1-yl)acetate (65.4 mg, 0.144 mmol)
and lithium hydroxide hydrate (12.05 mg, 0.287 mmol) to afford 2-(3-cyano-2-cyclopropyl-
5-methyl-4-(2-(pyrrolidin-1-ylsulfonyl)benzyl)-1H-pyrrol-1-yl)acetic acid as a white solid
(58.5 mg, 0.137 mmol, 95 % yield). 1H NMR (400 MHz, CDCI13) o (ppm) 7.94 (d, 1H),
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WD 2011/ 079007PCT/ US2010/ 060671 (Dovonex0)), PWA, anthralin
(Drithrocrene0), etretinate (Tegison0) and isotretinoin; [00314](20)

mul ti pl e wol2eriagp®7t her apeuti ¢ agents such as interferorC®/US2010060671

(Bet as , 1ignteiof aro aeleqa iheRrt Re (3l , )

mar anoy - ol 1P g A L D8 a2y 2. AERE 2801 225 86 1.00

pr edni slodofme)7HNd.66 Yol oHhds§hany ¢a; 4dnhd [ 00315] (21) ot her conpounds such as
5-ami nosalicylic acid and prodrugs thereof, DNA-al kyl ating agents (e.g.,

cycl op j i qm de timetabolites. (e.q., azathjqprine,

6- mer cgﬁﬁ%{ﬁ%%ﬁwﬁ;ﬁﬁ%w&ah%k,0?2'(}5%?3‘?'20rﬁﬂ?ﬂé%?’%’ﬁfz'g}fﬁgg'&Quor ouracil, a
pyrim ctPﬁ@n}qgﬁ]ﬁg@Dbgﬁ)yl)_mlq{ﬁpﬂbp&gaéytﬁra@m ors (e.g., vincristine,

vi nbl asti ne, paclitaxéel, colchicine, nocodazol e and vi norel bine), DNA
intercalators (e.g., doxorubicin, daunonycin and cisplatin), DNA synthesis
i nhi bi teeneral¥yntheti:yehesyeyur ea, DNA cross-1inking agents, e.g., mtonycin
C, hornone therapy (e.g., tanoxifen, and flutam de), and cytostatic agents,
e.g., imtinip (STI57%% A eevecQy and rituxinmb (R tuxan0). [00316] The
conpounds andlpha&ﬁﬁﬁé tical for IatioMs describ erein may he contai ned
inakit. kit mag inclu hote ful ti pl endos f |t wo é%ﬂhgne
agents, eachl packagedor foggubat ed i@diviaually,\ Si m@r nmultiple
doses of t or nore agents packaged or fornulai@dEkﬂCeénbination. Thus,
one or norel agents can be predent in first container,” and the kit can
optionally include one Qr nore agents in a second container. The contai ner
or containers are Iwi thin a package, andAAhe package can optionally

i ncl ude adm ni straty.erot dosage instructi dis, it can include additional
conponents such ag*3yringes or ot her nmeans,#Rr adm nistering the agents as
wel |l as diluents or r means for fornulati/p Thus, the kits can

conpri se: pcguti cal conposition €oRpri/sing a conpound descri bed
garrier, vehicle or diluent; and
b) a cont@ hef ~qf p4ckagi ng. The kists Aay omiei onal |y conprise instructions
descri birg & net\hod of using the ;hadnacé;tical conpositions in one or nore
of the nethods de§&:Etbed herein (eNg. pre gotiing or treating one or nore of
t he di seasds and di sorders describeg herein). The kit nmay optionally
conprise a second pharmaceutical conposition conprising one or nore

addi tiopnal agents. .described herein for cotherapy use, a pharnmaceutically
WD 201 Fﬁ?gﬁg ﬂd@?%ﬂﬂﬂ@gﬁgytﬁaagﬁﬂFﬁﬁﬂéhg ier, vehicle or diluent. The
pharmaceuti cal conposition conprising the conpound described herein and the
second pharmaceutical conposition coljtai ned %@hthe kit may be optionally
conbined in the same pharnace C oOSHgion. [00317] A kit includes a
cont ai ner or packaging for co { ai n ng the armaceuti cal conpositions and
may al so include divided cont & s such aPa divided bottle or a divided
foil packet. The container can bk, for exanple a paper or cardboard box, a
glass or plastic bottle or jar, @ re-seal able bag (for exanple, to hold a
"refill" of tablets for placenent into a different container), or a blister
pack with individual doses for pressing out of the pack according to a

therapeutic schedule. It is feasible that nore than one container can be
used t d§e348¢rTeo asalusomgf 2-chlacksmpecotioaldalnydet(1 205 hQbenmiols amethfim (3.8 Folr)

it n SensBed PR 88 o Pl ot P o7 s Ty T i up PP B "
Blist er3-@tﬁﬁlkﬁ(@hgdm&&éth%l?qmethﬂtﬁim19&@&%5&% 0333t v 1aRgnaneThei Nng W del y

used for the packagin armaceutical unit dosage forns (tablets,
capsul gsactigndnixtiec WakbjatedBiti8st°erfopht R dogendhal¢agtiennes drengpneenghied endf

relatiy j f teri coV i t f Ol £ a. pr r abl anspar ent
o act 1 i diedbiedpve B Bl RV L S B D), BB o T T he
pl asti dilfedéd andldoBcdrR@eRIS6 an baange kel Paridogionltapaliafgel oistomiathgadphtyabl et s or

capsul es. to be packed or nay have the size and. shape to acconmmpdat e

mul ti plveith abpue@ated dyvemé 1692, 28 nplenpmkaedgisingdkio, 75 hethy basegfesingr

capsul -in.t CEsS din _tha: | atively
ST Rl LA e Mo PR AROREAAHL 0D NRRE, | PRHIGHDEE Bl 2% o
whi ch iselidppd%6 £.et.66 omnctl het %6yt 1 BMNNVR (WD dHZ, D18 e sgpmmves.68 {dr ned. As

a resul t e sul e re ndividuall | e r.collectively
ceal od, 1hs a0t ALty $a Mo, IRt LEI o8 Brerllbard A n s pha B0 FRi38Ra The sheot.
Preferably the strength of the sheet is such that the tablets or capsul es
can be renoved fromthe blister pack,py manual |y applying 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 renoved via said opening. [00319]
It may be desirable to provide witten nenory aid containing information

- r - o




WO 2011/ 079007PCT/ US2010/ 060671 consi st of several tablets or capsules. A
kit can take the form of a di spenser designed to dispense the daily doses
one at a wormit/ar9done order of their intended use. The dipsparss@n/oemni be

equi pp hidtioh JTHERLV22290- £ urmher i {+irt GO i e wth the
regi rreflﬂe nlt%?glrrpl e %%23}2(% %ﬁ%@mﬁgllg%‘ah il]g néétﬁ'gcif% I cg(flclc 2%dtegdr}gv\,hi ch

i ndi cates the nunber of daily doses that have been di spensed. Another
exanpl e of such a nmenory-aid is attery-powered mcro-chip nmenory coupl ed
with a liquid crystal readout, i bl e rem nder signal which, for

exanpl e, reads out the date th \th? y |y dose has been taken and/or
rem nds one when the next dose i be Y akfn. Met hods of preparing the
conmpounds [00320] The conpoungdg” having F a | may be prepared according
to the schenes and exanpl es depighéd and’ descMebed bel ow. Unl ess ot herwi se
specified, the starting materials aﬁg various internedi ates may be obtained
fromcomercial sources, prepared fromconmmercially avail abl e conpounds or
pr epar g040349] Ny sty ofkizaxl 2sathinbedckatc pdrbéetdsrid SYnL hes e 7[1BRA3H11-(Zener al

synt hetic procedures for the conPounds of this invention are described

bel ow. CPHEORYHEMETPeREAtiesdigne 9P dad e FamaeDexuhiolidsoaivm earhorat i mit the
scope Qbet g, | MY EHhO9h dilh BRMARYIe (FERHR wiy RGRAYS 85k for Pr RIED A

significant amount of starting material was observed after 14 hours by LC/MS, so the

reaction was heated to 65°C. The reaction was allowed to stir (with occasional monitoring by
LCMS) at this temperature for 11 days. The reaction was then allowed to cool down to room
temperature and poured onto water and extracted with dichloromethane (3 x 50 mL), dried
(sodium sulfate), filtered, and concentrated to a dark orange residue. Purification was
achieved by column chromatography (Luknova 80g, 20 mL/min) using 5 to 45% ecthyl acctate
in hexanes over 60 minutes. The product, benzyl 2-(2-(2-chloropyridin-4-yl)-5-methyl-1H-
pyrrol-1-yl)acetate was isolated as a light orange oil (890 mg, 2.61 mmol, 57% yield). 'H
NMR (400 MHz, CDCls): & (ppm) 8.23 (d, 1H), 7.36-7.40 (m, 5H), 7.21 (m, 1H), 7.02 (dd,
1H), 6.37 (d, 1H), 6.07 (d, 1H), 5.25 (s, 2H), 4.64 (s, 2H), 2.22 (s, 3H).

Synthesis of benzyl 2-(5-(2-chloropyridin-4-yl)-2-methyl-3-(2-(phenylsulfonyl)benzyl)-
1H-pyrrol-1-yl)acetate (compound I-60)

[00350] General procedure I (step 1) was followed using benzyl 2-(2-(2-chloropyridin-4-yl)-
5-methyl-1H-pyrrol-1-yl)acetate (0.900 g, 2.64 mmol), triethylsilane (1.27 ml, 7.92 mmol),
trimethylsilyl trifluoromethanesulfonate (0.954 ml, 5.28 mmol) and 2-
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WO 2011/ 079007PCT/ US2010/ 060671 [ 00322] To a -78C solution of the pyrrole A
(1.0 equiv.) in dichloronethane (volune to 0.4M was added triethylsilane
(3.0 equiwopofwirbared by trimethylsilyl trifluoronethanesulusenateos(l. O
equi Vv.) Mpich a

0. ant soP AT ERTAPINIRS 10 65507 B i o MoRs iRt 2 B S e

sl ow y byk2- ffnet\hel Bn(Mplmylsﬂ]lﬁmyﬂ)ﬂaanzylthwsrosﬂ iyl yaectatat(s }4781@, 0.660 innldpr after
which it owed.to warmto roon1te er at Aft.er one hour at
Foom t et ﬁw SY SRRt s DRSO 1P OB L sE Rt BRiPi¥amTe)

cont ai niRgifhWrater | ISM'lﬂﬂ%}thG@(;v@tﬁ%Hﬁrnéﬁhkzléhb gfbu@g)d the
di chl oronet hane sepdrated, dried (sodiumsulfate), "filfere and
concentrated to a yeIIOM/reS|due Purification of C was achieved by silica
gel chrotfat2ogioxspyrigin-dayle2mmethybdr(2(phanylsadiony@bénzyhdhthpesrodrlad)asatic or 1
to 896ofgic cetgqhﬁrlle/nethanol i n dichl oronet hane gradient as the

el uent EB CN [00323] To a room tenperature sol ution of the
cyanoester C (1.0 equiv) in THF: water: net hanol (2
0.1M was added solid lithium hydroxide hydrat

was stirred at roomtenperature for 30 m e
was concentrated to a residue and slurried.s

:1, concentration of

D equiv.). The reaction

er which the reaction
Neutralization with 3M

di chl or onet hane, drylng (sodium sul fate),
vacuum afforded the acid D as a solid*.
[ 00324] To a roomtenperature sol utiqnp
THF: water (1:1, concentra#Lon of
sodi um hydroxi de (2.0 equfW - {OTM@B1 xture was stirred at room
tenperature for 30 mnutes, ffter mhlcN the reaction was concentrated to a
residue and slurried in wateN, Nelitrali\zatip®n with 3M aqueous HC1l sol ution
(2.0 equiv) followed by extrac¥Ton with chl or omet hane, drying (sodium
sulfate), filtering and concentration aff ed the acid D as a solid*.

[ 00325] *For scales |larger than 50 ng of sTarting ester C the product acid
D was precipitated out after neutralization with HCL i nstead of extracting
t he product with dichloromethane. WO 2011/ 079007PCT/ US2010/ 060671 Cenera

Pr Ocedu[b&égll] To a solution of crude benzyl 2-(5-(2-chloropyridin-4-yl)-2-methyl-3-(2-

n R4= anything el se
C (1.0 equiv) in
S added a solution of aqueous

(phenylsulfonyl)benzyl)-1H-pyrrol-1-yl)acetate (514 mg, 0.360 mmol, contaminated with
~60% 2-(phenylsulfonyl)phenyl)methanol) in tetrahydrofuran (4 mL) and water (4 mL) was
added a 3M solution of aqueous sodium hydroxide (28.8 mg, 0.720 mmol). The reaction
turned yellow upon addition of the base solution, and the reaction was stirred at room
temperature for 20 minutes after which LCMS analysis indicated that the saponification was
complete. The reaction was concentrated to remove the THF, and then diluted in water and
washed with dichloromethane (2 x 50 mL) and ethyl acetate (1 x 50 mL). The water layer
was acidified to pH=4 with 3M aqueous hydrochloric acid solution. The product was
extracted with ethyl acetate and washed with a brined aqueous layer (3 x 50 mL), dried
(sodium sulfate), filtered and concentrated to a yellow solid. A significant loss of product
was observed. In order to recover additional product, the aqueous layer prior to the final
extraction was further acidified and re-extracted with ethyl acetate (3 x 50 mL), dried
(sodium sulfate), filtered and concentrated. The batches were combined to afford 2-(5-(2-
chloropyridin-4-yl)-2-methyl-3-(2-(phenylsulfonyl)benzyl)-1H-pyrrol-1-yl)acetic acid as a
yellow solid (99.5 mg, 0.207 mmol, 58% yield). "H NMR (400 MHz, CDCls): & (ppm)
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LCO2R7

B LCO2R7 A [00326] In an appropriate reaction vessel under a

positive nitrogen atnosphere, at roomtenperature, pyrrole conpound A (1

eq) wa
addi ti
reacti
added

s dwvezeimeeborn acetonitrile (0.05 M and then, thecrasseb/ 060671

RN P P R R R L

ankb (sheHy, dsidl () 214), |4é)éc(1;|2H) 248 (sBH)r ed for 15 m nutes, then gquenched

with water and extracted 3 tinmes with dichloronethane. The organic portions

were ¢
crude
usi ng
EXAMPL

e e

Eh&gﬂﬁﬁﬂﬁb@m@n@mpﬂﬁq@ﬁTgﬁL§95&§@g§u;o deliver the desired materi al

General Synthetic Scheme
F
£ o) //S g O I/
i 9.
F\©/\)‘\ | N\ Step 1 Step 2
O
OEt c?j)@ O

Preparation of (E)-4-(3-fluorophenyl)but-3-en-2-one

0
F A

[00353] To a mixture of 3-fluorobenzaldehyde (4.0 ml, 37.7 mmol) and acetone (8.86 ml,
121 mmol) in water (10 ml), was added 0.25 M sodium hydroxide (15.08 ml, 3.77 mmol).
The reaction mixture was heated at 65 °C for 2 h. The mixture was poured into ice water and
extracted with ethyl acetate (200 ml). The organic layer was dried, filtered, and evaporated to
give (E)-4-(3-fluorophenyl)but-3-en-2-one as yellow oil. It was used for the next reaction
without purification (6.92 g, 42.1 mmol, 112 % yield). IH NMR (CDCI3/400 MHz): & (ppm)
7.46 (d, 1H), 7.40-7.34 (m, 1H), 7.33-7.29 (m, 1H), 7.26-7.21 (m, 1H), 7.12-7.06 (m, 1H),
6.70 (d, 1H), 2.38 (s, 3H).

Preparation of ethyl 2-(3-(3-fluorophenyl)-5-methyl-2-phenyl-1H-pyrrol-1-yl)acetate
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[00328] All references provided in the Exanples are herein incorporated by
reference. As used herein, all abbreviations, synbols and conventions are
consi st enwot2om/a7oorhose used in the contenporary scient PCraskémesesrur e.

See, e.g. Janet S. Dodd, ed., The ACS Style Guide: A Manual for Authors and
Editors, 2'd Ed., Washington, D.¢.: Anerican Chem cal Society, 1997, herein
incorporated in its entirety b ilference. [ 00329] EXAMPLE 1: Synthesis of

2- ( 3- cyano- 2- cycl ohexyl- 5- et (2-

(pyrrolidin-1-ylsul fonyl)benz pyrrol -1-yl)acetic acid General
synthetic schenme: Preparation ™ 12 '\:hexylpentane 1,4-dione O c 1 ),or
Me [00330] To a sol ution of cyclohex.peCm --Idehyde (3. 22 m., 26.7 mol) in
et hanol (9.5 nL) was added triet 0e/ (7. 46 m., 53.5 nmol),

but - 3-en-2-one (2.22 n., 26.7
3-et hyl-5-(2-hydroxyet hyl)-4- t hi az |un1bron1de (1.35g, 5.35
nmml ). The reaction m xture At ed at 8 C for 18.5 hours. The reaction
was then concentrated under vacuum and the r@Btlting resi due was extracted
with ethyl acetate (3 x 50 nL) The organic |ayer was dried (sodium

sul f at I dand ted.to.an 1 Sld spurlfled
on s 111003l 2B i ERTERIDAE iR B Sl T LG IR 6 L o sk
et hyl atetgal evnhrsohﬁmaa;easlldé\(eeség D3 Buirgsl) asd DVEF @ZOuﬁr)t Thi fiasipwasplaécdnas

i sol ated as a%/ellowml (1.32 7.24 mmol, 27 %vyield). 1H NVR (400 MHz,

CDC13) B a{l}ggrw hatdg-°¢. g tlpmsump;}smtga@é °%’, WS d,@edlqsg)er the cggrse ef 3(gp|91nutes
1.85-1. v/ 5

Pr epar at§ ?lo{ﬁmgff %tazﬁlqjehg@eéssgmf gﬁgx %ﬁﬂ ﬁ)g(& p>)rr Hi&ufrgace %»{&{n -
2011/ 0%9067€daY AJJS&QIWI@BDGM N\&lslihmﬁie,jwe{seﬂaadt])ve‘fmheacdmdelﬂf i2doued, a

1- | ohexyl -1, 4- (1,32 di chl h 10
L) v S G BT DU ioPhOROBL a3 ey ch e TTOBEn PMB (S B and
sol i d spdkiHEuhi gt%é&)ﬁ%tsed&veﬁag& qu% xR0 vhs qJéh%hé@@ﬁﬁ Wakkr B0 Reabed at 55
C for 6 hours, then stirred at "40C for an additional 14 hours, after which

the r eamtile@tramwrtbathyj/aczmmp (ZélOGnlby ThEMBaarrdhycsivers whksked- el iatem (MOmlr e was
cooled to r mt e, ted th dichloro e(3x50 m.),

oL ea b TRERD, hEcobid ki dts hercara TR hiepudeal)
Purifi ?’i{zé QﬂmDYTl&é bil Gas G&hbﬁ@diwlim eﬂﬁﬂQ%ﬁﬁ&’c@ﬁtB/h}(d%ﬂﬁmm (399, c% 29onl/ m n)
usi ng to 35% ethyl acetate in hexanes over 50 rinutes afforded the

pr oductmlalgl)atr@ﬂéféa’mm@é@ BF mésB. i)mrrnO(l)lamiSEt@H &6g2mbriad tha@swgipg sligyre 1H NVR

<;‘f’° vy syl g BRI il 1§y wdhugReP o o Eanahde o5t 1 57y

. 29 (tethahbd was removed. The residue was taken up in ethyl acetate (200 ml) and water (50 ml)

and the organic layer was washed with water (100 ml x 4). The organic layer was dried,
filtered, and evaporated to give an oil which was further purified by column chromatography
on silica gel (0 to 40% ethyl acetate in hexanes) to give ethyl 2-(3-(3-fluorophenyl)-5-methyl-
2-phenyl-1H-pyrrol-1-yl)acetate (1.74 g, 5.16 mmol, 17.87 % yield). 1H NMR (CDCI3/400
MHz): 6 (ppm) 7.61-7.51 (m, 2H), 7.49-7.40 (m, 3H), 7.40-7.35 (m, 3H), 7.34-7.31 (m, 1H),
6.23 (d, 1H), 4.41 (s, 2H), 4.20 (q, 2H), 2.26 (d, 3H), 1.25 (t, 2H). MS m/z: 338.2 (M + 1).

Synthesis of 2-(3-(3-fluorophenyl)-5-methyl-2-phenyl-4-(2-(phenylsulfonyl)benzyl)-1H-
pyrrol-1-ylacetic acid (compound I-44)
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Preparati on of ethyl
2- (5-cycl ohexyl-2-nmet hyl - 3- (2-(pyrrolidin-1-ylsul fonyl)benzyl)-1Hpyrrol -1-y
| ) acet at ewQcomposed 1- 49) [ 00332] Ceneral procedure | (®eCemwsiyiomes’f ol | owed

usi ng et hyl 2-(2-cycl ohexyl-5-nethyl 1H p | -1-yl)acetate (1.00 g, 4.01
mmol ), triethylsilane (1.92 n, 12.0 rimethylsilyl
trifluoronethanesul fonate (1.45 nL, 8.0 ) and

2- (pyrrolidin-1yl sul fonyl ) benzal dehyde (Q. 960 g, 4.01 mml) to afford ethyl
2- (5-cycl ohexyl-2-nethyl-3-(2- F 0=S

(pyrrolidin-I-ylsul fonyl)benzyl)-1H pyr o
34% yield). WO 2011/ 079007PCT{852910/ 0606
2-(3-cyano-2-cyc|ohexy1-5-netk\

yl sul fonyl ) benzyl) - 1H pyrrol - S at e (conpound 1-58) [00333] Ceneral
procedure Il was followed using eth X - cycl ohexyl- 2- net hyl- 3- ( 2-

(pyrrolidin-I-ylsul fonyl)benzy rol-1-yl)acetate (642 ny, 1.36
nmol ), chl orosul f onyl isocyani' {0. 1 n_ol. 70 nmol) and
). 36 to afford ethyl

1) acetate (642 ngy, 1.36 nmol,

N, N- di et hyl f or mam de (0. 105 :
2- (3-cyano- 2- cycl ohexy1- 5- net /2.(2 (ch¢ﬁﬂldln | yl sul fonyl ) benzyl) - 1H py
rrol -1-yl)acetate (485 ng, 0.975 nmol, yield) as a white sticky foam
1D- NOESY experinent was performed to confirm the drawn regi oi soner

(irradiation of nmethyl group and 1-2%interaction with both nethyl ene
gr oups)Gergyal phassilere di(step 1 and 2) were followed for the remainder of the synthesis.

2-(3- cyano 2-cycl ohexyl-5-nmet hyl -4-(2-(pyrrolidin-1-ylsul fonyl)benzyl)- 1Hpy

rrol - Jlﬂ N (EBAEAh (AIRAERT) 4114, 16, £388395mOHb 0P$34ho TR, 5ol uti on

of eth

2-(3- cy7a5837z4<(mcl4Hb197x44755r(rmt Bm 7429(225 pmma) i7cti4n7. 19t1aunﬁprxw6)bemy,1) 1H py
rrol - l)acetate r ahydr of ur.an q g and
Wt e (DOBER T (o TRGABI-SS (1 1t bt Hofah SR e g B -2 i o g,
0.975 1), 4.00 (s, 2H), 1.88 (s, 3H). MS m/z: 540.3 (M + 1).

[00355] EXAMPLE 5: Synthesis of 2-(3-(2,4-difluorophenyl)-2,5-dimethyl-4-(2-
(pyrrolidin-1-ylsulfonyl)benzyl)-1H-pyrrol-1-yl)acetic acid

General Synthetic Scheme

O /, O I/
F g O g O
Step1 _Step2
_—
F
OEt

H

Preparation of (E)-4-(2,4-difluorophenyl)but-3-en-2-one

F o
D
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WO 2011/ 079007PCT/ US2010/ 060671 nmol ). The reaction was stirred at room
tenperature for 45 mnutes, after which analysis by LCVMS indicated that the
reacti on wesonars@enpl ete. After 20 more minutes, an adectiuseab/oemai val ent
of 11 t N8 dpyso axiideTmnohvelial S 96tnoiR ik ddiforkqRgys ON Was
stir reg oom térrpér at'ur eq? or aen ag%}yltalggna Z?mﬁﬁﬁ? Zs aft élre?gﬁl ch it
was detml, r}ﬂtﬁ\eﬂndl))mb‘é’am@(rm mt)ewb;yadc@ﬁ/[ﬁ 25hvabydus. hyﬁ‘mxmck:r(tlBét) indn4 .67 nithe).

reacti m xt ure, foIIo g cation with a eous 3M hlyg[(rsochl oric
acid s TF%WOP(SH%%HW?S d?ltﬁg h J&é?etrﬁl"&‘l‘ré h’faéIPB H%tﬁéce(‘Iatﬁ “3#), then
ethyl agghatewid e’éhy'i’gcéﬂrtle Q60 MHNThe SBDinttaSath i Rtdeikd, filkdr€ahdGvadchted to

concentration afford
2- ( 3- cysnoi-4e(2ed difbwyolphsnyiﬂlWﬁnﬂ -o2e {ispyallonl ¢itli khwvky usad foothginskereastion- 1H- py

coc1s) B hyaeh i GufRoptys i sty > S04 ehir S S Gn gl

1H), 4.696- 6%6(121|‘|)ZH)4)7?9%1($H) ZzI~B9(s3313>°> 3.36 (m 4H), 2.50 (m 1H), 1.93-1.96
(m 7H), 1.70-1.88 1.28-1.32 (m 2H). Preparation of

1-cycl entylpentane 4- dlone 0 O)Lor Me_[00335] To a solution of

cycl opé?ﬂeaﬁ@émumewﬂﬁdé @3- Mugrommnxb 2frdimethyl-tHhpyrspl-1-yDacotate was added
triethylamne (5.68 nL, 40.8 nm but-3-en-2-one (1.69 nL, 26.7 mol),

and 3-ethyl -5-(2-hydroxyet hyl) - 4-' ol t hi azol - 3-i um broni de (1.03 g, 4.08
mmol ). The reaction mxture was Rgat'ed at 85C for 72 hours after which it
was concentrated. The resulting re e—as extracted wth ethyl acetate (3
x 50 mL) and the organic layers were gitied (sodiumsulfate), filtered and
concentrated to an orange residue whtch s ¢osed in the next step w thout
further purification. The crude product, ycl ohexyl pent ane- 1, 4-di one
(3.68 g, 21.9 mmol) was isolated as an orangg oil. 1H NWVR (400 MHz, CDC13)
6 (ppm: 2.91 (m 1H) 2.68-2.78 (m 4H), 2.19 (s, 3H), 1.70-1.87 (m 4H)

1.54-1. ' af ethyl . :

2-(2- cﬁﬁ%ﬁ(@ nf9 %u 1423@91%»8%@%@11)@& -dteRrsot- accty adhigreande wo
2011/ 07&%@5’% ﬂ%%’ém% &ﬁ&i‘a?{lva& Q&f‘éﬁﬁiM@\ Al T'l'ié MixQhre8tdilacdd A NREGSTHANE

hydr ochl ori de (2. , 1- cycl opentyl pentane-1, 4-di one (3.43 g,

20. 4 nmeoiked f(anlc8 lmm uTheblewrobmatuee as peurgd 1Bd mixtorendf)icd anddiodhinor orret hane

20. 4 wahe d at 50 72 or,aft t he react

Gt et SRRl e B Padielud 2A0E vt Bluc iy BT abF iR, 105
(sodi Ur’azﬁﬂl&th?lt&):taté 200 @ﬂpdrwﬁsﬁa%?/@i wal fdsHea vattoRhEr (l@@lnﬂU@S) Bygd,fication
by silica gel ¢ ronategpa phy (I'S 20 nL/mn) using O to 3596ethy|

acet at dllfascdh endpeapopatdcotodad at ¢il(This rnaterlal was directly taken on to the next step

2-(2- 4 4. 73 %

2 (2 XELRATTtdy By P el R Rl R TR 22,
( s, 2H, (2t7\8&g 3989trr$md)1$(1ﬁbﬁh§)raﬁﬁ1$e) (5. 543 1514 308 mik)), artl B®H mS.Ml) aad813e (m 1H),
219(s, H, 1.91-1.9 (Iﬁ 3- 1.79 (m 2H), 1.58-1 Qm4H)
1.27 ( tres@tp.])g mpqtlérﬁayaétlye@,tﬁd gel Cm,for 16 hours. The mixture was allowed to cool down

2- (5-cyglg 'E€n¥ ra%u%%&lp%éggénﬁgfeﬁQl}‘laérqla'cﬁhﬁf Fny bilifiapYed RRNEN s Ry T rol - 1-

yl )acetate oun
in dichlorornethane (100 ml) and washed with water (50 ml). The organic layer was dried,

filtered, and evaporated to give a crude oil which was purified by column chromatography (0
to 20% ethyl acetate in hexanes) to give ethyl 2-(3-(2,4-difluorophenyl)-2,5-dimethyl-1H-
pyrrol-1-ylacetate (1.86 g, 6.34 mmol, 31.9 % yield). 1H NMR (CDC13/400 MHz) 6 (ppm)
7.30-7.21 (m, 2H), 6.90-6.81 (m, 1H), 5.99-5.91 (m, 1H), 4.54 (s, 2H), 4.28 (q, 2H), 2.22 (s,
3H), 2.14 (d, 3H), 1.30 (t, 3H).

Preparation of 2-(3-(2,4-difluorophenyl)-2,5-dimethyl-4-(2-(pyrrolidin-1-
ylsulfonyl)benzyl)-1H-pyrrol-1-yl)acetic acid (compound 1-36)
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[ 00337] The general procedure was foll owed using ethyl
2-(2-cyclopentyl-5-nethyl-1Hpyrrol -1-yl)acetate (3.49 g, 14.8 mmol),
triethyl swbana/7%011 nlL, 44.5 nmol), trinmethylsilyl PCT/US2010/060671
trifluoronethanesul fonate (5.36 nL, 29.7 1), and

2- (pyrrolidin-1yl sul fonyl ) benzal dehyde (& 5% g, 14.8 muol) in

di chl oronet hane of (total volunme: 170 nmil) N"Purification on silica gel
(Liiknova 330g, 20 inLimn) using 1 tog&sof a 7:1 aeetonitril el methanol
solution in diehloroniethane ayger i s5-\f f orded et hyl 2(5-

cycl opentyl-2-nmet hyl-3-(2-(pyrr¢ onyl ) benzyl)-1Hpyrrol -1-yl)a
cetate (2.54 g, 5.54 mmol, 37% W Scous gol d residue that was
approxi mately 90% pure by 11-1- - with the inmpurity being

et hyl
2-(2-cycl opentyl-5-nmet hyl-3-(2-(pyrfolidin,dyl sul fonyl)benzyl)-1H pyrrol -
yl)acetate. 1H NWVR (400 MHz, CDC13) 6 (p : 7.96 (dd, 1H), 7.40 (ddd, 1H

7.22-7.28 (m 2H, conposite of two shifts)on4.56 (s, 2H), 4.23 (s, 2H

418(q, 2H), 3.28-3.31 (m 4H), 2.83 (m 1H), 2.03 (s, 3H), 1.89-1.99 (m
8 H, 1.49-1.7 5H co site of It' Ie shifts),

1 29 (tlﬁﬂ%ﬁiﬂ émrﬁﬁqqeév@dcﬁftpﬁ/aeé%g%@m%&iwz rdberesiai Pesm

2-(3-c¢ I r I

e é&é v%%élfl’)z' gi @P? @E%)J?g?r‘poﬂzﬁ%ﬂm 5- glél(ee?h 1110!{2 hghég:m 1 yls%l)fonyl)benzg 8)] 1H-

sol uti qn/rmi le,tl}alyd:tlc acid. 'H NMR (CDC13/4OO MHz) 6 (ppm) 7.92-7.88 (m, 1H), 7.40-7.35 (rn

AR G I O T T

chl or osf 9@y, '2$HC4/69‘€§ eH).Cs. B3L8. 191 (im, 9H§122 Rl IH), s (seRnet | Q- MAs(stirred
at roomtenperature for 30 mnutes, after which the starting pyrrole had
still rigD). beem/zs48%ardt 1¥he reacti on was then heated to 55C for 30 minutes

after which the starting pyrrole was consunmed (by LCVMS analysis). To the

reacti ' t e (0.729 m, 9.42

mmol ) . O[imgegﬁ k&h@%L\%gg ?l}eggg)? gégghﬁfyg%ﬁahgpﬂg after whi ch anal ysi s
of the (phattisilfonyDperssVE) Hipydralat-ehadeltietacidhne reaction to afford the desired
product was conplete. The reaction was quenched by the addition of water,
and extracted mn%h,d$éwloronethane (3 x 50 nmL), dried (sodiumsulfate),
filterdaengsal gy 8 to a deep maroon residue. Purification was

achi eved by silica gel chromatography (Luknova 240g, 20 niL/mn) using 1 to
7% of a 7:1 acetonitrile/nethanol solution in dichloronethane over 70

m nutes. The product et hyl

2- (3-cyano- 2-cycl opentyl-5-ne 1-4-(2-(pyrroli 1y|su|fony|)benz¢;:>1H-p
yrrol-1-yl)acetate (747 ng, 1/55 mol, 28 @6y|eg ) was isolated as a/white
foam 1H NWR (400 MHz, CDCL877 -pn): 8.01 Ufﬁ
(ddd, 1H), 6.99 (d, : 2H), 4.30 (s, :
3.32-3.3E;Fn} 4FD,_§J£% ( co ite pf
shifts), 6351. 71 2H) || -9339] 1D- NOESY ||a ysis of et hyl
2-(3-cyanoL2{bycI tyl-B-met hyl-4-(2- (pyr#Ofn di p- 1yl sul fonyl) kyl)-1Hp
yrrol -1-yl) aget ate radi at of the 3-positi met hyl ene proton owed
a -2%correl ation tween the bemethyl group, thegprtho position of the

phenyl ring and the sul fonyl pyrrolidine protons adjacent to the nitrogen.
This anal ysis confirms the drawn regioi soner. WO

2011/ 0yEDIXtIPN L RO 20@eedimethyl-1H-pyrrol-1-yDacetate
2- (3-cyano- 2- cycl ohexy1-5- et hyl - Aii:§fyrrolld|n 1-yl sul fonyl ) benzyl)-1Hp
0

yrrol-1- yl)acetic acid (conpound 1f13% [ 00340] Ceneral procedure | was
fol |l owed using ethyl 2-(3-cyano-2- pe$ty1-5-nethy1-4-
(2-(pyrrolidin-1-ylsulfonyl)benzyl)-1 rol-1-yl)acetate (747 ng, 1.55
mol ) and |ithi um hydroxide nnnohydra?tqg% O ng, 3.09 mol) in
tetrahydrofuran (9.3 nL), nethanol (3.1 and water (3.1 nL). The

pr oduct

2- ( 3- cy{ﬂmﬂﬂ GmimmﬁqﬂymeﬁHﬁb(nglls’BMro@pyasradldbmtmﬂstgrﬁag nfintoyd oftfenanct) - 1H-p
yrrol (685 1.50 % | d) wa ated as a

Y o soi G K1 35 6t dip o ERmie e o Lt not pmonfy Tk g P 15y
7.31 ( Ckﬁrrlr%'ﬁete%%%oﬁgmlxﬂfpeiwﬁ sﬁﬁvlgl%dde'%f'ﬁletl*&la%gné F66 rgti) 47331111%%1 3 AQ!f@er@ 4aH) ,
2.94 (m 1H), 1.87- 04 (m 13H, conposite of nultiple shlfts) 1.59-1.70
(m 2H). [00341] EXAMPLE 2: Synthesis of

2-(3- cyano 2-cycl opropyl-5-nethyl- 4- é% (pyrrolidinl-ylsulfonyl)benzyl)-1Hp
yrrol -1-yl)acetic acid General Synthetic Schene:



Preparation of 1-cyclopropyl pentane-1,4-dione O Me 0 [00342] To a solution
of cycl opropanecar bal dehyde (3.20 m, 42.8 mol) in ethanol (15.3 nL) was
added triwohylizobove (11.9 nlL, 86.0 mmol ), but - 3-en-2- oneCiAIszelonkic742. 8
nnDI) t hylihhi-azal s34} o de (2.16
S S U S e R e S R
reactlonmmascmhﬁmeéﬁnﬂeﬁbeIEMRmmdTmhdkmasuhmﬂmgek@sﬂ@memﬁ&&demmcmﬁted wth
et hyl aceta (3.x 50 nmL). The organic | ayer d odlun1sulfate)
1Y or Gt oS Mgt S0 B G ge Bt%ﬂﬂ@éw& e e él {#5%8d on silica
gel on RRaRut ‘P@ﬁfn@ﬁit ﬁ%ﬁ%ﬁ%éﬂe%b%?e@gmd%gnd@n{r%ﬂ)co h‘i%rﬂ%tl%rl bQq252% et hyl
acetate in hexanes over 60 m nutes. The product

1- cycl opmethyl-pBrtyars-liyacditrme 2 wiits 5051 b ed64e). AHPSVIRGWDSIB/A00 MHz)y; 15. 8

I U B S P P, 2, 22

Preparation of ethyl 2-(2-cyclopropyl-5-nethyl-1H pyrrol-1-yl)acetate
N---el N /M Et2C [00343] A slurry of ethyl 2-am noacetate

hydrochl oride (2.20 g, 15 ,_and solid sodium bi carbonate (3.31 g,
39. 4 nrigieparatio ‘tfﬂl’@r‘%)’r@ﬂ?’r%é“{“l Yir@-(pheay1sadignebbenzyBol e pyyyol-1-

2011/ 07 for 72 hours, after which the reaction was
diIutedﬁﬂﬁzmé%é?%éﬁéghgiraé@ed wi th di chl or omet hane (3 x 30 nL), dried

(sodiumsulfate), filtered and concentw— “d to a gold residue. Purification
by silica gel chromatography using an § at ed system (I SCO 120g, 20
nm./mn) and 5 to 75% ethyl acetate in h:'anes af f orded et hyl

2- (2-cycl opropyl-5-net hyl 1H pyrrol - 11y&~acetate as a clear colorless liquid
(2.16 g, 10.4 mmol, 66%yield). 1H NVR'( MHz, CDC13): 6 (ppm) 5.79 (dd,
1H), 5.76 (dd, 1FD, 4.68 (s, 2H), 4.2 H, 2.17 (s, 3H), 1.29 (t, 3H),
0.76-0.81 (m 2H), 0.54-0.59 (mnN@H). rati on of ethyl

2- (5- cyclopropyl 2-met hyl - 3- (2- (pyr i n-1-yl sul fonyl ) benzyl) -

1H pyrrol -1-yl)acetate [00344] Gen procedure | (step 1) was foll owed
usi ng 2-(2-cycl opropyl-5-nethyl-1Hpyrnol ,Q-yl)acetate (1.25 g, 6.03 mmol),
triethylsilane (2.89 nm., 18.1 mmol), triYrethylsilyl
trifluoronethanesul fonate (2.18 nL, 12.10Hnol) and

2- (pyrrolidin 1yl sul fonyl ) benzal dehyde (1.44 g, 6.03 nmml) to afford ethyl
2-(5-c o

Coyrr ol PO et g A B el P e e (B 64 40 ol
25% yi ekuoipindsr (&fﬁh@ﬁ}!ﬂthesm to give 2-(3-cyano-2,5-dimethyl-4-(2- (phenylsulfonyl)benzyl) 1H-

pyrrol-1-ylacetic acid. 1H NMR (CDCI13/400 MHz): 6 (ppm) 8.25-8.17 (m, 1H), 7.88-7.81
(m, 1H), 7.61-7.34 (m, 5H), 7.27-7.23 (m, 1H), 7.02-6.96 (m, 1H), 4.47 (s, 2H), 4.02 (s, 2H),
2.22 (s, 3H), 2.17 (s, 3H). MS m/z: 409.5 (M + 1).

[00362] EXAMPLE 7: Synthesis of 2-(2,5-dimethyl-3-(2-(pyrrolidin-1-
ylsulfonyl)benzyl)-1H-pyrrol-1-yl)acetic acid and 2-(3-cyano-2,5-dimethyl-4-(2-
(pyrrolidin-1-ylsulfonyl)benzyl)-1H-pyrrol-1-yl)acetic acid

General Synthetic Scheme:
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Synt hesi s of ethyl 2-(3-cyano-2-cyclopropyl-5-nethyl-4-(2-(pyrrolidin-1-
yl sul fonyl ) benzyl) - 1H pyrrol -1-yl)acetate (conpound 1-59) WO

2011/ 079000RCTI/128®010/ 060671 [ 00345] General procedur ePpCir/usasofalesrowed
usi ng et hyl 2-(5-cycl opropyl-2-net -3-(2-

(pyrrolidin-I-ylsul fonyl)benzyl)- yrrol -1-yl)acetate (1.09 g, 2.53
mol ), chl orosul fonyl isocyanate (§.275 ni, 3.16 nmmol) an
N, N- di et hyl f or manmi de (0.196 nL,0% mol ) to afford ekhyl

2- (3- cyano- 2- cycl opr opy1- 5- net hy12 4 (pyrrolidin-1-yl sul

yrrol -1-yl)age\ate (585€rhy, 0.1
1D- NOESY exp@ﬁnt was Rerf or iy :
(irradiation oﬂ\\@thyl @oup and\’1- 2% i nteraction wt ‘u h net hyl ene
groups). Synt hesils of Og O o)

2- (3- cyano- 2- cycl%pr op@ﬂ@ met hyl\-\z{é 2- (pyrrolidin-1-yl Suff onyl ) benzy1) -
1H pyrrol -1-yl)acetic agid (corrpoun%l t1- 33) ' j1D 0 o,'s O4QH 00346] GCener al
procedure | (step 2) was followed|using ethyl 2-(3- cyano- % crxcl pgpropyl- 5-
net hyl-4-(2-(pyrrolidin-1 -ylsulfanyl)b enzyl)- 1H pyf? 6Pt 1% acet at e
(65.4 ng, 0.144 mmol) and |ithiumihydroxide hydrate (12.05 ng, 0.287 mol)
to afford 2-(3-cyano-2-cycl opropyl5 -nethyl-4-(2-(pyrro lidin-1

-yl sul fonyl)b enzyl)-1H pyrrol-1 -y, cetic acid as a vvh{/tﬁ solid (58.5 ny,
0.137 mol, 95 %yield). 1H NVR (400 , CDC13) 6 (ppm /94 (d, 1H, WO
2011/ 079007PCT/ US2010/ 060671 7. 43 ({d, 1H), 7.32 (dd, 1HY, 7.08 (d, 1H),
4.69 (s, 2H), 4.26 (s, 2H), 3.31-}\7 m 4H), 1.90- 1.0% 7H), 1.65 (m
1H), 0.86-0.97 (m 4H). [00347] E 3: @i hesi s of
2-(5-(2-chloropyridin-4-yl)-23¢dret pyl 83=(2- —— NcC

yl ) benzyl) - 1Hp
pus oil .

( phenyl sul fonyl ) benzy1) - 1H pyrr yl)acetic acid | N
N N

° —

\\{)Et OH

Compound number I-32

Synthesis of 2-(2,5-dimethyl-3-(2-(pyrrolidin-1-ylsulfonyl)benzyl)-1H-pyrrol-1-yl)acetic
acid (compound 1-9)

[00363] General procedure I (step 1 and 2) were followed for this synthesis to give 2-(2,5-
dimethyl-3-(2-(pyrrolidin-1-ylsulfonyl)benzyl)-1H-pyrrol-1-yl)acetic acid. 1H NMR
(CDCl13/400 MHz) 6 (ppm) 7.35 (dd, 1H), 7.43-7.38 (m, 1H), 7.28-7.22 (m, 2H), 5.65 (s,
1H), 4.56 (s, 2H), 4.17 (s, 2H), 3.30 (t, 4H), 2.19 (s, 3H), 2.09 (s, 3H), 1.84 (t, 4H). MS m/z
=3773 (M +1).
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General Synthetic Schene Preparati on of
1-(2-chl oropyridin-4-yl)pentane-1,4-dione 0 Cl [00348] To a sol ution of
2- chl or oiwonoatpeeal dehyde (1.50 g, 10.6 mmol) in et haneCT(B2@o0nk)671nas

o9 (BN DAL Syl ST b BRI AOR DSD N, 10,
g, 2. 12%yrnatl-yl)ddetate ¢eonhpamdi-g3)ure was heated at 85 C for 18.5 hours. The

reaction was then concentrated and the anic layer was extracted with
ethyl acetate (3 x 50 nL), dried (sodi ﬁulfate) , filtered and
[

concentrated to an orange residue. Purifji~cation by silica gel
chromat ography with an automated systexd (1 SCO 120g, 20 nml/mn) and using O
to 75% et hyl acetate in hexanes over =nut es af f orded

1- (2-chl oropyridin-4-yl)pentane-1,4-diQ a gold/tan solid (0.986 g,
3): 6 (ppm 8.58 (d, 1H), 7.80

4.66 mmol, 44%yield). 1H NWR (4@9 :
(s, 1H), 7.69 (dd, 1H), 3.19-3.2 NH), 2.92-2.95 (m 2H), 2.27 (s, 3H).
ariati on of benzyl

WO 2011/ 079007PCT/ US2010/ 060671 Pr
2-(2-(2-chl oropyridin-4-yl)-5-netHy Hpyrrol -1-yl)acetate [00349] A
slurry of benzyl 2-am noacetate hydroc ride (922 ng, 4.57 mmol), 1-(2-
chl oropyri di n-4-yl ) pent ane-1, 4-di one (968etg, 4.57 mmol ), and solid sodium
bi carbonate (961 ng, 11.4 mmol) in dichloromethane (15.2 nl) was heated to
A O ] L e eegimie SR ATPH Yot ARG i T S pRser ved

cyano-2,5-dimethyl-4-(2-(pyrrolidin-1-ylsulfonyl)benzyl)-1H-pyrrol-1-yl)acetate: IHNMR

(CDCI3/400 MHz) & (ppm) 8.00 (d, 1H), 7.41 (t,1H), 7.30 (t, 1H), 7.01 (d, 1H), 4.54 (s, 2H),

4.29 (s, 2H), 4.25 (t, 2H), 3.35 (t, 4H), 2.34 (s, 3H), 2.01 (s, 3H), 1.95-1.92 (m, 4H), 1.31 (t,

3H).

Preparation of 2-(3-cyano-2,5-dimethyl-4-(2-(pyrrolidin-1-ylsulfonyl)benzyl)-1H-pyrrol-
1-ylacetic acid (compound 1-32)

[00365] General procedure I (step 2) was followed for this synthesis. 2-(3-cyano-2,5-
dimethyl-4-(2-(pyrrolidin-1-ylsulfonyl)benzyl)-1H-pyrrol-1-yl)acetic acid 1H NMR (400
MHz, CDCI3) 6 (ppm) 8.76 (bs, 1H), 7.98 (dd, 1H), 7.40 (ddd, 1H), 7.30 (ddd, 1H), 7.00 (dd,
1H), 4.60 (s, 2H), 4.28 (s, 2H), 3.36-3.32 (m, 4H), 2.34 (s, 3H), 2.02 (s, 3H), 1.95-1.91 (m,
4H) ppm.

[00366] EXAMPLE 8: Synthesis of 2-(3-cyano-2,5-dimethyl-4-(2-
(morpholinosulfonyl)benzyl)-1H-pyrrol-1-yl)acetic acid (compound 1-46)
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reacti on was heated to 65C. The reaction was allowed to stir (with
occasional nonitoring by LCMS) at this tenperature for 11 days. The

react i on waotimgmoal | owned to cool down to room tenper at ece/tsaaopeesred ont o
wat er and extracted with dichloronethangg(3 x 50 nmL), dried (sodium
sulfate), filtered, and concentrated té% ark orange residue. Purification
was achi eved by col um chronmat ogr aphy ova 80g, 20 nL/mn) using 5to
45% et hyl acetate in hexanes over 60 m Mutes. The product, benzyl
2-(2-(2-chl oropyridin-4-yl)-5-nethyl -A¥hyrrol -1-yl)acetate was isol ated as
a light orange oil (890 ng, 2.61 mmol ,O5//% %i el d). 1H NVR (400 MHz, CDCl3):
6 (ppm 8.23 (d, 1H), 7.36-7.40 (n1 5 1 (m 1H), 7.02 (dd, 1H), 6.37
(d, 1H), 6.07 (d, 1H), 5.25 (s, P , 2H), 2.22 (s, 3H). Synthesis
of benzyl
2-(5-(2-chl oropyridin-4-yl)-2-net = (phenyl sul f onyl ) benzy1) -

1H pyrrol -1-yl)acetate (conpound 1- 60) 0350] Ceneral procedure | (step
1) was followed using benzyl 2-(2-(2-chl ﬁopyrldln 4-y1) -

5 nethyl 1H pyrrol - 1- yl)acetate (0.900 g, 2.64 mol ), triethylsilane (1.27

nnbl) 38gﬂgﬁ %&;%%%%?%gé%% ‘%é?%%@ﬁ%@gggﬁ%?gﬁ é 3??%&9k$§§nz§fd2h§ge

(0. 650 agid @asﬁs@rnthmlzéd incthakdroe ﬂlah)ﬁmaya (3 cyano -2,5-dimethyl-4-(2-(pyrrolidin-1-

2-(5-(2- ch 3 y%%cg henyls | f onyl ) enzgé{ 1 pyrrol
1- yl) acVé% @%&Yﬁd H-py etw:'ﬁ oewéaﬁ (mofpheesitopi ez
per f or npgl \[s8q ﬁpﬂéﬂ [ BT tRferf BRI, QHSOOR (dDj(ﬁlﬁQ'O@tMHEb SlppiB o7 95 OUD and

1-2% interaction w th-both nethyl ene groups)

2-(5- (Z(Hcﬂ_lrlo,rbﬁ&ﬁlﬁl(nh A1) 47 Bi(tny I 3T 241 pémy | By 14 B 335)3!42%91@ -25; pyrr ol
L) aRAGaacl g compound Ladlh o (LA0SSH, 10,8, R ML 9 STuPL e benay!

(phenyl sul fonyl ) benzyl) - 14 pyrrol -1-yl)acetate (514 ng, 0.360 mmol,
cont ani[0e363y EMAMPEE% syﬁmt@mdfsth@aub%maﬁﬂéthym @Wr)mildm-

tetrahydrofuran (4 and water (4 was added sol ution of aqueous

sodi umyﬂg}dmnhém(y?)sl -pydrolol-yharet annq%r(}-émq-%)ﬂ dimeHudSy@t | ow upon
addi ti e I,.OR, was stirred at room
terrpera ﬁlolfOl e 1g@ﬁoﬁgbﬂédzgpfle}?%&h@ﬁ'ﬂ%{lgggﬂya s indicated that the

saponlflcatlon was conplete. The reaction was concentrated to renove the
THF, ar@eridreiSyditheticsSchemerat er and washed wi th di chl oronmet hane (2 x 50 nli)
and ethyl acetate (1 x 50 nmL). The water |ayer was acidifie 0 pH=4 with
3M aqueous hydrochloric acid solution. The product was extr ed with ethyl
acetate and washed with a brined aqueous layer (3 x 50 mLpsgdried (sodium

sulfate), filtered and concentrated to a yellow solid. A cant | oss

of product was o?zprved In order to re er additional pr , the

aqueous | ayer prinor to the final extracgﬁjn was furthe i ied and

re-extracted w t hyl acet affé\ Q M), dried (sodil | fate),

filter and c rated. T cogblned o~ afNf orgl 24542-
&T{pyrrol 1-yl)ac

chl or opyfji -4-Y1);2- nepﬁ?1 3- @2 (phen oAV kenzy1) -
etic acidns a yellow . nnnl 58% yi el d) °H1H NWR (400
MHz, CDC13): 6 (ppm US2010/ 060671 8cddpolimdi-71H) , 8. 27
(d, 1H), 7.85 (m 2H), 7.40-7.56 (m 7.13-7.16 (m 2H), 7.04 (d, 1H)

+

CN

SFO

Compound [-31

Preparation of 2, 4-dimethyl-3-(2-(pyrrolidin-1-ylsulfonyl) benzyl)-1H-pyrrole and 3, 5-
dimethyl-2-(2-(pyrrolidin-1-ylsulfonyl) benzyl)-1H-pyrrole
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5.85 (s, 1H), 4.64 (s, 2H), 4.05 (s, 2H), 2.00 (s, 3H). [00352] EXAMPLE 4:
Synt hesis of 2-(3-(3-fluorophenyl)-5-nethyl-2-phenyl-4-(2-

(phenyl suWwbanulgbenzyl) - 1H pyrrol - 1-yl )acetic aci d Generalr/iSgomietis7t Schene
Preparation of (E)-4-(3-fluorophenyl)but-3-en-2- [ 00353] To a m xture
of 3-fluorobenzal dehyde (4.0 m, 37.7 mmol) and@ﬁtone (8.86 m, 121 mmmol)
in water (10 m ), was added 0. 25N\ sqdi um hydr oxj (15.08 m, 3.77 mmol).
The reaction m xture was heated at or 20§.s' The m xture was poured
into ice water and extracted wth® | acet ap®“(20Q ml). The organic | ayer

was dried, filtered, and evgporaled Ho give
(B)-4-(3-fl uorophenyl)but-3-\§’n- Qne as Yel | ow-ot t was used for the

next reaction without p fjrca ! DI, 112 %yield). 1H NWR
(CDC13/ 400 WMHz): 6(ppn<:/|46( Q4 m 1H), 7.33-7.29 (m

1H, 7.26-7.21 (m 1H), , 1H), 2.38 (s, 3H).
Preparation of ethyl

2-(3-(3-fluorophenyl)-5-net hyl - 2- phenyl - 1H pyrrol -1-yl )acetate WO

2011/ 079007PCT/ US2010/ 060671 COEt [00354] A 250 ml round bottom fl ask

equi ppd803GH hA anixture obf- damethahllddmrw%@ ¢ whridi42iamobtead ge@ywpidindodi um

o 1 b o ety TRel, B2 Hlol Py fhbrocfo (T Ts Py 3SEHANT 7

30 m nutydgoxido(ldsdanl, 09.4bendal) dabiiceed & B (for 1bATHE: mixalry was pBided (i20. 00
n). The mxthure was stirred at 35 Cfor an additional 1.5 h. To this
m xt ur &€ Hesthg acpabingarky gelution Maedesentsdy b wmaipingresidug wagfaken up in
(E) 4- (b%n%nlé%lﬁggﬁ&)ﬂ{rﬁtg&hn@er%c&m? nenh @ﬁs?d?uegwasﬂtglu@edmdM' 8. @Ml:l &gc@ m).

The m xture was stirre C over ni ght he m xture was quenched wth
wat er (cboRdrid 0XC2Yo énsl s@utiorssteedaddetl TFeY (48 mt O atmol) 200 tmdthylsilne (dr.gani c

I h t 100 . T nmbi ned
o yani g VSRR S PR vy bear oty G0opbiaid St grg Pobed s Th o |
was Ccompixifd oMck Qn@%amﬁlate%i s%[ﬂtlféﬁ%‘f Qo AhLA HIHEE SRR, OIFHeq}?lx(lﬂe Qs Gxtrfeddvmol ) ,
triethylamne (6.0 43.3 mmol ) and EtOH (26.2 m) and the resulting

m xt ur digieromstitaad (b&O rmb@2l: Thﬁrorg&nh&ﬁyw wdre corabinetherashbd pwbdrine (¥bol to
roomte at u r enoyv ken up in ethyl
Lot BB e P B Aralilo LRIRNSH, pUBRLSR St afBy LRKGR R, 0. £
wat er (chﬁﬁnifb%r&plﬂj (0t %‘%Oétﬁy?lll’uc@ta{eameﬂ’exm5 %a’vb%ﬂ dﬂ‘rrleltﬁ;ﬂfz»e@ (pgﬂﬁh@ma]por at ed
to give an oi h was further purlfle

) e S aBronp B9 Lo yR1c A B 1 40 h o 26§ Loy Gl RELT 7 (0% Ling

5 10 misr Ao IAP; @e&%ﬁ‘fw&% <?@E%¥@}%€%%i@%éb%%ﬂﬁ%ﬁ ot 5

2H), 7.49:36.480( 7. 39}% ylerdy{af%m@o)% ahyl, acétaBllin heBdnckyy 1H), 6.23 (d, 1 ,
4.41 (s, 2H), 4.20 (q, 2H), 2.26 (d, 3?)_:'1 25 (t, 2H). MS mfz: 338.2 (|v|+

1)

N
o
o>:s

| A\
N
H

[00370] 1H NMR (CDCI3/400 MHz) & (ppm) 8.42 (bs, 1H), 7.91-7.82 (m, 2H), 7.57-7.50
(m, 1H), 7.48-7.41 (m, 1H), 5.64-5.62 (m, 1H), 4.20 (s, 2H), 3.38-3.32 (m, 4H), 2.15 (s, 3H),
2.14-2.13 (m, 3H), 1.97-1.90 (m, 4H).
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Synt hesi s of

2-(3-(3-fluorophenyl)-5-net hyl- 2- phenyl-4-(2-(phenyl sul fonyl ) benzyl) - 1Hpyrr
ol -1-yl ) awetzn/magiod (conpound 1-44) WO 2011/ 079007PCT/ BE620K2¢1066@71
General procedure |I (step 1 and 2) werenfollowed for the remai nder of the
synthesis. 1H NVR (CDC13/400 MHz) 6 (pp ON{1 (bs, 1H), 8.35-8.29 (m 1H),
7.85-7.79 (m 1H), 7.55-7.44 (m 4H), 7.44-7/35 (m 3H), 7.29-7.25 (m 3H),
7.24-7.19 (m 1H), 7.16-7.09 (m 1H), 35-N.78 (m 1H), 6.65-6.59 (m 1H),
6.49-6.44 (m 1H), 6.37-6.32 (m ;;3 .57 ('s, 2H), 4.00 (s, 2H), 1.88 (s,
3H). M5s mz: 540.3 (M+ 1). [0035 BMRLE 5: Synt hesis of

2-(3-(2,4-difl uorophenyl)- 2, Net hyj 2-

(pyrrolidin-1-ylsul fonyl)benayl){1lH pW -1l-yl)acetic acid General

Synt hetic Schene Prepar at i of (E)-Z-(2,4-difluorophenyl)but-3-en-2-one
WD 2011/ 079007PCT/ US2010/ 060671

[00371] 1H NMR (CDCI3/400 MHz) § (ppm) 7.98-7.94 (m, 1H), 7.66 (bs, 1H), 7.41-7.35
(m, 1H), 7.30-7.24 (m, 1H), 7.06-7.02 (m, 1H), 6.50-6.47 (m, 1H), 4.17 (s, 2H), 3.41-3.34
(m, 4H), 2.12-2.10 (m, 3H), 1.96-1.91 (m, 4H), 1.86-1.84 (m, 3H).

Preparation of 3,5-dimethyl-4-(2-(pyrrolidin-1-ylsulfonyl)benzyl)-1H-pyrrole-2-

2

carbonitrile

]
\ <

0O

|\
ne” N

[00372] A mixture of 2,4-dimethyl-3-(2-(pyrrolidin-1-ylsulfonyl)benzyl)-1H-pyrrole (128.0
mg, 0.402 mmol) and N-chlorosulfonylisocyanide (43.7 ul, 0.502 mmol) in acetonitrile
(2.0ml) was stirred at 25 °C for 1 hour. DMF (31.1 pl, 0.402 mmol) was then added and the
resulting mixture was stirred for an additional 16 h at room temperature. The reaction was
quenched with water (100 ml) and extracted with dichloromethane (100 ml x 2). The organic
layers were combined, filtered, and evaporated to give an oil. The oil was purified by column
chromatography (0 to 50% cthyl acetate in hexanes) to give3,5-dimethyl-4-(2-(pyrrolidin-1-
ylsulfonyl)benzyl)-1H-pyrrole-2-carbonitrile (49.6 mg, 0.144 mmol, 35.9 % yield).

1H NMR (CDCI13/400 MHz) 6 (ppm) 8.45 (bs, 1H), 7.95-7.91 (m, 1H), 7.43-7.37 (m, 1H),
7.34-7.28 (m, 1H), 6.93-6.88 (m, 1H), 4.17 (s, 2H), 3.43-3.34 (m, 4H), 2.13 (s, 3H), 2.05 (s,
3H), 1.99-1.93 (m, 4H). MS m/z: 344.3 (M + 1).

Preparation of 2,4-dimethyl-5-(2-(pyrrolidin-1-ylsulfonyl)benzyl)-1H-pyrrole-3-

carbonitrile
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[00356] To a m xture of 2,4-difluorobenzal dehyde (5.0 ml, 45.7 mmol) and
acetone (10.75 m, 146 mol) in Water (10 m ), was added 0.25M sodi um
hydr oxi dewQ2811309087, 4.57 mmol ). The reacti on m xture waREThSat10mM6G601 f or 2
h. The m xture was poured into ice water. |fgyas extracted with ethyl
acetate (200 ml). The organic | ayer wa dr| hd, filtered, and evaporated to
give (E)-4-(2,4-difluorophenyl)b Ne as yellowoil. It was used

for the next reaction wthout pu igh. AH NVR (CDC13/400 MHz): 6 (ppm
3 -.86”m 2H), 6.73 (d, 1H), 2.39 (s,

7.60 (d, 1H, 7.60-7.53 (m 1H),

3H). Preparation of ethyl

2-(3-(2,4-difl uorophenyl)-2, 5-dj nmS('@Q-ll—l-pyrrol -1l-yl)acetate F 0 Et

[ 00357] To solution of (E)-4-¢2, A4 di®l uorophenyl)but-3-en-2-one, acetic
anhydri de, and magnesiumin 100 m), was added TM5-C . The m xture was
placed in an ice bath and stirred for 18 hours. The reaction m xture was
poured into m xture of ice and sodi um bi carbonate and the pH was adj usted
to -10, the mxture diluted with water and extracted with ethyl acetate
(200 Y, A .

fil teﬁﬁf’@ﬁf@@%ﬁ% g{é:a’g Cﬁﬁle Fz\e@fﬁ ol l%ﬁrﬂlﬁé‘&#@% sllgeg]%y%}f(%ﬁ%de y “{ aken
on to trhg, m&)&mﬁtoé)mnWN-hblutosﬁlfoﬂyhea)cyaurdef(il%pi 061 hireolpid aomltmdﬁmlmed wth

t hyl ate hl 19.8 I t I
(5. 25 1) w0 SRl 1, ol BRI B (64 k) SR a ol v it b & v
heat ed r@&ult%%nﬁtﬁr@rwajs@tlﬁ‘é&' FH-an HOGitIBhHL W 1R uNEH @is' REhHiPRhtcFAW0 nhi9 room

t enperature and concentrated under vacuum The remaining residue was
di ssol vead extradé¢d with donimbirbmnthaid 000 mhl)x 2n d heasgeadc lay ¢ weat eomlfib@d.nl) . The

dri filter. t.ed whi ch
Seg e ik b B ot A s T zvgsv PR R b B RES B i nen) ©
t t at
(3 86 oo bl &meé‘% inducAadls] o pRaity E5 R IR 1 R Imﬁ;;éﬂ?é%l D T 21

(m  2HPYr®lBd-carbgnitiiln (S 13-4 mg519§5mrgql 8o supi)d) ambmvn(@l 1 28 (q, 2H),
> 22
e Eicﬁd—%MPuoro%?héj@y%)Hbzmé(b mi)tﬁgf-'?)w eﬁ@; %lOOnElH) 7.30-7.23

yl sul f qay Ryenzyds) 205H3033-8.01 (h; zﬂ{) aCZEEIQSC3Ia);Qd8((§(XHJ)QMI9Q 1185383, 4EMOMS
2011/ 07n?/00374I‘°CT/( USZO)lO/ 060671 CD Ni --

Synthesis of ethyl 2-(2-cyano-3,5-dimethyl-4-(2-(pyrrolidin-1-ylsulfonyl)benzyl)-1H-

¢

/
052

pyrrol-1-ylacetate (compound I-61)

| N
NC N\\(O
OEt
[00374] To a mixture of 3,5-dimethyl-4-(2-(pyrrolidin-1-ylsulfonyl)benzyl)-1H-pyrrole-2-
carbonitrile (29.1 mg, 0.085 mmol), cesium carbonate (110 mg, 0.339 mmol), and TBAI
(3.13 mg, 8.47 umol) in DMF (424 ul), was added ethyl bromoacetate(14.15 ul, 0.127

mmol). The mixture was heated at 60 °C for 5 hours and then allowed to cool down to room
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* * 0 OH[00358] Ceneral procedure | (step 1 and 2) were followed for the
remai nder of the synthesis to provide
2- (13- (2, awdizbiwosmphenyl) - 2, 5-di met hy1- 4- (2- (pyrrolidi nPd:T;;USsulomaniyi)benzyl

) - lt'lpy rtE@bg&@@%ﬁ?&lhﬁS@%ltg Eth§ﬂa&%@%a@qgidﬂ;%%g t&nI{%R’g_QﬁDVJaSﬁg% it

1H) 6. WeG 56 8nl(x3), @dd)d, filbied, {ralsgvapdfhted4o §bc(an,0il2 Fl)h,is e‘kuﬂ)@om sf,as ﬁiﬂ){ﬁed

3.19-3..13 4H) , 3 1. 80- mz:
489. 3 (tM C.Pq n Cl'r_%g{gglgfa &Aﬂ/ﬁq_@% eﬁg@ ﬁ({,q&gg F%E;%qanes) to glve et yg E‘ (2-cyano- g/?- z
2- (3- Cy ARl ?1 5: (Qi(ﬂ%(meﬁné (i foPhSREy SUIH- W(l,l)lb%gdégg)te - PG! ®boslmploacet i

acid General Synthetic Schene Preparation of
2-(2, 5- ldl()r%tym}d} 1H pyrrol -1-yl)acetate [00360] GyC| ne ethyl ester HCl

(22g, a (189,
158 ﬁﬂ&%@ﬁ@éﬂ@ﬂi’?ﬁ%ﬁppﬁwﬂ O e kT enia B TTAZ2 e (e
sti rri nghheperaxemned yUnenase &, oM. y4 addedH)r 3 ab3yiam, e (564 473
mol ) . Af)t er 30 WD 2 11/ 079007PCT/ USZIgg.Ol OGg%?l) o ne] ©

3H), 2.03 (s, 3H), 1.98-1.93 (m, 4H), 1.30 (q, 3H).

Preparation of ethyl 2-(3-cyano-2,4-dimethyl-5-(2-(pyrrolidin-1-ylsulfonyl)benzyl)-1H-

pyrrol-1-ylacetate

CN

| A\

N

\\(o
S=0

[00375] A mixture of 2,4-dimethyl-5-(2-(pyrrolidin-1-ylsulfonyl)benzyl)-1H-pyrrole-3-
carbonitrile (513.6 mg, 1.495 mmol), TBAI (55.2 mg, 0.150 mmol), cesium carbonate (1462
mg, 4.49 mmol), and ethyl bromoacetate (250 ul, 2.243 mmol) in DMF (7.5 ml) was heated
at 60 °C for 4 hours. The mixture was diluted in ethyl acetate (100 ml) and washed with
water (50 ml x 3). The organic layer was dried, filtered, and evaporated to give an oil. This
oil was purified by column chromatography (0 to 40% ethyl acetate in hexanes) to give ethyl
2-(3-cyano-2,4-dimethyl-5-(2-(pyrrolidin-1-ylsulfonyl)benzyl)-1H-pyrrol-1-yl)acetate (286.9
mg, 0.668 mmol, 44.7 % yield). IH NMR (CDCI13/400 MHz) 6 (ppm) 7.92-7.88 (m, 1H),
7.44-7.38 (m, 1H), 7.35-7.29 (m, 1H), 6.96-6.92 (m, 1H), 4.36 (s, 2H), 4.28 (s, 2H), 3.94 (q,
2H), 3.38-3.30 (m, 4H), 2.27 (s, 3H), 2.13 (s, 3H), 1.98-1.92 (m, 4H), 1.11 (t, 3H). MS m/z:
430.3 (M + 1).

Preparation of 2-(2-cyano-3,5-dimethyl-4-(2-(pyrrolidin-1-ylsulfonyl)benzyl)-1H-pyrrol-
1-yDacetic acid (compound I-7)
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m nut es, dichloromethane (50 nL) and NaHCO3 (sat. aq. 100 nL) were added

and the m xture continued to stir for 20 m nutes. The dichl oronet hane | ayer

was i nj ecwedodia7emvly onto a 330g silica gel colum andprPChaSpriodemti was

eluted with 0-100% et hyl acetate in hex . Pertinent fractions were

conbi ned and concentrated to afford etlyl 3442, 5-

di net hyl-1H pyrrol -1-yl)acetate as a mh't solid (16 g, 56% . 1H NWR

(CDC13/ 400 MHz) 6 (ppm 5.8 (s, 2H), g% (s, 2H), 4.22 (q, 2H), 2.17 (s,
\

6H), 1.28 (t, 3H) Preparation of
S benzyl)-1H pyrrol -1- yl)acetic
dure | (step 1 and 2) and

acid (conpound 1-23) OH [00361] GCeneral
general procedure Il were followed for
gi ve
2- (3-cyano- 2, 5-di met hy1-4- (2- (phexr | f onyl ) benzyl) - 1Hpyrrol - 1-ypacetic

acid. 1H NWVR (CDC13/400 MHz): 6 (pgpm VB—25-8.17 (m 1H), 7.88-7.81 (m 1H),
7.61-7.34 (m 5H), 7.27-7.23 (m . ./7.02-6.96 (m 1H), 4.47 (s, 2H), 4.02

(s, 2H), 2.22 (s, 3H), 2.17 (sSNC3H). m@: 409.5 (M+ 1). [00362] EXAMPLE
7: Synthesis of 2-(2,5-dinethyl-3-(2- ol idin-1-

yl sul fonyl ) benzyl) - 1H pyrrol - 1-yl)acetic\acid and
2-(3-cyano-2,5-dinethy1-4-(2- (pyr rolidi@H1-yls ulfo nyl)be nzyl)-1H pyrr
ol-1-yl)ac etic acid GEneraI Synthetic Schene: WO

2011/0 0 hesi s of
2-(2,5- B%%Pqéygglgégé ggér)[fﬁ mélésjgﬁ?gwa{)z 6?2’% (%%{1 ‘pyrrol -1-yl)acetic
aci d ( odspfoundbcnz9l)-1H-pyrrol- l-yl)acetate (40.0 mg, 0.093 mmol) in THF (1.1 ml), MecOH

(372 ul), and Water (372 ul) at 0 °C, was added lithium hydroxide (5.2 mg, 0.217 mmol).

=S
2-(3-cyano- 2, 5- di net hy1- 4- ( 2- (pheny| O f
ai nder of the synthesis to

The mixture was stirred for 1 hour. This mixture was left standing over the course of 2 days
at room temperature. To this mixture, was added HCI (214 ul, 0.214 mmol), then, the mixture
was concentrated under vacuum, diluted in dichloromethane (50 ml) and washed with water
(20 ml x 3). The organic layer was dried, filtered, and evaporated to give 2-(2-cyano-3,5-
dimethyl-4-(2-(pyrrolidin-1-ylsulfonyl)benzyl)-1H-pyrrol-1-yl)acetic acid as a solid. 1H
NMR (CDCl13/400 MHz) 6 (ppm) 7.95-7.90 (m, 1H), 7.43-7.37 (m, 1H), 7.34-7.28 (m, 1H),
6.92-6.86 (m, 1H), 4.77 (s, 2H), 4.19 (s, 2H), 3.44-3.33 (m, 4H), 2.07 (s, 3H), 2.02 (s, 3H),
1.98-1.93 (m, 4H). MS m/z: 402.3 (M+1).

Preparation of 2-(3-cyano-2,4-dimethyl-5-(2-(pyrrolidin-1-ylsulfonyl)benzyl)-1H-pyrrol-
1-yl)acetic acid

CN

| A\

N
\\(0
S=0

[00377] To a solution of ethyl 2-(3-cyano-2,4-dimethyl-5-(2-(pyrrolidin-1-
ylsulfonyl)benzyl)-1H-pyrrol-1-yl)acetate (286.9 mg, 0.668 mmol) in THF (8.0 ml), MeOH
(2.7 ml), and water (2.7 ml) at 0 °C, was added lithium hydroxide (32.0 mg, 1.336 mmol).
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OH [ 00363] General procedure | (step 1 and 2) were followed for this
synthesis to give 242, 5-
di met hy 1-8oQati(gogeorol i di n-1 -yl sul fonyl ) benzyl) - 1H pyrr olP€TABY) 1006467 aci d.

(12 Ng/fb"ﬁh%éﬁ{r?%s %éd ﬁ) (121%?7 To: t§§ nglqgne?ws’th%ksﬁegl—ﬁg (%3@6 ;Eil':g 33 ]2_8' (75122
3H), 2.[&o)snd Zﬂt&)r,esﬂtlﬁglnﬁxmreﬁd)lceﬂkﬁtddimder Bifdur8, diMted th)dichld®methane (50

2011/ 079007 / US201.0/ 060 71 f

2- (3- cyBha? WS‘SI%ﬁ nEthy #ch 2(0211?%3} Se: g Em%w s filjeredyand. oypporated
pyrrol 'té IgWe)Za@e@}aatn@ A £ QRS -b- 63 ol iRl 1 - &Qgﬁ&ﬂlqb@ﬁﬂ@f - eduyagetlc (step
1) and were followed for” this Synthesis

cyano- 21051 @PoBtrhg: 1. R2(AmERYIOB Gb lmiddals apdledi| lbeMB Hélﬁﬁﬁiﬁ}OOlh%y Prerma)l- y1) ace

Late: LR (RECISLA00, M., 5o Caerm B 00, (o e o 08, 6o Byl th, (U,

2 34 (54,333@2H)"-' 40 ((sssz:BMo 31229§n14}®22(2m(s43ﬂ);2106s13ﬂl) 1.8H1 91RrepAnati on of
2- ( 3-cyano- 2, 5- di net (2-(pyrrolidin-1-ylsulfonyl )benzyl) 1H pyrrol 1-yl
) acet | MSawe: Qz?(ﬁwﬁ\ddné 1- 32) OH [00365] General procedure | (step 2) was
foll owed for this synthesis. 2 (3-cyano- 2, 5-

o b S SRMIEPE. S Shai ¥ 9aMhIREDE e feariel - Ly acetic aci ¢
1H), 7. (isﬁen(yisiﬂfon}zl-)benzMPDH(pidrollHyl)aéétﬁ&c(ds 2H), 4.28 (s 2H), 3.36-3.32
(m 4H), 2.34 (s, 3H), 2.02 (s, 3H), 1.95-1.91 (m 4H) ppm [00366] EXAVPLE

8: Synthesis of 2-(3-cyano-2,5-dinethyl-4-(2-
( nor pho ‘F'W(S@h%f"&ﬁ%‘i%‘g%?ﬁ) 1H pyrrol -1-yl Yacetic acid (conpound 1-46)

S~ 5
p— B
(J

Preparation of 1,2-diphenylpentane-1,4-dione

A,
®

[00379] A solution of benzaldehyde (10.10 ml, 100 mmol) in DMF (50 ml) was added

0

dropwise in the course of 1/2 hour to a mixture of sodium cyanide (2.450 g, 50 mmol) in
DMF (50 ml) at 35 °C. Stirring was continued for 1.5 hours at 35 °C. A solution of(E)-4-
phenylbut-3-en-2-one (10.9 g, 74.6 mmol) in DMF (50 ml) was slowly added dropwise over
the course of 1.5 hours at 35 °C. Stirring was continued for 3.5 hours at the same
temperature. The reaction was quenched with twice its quantity of water and extracted with

DCM, combined extracts were washed with water and brine, dried over Na2S04, filtered and
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WO 2011/ 079007PCT/ US2010/ 060671 ( 0) V OiP NC O OH[00367]

2- (3-cyano- 2, 5-dnet hyl- 4- ( 2- (nmor phol i nosul fonyl ) benzyl) - 1H pyrrol - 1-y1) acet
ic acid wae ynzb@si zed in the sane manner as PCT/US2010/060671

2- (3- o anQerfrureidh TRk e (R YT gL ReRr kRN - 1V
)acetlé%a%i agfc%ggk 1”%6%1 ?noégk?gh&? lﬁﬁﬁﬁog Eagx égéd ?ﬁﬁs ep 1

of genemaalutqmnanecbﬁwt@elsyst&m‘l aANNRO @Dsm{a/xam G)Aﬂﬁ%,ﬁagl p2-@pbdwheatn¢m4-1H) ,

(. aridons .8 B9 el b B30 IR YO

M5 m z: (nﬂéﬁﬁ AMV 4b)(m [1@19376&1 EXXANRLBS: 7§9/ﬂt7%ﬁ(h§ 5@f), 5.10 (dd,1H), 3.61
2- (2- cyano- 2-(pyrrol i'di n-1-

hy1-
yIsuIfdd#JMﬁEﬁﬂ?I&dﬂﬁDp%ﬂ9ﬁi3EDyI)acet|c acid and
2 (3-cyano-2, 4-di met hy1l-5-(2- (pyr rolidin-1-yls ulfo nyl)be nzyl)-1H pyrr

-1-yl t e 1- 31 Preparation of
2 4- dll)nﬁc)ﬁ 1o§ "?’fhtydg? olfllgé&ly?%% @P ﬁ?xlonyWnF@é?q%cg g pyrrole and 3, 5-
di met hyl-2- (2 (pyrrolidin-1-ylsul f gAy benzyl)-1H pyrrole [00369] A
m xture of 2,4-dinmethyl-1H pyrrol m, 19.42 mol) and

i di Ndg (4.65 g, 19.42 mol ) in
trifluoroethanol (48.6 m) and 12.5 soYium hydroxide (1.554 m, 19.42 mol)
was heated at 50 C for Ih. The m \ poured into ice and the
resulting nmurky solution was de . >~genmai ni ng residue was taken up
in benzene and concentrated undé Acuu This residue was diluted in DCM
(48.6 m) and cooled to O C. To solytigp, were added TFA (7.48 m, 97
mmol ) and triethylsilane (31.0 nl, 194 This m xture was heated at
reflux (50 C) for 15 mn and poured into aoE]xture of ice and saturated
solution of sodium bicarbonate. The m xturé was extracted with
di chl oronet hane (100 m x 2). The organic |ayers were conbi ned, washed with
brine ([90380]) Etheit i-aﬂlindabéthkeﬂ@drochkbdlde o(mwhg riad2ohnicd) gaydilaed with Ethanol
Purificatiaqn of e oil col um raphy(Oto ethyl acetate in
hexanes) 0 gav&en Cﬁara?ciormthmetéﬂe@n{ed@ glnil A2 TN PG ryd- 5119 HARASLNGE Y 1 ol e
(380.0 I tiaheci n
hexanescgi?n a@(?bg?gsgg?nr%m l)l?fhd %)2@ géﬁ?%%dﬁQQW?éggﬁgg%ﬁlsﬁ I’tgéeartléz%g:/ﬁ)l-egI—I-prrroI e
(1. 07 ppveRigs, aftfmlwhidlﬂTBC S%\yftded w [S}Rﬁ (kesOp@ @, RZ6% et PPl EaOAcdicsaricn).

e, (GRS B P il 25 7.
3.18%r Jvad Daéilextfddlod With DCOVE (lm,x 2'—5 %E%rga%lc(sr{i'erg Edmbihe® tribd20 (M 4H).

filtered, and concentrated to yield a crude orange oil. This oil was loaded on a Si02 column

and purified using a 0 - 20% gradient of EtOAc¢ in hexanes, affording ethyl 2-(5-methyl-2,3-
diphenyl-1H-pyrrol-1-yl)acetate (0.780 g, 2.442 mmol, 68.5 % yield). 1H NMR (400 MHz,
CDCI3) o (ppm) 7.37 —7.33 (m, 3H), 7.27 — 7.24 (m, 2H), 7.16 — 7.11 (m, 4H), 7.07 — 7.04
(m, 1H), 6.24 (b, 1H), 4.42 (s, 2H), 4.21 (q, 2H), 2.27 (s, 3H), 1.25 (t, 3H).

Preparation of Ethyl 2-(2-methyl-4,5-diphenyl-3-(2-(phenylsulfonyl)benzyl)-1H-pyrrol-
1-yl)acetate (compound I-64)
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WO 2011/ 079007PCT/ US2010/ 060671 [00371] 1H NWVR (CDC13/400 MHz) 6 (ppm
7.98-7.94 (m 1H), 7.66 (bs, 1H), 7.41-7.35 (m 1H), 7.30-7.24 (m 1H),
7.06- 7. 02W0rep111d#®0076. 50-6. 47 (m 1H), 4.17 (s, 2H), 3. 4rc3B40100v064H) ,
2.12-2.10 (m 3H), 1.96-1.91 (m 4 .86-1.84 (m 3H). Preparation of

3, 5-di nethyl-4-(2-(pyrrolidin-1-yl s yl )benzyl) -1H pyrrol e-2-
carbonitrile [00372] A m xture of
2,4-dinethy1-3-(2-(pyrrolidin-1-y|suIfo‘g?)benzyl)-lkkpyrrole (128.0 nyg,
0.402 mol ) and N-chl orosul fonyli socyam’d 7 1A 0.502 mol) in
acetonitrile (2.0nml) was stirrgés ) hour. DVF (31.1 I A 0.402
nmmol ) was then added and the r was stirred for an
additional 16 h at roomtenperat ~~F\e reaction was quenched with water
(100 M) and extracted with dichloro etYyrere (100 m x 2). The organic

| ayers were conbined, filtered vepor ated to give an oil. The oil was
purified by colum chronatogr 0 ta b ethyl acetate in hexanes) to
gi ve3, 5-di net hyl-4-(2-(pyrroli 1yl sul f §nyl ) benzyl) - 1H pyrrol e- 2- car boni t
rile (49.6 ng, 0.144 mol, 35.9 @6y|eld). OHYy NVMR (CDC13/400 MHz) 6 (ppm
8.45 (bs, 1H), 7.95-7.91 (n1 1H), 7.43-7.37 (m 1H), 7.34-7.28 (m 1H),

2> BT oo 51 80 08 LAY P Gyl 030
2 4 di rﬂa@]%/rimﬁ-l)(\ﬁas(qagsoh@tiludil@mm oy BGM amiythy bexeyldooldd-tpy 7§ l.e- 3-
et g A ep csners G000 AT s o

1.809 Wll:th@fﬁﬂaﬂ\é‘ @Ms@rrﬁlsglghmbr) W@mlﬁﬁ% ﬁl%azrelveas sfirré@ 4t W@D@fok 90
acetonitrile” (9. was stirred at 25 hour. DMF (140 1A 1.809

mol ) vmmutehem &ddemeah@hehelsulé@mlfoﬁmldnhxdmwm 0<BPmmdl) focis added

additional. 16 hours wi,th water and extracted with
i chi onderdseeCuoban 1123 LRI e Y BPeR R of et
and evapoms. el*jollcﬁwﬁg M&difibn Of the altRByd¥, theWdsd MK infak BEnded @Al B Yeaction was
chromat ography (0 to 7096ethy| acetate in hexanes) to give

2, 4- di rifiteg ovemght (g5gquedy iveirming to reein tanpt Y heneactipn mapyinenshed itbar boni t r| | e

Cppm 500 HECARYEER son i e £3 Qs bl gy H M bR R4
2H), 4. tﬁ@a((t&ous?jﬂbrtloﬁ m&@eﬂr&?ed(ﬂdddﬂrbnal 2m20with D(BM) Th2of@nics wedH) , 1. 92 1 88

(m 4H) X Synt hesis of _eth
2-(2- cfé?ﬁﬁ’l@d{)d@?%@t“ﬁ&?ﬂ @%@new#e@i irh¢ ﬁruﬂey}lwsmaﬁﬁptj BesyMI. 1Hpyrrol - 1-yl

) acet atc?lr((rﬁ&%%b’@(S%O@)]ﬁsmg a 0 - 40% EtOAc/hexane gradient to give ethyl 2-(2-methyl-
4,5-diphenyl-3-(2-(phenylsulfonyl)benzyl)-1H-pyrrol-1-yl)acetate (294 mg, 0.535 mmol,
56.9 % yield). IH NMR (400 MHz, CDC13) 9 (ppm) 8.31 —8.29 (m, 1H), 7.84 — 7.82 (m,
2H), 7.52 - 7.48 (m, 2H), 7.42 - 7.38 (m, 3H), 7.28 — 7.21 (m, 4H), 7.15 - 7.13 (m, 2H), 6.93
—6.86 (m, 3H), 6.75 - 6.73 (m, 2H), 4.51 (s, 2H), 4.21 (q, 2H), 4.04 (s, 2H), 1.79 (s, 3H),
1.25 (t, 3H).

Preparation of 2-(2-methyl-4,5-diphenyl-3-(2-(phenylsulfonyl)benzyl)-1H-pyrrol-1-
yDacetic acid (compound I-12)
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[00374] To a m xture of
3,5-di nethyl-4-(2-(pyrrolidin-1-ylsul fonyl)benzyl)-1H pyrrol e-2-

car boni t rwbeo(1209@7ny, 0.085 mmol ), cesium carbonate (1POTM$2010/08891 ol ),
and TBAlI (3.13 ng, 8.47iunol) in DVE—&424 1 A), was added et hyl
bronpacetate(14.15 I A, 0.127 rrrml). m xture was heated at 60 C for 5
hours and then allowed to cool down\§ ooy WO

2011/ 079007PCT/ US2010/ 060671 t enper at ur € Sand diluted with ethyl acetate
(100 nl). The resulting m xture was vva%e pN\{ h water (50 ml x 3), dried,
filtered, and evaporated to gi ug crude oil was purified by
col um chromat ography (0 to 50Q i n hexanes) to give ethyl
2-(2- cyano 3, 5-

ng, O. 093 rrrml 110 %yvyi eI d) R~[('CDC13/ 400 MHz) 6 (ppm) 7.94-7.90 (m

1H), 7.42-7.37 (m 1H), 7.32- (m H,, ®.92-6.89 (m 1H), 4.69 (s, 2H),

4.18 (s, 2H), 4.25 (q, 2H), 3. : 2.04 (s, 3H), 2.03 (s, 3H,

1.98-1.93 (m 4H), 1.30 (q, 3H). Preparatigm of ethyl

2- (3-cyano- 2, 4-di met hy1-5- (2- (pyrrolidin-1-ylsul fonyl)benzyl)-1Hpyrrol-1-yl

) acet at r.e, of

e oSl KR0RIPL R AB ooyt gy et

car boniyyactetc(5380 6, (')TB46 It Pw @k ol veliBAa 3¢ B n@xfils o OTHBAE0E W aterCRBI UM

car bonate 1462 % i 4.49 mol ), and ethyl brompacetate (250 IA 2.243 mmmol )
g1

in DVF asd aharg dithien hagrosilec01065 £42 A3 mrmgol).Thhe repctionveswiEedpl it ed i n
et hyl %Fi ﬁt & v% s egme)LC%Q/fé %%g%gegi tﬁ‘e %&cgﬁlgfra%énérg IF,Q ﬁé’gt)eactg% Wi gani c | ayer

was dried, Til and e was purified
by col wasmlﬁwmengmrmd(tﬂe te@ulﬁﬁg/quﬂayd conceitait@l torlinestdnarys (vautgilyk), et hyl
2-(3- cyano 2,4-dimet hyl-5-(2-(pyrrolidin-1-ylsulfonyl)benzyl)-1H pyrrol-1-y

1) acet af*cﬂél dzith & nHgbriige sbgianARH exizacted ddipea vth DGM. N qrese Byasovaky) 6
( pprr) %ﬁ) %688%’14(“? I-E)%ll_&i’ anzd c%?lcgnt%%d(ﬁéie CtluI?l tg %e?d %9@(%?11%#& g cﬁpl?el%rp 22 27
( s 3H)3 (22(phanysylfodkl)bertzyDSHH-pPRol¢ hqyl)édéﬁp atid X281 g, BEHE miviInd 60 %43€dB (M +

2o cﬁgﬁ@%%‘?}%@cp)@@wmp 28 4y R ey T 50 8RS pY 8T ol 1oy
) aceti quaeHy, 1 4PIAYNeh, 3HF) 7 20720 M, Q?ﬁpﬂ?fcﬁl. USE0 200696 7% & (Bh, 3H),

6.71 - 6.69 (m, 2H), 4.57 (s, 2H), 4.01 (s, 2H), 1.82 (s, 3H).

[00383] EXAMPLE 11: Synthesis of 2-(2-methyl-4,5-diphenyl-3-(2-(pyrrolidin-1-
ylsulfonyl)benzyl)-1H-pyrrol-1-yl)acetic acid (Compound 1-39)

1\
U

[00384] 2-(2-methyl-4,5-diphenyl-3-(2-(pyrrolidin-1-ylsulfonyl)benzyl)-1H-pyrrol-1-
yl)acetic acid was synthesized according to 2-(2-methyl-4,5-diphenyl-3-(2-
(phenylsulfonyl)benzyl)-1H-pyrrol-1-yl)acetic acid using 2-(pyrrolidin-1-
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? 1 a s 0 NC OH[00376] To a solution of ethyl

2-(2-cyano- 3, 5-di net hyl-4-(2-(pyrrolidin-1yl sul fonyl)benzyl)-1H pyrrol -1-y1
) acet at e woQoi/atno70. 093 mmol ) in THF (1.1 nm), MeOH (S?ETHH&momﬂﬁ7Mater
(372 pl 5 -The

m Xt ur 8)1 Su{%nglt)llg‘ernrz é\@% qﬁq}m eh@ljapﬁﬂog&?nﬁﬁ(gsgég 1\(/2/51151% IN@F (gtD?aCﬁZ 4ng ov%s?r8 t he
cour se (ppm28dayd, &), 760+ .4medht UB4-7.2Ro(nt, HHD, il {t7ullte(m, \2&B, 208edD0HE] (214

I A O. I h m_ Xt u ncent r at n u di | uted
|l 5O BB 8- b5 ChAlDvihehba < e 20 628 (rioTh: S5-I kerbr gan o

| ayer vag f1d & sTsk5eredy) and evaporated to give 2-(2-cyano-3, 5-

di met hyl-"4- (2-(pyrrolidin- %-ylsuIfonyl)benzyl)-lkkpyrrol-1-y1)acetic aci d
as a solid. 1H NWVR (CDC13/400 MHz) 6 (ppm 7.95-7.90 (m 1H), 7.43-7.37 (m

1H), 7.188385] JBXAMPLE)12: Syathesis 96 2((Fymathyl-3-L-tmorpholimayulfonylbeqey)-2:5
e 22 iy by ook 39 19552 (m 9.0 iz

2- (3-cyano- 2, 4-di met hy1l-5- (2-(pyrrolidin-1-y, fonyl ) benzyl) - 1H pyrrol 1-yl

)acetic acid CN [00377] To a solution of e hyl>

2- (3-cyano- 2, 4-di met hyl-5- (2- (pyrrolidinilyl onyl ) benzyl)-1H pyrrol -1-y1
)acetate (286 9 ng, 0.668 Mol ) ik THF (8\"n1) MeOH (2.7 m), and water
(2.7 m) at 0 C, was added |it ydro@Fde (32.0 ng, 1.336 mmol). WO
2011/ 079007PCT/ US2010/ 060671 TNy s\irred for 1 hour. To this

m xture, was then added HCL (13 [ '
concentrat ed under vacuum dlluted
with water (20 m x 3). The
evaporated to give

masddried, filtered, and

2- (3-cyano- 2, 4-di met hy1- 5- ( 2-\F% 'bin-l-yIsuIfonyI)benzyl)-lFprrroI-1-y
l)acetic acid (290.0 ng, 0.722 mol, 100OMyield) as a solid. 1H NWR
(CDClS/400 MHz) 6 (ppm) 9.52 (bs, 1H), 7.87-7.82 (m 1H), 7.42-7.35 (m

3 s 3 O, ey B erafiy nost py hbigf S rbomd e ryp et v -

‘210(223 nédtyid;vi&% syélh%?%&g%cﬁ?é‘hl}?{e@ - e@YNuPeSipBeri-3-(2-(phenylsulfonyl)benzyl)-

( pheny| $iibfwely] -ybecetip dyidusingy2-(radrpholjropalfety b dth@niertht g@yeralhet i ¢ Schene
procedure X (step 1). 1H NMR (CDCI3/400 MHz) & (ppm) 7.95 (d, 1H), 7.52 (t, 1H), 7.37-
7.24 (m, 5H), 7.19-7.15 (m, 2H), 7.08-7.04 (m, 3H), 6.95 -6.91 (m, 2H), 4.65 (s, 2H), 4.23 (s,
2H), 3.52 (t, 4H), 3.02 (t, 4H), 2.09 (s, 3H). MS m/z: 531.35 (M + 1).

[00387] EXAMPLE 13: Synthesis of 2-(2-(2-hydroxyethyl)-3,5-dimethyl-4-(4-
(pyrrolidin-1-ylsulfonyl)benzyl)-1H-pyrrol-1-yl)acetic acid

General Synthetic Scheme

SII\ \\(O - 0
o g

Preparation of (3,6-dihydro-2H-pyran-4-yloxy)trimethylsilane
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OH Preparation of 1,2-diphenyl pentane-1, 4-dione [00379] A solution of
benzal dehyde (10.10 m, 100 nmol) in DMF (50 m) was added dropw se in the
cour se ofwo/2811iom07t o a m xture of sodi um cyani de (2. 450CgUs2@onvw) i n DVF
(50 mM) at 35 C. Stirring was contjfiled for 1.5 hours at 35 C. A solution
of (E) -4- phenyl but - 3- en- 2- one (100@*@4 & mol) in DM (50 m) was slowy
added dropw se over the course of hmﬁ*s at 35 C. Stirring was conti nued
for 3.5 hours at the sane tenperature. The reaction was quenched with tw ce

its quantity of water and extracted with DCM conbi ned extracts were washed
with wa[ﬂ@?rS%nBO piflame; drigdisedlcdivde wia28derl DMR Benl dnd fieethyhgnine (3.34 ml,

2011/07 A rPCT U 10/.06 ongent r at Ve ui Thi s
was puri f| e%}moi) §%fr%omg'?) QG[ %Hﬁroifﬁ |c§°neﬁ)%is3|%ﬂg%adndr§ aelie’ ?%M%%(%t age
syst em(arsd2 Gil0AC99 nirimi)almalsa mﬁctli@%asﬂl@at@di ve1 4D, 2> fbir pb&byispsl ivasdeo todl-to di one
(7.3 g, 28.9 mmol, %yield). 1H NVR (400 MHz, CDC13) 6q({)pn') 7.97 -
7.94 (FPOPHFMpCTaeR, dvluwd V(l%% peilréane and decanted3nto(ies coplgd Sawrgtgds 9y (m 5H),

ci hy! 27y alnei s Mith e XLl bt et S BO0ES) ' By

2-am nomhéahwah h)ywle an:dh timd @I\e:r (s@dlﬁm&ug“atesﬁ%edmmﬂ gonseustradéd totggek W tghofEL hanol

(10 m) char tr| ). and

1, 2- di 5]%%35935@&@& nid ye dgg}i/é WA (g Wambé @PEFE8i on i n
DCM They Bﬁaﬁtlﬁj‘ RS @%h’ﬁdzﬁ} 30 §59gﬁf@m}ht94 af b@frmv\@H)ﬂo O, sfipved a
new spot (Il ess pol ar, I'n 20% Et 0Ac/ hexanes) he reéaction was
diluted with 10 nL DCM and vvashed wth water (10 rrL) The aqueous | ayer was

back- exneparasivnvift3n(2BoMmpe aydihydipy 2H-pyeawdGdh-ene wer e conbi ned, dri ed,

filtered, and concentrated to yieldya crude orange oil. This oil was |oaded
on a Si02 colum and purified usinmg 0 20% gradi ent of EtOAc in hexanes,
af fording ethyl 2-(5-nmethyl-2,3- dip H pyrrol -1-yl)acetate (0.780 g,

2.442 mol, 68.5 %yield). 1H NVR (#00 MHz, CDC13) 6 (ppm) 7.37 - 7.33 (m
3H), 7.27 - 7.24 (m 2H), 7.16 - 7.Q1 (m 4H, 7.07 - 7.04 (m 1H), 6.24
(b, 1H), 4.42 (s, 2H), 421(q, 2H), 2.27 (s, 3H), 1.25 (t, 3H).
Pr epar 3[‘)03%9] O(fS @Hﬂﬁ%ro -2H-pyran loxy)trlrnet Isilane Sl .0 g, 5.80 mmol) and
2-(2-nme 5- di pheny1- él z,pheny | su fonyl benzyl) - 1H-pyrrol 1-yl )acetate
( corrpoundlegh-y&zp)op I-en- 2-yloxy)sﬂane (7.56 g, 58.0 mmol) were added dropwise to a vigorously
stirred suspension of ceric ammonium nitrate (6.36 g, 11.61 mmol) and sodium bicarbonate
(1.950 g, 23.22 mmol) in dry acetonitrile (40 ml). The resulting mixture was stirred until the
orange color disappeared and a thick white precipitate formed. The reaction mixture was then
poured into water and extracted with EtOAc. The combined extracts were washed by brine,
and dried over Na2SO4, filtered and concentrated under vacuum. The residue was purified by
column chromatography on silica gel, using EtOAc / Hex 10 - 50% to give the product
(0.42g, 46.3% yield). 1H NMR (400 MHz, CDCI3) 6 (ppm) 4.30 —4.25 (m, 1H), 4.21 —
4.16 (m, 1H), 3.68 — 3.62 (m, 1H), 3.37 = 3.31 (m, 1H), 3.19 — 3.15 (m, 1H), 2.91 — 2.85 (m,
1H), 2.75 = 2.66 (m, 1H), 2.39 -2.34 (m, 1H), 2.21 — 2.15 ( m, 4H).

Preparation of ethyl 2-(2-methyl-6,7-dihydropyrano[4,3-b]pyrrol-1(4H)-yl)acetate

I~
N

0)

B
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WO 2011/ 079007PCT/ US2010/ 060671 COEt [00381] In a scintillation vial, ethyl
2- (5-net hyl -2, 3-di phenyl- 1H pyrrol -1-yl)acetate (0.3 g, 0.939 mmol) was

di ssol veckvbnoﬂl@)mﬂmof DCM and the m xture cool ed to -78PCIr/UsRémo@bdeyl sil yl
triflu h@_ Sk &h Y2YE NECH ) ) ke f@dded foll owed by
trieth I5|I @%g 5{58&?} 3(09%%%‘3 8%)e reggg ng rﬁﬁxtgre was stirred at
-78 C fcbchl&@nmhwe&ml)&vasm&at mm%n(ppmjaldldﬂm;ﬂa)dmumtad@hyde (0.231

Peact OB BR T B SEEE o RR il e P 1

al dehyder s bhe 1L Thd rQakthWRR ke WRY §ghr@nd 25Re HERChdQRY, MRS whidhFIad sipweddni ght
(gradually warming to roomtenp). The reaction was quenched with a sodi um

bi r car Bbatgheregotfian WwaoncoamdetaVeM was @dd@éptaﬁ atasnig layemvels scpaagted,svasbed

Do ety RaGn G e R BRSO TR e TS RERker area. The

crude mhkoﬂmgrﬁpﬁddfd@gh&ygem&mgan @ﬂbﬁmmbﬁ Byys&& 2D A BGNna 5Q 3094 0%
Et 0Ac/ hexane gradient to g)l ve et

- di pherty 21v3-thedeshe nyadsial Potigl y%@%&&%} IMMR (4ﬂ0 MH,Z;LWEé%)at?Se(ppm@ﬁ 6y,

Ty 7 G- 3893 oS s 2FR (8 5 20 2EE) ot 6T

7 21 (. 184) 3HY,. 1128 @, 2H)13 (m 2H), 6. 93 - 6.86 (m 3H, 6.75 -6.73 (m 2H),
4.51 (s, 2H), 4.21 (q, 2H), 4.04 (s, 2H), 1.79 (s, 3H), 1.25 (t, 3H).
Preparation o{ . .

2- (2- nelt iyl 2-42-62-hy depyg o y- ?(%delaﬁﬁml, FGr Pyl s aysaforyD gy Br LH-

yl ) acet ﬁr@q l)gfegmgwg% WO 2011/ 079007PCT/ US2010/ 060671 OH [00382]
Et hyl (2 me di nyl (2 (phenyl sul f onyl )benzyl) 1H pyrrol -

yl )acetate (0.300 g, 0.546 mmol) was dissolved in a 3:1:1 m xture of

THF/ MeOH wat er (10 m) and charged with |ithjum hydroxide (0. 065 g, 2.73
mmol ). The reaction was stirred at rt h/~at which tine LC M5
suggested the reaction was conpl et£. r @A n was acidified with 3 N
HCl, and the resulting m xtufg ¢p entrateéPto al nost dryness (water left),
diluted with 3 nL brine solut gn~and extracted 3 tines with DCM The
organi c | ayers were conbined, dried, filtered, and concentrated under
vacuumto yield 2-(2-nethyl-4,5-di phgnyl-

3- (2- (phenyl sul fonyl ) benzyl) - 1H pyrr@l-1-yl)acetic acid (285 ng, 0.546
mrol, 100 % yield). 1H NVR (400 MHz, 13) 6 (ppm 8.30- 8.28 (m 1H),
7.82- 7.80 (m 2H), 7.51 747(m2H) 741-737(m3|—|) 7.24 - 7.21
(m 4H, 7.13 - 7.1 sé H, 6.93 - 6.8 3H), 71 - 6.69 (m 2H),
4.57 (4003 Toadlame rlezlﬁ)al masgizarggdWH)DCMd@m%Pntmwmmbﬂl Synt hesi s of

o7 o ek en ARG A0k Pl RYEORR ik addedat 0 °C. fallqweg by @ sofyion,,

2- (2- matfleytid 2+(3-rkithyleny- Hﬂf&d@yfwm Sibijirrol-1 ¢4 s hdcorayd mbmwmmmw rol -
yl )acetic acid was synt hesized or di n%dtEg Qz:zéfc met hyl S diphenyl- 3- (2
i

( pheny 1281 @xyrligian yisylfonyogn o 145/pp malqh)smrng%Cl(Z@ b1 i di n- 1-
WO 201]( Qﬁl%ga@gﬁ%é W22 QL05R808 4% °C for 15 min, neat triethylsilane (0.143 ml, 0.896

mmol) was added slowly, stirred for 30 min at 0 °C, then slowly warmed to r.t. TLC

confirmed that reaction was done. Therefore, it wasquenched with sat. NaHCO3, extracted
with DCM. Combined DCM was dried with Na2S04, filtered and concentrated under
vacuum. The residue was chromatagraphed on silica using a Biotage automated system (5-
30-50% ethyl acetate/hexanes) to give ethyl 2-(2-(2-hydroxyethyl)-3, 5-dimethyl-4-(4-
(pyrrolidin-1-ylsulfonyl)benzyl)-1H-pyrrol-1-yl)acetate (34 mg, 0.076 mmol, 33.8 % yield).
1H NMR (400 MHz, CDCI3) 6 (ppm) 7.62 (d, 2H), 7.18 (d, 2H), 4.52 (s, 2H), 4.16 (q, 2H),
3.75 (s, 2H), 3.60 (t, 2H), 3.19 — 3.14 (m, 4H), 2.71 (t, 2H), 2.00 (s, 3H), 1.78 (s, 3H), 1.70 —
1.60 (m, 4H), 1.23 (t, 3H).
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yl sul fonyl ) benzal dehyde in the general procedure | (step 1). 1H NMR
(CDC13/ 400 MHz) 6 (ppm 8.00 (d, 1H), 7.50-7.45 (m 1H), 7.34-7.24 (m 5H),
7. 19 7. 16WOrp11289077. 05-7. 00 (m 3H), 6.92-6.88 (m 2H) pca/B201086062H) , 4. 21

(5. 2t0n. Blcdron A 25 dind bt Bl (ovke Barh E1sbiTonetBenc ¥ W pyrrahd: 34 (M +

1). “Synt IS0
2- (2 nqtl)”nycéﬂ@a(id((mpmhnil-h@sul fonyl ) benzyl) -4, 5-
di phenyl- 1H pyrrol -1-yl)acetic acid (conpoyund 1-40) [00386]
2- (2- et hy1- 3- (2- (nor phol i nosul f onyl ) f - di phenyl - 1H pyrrol - 1-y1l) ac

2- (2-net hyl - 4, 5-di pheny1- 3-( eqy! sul f o®yl ) benzyl) -

1H pyrrol -1-yl)acetic acid us ror phol i nosul fonyl ) benzal dehyde in the
general procedure X (step 1). VR OCDC13/400 MHz) 6 (ppm 7.95 (d, 1H),
7.52 (t, 1H), 7.37- 7.24 (m 5H), 7719-7.15 (m 2H), 7.08-7.04 (m 3H),
6.95 -6.91 (m 2H), 4.65 (s, 2H), 4.@3 (s, 2H), 3.52 (t, 4H), 3.02 (t, 4H),
2.09 (s, 3H. I\/IS rﬂz 531.35 (M + 1). [00387] EXAMPLE 13: Synthesis of

2-(2- (25 di net A ST :

Cpyrr oMo YL BRI b - - uyalidi o gy

Synt hetpyeroBg hﬁ)ﬁeetate (Po ﬁ@ao @t45 @imeih in THF (2.0 rnl) MeOH (0.500 ml) and water (0.50

(3, 6-di hydro- 2H pyr an: oxy)trlnethyls ila VWO

2011/ Omé Qggmm%%éﬂm/g, (& yumol) was added The resulting mixture was
stirred at 25 °C for two hours. The solvent was then removed and water was added, followed
by 1 N HCI. The solvent was again removed, MeOH was added, and the resulting solution
purified by preparative HPLC to give 12 mg of a light blue solid (12 mg, 0.029 mmol, 64.0 %
yield). 1H NMR (400 MHz, CDCI13) & (ppm) 7.63 (d, 2H), 7.19 (d, 2H), 4.57 (s, 2H), 3.76
(s, 2H), 3.66 (t, 2H), 3.18 — 3.15 (m, 4H), 2.76 — 2.73 (m, 4H), 2.03 (s, 3H), 1.78 (s, 3H), 1.70
—1.66 (m, 4H).

[00393] EXAMPLE 14: Synthesis of 2-(3-(4-fluorophenyl)-S-methyl-2-phenyl-4-(2-
(phenylsulfonyl)benzyl)-1H-pyrrol-1-ylacetic acid

General Synthetic Scheme

Preparation of (E)-4-(4-fluorophenyl)but-3-en-2-one
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\ /Si | [00388] To a flane-dried seal ed tube was added DM (3 m ) and
triethylamne (3.34 m, 23.97 mol), followed by tetrahydro-4H pyran-4-one
(0.923 nmMwo20@790w0! ) and TVMS-C (1.532 nm, 11.99 mmol ) PCThiS20m006067E WAS
heat ed Rf@ﬁﬂd (o} todr iluted
W th peggﬁﬁﬁﬁékﬁggﬁ?%ﬂlﬁﬁ?g%{ége cooelt((gd]q ga{suir gltrﬁogpg} %ﬁlrzne%?ec(grlgonrlgt e and
ext r actled namdl), pelntaoe9(SALvaXad)ed I’EhaLoﬁam’/MBﬂIutmﬂrtfaﬂm)Hay@am wWEhe washed
vvlth brine and dried gver sog f%cr}] glh fllteregeand con ratedto gi ve
Jraqhios TR e Beated 40 5.8 erewaélt /6“6 "Nﬂ@ﬁ (400 Mz,
CDC13) ORI iée Rater, rbdrgheiTt 1258 sepdrab and: tﬁé”a({ﬁbu@l"‘gler was@Qrade@Brice? 2H)
1.94- 1.90 (m 2H), G.01 Fb, oH) . Breparatlon of
3- ( 2- oxwiplr BEYAY. dilllwdnfoi@ﬂmpgatmlaws Wer@dmed)vviﬂ@ MgS040ar{doeaegitrated under

3, 6-di h dr o- rime I ne (1. nd
§r| net Ihf ‘C‘BPO%EEB%W“? y?f %Pyﬁlg‘%(faaslr?ey egl?x’ Al %‘%%Q(Wemhf%tr%epa‘ﬁ]&% %dr opwi se
to a vifgar&aYsirificstidn (783 gsusg%ﬁlbpnoo% %[d)emmnl(mmo RIHZ @166 SGpth) 11. 61
nmol ) and sodi um bi car bonat e dry acetonitrile (40

1)

) . Th7e5"re§t§I1t(ﬁhéHh1&4Mdelﬂéps7%&(tﬂlghﬁﬁ‘h(ﬂl 1Hhe. %K&rﬁé@ col or di sappeared
and a thick white precipitate formed. The reaction m xture was then poured
into tr C extracts were washed by
bri nevﬁ;r%h %ﬂ 4y @ ﬁﬁﬂfwlf %glrl%l§gﬁtr?§ggg4ng§%trat ed under vacuum The
resi due was puri f| ed by col um chrgat ography on silica gel, using EtOAc /
Hex 10 - 50%to give the product g, 046. 3% yield). 1H NVR (400 MHz,
CDC13) 6 (ppm) 4.30 - 4.25 (m 1H), M -04.16 (m 1H), 3.68 - 3.62 (m
1H), 3.37 - 3.31 ( m 1H), 3.19 - 315m H, 2.91 -2.85 (m 1H), 2.75
-2.66 (m 1H), 2.39 -2.34 (m 1H), 2.15 ( m 4H). Preparation of
et hyl 2-(2-methyl -6, 7-di hydr opyr a#Ql4’ 3-b] pyrrol -1(4H)-yl)acetate WO
2011/ 079007PCT/ US2010/ 060671 [ 06390
3- (2- oxopr opyl ) di hydr o- 2H pyran-4(3H)-one (0.41 g, 2.63 nmmol) in
di chl or[omsmaﬂeﬁlugoﬁb)r“]})mhd‘éhj(rder(e$Satmlr (10); 04 hﬁﬁﬂl?agnaDMTe(,S égll)gzae?hklydld i b
2-am noacet ate hydrochl orjde (0. 366 2.63 mMmo s adde ol I owe y
sodi um BPRMPH BN RS ¢ursesf 12 haurdg ar%fure ofryediy eYANJeQ 40158 rld meD & i r r ed
at 25 o F@a _
conpl etd AR Saaca e Y b o e o A g R oo,
wat er, bB- ﬂeoroﬁhangbbmvben-maﬁﬁaﬂogillZﬂémdolalanld D@mléé]r&mb)t\m théihdowlysi due was

e oy O BrE iy the GRS br ¥ R U0l 33 TG v YT 36 0. 11
NVR (400N 1theqa§{]e3t)tm?etﬁﬁlﬁml" he r@a%t16§ mliﬁe WQS @e’ate(dswnlz H)che &s 46luﬁ§1of 2 H) 4.21
(q, 2H), 3.95 - 3 2H) .55 (m 2H), 2.18 (s, 3H), 8 (t,

2H) . Etvhgttr and extracted with DCM The cornblned extracts were washed w1th water and brlne

2- (2- (2; hydr.ox ) net h rroljdin- f on nzyl)-1H

pyr 1 ol dfleé \Xlﬁl&ﬁ%ﬁﬁi, (fé’%irq?g nﬂ &o&c%\b)ated(to gl(vg)é hquld Wthh was t%%iler p 1&68%
chromatography on silica gel using an automated Biotage system and EtOAc/Hex (0-50%) to

give 2-(4-fluorophenyl)-1-phenylpentane-1,4-dione (1.5 g, 5.55 mmol, 45.6 % yield). 1H
NMR (400 MHz, CDCI3) & (ppm) 7.95 — 7.93 (m, 2H), 7.50 — 7.46 (m, 1H), 7.40 — 7.32 (m,
3H), 7.26 — 7.21 (m, 3H), 5.11 (dd, 1H), 3.59 (dd, 1H), 2.76 (dd, 1H), 2.19 (s, 3H).

Preparation of ethyl 2-(3-(4-fluorophenyl)-5-methyl-2-phenyl-1H-pyrrol-1-yl)acetate
F

L

1\
Y

CO,Et
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Q-NOO [00391] To a flane-dried vial was charged with DCM (2 m ) and
trimethylsilyl trifluoronethanesul fonate (0.081 m, 0.448 mmol) was added
at 0 C, fwblommedotwy a sol uti on of et hyl PCT/US2010/060671

2- ( 2- m 6 Op iy 3 LU RMRhbefir : 1) RESARKE (R cflinol0: 224
mol ) ”32 46] py rol ?hg[li 2 %I gt[}'f%fcor?y i %zﬁz%a%’?é%e d(l%‘gsg&lﬁn%gd‘g g§4 Irlr?m 1) in
CH2C12 (6 5nlbr’th)en(tnahy|lahm6e&das adidbe (Im 60 m\a§.3ﬁtmnroé)d fadlow@d (Byf29(r4 floraphenyheat

triethylsilanpe 43 m 89 I dded. sl ow rred for 30 mn
at 0 cyl Pl %P%Wﬁ Adirped % & f SW):W?%#? SraelptoRdp Jfl?eoli‘?a HED e
-[I;gﬁ/lr ef QfcBtediat IW‘S@]H%}E g atbt PhR R ANHIGER 2 R HBeU&d phlat R iffophy ned

was dried wth 2S04, filtered and concentrated under vacuum The
resi du&t@é@/mhamtﬂlgrr@qwhenl wan dditted sathull my RCH; andaypshediwohatagat (8§ sdam ( 5-

30-50% et,h acet at e/ hexan to 2- dr ox eth 1) -3,
5- di rreﬂ’i‘gfy4 O(uﬁous?l&ﬁrr%%% elﬁ)e’itriﬁteg”u‘f’g%ﬁ)w&(i?éﬂ’i é).LI-'t%> fg acetate
(34 ny,cothtd, ﬂi‘i&i filtdedBarfd dﬂn@érﬂﬂatedlﬁid%cﬁﬂﬁ(io gl’&dSa @Q@é%}an e6ﬂp Mhis/. 62 (d,

2H), 7.18 (d, 2 4.52 (s, 2H), 4.16 (q, ((15 3.60 (t, 2H),
3.19- ihwaglepdegignio 2 S1A2 gelumpiapd pprify %ng@, Py 20% gredicat of FiAcin70 - 1. 60

m 4 3 7 / 6

I s s s TP ?5 RS 3 P A B2y 1) - 11
-2pz/r2r?;mﬁr;égﬂ);tg?ﬁl;qg)@gll@_gegm Q42].9 %leld(iHH n-@qy sul’cg))ncy}l3 bsenzyl)-lH
pyival oyl @zéﬂwg A gﬁ @ﬁﬁy gt (3 885 wé@%:h)(zn& o)

and wa r e mol ) was added.
The resu f ﬁﬁlxt uﬁ’sm@[\q/\zagislt rre)’a”2 6L(§gﬁé?§§%%m hours. The sol vent was

t hen rem)ved and water was added, followed by 1 N HCl1L. The sol vent was

agai n rSymeivests, ofdtlin 2n3s(4eftutardpheamyd)-§-meethels2Hphiemgd-46 Q- (thieopls pdonyl) hed zyJy-

repar ve HP Y | ight blue solid (12 , 0.029 mol ,
54. 0 % é’WH‘S"‘ll ﬁ)%t‘t&@ %r!r\gdqci@ls)ge (ppm) 7.63 (fj, 2@, 7.19 (d, 2H),
4.57 (s, 2H), 3.76 (s, 2H), 3.66 (t, 2H) .18 - 3.15 (m 4H), 2.76 -2.73
(m 4H), 2.03 (s, 3H), 1.78 (s, 3H, 1. 7@1 66 (m 4H). [00393] EXAWVPLE
14: Synthesis of 2-(3-(4-fluorophenyl) 0‘5. net hyl - 2- phenyl - 4- ( 2-

(phenyl sul f onyl ) benzyl) - 1H pyrrol 1-yl) &€ c acid General Synthetic Schene

[00397] Ethyl 2-(3-(4-fluorophenyl)-5-ethyl-2-phenyl-1H-pyrrol-1-yl)acetate (0.8 g, 2.371
mmol) was dissolved in 10 mL DCM and cooled to -78 °C. Trimethylsilyl
trifluoromethylsulfonate (0.964 ml, 5.34 mmol) was then added, followed by triethylsilane
(1.136 ml, 7.11 mmol). The reaction mixture was stirred at -78 °C for 30 minutes. At this
time, 2-(phenylsulfonyl)benzaldehyde (0.876 g, 3.56 mmol) was added portion-wise as a
solution in 2.0 mL DCM. The reaction was monitored by LC/MS. Following addition of the
aldehyde, the cold bath was removed and the mixture was stirred overnight (gradually
warming to room temp).The reaction was quenched with sodium bircarbonate and moved to a
separatory funnel. Layers were separated and the aqueous portion was extracted two
additional times with DCM. The organics were combined, dried, filtered, and concentrated.
The resulting crude oil was purified via column chromatography (Si02) using a 0-40%

EtOAc/hexane gradient to give ethyl 2-(3-(4-fluorophenyl)-5-methyl-2-phenyl-4-(2-
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Preparation of (E)-4-(4-fluorophenyl)but-3-en-2-one WO
2011/ 079007PCT/ US2010/ 060671 [00394] To a m xture of 4-fluorobenzal dehyde
(5 nL, 45v020mmwi7%q07pr opan-2-one (9. 13 ni, 124 mmol ), an@®CEAS2010(060631 nL) was

neat e 1A o P R el e B T e RN ana

i ce wat(é6) MHe Cd@AENi & (dpay)es. 3$ep8a293¢rmlea)nﬂ 80 ey &yre ALY, 7.8 er7 466, &H ) act ed

concent Fi ed 0t b e BHabL Y Ehebrcti e R GriestT and as

used i t gyt fi gl (17 ). 48.3 mmol , 100
% yi el (rjg)_m% 4398 mﬁ@%&zm %%%%Hb% > g)9231269@ S0 747 (d 1H),
7.08 (t, , 6. 64 (d, 1H), 2.37 (s, 3H). Preparatlon of

2- (4- fllzfﬁr @fmpp)leuylbﬁénwhmlezrﬂmeylﬂ-@-mMnﬁlsu[fgmﬂmm)d&l pyyrohlof

benzal d 2 mol) in DM (5 ml) was added dropw se over

t he coJlrg%g ?z(cﬁlg %%?uqdlfs%%m xture of sodium cyanide (0.401 g, 8.17 mmol)
in DM (20 mM) at 35 C. Stirring was n continued for 1.5 hours at 35 C
A solution of (E)- 4-(4-fluorophenyl) c,en 2-one (2.0 g, 12.18 mmol) and
DVF (10 m) was then slowy added dropwijsé over the course of 3.5 hours at
35 C. Stirring was then continued 3°5/fioyrs at the sane tenperature.
The reaction mxture was treated ts volunme of water and
extracted with DCM The conbi ned € FCY{\S_were washed with water and brine,
dried with Na2SO4, filtered and congefity'ated to give a liquid, which was
further purified by chromatograph n sLL(%a gel using an automated Bi ot age
system and Et 0OAc/ Hex (0-50% to gi
2- (4-fluorophenyl) - 1- phenyl pent ane- 1, 4-di one (1.5 g, 5.55 mmol, 45.6 %

/1ot o 9, Mo SRS BRI el i 2“2

1H), 2. &Brol ddil)adthic (8912, 6%03 %h%ol) E%raﬁeﬁﬁ&l%&a 207 1@trﬂix{ure of
2- (3-(4-fluorophenyl) - 5-net %/ yl -1H pyrrol - 1-yl ) acetate WO
a

2011/ OWW/M@E@GJG/TOB@GQ’ tharged w1th hthlurn hydroxide (0.192 g, 8.02 mmol). The

reaction mixture was stirred at rt for 2 h, at which time LC/MS suggested the reaction was

complete. The mixture was concentrated to almost dryness (water left) and diluted with 10
mL water. This aqueous mixture was then extracted with ether, the water layer was acidified
with 6N HCl at 0 OC and the resulting precipitate was filtered and dried, to give 2-(3-(4-
fluorophenyl)-5-methyl-2-phenyl-4-(2-(phenylsulfonyl)benzyl)-1H-pyrrol-1-yl)acetic acid
(0.755 g, 1.399 mmol, 87 % yield). IH NMR (400 MHz, CDCI13) o (ppm) 8.32 —8.30 (m,
1H), 7.80 — 7.78 (m, 2H), 7.53 — 7.49 (m, 2H), 7.43 — 7.36 (m, 3H), 7.28 — 7.25 (m, 3H), 7.21
—7.19 (m, 1H), 7.11 — 7.08 (m, 2H), 6.60 — 6.56 (m, 2H), 6.52 — 6.48 (m, 2H), 4.59 (s, 2H),
3.97 (s, 2H), 1.90 (s, 3H).

[00399] EXAMPLE 15: Synthesis of 2-(2-(3-fluorophenyl)-S-methyl-3-phenyl-4-(2-
(phenylsulfonyl)benzyl)-1H-pyrrol-1-ylacetic acid

General Synthetic Scheme
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[ 00396] Ethyl 2-am noacetate hydrochloride (0.775 g, 5.55 mml) was diluted
with ethanol (5 m) then triethylam ne was added (1.160 m, 8.32 mol),

f ol | owed W9 28t1(049doruor ophenyl) - 1- phenyl pent ane- 1, 4- di oreT(UB2& 0960631 55
mmol ), added as a solution in DCM The reaction was heated—sat 100 C

overni ght, after which TLC showed a new spot (I|ess pol ar, 0.9 in 20%
Et OAc/ hexanes). The reaction was diluted wth 10 nL DCM and—waghed w th
water (10 nt) and the aqueous Iayer was back-extracted with DEM (10 nL x

2). The organi cs were comnbi ned filtered, and nder
vacuumto crude orange Th| s oil was | oad oL @2 col um
and purifi sngoa 0 - 20% gr adi e||1t\ Et QAc_ip he  fording the
desired proguc N —

2-(3-(4-1l ph&nyT) - 5- met hy pbheny1- XHpyrrol - 1- ypd ate®l (0.804 g,
2.383 molS_42.9 %yield). 1H (400 , CDCl3) 6 7 - 7.34 (m

3H), 7.26 - 7.22 (m 2H), 7.11 { 7.07 (REQH), 6.85 - £.81 (m ), 6.20
(b, 1H), 4.42 (s, 2H), 4.21 (q, 2H) 2.26 (s, 3H), 1.25 (t, 3H). Synthesis
of et hyl

2-(3-( y h h henylsulfonyl)benzyl)

1H pyr f%l aoggté% u({rgﬁh IY };g—p% ﬁgl}’)ent[aagﬁgzé-? 0I':lfehyl

2-(3-(4-fl uorophenyl) 5-et hyl-2-phé&nyl-1H pyrrol -1-yl)acetate (0.8 g, 2.371
mmol ) was dissolved in 10 nL DCM gsq cooled to -78 C. Trinethylsilyl
trifluoronethyl sul fonate (0.964 .34 mmol) was then added, followed by
triethylsilane (1.136 m, 7.11 mmty. eoreactl on m xture was stirred at
-78 Cfor 30 mnutes. At this tine, 2-|(phfinyl sul fonyl)benzal dehyde (0. 876
g, 3.56 mmvl) was added portion-vwg as~Ma dolution in 2.0 L DCM The
reaction was nonitored by LC M5 [ owi ng addition of the al dehyde, the
cold bath was renoved and the m xtlre was stirred overnight (gradually
warmng to roomtenp). The reacti on was quenched with sodi um bi rcarbonat e
and no@MG0d A sskypan af d+flpofabenslldehlydy €1.805vwat,d 88pamat)ed Davild (3 hlé) \aqsueous
portion extracted two addjfi tinmes wt The, o

P onbi ndddeEiRE e wr v S RO SR PATRAE Hhedrit sy e ged

puri fi efm¥i)an aoMENO 6415 %@5 agr Mg vak Gh cBﬁ!u'ﬂ&defopI é%mﬁta%\;ﬁ@ eAane

gr adi ent to gi ve ethyl 2-(3-(4- quoro hen henyl-4-(2- WO
J071) G 0DOPROTIIS0noN0B0GHE £ ohe iy Sul T 63 I BB (Shryien Shen Sty acet at o
(1.0 g, N % | (400. MHz 1 8 31 -
8 29 (md%ii? opylsg(y’ve%t%:?é;oklrﬁ] g{l{g)hoyrsgéglg/% témglﬁ]waﬁﬁj)cr%n}leﬁéor § gﬁg%r m

7.25 - tie gand mpétdrure ﬁﬂe@eact%nQﬂlem waklreatéd G&htwite36 Vb[ﬁméfdff)wat@r &l - 6. 48

(m 2H),449$ 1I\-/|[)421 g, 2H), 3.97 (s, 2H), 1.86 3H), 1.26 (t,
3H) . extracted with DCM. The cornblned extracts were washed with water and rlne dried with
2-

Y i R S

2I (? (ﬁ?fﬂg?r?mmydmﬁagmwgg% (E{(phemyﬂzxél% (SDSVOPhggwI Is(@- ﬂwpl)ld@gl)zyl) 1HPyr r
yl ) acet at e s di.ssol ved in 1.1 mxture o
THF/ wemhFMP@}tWPMO%a%cgagﬂdéaw} 8- Tofif! }nlﬁ‘ylﬂw&@g MHZ&@@C@ 8. 02
mol ) . ggﬁ IRl 98 (i %%M$ 6§t(h1“iﬁ B r'y 1HQk, 2mh, 5,69 ( HQ i &, LC VB
suggest he react| on was co m xture was conc t o al nost

dr ynesslHwat7érdd,dit)) 2.an s, dH])ut ed wnth 10 mL. water. This aqueous m Xt ure was
then extracted with ether, the water Iayer was aci dified with 6N HC1 at O

OC and g he r suIt| tate ilt {ve 24344-

1 uor ofHeRywToE orsify 6% wpphﬂt@-%- Ry EaRPovSH DR At o 1. 1
)acetic acid (0 755 g, 1.399 mmol =8 %yl eI d). 1H NWR (400 MHz, CDC13) 6
(ppm 8.32 - 8.30 (m 1H), 7.80 - (m 2H), 7.53 - 7.49 (m 2H), 7.43 -
7.36 (m 3H), 7.28 - 7.25 (m 3H) . N#R1 - 7.19 (m 1H), 7.11 - 7.08 (m
2H), 6.60 - 6.56 (m 2H), 6.52 - 6.48 2H), 4.59 (s, 2H), 3.97 (s, 2H),
1.90 (s, 3H). [00399] EXAMPLE 1 3 > of

2-(2-(3-fluorophenyl)-5-net hyl -3 nyI (2-

(phenyl sul fonyl ) benzyl) - 1H pyrr ol -yI)Lc‘% 6 acid General Synthetic Schene
WO 2011/ 079007PCT/ US2010/ 060671 F
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Preparation of 1-(3-fluorophenyl)-2-phenyl pentane-1, 4-dione F [00400] A
sol ution of 3-fluorobenzal dehyde (2.005 m, 18.33 mol) in DMF (5 m) was
added drapmizsﬁ/mmmn the course of 0.5 hours to a m xturecofussadiosssrcyani de

For 1. SO PV b el D s e oy o B T PR SO SRS! g

13. 68 miwhyl- ]H{rptjﬂ‘xfﬁl ISI)aite)atw&&sukmingszhngM yichiddeqd. 4%opvm se over the course of

0.5 hour . Stirring ) tin for .3 h a

Cempor AHNOIR H0 MelzeC P RS s e amelc T 56 40 Vol un B

wat er apgd 4extd afiedpgm 4. e @ovh neth @3mpaty washed W th water
and brletne ﬁzl’l edtvm tHW Na2 )fl I t@r edb ‘and cg)oncznt raq',vggﬁto give a liquid,
purified by chronmat ography on SI lica gel using an autonated Bi otage system

(Et OAc Hex, .0 3 fI or e -2- enyl pent ane- 1, 4-di one
(51 g Prebasicighgranit 250 dyelphein- KRS IS 6 (ppm 7. 75
-7.73 ( ulfozl enZy PLIHLFVrrdiE)-y1)deedate (dondpound 1-6 5.03 (dd,1H), 3.61
(dd, 1I3§ﬂ“423h{a 27}7)6 If1y y:%I—l). r(eaé?atlon ?12 et hyl

2-(2-(3-fl uorophenyl) 5 rret hyl - 3 phenyl - Byrrol -1-yl)acetate WO

2011/ 079007PCT/ US2010/ 060671 [ 00401] The“gasre procedure as the synthesis of
Et hyl 2-(3-(4-fluorophenyl)-5-nmethyl-2-ophenyl-1H pyrrol-1-yl)acetate was
used, giving a yield of 53.4% 1H NIVR ( 490, CDC13) 6 (ppm 7.34- 7.29
(m 1H), 7.19- 7.14 (m 4H), 7.1 : , 6.24 (b, 1H), 4.43 (s,
2H), 4.23 (q, 2H), 2.27 (s, 3H), Preparati on of ethyl
2-(2-(3-fluorophenyl)-5-net hyl - 3-
(phenyl sul fonyl ) benzyl) - 1H pyr rql_~4 dcetate (compound 1-67) [00402] The
preparation foll owed the sane pr i i
2-(3-

(4-fl uorophenyl)-5-net hyl-2- phenyl-4-(2-(phenyl sul fonyl)benzyl)-1H pyrrol -1
-y1) acqhgd 'fP(é 0&%%&@@0@ foll%li’e&‘l%ﬂ% s%ﬂ*@%r&ééﬁure%%&i) inGhé mesﬁ-o%%th‘ 18:3/ (m
1H), 7.'82 - AL (m 3H) 7. 24
-7.17 ((ﬁ}ﬂL@k@pheﬁyl% mﬁhﬁllZ-iphwnyG—HI)(,Z (@hmlwlfﬁnﬁ%e@lml) AHypyrol48yljaetald) , 4. 21

o o (iR ab RuS R enadneneThin fivmi o By SR LR T TRy 230

1H pyr rofr 19yh)@c eHi) c7 acl d 3gqamBey 24 - 381)7 (m, 2H), 6.95 — 6.81 (m, 6H), 6.71 —
6.69 (m, 2H), 4.48 (s, 2H), 4.21 (q, 2H), 3.99 (s, 2H), 1.78 (s, 3H), 1.26 (t, 3H).

Preparation of 2-(2-(3-fluorophenyl)-5-methyl-3-phenyl-4-(2-(phenylsulfonyl)benzyl)-
1H-pyrrol-1-yl)acetic acid (compound I-38)

Q,
eWaY
Ty

[00403] The preparation followed the same procedure as the synthesis of 2-(3-(4-
fluorophenyl)-5-methyl-2-phenyl-4-(2-(phenylsulfonyl)benzyl)-1H-pyrrol-1-yl)acetic acid
(yield 85%). IH NMR (400 MHz, CDC13) & (ppm) 8.29 —8.27 (m, 1H), 7.81 — 7.79 (m,
2H), 7.53 - 7.46 (m, 2H), 7.41 — 7.37 (m, 3H), 7.25 - 7.17 (m, 2H), 6.98 — 6.88 (m, 5H), 6.84
—6.81 (m, 1H), 6.71 — 6.69 (m, 2H), 4.58 (s, 2H), 3.99 (s, 2H), 1.82 (s, 3H).
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OH [ 00403] The preparation followed the sane procedure as the synthesis of

24344-
fluoro
)acet|

4.58 (
[ 00404

(pheny

phewopti@emerhy 1- 2- phenyl - 4- (2- (phenyl sul f onyl ) berzya)S2dibkoposrt ol

-1-yl

i ENPLENG svitihBrs ot sty P ) Sy %7 5

7 17 ( rtph@ilsulfrreBbenB 1B BH{pRrr@H)-yl)Scedi¢ acidaBl2(Famethyl;2-phaiiyl-36269 (m 2H),
2 WD 2011/ 079007PCT/ US2010/ 060671
](PI%%;%%‘L%‘W%WM E%sﬂy?‘gfl &‘3’(‘%“&&“ Ky 1- 5- pheny1- 3- (2-

| sul fonyl ) benzyl)-1H pyrrol -1-yl)acetic acid and

2- (5- Mt dnekashiipdtydSdieide (phenyl sul fonyl ) benzyl) - 1H pyrrol -1-yl ) acetic
acid General Synthetic Schene Compound 1-6 Preparation of ethyl

2- (2-met hyl - 5-phenyl - 1H-pyrrol -1-yl )acetate CEt

O
U
% »
Step1_ o O o O
prZ
4 7 Ao

OH
OH

Compound I-6

Preparation of ethyl 2-(2-methyl-5-phenyl-1H-pyrrol-1-yl)acetate
| N
N
\\(o

OEt
[00405] Ethyl 2-aminoacetate hydrochloride (1.378 g, 9.87 mmol) was diluted with ethanol
(50 ml) then charged with TEA (8 ml, 57.4 mmol). 1-Phenylpentane-1,4-dione (1.74 g, 9.87
mmol) was then added and reaction was heated at 70 °C overnight. The reaction mixture was
then diluted with 100 mL DCM and washed with water (100 mL). The aqueous was back-
extracted with DCM (50 mL x 2), the organics were combined, dried (Na2S04), filtered, and
concentrated to yield a crude orange oil. This oil was loaded onto a SiO2 column and
purified using a 0 - 20% gradient of EtOAc in hexanes, affording 1.74 g (72.4% yield) of the
desired ethyl 2-(2-methyl-5-phenyl-1H-pyrrol-1-yl)acetate.

Synthesis of Compound I-6

[00406] General procedure I (step 1 and 2) was carried out for the remainder of the
synthesis. Following the general reductive alkylation conditions (step 1) employing 2-
(phenylsulfonyl)benzaldehyde followed by general saponification conditions (step 2),
Compound I-6 and its side product were generated as a separable 3:1 mixture (respectively)

in a combined 57% yield.
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[ 00405] Ethyl 2-am noacetate hydrochloride (1.378 g, 9.87 mml) was diluted
with ethanol (50 m) then charged with TEA (8 m, 57.4 mol).
1- Phenyl pgotzan®74904- di one (1.74 g, 9.87 mmol) was t hen adaias2@odeteenct i on

was he ' ' ' I then di with
100 e DoV o Y T e AR RS P R CutAS LR EOHOER, Pt e
w th DGMn{teOI6) x 2), the organics were conbined, dried (Na2SO4), filtered,
and concentrated to yield a crude orgge oil. This oil was |oaded onto a

Si 02 colum and purified using a 0 % gr adi ent of EtO0Ac in hexanes,
affording 1.74 g (72.4%yvyield) of t esiged ethyl 2-(2-methyl-5
-phenyl - 1Hpyrrol -1 -yl)acetate . Synth gs of Conpound 1-6 [00406] Ceneral
procedure | (step 1 and 2) was carriedo'é'u Qr the remai nder of the
synt hesis. Foll ow ng the general reductiv4iap ylation conditions (step 1)
enpl oyi ng 2- (phenyl sul fonyl ) benzal deh ol oned by gener al

saponi fication conditions (step 2), fefpound 1-6 and its side product were
generated as a separable 3:1 m'xture|(r pectively) in a conbined 57%
yield. WO 2011/ 079007PCT/ US20}0/8¢06
2- (2-met hyl - 5- pheny1- 3- (2- (phe |'4 enzyl)-1H pyrrol -1-yl)acetic
acid (conpound nunber 1-6) OH I'f NVR (400 MHz, CDC13) 6 (ppm 8.27 (dd,
1H), 7.86 (dd, 2H), 7.55-7.21 (m 11H), 5771 (s, 1H), 4.60 (s, 2H), 4.03
(s, 2H), 1.94 (s, 3H.

2- ( 5- neltthifMR {4Hevyl:; @DCE3 X Hitpery 187 ([dniH), BS6dd.) 2HH p§+7 2l @1,- W H)aTét i c

aci d N 3 8.22 (dd, 1H), 7.76-7.74 (m 2H),
7.55-7.5 m4-¥§{£%¢?85%%(%%]ﬂ4%‘f&4$§8?3, 2H),( 3.92H%s, 2H) | 2.15((3, ;DH)
ppm [00407] EXAMPLE 17: Synthesis of

2- ( 2- mex-(wydhefiry Pyl 3-(2(phpiyls@fdng ) Benkyl)-1H-pyrrol-1-yl)acetic acid
yl sul fonyl ) benzyl) - 1H pyrrol -1-yl Jacetic acid and
2- (5-net hyl- 2- pheny1-3-(2- (pyrr dnl-yl sul fonyl)benzyl)-1H pyrrol-1-yl)ac

etic acid [o)
4

o’/s
|N\ Q)

o

OH

1H NMR (400 MHz, CDCI3) & (ppm) 8.22 (dd, 1H), 7.76-7.74 (m, 2H), 7.55-7.21 (m, 11H),
5.49 (s, 1H), 4.49 (s, 2H), 3.92 (s, 2H), 2.15 (s, 3H) ppm.

[00407] EXAMPLE 17: Synthesis of 2-(2-methyl-5-phenyl-3-(2-(pyrrolidin-1-
ylsulfonyl)benzyl)-1H-pyrrol-1-yl)acetic acid and 2-(5-methyl-2-phenyl-3-(2-(pyrrolidin-
1-ylsulfonyl)benzyl)-1H-pyrrol-1-yl)acetic acid

General Synthetic Scheme
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General Synthetic Scheme Conpound 1-5 Preparation of Conpound 1-5 [00408]
CGeneral procedure | (step 1 and 2) was carried out for the renai nder of the
synt hesi swoRolloomong general reductive al kyl ati on condi Prons2qisie71)

enpl oying 2- (pyrrolidin-I-ylsulfonyl)be | dehyde fall owed by general

saponi fication conditions, Conpound 1-5 its sid p od ct were generated
as a separable 2:1 m xture (respectively) f\‘nﬁ conbi %%yl el d.

2-(2- rrethy15pheny13(2(pyrrolld|n 1yI%4:§ onyl ) ben L pyrrol-1-yl)a
cetic acid (corrpoud - ELH NVR (400 MHz, ) 8 9. | 1H), 7.97
(dd, 1H), 7.4 o~('m 4 (s, 1H, /A ¢ S, (s, 2H,
3.31-3.27 (m Sﬁéﬁ)z 1.86-1.8 m 4H) pprm

2- (5-net hyl- 2- n 1%2 (pyrrol di onyl)be pyrrol -1-yl) a
cetic acid: 1H NI\/R( WHz, CDC13) (m 8H), 5.80

(s, 1H), 4.53 (s, 2H), 4.13 (s, 2H),
1.74-1.71 (m 4H). OH [00409] EXAI\/PLE 18: Spmt hesi s of
2- (2-met hy1- 3- (2- (nor phol i nosul f onyl ) benzyl) - 5-

phenyl - 1Hpyrrol -1-yl)acetic acid (cor&%ﬂmn&]_ﬁ)

Preparation of Compound I-5

[00408] General procedure I (step 1 and 2) was carried out for the remainder of the
synthesis. Following general reductive alkylation conditions (step 1) employing 2-
(pyrrolidin-1-ylsulfonyl)benzaldehyde followed by general saponification conditions,
Compound I-5 and its side product were generated as a separable 2:1 mixture (respectively)

in a combined 57% yield.

2-(2-methyl-5-phenyl-3-(2-(pyrrolidin-1-ylsulfonyl)benzyl)-1H-pyrrol-1-yl)acetic acid
(compound I-5): 1H NMR (400 MHz, CDCI3) 6 9.70 (bs, 1H), 7.97 (dd, 1H), 7.47-7.26 (m,
8H), 5.94 (s, 1H), 4.67 (s, 2H), 4.27 (s, 2H), 3.31-3.27 (m, 4H), 2.17 (s, 3H), 1.86-1.82 (m,
4H) ppm.

2-(5-methyl-2-phenyl-3-(2-(pyrrolidin-1-ylsulfonyl)benzyl)-1H-pyrrol-1-yl)acetic acid: 1H
NMR (400 MHz, CDCI13) §7.94 (dd, 1H), 7.44-7.19 (m, 8H), 5.80 (s, 1H), 4.53 (s, 2H), 4.13
(s, 2H), 3.17-3.14 (m, 4H), 2.23 (s, 3H), 1.74-1.71 (m, 4H).
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OH [ 00410] General procedure | (step 1 and 2) were carried out for the
remai nder of the synthesis. Follow ng general reductive al kyl ation

condi t i ons0(28tiap9ody enpl oyi ng 2- (norpholinosul f onyl ) berzalusedydersand t hen
general saponification conditiong~2-(2-nethyl3

- (2- (nor phol i nosul fonyl ) benzyl) <5- phenyl -1 H-pyrrol -1-yl)acetic acid was
generated in an overall 30%yi el /NMVR (400 MHz, CDC13) 8 10.42 (bs,

1H), 7.95 (dd, 1H), 7.49 (ddd, 1H) 39 26 (m 7H) 5.92 (s, 1H), 4.66
(s, 2H), 4.26 (s, 2H), 3.66 (t, H)°3 t, 4H, 2.18 (s, 3H ppm
[00411] EXAMPLE 19: Synthesis of 2-(% <di f | uor ophenyl) - 2- net hyl - 3- ( 2-
(phenyl sul fonyl ) benzyl) - 1H pyrrol - cetic acid General Synthetic Schene
WO 2011/ 079007PCT/ US2010/ 060671 : A@. of 1-phenyl pent ane- 1, 4- di one
0 N

[00409] EXAMPLE 18: Synthesis of 2-(2-methyl-3-(2-(morpholinosulfonyl)benzyl)-5-
phenyl-1H-pyrrol-1-yl)acetic acid (compound I-13)

| N Step 1 © O
N =>=F .
\\(O Step2 |
OEt O N\\(O
OH

[00410] General procedure I (step 1 and 2) were carried out for the remainder of the
synthesis.
Following general reductive alkylation conditions (step 1) employing 2-
(morpholinosulfonyl)benzaldehyde and then general saponification conditions. 2-(2-methyl-
3-(2-(morpholinosulfonyl)benzyl)-5-phenyl-1H-pyrrol-1-yl)acetic acid
was generated in an overall 30% yield. IH NMR (400 MHz, CDCI13) 6 10.42 (bs, 1H), 7.95
(dd, 1H), 7.49 (ddd, 1H), 7.39-7.26 (m, 7H), 5.92 (s, 1H), 4.66 (s, 2H), 4.26 (s, 2H), 3.66 (t,
4H), 3.13 (t, 4H), 2.18 (s, 3H) ppm.

[00411] EXAMPLE 19: Synthesis of 2-(5-(3,5-difluorophenyl)-2-methyl-3-(2-

(phenylsulfonyl)benzyl)-1H-pyrrol-1-ylacetic acid

General Synthetic Scheme
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[00412] To a vial charged with 3,5-difluorobenzal dehyde (5.0 g, 35.2 mmol)
in 10 nmL EtOH was added triethylamne (6.32 nm., 45.3 mmol), but-3-en-2-one
(2.93 m ,wef/ameml7) and 3- et hyl-5-(2-hydroxyet hyl) - 4- merhyskatoioasol - 3- 1 um
bromde (1.775 g, 7.04 mmol). The reaction m xture becane deep n and
was heated at 90 C for 15 h. 1-phenyl pentane-1, 4-di one was take%iigp%e on
to the next step. Preparation of ethyl %
2-(2-(3, 5- dlfluorophenyl) g-nethyl 1FprrroI

itisaal anount

crude sol ti@n of dione frgm the above
to brlngﬂig-t%n al blﬂia)%“émﬁH‘r_ﬂﬂ) An
triethyl asfne (14.72 ni#106 nfAol ) was addgd, folj.pwed by et

2- am noacet ate hydrochloride (9.83 g, 70.4 mvol), and the red
was stirred at 70 C for 6 hours. At this time, the reaction
concentrat ed Io 3960f ts orlg gﬁl vol unme and diluted with 160 ni DGW
Thi s oHéﬁH??‘H?&ﬂ FRhepy Lpenyane ORfi th NHAC1 (100 nmli). The layers were
separated, and the organic portion was dried, filtered, and concentrated.
The crude orange oil was then purjfi by Si 02 chronatography using a 0 -
40% Et OAc/ hexane gradient to vyi the desired material .

Synt hesi s of o
2-(5-(3, 5-di fluorophenyl) - 2-met hy¥- 3- (2- (phenyl sul f onyl ) benzyl ) - 1H pyrrol 1-
yl)acetic acid (conmpound 1-43) WD 2011/079007PCT/ US2010/ 060671 COH [00414]
Gﬁner al [0g4med¢la@iall chib@Pwith 8[FdiPoMBERatRhy deG. OLlt3 St DmnideinreTaL BueH of

t he synt hesi s

2- (5- ( v&-adided u@ﬁ%ﬁ@ﬁy 1{§-32 e thyp1mmop2bytphetrgtong (2. 8A yl) beamymol) aM Hyrrol - 1

(b "1y MG RS PGS B Thib il (DN SRR,

1H), 5. rﬁﬁtt(rs bech)e, deép geehaind Bbdp he@e®at (0s°C @il 5 hll @Betﬁ}ﬂpm&hﬂer 1,4-Q0ht5as
EXAMPLE 20: nthes s of 2-(3-cyano-5-nethyl-2-phenyl-4-(2-
( pheny I &ADf Tb@ﬁ ?&?“ﬁﬁppyrrol 1-yl )acetic acid and

2 (3-cyano- 2- net hy1l- 5- pheny1- 4- _ _
(2- ( pheppehaidtionrbfletifg 220 13;sLatmRYF S fHendrE-hRARII1H-FHGI-1-yl)acetate
| \
Tl

OEt
F

| Yacetate [00413]0°T)re
i |usteed . with 40 niL

[00413] The crude solution of dione from the above step was diluted with 40 mL of EtOH to
bring the total volume of EtOH to 50 mL. An additional amount of triethylamine (14.72 ml,
106 mmol) was added, followed by ethyl 2-aminoacetate hydrochloride (9.83 g, 70.4 mmol),
and the resulting mixture was stirred at 70 °C for 6 hours. At this time, the reaction was
concentrated to 20% of its original volume and diluted with 100 mL DCM. This organic
mixture was extracted with NH4Cl (100 mL). The layers were separated, and the organic
portion was dried, filtered, and concentrated. The crude orange oil was then purified by S102
chromatography using a 0 - 40% EtOAc/hexane gradient to yield 4.42 g of the desired

material.

Synthesis of 2-(5-(3,5-difluorophenyl)-2-methyl-3-(2-(phenylsulfonyl)benzyl)-1H-pyrrol-
1-ylacetic acid (compound 1-43)
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Compound 1-6Conpound 1-4 [00416] General procedure Il and general procedure
| (step 1 and 2) were carried out for this synthesis Conpound 1-4 and its
si de produot2omr7eoogenerated as a 3:1 m xture (respecti veCy)useonomaco6ito t ot al
yi el d.
2- (3-cyano-5-net hyl- 2- phenyl-4-(2-(p
etic acid (conpound 1-4) OH 1H NWR
(dd, 2H), 7.52-7.27 (m 10H), 7.03 (d,
1.86 (s, 3H).

2- (3-cyano- 2- net hy1- 5- pheny1- 4- ( 2- (phenyl yl ) benzyl) - 1H pyrrol -1-yl)ac
etic acid OH 1H NWR (400 MHz, CDC13) 8. d, 8.0, 1.2 Hz, 1H),
7.79-7.77 (m 2H), 7.61-7.25 (m 10H) 03-7.08 (m 1H), 4.48 (s, 2H),
4.01 (s, 2H), 2.33 (s, 3H) pprm MPLE 21: Synthesis of

2- (3-cyano- 2, 5-di net hy1l- 4- ( 2-
yl sul fonyl ) benzyl) - 1H pyrrol - ' 1d (compound nunber 1-32, second
approach) [00418] General procedufe I1 andd;.pneral procedure | (step 1 and
2) were carried out for this syntResis. The product was generated in 64%
yield. 1H NWVR (400 MHz, CDC13)8 8.76 (bs, WO 2011/ 079007PCT/ US2010/ 060671
1H), 7.98 (dd, 1H), 7.40 (ddd, 1H), 7.30 (ddd, 1H), 7.00 (dd, 1H), 4.60 (s,
2H), 4.28 (s, 2H), 3.36-3.32 (m 4H), 2.34 (s, 3H, 2.02 (s, 3H, 1.95-1.91
(m 4H)[00414] General procedure I (step 1 and 2) were carried out for the remainder of the

sul fonyl ) benzyl)-1H pyrrol - 1-y1l)ac
Nyiz, CDC13) 8 8.22 (dd, 1H), 7.83
4.50 (s, 2H), 4.08 (s, 2H),

synthesis.
2-(5-(3,5-difluorophenyl)-2-methyl-3-(2-(phenylsulfonyl)benzyl)-1H-pyrrol-1-yl)acetic acid
was generated in a 74% yield. IH NMR (400 MHz, CDCI13) §9.17 (bs, 1H), 8.20 (dd, 1H),
7.92-7.77 (m, 2H), 7.49-7.31 (m, 8H), 7.09 (d, 1H), 5.63 (s, 1H), 4.53 (s, 2H), 3.95 (s, 2H),
1.88 (s, 3H).

[00415] EXAMPLE 20: Synthesis of 2-(3-cyano-5-methyl-2-phenyl-4-(2-
(phenylsulfonyl)benzyl)-1H-pyrrol-1-yl)acetic acid and 2-(3-cyano-2-methyl-S-phenyl-4-
(2-(phenylsulfonyl)benzyl)-1H-pyrrol-1-yl)acetic acid

"0
N

OEt OEt

Compound I-6 Compound |-4

[00416] General procedure 11 and general procedure I (step 1 and 2) were carried out for this
synthesis Compound I-4 and its side product were generated as a 3:1 mixture (respectively)

in a 71% total yield.

2-(3-cyano-5-methyl-2-phenyl-4-(2-(phenylsulfonyl)benzyl)-1H-pyrrol-1-yl)acetic acid
(compound 1-4)
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[ 00419]

EXAMPLE 22: synthesis of 2-(3-cyano-5-nethyl-4-(2-

(nor phol i nosul fonyl ) benzyl) - 2- phenyl - 1H pyrrol -1-yl)acetic acid (conpound
1-3) OEtwhI2p00¥2®y General procedure |1 and general precedise@olosiestep 1

and 2)

39%vyield. 1H NWVR (400 MHz, CDC13)
(d, 1H),
3H). [00421] EXAMPLE 23: Synthesis of #
2- (3- cyano- 5- met hy1- 2- pheny1- 4- ( 2- (pyr Po
yl sul fonyl ) benzyl) - 1Hpyrrol -1-yl )gcet fc

[ 00422]

carried out for this synthesis

| -1- vyl

7.95 (d, 1H), 7.42- 7.25 (m 7H), 7.05 (

3.31-3.

phenyl
Gener al

4.58 (s, 2H), 4.32 (s, 2H

-1-

CGeneral procedure Il and genw§rs

93 (dd, 1H), 7.45-7.28 (m 7H),

were carried out for this sy%tziiis. The product was generated in
3°(t, 4H), 3.17 (t, 4H), 2.03 (s,

d (conmpound 1-11) OEtCH
procedure | (step 1 and 2) were

7.07

)i n- 1-yl sul fonyl ) benzyl) - 1Hpyrro
)acetic acid was generated n 33 %ﬁﬁﬁeld 1H NMR (400 MHz, CDC13) 8
4.58 (s, 2H), 4.33 (s,

2H),

28 (m 4H), 2.03 (s, 3H), 1.89- 1.85 (n] 4H). [00423] EXAMPLE 24:
Synt hesliFs NMR p4Q0Miet GPCID-§ 2.2 kdsh, o) 7.8b e, £y 3D @AZym) 169), 7.03 (d,

]%gyﬁéﬁé%F%ﬁsihg§b3§§ﬂb#%( ¥;r?l } %l)acetlc acid WD 2011/ 079007

2-(3-cyano-2-methyl-5-phenyl-4-(2-(phenylsulfonyl)benzyl)-1H-pyrrol-1-yl)acetic acid

@\”SIP
° I
I 2

"k?o

OH

N

1H NMR (400 MHz, CDCI3) 88.21 (dd, 8.0, 1.2 Hz, 1H), 7.79-7.77 (m, 2H), 7.61-7.25 (m,
10H), 7.03-7.08 (m, 1H), 4.48 (s, 2H), 4.01 (s, 2H), 2.33 (s, 3H) ppm.

[00417] EXAMPLE 21: Synthesis of 2-(3-cyano-2,5-dimethyl-4-(2-(pyrrolidin-1-
ylsulfonyl)benzyl)-1H-pyrrol-1-yl)acetic acid (compound number I-32, second
approach)

~
//S U
(@) (@)
[—— NC

B — B

N N
~° ~°
OEt OH

[00418] General procedure 11 and general procedure I (step 1 and 2) were carried out for this

synthesis. The product was generated in 64% yield. IH NMR (400 MHz, CDCI3)d 8.76 (bs,
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111/ PCT/ US2010/ 060671 OEt CEt OH Preparati on of ethyl
2- (2-nmet hyl-3-(2- (norpholinosul fonyl)benzyl)-5-phenyl -4-(2, 2, 2-
trifl uorosoevylgr@®# pyrrol - 1-yl)acetate (conpound 1-21) PCIIUB2010E60671

1H), 7.98 (dd, 1H), 7.40 (ddd, 1H), 7.30 (ddd, 1H), 7.00 (dd, 1H), 4.60 (s, 2H), 4.28 (s, 2H),
3.36-3.32 (m, 4H), 2.34 (s, 3H), 2.02 (s, 3H), 1.95-1.91 (m, 4H).

[00419] EXAMPLE 22: synthesis of 2-(3-cyano-5-methyl-4-(2-
(morpholinosulfonyl)benzyl)-2-phenyl-1H-pyrrol-1-yl)acetic acid (compound I-3)

& &

N\S,/O N\S//O

V/ /)

O )
——
NC
———

B B

N N
O —¢° O —¢”
OEt OH

[00420] General procedure 11 and general procedure I (step 1 and 2) were carried out for this
synthesis. The product was generated in 39% yield. IH NMR (400 MHz, CDCI3) 6 7.93 (dd,
1H), 7.45-7.28 (m, 7H), 7.07 (d, 1H), 4.58 (s, 2H), 4.32 (s, 2H), 3.71 (t, 4H), 3.17 (t, 4H),
2.03 (s, 3H).

[00421] EXAMPLE 23: Synthesis of 2-(3-cyano-5-methyl-2-phenyl-4-(2-(pyrrolidin-1-
ylsulfonyl)benzyl)-1H-pyrrol-1-yl)acetic acid (compound I-11)

\ N\
S S
/ /
. )
- . NC
B B
O N\\(o O L(o
OEt OH

[00422] General procedure 11 and general procedure I (step 1 and 2) were carried out for this
synthesis 2-(3-cyano-5-methyl-2-phenyl-4-(2-(pyrrolidin-1-ylsulfonyl)benzyl)-1H-pyrrol-1-
yl)acetic acid was generated in 33% yield. IH NMR (400 MHz, CDCI3) 6 7.95 (d, 1H), 7.42-
7.25 (m, 7H), 7.05 (d, 1H), 4.58 (s, 2H), 4.33 (s, 2H), 3.31-3.28 (m, 4H), 2.03 (s, 3H), 1.89-
1.85 (m, 4H).

[00423] EXAMPLE 24: Synthesis of 2-(2-methyl-3-(2-(morpholinosulfonyl)benzyl)-5-
phenyl-4-(2,2,2-trifluoroethyl)-1H-pyrrol-1-yl)acetic acid
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[ 00424] Et hyl
2-(2-nmet hyl-3-(2- (norpholinosul fonyl)benzyl)-5-phenyl - 1H pyrrol - 1-

yl) acet atwo(zoﬂm?9@7 0 537 nmol ) (m xture of regioi soner CT/UB2H0D6EY1 was
di ssol @Qléglw and cooled to O C DVAP (0.262 g, 2.147 mmol)
was then &ad e reactlon in one portion, followed by TFA (0.758 m ,
5. 37 mol) |nm§:qrop w se fashion |ce bat h was rem)gV and the
reacti on was neg to rt then reflugserdpor 16 h. At thi N t he
reaction was quegChed with 1IN HCl, andgf diluted with 5¢°m~ DCM The

| ayers were separ and the _the aqueoys on was then racted with
DCM (50 ). dried, Tiltere M nd concentrat ed.
The crude gl ethyl 2-(2-nmet N
(rnor phol i nof oﬁyl(ﬁ benzyl) - 5- phe ,2,2-trifluo cet\y(cj -1H pyrrol - 1-
yl)acetate was therepurified by silica gedt chromatography usPhg a 0 - 70%
Et OAc/ hexane gradient to furnish the desired material in 6f%yield. WO
2011/ 079007PCT/ US2010/ 060671 Preparati on of

2- (2- et hyl- 3- (2- (nor phol i nosul f onyl ) benzy1) - 5- phenyl - 4- (2, 2, 2-
tritluoroacetyl)-1H pyrrol-1-yl)acet LCW acid (conmpound 1-5% OHT 00425]
Ceneral procedure | (step 2) were c ed out for this siqltNheoms.
Preparation of v 5L

2- (2- met hy1- 3- (2- (nor phol i nosul f onyl )tfé ) - 5- phenyl - 4- (202,
tritluoroethyl)-1H pyrrol-1-yl)acetic AC (conpound | nupher,

[ 00426] 2-(2-nethyl-3 -(2-(nmorphoti sul fonyl )b enzy?
-phenyl-4-(2,2,2-trifluoroacetyl) yorol -yl )aceti i 063 g, 0.114
mol ) was dlssolvedlnTHF(B m ) e oIedtoOC hluoql\titnnum
hydride (0.114 m, 0.228 mol) was then ddded and the-reaction S war ned
to roomterrperature At this tinme, LC M5 suggests reaction is conplete,

t her ef gFp hiatmwwgnczt@%wghsqmmmr RoISHYsRITHANA) gy IS5t pral £4-(32,20 t h DCM
The organics were conbined ried tered, and concentrated. 'IJhe crude
mat er i atrlﬂmsoztcmdhlﬂrmecolryybncqtaiet(cmneeuuhl:m)educt| on step without further
characterization. [00427]

2- (2-nmet hyl - 3-(2- (norphol i nosulfony@nzyl) 5- phenyl -4-(2,2,2-trifluoro-1-
hydr oxyet hyl ) - 1H-pyrrol -1-yl)acetic Nd 00.063 g, 0.114 mml) was

di ssolved in 2 nL DCM and cooled to O O ,2-trifluoroacetic acid (1 m,
0.114 nmmol ) was then added foll owed ylsilane (.2 m, 1.252 mmol).
LC/ M5 shows reduction was instantl 3l " The reaction mixture was
directly concentrated to yield -Ff crude material, which was purified
by preparative HPLC chromat ograp
material. WO 2011/ 079007PCT/ USZ

15 OH

OEt

[00424] Ethyl 2-(2-methyl-3-(2-(morpholinosulfonyl)benzyl)-5-phenyl-1H-pyrrol-1-
ylacetate (259 g, 0.537 mmol) (mixture of regioisomers - 1.5:1.0) was dissolved in DCM
(5.37 ml) and cooled to 0 °C. DMAP (0.262 g, 2.147 mmol) was then added to the reaction
in one portion, followed by TFA (0.758 ml, 5.37 mmol) in a drop-wise fashion. The ice bath
was removed and the reaction was warmed to rt then refluxed for 16 h. At this time, the
reaction was quenched with 1N HCI, and then diluted with 50 mL DCM. The layers were
separated and the aqueous portion was then back-extracted with DCM (50 mL). The organics
were combined, dried, filtered, and concentrated. The crude material ethyl 2-(2-methyl-3-(2-
(morpholinosulfonyl)benzyl)-5-phenyl-4-(2,2,2-trifluoroacetyl)-1H-pyrrol-1-yl)acetate was
then purified by silica gel chromatography using a 0 - 70% EtOAc/hexane gradient to furnish
the desired material in 67% yield.
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1H NMR (400 MHz, CDC13) 8 7.99 (dd, 1H), 7.50-7.28 (m 7H), 7.13 (d, 1H),
4.44 (s, 2H), 4.30 (s, 2H), 3.75 (dd, 4H), 3.24 (t, 4H), 3.02 (g, 2H), 2.00
(s, 3H). WoQap3y79@XAMPLE 25: Synt hesis of 2-(3-acetyl-2pETdiSoeloyibin- ( 2-

(phenyl ) ;ren R Qyr = - i L. Yr Inber 1-52)
,,01/C)/Ifllék)l?ug#iéﬁh/(g?/izy&nfygg%éwrﬁﬂ%ﬁ%gﬁg@g@mg '?'fga@gugg’&%ped with a
magnet iteifkioroadetyl)- 1 Hgetryol- hl)acdtidecidl(cémpound 0-3024 nmol ) was added to a
solution of ethyl 2-(2,5-dinethyl-3-(2-
(phenyl sul f onyl ) benzyl) - 1H pyrrol - 1%/1 acetate (10 ng, 0.024 mol) in
acetonitrile (0.5 nL) at roomterrperlﬁ.t-u\rgo The reaction was stirred for 5
m nutes, then dichloronethane (10 nm.) g NaHCO3 (sat. ag. 10 nmL) were
added. The dichl oronet hane | ayer was s@pd and dried over Na2SO4,
filtered and concentrated to yield{j R-VU3-acetyl-2, 5-di net hyl-4-(2-
(phenyl sul fonyl ) benzyl) - 1H pyrr of,c1- acetate (8 ngs, 72% . [00430] To the
-/l et hyl-4- (2-

crude m xture of ethyl 2-(3-acetyd:

(phenyl sul fonyl ) benzyl) - 1H pyrr-yl acgate (25 ng, 0.055 mmol) in
MeOH: THF: water 3:3:1 (5 ml total)»>vas added Li OH (3.96 ng, 0.165 mmol) and
the resulting mixture was stirred for 30 #n. To this mixture were added
Et0Ac (3 nL) and HC1 (1IN ag., 3 nL). The ethyl acetate |ayer was separated
and dr i[@04x8) eGedad $edceditel It(sicpd) anet Gutijdesit gst this sgathtsi®) chr omat ogr aphy on
silica gel (0 to 100% ethyl acetate in hexanes, followed by 0 to 20% MeOH

in ethyl acetate). Collection and concentration of pertinent fractions
resul t dareparation 9f 205(2zmethyl-3¢(2-(morpholinosulfonyl)benzyl)-5-phenyl-4-(2,2,2-

2-(3-a - -dliime 4- (2~ I Lisy\lH pyrrol -1-yl)acetic
aci d (%gﬁ%%ﬁgge,tﬁﬁlg%ﬁp B%I tia?ﬁ)z‘?é | _d@ﬁhﬁéﬂdﬂi\@&%ﬁgﬁ%@w) 8.23-8.20 (m
1H), 7.84 (d, 2H), 7.51 (t, (t, 1H), 7.48-7.40 (m 2H), 7.36-7.30 (m 2H),
6.84-6.21 (m 1H), 4.51 (s, 2H), 4.09.(s, 2H), 2.37 (s, 3H), 1.79 (s, 3H,
1.62 (s, 3H. MSnz = 426.4 (M+ 1y. D00431] EXAMPLE 26: Synthesis of

2- (3-acetyl -2, 5-di net hyl-4-(2- (pyrro\-nj pol-

yl sul fonyl ) benzyl)-1H pyrrol -1-yl)acetigsacid (conpound 1-53) WO

2011/ 079007PCT/ US2010/ 060671 a, o

[00426] 2-(2-methyl-3-(2-(morpholinosulfonyl)benzyl)-5-phenyl-4-(2,2,2-trifluoroacetyl)-
1H-pyrrol-yl)acetic acid (0.063 g, 0.114 mmol) was dissolved in THF (3 ml) and cooled to 0
°C. Lithium aluminum hydride (0.114 ml, 0.228 mmol) was then added and the reaction was
warmed to room temperature. At this time, LC/MS suggests reaction is complete, therefore it
was quenched with ammonium chloride and extracted 3x with DCM. The organics were
combined, dried, filtered, and concentrated. The crude material was taken directly on to the

second reduction step without further characterization.

[00427] 2-(2-methyl-3-(2-(morpholinosulfonyl)benzyl)-5-phenyl-4-(2,2,2-trifluoro-1-
hydroxyethyl)-1H-pyrrol-1-yl)acetic acid (0.063 g, 0.114 mmol) was dissolved in 2 mL DCM
and cooled to 0 °C. 2,2,2-trifluoroacetic acid (1 ml, 0.114 mmol) was then added followed
by triethylsilane (.2 ml, 1.252 mmol). LC/MS shows reduction was instantly complete. The
reaction mixture was directly concentrated to yield ~ 5 mg of crude material, which was

purified by preparative HPLC chromatography to give 18 mg (29.4%) of the desired material.
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o//S /] [00432] Synthesis of
2-(3-acetyl-2,5-di met hyl-4-(2-(phenyl sul fonyl )benzyl)-1H pyrrol -1-
yl ) aceti cwacnd/mme®7conduct ed i n the sanme fashi on as thatCwefUus2010/060671

2-(3-a i t -

oo o KA ENTES CYEN S 299 (ddy 1), 7.50.7.28 (o TE). 7134, L), 444 (5,280,

( CDCL3/400(s\ea), 377593 d( 44dl), 3 DH)(t, 4H)37.07 (@3H)M.00H) 3HY. 30-7.25 (m 1H), 6.96
(d, 1H), 4.65 (s, 2H), 4.47 (s, 2H), 3.38 (t, 4H), 2.51 (s, 3H), 2.23 (s,
3H), 2.03 (s, 3H), 1.96-1.93 (m .4H. MS mz = 519.4 (M+ 1). [00433]
EXAMPL : ynyngs ~MEYD - “fonyl ) benzyl) - 5-
H00428] ?@%\@LE?&S inef A b2 hyd-(%

PLEDSHE : aseied. ) benzy
b1 Lpar £ oD L e D e DR B PR 72 < abl e

vial were ed nicotinal dehyde g, 43.9 mmol ), trieth i ne (12.17

m., 87 but - 3-en- 2-one (3. , 43.7 mol ), and 3-e '56(2'

hydr oxyet h < 49net hyl t hi azol - 3-i um A de (2.202 g, 8.73 Mo Q’/ I n et hanol
S0

(10 mL). The.#% t 80 Cfor 16 h. Thg/heastion was
t hen concent?at [ :

with 1IN HC1 mL)_.__The g@rganijc |
W th Na2S4~\The crude product added to a 80g | SCO s1l g
and was pulkit/ied with a gradient gf 0% to 100% et hyl

Col l ecti on and gepncentration of Pper Ni nept fractions result ed n jsol ation
of 1-(pyridim%Z-yl)pentane-1, 4-di one .59, 58% as a tan liquit
Preparation of dmnzyl 2-(2-nethyl-5-(pwpetdin-3-yl)-1H pyrrol-1-ybhiacetate
[00429] In a round-bottomed flask equipped with a magnetic stir bar, acetyl chloride (1.7
uL, 0.024 mmol) was added to a solution of ethyl 2-(2,5-dimethyl-3-(2-
(phenylsulfonyl)benzyl)-1H-pyrrol-1-yl)acetate (10 mg, 0.024 mmol) in acetonitrile (0.5 mL)
at room temperature. The reaction was stirred for 5 minutes, then dichloromethane (10 mL)
and NaHCO3 (sat. aq. 10 mL) were added. The dichloromethane layer was separated and
dried over Na2S04, filtered and concentrated to yield ethyl 2-(3-acetyl-2,5-dimethyl-4-(2-
(phenylsulfonyl)benzyl)-1H-pyrrol-1-yl)acetate (8 mgs, 72%).

[00430] To the crude mixture of ethyl 2-(3-acetyl-2,5-dimethyl-4-(2-
(phenylsulfonyl)benzyl)-1H-pyrrol-1-yl)acetate (25 mg, 0.055 mmol) in MeOH: THF:water
3:3:1 (5 ml total) was added LiOH (3.96 mg, 0.165 mmol) and the resulting mixture was
stirred for 30 min. To this mixture were added EtOAc (3 mL) and HCI (1N aq., 3 mL). The
cthyl acetate layer was separated and dried over Na2SO4, filtered and subjected to column
chromatography on silica gel (0 to 100% ethyl acetate in hexanes, followed by 0 to 20%
MeOH in ethyl acetate). Collection and concentration of pertinent fractions resulted in the
isolation of 2-(3-acetyl-2,5-dimethyl-4-(2-(phenylsulfonyl)benzyl)-1H-pyrrol-1-yl)acetic
acid (10.5 mg, 45%) as a tan solid. IH NMR (CDCI13/400 MHz) 8.23-8.20 (m, 1H), 7.84 (d,
2H), 7.51 (4, (t, 1H), 7.48-7.40 (m, 2H), 7.36-7.30 (m, 2H), 6.84-6.21 (m, 1H), 4.51 (s, 2H),
4.09 (s, 2H), 2.37 (s, 3H), 1.79 (s, 3H), 1.62 (s, 3H). MS m/z=426.4 (M + 1).

[00431] EXAMPLE 26: Synthesis of 2-(3-acetyl-2,5-dimethyl-4-(2-(pyrrolidin-1-
ylsulfonyl)benzyl)-1H-pyrrol-1-yl)acetic acid (compound I-53)
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[00435] In a small vial, 1-(pyridin-3-yl)pentane-1,4-dione (2.26g, 12.8
nmmol ) and benzyl 2- am noacetate, HClL (5.14 g, 25.5 mmol) were dissolved in
di chl or orwOlan@7¢@®@3 ml). Triethylam ne (5.33 ni, 38. 3 mumlyS20m@®c@dded

sl owy. en the reaction m xtur ecanme too viscous/chunky~to stir,
addition%tgylchloronethane and eiEgnol (-3 nL each) were §dded until the

m xture C d,desume stirring. TheNceHction mixture stirre é?gé?nlght t hen

was quencheg® h 15 niL di chl or onetsapne~ (15 nl) and NaHCO3 g. 50
nL). The dfch net hane | ayer was” ad directly to a 1209 si a) gel
col um and y oduct was eIU|ed 0 100% et hyl _acetjate RexXanes
Col | ecti ga\@and concentrati on @ el\tinent fractions restulted\in the
isolatio —Denzyl 2-(2-nmethyl -8- (Hyridin-3-y1)-1Hpyrro % yl)acetate
(3.37 g7 88% @gs a colorless li‘quiy. nt hesi s of 0

2- (2-met hyl =3¢( 2- (phenyl sul f onyl ) be 1)-5-(pyridin-3-yl)-1HpYrrol -

yl )acetic aci ¢gfconpound 1-2) O [0048&] Benzyl OH

2- (2-nmet hyl - 3-(2- (phenylsulfonyl)benzyl) 5- (pyridin 2-y1l) - 1FprrroI

yl ) acet nt hesj a i n ral dure. | ste _mjth
ORI R s bl e A R Lo SO S

triet hy}h CtRngiaRds éor@u@t@@!hﬁ’ﬁb%%@ fé&hlotnfaﬂsm%tBYh—TBJa}éét 1-2,5-dimethyl-4- (2-
trlfluoronethanesulfonate were used. The crude benzy F

2-(2- rre(pquhcan(lazletﬁmyb@myf)oﬂypymhbyh)yc@c(apylr ﬂHuNMB DCI3AY ML) 1- yI ) ace
Late wasod BTl YRS gy (D1, 9 25 BSOS ¥ b @ lon), W8 uh) HahRE per 2

stirring
2- (2- me3. by BHY, 2:50 kl IsanmH benzy 31,546y 9B dinn 485 WIS by 1oal M-yl ) ace
tate (350 gtrg, %.6 g %1%)) F(>d ))20 %, ?). m‘rgl) |21 MeOH (2 rri)(fgllowed

by suijctlon to I atm (ball oon) positive pressure of H2. After 1.5 hours,
the reaction vial was flushed with nitrogen gas and the m xture was

filter ' ks : | ] ncentr at ed
‘o aff 3@3&%‘{] ?gﬁnbleh?ﬁlélfrﬂgc ?g{itﬁekk P52 TRaRFRE- B\ HivehyTPulfoH o dfs1) S

( phenyl(putiflon§lyDeHipyireld-yIpacetidianid3- y1) - 1H- pyrrol - 1-ypacetic acid (277 nyg,
95% as a fine yell ow powder. 1H NMR (CDC13/400 MHz) 11.77 (bs, 1H), 8.7
(s, 1H) 4 1 8. 25 (d 1H), 7.86-7.82 (m 3H), 7.54-7.37 (m 6H)
7.17 (a‘ge'ﬁﬁfﬁlsé‘qb%ﬂkgéh 4.46 (s, 2H), 4.03 (s, 2H), 1.99 (s, 3H). M5
m z 447.4 (M + 1). EXANPLE 28: Synt hesi s of
2-(2-nethy1-3-(2-(pheny|squonyI)benzyl)-S-(pyridin-4-y1)-
1H pyrrol -1-yl)acetic acid (conmpound 1-1) 0 [00437] This conpou as
synthesized in a simlar fashion to 2-(2-nethyl-3-(2-

(phenyl sul fonyl ) benzy1)-5- (pyri di -yl)-lkkpyrrol-l-yl)aceticg\ id. 1H NWR
(CDC13/ 490 MHz (ppm 8.46y 8.26 (de—3Hy, 7. : 2H) ,
7.59 ( -747 (M §HL 7N25q( H, 6.9 (s, 2H) ,

4.10 (s ZFDD 2.05 (s, 3H. (M+ 1). EX& SyntheS|s
of 2-(2-nethyl-3-(2- (phenylsulfonylkbenzyl) 5- (pyridi "2y 1)}
1H pyrrol -1-yl)acetic acid (conpound 1-17) WD 2011/079007P 010/ 060671

Preparation of 1-(pyridin-3-yl)pentane-1,4-dione

[00434] In a sealable vial were added nicotinaldehyde (4.7 g, 43.9 mmol), tricthylamine
(12.17 mL, 87 mmol), but-3-en-2-one (3.97 mL, 43.7 mmol), and 3-ethyl-5-(2-
hydroxyethyl)-4-methylthiazol-3-ium bromide (2.202 g, 8.73 mmol) in ethanol (10 mL).

The reaction mixture was heated at 80 °C for 16 h. The reaction was then concentrated. The
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0 [00438] This conmpound was synthesized in a simlar fashion to

2-(2-nmet hyl- 3-(2-

(phenyl suWwbanulg7benzyl) - 5- (pyri di n-3-yl) - 1H pyrrol - 1- ylpatase@oacicdt 1H NVR
(

CDC13/,44 treat 18 481 &3 uelied q ’Thg 9g5an?c 9r(m 1H)
{8y eS0T By hith OIS X 90 nlih) ThE T

::f 5 E Syaszied vﬂﬂﬂ]%[al&(ﬂlﬂig cn@ pnd)c;Jctwésde@:cLi(tM sog)scjgxmga aﬂumﬁy?nd hesi s

Ol ol t S ERka g g 1, fod R Yy Badsincisaney CeJRstianind scheme: G

CO2Et  QofdceritratibiEbf é?flﬁ&ﬁ'ﬁ%&ﬂl&ﬁ &l |[ﬁ’isolatlon of 1 (pyrldln 2-yl)pentane-1,4-dione
2- (3-benzoyl- 2, 5- dprret hy1l-4-(2-(pyrrolidin-1-ylsul fonyl) enzyl) 1Hpyrrol - 1-

yl ) acet(dtde, ﬁ&%)’rwmad ligugig) L COREt
136

Preparation of benzyl 2-(2-methyl-5-(pyridin-3-yl)-1H-pyrrol-1-yl)acetate

[00435] In a small vial, 1-(pyridin-3-yl)pentane-1,4-dione (2.26g, 12.8 mmol) and benzyl 2-
aminoacetate, HCI (5.14 g, 25.5 mmol) were dissolved in dichloromethane (15 ml).
Triethylamine (5.33 mL, 38. 3 mmol) was added slowly. When the reaction mixture became
too viscous/chunky to stir, additional dichloromethane and ethanol (~3 mL each) were added
until the mixture could resume stirring. The reaction mixture stirred overnight, then was
quenched with 15 mL dichloromethane (15 mL) and NaHCO3 (sat. aq. 50 mL). The
dichloromethane layer was added directly to a 120g silica gel column and the product was
eluted with 0-100% ethyl acetate in hexanes. Collection and concentration of pertinent
fractions resulted in the isolation of benzyl 2-(2-methyl-5-(pyridin-3-yl)-1H-pyrrol-1-
yl)acetate (3.37 g, 86%) as a colorless liquid.

Synthesis of 2-(2-methyl-3-(2-(phenylsulfonyl)benzyl)-5-(pyridin-3-yl)-1H-pyrrol-1-

5

0>

ylacetic acid (compound I-2)

/ \
N

kn,OH

o

N
y N
—

[00436] Benzyl 2-(2-methyl-3-(2-(phenylsulfonyl)benzyl)-5-(pyridin-2-yl)-1H-pyrrol-1-

yl)acetate was synthesized according to general procedure I (step 1), with the exception that 6
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WO 2011/ 079007PCT/ US2010/ 060671 [00439] In a small vial charged with ethyl

2-(2,5-di met hyl-3-(2-(pyrrolidin-lylsul fonyl)benzyl)-1H pyrrol-1-yl)acetate
(143.7 rrgwo(loﬂﬁﬁ%mol) in DCM (4 m_) at 0 C, was addedrdrajses1s@c@7sol uti on
of et hylg i s e tQoffith, 1 irhdoPb @RS TiRhafeact i on

mxtureé ur neggt@ee% ?Ilcs)seecofl Aqr%l élnsg%y?H 1 Ol’ll)y rn}l% MSQH te,SJ 5562 nmol )

was addede uddie Thestdti bmgzyﬂtﬁ;(ﬁumﬁhjdécem@henﬁmgﬁ)nabﬂer&lyt)vﬂ pywem-2yl)eited t o

warmto rt e reactio stirred 5 once agai n and
an addirohdr q@e@aﬁelw%&%ﬁ% 9 Iaﬁoﬁﬂf%ldewﬁ%ﬁ %eﬁ? %ﬁ\?@rw&amgr e
added. Jhgnd m;dncarb\e@zsqur(@qn@tg@m(ﬁtﬁ& dulbShy 2/&5)05 {RRmii-gnperat ur e

slowy with stirring and stirred an addi |onal at room terrperature
The r eaytiobn- yd}ilgetalhéﬁﬁ(qmgn@ ﬁé%lnmyoli e/ G () mgo(hotﬁ mwml)em Me@HdR2 etl) or onet hane

oo o S et Ro Rl BFh P B b ATl L adOufolits s vaa

added tr@actiofiQghl I\xﬁ@(ﬂu%ddl Wwigh ﬁh@ﬂog@r@ga&mddﬁ@n@uﬁﬂefw&dilt@tédlhib@h ad @nkodf 0% to
60% Et 0Ac/ hexanes. The product was obtained as a gI ht orange foam (165.2
Y

0. Jurmkbe colonlespnyixairegyas mcmt@cbp@f@vrdt@ﬁw 6-(pm 7.92 (dd, 1

ny,
7 gg g %hﬁ@ifﬁz%@b%@%l) 3#‘;3@'1*1%%—233% ﬁf?@%«ﬂ‘ 13%'%'93%%2 ?[%8 ((%‘77 3%%5 %) 8%9 {‘159
L 22(; Z}f[elllgt]vl)pgwlieﬁélfﬂNR/ﬁ{ (ODCHBA00 NI 1 (77 (&) H),S7 (5, 2H),508 @0 1AMS25L) .

2- (3- be(HzHSDﬂ 05184 (et Hyn 7 454(7231 B9 GO 7 di7 hd-1LPk AP Ko rYD) bt ey 2.1 r r ol - 1-

yl)acet o] 59, H\[00440] Ethyl 2-(3 -b enzoyl-2,5

- di math 2§9§(§%® lM@Hain | - yI sglpz %yl )b enzyl)-1H pyrrol-1- vyl )acet ate
was saponl fied using the general procedure (step 2). 1H NVR (CDC13/400 MHz)
6(ppn)791(dd 1H), 7.68 (dd, 2H), 7.48 -7.43 (m 1H), 7.38-7.30 (m

Il EHOMUIE T W T SR

: ricfXAMTdeedld acidyBéipensd Pf)
2- (2 nethy -3-(2- (phenylgﬁlfoﬁyl)benzyl) 5-(4-
(trifluoronethyl)phenyl)-1H pyrrol-1-yl)ac acid, 2-(2-nmethyl-3-(2- WO
2011/ 079007PCT/ US2010/ 060671
(phenyl sul f onyl ) benzyl) - 5- ( 2- (trlfluoron%i yl') phenyl) - 1H pyrrol -1-yl)acetic
acid, 2-(5-
(2- quorophenyl) 2-met hyl- 3-(2- (phenyl s If
c acid, 2-(5-
(3-fluorophenyl)-2-nethyl-3- (2.
c acid, 2-(5-
(4-f|uorophenyl)-z-nethy1-3-(§
c acid General Synthetic Schene

)benzyl)-1H pyrrol - 1-yl)aceti
ul fonyl ) benzyl)-1H pyrrol -1-y1l)aceti
enylsuldpnyl ) benzyl) - 1H-pyrrol - 1-yl) acet |

o)

[00437] This compound was synthesized in a similar fashion to 2-(2-methyl-3-(2-
(phenylsulfonyl)benzyl)-5-(pyridin-3-yl)-1H-pyrrol-1-yl)acetic acid. IH NMR (CDCl13/400
MHz) 6 (ppm) 8.46 (d, 2H), 8.26 (dd, 1H), 7.81-7.79 (m, 2H), 7.59 (d, 2H), 7.56-7.47 (m,
5H), 7.25 (d, 1H), 6.9 (s, 1H), 4.81 (s, 2H), 4.10 (s, 2H), 2.05 (s, 3H). MS m/z=447.4 (M +
1).

EXAMPLE 29: Synthesis of 2-(2-methyl-3-(2-(phenylsulfonyl)benzyl)-5-(pyridin-2-yl)-
1H-pyrrol-1-yl)acetic acid (compound 1-17)
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X=F (o,mp), CF3(o0,p) [00442] The synthesis below is described for
Conmpound 1-25 and can be applied to all other exanples. Preparation of

1- (4- (triwburorianmedonyl ) phenyl ) pent ane- 1, 4-di one 0 F3C  [p0@A%3}10lo606a1 smal |
vial charged with 4-(trifluoronethyl)benzal geRyde (3.00 nL, 21.98 mmol) in
Et hanol (Volune: 9.5 nL) was added triethy e (6.13 nm., 44.0 mmuol),
but-3- en-2-one (2 nL, 21.98 mmol), and g

3-et hyl -5-(2-hydroxyet hyl ) -4-met hyl t hi az(fls 3-ium WO

2011/ 079007PCT/ US2010/ 060671 brom de (1.7109 4.40 mmol ). The reaction

m xture was heated at 80 C for 16 h angrtX oncentrated. The residue was
treated with 1IN HC1 and extracted wi £ Xx). The organic |ayer was
dried with MgSO4. The crude prga #~added to an 80g |1 SCO silica gel
colum and was purified wth & grpdi eht of 0% to 40% Et OAc/ hexanes. The
product was obtained as a colorfess c OHl | ine solid (3.18 g, 13.02 mml,
59.2 %yield). 1H NMR (CDC13/400 MHz) (ppm 8.07 (d, 2H), 7.71 (d, 2H),
3.26 (t, 2H), 2.91 (t, 2H), 2.25 (s, BI%; Ms mlz: 245.18 (M + 1).

Preparati on of ethyl

2- (2- mg0by3s] STHi4 chirpoid duedsosyathbyil-gdihenyimh) ladfasiayh (OR=2-rdhpceiat e

(phenylsulfonyl)benzyl)-5-(pyridin-3-yl)-1H-pyrrol-1-yl)acetic acid. IH NMR (CDCl13/400
MHz) 6 (ppm) 8.45-8.35 (m, 1H), 8.19 (d, 1H), 7.95-7.89 (m, 1H), 7.76 (d, 2H), 7.51-7.31
(m, 7H), 7.06 (d, 1H), 6.16 (s, 1H), 4.53 (s, 2H), 3.96 (s, 2H), 2.01 (s, 3H). MS m/z =447.4
M +1).

EXAMPLE 30: Synthesis of 2-(3-benzoyl-2,5-dimethyl-4-(2-(pyrrolidin-1-
ylsulfonyl)benzyl)-1H-pyrrol-1-yl)acetic acid

General Synthetic Scheme:

O \\S’ O\\ /N
o° =S
O Step 2 0 O
N — O &, v
N /N /3
0 N
N
OEt CO,Et kCOQH

Preparation of ethyl 2-(3-benzoyl-2,5-dimethyl-4-(2-(pyrrolidin-1-ylsulfonyl)benzyl)-1H-
pyrrol-1-ylacetate (compound 1-68)
0

\\Q

O
I \
N

CO,Et
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[00444] In a round bottoned flask, charged with
1-(4-(trifluoronethyl)phenyl)pentane-1,4- dione (3.18 g, 13.02 nol) in
Et OH ( Ratwo:20R/07%prune: 13 nl) and ethyl 2-am noacet at e phydisoetolosrsrte

1.818 C roghloride (1.818
(, goﬁﬁ ?Za gﬁggit%l?ﬁﬁ g%ﬁﬁle&@?._% ﬁ{ﬂl&% %@Iﬂaﬁ e geact: on §n xture
was heagﬂﬁﬂlfoayl)ﬂéjlzﬁ)ﬂé{-pgl‘jola -al) {ecBDO4 1dB . 7S r e B me@lhymm (éan)Lﬁﬂ\(B)C The
reaction hen conce trat a t he resj du h water and
ext r act'& ?idwsew utipR! Phqgﬂwelmuavgﬁh%@ é@ﬁé@ @fﬁ“ﬁ 80" The crude
productioM@ge aftedadt®nanikaR8 trRdARD rbetolttlang BLALTHI é}ﬂgrla@(%lggll fggd with a

gradient of 0% to 50% Et OAc/ hexanes. The product was obtain as a light
yel | ow roinbl)(Was@dded. 3'he esuitivig, mix8ire Yecpime] atyngeladd NivRv 1y @@@zmbwabtowmn@ (ppn)

4 25 Eé’rf- yeachos g 8tma ) 25 5 ¢ coplfroniigis anstlio bt sl oS el

of :
2- (2- methy 1-30 0 220 Bliemy o et ST by 1S g AP e C0Re T 5 ey P) - 1Hpy
rrol - 1-wirjetoebom tanpdat(uomsimlmdltlistﬂﬁhg alDs O A0 AR . ISR @fLﬁ»bﬁﬁOG?l

00445] Cener al ocedure e carried out to generate
[2 (2- n%?qxwg_ra@re( E%e reac(tjlgn was then quencjhed by the) ad\,c\{?‘[lion of watér and dlilchlororn ane

g E |h S nyl a%!d |t1f1é3‘5&¥ﬂe) Q?&Z\Vés) ex@ra(:t%d %fh‘ IﬁtNP(gs‘%gETﬁlé’&r)g%Q néSJe} w?xk"dﬁé’c{ &J‘Rh 'M-gS@éi ac ?t |68

(d, 2 H)a,ndzoﬁc‘knvfmé updgr @H)urn 7 TB@ c1(ud¢ pRidpgt Waslegidédl o @_H)g ISEZG Slhés gell H) 4. 61

I(3'§/r r (erbec ma(s%ﬂrrbtzeﬁ?v&l&h% %‘jad](\‘?ﬂtj%f?, (g%) é? %@ﬁggt% ]'eéliarilge]s he prog{?lct WS a(lenseldS of

2 trif 4 (d,
( rl7 dggq _}%H&tahgé fdaaﬂ(zléb Q%gdmzslrhimbll\/@l(@@@/ ﬂﬁ@qwmz(bljtl(smol\/lﬁ )48442(3 4 20

, 1H)
( br m  Zppm) 4. 92634 dH)E%-IFS (&, 221 (7546 GIH)H) 1. 3232; 82 (m%) 7RO (, d@i)47il]1_?) (ade

7. 30- 7,38 (0 GRS ARG ERNE Sy AN ol s AR 4 a7 (s

2H), 4.1U84-( g8 (REHH),2. 25(t(3H). 39 m/2A 582401(M BH).. M5 mfz: 262.20 (M + 1).
[ 00448] Made starti ng wth 3- fI uorobenzal dehyde 1H NWVR (CDC13/ 400 MHz) 6

(ppm 7.36-7.19 (m 7.07 P -65r’r} 6.17 (d,
1H), 6.Ryepagaiionigh)’- (34b631§0z152 Sﬂuyle lwlﬂdl((ayrr?ﬂa}im b-visulfony )'mzyl)ﬂ% (t, 3H)

pyrrol-1-ylacetic acid (compound I-55)
o\ N

k

CO.H

[00440] Ethyl 2-(3-benzoyl-2,5-dimethyl-4-(2-(pyrrolidin-1-ylsulfonyl)benzyl)-1H-pyrrol-1-
yl)acetate was saponified using the general procedure (step 2). 1H NMR (CDCI13/400 MHz) &
(ppm) 7.91 (dd, 1H), 7.68 (dd, 2H), 7.48 -7.43 (m, 1H), 7.38-7.30 (m, 3H), 7.23-7.17 (m,
1H), 7.09 (d, 1H), 4.57 (s, 2H), 4.28 (s, 2H), 3.22-3.16 (m, 4H), 2.05 (s, 3H), 1.98 (s, 3H),
1.82-1.77 (4H). MS m/z: 481.34 (M + 1).

[00441] EXAMPLE 31: Synthesis of 2-(2-methyl-3-(2-(phenylsulfonyl)benzyl)-5-(4-
(trifluoromethyl)phenyl)-1H-pyrrol-1-yl)acetic acid, 2-(2-methyl-3-(2-
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WD 2011/ 079007PCT/ US2010/ 060671 [00449] Made starting with

4-fl uorobenzal dehyde. 1H NVR (CDC13/400 MHz) 6 (ppm) 7.30-7.24 (m 2H),
7.09-7. OSNOQDUZHbmWG 11 (d, 1H), 5.99 (d, 1H), 4.50 (s, peHUS2em08&6(y, 2H),
2.23 ' [ ' made
usi ng(g Bher a?ul r%c)bg't' Zrye? fi)(% é@@ﬁ%ﬁﬂi@%eﬁﬂ)ﬁh-ﬁ&%i-l%ﬁb@?&%d,"ﬁ(ﬁ

2- (2 mahy?apl@e?ryapnméhm (oerbeny st pivos otmbint ydrie) 11
rro acet Cl
{bony 83 Shicraphany-& g (o fgheny sy Gogyl)ieagyD- H-gotroy Ly agee a2

; H;12 471(00 & pﬂé’&y z)i n?é%h%ld.% lehef_lglsﬁﬁoﬁﬁ)beiili%ll 195 éyl(r'ﬁl I»VI'%aceﬁ% A4a (br d,

2-(5-(2-fl uorophen 2- et hyl (2- (phenyl onyl)benzy 1H pyrrols4-yl)
acetic acid (corrpo@ 1-18) [ 511 1 NI\/R 13/ 400 MHiz (ppn) 8. (d,
1H), 7.86 (d, 2HSX7.54-7. 4o°>zm 4H), 7.3B{7.20 (m 3H) 2Sx7.19-7.13 By 4H),
5.49 (s, 1H), 4. , A4/ 3

2(5(3f|uoren -- ¥- (2-

acetic ac QT 0045

1H), 7.% 2y . 7’ kg

7.3
1H). 7.00-6.90 (%' 3H), 5.7t
3H). MS mlz: A4 72 (M + Ty
2-(5-(4-fluorophenyl)-2-nmnet hyl - 3-(2-(phenyl sul fonyl )benzyl)-1H pyrrol -1-y1)
acetic acid (conmpound 1-15)

m 4Np 7l (31 (T .
é 1H), 4. GQIH%S’ 2H) 4.6%‘“gs, 2H), %95 (s,

I- 27 Compound | Compound 1-8 Compound I-15

General Synthetic Scheme

| Step 1
_ P \\(0 Step 2
OEt

X=F (0,m,p), CF3(0,p)

[00442] The synthesis below is described for Compound I-25 and can be applied to all other

examples.

Preparation of 1-(4-(trifluoromethyl)phenyl)pentane-1,4-dione
o

FsC

[00443] In a small vial charged with 4-(trifluoromethyl)benzaldehyde (3.00 mL, 21.98
mmol) in Ethanol (Volume: 9.5 mL) was added triethylamine (6.13 mL, 44.0 mmol), but-3-
en-2-one (2 mL, 21.98 mmol), and 3-ethyl-5-(2-hydroxyethyl)-4-methylthiazol-3-ium
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WD 2011/ 079007PCT/ US2010/ 060671 [00453] 1H NMR (CDC13/400 MHz) 6 (ppm
8.27 (d, 1H), 7.87 (d, 2H), 7.54-7.40 (m 4H), 7.20-7.17 (m 4H), 7.06-7.02
(m 2H), wo@ei(wooiH), 4.55 (s, 2H), 4.02 (s, 2H), 1.93pr(C3/US3p/06(60D454]
EXAMPL B 321 do9Y 10085k 50 Hméh ( Fndrcdbi "vs%'httoflh h
(nnrphor§%g§§Fnggfybgnzdél)-1{359%$%?¥%wélEécg%F%ag%%éjégngrépd yﬁ%hetic
Schene dodethiatedTOharesidue mys abat2d (rithr IphHIC and e tfaotedWileDEM 3 acithe( 327 ny,

1.21 mmol) .ip dichl oromet h (11 m s added thjonyl | oride. (0.220 ni,
3.01 mﬂsg%n.lc [%ﬁsr VL, fqdowhﬂ)&&esﬁé‘a_tl% byt ?%lqt s 3459 an $Pe B QAR LCVB
anal ysi | (Sagh 4 WRk axidewsflaWrd B8t 0299 o oPBEIRROhIx ey gak ptbdugaFhd ON
conpl etion. The reaction was concentrated to afford 2- WO

2011/ 0 *GOTRCH A9he 164 oG limesad phbt £.n3s0? foey SPetzogd). d IMRie (0. 397 g,

it houtCA S AGT NPRT IR Rl ety 7 A5, 57067 185, Y5P%, 2 55 %% St P

2-(2,SqQSqmghyﬂ&ﬁ§@@4(%prpholinosulfonyl)benzoyl)-lkkpyrrol-1-y|)acetate
(conpound 1-69) [004 To a 0 C solution of ethyl
2-(2,5-dinethyl-1Hpyrrol-1-yl)acetate (0.2 g, 1.10 mmol) in

di chl orlgeparMion qf@.ﬂeylﬁt@z-m&@ykédédtrmlwme&hﬁ)ﬂhﬂmﬂ)clﬂiwr%lcﬂ)%etaﬁt, 1. 66
nml ). The reaction was stirred at 0 C fg 5 mnutes, after which a
solution of 2- (norpholinosul fonyls Whl oride (0.384 g, 1.32 mmol)
was added. The reaction was stiry inutes at 0 C, then allowed to
warmto roomtenperature, a hours at this tenp. The
reaction was quenched with sodi um bl carbonate (15nl), extracted with

di chl oronet hane (3 x 50nL), washed with bri @2k i ed (sodi um sul fate),
filtered, and concentrated. Purification by colum chromatography on silica
gel wusi t 1Ny iReXanes; -1.4-

3 (2 o b R e ) ot AR enians 2 o

(0. 145 dyone033342, AdndR, miBODoy DI Y Ratid: 2NVRIuh#0 0 3 lHz), anGRE3 R-aninggmptaje 7. 84 (d,

1H), 7.6 .ot 1Al DD d 1H, .7.3 d. 1 .12 A 4.51 (s,
2ty 4 e RRigey 1 83 g 50D i wagihod b2 ipinciesy Bohfiap O s ™ 5
(s, 3H)13.02 dfholftandIHibthylamine ﬁl_().53 mL, 76 mmol). The reaction mixture was heated at 70

2- (2, 5-di net hy1- 3-(2- (nor phol i nosul fonyl ) benzoyl) - 1H pyrrol -1-yl )acetic

aci d (cénigplind M=58% of SM remained by TLC and LCMS).” The reaction was then

concentrated and the residue was treated with water and extracted with DCM (3x). The
organic layer was dried with MgSO4. The crude product was added to a 120g ISCO silica
gel column and was purified with a gradient of 0% to 50% EtOAc/hexanes. The product was
obtained as a light yellow oil (1.8 g, 5.98 mmol, 45.9 % yield). 1H NMR (CDCI13/400 MHz)
d (ppm) 7.62 (d, 2H), 7.42 (d, 2H), 6.23 (d, 1H), 6.05-6.02 (m, 1H), 4.55 (s, 2H), 4.25 (q,
2H), 2.24 (s, 3H), 1.28 (t, 3H). MS m/z: 312.22 (M + 1).

Synthesis of 2-(2-methyl-3-(2-(phenylsulfonyl)benzyl)-5-(4-(trifluoromethyl)phenyl)-1H-
pyrrol-1-ylacetic acid (compound I-25)

COzH

139



WO 2011/ 079007PCT/ US2010/ 060671 [ 00457] Ceneral procedure | (step 1 and 2)
was followed using ethyl 2-(2,5-dinethyl-3-(2-
(norpholhmo&uhﬂnmmh)benzoyl) 1H pyrrol -1-yl)acetate (0. ®600MSg91006@15 nmol )

and 1My Q@%gﬁgb& ulY Wb 9D §fony ieotte éHE'PAt% 2L8. ﬁtﬂﬁrﬁ 2-

2-(2,5 nDrp |nosu enzoyl 1H pyrr 1 y1 acetic
acid (Z{ah&yrtsylfo@ylﬁl‘ﬁ:ﬁi@ylbrﬁw (tréfudvoryetbl ipheny HH HNMR1¢14D91) Mdric aGRCIBINMB ( ppm)

o> Stemb gl M fobmy By @l B9 188154 o, A1) 760 S 3580 18Py

[00458] fgxr\wr@ﬁ% 759'0& W%)' §79f(s 1H), 4.61 (s, 2H), 4.05 (5, 2H), 1.97 (5, 3H). MS m/z
2-(2,5- drne hy1- 3-phenyl-4-(2- (pyrrol idin-1-

yl
1

sulfdﬁﬂﬁmnh@mﬂbthro) 1FprrroI 1-yl)acetic acid Preparation of

2- bi s( 2- (pyrrolidin 1-yl sul fonyl ) phenyl )di sulfane 00 xNO ? * 0 9 , s' s-
sol u n of 1-(phenyl sul fonyl)pyrrolidine (1.50 g,

7 10 m@“)ﬁ‘?s K Ye y”‘r’%g %“r%"ﬁ (20 L) was added n-butyllithium (3.00 m,

7.81 mol ). The reaction was stiriofg at 0 C for 30 m nutes after which

solid elenmental sulfur (0.228 g, [ "\) was added in one portion. After

10 mi nutes, the reaction was r % 2enyverted conpleted, with a trace

of the disulfide present by LC al ysiNs. The reaction was strrred at 0C
for an additional 30 minutes afNeFwhich_the starting naterial had been
consunmed. The reaction was quenched by theediti on of saturated ammoni um
chl oride solution (10 m.) and purged mﬁth oxygen The reaction mas stirred
open to the air roomtenperature f rs, after

di | ut ed00#464 Maérrrtélﬁ@&érlﬂa%étrlﬂ@sm%lrsébearatlripherri%H%N%Pe(@laﬁ@/%@ MP% 5rr1_)

dried ( 4!t ept t rgs e. This
was pu#?ﬁa% ' 1 |2§6éi ﬁ%fﬁg g@ggg @9523R$§qg?é?3? fgmﬂéfgﬁigyover 60
nlnuteibnﬂhﬁ{pﬁdd&qﬂ&ﬂlZZQMs§¢B 1.epyt 8HD.i di n-1 -yl sul f onyl ) phenyl ) di sul f ane
(1.18 g, 2.44 mol, 69%yield) was isolated as an off-white solid. 1H NWR
(400 MHz, CDC13): 6 (ppm 7.97 (dd .84 (dd, 2H), 7.47 (app. td, 2H),
7.33 (ddd, 2H), 3.41-3.45 (m 8 95 (m 8H). Preparation of ethyl
2- (3-i0do-2,5-di nethyl-4-(2-(pj e yTsul f onyl ) phenyl t hi 0) -
1H pyrrol -1-yl)acetate (conpout 70) [ 00460] To a 0 C solution of
1, 2-bis(2-(pyrrolidin-1-ylsul foryT)phen di sul fane (0.241 g, 0.497 mmuol)
in N, N-di nethyl formanmide (8.3 nl), was adde@:Btodi ne (0.210 g, 0.828 nmol).
The reaction was stirred at OC for 30 m nutes, after which ethyl
2-(2,5- rr ; I ded, and
the to S[ﬁpmgﬁér#a%? r%eﬁ \ng aﬁh&?o%gﬁ%ﬁ&hﬁz&’e.]rﬁor\rﬂm R5e8 AN h)8 3 A

7.34-7.28 (m, 2H), 7.18-7.08 (m, 2H), 6.18 (d, 1H), 6.05 (dd, 1H), 4.47 (s, 2H), 4.18 (q, 2H),

2.25 (d, 3H), 1.22 (¢, 3H). MS m/z: 262.20 (M + 1).
F [ \

N

N

CO.Et

[00448] Made starting with 3-fluorobenzaldehyde. 1H NMR (CDCI13/400 MHz) 6 (ppm)
7.36-7.19 (m, 1H), 7.07 (app dd, 1H), 7.04-6.95 (m, 2H), 6.17 (d, 1H), 6.01 (dd, 1H), 4.55 (s,
2H), 4.25 (q, 2H), 2.23 (s, 3H), 1.28 (t, 3H)

B
N
j N

CO,Et
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warmto roomtenperature. The reaction was then heated at 60C for 16 hours
after which tine additional iodine (0.210 g, 0.828 mvl) was added. The
reacti on wiexotiemoneat ed at 60C for an additional tw hegrasadwesosrt was

al | owe : ' and
extracﬁég@&ﬁt aggﬁéﬁnlggpg?gm%ﬁﬂp ‘M§&33r|ewﬁ?%od¢§%£§5%¢%?g), Iltered
and conc®hiRat(ed 2HRUE.09-7 .62 inpRHR . Idaldu hid ), SH9o(aat la g dadh(y, 21h), 4i23i (g2 H)e!

af f or ded eéhéh

2-(3- i oo’ dﬂﬁ%&%&%{M-(Z (pyrrolidin-1-ylsul fonyl)phenylthio)-1H pyrrol-
1- yl)acetate (0.110 g, 0.201 mol, 24%yvyield) as a viscous residue. 1H NWR
(400 MHz, CDC13): 6 (ppm) 7.94 (d, 1H), 7.24-7.28 (m 1H), 7.11-7.15 (m
1H, 6.77 (d, 2H), 4.63 (s, 2H), 4.25 (q, 2H, 3.52 (m 4H), 2.28 (s, 3H),
2.27 (s, 3H), 1.90 (m,  4H), 1.30 (t, 3H). Methyl

2- (2, 5-Charecteyization hEAyalpmypenndy mese maid using| seneradpyocednenl (sten bnd H- pyrro
| -1- yl)acetate (conpound 1-71) WO 2011/ 079007PCT/ US2010/ 060671 [ 00461]
To a sol'ution of phenylboronic acid (26.9 ng, 0.221 mml) in nmethanol (1.0
m.) and toluene (1.0 nL) was added et hyl
2-(3-i10do-2,5-dinethyl-4-(2-(pyrrolidin-1-

yl sul fonyl ) phenyl t hi 0) - 1H pyrrol -1-yl)acetate (121 ng, 0.221 mol),

palladiu te raki stri phenyl phasph 0 and di um

Par bondr - 1tpdg-Gr BRI penalEs At nitomesnbelis HERREaTd 100
for 2. %dp@yﬁ@aaamgﬁnﬂﬁﬁkgﬁzﬁg 60 C for 16 hours, after which an additional
0.10 eduiv. of both phenyl boronic acid and palladlum

t etraki stri phenyl phosphi ne were added. The o\ i on was then heated at 100C
for one nore hour, after which it was allo 4 cool down to room

t enper at ur e, poured over ice water (10mip, acted with ether (2 x 20
m.), and washed with water (1 x 30 nL). %33 conblned organic | ayers were
dried (sodiumsulfate), filtered, and co ated. Purification by colum
chr omat ography on silica gel afforded (2, 5-di net hyl- 3- pheny1-4-(2-
(pyrrolidin-I-ylsul fonyl)phenyl €k b l-yl)acetate (0.0246 g,

0. 0510 mmol, 23 %vyield) as a lght/br\wn restdue. LCVMS: ES+ [ MWH] + = 485. 3
2-(2,5-di net hyl- 3-phenyl -4-(9- (D di~ 1- yl sul f onyl ) phenyl t hi 0) - 1H pyrro
| -1-yl)acetic acid (conpound ' [ 0462] Ceneral procedure | (step 2)
was followed using nethyl 2-( - 3- pheny1-

4- (2-(pyrrolidin- I-yIsquonyI)phenyIthl ﬂﬁk#pyrrol-l-yl)acetate (24.6 ng,
0. 0510 mmol ) and 1M sodi um hydroxi de (0.152 m, 0.152 nmol) to afford

2- (2, 5-di net hyl- 3- phenyl- 4- ( 2-

(pyrrolidin-I-ylsul fonyl) Phen ylthio)-1H pyrrol -1-yl)acetic acid (15.2 nyg,

0. 0320 [A9430] HﬂNMBK@DQB 480 ¥tz @om) 8. 27](91, NURY. @01(11} 27 7TE0C1BY); 7.60« pprr)

(i aty Faalorn 73525680 Y 5 i 837040 ) ¢ s A 2 ag 0, 2B 2008 2

prepar g8r AP Y8uss, BH). MS\m/z 5N. N + 1),

2-(5-(2-fluorophenyl)-2-methyl-3-(2-(phenylsulfonyl)benzyl)-1 H-pyrrol-1-yl)acetic acid
(compound I-18)
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2-(2,5-di nethyl-3-(2-(norpholinosul fonyl)phenylthio)-1H pyrrol-1-yl)acetic
acid sane as 2- (2,5 -dinethyl-3 -phenyl-4-(2-(pyrro

l'i di n-1-yweubfiartydoyphenyl t hi o) - 1H pyrrol -1-yl)aceti ¢ aciPdT/ub2010/0506Rl

(CDC13/ 400 MHz) 9.33 (s, 1H), 8.29 (d,1H), 7494 (d, 2H), 7.56-7.31 (m 9H),
7.00 (d, 1H), 4.49 (s, 2H), 4.37 (s, 2H, 1 s, 3H. MBS nlz = 474.4 (M +
1). [00463] EXAMPLE 34: Synthesis of

2- (2, 5-di net hyl- 3- phenyl - 4- (2-(pyrrolidi®
yl sul fonyl ) benzyl) - 1Hpyrrol - 1-yl ) aceti co&
[00464] To a stirring solution of 3-phenyl
nmml ) in dichloroethane (5 nl) lamne (0.725 m, 5.20
mol ), followed by ethyl 2- y / US2010/ 060671 am noacet at e
hydrochl oride (0.291 g, 2.082-1%§ e reaction was stirred overnight at
roomtenperature, after whic
The reaction m xture was pur el dirjectly on an | SCO aut onat ed

chromat ography system (silica gel) us g Et OAc/ hexane gradient. The
desired fractions were collected and concentrated in vacuum and the crude
m xture was taken directly to the next step without further purification.
Synt heqi8451ff 1 NMR (CDCI13/400 MHz) 6 (ppm) 8.27 (d, 1H), 7.86 (d, 2H), 7.54-7.40 (m, 4H),

2-(2,5-dj npt.hyl- 3- phe -4-(2-(pyrrolidin-1-ylsulf I z -1 yrrol - 1-
1) acett b Sopdm ehmoliia 1 6T3HR sl ba s ctthy F O (L 3DV 83 1500
2-(2,5-di net hyl- 3- phenyl -1H pyrrol -1-yl)acetate (0.132 g, 0.513 nmol) was
dissolved in DCM (5 mM) and stirred in a 250nl round bottoned flask. The
reaction tenperature was lowered to -78 C. Trinethylsilyl
trifluronmethylsulfonate(0.232 m, 1.282 mmol) was then added, followed by
triet hyZ-(ﬁ-(%ﬁ@ol(oohznnd)-mmethybé*ﬁw&mﬁl;\vl%lmnyh nzyhckH-parysldtYhacetiagcidt i rr ed
under Pt itrogen atnosphere for 30 m nutes.
2-(pyrﬁ8&@§?%ﬁq§?gulfonyl)benzaldehyde (0.123 g, 0.513 nmol), dissolved in
| M of DCM was added dropwi se to the stirring/Te

continued at -78 C. LCMS showed formation of guct. Al dehyde reduction
was al so an evident by-product by LCVS. TRe ne ion was allowed to warm up
to O C and anot her equival ent of al dehyde ™wgS added. The crude reaction

m xture was concentrated and purified di r@€t\y by reverse phase HPLC. After
concentration, the resulting product was a tly pink oil. This materi al
was taken forward wi thout any further charayg zation. [00466] To a
stirring solution of ethyl F
2- (2, 5-di net hyl- 3- phenyl-4-(
l)acetate (0.029 g, 0.060 tetN-ahydrofuran (1 m) and water (1 m)
was added 1N sodi um hydr oxi de #8121 , 0.121 mmol ). Upon addition, the
reacti on changed color frompink to yellgoyd The m xture was stirred
overnight, after which LCVS anal ysis indicated reaction conpletion. The

Rk AR TR T e s RN O
and t akﬁiﬂ)r &aiglhlly‘ 73G]H@MIEY 7118 (@N9n)PHbbid RERYH)EY 81 £€ 11Ha861 HPb), 4.03

chr omat og
(s, 2H), 1.95 (s, 3H). MS m/z: 464.22 (M + 1).

( d General Synthetic Schene:
age- 2, 5-dione (0.330 g, 1.735

ction m xture and stirring

2-(5-(4-fluorophenyl)-2-methyl-3-(2-(phenylsulfonyl)benzyl)-1H-pyrrol-1-yl)acetic acid
(compound I-15)
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Acetonitrile and water spiked with 0.1% TFA were used as eluents. The
desired fractions were coll ected and quenched wi th aqueous saturated sodi um
bi car bonawe 2eolarpéoon and washed with et her. The aqueous pCayseommsosrhen
acidified with 3N HCL to pH=1 and this aqueoys— ayer was extracted 3 tines
wi th ether. The conbined organic |ayers weréd shed with brine, dried over
sodium sul fate and concentrated to affordoa g&ple solid (0.0203 g, 0.045
mmol, 74.3 %yield). 1H NWVR (CDCl3/400M—|zazpprr) 7.91 (d, 1H, 7.37 - 7.33
(m 1H), 7.23- 7.17(m 1H), 7.15 - 7. 11(m =), 7.08 - 7.05 (m 1H), 6.99
- 6.97 (m 2H), 4.63 (s, 2H), 4.07 (s, 8 - 3.04 (m 4H), 2.14 (s,
3H), 1.98 (s, 3H), 1.61 - 1.58 (m 1): 453.3. LCVM5 (M1):

451. 3. EXAMPLE 35: Preparati on

2- (3, 5-di net hyl-4-(2-(pyrroli yl s‘ﬁ\lfonyl)benzyl)-
1H pyrazol - 1-yl)acetic acid COH

1-

[00453] 1H NMR (CDCI3/400 MHz) & (ppm) 8.27 (d, 1H), 7.87 (d, 2H), 7.54-7.40 (m, 4H),
7.20-7.17 (m, 4H), 7.06-7.02 (m, 2H), 5.67 (s, 1H), 4.55 (s, 2H), 4.02 (s, 2H), 1.93 (s, 3H).

[00454] EXAMPLE 32: Synthesis of 2-(2,5-dimethyl-3-(2-
(morpholinosulfonyl)benzoyl)-1H-pyrrol-1-yl)acetic acid

General Synthetic Scheme

N, O
O/
O
A\
" QMG | \ Me
e N
(. Me
COzH oM

Preparation of 2-(morpholinosulfonyl)benzoyl chloride

[00455] To a slurry of 2-(morpholinosulfonyl)benzoic acid (327 mg, 1.21 mmol) in
dichloromethane (11 mL) was added thionyl chloride (0.220 mL, 3.01 mmol). The reaction
was heated at 60 °C for 1 hour, after which LCMS analysis (sodium methoxide solution, 25%

in methanol) revealed reaction completion. The reaction was concentrated to afford 2-
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C . NNNN CO2H M 00 Di one Benzyl ation [00467] Pentane-2,4-dione (0.155 nl,
1.517 nmol ) was dissolved in THF (3 ml) and cooled to -10 C. Sodi um hydri de
(60% i n dwvepergi7acw7oil, 0.061 g, 1.517 mol) was then asdedsand/osisel bubbl y

thurﬁiw@q-haﬁﬁm Brididet ?Si' 8 e [|GRGAUGR dnly WS
quite tet IC Oglt Bt s geln\r%??rguﬁu%s(o%? gi/va'gﬁa e %%é’lg%o%%eiag g%%gegélgei ty
was achhswed.uséd intthe sextistop,withoupfurthot putificatieny.| sul f onyl ) benzyl

4- met hyl benzenesul fonate (.2 g, 0.506 mmvl) was added dropw se and the

reacti irre t for 1.hou \%S) i S juncture suggests a
i oan randfFehS ety Gya Shndnesinaieiald hErFakTRbRe6ak Toved to a
hot pl atémpeindi-60P C and stirred overnight. The reaction was quenched wth
NHACL and extracted with Et OAc (2x). The organics were conbi ned, dried,
filtered, and concentrated. The T material was carried directly on to
pyrazol e formation step. Pyrazol e%g? mation WO
2011/ 079007PCT/ US2010/ 060671 [ 004
3-(2-(Pyrrolidin-1-ylsul fonyl )benzylé’pe" ane- 2, 4-dione (0.164 g, .506 mmuol)
(crude) was dissolved in ethanol (12 rri pd charged with hydrazine hydrate
(.2 mM, 6.37 mol). Reaction is heatgd No 50 C and anal yzed by LC/ MS. After
15 mnutes, LC M5 suggests reacti os conplete. Therefore, reaction is

PP

N7

concentrated and carried directly evial kyl ati on reaction w thout further
purification. Pyrazole Al kyl at ’l\/% 469]
3,5-Di nethyl-4-(2-(pyrrolidin-1-yl suLLg&ylE benzyl) - 1H pyrazole (.075 g,
0.235 mml ) was dissolved in acetonitri”@-and consecutively charged with
pot assi um carbonate (0.097 g, 0.704 mmol) and ethyl bronpacetate (0.033 ml,
0.293 tol I ichtsi d: i Vi t 0 C hot
pl ate m@sﬂiﬁg 1"C(c))§ra 11}2%%3036 ts@%\f(t@’grddgg%gf TEI ‘??'3‘{?} s}vﬁ?&gg{g%éﬁgr% %)s}aié)lg ean, and
has pr ogmebsedichbboormnctiddéd (84 winglas adddali¢thylapstiahm ghloNdt (Wasmdddeéd and t he

reactin jxture was noved back to.h | ate and stirred at C. After 4h,
Feact | GRAbs TR EHETBEAY i1 Cod S 2P e &80 B BERBPT T gani oo ar
conbi nqﬁlorﬂ{dli%sulfdnggl%ﬁgyl AMSHRQDSENL! abedimdiN®as hdita. aihk rREoRPWak fi ed

using a 0 - 100% Et DAc/ hexane gradient to give desired product in 67%yvyield

(t hr ee stitrep$9r. 30Sapwttisat @ € han phouqbio nepapom dgropdriiutcaendstireesniar 8i ons

were enplo 1 engrate 1-72 in 87%vi.el d.,. 1H NVR 0 8 7.96
(o 5 TRVl RfE DA Hefonbi ! P8t B b GRS WDy S § 0
(s, 2H)witiftdi’RlotdmetRite, (3% 5B, RésHeMwithBrine2 dddd (s8diudtdulfatd) Mllter&d, asd) ,

1.86-1.82 (m 4H) ppm  EXAMPLE 36: Synthesis of )
2- ( 4- cyanerratdyiPyifiggtiantby eplympy ehrogiaegrgnhy_ on silica gel using 30 to 100% cthyl

yl sul T opYl ) A6 MEY ks HsRKE LRLT SYE)AGEHS £3 38  Bofpholifdsulfonyl)benzoyl)-1H-
pyrrol-1-yl)acetate (0.145 g, 0.334 mmol, 30% yield). 1H NMR (400 MHz, CDCI3): & (ppm)
7.84 (d, 1H), 7.61 (app. t, 1H), 7.55 (dd, 1H), 7.39 (d, 1H), 5.72 (s, 1H), 4.51 (s, 2H), 4.23 (q,
2H), 3.68-3.71 (m, 4H), 3.14-3.17 (m, 4H), 2.44 (s, 3H), 2.07 (s, 3H), 1.29 (t, 3H) .

2-(2,5-dimethyl-3-(2-(morpholinosulfonyl)benzoyl)-1H-pyrrol-1-yl)acetic acid

0
S

O

(compound I-56)

|\ Me
Me N

\\COQH
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WO 2011/ 079007PCT/ US2010/ 060671 Oxi me Formation [00471]
2-(Pyrrolidin-1-ylsul fonyl)benzal dehyde (1.0 g, 4.18 mml) and
hydr oxyl aworeettmgeoochl ori de (0.290 g, 4.18 muol) were diPps3alSe@d/ob06725 nl

Et OH a r i i r . 1 ); Lum
acet at gﬂ?g‘@ﬁ%&rwéﬁ %ﬁ%f{g&ﬁ %eagg? ?gﬁs ?cglor%%\gél mlg%t@@%gﬁg_%%it%ﬂﬁ’llgggl ;nd
st i r r ednovgrohingstl fonphbarzol4- 1 Mopyrsgl- t-higacetaaetO. (D00igs 0 ue nohadand t anmmoni um
hlorid d tracted.3 T nmbi ned j ) jed, filt d,
and corbeit AEERRIOS HRUGR Mo el TS TR GO ogr SEREAISTIG | SO0 (0 -
100% Et@fc)HexaaeohyhBentbél .qfllp%bghl%l?éceﬁe eeu¢32 § 2080586 nindl! £09, Vi scous

oi |l . Reducti on/ Am né For ma{)l on

(E) - 2- (sPsid) ol HAVMRIA4P0 .Y CIDehtppmddBipdd. o). mev((ddded)g7 .54 (4®. kol ) was

L

ul ti matgBp)caused the reaction to turn red in color. Reaction is then
warnmed to rt, stirred for Ih, then re-cooled to 0 C Carefully, reaction is
guenched with a saturated solution of Rochelle salt, then filtered. The

filtratl804e8d EXAMBHE}3: Synthesis of 2d2srdimethylScpvhenad-4ri2y(Parelidie 1t ayers were
t i ith t ddi ti | ti f
oo ( o3 TSutfoS BpREHTENG, PRI AL 1 FactRagt v P O e, it ef 11 Ter ed,

and concentrated. The crude am ne was taken directly on to pyrrole

f or mat i breparativautf 15323his{2+(pyreslidingdi-ylsalfanydypheryl)disdléarfeor mat i on [ 00473]
(2-(Pyrrolidin-1-ylsul fonyl)phenyl)nmet hanam ne (1.005 g, 4.18 mmol) was

di ssolved in ethanol (Volume: 15 m) and consecutively charged with TEA
(0.874 m, 6.27 WO 2011/079087PCT/ US2010/ 060641 nmol) and hexane- 2, 5- di one
(0.560 nm, 4.60 mmol). Reacti oh4Q tge_nnsheQQed/ to 70 C and stirred

overnight. After 14 hour ated and directly
purified using Si02 chr@ﬂra =\ 3 5% Et 0Ac/ hexane gradient to
afford 496 ng (37.3% t i At axd as a viscous, clear
oi | . Reductive Al kyl ation

[00459] To a 0°C solution of 1-(phenylsulfonyl)pyrrolidine (1.50 g, 7.10 mmol) in
tetrahydrofuran (20 mL) was added n-butyllithium (3.00 ml, 7.81 mmol). The reaction was
stirred at 0 °C for 30 minutes after which solid elemental sulfur (0.228 g, 7.10 mmol) was
added in one portion. After 10 minutes, the reaction was roughly 75% converted completed,
with a trace of the disulfide present by LCMS analysis. The reaction was stirred at 0°C for an
additional 30 minutes after which the starting material had been consumed. The reaction was
quenched by the addition of saturated ammonium chloride solution (10 mL) and purged with
oxygen. The reaction was stirred open to the air, at room temperature for 14 hours, after
which it was diluted with dichloromethane, extracted with dichloromethane (3 x 50 mL),
dried (sodium sulfate), filtered and concentrated to a brown residue. This was purified on
silica gel using 5 to 75% ethyl acetate in hexanes over 60 minutes. The product, 1,2-bis(2-
(pyrrolidin-1-ylsulfonyl)phenyl)disulfane (1.18 g, 2.44 mmol, 69% yield) was isolated as an
off-white solid. 1H NMR (400 MHz, CDCI3): o (ppm) 7.97 (dd, 2H), 7.84 (dd, 2H), 7.47
(app. td, 2H), 7.33 (ddd, 2H), 3.41-3.45 (m, 8H), 1.91-1.95 (m, 8H).

Preparation of ethyl 2-(3-iodo-2,5-dimethyl-4-(2-(pyrrolidin-1-ylsulfonyl)phenylthio)-
1H-pyrrol-1-yl)acetate (compound I-70)
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[00474] In a scintillation vial,

2,5-dimethyl-1-(2-(pyrrolidin-1-ylsul fonyl)benzyl)-1Hpyrrole (.250 g, 0.785
nmol ) waswdoi2esial7veed in 6 nL DCM and cooled to -78 C. TMBOTfuSg@o®dds 71 |
1.766 mmol ) was added fol |l owed by TR LSI LANE (0.376 m, 2.355 mml) and
the reaction mxture was stirred at 78 ¥ for 30 mnutes. At this tineg,
ethyl 2- oxoacetate (0.200 g, 0.785 |9 and then the reaction was stirred
at -78 Cfor 10 mnutes, warnmed to rt, qu,étirred overnight. After 14
hours, it doesn't appear the reduction gﬁ;’taking pl ace, therefore an
addi ti onal equival ent of TMBOTf and TE@ weye added and the reaction was
heated to 40 C for 10 hours. LC/ MS shows WO product, therefore reaction
i s quenched with sodium bi carbonate s pved to a separatory funnel
and the |l ayers were separated. T eous\pd’ti on was washed two
additional times with DCM (20 i) /tl\ n the organic portions were conbi ned,
dried, filtered, and concentrat ed\T Mede was purified using Si02
chromat ography with a 0- 80% EM@AC/ hidkanes gradient to afford 101 ngy (32%
of desired conpound. Cyanyl ati on/ SaponifijogmEti on [00475] Fol | owi ng general
cyanyl ation conditions foll owed by ge al saponification conditions,
Exanpl e B was generated in 70% vyi el d. (4-cyano- 2, 5-di net hy1- 1- ( 2-
(pyrrolidin-I-yIsuIfonyl)benzyl)-lH—pyF?oI-3-y1)acetic acid (1-73): 1H NWR
(400 MHz, CDC13) 8 10.88 (bs, 1H), 7.92 (dd, J = 7.6, 1.2 Hz, 1H), 7.48
(ddd, l{[gtﬂﬁ}] 6T0 4 06C s%hﬁio'ﬁ%flgdf%is(gz?ﬁ?foﬁ&ii%l-glsﬁlfgngﬁ)ghgny@)dﬁ'ﬁlfa 0.24-33 (d, J
=7.6 , 1H), 5.43 (s, 2H), 3.59 (&, 2H), 3.39-3.35 (m 4H), 2.22 (s, 2H)
2. 00 (9.48HnmoD). 9N, N-digicthylforrhmydp 8.3 EXAVRlaEadied i81iak (0 0, ORI vl

MEASUR| NTS Ani mal .Model | ated to | ergi e e,.[ 0047 Any . of a
Var oty BT e iEHeS & Gqor a0 oiteye: ARy g iR TRy Bherhiib
conpounds))fRtatd (1€ %bf&@&hﬂd@l Q&S allded, 86l R&udidoahBige AnF allhbpiETaL Or'Y
activity. Usefu 2011/ 079007PCT/ US2010/ 060671 conmpounds can exhi bi t

ef f ect i WaAE9I0O terapiiatury Hid reagjion wasshamatedrid 60 Hf fairtfrdionsrfichwbisd or nore
ani nal oSN s TRVAP N ¢ S i 0 t Etivity.

[ Ooay 7y e ighan lobine OPAGRRDRER mip L HET ARbap T POLRGh YRR SERELH 'L

cr eat eth0as foleacaddixeshabyvolladiesifidrat wis dlowe(d200do] dofih.to kot f@hperature, it
16(7):947-59). On da femal e Balb/¢c mice, 7- 8 weeks of age are

) ) 0 and 1, '
bai Nt edveiiddEits Ha e andoHBRIcHaY tskhy Pl (GooImiok docdopfnmprbats: n
I t hi . ; - di . : P). Si
havs | JHRRRAIR dibdihuddl SA@INEAon By BOBRANdthRUEAH Y BRGAEF gl ") . B
ont o batlyl Si@esdeD, tdimettiyiHt(2eayrrolidia- lsylbuémty)phatyttbio){|IEBR)rrolsl-appl i ed t o

the | ef . I -ind i i thi db
(re et (I LR R RSASRSTS  St s HEARRE A B <
r esponsepEs d@(p%mp neg (Qnmgﬂbh.@me(m,nﬁ;pfgl.vn%r(ﬁggg?, é.7 gRREH N 6kpess. CHS

response = [(riIg ear thickness post chall enge- ear thickness post
chal | erdd®) 425 (q.idbt 3.63(mt AHY KRAESS, Pk 2 k. Fhgé.90 (inefit),dai0 hilbkness pre
chall enge)]. [00478] To determ ne the presence of |eukocyte infiltration,

R R ITT O REI R TER E

i mrunohjlglco@be@oapousddluat i on. For assessnment of eosinophil peroxidase
activity (EPO, skin sections are honogenized in 1 m of ice cold buffer
(0.05 MTris-HC1L pH 8.0 containing 0. ¥ Niton X-100). The tissue sanples
are centrifuged at 10,000 g for 20 m nut at 4 C and supernatants are
col |l ected for neasurenent of EPO activitv\,kﬂ a 96 well mcrotiter plate,
the substrate solution (100ul of 10nM o-pi8nyl enediamne in 0.05 M Tris-HCL
and 4nM H202 ) is added to the 8 }=eq honobgenate in buffer

(100ul). The reaction m xture oom tenperature for 1 hour
before the reaction is stoppeenpd ” of 100ul of 2M sul furic
acid. The mcrotiter plate is nmeasufjed\for absorbance. [00479] Evan's Bl ue
Test. Conplete protocol details caplbe/fogad in Takeshita et al. (2004.

Int. Inmunol. 16(7):947-59). BrMefly Nfenale Balb/c mice, 7 weeks of age
are injected at two | ocations intradekpal eon their shaved backs with

i ncreasi ng concentrations of 0.1-10 pg/3te of DK-PG2. This is foll owed by
an intravenous injection of 0.25nl of sgine containing 1.25 ng of Evan's
bl ue dye. Four hours post-dye injection, mce are euthanized and the back
skin is collected. Edema severity is assessed by neasuring the density of
the extravasated dye. Effects of phqrgacological i nhibition of the

i nfl ammatory reaction to DK- PED2 mﬁlﬁ al so be assessed by treatnent with
CRTH2 ant agoni sts, such as Ramatroban. WD 2011/ 079007PCT/ US2010/ 060671




Oval bum n-1nduced Airway Cell Proliferation and Inflammtion. [00480]
Conpl ete protocol details can be found in Eynott et al. (2003. J.
Phar macolwOBhare79®04: 22-29). Briefly, Brown Norway ratspParass@odbis7zed on

(o 43846308 TP ATIRPRPIGROGAGLS B 028! PRI PEn@hal T BHRCCT 1,

ei t her Add8mdiaCl.Osal) was addellHIGOVA-(8aodsd)5-dmethy]-3¢(d- (ﬂﬂyol(dim-ys 6, 9, & 12)

ngegopg%doaﬁﬁgm%wﬁgyggﬁﬂgfa tq?s&g%(ﬁglusegég?vgwﬁr ]a¥¢ control and is
( 15"/&3't€ﬁ‘é141é%ﬁiﬁl&%nﬁrlﬁh§sﬂl{hé:?:\l'§@m§rlﬁ0fl%%m‘éf)rﬁﬁe ‘é@&iﬁmacfa?oo%éf(@ 090 %{L Y. fgn ce a

day on days 5 enge days, all ‘animals are treated 1 Hour prior
to OVA rallnbb)r E@reewmumramdts higteq etqlﬂ0r°€dfof an ltomscélea heatpd ot @htGréntls - 4- 8

hour s ter en sur . ~Sanpl e e, col | ect.ed 24 hours,.after the

| ast Rt O R R EG I B o BB TR L ST b B PRt iE ol dnd B S, °L,

admi ni &&t&zﬂ&stﬁﬁh&fylphagmﬁﬂ&gwéﬁélaaawerh@m@hcﬁ&wameh%@tea BE100RE Ifan@fc thevaeal | y.
Once the rats were fully anesthetized, blood is collected for serumvia the

r et r o- d1owr-tadier whishdt wanaloweddo seel dontadie dersntinpaseifcuBRuehoVirigewatichg 30
PBS th t
sever eg(?bl%ﬂ rel;algr %%%M)th\é%tr E% %bﬁn& %or rre%l%atwdﬁb\;r/%%\rc ln(e arﬂ?éav:g(ra ?I Iu;Sd

(BAL) i®ntbidddesgedc Ialyéleu@he ﬂhME(sEdilﬂmeull‘ﬁ&s ﬁlﬁdrestg afr@.ﬁdﬁlosmﬁﬁb(ﬁnhﬁﬁicsﬁbﬁ
Sol uti on, which was accunmul ati on and

prol i f dpzgolyan ehtmt%@rqg@%@ﬂrﬁé&@&ebﬁfqrﬁ%ﬁlﬁw %é2 éALmﬂhed é Phgnylekt?-on and
subseq I Si_ J, % are
dot o i RO BEn 4O RS A RER 1L F S, PR PUTRALRE IO IR % docea
at 5 ng/idd) aswi h@tdbmWryreatduvaLCM& ESﬁc{WH]ﬁ‘t#éSf’s.’) Activity is scored based
on the abili ty of the test conpound to prevent oval bum n-i nduced eosi nophil

i nducti m, ne e of .eo 0 BAL d

oval burdred-AmEBERRRAY- P RN B Sy RuusGRd e B dinido Bpegp il e

[ 00481]acidhgopfjoandassgsses the effect of test conpounds on cellular
recruitnment into the lTung after antigen _challenge in the sensitized Brown
Norway rat. The nodel is a slightly I'N ed protocol based on that

di scl osed in Underwood et al. 2002 Brilti Jour nal of Pharmacol ogy 137: 263
-275. Briefly, male Brown Norway rats ( 22259, from Harlan) are be

sensitized on days 0, 14 and 21 with ovab mn (100gg/rat, i.p.)
adm ni stered with AlumiM (20 Py al umnu dr oxi de and 20ng/rat
magnesi um hydr oxi de, i.p.). re chee d with inhal ed oval bumn (10

g/l, 30 mnutes) or saline aer®g Vehicle (5 m/kg) or test
conmpound (1 or 10 nmg/ kg, 5ml/kg) arg sed oraIIy 16 and 1 hour(s) before
and 1 and 6 hours after antigen pg efigMe Budesoni de (3 ng/kg) is included
as a positive control and dosed at thg sapg time points. End point
measurenents are as follows; one hour 011/ 079007PCT/ US2010/ 060671
after the challenge the rats have Enhancded Pause (PenH) |evels nonitored
for 5 hours to assess late asthmatic reaction. [00482] Cellular burden and
i nflammatory status are assessed. Twenty-four hours after oval bunmn

chal | erl@462] aGsnaaalerecstihzi (ztep 2wk fadlvwed esthg sectiofl 2p@nt- dimmtlhjrlt%pimmyl p. A

b1 e kEyreBIEA" TRRiSHBar R -y a0k 3 Bafde B Gy Ga5 Dl "5y
RPM - med1 3odidRh IRRSAES 082 hht, 0!13DRethat &) yff&fatze(rz SB&ilmetﬁﬁ% 151%591 h@@e I s

renoved, perfuséd wth RPM to renove the bl ood cells and 300 ng of
lung i dpyhophed ﬁﬂdfmbpwyithlomﬂ-pyrrﬂGSyl()éfoetlfaIa01diﬁl5‘23@ 09p2¢ omeali 61 ng

Frash i7aBuh de S Rba AN Bl PERTH R B P ORL BT et Prat e

wi th forHmebioB (d® 181)Pp4.e$ 84l 0E),0f. 1 20 207Hg 4HY, lpe2 1 wneig), Risd s ofH), a1ed - isép@ed i n
formalin until required. [00483] The 300 ny o%g tissue under goes co%’I agenase
di gestih-and the cells are recovered (For nmethod see Underwood et al.
(1997) br. J. Pharm , 122, 439-446). Total cell counts recovered from the

ai rway tified using a Sysnex cell counter.

Di fferé% Fﬁbcouﬁ%g&?gggﬁ ﬁﬁgﬁgounted whi ch conpri se eosi nophils,
neutrophlls, Iynphonnnonuclear cell s expressed as percentage and absol ute
cell counts) of cells recovered fromthe airway |lunmen and lung tissue are
made by |ight mcroscopy fromcytocentrifuge preparations stained with
Wight-G ensa stain. Remai ni ng BAL sanpl es are spun down and super nat ant
retained at -20C. Additionally, thi del can be used to assess the effect
of agents described herein on airway resistance. [00484] Sephadex

i nduced- Pul nonary Eosinophilia in Rodents. Male Swi ss Webster mce are used
in a nDdeI of Sephadex |nduced PuInDnary E05|noph|I|a In brlef test

b o )



[00486] On day 17, aninmals are anesthetized and tested for pul nonary
function (response to nethacholine challenge) by forced oscillation

t echni ques o 1gwpent ). Ai rway hyper responsiveness (AHRCTIUS201006@a61 Ng
concentrations of aerosolized methachpline (Mch) is neasured using a

Fl exi Vent anal yzer (SCI REQ Montrea ‘g?nada) Briefly, each nouse is

anest hetized with Avertin (250 ng/kg; 02 m/g; 1.2% (w v) solution of
2,2,2 tribronpethanol in 0.8%tert-amll ethanol (2 methyl, 2 butanol)) i.p.
and placed on a heating pad. The ; $%@ is shaved and a snall superficial
i nci sion made in the skin above \NQ 2011/ 079007PCT/ US2010/ 060671
trachea. After the | obes of the salivary gland are separated, a snal

the skin is pulled back and secur g cyanoacryl ate adhesive. Ventilation
is performed through the cannul a”by 'hositive pressure maneuvers on the

Fl exi vent apparatus. Once on the vent™ggwsy. pancuronium (paralytic, 0.5
ng/ kg) is admnistered i.p. Heart rate i< monitored via a Grass | nstrunents
Recorder w Tachograph. Changes in heart rate greater than 50 bpm from

doses. o Carani s ERLATEIO AR BRERAYER' T b ONFL Dok Cheid e RES,

rate i 92fedintcdrydd-ghenylat-(2-gastolidbh- sgtsutfonyd gthenylitie)- 1 H-paddi- tHyd))laadtlcdmﬁies are

et casFhMibedBe GHORSNERR S Fatonef (&fieT 33658 b el b Wboapp er)

are delyvenpd 44 930l and, 1 of —Coi hancy are neasur ed.
Alrway(PeS|§ta?ég:ﬁ? cgﬁéﬁ gﬁedgigfgggchsg@ﬁcentraﬁlonﬁof met hachol i ne and

the average + SEMis plotted for all treatnent groups. Changes in pul nonary
resi st dA8463]i ESAMRLEE 34@§§nﬂesip@ﬁ 22 Sediveethylad-phend-ds@e@yinplidipéat ed
neasureélﬂﬁo nsé @Fi S|s(§ @ ncel(AN[NA) wi th Bonferroni post-test.

All MIUPERAY AR 5?‘8 nmade using ANOVA with the Dunnetts
mul tiple conparison test. A value of p<0.05 is considered significant.

[ 00487]GadrhSY¥riBetfdhtHvaasur ements, bl ood is col |l ected and saved for

further evaluation. The aninmals are then euthanized by injection with a
| et hal dose of a pentobarbital-based euthanasia solution. Broncfioal veol ar

| avage (BAL) cells are obtained from7 animals per experinental control
group by inserting a catheter o the trachea and | ayagi ng pbg l ung 3
times with 0.8 m of PBS (wtR calciumchl oride a 3 hl ori de) .
Total BA | s are determ ned Usi ng a henmacyt oneter. X 8 Spun
onto sli tocentrifugationjand staimed™ th a nodNLi g Wi ght - G ensa

stain. Four celts=are
types determ f@r each ani mal . Nhedégst | avage fluid™p e (after
centrifugation) ?s frozen separ at el or future cytokine anal 9H|s The
whol e lung is snap frozen dry for futgire anal yses. [00488] ree ani mals
from each group which are not subjected to BAL are used for @i stopat hol ogy
anal ysis and have their lungs instilled via the trachea with 10% buffered
formalin, renoved and fixed in the sane solution. Generally, three

ing,  anavRa T e ER AR E b bIRPRRARERY, b SET el Losi ons

are graded on a subjective basis. ions are graded as mniml, mld,
noder at e, and marked (correspondi 0 severity scores of 1, 2, 3, and 4,
respectively) WD 2011/079007PCT/ Y 10/ 060671 and given a distribution
desi gnation of either focal, locally :‘\ensive, mul tifocal, nultifocal and
coal escing, or diffuse (corresponding tv distribution scores of 1, 2, 3, 4
and 5, respectively). The product of the §Everity and distribution scores
is averaged for each treatnent group. glandin D2-1i nduced Eosi nophilic
Airway | nflammtion. [00489] Conplete pr tocol details can be found in
Shiraishi et al (2004. J. Pharnacol. TheP. epub as

DA :10: 1124/ pet. 104.078212). Briefly, Br own Norway rats are intravenously

i nj ect gdoyd4) hTs aktikMeebluibk ioh 3 Hhekhy FBanc 2IRdiBA0.530 ©r1.133 thiblak r acheal
adm ni stration of prostanoid receptor agonists. These agoni sts can include

t he f oldigupregthamaiSoml)twes adderHricthyfraring (&7 2gmhiSs2mmoK), ed byRtgLhy|

PGD2, and 11-deoxy- 11-net hyl ene-15-keto- PGD2 (MK-PGD2), a DP
receptor-specific agoni st BW 245C, a thronboxane A2 receptor (TP)- specific
agoni st, -BOP and | ndonethacin. In %Qge experinents, an orally delivered
CRTH2/ TP ant agoni st, Ranat roban, i'ntravenously delivered DP antagoni st,
BW A868C, or an intravenously delivered TP antagoni st are adm nistered two
hour s prlor to adm ni stration of agonlsts Rats are euthanlzed at 2 8 and

”~ A [ oy I I L Y O N B o I T T




WO 2011/ 079007PCT/ US2010/ 060671 anest hetized and artificially ventil ated

t hrough a tracheal cannula using a respirator. Another glass cannula is

i nsert ed wotwoittdigoonasopharynx fromthe side of the |arymrgr/iseadoascdrked
amount lindlcbralehyiROUHAHRYB1Y1LISHEE hatdy TG iBE WARSAro B2 Lhe
nasal cannula usi'ng another respirator. 1nsu atron pressure s nonitored
by a prresmucmptmans dtcewhich s ehbwal foheatsindef the desorkd pteeluniadat rexatioul a as

an indication of iptranasal pr re. Nasal antigen challe i s perforned
by g_enéP’éf‘}rﬁﬁ’aéﬁu%_ﬁ?‘{) Cﬂasp@%? Hiampe ?lfrﬁ@ar?%g@hye&ﬁﬁaﬂgﬁ%%dfhe ani mal
respi r afsy SnaftORA MRHAESadiShN Th&Bedtlch AL ANy & YA A&F and2BHcdniaRdtihe

i ntranasal” pressure is neasured for 30 m nutes. Nasal secretion and the

nose anacewhkedthedridrmixturt iwes takenldiractiyot.th§ 004 92D withouphwibiccpwificerig.c
rhinitis nodel in conscious guinea pigs is also fully described in Arimura

et al. (2001.J. . Jher. 298 411-419) . l.er ging.. Conj i Vitis
Vodel | TECRE orE T BPEQy T an e find b g QeurREyme RGO S,
(2001 ézl)alabmma@&omﬂ'&ﬁfd I-898: 411-419). Briefly, a 2.5% OvA solution is
applied topically to both eyes (10 geye) of_ conscious guinea pigs that have
been sensitized as described in the "Alle g Rhinitis Mddel in

Anest heti zed Rodents" protocol above. Inmmggiately foll ow ng OVA
application, Evan's blue dye (20_ng/ kg Q\.\SY/.) is injected as a marker of

pl asma exudati on. The anount of \n' s @it e _extravasated in the conjunctiva
and eyelid for 30 mnutes i s quy i apendent |y, histam ne 0.001%
PA2 0.01% or a conbination of the applied to the eyes of
non-sensitized guinea pigs, and dyeg/exXudation is determnmned. Determ nation
of Interleukin-13 Levels in Bronehtitgl~Akveol ar Lavage Fluid. [00494] A
comercially available ELISA kit (Bi'psogyfe, Catal og # KRCO132) is used to
determ ne the effects of conpounds om—he Interleukin-13 (1L-13) |evels of
bronchi al alveolar l|avage fluid (BALF) g aken fromrats that have undergone
certain allergen induced (e.g. oval bum n, sephadex, prostaglandin D2)
airway cell proliferation and inflammtion. [00495] After collection, BALF

fl
sanpl ed0M6S] conide stk Ssimethyl-inhnyit H-oreel- yvDacesaf¢- 1 3gd- S davmeds

(MITi - | - ' : - ng/ m

st andan s e P B LD (MR F50h BRERRhea HAE, TR AT e 1 n
t he ki ttempéhturheaaivowndd tof-78 e@ritkamcthelisl yientlusmeahylsdtbnare(d.232 sit,drk@r d vi al .
A standard curve is then prepared by serially e_standard stock down to
7.8 pg/mmolsisithqn %sirie%ﬁﬂo‘ﬁ B trtstnds n%ﬁ%#%%nmci}r%ﬁ@ma gngéharepction
concenthahid WBO T SPIRIcE a oSt AIFEY %&Path{&?p@ré R 30! ifih Bres Ad@RHholigint Nese
sanples 1s 150 'lL of anti-rat IL-I3 biotin conjugate. Theé "plate is then

i ncubatyshlfnyhoomldWG 20128 2906 YPORdUE20s0Ih 66 0611l afdMpkl wissadeded or 2 hours.
The plate is then washed 4. times with wash buffer apd, 100! of 1-x

st ept dire e boPE st Beecsdohatears pii P ierrtnugu 286 o Medrnd

I'ncu batf@ﬁnz?e{onr&?)%dlﬁﬂﬂﬁﬂ&ig‘dé EedufioBRadmaIBs b€ SviddMdly hrodRe bPILavs ithewashed 4
times with wash buffer. 100 'L of stabilized chrom)agen are added to each

wel | ardactige wisatlewed td wembap e  endennthesegeivalentef Aldphydswas pdedsThero st op
the reacth.ieolrn ctiloglorni!x{lf Ofa %tﬁ) nt%e?tl (951'1 nrile al%et(ii ?nge L hs% Bgaetﬁ%ﬂé %Eard at
450 nm THI/EPLOBMIsHE g SR hasd tER TSI ey PR Tevepse phage NG 4T e
chenokidacer@@tion ithe L3iting pfdditd vid &/s1RHEe piktbil. ThRAhkicSdialsaskdndoseirér m ne
the effect of test caonpounds on Th2 related function. Determ nation of

Oval burttithospaey furher ghatnsdjizatenin E in Serum [00496] The effects of
conpounds on serum i munogl obulin E (I1gE) levels in rodents that have

under 9qpgaqy) | £5 A8firinaduttn ofe ,19.@5.@1%%@1-@25 gelyRbihfier ation and

i nfl ammati on can be asure usP’ng an assay devel'ope th reference to

Sal gadg/letfoall)benklyl)diypyrrolet-yl)metato @290, 0,0606nmal) (19 &t@Bydrofi®88(1 BBr um

el acgvast ) bamredan Sk byt et il 12 8o Drgt pehppar e i s
coat ed ¢ tdctlorPéhaliBéd ol VRAR giﬂmo @Eﬂfﬁrﬁ% Tk t@ ds RErrBa bi &highD o RM

Car bonat e- Bi car bonate, pH 9. Bethyl Labs, Catal og # E107) "and incubated
over ni ghiclhLCMS anxflysey ind®ated weastion hempletion The regesine avas qeenchagwitht h wash

buf fer i 0.14. M.NaCl, 0.05% Twe 20, pH 8.0, Bethyl Labs,

Cat at o PUETGN Bghtd it B 4RE ST e e R e B R TRE added
and the plate is incubated at 4C for 1 hour. Serum sanples are diluted

1: 3000 in sanple diluent (Post coat solution containing 50 nM Tris, 1% BSA,
pH 8.0 0.05% Tween 20, Bethyl Labs, talog # E104). After the one hour

i ncubation with blocking solution, t plate is washed three tines with
wash solution and 100 !'lIL of diluted sanple is added to the appropriate
well. Sanples are then incubated at roomtenperature for 3 hours. Once the

o, o, B o y"




WO 2011/ 079007PCT/ US2010/ 060671 Det erm nati on of Methacholi ne

responsi veness in mce 2-8 weeks of age [00497] Conplete protocol details
for this woadeli/oamw7be found in Bozanich et al. (J Appl Paydaiseé10b6E71

542- 546,,dQQ0) B L ELtb¥ierilL Bd AR 1y, AU&sPPRRAERY.C ANFRSHBELLsEd,
tracheo{niamggeéil,p connecltned toﬁg&ven@’i I at (%rf,3 an cannuﬁgt eg ; §'descri bed. Two
smal |  eAetdniodesndaweatepsd pakeidvitin® d %¢ TEAiwdre neaistsaluontss Thedesakd flaetiorsuse and

connected to_an el ectrical, stinmulator (Gass.|lnstrynents, i ncy, .
Vent i | a¥§r6 K0t é]&,emﬁﬁe“ﬁ GUEQRS S wg@teimdﬂ% fprionatesg opand 8’&%@)«% wi th

the ai ry@yeth@Ndht BgudBLiElYSHRIhER ReiliFic@REMEIN HE 134 PASPRABA il %&bﬁmy&he
| ungs to reach the elastic equilibriumvolunme at transrespiratory pressure

of 0 hPeas cdéhitadd tiawsfwitictthondhe easbidedhdrgenip dayictsyw¢eR@shedAvith brihg dried

|l eth h cl d dt ' I d,. . fl Laht [ d
br cat ning srpap cuTEE indionstn Bl b rd8 S S QYR B D el Bt Bl e
usi ng Beylie 181 memmtgmde%m%)\sﬁ%ﬁyggﬁ \K%LIH),SI@*?GW%!‘(E{ epgerhpy7iowering the

pl et hysnograph pressure from i'n a quasi-linear fashion during
15- 20 sldb), 7The 7. hcmeadd), 7TASVL7.0F om IFRCO198 6. Ahencdp), A &8 ds,\2Hr €63 (v, 20 hPa

by 1t et g (Aol FrdB)-res Gt ath bes oy R Reas (YEL: 43 descr | bea.
The i nfll@isqm-phasesis fol lowed by a sl ow passive expiration to
transrespiratory pressure =0 hPa, where the neasurenent of FRC is repeated

in a subgroup of animals. Respiratory systeminpedance (Zrs) is neasured
MF. Fo13 ket

usi ng & BddeRegparatigpofi-(3,5¢himg d2t(pExnofdin-EyisulignxDbenryh-

wave- t ] M ybe Doubl i ng doses (6-48 ug/ m n-kg) of

bet a- %ﬁggﬁ%#??f%ﬁgﬁ??ég@m Sigma- Al drich) are delivered for 5 mn by
constant infusion via the jugular vein nnul a. A steady- st constriction
is achieved by 5 mn and is verified bx-ngnrPtoring tracheal spure during

mechani cal ventilation. FRC is neasured,

singl e sl ow deepPighal ati on
with the infudSi &

(sDl) mapeuger is perf ontinuing to ru
corrpoun,dﬁqy&(ehm‘é’al admTi™st er ed, exanpe—erally,[tWTe daily
for 1-4 days prior to redqeiving the MchYReat ment and nmay al Sg~\ncl ude

dosi ng approxi mately ho efore MCh N«gatnent. Differencesyn FRC
before and after an N er perfor rreg at baseline and the \mcg(i mum MCh
dose in a mce subgroupg/ for exanple, 3-10 mce from each age grocﬁ'ﬂ) are
determ ned using paired t-tests. MCh responsiveness in the presence and
absence of test conmpound is cal cul ated as described for each ani mal group.
Murine Model of Atopic Dermatitis. [00498] This nodel is described, for
exanpl Zl?f bg sSper. teI et. al. (1998 J. din. Invest. 101: 1614-1622).

Epi cut QB ?eﬁﬁgl‘é‘énsi tization of mce was perfornmed as descri bed by Wang
et al. (1996 J. Imrunol. 156:4079-4082). Briefly, 4-6 week old BALB/c mce
were W46y} 1péhi a0 PAldnd$a.0 39 h1 608 VA mag s hiedibsoecbdvih TMABLHOXMA bovlane
(Metof ane; Mallinckrodt Veterinary, Mindelein, IL t hen shaved with an

el ect rite - &K or Sodipny hydgde fo0bym digpcatian v, Dghe @ﬁrﬁmp vegs. thengpddedapd M)
in 100 i r el ne) -0l aced on
a1 x e R RBhe al (PWABR S oIS Plor R, ERB D R, P

t r anspahektat thiogdnt, DM € ol )ess added dahesgpictahdmogbmstyrvdviadhicatd. lAnchis

Arlington, TX). Th t I d 1- i od th d 2
Wk 1 a2 oViahee e Aoy Pzt (s s RDATETANSEach
mouse NadeddlBhle Al ildYerdioh Wi FKRASHH S | Rk NE.PRISCH 1RERRLALE. M each

other by 2-wk intervals. Inspection confirmed that the patch remained in
pl ace atcl¢dnacesinobuteatiggsdrmsict iThatcfwe, therdaoon Wey mav@bteiathiof platoset rol |

i ntraperitoneal. (1.P) sensitization of another .gr f mce s .perforned
PR S S R R ok A e A s
alum [eAbx M TR @bl wecaBmbiREads Ffelkethnl BasnthRdl antReudehe end of
the series of three EC sensitizations by the standard PharM ngen ELI SA

pr ot oc chatggddvassagisdriiictyly emeo pysezile fommahen $£p.1 gE in serum OVA specific
anti bodies in the serumcan al so be assessed, as well as cellular

infiltr ' ki n by histological and i munohi stochem cal anal ysis.
Al so, t]ﬁégﬁélgggﬁ%gagﬁ MRNA for cytokines in skin sites sensitized with OVA
can be detected via RTPCR (protocol details are fully described in Spergel
et. al., 1998 J. din. Invest. 101: 1614- 162). [00500] BAL fluid can also
be examined in this nodel. EC sensitized mce are challenged with a single
exposure to inhaled 1% OVA via a neq bi zer for 20 mnutes, and 24 hours

| ater BAL fluid is exam ned for the § esence of eosinophils and ot her
cellular infiltrate (protocol details are fully described in Spergel et.
al., 1998 J. din. Invest. 101: 1614-162). [00501] Airway hyper

___________________ o o o o . o e




saline. Sixty mnutes after the intracardiac injection, animls were again
anesthetized with isoflurane and a bl ood sanple was drawn fromthe
abdom nalweantizn7¢tont o heparin) while the rat was anaest retriusedobaic7not

dead. i OR10% [0} i 1. X &0 W u of 4%
ot 7ol L HeA 206 4007 AR ol ek T D (R PR

cyt ospi(orude ppay dissobvedviasthandd 12 ndyarndeharged with Inglriznkiocyite (Rinslh6BFact i on
(top) and the cytospin s fixed and. stajn ith Diff-Quick Stajn kit

( Dade éBWang{eP%lﬂn 1%9@&%’,%0 {9585‘ n&lﬂ_&%h&’i@%hé@édéé&?@s’ﬁ@ﬁ)@r action
was tal‘sﬁ?gés%rreﬁc@foﬁlis L GHKBEY TR kP! reh&loRds bRBhEHEPERE ShriddHpxAy BRIy Yt e
Mni system). Differential |eukocyte counts were obtained from { he cytospin
pr epar allydatson Biatod vedwuhdythict purdrdages were determi ned fromthe total

| eukocyte count and the percentage eosinophils. Human Whol e Bl ood CD11b

Ant agony st ified from N chol son, et al. Pul nonary Pharnmacol ogy
and Th?}yéﬁé?ﬁjﬁii‘g@'gg%g(zoo7); 52-59). [00503] The potential CRTH2 antagoni st
activity of certain conmpounds was tested in human whol e bl ood using an
assay t[bede¥] e3 5 DibdechydldiRi(pyrrofidihtieylsdfpelibeis-yt)ol Hipoekole{i®7€R10R3&Xpr essi on
in eosinophils by 15-R-nethyl -PG)2. A CRTH2 antagonjst shoul d bl ock CDl1b
expr esSNHRDpYRs shigselygd antacipnzgitreandioonpasutiysly pegsgcd wiihRAtaRHyNC2o8a (2001AL)
was in d ' j i

concenggg?? ghggg?l ﬁ%@sﬁ ngdoér;g}(’)ltr;ﬂ ﬁ%%ﬁ%%déér‘g@i rﬁg %('?gl eﬁlg'eg%é\%@ﬂsvteﬁsee 1 agoni st
15R- Met(bgihtilREDOR vid Pwhj moRehiota WY strpdatt endrstiraddefdr BotitseA &dditout? hodrs,

i it o4 SO0 & §ISRE AT BEERER PHEODL b e bERT B NEEVE BB o ance
of humapdiBGealile MixNRE Svak RERNcl BEUORURH plal andQrifre@aoM ¢ hARe MK i cBoRf

PECy5-1 abel ed nouse anti-hunman CD16 (10ul; BD Biosciences) and FITC | abel ed
mouse awisi tugnehed EOIINHACOAN] cxtBetsk et 106N 2., Prgwicsrarg ¢amslingd, dtind. i ce- col d

PBS + OUBSA + 2 DTA) , red bl ood cel | re |ys e addition of |nL
co- collleHEh pbeTREnERRY. Bhe Tt PERSBuafed il  MRdh RIS E ised by ¢ he
addi t i gftaditnt3o DicNaGHed H0MINin §7°684dI6 (WRLStpIEN rinsed (2x - 1 m ice cold
PBS + 0.5%BSA + 2mVEDTA) and fixed in PBS containing 1% fornmal dehyde. The
di stribution of fluorescence intensities was nmeasured by flow cytonetry.
Eosi noptiPoBifigafian gat ed out on the basis of their granularity (high side
scatter) and absence of CD- 16. CD1lb was then neasured on this eosinophil
popul aty n i ok : BS -Apt agoni st
hosay VOB oo SRR s U FaBERYE Tt bmucteni el rcidtio™

ant agoriVstiR @00 iMIiHz,yCTo€'13¢ ért % @dchbrpaun@sHad$ )t 248-dd Ui, 2§l)a6. 0L, Il 7.6,
expression assay using essentially the nmethod described by Mynneret et al.
() PhartHctD? Ex bR Godtisass 5527 400 951) B4 61 1) 200l gt hOAUCKEE. cel | s
(0.5 m4;H) ml cells) in PBS containing 0.9 nM CaCl2 and 0.5 nM MyCl12)
were prei'ncubated with various concentrations of test compounds at room

tenperature for 10 m nutes before they were challenged with the agoni st
15R- Vet AMRIDR 361 Synthpsis 0h2-(4-axaiva Salimetterdd -Qe(pyirodiddat 1by t he additi on of

i ce-col d FACSKl ow (BD. Bi 0sgi es.. Cat 003) and centrifugation (400 g
for 5 rﬁqﬂﬂ °é‘§sht’“zz¥§'ﬁ{'ﬂ¥é“§§?'§a‘iﬁélfé“‘t @'r%?ncubat ed for 30 mnutes at 4C
with a mxture of PE-Iabel ed nouse anti-human VLA-4 (5 [il; BD Bi osci ences)
and FI TC-| abel ed nouse anti-human CD1 |b (10 [il; Beckman Coulter). The
cells were then incubated with Optilyse C (0.25 m; Becknman Coulter) for 15
m nutes, centrifuged, and then fixed in PBS (0.4 m; cal ciumand nagnesi um
free) containing 1% fornal dehyde. The distribution of fluorescence
intensities anong 60,000 cells was neasured by flow cytonetry. Eosinophils
were gated out on the basis of their granularity (high side scatter) and

| abeling with VLA-4 (PE fluorescence). CD1 I b was then neasured in the

eosi nophil region on the basis of fluorescence due to FITC. Al data were
corrected for the value obtained for the correspondi ng i sotope control

anti body. [00505] Data for conmpounds of the invention are sunmarized in
Tabl e 2. Table 2 conpound nunber CDl11lb Antag 1C50(nM [Hu

Eos- DPBS- vs1OnML51R] CD11b Antag 1C50(nM [ Hu Eos- HUMWB- vs1OnML51R] 1-20
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Oxime Formation

[00471] 2-(Pyrrolidin-1-ylsulfonyl)benzaldehyde (1.0 g, 4.18 mmol) and hydroxylamine
hydrochloride (0.290 g, 4.18 mmol) were dissolved in 25 mL EtOH and charged with sodium
carbonate (0.886 g, 8.36 mmol) and sodium acetate (0.686 g, 8.36 mmol). Reaction is
moved to a 60 °C hot plate and stirred overnight. After 14 hours, the reaction is quenched
with ammonium chloride and extracted 3x DCM. The combined organics were dried,
filtered, and concentrated. The crude material was chromatographed using ISCO (0 - 100%
EtOAc/hexanes) to yield 1.063 g of product (100%) as a clear viscous oil.

Reduction/Amine Formation

[00472] (E)-2-(Pyrrolidin-1-ylsulfonyl)benzaldehyde oxime (1.063 g, 4.18 mmol) was
dissolved in THF (Volume: 30 ml) and cooled to 0 °C. LAH (1.0M solution, 6.27 ml, 12.54
mmol) was added dropwise (bubbling at first), which ultimately caused the reaction to turn
red in color. Reaction is then warmed to rt, stirred for 1h, then re-cooled to 0 °C. Carefully,
reaction is quenched with a saturated solution of Rochelle salt, then filtered. The filtrate was
diluted with water (50 mL) and DCM (30 mL) and the layers were separated. The aqueous
portion was washed with two additional portions of DCM (25 mL), and then the organic
portions were combined, dried, filtered, and concentrated. The crude amine was taken

directly on to pyrrole formation without any further purification.
Pyrrole Formation

[00473] (2-(Pyrrolidin-1-ylsulfonyl)phenyl)methanamine (1.005 g, 4.18 mmol) was
dissolved in ethanol (Volume: 15 ml) and consecutively charged with TEA (0.874 ml, 6.27
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mmol) and hexane-2,5-dione (0.560 ml, 4.60 mmol). Reaction is then heated to 70 °C and
stirred overnight. After 14 hours, the reaction is concentrated and directly purified using
Si02 chromatography with a 0-75% EtOAc/hexane gradient to afford 496 mg (37.3%, two

steps) of desired material as a viscous, clear oil.
Reductive Alkylation

[00474] In a scintillation vial, 2,5-dimethyl-1-(2-(pyrrolidin-1-ylsulfonyl)benzyl)-1H-
pyrrole (.250 g, 0.785 mmol) was dissolved in 6 mL. DCM and cooled to -78 °C. TMSOTf
(0.319 ml, 1.766 mmol) was added followed by TRIETHYLSILANE (0.376 ml, 2.355 mmol)
and the reaction mixture was stirred at -78 °C for 30 minutes. At this time, ethyl 2-
oxoacetate (0.200 g, 0.785 mmol) and then the reaction was stirred at -78 °C for 10 minutes,
warmed to rt, and stirred overnight. After 14 hours, it doesn't appear the reduction was taking
place, therefore an additional equivalent of TMSOTTf and TES were added and the reaction
was heated to 40 °C for 10 hours. LC/MS shows mostly product, therefore reaction is
quenched with sodium bicarbonate solution, moved to a separatory funnel, and the layers
were separated. The aqueous portion was washed two additional times with DCM (20 mL),
then the organic portions were combined, dried, filtered, and concentrated. The crude was
purified using SiO2 chromatography with a 0-80% EtOAc/hexanes gradient to afford 101 mg
(32%) of desired compound.

Cyanylation/Saponification

[00475] Following general cyanylation conditions followed by general saponification
conditions, Example B was generated in 70% yield. 2-(4-cyano-2,5-dimethyl-1-(2-
(pyrrolidin-1-ylsulfonyl)benzyl)-1H-pyrrol-3-yl)acetic acid (I-73): 1H NMR (400 MHz,
CDCI3) 6 10.88 (bs, 1H), 7.92 (dd, J = 7.6, 1.2 Hz, 1H), 7.48 (ddd, J=7.6, 7.6, 1.6 Hz, 1H),
7.42(dd,J=7.6,7.6 Hz, 1H), 6.33 (d, J = 7.6 Hz, 1H), 5.43 (s, 2H), 3.59 (s, 2H), 3.39-3.35
(m, 4H), 2.22 (s, 2H), 2.00 (s, 3H), 1.99-1.96 (m, 4H) ppm.

EXAMPLE 37: BIOLOGICAL ACTIVITY MEASUREMENTS
Animal Models Related to Allergic Response

[00476] Any of a variety of animal models and in vitro assays can be used to test the

compounds for their effectiveness in reducing allergic and inflammatory activity. Useful
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compounds can exhibit effectiveness in reducing allergic response and inflammation in one

or more animal models or in vitro assays.
Induction of Contact Hypersensitivity.

[00477] In this model, induction of contact hypersensitivity (CHS) is created as described by
Takeshita et al. (2004. Int. Immunol. 16(7):947-59). On days 0 and 1, female Balb/c mice, 7-
8 weeks of age are painted onto the shaved abdominal skin with 400ul of 0.5% fluorescein
isothiocyanate (FITC) dissolved in acetone:dibutylpthalate (1:1, DBP). Six days later, mice
are challenged by application of 20ul of 0.5% FITC in DBP onto both sides of the right ear.
The solvent control (DBP) is applied to the left ear. Challenge-induced increases in ear
thickness are measured by an engineer’s micrometer at 0, 24, 48 and 72 hours post-challenge.
The CHS response is determined by challenge-induced increases in ear thickness. CHS
response = [(right ear thickness post challenge- left ear thickness post challenge) — (right ear

thickness pre challenge — left ear thickness pre challenge)].

[00478] To determine the presence of leukocyte infiltration, ears and back skins are fixed for
30 hours in zinc fixative at room temperature and embedded in paraffin for histological and
immunohistochemical evaluation. For assessment of cosinophil peroxidase activity (EPO),
skin sections are homogenized in 1 ml of ice cold buffer (0.05 M Tris-HCI pH 8.0 containing
0.1% Triton X-100). The tissue samples are centrifuged at 10,000 g for 20 minutes at 4° C
and supernatants are collected for measurement of EPO activity. In a 96 well microtiter
plate, the substrate solution (100ul of 10mM o-phenylenediamine in 0.05 M Tris-HCI and
4mM H,0, ) is added to the 20-fold diluted homogenate in buffer (100ul). The reaction
mixture is incubated at room temperature for 1 hour before the reaction is stopped by the

addition of 100ul of 2M sulfuric acid. The microtiter plate is measured for absorbance.

[00479] Evan’s Blue Test. Complete protocol details can be found in Takeshita et al. (2004.
Int. Immunol. 16(7):947-59). Briefly, female Balb/c mice, 7 weeks of age are injected at two
locations intradermally on their shaved backs with increasing concentrations of 0.1-10 pg/site
of DK-PGD, This is followed by an intravenous injection of 0.25ml of saline containing
1.25 mg of Evan’s blue dye. Four hours post-dye injection, mice are cuthanized and the back
skin is collected. Edema severity is assessed by measuring the density of the extravasated
dye. Effects of pharmacological inhibition of the inflammatory reaction to DK-PGD, will

also be assessed by treatment with CRTH2 antagonists, such as Ramatroban.
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Ovalbumin-Induced Airway Cell Proliferation and Inflammation.

[00480] Complete protocol details can be found in Eynott et al. (2003. J. Pharmacol. Ther.
304:22-29). Briefly, Brown Norway rats are sensitized on days 1, 2, and 3 with
intraperitoneal (i.p.) injections of 1mg ovalbumin (OVA) and 100mg Al(OH)z in 1mL 0.9%
NaCl saline. They are then exposed to either 0.9% NaCl saline or 1% OVA acrosol every 3rd
day (days 6, 9, & 12) for 30 minutes. 2 mg/kg dexamethasone is used as a positive control
and is dosed i.p. once a day on days 4, 5, 6, 9, & 12. Vehicle (15% B-cyclodextrins in DMSO)
and test compounds are dosed orally twice a day on days 5-12. On challenge days, all animals
are treated 1 hour prior to OVA allergen exposure and, if required for twice a day treatment,
~4-8 hours after allergen exposure. Samples are collected 24 hours after the last OVA
challenge. For sample collection, rats are anaesthetized by administration of 10mg/kg
xylazine and 60mg/kg ketamine intraperitoneally. Once the rats were fully anesthetized,
blood is collected for serum via the retro-orbital route. The rats are subsequently perfused by
injecting 30mL PBS through the right ventricle of the heart after the abdominal aorta is
severed. A tracheostomy is then performed and bronchoalveolar lavage fluid (BAL) is
collected through five SmL rinses using Hank’s Balanced Salt Solution, which was kept on
ice. Airway inflammatory cell accumulation and proliferation of cells are measured through
the BAL fluid collection and subsequent cell counts. Cytospin slides are prepared and
cosinophil % are determined by counting ~400 cells per slide. The test compounds are dosed
at 5 mg/kg twice daily at various concentrations. Activity is scored based on the ability of the
test compound to prevent ovalbumin-induced eosinophil induction (as determined by

percentage of cosinophils in BAL fluid).
Ovalbumin-induced Airway Inflammation in Sensitized Brown Norway Rats

[00481] The assay assesses the effect of test compounds on cellular recruitment into the
lung after antigen challenge in the sensitized Brown Norway rat. The model is a slightly
modified protocol based on that disclosed in Underwood et al. 2002 British Journal of
Pharmacology 137: 263 -275. Briefly, male Brown Norway rats (200-225g, from Harlan) are
be sensitized on days 0, 14 and 21 with ovalbumin (100ug/rat, i.p.) administered with
Alum™ (20mg/rat aluminum hydroxide and 20mg/rat magnesium hydroxide, i.p.). Rats are
challenged with inhaled ovalbumin (10 g/, 30 minutes) or saline acrosol on day 28. Vehicle
(5 ml/kg) or test compound (1 or 10 mg/kg, Sml/kg) are dosed orally 16 and 1 hour(s) before
and 1 and 6 hours after antigen challenge. Budesonide (3 mg/kg) is included as a positive

control and dosed at the same time points. End point measurements are as follows; one hour
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after the challenge the rats have Enhanced Pause (PenH) levels monitored for 5 hours to

assess late asthmatic reaction.

[00482] Cellular burden and inflammatory status are assessed. Twenty-four hours after
ovalbumin challenge, rats are euthanized with an overdose of pentobarbitone i.p. A
heparinized blood sample is taken via cardiac puncture and the resulting plasma kept frozen.
Bronchoalveolar lavage (BAL) is carried out (2 x 3 ml RPMI media, 30 seconds cach).
Immediately after BAL, the left lobe is removed, perfused with RPMI to remove the blood
pool of cells and 300 mg of lung is chopped and stored in RPMI / FCS (fetal calf serum)
containing penicillin/streptomycin. The remaining perfused, chopped lung tissue is flash
frozen and stored at -80°C. The remaining lung lobes are insufflated with formalin to a

pressure of 20 mmHg, the lungs tied off and stored in formalin until required.

[00483] The 300 mg of tissue undergoes collagenase digestion and the cells are recovered
(For method see Underwood et al., (1997) Br. J. Pharm., 122, 439-446). Total cell counts
recovered from the airway lumen and lung tissue are quantified using a Sysmex cell counter.
Differential cell counts (200 cells counted which comprise eosinophils, neutrophils,
lymphomononuclear cells expressed as percentage and absolute cell counts) of cells
recovered from the airway lumen and lung tissue are made by light microscopy from
cytocentrifuge preparations stained with Wright-Giemsa stain. Remaining BAL samples are
spun down and supernatant retained at —20°C. Additionally, this model can be used to assess

the effect of agents described herein on airway resistance.

[00484] Sephadex induced-Pulmonary Eosinophilia in Rodents. Male Swiss Webster mice
are used in a model of Sephadex induced-Pulmonary Eosinophilia. In brief, test groups
receive vehicle, test compound (10 mg/kg) or positive control, dexamethasone (0.5 mg/kg),
by oral gavages, twice per day (p.o., b.i.d.) at a dosing volume of 10 ml/kg, on days -1, 0, 1
and once, 4 hours pre-sacrifice, on day 2. On day 0, test groups are each intravenously
administered 3mg/kg Sephadex beads G-100-120 (Sigma) at a dosing volume of 5ml/kg or no
Sephadex. On day 2, four hours post vehicle/test compound/dexamethasone administration,
animals are euthanized by inhalation of CO, and subsequently undergo histopathology and
lavage evaluation of lungs for severity of cosinophilic infiltrate in peribronchiolar locations.
Bronchoalveolar lavage fluid is collected by flushing the lung via the trachea 3 times with 1
ml aliquots of cold saline, and then the lungs are harvested by filling with formalin and
allowed fixation a minimum of 1 day. White blood cell counts are prepared from lavage

fluids. In addition, lavage fluids are immediately prepared for cytospin and cell differential
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counts performed. Cytospin slides are stained with a Wrights-Giemsa stain. Whole lung
sections are stained with Hematoxylin and eosin stain for morphometry evaluation of severity
of inflammatory cell infiltrate in peribronchiolar locations around Sephadex beads. Three
sections (initial and 2 steps at 100 um intervals) are prepared from each animal for analysis of
arca or diameter of inflammation around 5-8 Sephadex beads/mouse. Morphometric digital
imaging analysis is performed to score inflammation. A similar experimental protocol can be

performed using Lewis rats with the modification that animals are euthanized on day 1.
Mouse Model of Allergic Airways Disease Using the FlexiVent System.

[00485] In this model, animals in groups of 10 (8-10 wk old male BALB/c mice) are used to
assess allergic airway disease. Mice are quarantined for 14 days. On days 0 (the first day
following the end of the 14 day quarantine) and day 7, experimental animals are immunized
by intraperitoneal (i.p.) injection with a mixture of ovalbumin (OVA; 10 pg) and aluminum
hydroxide (Alum; 2 mg) in sterile water. A second group of animals is immunized with
sterile water only and serves as a nonimmunized (negative) control. On days 13, 14, 15, and
16, dexamethasone (positive control), test compound or vehicle only is delivered by oral
gavages (all at 10 mg/kg and a dosing volume of 10 ml/kg) twice a day. Animals are exposed
to ovalbumin on days 14 and 15. Ovalbumin exposures are generated by aerosolizing 1%
heat-aggregated ovalbumin (chicken egg, grade V; Sigma, St. Louis, MO), diluted with
filtered air, and then delivered to the exposure chambers for 3 hours (H2000, Hazelton
Systems). The total mass concentration of ovalbumin is determined by gravimetric analysis
of filter samples taken every hour during exposure. The target mass concentration of
ovalbumin is 4 mg/m’. Chamber temperatures are maintained at 26 + 2°C and lights on a 12
hour on/off cycle. Animals are given food (Teklad™ certified rodent diet (Harlan Teklad,
Madison, WI)), ad libitum except during the 3 hour exposure period. Water is available ad

libitum throughout the duration of the study.

[00486] On day 17, animals are anesthetized and tested for pulmonary function (response to
methacholine challenge) by forced oscillation techniques (FlexiVent). Airway hyper
responsiveness (AHR) to increasing concentrations of acrosolized methacholine (MCh) is
measured using a FlexiVent analyzer (SCIREQ, Montreal, Canada). Briefly, each mouse is
anesthetized with Avertin (250 mg/kg; 0.02 ml/g; 1.2% (w/v) solution of 2,2,2
tribromoethanol in 0.8% tert-amyl ethanol (2 methyl, 2 butanol)) i.p. and placed on a heating

pad. The neck fur is shaved and a small superficial incision made in the skin above the

157



1-11 B Activity for CDllb Antagoni st Activity (DPBS or Human \Wol e
Blood): A Less than 5 nMB: From5 nMto |ess than 100 nMC. From 100 nM
to | ess twerob@0wM D. Greater than 500 nM Enpty cel | s ipodiusatie/osdsat t he

test wags, Al ARGShe Fol%gigiﬁ%le %l%ﬁbggn&) re%@@%%%algmf%logqgﬂlag@ ek bed.

Neverth ess, It w nder st’o rious no I cations nmay be made

W t houttradbganhd thg tfachea i hemmﬂnted Wlthlad)hﬁﬂ-&pé 20fgatigeendediedibi dihe caniDla is

2011/ 075%9191%5 lg';r/s&l%rzeot Pe/a an the skin 1s pullé/c\F back an(rin secured by cyanoacrylate adhesive.
Ventilation is performed through the cannula by positive pressure maneuvers on the Flexivent
apparatus. Once on the ventilator, pancuronium, (paralytic, 0.5 mg/kg) is administered i.p.
Heart rate is monitored via a Grass Instruments Recorder w/Tachograph. Changes in heart
rate greater than 50 bpm from baseline require supplementing the anesthesia (Avertin, ip).
Additional doses of Avertin are given at a dose of 100 mg/kg and the animal’s heart rate is
monitored for at least 60 sec to determine if additional doses are needed. After baseline
measurements of resistance and compliance, increasing doses of methacholine (Mch; 3, 6, 12,
25, 50 mg/ml nebulizer) are delivered via acrosol and resistance and compliance are
measured. Airway resistance is calculated for each concentration of methacholine and the
average + SEM is plotted for all treatment groups. Changes in pulmonary resistance (i.c.,
Mch dose-response curves) are assessed by repeated measures two way analysis of variance
(ANOVA) with Bonferroni post-test. All other statistical comparisons are made using

ANOVA with the Dunnetts multiple comparison test. A value of p<0.05 is considered

significant.

[00487] Following AHR measurements, blood is collected and saved for further evaluation.
The animals are then euthanized by injection with a lethal dose of a pentobarbital-based
cuthanasia solution. Bronchoalveolar lavage (BAL) cells are obtained from 7 animals per
experimental or control group by inserting a catheter into the trachea and lavaging the lung 3
times with 0.8 ml of PBS (without calcium chloride and magnesium chloride). Total BAL
cells are determined using a hemacytometer. BAL cells are spun onto slides by
cytocentrifugation and stained with a modified Wright-Giemsa stain. Four hundred cells are
counted and the percentage of specific cell types determined for each animal. The first
lavage fluid sample (after centrifugation) is frozen separately for future cytokine analysis.

The whole lung is snap frozen dry for future analyses.

[00488] Three animals from each group which are not subjected to BAL are used for
histopathology analysis and have their lungs instilled via the trachea with 10% buffered
formalin, removed and fixed in the same solution. Generally, three specimens per treatment,
each consisting of multiple axial sections of lung, are examined. All sections are stained with
alcian blue-H&E. Lesions are graded on a subjective basis. Lesions are graded as minimal,

mild, moderate, and marked (corresponding to severity scores of 1, 2, 3, and 4, respectively)
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specific agonist, -BOP and Indomethacin. In some experiments, an orally delivered
CRTH2/TP antagonist, Ramatroban, an intravenously delivered DP antagonist, BW A868C,
or an intravenously delivered TP antagonist are administered two hours prior to
administration of agonists. Rats are euthanized at 2, 8 and 24 hours post-agonist
administration. Inflammatory cell accumulation in the trachea and lungs is recovered by
bronchoalveolar lavage for cell counts and lungs are evaluated by histological examination.
In a separate experiment, rats receive intravenous injection of IL-5 (0.2 ng/kg) or PBS one

hour prior to intratracheal administration of PGD, (100 nmoles/animal) or vehicle. A

peripheral blood sample is collected hourly post-dose of IL-5 for hematological evaluation.
Murine Allergic Inflammation.

[00490] Complete protocol details are described in Fujitani et al. (2002 J. Immunol
168:443-449) and Matsuoka et al. (2000. Science 287: 2013-2017). Briefly, transgenic and
wild type mice are immunized with 10 pg ovalbumin (OVA) in 0.2 ml aluminum hydroxide
(Alum) on days 0 and 14. On day 21, the mice are exposed to acrosolized OVA (50mg/ml in
sterile saline) for 20 minutes. On days 1 and 3 post-OVA challenge, mice are cuthanized,

bronchoalveolar lavaged, and the lavage fluid is assessed by differential cell counting.
Allergic Rhinitis in Anesthetized Rodents.

[00491] In this model described, for example, by Arimura et al. (2001 J. Pharmacol. Ther.
298:411-419) guinea pigs are sensitized to OV A twice by inhalation of an aerosol solution of

1 % OVA for 10 minutes. At 7 days after the second sensitization, the animals are
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Arimura et al. (2001 J. Pharmacol. Ther. 298:411-419).
Allergic Conjunctivitis Model.

[00493] Complete protocol details are described in Arimura et al. (2001 J. Pharmacol. Ther.
298:411-419). Briefly, a 2.5% OVA solution is applied topically to both eyes (10 ul/eye) of
conscious guinea pigs that have been sensitized as described in the “Allergic Rhinitis Model
in Anesthetized Rodents” protocol above. Immediately following OVA application, Evan’s
blue dye (20 mg/kg i.v.) is injected as a marker of plasma exudation. The amount of Evan’s
blue extravasated in the conjunctiva and eyelid for 30 minutes is quantified. Independently,
histamine 0.001%, PGD2 0.01%, or a combination of the two are applied to the eyes of non-

sensitized guinea pigs, and dye exudation is determined.
Determination of Interleukin-13 Levels in Bronchial Alveolar Lavage Fluid.

[00494] A commercially available ELISA kit (Biosource, Catalog # KRC0132) is used to
determine the effects of compounds on the Interleukin-13 (IL-13) levels of bronchial alveolar
lavage fluid (BALF) taken from rats that have undergone certain allergen induced (e.g.

ovalbumin, sephadex, prostaglandin D;) airway cell proliferation and inflammation.

[00495] After collection, BALF samples are concentrated 5-fold with Microcon YM-3
centrifugal devices (Millipore, Catalog #42404) and stored at -80°C until use. A 500 pg/mL
standard stock is prepared by reconstituting the 1L-13 standard provided in the kit with the
amount of standard diluent specified on the standard vial. A standard curve is then prepared
by serially the standard stock down to 7.8 pg/mL. 50 UL of each point of the standard curve
and 50 uL of concentrated BALF sample are added to the ELISA plate. Added to these

samples is 150 uL of anti-rat IL-13 biotin conjugate. The plate is then incubated at room
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Immunopathol., 16, 2 (95-98), 1988. Serum samples are taken from rats suffering from
asthma, induced by the inhalation of ovalbumin, and stored at -80°C until use. The ELISA
plate is coated with 1.25 mg/mL ovalbumin prepared in coating buffer (0.5M Carbonate-
Bicarbonate, pH 9.6, Bethyl Labs, Catalog # E107) and incubated overnight at 4°C. After 18
hours, the plate is washed one time with wash buffer (50 mM Tris, 0.14 M NaCl, 0.05%
Tween 20, pH 8.0, Bethyl Labs, Catalog # E106). 200 UL of blocking solution (5% skim
milk/PBS) is added and the plate is incubated at 4°C for 1 hour. Serum samples are diluted
1:3000 in sample diluent (Post coat solution containing 50 mM Tris, 1% BSA, pH 8.0 0.05%
Tween 20, Bethyl Labs, Catalog # E104). After the one hour incubation with blocking
solution, the plate is washed three times with wash solution and 100 UL of diluted sample is
added to the appropriate well. Samples are then incubated at room temperature for 3 hours.
Once the 3 hour incubation is complete, the plate is washed five times with wash buffer. The
sheep anti-rat IgE HRP conjugate detection antibody (Bethyl Labs, Catalog #A110-117P) is
diluted 1:100 in a 1% skim milk/PBS solution. 100 UL of this solution is then added to the
plate and the plate is incubated for 1 hour at 4°C. The plate is then washed another five times
with wash buffer. The TMB peroxidase substrate (Bethyl Labs, Catalog # E102) is prepared
by adding equal volumes of TMB peroxidase substrate with Peroxidase solution B. 100 puL of
substrate is added to plate and incubated at room temperature for 15 minutes. The enzymatic
reaction is stopped by adding 100 (L of 2 M sulfuric acid (Sigma Aldrich). The plate is then

read at a wavelength of 450 nm.
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ated usin erﬁo}qe s principle. Lung volume (VL) is then increased by lowering the
plethysmograph pressure from 0 to -20 hPa in a quasi-linear fashion during 15-20 sec. The
increase in VL from FRC to transrespiratory pressure =20 hPa (VL20) achieved during the
slow deep inflation (sDI) maneuver is determined by integrating the flow into the animal
through the wave tube as described. The inflation phase is followed by a slow passive
expiration to transrespiratory pressure =0 hPa, where the measurement of FRC is repeated in
a subgroup of animals. Respiratory system impedance (Zrs) is measured using a low-
frequency (4-38 Hz) forced oscillation technique and a wave-tube system as described.
Doubling doses (6—48 ug/min-kg) of beta-methacholine chloride (MCh; Sigma-Aldrich) are
delivered for 5 min by constant infusion via the jugular vein cannula. A steady-state
constriction is achieved by 5 min and is verified by monitoring tracheal pressure during
mechanical ventilation. FRC is measured, and a single slow deep inhalation (sDI) maneuver
is performed with the infusion continuing to run. Test compound or vehicle alone is
administered , for example, orally, twice daily for 1-4 days prior to receiving the MCh
treatment and may also include dosing approximately 4 hours before MCh treatment.
Differences in FRC before and after an sDI maneuver performed at baseline and the
maximum MCh dose in a mice subgroups (for example, 3-10 mice from each age group) are
determined using paired #-tests. MCh responsiveness in the presence and absence of test

compound is calculated as described for each animal group.
Murine Model of Atopic Dermatitis.

[00498] This model is described, for example, by Spergel et. al.(1998 J. Clin. Invest. 101:
1614-1622). Epicutancous (EC) sensitization of mice was performed as described by Wang
et al. (1996 J. Immunol. 156:4079—-4082). Briefly, 4-6 week old BALB/c mice were
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| ndepende Hsnil‘?atl g%n&! %(A Ig%l?%e%pﬁ{ é):]ldé%m rgéh&? Ei[PP] %_rlfsg&?g [ %%no’?her K'%Pe is

i ndependenité was pérésrhed WitoOVa @00 Ggphivphaid lﬁbo@ﬁd 20k Jat@ viath fhe same dose
cycloallphatlc a phenyl, a benzyl, a 4 to 6-nmenbered heterocycle and a 5
to 6- né#ﬁ%<%dnﬁ@ﬁbroaryl wherein when R19 is a Cl-6 aliphatic radical, it

i s independently substltuted with fromO to 3 instances of RC, wherein each

RCis i 09‘@9? nﬁﬁ&t dr¥ bRElLAE Tséig CBH%@I R8s wing G crid@tthe s oPthtS HC

cycloalkyl 4 hal ocycl oal kyl, a
sensmzatlons by the standard PharMingen ELISA protocol used to quantify the total amount

of IgE in serum. OVA specific antibodies in the serum can also be assessed, as well as
cellular infiltrate into the skin by histological and immunohistochemical analysis. Also, the
presence of mRNA for cytokines in skin sites sensitized with OVA can be detected via RT-
PCR (protocol details are fully described in Spergel et. al., 1998 J. Clin. Invest. 101: 1614-
162).

[00500] BAL fluid can also be examined in this model. EC sensitized mice are challenged
with a single exposure to inhaled 1% OVA via a nebulizer for 20 minutes, and 24 hours later
BAL fluid is examined for the presence of eosinophils and other cellular infiltrate (protocol

details are fully described in Spergel et. al., 1998 J. Clin. Invest. 101: 1614-162).

[00501] Airway hyper responsiveness can also be assessed in this model described by
Spergel et. al., 1996. Briefly, 24 hours after one dose of nebulized 1% OVA, airway
measurements are measured plethysmographically in sedated, ventilated mice in response to

graded doses of intravenous methacholine.
DK-PGD2-Induced Systemic Eosinophilia in Rats.

[00502] Female Sprague-Dawley rats (175-250 g) were dosed orally with test compound (or
vehicle). Thirty minutes after dosing, animals were anaesthetized with isoflurane. Following
induction of anesthesia, animals received an intracardiac injection of 10 pg DK-PGD2 in 0.3

ml heparinized (10U/ml) saline. Control animals received an injection of 0.3 ml heparinized
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WO 2011/ 079007PCT/ US2010/ 060671 O(Cl_4 alkyl), a -0(C3_4 cycloal kyl), a
-0(C3_4 hal ocycloal kyl), a -0(Cl1-4 halo alkyl), a -NH(CL 4 alkyl), a
-N(CL_4 avlyd)iy7s@nd -NRv; wherein NRv is a 4 to 6- nenhermm(hamamonycl e

cont ai rk'aﬁﬁ?er. ?1}&% %nﬁs?‘&fg%}ﬂllé fﬁﬁ@?&r&ﬁc 1]@ cti%ﬂdanmgfs%é?e ?%él? e\%’% h%fl?&y& tf

cont ai ns tional ring het e oat onms. se rom 0 and N,
when RiSoflisae atmdtadﬂmgalr@l@wmdfwmdrmmd abdbmaraih baita@ntbrheparin)twhils the ng

het er oat ons i ndependent|y sel cte fro d S; when R19 is a phenyl,
it is irﬁwwsﬁﬁqtgzeiﬁ ot e € Ao eiobes oB0 5L et Hrelvih awua@merei n
each Ron'h?mé BPL%%@Q@&H anb{w%@b 80d dftﬁé’é'ﬂly'%rbé}lt@sg%}e aflofedd b s%{tleplzkaéy't&pﬁﬁd' cal,
- CN, 2, Cl 4 alkyl) and a -N(C1°4 al kyl) 2;
and vxhemiemmlqnswa m@ﬁ&fmro mlmnewlhng@ubfpcy@ hdt Baagmnyfop) and the cytedpiperesent | y

® ndoperisaeny Metedot BBt Dty S 3haRReehsie i §eSiR BRI AT Higsolaf
-OH, - NhZleuRocy®d idh fra@lowlas, taléen- fdHotal 1¢hkaby kourit %@m%zﬂ'owf\&@méteﬁi(lﬁ)ﬁ;& 2; |—'
is a linker selected from-Y-S02-, -NR21S02-, -S02N - Y- -

- NR2 1 C(Tapy Ctie Minepyoyqum i fferppieal éqwliowtﬁ: §01§1é$ @élteeﬂptm@sirﬁr@néhm@{t@spubnd a
strai g epgaﬂ»%ﬁn@'ﬂﬁ%{)% sind i §um %&% ﬁ% f%ﬁ} kY &Lﬁgﬁhécw%%h tétmer ein

the CL° ene er |S|neen Ut e
hal ogerthapaﬂﬁltag%?ebsinspls@, ect ed from hydrogen, aCle6alkyl, aCl 6
hal oal kyl and a C3_6 cycloalkyl ring; nis an integer selected fromO0, 1, 2

?g((j 0? Hﬁg'%?lﬂ ppeBl&j(g?ng%ntllt%g(?n%!gf&%ﬁg lfnr leﬁ f?g?l@ﬁﬁglzols&t@b?b N -Re2,
- G 0) N oh 22 P RS B PRerap bR 20%3? gNR22R23;  each ®3 i s

i ndependent |y “sel ect om a H | phat| c radical; each R22 is
i ndependently selected froma CL_6 aI | phat Ic radical, a C3_6 cycl oal i phatic
ring, d0pFhyThe potpreiat GRTHY antagonst aetiviiarod ettt epmpywids v desteddn hgman

6- nenberl?oqe blood using an assay that tests the ability of the compounds to block the CD11b
expression in eosinophils by 15-R-methyl-PGD2. A CRTH2 antagonist should block CD11b
expression by subsequently added 15-Methyl-PGD2. Human whole blood (200uL) was
incubated at 37°C for 10 minutes in the presence of various concentrations of test compounds
before being challenged with the agonist 15R-Methyl-PGD2 (10nM). Reactions were
terminated by the addition of ice-cold PBS + 0.5%BSA + 2mMEDTA (ImL) and
centrifugation (300xg for 5 minutes at 4°C.) Cells were then incubated at 4°C for 10min in
the presence of human IgG. Cells were then incubated for 30-45min with a mixture of PE-
Cy5-labeled mouse anti-human CD16 (10ul; BD Biosciences) and FITC-labeled mouse anti-
human CD11b (10uL; Beckman Coulter.) After rinsing (1mL ice-cold PBS + 0.5%BSA +
2mMEDTA), red blood cells were lysed by the addition of 1mL ice-cold H,O to the cell
pellet for 30sec-1min immediately followed by the addition of 3.5% NaCl (300uL.) Cells
were then rinsed (2x — 1 ml ice cold PBS + 0.5%BSA + 2mMEDTA) and fixed in PBS
containing 1% formaldehyde. The distribution of fluorescence intensities was measured by
flow cytometry. Eosinophils were gated out on the basis of their granularity (high side

scatter) and absence of CD-16. CD11b was then measured on this eosinophil population on

the basis of fluorescence due to FITC.

DPBS CD11b Antagonist Assay.
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heteroaryl; wherein when R22 is a Cl-6 aliphatic radical, it is
I ndependently substituted with fromO to 3 instances of RF, wherein each RF
i s i ndepewdentioro®mel ect ed from a hal ogen, - - NHRCTAISGBO460671

gy%%mm% "texﬂfa @%M?ﬁlt@é& ft gcnﬁ%’oal é’tﬁ ‘681111}30%@[6 8%%4 %klfs?‘rg pal kyl),
- Ngf Cl_ZCl_al ldynf;()pZesgmd g?dﬂﬁ\élsm‘ghegeﬁtlﬂ%y ?ﬂ?nﬁ@ﬁdﬂ/ ?Fﬁﬁ]&ﬂ%}iﬂfﬁ}ﬁ%&(ﬁ @B?B?l Ngdl S
Shar o1 TRAERLEED 3Rgei U St S 2 RE Birhd holmobiemicrsnals PGk ba; ame

sel ect ediifyiAPEY @ithidhy WREAVREZCE Sndo B%Mmgtgzb eveperprémla@tsa@écp@{tu haridlie ring

cont ai ns fron11 to 3 rlng het er oat orms I ndependently selected fromN, 0 and
S; whercoRxMntiagors ofdest aomlmmd@ at fqogn smparaure dorslnmwmpéasddfdrethsyoery, it is

e hendabtate RSk baS Hhled RN Dauh o ReR Rl R PR car
ON, - Oty th&kiditién of%@%ofa RAGYFIbw BD Bldb&dncks 24y 312003 add aéﬂfﬂﬂ])gamo@nd when

R22 is a phenyl, S |nd%%¢ndently substituted with fromO to 3 instances
of RG ,(40%herdei fnrmnutes at 4°C). The cells were then incubated for 30 minutes at 4°C with a

mixture of PE-labeled mouse anti-human VLA-4 (5 pl; BD Biosciences) and FITC-labeled
mouse anti-human CD11b (10 pl; Beckman Coulter). The cells were then incubated with
Optilyse C (0.25 ml; Beckman Coulter) for 15 minutes, centrifuged, and then fixed in PBS
(0.4 ml; calcium and magnesium free) containing 1% formaldehyde. The distribution of
fluorescence intensities among 60,000 cells was measured by flow cytometry. Eosinophils
were gated out on the basis of their granularity (high side scatter) and labeling with VLA-4
(PE fluorescence). CD11b was then measured in the eosinophil region on the basis of
fluorescence due to FITC. All data were corrected for the value obtained for the

corresponding isotope control antibody.

[00505] Data for compounds of the invention are summarized in Table 2.

Table 2
compound number CD11b Antag IC50(nM) CD11b Antag IC50(nM)
P [HuEos-DPBS-vs10nM15R] [HuEos-HuWB-vs10nM15R]

1-20 D

1-9 B B
I-72 C D
1-32 A B
1-6 A C
-4 A B
I-53 A B

165



each
radi c

R G
al ,

i s independently selected froma hal ogen, .
CN, -OH, -NH2, -0(Cl_4 alkyl), -NH(Cl1_4 alkyl) and -N(Cl-4

a Cl_4 aliphatic

al kY1) 2. wo 20he7e@rpound of claim 1, wherein R16 and RlPCans:@aobo671

i ndep
t aken
cyclo
are b
ring

conpo
N. 6.
X1 is
sel ec
2011/
1-7,

het er
sel ec
accor

ndentty Selected from-H and a methyt—or, atternativety, Ri6 and R1l7
t oget her Wth the carpon to whi ¢h they are|attached, Borma
gropyl ring. 3. The coppound according to cllaim2, wherein R16 and R17
qth -H 4. gge conpound according to any one of clains.1-3, wherejn
Dis select@d froma pyrrole, a gbrazole and an inidazdle. 5. The
Uynd according to claim4, wherein ring Dis|a pyrrole, and x1 or X3 is
The conpoygd according to claimg, whereinjring Dis g pyrrole, jand
N. 7. The conpound acfording to claim6, wherein the conpound is
tled_from rnrrpmmric hav ng formula lA or formula |B: AD
g79007PCT/ §2010/ 0606711 8. The cqrpound according to amwy one of c| ains
wherein ring Bis selected froma phenyl, a|thiophene and a 6-nenpered
vyl Q o rcoarnmornd A~~~y Lo t A Al A O whaorar mn v vy D o
AT yl . 7. LILLAYZ \lUIIPUUIIU aAC o U Ul IIU U oraritinmu, VALRLAA A YA LA T IIU J 1T 9
tled from alpdenyl, a thi ophene amd a pyridine. 10. TheBconpound
ding to claim9, wherejn ring Bis a phenyl.
I-46 B B
1-63 D D
I-57 A B
I-25 B D
I-73 D
I-16 C
I-13 B
I-18 D
I-15 C
1-8 B
I-2 B
1-12 B
I-1 A
I-17 C
I-27 D
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11. The conpound according to any one of clainms 1-10, wherein L is selected

froma nethyl ene,

- 0) -

and -S-.

12. The conpound according to claim 11,

wher ei n Lwo=osei7ewred froma methylene and -S-. 13. ThePpcurgseundssecor di ng

to cl
Il A or
R2 is

T 12, wWhereimnm the co
formul a H6: 14.
sel ected froma hal og

ound 7S Setected fr
The conpound of any of
en, -H, a cycl opropyl

M conmpounds fraving for mul a

1e of clain® 1-13, whe
ring, a Cl_4 alkyl an

rein
d a

Cl 4 h
sel ect
wher ei

anaIkyI.Iég. The coni
ed froma Cl_4 al kyl
n R2 is a nmethyl. 17.

pound according to clé
and -H 16. The conpoy
The conpound accordin

il m 14, wherein R2 1 s
ind according to clain
10 to claim 16, wherei

115,
n the

conpou
st ruct

1-17,

nd is seIQQQed fromc
ural formula I1IB: 1

pnpounds havi ng struct
8. The conpound accor

wherein L' is selecte

ural fornmuga Il A or
ling to any one of cl

from-S2- and -CH24

B02- 19 The r*nrrpmmri

i s

according to claim 18, wherein L'

is -SO2-.

clains 1-19, wherein o is O.
Activity for CD11b Antagonist Activity (DPBS or Human Whole Blood):

A: Less than 5 nM

B: From 5 nM to less than 100 nM
C: From 100 nM to less than 500 nM
D: Greater than 500 nM

Empty cells indicate that the te

st was not done.

[00506] A number of embodiments have been described. Nevertheless, it will be understood

that various modifications may be made without departing from the spirit and scope of the

invention.
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21. The conpound according to claim?20, wherein the conpound is sel ected
from conpounds having structural forrmula IVA or structural fornula |IVB:

22. The owopoundy®f7 any one of clains 1-21, wherein ringcavtssowmbesct ed from
a phenyl, a 5 to 6-nenbered heter OB(F]]YAIM% C3_6 cycloaliphatic and a 5 to -
rrenbere\g, Qﬁgrﬁr ocycle, wherein said heteroaryl or heterocycle contains from
lto2rrn eteroatons selected fromN and 0. 23. The conpound of claim
22, wher eiln Aicgpdund hsehgEdmdili ,@maghpimeavyitiaaiig aaccptabte Gt theoder ed

het erocyclic ring, wherein said heterocycle contains from1l to 2 ring

het er oat ons selected fromO and N. 24. The, togpound of claim 23, wherein
ring Ais selected froma phenyl, a pyri thi ophene, a furan, a
pyrim dine, a pyrazine, a piridazing; [ pe a piperazine, a

mor phol i ne and a pyrrolidine. WD ‘ 6’79007 hUSZOlO/ 060671 25. The
conpound of claim 24, wherei4ring AKs selected froma phenyl, a

nor phol i ne and a pyrrolidine/ The S%rrpound of claim 25, V\/nerel nring A
is selected froma phenyl, &t )fl nkeo( rpholine and an N-1inked

pyrrolidine. 27. The corrpounq )b] f chpiam 26, wherein the conpound is sel ected

from conpounds havi ng struc ormula VA, VB, VC, VD, VE or VF. 28. The
conpound of any one of clainmsgir2¢, wherein R4 is selected froma hal ogen,
NC2, -R6, -0R6, -C(0)R6, -C(0)0R6; -N(R6)2, -S(0)R6, -S(0)2N(R6) 2,

NR6S(0) 2R6, -C(0) N(R6) 2 and - NR6C( (drtula I

with the proviso that the compound having Formula I is not a compound selected from 5-
[[6-methoxy-3-(4-methoxybenzoyl)-2-methyl-1H-pyrrolo[2,3-b]pyridin-1-ylJmethyl]-
o,,0-dimethyl-2H-Tetrazole-2-acetic acid [CAS Registry No. 1097838-63-5], 5-[[5-
(benzoylamino)-2-thiazolyl]thio]-2H-tetrazole-2-acetic acid [CAS Registry No.
1099441-56-1], 2-butyl-1-[[4-[(2-carboxybenzoyl)amino Jphenyl Jmethyl]-5-chloro-
1H-imidazole-4-acetic acid [CAS Registry No. 114798-40-2], and 2-butyl-1-[[4-[(2-
carboxybenzoyl)amino]phenyljmethyl]-5-chloro-1H-imidazole-4-acetic acid [CAS
Registry No. 114773-45-4], or a pharmaceutically acceptable salt thereof;

wherein:

ring A is a monocyclic or bicyclic ring selected from a 6 to 10-membered aryl, a 5 to 10-
membered heteroaryl, a Cs.1 cycloaliphatic and a 4 to 10-membered heterocycle;
wherein said heteroaryl or heterocycle contains from 0 to 3 ring heteroatoms
independently selected from N, O and S;

ring B is a monocyclic ring selected from a phenyl and a 5 to 6-membered heteroaryl,
wherein said heteroaryl contains up to three ring heteroatoms independently selected
from N, O, and S;

ring D is a 5-membered heteroaryl; wherein
x'is selected from N and C;
x*1is selected from N and C-R%;
x°is selected from N and C;
x*is selected from N and C-R*; and
x’is selected from N and C-R>;

provided that at least one of x' or x’ is N, but both are not simultancously N;
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29. The conpound of claim 28, wherein R4 is selected froma -H a hal ogen,
-CN, a C1-6 aliphatic radical, a C3_6 cycloaliphatic ring, a G _6
hal oal i phwibi201vEdiocal , a phenyl which is optionally subrCirtusumd/OW7R8 a

ggﬁﬂngo 7%(#?%%%*085?0?0% Mg%ﬁ eegg%&?ﬁ alg&ﬁﬁéﬁ& V\%er EIYVQ& IS

sel ected fr mynloplropal ting, ogencin REN; 1nde1®31ddntbyl dujokt;tu&dGithhélfrdsmIOaaquyd;tan@s C3 6

cycl oal kyl , -A(.)%Ng% 4 alkyl), a -0(Cl_4 haloalkyl), a 0(C36cycloalkyl), a
-0(phenyl), B&tituted phenyl), a -0O(benzyl), a O(substi tut ed

benzyl), a e@él@i&@-mﬂqﬂénﬁé’ﬂt)y se?ecte@(f@n(l Ghathobal @l kyt) , alﬁoxﬂr@)
cycl oal kyl), a -C(0) (phenyl), 0)(subs§|tut ed phenyl), C(OZ)(benzyI)

C(0) (substi t ut b@loaiéﬂ&}yl ) and - C(O) H; vvherel n each of said substl tuted
henyl or benz rings, .is sub tu A i f, R8'; 31.
'Fl)'he Zorrpo}}n&f‘ 8¥ecEeldafno%1§8 fo ﬁ(lﬁ kﬁd Rg g:@)?% CE@ 8«3)&’ -CN,
an ethyl, a IgDhH %wﬁm?}m -NRﬁsad)Lnggbww)zana LNw@(mm?et hyl, a

y ,

cycl opropyl, a cycl open cl ohexy cycl opr opy
cycl opent R ehaglecieddinsn a halegeb xNOanCat: thy—O]&é/rrEt(a g Céoﬁ?%pyMky)g,

L orot b e L Aeosk o e, DRI A, ?aar“%y?%6926”y' .

trifl uoropﬁdﬁaﬁm&rgbﬂmécxedaﬂﬁ&nﬂqaﬁdl-lz wherei n each of said benzoyl, phenyl or
phenyl oxy is independent|y substjtuted by fromO to 4 instances of R8' . 32.
The conpofd Fofis dgperdsntly splested HomaH. 1es|aéleh?é@ rpdigph and ¢mogogysliegen, - CN,
an ethyl, a ler %H&Q{ﬁy' a trifluoroethyl, a trifluoronethyl, a
cyclopropyl, cyc penty a cycl ohexyl, phenyl, a benzoyl, a

met hyl car bortl¢ rings setcetedfemb @ 16ytd IOanetrnbdrédmebraéttbyIIOemehﬂm;dd hegeroaryl, a

or oups 1 o1 neberaRryr B2 tr KBORER Ao s Vst hces of Re 33
The conpound ofyhgh R 1 3@, %Xl'lﬂﬁﬁﬁé PRl i %?deseﬂ&qﬂ; S tifutedvith A 0 1B

met hyl, 2,2,2-trifluoroet benzoyl’, nethyl carbonyl,

trifluor orret hyl canbmﬁ of R 0) H and phenyl wherein said phenyl IS

i ndependently substiktuted wth ances of

compound of ol ATeT 331~ 4y Bty FRT R bRt B bR drsRuer G EA st o2

i nstances of hal qg@ﬂ()tgﬁ insthiRecONMRYUAg of claim 34, wherein R4 is a phenyl
substituted with fromO to 2 instances of fluoro. 36. The conpound of claim
33, wherei n R4awhen Beliseai asl, ftripmdgpendentlyobstifutpdtvigh from Otok ingtanges @br oet hyl |
a benzoyl, a nethy.carbonyl, a trifluoronethylcarbonyl, -C(0)H a WO

2011/ 079007PCT/U g1o/ 060671 phenyl and a fluorophenyl; wherein said

f1 uorophenyl is siabisRi isihéshentldrilyfseroned fiom 2hadgrt, LaMaloxbnsdRY e’ of

fl uoro. _C(O)R®, ~C(O)OR?, =S(0)aR’, ~N(R®)5, ~S(O):N(R%)2, ~NR*S(O),R’,
—~C(O)N(R"), and -NR’C(O)R’;
each R® is independently selected from a halogen, —CN, =NO,, 0x0, a C\.
aliphatic radical, —R'’, —=C(O)R’, =C(0)OR’, —OR’, =S(0)..R’, -N(R"),,
—S(0):N(R”),, -NRS(0),R®, ~C(O)N(R’), and -NR’C(O)R’;
each R¥ is independently selected from a halogen, —CN, —NO,, a C;_s aliphatic
radical, -R'?, =C(O)R’, =C(O)OR’, —OR’, =S(0).,R’, -N(R”),,
—S(0),N(R%),, -NR’S(0),R’, ~C(O)N(R’), and -NR’C(O)R’;
cach R’ is independently selected from hydrogen, a Cy_s aliphatic radical,
and a monocyclic or bicyclic ring, wherein
the ring is selected from a 6 to 10-membered aryl, a 5 to 10-membered
heteroaryl, a Cs ¢ cycloaliphatic and a 4 to 10-membered

heterocycle; wherein
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37. The conpound of any one of clainms 1-36, wherein R5 is selected froma
hal ogen, -CN, a G _6 aliphatic radical independently substituted with from
0 to 4 i mpDantewI®’ R7, a C3_6 cycloaliphatic, a phenyl pcmaspeandersyi y
substituted with from . L st : Ry . < -eroar yl
i ndependently substi tu\)?%%lq%\ngﬁtsh%ﬁ'r(’gﬂ ]gd%tcgg%ggh%%gﬁ%ﬁno?mggﬁsgt%?@%%
conpound of claim 37, whéoeihtoBinsensslod® edndrom a hal ogen, -CN, a G _6

al kyl independently substituted with fromQ to 4 instances.of R7, a C3_6
cycl oal i phatic, a phenyietifdépeingettty PihrpdertybeaydprdigmOdo4 i nstances
of R8', and a 6-nenber edjReheLQaR/F, | ndependent |y substituted by fromO to
4 instances of R8'. 39. The conpound of claim38, wherein R5 is selected
fromthe group consesthikgiscof monodyaliogehmcyclNingan@ipeadaitlyysklesigdstom aved wit h

fromO to 2 instances ,of .a substituent. i ndependen sel ected from hal ogen
and -OH. a 3-6 nenmberd8 18%?%]§irﬁ T‘I?'F’él Sptﬂglﬁ}ﬁeg %fegh%t-e??gﬁﬁeﬁ‘gamhet eroaryl ;
wherein each of said phewrylipknd aﬁdm@qoqﬂem@@d@@émb¥a@,@gg i's substituted

by fromO to 3 instances of a substituent independently selected froma

hal ogen, a Cl_4 al kgach By’ clindeneasienulyiopbstitatetwith fxork §tg 3 instacespR dal koxy
and -CN. 40. The conmpound, af,cl ai er.el ' cted fr a
hal ogen, -CN, an ethyl, gacﬁel% h)l/ﬁa],hgéap%%ri%np Is,eﬁgﬁgﬁgrﬁn%rl}%gg%d ?% cgg?kayl , a
phenyl, a pyridine and a pyrimlkbxyenda@rndaabkacly, sai d nmethyl, ethyl and
propyl is independently substituted with fromOQO to 4 instances of a hal ogen

f 0
or -OH and wherein eachS¥&iRi praAspendglyisglepied din phripgsmi-(eN.iOH, a
substituted with fromO0 to i es supst | i e%%nglaq]&} y
sel ected from a hal ogen, adéf %géﬁgl'fhagéagﬂ?yﬁéf %ﬁa(P%%I}d gﬁl' 1i2 a){zt’)xy and

a Cl- 2haRdalkkdxrsted Aidm JHhe €ommiiphatic wiical, andm A@nowrdicer hicRblid sngel ect ed
from-CN, an ethyl a nethyl, ropyl, .a cycl opropyl_, cycl opentyl, a
cycl ohexyl, "éheﬁﬁéﬁ]% TNk S %’W%&%h%?%%%%ﬁﬁ?%@&ﬁylsééaoi@ﬂ{%ﬁt}&#opw and
ethyl i s indRReRASNtICSURMaliphEtRA N Al Diof TOMLAbERd AclcRRYyBRCR AR @ hal ogen
or -OH, wherein said phenyl is independently substituted by fromO to 2

i nst ances ofwhealRgéma Ore al@hgtic raditalaiteis eideperaicatlpyutistifutesl wish ol fotut ed by
WO 2011/ 079007PC‘I;1/ USs2 4060671 fromO to instances of a substituent

i ndependent |y D3RP ¥ rom a hal ogen, a Cl-2 al koxy, a C _2hal oal koxy and

CF3. 42. Theylg@mowwnei-aohatitvihg or Wheteliafy1R® id ind§Rhe&itEdubstimea witN, a
2-hydroxyethyl, a nmethyl, a cyclopropyl, a cyclopentyl, a cyclohexyl, a
phenyl and a p{end} e injtaaession Rsgiadd phenyl i s i ndependently substituted by
fromO to 2 jnstsnc l. i - ’ ) i | ridipne is
| noepondent 1VIEUESEr T Al oRi AhdBiyy SRin R DBOR Mo Bt RIS BRTE S0
The conpound otachl R is id@spenbartisalcBedifens e helopad Ny ko CNORE —Ret, hyl , a

cycl opropyl, a cyclopentyl. a gycl ohexyl henyl riding, a
SYchI gr oP Z pyri d?W%ﬂw@%@ﬁf&@@%yNi(ﬁgi)gws,(é ée/)il’n‘I\Ll?alrb;as&lobll?renyI is

i ndependent | y substg i @ 2 instances of fluorine or fromO to
SO SRR

1 instances of - conpo according to any one of clains 1-4,
wherein ring Deich R’ pyindgnehdentlymdlexttd frooh x Ralapen, b6 -NO46xo0, BH&«conpound of

36’ The conpound WPrttcricRsRanet I i T RO FAoWR E8Boma of iy
one of clainms 1- lss(ozgg\g_[{éjz,n_m?s;o%bRé,;_%(@ggRﬁ)Eaﬁ@_@R?@@ggqmd48. A conpound

sel ected fromthose _depicted in Tabl conposition conprising a
phar maceut i cal Fachdtcaptralopendently sedectethidora adweingeund cedOdiarfg dabiphatic one of

claims 1-48. radical, —R'%, ~C(O)R’, ~C(O)OR?, —OR’, =S(0)mR’, ~N(R%), ~S(0)2NR)z,
~NR’S(0),R’, =C(O)N(R), and NR’C(O)R’;
R'® and R are each independently selected from —H, deuterium, a C, ¢ alkyl, a C;
haloalkyl and a halogen, or
alternatively, R'® and R are independently selected from a C; ¢ alkyl and a C,
haloalkyl, and R'® and R'” taken together with the atom to which they are attached

form a cyclopropyl or halocyclopropyl ring;
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50. A conposition conprising a conmpound according to any one of clains
1-48, in conbination with one or nore therapeutic agents seleted from

i nacti vatwogoantrp@odi es to i nterl eukins; sol ubl e chenokipog/usexiept@rs; a
chenoki neyr; r I ~HU Stang g _HL oL ec or t R@oni r

anti hi sta%lﬁgg;ﬁf(?esa ot?iﬁg)tgg‘r1 %Iéft@é%ltg’ptr%@ahtgg’onwg Sﬁ@l g&o’t‘%egﬁlg

ant agoni st s wliend. IsEDActhpkeagahis shdepeiicfly selsapttat wah tfiagofks? aistavkbds-of

ant agoni st s; cgﬁgti cost eroi ds; i munosuppressants; non-steroidal
anti-asthmatics, *non-steroidal antiinflamuatory agents (NSAIDs);

cycl ooxygenaggs @ 1(§9%-2) inhibitors; inhibitors of phosphodiesterase type
IV (PDE-1V); 1opi oid anal gesics; antithronbotic agents; warfarin

deri vati ves,R1i8sttdek o —H.,3» Gdradmbatyl rndind, 20k 1L 0AGOPRPGT/USRO16/ 060671

agoni sts; ACE inhibitors; vasodilatqgrs; anti-diabetic ent s;. preparations
of interferon Blélfqﬁ%c)go@(géﬁgﬁg?%?ﬁ%ﬁi’h (Z(g'(%l&ﬁngﬁo? %Wzgﬁ%d;uégf(ﬁ?‘ggﬁucose;
TNF i nhi bitorsiyhekeid i pl e sclerosis therapeutic agents; 5-amnosalicylic
acid and prodrugs thereof; DNA-al kyl ati ng agent anti met abol i t es;

; . S,
m crot ubul e di shapRoksselaoiA frame & (o aphphstis 1a <At(Aeanyd. p henyi et s  DNA
cross-linking agemts; ne. . [ ; i X B.
phar maceutical |y g:@é%%%%ﬁg@%&%&%@?&%@%{%ﬁﬁg %g@f%ornqtg (r%(gg? ’?Sﬁagﬁgs ?)fa i‘’ent
suffering from a wh@ease or di sorder involving the CRTH2 receptor
conprising adm nistering to said patient a therapeutically effective anmount
of a conpound accBflRnd mgengagdenslyesclicted fiamd halogen. 3Cig a@@?ﬁﬁ%ml@n
according to any onglkgj(y.cl ains 49-50. 52. The nethod according to claimb51,
wherein said disease or’’disorder is asthma, atopic dermatitis, allergic
rhinitis, aldaeh 331/8, 1s Grdepeldently sdadel framut lmlogen i@ Nsg Chastligphc cadidal,mi €is or
chronic rhinitis, rhini.tis,.caseqQs hypertrophic rhinitis, rhinitis
purul enta, rhi ﬁFi‘ngllpgliaEf:Eﬁdlqa i%?@%fﬁé&?@&?@ﬁf&a, mermbr anous rhinitis,
croupous 1 hi ni pi§natfvely, AR 1inAbSdndentRSQULRABTRA @TQY S1ipRHtRIrkdiSal and a
scrofulous rhinitis, perennial allergic’rhinitis, seasonal rhinitis,
rhinitis nervosa,Ciwdstgabphatiohdioilt sl twanR | tgospisviekenctogethernywyithh theragdmm &

asthma, allergic asth intrinsjc asth extrinsi c asthma,. dust asthma,
chron ¢ asthma, ravet Spaek e RRLAAZQ Rordpho! HocigPoropiFrin

hyper - r espegi Mmespes soleddidomehiiol i snd ghroni ¢ bronchitis, eosinophilic
bronchitis, chronic inflammtory di seases of the | un%ﬂ%\hi ch result in

i nt erstitFagh Jf iipngepondentht sstestadifiean ahalegenti s e SN I G(@idpt®&)OH,

pul nonary fi.t S5 1 associat ech mitia r tOi_( oiis, scl eroder na
| ung di sease%@#@ﬁi cé%fbgﬁslijc ﬁ%e%émém’naér?} i séa;téé?lg%;[%&, ‘chroni ¢
sinusitis, comRINCIOR'T,i-<ORE)+$R'Jiand ediRj IRittdrvi tis, cystic fibrosis,
fanner's | un/(g, fibroid | yng, hypersensjtivity |ung disease, )

hyper sensi t i AFERIEHBHON 1gTeuPsiags ¥aber © tvarasiasliringds ateRsuiesrher Withisal
congestion, nasgh ;OLIARS it £5 d & oM hokftb QAR CorcPY ANk ARRREIAL ed Wi th

i nfl ammati on, system c anaphyl axis, hypersensitivity responses, drug

al | er gi es, i nshkatrostylmclabf srdjiiegs inflgmdderalyatubstitalet evithi fesm Ofto@dnstaicas ed
allergies with sygptons of migraine, rhinitis or. ecz L arthritis,
Theumat i o art hPl LSV P gash Buts PPRRSH E sclstiedfinfunenaienp Cop vl
seronegati ve agfhiikbis.-copgmdybart hropat hy, ankyl osing spondylitis,
psoriatic arthritis, Reiter's disease, osteoarthritis, system c sclerosis,
psori asi s, awopRCalb indepertently ssleateshframta -déendie Cbb 8liphetibdidadi ¢ dermatiti s,
cut aneous eaosingphilias hroni.c skin ul cers. . cutaneogus | upu . .

eyt henmt osdch Ro b BBl SR bt C5Fop It ARER B ce  Bilaniohitic

eosi nophi l'i c f phdnyt l Hehid, a Caebindnishr&Eidgrocy? 2Qld$ @Y 8AAMNI¢dUS2010/ 060671
chol ecystitis, Crohn's disease, enteritis, eosinophilic gastroenteritis,
eosi nophi | i c ebBdpteagiliwhereiant er opat hy associ ated with seronegative

arthropathies, g i1 nf r L W rd

di sease, acute aﬁ’gﬁe(r: Igor?ﬁ %C%ﬁ J{@’Wgﬁ# %dycgﬁgt\(,:}??nod%bégﬁﬁ%s%bé{@%%@)?gﬁﬁd
transpl ant, chroni ctog afstanverd RS, hbsicidtast &S a5 irkpendghidy teleeiedman, bone
marrow transplant rejection, inflanmtion, hyperal gesia, allodynia,
neur opat hic pain, | ﬁﬂﬂ%ener_méﬂﬂ’c?ﬂ%%’ a@s%ﬂ%@uﬁ)&fﬁ@m ldsus:
Hashinoto's thyroiditis, Gave's disease, type | diabetes, eosinophilia
fasciitis, hyper IgE syndrome, idiopathic thronmbocytopenia pupura,;
post - operative adhesions, ischemc/reperfusion injury in the heart, brain,
peripheral linb hepatitis, mastocytosis, mastitis, vaginitis, vasculitis,
myositis, basophilic | eukem a, basop@ill i ¢ | eukocytosis, or Churg-Strauss
syndronme. 53. The nmethod according to claimb52 for treating asthma or
preventing an asthma attack. 54. The method according to claimb53 for
treating allergic rhinitis. 55. The method according to claimb54 for
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60. The nethod according to any one of clains 51-59, further conprising
adm nistering to said patient one or nore therapeutic agents selected from
i nact i vatwogoam7pdwodi es to i nterl euki ns; sol ubl e chenokipoe/useaept@rs; a

chenoki ne receptor npgdl afans:, @&t ap st rec(gr(gt Ohai® @&E%';l ts
anti hi st am nes; Ieukotrll"‘enﬁe)g%fi1 re@é’f‘)?gér aﬁ%%igfom t's aél)r&feu t?’i erfse)(tl'4
ant agoni sts or a LThdoakyAgonNE(G; , JAGDR ar-&N€pt alkyBntadohiRst sheMin- 4

ant agoni sts; cortico r.oi ds; i mmunos ressants; non-steroidal .
antigasthmatics, noﬁf@f’é% 6%&%9-%1 704 MeraoeY f Fordgiames (igEN ey linked to

cycl ooxygenase- 2 _(COX'JE)aﬂdr\iﬂlilé?éih%f%lihe'téi‘&g@ietd%hﬁair%ffrd?ﬂ@%@b%@hﬁ%hﬁrrﬁfge type
IV (PDE-1V); opioid WO 2011/ 079007PCT/ US2010/ 060671 anal gesi cs;
antithronbotic agent s;heiaodtams seleed frami @ esd N13- bl ocker s; 13- adr energi ¢

of “interferon bordergd i e ARatHE oSt Be b LIaRGR N Forhd “Garbehi oal ucose:
TNF i nhi bi tors; mil hétBloatons igdgehgertiy@ERBRY fiotn RgENG;S; 5- am nosal i cylic
acid and prodrugs theregof; DNA-al kyl ati ng agents; antinetabolites;
mi crot ubul e di srupherk; iONRhdangt érig @dgpendsntl DgksEiptadeish Fomphiont mstesees DNA
cross-linking agent gy phor MG LAPRARYindPenGHRIER S RIEThEogen, a C1
aliphatic radical, -CN, —OH, —NH;, a —O(C, 4 alkyl), a -NH(C, .4 alkyl)
and a —N(C,4 alkyl),; and
when R" is a non-aromatic ring or a heteroaryl, it is independently substituted
with from 0 to 3 instances of R, wherein each R is independently
selected from a halogen, oxo, a C,4 aliphatic radical, -CN, —OH, —NH,, a
—0O(C_4alkyl), a -NH(C, 4 alkyl) and a — N(C;_4 alkyl)y;
L’ is a linker selected from —Y-SO,—, -NR*'SO,—, ~SO,NR?*'—, -Y-C(O)-, -NR*'C(0)-
and —~C(O)NR?'—; wherein
Y is selected from a single bond, a straight C;; alkylene linker, and a branched C,
alkylene linker, wherein the C;.; alkylene linker is independently substituted with
from 0 to 3 halogen atoms;
R*! is selected from hydrogen, a Calkyl, a C,_s haloalkyl and a Cs. cycloalkyl ring;
n is an integer selected from 0, 1, 2 and 3;
cach J* is independently selected from a halogen, “NO,, —CN, —R*, —C(0)H, —C(O)OH
, —~C(O)NH,, —OH, —SH and ~NH, —C(O)R**, —C(O)OR*, —C(O)N(R*)R**,
~N(R*)C(0)R*, -OR*, -SR** and -NR*’R*;
each R* is independently selected from a —H and a Cy_¢ aliphatic radical;
cach R* is independently selected from a C, aliphatic radical, a Cs.4 cycloaliphatic
ring, a phenyl, a benzyl, a 4 to 6-membered heterocycle and a 5 to 6-membered
heteroaryl; wherein
when R* is a C ¢ aliphatic radical, it is independently substituted with from 0 to 3
instances of R", wherein each R" is independently selected from a halogen,
—CN, —OH, —NH,, a C3_4 cycloalkyl, a Cs_4 halocycloalkyl, a —O(C,_4 alkyl), a
—0(C;4cycloalkyl), a “O(C;_4 halocycloalkyl), a —O(C, 4 haloalkyl), a
—NH(C.4 alkyl), a—N(C;_4 alkyl), and ~NR"; wherein
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—NR" is a 4 to 6-membered heterocycle containing a ring N atom linked to J°,

and wherein the heterocycle contains from 0 to 2 additional ring
heteroatoms selected from O and N;
when R* is a heterocycle or a heteroaryl, the ring contains from 1 to 3 ring
heteroatoms independently selected from N, O and S;
when R* is a non-aromatic ring or a 5 to 6-membered heteroary, it is
independently substituted with from 0 to 3 instances of RS, wherein
each RC is independently selected from a halogen, oxo, a Cy4aliphatic radical,
—CN, —OH, —NH,, a —O(C;_4 alkyl), a -NH(C,_4 alkyl) and a —N(C, 4
alkyl),; and
when R* is a phenyl, it is independently substituted with from 0 to 3 instances of
RG’, wherein
each R ¥ is independently selected from a halogen, a C,_4 aliphatic radical,

~CN, ~OH, ~NH,, ~O(C 4 alkyl), “NH(C} alkyl) and ~N(C1 alkyL),.

2. The compound of claim 1, wherein R'® and R'” are each independently selected from
—H and a methyl or, alternatively, R'® and R'” taken together with the carbon to which

they are attached, form a cyclopropyl ring.
3. The compound according to claim 2, wherein R'® and R are both —H.

4. The compound according to any one of claims 1-3, wherein ring D is selected from a

pyrrole, a pyrazole and an imidazole.
5. The compound according to claim 4, wherein ring D is a pyrrole, and x' or x” is N.
6. The compound according to claim 5, wherein ring D is a pyrrole, and x' is N.

7. The compound according to claim 6, wherein the compound is selected from

compounds having formula IA or formula IB:

o L£B) L'/CQ(JA)n » /LL'@(JA)n

! N
R5MR2 (JB)O R5 / y7 R2 (JB)O

N

13 13
\\\<OR n OR B

0] 0]
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8.

10.

11.

12.

13.

14.

15.

16.

17.

The compound according to any one of claims 1-7, wherein ring B is selected from a

phenyl, a thiophene and a 6-membered heteroaryl.

The compound according to claim 8, wherein ring B is selected from a phenyl, a

thiophene and a pyridine.
The compound according to claim 9, wherein ring B is a phenyl.

The compound according to any one of claims 1-10, wherein L is selected from a

methylene, —C(O) - and —S-.

The compound according to claim 11, wherein L is selected from a methylene and

—S-.

The compound according to claim 12, wherein the compound is selected from

compounds having formula ITA or formula IIB:

The compound of any one of claims 1-13, wherein R? is selected from a halogen, —H,

a cyclopropyl ring, a C_4 alkyl and a C4 haloalkyl.

The compound according to claim 14, wherein R? is selected from a C; 4 alkyl and

—H.
The compound according to claim 15, wherein R? is a methyl.

The compound according to claim 16, wherein the compound is selected from

compounds having structural formula IIIA or structural formula IT1IB:
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18. The compound according to any one of claims 1-17, wherein L’ is selected from

—SOZ— and —CHZSOZ—.

19. The compound according to claim 18, wherein L’ is =SO,—.

20. The compound of any one of claims 1-19, wherein o is 0.

21. The compound according to claim 20, wherein the compound is selected from

compounds having structural formula IVA or structural formula IVB:

(P

0=58=0

R4
5 / \
R l\\l\«o r13 IVA

0]

0=9 (P
R4 S
IS
R
N OR"
\\( IVB

0]

22. The compound of any one of claims 1-21, wherein ring A is selected from a phenyl, a
5 to 6-membered heteroaryl, a Cs¢ cycloaliphatic and a 5 to - membered heterocycle,
wherein said heteroaryl or heterocycle contains from 1 to 2 ring heteroatoms selected

from N and O.

23. The compound of claim 22, wherein ring A is selected from a phenyl and a 5 to 6-
membered heterocyclic ring, wherein said heterocycle contains from 1 to 2 ring

heteroatoms selected from O and N.

24. The compound of claim 23, wherein ring A is selected from a phenyl, a pyridine, a
thiophene, a furan, a pyrimidine, a pyrazine, a piridazine, a piperidine, a piperazine, a

morpholine and a pyrrolidine.
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25. The compound of claim 24, wherein ring A is selected from a phenyl, a morpholine

and a pyrrolidine.

26. The compound of claim 25, wherein ring A is selected from a phenyl, an N-linked
morpholine and an N-linked pyrrolidine.

27. The compound of claim 26, wherein the compound is selected from compounds

having structural formula VA, VB, VC, VD, VE or VF:

\
N
oo \ 0=5=0
0=9=0 0=5=0
R4 R4 R4
\ / \
R5 / R5 / \ R5 N
OR" N HR!3 OR'3
\\\< VA \\\< VB \\\< ve
2 O 2 O
) 0
\ \
0=S=0 0=8=0 0=S=0

28. The compound of any one of claims 1-27, wherein R* is selected from a halogen,
—NO,, -R’, ~OR’, ~C(O)R’, —C(O)OR’, -N(R),, =S(0),R’, =S(0),N(R°),,
~NR°®S(0),R®, ~C(O)N(R®), and ~NR°C(O)R°.

29. The compound of claim 28, wherein R*is selected from a —-H, a halogen, -CN, a Cy
aliphatic radical, a Cs cycloaliphatic ring, a Cy. haloaliphatic radical, a phenyl which
is optionally substituted by R, a benzyl which is optionally substituted by R*, ~OR®

and —C(O)R®.
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30. The compound of claim 29, wherein R*is selected from —H, a halogen, —CN, a C; 4

alkyl, a C;_4 haloalkyl, a Cs.6 cycloalkyl, a —O(C,.4 alkyl), a —O(C;4 haloalkyl), a
—0O(Cs¢cycloalkyl), a —O(phenyl), a —O(substituted phenyl), a —O(benzyl), a
—O(substituted benzyl), a —C(O)(C;4 alkyl), a -C(O)(C,4 haloalkyl), a —C(O)(Css
cycloalkyl), a —C(O)(phenyl), a —C(O)(substituted phenyl), a —C(O)(benzyl),
—C(O)(substituted benzyl) and —C(O)H; wherein each of said substituted phenyl or

benzyl rings, is substituted by from 0 to 4 instances of R¥;

31. The compound of claim 30, wherein R*is selected from —H, a halogen, —CN, an
ethyl, a methyl, a propyl, a trifluoroethyl, a trifluoromethyl, a cyclopropyl, a
cyclopentyl, a cyclohexyl, a cyclopropyloxy, a cyclopentyloxy, a cyclohexyloxy, an
ethoxy, a methoxy, a propyloxy, a trifluoromethoxy, a trifluoroethoxy, a benzoyl, a
phenyl, a phenyloxy, a methylcarbonyl, an ethylcarbonyl, a trifluoromethylcarbonyl, a
trifluoroethylcarbonyl, and —C(O)H; wherein each of said benzoyl, phenyl or
phenyloxy is independently substituted by from 0 to 4 instances of R¥ .

32. The compound of claim 31, wherein R*is selected from a —-H, a halogen, —CN, an
ethyl, a methyl, a propyl, a trifluoroethyl, a trifluoromethyl, a cyclopropyl, a
cyclopentyl, a cyclohexyl, phenyl, a benzoyl, a methylcarbonyl, an ethylcarbonyl, a
trifluoromethylcarbonyl, a trifluoroethylcarbonyl and —C(O)H; wherein each of said
phenyl and benzoyl groups is independently substituted by from 0 to 4 instances of
RY.

33. The compound of claim 32, wherein R* is selected from a —H, iodo, -CN, methyl,
2,2 2-trifluoroethyl, benzoyl, methylcarbonyl, trifluoromethylcarbonyl, —-C(O)H and
phenyl; wherein said phenyl is independently substituted with from 0 to 2 instances of

halogen.

34. The compound of claim 33, wherein R* is a phenyl substituted with from 0 to 2

instances of halogen.

35. The compound of claim 34, wherein R* is a phenyl substituted with from 0 to 2

instances of fluoro.

36. The compound of claim 33, wherein R* is selected from a —H, —-CN, a methyl, 2,2,2-
trifluoroethyl, a benzoyl, a methylcarbonyl, a trifluoromethylcarbonyl, —-C(O)H, a
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37.

38.

39.

40.

41.

phenyl and a fluorophenyl; wherein said fluorophenyl is substituted with from 0 to 2

additional instances of fluoro.

The compound of any one of claims 1-36, wherein R” is selected from a halogen,
—CN, a C, aliphatic radical independently substituted with from 0 to 4 instances of
R’, a C3 cycloaliphatic, a phenyl independently substituted with from 0 to 4 instances
of R*, and a 6-membered heteroaryl independently substituted with from 0 to 4

instances of R

The compound of claim 37, wherein R is selected from a halogen, —CN, a Cy alkyl
independently substituted with from 0 to 4 instances of R7, a Ci¢ cycloaliphatic, a
phenyl independently substituted by from 0 to 4 instances of R*, and a 6-membered
heteroaryl independently substituted by from 0 to 4 instances of R¥ .

The compound of claim 38, wherein R is selected from the group consisting of: a
halogen, —CN; a C;¢ alkyl substituted with from 0 to 2 instances of a substituent
independently selected from halogen and -OH; a 3-6 membered cycloalkyl, a phenyl
and a 6-membered heteroaryl; wherein each of said phenyl and 6-membered
heteroaryl rings is substituted by from 0 to 3 instances of a substituent independently
selected from a halogen, a Cy_4alkyl, a C;_4 haloalkyl, a C,_4 alkoxy, a C,4haloalkoxy
and -CN.

The compound of claim 39, wherein R’ is selected from a halogen, —CN, an ethyl, a
methyl, a propyl, a 3-6 membered cycloalkyl, a phenyl, a pyridine and a pyrimidine;
wherein each said methyl, ethyl and propyl is independently substituted with from 0
to 4 instances of a halogen or -OH; and wherein each said phenyl, pyridine and
pyrimidine is substituted with from 0 to 4 instances of a substituent independently
selected from a halogen, a C;_; alkyl, a C; haloalkyl, an C,.; alkoxy and a C;.
ohaloalkoxy.

The compound of claim 40, wherein R’ is selected from —CN, an cthyl, a methyl, a
propyl, a cyclopropyl, a cyclopentyl, a cyclohexyl, a phenyl and a pyridine; wherein
cach said methyl, propyl and ethyl is independently substituted with from 0 to 2
instances of a halogen or -OH; wherein said phenyl is independently substituted by

from 0 to 2 instances of halogen or —CF3; and wherein said pyridine is substituted by
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42.

43.

44,

45.

46.

47.

48.

49.

50.

from 0 to instances of a substituent independently selected from a halogen, a C,

alkoxy, a C;; haloalkoxy and CFs.

The compound of claim 41, wherein R’ is selected from a —CN, a 2-hydroxyethyl, a
methyl, a cyclopropyl, a cyclopentyl, a cyclohexyl, a phenyl and a pyridine; wherein
said phenyl is independently substituted by from 0 to 2 instances of fluorine or —CF;;
and wherein said pyridine is independently substituted by from 0 to 1 instances of

fluoro or chloro.

The compound of claim 42, wherein R’ is selected from —CN, a methyl, a
cyclopropyl, a cyclopentyl, a cyclohexyl, a phenyl, pyridine, a 3-chloro-4-pyridinyl
and a 3-chloro-2-pyridinyl; wherein said phenyl is independently substituted by from

0 to 2 instances of fluorine or from 0 to 1 instances of —CFs.

The compound according to any one of claims 1-4, wherein ring D is a pyrazole, and

x! and x? are both N,

The compound of any one of claims 1-44, wherein R" is selected from a -H and a C,_

¢ alkyl.

The compound of claim 45, wherein R" is a —H.

The compound of any one of claims 1-19, wherein o is 1 or 2 and J® is a halogen.
A compound selected from those depicted in Table 1.

A composition comprising a pharmaceutically acceptable carrier and a compound

according to any one of claims 1-48.

A composition comprising a compound according to any one of claims 1-48, in
combination with one or more therapeutic agents seleted from: inactivating
antibodies to interleukins; soluble chemokine receptors; a chemokine receptor
modulators; histamine HI receptor antagonists or antihistamines; leukotriene D4
receptor antagonists or leukotriene antagonists or a LTD4 antagonists; PGD2 receptor
antagonists; VLA-4 antagonists; corticosteroids; immunosuppressants; non-steroidal
anti-asthmatics, non-steroidal antiinflammatory agents (NSAIDs); cyclooxygenase-2
(COX-2) inhibitors; inhibitors of phosphodiesterase type IV (PDE-1V); opioid

analgesics; antithrombotic agents; warfarin derivatives, B-blockers; B-adrenergic
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51.

52.

agonists; ACE inhibitors; vasodilators; anti-diabetic agents; preparations of interferon
beta; gold compounds such as auranofin and aurothioglucose; TNF inhibitors;
multiple sclerosis therapeutic agents; 5-aminosalicylic acid and prodrugs thereof;
DNA-alkylating agents; antimetabolites; microtubule disruptors; DNA intercalators;
DNA synthesis inhibitors; DNA cross-linking agents; hormone therapy; or cytostatic

agents; and a pharmaceutically acceptable carrier.

A method for treating a patient suffering from a disease or disorder involving the
CRTH2 receptor comprising administering to said patient a therapeutically effective
amount of a compound according to any one of claims 1-48 or a composition

according to any one of claims 49-50.

The method according to claim 51, wherein said disease or disorder is asthma, atopic
dermatitis, allergic rhinitis, allergy, Grave’s Disease, acute rhinitis, hatrophic rhinitis
or chronic rhinitis, rhinitis caseosa, hypertrophic rhinitis, rhinitis purulenta, rhinitis
sicca, rhinitis medicamentosa, membranous rhinitis, croupous rhinitis, fibrinous
rhinitis, pseudomembranous rhinitis, scrofulous rhinitis, perennial allergic rhinitis,
seasonal rhinitis, rhinitis nervosa, vasomotor rhinitis, antitussive activity, bronchial
asthma, allergic asthma, intrinsic asthma, extrinsic asthma, dust asthma, chronic
asthma, inveterate asthma, late asthma, airway hyper-responsiveness, bronchitis,
chronic bronchitis, eosinophilic bronchitis, chronic inflammatory diseases of the lung
which result in interstitial fibrosis, interstitial lung diseases (ILD), idiopathic
pulmonary fibrosis, ILD associated with rheumatoid arthritis, scleroderma lung
disease, , chronic obstructive pulmonary disease (COPD), chronic sinusitis,
conjunctivitis, allergic conjunctivitis, cystic fibrosis, fanner's lung, fibroid lung,
hypersensitivity lung disease, hypersensitivity pneumonitis, idiopathic interstitial
pneumonia, nasal congestion, nasal polyposis, otitis media, chronic cough associated
with inflammation, systemic anaphylaxis, hypersensitivity responses, drug allergies,
insect sting allergies, food related allergies, food-related allergies with symptoms of
migraine, rhinitis or eczema, arthritis, rheumatic arthritis, infectious arthritis,
autoimmune arthritis, seronegative arthritis, spondyloarthropathy, ankylosing
spondylitis, psoriatic arthritis, Reiter's disease, osteoarthritis, systemic sclerosis,
psoriasis, atopical dermatitis, contact dermatitis, seborrheic dermatitis, cutancous
eosinophilias, chronic skin ulcers, cutaneous lupus erythematosus, contact

hypersensitivity, allergic contact dermatitis, eosinophilic folliculitis, Coeliac disease,
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53.

54.

55.

56.

57.

58.

59.

60.

cholecystitis, Crohn’s disease, enteritis, cosinophilic gastroenteritis, cosinophilic
esophagitis, enteropathy associated with seronegative arthropathies, gastritis,
inflammatory bowel disease, irritable bowel disease, acute and chronic allograft
rejection following solid organ transplant, chronic graft versus host disease, skin graft
rejection, bone marrow transplant rejection, inflammation, hyperalgesia, allodynia,
neuropathic pain, lupus erythematosus; systemic lupus, erythematosus; Hashimoto's
thyroiditis, Grave’s disease, type I diabetes, cosinophilia fasciitis, hyper IgE
syndrome, idiopathic thrombocytopenia pupura; post-operative adhesions,
ischemic/reperfusion injury in the heart, brain, peripheral limb hepatitis, mastocytosis,
mastitis, vaginitis, vasculitis, myositis, basophilic leukemia, basophilic leukocytosis,

or Churg-Strauss syndrome.
The method according to claim 52 for treating asthma or preventing an asthma attack.
The method according to claim 53 for treating allergic rhinitis.

The method according to claim 54 for treating Chronic Obstructive Pulmonary

Disecase.

The method according to claim 55 for treating neuropathic pain.

The method according to claim 56 for treating atopic dermatitis.

The method according to claim 57 for treating allergic conjunctivitis.

The method according to claim 58 for treating gastrointestinal tract related diseases
and disorders selected from Crohn’s disease, ecosinophilic gastroenteritis, cosinophilic

esophagitis, inflammatory bowel disease or irritable bowel disease.

The method according to any one of claims 51-59, further comprising administering
to said patient one or more therapeutic agents selected from: inactivating antibodies
to interleukins; soluble chemokine receptors; a chemokine receptor modulators;
histamine HI receptor antagonists or antihistamines; leukotriene D4 receptor
antagonists or leukotriene antagonists or a LTD4 antagonists; PGD2 receptor
antagonists; VLA-4 antagonists; corticosteroids; immunosuppressants; non-steroidal
anti-asthmatics, non-steroidal antiinflammatory agents (NSAIDs); cyclooxygenase-2

(COX-2) inhibitors; inhibitors of phosphodiesterase type IV (PDE-1V); opioid
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analgesics; antithrombotic agents; warfarin derivatives, B-blockers; B-adrenergic

agonists; ACE inhibitors; vasodilators; anti-diabetic agents; preparations of interferon
beta; gold compounds such as auranofin and aurothioglucose; TNF inhibitors;
multiple sclerosis therapeutic agents; 5-aminosalicylic acid and prodrugs thereof;
DNA-alkylating agents; antimetabolites; microtubule disruptors; DNA intercalators;
DNA synthesis inhibitors; DNA cross-linking agents; hormone therapy; or cytostatic

agents.
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