PYRI DI NONE ANTAGONI STS OF ALPHA-4 | NTEGRI NS CROSS REFERENCE TO RELATED
APPLI CAI ONS [0001] This application clains the benefit under 35 U S.C. 119
(e) of UmwoediotStattes Provi sional Application Serial NorCo®A/sinB8%62 filed
April 27, 2009, which is hereby incorporated by reference inits entirety.
BACKGROUND OF THE | NVENTI ON Fi el d of the Invention [0002] This invention
rel ates to conpounds which inhibit |eukocyte adhesion and, 10in particul ar,
| eukocyt e adhesi on nedi ated by c¢(4137. Accordingly, conmpounds of this

i nvention are uPMRIDINONEANTALONITSOF ALBVEGHINTEGRENSeases nedi at ed
by ¢(4137 binding and cell adhesion and activation such as multiple
sclerosi s, asthm,CROSSREKERBENGE TE) RELATED ARPIACGAIONSS, septic
arthritis, restenosis, inflammatory bowel disease including ulcerative

colitis adodr omnisaﬁglii@ﬁaﬁeLairdemmhéﬁtandem.S§ 18@) dbUhRed | ke. State
of the Art é:OOOS]_ _The follow ng publications, @Zitents and patent
appl i Cat i VAEs Bryigpnad dppHeationSeapN Y | Bnd 785 filed it &y 0% whisdris ;

1Ti dswel | . : 1497- 1505 (1997) 202Springer, Nature,
346: 425- &ei%yllgé%ffoé&igofgrﬂﬁ, ﬁ?}l@g%?téég (1990) 4Vedder, et al., Surgery,
106: 509 (1989) S5Pretolani, et al., J. Exp. Med., .180:795 (1994) 6Abraham

et al., . J. din. | nvédBACKEROTND OBPTHE PeVENTIONN, et al., J.
| mmunol ogy, 150: 2407 (1993)

Field of the Invention

[0002] This invention relates to compounds which inhibit leukocyte adhesion and,
10  in particular, leukocyte adhesion mediated by ouf3;. Accordingly, compounds of

this invention are useful in the treatment and prevention of diseases mediated by

o7 binding and cell adhesion and activation such as multiple sclerosis, asthma,

allergic rhinitis, rheumatoid arthritis, septic arthritis, restenosis, inflammatory bowel

disease including ulcerative colitis and Crohn’s disease, dermatitis, psoriasis, and

15  thelike.

State of the Art
[0003] The following publications, patents and patent applications are cited in this

application as superscript numbers:

! Tidswell, et al., J. of Immunology, 1497-1505 (1997)
20 2 Springer, Nature, 346:425-434 (1990)

3 Osborn, Cell, 62:3-6 (1990)

4 Vedder, et al., Surgery, 106:509 (1989)

5 Pretolani, et al., J. Exp. Med., .180:795 (1994)

6 Abraham. et al., . J. Clin. Invest., 93:776 (1994)
25 7 Mulligan, et al., J. Immunology, 150:2407 (1993)

8 Cybulsky, et al., Science, 251:788 (1991)

’ Li, et al., Arterioscler. Thromb., 13:197 (1993)

10 Sasseville, et al., Am. J. Path., 144:27 (1994)

1 Yang, et al., Proc. Nat. Acad. Science (USA), 90:10494 (1993)
30 & Burkly, et al., Diabetes, 43:529 (1994)
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8 Cybul sky, et al., Science, 251:788 (1991) 9 Li, et al., Arterioscler.
Thronmb., 13:197 (1993) 10 Sasseville, et al., Am J. Path., 144:27 (1994) 1
1 Yang, ewoabio/12691@ec. Nat. Acad. Science (USA), 90: 10492ctA%9@)/03532Bur kl vy,
et al., Diabetes, 43: 529 (1994) Baron, et al., J. din. Invest., 93:1700
(1994) Hapann, et al . mmunol og 152 3238 (1994) Yednock, et al.,
Nat ure, 356: 63BuenBgPyl. Bér(léw IngestaP3:170 (B9A) Med., 177:57 (1993) van

Di nt her - Jansse ﬂam?xﬁ {ali’ Jiﬁ%%ﬂwggh?gyg%%a&éém (1991) van

Di nt her - Janssen eunsa 52: 672 (1993) Elices, et
al, J. d¥Pn. |vedstk,et9B; M&rﬁmg 396963 (F@@le go, et al., J. din. Invest.
89: 1445 (1991) Paul, et al Proceed, 25: 813 (1993) Ckar hara et

al ., Can. Res.DBagnejghal (Ei@dk{)?dpé '8%?1@993& al., Int. J. Can., 58:298

(1994) Sclhaden%rlﬁmﬁlter%nssen]et zﬁatJhImmLiIn @oézg4fé1-%3()l o, et al , Dff.
52: 239 (1993) Lauri, et al., British ncer, 68:862 (1993) Kawaguchl, et

al ., Japalﬁese vhnlmaﬂreeﬂarﬁw et 831804 I@iﬂe@%}icl&bgaﬂ 68X (18P3), U.S. Patent No.

\5;\0532/ 8%1,24i SSU 1ces J 8[?';1 nve%? éﬁl(%ﬂ%' onal Patent Appl. Publication No.

20 Postigo, et al., J. Clin. Invest., 89:1445 (1991)
2 Paul, et al., Transpl. Proceed, 25:813 (1993)
10 * Okarhara, et al., Can. Res., 54:3233 (1994)
= Paavonen, et al., Int. J. Can., 58:298 (1994)
24 Schadendorf et al., J. Path., 170:429 (1993)
2 Bao, et al., Diff., 52:239 (1993)
26 Lauri, et al., British J. Cancer, 68:862 (1993)
15 Kawaguchi, et al., Japanese J. Cancer Res., 83:1304 (1992)
28 Kogan, et al., U.S. Patent No. 5,510,332, issued April 23, 1996
» International Patent Appl. Publication No. WO 96/01644

[0004] All of the above publications, patents and patent applications are herein
incorporated by reference in their entirety to the same extent as if each individual
20  publication, patent or patent application was specifically and individually indicated

to be incorporated by reference in its entirety.

[0005] Integrins are heterodimeric adhesion receptors that mediate cell-cell and
cell-extracellular matrix interactions. The [3; integrin subfamily has two known
members: 0437 and apB;. These 37 integrins are expressed primarily by leukocytes.
25 By integrins are unique among known integrins in their ability to recognize certain
ligands expressed on the surface of endothelial and epithelial cells in mucosal

1
organs.

[0006] 0uP7 is a lymphocyte homing receptor and plays a crucial role in the

migration of these cells to the intestine and associated lymphoid tissue, such as
30  Peyer’s patches in the intestine. 0437 mediates adhesion to a ligand on Peyer’s

patch high endothelial venules (“HEV™’). The ligand on Peyer’s patch HEV is

MAdCAM-1, a glycoprotein in the Ig superfamily. MAdCAM-1 is expressed on
2



[0004] Al of the above publications, patents and patent applications are
herein incorporated by reference in their entirety to the sane extent as if
each i ndiwodosl128Qpubl i cation, patent or patent appli caPConSe®s/032632
specifically and individually indicated to be incorporated by reference in
its entirety. [0005] Integrins are heterodineric adhesion receptors that
nedi at e cRayergeptch gV .cegsputesie hardl nagiediE Yreandi lgmindtrsppitt VegRss The 137
integrin supfam)l as. t known menpers: .c(.4137 and ccE137. ese 137

|t oo | ns¥ Rt i, A0TbR: SR o BB PR R0 SRRGEBEGR ISR 0 que
anong knomthphbéRe toPeyérs pei HERO iy t o recogni ze certain |igands
expressed on the surface of endothelial and epithelial cells in nucosal

or gans- 1 (08761 M3T defls fual RIS e BARINGo hAESALPHssBALBLAYS a cr uc al

role in the mgration of these cells to the’intestine and associ at ed
| ynphdi d lipls favels of vapy, ahed@s Peyethascipadad esother drpmsiant mestiynesa4137
nedi at es adhesi on to a Iip%and on Pe%er' s patch high endothelial venules

(" HEV4") . These oubgasmont pelpexpeshatdediniegra. achbich s Botablectpr ot ei n i n
) PP . ) .
meen?er S U A A A AP ERRS, B PSR, AR o

nmesenteric np mna propria v

Ant i bodi eshagan asYCamM4 2d td fibsosberi.t s i nhibit attachnent of circul ating
| ynphocytes to Peyer's patch HEV in vivo .1 [0007] Menory T cells that

ci rcul at gopogf et&afeaﬁimryadhes_i&nﬁ@&fa{ewg &Fﬁ%’cﬁ&h%[l%ﬁ?fa@lje%t&‘ﬂse! s of
a4137, whereas those that circulate to other organs are nostly cLit.,Ri.

Thesel (a4 18¥oareadwyth B nuelbes obnflnmsmt@ayredpated. Antlegitenf acogory,dri , which is
not able to nediate cell adhesi.on to MADCAM 1. . ver, both c(4137 and
Coa13n, e Rt A B G R bh EhY e T i LR ESRER ROkOt68)
I'ntercel | yhadre a8R8RE 26 BRI d TRY nfetHdk AMELKOENEhdk&RIdn Ul face receptors
is 1l0associated with a nunbér of inflammatory responses. At the site of an

i nj ury orengpthetialiaefly arvebesriy patti theragegnition pndbiedinga$ cell swrfasadot hel i al cel |'s
express nmolecul es.that are adhesive for lLeukocytes. The ne i cs of

e koot s PR PR G ASPRRIsb SudiPL e PUSRSE b ey e Sp BREARNT S c ogni 1 on
and bisndi &l 0Dne€bburdthasitot Pe SRl Qe 20Fbsh EHEkACHE Rsdl valle eef fespondi ng
cell surface nol ecul es on endothelial 15cells. Once bound, the |eukocytes

m grat e aejweksiterraditlond cheice] magiajort © combar infessionn For uiesistad and rel ease
chem cal rmdlaf Percﬁ%ttbfé o(‘f‘?l'{'é)%#mh e§§‘tﬁ{319§?€’ é}rexﬁl%éiregﬁg%lgéeg%ﬁeéébgfh.f eceptors

of the inmune system see, for pring orn.

[0009] Inflammatory brain disorders, such as experimental autoimmune
encephalomyelitis (EAE), multiple sclerosis (MS) and meningitis, are examples of
20  central nervous system disorders in which the endothelium/leukocyte adhesion
mechanism results in destruction to otherwise healthy brain tissue. Large numbers
of leukocytes migrate across the blood brain barrier (BBB) in subjects with these
inflammatory diseases. The leukocytes release toxic mediators that cause extensive

tissue damage resulting in impaired nerve conduction and paralysis.

25 [0010] In other organ systems, tissue damage also occurs via an adhesion
mechanism resulting in migration or activation of leukocytes. For example, it has
been shown that the initial insult following myocardial ischemia to heart tissue can
be further complicated by leukocyte entry to the injured tissue causing still further
insult.* Other inflammatory conditions mediated by an adhesion mechanism

30  include, by way of example, asthma,s'7 Alzheimer’s disease, atherosclerosis,s'9

AIDS dementia,'® diabetes (including acute juvenile onset diabetes),' ™"

3



[0009] Inflammatory brain disorders, such as experinental autoi nmune
encephal onyelitis (EAE), nmultiple sclerosis (MS) and neningitis, are
exanpl es wO 280h/eenir al nervous system di sorders in whi clrCrhEs2010/032632

endot hel i um | eukocyt e adhesi on mechanismresults in destruction to

otherwi se healthy brain tissue. Large nunbers of |eukocytes m,grate across
t he bl oodinfp@MmatdsyPpyverdispsplinglpdig e bjcseatiye gpliths anddsiehn’ ﬁﬁllsﬁﬁ%tory di seases.
The | euko B-1¢ S7-1o i ssue danmage
resul ti ngﬁ;ll}ﬁtt‘f)?e JC%S&% ne%{el&g{)gﬁcg% rﬁ{)sh aﬁ%‘éueﬁéﬁ%@l&ﬁé 18\3 tﬁ%f% I n ot her
organ systetmsasit,F’SS benitairagencaplsitiocsioks, andatian ca[dhmtremmmac ham sm
resulting in magration or activation_ of |eukocytes. For exanple, it has

been shoviFPRFES: Tetts. AQPiGermatis. PSPrAsisoMyRER Hipbsahemiapnd agiermi a to heart
Ui ssug ca, ey fuhbigted SHIFALES RBind: SHGENRrGRLA FBpidiEry ni ured i ssue
causing still “further insul O her 1 nflammatory cond | 1ons nmedi ated by an
adhesi on detcdsanysiroi80i ncl ude, by way of exanple, asthma, 5-7 Al zheiner's

di sease, atherosclerosis,” AIDS denentia,l diabetes (including acute
juvenile [@0$Et Deglietadsinckd inlBe uhddrbtanding of Iﬁub@i)y&’l adhiesieaske {iit hed udi ng

ul cerative colitis and Crohn's di sease), pl e sclerosis, 15-16

r heumat oi LRFICRRYY i‘%dr%‘?e‘bthﬁué%%nb}bétﬁésmfa?ﬂh%ﬂqrblﬁ ﬂzqtr%%%m Het ast asi s, 22- 27
neni ngi ti e ely r s, nephritis,
retiniti slﬁﬂgﬁggfogpggﬁr{éﬁsfi S, @}S)gglr [ ‘g% 4 Bgﬁgrag?ﬁ%dfigﬁgﬁn? a and acute

51 eukﬁbyt@—vmmn‘eﬁf dddh@nhmwryerﬁwphomfot mdtamattoty dossasasssuch aa B, t

respirato ndr o e_advances in t under st andi ng
of | eukocy i SHEET SR G dFie R T L JOP R SR os St e of

i nhi bi tort'ﬁeﬁfa a&imr@m S nfecldiél don@RIAP B REad T HAMIRLATH GARAI LI ons. 28, 29
Novel al pha4d nt agoni {s are needed for the i0devel opnent of additional

t r eat nent addpdssesribestand otifel agndat ory di seases, such as M5, asthma, Crohn's

di sease and rheunatoid arthritis. Furtherm)re assays useful for the

di agnosi s of a4137 nedi a Wﬂﬁv he current invention
addresses these and ot heﬁﬂgw&m& ENTI O\I 15[ 0012] In

varl ol ARBES' Sin HiBul YRBK! B0 ReRb S RRIBONPIR 0L PSR, faf! @) 2(RUmM N

(Ia)
or a salt or solvate or single stereoisomer or mixture of stereoisomers thereof,

wherein

m is an integer selected from 0 to 4;
20 n is an integer selected from 0 to 3;
p is an integer selected from O to 4;

ring A is a member selected from substituted or unsubstituted aryl and

substituted or unsubstituted heteroaryl;

Cy is a member selected from substituted or unsubstituted (Cs-
25 Cio)cycloalkyl, substituted or unsubstituted 3- to 10-membered
4



R6 or a salt or solvate or single stereoi somer or m xture of stereoisoners
thereof, wherein mis an integer selected fromO to 4; 20n is an integer
sel ect ed woamodi2b43; p is an integer selected fromO t®C#Useon0@3N32s a
menber sel ected from substituted or unsubstituted aryl and substituted or
unsubstituted heteroaryl; is a nmenber selected from substituted or
unsubstituted (C3- eapeycisadindaiukstituted gpgpsubsiitatpdarylignd sptifdted @d 3- to

10-nmenbered 4 hete bstituted or unsubstituted aryl and
substituted or unsulggyﬁ%@%%hﬁéggﬁgaryl; each Rl and each R2 is a nenber

i ndependently se] egted fr. H, substituted o unsubstituted i - Cio)al kyl,
Sobert tuted or SERRuBEE peiL s mietges pidthiRicRlly SBHEThb DR PUERS L Tut 2
or unsubstituted (GGunchm}iened @l&ylalkydusitithil edumMubitigidst kd wy-ed 3- to

10- menber ed heterocycloalkél, substituted or unsubstituted aryl,
substiXuted or unsubsmpergd agterpaliel.cabstitutedor pesubgtiuted4Cogen, OR12, SR12,

LONRI50{ 0) ORL?, - NRISEEO N RIS RS o i 0 Kb )
S(0) 2NR12R13 and S(kxxdrddyclosltien edubstituied ot undubtitutdli2rylRlubswatncedRES are nenbers

i ndependent |y selected fromH, acyl, 15substituted ¢r unsubsiituted
(G -G o)al kyl, subs¥nstbitisged peteroaryl, nitro, CN, halogen, OR™, SR, NR'"R ™,

C(O)R™, C(O)NR"’R", OC(O)NR"*R", C(O)OR"*, NR’C(O)R"™,
10 NR"“C(0)OR"*, NR”C(O)NR"’R", NR”C(S)NR"’R",
NR"S(0),R", S(0),NR"*R" and S(0),R"*,
wherein
zis1or?2;
R'%, R" and R" are members independently selected from H, acyl,
15 substituted or unsubstituted (C;-Cjo)alkyl, substituted or
unsubstituted 2- to 10-membered heteroalkyl, substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl,
substituted or unsubstituted (C3-Cjp)cycloalkyl, substituted or

unsubstituted 3- to 10-membered heterocycloalkyl; and

20 R is a member independently selected from substituted or
unsubstituted (C;-Cjp)alkyl, substituted or unsubstituted 2- to
10-membered heteroalkyl, substituted or unsubstituted aryl,
substituted or unsubstituted heteroaryl, substituted or
unsubstituted (Cs-Cjp)cycloalkyl, substituted or unsubstituted

25 3- to 10-membered heterocycloalkyl,

wherein R and R", to gether with the nitrogen atoms to which they
are attached, are optionally joined to form a 4- to 7-membered

ring, and

wherein two adjacent R, together with the atoms to which they are
30 attached, are optionally joined to form a 5- to 7-membered

ring, and



unsubstituted 2- to 10-nenbered heteroal kyl, substituted or unsubstituted
aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted
(C3- G 0) cwol2onlieydig substituted or unsubstituted 3- to POTroSduen8132

het erocycl oal kyl ; and 20R14 is a nmenber independently selected from
substituted or unsubstltut ed (G-0G ogogl kyl, substituted or unsubstituted 2-
to 10- nenbered het ewb%rplwwo adinsentiR utoaether with shersems ter which Ry arg ubst i t ut ed
or unsubstituted hetero it C o)cyclo
al kyl, substituted or uﬁiﬁéﬁ%edz? E)Itlgg&lggjgﬂ{egwi%%ne %7%&& I%&gcycloal kyl,
whereln R12 and R13, togéidier W|th the nitrogen atons to which they are
attached, are optionally joined to forma 4- to 7-nenbered ring, and

wherein two adjacen her with the hthyare
30at t ached, a(rj% gﬁ) ?)gala{ ?@%ﬁé&l%e@&??ﬁ/é& Qéf% I)lﬁgﬁg@r‘étﬂ Pfng, and
wher eisn two ad acenﬁns%ﬂtltﬁ@@% h@oamfyi halb@@n Qﬁd@@ﬁ Ly which they are
attached, are optionally joined orma 5- to 7-nmenbered ring;

R3, R4 tituted
o . 2 Ry aSRea oS %3‘2%%%@ %ﬁﬁ% %‘E&%@mm ABer sel ect ed
From TP LA L ST a5 ) R et o
(Ic) (RL)&RRulaNIY 11, R6 R3R6 R4(la') r-,11D 0 Rla h

R B

\

(Ia%)

10 (Ib)

R* (Ic)

wherein Cy, Rl, Rz, R3, R4, RS, R6, n, p, m, and A are as defined as for

Formula (Ia);

ml is an integer selected from 0O to 3;



( RR)p 10R 4(1b) Ra(lc) wherein Cy, Rl, R2, R3, R4, R5, R6, n, p, m and
A are as defined as for Formula (la); m is an integer selected fromO to
3; WD 2040/20086@44RCT/ US2010/ 032632 Ri a and Ri bi ndependeantrlus20depeatent | y
selected fromthe sane group as for R and R2 as defined above. [0014] Also

included in the invention is a salt or solvate or single stereoi soner or

m xture of steRedndBnesindspensisntly siegted fom the sape girppgefor&elaBéRed from 0
to 4, n i ' er selected fromO to 4, pis an integer selected from
Oto 6 aﬁ%cﬁﬁﬂggggﬁginteger selected fromO to 3. In one exanple, nis

sel ected to 4. . 1n anather. exampl.e, n.is selected from1 and 2. In
vet “anot PR A actiqgta BRSh lugRESTor Bl RO FeehigMedo ' Znot her
exanpl e, Rixtsre ®f SterebisohRBlhbrebf) wherdih hiis Gh dtegdrQélBttb@ floha) o 4,masmul a (1 b)
or Formula (lc), ring Ais a 10nmenber selected from substituted or

unsubst i taiatpear splected fpm Opdngy IS, anqgiseethsglerted fepns (e o japd e dis gn

bsti t. t . t hi azql e i dazol yl).
Goer | e BRERLAAN LS, g on DAL o RPABEE | Lo Foulf S0y
a menber sahpid, ads fdlaedfubatl dndt22dnget amshed skarhpieetliscly dnaaukydr (e.g., C3-Co

example, mis 0 or 1. In another example, pis O or 1.

[0015] In Formula (Ia), Formula (Ia’), Formula (Ib) or Formula (Ic), ring A is a

10 member selected from substituted or unsubstituted aryl (e.g., phenyl, naphthyl) and
substituted or unsubstituted heteroaryl (e.g., pyridyl, thiophene, thiazole,
imidazolyl).

[0016] In Formula (Ia), Formula (Ia’), Formula (Ib) or Formula (Ic), Cy is a
member selected from substituted or unsubstituted cycloalkyl (e.g., C5-Cjg

15  cycloalkyl), substituted or unsubstituted heterocycloalkyl (e.g., 3- to 10-membered
heterocycloalkyl), substituted or unsubstituted aryl (e.g., phenyl or naphthyl) and
substituted or unsubstituted heteroaryl (e.g., pyridyl). In one example in the above
structures, Cy is substituted or unsubstituted aryl (e.g., phenyl or naphthyl) or
substituted or unsubstituted heteroaryl (e.g., pyridyl). In a particular example, Cy in

20  the above structures is a member selected from substituted or unsubstituted phenyl
(e.g., substituted or unsubstituted 4-chloro-phenyl or substituted or unsubstituted 4-
phenoxyphenyl), substituted or unsubstituted naphthyl, substituted or unsubstituted
biphenyl (e.g., substituted or unsubstituted biphenyl-4-yl) and substituted or
unsubstituted pyridyl (e.g., substituted or unsubstituted 4-pyridyl).

25 [0017] In Formula (Ia), Formula (Ia’), Formula (Ib) or Formula (Ic), each R!, each
R?, R' and R'® are members independently selected from H, substituted or
unsubstituted alkyl (e.g., C;-Cjo alkyl), substituted or unsubstituted heteroalkyl (e.g.,
2- to 10-membered heteroalkyl), substituted or unsubstituted cycloalkyl (e.g., C3-Cip
cycloalkyl), substituted or unsubstituted heterocycloalkyl (e.g., 3- to 10-membered

30  heterocycloalkyl), substituted or unsubstituted aryl (e.g., substituted or unsubstituted
phenyl or naphthyl), substituted or unsubstituted heteroaryl (e.g., substituted or

unsubstituted pyridyl), nitro, CN, halogen (e.g., I, F, CI or Br), ORIZ, SRIZ, NR12R13,
7



15cycl oal kyl ), substituted or unsubstituted heterocycloal kyl (e.g., 3- to
10- menber ed heterocycl oal kyl ), substituted or unsubstituted aryl (e.g.,
phenyl orwoaptwihydi} and substituted or unsubstituted hetrerameylb/ 0§m3y. ,
pyridyl). In one exanple in the above structures, Cy is substituted or

bstituted | h | ht h bstit
Unsubst | tﬁ@alﬁ‘&@a&ﬁ”%” RN R GBI OR B DR BB IR %, o i n

32;Bgs?|btu esc%ilt(b eny Nﬁsﬁsiﬁgbgmtﬁﬁi?@%ﬁsﬁ@ﬁﬁ@géﬂégﬁﬁrb phenyl or

subst i t uteherein ms&u;b@t iR gtlééi adet Rpheaoeypbsriydependunlls tselecteé éroat H,
unsubsti t ut ed naphth , Substituted or unsubstituted biphenyl (e.g.,

subst i t ut¥dlor %%%WQSHP%HWB@ prehipte-4- vy Bnd). subSfieteed or
unsubsf i tyeekRYEd Hé’tl:roéiﬁcygizo %QE tl?trﬂérﬁﬂjeré’c[ hé{&%gﬁzﬁ)gw&ﬁqwﬂ Ryridyl).

25[0017] I'n Formul a , Formul or Formula (Ic), each
Ri, each mpbslﬁtlaeqhmd/l Rubstﬂunted nenizebstitited dpereylt dupstitetedatred from H,

bstituted titut | k i -Cio alkyl), . tituted
o st o el Dl € 5 B Sl B
subst it utRge9ycidhsIISE bt 9t G%dl(FMGJnB&IeHlﬁEtef&leoalk% Ri0is ayhd Bkl )

substituted or unsubstifuted heterocycl oal g., 3- to 10-nenbered
30het er ocipdensatidasly)selesigd dram ﬁlﬂéﬁﬂktﬁd anlsﬂglbi@tlmt‘tﬁ féﬁyle(ﬁ ¥l Q1eclg alkyBubst i t ut ed

or unﬁ)UbSt lb%tuth{eeg,o? he%ltstlttu{edr}la%roa LPH é 8 g?bf J[ eﬁltee e >ble{f':roa t ut ed

heteroaryﬁ it ed Pyri ’0, CN, hal ogen

(e.g., |, substittled @i uBiubstitoRE%s lsﬁlbgtltum%&lbstlﬁi&&l)ﬁléoaﬁ @ﬁlﬁ‘dﬁﬁﬁ&ﬂ-?’
OC( 0) NRL2R13, C£0)0R12 NRlSc( éR14 NR15C(0) OR12, NR15C( 0) NR12R13,
NR15c(s) I\ﬂ’@@lﬁl‘@ T o) LY TS ST T HWubgtoyRd o1 unieFERdz i s 1 or

gubsRéLizt ut e?l or uns bg‘%'g'f gfm‘?ﬁfﬂ}g‘?gﬁgg%@%ﬁ)aﬁf d],cﬁlmpggét It ﬁ%/lad or
5unsubst i with @t died @moadkyto Wiichy they%fe itechért, aendyeioad | hpiredaalfdyd J ,

substjtuted or unsubstituted ary slubstltut ed or unsubs ut ed heteroaryl,
substhY ut &d° JrmermeuBS Fingut 8@ a?gﬂ@?l&}aﬂ kipeether yith tlesateeét%vﬁaCfaéWﬁrﬁ and

substi tutggdeply, H&%ﬂ%héﬂyﬁ%ﬁfld REFSHOLY G Fahkbbekd rﬁig TWo ddfactirgrenber ed

het erocycl oal kyl). "R14 1's a nenber | ndependent!|y sé&l ect ed from Substi t ut ed
or unsubstDgetthtledltlatﬂcwltor(lsetogvhlclcme@:aﬁb ataklydd), areldpsiobalty pouteddo Gmmunsubst i t ut ed

het er oal k§/-|to ?rhg[hbergc_i ntng 10- menber ed het eroal kyl ),

[0018] In Formula (Ia), Formula (Ia’), Formula (Ib) or Formula (Ic), R’ R*and R®
20  are members independently selected from H, substituted or unsubstituted alkyl (e.g.,
C;-C, alkyl), halogen (e.g., I, F, Cl, Br), substituted or unsubstituted aryl, -O-aryl,

and CN. In a particular example in the above structures, R’, R* and R’ are each H.

[0019] In Formula (Ia), Formula (Ia’), Formula (Ib) or Formula (Ic), Rlisa
member selected from H, substituted or unsubstituted alkyl (e.g., C-Cs alkyl),

25  substituted or unsubstituted heteroalkyl (e.g., 2- to 6-membered heteroalkyl),
substituted or unsubstituted cycloalkyl (e.g., C5-Cs cycloalkyl), substituted or
unsubstituted heterocycloalkyl (e.g., 3- to §-membered heterocycloalkyl),
substituted or unsubstituted aryl (e.g., substituted or unsubstituted phenyl),
substituted or unsubstituted heteroaryl (e.g., substituted or unsubstituted pyridyl),

30  NR"R", C(O)R™, C(O)NR’R", C(O)OR" and S(0),R"*, wherein zis 1 or 2 and

12 13 14 . . 6
R'“, R and R are defined as herein above. In one example, R” is a member



substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl,
substituted or unsubstituted cycloal kyl (e.g., C3-Cl0 cycloal kyl) and
subst i t utwod 20r0/2eEubst i t ut ed het erocycl oal kyl (e.g., 3-pro/ukGonmsiser ed

het erocycl oal kyl ). R12 and R13, together with the nitrogen atoms to which
they are attached, are optionally joined to forma 15 4- to 7-nenbered
ring. Twosckgfeddenn Hand su g@v%éprwmstﬂm@da@ﬂ@ﬂr@gonﬁh@HFYDhéyaare attached,

are opti o%q,{(hﬁ%ﬂe%& ik Jﬁfo%?tﬁé%t%&g i gr@lr’rbered ring. Two adjacent R2,

t oget her o whi C ey are attached, are optionally joi ned

to form d.r.in 18] 4woFo rrula(la)

For mul a aﬁoﬁfo]orh’lz%?rfﬂwaa&fe)l 18 S‘%&Ct&ggf Q.f %é: %ﬁ@%@ﬁgﬁlﬁ ‘Efgldlendent |y
sel ect ed R¥%qm hherrﬁiéb&ilédtéﬂ @@ln@ﬁbsﬂlml&e@sﬁ urdsubgru@l Kyl (et 9C-Cloladibrh. al kyl ),

hal ogen (e.g., |, ., Br), substituted or unsubstituted aryl, -0-aryl,
and CN Ilrﬁoéleﬁé?mP]@uRarlsé itated 1 t(heallay 668 sretd pueds). R3, R4 and R5 are
each H [0019] In Fornmula (la), Formula (la'), Formula (lIb) or Formula
(lc), EOQZH mintrerensiidguergdihe iorentipn substiet te eemprundnsfiBeuict Ut ed al kyl
(e.0., 11 ]%;? ubst %?}? or. unsubstituted heteroal kyl (e.g., 2-
to 6- rrenb Y hetersar ayﬁ%“”a §MYWed or unsubstituted cycloal kyl (e.g.,
C3-C8 cy Ky substituyted or stituted heterocycl oal kyl (e.g., 3-
to 8- menleQBg%] B%PHW@W&& ANy 1s Pé%é?@lo 1 BRBEBTUIGHS BN R ed aryl (e.g.,
substi t ut &gh@sidtSaRSiJuhH LEDPRERY hiy ortUFshd f)ﬂé&é%ﬁn@élal%ﬂsiﬁﬁ%t ituted

het er oar yl (e.g., substituted or unsubstituted pyridyl), 30 NR12R13,

C(0) R14, @eonNRUARIE, aciORta@Tiand S(0) R14, wherein z is 1 or 2 and R12,
R13 and R14 are defined as herein above. In one exarrpl e, R6 is a nenber
sel ected and .substi t.ut e ubstl fute Cl- C4 al kyl).
o par R8T ERS AR ERbREE B pUOTIRT SR oo Br feqipd™

Formul a (ih@imnfatdr§ dsehRCoritin@mdMiniSerifk Q)a m%ﬁ)aﬁaﬂ@tﬂné\ﬂ?ﬁ@ned&hel’ el n R4 is
a nmenber selected from substituted or unsubstitut ed al kyl ) Cl-C10

al kyl ). 5tlhﬁfeé ePiaranptusicaliyeffectiyp aueynt of grcesmpopndaf Pklwenzl@n gﬁ)lonﬁret hyl or
et hyl). 919@3]&] d to conpounds of
Figure 1 an /orEIIF—li glgﬁ%ﬁagplggﬂo tts%aségeasllg g@faggfét@ gr%{ag#mﬁﬁl‘[?OOZZ] I n anot her
enbodismeninflusnarey bded disqabani@eeiveicohtis, Coopos tisesn, mohipld ssiengsia conmpound

according.to any one of the preceding_clai and a 10pharnaceutical ly
accept abl @ewWRptPidprthritiggiamyor plrtasorheR Ry ﬂ%msea%eh%nq HINEY BT s direct ed

to a net h&%cﬁ&ntfne(ﬁlte'eﬂg)oﬁﬁnérﬁ'ftﬂ@dﬁ@%@fs%l(@reﬁ%%%hﬁé)gﬂpoﬁh@ghﬁqgg nistering to

a mamal i an subject in need thereof a pharmaceutic y effective amount of
a conpound of the invention. In one enbodinent, the inflammatory disease is
a menber [9824lct buydt poethersanirealimdiB, thafihventien 6r®reb@dé¢ ugh feavmpounder ati ve

colitis hn's di sease, nultiple scl.er SIS r.heu oi d thritis, tunor
ot ast asi & B RFRTER 200" HEG SR bari e A Giegi i GP RSB B T on. 1

one efpodiomRnhteb e 1iGArRaR Snt SmYbGRIAL Neinkc@lih Uicindls JthAPerSelicgase. [0024]
In yet another enbodiment, the invention IS directed to use of a conpound

of the i nvemtfiboonectin &NJ, VGAMr b cawspyntmemd Mad gAML ndi ng of an cc4131 or
cc4137 integrin 20to an integrin |igand. In one enbodi nent, the integrin
ligand i swg%%ﬁfnﬁer sel ed tftﬁlom fibronec | n (FN), VCAM 1, osteopontin and

MadCAM [ nonc?neénbé) ST At T ay conpri ses:

(1) binding the ligand to a surface;
(i1) contacting the ligand with a cell expressing the integrin, in the presence
25 of the compound; and

(i)  measuring the amount of cells bound to the surface.

[0026] In another embodiment, the invention is directed to use of a compound of
the invention in an in vitro assay measuring binding of the compound to an o4f1 or
04P7 integrin in the presence of a candidate molecule. In another embodiment, the

9



(i) binding the ligand to a surface; (ii) contacting the ligand wth a cel
expressing the integrin, in the presence 250f the conpound; and (iii)
measur i ngwoheloarrzeaant of cells bound to the surface. [0026ir/usroiansicher

enbodi nent, the invention is directed to use of a conmpound of the invention
inan in vitro assay neasuring binding of the conpound to an cc4131 or
c4137 i ntiagentipnjipdirersedyoaise At @ cCOMPAING drciay entips|ib e Frevirrpssydeher

enbodi nent,, the invenption i;s directed.to use q C und of ihe invention
Tnan 1 oepSe R Tl FPRRE BB et SRR el e of

bi ndi ng  t éhehbbIimatt, ®E 43y iJ NE@GPetifive bihdaideaseryhodi ment, the assay is a
conpetitive binding assay. 5BRI EF DESCRI PTI ON THE DRAW NGS [ 0027] Figure
1 is a table sunmmari zi ng exenpl ary conpounds of the invention (conmpounds
1-121) and their in vitro biological activities. The MadCAM Adhesi on Assay
(A) and the MadCAM SRU Adhesi on Assay (B), which were used to generate the
presented data, are (jﬁ@]gﬁﬁggclmpqﬁm\j OFFRPMEIWR@9d 33, 10respectively.
[0028] Figure 2 is a table summari zi ng exenplary conpounds of the invention
and t hei rrggp Vi [ [ SR Lop: Assay (A) and
fhe nadcAUlEH) Klieg! 3 OBk Ra B e o R o e

pr esent edcdapayndariel ¢ and tHeadrn mérebinlogivaExaivities s T2 Ml A, Adhesipect i vel y.

15DETAI LED DESCRI PT T NVENTI.ON Defi niti.ans [0029] The definitions
and expl andfy %mﬁg#gah%ﬁ%“$ﬁ§ﬁ§H4§§§EWﬁés%@(Egé@“&hW%GQHS fothis entire
docurment %&%ﬁMﬂ%@@nQ&h&iHhﬁg§9@&kﬁb&ﬁﬁ&@ﬁiﬁ@§m& Rsgbahas3, Throughout the
specification and the appended clains, a given fornula or nanme 20shal

encondassrespectivdpner s t hereof, such as stereoi soners, geonetrical isoners,
optical isomers, tautonmers, and m xtures thereof where such isoners exist,
as wel |l a@90p8lar Fipmee 2iicatable awonepiziy exeagllirg camgosmls\witlesintdgioaof , such as

hydrates. [0030] It shqul.d be nated._that sed.in this specification and
t Ke appe n?i’t[g&ﬂ?:lf }%ﬁ ¥go %fcﬁ%glg‘?lﬁﬁ%‘flg?s' ?Q}#ﬁ[aﬂ%gi/l "&Q ?S'lona/ﬁﬁf_ay f‘ﬁégnqcﬁl?ﬁl ude plural
ref erent syt R$F SRUeA@lﬁ%%tl%%y @)?%iaa Wi haldas ﬁé}%%éﬁmse—ﬁl{%ﬂs’ f or

exanpl e, reference to a conposition containing "a conpound” includes a
m xt ur e odata,\aee dascmipadehecmpobinaigples 32 aibdid, despbgtovehe noted that the term
"or" is generally enployed in its sense including "and/or" unless the

cont clearly di ' |tiple substituents
are |el di cated as bgﬁggf@m#ﬁgpy%%%@mﬂgm@substi tuents are
i ndependently...sel ected. For exanple "ring Ais optionally

eﬁetlu¥1t10ns

[0029] The definitions and explanations below are for the terms as used
throughout this entire document including both the specification and the claims.
Throughout the specification and the appended claims, a given formula or name
20  shall encompass all isomers thereof, such as stereoisomers, geometrical isomers,
optical isomers, tautomers, and mixtures thereof where such isomers exist, as well
as pharmaceutically acceptable salts and solvates thereof, such as hydrates.
[0030] It should be noted that, as used in this specification and the appended
claims, the singular forms "a," "an," and "the" include plural referents unless the
25  content clearly dictates otherwise. Thus, for example, reference to a composition
containing "a compound" includes a mixture of two or more compounds. It should

also be noted that the term “or" is generally employed in its sense including “and/or’

unless the content clearly dictates otherwise.

[0031] Where multiple substituents are indicated as being attached to a structure,

30  those substituents are independently selected. For example "ring A is optionally
10



10 substituted with 1, 2 or 3 Rg groups” indicates that ring Ais
substituted with 1, 2 or 3 Rg groups, wherein the Rg groups are

i ndependewol2gisebEat ed (i.e., can be the sane or differeor)us2¢i0032p2
Compounds wer e named using Aut onom 2000 4. 01. 305, which is available 5 from
Beil stein Informati on Systens, Inc, Engl ewood, Colorado; ChenDraw v. 10.0,

(avai | abl @bptitgied cafbt. |2dg&%er grogps” 1ndcatEnBRS A Pasubstiutedey tichrbel dge, MA
02140
Devel bpranks TR hePli s EBub S YRIb ARl (B FTEREpCIETRELY

Canada Nﬁmwﬂﬁéﬁnﬂdternatlvely, t he nanes were generated based on the | UPAC
rules or were 10 derived fromnanmes originally generated using the

af or enent[ipo8Ed CeARBEHEIWEE nhedtans Auldded3]00ier e3eyRslditivendilaBleoups are
speC|f|ed by their conventional chem cal fornmulae, witten fromleft to

right 5 t hsgm&gilsieinIngarawiipaSestems landmetearqog, Celordos EhesDiasy vlddnt s, whi ch
| d t 15 | e,
108 por S UL AT HPGL I8, F1DHCHIRAE PRI ciphBb wher 1oexarle

itsel f or0xHg0Opar ACH Nametphe rwisicibBtavhilebid froneadancetCRssisoy herw se stated, a
strai ght or branched chajn hydrocarbon, radical, which can be fully

satyratedD Wﬁﬁﬂ?wqﬁrH%OWQJH§Q¥$P§P€@'éﬁdﬂeﬁhTPﬁ@Fhéénﬁv)Céﬁﬂmﬁﬂﬁflvalent
radical s, 1WVAR&E%§%§?BH@:§Hm w&@%g%atgdﬂe{%d@ﬁ% A9 rflks & wéd- C10 means

one to 20ten car Exanplfes of saturated hydrocarbon radicals

i ncl uide, duived frenmotmdsiomgiredlytgenergted upiag shecdfomsnems dim nonstnklakyre n- pr opyl ,

i so-propyl, n-butyl, tert-butyl, iso-butyl, sec-butyl, honologs and isoners
of, for eX8APIE; n-pentyl, n-hexyl, nheptyl, n-octyl, and the like. An
unsaturated al k group.is one haV|n one or_ nore double bonds or triple
bonds. ExX&fHH es@fer%@éwwatgé@lpmakeﬁpe@f@é;?g thelceQiyentiongt chemacdsnot 1 mit ed

to, vinylg, F%uﬁgqggﬁgﬁﬁmﬁﬁ y??1h§fﬁ§ﬁh?%¥%ﬂn ﬁgkﬁghﬁﬁﬂg%mnau%u tynyl |

pent adi eny 3-(1,4 penta i en and 3- propyn
and t he hiupb@nettamtiicysoalddesudtoingn svritihgghe &thicyqre dronadighytto gafo uprwi | | have

from to 24 arb t.0 hose, gr. having from1 to 10 carbon
at onsl® f r GHP (glglgg teﬁﬁdﬁ% %?‘OIFF](B 2)%&%2 4 carbon atons being

preferred. A’ Iomer ﬂa roup_ is 30 an al kyl group having from1l to 4
carbon atl9834] Thae Eeémma kgy'ltwlﬁell APchagt Of&nwﬁwg@tlwr@@w ptsopri at e,

5 SIS SO LIt e gkt o wren

substituents are jolne ene" by
itsel f orfullg spardted)imoanodisd ywsshistat¢digmnit cameaiedeadidandaehivaleadi cal deri ved

froman al kane, as e lified, but not limt b CH2CH2CH2CH2- .
Typi cal | yraglgﬁlsawwg BFTB@LWf«?ﬁ@Ong"F%%dwanPwﬁg% ¢ 16 o475 999 R ar bon

at omgy) W {h 5,888 ﬁtoﬂk? UE§arﬁ'ﬁl¥é 58ataBd h{@WBLbERAFRRAIAhATEe, b8t Qfe nott 10 8
Scarbon atonms) being preferred in the present invention. A "lower alkylene"

is an limited to, groups such as methyl, ethyl, n-propyl, iso-propyl, n-butyl, tert-butyl,

iso-butyl, sec-butyl, homologs and isomers of, for example, n-pentyl, n-hexyl, n-
heptyl, n-octyl, and the like. An unsaturated alkyl group is one having one or more
double bonds or triple bonds. Examples of unsaturated alkyl groups include, but are

25  not limited to, vinyl, 2-propenyl, crotyl, 2-isopentenyl, 2-(butadienyl), 2,4-
pentadienyl, 3-(1,4-pentadienyl), ethynyl, 1- and 3-propynyl, 3-butynyl, and the
higher homologs and isomers. Typically, an alkyl group will have from 1 to 24
carbon atoms, with those groups having from 1 to 10 carbon atoms, from 1 to 8
carbon atoms or from 1 to 4 carbon atoms being preferred. A “lower alkyl” group is

30  analkyl group having from 1 to 4 carbon atoms. The term “alkyl” includes
“alkylene” wherever appropriate, e.g2., when the formula indicates that the alkyl

group is divalent or when substituents are joined to form a ring.
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al kyl ene group, generally having from1 to 4 carbon atons. [0036] The term
"al kenyl" by itself or as part of another substituent is used in its
convent i oval20eens|s and refers to a radical derived fromcansadikesms32 as
exenplified, but not limted, by substituted or unsubstituted vinyl and
substituted or unsubstituted 10 propenyl. Typicall an al kenyl group w ||
have froni083%lo Fhe teampalkylanenby 1tW1fW%StP@§@f@P@bﬁsS“§&W‘ﬁ§ Mgl to 10
carbon atcﬂ(@ 11&%5&9 IRERLE fr§ -an a%a% 1o The gﬁﬁéﬁ Bl thtfi%!u edO¥y ! tself or as
part of ano Rer “su stltuen i%s Used nres conven |ona sense, and refers
to a radi-€H,CIBCHEH,  Mypically, ahhm(ormk}e@qﬁb’rgfdublvﬁﬁ habfufromeI tdd4mi t ed, by
substituted or unsubstituted prop-I|-yny pr op ynyl (i 15propargy1)
and subst§¥RRAHOB? vnﬂgihlsgftgrpﬁfselew&aqﬁh Wwﬂa%atg?msé%gam%w group will

have f5 om,kydiOatéfls) RO e A RA%n th\é‘(gtr&eﬁhﬁ§§1tﬁﬁoWﬁo@@f’élﬁ%eﬁé QE”qur to 10

car bon atons bel ng preterred. The terns "al kox al kyl am no" and
"al kyl t hi dkyl¢wr griohp,eeh&oly hawvng fraseltd ocdrben atosenvent i onal sense, and refer
to those alkyl groups attached to the remainder 20of the nolecule via an

oxygen at[@OBeaNTAS RS “AKeHR: bYits@lf SHAd phit HaABihef QHRAGEAMS Led ihQQ39] The

term"heteroal kyl," by itself or in conbination with another term neans,
unl ess ot ¢raventimakbieaseednd refers &ba eadsqa& é¢rgm1 feorm br alrenads empilﬁe@lr cyclic
hydr ocar b , onsi. st t st at ed
nuber - o PR P RERTEY gt aey O L EPShBTHERL mud BRI AR Bl P PG oup

consi gt i Ngropdnyd, Tﬁﬁcmy,&alk&lyl%r@«qﬁwmm@fMew@mt:aheornatbfr@g@nhand sul fur
atons can optionally be oxidized and the nltrogen atom can optionally be

quat er ni Z@@ase FABPHEYEIEIB A8 )10 cahop atoprshedie Riefeaisd- i nt eri or position of

t he heteroal kyl group or at the position at which the alkyl group is

att ached [003T]heThetmnndikynalf’ biyhiselfiol ecpdreof davarphéstioknthieussdialikyl groups
i nclude, but are not limted to, - CH2- CH2- 30. NH CH3,

- Cri- Cro- fquestijongd pgnse. esreferpipd pdica %dwdéwzn aiplyneas exerppiptied.

CH2- S( 0) 2blftj1’f§t hm%h_' sgbsq fided OIShl(s%Q)tt?ted r(?—I?— gi’ ?@- —|§n 1 f‘éj

- CH=CH N( CH3 to two heteroatons c lg n ecutlve such as, for
ex anplse, p@ﬂgmaﬁ@lﬂabﬂm@ted OH2Rs0bSititeH8I3NyISi Tryipicaly yan atllkbenyﬂ gIronrp

"het er oal ky] ene or as part of anot r .supst i ans a
divaten VAHRRR Rt 1 ZhcapShifie SR bh Ryr 00  BaRplpm L a0 11 m ¢ ed
by, - 5 GEm&Censpldirédi2- and - CH2- S- CH2- CH2- NH CH2- . For het er oal kyl ene
gr oups, heteroatom; can al so occupy either or both of the chain term ni
(e.g., ne k ne.d;. | k s and the
l'i ke). St {Sﬁf ten% f%ﬂr(g naem%nd%et 21?365111?()/(109 2111%1nxlyﬁlng grcgups no
ori ent at i i@nh&f cdﬂ“lfenﬂldrﬁl(!;dihge gh@lﬂé]feﬂt@ thewelaligd ghytpt Bt@adliladl ecthk @¥mainderhi ch t he
formula of the linking group is 10 witten. For exanple, the formula - CO2R
r epr edent & thofRlecHe0)Or Oxyggn AQDBEO)RIN0 FAYP A SAlfupatesY, &seedtRyly- gr oup wi I |
have from2 to 24 atons (2- to 24- nenbered), with those groups having from
2 to 10 &i0od®] omhé temm ‘Bettma&yat’mmtsﬁébnm qonefietioadvitildmetitee tamm’ het er oal kyl *

i ncl udes "heter aI K ne" wherever a pr riate when the formul a
| ndi cat esTEHAE TS %Ssawma ﬁa@ﬁﬁP B?Wﬁ%gsﬁalwmsﬂs%ubsu tuents are

J oi ned toth%c%@)an’a@igal BIO(%QJIHB-.HE)%S HREABE, con¥icliRAbKHUL sta@d%umber of
"het erocycl oal kyl ", by thenselves or in conbination with other terns,
r epr esentcarbml agms anchairlvdss ensshedtreatomesetdcied fyan shecgrsumoﬂ'sahkg/ bf Oan d
Addi.tional Ly, .for hetero

het e e s BERRBShY helein ke SR A e R LRGeS Y e fached to

t he oxidized and the nitrogen atom can optionally be quaternized. The heteroatom(s)

can be placed at any interior position of the heteroalkyl group or at the position at
which the alkyl group is attached to the remainder of the molecule. Examples of
heteroalkyl groups include, but are not limited to, -CH,-CH,-O-CH3;, -CH,-CH,-

30  NH-CHj;, -CH;,-CH»-N(CHj3)-CHs, -CH,-S-CH»-CH3, -CH»-CH»,-S(O)-CHs, -CH»-
CH»-S(0),-CH3s, -CH=CH-0O-CH3, -Si(CHj3)s3,

12



20 remai nder of the nolecule. A "cycloal kyl" or "heterocycl oal kyl"
substituent can be attached to the remai nder of the nolecule directly or
t hrough awbi2nloenesiAn exenpl ary |inker is al kyl ene. Exanpceasediooymbnal kyl
i nclude, but are not lim ted to, cyclopentyl, cycl ohexyl 1- cycl ohexenyl ,
3-cycl ohexenyl cl ohepty and the |ike. The term cycl oal kyl " al so

i ncl udes J&Hzo@fda %Hywéhcé{:(%Hd\l(CPbﬁ £k iUp togwpeterpaiams ¢ Bouch as
b | Il have from 3
Lo Da CarsRSCATBIALRS e HBleC ALINHEOEHE R KM SRR L bon st ome

( e.g., @Sl@laﬂypﬂheaﬁirkyfh)atebﬁlkbgerm’ dlyatseldr ad ﬁkﬁ)ﬂdi] anbothe® Elfbsﬁt(ﬁﬁtprhéansa
"heterocycl oal kyl " group (also referred to as "heterocyclic group

" het er ocyxfiyeleniyadicpldesived {rem hetgroqlkylgasepemplified i Rut ppHigmyted By. - '3- 30 t o
8- menber edpt (C19)s-eeNi@IN aH@ @ty -gﬁtz -QReNANEHYP HoP hateRRNGIARL O (e. g.,

from1 to 4 heteroatons selecté rom ni trogen, oxygen and sulfur), or a
fused ri ngrospss hetaroafondscanal®-avenpesither oi gl of therhannemgniak.gd.east one and up

to 10 het t Q. f to .5 het l.ected f t
oxygen arikaeteRayy IFHesitse e yar RuP GO RGPS THGGEIEY: SUI | i n the
art. AttaghRBNtortaidiR Jne 'E@te%iﬁfyléﬁe ﬁﬂkﬁlg‘%}bﬁﬁsu he oﬁé‘tﬁat@&l éiﬂh@ﬁﬁlﬂng' ther a

carbon atomor a heteroatom Exenp erocycl oal kyl or heterocyclic
groups of groheisgmesiedby ithwbwtl@mm \Mh,llchtd@ fsrmulpl@éthedytklngtgrp@mtsr phol i nyl,

thi onpy p \gnjttgr}/l FoSr e())iﬁ(rind r}o AR p?@&#{ yfeséés b&th ﬁ(ggﬁ) IP(Fr azinyl,

honopi“per azinyl’,” pyrr |ny
t et r ahydrogyogoyiTy r@an@ ral H&dw:hkytt gbtﬁlawﬂmtelff@m lto 24 @tomtudfdmhl enyl,
pi peridi nyl, honop |%¢r| di nyl, homonor phol i nyl, honot hi onor phol i nyl ,

homot hi onBeBRYRDAL shcgccﬁr@wdlévméi%f&mw\éms or dioRy A 1o P FoFEASE
di hydr opy, I y e Y, m di nyl ,
di hydr of uééf&%gl ﬁ%%%y?‘% 18!tletn’rc : ggr%ﬁﬁ{)@ﬁ%f‘%—‘l&?g‘éﬂp %1%? M%ﬂ%dr ot hi enyI
S S-di oxudg ahen ﬁrarfoﬁaimlmtrmhcmmlthenyhe Eetannlitel groth erdiedatpl edheof
"heterocycl oal kyl" include but are not |limted to, 141, 2,5, 6-
t et ralléydr%lﬁ%ltilﬁw ?reJTnE)‘i!iijﬁOPBlaﬁV}g 2- pi peridinyl, 3-piperidinyl,
4- nor phol i n%@ - nor phol i a}{ t et rahydr of uran-2-yl, tetrahydrofuran 3-vyl,
t et r ahydrlé9 ]enlee (prms Torciaailay aibihsicaerygloplkyl s byithsapsghiengr In 2- pi per azi nyl |

gg? t t gfe laénocﬁna[t%%%h Jt?gr ttefﬁﬁé“f mipr&%hp upfRs otﬂgj\xg&e&ated t& Emﬁgﬁﬁy § or as

er su uen an f'6ss ot Rerwi se s uori ne,

chl ori ne, “dbtydmame’ he@rodliod!” nespetivaly Addditionaisl, For, heteesayelaalkgh aas " hal oal kyl , "

ar e meant. t o i ncl ude nonohal oal kyl and pol yhal oal kyl. For exanple, the term
"hal o( Gi - REASTaRRY canjoscypyfHe P%Sltl%tttmch g@ﬁ’ﬁter%dflelﬂ%a‘tt%chf‘t Ethe o,

tri flaor OBy 02hé nfoldduld 'A‘%ﬁ% *ﬂé}l” ‘Iﬁ:mrw R‘A%‘I , su%smla&ﬁr@a%epy' and

f
t he Ilke [ 0043] The term "aryl unl es ot rw se stated
pol yunsatairaabelo the @mainder nﬁihetn;oltdmﬁ dlC@:ﬁY@EﬂHOISgh”@]Hd(eﬂ'l Ag or a corrbl nation

1 e covSmBlT Db avatent e Pl Sef SaRatky PR, &l G Tt aRE " ot ng

exanpl es é%fcloﬁe% l%él!d]@écy'l rlcémeféé}%m,}d -gy coheRaRt ¥l ohegryNaRd it ike.
4- bi phenyl 0044] "The term™ heteroaryl refers to aromatic noieties (e.g.

a single Tlilfhfgm@r CmﬂﬂmaﬁhS@mefdeﬁhtldgqﬂl polytynlis (e.gudmyclor) Struﬁnet‘d, coval ent | y)
that ntain fr one to refer etero cted from
0,55 Qe OO P 2 R0 TSR & Y itk DT RS R 850 ana
SU| f ur att@rm Artdnepdrhg Rath t}do@@rdﬁp&&ﬁvn@ﬁﬁbrﬁ B&o 10 carbon atoms (e.g., C3-Cg

cycloalkyl) being preferred.

[0041] In one example, a “heterocycloalkyl” group (also referred to as

“heterocyclic group”, “heterocycle”, or “heterocyclyl") is a carbocyclic ring (e.g., 3-
30  to 8-membered ring) containing at least one and up to 5 heteroatoms (e.g., from 1 to

4 heteroatoms selected from nitrogen, oxygen and sulfur), or a fused ring system of

4- to 8-membered rings, containing at least one and up to 10 heteroatoms (e.g., from
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nitrogen aton(s) are optionally quaternized. A heteroaryl group can be
attached to the remai nder of the nol ecule through a carbon- or heteroatom
Non- | i m twogotoeneeqrpl es of heteroaryl groups include pyripdylus2q@yosrssdi nyl ,
qui nol i nyl, benzothienyl, indolyl, indolinyl, pyridazinyl, pyrazinyl,

i soi ndol yl, isoquinolyl, quinazolinyl, quinoxalinyl, phthalazinyl,

i mi dazol yl to § Beisaionyselegigd Aom yitro 2@ axpes a,ndtsmfaéém §teblej ndol i zi nyl ,

i ndazol yl i enzi m |, f . , thienyl,
pyr ol y1  CBRIRRRIEKARRh K oI HAREE N BRARl AR BRI 001 o1
napht hyr i glbleylile chis be thiaunghraither €&drbomutyn, ortadietabitdmoiBxempiangl i nyl ,

i soi ndol i nyl, isobenzotetrahydrofuranyl, isobenzotetrahydrothienyl,

i sobenzotMigRIClodsh PERESICYFlIC FovRsHS e Prasant INYERW BEWMERy dr of ur any! |

benzotet 1 ARSI AMors UL M iop SRR S OLIE, wl rharghaly spLer | dinyl

benzot hi azol'yl, |nidazoByr| 10 ot hi azol yl', di hydrobenzi soxazi nyl,
benzi soxadbxige, pipernzoxakzeomypiperdzinyld pyiandng op Wi@diniyh yinjdabelnddoygy r anyl |
benzot hi opyr.anyl, chrononyl, .chr naonyl , ridyl - N-oxi de, . ..
Lot r ahydr GEUDHSDRY PR hodaTHBET A1y raiy g st imesiging
di hydr oi Slﬁﬂhkbp?ﬁéridﬁlgﬂMiom&h&hbﬁélﬁﬁ@,%dtm}noqﬂiohﬂﬁ[ Hd)rﬁ%ﬁiﬁ:i@[ihélﬁ{yl

y

i soi ndol i nonyl, benzodi oxanyl, benzoxazolinonyl, pyrrol S5N- oxi de,

pyri mi di ny:S-dPose, deazgdiditonaz diydragymeotd, dilydropyirrpyyl, dihgsuiogrrazejyl. nol i nyl

N-oxide, i.ndolyl . N-o0xid i.ndql i nyl. i.de,.. i soqui nal N-.oxj de,

aui neidol | AT REP R Fom R G b il A RBAT i

i m dazol y$-okidext@ehydissitixag ¢ 3.Hiokkdeahd Bomokast@drpholityDSlosiRle. (Othé@zol I

N- oxi de, indolizinﬁu N- oxi de, indazolyl N oxide, benzothiazolyl N oxide,
§

benzi m dazemplesief ohsterecy@oalkdi jincludediit gis nop Havigditadollyd-d-Re oxi de,

t hi adi azo ' [ 8z O} | yl '
benzothiJ%%?gﬁyﬁﬁgggQi%é#%ég%¥%€§?g%§galy%$g%§?§p%§% 8&%éﬁ§$é%}ed

het er oar yinogholipgd, tetrath yddefui-anHak adtyahydipyuraz-Glyw] tetrithidasthiea -yl , tri azol yl
i soxazol yl, isothiazolyl, imdazolyl, thiazolyl, oxadiazolyl, and pyridyl.
a herlexefistidjothen ey Yal PiPcgzdRinss PRETAHY - Araldiey| - 2-pyrrol yl
3-pyrrolyl, 3-p¥razonL, 2-im dazolyl, 4-imdazolyl, 25pyrazinyl,

2- oxazol yl0042l oXhe srps - hato’pere il agan.o by sksngsel ves op acapast §fi another soxazol yl , 4-

i soxazol 5-1.50 I: o =1 hi , wo=1.hi 2-furyl,
20210 o Gabiongitfls, St MRLOLL BRSO bk apslyle > 10Ty
2- pyri m dytbm. 4xdatytidnall dytbrmSsuch anZiod dullagd Ol ayd mepitrtd mcllydeZ2ndrehaionikghzol yl |
5-indolyl, 1-isoquinolyl, 5-isoquinolyl, Z-QFinoxglinyl, 5-quinoxaliny|,
3- qui nol yind Reheallfil nbeyAxamsl dr teime oot ealk” gymear o nclude,

20  but not be limited to, trifluoromethyl, 2,2,2-trifluoroethyl, 4-chlorobutyl, 3-

bromopropyl, and the like.

[0043] The term “aryl” means, unless otherwise stated, a polyunsaturated,

aromatic moiety that can be a single ring or a combination of multiple rings (e.g.,

from 1 to 3 rings), which are fused together or linked covalently and wherein at least
25  onering is aromatic. Non-limiting examples of aryl groups include phenyl, 1-

naphthyl, 2-naphthyl, 4-biphenyl.

[0044] The term “heteroaryl” refers to aromatic moieties (e.g., a single ring or
combination of multiple rings, fused or linked covalently) that contain from one to
ten (preferably 1 to 5) heteroatoms selected from N, O, S, Si and B (preferably N, O
30  and S), wherein the nitrogen and sulfur atoms are optionally oxidized, and the
nitrogen atom(s) are optionally quaternized. A heteroaryl group can be attached to

the remainder of the molecule through a carbon- or heteroatom. Non-limiting
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30 the above noted aryl and heteroaryl ring systens are selected fromthe
group of acceptable aryl group substituents described bel ow. [0045] For
brevity, wbeoteenaetiaryl” when used in conbination wth echas2eenss3te.g.,
aryl oxy, arylthioxy, arylalkyl) includes both aryl and heteroaryl rings as
defined above. Thus, the term"arylalkyl"™ is meant to include those

radi cal s §X3mpHgscoh hatgroaryli2reins el emﬂék@aﬂmld@ﬂ@@ﬂin%ﬂ}é{tached to an al kyl

group (e. | Ehyl Ly dy . . el [ 0046] Each
of °the' apoRERG inaoRB OGN, pRXEh A bORENE Bl T ey,

het er ocycduadZsithyl, quiassdlinyaphthalheinet, daidakdlyl, asoRazaddnpyrhoolyInckaxdblbot h
substituted and . unsubstituted forns of the indicated radical. Preferred

subst i t ueftaEObINAEHyezahy L hsarhiRzalye bpraomicaedy b &Pviniuinyl0047]
Subst i uefﬁ}aﬁlgf,%ieﬁﬁ,e}[)ﬁtéiyﬂ, ox &NEARA! didktiaz iﬁﬁ%hﬁydetrgzbg,{lgﬁgﬁa%ml oal kyl

radi cal s (1 ncluding se groups often referred to a yl ene, “al kenyl ,
het er oal kydpbtheridingt,escchictemyl, chainkaymly ltgtrabyddotabkiephhyl, iamiddolinyl,

het er ocycl oal kenyl,) are generj cal | eferred to as "al kyl group

Cubst 1 ¢ ekt e aheRirBeh RohS Batetab e spoiara B or “or obps sel ect ed
from butpdd@bxdzbRi tHdbSyridubRhidistt 89 dTuldRPUBST bletbRlirddhaler oal kyl ,
substituted o)i Zu%&ﬁ?ﬂ@tﬂ%g aryl sgbstliltgz?ed gr un}?fjhgstitgt ed heteroaryl,

subst i t ut@dingt, ban@sibmoibtluttri@ain&l/pteﬁéiuyylb,ens,qibi@mlvlutreidlampyuidsb bstituted

het erpocycl oal kyl., OR.. = .=0, .= =NOR . -NR R'. :hal ogen,

'S R sl iR SERY beneiR . SRR O R-R: . NR ()R |

NR - C( 0) NRhfRiroben¥RoBINRR benzdfiyr&dyNBeRzdthiop 7Ry, cROnmoiR, C(NR R') =NR" ",
-S(0)R, -S(0)2R, -S(0)2NR R',” -NRSO2R, N(SO2R )(SCRR ), -CN and -NO2 in
a number FhEPERRRAYE DSRLYIENXids, fepahydrpquipplipyd dihydreduin@ingbt al nunber of
carbon at QS IKE E . L R T ' i ndependently refer to
hydrogen,&lgg%ljg{til'iu'f':1 %ﬁﬁéﬁ&%ﬂihﬁﬁl& sulmtOEf'fl %n h%?zdﬁgggflknﬁﬁ%ubsti tuted or

unsubst i tdihedloBbydumaringl, isodrdolinsuyd shantzodiedhnw , then Zox3zdialoagle pgrrolslibst i t ut ed
250r unsubstituted al kyl ., al koxy or. thioalkoxy groups,.or arylal kyl groups.
Wen & coﬂweﬁ?dpmmt%%%%ﬂﬁ RFAHEY Lok 4roPE At RENN SRECRIYPRIUR! f or

exanpl e, RagkyOndb NRoBHOURG S N’-’tg&li’e‘?%gﬂitn hg@rl %&ﬁﬁé,%irﬁ%olﬁ{fl\ﬁ“h R, R,
R' and R" groups en nore than one of 'these dgroups i's preserit. Wen R and
R' are atdxaddgdinogalityd Nsaxrde, phthabgeryl &t emle, timelazolghNbexido Moxazadylwi t h t he

nitrogen gtomto fo 5- -, ,or 7-.30. er ring. .For anple, -NR R’
s mmant Koo Pra g R RaH{h N ivinca neR D BRI o indrBOdET Subst i ¢ uent s
for the agMle, 3B JNAh Tﬁm%kidg,rMﬁmaaﬁﬂgqm%&1&,81%31%01?161%&{0@9 to as "aryl

cte

group substituents.” e substituents are sele rom for exanple,

subst3®} ut eddigzolyhNubxddd, thisdiazadylkyioxidsutsieroly LN exxidsy tetiagl BNt axideed
imaubat i+ ea YL S5t ISR P S L b i oy
subst i t ut @dusyintingelsidaidiefyrazolyl, thiadiazolyl, triazolyl, isoxazolyl, isothiazolyl,
imidazolyl, thiazolyl, oxadiazolyl, and pyridyl. Other exemplary heteroaryl groups
include 1-pyrrolyl, 2-pyrrolyl, 3-pyrrolyl, 3-pyrazolyl, 2-imidazolyl, 4-imidazolyl,
25  pyrazinyl, 2-oxazolyl, 4-oxazolyl, 2-phenyl-4-oxazolyl, 5-oxazolyl, 3-isoxazolyl, 4-
isoxazolyl, 5-isoxazolyl, 2-thiazolyl, 4-thiazolyl, 5-thiazolyl, 2-furyl, 3-furyl, 2-
thienyl, 3-thienyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 2-pyrimidyl, 4-pyrimidyl, 5-
benzothiazolyl, purinyl, 2-benzimidazolyl, 5-indolyl, 1-isoquinolyl, 5-isoquinolyl,
2-quinoxalinyl, 5-quinoxalinyl, 3-quinolyl, and 6-quinolyl. Substituents for each of

30  the above noted aryl and heteroaryl ring systems are selected from the group of

acceptable aryl group substituents described below.
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heteroaryl, -OR, =0, =NR, =NOR, -NRR', -SR, -halogen, -SSR R'R",
0C(0)R, -C(0)R, -CRR, -CONR R', -0C(0O)NR R', -NR'C(0)R,

NR - C(0) NRORO10/20R3C(0) 2R, -NR-C(NR R'R ")=NR', NR- C( RRTR'Spo1biR33632
-S(0)R, -S(0)2R, -S(0)2NR R', -NRSC2R , -CN and - 10NC2, -R, -N3,

- CH( Ph) 2 fl uor O(CI C4) al koxy,“ and fl uor O(CI C4)al kyl, in a nunber ranging
from zer d0P#SK hEOL byewity. dhenisen gl o‘ﬁ]éfhl uﬁaqi@h@%%bla@flqnh‘élﬂap@ﬁwms ring system

subst ¢ ut g-arv o By, Rl y FRARGER M SRS Ebak e AL 00"

het er oal kddfined ubsitel tThie, dh@tenmn‘aqbakylt’ mct melarart@' inchrid tisasbsiditald @d or
unsubsti tut ed heteroar . Wien a conpound of 15 the invention includes nore
t han one YGRawaLY ﬁs}upﬁéﬁﬁr@w AP Hrttarsd e g aliipserep (séepedrdent |y

sel ectsed n@tqlglg 1RethyRand fRe 1i@Pd R* when nore than one of these groups
IS prese 4 ?ﬁ WO hydrogen atons on adj acent atoms of the aryl or

heteroary ng I re e s nt of the

formul a 'PO&] E% ?é l‘ﬂ%?%té%j \/\gé’re?ﬁﬁg r?%‘o%lh(gré HQ%% géntly NR-, -0-,
-CRR - OrhaerSd:y’ngiaﬂiqth‘dEyl’aﬂdi qletesoaatyll”) neegant @flnéln@errb&hts@bs&tuté\l ternatively,
two of the hydrogen atons on adjacent atons of the aryl or het eroaryl ring

can opt i oHdunsubsEtytehiosms af thetrdigated mdical: Jsterise syh%lﬂfe@nmr gacha- (CcH2) , - B-,

wherein A Qfﬁdﬁﬁlel: depdy -CRR -, -0-, -NR-, -S, - §(0)- -S(0)2-
-S(0) 2NR -Yﬁgr a si n%r gp@?&g and r is an |nteger of froml to 4. 01e 250f

dounr ¥ bR #7y Suflintett by 08831 FETRE FRRRRL AR hCRE ISR 2t omeof

the aryl mﬂlchlet(thﬂmafmgthdSSeFQOIQﬁrbeﬁtrd:fBﬁaﬂ {q/asbﬂkﬂﬁﬁil, alkedylwi t h a substituent
of the formula 2 re s and d are jndependently
i nt egers lmterfaﬁﬂlsm%@e 6 esoaﬂs?ﬁdl xﬂﬁmyl eycloalmyl and éeterocs@@)ﬂkenx {16) 2-, or

-S(0) 2NR ¢ M@bﬁf glef%nfeﬁ‘?o ésubﬁl%}!bg ts%bﬁ;tuéﬁ’s Ran y el ed l}eatfrein(l) Fpe”dent ly

sel ected rogen and s ute unsu
[ 0050] Asa mr@(dy hfegreups, setdeeedtfemm B'uzanytl Hmﬂk&bmr slibeistutdde)rgmau;stlm@(cb) R

Exerrp ecies for. Rjnclude s uted or unsubtltu d al k
bt et kg stip e et eyt S SinSEd Sumsnb s EpRE ut ed aryl

subst i tUtﬁl@stﬂﬁteHrbﬂlﬁﬁfb'sﬁt‘ﬁe%Q: Bl%ﬁﬂ’(&?@ﬁlysltltut@cpgrlﬁié%sttitﬁtb@ ed or unsubstituted
het erocycl oal kyl . 5[ 0051] As”used herein, the term"fused ring systenf

means at llleéqsttyctl%ﬂ(}ﬂ;@%; SﬂneF@; ﬂNBaGINﬂng MRAR athalaggst -SSR G i n common
wi t h anot ng n § tic as well as non
aromatic Eﬁ?@ék E%\Qrﬁ—'% %{,@ﬁ% I? 8&@)&#@% C@fé ht hal enes, i ndol es,
qui nol i nexNR cHI@MRTRS” aN®&"Che),Rr, k.N.R c(y{lﬁqaze]m)gﬂms’ed herein, the term

"het er oat on' i ncl udes oxy (0), ni tro 10sul fur (S) silicon (Si),

bor or?Y B)-Nk& (NRB prdRI'S gF@)R PS&PER! €8 (HbN "Rat-DIRSQeRS 0,
-N(SO;R*)(SO;R’), -CN and —NO; in a number ranging from zero to (2m’+1),

where m’ is the total number of carbon atoms in such radical. R’, R”, R and R””
each independently refer to hydrogen, substituted or unsubstituted heteroalkyl,
substituted or unsubstituted aryl, e.g., aryl substituted with 1-3 halogens, substituted
25  orunsubstituted alkyl, alkoxy or thioalkoxy groups, or arylalkyl groups. When a
compound of the invention includes more than one R group, for example, each of
the R groups is independently selected as are each R’, R”, R’ and R™” groups when
more than one of these groups is present. When R’ and R” are attached to the same
nitrogen atom, they can be combined with the nitrogen atom to form a 5-, 6-, or 7-
30  membered ring. For example, -NR’R” is meant to include 1-pyrrolidinyl and 4-

morpholinyl.
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S and N. [0053] The synbol "R' is a general abbreviation that represents a
substituent group. Exenplary substituent groups include substituted or
unsubst i twoedioal2kyk, substituted or unsubstituted cycl oaChyuszowwbms? t ut ed
or unsubstituted heteroal kyl, 15substituted or unsubstituted aryl,

substituted or unsubstituted heteroaryl, and substituted or unsubstituted
het er ocycl Qﬁ]kysu‘zﬂt]@l?ﬁés fof thesuay! and heigeaar ¥l @ @ins arq gracried by reteiised® i ¢ ring” or

" non- ar onptd, ﬁblgk&% sulo§[1t aps Slth%rlhb%fu?&éslﬂg s&i@ét frBﬁl?goﬁé?%gpfély used in the

art. For exa |c rings 1 nc Non- aronati c
rings i ncdub@kaufeymylrahmbauﬂm&d aﬂ@[lQiﬁB&ltut‘Eh@r phs"lmstetuteﬁh@claplkyl,i cally effective
anount"” as _used herein neans that anount of a conpound, material, or

conposi ti %‘I]?Sté)tfltefih’é ub?l’é’ététﬁfedlh’?%‘?ﬁlkﬂnswﬁﬂﬁﬁuﬁq qr ém@"fbls%Wfqdve for producing a
desired tjerspR lgyl efub&tthited uﬁ‘sd%?@tﬁféﬁaa?yles@%fédtcfr Lhlbstifijdao applicable

to any nedi ca tment. For exanpl e, therapeutically effective anmount™”
can be anheam'omt @Rfeﬂl)lil‘éRt@N‘@RU,CNRjR"J SRS ethalaged, eS8 RBRE, synpt om of t he

more o ka0 ke 8 o Qg HRRaL or e R Bk ace or condi ti on

or to Mo diNRy - @(O)m@r’semh@(@hgeam ORGSR "EREFE6] The terms "treatment”
or "treating" when referri ng to a disease or condition, includes producing

a ther apetli{R E(ERf%dFNRE’xerﬁﬁ ARy $(Iﬁl§rBapeSiQ)leé1Rf’ eVRSAR ncINdad del ayi ng

onset, Or |,n one, Sy, mass .8k he di s ase,
poSi tllovellg6 1o Pk@ﬁ% ﬂuorofnéulc o 8’?3” aillPrr?géb#é)ep?' of 24" ni cal

mar ker as@fgin tﬁeﬂl wrblfb thbeotdi ﬁﬁﬂ@&oﬁﬁﬁkrﬁ&aﬂbﬁc@gommeramatﬁﬂm diseanse
progression. [0057] The term "pharnmaceutically acceptable salts" includes

salts of Wh@e@dﬁqp&n%’éf el R'harg wdersnpenly aﬁalﬁcaeﬁ fegne hydrepei svpsfifdted nont oxi ¢
aci ds or ?Ebsnggggpﬁggég%sﬁwédh& ﬁ@ﬁﬁs'u g&Hﬁ%&f LiROkged gund on the

conmpounds descr i en conpoun present 1 nvention contain
rel ati vel ynsabitiited fyheitd armbafifutddes unbhasetuaddictdroarys aWhen e aompeurnbdfai ned by

contacting the neutr form of such conmpqQunds wth uf ficient anmount of
the desiri8gihygadon %‘Fﬁ]ﬁé%mﬁé‘?atﬁalbimqlﬁgéo@u U EBRBP] en%%‘ﬁ zg}%ﬂfoupﬁéarrpl es of

phar maceugy, Inhé/ntﬁ/]%@ﬁs@k@ Bl §rage rRadeH ROt RM FnbiiloHI@art Bnd G

pot assi um a ciu anmoni um organi ¢ am no, magnesi um salts and the |ike.
When conpgungisis pfeseitite present invention contain relatively basic
functionalities (e.g., amnes), acid addition salts can be obtai ned by
cont act i n@049%ie me/uthyafogfe@amfonsadgzﬁemﬁmﬁQe\Mﬂbr aetsivhfyl cingrrhn anount  of

the desired acid, either neat or_in a_suitable inert solvent. Exanples of
phar mceu@gt@apmwﬁ%@egﬁgc&}ypt@ azapsfituent of the tormula —T-C(O)-(CRR")4- -U-,

20  wherein T and U are independently -NR-, -O-, -CRR’- or a single bond, and q is an
integer of from O to 3. Alternatively, two of the hydrogen atoms on adjacent atoms
of the aryl or heteroaryl ring can optionally be replaced with a substituent of the
formula -A-(CH,),-B-, wherein A and B are independently -CRR’-, -O-, -NR-, -S-, -
S(0)-, -S(0)2-, -S(0),NR’- or a single bond, and r is an integer of from 1 to 4. One

25  of the single bonds of the ring so formed can optionally be replaced with a double
bond. Alternatively, two of the hydrogen atoms on adjacent atoms of the aryl or
heteroaryl ring can optionally be replaced with a substituent of the formula
-(CRR’)s-X-(CR”R’”)q-, where s and d are independently integers of from 0 to 3,
and X is -O-, -NR’-, -S-, -S(O)-, -S(0O),-, or —S(0),NR’-, wherein the substituents R,

30 R’,R”and R’” are independently selected from hydrogen and substituted or
unsubstituted (C;-Ce)alkyl.

17



15addition salts include those derived frominorganic acids |ike

hydr ochl oric, hydrobromc, nitric, carbonic, nonohydrogencarbonic,
phosphor iwo 2diopheaphori ¢, nmonohydr ogenphosphori c, di hydrogarsphospissz i c,

sul furic, nmonohydrogensul furic, hydriodic and the like, as well as the
salts derived fromrelatively nontoxic organic acids |like formc, acetic,
pr opi oni cl008@lobds wegdchereiy the terpgiagylc deseribenihe 2rayere6PR - Beyurleivni c,

suberi c, Al kG, ' o ' - I '

ol yl sui FOAe (R B SobeFRRGES! fis, RALTE iRyl RORABRERU OBRL 1 ¢ o c,
sal i cyl i coycktaigil,isabsthaked beuhsukstitutdl a0y1j subktitded oanssubatitueddictedsarylo aci ds
such as arginate and the |ike, and salts of organic acids |ike glucuronic
or gal act¥NowPeitated Qs uagstithed heigeocpslealcykor exanpl e, Berge et al., Journal
of Pharmaceutical Science, 1977, 66: 1-19). 25Sim |l arly, pharmaceutically
acceptiabl [B0&Hk | Hngsqdareinethe fum "Avsed g syt arpappatdewst R ripeskt assi um

cal cium ! L1t hi i t.al ifL unds of the
pr esent |‘gi\}ée%%1 P%%ﬂ g%%%lggl #rf%)agp%a%g{sgﬁ {(?: Cglﬁhjogg{ IB?%:&%%%@?M%IS%? irlqél that all ow
t he conpoyr@mstean beheRnv@nit@dasi wdlDasaionhesmbisenor Bxampleaddifused sal t s.
[0058] When a resjdue is defined as "0O--, e.g., in "-000-", then the

fornul a i BNBVREANL tonIBpthlsAgT I3AolsiciBRlings. Cglaaa?neé agd thediegani ¢ cati onic
counterion. In one exanple, the resulting salt formof the conpound is

phar maceuOP22l | s aecsehisreip) tae tqrpyr hisroateiheichidenerpiean dObMittgesni(Nvent i on

the. sbatTTRERD MECBHEP bodHalh By SSB G el MBpnfio 0. " 57

optional | yandNl ude the correspondi ng "deprotonated" formof that acidic
group, e.g., "-000-", "-0Q2:" or "-C(0)2", respectively. 5[0059] The

neutral f@os¥ Ofrhé HENEATROW WIS el bl i@aSNMabieBrbsedtOh s@bc@Rhe, bY
contacting the salt with a base or acid and iso atkgg t he parent conpound

in the cogivent Exmaplayemhgituentigeoypa inshdefsybititerd phenswespbigddlobn differ from
the vari %%Fétﬁle Sofr %Eﬁ%s%@he@%{m&@él@yﬁgé@sg Lfll-d B 1911%815&&&%1 g%@%?g@f,hso' ubil ity

in polar solven S are equiva e parent
formisf tdiestirorgeundsdbetitutdderyl0nibs posRisor@hsiblaruprddstdrbaryl)vedt i on. [ 0060] In
addition to salt forms, the present invention provides conpounds, which are
in a prodibgitRsar uprdatituts hetereqysloayhsipdas described herein are those
conmpounds that readily undergo chem cal changes under physi ol ogi cal

condi ti on9084 pAswseschareia, the fpyauaaRNic Higd opr baeAOMatgEMEl &n. Non-1imting

exanpl es é’Jnsijsfr%}'qP\Qﬁﬁ TRCEA R doth RGEF RLRA0h Tl MY SpleChronRii@dr UG™ 1 ncl ude
pharmaceutically
rings include phenyl and pyridyl. Non-aromatic rings include cyclohexanes.

20 [0055] The phrase "therapeutically effective amount" as used herein means that
amount of a compound, material, or composition of the present invention, which is
effective for producing a desired therapeutic effect, at a reasonable benefit/risk ratio
applicable to any medical treatment. For example, a “therapeutically effective
amount” can be an amount effective to reduce or lessen at least one symptom of the

25  disease or condition being treated or to reduce or delay onset of one or more clinical
markers or symptoms associated with the disease or condition, or to modify or

reverse the disease process.

[0056] The terms “treatment” or "treating” when referring to a disease or
condition, includes producing a therapeutic effect. Exemplary therapeutic effects

30  include delaying onset or reducing at least one symptom associated with the disease,
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accept abl e esters, phosphate esters, sulfonate esters or salts thereof as
wel | as other derivatives of a conpound of this invention which, upon
adm ni st raDi20m/2e1a reci pient, is capable of providing, pertuseriodsreert |y or
indirectly, a conpound of this invention. Particularly favored derivatives
or prodrugs_are those that increase the 20 bioavailability of the conpounds
of this ippstivelorTertBs (stcideghpoudiaying engtmf g csinkabaarkst asspelpgdl (e. g.
by al | ow Eall X0 nore readily absorbed
N R

into the ance very e parent conpound to a

bi ol ogi c nmpaytpent, (e.g., the brain or nphati c stem relative to
the par eﬁdoogﬁec?é%g@SPé%‘%féW?j@}f AgEPS R@ISﬂJcﬁ%r{g&} i S&ﬁ%/lo otﬁeest ers (i.e.,
car boxy!l i ondsoudd st tBE InvelRSdre ivhddhOAP Brepdhed GHitial Eht&UE habd 6r BSer odr ug groups
are generally known in the art and include benzylo

X 7 . .
di (G C6)¢apPRYdingrPh st neytiaay subtidtenis/foang on ,thepiovmoagﬂi/sci@w&eﬁwe,renpht hal i doyl ,
et hoxycar I I - | - 2- - - di. - ... and
(G - CB) al %‘% C@@@?@ 0551%1’0%645{} lli}vélﬁfé)ég‘%?E‘fﬁﬁierﬁg‘ggé]&]“%y%?ﬁ%bﬁ% and
am de- f orvasagddtion pstssut be abtaihied Gy cOthatddgythantuiel fdnedfsucied est er prodrug
groups include Cl-C6 al koxy esters. Those skilled in the art will recognize
various sSHIRMERATWHBRRBUEIGGrBeURY A theRepirebbassptitigepeat 8T figt Hitable

phar maceud L6 abik ¥yt %ﬁ&?fe@%k Phaﬂﬁﬁ@é%%%l;?%cg%@%ﬁ%‘g&%%&&%%fgah& njdavention

(e.g., via esterification of a car 0062] In an
exenpllar ysodipagiorssitim, tdleiupr, ochmagiurg, @partiabihmeof oraghesaat satand pheevent i on of

t hose di seas and condi.tions that .require the dru | ecule to cross 5t he
bl ood br ok BRPET G pqRts e Pl Ee U AT e EHER ol g enter o t he

brain, wWheh&idnaliliss @N@Iih&Y, detf Q1ditdtd ARE bxeod Hah&d b béhisliiag thdl ecul e In
anot her exanple, a prodrug is used to enable an active drug nolecule to

reach t hendurel igemef sedhecomyuady with aspifsaint apphitcdthcodesyéd adiéd, gpthedr ug to t he
eye. Additionally, .prodrugs,cap be caonverted tao the ca ds.of the
oY esent 1 OERER RuispRE et LRR GRS AR SE TGRS, LIV o

envi rignmesiditi dnodalte ¥ Ml €hosp deE dddSorE AbrBahis haw NkCppivedhi@dt,t o t he conpounds
of the present invention when placed in a transdermal patch reservoir with

a sui t abl kydeebrgmic, sitrieramRoni, moagutipgzencabent. ospkaris. epRpIALtS of t he

present i i | 8t 4 . f . ted forns,

i ncl udi ng&ﬁﬁ‘g‘y&@éﬁﬁgﬁﬁ@&r ﬁihgg%&gggéhjé%}ﬁ)gmég{lﬁcggo@j %@g%gg‘ﬁ%él@qui val ent

t o unsol viatdeiddicamtdshealilt, as @ck nc drpaisddivet flinnrelhigeBoamexdd otghricpr esent

i nvention. Certain conpqounds .of the present invention can exist in nmultiple

crystal | i #&SOeARBRIGHSTEC-REPRIENIC ISRl WS BHic) Maleis. Gt albenzid. physi cal
for mpAr & finits guﬂeﬁc}f*aﬁlaﬁe}laaﬂé nfaﬂaélﬁppmaﬁ& bBYzehb&IBRRSENt i nvention and

are intended to be wwthin the scope of the present i1nvention. "Conpound or
a phar nactelysuttahlcy cipia t¢oepic abkhasabifonibyhpdrexygiotl yuifonph sdicylol vat e of a
' i mat eri.al s neeting

ror 6.t harf S 01 THas VB LAEY 8 4 PESTine At ab b endE i U 1 TThar T
both a safjte, 8Mflsalts DPbMANR adcRis GiRE QMRBHBHEor galactunoric acids and the like
(see, for example, Berge et al., Journal of Pharmaceutical Science, 1977, 66: 1-19).
25  Similarly, pharmaceutically acceptable cations include, but are not limited to
sodium, potassium, calcium, aluminum, lithium and ammonium. Certain specific

compounds of the present invention contain both basic and acidic functionalities that

allow the compounds to be converted into either base or acid addition salts.

[0058] When a residue is defined as “07, e. g., in “-COQ™, then the formula is
30  meant to optionally include an organic or inorganic cationic counterion. In one
example, the resulting salt form of the compound is pharmaceutically acceptable.

Further, when a compound of the invention includes an acidic group, such as a
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[ 0064] The conpounds of the present invention can contain unnatural
proportions of atom c isotopes at one or nore of the atons that constitute
such conpwondey/126iar 25 exanpl e, the conpounds can be rascolusbabmskesz t h
radi oactive isotopes, such as for exanple tritium (3H), iodine-125 (1251)
or carbon-14 (14C). Al isotopic variations of the conpounds of the present
i nvent i orcarbgxetinaeid2aeiire &t iWrEtesras i subgtitaent it eRRY . { BT eviconpassed
withint (o¥eTa) - I nvenpt | - rm. sl vate" is
intendedh?gf?%fg?g{%£g&?gﬂgﬁEQ%ngﬁgg%Béﬂ%ﬁ%ghg?#é%pgﬂ&%gﬂgbﬁgte nol ecul es
or ions wrbtonsedVerin sfahaculdésgroipie. & of-COQ “,ca@Obe oan-@oOgani ¢ conpound, an
i norgani ¢ conpouynd, or a mxture of both. Exenplary solvents for the

f or mati oneoHE8¥iVat es include, but are not limted to, methanol, N N 21
dinetgylfornanide, t etrahydrof uran, dinethyl sul foxi de, toluene, and water.

In oné en98&?Inehhe nepdral Exvng of Hig aegreupdsttarbesesanpragpdo BT sKamBlgehy as f or
exanpl e, . Bhe | . LEl j . eoi soners
[0066] * CorpnisHne sy Bt odsk 8P acid 8 TBATHE WA RELMELIR B O7) 5 270Y
st er eoi sogm@Keitidhal mBnneFh&hé paent foan of drt@mpoahesanadiffesitoh ttOMpuRds,

including cis- and trans-isaoners, (-)- and (+)-enantioners, diastereoners,
(D) - i sometal,foymy Injcs By sieH ProRsEtss Lickiax seltBRitY MroddsolvVaRY: Bitther mi xt ur es

t her eof , . Welt i i I ri ched
et ur o5, SHE AT RO HRIRIGRR I pRle R RO S AR AP Gl
asymigX r i murpeseb ofithatpoesentaaventienpr esent in a substituent such as an al kyl
group. Al such isoners, as well as m xtures thereof, are intended to be

i ncl uded [0060]hi & ddaesit dodlt fINBNhE pecsemTpantids peesdssicoapotitsewhicaont ai n

ol efinic doubl e bonds or other centers of geonetric asymetry, and unl ess
15speci f | 8 1bt ROdfisiorm; Prodsugspfdhtiermpaads densribeshirseindée thaed ude both E and

Z geonetric i ' A (N i ] Xt of
ey ARG ALAMORE G INRBRL BB
and 1 i soprevisle tlencongpopnépaltbel pres¢m gnwehiioml Neyhinhiomsexaimpdés afal r eagents, or
resol ved using conventional techniques., 20, Resol ution of the racenmates can
be aconplhid Fuqﬁﬁyéﬁﬁﬁﬁb& ‘?%Va%%\})é PSR4 1%%#0&@@6‘6%“ %ﬂy

crystal | izathhe bfelshEh RPERACEGE s AlulfBndi8 S Qb MR YalRARAELT SWAMRIABE-APhy,
using, for exanple a chiral HPLC colum; or derivatizing the racenic

m xt ure widarivaavased olopimpgundeigbistinyantige v, apeli admiarséiotier t,2 separ ati ng t he

di astereoners vi.a ch t ogr.aphy.,. .and renovi the resol vi ent to

gener at o trgrab i5sPOPRAT P ey bREe LG R LB o m “any o
t he aboveinpéadPagirukdly fReortEpaakeded 6 prodingase tdie tenaidQ8eiel ¢ purity of
a conpound. If, for instance, a particular enantionmer of a conmpound of the

pres i hoailpbifit of the sprppeinds pf haningentipnephnesgcibgorapgpdefici ¢ synt hesi s,

or by derj ' ' ] chi i ] &Qﬁr j
diastereo%%@%%&%%ygSyﬁ%%gmggﬁgﬂéﬁggggﬁ%Léﬁ%M¥SX| HQ?%HSP%ﬁg&%%%g%ed to 30
provi de tierepuidilyctdsoibed ingm grthl oo o8 whidhtedhmadeidel oty offterpardoie nol ecul e

contains a basic functional group, such as an am no group, or _an acidic
f unct i onafo VP o s hickre! SoRRMBEBAYI(C-gr A5 Praigios dyrap yitemslatiyecan be

formed Wi d,hnap,BRRRORE at e

25 [0061] Prodrugs include a variety of esters (i.e., carboxylic acid ester). Ester
groups, which are suitable as prodrug groups are generally known in the art and
include benzyloxy, di(Ci-Ce)alkylaminoethyloxy, acetoxymethyl,
pivaloyloxymethyl, phthalidoyl, ethoxycarbonyloxyethyl, 5-methyl-2-oxo-1,3-
dioxol-4-yl methyl, and (C;-Ce)alkoxy esters, optionally substituted by N-

30  morpholino and amide-forming groups such as di(C;-Ceg)alkylamino. Preferred ester
prodrug groups include C;-C¢ alkoxy esters. Those skilled in the art will recognize

various synthetic methodologies that may be employed to form pharmaceutically
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optically active acid or base, followed by resolution of the diastereoners
thus fornmed by fractional crystallization or chromatographic neans known in
the art, woadosuhemquent recovery of the pure enanti oner CTIUS2@dM0B163DN,
separation of enantionmers and di astereoners is frequently acconplished

usi ng chromat ogir aphy enpl oying 5chiral, stationary phases, optionally in
combi nat | ¥RERIPR ﬁpaq%mwﬁthwwpﬂmﬁ% Hveatign (e.& oyigrattpidiicagpn @arbamat es

fromamn . ] used herein, the term"chiral", "enantionerically
enri ched"ce%l%oxyg?gg? r@csﬁ)r)r'eri cally enriched" refers to a conpound having an

enanti o hE~eXxXcess (ee) or i as eoneri c ex S e) of greater than
about SSEgOhg%]ef a&b‘?’\%’”@ﬁ%?ﬁf@&%&mﬁlhi e%rggﬂ]tg l%él&fagﬁeafogr&F%mSPteferabl y greater
t han abouprd8fition &F tBERETiRhsesAhgbeiditianhabeglired0duRRaN LA G0l

di astereoneric excess is particularly preferred, e.g., those conpositions

wi t h gr eathe plaodain baiiter-9Bog pigfesied embog ipenaibe progneg enigds diedwaidr t han about

99% ee or P ti I " " di eoneric
excess arBete gt TRl Bl R TR A EERS J e L BRI

st er eocend prlodaeds neddan keasblé an agivecirgmpleesiend réach tenasite ofbeiege excess” ,
those with at |l east two stereocenters are referred to as being present in

" di ast er eBiREIIRCRRBRISSHON POHY OTOMTHRIO BF RYS eNdHEIPREY PrOdBIE£3-P | 5 rel at ed
to the ol detet&f WhORIhGRIPUE tht Yrestil ibAtioROY RndhRalBARMLER@l L he same

phenomenon. The val ue ee W e a 20 nunb om0 to 100, zero being
racenilc amethd@Oinbeiavgerantroomenti ¢al exangple.eorodiugorgpdierstbwilyicohvdrtedt he past

m ght have peen cal |l .ed. 98% opti.call. re 1s now nor reci sely

Char act er P ZBHCBYPO9 BENE R B, EENLR MOGE 81LAS N CAEE P66 o one
enant i ONeles@pstr 3l suttifle @hNRKd S)chbidad feaBBiteri al in question. [0071]
Hence, in one enbodi nent, the invention provides a conposition including

25a fi rSt[O?Bﬂr e@Eﬁ&lH‘%Bmgﬁ&lcﬂtof't EscADfyAHAIN AR5t fG6QLRATHMO! a

conmpound of t'he I nventi The Tirst stereol soner can be present in a
di ast er eocasevéltasoolvargfoirosendlediex bpdsted fforats. [IeasterabtutsoBat4d fpmef er abl y at

| east _about 90% and rmroﬁgpr(f erably at | east a@Eouﬁ Qg% I n g particularly
pr ef reqargﬁ%lﬂﬁ?lﬁ%tﬁPPnf foq foLpns 2R PRESEIRBISSEWHRIa LR $coPR 0Lt ast er eoneri ¢
or enant i QaRIt §vEXERS CRfaiRlorhfRpls 8RN Hr8Kin@lnibeast ex3Rab e A% at

| east about 98% at |east about 99%or at |east about 99.5% In another
enbodi mendrystalhige eommpophdusform € pohvenphsoh Insgeapmahtallpigsicd dbings aye

di astereonericall r di astereoneric or .enantioneric excess.i s about
Too0g - 2 en e SN <GP R worghRRloh AR s GRS Sitke ™ ol at i ve
to exact |\)&itﬁ>iﬂ&h@§d@ﬁé oSthe ek SARRIntion! "CampHehddataghaihadufi@ligt i ve to the sum
of at |east two other stereoisoners. In an exenplary enbodi nent,

enant3loretcceptafle dilh dydiaso relymorekelespbvatesoldeeampaunddintedathaieclugval | ot her
det ect abl ﬁeiltu%f §OrO B (e mm!nﬁﬂ n%e?mg Lf3€ Ban'olle %Pﬁle stated criteria are

included, e.g., a material that is both a salt and a solvate is encompassed.

[0064] The compounds of the present invention can contain unnatural proportions
of atomic isotopes at one or more of the atoms that constitute such compounds. For
25  example, the compounds can be radiolabeled with radioactive isotopes, such as for
example tritium (3H), iodine-125 (1251) or carbon-14 (14C). All isotopic variations of
the compounds of the present invention, whether radioactive or not, are intended to

be encompassed within the scope of the present invention.

[0065] The term "solvate" is intended to refer to a complex formed by
30  combination of solute molecules or ions with solvent molecules. The solvent can be
an organic compound, an inorganic compound, or a mixture of both. Exemplary

solvents for the formation of solvates include, but are not limited to, methanol, N,N-
21



5m xture. Stereoisoners are detectable if a concentration of such

stereoi soner in the anal yzed m xture can be determ ned usi ng common

anal yti cavormetonaess such as chiral HPLC. [0072] Integri meTAISR018/0B®BYE

fam |y of honol ogous transnenbrane |inker proteins that are the principal
receptors on animal cells for binding nost extracellular matrix 10proteins,
such as cémegdydnrmamigeoistakydiofugngdingihstoxideetalypne gandrsates: el@eer odi ner s
conpri sed ' | B To.da | f nt integrin
et or odi riaeodte, SERuR SR Befct¥oling il hen YRl DRIEM o1 o bon s,
have beenDM¥gnihd filecltke. The term "a 4 integrins” refers to the class of

het erodi mer, enzyne-linked cell-surface receptors that contain the a 4
subunit paired with any of the 0 15subunits. VLA-4 is an exanple of an a 4
integrin, and is a heterodinmer of the a 4 and 131 subunits, and is al so

referred &ompdsifofls RielddihgSidrloisGBROSI tions [0073] In various aspects, the
I nvention provides a conpound having a structure according to Formula (la),

Formul a ([0869], Eempards(afihe iprertionmean axigt ig)particpby igggmetricRa (1 a' )  R4( 1 b)
(10) o Aomhofbio e P AP husa DA B B GR AGLRCLC2, om0
to 6 and - and rAslisUn®@EI(-)- and (+)-enantiomers, diastereomers, (D)-isomers, (L)-
isomers, the racemic mixtures thereof, and other mixtures thereof, such as
10 enantiomerically or diastereomerically enriched mixtures, as falling within the scope
of the invention. Additional asymmetric carbon atoms can be present in a
substituent such as an alkyl group. All such isomers, as well as mixtures thereof,
are intended to be included in this invention. When the compounds described herein
contain olefinic double bonds or other centers of geometric asymmetry, and unless
15  specified otherwise, it is intended that the compounds include both E and Z

geometric isomers. Likewise, all tautomeric forms and mixtures of tautomers are

included.

[0067] Optically active (R)- and (S5)-isomers and d and / isomers can be prepared
using chiral synthons or chiral reagents, or resolved using conventional techniques.
20  Resolution of the racemates can be accomplished, for example, by conventional
methods such as crystallization in the presence of a resolving agent;
chromatography, using, for example a chiral HPLC column; or derivatizing the
racemic mixture with a resolving reagent to generate diastereomers, separating the
diastereomers via chromatography, and removing the resolving agent to generate the
25  original compound in enantiomerically enriched form. Any of the above procedures
can be repeated to increase the enantiomeric purity of a compound. If, for instance,
a particular enantiomer of a compound of the present invention is desired, it can be
prepared by asymmetric synthesis, or by derivatization with a chiral auxiliary, where
the resulting diastereomeric mixture is separated and the auxiliary group cleaved to
30  provide the pure desired enantiomers. Alternatively, where the molecule contains a
basic functional group, such as an amino group, or an acidic functional group, such

as a carboxyl group, diastereomeric salts can be formed with an appropriate
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5selected fromO to 3. In one exanple, nis selected from1lto 4. In

anot her exanple, nis selected from1l and 2. In yet another exanple, nis
1. In a fwotherizexanple, mis 0 or 1. In another exanpl eCTS2&1003182 1.
[0074] In Formula (la), Fornula (la'), Fornula (Ib) or Formula (lc), ring A
is a nenber selected fromsubstituted or unsubstituted aryl (e.g., phenyl,
napht hy| ) opiisally axiysgeidiaitbese. llavesiysesaluiepiibe dingaicpmersdhes | pyr | dyl,

t hi ophen 7 (la' )
Formul a (%‘%‘Q o%?u r??tﬁ%ﬂzé( nor[c(ﬂporéiltﬂ%ﬁ?fgwhfk@@%&Eés?% n?t uted or
unsubsti t snﬂaeailuetytcrhmﬁxleigyéf the p@fc enﬁi&nﬁl@s cmcddcdaidnyte)parmub of eﬁamheﬁhefsr
unsubsti tut ed heterocyc]| oal k .. 3- to 10- nmenber ed

15het er oc3S BAAEGIIErs &t %‘t“iefléX %‘&OH}P al?fél}wa PurreogRphy paPYingpheny! or
napht hyl )ch%‘afi s%ﬁgﬁﬁrzg)ﬂgs%g cﬂftloHﬁl Q:toh{blﬁ{a?ign REIHERAA dbifvallizatidyri dyl) . In
one exanple i'n the ove struct I'sS substituted or unsubstituted
aryl (e.ge,g. ﬁhmionmfcwdopmatwtﬁ)onoammu@stl tuted or unsubstituted heteroaryl
(e.qg., pyridyl). In a particular exanple, Cy in the above structures is a
menber sel0068led Ak uesd Isndis] the tdred ‘chiralt)fsubstionidricaldy pivéehgld” 30( e. g. ,
substituted or unsubstituted_ 4-chl oro-phenyl or substituted or

unsubst i t idséereemeiicaHy gpithery rofers &, p semnpenrslhaying MSIBREGRGHEEREpht hyl |

subst i tut I ubsti t ut ed
bi phenyl - 4Ej)y(51lral %5%%%21{1%%??3@%? éat%?’? ?1}[ ﬁ‘%"z‘gg% F %Y&%(l Le ré.d,&?substl tuted

or undubsthat atvcexd 7@%mvld|w¢pref{:1ﬁblzr€great¢r thor aihmlua9(Q%a)In gﬁ[ﬂrahﬂn@he{rl a'), Formula
| b) or

s pondain s phamaimend o SR reicten ParoUBey PRI Ed. Sekyl (e g.

C () al kifbde co?rﬂ%%ftﬂohé’(v@tﬁ o¥atdtMBRHDIoLE 98% dorbateh@@hibkotk o7 %- Md. glr@a"tert 0

10- menber ed heteroal kyl ), “substituted or unsubstituted cycloa e.g.,
C3-Ci 0 cytbhwabdyP9% esivsiei t ut ed or unsubstituted heterocycl oal kyI (e g., 3-
to 10-nenbered heterocycl oal kyl), substituted or unsubstituted aryl (e.g.,
subst i t ut[@66Ir Tﬁhs teloss [ ¢nmhédrnp1h<eevgdesx’)’randapiasth15plo)neris ghstss’t art @skdor

iR SRS (o) e S 2]
C( 0) NRL2Rd3no QD) NRAARIGmGIONCREZ, ihhRAGE DB w NRLEG(BIOR
NRL5C( 0) NRLZR13, NR15c('s) NRL2R13, NR15s(0) 2R14, S(O)2NR12R13 and S(0) zR14,

wher ei n ziefesred tops DeinRPEseIRIB “nderRUBeA¢ exagesiber s | ndependent|ly sel ect ed
fromH acyl, substituted or unsubstituted al kyl (e.g., CGC() alkyl),
substi t ut[@87@r Thautesmbsharttiohredic leeteass balr&lyled (@ thg.olde?-tertro “opficatgpuiey’ed

het er oal kyl

bstituted or unsubstituted |, substituted or
unsubst i t't %*’dbﬁ BF GEAHES B%ﬁ%@%?@@own%ah%%‘ﬁhﬁ? "&‘;iéec?al kyl (e.g
C3- CLp Cylﬁln(i’[%rlfﬂblrﬂo?d]ﬁ)(ﬁ %&%tﬂeiﬂgtlﬁgcn% aH@%@@ﬁélhg Hﬁaﬁﬁoﬁﬁh@ﬂ%ﬁé oal kyl (e

3- to 10-nenbered heterocycl oalkyl). i's a menber independently selected
f r om substdnpauad whichuinghobgast mughs daed lktyh celée.dg9.8,% Opbti@lly palrdiginpw 1BOubst i t ut ed

or unsubsfltuted, et &t 2aliNsef & 9a008 o 2rdds TRRELES &8 SRbKY!)
enantiomer and 5% of the other(s) in the material in question.

[0071] Hence, in one embodiment, the invention provides a composition including

25  afirst stereoisomer and at least one additional stereoisomer of a compound of the
invention. The first stereoisomer can be present in a diastereomeric or enantiomeric
excess of at least about 80%, preferably at least about 90% and more preferably at
least about 95%. In a particularly preferred embodiment, the first stereoisomer is
present in a diastereomeric or enantiomeric excess of at least about 96%, at least

30 about 97%, at least about 98%, at least about 99% or at least about 99.5%. In
another embodiment, the compound of the invention is enantiomerically or

diastereomerically pure (diastereomeric or enantiomeric excess is about 100%).
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substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl,
substituted or unsubstituted cycloal kyl (e.g., C3-Cl0 cycloal kyl) and
subst i t utwod 20r0/2eEubst i t ut ed het erocycl oal kyl (e.g., 3-pro/ukGonmsiser ed

het erocycl oal kyl). R12 and R13, together with the nitrogen atonms to which
they are attached, are optionally joined to forma 25 4- to 7-nenbered
ring. Twobraafiaeere oRdiastersgaierie exegst eant ieedesgrpmmedirglaiikg trexepdyong e at t ached,
are optio cent R2,
Foget her b A e Yoo Rypnct S PR S it Mea 185 BBLEPPT s Sone
to form astEremts@rnarsnﬁmneémhplar@gmb[oaﬂﬂeZ]]t dnanti@nderid @ didsereorh@idaxcass(l a' ),
Formula (I b) or. Formnula 4 and RS 30are nenbers independently
sel ect ed #dBisiTRined Eﬁagtwettetagﬁﬂtﬁr daﬁgtahlgtsr@zf%ﬂlww Riflich gegreseg in@e a1 kyl )

hal ogen (Qidure. Sterfoisdrhers %re)d’ete%l‘é%gﬁngﬂinﬁﬁtld{f'@f‘&géﬁ LEMbRIMRF iﬁl the - 0-aryl,
and CN. In a particular exanple in the above structures, R3, R4 and R5 are
each H 4783 mixrufeoramblealefeka)ned Iﬁelmgmbmn(dnadn)alyt@dmmhms( buzh asr For mul a
(lc), R6 IS f Wer selected fromH, substituted or unsubstituted al kyl
(e.qg. cichegl b substituted or unsubstituted heteroal kyl (e.g., 2- to
6- rrenbered het er oal kyl ), substituted or_ unsubstituted cycl oal kyI (e.qg.,

C3- C8 cyclVgat] kylf)tegfg‘ﬁlﬂé@cﬂa{&eef&mélf/ B HATQIREONT e diedEVel BRI  (e. g., 3-
to 8-ne t , | (e g,
subst ] Ut g e TeHELREYPI OB shanaIkit RirBihcRle HORREMAMLE MY

het erldar ypro(emsgsqchsaa bslﬂagieui Iﬂdometmn&@dsnmmmtﬁd: ipteeridydre hefdRi2iReB, C(0) R14,
C(0) NR12R13, nd S(O 4, efein z is..1 or .2 and R12, ,-.13

Lo mnd RIETHECARE PhGaNHS Her i raa M EHk SespiBeBRS 15 a membor
10sel ect eghidb@melt, %{Haefﬁlbl?r?mdiffgr@rg Mubh'ﬁl?s%@tlutdﬁf@l@nﬁt “unft€ hdve Cl-CA
alkyl). In a particular exanple in the above structures, R6 is H. [0079] In
Formul a (feen, ldt’EtlﬁQd séhettadoffiomweons Sefegy ®)the S@Gﬁ)@mtt‘mdﬂmt) engyre¢ein R4 i s
a menber lsrﬁie d rfr%mecsugv {haycon nthun 4 Stlltt ut %g th o?(t:‘\he , Cl1-Cl10

al kyl). IM"6 x%r%ﬁer P SUREUHE LT UE 8BS RRACE RV € ¢ et hyl or

et hylps. lﬁl[bﬁﬁi&olvm iR @n XaAPle®f ah & 4Fafed@tih fandligh h@trerddhraer)of the b9 1 and RS,
R4, R5 and R6 are each H In another exanple, in Formula (Ib), R3, R4, R5
and R6 ar@ddHcysbrpitsandis alsqrielsed ary4 BoAmegit of the invention has a

structure according to Forrmula (lla), Fornmula (lla'), or Formula (IIb): Cy
N H ( Ha)Compositions

[0073] In various aspects, the invention provides a compound having a structure

according to Formula (Ia), Formula (Ia’), Formula (Ib) or Formula (Ic):

20 (Ia)

(Ia%)

24



20y NH (Ha') NH (R2)p (hhb) wherein m p, Cy, ring AA Rl, Ra, R
and R6 are defined as for Fornula (la), Fornula (la'), and Forrmula (IDb),
above. | nwonelenrenpl e, in Formula (Ha), Formula (Ha') orcFarsouoa3ieb: b),
ring Ais substituted or unsubstituted phenyl or substituted or
unsubstituted thiophene. In another exanple, in Fornmula (Ha), Formula (Ha')
or Formula (Ilb), Cy is a nber, selaecR&I from substituted or unsubstituted
aryl (e.g., 5phenyk or and\gubstjtuted or unsubstituted
heteroaryl (e.g., ri exanple, in Formula (1a),
Formula (la'), Formula la ( Formula (Ila'), or Fornula
(I''b), ring Ais a 5- 5 6- annatic or heteroaromatic ring.

Exenpl ary rings for A ihclgale pHenyl Rpyridine, thiophene,

R4 (Ib)

(Ie)

or a salt or solvate thereof, wherein m is an integer selected from 0 to 4, n is an

integer selected from O to 4, p is an integer selected from 0 to 6 and m1 is an integer
S selected from 0 to 3. In one example, n is selected from 1 to 4. In another example,

n is selected from 1 and 2. In yet another example, nis 1. In a further example, m

is O or 1. In another example, pis O or 1.

[0074] In Formula (Ia), Formula (Ia’), Formula (Ib) or Formula (Ic), ring A is a
member selected from substituted or unsubstituted aryl (e.g., phenyl, naphthyl) and

10 substituted or unsubstituted heteroaryl (e.g., pyridyl, thiophene, thiazole,
imidazolyl).

[0075] In Formula (Ia), Formula (Ia’), Formula (Ib) or Formula (Ic), Cy is a
member selected from substituted or unsubstituted cycloalkyl (e.g., C5-Cjg
cycloalkyl), substituted or unsubstituted heterocycloalkyl (e.g., 3- to 10-membered
15  heterocycloalkyl), substituted or unsubstituted aryl (e.g., phenyl or naphthyl) and
substituted or unsubstituted heteroaryl (e.g., pyridyl). In one example in the above
structures, Cy is substituted or unsubstituted aryl (e.g., phenyl or naphthyl) or
substituted or unsubstituted heteroaryl (e.g., pyridyl). In a particular example, Cy in
the above structures is a member selected from substituted or unsubstituted phenyl
20  (e.g., substituted or unsubstituted 4-chloro-phenyl or substituted or unsubstituted 4-
phenoxyphenyl), substituted or unsubstituted naphthyl, substituted or unsubstituted

25



10t hi azol e and oxazol e. In another exanple, A is phenyl or thiophene and
the conpound of the invention has a structure according to Fornula (M),
For mul a (WOl2alo)1269a8 For mul a ( Mo): Ra(Ma) Cy,..... | PCTUS2010/03263% , , , , ,
NN 1 R6 RBR5 R4 or a salt or solvate thereof, wherein m Cy, Rl, R2, R3,
R4, -5 15‘1 nd R6 are defined
as above. biFhgny] (f @ gwibstifufed os apgbsdyteditiphenyl-&-yh, angtiyebstijatedes r i s sel ect ed

ro i e oby T Rk TER Syl Aoy tl%lﬂ&ﬁli‘%?ﬁ%yﬁi%ha% X4 are monbers
ot  ned 200 out FLbEyr Fopsilk %%“%T 65 G5 umTostuhde rBRbers

i ndependeRt, IR)* @ﬁl'le]éta%jmfaﬁl@ﬁ’s $adePend¥ntiNRAacten B, subktithielilbe provi so that at
| east one of Y1, Y2 and Y3 is other than CR2. Each R2 is defined as

her EIb abowsubsaseted alkal (veferCoallodh sebstifused ¢ unpoRsinyed heseralkyl (e. gk, |
unsubsti tyt Sqo%é&}{l!)eg&fheﬁeroa%'ﬂﬁ %J‘brstﬂhfegyoﬁ? %Pﬁ%%{'ﬂ%?ed' c&%ﬁoﬁ%% OgCSC agkyl)

substit ut’ed unsu ute eroa e.g.,
unsubst i tackdlZA), tubsBrutddeornrkaitinatElicaabiydigalkyd b gt Bt totHI;lmembHﬂasubst i tuted
cycloal kyl (e.g., substituted or unsubstituted C3-C8 cy %( )y

ute

subst i t ut REETBFYCIRANEhs Suhstifuer erainspRREPdAIYK (A2 ( %lbatltuted (% uneubs

phenyl or naphthyl), substituted or unsubstituted heteroaryl (e.g., substituted or

10 unsubstituted pyridyl), nitro, CN, halogen (e.g., I, F, Cl or Br), OR'?, SR'?, NR"R",
C(O)R'", C(O)NRR", OC(O)NR"’R", C(0)OR"?, NR”C(O)R", NR°C(O)OR",
NR"”C(O)NR"R", NR”C(S)NR’R", NR"’S(0),R", S(0);NR"’R"* and S(O),R",
wherein z is 1 or 2. R"™ R" and R" are members independently selected from H,
acyl, substituted or unsubstituted alkyl (e.g., C;-Cj alkyl), substituted or

15  unsubstituted heteroalkyl (e.g., 2- to 10-membered heteroalkyl), substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted or
unsubstituted cycloalkyl (e.g., Cs-Cjo cycloalkyl) and substituted or unsubstituted
heterocycloalkyl (e.g., 3- to 10-membered heterocycloalkyl). R is a member
independently selected from substituted or unsubstituted alkyl (e.g., Ci-Cyp alkyl),

20  substituted or unsubstituted heteroalkyl (e.g., 2- to 10-membered heteroalkyl),
substituted or unsubstituted aryl, substituted or unsubstituted heteroaryl, substituted
or unsubstituted cycloalkyl (e.g., C3-Co cycloalkyl) and substituted or unsubstituted
heterocycloalkyl (e.g., 3- to 10-membered heterocycloalkyl). R'?and R”, together
with the nitrogen atoms to which they are attached, are optionally joined to form a

25  4-to 7-membered ring. Two adjacent R, together with the atoms to which they are
attached, are optionally joined to form a 5- to 7-membered ring. Two adjacent R?,
together with the atoms to which they are attached, are optionally joined to form a

5- to 7-membered ring.

[0077] In Formula (Ia), Formula (Ia’), Formula (Ib) or Formula (Ic), R’ R*and R®
30  are members independently selected from H, substituted or unsubstituted alkyl (e.g.,
C;-C,4 alkyl), halogen (e.g., I, F, Cl, Br), substituted or unsubstituted aryl, -O-aryl,

and CN. In a particular example in the above structures, R’, R* and R’ are each H.
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substituted or unsubstituted 3- to 8-nenbered heterocycl oal kyl ),

substituted or 15unsubstituted aryl, and substituted or unsubstituted
het er oar yWo 2br/1aeE4exanpl e, R2a is selected fromH and eabatseéwosm3nr
unsubstituted Cl1-C6 al kyl (e.g., methyl or ethyl). [0084] In a further
exanpl e, the conpounds of the invention have a structure according to

Formul a (10081 Fbykermaly 413), Epropga ghaiDaFerpmula (bpordyarpydy doRB isfs R | 20R4( 1 V)
& | Rz)llf.letglyér selected from H, substituted or unsubstituted alkyl (e.g., C;-Ce alkyl),

substituted or unsubstituted heteroalkyl (e.g., 2- to 6-membered heteroalkyl),
substituted or unsubstituted cycloalkyl (e.g., C5-Cs cycloalkyl), substituted or
5 unsubstituted heterocycloalkyl (e.g., 3- to 8-membered heterocycloalkyl),

substituted or unsubstituted aryl (e.g., substituted or unsubstituted phenyl),
substituted or unsubstituted heteroaryl (e.g., substituted or unsubstituted pyridyl),
NRR", C(O)R"™, C(ONR'*R", C(O)OR'* and S(0O),R", wherein z is 1 or 2 and
RIZ, R and R are defined as herein above. In one example, R% is a member

10 selected from H and substituted or unsubstituted alkyl (e.g., C;-C,4 alkyl). Ina

particular example in the above structures, R®is H.

[0079] In Formula (Ic), E is selected from O, S, C(0), S(0), and NR™, wherein
R* is a member selected from substituted or unsubstituted alkyl (e.g., C;-Cp alkyl).

In one example, R* is unsubstituted C;-C, alkyl (e.g., methyl or ethyl).

15 [0080] In one example, in Formula (Ia) or (Ia’), nis 1 and R3, R* R’ and R® are
each H. In another example, in Formula (Ib), R3, R4, R and R® are each H. Hence,
an exemplary compound of the invention has a structure according to Formula (I1a),

Formula (IIa’), or Formula (IIb):

n R1 m
o o X (R
C
y\N N (R3)p
H | P

Ry R

(IIa)

m

O 0O \
Cy\\N
H N n
F (I1a%)
O O R1a
H |
Z (ITb)

wherein m, p, Cy, ring A, Rl, Rla, R? and R® are defined as for Formula (Ia),

20
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(R2)r (V1) or a tautoner, salt or solvate thereof, wherein m Cy, Rl, R2,
R3,5 R and R6 are defined as above. The integer g is selected fromO to
4. The i nwegero/ne¢ts sel ected 5fromO0 to 2. [0085] In onecexsopioa3mwszor di ng
to any of the above enbodinents, R6 is H [0086] Unexpectedly, the
i nventors have di scovered that in vitro biological activity is %enerally

u

hi gher, wheAuahda pyprdiForanda (Ipy abensndh ope prpmirieindiepsviptUpkdospulaubst i t ut ed

o any. of tpne ARy TRY sieBE R A8 DR Gyl RATHOR) oF ARG Srr Ty

sel ect ed dsomtithtedh dliggene.( B ghotheFexdohple, iNoandla Clla CBoahiy (Ila’Poef er abl vy,
each of R3, R4 and R5.is independently selected fromH and F, In a further

exanpl e, BHENIOHIRLY ke BARPREC|ester frany suhstituigtoeripulskiiest ¥yl eh of R3,
R, RS anghei dishabh@ ] o CusQIRQUAL b Red RUEBELPR £35RyDf ruCt ur e
according to  Fornula”(l1Va), Formula 15(Va), or Formula la): Cy NH
(R2)r ( Vaﬂing A

[0081] In one example, in Formula (Ia), Formula (Ia’), Formula (Ib), Formula

(IIa), Formula (IIa’), or Formula (IIb), ring A is a 5- or 6-membered aromatic or

heteroaromatic ring. Exemplary rings for A include phenyl, pyridine, thiophene,

10 thiazole and oxazole. In another example, A is phenyl or thiophene and the

compound of the invention has a structure according to Formula (Illa), Formula

(ITTa”), or Formula (I1Ib):

(II1a)

R* (I11a%)
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or a tautoner, salt or solvate thereof, wherein m Cy, Rl, R2 are defined
as above. The integer q is selected fromO to 4. The integer r is selected
fromO towd.20B8)Q6087] | n one exanple, the conpound of thecirrsesmiossshas a
structure according to Forrmula (IVb) or Formula (1Vc): or a salt or
sol vate thereof, wherein Cy, R1, R21and m are defined as herein above. 10
Ring Cy [0088] Cy in any of the ab&vie fornulae can be a ring or fused ring
system In one enbodinent, Cy in any of the above formulae is a nenber

sel ected from substituted orounsub

cycl oal kyl), substitute nsubst it
8- nenber ed heteré&?@

uted cycl oal kyl (e.g., C3-C8

d heterocycl oal kyl (e.g., 3- to

) (Aunsubstituted aryl and
substituted or unsub| —vtn a particular exanple, Cy is a
menber sel ected fromgubstdtuted or unsubstituted aryl (e.g., phenyl,

bi phenyl , naphthyl) and®®subsYitutf®d or unsubstituted heteroaryl (e.g.,
pyridyl, quinolinyl, quinazal4jnyl). In another exanple, Cy is ﬂ@+Fcted from
6- nenbered aryl and 6-nenbered heteroaryl noieties of the fo# 5X6

or a salt or solvate thereof, wherein m, Cy, Rl, Rz, R3, R4, R and R® are defined as
above. The integer q is selected from 0 to 4. The integer r is selected from O to 2.

In one example, in the above formulae, each of R3, R4, R’ and R®is H.

5 [0082] In Formula (IIla) or (IIla’), Xl, X2, X? and X* are members independently

selected from N and CR?, wherein each R” is independently defined as above.

[0083] In Formula (IIIb), Y!, Y? and Y? are members independently selected from
S, O, N, NR* and CRZ, with the proviso that at least one of Yl, Y? and Y? is other
than CR?. Each R” is defined as hereinabove. R* is a member selected from H,

10 substituted or unsubstituted alkyl (e.g., substituted or unsubstituted C;-Cg alkyl),
substituted or unsubstituted heteroalkyl (e.g., substituted or unsubstituted 2- to 8-
membered heteroalkyl), substituted or unsubstituted cycloalkyl (e.g., substituted or
unsubstituted C;-Cg cycloalkyl), substituted or unsubstituted heterocycloalkyl (e.g.,
substituted or unsubstituted 3- to 8-membered heterocycloalkyl), substituted or

15  unsubstituted aryl, and substituted or unsubstituted heteroaryl. In one example, R**
is selected from H and substituted or unsubstituted C;-C¢ alkyl (e.g., methyl or
ethyl).

[0084] In a further example, the compounds of the invention have a structure

according to Formula (IV), Formula (V) or Formula (VI):

20 Iv)
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wherein X5, X6, X7, X8 and X9 are nenbers independently selected fromN and
CR16, wherein each R16 is independently selected fromaryl group

subst i t uenbDW10'MeTne exanpl e, each R16 is a menber i ndepemdsedlop3zet ect ed
fromH, substituted or unsubstituted al kyl (e.g., substituted or
unsubstituted C1-C8 al kyl), substitutgd or 10unsubstituted heteroal kyl
(e.g., substituted or unsubstituted ®)mt o 8-nenbered heteroal kyl),
substituted or unsubstituted cycloal kyl (e.g., substituted or unsubstituted
C3-C8 cycl oal kyl), substigpute tituted heterocycl oal kyl (e.g.,
substituted or unsubstitufed red heterocycl oal kyl),
substituted or unsubsti t g%, unsubstituted heteroaryl,
hal ogen, CN, OR17, SR1|, : Ré%BNQ, &(6)NR17R18, OC(0) NR17R18,
C(0)OR17, NR20C(0)R19, NR2Q&(0 7, NR2DC(0) NR17R18, NR20C(S) NR17R18,
NR20S( 0) 2R19, S(0) 2NR1L7RIB an 19, wherein p is 1 or 2. [0089] Each
R17, each R18 and each R2 is a'jrenber independently selected fr H acyl,
substituted or unsubstituted alkyl (e.g., substituted or unsubs ut ed
Cl-C8 20al kyl), substituted or unsubstituted heteroal kyl (e.g., substituted
or unsubstituted 2- to 8-nenbered h é?oalkyl), substituted or
unsubstituted cycloal kyl (e.g., substiituted or unsubstituted C3-C8
cycl oal kyl), substitutedCor u@substiftuted heterocycl oal kyl (e.qg.,
substituted or unsybstituted ed het erocycl oal kyl ),
substituted or unsgﬁ§$' , substituted or unsubstituted

25het eroaryl. R17 and 8, |oget er wt ek rogen atomto which they
are attached, are optigna jgFred to forma 5- to 7-nenbered ring. Each
R19 is a nmenber independBntlyJsel eBted from substituted or unsubstituted

al kyl (e.g., substituted or upsubstituted C -C8 al kyl), substigvipd or
unsubstituted heteroal kyl (e.g., substituted or unsubstituted 2- to

8- menber e t | kyl S titute r ubst ,,t yzeds 3Bcygleal kyl (e.g.
cubst tutdd SrOTREELe TS M Bt s Kol o RO

unsubst i tddfiedd hehtwrvec Tak datdey  i{ eclgrted Solst ot integemssibgédtédit ed 3- to
8- menber ed het erocycl oal kyl ), substituted or unsubstituted aryl, and

subst i% utEem&rtodnsubst i t ut ed het eroaryl . Adjacent R16, together with the
carbon atons_to which they are attached, are optionally joined to forma 5-
to 7- menb@P83 r imepe SpopBOiccoidingte aax afrficaboychemberipontsdR o H-he i nventi on
has a structure according to Formula (VI1): RA(VI1) wherein m n, p, A
Rl, R2, H®08634, URsxmntdR6 therieveahedrs hed: discoabidehat Xbyirméhiol¥gicalX8 and X9 are

al s def i Ded, a5, herein shove,, J0L009L L QUSSARIRL Sk liRgpQUNd of the

Su |

a an

i nventi on®
substituted with a small substituent, such as F. Hence, in another example

10 according to any of the above embodiments, each of R, R* and R’ is independently
selected from H, halogen (e.g., F, ClI), CN and C;-C; alkyl. Preferably, each of R3,
R* and R’ is independently selected from H and F. In a further example, each of R?,
R*andR’isH. In yet another example, each of R3, R4, R3 and R®is H and the
compound of the invention has a structure according to Formula (IVa), Formula

15 (Va), or Formula (VIa):

0O

Cy
\N
H

(IVa)
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to Formula (Villa) or Formula (VIIIb): (R1),-, R4(Villa) R4(VI 11 Db)
wherein m p, RlL, R2, R3, R4, R5 and R6 are defined as above. Y1, Y2, Y3,
t he i ntegwo 20bBw126M1, X2, X3, X4, X5, X6, X7, X8 and X9 ace/usedionsm3as
herein above. [0092] In a further exanple, the conpounds of the invention
have a structure according to Forrrula} (IX) Formula (X) or Forrmula (XI):
(Rl), R5 00 X9NN R6 3/ R4

Cy~_ /ﬁ\& /Q\ (R2),
(Va)

R

Gy~ /ﬁ\& /%
(Vla)

or a tautomer, salt or solvate thereof, wherein m, Cy, Rl, R? are defined as above.

The integer q is selected from 0 to 4. The integer r is selected from O to 2.

5 [0087] In one example, the compound of the invention has a structure according

to Formula (IVb) or Formula (IVc):

RYm

/( )
CY\N | N
H =

R2

(RYm

\ R2
CY\N | N
H pZ

or a salt or solvate thereof, wherein Cy, Rl, R? and m are defined as herein above.

(IVb)

Vo)

10 Ring Cy
[0088] Cy in any of the above formulae can be a ring or fused ring system. In one
embodiment, Cy in any of the above formulae is a member selected from substituted
or unsubstituted cycloalkyl (e.g., C3-Cs cycloalkyl), substituted or unsubstituted
heterocycloalkyl (e.g., 3- to 8-membered heterocycloalkyl), substituted or

15  unsubstituted aryl and substituted or unsubstituted heteroaryl. In a particular
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or a tautoner, salt or solvate thereof, wherein m g, Rl, R2, R3,5 KR and
R6 are defined as above. X5, X6, X7, X8 and X9 are defined as herein above.
[0093] | rnwe 20uwizkeas enbodi nent, Cy or the noiety: X98 POTIUS2@003182 t he
above formulae is a nmenber selected from wherein wis an integer
selected fromO to 5 s is an integer selected fromO to 4, t is ban

i nt eger sejaEwlce&yfif 8 mambes sdecipdifrom; sabgiuied pegeyubstpisdapd (¢-2¢om 0 to 2.

[ 0094] | t [ . I.Ng: [ i ncl udes at

| east ongp}%%?lf E@Bg@é%&ﬁﬁ&%ﬁdlsﬁb%ﬁﬁé&i)@(ﬁuﬁ%};@guﬁ%éIhgt‘g}é)a%r(r%g? selected from
benzo- orpyidyl,dainolinyidgaiahalinghnwan@herpyimgie; Oxaz@leteddfend 6- or
pyrido-thiazole, benzo- or pyrjdoisoxazol e and benzo- or

pyri do- i SBERPesE R 2adPoeryBslersdiheteropiyt motetisx Shidedormedati n any of the above

enbodi nents is 4-substituted or 3-substituted phenyl or pyridyl. For
exanpl e, Cy has a structure sel dfﬁm NNR 16a R 6a ,il-(R2a)v
1-(R2a)v R 16a 1-(R2a)v >|<8

X2 X’
\ /
5 x®

wherein XS, XG, X7, X® and X® are members independently selected from N and
CR'®, wherein each R'®is independently selected from aryl group substituents. In
one example, each R'® is a member independently selected from H, substituted or
unsubstituted alkyl (e.g., substituted or unsubstituted C;-Cs alkyl), substituted or

10 unsubstituted heteroalkyl (e.g., substituted or unsubstituted 2- to 8-membered
heteroalkyl), substituted or unsubstituted cycloalkyl (e.g., substituted or
unsubstituted C3-Cg cycloalkyl), substituted or unsubstituted heterocycloalkyl (e.g.,
substituted or unsubstituted 3- to 8-membered heterocycloalkyl), substituted or
unsubstituted aryl, substituted or unsubstituted heteroaryl, halogen, CN, OR”, SR”,

15 NR'R"™ C(O)R", C(ONR'R"®, OC(O)NR''R®, C(O)OR"", NR*C(O)R",
NR*C(0)OR", NR*C(O)NR''R"*, NR*C(S)NR''R"®, NR*S(0),R",
S(0),NR"R'® and S(O),R"*, wherein p is 1 or 2.

[0089] Each R', each R'™ and each R* is a member independently selected from
H, acyl, substituted or unsubstituted alkyl (e.g., substituted or unsubstituted C;-Cg

20  alkyl), substituted or unsubstituted heteroalkyl (e.g., substituted or unsubstituted 2-
to 8-membered heteroalkyl), substituted or unsubstituted cycloalkyl (e.g.,
substituted or unsubstituted C3-Cg cycloalkyl), substituted or unsubstituted
heterocycloalkyl (e.g., substituted or unsubstituted 3- to §-membered
heterocycloalkyl), substituted or unsubstituted aryl, and substituted or unsubstituted

25  heteroaryl. R' and R", together with the nitrogen atom to which they are attached,
are optionally joined to form a 5- to 7-membered ring. Each R' is a member
independently selected from substituted or unsubstituted alkyl (e.g., substituted or
unsubstituted C;-Cg alkyl), substituted or unsubstituted heteroalkyl (e.g., substituted
or unsubstituted 2- to 8-membered heteroalkyl), substituted or unsubstituted

30  cycloalkyl (e.g., substituted or unsubstituted Cs-Cs cycloalkyl), substituted or
32



N Rl 6a 1(R2a)v N,./1/N. A wherein u is an integer selected fromO to 4
and v is an integer selected fromO to 3. Ri6a is defined as RL6 herein

above w twoths/dsdiher ence that Ri6a is other than H | nromasexanpiss; Ri 6a
in the above structures is ORl7, wherein R1l7 is defined as herein 5above.

In one exanple, Rl7 is a nmenber selected fromsubstituted or unsubstituted
al kyl . |nur§ub€awﬂtp<éh¢taliocméaﬁbylée gRisslstiteed oyt ytitefed dctocimepbsieset hoxy and

th d d
Se ‘ :”r(]g ’ Ege?%igﬁoeaﬁlgd g@g&? Iﬁﬁl{gﬁ&tu%@é ailyP vE ah&gﬁ’tﬁs%ﬂg&%ﬂ Jqsﬁﬁétﬁ@&? and is
st ruct ur elsetérsaryll. l{\ﬁg@%x]t R, heetex el the yarbomgsm‘smas whichi theyl ardattached NR1

Ba, . . R 16a 1IN 1 R2aR 20a R 16a
are optionally joined to form a 3- to 7-membered ring.

5 [0090] In one example, the compound of the invention has a structure according

to Formula (VII):

(VII)

wherein m, n, p, A, Rl, Rz, R3, R4, R and R® are defined as above. XS, XG, X7, X8

and X° are also defined as herein above.

10 [0091] In one example, the compound of the invention has a structure according

to Formula (VIIIa) or Formula (VIIIb):

(VIIIa)

(VIIIb)
wherein m, p, Rl, Rz, R3, R4, R and R® are defined as above. Yl, Yz, Y3, the integer
15 1, Xl, Xz, X3, X4, XS, XG, X7, X® and X° are defined as herein above.
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1 NR20a SA/VNSAfW ; and ' wherein R 6a and R2a are defined as herein
above, except that both, R 6a and R2a, are other than H R 6a and R2a,

t oget her wobt2hiovikeviat ons to which they are attached, arePpaoptisenaloBss3? oi ned
to forma 5- to 7-nenbered ring. 15[0097] In a particular exanple, the
conmpound of the invention has a structure according to Formula (XI1I):
(XI1) or 022 t Iyt fusheyetaspledheempanidy ef the invegtig) have a RACtuR3,. R4, RS, -
6, Km n - [ i n above. [0098] In
anot her e%gn%df%tofgﬁ%ﬁ{ggr@%ﬁrﬁgﬁ%flg?%%&leﬁ%gﬁlt@%ﬁhas a structure 5according
to Fornula (Xila) or Formula (XIIb):(R",

7 AR
T
(IX)
(R\)m
7 2
—— (R
/
1
(X)
5 XD

or a tautomer, salt or solvate thereof, wherein m, q, Rl, Rz, R3, R4, R’ and R® are

defined as above. XS, XG, X7, X® and X are defined as herein above.

[0093] In a further embodiment, Cy or the moiety:

s
Y \X8
X2 l
N
X

X7
6/

10 in any of the above formulae is a member selected from:

34



wherein ring A, RlL, R2, m p, g, s, X7 and R16 are defined as herein above.
In one exanple, X7 in the above structures is a nenber selected fromN and
CR16a, lOwbensimneRiba is defined as RL16 herein above, ercepis2alomas2R 6a is
other than H [0099] In yet another exanple according to any of the above
enbodi nents, Cy is substituted or unsubstituted 4-pyridyl or 4-substituted

phenyl . Exenpl afy conpounds of t inve ti@ﬁkhegﬁ a struq w e according to
X ) /mg *ein Rl, R2,

Forrmula (XlIc)

Rl16a, mand q are as, hereln pbove. ([ [0100] I one [exanpl e accordlng
to any of the abov¢ enb® TiRks, R 6 sel ect ed ron1h | ogen (e.g., F,
cd, Br), halogen s ted Iomer T al kyl (e. g XCB3V, lower alkyl
(e.g., nethyl, ethyl), substituted or unsubstltuted aryl (e.g., substituted
or unsubstituted phenyl or substituted or qpsu tituted pyridyl),
substituted (tuted h roar 5/( ’§§ ran, Nt hi ophene, thiazole),
OR17, wherein R17[7s dgfined as hey&i n“ahove. In arti

in ORL7 is 10sel ected Tfoff'GF3, substitufled or unsubsti
phenyl ) and subst t or unsubst iyt edNhet er oary
Ri6a is NRL7R18, whe¥ein R17:and R18 afe defiined as

ul ar exanple, R17
giopryl (e.g.,
not her exanpl e,
ei n above. In one

exanple, in NR17R18 R17 |s H and R18 is selected fromsubstituted or
unsubsti t ut ed pheny In er exanplﬁfs ihg to any of the above
enbodi nents, R 6a isS a selected (e.g., F, d
R16 _(R16)W
and

wherein w is an integer selected from 0O to 5, s is an integer selected from O to 4, tis

5 aninteger selected from 0 to 3 and u is an integer selected from O to 2.

[0094] In another example, Cy is a fused ring system, which includes at least one
of the above rings. In one example, Cy is a member selected from benzo- or pyrido-
imidazole, benzo- or pyrido-oxazole, benzo- or pyrido-thiazole, benzo- or pyrido-

isoxazole and benzo- or pyrido-isothiazole.

10 [0095] In a further example, Cy in any of the above embodiments is 4-substituted

or 3-substituted phenyl or pyridyl. For example, Cy has a structure selected from:

R16a R16a R16a
R16a
X XX X X
| e W wo, | e | e
/ / N / /
NaVaV¥at NaVaV¥at [VaVAVAY SN

N R1 Ga R16a R 16a
\( N (\/
| —(RZOa)V | R20a | R20a
A \\T//J
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15Br), substituted or unsubstituted phenyl and substituted or unsubstituted
phenyl oxy. [0101] In yet another exanple, Cy is a nenber selected from
X7 Xi 6Xiw® 2b10/701¥x9 NA 1( R2oa)v A 1\ 2,27 (R2") PCT/US2010/032632

R1 6a
X
—(R®3),
P N
VAV Vat

wherein u is an integer selected from O to 4 and v is an integer selected from 0 to 3.
R'® is defined as R'® herein above with the difference that R'® is other than H. In

16a

i : 17 . 17 - . .
one example, R in the above structures is OR"’, wherein R is defined as herein

5 above. In one example, R'” is a member selected from substituted or unsubstituted

16a .

alkyl. In a particular example, R™ is a member selected from methoxy and ethoxy.

Each R** in the above structures is independently selected and is defined as R'®

20a

herein above. In one example, each R™" in the above structures is H.

[0096] Other exemplary rings for Cy include:

R1 6a R1 6a R1 6a

RZOa R20a R20a R1 6a

RZOa

N R16a R16a R16a

RZOa R20a R20a

: ; and

162 and R?™ are defined as herein above, except that both, R!'%% and R,

wherein R
are other than H. R'® and R**, together with the atoms to which they are attached,

are optionally joined to form a 5- to 7-membered ring.

15 [0097] In a particular example, the compound of the invention has a structure

according to Formula (XII):



Swherein v is an integer selected fromO to 3 and x is an integer selected

fromOto 4. Ais 0, S or

Cl- C4 al kyb 20®/136914met hyl ) .
i ndependently selected and is defined as herein above.
R2a in the above structures is H X5, X6, X7,

NR30, wherein R3 is a nenber selected fromH and
Each R2a in the above strucPUrAS2019/032632

I n one exanpl e,
X8 and X9 are defined as

each

herein above. In one ¢R¥yple, X6, X7, X8 and X9 are i ndependently sel ected
fromN and CH. [0125?/In yet anot her anp) & )gy is a menber selected from
730 N 1(2@ A1 R3 NI N1 (Ra)v
(R)p
(XII)

or a salt or solvate thereof, wherein ring A, Rl, Rz, R3, R4, RS, R6, m, n, p, S, X’ and

16 . )
R " are defined as herein above.

[0098]
5 according to Formula (XIla) or Formula (XIIb):

(R™®)s

In another example, the compound of the invention has a structure

(XIIa)

(XIIb)

wherein ring A, R, R%, m, p.q,s, X' and R are defined as herein above. In one

example, X’ in the above structures is a member selected from N and CR

16a .

10 wherein R' is defined as R'® herein above, except that R

[0099]

16a

is other than H.

In yet another example according to any of the above embodiments, Cy is

substituted or unsubstituted 4-pyridyl or 4-substituted phenyl. Exemplary

compounds of the invention have a structure according to Formula (XIIc) or

Formula (X1Id):
R162 (R"
o 0 X"
2
N N S
Hol =
15 (XIIc)
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0 Laz?X(R2a)x NO 1 \ R2oa)v 10 (2z?X ( R2oa)v 5S5wherein each v is an integer
i ndependently selected fromO to 3, x is an integer selected fromO to 4
and y is wo2niegas selected fromO to 5. Yba is sel ect edTfuseom®@3m3r S. R2a
and R3 are defined as herein above. R2b is defined as R2a, wherein R20a and
R2b are i ndependently selected. In one exanple in the above structures each
R2a is H In another exanple, each R2b in_t eR%)ypove structures is H In yet
10anot her exanpl e, eadiv R3a aml eagh R2lf i the above structures is H In
yet anot her exanpl e, i nli( R2 b _jsp met hoxy. [0103] In
anot her exanple, Cy is\ 5-menbeyed Net er ar;ﬂ\/ntfi?zéﬁy of the formul a:
wherein Y4, Y5, Y6 and Y7 aré ne i ently selected fromsS, 0, N,
NR22 15and CR23, with the proviso~hat at |east one of Y1, Y2(dkd) Y3 is
ot her than CR23. Each R22 and each R23 is a nenber independently sel ected
fromaryl group substituents. In one exanple, each R22 and each R23 is a
menber i1 ndependently 42 selected fromH, substituted or unsubstituted

al kyl (e.@ghereimUbs R tRICeeh @id Qs dbfindd 4stiReifab&B. al kyl ), substituted or
unsubstituted heteroal kyl (e.g., substituted or unsubstituted 2- to

8- menber e@106 enpeH ckekhnpleSdebsididaubady of tHensbRsémbatigdnyrI°ol kyl (e.g.,
substituted or unsubstituted C3-C8 cycloal kyl), substituted or

unsubst i tiglasted from halogen (e.g., F, Cl, Br), halogen substituted lower C;-C, alkyl (e.g.,

CF5), lower alkyl (e.g., methyl, ethyl), substituted or unsubstituted aryl (e.g.,
substituted or unsubstituted phenyl or substituted or unsubstituted pyridyl),
substituted or unsubstituted heteroaryl (e.g., furan, thiophene, thiazole), OR”,
wherein R is defined as herein above. In a particular example, R' in OR" is

10 selected from CFj3, substituted or unsubstituted aryl (e.g., phenyl) and substituted or
unsubstituted heteroaryl. In another example, R'® is NR'R'®, wherein R'" and R'®
are defined as herein above. In one example, in NR17R18, R'7 is H and R™ is
selected from substituted or unsubstituted phenyl. In another example according to

16a .

any of the above embodiments, R™ is a member selected from halogen (e.g., F, Cl,

15  Br), substituted or unsubstituted phenyl and substituted or unsubstituted phenyloxy.

[0101] In yet another example, Cy is a member selected from:

o
—x

o

—X

©

X —Xx
on o
X —X
o

TO1
XSO X9 X5
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5het erocycl oal kyl (e.g., substituted or unsubstituted 3- to 8-nenbered
het erocycl oal kyl ), substituted or unsubstituted aryl, and substituted or
unsubst i twoediohetaroaryl . 1 n one exanple, R22 and R23 arPeTrusine32632
i ndependently selected fromH and substituted or unsubstituted Cl-C6 al kyl
(e.g., nethyl or ethyl). Each R23 can further be selected fromORl7, SR17,
NR17R18, C(0)R19, C(0) NRE#{¥8, 10 OC( O7NR{I7R18, C(O)gﬁi—?yﬁ NR20C( 0) R19,
NR20C( 0) OR17, NR20C( 0) F\18, NR20C( 7R18, NR20 19, S(0) 2NR17R18
and S(0)R19, wherein YOr 2, wh K17, RI18, Q/aild R2 are defined
as herein above. [0104] he conpound o he invention has a
structure according to Fornmula (XI11): 15R4A(XIT 1) einm n, p, A
Rl, R2, R3, R4, -5 I( R6 are defi bove. Y4, N6 and Y7 are al so
defined as herein abovye. [Ol05].4.n_ohe exafpl &,x4 he [compoind of the

& Fihs | B
R2

i nvention has a&tPUciure afico la) orlFormula (XI11b).
20R4( XI'1'1 &) RA(XITID [ : , R3, R5 and R6 are
defined as above. X1, X2, X3, X4, Y1, y2, y3, YXx 74 Y3 6, , Y and Y7 are
defined as herein above. further exanplle, the conpounds of
the invention have a stwweture 5 according t;o Formul a¥W V), Fornula (XV)
or Formula (XVl): (Rl),

[ e
T ——(R20a T ——/RQ20a
= (R« = (R™5N
g °
6/X7\ 8

X
&Z% ( RZOa)V ) %} (RZOa)V

5 wherein v is an integer selected from O to 3 and x is an integer selected from 0 to 4.
AisO, S or NR30, wherein R* is a member selected from H and C,-C4 alkyl (e.g.,
methyl). Each R** in the above structures is independently selected and is defined

20a

as herein above. In one example, each R™ in the above structures is H. XS, XG, X7,

39



(R2)g R4A(XIV) RA R4 or a tautoner, salt or solvate thereof, wherein m
g, r, R, R, R3, -..=1, 5 KR and R6 are defined as above. Y1, y2, y3,

y4, y5, -wWoYosnmided4 are defined as herein above. [0107] rcm/use@o@smapl e, Cy
or the moiety 5 in any of the above formul ae and enbodi nents, is a nenber

selected from WW W . 6 o7 g 0
X® and X~ are defined as herein above. In one example, X, X', X" and X" are

independently selected from N and CH.

[0102] In yet another example, Cy is a member selected from:

I X I X I X
(R20b)y | (R20b)y | (RZOb)y_l
= ZN 4
(R®3), (R®2), | ®=), |
\ \ \ N
[VAVAVAY ) SN ) [AVAVAN )




wWwW R22--N"N R22? N "N R22-- N Np O\ NS\ 4\ R23 ; R23; R23/ R23; R23; WN
%ul a%’ VA, WV R23; R23R23 ' 0 XN SV-N NN N R22-.. HN"NNN ZR22-. N /23 ; R23

\'s / R23 wB2sr2@6o1}- ( WWW PCT/US2010/032632
| AN | AN
(RZOb) | (RZOb)y |
' F F
0 N 0
[ > g
— RZOa ) \(RZOa)V
a R 2 _
D D
(RZOb)y | (Rgob) |
F ' F

N/\/ © AN NR®®
‘%7 )|\/\(R2°a)v | T,

. S
(RZOb) | (RZOb)y |
G F
N NR30 NR30
N/\/
| RN )|\/\(R2°a)v
RSO
Ill 5a



W Ww NN AN/ NN, Th"N s NN R22---N NN\1/ A'\/ R22; N=N; N=N ; N=N ;
WN'N NN \\/\\/ NO ; and NS, or a tautonmer or m xture of tautoners
t her eof , wbenmineR22 and R23 are defined as herei nabovePCT[I3208}031682 one
enbodi nent, in the above structures, each R23 is a nmenber independently
selected fromH Cl1-C4 al kyl and al kcF){>§3/.

(R®3), :
\ e) y5a
(T T
/ |
LL% \(R”a)x

2

(R20a)v ; and
N N
w D
)\/g/ \E//\(Rmb)v
% (R202),

5 wherein each v is an integer independently selected from O to 3, x is an integer
selected from O to 4 and y is an integer selected from O to 5. Y3 is selected from O
and S. R* and R*® are defined as herein above. R*® is defined as R20a, wherein
R*® and R*® are independently selected. In one example in the above structures

20b -

each R**is H. In another example, each R** in the above structures is H. In yet

10 another example, each R** and each R*® in the above structures is H. In yet

another example, v in (R*™), is 1 and R*® is methoxy.

[0103] In another example, Cy is a S-membered heteroaryl moiety of the formula:

S
N\
\@/YS
Y —~y6

wherein Y4, YS, Y® and Y’ are members independently selected from S, O, N, NR?*
15 and CR23, with the proviso that at least one of Yl, Y? and Y? is other than CR?.
Each R* and each R* is a member independently selected from aryl group

substituents. In one example, each R** and each R* is a member independently
42
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[ 0109] Exenpl ary conmpounds of the invention and their in vitro biol ogical
activities are listed in the table of Figure 1. 5 1In Vitro Activities
[0110] Cewoanr/renpounds of the invention exhibit vari ORETIUS20M01081532

bi ol ogi cal activities. Specifically, certain conpounds of the invention

i nhi bit binding of alpha4 integrins to their respective |igands. Those
conpoundsseigctediteapntl sesifted ertnsbhityed alkbﬂoﬁe-ge>é5§ﬁ1t@tﬁd ebrpwhsidstedf t he

i nventi on~i phi Bi i neli - ' i had4bet a7 or
VLA-4) to rﬁa?#%ﬁa%?tg‘}l@?i‘)%ﬂﬁ? Q@ﬁeéi#%g%&??’@r(g%é%ﬁsﬁfm M1 or MadCAM In
vi tr o assapsbdtinited Detodkine misered the @noadityl 5 yabstiaaéd wit drisabstiaited kyvdowikyln t he art

(see e.g., W2000/51974, incorpaorated herein by reference). Exenplary assay
formats afe-duBinedar pesubstiuied Lo-(es qycloafsylnpibsdtutes osamsubisiied] | n one

exanple, |G oCRIPANTS s Ol kR WARLIRR AN Rbls hLAGLEG of 15 al phadbet a7
to MadCAM in & Mad M%\dhem on assay (e.g., at least one of the assays
descr i bedhdatero&ychmplyds s@tianed 3)nswhdtitutedalyCH@d efibstiegesd dtharsuladtiouted 50 i .t M
| ess than about 40 i.tM | essx»th about 30 i.tM l.ess than out 20 i.tM
or 1 ess LHATOMBbAR o SXUmRE: R Gy o Teseit BUChdeTBrisbamaah ¢ he

i nvent i ongiaRBisbistinkédsti ﬁﬂu&ﬁiﬂﬁ&[’b@-@@%ﬂ@?é&@, M@ﬁ%{l étlﬁ'ylﬁ MASHCRAM @agdhesi on
assay with an I C50 of |ess t han 1;Oab%ut18 .t | ess 1% an about 8 i.tM

| ess t hanfugthbeiie selectedNyorm 88 ,tSRan HMBolR .6 (O)RM C(@R than about 5 i.tM

| ess than 14, 18. $Ssyb1d OUt B~ 171,858 apeut 2 i.tM or
| ess ]toﬂanogg(g)tﬁRiRi {:M’@ﬁ y % gmﬁ?e’;ﬁ%xg tdg% ’t]ﬁ% g&%n s’of the

i nvent i onNRAG(HINR ‘DR HINRE S00),RI D BEBHRRAR 't ondV  WheteiNadEAMradhesi on
assay with an 1CG50 of |'ess than about 0.9 i.tM |ess than about 0.8 i.tM
| ess t hanvB@eigtR 0.5 iRt ppd Resye defiinpdrpsdsesin 226 i . tM | ess than about 0.5
i.tM less than about 0.4 i.tM |ess than about 0.3 i.tM |ess than about
0.2 i.tMI[0lfd]a pwrere axamate, theanvplipeund hiethe drmsotieiBasof strugere pscerdingn i nhi bi t
bi ndi ng Ot%ﬁ%’%hﬁg%iﬁ?7 to MadCAM i n a MadCAM adhesi on assay with an |1 C50 of
| ess t han apout 0 tM (100 nM. In another particular exanple, the
conpounds of the invention inhibit Ri ndi ng Q[fp)%l phadbeta7 to MadCAMin a 30
MadCAM adhesi 9fI_gssay W an L C50 of| He than about 90 nM | ess than
about 80 nMé than a an about 60 nM | ess than about
50 nM |ess ! about : 2nM or | ess than about 20
nM |I'n anot hery’partig nmpojinds of the invention inhibit
bi ndi ng of al phadbetja7 to I a1 adhesi on assay with an |1 C50 of
| ess than about 10 Ié/l (vities 5[0112] Certain compounds of the
invention exhibit iR vi ‘f@ gi callRactivities, such as those descri bed
herein in Exanpl es 39-41.

15 R* (XIII)

wherein m, n, p, A, Rl, Rz, R3, R4, R and R® are defined above. Y4, YS, Y®and Y’

are also defined as herein above.

[0105] In one example, the compound of the invention has a structure according

to Formula (XIIIa) or Formula (XIIIb):

5
/Y\ 4 o o /
i )\
\Y7

Y
T N XS

(R")m

6
R R3 RS

20 R* (XIIla)
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Synt hesis of the Conpounds of the Invention [0113] The conpounds of the

i nvention can be prepared using nethods known in the art of organic

synt hesi swandioinese descri bed herein (see, e.g., Exanpl esTArst@od3)32 10 The
starting materials and various internedi ates nay be obtained from

commerci al sources, prepared fromconmercially avail abl e conpounds, and/ or
prepared using known synt heti c net hods. De, the conpounds of the
i nvention, as V\B|/T{ asg4all internedpat es, i{e synt hesi zed by known
processes using.e r sol uti i
procedures for piNe g c
follow ng schenes." [011

nal [y, as w e app rent to those
skilled in the art, conyenti onal rprot cting gwd)ﬁd(s may be necessary to
prevent certain functl ogal gr ndergoi ng undesired reactions.
Suitabl e protecting groups R&r varjous filhctional groups as well as
suitable conditions for protecting|and deprotecting particular 20
functional groups are well known igsthe art. For exanple, numfl%n)s
protecting groups are descri bed in T W Greene and P. G
Pr ot ect i ngh@einupsy, irrR ORGaRi, &' FrharhieR| w¢ daffiadchs BHotd. cPﬁ,,?ﬁVXe)X Néw York,
1999, and_ s efser.e 6Cl t her.ei 0115] In one exanple, the
conpoundeof ﬁe’n}w& ésﬁa@r ﬁB?Cgf)sal?eéﬁn&QE’YFg a 25 procedure outlined in
Scheme 1, ?8' ow, WD 2010/126914PCT/ US2010/ 032632 Schene 1 CH3 (R2)q
"0 In a further example, the compounds of the invention have a structure

5 according to Formula (XIV), Formula (XV) or Formula (XVI):

o=y 0 0 /
Y6
N )\N 7 N

(RNm

4 N
| =
/
RS R3 RS
R* (XIV)
(RNm
/YS\ Y4 /
Y6
N\ )\ / 1 2
Y7 N N I/(R )r
| P s
RG R3 RS
R* XYV)

5
R3 R (R?),

R* (XVI)
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(RR)q o THE (c¢) NH2 (a) H3CORCCORCH3 (b)

WO 2010/126914 PCT/US2010/032632

or a tautomer, salt or solvate thereof, wherein m, g, r, Rl, Rz, R3, R4, R’ and R® are

defined as above. Yl, Yz, Y3, Y4, YS, Y® and Y are defined as herein above.

[0107] In one example, Cy or the moiety

S
O

Y7\Y6
5  inany of the above formulae and embodiments, is a member selected from:
NS [aVaVa NS AV
R%2. )\ R?2 J\ R2_ )\ )\ )\
N
\—( \—{ \ NA —{ 3 —{
N N —N N N
R23 R23 R23 . R23 R23 .
[aVAVA [aVaVal [VaVa W [VaVaW [aVAV A [aVAVA
J\ )\ /k /k )\ 22 )\
Y SN NN N N iNT N RSN Sy
>_/ >_/ \ /< \ /< >_< >_<
N N @) S
R23 R23 R23 R23. R23 R23. R23 R23
VAVl aVVs V¥l e A
2 )\ /k 23
Ry N o Yy R® ( \/N R ( \/N R /N
R23 R23. R23 R23. =ES RZ R23
[a¥aV)
[aVaV) NN
)\ [aVAVA [aVaVa) [aVaVe
T A NN )\ )\
J / N—N N Ny, RZ N\
@) N N N N
HN N N A . \
R23. R R%Z: N=N ; N=N ; N=N ;
ann ane
)\ /K
N N N N
N\ |\
10 N—O ;and N—S ,
or a tautomer or mixture of tautomers thereof, wherein R** and R* are defined as
hereinabove.
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CO2C H3 H3 CO 2C (d)(e) [0116] In Schene 1, the amne (a) is
coupled to the dinethyl 2-(3- 5nethoxyallylidene)nal onate (b). The

resul ti ngvoebomata4deri vative (c) is cyclized in the presgruseriofhim3base,
such as NaH, to give the 2-oxo-1, 2-di hydropyridi ne analog (d). The
carboxylic acid group of (d) is utilized to forman am de bond with an
ani ne derli088]i vE onscorbndiraentnig thihebave suetyrestaseh BoyisfdreibRy a conmpound of

t he inven&g8¥?%%£¥%%&%%bgggggﬁgg%ga@é%gﬁig%¢ (a) in Scheme 1 can be

synt hesi ze one ‘by reaction with a

hydr oxyl o apd. sueequent, feduet i on, of, LSnEERILLWgEHIE (9. e-o.. as

outlined
activities are listed in the table of Figure 1.

S InVitro Activities

[0110] Certain compounds of the invention exhibit various in vitro biological
activities. Specifically, certain compounds of the invention inhibit binding of
alpha4 integrins to their respective ligands. Those compounds are termed alpha4
antagonists. For example, compounds of the invention inhibit binding of alpha4

10  integrins (e.g., alphadbeta7 or VLA-4) to their natural ligands, such as fibronectin,
VCAM-1 or MadCAM. In vitro assays for the determination of such activities are
known in the art (see e.g., W02000/51974, incorporated herein by reference).

Exemplary assay formats are described herein (see e.g., Examples 32-38).

[0111] In one example, the compounds of the invention inhibit binding of

15  alphadbeta7 to MadCAM in a MadCAM adhesion assay (e.g., at least one of the
assays described in Examples 32 and 33) with an ICsg of less than about 50 uM, less
than about 40 UM, less than about 30 uM, less than about 20 uM or less than about
10 uM. In another example, the compounds of the invention inhibit binding of
alphadbeta7 to MadCAM in a MadCAM adhesion assay with an ICs of less than

20  about 9 uM, less than about § LM, less than about 7 uM, less than about 6 UM, less
than about 5 uM, less than about 4 UM, less than about 3 uM, less than about 2 uM,
or less than about 1 uM. In yet another example, the compounds of the invention
inhibit binding of alpha4beta7 to MadCAM in a MadCAM adhesion assay with an
ICs of less than about 0.9 uM, less than about 0.8 UM, less than about 0.7 UM, less

25  than about 0.6 uM, less than about 0.5 uM, less than about 0.4 uM, less than about
0.3 uM, less than about 0.2 uM. In a particular example, the compounds of the
invention inhibit binding of alpha4beta7 to MadCAM in a MadCAM adhesion assay
with an ICsq of less than about 0.1 uM (100 nM). In another particular example, the
compounds of the invention inhibit binding of alpha4beta7 to MadCAM in a

30 MadCAM adhesion assay with an ICs of less than about 90 nM, less than about 80
nM, less than about 70 nM, less than about 60 nM, less than about 50 nM, less than
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NOHNH2 (0(g)(a) 15 [0118] Alternatively conpounds of fornula (a) can be
synt hesi zed fromthe correspondi ng ketone as outlined in Schene 3a, bel ow
WO 2010/ 62 ACIY1WS2010/ 032632 Schene 3a (k) (I') [Olre@ir/usmoiBobmar 3a, X
is Br or . RL and R2 are as defined herein above. In 5Schene 3, the

hal ogen-substi tut ed ket one (% s first converted to the al kyl-oxinme (i).
The hal og@@ub%n%&ﬁs Ban abot30aM wf ters ﬁlﬁ@tah@rﬂ&ﬂ%phx@oglerpawcalakyl group,
an am ne, | stries. In one
exanpl e, ef%[élpﬁglto e?ﬁ%@ ?&SO(%H%C E%E%nam}{% tabglré% %B{ %Bg\r%ﬂ%e or cycl oal kyl
group u5|Mgd@ASﬂmtkMadCAMzdli@sromap&yrvaacin Iy oflegs t;halerarmlmyom/l.a bor oni c
acid reagent (j) to afford anal og 10(k). The oxinme can subsequently be
reduced tg Vﬁ@AQ»ﬁbjﬁ@§pOﬂdi ng amne (1). [0120] In another exarrpl e, the

hal ogen of corrpound (h) is replaced with an am no_group g., using a
Buchwal d @118y cheracoypautds £ thednvesion sxhibidd viva bsz%ﬁ@ﬁ% asBVltlw ow. Schene

3b such as those described herein in Examples 39-41.

Synthesis of the Compounds of the Invention
[0113] The compounds of the invention can be prepared using methods known in
the art of organic synthesis and those described herein (see, e.g., Examples 1 to 13).
10 The starting materials and various intermediates may be obtained from commercial
sources, prepared from commercially available compounds, and/or prepared using
known synthetic methods. For example, the compounds of the invention, as well as
all intermediates, can be synthesized by known processes using either solution or
solid phase techniques. Exemplary procedures for preparing compounds of the

15  invention are outlined in the following schemes.

[0114] Additionally, as will be apparent to those skilled in the art, conventional
protecting groups may be necessary to prevent certain functional groups from
undergoing undesired reactions. Suitable protecting groups for various functional
groups as well as suitable conditions for protecting and deprotecting particular

20  functional groups are well known in the art. For example, numerous protecting
groups are described in T. W. Greene and P.G. M. Wuts, Protecting Groups in
Organic Synthesis, Third Edition, Wiley, New York, 1999, and references cited

therein.

[0115] In one example, the compounds of the invention are prepared using a

25  procedure outlined in Scheme 1, below:
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Rreducing agentRI\r", --, .. ... ... . ... .. ... .... "), .. "(R)mMNNY /Q -
RC(e.g., Ra-Ni / H2) RC NOCH3 15(n) (o) [0121] In Scherre 3b, Xis Br or I and
Ra and Rowenreiwmmedier s i ndependently selected fromH, sebstistanss2eaz
unsubstituted al kyl (e.g., Cl1-Cl10 al kyl), substituted or unsubstituted
het er oal kyl ? 2- to 10-nenbered heteroal kyl), substituted or

unsubst it ockemely| | substituted or unsubstituted heteroaryl, substituted or
unsubstituted cycloal kyl (e.g., C3-C o cycloal kyl) and substituted or
unsubsti t ut ed 5heterocyc|oa|kym3(e 9., 3- taorl04re @t het er ocycl oal kyl ).
Ra and Rb, together with the ni.trogen atom to they are attached, are
optionally joine n/qwm adtp 7-menbered heterocl\éI lic ring. Exenplary
het er ocyclic Hrzl-ngs i 16l ude pi peragzi nyl (g, . N-met hy N\t pi p&t azinyl) and

mor phol i nyl grou n Schene 3bJl the halogen X (e.g., ~RBr) of the oxime (i)
is replaced with an avi:ne ( M=C%Si n§O4& et al cat al yst, as a
transition netal ca&talyst to affeasd the amine (n). 'ka@zcoxuré foi ety of (n)
can then be reduced to the amine form ng analog (0). Catal ysts useful for

the above transformation are known to those of skill in the art. It is well
Wi thin the capabilities of aF@kllled person to select a tableocatalyst
Typical l'y, £ he Buchwal d or (Buch Idtyper%mnwll

pal | adi uwga%g{gy%eg» 3! dHarTs1—t—|—0ﬁ—15n’é‘f t alyst| cHin al so
be used. PorLCexanple, th art mat er icablingage ge heated to her with a
pal | adi um cat al yst, a pal | adi um |gand S48 bas I n one exanple, the

catal yst is palladiumacetate®e.g., Pd(OQAc)2) or a pall adi uf® phosphi ne,
such as

[0116] In Scheme 1, the amine (a) is coupled to the dimethyl 2-(3-

5 methoxyallylidene)malonate (b). The resulting malonate derivative (c) is cyclized
in the presence of a base, such as NaH, to give the 2-oxo-1,2-dihydropyridine
analog (d). The carboxylic acid group of (d) is utilized to form an amide bond with
an amine derivative incorporating the ring Cy, thereby forming a compound of the

invention.

10 [0117] Compounds of formula (a) in Scheme 1 can be synthesized from the
corresponding ketone (f) by reaction with a hydroxylamine and subsequent

reduction of the resulting oxime (g), e.g., as outlined in Scheme 2, below.

Scheme 2
X ®n NHoH H X ROm  reguction X SR
R : - L (RO
(6., LAH, Et,0)
o NOH NH,
) ) @)

15

[0118] Alternatively compounds of formula (a) can be synthesized from the

corresponding ketone as outlined in Scheme 3a, below.
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tri phenyl phosphi ne, Pd(PPh3)4. The reaction (i.e., replacing a hal ogen
with an am no group) can also be perforned later in the synthesis, e.g.,
after thewpyniodas®E420 ring has al ready been forned. [0122f/vAbdienszt: vely,
in Schene 3a or 3b, Xis F, which can be replaced with a thiol or an

al kylthio (hthl oether) group as outlined in Schenme 4, below. Schene 4

(a) NocH3 Schempeda H3 (s) (0 [0123] In Schene 4 t he quoro substituted
ketone (p) is fi rst co verted to the al kyl - me (q r?The hal ogen can then

be repl aced g y react nb\ ou d (qg) al kyI
thiolate KMy r n@ m@q% XCULCa, yl. sue ('Y 50

ethyl), to a r he th| oet her (s), Wnich cah be\\further e o] the
amne (t). The thigether group can optionally be ®NOGixzed to ) sul fzonyl
group, e.g., |&er in the synthesis, using an(oxidizing agent, such as
nCPBA, as outlined in Schene 5, below Schenme 5

, AN /(R1)m reducing agent X (RYm

R~ R%—

= (e.g., Ra-Ni/H,) =
NOCH3 NH2

(k) ()

[0119] In Scheme 3a, X is Bror L. R' and R? are as defined herein above. In

5 Scheme 3, the halogen-substituted ketone (h) is first converted to the alkyl-oxime
(1). The halogen can then be replaced with another group (e.g., an alkyl group, an
amine, or an alkoxy group) using a variety of known chemistries. In one example,
the halogen X (e.g., Br) is replaced with an alkyl or cycloalkyl group using a Suzuki
or Suzuki-type reaction, e.g., employing a boronic acid reagent (j) to afford analog

10 (k). The oxime can subsequently be reduced to the corresponding amine (1).

[0120] In another example, the halogen of compound (h) is replaced with an
amino group, €.g., using a Buchwald or Buchwald-type reaction as outlined in

Scheme 3b, below.

Scheme 3b
1 Pd(OAc),
(R? N (RY)
x5 NHOCH T HOL X P 5 Cs2C0s / dppf
= Rb\ /RC
0 NOCH; N
(h) () H (m)
R}, X /(R1 )m reducing agent Rb\ AN /(R1)m
N—— _ /N—I/
R° (e.g., Ra-Ni/H,) RC
NOCH3 NH2
15 (n) (©)

[0121] In Scheme 3b, X is Br or I and R* and R" are members independently
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[0124] Useful ketone anal ogs, such as (f), (h) and (p) in Schenes 2, 3 and
4, respectively, can be prepared using a procedure outlined in Schene 6,
bel ow. ScWerm10612691415 [ 0125] I n Schene 6, condensati on eCTiUseoi@losmhyde (u)
with malonic acid or a malonic acid derivative (v) affords the unsaturated
anal og (w). The doubl e bond can be reduced to afford the saturated

deri vat i vielecte frany & sybstitused grunsbstityed pkyb@d Hyde niaHgdhoHstingd @tan be
acconplis i v dnat | : ...[0126] In
anot her é§§ﬂ%?§?9%ﬁ$%§@§%bg%?f%ﬁgé6&%%%%%%%@&%P§?ﬁ§’?%&5%%?5% are 51 WO
2010/ 126 9d#REsTitliS? d/0)/s0B2bded pr epabatiutes hagraarys abetituted oout | i ned i n Schene
7, below. Schene 7 5[0127] In _Schene 7, (,}/ are defined as herein

. d Rl
above. | ninseEhdtes cyderticri(e-go Cetbs Y4 enlled KL pielpEp argngybriiisdeduced to
the o oRRABEICIhIAN ggg.?B- AR meBLEH hbér&ggegggll& R LRERPYGARRE (bb)

t hereby form g an cc). The nitro gro I's then reduced to the
cor r espondith thearrirogen(atichh, to[vi@8ihe ¥ hee atarina, aralptgndlidpinedl tGSmareet 7 can be

further comverled So.Lis thsecondary amng (8ehe ot ABbehia Y fm e (1D).

(e.g., N-methyl-piperazinyl) and morpholinyl groups. In Scheme 3b, the halogen X
(e.g., Br) of the oxime (i) is replaced with an amine (m) using a metal catalyst, such

10 as a transition metal catalyst to afford the amine (n). The oxime moiety of (n) can
then be reduced to the amine forming analog (o). Catalysts useful for the above
transformation are known to those of skill in the art. It is well within the capabilities
of a skilled person to select a suitable catalyst. Typically, the Buchwald or
Buchwald-type reaction will be palladium-catalyzed. However, other transition

15  metal catalysts can also be used. For example, the starting material can be heated
together with a palladium catalyst, a palladium ligand and a base. In one example,
the catalyst is palladium acetate (e.g., Pd(OAc),) or a palladium phosphine, such as
triphenyl phosphine, Pd(PPhs)s. The reaction (i.e., replacing a halogen with an
amino group) can also be performed later in the synthesis, e.g., after the pyridone

20  ring has already been formed.

[0122] Alternatively, in Scheme 3a or 3b, X is F, which can be replaced with a

thiol or an alkylthio (thioether) group as outlined in Scheme 4, below.

Scheme 4
]
(R") AN (R)m
X NoCHs tHO P 5 NaSR*
_— =
(r)
NOCH
© © @ 3
AN (R)m reducing agent (R")
S—o > S—n—
/ s / =
Ra (e.g, BHs* THF)  Ra
NOCH; NH,
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(dd) can be replaced with a halogen to afford the hal ogen-substituted
analog (gg) or a nitrile (CN) group, e.g., via Sandneyer or Sandneyer-type
react i onswoBhegremenver si ons are sunmari zed i n Schene 8pcChaiseno/3Behene 8
(e e)\fornmal dehyde, Na(OAc)3BH(f f) [0129] In Schene 8, X is hal ogen (e.g.,
Cl, Br or I) and Rc and Rd are nenbers 5i ndependently selected fromH,
substituted or unsubstituted alkyl (e.g., Cl-Cl10 al kyl), substituted or
unsubstituted heteroal kyl (e.g., 2- to 10-nenbered heteroal kyl),

substit utl@d23r ImSdissiei4 tedthoap-yubstisubbkdtons @ isdirstgrauesed toubed het er oaryl

substi t ut or_.unsubstituted cycloal kyl .(e.qg. - C.0 cycl oal kyl ) and
subst i ¢ ur ISPt Ldlo e pilogth R LRSS Konudefa i aipetils BB 250 T hper e
10het er ocgdtinal delpbundRey) aneh dRchikyiaBiSlRE ), WiHekeih RE imkﬂq.gn @Gatom to which
they are attached, are optionally joined to forma 4 to 7-nenbered

J ] .
het er gcycalkd, suchgs nfetn3 o] ethil) atedatlived thestainpther (), fdidoeaderdaghat ¢ he
i nvention r i . pr e | i 9, bel ow.
Phenol i c Iﬁgﬁcfﬁeg%ﬁggarnglg%gia?gev%rlc%ggegzgoﬁiCtaﬁ;éhjg&%ﬁlgt%e% X% gic%alae can be used
t o at t achsulfohiindeeiip, e, dhtgr insthie Byrakesss, psing ac beidizlind spegt, sudbos- pr ot ect ed)
am no-ethyl ene or -propyl ene glycol noiety, e.g., via a Mtsunobu or
M t sunobuPfyBeé peg 1P‘Efﬁ%“§@?‘é‘? SeBYPVi ng, the amino protecting group can be
renoved to afford a primary am no group, which can be used to covalently
attach th¥chesrpound to another nol ecul e, such as a second conpound of the
invention (to create a dineric inhibitor) or a branched Iinker nolecule
(e.g., WO 2010/1269}4PCT/ US2010/ 032632 gl ycerol) to credbe a conjugate.
The linker can be-/ysedsto govalently attach one Qr nor ddi ¢i oral
vent/i on to cr eabRizfg B3¢ht | mero gl cpr e D peri g, and

I O ant 2goninst S and—therr=synt heges’ haye bblen esd;{ri)ﬁed
e.g., in WH2006£010084_dhd W2005/ er0erERAt he discl OTr es ich 5are
incor];S)orat ed herein by reference in their entirety. Schene 9

[0124] Useful ketone analogs, such as (f), (h) and (p) in Schemes 2, 3 and 4,

respectively, can be prepared using a procedure outlined in Scheme 6, below.

Scheme 6
O
(ID Q Q Base
A + —_— XYY NoH
| HOMOH - »
(F{2)q O) ! (e.g., piperidine)  (R9)q™0 P A
(u) (v) (W)
O
-H,0O AN
reducing agent TN OH 2 (R?) ' R’
T Ry, T L~
q 7 R! (e.g., P,05)
(e.g., Hy, - Pd/C)

[0125] In Scheme 6, condensation of the aldehyde (u) with malonic acid or a
malonic acid derivative (v) affords the unsaturated analog (w). The double bond
can be reduced to afford the saturated derivative (x). Cyclization of (x) to the

20  dihydroindenone (y) can be accomplished, e.g., using a dehydrating agent, such as
P,0s.

[0126] In another example, amino-substituted compounds of the invention are
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[0131] Further, conpounds of Formula (la), Fornula (la'), Formula (Ib) and
Formula 10 (Ic) can be synthesized followi ng the procedures outlined in the
above schwoesiuRbng the starting conmpounds shown i n Scheae/ k801088282
conmpounds shown in Schene 10 can be purchased from comercial sources or
synt hesi zed using the methods discl osed herein or nethods known to one of
skill in RiRRareg psingg peagadurg outlinpeh iy peherst’} @alowconposi ti ons [0132] The

i nvention further provides pharnaceutical conpositions including a conpound
of the inyehemesh, e.g., those of Fornmulae (1) to (XV), and a

pharmaceutically acceptable carrier. Pharnmaceutically agcepiable carriers
are described herei ng!A pharmaceuti cal conposi%&gn of tihle i veqﬁjon may

i ncl ude one or nore 5onpounds of the inventio é' " TomW'th one or
nmor e pharmaceuti call acce@%gghﬁﬁ§ﬁrriers an t hér akbive

i ngredi ents. O5f C of tdpd~ en may_be admini-st er ed
orally, topicall arenterally, by inhal aN or spraypppppestally in
dosage unit formul ati ons containing at |east one pharnaceuficflly
acceptable carriez) The term"carrier" incl(ffes adjuvants, diluents,
exci pients and vehicles. The term"parenteral"” as used herein includes

percut aneous, subcutaneous, intravascular (e.g., intravenous),
10i ntranuscul ar, )i nt r at hecal injection or infusion tRBhni ques and the
l'i ke. The pharnmeCeuti ¢al Qonposi t ir@nsnggyehei ni ng conpgyrds of tthe invention

may be in F t arC¥r al—use—for-ex :
Iozenges,oggt\ég orNoi|y ﬁhspensi@@ssndhspersiU1é7b6\ er § or ngnuIes,
enul sion, hard or so tapsul es, or syrups or eli«xi 15[ 4]
Conmpositions intended for oral use may be prepared according to any mnethod
known to the art foe) the manufacture of pharnmaceutical @@npositions and
such conpositions may contain one or nore agents selected fromthe group
consi sting of sweetening agents, flavoring agents, coloring agents and
preseryvatig¥27] In Scheme 7, Cy and R! are defined as herein above. In Scheme 7, the

abllet trogches,

nitro-substituted ketone (z) is first reduced to the corresponding alcohol (aa), which
is coupled to the pyridone (bb) thereby forming analog (cc). The nitro group of (cc)

is then reduced to the corresponding amine (dd).

[0128] The amino analog (dd) of Scheme 7 can be further converted to the

10 secondary amine (ee) or the tertiary amine (ff). Alternatively the amino group of
(dd) can be replaced with a halogen to afford the halogen-substituted analog (gg) or
a nitrile (CN) group, e.g., via Sandmeyer or Sandmeyer-type reactions. These

conversions are summarized in Scheme 8, below.

52



agents in order to provide pharmaceutically el egant and pal at abl e
preparations. 20Tablets contain the active ingredient in adm xture with
non-t oxi cwpharomeaut i cal | y acceptabl e exci pi ents that areTtdaisediabbmss3tor the
manuf acture of tablets. These excipients may be for exanple, inert

di l uents, such as cal ci um carbonate, sodium carbonate, |actose, calcium
phosphat eSehemesti um phosphate; granul ati ng and disintegrating agents, for
exanple, corn gtarc ,.0F al ginic acid; binding agents, for 25exanple
starch, gelatih or _acdcia, and lubricating agenfs, fr'mexanple magnesium
stearate, steldjc/acid tipl c. . The tablets nmayNbe /untoatled or they may be

coat ed by known i . Nﬁ/s%ne—ease5>sﬁbh c&EFP'o ﬁ/ﬁr%pared by
known t echni que de\gﬁ di ¢i ntegrati on and abswerp ion\id t hel
gastrointestinal tract and therekssupreuhidaioa sustained attion over a |onger

period. For exanpl efeen ti . ayrm3derptie NagdAcgBBh as(ffyl yceryl nonosterate
or glyceryl distearate may Ye enpl oyed. [0135] Fornul ations for oral use
may al so be presented as hard gel atin capsul es, wherein the active
ingredient is mxed with an ivnert solid diluent, for exanple, 55 calcium
car bonate, cal ci um phosphate or %orTn or as soft gelatin capsules wherein
the active ingredient is mniedg eryor oil medium for exanple
peanut oil, liquid paraffin o NONY mil ations for oral use may

al so be presented as | ozenges. gueébus suspensi ons contain the

active materi aP&9M8Y%dni xture with excrpi ent \suj t abl S2rdeyerHwe cture
of aqueou$SIEPEHET SRS CUS exci pi @Mt spar e su %ﬁdgﬁgoécg‘gﬁﬁeggugﬁ%& anpl e

sodi um car boxynet hyl cel | 41 ose, met hyl cel | ul ose,

hydr opr opyl - met hykigel | uf ose, sodi um al gi nate, polyviqyﬁgyrrolidone, gum
tragacant h and gum ac cig; di spersing or wettiNyg age e a naturally-
100ccurringxs-g\ Jat ije, [[f or cgxanpl e, |ecithin, pyoduct s of
an al kyl ene on ' atNy acids, for exanple Stearate,
or condensat ies prodyct's df ethyl ene oxide with Nes

al cohol s, for exanpl e heptadecaet hyl eneoxycetanol, or condensati on products
of ethylene oxide @dth partial esters derived fromfatfy acids and a
hexitol such as pol yoxyet hyl ene 15 sorbitol nonool eate, or condensati on
products of ethylene oxide with partial esters derived fromfatty acids and
hexit ol aifh®r i teSchefers, &xiamplogeptl.3.eChPBrend wdiiand R monoombartse. The

aqueo suspensi ons | so.contain pne or re servatiyes, for exanple
ethy|%§oﬂnagﬁ?gﬁﬁﬁ”ﬁﬂ%%836%§ﬁgﬂ@@ﬁh@?ﬂﬂﬁﬁmﬂ%%ﬁﬁ?%ﬂk ﬁSﬁPgéié@ents, one or
nore flavar{ingupdRnts or @dbaNee@he@Riaf 3L 2NbNY-AEEBESd Such as sucrose
or 205acchar|n.ﬂ$0137] G |y suspensions nmay be fornul ated by suspending the

active i npterdilisyl.ssupsiitated @gonsubbtetutgdlarylf swbstetutedior ensybsdtutesl oi |, olive oil,
sesanme oil _or coconut oil, or. in a mnperal .oil h as liquid paraffin. The
or 1y suspisEPufE Y lonpRlnl P RAlFHE Can AP Rkl M, 8850, har
par af fi n Qibst@iedlor ahaobolutedRoRedSRBIcALKyRGEN! 3- taN0-membered

10 heterocycloalkyl). R®and RY, together with the nitrogen atom, to which they are

attached, are optionally joined to form a 4 to 7-membered heterocyclic ring.

[0130] In another example, the compounds of the invention are prepared using a
procedure outlined in Scheme 9, below. Phenolic hydroxyl groups at various
positions on the molecule can be used to attach a linker moiety, such as a protected

15  (e.g., Boc-protected) amino-ethylene or -propylene glycol moiety, e.g., via a
Mitsunobu or Mitsunobu-type reaction. After coupling, the amino protecting group
can be removed to afford a primary amino group, which can be used to covalently
attach the compound to another molecule, such as a second compound of the

invention (to create a dimeric inhibitor) or a branched linker molecule (e.g.,
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25f | avoring agents may be added to provide pal atabl e oral preparations.
These conpositions may be preserved by the addition of an anti-oxi dant such
as ascor bwo 200136914 0138] Di spersi bl e powders and granul esTaiseaiabobzst or
preparation of an aqueous suspension by the addition of water provide the
active ingredient in adm xture wth 30a dispersing or wetting agent,

suspendi ngyeﬁjelhto elRefe grrenivratipdbe hpkayeay he ugaskto cayalenihi atagh epeeisi ng or
wetting y al ready

ront | oned aBcgglongt AR ARE M En o ARES Il RredBBR ! P aver i ng
and col orDigeragadtnsyltimeyc attsghrbaeltztg"oe&&rﬁnd thélﬂ%&;]thd?émltava@em i cal
corrpOS|t|ons of the invention may a be in the f oi | -ih-water

enul si onsdesqRedsi §-yinph 92E0HE Ve aad\%@%@%@@%ﬂt thﬁfhsﬁloﬁ’tlrﬁ%i?%'fv i5h or
5m xt ur es, 0t LRESGed BULE I%feegmgsﬁ{%irr&gtlpegfnt s may be naturally-occurring

guns, for exanple gum aca ia or gumtragacanth, naturally-occurring
phosphatlg&% fspr exanpl e soy bean, lecithin, and esters or partial esters
derived from atty aci ds and hexi toI anhydri des, for exanple sorbitan
nonool eat e, and condens&ti on products of the said par.ti al esters with

et hyl ene oxide, fo xanpl_eoypol y)mw °ene sorbjt 1Q agoe The

emul si ons may ér\s swe:tf—het?);—ﬁg—&n-d Pha EDQ n[ 0140] Syrups
and elixirs may be mJI af ed withosneet eni ng agent s=for exanple glycerol,
propyl ene glycol, sorbitol, glucose or sucrose. Such fornulations may al so
contain a denul cent, a preservati ve and flavoring and coloring agents. The
pharmaceuti cal c¢oppositions may in the form of pan sterile injectable

aqueous or 15oleaginays Byspen st Oh‘h’ suspens n fray n’@_%%:ﬁ %\/%BOC
accor di ngRtse-1 k N J8i ng—those—sui t' (S IN1g~or 14

agents and s endi g Agent s t hat™hai'e been menti oned” above. The sterlle
i njectable preparation may al so be a sterile injectable solution or
suspension in a non-toxic parentally acceptable diluent or solvent, for
exanple as a solution in 1, 3-butanediol. Among the acceptable vehlcles

20and sol W&As Frsherneamnaundnef iRpmglala. Temena () ngrmuda db) and ksimahg
I sotofy C 8%11!'%13 ng:}ttﬁégl f§l%\’t)1tn %%ﬂo@ecﬁ?&' JuliHe ﬁttferabg@e th'eﬁlggu%] %alear e

conventi o a l'y enployed as a s t or suspendi ng medi um S purpose
any bl andst:irtmgdompbundayhdum enpdheyed O 1Sokludompowyln shetn o $aemedd can be

di gl yceri de addi tion, att acids such as oleic acid find. use in the

o opar at | BCred i BoaBratial Sutdes DA Iy AREeR SBHECGPT: PRI b rmy

al so be agdpinBisStRIvatol dhe P SkiflGh Mekt suppositories, e.g., for rectal

adm ni stration of the drug. These conpositions can be prepared by m xing
the drug with a suitable non-irritating excipient that is solid at ordinary
terrperatu$<é§nwu1t liquid at the rectal tenperature and will therefore nelt
in the rectumto release the drug. Such materials include cocoa butter and
30pol yet hyl ene gl ycol s. [0142] gc}rrpounds of th(e{1)i nvention nay be

adni ni stered parenterally@rlle | m (R%),
Cal @2@
R1b

Pharmaceutical Compositions

15

[0132] The invention further provides pharmaceutical compositions including a

compound of the invention, e.g., those of Formulae (I) to (XV), and a
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medi um The conpound, depending on the vehicle and concentration used, can
57 either be suspended or dissolved in the vehicle. Advantageously,

adj uvant sweuetv/asvihocal anesthetics, preservatives and lpafifuseomn@3mgent s can
be dissolved in the vehicle. [0143] For disorders of the eye or other
external tissues, e.g., nmouth and skin, the fornulations are preferably
appl i ed aRhazmpesptiedly agesptatdp eapyier. Fhearmaseutigpllycaceentible carsisrssie scl er al

supposito . t.alni Y| i . ed| iy of , for
cxcanpt ¢, ISR, AR L S OGRS hS ot AhBlnchlER e LU LY
0.4 to 1580méne.cobeandsa il iavadionrin assooiatibmrefth,ont bemaed | ve i ngredi ents may
be enployed with either paraffinic or a water-m sci bl e of nt nrent base.
[0144] A RheFrRageuiedily aceetable £3{igrs;ang caUPERY Ohe ey Ngiemisiit ed in a cream
with an 100il -in-water cream base. If desired, the aqueous phase of the
creamYbas@lddly Thetemaeoundppef digamysneonmay dgedmyoyeigdwraly. toppsilyhydri ¢

al cohol s I VGOl -1 3-di ol tal, sorbitol,
glycerol,&%gpégyﬁ;ﬁﬁﬁ%ﬁgﬁ?%%ﬁB§WénE&%@ Hgéogﬁéﬁégﬁ?ﬂﬁﬂgﬁégpical formul ati on
may desi rabkamingat leae oae pharpauadicalvhaBp@bleaants. Ahs @it icamiesr penetrati on
of the active ingredient through the skin or other 15affected areas.

Exanpl es laf:luéwﬁc‘w&ma@lh&@ﬁe%%flp%tﬁ apth MetHelet sTheerm drargnted has Wee f oxi de and

rel at ed : d S i adm ni st ered
1991§ci1ucﬂé-:g§ﬁfc9%9&lﬁ ﬁlbegﬁahé&ﬁ, m&xﬁagﬂgﬂﬂ(e@aqnﬂ&%@ﬁ

by a transdernma ice. Preferably topica mnistration wll be

acconl i singdmusiutyy, @ ipadtbécabingdvéion of infineon eskeryaisranditice Iger dile nenbr ane type
or of a ag{id mat.ri x varLeéé. | n.either case, &Ge act.ive agent is delivered
cont i nuouRIMASeHEB GOPRES HRLEPBITNG FORPRIGE R BTTRETIRP B Arenbr ane i nt o
the acti V@rﬁ@ﬁﬁ&bl@ﬁfr%@zﬁ%‘sf,ff@fﬁ@%p&’&_as VBl tﬂoéhés[‘lo%élfge@, uwddshrbhe skin or

mucosa of the recipient. e active agent is absorbed through”the skin,

a cont r ol Juspenaivds.sHspdesi@e powdes o granvlesteaulsion.ihaed eigpefitcapsilesdai ni stered to
t he recipi§gtk)%ﬂ Ipe case of mcrocapsul es, the encapsul ati ng agent nay
al so functidn AS tHhe menbrane. The transdermal patch 25 may include the

conmpoynd i n sui tabl.e sol vent systemw th an adhesi ve system such as an
aorylic dfipdh ohomandtianypicpaet & opliiamathe PEPAISRENENSFO M emul sions. of

this i nveRtingd kABWn REME ARTH thehefufdcrme KNWmhAGtiesi8RpSsiliBnPardgnown manner .
Wil e the phase may conprise nerely an enulsifier, it nmay conprise a

m xt ur e ofuchrompagtionsmeayeantan bieer mprehngants a¢leged biom tbe gvduph both a fat and

an oil. Pcro%f er.abl %l Weate30hlydr r?tphtb IViOc enul é f ioﬁ)r. i s fi: qcl?l u&:lerd J-0get her with a
|'i pophili<T & ?%?_%ef, i Sct Y °H8E 829ty FT%F?}}? spﬁfgﬁ bFeferred to
i ncl ude bolehtsan ofdel tapdvide phhrmato@Rian e eleghht@ng philagibfd BefaFitionst h or wi t hout
stabilizer(s) make-up the so-called enulsifying wax, ,
20  Tablets contain the active ingredient in admixture with non-toxic pharmaceutically
acceptable excipients that are suitable for the manufacture of tablets. These
excipients may be for example, inert diluents, such as calcium carbonate, sodium
carbonate, lactose, calcium phosphate or sodium phosphate; granulating and
disintegrating agents, for example, corn starch, or alginic acid; binding agents, for
25  example starch, gelatin or acacia, and lubricating agents, for example magnesium
stearate, stearic acid or talc. The tablets may be uncoated or they may be coated by
known techniques. In some cases such coatings may be prepared by known
techniques to delay disintegration and absorption in the gastrointestinal tract and

thereby provide a sustained action over a longer period. For example, a time delay

30  material such as glyceryl monosterate or glyceryl distearate may be employed.

[0135] 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,
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and the wax together with the oil and fat make up the so-called enul sifying
oi ntment base, which forns the oily, dispersed phase of the cream

fornul at iwo010Er18i fiers and enul sion stabilizers suit @blrastaw/os=e2i n t he
formul ati on of the invention include Tween 60, Span 80, cetostearyl

al cohol , %%l styl al cohol, gl ycer%/ 5nonostearate, and sodi um | auryl

sul f at e, Wi CaEteBnts. cajgipm phosRhatest kaplin. AbRe salt edatt capseles phereihe

formul ati r s, since
B A R s R L W
phar rraceulﬁqlﬁ@balafﬂﬂ & adive fodir motraﬁllaﬁm fbﬁoMEﬁse ﬂl@V\alsd'buﬁreséﬂﬂ@i or eam shoul d
preferably be a non-greasy, non-staining and washabl e product with suitable
10consi stléﬁ‘age% ‘0 avoi d | eakage fromtubes or other containers. Straight or
branched chain, nono- or dibasic alkyl esters such as di-isoadipate,

i socetdy| 943G awuew@pgneéﬁ@nwoy@ém thgiaggyematsrialsde sdntxtyrameith aci ds,

i sopropyl I a ar at e

2 ot hyl et SlfiaiedBE e sl bP ARl R PRtk “hcn lnlon U8 2

These naysuspendsifacheahnfer example @@H’@mmatboﬁpmd&;pﬁjaﬂulbge, orethdtdimlgeoper t | es
required. Alternatively, high nelting point ids such as white soft

paraf f i n BaPRsPPY i dColi s $qdigp atsies. Pﬁiyﬂé} iﬂ*yrm lideng #4Mpe used. [0145]

For mul at i @, %erel %ﬁf%&nfagg cid: leénpngréa&m]&ﬁﬁéég%{ci s){)&vegﬁm%ﬂ al so include

eye drops e active ents —are spended in
sui t all e wumrgrphoe[ﬁpade dbt e;xampleadpwhus osaindemtatibopradoets@ftm ve i ngredi ents.

The anti-infl anmmto Qactiye.ingre preferably present in such
f or nul atlfﬂ el?%maéf‘cwﬁhi?ﬁyr%ce OFPr agp i?’oi‘@f@} ylﬁﬂ‘?/%fﬁ%%ﬁe sly 0.5 to 10%

and part '&iﬂh@ﬂslaﬁo@ﬁ%ﬁﬁctg- oP¥nYeHE oXiBE whihabaP& Qlﬁh‘dfl@@l@@l%ls tthe active
compounds of this combination invention are ordinarily combined with one or

nmor e adj usrkanIpie ]mppqd@paqﬂml@ep@yqetﬂ@ol @dF@alee@tlpo@ugifS Oééth}’lﬂnstorialel on. The

comoune, R UL UGk FRGLSRE 3 5E0R S LA KSR S0l o oo

magnes Ur@o?ﬁlﬁﬂhﬂin@oleﬁt%gélﬁfdndéﬂs@ﬂérﬂpmdﬁaﬁbﬂéfhfﬂ@ﬁfe 6ﬁh§wmpaﬁiau éstélfs phosphori c
and sulfuric acids, gelatin, acaci ahy%um sodi um al gi nat e,

pol yvi ny! §syved foavlaey agids Aeg hesdtoy gitygrides, EgIesRmplernel Yeereneaortited or
encapsul ap,e, f0f; %&@FS&% @é’éﬁs ?é{ ?tals8ant§H1C&BCoqgig&la§§es9J elgj\?ég' ets may

contain a contro ease on as nm oVl ih a

di sper si ofor e;fana;ﬂé Ethel, oo mgeomyd piirydiydibenaoateo piyd mhh[}élcohﬁirﬂglﬂgaﬁe, one
Forrmul ations for parenteral administration may be in the form of aqueous or

non- aqueUBOF By BAREagnEY MIbONTERUIF SHELERIE PR SHIsUsHERST Bhs. These
sol utjppnsgangdguspensi ons may be prepared fromsterile powders or granules
havi ng one or nore 59 of the carriers or diluents nentioned for use in the

formJIatl I ni T ?@ﬁ dijsspl ved in
et or - polyaThy PUSSEipe BN og BEH-ARIe S, SRARHIER HRl IR EURIR' (07, onseed
oil, peanmta \mgl:tablseﬁlafm e@hmplelmmgsl oiE.bh@ehOﬂl ,sesmtH ol horcdvlcotiut@él, olindy or
varl ous buffers., Oher adcli uvant s and nodes of ] ] ]
mineral oil such as liquid paraffin. The oily suspensions may contain a thickening
agent, for example beeswax, hard paraffin or cetyl alcohol. Sweetening agents and
25  flavoring agents may be added to provide palatable oral preparations. These

compositions may be preserved by the addition of an anti-oxidant such as ascorbic

acid.

[0138] Dispersible powders and granules suitable for preparation of an aqueous
suspension by the addition of water provide the active ingredient in admixture with
30  adispersing or wetting agent, suspending agent and one or more preservatives.

Suitable dispersing or wetting agents or suspending agents are exemplified by those
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5admi nistration are well and widely known in the pharmaceutical art. [0146]

Dosage | evels of the order of fromabout 0.005 ng to about 80 ng per

ki | ogr amwb 2boidipcanei ght per day are useful in the treat memtusediobms3di seases

and conditions described herein (e.g., about 0.35 ng to about 5.6 g per

human pati ent per day, based on an average adult person weight of 70 kg).

The anpundlregdy geptionedpbpyyyrdddidpral exapichgyfosexaapisisweefeningHlaveengar ri er

mat eri al s_ 1.0 i formw Il vary dependi ng upon the host
o oRL R FaP S HCBERAS "bosage unit 1

treated an adm ni stration. Dosage unit fornms will

mar cai entt o Rl EER LA B P b P X RS e dr dbces. per

day. |n tHieicaser ehublong. TOHIlY pRAS mdytbeByegbRbRIES @Tahinerd eilappl y a
15t opi cal preparation of conmpounds of this invention to the affected area

one t @ fourxtyespkthgsed ypitaplg pasifygrgnagentsinerysbesipturalhy-ecqusring gwas.at i on or

i nsuffl at} | Ut n S hons. .1 n. igally
acoept abl 5 SyUEG 05 Sg Ll AR AP RRIA R B AR TREE B2 seers.
The | i quiekaaiplesalyitdadaqmsi, ah®Bstev®y padial &itdis Setivedldten 20typleatsrmadeut i cal |y
accept abl e exci pients as descri be above. The conposjtions nmay be

adni ni st efEHobyniyydidey forerample wsbitanapearleay prd egidenstian Prdug Sf eni ¢
ff t. iti . i . . d,
o0 car L PR RN AR BRI IRE 8308 opor 22

and breathed d romthe ne zi ng rizi evice or the

nebul ilzi ngouei¢ate Heyerndsiant mehetiotcont@inf sxcetraslg andritavoring amgeatsni t t ent
positive pressure-breathing machine. 25[0148] It will be understood,
however, [0h40] t Beruppend Elixirsdasebd fevialilafedrwisnywdesntingCadears, foatkamplew | |
depend upon a variety of factors including the activity of the specific
conpound EHArely BippYieRe chigel: syBHYl SFestor SBeRts: aSuChémLﬁ?twgléﬁ}aYOﬁls&, time of
adm ni straf. 0 Y ta . cHet.i on, drug

conbi nat i%trlllltagﬂ dtéﬁgfcgrét\’/épfeggl?vg?%%@ f})ag?{l{lgf%l?daéﬁgéﬁée)%gsegéu%ergoi ng therapy.
30[ 0149] Hormachoiicdl sbmabdsioonst manbmmnhtherformacti nwdrie injéeatldonpesut oon may al so
be added to the animal feed or dri.nkin ter. It may be conyenient to

f or mifPat eOIF%énO&HiSH%Hen?l%d%g‘ﬁd“WPﬂR‘? H’g’lg\}?ﬁm?‘éﬁmlﬂ%}ﬁ%%ﬁoﬁl%? @B\LP%{’P t he

ani mal t akegihdihdse SIBORREWe! SR d¥wABRE ORI sHYRAlInG Yo&ts tHaehHRMPOSI ti on
along with its diet. It may al so be convenient to preSent the conposition
as a prenbeenfraantiguieti abioyer The sthislefimjectable paypardtion gnayetlsr be aseleds 5[ 0150] The
conj ugat es. OL@ fhi 5 invention.are ant i_tci Fat ed th exhitb?i%t% ilnhi bition, in
vivo, of BERESIGIRIEIN L GRBEDT L T b WS A Ve R He R by i nt egri ns,
al phadbet @lveandoM:Antpldd LHMRINI ihi1VEbRhMAIINY ArfordehtBe hétep@blenehRI&S er abl y,

t he conpounds of this invention can be used in intravenous formnulations for

t he t3eat sl vsntsdha senyere areripyadede Bptes RIRZETISEHION SN FsOlINiGdEsm i nvol vi ng
| eukocyt ec%%ﬁ%gﬁfdstﬁgh érﬁg&ﬁtia{,%%%%e?%ix%@%llyg% b drRBRR g &FRSES 1N

manmal i an
solvent or suspending medium. For this purpose any bland fixed oil may be

employed including synthetic mono-or diglycerides. In addition, fatty acids such as

oleic acid find use in the preparation of injectables.

25 [0141] The compounds of the invention may also be administered in the form of
suppositories, €.g., for rectal administration of the drug. These compositions can be
prepared by mixing the drug with a suitable non-irritating excipient that is solid at
ordinary temperatures but liquid at the rectal temperature and will therefore melt in
the rectum to release the drug. Such materials include cocoa butter and

30  polyethylene glycols.

[0142] Compounds of the invention may be administered parenterally in a sterile

medium. The compound, depending on the vehicle and concentration used, can
57



as asthma, Al zheiner's disease, atherosclerosis, AIDS denentia, diabetes

(i ncluding acute juvenil e onset diabetes), inflamuatory bowel disease

(1 ncl udi ngouboenedlsve colitis and Crohn's di sease), mnul PCPlus2610/082605i1 S
(M5), idiopathic pulnonary fibrosis (IPF, also referred to as cryptogenic
fibrosing alveolitis), rheumatoid arthritis (RA), 15tissue transplantation,
tunor netd8ends suspendgdiogdissetpedsin therehglpt Aslvanipgeoptal adipantssuelbre, and

th S gre . S Lasis.
yocar di Ay S AR hles DRI dldSurleBbl Ao e B R A B ebia P e
whi ch i dul t [.rat i st d T d d
phar mace DLE3 "FE PR S L3 C bl P UERR TN RomolErEERRE Ty “lser u
in the treahiRAbnOre BRifEhbIgAFPlaY 3 a@i’b?ieaﬁg%, spfayt BigtrHdRPRERAGULY ANt est i nes,

such as inflanmmatory bowel diseases (1BD), including Crohn's disease and

ul cer at i vesaspl supgositony Sentpinthera¢tbreyngsdientsdn 8 sefslampameps foro t he group of
di sorders I ] bfd;p i nfl r y
mani f est e%}a\ih\}%ﬁ‘%%?jrg}g? gﬁs‘% ‘%]/ﬂ‘}cf Eﬁeg%ﬂr%gga({)%g)m nawgragﬁp@ggﬁlgf%gﬁﬁ ,O?quoar r hea,
wei ght | oE®% awtel. Whica $binnAdted lreadbingnent, BRE hsive iddedibhieaiadywe ehgldgetior two
simlar diseases ternmed ulcerative colitis (UC) and Crohn's disease (CD).
[ 0152] Cr oiith &ithgr parpéianic or 3 WA IHSeble figMeALPsedi sorder that results in
inflammati on of the gastrointestinal (G) tract. A though any area of the
G tract @dd4beAltaneivady, theastigsngredinnt may berfpanylated fipa sypam withaest i ne

and/ or, col.on. ' I , | .| r f L nt i ne may be
involol\ped,(ngir;de%1 %{arglgm?z}%pfgeﬁﬁigéruseng?&]%egﬁoﬁlﬁ P E%S\%é) ﬂ%ncr%%?\tl)\%geénrﬁ at ches of

di seased inoet, folanplasigedst 30%dv/mw dfhh gdliyeisic Scolblesuos asp@pdiehé ssuri ng,
fistul ae between di sease tracts and adjacent structures (i.e., bladder,

ot her bov&lycd ytiwier §3-digli mynniied sepitobszyceesd pRlysthviene elyerlepdi cal Iy present
b i ol . ‘ e )
Wi th di arniedes galé%g)g"l't‘)}% to@@éﬁoﬁﬁﬂéﬁ\%{ : E§ dés‘?x%ﬁlg J&ﬁd%??ﬁﬂhﬁﬁd, Rald usual ly

is insidious an assocl at e a tender, | tory mass. Fever,
wei ght | cshanes ehwirptiansqr peeetraivalof thesdctiva e gaettiéro thrbu gsthe ekinantoktrert i s, and

eryth dosum are 5all c I een. There is considerable norbidity
asso&%g?e%?qﬁ@ﬁr%,ﬁ’ﬁé?ﬁl?%?ﬁsgﬁ? ae'fxﬁ?B%qtréﬁ?%e WY IEEESe not control |l ed by

current | ygigedyi /itbgiad raH@§e1atb@aﬂﬂogs5%h@fcoef?bhﬂgt§ ¥ iﬂ%eﬁ@@&?fs@ta@s&& severe

di sease require surgery and up to 75%to these patients w experience

post sur gidmahisttirgksetrarsdama deecevRréfierabiyotopwal lnaintitragon wilbe®o wi | | under go
Thi s recurrence. i ndi cates

o N e T M S ST
Mai nt enanggidhatdk $LA&S. Theth&Sdadd) the active agent is delivered continuously from
20  the reservoir or microcapsules through a membrane into the active agent permeable
adhesive, which is in contact with the skin or mucosa of the recipient. If the active
agent is absorbed through the skin, a controlled and predetermined flow of the
active agent is administered to the recipient. In the case of microcapsules, the
encapsulating agent may also function as the membrane. The transdermal patch
25  may include the compound in a suitable solvent system with an adhesive system,
such as an acrylic emulsion, and a polyester patch. The oily phase of the emulsions
of this invention may be constituted from known ingredients in a known manner.
While the phase may comprise merely an emulsifier, it may comprise a mixture of at
least one emulsifier with a fat or oil or with both a fat and an oil. Preferably, a
30  hydrophilic emulsifier is included together with a lipophilic emulsifier, which acts
as a stabilizer. It is also preferred to include both an oil and a fat. Together, the

emulsifier(s) with or without stabilizer(s) make-up the so-called emulsifying wax,

58



[0153] U cerative colitis is a chronic, episodic, inflanmmatory di sease of
the large intestine and rectum characterized by bl oody diarrhea. U cerative
colitis iwoamombiianmatory response limted largely to the/usediomsm3nucosa
and submucosa. 15Ul cerative colitis can be categorized according to

| ocation: "proctitis" involves only the rectum "proctosignoiditis" affects
t he rect udnddhelwak ipasther eéthghe oil m%’almah@apélm%qa&edémwwgses the entire

Left side,gfnd Baée%ﬂﬁﬁif%fssth'é BS%, d%@%&%%h&ée%'f tﬁ&&éﬂﬁ?&&@zﬁioﬁ@ﬁi re colon.
Lynphocyt es and matrophages are fiumerous 1 n |l esions of inflamuatory bowel
di sease aBRslulRHjercafntanldsive stabilizafsIsaiatad turysé 1 the YormAihatidd ofxtenpl ary ani nmal
nodel of jnflamuatory bowel disease (IBD) is carried out with HLA-B27

t r ansgeni BVF§1o8. IncipdsBveeh Q. bt B sessaivhalcptramy it B okl ¥ctitle (heavy
chain Sandmgl%s?eagdtﬁgﬂh 's@digﬁ"ﬂgﬂr ! Qﬂfa_té, fﬁ?lgﬁgrgﬁfe?st. ?He Wl&lgb of suitable oils .

spondyl oart hropathies, a group of In tory conditions affecting the
skel et on. orfatsdor the fansedtionfis bisel eh athievifip drndesioed/cashmiigesopetiese ani nmal s

devel op non-granyl onmat o i nflammatiop. in 25th mal ] intestine and diffuse
crypt abovaedhe SlhBTRLRs ahive ZoMRowal ot it TRV e 1T ot hat of
Crohn' s Dim@as@utifal REABAS foEhhiaGesYisSeHALRS TIRE, thecRemf@bnmd i n the HLA-B27
transgenic rat |BD nodel with conpounds of this invention, e.g., as

descri bedprhigrabilnbe f 0054jcAsY. men-siagning did wagablerpdust eithsedaldy i ncr eased
resp iveness of . the.30 tracheobronchial tree togvarious. stimli
pat ortl at G A A S E LR Sl e Bk AR S ™ e ot i

cause rel @agg nnovar dibaksc MR atedd suchfas Unfsbadipaet, iodtefyl O@hdagh- coat ed mast
cells including histam ne, eosi ngﬁphl lic and neutrophilic chenotactic
a|

factors, Pepxens glyedl digstesof aefoantdiahy afids pgrapremed mysstats deshgleptet or . Rel ease
of these f{ r i [ I i Lks, which
cause infﬁsgﬁm%g%@ra {}ﬁlﬁgﬁf"l}’ﬁ@g%ﬁfﬁﬁgﬁe@?ﬁg@ P %ﬂﬂﬁ(akezoriaan”[ﬂsrlﬂg%ﬁﬁsr?u bé of asthma

i ncl ude tdhair aterasiahiva usald@hesetrhey rowsse absit min condehatamdicpbelisheep nodel ,
e.g.,, those described 5herein. [Q155] Atherosclerosis is a jsea}se of

art eries %@P@QPF“%FWFQ', fgratively. Heh meltiigaintilipigs sughas whis 2ot esi on, the

at her oma, , LORRI A0 r Afuid fafiBLdr SBEALiREAE M BduRqt he intim, having a
core of |Il)pld and a covering fibrous cap. Atheronas conprom se arteri al

bl ood 11 oy g4yd ﬁ@x%‘ﬁﬁ&io%fsfsﬁﬁ%b?ﬁo?gépzéél gﬁmiIM{%gi%ﬁ% ﬁ‘!ﬁ éagggggg&ﬁ?@c{eaé el nfarcts

10are a mmj Oor consequence o I Sease. crop eukocytes are
recr ui t eddibps ehéreinah@sctaviedngeditnts A disdodvedrddr lsaspendalriy stitdble yarrier,

[ 0156] Rheumatoid arthritis is_a chronic¢c, relapsing inflamuatory di sease
that pri ng@PPHg CHLABEOI IR THEN (et v 8 vt dieaptjiilpeatopheunat oi d

ar t hrj i s, ugu li'?}lflré’diéﬂ& i p?%fgl%f;ﬁp&&‘ﬁt HMRLh rdRiui®nOln 4 BsncBaRARnYpd feet but

then may 1 nvolve the wists,
0.5 to 20%, advantageously 0.5 to 10% and particularly about 1.5% w/w. For

therapeutic purposes, the active compounds of this combination invention are
ordinarily combined with one or more adjuvants appropriate to the indicated route
of administration. The compounds may be admixed with lactose, sucrose, starch
25  powder, cellulose esters of alkanoic acids, cellulose alkyl esters, talc, stearic acid,
magnesium stearate, magnesium oxide, sodium and calcium salts of phosphoric and
sulfuric acids, gelatin, acacia gum, sodium alginate, polyvinylpyrrolidone, and/or
polyvinyl alcohol, and then tableted or encapsulated for convenient administration.
Such capsules or tablets may contain a controlled-release formulation as may be
30  provided in a dispersion of active compound in hydroxypropylmethyl cellulose.
Formulations for parenteral administration may be in the form of aqueous or non-
aqueous isotonic sterile injection solutions or suspensions. These solutions and

suspensions may be prepared from sterile powders or granules having one or more
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15 el bows, ankles and knees. The arthritis results frominteraction of
synovial cells with | eukocytes that infiltrate fromthe circulation into

t he synowvel20iomsng of the joints. See e.g., Paul, | nmmumrolragygoipBsesz.
Raven Press, 1993). Over tinme, bone erosion, destruction of cartilage, and
conplete loss of joint integrity can occur. Eventually, nultiple organ
syst ens ne¥fythpeargerof ddgentoprotiae Joi ye iy tedgenylationdoneebi d arthritis

begi ns w . [o] W j i ] obl asts after
o T ager e T B s B e B R R oyt o0
i nfiltratgopdens/gdscall @harfodgioomnsil, catdnsend oil gdahal oilc edshse pilobdrzgl at e.

Neovascul ari zati on then occurs. Bl ood vessels in the affected joint becone

occl uded HFRL-SRAIM hlgyide. ard/pryarionpREBFy- QY adivvapsyandimedes 95i nf | aned

synovisal édnﬁﬁﬂﬁa@(ﬁ%r@%veﬁloangrﬂ&él%ﬁ(ﬁQ‘QH iR fHephafn@lc@hélQ) hifvasi ve pannus tissue.
Pannus invades and destroys cartilage and bone. Miltiple cytokines,

| nter| eukigige; PHALELNAIRSor 0GB M I kBELG hg ] SIEREET e §BUST IO Tur ther

j oi nt de ion evel opmen system &t conp ons. See,

Fi r est ei nkilegtam &f b&d yogyighistr day hiegreafs insthe tresitheunsit the disassehand i s, Ruddy S,
Harris ED, Sl edge CB, Kelley W\, 30eds. Kelley's Textbook of Rheumatol ogy,
7th ed. PHNAK9SF Pricabedheicindggndbew 0- 3008 @3t § £ PANURIN PAUEEI s for t he
st udy of i It oS Al j n itis ("ALA")
and Col | doa e aeadr o {er e b ey ST by B SN of 032632

[ 01580Anatpedienndhiataty be cdrobintdh evitbahpoundsmateridlhitspiodverd sioglei s i n t he

treatment  of organ qr graft rejection nediated Qy VLA-4. Over recent years
ther e hasIBBgn oRT B s Heleasnane B RER TPl oL g i Frir Ao Ofs ur gi cal
techni queginfifstrhti I SIDORABE LAE fdrhS SHA AR PEARRR betEln &SP kb 1 hgney,
liver, heart, lung, pancreas and bone 5nmarrow. Perhaps the principal

out st andi tegtbputci®l0ang plart dnsive atkediénts dihi dhidiec deneycanfe ndminivered pdors ng
i mrunot ol erance in the recipient .to the transplanted all aft ,or organ.
when ol | oGeRl sk Oper 8y BEMRLER of RSBl GRCT A bR RS P L © The

donorisandogRaegepdr&ich dffc@hpotindsndithik duahsod fooRe hifectéRirea Sie®ifos) , the host
i mmune systemis likely to nount an i mune response to foreign antigens in

t he transnént dPhost- 10versus-graft disease) |eading to destruction of the
transplanted tissue. CD8+ cells, CD4 cells and nonocytes are all involved
in the rej0dd7li oRomfulaticam spitae foridwiion oCorspilaids insfludersiolutiony et i on whi ch
bind to al pha-4 integrin ar.e }élsef uIt bli nter alia, t.o bl octk .

al | oant i g8RETNETE SbPTAAEE P AL REPIF RIYG0MS GoweaNE SRVEEY Brav8Ets ng such
cel | s fromeRaf, th€ bealldrBartieNidu®odesitiicuiipbafo®f mhPeordtdiaRsipibdnt ed tissue or
organ. See, 15e.qg., Paul et al., Transplant International 9, 420-425
(19960  cRurpgsenERdllyercceitable praipigels 8¢ Jesgrbe sraesBiae ¢ongmsitionsanydgznski et

al ., Transpl. éi ~ ﬁ?f%‘%g Y 8,1 anspl antati on 60,
71-76 (19 l;ﬁﬁkﬁe eﬁrgsaoknapééﬁnag?l_r%{g g ‘zzs?dri%c%ggr S?%ES: 45 effede

Compositions may be nebulized by use of inert gases or vaporized, and breathed

directly from the nebulizing/vaporizing device or the nebulizing device may be

attached to a facemask tent or intermittent positive pressure-breathing machine.

25 [0148] It will be understood, however, that the specific dose level for any
particular patient will depend upon a variety of factors including the activity of the
specific compound employed, the age, body weight, general health, sex, diet, time
of administration, route of administration, and rate of excretion, drug combination

and the severity of the particular disease undergoing therapy.

30 [0149] For administration to non-human animals, the composition may also be
added to the animal feed or drinking water. It may be convenient to formulate the

animal feed and drinking water compositions so that the animal takes in a
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[0159] A related use for conpounds of this invention, which bind to VLA-4
is in 20 nodul ating the i nmune response involved in "graft versus host"

di sease (WOWbID/Rev1$ee e.g., Schlegel et al., J. | munol PCTAB201885638865
(1995). GVHD is a potentially fatal disease that occurs when

i mmunol ogi cal |y conpetent cells are transferred to an all ogeneic recipient.
In this sthe@aeytisally apropérieAuantity e the competidon aleeg wéthadicit {t48% ti ssues in

In this shewaeds . e sloes pahiey [ ssues in
Lar gots. b s ETHEde PRSI Mo it B OB B ke BB 2.

present s dinkeéspeatenl |y severe probl em when i nmune tissue is being

transpl anted, such as in bone marrow transpl antation; but |ess severe GVHD
has al so br#@ibdseported in other cases as well, including heart and liver
transpl ants. The therapeutic agents of the present jnvention are used,

i nter Jal i (@150 pihscqeniepies af thiningentmorpeantisipteditocghibit iahiBHOByiM nt er f eri ng

Wt el G ALl QB GRbBEAS ik hDSNIN, nkRIA0] Appropriate in

vivo nodel s ’for denonstrating efficacy in treating i nffammtory conditions
i ncl ude EAphadbrpenhdryhirad bawdmipotitinecsindng epthalictoyrél. | Riefeyatily the ce, rats,

guinea pigs or primates, as wel] as other inflanmmator del s dependent
upon a4 |%"é%ﬂ“fl $oT ¢ @f’é‘fﬂntlﬂnfﬂ} %de%@t@f’elf%é?%ﬁ?ﬁﬁﬁl%‘ag&&ﬁet his invention
i's i nhi bi tdageibralsciRE aRbARShy DN BiddridsWrsctRb hr%oh@ﬁé%leﬁﬁ&f}té’ eported to
express VLA-4 and 5conmpounds, which bind VLA-4 bl ock adhesi on of such cells

t o endot hasthesibn.c8dhsdise@tesi ingdadkingamaiatory disghses Remampgilian pat@®s (th95); Or osz

et al., Int. J. cer 60, 867-71 995) ; dman.et. al ., .Leuk. Lynphoma
T3, "7 s g KRR St Rl GRRN A0S SRS biaeeer e 9B} A
further ugQweghvédie mosTReABRES), Alfldnith oty DR dRBaseSinchudifgatdhgverul ti pl e
10sclerosis. Miltiple sclerosis is a progressive neurological autoi mune

di sease t4pditis jasd Cradughtiscase) pauktiple sciasedis (MP), adiopathigipmrnenary Ehwsison i n whi ch
certain | oGyt LhLthate t t i mwvelin, the

msul at i o Srok AreRal g Rt iR BectES) IGHR B AR, 17
scl erigsi stisstdltrhm@laiition) ek neistabiodii@sd dini@stmehiagds, ratepbtig have been
shown to bl ock the adhesi on of | eukocytes to the 15 endothelium and thus
prevent i HoK&ARgtatss cetebiah fagmpt pephrifisy pHokissytepie feupriitisubroBatient paral ysi s

in the aniosl.54i16sdHiH3) dTél:%téﬁgﬁ RITRR L8Ry 'in!h'f‘ b Qitﬁzg%\%ﬁﬂ s multiple
scl erosi s, uat 1mat%y ot er} nmet a O]%Qlcg and fn?l a%‘rla o%y |asor erscresult in
def i ci entownrsabndultedspingtedyi disttdsopyndiné. sThe admpninds melplelogéenticklsease,

whi ch appears. i.n e adul t hood 20and progresses to a significant

i 'sabi || LprPRaliga ol e Rty U ATt BeECEIB L ses of M6 i n
the Up t ednghalagsty alseRes ok Stdigachfoul/mdifRes, MBH 8 ibflen MRSy bdvguent cause
of neurologic disability in early to m ddl e adulthood. [0I64] M5 is

char act erdisaadesgyBRhrofiiding frdokmmndis¢asn andlelegrabivaiealiton and gliosi s
(scarring). Denyelination may result in either negative or positive effects
on axonal[0151] Inflammatory bowel disease refers to the group of disorders that cause the

intestines to become inflamed, generally manifested with symptoms including
abdominal cramps and pain, diarrhea, weight loss and intestinal bleeding. IBD is a
25  collective term for two similar diseases termed ulcerative colitis (UC) and Crohn's

disease (CD).

[0152] Crohn's disease is a chronic autoimmune disorder that results in
inflammation of the gastrointestinal (GI) tract. Although any area of the GI tract
may be involved, CD most commonly affects the small intestine and/or colon. In

30  Crohn’s disease, all layers of the intestine may be involved, and there can be normal
healthy bowel in between patches of diseased bowel. CD is associated with fibrosis,

stenosis and fissuring, fistulae between disease tracts and adjacent structures (i.e.,
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25conduction. Positive conduction abnormalities include slowed axonal
conduction, variable conduction block that occurs in the presence of
hi gh- but wot2oloonedirequency trains of inpul ses or conpl eteTasaauosisen bl ock.
Posi tive conduction abnormalities include ectopic inmpulse generation,

spont aneous or follow ng nmechanical stress and abnormal "cross-tal k"
bet ween d@ﬁ@félr,l Aesrdgweksgsmensoploniem apseees- | SDrratients oi tigjsalhskresapel i n

t , a d t
(PLP) naveThBOReTERURURPRIE AR REEARIGM S Rlac Rl poRLORBRS Prontal -

al l'ergi c ianidizphahdmaglbe tabsdciakatwiena aenhavmfahﬁmatb@eﬁas@bﬁevateﬁie@m havi ng
el evated | evel s of CNS i nmunogl obulin (1g). is further possible that

some of tIRES ploBRjEs.PsHaE TR APSPr fiis R %r%lﬂﬁé»cﬁnéteéﬂ Y2 BYLWRIFES pr oduct s
of aCtS' Va&l?&)n:[m&% Is§en nﬁﬁ?@ﬂQ@Hﬁéer%le m519ﬁ¥5%01a%%@§t TOday1 80%

patients diagnosed with M5 live 20 years after onset of 1[lness. Therapies
for nanagpangc%ly mglaticiets with)ditensatarenttraleddy atrentbgavailobleidomgsot/pt he di sease
cour se, §5%d{] treat. tdof acuteqefgacerbatl on and di rect9 to | ongterm
suppr eSS|t8 “’Pi‘is% odqraiy 1 FYAG SO e SWe R YPd? ©(3)
preventi %es%%ﬂ%ﬁt@%ﬂ%%eﬂéﬁcé‘@&t G@bicGIONRak € RLLRARe vl (¢ eﬁﬁﬂ@cﬂe”ﬁ‘nt of
10secondary personal and social problens. [0167] The onsef of MS may be

dramati c lmws‘é)%rwulbumkrg@a rRpEAtCHLESEY mtbmtit()eyﬂamt o'hiekigh melpEal attention.

The H)Et Cc(:)urrI :nrcl:e 1 es a nele ? rLl)d?h Weak &rea? ents forr{‘Re act Verabseas vi sual
qurrlng o] op c neurt Ll or ancey, d|p opra and at axi a.

The courS@dqﬁaldtegme)faﬁyagaeelﬁisg@hy fi ed |nto t hree general categories: (1)
15rel apsing MS, (2) chronic progressive M5, and (3) inactive MS. Rel apsing

M5 is chapasijer '@I%Qraﬁye EQIRIE € Bhroffc @ﬁk&h@ﬁnﬂ‘e@h&h@ﬂoﬁ%&ea‘éé’ §f ﬂh@%rgém WS
attacks generally evol ve over days fo weeks and may be by

conpl et e, infearing &ld reetupcchastsvieed by Roody diayrhea. dﬁ\?@”@@‘&t@ltl@e&m aI |y occurs

wi thin weeks to, several mthe eak of s to al t hough rarely
Some 1 ecarby RS KShBh s B R TR o S et on o

progriessi VReMBve eslittstcn ibd cgtreg@h@kilaycd}amgrt@&ﬁ:hu@q Wpfo%ﬁﬁs"rigvdwém peri ods
of stabilization or rem ssion. This formdevelops in patients with a prior

hi story ohe rférlﬂapmpwtwm@}ﬂttﬁoaféww fhezogyrang stgmaid solopg lefebidpdes can be
recal | ed. t en s our se.

[a169] A S s FieRREe e Bk SRR ET e I RS B OALES B L F e
25neur ol oge entﬁiefcbtcmt Eymf)hac@ztesabﬂmamgmagasd@e nmb&bu:pmtlesnrﬁs&fvw th inactive M
have an earlier histor rel apsing Ms. [0170] Disease course is also

dependentlnﬂﬁmﬁ}?@%ﬁé"v dlﬁen"fée ﬁ}ﬁl‘iné)ﬁt:ontﬁ@,lte idlsmenateryyBigRabMe prognost i ¢
fact of Lrg) y §fidaY pfRASEls 1ﬁﬁ5‘rﬁﬁﬁ%fgo@a'dlﬁng) & dafi@PsltRgmcour se and

I|ttIe reS|d disability 5 years ter onset. By contrast, poor prognosis
HLA-B27 transgenic rats. These rats overexpress the human HLA-B27 molecule

(heavy chain and beta globulin gene) that is associated with spondyloarthropathies,
a group of inflammatory conditions affecting the skeleton. Prior to onset of skeletal
inflammatory changes these animals develop non-granulomatous inflammation in
25  the small intestine and diffuse crypt abscesses on the colon, a pathology that is
similar to that of Crohn’s Disease in humans. Efficacy studies can be performed in
the HLA-B27 transgenic rat IBD model with compounds of this invention, e.g., as

described herein.

[0154] Asthma is a disease characterized by increased responsiveness of the
30  tracheobronchial tree to various stimuli potentiating paroxysmal constriction of the
bronchial airways. The stimuli cause release of various mediators of inflammation

from IgE-coated mast cells including histamine, eosinophilic and neutrophilic
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30is associated with a |ate age of onset (i.e. , age 40 or older) and a
progressive course. These variables are interdependent, since chronic
progressiwe 2Md/ikends to begin at a |ater age that rel apsrny20Bo3B8sability
fromchronic progressive M5 is usually due to progressive paraplegia or
quadriplga;a gparalysis) in patients. In one aspect of the invention,

pati ent s shiepiotgstiefaciip) lgulnirings eprostagApdn apd elagpdetiagiating fp6{of eni ssi on r at her
than in al{iél@is@%% tH e ﬁatc?o?sere‘af-ui& %ﬁsog;hﬁﬁae%gmo@{i jaﬁ&.lnaéjflc?ﬂhﬁrs,tx%i% H%ﬁem‘ ei ther
adrenocorticotropl C hornone or or corticosteroids (‘e.qg., oral prednisone
or i ntr aviafiemmanet njliptr edhimabmodd} forshd heviandtydseesitincintvde draut | ¢ measur e
for treating patients wth acute exacerbation of 0172] Newer therapies

for Ms i mefiemefdathe mpushasthas imade! d the ﬁhﬁeem@eg/giga[éh%ﬂ scribgfler f er on

bet a- lIsa, g4, Copaxone(r) (fornerly known as copolyner 1). These 10t hree
drugs have been shown to significantly reduce the relapse rate of the

di sease. e d - 1.n| [ in C Ly
subcutané@ﬁ§$§. %%@éﬁ?ééﬁ§g%%ggg%%Egg%%&gﬂ%gﬁﬁéégﬁs’#%gg’ﬁgn%aﬁ%dalities

i nhi bit diéiay)elTheaisiohesidne thealtinempronoite s @faisdd fovd pifeoathdmaoths
remyel i nation or reduces paralysis. One_aspect of the inventian

cont enpl a8 having hePrRef WPIdRNE gy Eing RPBsed- HEPEPHAEFPHBIOMIES| one or in

conbi natia{ééi\ead Ela?@hb%ranatv@eaﬁa{ &%ﬂ%&%@ﬁ@g. mg@a{rhita% SR 3&9&51%111]?&%@ ation al so

can i nduce nyel i nation. Central nervous system toxicity due to
radi altl onare 8 nibgdl @wedutocehd titia dseadey Mdcyopdhapesgmdtleukoegeehregterutedir es, (2)
del etion of oligodendrocyte-2 . astroc te.?rogenitors and mature

ol i godendPHFF@Las a(ﬂg)coa St t8ﬁgfi?mlﬁ‘é5§ﬁém§§’em cell populations in the

hi ppocanpus, 20cerebel | um and cortex, and generalized alterations of
cyt oki ne @43fles Jsmatpid arthitis iseichronima e grs heefipmanatory diseawi thither api es

adm ni st Iﬁﬂaﬂyrchﬁkgs hﬁﬁaiﬁﬁ&%ﬁ@ﬁésﬁtﬁ&%ft 81, GG HFoid §ﬁﬁritfisoﬁsu5ﬁ¥ I ew Bel ka
et al., 01 Br. J. Cahcer 85: 1233-9. wever, raéiatlon exposure may al so
be an i ssfust dffactabe sionakjdists CFHdpdwedd andife@bubichen nSpaiceclRe she widsts,433- 42) as

wel | in the event of expasure to radi gactjve 25substances. [0175]
Phar CeutPes aE]éﬁi)&qO knegns o alﬁﬁglsirjﬁ%rgtﬁ?ﬁoahméﬁ%ct@a; Ayt afﬂl{s_e in a
variety ofifldiflodiedd KA MiRMEL SR theMiduBRioR ihBrRAyAblANEiheLr e i n the
present invention are found in Rem ngton's Pharndceutical “Sciences, Mice
Publ i shi nginGonfrareyg., Rhil| ladelphiga (3dal., Raven Reeks, (90885 )ver tive, Homc| osur e of
which is incorQPrat%d 39her in ig»its §nfire%., . .

erosion,'destruction of cartilage, and complete Toss 0 J\{)mt Integrity can occur.

Eventually, multiple organ systems may be affected.

20  [0157] Joint damage in rheumatoid arthritis begins with the proliferation of
synovial macrophages and fibroblasts after a triggering incident, possibly
autoimmune or infectious. Lymphocytes infiltrate perivascular regions, and
endothelial cells proliferate. Neovascularization then occurs. Blood vessels in the
affected joint become occluded with small clots of inflammatory cells. Over time,

25  inflamed synovial tissue begins to grow irregularly, forming invasive pannus tissue.
Pannus invades and destroys cartilage and bone. Multiple cytokines, interleukins,
proteinases, and growth factors are released, causing further joint destruction and
the development of systemic complications. See, Firestein G.S. Etiology and
pathogenesis of rheumatoid arthritis, Ruddy S, Harris ED, Sledge CB, Kelley WN,

30  eds. Kelley's Textbook of Rheumatology, 7th ed. Philadelphia: W.B. Saunders,
2005:996-1042. Animal models for the study of rheumatoid arthritis include
Adjuvant Induced Arthritis (“AIA”) and Collagen Induced Arthritis (“CIA”).
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[0176] The anount adm nistered to the patient will vary dependi ng upon what
is being adm ni stered, the purpose of the adm nistration, such as

pr ophyl axwe 20r0/i2beEmrapy, the state of the patient, the neRomarS2@i/032632

adm nistration, and the like. In therapeutic applications, conpositions are

adm nistered to a patient already 5suffering froma disease in an anount
suf fi ci ent01$ cupeother ipdicatioadpr hagcomapridspf s invepdorsiy ipthstcapenthe di sease

and its c i.cat] . : al e i i s . l.s.defined as
N her apeut BT b ReiendRANEa BYOHACH CohP: REGRTBL bt bR a0l ||
depend oncdnbidedbkdapeoveatedt inl theefieidngy bf aagied tachnigiek f@sradnyplhiténg udgnent of

the attending clinician depending upon factaors such as the severity of the
i nf | ammat {BRSS Ag1oRgAns gech HRergh IR lFehdealt Bk drises B boRe patient, and

the Iigke, ui r - ODE (o Ble8, AN BRiAaccsich as that
e liske, bl pEASEOAES ]Elgipﬁl%t_ﬁﬁlﬂfﬁ’go%ﬂ Bl AMhdBLK BPLRLfERNPascaCh as tha

provi ded herein. estimating appropriate hunman dosages, based on
such dat afor ardecigommunntoidrencarit the(rsgpienf orthe xamsplaated\Migreft, orbrgan.

Phar macokj etiﬁs f or t@e Phar maceut i cal %;:i entist, Technomc, Inc.,
Lancast er " EAH@EEYIC cTby 1051 S e TR B hfien TG 106 °8b a pati ent
are in thenkerm RffelehaihaRGRIMEd ffth (HOARRSHEI ) SthE 884 iinBRMAe 3PAMS is These
conpositions may be sterilized by conventional sterilization techniques, or
may be stldly to mpuntansamulpeespersglte forgicagubigans s dledtansplantithgstbe packaged
for e as is,.or lyophili.ze the lyophilized arati being conbi ned
win ¥ st b RE ene Bl R o bRPIPLERRNG 5 0P Compounds
havi ng t heDdesily & hoicoas @l alBiatbIved th thayejbeiond ihhglardsissiescessary to
provi de desired proFerxles_such as.inproveé.phannacolo ical properties
(e.g., inCompernsis ghihis inyentipngvkichpindie piphgyt inigerin pee uspiuliiesyr péa.de det ect ed
in diagn i Leati i’ iLd i ety of ways
Such as by CH R R Rl b A Ry e B b on
pept i dase=lleffronupaticiphtania tih dsanctinn & thatridesplanfedsisele @rooge. rSest abi l ity
assays have heen described (see, e.qg., Verhoef et al., Eur. J. Drug Metab.
Phar nelc okd-fret 2ul €qdod ‘"1“5’?‘2’} &’@8’1”9@?’.“%_[9@1%]425 &999%5%06‘?@%‘? skdses t hat are

i ncl uded fynp,, L SALSTERT3-850 L1996 QRS MBS al. CORRGINASARGh IS ReGs di scl osed
herein include generally conditions Telating to 30demyel | nation.

Hi st ol ogi d&9%)y Yanyel dln Tabnplareadtionit€s7 i@ (K19 heknddenop el alnatAME 182,

dysnyel i 2%?'8%19 nyelination inplies the destruction of myelin.

Dysnyel i ) |9 ‘ers to defective formation or mai ntenance of nyelin

resul ti ngwf ré)m dysfunctiqgn of the ol jgodendrocytes. Preferably, the
conposi t | BAlan TriBtadaHs foficompouRds Hfdhigiyeaten.cuHehpl &2 ¥4A9 ¥ ieat

di seages lﬂB&iulgl‘?I%g%lE iAA%ing %s?&ﬂs@%&o@vé&qwgﬁghﬂé}éu‘é’ﬂo?cmgiséélsg MEVRD™)

remyel i nation Itional dif seases or cofditions contenplated fofr treatmnment
i ncl ude n¥seiaygi $ihdegebetcdphaliming]. 1AABSPIIBED (EWSN. GVHID iespetaatiadiyndi t i ons

general | y. 5whi ch induce denyelination a result of an infl tory
response.faf%,%@‘jseﬁf’é Oﬁﬂ%ﬁ’g‘f ?%%?018%‘19%%0%@62%‘: ckt Hppsder 'it(‘?laﬁsed her ei n
are cont efRlogh@rdcRiends & i difuRsd, Mgk FHIEL IhR0RoRADetnB&ARGSASSOCI at ed

wi th denyelination. Diseases and conditions involving denyelination

i ncl ude, #tack dpsenon the revipied. {lossuennitthgpikan.suik epideiis and regjeé t al net abol i c
di sorge r Sfréq%‘egt' targets and may be destroyed during the course of GVHD. The disease

presents an especially severe problem when immune tissue is being transplanted,

such as in bone marrow transplantation; but less severe GVHD has also been

reported in other cases as well, including heart and liver transplants. The

therapeutic agents of the present invention are used, inter alia, to block activation of

30  the donor T-cells thereby interfering with their ability to lyse target cells in the host.

[0160] Appropriate in vivo models for demonstrating efficacy in treating

inflammatory conditions include EAE (experimental autoimmune
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10 phenyl ketonuria (PKU), Tay-Sachs di sease, N emann-Pick disease,
Gaucher's di sease, Hurler's syndrone, Krabbe's disease and ot her

| eukodystwophioeredinat i npact the devel opi ng sheath), neecopstéioes2ese t h
abnormal myelination (e.g., Guillain Barre, chronic imune denyelinating
pol yneuropathy (CIDP), multifocal CIDP, Multifocal Mtor Neuropathy (MW),
ant i - MAG quepiialqydigisbingpise. 1255, L)ty DOIRTHNAEY 88 eHBS O] OP ( Gai t

di sorder,. i . Pol yneur opat hy) syndrone,
anti-sulfgﬁl gﬁgﬁygﬁg%§cégﬁg%gﬁanggiﬁ%%ﬁg'antibody syndronme, PCEMS

(Pol yneur hy, anonmegal y, Endocrinapat hy,, M Protein_ _and Skin changes)
Syndt ome WREH KAdRHAGS EPEMeEaReet GRS s Hrer rabGoR i case,

per i neur i fk@stadigM@rtdl téehbi 2118 R4VIREN répoes @seYpresdVIgA Uednat ed

20denyel ination (e.g., caused by the adm nistration of chloroquine, FK506,

per heXi | | ¢pPoypds aibwanbiad Vidhd brockadheshen of syeheellsHe eadipthelia) celbnyel i nati ng
condi t i 0Ngo{Gafl 1 of A ANKEL! 38 erdald G MY GORY 9Ll Ne (OSkADE A, Syndrome,
congeni tal "hyponye iné%lng, congeni tal ‘imuscul ar "dys$ roﬁhy, arber's

di sease, B9HNEELOMSD) 0QdlL Nesly Mdmphema MBIACET AIval); Olakauk @dyIStCaapéy

Pel i zaeus- 25 Merzbacher disease, Refsum di sease, prion related conditions,
and SaIIaRﬁ}éﬁég%§{Hﬂa9®ther denyelinating conditions (e.g., neningitis,
encephalitis (also known as acute di ssem nated encephal onyelitis, ADEM, or
spi nal cd0d62Inj Arfpytherusgiol higsempopipdsaf thiyisieatiern s iy Hejtoigsnilitipase nodel s

t hat n . .hese di es. | i.vio. . For Q%ég, ni nal
el 31 iares oy R e B Bk E R R o e BB B4 03262
Tabl e 4 Dissieaght dviidahe SP6IC besn MAENVDuUEA cadti@h in GhidheRrtRindeukocytes
Myel i n-ol i godendrocyte gl ycoprotein (MOG .induced EAE Rat TNF-a transgenic
model of attack and initidte the'destruction of myelin, thé insulating sheath covering nerve

fibers. In an animal model for multiple sclerosis, murine monoclonal antibodies

directed against VLLA-4 have been shown to block the adhesion of leukocytes to the

15  endothelium, and thus prevent inflammation of the central nervous system and

subsequent paralysis in the animals.'®

[0163] The most common demyelinating disease is multiple sclerosis, but many
other metabolic and inflammatory disorders result in deficient or abnormal
myelination. MS is a chronic neurologic disease, which appears in early adulthood
20  and progresses to a significant disability in most cases. There are approximately
350,000 cases of MS in the United States alone. Qutside of trauma, MS is the most

frequent cause of neurologic disability in early to middle adulthood.

[0164] MS is characterized by chronic inflammation, demyelination and gliosis
(scarring). Demyelination may result in either negative or positive effects on axonal
25  conduction. Positive conduction abnormalities include slowed axonal conduction,
variable conduction block that occurs in the presence of high-but not low-frequency
trains of impulses or complete conduction block. Positive conduction abnormalities
include ectopic impulse generation, spontaneously or following mechanical stress

and abnormal “cross-talk” between demyelinated exons.

30 [0165] T-cells reactive against myelin proteins, either myelin basic protein (MBP)

or myelin proteolipid protein (PLP) have been observed to mediate CNS
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denyelinati on Mouse [0182] These conditions and di seases are al so
contenplated for palliative or aneliorating treatnents. 5[0183] Conpounds
of this iwoentoamiare al so capabl e of binding or antagomCzZiusgomios263rti ons
of a4l13i, and a4l137 integrins. Accordingly, conpounds of this invention are
al so useful for preventing or reversing the synptons, disorders or diseases
i nduced birflameEagpm i eigpegmeptabaliergiges ﬁ]s?HtYthihe‘i’qﬂeﬂ@shﬁé‘%:tﬂisvéeqni gands.
[0184] In i L u conposi tions
10 descr i Bog FoRunAREGk Bl 08 bPERR i-pnobl ARG, AEREAG TOTPEY ) Phe

bl oodst r eguysible thitesoaenifitiad tissed donsesipséread inMSHe medBitatgecyedkind or exanpl e,
multiple sclerosis, or to areas which result in inflamuatory-induced

dest r uct i RAwS ehastinytet ilrellpmagcerriBess oriaEey§eagent s i nhi bit i mmune cel |
mgration in a manner that inhibits denyelination and that further may
pronotde rl@kgel i hadayoR0%mesents danesed vaih MSdeplairarstaftesorehglel i nati on” and

pronote r. | i i . r. er r_copgenital
et abol | oY Sor derLRY fS RS e (AR 8 FRAORRY
devel opretht dgsdeicousbaatindingaientinyent of ddue &NCerbdiing dneatyedied tptonker abl y al so

reduce paral ysis when adm nistered to a subject with ﬁgasral ysi s induced by a
denyel i nafih§URArEsioar dhe ¢isgage:t(Z biseatment g sty yuas ahtfs: 61 t he i nvention in

an in vitio,aesatink limknTHenbdutboliclishtNAG (B AYiddeme fothod of using a

conmpound of the invention In an in vitro assay neasuring binding of an
cc413D orseceattbBy7pérpdmabandsdcal aroblamsegri n | i gand, such as fibronectin (FN),
VCAM 1, osteopontin and MadCAM For exanple, the conpound of the invention

can be us@d6eZs @Th¢ efiset eMeIS moNPOdathatic o2 SSdb aa&S@)t chiseQIdeiEntito conmpar e and
eval uat e the bindi ng capacity of other test conpounds (i.e., candidate
mol ecul esyeek regicabiatiention n{ eGP, cogimen sympipras inciudegvedkugsa it O 9di ng of t he

| i gand t o J = t 4t ds i ndi [ . m"in
Vi fro asemyt ThET Saa by E e KESTRE A HHE hOrk B PaaEs) al T ARy
cel | - basedaiim Vhe¢ carsessfaliseasanay bagritified gatpalict gergdfraltcasogenrpbunds t o

i nhi bjt bindin CAM to cel] - face. al phadhetay ntegrins is
dgscr]i bedreE‘QFIQ M‘%A ?8?8%!1’59%?6%%" i\agf’@ﬁﬂﬂ@ %“‘f%gsﬁglﬁ’fs%gﬁvﬁ)s bi ndi ng t he
l'igand (etractdr@6@BPiantnMMAGAM neaidid HO@Ys reRBbHIRSAridcRs Sertpifyace (e. 9.,
a well-plate); (ii) contacting the ligand With a

evolve over days to weeks and may be followed by complete, partial or no recovery.

Recovery from attacks generally occurs within weeks to several months from the

peak of symptoms, although rarely some recovery may continue for 2 or more years.

20  [0168] Chronic progressive MS results in gradually progressive worsening
without periods of stabilization or remission. This form develops in patients with a
prior history of relapsing MS, although in 20% of patients, no relapses can be

recalled. Acute relapses also may occur during the progressive course.

[0169] A third form is inactive MS. Inactive MS is characterized by fixed
25  neurologic deficits of variable magnitude. Most patients with inactive MS have an

earlier history of relapsing MS.

[0170] Disease course is also dependent on the age of the patient. For example,

favourable prognostic factors include early onset (excluding childhood), a relapsing

course and little residual disability 5 years after onset. By contrast, poor prognosis
30  1is associated with a late age of onset (i.e., age 40 or older) and a progressive course.

These variables are interdependent, since chronic progressive MS tends to begin at a
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cell that expresses the integrin (e.g. al phadbeta7) on its cell-surface in
the presence of a conpound of the invention; and (iii) measuring the anount
of cell s wounth/2ewithe surface. For exanple, the integri meTas2ato®3zezface of
the cells bind to the inmmbilized Iigand. Such binding is inhibited by a

conpound of the invention as 10the conpound binds to the integrin and thus
reduces biafsapggythaf refapsing MagPisgbiligy frpe dhgorde arogfayige MSriaspalyeditei on f urt her

provi des [ f J he. i ny i i i itro assay
easur ng BTN gr i o R At i AR, ol heBa P [ e
presence iakemiohepitiens|veitipreferabbr beetxcauigal wherstht phiidnit zeid remiseigh irathdr5or

menbr ane preparations containing the integrin can be incubated with a test
mol ecul e AN therePedig itage 8f ths d¥Afound of the invention labeled with a

radi oactive, colorimetric, fluorescent or other |abel, which can be used
for détecildH. $herttasmrusaef eidiar adieapgstiearama hormeee pagyal ed conpound f or

bi nding to t i rin rir f ed . co und bound
to the in(gggﬁﬁ?&?ﬁgl'5%3@%F@?§§%fm%%FﬁgﬁFgg?&ﬁgpggﬁkgﬁﬁg)%ﬁ%:@ﬁfegrin can
be det er mpeeitic thdenmatic hitasiray¥anidaong pattehberitipaaid eesedatid@t o Sof usi ng t he

conpounds of the invention in an in vitro assay for identifying a candi date

nol ecul e @APZADL! Re@br thendicd Jort MSGEAIELking eklghlichtW BB [Htélferbn Bapdi dat e
nmol ecul e exhibits a detectable binding activity in the respective assay

(e.g., anlh csofepnhete-nprmd Coparong fommarkridopine eppalyipenbt Thsse than 5 i.tM
or nofy, 25&%%%&%&%@ Réent Mownled %%Klﬁc'aﬂﬂ,f&%ugéﬁ@%??s%.‘%&t%rogkﬂégiiée%sé‘”y of the
nents, S a t I nal

above “enbodi €' In Vvitro-assay conpetitive ng assay.

[ 0188] ThEhede galgoaty @#-ddmihRiesediaatestulofy alsibaitinectgs. and ref erences,
i ncludi ng patents, are incorporated herein by reference in their entirety.

30[ 0189] [Dhe3) NHBRel@ndre dflthdisirfet B6htineht MBdalfiks ihebif @drhRNnRGoexanpl es,
which are not to be construed as |imting the invention in scope or spirit

to the speétilpicpropiogrsedalews spontnepesaemyckitpsion oaredusesarialytis.u@ner es and
Ut o o it \ o i 1T b
appar ont LR UASh R bRt REVTRAE a8oaut 5l AR IEE e gent s

and si@ veqnbse @lih @bm@thafio® Wi e khddrd $tep@hdne hiddwties. used wit hout further
purification unless otherwi se stated. Thin |ayer chronmatography was

per f or nedjoem41pr Re@atiSralf & iMBu@ dehBRli8]onPl@ha8 ddEvouVRyfkm (ENSHCa gel 60,
F254). Visualization was achi eved using UV illum nation or staining with

toxicity due to radiation is believed to be cause by (1) damage to vessel structures,

(2) deletion of oligodendrocyte-2 astrocyte progenitors and mature

oligodendrocytes, (3) deletion of neural stem cell populations in the hippocampus,

20  cerebellum and cortex, and generalized alterations of cytokine expression. Most

radiation damage results from radiotherapies administered during the treatment of

certain cancers. See for review Belka et al., 2001 Br. J. Cancer 85: 1233-9.

However, radiation exposure may also be an issue for astronauts (Hopewell, 1994

Adv. Space Res. 14: 433-42) as well as in the event of exposure to radioactive

25 substances.

[0175] Pharmaceutical compositions of the invention are suitable for use in a
variety of drug delivery systems. Suitable formulations for use in the present
invention are found in Remington's Pharmaceutical Sciences, Mace Publishing
Company, Philadelphia, PA, 17th ed. (1985), the disclosure of which is incorporated

30 herein in its entirety.
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phosphonol ybdi ¢ aci d, ninhydrin or other comon staining reagents. Flash 10
chromat ogr aphy was perforned using either a Biotage Flash 40 system and

pr epackedweizbicciaégel col ums or hand packed col ums ( E. pieruskosioBiesa ge

60, 230- 400 mesh). Preparatory HPLC was perforned on a Varian Prepstar

hi gh performance |iquid chromatograph. 1H and 13C NVR spectra were recorded
at 300 MHO1Z@ld Fhe mmpuntadistereddp fhe pafert wWillrvasydepspding vpen Bhatkisr Avance

15spect ro@%ﬁ?éﬁmi%‘?&é&%e ahéstesof%{eea}cfnﬂﬁﬁ%%, is%h%%&%}@fa&ig’%ﬂ |ion (ppm

downfieldT Ive 1o 'tet thyl'siTane on resonances

r esul ti ngthbrapm the staepif eleepadient, efeaharmer of adnhiaishiMibis ahd eretlike8 Iscal e) . Mass
spectra were recorded on an Agilent series 1100 mass spectroneter connected
to an AgieRpewisapaicaipny capPesition] B gdPintieien & 2 Palsf alisadyi ons used

thr Ou%hgustuﬂ}aﬁﬁg filoha RO AP ABENsBER ent B iS5 RAZasBhNARTy BE&rRSA= d=
DCMF dd= DEAD="DIAD= Mcro Acetate

symptoms of the disease and its complications. An amount adequate to accomplish

this is defined as "therapeutically effective dose.”" Amounts effective for this use

will depend on the disease condition being treated as well as by the judgment of the

attending clinician depending upon factors such as the severity of the inflammation,

10 the age, weight and general condition of the patient, and the like, with reference to
the appropriate animal model data, such as that provided herein. Methods for
estimating appropriate human dosages, based on such data, are known in the art.

(see, for example, Wagner, J.G. Pharmacokinetics for the Pharmaceutical Scientist.

Technomic, Inc., Lancaster, PA 1993).

15 [0177] The compositions administered to a patient are in the form of
pharmaceutical compositions described above. These compositions may be
sterilized by conventional sterilization techniques, or may be sterile filtered. The
resulting aqueous solutions may be packaged for use as is, or lyophilized, the
lyophilized preparation being combined with a sterile aqueous carrier prior to

20 administration.

[0178] Compounds having the desired biological activity may be modified as
necessary to provide desired properties such as improved pharmacological
properties (e.g., in vivo stability, bio-availability), or the ability to be detected in
diagnostic applications. Stability can be assayed in a variety of ways such as by
25  measuring the half-life of the proteins during incubation with peptidases or human
plasma or serum. A number of such protein stability assays have been described

(see, e.g., Verhoef et al., Eur. J. Drug Metab. Pharmacokinet., 1990, 15(2):83-93).

[0179] Inflammatory diseases that are included for treatment by the compositions,

compounds and methods disclosed herein include generally conditions relating to
30  demyelination. Histologically, myelin abnormalities are either demyelinating or

dysmyelinating. Demyelination implies the destruction of myelin. Dysmyelination

refers to defective formation or maintenance of myelin resulting from dysfunction of
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Broad doubl et 2, 2'-Bi s(di phenyl phosphi no)-1, 1" -bi napht hyl

tert-Butyl oxycarbonyl Bovine serum al bum n Doubl et Di chl oronet hane Doubl e
doubl et Dwetznyli126@adi car boxyl at e Di i sopropyl azodi car borgiratseo10M€2632

2010/ 126914PCT/ US2010/ 032632 DI EA= Di i sopropyl et hyl am ne DVE= Di net hyl et her
DMF= Di net hyl f or mam de DMSO= Di net hyl sul f oxi de dppf =

1,1 - Bi S(t@jp ﬁhé@@ﬂﬂé}@égiﬁﬁ“ H@fefr@l:plyd@@ﬁ@rngmtﬁms and methods disclosed herein

1, 1- Bi s(dj g P an-
1 Bt hy 1 3 300y PRt AL ROT BT LS B B I B A A qui val ent s
Et = Et hy | witBsm fetih ati o cAddigosd disdases or conditions contemplated for treatment

include meningitis, encephalitis, and spinal cord injuries and conditions generally

5 which induce demyelination as a result of an inflammatory response.

[0180] The compositions, compounds and cocktails disclosed herein are
contemplated for use in treating conditions and diseases associated with
demyelination. Diseases and conditions involving demyelination include, but are
not limited to, multiple sclerosis, congenital metabolic disorders (e.g.,

10 phenylketonuria (PKU), Tay-Sachs disease, Niemann-Pick disease, Gaucher’s
disease, Hurler’s syndrome, Krabbe’s disease and other leukodystrophies that
impact the developing sheath), neuropathies with abnormal myelination (e.g.,
Guillain Barré, chronic immune demyelinating polyneuropathy (CIDP), multifocal
CIDP, Multifocal Motor Neuropathy (MMN), anti-MAG (Myelin-Associated

15  Glycoprotein) syndrome, GALOP (Gait disorder, Autoantibody, Late-age, Onset,
Polyneuropathy) syndrome, anti-sulfatide antibody syndrome, anti-GM2 antibody
syndrome, POEMS (Polyneuropathy, Organomegaly, Endocrinopathy, M-Protein
and Skin changes) syndrome also known as Crow-Fukase Syndrome and Takatsuki
disease, perineuritis, IgM anti-GD1b antibody syndrome), drug related

20  demyelination (e.g., caused by the administration of chloroquine, FK506,
perhexiline, procainamide, and zimeldine), other hereditary demyelinating
conditions (e.g., carbohydrate-deficient glycoprotein, Cockayne’s syndrome,
congenital hypomyelinating, congenital muscular dystrophy, Farber’s disease,
Marinesco-Sjogren syndrome, metachromatic leukodystrophy, Pelizaeus-

25  Merzbacher disease, Refsum disease, prion related conditions, and Salla disease)
and other demyelinating conditions (e.g., meningitis, encephalitis (also known as

acute disseminated encephalomyelitis, ADEM), or spinal cord injury) or diseases.

[0181] There are various disease models that can be used to study these diseases

in vivo. For example, animal models include but are not limited to:
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g= Grans HBTU= 2-(1H- Benzotriazol-1-y1)-1,1, 3, 3-tetranet hyl uroni um

hexaf | uor ophosphat e HEPES= 4- 2- Hydr oxyet hyl - 1- pi per azi neet hanesul fonic acid
HOBt = 1- Hyodrowylenzotri azol e HPLC= Hi gh performance | i qeca/usheionmsieseyr aphy
hr= Hours LAH= Lithium al umi num hydride nm= Multiplet M= Mol ar m CPBA=

met a- Chl or oper oxybenzoi c acid MeOH= Met hanol ng= MIIligrams MHz= Megahertz

mn= Mnute M= MIliliters mve M (Tablo#ar mol= MI1inole MS(ESI)=
El ectrospray jonization nmass spectronmetry N= Nornal
Disease Model Species
EAE Mouse, rat, guinea pig
Mpyelin-oligodendrocyte glycoprotein Rat
(MOG) induced EAE
TNF-a. transgenic model of Mouse

demyelination

[0182] These conditions and diseases are also contemplated for palliative or

ameliorating treatments.

5 [0183] Compounds of this invention are also capable of binding or antagonizing
the actions of a4f1, and ouf7 integrins. Accordingly, compounds of this invention are
also useful for preventing or reversing the symptoms, disorders or diseases induced

by the binding of these integrins to their respective ligands.

[0184] In another aspect of the invention, the compounds and compositions

10 described herein can be used to inhibit immune cell migration from the bloodstream
to the central nervous system in the instance of, for example, multiple sclerosis, or
to areas which result in inflammatory-induced destruction of the myelin. Preferably,
these reagents inhibit immune cell migration in a manner that inhibits demyelination
and that further may promote remyelination. The reagents may also prevent

15  demyelination and promote remyelination of the central nervous system for
congenital metabolic disorders in which infiltrating immune cells affect the
development myelin sheath, mainly in the CNS. The reagents preferably also
reduce paralysis when administered to a subject with paralysis induced by a

demyelinating disease or condition.

20  Use of compounds of the invention in an in vitro assay
[0185] The invention further provides a method of using a compound of the
invention in an in vitro assay measuring binding of an 0431 or 04f7 integrin to an
integrin ligand, such as fibronectin (FN), VCAM-1, osteopontin and MadCAM. For
example, the compound of the invention can be used as a reference compound in

25  such assay in order to compare and evaluate the binding capacity of other test
compounds (i.e., candidate molecules) to bind the integrin, or its capacity to disrupt

binding of the ligand to the integrin (i.e., competitive binding assay). The term “in
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NMR= Nucl ear magnetic resonance Pd/ C= Pal | adium on carbon WO

2010/ 126914PCT/ US2010/ 032632 Pd2( dba) 3=

Tri s(di benoybiodessaacet one) di pal | adi um(0) Ph= Phenyl psi eclPaseas/opms2 squar e
inch gq= Quartet Ra-N = Raney-Ni ckel rpm= Rotation per mnute RT= Room
tenperature s= Singlet t= Triplet TFA= Trifluoroacetic acid THF=

Tet r ahydr@frapgsayuinchidepredl-Rased 63-2+ 6 wvoy apsaype iNgrreyplaineclbbaseféni cal shift

0052 CoBRUI B RS A5 Sl SRR 2l et s el @
Met hod [ 1Y1adCABd dB)1:suB@be flphadbeta? Ote fild]s: is &M rib&] hgeiadisaéxentpldry 75 m n,
then assay comprises the steps of (i) binding the ligand (e.g., recombinant MadCAM-
5 antibody conjugate) to a surface (e.g., a well-plate); (i) contacting the ligand with a

cell that expresses the integrin (e.g. alphadbeta7) on its cell-surface in the presence

of a compound of the invention; and (iii) measuring the amount of cells bound to the

surface. For example, the integrins on the surface of the cells bind to the

immobilized ligand. Such binding is inhibited by a compound of the invention as

10 the compound binds to the integrin and thus reduces binding of the integrin to the

ligand.

[0186] The invention further provides a method of using a compound of the
invention in an in vitro assay measuring binding of the compound to an o431 or
04P7 integrin in the presence of a test molecule. For example, solubilized integrin

15  or membrane preparations containing the integrin can be incubated with a test
molecule in the presence of a compound of the invention labeled with a radioactive,
colorimetric, fluorescent or other label, which can be used for detection. The test
molecule competes with the labeled compound for binding to the integrin. By
measuring the amount of labeled compound bound to the integrin, the capability of

20  the test molecule to the integrin can be determined. Hence, the invention further
provides a method of using the compounds of the invention in an in vitro assay for
identifying a candidate molecule capable of binding to a4B1 or a4fB7 integrin. A
candidate molecule exhibits a detectable binding activity in the respective assay
(e.g., an ICso of not more than 10 uM and preferably not more than 5 uM or not

25  more than 1 uM).

[0187] In one example according to any of the above embodiments, the in vitro
assay is a competitive binding assay.
[0188] The disclosures in this document of all articles and references, including

patents, are incorporated herein by reference in their entirety.

30 [0189] The invention is illustrated further by the following examples, which are

not to be construed as limiting the invention in scope or spirit to the specific

71



5hold, at 2 nL/mn, where [A]=0.1%trifluoroacetic acid in water; [B]=0.1%
trifluoroacetic acid in acetonitrile on a Phenonenex Luna C18 (2) 4.6 mm X
30 cm colwonp10di2aeiar on packi ng, 210 nm detection, at 35prCr/uskaloms26B2] = 50%
[B]: 50%[A] to 95%[B] : 5% [A] gradient in 2.5 mn, then hold, at 2
m./mn, where [A]=0.1%¢trifluoroacetic acid in water; [B]=0.1%

trifl uor oRfeerdueesgsaiied in Heg AP Feughres amhalffsasiye X yRthele B (2) 4.6 mm

X 30 cmc i . Lng., | QP 2 . Method [3] =
so0 6] ountiiaye FsPBAPAFRRELE iy Re SpRERE 6l SBnethlPar 170G, Lo 2
m./mn, where [A]=0.1%trifluoroacetic acid in water; [B]=0.1%
trifluoroacetic acid in acetonit BXAMRBLES Phenonenex Luna C18 (2) 4.6 mm X

30 cm colum, 3 15m cron packing, 210 nmdetection, at 35 C. Method [4] =
20% [ B] : @eferh] to 70% [B]: 30%[A] gradient in 2.33 min, then hold, at

1.5 m ere [A]=0.1%trifluorqacetic acid.in ter; [B]=0.1%

Lt or dmnadt o REudebian bbb bR TR SOPREHGHSHRARE M G (2) 4. 6 rm X
30 cm col YiRout Jurtfict hOAMPARK uAss SO A8LECThRNayR chRmdtogrMatyost [5] = 50%
[B]: 50%[A] to 95%[B] : 5% [A] gradient in 3.33 min, then hdold, at 1.5
./ mn, ppe-pretogted i 2 umnosibes ot phaddsd Ei Meveks eitica pe|600F£9% 5

Lri 71 uor oagehl Sudc s i ARSLonL Y if N d henamRI e Luna €18 (2) 4.6 mm X
30 cm col unns 23U &R paVc ing,g %(51 nm detedt One At h35 C. Method [6] = 5%
[B] : 95% ftdkpiidncd P8@iE Blid; niBRYerinAlr odtica db@fioni sthidingdBea¥bits. Fhel hold, at 1.5
mL/ m n, ere [A]=0.1%trifluoroacetic acid in water; [B]=0.1%

trif 1 for odeenptegaphy wiah paréemseiusing|citheim Biomesddbrideystamand18 (2) 4.6 mm X

5006 15 - Go0EERsg SiEh GASBLBRBing AHRP AT AL Bk ShicBefqq M6 108 L7 =
1.5 1L/ mi 400 b ePlephmori WALA Fhupsriramed on ad¢irtniPepsatr digh [ B] =0. 1%

trifluoroacetic acid, in acetonitrile on, a Phenonenex Luna C18 (2) 4.6 mm X
3 cm col uhfitormangediquid guerpiegrarh1 ot e dét NMR spectra pvesgsregordge bd [8] =

10% [ B] : _191@%03[16175%%,09&1{&1%1?,00%4%ﬁ&i{ @ity BR,IEP AQafllen. then hold, at
1.5 mb/mn, where [A]=0.1%trifluoroacetic acid in water; [B]=0.1%
triflldor ogeetoetac dhémicabgiﬁfbmn: re¢gogted m parBtpmmiﬁimprmhdm@jf&lq 2) 4.6 mm X
3 cm col U a’tivé:3 tongeﬁgr?lgthgﬁsﬁgrllen g)loor 0 g}o grg Fe%grlla%gés r%gulgr?g g’om

incomplete deuteration of the NMR solvent (d'scale). Mass spectra were recorded

on an Agilent series 1100 mass spectrometer connected to an Agilent series 1100

HPLC.

20  [0191] Further, abbreviations used throughout have the following meanings:

vl = Micro

Ac = Acetate

bd = Broad doublet

BINAP = 2,2"-Bis(diphenylphosphino)-1,1'-binaphthyl
BOC = tert-Butyloxycarbonyl

BSA = Bovine serum albumin

d = Doublet

DCM = Dichloromethane

dd = Double doublet

DEAD = Diethyl azodicarboxylate
DIAD = Diisopropyl azodicarboxylate
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Method [9] = 23%[B]: 77%[A] to 30%[B]: 70%[A] gradient in 15.0 mn,
then 20hold, at 1.0 nL/mn, where [A]=0.1%trifluoroacetic acid in water;

[ B] =0. 1% woi2bloumasmaceti c acid in acetonitrile on a Zor bexTSR2@besy6B2 C18 2. 1
mm X 5 cmcolum, 5 mcron packing, 210 nmdetection, at 30 C. WO

2010/ 126914PCT/ US2010/ 032632 Exanple 1 1.1. Synthesis of (R)-1-(2,3-dihy dr
0- 1Hi nden- | -JBA 2- oxoN Ripppprapyliefylynipng) - 1, 2-di hy dr opy

ri di ne-3-car q%{g%m de (1) Rx. [0193] A 500mL round-bottom fl ask was
charged with 5.0g (1.0eq. )ﬁlﬁiﬁ)@%t%é di hydro-1H i nden-1-am ne and 7.5g
(1.0eq.) dinmadmyl 2- (3= nmdikexddfolyhinttiene) mal onate in 120nl dry THF. The

m xture was heated at 65 C under N2 for 3hrs. Then the sol vent was renoved

in vacuo, and®¥R® crude m@éﬂ?ﬁé/lsl’éﬁ%@epuri fied by silica gel flash colum
chromat ogr ap *Bfﬁi_f o afford (lBﬁ'-_'B:ik(Hﬁ)%@li{)%lFﬁds&ﬁfno)ferrocene _

(2, 3-di hydro- i nden-1 -yl am no) al | dene) nal onate as a yellow solid
(11.0g) in 9%ppi el d. ProtlokBlis(@phenylB{oddlddd)mEchamesol uti on of 11.0g (1. 0eq)

(R) -di methyl 2-(3-(2, 3-di hydro: i hden-1- .yl am | .yl i dene) mal onate in
80ml dry MeO s sl owy gdﬂ@éﬂ'%‘ﬁ%ﬁibm?@?’]g%go T](%%%%d’éﬁ“ ersion in mneral
oi |) under N2 protection. plhgchRa@bi on was stirred at roomtenperature for
10 mnutes and was then heated at 60 C. After 20 mnutes, to the reaction
m xture were eqdded 30ntE wdiquivalePtte resulting mi xture was heated at 20 60 C
for an addi tiEQ[naI 20 rri_nutEe%ﬁ.1 The solvent was renoved in vacuo. The residue
was diluted wi'th 50m watet,” and extracted with hexane (2x50mL) to renove

m ner al FBS = fetal bovine serum
g = Grams
HBTU = 2-(1H-Benzotriazol-1-yl)-1,1,3,3-tetramethyluronium
hexafluorophosphate
HEPES = 4-2-Hydroxyethyl-1-piperazineethanesulfonic acid
HOBt = 1-Hydroxybenzotriazole
HPLC = High performance liquid chromatography
hr = Hours
LAH = Lithium aluminum hydride
m = Multiplet
M = Molar
m-CPBA = meta-Chloroperoxybenzoic acid
MeOH = Methanol
mg = Milligrams
MHz = Megahertz
min = Minute
ml = Milliliters
mM = Millimolar
mmol = Millimole
MS(ESI) = Electrospray ionization mass spectrometry
N = Normal
NMR = Nuclear magnetic resonance
Pd/C = Palladium on carbon
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oil. Then the aqueous m xture was acidified with 2N HC1 to pH 1-2 and
extracted with ethyl acetate (2x100 nml). The conbi ned organi c phase was
washed wiwb 2000178914 \WO 2010/ 126914PCT/ US2010/ 032632 br i necTdrse@d/oss68z sodi um
sul fate and concentrated in vacuo to afford (R)-1-(2, 3-

di hydro-1Hinden-1-y1l)-2-o0xo0-1, 2-di hydropyri di ne-3-carboxylic acid as a
white solid (BhE§syield J3vydibpnzahidéngacaienseipaltadumOl ur t her purifi cati on.
Protocol C ]0195] Tq aP§I(3+ tion of 7.8g (1.0 eq.)

(R -1-(2, 3-di hydro- 1Hi nden-T=y1) - 2- oxol, 2-di hydr opyri di ne- 3-car boxylic
acid in 100nmidVF was addedobhds pdrkQuate inehS eq. ), HBTU (13.8g, 1.2 eq.) and
4-am ne-pyridin (3.45g, 1.2 eq.). The resulting 10m xture was stirred at
rt. overnightd The reacti &¥aWas diluted with 300nLl water. The precipitate
was collectedypyifiltrati %ﬁﬁmcmshed wi th 2x50nml water. The solid was
purified on short flash colu In silica gel to provide white solid 8. 1g

(809 rpm = Rotation per minute
(R -1-(2, 3-dihiydro-1Hi nden-1 -y1)-2-oxo-N-(pyridin-4-yl)-1, 2-di hydropyridin
e-3- car boxar#%e. Ret ent i oY FEIPCHMS = 2.592, nmethod [7], MS(ESI)

332. 1(MrH); 4H 15 NMVR (30Q;Mdg, DMVBO-d6) 8 12.99 (s, 1H), 8.72 (d, 2H),
8.49 (d, 1H), 8.19 (d, 2H), 7.68 (d, 1H), 7.36 (m 2H), 7.33 (m 1H), 7.24
(m 1H), 7.18 (d, 1H), =6. &iplet, 1H), 6.49-6.52 (m 1H), 3.03-3.16 (m 1H),

2.71-2.98 (m , 2.66-2. 1H), .2.06-2.14 (m 1H). 1.2.Synthesis of
addi ti onal coTrﬁ])%?Jnds usi ngjﬁng}u%t%aggﬁ@sa%? B and C 20 [0196] The foll ow ng

conpounds wergdBynt hesizedrdmpyarafpaopri ate starting material s using
Protocols A, B and C, above or slightly nodified versions thereof.
1- (2, 3- Di hydr®« oM nder® | -Nfigyalfersxo- N- (pyri di n-4-y1) -1, 2- di hydropyri di ne- 3-

b id 0197] _Retyent | ' ' = 2.757, thod [7], MS(ESI
332, 1(MH) . 125 MR (300 WL IRED a6 & 12,98 (s, 1), B.71 (d. 2b),

8.48 (d, 1H),58.18 (d, 2HChehi&Bshidt, 1H), 7.36 (m 2H), 7.33 (m 1H), 7.24
(t, 1H), 7.15 (d, 1H), 6.61 (t, 1H), 6.49-6.52 (m 1H), 3.01-3.19 (m 1H,
2.71-2.98 (m 1H), 2.65-2.69 (m 1H), 2.11-2.14 (m 1H).

N- (4- Chl orophenyl) - 1- (2, 3-di hydro- 1H i nden- | -ylﬁ- 2- 0x0- 1, 2-di hydr opyri di ne-
3- 30car t{&lg}ﬂ, déom))und purity was typically determined by HPLC/MS analysis using a

variety of analytical methods. Exemplary methods are described below.

Method [1] = 20% [B]: 80% [A] to 70% [B]: 30% [A] gradient in 1.75 min, then
5  hold, at 2 mL/min, where [A]=0.1% trifluoroacetic acid in water; [B]=0.1%
trifluoroacetic acid in acetonitrile on a Phenomenex Luna C18 (2) 4.6 mm X 30 cm

column, 3 micron packing, 210 nm detection, at 35 °C.

Method [2] = 50% [B]: 50% [A] to 95% [B] : 5% [A] gradient in 2.5 min, then hold,
at 2 mL/min, where [A]=0.1% trifluoroacetic acid in water; [B]=0.1% trifluoroacetic
10 acid in acetonitrile on a Phenomenex Luna C18 (2) 4.6 mm X 30 cm column, 3

micron packing, 210 nm detection, at 35 °C.

Method [3] = 5% [B]: 95% [A] to 20% [B] : 80% [A] gradient in 2.5 min, then hold,
at 2 mL/min, where [A]=0.1% trifluoroacetic acid in water; [B]=0.1% trifluoroacetic
acid in acetonitrile on a Phenomenex Luna C18 (2) 4.6 mm X 30 cm column, 3

15  micron packing, 210 nm detection, at 35 °C.

Method [4] = 20% [B]: 80% [A] to 70% [B]: 30% [A] gradient in 2.33 min, then

hold, at 1.5 mL/min, where [A]=0.1% trifluoroacetic acid in water; [B]=0.1%
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[0198] Retention tine (mn) = 8.869, nethod [7], MS(ESI) 365.0 (M+H); 1H
NVR (300 MHz, CDC13) 8 12.17 (s, 1H), 8.59 (dd, 1H), 7.74 (d, 2H),

7.28-7. 39W0106i%9147. 21 (dd, 1H), 7.19 (d, 1H), 6.61 (qPpCTH)IS2016/0383%t, 1H),
299316(m 1H), 2.79- 2.91 (m 1H) 1.97-2.09 (m 1H)

5(S5)-1-(2,3-D hydro-1Hinden-1-yl)-2-o0oxo-N (pyridin-4-y1)-1, 2-di hydropyri di
ne- 3- cart@él%afﬁaa@w(a&)d l[ﬂ@fgtg]llt@étoérﬂt]?h?ﬁoww uﬁarﬁlfmz%gnm ¥epKad [ 7],

1) Sy M SRR 12,3 (5, 10, B 8 7
; ég_ (2d6 odiﬂ? 5@%3%]2{8 ﬁfﬁﬁ 9]15973[]9]2 5%/' {‘g] gr%lengllr_l% 332m1n then99 (m 1H),

(S) - N- (4-Khd ot ophanydih; Whéré [AILh. t%dﬁﬂué{blaédﬁdaﬂrdhnﬂa)erzfm*() 1% 2-
di hydr opyri di ne- 3- car boxam de (5)[0200] Retention tine (m ))é = 8. 464,
nmet hod  fifluorogsytesicid ingsetenitjieiqn:a Bhanyprngsiomai-s (2Q:E>élr3 39zmg (s, 1H),

8.58 (d. 7.21 (d, 1H), 7.19 (d. 1H),
6. 61 ( ﬂmné‘%‘b“‘ﬁ‘g?%&%?o %%éifteggi‘g%ﬁwfkl) 3 75(9 2, sgb(m 1H),( K
2. 05- 2 0

RN M%ﬁiﬁiem@] 197% A1 5 0% 5L 189% FAbaedieptin 3% mi fhes.

di hydr opykdidli48€-53nEahiRow B 4R 1£®) %[tAB0dhaRetk abidiiaRvatdrMB31E0i) = 9. 461,
method [7], MB(ESI) 365.1 (MrH): 1H NVR (300 MHz, CDCL3) 8 12.16 (s, 1H),

8 60 (d tlliﬂ)lomcem acl mzalcstonrrr gna Bgnomenexgopp CIE @14(6cmmj?ﬁ)30 cm 19 (d,

é (ng 209 ?&nn%lcr&%}fk&% orop eny%gl %f%gi()a] 1H, 2.79- 2.89 (m 1H),
di hyzir Op%d ifazs: g%‘%d@i%ﬁ%t&{%’%@dgfg]zﬁe%e[@éﬁﬁdwtﬁ In6; it 7. 443,

net hod [ 7old h@ﬁ%ﬁhhrﬁﬁlwﬁe&%wo 1%&hﬁﬁme(na%dmate@m3m 18 12.06 (s, 1H),
8.51 (dd, 1H), 7.68 (d, 2H), 7.28-7.40 (m 5H), (m 1H), 7.13 (d, 1H),
6.44 (d, wiflporogedi acid inpiytonidrilg pn(akthenpencx Igela((aw (21496 m@. X8 cirid, 1H),

Ta( 15, 2R B G} BiEoPU e IR B EEIPRALAT €y 1) - 2- oxo- N (pyri di n-d-y1) -1, 2
- di thSd 019[ J[’hogl[g]e— ?O‘S/‘oa[%?:o%%n[g]eto(ﬁ))% [B]: 60% [A] gradient in 10.0 min, then

hold, at 1.5 mL/min, where [A]=0.1% trifluoroacetic acid in water; [B]=0.1%

trifluoroacetic acid in acetonitrile on a Phenomenex Luna C18 (2) 4.6 mm X 3 cm

column, 3 micron packing, 210 nm detection, at 35 °C.

Method [9] = 23% [B]: 77% [A] to 30% [B]: 70% [A] gradient in 15.0 min, then
20  hold, at 1.0 mL/min, where [A]=0.1% trifluoroacetic acid in water; [B]=0.1%
trifluoroacetic acid in acetonitrile on a Zorbex SB-phenyl C18 2.1 mm X 5 cm

column, 5 micron packing, 210 nm detection, at 30 °C.
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30[ 0203]
NVR (300

5.31 (d,

N- (4- Chl or ophenyl) - 14( 1R, 2S) - 2- hydr oxy-
2- di hydropyri di ne- 3-car boxam de Expnipiod
net hod [7}1]4) NBéyESl) 381.1 (M+tH); 1H NWMR (300 MHz, CDC13) 8 12.09 (s,

8.51 (d,
6.44 (d,
2.81 (d,
14( 1R, 2S)

di hydr opyri di ne- 3-car boxam de (10) [0205] Reten
method [7], MS(ESI) 348.1(M+H); 1H 10NWMR (300
1H), 845850(m3|—|) 7. 88

(d, 1H),

1H), 2.96 ). Exanple 2
N- (4- chl or ophenyl) - 1- ( 4- net hoX
151-y1) - 2- oxo- 1,NHdi hydr opyri

5

10

15

20

Retention tinme (mn) = 1.869, nmethod [7], MS(ESI) 348. 1(

MtH) ;

1H

MHz, DMBO d6) 8 12.42 (s, 1H), 8.45-8.50 (m 3H), 7.69 (d, 2H),
7.49 (d, wHl2p107128847.39 (m 3H), 7.08 (d, 1H), 6.57 (t, peiHUS2G048266d, 1H),

1H), 4.66 (m 1H), 3.24 (m 1H), 2.90-2.96 (d, 1H). 78

4] Retention time (mn)

2, 3-di hydro-111-i nden-1-y1)-2-o0xo-1,

= 7.441,

ehesisiof (Ry1-CA-dihydrad He mdegelwl) 2505V ((pyridieyd-yh- 13 (d.

1H), B23lthydropgriflinef-earboramidé) (1) 3. 37 (dd, 1H), 3.05 (dd,

1H),

1H),

1H),

l;Jré_pt?-ﬁ%roxy 2, 3-di hydro-111-i nden-1-y1)-2-oxo-N-(pyridin-4-yl)-1,2-

(d, 2H), 7.49 (d, 723-7.39 (m

G 1H), 6.4

2. 1. Sypthesis—of \
-2, 3-di hydro- 1Hi nden-
llne- 3- carboxam de (11) Protdcol D
H,CO,C~ CO,CH, HiCo,c” COCH,
[0193] A 500ml round-bottom flask was charged with 5.0g (1.0eq.) (R)-2,3-
dihydro-1H-inden-1-amine and 7.5g (1.0eq.) dimethyl 2-(3-
methoxyallylidene)malonate in 120ml dry THF. The mixture was heated at 65 °C
under N, for 3hrs. Then the solvent was removed in vacuo, and the crude mixture
was purified by silica gel flash column chromatography to afford (R)-dimethyl 2-(3-
(2,3-dihydro-1H-inden-1-ylamino)allylidene)malonate as a yellow solid (11.0g) in

97% yield.

Protocol B

HN 1) NaH N OH

\ 2) H,0
\

H,CO,C CO,CH;

[0194] To a solution of 11.0g (1.0eq) (R)-dimethyl 2-(3-(2,3-dihydro-1H-inden-1-
ylamino)allylidene)malonate in 80ml dry MeOH was slowly added 3.65g (2.5¢eq)
NaH (60% dispersion in mineral oil) under N, protection. The reaction was stirred
at room temperature for 10 minutes and was then heated at 60 °C. After 20 minutes,
to the reaction mixture were added 30ml water. The resulting mixture was heated at
60 °C for an additional 20 minutes. The solvent was removed in vacuo. The residue
was diluted with 50ml water, and extracted with hexane (2x50ml) to remove mineral
oil. Then the aqueous mixture was acidified with 2N HCI to pH 1-2 and extracted
with ethyl acetate (2x100 ml). The combined organic phase was washed with 100ml
76
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[ 0206] To a solution of 4-nethoxy-2,3-di hydro-1Hinden-1-one (1.0g, 1.0
eq.) in 25m MeOH was added NH2OH HC1 (0.493g, 1.15eq.) and sodium acetate
(0.597g, WOLoBi2en4). The resulting m xture was stirredPpratr/use@oiosmaper at ur e
overnight. The reaction mxture was diluted with 100nl ice-water. The white
precipitate was collected by filtration, washed with 3x20nl _water and dried
i n vacuo Bréeaglfied ever S%gm(syi/féqe@nég%cemrﬁﬁé@ oydru tRafdiondy8)-8-2+3 i nden- 1- one

OX' e Wh'cﬁp;é%@;tg}‘ﬁl%gntlwﬁ&ﬁazfBlh‘QﬂdH}%Ehne%r-éﬂ%xyﬁ}H abfd GALIAR- 25 Protocol

LAH
solid (8.7g, yield 93%) which was used without further purification.

Protocol C
— =
N | OH N | N
~ HBTU/DIEA .

[0195] To a solution of 7.8g (1.0 eq.) (R)-1-(2,3-dihydro-1H-inden-1-yl)-2-oxo-
1,2-dihydropyridine-3-carboxylic acid in 100ml DMF was added DIEA (10ml, 2.5
eq.), HBTU (13.8g, 1.2 eq.) and 4-amine-pyridin (3.45g, 1.2 eq.). The resulting

10 mixture was stirred at rt. overnight. The reaction was diluted with 300ml water. The
precipitate was collected by filtration, and washed with 2x50ml water. The solid
was purified on short flash column in silica gel to provide white solid 8.1g (80%)
(R)-1-(2,3-dihydro-1H-inden-1-yl)-2-ox0-N-(pyridin-4-yl)-1,2-dihydropyridine-3-
carboxamide. Retention time (min) = 2.592, method [7], MS(ESI) 332.1(M+H); 'H

15 NMR (300 MHz, DMSO-d6) 6 12.99 (s, 1H), 8.72 (d, 2H), 8.49 (d, 1H), 8.19 (d,
2H), 7.68 (d, 1H), 7.36 (m, 2H), 7.33 (m, 1H), 7.24 (m, 1H), 7.15 (d, 1H), 6.61 (t,
1H), 6.49-6.52 (m, 1H), 3.03-3.16 (m, 1H), 2.71-2.98 (m, 1H), 2.66-2.69 (m, 1H),
2.06-2.14 (m, 1H).

1.2. Synthesis of additional compounds using protocols A, B and C
20 [0196] The following compounds were synthesized from appropriate starting
materials using Protocols A, B and C, above or slightly modified versions thereof.

1-(2,3-Dihydro-1H-inden-1-yl)-2-oxo-N-(pyridin-4-yl)-1,2-dihydropyridine-3-
carboxamide (2)

[0197] Retention time (min) = 2.757, method [7], MS(ESI) 332.1(M+H); 'H
25 NMR (300 MHz, DMSO-d6) 6 12.98 (s, 1H), 8.71 (d, 2H), 8.48 (d, 1H), 8.18 (d,
2H), 7.68 (d, 1H), 7.36 (m, 2H), 7.33 (m, 1H), 7.24 (t, 1H), 7.15 (d, 1H), 6.61 (t,
1H), 6.49-6.52 (m, 1H), 3.01-3.19 (m, 1H), 2.71-2.98 (m, 1H), 2.65-2.69 (m, 1H),
2.11-2.14 (m, 1H).
N-(4-Chlorophenyl)-1-(2,3-dihydro-1H-inden-1-yl)-2-oxo-1,2-dihydropyridine-3-
30 carboxamide (3)
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[0207] A solution of 4-nethoxy-2, 3-di hydro-1Hinden-1-one oxine (1.0g,
1.0eq.) in 40nml dry ether was cooled to -78 C under N2 atnosphere. Then

Li AlH4 i rwetzhavizeakuti on (30nil, 1M 5.5eq.) was added t ®CTABCE100826dZ OPW Se.
The resulting mxture was stirred at -78 C for 10 minutes, and gradually
warnmed to roomterrperature 5 Then the m xture was heated at, refl uxing

over ni ght[019%le Réfﬁé@@fbhmm(mifl)reg&@%néﬁth%[gdi M tESTE36m0 EYiEp: &hd quenched by

ater . TRk GERNIRR R, B33 ey e 2R LARRE NS PRS0l T e

rinsed wisp, 3x3Qad, @hhen9 dhe)oseand, q}gh@se (\VaREl).dr9ed. 16Vl 1Ha228@4 and
evaporated in vacuo to afford a clear oil 0.5g (yield 54.3% 10

4- et hoxy2-21 gndlihy dP6-209 (MdEdh- 1- ami ne whi ch was used to next step without
further purification. [ 0208] Followi ng Protocols A B and C,

4- et Boxy {9)- BB M illvdrol-imivenl-gh-23BarNr(pynidio-6phl ct-didgdnopyridine-3-

N- (4- chl or ophenyl) - 1- ( 4- net hoxy caridxdinideded- 1H- i nden- 1-

rot T 1o ROLFSBNE T FELORIB Ao MR B RN - *i
8.58 (d, P'lliva (360MH(ZO!DM%J® d6)78 i@sz? (532%@434@7 (i, ﬁ? (%o (&F@H) 6561 (d, 1H),
6.60 (t, 1H), 2.81-2.88 (m

1H), 1. é?(dzlﬂﬁ 7(4&(@@3997 32(@ H;Inﬂr%sms&bf7aamt1mbn@|somou@ab [0209] The

:%" 'Slf o B B SR S R R AR ARG S R I T ek D2 Srone ©

251- ( 6- Met hoxy-&)-A-dreh/araphepi-{yer:- ‘l”hwg BH-igdemd -yt o¥p-h2a- y1) - 1, 2-
di hydr opy dilyidrepysiding Freshar@aide(2) 034011 et@@@@ﬂmedmlﬁ)ﬁﬁﬁléﬂa rﬁytheds 113,

thod [7 0) d 41 1H),
?42?8.57[}7 1\%@@ %@g@%%ﬁ@(mg @H)W%? ]%\a@c% ﬁjﬂé stgugs §3 1E)|),
?H)71 (s, ﬂlﬂ,ﬂ?ﬁ(562fﬁ$728|f‘b39 ﬁn457H>( 1(7]213(1;1L‘DLH)3;@géélSLH)3@(%|ﬂ)(q, 12{){)063@ 08 (m
N- ( 4- 1c5h| o@dﬁﬁe%&iﬁlﬁ% %t%&%@@@ndﬁh P&2409 (hd&h- 1 - y1) - 2- oxo- 1, 2-
di hydr opyri di ne- 3- car boxam de (13)
(R)-N-(4-Chlorophenyl)-1-(2,3-dihydro-1H-inden-1-yl)-2-oxo0-1,2-

dihydropyridine-3-carboxamide (6)
[0201] Retention time (min) = 9.461, method [7], MS(ESI) 365.1 (M+H); 'H
NMR (300 MHz, CDCIl3) & 12.16 (s, 1H), 8.60 (d, 1H), 7.74 (d, 2H), 7.28-7.39 (m,
20  5H), 7.21(d, 1H), 7.19 (d, 1H), 6.61 (q, 1H), 6.39 (t, 1H), 2.91-3.16 (m, 1H), 2.79-
2.89 (m, 1H), 2.05-2.09 (m, 1H).
N-(4-Chlorophenyl)-1-((1S,2R)-2-hydroxy-2,3-dihydro-1H-inden-1-yl)-2-o0xo0-1,2-
dihydropyridine-3-carboxamide (7)
[0202] Retention time (min) = 7.443, method [7], MS(ESI) 381.1 (M+H); 'H
25 NMR (300 MHz, CDCIl3) 8 12.06 (s, 1H), 8.51 (dd, 1H), 7.68 (d, 2H), 7.28-7.40 (m,
SH), 7.22 (m, 1H), 7.13 (d, 1H), 6.44 (d, 1H), 6.37 (t, 1H), 4.97 (m, 1H), 3.36 (dd,
1H), 3.05 (dd, 1H), 2.81 (d, 1H).
1-((18,2R)-2-Hydroxy-2,3-dihydro-1H-inden- 1-yl)-2-oxo-N-(pyridin-4-yl)-1,2-
dihydropyridine-3-carboxamide (8)
30 [0203] Retention time (min) = 1.869, method [7], MS(ESI) 348.1(M+H); 'H
NMR (300 MHz, DMSO-d6) 6 12.42 (s, 1H), 8.45-8.50 (m, 3H), 7.69 (d, 2H), 7.49
(d, 1H), 7.23-7.39 (m, 3H), 7.08 (d, 1H), 6.57 (t, 1H), 6.48 (d, 1H), 5.31 (d, 1H),
4.66 (m, 1H), 3.24 (m, 1H), 2.90-2.96 (d, 1H).
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[0211] Retention tinme (mn) = 9.412, nmethod [7], MS(ESI) 395.1 (M+H); 1H
NMR (300 MHz, CDC13) 8 12.18 (s, 1H), 8.59 (dd, 1H), 7.75 (d, 2H),

7.19-7. 32wOmp1054b)14 6. 90 (d, 1H), 6.55-6.61 (m 2H), 6. 20T(USP01bMB2638. 75 (s,
3H), 290308(m 2H) , 278288(m 1H), 1.97-2.09 (m 1H).

N- (4-chl orophenyl) - 1- ( 5- net hox 3-di hydro-1Hi nden-| oxo- 1, 2-

di hydr opyr ﬁ@zl’aﬂR!@ﬂMa(M%éS{ -3 dydrayy223-dikedend Honden- hyl%znom 12-9. 404,

met hod [7], MS(ESI) 417. 1d1(zmbmayrtdzme+31mma(r@d@($mz CDC13) 8 12.19 (s,

éHgBQ (s 8‘{’2@] ﬁg@\gnr@%ﬁ ‘jéikﬁ;(&‘gzz)g4‘tlr7h“§%‘?—i§adw%’%@§5%%_é%‘/l §H§03 H(? 06 (d 1H)

2. 90- 3. 13NMR (3Z)bI)MH2 a@Bek) 812(09 (s, 1), 8.5199-121)09.66 0, 2H) 7.23-7.39 (m,

1- ( 6- et hoxy- i hydro-1Hinden-1-y1l)-2-oxo0-N(pyridin-4-y1)-1, 2-

di hydrSOpyfrIﬂwrz@@ébﬁwo%m 10 (658) (G Sty (et e AP P V) = 3. 067,
met hod [7 é)]-f%% ((@/H ; 1H NMR (300 MHz, CDC13) 8 12.39 (s, 1H),
8.50-8.59 E(? % 7.23 (d, 1H), 7.04 (d, 1H) 6.84 (s, 1H),

g' gg gdggl?),ﬁ(ll?géfz%ﬂyg ?md&ly dé' -l]izlzpeh-lgylﬁ%-o(x%lN- pyridin- 49yjl) :;211 (m 2H),

1- (6- br ono- 2, 3- di hydr o- 114! )?cf(ﬂ("lf“@liffeog%henyl) 2- 0x0- 1, 2-

20di hydr di de n) = 10. 360,
LR by et A LRty

8. 59 10dd, NIV (300 MBz(AMSEHI6) &12@4 (sd,leHs ssgasm?seza 7(6ﬁ (d5RH), T64%1 (t, 1H),
6.45 (t, .91- 8 , 79-2. 89 2. 07+ 1H).
251 (6 br GnbHy. 52T 19 o A L P37 G sob € (ot ! T o

di hydr opyA kdifetdy, g@mt@gqm aeod @47)1}150215] Retention tinme (mn) 3.842,
nmethod [7], MS(ESI) 411.1 8 1H NWR (300 MHz, CDC13) 8 12. 27 (s, 1H,

8.61 (d, 1H), 8.58 (d, 2H), 758 d, 2H), 7.46 (d, 1H), 7.18-7.38 (m 2H),
6.61 (t, 1H) 6.44 (t, 1H). 2.90- Example 2H), 2.80- 302.89 (m 1H),

1.84-2. 09, esis 0 ) n metho ihydro e
1 (o 2 S R M

Protocol D

NH,OH.HCI

MeOH
(0] NOH

[0206] To a solution of 4-methoxy-2,3-dihydro-1H-inden-1-one (1.0g, 1.0 eq.) in
25ml MeOH was added NH,OH.HCI1 (0.493g, 1.15¢eq.) and sodium acetate (0.597¢g,
20  1.18 eq.). The resulting mixture was stirred at room temperature overnight. The
reaction mixture was diluted with 100ml ice-water. The white precipitate was
collected by filtration, washed with 3x20ml water and dried in vacuo to afford 1.08¢
(yield 99%) 4-methoxy-2,3-dihydro-1H-inden-1-one oxime which was used to next

step without further purification.

25  Protocol E

LAH
Et,0
NOH NH,
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di hydr opyri di ne- 3-car boxam de (18) [0216] Retention tine (mn) = 3.095,
method [7], MS(ESI) 362.2 (M+H); 1H NWR (300 MHz, DMBSO-d6) 8 12.37 (s, 1H),
8.41-8. 4AW0rm103i%9147. 69 (d, 2H), 7.58 5(d, 1H), 7.25 (t pPCcTHIS2016/0983%d, 1H),
6.70 (d, 1H), 6.49-6.58 (m 2H), 3.81 (s, 3H), 3.00-3.08 (m 1H), 2.71-2.98
(m 1H), 2.65-2.69 (m 1H), 2.03-2.12 (m 1H). -

1- ( 7- met HRYII2, AS@MWQS41mﬁthﬁ>@e%3rdﬂy>1<§r0ﬂfbwéewl(qquxanﬁmog;Jl)Qesu)2-

et od [ ERBEES SRS ey G SR BB e TR TS0 s,
éH)S,8 (8d428f&1tfb71 (GOml amny,,s. quQQ)vz(sCh,ddé’d-bo rethfdﬁ-erpvﬁ@e (The r&d)t;nggg&gurg g ( ﬁ] H), )
2.71-2. 88W%Srﬁtlrrfﬁi)at 7% §1f0|2_|)'%911t1‘11FFS Py graﬂugﬂry Vza@upd(tﬁ]romemperature

N-(7- ghl ofpRNEowh ks (4 HE%Ee'El%YeTﬁlxﬁlf%vQMﬁgﬁ i BRI hixfukd wls 0X0- 1, 2-

di hydr opyri di ne- 3- car boxam de Retention tine (mn) 8. 530,
met hod [7411ut¢cﬁ(vEBB§)mB%eﬂar(dMﬂblplqhedldeNh*@e@ﬁ@]ﬂ)y Mding CDG1 8pteB, 112m122 (s 1H),

8.57 (d, 75 (d, 2H),7.27-7,3 H), .97 (d, 1H),
6.74 (d, ﬁi”%Na@Piéq m'j%tlonsanéé ‘tf{ﬂgvv% Thg I%étu(%waéﬂ&ere%a g5 (m 2H),
2. 75- 2. 88:¢{ifd pabiHIhe %o@%h?e s:blld(vms ribkd with 3x20ml ether. The orgamc é)hase was

N- (4-chl orophenyl) nmet hyl- 2, 3-di hydro- 1Hi nden-1-y1) oxo- 1, 2-

20di hydrocb\mquﬁh@aﬂbamﬁmpm@d(my)wqocrglagf]ordqetclemqlb@ﬁgmeld(ﬁﬁi%) = 9. 284,

g? % 2 O]?) i ([j 741 ml\flsg(?%’% d]ghang }_él @HZI agu%wﬁzlg:}? wgls_ﬁlsedéo 1ggp 0211t éG 6;(3,8 ( ml H)l H)

6.46 (t, fhhher fuitRaBo39 (m 1H), 2.97-3.12 (m 1H), 1.52 (m ‘1H), 1.46 (d,
3H) 251-(3-methyl-2, 3-di hydro- 1H-|nden I-y1) 2-0x0-N-(pyridin-4-yl)-1, 2-

di hydr opyri di ne- 3- car boxam de (22) [0220] Retention tine (mn) =.3. 413,
met hod [ 71,OMS(ESM), 346.1 (MH); 1H NVR-L8Q0 d6 8(s, 1H),

8.76 (d, 2H) )8 d, 1H), _8.21 (d., 2H), IH31- (m 3H),
7.26 (t, 1H) (WNH1H), 6.68 (t, 1H), NH), 3.22-3.33
(m 1H), 2.8 5(m 1H, 2.65-2.69 (m 1 (m 1H), 1.36 (d,
3H) .
[0208] Following Protocols A, B and C, 4-methoxy-2,3-dihydro-1H-inden-1-
15  amine was converted to N-(4-chlorophenyl)-1-(4-methoxy-2,3-dihydro-1H-inden-1-
yl)-2-ox0-1,2-dihydropyridine-3-carboxamide. Retention time (min) =9.577,
method [7], MS(ESI) 395.1 (M+H); 'H NMR (300 MHz, CDCl3) § 12.18 (s, 1H),
8.58 (d, 1H), 7.73 (d, 2H), 7.19-7.32 (m, 4H), 6.84 (d, 1H), 6.71 (d, 1H), 6.60 (t,
1H), 6.38 (t, 1H), 3.88 (s, 3H), 2.90-3.09 (m, 2H), 2.81-2.88 (m, 1H), 1.97-2.06 (m,
20 1H).

2.2, Synthesis of additional compounds
[0209] The following compounds were synthesized from appropriate starting
materials using Protocols D, E, A, B and C above or slightly modified versions
thereof.
25 1-(6-Methoxy-2,3-dihydro-1H-inden-1-yl)-2-oxo-N-(pyridin-4-yl)-1,2-
dihydropyridine-3-carboxamide (12)
[0210] Retention time (min) = 3.113, method [7], MS(ESI) 362.1(M+H); 'H
NMR (300 MHz, DMSO-d6) 6 12.41 (s, 1H), 8.42-8.47 (m, 3H), 7.69 (d, 2H), 7.53
(d, 1H), 7.28 (d, 1H), 6.89 (d, 1H), 6.71 (s, 1H), 6.56 (t, 1H), 6.47 (m, 1H), 3.65 (s,
30  3H), 3.01-3.08 (m, 1H), 2.71-2.98 (m, 1H), 2.62-2.69 (m, 1H), 2.06-2.11 (m, 1H).
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1- (4- brono- 2, 3-di hydro-1Hi nden-1-yl)-2-o0oxo-N(pyridin-4-yl)-1, 2-

di hydropyri di ne- 3-car boxam de (23) [0221] Retention tinme (mn) = 3.715,

met hod [ Avo 2ve(B8hy 411.0 (MrH); 1H NVR (300 MHz, DVBO @é)x/t82018/03%3fs, 1H),
8.52-8.61 (m BFD 7.67 (d, ZFD 7 52 5(d, 1FD 7.27 (m 1H), 7.15 (t, 1H),
7.05 (d, 1 45 91-3.22 2 2.84-2.90
1H), (2 00- M, Q’j_(4 thorypgzenyl-?l (6-methoxy-2 3 l(_})hydro 1H-inden- ISyl) 2- olyj()) 1,2- (m

1-(4-brom) 2, 3-di hydr o- 1kydaemridinety-chefosawiidedldpheny1) - 2- oxo- 1, 2-

R L R C e e L T R T S
8.57 (dd, N\ (300 MHZ((UDCJ%MB 12718489, 1(t0, 8. 5B\ dd, 1H87.¢8l (d, 2H), 7.79-¥B2(w, 1H), 7.13

(t, 1 7.02 6. 68 6.40 (t, 2.85-3.19 2
S0l D sadting. 9&@ 1E5), 65752 OBuAI L B0 (6. 11D, 375 5. 5D, 2.90°3.08 (m. 21D, =

1- (4- et | -y1l)-2-o0x0-N-(pyridin-4-yl)-1, 2-
di hydropg;ﬁr)?%lzﬁgget %’g%%aéldgégj(;@ 15[ 0223] The title conmpound (enantiomer

e Cnny N R el r W%e"”i I ra?-ey k300 me. "
CDC13) 8 12.37 (s, 1H), EP @Vd’ ing:- 'w'ab"%zm(‘é? 7.69 (d, 2H),

7.23-7. 29[0(2!['2] 21@513%@@18%@@11111‘%@9 464, ?ﬁeﬂﬁdh [7}'7{)15(1@&5@17( FngN)a) 61 40 (t, 1H),
3.88 (s, 3H), ( 07 (m 1H).
201- (4 meENNBX (309, MHdJ(ﬁl?@bO)ﬁlel-lﬁr(d,eldi)L835&)(6162 -16R07.Ré (y2EDOT.A2 4d. 21D 1, 2-

YOt o0yt S £ DR Bl RO 1 TS by BBy nant orer B
time (m @.8?%@3?{3& 90@&9%& hﬁ} 2‘)‘@@@3(&1 ﬁﬁ? 1199@/6@%;1 igzh. NMR (300 MHz,
CDC13) 8 12 (d, 257.65 (d, 2H),

355 (s oy Hgalobe %j,,,,yd; ;,’,‘jﬁ,, ';é}f 3293;@-.5%%3@ 'im 1.
15 [0213] Retention time (min) = 3.067, method [7], MS(ESI) 362.1(M+H); 'H
NMR (300 MHz, CDCl3) & 12.39 (s, 1H), 8.50-8.59 (m, 3H), 7.68 (d, 2H), 7.23 (d,
1H), 7.04 (d, 1H), 6.84 (s, 1H), 6.50 (d, 1H), 6.47 (m, 1H), 6.38 (t, 1H), 3.82 (s,
3H), 2.91-3.11 (m, 2H), 2.79-2.88 (m, 1H), 1.99-2.10 (m, 1H).
1-(6-bromo-2,3-dihydro-1H-inden-1-yl)-N-(4-chlorophenyl)-2-oxo-1,2-
20 dihydropyridine-3-carboxamide (16)
[0214] Retention time (min) = 10.360, method [7], MS(ESI) 445.0 (M+H); 'H
NMR (300 MHz, CDCI3) 8 12.11 (s, 1H), 8.59 (dd, 1H), 7.73 (d, 2H), 7.46 (d, 1H),
7.20-7.33 (m, 5H), 6.61 (t, 1H), 6.45 (t, 1H), 2.91-3.08 (m, 2H), 2.79-2.89 (m, 1H),
2.07-2.11 (m, 1H).
25 1-(6-bromo-2,3-dihydro-1H-inden-1-yl)-2-oxo-N-(pyridin-4-yl)-1,2-
dihydropyridine-3-carboxamide (17)
[0215] Retention time (min) = 3.842, method [7], MS(ESI) 411.1 (M+H); 'H
NMR (300 MHz, CDCl3) & 12.27 (s, 1H), 8.61 (d, 1H), 8.58 (d, 2H), 7.58 (d, 2H),
7.46 (d, 1H), 7.18-7.38 (m, 2H), 6.61 (t, 1H), 6.44 (t, 1H), 2.90-3.14 (m, 2H), 2.80-
30 2.89 (m, 1H), 1.84-2.09 (m, 1H).
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N- ( bi phenyl - 4-y1)-1- (4- et hoxy- 2, 3-di hydro- 1H-i nden-1 -y1) - 2- oxo- 1, 2-

di hydr opyri di ne- 3-carboxam de (27) [0225] Retention tinme (mn) = 10.542,
met hod [ Avo 2Me( B8y 437.2 (MtH); 1H 30 NVR (300 MHz, CD@&:@)US&)mmm@z(s,
1H), 8.59 (dd, 1H), 7.82 (d, 2H), 7.56-7.59 (m 4H), 7.30-7.42 (m 2H),
7.17-7.28 (m 8 70 (d, 1 1H), 6.36 (t, 1H),
3.86 (s, 3I(—|) 12%716@)092 %rﬁlh)zi%-lﬂzmsz% ﬂ@ZFgﬁo M@yrt&ngwlgl@s (m (1H) K
1- (4- et hoxy- 2, 3-di hydro-dlkildrmhhfﬂ&§r)ltb2>xamﬂdﬂ6ﬂ phenoxyphenyl) 1, 2-

di hydr opynly ¢i n) = 10. 455,
et hod [7@9@5 ki ?%ﬁ@@%ﬂﬁ@ éé%?ﬁkﬁgg@%d@ﬁ@ %W%) Nos ¢ (s, 1H),
8.59 (dd, N\ (300. Mﬁz(lﬂMszﬁhé)ﬁm& (s, 321)(8111 5415'1)(;11 §H§957-(79 (522Hm7ﬁﬂ) 6.84

(d, 1H), 6.74 (d, 1 3(m 1H), 6.37 (t, 3.91 (s, 3H), 2.95-3.12
(m 2 @, 7). 27.253(t,( )Qﬂ)%(dllfé)66§0®®1(ﬂh6ﬂ9|)658m2H)38 (s, 3H),

N or BT B TP 3 Q[d%‘%?‘fﬁeﬁﬁkn. S N Y

558 (. 1r) TP 23 W??uzg} pgenyl %QOWMD%% e 8 (d 1n
6. 71 (d 1H), 6.60 (m 1Mfhydsorysic 3'3'ff115 "xﬁ @Y 3, 2. 8613 09 (m 2H),

2. 78- 2. 840017 1RbiendoPBme (& f(ﬂn 848 dmethod [7], MS(ESI) 3620(M+H) 'H
1- (4-i sopropoxy- 2, 3-di hydro- H-|nden-l-y15-2-oxo-N—(pyr|d|n 4-y1)-1, 2-
di hydilopyNMR fﬁé)OCMHa,rIBMSé)fd@)eS (343 (sL3H0.2283-8 Rét(mn BHorv .69 @e2Kwim)0-= 4. 451,

thod [7],.MS(ESI) 39Q. : O 2.39 (s, 1H),
8. 580(d£1 1}§?;|5 (gisé 937d8 é‘rl?g%;b(%s‘]‘%d%%#é 319‘3 %’g@n% %%q)z(ﬁ)%fﬁs 83 §3 1E)|),
6.68 (d, 219030@(517(191! 21ﬂ28@ @0 1t 2(11!&69%156111%41 @ﬂz@m(mthi 2.90-3.10(m
2H) 277286(m1 1.94-2.05 (m +8

20N- (4-chl 2- 1, 2-
di hy((jro(p:)yrlocrjl ne- %)gg%eégfl‘)'l)aﬁme% aigzlﬁtﬂfggg) - ﬁﬂ?gxb 1}/21) o

15 [0218] Retention time (min) = 8.530, method [7], MS(ESI) 395.1 (M+H); 'H
NMR (300 MHz, CDCIl3) & 12.22 (s, 1H), 8.57 (d, 1H), 7.75 (d, 2H),7.27-7.39 (m,
3H), 7.10 (d, 1H), 6.97 (d, 1H), 6.74 (d, 1H), 6.49 (m, 1H), 6.38 (t, 1H), 3.68 (s,
3H), 2.94-3.15 (m, 2H), 2.75-2.88 (m, 1H), 2.04-2.11 (m, 1H).
N-(4-chlorophenyl)-1-(3-methyl-2,3-dihydro-1H-inden-1-yl)-2-oxo0-1,2-
20 dihydropyridine-3-carboxamide (21)
[0219] Retention time (min) = 9.284, method [7], MS(ESI) 379.0 (M+H); 'H
NMR (300 MHz, CDCIl3) 8 12.16 (s, 1H), 8.62 (dd, 1H), 7.74 (d, 2H), 7.24-7.45 (m,
6H), 6.98 (d, 1H), 6.63 (m, 1H), 6.46 (t, 1H), 3.19-3.39 (m, 1H), 2.97-3.12 (m, 1H),
1.52 (m, 1H), 1.46 (d, 3H)
25 1-(3-methyl-2,3-dihydro-1H-inden- 1-yl)-2-oxo-N-(pyridin-4-yl)-1,2-
dihydropyridine-3-carboxamide (22)
[0220] Retention time (min) = 3.413, method [7], MS(ESI) 346.1 (M+H); 'H
NMR (300 MHz, DMSO-d6) 6 12.99 (s, 1H), 8.76 (d, 2H), 8.63 (d, 1H), 8.21 (d,
2H), 7.85 (d, 1H), 7.31-7.49 (m, 3H), 7.26 (t, 1H), 6.97 (d, 1H), 6.68 (t, 1H), 6.49-
30 6.57 (m, 1H), 3.22-3.33 (m, 1H), 2.84-2.95 (m, 1H), 2.65-2.69 (m, 1H), 1.65-1.78
(m, 1H), 1.36 (d, 3H).
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[0229] Retention tinme (mn) = 10.240, method [7], MS(ESI) 423.1 (MtH); 1H
NVR (300 MHz, CDC13) 8 12.16 (s, 1H), 8.55 (dd, 1H), 7.70 (d, 2H),

7.16-7. 30WOrEp104i%9146. 81 (d, 1H), 6.64 (d, 1H), 6.54 (m peHUS2G0862662, 1H),
4.53-4.61 (m 2H), 2.83- 253.05 (m 2H), 2.74-2.81 (m 1H), 1.90-2.02 (m
1 1.32-1.37

1H% 4- et hoxy- 21'($4'6M17;|)@'|293 ~difygdriqoiirindept 1 -yh-2o0%0-N-(aridinetroblylptreny 1) - 1, 2-

di hydr opyri di ne- 3- car boxatikxilo)gzling-32a8tfoxaméda (28) e conpound (enantiomer A)
was obt ai th [ 0 i ' re; Retention
time (m nf)ﬁgl] ﬁﬁ%ﬁp‘)&m%’ﬁg‘lé”ﬁ 5%(‘%@?3‘{ [Zggﬁﬁ(@‘gfﬂfﬁ) W?H)IN (300 Mz,
CDC13) 8 NIR/I}O@OOS\/IH?QFD)M%) 5@)&M34@d,‘|)lH),785218.(6(ﬂ,(m2591), 6@ TH34 .{om  4H),
6.98-7.09 (m 5H), 6.84 (d, 1H), 6.73 %d, 1H), 6.63 gm 1H), 6.38 (t, 1H),
3.88 (s, @HIH).7.43ng 1ih), %ﬂr?(tz )» TO57@, pHY 0. {Ingt, 1HD) 6.43 (9dH2. DY1-8@2 1H) .

1-(4-nmeth i 2- 0x0- N- (4- phenoxyphenyl) - 1, 2-
di hydropy(l?‘ﬁg?kﬁé 2-iicz?rbb #-F’d%wggl)l ([%;)fﬁ] The title conpound (enanti oner B)

was obt ai ned h | o ac m xt u . Retention
time (mn) = %@” 8&’ %Ef‘?ﬁ ’?‘%gcg’gﬁﬁ (300 Mz,
CDC13) 8 12.07 (s, 1H), r(’ d’ "1' -carpoygmi 7. 16 7. 31 (m 4H),

6. 95-7. 07 0(21!2] 5H}:ben§918tlm@‘émlr%@9 597, ?ﬁét}ﬁ&i [7}"1{)15(]@1 995([% MiH), 6. 35 (t, 1H),
3.85 (s, 3H), 2.94-3 3-2.074 (m 1H).
N- ( bi menNMM@@@)Mmz(@D@bﬁ ﬁdﬂ;ﬁ)&(s 31Hi>|, &ﬁar(dri JlH)l ’hd%(ri 2H)17.42(bAeb 1, 2-

% vas ot Hed st EgR B 7' Cdburibe 6 thp-Thsly Lfeirﬁc@%"@ﬂr &Rt ent on
time (mmg5340.&64H @7@9@4[(%] 1H|)/51(dﬁf52b8‘%§171ﬁ)( 1H NVR (300 Mz,
CDC13) 8 12.21 (s, ﬁb d, '7.59-7.62 (m 4H),

7.30-7.44 (m I%QDmetZO cgﬁy Eﬁjléb’?§ 3 2(&0-gg%ymﬁn748vl892 1H), 6.62 (m
Y 23-car.

1 6.39 (t 25 1
1I—%7 152. (()8( 1H) hyd§ ridin abiie (m 1H),

15  [0223] The tltle compound (enantiomer A) was obtained through chiral separation
of the racemic mixture. Retention time (min) = 6.118, method [7], MS(ESI) 362.1
(M+H); 'H NMR (300 MHz, CDCl3) & 12.37 (s, 1H), 8.58 (dd, 1H), 8.52 (d, 2H),
7.69 (d, 2H), 7.23-7.29 (m, 2H), 6.85 (d, 1H), 6.71 (d, 1H), 6.60 (m, 1H), 6.40 (t,
1H), 3.88 (s, 3H), 2.91-3.09 (m, 2H), 2.79-2.89 (m, 1H), 1.96-2.07 (m, 1H).

20 1-(4-methoxy-2,3-dihydro-1H-inden- 1-yl)-2-0xo0-N-(pyridin-4-yl)-1,2-

dihydropyridine-3-carboxamide (26)
[0224] The title compound (enantiomer B) was obtained through chiral separation
of the racemic mixture. Retention time (min) = 6.123, method [7], MS(ESI) 362.1
(M+H); 'H NMR (300 MHz, CDCl3) § 12.34 (s, 1H), 8.55 (dd, 1H), 8.49 (d, 2H),

25  7.65(d, 2H), 7.20-7.26 (m, 2H), 6.82 (d, 1H), 6.69 (d, 1H), 6.58 (m, 1H), 6.37 (t,

1H), 3.85 (s, 3H), 2.91-3.08 (m, 2H), 2.76-2.88 (m, 1H), 1.93-2.04 (m, 1H).
N-(biphenyl-4-yl)-1-(4-methoxy-2,3-dihydro- 1 H-inden-1-yl)-2-0x0-1,2-
dihydropyridine-3-carboxamide (27)
[0225] Retention time (min) = 10.542, method [7], MS(ESI) 437.2 (M+H); 'H

30 NMR (300 MHz, CDCl3) & 12.19 (s, 1H), 8.59 (dd, 1H), 7.82 (d, 2H), 7.56-7.59 (m,
4H), 7.30-7.42 (m, 2H), 7.17-7.28 (m, 3H), 6.82 (d, 1H), 6.70 (d, 1H), 6.61 (m, 1H),
6.36 (t, 1H), 3.86 (s, 3H), 2.91-3.09 (m, 2H), 2.77-2.89 (m, 1H), 1.94-2.05 (m, 1H).
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N- ( bi phenyl - 4-y1)-1- (4- et hoxy- 2, 3-di hydro- 1H-i nden-1 -y1) - 2- oxo- 1, 2-

di hydr opyri di ne- 3- carboxam de (35) [0233] The title conpound (enanti onmer B)
was obt aiweaotomerasgh chiral separation of the racem ¢ nipkTISeo10/88i68nt i on
time (mn) = 10. 564, msthod [7], I\/S(ESI) 437 2 20(I\/HrH) 1H NVR (300 MHz,
CDC13) 8 12.21 (s, 1H), 8.58 dd 1H) (d 7.55-7.59 (m 4H),
7.39-7. 42 ( (4apgthoxy-3:3-dihgiro IrH-"eHﬂ isl)é'zo oclV- (ftm}wn@wl@e Jd) I2H), 6.61 (m
1H), 6.36 (t, 1H), 3.86 (c&hy@myrt@n@i-carmtz(npde(zsg 2.79-2.89 (m 1H),
1.947-2

1 o4 beonb28dl, Relndon ime min) = 10435 meghod (71, MS(ESI 4532 (Mol '

25di hydr oRVIR @Booaﬂﬁzo@nawamd)e (6 3161) .8234d, 1The7.v6 (d,eponpeyars? (@gnant i omer
A) was obtained through chiral separation of the racem c m xture. Retention

time Oni rHE6939602 (Metthod. 8p1al, st@@sl@ )1 663 (- . 6137 Gkl 300 Mz,
i) 8 S bt oSl A T (6000 17
1- (4 br oro- 2@%4“8%5%@% gff?’fo %%60- ?j’? . -ﬁ%%, 2-

di hydr opyri di ne- 3- car box 01(3f§ ﬁéb]ox‘Wédet e corrpound (enanti oner B)

was obt ai Q7]t hR@ééﬁhorPhﬂnESﬂm?%pﬁﬂﬂ lnﬁH’ﬂh&f 71*1@5(5@51594111:1 rg; Retention
time (mn 3.933, netho VS( ESI ) MR (300 MHz,

DVBO- W) BMR2(389 MBz. AB§T):) 8. 18(19((d,dLH)184)58 (&, 521)(’668 2cH)2H>77 67 (d.@H)2H), 7.52

i, "2 osl 30 75 Bhje foigath: 63 e P el b giibegd i palps - >

1 (4 met AHgim: | Y1) 9820000 (trifluoromethoxy)phenyl
)- 1, 2- d%%??ﬁ?%%gngy cgﬁgbo%g(rirlﬂdleH/)(33)g 10[ Bg? Retention time (mn) =

10. 216, neth 3 } 13) 8 12. 22
(s, 1H), 8. 5gd((4([fz‘l”rﬁ&%5§ %%Mf% Ifgﬁ,%ﬁ |—‘6m 56”’%( d) 1H), 6.72
(d. 1H). 6.60 (m 1H), 6. i ,293311(m2H)
2.79-15, 91[0p2§] 1RptendoD6me (ﬁ?h)(:r# 45_H)nethod [7], MS(ESD) 390.1 (M+H); 'H

%g?’ﬁ;g?gﬁ&g o B LRG des @(3@) Qe A0 I %y & 0,
2H), 7.19-7.28 (m, 2H), 6.83 (d, 1H), 6.68 (d, 1H), 6.57(m, 1H), 6.40 (t, 1H), 4.56-
4.64 (m, 2H), 2.90-3.10(m, 2H), 2.77-2.86 (m, 1H), 1.94-2.05 (m, 1H), 1.35-1.40
(m, 3H).

20 N-(4-chlorophenyl)- 1-(4-isopropoxy-2,3-dihydro-1H-inden- 1-yl)-2-o0xo0-1,2-
dihydropyridine-3-carboxamide (31)

[0229] Retention time (min) = 10.240, method [7], MS(ESI) 423.1 (M+H); 'H
NMR (300 MHz, CDCl3) & 12.16 (s, 1H), 8.55 (dd, 1H), 7.70 (d, 2H), 7.16-7.30 (m,
4H), 6.81 (d, 1H), 6.64 (d, 1H), 6.54 (m, 1H), 6.36 (t, 1H), 4.53-4.61 (m, 2H), 2.83-
25  3.05 (m, 2H), 2.74-2.81 (m, 1H), 1.90-2.02 (m, 1H), 1.32-1.37 (m, 3H).
1-(4-methoxy-2,3-dihydro-1H-inden- 1-yl)-2-0x0-N-(4-phenoxyphenyl)-1,2-
dihydropyridine-3-carboxamide (32)
[0230] The title compound (enantiomer A) was obtained through chiral separation
of the racemic mixture. Retention time (min) = 10.451, method [7], MS(ESI) 453.2
30 (M+H); 'H NMR (300 MHz, CDCl3) § 12.09 (s, 1H), 8.59 (dd, 1H), 7.74 (d, 2H),
7.18-7.34 (m, 4H), 6.98-7.09 (m, 5H), 6.84 (d, 1H), 6.73 (d, 1H), 6.63 (m, 1H), 6.38
(t, 1H), 3.88 (s, 3H), 2.93-3.11 (m, 2H), 2.79-2.91 (m, 1H), 1.96-2.07 (m, 1H).
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[0237] Retention tine (mn) = 7.962, nmethod [7], MS(ESI) 367.2 (MtH); 1H
NVR (300 MHz, DVMBO-d6) 8 9.83 (m 1H), 8.49(d, 1H), 7.20-7.25 (m 1H),
7.10- 7. M8o(mo/idbHg 6.82 (d, 1H), 6.68 (d, 1H), 6.58 (mMPCTH)IS2016/0283%t, 1H),
3.99-4.01 (m 1H) 3.86 (s, 3H), 292308(m 2H) 276289(m 1H),
1.92-2.00 (m 3H), 1.72- 201.90 1. 26- 8 (m

N-(4-fl uor odr(érfyqt)’ww-w qHydre -m%ndl rmiﬂ(ﬂnwéﬁowyp{zqqﬂtlé’xo 1, 2-

di hydr opyri di ne- 3- car boxahhjdféol(ﬂ@ne-ﬁwzd&]xamedaa(ﬁﬁi on time (mn) = 7. 946

g? tSQO?d([J[]ngSNS( ?I?%-izlﬂgggra& ﬁw%““w %&gg&?w thr%ﬁrfﬁi%%tﬁga (over I ap

V\A t h CDC1&, the?i'd)cemﬁzlﬁ&u(rm REH}lthlﬁtlﬂﬁ ((n(ih)_-J*r'O 852, nlréIhodl[H) MS(EYSQ) 483.2J= 7.5 Hz,
, 6. 58G\%Ed J=5 E% 1H), 3.87 (s,
3H) 5 75(M+Hp @rhIMwooylgg cp@gw 07 Kp.. lH) 856 (dd lH) 751 (d, 2H),

N-(4-iod 2

di gydlgp%?gﬁﬁéz -ca ’bé(;g‘%az ﬁ%i‘%‘?%%%%ﬁ@@ﬁ? on t@% ﬁpoé%? = 9.596,
met hod [ 7, 1ENSE BSI(9, 348.72.04-G0H, 2HH NMR2(980 6, N/HZ 1.€DC03) (&, 18).10 (s, 1H),
8.60 (dd, J= 2.1 Hz, 7.2 Hz, 1H), 7.67 (d, J =8.7 Hz, 2H), 7.59 (d, J =
8.7 Hz, 2H), N. éBﬁ?Znﬁﬂ ﬁlslvfmlrﬁéthm,tmmo 1#indeh- 18,71) 2(43;0 Bx 7.8 Hz, 1H),

6.74 (d, J= 7. n 3.cérb7oxb%de7(3§) L 6.41 (t, J= 7.2
Hz, 1H), 3.92 (s, 3H), 283 -205(m1H)

1 (4-Ibet HOR212, §h@t1ﬂ<ymmpqmd|(mﬁonwya\_) was @kt@mmd;ﬂﬁengh cmraksmaW@nOpyru di ne-

v 1) 31 eyt bk eSS e BT S0 (g6, -

7.0 Hz, J<1\Z+Hl; 'THINIR B06F1104, C1§CE)8122H§S 12H) 8. 6?(&161Ht) 78]6(%1 §H4 , 2H)
727(overla with CDC13, 1 J= 7. 7.13 (t,
5 Hz7 59_|1|)62 (61 4B (H30- 3:448ml2H2 7. 1_12-& émy7 3H) d3841(f1 ?H5 6H7z3 (dlﬂ-ﬁ '6.63 (dd,

7.
%any qodum B e g bl 3%29&3%@% P09 g%, Hi3H7.2. 78-3. 16

N- (4,1 difbgighomyg! ohexyl ) - 1- (4- met hoxy- 2, 3- di hydr o- 1H i nden- | - y1) - 2- oxo- 1,
2- di hydropyri di ne- 3-car boxam de (43).
N-(biphenyl-4-yl)-1-(4-methoxy-2,3-dihydro-1H-inden-1-yl)-2-0xo0-1,2-
dihydropyridine-3-carboxamide (35)

J
J
(

[0233] The title compound (enantiomer B) was obtained through chiral separation
of the racemic mixture. Retention time (min) = 10.564, method [7], MS(ESI) 437.2
20 (M+H); 'H NMR (300 MHz, CDCl3) § 12.21 (s, 1H), 8.58 (dd, 1H), 7.83 (d, 2H),
7.55-7.59 (m, 4H), 7.39-7.42 (m, 2H), 7.17-7.31 (m, 3H), 6.82 (d, 1H), 6.71 (d, 1H),
6.61 (m, 1H), 6.36 (t, 1H), 3.86 (s, 3H), 2.91-3.08 (m, 2H), 2.79-2.89 (m, 1H),
1.947-2.05 (m, 1H).
1-(4-bromo-2,3-dihydro-1H-inden-1-yl)-2-oxo-N-(pyridin-4-yl)-1,2-
25 dihydropyridine-3-carboxamide (36)
[0234] The title compound (enantiomer A) was obtained through chiral separation
of the racemic mixture. Retention time (min) = 3.960, method [7], MS(ESI) 411.0
(M+H); 'H NMR (300 MHz, DMSO-d6) § 12.32 (s, 1H), 8.60 (dd, 1H), 8.52 (d,
2H), 7.67 (d, 2H), 7.52 (d, 1H), 7.27 (m, 1H), 7.15 (t, 1H), 7.05 (d, 1H), 6.71 (m,
30  1H), 6.45 (t, 1H), 3.01-3.22 (m, 2H), 2.83-2.94 (m, 1H), 2.00-2.11 (m, 1H).
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[0241] Retention tinme (mn) = 7.374, nmethod [7], MS(ESI) 403.2 (M+H); 1H
NVR (300 MHz, CDC13) 8 10.00 (d, J = 7.2 Hz, 1H), 8.49 (dd, J = 7.0 Hz, 2.4
Hz, 151H)wozobi2¢aver| ap with CDCL3, 1H), 7.16 ( (dd, J®CT/US2018/04206Bz, 1H),
6.83 (d, J= 8.1 Hz, 1H) 6 69 (d J= 7.5 Hz, 1H), 6.56 (dd, J= 5.7 Hz, 8.1
Hz, 1H), 6.33 (t, J= 405420(m 1H), 3.88 (s, 3H),
2.78-3.16 (m -brqgmg-@,.?zdtﬂzdr(o H-nggen -1-yl)-2-0xo-N-(pyridin-4-yl)-1,2-

N- (3, 4-di f | uor opheny1) - 1-diltydrepynishine-3-caehdxumated3TH- i nden-1-y1) - 2- oxo- 1, 2-

et hod | AP2SNe, g 6 SRRk boef RRS) Soa AT LAt Rnt BAEY 0 11
8. 58 (dd,ofkke Bac&mtdzmlx't’u@ Hétenﬂ;bﬁ timé.(Bifn) :73 933 (rﬂathdd-|)7] MS@EBIﬁlBﬁO(overl ap

th CDC13, 2 d, J= 8.1 He,
XMH) é 73(1\(iﬂH>FDjH 03&0 Mllil} DMSébd%%ll@%%(SslH) 58220 @d4ﬁﬂ4b8 . 6.41 (t, J=

1 (4 rret hox{/7%7§8dﬁ%§/a§g)(?1ﬁi 2(323 (%Syﬁn%\fﬁif Ii) 9%5ﬁ(33<y glrzc%i%lphenyl) 2-

oxo- 1, 2- dify érspy iy Nes-3-18arhaxa . 8@ 2(92%)n, mazmz 2Ret@tiHpN tine (mn) =
10. 129, nethod [7], MS(ESI) 483.2 (M#H); 1H NVR (300 MHz, CDC13) 8 12.06

(s, 1H), 9-@MméhoxylEiB-dilydtd-1Eindén- Byl)-2t0- -a(trl?ﬂtz)r&getﬁo gké%@ ).l ap with

CDC13, 3H), 6.87 (t, J= I%chﬁ;m ﬂﬁkzne@ ﬁﬂb&c d 298% 1 (m 1H), 6.41
(t, J= 7.0 Hz, 1H), 3.89 8311(Hm3H)
1. 95-1, 05102361 1P4ytent1<gx@mp|(@ng mmlhﬁs[ﬂs M$(ESI) 445.1 (M+H)

(pyri o ne SFES00 U COBKERY 220 helt 5 AP it §5 (S eTdBd ™ sonocns
4H), 6.84 (d, 1H), 6.72 (d, 1H), 6.60 (m, 1H), 6.39 (t, 1H), 3.88 (s, 3H), 2.93-3.11
(m, 2H), 2.79-2.91 (m, 1H), 1.96-2.07 (m, 1H).
N-cyclohexyl-1-(4-methoxy-2,3-dihydro-1H-inden- 1-yl)-2-0xo0-1,2-
15 dihydropyridine-3-carboxamide (39)
[0237] Retention time (min) = 7.962, method [7], MS(ESI) 367.2 (M+H); 'H
NMR (300 MHz, DMSO-d6) 6 9.83 (m, 1H), 8.49(d, 1H), 7.20-7.25 (m, 1H), 7.10-
7.13 (m, 1H), 6.82 (d, 1H), 6.68 (d, 1H), 6.58 (m, 1H), 6.29 (t, 1H), 3.99-4.01 (m,
1H), 3.86 (s, 3H), 2.92-3.08 (m, 2H), 2.76-2.89 (m, 1H), 1.92-2.00 (m, 3H), 1.72-
20 1.90 (m, 3H), 1.26-1.48 (m, SH).
N-(4-fluorophenyl)-1-(4-methoxy-2,3-dihydro- 1 H-inden-1-yl)-2-0x0-1,2-
dihydropyridine-3-carboxamide (40).
[0238] Retention time (min) = 7.946, method [7], MS(ESI) 379.1 (M+H); 'H
NMR (300 MHz, CDCl5) 8 12.09 (s, 1H), 8.57 (dd, J=2.1 Hz, 7.2 Hz, 1H), 7.68-
25  7.78 (m, 2H), 7.18-7.30 (overlap with CDCI3, 2H), 7.02 (m, 2H), 6.82 (d, /=8.1
Hz, 1H), 6.70 (d, /= 7.5 Hz, 1H), 6.58 (dd, /=5.7 Hz, 8.1 Hz, 1H), 6.40 (t, J=7.2
Hz, 1H), 3.87 (s, 3H), 2.75-3.10 (m, 3H), 1.95-2.05 (m, 1H).
N-(4-iodophenyl)-1-(4-methoxy-2,3-dihydro-1H-inden-1-yl)-2-o0x0-1,2-
dihydropyridine-3-carboxamide (41).
30 [0239] Retention time (min) = 9.596, method [7], MS(ESI) 487.0 (M+H); 'H
NMR (300 MHz, CDCl53) 8 12.10 (s, 1H), 8.60 (dd, /= 2.1 Hz, 7.2 Hz, 1H), 7.67 (d,
J=28.7Hz, 2H), 7.59 (d, J = 8.7 Hz, 2H), 7.20-7.35 (overlap with CDCI3, 2H), 6.87
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[ 0244] To a solution of 4-brono-2,3-di hydro-1Hinden-1-one (2.2g, 1.0 eq.)
in 60m MeOH was added NH20CH3. HC1 (0.914g, 1.15eq.) and sodium acetate
(0.924g, wobB10enye14The resulting m xture was stirred at PCOAIS2G100P®BAL Ur €
overni ght. The reaction solvent was renoved in vacuo. The residue was
diluted with 20nl 10 water and extracted by 2x50nl ethyl acetate. The
conbi ned ©r dan &Hghbdk OWdddnwhs At Hh- Q/é@éﬁid J5t 9 nélzand Higildh. ©¢er sodi um

Sgléai.ebrghf—i%ﬁ s a2 LRl gand ?.1”3&”81{%3%?{?%3 LA o e ol
bt ono. SRl 3@#&2% gtl'ov 20N N e?sz@ rdifsdropyridiper-

cycl opropyl boronic acid (0.537,°¢ a\l | adi um acetate (O. 094g,
0. 1eq.5), [6ARHY R3tecR6h tide PmaD )smﬁnierth&ypl] oswdIpbeospvmen (‘¢ 2349, 0.2

eq.) were conbined in 50nml Tol uene and 1.6mL water. The reaction m xture
was heat MR (3D0MBzf GPCBHPY 2.05He, IHBa8H60 dda.i=T .0z, WasH%.i e .€d (d.hr ough a

Vacuo, A= EreP Rl alebdhd a6 But e atmonh ERE oAt 4r ovi e
yel  ow oi }=0.03384. ixﬂzehﬂ)%% 84fey7c5 aRr apy k.85 (%1 dite/dne; i, lﬁdBf'(dl one

0- net hyl oxi nme. Protocol 246] A solution of

4- cycl opr-bpy > Hz 31 ﬁﬁat(@d ]ll*@ﬁd@ﬂﬁ-léhéfb erd0 Ry V =ok@ He. [19). 828dy. i n 50mnL

MeOH was yrat t t hen added 3nml Raney-Ni ckel in
wat erlv(\PTh?aﬁ x7t%u3refe16 WV\IaS 86%&1% e qup H2) at anbl ent terrper ature 5 for

Shrs The at gl yst was rem) 4b filt % The Vlelt) ?Sncentrat ed
tlg? %;%ﬁ 8@{{1(81[ Ié%G( P g, 8%8 dro en- 2-0x0-
IAfnczglcggr opy%I 2, 316[?; hydr @W?ﬂi’%ﬁfwl?"‘é’rlﬁoﬁ@”fd‘ﬁ@w was used to next step

wi t hout flgng rR@ﬂéﬁ!&ﬂﬁﬁE'ﬂ&[h 7.31 02460 | %) Ript eaql)Ax B and C,
4-cycl oprﬂgpytlnez 3- dllhydl’O(lH-)l nden- 1- 1%d;[(r?ﬂh nemwas)convg?t egl to

1- (4- cycl BMRO@PO-MH3-@DAY 508 nbe-21Hy, 1)H)28 42 ¢dd\/ = 7.0 Hz, 2.4 Hz,

A 435 el hbd Eptermred SRS 50 T B RSN Ca b D, O Bhe ') 8 12, a1

(s, 1H), 8148 $H§176 ((gTGd §H)75¥1z6f3ﬂ)%@ 564, J—7559H£@1ﬂl:z_‘81H)46334 &t.=1H), 6.88
(d, 1H), 6.84 2H)," 3 (m 1H), 2.68
(m 1H), 2010, H]) 410—5)4 26 %5m, 9§0). 388 GHID, 0.7863. 00 O, 1y, 13892. 19340, 75 (m
2H) .

N-(3,4-difluorophenyl)-1-(4-methoxy-2,3-dihydro-1 H-inden-1-yl)-2-0x0-1,2-
dihydropyridine-3-carboxamide (44).

20 [0242] Retention time (min) = 9.140, method [7], MS(ESI) 419.1 (M+Na); 'H
NMR (300 MHz, CDCl;) 8 12.22 (s, 1H), 8.58 (dd, J=2.1 Hz, 7.0 Hz, 1H), 7.87-
7.95 (m, 1H), 7.20-7.35 (overlap with CDCI3, 2H), 7.13 (q, /= 8.7 Hz, 1H), 7.02
(m, 2H), 6.86 (d, J=8.1 Hz, 1H), 6.73 (d, J=7.8 Hz, 1H), 6.60 (dd, /J=5.4 Hz, 8.4
Hz, 1H), 6.41 (t, J=7.0 Hz, 1H), 3.89 (s, 3H), 2.78-3.13 (m, 3H), 1.95-2.05 (m,

25 1H).

1-(4-methoxy-2,3-dihydro-1H-inden-1-yl)-N-(4-(4-methoxyphenoxy)phenyl)-2-
oxo-1,2-dihydropyridine-3-carboxamide (45).

[0243] Retention time (min) = 10.129, method [7], MS(ESI) 483.2 (M+H); 'H
NMR (300 MHz, CDCl3) 8 12.06 (s, 1H), 8.59 (m, 1H), 7.71 (d, J = 8.7 Hz, 2H),

30 7.20-7.35 (overlap with CDCI3, 3H), 6.87 (t, /= 9.3 Hz, 4H), 6.80-6.92 (m, 3H),
6.73 (m, 1H), 6.41 (t, /= 7.0 Hz, 1H), 3.89 (s, 3H), 3.80 (s, 3H), 2.78-3.13 (m, 3H),
1.95-2.05 (m, 1H).
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3.2.Synthesis of N-(4-chlorophenyl)-1-(4-cyclopropyl-2, 3-di hydro-1H

i nden-1|-y1l)-2-o0xo0-1, 2-di hydropyri di ne- 3-carboxam de (47) [0248] The title
conpound we0synthiesi zed from appropriate starti ng nmat ePCalTS209i082¥532
Protocols F, H A B and C above or slightly nodified versions thereof.

20[ 0249] Retention time (mn) = 10.978, nethod [7], MS(ESI) 405.1 (MtH); 1H
NVR (300 MHz, CDC13) 8 12.13 (s, Fepmpe39 (dd, 1H), 7.74 (d, 2H) 7.30 (d,
iH), 7.17-7.23 (m 2H), 6.86-6.93 (m_2 6. 61( 1H), 6.39 1H),
3.05-3. 23.4m 2Bynthesigof b-(4gyqlapropsd-2.31dibgdro- ﬂlpﬁhen 1t31)-2-pxg -1 95 (m 1H),
0.97-1.24 (m 1ﬂi)y,rldinﬂeyl)-o,27®lh(ydromm9dm@5@nabmdamnde 8%) WO

2010/ 126 4PCT/ 2010/ 032632 4. 1. Synt hesi s of

1-(7, 8-di y ro H i ndeno[ 5, 4-d] [ 1, 3]d|ox01 6-yl) - 2- oxo- N-

(pyridin-4-y1)-1, 2- d|hydr%Eyr|d|ne carbO@anide (48) [ 0250]

Benzo[ d] [ 1, 3]d|oxole 4- carbal dehyde (5. 0g, Oeq mas di ssolved in 15ndl
5pyridi ne, then added mafORj d%éiﬁﬁfﬁﬁ and pi peridi ne (0.284q,

1 eq.). The resulting & ye was, heat e 05 C for 3hrs. After cooling
to rogmtenperature, the reaclion mxture was pggyed into a solution of

25mL concentrated HCL in 300g ice. The mhlte(gﬁe0|p|tate was collected by
filtrati o9244heTeaisplytignsf debseraer - @IHY@@?J(HTTLH tlePneaRel gel! 0@ )ith air to

afford
10(E) - 3%@20?@% ﬁ%gle XW}%bg: yl ac y9I1|4 {aiclz?etﬁl')\/%ll csﬂdl\l/\lgsacﬁtsateed wi t hout

further (0.924g, 1.18 eq). The resulting mixture was stirred at room temperature overnight.

The reaction solvent was removed in vacuo. The residue was diluted with 20ml

10 water and extracted by 2x50ml ethyl acetate. The combined organic phase was
washed with water, brine and dried over sodium sulfate. The solvent was removed
in vacuo to afford clear oil 2.45¢g (yield 98%) 4-bromo-2,3-dihydro-1H-inden-1-one

O-methyl oxime which was used to next step without further purification.

Br
[>—B(OH)2

Suzuki

86%
NOCH, NOCH,

15 [0245] 4-bromo-2,3-dihydro-1H-inden-1-one O-methyl oxime (1.0g, 1.0eq.),
cyclopropylboronic acid (0.537, 1.5eq.), Palladium acetate (0.094¢, 0.1eq.), K5;PO4
(3.09¢g, 3.5 eq.) and tricyclohexylphosphine (0.234g, 0.2 eq.) were combined in
50ml Toluene and 1.6ml water. The reaction mixture was heated at 100 °C for 3hrs.
The reaction mixture was filtered through a celite pad to remove inorganic salt. The

20  filtrate was concentrated in vacuo, and the residue was directly purified on flash
column to provide yellow oil 0.828¢ (yield 99%) 4-cyclopropyl-2,3-dihydro-1H-

inden-1-one O-methyl oxime.

Protocol H
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purification. [ 0251] (E) - 3- (benzo[d] [ 1, 3] di ox0l-4-yl)acrylic acid was

di ssol ved (5.5g) in 150nl 95% Et OH, added catal yst (0.55g, 10% Pal | adi um on
carbon). wbeomntuse 15was hydrogenated (60psi H2) at ambirastom®swez at ur e
for 3hrs. The catal yst was renoved by filtration. The sol vent was
evaporated in vacuo to give white solid 5g (yield 90%

3-(benzo[d][1, 3] di oxol- yI ) propanoi ¢ aci d whji/ch was used without further
purification. 20[ 0252] To a vigorously stifred m xture of P205 (15.69)
ition of

in 100nl dry benzene at-rRefitux walsaMdded a
3-(benzo[d][1, 3] di oxol ] 50nml benzene dropw se.

u P205 (10g) was added.
After one hour, the reaction

opanom,{‘% acid @
The reaction kept refl flor 45m its, addriyons
NBos,ur % as poured | 200ml ice-water. The

organi ¢ phase was separated and washed wi th 50mil IN* NaOH aqueous solution

and bri nealle AN SO SHBRR PO DuKATR LS 1AL Rl Bl . The ol

was purif col'u ica provi de ye $ol'S d 0. 889¢
(yield 209)828gBmdiomy dVie0B Ry dsnaerdEGwih NH:1lgashel) 6R atherbadiee.3ml RabEPY253]

Fol l owi ng Protocol F,_ H A B and C, 7,8-di hydro-6Hindeno[5, 4-

d][1, 3] di ickal ig weta- Mmggwéyqsé]dd{qgenated (60psi H2) at ambient temperature

1- (7, & di -6 - i -
5. 1) B DY IR, Bhe AR sy RITLOE he solventwas copeenmategin o o
time (m macso & §96 creebHAD § THieldNBOEII-)ycBBoy( {%-Hiihydsd- NRJeROD Mz,

E)NSZO ((jg) ;%1_};'{1% ?(éxgv%/ésd}slf_:% to r?éxltl%t_eg 'vé&logp%urt%gp Iiuri7fic§1t810rg.d’ 2H), 7.60 (d, 1H),

0 o] | ~N
E—— N N Z
NH, | N
N

[0247] Following Protocol A, B and C, 4-cyclopropyl-2,3-dihydro-1H-inden-1-
10 amine was converted to 1-(4-cyclopropyl-2,3-dihydro-1H-inden- 1-yl)-2-oxo-N-

(pyridin-4-yl)-1,2-dihydropyridine-3-carboxamide. Retention time (min) = 4.435,

method [7], MS(ESI) 372.2 (M+H); 'H NMR (300 MHz, DMSO-d6) & 12.41 (s,

1H), 8.42-8.47 (m, 3H), 7.69 (d, 2H), 7.59 (d, 1H), 4.14 (t, 1H), 6.88 (d, 1H), 6.84

(d, 1H), 6.51-6.59 (m, 2H), 3.19 (m, 1H), 3.05 (m, 1H), 2.68 (m, 1H), 2.10 (m, 1H),
15 1.90 (m, 1H), 0.90-0.97 (m, 2H), 0.63-0.75 (m, 2H).

3.2, Synthesis of N-(4-chlorophenyl)-1-(4-cyclopropyl-2,3-dihydro-1H-

inden-1-yl)-2-0x0-1,2-dihydropyridine-3-carboxamide (47)
[0248] The title compound was synthesized from appropriate starting materials

using Protocols F, H, A, B and C above or slightly modified versions thereof.

20 [0249] Retention time (min) = 10.978, method [7], MS(ESI) 405.1 (M+H); 'H
NMR (300 MHz, CDCl3) & 12.13 (s, 1H), 8.59 (dd, 1H), 7.74 (d, 2H), 7.30 (d, 1H),
7.17-7.23 (m, 2H), 6.86-6.93 (m, 2H), 6.61(m, 1H), 6.39 (t, 1H), 3.05-3.23 (m, 2H),
2.82-2.94 (m, 1H), 1.98-2.10 (m, 1H), 1.86-1.95 (m, 1H), 0.97-1.24 (m, 1H), 0.68-
0.79 (m, 2H).

25 Example 4
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101H), 6.53 (t, 1H), 6.38-6.42 (m 1H), 6.05 (s, 3H), 2.91-3.08 (m 1H),
2.83-2.89 (m 1H), 2.63-2.675 (m 1H), 2.02-2.17 (m 1H). 4.2. Additi onal
Conpoundswo 2p0234414 The fol | owi ng conpounds wer e synt hesipzeasko10/82632
appropriate starting materials using the procedures outlined above in
Example 4.1., or slightly nodified 15versions there

N- (4- chl o4bphen§)11}th281§ of émﬁﬂyhn‘dfneﬁwmwﬁ,é dd[-ld?f]fl@XQW'lﬁ)o?cQ&O'@’ y1) - 2- oxo0-
1, 2- di hydropyr(Mrr@n%ﬂ&ﬂw@wmwwmﬁ@%ﬁpmﬂe(48)on time (nin) =
9.105, method [7], MS(ESI) 431.1 (MtNa)»~1H NVR (300 MHz, CDC13) 8 12.15
(s, 1H), 8.58 (dd 1H), 7.73 (d, 2H), 1 (d, 2H)e 207.2@-7.28 (m 1H),

6.77 (d, 1%641(m 1H),06.89 (t, 1HY 6.02 (¢ 3H) 2 47-3.03 (m 2H),
2.78-2.90 (M , 2+01-2 14 lm 1H)- OH
N- (4-chl orop 1) - 2- 0xH91- (4- (M i f | uorBhet hoxy) - di hydr o- 1H i nden- 1 -y1)

- 1, 2-di hydropyri di ne- 3-car boxam de (50) [0256] Retention time (mn) =
10. 805, nethod [7], MS(ESI) 449.1 (MtH); 1H 25 NMR (300 MHz, CDCl13) 8 12.15

, 1 1y , 1 6. 68
(510 ) (Bt Defel s Ao Dok Sy g1 1O
1H. 5 pyndme then added malonic acid (6.58¢g, 1.9 eq.) and piperidine (0.284g, 0.1 eq.).

2- - N 4-y1)-1- trifl 2, 3-di hyd 1Hind | -y1)-1
227G nycP gy Bt sbicarbneaintob ! {510 Ry o357 MRt GG e (min) = 4 679,
g'e'[?gogd[ 7%111 E@(lﬁtslthe &@tlén &M’fﬁ 1wa¥ o% 1&%%%0%%n(ommg@c%§t§%t_gd 821( ?m 1H),

oH), 7. 17HCHin me); 1cea Tﬁsmnte @re(cmltamas ®11t6tle@ b9 @lt(rano’nlth)e,solzd 98s3.07 (m 1H),
2.68-2. 80, (. Bl 330/t w4ite? Snd Biedidair to afford white solid 6.2¢ (yield 97%)
10 (E)-3-(benzo[d][1,3]dioxol-4-yl)acrylic acid which was used without further

purification.

w Pd/C M
88%
[0251] (E)-3-(benzo[d][1,3]dioxol-4-yl)acrylic acid was dissolved (5.5g) in
150ml 95% EtOH, added catalyst (0.55g, 10% Palladium on carbon). The mixture
15  was hydrogenated (60psi H2) at ambient temperature for 3hrs. The catalyst was
removed by filtration. The solvent was evaporated in vacuo to give white solid 5g
(yield 90%) 3-(benzo[d][1,3]dioxol-4-yl)propanoic acid which was used without
further purification.

0
/0 (0] o/\

o P>0s
OH
20%
(0]

20  [0252] To a vigorously stirred mixture of P,Os (15.6g) in 100ml dry benzene at
reflux was added a solution of 3-(benzo[d][1,3]dioxol-4-yl)propanoic acid (5g) in
50ml benzene dropwise. The reaction kept refluxing for 45mins, additional P,Os
(10g) was added. After one hour, the reaction mixture was poured into 200ml ice-

water. The organic phase was separated and washed with 50ml 1N NaOH aqueous
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Exanmpl e 5 Synt hesis of

1-(4-(methyl thio)-2,3-di hydro-1H i nden-|-yl)-2-o0oxo-N (pyridin-4-

yl) - 1, 2- dvbydroopyeiudi ne- 3- car boxam de (52) [ 0258] Folrcowise@oBsmpcol F,
4-f | uoro-2, 3-di hydro-1H i nden-1-one was converted to

4-fl uoro-2, 3-di hydro- 1Hi nden- 1- one O-net hyl oxi ne. C[) 259] )

4- 1 uor o- lwgion ag drige.1Fhe sobent waperapomiastinyRcusPrisiopddaly ol Theel)  and
15sodi um dry DWF.
The m xt Ur s BaHancLEh Sphfyghes ey RELMRERNE S R, T

reacti on 2090) &6-diloydi®@6hh-iheengs dtdjfie3]diokel-6doxé.ur e was diluted with 60nl

ethyl acetate and 60nl hexane, and washed with 3x50nmL water and brine. The
crude mi xture wa® purified on flash colum in silj el rovide white

solid 0.47g (9 elld 81% 4- 20(net hyl t o)- di 1H|| ndgn- 1- one
0- met hyl oxi ne. X60] A solution of =

4- (met hyl t hi o) -2 di fiydr o- 1H- i nden- B-o\e_0- nethyl |oxirﬂe (0.47g, 1.0eq.) in
10nL dry THF was cool®d to O C under N2 &t nosph ~ Then Borane /THF
conpl ex (15rrfL 1I\/l 6. 6eq.) was added to reaction dropwise. The resulting

d f heat ed
Tt 1 0353k nFapiy P RETPads Foi. i o AR dByb HaangTbont i co- et er
Then the m%if;}aﬁ@(omsOn%ws%ﬁ\e&tewt(s h- 25 B0 B flacAG S LAt 3 TG fOMDI ned

organi ¢ phase 5 was washed with 2003, and brine.” Renoval of solvent in
vacuo af f@yHédogmNdp]yn@angl)(lyZ éllhdd@p%ldme 3-carboxamide. Retention time

4- (et hyl £t 0) 202 41 Yar oy H 8RS T ATHDEIRAER (RMEESBMES gyt Fur t her

purifi catiy
0 12.39 (s, 1H), 8.41-8.47 (m, 3H), 7.68 (d, 2H), 7.60 (d, 1H), 6.82 (d, 1H), 6.65 (d,

10 1H), 6.53 (t, 1H), 6.38-6.42 (m, 1H), 6.05 (s, 3H), 2.91-3.08 (m, 1H), 2.83-2.89 (m,
1H), 2.63-2.675 (m, 1H), 2.02-2.17 (m, 1H).

4.2. Additional Compounds
[0254] The following compounds were synthesized from appropriate starting
materials using the procedures outlined above in Example 4.1., or slightly modified
15  versions thereof.
N-(4-chlorophenyl)-1-(7,8-dihydro-6 H-indeno|[5,4-d][ 1,3 |dioxol-6-yl)-2-0x0-1,2-
dihydropyridine-3-carboxamide (49)
[0255] Retention time (min) = 9.105, method [7], MS(ESI) 431.1 (M+Na); 'H
NMR (300 MHz, CDCl3) & 12.15 (s, 1H), 8.58 (dd, 1H), 7.73 (d, 2H), 7.31 (d, 2H),
20 7.20-7.28 (m, 1H), 6.77 (d, 1H), 6.47(m, 1H), 6.39 (t, 1H), 6.02 (s, 2H), 2.97-3.03
(m, 2H), 2.78-2.90 (m, 1H), 2.01-2.14 (m, 1H).
N-(4-chlorophenyl)-2-oxo0-1-(4-(trifluoromethoxy)-2,3-dihydro-1 H-inden- 1-yl)-
1,2-dihydropyridine-3-carboxamide (50)
[0256] Retention time (min) = 10.805, method [7], MS(ESI) 449.1 (M+H); 'H
25 NMR (300 MHz, CDCl3) 8 12.15 (s, 1H), 8.60 (d, 1H), 7.72 (d, 2H), 7.21-7.35 (m,
SH), 7.05 (d, 1H), 6.68 (t, 1H), 6.44 (t, 1H), 3.03-3.26 (m, 2H), 2.84-2.96 (m, 1H),
2.02-2.14 (m, 1H).
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[ 0261] Foll ow ng Protocol A, B and C,

4- (met hyl t hi o) - 2, 3-di hydro-1Hinden-1- 10 am ne was converted to
1-(4-(nehh9hbh#nﬁn2,3-dihydro-lFFinden-1-y1)-2-oxo-N(pymtdhm&dwmiysi,2-dihy
dropyri di ne- 3- car boxam de. Retention tinme (mn) 3. 590 met hod [ 7],

MS(ESI) 378.1 (M+H); 1H NMR (300 MHz, CDC13) 8 12 35 (s, 1H), 8.59 (dd

1H), 8.52 3-axo-Dipyrigingéy]dl-( ftv;tﬂuqroszrowﬂ Sr(lihydyp-1H-inden lr,vi) #f§- 6.89 (d,
1H), 6.62 (m 1H), 6.42 (dihydrepyridin@d-caripgatuide (1), 2. 92- 3 08 (m 1H),

2.84-2.9 1 .2 3
6.1.Synt#gg?§ O?%F%?gf%ﬁgy@ﬁg:z{%?%%g%%x@ﬁ%pyrﬁ%ﬂ%h@iIE% anDyI)pyrldln-
20002621 - br oo 3. 3. a1 py b o it L nden T one -yl ol gt (280, 1.00q.).
ert” Sudi gigdrabine 1 Yeat (et d (5. 816 65@@&) dzf??@ga@agl@imo &

€q XI e g, eq wer e
conbi ned pﬁ;g@ﬁ£§§7Qﬁggi6%§§§9&%g§nﬂgagﬁﬁgﬂ@n{ ture was heated at 100 C for
2.5hrs under N2. The reaction nlxigP filtered through a celite pad to
renove inorganic salt. The 25filt Hq&gé concentrated in vacuo, and the
residue m y%g‘j{eg,sw%;g '(Lfegﬁ;flﬁgg){gpfdﬁdqr%”m-m(?sn“l.% RN Rihge vel Tow
(et hoxyi mi no) - 2, 3- di k8- @W‘irﬂﬂéﬁﬂm@ﬂ yoihosaBdeS2) - car boxyl at e.

F F
NH,OCHs HCI

93%
10 o NOCH,

[0258] Following Protocol F, 4-fluoro-2,3-dihydro-1H-inden-1-one was converted
to 4-fluoro-2,3-dihydro-1H-inden-1-one O-methyl oxime.

F g
NaSCH4
81%

NOCH; NOCH,

[0259] 4-fluoro-2,3-dihydro-1H-inden-1-one O-methyl oxime (0.5g, 1.0eq) and
15  sodium methanethiolate (0.215g, 1.1eq.) were combined in 20ml dry DMF. The
mixture was heated at 130 °C for 7hrs under N, atmosphere. After reaction cooled to
room temperature, the mixture was diluted with 60ml ethyl acetate and 60ml
hexane, and washed with 3x50ml water and brine. The crude mixture was purified
on flash column in silica gel to provide white solid 0.47¢g (yield 81%) 4-
20  (methylthio)-2,3-dihydro-1H-inden-1-one O-methyl oxime.
~ s \S
BH, THF

54%
NOCH, NH,

[0260] A solution of 4-(methylthio)-2,3-dihydro- 1H-inden-1-one O-methyl oxime
(0.47g, 1.0eq.) in 10ml dry THF was cooled to 0 °C under N, atmosphere. Then
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NOCH3NH2 [0263] Followi ng Protocol H, tert-butyl

4- (1- (et hoxyi m no) - 2, 3-di hydr o- 1H5i nden- 4-yl ) pi per azi ne- 1- car boxyl at e was
conver t edwoaoteenssbut yl 4- (1- am no- 2, 3- PCT/US2010/032632

di hydro- 1Hi nden- 4-yl ) pi perazi ne-| - car boxyl at e. NH2 [ 0264] Fol | owi ng
Protocol A, B and C to tert-butyl 4-(1-am no-2, 3-di hydro-1H-

i nden- 4- yBYBNEE ceraplex ¢hylo kYl Aoeadags addnddp resgtippdiappisepfhe |

4-(1-(2-0

(pyridin- % ﬁc%;ngxmre psyt/lﬁe at roﬂnzﬁ—lﬁﬂp erf)tur‘i f%’r 1(9 Iﬁmclftes heat ceir'?t4 yl) pi per azi
ne- lcar bopeﬂhﬂhg o@érn@%ﬂt é]ﬂieirsafttlbhlms@%ﬁthed:bﬁ)aﬂ)dﬁﬁg 10®hh1@d-v\[a7dr, ThB( ESI) 516. 2
(MtH); 1H NMR (300 MHz, CDC13).8 12.34 (s, H} 57 (dd, 1H), 8.50 (d,
2H), 7. 66he XD Wawewct?dzvth(?rﬁ 5Gpjethy agetaiey] hemmbleedmgelac Phise. 6.56 (m
1H, & 39W£stwaslqkﬁ wn:ﬁ ﬁ\ﬂN% é@ G bAHD, 1Re?ﬁo%3d'c?f BRehfn VBl affordfs £, 88 (m 1H),
1.95-2. 39 WO 2010/ 126914PCT/ US2010/ 032632

6. 2. Addl t@lbﬁélzg @ocﬂﬁd&lﬁdsl ([rﬁbZlﬁﬁ]hld)hkﬁddiydm%ﬂHgnd@Hb{amnhswhEhevasynt hesi zed
from appropcril &1? %f} tin naterl als using the procedures outlined above in
Exanpl e 67°f¢ W uftb’f‘ﬁl? 68%% i ed versions thereof. 5tert-butyl
4-(1-(3-(4- chl or ophenyl car banoy1) - 2- oxopyri di n-1(2H) - y1) - 2, [
1H i nden- 4-yl per azhne-| - car boxyl aLes(54)
10. 340, met hod :
(s, 1H), 8.59 ( H),|7. -7.28 (m 2H), 6.89
(d, 1H), 6.76 ( 6. 60 (m 1H), 6.4 57-3.60 10(m 4H),
2.90-3.09 (m 6H), 2.78-2.89 (m 1H), 1.97-2.09 (m 1H) 1.48 (s, 9H).

1-(4- mor gk NOrgn ety ik BYSh&s W NRER- L X dd s i8R o 3 A RS - adi YD) - 1. 2-

10 amine was converted to 1-(4-(methylthio)-2,3-dihydro-1H-inden-1-yl)-2-0x0-N-

(pyridin-4-yl)-1,2-dihydropyridine-3-carboxamide. Retention time (min) = 3.590,

method [7], MS(ESI) 378.1 (M+H); 'H NMR (300 MHz, CDCl3) § 12.35 (s, 1H),

8.59 (dd, 1H), 8.52 (d, 2H), 7.69 (d, 2H), 7.23-7.31 (m, 2H), 7.16 (d, 1H), 6.89 (d,

1H), 6.62 (m, 1H), 6.42 (t, 1H), 3.00-3.08 (m, 1H), 2.92-3.08 (m, 1H), 2.84-2.91 (m,
15 1H), 2.53 (s, 3H), 1.99-2.11 (m, 1H).

Example 6

6.1. Synthesis of fert-butyl 4-(1-(2-0x0-3-(pyridin-4-ylcarbamoyl)pyridin-
1(2H)-yl)-2,3-dihydro-1H-inden-4-yl)piperazine-1-carboxylate (53)

§ Qe (J

Pd,(dba)s
NOCH, 75%

NOCH,

20  [0262] 4-bromo-2,3-dihydro-1H-inden-1-one O-methyl oxime (2.5g, 1.0eq.), tert-
butyl piperazine-1-carboxylate (2.91g, 1.5¢eq.), Pd,(dba); (0.76g, 0.08eq.), BINAP
(0.63g, 0.1 eq.) and Sodium t-butoxide(1.6g, 1.6 eq.) were combined in 30ml 1,4-
dioxane. The reaction mixture was heated at 100 °C for 2.5hrs under N,. The
reaction mixture was filtered through a celite pad to remove inorganic salt. The

25  filtrate was concentrated in vacuo, and the residue mixture was directly purified on
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di hydr opyri di ne- 3-car boxam de (55) [0267] Retention tine (mn) = 2.219,
method [7], MS(ESI) 417.2 (MtH); 1H NMR (300 MHz, CDC13) 8 12.37 (s, 1H),
8.59 (dd,woHplo/@6h2 (d, 2H), 7.68 (d, 2H), 157.23-7.29 @ow/uRk)10/062692 (d,
1H) , 676(d 1H), 6.58 (t, 1H), 642(t 1H) 3.83-3.88 (m 4H), 2.87-3.13
(m 6H), 2.78-2.86 (m 1H), 2.00-2

N- (4- chl oﬂ@bwehmwjprmdwﬂbmmlw&@g S/J@ﬂW%r)éﬁf!’cPP‘iYhﬂéh | -y1)-2-oxo- 1, 2-

et hot | AT NGRS 320 @’% (R Pober e 35 e B0 blh) 5™ a3 (o 1

8.56 (dd, 1H), 770(d 7.20-7.30 (m 4H), 6.88 (d, 1H), 6.73 (d, 1H),
6.56 (t, 1H), 6.37 (t, IfH) 3.80-3.85 (m 4H),B9%83- 3.10 (m 6H),

2.74-2.81 (m 1H, 1. .06 (m 1H). N

1- (4- nor phol i no- 2, 3-d| hy ro-1Hinden-1-y1)- ZQXO N- (4- phenoxyphenyl) -1, 2-
di hydr opyri di ne- 3- car bowam de ( 57aNi2Pp0269] tion tinme (mn) = 9.261,
met hod [7], MS(ESI) 508, 3 ( MrHT—tHNVRX 300 CDC13) 8 12.08 (s, 1H),
8.57 (dd, 1H), 7.72 (&, 3 95-7.06 (m 5H), 6.88 (d,
1H), 6.74 (d, 1H), 6.0 3.85 (m 4H),
2.92-3.10 (m 6H), 2.7 (m 1H) 1.95-2. el :
N- (4-f1 uorophenyl) - 1- (4- rmrﬂﬁ@l'ln no- 2, 3- di hydr o- 1H-inwen-1 - y1) - 2- oxo- 1, 2-
30di hydro ¥r| di ne- 3- car boxan de (58) 270] Retention time (mn) = 7.109,
met hod [ AVZ6NS( Esllgwing BratogalftHyert-byty (soenonen s 11 (s, 1iy

8.43 (dd, A 6. 88
(d, 1( 18&%4 (yd)pzp%tﬁ%m 3 g@’%’?@f VJaS%g‘ﬂSe%g t‘%g)“’ b“#]ﬁsgn 'ﬁl]fb (fg 85-3.07 (m
6H), 2. 60d12ycﬁrﬂ: 1(Hvind 4y ylﬁnﬁéi‘aﬁné% carbox le.
N- (4- br omophenyl) - 1- ( 4- nor phol i no- 2, 3-di hydr o- 1Hi nden-1| -y1) - 2- oxo- 1, 2-
di hydr opyri di neBlézb car boxam de (59)

N Boc

AN

N

N : K/N 0 0/©4
~
N N
NS
NH,

[0264] Following Protocol A, B and C, to tert-butyl 4-(1-amino-2,3-dihydro-1H-

inden-4-yl)piperazine-1-carboxylate was converted to tert-butyl 4-(1-(2-oxo0-3-

10 (pyridin-4-ylcarbamoyl)pyridin-1(2H)-yl)-2,3-dihydro-1H-inden-4-yl)piperazine-1-
carboxylate () Retention time (min) = 5.050, method [7], MS(ESI) 516.2 (M+H); 'H
NMR (300 MHz, CDCl3) & 12.34 (s, 1H), 8.57 (dd, 1H), 8.50 (d, 2H), 7.66 (d, 2H),
7.20-7.27 (m, 2H), 6.87 (d, 1H), 6.74 (d, 1H), 6.56 (m, 1H), 6.39 (t, 1H), 3.54-3.57
(m, 4H), 2.91-3.08 (m, 6H), 2.76-2.88 (m, 1H), 1.95-2.06 (m, 1H), 1.46 (s, 9H).
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5[ 0271] Retention time (mn) = 8.050, nmethod [7], MS(ESI) 495.1 (M+H); 1H
NVR (300 MHz, CDC13) 8 12.16 (s, 1H), 8.56 (dd, 1H), 7.66 (d, 2H), 7.43 (d,
2H), 7.20w6.2800/129142H), 6.88 (d, 1H), 6.73 (d, 1H), 6.5@ctus2dib32662 37 (t,
1H), 3.82-3.85 (m 4H), 2.90-3.10 (m 6H), 2.77-2.87 (m 1H), 2.00-2.06 (m

1H). ..
N-cycl ohe®e¥1- 1- AdditmshGlommpeunds- di hydr o- 1H i nden-1 - y1) - 2- oxo- 1, 2-

10di hydr ' = 6. 326,
met hod [(;l]m%%\}S(E |§ﬁﬁ%‘p§e?ﬁ°ﬂbﬁdg %QCNI@I%%%% eﬁﬁm&@% %ﬁ'%é‘“% (d, 1H),
8.48 (dd, miﬂelylals'ﬂsmg-tﬂc 20cdduyes2idylineB .aBove(id, Exbhlple ®170r §lgghtlyqodibed4 (t, 1H),
6.28 (t, tho 404 (m 1H), 3.81-3.85 (m 4H), 2.73-3.09 (m 6H),
1.90-2. 02 n%tilﬁ’feo 71-1.78 (m 2H), 1.60-1.69 (m 1H), 1.21- 151.46 (m
N (4 |odophen)é nor phol i no- 2, 3-di hydro- 11 nden-1| -y1) - 2- oxo- 1, 2-

le)hydr5opyf"fh’?’fﬂél %( éﬂ)—ﬁ’o%dmoaéewqqr begonis o i 2 4- 2 3rdifydeo-g 637,
method [7], MS(ESI) 5abHandem#iyDpiperague-1-svdoxsizte (BHC13) 8 12.17 (s, 1H),

o1 SOiobthy | Gt i Ryt iy PSR TsPe (it 691, (0,
( m 6H), BW&Q)O&@HQI@D@H} 0 12.191s,2.LH)98 69](d(ﬂ,|‘ﬂH) 7.73 (d, 2H) 7.32 (d 2H),

1- (4-norphol i no-2, 3-di hg{dro 1H i nden-| - % - 0X0- N- ol 2-di hydropyrid
i ne- 3- caf-BoxX e (e 2H8:29.89 Gh k). Ré @mtlﬁé»rﬁ G re. It ﬁ)4 Hg,siﬁ T-€0hod [ 7],

R WA I, ©
38 (b i ok B s 5.1 5

1- (4- mor phol i no- 2, 3-di hy “K/’I’)"“ phenyl 1, 2-
di hydr Opyﬂorzdr]neRateﬁadslb@pﬁar(mndﬂ <53)9, %&&MYM Ms(m;upm tMnceD(lm n) = 6.803,

method [7], MS(ESI) 416. M+H) ; 1H NVR (300 , CDC13) 8 12.09 (S, 1H),
8. 64 (dd, NM-I% (309, Mg,z?C@leQ 12231 (s, 1H)38-59 (dd, 1H), 8.52 (d, 2H), 7.68 (d, 2H),
15 7.23-7.29 (m, 2H), 6.92 (d, 1H), 6.76 (d, 1H), 6.58 (t, 1H), 6.42 (t, 1H), 3.83-3.88
(m, 4H), 2.87-3.13 (m, 6H), 2.78-2.86 (m, 1H), 2.00-2.09 (m, 1H).
N-(4-chlorophenyl)-1-(4-morpholino-2,3-dihydro-1H-inden-1-yl)-2-0xo0-1,2-
dihydropyridine-3-carboxamide (56)
[0268] Retention time (min) = 8.265, method [7], MS(ESI) 450.2 (M+H); 'H
20 NMR (300 MHz, CDCIl3) 6 12.13 (s, 1H), 8.56 (dd, 1H), 7.70 (d, 2H), 7.20-7.30 (m,
4H), 6.88 (d, 1H), 6.73 (d, 1H), 6.56 (t, 1H), 6.37 (t, 1H), 3.80-3.85 (m, 4H), 2.83-
3.10 (m, 6H), 2.74-2.81 (m, 1H), 1.93-2.06 (m, 1H).
1-(4-morpholino-2,3-dihydro- 1 H-inden- 1-yl)-2-0x0-N-(4-phenoxyphenyl)- 1,2-
dihydropyridine-3-carboxamide (57)
25 [0269] Retention time (min) = 9.261, method [7], MS(ESI) 508.3 (M+H); 'H
NMR (300 MHz, CDCIl3) ¢ 12.08 (s, 1H), 8.57 (dd, 1H), 7.72 (d, 2H), 7.19-7.31 (m,
4H), 6.95-7.06 (m, 5H), 6.88 (d, 1H), 6.74 (d, 1H), 6.56 (t, 1H), 6.37 (t, 1H), 3.80-
3.85 (m, 4H), 2.92-3.10 (m, 6H), 2.75-2.89 (m, 1H), 1.95-2.13 (m, 1H).
N-(4-fluorophenyl)-1-(4-morpholino-2,3-dihydro- 1 H-inden-1-yl)-2-0x0-1,2-
30 dihydropyridine-3-carboxamide (58)
[0270] Retention time (min) = 7.109, method [7], MS(ESI) 434.2 (M+H); 'H

NMR (300 MHz, DMSO-d6) 6 12.11 (s, 1H), 8.43 (dd, 1H), 7.71-7.75 (m, 2H), 7.57
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7.40 (m 2H), 7.24-7.28 (m 2H), 7.16 (m 1H), 6.93 (d, 1H), 6.80 (d, 1H),
6.64 (t, 1H), 6.42 (t, 1H), 3.86-3.91 (m 4H), 2.98-3.16 (m 6H),

2.81-2. 95WOrm10Li9142. 01- 2.12 (m 1H). PCT/US2010/032632

1- (4- nor phol i no- 2, 3- di hydr o- 1Hi nden-1 -y1) - 2- oxo- N- phenyl - 1, 2-

di hydr opyri di ne- 3-car boxam de (64) 5[0276] Retention tine m' n) 9. 430,
met hod [ 740 VB ESPY/-2A9m. 2’5H()mf§é (d, THMNVRL (Bd6DM-29-6 BB Y HY, 31@8 i€7( s, 1H),

7 23 1. a3 TV ARSI BB 3 3R GO AR IR T T T (L,
tor (5, o il benhdfing ot it Jick ﬁ-iieﬁ?/)zf.xé?ln%eﬁﬂ s

xo0- 1, 2-di hydropyri di ne- Retention time (mn) =

6. 038, & 8 9.98 (d,
1H), gzgmhggl [Klabenﬁ@(%%b%mg? (%Oﬁd\/:;hg&hocﬂ{ﬁ] Wﬁ(ﬂﬁ@@ 6 70 d:I:B%I.H), 6. 52((t

1H) 6. 30NMR (3@9|)MHA @PCl) 81 2(16)(s.114), 836 844, 34657, @md AH),7.45%,96D3. 09 (m

N4 ot Ry gL 82 BRI TH6T 31 i ol 67 dbh 3 85885 0xo- 1, 2-

di hydr opygmh, dite2 86-Garbex &) de 71- @@éwamjz Sebeatdionayi me (min) = 6. 165,
net hod [7&r I\/IS(ESI) 446.1 8 NVR (300 MHz, CDC13) 8 11. 99 (s, 1H

8 63 (dd, 1H) 1|_3cﬁ*1-%‘:pnorﬁho%%o72§3lh(ymo ?H%"ﬁ')len@y?lpz Bxg3.4m 3H), 6. 7§

2902 8 16 gt 2. SOGﬁ@%Mn%B cgrifanidey opn 5783 (s, 3H),

N- (4- (di fﬂO@&]onﬁBﬂeoNq@pﬁnerﬁmil@)-—lé 326, moatipdvol 71 msggsa;azmdwemﬂﬂ nden-1 -y1) - 2-

D900, e NGB e By SHEBTSC TRA A BB Rl (So6m D) 6 86ds) 5 12, 13

1 7 3 3 2 6. 94
§3 1:')0 ﬁi)gg 7?3@ 11—%%*8 5414t ﬁ%()%@'zs ?tHiH) %9?5 464% {IED 8%2%3 ﬁ(rﬁ IR 5 g)s 201
(m 4H), 2793:0.(&6 6Hn 1. ﬁH)2 02ZH80H2 19]1 Qﬁﬁ (ﬂJH¥H) 21 €1 29 12, (H, 112'1}

15  1.46 (m, SH).
N-(4-iodophenyl)-1-(4-morpholino-2,3-dihydro-1H-inden-1-yl)-2-o0xo0-1,2-
dihydropyridine-3-carboxamide (61)
[0273] Retention time (min) = 8.637, method [7], MS(ESI) 542.1 (M+H); 'H
NMR (300 MHz, CDCI3) 8 12.17 (s, 1H), 8.59 (dd, 1H), 7.64 (d, 2H), 7.56 (d, 2H),
20 7.23-7.28 (m, 2H), 6.91 (d, 1H), 6.75 (d, 1H), 6.59 (t, 1H), 6.39 (t, 1H), 3.85-3.88
(m, 4H), 2.88-3.13 (m, 6H), 2.77-2.86 (m, 1H), 1.97-2.09 (m, 1H).

1-(4-morpholino-2,3-dihydro- 1 H-inden- 1-yl)-2-0x0-N-p-tolyl-1,2-dihydropyridine-
3-carboxamide (62)

[0274] Retention time (min) = 7.330, method [7], MS(ESI) 430.2 (M+H); 'H

25  NMR (300 MHz, CDCI3) 8 12.00 (s, 1H), 8.57 (dd, 1H), 7.63 (d, 2H), 7.18-7.25 (m,
2H), 7.13 (d, 2H), 6.88 (d, 1H), 6.73 (d, 1H), 6.58 (t, 1H), 6.35 (t, 1H), 3.82-3.85
(m, 4H), 2.92-3.10 (m, 6H), 2.76-2.89 (m, 1H), 2.30 (s, 3H), 1.95-2.06 (m, 1H).

1-(4-morpholino-2,3-dihydro- 1 H-inden- 1-yl)-2-0x0-N-phenyl-1,2-
dihydropyridine-3-carboxamide (63)

30 [0275] Retention time (min) = 6.803, method [7], MS(ESI) 416.3 (M+H); 'H
NMR (300 MHz, CDCIl3) ¢ 12.09 (s, 1H), 8.64 (dd, 1H), 7.79-7.82 (m, 2H), 7.31-
7.40 (m, 2H), 7.24-7.28 (m, 2H), 7.16 (m, 1H), 6.93 (d, 1H), 6.80 (d, 1H), 6.64 (t,
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1- (4- nor phol i no- 2, 3-di hydro- 1H-i nden-1-y1) - 2- oxo- N- ( 4-
(trifluoronethoxy)phenyl)-1, 2-di hydropyri di ne- 3-carboxam de (68) 30[ 0280]
Ret ent i orwOi20®/126918) = 8. 696, nethod [7], MS(ESI) 500. 2pCihidpo10bbeeBVR ( 300
MHz, CDC13) 81221(s 1H), 8.60 (dd, 1H), 7.80 (d, 2H) 718728(m

4 6. 92 59 3 83-3.88
H) 2. 901153,6 #3 (¢ th>6$-|§6 g?17(9;1*%8,92 (lﬁmyn %9288122?8 1-97 (m
1 (4 nor ph ﬂ 3 di hydr o- 1H-|nden | -y1)-2-oxo- N-(4-

(trifl uor orre yi[ henyl) 1 2 di hydr opyri di ne- 3- car boxam de (69) [ 0281]

57.21-7.26 (m 2H), 6.8 )57 (t, 1H) 6.38 (t, 1H),

3. 80- 3. 86/0Lm8] 4Hksenaor99m3 (ﬁaih)(ﬂn 4§(H)meﬂ2od7f571 21\45@35(1)"119212‘|IM+H)9]@{ 2.07 (m 1H).
N- (4- cyanophenyl) - 1- (4- nor phol i no- 2, 3-di ydro 1H 1 nden-1-yl)-2-oxo-1, 2-
di hydr opyNMR (#80MHar GRCEID 8. 1676) | H)02:82]dRdiBnT.B fd, CiHie7.58i7r] (m.6. 687,

nmet hod [7 2 1H.10 O 2.49 (s
rethog { Ty SSEER o 2 r Y o EOMR 308, D47 g VRO, Bl 49, (5,
(t, 1H), @4@&( 3]8?1)38@5&241(1}1,291_)@ 13@114@1{)6257@ im(rﬁH)H) 39@8231@3 (m 4H),
2.85-3.07 |—6258 70 (m 1H), 2.04-2.14 (m 1H).

1-(4-(4-h oxypl peridin-1-yl)-2,3-di hydro- 1H i nden-1-y1)-2-o0oxo0-N(pyridin-
4-y1)- 1, 2-di hydropyri di ne- 3-car boxam’ de (71). 15 [0283] MS(ESI) 431.2
(M-H) L0 1H NivR4¢Bfidondelrclolpivel) IdGh-m@ril@liad- 2, 3-diliyHyo- 1 H-iaders 141)-2-0x0-3H) , 7. 61-
7.69 (m 3H), 7.14 (t, 13dihed®pyridine-B-arbéxdmtidé (65)1H), 6.48- 6.59 (m 2H),

4.68 (d, 3.57- . 1H) 12- 3. ( 06, (m 2H),
2. 46-2. 83[10?%3 ] 3Brften%°‘b%m%m@§% 0 ﬁﬁ)‘“eﬂi‘)d%@] M§ 455%%«?1% %D 11,57 (m 2H).
I\F(4 chi ONW?@Y)]MH% éﬂc(ﬁs@yg%r(gxym Bef7 (@lhnrflly V31)4 22 Bl db ekt | nden-1-y1
)-2- 200x0 di hydr opyri di ne- 3’ carboxam de (72
1H), 6.70 (d, 1H), 6.52 (t, 1H), 6.30 (t, 1H), 4.07-4.11 (m, lH) 3.82-3.85 (m, 4H),
15  2.90-3.09 (m, 6H), 2.74-2.87 (m, 1H), 1.66-2.11 (m, 9H).
N-(4-methoxyphenyl)- 1-(4-morpholino-2,3-dihydro- 1 H-inden- 1-yl)-2-0x0-1,2-
dihydropyridine-3-carboxamide (66)
[0278] Retention time (min) = 6.165, method [7], MS(ESI) 446.1 (M+H); 'H
NMR (300 MHz, CDCI3) 6 11.99 (s, 1H), 8.63 (dd, 1H), 7.73 (d, 2H), 7.23-7.31 (m,
20  2H), 6.90-6.95 (m, 3H), 6.79 (d, 1H), 6.63 (t, 1H), 6.341 (t, 1H), 3.88-3.93 (m, 4H),
3.83 (s, 3H), 2.93-3.16 (m, 6H), 2.80-2.91 (m, 1H), 2.01-2.12 (m, 1H).
N-(4-(difluoromethoxy)phenyl)-1-(4-morpholino-2,3-dihydro- 1 H-inden-1-yl)-2-
oxo-1,2-dihydropyridine-3-carboxamide (67)
[0279] Retention time (min) = 7.400, method [7], MS(ESI) 482.2 (M+H); 'H
25 NMR (300 MHz, CDCIl3) 6 12.13 (s, 1H), 8.63 (dd, 1H), 7.79 (d, 2H), 7.23-7.31 (m,
2H), 7.13 (d, 2H), 6.94 (d, 1H), 6.79 (d, 1H), 6.62 (t, 1H), 6.50 (t, 1H), 6.43 (t, 1H),
3.88-3.91 (m, 4H), 2.93-3.16 (m, 6H), 2.80-2.91 (m, 1H), 2.01-2.12 (m, 1H).
1-(4-morpholino-2,3-dihydro-1H-inden-1-yl)-2-0x0-N-(4-
(trifluoromethoxy)phenyl)-1,2-dihydropyridine-3-carboxamide (68)
30 [0280] Retention time (min) = 8.696, method [7], MS(ESI) 500.2 (M+H); 'H
NMR (300 MHz, CDCIl3) & 12.21 (s, 1H), 8.60 (dd, 1H), 7.80 (d, 2H), 7.18-7.28 (m,
4H), 6.92 (d, 1H), 6.76 (d, 1H), 6.59 (t, 1H), 6.40 (t, 1H), 3.83-3.88 (m, 4H), 2.90-
3.13 (m, 6H), 2.78-2.89 (m, 1H), 1.98-2.10 (m, 1H).
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[0284] Retention tine (mn) = 4.433, nethod [7], MS(ESI) 464.2 (MtH); 1H
NVR (300 MHz, DMSO-d6) 8 12.23 (s, 1H), 8.42 (dd, 1H), 7.75 (d, 2H),
7.58-7. 6Iw0Orzp10li%9147. 38 (d, 2H), 7.14 (t, 1H), 6.86 (d, Pd:lfl)uszﬁDESm(m, 1H),
6.48-6.57 (m 2H), 4.68 (d, 1H), 3.57-3.64 (m 1H), 3.15-3.23 (m 2H),

2.93-3.06 (m 2H), 2.46-2.91 25(m 3H), 2.03-2.12 (m 1 1.81-1.86 (m
2H), 1.46-1.56 (ml (gﬂyorphohno -2,3- dthydro 1H-inden- 1-yl)-2-0x0-N-(4-

N-l§ 42( 4- et hoxgp%wbm’nbybm)yi)?ﬂhxdwmr@mﬂ1cnma@1¢hR(l69)jr o- 1H ![ nden- | -

- Z- 0X - - | - § 1 ON I e

)(/m' n) = (7)[0%%] #E%éﬂ%%%f qﬁlﬂ?@(‘%ﬁ@%@%@ ﬁﬁ%gﬁsfh%ﬁﬁ}dgg% , DVSO-d6) 8
ﬁl) 967(86NM§Q 43206.1\4121%(%%(:5;81)212.33.(8,%1}{)38 ggr%d 1?1)51086((5%}1287 gmd @H)), ZH)18 (t,
3.71- 3. 747%1:1{7.2@3“; 28)) §889 &, 1@1&)"3 7325%5%13 ¥ %trstﬁp’s (8.158. 286 8(6m 1H) ,

2.01- 2.1 4

N- (3, 4-di uor)pr%e'nylﬂ(n_Lﬁm ?%hggl(fnh(%% ]39%?r97é%lﬁlh| nden-|-yl)-2-o0xo0-1, 2
- di hyd 3- t = 7.787,
et hod 71 Mok B p@wBQf m#f%%%% S By
8.59 (dd, 1H), 7.85-7.93% ’ﬁ "ie%iar@?m@éde( #) 3H), 7.06-7.16 (m 1H).

6.92 (d, [bbkz] GRZénﬁ@h tlﬁﬂll?'anﬁ 5@6@ mel}lrd)d [7@ MSE;ESI) 441D (M3HBS48B. 88 (m 4H),
2.86-3.13 (m 6H), 1H) , 1H). tert-butyl
4- (1-103- (NMR ca@ﬂcmﬂer@m@ t:l@r@j/z_}lQQsckamm/M @idnllﬂl}[ k0 (@13HR 7R0idhydr o-

o 760 meAbd 7] 25 T 27 BEA HEY bl . e6 e 0SB he Tests) (8 12 06
(s, 1H), 8683 7(7Ct9h 4i=1f;|,)2 8573@8 (ﬁ} 82%2758 2Hp (m71111§9-2 04- 244%@{1 14¥), 6.98-7.04
(m 2H), 6.86 (d, 7 (f 1H), 3.53-3.59

(erD 4H) , ?t(@(]ﬂ ﬁ%%ﬁﬁerwal ﬁ) Z% cghﬁﬂo-(m lﬁu@‘)u-l }l) %gox% NQpﬁr‘?&m-u:gfl) 1.45 (s,

ridine-3- carbax mlde

4-(1- (3-(4-chl orophenyl c’ar%%y@s- -oxopyrl 1?7%1) y1l) -2, 3-di hydrol51Hin
den- 45y ) [OR83r ammﬁsm%ammw)afﬂ NMR)(3D@R/H$2] masemd)@nlztjm(e (Hj,n) =

11. 439, nmethod _/( 87) MHz, CDC13) 8 12.14
(s, 1H), 8456 70(81 3k 7.6 6@9 3Hz>|~|7 147’(t AED @86 MHW@@@@M( - 2H), 6.86

d, 1 6 . 3 t 7 4m 4
573 08 0 ?‘m > 1‘54’8%% Y Ay B 15 Be R s R ol
N-(4-(di nﬁﬁhyl%lﬁﬂ &Mm,hﬁmyl)%az [Aanpltph ol76-n10842(n3-24H)h .d6-d- STHm, I‘i(ﬂbn | - yl) 2 0X
ol, 2-di hydr opyri di ne- 3- car boxam de (77)
N-(4-chlorophenyl)- 1-(4-(4-hydroxypiperidin- 1-yl)-2,3-dihydro-1H-inden- 1-yl)-2-
20 oxo-1,2-dihydropyridine-3-carboxamide (72)

[0284] Retention time (min) = 4.433, method [7], MS(ESI) 464.2 (M+H); 'H
NMR (300 MHz, DMSO-d6) 6 12.23 (s, 1H), 8.42 (dd, 1H), 7.75 (d, 2H), 7.58-7.61
(m, 1H), 7.38 (d, 2H), 7.14 (t, 1H), 6.86 (d, 1H), 6.65 (d, 1H), 6.48-6.57 (m, 2H),
4.68 (d, 1H), 3.57-3.64 (m, 1H), 3.15-3.23 (m, 2H), 2.93-3.06 (m, 2H), 2.46-2.91
25  (m, 3H), 2.03-2.12 (m, 1H), 1.81-1.86 (m, 2H), 1.46-1.56 (m, 2H).
N-(4-(4-methoxyphenylamino)phenyl)-1-(4-morpholino-2,3-dihydro-1H-inden- 1-
yl)-2-0x0-1,2-dihydropyridine-3-carboxamide (73)
[0285] Retention time (min) = 7.749, method [7], MS(ESI) 537.2 (M+H); 'H
NMR (300 MHz, DMSO-d6) 6 11.96 (s, 1H), 8.40 (dd, 1H), 7.81 (s, 1H), 7.50-7.56
30 (m, 3H), 7.18 (t, 1H), 7.00 (d, 2H), 6.82-6.92 (m, 5H), 6.70 (d, 1H), 6.49-6.55 (m,
2H), 3.71-3.74 (m, 4H), 3.68 (s, 3H), 2.85-3.08 (m, 6H), 2.58-2.69 (m, 1H), 2.01-
2.13 (m, 1H).
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[0289] Retention tine (mn) = 3.575, nmethod [7], MS(ESI) 459.2 (M+H); 1H
NMR (300 MHz, CDC13) 8 11.87 (s, 1H), 8.59 (dd, 1H), 7.65 (d, 2H),

7.18-7. 2AWW0rp1021%9147. 13 (d, 2H), 6.90 (d, 1H), 6.72-6. 78cims2@bh32662 60 (t,
1H), 6.37 (t 1H) 3. 82- 253 85(m 4H) 295313(m 6H), 2.94 (s, 6H),
2.79-2.84 ( 1. 98- 7 (m : le 7 Synthesis of

1- (4- (cyc|18ﬁﬁdp§tﬂmonbynw é—!&nmrﬂh um-ﬁ ﬁ p-lyirindgudyyf)-Reoxo-1,2-
(pyridin-4-y1)-1, 2-di hydrdb’pWOIwrnfem{ﬁ@arMﬂmmddéﬁ 78) Cl-1301-121 K2 00 3

T4 br ondB0h Red SRR ATETTE 26 Hidty B A lnsipase 2 Blask o ©f
di hydr opyNMR (3803 Har DL quml(a 1(}() 839 (dd Q‘H?J 7.851. Qi DMy, mas added K2CO3

(0.744, 3.0eq) and iodoethane ( g The resulting m xture was
stirréd af-33 Geratedsér Altfre. H@eﬁﬁﬁd&{lH)T réaldd); 6158\A7a§Hdmgﬂjl €d with 60nd

ethyl aceif s AP RO HRkane: (A washiad, uh i 3X50L sfyand SOmL

brine. The solven apora gi'v eld 77%
et hyl
1- (4- br onfsTob Y- 6 64414’ é‘% moyll2: p’f"fff’h’%%ﬁéﬁ@@r%f’ﬂ’é’dﬁo car boxyl at
e which was used wit holff-ig ‘2’;! szeélagqr pxylate (
[0287] Retention time (min) = 9.762, method [7], MS(ESI) 533.2 (M+H); 'H

10  NMR (300 MHz, CDCI3) 6 12.06 (s, 1H), 8.57 (dd, 1H), 7.68-7.72 (m, 2H), 7.19-
7.24 (m, 2H), 6.98-7.04 (m, 2H), 6.86 (d, 1H), 6.73 (d, 1H), 6.57 (t, 1H), 6.37 (t,
1H), 3.53-3.59 (m, 4H), 2.91-3.08 (m, 6H), 2.78-2.89 (m, 1H), 1.99-2.06 (m, 1H),
1.45 (s, 9H).
tert-butyl 4-(1-(3-(4-chlorophenylcarbamoyl)-2-oxopyridin-1(2H)-yl)-2,3-dihydro-

15 1H-inden-4-yl)piperazine-1-carboxylate (76)
[0288] Retention time (min) = 11.439, method [7], MS(ESI) 594.2 (M+H); 'H
NMR (300 MHz, CDCI3) o 12.14 (s, 1H), 8.56 (dd, 1H), 7.65 (d, 2H), 7.42 (d, 2H),
7.19-7.24 (m, 2H), 6.86 (d, 1H), 6.73 (d, 1H), 6.54 (t, 1H), 6.37 (t, 1H), 3.54-3.57
(m, 4H), 2.87-3.08 (m, 6H), 2.75-2.86 (m, 1H), 1.94-2.06 (m, 1H), 1.45 (s, 9H).

20  N-(4-(dimethylamino)phenyl)-1-(4-morpholino-2,3-dihydro-1H-inden-1-yl)-2-o0xo-

1,2-dihydropyridine-3-carboxamide (77)

[0289] Retention time (min) = 3.575, method [7], MS(ESI) 459.2 (M+H); 'H
NMR (300 MHz, CDCI3) 6 11.87 (s, 1H), 8.59 (dd, 1H), 7.65 (d, 2H), 7.18-7.27 (m,
2H), 7.13 (d, 2H), 6.90 (d, 1H), 6.72-6.78 (m, 3H), 6.60 (t, 1H), 6.37 (t, 1H), 3.82-

25  3.85 (m, 4H), 2.95-3.13 (m, 6H), 2.94 (s, 6H), 2.79-2.84 (m, 1H), 1.98-2.07 (m,
1H).

Example 7

Synthesis of 1-(4-(cyclopropylamino)-2,3-dihydro-1H-inden-1-yl)-2-0x0-/V-
(pyridin-4-yl)-1,2-dihydropyridine-3-carboxamide (78)
CHaCHyl

Ty e
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[ 0291] Et hyl

1- (4-brono- 2, 3-di hydro- 1H i nden- 1-y1) - 2- oxo- 1, 2- di hydr opyri di ne3- car boxyl at
e (0.5g, woQenyipeoiaycl opr opananm ne (0.236g, 3.0eq.), Palrcadisoomasetat e
(0.062g, 0.2eq.), cesiumcarbonate (1.124g, 2.5eq.) and dppf (0.25g,
0.3eq.) were conbined 20nml Tol uene in a seal ed-tube. The m xture was

f1 ashed Wi0RPOIN2Tp grsolutiongf hytdronmpras-dikedioeldrindepy - WXt el dms heat ed at 90

Cf 5h b | .
The “cr vac I EPRRIRe s CabCAT Gig oo LURIR abi! AR WR0WRWALER 0OV Dl
10% et hyd0.744( &Oé@)&@ﬂ@(ﬁlfo@ﬂmha(ﬁ 6, 22ed-) The resulting mixture was stirred at

di hydro- 1Hi nden-1-y1l)-2-0xo0-1, 2-di hy dropél’ldl ne- 3-carboxylate. Hv-N O
OKOH /  HPiBOm tepertiagyemizbo Tfﬂem iofryyas didwied i pOgt cyhg¢etate and

1-(4- ey Ci(ﬂﬂ%saxﬁémeﬂ%sﬁe@wﬂh @x%rﬁr whic} &Qﬁitrn%yb})ne%ﬁ)&&)ﬂen?vgg hydropyridine
-3-carboxyl ate (25ny, Oeq) In MeOH and I m water was added KOH

(12. 43ny, evapéleqad)m vihve tmgxxtelmEO ﬁgsyldsiédﬂ@d edty16q4(brtbmo 215 dihydro- e sol vent

was remnoved i uo, .the residu n was 25 acidified to pH
223 by sty 2 s (e pe G Sdiearone BoabieR i BaeDRiBH L 1 1 rati on,
and dri edriieVAfiRati6h.provide solid 19ng (yield 83% 1-(4-

2N<‘ V/H 0 0
N o
A T TN
Cs,CO3/ dppf
10%

10

[0291] Ethyl 1-(4-bromo-2,3-dihydro-1H-inden-1-yl)-2-oxo0-1,2-dihydropyridine-
3-carboxylate (0.5g, 1.0eq.), cyclopropanamine (0.236g, 3.0eq.), Palladium acetate
(0.062g, 0.2eq.), cesium carbonate (1.124g, 2.5eq.) and dppf (0.25g, 0.3eq.) were
combined 20ml Toluene in a sealed-tube. The mixture was flashed with N, for a

15  minute. Then the resulting mixture was heated at 90 °C for Shrs. Removal in-organic
salt through filtration afforded brown oil. The crude mixture was purified on flash
column for give an oil 50mg (yield 10%) ethyl 1-(4-(cyclopropylamino)-2,3-
dihydro-1H-inden-1-yl)-2-oxo-1,2-dihydropyridine-3-carboxylate.

H H
v o 0 KOH/H0 TN T
N | o 839 N | OH
2 NS

[0292] To a solution of Ethyl 1-(4-(cyclopropylamino)-2,3-dihydro-1H-inden-1-
yl)-2-ox0-1,2-dihydropyridine-3-carboxylate (25mg, 1.0eq) in 2ml MeOH and 1ml
water was added KOH (12.43mg, 3.0eq.). The mixture was heated at 60 °C for

20

15mins. The solvent was removed in vacuo, the residue aqueous solution was
25  acidified to pH 2-3 by adding 2N HCI. The white precipitate was collected by
filtration, and dried in vacuo to provide solid 19mg (yield 83%) 1-(4-
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(cycl opropyl am no) - 2, 3-di hydro- 1Hi nden- 1-y1) - 2- oxo- 1, 2- di hydr opyri di ne- 3-
car boxyl iwoaeiodizenisch was used without further purificaPcons2010/05686293]
Fol l owi ng Protocol C, 1-(4-(cyclopropylam no)-2, 3-di hydro-1Hi nden-1-

y1l) - 2- oxo- 1, 2-di hydropyri di ne-3-carboxylic acid was converted to 1-(4-

(cycl opr ofsyslapioppRmnA=2a3-Hihgeen- Lk ndanery-3y9ye-d 2okbydwpyidinedn- 4- y1) - 1, 2-

B L1y A S BReN R B o L ARl e (< 31%5,6 5.45.5.56 (in

103H), 7.21 (d, 2H), 7.00-7.25 (m 1H), 6.98 (d, 1H), 6.48-6.52 (m 2H),

6.36 (t, 1H), 407(d 1H), 2.67-2. m 2H) , 243250(m 1H), 1.93-2.04
(m 1H), 0. 774D.78«m @H o 0.42*% 2H)- EXa 1OSyn hé is of
N- (4-chl orMe a (4 ( thyI—&uJ—f—eHy{—)——-Z,B-ihy e ]

15i nden-1-y1) - -1,Nz- i hy@tr opyr HRliUne- 3- car boxani_de ) | m-|CF BA 20%

[ 0294] X 57%

1-(4-(met hyl t hi o) -2, 3-di hydro- 1H i nden- 1-y1) - 2- oxo- 1, 2- di hydropyri di ne3- car
boxylic acid (80ng, 1.0eq.) was dissolved in 2mCH2Cl12. To the sol ution was
added m CPBA (115ng, 2.5eq.). The resulting m xture was stirred at room 20

t enpe The cr ure s.dire urified on flash
Lol st dogesle T EtiR e P fed G Bt p iy S i aR U inf. 2

1- (4- (et hybsa*bfpﬂm d?o néinlawﬂéﬁbéawcraéﬁ%sycla}we%fea%@11<42 di hydropyri di ne-3
-carboxylic acid [ | ow ng "Prot ocol C

1- (4-( rretﬂqy¢lgpﬂopmlﬁmll)o)22 S}ddlyﬂgmllﬂ-nlcﬂm habr-bxgr Ny (pyridin-4-y)-1,2-
ﬁl— (()ZOC?;I (Z)C} g\ﬁ dr ch < |3 -car %xgmf: € (?ﬁxt)én {ién Cle(ilm\llrvssz fgglé/er ttl%jd [t7?
MS(ESI) 387.2 (M+H); 'H NMR (300 MHz, CDCl3) § 12.36 (s, 1H), 8.48-8.56 (m,
10 3H), 7.21 (d, 2H), 7.00-7.25 (m, 1H), 6.98 (d, 1H), 6.48-6.52 (m, 2H), 6.36 (t, 1H),
4.07 (d, 1H), 2.67-2.90 (m, 2H), 2.43-2.50 (m, 1H), 1.93-2.04 (m, 1H), 0.77-0.78

(m, 2H), 0.42-0.44 (m, 2H).

Example 8

8.1. Synthesis of N-(4-chlorophenyl)-1-(4-(methylsulfonyl)-2,3-dihydro-1H-
15 inden-1-yl)-2-o0xo0-1,2-dihydropyridine-3-carboxamide (79)

o
—S o o ° o o
m-CPBA
N X
[0294] 1-(4-(methylthio)-2,3-dihydro-1H-inden-1-yl)-2-oxo0-1,2-dihydropyridine-
3-carboxylic acid (80mg, 1.0eq.) was dissolved in 2ml CH,Cl,. To the solution was
added m-CPBA (115mg, 2.5eq.). The resulting mixture was stirred at room
20  temperature overnight. The crude mixture was directly purified on flash column to

afford white solid 17.8mg (yield 20%) 1-(4-(methylsulfonyl)-2,3-dihydro-1H-inden-
1-yl)-2-ox0-1,2-dihydropyridine-3-carboxylic acid.

o)
\\/o 0 o o /©/0|
N N
| H
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1- (4- (et hyl sul fonyl) -2, 3-di hydro-1Hi nden- 1-y1) - 2- oxo- 1, 2-di hydr opyri di ne-
3- carboxam de () Retention tinme (mn) = 7.196, nethod [7], MS(ESI) 443.1
(M+H) ; 5NMwolNMe/1280Q0 MHz, CDCl13) 8 12.03 (s, 1H), 8.59 (a@dy/ubkk)10/032686 (d,
1H), 7.68 (d, 2H) 7 47 (t, 1H), 7.36 (d, 1H), 7.25 (d 2H), 7.17 (d, 1H),

669 t, 1 3. 58- 2.25-3 1H), 3.08 ,
0 o 0abity Falowing Pratvs O 1o (mptnylfong) 2, B Wesl 1 ien- Ly (s

1-(4- (et If

10(|\|-(§)yr|%|xlr(1§jz W‘ﬁ#’ﬁﬂ%%ﬁ”{#?%m ¥ g‘boﬁ%‘?n?odg&(ga%‘}orfl?}’fB%ﬁ “The title
conmpound wes (iaythyRelsoraed?, Brdi)lmda@pHelpderaueyl)szakburmdlmlepyﬁdhaeas| ng the
procedures outlined above in Exanp or sI %%m)dl fi ed verS| ons

thereor. TOZBATI it ¢edv T 5186 e ad (71l 410.0

18 25 Mo EEDCR Ry 81&%8%%<$§£“'*%§?4>71ﬁ>(98§%%” T, 6 56

(}_{) 1H) A% 843. (BaH)m 3th) IHB ‘265&131‘1),(‘ml7 E]cH)lH)% BB (t( $H), )3, (t,2.HHD- 2 82 (m
2.17-2.29 Synt esi s

N- (4-chl o?é%ﬁéﬁ;m 1@0&%5 %364 6%&%& Skl 2186 %%im 1H), 2.08-2.20

20di hydr o(—n.].l-m)nden 1-y1)-1, 2-di hydropyri di ne- 3-car boxam de (81) Boc \

[ 0298] To sol uti on of tert butyl 4-(1-(3-(4-chlorophenyl carbanoyl) - 2-

oxopyrldl 1(2 i e-h »car boxyl at e
(460 2 I n Hg X@%@g %%%Jga w‘ﬁ%} wwﬁféﬁé‘%ﬁ izqyrred at room
t enpe ature for Sy EIdin-fey Loy Tine-Jpeboxapde$9 n vacuo. The

resi due wWagdeli ssbt uedcomphiatystshytheassl fade appaphed switidy dxoAm 2 M Na2CO3
and brine. The organi c phase was dried over sodium sulfate; then evaporated
in vacuo Y¥N$HPEPIAsEdyiRs pwlined e Ve IBRIATRIF Stet %b@hﬂy modified Versions

N- (4-chl %,%gfanyl) 2- 0X0-1- (4- (pi perazin-1-yl)-2, 3-di hydro-

301H-i nden y1) 2-di hydr opyri di ne- 3-car boxam de Retention tinme (mn) =

5.060.  10297] Retention time (min) = 1.332, method [7], MS(ESI) 410.0 (M+H); 'H
15 NMR (300 MHz, DMSO-d6) & 12.97 (s, 1H), 8.74 (d, 2H), 8.49 (d, 1H), 8.23 (d,
2H), 7.83-7.85 (m, 2H), 7.48-7.55 (m, 2H), 6.64 (¢, 1H), 6.56 (t, 1H), 3.48-3.58 (m,
1H), 3.26-3.37 (m, 1H), 3.23 (s, 3H), 2.70-2.82 (m, 1H), 2.17-2.29 (m, 1H).

Example 9

9.1. Synthesis of NV-(4-chlorophenyl)-2-oxo0-1-(4-(piperazin-1-yl)-2,3-
20 dihydro-1H-inden-1-yl)-1,2-dihydropyridine-3-carboxamide (81)

\
N HN
Q o o OC' 1)TFA Q o o Q‘“
N N 2) Na,CO, N N
| H | H
. NS

[0298] To a solution of tert-butyl 4-(1-(3-(4-chlorophenylcarbamoyl)-2-
oxopyridin-1(2H)-yl)-2,3-dihydro-1H-inden-4-yl)piperazine-1-carboxylate (460mg)
25  in 5ml CH,Cl, was added 2ml TFA. The mixture was stirred at room temperature
for 2hrs. The solvent and TFA were removed in vacuo. The residue was dissolved in
50ml ethyl acetate, washed with 2x50ml 2 M Na,COs and brine. The organic phase
was dried over sodium sulfate; then evaporated in vacuo to provide white solid
338mg (yield 90%) N-(4-chlorophenyl)-2-oxo-1-(4-(piperazin-1-yl)-2,3-dihydro-

30  1H-inden-1-yl)-1,2-dihydropyridine-3-carboxamide. Retention time (min) = 5.060,
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method [7], MS(ESI) 449.1 (M+H); 1H NWVR (300 MHz, DVBO-d6) 8 12.23 (s, 1H),
8.42 (dd, 1H), 7.73 (d, 2H), 7.60 (m 1H), 7.40 (d, 2H), 7.16 (t, 1H), 6.84
(d, 1H), wo@éioide91dH), 6.48-6.57 (m 2H), 2.82-3.04 (m PeHUS210682632 68 (M

1H), 2.15- 2.32 (m 1H) 2.03-2.12 (m 1H). 5 9.2. Additional Conpounds

[0299] The fol | ow ng npounds were synthesized from appropriate starting
mat er i al smedpa g7l N@(Bﬁbééadr(é@fd)htlﬂll‘ﬁ‘éﬂ (3017, MR & 1€.28.(s. or slightly

nodi fi ed

27 oxo- 1- (4Tt B BAPHAME T9319: 307 60 ot 40 G- g MO B5%h n-a-y1) -1, 2
- 10di hde@pWG6C{HnH-I)°>6G@f63§7X@ﬁ12}E) £82)3. (Daﬂ@@o;]H)R%@ngJ@ltumez(lm n) = 8. 285,
net hod | i MB(ESI) 416.2 (MtH); 1H NVR (300 MHz, DVBO d6) 8 12.37 (s, 1H),
8.42-8. 47283 (m3Hy), 2036613 om. By, 7.62 (m 1H), 7.16 (t, 1H), 6.85 (d, 1H),
6.68 (d, 1H), 6.48-6.57 (m 2H), 2.83-3.06 (m 10H), 2.60-2.69 (m 1H),
2.03-2. 129.@.m 1Aylditional Compounds

15N- (4-fl h I H i nden-1-yl
12t YRRy TR i) BERAUART e G B Ly =
4.282, nemhedalk Ghing Mﬁ(;ﬁ&e)duﬂs%?ouﬂlde%bbve ihHE VIRl 300 oi\/ﬂightlszaﬁcﬂﬁlecﬁ 12.11 (s,
1H), 8.59 (dd, 1H), 7.73 (d, 2H), 7.71-7.75 (m 2H), 7.21°7.27 (m 2H),
7..00-7. 261yaps heeof. 6 91 (d. 1H), 6.73 (d, 1H), 6.58 (t, 1H), 206.39 (t,
1H), 2.90-3.07 (m 10H), 2.76-2.87 (m 1H), 1.97-2.08 (m 1H).

N- ( 4- br omophrexng-1)(4apipeescin-(-41x Hiwéhyadri-d H-indey -IZVIBNdGIJN&ldW-yDH,}rden | -y1)-1,
2- dilydr opyri di ne- 3- car bbkadmopyeidige 3-chdgeamidetSent i on tine (mn) = 5.915,

5o 56° (an toaphf Beichioting (D ¢ 283! RS eR b SREA RS 1O (20 1)
1H), 6. 70NfR (3bEIMHSE; DMSO-d6) 130 2.39 (SOH).I8. 4218047 (R, 31y, 3.€6L(d( DH), F06) |,
2.73-2.84 (m 1H), 194205 le 10 lolsynthe5|s of

N- (4-chl o(lrmplﬁbn?l@ {t11a-68p (d2 Hydir&(yleﬂﬂy }i-pév &mi AH) 2.83-3.06 (m,

2/%)5)2 3- diég{)o?%g]gg% (%&%%s%é%&/%s@égfﬁ 2- di hydr opyri di ne- 3- 30car boxam de

15 N-(4-fluorophenyl)-2-oxo-1-(4-(piperazin-1-yl)-2,3-dihydro-1H-inden-1-yl)-1,2-
dihydropyridine-3-carboxamide (83)

[0301] Retention time (min) = 4.282, method [7], MS(ESI) 433.2 (M+H); 'H

NMR (300 MHz, CDCIl3) & 12.11 (s, 1H), 8.59 (dd, 1H), 7.73 (d, 2H), 7.71-7.75 (m,

2H), 7.21-7.27 (m, 2H), 7..00-7.26 (m, 2H), 6.91 (d, 1H), 6.73 (d, 1H), 6.58 (t, 1H),
20 6.39 (t, 1H), 2.90-3.07 (m, 10H), 2.76-2.87 (m, 1H), 1.97-2.08 (m, 1H).

N-(4-bromophenyl)-2-oxo-1-(4-(piperazin-1-yl)-2,3-dihydro-1H-inden-1-yl)-1,2-
dihydropyridine-3-carboxamide (84)

[0302] Retention time (min) = 5.915, method [7], MS(ESI) 493.1 (M+H); 'H

NMR (300 MHz, CDCI3) d 12.16 (s, 1H), 8.56 (dd, 1H), 7.65 (d, 2H), 7.42 (d, 2H),
25  7.19-7.23 (m, 2H), 6.88 (d, 1H), 6.70 (d, 1H), 6.55 (t, 1H), 6.36 (t, 1H), 2.87-3.01

(m, 10H), 2.73-2.84 (m, 1H), 1.94-2.05 (m, 1H).

Example 10
10.1.  Synthesis of N-(4-chlorophenyl)-1-(4-(4-(2-hydroxyethyl)piperazin-1-

yD)-2,3-dihydro-1H-inden-1-yl)-2-0x0-1,2-dihydropyridine-3-
30 carboxamide (85)
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[ 0303]

N- (4- chl or ophenyl) - 2- oxo- 1- (4- ( pi perazi n-1-yl1)-2, 3-di hydro- 1Hi nden-1y1) -1,
2- di hydr oppr2otvnes13- car boxam de(40ng, 1.0eq.), potassi urCTarsbanasms3d
(100ng, 8.0eq) were conbined in 10mlL dry CH3CN. The m xture was heated at
refluxing for 5mns. To the solution was added 2-iodoet hanol dropw se. The
resulting mxture was kept refluxing overnifght. The in-organic solid was
renoved by filtration. The filtrate was conc¢ntrated in vacuo. The crude

m xture wasnpwrified on flash colunn (0 - 5@6 in CH3CN) in S|I|ca gel to
get white sQli/d 40ng (ylegd

N- (4-chl or op ex - drcxyét‘hy‘l—)’plp r"‘ @ Y] ) ydro 1H
; y({jro yridi ne«%=car boxa @ rre (min) =

i nden-1-y1)-2- \’ %

4.967, nmethod [7 SRESI) 493.2 (MHH); 1H NMR (366 3) 8 12.18 (s,
1H), 8.59 (dd, 1H), 7.73 (d, 2H), 7.22-7.32 (m 4H), 6. 92 (d, 1H), 6.74 (d,
1H), 6.58 (t 1H) 6 39 (t 1H) 4 51 (m 1H) 3 66-3.69 (m 2H), 2.63-3.12
(m 13H), ynt hesi

N (4-chl O[,Oégﬂenyl()él @qrgp%ql_yt)zz @}g}—éz@ (plperazm 1 yl) 2 3-dihydro-1H-inden-1-

s B e S i L ——
was synt h@simeds. Oascprwa@pasmbmhcatrel(hnlatryOmmﬂaemkmm?@ushmdtdne procedur es
out |l i ned ahove |n ample 10.1., or sl t&t n%glfled ver ons t her eof .

Ret ent i oneHPHEE (o Hyins f@sgoluﬁﬁ@waaa%df? 0Rpesnel SEppvrse 1H NMVR (300
Mz, Dlvsq‘egmmgnﬁgtm%zwz(s%epgf&luxﬁgmeﬁlf%ht Hie 1n%r%’ﬁuc§ dfq vad'sl)remzvgcﬁ (d, 2H),
7.57-7.60 (m (d, 2H 1H) H, 6.78 (d, 1H),

6.49- 58 l(ynilltlzbﬂ)m Elefﬂtr&eMS(cnncezm)ltedm U8, Bire ¢rogle Blhd)tpre@vzaaumﬁscl (m 8H),
2.85-3. 32 (

Synt hesi s%b SHQ_C(? ~§%ﬁﬁg%é@?ﬁ%@ﬁc@?§ﬁp&%x&%%ﬁ)ﬁ%ﬁ mple 11

g Io %;11502)6 é%’éﬁ}f{ﬂ Sc%%o{ hea%mqﬂm?@diyhy&ry@myDpﬁeﬁ@nﬁr 9gr209)aﬁﬂjuﬂ£11@87) WO
inden-1-yl)-2-oxo0-1,2-dihydropyridine-3-carboxamide. Retention time (min) =
4.967, method [7], MS(ESI) 493.2 (M+H); 'H NMR (300 MHz, CDCl3) & 12.18 (s,
1H), 8.59 (dd, 1H), 7.73 (d, 2H), 7.22-7.32 (m, 4H), 6.92 (d, 1H), 6.74 (d, 1H), 6.58
(t, 1H), 6.39 (t, 1H), 4.51 (m, 1H), 3.66-3.69 (m, 2H), 2.63-3.12 (m, 13H), 1.97-2.08

15  (m, 1H).

10.2. Synthesis of N-(4-chlorophenyl)-1-(4-(4-(2-(2-(2-
hydroxyethoxy)ethoxy)ethyl)piperazin-1-yl)-2,3-dihydro-1H-inden-1-
yl)-2-0x0-1,2-dihydropyridine-3-carboxamide (86)

[0304] The title compound was synthesized from appropriate starting materials
20  using the procedures outlined above in Example 10.1., or slightly modified versions

thereof. Retention time (min) = 5.652, method [7], MS(ESI) 581.2 (M+H); 'H

NMR (300 MHz, DMSO-d6) 6 12.22 (s, 1H), 9.71 (m, 1H), 8.44 (dd, 1H), 7.75 (d,

2H), 7.57-7.60 (m, 1H), 7.41 (d, 2H), 7.21 (t, 1H), 6.93 (d, 1H), 6.78 (d, 1H), 6.49-

58 (m, 2H), 3.76-3.82 (m, 2H), 3.54-3.67 (m, 6H), 3.38-3.51 (m, 8H), 2.85-3.32 (m,
25 6H), 2.62-2.69 (m, 1H), 2.06-2.13 (m, 1H).

Example 11

11.1.  Synthesis of N-(4-chlorophenyl)-1-(4-(4-methylpiperazin-1-yl)-2,3-
dihydro-1H-inden-1-yl)-2-0x0-1,2-dihydropyridine-3-carboxamide
@7
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[0305] To a solution of N-(4-chlorophenyl)-2-o0xo-1-(4-(piperazin-|-yl)-2,3-
di hydro-1Hinden-1-yl)-1, 2-di hydropyri di ne- 3-car boxam de(40ngy, 1.0eq.) in
2ml 51, 2-wochionedthane was added fornmal dehyde (30ng, 1@eqUs2010/os2682 Xt ur e
was stirred at rt. for 5mns. To the reaction m xture was added NaBH( QAc) 3
(34mg, 1.8eq.). The resulting m xture was stirred at rt. for 30mns; then
diluted vaJaESOmLCHZCH washed with 10m 2M Na , water and brine. The

organi ¢ plase was dri ed oversadi um sul fate, ad evaparatgd |n 'to
R T g o NSy

enyt) i< O hyl pi pemaohg- 1-y1) - 2 rmden-1-y1)

P ¥ di fe- 3- car boxani de. Retenti o7 mn) = 5.063,

nmet hod [7] MS(ESI) 463.2 (MrH); 1H NMR (300 MHz, CDC13) 8 12.19 (s, 1H),
8.59 (dd, 1H) 7.73 (d, 2H), 7.21-7.32 (m 4H), 6.92 (d, 1H, 6.73 (d, 1H),
6.57 (t, %)B%S% 6139 s()futloler}N (% HMsrdpteh i)[Q—OMJM—% iz)gragrn817 ﬁ)r@?) 1H), 2.56-2.68
(m 4H) 00- 152,08 (Mt 1H). 11.27Synthedis of
1- (4- ( 4: ndahmrbfi&bmdamlnyll-l ﬂidlhﬁdl@pmdiyﬁﬁwaﬂhdxamﬂbmm%( 1)0eq.) in 2ml

2- 0XO0- 1)-1,2-d dr rb 88 06] The
o1 e Sonbasici gt s S e 1 R Bt PR s usi ng
the procegduyi es Imihb I TEHe 3OM6n hfixteaR a@dééN%BK/I&QAcﬁ'(B%' N%@dl fied

versions 20 thereof. MS(ESI) 430.2 (M+tH); 1H N 13) 8 12.34

(s, 1H), Bheoesyltiog mitfyre wasstied at Hpr 30mes: (hen dﬂm)ed with1 By, Gé&Qm 2H), 6.90

$9500D o7 %SL%dSﬁ-Bh b gaP 3 ggb%'mwat% “ﬁtl’:‘g She omhic i il T o

[ 0307] ToSoauﬁ@lsulfat@ran@favdﬁoéﬁeccﬁl@b@cphﬁdffb&al“zmemhdsﬁrﬂ (yieensaiN- | -yl) 2, 3-
di hydro- 1H i nden l_élh)j{ 1, 2 d| h dropyri di ne- 3-car boxam de(40 1.0eq.) in
2ml” dc1@- Werazng.ed)-3. Sadbydiedty indem orli-dexp9. 1ny, 1. 3

gg mm;gi%ﬁ%%ydEéﬂ%dMex§ t‘z{rﬁoi’@ﬁidétRE{eﬁ@or?ﬁmE'imnf)QrS G fkinddyey diluted with
MS(EST) 463.2 (M+H); 'H NMR (300 MHz, CDCl3) § 12.19 (s, 1H), 8.59 (dd, 1H),
7.73 (d, 2H), 7.21-7.32 (m, 4H), 6.92 (d, 1H), 6.73 (d, 1H), 6.57 (t, 1H), 6.39 (,
1H), 2.90-3.11 (m, 6H), 2.78-2.87 (m, 1H), 2.56-2.68 (m, 4H), 2.37 (s, 3H), 2.00-

15  2.08 (m, 1H).

11.2. Synthesis of 1-(4-(4-methylpiperazin-1-yl)-2,3-dihydro-1H-inden-1-yl)-
2-0x0-N-(pyridin-4-yl)-1,2-dihydropyridine-3-carboxamide (88)

[0306] The title compound was synthesized from appropriate starting materials
using the procedures outlined above in Example 11.1., or slightly modified versions
20 thereof. MS(ESI) 430.2 (M+H); '"H NMR (300 MHz, CDCl3) 8 12.34 (s, 1H), 8.56
(dd, 1H), 8.50 (d, 2H), 7.65 (d, 2H), 7.19-7.26 (m, 2H), 6.90 (d, 1H), 6.71 (d, 1H),
6.54 (t, 1H), 6.38 (t, 1H), 2.74-3.09 (m, 7H), 2.53-2.67 (m, 4H), 1.95-2.06 (m, 1H).

Example 12

12.1.  Synthesis of 1-(4-(4-acetylpiperazin-1-yl)-2,3-dihydro-1H-inden-1-yl)-
25 N-(4-chlorophenyl)-2-o0xo0-1,2-dihydropyridine-3-carboxamide (89)
o)

. L
1 L Q

cl cl
N N DIEA N N
| | H
SN X
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5 washed with 10m 2N KHSO4, water, and brine. The crude m xture was

purified on flash colum in silica gel to provide white solid 42ng (yield

96% 1- (4wW02010/126914 PCT/US2010/032632

acetyl pi perazin-| - yl) 2, 3-di hydro- 1Hi nden-1-y1)-N-(4-chl orophenyl) - 2- oxo-1
, 2- di hydro ridi ne-3-carboxam de. Retention tine (mn) = 7.179, nethod

[7] |v5( HEB 1491011(S Riatpn of N-(dnaRlgrapleenybiz2-oxpa 4ypigerpzinibyp<2.3-1H) , 8. 60 (dd,

(@ 1y, Shgen Ry 1 Elbyrido s bubla bty 128 gm%7 U 219,
50075 120 Gt adanBIE R (B ) andaddy(Slor5. 201 5200Te 11

12. 2. Addi ti onal Conmpounds. [ 0308] . The fol | ow.ng conpounds were synthesi zed
fr om apprispHiing BEEke W Es dhttefor aPain shenglivird with ddaLEBeClaut 1 i ned above

in Exanpl \@asligd Yvith @mISN ﬁpltSbﬁ Wa%fdn@%rﬁﬁ@rﬁﬂeod?ﬁdé Bﬁru%@f as urified on
1- (4-(4-acetyl pi perazin-1-y1) 3-di hydro- 1Hi nden-1-y1 -oxo-N-(pyridin-4

-yl) - 1, 2adhkgbimopwrsildiarpet Gymavﬁomuedehc( 4D [V809p7BRdt@ntd-on tinme (mn) =

(o, hy bRy g ik g G Meb R B ag T oty 6 6o

(d, 1H), cﬁhycﬁo%%dlchaﬁ)o§4m(d@ REhntioR «iftfe ((ﬂm) 4-'7'0179 3m§t§0§5ﬂ4 (m 4H)
2.93-3.09 (m 2.80-2.91 (m 1H), 2.15 (s, 3H), 1.97-

N- (4- chl oOMSEESNY2) 1 AMEHY:( B MR BP0GHE.ABDC)pdpariazs.nH), §.69 (@, aHih hydro 1H

oo SR D GRS (G ol e o

DVBO- d6 7 1 7.38
o 2H)) ﬁ-{)1%4—g95{t(1$1|26§-|7@38&(ﬁ32ﬂ2d3,6ﬂ-|g|)6;5(ﬁ1(gﬁ)(21903"[')24%1g 82(82% ;DH) 28,

3.27 (m 2Bfy (m31B 23512 Ity 20H)2. 12(n86H. 96 (m 4H), 2.60-2.71 (m 1H),
2.08-2.12 (m 1H. WD 2010/126914PCT/ US2010/ 032632 Exanple 13
12.2.  Additional Compounds

[0308] The following compounds were synthesized from appropriate starting
15  materials using the procedures outlined above in Example 12.1., or slightly modified
versions thereof.
1-(4-(4-acetylpiperazin-1-yl)-2,3-dihydro- 1 H-inden- 1-yl)-2-oxo-N-(pyridin-4-yl)-
1,2-dihydropyridine-3-carboxamide (90)
[0309] Retention time (min) = 1.528, method [7], MS(ESI) 485.2 (M+H); 'H
20 NMR (300 MHz, CDCl3) 6 13.24 (s, 1H), 8.58 (dd, 1H), 8.50 (d, 2H), 8.06 (d, 2H),
7.24-7.36 (m, 2H), 6.89 (d, 1H), 6.75 (d, 1H), 6.54 (m, 1H), 6.46 (t, 1H), 3.58-3.84
(m, 4H), 2.93-3.09 (m, 6H), 2.80-2.91 (m, 1H), 2.15 (s, 3H), 1.97-2.08 (m, 1H).
N-(4-chlorophenyl)- 1-(4-(4-(methylsulfonyl)piperazin-1-yl)-2,3-dihydro-1H-
inden-1-yl)-2-oxo-1,2-dihydropyridine-3-carboxamide (91)
25 [0310] Retention time (min) = 8.145, method [7], MS(ESI) 528.1 (M+H); 'H
NMR (300 MHz, DMSO-d6) 6 12.19 (s, 1H), 8.43 (dd, 1H), 7.75 (d, 2H), 7.60 (m,
1H), 7.38 (d, 2H), 7.20 (t, 1H), 6.92 (d, 1H), 6.75 (d, 1H), 6.49-6.58 (m, 2H), 3.24-
3.27 (m, 4H), 3.03-3.12 (m, SH), 2.86-2.96 (m, 4H), 2.60-2.71 (m, 1H), 2.08-2.12
(m, 1H).
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[ 0311]

N- (4- chl or ophenyl) - 2- oxo- 1- (4- ( pi perazin-1-yl1)-2, 3-di hydro-1H i nden-1y1)-1,

2- di hydr oppr2ooines13- car boxam de (80ng, 1.0eq.) and D EAPCHAISR0108358Y. ) were

di ssolved in 3mCH2C12. The m xture was cool ed over an ice-water bath. A

10sol ution of 2-bronmoacetyl brom de (43.2ng, 1.2eq.) in 2nmCH2Cl12 was added

dropwi se. The resulting reaction Heampleildred at 0 C for 30nmins; then

diluted with 30mCH2C12, washed with 2x15nl water, 10nl 2N KHSO4, and

bri ne. The obyjthesds phadutak2-(2-(22-chdr Gsdthioniophendearbamaybvd sol vent in

vacuo af f or dedxbpymidins (R HQ-yheg-dilyydsioel F898den-4-yl)piperazin-1-yl)-2-

1- (4- (4- (2- br onpacet yoxopthoay ethoxylethdyy)eth3lcirbydate-(92)

15i nden-1-y1)-N-(4-chl orophenyl) - 2-oxo- 1, 2-di hydgopyri di ne- 3- car boxam de

whi ch was used wi thout further purification. Br\/l( [0312] NaH (60%

di spersio T}) mneral oil) (12.6nyg, li.r/ﬁq.) was ended in 202ml dry DVF.
h§/ yet hoxy) ét h

A sol ution\of_ terty-buyyle Z;N@( - xy)et hylgarda ci
(59ny, 1.5eq.§# added dropwi se at roo erat ur erﬁp/
m xture was h Ed &t B0 & for 5mins. “FAe reaction cobled tfh room

tenpersature; then a solution of 1-(4-(4-(2- X
br onmoacet yl ) pi perazi n-1-y1l)-2, 3-di hydro-1Hi nden-1-y1)-N(4-chl orophenyl) -2

The resul RLY T LA RS RS B RS ET ETpbPaamat T e PRy ingi ehc Fon s
di | uted wrii-h,25diaGarbpRidiné-3aeorbidewBohedl. Béd. NandX BN (38aiL D Segnd brine. The

crude m xture was purified on HPLC to provide white solid 53ng (yield 45%
t ert - but ywergdisgolved {rp3myYCH,Cl,. The mixture was cooled over an ice-water bath. A

(1-( 4-chl.or o ) y{ hdi - r - i;hydro- 1H-i nden
-4- ;?/}JI_(% pi Sﬁgl%t%? [ dri:@ iﬂélﬁagéé? @%%%Ldgiﬁg%%b;(3?%?1?%%%?@1% (V:VéF g%&r%ﬁit e. Retention
time (m ndropwBe 8PHE, restif®batidn wiS({nSH )at T80 .13 MniNay;; thd-HiNv ¢300 MHz,

CDC13) 10 8 12.15 (s, 1H), 8.60 (dd, 1H), 7.73 (d, 2H), 7.23-7.33 (m 4H),
6.89 (d, Adm!Cll:Gig waghed with 25l waer. 14n] 2 KHSP, angilprinesThggorgpgic 11y | 4. 27
s, 2H), B - : y/ , 2.93-3.09
(m o). 35003 Blhed Ner 1fhm AR Seh i gl L i oo
15Synt hesiodid®0mg (yield 89%) 1-(4-(4-(2-bromoacetyl)piperazin-1-yl)-2,3-dihydro-1H-

1) 2% ARl O D AR T A ten L S B SRR Ny o opyr 1 i ne

was used without further purification.

Br\/lz)
N/» BocHN\/\o/\/O\/\OH
C .
N o] o]
NaH / DMF
N N
| H
NS

o)

A0 o

[0312] NaH (60% dispersion in mineral oil) (12.6mg, 2.0eq.) was suspended in
20  2mldry DMF. A solution of tert-butyl 2-(2-(2-

hydroxyethoxy)ethoxy)ethylcarbamate (59mg, 1.5eq.) in 1ml DMF was added

dropwise at room temperature. The mixture was heated at 60 °C for Smins. The
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3-carboxam de (93) [0313] To a solution of tert-butyl
2-(2-(2-(2-(4-(1-(3-(4-chl orophenyl car banoyl) -

202- oxopywodnty/i26AH) - y1) - 2, 3- di hydr o- 1H- i nden- 4-yl ) pi perazius2dopide32-

oxoet hoxy) et hoxy) - et hoxy) et hyl car bamate (45ng) in 2mCH2C12 was added O. 4mil
TFA. The m xture was stirred at roomtenperature for 2hrs. The sol vent and
TFA wer e licaqtipnernsiceoled ¢ eponT fpanpegiugudenasotion of v (4-/2-25n et hyl acetate,

washed wi X i ed over
sodi um su I%Jf;mt% JEQ% ﬁer%l}ggﬁ% ’esg&ﬂ Salgﬁ(l)ndt-gdqp ?)g?tdueghvﬁ%? ﬁ&gyafdgé&rg (yield
93% 1- (4t.24lhyd2opyfidine-3-carboxamide (90mg, 1.0eq.) in 1ml DMF Was added The

(2-(2-am noet hoxy) et hoxy) et hox )acet rlf)911§)| perazin-| -

- di hydr o-"£¥ H%Waww}nwrewéﬁ IHF% phértpn Jhro Thstsaqtion wwmt%ﬁpwh di ne- 3- car bo
)Iilﬁ/g ?%00 M—Iz 1' QQatte' \ggsh@m&l 37<2§m@z\121ter %ﬁ%e[fﬂe crﬁ@ ﬁ@tﬁre@@% 3|(_|)M+Na) 1H
7.59-7. 62p1(rrﬁed:blﬂ)HP17C &9p1(0d1,deZ;Hi)1te s'(éhd831(ng (yl]:}d)45%‘) tSﬁt b(udyl 21(9)(,2 (8 #2 (d, 1H),

6.49-6. 58 3.44-3. 5 6 .37 (m 4
3. 27-3. 32X (@(éﬁwor%é?ﬂ%g%@m@% %%Opyé‘g%fs@ﬁ%l)(m dénjdfoé Bg 14 (rknl) 1H).
10Exanpl e l%ﬁ kezit-1-y3y-NIdX88thSx Phthoxy)ethoxy)ethylcarbamate. Retention time

N-(4'-hy oxyb| phenyl-4-y1)-1-(4-nethoxy-2,3-di hydro-1H
i nden- 1- y(©)inp= 8834 1metheil IiYld Ms§E D di6A S (9-+day b BlMRI S 00 M¥iz., CD@B[)0314]

SII- é\édlr op%?%?ﬂ&lé%aéé%@n?ﬁég(%s@nghp)ed%q’ ZI%I);‘_(I g‘g‘?gé@y@ éb%é% 0. 15eq

and 4- hydr oy pisny, benosise aeHs (®la ), 423e92H)ves@38usaoliyad in 3mlDVF.
To the so utlzn was aglded 0( mng %20@2 Thggres)u lting rq;lxturzI was heat ed
at 100 C ﬁﬁ@ér59Mm,f2Hﬁ BOAB . (MTH), 2&3ct Vb muldd), iSOt ¥t(nni iED., BOML et hyl

acet at e, %’2@? Iwéhﬁzﬁ 20nml water and brine. The crude m xture was
purified % h silica gel to afford white solid 132ng (yield
85% N-(4'-hydroxybi phenyl-4-y1)-1-(4-

met hoxy- 2, 3-di hydr o- 1H-i nden- | - y 1Ex@mpkea4l, 2- di hydr opyri di ne- 3- car boxam de.
Retention tine (mn) = 8.029, nethod [7], MS(ESI) 453.2 (M+H); 1H NWVR (300
MHz, 1GDC13ynthedid ot 3-(434-(2R-(2-82-afhinétdhoxbhdthoXy)Bthok¢)acely)) piperdAn-51 (m

4H), 7.16 1
6_H%6 i Xl)ZzBi dagydrmlrﬁtﬂdenﬁl §g§ agfﬁmzﬁ(’eﬂ}gg -Keoxdl1 Qchrhh}(gi)lopyﬁdg;%7(7 m2 le) ‘m
1H), 1.94- 2 05 (m 1H) 15 2. Addi t1 onal Corrpounds [ 0315] The foll ow ng

conpounds were synt hesi zed fr n1appropr|ate starting materials using the
procedures outlined above i nple 15.1., or slightly nodified 30versions

t her eof . (o}
/_/o e K/N@ /©/ TFA / CH,Cl
BocHN—/_o é)L
N
A0 c.
0 N o o
o e

H2N—/_ X | H

[0313] To a solution of tert-butyl 2-(2-(2-(2-(4-(1-(3-(4-chlorophenylcarbamoyl)-
20  2-oxopyridin-1(2H)-yl)-2,3-dihydro-1H-inden-4-yl)piperazin-1-yl)-2-

oxoethoxy)ethoxy)-ethoxy)ethylcarbamate (45mg) in 2ml CH,Cl, was added 0.4ml

TFA. The mixture was stirred at room temperature for 2hrs. The solvent and TFA

were removed in vacuo. The residue was dissolved in 25ml ethyl acetate, washed
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1- (4- Met hoxy- 2, 3-di hydro-11-1-i nden-1-y1)- N (41- et hoxybi phenyl - 4-y1) - 2- oxo
-1, 2- di hydropyridi ne-3-carboxam de (95) [0316] Retention tine (mn) =

10. 232, meohot)/ 26914 MS(ESI) 467.2 (l\/HrH); 1H NVR (300 VHPCTERGUB)3HB342. 12
(s, 1H), 8.58 (dd, 1H), 7.80 (d, 2H), 7.49-7.53 (m 54H), 7.16-7.26 (m
2H), 6.92 (m. 2H), 682@&; 1H), 670(d 1H, 6.60 (m 1H), 6.36 (t, 1H),
3.86 (s, WH)2xH)gh2 VsNa 3an2b9111€3T1@93f6@ﬁ10 phise Vs Fivied 0BG sOMUM H) . 1. 94- 2. 05

1 1- 1-inden- 1
01y - 2 oy BRI o b G Y RO PR St on 1 e
g- r2n 2)6 (Sl(]Z (2aQ; (2%1h0&1h(ﬁx@/])ethtb@()&ﬁd)7)y)ék&il.yl?p(pM‘hlzﬁ)n 1- Q(H—Z\Wﬂll"(yﬂglﬁ(ljlgHé ng(Cﬁ]S) 8
St 6. A0 120 N8 A pRensh - b G- SEPPRATIY. 4 05 (g, 2H)

? 85 (5s B nticr tthie Bnf] =(98772 Rethod- [7R MS ES1{(d89. kMNad: 96naRP3dom 1H), 1.41
151 (4 rreIt/IlexIDM?S(B—dﬂb By aré{LHH)n8ldn (dd, yH) - N7 &l 208t hexy2ahenidl- 4- y1) - 2- oxo
-1,2- dihydro )érldl ne- 3- carboxam de (97) [0318] Retention time (mn) =

10. 286, s 71 7- 184 BI) 0-876 9 éHl i) (- 1. iAR-¢- 30 MM, 438c¢t3) 8 12. 16

1 7 , , 3 4
ésgg '7'007&?)6%.491%156 é#)?éH) 3%@13%’7( Zz5%kéﬂ(méﬁ%2972 ?%a)im §H4T 20(H% Y
3.91 (s, BEH-2.78. (843@,,2@5-4)21421192}13 15 (m 2H), 2.83-2.90 (m 1H), 2.00-2.11

(m 1H).
N—(4 am nobi pheny1-4-y1)-1-(4- mej.hox ?f:%-di hydr o- 1H-i nden- | -y1)-2-oxo-1, 2
hlgpdropyrl d| ne- 3- car boxami de ( @mﬁg 9] Retention tine (nmin) = 5.056,

met hod [71 S%) 4512N2 (l\l/H(Ij;) %H 25 f%o& ﬁ%h% 1%%6 (s, 1H),
. dd, 1% $s1 A Xy é‘e“ -YD-A-(thy ox B(vg N RY
2. g”;’ Ed lH)'lb 7%(1%1?1%1)(%@@«3%)2 dlhywpgﬁlqﬁ-cag%m eOhy 4. 892((m ZH)
3.91 (s, 373(s 2H), 2.94-3.13 (m 2H), 2.82- 92(m1'§9

(m 1H). ; é)j\ /@/ (HO)ZO /O§\Nkjj)?\” O

15 [0314] N-(4-bromophenyl)-1-(4-methoxy-2,3-dihydro-1H-inden-1-yl)-2-oxo-1,2-
dihydropyridine-3-carboxamide (150mg, 1.0eq.), Pd(PPh;3)4 (59mg, 0.15eq.) and 4-

hydroxyphenylboronic acid (61.2mg, 1.3eq.) were dissolved in 3ml DMF. To the
solution was added 0.5ml 2N Na,COs. The resulting mixture was heated at 100 °C
under N, for 30mins. The reaction was diluted with 50ml ethyl acetate, washed with

20  3x20ml water and brine. The crude mixture was purified on flash column in silica
gel to afford white solid 132mg (yield 85%) N-(4'-hydroxybiphenyl-4-yl)-1-(4-
methoxy-2,3-dihydro-1H-inden- 1-yl)-2-oxo-1,2-dihydropyridine-3-carboxamide.
Retention time (min) = 8.029, method [7], MS(ESI) 453.2 (M+H); 'H NMR (300
MHz, CDC13) 6 12.15 (s, 1H), 8.58 (dd, 1H), 7.80 (d, 2H), 7.44-7.51 (m, 4H), 7.16-

25  7.26 (m, 2H), 6.80-6.87 (m, 3H), 6.70 (d, 1H), 6.60 (m, 1H), 6.36 (t, 1H), 4.89 (s,
3H), 3.86 (s, 3H), 2.89-3.09 (m, 21H), 2.77-2.84 (m, 1H), 1.94-2.05 (m, 1H).

15.2.  Additional Compounds
[0315] The following compounds were synthesized from appropriate starting
materials using the procedures outlined above in Example 15.1., or slightly modified

30  versions thereof.
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WO 2010/ 126914PCT/ US2010/ 032632 Exanpl e 16 16. 1. Synt hesi s of
N-(4'-(2-(2-(2-am noet hoxy) et hoxy) et hoxy) bi phenyl-4-y1)-

1- (4- met woyeoyReédihydr o- 1H i nden- 1-y1) - 2- oxo- 1, 2- di hydrapyuseaivngs3zar boxam
ide (99) 5 Protocol K [0320] To a solution of

N- (4' - hydr oxybi phenyl-4-y1)-1-(4- netho -2, 3-
1H i nden-f¢ X/{ IB)Q“O'X%-?'@ Iewgdw!%vl én@ékmztahmé -4Wb8reyo-h20eq.) in
4ml 10 dry THF was added dikxdromuidjne-3- carboxamtde (95)

2-(2- (2 et (889 h3P (63. 8ng,
1l.1eq.) a gi@EAE§%§§¥§§%???¥§éqﬂ¥i£$ﬁ§ﬁ?§43%€? %§$§h§ é@QHi irred at rt.
for over nNBiR (300gHs o DERY swaszr(e,mq{oesl.semdd/aegm 80 & 21D s7.49g 38 (xt,ur € was
directly purified on flash colum in silica rovide white solid 50ng

(yi el & 329). 76t LButry) 2B 693 (o PH).-4(82 @41%@&@, 315 oty D1 6536 nden-

151-yl1)-2 0
yIoxg)étH%§§?%%ﬁ§§§f%¥h§?ggfgggg§%£3ggégﬁggﬁkf?)gé?@%?i%j &¥5280|utlon of
t ert - but yim,2H)2- (2- (4' - (1- (4- met hoxy- 2, 3-di hydro- 1H
I nden- 1-y1) - 2- oxo- 1, 2- di hydropyri di ne- 3- car boxam do) bi phenyl- 4-
N-(3'-ethoxybiphenyl-4-yl)- 1-(4-methoxy-2,3-dihydro-1H-inden-1-yl)-2-0x0-1,2-
dihydropyridine-3-carboxamide (96)

10  [0317] Retention time (min) = 11.100, method [7], MS(ESI) 481.2 (M+H); 'H
NMR (300 MHz, CDCI3) d 12.16 (s, 1H), 8.58 (dd, 1H), 7.82 (d, 2H), 7.55 (d, 2H),
7.06-7.29 (m, SH), 6.82 (m, 2H), 6.70 (d, 1H), 6.60 (m, 1H), 6.36 (t, 1H), 4.06 (q,
2H), 3.85 (s, 3H), 2.91-3.07 (m, 2H), 2.79-2.89 (m, 1H), 1.96-2.05 (m, 1H), 1.41 (t,
3H).

15  I-(4-methoxy-2,3-dihydro-1H-inden-1-yl)-N-(2'-methoxybiphenyl-4-yl)-2-0x0-1,2-

dihydropyridine-3-carboxamide (97)
[0318] Retention time (min) = 10.286, method [7], MS(ESI) 467.2 (M+H); 'H
NMR (300 MHz, CDCI3) d 12.16 (s, 1H), 8.64 (dd, 1H), 7.85 (d, 2H), 7.56 (d, 2H),
7.22-7.38 (m, 4H), 6.99-7.07 (m, 2H), 6.78 (d, 1H), 6.76(d, 1H), 6.66 (m, 1H), 6.41

20 (t, 1H), 3.91 (s, 3H), 3.84 (s, 3H), 2.92-3.15 (m, 2H), 2.83-2.90 (m, 1H), 2.00-2.11
(m, 1H).

N-(4'-aminobiphenyl-4-yl)- 1-(4-methoxy-2,3-dihydro- 1 H-inden-1-yl)-2-0xo0-1,2-
dihydropyridine-3-carboxamide (98)
[0319] Retention time (min) = 5.056, method [7], MS(ESI) 452.2 (M+H); 'H

25 NMR (300 MHz, CDCI3) 6 12.16 (s, 1H), 8.63 (dd, 1H), 7.83 (d, 2H), 7.55 (d, 2H),
7.44 (d, 2H), 7.21-7.32 (m, 2H), 6.87 (d, 1H), 6.75-6.79 (m, 3H), 6.66 (m, 1H), 6.41
(t, 1H), 4.89 (s, 3H), 3.91 (s, 3H), 3.73 (s, 2H), 2.94-3.13 (m, 2H), 2.82-2.92 (m,
1H), 1.99-2.10 (m, 1H).
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yl oxy) et hoxy) et hoxy) et hyl carbamate (50nmg) in 2mlCH2C12 was added 0. 4nl TFA.
The m xture was stirred at roomtenperature for 2hrs. The sol vent and TFA
wer e renoweadoio2eaeuo. The residue was dissol ved in 25nkcetusgdi0asmBat e,
washed with 25 2x10ml 2 M Na2CO3 and brine. The organic phase was dried
over sodiumsulfate; then evaporated in vacuo to provide white solid 35ny

(yield 80% N-(4'-(2-(2-(2- Example16
am noet hox et hox et hox bi phengll 4-y1)-1-(4- et hoxy- 2, 3-di hydr o- 1H i nden-
1- 111 y11 2- oﬁbn hesis gf Nydr-6p - %amm%twmmm)@éoxy:}btmybﬁ-ybr me (mn) =

6.041, nethod [ H4-n@h&si-2,358lydro- Nibtilmdert b ylvRokGIR-Mly drapysdios) 8 12. 21

(s, 1H) 8. 44 (Bdaarldfamide ®BH7.82 (m 4H), 7.54-7.62 (m 5H), 7.23 (t, 1H),

692 01%[(%(%@7 6.71 (d, 1H), 6.51-6.57(m 2H), 4.10-4.13 (m 2H), 3.81
6 5(m 2H), 3.57-3.62 (m 6H), 2.99-3.09 (m 1H),

2 80 2 96 (m 3H), 2.65-2.75 (m 1H), 2.02-2.10 (m 1H). 16.2. Addit}onal

Conpounds [ 0322] The fol g conmpounds were synt hesi zed fro

appropriatg sEartsgn g the proce ed”apove ¢n
Exanpl e 16.ZE§QJ i S N
N (31-(2-( - alg

y md|M°/\0</er si'BPfs t

o€t hoxy) et hoxy) ethoxy) bi phenyl -y1 - ('4- met hoxy- 2, 3-
di hydr o- 1H-i nden- -yl) 2- 0xo0- 1, 2-di hydr opyri di ne- 3- car boxam der& 00) [0323]
Retention time (mn) = 6.291, method [7], MS(ESI) 584.3 (M-H) *"H NVR (300
M—Iz DI\/SOdG) 8 12.24 (s 1H), 8.44 (dd, 1H), 7.78-7.82 (m 4H), 7.67 15(d,

ot ¢ ST o en b et ot ool R0 PefPeodilp Sufle 33

3.57-3. 631f(mindeﬁl-1) y)2-8%- BZQﬁh}(dﬁlﬁ)pylid)ne 2 c8Boxaride (1002 0ed.) BildRl 98 (m 1H),
2.65-2.75 2.00- 2.12

N- ( 31L0nyd¢ra>rilw wﬁ@@@ﬁfdztergrhyltyw(@ti%ﬁ?@f@%yetbmgﬁﬁhwd%ylmbpﬁl@@n 1-y1)-2-oxo- 1

5271, mevhody N SNy ER T B8 D R B AR st e . PRETRS e 12, 22
(s, 1H), Qidde(@ms slitld atdt.438r ¢wbinightdlhe Yolvéht (wehs r@hdveddn 5aeud, 62 (m 3H),

719725(m2H),692706- (d, m 1H), 3.81 (s,
3H), 2. 91°e3dpymixfreryps dirsctry pyrifg ?Ihflasgrqplur@n @@ﬂzca@ﬁ?torﬁromy whiigs 01-2. 12

(m 1H). Ex@meh d#id 32%) tert-butyl 2-(2-(2-(4'-(1-(4-methoxy-2,3-dihydro- 1H-inden-

Q

15  1-yl)-2-oxo0-1,2-dihydropyridine-3-carboxamido)biphenyl-4-
yloxy)ethoxy)ethoxy)ethylcarbamate.

Protocol L

BocHN

20  [0321] To a solution of tert-butyl 2-(2-(2-(4'-(1-(4-methoxy-2,3-dihydro-1H-
inden-1-yl)-2-oxo0-1,2-dihydropyridine-3-carboxamido)biphenyl-4-
yloxy)ethoxy)ethoxy)ethylcarbamate (50mg) in 2ml CH2CI2 was added 0.4ml TFA.
The mixture was stirred at room temperature for 2hrs. The solvent and TFA were
removed in vacuo. The residue was dissolved in 25ml ethyl acetate, washed with

25  2x10ml 2 M Na2CO3 and brine. The organic phase was dried over sodium sulfate;
then evaporated in vacuo to provide white solid 35mg (yield 80%) N-(4'-(2-(2-(2-

aminoethoxy)ethoxy)ethoxy)biphenyl-4-yl)-1-(4-methoxy-2,3-dihydro- 1H-inden-1-
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Synthesis of tert-butyl

2-(2-(2-(4-(4-(1-(4-nethoxy-2, 3-di hydro-1Hi nden-1-y1) -

2- 0X0- 1, 2Wd0i2hydieeqayr i di ne- 3- car boxam do) phenoxy) phenoxy petrhuszyiposisoxy) -
et hyl carbamate (102) WO 2010/ 126914PCT/ US2010/ 032632 [ 0325]

1- Fl uoro-4-nitrobenzene (692ng, 1.0eq), hydroqui none (540 1. 0eq) and
pot assi unylE¢araxenlat-dilydrapsgiding- @ﬁ?omlée-c%wmwmﬁ (o Qra&/l, DVF. The

m xture was,h e r4 i Qe Qr L It s,.renmoved by
filtrati orﬁl?th‘f'ﬁg}]f ﬁﬁf?%f’ég\‘kgsd\@ﬁ)u%?’%@ﬁog&H?&Wﬁ@r@?&%éﬁ washed with
3x80ml 5 vy, 84 (add Hpy 7.78-7.8hen, crde smpaumne Ses7.pyid i Hgd.9m7 bhiash col um
to give brown solid Zlong yield 18% 4-(4-nitrophenoxy) phenol. [ 0326]
To a sol uth.ahle$.74(¢.4 i ~ﬁ§7ﬁhﬂﬁ@x§1f){bl‘}é@o‘§-1% {BoHg); 338.1déq2.f}),i3ﬂ383rﬂ.6 dry 10 THF
was added - I g, et ] V] €@ te (210ng,

1. leq.), (ﬁ%%)(%ggﬁg&z@ﬂ(é}é?wgn M@g%@%%@‘)gﬁgq%%??m esul ting

m xt ure wHS), 102r2.e@l(matIHYX . for overnight. The solvent was renoved in vacuo,
the residue m xture was directly purified on flash colum in silica gel to

provi de ymj.p.ow additibndf Cofpouniie! d 94% tert-butyl 2-(2-(2-(4-(4-
15ni t rophenoxy) phenoxy) et hoxy) et hoxy) et hyl carbamate. = [0327] tert-butyl
2- (2- (2- (322 Eh% fllomanbsampvedd vgicetyRtigsived Komapatamyinestpanhat e (388ng)

was di ssalyefai Wsing the procedures outlined above in Example 16.1., or slightly modified
10 versions thereof.
N-(3'-(2-(2-(2-aminoethoxy)ethoxy)ethoxy)biphenyl-4-yl)- 1-(4-methoxy-2,3-
dihydro-1H-inden-1-yl)-2-0xo0- 1,2-dihydropyridine-3-carboxamide (100)
[0323] Retention time (min) = 6.291, method [7], MS(ESI) 584.3 (M+H); 'H
NMR (300 MHz, DMSO-d6) 6 12.24 (s, 1H), 8.44 (dd, 1H), 7.78-7.82 (m, 4H), 7.67
15  (d,2H), 7.55-7.58 (m, 1H), 7.34 (t, 1H), 6.88-6.95 (m, 2H), 6.71 (d, 1H), 6.52-6.58
(m, 2H), 4.15-4.18 (m, 2H), 3.81 (s, 3H), 3.74-3.77 (m, 2H), 3.57-3.63 (m, 6H),
2.99-3.09 (m, 1H), 2.92-2.95 (m, 2H), 2.81-2.98 (m, 1H), 2.65-2.75 (m, 1H), 2.00-
2.12 (m, 1H).
N-(3'-hydroxybiphenyl-4-yl)-1-(4-methoxy-2,3-dihydro-1H-inden-1-yl)-2-oxo0-1,2-
20 dihydropyridine-3-carboxamide (101)
[0324] Retention time (min) = 8.271, method [7], MS(ESI) 453.2 (M+H); 'H
NMR (300 MHz, DMSO-d6) 6 12.22 (s, 1H), 9.48 (s, 1H), 8.43 (dd, 1H), 7.78 (d,
2H), 7.55-7.60 (m, 3H), 7.19-7.25 (m, 2H), 6.92-7.06 (m, 3H), 6.72 (d, 1H), 6.55
(m, 1H), 3.81 (s, 3H), 2.91-3.09 (m, 1H), 2.71-2.86 (m, 1H), 2.63-2.69 (m, 1H),
25  2.01-2.12 (m, 1H).

Example 17

Synthesis of tert-butyl 2-(2-(2-(4-(4-(1-(4-methoxy-2,3-dihydro-1H-inden-1-yl)-
2-0x0-1,2-dihydropyridine-3-carboxamido)phenoxy)phenoxy)ethoxy)ethoxy)-

ethylcarbamate (102)
Jo gl s & ol
30 O,N K,COg O,N OH
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20 40nl MeOH, added catal yst (40ng, 10% Pal | adi um on carbon). The m xture
was hydrogenated (50 psi H2) at anbient tenperature for 30m ns. The

cat al yst we0reerromed by filtration. The sol vent was evaporaise@ 0ioseésacuo t o
give yellow oil 240ng (yield 75% tert-butyl

2-(2-(2-(4-(4-am nophenoxy) phenoxy) et hoxy) - et hoxy) ethyl carbamat e. 0328
|:0|( | O\(M né{Oﬁéﬂt Oétﬁlu%p—4—nitr¥%§1zene 6%£mg, 1.03:/(%), hydroquigo)ne (540mg, 1.0eq) : ]

1-(4-neth - ol P i - 1- - 2- 0 ; i ri-di ne- 3- car boxyl
o ot d et QUi Ek) Wi S BRd ey R LK Y ’
(4- met hoxyitx@urd-vbis iy sted afl 120 Yatfen 4hesy The id-@ranid sat @hdweetoopy by di ne-3- 5

car boxam do) phenoxy) phenoxy) et hoxy) et hoxy) et hyl car banate. Retention tine
(min) = oaben. Theiiseie (vap diivsd saith 200as el ppskesy - asPedouith G360 Mz, CDC13) 8
12.02 5( S1w§-tk9 an@bgiﬁe.(ﬂg 1C mix?ur@&zag guriisr)é_cb on ﬁas%ﬁ:b?un%?to(géﬂre ‘gﬂ&vn 6.70-6.94
(m 7H), 6.69 (d, 1H), 6.58 (m 1H), "6.34 (t, 1H), 4.99 (m 1H), 4.07-4.10
(m 2H), Blig210mg (ield 183 BH{BnBbphenoxHphendl.67-3. 70 (m 2H), 3.60-3.63 (m
2H), 3.50-3.53 (m 2H), 103.26-3.31 (m 2H), 2.90-3.06 (m 2H), 2.75-2.88

(m 1H), 1.93:2.04 (m 1Hjg 1,39 ds~.9H - Exarﬁgf~@gtDe@\i]\;sL j;vaHB“
N(4-(4-(2-(Z@(2-@oemww_ei%w) phedoxy) )- W-
(4- met hoxyaZ & di nlH i ndemoiry 1) - 2- oxo- %) 2-di hydr opéri di ne- 3-

15car boxam de (103) [0329] To a solution of tert-butyl
2-(2-(2-(4-(4-(1-(4-nethoxy- 2, 3-di hydr o- 1Hi nden- 1-y1) - 2- oxo- 1, 2- di hydropyri
di ne- 3- car boxam do) 20 phenoxy) phenoxy) et hoxy) et hoxy) et hyl carbamate (15nD)

in O.5nm 2 S ded 0. 1mLTFA., The m xt was, stirred af room

t enper at gaégé]or)fgﬁrggﬂm‘?ﬂQPi'h'mtg?ﬂh\?‘é‘?ﬁy)lgﬂ? O%go%%r lsﬁf‘éb)a@r%dt&ﬁ in vacuo.
The rgsi dpaFWas adi&seiMre 1202100y des¥hoRpRiRk §ethidahifai th oge3ml 2 M
Na2CO3 and brine. The organl c phase was dried over sodiumsulfate; then
evapor at ed1¢q), Padudt0Bmgps-0\¢i d @ndBAD €51 linek, 8.083¢). The edsultingggixture

N-(4-(4-(2-(2-(2-am poet hox hoxy).et hox henox nyl)e- 1-(4-
Srret hoxy- S5 i AYBRo LT k. oyt SR R S GOt He 5" Car boxami e
. mixture was directly purified on flash column in silica gel to provide yellow solid

340 mg (yield 94%) tert-butyl 2-(2-(2-(4-(4-

15  nitrophenoxy)phenoxy)ethoxy)ethoxy)ethylcarbamate.

/©/0\©\ J/0\L J/NHBoc PA/ G/ H, (o) J/OI J/NHBoc
- .
o.N o o] H,N o] o]

[0327] tert-butyl 2-(2-(2-(4-(4-
nitrophenoxy)phenoxy)ethoxy)ethoxy)ethylcarbamate (388mg) was dissolved in
20  40ml MeOH, added catalyst (40mg, 10% Palladium on carbon). The mixture was
hydrogenated (50 psi H») at ambient temperature for 30mins. The catalyst was
removed by filtration. The solvent was evaporated in vacuo to give yellow oil
240mg (yield 75%) tert-butyl 2-(2-(2-(4-(4-aminophenoxy)phenoxy)ethoxy)-

ethoxy) ethylcarbamate.
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Retention tine (mn) = 6.236, nethod [7], MS(ESI) 600.3 (M+H); 1H NWVR (300
MHz, DMBO-d6) 8 12.11 (s, 1H), 8.41 (dd, 1H), 7.68 (d, 2H), 7.53 (m 1H),
7.22 (d, Wol20106126046. 99 (m 7H), 6.69 (d, 1H), 6.49-6. 56CEUS2@bN32682 04- 4. 07
(m 2H), 3.81 (s, 3H), 3.71-3.74 (m 2H), 3.56-3.62 (m 6H), 2.98-3.08 (m
1H), 2.81-2.95 (m 2H), 102.66-2.79 (m 1H), 2.62:2.74 (m 1H), 1.99-2.10
(m 1H). Exanple 19 Synt hesis of —0 1

2-0x0-1- (4- (pyridins 3 1) dlhydr H-inden 1(&§Eg(kﬁ‘yridin-4-

y1)-1, 2-di hydr | c r 104) 5 [ 0330]

2- 0xo0-1-(4 o 1H i nden- (pyr|d|n 4-y1) -

1, 2-di hydro%@rl di ne 3 car 6’oxam d8 was prepared %BTM%%'FA%\I; ng a m xture of
1-(4-

br ono- 2, 3-di hydr o- 1Hi nden-1-y1) - 2- oxo- N—(pyri di n-4-yl)-1, 2-di hydropyri di ne
-3- carboxam de (35.1 My

008 n 0 :. ridi o¢/| boroni c acid
(12.8 ngy, 20 0. 10 ﬁ PP 0048 mmol, 0.056
( B

eq.), and potassiu ib3eq) in 0.80 nL of
di oxanes and 0. 20 |n al mcrovvave at 140 C for 5 mn. The crude

material was filtered through celite and the filtrate was purified by
reverse plfdas HFQIIDWIIQEIPQNDM Gret-bthetfox§-2, SQWM\I‘!HmanyH@ . The

ified trat ed and d
D oo 1 (e ans e S S P e R by DY s i
yl) -1, 2- dighyekhepyni3cdingdrd- 1@[&@1@%@@1&1@ a8- -alisaropgalipeless oil. Retention
time (mn) = 8.051, nethod [8], MS(ESI) 409.2 (MFH); 1H NVR (300 Mz,

CDC13) 6QCal@x@mld@PbCHOSY)@bel(W)eilll‘l)x}’)%h@fb’)f(thﬁ(lc mafg, Bgtenpn iMe, 8. 24 (d, J=

1y, "6 oo =084 pdt, sty Toa SN SR B il T, Py T T

Exanpl e 2912.02 (SSY A, &eS6 @HdQﬂH) 7.68 (d, 2H), 7.15-7.25 (m, 2H), 670694(m 7H),
1-(4-nitro-2, 3- dlgg/dro 1H-i nden- 1@51 -2-0x0o-N-(pyridin-4-yl1)-1, 2-

5di hydr op§p9 & AED 3028 fBokkkbdé (1. 168) 9»961101:161 4|07-4.10 (m, 2H), 385 (s,
3H), 3.80-3.84 (m, 2H), 3.67-3.70 (m, 2H), 3.60-3.63 (m, 2H), 3.50-3.53 (m, 2H),

10 3.26-3.31 (m, 2H), 2.90-3.06 (m, 2H), 2.75-2.88 (m, 1H), 1.93-2.04 (m, 1H), 1.39
(s, 9H).

Example 18

Synthesis of N-(4-(4-(2-(2-(2-aminoethoxy)ethoxy)ethoxy)phenoxy) phenyl)-1-
(4-methoxy-2,3-dihydro-1H-inden-1-yl)-2-oxo0-1,2-dihydropyridine-3-
15 carboxamide (103)

NHBoc ) TFA / CH,Cl,

@&OQIII
WL feaePala

[0329] To a solution of tert-butyl 2-(2-(2-(4-(4-(1-(4-methoxy-2,3-dihydro-1H-

inden-1-yl)-2-oxo0-1,2-dihydropyridine-3-carboxamido)
20  phenoxy)phenoxy)ethoxy)ethoxy) ethylcarbamate (15mg) in 0.5ml CH,Cl, was

added 0.1ml TFA. The mixture was stirred at room temperature for 2hrs. The
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[0331] To a mi xture of 4-nitro-2,3-di hydro-1Hinden-1-one (8.0g, 1.0 eq) in
MeOH (125nmL) was added NaBH4(0.6eq) in portions, the mxture was stirred at
10 room twopercaizeyie for 40m nutes. At the end of reacti ®oI/ush@omB268ur e was
concentrated and water was added. The solution was extracted wth ethyl
acetate three tinmes. The conbi ned organic | ayer was washed with brine and
dri ed ovefolvab@mEFAMare pyapepteshiyl vageh dhatesidueovasidjesolved in 10ml ethyl
4-nitro-2, 3-.di - 1H 7 . 9809 . . |+ [0332] To a
m xture ok}cg%?éé%%%(\%@? I nlr%&{/@?z%ld 3ﬁn§%§g%y?r%%}1§éﬁ%?ngagrc%lgéarri de (8.0g,
1.0 eq) idvedcydibivisulfaOnthyn wapoadatiad vhews torpreodidd whithylid9. 8hgrgiend 1- one

(1. 2eq) and PPh3(3.0eq). then added DI AD( 3.0eq) under N2 20 atnosphere.
Then the Mm% A& s (S13pparpegioxy sthrviiimahereopBEmlyht4- At the end of

react i50”1m&‘@%%}@%h?&}g-eﬂ{-ﬁ{agnﬂﬁw-é%%dl,ﬂdh@g Mhin%é%%ﬁ'ﬁ&camﬂi‘@ combi ned

organi c | ayer s washed wth brine and dri ver filtrated and
evapor at eRetttiap tuee {thm) er(U2BS, predodd 7], MBGESH Gis3 (MfHﬁ;iléH\IMR B0Ash Col um

(e oA eSS BF 380 s SLAEE LT By, EERY Rl g b ErORe
give P MY GSE) 8.8 dfent _ o

cxocls (YRl b N A Yoo gen P o gy g 219

2010/ 1263I4RPGT/ IS2000/ B2 638-BoB@A,(GH), 1983 @& GB 1) 2.83HR,98n2LH)m 1H), 7.67

0D 2 o L3 Al 128 234 1D eda 30 Mty 8, 72 m AR, 35T m

1- (4-am no- 2, 3-di hydro- 1H i nden-1-y1) - 2-oxo-N- (pyridin-4-yl)-1, 2-
5di hydropyri di ne- 3- car boxani de ( 1@&imple 190333] To a mi xture of
1-(4-nitro-2, 3-di hydro-1H i nden-1-y1l)-2-oxo- N (pyridi n-
Synthesis of 2-oxo0-1-(4-(pyridin-3-yl)-2,3-dihydro-1H-inden-1-yl)-N-(pyridin-4-
yD)-1,2-dihydropyridine-3-carboxamide (104)

PA(PPhg),
KoCOs4
B

) _N
H,O /
Br o 0 /|N dioxanes N\ /IN
@)&N ) — N AN
H X B(OH),
S y O
2
NI

[0330] 2-oxo-1-(4-(pyridin-3-yl)-2,3-dihydro- 1 H-inden-1-yl)-N-(pyridin-4-yl)-

15

1,2-dihydropyridine-3-carboxamide was prepared by heating a mixture of 1-(4-
bromo-2,3-dihydro-1H-inden-1-yl)-2-o0xo-N-(pyridin-4-yl)-1,2-dihydropyridine-3-
carboxamide (35.1 mg, 0.0855 mmol, 1.0 eq.), pyridin-3-ylboronic acid (12.8 mg,
20  0.104 mmol, 1.2 eq.), PA(PPh3)4 (5.6 mg, 0.0048 mmol, 0.056 eq.), and potassium
carbonate (15.1 mg, 0.109 mmol, 1.3 eq.) in 0.80 mL of dioxanes and 0.20 mL of
H;O in a microwave at 140 °C for 5 min. The crude material was filtered through
celite and the filtrate was purified by reverse phase HPLC using the method of 5-
35% ACN/ H,0 in 40 min. The purified material was concentrated and dried under
25  vacuum to give 2-oxo-1-(4-(pyridin-3-yl)-2,3-dihydro-1H-inden- 1-yl)-N-(pyridin-4-
yl)-1,2-dihydropyridine-3-carboxamide as a clear colorless oil. Retention time
(min) = 8.051, method [8], MS(ESI) 409.2 (M+H); "H NMR (300 MHz, CDCl3)
09.19 (m, 1H), 8.90 (m, 1H), 8.67 (m, 2H), 8.53 (m, 2H), 8.24 (d, J = 7.1 Hz, 2H),
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4-y1)-1, 2-di hydropyri di ne- 3- carboxam de (3.5g, 1.0 eq) in EtOH (125nL) was
added SnC12* 2 H20 (5.0 eq) in portions, the mxture was stirred at 70 C
10over ni go.2012691¢ end of reaction, the m xture was corcerusc@ams2eand et hyl
acetate was added. The organic |ayer was washed with NaHCO8 aqueous for
three tines. The conbi ned or_ganl c layer was washed with brine and dried

over MySC#06 {i i) dd3Ad 280-apdt eredk 6.7di(t d =t hé Her e 00dutt 7-whi ch was

?Zr :';;nl ﬁg 1§¥31 %2?1 %‘&l?rzcbcfl%m H{;f)” (m 1H)N-(pyrl di n-4-y1)-1, 2-di hydropyrid

i ne- 15 3-car boxam de (39, 93% . My( ESI) 347.0 (M+H); 1H NVR (300 MHz,
DMSO- d6) 812.44 (s, 1H), 8.49 (d,EdampR.20 Hz, 2H), 8.46 (d, J = 4.2 Hz,
1H, 7.72 (d, J = 3.0 Hz, 2H), 7.57 (d, J = 4.2 Hz, 1H), 6.96 (t, J = 4.5
Hz, 1H), Gynthesis@l 1¢@nitiid)2,36likdrotlH-indendl-21)zoxdN)(pyoiddd-4(d)-1,2-= 4.2 Hz,
1H), % .19 (s, 2H), 2.85-dhPdropiridird-3-c2rfdRamide’@0s6m 2H), 2.00-2.05 (m
1H). 20Exanple 22 Synthesis of

1-(4- cyanpmg ocyl §l hydro- 1Hi nden-1-y1) - 2- oxo- N- (pyridin-4-y1)-1, 2-

di hydr opyridi ne- 3-car boxani de (107) 25[ 0334] To a m xture of

1- (4-am no- 2, 3-di hydro- 1Hi nden-1-y1) - 2- oxo- N- (pyri di n-

4-y1)-1, 2-di hydropgz)gm di - car 300Ny, 0 eq) in H20(4nm) and
conc. HCL (0.5nm) wa N@WM ?@ N DNaNO2( 1. 1eq) in I L of H20
at 0C, the mixture wa irr dat room t enpe re #or 30minutes. Then this
m xture was added to another flask contained CN(9. 0eq) , KCN(8.8eq) and

2nL H20 239 MBlathiti€ ot Shitfd-2 BAHihRIr0-3PE-indén-i e €8 do Of. Oé@ﬁﬁtl on, FeSO4
aqueous was added to the 5 m xture, filtrated and vvasﬁed the solid

subst anceMaPHh(1BRBD) way a@iﬂdé‘ﬁ %Bﬁzt (Rébef)) inpogianst e ghiyere wes gtitpdert pr oduct

whi ch, wa
1- (4h1c9yano %3&%1#)%& ?Xf? 'oﬁ:uﬁc{e -%e)qnﬁip(g){%%cﬂl??pﬂ)}?{n tlr%re4‘w§l/sl) 1, 2-di hydr opyri
di ne- 3- C@fnb&ﬁﬁlf@ct@d(v?ﬁémyasldald% ThI&’S()Elﬁbh w&5%x@ao(te%dvﬁ)th ethil ¥Rt 300 MHz,

DI\/SOd6 8 12.31 (s, 1H), 8,48 (br, 1H), 8.47 4.5 Hz, 2H), 7.83 (d,
4. 5 Hflreeltmes 1Toe qon?‘gn%argaliml)layelrwwe&ed Vzlﬂn) bruveaglﬁd(rwd 0y 4.5 Hz, 1H),

A 58 sy 0 P33 B 0 AN JUO0gE, 1.
Synt hesis9&%)

1- (4-chl oro- 2, 3-di hydro- 1H-i nden- 1-y1) - 2- oxo- N- (pyridin-4-y1)-1, 2-
15di hysdr opsotbédl [Je- 3- car boxam de (108)

02N @L JQ
DIAD PPh3

[0332] To a mixture of 2-oxo-N-(pyridin-4-yl)-1,2-dihydropyridine-3-
carboxamide (8.0g, 1.0 eq) in dry DMF (30mL) was added 4-nitro-2,3-dihydro-1H-
inden-1-one (1.2eq) and PPhs(3.0eq), then added DIAD(3.0eq) under N,

20  atmosphere. Then the mixture was stirred at room temperature overnight. At the end
of reaction, water was added and extracted with ethyl acetate. The combined organic
layer was washed with brine and dried over MgSOy, filtrated and evaporated to give
the crude product, which was purified by Flash Column (PE:EtOAc=1:2),
concentrated the crude product, and recrystallized by EtOAc to give 1-(4-nitro-2,3-

25  dihydro-1H-inden-1-yl)-2-oxo-N-(pyridin-4-yl)-1,2-dihydropyridine-3-carboxamide
(3.5g, 21%). MS(ESI) 377.0 (M+H); '"H NMR (300 MHz, CDCl3) § 12.22 (s, 1H),
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[0335] To a m xture of

1- (4-am no- 2, 3-di hydro- 1H i nden- 1-y1) - 2- oxo- N- (pyri di n4-y1l) -1, 2-di hydr opyri
di ne- 3- cawvbansmi2éE4( 600Ny, 1.0 eq) in H20(4nmL) and concPC2@skiGb/ofat) was
added dropwi se NaNO2(1.1leq) in H20 (1 nL) at 0C, the mxture was stirred at
roomtenperature for 30m nutes. Then this m xture was added to anot her

fl ask con¥-&67 Mnge8§A3 (pu 2524 (errlLH)HIMMdeM Hyueddd. 673 (@ 198, t he
t f t ted Na2CO3
m XL vesoShLTed Al 3y 44 Khesnd ol oL eng eqpurat od N2Cs

with ethyl acetate 25 three tlnes The conbi ned organlc | ayer was washed
with brine and dried over MgSO4, Exapple®Xled the filtrate to give the crude
product, which was purified by Flash Col um (DCM MeOH=30:1) to afford

1- (4- chl oSgntheds df hydiamidd2i3~dibgdio-1H-inden-1-yl)-2-oxo-N-(pyridin-4-yl)-1,2-
y1) - 2-50x0- N- (pyri di n- 4- ydihydropysidies-eabioxdinide @06pr boxam de (350ny, 55% .
MS(ESI) 366.0 (M+H); 1H NWR (300 MHz, CDC13) 8 12.31 (s, 1H), 8.61 (bd,

1H), 118 8.53 (bs, 2H), 7.69 (bs, 2H), 7. | 2H, 7.03
(d, 9= 6.0 tz, 6 . 6.46 25®n 2H), 2.91
(bd, 1H), %2Ngg @ | § 24— »Syn N

1- (4- (et hyl #m N PO i nden-1-y Nyt i di n54-y1)- 1, 2- i
hydr opyri di n Qxdmi dé (109) and 1-(4-(di nethylam no)-2, 3-

di hydro- 1H-i nden 1-y1)y-2-oxo-N(pyridin-4-yl)-1, 2-di hydropyrldl ne- 3-
car boxam [#333]110) a mixQite dF )-JH-hitPdtN3-dihydro-1H- inden-1- -yl)-2-0x0-N-(pyridin-

4-yl)-1,2-dihydropyridine-3-carboxamide (3.5g, 1.0 eq) in EtOH (125mL) was
added SnCl, * 2 H,O (5.0 eq) in portions, the mixture was stirred at 70 °C

10 overnight. At the end of reaction, the mixture was concentrated and ethyl acetate
was added. The organic layer was washed with NaHCOs aqueous for three times.
The combined organic layer was washed with brine and dried over MgSQ,, filtered
and evaporated to give the crude product, which was purified by HPLC to afford 1-
(4-amino-2,3-dihydro- 1H-inden-1-yl)-2-0xo-N-(pyridin-4-yl)-1,2-dihydropyridine-

15  3-carboxamide (3g, 93%). MS(ESI]) 347.0 (M+H); 1H NMR (300 MHz, DMSO-d6)
012.44 (s, 1H), 8.49 (d, J = 3.0 Hz, 2H), 8.46 (d,J =4.2 Hz, 1H), 7.72 (d, T = 3.0
Hz, 2H), 7.57 (d, J =4.2 Hz, 1H), 6.96 (t, ] = 4.5 Hz, 1H), 6.57-6.61 (m, 2H), 6.45
(t,J=4.2Hz, 1H), 6.31 (d,J =4.2 Hz, 1H), 5.19 (s, 2H), 2.85-2.90 (m, 1H), 2.65-
2.75 (m, 2H), 2.00-2.05 (m, 1H).

20 Example 22

Synthesis of 1-(4-cyano-2,3-dihydro-1H-inden-1-yl)-2-0x0-N-(pyridin-4-yl)-1,2-
dihydropyridine-3-carboxamide (107)

N

N\ B
N|N/ I A
~ A

25 [0334] To a mixture of 1-(4-amino-2,3-dihydro-1H-inden-1-yl)-2-oxo-N-(pyridin-
4-yl)-1,2-dihydropyridine-3-carboxamide (200mg, 1.0 eq) in HO(4mL) and conc.
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1 H 10[ 0336] To a m xture of

1- (4-am no- 2, 3-di hydro- 1H i nden- 1-y1) - 2- oxo- N- (pyri di n-

4-y1) - 1, 2woi2ndreqyr i di ne- 3- car boxam de (400nmg, 1.0 eq) pcm/uS@Mo0iet) and
2m. of acetic acid was added Na(OAc)3BH (3.0eq) in portions and polyneric

f ormal dehyde (10eq), the m xture was stirred at roomtenperature overnight.
At the endCof0.5ebhrwhodroppdiethaimatariats afd$aNO1{tdad)riatled. affid.at @€, thas added
then extracted 15 with ethyl acetate. The conbi ned organic | ayer was washed
with bri neixumd vdsisededutaooiySogderafuird fqréSOHdnlacsdThmamﬂmbeutet\mSm ve the crude
product, which was purified by HPLC to afford

1- (4- (metdigedia Hwfhep %Sld?%vﬁﬁ%ﬂ@F-CNh%@ﬁﬂ)lKQWS Becyv8d RMpyFi@rnQ"8- y1) - 1, 2-di h
ydropyri di ne- 3- car boxam de (100nmg, 24% and 15{

(di net hy| Bantdedstioing foy ahoAtthe Pwéieﬁteictgpr) FeSQxkaaugoppyes eddsdac ey -1, 2- 20

di hydrzopy. M+H) ; 1H NVR
(300 s ﬁ%%‘&?% ﬁr§&?2ag§§‘ﬁ"?}&ﬁ}1‘§§am’“§§g{gf Wghdﬁ fé@ap‘?‘ﬁ?"dq 6§53 (d, J= 3.6
Hz, 2H), flltrate t6ivelke Srude bzadutfvhich. \iza& I(wﬁedlbgnm/u(t to £0Ed 3;(44dyhno-7. 23 (t,
J= 6.0 Hz H),, 6. d, J= 6.0 H 56 , 1H), 6.50 (d,
J= 6.0 HZ 3ﬂtgydr%1% é‘?ﬂ Lyb-FoyoN(py ilﬁgn 4*21>91521(d§wdmﬂd§w 2. 5?) (m 25§%H)
2, 00, 2, O5bifatifle 2gfs. MBS @LD DrlMiihin: i VR (D AERLS) 812,43
(s, 1H), 8.60 (dd, J = 1.2 Hz, 4.2 Hz, 1H), 53dJ—33Hz 2H), 7.71
(d, J= 3. cBS)IészﬂH)s 1H), 348((td,1H), &41(c2]|=|z4541222H2,783—{)d,J¥4253H(Z11H)J 4.7 Hz,
1H), 6.88 (d, 8 ( 4.7 1H), 6.57 (t, J= 4.2 Hz,
1H), § 437 %?(delHA 7272{:@ é‘ﬁ?} 53(30] egfdi% rﬁH>2h)4F% (5h= d25E61§ IgLp:612 75-2. 90
(m 1H), 2 o] 5 t

1-(4- acet(inm@g{o) %@goﬁe:ﬂh ro ?_H-I ndgﬁl}% 3%?@25%%51@(%;93 i (m N f

1, 2- di hyd2.2p¥r27dimeéH3- car boxami de (111) [0337] To a mxture of

1- (4-am no- 2, 3-di hydro- 1H i nden- 1-y1) - 2- oxo- N- (pyridin- 10

4-y1) -1, 2-di hydropyri di ne- 3-car bogam' d@ %3140ng, 1.0 eq) in DCM (8nlL) was
added acetyl chloride (1.5 eq) an 2.0 eq), the m xture was stirred

room-t ratu I ni At t acti e
concent ra gg‘ﬁgﬂﬁ(’{/\g{‘g % 3 ‘d@é{df% %ﬁ-‘g Iﬂre@f ﬁ%'gﬁétl‘% The
conbiled organic |ayer y 5‘8‘% HE“ do )rl ed over MySO4,

filtrated and evaporated until the alm

N o o N cl [N
P 2
NN NN
N H X

[0335] To a mixture of 1-(4-amino-2,3-dihydro-1H-inden-1-yl)-2-oxo-N-(pyridin-
4-yl)-1,2-dihydropyridine-3-carboxamide (600mg, 1.0 eq) in HO(4mL) and conc.

20  HCI (2mL) was added dropwise NaNO,(1.leq) in H,O (1 mL) at 0°C, the mixture

was stirred at room temperature for 30minutes. Then this mixture was added to

another flask containing CuCl (1.5eq) , 2mL H>O and 1mL aqueous HCI at 0°C, the

mixture was stirred for Sh. At the end of reaction, saturated Na,COs aqueous was
added to adjust to pH 12. The aqueous solution was extracted with ethyl acetate

25  three times. The combined organic layer was washed with brine and dried over
MgSO,, evaporated the filtrate to give the crude product, which was purified by
Flash Column (DCM:MeOH=30:1) to afford 1-(4-chloro-2,3-dihydro-1H-inden-1-
yl)-2-ox0-N-(pyridin-4-yl)-1,2-dihydropyridine-3-carboxamide (350mg, 55%).
MS(ESI) 366.0 (M+H); "H NMR (300 MHz, CDCls) § 12.31 (s, 1H), 8.61 (bd, 1H),

118



15 product precipitated, filtrated and washed with sone DCMto afford 1-(4-
acet am do- 2, 3-di hydro- 1H i nden-| -y1)-2-o0oxo-N- (pyridin-4-yl)-1, 2-di hydropyri
di ne3- carwoxamides1¢ 90y, 59% . MS(ESI) 389.1 (M+H); 1H REVRUS3@0/0B4d32
DMSQd6) 8 13.06 (s, 1H), 956(s 1H), 877(d J—39Hz 2H), 8.51 (d, J=
4.2 Hz, 1H% 827(7d J=3 H%i 2 8 J—45Hz
1H), 6 908-p 2l (bsgZHy 7% s, 22@174)38 (g, 581 7. 26§bm B, FéB (4+—6 688728, 1= 4.2

l(_lfn’ 1 @69?0 31ﬁ§§48(béx%¥p?0g%6%5@§1 (2@@1 A5 (2189 2og Bl M), 1H) 2 05-2. 15

1- (4-nmet hyl- 2, 3-di hydro- 1Hi nden- 1-y1) - 2- oxo- N- (pyridin-4-y1)-1, 2-

di hydr opyri di ne- 3- car boxam de ( 11EXxaniple 240338] Fol | ow ng pr ot ocol | and J,
4- et hy1- 2, 3-di hydr o- 1H i nden- 1-one was converted to

1- (4- met hpinthesis of byd(metliHamilm)-2]3-diblydPe-a Roindenflyyl)-Qi oxodNVy(py ridin2-

di hyd di 3- box de
Ve oy 084S dnamyvicng 5-catboxamille EShand JreL isnely Wmiponsd o e, 1+

ohy, 6 b7 (1 mydr g indg RS (N ot Bty 7% % 0

= 3.9 Hz, lH) 6.55 (t, J 4. zatboxamtifle (13007-3. 25 (m 1H), 2.85- 3.00 (m

1H), 2.65-2.75 (m 1H), 2.31 (s, 3H, 2.05-2. 15 (m 1H) Exarrple 26

Synt hesi s of

2- 0X0- 1- (4- phenyl- 2, 3-di hydr o- 1Hi nden- 1- ylg{-
[

ARy L di A 4- 1)
5di hydr opyr i di ne- 3- car boxami de (113) B(OH) 2 ] M ar of
1- (4-chloro- 2, 3-di hydro- 1Hi nden- 1- y1) - 2- 0x0- N-{pyr | -yl) 1, 2-di hydr opyr
i di ne- 3- cqr,@ Ti Neq) in DMVE (4nmL) was 10 added phenyl boronic
acid (3. 5eq) q)—and aqueous Na2C33 (2M 2 nl). The
m xture was & at |120HC for 30m ns by mcrowave. At the end of
reacti on 50nL>0 s added and extracted AM et hy
conbi ned organic | ayer was washed with brineNa
evaporated the filtrate to give the crude prod
HPLC to afford 2-oxo-1-(4-phenyl- 15 .
2, 3-di hydro-1Hinden-1-y1)-N (pyridin-4-y1)-1, 2-di hydr dpyri di ne- 3- car boxam
de (21rrg 10%9 . MS(ESI) 408.0 (M+tH); 1H NWR (300 MHz, DI\/ISOd6) 812.93 (s,

(d R 1@8%] %p')a mlgtuggoé ﬂ’(4—§1§1i1}9 2,3%113@%%11{ *?d?}bl(‘lgj 9 ‘?XO -j\f-gpyleéﬁn-ZFD , 7.84
(7m371Z,) A34m, ﬁh@hgd?op%ﬁdﬁpb@ 3-Jibdkamidi 40bide; 16 eaimﬁa@ﬁa (Pni3Hhd 3. 05 25

2mL of acetic acid was added Na(OAc):BH (3.0eq) in portions and polymeric
formaldehyde (10eq), the mixture was stirred at room temperature overnight. At the
end of reaction, the mixture was concentrated and water was added then extracted

15  with ethyl acetate. The combined organic layer was washed with brine and dried
over MgSOy, filtrated and evaporated to give the crude product, which was purified
by HPLC to afford 1-(4-(methylamino)-2,3-dihydro-1H-inden- 1-yl)-2-oxo-N-
(pyridin-4-yl)-1,2-dihydropyridine-3-carboxamide (100mg, 24%) and 1-(4-
(dimethylamino)-2,3-dihydro-1H-inden-1-yl)-2-oxo-N-(pyridin-4-yl)-1,2-

20  dihydropyridine-3-carboxamide (85mg, 20%).

(): MS(ESI) 361.0 (M+H); "H NMR (300 MHz, CDCl3) & 12.43 (s, 1H), 8.58 (d, J =

5.4 Hz, 1H), 8.53 (d, J=3.6 Hz, 2H), 7.71 (d, /= 3.6 Hz, 2H), 7.28 (overlap with

CDCI3, 1H), 7.23 (t, /= 6.0 Hz, 1H), 6.61 (d, /= 6.0 Hz, 1H), 6.56 (t, /= 4.8 Hz,

1H), 6.50 (d, /= 6.0 Hz, 1H), 6.40 (t, J = 5.4 Hz, 1H), 2.95 (s, 3H), 2.75-2.90 (m,
25  3H), 2.00-2.05 (m, 1H).
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202.60-2.75 (m 1H), 2.50 (s, 6H), 2.10-2.15 (m 1H). Exanple 27 Synthesis

of 1-(4-(nethyl carbanoyl)- 2, 3-di hydro-1Hi nden-1-y1l)-2-oxo- N

(pyri di n-weoyd)o/iteA4di hydr opyri di ne- 3- car boxam de (114) pPCT[U3360j032632 a

m xt ure of

1- (4- brono- 2, 3- d|h dro- 1H-i en 1 g oxo N-%{rldl n4-y1)-1, 2-di hydropyri
di ne- 3- ca(r)bM)SéEﬁIdlé %QSMT@D 43a6$d1HD|9E@((41dLJ) was added

et ur e VB2 %&%%ééﬁaﬁ%%ﬁo%?% déf?%cs{"@?&if PR 1, osure)
in a high=ppagsureHyegsel 234, he7end 18, Gw@t JermHaenspl@&r(a yas

evaporated to give the crude product, which 1Jﬁ)urlfl ed HPLC to afford
1-( 2- 4.7 Hz, TH), 6.57 (t, J = 42 Hz, 1H), 6.43 (t, J = 42Hz 1H), 300310(m 2H),

car bosyl 12048 B L2 oag M) PSRRIl 5y & gp e o ndene

1- (2-oxo0-3-(pyridin-4-yl carbanmoyl ) pyridin-1(2H)-y1)-2,3- 10

di hydr o- 1Hi ndene- 4- carboxyl i ¢ acEsagplerdy, 1.0 eq) in DCM (4nmL) was added
EDC. HC1 (1.5eq), HOBt (1.5eq), Et3N (3.0eq) and MeNH2.HCl1 (1. 1leq) The

m Xt ur e waSyrthesis bd-atetamido-2Srdihyditos 1 H-indei-hiydh2-ox0N-yridia-dagoed and t he

m xture was extracted \MZ-hlh@@Mpy'Fhﬁné‘-grﬂatMnﬁﬂgmlq Iayer was washed with
brine and dried over evaporated the filtrate to give the crude

product, MAPEh IS\M@XB%H‘? ot “lrapnopp eipsirar Hongden- 1-y)-2-oxo-N-(pyridin-
1-( 4-1(0net11_¥ )QI%—QMY%H&MQQ&QUQ{aﬁnM 1'4091%[‘1.b eq) in DCM (8mL) was

added acetyl chloride (1.5 eq) and Et;N (2.0 eq), the mixture was stirred at room
temperature overnight. At the end of reaction, the mixture was concentrated and
water was added then extracted with ethyl acetate. The combined organic layer was
washed with brine and dried over MgSOy, filtrated and evaporated until the aim

15  product precipitated, filtrated and washed with some DCM to afford 1-(4-
acetamido-2,3-dihydro-1H-inden-1-yl)-2-ox0-N-(pyridin-4-yl)-1,2-dihydropyridine-
3-carboxamide (90mg, 59%). MS(ESI) 389.1 (M+H); "H NMR (300 MHz, DMSO-
de) 8 13.06 (s, 1H), 9.56 (s, 1H), 8.77 (d, J = 3.9 Hz, 2H), 8.51 (d, J = 4.2 Hz, 1H),
827 (d,J=3.9Hz, 2H), 7.72 (m, 2H), 7.23 (t, J=4.5 Hz, 1H), 6.90 (d, /= 4.5 Hz,

20  1H), 6.55(t, J=4.2 Hz, 1H), 6.57 (t, /= 4.2 Hz, 1H), 3.05-3.15 (m, 1H), 2.90-3.05
(m, 1H), 2.60-2.75 (m, 1H), 2.05-2.15 (m, 1H), 2.11 (s, 3H).

Example 26

Synthesis 1-(4-methyl-2,3-dihydro-1H-inden-1-yl)-2-0x0-N-(pyridin-4-yl)-1,2-
dihydropyridine-3-carboxamide (112)

[0338] Following protocol I and J, 4-methyl-2,3-dihydro-1H-inden-1-one was
converted to 1-(4-methyl-2,3-dihydro-1H-inden-1-yl)-2-oxo-N-(pyridin-4-yl)-1,2-
dihydropyridine-3-carboxamide. MS(ESI) 346.0 (M+H); 1H NMR (300 MHz,
DMSO-d6) 813.01 (s, 1H), 8.73 (d, J = 3.6 Hz, 2H), 8.50(d, J = 3.9 Hz, 1H), 8.19 (d,

30 J=3.6Hz 2H),7.68 (d,J =3.9Hz, 1H), 7.18 (d, ] =2.6 Hz, 2H), 6.97 (t,] = 2.6
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y1l)-2-o0oxo- N (pyridin-4-yl1)-1, 2-di hydropyri di ne- 3- car boxam de (18ng, 39%.
89.2 (MtH); 1H NWR (300 MHz, DMSO-d6) 8 12.97 (s, 1H), 8.73 (d, J= 3.6 Hz,
H, 8.5w0ddio/2ev1dl.2 Hz, 4.2 Hz, 1H), 8.31 (d, J= 2.8 PrI/usk)ip/08263D (d, J=
, 2H), 7.74 (d, J-42Hz 1H) 760(d J-42Hz 1H) 7.35 (t, J=
, 1H), 7.27 (d, J 20= 2H) , 1H), 6.55 (t,
2 HHz. 1HY) 6.64 (8F =N B hlé) \mSHt IEBIVB@z(HSZ 1!2134)3 072386 (rzl, ?@ @95-1H) ,

2.05-2.1 2 t i

N (a- br ooy b 2R R Bpel 3o G B 2 .

yl) - 2- oxo- 1, 2- d| hydr opyri di ne- 3- car boxam de (115) [0342] To a solution
of N-(4-br om)phenyl) - 1- (4- met hoxyEgaipki26ydr o- 1H-i nden-

1-y1)-2-o0xo0-1, 2-di hydropyri di ne- 3-car boxam de (0.4g, 0.91 mml) in Ch2Cl12
(2 122 VEyrithad 3256:1¢HPCA /PSR O DB ABRYED- 1 idindai-1-91)QVvpgridioceg)BER-3 (1M i n
CH2C13, 9 niL). The reactdiRpdropsridine-3-edriikafidé @3jl hr. It was poured into
sat. aqueous NaHCO3 (50 nL). The m xture was extracted with Et0Ac (3x 50
m.). The corrbi ed organjc BlPHed ancentrat ed to a solid.
The sol i d%nas he with/@ %Zto i 7 bt epsol@FdyIt was
further purffied % e Ct N- (4- br onppheny 1)) 1- !

(4- hydr oxy- 2 i o- 1 i nden-1 -y1) - 2- oxo- 1, 2- di rop¥ri di ne} 3- Car boxam
de (120 ny, 31% . Retention tinme (mn) = 7.127, nmethod | MS(ESI) 425.0
(MtH); 1H NMR (300 MHz, CDC13) 8 12.19 (s, 1H), 8.61 (dd, J= 2.1 Hz, 7.0
Hz, 1H), 7.68 (d, J= 9.0 Hz, 2H), 7.47 (d, J= 9.0 Hz, 2H), 7.15-7,30

(overl ap [0B89] CID@la?mlxair& of Ili@ﬁcﬁlibrc( 213 dlEdeo&H‘Ehdeﬁlﬂ)yl) @0%8 N-tbyrilfin-7. 2 Hz,

1H), 6.60 (dd, J= 5.4 g J= 1ro 5.0 (br,
1H), 2.80t 31>11@2 é%hydmﬂ)\/ﬂdlile@scazqu@w% 29%11&12 e9) aﬂaMEe(é‘f@df'as

N-(Dbi IR)henéddeé pH&)ylﬁor&rﬂc Qé(lgr(g).)5¥q)2, Pﬁtﬁblﬂ}’z@ﬁﬁojzth)' JﬁQ%aué'ous Na,COs; (2M,

2 mL). The mixture was stirred at 120 °C for 30mins by microwave. At the end of

CRWNW
I\ SKe)]

Hz
Hz
4.

reaction SO0mL of H,O was added and extracted with ethyl acetate. The combined
organic layer was washed with brine and dried over MgSQOy, evaporated the filtrate
to give the crude product, which was purified by HPLC to afford 2-oxo-1-(4-phenyl-
15 2,3-dihydro-1H-inden-1-yl)-N-(pyridin-4-yl)-1,2-dihydropyridine-3-carboxamide
(21mg,10%). MS(ESI) 408.0 (M+H); '"H NMR (300 MHz, DMSO-ds) 512.93 (s,
1H), 8.71 (br, 2H), 8.53 (d, /=3.9 Hz, 1H), 8.15 (d, J=3.3 Hz, 2H), 7.84 (d, J =
3.9Hz, 1H), 7.57 (d, J=4.5 Hz, 2H), 7.50 (t, J=4.5 Hz, 2H), 7.37-7.43 (m, 3H),
7.17 (d, J=4.5 Hz, 1H), 6.61-6.69 (m, 2H), 3.15-3.25 (m, 1H), 3.05-3.15 (m, 1H),
20 2.60-2.75 (m, 1H), 2.50 (s, 6H), 2.10-2.15 (m, 1H).

Example 27

Synthesis of 1-(4-(methylcarbamoyl)-2,3-dihydro-1H-inden-1-yl)-2-oxo0-N-
(pyridin-4-yl)-1,2-dihydropyridine-3-carboxamide (114)

Br /@\I HOLGC /@\I
YN R
~’ A

[0340] To a mixture of 1-(4-bromo-2,3-dihydro-1H-inden-1-yl)-2-oxo-N-(pyridin-
4-yl)-1,2-dihydropyridine-3-carboxamide (250mg, 1.0 eq) in t-BuOH(15mL) and

25
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y1l) - 2- oxo- 1, 2- di hydr opyri di ne- 3- car boxam de (116) 15[ 0343] The title
conpound was synt hesi zed from appropriate starting materials using the

pr ocedur esoautoizeEd above in Exanple 28.1., or slightlypPoodisteiem32sez si ons
thereof. Retention tinme (mn) = 8.181, nethod [7], NB(ESI) 423.1 (MtH); 1H
NVR (300 MHz, CDCl13) 8 12.30 (s, 1H gdd J=2 Hz, 6.9 Hz, 1H),
7.88 (m IQMSO(#méz“(aﬁyaddnd)the mazralatsmf Pzil@AC)z Qa&eamdpmp{)o 15pqp@d( dd, J= 2.1

I(_Ié ?_97 I_%tﬂ'\_!@o% th t Cmas s‘tju:reg a‘!_gfi_&floréS fop& ung!g) C&éS ﬁz"ltrpi)sp’hﬁte 6’ 96HZZ
1H) 2. 80}3ressure) ﬁrﬂ h1g|1_1|)pressure VCSSCiL t(tﬁg encf_gf reactlon tlhe sglvent Was29 1. Synthesis
N (4- br onnppeRkd)io ivedhd &uby gfoeﬁytecvh%w)as%m%ﬁ@a B%{fﬂm@tl)"éffdi'&i gnsl-yl) - 2- oxo-

1, 2-di hydr opyri di ne- 3- car boxam de H) o a solution of

N- ( 4- @ron@miﬁgmdm«wamwmmmdm e wboz i@hmddeﬂlm ipdanezd-oxo- 1, 2- di hydr op
yri di ne- 3 Xaqhg%8£ Q%%% 0.071 mmol) in DVF (0.2 nL) was added K2CO3
(30 nmg, FS % oroethanol (9.3 ulL, 0.14 nmmol). The reaction

m xture mas heated at 70 C overnight. It was filtered and 5 purified by

prep HPLCH@Q;af d he(4ebr phneny1) - 1- (4-Y 2-hydre et goxyy) - 2

di hydr o- 1HI N 1-2-di hydr opyrii ng—§ rbxa de[z;m ny,

60% . Retenti i (np n)N— 7.588, nethod [7], Esmy Fg H); 1H NWR
(300 MHz, CDCI 8 0 (s 1H), 8.57 (dd, J= 1H), 7.65
(d, J= 9.0 Hz, 2H), 7.44 (d, J= 9.0 Hz, 2H), 7. 15- 7, 30 (overlap wi th CDC13,

2H) , 6.83(d J:8.110Hz 1H), 6.73 (d, J= 7.5 H, 658(dd J—54
Hz, 8.4

2.78-3. 1?68’ 3@6'@?‘ Sof 13 I 3¥Zﬂ¥“&1 %C%éam%%wq@%%@aﬁés [0345] The

fol | oM nodiapdrpaunislenen eaforyesdia etbnigd, aro appm DmMmrﬁL;Wag fiddeg material s

using the procedures outlined above in Exa nEl or slightly nodified
15ver si onBPEREFEd9eq), HOBt (1.5eq), EtsN (3.0eq) and eNH2 HCl (1.1eq) The

mixture was stirred at room temperature overnight. Water was added and the
mixture was extracted with DCM. The combined organic layer was washed with
brine and dried over MgSQ,, evaporated the filtrate to give the crude product, which

15  was purified by HPLC to afford 1-(4-(methylcarbamoyl)-2,3-dihydro-1H-inden-1-
yl)-2-ox0-N-(pyridin-4-yl)-1,2-dihydropyridine-3-carboxamide (18mg, 39%). 389.2
(M+H); 'H NMR (300 MHz, DMSO-dg) 8 12.97 (s, 1H), 8.73 (d, J = 3.6 Hz, 2H),
8.51(dd, J=1.2Hz, 4.2 Hz, 1H), 8.31 (d, J=2.8 Hz, 1H), 8.20 (d, J =3.6 Hz, 2H),
7.74 (d, J=4.2Hz, 1H), 7.60 (d, J=4.2 Hz, 1H), 7.35 (t, J=4.2 Hz, 1H), 7.27 (d, J

20 =4.2Hz, 2H), 6.65 (t, /=4.2 Hz, 1H), 6.55 (t, /= 4.2 Hz, 1H), 3.37 (overlap with
DMSO-dg, 2H), 2.60-2.75 (m, 1H), 2.05-2.15 (m, 1H).

Example 28

28.1. Synthesis of N-(4-bromophenyl)-1-(4-hydroxy-2,3-dihydro-1H-inden-1-
yl)-2-0x0-1,2-dihydropyridine-3-carboxamide (115)

Br\QN%%O\ %Br\O\N%%OH

[0342] To a solution of N-(4-bromophenyl)-1-(4-methoxy-2,3-dihydro-1H-inden-

1-yl)-2-oxo0-1,2-dihydropyridine-3-carboxamide (0.4g, 0.91 mmol) in Ch2CI12 (2
122
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N- (4- bromophenyl) - 1- (4- (2- (2- (2- hydr oxyet hoxy) et hoxy) et hoxy) - 2, 3-di hydr o- 1H
- inden-1-yl)-2-o0xo0-1, 2-di hydropyri di ne- 3-carboxam de (118) 0 ----7-0 H

o/ ---/ [0OB6@)10RetEAti on tinme (mn) = 7.579, method [7], PBURSIN/055632 1
(MtH); 1H 20 NWR (300 MHz, CDC13) 8 12.22 (s, 1H), 8.60 (dd, J= 1.8 Hz, 7.2
Hz, 1H), 7.71 (d, J= 9.0 Hz, 2H), 7.48 gd, J= 9.0 Hz, 2H), 7.20-7,30

(over | ap W4 it ©HcE1as added BBg3 @yl ryCH3ICIR Dmlyy Theypactignpmssiredat 6C 5 Hz, 1H)

6.62 (dd,.JT.5. , 7, 5 Ar . 23 2H),
3 03 (dd )T § opofee iffprad oecs KgHCion P aft e w505 (1 2
1. 90- 2. 10extmcted M)ith EtOAc (3x 50 mL). The combined organic layers were dried and
N- (bi pheny1-4-y1)-1-( 4--C(12- ﬁz- (2- hydr oxyet hoxy) et hoxg)ﬁt hoxy) - 2, 3-di hydr o- 1H
- i nden- | <qpggntnteiy apobid qilhg splchy#s Wished 31V sk dd11Ul ¢9 affpigsu 7
Ret ent4 i i = et Yors, 1.1H S5NVR (300
T L A e R T AR i e T
2H), 7. 58(4fhmdreisl) 2,3 Milltir¢-rH-iREdn- 1 F)iTFo70-32-dibydopapding-Braddeidjde3H) , 6. 82

d J =17 Hz, , 06,72 (d, J=.7.8 1H), = 5 7 , 7.8 Hz,
(1H) 6. 38(1?9 mg; 3%}) Eeﬁth}OPgFﬁ“F (@}@f-%%% I??E%Odz&ﬂ’%ég%ﬁ) (‘iﬁ-o %Pﬂg 66-3. 78
(m 6H), G /1B MP@S, ?9?13)%-15&93@,1@)( Bl61380, 7 129512 748HE MH)L s 10Exanpl e

30 Synthesis of tert-bu
2- (2-(2- (@ { 3 A bHph&hy T-42-(¢) £aPiadny1)); 24160y (oveilap with CDCI3, 2H),

Loy e BB TR T AR $2 2190 BUTRD L PR SRPATR (120
6.41 (t, J=7.0 Hz, 1H), 5.0 (br, 1H), 2.80-3.10 (m, 3H), 1.98-2.15 (m, 1H).

28.2.  Synthesis of N-(biphenyl-4-yl)-1-(4-hydroxy-2,3-dihydro-1H-inden-1-
yl)-2-0x0-1,2-dihydropyridine-3-carboxamide (116)

15 [0343] The title compound was synthesized from appropriate starting materials
using the procedures outlined above in Example 28.1., or slightly modified versions
thereof. Retention time (min) = 8.181, method [7], MS(ESI) 423.1 (M+H); 'H
NMR (300 MHz, CDCl3) & 12.30 (s, 1H), 8.65 (dd, /= 2.1 Hz, 6.9 Hz, 1H), 7.88
(m, 2H), 7.63 (m, 4H), 7.48 (m, 2H), 7.36 (m, 1H), 7.26 (dd, /=2.1 Hz, 6.9 Hz,

20  1H),7.18 (t,J=7.8 Hz, 1H), 6.89 (d, J=7.8 Hz, 1H), 6.72 (d, J =7.8 Hz, 1H), 6.64
(dd, J=5.4Hz, 8.1 Hz, 1H), 6.42 (t, J = 6.9 Hz, 1H), 2.80-3.20 (m, 3H), 2.00-2.15
(m, 1H).

Example 29

29.1. Synthesis of N-(4-bromophenyl)-1-(4-(2-hydroxyethoxy)-2,3-dihydro-
25 1H-inden-1-yl)-2-0x0-1,2-dihydropyridine-3-carboxamide (117)

Br
AL D T3 O™
NN ~_OH NN
= Cl =
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15[ 0348] Fol |l owi ng Protocol K,

N- (bi phenyl-4-y1)-1-(4-hydroxy-2, 3-di hydro- 1H

i nden- 1- Wip-28t00026914, 2- di hydr opyri di ne- 3- car boxam de was PCOIUSe01088268D
tert-butyl

2-(2-(2- (1 é‘ﬂy(bl phenyl- 4- char barmgéF oxop(%lqu din-1 3-di hydro-1
Hi nden- 4-PBdAly) Eo lrorlifier kbR rrayiop Ak EhyRereRc & ycirp (I}ﬁem = 10. 622

t hod [7] S 4

208, 64 ( Vo) 2ty Sl MR cprb By YSel S0P oy b Sy G5 1)

2H), 7. 20mL7w4§.ad[dEdEK2@(D3 (lﬁ(h’ﬁgcm.ﬁ‘lmo?p]-bnd ﬁcl&%ro(edl,andF@&lﬂL z14 1H), 6.77 (d,

J= 7.5 He, dd, J= 5 (t, J= 7.2 Hz,

1H), 4. zomaw@o R%ream)m sttglae Yes he:?ied@tioﬁzovemht sﬁ ‘8’95 Eﬂmre%m}d 3.66-3. 78
6H) 7 1 1.79

s(9 Lﬂi) D rgilrgfégibygﬁ ﬁ] Itﬂfglég'#)s) agfgrd R=B-bkombPRen$hd 1- (4129t RRHoRy)-A KD » (s,

1- (4- ( 2- (@hydredr-malen-Hexy P etxbolx3Hetydmpyjidie 3-dirbycnodd G0 mgedod)-

1) - N- (bi ph - 1,2-d i.dj ne- 3- 1 d

Y1 uor cheerteme TS oy n&&q‘d@ﬁ@%&%@a A PRI Goo

2-(2- (2- (MH3cOeiphemydo &: yiif 8raan rﬁl 24°Hz, 6.9 Hz, 1H), 7.65 @, J=9.0H

oxopyri di n- 1{ 2H)-y1) - 2, 3-di hydro- 1H i nden- 4-yl oxy) et hoxy) et hoxy) et hyl car bam

ate was czhhyé&rdded, 1@9 0 Hz, 2H) 7.15-7,30 (overlap w1th CDC13, 2H), 6.83 (d, /= 8.1

(ot piiSiy1 B 07300 0P . AR/ R o B P R ATHAEEET ) oo

t at t = 554.3 (M
Th R (300 e Gy g Aa A s? ’7’8%0@ L M (MS(lﬁaz) 5.4 be, 11,

7.86 (d, —82 7.41 (t, J= 7.5 Hz, 718733
(overl ap 252 ét“’a@ %&88% J='8.1 H, 1H), 6.72 (d, J— 7.8 Hz, 1H),
6. 58 (dd,[0345]6. Ehwollosm@g ¢ampobiehls werezmyn(htes1zc]d:fr8r.nzapplp,prime|)sxart4ng8 (br, 2H),

:I;Xg(r)rpls 695 gtenals u:sLleg thespr%ge&res ou%ll_rQed agove 1n%xamp eoﬁﬂ., grkglighgly %156d%ﬁe%8 (m 1H).

15 versions thereof.

N-(4-bromophenyl)-1-(4-(2-(2-(2-hydroxyethoxy)ethoxy)ethoxy)-2,3-dihydro-1H-
inden-1-yl)-2-oxo-1,2-dihydropyridine-3-carboxamide (118)

o\/\OH
BI’\@\ O\/\O
Z

[0346] Retention time (min) = 7.579, method [7], MS(ESI) 557.1 (M+H); 'H

20 NMR (300 MHz, CDCl5) 6 12.22 (s, 1H), 8.60 (dd, J = 1.8 Hz, 7.2 Hz, 1H), 7.71 (d,
J=9.0 Hz, 2H), 7.48 (d, J = 9.0 Hz, 2H), 7.20-7,30 (overlap with CDCI3, 2H), 6.86
(d, J=8.1Hz, 1H), 6.75 (d, J=7.5 Hz, 1H), 6.62 (dd, /= 5.7 Hz, 7.8 Hz, 1H), 6.42
(t, J=7.2 Hz, 1H), 4.23 (m, 2H), 3.93 (dd, , / = 4.2 Hz, 8.4 Hz, 2H), 3.60-3.90 (m,
9H), 2.78-3.20 (m, 3H), 1.90-2.10 (m, 1H).
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In Vitro a4137 Integrin Adhesion Assay (8866 Cell Adhesion to MadCAM Fc)

[ 0350] Conpounds of the present invention were tested for their ability to
conpet e wohos/mediaral |igand (MadCAM for binding to ast3@wscomesresn (i.e.,
bl ock 25MadCAM - cc4/ 137 integrin interactions) using the foll ow ng

cel |l -based assay. Materials H S++ buffer: 140 nM NaCl, 20 nM HEPES, 1 nM
CaCl2, 1 nivt(Riphienyl-4-padafd-BuRf@riydrgxsethopy)ethoxy)sthonyn2,3vibaroddbe nedi a
reci pe (1 Liter) indm-yhekoxavtdrdihydrepyrébiye-388obmpmid©0bIEBS from (100n),
Penn/ Strep (nedia aliquots) (10nl), L-d utam ne (ged%a aliquots) (10 m) A
Cell Preparation, Cell Harvest and Labeling 5[035{] 8866 cells were split
froma carrying flask the day before the assay an® incubated in 8866 nedia
at 37C and 5% CO2. [0352] Harvest six flasks of 8866 cells into two 500mL
coni cal tubes. Spin down for 5 mnutes at 1000r Aspirate the
supernatants and re-suspend the cells in assay Quffer. Wash the cells with
50nml of assay buffer, tIy m x by pipetting 10and down several tines,
transfer to 50ml tubeNg&bheentrifuged agai or 5 mnutes at 1000r pm

[ 0353] Aspirate the wash ae-s spgnd ofds in 16nl of assay buffer.
Mx gently with pipette (carefuhry NBub §) and then add 160 of Cal cein
AM (1: 1000 10ng/ mL; Invitrogen). |nyer several times and then
incubate with 15agitation for 30 mnat RT while covering the tube with
foil (call®3#A AReiestion gint (wénsi 8.38% ymethid [, MAGLHIRDT 0h (Madl; dbsay buffer to

50mL, _m I co cells. r..counting, in he cells at
2000, o N Lo NEBEL) 8 92i5us rr bof e I ha % 70 afD RS neacam b at e
Coat i ng Ch 8 { \ - t 1:300.
rod 1800 o D01 E(EPAIE TIAUGE MO L0T Bblall iRy CPCHTHD, ORBRL L Eireon
pl at e (Cos¥&rH33%D)6.2h.,i/rcuBalz 1HY, (RA1 (dds J + ShbUe, 7.8 Hz, 1H), 6.38 (t, J

=7.2Hz, 1H), 4.17-4.23 (m, 2H), 3.89 (m, 2H), 3.66-3.78 (m, 6H), 3.58-3.65 (m,

2H), 2.78-3.16 (m, 3H), 1.95-2.08 (m, 1H).

10 Example 30

Synthesis of fert-butyl 2-(2-(2-(1-(3-(biphenyl-4-ylcarbamoyl)-2-oxopyridin-
1(2H)-yl)-2,3-dihydro-1 H-inden-4-yloxy)ethoxy)ethoxy)ethylcarbamate (120)

(\NHBoc
SO
0

N
Nk@% _,N%%g

15 [0348] Following Protocol K, N-(biphenyl-4-yl)-1-(4-hydroxy-2,3-dihydro-1H-
inden-1-yl)-2-oxo0-1,2-dihydropyridine-3-carboxamide was converted to tert-butyl
2-(2-(2-(1-(3-(biphenyl-4-ylcarbamoyl)-2-oxopyridin-1(2H)-yl)-2,3-dihydro-1H-
inden-4-yloxy)ethoxy)ethoxy)ethylcarbamate. Retention time (min) = 10.622,
method [7], MS(ESI) 676.4 (M+Na); "H NMR (300 MHz, CDCl3) § 12.33 (s, 1H),

20 8.64(dd, J=2.1Hz, 7.2 Hz, 1H), 7.86 (m, 2H), 7.64 (m, 4H), 7.47 (m, 2H), 7.20-
7.41 (overlap with CDCI3, 3H), 6.87 (d, /=8.1 Hz, 1H), 6.77 (d, J=7.5 Hz, 1H),
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[ 0355] Aspirate the plate, blot, and block the plate with 1000/ wel | assay
buffer at RT for 1 hour. 25 [0356] Prepare MadCAM sol ution at 0.15[1. g/ nil-
add 14. 70wof20Mad@AMt 1/ Fc stock at 0.55ng/nl into 54 m @eCTRB10/0p1357]
Aspirate the plates, wash 3 tinmes with 1500/ wel| assay buffer, add

1000/ wel | of respective MadCAM 1/Fc to the pl ates and |ncubate over ni ght at
ac. | 035@]34 (,%H =t hé HendicAla. #H>&>ﬁh‘i gd/ pl7at Ha Wik R on 2HDodPdel | of

assay buf 5 npounds to
Mad CAMt Fc %ﬁ)Pr e8|92(§{é n é?@&gﬁﬁo{?ﬁ?fe’aﬁ%t%? 91319( a%%{é'fcl gr ence
Conpound ((nEBH\)I, 9.9852}88(}n [1®B59179F§9Ha.re 604. 08p. M by addi ng 42.3p,L of 10nM
(DVMBO) stock into 0.7nL of nedi a. Add thi s conpound to Al- A3 of 100% pl ates
and use the Ham | ton program "a4 to dilute conmpound 1 to 3. (b)Test
Conpounds 10[ 0360] For a 10[tM st ?“l“PH 3tloncentratl on, dilute 15p, L of

conpound th 285 f DNBO. Transfer otrip |cat es of row A of 100%
pl at e andVHhess %lpjl(‘{ 82 -@-(fsmipae XP‘IW‘P’E éﬁ OWI’ qVPslt%'i"?‘ieﬁ’gl'conc

dilute 1051uL debmwkﬁyD%le&dlbmgﬁ@%a carhoxamide es to 100%
plates to be diluted 1:3. [0361]trifloereasetatesl ti mek program "147tranf' to
transfer 1470 of assay buffer to 15 g5y ﬁh wel |l (w exception of row H) of
the 2% pl ates. Then use the nmultinmek program"3[1. 1ltrans" to transfer 30 of
conpound fromthe 100% pl at es (BNFﬁierd to the 1470 of buffer in th

pl ates. Keep all compound pl ates on shaker when not in use. D. Pyeparation
of 21/6- Positive Control 20[9362] Prepare 21/6 at a working cgjnfc. of
20p.g/mL for a final conc. of 10p.g/ M. Add 20p. g/ nml sol ution 21/6 to
wel I's H4- of all the 2% pkates. E. Assay 63] Brlngthec s in the

deep wel |; onpouwnd he 2%plates, Y ol%, pl ghes to t he
mul timek. Tr 7%of cells from deep 6 1% pl at es

fol |l owed by addi ng ¥0Q/ we of the respective corrpound ro Yoplates to
1% plgtes. (No cells or conpounds in Hl1-H3). Incubate cells + conpounds for
30 min. at RT.

[0349] Following Protocol L, tert-butyl 2-(2-(2-(1-(3-(biphenyl-4-ylcarbamoyl)-2-
oxopyridin-1(2H)-yl)-2,3-dihydro-1H-inden-4-yloxy)ethoxy)ethoxy)ethylcarbamate
was converted to 1-(4-(2-(2-(2-aminoethoxy)ethoxy)ethoxy)-2,3-dihydro-1H-inden-
1-yl)-N-(biphenyl-4-yl)-2-oxo-1,2-dihydropyridine-3-carboxamide trifluoroacetate.
15  Retention time (min) = 7.005, method [7], MS(ESI) 554.3 (M+H); 'H NMR (300
MHz, CDCl3) 6 12.23 (s, 1H), 8.58 (dd, J = 1.5 Hz, 8.4 Hz, 1H), 7.86 (d, /= 8.2 Hz,
2H), 7.59 (m, 4H), 7.41 (t, J=7.5 Hz, 2H), 7.18-7.33 (overlap with CDCI3, 3H),
6.80 (d, J=8.1 Hz, 1H), 6.72 (d, /=7.8 Hz, 1H), 6.58 (dd, J= 6.6 Hz, 9.6 Hz, 1H),
6.40 (t, /= 8.4 Hz, 1H), 4.18 (br, 2H), 3.60-3.95 (br, 11H), 3.19 (br, 2H), 2.75-3.15
20 (m, 3H), 1.95-2.08 (m, 1H).

Example 32

In Vitro a4p7 Integrin Adhesion Assay (8866 Cell Adhesion to MadCAM-Fc)
[0350] Compounds of the present invention were tested for their ability to
compete with a natural ligand (MadCAM) for binding to o4f integrin (i.e., block
25 MadCAM - 04/B7 integrin interactions) using the following cell-based assay.

Materials
H/S++ buffer: 140 mM NaCl, 20 mM HEPES, 1 mM CaCl,, 1 mM MgCl,)
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[0364] Then transfer 1000/ well from 1% plates to MadCAM Fc plates. M x wel |
and consistently in order to have enough cells in the wells. Incubate for
anot her 3902010m2mv1at RT. [0365] Careful ly wash the pl at @sTAISRO0®32682 t h
1000/ wel I. Aspirate wells H1-H3 after plate is ready and add 500 nedia +
500 2x cells = total input. [0366] Read the plates using Cytoflour

( Exci t at i daebulss Wiy Rulfepyith05%0554And Gain = 47). 5Exanpl e 33 I'n
Vitro Biol ogical Evaluation (SRU thCANIAssag [ 0367] quyounds of the
present i MOAGhhraged ] Lége dRFMH 16%M€dam£'%>9 x@8@BhpH% FRS fiom nat ur al

i gand ( nehl ndi Hhtegk | i ] | QW assay.
The SRU I\B@%ﬁm g%@é?%ﬂ@%% %’g]él?é% @é)ghgsLs%dtﬂT%t% f(lglrgﬁ%tdgﬁﬂ{l&%:)oqgng? s 100f
three pargs: ( | at.e-b optical ,bi gsensor (2) the Bind Reader, and
(3) a sof%Maré&%%gﬁﬁgpguﬁaggégﬁ” f%"i%gé@ﬁgbffers advant ages over nanual
met hods i [035E]r n836H cellln aveeasgid foht ocghypng flagrieatey befershd asshy ynd and | ower

assay to assay variability. Specifically, this assay neasures adhesion of
8866 ceIP§C@ﬁ%ﬁb€§§ﬁép?d@%$§@§%?%553433%to i mobi | i zed reconbi nant and
sol ubl e MadCAM whi ch was 15ex§£essed as a fusion protein with a human

| gGFc t ai 1035210368 vetttiix Brilys Bf Agoells intalhwe SBPmbeyugal fubey Bpipdgay assay. On
the first : | ' ' ated for 15
e o S i FocRAptel! SPHPI B ARGIRRN RLak R gt o for 10

i ncubat edaswdyt Buffer MWk kignadlls anthi 30a6\of tagsak boEer, Eent(yShonmey fip&2iag up: 500
dilution in Hepes pH 7.4 20 buffer) for 60 m nutes at roomtenperature. The
pl at el Qvas2ndiiion npegeR MG {1ansfoh B SAMI fubego bfcrpifbiged ggdia fOpHMMUES f or one
hour and fhepolpcubated overnight with 0.15 lig/ml of reconbi nant MadCAM at
4C. On the second day, test conpounds were serially diluted 1:2 in DVSO

(200x fi on i.on)..f 1 10- poj nt _dose r ve,. Compounds
were.t her O3 Ht SaPB0% tenv b Ar FepBeRoh Pkl ey 3P 3SR Mg 1

MIC12, 1 gaMtiCadhnipdts (odMeNAGy/oandbRs )3 B {daufeliebf @dlceiaixng a Ml timek
liquid handl er. 8866 cells grown in 500 m caonical tubes were harvested

(4x- fi nal §1:5090 B(medpl; AnvdtioieaRer B1Ver @B eayeil times ped thes incubipaiifids (1:1) for
thirtye mnk : : i Ay ol :a:ep,was washed

W th B 1 B R e Fing S s e B R B N el T e
measur enesehsi8Oe)\walster atombati Gt agd ashy B&EG te SDing rhivatvelhad doestthe nellsbat ed wi t h
conpound re then transferred to t SRU Bi nd ass at e 000

cel | s/ wel PG GPAMRE Samfg%“ﬁ\ﬁéﬁc?lisﬁéllBg%ﬁﬁﬁ‘gr“aﬂ%?ﬁ?g g‘nﬁg’ff'pe Cé]ist(/)@ﬂ’cn of cell

adhesi on yas, wEAsUred at 45 mnutes. The ability of conpounds to bl ock
a4b7-medi at éd 8866 cell adhesion was then quantified and plotted using

Excel -fitg ExqggthﬁfPB&?k$aéﬁym5ion Assay [0369] Conpounds of this

i nvention can be teste or eir ability to inhibit cellular adhesion.
Usi n20RPMI03846 6 PephiesViowd nesites anti dlu erc@Gnghan &0260)ianin300 | iAddd 88l afbl e

mmunol - (2999 T8, P aghirgoR03 Phedell e VR oI BRu FAcs assay

3590) and incubate at RT for 1 hour.

[0355] Aspirate the plate, blot, and block the plate with 100ul/well assay buffer at
RT for 1 hour.

25 [0356] Prepare MadCAM solution at 0.15pg/ml — add 14.7ul of MadCAM-1/Fc
stock at 0.55mg/ml into 54 ml of PBS™.

[0357] Aspirate the plates, wash 3 times with 150ul/well assay buffer, add
100ul/well of respective MadCAM-1/Fc to the plates and incubate overnight at 4°C.
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[0370] This assay neasures the interaction of reconbi nant sol ubl e MadCAM 1
with RPM -8866 cells in suspension. Reconbi nant sol ubl e MadCAM 1

(" rsMadCANbRO)o/neeE4expressed as a fusion protein wth apPowmmsrolbgReBr tail
15(Tidswel |l et al., J. Inmunol. (1997) 159(3):1497-1505). Sol ubl e MadCAM 1
was mixed with RPM-8866 cells in the presence and absence of test

corrpounds[03§8]m\/l“ﬁﬂﬁh,‘1}23 MadCaANEFugeed platené thaesayithh LfGudwellpfiapeyease t he
activity Qfg, ?f'ﬂg’a?dfgﬁg%f Vad uh1 RE e%gigrctglﬁs&cﬁe}ﬁf{lﬁgg Eooll()lla}@tkﬂ/l {he MadCAM 1

construct. mnutes at room S were washed with
buf f er copib@s.ni ng 1nM MhC12, and were 20 exposed to a fluorescently | abel ed
anti body against the Fc tail of the MadCAM 1 fusion protein in the presence

of 1nM MEl12, pf}pa,aﬁomoy%%o@hdg{;{ut{gm cells were washed, re-suspended in
VhC12 cont a| ni n% buffer and exam ned & FACS anal ysis. An identical assay
€

can be ped fegcheaaarend (F-AMPESXc?) on of reconbi nant sol ubl e VCAM 1
with cellgs ﬂat PRPRICSDD. O%éﬂaﬁﬂ%_a&ﬁﬁéM@%L%?lé&MéﬁMﬁ(ﬁ%{dck%ﬁb lon@ar, Exanpl e 35

Cel | Free ELI'SA Assay [0371 his assay nmeasures the'interaction of
sol ubi | i z&dné¢dt.egdd ﬂnv\mrhpmdmmliAB oo®i % ipkech aod vae gieddamidtosur f ace.

RPM - 8866 cells“ Y wth a 3 tergent to solubilize the

c(4137i ntEGEIH: 0\,@53,# tB%ﬂifteaC@g}pﬁg?g?% ?'nt egrin (2G&3) was added to the

| ysat e. (z)e Tl,g V\@B . Imunol . (1997) 159(3):1497-1505. This

anti body ©&rvesest m,B ses First, it is a tag by which a4137integrin can

be detgectpdohn Hbes ARBAX AR coreERAon 2l $5iAN0Ra RAFN Wiatsspl abi 11 zes a

I'i gand occupied conformation of 17 integrin and pronotes

i ntegrin- @@M«Sﬂbnﬁanﬁ@rem@ctupb%es dabwv A 95 KW PGS, anérddﬂteelsito Teipound wer e

For a0 m P O EDNDFPh Fin" b PR Celup ST SBEE TS W't 206

BSA, and Bm@cﬂmtﬂm@e@wwgeo%lg@sﬂomllmdmyse I 'g, which recognizes 2G3
associ ated with MadCAM bound cc4137 integrin. After 30 minutes at room

t enper at upse1]t e sl MulBicR é%@g%ﬂﬁd‘lamﬁar?xﬂp@ﬁfifetrQWpISdf% Nér%?fefw HRP to
quantify the ‘anount of cc4l 10 integrin bound to MadCA Exanpl e 36

FAGS 1&s s agach aiellRed epteptiotoigpalt gt tho272plateki §has@®yhm§un@<s t he
interaction o M 88 I hocytes. The
ant | body FREGGN IUERR"1e SR cblobrebe A TBE smoff dlut " e BROTR L Enan 17

i ntegri n. 147¢ bERSFIGn ERIMTE Plakeat IKB@ aRfcompBlind prelee6nlkaket gandnbngduce the 2G3
epitope on 17 integrin and w || ow hi gher levels of antibody binding to

the surfaeé of the cells. The concentratl on of ligand required for receptor
occupancy is directly related to the ligand' s affinity for a4137 integrin.
A si ni | arDassafrepasitive ey 2866s dlosisizd Goatrobxami ni ng the interaction of |igands

W th £e419he3nt BRLAR 2 1L Gl @88, of 20ug/ml for a final conc. of 10 g/ml.
Add 20ug/ml solution of 21/6 to wells H4-H12 of all the 2% plates.

E. Assay

[0363] Bring the cells in the deep well, the compounds in the 2% plates, and

empty 1% plates to the multimek. Transfer 70ul/well of cells from deep well plate
25  to 1% plates followed by adding 70ul/well of the respective compounds from 2%

plates to 1% plates. (No cells or compounds in HI-H3). Incubate cells +

compounds for 30 min. at RT.

[0364] Then transfer 100ul/well from 1% plates to MadCAM-Fc plates. Mix well
and consistently in order to have enough cells in the wells. Incubate for another 30

30 minat RT.
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20an anal ogous anti body agai nst a |ligand occupied epitope of 131 integrin
(anti body 15/7; Yednock et al. (1995) JBC 270:28740-50). The 131 integrin
assay relwe=omn2eahkl s that express cc413i integrin, ratirer/ushen/0siB87
integrin (such as Jurkat cells). In both assays, the appropriate cells are
mxed with either 2G3 or 15/7 in the presence of the small nolecule |igand.

The cel | 08 i heishdbevasitthe plgies tieimprsritul @rlorel3orspyatei wallsdsl -Bad washed to
renove unﬁgy?9u$ﬂ%%%§g%ﬁéé?gagﬁ%%ﬁagﬁggféggéﬁg:&&ﬂqnlﬁyorescently-labeled

ant i body agai ns S cell-associated 2G3 or 15/7 and

the cells exam ned FA nal vsis.., Exanp 7.Ex Vi Cel,l Adhesion
rcsay 3008365 RIS S i ABB S E TR R R o gt 8% or “ReM - 8866
cell's to Ghigh £ndot hel i al venul es exposed in tissue sections of Peyer's

Pat ches (Il ynphoid tissue associated with the intestine). These vessels
express high levels of MadCAM 1. This assay is described by Yednock et al.,
JCB (P987) 104: 725-731. Exanpl e 3BXamplidpo” M grati on Assay 5[ 0374]

M gration of 1nll1l-1abeled or quorespentIianbeled | ynphocytes to Peyer's
Pat ches in vivo. | VistosBiglagical HvalationydRY Mad GAM|ASsaY fr om one group of

ani mal s re i | i I acer. The cells
2{{6@6?’1 Cchbapsh&A o}f";ﬁé})@seﬁlﬁ%gﬁtﬁf d&égfe Ustdd ##P{h%ﬁ%%pfgy td

are injected i ntravenous I'mto a secon roup of aninma After 1 to 24
hour s, thenmtawithanaomldigatdeEMhdbeMe dorclehdisg toody iftegrendsing thseues can be

assoct at g ie it e SR Pld e 138 ke tony BRTOBE M5 crebiat i ng

| yﬁphﬂﬁyt@ﬁhlfeé?ﬁ?téﬂg) 4 paRUS saNEptHa! BLWPMLNG) BNy RREderOfndqel 4 s that carry
a fluorescent tag (determ ned by FACS analysis). This type of assay is
descri bedsoftyaRosrstysest pagket, This bystanmoffers hdgmntage4 2vargosunboethoixampl e 39 151 n

Vi Bi ol i . Eval i Ast h Model. 75] | nfl diti
ot ateg B S iaf R bR S YRIFVR) ah el ab @y GRS OF Y Pondt Ll ove

hyper - r espRRBIlNEIEPSSifianNty, @66 hdsay aRadhel addeGb 6f F8dctelhERbeen@shma. The
follow ng describes animal nodels of asthma that are used to study the in

vivo ef f edPseseing ik’ womperhilizsdapcanhisant god prlpbla MadCAMewhishtwasat i ng

15  expressed as a fusion protein with a human IgGFec tail.
[0368] The SRU Bind cell adhesion assay is a two-day assay. On the first day, the
384-well SRU Bind biosensor plate was hydrated for 15 minutes, washed with
Hepes buffer pH 7.4 containing 100 mM NaCl and then incubated with a
monoclonal antibody to human Fc (Sigma [-6260 1:500 dilution in Hepes pH 7.4

20  buffer) for 60 minutes at room temperature. The plate was then blocked with 4%
BSA in 20 mM Hepes buffer pH 7.4, for one hour and then incubated overnight with
0.15 pg/ml of recombinant MadCAM at 4°C. On the second day, test compounds
were serially diluted 1:2 in DMSO (200x final concentration) for a 10-point dose
response curve. Compounds were then diluted 50x in 20 mM Hepes buffer pH 7.4

25  containing 1 mM MgCl,, 1 mM CaCl,,140 mM NaCl, and 0.3% BSA (Buffer A)
using a Multimek liquid handler. 8866 cells grown in 500 ml conical tubes were
harvested (4x-final) in Buffer A and were incubated with the test compounds (1:1)
for thirty minutes at room temperature. The biosensor assay plate was washed with
Buffer A containing 1% DMSO leaving 25 pl in-wells and a baseline measurement

30  was taken. 25 ul of 8866 cells that had been incubated with compound were then
transferred to the SRU Bind assay plate (50000 cells/well final at a 1% DMSO final
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20asthma. 39.1. Rat Asthma Model (E2) [0376] Follow ng the procedures
descri bed by Chapman, et al., AmJ. Resp. Cit. Care Med., 153-4, A219
(1996) amstoChmpireaig et al., Am J. Resp. Crit. Care MedPCTAS20610/086341
(1997), both of which are incorporated by reference in their entirety. 25
[0377] Ovalbumin (OA; 10 [tg/nlL) is mxed with al um num hydroxi de (10

ng/ mL) an@nic‘ﬁ}t@@?éhaﬂ@lth?)e?}teiltrPfBP]é\%thw pesyred gt dajpimites. dhect i ons of OA,
t oget her . day 21,

sensiti ze%g tltg # I%glg{eds}géﬁfgﬁmhﬁgla%a%ﬁg?d gloén gﬁeposed (60 m nutes)
to an aer@mﬁhfleﬁarﬁﬁplbﬁﬂimgﬂawl fita nose-only exposure system Ani mal s are
sacrificed 72 hours later 30with pentobarbital (250 ng/kg, i.p.). The lungs
are |lavaged via a tracheal cannulgxmpmggﬁ aliquots (4 nl) of Hank' s
solution (HBSS x 10, 100 m; EDTA 100 mM 132 100 nmL; HEPES 1 M 25 ni;
made up to 1 L with H20); recoygﬂgqhgﬁj,,l,gsg[e pool ed and the total volune
of recovered fluid adjusted to 12 nL by addltl on of Hank's solution. Total

ceI | s ar el036%Unt Eampsyrdset this srveriéen candgriesied for gedr, abﬂmt%@ﬂbbl El ectronics
n ar Htin
5appr OXi ma?l Ay %6%”% "fs %1@5@%%6%%1% £ r?élogrtlo aelc8 o%%gtc ﬁjoglh%? into a

centri fug@h(tﬂb/mamAIM 1Shamd ensasied. Thlsslmgﬁm@bﬁb@l by Tidswel] efdlxgd using a
solution of fa nol (2 ng/nmL) for 5 seconds and stained with
eosin G (@Wbr{élg37)dﬁ8(3t)ﬁi4%7zllﬁ® (5 seconds) (Diff-Quick, Browne Ltd. U K)
in order to differentiate eosinophils, neutrophils, nacrophages and

| ymphgeytes. A total of 500 cel |l sppeh fkGissmear are counted by Iight

m croscopy under oil inmersion (x 100 5) Corrpounds of this invention can be
fornmulated into a 0.5% car 2% Tween 80 suspensi on
and adm ni stered orally to%?%al%is V\@dﬁﬂ dhglgen ensitized to the allergen,
oval bum n[03Tnpdbndssapmiciuienticbnteedtian beregenbinadurobild HalGAM ¢

accumul at i s of actiyvel sen3| Norway rats are
toconsi aev B RPAIERRGREY R RfintE. Regufonge sl nfE et A . Nodel “( 23)
[0378] CorROuidsA ML ) &laS ex préaed al dusidh of&“&ﬁh@ﬁiﬁian%G%%@ pul monary
i nfl ammation follow ng the procedures descri bed , et al., AmJ.

Respi 1. cféﬂlqlsweﬂilet aBj Jp lrnund: @@@78@(3)(@@51)50%&@@@9@{[ AMdtwasl |, (1999) .

Am J. Res d W(th ﬁ 1@19%‘%6 ccl,?ﬂs 1n the2pores46%§e id absgnlc%go%)tést comﬁoun (&1 %ﬁ\cfih
i ncor por a by 1 SrEreRee

MnClz was included in the assay buffer to increase the activity of 037 integrin and

to promote its interaction with the MadCAM-1 construct. After 30 minutes at room

temperature, the cells were washed with buffer containing 1mM MnCl,, and were
20  exposed to a fluorescently labeled antibody against the Fc tail of the MadCAM-1

fusion protein in the presence of ImM MnCl,, for 30 minutes at 4°C. The cells

were washed, re-suspended in MnCl, containing buffer and examined by FACS

analysis. An identical assay can be performed to measure the interaction of

recombinant soluble VCAM-1 with cells that express ouf3;, such as the Jurkat T cell
25  line.

Example 35

Cell Free ELISA Assay
[0371] This assay measures the interaction of solubilized integrin with
MadCAM-1 immobilized on a plastic surface. RPMI-8866 cells were lysed with a
30  detergent to solubilize the 0uf3; integrin. An antibody against 3; integrin (2G3) was

added to the lysate. See Tidswell et al. J. Immunol. (1997) 159(3):1497-1505. This
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entirety. Female Black/6 mce (8-12 weeks of age) are sensitized on day 1
by an intraperitoneal injection of 0.2 nL ova/alum m xture contai ni ng

201. .t g ovoavm/i2@1ade 4, Sigma) and 2 ng inject Al um (PiPeraspo1oA3sepst er
injection is adm nistered on day 14. Mce are challenged on days 28 and 29
w th aerosolized 1% ova (in 0.9% 25saline) for 20 m nutes. Mce are

eut hani zethtidady smm‘dwa\mmws Ilﬁirﬁagéls%th@bﬁgvh@@ @iy inggesincohbect ed on day 30,

48 h f h ant fi d by a FACS/FI TC
Staining TRt B asAimE EPre e PRIdht o SrdBiRir el eo s 0. 506
car boxy megday le@kbwoﬁﬁﬁmmi @%tlmeahd%}oﬁ%%@%@gh@a@eﬁ@éﬂtnl stered orally

to mce which had been sensitized to the allergen, oval bumn. 30 Conpounds
whi ch i nhintsiractigna| Cai heatei Habiced tdsecmnpypnd veare addeldae noerofiter weds ai r ways of

actively s itiz m ce, are cons be active in this nodel.
36 3. ScheSB AT HREHEROP T dnf 3t SpS LI P InBReS & BHE procedur s
descri bediehipeAlirah@ne pate xais washedltldtked MN@SI% B3, ddBexfbbed bIIRP- and
Abraham et al., AmJ. Respir. Cit. Care Med., 156:696-703 (1997), both of

whi ch ar ecqnmg@teécgoatm lmyuseelgewblﬁbéeqogmtzw& éﬁ??lﬁ@ﬂwltltorrpounds of this

inventio intra ne a ueou ut| 5oral (2%
Tween SOWM%dééﬁlg (§§%%Pﬁ9$3%l ose H&Eﬁéégxwﬁ Bﬁmﬁ k flon to sheep
whi ch ar ewaaéwsﬁ&f@dtéxysssédqoé%ﬁ@s&ﬂa& OH HIRTER Jug Rty tﬁ‘&amsm@%m ch decrease
the early antigen-induced bronchial response and}yor bl ock the | ate-phase

ai rwalp r espgnsdoued . MhdvaMalprot ecti ve ef fect against antigen-induced |ate
responses and airway hyper-responsiveness ("AHR'), are considered to be
active in this 10nodel. [0380] Al %ﬂﬂ gxiyeep whi ch are shown to devel op
both early and | ate bronchial res B i nhal ed Ascari s suum anti gen are

used to study the airway i dat e conmpounds. Fol | owi ng
t opi cal anest hesi a of thgﬁﬁggiwaﬁgggé g%??ﬁ”@@%Vldocalne a bal | oon
cat het er [0372]dva@nhic @ssaly ficav@hs tirentdnstion bf amibody be3 wvaweR PM3-s866plagus. The

animals are then incubated with a cuffed endotracheal tube through the
ot her noserWith niphogytes. elhenngibpdheecogptizes aﬂrg@ﬁéws%%bepa@paogﬁrmé [ 0381]

Pl eur Ja?é%H{n?% 5, ﬁt%&hﬁrahl%geia?@g%[)fi’éeﬂ&aﬁ& s sﬁlgg%(ﬁé'c%? ﬁné ciéfc?' s (see

f or mul™at i on ar egener a I'sposabl e ne i zer that

provi ded @B 268PHObe M Bhneegﬁﬁ%ﬁd mmlaﬁ@w@eg}ﬁmémalmo@ afiki tb@{du@g to3.-2 i.tmas
determined with 20 an Andersen cascade inpactor. The nebulizer is connected

to a d03|ﬂmseﬁa®p§t@neﬂ@n§h@c@mgntmtloa of dilgembicduived ipe repapitoa ogyprewy of

d bul di ted int
orast o Togc bE e SRR i P hEEat o Shut Tl FRERY por Tor o
pi ston 1 ERREARIGr extifini0 Itﬁ@fateqac%hvf libMAGKIN AL il Bn, hRGRNAeS the

begi nning of the inspiratory cycle of the respirator. Aerosol S are
20  ananalogous antibody against a ligand occupied epitope of B; integrin (antibody

15/7; Yednock et al. (1995) JBC 270:28740-50). The B, integrin assay relies on

cells that express 0uf3; integrin, rather than 037 integrin (such as Jurkat cells). In

both assays, the appropriate cells are mixed with either 2G3 or 15/7 in the presence

of the small molecule ligand. The cells are incubated at room temperature for 30
25  minutes and washed to remove unbound antibody. The cells are exposed to a

fluorescently-labeled antibody against mouse IgG, which detects cell-associated

2G3 or 15/7 and the cells are examined by FACS analysis.

Example 37

Ex Vivo Cell Adhesion Assay
30 [0373] This assay measures the adhesion of lymphocytes or RPMI-8866 cells to

high endothelial venules exposed in tissue sections of Peyer’s Patches (lymphoid
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25 delivered at VT of 500 nmL and a rate of 20 breaths/mnute. A 0.5% sodi um
bi carbonate solution only is used as a control. [0382] To assess bronchi al
responsi weoessy126uaul ati ve concentrati on-response curve®Crwse@ohbsmbol is
generated according to Abraham (1994). Bronchial biopsies are taken prior
to and followng the initiation of treatnment and 24 hours after antigen
30chal | enfgfsue Breriaid alithshe pagsdge)arheps eseplperrasdogitier)s €6 Abr aham (1994) .

[ 0383] Anyi Wk : ' : r ~6aR.al so be

ber  or mec G M TR ARG RUSLA Sy At EgL A TPE R ATBS 72T, ant cel 1
can be calculated. 134 WD 2010/ 126914PCT/ US2010/ 032632 Aerosol Fornul ation
[0384] A solution of conmpound n OEsa&mpledi8um bi car bonate/saline (wWv) at a
concentration of 30.0 ng/nL is prepared using the foll ow ng procedure: A
Preparation of 0.5% Sodi um BilaavibeMigetionSBkiyne St ock Sol ution: 100.0 ni

. : , . : 0
0T ed) ery G am L300 0, P R e BIRSILL B R S0 AL G POpRLE, 0.5 0 0. 5%

Patches in vivo. In this assay, lymphocytes are isolated from one group of animals

and are labeled with a radioactive or fluorescent tracer. The cells are injected

intravenously into a second group of animals. After 1 to 24 hours, the localization

of the labeled cells to different tissues can be monitored by either determining the

10 number of radioactive counts associated with different tissues in a gamma counter,
or by isolating lymphocytes from the tissue and determining the number of cells that

carry a fluorescent tag (determined by FACS analysis). This type of assay is
described by Rosen et al., J. Immunol. 1989, 142:1895-1902.

Example 39

15 In Vivo Biological Evaluation (Asthma Models)
[0375] Inflammatory conditions mediated by a4f; integrin include, for example,
eosinophil influx, airway hyper-responsiveness and occlusion that occurs with
chronic asthma. The following describes animal models of asthma that are used to
study the in vivo effects of the compounds of this invention for use in treating

20 asthma.

39.1. Rat Asthma Model (E2)

[0376] Following the procedures described by Chapman, et al., Am J. Resp. Crit.
Care Med., 153-4, A219 (1996) and Chapman, ef al., Am. J. Resp. Crit. Care Med.
155:4, A881 (1997), both of which are incorporated by reference in their entirety.

25 [0377] Ovalbumin (OA; 10 ng/mL) is mixed with aluminum hydroxide (10
mg/mL) and injected (i.p.) in Brown Norway rats on day 0. Injections of OA,
together with adjuvant, are repeated on days 7 and 14. On day 21, sensitized
animals are restrained in plastic tubes and exposed (60 minutes) to an aerosol of OA
(10 mg/kg) in a nose-only exposure system. Animals are sacrificed 72 hours later

30  with pentobarbital (250 mg/kg, i.p.). The lungs are lavaged via a tracheal cannula

using 3 aliquots (4 mL) of Hank's solution (HBSS x 10, 100 ml; EDTA 100 mM,
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g.s. ad 100% 5Procedure: 1. Add 0.5g sodi um bicarbonate into a 100 nL
volunetric flask. 2. Add approxinmately 90.0 nL saline and sonicate until

di ssol vedwo2010Q2&814t 0 100.0 nL with saline and m x thor @aghisgo10832632
Preparation of 30.0 ng/nL Conpound: 10.0 nmL Ingredient Gam/ 10.0 nL Final
Concentrati on Conpound 0.300g 30.0 ng/nL 0.5% Sodi um Bi carbonate / Sali ne
St ock Sol 16 8k: HWEES ddV1 85 gﬂ_;m:na&e ap é@l Lok H,O); recovered cells are pooled

and the total volume of recovered fluid adjusted to 12 mL by addition of Hank's
solution. Total cells are counted (Sysmex microcell counter F-500, TOA Medical
Electronics Otd., Japan) and smears are made by diluting recovered fluid (to
5 approximately 106 cells/mL) and pipetting an aliquot (100 pl) into a centrifuge

(Cytospin, Shandon, U.K.). Smears are air dried, fixed using a solution of fast green
in methanol (2 mg/mL) for 5 seconds and stained with eosin G (5 seconds) and
thiazine (5 seconds) (Diff-Quick, Browne Ltd. U.K.) in order to differentiate
eosinophils, neutrophils, macrophages and lymphocytes. A total of 500 cells per

10 smear are counted by light microscopy under oil immersion (x 100). Compounds of
this invention can be formulated into a 0.5% carboxymethylcellulose and 2% Tween
80 suspension and administered orally to rats which had been sensitized to the
allergen, ovalbumin. Compounds which inhibited allergen-induced leukocyte
accumulation in the airways of actively sensitized Brown Norway rats are

15 considered to be active in this model.

39.2. Mouse Asthma Model (E3)
[0378] Compounds are also evaluated in a mouse model of acute pulmonary
inflammation following the procedures described by, Kung, ef al., Am J. Respir.
Cell Mol. Biol., 13:360-365, (1995) and Schneider, et al., (1999). Am J. Respir. Cell
20  Mol. Biol. 20:448-457, (1999), which are each incorporated by reference in their
entirety. Female Black/6 mice (8-12 weeks of age) are sensitized on day 1 by an
intraperitoneal injection of 0.2 mL ova/alum mixture containing 20 pg of ova
(Grade 4, Sigma) and 2 mg inject Alum (Pierce). A booster injection is administered
on day 14. Mice are challenged on days 28 and 29 with aerosolized 1% ova (in 0.9%
25  saline) for 20 minutes. Mice are euthanized and bronchaveolar lavage samples (3
mL) are collected on day 30, 48 hours post first challenge. Eosinophils are
quantified by a FACS/FITC staining method. Compounds of this invention are
formulated into a 0.5% carboxymethylcellulose and 2% Tween 80 suspension and
administered orally to mice which had been sensitized to the allergen, ovalbumin.
30  Compounds which inhibited allergen-induced leucocyte accumulation in the airways

of actively sensitized C57BL/6 mice are considered to be active in this model.

39.3. Sheep Asthma Model (E4)
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10 Procedure: 1. Add 0.300 g of the compound into a 10.0 niL volunetric
flask. 2. Add approximately 9.7 nmL of 0.5% sodi um bi carbonate / saline

st ock solwbi2om/12463. Soni cate until the conpound is conplretraisgoidios=ot ved.
4.QS. to 10.0 nL with 0.5% sodi um bi carbonate / saline stock solution and
m x thoroughly. Exanple 40 In Vivo Biological Evaluation (Arthritis) 40.1.
Adj uvant - 0A&c edhiarmose] employh thrprecedprzg gpschgpdibuAbrahamu et (i i ti s

("ALA") i WAra € ' d - ; idarthritis
Ry iR PR TS MR el o U S Ko C MR Dade of ' ¢ he
tail of LEW:®62I3S(1988t veknf dhidcnge ifvof@ysed by tedoveng inthedcéntioety. ani mal s
devel op a_severe, Erogr essive arthritjs.. L0386] The conpounds of the

i nvent i onCRARCHKS PREY B VEHon e Yaluaied by iptipyenous Evlipg MECARW AW ng and

bone danmage (2%@'%&&{‘90 fd%c%%ﬁ’rﬁ&hyﬂc@ﬂ%&ﬁ’, a‘?ﬁ%@%sb%dkﬁhi%trat?& woquantitate

the inhibition of hind paw swel1ing resulting from two phases of

i nf | ammat sheep Waich abekypedehsinedto Adcpris heinp pntngnyCamgdowsls ovidar y i nj ect ed hi nd

paw, and (2) the secondary .non-injected hind payy, iC eneral | y begins

Covel opi riFCIRg0t e B0y At Sry BB ML OO B0 Br DY e JREIa © n t he

inj ected pAMy BEHASE, e hefe 4 PR tdcald Sffect MPANAfanti fnl ABTERUI198 réspordesi Ndi cation

of innunosupg}essive %gactjv??y. CF Chan%? ArthgiRheun],‘20f@1135-1141

(1977). [0GgHwaydiype-respeamivendss tOMER b areRansidec tabe Aftixe ieHubl es one to

studyH}he cgllular events involved in the early stages of the disease. Ch44
. “model. . .

expressi on on macrophages and | ynphocytes is up regulated during the early

ot or 1R800 ARk EiseRp i 1 e BLE sl oB kAL ST AARY e PRBUHAL Gr acti ons.
bet ween adl@sk@No inhaled Ascaris suum antigen are used to study the airway effects of the
candidate compounds. Following topical anesthesia of the nasal passages with 2%
lidocaine, a balloon catheter is advanced through one nostril into the lower
15  esophagus. The animals are then incubated with a cuffed endotracheal tube through

the other nostril with a flexible fiberoptic bronchoscope as a guide.

[0381] Pleural pressure is estimated according to Abraham (1994). Aerosols (see
formulation below) are generated using a disposable medical nebulizer that provided
an aerosol with a mass median aerodynamic diameter of 3.2 um as determined with

20  an Andersen cascade impactor. The nebulizer is connected to a dosimeter system
consisting of a solenoid valve and a source of compressed air (20 psi). The output
of the nebulizer is directed into a plastic T-piece, one end of which is connected to
the inspiratory port of a piston respirator. The solenoid valve is activated for 1
second at the beginning of the inspiratory cycle of the respirator. Aerosols are

25  delivered at VT of 500 mL and a rate of 20 breaths/minute. A 0.5% sodium

bicarbonate solution only is used as a control.

[0382] To assess bronchial responsiveness, cumulative concentration-response
curves to carbachol is generated according to Abraham (1994). Bronchial biopsies
are taken prior to and following the initiation of treatment and 24 hours after antigen

30  challenge. Bronchial biopsies are preformed according to Abraham (1994).

[0383] An in vitro adhesion study of alveolar macrophages can also be performed

according to Abraham (1994), and a percentage of adherent cells can be calculated.
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nol ecul es and endot helium at the earliest stages of adjuvant arthritis
could lead to significant advances in the nethods used in the treatnent of
RA. 40. 2.wGabloagen4| nduced Arthritis in Rats [0388] Conpourusoiofnsiche
invention can be tested in this animal nodel by 25nmeasuring the inhibition
of inflamration, cartilage destructi on and bone resorption that occurs in
devel opi yeO§Rdormulagpn agen arthritis in rats. [0389] Animals: 54 Fenal e
Lewi s rat rl - Weleghi 0. : j (1 O wth

col | agen @Séﬂgt Ag%iurtlg\gg}g%gﬁeip gu%dﬁ?%'gy%sso% 191211)&%%}0}4%[? /S%ﬁ%emé‘ﬁ@tsatgf 10). The
ani mal s (ddegnouipn 6B0.Amidimiltis prepdredroing thofolloeimaprocatuta:ol ), housed

4-5/ cage, 30 were acclinmated for 4-8 days. The aninals were dosed at
po3ny/ kg Ai Breppotiéngt & §7%t8 odiura Bicapessarey/ Jatinb Sehek SoQi3A] 1000 eili al s: Agent s
or drugs in vehicle, Type Il collagen, Freund' s inconplete adjuvant,

met hotrexat e[(SI gma), conpounds Of (he rnventi om. Gengrar Study Dgsi gn

[ 0391] Dosi ng wdagredidritat ed on GaymnioMe mll. The actﬁ(}i na aﬁ ani mal $ were
Sanesthetizeg with isoflurane land given collagei | ,rg:pp A Qn(r)n) On day 6
t hey were anest heddnafl agai n flor thﬁésecond col | agen @5 ection. Collagen
was prepar ed| by Biakbsigtea 4 nmo/[ml soPut§ on in 0. Q1N acetic acid. Equal

vol unes of cetHtagenmand—+Freounmd—s—n ete—adyvant; Wﬂlﬂw i ed by
hand mi xi ng (ntil °&1%ead of tHi §:Sn¥ g¢ 'glmihel d its9ft én placed in

wat er. Each animal received 300 [t.L of the 10m xture each tine spread over
3 sités dmobatke: Cal i pering of normal (pre-disease) right and left ankle

joints were do day. 9...On_days. 10- nset of. arthritis occurred.

[ 0392] Ral's meggd@gﬂdﬂ M 39/‘?&(1-“}0 i,}g%f,n(i&, ‘ﬁf?itil,c%?lfts, 14, 15, 16, 17, 18, 19,

and 20 ofythe giugyprafichaéd) DO MITEARKQHRAiSat®lin@NkiLHetiaken every day
body wei ghts were taken on day 20. After final

begi nning on 15 day 9. Fi nal
body wei ght ne@suteh¥h? mLawithedlmewsd eniategowgy.zed for termi nal plasma
coll ection and then euthanized. [0393] Both hind paws and knees were
renmoved. Bi Rebppenion weBe@ 0wed/gihadompdadet0.0wlt h knees) in formalin and then
processed f Or—H-c+0560pY—=r20R-o6856+Rg—of—d0ihRt-o—-0304]—koltowhgy 1- 2 days
in fixative @nd IhQF&lié}itS days |i v decAlosd Ler - the ankFipal

Concentration

Compound 0.300 g 30.0 mg/mL

0.5% Sodium
Bicarbonate /

Saline Stock g.s. ad 10.0 mL g.s ad 100%
Solution
10
Procedure:
1. Add 0.300 g of the compound into a 10.0 mL volumetric flask.
2. Add approximately 9.7 mL of 0.5% sodium bicarbonate / saline stock
solution.
15 3. Sonicate until the compound is completely dissolved.
4, Q.S. to 10.0 mL with 0.5% sodium bicarbonate / saline stock solution and
mix thoroughly.
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joints were cut in half longitudinally, knees were cut in half in the
frontal plane, processed, enbedded, sectioned and stained wth tol uidine

bl ue. [WB2b10/Cey1tai N conpounds of the invention exhi biptedrsseigosidzant

i nhi bition 25 conpared to controls receiving no treatnent of ankle

i nfl ammati on and ankl e hi stopat hol ogy at doses tested (3.0ng/ kg, 10.0 ng/ kg
and 30.0 ng/kg). Exanple 41 In VibGwampli49gi cal Eval uation (Colitis)

I nduction of Colitis in HLA-B27 Rats 30[ 0396] The efficacy of the conpounds
of the present inventi o Vito Bielegisahlgvalpation GAxtheitiget er mi ned i n HLA- B27

transgeni {%‘?ﬁ%ﬁ%ﬁ‘{%ﬁ?ﬁ%@ﬁ% gfss have been 137 utilized as an

ani mal node sease which mmcs Crohn's Disease in
humans. TI0885]at Adpwentarguced srthhes HAdAN) iMaCatingd snddeHisafuB2Y thestndy chai n and

beta-2 m ¢ | obul.i n.pr.otejns, i ch. i.,nduces. a vari ety of  aut.oi ne

di soades THBELTHEKHE PR Pemia FEh Soindbe Bargrt pbabbf4ad PHBY apeut i
effect ofpdsbef GRIRPHNUSYiQkats. NBStWeBY @0RhONS HAys RO MicNEie6@, bhitnal@s
evaluated in HLA-B27 transgenic rats. Diseased rats were dosed

subcut anedayslop asiev¢re.j@oggs e othrdissel ect ed conpound of this invention twice
a day for 16 days. Aninmal sanples dosed with 100ng/ kg of the conpound of
this i nve®®8@n $hovsdpaindnbte iavedtibn sirobcogited Forrtksohhitiiyan abér loodi ti s and

m m cked simlar 10effic with the positive control graup treated with

Tt 1<l proti S Bby 09t atnaf SO B B CORb WEY TS Fsedt 88 T0s cor s

i ndi cat edy Ryl the iHBIAYELES ﬁﬁ@ﬁ)@? siw@}l?ﬁg%?l%ﬁ&n%lm WO BBk er of certain
g o

conpounds of this invention and ' /'3 (positive control) than
rats dosedflainniatioe hivd keen Beidadd: €orike primacyandrsdcdpdB ysioiseted hinskpavat s dosed

with the ¢ nd and G&b/ 3 were.statisti,call different, from 15t he vehicle
aroup. 1 ricet BR Serontam indnld gidlvppiichesheplly bR develthe 1S S0
rats wer eatoifgees dalyoFora®e MductifbSinAshiafieh adthe injactedpawf aci lity for 10

weeks. Ani mal beddi ng was m xed fromdifferent cages once a week to control
for a "dilRedpctionof the ftishtyde of inlammation:is pm inricagioheb RMENSUPPISESYhvent | on

i nhi bt kakiG 2fidhhBIKGE RRNASRROT BIUNA4RIEEY! ation in Mce. Vhat is

claimed is
[0387] Using an animal model of RA, such as AIA, enables one to study the

cellular events involved in the early stages of the disease. CD44 expression on
macrophages and lymphocytes is up regulated during the early development of
adjuvant arthritis, whereas LFA 1 expression is up regulated later in the

20  development of the disease. Understanding the interactions between adhesion
molecules and endothelium at the earliest stages of adjuvant arthritis could lead to

significant advances in the methods used in the treatment of RA.

40.2. Collagen Induced Arthritis in Rats
[0388] Compounds of the invention can be tested in this animal model by
25  measuring the inhibition of inflammation, cartilage destruction and bone resorption

that occurs in developing type II collagen arthritis in rats.

[0389] Animals: 54 Female Lewis rats (Harlan), weighing 125-150 g on arrival.
(inject 50 with collagen to get 50 responders on days 10,11,12 for 6 groups of 10).
The animals (10/group for arthritis, 4/group for normal control), housed 4-5/cage,

30  were acclimated for 4-8 days. The animals were dosed at po3mg/kg bid, po10mg/kg
bid, and po30mg/kg bid.
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1. A compound having a structure according to Formula (la): (la) 5or a salt
or solvate or single stereoisonmer or mxture of stereoisoners thereof,
wher ei n iwoomnm2snteger selected fromO to 4; n is an i rcegseo®ebmeted from
O0to 3; pis an integer selected fromO to 4; 10ring Ais a nenber sel ected
fromsubstituted or unsubstituted aryl and substituted or unsubstituted

het er oar yl039@)y Mategiake Mgents 98 HBies éyvehiden bpsdt callagey fspundnsubst i t ut ed (C3-
a I ' ) ' - 10- d
et by ocyeoalbsieRRahs HeBfbudattShR, HpShd ot AIRIDECEY: it ed or

15unsubst'tuet q&t&?h@roaryl; each R1 and each R2 is a nenber independently
sel ected PYOM B 'Substt ut ed or unsubstituted (G -Co)al kyl, substituted or

unsubst i t[@BeH 2Dotiag s infaabe bedanatifrsoal Kyl accmbet ahiwiddwere unsubsti t ut ed
(C3- G o)cycloal kyl, substituted or unsubstituted 3- to 10-nenbered
20het er ocyEpBaizediwithsigpldyppg andeivgn ¢phlsgestnjactiped(Rby On dylsthey weed or

0L0) RR12r s et TR S e Seb el W BRTD ey B, OO T
NR15C( 0) NRAZRE 3 4 kb8 C{oB) tiRLIARIBN MR 8id) ZFRhdl, voS(ri)s2NkRdR&RED aadd S( 0) R14,
2owher ei nFr%:urilcf S il'ncgrrnp?e;te acﬁl}\gdnt,_we]fg emulsified by hand mixing until a bead of this
material held its form when placed in water. Each animal received 300 uL of the
10 mixture each time spread over 3 sites on back. Calipering of normal (pre-disease)

right and left ankle joints were done on day 9. On days 10-12, onset of arthritis

occurred.

[0392] Rats were weighed on days (-) 1, 6, 9,10,11,12,13,14,15,16,17,18,19, and

20 of the study and caliper measurements of ankles taken every day beginning on
15 day9. Final body weights were taken on day 20. After final body weight

measurement, animals were anesthetized for terminal plasma collection and then

euthanized.

[0393] Both hind paws and knees were removed. Hind paws were weighed,

placed (with knees) in formalin and then processed for microscopy.

20  Processing of Joints
[0394] Following 1-2 days in fixative and then 4-5 days in decalcifier, the ankle
joints were cut in half longitudinally, knees were cut in half in the frontal plane,

processed, embedded, sectioned and stained with toluidine blue.

[0395] Certain compounds of the invention exhibited significant inhibition
25  compared to controls receiving no treatment of ankle inflammation and ankle

histopathology at doses tested (3.0mg/kg, 10.0 mg/kg and 30.0 mg/kg).

Example 41

In Vivo Biological Evaluation (Colitis)
Induction of Colitis in HLA-B27 Rats
30 [0396] The efficacy of the compounds of the present invention in reversing colitis

was determined in HLA-B27 transgenic rats. HLA-B27 transgenic rats have been
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K and R15 are nenbers independently selected fromH, acyl, substituted or
unsubstituted (C -C o)al kyl, substituted or unsubstituted 2- to 10-nenbered
het er oal kwb,208ul2s414t ut ed or unsubstituted aryl, substit BCEASEE10/032632
unsubstituted heteroaryl, substituted or unsubstituted (C3-Ci o)cycloal kyl,
substituted or unsubstituted 3- to 10-nenbered heterocycloal kyl; and R14 is
a menber YtHHepeharerimal mefdof deflampatosyBeweh Risease ghighiaumist Crehney

(G -G o) . it it . t eroal kyl ,
substi t u?lég%s? H?J}#S?% 111sst' :ﬁlgﬁd égggerélﬁ)?&gg%esw&%%‘do@a%sﬁ;%%st i 7ﬁ}%ea%het eroaryl,
subst i t ut @dimdndbiets B misrogiobulie frofdiiss, Gihdghciyidhezs alvisyibty o abeiminuhed or un sub
stituted 3- to 10-nenbered heterocycl oal kyl, wherein R12 and R13, together
with the Hi®Peden BtBo&sIN{IampHitioR Ofﬁ@foéﬂ“e attached, are optionally joined
to forma 4- to 7-menbered ring, and wherein two adjacent Rl, together wth
the atomsl08¥7hnTentherpgutis offest phbRsamPaynss 9hthin HaALior iBira®edVie® form a 5- to
7- menbered L. . er & .ad] t t with the atons
to which hélﬁqgvrs ggégg"gf% ache . é%’rgaﬂggﬁlggﬁ?ﬁ%%aéﬁlgg ‘?%gfi (Ig)srerr% ab-to

7- menber edibtutagEouR, wilkd1 Enek/RDofd elecsdbenspaund ep vidiantdtionseiect&d from H,

substituted or unsubstituted (G -C4)al kyl ., hal ogen and CN:.  and R6
is a menb@F 18dnseAaimelsamplas dreedswils { 94pg/ky obthe srapaend ehihisa ( c1-

2504) al Kyhyenton DS SOTRENAA Al AEAETI Ao HRAIE LA 0 dhobisi JBNBET

sel ected from pheny t hi ophene: The conpoun claim1l or 2,
wher €iln RSfickRY vattdthRpositiee eacivl igrppeatdntithyargiedlgbadeahtibodyrGES5ahd F. 30
4. The conpound of claiml1, 2 or 3 wherein nis 1. 140 WO

2010/ 1269039%]T/ D2esk0AAB23Rdex D Allh ecrevipaicadd of erall ainproled Zeores for 4,
wherein R6 is H 6. The conpound of claim 1, wherein the conpound has a
structur eragc’cj:’oéc;chwﬁg 1p@medke s certain galypounds of this invention and 10mg/kg of

GG5/3 (positive control) than rats dosed with vehicle. Fecal consistency and FOB
scores for rats dosed with the compound and GG5/3 were statistically different from

15  the vehicle group.

Induction of Colitis

[0399] 20 HLA-B27 (6-9 weeks old) transgenic rats were ordered from Taconic.

Rats acclimated in animal facility for 10 weeks. Animal bedding was mixed from

different cages once a week to control for a “dirty” environmental flora. Certain
20  compounds of the invention inhibit kainic acid-induced phospho-cJun upregulation

in Mice.
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50r a salt or solvate thereof, wherein q is an integer selected fromO to

4; and Cy, RlL, R2 and mare defined as in claiml. 7.The conpound of claim
1, whereiwothm/reempound has a structure accordi ng to Forowlwas2¢ioBle3pr
Formula (I'vc): 10 (I1Vb) (I'vc) or a salt or solvate thereof, wherein Cy,
Rl, R2 and mare defined as in claim 1. 8. The conpound according to any
of the pr¥dadisdaimediifs, wherein Cy is a nenber selected from substituted
or unsubstituted phenyl and substituted or 15unsubstituted pyridyl. 9. The
conpound bf clAicompounwhieavaigna sthetwe ppoudidg haEorawdd (lact ure according to

Formula (XI1):
n RYm
"
N (R?)p

R4 (Ia)

5 orasalt or solvate or single stereoisomer or mixture of stereoisomers thereof,

wherein

m is an integer selected from O to 4;
n is an integer selected from 0 to 3;
p is an integer selected from 0 to 4;

10 ring A is a member selected from substituted or unsubstituted aryl and

substituted or unsubstituted heteroaryl;

Cy is a member selected from substituted or unsubstituted (Cs-
Cio)cycloalkyl, substituted or unsubstituted 3- to 10-membered
heterocycloalkyl, substituted or unsubstituted aryl and substituted or

15 unsubstituted heteroaryl;

each R' and each R? is a member independently selected from H, substituted

or unsubstituted (C;-Cjp)alkyl, substituted or unsubstituted 2- to 10-
membered heteroalkyl, substituted or unsubstituted (Cs-
Cio)cycloalkyl, substituted or unsubstituted 3- to 10-membered

20 heterocycloalkyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, nitro, CN, halogen, ORIZ, SRIZ, NR12R13,
C(O)R™, C(O)NR"’R", OC(O)NR"*R", C(O)OR"*, NR’C(O)R"™,
NR"“C(0)OR"*, NR”C(O)NR"’R", NR”C(S)NR"’R",
NR"S(0),R", S(0),NR"*R" and S(0),R"*,

25 wherein

zis1or?2;
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(XI'1) or a salt or solvate thereof, whereinring A, Rl, R2, R3, R4, R5, -6,
Km n and p are defined as in claiml;, 5s is an integer selected fromO to
4; X7 is wormembesvigel ected from CRL6 and N, each R16 i sPaTnspdien32632

i ndependently selected fromH, substituted or unsubstituted (C -G o)al kyl,

substituted or unsubstifuted 2- to 10- nenbered heteroal kyl, substituted or
unsubstituted (C3- RORO)®Y& oakkyambesyhdepandently stectaddimaH. aeled 3- to

cubetTrorod or onecher Q%ulf)wcijtu eﬁ%?ﬁhé’;{b%t%%g&brgﬁ%glgz%IS&I%‘-'@'@C éblgl% NR17R18

substituted or unsubstitute eteroary

C(0) R19, C(0)NRL7RLS, OGH3)NRLARLS; toG((0n6RbFed NRRA(IG),RLBst NS2GE( 0) ORL7,
NR20C( 0) NR17R18, NR20C(S) NRL7R18. 19 20 NRs(0)2R . 15( oathRﬂRis and
S(0)RL9, wherein p is 1 @rubstitgedarykpybsiityfeqor upsyubHinse hetefqsdpendent | v

sel ectsed from H  substi tyheduRl HMASURST it e e ftumiktbstidig: ! tuted or

unsubstituted 3- to 10-membered heterocycloalkyl; and

R' is a member independently selected from substituted or
unsubstituted (C;-Cjp)alkyl, substituted or unsubstituted 2- to
10-membered heteroalkyl, substituted or unsubstituted aryl,

10 substituted or unsubstituted heteroaryl, substituted or
unsubstituted (Cs-Cjp)cycloalkyl, substituted or unsubstituted

3- to 10-membered heterocycloalkyl,

wherein R and R", to gether with the nitrogen atoms to which they
are attached, are optionally joined to form a 4- to 7-membered

15 ring, and

wherein two adjacent R, together with the atoms to which they are
attached, are optionally joined to form a 5- to 7-membered

ring, and

wherein two adjacent R together with the atoms to which they are
20 attached, are optionally joined to form a 5- to 7-membered

ring;

R?, R* and R’ are members independently selected from H, substituted or

unsubstituted (C;-Cy)alkyl, halogen and CN; and

R® is a member selected from H and substituted or unsubstituted (Cy-

25 Cyalkyl.
2. The compound of claim 1, wherein ring A is a member selected from phenyl
and thiophene.
3. The compound of claim 1 or 2, wherein R, R*and R’ are each

independently selected from H and F.

30 4. The compound of claim 1, 2 or 3 wherein n is 1.
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20unsubstituted 2- to 10-nenbered heteroal kyl, substituted or unsubstituted
C3-C10 cycl oal kyl, substituted or unsubstituted 3- to 10-nenbered
het er ocycwoablwyi2¢91substi t ut ed or unsubstituted aryl, an@csuissaionsieszrl or
unsubstituted heteroaryl, wherein RL7 and R18, together with the nitrogen
atomto which 25they are attached, are optionally joined to forma 5- to 7-
nenber ed $i ng; Thaepmmryod pEclgimd pd e onid sidiseaiitiBnis §- sel ect ed from substit ut ed
or unsubstituted Cl-Cl0 al kyl, substituted or unsubstituted 2- to
10- menber®d hetler gabjophd of clbin ilt wherdinghe corspdmdihas b edu@@e@teordingl oal kyl ,
substitutﬁﬂsor %Riﬂ%StitUtEd 3- to 10-nmenbered 5heterocycl oal kyl ,
subst i t ut' &d oM stituted aryl, and substituted or unsubstituted
het eroaryl, wherein two adjacent R16, togg;her with the atons to which they
are attached, are optiopallysjoine ///f' ma 5- to 7-menbered ring. 10. The
conpound of claim9, whgrein|R6 is/H: 11. The conpound of claim9 or 10,
wherein R3, R4 aney~R5 e [ qg/Lyﬁﬁﬁlected fromHand F. 12.
The conpound of claim?9, or N11 wheyeinYn is 1. 13. The conpound of
claim9, 10, 11 or 12, wh ring A a nenber sel ected from phenyl and
t hi ophene. 15 14. The conpound”of claim 9, wherein the conpoundIYias a
structure according to Fornmula (Xl 1b):

5  or asalt or solvate thereof, wherein

ei

q is an integer selected from O to 4; and

Cy, Rl, R? and m are defined as in claim 1.

7. The compound of claim 1, wherein the compound has a structure according

to Formula (IVb) or Formula (IVc):

RYm
//( )
Cy~ N

|/

10 R? (IVb)

or a salt or solvate thereof, wherein Cy, Rl, R? and m are defined as in claim 1.

Ir=z

Ir=z

Vo)

8. The compound according to any of the preceding claims, wherein Cy is a
member selected from substituted or unsubstituted phenyl and substituted or

15  unsubstituted pyridyl.

9. The compound of claim 1, wherein the compound has a structure according

to Formula (XII):
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or a salt or solvate thereof, wherein X7, R, R2, RI6, m q and s are
defined as in claim9. 20 15. The conpound of any one of clains 9 to 14,
wher ei n RU6 208/269menber sel ected from substituted or ungghatseéemvsmsphenyl ,
hal ogen and OR17, wherein R17 is defined as in claim9. 16. The conpound of
claim9, wherein the conpound has a structure according to Fornula (XIIc)
or Fornmula (XIld): (RE2) g (XIlc) NO O N1N1HI [ (R2)q (XII1d)

"| /(R )m

R* (XID)
or a salt or solvate thereof,

wherein

ring A, Rl, Rz, R3, R4, RS, R6, m, n and p are defined as in claim 1;
5 s is an integer selected from O to 4;
X" is a member selected from CR'® and N;

each R'® is a member independently selected from H, substituted or
unsubstituted (C;-Cjp)alkyl, substituted or unsubstituted 2- to 10-
membered heteroalkyl, substituted or unsubstituted (Cs-

10 Cio)cycloalkyl, substituted or unsubstituted 3- to 10-membered
heterocycloalkyl, substituted or unsubstituted aryl, substituted or
unsubstituted heteroaryl, CN, halogen, OR”, SR”, NR17R18,
C(O)R", C(O)NR"'R", OC(O)NR'"R"®, C(O)OR"", NR*C(O)R",
NR*C(0)OR"", NR*C(O)NR"'R'®, NR*C(S)NR"'R",

15 NR*S(0);R", S(0),NR'R'® and S(O),R",

wherein

pis1or?2;

RY, R'® and R* are members independently selected from H,
substituted or unsubstituted C;-Co alkyl, substituted or
20 unsubstituted 2- to 10-membered heteroalkyl, substituted or
unsubstituted C;-C cycloalkyl, substituted or unsubstituted
3- to 10-membered heterocycloalkyl, substituted or
unsubstituted aryl, and substituted or unsubstituted heteroaryl,
wherein R'” and R'®, to gether with the nitrogen atom to which
25 they are attached, are optionally joined to form a 5- to 7-

membered ring; and
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or a salt or solvate thereof, wherein Rl, R2, mand q are defined as in
claim9; and 5 Ra nenber selected from hal ogen, substituted or
unsubst i twoediopherny! and substituted or unsubstituted plremgusenay/03263Y. The
conpound according to any of the preceding clains, wherein each RL is a
menber independentg% ,selected fromH, §O C4) aIkyI CN and hal ogen. 18.

The conpound accor dRnds & B1eawyr trlcpandenhetdasiadd e anbsitutothe ei n each R2 is
10a nenber selected fro tted t NR12R13,
substituted or unsubstl?%F%dﬁgggéghkgosuggfltuPR%f&WH%ﬁ%SBR$P¥Uted
cyclopropyl, OR12, SR12,1(halogeredaettrditkyl, shBstithted @mpotubdtitaeddect@d from t he
group consi sting of -

(R) - 1- (2, 3-di hydro- 1H i risipalky)s spbssirgied onupsypstitated 34tq/ 0-memperedhy dr opyri di n
e-3- X5car boxami de; heterocycloalk 1 substltuted or unsubstltuted aryl, an
1- (2, 3-Di hydro- 1Hinden-1-y1)-2-0 N (pyridin-4-yl1) 2yd|hydropyr|d|ne 3-
car boxam de; substituted or unsubstltuted heteroaryl,

N-(4- Chl orophenyl)-1-(2, 3- dlhydro 1H i nden- 1-y1) - 2- oxo- 1, 2-di hydr opyri di ne-
3- car boxam dewherein two adjacent R'® , together with the atoms to which they are

20(S)-1-(2, 3-Di hydro- 1Hi nden- I-y ) - 2- OXO0- N—(pgrldln 4-y1) -1, 2-di hydropyrid
i ne-3- car boxani de: attached, are optionally joined to fo to 7-membéred ring.

(S)-N-(4-Cnhl orophenyl)-1-(2, 3-di hydro-1Hinden-1-y1)-2-o0xo-1, 2-di hydropyrid
i ne-3- cajpoxaphd&mp ound of clalm 9, wherein R® is H.

(R -N-(4- Chlorophenyl) 1- (2, 3-di hydro- 1Hi nden- 1-y1) - 2- oxo- 1, 2- di hydropyrid
i ne-3- car boxam de;

N- (4- Khlokbphéﬁ@ﬂqlmmméﬁsfdmynQihﬁﬁrwhyﬂzI§ Bi' rydiRoarel@a¢nden- | - y1) - 2- oxo- 1,

2- d|hydro car oxa
51-((18 EWQF5§$C%d§ EﬁgrlH-lnden 1-y1)-2-oxo-N-(pyridin-4-y1)-1,2

- di hydr e- 3-carbo
N—(4-Ch|oﬁ%phgt®ﬁ$Q@FpPP$ﬁ?g@§n91H@ﬁﬁ%kvh??%phVﬂydro-IFFinden-l-yl)-Z-oxo-l,
2- di hydropyri di ne- 3-car boxam de;

13. The compound of claim 9, 10, 11 or 12, wherein ring A is a member selected

from phenyl and thiophene.

15 14.  The compound of claim 9, wherein the compound has a structure according
to Formula (XIIb):
(R"%)q 1
(R
Y =
Ny 7 (R
H e

(XIIb)

or a salt or solvate thereof, wherein X7, Rl, Rz, R16, m, q and s are defined as in

claim 9.

20 15.  The compound of any one of claims 9 to 14, wherein R'® is a member
selected from substituted or unsubstituted phenyl, halogen and OR", wherein R"7 is

defined as in claim 9.

16. The compound of claim 9, wherein the compound has a structure according

to Formula (XIIc) or Formula (X1Id):

143



1- ((1R 2S) - 2- Hydr oxy- 2, 3-di hydro- 1Hi nden- 1-y1) - 2- oxo- N- (pyri di n-4-y1)-1, 2-
10di hydr opyri di ne- 3- car boxam de;

N- (4- chl owophemeddi4 1- (4- met hoxy- 2, 3-di hydr o- 1H i nden- | - pCrAR2@x032%32-

di hydr opyri di ne- 3- car boxani de;

1- (6- Met hoxy- 2, 3-di hydro-1Hi nden-1-y1) - 2- oxo N-(pyridin-4-yl1)-1, 2-di hydrop
yridi ne- 3- carboxﬂﬁade

15N- (4- chl orophenyl)™ mettoxyo2, 3- dro-lH—lnden-l-yl)-2-oxo-1 2-
di hydr opyri di ne- 3- carlk 1 J N\
N- (4-chl or ophenyl) - 1- -nE|%ox [

di hydr opyri di ne- 3- car boxaniHle;
1- (6- et hoxy- 2, 3-di hydro- 1H i nde
yri di ne-3- 20car boxam de;

1- (6- brono- 2, 3-di hydro- 1H-i nden-1-y1) - N- (4-chl orophenyl) - 2- oxo- 1, 2- di hydr op
yri di ne3-car boxam de;

-y1) - 2- oxo- N- (pyri di n- 4- y1§XHeR- di hydr op

]
@i%%yridin-4-y1)-1,2-dihydropyr

1- (6-brono- 2, 3-di hydr nd%l 1- dl) 2

i di ne-3- carboxam de;

251- (4- met hoxy- 2, 3- di h e ®Ygyri di n-4-y1)-1, 2-di hydr
opyri di ne- 3- carboxanlde -

1- (7- met hoxy- 2, 3-di hydr o- 1H—|nde 1)-2-oxo-N-(pyridin-4-yybﬂjdg-dihydrop

yridi ne- 3- carboxanlde

N7 Chl 08 aPREN e OB QH%;%#RBR@ G Qa8 b Ak 8- g0 10 2-

30d|hydropyr| i ne- oxam
N-(4- chlorophenyl) 1- (3-nmethyl-2, 3-di hydro- 1H i nden- 1-y1) - 2- oxo- 1, 2-di hydro
pyri disne3R Carshorembateslected from halo gen, substituted or unsubstituted phenyl and

1-(3-neth 2, 3-di hydro-1H i nden-1-y1)-2-oxo-N- (pyridin-4-yl)-1, 2-di hydropy
ri di ne- 3- Ql“éétﬂtBtﬁ’Q&h“é%Ibsm\‘z\Bdé%‘E qi’%gmpcw US2010/ 032632
1- (4-brono- 2, 3-di hydro- 1H i nden- 1-y1) - 2- oxo- N- (pyri di n-4-y1) -1, 2-di hydr opyr

i di ne-3- ar bUFl'?e”& yound according to any of the eceding claims, wherem each R 1s
1- (4- brono- 2, 3-di hydro- 1Hi nden- 1- §4 chlorophenyl) - 0x0- 1, 2-di hydrop
yri di ne3- @@p@@g@ﬁﬂ@@ndently selected from (C1 salkyl, CN and halogen

51- (4- et hoxy- 2, 3-di hydro- 1Hi nden- 1-y1) - 2- oxo- N- (pyri di n-4-y1) -1, 2-di hydro
pyridine- 15. The compound according to any of the preceding claims, wherein each R” is

10 amember selected from H, substituted or unsubstituted phenyl, NR12R13, substituted
or unsubstituted pyridyl, substituted or unsubstituted cyclopropyl, OR'?, SR",
halogen and CN.

19. A compound selected from the group consisting of:

(R)-1-(2,3-dihydro-1H-inden-1-yl)-2-ox0-N-(pyridin-4-yl)-1,2-dihydropyridine-3-
15 carboxamide;

1-(2,3-Dihydro-1H-inden- 1-yl)-2-oxo-N-(pyridin-4-yl)-1,2-dihydropyridine-3-
carboxamide;

N-(4-Chlorophenyl)-1-(2,3-dihydro-1H-inden-1-yl)-2-oxo-1,2-dihydropyridine-3-
carboxamide;

20 (S)-1-(2,3-Dihydro-1H-inden-1-yl)-2-oxo-N-(pyridin-4-yl)-1,2-dihydropyridine- 3-
carboxamide;

(S)-N-(4-Chlorophenyl)-1-(2,3-dihydro-1H-inden-1-yl)-2-oxo0-1,2-dihydropyridine- 3-
carboxamide;
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car boxam de;

1- (4- met hoxy- 2, 3-di hydro-1Hi nden-1-y1)-2-o0oxo-N(pyridin-4-yl)-1, 2-di hydrop
yri di ne- 3wocaroesani de; PCT/US2010/032632

N- ( bi phenyl-4-y1)-1- (4 nethoxy 2, 3-di hydro- 1Hi nden- 1-y1) - 2- oxo- 1, 2-di hydro
pyri di ne103- car boxam d

1- (4- met hdRyY %@hmrﬁglwml)-ﬂr@ ‘hedydrp- |Hyindengh gL N-xp- pRehitydypmeidyoey 31, 2-

di hydr opyri di nei@xeandsoxani de;

N- (4- br omophenyl) - 1- ( 4- net hoxy- 2, 3-di hydro- 1H i nden-1 -y1) - 2- oxo- 1, 2-

di hydr opyNi(diGhdedphenybok S @&)-2-hydroxy-2,3-dihydro- 1H-inden- 1-yl)-2-oxo-1,2-

151- (4-1 sopr opdikydrdp Bidindrgaabotmidaden- 1- y1) - 2- oxo- N- (pyridin-4-y1)-1, 2-di h
ydropyri di ne- 3-car boxani de;

N- (4- chl or-ap B2y D) Hidio4y25H gihg@x H-2nden di- hiy-Er @<olN-(ppddin-4-yly-1)2- 2- oxo- 1, 2-

di hydr opyri di ngihydrepyiiinaBicdhoxamide;

1- (4- met hoxy- 2, 3-di hydro- 1Hi nden-1-y1) - 2- oxo- N- (4- phenoxyphenyl) -1, 2-

20di hydr ONXﬂJGhldS‘!@pﬁe'{ﬁ@[ PRI hydroxy-2,3-dihydro-1H-inden-1-yl)-2-oxo-1,2-

1- (4- met hoxy- 24iBvdlb lﬁggkhﬂﬁq%ﬂKQ yl) 2- oxo N-(4- phenoxyphenyl) 1, 2-

di hydr opyri di ne- % carboxanlde

N- ( bi phenY%(‘lﬂ ) ﬂly&l%x?@tjq%ydl% A1 dhdaydron bbb J3deBydaik 9 518-19%0- 1, 2-di hydro

pyri e3 car cﬁ gd}:b idine-3-carboxamide;

25N- ( |pheny1 6% %oxy b 3-di hydr o- 1Hi nden- 1-y1) - 2- oxo- 1, 2- di hyd
di

rloE)Zriarlo% (421%39035?%@?1_ _met OW%&édf?ydioolyol e?pyyr?%|°"° %/1) 1, 2- di hydr opyr

T ndlne car oxami
i di ne- 3- carboxa %y

|1;j|( ﬁébgongé)%g/f 1h1|alf0| den ¥ S OO Z\I_yﬁa}ﬁ 21 d )nl d}il})dropyﬂdfinle%ydr opyr
1- (4- met hoxy- Zmé -0- 1H-i nden- 1-y1) - 2- oxo- N- (4- (tri fl uor omet hoxy) pheny1

)-1, 2-_di hydr yr|d|ne 3- car box
N oy ey t: %zpw%x@-@etgow B B PR SD1:Y479590h- 1, 2- i hydr opyr i d
i ne-3- car box yaopyridiné-3 carboxamide;
N- (4-fl uorophenyl)-1- (4- net hoxy- 2, 3-di hydro- 1H i nden- I-yl -2-0xo0-1, 2-
di hydr opleT(@chrgﬂ@ay x@ninethoxy-2, 3- -dihydro-1H-inden-1-yl)-2-oxo-1,
N- (4- |odopheny@hY@@pwmhnﬁﬁﬂﬁﬂwzmamﬁthydro 1H i nden- 1-y1) - 2- oxo- 1, 2- di hydr op
yri di ne3-car boxam de;
1-(6-methoxy-2,3-dihydro-1H-inden- 1-yl)-2-oxo-N-(pyridin-4-yl)-1,2-dihydropyridine-3-

20 carboxamide;

1-(6-bromo-2,3-dihydro-1H-inden-1-yl)-N-(4-chlorophenyl)-2-oxo-1,2-dihydropyridine-
3-carboxamide;

1-(6-bromo-2,3-dihydro-1H-inden-1-yl)-2-oxo-N-(pyridin-4-yl)-1,2-dihydropyridine-3-
carboxamide;

25  1-(4-methoxy-2,3-dihydro-1H-inden- 1-yl)-2-oxo-N-(pyridin-4-yl)-1,2-dihydropyridine-3-
carboxamide;

1-(7-methoxy-2,3-dihydro-1H-inden- 1-yl)-2-oxo-N-(pyridin-4-yl)-1,2-dihydropyridine-3-
carboxamide;

N-(7-chlorophenyl)-1-(4-methoxy-2,3-dihydro-1H-inden-1-yl)-2-oxo0-1,2-
30 dihydropyridine-3-carboxamide;

N-(4-chlorophenyl)-1-(3-methyl-2,3-dihydro-1H-inden-1-yl)-2-oxo-1,2-dihydropyridine-
3-carboxamide;

1-(3-methyl-2,3-dihydro-1H-inden- 1-yl)-2-oxo-N-(pyridin-4-yl)-1,2-dihydropyridine-3-
carboxamide;
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51- (4- met hoxy- 2, 3-di hydr o- 1H-i nden- 1-y1) - 2- oxo- N- pheny1- 1, 2- di hydr opyri di ne
-3- carboxam de; N- (4, 4-difluorocyclohexyl)-1
- (4- met howp-28108r26e1hydr o- 1H i nden- 1-y1) - 2- oxo- 1, 2- PCT/US2010/032632
di hydr opyri di ne- 3- car boxani de; N (3, 4- difluorophenyl) 1
- (4- et hoxy- 2, 3 -di hydro-1Hinden-1|-y1)-2-o0xo0-
10di hydr obiA-besniee2 3=dhydsend bvinden- 1134)-¥@Xﬁé‘f Iﬁla»sqﬂnz%/l) 1,2-dihydropyridine-3-
- di hydr o- 1H i nedebpxiamyde; - N- (4- (4- met hoxyphenoxy) pheny1) - 2- oxo- 1, 2-
di hydr opyri di ne- 3- car boxam de; 1-
(4- cycl opl-6phon-33etiimydie-d Httdemd e )-N- (#19hl dopixenyN-2- 0oy | 2ellihydrogyridine-2-
di hydr opyri di ne@bosmbdxam de;
15N- (4- chl or ophenyl) - 1- (4- cycl opropyl- 2, 3-di hydro- 1H i nden-1 -y1) - 2- oxo- 1, 2-
di hydrsopyr-{4dineerolya3-bivydra- td;inden- (-¥1) &~ et ANdp@rifil-4- pld e dihyd dopeltidind,33]
di 0x01- 6-y1) - 2ea@b¥dxaidg@yri di n-4-y1)-1, 2- di hydropyri di ne- 3- car boxam de;
N- (4-chl orophenyl)-1 -(7,8-di hydro-6Hindeno [5,4-d] [1, 3]

di 0xol- 6- y-1)-metHe%9-213-dih aﬂﬁlmé{ﬁk[dﬂpbl&l)d! - R=@aribaxagh de2-diNydropyridine-3-
(4- chlorophenyaﬂbéi {
(trifluoromethoxy)- 2 3- d|hydro 1H i nden-1-yl1)-1, 2-

di hydr opyXi(gi |‘H@ny?t 4C§a§ qo(xrarﬁétﬁgx g?)Qﬁﬁ’yd}b-(len'dQﬁ 'T ﬁ)’ ¥ bkodi;2-lthydropyridine-
(triflp oronet ydro 1H i nden- | -y1)

di hy ropyrldlne -car oxanlde 251- (4-

(et hyl €] 0) 2,3 mgfhgamdmg B |5 R e AR Y1) - 1.2

di hydr opyr i d|n 1)
(pyrldln 4- ylégP %ﬁ%% ]ne (:rn TF -y1) -2, 3-di hydro-1H i nden4-yl) pi perazin
-carb

( 4 bl or } XE %ép%mﬁt%gggé%@m{o ﬁ{ inden-1-yl)-2-oxo-1,2-
(ZFD yl)-2, 3- PBYTY waexamide) ni per azi ne- 1- carboxylate 1-
i Cv ;J;%ﬁérogogg%géﬁ@ R T o R il B T iy diShyvicie-
N- ( 4- chl or ophed§aPoRAideinpr phol i no- 2, 3- di hydr o- 1H- i nden- | - y1) - 2- oxo- 1, 2-

di hydr opyri di ne- 3- car boxam de;
1- ( 4- nor pNdtichisrophenyl) HyldriseprrpaxydA-dihygng-1H-igden-hyDa2-phendxy pheny 1) - 1, 2-
di hydr opyri di néihgdrepyrisbearicderoxamide;

1-(4-methoxy-2,3-dihydro-1H-inden- 1-yl)-2-oxo-N-(4-phenoxyphenyl)-1,2-
20 dihydropyridine-3-carboxamide;

1-(4-methoxy-2,3-dihydro-1H-inden- 1-yl)-2-oxo-N-(4-phenoxyphenyl)-1,2-
dihydropyridine-3-carboxamide;

N-(biphenyl-4-yl)-1-(4-methoxy-2,3-dihydro-1H-inden-1-yl)-2-oxo-1,2-dihydropyridine-
3-carboxamide;

25  N-(biphenyl-4-yl)-1-(4-methoxy-2,3-dihydro-1H-inden-1-yl)-2-0x0-1,2-dihydropyridine-
3-carboxamide;

1-(4-bromo-2,3-dihydro-1H-inden-1-yl)-2-oxo-N-(pyridin-4-yl)-1,2-dihydropyridine-3-
carboxamide;

1-(4-bromo-2,3-dihydro-1H-inden-1-yl)-2-oxo-N-(pyridin-4-yl)-1,2-dihydropyridine-3-
30 carboxamide;

1-(4-methoxy-2,3-dihydro-1H-inden- 1-yl)-2-oxo-N-(4- (trifluoromethoxy)phenyl)-1,2-
dihydropyridine-3-carboxamide;

N-cyclohexyl-1-(4-methoxy-2,3-dihydro-1H-inden-1-yl)-2-oxo0-1,2-dihydropyridine-3-
carboxamide;
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N- (4-f 1l uorophenyl) - 1- (4-nor phol i no- 2, 3-di hydr o- 1H-i nden- 1-y1) - 2- oxo- 1, 2-

di hydr opyri di ne- 3- car boxam de;

5N- ( 4- br onophenddi41- ( 4- mor phol i no- 2, 3- di hydr o- 1H i ndenPtTNKPo18/626082 1, 2-

di hydr opyri di ne- 3- car boxani de;

N—cyclohexyl 1- (4- nor phol i no- 2, 3-di hydro- 1Hi nden-1-y1)-2-o0xo- 1, 2-di hydr opy
ri di ne- 3-Nd4rbesenkced)- |- (4-methpxy-2,3-dihydro- 1H-inden-1-y1)-2-0x0-1,2-

(4- i odopheny1)dihyqrapynglighdicarbox@ngledi hydr o- 1H-i nden- 1-y1) - 2- oxo- 1, 2-

10di hydr opyri di ne- 3- car boxam de; 1-

( 4- nor phoNi(AaedpBemil hy-d#-onethexynd] dvditlydyd-) H2indso 1 1W)p2-pud4yt -dihgdidpinydineopyri di n
e- 3- car boxam 3tearbédxamide;

(4- nor phol i no- 2, 3-di hydro- 1H i nden- 1-y1) - 2- oxo- N- pheny1- 1, 2- di hydropyri di ne
- 3- car bokatmdiox§®13-dihydro- 1H-inden- 1-yl)-2-0x0-N-phenyl-1,2-dihydropyridine-3-

(4- nmor phol i no-Boxdinigedr o- 1H-i nden- 1-y1) - 2- oxo- N- pheny1- 1, 2- di hydr opyri di ne
- 3- carboxam de;

N- (4, 4- di Klyaraayeloenesiskyt U= (#“memoRipal 3- &ﬁﬁo&fﬂﬁﬂ@éﬂfloyliﬂ‘dx@dﬁﬂ— | -y1)-2-oxo

-1,2- di hydr Opdihjécﬁbﬁ)ﬁﬁcﬁnél@fcg%%%% (4- met hoxypheny1l) - 1-
(4- nmor phol i no-2 ydro 1H i nden-1-y1l) - 2-oxo-1, 2-

20di hydrONL{Buddlﬂﬁm% pleyPOK 8Thfd@oxy-2,3-dihydro-1H- 1nden Lyb-2-0xo-1.2-
N—(4-ﬁp|fluor %ﬂgﬁﬁ%ﬂﬁgg%%%O%mQQ&norp ol i no- 2, 3-df hy 1H i nden-1|-y1)-2-

oxo-1, 2- d|hydro I ne- 3-car boxam de; 1-

(- (i1 11 6 O @aﬁiﬁﬁé&ﬁ AT 910%39%%0"?8“% 9.

(4- nDrphollno r%- tmxﬁnn 1- y1) 2- 0x0- N-

4-(trifl i de;
N (4 cyanbEken rg 1191% %5382 Oﬁgnq? ié:‘/h“%? - RERERD D) © 5. oxo- 1, 2-
di hydr opyri di n irfi X

R
N- ( 4- chl or opheiPIJroRYIUIG-2-CAPaK#RiASH per i di n- 1-y1) - 2, 3- di hydr o- 1H- i nden- 1-y1

) - 2- 0xo01, 2-di hydr opyri di ne- 3- car boxam de;

N- ( 4- ( 4- et h&dpRentHansens] dhsil Bldipxplb-¥brbaet-Nn@yid®-4vhyldd-o- 1H- i nden-1 -y
1) - 2- oxo- 1, 2-dhydrdpupdmé-dicatbo8amaicboxani de;

N-(4-chlorophenyl)-1-(7,8-dihydro-6H-indeno[5,4-d][ 1,3]dioxol-6-yl)-2-oxo0-1,2-
20 dihydropyridine-3-carboxamide;

N-(4-chlorophenyl)-2-oxo-1-(4-(trifluoromethoxy)-2,3-dihydro-1H-inden-1-yl)-1,2-
dihydropyridine-3-carboxamide;

2-oxo-N-(pyridin-4-yl)- 1-(4-(trifluoromethoxy)-2,3-dihydro-1H-inden-1-yl)-1,2-
dihydropyridine-3-carboxamide;

25  1-(4-(methylthio)-2,3-dihydro-1H-inden-1-yl)-2-oxo-N-(pyridin-4-yl)-1,2-
dihydropyridine-3-carboxamide;

tert-butyl 4-(1-(2-oxo-3-(pyridin-4-ylcarbamoyl)pyridin-1(2H)-yl)-2,3-dihydro- 1 H-inden-
4-yl)piperazine-1-carboxylate;

tert-butyl 4-(1-(3-(4-chlorophenylcarbamoyl)-2-oxopyridin-1(2H)-yl)-2,3-dihydro-1H-
30 inden-4-yl)piperazine-1-carboxylate;

1-(4-morpholino-2,3-dihydro-1H-inden-1-yl)-2-oxo-N-(pyridin-4-yl)-1,2-
dihydropyridine-3-carboxamide;

N-(4-chlorophenyl)-1-(4-morpholino-2,3-dihydro-1H-inden- 1-yl)-2-oxo-1,2-
dihydropyridine-3-carboxamide;
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N- (3, 4-di fl uor opheny1l) - 1- (4- nor phol i no- 2, 3-di hydro- 1Hi nden-1-y1)-2-o0xo-1, 2
- di hydropyri di ne- 3-carboxam de; tert-butyl 4- (1- (3
- (4-f | uorwphenyi2eanbanoyl) - 2- oxopyri di n-1 PCT/US2010/032632
(2H) -y1) -2, 3-di hydr o- 1H nden- 4-yl ) pi per azi ne-1- carboxylate S5tert-butyl 4-
(1- (3 - (4 chIoH&EhenylcarbanD 1)-2- oxo%y ridin- 1%» yl) -2, 3 dlhydro 1H
i nden- 4- y}- . rdibydieo 1%@6@ 1-yl)-2-0x0-N-(4-p enOXYPhenYD
N- (4- (d|nethyI@hﬂhbpphhmyi¥ﬁ¢w6mnwbrphoI|no 2, 3-di hydr o- 1H—|nden-1-y1)-2-ox
0- 1, 2- di hydropyri di ne- 3- car boxam de;
1- ( 4- ( cycNdpitbroyd eyl )l -(2;r8ergh iy 2.3 b yidnetd hl-ihdert ) -y2)-2roo-Nis2-
(pyri di n- 4-yl)dihydepyiitindr§andpyamdiene- 3- car boxam de;
N- (4- chl orophenyl) - 1- (4- (et hyl sul fonyl) - 2, 3-di hydr o- 1Hi nden-1| -y1)-2-oxo-1
, 2-  dishy dNapsbrodopren $h dafboxgptio deg-2 B-dihydro- 1 H-inden-1-y1)-2-oxo-1,2-
(4- (et hyl sul f@RydippRidBnaBRyitboRarhidet Nden- 1-y1) - 2- oxo- N- (pyri di n-4-y1)-1, 2-
di hydropyri di ne- 3- car boxam de; 15N- (4-chl orophenyl)-2-oxo-1- (4-
( pi per azi R=dyclbhexy213cdhbyHbBnd 3L diBRIo | 1Hdded 1 271)-2-0x0- 1,2-dihydropyridine-3-
dlhydropyrlengﬂ Xgé%@g?%ﬁlde 2- osgﬁl (4- (pl%éra2|n | -y { fy
-di hydro- 1Hi nden-1-y1)-N- (pyridin-4-y1)-1, 2-
di hydr opyxi@iifgy, eﬁ?ﬁf @Q%%%rﬁﬁ’ohno 2,3- d'ﬁliyd(rél‘lf-ll 1H86IPP%W$}0 4:0x0-1- (4-
(pi pefiazi n-1- Y3 i géyﬁidngu 19 k‘aﬂnﬂfée“" -y1)

in

20di hydr opyri d car boxam

2 di hyar By LR 2 Sodsi (R ARG oo e o] Pgipediriden-| -vD) -1

(2- hydr oxyet hy‘f lf)ol 6renr1a2| n-1-y1)-2, 3-di hydro 1H-| nden | -y1) -

(7 (e 5@@% 3‘%5@%@ RS go it yﬁ?ﬁ%r@%rop%% el (4 (4

di hydr o- 1H i nd@H ©2- 0x0-1, 2-di hydropyri di ne- 3-c arboxam de;
N-(4-chlo 1144rreh erazin-1- 2, 3-di_hydr o- den- 1-y1
-2(ox104] Q?f ) laﬁ;?.(a% -gihygrosl %ﬁ?ﬂ%&glam- soxo-Np )emyl £ tparopsriotne: 3 -
(4- (4- et hy| pi Parxamide; - yl) 2, 3-di hydro- 1H i nden- 1- y1) - 2- oxo- N- (pyri di n- 4-y
1) -1, 2- 30di hydr opyri di ne- 3- car boxam de; 1-
(4-(4- aceN;ﬁﬂﬁrCisﬂu%@Fyﬂqheﬂy) Ia(4amarmhgling2 BrdihydrenHrinden-Inv)-3-axiet b2 opheny 1) - 2
-oxo0- 1, 2- di hydhphypyrdline3Iadarboign de; 1-
(4-(4- acetyl pi perazin-1-y1)-2, 3-di hydro- 1Hi nden- 1-y1) - 2-oxo- N- (pyri di n-4-y
1)-1, 2- dNHyanashymiptiemd)- B-&ardsphaimoels3-dihydro-1H-inden-1-yl)-2-oxo-1,2-

20 dihydropyridine-3-carboxamide;

N-(4-(difluoromethoxy)phenyl)-1-(4-morpholino-2,3-dihydro- 1H-inden-1-yl)-2-o0xo0-1,2-
dihydropyridine-3-carboxamide;

1-(4-morpholino-2,3-dihydro-1H-inden-1-yl)-2-oxo-N-(4-(trifluoromethoxy)phenyl)-1,2-
dihydropyridine-3-carboxamide;

25  1-(4-morpholino-2,3-dihydro-1H-inden-1-yl)-2-oxo-N-(4-(trifluoromethyl)phenyl)-1,2-
dihydropyridine-3-carboxamide;

N-(4-cyanophenyl)-1-(4-morpholino-2,3-dihydro-1H-inden-1-yl)-2-oxo-1,2-
dihydropyridine-3-carboxamide;

1-(4-(4-hydroxypiperidin- 1-yl)-2,3-dihydro- 1 H-inden- 1-yl)-2-oxo-N-(pyridin-4-yl)-1,2-
30 dihydropyridine-3-carboxamide;

N-(4-chlorophenyl)-1-(4-(4-hydroxypiperidin-1-yl)-2,3-dihydro-1H-inden-1-yl)-2-oxo-
1,2-dihydropyridine-3-carboxamide;

N-(4-(4-methoxyphenylamino)phenyl)- 1-(4-morpholino-2,3-dihydro-1H-inden- 1-yl)-2-
ox0-1,2-dihydropyridine-3-carboxamide;
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N- (4-chl orophenyl) - 1- (4- (4- (et hyl sul fonyl ) pi perazi n-1-y1)-2, 3-di hydro-1Hi

nden-1-yl)- 2-oxo-1, 2-di hydropyri di ne- 3-car boxam de; tert-butyl

2- (2- (2- (Wo(2410(126€13- ( 4- chl or ophenyl car banoy1) - 2- oxopyr i GCmABRR6N3263) - 2, 3-

di hydr o- 1H-i nden- 4-yl ) pi perazin-1-y1l)- 2-

50xo0et hoxy) et hoxy) et hoxy) et hyl car bamat e

1- (4- (4- (é (B A-qingrophgyy i:?oleﬁ‘h h@ﬂlﬁ@%y% él&lmés@yslé@@%eyrl) phPerezl A= 1- yl) 2, 3-di

hydr o- 1H nden-dihydrppyidize- éﬁh@@gﬁ@iﬁyl) 2- 0x0- 1, 2-di hydr opyri di ne- 3- car boxam
i de;

N- (4" - hy chessbyiby] gh@n@ a4 4luprgphenyldanramhphi-xopyddinyld2id)-y b2, hddvydfo- Y - 2- oxo- 1
, 2- di hydr opyrindéemé-yBpgardameahrcabpxylate;

101- (4- Met hoxy- 2, 3-di hydro-1H i nden-1-y1)- N (4' - met hoxybi phenyl-4-y1)-2-o0xo0
-1, 2- i hydrbopy - d-HBe43htaoiexaichdamoyl)-2-oxopyridin-1(2H)-yl)-2,3-dihydro-1H-

N- (3" - et hoxybi ipheny3dpipetazink- (-darbBiisy - 2, 3- di hydr o- 1H-i nden-1| -y1) - 2- oxo- 1,

2- di hydropyri di ne- 3- car boxam de;

1- (4- met hgxy=(2inRtey1 itiofphthll)- Nd@nndphdiind\e G 2ihyeEs hexmaephenydvdonld-- 2- oxo- 1

, 2- 15di hydr opyih{dtbpRidncalchdoR i fR;
N-(4' -am nobi phenyl-4-y1)-1-(4-nmet hoxy 2, 3-di hydro- 1H-i nden- 1- yl) 2-0x0-1, 2

- di hydr Op %B%r@py%’hg QX8RI Ry dro-1H-inden-1-yl)-2-oxo-N- (pyr1d1n -4-
N- (4" o ) t hoxy) bi'pheny1-4-y1) (yA) met hoxy- 2, 3-di
hydr o 1H| nden- ﬂ@fgpgﬁg%g cﬁfb%gérﬁ agr opyri di ne- 3-car boxam de;

20N- (3' - v) ki - th 2, 3-
di hy((:Ir o- (Q?c d S?" }%&&g%%ﬁb@? é@?ﬁoﬁlﬁﬁg&%n{: é%%?xé"n‘%( g%rre o
N-(3'- hydroxyb| phen ine'i')ca rret hoxy- 2, 3-di hydr o- 1Hi nden-1-y1) - 2- oxo- 1

, 2- di hyd t b
2 (202 (hICA R 5 ?%a%gﬁh% bt R e bbb
25di hydr opyri rgpgg &65“8 noxy) phenoxy) et hoxy) et hoxy) -
gﬁgﬁﬁ%)ar ?ﬁ{@t ﬁ@gN(4y1§%3§xo- 2 G amnge NPy AR NS S Jéoxy)f?qe”oxy)
di hydr o- 1H- i nd@hﬂ@w}} @é)@éﬁb]?x?mmehydr opyr i di ne- 3- car boxani de;

2- 0X0-1-(4-(pyridin-3-yl)-2, 3-di hydro-1Hi nden-1-y1) N-(p;/rldln 4-y1)-1, 2-

30di hydr obgkedi(AdpBetagib byhra. dtdihydro-1H-inden-1-yl)-N- (pyrldm 4-yD-1
dihydropyridine-3- carboxamlde

N-(4-fluorophenyl)-2-oxo-1-(4-(piperazin- 1-yl)-2,3-dihydro-1H-inden- 1-yl)-1,2-
20 dihydropyridine-3-carboxamide;

N-(4-bromophenyl)-2-oxo-1-(4-(piperazin-1-yl)-2,3-dihydro- 1H-inden-1-yl)-1,2-
dihydropyridine-3-carboxamide;

N-(4-chlorophenyl)-1-(4-(4-(2-hydroxyethyl)piperazin- 1-yl)-2,3-dihydro-1H-inden-1-yl)-
2-oxo0-1,2-dihydropyridine-3-carboxamide;

25  N-(4-chlorophenyl)-1-(4-(4-(2-(2-(2-hydroxyethoxy)ethoxy)ethyl)piperazin-1-yl)-2,3-
dihydro-1H-inden-1-yl)-2-oxo-1,2-dihydropyridine-3-carboxamide;

N-(4-chlorophenyl)-1-(4-(4-methylpiperazin-1-yl)-2,3-dihydro-1H-inden-1-yl)-2-0xo0-1,2-
dihydropyridine-3-carboxamide;

1-(4-(4-methylpiperazin- 1-yl)-2,3-dihydro-1H-inden- 1-yl)-2-oxo-N-(pyridin-4-yl)-1,2-
30 dihydropyridine-3-carboxamide;

1-(4-(4-acetylpiperazin-1-yl)-2,3-dihydro-1H-inden-1-yl)-N-(4-chlorophenyl)-2-oxo-1,2-
dihydropyridine-3-carboxamide;

1-(4-(4-acetylpiperazin-1-yl)-2,3-dihydro- 1H-inden-1-yl)-2-oxo-N-(pyridin-4-yl)-1,2-
dihydropyridine-3-carboxamide;
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1-(4-nitro-2, 3-di hydro-1Hi nden-1-y1)-2-o0oxo- N (pyridin-4-yl)-1, 2-di hydropyr
i di ne-3- carboxam de;
1- (4- am nwo29Bydsdiydr o- 1H-i nden-1-y1) - 2- oxo- N- (pyri di n- 2cyA)S2d10A3m8hydr opyr
i di ne-3- carboxam de;

1- (4-cyano- 2, 3-di hydro-1H-i nden-1 )l/ - oxo-N- (pyridin-4 2- dlhydropyr
i di ne-3- ]ﬂdﬂ@hl@é@@l@@yh 1-(4-(4-(methylsu fonyl)plperazm 1- yl)g 2,3- dlhydro 1 1nden I-yD)-

1- (4- chl or o- 2, Bogd-hyddibydrepyndiagr3agbpraidgx o- N- ( pyri di n-4-y1) - 1, 2- di hydr opy
ri di ne-3- carboxani de;

51- ( 4- ( metetiydugyti2n@) 22234l Ky d#-chibkpphedgnarbamoylh)-2-avpyhdiopy 2HEN-243-y 1) - 1, 2-
di hydr opyr i di n&gh@droditboxamded)piperazin-1-yl)-2-

1- (4- (di et hy| eqdethoxy R thdxdjekhosty ethhftdrivgeqe;1- y1) - 2- oxo- N- (pyri di n-4-y1) -1, 2-
di hydr opyri di ne- 3- car boxam de;

1- (4- acet p-gp¢2(Bedi2hyttinocthbky)etioRy)dthyly ralet pisipdagipyl-yIgH2cB-dihydio- IH-2- di hydr
opyr i di nel03- Ciﬂﬂ@f?l(%?ﬁfm chloro henyl) -2-ox0-1,2-dihydropyridine-3- carboxamlde

1-(4-nmet hyl- 2, 3-di hydro-1Hin 1-y1) - 2-oxo-"N- (pyri di n-4-y1) -1, 2- di hydr opy

ri di ne- 3-NGAUBRKSbSenyl-4-y1)-1- 4 methoxy -23 dihydro-1H-inden-1- 1) 2-0x0-1 2-
2- 0Xx0- 1- (4 phe&l}{}d&%ﬁﬂcﬂh@l‘(%ﬁ)o [‘;ﬁﬂd@den 3/ N (pyridin-4-yl1)-1, 2-di hydropy

ri di ne-3- carboxam

151! Iggggi(;)gye% ) hg Ao B hAr bk leodyoien gr 24 No Py 1l di n-4-y1) -
N—(4 br ormphencg}_hg&rfg% rC%&y l5dd| hydr o- 1H i nden- 1-y1) - 2- oxo- 1, 2-

di hyd b
NI-()tgl Lﬁgn‘%@‘ CQE% yb?%r ﬂﬁxfrqr)q' a lﬁe ’c(ﬁ/ %S;ddlhyqﬁgl-l ni edrfl:n X/li)z 0i(OoXo 1, 2-di hydro
pyri di ne203- ca e r&]én 'Car oxahide;

N-Z( 4dlb[1§/)d F‘ﬁé éﬁ@&ﬁﬁgﬁgﬁ? a- 'yﬁw)@' methoxyb¥p enyl- _y{ nden: | 5y1) - 2-oxo-1

N (4- ]t§rom)phe hydrepyridipes 3 (Cﬁfb(oéafl"rw&r oxyet hoxy) et hoxy) et hoxy) - 2, 3-di hydr o- 1H

-indenl -yl) - 2- oxo 1, 2-di hydropyri di ne- 3- car boxan de

25N- ( bi phlﬂriﬁharamyhl})hqnyu i1 (3-pesbe?- é)@}%‘é&%@?%%ﬁk@ﬁé%l)z'z 3- di hydr o-

1H i nden- | - y1dihpdropyiding 3¢arbpdawigs i di ne- 3- car boxani de; tert-butyl

2-(2-(2-(1-(3-(bi phenyl-4-yl carbanoyl) - 2- oxopyri di n-1(2H) -y1) - 2, 3-di hydrolH

- i nden- 4-NH(é8x42) @t (Boxyhetthowygtbexiyetboxbhipheny]-dayiet 1 -(4-methoxy-2,3-dihydro-1H-
inden-1-yl)-2-oxo0-1,2-dihydropyridine-3-carboxamide;

20  N-(3'-(2-(2-(2-aminoethoxy)ethoxy)ethoxy)biphenyl-4-yl)-1-(4-methoxy-2,3-dihydro-1H-
inden-1-yl)-2-oxo0-1,2-dihydropyridine-3-carboxamide;

N-(3'-hydroxybiphenyl-4-yl)-1-(4-methoxy-2,3-dihydro-1H-inden-1-yl)-2-oxo-1,2-
dihydropyridine-3-carboxamide;

tert-butyl 2-(2-(2-(4-(4-(1-(4-methoxy-2,3-dihydro-1H-inden-1-yl)-2-ox0-1,2-

25 dihydropyridine-3-carboxamido)phenoxy)phenoxy)ethoxy)ethoxy)-
ethylcarbamate;

N-(4-(4-(2-(2-(2-aminoethoxy)ethoxy)ethoxy)phenoxy) phenyl)-1-(4-methoxy-2,3-
dihydro-1H-inden-1-yl)-2-oxo-1,2-dihydropyridine-3-carboxamide;

2-ox0-1-(4-(pyridin-3-yl)-2,3-dihydro-1H-inden- 1-yl)-N-(pyridin-4-yl)-1,2-
30 dihydropyridine-3-carboxamide;

1-(4-nitro-2,3-dihydro-1H-inden-1-yl)-2-oxo-N-(pyridin-4-yl)-1,2-dihydropyridine-3-
carboxamide;

1-(4-amino-2,3-dihydro-1H-inden- 1-yl)-2-oxo-N-(pyridin-4-yl)-1,2-dihydropyridine-3-
carboxamide;
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1- (4-(2-(2-(2-am noet hoxy) et hoxy) et hoxy) - 2, 3-di hydr o- 1H-i nden-1-y1) - N- ( bi ph
enyl-4- 30yl)-2-o0xo0-1, 2-di hydropyri di ne-3-carboxam de trifl uoroacetate; or
a salt orwesmninedie t hereof. 20. A pharnaceutical conposiPCrars2@ompIBdsi ng a
conmpound according to any one of the preceding clains and a
pharmaceutically acceptable carrier. W) 2010/ 126914PCT/ US2010/ 032632 21. A
met hod of I44-e¥aniorg3-dihydrr | Hrindano byl di-exaSe(Pysaisr+-sDnig2-dthwipstidieny to a
manmal i an subj@ehoxamidieed t her eof a pharmaceutical ly effective anount of a
conpound according to any one of clainms 1 to 19 or a conposition according
t o cl ai m RO-clior?, Friehyeso-Hbldindén-d1ydi-Pro2a- N-heidei-A-ydal .a-dilmfdrepyreliner 3+ di sease
is a nenber setaglpixachide;om Crohn's di sease and ul cerative colitis. 23.Use of
a conmpound according to any one of claims 1 to 19 in an in vitro assay
measurd ngl-pi-ndethglanfingr?, B-dhldio- OH-indehl BY1)iNoagN-(pytidinafryh)ritegri n | i gand.

24. The use accdihgdrbgyidin€BabhfBoZamidsherein the integrin ligand is a nenber
10 selected fromfibronectin (FN), VCAM 1, osteopontin and MadCAM 25. The

use accorﬂkmmiﬁ@tlfyla@iiﬁbﬁ§,3rzﬁh;2ﬁb-mhﬁﬂai-m-ytl)hgo@@:?\agp;@mﬁmiy@es,z- (iv) binding

the ligand to @nhpubpacsne-6\hrbohakting the ligand with a cell expressing
the integrin, in the presence of the conpound; and 15(vi)neasuring the

anount OfL@ﬁh&§mﬁﬁ5@ﬁ&5@whﬂﬁ1ﬁHﬁ&ﬁ&ﬁyD%ﬁo%ﬁﬁ%@&ﬁémQQ9@95ﬂ€ﬂ@8ﬁ?§ﬂ&ﬂg-tO any
one ofy clai ms ;C&ﬁ R an in vitro®assay meaSuring’binding of “the
conpound to an cc 1 or’ cc4137 integrin in the presence of a candi date

mol ecul .14 methyl-2,3-dihydro-1H-inden-1-yl)-2-ox0-N-(pyridin-4-yl)-1,2-dihydropyridine-3-
carboxamide;

2-0x0-1-(4-phenyl-2,3-dihydro-1H-inden-1-yl)-N-(pyridin-4-yl)-1,2-dihydropyridine- 3-
carboxamide;

15  1-(4-(methylcarbamoyl)-2,3-dihydro-1H-inden-1-yl)-2-oxo-N-(pyridin-4-yl)-1,2-
dihydropyridine-3-carboxamide;

N-(4-bromophenyl)-1-(4-hydroxy-2,3-dihydro- 1H-inden-1-yl)-2-oxo0-1,2-
dihydropyridine-3-carboxamide;

N-(biphenyl-4-yl)-1-(4-hydroxy-2,3-dihydro- 1H-inden-1-yl)-2-oxo0-1,2-dihydropyridine-
20 3-carboxamide;

N-(4-bromophenyl)-1-(4-(2-hydroxyethoxy)-2,3-dihydro-1H-inden-1-yl)-2-oxo0-1,2-
dihydropyridine-3-carboxamide;

N-(4-bromophenyl)-1-(4-(2-(2-(2-hydroxyethoxy)ethoxy)ethoxy)-2,3-dihydro-1H-inden-
1-yl)-2-ox0-1,2-dihydropyridine-3-carboxamide;

25  N-(biphenyl-4-yl)-1-(4-(2-(2-(2-hydroxyethoxy)ethoxy)ethoxy)-2,3-dihydro-1H-inden-1-
yl)-2-0x0-1,2-dihydropyridine-3-carboxamide;

tert-butyl 2-(2-(2-(1-(3-(biphenyl-4-ylcarbamoyl)-2-oxopyridin-1(2H)-yl)-2,3-dihydro-
1H-inden-4-yloxy)ethoxy)ethoxy)ethylcarbamate; and

1-(4-(2-(2-(2-aminoethoxy)ethoxy)ethoxy)-2,3-dihydro-1H-inden-1-yl)-N-(biphenyl-4-
30 yl)-2-ox0-1,2-dihydropyridine-3-carboxamide trifluoroacetate;

or a salt or a solvate thereof.

20. A pharmaceutical composition comprising a compound according to any one

of the preceding claims and a pharmaceutically acceptable carrier.
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27.Use of a conpound according to any one of clains 1 to 19 in an in vitro
20assay for identifying a candi date nol ecul e capable of binding to cc4131
or cc4l3Aavonvegnrsan4 28. The use according to any one of ecaiusso1d®3i6e2 27,
wherein the assay is a conpetitive binding assay. 25

10

15

20

25

21. A method of treating an inflammatory disease comprising administering to a
mammalian subject in need thereof a pharmaceutically effective amount of a
compound according to any one of claims 1 to 19 or a composition according to

claim 20.

22,  The method of claim 21, wherein said inflammatory disease is a member

selected from Crohn’s disease and ulcerative colitis.

23.  Use of a compound according to any one of claims 1 to 19 in an in vitro

assay measuring binding of an 041 or 047 integrin to an integrin ligand.

24.  The use according to claim 23, wherein the integrin ligand is a member

selected from fibronectin (FN), VCAM-1, osteopontin and MadCAM.

25.  The use according to claim 23 or 24, wherein the assay comprises:
(iv)  binding the ligand to a surface;
(v) contacting the ligand with a cell expressing the integrin, in the presence
of the compound; and

(vi)  measuring the amount of cells bound to the surface.

26.  Use of a compound according to any one of claims 1 to 19 in an in vitro
assay measuring binding of the compound to an o431 or 04P7 integrin in the

presence of a candidate molecule.

27.  Use of a compound according to any one of claims 1 to 19 in an in vitro
assay for identifying a candidate molecule capable of binding to a4B1 or adp7

integrin.

28.  The use according to any one of claims 23 to 27, wherein the assay is a

competitive binding assay.
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